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[0415] The cyclooxygenase-2 selective inhibitor employed in the present
invention can exist in tautomeric, geometric or stereocisomeric forms. Generally
speaking, suitable cyclooxygenase-2 selective inhibitors that are in tautomeric,
geometric or stereocisomeric forms are those compounds that inhibit cyclooxygenase-2

activity by about 25%, more typically by about 50%, and even more typically, by about
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75% or more when present at a concentration of 100 uM or less. The present invention
contemplates all such compounds, including cis- and trans-geometric isomers, E- and
Z-geometric isomers, R- and S-enantiomers, diastereomers, d-isomers, I-isomers, the
racemic mixtures thereof and other mixtures thereof. Pharmaceutically acceptable salts
of such tautomeric, geometric or stereoisomeric forms are also included within the
invention. The terms "cis" and "trans", as used herein, denote a form of geometric
isomerism in which two carbon atoms connected by a double bond will each have a
hydrogen atom on the same side of the double bond ("cis") or on opposite sides of the
double bond ("trans™). Some of the compounds described contain alkenyl groups, and
are meant to include both cis and trans or "E" and "Z" geometric forms. Furthermore,
some of the compounds described contain one or more stereocenters and are meant to
include R, S, and mixtures or R and S forms for each stereocenter present.

[0416] The cyclooxygenase-2 selective inhibitors utilized in the present
invention may be in the form of free bases or pharmaceutically acceptable acid addition
salts thereof. The term "pharmaceutically-acceptable salts” are salts commonly used to
form alkali metal salts and to form addition salts of free acids or free bases. The nature
of the salt may vary, provided that it is pharmaceutically acceptable. Suitable
pharmaceutically acceptable acid addition salts of compounds for use in the present
methods may be prepared from an inorganic acid or from an organic acid. Examples of
such inorganic acids are hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric
and phosphoric acid. Appropriate organic acids may be selected from aliphatic,
cycloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic and sulfonic classes of
organic acids, examples of which are formic, acetic, propionic, succinic, glycolic,
gluconic, lactic, malic, tartaric, citric, ascorbic, glucuronic, maleic, fumaric, pyruvic,
aspartic, glutamic, benzoic, anthranilic, mesylic, 4-hydroxybenzoic, phenylacetic,
mandelic, embonic (pamoic), methanesulfonic, ethanesulfonic, benzenesulfonic,
pantothenic, 2-hydroxyethanesulfonic, toluenesulfonic, sulfanilic,
cyclohexylaminosulfonic, stearic, algenic, hydroxybutyric, salicylic, galactaric and
galacturonic acid. Suitable pharmaceutically-acceptable base addition salts of
compounds of use in the present methods include metallic salts made from aluminum,
calcium, lithium, magnesium, potassium, sodium and zinc or organic salts made from
N,N'-dibenzylethylenediamine, chloroprocaine, choline, diethanolamine,
ethylenediamine, meglumine (N-methylglucamine) and procaine. All of these salts may

be prepared by conventional means from the corresponding compound by reacting, for
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example, the appropriate acid or base with the compound of any Formula set forth
herein.

[0417] The cyclooxygenase-2 selective inhibitors of the present invention can
be formulated into pharmaceutical compositions and administered by a number of
different means that will deliver a therapeutically effective dose. Such compositions can
be administered orally, parenterally, by inhalation spray, rectally, intradermally,
transdermally, or topically in dosage unit formulations containing conventional nontoxic
pharmaceutically acceptable carriers, adjuvants, and vehicles as desired. Topical
administration may also involve the use of transdermal administration such as
transdermal patches or iontophoresis devices. The term parenteral as used herein
includes subcutaneous, intravenous, intramuscular, or intrasternal injection, or infusion
techniques. Formulation of drugs is discussed in, for example, Hoover, John E.,
Remington’'s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pennsylvania
(1975), and Liberman, H.A. and Lachman, L., Eds., Pharmaceutical Dosage Forms,
Marcel Decker, New York, N.Y. (1980).

[0418] Injectable preparations, for example, sterile injectable aqueous or
oleaginous suspensions, can be formulated according to the known art using suitable
dispersing or wetting agents and suspending agents. The sterile injectable preparation
may also be a sterile injectable solution or suspension in a nontoxic parenterally
acceptable diluent or solvent. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, 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. In addition, fatty acids such as oleic acid are useful in the
preparation of injectables. Dimethyl acetamide, surfactants including ionic and non-
ionic detergents, and polyethylene glycols can be used. Mixtures of solvents and
wetting agents such as those discussed above are also useful.

[0419] Suppositories for rectal administration of the compounds discussed
herein can be prepared by mixing the active agent with a suitable non-irritating excipient
such as cocoa butter, synthetic mono-, di-, or triglycerides, fatty acids, or polyethylene
glycols which are solid at ordinary temperatures but liquid at the rectal temperature, and
which will therefore melt in the rectum and release the drug.

[0420] Solid dosage forms for oral administration may include capsules,

tablets, pills, powders, and granules. In such solid dosage forms, the compounds are
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ordinarily combined with one or more adjuvants appropriate to the indicated route of
administration. If administered per os, the compounds can be admixed with lactose,
sucrose, starch powder, cellulose esters of alkanoic acids, cellulose alkyl esters, talc,
stearic acid, magnesium stearate, magnesium oxide, sodium and calcium salts of
phosphoric and sulfuric acids, gelatin, acacia gum, sodium alginate,
polyvinylpyrrolidone, and/or polyvinyl alcohol, and then tableted or encapsulated for
convenient administration. Such capsules or tablets can contain a controlled-release
formulation as can be provided in a dispersion of active compound in
hydroxypropylmethyl cellulose. In the case of capsules, tablets, and pills, the dosage
forms can also comprise buffering agents such as sodium citrate, or magnesium or
calcium carbonate or bicarbonate. Tablets and pills can additionally be prepared with
enteric coatings.

[0421] For therapeutic purposes, formulations for parenteral administration
can be in the form of aqueous or non-aqueous isotonic sterile injection solutions or
suspensions. These solutions and suspensions can be prepared from sterile powders
or granules having one or more of the carriers or diluents mentioned for use in the
formulations for oral administration. The compounds can be dissolved in water,
polyethylene glycol, propylene glycol, ethanol, corn oil, cottonseed oil, peanut oil,
sesame oil, benzyl alcohol, sodium chloride, and/or various buffers. Other adjuvants
and modes of administration are well and widely known in the pharmaceutical art.

[0422] Liquid dosage forms for oral administration can include
pharmaceutically acceptable emulsions, solutions, suspensions, syrups, and elixirs
containing inert diluents commonly used in the art, such as water. Such compositions
can also comprise adjuvants, such as wetting agents, emulsifying and suspending
agents, and sweetening, flavoring, and perfuming agents.

[0423] The amount of active ingredient that can be combined with the carrier
materials to produce a single dosage of the cyclooxygenase-2 selective inhibitor will
vary depending upon the patient and the particular mode of administration. In general,
the pharmaceutical compositions may contain a cyclooxygenase-2 selective inhibitor in
the range of about 0.1 to 2000 mg, more typically, in the range of about 0.5 to 500 mg
and still more typically, between about 1 and 200 mg. A daily dose of about 0.01 to 100
mg/kg body weight, or more typically, between about 0.1 and about 50 mg/kg body
weight and even more typically, from about 1 to 20 mg/kg body weight, may be
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appropriate. The daily dose is generally administered in one to about four doses per
day.

[0424]1 In one embodiment, when the cyclooxygenase-2 selective inhibitor
comprises rofecoxib, it is typical that the amount used is within a range of from about
0.15 to about 1.0 mg/day-kg, and even more typically, from about 0.18 to about 0.4
mg/day-kg.

[0425] In still another embodiment, when the cyclooxygenase-2 selective
inhibitor comprises etoricoxib, it is typical that the amount used is within a range of from
about 0.5 to about 5 mg/day-kg, and even more typically, from about 0.8 to about 4
mg/day-kg.

[0426]) Further, when the cyclooxygenase-2 selective inhibitor comprises
celecoxib, it is typical that the amount used is within a range of from about 1 to about 20
mg/day-kg, even more typically, from about 1.4 to about 8.6 mg/day-kg, and yet more
typically, from about 2 to about 3 mg/day-kg.

[0427] When the cyclooxygenase-2 selective inhibitor comprises valdecoxib, it
is typical that the amount used is within a range of from about 0.1 to about 5 mg/day-kg,
and even more typically, from about 0.8 to about 4 mg/day-kg.

[0428] In a further embodiment, when the cyclooxygenase-2 selective inhibitor
comprises parecoxib, it is typical that the amount used is within a range of from about
0.1 to about 5 mg/day-kg, and even more typically, from about 1 to about 3 mg/day-kg.

[0429] Those skilled in the art will appreciate that dosages may also be
determined with guidance from Goodman & Goldman's The Pharmacological Basis of
Therapeutics, Ninth Edition (1996), Appendix I, pp. 1707-1711 and from Goodman &
Goldman's The Pharmacological Basis of Therapeutics, Tenth Edition (2001), Appendix
Il, pp. 475-493.

CORTICOTROPIN RELEASING FACTOR ANTAGONISTS

[0430] In addition to a cyclooxygenase-2 selective inhibitor, the combination
therapy of the present invention comprises a corticotropin releasing factor antagonist.
In one embodiment, the corticotropin releasing factor antagonist in this therapeutic
combination is selected from the group consisting of a-helical CRF 9-41, antalarmin, 5-
Chloro-N-(cyclopropyimethyl)-2-methyl-N-propyl-N'-(2,4,6-trichlorophenyl)-4,6-
pyrimidinediamine hydrochloride, astressin, NBl 27914, R121919, R121920,
antisauvagine-30, DMP-695 (N-(2-chloro-4,6-dimethylphenyl)-1-[1-methoxymethyl-(2-
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methoxyethyl]-6-methyl-1H-1,2,3-triazolo[4,5-c]pyridin-4-amine mesylate)), D-PheCRF
12-41, and N-[3-(2,4-dichlorophenyl)-5-methylisoxazolo[4,5-d]-pyrimidin-7-yl]-N-(1-
ethylpropyl)amine. In one embodiment, the corticotropin releasing factor antagonist is
selected from the group consisting of a-helical CRF 9-41, antalarmin, CP-154,526, and
astressin. In another embodiment, the corticotropin releasing factor antagonist is
selected from the group consisting of a-helical CRF 9-41 and antalarmin. In yet another
embodiment, the corticotropin releasing factor antagonist of this therapeutic
combination is a-helical CRF 9-41.

[0431] In one embodiment, the corticotropin releasing factor antagonist is
represented by Formula (VI):

B
| R,
=
N
1
R, \N \"l‘
Rs

(V1)

[0432] wherein:

[0433] B is-NR1R2, -CR1R2R11, -C(=CR2R12)R1, -NHCR1R2R 11,

-OCR1R2R11, -SCR1R2R 14, -NHNR1R2, -CR2R11NHR4, -CR2R110R4, -CR2R11SR, or
-C(O)R2;

[0434] R;is hydrogen, or C4-Cs alkyl optionally substituted with from one to
two substituents independently selected from hydroxy, fluoro, chloro, bromo, iodo, C4-Cg
alkoxy, -O(C4-Cs alkyl), -ONH(C1-C,4 alkyl), -ON(C4-C4 alkyl)(C4-C> alkyl), amino, -
NH(C4-C4 alkyl), -N(C4-C; alkyl)(C4-C4 alkyl), -S(C4-Cs alkyl), -N(C1-C4 alkyl)(C41-C4
alkyl), -NH(C1-C4 alkyl), -COOH, -O(C;-C, alkyl), -NH(C1-C4 alkyl),

-N(C1-C4 alkyl)(C4-C; alkyl), -SH, -CN, -NO,, -SO(C;-C; alkyl), -SO, (C4-C4 alkyl),

-SO; NH(C;-C4 alkyl), -SO; (C4-C4 alkyl)(C4-C; alkyl), and wherein each of the foregoing
C1-Ce alkyl moieties in the definition of R4 may contain one or two double or triple
bonds;

[0435] Rjis C4-C4z alkyl, aryl or (C4-C1o alkylene)aryl wherein said aryl is
phenyl, naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl, imidazolyl,
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furanyl, benzofuranyl, benzothiazolyl, isothiazolyl, benzisothiazolyl, thiazolyl, isoxazolyl,
benzisoxazolyl, benzimidazolyl, triazolyl, pyrazolyl, pyrrolyl, indolyl, pyrrolopyridyl,
oxazolyl, or benzoxazolyl; 3- to 8-membered cycloalkyl or (C4-Cs alkylene) cycloalkyl,
wherein one or two of the carbon atoms of any of said cycloalkyl moieties may
optionally be replaced, independently, by O, S or -N-Z wherein Z is hydrogen, C4-C4
alkyl or C4-C4 alkanoyl, and wherein Rz may optionally be substituted with from one to
three substituents independently selected from chloro, fluoro and C4-C, alkyl, or by one
substituent selected from hydroxy, bromo, iodo, C4-Cg alkoxy, -O(C4-Cs alkyl), -ON(C;-
C4 alkyl)(C+-C; alkyl), -S(C+-Cs alkyl),

-NH_, -NH(C4-C> alkyl), -N(C1-C> alkyl) (C1-C4 alkyl), -N(C+-C4 alkyl)-(C+-Cs4 alkyl),
-NH(C+-C4 alkyl), -COOH, -O(C1-C4 alkyl), -NH(C1-C4 alkyl), -N(C1-C4 alkyl}(C4-C2
alkyl), -SH, -CN, -NOg, -SO(C4-C4 alkyl), -SO; (C4-C4 alkyl), -SO2NH(C1-C4 alkyl), and -
SO,N(C4-C4 alkyl)(C4-Cs alkyl), and wherein each of the foregoing C4-C4; alkyl and C4-
C19 alkylene moieties in the definition may optionally contain one to three double or
triple bonds; or Ry and R3, taken together with the atom to which they are attached, may
form a saturated 3- to 8-membered ring which, if it is a 5- to 8-membered ring, may
optionally contain one to two double bonds, and wherein one or two of the carbon atoms
of said 5- to 8- membered ring may optionally be replaced, independently, by O, S or N-
Z wherein Z is hydrogen, C4-C4 alkyl, C1-C4 alkanoyl or benzyl;

[0436]1 Rgsis hydrogen, C4-Cs alkyl, fluoro, chloro, bromo, iodo, hydroxy,
amino, -O(C4-Cs alkyl), -NH(C4-Cg alkyl), -N(C1-C4 aIkyI)(C1-C§ alkyl), -SH, -S(C4-C,4
alkyl), -SO(C+-C4 alkyl), or -SO; (C4-C4 alkyl), wherein each of the foregoing C4-C4 alkyl
and C4-Cg alkyl moieties in the definition of R3; may contain one double or triple bond
and may optionally be substituted with from 1 to 3 substituents independently selected
from the group consisting of hydroxy, C4-C3 alkoxy, fluoro, chloro or C4-Cj thioalkyl;

[0437] R4is hydrogen, C4-Cs alkyl, fluoro, chloro, bromo, iodo, C4-Cs alkoxy,
formyl, -NH(C+-Cs alkyl), -N(C+-Cs alkyl)(C+-C; alkyl), -SO, (C+4-Cs alkyl), wherein n is 0,
1 or 2, cyano, hydroxy, carboxy, or amido, wherein each of the foregoing C,-Cs alkyl
moieties in the definition of R4 may optionally be substituted with one substituent
selected from hydroxy, trifluoromethyl, amino, carboxy, amido,

-NH(C4-C4 alkyl), -N(C1-C4 alkyl)(C4-C> alkyl), -O(C1-C4 alkyl),
C4-C; alkoxy, C4-Cj; thioalkyl, fluoro, bromo, chloro, iodo, cyano and nitro;

[0438] Rsis phenyl, naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl,
pyrimidyl, imidazolyl, furanyl, benzofuranyl, benzothiazolyl, isothiazolyl,
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benzoisothiazolyl, thiazolyl, isoxazolyl, benzisoxazolyl, benzimidazolyl, triazolyl,
pyrazolyl, pyrrolyl, indolyl, pyrrolopyridyl, benzoxazolyl, oxazolyl, pyrrolidinyl,
thiazolindinyl, morpholinyl, piperidinyl, piperazinyl, tetrazolyl, or a 3- or 8-membered
cycloalkyl or 9- or 12-membered bicycloalkyl ring, wherein one or two of the carbon
atoms in said ring may optionally be replaced, independently, by O, S or -N-Z wherein Z
is hydrogen, C4-C4 alkyl, C4-C4 alkanoyl, phenyl or benzyl, and wherein each of the
above Rs groups may optionally be substituted with one or more substituents, preferably
with two or three substituents, independently selected from fluoro, chloro, bromo,

formyl, C1-Cg alkyl, C4-Cs alkoxy and trifluoromethyl, or with one substituent selected
from hydroxy, iodo, cyano, nitro, amino, -NH(C-C4 alkyl),

-N(C1-C4 alkyl)(C4-C; alkyl), -COO(C4-C4 alkyl), -CO(C+-C4 alkyl), -SO,NH(C4-C4 alkyl), -
SO.N(C4-C,4 alkyl)(C4-C2 alkyl), -SO2NH2, -NHSO2(C4-C4 alkyl), -S(C1-Cg alkyl), -
S0,(C+-Cg alkyl), and wherein each of the foregoing C1-C4 alkyl and C4-Cg alkyl

moieties in the definition of Rs may optionally be substituted with from one to two
substituents independently selected from fluoro, chloro, hydroxy, C4-C4 alkoxy, amino,
methylamino, dimethylamino and acetyl, and wherein each of the foregoing C4-C4 alkyl
and C4-Cs alkyl moieties in the definition of Rs may optionally contain one double or
triple bond; with the proviso that Rs is not unsubstituted phenyl;

[0439] Rsis hydrogen, C4-Ce alkyl, fluoro, chloro, bromo, iodo, C4-Cs alkoxy,
formyl, amino, -NH(C1-Cs alkyl), -N(C1-Cs alkyl)(C4-C2 alkyl), -SO,(C1-Cs alkyl), wherein
nis 0, 1 or 2, cyano, carboxy, or amido, and wherein each of the foregoing (C4-Cg)alkyl
moieties in the definition of Rg may be optionally substituted with one substituent
selected from hydroxy, trifluoromethyl, amino, carboxy, amido,

-NH(C;4-C4 alkyl), -N(C4-C4 alkyl)(C4-C; alkyl), -O(C4-C4 alkyl), C4-C3 alkoxy, C41-C3
thioalkyl, fluoro, bromo, chloro, iodo, cyano and nitro;

[0440] Ry is hydrogen, hydroxy, fluoro, chloro, -COO(C;-C; alkyl), cyano, or -
CO(C4-C; alkyl); and

[0441] Rgis hydrogen or C4-C4 alkyl;

[0442] with the proviso that:

f0443] B is not a straight chain alkyl when Rs is unsubstituted cycloalkyl, R3
and R4 are both hydrogen and Rg is hydrogen or methyl; B is not NHR2 wherein R; is
benzyl or thienylmethyl; and B is not methylamino or hydroxyethylamino when Rs is p-
bromophenyl and R3, R4 and Rgs are methyl.
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[0444] Suitable examples of compounds having formula VI are described in
WO 94/13676, which is hereby incorporated by reference in its entirety.

[0445] In another embodiment, the corticotropin releasing factor antagonist is
CP-154,526, having the formula:

[0446] In yet another embodiment of the invention, the corticotropin releasing

factor antagonist is DMP 696, having the formula:

\W

NH

<\N: /N \i“

CH

Cl
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[0447] In still another embodiment of the invention, the corticotropin releasing
factor antagonist is a-helical CRF 9-41, having the sequence:

[0448] Asp-Leu-Thr-Phe-His-Leu-Arg-Glu-Met-Leu-Glu-Met-Ala-Lys-ala-Glu-
GIn-Ala-Glu-GIn-Ala-Leu-Asn-Arg-Leu-Leu-Glu-Ala-NH2 (Sequence ID No.1).

[0449] In another embodiment of the invention, the corticotropin releasing
factor antagonist is NBl 27914 hydrochloride, having the formula:

Me

) . /CI Cl

Me

[0450] Generally speaking, the corticotropin releasing antagonist can be
administered as a pharmaceutical composition with or without a carrier. The terms
"pharmaceutically acceptable carrier” or "carrier” refer to any generally acceptable
excipient or drug delivery composition that is relatively inert and non-toxic. Exemplary
carriers include sterile water, salt solutions (such as Ringer's solution), alcohols, gelatin,
talc, viscous paraffin, fatty acid esters, hydroxymethylcellulose, polyvinyl pyrolidone,
calcium carbonate, carbohydrates (such as lactose, sucrose, dextrose, mannose,
albumin, starch), cellulose, silica gel, polyethylene glycol (PEG), dried skim. milk, rice
flour, magnesium stearate, and the like. Suitable formulations and additional carriers
are described in Remington's Pharmaceutical Sciences, (17.sup.th Ed., Mack Pub. Co.,
Easton, Pa.). Such preparations can be sterilized and, if desired, mixed with auxiliary
agents, e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for
influencing osmotic pressure, buffers, coloring, preservatives and/or aromatic
substances and the like which do not deleteriously react with the active compounds.
Typical preservatives can include, potassium sorbate, sodium metabisulfite, methyl

paraben, propyl paraben, thimerosal, etc. The compositions can also be combined
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where desired with other active substances, e.g., enzyme inhibitors, to reduce metabolic
degradation.

[0451] Moreover, the corticotropin releasing antagonist can be a liquid
solution, suspension, emulsion, tablet, pill, capsule, sustained release formulation, or
powder. The method of administration can dictate how the composition will be
formulated. For example, the composition can be formulated as a suppository, with
traditional binders and carriers such as triglycerides. Oral formulation can include
standard carriers such as pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharine, cellulose, or magnesium carbonate.

[0452]1 In another embodiment, the corticotropin releasing antagonist can be
administered intravenously, parenterally, intramuscularly, subcutaneously, orally,
nasally, topically, by inhalation, by implant, by injection, or by suppository. For enteral
or mucosal application (including via oral and nasal mucosa), particularly suitable are
tablets, liquids, drops, suppositories or capsules. A syrup, elixir or the like can be used
wherein a sweetened vehicle is employed. Liposomes, microspheres, and
microcapsules are available and can be used. Pulmonary administration can be
accomplished, for example, using any of various delivery devices known in the art such
as an inhaler. See. e.g. S. P. Newman (1984) in Aerosols and the Lung, Clarke and
Davis (eds.), Butterworths, London, England, pp. 197-224; PCT Publication No. WO
92/16192; PCT Publication No. WO 91/08760. For parenteral application, particularly
suitable are injectable, sterile solutions, preferably oily or aqueous solutions, as well as
suspensions, emulsions, or implants. In particular, carriers for parenteral administration
include agueous solutions of dextrose, saline, pure water, ethanol, glycerol, propylene
glycol, peanut oil, sesame oil, polyoxyethylene-polyoxypropylene block polymers, and
the like.

[0453] The actual effective amounts of compound or drug can and will vary
according to the specific composition being utilized, the mode of administration and the
age, weight and condition of the subject. Dosages for a particular individual subject can
be determined by one of ordinary skill in the art using conventional considerations.

[0454] By way of example, in one embodiment when the corticotropin
releasing antagonist is a-helical CRF 9-41, the amount administered daily is typically
from about 0.5 to about 3500 milligrams. In an alternative of this embodiment, the
amount of a-helical CRF 9-41 administered daily is between about 1 and about 50

milligrams/kilogram of the subject's weight. In another alternative of this embodiment,
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the amount of a-helical CRF 9-41 administered daily is between about 5 and about 20
milligrams/kilogram of the subject's weight.

[0455] By way of further example, in another embodiment the corticotropin
releasing antagonist is antalarmin, and the amount administered daily is typically from
about 50 to about 4000 miligrams. In an alternative of this embodiment, the amount of
antalarmin administered daily is between about 1 and 50 milligrams/kilogram of the
subject's weight. In another alternative of this embodiment, the amount of antalarmin
administered daily is between about 5 and about 30 milligrams/kilogram of the subject's
weight.

[0456]1 Moreover, the corticotropin releasing factor antagonist can be a
combination of two or more different corticotropin releasing antagonists. The mulitiple
antagonists can be administered separately or may be co-administered as a single
composition and may be administered as discussed above.

[0457] By way of example, in another embodiment the corticotropin releasing
antagonist is a combination of a-helical CRF 9-41 and antalarmin, and the amount of
the combination antagonist administered daily is typically from about 0.1 to about 1000
Mg. In an alternative of this embodiment, the amount of the combination antagonist
administered daily is between about 1 and 50 milligrams/ kilogram of the subject’s
weight. In another alternative of this embodiment, the amount of the combination
antagonist administered daily is between about 5 and about 25 milligrams/ kilogram of
the subject’'s weight.

[0458] Those skilled in the art will appreciate that dosages may also be

determined with guidance from Goodman & Goldman's The Pharmacological Basis of

Therapeutics, Ninth Edition (1996), Appendix i, pp. 1707-1711 and from Goodman &
Goldman's The Pharmacological Basis of Therapeutics, Tenth Edition (2001), Appendix
Il, pp. 475-493.

[0459] Generally speaking, when the composition is administered to treat an

ischemic mediated condition, the corticotropin releasing factor antagonist and
cyclooxygenase-2 selective inhibitor are administered to the subject as soon as possible
after the reduction in blood flow to the central nervous system in order to reduce the
extent of ischemic damage. Typically, the corticotropin releasing factor antagonist and
cyclooxygenase-2 selective inhibitor are administered within about 10 days after the
reduction of blood flow to the central nervous system and more typically, within 24

hours. In still another embodiment, the corticotropin releasing factor antagonist and
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cyclooxygenase-2 selective inhibitor are administered from about 1 to about 12 hours
after the reduction in blood flow to the central nervous system. In another embodiment,
the corticotropin releasing factor antagonist and cyclooxygenase-2 selective inhibitor
are administered in less than about 6 hours after the reduction in blood flow to the
central nervous system. In still another embodiment, the corticotropin releasing factor
antagonist and cyclooxygenase-2 selective inhibitor are administered in less than about
3 to about 4 hours after the reduction in blood flow to the central nervous system. In yet
a further embodiment, the corticotropin releasing factor antagonist and cyclooxygenase-
2 selective inhibitor are administered in less than about 2 hours after the reduction in
blood flow to the central nervous system.

[0460]1 Generally speaking, when the composition is administered to prevent
an ischemic mediated condition, the corticotropin releasing factor antagonist and
cyclooxygenase-2 selective inhibitor are administered to the subject such that the
antagonist has sufficient time to bind to the corticotropin releasing factor receptors
and/or to exact its preventative effects. Typically, the corticotropin releasing factor
antagonist and cyclooxygenase-2 selective inhibitor are administered within about 24
hours before the reduction of blood flow to the central nervous system and more
typically, within about 12 hours. In still another embodiment, the corticotropin releasing
factor antagonist and cyclooxygenase-2 selective inhibitor are administered from about
1 to about 12 hours before the reduction in blood flow to the central nervous system. In
another embodiment, the corticotropin releasing factor antagonist and cyclooxygenase-
2 selective inhibitor are administered in less than about 6 hours before the reduction in
blood flow to the central nervous system. In still another embodiment, the corticotropin
releasing factor antagonist and cyclooxygenase-2 selective inhibitor are administered in
less than about 3 to about 4 hours before the reduction in blood flow to the central
nervous system. In yet a further embodiment, the corticotropin releasing factor
antagonist and cyclooxygenase-2 selective inhibitor are administered in less than about
2 hours before the reduction in blood flow to the central nervous system. In still a
further embodiment, the corticotropin releasing factor antagonist and cyclooxygenase-2
selective inhibitor are administered in less than about 1 hour before the reduction in
blood flow to the central nervous system. In still yet a further embodiment, the
corticotropin releasing factor antagonist and cyclooxygenase-2 selective inhibitor are
administered in less than about 1/2 hour before the reduction in blood flow to the central
nervous system.
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[0461] Moreover, the timing of the administration of the cyclooxygenase-2
selective inhibitor in relation to the administration of the corticotropin releasing factor
antagonist may also vary from subject to subject. In one embodiment, the
cyclooxygenase-2 selective inhibitor and the corticotropin releasing factor antagonist
may be administered substantially simuitaneously, meaning that each agent may be
administered to the subject at approximately the same time. For example, the
cyclooxygenase-2 selective inhibitor is administered during a continuous period
beginning on the same day as the beginning of the corticotropin releasing factor
antagonist and extending to a period after the end of the corticotropin releasing factor
antagonist. Alternatively, the cyclooxygenase-2 selective inhibitor and the corticotropin
releasing factor antagonist may be administered sequentially, meaning that they are
each administered at separate times during separate treatments. In one embodiment,
for example, the cyclooxygenase-2 selective inhibitor is administered during a
continuous period beginning prior to administration of the corticotropin releasing factor
antagonist and ending after administration of the corticotropin releasing factor
antagonist. Of course, it is also possible that the cyclooxygenase-2 selective inhibitor
may be administered either more or less frequently than the corticotropin releasing
factor antagonist. Moreover, it will be apparent to those skilled in the art that it is
possible, and perhaps desirable, to combine various times and methods of

administration in the practice of the present invention.

COMBINATION THERAPIES

[0462] Generally speaking, it is contemplated that the composition employed
in the practice of the invention may include one or more of any of the cyclooxygenase-2
selective inhibitors detailed above in combination with one or more of any of the
corticotropin releasing factor antagonists detailed above. By way of a non-limiting
example, Table 4a details a number of suitable combinations that are useful in the
methods and compositions of the current invention. The combination may also include
an isomer, a pharmaceutically acceptable salt, ester, or prodrug of any of the
cyclooxygenase-2 selective inhibitors and/or corticotropin releasing factor antagonists
listed in Table 4a.
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TABLE 4a
Cyclooxygenase-2 Selective Corticotropin Releasing Factor
Inhibitor Antagonist
a compound having formula ! a-helical CRF 9-41
a compound having formula | antalarmin
a compound having formula | astressin
a compound having formula | NBI 27914
a compound having formula | R121919
a compound having formula | R121920
a compound having formula | antisauvagine-30
a compound having formula | DMP-695
a compound having formula | CP-154,526
a compound having formula Il a-helical CRF 9-41
a compound having formula |l antalarmin
a compound having formula |l astressin
a compound having formula |l NBI 27914
a compound having formula |l R121919
a compound having formula Il R121920
a compound having formula Il antisauvagine-30
a compound having formula |l DMP-695
a compound having formula Il CP-154,526
a compound having formula Ill a-helical CRF 9-41
a compound having formula Il antalarmin
a compound having formula il astressin
a compound having formula il NBI 27914
a compound having formula Il R121919
a compound having formula Il R121920
a compound having formula Ill antisauvagine-30
a compound having formula Il DMP-695
a compound having formula Il CP-154,526
a compound having formula 1V a-helical CRF 9-41
a compound having formula IV antalarmin
a compound having formula 1V astressin
a compound having formula IV NBI 27914
a compound having formula IV R121919
a compound having formuia IV R121920
a compound having formula IV antisauvagine-30
a compound having formula IV DMP-695
a compound having formula 1V CP-154,526
a compound having formula V a-helical CRF 9-41
a compound having formula V antalarmin
a compound having formula V astressin
a compound having formula V NBI 27914
a compound having formula V R121919
a compound having formula V R121920
a compound having formula V antisauvagine-30
a compound having formula V DMP-695
a compound having formula V CP-154,526
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[0463] By way of further example, Table 4b details a number of suitable

combinations that may be employed in the methods and compositions of the present

invention. The combination may also include an isomer, a pharmaceutically acceptable

salt, ester, or prodrug of any of the cyclooxygenase-2 selective inhibitors and/or

corticotropin releasing factor antagonists listed in Table 4b.

TABLE 4b

a compound selected from the group consisting
of B-1, B-2, B-3, B-4, B-5, B-6, B-7, B-8, B-9,

B-10, B-11, B-12, B-13, B-14, B-15, B-16, B-17,
B-18, B-19, B-20, B-21, B-22, B-23, B23a, B-24,
B-25, B-26, B-27, B-28, B-29, B-30, B-31, B-32,
B-33,B-34, B-35, B-36, B-37, B-38, B-39, B-40
B41, B-42, B-43, B-44, B-45, B-46, B-47, B-48
B-49, B-50, B-51, B-52, B-53, B-54, B-55, B-56,
B-57, B-58, B-59, B-60, B-61, B-62, B-63, B-64,
B-65, B-66, B-67, B-68, B-69, B-70, B-71, B-72,
B-73, B-74, B-75, B-76, B-77, B-78, B-79, B-80,
B-81, B-82, B-83, B-84, B-85, B-86, B-87, B-88,
B-89, B-90, B-91, B-92, B-93, B-94, B-95, B-96,
B-97, B-98, B-99, B-100,B-101, B-102, B-103,
B-104, B-105, B-106, B-107, B-108, B-109,
B-110, B-111, B-112, B-113, B-114, B-115,
B-116, B-117, B-118, B-119, B-120, B-121,
B-122, B-123, B-124, B-125, B-126, B-127,
B-128, B-129, B-130, B-131, B-132, B-133,
B-134, B-135, B-136, B-137, B-138, B-139,
B-140, B-141, B-142, B-143, B-144, B-145,
B-146, B-147, B-148, B-149, B-150, B-151,
B-152, B-153, B-154, B-155, B-156, B-157,
B-158, B-159, B-160, B-161, B-162, B-163,
B-164, B-165, B-166, B-167, B-168, B-169,
B-170, B-171, B-172, B-173, B-174, B-175,
B-176, B-177, B-178, B-179, B-180, B-181,
B-182, B-183, B-184, B-185, B-186, B-187,
B-188, B-189, B-190, B-191, B-192, B-193,
B-194, B-195, B-196, B-197, B-198, B-199,
B-200, B-201, B-202, B-203, B-204, B-205,
B-206, B-207, B-208, B-209, B-210, B-211,
B-212, B-213, B-214, B-215, B-216, B-217,
B-218, B-219, B-220, B-221, B-222, B-223,
B-224, B-225, B-226, B-227, B-228, B-229,
B-230, B-231, B-232, B233, B-234, B-235,

B-236, B-237, B-238, B-239, B-240, B-241,
B-242, B-243 B-244, B-245, B-246, B-247,
B-248, B-249, B-250, B-251, and B-252.

a-helical CRF 9-41
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antalarmin

a compound selected from the group consisting
Of B-1! B-2! B-3l B-4! B—5, B'6, B'?, B'8, B'g,
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astressin
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a compound selected from the group consisting
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a compound selected from the group consisting | NBl 27914

of B-1, B-2, B-3, B-4, B-5, B-6, B-7, B-8, B-9,
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a compound selected from the group consisting | R121919

of B-1, B-2, B-3, B4, B-5, B-6, B-7, B-8, B-9,
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a compound selected from the group consisting
of B-1, B-2, B-3, B4, B-5, B-6, B-7, B-8, B-9,
B-10, B-11, B-12, B-13, B-14, B-15, B-16, B-17,

B-18, B-19, B-20, B-21, B-22, B-23, B23a, B-24,
B-25, B-26, B-27, B-28, B-29, B-30, B-31, B-32,
B-33,B-34, B-35, B-36, B-37, B-38, B-39, B-40,
B-41, B-42, B-43, B-44, B-45, B-46, B-47, B-48,
B-49, B-50, B-51, B-52, B-53, B-54, B-55, B-56,
B-57, B-58, B-59, B-60, B-61, B-62, B-63, B-64,
B-65, B-66, B-67, B-68, B-69, B-70, B-71, B-72,
B-73, B-74, B-75, B-76, B-77, B-78, B-79, B-80,
B-81, B-82, B-83, B-84, B-85, B-86, B-87, B-88,
B-89, B-90, B-91, B-92, B-93, B-94, B-95, B-96,
B-97, B-98, B-99, B-100,B-101, B-102, B-103,
B-104, B-105, B-106, B-107, B-108, B-109,
B-110, B-111, B-112, B-113, B-114, B-115,
B-116, B-117, B-118, B-119, B-120, B-121,
B-122, B-123, B-124, B-125, B-126, B-127,
B-128, B-129, B-130, B-131, B-132, B-133,
B-134, B-135, B-136, B-137, B-138, B-139,
B-140, B-141, B-142, B-143, B-144, B-145,
B-146, B-147, B-148, B-149, B-150, B-151,
B-152, B-153, B-1564, B-155, B-156, B-157,
B-158, B-159, B-160, B-161, B-162, B-163,
B-164, B-165, B-166, B-167, B-168, B-169,
B-170, B-171, B-172, B-173, B-174, B-175,
B-176, B-177,B-178, B-179, B-180, B-181,
B-182, B-183, B-184, B-185, B-186, B-187,
B-188, B-189, B-190, B-191, B-192, B-193,
B-194, B-195, B-196, B-197, B-198, B-199,
B-200, B-201, B-202, B-203, B-204, B-205,
B-206, B-207, B-208, B-209, B-210, B-211,
B-212, B-213, B-214, B-215, B-216, B-217,
B-218, B-219, B-220, B-221, B-222, B-223,
B-224, B-225, B-226, B-227, B-228, B-229,
B-230, B-231, B-232, B233, B-234, B-235,
B-236, B-237, B-238, B-239, B-240, B-241,
B-242, B-243 B-244, B-245, B-246, B-247,
B-248, B-249, B-250, B-251, and B-252.

R121920
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a compound selected from the group consisting

of B-1, B-2,
B-10, B-11,
B-18, B-19,
B-25, B-26,

B-3, B-4, B-5, B-6, B-7, B-8, B-9,
B-12, B-13, B-14, B-15, B-16, B-17,

B-20, B-21, B-22, B-23, B23a, B-24,

B-27, B-28, B-29, B-30, B-31, B-32,

B-33,B-34, B-35, B-36, B-37, B-38, B-39, B-40,

B-41, B-42, B-43, B-44, B-45, B-46, B-47, B-48,
B-49, B-50, B-51, B-52, B-53, B-54, B-55, B-56,
B-57, B-58, B-59, B-60, B-61, B-62, B-63, B-64,
B-65, B-66, B- 67, B-68, B-69, B-70, B-71, B-72,
B-73, B-74, B-75, B-76, B-77, B-78, B-79, B-80,
B-81, B-82, B-83, B-84, B-85, B-86, B-87, B-88,
B-89, B-90, B-91, B-92, B-93, B-94, B-95, B-96,
B-97, B-98, B-99, B-100,B-101, B-102, B-103,
B-104, B-105, B-106, B-107, B-108, B-109,
B-110, B-111, B-112, B-113, B-114, B-115,
B-116, B-117, B-118, B-119, B-120, B-121,
B-122, B-123, B-124, B-125, B-126, B-127,
B-128, B-129, B-130, B-131, B-132, B-133,
B-134, B-135, B-136, B-137, B-138, B-139,
B-140, B-141, B-142, B-143, B-144, B-145,
B-146, B-147, B-148, B-149, B-150, B-151,
B-152, B-1563, B-154, B-155, B-156, B-157,
B-158, B-159, B-160, B-161, B-162, B-163,
B-164, B-165, B-166, B-167, B-168, B-169,
B-170, B-171, B-172, B-173, B-174, B-175,
B-176, B-177, B-178, B-179, B-180, B-181,
B-182, B-183, B-184, B-185, B-186, B-187/,
B-188, B-189, B-190, B-191, B-192, B-193,
B-194, B-195, B-196, B-197, B-198, B-199,
B-200, B-201, B-202, B-203, B-204, B-205,
B-206, B-207, B-208, B-209, B-210, B-211,
B-212, B-213, B-214, B-215, B-216, B-217,
B-218, B-219, B-220, B-221, B-222, B-223,
B-224, B-225, B-226, B-227, B-228, B-229,
B-230, B-231, B-232, B233, B-234, B-235,
B-236, B-237, B-238, B-239, B-240, B-241,
B-242, B-243 B-244, B-245, B-246, B-247,
B-248, B-249, B-250, B-251, and B-252.

antisauvagine-30
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a compound selected from the group consisting | DMP-695

of B-1, B-2, B-3, B-4, B-5, B-6, B-7, B-8, B-9,

WO 2005/020910
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a compound selected from the group consisting | CP-154,526
of B-1, B-2, B-3, B-4, B-5, B-6, B-7, B-8, B-9,
B-10, B-11, B-12, B-13, B-14, B-15, B-16, B-17,
B-18, B-19, B-20, B-21, B-22, B-23, B23a, B-24,
B-25, B-26, B-27, B-28, B-29, B-30, B-31, B-32,
B-33,B-34, B-35, B-36, B-37, B-38, B-39, B-40,
B-41, B-42, B-43, B-44, B-45, B-46, B-47, B-48,
B-49, B-50, B-51, B-52, B-53, B-54, B-55, B-56,
B-57, B-58, B-59, B-60, B-61, B-62, B-63, B-64,
B-65, B-66, B-67, B-68, B-69, B-70, B-71, B-72,
B-73, B-74, B-75, B-76, B-77, B-78, B-79, B-80,
B-81, B-82, B-83, B-84, B-85, B-86, B-87, B-88,
B-89, B-90, B-91, B-92, B-93, B-94, B-95, B-96,
B-97, B-98, B-99, B-100,B-101, B-102, B-103,
B-104, B-105, B-106, B-107, B-108, B-109,
B-110, B-111, B-112, B-113, B-114, B-115,
B-116, B-117, B-118, B-119, B-120, B-121,
B-122, B-123, B-124, B-125, B-126, B-127,
B-128, B-129, B-130, B-131, B-132, B-133,
B-134, B-135, B-136, B-137, B-138, B-139,
B-140, B-141, B-142, B-143, B-144, B-145,
B-146, B-147, B-148, B-149, B-150, B-151,
B-152, B-153, B-154, B-155, B-156, B-157,
B-158, B-159, B-160, B-161, B-162, B-163,
B-164, B-165, B-166, B-167, B-168, B-169,
B-170, B-171, B-172, B-173, B-174, B-175,
B-176, B-177, B-178, B-179, B-180, B-181,
B-182, B-183, B-184, B-185, B-186, B-187,
B-188, B-189, B-190, B-191, B-192, B-193,
B-194, B-195, B-196, B-197, B-198, B-199,
B-200, B-201, B-202, B-203, B-204, B-205,
B-206, B-207, B-208, B-209, B-210, B-211,
B-212, B-213, B-214, B-215, B-216, B-217,
B-218, B-219, B-220, B-221, B-222, B-223,
B-224, B-225, B-226, B-227, B-228, B-229,
B-230, B-231, B-232, B233, B-234, B-235,
B-236, B-237, B-238, B-239, B-240, B-241,
B-242, B-243 B-244, B-245, B-246, B-247,
B-248, B-249, B-250, B- 251 and B-252.

[0464] By way of yet further example, Table 4c details additional suitable
combinations that may be employed in the methods and compositions of the current
invention. The combination may also include an isomer, a pharmaceutically acceptable
salt, ester, or prodrug of any of the cyclooxygenase-2 selective inhibitors and/or

corticotropin releasing factor antagonists listed in Table 4c.
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TABLE 4c

Cyclooxygenase-2 Selective
Inhibitor

Corticotropin Releasing
factor Antagonist

Celecoxib a-helical CRF 9-41
Celecoxib antalarmin
Celecoxib astressin
Celecoxib NBIl 27914
Celecoxib R121919
Celecoxib R121920
Celecoxib antisauvagine-30
Celecoxib DMP-695
Celecoxib CP-154,526
Cimicoxib a-helical CRF 9-41
Cimicoxib antalarmin
Cimicoxib astressin
Cimicoxib NBI 27914
Cimicoxib R121919
Cimicoxib R121920
Cimicoxib antisauvagine-30
Cimicoxib DMP-695
Cimicoxib CP-154,526
Deracoxib a-helical CRF 9-41
Deracoxib antalarmin
Deracoxib astressin
Deracoxib NBI 27914
Deracoxib R121919
Deracoxib R121920
Deracoxib antisauvagine-30
Deracoxib DMP-695
Deracoxib CP-154,526
Valdecoxib a-helical CRF 9-41
Valdecoxib antalarmin
Valdecoxib astressin
Valdecoxib NBI 27914
Valdecoxib R121919
Valdecoxib R121920
Valdecoxib antisauvagine-30
Valdecoxib DMP-695
Valdecoxib CP-154,526
Rofecoxib a-helical CRF 9-41
Rofecoxib antalarmin
Rofecoxib astressin
Rofecoxib NBI 27914
Rofecoxib R121919
Rofecoxib R121920
Rofecoxib antisauvagine-30
Rofecoxib DMP-695
Rofecoxib CP-154,526
Etoricoxib a-helical CRF 9-41
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Cyclooxygenase-2 Selective
Inhibitor

Corticotropin Releasing
factor Antagonist

Etoricoxib antalarmin
Etoricoxib astressin
Etoricoxib NBI 27914
Etoricoxib R1219819
Etoricoxib R121920
Etoricoxib antisauvagine-30
Etoricoxib DMP-695
Etoricoxib CP-154 526
Meloxicam a-helical CRF 9-41
Meloxicam antalarmin
Meloxicam astressin
Meloxicam NBI| 27914
Meloxicam R121919
Meloxicam R121920
Meloxicam antisauvagine-30
Meloxicam DMP-695
Meloxicam CP-154,526
Parecoxib a-helical CRF 9-41
Parecoxib antalarmin
Parecoxib astressin
Parecoxib NBI 27914
Parecoxib R121919
Parecoxib R121920
Parecoxib antisauvagine-30
Parecoxib DMP-695
Parecoxib CP-154,526

4-(4-cyclohexyl-2-
methyloxazol-5-yl)-2-
fluorobenzenesulfonamide

a-helical CRF 9-41

4-(4-cyclohexyl-2-
methyloxazol-5-yl)-2-
fluorobenzenesulfonamide

antalarmin

4-(4-cyclohexyl-2-
methyloxazol-5-yl)-2-
fluorobenzenesulfonamide

astressin

4-(4-cyclohexyl-2-
methyloxazol-5-yl)-2-
fluorobenzenesulfonamide

NBI 27914

4-(4-cyclohexyl-2-
methyloxazol-5-yl)-2-
fluorobenzenesulfonamide

R121919

4-(4-cyclohexyl-2-
methyloxazol-5-yl)-2-
fluorobenzenesulfonamide

R121920

4-(4-cyclohexyl-2-
methyloxazol-5-yl)-2-
fluorobenzenesulfonamide

antisauvagine-30
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Cyclooxygenase-2 Selective
Inhibitor

Corticotropin Releasing
factor Antagonist

4-(4-cyclohexyl-2- DMP-695
methyloxazol-5-yl)-2-
fluorobenzenesulfonamide
4-(4-cyclohexyl-2- CP-154,526

methyloxazol-5-yl)-2-
fluorobenzenesulfonamide

2-(3,5-difluorophenyl)-3-(4-
(methylsulfonyl)phenyl)-2-
cyclopenten-1-one

a-helical CRF 9-41

2-(3,5-difluorophenyl)-3-(4-
(methylsulfonyl)phenyl)-2-
cyclopenten-1-one

antalarmin

2-(3,5-difluorophenyl)-3-(4-
(methylsulfonyl)phenyl)-2-
cyclopenten-1-one

astressin

2-(3,5-difluorophenyl)-3-(4-
(methylsulfonyl)phenyl)-2-
cyclopenten-1-one

NBI 27914

2-(3,5-difluorophenyl)-3-(4-
(methylisulfonyl)phenyl)-2-
cyclopenten-1-one

R121919

2-(3,5-difluorophenyi)-3-(4-
(methylsulfonyl)phenyl)-2-
cyclopenten-1-one

R121920

2-(3,5-difluorophenyl)-3-(4-
(methylsulfonyl)phenyl)-2-
cyclopenten-1-one

antisauvagine-30

2-(3,5-difluorophenyl)-3-(4- DMP-695
(methylsulfonyl)phenyl)-2-
cyclopenten-1-one
2-(3,5-difluorophenyl)-3-(4- CP-154,526

(methylsulfonyl)phenyl)-2-
cyclopenten-1-one

N-[2-(cyclohexyloxy)-4-
nitrophenyllmethanesulfonami
de

a-helical CRF 9-41

N-[2-(cyclohexyloxy)-4-
nitrophenyljmethanesulfonami
de

antalarmin

N-[2-(cyclohexyloxy)-4-
nitrophenyllmethanesulfonami
de

astressin

N-[2-(cyclohexyloxy)-4-
nitrophenyljmethanesulfonami
de

NBI 27914

N-[2-(cyclohexyloxy)-4-
nitrophenyllmethanesulfonami
de

R121919
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Cyclooxygenase-2 Selective
Inhibitor

Corticotropin Releasing
factor Antagonist

N-[2-(cyclohexyloxy)-4-
nitrophenyllmethanesulfonami
de

R121920

N-[2-(cyclohexyloxy)-4-
nitrophenyllmethanesulfonami
de

antisauvagine-30

N-[2-(cyclohexyloxy)-4- DMP-695
nitrophenyllmethanesulfonami

de

N-[2-(cyclohexyloxy)-4- CP-154,526

nitrophenyllmethanesulfonami
de

2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-[4-
(methylsulfonyl)phenyl]-3(2H)-
pyridazinone

a-helical CRF 9-41

2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-[4-
(methylsulfonyl)phenyl]-3(2H)-
pyridazinone

antalarmin

2-(3,4-difluorophenyt)-4-(3-
hydroxy-3-methylbutoxy)-5-[4-
(methylsulfonyl)phenyl]-3(2H)-
pyridazinone

astressin

2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-[4-
(methylsulfonyl)phenyl]-3(2H)-
pyridazinone

NBI 27914

2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-{4-
(methylsulfonyl)phenyl]-3(2H)-
pyridazinone

R121919

2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-[4-
(methylsulfonyl)phenyl]-3(2H)-
pyridazinone

R121920

2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-[4-
(methylsulfonyl)phenyl]-3(2H)-
pyridazinone

antisauvagine-30

2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-[4-
(methyisulfonyl)phenyl]-3(2H)-
pyridazinone

DMP-695

2-(3,4-difluorophenyl)-4-(3-
hydroxy-3-methylbutoxy)-5-[4-
(methylsulfonyl)phenyl]-3(2H)-
pyridazinone

CP-154,526
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Cyclooxygenase-2 Selective
Inhibitor

Corticotropin Releasing
factor Antagonist

2-[(2,4-dichloro-6-
" methylphenyl)amino]-5-ethyl-
benzeneacetic acid

a-helical CRF 9-41

2-[(2,4-dichloro-6-
methylphenyl)amino]-5-ethyl-
benzeneacetic acid

antalarmin

2-[(2,4-dichloro-6-
methylphenyl)amino]-5-ethyl-
benzeneacetic acid

astressin

2-[(2,4-dichloro-6-
methylphenyl)amino]-5-ethyl-
benzeneacetic acid

NBI 27914

2-[(2,4-dichioro-6-
methyiphenyl)amino]-5-ethyl-
benzeneacetic acid

R121919

2-[(2,4-dichloro-6-
methylphenyl)amino]-5-ethyl-
benzeneacetic acid

R121920

2-[(2,4-dichloro-6-
methylphenyl)amino]-5-ethyl-
benzeneacetic acid

antisauvagine-30

2-[(2,4-dichloro-6- DMP-695
methylphenyl)amino]-5-ethyl-

benzeneacetic acid

2-[(2,4-dichloro-6- CP-154,526

methyiphenyl)amino]-5-ethyl-
benzeneacetic acid

(32)-3-[(4-chlorophenyl)[4-
(methylsulfonyl)phenyljmethyl
eneldihydro-2(3H)-furanone

a-helical CRF 9-41

(32)-3-[(4-chlorophenyl)[4-
(methylsulfonyhphenylimethyl
ene]dihydro-2(3H)-furanone

antalarmin

(32)-3-[(4-chlorophenyl)[4-
(methylsulfonyl)phenylimethyl
enel]dihydro-2(3H)-furanone

astressin

(32)-3-[(4-chlorophenyl)[4-
(methylsulfonyl)phenyllmethyl
eneldihydro-2(3H)-furanone

NBI 27914

(3Z)-3-[(4-chlorophenyl)[4-
(methylsulfonyl)phenyijmethyl
ene]dihydro-2(3H)-furanone

R121919

(3Z)-3-[(4-chlorophenyl)[4-
(methylsulfonyl)phenyllmethyl
eneldihydro-2(3H)-furanone

R121920

(32)-3-[(4-chlorophenyl)[4-
(methylsulfonyl)phenyllmethyl
eneldihydro-2(3H)-furanone

antisauvagine-30
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Cyclooxygenase-2 Selective
Inhibitor

Corticotropin Releasing
factor Antagonist

(32)-3-[(4-chlorophenyl)[4- DMP-695
(methylsulfonyl)phenyllmethyl
eneldihydro-2(3H)-furanone
(32)-3-[(4-chlorophenyl)[4- CP-154,526

(methylsulfonyl)phenyllmethyl
ene]dihydro-2(3H)-furanone

(S)-6,8-dichloro-2-
(trifluoromethyl)-2H-1-
benzopyran-3-carboxylic acid

a-helical CRF 9-41

(S)-6,8-dichloro-2-
(trifluoromethyl)-2H-1-
benzopyran-3-carboxylic acid

antalarmin

(8)-6,8-dichloro-2-
(trifluoromethyl)-2H-1-
benzopyran-3-carboxylic acid

astressin

(8)-6,8-dichloro-2-
(trifluoromethyl)-2H-1-
benzopyran-3-carboxylic acid

NBI 27914

(S)-6,8-dichloro-2-
(trifluoromethyl)-2H-1-
benzopyran-3-carboxylic acid

R121919

(S)-6,8-dichloro-2-
(trifluoromethyl)-2H-1- _
benzopyran-3-carboxylic acid

R121920

(S)-6,8-dichloro-2-
(trifluoromethyt)-2H-1-
benzopyran-3-carboxylic acid

antisauvagine-30

(S)-6,8-dichloro-2- DMP-695
(triffluoromethyl)-2H-1-
benzopyran-3-carboxylic acid
(S)-6,8-dichloro-2- CP-154,526

(trifluoromethyl)-2H-1-
benzopyran-3-carboxylic acid

Lumiracoxib

a-helical CRF 9-41

Lumiracoxib antalarmin
Lumiracoxib astressin
Lumiracoxib NBI 27914
Lumiracoxib R121919
Lumiracoxib R121920
Lumiracoxib antisauvagine-30
Lumiracoxib DMP-695
Lumiracoxib CP-154,526

DIAGNOSIS OF A VASO-OCCLUSION

[0100] One aspect of the invention encompasses diagnosing a subject in

need of treatment or prevention for a vaso-occlusive event. A number of suitable

methods for diagnosing a vaso-occlusion may be used in the practice of the invention.
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In one such method, ultrasound may be employed. This method examines the blood
flow in the major arteries and veins in the arms and legs with the use of ultrasound
(high-frequency sound waves). In one embodiment, the test may combine Doppler®
ultrasonography, which uses audio measurements to "hear" and measure the blood flow
and duplex ultrasonography, which provides a visual image. In an alternative
embodiment, the test may utilize multifrequency ultrasound or multifrequency
transcranial Doppler® (MTCD) ultrasound.

Another method that may be employed encompasses injection of the subject with a
compound that can be imaged. In one alternative of this embodiment, a small amount
of radioactive material is injected into the subject and then standard techniques that rely
on monitoring blood flow to detect a blockage, such as magnetic resonance direct
thrombus imaging (MRDT]I), may be utilized to image the vaso-occlusion. In an
alternative embodiment, ThromboView® (commercially available from Agenix Limited)
uses a clot-binding monoclonal antibody attached to a radiolabel. In addition to the
methods identified herein, a number of other suitable methods known in the art for

diagnosis of vaso-occlusive events may be utilized.

INDICATIONS TO BE TREATED

[0465] Typically, the composition comprising a therapeutically effective
amount of a cyclooxygenase-2 selective inhibitor and a therapeutically effective amount
of a corticotropin releasing factor antagonist may be employed to treat a number of
ischemic mediated central nervous system disorders or injuries.

[0466] In some aspects, the invention provides a method to treat a central
nervous system cell to prevent damage in response to a decrease in blood flow to the
cell. Typically the severity of damage that may be prevented will depend in large part
on the degree of reduction in blood flow to the cell and the duration of the reduction. By
way of example, the normal amount of perfusion to brain gray matter in humans is about
60 to 70 mL/100 g of brain tissue/min. Death of central nervous system cells typically
occurs when the flow of blood falls below approximately 8-10 mL/100 g of brain
tissue/min, while at slightly higher levels (i.e. 20-35 mL/100 g of brain tissue/min) the
tissue remains alive but not able to function. In one embodiment, apoptotic or necrotic
cell death may be prevented. In still a further embodiment, ischemic-mediated damage,
such as cytoxic edema or central nervous system tissue anoxemia, may be prevented.

In each embodiment, the central nervous system cell may be a spinal cell or a brain cell.
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[0467]1 Another aspect encompasses administrating the composition to a
subject to treat a central nervous system ischemic condition. A number of central
nervous system ischemic conditions may be treated by the composition of the invention.
In one embodiment, the ischemic condition is a stroke that results in any type of
ischemic central nervous system damage, such as apoptotic or necrotic cell death,
cytoxic edema or central nervous system tissue anoxemia. The stroke may impact any
area of the brain or be caused by any etiology commonly known to result in the
occurrence of a stroke. In one alternative of this embodiment, the stroke is a brain stem
stroke. Generally speaking, brain stem strokes strike the brain stem, which control
involuntary life-support functions such as breathing, blood pressure, and heartbeat. In
another alternative of this embodiment, the stroke is a cerebellar stroke. Typicaily,
cerebellar strokes impact the cerebellum area of the brain, which controls balance and
coordination. In still another embodiment, the stroke is an embolic stroke. In general
terms, embolic strokes may impact any region of the brain and typically result from the
blockage of an artery by a vaso-occlusion. in yet another alternative, the stroke may be
a hemorrhagic stroke. Like embolic strokes, hemorrhagic stroke may impact any region

“of the brain, and typically result from a ruptured blood vessel characterized by a
hemorrhage (bleeding) within or surrounding the brain. In a further embodiment, the
stroke is a thrombotic stroke. Typically, thrombotic strokes result from the blockage of a
blood vessel by accumulated deposits.

[0468] In another embodiment, the ischemic condition may result from a
disorder that occurs in a part of the subject's body outside of the central nervous
system, but yet still causes a reduction in blood flow to the central nervous system.
These disorders may include, but are not limited to a peripheral vascular disorder, a
venous thrombosis, a pulmonary embolus, a myocardial infarction, a transient ischemic
attack, unstable angina, or sickle cell anemia. Moreover, the central nervous system
ischemic condition may occur as result of the subject undergoing a surgical procedure.
By way of example, the subject may be undergoing heart surgery, lung surgery, spinal
surgery, brain surgery, vascular surgery, abdominal surgery, or organ transplantation
surgery. The organ transplantation surgery may include heart, lung, pancreas or liver
transplantation surgery. Moreover, the central nervous system ischemic condition may
occur as a result of a trauma or injury to a part of the subject's body outside the central
nervous system. By way of example, the trauma or injury may cause a degree of
bleeding that significantly reduces the total volume of blood in the subject's body.
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Because of this reduced total volume, the amount of blood flow to the central nervous
system is concomitantly reduced. By way of further example, the trauma or injury may
also result in the formation of a vaso-occlusion that restricts blood flow to the central
nervous system.

[0469] Of course it is contemplated that the composition may be employed to
treat the central nervous system ischemic condition irrespective of the cause of the
condition. In one embodiment, the ischemic condition results from a vaso-occlusion.
The vaso-occlusion may be any type of occlusion, but is typically a cerebral thrombosis
or a cerebral embolism. In a further embodiment, the ischemic condition may result
from a hemorrhage. The hemorrhage may be any type of hemorrhage, but is generally
a cerebral hemorrhage or a subararachnoid hemorrhage. In still another embodiment,
the ischemic condition may result from the narrowing of a vessel. Generally speaking,
the vessel may narrow as a result of a vasoconstriction such as occurs during
vasospasms, or due to arteriosclerosis. In yet another embodiment, the ischemic
condition results from an injury to the brain or spinal cord.

[0470] In yet another aspect, the composition is administered to reduce infarct
size of the ischemic core following a central nervous system ischemic condition.
Moreover, the composition may also be beneficially administered to reduce the size of
the ischemic penumbra or transitional zone following a central nervous system ischemic
condition

[0471] In a further aspect, the invention provides treatment for subjects who
are at risk of a vaso-occlusive event. These subjects may or may not have had a
previous vaso-occlusive event. The invention embraces the treatment of subjects prior
to a vaso-occlusive event, at a time of a vaso-occlusive event and following a vaso-
occlusive event. Thus, as used herein, the "treatment” of a subject is intended to
embrace both prophylactic and therapeutic treatment, and can be used either to limit or
to eliminate altogether the symptoms or the occurrence of a vaso-occlusive event.

[0472] In addition to a cyclooxygenase-2 selective inhibitor and a corticotropin
releasing factor antagonist, the composition of the invention may also include any agent
that ameliorates the effect of a reduction in blood flow to the central nervous system. In
one embodiment, the agent is an anticoagulant including thrombin inhibitors such as
heparin and Factor Xa inhibitors such as warafin. In an additional embodiment, the
agent is an anti-platelet inhibitor such as a GP lib/illa inhibitor. In a further embodiment,

the agent is selected from tissue plasminogen activator (t-PA), streptokinase, and

139

3818



WO 2005/020910 PCT/US2004/027600

urokinase. Additional agents include but are not limited to, HMG-CoA synthase
inhibitors; squalene epoxidase inhibitors; squalene synthetase inhibitors (also known as
squalene synthase inhibitors), acyl-coenzyme A: cholesterol acyltransferase (ACAT)
inhibitors; probucol; niacin; fibrates such as clofibrate, fenofibrate, and gemfibrizol;
cholesterol absorption inhibitors; bile acid sequestrants; LDL (low density lipoprotein)
receptor inducers; vitamin Bg (also known as pyridoxine) and the pharmaceutically
acceptable salts thereof such as the HCI salt; vitamin B4z (also known as
cyanocobalamin); B-adrenergic receptor blockers; folic acid or a pharmaceutically
acceptable salt or ester thereof such as the sodium salt and the methylglucamine salt;
and anti-oxidant vitamins such as vitamin C and E and beta carotene.

[0473]1 In a further aspect, the composition may be employed to reverse or
lessen central nervous system cell damage following a traumatic brain or spinal cord
injury. Traumatic brain or spinal cord injury may result from a wide variety of causes
including, for example, blows to the head or back from objects; penetrating injuries from
missiles, bullets, and shrapnel; falls; skull fractures with resulting penetration by bone
pieces; and sudden acceleration or deceleration injuries. The composition of the
invention may be beneficially utilized to treat the traumatic injury irrespective of its

cause.

EXAMPLES
[0474] The following examples are intended to provide illustrations of the
application of the present invention. The following examples are not intended to

completely define or otherwise limit the scope of the invention.

EXAMPLE 1 - EVALUATION OF COX-1 AND COX-2 ACTIVITY IN VITRO

[0475] The COX-2 inhibitors suitable for use in this invention exhibit selective
inhibition of COX-1 over COX-2, as measured by ICsy values when tested in vitro
according to the following activity assays.

PREPARATION OF RECOMBINANT COX BACULOVIRUSES

[0476] Recombinant COX-1 and COX-2 are prepared as described by Gierse
et al, [J. Biochem., 305, 479-84 (1995)]. A 2.0 kb fragment containing the coding region
of either human or murine COX-1 or human or murine COX-2 is cloned into a BamH1

site of the baculovirus transfer vector pVL1393 (Invitrogen) to generate the baculovirus
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transfer vectors for COX-1 and COX-2 in a manner similar to the method of D.R.
O'Reilly et al (Baculovirus Expression Vectors: A Laboratory Manual (1992)).
Recombinant baculoviruses are isolated by transfecting 4 pg of baculovirus transfer
vector DNA into SF9 insect cells (2x108) along with 200 ng of linearized baculovirus
plasmid DNA by the calcium phosphate method. See M.D. Summers and G.E. Smith, A
Manual of Methods for Baculovirus Vectors and Insect Cell Culture Procedures, Texas
Agric. Exp. Station Bull. 1555 (1987). Recombinant viruses are purified by three rounds
of plaque purification and high titer (107-10® pfu/mL) stocks of virus are prepared. For
large scale production, SF9 insect cells are infected in 10 liter fermentoré (0.5 x 106/mL)
with the recombinant baculovirus stock such that the multiplicity of infection is 0.1. After
72 hours the cells are centrifuged and the cell pellet is homogenized in Tris/Sucrose (50
mM: 25%, pH 8.0) containing 1% 3-[(3-cholamidopropy!)-dimethylammmonio}-1-
propanesulfonate (CHAPS). The homogenate is centrifuged at 10,000xG for 30
minutes, and the resultant supernatant is stored at -80°C before being assayed for
COX activity.

ASSAY FOR COX-1 AND COX-2 ACTIVITY

[0477] COX activity is assayed as PGE2 formed/ug protein/time using an
ELISA to detect the prostaglandin released. CHAPS-solubilized insect cell membranes
containing the appropriate COX enzyme are incubated in a potassium phosphate buffer
(50 mM, pH 8.0) containing epinephrine, phenol, and heme with the addition of
arachidonic acid (10 uM). Compounds are pre-incubated with the enzyme for 10-20
minutes prior to the addition of arachidonic acid. Any reaction between the arachidonic
acid and the enzyme is stopped after ten minutes at 37°C by transferring 40 pl of
reaction mix into 160 pl ELISA buffer and 25 yM indomethacin. The PGE2 formed is
measured by standard ELISA technology (Cayman Chemical).

FAST ASSAY FOR COX-1 AND COX-2 ACTIVITY

[0478] COX activity is assayed as PGE2 formed/pg protein/time using an
ELISA to detect the prostaglandin released. CHAPS-solubilized insect cell membranes
containing the appropriate COX enzyme are incubated in a potassium phosphate buffer
(0.05 M Potassium phosphate, pH 7.5, 2 uM phenol, 1 uM heme, 300 uM epinephrine)
with the addition of 20 pl of 100 uM arachidonic acid (10 uM). Compounds are pre-

incubated with the enzyme for 10 minutes at 25°C prior to the addition of arachidonic

141

3820



WO 2005/020910 PCT/US2004/027600

acid. Any reaction between the arachidonic acid and the enzyme is stopped after two
minutes at 37 °C by transferring 40 pl of reaction mix into 160 pl ELISA buffer and 25
UM indomethacin. Indomethacin, a non-selective COX-2/COX-1 inhibitor, may be
utilized as a positive control. The PGE; formed is typically measured by standard
ELISA technology utilizing a PGE2 specific antibody, available from a number of
commercial sources.

[0479]1 Each compound to be tested may be individually dissolved in 2 ml of
dimethyl sulfoxide (DMSO) for bioassay testing to determine the COX-1 and COX-2
inhibitory effects of each particular compound. Potency is typically expressed by the
ICso value expressed as g compound/ml solvent resulting in a 50% inhibition of PGE2
production. Selective inhibition of COX-2 may be determined by the ICsg ratio of COX-
1/COX-2.

[0480] By way of example, a primary screen may be performed in order to
determine particular compounds that inhibit COX-2 at a concentration of 10 ug/ml. The
compound may then be subjected to a confirmation assay to determine the extent of
COX-2 inhibition at three different concentrations (e.g., 10 ug/mil, 3.3 ug/ml and 1.1
ug/ml). After this screen, compounds can then be tested for their ability to inhibit COX-1
at a concentration of 10 ug/ml. With this assay, the percentage of COX inhibition
compared to control can be determined, with a higher percentage indicating a greater
degree of COX inhibition. In addition, the I1Csp value for COX-1 and COX-2 can also be
determined for the tested compound. The selectivity for each compound may then be
determined by the 1C5g ratio of COX-1/COX-2, as set-forth above.

EXAMPLE 2

[0481] Inthe examples below, a combination therapy contains a corticotropin
releasing factor antagonist with a vehicle and a COX-2 selective inhibitor. The efficacy
of such combination therapy can be evaluated in comparison to a control treatment
such as a placebo treatment, administration of a COX-2 inhibitor only, or administration
of a corticotropin releasing factor antagonist only. By way of example, a combination
therapy may contain a-helical CRF 9-41 and celecoxib, a-helical CRF 9-41 and
valdecoxib, a-helical CRF 9-41 and rofecoxib, or a-helical CRF 9-41 and paracoxib. In
addition, any of the above mentioned COX-2 selective inhibitors may be similarly
combined with other CRF antagonists, both peptide and non-peptide, such as for
example, the pyrrolopyrimidines disclosed in WO 94/13676, CP-154,526 (Schulz et. al.,
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Proc. Natl. Acad. Sci. USA, Vol. 93 (1996) 10477-10482), [D-phe'?,Nle?"*¥hCRF-(12-
14) (Gulyas et al., Proc. Natl. Acad. Sci. USA, Vol 92 (1995) 10575-10579), D-phe CRF
(12-14) (Lyons et al. (1991) ), astressin (Gulyas et al., Proc. Natl. Acad. Sci. USA, Vol
92 (1995) 10575-10579), and antalarmin (Webster et al., Endocrinology, Vol. 137
(1996) 57475750), NBI 27914 (Chen et al., J Med. Chem. 39: 4358-4360 (1996)),
R121919, R121920 (7-dipropylamino)-2,5-dimethyl-3-[2-(dimethylamino)-5-pyridyl]
pyrazolo [1,5-a] pyrimidine) (Mackay et al. (2001)), and other CFR antagonists known in
the art, including the monocyclic five membered and six membered ring antagonists,
and antagonists from the fused bicyclic, fused tricyclic, polycyclic, and acyclic systems.

[0482] It should be noted that these are only several examples, and that any
CFR antagonist in combination with any COX-2 inhibitor of the present invention may be
tested as a combination therapy. The dosages of a CFR antagonist and COX-2
inhibitor in a particular therapeutic combination may be readily determined by a skilled
artisan conducting the study. The length of the study treatment will vary on a particular
study and can also be determined by one of ordinary skill in the art. The combination
therapy may be administered for any time period necessary to treat the ischemic event.
By way of example, the combination therapy may be administered for 12 weeks. The
CFR antagonist and COX-2 inhibitor can be administered by any route as described
herein, but are preferably administered orally or intravenously for human subjects.

fo483]1 The laboratory animal study can generally be performed as described
in Strijbos, et al., (1994) Brain Research, 656: 405-408.

[0484] Briefly, the study can be performed on male, Sprague-Dawley rats
ranging in size from 200 to 250 g. The rats are anesthetized with sodium
pentobarbitone, and guide cannulae are implanted into the third ventricle of the brain.
This is performed seven days prior to ischemia. At least four days later, the rats are
subjected to a unilateral, permanent middle cerebral artery occlusion ("MCAO0") under
halothane anesthesia (2% in oxygen) by electrocoagulation according to a modification
of the technique disclosed in Tamura et al. ((1981) J. Cereb. Blood Flow Metab., 1: 53-
60).Body temperature is maintained during surgery using a heated blanket.

[0485] Rats are then injected with either a vehicle (0.9% saline) or a
corticotropin releasing hormone antagonist, such as, for example, a-helical CRF 941
(6.5 mmol; total volume 2 pi) both 30 minutes before and 10 minutes after the MCAo.

[0486] The brain tissue can then be examined histologically for the effects of

combination therapy in comparison to the placebo. Neuronal damage is determined
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histologically 24 hours after ischemia. 500 pm coronal brain slices are incubated with
tetrazolium stain, a histological indicator of mitochondrial viability. Lesion size is then

quantified by automated Seescan image analysis.

EXAMPLE 3

[0487] This laboratory animal study can generally be performed as described
in Lyons, et al., (1991) Brain Research, 545: 339-342.

[0488] Male Winstar rats weighing 250-300 g are induced with 2.0%
halothane, intubates, and ventilated with 1.0% halothane. PE-50 catheters are inserted
into the femoral vein and artery, Core body temperature is monitored and maintained at
37.0+ 0.5 °C. An intraventricular injection of a-helical CRF 9-41 is administered 0.80
mm posterior, 1.50 mm lateral to the bregma and 3.80 mm deep. Fifteen minutes after
injection, transient forebrain ischemia is produced for a 10 minute period by the
temporary occlusion of both common carotid arteries and phlebotomizing the rat to a
MABP of 50 mm Hg. After 10 minutes of ischemia, previously withdrawn and
heparinized blood was infused via the femoral venous catheter and cerebral blood flow
is restored by removal of the carotid artery clips. Animals are then monitored under
1.0% halothane for a 1 hour period after reperfusion (restoration of carotid blood flow).

[0489] Seven groups of five animals each are studied. Three groups act as
control groups: one normal control group, one ischemic control group, and one
ischemic vehicle group. The remaining four groups receive a-helical CRF 9-41 in doses
of 0.1, 1.0, 10.0, or 100.0 pg in 0.9 & BaCl, the volume of each injection being 5 pl.
Arterial blood samples are taken and MABP is observed and recorded as follows: 10
minutes prior to injection of a-helical CRF 9-41; after 10 minutes of ischemia just prior to
reperfusion; and 30 minutes following reperfusion.

[0490] Seven days post-op, each rat is anesthetized with 2.0% halothane and
the brain fixed in situ with 40% formaldehyde/glacial acetic acid/methanol, 1:1:8 via
transcardiac perfusion after briefly washing out the cephalic circulation with heparinized
0.9% NaCl for 45 seconds. The brains are then sectioned 7mm posterior to the rostral
tip of the frontal lobes and 10pm paraffin sections are stained using hematoxylin and
eosin. Hippocampal regions CA1-medial, CA1-lateral, CA3, and CA4 are examined
bilaterally under light microscopy using an ocular grid with magnification X 400. Ten
100 X 100 ym area are analyzed in each hippocampal region. Neurons displaying a

normal nucleus, cytoplasmic staining, and configuration are counted as living cells, as
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opposed to pyknotic, hyperchromatic, and shrunken neurons that would be counted as
dead cells.

[0491] The number of surviving neurons and dead neurons are compared to
determine the efficacy of the combination therapy. Furthermore, the PaCO,, PaO,, pH,,
MABP, serum glucose, and core body temperatures among the rats representing the
various control and experimental groups are compared to determine possible side

effects of the therapy or the procedures used.

EXAMPLE 4

[0492] This laboratory animal study can generally be performed as described
in Mackay et al., (2001) J. Cerebral Blood Flow and Metabolism 21:1208-1214.

[0493]1 Brain and plasma levels of R121920 are determined in a number of
nonoccluded male Sprague—Dawley rats weighing 280 to 340 g. A skilled artisan can
readily determine the appropriate humber of animals to be used for a particular
experiment. R121920 in a vehicle of water is administered to each of the rats as a
single intravenous (IV) dose of 10 mg/kg. An equal number of the rats are killed at 2, 5,
15, 30, 60, 120, and 240 minutes subsequent to the administration of R121920. Brains
are rapidly removed, flash frozen in liquid nitrogen, and stored at -70°C until analysis.
200 uL terminal blood samples are collected into tubes containing EDTA and are
promptly centrifuged for 1.5 minutes at 10,000 g. The plasma is extracted, flash frozen
in liquid nitrogen, and stored at —70°C until analysis. In order to quantify the
concentration of R121920 in plasma, 150 pL acetonitrile is added to 50 pL plasma to
precipitate protein, and the sample is centrifuged. The supernatant is collected and
dried in a Speed Vac at room temperature. In order to prepare brain sample tissue,
brain tissue is homogenized in 1 mL saline solution. Protein is precipitated by adding 3
vol acetonitrile to the sample solution. After reconstitution, all samples are analyzed in
a reverse phase HPLC-UV system. The concentrations of R121920 in the samples is
predicted from the linear regression of an external calibration curve of five spiked matrix
standards.

[0494] All rats are initially anesthetized with a mixture of 5% halothane, 30%
oxygen, and 70% nitrous oxide in an induction chamber and maintained thereafter with
a nitrous oxide/oxygen mixture (70%:30%) containing 1.0% to 1.5% halothane

administered through a face mask. Body temperature is monitored during the surgical
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procedure by a rectal thermometer. The rats are maintained at a normothermic body

temperature (37 °C + 1°C) by use of a heating blanket controlled by the thermometer.

SUBTEMPORAL MIDDLE CEREBRAL ARTERY OCCLUSION MODEL

[0495] Permanent focal ischemia is induced in male Fischer 344 rats (240 to
280 g) through a subtemporal approach, as described in Tamara et al., (1981) J. Cereb.
Blood Flow Metab. 1: 53-60. Briefly, the craniectomy is performed at the level where
the MCA crosses the lateral olfactory tract. The dura is opened, and the artery is
exposed and occluded by bipolar diathermy from its origin to the point where it crosses
the inferior cerebral vein. All visible lenticulostriate branches are also occluded. The
artery is transected to confirm complete occlusion and to prevent recanalization. The
incision sites are closed, and the animals are allowed to recover from the anesthesia.

[0496] R121920 (10 mg/kg or 20 mg/kg) is administered as an initial bolus IV
dose at the time of the onset of ischemia, followed by subsequent subcutaneous (SC)
injections of R121920 (5 mg/kg or 10mg/kg, respectively) at hourly intervals thereafter
for a period of 4 hours. Control rats are injected with a water vehicle (1 mL/kg) at the
same time points.

[0497] The rats are killed 24 hours subsequent to MCA occlusion, the brains
are removed, and 500 ym coronal sections are cut from the frontal pole on a vibratome.
Brain sections are incubated in a 2% solution of triphenyi tetrazolium chloride at 37°C
for 30 minutes to stain for viable tissue. Infarcted regions in the hemisphere, the cortex,
and the striatum on each of the sections are delineated and transcribed onto scale
diagrams and quantified by automated image analysis. The infarct volume for each of
the brain regions is computed by summing the areas of damage from each section and

multiplying them by the distance between the sections.

INTRALUMINAL SUTURE MIDDLE CEREBRAL ARTERY OCCLUSION MODEL.
[0498] The left middle cerebral artery (MCA) is permanently occluded in a
number of male Sprague-Dawley rats weighing 280 to 340 g through a cervical carotid
approach using the intraluminal suture technique in male as described in detail in Zea
Longa et al., (1989) Stroke 20: 84-91. Briefly, the common carotid, the external carotid,
and the internal carotid arteries are exposed via a midline cervical incision performed
under an operating microscope. A 30-mm length of 3—0 monofilament nylon suture with
tip heat-blunted and coated with poly-l-lysine solution (Belayev et al.,(1996) Stroke 27
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1616-1622) is advanced from the external carotid artery into the lumen of the internal
carotid artery until mild resistance is felt (typically 19 to 20 mm depending upon the
body weight of the rat), resulting in the occlusion of the origin of the MCA. After closure
of the incision, the rats are allowed to recover from anesthesia.

[0499] R121920 (10 mg/kg) is administered as an IV injection at the time of
MCA occlusion, followed by additional IV injections of R121920 (10 mg/kg) at 1,2, 3
and 4 hours subsequent thereto. Control rats are injected with a water vehicle at the
same time points. The period of neuroprotective effect of R121920 is examined by
delaying induction of the dosing regimen to 0, 0.5, and 1 hour after occlusion of the
MCA.

fosoo]l] Twenty-four hours subsequent to MCA occlusion, the rats are killed
and the brains are removed and frozen in isopentane at —40°C. Brains are cut into 20-
pm serial coronal sections at 12 equidistant levels (1 mm apart, covering the entire
forebrain), are fixed for 10 minutes in 4% paraformaldehyde, and are stained with
hematoxylin and eosin. The sections, corresponding to 12 stereotactically
predetermined coronal planes of the brain from anterior +12.7 mm to anterior +1.7 mm
relative to the interaural line (Paxinos and Watson, The rat brain in stereotaxic
coordinates. San Diego, CA: Academic Press), are examined using a light microscope.
Areas of ischemic damage are delineated and transcribed onto scale diagrams of a
normal forebrain at each of the 12 coronal planes. Infarcted areas are quantified using
a computer-based image analysis system, and the total volumes of ischemic tissue for
each brain are derived from integration of the areas of damage in the 12 planes and the
known stereotactic coordinates of the planes. The volumes of the cerebral hemispheres
ipsilateral and contralateral to the occluded MCA are determined from the stained
histologic sections by assessment of the total surface area at the same coronal planes
as used for assessing areas of ischemic damage. The difference between the two
hemispheres provide a measure of brain swelling.

[0501] It should be noted that all of the above-mentioned procedures can be
modified for a particular study, depending on factors such as a drug combination used,
length of the study, subjects that are selected, etc. Such modifications can be designed

by a skilled artisan without undue experimentation.
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WHAT IS CLAIMED IS:

1. A method for treating a stroke, the method comprising:
(a) diagnosing a subject in need of treatment for a stroke; and
(b) administering to the subject a cyclooxygenase-2 selective inhibitor or
an isomer, a pharmaceutically acceptable salt, ester, or prodrug thereof and a corticotropin
releasing factor antagonist or an isomer, a pharmaceutically acceptable salt, ester, or

prodrug thereof.

2. The method of claim 1 wherein the cyclooxygenase-2 selective inhibitor
has a selectivity ratio of COX-1 ICso to COX-2 ICs not less than about 50.

3. The method of claim 1 wherein the cyclooxygenase-2 selective inhibitor
has a selectivity ratio of COX-1 IC5 to COX-2 ICsp not less than about 100.

4. The method of claim 1 wherein the cyclooxygenase-2 selective inhibitor is
selected from the group consisting of celecoxib, cimicoxib, deracoxib, valdecoxib,
rofecoxib, lumiracoxib, etoricoxib, meloxicam, parecoxib, 4-(4-cyclohexyl-2-
methyloxazol-5-yl)-2-fluorobenzenesulfonamide, 2-(3,5-difluorophenyl)-3-(4-
(methylsulfonyl)phenyl)-2-cyclopenten-1-one, N-[2-(cyclohexyloxy)-4-
nitrophenyllmethanesulfonamide, 2-(3,4-difluorophenyl)-4-(3-hydroxy-3-methylbutoxy)-
5-[4-(methylsulfonyl)phenyl]-3(2H)-pyridazinone, 2-[(2,4-dichloro-6-
methylphenyl)amino]-5-ethyl-benzeneacetic acid, (3Z2)-3-[(4-chlorophenyl)[4-
(methylsulfonyl)phenyllmethylene]dihydro-2(3H)-furanone, and (S)-6,8-dichloro-2-
(trifluoromethyl)-2H-1-benzopyran-3-carboxylic acid, or an isomer, a pharmaceutically
acceptable salt, ester, or prodrug thereof.

5. The method of claim 1 wherein the corticotropin releasing factor
antagonist is selected from the group consisting of a-helical CRF 9-41, antalarmin, 5-
Chloro-N-(cyclopropylmethyl)-2-methyl-N-propyl-N-(2,4,6-trichlorophenyl)-4 ,6-
pyrimidinediamine hydrochloride, astressin, NBl 27914, R121919, R121920,
antisauvagine-30, DMP-695, D-PheCRF 12-41, N-[3-(2,4-dichlorophenyl)-5-
methylisoxazolo[4,5-d]-pyrimidin-7-yl]-N-(1-ethylpropyl)amine, CP-154,526, DMP 696,
and NBI 27914 hydrochloride, or an isomer, a pharmaceutically acceptable salt, ester,
or prodrug thereof.
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6. The method of claim 1 wherein the cyclooxygenase-2 selective inhibitor
and the corticotropin releasing factor antagonist are administered substantially

simultaneously.

7. The method of claim 1 wherein the cyclooxygenase-2 selective inhibitor
and the corticotropin releasing factor antagonist are administered sequentially.

8. The method of claim 1 wherein the cyclooxygenase-2 selective inhibitor is
administered to the subject in an amount of about 0.1 to about 20 mg/kg body weight
per day.

9. The method of claim 1 wherein the corticotropin releasing factor
antagonist is administered to the subject in an amount of about 1 to about 50 milligrams
per kilogram of the subject's weight per day.

10. A composition comprising:

(a) a cyclooxygenase-2 selective inhibitor or an isomer, a

pharmaceutically acceptable salt, ester, or prodrug thereof having the formula:

M

R?
wherein:

n is an integer which is 0, 1, 2, 3 or 4,

Gis O, S or NR%

R? is alkyl;

R'is selected from the group consisting of H and aryl;

R?is selected from the group consisting of carboxyl, aminocarbonyl,
alkylsulfonylaminocarbonyl and alkoxycarbonyl;

R3is selected from the group consisting of haloalkyl, alkyl, aralkyl, cycloalkyl and
aryl optionally substituted with one or more radicals selected from alkylthio, nitro and
alkylsulfonyl; and

each R*is independently selected from the group consisting of H, halo, alkyl,
aralkyl, alkoxy, aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy, haloalkyl,
haloalkoxy, alkylamino, arylamino, aralkylamino, heteroarylamino, heteroarylalkylamino,
nitro, amino, aminosulfonyl, alkylaminosulfonyl, arylaminosulfonyl,

heteroarylaminosulfonyl, aralkylaminosulfonyl, heteroaralkylaminosulfonyl,
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heterocyclosulfonyl, alkylsulfonyl, hydroxyarylcarbonyl, nitroaryl, optionally substituted
aryl, optionally substituted heteroaryl, aralkylcarbonyl, heteroarylcarbonyl, arylcarbonyl,
aminocarbonyl, and alkylcarbonyl; or R* together with the carbon atoms to which it is
attached and the remainder of ring E forms a naphthyl radical; and

(b) a corticotropin releasing factor antagonist selected from the group
consisting of a-helical CRF 9-41, antalarmin, 5-Chloro-N-(cyclopropylmethyl)-2-methyl-
N-propyl-N'-(2,4,6-trichlorophenyl)-4,6-pyrimidinediamine hydrochloride, astressin, NBI
27914, R121919, R121920, antisauvagine-30, DMP-695, D-PheCRF 12-41, N-[3-(2,4-
dichlorophenyl)-5-methylisoxazolo[4,5-d]-pyrimidin-7-yl]-N-(1-ethylpropyl)amine, CP-
154,526, DMP 696, and NBI 27914 hydrochloride, or an isomer, a pharmaceutically
acceptable salt, ester, or prodrug thereof.

11. A composition comprising:

(a) a cyclooxygenase-2 selective inhibitor or an isomer, a

pharmaceutically acceptable salt, ester, or prodrug thereof of the formula:

(o] O
\\S//
RZ ~
1
R
Y
R 3

wherein:

A is selected from the group consisting of a partially unsaturated or
unsaturated heterocyclyl ring and a partially unsaturated or unsaturated carbocyclic
ring;

R1 is selected from the group consisting of heterocyclyl, cycloalkyl,
cycloalkenyl and aryl, wherein R1 is optionally substituted at a substitutable position
with one or more radicals selected from alkyl, haloalkyl, cyano, carboxyl,
alkoxycarbonyl, hydroxyl, hydroxyalkyl, haloalkoxy, amino, alkylamino, arylamino, nitro,
alkoxyalkyl, alkylsulfinyl, halo, alkoxy and alkylthio;

R2 is selected from the group consisting of methyl and amino; and

R3 is selected from the group consisting of H, halo, alkyl, alkenyl, alkynyl,
0Xx0, cyano, carboxyl, cyanoalkyl, heterocyclyloxy, alkyloxy, alkylthio, alkylcarbonyl,
cycloalkyl, aryl, haloalkyl, heterocyclyl, cycloalkenyl, aralkyl, heterocyclylalkyl, acyl,
alkylthioalkyl, hydroxyalkyl, alkoxycarbonyl, arylcarbonyl, aralkylcarbonyl, aralkenyl,
alkoxyalkyl, arylthioalkyl, aryloxyalkyl, aralkylthioalkyl, aralkoxyalkyl,
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alkoxyaralkoxyalkyl, alkoxycarbonylalkyl, aminocarbonyl, aminocarbonylalkyl,
alkylaminocarbonyl,
N- arylaminocarbonyi, N-alkyl-N-arylaminocarbonyl, alkylaminocarbonylalkyl,
carboxyalkyl, alkylamino, N-arylamino, N-aralkylamino, N-alkyl-N-aralkylamino, N-alkyl-
N-arylamino, aminoalkyl, alkylaminoalkyl, N-arylaminoalkyl, N-aralkylaminoalkyl, N-
alkyl-N-aralkylaminoalkyl, N-alkyl-N-arylaminoalkyl, aryloxy, aralkoxy, arylthio,
aralkylthio, alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl, N-
arylaminosulfonyl, arylsulfonyl, and N-alkyl-N-arylaminosulfonyl; and

(b) a corticotropin releasing factor antagonist selected from the group
consisting of a-helical CRF 9-41, antalarmin, 5-Chloro-N-(cyclopropylmethyl)-2-methyl-
N-propyl-N-(2,4,6-trichlorophenyl)-4,6-pyrimidinediamine hydrochloride, astressin, NBI
27914, R121919, R121920, antisauvagine-30, DMP-695, D-PheCRF 12-41, N-[3-(2,4-
dichlorophenyl)-5-methylisoxazolo[4,5-d]-pyrimidin-7-yl}-N-(1-ethylpropyl)amine, CP-
154,526, DMP 696, and NBI 27914 hydrochloride, or an isomer, a pharmaceutically
acceptable salt, ester, or prodrug thereof.

12. A composition comprising:

(a) a cyclooxygenase-2 selective inhibitor or an isomer, a

pharmaceutically acceptable salt, ester, or prodrug thereof having the formula:

RS o}
OH
NH
(m)

R17 R21
R18 R20

R19

wherein:

R'® is methyl or ethyl;

R is chloro or fluoro;

R'8is hydrogen or fluoro;

R'® is hydrogen, fluoro, chloro, methyl, ethyl, methoxy, ethoxy or hydroxy;

R is hydrogen or fluoro; and

R?! is chloro, fluoro, trifluoromethyl or methyl, provided, however, that
each of R', R'®, R% and R?' is not fluoro when R'® is ethyl and R is H; and
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(b) a corticotropin releasing factor antagonist selected from the group
consisting of a-helical CRF 9-41, antalarmin, 5-Chloro-N-(cyclopropylmethyl)-2-methyl-
N-propyl-N'-(2,4,6-trichlorophenyl)-4,6-pyrimidinediamine hydrochloride, astressin, NBI
27914, R121919, R121920, antisauvagine-30, DMP-695, D-PheCRF 1241, N-[3-(2.4-
dichlorophenyl)-5-methylisoxazolo[4,5-d]-pyrimidin-7-yi]-N-(1-ethylpropyl)amine, CP-
154,526, DMP 696, and NB| 27914 hydrochloride, or an isomer, a pharmaceutically
acceptable salt, ester, or prodrug thereof.

13. A composition comprising a cyclooxygenase-2 selective inhibitor selected
from the group consisting of celecoxib, cimi.coxib, deracoxib, valdecoxib, rofecoxib,
lumiracoxib, etoricoxib, parecoxib, 2-(3,4-difluorophenyl)-4-(3-hydroxy-3-methylbutoxy)-
5-[4-(methylsulfonyl)phenyl]-3(2H)-pyridazinone, and (S)-6,8-dichloro-2-
(trifluoromethyl)-2H-1-benzopyran-3-carboxylic acid, or an isomer, a pharmaceutically
acceptable salt, ester, or prodrug thereof, and a corticotropin releasing factor antagonist
selected from the group consisting of a-helical CRF 9-41, antalarmin, 5-Chloro-N-
(cyclopropylmethyl)-2-methyl-N-propyl-N'-(2,4 ,6-trichlorophenyl)-4,6-pyrimidinediamine
hydrochloride, astressin, NBl 27914, R121919, R121920, antisauvagine-30, DMP-695,
D-PheCRF 12-41, N-[3-(2,4-dichlorophenyl)-5-methylisoxézolo[4,5-d]-pyrimidin-7-yl]—N-_
(1-ethylpropyl)amine, CP-154,526, DMP 696, and NBI 27914 hydrochloride, or an

isomer, a pharmaceutically acceptable salt, ester, or prodrug thereof.

14.  The composition of claim 13 wherein the cyclooxygenase-2 selective
inhibitor is selected from the group consisting of celecoxib, cimicoxib, deracoxib,
valdecoxib, rofecoxib, lumiracoxib, etoricoxib, and parecoxib, or an isomer, a
pharmaceutically acceptable salt, ester, or prodrug thereof, and the corticotropin
releasing factor antagonist is selected from the group consisting of a-helical CRF 9-41,
antalarmin, 5-Chloro-N-(cyclopropylmethyl)-2-methyl-N-propyl-N’-(2,4,6-trichlorophenyl)-
4 6-pyrimidinediamine hydrochloride, astressin, NBl 27914, R121919, R121920,
antisauvagine-30, DMP-695, D-PheCRF 12-41, N-[3-(2,4-dichlorophenyl)-5-
methylisoxazolo[4,5-d]-pyrimidin-7-yl]-N-(1-ethylpropyl)amine, CP-154,526, DMP 696,
and NBI 27914 hydrochloride, or an isomer, a pharmaceutically acceptable salt, ester,
or prodrug thereof.
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IMIDAZOPYRIDAZINE COMPOUNDS

Field of the Invention
This invention relates to novel substituted imidazo[1,2-b]pyridazine compounds,
pharmaceutical compositions thereof, and the use of such compounds as corticotropin
releasing factor 1 (CRF1) receptor antagonists in the treatment of psychiatric disorders

and neurological diseases.

Background of the Invention

Corticotropin releasing factor (CRF) is a 41 amino acid peptide that is the primary
physiological regulator of proopiomelanocortin (POMC) derived peptide secretion from
the anterior pituitary gland [J. Rivier et al., Proc. Natl. Acad. Sci (USA) 80:4851 (1983);
W. Vale et al., Science 213:1394 (1981)]. In addition to its endocrine role at the pituitary
gland, immunohistochemical localization of CRF has demonstrated that the hormone has
a broad extrahypothalamic distribution in the central nervous system and produces a wide
spectrum of autonomic, electrophysiological and behavioral effects consistent with a
neurotransmitter or neuromodulator role in the brain [W. Vale et al., Rec. Prog. Horm.
Res. 39:245 (1983); G. F. Koob, Persp. Behav. Med. 2:39 (1985); E. B. De Souza et al., J.
Neurosci. 5:3189 (1985) ]. There is also evidence that CRF plays a significant role in
integrating the response in the immune system to physiological, psychological, and
immunological stressors [J. E. Blalock, Physiological Reviews 69:1 (1989); I. E. Morley,
Life Sci. 41:527 (1987)].

There is evidence that CRF has a role in psychiatric disorders and neurological
diseases including depression, anxiety—rélated disorders and feeding disorders. A role for
CRF has also been postulated in the etiology and pathophysiology of Alzheimer's disease,
Parkinson's disease, Huntington's disease, progressive supranuclear palsy and
amyotrophic lateral sclerosis, as they relate to the dysfunction of CRF neurons in the
central nervous system [for a review, see: E. B. De Souze, Hosp. Practice 23:59 (1988)].
Furthermore, CRF is known to have a broad extrahypothalmic distribution in the CNS,
contributing therein to a wide spectrum of autonomic behavioral and physiological effects

[see, e.g., Vale et al., 1983; Koob, 1985; and E. B. De Souze et al., 1985]. For example,

3837



WO 2006/102194 PCT/US2006/009942

2

CRF concentrations are significantly increased in the cerebral spinal fluid of patients
afflicted with affective disorder or major depression [C. B. Nemeroff et al., Science
226:1342 (1984); C. M. Banki et al., Am. J. Psychiatry 144:873 (1987); R. D. France et
al., Biol. Psychiatry 28:86 (1988); M. Arato et al., Biol. Psychiatry 25:355 (1989)].
Moreover, excessive levels of CRF are known to produce anxiogenic effects in animal
models [see, e.g., Britton et al., 1982; Berridge and Dunn, 1986 and 1987].
The density of CRF receptors is significantly decreased in the frontal cortex of suicide
victims, consistent with a hypersecretion of CRF [C. B. Nemeroff et al., Arch. Gen.
Psychiatry 45:577 (1988)]. In addition, there is a blunted adrenocorticotropin (ACTH)
response to CRF (intravenously administered) observed in depressed patients [P.W. Gold
et al., Am. J. Psychiatry 141:619 (1984); F. Holsboer et al., Psychoneuroendocrinology
9:147 (1984); P. W. Gold et al., New Engl. J. Med. 314:1129 (1986)]. Preclinical studies
in rats and non-human primates provide additional support for the hypothesis that
hypersecretion of CRF may be involved in the symptoms seen in human depression [R.
M. Sapolsky, Arch. Gen. Psychiatry 46:1047 (1989)]. There is also preliminary evidence
that tricyclic antidepressants can alter CRF levels and thus modulate the numbers of
receptors in the brain [Grigoriadis et al., Neuropsychopharmacology 2:53 (1989)].
Neurochemical, endocrine and receptor binding studies have all demonstrated
interactions between CRF and benzodiazepine anxiolytics, providing further evidence for
the involvement of CRF in these disorders. Chlordiazepoxide attenuates the "anxiogenic"
effects of CRF both in the conflict test [K. T. Britton et al., Psychopharmacology 86:170
(1985); K.T. Britton et al., Psychopharmacology 94:306 (1988)] and in the acoustic
startle test [N. R. Swerdlow et al., Psychopharmacology 88:147 (1986)] in rats. The
benzodiazepine receptor antagonist Ro 15-1788, which was without behavioral activity
alone in the operant conflict test, reversed the effects of CRF in a dose-dependent manner
while the benzodiazepine inverse agonist FG 7142 enhanced the actions of CRF [K. T.
Britton et al., Psychopharmacology 94:396 (1988)]. Preliminary studies using the putative
CRF receptor antagonist o-helical ovine CRF (9-41) in a variety of behavioral paradigms
demonstrates that the antagonist produces "anxiolytic-like" effects that are qualitatively
similar to the benzodiazepines [C. W. Berridge and A. J. Dunn, Horm. Behav. 21:393
(1987), Brain Research Reviews 15:71 (1990)].
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CREF receptor subtypes, CRF1 and CRF2, have been identified and are distributed
heterogeneously within the brain [D. T. Chalmers et al., TIPS 17:166-72 (1996)] thereby
suggesting potential functional diversity [S. C. Heinrichs et al., Regul. Peptides 71:15
(1997)]. For example, widely distributed brain CRF1 receptors are strongly implicated in
emotionality accompanying exposure to environmental stressors [G. Liebsch et al., Regul.
Peptides 59: 229-39 (1995); D. W. Schulz, PNAS 93: 10477-82 (1996)]. Significantly,
CRF1, not CRF2, receptors appear to mediate select anxiogenic like behaviors [Heinrichs
et al., 1997]. A more discrete septal/hypothalmic distribution [D. T. Chalmers et al., J.
Neurosci. 15(10): 6340-50 (1995)] and the availability of alternative endogenous ligands
[J. Vaughan et al., Nature 378: 287-92 (1995)] suggest an altogether different functional
role for the CRF2 receptor [Heinrichs et al., 1997]. For example, a novel CRF-family
neuropeptide with preferential affinity for CRF2 relative to CRF1 receptors is reported to
suppress appetite without producing the profile of behavioral activation observed with
selective CRF1 agonism (H. Tezval et al., PNAS 101(25): 9468-9473 (2004)]. In many
cases, CRF2 agonism produces similar effects to those reported for CRF1 antagonists or
CRF1 gene deletion [S. C. Heinrichs, Trends in Pharmacological Sciences 20(8):311-5
(1999)]. While CRF2 agonists have been proposed as antiobesity agents, CRF1
antagonists may be an important treatment for obesity as well [C. Contoreggi et al.,
Neuroendocrinology 80(2):11 1—23 (2004)].

In view of the above, efficacious and selective antagonists of CRF1 are desired as
potentially valuable therapeutic agents for the treatment of psychiatric disorders and

neurological diseases. It is thus desirable to discover new CRF1 antagonists.

SUMMARY OF THE INVENTION
The compounds of the present invention include CRF1 receptor antagonists.

One embodiment of the present invention is a compound of Formula I:
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Formula I

wherein:
R is hydrogen, halo, methyl or ethyl;
R' and R? are independently methyl, methoxy, or trifluoromethyl;

R? is selected from the group consisting of:

R CH,

z 8 8 N 8 zZ 8

R® R’ R® R® R’ R® ,
T m *ﬁ *f

Ha , and
R*is hydrogen, halo, or hydroxy;
R**and R are independently ethyl or n-propyl;
RS at each occurrence is independently hydrogen, halo, cyario, (C1-Cyalkyl,
trifluoromethyl, methoxy, or phenyl;

R’ is hydrogen, halo, methyl, methoxy, dimethylamino, ,

CH, S
Rj 7(@ 7y N AT
r Q)

7L§_J/ N/ \N CHs O

, or ;

R® is selected from the group consisting of hydrogen, halo, cyano, (Cl-C4)alkyl
RR°N-, carbamyl, (C;-Cy)alkoxy(C;-Cyp)alkyl, R''-C(0)-,
H,C /CH

7L§_7 y\UCH *(I m
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S GH C
U™ 10y Y e T
N 7%\<;:\ \ N ==
H,C , \ s NJ, \ /, ,H:;C ,
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CH CH
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\ }\I 7L N NJ 7L< /N N
O N~ N N
H,C \—__J 7L§J/ 4<M 7L§—|é/\l

*

N
N
7~ P
N—N
\
CH

N R
R'2 N\ =~ N
N1/ P Rusy
R R'2 N : N

)

k

3

Y

2

R is methoxy, methylamino, dimethylamino, or phenyl;

R'? is hydrogen, halo, methyl, ethyl, trifluoromethyl, methoxy, trifluoromethoxy
dimethylamino, acetyl, or methylsulfonyl;

R" is hydrogen, methyl or halo;

R is hydrogen or hydroxy;

R" is methylthio, cyclopropyl, phenyl,

R?is hydrogen, (C;-Cs)alkyl, (Cs;-Cs)cycloalkyl, methoxy(C,-Cas)alkyl, acetyl,
(C1-Cy)alkylsulfonyl, (Cs)alkenyl, R*>-(CHz)n-, or (C;-Cy)alkyl substituted with cyano,
formyl, vinyl, or ethynyl;

R? is hydrogen or (C;-Ca)alkyl;

X is -CH;-, -CO-, -O-, -S- or -SO»-;
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Y is -CH»- or -O-;

zisSorO;

nis1or?2;

Q is hydrogen or methyl;

T is hydrogen or methyl;

J is methyl, trifluoroethyl, or tert-butyl; and

M is methyl or halo;
and pharmaceutically acceptable salts thereof.

Another embodiment of the present invention is a compound of Formula I wherein
RC and R* are hydrogen, R' and R? are methyl, and R>* and R are ethyl.

Yet another embodiment of the present invention is a compound of Formula I

\z / Re
R’

6
wherein R? is selected from the group consisting of R or

where z is S.

A further. embodiment of the present invention is a compound of Formula I
wherein R’ is hydrogen.

Another another embodiment of the present invention is a compound of Formula I
wherein RS is halo or methyl.

Yet another embodiment of the present invention is a compound of Formula I

AN Y

wherein R® is or where X is O.
Another embodiment of the present invention is a pharmaceutical composition
comprising a compound of Formula I, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier, diluent or excipient.
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Yet another embodiment of the present invention is a compound of Formula I, for
use as a medicament.

A further embodiment of the present invention is use of a compound of Formula I
for the manufacture of a medicament for treating anxiety, depression, major depressive
disorder, alcohol withdrawal symptoms, or irritable bowel syndrome in a mammal. In

another further embodiment, the mammal is a human.

DETAILED DESCRIPTION OF THE INVENTION

As used above, and throughout the description of the invention, the following
terms, unless otherwise indicated, shall be understood to have the following meanings:

"Alkoxy" means an alkyl-O- group, wherein the alkyl group is as herein
described. Exemplary alkoxy groups include methoxy, ethoxy, #-propoxy, i-propoxy,
and n-butoxy.

"Alkyl" means a saturated aliphatic hydrocarbon group, which may be straight or
branched, having 1 to 5 carbon atoms in the chain.

‘ “Alkenyl” means an unsaturated aliphatic hydrocarbon group, which may be
straight or branched, having 2 to 4 carbon atoms in the chain.

“Cycloalkyl” means a monocyclic group, having 3 to 5 carbon atoms.

"Halo" means fluoro, chloro, bromo, or iodo.

“Pharmaceutically acceptable salts” refers to the relatively non-toxic, inorganic
and organic acid addition salts, and base addition salts, of compounds of the present
invention. These salts can be prepared in situ during the final isolation and purification of
the compounds. In particular, acid addition salts can be prepared by separately reacting
the purified compound in its free base form with a suitable organic or inorganic acid and
isolating the salt thus formed. Exemplary acid addition salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, oxalate, valerate, oleate,
palmitate, stearate, laurate, borate, benzoate, lactate, phosphate, tosylate, citrate, maleate,
fumarate, succinate, tartrate, naphthylate, mesylate, glucoheptonate, lactiobionate,
sulphamates, malonates, salicylates, propionates, methylene-bis-B-hydroxynaphthoates,
gentisates, isethionates, di-p-toluoyltartrates, methanesulphonates, ethanesulphonates,
benzenesulphonates, p-toluenesulphonates, cyclohexylsulphamates and

quinateslaurylsulphonate salts, and the like. See, for example S.M. Berge, et al.,
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“Pharmaceutical Salts,” J. Pharm. Sci., 66, 1-19 (1977). Lists of suitable salts are found
in Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing. Company, Easton,
Pa., 1985, p. 1418.

It will be understood that, as used herein, references to the compounds of Formula
I are meant to also include the pharmaceutically acceptable salts thereof.

"Therapeutically effective amount" or “effective amount” means the amount of
the compound of formula I of the present invention or pharmaceutical composition
containing a compound of formula I of the present invention that will elicit the biological
or medical response of or desired therapeutic effect on a tissue, system, animal or human
that is being sought by the researcher, veterinarian, medical doctor or other clinician.

The terms "treatment,” "treat," "treating," and the like, are meant to include both
slowing or reversing the progression of a disorder. These terms also include alleviating,
ameliorating, attenuating, eliminating, or reducing one or more symptoms of a disorder or
condition, even if the disorder or condition is not actually eliminated and even if
progression of the disorder or condition is not itself '$lowed or reversed. The term
"treatment” and like terms also include preventive (e.g., prophylactic) and palliative
treatment. Prevention of the disease is manifested by a prolonging or delaying of the
onset of the symptoms of the disease.

The symbol *

” in a molecular structure indicates the position of attachment
for that particular substituent.

When any variable occurs more than one time in any constituent or in formula I,
its definition on each occurrence is independent of its definition at every other
occurrence. Also, combinations of substituents and/or variables are permissible only if
such combinations result in stable compounds. In choosing compounds of the present
invention, one of ordinary skill in the art will recognize that the various substituents, ie.
R, R etc., are to be chosen in conformity with well- known principles of chemical
structure connectivity.

Under standard nomenclature used throughout this disclosure, the terminal portion
of the designated side chain is described first, followed by the adjacent functionality
toward the point of attachment. For example, an arylcarbonylaminoalkyl substituent is

equivalent to aryl-C(O)-NH-alkyl-.
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The present invention contemplates specific classes of compounds of Formula L.

The following paragraphs describe such specific classes:

(a) R is hydrogen;
®) R! is methyl;
© R’ is methyl;
(d) Rland R? are methyl;
Y
6 7
(e) R? is R R ;
SjT/RB
\ /
N
6
® R?is 7 :
(g) R* is hydrogen;
(h) R>*is ethyl;
@) R is ethyl;
G R>® and R are ethyl;
(k) R® is halo;
Q) R® is methyl;
(m) R is hydrogen;
o
HNA\N
N/
(n) R%is ;
%N/\
8 K/O
(0) R is ]

While all the compounds of Formula I are useful CRF1 receptor antagonists, the

following paragraphs describe further specific classes:

(2 Each of R! and R® is methyl and each of R>* and R is ethyl;
®) R! and R? are methyl, R** and R are ethyl, and R® is hydrogen;
y
(©) R! and R® are methyl, R* and R are ethyl, and R? and R* are hydrogen;
y ydrog

3845



WO 2006/102194 PCT/US2006/009942

10

) Ris R R" and R is hydrogen;
7Lj§fiZT/R8
6 7
(e) R? is R R , R7 is hydrogen, and RS is halo;
7Lj§fiZT,R8
2. R6 R7 7 . 6 - )
¢)) R is , R” is hydrogen, and R” is methyl;
7Aj§fizizR8
6 7
(2) RZis R R ,R” is hydrogen, and R® is halo or methyl, and R® is
s
N
7L( \/N
N—

(h) R%is R and RS is halo;
8\7//R8
\
N
6
(i) R%is R and R® is methyl;
7\;87”8 W
\ HN\
N \ N
. 2.. R® 6. 8 . NJ )
G) R”1is , R” is halo or methyl, and R" is ;

(k) | R? is
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The following paragraphs describe even more specific classes of CRF1 receptor
antagonists of the invention:

(a) R! and R® are methyl, R* and R are ethyl, and R® and R* are hydrogen, R?
y

18 , R7 is hydrogen, and RS is halo or methyl, and R® is N
(b) R! and R? are methyl, R* and R are ethyl, and R° and R* are hydrogen, R?

S R® Cl)H3
N.
W | 0

is ,R7is hydrogen, and RS is halo, and R® is N 4
©) R! and R? are methyl, R>® and R™ are ethyl, and R? and R* are hydrogen, R?

is , R’ is hydrogen, and R® is methyl, and R®is N
(d R! and R? are methyl, R’ and R’ are ethyl, and R® and R* are hydrogen, R? is
R® ?Hs
\ W/ HN\N >/N/\|
N \ ) K/O
, RS is halo or methyl, and R%is N or :

(e) R' and R? are methyl, R>® and R are ethyl, and R® and R* are hydrogen, R?is
R® ?Hs
VR N
\ /] o
, RS is halo, and R®is

® R' and R® are methyl, R* and R are ethyl, and R® and R* are hydrogen, R? is

\ W/R >/N
R® " @

s RCis halo, and R8s
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€)) R! and R® are methyl, R* and R are ethyl, and R® and R* are hydrogen, R® is
S R® EHs
a ™
R® " 6 8 - &IJN
, R” is methyl, and R" is ;

R! and R? are methyl, R*® and R™ are ethyl, and R and R* are hydrogen, R? is

7/ At
9

Preferably compounds of the invention exhibit a Ki value for CRF1 binding of 1

® is methyl, and R®is

micromolar or less, more preferably of 500 nanomolar or less. Even more preferably,
compounds of the invention exhibit a Ki value for CRF1 binding of 250 nanomolar or
less, with 100 nanomolar or less being even further preferred. With even greater
preference, compounds of the invention exhibit a Ki value for CRF1 binding of 30
nanomolar or less, while 15 nanomolar or less is even more greatly preferred.
Compounds of the invention exhibiting a Ki value for CRF1 binding of 5 nanomolar or
less are most preferred.

The present invention also provides a pharmaceutical composition comprising a
cbmpound of Formula I, or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier, diluent, or excipient. A "pharmaceutically acceptable
carrier, diluent, or excipient" is a medium generally accepted in the art for the delivery of
biologically active agents to mammals, €.g., humans. Such carriers are generally
formulated according to a number of factors well within the purview of those of ordinary
skill in the art to determine and account for. These include, without limitation: the type
and nature of the active agent being formulated; the subject to which the agent-containing
composition is to be administered; the intended route of administration of the
composition; and the therapeutic indication being targeted. Pharmaceutically acceptable
carriers and excipients include both aqueous and non-aqueous liquid media, as well as a
variety of solid and semi- solid dosage forms. Such carriers can include a number of
different ingredients and additives in addition to the active agent, such additional
ingredients being included in the formulation for a variety of reasons, €.g., stabilization of

the active agent, well known to those of ordinary skill in the art. Descriptions of suitable
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pharmaceutically acceptable carriers, and factors involved in their selection, are found in
a variety of readily available sources, e.g., Remington's Pharmaceutical Sciences, 17 th
ed., Mack Publishing Company, Easton, Pa., 1985.

These compounds of formula 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.

The pharmaceutical compositions containing compounds of general formula I may
be in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or
oily suspensions, dispersible powders or granules, emulsion, hard or soft capsules, or
syrups or elixirs.

Dosage forms suitable for administration generally contain from about 1 mg to
about 300 mg of active ingredient per unit. In these pharmaceutical compositions, the
active ingredient will ordinarily be present in an amount of about 0.5 to 95% by weight
based on the total weight of the composition. Appropriate coatings may be applied to
increase palatability or delayed adsorption.

The compounds of formula I are antagonists at the CRF1 receptor and are useful
in the treatment of anxiety disorders, depression, major depressive disorder, and stress
related disorders. Anxiety disordgrs are a group of diseases, recognized in the art, that
includes phobic disorders, anxiety states, post-traumatic stress disorder and atypical
anxiety disorders [The Merck Manual of Diagnosis and Therapy, 16 th edition (1992)].
Emotional stress is often a precipitating factor in anxiety disorders, and such disorders
generally respond to medications that lower response to stress. The compounds are also
useful in smoking cessation programs. The method of treatment involves administration
to a mammal (é. g. a human) an effective amount of a compound of the invention. In
particular, therapeutically effective amounts of the compounds of this invention are
amounts effective to antagonize, or lower, levels of corticotropin releasing factor (CRF)
in a mammal (e.g. a human), thereby alleviating in the mammal’s conditions
characterized by abnormally high levels of CRF expression.

As such, the present invention provides a method for treating a condition which is
treatable by reducing CRF1 receptor stimulation, comprising administering to the
mammal (e.g. a human) in need thereof a compound of Formula I, or a pharmaceutically

acceptable salt thereof, in an amount effective to antagonize CRF1 receptor stimulation.
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The present invention also provides use of a compound of Formula I for the
manufacture of a medicament for treating a condition which is treatable by reducing
CRF1 receptor stimulation.

The present invention also provides a method of antagonizing CRF1 receptors ina
warm-blooded animal, comprising administering to the animal a compound of the
invention at amount effective to antagonize CRF1 receptors. The warm-blooded animal is
preferably a mammal, and more preferably a human.

The present invention also provides a method of treating a disorder in a warm-
blooded animal, which disorder manifests hypersecretion of CRF, or the treatment of
which disorder can be effected or facilitated by antagonizing CRF1 receptors, comprising
administering to the animal a therapeutically effective amount of a compound of the
invention. The warm-blooded animal is preferably a mammal, and more preferably a
human.

Compounds of Formula I, or a pharmaceutically acceptable salt thereof, are useful
for treating various disorders and conditions in a mammal (e.g. human) including social
anxiety disorder; panic disorder; obsessive-compulsive disorder; major depressive
disorder; anxiety with co-morbid depressive illness; affective disorder; anxiety;
depression; irritable bowel syndrome; post-traumatic stress disorder; supranuclear palsy;
immune suppression; gastrointestinal disease; anorexia nervosa, bulimia, or other feeding

disorder; drug or alcohol withdrawal symptoms; substance abuse disorder (e.g., nicotine,
4 cocaine, ethanol, opiates, or other drugs); inflammatory disorder; fertility problems;
disorders the treatment of which can be effected or facilitated by antagonizing CRF,
including but not limited to disorders induced or facilitated by CRF; a disorder selected
from inflammatory disorders such as rheumatoid arthritis and osteoarthritis, pain, asthma,
psoriasis and allergies; generalized anxiety disorder; panic; phobias; obsessive-
compulsive disorder; sleep disorders induced by stress; stress- related illnesses; pain
perception such as fibromyalgia; mood disorders such as depression, including major
depression, major depressive disorder, single episode depression, recurrent depression,
child abuse induced depression, and postpartum depression; dysthemia; bipolar disorders;
cyclothymia; fatigue syndrome; chronic fatigue syndrome; stress- induced headache;
headache; cancer; human immunodeficiency virus (HIV) infections; neurodegenerative

diseases such as Alzheimer's disease, Parkinson's disease, Huntington's disease, senile
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dementia of the Alzheimer's type, and multiinfarct dementia; gastrointestinal diseases
such as ulcers, irritable bowel syndrome, Crohn's disease, spastic colon, diarrhea, and
post operative ilius and colonic hypersensitivity associated by psychopathological
disturbances or stress; eating disorders such as anorexia and bulimia nervosa;
hemorrhagic stress; stress-induced psychotic episodes; euthyroid sick syndrome;
syndrome of inappropriate antidiarrhetic hormone (ADH); obesity; obesity and the
metabolic syndrome; infertility; premature birth; head traumas; spinal cord trauma;
ischemic neuronal damage (e.g., cerebral ischemia such as cerebral hippocampal
ischemia); excitotoxic neuronal damage; epilepsy; cardiovascular and heart related
disorders including hypertension, tachycardia and congestive heart failure; stroke;
immune dysfunctions including stress induced immune dysfunctions (e.g., stress induced
fevers, stress induced infections in humans and animals, porcine stress syndrome, bovine
shipping fever, equine paroxysmal fibrillation, and dysfunctions induced by confinement
in chickens, sheering stress in sheep or human-animal interaction related stress in dogs);
muscular spasms; urinary incontinence; senile dementia of the Alzheimer's type;
multiinfarct dementia; amyotrophic lateral sclerosis; chemical dependencies and
addictions (e.g., dependences on alcohol, cocaine, heroin, benzodiazepines, or other
drugs); drug and alcohol withdrawal symptoms; osteoporosis; psychosocial dwarfism and
hypoglycemia.

A compound of this invention can be administered to treat the above disorders or
abnormalities by means that produce contact of the active agent with the agent's site of
action in the body of a mammal (e.g. human), such as by oral or parenteral administration
using appropriate dosage forms. The compounds can be administered by any conventional
means available for use in conjunction with pharmaceuticals either as individual
therapeutic agent or in combination of therapeutic agents. It can be administered alone,
but will generally be administered with a pharmaceutical carrier selected on the basis of
the chosen route of administration and standard pharmaceutical practice.

The therapeutically effective amounts of the compounds of the invention for
treating the diseases or disorders described above in a warm-blooded animal can be
determined in a variety of ways known to those of ordinary skill in the art, e.g., by
administering various amounts of a particular agent to an animal afflicted with a

particular condition and then determining the effect on the animal. Typically,
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therapeutically effective amounts of a compound of this invention can be orally
administered daily at a dosage of the active ingredient of 0.002 to 200 mg/kg of body
weight. Ordinarily, a dose of 0.01 to 10 mg/kg in divided doses one to four times a day, or
in sustained release formulation will be effective in obtaining the desired pharmacological
effect. It will be understood, however, that the specific dose levels 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. Frequency of dosage may also vary depending on the
compound used and the particular disease treated. However, for treatment of most CNS
disorders, a dosage regimen of four-times daily or less is preferred. For the treatment of
stress and depression, a dosage regimen of one or two-times daily is particularly
preferred.

It will be appreciated that all combinations of specific and preferred embodiments
discussed above and the examples discussed below are contemplated as being
encompassed by the present invention, provided such combinations do not comprise
inconsistent groupings. In addition, all examples described herein are for illustrative
purposes, and are not intended to narrow the scope of the invention in any way.

Compounds of the invention can generally be prepared using the synthetic routes
illustrated in the Schemes below. Starting materials can be prepared by procedures
described in these schemes or by procedures that would be well known to one of ordinary
skill in organic chemistry. The variables used in the schemes are as defined below or as in
the claims.

The skilled artisan will appreciate that the introduction of certain substituents will
create asymmetry in the compounds of Formula I. The present invention contemplates all
enantiomers and mixtures of enantiomers and stereoisomers, that is, both the
stereomerically pure form (e.g., geometrically pure, enantiomerically pure, or
diastereomerically pure) and enantiomeric and stereoisomeric mixtures, including
racemates. Enantiomeric and stereoisomeric mixtures can be resolved into their
component enantiomers or stereoisomers by well known methods, such as chiral phase
gas chromatography, chiral-phase high performance liquid chromatography, or

crystallizing the compound as a chiral salt complex. Enantiomers and stereoisomers can
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also be obtained from stereomerically- or enantiomerically-pure intermediates, reagents,
and catalysts by well known asymmetric synthetic methods.

Pharmaceutically acceptable salts are contemplated to be within the scope of the
present invention. The compounds of the present invention are bases and salts of such
compounds may be formed with acids, for example, a salt with inorganic acid such as
hydrochloric acid or a salt with organic acid such as trifluoroacetic acid. ‘

The compounds of this invention may be prepared by employing reactions as
shown in the following schemes, in addition to other standard manipulations that are
known in the literature or exemplified in the experimental procedures. These schemes,
therefore, are not limited by the compounds listed nor by any particular substituents

employed for illustrative purposes.

Scheme 1

Synthesis of Imidazo[ 1,2-b]pyridazine fragment

RSa
oy 1 >KKU /If\r -
i
RN base 1SN ;
1
b 5 b
RN _R Rsﬁ?\/u RN R L9
HW - \I\ib
N . i e * S
R! \N'N base 1.2, N .
4 5
R® RrR® R R
alkylLi HW
- 3 I . =N 3
1L 'N\/e-R > N V4 R
RN (alkylO)3B RSN
B(OH),
W=F,Cl],Br,I 7
6 L =Br,1I
U =Cl, Br, I

R!, R, R®, and R® are defined supra.
In Scheme I, a substituted 3-amino-pyridazine 1 is acylated with pivaloyl halide

and a base, ¢.g., triethylamine in a polar aprotic solvent, e.g., methylene chloride at from
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room temperature to the reflux to give amide 2. Amide 2 is treated with a Grignard
reagent in diethylether or THF to give the 4-substituted amide 3. Amide 3 is hydrolyzed
with aqueous HCI at from room temperature to 110 °C then neutralized to provide free
amine 4. Amine 4 is treated with an alpha-halo ketone and base, e.g., sodium bicarbonate
in 95% ethanol at from room temperature to 110 °C to give imidazopyridazine 5.
Imidazopyridazine 5 is treated with a halogenating reagent e.g., N-iodo or N-
bromosuccinimide in a polar aprotic solvent (e.g., acetonitrile) at from 0 °C to room
temperature to give halide 6. Halide 6 undergoes halogen metal exchange with an alkyl
lithium reagent, e.g., n-, sec-, or tert- butyllithium in diethylether or THF at from —78 °C
to room temperature, followed by treatment with a trialkylborate, e.g., trimethylborate to
give an intermediate boronic ester, which is hydrolyzed upon workup with aqueous HCl

to provide boronic acid 7.

Scheme II

Synthesis of Compounds of Formula I by transition metal catalysis.

Equation 1.
R _R®
AN i Pd (0)
«~ N/ R * R=—B(OH), Formula L.
Rl N~ Base
U
6 8
Equation 2.
R R
Pd (0)
N,
d // R? + R—U — Formula L
RSN base :
B(OH),
7 9

Where R>-U is selected from the group consisting of:
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Equation 3.

R6

6

R
U R’
\(%/

N—N\
CH
and 3
Rsa RSb
Z~N=N
RN N\g—R
U
1) alkyllithium 6
R*™—2ZnU
2) ZnCl2 10 Pd (0)
base

, o | RE
N 8 8 AN
19) R U N
Z Z 6 \
RS R CH,

Formula 1.
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RSﬂ RSb
=\
RVE}%‘(—R
1) alkyllithium or v
, LDA R*—7nU 6
R=—H _ ——
2) ZnU, 10 Pd (0)
11
base
Where R*-H is selected from the group consisting of:
s
R’ R’ and R’ R’ .
Equation 5.
R5“ RSb
A~=N
RVEN:Nr \/X—R
U
. 6
Reike Zn 2
RZ—U - R=—7ZnU —
0 10 Pd (0)
base
Equation 6.
e - RS
Pd (O
E;N I
R
R! \N'N\/g— base
H

5 9

PCT/US2006/009942

Formula 1.

Formula 1.

Formula L
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Equation 7.
R RSb
) b Pd (O)
= /lj . + R—H @—— Formula 1.
base
Rl \NfN\g;
U
6 12
Where R%-H"is selected from:
H

R', R% R3 R R® R® R7, R, U, and z are defined supra.

In Scheme II equation 1, halide 6 can be used in a coupling reaction with a 5-
membered ring heterocyclic boronic acid 8 in the presence of palladium catalysis, e.g.,
tetrakis-triphenylphosphine palladium (0) in a lower alkanol (methanol or n- or i-
propanol)/DME mixture at from 70-120 °C to give compounds of formula L

Alternately in equation 2, boronic acid 7 can be used in a coupling reaction with a
5 membered ring heterocyclic halide 9 and palladium catalysis, e.g., tetrakis-
triphenylphosphine palladium (0) in a lower alkanol (methanol or n- or i-propanol)/DME
mixture at from 70-120 °C to give a compound of formula I

In equation 3, 5-membered ring heterocyclic halides 9 may undergo halogen-
lithium exchange with, e.g., n-, sec- or tert-butyl lithium in THE or ether at —65 °C,
followed by lithium-zinc exchange with ZnCl; in either diethylether or THF at
temperatures up to room temperature. The in sifu organozinc reagent 10 may then
undergo coupling with halide 6 in the presence of palladium, e.g., PAClx(dppf) in THF at
from 70-120°C to give a compound of formula L

In equation 4, a 5S-membered heterocyclic ring with a ring proton may be lithiated
by either an alkyllithium, e.g., n-, sec- or tert-butyl lithium or lithium diisopropyl amide

in THF or ether at —65 °C to room temperature followed by lithium-zinc exchange with
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anhydrous zinc halide in either diethylether or THF to give an organozinc reagent 10 that
is used as in equation 3 above. One skilled in the art will also appreciate that
commercially available organozinc reagents 10 can be used direcily as an organozinc
coupling partner.

Furthermore from equation 5, it may be advantageous or convenient to use Reike
7n in THF to directly convert a 5-membered ring heterocyclic halide 9 to an organozinc
reagent 10 for coupling with a halide 6. ‘

In equation 6, a 5 membered heterocyclic halide 9 can be directly coupled with the
imidazo[1,2-b]pyridazine intermediate 5 in the presence of palladium, e.g., Pda(dba)s,
PdCl,, Palladium acetate/TDBPP, or tetrakis-triphenylphosphine palladium (0) in DMF,
THF, or NMP solvent from 70-120°C to give a compound of formula L

Alternately, from equation 7, the imidazo[1,2-b]pyridazine halide 6 may be
directly coupled with a 5 membered heterocycle 11 in the presence of palladium, e.g.,
Pd,(dba)s, PACl, or Palladium acetate/TDBPP in DMF, THF, or NMP solvent from 70-

120 °C to give a compound of formula I.

Scheme 11
Synthesis of Substituted 5 Membered Heterocyclic Halides

/\

Z 8 1) alkyllithium 8
H\Q/R 2) water LWR
6 7
R R R6 R7
12 NBS,
o1 NIS or bromine
H : L
6 6
R\%\Z R\%\Z
N:< 8 R8 is not H N:<
R RS
11

R6, R7, Rg, L, and z are defined supra.
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Several 5 membered heterocyclic rings and/or their bromides and/or iodides useful
as starting materials for the synthesis of compounds of Formula I are commercially
available or may be prepared by methods well know to the skilled artisan. From Scheme
111, they may also be prepared by halogenation, e.g., with bromine, NBS or NIS.
Furthermore, some of the intermediates 11 and 12 may be prepared by lithium halogen
exchange followed by water quench.

Compounds of Formula I as intermediates in the preparation of other compounds
of Formula I include the addition of aryllithium reagents (generated by the methods of
equations 3 and 4 in Scheme II) to carbonyl compounds, e.g., aldehydes, ketones, esters,
and Weinreb amides. The resulting carbinols or carbonyl compounds are further
elaborated by halogenation under acidic conditions and by a second aryllithium addition,

respectively.

Abbreviations
TBDMSC] or TBDMSICI — tert-butyl-dimethylsilyl chloride
MS (ES) — Electrospray Mass spectrum
THF — tetrahydrofuran
DMSO - Dimethylsulfoxide
DMF - Dimethylformamide
DCM, CH2C12 — dichloromethane
Dioxane — 1,4-dioxane
N2 — nitrogen gas
NIS — N-iodosuccinimide
NBS — N-bromosuccinimide
MeOH - methanol
EtOH — 95% ethanol
RBF, RB - round bottom flask
RBSN - round bottom single neck flask
Si02 —silica gel
FtOAc, AcOEt — ethylacetate
GFF - glass microfiber filter
HPLC — high pressure liquid chromatography on silica gel
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ISCO — ISCO brand low pressure liquid chromatography on silica gel
AcCl - acetyl chloride

LDA — lithium diisopropylamine

KOACc — Potassium Acetate

TBABr — Tetrabutyl ammonium bromide

NMP — N-Methylpyrrolidinone

TDBPP - Tris (2,4-di-t-butylphenyl) phosphite.

Pd>dba; — Tris(dibenzylideneacetone)dipalladium
PdCl,(dppf) — Dichloro(diphenylphosphinoferrocene)palladium
Tetrakis — tetrakis-(triphenylphosphine)-palladium

Dppf - 1,1'-bis(diphenylphosphino)ferrocene)

r.t., RT — room temperature

EXAMPLES

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, practice the present invention to its fullest extent. The following
examples are provided to describe the invention in further detail. They are intended to
illustrate and not to limit the invention in any way whatsoever. Examples 1-255 provide
exemplary compounds and illustrate the preparation thereof. Examples A-D illustrate
various biological assays that can be used for determining the biological propertiés of the
compounds of the inventions. Those skilled in the art will promptly recognize appropriate

variations from the procedures described in the examples.

Example 1.
Preparation of 8-(1-ethyl-propyl)-3-(2,4-dimethyl-5-thiazolyl)-2,6-dimethyl-imidazo[,2-
b]pyridazine.
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A. 6-Methyl-pyridizin-3-ylamine.

3-Chloro-6-methylpyridazine (25.0g, 0.229 moles) is dissolve in 250 mL of
NH,OH and heated to 170 °C in a sealed container for 24 hours. The solvents are
evaporated. The residue is triturated in methylene chloride, and a solid is filtered. This
trituration procedure is repeated with the filtrate four times. The filtered solids are
combined and dried in a vacuum oven overnight to obtain the title compound as an off-
white solid 4.32 g (0.040 moles, 20%). "H-NMR (dmso-d6): § 7.1 (d, T = 8.9 Hz, 1H);
6.67 (d, J = 8.9 Hz, 1H); 6.04 (s, br, 2H); 2.33 (s, 3H) ppm. ES+ =110 (100%, M + 1).

B. 2,2-Dimethyl-N-(6-methyl-pyridazine-3-yl)-propionamide.

Method 1: To adry flask is added 7.12 g (0.065 mole) of 6-methyl-pyridizin-3-
ylamine in 170 ml dry methylene chloride. Next, 14.5 ml of triethylamine is added and
the reaction is cooled to 0 °C. Pivaloyl chloride (2.7 ml, 1.2 eq) is carefully added, and
the reaction mixture is stir 10 minutes, removed from the bath, and stirred 4 hours more.
Dichloromethane (200 mL) is added, and the reaction mixture is washed 3 times with
saturated aqueous sodium bicarbonate, then brine. The organic layer is dried over
sodium sulfate, filtered, and evaporated to an oil. The crude product is purified via silica
gel chromatography using a hexane:ethyl acetate gradient giving the title compound as a
white solid weighing 1.51 g (7.8 mmoles, 42.7%). '"H-NMR (DMSO-dg), 8 10.39 (s,
1H); 8.11 (d, T = 9.30 Hz, 1H); 7.51 (d, J = 9.29 Hz, 1H); 2.54 (s, 3H); 1.23 (s, 9H) ppm.
ES" =194 (M+1).

Method 2: To a dry pressure tube is added 200 mg (1.56 mol) of 3-chloro-5-
methylpyridazine, 190 mg (1.87 mmol) of trimethylacetamide, 14.6 mg (0.023 mmol) of
rac-2,2’-bis(diphenylphosphine )-1,1’-binaphthyl , tris(dibenzylideneacetone)-
dipalladium (0) , 762.4 mg (2.34 mmol) of cesium carbonate and 1.5 ml dry
tetrahydrofuran. The pressure tube is purged with nitrogen and sealed. The reaction is
heated to 100 °C overnight. The reaction is then cooled, diluted with dichloromethane,
and filtered through celite. Solvents are evaporated and the crude product is purified via
silica gel chromatography using a ethyl acetate:hexane gradient to obtain 91 mg (0.47

mmol, 30%) as a white solid.
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C. N-[4-(1-Ethyl-propyl)-6-methyl-pyridazin-3-y1]-2,2-dimethyl-propionamide.

Activated magnesium powder (19.2 g, 0.792 moles) is added to adry 3 L flask
fitted with a condensor and a drop funnel. The entire apparatus is heated with a gun dry
under vacuum and allowed to cool. Enough ether is added to cover the magnesium. 3-
Bromopentane (100 g, 0.662 mmol) is added to the addition funnel in 175 ml of diethyl
ether. A 1/3 of the bromopentane solution is added to the magnesium and the reaction
mixture is stirred under nitrogen until bubbling occurs. Then, the rest is dripped in at
such a rate that the bubbling continues gently. The reaction is stirred for 30 minutes after
bubbling ceases. Next, 2,2-dimethyl-N-(6-methyl-pyridazine-3-yl)-propionamide (21.3 g,
0.110 mmol) dissolved in 225 ml of dry THF is added dropwise. The reaction mixture is
stirred for 1 hour. Saturated sodium tartrate (1 L) is carefully added, and the reaction is
stirred for 30 minutes. The reaction mixture is transferred to a larger flask, 2 L of ethyl
acetate is added, and the reaction is stirred 1 hour more. The layers are separate and the
aqueous layer is extracted several times with ethyl acetate. The organic extracts are
combined, and the solvents are evaporated. The residue is taken up in 600 mL of
dichloromethane, and iodine (28 g, 0.110 mol) is added. The reaction is stirred for 2
hours. The organic layer is washed once with aqueous solution of sodium sulfite and then
with water. The organic layer is dried over sodium sulfate, filtered, and evaporated to red
oil. The crude product is purified via silica gel chromatography using a hexanes:ethyl
acetate gradient. The product fractions are combined and evaporated. The residue is
triturated in ethyl acetate and a light tan solid is filtered to obtain 12.0 g (45.6 mmol, 41
%) of the title compound. "H-NMR (DMSO-ds), d 9.88 (s, 1H); 7.59 (s, 1H); 2.60 (s,
3H); 2.39-2.42 (m, 1H); 1.21-1.37 (m, 2H); 1.38-1.43(m, 2H); 1.23(s, 9H); 0.71 (t, J =
7.49 Hz, 6H) ppm. MS/ES" = 264.

D. 4-(1-Ethyl-propyl)-6-methyl-pyridazin-3-ylamine.
N-[4-(1-Ethyl-propyl)-6-methyl-pyridazin-3-y1]-2,2-dimethyl-propionamide (12.0
g, 45 mmol) is dissolved in 60 mL of concentrated hydrochloric acid. The reaction
mixture is heated to 95 °C in a sealed flask for 2 hours. The reaction is worked up by
pouring over ice and extracting with ethyl acetate three times. The organic layer is
discarded, and the pH of the aqueous layer is adjusted using 2 N sodium hydroxide. The

basic solution is extracted with ethyl acetate five times. The organic extracts are
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combined, dried over magnesium sulfate, filtered, and evaporated to obtain 6.68 g (37
mmol, 81%) of the title compound as a brownish oil. TH-NMR (DMSO-dg), § 6.95 (s,
1H); 5.89 (s, br, 2H); 2.52-2.56 (m, 1H); 2.34 (s, 3H); 1.44-1.58 (m, 4H); 0.72 (t, J = 7.04
Hz, 6H) ppm. MS/ES* = 180 (100%, M+1).

E. 8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine.

4-(1-Ethyl-propyl)-6-methyl-pyridazin-3-ylamine (850 mg, 4.74 mmol),
chloroacetone (0.415 ml, 5.22 mL) and 20 mL of ethanol are heated in the microwave at
110 °C for 35 minutes. Sodium bicarbonate (1.2 g, 14.2 mmol) is added, and the reaction
mixture is heated in an oil bath at 100 °C ovemight. The solvent is evaporate and the
residue is taken up in ethyl acetate and washed three times with brine. The organic layer
is dried over sodium sulfate, filtered, and evaporated to a brown oil. The crude product is
purified via silica gel chromatography using a hexane:ethyl acetate gradient. The title
compound is an o0il weighing 3.69 g (17.0 mmol, 84%). '"H-NMR (DMSO-dg), 8 7.34 (s,
1H); 6.84 (s, 1H); 2.85-3.10 (m, 1H); 2.43 (s, 3H); 2.32 (s, 3H); 1.70-1.80 (m, 4H); 0.712
(t, J = 7.49 Hz, 6H) ppm. MS/ES* =219 (100%, M+2).

F. 8-(1-Ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[ 1, 2-b]pyridazine.
8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (5.1 g, 0.023 moles)
and 50 mL of dry acetonitrile are added to a nitrogen purged flask and are cooled to 0 °C.
NIS (5.54 ,0.025 moles) in 90 mL of dry acetonitrile is added. The bath is allowed to
come to room temperature, and the reaction to stir overnight. The solvents are
evaporated. The residue is taken up in ethyl acetate, washed two times with 50% aqueous
solution of sodium thiosulfate and with brine. The organic layer is dried over sodium
sulfate, filtered, and evaporated to a residue again. The crude product is triturated in a
small amount of acetonitrile, and a solid is filter off. The trituration is repeated several
times to obtain the title compound as a light tan solid weighing 7.29 g (0.021 moles,
91%). 'H-NMR (DMSO-d¢), 8 6.96 (s, 1H); 3.0-3.3 (m, 1H); 2.51 (s, 3H); 2.35 (s, 3H);
1.71-1.80 (m, 4H); 0.71 (t, J = 7.48 hz, 6H) ppm. MS/ES™ = 344 (100%, M+1).

G. 8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine-3-yl boronic acid.
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In an oven dried nitrogen purged 3 neck 50mL round bottom flask, 1.00g (2.91
mmol) of 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[],2-b]pyridazine in 60mL of
dry THF is cooled to -78°C. 4.12mL (7.00mmol) of 1.7 M tert-butyllithium in hexanes is
added and reaction is stirred at -78 °C for 1 hour. 0.818mL (7.30mmol) of trimethyl
borate is added and reaction is followed by MS and TLC (1:1 Hexane:EA) Indication of
product is observed by mass spectrum. The reaction is allowed to stir for an additional
hour, quenched with 1 N hydrochloric acid, and diluted with ethyl acetate. The organic
layer is separated, and the aqueous layer is extracted three times with 100 mL of ethyl
acetate. The extracts are combined, dried over MgSOQy, filtered, and concentrated. The

reaction residue is triturated in hexanes and a solid is filter off. MS, ES" =262.2 M+1).

H. 8-(1-Ethyl-propyl)-3-(2,4-dimethyl-5-thiazolyl)-2,6-dimethyl-imidazo[/,2-
b]pyridazine.

To a microwave pressure tube is added 0.340g (1.30mmol) of 8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[ 1,2-b]pyridazine-3-yl boronic acid, 0.100g (0.521mmol) of 5-
bromo-2,4-dimethylthiazole, 0.361g (0.313mmol) of Pd(PPh3)4, 0.650mL (1.30mmol) of
2 M aqueous Na2CO3, and 2mL 7:3:2 DME:H20:EtOH, and the mixture is heated at 160
°C for 40min. Reaction is checked by MS which indicates product present. The reaction
mixture is partitioned between 75mL of ethyl acetate and 75mL of water. The layers are
separated and the aqueous is extracted 3X50mL of ethyl acetate, dried (MgSO4), and
concentrated under vacuum. The crude mixture is purified by chromatography using
hexanes/ethyl acetate as a solvent system. The product containing fractions are combined
to obtain 0.100g of the product, 58% yield. MS, ES+ = 329.2 (M+1); "H-NMR (DMSO-
d6) = 6.974 (s, 1H); 3.085-3.052 (m, 1H); 2.665 (s, 3H); 2.438 (s, 3H); 2.290 (s, 3H);
2.147 (s, 3H); 1.849-1.727 (m, 4H); 0.776-0.738 (m, 6H) ppm.

Example 2. ,

Preparation of 8—(1-ethyl—pfopyl)—’o’-(2-ethyl—4-methy1-5— yD)-2,6-dimethyl-imidazo[1,2-
blpyridazine.
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A. 5-Bromo-2-ethyl-4-methylthiazole.

In an oven dried, N, purged, 50 mL round bottom flask, 1.00 g (7.86 mmol) of 2~
ethyl-4-methylthiazole is reacted with 0.487 mL (9.43 mmol) of bromine in 7mL of acetic
acid at room temperature. Reaction is checked by MS after 2 hours. The reaction
mixture is partitioned between 50 mL HO and 25 mL of CH2Cl,. The layers are
separated and the aqueous is extracted 3X25mL of CH,Clp. The organics are combined
and washed 1X25mL 1N NayS,03, dried (MgS0y), and concentrated under vacuum to
give 1.38g of the title compound, 85% yield. MS, ES+ =206.0 (M+1); 'H.NMR
(DMSO-d6) = 2.940-2.810 (m, 2H); 2.253-2.251 (m, 3H); 1.225-1.222 (m, 3H) ppm.

B. 8-(1-Ethyl-propyl)-3-(2-ethyl-4-methyl-5-thiazolyl)-2,6-dimethyl-imidazo[ , 2-
blpyridazine.

Using a procedure similar to Example 1H, 5-bromo-2-ethyl-4-methylthiazole
produces the title product in 27% yield. MS, ES+ =343.2 (M+1); "H-NMR (DMSO-d6)
= 6.975 (s, 1H); 3.090-3.056 (m, 1H); 3.025-2.968 (m, 2H); 2.439 (s, 3H); 2.291 (s, 3H);
2.155 (s, 3H); 1.835-1.744 (m, 4H); 1.338-1.300 (m, 3H); 0.776-0.740 (m, 6H) ppm.

Example 3.

Preparation of 8-(1-ethyl-propyl)-3-(2-isopropyl-4-methyl-5-thiazolyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine.
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A. 5-Bromo-2-isopropyl-4-methylthiazole.

Using a procedure similar to Example 2A, 2-isopropyl-4-methylthiazole produces
the title product in 90% yield. MS, ES+ = 220.0 (M+1); TH-NMR (DMSO-d6) = 3.210-
3.175 (m, 1H); 2.257 (s, 3H); 1.264-1.248 (d, 6H) ppm.

B. 8-(1-Ethyl-propyl)-3-(2-isopropyl-4-methyl-5-thiazolyl)-2,6-dimethyl-imidazo [,2-
b]pyridazine.

Using a procedure similar to Example 1H, 5-bromo-2-isopropyl-4-methylthiazole
produces the title product in 29% yield. MS, ES+ = 357.2 (M+1); IH-NMR (DMSO-d6)
= 6.990 (s, 1H); 3.120-3.050 (m, 1H); 2.442 (s, 3H); 2.294 (s, 3H); 2.158 (s, 3H); 1.810-
1.750 (m, 4H); 1.362-1.344 (d, 6H); 0.777-0.741 (m, 6H) ppm.

Example 4.
Preparation of 8—(1-ethyl—propyl)—3—(4-methy1—2—pheny1—5—thiazolyl)-Z,6—dimethy1—
imidazo[1,2-b]pyridazine.

A. 5-Bromo-4-methy-2-phenylthiazole.

Using a procedure similar to Example 2A, 4-methyl-2-phenylthiazole produces
the title product in 90% yield. MS, ES+ =256.0 (M+1); '"H-NMR (DMSO-d6) = 7.900-
7.867 (m, 2H); 7.538-7.512 (m, 3H); 2.407 (s, 3H) ppm.

B. 8-(1-Ethyl-propyl)-3-(4-methyl-2-phenyl-5-thiazolyl)-2,6-dimethyl-imidazo [1,2-
blpyridazine. ‘

Using a procedure similar to Example 1H, 5-bromo-4-methyl-2-phenylthiazole
produces the title product in 24% yield. MS, ES+ =391.3 (M+1); 'H-NMR (DMSO-d6) -
= 8.005-7.995 (m, 2H); 7.538-7.534 (m, 3H); 7.010 (s, 1H); 3.185-3.095 (m, 1H); 2.496

(s, 3H); 2.394 (s, 3H); 2.316 (s, 3H); 1.895-1.785 (m, 4H); 0.826-0.788 (m, 6H) ppm.
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Example 5.
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(2-methyl)propyl-5-thiazolyl]-2,6-
dimethyl-imidazo[1,2-b]pyridazine.

A. 5-Bromo-4-methy-2-(2-methyl)propylthiazole.

Using a procedure similar to Example 2A, 4-methyl-2-(2-methyl)propylthiazole
produces the title product in 96% yield. MS, ES+ =234.1 (M+1), 'H-NMR (DMSO-d6)
= 2.744 (m, 2H); 2.259 (s, 3H); 1.895-2.000 (m, 1H); 0.905-0.888 (m, 6H) ppm.

B. 8-(1-Ethyl-propyl)-3-(4-methyl-2-(2-methyl)propyl-5-thiazolyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine.

Using a procedure similar to Example 1H, 5-bromo-4-methyl-2-(2-
methyl)propylthiazole produces the title product in 7% yield. MS, ES+ = 371.3 (M+1);
'H-NMR (DMSO-d6) = 7.013 (s, 1H); 3.109 (m, 1H); 2.892-2.875 (d, 2H); 2.517 (s, 3H);
2.513 (s, 3H); 2.476 (s, 3H); 2.107-2.073 (m, 1H); 1.868-1.780 (m, 4H); 1.018-1.002 (d,
6H); 0.813-0.775 (m, 6H) ppm.

Example 6.
Preparation of 8-(1-Ethyl-propyl)-3-[4-methyl-5-thiazolyl]-2,6-dimethyl-imidazo[/,2-
b]pyridazine.

Z =N
N Nl
N/
/S
-

3.00 g of 8-(1-Ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[1,2-b]pyridazine (8.74
mmol), 4.32 g of 4-methyl-2H-thiazole (43.6 mmol), 453 mg of triphenylphosphine (1.73

mmol) and 5.85 g of cesium carbonate (18.0 mmol) are placed into the sealed tube with
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20 ml of DMF and N2 gas is bubbled in for 40 min. 39 mg of Pd2dba3 (0.43 mmol) is
added and the tube is sealed and heated at 130°C overnight. The cooled reaction mixture
is filtered and applied onto silica-gel column (Hexane - Hexane : AcOEt = 3: 1) to give
2.12 g of the title compound (77%)."H-NMR (DMSO-d6) & 9.215 (s, 1H); 6.993 (s, 1H);
3.079 (m, 1H); 2.480 ( s, 3H); 2.439 (s, 3H); 2.302 (s, 3H); 1.824-1.751 (m, 4H); 0.780-
0.743 (m, 6H) ppm. MS, ES+=315.2.

Example 7.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(4-methyl-2-pyridin-2-yl-thiazol-5-yl)-
imidazo[1,2-b]pyridazine. )

A. 8-(1-ethyl-propyl)-3-[2-bromo-4-methyl-5-thiazolyl]-2,6-dimethyl-imidazo[ ], 2-
b]pyridazine.

In an oven dried, N2 purged, 15mL round bottom flask, 0.028 g (0.089 mmol) of
8-(1-ethyl-propyl)-3-[4-methyl-5-thiazolyl]-2,6-dimethyl-imidazo[/,2-b]pyridazine. in
1.5mL of dry CH,Cl; is cooled to O C. 0.019 g (0.107 mmol) of NBS is added and
reaction is stirred overnight allowing bath to come to room temperature. Reaction mixture
is directly purified by chromatography using hexane/ethyl acetate as solvent system. The
product containing fractions are combined to obtain 0.012 g, 34% yield. MS, ES+ =
395.1 (M+1); "TH-NMR (DMSO-d6) = 7.070 (s, 1H); 3.10 (m, 1H); 2.49 (s, 3H); 2.36 (s,
3H); 2.25 (s, 3H); 1.85-1.78 (m, 4H); 0.81-0.77 (m, 6H) ppm.

B. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(4-methyl-2-pyridin-2-yl-thiazol-5-yl)-imidazo[1,2-
b]pyridazine.

A mixture of 3-(2—br0mo-4—methyl-thiazol-5—yl)—8—(1—ethyl—propyl)—2,6—diméthy1—
imidazo[1,2-b]pyridazine (380 mg, 0.96 mmol), 2-pyridinezinc bromide (0.5 M in THF,
2.1 mL, 4 mmol), Pd(PPhs)4 (30 mg, 0.026 mmol) and THF (3 mL) is heated at 80 °C for
18 hours. FEthyl acetate (20 mL) is added. The organic layer is separated, dried over
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magnesium sulfate, filtered, and the solvent removed in vacuo. Purification is performed
via silica gel chromatography using a 3:1 mixture of hexanes and ethyl acetate as eluent
to produce the title compound 325 mg (86%). H-NMR (CDCls), § 9.55 (m,1H); 8.10 (m,
1H); 7.73 (m,1H); 7.26 (m,1H); 6.58 (s, 1H); 3.24 (m, 1H); 2.43 (s, 3H); 2.40 (s, 3H);
2.33 (s, 3H); 1.76 (m, 4H); 0.80 (t, 6H) ppm. MS/ES* =391 (100%, M+1).

Example 8.
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(3-pyridyl)-5-thiazolyl]-2,6-dimethyl-
imidazo[1,2-b]pyridazine.

To a microwave pressure tube is added 0.070 g (0.178 mmol) of 8-(1-ethyl-
propyl)-3-[2-bromo-4-methyl-5-thiazolyl]-2,6-dimethyl-imidazo[ 1,2-b]pyridazine, 0.066g
(0.534 mmol) of pyridine-3-boronic acid, 0.103 g (0.089 mmol) of Pd(PPh3)4, 0.267mL
(0.534 mmol) of 2 M aqueous Na2CO3, and 1mL 7:3:2 DME:H20:EtOH, and the
mixture is heated at 160 °C for 60 min. The reaction mixture is partitioned between
25mL of ethyl acetate and 25 mL of water. The layers are separated and the aqueous is
extracted 3X 25 mL of ethyl acetate, dried (MgS0O4), and concentrated under vacuum.
The crude mixture is purified by chromatography using hexanes/Ethyl acetate as a solvent
system. The product containing fractions are combined to obtain 0.045 g of the product,
64% yield. MS, ES+ =392.2 (M+1); 'THNMR (DMS0-d6) § 9.18 (s, 1H); 8.65 (m, 1H);
8.34 (d, 1H); 7.60 (m, 1H); 7.06 (s, 1H); 3.06 (m, 1H); 2.50 (s, 3H); 2.40 (s, 3H); 2.34 (s,
3H); 1.87-1.82 (m, 4H); 0.83-0.79 (m, 6H) ppm.

3869



WO 2006/102194 PCT/US2006/009942

34

Example 9.
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(4-pyridyl)-5-thiazolyl]-2,6-dimethyl-

/)

Using a procedure similar to Example 8, pyridine-4-boronic acid produces the title
compound in 10% yield. MS, ES+ =392.3 (M+1); 'HNMR (DMSO-d6) = 8.79 (s, 2H);
7.80 (m, 2H); 7.07 (s, 1H); 3.12 (m, 1H); 2.50 (s, 3H); 2.40 (s, 3H); 2.36 (s, 3H); 1.90-
1.80 (m, 4H); 0.83-0.79 (m, 6H) ppm.

imidazo[1,2-b]pyridazine.

~z

Example 10.
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(thiophene-2-yl)-5-thiazolyl]-2,6-~
dimethyl-imidazo[/,2-b]pyridazine.

Using a procedure similar to Example 8, thiophene-2-boronic acid produces the
title compound in 89% yield. MS, ES+ = 397.1 (M+1); 'H-NMR (DMSO-d6) = 7.81-
7.79 (d, 1H); 7.78-7.77 (d, 1H); 7.21-7.20 (m, 1H); 7.05 (s, 1H); 3.19-3.15 (m, 1H); 2.50
(s, 3H); 2.39 (s, 3H); 2.27 (s, 3H); 1.85-1.83 (m, 4H); 0.82-0.79 (m, 6H) ppm.

Example 11.

Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(2-fluorophenyl)-5-thiazolyl]-2,6-
dimethyl-imidazo[ /,2-b]pyridazine.
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Using a procedure similar to Example 8, 2-fluorophenyl boronic acid produces the
title compound in 82% yield. MS, ES+ = 409.2 (M+1); 'H-NMR (DMSO-d6) = 8.32-
8.28 (m, 1H); 7.60-7.58 (m, 1H); 7.57-7.41 (m, 2H); 7.05 (s, 1H); 3.13-3.12 (m, 1H); 2.49
(s, 3H); 2.40 (s, 3H); 2.35 (s, 3H); 1.91-1.780 (m, 4H); 0.87-0.79 (m, 6H) ppm.

Example 12.
Preparation of 8-(i-ethyl-propyl)-3-[4-methyl-2-(4-fluorophenyl)-5-thiazolyl]-2,6-
dimethyl-imidazo[,2-b]pyridazine.

Using a procedure similar to Example 8, 4-fluorophenyl boronic acid produces the title
compound in 63% yield where the crude mixture is purified by chromatography using
2% methanol in dichloromethane as a solvent system. MS, ES+=409.2 (M+1); 'H.NMR
(DMSO-d6) = 8.06-8.03 (i, 2H); 7.408-7.36 (m, 2H); 7.05 (s, 1H); 3.14-3.11 (m, 1H);
2.50 (s, 3H); 2.39 (s, 3H); 2.31 (s, 3H); 1.90-1.78 (m, 4H); 0.83-0.79 (m, 6H) ppm.

Example 13.
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(3-fluorophenyl)-5-thiazolyl]-2,6-
dimethyl-imidazol /,2-b]pyridazine.
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Using a procedure similar to Example 8, 3-fluorophenyl boronic acid produces the
title compound in 77% yield where the crude mixture is purified by chromatography
using 2% methanol in dichloromethane as a solvent system. MS, ES+ =409.2 (M+1);
TH-NMR (DMSO-d6) = 7.84-7.78 (m, 2H); 7.64-7.57 (m, 2H); 7.41-7.36 (m, 1H); 7.06
(s, 1TH); 3.15-3.111 (m, 1H); 2.45 (s, 3H); 2.40(s, 3H); 2.32 (s, 3H); 1.91-1.78 (m, 4H);
0.83-0.79 (;m, 6H) ppm.

Example 14
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(2,4-difluorophenyl)-5-thiazolyl]-2,6-
dimethyl-imidazo[1,2-b]pyridazine.

Using a procedure similar to Example 8, 2,4-difluorophenyl boronic acid produces
the title compound in 76% yield. MS, ES+ = 427.2 (M+1); '"H-NMR (DMS0-d6) =
8.370-8.310 (m, 1H); 7.586-7.540 (m, 1H); 7.36-7.32 (m, 1H); 7.054 (s, 1H); 3.14-3.13
(m, 1H); 2.492 (s, 3H); 2.391 (s, 3H); 2.345 (s, 3H); 1.906-1.797 (m, 4H); 0.826-0.788
(m, 6H) ppm.

Example 15.
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(o-tolyl)-5-thiazolyl]-2,6-dimethyl-
imidazo[,2-b]pyridazine.

Using a procedure similar to Example 8, o-tolyl boronic acid produces the title
compound in 87% yield where the crude mixture is purified by silica gel chromatography

using 2% methanol in dichloromethane as a solvent system. MS, ES+ = 405.2 (M+1); H-
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NMR (DMSO-d6) = 7.857-7.838 (d, 1H); 7.429-7.419 (d, 2H); 7.393-7.352 (m, 1H);
7.049 (s, 1H); 3.145-3.114 (m, 1H); 2.647 (s, 3H); 2.502 (s, 3H); 2.406 (s, 3H); 2.337 (s,
3H); 1.907-1.782 (m, 4H); 0.827-0.791 (m, 6H) ppm.

Example 16.
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(3,4-difluorophenyl)-5-thiazolyl]-2,6-
dimethyl-imidazo[ ,2-b]pyridazine.

Using a procedure similar to Example 8, 3,4-difluorophenyl boronic acid produces
the title compound in 74% yield where the crude mixture is purified by chromatography
using 2% methanol in dichloromethane as a solvent system. MS, ES+= 427.2 (M+1);
'H-NMR (DMSO-d6) = 8.07-8.02 (m, 1H); 7.849 (s, 1H); 7.66-7.59 (m, 1H); 7.062 (s,
1H); 3.12-3.11 (m, 1H); 2.498 (s, 3H); 2.392 (s, 3H); 2.319 (s, 3H) 1.905-1.779 (m, 4H);
0.826-0.790 (m, 6H) ppm.

Example 17.
Preparation of 8-(1-ethyl-propyl)-3-[4-methyl-2-(4-fluoro-2-methylphenyl)-5-thiazolyl]-
2,6-dimethyl-imidazo[,2-b]pyridazine.

Using a procedure similar to Example 8, 4-fluoro-2-methylphenyl boronic acid
produces the title compound 0.040g (37% yield). MS, ES+ = 423.2 (M+1); 'H-NMR
(DMSO-d6) = 7.918-7.882 (m, 1H); 7.323-7.241 (d, 1H); 7.234-7.192 (m, 1H); 7.049 (s,
1H); 3.142-3.111 (m, 1H); 2.650 (s, 3H); 2.499 (s, 3H); 2.401 (s, 3H); 2.330 (s, 3H);
1.905-1.779 (m, 4H); 0.969-0.788 (m, 6H) ppm.
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Example 18.

Preparation of 8-(1 -ethyl-propyl)-3-[4-methyl-2-(4-trifluoromethoxyphenyl)-5-
thiazolyl]-2,6-dimethyl-imidazo[ 1,2-b]pyridazine.

To a microwave pressure tube is added 0.100g (0.254mmol) of 8-(1-ethyl-propyl)-
3-[2-bromo-4-methyl-5-thiazolyl]-2,6-dimethyl-imidazo[ ] ,2-b]pyridazine, 0.157g
(0.762mmol) of 4-(trifluoromethoxy)benzene boronic acid, 0.147g (0.127mmol) of
Pd(PPh3)4, 0.381mL (0.762mmol) of 2 M aqueous sodium carbonate, and 2mL Ethanol.
The reaction mixture is heated in the microwave at 160°C for up to 1 hour. The reaction
mixture is partitioned between 50 mL of ethyl acetate and 50 mL of water. The layers are
separated and the aqueous is extracted 3X50mL of ethyl acetate, dried (MgS04), and
concentrated under vacuum. The crude mixture is purified by chromatography using 2%
methanol in dichloromethane as a solvent system. The product containing fractions are
combined to obtain 0.085g of the product, 70% yield. MS, ES+ =475.2 (M+1); TH-NMR
(DMSO-d6) = 8.134-8.112 (d, 2H); 7.553-7.532 (d, 2H); 7.059 (s, 1H); 3.142-3.113 (m,
1H); 2.500 (s, 3H); 2.399 (s, 3H); 2.330 (s, 3H); 1.907-1.782 (m, 4H); 0.827-0.791 (m,
6H) ppm.

Example 19.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(4-methyl-thiophen-3-yl)-imidazo[ , 2-
blpyridazine.

A. 4,4,5,5-Tetramethyl-2-(4-methyl-thiophen-3-yl)-[1,3,2]dioxaborolane.
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To a 250 mL round bottom flask is added 3-bromo-4-methyl-thiophene (5.00 g,
28.24 rnrnbl), bis(pinacolato)diboron (7.89 g, 31.06 mmol) and KOAc (8.32 g, 84.72
mmol) in DMSO (85 mL). The mixture is degassed by bubbling Nj for 5 min,
PdCly(dppf)2eCH,Cly (1.15 g, 1.42 mmol) is added and the reaction mixture is heated to
and stirred at 85 °C overnight. The reaction is cooled to rt, and diluted with EtOAc (400
mL), washed with HO (3 x 300 mL); dried with MgSOy, filtered and concentrated.
Purification of the crude material by chromatography to give the title compound (3.69 g,

16.5 mmol, 58%). ES-MS (m/z): calcd for C;1H;7BO,S (M*): 224.1; found: 224.9.

B. 4-Methyl 3-thiophene boronic acid.

A solution of 4,4,5,5-tetramethyl-2-(4-methyl-thiophen-3-y1)-[1,3,2]dioxaborolane
(3.69 g, 16.47 mmol) in acetone (30 mL) is treated with H,O (30 mL), followed by NalO,
(7.05 g, 32.95 mmol). The resulting mixture is stirred at rt overnight. The organic
solvent is removed in vacuo. The residue is diluted with H>O (50 mL), extracted with
EtOAc ( (2 x 100 mL). The organic extracts are combined, dried with NaxSOy, filtered
and concentrated. Purification of the crude material by chromatography gives the title
compound (0.82 g, 5.78 mmol, 35%). '"H NMR (CDCl,): § 1.33 (s, 3H), 2.64-2.66 (m,
2H), 7.00-7.02 (m, 1H), 8.27 (d, J = 3.0 Hz, 1H). ES-MS (m/z): calcd for CsH;BO,S (M-
H): 141.0; found: 141.1.

C. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(4-methyl-thiophen-3-yl)-imidazo[/,2-b]pyridazine.
To a 100 mL round bottom flask containing 4-methyl 3-thiophene boronic acid
(0.27 g, 1.91 mmol), and 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[1,2-
b]pyridazine (0.65 g, 1.91 mmol) in 20 mL of a stock solution (DME:H,O:EtOH = 7:3:2)
is added 2 M Na,COj; (1.9 mL). The resulting mixture is degassed by bubbling N for 5
min. Then Pd(PPhs), (0.11 g, 0.096 mmol) is added. The reaction mixture is refluxed
overnight. The reaction is diluted with H,O (20 mL); extracted with EtOAc (3 x 30 mL);
dried (Na,SOy), filtered and purification of the crude material by chromatography gives
the title compound (0.52 g, 1.66 mmol, 87%). I'H NMR (CDCls): 8 0.89 (t, J=7.5 Hz,
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6H), 1.75-1.90 (m, 4H), 2.13 (d, J = 0.8 Hz, 3H), 2.44 (s, 31), 2.49 (S,43H), 3.30-3.39 (m,
1H), 6.64 (s, 1H), 7.08-7.11 (m, 1H), 7.34 (d, J = 3.1 Hz, 1H). ES-MS (m/z): calcd for
C13H23N3S (M+H)*: 314.5; found: 314.2.

Example 20.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-thiophen-2-yl)-imidazo[ 1, 2-
blpyridazine.
N
7|
/ N S
=N |

To mixture of 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[l,2-b]pyridazine
(12.0 g, 34.96 mmol) and PdCl,(dppf) (1.28 g, 1.75 mmol) is added a 0.5 M solution of 3-
methyl-2-thienylzinc bromide in THF (100 mL, 50.0 mmol). The mixture is stirred at 65
°C overnight, diluted with EtOAc (500 mL), washed with 10% citric acid (500 mL),
water (400 mL), brine (400 mL), dried over MgSQ,, filtered and concentrated. The
residue is purified by ISCO (10%-20% EtOAc/hexane gradient) furnish the title
compound (8.83 g, 28.17 mmol, 81%). H NMR (CDCls), § 0.92 (t, J = 7.4 Hz, 6H),
1.78-1.95 (m, 4H), 2.18 (s, 3H), 2.50 (s, 3H), 2.54 (s, 3H), 3.33-3.43 (m, 1H), 6.69 (s,
1H), 7.06 (d, J = 4.9 Hz, 1H), 7.46 (d, J =4.9 Hz, 1H). LC/MS (m/z): calcd. for
C15H23N3S (M+H)™: 314.6; found: 314.2.

Example 21.
Preparation of 3-(5-bromo-3-methyl-thiophen-2-yl1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

N
(4

To a solution of 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(3-methyl-thiophen-2-y1)-
imidazo[,2-b]pyridazine (8.83 g, 28.17 mmol) and CH>Cl> (90 mL) is added NBS (5.26
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g, 29.58 mmol). The solution is stirred at ambient temperature for 2 hours. The solution
is washed with water (3 X 75 mL), dried over MgSO4, filtered and concentrated to
furnish the title compound (10.5 g, 26.76 mmol, 95%). 'H NMR (CDCls), § 0.87 (t, J =
7.3 Hz, 6H), 1.73-1.93 (m, 4H), 2.09 (s, 3H), 2.44 (s, 3H), 2.51 (s, 3H), 3.26-3.36 (m,
1H), 6.68 (s, 1H), 6.98 (d, J = 4.9 Hz, 1H) ppm. LC/MS (m/z): calcd. for C1gH,BrN;S
(M+H)*: 392.6; found: 392.1, 394.1.

Example 22.
Preparation of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]-4-
methyl-thiophene-2-carboxylic acid methyl ester.

N
¢ |
/NN
=~ [
/
OO

A solution of 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine (1.00 g, 2.66 mmol) in CH30H (12 mL), DMSO (18
mL), Et;N (2.0 mL) with Pd(OAc), (0.12 g, 0.538 mmol), dppf (0.937 g, 1.69 mmol) is
reacted at CO atmosphere (100 psi) at 80 °C for 24 h. The reaction mixture is diluted
with EtOAc (200 mL), washed with 0.1 M HCI (2 x 50 mL), brine (50 mL); dried with
Na,S0;; filtered through silica gel and eluted with excess EtOAc. Purification of the
crude material by chromatography gives the title compound (0.79 g, 2.12 mmol, 80%).
'H NMR (CDCl5): 8 0.89 (t, J = 7.7 Hz, 6H), 1.75-1.93 (m, 4H), 2.15 (s, 3H), 2.50 (s,
3H), 2.53 (s, 3H), 3.32-3.42 (m, 1H), 3.91 (s, 3H), 6.72 (s, 1H), 7.73 (s, 1H). ES-MS
(m/z): caled for CaoHzsN30,S (M+H)*: 372.5; found: 372.2.
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Example 23.
Preparation of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1, 2-b]pyridazin-3-yl]-4-

methyl-thiophene-2-carboxylic acid methylamide.

A. 5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]-4-methyl-
thiophene-2-carboxylic acid.

A solution of (1-ethyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazin-3-yl]-4-
methyl-thiophene-2-carboxylic acid methyl ester (0.78 g, 2.10 mmol) in CH;0H (10 mL)
is treated with 5.0 M NaOH (2.1 mL, 10.5 mmol). The resulting reaction mixture is
refluxed for 4 h. Organic solvent is removed in vacuo; the aqueous residue is acidified by
the addition of 2.0 M HCI to pH 5~6; it is then extracted with EtOAc (3 x 50 mL); dried
(Na,S0y); filtered and concentration to give the title compound (0.74 g, 2.07 mmol,
98%). 'H NMR (DMSO-d6): §0.79 (t, J = 7.6 Hz, 6H), 1.75-1.86 (m, 4H), 2.06 (s, 3H),
2.36 (s, 3H), 2.47 (s, 3H), 3.06-3.14 (m, 1H), 7.01 (s, 1H), 7.68 (s, 1), 13.1 (bs, 1H).
ES-MS (m/z): caled for C1oHp3N30,S (M+H)": 358.5; found: 358.2.

B. 5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazin-3-yl]-4-methyl-
thiophene-2-carboxylic acid methylamide.
5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazin-3-yl]-4-methyl-
thiophene-2-carboxylic acid (0.17 g, 0.47 mmol) is reacted with 2.0 M oxalyl chloride in
CH,Cl, (3.0 mL) at rt for 1h. The excess reagent and solvent are removed in vacuo. The
residue is dissolved in CH,Cl, (3mL), cooled to O °C and treated with 2.0 M methy]
amine in THF (3 mL). The reaction is stirred at O °C for 10 min and rt for 30min. It is
diluted with EtOAc (50 mL), washed with H,O (15 mLO0, 0.1 M NaOH (2 x 30 mL); dried
(Na,SOy); filtered and concentrated. Purification of the crude material by
chromatography to give the title compound (0.91g, 0.25 mmél, 53%). "H NMR (CDCls):
§0.89 (t, J = 7.2 Hz, 6H), 1.75-1.91 (in, 4H), 2.14 (s, 3H), 2.47 (s, 3H), 2.52 (s, 3H), 3.02
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(d, J = 4.8 Hz, 3H), 3.28-3.36 (m, 1H), 5.90-6.01 (m, 1H), 6.69 (s, 1H), 7.43 (s, 1H). ES-
MS (m/z): calcd for CpoHpeN4OS (M+H)*: 371.5; found: 371.2.

Example 24.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(1-methyl-7H-imidazol-2~
yl)-thiophen-2-yl]-imidazo[1,2-b]pyridazine.

3-(5-Bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo-
[1,2-b]pyridazine (0.98 g, 2.51 mmol) and 1-methyl-1H-imidazole (0.2 mL), Pd(OAc),
(34 mg, 0.15 mmol), PPh3 (79 mg, 0.299 mmol), Cs;CO; (1.95 g, 6.0 mmol) in DMF (50
mL) is stirred under N at 130-140°C overnight. The reaction mixture is cooled, diluted
with EtOAc (300 mL), washed with H,O (3 x 100 mL); dried (Na2SO,); filtered and
concentrated. Purification of the resulting crude material by chromatography yields the
title compound (0.51 g, 1.29 mmol, 51%). '"H NMR (CDCls): §0.89 (t, J = 7.5 Hz, 6H),
1.77-1.92 (m, 4H), 2.17 (s, 3H), 2.51 (s, 3H), 2.54 (s, 3H), 3.30-3.40 (m, 1H), 3.81 (s,
3H), 6.69 (s, 1H), 7.02 (s, 111), 7.24 (s, 1H), 7.52 (s, 1H). ES-MS (m/z): calcd for
CoHp7N5S (M+H)™: 394.6; found: 394.3.

Example 25.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(2-methyl-2H-
[1,2,4]triazol-3-yl)-thiophen-2-yl]-imidazo[ ,2-b]pyridazine.

/']

\
/N S, Ney
=N |/ N
: N

To a —78 °C solution of 1-methyl-1,2,4-triazole (0.15 mL, 2.04 mmol) and THF (3
mL) is added a 1.34 M solution of n-Bu-Li in hexanes (1.60 mL, 2.14 mmol) over 20
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minutes, then stirred at —78 °C for 1.5 hours. A 0.5 M solution of ZnCl, in THF (4.28
mL, 2.14 mmol) is added and the solution warmed to ambient temperature. 3-(5-Bromo-
3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.40
g, 1.019 mmol) and PdCly(dppf) (0.037 g, 0.051 mmol) is added and the solution heated
at 65 °C overnight diluted with CH,Cl, (30 mL). The organic layer is washed with 10%
citric acid (20 mL), water (20 mL), brine (20 mL), dried over MgSQOy, filtered and
concentrated. The residue is purified by ISCO (20%-60% EtOAc/hexane gradient). The
residue is dissolved in Et,0, treated with Darco®-60 for 15 minutes, dried with Na;SOy,
and filtered to furnish the title compound (0.24 g, 0.61 mmol, 60%). 'H NMR (CDCl), &
0.88 (t, J = 7.4 Hz, 6H), 1.75-1.93 (m, 4H), 2.20 (s, 3H), 2.50 (s, 3H), 2.51 (s, 3H), 3.28-
3.37 (m, 1H), 4.14 (s, 3H), 6.69 (s, 1H), 7.45 (s, 1H), 7.87 (s, 1H). LC/MS (m/z): calcd.
for C1HasNgS (M+H)™: 395.6; found: 395.2.

Example 26.
Preparation of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazin-3-ylj-4-

methyl-thiophene-2-carbonitrile.

A solution of 3-(5-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine (0.50 g, 1.28 mmol), DMF (5 mL), and Zn(CN),
(0.090 g, 0.76 mmol) is degassed with nitrogen for 15 minutes. Pd(PPhs), (0.74 g, 0.064
mmol) and the solution heated at 100 °C overnight. The solution is diluted with EtOAc
(50 mL), washed with 2 M NH,OH (2 X 30 mL), brine (30 mL), dried over MgSOa,,
filtered and concentrated. Purified by ISCO column chromatography (15% - 20%
EtOAc/hexane gradient) furnish the title compound (0.39 g, 1.15 mmol, 91%). H NMR
(CDCls), § 0.87 (t, J = 7.5 Hz, 6H), 1.74-1.91 (m, 4H), 2.15 (s, 3H), 2.46 (s, 3H), 2.51 (s,
3H), 3.26-3.34 (m, 1H), 6.72 (s, 1H), 7.53 (s, 1H). LC/MS (/z): calcd. for C;oH2nN4S
(M+H)™: 339.6; found: 339.2.
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Example 27.
Preparation of (2-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[] ,2-b]pyridazin-3-yl]-4-
methyl—thiophen—iZ—yl }-pyrrol-1-yl)-dimethyl-amine.

To a 0 °C solution 1-(dimethylamino)-pyrrole (0.24 mL, 2.04 mmol) and THF (4
mL) is added 1.24 M n-BuLi (1.73 mL, 2.14 mmol). The solution is warmed to ambient
temperature and stirred for two hours. 0.5 M ZnCl, (4.28 mL, 2.14 mmol) is added and
the solution is stirred for one hour. 3-(5-Bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine (0.40 g, 1.02 mmol) and PdClx(dppf)
(0.037 g, 0.051 mmol) is added and the solution is heated at 65 °C overnight. The
solution is diluted with EtOAc (30 mL), washed with sat. NH4C1 (30 mL), dried over
MgSO0y,, filtered and concentrated. The residue is purified by ISCO flash chromatography
(15% -20% EtOAc gradient) furnish the title compound (0.41 g, 0.97 mmol, 95%). 'H
NMR (CDCls) § 0.87 (t, J = 7.5 Hz, 6H), 1.73-1.91 (m, 4H), 2.11 (s, 3H), 2.51 (s, 6H),
2.83 (s, 6H), 3.29-3.39 (m, 1H), 6.18-6.21 (m, 1H), 6.35 (dd, J = 4.0, 1.8 Hz, 1H), 6.65 (s,
1H), 6.98 (dd, J = 4.0, 1.8 Hz, 1H), 7.25 (s, 1H). LC/MS (m/z): caled. for C24H3;NsS
(M+H)": 422.2; found: 422 4.

Example 28 and 29.

Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(2-methyl-2,5-
dihydro- 1 H-tetrazol-5-yl)-thiophen-2-yl]-imidazo[/,2-b]pyridazine and 8-(1-ethyl-
propyl)-2,6-dimethyl-3-[3-methyl-5-(1-methyl-1H —tetrazol—S—yl)—thiopheh—Z-yl]—
imidazo[1,2 b]pyridazine.

N N
¢ | ¢ | \
/ N ‘S /N:N/ 4 N |S Ny
=N ! =N y N
/ NN 7 N

Ex 28. Ex. 29.
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A. 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(1H-tetrazol-5-yl)-thiophen-2-yl]-
imidazo[l,2-b]pyridazine.

To a solution of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-
yl]-4-methyl-thiophene-2-carbonitrile (0.25 g, 0.74 mmol) and DMF (2.5 mL) is added
Et;NeHCI (0.31 g, 2.22 mmol) and NaNj3 (0.14 g, 2.20 mmol). The solution is heated at
100 °C overnight. The solution is diluted with water (20 mL) and extracted with EtOAc
(3 X 15 mL), the combined organic layers are washed with 0.1 M HCI (20 mL), water (20
mL), brine (20 mL), dried over MgSOs, filtered and concentrated. The residue is
recrystalized from acetonitrile furnish the title compound (0.14 g, 0.37 mmol, 50%). 'H
NMR (CDCls), 8 0.81 (t, J = 7.5 Hz, 6H), 1.66-1.87 (m, 4H), 2.17 (s, 3H), 2.50 (s, 3H),
2.53 (s, 3H), 3.26-3.35 (m, 1H), 6.83 (s, 1H), 7.84 (s, 1H). LC/MS (m/z): calcd. for
C1oH23N7S (M+H)": 382.6; found: 382.2.

B. 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(2-methyl-2,5-dihydro-1H-tetrazol-5-
yl)-thiophen-2-yl]-imidazo[1,2-b]pyridazine and 8-(1-cthyl-propyl)-2,6-dimethyl-3-[3-
methyl-5-(1-methyl- H-tetrazol-5-yl)-thiophen-2-yl]-imidazo[1,2 b]pyridazine.

To a solution of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(1H-tetrazol-5-
yl)-thiophen-2-yl]-imidazo[ ,Z-b]pyridazine (0.14 g, 0.35 mmol) and THF (3 mL) is
added Et;N (0.1 mL, 0.71 mmol) and Mel (0.024 mL, 0.39 mmol). The solution is stirred
overnight, diluted with EtOAc (20 mL), washed with water (15 mL), 0.1 M HCl (15 mL),
brine (15 mL), dried over MgSQy, filtered and concentrated. The residue is purified by
ISCO column chromatography (20%- 40% EtOAc/hexane gradient) furnish Ex. 28 (0.71
g, 0.18 mmol, 51%), and Ex. 29 (0.031 g, 0.078 mmol, 22%).

Ex. 28: I NMR (CDCls), § 0.88 (t, J = 7.4 Hz, 6H), 1.75-1.92 (m, 4H), 2.18 (s, 3H),
2.50 (s, 3H), 2.51 (s, 3H), 3.28-3.38 (m, 1H), 4.38 (s, 3H), 6.68 (s, 1H), 7.71 (s, 1H).
LC/MS (m/z): caled. for CpoHasN7S (M+H)™: 396.6; found: 396.3. ‘

Ex. 29: "H NMR (CDCls), § 0.89 (t, J = 7.4 Hz, 6H), 1.73-1.94 (m, 4H), 2.23 (s, 3H),
2.50 (s, 3H), 2.52 (s, 3H), 3.28-3.37 (m, 1H), 4.30 (s, 3H), 6.62 (s, 1H), 7.63 (s, 1H).
LC/MS (mv/z): caled. for CooHpsN7S (M+H)™: 396.6; found: 396.3.
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Example 30.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyridin-4-yl-thiophen-2-
yD-imidazo[l,2-b]pyridazine.

A. 3-(5-Boronic acid-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

To a -78 °C solution of 3-(5-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[1,2-b]pyridazine (1.20 g, 3.06 mmol) and THF (10 mL) is added
1.30 M n-Bu-Li (2.47 mL, 3.21 mmol) drop wise. The solution is stirred at —-78 °C for
one hour. B(OMe); (0.38 mL, 3.65 mmol) is added and the solution is warmed to
ambient temperature and stirred for 2 hours. 1 M HCI is added and the solution stirred for
10 minutes extracted with CH,Cl, (2 X 30 mL), dried over MgSQy, filtered and
concentrated to furnish the title compound (0.47 g, 1.32 mmol, 43%). 'H NMR (CDCl3),
8 0.92 (t,J=17.5 Hz, 6H), 1.71-1.98 (m, 4H), 2.02 (s, 3H), 2.64 (s, 3H), 2.69 (s, 3H),
3.64-3.83 (m, 1H), 7.06 (d, J =5.3 Hz, 1H), 7.54 (d, J = 5.3 Hz, 1H), 7.20 (s, 1H).
LC/MS (m/z): calcd. for CigHo4BN30,S (M+H)+: 358.4; found: 358.2.

B. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyridin-4-yl-thiophen-2-yl)-
imidazol[l,2-b]pyridazine.

A solution of 3-(5-boronic acid-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine (0.25 g, 0.70 mmol), 4-bromopyridine hydrochloride
(0.16 g, 0.84 mmol), and 2 M Na,CO3 (0.87 mL, 1.75 mmol) and rn-PrOH (2.5 mL) is
degassed with nitrogen for 10 minutes. Pd(PPhz), (0.040 g, 0.035 mmol) is added and the
solution heated at 85 °C overnight. The solution is diluted with CHxCl, (40 mL), washed
with 10% Na,CO; (30 mL), water (30 mL), brine (30 mL), dried over MgSOy, filtered
and concentrated. The residue is purified by ISCO column chromatography (20%-40%
EtOAc/hexane gradient) furnish the title compound (0.16 g, 0.41 mmol, 59%). '"H NMR
(CDCls), 8 0.88 (t, J = 7.5 Hz, 6H), 1.74-1.93 (m, 4H), 2.17 (s, 3H), 2.49 (s, 3H), 2.52 (s,
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3H), 3.28-3.38 (m, 1H), 6.68 (s, 1H), 7.43 (s, 1H), 7.52 (d, J = 5.5 Hz, 2H), 8.62 (d, J =
5.5 Hz, 2H). LC/MS (m/z): calcd. for Ca3HpsN4S (M+H)*: 391.2 found: 391.2.

Example 31.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyridin-3-yl-thiophen-2-
yl)-imidazo[,2-b]pyridazine.

a
/ N S =N
. Ve

To a—78 °C solution of 3-(5-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-

2,6-dimethyl-imidazo[/,2-b]pyridazine (0.50 g, 1.27 mmol), and THF (5 mL) is added
1.34 M n-Bu-Li (1.0 mL, 1.34 mmol). The solution is stirred for at -78 °C for 30 minutes
and 0.5 M ZnCl, in THF (2.7 mlL., 1.34 mmol) is added and the solution warmed to
ambient temperature. After 30 minutes 3-bromopyridine (0.15 mL, 1.53 mmol) and
PdCly(dppf) (0.047 g, 0.064 mmol) is added and the solution heated at 65 °C overnight.
The solution is diluted with CH,Cl, (40 mL), washed with 10% citric acid (20 mL), water
(20 mL), brine (20 mL) dried over MgSOy, filtered and concentrated. The residue is
purified by ISCO column chromatography (20%-40% EtOAc/hexane gradient)
concentrated and re-dissolved in Et;O. The solution is treated with Darco®-60 for 15
minutes, dried over Na,SO,, and filtered thru celite® furnish the title compound (0.26 g,
0.67 mmol, 52%). "H NMR (CDCls), § 0.88 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.17
(s, 3H), 2.50 (s, 3H), 2.52 (s, 3H), 3.28-3.38 (m, 1H), 6.68 (s, 1H), 7.26-7.32 (m, 2H),
7.86 (dt, J=7.9, 1.8 Hz, 1H), 850 (d, J = 3.2 Hz, 1H), 8.89 (s, 1H). LC/MS (m/z): calcd.
for Cp3HzeN4S M+H)*: 391.6; found: 391.2.
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Example 32.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyridin-2-yl-thiophen-2-

N

(|
/ N S N=
//g; | \ /

To a mixture of 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine (0.50 g, 1.27 mmol) and PdClx(dppf) (0.047 g, 0.064
mmol) is added a 0.5 M solution of 2-pyridylzinc bromide in THF (5.1 mL, 2.55 mmol).

yl)-imidazo[/,2-b]pyridazine.

The mixture is stirred at 65 °C overnight, diluted with EtOAc (50 mL), washed with 10%
citric acid (50 mL), water (40 mL.), brine (40 mL), dried over MgSO,, filtered and
concentrated. The residue is purified by ISCO column chromatography (20%-40%
EtOAc/hexane gradient) furnish the title compound (0.45 g, 1.15 mmol, 89%). 'H NMR
(CDCls), 8 0.88 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.17 (s, 3H), 2.52 (s, 6H), 3.30-
3.39 (m, 1H), 6.67 (s, 1H), 7.12-7.16 (m, 1H), 7.53 (s, 1H), 7.63-7.71 (m, 2H), 8.57 (dt, J
=1.3, 4.8 Hz, 1H). LC/MS (nv/z): caled. for CpsHasNaS (M+H)": 391.6; found: 391.2.

} Example 33.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyridin-2-yl-thiophen-2-
yl)-imidazo[,2-b]pyridazine hydrochloride.

To a solution of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyridin-2-yl-
thiophen-2-yl)-imidazo[/,2-b]pyridazine (0.15 g, 38 mmol) and MeOH (2 mL) is added
AcCl1 (0.028 mL, 0.39 mmol). After one hour the solution is concentrated and the residue
recrystalized from EtOAc/ hexane furnish the title compound (0.11 g, 0.26 mmol, 69%).
'H NMR (CDCl), 8 0.97 (t, J = 7.4 Hz, 6H), 1.75-2.03 (m, 4H), 2.17 (s, 3H), 2.66 (s,
31), 2.77 (s, 3H), 3.86-3.98 (m, 1H), 7.17 (s, 1H), 7.21-7.30 (m, 2H), 7.62 (bs, 1H), 7.67-
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7.7.82 (m, 2H), 8.60 (d, J = 4.8 Hz, 1H). LC/MS (m/z): calcd. for Cy3H26CINsS M+H)™:
428.1; found: 391.2.

Example 34.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(2-methyl-2 H-pyrazol-3-
yl)-thiophen-2-yl}-imidazo[1,2-b]pyridazine.
N
4

) l

\
N~
N\

N
’
N I

S

L/
Using a procedure similar to Example 25, 1-methylpyrazole (0.17 g, 2.04 mmol),

1.56 M n-Bu-Li (1.34 mL, 2.09 mmol), ZnCl; (4.3 mL, 2.14 mmol), 3-(5-bromo-3-
methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ,2-b]pyridazine (0.40 g,
1.02 mmol) and PdCly(dppf) (0.037 g, 0.051 mmol) furnish the title compound (0.35 g,
0.89 mmol, 88%). 'H NMR (CDCl3), § 0.88 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.17
(s, 3H), 2.50 (s, 3H), 2.52 (s, 3H), 3.28-3.38 (m, 1H), 4.05 (s, 3H), 6.42 (d, J=1.8 Hz,
1H), 6.68 (s, 1H), 7.08 (s, 1H), 7.46 (d, J = 1.8 Hz, 1H). LC/MS (m/z): calcd. for
CpHy/NsS (M+H)™: 394.7; found: 394.2.

Example 35.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-thiazol-4-yl-thiophen-2-yl)- ‘
imidazo[l,2-b]pyridazine.

Using a procedure similar to Example 31, from 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1, 2-b]pyridazine(0.40 g, 1.02 mmol), 1.34 M
n-Bu-Li (0.8 mL, 1.07 mmol), 0.5 M ZnCl, in THF (2.14 mL, 1.07 mmol), 4-bromo-
thiazole (0.20 mL, 1.22 mmol) and PdCl,(dppf) (0.037 g, 0.051 mmol) furnish the title
compound (0.16g, 0.40 mmol, 40%). "H NMR (CDCls), § 0.92 (t, J = 7.4 Hz, 6H), 1.70-
1.96 (m, 4H), 2.17 (s, 3H), 2.64 (s, 3H), 2.66 (s, 3H), 3.38-3.48 (m, 1H), 7.16 (d, /= 1.8
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Hz, 1H), 7.44 (s, 1H), 7.51 (d, J = 1.8 Hz, 1H), 7.86 (d, J = 1.8 Hz, 1H). LC/MS (m/z):
caled. for CaiHaaN4S, (M+H)*: 397.7; found: 397.2.

Example 36.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yl)-
thiophen-2-yl]-imidazo[ ,2-b]pyridazine.

Using a procedure similar to Example 32, 3-(5-bromo-3-methyl-thiophen-2-y1)-8-
(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.60 g, 1.53 mmol) and
PdCl,(dppf) (0.056 g, 0.076 mmol) and 0.5 M solution of 6-methyl-2-pyridylzinc
bromide in THF (6.0 mL, 3.06 mmol) furnish the title compound (0.29 g, 0.72 mmol,
47%). '"H NMR (CDCls), 8 0.89 (t, J = 7.5 Hz, 6H), 1.73-1.93 (m, 4H), 2.16 (s, 3H), 2.50
(s, 3H), 2.52 (s, 3H), 2.58 (s, 3H), 3.31-3.40 (m, 1H),

6.67 (s, 1H), 7.00 (d, J = 7.9 Hz, 1H), 7.45 (d, J = 7.9 Hz, 1H), 7.52 (s, 1H), 8.56 (t, J =
7.7 Hz, 1H). LC/MS (m/z): calcd. for CoqHpsNy (M+H)': 405.7; found: 405.2.

Example 37.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-phenyl-thiophen-2-yl)-
imidazo[1,2-b]pyridazine.

Using a procedure similar to Example 32, 3-(5-bromo-3-methyl-thiophen-2-y1)-8-
(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine (0.50 g, 1.27 mmol) and
PdCl,(dppf) (0.05 g, 0.069 mmol) and 0.5 M solution of phenylzinc iodide in THF (5.5
mL, 2.76 mmol) furnish the title compound (0.25 g, 0.64 mmol, 50%). 'H NMR
(CDCls), 8 0.90 (t, J = 7.5 Hz, 6H), 1.76-1.94 (m, 4H), 2.17 (s, 3H), 2.52 (s, 3H), 2.53 (s,
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3H), 3.31-3.41 (m, 1H), 6.68 (s, 1H), 7.26 (s, 1H), 7.27-30 (m, 1H), 7.35-7.41 (i, 2H),
7.61-7.66 (m, 2H). LC/MS (m/z): caled. for CosH27N3S (M+H)™: 390.3; found: 390.3.

Example 38. .
Preparation of 8-(1-ethyl-propyl)-3-[5 —(3—ﬂuoro-phenyl)-3—methyl-thiophen—Z—yll] -2,6-
dimethyl-imidazo[/,2-b]pyridazine.

Using a procedure similar to Example 32, 3-(5-bromo-3-methyl-thiophen-2-yl)-8-
(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazine (0.50 g, 1.27 mmol) and
PdCly(dppf) (0.047 g, 0.063 mmol) and 0.5 M solution of 3-flourophenylzinc iodide in
THF (5.1 mL, 2.55 mmol) furnish the title compound (0.24 g, 0.59 mmol, 46%). 'H
NMR (CDCls), 8 0.90 (t, J = 7.5 Hz, 6H), 1.76-1.94 (m, 4H), 2.17 (s, 3H), 2.51 (s, 3H),
2.53 (s, 3H), 3.31-3.39 (m, 1H), 6.69 (s, 1H), 6.94-7.01 (m, 1H), 7.26 (s, 1H), 7.30-7.42
(m, 3H). LC/MS (m/z): calcd. for Co4H6FN3S (M+H)": 408.7; found: 408.2.

Example 39.
Preparation of 8-(1-ethyl-propyl)-3-[5-(4-fluoro-phenyl)-3-methyl-thiophen-2-yl]-2,6-
dimethyl-imidazo[1,2-b]pyridazine.

A slurry of 0.05 g/mL of Reike® Zn in THF (0.26 g, 4.01 mmol) and 1-bromo-4-
fluoro-benzene (0.29 mL, 2.68 mmol) is heated at a reflux overnight. The solution is
filtered under nitrogen. 3-(5-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[l,2-b]pyridazine (0.35 g, 0.89 mmol) and PdCl>(dppf) (0.033 g, 0.045
mmol) are added, and the solution is heated at a reflux overnight diluted with EtOAc (30
mL), washed with 10% citric acid (20 mL), water (20 mL), brine (20 mL), dried over
MgSO,, filtered and concentrated. The residue is purified by ISCO column
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chromatography (10%-15% EtOAc/hexane gradient) furnish the title compound (0.091 g,
0.22 mmol, 25%). 'H NMR (CDCls), 5 0.88 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.15
(s, 3H), 2.50 (s, 3H), 2.52 (s, 3H), 3.30-3.38 (m, 1H), 6.68 (s, 1H), 7.08 (d, /= 8.8 Hz,
2H),7.18 (s, 1H), 7.59 (dd, J = 8.5, 5.3 Hz, 2H). LC/MS (m/z): calcd. for Ca4Hz6FN3S
(M+H)*: 408.7; found: 408.3.

Example 40.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-ethyl-5-(6-methyl-pyridin-2-yl)-
thiophen-2-yl]-imidazo[l,2-b]pyridazine.

N

7
/,N § N=
=N | )=\ /

Using a procedure similar to Example 31, 2-bromo-6-ethyl pyridine (0.26 g, 1.41
mmol), 1.56 M n-Bu-Li (0.94 mL, 1.47 mmol), 0.5 M ZnC); in THF (3.0 mL, 1.53
mmol), 3-(5-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.50 g, 1.27 mmol) and PdCly(dppf) (0.047 g, 0.064 mmol)
produce the title compound (0.15 g, 0.36 mmol, 28%). 'H NMR (CDCl3), 5 0.90 (t, J =
7.5 Hz, 6H), 1.34 (t, J = 7.5 Hz, 3H), 1.75-1.94 (m, 4H), 2.16 (s, 3H), 2.51 (s, 3H), 2.52
(s, 3H), 2.85 (q, J = 16.2, 7.5 Hz, 2H), 3.31-3.41 (m, 1H), 6.67 (s, 1H), 7.01 (d, J = 7.8
Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H), 7.53 (s, 1H), 8.59 (t, J = 7.8 Hz, 1H). LC/MS (m/z):
caled, for CosHsoNLS (M+H)': 419.3; found: 419.3.

Example 41.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yl)-
thiophen-2-yl]-imidazo[l,2-b]pyridazine hydrochloride.
N *HCl
{ |
N

/

1 S N_
=N | )\ 4

Using a procedure similar to Example 33, 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-
methyl-5-(6-methyl-pyridin-2-yl)-thiophen-2-yl]-imidazo[ /,2-b]pyridazine (0.55 g, 1.36
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mimol), MeOH (6 mL) and AcCl (0.098 mL, 1.36 mmol) furnish the title compound (0.11
g, 0.25 mmol, 42%). 'H NMR (CDCls), 8 0.96 (t, J = 7.2 Hz, 6H), 1.74-1.89 (m, 2H),
1.89-2.02 (m, 2H), 2.22 (s, 3H), 2.68 (s, 3H), 2.78 (s, 3H), 3.08 (s, 3H), 3.88-3.98 (m,
1H), 7.23 (s, 1H), 7.40 (d, J = 6.9 Hz, 1H), 7.71 (d, J = 4.8 Hz, 1H), 8.06 (s, 1H), 8.82 (s,
1H). LC/MS (m/z): calcd. for Ca4HpoCINGS (M+H)": 441.3; found: 405.2.

Example 42.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-thiazol-2-yl-thiophen-2-yl)-

N
f% |
N S S
=N | };]

Using a procedure similar to Example 32, 3-(5-bromo-3-methyl-thiophen-2-yl)-8-
(1-ethyl-propyl)-2,6-dimethyl-imidazo[I,2-b]pyridazine (0.46 g, 1.17 mmol), 0.5 M 2-
thiazolylzinc bromide in THF (4.7 mL, 2.35 mmol) and PdClx(dppf) (0.043 g, 0.059
mmol) furnish the title compound (0.32 g, 0.81 mmol, 70%). 'H NMR (CDCls), 6 0.90 (t,
J=7.5Hz, 6H), 1.76-1.94 (m, 4H), 2.18 (s, 3H), 2.52 (s, 3H), 2.53 (s, 3H), 3.31-3.40 (m,
1H), 7.70 (s, 1H), 7.27 (d, J = 3.6 Hz, 1H), 7.47 (s, 1H), 7.78 (d, J = 3.6 Hz, 1H). LC/MS
(m/z): calcd. for Co HauN4S, (M+H)+: 397.7; found: 397.1.

imidazo[l,2-b]pyridazine.

Example 43.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyrazin-2-yl-thiophen-2-
yl)-imidazo[Z,2-b]pyridazine.

N
/ -
N S N=
= T )0
N
Using a procedure similar to Example 31, 3-(5-bromo-3-methyl-thiophen-2-y1)-8-
(1-cthyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.40 g, 1.02 mmol) (example

Rupp-2), 2-chloropyrazine (0.11 mL, 1.22 mmol), 1.42 M »-Bu-Li (1.52 mL, 1.07.
mmol), 0.5 M ZnCl; in THF (2.14 mL, 1.07 mmol), and PdCl,(dppf) (0.037 g, 0.051
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mmol) furnish the title compound (0.19 g, 0.49 mmol, 48%). 'H NMR (CDCls), § 0.90 (t,
J=17.5Hz, 6H), 1.75-1.94 (m, 4H), 2.20 (s, 3H), 2.52 (s, 3H), 2.53 (s, 3H), 3.31-3.40 (m,
1H), 6.69 (s, 1H), 7.63 (s, 1H), 8.40 (d, J = 2.6 Hz, 1H), 8.51 (t, J = 1.9 Hz, 1H), 8.96 (d,

J=0.9 Hz, 1H). LC/MS (m/z): caled. for CooHysNsS (M+H)": 392.3; found: 392.2.

Example 44.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(4-methyl-[2,2'Tbithiophenyl-5-yl)-
imidazo[/,2-b]pyridazine.

Using a procedure similar to Example 32, from 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[I,2-b]pyridazine (0.30 g, 0.76 mmol), 0.5 M
2-thiophenlyzinc bromide in THF (3.0 mL, 1.53 mmol) and PdCl,(dppf) (0.028 g, 0.038
mmol) furnish the title compound (0.25g, 0.63 mmol, 83%). 'H NMR (CDCls), § 0.89 (t,
J =17.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.14 (s, 3H), 2.50 (s, 3H), 2.53 (s, 3H), 3.30-3.39 (m,
1H), 6.68 (s, 1), 7.02 (dd, J = 5.0, 3.6 Hz, 1H), 7.11 (s, 1H), 7.19 (d, J = 3.6 Hz, 1H),
7.19 (dd, J = 5.0, 1.0 Hz, 1H). LC/MS (m/z): caled. for CapHasN3S, (M+H)": 396.7;
found: 396.2.

Example 45.
Preparation of 3-(5-butyl-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazol[1,2-b]pyridazine.

Using a procedure similar to Example 25 from 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine (0.40 g, 0.1.02 mmol), 1.34
M n-Bu-Li (1.60 mL, 2.14 mmol), 0.5 M ZnCl, (4.3 mL, 2.14 mmol) and PdCl>(dppf)
(0.037 g, 0.051 mmol) furhishes the title compound (0.25g, 0.69 mmol, 68%). 'H NMR
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(CDCly), 8 0.88 (t, J = 7.5 Hz, 6H), 0.97 (t, J = 7.5 Hz, 3H), 1.40-1.51 (m, 2H), 1.67-1.92
(m, 6H), 2.07 (s, 3H), 2.46 (s, 3H), 2.51 (s, 3H), 2.83 (t, J = 8.0 Hz, 2H), 3.30-3.38 (m,
1H), 6.64 (s, 1H), 6.70 (s, 1H) LC/MS (m/z): calcd. for Co2H31N3S (M+H)": 370.3; found:
370.2.

- Example 46.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(1-methyl-1H-pyrazol-3-
yD)-thiophen-2-ylj-imidazo[l,2-b]pyridazine.

Using a procedure analogous to Example 31, 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazine (0.40 g, 1.02 mmol), 1.42
M n-Bu-Li (0.75 mL, 1.07 mmol), 0.5 M ZnCl, in THF (2.14 mL, 1.07 mmol), 3-bromo-
1-methyl-1H-pyrazole (Pavlik, J.; Kurzweil, E.; J. Org. Chem., 1991, 56, 22, 6313)
(0.20 g, 1.22 mmol) and PdCl,(dppf) (0.037 g, 0.051 mmol) furnish the title compound
(0.041g, 0.10 mmol, 10%). "H NMR (CDCl3) § 0.90 (t, J = 7.5 Hz, 6H), 1.75-1.94 (m,
4H), 2.15 (s, 3H), 2.51 (s, 3H), 2.52 (s, 3H), 3.31-3.41 (m, 1H), 3.95 (s, 3H), 647 (d, J =
2.2 Hz, 1H), 6.67 (s, 1H), 7.25 (s, 1H), 7.36 (d, J = 2.2 Hz, 1H). LC/MS (m/z): calcd. for
CpoH27NsS (M+H)™: 394.3; found: 394.2.

Example 47.
Preparation of 8-(1-ethyl-propyD)-2,6-dimethyl-3-[4-methyl-2-(2-methyl-2 H-
[1,2,4]triazol-3-yl)-thiazol-5-yl]-imidazo[],2-b]pyridazine.

82 mg of 1-Methyl-1,2,4-triazole (0.99 mmol) is dissolved in 2 ml of dry THF and
cooled to —78°C and 0.4 ml of n-butyllithium 2.5 M in hexane (0.99 mmol) is added. The

reaction mixture is stirred at —78C to room temperature for 10min and cooled to —78°C
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again. 1.98 ml of 0.5 M zinc chloride 0.5 M solution in THF (0.99 mmol) is added and
stirred at —78C to room temperature for 15 min. 265 mg of 3-(2-bromo-4-methyl-thiazol-
5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazine (0.66 mmol) and 27 mg
of PACI12(dppf) (0.033 mmol) are added and the vial is capped with a Teflon cap and
heated at 80°C for 2 days. The reaction is cooled to room temperature and quenched with
sat. NH4Cl and extracted with CH2CI12. The separated CH2CI2 layer is dried over
Na2S04 and evaporated. The crude product is applied onto a silica-gel chromatography
column (Hexane : AcOEt : 2 M NH3 in MeOH=10:2:1) to give 57 mg of the title product.
Yield 22%. mass spectrum (m/e):396(M+1). '"H-NMR (CDCI3): § 7.96 (s, 1H), 6.77 (s,
1H), 4.45 (s, 3H), 3.36 (m, 1H), 2.55 (s, 3H), 2.52 (s, 3H), 2.47 (s, 3H), 1.88 (m, 4H),
0.92 (t, J=7.3Hz, 6H).

Example 48.
Preparation of 3-[4-bromo-2-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiazol-5-yl]-8-(1-ethyl-
propyD)-2,6-dimethyl-imidazo[l,2-b]pyridazine.

N
s )
N S N~
‘ =N | )——Q‘J
Brr~ N N

82 mg of 1-methyl-1,2,4-triazole (0.99 mmol) is dissolved in 2 ml of dry THF and
cooled to —78°C and 0.4 ml of n-butyllithium 2.5 M in hexane (0.99 mmol) is added. The
reaction mixture is stirred at —78°C to room temperature for 10min and cooled to —78°C
again. 1.98 ml of 0.5 M zinc chloride 0.5 M solution in THF (0.99 mmol) is added and
stirred at —78°C to room temperature for 15min. 152 mg of 3-(2,4-dibromo-thiazol-5-yl)-
8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.33 mmol) and 27 mg of
PdC12(dppf) (0.033 mmol) are added and the vial is capped with a Teflon cap and heated
at 80°C for 2days. The reaction is cooled to room temperature and quenched with sat.
NHA4CI and extracted with CH2C12. The separated CH2CI2 layer is dried over Na2S0O4
and evaporated. The crude product is applied onto a silica-gel chromatography column

(Hexane:AcOEt:2M NH3 in MeOH=10:2:1) to give 88mg of the title product. Yield 54%.
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mass spectrum (m/e):461(M+1). 'H-NMR (CDCI3): 7.98 (s, 1H), 6.77 (s, 1H), 4.44 (s,
3H), 3.35 (m, 1H), 2.59 (s, 3H), 2.55 (s, 3H), 1.88 (m, 4H), 0.92 (t, J=7.5Hz, 6H).

Example 49.
Preparation of 3-[4-chloro-2-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiazol-5-y1]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[ 1, 2-b]pyridazine.

N
4 11| ) \
= =<
o N N

175 mg of 3—[4—Bromo—2—(2—methy1—2H—[1,2,4]triazol—3—yl)—thiazol—5—yl]—8-(1—
ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazine (0.38 mmol) and 56 mg of copper
chloride (0.57 mmol) are placed into 4 ml vial with 3.0 ml of dry DMF and the vial is
capped with a Teflon cap. The vial is heated at 130°C overnight. The reaction mixture is
applied onto a silica-gel chromatography column (Hexane:AcOEt=3:1 and
hexane: AcOEt=8:1) to give 91 mg of crude product. The pure product is recrystalized
from Et20/Hexane. 73 mg (46%). mass spectrum (m/e):416(M+1). TH-NMR (CDCI3):
7.98 (s, 1H), 6.80 (s, 1H), 4.44 (s, 3H), 3.35 (m, 1H), 2.59 (s, 3H), 1.88 (m, 4H), 0.92 (t,
J=7.5Hz, 6H).

Example 50.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(4-methyl-oxazol-5-yl)-imidazo[,2-
b]pyridazine.
w N\ ’S\l
\
\ N

686 mg of 8-(1-Ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[/,2-b]pyridazine (2.0
mmol), 830 mg of 4-methyl-oxazole. (10 mmol), 105 mg of triphenylphosphine ( 0.4

mmol) and 1.30 g of cesium carbonate (4.0 mmol) are placed into tube with 10 ml of dry
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DMEF. N2 gas is bubbled in for 20min and 92 mg of Pd2dba3 (0.1 mmol) is added. The
tube is sealed and heated at 130°C overnight. After being cooled to room temperature,
water and CHCI2 are added to the mixture. The CHCI2 layer is separated, washed with
sat. NaCl, dried over Na2SO4 and evaporated. The crude product is applied onto a silica-
gel chromatography column (Hexane:AcOEt=5:1) to give 234 mg of the title product.
Yield 39%. mass spectrum (m/e):299(M+1). TH-NMR (CDCI3): 8.06 (s, 1H), 6.75 (s,
1H), 3.34 (m, 1H), 2.56 (s, 3H), 2.50 (s, 3H), 2.29 (s, 3H), 1.86 (m, 4H), 0.90 (t, J=7.4Hz,
6H).

Example 51.
Preparation of N-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazin-3-yl]-4-

methyl-oxazol-2-yl}-dimethylamine.

" p{
S

A. 3-(2-Bromo-4-methyl-oxazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-
blpyridazine.

230 mg of 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(4-methyl-oxazol-5-yl)-
imidazo[1,2-b]pyridazine (0.77 mmol) is dissolved in 20 ml of CH2CI2 and 178 mg of
NBS (1.0 mmol) is added. The reaction mixture is stirred at room temperature overnight.
The reaction mixture is washed with sat. Na2S203, sat. NaCl, dried over Na2SO4 and
evaporated. The crude product is applied onto a silica-gel chromatography column
(Hexane:AcOFEt=3:1) to give 36 mg of the title compound. Yield 12%. mass spectrum
(m/e):378(M+1). 'TH-NMR (CDCI3): 6.82 (s, 1H), 3.39 (m, 1H), 2.58 (s, 3H), 2.53 (s,
3H), 2.26 (s, 3H), 1.85 (m, 1H), 0.89 (t, J=7.4Hz, 6H).

B. N-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazin-3-yl]-4-methyl-
oxazol-2-yl}-dimethylamine.

32 mg of 3-(2-Bromo-4-methyl-oxazol-5-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazol /,2-b]pyridazine (0.08 mmol) and 78 mg of cesium carbonate (0.24 mmol) are

placed into vial with 3 ml of dimethylamine 2.0 M in THF. The vial is capped with a
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Teflon cap and heated at 110°C for 3days. The reaction mixture is cooled to room
temperature, concentrated, and applied onto a silica-gel chromatography column (Hexane
:AcOEt:2M NH3 in MeOH=10:2:1) to give 24 mg of the title product. Yield 89%. mass
spectrum (m/e):342(M+1). "H-NMR (CDCI3): 6.71(s, 1H), 3.34 (m, 1H), 3.13 (s, 61D),
2.56 (s, 3H), 2.49 (s, 3H), 2.14 (s, 3H), 1.84 (m, 4H), 0.89 (t, J=7.5Hz, 6H).

Example 52.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[(4-methyl-2-ethylamino)-thiazol-5-yl]-
imidazofl,2-b]pyridazine.

The title compound is prepared essentially as described in Example 51B. employing 2.0
ml of ethylamine 2.0 M in THF and 182 g of cesium carbonate (0.56 mmol), 78%. mass
spectrum (m/e):358 (M+1); 1TH-NMR (CDCI3): 6.69(s, 1H), 5.23(br, 1H), 3.38(m, 3H),
2.56(s, 3H), 2.46(s, 3H), 2.17(s, 3H), 1.85(m, 4H), 1.35(t, 3H, J=7.2Hz), 0.90(t, 6H,
J=7.2Hz).

Example 53.
Preparation of 3-[5-(2,4-dimethyl-thiazol-5-y1)-3-methyl-thiophen-2-yl]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine.

To a —78 °C mixture of 2,4-dimethylthiazole (0.23 g, 2.04 mmol) and THF (3 mL.)
is added 1.6 M #-Bu-Li in hexane (1.30 mL, 2.09 mmol). The mixture is stirred at —78°C
for 15 minutes. 0.5 M ZnCl, in THF (4.3 mL, 2.14 mmol) is added and the solution
warmed to ambient temperature. 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-
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2,6-dimethyl-imidazo[I,2-b]pyridazine (0.40 g, 1.02 mmol) and PdClx(dppf) (0.037 g,
0.051 mmol) is added and mixture is stirred at 65 °C overnight, diluted with EtOAc 20
mL), washed with 10% citric acid (15 mL), water (15 mL), brine (15 mL), dried over
MgSO., filtered and céncentrated. The residue is purified by silica gel chromatography
(0%-15% EtOAc/hexane gradient) furnish the title compound (0.21 g, 0.49 mmoi, 49%).
'H NMR (CDCls), § 0.87 (t, J = 7.5 Hz, 6H), 1.73-1.91 (m, 4H), 2.14 (s, 3H), 2.49 (s,
3H), 2.52 (s, 3H), 2.57 (s, 3H), 2.66 (s, 3H), 3.28-3.38 (m, 1H), 6.68 (s, 1H), 7.00 (s, 1H).
LC/MS (m/z): calcd. for CosHpeN4S, M+H)™: 425.3; found: 425.2.

Example 54.
Preparation of 3-[5-(4,5-dimethyl-thiazol-2-yl)-3-methyl-thiophen-2-yl}-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[],2-b]pyridazine.

N
(|
r%%@%l
N / 5

Using a procedure similar to Example 25, from 4,5-dimethylthiazole (0.22 mL,
2.04 mmol), 1.56 M n-Bu-Li (1.34 mL, 2.09 mmol), ZnCl; (4.3 mL, 2.14 mmol), 3-(5-
bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ], 2-
blpyridazine (0.40 g, 1.02 mmol) and PdCl,(dppf) (0.037 g, 0.051 mmol) furnish the title
compound (0.27 g, 0.64 mmol, 63%). 'H NMR (CDCls), 8 0.89 (t, J = 7.5 Hz, 6H), 1.74-
1.91 (m, 4H), 2.13 (s, 3H), 2.36 (s, 3H), 2.38 (s, 3H), 2.49 (s, 3H), 2.51(s, 3H), 3.29-3.38
(m, 1H), 6.67 (s, 1H), 7.32 (s, TH). LC/MS (m/z): calcd. for Cy3HzsN4S2 (M+H)*: 425.3;
found: 425.2.

Example 55.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(2-methyl-pyridin-4-yl)-
thiophen-2-yl}-imidazo[/,2-b]pyridazine.

N

7 |
/N S —
=N I/ NN
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Using a procedure similar to Example 31, from 4-bromo-2-methyl pyridine
(Fukaya et. el. Chem. Pharm. Bull., 1990, 38, 2446) (0.21 g, 1.22 mmol), 1.56 M n-Bu-
Li (0.69 mL, 1.07 mmol), 0.5 M ZnCl, in THF (2.2 mL, 1.12 mmol), 3-(5-bromo-3-
methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazine (0.40 g,
1.02 mmol) and PdCly(dppf) (0.037 g, 0.051 mumol) fumnish the title compound (0.058 g,
0.14 mmol, 14%). 'H NMR (CDCls), 8 0.87 (t, J = 7.5 Hz, 6H), 1.73-1.91 (m, 4H), 2.16
(s, 3H), 2.48 (s, 3H), 2.51 (s, 3H), 2.58 (s, 3H), 3.27-3.37 (m, 1H), 6.68 (s, 1H), 7.29 (d, J
= 5.3 Hz, 1H), 7.35 (s, 1H), 7.41 (s, 1H), 8.46 (t, J = 5.3 Hz, 1H). LC/MS (m/z): calcd.
for CpqHagN4S (M+H)": 405.3; found: 405.2.

Example 56.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(1-methyl-1H-pyrazol-4-
yl)-thiophen-2-yl]-imidazo[l,2-b]pyridazine.

a
/N S
] =N
| =N I )N\

Using a procedure analogous to Example 31, from 3-(5-bromo-3-methyl-
thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazine (0.40 g, 1.02
mmol), 1.42 M n-Bu-Li (0.75 mL, 1.07 mmol), 0.5 M ZnCl; in THF (2.14 mL, 1.07
mmol), 4-bromo-1-methyl-1H-pyrazole (0.25 g, 1.53 mmol) and PdCl»(dppf) (0.037 g,
0.051 mmol) furnishes the title compound (0.092g, 0.23 mmol, 23%). 'H NMR (CDCls)
5 0.88 (t, J = 7.4 Hz, 6H), 1.73-1.92 (m, 4H), 2.12 (s, 3H), 2.48 (s, 3H), 2.52 (s, 3H),
3.29-3.38 (m, 1H), 3.92 (s, 3H), 6.66 (s, 1H), 6.98 (s, 1H), 7.54 (s, 1H), 7.68 (s, 1H).
LC/MS (m/z): caled. for CpHpyNsS (M+H)™: 394.3; found: 394.2.
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Example 57.
Preparation of 4-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazin-3-yl]-4-
methyl-thiophen-2-yl }-tetrahydro-pyran-4-ol.

=
N -
N

S

~N
N
7 1 oH

@)

To a -78°C solution of 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[ ,2-b]pyridazine (0.60 g, 1.53 mmol) and THF (10 mL) is added
1.56 M n-Bu-Li (1.03 mL, 1.61 mmol). After 30 minutes tetrahydro-pyran-4-one (0.21
mL, 2.29 mmol) is added over 5 minutes. The solution is stirred at —78°C for 2 hours,
warmed to ambient temperature, diluted with EtOAc (50 mL), washed with sat. NH4Cl
(50 mL), dried over MgSOy, filtered and concentrated. The residue is purified by ISCO
column chromatography (20%-100% EtOAc/hexane gradient) furnish the title compound
(0.38 g, 0.92 mmol, 60%). '"H NMR (CDCls), 8 0.88 (t, J = 7.5 Hz, 6H), 1.74-1.91 (m,
4HD), 1.91-2.00 (m, 2H), 2.11 (s, 3H), 2.20-2.30 (m, 2H), 2.46 (s, 3H), 2.51 (s, 3H), 3.30-
3.39 (m, 1H), 3.83-3.98 (m, 5H), 6.66 (s, 1H), 6.93 (s, 1H). LC/MS (m/z): calcd. for
Co3H3 1 N30,S (M+H)™: 414.3; found: 414.2.

Example 58.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(tetrahydro-pyran-4-yl)-
thiophen-2-yl]-imidazo[/,2-b]pyridazine.

N

¢ |
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Method A.
To a solution of 4-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazin-
3-yl]-4-methyl-thiophen-2-yl}-tetrahydro-pyran-4-ol (0.25 g, 0.604 mmol) and CHCl,
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(10 mL) is added TFA (0.79 mL, 10.28 mmol) and Et;SiH (0.25 mL, 1.57 mmol). The
solution is concentrated, dissolved in EtOAc (30 mL), washed with sat. NaHCO3 (30
mL), dried over MgSQy, filtered and concentrated. The residue is purified by ISCO
column chromatography (10%-15% EtOAc/hexane gradient), is dissolved in EtOH (25
mL), 10 % Pd/C (0.07 g, 0.066 mmol) is added and the solution stirred under an
atmosphere of Hy. After 2 hours the solution is filtered thru celite® and concentrated.
The residue is purified by ISCO column chromatography (30% EtOAc in hexane) furnish
the title compound (0.033 g, 0.083 mmol, 14%). '"H NMR (CDCl), 8 0.88 (t, J = 7.5 Hz,
6H), 1.74-1.95 (m, 4H), 1.97-2.04 (m, 2H), 2.09 (s, 3H), 2.20-2.30 (m, 2H), 2.46 (s, 3H),
2.52 (s, 3H), 3.00-3.11 (m, 1H), 3.30-3.40 (m, 1H), 3.54 (dt, J = 11.8, 2.2 Hz, 2H), 4.08
(dd, J = 11.8, 2.2 Hz, 2H), 6.65 (s, 1H), 6.75 (s, 1H). LC/MS (m/z): calcd. for
Co3H31N30S (M+ID)™: 398.7; found: 398.2.

Method B.
A. 4-(5-Bromo-4-methyl-thiophen-2-yl)-tetrahydro-pyran-4-ol.

To a -78°C solution of 2-bromo-3-methyl-thiophene (2.0 g, 17.75 mmol) and THF
(30 mL) is added 2.0 M LDA (9.32 mL, 18.63 mmol). After 30 minutes at —78°C
tetrahydro-pyran-4-one (2.3 mL, 23.07 mmol) is added and the solution is warmed to
ambient temperature. The solution is washed with sat. NH4C1 (30 mL). The aqueous
phases is extracted with EtOAc. The combined organic layers are dried over MgSOs,
filtered and concentrated. The residue is purified by ISCO column chromatography
(30%-100% EtOAc/hexane gradient) furnish the title compound (2.3 g, 8.30 mmol, 47%).
'"H NMR (CDCls), § 1.82 (m, 2H), 2.00 (s, 3H), 2.06-2.15 (m, 3H), 2.16 (s, 3H), 3.77-
3.84 (m, 2H), 3.87 dt, J = 11.3, 2.2 Hz, 2H), 6.67 (s, 1H). LC/MS (m/z): calcd. for
C10H13Br0O,S (M+H)*: 277.0; found: 260.9.

B. 4-(5-Bromo-4-methyl-thiophen-2-yl)-tetrahydro-pyran.
To a solution of 4-(5-bromo-4-methyl-thiophen-2-yl)-tetrahydro-pyran-4-ol (2.3 g,

8.30 mmol) and 1,2-dichloroethane (50 mL) is added Znl, (3.97 g, 12.45 mmol) and

sodium cyanoborohydride (3.91, 62.23 mmol). The solution is stirred for 1 hour, filtered
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thru celite and concentrated. The residue is purified by ISCO column chromatography
(5%-10% EtOAc/hexane gradient) furnish the title compound (1.53 g, 5.86 mmol, 71%).
1H NMR (CDCls), 8 1.69-1.82 (m, 2H), 1.84-1.92 (m, 2H), 2.14 (s, 3H), 2.84-2.98 (m,
1H), 3.49 (dt, J = 11.8, 2.2 Hz, 2H), 4.00-4.07 (m, 2H), 6.51 (s, 1H).

C. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(tetrahydro-pyran-4-yl)-thiophen-2-
yl]-imidazo[l,2-b]pyridazine.

Using a procedure similar to Example 25, 4-(5-bromo-4-methyl-thiophen-2-yl)-
tetrahydropyran (0.83 g, 3.19 mmol), 1.56 M n-Bu-Li (2.04 mL, 3.19 mmol), ZnCl, (64
mL, 3.19 mmol), 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[l,2-b]pyridazine (0.50
g, 1.56 mmol) and Pd(PPhs), (0.092 g, 0.008 mmol) furnish the title compound (0.072 g,
0.18 mmol, 11%). Spectrum identical to that from Method A.

Example 59.
Preparation of 3-[5-(3,4-difluoro-phenyl)-3-methyl-thiophen-2-yl]-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[, 2-b]pyridazine.

N
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Using a procedure similar to Example 32, 3-(5-bromo-3-methyl-thiophen-2-yl)-8-
(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1, 2-b]pyridazine (0.50 g, 1.27 mmol) and
PdCly(dppf) (0.047 g, 0.064 mmol) and 0.5 M solution of 3,4-difluorophenylzinc bromide
in THF (5.1 mL, 2.55 mmol) are reacted. The residue is purified by ISCO column
chromatography (15%-20% EtOAc/hexane gradient) and is chromatographed (50 x 250
C18 Symmetry column, 30-80% water: 0.1 % TFA /ACN: 0.1% TFA gradient) furnish
the title compound (0.18 g, 0.42 mmol, 33%). IH NMR (CDCls), 8 0.90 (t, J = 7.5 Hz,
6H), 1.76-1.94 (m, 4H), 2.16 (s, 3H), 2.50 (s, 3H), 2.54 (s, 3H), 3.31-3.40 (m, 1H), 6.69
(s, 1H), 7.13-7.21 (m, 1H), 7.18 (s, 1H), 7.31-7.36 (m, 1H), 7.39-7.46 (m, 1H). LC/MS
(m/z): caled. for CoqHysFoN3S (M+H): 426.3; found: 426.2.
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Example 60.
Preparation of 3-(5-benzyl-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-

imidazo[ /,2-b]pyridazine.

&
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Using a procedure similar to Example 32, 3-(5-bromo-3-methyl-thiophen-2-y1)-8-
(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.30 g, 0.765 mmol) and
PdCly(dppf) (0.028 g, 0.038 mmol) and 0.5 M solution of benzylzinc bromide in THF
(4.6 mL, 2.29 mmol) are reacted. The residue is purified by ISCO column
chromatography (15%-20% EtOAc/hexane gradient) and is chromatographed (50 x 250
C18 Symmetry column, 40-65% water: 0.1 % TFA /ACN: 0.1% TFA gradient) furnish
the title compound (0.062 g, 0.15 mmol, 20%). 'H NMR (CDCls), 6 0.88 (t, J = 7.5 Hz,
6H), 1.73-1.92 (m, 4H), 2.06 (s, 3H), 2.45 (s, 3H), 2.51 (s, 3H), 3.29-3.39 (m, 1H), 4.16
(s, 2H), 6.65 (s, 1H), 6.68(s, 1H), 7.22-7.29 (m, 1H), 7.31-7.36 (m, 4H). LC/MS (m/z):
caled. for CpsHaoN3S (M+H)': 404.3; found: 404.2.

Example 61.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-4-pyridin-3-yl-thiophen-2-
yl)-imidazo[,2-b]pyridazine.

A solution of 3-(4-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[,2-b]pyridazine (0.25 g, 0.64 mmol), pyridine-3-boronic acid (0.086
g, 0.70 mmol), 2 M Na,CO3 (0.48 mL, 0.96 mmol) and, n-PrOH (3 mL), is degassed with
nitrogen for 10 minutes. Pd(OAc); (2.7 mg, 0.0013 mmol) and PPh; (0.010 g, 0.038
mmol) are added and the solution is heated at 90 °C overnight. The solution is diluted
with BEtOAc (30 mL), washed with 10% NayCOs3 (30 mL), water (30 mL), brine (30 mL),

3902



WO 2006/102194 PCT/US2006/009942

67

dried over MgSOu, filtered, and concentrated. The residue is purified by ISCO (20-40%
EtOAc gradient) furnish the title compound (0.051 g, 0.13 mmol, 20%). '"H NMR
(CDCl3) § 0.88 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.09 (s, 3H), 2.50 (s, 3H), 2.52 (s,
3H), 3.29-3.40 (m, 1H), 6.69 (s, 1H), 7.33-7.43 (m, 1H), 7.47 (s, 1H), 7.80 (d, J=7.9 Hz,
1H), 8.61 (bs, 1H), 8.78 (bs, 1H). LC/MS (m/z): calcd. for Co3HaeNaS (M-+H)™: 391.2;
found: 391.4.

Example 62.
Preparation of 8-(1-ethyl-propyl)-3-[5-(6-methoxy-pyridin-2-yl)-3-methyl-thiophen-2-yl}-
2,6-dimethyl-imidazo[],2-b]pyridazine.

N
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Using a procedure similar to Example 32, from 3-(5-bromo-3-methyl-thiophen-2-
y1)-8~(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.30 g, 0.765 mmol) and
PdCly(dppf) (0.028 g, 0.038 mmol) and 0.5 M solution of 6-methoxy-2-pyridylzinc
bromide in THF (3.0 mL, 1.53 mmol) furnish the title compound (0.12 g, 0.29 mmol,
38%). 'H NMR (CDCls), § 0.88 (t, J = 7.5 Hz, 6H), 1.73-1.92 (m, 4H), 2.15 (s, 3H), 2.50
(s, 3H), 2.51 (s, 3H), 3.29-3.38 (m, 1H), 3.98 (s, 3H), 6.61 (d, J = 7.5 Hz, 1H), 6.70(s,
1H), 7.23 (d, J = 7.5 Hz, 1H), 7.52 (s, 1H), 7.56 (d, J = 7.7 Hz, 1H). LC/MS (m/z): calcd.
for CouaHgN,OS (M+H)™: 421.3; found: 421.3.

Example 63.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(4-methyl-pyridin-2-yl)-
thiophen-2-ylj-imidazo[],2-b]pyridazine.
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Using a procedure similar to Example 32, from 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazine (0.30 g, 0.765 mmol) and
PdCly(dppf) (0.028 g, 0.038 mmol) and 0.5 M solution of 4-methyl-2-pyridylzinc
bromide in THE (3.0 mL, 1.53 mmol) furnish the title compound (0.21 g, 0.52 mmol,
68%). '"H NMR (CDCls), § 0.90 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.17 (s, 3H), 2.40
(s, 3H), 2.52 (s, 6H), 3.30-3.40 (m, 1H), 6.67 (s, 1H), 6.97(d, J = 4.8 Hz, 1H), 7.49 (s,
1H), 7.52 (s, 1H), 8.42 (d, J = 4.8 Hz, 1H). LC/MS (1m/z): calcd. for CoqHogN4S (M+H)™:
405.3; found: 405.3.

Example 64.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(3-methyl-pyridin-2-yI)-
thiophen-2-yl]-imidazo[/,2-b]pyridazine.
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Using a procedure similar to Example 32, from 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[],2-b]pyridazine ) (0.30 g, 0.765 mmol) and
PdCly(dppf) (0.028 g, 0.038 mmol) and 0.5 M solution of 3-methyl-2-pyridylzinc
bromide in THF (5.0 mL, 2.50 mmo]) furnish the title compound (0.22 g, 0.54 mmol,
71%). '"H NMR (CDCls), § 0.88 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.17 (s, 3H), 2.50
(s, 3H), 2.51 (s, 3H), 2.63 (s, 3H), 3.29-3.39 (m, 1H), 6.67 (s, 1H), 7.06-7.14 (m, 1H),
7.44 (s, 1H), 7.74 (dd, J = 7.5, 0.9 Hz, 1H), 8.47 (dd, J = 4.9, 0.9 Hz, 1H). LC/MS (m/z):
caled. for CuHogN4S (M+H)*: 405.3; found: 405.3.
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Example 65.
Preparation of (6-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-b]pyridazin-3-yl]-4-
methyl-thiophen-2-yl}-pyridin-2-yl)-dimethyl-amine.

Using a procedure similar to Example 39, from Rieke® Zn in THF (0.20 g, 3.06
mmol), (6-bromo-pyridin-2-yl)-dimethyl-amine (Newkomw et. el. J. Org. Chem., 1988,
3, 786) (0.41 mL, 2.04 mmol), 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[,2-b]pyridazine (0.35 g, 0.89 mmol), and PdCl(dppf) (0.037 g,
0.051 mmol) furnish the title compound (0.16 g, 0.37 mmol, 36%). 'H NMR (CDCl3), &
0.89 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.15 (s, 3H), 2.51 (s, 3H), 2.52 (s, 3H), 3.21
(s, 6H), 3.30-3.40 (m, 1H), 6.40 (d, J = 8.4 Hz, 1H), 6.66 (s, 1H), 6.95 (d, /= 7.4 Hz,
1H), 7.45 (dd, J = 8.4, 7.4 Hz, 1H), 7.46 (s, 1H). LC/MS (m/z): calcd. for C;5H31NsS
(M+H)": 434.3; found: 434.3.

Example 66.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(5-methyl-pyridin-2-yl)-
thiophen-2-yl]-imidazo[/,2-b]pyridazine.
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Using a procedure similar to Example 32, from 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.30 g, 0.765 mmol) and
PdCl,(dppf) (0.028 g, 0.038 mmol) and 0.5 M solution of 4-methyl-2-pyridylzinc
bromide in THF (3.0 mL, 1.53 mmol) furnish the title compound (0.23 g, 0.57 mmol,
74%). *H NMR (CDCls), & 0.90 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.16 (s, 3H), 2.35
(s, 3H), 2.51 (s, 3H), 2.52 (s, 3H), 3.31-3.41 (m, 1H), 6.67 (s, 1H), 7.48(s, 1H), 7.50 (d, J
=22 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 8.39-8.40 (m, 1H). LC/MS (m/z): calcd. for
CouHasN4S (M+H)™: 405 3; found: 405.3.
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Example 67.

Preparation of 8-(1-ethyl-propyl)-3-[5-(6-methanesulfonyl-pyridin-2-yl)-3-methyl-
thiophen-2-yl]-2,6-dimethyl-imidazo[1,2-b]pyridazine.

A. 2-Bromo-6-methanesulfonyl-pyridine.

To a solution of 2-bromo-6-methylsulfanyl-pyridine (Testaferri et. el Terrahedron,
1985, 41, 1373) (2.15 g, 10.53 mmol) and CH>Cl, (30 mL) is added 56-87% mCPBA (12
g, 42.15 mmol). The solution is cooled with ice to ambient temperature and the solution
is stirred for 2 hour, washed with sat. NayS»03 (15 mL), sat. NaHCO3 (2 X 15 mL) dried
over MgSOy,, filtered and concentrated. The residue is purified by recrystalization from
EtOAc /hexane furnish the title compound (1.71 g, 7.24 mmol, 69%). 'H NMR (CDCl),
§3.26 (s, 3H), 7.73 (dd, J = 8.0, 0.9 Hz, 1H), 7.82 (dd, J = 8.0, 7.5 Hz, 1H), 8.05 (dd, J =
7.5, 0.9 Hz, 1H). LC/MS (m/z): calcd. for CsHsBrNO,S (M+H)™: 235.9; found: 235.9.

B. 8-(1-ethyl-propyl)-3-[5-(6-methanesulfonyl-pyridin-2-y1)-3-methyl-thiophen-2-y1]-2,6-
dimethyl-imidazo[ 1, 2-b]pyridazine.

Using a procedure similar to Example 25, 2-bromo-6-methanesulfonyl-pyridine
(0.29 mL, 1.22 mmol), 1.3 M n-Bu-Li (0.82 mL, 1.07 mmol), ZnCl; (2.14 mL, 1.07
mmol), 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.40 g, 1.02 mmol) and PdCl,(dppf) (0.037 ‘g, 0.051 mmol)
furnish the title compound (0.13 g, 0.28 mmol, 27%). 1H NMR (CDCls), 8 0.88 (t, J =
7.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.18 (s, 3H), 2.50 (s, 3H), 2.52 (s, 3H), 3.30 (s, 3H),
3.30-3.38 (m, 1H), 6.70 (s, 1H), 7.64 (s, 1H), 7.83 (dd, J = 7.6, 0.8 Hz, 1H), 7.89 (dd, J =
7.9, 0.8 Hz, 1H), 7.93 (dd, J = 7.9, 7.6 Hz, 1H). LC/MS (m/z): calcd. for C4HzsN40,S
M+H)": 469.3; found: 469.2.
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Example 68.
Preparation of 8~(1-cthyl-propyl)-2,6-dimethyl-3-[3-methyl-5 -(6-trifluoromethyl-pyridin-
2-yD)-thiophen-2-yl]-imidazo[ ], 2-b]pyridazine.

Using a procedure similar to Example 25, 2-chloro-6-trifluoromethyl-pyridine
(0.29 mL, 1.22 mmol), 1.34 M n-Bu-Li (0.80 mL, 1.07 mmol), ZnCl, (2.14 mL, 1.07
mmol), 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.40 g, 1.02 mmol) and PdCl(dppf) (0.037 g, 0.051 mmol)
furnish the title compound (0.20 g, 0.44 mmol, 43%). 'H NMR (CDCls), § 0.90 (t, J =
7.5 Hz, 6H), 1.76-1.94 (m, 4H), 2.18 (s, 3H), 2.51 (s, 3H), 2.53 (s, 3H), 3.30-3.40 (m,
1H), 6.69 (s, 1H), 7.50 (dd, J = 7.5, 0.9 Hz, 1H), 7.65 (s, 1H), 7.78 (d, J = 7.9 Hz, 1H),
7.84 (dd, J = 7.9, 7.5 Hz, 1H). LC/MS (m/z): caled. for CasHasF3N4S (M+H)": 459.3;
found: 459.2.

Example 69.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-4-(2-methyl-2H-
[1,2,4]triazol-3-yl)-thiophen-2-yl]-imidazo[1,2-b]pyridazine.

N~ S
LS
LN N

To a slurry of 0.05 g/ mL of Reike® Zn in THF (3.0 mL, 2.29 mmol) is added a
solution of 5-bromo-1-methyl-1H-[1,2,4]triazole and THF (2 mL). The solution was
heated at 65 °C for 1 hour, cooled to ambient temperature and the excess Zn allowed to
settle for 1 hour. The solution was transferred to a flask containing 3-(4-bromo-3-
methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[] ,2-b]pyridazine
(example Rupp-152) (0.32 g, 0.70 mmol) and PdCl,(dppf) (0.028 g, 0.038 mmol). The
solution is heated at 65 °C overnight, diluted with EtOAc (30 mL), washed with sat.
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NH.CI (30 mL), dried over MgSOy, filtered and concentrated. The residue is purified by
ISCO (50%-100% Et,0) to furnish the title compound (0.058 g, 0.15 mmol, 19%). H
NMR (CDCls) & 0.86 (t, J = 7.5 Hz, 6H), 1.73-1.92 (m, 4H), 2.11 (s, 3H), 2.47 (s, 3H),
2.49 (s, 3H), 3.27-3.37 (m, 1H), 3.97 (s, 3H), 6.68 (s, 1H), 7.64 (s, 1H), 7.99 (s, 1H).
LC/MS (m/z): caled. for CoiHasNeS (M+H)': 395.2; found: 395.4.

Example 70.
Preparation of 1-(6-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]-4-
methyl-thiophen-2-y1}-pyridin-2-yl)-ethanone.

N O
7 |
/7 N S N=
=N | o\ /

A. 3-[5-(6-Bromo-pyridin-2-yl)-3-methyl-thiophen-2-yl]-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine.

Using a procedure similar to Example 25, 2,6-dibromo-pyridine (0.91 g, 3.82
mmol), 1.34 M »#-Bu-Li (1.50 mL, 2.00 mmol), ZnCl, (4.0 mL, 2.00 mmol), 3-(5-bromo-
3—methyl~thiophen—2—yl)—8—(1-ethyl—propyl)-2,6—dimethyl—imidazo[J ,2-b]pyridazine (0.75
g, 1.92 mmol) and PdClx(dppf) (0.070 g, 0.096 mmol) furnish the title compound (0.26 g, '
0.55 mmol, 29%). 'H NMR (CDCl3), 8 0.89 (t, J = 7.4 Hz; 6H), 1.74-1.93 (m, 4H), 2.16
(s, 3H), 2.50 (s, 3H), 2.52 (s, 3H), 3.30-3.39 (m, 1H), 6.68 (s, 1H), 7.31 (dd,J=7.5, 1.3
Hz, 1H), 7.49-7.57 (m, 2H), 7.58 (s, 1H).

B. 1-(6-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazin-3-yl]-4-methyl-
thiophen-2-yl}-pyridin-2-yl)-ethanone.

To a—78°C solution of 3—[5—(6—bromo-pyridin—2—y1)—3—methyl-thiophen-2-y1]-8-(1?
ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine) (0.26 g, 0.55 mmol), and THF (5
mL), is added 1.34 M n-Bu-Li (0.43 mL, 0.58 mmol). After 30 minutes N-methoxy-N-

methyl-acetamide (0.065 mL, 0.61 mmol) is added and the solution warmed to ambient
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temperature. The solution is diluted with EtOAc (30 mL), washed with sat. NH4Cl1 (25
mL), dried over MgSO,, filtered and concentrated. The residue is purified by ISCO
column chromatography (15-20% EtOAc/hexane gradient) furnish the title compound
(0.030 g, 0.069 mmol, 13%). 'H NMR (CDCls), § 0.89 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m,
4H), 2.19 (s, 3I), 2.52 (s, 3H), 2.53 (s, 3H), 2.77 (s, 3H), 3.30-3.40 (m, 1H), 6.69 (s, 1H),
7.59 (s, 1H), 7.77-7.85 (m, 2H), 7.87 (dd, J = 6.8, 2.2 Hz, 1H). LC/MS (m/z): calcd. for
Ca5HsN,OS (M+H)™: 433.3; found: 433.2.

Example 71.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(5-trifluoromethyl-pyridin-
2-yl)-thiophen-2-yl1]-imidazo[ /,2-b]pyridazine.

a4
/ N S. N=_ F
=N M o=\ /) <F

F

Using a procedure similar to Example 32, from 2-bromo-5-trifluoromethyl-
pyridine (2.14 mL, 1.07 mmol), 1.34 M n-Bu-Li (0.80 ml, 1.07 mmol), ZnCl, (2.14 mL,
1.07 mmol), 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.40 g, 1.02 mmol) and PdCly(dppf) (0.037 g, 0.051 mmol)
furnish the title compound (0.17 g, 0.37 mmol, 36%). 'H NMR (CDCls), § 0.90 (t, J =
7.3 Hz, 6H), 1.76-1.94 (m, 4H), 2.18 (s, 3H), 2.19 (s, 3H), 2.53 (s, 3H), 3.31-3.40 (m,
1H), 6.70 (s, 1H), 7.63 (s, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.78 (dd, J = 8.4, 2.2 Hz, 1H),
7.79-7.82 (m, 1H). LC/MS (m/z): calcd. for CpaH5F3N4S (M+H)*: 459.3; found: 459.2.

Example 72.

Preparation of 8—(1—ethyl—propyl)—3-(5-methoxymethy1—3—methyl—thiopheh—Z—yl)—Z,6—
dimethyl-imidazo[l,2-b]pyridazine.
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To a —78°C solution of 3-(5-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[/,2-b]pyridazine (0.30 g, 0.76 mmol) and THF (3 mL) is added
1.34 M n-Bu-Li (0.50 mL, 0.80 mmol). After 30 minutes iodo-methoxy-methane (0.097
mL, 1.15 mmol) is added and the solution warmed to ambient temperature. After 1 hour
the solution is diluted with EtOAc (40 mL) washed with water (30 mL), brine (30 mL),
dried over MgSO,, filtered and concentrated. The residue is purified by ISCO column
chromatography (15%-20% EtOAc/hexane gradient) furnish the title compound (0.12 g,
0.34 mmol, 44%). 'H NMR (CDCls), 8 0.87 (t, J = 7.5 Hz, 6H), 1.72-1.90 (m, 4H), 2.09
(s, 3H), 2.45 (s, 3H), 2.49 (s, 3H), 3.28-3.37 (m, 1H), 3.44 (s, 3H), 4.61 (s, 2H), 6.65 (s,
1H), 6.93 (s, 1H). LC/MS (m/z): calcd. for CoH27N30S (M+H)™: 358.3; found: 358.3.

Example 73.
Preparation of 3-[5-(2-ethoxy-ethyl)-3-methyl-thiophen-2-yl]-8-(1-ethyl-propyD)-2,6-
dimethyl-imidazo[ /,2-b]pyridazine.

N

& Vo
/ N S o
=N |/

Using a procedure similar to Example 72, from of 3-(5-bromo-3-methyl-
thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ] ,2-blpyridazine (0.30 g, 0.76
mmol), 1.34 M n-Bu-Li (0.53 mL, 0.84 mmol), 1-bromo-2-ethoxy-ethane (0.13 mL, 1.15
mmol) and KT (0.013 g, 0.076 mmo}) furnish the title compound (0.11 g, 0.29 mmol,
38%). '"H NMR (CDCls), § 0.86 (t, J = 7.5 Hz, 6H), 1.23 (t, J/ = 7.0 Hz, 3H), 1.72-1.90
(m, 4H), 2.06 (s, 3H), 2.45 (s, 3H), 2.49 (s, 3H), 3.09 (t, /= 7.0 Hz, 2H), 3.28-3.37 (m,
1H), 3.55(q, J = 7.0 Hz, 2H), 3.71 (t, J = 7.0 Hz, 2H), 6.64 (s, 1H), 6.77 (s, 1H). LC/MS
(m/z): calcd. for C,;H31N30S (M+H)*: 386.3 found: 386.3.
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Example 74.
Preparation of {5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[Z,2-b}pyridazin-3-yl]-4-
methyl-thiophen-2-yl }-phenyl-methanol.

N
&
/N |S
=N
7 OH

A. (5-Bromo-4-methyl-thiophen-2-yl)-phenyl-methanol.

To a ~78°C solution of 2-bromo-3-methyl-thiophene (4.7 g, 26.54 mmol) and
Et,O (100 mL) is added 2.0 M LDA (14.6 mL, 29.2 mmol). After 1 hour benzaldehyde
(3.0 mL, 29.2 mmol) is added and the solution warmed to ambient temperature and stirred
for 2 hour. The solution is washed with sat. NH4Cl1 (75 mL), dried over MgSOs, filtered
and concentrated. The residue is purified by ISCO column chromatography (20%-30%
EtOAc/hexane gradient) furnish the title compound (3.29 g, 11.62 mmol, 44%). 'H NMR
(CDCls), 8 2.11 (s, 3H), 3.38-3.46 (m, 1H), 5.90 (s, 1H), 6.54 (s, 1H), 7.30-7.45 (m, 5H).
LC/MS (m/z): calcd. for C1oH;BrOS (M-+H)": 281.0, 283.0; found: 264.9, 266.9.

B. {5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ ,2-b]pyridazin-3-yl]-4-methyl-
thiophen-2-y1}-phenyl-methanol.

Using a procedure analogous to Example 30C, from 3-(5-boronic acid-3-methyl-
thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo| 1, 2-b]pyridazine (0.30 g, 0.1.15
mmol), (5-bromo-4-methyl-thiophen-2-yl1)-phenyl-methanol (0.33 g, 1.15 mmol), 2 M
Na,COs (0.86 mL, 1.72 mmol) #-PrOH (1 mL), Pd(OAc), (0.0052 g, 0.023 mmol), and
PPh; (0.018 , 0.069 mmol). The residue is purified by ISCO column chromatography
(20%-30% EtOAc/hexane gradient) and is chromatographed (50 x 250 C18 Symmetry
column, 25-70% water: 0.1 % TFA /ACN: 0.1% TFA gradient) furnish the title
compound (0.017 g, 0.041 mmol, 3.5%). 'H NMR (CDCls), 8 0.86 (t, J = 7.5 Hz, 6H),
1.72-1.90 (m, 4H), 2.04 (s, 3H), 2.43 (s, 3H), 2.49 (s, 3H), 2.75 (bs, 1H), 3.26-3.38 (m,
1H), 6.05 (s, 1H), 6.65 (s, 1H), 6.76 (s, 1H), 7.30-7.45 (m, 3H), 7.50-7.56 (m, 1H).
LC/MS (m/z): calcd. for Co5HaoN30S (M+H)™: 420.3; found: 420.3.
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Example 75.
Preparation of 3-(4,5-dibromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine.

S
=N | ) Br
Br
To a solution of 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-

dimethyl-imidazo[1,2-b]pyridazine (4.00 g, 10.20 mmol) and AcOH (40 mL) is added Br
(0.57 mL, 11.21 mmol) and the solution heated at 110 °C overnight. Bry (0.57 mL, 11.21
mmol) is added and the solution heated at 110 °C for 2 hours. The solution is poured
into 5 M NaOH (200 mL) and ice (200 mL). The slurry is extracted with EtOAc (2 x 150
mL). The combined organic layers are washed with water (200 mL), 20% NaHSO3 (200
mL), sat. NaHCOj3 (200 mL) dried over MgSOy, filtered and concentrated. The residue is
purified by ISCO (5%-15% EtOAc gradient) furnish the title compound (2.66 g, 5.64
mmol, 55%). '"H NMR (CDCls) 6 0.86 (t, J = 7.5 Hz, 6H), 1.72-1.91 (m, 4H), 2.12 (s,
3H), 2.43 (s, 3H), 2.50 (s, 3H), 3.25-3.35 (m, 1H), 6.69 (s, 1H). LC/MS (m/z): calcd. for
C1sHo1B1oN3S (M+H)*': 470.0; found: 470.3.

Example 76.
Preparation of 3-(4-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine.

N

8
N Br
N

To a —78 °C solution of 3-(4,5-dibromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[/ ,2-blpyridazine (0.22 g, 0.47 mmol) and THF (3 mL) is
added 1.6 M n-BuLi (0.31 mL, 0.49 mmol). After 20 minutes the solution is quenched
with water (1 mL), warmed to ambient temperature, diluted with EtOAc (30 mL), washed
with brine (30 mL), dried over MgSO4, filtered and concentrated. The residue is purified
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by ISCO (5%-10% EtOAc gradient) furnish the title compound (0.056 g, 0.14 mmol,
31%). "H NMR (CDCls) 8 0.87 (t, J = 7.5 Hz, 6H), 1.73-1.93 (m, 4H), 2.09 (s, 3H), 2.44
(s, 3H), 2.49 (s, 3H), 3.27-3.36 (m, 1H), 6.68 (s, 1H), 7.44 (s, 1H). LC/MS (1/z): calcd.
for C15H2,BrN3S (M+H)™: 392.2; found: 392.3.

Example 77.
Preparation of 3-{2,6-Dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yb)-thiophen-2-yl1]-
imidazo(,2-b]pyridazin-8-yl}-pentan-3-ol.
HO

A. 2-(5-Bromo-4-methyl-thiophen-2-yl)-6-methyl-pyridine.

To a —78°C solution of 2-bromo-3-methyl-thiophene (2.0 mL, 17.75 mmol) and
THF (30 mL) is added 2.0 M LDA (9.76 mL, 19.52 mmol). After 45 minutes 0.5 M
ZnCl, (39.0 mL, 19.50 mmol) is added and the solution stirred for 30 minutes. 2-Bromo-
6-methyl-pyridine (2.4 mL, 21.29 mmol) and Pd(PPhs)4 (0.50 g, 0.44 mmol) is added and
the solution is warmed to ambient temperature and stirred for 2 hour. The solution is
washed with sat. NH,C1 (20 mL). The aqueous layer is extracted with CH2Cl; (30 mL).
The combined organic layers are washed with sat. NH4Cl1 (20 mL), dried over Na,SOQy,
filtered and concentrated. The residue is purified by ISCO column chromatography (10%-
20% EtOAc/hexane gradient) furnish the title compound (2.34 g, 8.73 mmol, 49%). 'H
NMR (CDCl3), 8 2.21 (s, 3H), 2.54 (s, 3H), 6.99 (d, J = 7.9 Hz, 1H), 7.23 (s, 1H), 7.33 (d,
J=7.9Hz, 1H), 7.53 (dd, J = 7.9, 7.9 Hz, 1H). LC/MS (m/z): calcd. for C11H;0BINS
(M+H)": 267.0, 269.0; found:267.7, 269.5.

B. 2,6-Dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yl)-thiophen-2-yl]-imidazo[ ,2-
blpyridazine.
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A solution of 2,6-dimethyl-imidazo[/,2-b]pyridazine (below) (0.50 g, 3.39
mmol), 2-(5-bromo-4-methyl-thiophen-2-yl)-6-methyl-pyridine (1.00 g, 3.73 mmol),
Cs,CO;5 (2.32 g, 7.13 mmol) and DMF (5 mL) is de-gassed for 15 minutes with Na.
Pd,(dba)s (0.15 g, 0.16 mmol) and PPh; (0.17 g, 0.65 mmol) is added and the solution is
heated at 130°C overnight. The solution is diluted with CH,C1; (30 mL) washed with
water (2 x 25 mL), brine (25 mL) dried over MgSOy, filtered and concentrated. The
residue is purified by ISCO column chromatography (100% EtOAc), followed by
recrystalization from acetonitrile / water furnish the title compound (0.45 g, 1.35 mmol,
39%). 'H NMR (CDCl3), § 2.13 (s, 3H), 2.50 (s, 3H), 2.53 (s, 3H), 2.57 (s, 3H), 6.90 (d,
J=9.2Hz, 1H), 7.01 (d, J = 7.5 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.52 (s, 1H), 7.56 (dd,
J=8.0,7.5Hz, 1H), 7.77 (d, J = 9.2 Hz, 1H). LC/MS (m/z): calcd. for CioH1zNaS
(M+H)*: 335.1; found: 335.1.

C. 1-{2,6-Dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yl)-thiophen-2-yl]-imidazo[/,2-
b]pyridazin-8-yl}-propan-1-one.

To a —78°C solution of 2,6-dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yl)-
thiophen-2-yl]-imidazo[ 1,2-b]pyridazine (0.34 g, 1.02 mmol) and THF (9 mL) is added
2.0 M LDA (0.61 ml, 1.22 mmol). After 3 minutes, N-methoxy-N-methyl-propionamide
(Wolberg et. el. Chem. Eur. J., 2001, 7, 4562) (1.17 g, 1.42 mmol) is added and the
solution stirred for 20 minutes, warmed to ambient temperature and stirred for 30
minutes. The solution is diluted with EtOAc (50 mL) washed with sat. NH4Cl (30 mL),
dried over MgSOsy, filtered and concentrated. The residue is purified by ISCO column
chromatography (20%-30% EtOAc/hexane gradient) furnish the title compound (0.10 g,
0.26 mmol, 25%). 'H NMR (CDCls), § 1.28 (t, J = 7.0 Hz, 3H), 2.13 (s, 3H), 2.54 (s,
31), 2.58 (s, 6H), 3.59 (q. J = 7.0 Hz, 2H), 7.03 (d, J = 7.5 Hz, 1H), 7.33 (s, 1H), 7.47 (d,
J=7.9 Hz, 1H), 7.55 (bs, 1H), 7.58 (dd, J = 7.9, 7.5 Hz, 1H). LC/MS (m/z): calcd. for
CaoHzoN,0S (M+HD)™: 391.2; found: 391.2.

D. 3-{2,6-Dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yl)-thiophen-2-yl]-imidazo[ ,2-
blpyridazin-8-yl}-pentan-3-ol.
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To a —0°C solution of 1-{2,6-dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-y1)-
thiophen-2-yl}-imidazo[1,2-b]pyridazin-8-yl }-propan-1-one (0.040 g, 0.10 mmol) and
Et,O (5 mL) is added 3.0 M ethyl magnesium bromide (0.68 mL, 2.05 mmol). The
solution is warmed to ambient temperature, diluted with EtOAc (30 mL) washed with sat.
NH,Cl (20 mL), dried over MgSO., filtered and concentrated. The residue is purified by
ISCO column chromatography (20%-30% EtOAc/hexane gradient) furnish the title
compound (0.016 g, 0.038 mmol, 37%). 'H NMR (CDCl3), § 0.89 (t, J = 7.4 Hz, 6H),
1.92-2.01 (m, 4H), 2.14 (s, 3H), 2.46 (s, 3H), 2.53 (s, 3H), 3.57 (s, 3H), 6.39 (s, 1H), 6.66
(s, 1H), 7.01 (d, J = 7.5 Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H), 7.52 (s, 1H), 7.57 (dd, J = 7.9,
7.5 Hz, 1H). LC/MS (m/z): calcd. for CouHosN4OS (M+H)*: 421.3; found: 421.3.

Example 78.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-4-thiazol-2-yl-thiophen-2-yl)-
imidazo[l,2-b]pyridazine.

N7
N
LN s/

To a flask containing 3-(4-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine(0.25 g, 0.64 mmol) and PdClx(dppi) (0.023 g, 0.032
mmol) is added a 0.5 M solution of 2-thiazolylzinc bromide (3.82 mL, 1.91 mmol). The
solution is heated at 65 °C overnight, diluted with EtOAc (30 mL), washed with sat.
NH,C1 (25 mL), dried over MgSOy, filtered and concentrated. The residue is purified by
ISCO (15%-20% EtOAc gradient) furnish the title compound (0.19 g, 0.48 mmol, 76%).
'H NMR (CDCl) 8 0.88 (t, J = 7.5 Hz, 6H), 1.75-1.92 (m, 4H), 2.36 (s, 3H), 2.47 (s, 3H),
2.50 (, 3H), 3.29-3.39 (m, 1H), 6.69 (s, 1H), 7.33 (d, J = 3.3 Hz, 1H), 7.89 (d, J = 3.3 Hz,
1H), 7.99 (s, 1H). LC/MS (m/z): calcd. for Ca1H4N4S» (M+H)*: 397.2; found: 397.3.
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Example 79.
Preparation of 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-o-tolyl-thiophen-2-yl)-

&
/ N S
=N | /

Using the procedure analogous to Example 32, 3-(5-bromo-3-methyl-thiophen-2-

imidazo[l,2-b]pyridazine.

y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.15 g, 0.38 mmol) and
PdCl,(dppf) (0.014 g, 0.019 mmol) and 0.5M solution of 2-methylphenylzinc iodide in
THF (3 mL, 1.53 mmol) furnish the title compound (0.069 g, 0.17 mmol, 46%). '"H NMR
(CDCls) 8 0.90 (t, J = 7.5 Hz, 6H), 1.76-1.94 (m, 4H), 2.19 (s, 3H), 2.53 (s, 3H), 2.54 (s,
3H), 2.55 (s, 3H), 3.32-3.40 (m, 1H), 6.68 (s, 1H), 7.02 (s, 1H), 7.22-7.30 (m, 3H), 7.48-
7.53 (m, 1H). LC/MS (m/z): calced. for CsHoN3S (M+H)*: 404.3; found: 404.3.

Example 80.
Preparation of { 5-[8—(1-ethyl—propyl)—2,64-dimethyl—imidazo[1 ,2-b]pyridazin-3-yl]-4-
methyl-thiophen-2-yl}-phenyl-methanone.

N

|
/ N S
=N |

@)

To a -78°C solution of 3-(5-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[/,2-b]pyridazine (0.30 g, 0.76 mmol) and THF (5 mL) is added
1.30 M n-Bu-Li (0.50 mL, 0.80 mmol). After 30 minutes N-methoxy-N-methyl-
benzamide (0.13 mL, 0.84 mmol) is added, the solution is warmed to ambient
temperature, and stirred overnight. The solution is diluted with EtOAc (20 mL), washed
with sat. NH4Cl1 (15 mL), water (15 mL), brine (15 mL), dried over MgSOa, filtered and
concentrated. The residue is purified by ISCO column chromatography (15%-20%
EtOAc/hexane gradient) furnish the title compound (0.066 g, 0.16 mmol, 21%). '"H NMR
(CDCls), 8 0.89 (t, J = 7.4 Hz, 6H), 1.74-1.93 (m, 4H), 2.18 (s, 3H), 2.52 (s, 3H), 2.54 (s,
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3H), 3.29-3.38 (m, 1H), 6.71 (s, 1H), 7.49-7.54 (m, 2H), 7.56 (s, 1H), 7.57-7.62 (m, 1H),

7.89-7.94 (m, 2H). LC/MS (m/z): calcd. for CasHayN3OS (M+H)*: 418.2; found: 418.2.

Example 81. ,
Preparation of 8-(1—ethyl—propyl)—2,6-dimethy1—3—(3-methyl—S—oxazol—2—y1—thiophen~2—yl)—

/”%Nl
/ NE:S)_<N
=Nl _y O]

To a —78 °C solution of oxazole (0.14 g, 2.04 mmol) and THF (3 mL) is added 1.6
M 7-Bu-Li in hexane (1.32 mL, 2.14 mmol). The mixture is stirred at —78°C for 15
minutes. 0.5 M ZnCl, in THF (4.3 mL, 2.14 mmo])) is added and the solution warmed to

imidazo[ 1,2-b]pyridazine.

ambient temperature. 3-(5-Bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2.,6-
dimethyl-imidazo[ 1,2-b]pyridazine (0.40 g, 1.02 mmol) and PdClx(dppf) (0.037 g, 0.051
mmol) is added and mixture islstirred at 65 °C overnight, diluted with EtOAc (30 mL),
washed with 10% citric acid (20 mL), water (20 mL), brine (20 mL), dried over MgSOy,
filtered and concentrated. The residue is purified by ISCO column chromatography
(20% FtOAc/hexane gradient) and is chromatographed (50 x 250 C18 Symmetry column,
20-70% water: 0.1 % TFA /ACN: 0.1% TFA gradient) to furnish the title compound
(0.020 g, 0.053 mmol, 5%). "H NMR (CDCly), § 0.89 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m,
4H), 2.17 (s, 3H), 2.49 (s, 3H), 2.51 (s, 3H), 3.29-3.38 (m, 1H), 6.69 (s, 1H), 7.19 (s, 1H),
7.59 (s, 1H), 7.65 (s, 1H). LC/MS (m/z): caled. for CaiHaN4OS M+H)": 381.3; found:
381.1.

Example 82.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(5-methyl-furan-2-yl)-
thiophen-2-yl]-imidazo[1,2-b]pyridazine.

N

as

N S

=N | 7]
/O
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To a 0°C mixture of 2-methylfuran (0.18 mL, 2.04 mmol) and Et;O (2 mL) is
added 1.6 M #-Bu-Li in hexane (1.30 mL, 2.14 mmol). The mixture is heated at a reflux
for 30 minutes, cooled to 0°C, and 0.5 M ZnCl, in THF (4.3 mL, 2.14 mmol) is added and
the solution warmed to ambient temperature. 3-(5-bromo-3-methyl-thiophen-2-y1)-8-(1-
ethyl-propyl)-2,6-dimethyl-imidazo[ ], 2-b]pyridazine (0.40 g, 1.02 mmol) and
PACly(dppf) (0.037 g, 0.051 mmol) is added and mixture is stirred at 65°C overnight,
diluted with EtOAc (30 mL), washed with 10% citric acid (15 mL), water (15 mL), brine
(15 mL), dried over MgSOy, filtered and concentrated. The residue is purified by ISCO
column chromatography (20% EtOAc/hexane gradient) furnish the title compound (0.20
g, 0.51 mmol, 50%). 'H NMR (CDCls), 8 0.89 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H),
2.12 (s, 3H), 2.35 (s, 3H), 2.48 (s, 3H), 2.51 (s, 3H), 3.29-3.38 (m, 1H), 6.62 (dd, /= 3.1,
0.9 Hz, 1H), 6.40 (d, J = 3.1 Hz, 1H), 6.66 (s, 1H), 7.12 (s, 1H). LC/MS (m/z): calcd. for
CpsHy N3OS (M+H)*': 394.3; found: 394.2.

Example 83.
Preparation of 3-(3-chloro-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-
blpyridazine. »

=~=N

V/
\N,N

c—@ 3

—

To a flask of 2-bromo-3-chloro-thiophene (Lemaire et. el., Synth. Commun., 1994,
24, 95) (2.53 g, 12.82 mmol) is added 0.05 g/mL Reike® zinc in THF (25 mL, 19.24
mmol). The solution is heated at a reflux for 2 hours. The excess zinc is allowed to scttle
and the solution transferred to a flask containing 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-
imidazo[,2-b]pyridazine (example KW1-A03735-193) (2.01 g, 6.41 mmol) and
PdCl,(dppf) (0.23 g, 0.32 mmol). The solution is heated at a reflux overnight, quenched
with sat. NH4C1 (25 mL) and extracted with EtOAc (2 X 25 mL). The combined organic
layers are dried over MgSOy, filtered and concentrated. The residue is purified by ISCO
column chromatography (2%-15% EtOAc/hexane gradient) furnish the title compound
(1.32 g, 6.68 mmol, 62%). '"H NMR (CDCls), § 0.87 (t, J = 7.5 Hz, 6H), 1.74-1.91 (m,

3918



WO 2006/102194 PCT/US2006/009942

83

4H), 2.48 (s, 3H), 2.49 (s, 3H), 3.37-3.36 (m, 1H), 6.67 (s, 1H), 7.07 (d, J = 5.4 Hz, 1H),
7.48 (d, J=5.4 Hz, 1H). LC/MS (m/z): calcd. for C;17H20CIN3S (M+H)*: 334.1; found:
334.1.

Example 84.
Preparation of 3-(5-bromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

Br

To a solution of 3-(3-chloro-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine. (1.15 g, 3.44 mmol) and CH,Cl, (12 mL) is added NBS (0.64
g, 3.62 mmol). The solution is stirred at ambient temperature overnight, washed with
water (2 x 75 mL), brine (75 mL), dried over Na,SOy, filtered and concentrated to furnish
the title compound (1.36 g, 3.29 mmol, 96%). '"H NMR (CDCls),  0.88 (t, J= 7.5 Hz,
6H), 1.74-1.92 (m, 4H), 2.49 (s, 3H), 2.53 (s, 3H), 3.26-3.36 (m, 1H), 6.70 (s, 1H), 7.07
(s, 1H). LC/MS (m/z): calcd. for Ci7H1oBrCIN3S (M-+H)": 412.1; found: 412.0.

Example 85.
Preparation of 3-[3-chloro-5-(6-methyl-pyridin-2-yl)-thiophen-2-y1]-8-(1-ethyl-propyD)-
2,6-dimethyl-imidazo[1,2-b]lpyridazine.

a
/ N S N=
=N 1 )\ 4
Cl

Method A.

To a flask of 3-(5-bromo-3-chloro-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[,2-b]pyridazine (0.30 g, 0.73 mmol) and PdCl,(dppf) (0.027 g, 0.036
mmol) is added 0.5 M solution of 6-methyl-2-pyridylzinc bromide in THF (2.9 mL, 1.45
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mmol). The mixture is stirred at 65 °C overnight, diluted with EtOAc (50 mL), washed
with sat. NH,CL (40 mL), water (40 mL), brine (40 mL), dried over MgSOy, filtered and
concentrated. The residue is purified by ISCO column chromatography (20%-40%
EtOAc/hexane gradient) furnish the title compound (0.072 g, 0.17 mmol, 23%). '"H NMR
(CDCls), § 0.89 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.52 (s, 3H), 2.53 (s, 3H), 3.58 (s,
3H), 3.30-3.39 (m, 1H), 6.70 (s, 1H), 7.06 (d, / = 7.5 Hz, 1H), 7.46 (d, J = 7.7 Hz, 1H),
7.54 (s, 1H), 7.60 (dd, J = 7.7, 7.5 Hz, 1H). LC/MS (m/z): calcd. for Co3HasCIN4S
(M-+H)": 425.2; found: 425.2.

Method B.
A. 2-(4-Chloro-thiophen-2-yl)-6-methyl-pyridine.

To a solution of 2-bromo-4-chloro-thiophene (Gronowitz, Rosén Chemica Scripta,
1971, 1, 33) (1.50 g, 7.60 mmol) and 0.5 M solution of 6-methyl-2-pyridylzinc bromide
in THF (23.00 mL, 11.39 mmol) is added Pd(PPhs)4 (0.18 g, 0.15 mmol). The solution is
heated at 40°C overnight, diluted with Et;O (50 mL), washed with sat. NH,Cl (40 mL),
dried over MgSO,, filtered on concentrated. The residue is purified by ISCO column
chromatography (5%-20% EtOAc/hexane gradient) furnish the title compound (0.45 g,
2.15 mmol, 28%). 'H NMR (CDCls), & 2.56 (s, 3H), 7.02 (d, 7.7 Hz, 1H), 7.13 (d, 7= 0.9
Hz, 1H), 7.36 (d, J = 7.9 Hz, 1H), 7.39 (d, J = 0.9 Hz, 1H), 7.54 (dd, J=7.9, 7.7, 1H).

B. 2-(5-bromo-4-chloro-thiophen-2-yl)-6-methyl-pyridine.

To a 0°C solution of 2-(4-chloro-thiophen-2-yl)-6-methyl-pyridine (example
Rupp-96) (0.45 g, 1.45 mmol) and CH,Cl, (10 mL) is added Br» (0.15 mL, 2.91 mmol).
The solution is warmed to ambient temperature and stirred for 1 hour. The solution is
washed with sat. NaHCO3 (10 mL), sat. NaS>03 (10 mL), dried over MgSOa, filtered and
concentrated to furnish the title compound (0.59 g, 2.04, 95%). '"H NMR (CDCly), § 2.55
(s, 3H), 7.05 (d, 7.9 Hz, 1H), 7.29 (s, 1H), 7.34 (d, /= 7.9 Hz, 1H), 7.58 (dd, J = 7.9, 7.9,
1H). LC/MS (/z): caled. for C1oH;BrCINS (M+H)™: 288.0; found: 287.9.

C. 3-[3-Chloro-5-(6-methyl-pyridin-2-yl)-thiophen-2-yl]-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[Z,2-b]pyridazine.
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A solution of 8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.39 g,
1.78 mmol), 2-(5-bromo-4-chloro-thiophen-2-yl)-6-methyl-pyridine (0.59 g, 2.04 mmol),
Cs,CO5 (1.23 g, 3.77 mmol), and DMF (5 mL), is de-gassed with N» for 15 minutes.
PPh; (0.089 g, 0.34 mmol) and Pd,(dba)z (0.079 g, 0.86 mmol) is added and the solution
heated at 110°C for 48 hours. The solution is diluted with EtOAc (30 mL), washed with
sat. NH4C1 (25 mL), dried over MgSOsy, filtered and concentrated. The residue is purified
by ISCO column chromatography (20%-30% EtOAc/hexane gradient) and is
chromatographed (19 x 300 C18 Symmetry column, 20-45% water: 0.1 % TFA /ACN:
0.1% TFA gradient) furnish the title compound (0.078 g, 0.18 mmol, 10%). Spectrum
identical to Method A.

Example 86.
Preparation of 3-(3-chloro-5-pyridin-3-yl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-

&
/ N S. =N
=N J o=\ 4
Cl

A solution of 3-(5-bromo-3-chloro-thiophen-2-yl1)-8-(1-ethyl-propyl)-2,6-

imidazo[l,2-b]pyridazine.

Method A.

dimethyl-imidazo[/,2-b]pyridazine (0.25 g, 0.61 mmol), pyridine-3-boronic acid (0.082
g, 0.67 mmol), 2 M Na,COs (0.45 mL, 0.91 mmol) and, n-PrOH (1 mL), is degassed with
nitrogen for 10 minutes. Pd(OAc), (0.0027 g, 0.0012 mmol) and PPhs (0.0095 g, 0.036
mmol) are added and the solution is heated at 88°C overnight. The solution is diluted
with EtOAc (15 mL), washed with water (10 mL), sat. NaHCO3 (10 mL), dried over
MgSOy, filtered and concentrated. Purified by ISCO column chromatography (15-40%
EtOAc/hexane gradient) furnish the title compound (0.095 g, 0.23 mmol, 38%). 'H NMR
(CDCls), 8 0.89 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.53 (s, 3H), 2.54 (s, 3H), 3.29-
3.38 (m, 1H), 6.71 (s, 1H), 7.32-7.37 (m, 2H), 7.85-7.90 (m, 1H), 8.57 (d, J = 4.0 Hz,
1H), 8.89 (s, 1H). LC/MS (m/z): calcd. for C2,Ha3CINGS (M+H)*: 411.2; found: 411.2.
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Method B.
A.. 3-(4-Chloro-thiophen-2-yl)-pyridine.

A solution of 2-bromo-4-chloro-thiophene (Gronowitz, Rosén Chemica Scripta,
1971, 1, 33) (1.45 g, 7.34 mmol), pyridine-3-boronic acid (0.95 g, 7.71 mmol), 2 M
Na,CO;5 (5.50 mL., 11.01 mmol) and, n-PrOH (3 mL), is degassed with Ny for 10 minutes.
Pd(OAc), (0.033 g, 0.15 mmol) and PPh; (0.12 g, 0.44 mmol) are added and the solution
is heated at 85°C for 48 hours, diluted with CH,Cl, (50 mL), washed with 10 % Na;COs3
(2 x 30 mL), dried over MgSO,, filtered and concentrated. The residue is purified by
ISCO column chromatography (20%-30% EtOAc/hexane gradient) furnish the title
compound (0.74 g, 3.78 mmol, 51%). 'H NMR (CDCla), § 7.12-7.13 (m, 1H), 7.20 (d, J
= 1.4 Hz, 1H), 7.31 (dd, J = 8.0, 4.9 Hz, 1H), 7.78-7.82 (m, 1H), 8.55 (d, J = 4.9 Hz, 1H),
8.82 (d, J=2.2 Hz, 1H).

B. 3-(5-Bromo-4-chloro-thiophen-2-yl)-pyridine.

Using a procedure similar to Example 85 Method B. step B, 3-(4-chloro-
thiophen-2-yl)-pyridine (0.74 g, 3.78 mmol), and Br, (0.39 mL, 7.56 mmol) furnish the
title compound (0.99 g, 3.61 mmol, 95%). "H NMR (CDCls), 8 7.13 (s, 1H), 7.34 (dd, J =
8.1, 4.4 Hz, 1H), 7.74-7.78 (m, 1H), 8.58 (d, / = 4.4 Hz, 1H), 8.78 (s, 1H).

C. 3-(3-Chloro-5-pyridin-3-yl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

Using a procedure similar to Example 85 Method B Step C, from 8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.50 g, 2.30 mmol), 3-(5-bromo-4-
chloro-thiophen-2-yl)-pyridine) (0.76 g, 2.76 mmol), Cs,CO3 (1.57 g, 4.83 mmol), PPhs
(0.11 g, 0.44 mmol) and Pd,(dba); (0.10 g, 0.11 mmol). The residue is purified by ISCO
column chromatography (15%-30% EtOAc/hexane gradient) furnish the title compound
(0.35 g, 0.85 mmol, 37%). Spectrum identical to Method A.
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Example 87.
Preparation of 3-[3-chloro-5-(4-fluoro-phenyl)-thiophen-2-y1]-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine.

=

X -
N
Cl

Using a procedure similar to Example 25, 3-(5-bromo-3-chloro-thiophen-2-yl)-8-
(1—ethyl-propyl)-2,6—dimethyl—imidazo[],Z-b]pyridazine (0.25 g, 0.61 mmol), 4-
flourophenylboronic acid (0.093 g, 0.67 mmol), 2 M Na;COs3 (0.45 mL, 0.91 mmol), n-
PrOH (2 mL), Pd(OAc); (0.0068 g, 0.030 mmol) and PPhs (0.016 g, 0.061 mmol) furnish
the title compound (0.041 g, 0.096 mmol, 16%). 'H NMR (CDCls), § 0.89 (t, J = 7.5 Hz,
6H), 1.76-1.94 (m, 4H), 2.53 (s, 3H), 2.54 (s, 3H), 3.29-3.38 (m, 1H), 6.70 (s, 1H), 7.07-
7.13 (m, 2H), 7.22 (s, 1H), 7.54-7.60 (m, 2H). LC/MS (m/z): calcd. for Co3Ha3CIFN3S
(M+H)*: 428.2; found: 428.1. ‘

Example 88.
Preparation of 3-[3-chloro-5-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-2-yl]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine.

N
7 | \
/N S N
=N <)
Cl N

Method A.

To a—78 °C solution of 1-methyl-1,2,4-triazole (0.18 mL, 2.33 mmol) and THF (3
mL) is added a 1.56 M solution of n-Bu-Li in hexanes (1.49 mL, 2.33 mmol). The
solution is stirred at —78°C for 30 minutes, 0.5 M solution of ZnCl, in THF (4.70 mL,
2.33 mmol) is added and the solution warmed to ambient temperature. 3-(5-bromo-3-

chloro-thiophen-2-yD)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[] ,2~b]pyridazine (0.32 g,
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0.78 mmol) and PdCl,(dppf) (0.028 g, 0.039 mmol) is added and the solution heated at 60
°C for 2 days, diluted with EtOAc (50 mL), washed with sat. NH4Cl (30 mL), water (30
mL), brine (30 mL), dried over MgSOsy, filtered and concentrated. The residue is purified
by ISCO column chromatography (20%-10% EtOAc/hexane gradient) furnish the title
compound (0.19 g, 0.46 mmol, 59%). '"H NMR (CDCl3), 8 0.89 (t, J = 7.5 Hz, 6H), 1.76-
1.94 (m, 4H), 2.53 (s, 3H), 2.54 (s, 3H), 3.29-3.37 (m, 1H), 4.16 (s, 311), 6.73 (s, 1H),
7.48 (s, 1H), 7.90 (s, 1H). LC/MS (m/z): caled. for CooHa3CINgS (M+H)": 415.2; found:
415.1.

Method B.

A 5-L reaction flask equipped with a cooling bath, air stirrer, gas dispersion tube
and thermometer probe is charged with 5-(5-bromo-4-chloro-thiophen-2-yl)-1-methyl-
1H-[1,2,4]triazole (162.0 g, 0.745 moles), 8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-
b]pyridazine (250.1 g, 0.898 moles), NMP (800 mL), KOAc (366.0 g), TBABr (50.5 g),
and additional NMP (700 mL) to form a mixture. While stirring, N is bubbled through
the mixture for 1 hour. A mixture of Pd(OAc),(8.37 g) and TDBPP (24.56 g) are added
in one portion, then heated to 120 °C for 3 hours. The reaction is cooled to 50 °C and
transferred to a 12 L flask. The mixture is cooled to 20-25 °C, then added de-ionized
H,O (3.5 L) is added dropwise to precipitate out a sticky solid that gradually solidifies
with stirring overnight. The solids are filtered, washed with de-ionized H,O (2 x 2L), and
fried on the filter plate for 30-60 minutes. The crude solids (595 g) are warmed in EtOAc
(6.0 L) to 30 °C, then filtered through GFF paper to remove insolubles. The filtrate is
dried over Na,SOy, treated with Darco (30.0 g), heated to 35 °C, filtered, and
concentrated to give brown solids (432 g). The crude solids are eluted through a silica
plug (1.0 kg) with CH,Cl, (4.0 L), followed by EtOAc (16.0 L). Similar fractions are
combined and concentrated under vacuum to approximately 6.0 L, then treated with
Darco overnight with stirring. After filtering off the Darco through GFF paper, the
filtrate is concentrated to solids (336 g). The solids are crystallized from EtOAc: heptane
(1:2) to afford the title compound as a pale yellow solid (187 g, 60.5%, >98% area-% by
reverse phase: Zorbax SB-C8, 4.6 mm x 250 mm, 5 microns, UV =218 nm, flow rate 1.0

mL/min., oven temp. 25°C, isocratic = 30% water (0.1% TFA) & 70% AcCN.
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Example 89. ,
Preparation of 8-(1-Ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(3-methyl-3H-imidazol-4-
yl)-thiophen-2-yl}-imidazo[1,2-b]pyridazine.

N

¢ \
/7 N s, N+
=N Yan B

Using the procedure analogous to Example 31, 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine (0.40 g, 1.02 mmol), 1.34M
n-Bu-Li (0.80 mL, 1.07 mmol), 0.5M ZnCl, in THF (2.14 mL, 1.07 mmol), 5-iodo-1-
methyl-/H-imidazole (0.24 g, 1.22 mmol) and PdCl,(dppf) (0.037 g, 0.051 mmol) furnish
the title compound (0.061g, 0.15 mmol, 15%). '"H NMR (CDCIs) 6 0.89 (t, J = 7.4 Hz,
6H), 1.75-1.93 (m, 4H), 2.17 (s, 3H), 2.50 (s, 3H), 2.53 (s, 3H), 3.24-3.38 (m, 1H), 3.61
(s, 3H), 6.68 (s, 1H), 7.02 (s, 11), 7.23 (s, 1H), 7.55 (s, 1H). LC/MS (m/z): calcd. for
CpoH7N5S (M+H)': 394.3; found: 394.2.

Example 90.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(2-methyl-thiophen-3-yl)-imidazo[ ], 2-
blpyridazine.

A. 4.4,5,5-Tetramethyl-2-(2-methyl-thiophen-3-y1)-[1,3,2]dioxaborolane.

A mixture of 3-bromo-2-methyl-thiophene (Saika et. el. Chem. Soc. Chem.
Communication, 18, 1994, 2133; Steinkopf et. el.; Justus Liebigs Ann. Chem., 513, 1934,
281; 3.1 g, 17.51 mmol), DMSO (50 mL), 4,4,5,5,4',4',5',5'-Octamethyl-
[2,2']bi[[1,3,2]1dioxaborolanyl] (4.90g, 19.26 mmol), and KOAc (5.20 g, 52.58 mmol) is
de-gassed with Nz for 15 minutes. PdCl,(dppf) (0.70 g, 0.88 mmol) is added and the
solution stirred at ambient temperature overnight, then warmed to 85°C for 3 hours. The

solution is diluted with water (200 mL), extracted with EtOAc (2 x 100 mL). The
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combined organic layers washed with water (2 x 200 mL), brine (200 mL) dried over
MgSOy, filtered and concentrated. The residue is purified by ISCO column
chromatography (5%-20% EtOAc/hexane gradient) furnish the title compound (1.52 g,
6.78 mmol, 39%). 'H NMR (CDCl,), § 1.34 (s, 12H), 2.72 (s, 3H), 7.04 (d, J = 5.0 Hz,
1H), 7.22 (d, 5.0 Hz, 1H).

B. 2-Methyl-thiophene-3-boronic acid.

To a solution of 4,4,5,5-tetramethyl-2-(2-methyl-thiophen-3-yl)-
[1,3,2]dioxaborolane (1.52 g, 6.78 mmol), acetone (15 mL) and water (15 mL) is added
NalO4 (2.90 g, 13.56 mmol). The solution is stirred at ambient temperature for 24 hours,
then heated to a reflux for 24 hours. The solution is concentrated dissolved in EtOAc
(1450 mL), washed with water (100 mL), dried over MgSOs, filtered and concentrated to
furnish the title compound (0.75g, 5.49 mmol, 78%). TH NMR (CDCl3), 6 2.93 (s, 3H),
7.10 (d, J = 5.3 Hz, 1H), 7.51 (d, 5.3 Hz, 1H).

C. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(2-methyl-thiophen-3-yl)-imidazo[ /,2-b]pyridazine.

(1.65 g, 4.80 mmol), 2-methyl-thiophene-3-boronic acid (0.75 g, 5.28 mmol), 2
M Na,COs (3.60 mL, 7.20 mmol) and »-PrOH (20 mL) is degassed with N, for 10
minutes. Pd(OAc), (0.022 g, 0.096 mmol) PPhs (0.076 g, 0.29 mmol) is added and the
solution heated at 60°C for 24 hours, then heated at 90°C for 24 hours. The solution is
concentrated, diluted in EtOAc (50 mL) washed with 10% Na,COs3 (40 mL), water (40
mL), brine (40 mL) dried over MgSOy, filtered and concentrated. The residue is purified
by ISCO column chromatography (10%-15% EtOAc/hexane gradient) furnish the title
compound (0.78 g, 2.49 mmol, 52%). 1H NMR (CDCls), 6 0.89 (t, J = 7.5 Hz, 6H), 1.74-
1.94 (m, 4H), 2.38 (s, 3H), 2.44 (s, 3H), 2.50 (s, 3H), 3.30-3.40 (m, 1H), 6.64 (s, 1H),
7.11 (d, J = 5.3 Hz, 1H), 7.20 (d, J = 5.3 Hz, 1H). LC/MS (m/z): calcd. for CygH3N3S
(M+H)*: 314.2; found: 314.2.
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Example 91.
Preparation of 3-(5-bromo-2-methyl-thiophen-3-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-

&
/N
S

To a solution of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(2-methyl-thiophen-3-yl)-
imidazo[/,2-b]pyridazine. (0.76 g, 2.42 mmol) and CH,Clz (10 mL) is added NBS (0.60

g, 3.37 mmol). The solution is stirred at ambient temperature for 2 hours and

imidazo[l,2-b]pyridazine.

concentrated. The solution is dissolved in Et;O (30 mL) washed with water (3 x 30 mL),
brine (30 mL) dried over MgSOs, filtered and concentrated to furnish the title compound
(0.95 g, 2.42 mmol, >99%). '"H NMR (CDCls), 3 0.88 (i, J = 7.5 Hz, 6H), 1.74-1.93 (m,
4H), 2.31 (s, 3H), 2.42 (s, 3H), 2.51 (s, 3H), 3.29-3.38 (m, 1H), 6.66 (s, 1H), 7.04 (s, 1H).
LC/MS (m/z): calcd. for CisH2BrN3S (M+H)*: 392.2; found: 392.1.

Example 92.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(2-methyl-5-phenyl-thiophen-3-yl)-

&
/7 N
—NM
S

Using a procedure similar to Example 32, from 3-(5-bromo-2-methyl-thiophen-3-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.20 g, 0.51 mmol) and
PdCl,(dppf) (0.019 g, 0.025 mmol) and 0.5 M solution of phenylzinc iodide in THF (2.0

imidazo[{,2-b]pyridazine.

mL, 1.02 mmol). The residue is purified by column chromatography (0-10%
EtOAc/hexane gradient) and is chromatographed (50 x 250 C18 Symmetry column, 30-
70% water: 0.1 % TFA /ACN: 0.1% TFA gradient) furnish the title compound (0.081 g,
0.21 mmol, 41%). "H NMR (CDCl), § 0.90 (t, J = 7.5 Hz, 6H), 1.75-1.94 (m, 4H), 2.40
(s, 3H), 2.48 (s, 3H), 2.52 (s, 3H), 3.32-3.41 (m, 1H), 6.66 (s, 1H), 7.23-7.30 (m, 1H),
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7.32 (s, 1H), 7.34-7.41 (m, 2H), 7.57-7.63 (m, 2H). LC/MS (m/z): calcd. for Co4FHz7N3S
(M4+H)™: 390.2; found: 390.2.

Example 93.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(2-methyl-5-thiazol-2~yl-thiophen-3-yl)-

/N S
o AN 4
N IS N]

Using a procedure similar to Example 32, from 3-(5-bromo-2-methyl-thiophen-3-

imidazo[ I,2-b]pyridazine.

y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.20 g, 0.51 mmol), 0.5 M
2-thiazolylzinc bromide in THF (8.1 mL, 4.05 mmol) and PdCl,(dppf) (0.019 g, 0.025
mmol) furnish the title compound (0.20 g, 0.50 mmol, >99%). 1H NMR (CDCls), 6 0.87
(t, J = 7.5 Hz, 6H), 1.74-1.91 (m, 4H), 2.40 (s, 3H), 2.45 (s, 3H), 2.50 (s, 3H), 3.29-3.38
(m, 1H), 6.60 (s, 1H), 7.22 (d, J = 3.2 Hz, 1H), 7.52 (s, 1H), 7.75 (d, J = 3.2 Hz, 1H).
LC/MS (m/z): caled. for Cy1H24N4S2 (M+H)+: 397.1; found: 397.2.

Example 94.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[2-methyl-5-(6-methyl-pyridin-2-yl)-
thiophen-3-yl]-imidazo[1,2-b]pyridazine.

=N | >

S
Using a procedure similar to Example 32, from 3-(5-bromo-2-methyl-thiophen-3-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.24 g, 0.61 mmol) and
PdACl,(dppf) (0.022 g, 0.031 mmol) and 0.5 M solution of 6-methyl-2-pyridylzinc
bromide in THF (3.7 mL, 1.84 mmol) furnish the title compound (0.086 g, 0.21 mmol,
34%). 'H NMR (CDCly), 8 0.89 (t, J = 7.5 Hz, 6H), 1.75-1.93 (m, 4H), 2.39 (s, 3H), 2.46
(s, 3H), 2.51 (s, 3H), 2.57 (s, 3H), 3.31-3.40 (m, 1H), 6.65 (s, 1H), 6.97(d, / = 7.8 Hz,
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1H), 7.41 (d, J = 7.8 Hz, 1H), 7.50-7.56 (m, 2H). LC/MS (m/z): calcd. for CaaHagNy
(M+H)*: 405.2; found: 405.2.

Example 95.
Preparation of 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyrimidin-5-yl-thiophen-2-
yl)-imidazo[ /,2-b]pyridazine.

| S =N
N 7\ 1\§>

Using a procedure similar to Example 74B, from of 3-(5-bromo-3-methyl-
thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine (0.20 g, 0.51
mmol), 5-pyrimidine boronic acid (0.076 g, 0.61 mmol), 2 M Na,COs (0.38 mL, 0.76
mmol), PA(OAc), (0.0023 g, 0.011 mmol), PPhs (0.0080 g, 0.0031 mmol), and #-PrOH (2
mL) is furnished the title compound (0.084 g, 0.21 mmol, 42%). '"H NMR (CDCl), &
0.86 (t, J = 7.5 Hz, 6H), 1.72-1.91 (m, 4H), 2.17 (s, 3H), 2.48 (s, 3H), 2.51 (s, 3H), 3.26-
3.36 (m, 1H), 6.69 (s, 1H), 7.74 (s, 1H), 8.95 (s, 2H), 9.10 (s, 1H). LC/MS (m/z): calcd.
for CyoHasNsS (M+H)™": 392.3; found: 392.2.

Example 96. v
Preparation of 3-[5-(3,5-Dimethyl-isoxazol-4-yl)-3-methyl-thiophen-2-y1]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine.

N

. |
/ N S. =N
=N 1 /N0

To a flask of 4-iodo-3,5-dimethyl-isoxazole (0.34 g, 1.53 mmol) is added a
solution of Rieke® zinc 5g/100 mL in THF (3 mL, 2.29 mmol). The slurry is heated at a
reflux for 4 hours, the zinc is allowed to settle and the solution transferred to a flask of 3-
(5-bromo-3-methyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-
b]pyridazine (0.30 g, 0.76 mmol) and PdCl,(dppf) (0.028 g, 0.038 mmol). The solution is
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heated at 50 °C overnight, diluted with EtOAc (20 mL), washed with 0.1 M HCI (15 mL),
water (15 mL), brine (15 mL) dried over MgSQs, filtered and concentrated. The residue
is purified by ISCO column chromatography (15%-30% EtOAc/hexane gradient) furnish
the title compound (0.22 g, 0.54 mmol, 71%). IH NMR (CDCl3), § 0.92 (t, J =7.5 Hz,
6H), 1.78-1.96 (m, 4H), 2.21 (s, 3H), 2.47 (s, 3H), 2.53 (s, 3H), 2.56 (s, 3H), 261 (s, 3H),
3.33-3.42 (m, 1H), 6.72 (s, 1H), 6.98 (s, 1H). LC/MS (m/z): calcd. for Co3HgN4OS
(M+H)": 409.3; found: 409.2.

Example 97.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyrimidin-2-yl-thiophen-2-
yl)-imidazo[l,2-b]pyridazine.

N
=N | B
7 )

A solution of 3-(5-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[ ,2-blpyridazine (0.30 g, 0.76 mmol), 2-tributylstannanyl-pyrimidine
(0.34 g, 0.92 mmol) and THF (5 mL) is de-gassed with N, for 10 minutes
Triphenylarsine (0.047 g, 0.15 mmol) and Pda(dba)s (0.035 g, 0.038 mmol) is added and
the solution heated at 55°C for 48 hours and concentrated. The residue is purified by
ISCO column chromatography (15%-30% EtOAc/hexane gradient), dissolved in
acetonitrile (20 mL), washed with hexane (3 x 20 mL) and concentrated to furnished the
title compound (0.097 g, 0.25 mmol, 32%). 'H NMR (CDCl), 8 0.88 (t, J = 7.4 Hz, 6H),
1.74-1.92 (m, 4H), 2.18 (s, 3H), 2.51 (s, 3H), 2.52 (s, 3H), 3.29-3.38 (m, 1H), 6.67 (s,
1H), 7.08 (t, J = 4.8, 1H), 7.93 (s, 1H), 8.69 (s, 2H). LC/MS (m/z): calcd. for CpoHasNsS
(M+H)": 392.3; found: 392.2.

3930



WO 2006/102194 PCT/US2006/009942

95

Example 98.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(1,3,5-trimethyl-1H-pyrazol-4-yl)-
imidazo[!,2-b]pyridazine.

A. 1,3,5-Trimethylpyrazole-4-boronic acid.
(OH),B
7]
NN
/

To a dry flask is added 300 mg (1.59 mmol) of 4-bromo-1,3,5-trimethyl pyrazole
to 4.0 ml THF. The mixture is cooled to —78°C and leq of n-BuLi (1.6 M) is added via
syringe. The mixture is stirred 1.5 hrs, and 0.19ml of trimethylborate (1.08 eq) is added.
The reaction mixture is stirred 2 hrs, allowing bath to reach —~10°C, then 1.5 ml of 5N HCl
is added and stirred 30 minutes longer. The aqueous layer is extracted 3 times with ethyl
acetate. The combined organics are dried over MgSO4, filtered, and evaporated to an oil.
The oil is dissolved in methanol/methylene chloride and re-evaporated. The residue is
triturated with acetone/ethyl acetate then filtered to obtain title compound as a white solid
92.1 mg (37.6%). "H-NMR (DMSO-dg): §5.92 (s); 3.72 (s, 3H); 2.34 (s, 3H); 2.26 (s,
3H) ppm.

B. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(1,3,5-trimethyl- 1 H-pyrazol-4-yl)-imidazo[/, 2-
b]pyridazine.

3-Todo-2,6-dimethyl-8-(1-ethyl-propyl)-imidazo[1,2-b]pyridazine (200mg, 0.582
mmol), 1,3,5-trimethylpyrazole-4-boronic acid (233mg, 1.53 mmol), Pd(PPh3)4 (13.4mg,
0.01 mmol) are combined in a microwave pressure tube. Then 0.58 ml of 2N Na2CO3
and 3.0ml of dimethoxyethane/H20/ethanol (7:3:2) solution is added. The mixture is
microwaved at 155°C for 20minutes. Water is added and the mixture is extracted four

times with ethyl acetate. The combined organics are dried over MgSO4, filtered, then
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evaporated to a residue which is chromatographed using hexanes, then 1:1 hexanes: ethyl
acetate, then 100% ethyl acetate to give the title compound (6.4%) as a yellow oil. 'H-
NMR (DMSO-dg): 66.86 (s, 1H); 3.73 (s, 3H); 3.06-3.10 (m, 1H); 2.41 (s, 3H); 2.22
(s, 3H); 2.03 (s, 3H); 1.93 (s, 3H); 1.74-1.83 (m, 4H); 0.77 (t, J = 7.26 Hz, 6H) ppm.
MS/ ES+ =327 (100%, M+2).

Example 99.

Preparation of 2,6-Dimethyl-8-(1-propyl-butyl)-3-(1,3,5-trimethyl-1H -pyrazol-4-yl)-
imidazo[l,2-b]pyridazine.

N

/

h
N/

/

3-Todo-2,6-dimethyl-8-(1-propyl-butyl)-imidazo[,2-b]pyridazine (75 mg, 0.20
mmol), 1,3,5-trimethylpyrazole-4-boronic acid (80 mg, 0.52 mmol), 2N Na2CO3 solution
(0.22 ml), and 5.0mg (0.0004 mmol) of Pd(PPh3)4 are combined in microwave pressure
vessel with 1.5ml of dimethylether/H20O/ethanol (7:3:2) solution. The mixture is
microwaved at 140°C for 25 minutes. The mixture is evaporated and chromatographed
on silica gel column using hexanes then 3:1 hexane:ethyl acetate, then 1:1 hexane:ethyl
acetate to give the title compound (22.8%) as a clear oil. 'H-NMR (DMSO-dg): 56.88
(s, 1H); 3.72 (s, 3H); 3.06-3.10 (m, 1H); 2.40 (s, 3H); 2.21 (s, 3H); 2.02 (s, 3H); 1.92
(s, 3H); 1.60-1.76 (m, 4H); 1.08-1.21 (m, 4H); 0.82 (t, J = 7.49 Hz, 6H) ppm. MS/ ES+
=354 (100%, M+1).

Example 100.
Preparation of 5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-b]pyridazin-3-yl}-4-
methyl-thiophene-2-carboxylic acid dimethylamide.

NN
N
L N

4 | |
S N—
o)
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Using a procedure analogous to Example 23 B, 5-[8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[Z,2-b]pyridazin-3-yl}-4-methyl-thiophene-2-carboxylic acid (151 mg,
0.42 mmol) and 2.0 M dimethylamine (2.0 mL, 4 mmol) give the title compound (161
mg, 0.42 mmol, 100%). 1HNMR (CDCI3): § 0.89 (t, = 7.4 Hz, 6H), 1.75-1.94 (m, 4H),
2.14 (s, 3H), 2.51 (s, 3H), 2.53 (s, 3H), 3.15-3.50 (m, 7H), 6.72 (s, 1H), 7.30 (s, 1H). ES-
MS (m/z): calcd for C21H28N40S (M+H)+: 385.6 found: 385.3.

Example 101.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(1-methyl-1H-Imidazol-3-
yl)-thiophen-2-yl]-imidazo| /,2-b]pyridazine.

a
/ N S N
=N | , \(&\

Using a procedure similar to Example 31. from 3-(5-bromo-3-methyl-thiophen-2-
y1)-8-(1-cthyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazine (0.40 g, 1.02 mmol), 1.34
M 7n-BuLi (0.80 mL, 1.07 mmol), 0.5 M ZnCl, in THF (2.14 mL, 1.07 mmol), 3-iodo-1-
methyl-1H-imidazole (0.24 mL, 1.22 mmol) and PdClx(dppf) (0.037 g, 0.051 mmol)
furnish the title compound (0.030g, 0.076 mmol, 8%). '"H NMR (CDCl3), 8 0.89 (t, J =
7.5 Hz, 6H), 1.74-1.93 (m, 4H), 2.13 (s, 3H), 2.50 (s, 3H), 2.51 (s, 3H), 3.31-3.40 (m,
1H), 3.72 (s, 3H), 6.66 (s, 1H), 7.09 (d, J = 1.3 Hz, 1H), 7.19 (s, 1H), 7.86 (d, /= 1.3 Hz,
1H). LC/MS (m/z): calcd. for CopHyyNsS (M+H)": 394.2; found: 394.2.

Example 102.
Preparation of N-{4-chloro-5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazin-
3-yl]-thiazol-2-yl}-morpholine, hydrochloride salt.

(4

7/
N />—No

IPA (225.0 mL) is added to compound N-{4-chloro-5-[8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[l ,2-b]pyridazin-3-yl]-thiazol-2-yl}-morpholine (18.8 g, 0.0448 mmol,
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below) in a 1 L 1-neck round-bottomed flask The starting material slurry is heated to 50
°C on a Buchi bath, at which time a hazy solution resulted. Concentrated (12 M) aqueous
HCl (3.73‘mL, 0.0448 mmole, 1.0 eq) is added all at once, and the hazy solution is stirred
at 50 °C on the Buchi for 10 minutes, then evaporated to a yellow solid under vacuum.
After 20 minutes at room temperature under vacuum (weight of 20.9 g), acetone (100
mL) is added and the resulting yellow slurry is stirred at room temperature for 1 hour,
then cooled with an ice bath and stirred for an additional 1 hour. The slurry is filtered,
rinsed with acetone, and dried overnight under vacuum at 40°C to provide pale yellow-
white crystalline solid 19.18 g (94%). 'H NMR (DMSO): § 7.52 (s, 1H), 3.73 (t, J = 4.6,
4H), 3.49 (t, T = 5.2 Hz, 4H), 3.39 (m, 1H), 2.57 (s, 3H), 2.49 (s, 3H), 1.77 (m, 4H), 0.80
(t,J=7.4 Hz, 6H).

Example 103.
Preparation of 8-(1-ethyl-propyl)-3-[5-(2-fluoro-phenyl)-3-methyl-thiophen-2-yl] -2,6-
dimethyl-imidazo[l,2-b]pyridazine.

/NI F
/N S
=N |/

Using a procedure analogous to Example 30 B, 3-(5-boronic acid-3-methyl-
thiophen-2-y1)-8-( 1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine (0.18 g, 0.50
mmol), 1-bromo-2-fluoro-benzene (0.072 g, 0.65 mmol), and 2 M Nay;CO3 (0.38 mL., 0.76
mmol), n-PrOH (2 mL), and Pd(PPhs)4 (0.029 g, 0.025 mmol) furnish the title compound
(0.022 g, 0.054 mmol, 11%). 'H NMR (CDCly), 8 0.93 (t, J = 7.4 Hz, 6H), 1.71-1.96 (m,
4H), 2.19 (s, 3H), 2.66 (s, 3H), 2.67 (s, 3H), 3.41-3.50 (m, 1H), 7.15 (s, 1H), 7.15-7.23
(m, 2H), 7.28-7.35 (m, 1H), 7.45 (d, J = 1.4 Hz, 1H), 7.66 (dt, J = 7.8, 1.6 Hz, 1H).
LC/MS (m/z): calcd. for Co4HpgFIN3S (M+H)*: 408.2; found: 408.2.
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Example 104.
Preparation of 3-(3-chloro-5-pyrimidin-2-yl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine.

N
/ /NI S N
"N |/ \ Y/
BYaW,

A. 3-(3-Chloro-thiophen-2-yl-5-boronic acid)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

To a—78 °C solution of 3-(3-chloro-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine (2.0 g, 5.97 mmol) and THF (30 mL) is added 1.6 M
n-BuLi (4.1 mL). After 30 minutes B(OMe); (0.74 mL, 6.59 mmol) is added, the solution
is warmed to ambient temperature and stirred overnight. 1 M HCI (30 mL) is added and
the solution stirred for 20 minutes. The solution is made basic with 5 M NaOH. The
organic layer is extracted with 1 M NaOH (30 mL). The combined aqueous layers are
made acidic with 5 M HCI, K3PO,4*3 H,O is added and the PH adjusted to 5.5 using 1 M
NaOH. The combined aqueous layers are extracted with EtOAc (200 mL), washed with
brine (150 mL), dried over MgSOy, filtered and concentrated to furnish the title
compound (2.20 g, 5.82 mmol, 97%). LC/MS (m/z): calcd. for Cy7HzBCIN;O,S
(M+H)": 378.7; found: 378.0.

B. 3-(3-Chloro-5-pyrimidin-2-yl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

A solution of 3-(3-chloro-thiophen-2-yl-5-boronic acid)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine (0.25g, 0.66 mmol), 2-bromo-pyrimidine (0.21 g, 1.32
mimol), 2 M Nap,CO3 (0.66 mL, 1.32 mmol), and i-PrOH (3 mL) are degaésed with N7 for
15 minutes. Pd(OAc), (7.4 mg, 0.033 mmol) and PPhj (0.026 g, 0.099 mmol) are added
and the solution is heated at 90 °C overnight. The solution is diluted with EtOAc (35
mL), washed with 10% Na,COs3 (35 mL), brine (35 mL), dried over Na;SOy, filtered and
concentrated. The residue is purified by ISCO column chromatography (20%-30%
EtOAc/hexane gradient) furnish the title compound (0.077 g, 0.19 mmol, 29%). 'H
NMR (CDCl3) 6 0.88 (d, /= 7.4 Hz, 6H), 1.75-1.93 (m, 4H), 2.53 (s, 3H), 2.54 (s, 3H),
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3.27-3.40 (m, 1H), 6.71 (s, 1H), 7.16 (t, J = 5.0 Hz, 1H), 8.00 (s, 1H), 8.74 (d, /= 5.0 Hz,
2H). LC/MS (m/z): calcd. for Cy1H2CINsS (M+H)": 412.1; found: 412.2.

Example 105.
Preparation of 3-(3-chloro-5-thiazol-2-yl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-

&
/N S N
—NKL)%’]
Cl S

Using a procedure similar to Example 104, 3-(3-chloro-thiophen-2-yl-5-boronic
acid)-8-(1-cthyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.25g, 0.66 mmol), 2-
bromo-pyrimidine (0.21 g, 1.32 mmoD, 2 M Na,COs3 (0.66 mL, 1.32 mmol) and i-PrOH
(3 mL), Pd(OAc), (7.4 mg, 0.033 mmol), and PPhs (0.026 g, 0.099 mmol) furnish the title
compound (0.099 g, 0.24 mmol, 35%). "H NMR (CDCls) 6 0.88 (d, J = 7.5 Hz, 6H),
1.74-1.92 (m, 4H), 2.52 (s, 3H), 2.53 (s, 3H), 3.28-3.38 (m, 1H), 6.71 (s, 1H), 7.33 (t, /=
3.3 Hz, 1H), 7.49 (s, 1H), 7.81 (d, J = 3.3 Hz, 2H). LC/MS (m/z): calcd. for Co1H22CIN5S
(M+H)": 417.1; found: 417.1. '

imidazo[1,2-b]pyridazine.

Example 106.
Preparation of 3~[3—chloro—5—(2—methyl-2H—pyrazol—3—yl)-thiophen—2—y1]—8-(1—ethyl-
propyl)-2,6-dimethyl-imidazo[ 1, 2-b]pyridazine.

N
¢ | \
/N S, Ny
ﬁ%jgl//_ﬂ\)'
cl

To a—78 °C solution of 1-methyl-1H-pyrazole (0.12 g, 1.45 mmol) and THF (4
mL) is added 1.6 M n-BuLi (0.91 mL, 1.45 mmol). After 45 minutes 0.5 M ZnCl, (2.9
mL, 1.45 mmol) is added and the solution is warmed to ambient temperature. After 30
minutes 3-(5-bromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (example Rupp-88) (0.30 g, 0.73 mmol) and PdCl>(dppf) (0.027
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g, 0.036 mmol) are added and the solution heated at 65 °C overnight, diluted with EtOAc
(30 mL), washed with sat. NH4C1 (2 x 30 mL), dried over MgSOs,, filtered and
concentrated. The residue is purified by ISCO column chromatography (15%-30%
EtOAc/hexane gradient) furnish the title compound (0.15 g, 0.36 mmol, 50%). 'H NMR
(CDCls) § 0.88 (d, J = 7.5 Hz, 6H), 1.74-1.91 (in, 4H), 2.52 (s, 6H), 3.26-3.36 (m, 1H),
4.05 (s, 3H), 6.45 (d, J = 1.9 Hz, 1H), 6.71 (s, 1H), 7.14(s, 1H), 7.49 (d, J = 1.9 Hz, 1H).
LC/MS (m/z): calcd. for C1H24CINsS (M+H)*: 414.2; found: 414.2.

Example 107.
Preparation of 3-(3-chloro-5-pyridin-4-yl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-

imidazo[l,2-b]pyridazine.

Cl

Using a procedure similar to Example 104, 3-(3-chloro-thiophen-2-yl-5-boronic
acid)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazine (0.25g, 0.66 mmol), 4~
bromo-pyridine hydrochloride (0.26 g, 1.32 mmol), 2 M Na,CO3 (1.00 mL, 1.99 mmol),
i-PrOH (3 mL), Pd(OAC), (7.4 mg, 0.033 mmol), and PPh3 (0.026 g, 0.099 mmol) furnish
the title compound (0.16 g, 0.59 mmol, 59%). '"H NMR (CDCls) 8 0.87 (d, J = 7.5 Hz,
6H), 1.74-1.92 (m, 4H), 2.52 (s, 3H), 2.53 (s, 3H), 3.27-3.36 (m, 1H), 6.72 (s, 1H), 7.45-
7.49 (m, 3H), 8.63 (d, J = 1.3 Hz, 1H), 8.64 (d, J = 1.3 Hz, 1H). LC/MS (m/z): calcd. for
CooHy3CINGS (M+H)*: 411.1; found: 411.1.

Example 108.
Preparation of 3 -[3-chloro-5-(3,5-dimethyl-isoxazol-4-yl)-thiophen-2-yl]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine.

N
]
=N 7 N\ (
Cl ©
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Using a procedure similar to Example 104, 3-(3-chloro-thiophen-2-yl-5-boronic
acid)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine (0.25g, 0.66 mmol), 4-
iodo-3,5-dimethyl-isoxazole (0.30 g, 1.32 mmol), 2 M Na,COs (0.66 mL, 1.32 mmol) and
i-PrOH (3 mL), Pd(OAc), (7.4 mg, 0.033 mmol), and PPh; (0.026 g, 0.099 mmol) furnish
the title compound (0.14 g, 0.50 mmol, 50%). 'H NMR (CDCls) § 0.87 (d, J = 7.5 Hz,
6HD, 1.73-1.92 (m, 4H), 2.43 (s, 3H), 2.53 (s, 6H), 2.57 (s, 3H), 3.27-3.38 (m, 1H), 6.71
(s, 1H), 7.01 (s, 1H). LC/MS (m/z): caled. for CoH,sCIN,OS (M+H)™: 429.2; found:
429.2.

Example 109.
Preparation of 3-(3-chloro-5-pyridin-2-yl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine.

N
7
/ N S N=
=N M o\ 4
Cl

To a flask containing 3-(5-bromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine(0.25 g, 0.61 mmol) and PdCl2(dppf) (0.022 g, 0.030
mmol) is added a 0.5 M solution of 2-pyridylzinc bromide (2.40 mL, 1.21 mmol) and the
solution heated at 65 °C overnight, diluted with EtOAc (30 mL), washed with sat. NH4Cl
(2 x 30 mL), dried over MgSOs,, filtered and concentrated. The residue is purified by
ISCO column chromatography (20%-40% EtOAc/hexane gradient) followed by
recrystallization from CH3CN furnish the title compound (0.15 g, 0.36 mmol, 60%). '
NMR (CDCls) & 0.88 (d, J = 7.5 Hz, 6H), 1.73-1.93 (m, 4H), 2.52 (s, 3H), 2.53 (s, 3H),
3.29-3.38 (m, 1H), 6.70 (s, 1H), 7.17-7.23 (m, 1H), 7.56 (s, 1H), 7.66 (d, J = 7.9 Hz, 1H),
7.70-7.76 (m, 1H), 8.59 (d, J = 4.7 Hz, 1H). L.C/MS (m/z): calcd. for C2oHz3CIN4S
(M+H)*: 412.0; found: 412.4.
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Example 110.
Preparation of 3-(3-chloro-5-pyrimidin-5-yl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine.

N
¢ |
/N S. /=N
=N J )\ 2

Using a procedure similar to Example 104, 3-(3-chloro-thiophen-2-yl-5-boronic
acid)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.25g, 0.66 mmol), 4-
bromo-pyrimidine (0.21 g, 1.32 mmol), 2 M Na,CO3 (0.66 mL, 1.32 mmol), i-PrOH (3
mL), Pd(OAc), (7.4 mg, 0.033 mmol), and PPh; (0.026 g, 0.099 mmol) furnish the title
compound (0.053 g, 0.13 mmol, 20%). "H NMR (CDCls) § 0.88 (d, J = 7.5 Hz, 6H),
1.73-1.92 (m, 4H), 2.53 (s, 3H), 2.54 (s, 3H), 3.27-3.37 (m, 1H), 6.73 (s, 1H), 7.40 (s,
1H), 8.97 (s, 2H), 9.18 (s, 1H). LC/MS (in/z): caled. for C2;Hz,CINsS (M+H)™: 412.1;
found: 411.2.

Example 111.
Preparation of 3-(3-chloro-5-pyrazin-2-yl-thiophen-2-yl)-8-(1-ethyl-propyD)-2,6-
dimethyl-imidazo[1,2-b]pyridazine.

N

s
N S. N=
//%; () 0
Cl N

Using a procedure similar to Example 104, 3-(3-chloro-thiophen-2-yl-5-boronic
acid)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ,2-b]pyridazine(0.40g, 1.06 mmol), 2-
iodo-pyrazine (0.16 g, 1.59 mmol), 2 M Na,CO3 (1.06 mL, 2.12 mmol) and i-PrOH ]
mL), Pd(OAc), (0.012 g, 0.053 mmol), and PPhs (0.042 g, 0.16 mmol) furnish the title
compound (0.15 g, 0.36 mmol, 34%). 'H NMR (CDCls) 8 0.87 (d, J = 7.5 Hz, 6H), 1.73-
1.92 (m, 4H), 2.51 (s, 3H), 2.52 (s, 3H), 3.25-3.37 (m, 1H), 6.71 (s, 1H), 7.66 (s, 1H),
8.45 (d, J= 2.6 Hz, 1H), 8.51-8.53 (m, 1H), 8.96 (d, J = 1.0 Hz, 1H). LC/MS (m/z):
caled. for C21HpCINsS (M+H)* 412.1; found: 412.3.
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Example 112.
Preparation of 3-(3-chloro-5-thiazol-4-yl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyi-
imidazo[l,2-b]pyridazine.

N

s
N"\—S. Nx

=N | \\;
i

To a 0 °C solution of 3-(5-bromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[,2-b]pyridazine (0.60 g, 1.45 mmol) and THF (2 mL) is added 0.05 g/
mL of Reike® Zn (3.80 mL, 2.91 mmol). The solution is heated at a reflux for 1 hour,
and the excess Zn allowed to settle for 1 hour at ambient temperature. The solution is
transferred to a flask of 4-bromo-thiazole (Kelly, T. et al. Tetrahedron Lett. 1995, 51,
9293) (0.29 g, 1.74 mmol). PdCly(dppf) (0.027 g, 0.036 mmol) is added and the solution
heated at 65 °C overnight, diluted with EtOAc (40 mL), washed with sat. NH4Cl (30 mlL),
dried over MgSQ,, filtered and concentrated. The residue is purified by ISCO column
chromatography (15%-20% EtOAc/hexane gradient) followed by ISCO column
chromatography (100% Et,0) to furnish the title compound (0.098 g, 0.24 mmol, 16%).
'H NMR (CDCls) 8 0.88 (d, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.52 (s, 3H), 2.53 (s,
3H), 3.28-3.38 (m, 1H), 6.70 (s, 1H), 7.45 (s, 1H), 7.49 (d, J =2.0 Hz, 1H), 8.85 (d, J =
2.0 Hz, 1H). LC/MS (m/z): calcd. for CooH,CINGS, (M+H)*: 417.1; found: 417.3.

Example 113.
Preparation of 8-(1-ethyl-1-fluoro-propyl)-2,6-dimethyl-3-[3-methyl-5 -(6-methyl-pyridin-~
2-yl)-thiophen-2-yl]-imidazo[/,2-b]pyridazine.

To a—78 °C solution of 3-{2,6-dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yl)-
thiophen-2-yl]-imidazo[,2-b]pyridazin-8-yl}-pentan-3-ol (0.23 g, 0.55 mmol) and
CH,Cl, (3 mL) is added a solution of [bis(2-methoxyethyl)amino]sulfur triflouride (0.14
g, 0.60 mmol) and CH,Cl, (2 mL). The solution is warmed to ambient temperature and
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stirred overnight. The solution is washed with sat. NaHCOs (5 mL) and concentrated.
The reside is purified by ISCO column chromatography (15%-20% EtOAc/hexane
gradient) furnish the title compound (0.13g, 0.31 mmol, 57%). 'H NMR (CDCl5) 3 0.80
(t, J = 7.5 Hz, 6H), 2.14 (s, 3H), 2.16-2.31 (m, 2H), 2.46 (s, 3H), 2.54 (s, 3H), 2.56 (s,
3H), 2.59-2.70 (m, 2H), 6.98 (s, 1H), 7.00 (d, J = 7.6 Hz, 1H), 7.45 (d, J="7.8 Hz, 1H),
7.52 (s, 1H), 7.56 (dd, J = 7.8, 7.6 Hz, 1H). LC/MS (m/z): calcd. for C2sHa7FN4S
(M+H)*: 423.2; found: 423.4.

Example 114.
Preparation of 2-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-b]pyridazin-3-yl]-

thiophene-3-carbonitrile.

To a solution 0.05 g/mL of Reike® Zn (31 mL, 23.93 mmol) is added 2-bromo-
thiophene-3-carbonitrile (Fournari, P. et al. Bull. Soc. Chim. Fr., 1967, 4115) (2.25 g,
11.96 mmol) and THF (5 mL). The solution is heated at a reflux for 2 hours, cooled to
ambient temperature and the excess Zn allowed to settle. The solution is transferred via a
cannula into a flask of 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[/,2-b]pyridazine
(2.5 g, 7.98 mmol) and PdCly(dppf) (0.29 g, 0.040 mmol). The mixture is heated at 65°C
overnight, diluted with EtOAc (75 mL), washed with sat. NH,4CI (2 x 75 mL), dried over
MgSO,, filtered and concentrated. The residue is purified by ISCO column
chromatography (10%-20% EtOAc/hexane gradient) furnish the title compound (1.10 g,
3.39 mmol, 42%). 'H NMR (CDCl3) 8 0.86 (t, J = 7.5 Hz, 6H), 1.74-1.91 (m, 4H), 2.55
(s, 3H), 2.61 (s, 3H), 3.25-3.34 (m, 1H), 6.75 (s, 1H), 7.35 (d, J =5.2 Hz, 1H), 7.53 (d, J
= 5.2 Hz, 1H). LC/MS (m/z): calcd. for C1gHzoN4S (M+H)*: 325.5; found: 325.2.
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Example 115.
Preparation of 5—bromo—2—[8—(1-ethyl—propyl)—2,6-dimethy1—imidazo[J,2—b]pyridazin—3—

N

7|
/NS
=N ‘/ Br

N//

To a solution of 2-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-
yll-thiophene-3-carbonitrile (0.83 g, 2.56 mmol) and CH,Cl, (10 mL) is added NBS (0.48
g, 2.69 mmol). The solution is stirred for 1 hour, diluted with Et,O (100 mL.), washed
with water (3 x 100 mL), brine (100 mL), dried (MgSQ,) filtered and concentrated to
furnish the title compound (1.03 g, 2.55 mmol, >99%). 'H NMR (CDCls) 6 0.86 (t, J =
7.5 Hz, 6H), 1.74-1.91 (m, 4H), 2.56 (s, 3 H), 2.60 (s, 3H), 3.24-3.32 (m, 1H), 6.76 (s,
1H), 7.30 (s, 1H). LC/MS (mv/z): calcd. for CigH190BIN4S (M+H)*: 404.4; found: 404.1.

yl]-thiophene-3-carbonitrile.

Example 116.
Preparation of 2-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazin-3-yl]-5-
thiazol-2-yl-thiophene-3-carbonitrile.

&
/N S N
ﬂN&/)_Qs]

N

To a flask containing 5-bromo-2-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ], 2-
blpyridazin-3-yl]-thiophene-3-carbonitrile (0.25 g, 0.62 mmol) and PdCly(dppf) (0.023 g,
0.031 mmol) is added a solution of 0.5 M 2-thiazolylzinc bromide (6.0 ml., 3.10 mimol),
The solution is heated at 65 °C overnight, diluted with EtOAc (30 mL), washed with sat.
NH,4CI (2 x 25 mL), dried over MgSOQy, filtered and concentrated. The residue is purified
by ISCO column chromatography (15%-20% EtOAc/hexane gradient) furnish the title
compound (0.16 g, 0.39 mmol, 64%). 'H NMR (CDCls) & 0.88 (t, J = 7.5 Hz, 6H), 1.75-
1.93 (m, 4H), 2.58 (s, 3H), 2.66 (s, 3H), 3.25-3.35 (m, 1H), 6.78 (s, 1H), 7.38 (d, J = 3.5
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Hz, 1H), 7.70 (s, 1H), 7.84 (d, J = 3.5 Hz, 1H). LC/MS (m/2): calcd. for Co1H1NsS,
(M+H)*: 408.6; found: 408.1.

Example 117.
Preparation of 2-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[] ,2-blpyridazin-3-yl]-5-
thiazol-2-yl-thiophene-3-carbonitrile.

8
\
/ N SN
=N N
PUa%

To a —78 °C solution of 1-methyl-1,2,4-triazole (0.14 mL, 1.86 mmol) and THF (5
mL) is added a 1.6 M solution of n-BuLi in hexanes (1.20 mL, 1.36 mmol) after 30
minutes a 0.5 M solution of ZnCl, in THF (4.70 mL, 2.33 mmol) is added and the
solution warmed to ambient temperature and stirred for 30 minute. 5-Bromo-2-[8-(1-
ethyl-propyl)-2,6-dimethyl-imidazo[] ,2-b]pyridazin-3-yl]-thiophene-3-carbonitrile
(example Rupp-122) (0.25 g, 0.62 mmol) and PdClx(dppf) (0.023 g, 0.031 mmol) is
added and the solution heated at 65 °C overnight, diluted with EtOAc (25 mL), washed
with sat. NH4Cl (20 mL), dried over MgSOsu, filtered and concentrated. The residue is
purified by ISCO column chromatography (15%-60% EtOAc/hexane gradient), and is
chromatographed (50 x 250 C18 X-Terra RP column, 30-90% 10 mM NH,HCOs/water/5 .
% ACN: ACN gradient). The residue is dissolved in Et,O (25 mL), washed with sat.
NaHCO; (25 mL), dried over MgSO4, filtered and concentrated to furnish the title
compound (0.013 g, 0.032 mmol, 5%). 'H NMR (CDCls) § 0.87 (t, J = 7.5 Hz, 6H), 1.75-
1.93 (m, 4H), 2.58 (s, 3 H), 2.67 (s, 3H), 3.26-3.34 (m, 1H), 4.17 (s, 3H), 6.79 (s, 1H),
6.78 (s, 1H), 7.92 (s, 1H). LC/MS (m/z): caled. for Cy1H23N7S (M+H)": 406.5; found:
406.2.
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Example 118.
Preparation of 2-[8~(1-ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-b]pyridazin-3-yl]-5-(6-
methyl-pyridin-2-yl)-thiophene-3-carbonitrile.

M
/N S N=
*N/'/ \ /
N/

To a flask containing 5-bromo-2-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-
blpyridazin-3-yl]-thiophene-3-carbonitrile (0.25 g, 0.62 mmol) and PdClx(dppf) (0.024 g,
0.033 mmol) is added a solution of 0.5 M 6-methyl-2-pyridylzinc bromide in THF (2.50
mL, 1.24 mmol). The solution is heated at 65 °C overnight, diluted with EtOAc (30 mL),
washed with sat. NH,Cl (2 x 30 mL), dried over MgSOy, filtered and concentrated. The
residue is purified by ISCO column chromatography (15%-25% EtOAc/hexane
gradient), furnish the title compound (0.11 g, 0.26 mmol, 39%). 'H NMR (CDCls) § 0.87
(t, J = 7.5 Hz, 6H), 1.76-1.92 (m, 4H), 2.57 (s, 3 H), 2.58 (s, 3H), 2.65 (s, 3H), 3.26-3.35
(m, 1H), 6.75 (s, 1H), 7.09 (d, J = 7.5 Hz, 1H), 7.49 (d, J = 7.9 Hz, 1H), 7.63 (dd, J = 7.9,
7.5 Hz, 1H), 7.74 (s, 1H). LC/MS (m/z): caled. for Ca4H2sNsS (M+H)": 416.6; found:
416.2.

Example 119.
Preparation of 2-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo [Z,2-b]pyridazin-3-yl]-5-
pyridin-3-yl-thiophene-3-carbonitrile.

N

o
/N |s —
=N Y 4
Z X

To a —78 °C solution of 3-iodo-pyridine (0.32 g, 1.56 mmol), 0.5 M ZnCl, in THE
(3.20 mL, 1.59 mmol), and THF (2 mL) is added 1.7 M #-BuLi (1.85 mL, 3.15 mmol).
The solution is warmed to ambient temperature and stirred for 30 minutes. 5-Bromo-2-
[8-(1-ethyl-propyD)-2,6-dimethyl-imidazo[ ] ,2-b]pyridazin-3-yl]-thiophene-3-carbonitrile
(0.21 g, 0.52 mmol) and Pd(PPhs), (0.03 g, 0.026 mmol) are added and the solution
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heated at 55 °C for 1 hour, cooled to ambient temperature and stirred overnight, diluted
with EtOAc (50 mL), washed with sat. NH4Cl (2 x 40 mL), dried over MgSO,, filtered
and concentrated. The residue is purified by ISCO column chromatography (15%-40%
EtOAc/hexane gradient), furnish the title compound (0.15 g, 0.37 mmol, 71%). 'H NMR
(CDCl3) § 0.87 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.58 (s, 3 I), 2.66 (s, 3H), 3.26-
3.35 (m, 1H), 6.78 (s, 1H), 7.34-7.46 (m, 11II), 7.56 (s 1H), 7.91 (d, J = 7.1 Hz, 1H), 8.62
(s, 1H), 8.91 (s, 1H). LC/MS (m/z): calcd. for C3Ha3NsS (M+H)": 402.6; found: 402.4.

Example 120.
Preparation of 3-(3,4-dimethyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine.

A. 2-Bromo-3,4-dimethyl-thiophene.

To a solution of 3,4-dimethyl-thiophene (2.0 g, 17.82 mmol) (Minato et. al.,
Tetrahedron 1982, 38, 3347) in CH,Cl, (20 mL) is added NBS (3.3 g, 18.72 mmol). The
solution is stirred for 1 hour, diluted with Et,O (100 mL), washed with water (3 x 100
mL), brine (100 mL), dried (MgSOs) filtered and concentrated. The residue is purified by
ISCO column chromatography (100% hexane) furnish the title compound (3.0 g, 16.70
mmol). 'H NMR (CDCl3) 8 2.10 (s, 3H), 2.17 (s, 3H), 6.85 (s, 1H).

B. 3-(3,4-Dimethyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1, 2-
b]pyridazine and 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3,4,3',4'-tetramethyl-
[2,2']bithiophenyl-5-yl)-imidazo[1,2-b]pyridazine, respectively.

To a solution of 8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (2 30
g, 10.58 mmol), 2-bromo-3,4-dimethyl-thiophene (3.03 g, 15.88 mmol) and Cs,CO; (7.24
g, 22.23 mmol) and DMF (50 mL) is de-gassed with N for 20 minutes. Pd»(dba)s; (0.48
g, 0.053 mmol) and PPh; (0.56 g, 0.21 mmol) are added and the solution is heated at
120°C overnight. The solution is diluted with EtOAc (200 mL), washed with water (3 x
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200 mL), brine (200 mL), dried (MgSO4), filtered and concentrated. The residue is
purified by ISCO column chromatography (10% -15% EtOAc/hexane gradient) furnish
2.04 g of a brown oil which is chromatographed (50 x 250 C18 Symmetry column, 30-
70% water: 0.1 % TFA /ACN gradient) furnish the title compound (0.41 g, 1.25 mmol,
12%). "H NMR (CDCl3)  0.87 (t, J = 7.5 Hz, 6H), 1.73-1.94 (m, 4H), 2.00 (s, 3 H), 2.24
(d, J = 1.0 Hz, 3H), 2.45 (s, 3H), 2.50 (s, 3H), 3.29-3.38 (m, 1H), 6.65 (s, 1H), 7.10 (s,
1H). LC/MS (mv/z): caled. for Ci9HsN3S (M+H)™: 328.5; found: 328.3.

Example 121.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3 -methyl-4-(6-methyl-pyridin-2-yl)-
thiophen-2-yl]-imidazo[1,2-b]pyridazine.

S
U

NN
N
\ N ~

AN
=

To a flask containing 3-(4-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine (below) (0.25 g, 0.64 mmol) and PdClx(dppf) (0.023
g, 0.032 mmol) is added a solution of 0.5 M 6-methyl-2-pyridylzinc bromide in THF (2.5
mL, 1.27 mmol). The solution is heated at 65 °C overnight, diluted with EtOAc (25 mL),
washed with sat. NH4C1 (20 mL), dried over MgSQy, filtered and concentrated. The
residue is purified by ISCO (15%-20% EtOAc gradient) and is chromatographed (50 x
250 C18 Symmetry column, 10-70% water: 0.1 % TFA /ACN: 0.1% TFA gradient). The
residue is dissolved in Et,O (20 mL), washed with sat. NaHCOj3 (15 mL) dried over
MgSQ,, filtered and concentrated to furnish the title compound (0.066 g, 1.57 mmol,
31%). '"H NMR (CDCls) § 0.87 (t, J = 7.5 Hz, 6H), 1.73-1.91 (m, 4H), 2.20 (s, 3 H), 2.47
(s, 3H), 2.49 (s, 3H), 2.61 (s, 3H), 3.29-3.38 (m, 1H), 6.66 (s, 1H), 7.09 (d, J=7.5 Hz,
1H), 7.43 (d, J = 7.8 Hz, 1H), 7.54 (dd, J = 7.5, 7.8 Hz, 1H), 7.72 (s, 1H). LC/MS (1m0/2):
caled. for CaqHagN4S (M+H)™: 405.2; found: 405.3.
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Example 122.
Preparation of 3-(5-bromo-3,4-dimethyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-

N

<
I NSNS
=N I/Br

To a solution of 3-(3,4-dimethyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[,2-b]pyridazine (0.41 g, 1.25 mmol) and CH,Cl> (30 mL) is added NBS 0.23
g, 1.32 mmol). The solution is stirred for 1 hour, diluted with Et,0 (100 mL), washed
with water (3 x 100 mL), brine (100 mL), dried (MgSOy) filtered and concentrated to
furnish the title compound (0.41 g, 1.01 mmol, 80%). 'H NMR (CDCl3) § 0.86 (t, J = 7.4
Hz, 6H), 1.72-1.94 (m, 4H), 2.02 (s, 3 H), 2.18 (s, 3H), 2.43 (s, 3H), 2.49 (s, 3H), 3.27-
3.36 (m, 1H), 6.67 (s, 1H). LC/MS (1/z): calcd. for Ci9H24BrN3S (M+H)*: 407.4; found:
407.3.

imidazo[l,2-b]pyridazine.

Example 123.
Preparation of 3-[3,4-dimethyl-5-(2-methyl-2H-{1 ,2,4]triazol-3-yl)-thiophen-2-y1]-8-(1-
ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine.

N
4 | \
/ N S N
7 N

To a—78 °C solution of 1-methyl-1,2,4-triazole (0.056 mL, 0.74 mmol) and THF
(2 mL) is added a 1.6 M solution of #-BuLi in hexanes (0.46 mL, 0.74 mmol). The
solution is warmed to ambient temperature and stirred for 30 minutes. The solution is-
cooled to 0 °C, a 0.5 M solution of ZnCl, in THF (4.70 mL, 2.33 mmol) is added and the
solution warmed to ambient temperature and stirred for 30 minute. 3-(5-bromo-3,4-
dimethyl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ,2-blpyridazine (0.10
g, 0.25 mmol) and PdCly(dppf) (0.009 g, 0.012 mmol) is added and the solution heated at
65 °C overnight, diluted with EtOAc (25 mL), washed with sat. NH4C1 (20 mL), dried
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over MgSOy, filtered and concentrated. The residue is purified by ISCO column
chromatography (15%-60% EtOAc/hexane gradient), followed by a second purification
by ISCO column chromatography (100% Et;0) furnish the title compound (0.07 g, 0.17
mmol, 70%). 'H NMR (CDCl3) 8 0.87 (t, J = 7.5 Hz, 6H), 1.73-1.92 (m, 4H), 2.06 (s, 3
H), 2.29 (s, 3H), 2.47 (s, 3H), 2.51 (s, 3H), 3.27-3.37 (m, 1H), 3.97 (s, 3H), 6.69 (s, 1H),
8.00 (s, 1H). LC/MS (m/z): caled. for CooHosNgS (M+H)': 409.6; found: 409.2.

Example 124.
Preparation of 3-(3,4-dimethyl-5-thiazol-2-yl-thiophen-2-yl)-8-(1-ethyl-propyl)-2.,6-

dimethyl-imidazo[l;2-b]lpyridazine.

7 N S S
=N |
N ]

To a —78 °C solution of 3-(5-bromo-3,4-dimethyl-thiophen-2-yl)-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine (0.10 g, 0.25 mmol) and THF (1 mL) is
added 1.6 M n-BuLi (0.16 mL). The solution is stirred for 45 minutes and 0.5 M ZnCl,
in THF (0.52 mL, 0.26 mmol) is added. The solution is warmed to ambient temperature
and stirred for 30 minutes. 2-Bromo-thiazole (0.044 mL, 0.49 mmol), and PdCl»(dppf)
(0.009 g, 0.012 mmol) are added and the solution heated at 65 °C overnight, diluted with
EtOAc (25 mL), washed with sat. NH4Cl (20 mL), dried over MgSOx, filtered and
concentrated. The residue is purified by ISCO column chromatography (15%-20%
EtOAc/hexane gradient), furnish the title compound (6.1 mg, 0.015 mmol, 6%). '"H NMR
(CDCly), 8 0.87 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.07 (s, 3 H), 2.49 (s, 3H), 2.51 (s,
3H), 2.53 (s, 3H), 3.29-3.39 (m, 1H), 6.68 (s, 1H), 7.35 (d, /= 3.1 Hz, 1H), 7.86 (d, J =
3.1 Hz, 1H). LC/MS (m/z): caled. for C2oHa26N4S2 (M+H)*: 411.6; found: 411.2.
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Example 125.
Preparation of 3-[3,4-dimethyl-5-(6-methyl-pyridin-2-yl)-thiophen-2-y1]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine.

a8
/ N S N=
=N 1 2\ 4

To a flask containing 3-(5-bromo-3,4-dimethyl-thiophen-2-y1)-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[ 1,2-b]pyridazine (0.10 g, 0.25 mmol) and PdCly(dppf) (9 mg, 0.012
mmol) is added a solution of 0.5 M 6-methyl-2-pyridylzinc bromide in THF (0.98 mL,
0.49 mmol). The solution is heated at 65 °C overnight, diluted with EtOAc (30 mL),
washed with sat. NH4CI (30 mL), dried over MgSOs, filtered and concentrated. The
residue is purified by ISCO column chromatography (15%-30% EtOAc/hexane gradient)
furnish the title compound (0.029 g, 0.069 mmol, 29%). 'H NMR (CDCls), § 0.88 (t, J =
7.5 Hz, 6H), 1.72-1.92 (m, 4H), 2.04 (s, 3 H), 2.45 (s, 3H), 2.47 (s, 3H), 2.50 (s, 3H), 2.59
(s, 3H), 3.29-3.38 (m, 1H), 6.66 (s, 1H), 7.04 (d, J = 8.0 Hz, 1H), 7.37 (d, /= 7.8 Hz,
1H), 7.60 (d, J = 8.0, 7.8 Hz, 1H). LC/MS (m/z): caled. for CasH3oN4S (M+H)*: 419.6;
found: 419.4.

Example 126.
Preparation of 3-[3,4-dimethyl-5 -(6-methyl-pyridin-2-yl)-thiophen-2-y1}-8-(1-ethyl- -
propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazine. '

To a—78 °C solution of 3-iodo-pyridine (0.15 g, 0.74 mmol) and 0.5 M ZnCl; in
THF (1.5 mL, 0.75 mmol) is added +~BuLi (0.88 mL, 1.49 mmol). The slurry is warmed
to ambient temperature and stirred for 30 minutes. 3-(5-bromo-3,4-dimethyl-thiophen-2-
yl)—8—(1—ethyl—propyl)-2,6—dimethyl—imjdazo[I,Z-b]pyridazine (0.10 g, 0.25 mmol) and
Pd(PPhs3), (0.014 g, 0.012 mmol) are added and the solution stirred at ambient
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temperature for 2 days, diluted with EtOAc (35 mL), washed with sat. NH,Cl (30 mL),
dried over MgSOy, filtered and concentrated. The residue is purified by ISCO column
chromatography (20%-30% EtOAc/hexane gradient) furnish the title compound (6.1 mg,
0.015 mmol, 6%). 'H NMR (CDCls), & 0.88 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m, 4H), 2.07
(s, 3 H), 2.29 (s, 3H), 2.49 (s, 3H), 2.53 (s, 3H), 3.30-3.39 (m, 1H), 6.68 (s, 1H), 7.36 (dd,
J=8.0,4.5 Hz, 1H), 7.79-7.83 (m 1H), 8.57 (d, J = 4.5 Hz, 1H), 8.79 (d, /= 0.9 Hz, 1H).
LC/MS (m/z): calcd. for CaqHagN4S (M+H)™: 405.6; found: 405.2.

Example 127 & 128.

Preparation of 8-(1-ethyl-propyl)-3-(3-methoxy-thiophen-2-yl) -2,6-dimethyl-imidazo[ Z,2-
b]pyridazine and 8-(1-ethyl-propyl)-3-(4-methoxy-thiophen-2-yl)-2,6-dimethyl-

FN
>N =N > N/
N /S
/S =

/O

imidazo[ 1,2-b]pyridazine.

—0
Ex. 127. Ex. 128.

To a solution of 3-methoxy-thiophene (2.19 g, 19.14 mmol) in Et2O (50 mL) is
added 1.6 M n-BuLi (12.20 mL, 19.46 mmol). The solution is heated at a reflux for 30
minutes and cooled to ambient temperature. As solution of 0.5 M ZnCl, (38.9 mL, 19.5
mmol) and THF (50 mL) is added and the solution is stirred for 30 minutes. 8-(1-ethyl-
propyl)-3-iodo-2,6-dimethyl-imidazo[ 1,2-b]pyridazine (2.0 g, 6.38 mmol) and
PdCl,(dppf) (0.23 g, 0.032 mmol) are added and the solution is heated at 65 °C for 4
hours, diluted with EtOAc (250 mL), washed with sat. NH4ClI (250 mL), dried over
MgSO,, filtered and concentrated. The residue is purified by ISCO column
chromatography (10%-25% EtOAc/hexane gradient) furnish the title compounds (1.50 g,
4.55 mmol, 71%) and (0.23 g, 0.70 mmol, 11%), respectively.

Example 127: 'H NMR (CDCls) & 0.83 (t, J = 7.5 Hz, 6H), 1.71-1.89 (m, 4H), 2.59 (s,
3H), 2.70 (s, 3H), 3.26-3.35 (m, 1H), 3.86 (s, 3H), 6.32 (d, J = 1.6 Hz, 1H), 6.67 (s, 1H),
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7.41 (d, J = 1.6 Hz, 1H). LC/MS (m/z): calcd. for C;3H,3N308 (M+H)+: 330.5; found:
330.3.
Example 128: H NMR (CDCl;) § 0.84 (t, J = 7.5 Hz, 6H), 1.71-1.88 (m, 4H), 2.47 (s,
3H), 2.49 (s, 3H), 3.26-3.35 (m, 1H), 3.84 (s, 3H), 6.62 (s, 1H), 6.96 (d, J = 5.5 Hz, 1H),
7.39 (d, J = 5.5 Hz, 1H). LC/MS (m/z): calcd. for CigH23N30S M+H)*: 330.5; found:
330.3.

Example 129.
Preparation of 3-(5-bromo-3-methoxy-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine.

N

¢
/ N S
=N J|_)—Br

To a solution of 8-(1-ethyl-propyl)-3-(3-methoxy-thiophen-2-yl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.78 g, 2.37 mmol) and CH,Cl, (10 mL) is added NBS (0.44 g,
2.49 mmol). The solution is stirred for 1 hour, washed with water (3 x 10 mL),
concentrated and purified by ISCO column chromatography (5%-15% EtOAc/hexane
gradient) to furnish the title compound (0.87 g, 2.13 mmol, 90%). 'H NMR (CDCl,) &
0.85 (t, J = 7.5 Hz, 6H), 1.71-1.89 (m, 4H), 2.46 (s, 3H), 2.52 (s, 3H), 3.25-3.35 (m, 1H),
3.82 (s, 3H), 6.65 (s, 1H), 6.97 (s, 1H). LC/MS (m/z): calcd. for C13H22BrNsOS (M-+H)™:
408.1; found: 408.3.

Example 130.
Preparation of 8-(1-ethyl-propyl)-3-[3-methoxy-5-(6-methyl-pyridin-2-yl)-thiophen-2-yl]-
2,6-dimethyl-imidazo[/,2-b]pyridazine.

N
7]
/N S N=
=N 1 )\ /
}
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To a flask containing 3-(5-bromo-3-methoxy-thiophen-2-yl)-8-(1-ethyl-propyD)-
2,6-dimethyl-imidazo[Z,2-b]pyridazine (0.20 g, 0.49 mmol) and PdCly(dppf) (0.018 g,
0.024 mmbl) is added a solution of 0.5 M 6-methyl-2-pyridylzinc bromide in THF (3.0
mL, 1.47 mmol). The solution is heated at 65 °C overnight, diluted with EtOAc (30 mL),
washed with sat. NH4Cl (2 x 30 mL), dried over MgSOs, filtered and concentrated. The
residue is purified by ISCO column chromatography (15%-20% EtOAc/hexane gradient)
furnish the title compound (0.066 g, 1.57 mmol, 31%). 'H NMR (CDCl13)80.85(t,J =
7.5 Hz, 6H), 1.71-1.89 (m, 4H), 2.50 (s, 3 H), 2.51 (s, 3H), 2.55 (s, 3H), 3.26-3.37 (m,
1H), 3.90 (s, 3H), 6.63 (s, 1H), 6.99 (d, J = 7.4 Hz, 1H), 743 (d, J =7.7 Hz, 1H), 7.49 (s,
1H), 7.54 (dd, J = 7.4, 7.7 Hz, 1H). LC/MS (m/z): calcd. for CosH2sN4OS M+H)*:
421.6; found: 422.4.

Example 131.
Preparation of 8-(1-ethyl-propyl)-3-(3-methoxy-5-pyridin-3-yl-thiophen-2-y1)-2,6-
dimethyl-imidazo[l,2-b]pyridazine. \

Toa —78.°C solution of 3-iodo-pyridine (0.32 g, 1.56 mmol) and 0.5 M ZnCl, in
THF (3.20 mL, 1.59 mmol) is added ¢#-BuLi (2.27 mL, 3.85 mmol). The solution is
warmed to ambient temperature and stirred for 30 minutes. 3—(‘5—br0rno—3—methoxy-
thiophen—Z—yl)—8—(l—ethyl-propyl)—2,6-diméthy1—imidazo[],Z—b]pyridazine (0.26 g, 0.64
mmol) and Pd(PPhs)4 (0.037 g, 0.032 mmol) are added and the solution heated at 50 °C
for 1 hour, cooled to ambient temperature and stirred overnight. The solution is diluted
with BEtOAc (30 mL), washed with sat. NH4ClI (2 x 30 mL), dried over MgSO,, filtered
and concentrated. The residue is purified by ISCO column chromatography (20%-50%
EtOAc/hexane gradient), furnish the title compound (0.16 g, 0.39 mmol, 61%). "H NMR
(CDCls) 6 0.87 (t, J = 7.5 Hz, 6H), 1.74-1.91 (m, 4H), 2.52 (s, 3 H), 2.55 (s, 3H), 3.28-
3.38 (m, 1H), 3.93, (3H), 6.67 (s, 1H), 7.26 (d, J = 3.5 Hz, 1H), 7.31-7.36 (m, 1H), 7.88-
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7.92 (m, 1H), 8.55 (d, J = 4.5 Hz, 1H), 8.92 (d, J = 1.8 Hz, 1H). LC/MS (m/z): calcd. for
Co3HoeN,OS (M+H)': 407.6; found: 407.4.

Example 132.
Preparation of 8—(1-ethyl—propyl)-2,6-dirnethyl—3—(4-methyl—2—pyridin—4—yl—thiazol-5-yl)-
imidazo[1,2-b]pyridazine, hydrochloride salt.

N 4

ae
oM =N

A mixture of 37(2-bromo-4—methy]-thiazol—S—yl)—8—(1—ethyl—propyl)—2,6~dimethy1—
imidazo[I,2-b]pyridazine (500 mg, 1.27 mmol), 4-pyridineboronic acid (500 mg, 4
mmol), Pd(PPhs)s (100 mg, 0.08 mmol), toluene (2 mL), MeOH (1mL), and K,COs 2M
aqueous solution, 3.5mL) is heated at 100 °C for 18 hours. Ethyl acetate (20mL) is
added, and the organic layer is separated, dried over magnesium sulfate, filtered, and
concentrated in vacuo. Purification is performed via silica gel chromatography using a
3:1 mixture of hexanes and ethyl acetate to obtain the free amine of the title compound
(200 mg, 40%). The purified product is dissolved in ethyl acetate and a freshly prepared
solution of hydrogen chloride (0.5 M in ethyl acetate, 2 mL) is added. The solvent is
removed in vacuo to give the title compound . NMR (CDCls3), d 8.2 (m, 2H); 7.05

(m,2H); 6.55 (s, 1H); 3.24 (m, 1H); 2.43 (s, 3H); 2.40 (s, 3H); 2.33 (s, 3H); 1.76 (m, 4H);
0.80 (t, 6H) ppm. MS/ES* = 391 (100%, M+1).

Example 133.
Preparation of 8-(1-ethyl-propyl)-3-[3-methoxy-5 -(2-methyl-2H-[1,2,4]triazol-3-yl)-
thiophen-2-y1]-2,6-dimethyl-imidazo[/,2-b]pyridazine.

N

. | \
! NTNAS. N-y
=N |/ N ]

A. 5-Bromo-1-methyl-1H-[1,2 4]triazole.
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To a —78 °C solution of 1-methyl-1H-[1,2,4]triazole (1.0 mL, 13.20 mmol) and
THF (100 mL) is added 1.6 M n-BuLi (8.70 mL, 13.86 mmol). After 45 minutes 1,2-
dibromo-1,1,2,2-tetrafluoro-ethane (1.76 mL, 14.52 mmol) is added, the solution is
warmed to ambient temperature and stirred for 2 hours. The solution is diluted with
EtOAc (200 mL), washed with water (150 mL), brine (150 mL), dried over MgSO4,
filtered and concentrated to furnish the title compound (1.37 g, 8.46 mmol, 64%). H
NMR (CDCls) & 3.82 (s, 3H), 7.78 (s, 1H). LC/MS (m/z): calcd. for C3H4BrN3 (M+H)™:
162.0; found: 161.9.

B. 8-(1 —Ethyl—propyl)-3-(5—iod0-3—methoxy—thiophen—Z—yl)—2,6—dimethyl—irnidazo [1,2-
blpyridazine.

To a solution of 8-(1—ethyl—propyl)—3—(3—methoxy—thiophen—Z—yl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.75 g, 2.28 mmol) and CH3;CN (10 mL) is added NIS (0.54 g,
2.39 mmol). The solution is stirred overnight, concentrated, diluted with EtOAc (30 mL),
washed with water (30 mL), sat. NH,CI (30 mL), 20% (NaHSO3) (30 mL), brine (30
mL), dried over MgSOsy, filtered and concentrated. The residue is purified by ISCO
column chromatography (15%-20% EtOAc/hexane gradient) furnish the title compound
(0.91 g, 2.00 mmol, 88%). 'H NMR (CDCls) 8 0.85 (t, J = 7.5 Hz, 6H), 1.71-1.89 (m,
4H), 2.46 (s, 3H), 2.52 (s, 3H), 3.25-3.35 (m, 1H), 3.83 (s, 3H), 6.64 (s, 1H), 7.12 (s, 1H).
1.C/MS (m/z): calcd. for C1gH,,IN3OS (M+H)": 456.4; found: 456.0.

C. 5-Bromo-1-methyl-1H-[1,2,4]triazole.

To a —78 °C solution of 1-methyl-1H-[1,2,4]triazole (1.0 mL, 13.20 mmol) and
THF (100 mL) is added 1.6 M n-BuLi (8.70 mL, 13.86 mmol). After 45 minutes 1,2-
dibromo-1,1,2,2-tetrafluoro-ethane (1.76 mL, 14.52 mmol) is added, the solution warmed
to ambient temperature and stirred for 2 hours. The solution is diluted with EtOAc (200
mL), washed with water (150 mL), brine (150 mL), dried over MgSQsy, filtered and
concentrated to furnish the title compound (1.37 g, 8.46 mmol, 64%). 'H NMR (CDCl3)
§ 3.82 (s, 3H), 7.78 (s, 1H). LC/MS (m/z): calcd. for C3H4BrN; (M+H)": 162.0; found:
161.9.
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D. 8-(1-Ethyl-propyl)-3-[3-methoxy-5-(2-methyl-2H-[1 ,2,4]triazol-3-yl)-thiophen-2-yl]-
2,6-dimethyl-imidazo[/,2-b]pyridazine.

To a slurry of 0.05 g/ mL of Reike® Zn in THF (2.8 mL, 2.11 mmol) is added 5-
bromo-1-methyl-1H-[1,2 4]triazole and THF (2 mL). The solution is heated at 65 °C for
1 hour, cooled to ambient temperature and the excess Zn allowed to settle for 1 hour. The
solution is transferred to a flask containing 8-(1-ethyl-propyl)-3-(5-iodo-3-methoxy-
thiophen-2-y1)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.32 g, 0.70 mmol) and Pd(PPhs3)4
(0.041 g, 0.035 mmol). The solution is heated at 65 °C overnight, diluted with EtOAc (30
mL) washed with sat. NH,4CI (30 mL). The aqueous phase is extracted with EtOAc (20
mL). The combined organic layers are dried over MgSOy, filtered and concentrated. The
reside is purified by ISCO column chromatography (20%-65% EtOAc/hexane gradient)
followed by ISCO column chromatography (100% Et,O) furnish the title compound
(0.19 g, 0.46 mmol, 62%). 'H NMR (CDCls) 6 0.86 (t, J = 7.5 Hz, 6H), 1.73-1.91 (m,
4H), 2.51 (s, 3 H), 2.52 (s, 3H), 3.26-3.37 (m, 1H), 3.92 (s, 3H), 4.15 (s, 3H), 6.67 (s,
1H), 7.48 (s, 1H), 7.89 (s, 1H). LC/MS (m/z): calcd. for C21HaNcOS (M+H)*: 411.5;
found: 411.3.

Example 134.
Preparation of 8-(1-ethyl-propyl)-3-(3-methoxy-5-thiazol-2-yl-thiophen-2-y1)-2,6-
dimethyl-imidazo[ /,2-b]pyridazine.

To a flask containing 8-(1-ethyl-propyl)-3-(5-iodo-3-methoxy-thiophen-2-y1)-2,6-
dimethyl-imidazo[ 1,2-b]pyridazine (0.45 g, 0.99 mmol) and PdCly(dppf) (0.057 g, 0.078
mmol) is added a 0.5 M solution of 2-thiazolylzinc bromide (9.9 mL, 4.94 mmol). The
solution is heated at 65 °C overnight, diluted with EtOAc (50 mL), washed with sat.
NH4C1 (50 mL), dried over MgSO,, filtered and concentrated. The residue is purified by
ISCO column chromatography (15%-20% EtOAc/hexane gradient) furnish the title
compound (0.29 g, 0.70 mmol, 71%). 'H NMR (CDCl,) & 0.86 (t, J = 7.5 Hz, 6H), 1.72-
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1.90 (m, 4H), 2.51 (s, 3H), 2.53 (s, 3H), 3.28-3.37 (m, 11), 3.93 (s, 3H), 6.67 (s, 1H),
7.28 (d, J = 3.3 Hz, 1H), 7.41 (s, 1H), 7.80 (d, J = 3.3 Hz, 1H). LC/MS (1n/z): calcd. for
Co HouN40S, (M+H)': 413.6; found: 414.3.

Example 135.
Preparation of 8-(1—ethyl-propyl)—2,6-dimethy1—3—(4—methyl—2-morpholin—4-yl-thiazol-S—
yl)-imidazo[/,2-b]pyridazine.

N
S
/
—N | N o)
N/>_ N

110 mg of 8-(1—ethyl—propyl)—3-[2—bromo—4—methy1—5—thiazolyl]—2,6-dimethy1—

Z

imidazo[1,2-b]pyridazine (0.28 mmol) and 122 mg of morpholine (1.4 mmol) are
dissolved in 3.0 ml of THF and 182 mg of cesium carbonate (0.56 mmol) is added. The
mixture is put in 4 ml vial with a Teflon® lined cap and heated at 110°C overnight. The
reaction mixture is concentrated and applied to a silica-gel column chromatography
coiumn with hexane:EtOAc = 3:1 eluent to give 98 mg of the title compound (88%). mass
spectrum (m/e): 400(M+1); IH-NMR(CDCI3): & 6.70(s, 1H), 3.87(t, 4H, J=4.8Hz), 3.56(t,
4H, J=4.8Hz), 3.35(m, 1H) 2.56(s, 3H), 2.46(s, 3H), 1.86(m, 4H), 0.90(t, 6H, J=7.6Hz)
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The following compounds are prepared essentially as described in Example 135. with 8-

(1-ethyl-propyl)-3-[2-bromo-4-methyl-5-thiazolyl}-2,6-dimethyl-imidazo [1,2-

blpyridazine and the named amine:

Ex

Name

Amine

I'H NMR (CDCl): &

MS
(found)
(M+1)

136.

N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazin-
3-yl}-4-methyl-thiazol-2-
yl}-methylamine

2M Methyl-
amine/THF

6.71 (s, LH), 5.44 (s, NH),
3.35 (m, 1H), 3.06 (s, 3H),
2.57 (s, 3H), 2.47 (s, 3H),
2.19 (s, 3H), 1.86 (m, 4H),
0.90 (t, J = 7.6 Hz, 6H).

344

137.

N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazin-
3-yl]-4-methyl-thiazol-2-
y1}-dimethylamine

2M
Dimethyl-
amine/THF

6.70 (s, 1H), 3.36 (m, 1H),
3.17 (s, 6H), 2.56 (s, 3H),
2.46 (s, 3H), 2.19 (s, 3H),
1.85 (i, 4H), 0.90 (t,J = 7.3
Hz, 6H).

358

138.

N-Ethyl-N-{5-[8-(1-
ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-
blpyridazin-3-yl]-4-
methyl-thiazol-2-yl}-

methylamine

N-Methyl-

ethylamine

6.70 (s, 1H), 3.59 (q, J = 7.6
Hz, 2H), 3.37 (m, 1H), 3.15
(s, 3H), 2.57 (s, 3H), 2.48 (s,
3H), 2.19 (s, 3H), 1.85 (m,
4H), 1.30 (1, = 7.5 Hz,
2H), 0.90 (t, T = 7.1 Hz,
6H).

372

139.

N-{5-[8-(1-ethyl-propyl)-
2,6-dimethyl-
imidazo[/,2-b]pyridazin-
3-yl}-4-methyl-thiazol-2-
yl}-diethylamine

Diethyl-

amine

6.71 (s, 111), 3.56 (q, T = 7.1
Hz, 4H), 3.35 (m, 1), 2.56
(s, 3H), 2.47 (s, 3H), 2.18 (s,
3H), 1.85 (m, 4H), 1.30 (t, J
=7.3 Hz, 6H), 0.90 (t,J =
7.3 Hz, 6H).

386

3957



WO 2006/102194

PCT/US2006/009942

122
N-{5-[8-(1-Ethyl- 7.44 (s, 1H), 6.69 (s, 1H),
propyl)-2,6-dimethyl- | N-Methyl- | 6.38 (s, 2H), 4.72 (s, 2H),
140. |imidazo[l,2-b]pyridazin- |(furan-2-yl)-{ 3.36 (m, 1H), 3.14 (s, 3H), 424
3-yl]-4-methyl-thiazol-2-| methyl- 2.57 (s, 3H), 2.48 (s, 3H),
yl1}-N-(furan-2- amine 2.20 (s, 3H), 1.85 (m, 4H),
ylmethyl)-methylamine 0.90 (t, J = 7.4 Hz, 6H).
N-{5-[8-(1-ethyl-propyl)- 6.71 (s, 1H), 3.92 (m, 4H),
2,6-dimethyl- Thi 3.37 (m, 1H), 2.80 (m, 4H),
io-
141. |imidazo[1,2-b]pyridazin- ) 2.57 (s, 3H), 2.48 (s, 3H), 416
morpholine
3-yl]-4-methyl-thiazol-2- 2.18 (s, 3H), 1.85 (m, 4H),
y1}thiomorpholine 0.90 (t,J =7.2 Hz, 6H).
6.71 (s, 1H), 5.90 (s, NH),
N-{5-[8-(1-Ethyl-
3.66 (t, J = 5.4 Hz, 2H), 3.56
propyl)-2,6-dimethyl-
) S (t, J =4.6 Hz, 2H), 3.44 (s,
142 |imidazol[l,2-b]pyridazin-| 2-methoxy-
3H), 3.35 (m, 1H), 2.57 (s, 388
3-yl]-4-methyl-thiazol-2-| ethylamine
3H), 2.47 (s, 3H), 2.18 (s,
y1}-(2-methoxy-ethyl)-
_ 3H), 1.85 (m, 4H), 0.90 (t,J
amine
=7.2 Hz, 6H).
6.69 (s, 1H), 5.15 (s, NH),
N-{5-[8-(1-Ethyl-
3.74 (m, 1H), 3.35 (m, 1H),
propyl)-2,6-dimethyl- )
143 i-propyl- 2.57 (s, 3H), 2.47 (s, 3H),
imidazol[I,2-b]pyridazin- ) 372
amine 2.17 (s, 3H), 1.84 (m, 4H),
3-y1]-4-methyl-thiazol-2-
) 1.35 (d, J = 5.4 Hz, 6H),
yl}-isopropyl-amine
0.90 (t, J = 7.4 Hz, 6H).
N-{5-[8-(1-ethyl-propyl)- 6.68 (s, 1H), 3.55 (m, 4H),
144 2,6-dimethyl- 3.36(m, 1H), 2.56 (s, 3H),
. imidazo[1,2-b]pyridazin-| Pyrrolidine | 2.46 (s, 3H), 2.19 (s, 3H), 384
3-yl]-4-methyl-thiazol-2- 2.09 (m, 4H), 1.86 (m, 4H),
yl}-pyrrolidine 0.91 (t,J = 7.6 Hz, 6H).
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6.70 (s, 1H), 5.21 (s, NH),
N-{5-[8-(1-Ethyl- 3.39 (t,J = 7.2 Hz, 2H), 3.29
propyl)-2,6-dimethyl- , (m, 1H), 2.57 (s, 3H), 2.47
145. . n-propyl-
imidazo[Z,2-b]pyridazin- ) (s, 3H), 2.16 (s, 3H), 1.85 372
amine
3-yl]-4-methyl-thiazol-2- (m, 4H), 1.74 (m, 2H), 1.05
y1}-n-propylamine (t,J=7.3 Hz, 3H), 0.90 (t,J
= 7.4 Hz, 6H).
7.47-7.23 (m, 5H), 6.70 (s,
N-{5-[8-(1-ethyl-propyl)-
1H), 5.52 (s, NH), 6.70 (s,
2,6-dimethyl-
146 ‘ o Benzyl- | 2H), 3.34 (m, 1H), 2.56 (s,
imidazol[1,2-b]pyridazin- 420
amine 3H), 2.46 (s, 3H), 2.19 (s,
3-yl]-4-methyl-thiazol-2-
) 3H), 1.85 (m, 4H), 0.91 (t,J
yl}-benzylamine
=7.2 Hz, 6H).
N-{5-[8-(1-ethyl-propyl)-
2,6-dimethyl- N-(2-
147 |imidazo[l,2-b]pyridazin-| Methoxy- Al6
3-yl}-4-methyl-thiazol-2-|  ethyl)-
y1}-N-(2-methoxy-ethyl)-| ethylamine
ethylamine
6.69 (s, 1H), 3.72 (m, 4H),
N-{5-[8-(1-Ethyl-
) 3.47 (t,J = 7.4 Hz, 2H), 3.42
propyl)-2,6-dimethyl- | N-(2-meth- '
‘ (s, 3H), 3.36 (m, 1H), 2.57
148 |imidazo[l,2-b]pyridazin-|oxyethyl)-n-
(s, 3H), 2.47 (s, 3H), 2.16 (s, 430
3-y1]-4-methyl-thiazol-2-| propyl-
3H), 1.87 (m, 6H), 0.99 (t,J
yl}-(2-methoxy-ethyl)-n-|  amine
=7.2Hz,3H),091 (t,J =
propylamine
7.5 Hz, 6H).
N-{5-[8-(1-ethyl-propyl)- 6.68 (s, 1H),3.53 (t, J=4.7
149 2,6-dimethyl- Hz, 4H), 3.36 (m, 1H), 2.56
imidazo[l,2-b]pyridazin-| piperidine (s, 3H), 2.46 (s, 3H), 2.17 (s, 398
3—y1]—4-methy1—thiaz61-2— 3H), 1.86 (m, 4H), 1.71 (m,
yl}-piperidine 6H), 0.90 (t,J = 7.4 Hz,
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6H).
6.70 (s, 1H), 5.24 (s, NH),
N-{5-[8-(1—ethy1-propy1)— 3.32 (rh, 2H), 2.57 (s, 3H),
2,6-dimethyl- 2.47 (s, 3H), 1.94 (s, 3H),
150 3-amino-
imidazo[/,2-b]pyridazin- 1.85 (m, 4H), 1.72 (m, 2H), 400
pentane
3-yl]-4-methyl-thiazol-2- 1.60 (m, 2H), 1.02 (t,J=7.5
yl}-3-pentylamine Hz, 6H), 0.90 (t, J = 7.3 Hz,
6H).
6.70 (s, 1H), 6.51 (s, NH),
N-{5-[8-(1-ethyl-propyl)-
3.35 (m, 1H), 2.67 (m, 1H),
2,6-dimethyl-
151 Cyclo- 2.57(s, 3H), 2.47 (s, 3H),
imidazo[/,2-b]pyridazin- . 370
propylamine| 2.18 (s, 3H), 1.85 (m, 4H),
3-yl}-4-methyl-thiazol-2-
0.91 (t, J = 7.3 Hz, 6H), 0.82
yl}-cyclo-propylamine
(m, 2H), 0.77 (m, 2H).
6.70 (s, 1H), 6.0 (m, 1H),
5.60 (s, NH), 5.38 (dd, J =
N-{5-[8-(1-ethyl-propyl)- 1.3, 17.4 Hz, 1H), 5.27 (dd,

150 2,6-dimethyl- J = 1.2, 10.3 Hz, 1H), 4.0 (d,
imidazo[l,2-b]pyridazin-| Allylamine | J =5.2 Hz, 2H), 3.45 (m, 370
3-y1]-4-methyl-thiazol-2- 1H), 2.56 (s, 3H), 2.46 (s,

yl}-allylamine 3H), 2.17 (s, 3H), 1.85 (m,

4H), 0.91 (t, I = 6.8 Hz,
6H).
N-{5-[8-(1-ethyl-propyl)- 6.70 (s, 1H), 5.96 (m, 1H),
1,2,3,6-tetra-
2,6-dimethyl- 5.81 (m, 1H), 4.02 (t,J=3.1
hydro-
153 |imidazoll,2-b]pyridazin- . Hz, 2H), 3.72 (t,J = 5.5 Hz,
) pyridine 396

3-yl]-4-methyl-thiazol-2- ‘ 2H), 3.35 (m, 1H), 2.57 (s,
y1}-1,2,3,6-tetra-hydro- 3H), 2.47 (s, 3H), 2.35 (m,
pyridine 2H), 2.19 (s, 3H), 1.87 (m,
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4H), 0.90 (t, T =7.4 Hz,
6H).
6.69 (s, 1H),3.58 (q, J=7.1
N-Ethyl-N-{5-[8-(1- Hz, 2H), 3.43 (t, I =7.5 Hz,
ethyl-propyl)-2,6- 2H), 3.36 (m, 1H), 2.57 (s,
N-ethyl-n-
dimethyl-imidazo[/,2- 3H), 2.47 (s, 3H), 2.18 (s,
. propyl- 400
b]lpyridazin-3-yl]-4- ) 3H), 1.80 (m, 4H), 1.30 (t,J
amine
methyl-thiazol-2-yl}-n- =6.9 Hz, 3H), 1.04 (t,J =
propylamine 6.9 Hz, 3H),091 (t, 1 =7.5
Hz, 6H).
6.68 (s, 1H), 3.46 (t, J = 8.3
N-Methyl-N-{5-[8-(1-
Hz, 2H), 3.35 (m, 1H), 3.16
Ethyl-propyl)-2,6-
) N-methyl-n-|(s, 3H), 2.56 (s, 3H), 2.46 (s,
155 | dimethyl-imidazo[l,2-
propyl- | 3H), 2.17 (s, 3H), 1.80 (m, 386
blpyridazin-3-yl]-4- )
amine 2H), 1.00 (t, J = 7.7 Hz,
methyl-thiazol-2-yl}-n-
Jam 3H), 0.91 (t,J =7.1 Hz,
ropylamine
prop 6H).
N-Methyl-N-{5-[8-(1- 6.70 (s, 1H), 4.40 (m, 1H),
Ethyl-propyl)-2,6- 3.36 (m, 1H), 2.99 (s, 3H),
PO N-Methyl-2- )
156 | dimethyl-imidazo[l,2- 2.57 (s, 3H), 2.46 (s, 3H),
propyl- 386
blpyridazin-3-yl]-4- ] 2.18 (s, 3H), 1.85 (m, 4H),
amine
methyl-thiazol-2-yl}- 1.29 (d, J = 6.4 Hz, 6H),
isopropyl-amine 0.90 (t, J =7.1 Hz, 6H).
N-Methyl-N-{5-[8-(1- 6.70 (s, 1H),4.40(d,J=2.5
N-Methyl-2-
Ethyl-propyl)-2,6- Hz, 2H), 3.35 (m, 1H), 3.17
Propyn-1-
157 | dimethyl-imidazo[l,2- . (s, 3H), 2.56 (s, 3H), 2.45 (s,
amine 382
b]pyridazin-3-yl]-4- 3H), 2.34 (m, 1H), 2.19 (s,
methyl-thiazol-2-yl}-2- 3H), 1.85 (m, 4H), 0.90 (1, J
propyn-1-amine =7.1 Hz, 6H).

3961



WO 2006/102194

PCT/US2006/009942

126

158

N-Methyl-N-{5-[8-(1-
- ethyl-propyl)-2,6-

dimethyl-imidazol[Z,2-
b]pyridazin-3-yl]-4-

methyl-thiazol-2-y1}-3-

amino-propionitrile

N-Methyl-3-

amino-
propio-

. nitrile

6.71 (s, 1H),3.92 (t, T = 6.4
Hz, 2H), 3.37 (m, 1H), 3.25
| (s, 3H), 2.9 (t,J = 6.4 Hz,
2H), 2.58 (s, 3H), 2.48 (s,
3H), 2.18 (s, 3H), 1.86 (m,
4H), 0.91 (t,J = 7.4 Hz,
6H).

397

159

N-{5-[8-(1-ethyl-propyl)-
2,6-dimethyl-
imidazo[1,2-b}pyridazin-
3-yl}-4-methyl-thiazol-2-
yl}- cyclopropyl-

methylamine

Cyclo-
propyl-
methyl-

amine

6.68 (s, 1), 5.35 (s, NH),
3.34 (m, 1H), 3.19 (t, T= 6.3
Hz, 2H), 2.56 (s, 3H), 2.45
(s, 3H), 2.16 (s, 3H), 1.86
(m, 4H), 1.19 (m, 1H), 0.91
(t, J = 7.1 Hz, 6H), 0.61 (m,
2H), 0.31 (m, 2H).

384

160

N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazin-
3-yl}-4-methyl-thiazol-2-
y1}-(2-methylsulfanyl)-

ethylamine

2-methyl-
sulfanyl-

ethylamine

6.72 (s, 1H), 5.58 (s, NH),
3.58 (m, 2H), 3.35 (m, J =
7.3, 14.4, 1H), 2.85 (m, 2H),
2.57 (s, 3H), 2.46 (s, 3H),
2.17 (s, 6H), 1.85 (m, 4H),
0.90 (t, T = 6.7 Hz, 6H).

404

161

N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazin-
3-y1]-4-methyl-thiazol-2-
y1}- N-{[1,3]dioxolan-2~
ylmethyl-methylamine

N-{[1,3]di-
oxolan-2-yl-

methyl}-

methyl-

amine

6.72 (s, 1H), 5.22 (m, 1H),
4,05 (m, 2H), 3.94 (m, 2H),
3.73 (d, T = 4.5 Hz, 2H),
3.35 (m, J = 6.6, 14.1 Hz,
1H), 3.23 (s, 3H), 2.56 (s,
3H), 2.46 (s, 3H), 2.17 (s,
3H), 1.84 (m, 4H), 0.91 (t, J
=7.1 Hz, 6H).

430

162

N-{5-[8-(1-ethyl-propyl)-
2,6-dimethyl-
imidazo[1,2-b]pyridazin-

N-Methyl-2-
propen-1-yl-

amine

6.71 (s, 1H), 5.93 (m, 2H),
5.30 (m, 2H),4.16 (d,J =
5.9 Hz, 2H), 3.39 (m, 1H),

384
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3-y1]-4-methyl-thiazol-2-
yl}- N-Methyl-2-propen-

1-yl-amine

3.12 (s, 3H), 2.58 (s, 3H),
2.48 (s, 3H), 2.20 (s, 3H),
1.86 (m, 4H), 0.91 (t, I =7.5
Hz, 6H).

163

(R)-N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazin-
3-yl]-4-methyl-thiazol-2-
yl }-(tetrahydro-furan-2-
ylmethyl)-amine

(R)-
(tetrahydro-
furan-2-
ylmethyl)-

amine

6.70 (s, 1H), 5.44 (s, NH),
4.20 (m, 1H), 3.94 (m, 1H),
3.84 (m, 1H), 3.60 (m, 1H),
3.35 (m, 1H), 2.57 (s, 3H),
2.47 (s, 3H), 2.18 (s, 3H),
2.08 (m, 1H), 1.98 (m, 2H),
1.85 (m, 4H), 1.73 (m, 2H),
0.90 (t, J = 7.3 Hz, 6H).

414

164

(S)-N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazin-
3-yl]-4-methyl-thiazol-2-
yl}-(tetrahydro-furan-2-
ylmethyl)-amine

(S)-
(tetrahydro-
furan-2-
ylmethyl)-

amine

6.69 (s, 1H), 5.45 (s, NH),
4.20 (m, 1H), 3.94 (m, 1H),
3.84 (m, 111), 3.59 (m, 1H),
3.34 (m, 2H), 2.57 (s, 3H),
2.47 (s, 3H), 2.17 (s, 3H),
2.08 (m, 1H), 1.98 (m, 2H),
1.85 (m, 4H), 1.73 (m, 1H),
0.90 (t, J = 7.2 Hz, 6H).

414

165

N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl-
imidazo[ I,2-b]pyridazin-
3-yl}-4-methyl-thiazol-2-
y1}-N-(2-methoxyethyl)-

methylamine

N-Methyl-2-
methoxy-

ethyl-arrline

6.70 (s, 1H), 3.74 (1, I =4.2
Hz, 2H), 3.71 (1, ] = 4.1 Hz,
2H), 3.43 (s, 3H), 3.37 (m,
1H), 3.22 (s, 3H), 2.57 (s,
3H), 2.47 (s, 3H), 2.18 (s,
3H), 1.85 (m, 4H), 0.90 (t, J
=7.1 Hz, 6H).

402

166

N-{5-[8-(1-ethyl-propyl)-
2,6-dimethyl-
imidazo[1,2-b]pyridazin-

3-yl]-4-methyl-thiazol-2-

N-Methyl-
benzyl-

amine

7.43-7.32 (m, 5H), 6.69 (s,
1H), 4.76 (s, 2H), 3.35 (m,
1H), 3.10 (s, 3H), 2.57(s,
3H), 2.48 (s, 3H), 2.21 (s,

434
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y1}-N-methyl- 3H), 1.85 (m, 4H), 0.91 (t, ]
benzylamine = 7.3 Hz, 6H).
7.41-7.31 (m, 5H), 6.68 (s,
N-{5-[8-(1-ethyl-propyl)- 1H), 4.76 (s, 2H), 3.54 (q, J
67 2,6-dimethyl- 'N-Ethyl- | =7.3,2H), 3.36 (m, 1H),
imidazo[1,2-b]pyridazin-| benzyl- 2.56(s, 3H), 2.49 (s, 3H), 448
3-yl]-4-methyl-thiazol-2- amine 2.20 (s, 3H), 1.85 (m, 4H),
yl}-N-ethyl-benzylamine 1.26 (t,J =7.2 Hz, 3H), 0.91
(t,J=7.1 Hz, 6H).
N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl-
168 imid:zo[l,Z—b]pyridazin— LMeﬂ.loxy_
3-yl]-4-methyl-thiazol-2- 2-amino- 416
yl}-(1-methoxy-2-butyl)- butane
amine
N-{5-[8-(1-Ethyl-
propyl)-2,6-dimethyl- N,2-Di-
169 |imidazo[l,2-b]pyridazin-| methyl- n- 400
3-yl]-4-methyl-thiazol-2-| propyl-
yl}-N-methyl- amine
isobutylamine
N-{5-[8-(1-Ethyl-
propyD-2,6-dimethyl- |2-Methyl-n-
170 imidazo[1,2-b]pyridazin-| propyl- 386
3-yl]-4-methyl-thiazol-2-|  amine
yl}-isobutyl-amine
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‘ Example 171.
Preparation of 8—(1—ethyl—propyl)—2,6—dimethy1—3-(1-methy1—1 H —pyrrol—2—y1)-imidazo [1,2-

%
NTN
L7\ |

\
LN

b]pyridazine.

A THF solution (10 mL) of N-methylpyrrole (Aldrich, 800 uL, 9.0 mmol) is
cooled to -78 °C under N, then treated with zert-BuLi (1.7 M in pentane, 5.3 ml, 9.0
mmol). The solution is warmed to room temperature for 30 minutes then cooled to -78 °C
and treated with ZnCl, (Aldrich, 0.5 M in THF, 18 mL, 9.0 mmol). The resulting mixture
is warmed to room temperature and treated with a THF slurry (5 mL) containing 8-(1-
ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[ ,2-b]pyridazine (1.02 gm, 3.0 mmol) and
PACL(dppf) — CH,Cl, complex (Aldrich, 140 mg, 0.17 mmol). The mixture is heated to
60 °C overnight, then poured into sat’d ag NH4Cl (50 mL) and extracted with diethyl
ether (75 mL). The organic extract is ished with aq. brine, dried over NaySOy, filtered,
and concentrated. The crude product is purified by chromatography using hexane-ethyl
acetate gradient (100% hexane to 20% ethyl acetate in hexane) to elute the title compound
(407.5 mg, 46% yield) as an oil.
ES-MS (mn/z): calc’d for CisHz4Ny4: 296.20; found 297.5 (M+H)"
'"H NMR (400 mHz, CDCls): 3 6.86 (s, 1H), 6.65 (s, 1H), 6.32-6.28 (m, 2H), 3.50 (s, 3H),
3.35 (br s, 1H), 2.49 (s, 3H), 2.46 (s, 3H), 1.87-1.75 (m, 4H), 0.87 (¢, J = 7.0 Hz, 6H).

Example 172.

Preparation of 8—(1—ethyl-propyl)—2,6-dimethy1—3—[1—methyl-S—(3—methyl—thiophen~2—y1)—
H -pyrrol-2-yl]- imidazo[] ,2-blpyridazine.
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A. 3-(5-Bromo-1-methyl-' H-pyrrol-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-
b]pyridazine.

A THEF solution (10 mL) of 8—(1-ethyl-propyl)—2,6—dimethy1-3-(l—methyl—JH-
pyrrol-2-yl)-imidazo[ 1,2-b]pyridazine (414 mg, 1.40 mmol) is cooled to 0 °C and treated
with a THF solution of NBS (250 mg, 1.40 mmol). Within 5 min, the reaction mixture is
treated with sat Na,SO3 (1 mL) then coﬁcentrated. The resulting residue is diluted with
ethyl acetate (50 mL) and ished with 50% aq sat’d Na;SO3 (2x50 mL). The organic
extract is dried over Na,SOy, filiered, and concentrated. The crude product is purified by
chromatography using hexane-ethyl acetate gradient (100% hexane to 20% ethyl acetate
in hexane) to elute the title compound (374 mg, 71% yield) as a solid. ES-MS (m/z):
calc’d for C1gHo3BrNy: 374.11; found 375 (M+H)™. 'H NMR (400 mHz, CDCls): 8 6.67
(s, 1H), 6.33 (d, J = 4.0 Hz, 1H), 6.30 (d, J = 4.0 Hz, 1H), 3.40 (s, 3H), 3.36 (brs, 1H),
2.50 (s, 3H), 2.44 (s, 3H), 1.88-1.75 (m, 4H), 0.87 (t,J = 7.3 Hz, 6H).

B. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-[1-methyl-5- (3—methy1—thiophen-2-yl)-1 H-pyrrol-2-
yl1]- imidazo[1,2-b]pyridazine.

A THF slurry (5 mL) of 3—(5—bromo—1-methyl—IH—pyrrol—Z—yl)—8-(l—ethyl-propyl)-
2,6-dimethyl-imidazo[ 1,2-b]pyridazine (143 mg, 0.38 mmol) and PdCl,(dppf) — CH2Cl»
complex (Aldrich, 19 mg, 0.023 mmol) is treated with 3-methyl-2-thienyl zinc bromide
(Aldrich, 0.5 M in THF, 3.8 mL, 1.9 mmol) then heated to 60 °C for 1 hr. The resulting
mixture is poured into sat’d NH,4C1 (25 mL) and extracted with diethyl ether (35 mL).
The organic extract is washed with aq. NaCl, dried over NaySOy, filtered, and
concentrated. The crude product is purified by chromatography using hexane-ethyl
acetate gradient (100% hexane to 15% ethyl acetate in hexane) to elute the product. The
material is purified a second time by flash chromatography using hexane-ethyl acetate
gradient (100% hexane to 12% ethyl acetate in hexane) to elute the product. Only the
fractions containing pure desired product, as judged by MS analysis, are collected and
give the title compound (82.6 mg, 55% yield) as an oil. ES-MS (m/z): calc’d for
Cyp3H,sN,S: 392.20; found 393.1 (M+H)™. 'H NMR (400 mHz, CDCl3): §7.28 (d,J =5.3
Hz, 1H), 6.96 (d, J = 4.8 Hz, 1H), 6.67 (br s, 1H), 6.39 (d, I = 3.5 Hz, 1H), 6.37 (d,]J =
4.0 Hz, 1H), 3.35 (brs, 1H), 3.33, (s, 3H), 2.52 (s, 3H), 2.51 (s, 3H), 2.26 (s, 3H), 1.89-
1.76 (m, 4H), 0.87 (1, J = 7.5 Hz, 6H).
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Example 173.
Preparation of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[J ,2-b}pyridazin-3-yl]-4-

methyl-thiazol-2-ylamine.

50 mg of 8-(1-ethyl-propyl)-3-[2-bromo-4-methyl-5-thiazolyl]-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.13 mmol) and 10 mg of copper (D) oxide are added to 3 ml of
2 M NH3 in MeOH and vial is capped with a Teflon® lined cap, heated at 130°C for
overnight. The reaction mixture is concentrated under N2 gas and applied onto a silica-gel
chromatography column (Hexane: AcOEt: 2 M NH3 in MeOH = 20:20:1) to give 22 mg
of the title compound. Yield 54%: mass spectrum (m/e): 330(M+1); 'H-NMR(CDCI3):
6.72(s,1H), 5.24(br, 2H), 3.40(m, 1H), 2.56(s, 3H), 2.47(s, 3H), 2.18(s, 3H), 1.85(m, 4H),
0.90(t, 6H, J=7.4Hz).

Example 174.
Preparation of N-{5-[7-bromo-8-(1 -ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-
3-yl]- 4-methyl-thiazol-2-yl }-morpholine.

A. 7-Bromo-3-(2-bromo-4-methyl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

547 mg of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(4-methyl-thiazol-5-yD-imidazo[ 1 ,2-
blpyridazine (1.74 mmol) and 341 mg of NBS (1.92 mmol) are dissolved in 20 ml of
CHCI3 and stirred at room temperature overnight. The reaction mixture is washed with

sat. Na,S,05, sat. NaCl, dried over Na;SO, and evaporated. The crude materials are
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applied onto a silica-gel chromatography column (Hexane:AcOEt=8:1) to give 218 mg of
the title compound. Yield 27%. mass spectrum (m/e): 473(M+1); 'H-NMR(CDCI3):
3.44(m, 1H), 2.70(s, 3H), 2.45 (s, 3H), 2.37(s, 3H), 2.03(m, 4H), 0.90(m, 6H).

B. N-{5-[7-bromo-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazin-3-yl]- 4-
methyl-thiazol-2-yl }-morpholine.

72 mg of 7-bromo-3-(2-bromo-4-methyl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[,2-b]pyridazine (0.15 mmol) and 66 mg of morpholine (0.76 mmol)
and 97 mg of cesium carbonate (0.3 mmol) are put in 4 ml vial with 3 ml of dry THF. The
vial is capped with a Teflon® lined cap and heated at 100°C overnight. The reaction
mixture is concentrated and applied onto a silica-gel chromatography column (Hexane
:AcOEt = 3:1) to give 30 mg of the title compound. Yield 42%.: mass spectrum (m/e):
479(M+1); 'H-NMR(CDCI3): 3.87(t, 4H, J=5.0Hz), 3.55(t, 4H J=5.0Hz), 3.45(m, 1H),
2.70(s, 3H), 2.44(s, 3H), 2.40(m, 2H), 2.18(s, 3H), 2.01(m, 2H), 0.88(t, 6H, J=7.3Hz).

Example 175.
Preparation of 3-[3-chloro-4-(6-methyl-pyridin-2-yl)-thiophen-2-yl]-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[/,2-b]pyridazine, hydrochloride salt.

Reike® Zn (0.5 g/ mL solution in THF (1.9 mL,, 1.45 mmol) is added to a flask
containing 3-(4-bromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[7,2-b]pyridazine (0.30 g, 0.73 mmol). The slurry is heated at 65 °C for 1 hour,
placed in a centrifuge for 5 minutes, and the resulting solution is transferred to a flask
containing 2-bromo-6-methyl-pyridine (0.12 g, 0.73 mmol) and PdClx(dppf) (0.018 g,
0.024 mmol). The reaction is heated at 65 °C overnight, diluted with ethyl acetate (20
mL), and washed with a sat. solution of NH4Cl (15 mL). The organic layer is dried over
MgSQOyq, filtered, gnd concentrated. The residue is purified by silica gel chromatography

using a hexanes and ethyl acetate gradient. The resulting product is dissolved in
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dichloromethane (5 mL), treated with a 1 M solution of HCI in EtOH (0.35 mL, 0.35
mmol) and concentrated. The residue is recrystallized from ethyl acetate and hexanes
furnish the title compound (0.033 g, 0.072 mmol, 11%). '"H-NMR (CDCl3), 8 0.95 (t, J =
7.3 Hz, 6H), 1.73-2.02 (m, 4H), 2.68 (s, 3H), 2.81 (s, 3H), 3.21 (s, 3H), 3.88-3.98 (m,
1H), 7.25 (s, 1H), 7.65 (d, J = 7.5 Hz, 1H), 8.09 (d, J = 7.5 Hz, 1H), 8.33 (dd, J = 7.5,7.1
Hz, 1H), 9.26 (s, 1H) ppm. LC/MS (m/z): calcd. for Ca3HasClaNaS (M+H)*: 424.2;
found: 424.2.

Example 176.
Preparation of 3-(3-chloro-4-pyridin-3-yl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[I,2-b]pyridazine, hydrochloride salt.

Using a procedure analogous to Example 175, 3-(4-bromo-3-chloro-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.40 g, 0.97 mmol),
Reike® Zn (0.5 g/ mL solution in THF, 2.5 mL, 1.94 mmol), 3-iodo-pyridine (0.30 g, 1.45
mmol), PACLy(dppf) (0.035 g, 0.048 mmol), and a 1 M solution of HCI in EtOH (0.61 mL,
0.61 mmol) furnish the title compound (0.076 g, 0.17 mmol, 18%). TH.NMR (CDCl3), &
0.95 (t, J = 7.0 Hz, 6H), 1.71-1.88 (m, 2H), 1.88-2.01 (m, 2H), 2.68 (s, 3H), 2.81 (s, 3H),
3.85-3.96 (m, 1H), 5.28 (s, 1H), 7.27 (bs, 1H), 8.09 (bs, 1H), 8.23 (bs, 1H), 8.70 (bs, 1H),
8.89 (bs, 1H), 9.18 (bs, 1H). LC/MS (m/z): calcd. for C2H4CloNaS M+H)™: 411.1;
found: 411.2.
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Example 177.
Preparation of 3-(3-chloro-4-thiazol-2-yl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[ 1,2-b]pyridazine.

N\

| |

N NN
\ /N A S\/)

Using a procedure analogous to Example 175, 3-(4-bromo-3-chloro-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazol/, 2-b]pyridazine (0.25 g, 0.61 mmol),
Reike® Zn (0.5‘ g/ mL solution in THF, 1.6 mL, 1.21 mmol), 2-bromo-thiazole (0.11 mL,
1.21 mmol), and PdCly(dppf) (0.022 g, 0.030 mmol) furnish the title compound (0.012 g,
0.29 mmol, 6.8%). 'H-NMR (CDCls), 5 0.89 (t, J = 7.5 Hz, 6H), 1.75-1.94 (m, 4H), 2.52
(s, 6H), 3.27-3.43 (m, 1H), 6.73 (s, 1H), 7.43 (d, J=3.3 Hz, 1H), 7.94 (d, J = 3.3 Hz,
1H), 8.30 (s,1H) ppm. LC/MS (m/z): calcd. for CyoHz CINuS, (M+H)": 417.1; found:
417.2.

Example 178.
Preparation of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-blpyridazin-3-y1]-4-
methyl-thiazol-2-y1}-N-methyl-acetamide.

60 mg of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-yl}-methylamine (0.17 mmol) and 86 mg of triethylamine (0.85 mmol)
are dissolved in 3.0 ml of CH,Cl, and 16 mg of acetylchloride (0.2 mmo]) is added. The
vial is capped with a Teflon® lined cap and shaken at room temperature for 2h. The
reaction mixture is concentrated and applied onto a silica-gel chromatography column
(Hexane :AcOEt = 3:1 and Hexane :AcOE#=2:1) to give 33.8 mg of the title compound.
Yield 50%: mass spectrum (in/e): 386(M+1); TH-NMR(CDCI3): 7.03(s,1H), 3.79(s, 3H),
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3.47(m, 1H), 2.54 (s, 3H), 2.47(s, 3H), 2.46(s, 3H), 2.31(s, 3H), 1.86(m, 4H), 0.91(t, 6H,
J=7.4Hz).

Example 179.
Preparation of N-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ ,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-y1}-N-methanesulfonyl-methylamine.

s oI
| >
N \

60 mg of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-yl }-methylamine (0.17 mmol) and 86 mg of triethylamine (0.85 mmol)
are dissolved in 3.0 ml of CH2CI2 and 23 mg of methanesulfonyl chloride (0.2 mmol) is
added. The vial is capped with a Teflon® lined cap and shaken at room temperature for
2h. The reaction mixture is concentrated and applied to silica-gel chromatography
(Hexane :AcOEt = 2:1) to give 53.8 mg of the title compound. Yield 75%. mass spectrum
(m/e): 422(M+1); "HENMR(CDCI3): 6.96(s, 1H), 3.60(s, 3H), 3.34(m, 1H), 3.19(s, 3H),
2.56(s, 3H), 2.48(s, 3H), 2.29(s, 3H), 1.86(m, 4H), 0.90(t, 6H, J=7.4Hz).

Example 180.
Preparation of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazin-3-y1]-4-
methyl-thiazol-2-yl }-N-ethanesulfonyl-methylamine.

R s

The title compound is prepared by a procedure analogous to Example 178.
employing 50 mg of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazin-3-
y1]-4-methyl-thiazol-2-yl}-methylamine (0.15 mmol), 51 mg of triethylamine (0.5 mmol)
and 39 mg of ethanesulfonylchloride (0.3 mmol). 48.9 mg, Yield 75%: mass spectrum
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(m/e): 436(M+1); TH.NMR(CDCI3): 6.73(s, 1H), 3.62(s, 3H), 3.42(q, 2H, J=7.4Hz),
3.35(m, 1H), 2.55(s, 3H), 2.48(s, 3H), 2.28(s, 3H), 1.85(m, 4H), 1.46(t, 3H, J=7.4Hz),
0.90(t, 6H, J=7.5Hz).

Example 181.
Preparation of 3-[2-(1,1-dioxo-thiomorpholin-4-yl)-4-methyl-thiazol-5-yl1]-8-(1-ethyl- '
propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine.

/N | '
) / N S,
/S N\

60 mg of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[] ,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-yl }thiomorpholine(0.14 mmol) is dissolved in 3 ml of CH,Cl, and 62
mg of mCPBA (0.36 mmol) is added. The reaction mixture is stirred at room temperature
for 30 min. The reaction mixture is diluted with CH,Cl,, washed with sat. NaHCO3 and
sat. NaCl. The separated organic layer is dried over Na;SO4 and evaporated. The crude
product is applied onto a silica-gel chromatography column (Hexane:AcOEt:2 M NH3 in
MeOH=10:3:1) to give 20.3 mg of the title compound. Yield 33%: mass spectrum (m/e):
448(M+1). '"H-NMR: 6.72 (s, 1H), 4.16 (t, ] =4.7 Hz, 4H), 3.35 (m, 1H), 3.23 (t, I = 5.2
' Hz, 4H), 2.57 (s, 3H), 2.48 (s, 3H), 2.19 (s, 3H), 1.86 (m, 4H), 0.90 (t, J=7.1 Hz, 6H).

Example 182.
Preparation of 3-[2-(3,5 -Dimethyl-pyrazol-1-yl)-4-methyl-thiazol-5-y1]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazine.
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A. {5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ ,2-b]pyridazin-3-yl]-4-methyl-thiazol-
2-yl}-hydrazine. _

The title compound is prepared essentially as described in Example 135 using
hydrazine. MS found (M+1) 345.

B. 3-[2-(3,5-Dimethyl-pyrazol-1-yl)-4-methyl-thiazol-5-y1]-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[,2-b]pyridazine.

28 mg of {5—[8—(1—ethyl—propyl)—2,6-dimethyl-imidazo[],2-b]pyridazin-3-yl]-4—
methyl-thiazol-2-yl }-hydrazine (0.08 mmol) and 80 mg of 2,4-pentanedione (0.8 mmol)
are dissolved in 1.0 ml of AcOH and heated at 100°C for 2 h. The reaction mixture is
concentrated and applied onto a silica-gel chromatography column (Hexane : AcOEt =
5:1) to give 23 mg of the title compound. Yield 70%: mass spectrum (m/e): 409 (M+1).
6.72 (s, 1H), 6.03 (s, 1H), 3.36 (m, J =7.1, 14.1 Hz, 1H), 2.75 (s, 3H), 2.55 (s, 3H), 2.50
(s, 3H), 2.32(s, 3H), 2.31(s, 3H), 1.87 (m, 4H), 0.91 (t, J = 7.5 Hz, 6H).

Example 183.
Preparation of 3-(3-chloro-4-pyridin-4-yl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine, hydrochloride salt. ‘

A solution of 3-(4-bromo-3-chloro-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine (0.25 g, 0.61 mmol), 4-pyridyl-boronic acid (0.82,
0.67 mmol), a 2 M solution of Na;COj3 (0.5 mL, 0.91 mmol), and n-PrOH (2.5 mL) are
degassed with nitrogen for 10 minutes. Pd(OAc); (0.0027 g, 0.012 mmol) and PPh3
(0.0095 g, 0.036 mmol) are added, and the solution heated at a 90 °C overnight. The
solution is diluted with ethyl acetate (40 mL) and washed with a 10 % solution of Na,CO3
(30 mL). The organic layer is dried over MgSOy, filtered, and concentrated. The residue
is purified by ISCO flash chromatography (20%-30% EtOAc gradient). The resulting
product is dissolved in dichloromethane (5 mL), treated with a 1 M solution of HCl in
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EtOH (0.35 mL, 0.35 mmol), and concentrated. The residue is recrystallized from
acetonitrile and ethyl acetate furnish the title compound (0.15 g, 0.34 mmol, 56%). ‘H-
NMR (CDCls), § 0.95 (t, J = 7.5 Hz, 6H), 1.73-1.88 (m, 2H), 1.89-2.04 (m, 2H), 2.68 (s,
3H), 2.82 (s, 3H), 3.87-3.97 (m, 1H), 7.28 (s, 1H), 8.26-8.34 (m, 3H), 8.95 (d, /= 5.3 Hz,
2H) ppm. LC/MS (m/z): calcd. for C22HoaClLN4S (M+H)*: 411.1; found: 411.2.

Example 184.
Preparation of 3-[2-(3,6-dihydro-2H -pyran-4-yl)-4-methyl-thiazol-5-y1]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine.

A. 4-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-b]pyridazin-3-yl]-4-methyl-
thiazol-2-yl }-tetrahydro-pyran-4-ol.

370 mg of 3-(2-Bromo-4-methyl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.93 mmol) is dissolved in 10 ml of dry THF and cooled to —
78°C. 0.6 ml of n-BuLi 2.0 M in hexane (1.2 mmol) is added and stirred at —78°C for 30
min. 141 mg of tetrahydro-4H-pyran-4-one (1.41 mmol) is added and stirred at —78°C for
7 h. The reaction mixture is diluted with AcOEt, washed with sat. NH4Cl, dried over
Na2S04 and evaporated. The crude product is applied onto a silica-gel chromato graphy
column (Hexane : AcOEt : 2 M NH3 in MeOH =10:3:1) to give 152 mg of the title
compound. Yield 40%.: mass spectrum (m/e): 415(M+1). 'H NMR (CDCly): 8 6.74 (s,
1H), 3.99 (t,J =2.2 Hz, 4H), 3.97 (t, T = 2.2 Hz, 4H), 3.35 (m, 1H), 3.20 (s, OH), 2.56 (s,
3H), 2.48 (s, 3H), 2.36 (s, 3H), 1.88 (m, 4H), 0.91 (t, J = 7.3 Hz, 6H).

B. 3-[2-(3,6-Dihydro—ZH—pyr_an-4—y1)-4—methy1—thiazol-5-y1]-8—(1-ethy1-propy1)-2,6-
dimethyl-imidazo[/,2-b]pyridazine.

150 mg of 4-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[] ,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-yl }-tetrahydro-pyran-4-ol (0.36 mmol) is dissolved in 5 ml of CH2CI2
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and 112 mg of triethylsilane (0.96 mmol) and 717 mg of trifluoroacetic acid (6.3 mmol)
are added. The reaction mixture is stirred at room temperature for 1h. The reaction
mixture is stirred under reflux for 1 h and cooled down to room temperature. The solvent
is removed in vacuo. The crude product is applied onto a silica-gel chromatography
column (Hexane : AcOEt: 2 M NH3 in MeOH =10:3:1) to give 64 mg of the title
compound. Yield 45%. mass spectrum (m/e): 397(M+1). 6.94 (s, 1H), 6.71 (s, 1H), 4.41
(d, J = 2.6 Hz, 2H), 3.98 (t, J = 5.3 Hz, 2H), 3.43 (m, 1H), 2.62(s, 3H), 2.75 (m, 2H), 2.56
(s, 3H), 2.37 (s, 3H), 1.86 (m, 4H), 0.92 (t, J = 8.2 Hz, 6H).

Example 185.
Preparation of 8-(1 -ethyl-propyl)-2,6-dimethyl-3-[4-methyl-2-(tetrahydro-pyran-4-yl)-
thiazol-5-y1]-imidazo[ /,2-b]pyridazine.

Add 3-[2-(3,6-dihydro-2 H-pyran-4-y1)-4-methyl-thiazol-5-yl]-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[1,2-b]pyridazine (55 mg, 0.14 mmol), 5% palladium on carbon (55
mg) and absolute ethanol (50 ml) to a pressure vessel. Purge the reaction vessel with
nitrogen, purge the reaction vessel with hydrogen, pressurize the reaction mixture with
hydrogen (415 KPa), seal the vessel, agitate the reaction and heat to 40 °C. Continue the
reaction for 18 hours then turn off the heat and allow the reaction mixture to cool to
ambient temperature. Vent the excess hydrogen from the vessel and purge the vessel with
nitrogen. Filter the reaction mixture to remove the 5% palladium on carbon. The filtrate
is concentrated and applied onto a silica-gel chromatography column (Hexane :AcOEt : 2
M NH; in MeOH = 10:3:1) to give 12.8 mg of the title compound. Yield 23%. mass
spectrum (m/e): 399(M+1). '"H NMR (CDCls): § 6.73 (s, 1H), 4.14 (m, 2H), 3.60 (m, 2H),
3.34 (m, 2H), 2.56 (s, 3H), 2.48 (s, 3H), 2.36 (s, 3H), 2.16 (m, 2H), 2.02 (m, 2H), 1.87
(m, 4H), 0.91 (t, J = 7.6 Hz, 6H). '
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Example 186.
Preparation of 3-(4-chloro-2-morpholin-4-yl-thiazol-5-y1)-2,6-dimethyl-8-(1-propyl-
butyl)-imidazo[1,2-b]pyridazine.

A N
NTNCS
/
=N | N ©
i N __/

A. 6-Methyl-4-(1-propyl-butyl)-pyridazin-3-ylamine.

6-Methyl-4-(1-propyl-butyl)-pyridazin-3-ylamine can be made using chemistry
described in J. Heterocylic Chem. 1991, 28, 583. A 250 mL three neck round bottom
flask is charged with 3-amino-6-methyl pyridazine (2.5 g, 0.229 moles, 1.0 equiv), water
(70 mL), and acetonitrile (50 mL). Concentrated sulfuric acid (3.51 g, 1.91 mL, 0.0344
moles, 1.5 equiv), silver nitrate (3.87 g, 0.0229 moles, 1.0 equiv), and valproic acid (7.21
g, 7.95 mL, 0.050 moles, 2.2 equiv) are added to the reaction mixture. The reaction is
heated to 75 °C. As the reaction mixture is heating, a solution of (NH4),S205(7.85 g,
0.0344 moles, 1.5 equiv) in 40 mL of water is slowly added via an addition funnel over a
period of 30 minutes. The reaction mixture is heated at 70-80 °C for two more hours.
The reaction mixture is cooled and dichoromethane is added. The reaction is made basic
with a 30% aqueous NaOH solution and filtered through a short Celite® plug. The
organic layer is separated, and the aqueous layer is extracted two more times with
dichoromethane. The combined organic extracts are dried over Na;SO4. The solvent is
evaporated and the crude material is purified using silica gel chromatography with a 2.0
N solution of NH3 in MeOH and methylene chloride as eluent. Yield =0.61 g (13%).
MS (APCI): 208 (M+1). |

B. 2,6-Dimethyl-8-(1-propyl-butyl)-imidazo[I,2-b]pyridazine.
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A 250 mL round bottom flask is charged with 6-methyl-4-(1-propyl-butyl)-
pyridazin-3-ylamine (0.611 g, 0.00295 moles, 1 equiv), ethanol 2B (30 mL), and
chloroacetone (0.382 g, 0.328 ml, 0.00412 moles, 1.4 equiv). The reaction mixture is
heated at 75 °C overnight and then cooled to room temp. NaHCOs3 (0.371 g, 0.00442
moles, 1.5 equiv) is slowly added to the reaction mixture that is then heated to 100 °C
overnight. The reaction mixture is cooled and the solvent is evaporated.
Dichloromethane is added and the reaction mixture is passed through filter paper. The
solvent is evaporated to obtain a brown oil which is purified via silica gel
chromatography. The material is eluted with a hexanes and ethyl acetate gradient to
obtain 0.511 g of the final products. Two peaks are identified in the lc/ms. The mixture
is used “as is” in the next reaction. MS (APCI): 246 (M+1).

C. 3-Iodo-2,6-dimethyl-8-(1-propyl-butyl)-imidazo[ 1, 2-b]pyridazine.

NN
\N/N\%
I
A 50 mL round bottom flask is charged with 2,6-dimethyl-8-(1-propyl-butyl)-

imidazo[1,2-b]pyridazine (0.51 g, 0.0021 moles) and acetonitrile (3 mL). The reaction
mixture is placed on an ice bath and NIS (0.468 g, 0.00208 moles) is added neat. The
reaction is stirred overnight and the ice bath melts. The next day, the reaction mixture is
partitioned between dichloromethane and a saturated aqueous solution of NaHCOs. The
organic layer is collected and the aqueous layer is extracted two more times with
dichloromethane. The organic extracts are combined, washed with brine, and dried over
Na,SO,. The solvent is evaporated and the crude material is purified via silica gel

chromatography eluting with hexanes and then a 25:75 mixture of ethyl acetate and

hexanes. Yield = 0.435 g (56%). MS (APCI): 372 (M+1).

D. 3-(4-Chloro-2-morpholin-4-yl-thiazol-5-y1)-2,6-dimethyl-8-(1-propyl-butyl)-
imidazo[/,2-b]pyridazine. '

3977



WO 2006/102194 PCT/US2006/009942

142

A 15 mL round bottom flask is charged with 3-iodo-2,6-dimethyl-8-(1-propyl-
butyl)-imidazo[1,2-b]pyridazine (0.200 g, 0.000539 moles), 4-(4-chloro-thiazol-2-yl)-
morpholine (0.165 g, 0.000808 moles), Cs,CO;3 (0.361 g, 0.00108 moles, 2.0 equiv),
Pd(dba), (0.0092 g, 0.0000161 moles, 0.03 equiv), PPhs (0.00847 gram, 0.000323 moles,
0.060 equiv) and DMF (2.0 mL). Nitrogen is bubbled through the reaction mixture for 15
minutes; then, the reaction mixture is heated at 130 °C overnight. The next day, the
reaction mixture is partitioned between Et20O and a
saturated solution of NH,Cl. The aqueous layer is extracted twice more with E;O. The
organic extracts are combined, washed 2-3 times with H,O, washed once with brine, and
dried over Na,SO,. ‘The solvents are evaporated in vacuo and the crude reaction mixture
is purified via silica gel chromatography. Yield =0.1737 g (72%). 'H-NMR (CDCls), &
0.87 (t, J = 7 Hz, 6H), 1.14- 1.37 (m, 4H), 1.74 (q, J = 8 Hz, 4H), 2.54 (s, 3H), 2.50 (s,
3H), 3.48 (m, 1H), 3.53 (t, J = 5 Hz, 4H), 3.83 (t, J = 5 Hz, 4H), 6.71(br s, 1H) ppm.
LC/MS (m/z): calcd. for CH3oCIN5sOS (M+H)": 448; found: 448.

Example 187.
Preparation of 1-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-yl}-piperidin-4-one.

A. 8-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazin-3-yl]-4-methyl-
thiazol-2-y1}-1,4-dioxa-8-aza-spiro[4.5]decane.

100 mg of 3-(2-bromo-4-methyl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine(0.25 mmol), 182 mg of 4-piperidinecthylene ketal (1.27 mmol)
and 244 mg of Cs2CO3 (0.75 mmol) are put into 4.0 ml vial with 2.0 ml of THF. The vial
is capped with a Teflon® lined cap and heated at 110°C for 3 days. The reaction mixture
is concentrated and applied onto a silica-gel chromatdgraphy column

(Hexane: AcOEt=3:1) to give 116 mg of the title compound. Yield 100%. mass spectrum

3978



WO 2006/102194 PCT/US2006/009942

143

(m/e): 456(M+1). "H NMR (CDCls): § 6.69 (s, 1H), 4.05 (s, 4H), 3.70 (t, J = 6.2 Hz, 4H),
3.35 (m, 1H), 2.56 (s, 3H), 2.46 (s, 3H), 2.18 (s, 3H), 1.90-1.78 (m, 8H), 0.90 (t, ] = 7.2
Hz, 6H).

B. 1-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ / ,2-b]pyridazin-3-y1]-4—methy1—
thiazol-2-yl}-piperidin-4-one. A

70 mg of 8-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-yl}-1,4-dioxa-8-aza-spiro[4.5]decane ( 0.15 mmol) is dissolved in 10.ml
of conc. HCI and stirred at room temperature for 2 h. The reaction mixture is neutralized
with sat. NaHCO3, extracted with CH2C12, dried over Na2SO4 and evaporated. The
crude product is applied onto a silica-gel chromatography column (Hexane :AcOEt=2:1)
to give 33.2 mg of the title compound . Yield 52%. mass spectrum (m/e): 412(M+1). 'H
NMR (CDCls): § 6.70 (s, 1H), 3.94 (t, J = 6.2 Hz, 4H), 3.35 (m, 1H), 2.67 (t, J = 6.5 Hz,
4T), 2.57 (s, 3H), 2.47 (s, 3H), 2.21 (s, 3H), 1.86 (m, 4H), 0.91 (t, J = 7.1 Hz, 6H).

Example 188.
Preparation of ({5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-y1}-methyl-amino)-acetaldehyde.

85 mg of N-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[! ,2-b]pyridazin-3-yl]-4-
methyl-thiazol-2-y1}- N-{[1,3]dioxolan-2-ylmethyl-methylamine (0.2 mmol) is dissolved
in 2 ml of conc. HCI and stirred at 50°C for 30 min. The mixture is cooled to room
temperature and neutralized with sat. NaHCO3. The mixture is extracted with CH2Cl12,
dried over Na2S04 and evaporated. The crude product is applied onto a silica-gel
chromatography column (CH2CI2:MeOH=20:1) to give 73.4 mg of the title compound.
Yield 76%. mass spectrum (m/e): 386(M+1). 9.79 (s, 1H), 6.72 (s, 1H), 4.39 (s, 2H), 3.36
(m, 1H), 3.22 (s, 3H), 2.57 (s, 3H), 2.47 (s, 3H), 2.20 (s, 3H), 1.85 (m, 4H), 0.90 (t,J =
7.3 Hz, 6H). '
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Example 189.
Preparation of 4-{ 3-[3-chloro-5-(2-methyl-2H-[1 ,2,4]triazol-3-yl)-thiophen-2-y1]-2,6-
dimethyl-imidazo[I,2-b]pyridazin-8-yl}-heptan-4-ol.

N
(] \
/ N R
=N S
7\

Cl

HO

A. 3-[3-chloro-5-(2-methyl-2H-[1 2 4]triazol-3-y1)-thiophen-2-y1]-2,6-dimethyl-

N
\
CN <)
. pavey)
Cl1 N

A solution of 2,6-dimethyl-imidazo[/,2-b]pyridazine(0.32 g, 2.17 mmol), 5-(5-

imidazo[ 1,2-b]pyridazine.

bromo—4-chloro—thiophen-Z—yl)—1-methy1—1H-[1,2,4]triazole (0.72 g, 2.61 mmol), Cs2CO3
(1.49 g, 4.57 mmol) and DMF (6 mL) is de-gassed for 15 minutes with N2. Pd(OAc),
(0.024 g, 0.11 mmol) and PPh; (0.057 g, 0.22 mmol) are added and the solution is heated
at 135°C for 4 hours. The solution is diluted with CH,Cl, (50 mL), washed with sat.
NH,C1 (2 x 50 mL), water (50 mL), filtered and concentrated. The residue is purified by
ISCO flash chromatography (30%-100% EtOAc gradient) furnish the title compound
(0.29 g, 0.84 mmol, 39%). 'H NMR (CDCl3) § 2.49 (s, 3H), 2.50 (s, 3H), 4.10 (s, 3H),
6.92 (d, J = 9.2 Hz, 1H), 7.44 (s, 1H), 7.74 (d, J = 7.5 Hz, 1H), 7.85 (s, 1H). LC/MS
(m/z): caled. for C;sHi3CINgS (M+H)™: 345.1; found: 345.2.

B. 1-{3-[3-Chloro-5-(2-methyl-2H-[1 ,2.4]triazol-3-yl)-thiophen-2-y1]-2,6-dimethyl-
imidazo[1,2-b]pyridazin-8-yl}-butan-1-one.
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A solution of 3—[3—chloro—5—(2-methyl—2H—[1,2,4]triazol—3—y1)—thiophen—2—yl] -2,6-
dimethyl-imidazo[Z,2-b]pyridazine (0.20 g, 0.58 mmol), N-methoxy-N-methyl-
butylamide (Wolberg, M. et. al. Chem. Europ. J. 2001, 7, 4562.) (0.084 g, 0.64 mmol) in
THF (3 mL) is cooled to a -78 °C, and a 2.0 M solution of LDA in heptane/ THF/ ethyl
benzene (0.58 mL, 1.16 mmol) is added. The solution is warmed to ambient temperature,
diluted with dichloromethane (20 mL), and washed with a sat. NH4Cl solution (15 mL).
The organic layer is dried over MgSOa, filtered and concentrated. The residue is purified
by ISCO flash chromatography (20%-100% EtOAc gradient) to furnish the title
compound (0.11 g, 0.27 mmol, 46%). 'H-NMR (CDCls), 8 1.04 (t, J = 7.0 Hz, 3H), 1.76-
1.86 (m, 2H), 2.56 (s, 3H), 2.59 (s, 3H), 3.51 (t, J = 7.1 Hz, 2H), 4.15 (s, 3H), 7.36 (s,
1H), 7.49 (s, 1H), 7.90 (s, 1H) ppm. LC/MS (m/z): caled. for C1oHoCINgOS (M+H)™:
415.1; found: 415.3.

C. 4-{3-[3-Chloro-5-(2-methyl-2H-[ 1,2 4]triazol-3-yl)-thiophen-2-yl]-2,6-dimethyl-
imidazo[,2-b]pyridazin-8-yl}-heptan-4-ol.

A solution of 1—{3—[3—ch10r0-5-(2—methy1—2H—[1,2,4]triaz01-3—yl)—thiophen—Z-yl]—
2,6-dimethyl-imidazo[/,2-b]pyridazin-8-yl}-butan-1-one (0.15 g, 0.36 mmol) and THF (5
mL) is cooled to 0°C, and a 2.0 M propyl magnesium bromide solution in diethylether
(0.22 mL, 0.43 mmol) is added. The reaction is warmed to ambient temperature, diluted
with ethyl acetate (30 mL), and washed with a sat. NH,Cl solution (30 mL). The organic
layer is dried over MgSOy, ﬁlte;red, and concentrated. The residue is purified by ISCO
flash chromatography (20%-40% EtOAc gradient) to furnish the title compoimd (0.016 g,
0.017 mmol, 47%). 'H-NMR (CDCls), § 0.90 (t, J = 7.4 Hz, 6H), 1.12-1.29 (m, 2H),
1.37-1.54 (m, 2H), 1.86-2.04 (m, 4H), 2.50 (s, 3H), 2.54 (s, 3H), 4.15 (s, 3H), 6.11 (bs,
1H), 6.73 (s, 1H), 7.48 (s, 1H), 7.90 (s, 1H) ppm. LC/MS (m/z): calcd. for
C1oHoCINgOS (M+H)*: 459.2; found: 459.3.
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Example 190, 191, and 192.
Preparation of 7-bromo—3—(2,4—dibromo-thiazol—S—yl)—S-(1-ethyl—propyl)—2,6-dimethy1—
imidazo[ 1,2-b]pyridazine; 3-(2,4-dibromo-thiazol-5-y1)-8-(1 -ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine; and 3—(4—bromo—thiazol—5—yl)-8—(1-ethyl—propyl)-2,6—d.imethyl—
imidazo[1,2-b]pyridazine.

Bi;?hl };N / /N
72 /2 /8

Br Br
N7kBr N”/‘kBr > N%

190. 191. 192.

A. 8-(1-ethyl-propyl)-2,6—dimethy1~3—thiazol—S—yl-imidazo[1,2-b]pyridazine.

2.41 g (7 mmol) of 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[7,2-
blpyridazine, 3.00 g of thiazole (35.2 mmol), 378 mg of triphenylphosphine (1.44 mmol)
and 4.71 g of Cs2CO3 (14.5 mmol) are combined with 25 ml of DMF and N2 gas is
bubbled in for 30 min. 330 mg of Pd2dba3 (0.36 mmol) is added and the tube is sealed.
The reaction tube is heated at 130°C overnight. To the reaction mixture is added water
and CH2CI2, and the CH2CI2 layer is separated, washed with sat. NaCl and dried over
Na2S04. The solvents are removed in vauo and crude product is applied onto a silica-gel
chromatography column (Hexane : AcOEt = 3:1) to give 1.48 g of the title compound.
Yield 70%. nﬁass spectrum (m/e): 301(M+1); TH-NMR(CDCI3): 8.93(s, 1H), 8.52(s, 1H),
6.78(s, 1H), 3.35(m, 1H), 2.76(s, 3H), 2.66(s, 3H), 1.86(m, 4H), 0.89(t, 6H, J=7.5Hz).

B. 7-bromo-3-(2,4-dibromo-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo [j ,2-
blpyridazine; 3-(2,4-dibromo-thiazol-5-y1)-8-(1 -ethyl-propyl)-2,6-dimethyl-imidazo[,2-
b]pyridazine; and 3-(4-bromo-thiazol-5-y1)-8-(1 -ethyl-propyl)-2,6-dimethyl-imidazo[Z,2-
blpyridazine.
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1.05 g (3.5 mmol) of 8-(1-Ethyl-propyl)-2,6-dimethyl-3-thiazol-5-yl-imidazo[ ,2-
blpyridazine and 1.56 g of NBS (8.75 mmol) are dissolved in 50 ml of CH2CI2 and
stirred at room temperature for 3 days. The reaction mixture is diluted with CH2CI2 and
washed with sat. Na,S,0j3 and sat. NaCl. The separated organic layer is dried over
‘Na»SO, and evaporated. The reaction mixture is applied onto a silica-gel chromatography
column (Hexane : AcOEt = 20:1-2>8:1) to give three products:

- 149 mg of 7-bromo-3-(2,4-dibromo-thiazol-5-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (9%);

936 mg of 3-(2,4-dibromo-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine (58%); and

77 mg of 3-(4-bromo-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-
b]pyridazine (6%).

7-Bromo-3-(2,4-dibromo-thiazol-5-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine mass spectrum (m/e): 538(M+1); 1H—NMR(CDCB): 3.45(m,
1H), 2.71(s, 3H), 2.52(s, 3H), 2.38(m, 2H), 2.02(m, 2H), 0.88(t, 6H, J=7.5Hz);

3-(2,4-Dibromo-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-
b]lpyridazine mass spectrum (m/e): 459(M+1); TH-NMR(CDCI3): 6.79(s, 1H), 5.33(m,
1H), 2.57(s, 3H), 2.55(s, 3H), 1.87(m, 4H), 0.90(t, 6H, J=7.5Hz); and

3-(4-Bromo-thiazol-5-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1, 2-
b]lpyridazine mass spectrum (m/e): 380(M+1); TH-NMR(CDCI3): 9.01(s, 1H), 6.77V(s,
1H), 3.35(m, 1H), 2.55(s, 3H), 2.54(s, 3H), 1.87(m, 4H), 0.91(t, 6H, J=7.5Hz).

Example 193.
Preparation of 3-(4-Bromo-2-morpholin-4-yl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine.

100 mg (0.22 mmol) of 3-(2,4-Dibromo-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1 ,Z—b]pyridazine ( 0.22 mmol), 96 mg of morpholine (1.1 mmol) and
215 mg of Cs2C03(0.66 mmol) are put in a 4 ml vial with dry THEF, and the vial is
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capped with a Teflon cap. The vial is heated at 120°C for overnight. The reaction mixture

is applied onto a silica-gel chromatography column (Hexane :AcOEt :2 M NH3 in

MeOH = 9:3:1) to give 72.7 mg of the title compound. Yield 71%. mass spectrum (m/e):
465(M-+1); "H-NMR(CDCI3): 6.73(s, 1H), 3.87(t, 4H, J=5.1Hz), 3.58(t, 4H, J=5.1Hz),
3.35(m, 1H), 2.57(s, 3H), 2.53(s, 3H), 1.86(m, 4H), 0.90(t, 6H, J=7.5Hz). ’

The following compounds are prepared essentially as described in Example 193.

Examples 194-197 use 3-(2,4-dibromo-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-

imidazo[1,2-b]pyridazine ( 0.22 mmol) and the named amine. Example 198. uses 7-

bromo-3-(2,4-dibromo-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1, 2-

b]pyridazine and the named amine:

) 1 MS (found)
Ex Name Amine H NMR (CDCl5):
M+1)
N-{4-Bromo-5-[8-(1- 6.75 (s, 1H), 5.85 (s, NH),
194 ethyl-propyl)-2,6- 3.37 (m, 1H), 3.07 (d, T =5.3
Methyl-
dimethyl-imidazo[/,2- ) Hz, 3H), 2.59 (s, 3H), 2.55 409
amine
b]pyridazin-3-yl]-thiazol (s, 3H), 1.86 (m, 4H), 0.90 (t,
2-yl}-methyl-amine I =7.2Hz, 6H).
N-{4-Bromo-5-[8-(1- 6.72 (s, 1H), 3.36 (m, 1H),
ethyl-propyl)-2,6- 3.19 (s, 6H), 2.57 (s, 3H),
195 yPropy : Dimethyl-
dimethyl-imidazo[l,2- ) 2.52 (s, 3H), 1.85 (m, 4H), 423
amine
b]pyridazin-3-yl]-thiazol- 0.90 (t, 6H, 1=7.3Hz)
2-yl}-dimethylamine
N-{4-Bromo-5-[8-(1- N2 6.71 (s, 1H), 3.76 (m, 2H),
ethyl-propyl)-2,6- 3.71 (m, 2H), 3.42 (s, 3H),
. oo methoxy-
196 | dimethyl-imidazo[],2- 3.35 (s, 1H), 3.21 (s, 3H), ‘
o ethyl- 467
b]pyridazin-3-yl]-thiazol- bl 2.57(s, 3H), 2.53 (s, 3H), :
methyl-
2-yl1}-N-(2-methoxy- .y 1.85 (m, 4H), 0.90 (t,J =7.3
amine
ethyl)-methylamine Hz, 6H).
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N-{4-Bromo-5-[8-(1- 6.72 (s, 1H), 4.43 (m, 1H),
ethyl-propyl)-2,6- 3.36 (m, 1H), 3.0 (s, 3H),
N-methyl-i-
197 | dimethyl-imidazo[1,2- 2.57 (s, 3H), 2.54 (s, 3H),
L propyl- 451
b]pyridazin-3-yl]-thiazol- ] 1.86 (m, 4H), 1.31 (s, 3H),
amine
2-yl}-N-methyl-i-propyl- 1.29 (s, 3H), 090 (t,J=7.4
amine Hz, 6H).
-N-{5-[7-bromo-8-(1- 3.87 (t, J =4.5 Hz, 4H), 3.58
ethyl-propyl)-2,6- (t,J=7.8 Hz, 4H), 3.43 (m,
198 | dimethyl-imidazo[,2- 1H), 2.71(s, 3H), 2.50 (s,
Morpholine 544
blpyridazin-3-yl]-4- 3H), 2.38 (m, 2H), 2.01 (m,
bromo-thiazol-2-yl}- 2H), 0.88 (t, J = 7.5 Hz, 6H).
morpholine

Example 199 and 200.
Preparation of N-{4-chloro-5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-b]pyridazin-
3-yl]-thiazol-2-yl}-morpholine and N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[J,2-
b]pyridazin-3-yl]-thiazol-2-yl }-morpholine.

Z>N=N
\N/N /

/S
Cl NA

199. 200.
Method A ‘

40 mg of 3-(4-Bromo-2-morpholin-4-yl-thiazol-5-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine and 25 mg of CuCl (0.25 mmol) are put in a 4 ml vial
with 2 ml of dry DMF and capped with a Teflon cap. The vial is heated at 120°C
overnight. The reaction mixture is filtered, washed with CH2CI2 and the filtrate is
concentrated. The crude product mixture is applied onto a silica-gel chromatography

column (Hexane : AcOEt = 2:1 and Hexane : AcOEt = 8:1) to give two products:
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4.2 mg of N-{4-chloro-5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ], 2-
blpyridazin-3-yl]-thiazol-2-yl }-morpholine (12%), and

7.2 mg of N—{5—[8—(1-ethyl—propyl)-2,6-dimethy1—irnjdazo[1,2—b]pyridazin-3—yl]—
thiazol-2-yl}-morpholine (22%).

N-{4-Chloro-5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ] ,2-b]pyridazin'-3-y1]-
thiazol-2-yl}-morpholine mass spectrum (m/e): 420(M+1); lH-NMR(CDC13): 6.73(s,
1H), 3.88(t, 4H, J=5.0 Hz), 3.57(t, 4H, J=5.0Hz), 3.35(m, 1H), 2.57(s, 3H), 2.52(s, 3H),
1.85(m, 4H), 0.90(t, 6H, J=7.5Hz.

N-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazin-3-yl]-thiazol-2-
yl}-morpholine mass spectrum (m/e): 386(M+1); 1H—NMR(CDCB): 7.75(s, 1H), 6.70(s,
1H), 3.91(t, 4H, J=5.0Hz), 3.61(t, 4H, J=5.0Hz), 3.34(m, 1H), 2.67(s, 3H), 2.61(s, 3H),
1.85(m, 4H), 0.88(t, 6H, J=7.5Hz).

Method B N-{4-Chloro-5-[8-( 1—ethyl—propyl)—2,6;dimethy1~in1idazo[],2-
blpyridazin-3-yl]-thiazol-2-yl }-morpholine.

A 20L reactor flask under nitrogen is charged with 2900 ml of dry and degassed
DMF then with 8-( 1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[1,2-b]pyridazine (287 g,
0.836 mol), 2-morpholino-4-chlorothiazole (205.4 g, 1.01 mol, 1.2 equv.), Pd(OAc);
(3.74 g, 7.91 mmol, 0.01 equiv.), triphenylphosphine (8.77g, 33.1 mmol, 0.04 equiv.),
Copper iodide (8-g, 41.59 mmol, 0.05 equiv.) and cesium carbonate (544.9 g, 1.65 mol).
The reaction mixture is heated at 120°C. After 16 h at 120°C, 1.87 g of Pd(OAc), and
4.38 g of triphenylphosphine more is added. After 1 h, the mixture is cooled, guenched
with NH4Cl solution (4300 mL) and extracted with MTBE (2900 mL), the aqueous phase
is extracted twice more with 2000 ml of MTBE. The organic phases are washed with sat
NaCl aq (2000 mL), then treated with charcoal 72 g in flask bottle and filtered on
Celite®. The filtrate is concentrated under vacuum to afford 373.8 g (79.3%) of the title
compound Which is 81.4%-area HPLC analysis the rest being solvent and with no

detectable Example 200 by-product.

The following title compounds are prepared essentially as described in Examples 199 and
200 Method A:
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Example] Starting ) MS (found)
Name H NMR (CDCls): 8
# material M+1)
N-{4-Chloro-5-[8-| N-{4-Bromo-5-[8- | 6.72 (s, 1H), 3.36 (m,
(1-ethyl-propyD)- |(1-ethyl-propyl)-2,6-|1H), 3.19 (s, 6H), 2.57
201 2,6-dimethyl- dimethyl- (s, 3H), 2.51 (s, 3H),
imidazo[1,2- imidazo[,2- 1.84 (m, 4H), 0.90 (t, J 378
blpyridazin-3-yll- | b]pyridazin-3-yl]- =7.5 Hz, 6H).
thiazol-2-y1}- thiazol-2-yl}-
dimethylamine dimethylamine
N-{5-[8-(1-Ethyl- | N-{4-Bromo-5-[8- | 7.74 (s, 1H), 6.67 (s,
propyD)-2,6- (1—ethy1—propy1)—2,6-A 1H), 3.35 (m, 1H),
200 dimethyl- dimethyl- 2.23 (s, 6H), 2.67(s,
imidazol1,2- imidazo[l,2- 3H), 2.61 (s, 3H), 1.84 344
blpyridazin-3-yl]- | blpyridazin-3-yl}- | (m, 4H), 0.90 (t,J =
thiazol-2-yl}- thiazol-2-yl}- 7.3 Hz, 6H).
dimethyl-amine dimethylamine
N-{4-Chloro-5-[8-| N-{4-Bromo-5-[8- | 6.71 (s, 1H), 3.76 (t,J
(1-ethyl-propyD)- |(1-ethyl-propyl)-2,6-| = 5.3 Hz, 2H), 3.71 (t,
2,6-dimethyl- dimethyl- J=5.1Hz, 2H), 3.42
203 imidazo[1,2- imidazo[],Z (s, 3H), 3.36 (m, 1H), 103
blpyridazin-3-yll- | blpyridazin-3-yl]- | 3.20 (s, 3H), 2.58 (s,
thiazol-2-yl}-N-(2-| thiazol-2-yl}-N-(2- |3H), 2.52 (s, 3H), 1.85
methoxy-ethyl)- methoxy-ethyl)- (m, 4H), 090 (t, T =
methylamine methylamine 7.1 Hz, 6H).
N-{5-[8-(1-Ethyl- N-{4-B'romo-5—[8- 7.72 (s, 1H), 6.68 (s,
propyD)-2,6- (1-ethyl-propyl)-2,6-| 1H), 3.80 (t,J =5.7
dimethyl- dimethyl- Hz, 2H),3.72 (t,J =
204 imidazo[l,2- imidazo[/,2- 5.7 Hz, 2H), 3.42 (s, 388
blpyridazin-3-yl]- | b]pyridazin-3-yl]- 3H), 3.35 (m, 1H),
thiazol-2-yl}-N-(2-| thiazol-2-yl1}-N-(2- | 3.26 (s, 3H), 2.67 (s,
methoxy-ethyl)- methoxy-ethyl)- |3H), 2.61 (s, 3H), 1.84
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methylamine

methylamine

(m, 4H), 0.88 (t, J =
7.7 Hz, 6H).

N-{4-Chloro-5-[8-
(1-ethyl-propyl)-
2,6-dimethyl-

N-{4-Bromo-5-[8-
(1-ethyl-propyl)-2,6-
dimethyl-

6.71 (s, 1H), 4.48 (m, J
=7.4, 13.2 Hz, 1H),
3.34(m,J=7.6,14.4
Hz, 1H), 3.04 (s, 3H),

blpyridazin-3-y1]-
thiazol-2-yl }-N-
methyl-isopropyl-

amine

blpyridazin-3-yl]-
thiazol-2-yl }-N-
methyl-i-propyl-

amine

(s, 310, 1.84 (m, 4H),
1.31 (d, T = 6.8, 6H),
0.88 (t, T = 7.2 Hz,
6H).

205 imidazo[Z,2- imidazo[1,2-
Blpyridazin-3-y1]- | blpyridazin-3-yl] 2.76 (s, 3H), 2.61 (s, 407
ridazin-3-yl]- ridazin-3-yl]- :
by Y by Y 3H), 1.85 (m, 4H),
thiazol-2-yl}-N- | thiazol-2-yl}-N-
_p . oL : 1.31(d,J=7.1 Hz,
methyl-i-propyl- | methyl-i-propyl-
Y .p Py Y .p by 6H), 0.88 (t,J=7.3
amine amine
Hz, 6H).
N-{5-[8-(1-Ethyl- | N-{4-Bromo-5-[8- | 7.72 (s, 1H), 6.67 (s,
propyD-2,6-  |(1-ethyl-propyl)-2,6-| 1H), 4.48 (m, 1H),
dimethyl- dimethyl- 3.33 (m, 1H), 3.03 (s,
206 imidazo[/,2- imidazo[Z,2- 3H), 2.66 (s, 3H), 2.60 371

Preparation of N-{5-[7-chloro-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/ ,2-b]pyridazin-

Example 207.

3-yl]- 4-methyl-thiazol-2-yl }-morpholine.

b]pyridazin-3-yl]- 4-methyl-thiazol-2-yl }-morpholine (0.1 mmol) is dissolved in 2.0 ml of

50 mg of N-{5-[7-Bromo-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 7,2-
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dry DMF and 31 mg of CuCl (0.3 mmol) is added. The vial is capped with a Teflon®
lined cap and heated at 120°C for overnight. The reaction mixture is applied onto a silica-
gel chromatography column (Hexane:AcOEt=3:1) to give 39.2 mg of the title compound.
Yield 87%. mass spectrum (m/e): 435(M+1). 3.88 (t, ] = 4.8 Hz, 4H), 3.57 (t, J = 5.1 Hz,
4H), 2.64(s, 3H), 2.44 (s, 3H), 2.18 (s, 3H), 2.00 (m, 4H), 0.88 (t, ] = 7.4 Hz, 6H).

Example 208.
Preparation of N-{5-[7-bromo-8-(1-ethyl-propyl)-2,6,7-trimethyl-imidazo[,2-
blpyridazin-3-yl]- 4-methyl-thiazol-2-yl}-morpholine.

50 mg of N-{5-[7-Bromo-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-
blpyridazin-3-yl]- 4-methyl-thiazol-2-yl }-morpholine (0.1 mmol) is dissolved in 4 ml of
Et20 and cooled to —78°C. 0.09 ml of n-BuLi 1.6M in hexane (0.15 mmol) is added at —
78°C and stirred at —78°C for 20 min. 43 mg of iodomethane (0.3 mmol) is added to the
mixture and stirred at —78°C and allowed to come to room temperature overnight. The
reaction is quenched with sat. NH4CI and extracted with Et20. The separated organic
layer is dried over Na2SO4 and evaporated. The crude product is applied onto a silica-gel
chromatography column (Hexane :AcOEt=3:1) to give 29.6 mg of the title compound.
Yield 69%. mass spectrum (m/e): 414(M+1). TH NMR (CDCl3): 6 3.87 (t,J =4.6 Hz,
4H), 3.56 (t, J = 4.6 Hz, 4H), 3.35 (m, 1H), 2.54 (s, 3H), 2.43 (s, 3H), 2.35 (s, 3H), 2.20
(s, 3H), 2.01 (m, 4H), 0.88 (m, 6H).
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Example 209.
Preparation of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b] pyridazin-3-yl]- 4-
triﬂuorométhyl-thiazol-Z-yl }-morpholine.

N
/’%I
/N S S\
A = | N o
- N/>_\_/
F F

170 mg of 3-(4-Bromo-2-morpholin-4-yl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[,2-b]pyridazine (0.37 mmol) and 100 mg of sodium trifluoroacetate
(0.74 mmol) are dissolved in 3 ml of DMF/toluene = 2/1. N2 gas is bubbled into the
mixture for 20 min and 141 mg of Cul (0.74 mmol) is added. The vial is sealed and
heated in the microwave at 210°C for 30 min. The reaction mixture is applied onto a
silica-gel chromatography column (Hexane:AcOFEt=3:1 and CH3CN : CH2CI2 : Hexane
=51:45:50) to give 64.3 mg of the title compound. Yield 38%. mass spectrum (m/e):
454(M+1). "H NMR (CDCls): § 6.72 (s, 1H), 3.88 (m, 4H), 3.60 (m, 4H), 3.32 (m, 1H),
2.54 (s, 3H), 2.47 (s, 3H), 1.85 (m, 4H), 0.89 (t, J = 7.0 Hz, 6H).

Example 210.
Preparation of N-{5-[8-(1 -ethyl-prdpyl)-Z,6—dimethy1—imidazo [1,2-b]pyridazin-3-yl]- 4-
phenyl-thiazol-2-yl}-morpholine.

N

50 mg of 3—(4-Bromo—2—morpholin-4—yl-thiazol-5-y1)-8-(1-ethyl-propyl)—2,6-
dimethyl-imidazo[/, 2-b]pyridazine (0.11 mmol), 40 mg of phenylboronic acid (0.33
mmol) and 0.27 ml of 2 M Na2CO3aq.(0.55 mmol) are put in 2.5 ml of DME / water /
EtOH =7/3/1. N2 gas is bubbled in the mixture for 20 min and 20 mg of Pd(PPh3)4
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(0.017 mmol) is added. The vial is sealed and heated at 160°C for 30 min in Microwave.
The reaction mixture are added CH2CI2 and water and the organic layer is separated,
washed with brine, dried over Na2SO4 and evaporated. The crude product is applied onto
a silica-gel chromatography column (Hexane : AcOEt = 10:1) to give 27 mg of the title
compound. Yield 54% mass spectrum (m/e): 462(M+1). & 8.29(m, 1H), 7.60(m, 2H),
7.44(m, 1H), 7.22(m, 1H), 6.70 (s, 1H), 3.90 (t, J = 4.6 Hz, 4H), 3.64 (t, J = 5.0 Hz, 4H),
3.36 (m, 1H), 2.52 (s, 3H), 2.09 (s, 3H), 1.86 (m, 4H), 0.90 (t, J = 7.4 Hz, 6H).

Example 211.
Preparafion of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ 1,2-b]pyridazin-3-yl]- 4-
methoxy-thiazol-2-yl }-morpholine.

100 mg of 3-(4-Bromo-2-morpholin-4-yl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[],2-b]pyridazine (0.22 mmol), 24 mg of sodium methoxide (0.44
mmol) and 21 mg of Cul (0.11 mmol) are put into 4 ml vial with MeOH 3 ml and capped
. with a Teflon® lined cap. The reaction vial is heafed at 130°C overnight. The reaction
mixture is concentrated and applied onto a silica-gel chromatography column (Hexane :
THF =10: 1) to give 32.8 mg of the title compound. Yield 36%. Mass spectrum (mm/e):
416(M+1). "TH NMR (CDCls): § 6.64 (s, 1H), 3.96 (s, 3H), 3.86 (t, J=4.7 Hz, 4H), 3.53
(m, 4H), 3.34 (m, 1H), 2.82 (s, 3H), 2.48 (s, 3H), 1.82 (m, 4H), 0.85 (t, J =7.4 Hz, 6H).
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Example 212.
Preparation of N-{5-[8-(1-ethyl-propy])-2,6-dimethyl-imidazo[/,2-b]pyridazin-3-yl]- 4-
fluoro-thiazol-2~-yl}-morpholine.

50 mg of 3-(4-Bromo-2-morpholin-4-yl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine (0.11 mmol) is dissolved in 4 ml of diethylether and
cooled to —78°C and 0.1 ml of n-BuLi 1.6M in hexane (0.16 mmol) is added at —78°C and
stirred at —78°C for 20 min. 104 mg of N-fluorobenzene sulfonimide (0.33 mmol) in 2 ml
of toluene is added at ~78°C and stirred at room temperature for 1h. sat. NH4CI is added,
and the mixture is extracted with Et20, dried over Na2SO4 and evaporated. The crude
product is applied onto a silica-gel chromatography column (Hexane:AcOEt=3:1) to give
4.1 mg of the title compound. Yield 10%. Mass spectrum (m/e): 404 (M+1). 6.71 (s, 1H).
3.87 (t,J = 4.6 Hz, 4H), 3.55 (t, J = 5.0 Hz, 4H), 3.34 (m, 1H), 2.58 (s, 3H), 2.54 (s, 3H),
1.84 (m, 4H), 0.88 (t, J = 7.4 Hz, 6H).

Example 213.
Preparation of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazin-3-yl]- 4-
iodo-thiazol-2-yl}-morpholine.

50 mg of 3-(4-Bromo-2-morpholin-4-yl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine (0.11 mmol), 30 mg of CF;CO,Na (0.22 mmol) and
42 mg of Cul (0.22 mmol) are put into 4 ml vial with DMF / toluene = 2:1. The vial is
capped with a Teflon cap and heated at 150°C overnight. The reaction mixture is applied

onto a silica-gel chromatography column (Hexane :AcOEt =5 : 1) to give 54 mg of the
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title compound. 96%. Mass spectrum (m/e): 512 (M+1). 'H NMR (CDCl3): 8 6.71 (s, .
1H), 3.87 (t, J = 5.4 Hz, 4H), 3.58 (t, ] = 5.4 Hz, 4H), 3.36 (m, 1H), 2.57 (s, 3H), 2.53 (s,
3H), 1.85 (m, 4H), 0.91 (t, J = 5.4 Hz, 6H).

Example 214.
Preparation of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazin-3-yl]-2-

morpholin-4-yl-thiazole-4-carbonitrile

50 mg of 3-(4-Bromo-2-morpholin-4-yl-thiazol-5-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[,2-b]pyridazine (0.11 mmol), and 30 mg of CuCN (0.33 mmol) are
put into 4 ml vial with 2 ml of DMF and the vial is capped with a Teflon cap. The vial is
heated at 150°C overnight. The reaction mixture is applied onto a silica-gel
chromatography column (Hexane:AcOEt=5:1) to give 12.3 mg of the title compound.
Yield 28%. Mass spectrum (m/e): 411(M+1). 6.77 (s, 1H), 3.89 (t, T = 4.8 Hz, 4H), 3.61
(t, J =5.0 Hz, 4H), 3.32 (mn, 1H), 2.62 (s, 3H), 2.59 (s, 3H), 1.86 (m, 4H), 0.90 (t, T=7.4
Hz, 6H). ‘

Example 215.
Preparation of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b}pyridazin-3-yl]- 4-
iodo-thiazol-2-yl}-N-isopropyl-methylamine.

The title compound is prepared essentially as described in Example 213,

employing N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ] ,2-b]pyridazin-3-yl]- 4-
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bromo-thiazol-2-yl}-N-isopropyl-methylamine to give 17.9 mg. Yield 22%: mass
spectrum (m/e):498 (M+1). "H NMR (CDCls): § 6.71 (s, 1H), 4.41 (m, 1H), 3.35 (m, 1H)
2.97 (s, 3H), 2.57 (s, 3H), 2.53 (s, 3H), 1.84 (m, 4H), 1.29 (d, J = 5.8 Hz, 6H), 0.90 (t, ] =
7.2 Hz, 6H).

>

Example 216.
Preparation of N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]- 4-
methoxy-thiazol-2-yl}-N-isopropyl-methylamine.

—0

The title compound is prepared essentially as described in Example 211,
employing N-{5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]- 4-
bromo-thiazol-2-y1}-N-isopropyl-methylamine to give 52.7. Yield 36%: mass spectrum
(m/e):402(M+1). "H NMR (CDCls): 8 6.63 (s, 1H), 4.44 (m, 1H), 3.96 (s, 3H), 3.35 (m,
1H), 2.97 (s, 3H), 2.57 (s, 3H), 2.50 (s, 3H), 1.83 (m, 4H), 1.29 (d, J = 6.7 Hz, 6H), 0.88
(t, J =8 Hz, 6H).

Example 217 and 218.
Preparation of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]-

4-methyl-thiazole-2-carboxylic acid amide and 5-[8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazin-3-yl]-4-methyl-thiazole-2-carboxylic acid N-methylamide.

=

XN / _N /
VA
4.
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217. 218.

180 mg of 8-(1-Ethyl-propyl)-3-[2-bromo-4-methyl-5-thiazolyl]-2,6-dimethyl-
imidazo[Z,2-b]pyridazine (0.46 mmol) and 124 mg of copper(I) cyanide are put into 4 ml
vial with 2 ml of dry DMF. The vial is closed with a Teflon can and heated at 130°C
overnight. The crude reaction mixture is applied onto a silica-gel chromatography column
(Hexane : AcOEt = 1:1 > 1:3) to give

52.1 mg of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ I,2-b]pyridazin-3-yl]-4-
methyl-thiazole-2-carboxylic acid amide (32%) and

7.6 mg of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]-4-

methyl-thiazole-2-carboxylic acid methylamide.

5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]-4-methyl-
thiazole-2-carboxylic acid amide: mass spectrum (m/e): 358(M+1) 'H NMR (CDCl3): &
7.21 (s, NH), 6.76 (s, 1H), 5.59 (s, NH), 3.34 (m, 1H), 2.55 (s, 3H), 2.50 (s, 3H), 2.42 (s,
3H), 1.87 (m, 4H), 0.91 (t, J = 7.2 Hz, 6H). and

5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[Z,2-b]pyridazin-3-yl]-4-methyl-
thiazole-2-carboxylic acid methylamide: mass spectrum (m/e): 372(M+1). 'H NMR
(CDCls): 8.77 (s, NH), 6.75 (s, 1H), 4.06 (s, 3H), 3.35 (m, 1H), 2.55 (s, 3H), 2.49 (s, 3H),
2.43 (s, 3H), 1.87 (m, 4H), 0.91 (t, J = 7.6 Hz, 6H).

Example 219.
Preparation of 5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[],2-b]pyridazin-3-y1]-4-

methyl-thiazole-2-carboxylic acid dimethylamide.

74 | \
/ N s N—"
__——N/ | H

5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazin-3-yl]-4-methyl-
thiazole-2-carboxylic acid amide (46 mg, 0.13 mmol) and 28 mg of sodium tert-Butoxide
(0.30 mmol) are put into 4 ml of dry DMSO and stirred at room temperature for 5 min.

141 mg of iodomethane (1.0 mmol) is added and stirred at room temperature for 1 h.
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Water is added, and the mixture is extracted with CH,Cl,, dried over Na2SO4 and
evaporated. The crude product is applied onto a silica-gel chromatography column
(Hexane :AcOEt=3:1) to give 22.3 mg of the title compound. Yield 45%: mass spectrum
(m/e):386(M+1). 6.75 (s, 1H), 3.70 (s, 3H), 3.35 (m, 1H), 3.21 (s, 3H), 2.55 (s, 3H), 2.50
(s, 3H), 2.41 (s, 3H), 1.86 (m, 4H), 0.91 (t, J = 7.4 Hz, 6H).

Example 220.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-furan-2-yl)-imidazo][ 1, 2-

5
l\‘l 0]
N

4

blpyridazine.

\

A THEF solution (5 mL) of 3-methylfuran (Acros, 232 mg, 2.83 mmol) is cooled to
-78 °C under N then treated with nBuLi (1.6 M in hexane, 1.8 mL, 2.9 mmol). After
addition of the nBuLi, the solution is warmed to 0 °C for 15 minutes, then to room
temperature for an additional 5 minutes. The reaction mixture is then cooled to -78 °C
and treated with ZnCl, (Aldrich, 0.5 M in THF, 5.8 mL, 2.9 mmol). The resulting
mixture is warmed to room temperature and treated with 8-(1-ethyl-propyl)-3-iodo-2,6-
dimethyl-imidazo[ 1, 2-b]pyridazine (400 mg, 1.17 mmol) and PdCl,(dppf) — CH>Cl,
complex (Aldrich, 95 mg, 0.12 mmol). The mixture is heated to 60 °C for 4 hours, then
poured into 1 N HCI (60 mL) and extracfed with ethyl acetate (2x60 mL). The combined
organic extracts are washed with aq. brine, dried over Na,SQy, filtered, and concentrated.
The crude residue is purified by chromatography using hexane-ethyl acetate gradient
(100% hexane to 20% ethyl acetate in hexane) to elute the title compound as an oil
pyridazine (149 mg, 43% yield). ES-MS (m/z): calc’d for C;sH»N30: 297.2; found
298.5 (M+H); "H NMR (400 mHz, CDCls): § 7.59 (d, J = 1.8 Hz, 1H), 6.71 (s, 1H), 6.47
(d, J = 1.8 Hz, 1H), 3.36 (m, 1H), 2.55 (s, 3H), 2.50 (s, 3H), 2.10 (s, 3H), 1.92-1.79 (m,
4H), 0.90 (t, J = 7.5 Hz, 6H).
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Example 221.
Preparation of 3-(5-bromo-3-methyl-furan-2-yl)-8-(1 -ethyl-propyl)-2,6-dimethyl-

Nlj\B—)/\/lL
N o
N

=

imidazo[ ] ,2-b]pyridazine.

Br

\

A CH,Cl, solution (4 mL) of 8—(1—ethyl—propyl)—2,6-dimethy1-3-(3—rﬁethyl-furan-
2-yD)-imidazol[1,2-b]pyridazine (32.4 mg, 0.11 mmol) is cooled to O °C under a CaSO,
drying tube and treated with NBS (20.1 mg, 0.11 mmol). After 15 minutes at 0 °C, the
mixture is warmed to room temperature. After an additional 10 minutes, the reaction
mixture is poured into H,O (25 mL) and extracted into CH,Cl, (2x25 mL). The
combined organic extracts are washed with aq. brine, dried over Na,SOy, filtered, and
concentrated. The crude product is purified by chromatography using hexane-ethyl
acetate gradient (100% hexane to 10% ethyl acetate in hexane) to elute the title compound
(26.3 mg, 64% yield) as a solid. ES-MS (m/z): calc’d for Ci1gH,,BrN3O: 375.1; found
376.2 (M+H); 'H NMR (400 mHz, CDCl,): & 6.72 (s, 1H), 6.40 (s, 1H), 3.34 (m, 1H),
2.56 (s, 3H), 2.49 (s, 3H), 2.07 (s, 3H), 1.93-1.77 (m, 4H), 0.89 (t, J = 7.5 Hz, 6H).

Example 222.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(2-methyl-furan-3-yl)-imidazo[ /, 2-
blpyridazine,

A. 3-Bromo-2-methyl furan.
A THEF solution (10 mL) of 2,3-dibromofuran (Lancaster, 5.54 gm, 24.5 mmol)
under Ny is treated with PdC1,(PPhs), (860 mg, 1.2 mmol) and stirred for 10 minutes at
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room temperature. The solution is then treated with CH3ZnCl (Aldrich, 2.0 M in THF, 15
mL, 30 mmol). The resulting mixture is stirred at foom temperature overnight then
poured into 1 N HCI and extracted into diethyl ether. The organic extract is washed with
sat. NaCl, dried over Na,SQy, and filtered. The filtrate is then distilled and the product is
collected at 120-125 °C to give the title compound as a colorless oil (1.71 gm, 43% yield).
'"H NMR (400 mHz, CDCls): § 7.25 (d,J =1.8 Hz, 1H), 6.34 (d,J = 1.8 Hz, 1H), 2.28 (s,
3H).

B. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-(2-methyl-furan-3-yl)-imidazo[ 1,2-b]pyridazine.

A THF solution (10 mL) of 3-bromo-2-methyl furan (prepared as described
above) (1.06 gm, 6.58 mmol) is cooled to -78 °C u'nder N, then treated with nBuLi (1.6 M
in hexane, 4.1 mL, 6.6 mmol). After 10 minutes at -78 °C, the mixture is treated with
ZnCl; (Aldrich, 0.5 M in THF, 13.2 mL, 6.6 mmol). The resulting mixture is warmed to
room temperature then treated with 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[,2-
b]pyridazine (1.13 gm, 3.29 mmol) and PdCl,(dppf) — CH,Cl, complex (Aldrich, 257 mg,
0.31 mmol). The mixture is heated to 60 °C for 4 hours, then poured into sat. NH,4CI (50
mL) and extracted with diethyl ether (2x50 mL). The combined organic extracts are
washed with sat. NaCl, dried over Na,SO,, filtered, and concentrated. The crude product
is purified by chromatography using hexane-ethyl acetate gradient (100% hexane to 20%
ethyl acetate in hexane) to elute the title product (685 mg, 70% yield) as an oil. ES-MS
(m/z): cale’d for C1gHpsN30: 297.2; found 298.2 (M+H); '"H NMR (400 mHz, CDCls): §
7.45(d, J =2.0 Hz, 1H), 6.63 (s, 1H), 6.60 (d, J = 2.0 Hz, 1H), 3.35-3.31 (m, 1H), 2.51 (s,
3H), 2.44 (s, 3H), 2.30 (s, 3H), 1.88-1.75 (m, 4H), 0.86 (t, J = 7.5 Hz, 6H).

Example 223.
Preparation of 3-(5-bromo-2-methyl-furan-3-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine.
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A CH,Cl, solution (2 mL) of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(2-methyl-furan-
3-yD-imidazo[/,2-b]pyridazine (42.3 mg, 0.14 mmol) under a CaSQy drying tube is
treated with N-bromosuccinimide (27.6 mg, 0.16 mg). After 30 minutes the reaction
mixture is poured into H,O (25 mL) and extracted into CH,Cl, (2x25 mL). The
combined organic extracts are washed with sat. NaCl, dried over Na,SO,, filtered, and
concentrated. The crude product is purified by chromatography using hexane-ethyl
acetate gradient (100% hexane to 12% ethyl acetate in hexane) to elute the title product
(36.9 mg, 70% yield) as a white solid. ES-MS (m/z): calc’d for C;3H,,BrN;O: 375.1;
found 376.3 (M+H); "H NMR (400 mHz, CDCls):  6.67 (s, 1H), 6.50 (s, 1H), 3.33 (m,
1H), 2.53 (s, 3H), 2.44 (s, 3H), 2.29 (s, 3H), 1.90-1.73 (m, 4H), 0.86 (t, J = 7.3 Hz, 6H).

Example 224.
Preparation of 3-(2,4-dimethyl-2H-pyrazol-3-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

n-BuLi (1.3 ml, 2.09 mmol) is stirred in THF ‘(4 ml), under N», and cooled to —
72°C. 1,4-dimethy1—1H—pyrazole (170 mg, 2.04 mmol, in THF, 1 ml) is added slowly,
stirred for 5 min. then allowed to warm to ambient temp. and stirred for 45 min. The
mixture is cooled to ~72°C and a zinc chloride solution (4.3 ml, 2.14 mmol, 0.5 M in
toluene) added, warmed to ambient temp. and treated with 8-(1-ethyl-propyl)-3-iodo-2,6-
dimethyl-imidazo[/,2-b]pyridazine and PdCl,(dppf) — CH>Cl, complex (Aldrich, 40 mg,
0.05 mmol). The mixture is heated to 65°C overnight, cooled to ambient temp., added to
water and extracted twice with EtOAc. The combined organic extracts were washed with
brine, dried over Na;S Oy, filtered and concentrated. The crude product is purified by
chromatography using a hexane-ethyl acetate gradient (100% hexane to 50 % ethyl
acetate in hexane) to elute the product. The title compound is obtained (0.7% yield). ES-
MS (m/z): calc’d for C1gH,s5Ns: 31 1.4;. found 312.2 (M+H)". '"H NMR (400 mHz, CDCls):
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8 7.51 (s, 1H), 6.75 (s, 1H), 3.72 (s, 3H), 3.33 (m, 1H), 2.53 (s, 3H), 2.43 (s, 3H), 2.00 (s,
3H), 1.87 (m, 4H), 0.92 (m, 6H)..

Example 225.
Preparation of 3-(4,5-dibromo-2-methyl-2H-pyrazol-3-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine.

8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazine (300 mg, 1.4 mmol),
3,4,5—tribr0mo-1—methyl—IH-pyrazole (700 mg, 2.1 mmol) and cesium carbonate (900 mg,
2.8 mmol) are stirred in DMF (5 ml) and degassed by bubbling a stream of nitrogen
through the mixture. PdCL(PPhs), (14 mg) is added and the mixture heated to 130C
overnight. The mixture is added to water and extracted twice with EtOAc. The
combined organic extracts are washed with brine, dried over Nay,SOy, filtered and
concentrated. The crude product is purified by chromatography using a hexane-ethyl
acetate gradient (100% hexane to 20% ethyl acetate in hexane) to elute the title product
(204 mg, 32% yield). ES-MS (m/z): calc’d for C17H,1BraNs: 455.2; found 455.9 (M+H)™.
'"H NMR (400 mHz, CDCls): § 6.75 (s, 1H), 3.72 (s, 3H), 3.33 (m, 1H), 2.51 (s, 3H), 2.45
(s, 3H), 1.84 (m, 4H), 0.88 (t, 6H).

‘ Example 226.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-y1)-

thiophen-2-yl]-imidazo[/,2-b]pyridazine benzenesulfonic acid.

Q
O-Fon

()
N
&
/N S N=
/‘%\I L2\ /

To a solution of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(6-methyl-
pyridin-2-yl)-thiophen-2-yl]-imidazo[ 1, 2-b]pyridazine (0.23 g, 0.57 mmol) and MeOH (1
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mL) is added a solution of benzenesulfonic acid (0.096 g, 0.57 mmol) and MeOH (1 mL).
The solution is concentrated to furnish the title compound (0.32 g, 0.57 mmol, >99%). 'H
NMR (CDCl3) 8 0.79 (t, J = 7.0 Hz, 6H), 1.59-1.82 (m, 4H), 2.06 (s, 3H), 2.61 (s, 6H),
2.88 (s, 3H), 3.22-3.32 (m, 1H), 6.79 (bs, 2H), 7.25 (s, 1H), 7.33-7.42 (m, 3H), 7.49 (d, J
=7.9 Hz, iH), 7.80(d, J=7.4 Hz, 2H), 7.92 (dd, J = 7.4, 1.6 Hz, 1H) 8.23 (s, 1H).
LC/MS (m/z): caled. for CogHpsN,S (M+H)*: 405.2; found: 405.4.

Example 227.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-4-morpholin-4-yl-thiophen-2-
yD-imidazo[/,2-b]pyridazine.

To a flask containing 3-(4-bromo-3-methyl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine (0.30g, 0.76 mmol), morpholine (0.10 mL, 1.15
mmol), Pd(dba)z (0.035 g, 0.038 mmol), and 2-dicyclohexylphosphino-biphenyl-2’-
(N,N-dimethyl-amino)biphenyl (0.018 g, 0.046 mmol) is added 1 M LiHMDS (1.9 ml.,
1.91 mmol). The solution is heated at 65 °C overnight, diluted with EtOAc (30 mL),
washed with water (20 mL), brine (20 mL), dried over MgSOy, filtered and concentrated.
The residue is purified by ISCO (15%-30% EtOAc gradient), dissolved in Et,O (20 mL)
and extracted with 1 M HC1 (2 x 30 mL). The aqueous layer is washed with Et,O (20
mL), made basic with 5 M NaOH (15 mL), extracted with EtOAc (2 x 20 mL), the
combined organic layers washed with brine (40 mL), dried over MgSO,, filtered and
concentrated to furnish the title compound (0.047 g, 0.12 mmol, 16%). 'H NMR (CDCl3)
5 0.87 (t, J = 7.5 Hz, 6H), 1.73-1.91 (m, 4H), 2.01 (s, 3H), 2.45 (s, 3H), 2.49 (s, 3H),
2.99-3.05 (m, 4H), 3.28-3.37 (m, 1H), 3.84-3.88 (m, 4H), 6.65 (s, 1H), 6.71 (s, 1H).
LC/MS (m/z): calcd. for CoH3oN,0S (M+H)*: 399.2; found: 399.2.
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Example 228,
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(2-methyl-5-thiazol-2-yl-furan-3-yl)-

N
/,%l
N N
! |\ a
N O S]

A THEF solution (5 mL) of 2-bromothiazole (Aldrich, freshly distilled, 75.0 pL,
0.84 mmol) is cooled to -78 °C under N, then treated with nBuLi (1.6 M in hexane, 0.52
mL, 0.83 mmol). After 15 minutes at -78 °C, the mixture is treated with ZnCl, (Aldrich,

imidazo[/,2-b]pyridazine.

0.5 M in THF, 1.8 mL, 0.90 mmol). The resulting mixture is warmed to room
temperature then treated with a THF slurry (1 mL) containing 3-(5-bromo-2-methyl-
furan—3-yl)-8-(l-ethyl-propyl)—2,6—dimethyl—imidazo[],Z-b]pyridazine (60.1 mg, 0.16
mmol) and PdCl,(dppf) — CH,Cl, complex (Aldrich, 22 mg, 0.027 mmol). The mixture is
heated overnight at 60 °C, then poured into sat’d NH4C1 and extracted with diethyl ether.
The organic extract is washed with aq. brine, dried over Na,SQy, filtered, and
concentrated. The crude product is purified by chromatography using hexane-ethyl
acetate gradient (100% hexane to 20% ethyl acetate in hexane) to elute the title compound
(45.8 mg, 75% yield) as an oil. ES-MS (m/z): calc’d for CpHpyN,OS: 380.17; found
381.1 (M+ID)". '"H NMR (400 mHz, CDCl3): 6 7.83 (d, J = 3.5 Hz, 1H), 7.29 (d, ] = 3.1
Hz, 1H), 7.20 (s, 1H), 6.68 (br s, 1H), 3.35 (br s, 1H), 2.53 (s, 3H), 2.49 (s, 3H), 2.40 (s,
3H), 1.90-1.76 (m, 4H), 0.88 (t,J = 7.5 Hz, 6H).

Example 229.
Preparation of 8-(1-ethyl-propyl)-2,6-dimethyl-3-[3-methyl-5-(6-methyl-pyridin-2-yl)-

thiophen-2-yl]-imidazol[ 1,2-b]pyridazine; compound with methanesulfonic acid.

-—é—OH
. ©
/4 N S N=
=N  J )\ 7
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'To a solution of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(3-methyl-5-pyridin-2-yl-
thiophen-2-yl)-imidazo[1,2-b]pyridazine (0.55 g, 1.36 mmol) and MeOH (6 mL) is added
methane sulfonic acid (0.088 mL, 1.36 mmol). After one hour the solution is
concentrated and the solution is treated with Darco-60® for 1 hour, filtered and
concentrated to furnish the title compound (0.68 g, 1.36 mmol, >99%). 'H NMR (CDCls
: CD30D 95:5) 6 0.85 (t, J = 7.4 Hz, 6H), 1.67-1.91 (m, 4H), 1.96 (s, 3H), 1.97 (s, 3H),
2.20 (s, 3H), 2.61 (s, 3H), 2.90 (s, 3H), 3.17-3.29 (m, 1H), 7.33 (s, 1H), 7.64 (d, J=7.4
Hz, 1H), 7.89 (d, J=7.9 Hz, 1H), 8.18 (s, 1H), 8.34 (t, J = 7.9 Hz, 1H), 9.95 (bs, 1H).
LC/MS (m/z): caled. for CosHzN402S, (M+H)*: 405.6; found: 405.6.

Example 230.
Preparation of {5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazin-3-yl]-4-
methyl-thiophen-3-yl}-dimethyl-amine.

N
N N
\ N |

To a —78 °C solution of dimethyl-(4-methyl-thiophen-3-yl)-amine (0.43 g, 3.06
rﬁmol) and THF (5 mL) is added 1.6 M n-BuLi (1.91 mL, 3.06 mmol). The solution is
stirred for 1 hour, then 0.5 M ZnCl, (6.1 mL, 3.06 mmol) is added and the solution
warmed to ambient temperature. After 30 minutes 8-(1-ethyl-propyl)-3-iodo-2,6-
dimethyl-imidazo[1,2-b]pyridazine (0.70 g, 2.04 mmol) and PdCl,(dppf) (0.075 g, 0.10
mmol) is added and the solution heated at 65 °C overnight. The solution is diluted with
EtOAc (35 mL), washed with sat. NH4Cl (30 mL), dried over MgSOQOu, ﬁltered and
concentrated. The residue is purified by ISCO flash chromatography (15% -30% EtOAc
gradient) furnish the title compound (0.13 g, 0.36 mmol, 18%). 'H NMR (CDCl3) 6 0.86
(t, J=7.5 Hz, 6H), 1.72-1.90 (m, 4H), 2.03 (s, 3H), 2.45 (s, 3H), 2.50 (s, 3H), 2.77 (s,
6H), 3.28-3.37 (m, 1H), 6.63 (s, 1H), 6.65 (s, 1H). LC/MS (m/z): calcd. for CpoHsN4S
(M+H)*: 357.2; found: 357.2
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Example 231.
Preparation of 3-[3-chloro-5-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-2-yl]-2,6-
dimethyl-8-(1-propyl-butyl)-imidazo[ ,2-b]pyridazine.

N
| \

/ N S NN
Cl N

A slurry of 2,6-dimethyl-8-(1-propyl-butyl)-imidazo[/,2-b]pyridazine (below)
(0.30 g, 1.22 mmol), 5—(5—bromo-4-ch1oro-thiophen-Z—yl)—1-methy1—[1;2,4]triazole
(below) (0.41 g, 1.47 mmol), KOAc (0.60 g, 6.11 mmol), TBABr (0.39 g, 1.22 mmol),
and NMP (3 mL) is de-gassed with N, for 30 minutes. Pd(OAc), (0.014 g, 0.061 mmol)
and TDBPP (0.040 g, 0.061 mmol) are added and the solution heated at 125 °C for 2.5
hours. The solution is diluted with EtOAc (50 mL), washed with water (3 x 50 mL),
brine (50 mL), dried over MgSOs,, filtered and concentrated. The residue is purified by
ISCO flash chromatography (20%-40% EtOAc gradient) furnish the title compound (0.30
g, 0.68 mmol, 56%). 'H NMR (CDCls) & 0.89 (t, J = 7.4 Hz, 6H), 1.14-1.39 (m, 4H),
1.76 (q, J=16.3,7.7 Hz, 4H), 2.51 (s, 3H), 2.52 (s, 3H), 3.41-3.50 (m, 1H), 4.15 (s, 3H),
6.73 (s, 1H), 7.48 (s, 1H), 7.90 (s, 1H). LC/MS (m/z): calcd. for CooHyCINGgS (M+H)™
443.2; found: 443.3.

Example 232. .
Preparation of (2-{4-chloro-5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazol[ /,2-b]pyridazin-
3-yl]-thiophen-2-yl }-pyrrol-1-yl)-dimethyl-amine.

Using a procedure analogous to Example 27, 1-(dimethylamino)-pyrrole (0.20
mL, 1.65 mmol), THF (4 mL), 1.6 M n-BuLi (1.10 mL, 1.73 mmol), 0.5 M ZnCl, (3.46
mL, 1.73 mmol), 3-(5-bromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazol[l,2-b]pyridazine .(0.34 g, 0.82 mmol) and PdCl,(dppf) (0.030 g, 0.041 mmol),
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furnish the title compound (0.17 g, 0.38 mmol, 46%). 'H NMR (CDC13) 86 0.87 (t, J=17.5
Hz, 6H), 1.74-1.92 (m, 4H), 2.52 (s, 6H), 2.84 (s, 6H), 3.28-3.39 (m, 1H), 6.21 (dd, J =
4.1, 3.2 Hz, 1H), 6.38 (dd, /= 4.1, 1.8 Hz, 1H), 6.68 (s, 1H), 7.02 (dd, J = 3.2, 1.8 Hz,
1H), 7.29 (s, 1H). LC/MS (m/z): calcd. for Co3HosCINsS (M+H)™: 442.2; found: 442.3.

Example 233.
Preparation of 3-[3-chloro-5-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-2-yl]-8-iodo-2,6-
dimethyl-imidazo[/,2-b]pyridazine.

N
&8 \
/N Is N-N
Cl N

A. 4-Chloro-thiophene-2-carbonitrile.

A 22-L reaction flask is equipped with a cooling bath, air stirrer, gas addition
tube, and thermometer probe. The flask is purged with nitrogen, then charged AICl;
(1025 g, 7.69 moles) and CHCl3(6.6 L, 16.5 vol.). After cooling the mixture to 0-5 °C, it
is charged with 2-thiophene carbonitrile (400 g, 3.66 moles) dropwise via an addition
funnel over 10-15 minutes while maintaining the temperature at < 10 °C. The mixture is
charged with Cl, gas (300g, 4.23 moles, 1.16 EQ) subsurface at < 10 °C over 1.25 hours.
The progress of the reaction is monitored by GC, wherein the GC sampling method is
quenching an aliquot of the reaction mixture into 6N HCI, extracting with EtOAc, drying
over Na,;SO,, filtering, and injecting the filtrate.

‘When the reaction is deemed complete by GC analysis [the reaction was deemed
complete when the ratio of (sm : prod : dichloro) was approximately (1 : 5.8 : 1) by area
% GC.], 6N HCI (8.0 L) is added dropwise via addition funnel over 1.5 hours, while
maintaining the temperature at < 20 °C [The HCI addition is extremely exothermic and
evolves gas]. The reaction is transferred to a separatory funnel and the layers are
separated. After extracting the aqueous layer with CHCI; (4.0 L), the chloroform layers
are combined and washed with de-ionized H,O (6.0L). The organic layer is dried over
Na,SO,, filtered and concentrated under vacuum to give a pale yellow semi solid 575g,

109.3%). GC (60°C to 280°C temperature gradient) Area-% analysis shows ~68%
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product (tt = 6.5 min) with major impurities being the unreacted starting material (et =
5.1 min) and the dichlorinated product (ter = 7.4 min). GC Method: Column: DB1;
Tinjecyt = 300 °C ; Tinigir = 60 °C, t= 2.0 min; Trina =280 °C, rate = 18 °C/min.

B. 4-Chloro-2-thiophene carboxamide.

A 12-L reaction flask equipped with a cooling bath, air stirrer, and thermometer
probe is charged with KOH (288.6 g, 5.143 moles) and De-ionized H,0O (6.04 L) to form
a solution that exotherms to ~31 °C. After allowing the solution to cool to ~28.0 °C, th
mixture is charged with 4-chloro-2-thiophene carbonitrile (671.3 g, 4.675 moles)’
followed by EtOH (675 mL). A gradual exotherm occurs upon the addition of EtOH and
continues over 1-1.5 hours to ~38 °C. The reaction is stirred at ambient temperature
overnight.

The reaction mixture is filtered under vacuum, washed with de-ionized H,O and
dried to give crude product. The solids are dissolved in EtOAc (10.0 L) treated with
Na,S0, and Darco for 1-2 hours; then, filtered and washed with EtOAc. The filtrate is
concentrated on the Biichi until solids began to precipitate out at 45 °C at which time the
vacuum is released, and the temperature is increased to 60-65 °C to redissolve the solids.
With stirring at 60 °C, heptane (3.5 L) is added slowly to precipitate solids. After stirring
for 15-20 minutes at 60 °C, the mixture is cooled to 30-40 °C and filtered. The solids are
washed with heptane (2 x 0.75 L), and dried to give the title compound (tr: = 9.9 min) as
a white solid (235.4 g,31.2 % 96.4 area % by GC analysis). A second crop is obtained
from the filtrate to give 67.8 g, 9.0 %; 94.5% area-% by GC analysis). The Overall yield
is 303.2 g, 40.1 %. |

C. 4-Chloro-N-dimethylaminomethylene-2-thiophene carboxamide.

A 5-L reaction flask equipped with a heating mantle, air stirrer, Dean-Stark
apparatus, and thermometer probe is charged with 4-chloro-2-thiophene carboxamide.
(300 g, 1.856 moles) and dimethylformamide dimethylacetal (872 mL) to form a slurry
that endotherms 1-2 °C from 22-20 °C. The mixture is heated gradually to 96 °C while
collecting the distillate (mostly MeOH). The heating mantle is removed, and the mixture

is cooled to < 25 °C. De-ionized H,O (3.0 L) is added via an addition funnel and the

! A small amount of solids were undissolved at this point.
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temperature is maintained at < 35 °C. The reaction mixture is extracted with EtOAc (1 x
3.0L, 1 x 1.5 L), then combined the organics are washed with de—ionized H,O(1.5L).
The organic phase is dried over Na,;SOy, filtered, and concentrated under vacuum to give
crude product (400 g).

The crude product is dissolved in EtOAc (320 mL, 0.8 Vol) at 50-60 °C; then,
heptane (1700 mL, 4.25 Vol) is added slowly while gradually increasing the temperature
to 70 °C. A seed crystal (Lot: PP6-H00086-075-1) is added to the cloudy solution to
initiate precipitation. The resulting mixture is stirred to room temperature overnight, then
filtered and washed with heptane. The solids are dried to give the title compound (t.: =

13.0 min) as a white solid (329.8 g, 82%; 98.2 % area-% by GC analysis).

D. 5-(4-Chloro-thiophen-2-yl)-1-methyl-'H-[1,2,4]triazole.

A 3-L reaction flask equipped with a cooling bath, air stirrer, and thermometer
probe is charged with 4-chloro-N-dimethylaminomethylene-2-thiophene carboxamide.
(155 g, 0.715 moles) and HOAc (1500 mL) to form a solution. Using an ice-water
cooling bath to maintain the temperature at < 30 °C, methylhydrazine (33.2 g, 0.721
moles) is added dropwise via an addition funnel over 15-20 minutes to form a light
yellow slurry. Gradually, the reaction is heated to 90 °C and held at 90 °C for 30
minutes. After analysis of the mixture by GC, the reaction is cooled to ~70 °C; then,
concentrated to a thick oil/slurry. De-ionized H,O (1.67 L) is slowly added to precipitate
solids; then, the mixture is cooled to < 30 °C, filtered and washed with de-ionized H,O
(1.67 L). The wet solids (125.8 g) are re-dissolved in warm MTBE (1.64 L), dried over
Na,SOy, filtered and concentrated to dryness giving the title compound as a pale yellow
solid (85.8 g, 60.1% 91.9 % area % by GC).

E. 5-(5-Bromo-4-chloro-thiophen-2-yl)-1-methyl- 'H-[1,2,4]triazole.

A 3-L reaction flask equipped with a cooling bath, air stirrer, and thermometer
probe is charged with 5-(4-Chloro—thiophen—2-yl)-1—methy1—1H—[1,2,4]triazole (1053 g,
0.527 moles), ACN (1053 mL) and HOAc (105~ mL) to form a solution. NBS
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(103.2 g, 0.580 moles) is added portion-wise over 30-60 minutes while maintaining the
temperature at < 31 °C. After stirring for 1 hour?, GC analysis indicated reaction
completion. The reaction mixture is poured into de-ionized H,O (2.1 L, 20vol), stirred
for 30 minutes, filtered, and washed with de-ionized H>O (2x1L). The product is dried
in a vacuum oven at 45 °C overnight to give the title compound as a pale yellow solid
(123.0 g, 83.8 %; 96.6 % area-% by GC).

F. 2,6-Dimethyl-imidazo[1,2-b]pyridazine.

A 3 neck 1L round bottom flask is charged with 6-methyl-pyridazin-3-ylamine
(20 g, 0.18 moles), ethanol 2B (200 mL), and chloroacetone (23.7 g,20.4 mL, 0.256
moles, 1.4 equiv). The reaction mixture is heated at 70 °C overnight. NaHCO3 (23.2 g,
0.276 moles, 1.5 equiv) is added portion wise. After most of bubbling subsides, the
reaction is heated at 100.°C overnight. The solvents are removed in vacuo and the
residue is taken up in dichloromethane and filtered through a filter paper. The solvent is
again removed in vacuo. The residue is purified using silica gel chromatography with a
hexanes:ethyl acetate gradient to obtain the title compound (15.5 g, 57%). 'H-NMR
(DMSO-d6), 6 2.34 (s, 3H), 2.47 (s, 3H), 7.03, (d, J = 10 Hz, 1H), 7.85 (d, J = 10 Hz,
1H), 7.91 (s, 1H) ppm. MS (APCI): 148 (M+1).

G. 3-[3-chloro-5-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-2-yl] -2,6-dimethyl-
imidazo[l,2-b]pyridazine.

A solution of 2,6-dimethyl-imidazo[/,2-b]pyridazine (0.32 g, 2..17 mmol), 5-(5-
bromo-4-chloro-thiophen—2—yl)-1—methyl-JH-[l,2,4]triazole (0.72 g, 2.61 mmol), Cs,CO3
(1.49 g, 4.57 mmol) and DMF (6 mL) is de-gassed for 15 minutes with Nj. Pd(OAc),
(0.024 g, 0.11 mmol) and PPhs (0.057 g, 0.22 mmol) are added and the solution is heated
at 135°C for 4 hours. The solution is diluted with CH,Cl, (50 mL), washed with sat.
NH4Cl (2 x 50 mL), water (50 mL), filtered and concentrated. The residue is purified by
ISCO flash chromatography (30%-100% EtOAc gradient) furnish the title compound
(0.29 g, 0.84 mmol, 39%). "H NMR (CDCls) § 2.49 (s, 3H), 2.50 (s, 3H), 4.10 (s, 3H),
6.92 (d, J=9.2Hz, 1H), 7.44 (s, 1H),-7.74 (d, J = 7.5 Hz, 1H), 7.85 (s, 1H). LC/MS
(m/z): calcd. for C1sHi3CINGS (M+H)*: 345.1; found: 345.2.

2 The reaction temperature decreased after 1 hour to 26.7 °C
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H. 3-[3-Chloro-5-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-2-yl]-8-iodo-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

To a ~78 °C solution of 3-[3-chloro-5-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-
2-yl1]-2,6-dimethyl-imidazo[l,2-b]pyridazine (1.50 g, 4.35 mmol) and THF (50 mL) is
added I, (1.21 g, 4.78 mmol). After 10 minutes 2 M LDA (5.44 mL, 10.87 mmol) is
added.. The solution is stirred for 30 minutes, quenched with water, diluted with EtOAc
(100 mL), washed with water (100 mL), sat. Na,S,03 (100 mL), brine (100 mL), dried
over MgSQOy, filtered and concentrated. The residue is purified by ISCO flash
chromatography (100% EtOAc) furnish the title compound (0.61 g, 1.30 mmol, 30%). "
NMR (CDCls) 8 2.50 (s, 3H), 2.55 (s, 3H), 4.14 (s, 3H), 7.47 (s, 1H), 7.51 (s, 1H), 7.89
(s, 1H),. LC/MS (m/z): caled. for CsH;2CIINGS (M+H)*: 471.0; found: 471.0.

Example 234.
Preparation of 3-{3-chloro-5-[2-(2,2,2-trifluoro-ethyl)-2H-[1,2,4]triazol-3-yl]-thiophen-2-
y1}-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazine.

FF
N %F
) ¢
ﬁ%\?f TN
Cl N

A. 5-(4-Chloro-thiophen-2-yl)-1 -(2,2,2—triﬂuoro—ethyl)-IH-[1 ,2,4]triazole.

To a solution of 4-chloro-N-dimethylaminomethylene-2-thiophene carboxamide
(1.00 g, 4.62 mmol) and AcOH (1. mL) is added 70 % aqueous 2,2,2-trifluoroethyl-
hydrazine (0.79 mL, 4.85 mmol). The solution is heated at 90 °C for 45 minutes,
concentrated, dissolved in Et,O (40 mL), washed with water (30 mL), sat. NaHCO3 (30
mL), dried over MgSQ,, filtered and concentrated to furnish the title compound (1.24 g,
4,62 mmol, >99%). "H NMR (CDC13) 6 4.88 (g, J=16.8,7.8 Hz, 2H), 7.28 (d, J= 0.9
Hz, 1H), 7.31-7.33 (m, 1H), 7.94 (s, 1H). | LC/MS (m/z): calcd. for CgHsCIF3N3S
(M+H)": 268.0; found: 268.0. : '

B. 5-(5-bromo-4-chloro-thiophen-2-yl)-1 -(2,2,2—triﬂu0r0-ethyl)-1 H-[1,2,4]triazole.
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To a solution of 5-(4-chloro—thiophen—2-yl)—1—(2,2,2-trifluoro-ethy1)-1H~
[1,2,4]triazole (1.13 g, 4.22 mmol) and AcOH (10 mL) in a sealed tube, is added Br»
(0.23 mL, 4.43 mmol). The solution is heated at 120 °C for 2 hours, and 140 °C for 5
hours. The solution is concentrated, diluted with Et;O (150 mL), washed with sat
NaHCO; (75 mL), sat. Na>S;03 (75 mL), brine (75 mL) dried over MgSOQy, ﬁltered and
concentrated. The residue is purified by ISCO flash chromatography (5%-15% EtOAc
gradient) furnish the title compound (1.04 g, 3.00 mmol, 71%). 'H NMR (CDCl5) 6 4.88
(q, J=16.0, 7.9 Hz, 2H), 7.22 (s, 1H), 7.99 (s, 1H). LC/MS (mv/z): calcd. for
CsHiBrCIF;N3S (M+H)*: 345.9; found: 346.0.

C. 3-{3-Chloro-5-[2-(2,2,2-trifluoro-ethyl)-2H-[1,2,4]triazol-3-yl]-thiophen-2-y1}-8-(1-
ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine.

Using a procedure analogous to Example 231, 8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.25 g, 1.14 mmol), 5-(5-bromo-4-chloro-thiophen-2-yl)-1-
(2,2,2—triﬂuoro—ethyl)-1H—[1,2,4]triazole (0.47 g, 1.37 mmol), KOAc (0.56 g, 5.60
mmol), TBABr (0.37 g, 1.14 mmol), and NMP (3 mL), Pd(OAc), (0.013 g, 0.057 mmol)
and TDBPP (0.037 g, 0.057 mmol) furnish the title compound (0.43 g, 0.89 mmol, 78%).
"H NMR (CDCls), § 0.88 (t, J= 7.5 Hz, 6H), 1.75-1.92 (m, 4H), 2.52 (s, 3H), 2.53 (s,
3H), 3.27-3.36 (m, 1H), 4.98 (q, J = 15.7, 7.9 Hz, 2H), 6.74 (s, 1H), 7.45 (s, 1H), 8.03 (s,
1H). LC/MS (m/z): caled. for CoiHapCIFsNgS (M+H)*: 483.1; found: 483.2.

Example 235.
Preparation of 3-[5-(2-tert-butyl-2H-[1,2,4]triazol-3-y1)-3-chloro-thiophen-2-yl1]-8-(1-
ethyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazine.

— ¥

N S N-~
: N
=N | )— |
1 N

A. 1-tert-Butyl-5-(4-chloro-thiophen-2-y1)-1H-[1,2,4]triazole.
Using a procedure analogous to Example 234A, 4-chloro-N-
dimethylaminomethylene-2-thiophene carboxamide (5.00 g, 23.07 mmol) and AcOH (50.
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mL), rert-butylhydrazine hydrochloride (3.16 g, 25.38 mmol) furnish the title compound
(0.20 g, 0.83 mmol, 3.6%). 'H NMR (CDCl3) & 1.63 (s, 9H), 7.07 (d, J = 1.3 Hz, 1H),
7.51 (d, J=1.3 Hz,1H), 8.08 (s, 1H).

B.5-(5 -Bromo-4-chloro-thiophen-2-yl)-1 —(2,2,2—trifluoro—ethyl)—1 H-[1,2 4}triazole.

Using a procedure analogous to Example 249B, 1-zert-butyl-5-(4-chloro-
thiophen-Z—yl)-lH-[l,2,4]triazole (0.20 g, 0.83 mmol), AcOH (3 mL) and Brz (0.051 mL,
0.99 mmol) furnish the title compound (0.27 g, 0.83 mmol, >99%). '"H NMR (CDCl3) &
1.62 (s, 9H), 7.42 (s, 1H), 8.08 (s, 1H). LC/MS (m/z): calcd. for CioH11BrCINsS M+H)™":
320.0; found: 320.0.

C. 3-[5-(2-tert-Butyl-2H-[1 ,2,4]triazol—3-yl)—3—chloro-thiéphen-Z-yl]—8-(1—ethyl—propyl)—
2,6-dimethyl-imidazo[ 1,2-b]pyridazine.

Using a procedure analogous to Example 231, 8-(1-ethyl-propyl)-2.6-dimethyl-
imidazo[l,2-b]pyridazine (0.15 g, 0.68 mmol), 5-(5-bromo-4-chloro-thiophen-2-yl)-1-
(2,2,2-triﬂuoro-ethyl)—1H—[1,2,4]triazole (0.20 g, 0.82 mmol), KOAc (0.34 g, 3.42 mmol),
TBABr (0.22 g, 0.68 mmol), and NMP (3 mL), Pd(OAc), (0.0077 g, 0.034 mmol) and
TDBPP (0.022 g, 0.034 mmol) furnish the title compound (0.039 g, 0.085 mmol, 13%).
'H NMR (CDCls), 8 0.87 (t, J = 7.5 Hz, 6H), 1.65 (s, 9H), 1.73-1.91 (m, 4H), 2.51 (s,
6H), 3.26-3.37 (m, 1H), 6.69 (s, 1H), 7.65 (s, 1H), 8.11 (s, 1H). LC/MS (m/z): calcd. for
C3HpoCINGgS (M+H)™: 457.2; found: 457.3.

Example 236.
Preparation of 3-(3-chloro-5-[1,2,4] triazol-1-yl-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[/,2-b]pyridazine.

N
s
N-N-S_  Ns
-~ )

A. 3-(3-Chloro-5-iodo-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ Z,2-
blpyridazine.
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To a solution of 3-(3-chloro-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (2 g, 6 mmol) in 10 mL of anhydrous CHsCN under nitrogen
was added portionwise NIS (1.6 g, 7.2 mmol). The reaction mixture is stirred at reflux for
14 hours. After cooling, the solvent is concentrated under vacuum, the residue is disolved
in EtOAc and washed with H,O, 5% solution of sodium bisulfite, H,0 and brine. The
organic layer is dried over magnesium sulfate, filtered and concentrated under vacuum.
The crude residue is purified by silica gel chromatography using hex/EtOAc 8:2 as eluent
mixture, to obtain 2.4 g (90%) of the title compound; mass spectrum 460 (M+1); IH-
NMR (CDCls, 300 MHz) § 7.24 (s, 1H), 6.71 (s, 1H), 3.32 (q, 1H, J = 7.2 Hz), 2.52 (s,
3H), 2.49 (s, 3H), 1.84 (g, 4H, J = 7.2 Hz); 0.88 (t, 6H, J = 7.2 Hz) ppm.

B. 3-(3-Chloro-5-[1,2,4]triazol-1-yl-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine.

To a solution of 3-(3-chloro-5-iodo-thiophen-2-yl)-8-(1-ethyl-propyD)-2,6-
dimethyl-imidazo[ 1, 2-b]pyridazine (0.30 g, 0.65 mmol), /H-triazole (0.047 g, 0.69
mmol), Cul (0.0062, 0.033 mmol), Cs2CO3 (0.45 g, 1.37 mmol) and DMF (3 mL) is
added (IS, 25)-(+)-N,N'- dimethylcyclohexane-1,2-diamine (0.014 mL, 0.098 mmol).
The solution is heated at 112 °C overnight, diluted with CH,Cl, (10 mL) and filtered thru
Celite® and concentrated. The residue is purified by ISCO flash chromatography (30%-
40% EtOAc gradient furnish the title compound (0.028 g, 0.070 mmol, 11%). 'H NMR
(CDCls) 8 0.87 (t, J = 7.5 Hz, 6H), 1.75-1.92 (m, 4H), 2.51 (s, 3H), 2.52 (s, 3H), 3.26-
3.35 (m, 1H), 6.72 (s, 1H), 7.22 (s, 1H), 8.10 (s, 1H), 8.50 (s, 1H). LC/MS (m/z): caled.
for C1oHaCINgS (M+H)*: 401.1; found: 401.2.

Example 237.
Preparation of 3-[3-chloro-5-(2,5-dimethyl-2H-[1 ,2,4]triazol-3-yl)-thiophen-2-yl]-8-(1-
ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazine.

N
7 I \
/ N S NN
=N N
Cl / NJ\
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To a—78 °C solution of 3-[3-chloro-5-(2-methyl-2H-[1,2,4]triazol-3-y)-thiophen-
2—y1]—8—(1—ethyl-propyl)-Z,6—dimethy1-imidazo[J,2-b]pyridazine (0.30 g, 0.72 mmol) and
THF (5 mL) is added 1.7 M tert-BuLi (0.47 mL, 0.80 mmol). After 15 minutes Mel
(0.052 mL, 0.83 mmol) is added and the solution warmed to ambient temperature. The

-solution is diluted with EtOAc (40 mL), washed with brine (40 mL), dried over MgSOa,
filtered and concentrated. The solution is recrystalized from acetone: hexane furnish the
title compound (0.13 g, 0.30 mmol, 42%). 'H NMR (CDCls) § 0.88 (t, J = 7.5 Hz, 6H),
1.74-1.92 (m, 4H), 2.36 (s, 3H), 2.51 (s, 6H), 3.27-3.39(m, 1H), 3.40 (s, 3H), 6.72 (s, 1H),
8.02 (s, 1H). LC/MS (m/z): caled. for Ca1HasCINGS (M+H)': 429.2; found: 429.2.

Example 238.Preparation of 3-[3-Chloro-5-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-2-
y1]-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ], 2-b]pyridazine.

N |
\
/A N s N~N
=N |/ \J
—0 cl N

A. N-(6-Methoxy-pyridazin-3-y1)-2,2-dimethyl-propionamide.

3-Chloro-6-methoxy-pyridazine (10.0 g, 69. 18 mmol) is mixed with 2,2-
dimethyl-propionamide (8.40 g, 83.01 mmol), BINAP (2.15 g, 3.46 mmol), Cs,COs3 (33.8
g, 103.77 mmol) in 1,4-dioxane (150 mL). It is degassed by passing N, through for 10
min at rt. Pda(dba)s (3.16 g, 3.46 mmol) is added and the resulting mixture is refluxed
overnight. The mixture is cooled to rt, diluted with EtoAc (150 mL); filtered through
silica gel; washed with EtOAc (2 x 150 mL). The filtrate is washed with H20 (2 x 300
mL); dried with MgSOy; filtered and concentrated. Purification of the crude material by
silica gel chromatography gives the title compound (6.59 g, 31.53 mmol, 46%). 1H NMR
(CDCI3): 8. 1.35 (s, 9H), 4.08 (s, 3H), 7.01 (d, J = 9.7 Hz, 1H), 8.41 (d, j= 9.7 Hz, 1H),
8.44 (bs, 1H). ES-MS (m/z): caled for C1oH1sN30, (M+H)": 210.3; found : 210.1.

B. N-[4-( 1-Ethyl-propyl)—6-methoxy-pyri‘dazin-3—yl]—2,2-dimethyl-propior1 amide.

Using a procedure analogous to Example 6a, from N-(6-methoxy-pyridazin-3-yl)-
2,2-dimethyl-propionamide (6.09 g, 29.14 mmol) and a Grignard reagent prepared from
3-pentyl bromide (18.1 mL, 160.3 mmol) and Mg (3.84 g, 160.26 mmol) gives the title
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compound (5.32 g, 19.08 mmol, 65%). 1H NMR (CDC13): 8. 0.84 (t, J = 7.5 Hz, 6H),
1.36 (s, 9H), 1.50-1.72 (m, 4H), 3.50-3.70 (m, 1H), 4.07 (s, 3H), 6.96 (s, 1H). ES-MS
(m/z): calcd for Ci5HasN30, (M+H)™: 280.4; found : 280.2.

-C. 4-(1-Ethyl-propyl)-2-methoxy-6-methyl-pyrrolo[1,2-b]pyridazine.

A solution of N-[4-(1-ethyl-propyl)-6-methoxy-pyridazin-3-yl]-2,2-dimethyl-
propionamide (5.32 g, 19.08 mmol) in EtOH (250 mL) is treated with ZnCl, (26.0 g,
190.8 mmol) and refluxed for 48 h. The reaction is cooled to rt and concentrated. The
residue is taken up with EtOAc (250 mL), and H>O (100 mL). Itis washed with H,O (2 x
100 mL); dried with Na>SOy; filtered and concentrated. The residue is then dissolved in
EtOAc (80 mL), reacted with chloroacetone (1.6 IhL, 20.03 mmoL) at reflux overnight.
While it is hot, NaHCO; (8.10 g) is added and the reaction is refluxed for 1 h. Itis cooled
to rt and filtered through silica gel washed with EtOAc and concentrated. Purification of
the crude material by chromatography gives the title compound (0.48 g, 2.07 mmol,
11%). 1H NMR (CDCI3): 3. 0.84 (t, J = 7.5 Hz, 6H), 1.69-1.869 (m, 4H), 2.45 (s, 3H),
3.19-3.30 (m, 1H), 3.94 (s, 3H), 6.39 (s, 1H), 7.49 (s, 1H). ES-MS (m/z): calcd for
C14H0N,0O (M+H)*': 233.3; found : 234.1.

D. 3-[3-Chloro-5-(2-methyl-2H-[1,2 4]triazol-3-yl)-thiophen-2-yl]-8-(1-ethyl-propyD)-
2,6-dimethyl-imidazo[l,2-b]pyridazine.

A solution of 4-(1—ethyl—propyl)-2—methoiy-6—methy1—pyrrolo[] ,2-b]pyridazine
(74.8 mg, 0.32 mmol), 5—(5-bromo-4—chloro-thiophen-2-y1)—1—methyl—IH-[l,2,4]triazole
(107.5 mg, 0.38 mmol), TDBPP (10.4 mg, 0.016 mmol), tetrabutylammonium bromide
(103.0 mg, 0.32 mmol), KOAc (158 mg, 1.61 mmol) in NMP (15 mL) is purged with N2
for 5 min. PA(OAc)2 (3.6 mg, 0.016 mmol) is added and the resulting mixture is stirred
at 125 °C for 6 h. The reaction is cooled to rt, and diluted with EtOAc (10 mL); filtered
through silica gel; washed with EtOAc (3 x 30 mL). The filtrate is washed with H20 (3 x
30 m); dried with Na2SO4, filtered and concentrated. Purification of the crude material
by silica gel chromatography gives the tiﬂe compound (0.1062 g, 0.2469 mmol, 77%).
1H NMR (CDCI3): 6. 0.89 (t, J = 7.6 Hz, 6H), 1.75-1.90 (m, 4H), 2.52 (s, 3H), 3.22-3.38
(m, 1H), 3.93 (s, 3H), 4.15 (s, 3H), 6.52 (s, 1H), 7.48 (s, 1H), 7.91 (s, 1H). ES-MS (m/z):
caled for CogHasCINgOS (M+H)*: 431.9; found: 431.3.
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Example 239.
Preparation of 3-[3-chloro-5-(5-fluoro-2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-2-yl}-8-
(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine.

N
/4 | \
/7 N IS N-y
=N 22—
Cl N*F

To a-78 °C solution of 3-[3-chloro-5-(2-methyl-2F-[1,2,4]triazol-3-yl)-
thiophen-2-yl1]-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine (0.40 g, 0.72
mmol) and THF (8 mL) is added 1.7 M zert-BuLi (0.47 mL, 0.80 mmol). After 30
minutes the solution is transferred via a cannula into a solution of N-
fluorobenzenesulfonamide (0.40 g, 1.25 mmol) and THF. After 30 minutes the solution
warmed to ambient temperature. The solution is diluted with EtOAc (40 mL), washed
with water (30 mL), brine (30 mL), dried over MgSO., filtered and concentrated. The
solution is purified by ISCO (20%-30% EtOAc gradient) furnish the title compound
(0.068 g, 0.16 mmol, 16%). 'H NMR (CDCls) 8 0.87 (t, J = 7.5 Hz, 6H), 1.71-1.93 (m,
4H), 2.53 (s, 3H), 2.54 (s, 3H), 3.26-3.36 (m, 1H), 4.08 (d J = 2.7 Hz, 3H), 6.75 (s, 1H),
7.97 (s, 1H). LC/MS (m/z): calcd. for CooHnCIFN6S (M+H)™: 433.2; found: 433.2.

Example 240.
Preparation of Preparation of 3-(4,5-dibromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-
2,6-dimethyl-imidazo[l,2-b]pyridazine.

N
¢ |
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=N |/Br
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To a solution of 3-(5-bromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[,2-blpyridazine (5.92 g, 14.34 mmol) and triflouroacetic acid (40 mL)
and 98% H,SO, (10 ml) is added NBS (3.83 g, 21.15 mmol). After 10 minutes the

solution is poured into ice, and made basic with SM NaOH. The slurry is extracted with
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EtOAc (3 x 100 mL), the combined organic layers washed with water (2 x 400 mL), brine
(400 mL.), dried over MgSOs,, filtered and concentrated to furnish the title compound
(6.61 g, 13.44 mmol, 94%). "H NMR (CDCls) 8 0.87 (t, J = 7.5 Hz, 6H), 1.72-1.92 (m,
4H), 2.47 (s, 3H), 2.52 (s, 3H), 3.25-3.34 (m, 1H), 6.72 (s, 1H). LC/MS (m/z): calcd. for
C17H15Br,CIN3S (M+H)™: 489.9; found: 490.0.

Example 241.
Preparation of 3-(4-bromo-3-chloro-thiophen-2-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[/,2-b]pyridazine.

Z
N
7N

N Cl
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e
S/ Br
Using a procedure similar to Example 76, 3-(4,5-dibromo-3-chloro-thiophen-2-
y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ l,2-b]pyridazine (1.83 g, 3.72 mmol), 1.6 M
n-BuLi (2.56 mL, 4.09 mmol), and THF (30 mL) furnish the title compound (1.05 g, 2.54
mmol, 68%). "H NMR (CDCls) § 0.87 (t, J = 7.5 Hz, 6H), 1.73-1.92 (m, 4H), 2.48 (s,

3H), 2.51 (s, 3H), 3.27-3.36 (m, 1H), 6.71 (s, 1H), 7.55 (s, 1H). LC/MS (m/z): calcd. for
C17H,0BrCIN;S (M+H)": 412.0; found: 412.1.

Example 242.
Preparation of 3-(1—methyl—3—phenyl-JH-pyrazol—4—yl)-8—(1-ethyl—propyl)—2,6-dimethy1—
imidazo[1,2-b]pyridazine. ‘
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A 1-methyl—3—phenyl-JH—pyrazole and 1—methyl-S-phenyl-]H-pyrazole.
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Sodium hydride (60% dispersion in mineral oil, 0.83 g, 20.8 mmol) is suspended
in THF (45 ml) and stirred under a nitrogen atmosphere. 3-Phenyl pyrazole (2.5 g, 17.3
mmol dissolved in THF, 15 ml) is added slowly, stirred for 30 minutes then iodomethane
(1.3 ml, 20..8 mmol) added and stirred for 3 hrs. The reaction is added to water and
extracted twice with ethyl acetate. The combined organic extracts are ished with brine,
dried over Na,SO., filtered and concentrated. The crude product is purified by
chromatography using a hexane-ethyl acetate gradient (100% hexane to 40% ethyl acetate
in hexane) to elute the title compound. Obtained is a mixture of 1-methy1—3—phenyl-] H-

pyrazole and 1—methyl—S—phenyl-IH—pyrazole (2.6g, 95% yield).

B. 4-Bromo-1-methyl-3 —pheny]-l H-pyrazole and 4-bromo-1-methyl-5 —phenyl—IH -
pyrazole.

The mixture of isomers, 1-methyl-3-phenyl-1H-pyrazole and 1-methyl-5-phenyl-
IH—pyrazole (1.0g, 6.3 mmol) and NBS (1.1g, 6.3 mmol) are combined in acetonitrile (25
ml), stirred and heated to 70°C for 1 hr. The solution is concentrated and the crude
product is purified by chromatography using a hexane-ethyl acetate gradient (100%
hexane to 25% ethyl acetate in hexane) to elute 4-bromo-1-methyl-3-phenyl- H-pyrazole
(504 mg, 34% yield) and 4-bromo-1-methyl-5-phenyl-IH-pyrazole (295 mg, 20% yield),

respectively:

IH NMR: (400 mHz, DMSO): 5 8.01 (s, 1H), 7.95 (d, 2H), 7.41 (t, 2H), 7.38 (d, 1H), 3.85
(s, 3H).
'H NMR: (400 mHz, DMSO): 8 7.63 (s, 1H), 7.50 (m, 5H) 3.77 (s, 3H).

C. 3-(1-Methyl-3-phenyl-1H-pyrazol-4-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-
b]pyridazine. |
8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazine (160 mg, 0.73 mmol),
4-bromo-1-methyl-3-phenyl-' H-pyrazole (250 mg, 1.1 mmol) and cesium carbonate (490
mg, 1.50 mmol) are stirred in DMF (5 ml) and degassed by bubblikng a stream of nitrogen
through the mixture. PdCly(PPhs), (15mg) is added and the mixture is heated to 130°C
overnight. The mixture is added to water and extracted twice with ethyl acetate. The

combined organic extracts are dried over Na;SQ,, filtered and concentrated. The crude
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product is purified by chromatography using a hexane-cthyl acetate gradient (100%
hexane to 50% ethyl acetate in hexanc) to elute the title compound (17.5 mg, 4% yield).
ES-MS (m/z): calc’d for Cop3HyNs: 373.5; found 374.2 (M+H)™. 'H NMR (400 mHz,
CDCls): 8 7.68 (s, 1H), 7.37 (m, 2H), 7.20 (m, 3H), 6.59 (s, 1H), 4.04 (s, 3H), 3.36 (m,
1H), 2.38 (s, 3H), 2.15 (s, 3H), 1.82 (m, 4H), 0.86 (t, 6H).

Example 243.
Preparation of 3-(1-methyl-5-phenyl-1H-pyrazol-4-y1)-8-(1 -ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine.

=N
SN /
S
\N’N\

Using the procedure analogous to Example 242, from 8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine (160 mg, 0.73 mmol), 4-bromo-1-methyl-5-phenyl-
IH—pyrazole (250 mg, 1.1 mmol), cesium carbonate (490 mg, 1.50 mmol) and
PdCl,(PPhs), (15 mg) in DMF (5 ml) gives the title compound (18 mg, 4% yield). ES-
MS (m/z): calc’d for Co3Ha7Ns: 373.5; found 374.2 (M+H)*. '"H NMR (400 mHz, CDCl):
§7.85 (s, 1H), 7.32 (m, 3H), 7.23 (m, 2H), 6.55 (s, 1H), 3.94 (s, 3H), 3.27 (m, 1H), 2.38
(s, 3H), 2.03 (s, 3H), 1.76 (m, 4H), 0.83 (t, 6H).

Example 244.
Preparation of 3-(3,5-dimethyl isoxazol-4-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine.,

=N

N
|
N )0
N

\

4

- Using the procedurcAanalogous to Example 242, from 8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[l,2-b]pyridazine (200 mg, 0.90 mmol), 4-bromo-3,5-dimethyl
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isoxazole (Alfa, 320 mg, 1.8 mmol), cesium carbonate (880 mg, 2.70 mmol) and
PdCL(PPhs), (25mg) in DMF (5 ml), heated at 130 for 4 hrs, then overnight at ambient
temperatufe gives the title compound (65 mg, 23% yield). ES-MS (m/z): calc’d for
Ci15H24N4O: 312.4; found 313.2 (M+H)". 'H NMR (400 mHz, CDCls): 8 6.68 (s, 1H),
3.32 (m, 1H), 2.50 (s, 3H), 2.39 (s, 310), 2.33 (s, 3H), 2.19 (s, 3H), 1.82 (m, 4}), 0.87 (m,
6H).

Example 245.
Preparation of 3-(3-methyl-5-phenyl-isoxazol-4-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-

imidazo[l,2-b]pyridazine.

A. 4-Bromo-3-methyl-5-phenyl isoxazole.

3-Methyl-5-phenyl isoxazole (Synthesis, 1997, 439-442) (1.0g, 6.3 mmol) and N-
bromosuccinimide (1.2 g, 6.9 mmol) are combined together in acetic acid (30 ml) and
heated to reflux with stirring for 2 hrs. The solution is added to water and extracted twice
with ethyl acetate. The combined organic extracts are washed with sodium bicarbonate
(sat’d) and sat. NaCl then dried over Na;SOy, filtered and concentrated. The crude
product is purified by chromatography using a hexane-ethyl acetate gradient (100%
hexane to 10% ethyl acetate in hexane) to elute the title compound (1.5 g, 100% yield).
'"H NMR (400 mHz, CDCl3): 8 8.02 (m, 2H), 7.49 (m, 3H), 6.34, 2.35 (s, 3H).

B. 3—(3—Methyl—S-phenyl-isoxazol-4—y1)-8-(1—ethyl—propyl)-2,6—dimethyl-imidazo[],2-‘
b]pyridazine.

Using the procedure analogous to Example 257, 8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[l,2-b]pyridazine (200 mg, 0.90 mmol), 4-bromo-3-methyl-5-phenyl isoxazole (
430 mg, 1.8 mmol), cesium carbonate (880 mg, 2.70 mmol) and PdCl,(PPh3), (25mg) in
DMTF (5 ml) are combined and heated at 130 °C. for 5 hrs to give the title compound (65
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mg, 23% yield). ES-MS (m/z): calc’d for Cz3Hz6N4O: 374.5; found 375.1 (M+H)+. "
NMR (400 mHz, CDCl3): 8 7.50 (d, 2H), 7.31 (i, 3H), 6.69 (s, 1H), 3.39 (m, 1H), 2.48
(s, 3H), 2.20 (s, 6H), 2.33 (s, 3H), 1.84 (m, 4H), 0.88 (m, 6H).

: Example 246.
{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-yl]-4-methyl-thiazol-2-
yl}-dipropyl-amine.

35 mg of 3-(2-Bromo-4-methyl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[I,2-b]pyridazine (0.09mmol) and 45 mg of di-n-propylamine (0.44 mmol) and
57 mg of cesium carbonate(0.18 mmol) are place into 4 ml reaction vial with 3 ml of dry
THF and the vial is capped with a Teflon cap. The reaction vial is heated at 100°C for 4h.
The reaction mixture is transferred into microwave reaction vessel and sealed. The
reaction mixture is heated at 160°C for 30 min by microwave. The mixture is
concentrated and applied onto silica-gel chromatography column (Hexane:AcOEt=3:1) to
~ give the title compound. 5.3 mg (14%); mass spectrum(m/e): 414; 'H-
NMR(CDCls):5.59(s, 1H), 3.45(m, 4H), 3.36(m, 1H), 2.57(s, 3H), 2.47(s, 3H), 2.17(s,
3H), 1.80(m, 8H), 0.99(t, 6H, J=7.5Hz), 0.89(t, 6H, J=9.4Hz).

Example 247.
N-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[{ ,2-b]pyridazin-3-yl]-4-chloro-thiazol-2-
yl}-dimethylamine, mesylate salt.
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89 mg of N-{5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-y1]-4-
chloro-thiazol-2-yl}-dimethylamine (0.236 mmol) is dissolved in 2.0 ml of ethylacetate
and 0.236ml of 1M methanesulfonic acid in ethylacetate (0.236 mmol) is added. The
solvents are removed under N, gas and precipitated crystals are collected, washed with
Et20 and dried. 92mg (83%); mass spectrum(m/e): 378(M+1); 1H—NMR(CDC13'): 7.30(s,
1H), 3.67(m, 1H), 3.22(s, 6H), 2.93(s, 3H), 2.78(s, 3H), 2.78(s, 3H), 2.71(s, 3H), 1.95(m,
2H), 1.82(m, 2H), 0.96(t, 6H, J=7.3Hz).

Example 248.
Preparation of {5-Bromo-4-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[1,2-b]pyridazin-3-
yl]-oxazol-2-yl}-dimethyl-amine.

A =N
/
Br O/‘LN/
I
A. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-oxazol-4-yl-imidazo[/,2-b]pyridazine.
500 mg of 8-(1-ethyl-propyl)-3-iodo-2,6-dimethyl-imidazo[1,2-b]pyridazine (1.46
mmol) , 622 mg of oxazole (9.0mmol), 79 mg of triphenylphosphine (0.3 mmol) and 989
mg of cesium carbonate (3;03 mmol) are placed into reaction vial with 7 ml of dry DMF.
N, gas is bubbled into the mixture for 30 min and 67 mg of Pdydba; (0.07 mmol) is
added. The reaction vial is capped with a Teflon cap and stirred at 130°C for 3 days. The
reaction mixture is diluted with dichloromethane, washed with sat NaCl, dried over
Na,S0, and evaporated. The crude product is applied onto a silica-gel chromatography
column (Hexane:EtOAc = 3:1) to give the title compound 172 mg (42%); mass
spectrum(m/e): 285; 'H-NMR(CDCl3): 8.04(s, 1H), 7.97(s, 1H), 6.78(s, 1H), 3.35(m, -
1H), 2.80(s, 3H), 2.65(s, 3H), 1.86(m, 4H), 0.88(t, 6H).

B. 3-(2,5-Dibromo-oxazol-4-y1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-
blpyridazine.
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172 mg of 8-(1-ethyl-propyl)-2,6-dimethyl-3-oxazol-4-yl-imidazo[1,2-
b]pyridazine (0.60 mmol) and 270 mg of NBS (1.51 mmol) are dissolved in 8.0 ml of
dichloromethane and stirred at room temperature overnight. The reaction mixture is
concentrated and applied onto a silica-gel chromatography column (Hexane:EtOAc = 3:1)
to give 70 mg of the title compound (26%); mass spectrum(m/e): 442; 'H-NMR(CDCls):
6.82(s, 1H), 3.32(m, 1H), 2.59(s, 3H), 2.54(s, 3H), 1.86(m, 4H), 0.89(t, 6H, J=7.4Hz).

C. {5-Bromo-4-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[ ], 2-b]pyridazin-3-yl]-oxazol-2-
yl}-dimethyl-amine.

67 mg of 3-(2,5-Dibromo-oxazol-4-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[1,2-b]pyridazine (0.15 mmol), 146 mg of cesium carbonate (0.45 mmol) and
3.0 ml of dimethylamine 2.0M in THF (6 mmol) are placed into a 4 ml of reaction vial
and the vial is capped with a Teflon cap. The reaction vial is heated at 130°C overnight.
The reaction mixture is concentrated and applied onto a silica-gel chromatography
column (Hexane:AcOE t = 3:1) to give 53 mg of the title compound (87%); mass
spectrum(mny/e): 406; 'H-NMR(CDCls): 6.72(s, 1H), 3.37(m, 1H), 3.15(s, 6H), 2.58(s,
3H), 2.53(s, 3H), 1.85(m, 4H), 0.90(t, 6H, J=7.2Hz).

‘ Example 249. ,
Preparation of 3-[3-chloro-4-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiophen-2-yl]-8-(1-ethyl-
propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazine.

7
N
7N o

g N
N
S/ NJ

To a flask of 3-(4-bromo-3-chloro-thiophen-2-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[1,2-blpyridazine (0.20 g, 0.49 mmol) is added 0.5 g/ mL Reike® Zn
(1.3 mL, 0.97 mmol). The slurry is heated at 65 °C for 1 hour, placed in a centrifu ge for
5 minutes, and the solution transferred to a flask containing S—bromo-l—rriethyl—l H-

[1,2,4]triazole (0.12 g, 0.73 mmol) and PdCI2(dppf) (0.018 g, 0.024 mmol). The
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solution is heated at 65 °C overnight, diluted with EtOAc (20 mL), washed with sat.
NH4CI (15 mL), dried over MgSOy, filtered and concentrated. The residue is purified by
ISCO flash chromatography (20%-50% EtOAc gradient) furnish the title compound
(0.018 g, 0.043 mmol, 9%). 'H NMR (CDCl3) § 0.87 (t, J = 7.5 Hz, 6H), 1.74-1.92 (m,
4H), 2.51 (s, 3H), 2.52 (s, 3H), 3.26-3.37 (m, 1H), 3.95 (s, 3H), 6.72 (s, 1H), 7.82 (s, 1H),
8.01 (s, 1H). LC/MS (m/z): caled. for CyoH23CINgS (M+H)": 415.2; found: 415.3.

Example 250.
Preparation of {5-[8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[l,2-b]pyridazin-3-yl]-4-
trifluoromethyl-thiazol-2-yl }-dimethyl-amine.

N
{ |
/ /N S /
=N | )—¢\
F N
Fe

A. 8-(1-Ethyl-propyl)-2,6-dimethyl-3-thiazol-5-yl-imidazo[ /,2-b]pyridazine.

Iodoimidazopiridazine (6.75 g, 19.7 mmol), triphenylphosphine (1.03 g, 3.94
mmol), Cs,CO5 (12.84 g, 39.4 mmol) and Pdy(dba)s (900 mg, 0.98 mmol) are put into a
sealed tube with 65 mL of dry DMF and N gas is bubbled into the mixture for 5 minutes.
Thiazole (8.36 g, 6.7 mL, 98.4 mmol) is added, and the mixture is heated at 130°C v
overnight. The mixture is cooled to r.t. and quenched by addition of NH4Cl saturated
solution (200 mL). The mixture is extracted with Et;O (3 x 100 mL) and the organic
layers washed with water (2 x 100 mL) and sat. NaCl (100 mL), dried over MgSO,4 and
concentrated. The crude product is purified by flash chromatography on silica gel (eluent;
hexane:EtOAc= 4:1) to give 3.80 g of the title compound (Yield: 64%). ESIMS: m/z 301
[M+H]*.

B. 3-(2,4-Dibromo-thiazol-5-yl1)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazol[7,2-
blpyridazine.
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To a solution of 8-(1-ethyl-propyl)-2,6-dimethyl-3-thiazol-5-yl-imidazo[],2-
blpyridazine. (3.80 g, 12.6 mmol) in CH3CN (55 mL) at room temperature is added NBS
(5.18 g, 29.1 mmol), and the mixture is stirred at room temperature for 3 hours. A white
precipitate is formed that is filtered in vacuo, to give 4.86 g of the title compound (Yield:
84%). ESIMS: m/z 459, 461 [M+H]".

C. 3-(4-Bromo-thiazol-5-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-imidazo[,2-b]pyridazine.
To a solution of 3-(2,4-dibromo-thiazol-5-yl)-8-(1-ethyl-propyl)-2,6-dimethyl-
imidazo[ 1, 2-b]pyridazine (4.86 g, 10.6 mmol) in THF (150 mL) under N, atmosphere at —.
78°C, Bul.i (6.63 mL 1.6 M in hexane, 10.6 mmol) is added dropwise for a period of 10
minutes. The mixture is stirred at —78°C for 30 minutes. Water is added, and the mixture
is extracted with Et,O (3 x 100 mL), dried over MgSO, and concentrated in vacuo. Crude
product is purified by flash chromatography on silica gel (eluent hexane:EtOAc 5:1)to
give 3.28 g of the title compound (Yield: 82%). ESIMS: m/z 379, 381 [M+H]".

D. 8—(1—Ethyl—propyl)—2,6-dimethyl-3-(4-triﬂuoromethyl—thiazol—S—yl)—imidazo[] ,2-
b]pyridazine.

To a solution of 3—(4—brofno—thiazol—5—yl)—8-(1—ethyl-propyl)-2,6-dimethy1—
imidazo[1,2-b]pyridazine (2.45 g, 6.5 mmol) in NMP (35 mL) in a sealed tube is added
FSO,CF,CO,Me (2.5 g, 1.65 mL, 13 mmol) and Cul (2.48 g, 13 mmol). N, gas is

bubbled into the mixture for 5 minutes, and the mixture is heated at 120°C for 9 hours.
After cooling to room temperature, water (100 mL) and NaCl saturated solution (100 mL)
are added to the mixture. The mixture is extracted with EtoO (5 x 80 mL); washed with
water (2 X 100 mL), and dried over MgSOj and concentrated. The crude product is
purified by flash chromatography on silica gel (eluent hexane:EtOAc 5:1) to obtain 960
mg of the title compound (Yield: 40%). ESIMS: m/z 369 [M-+H]™.

E. 3-(2-bromo-4-trifluoromethyl-thiazol-5-yl)-8-(1-ethyl-propyD-2,6-dimethyl-
imidazo[1,2-b]pyridazine.
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To a solution of 8-(1-ethyl-propyl)-2,6-dimethyl-3-(4-trifluoromethyl-thiazol-5-
yl)-imidazo[ 1,2-blpyridazine (915 mg, 2.48 mmol) in 40 mL of THF under Na
atmosphere al —78°C, BuLi (1.86 mL 1.6 M in hexane, 2.98 mmol) is slowly added. The
mixture is stirred at —78°C for 30 minutes. Then, a solution of CBr4 (989 mg, 2.98 mmol)
in 3 mL of THF is added, and the mixture is stirred at —78°C for 45 minutes. The reaction
is quenched by addition of NH4CI saturated solution (50 mL), extracted with Et,O (2 x
50 mL), dried over MgSQy, and concentrated in vacuo. Crude product is purified by flash
chromatography on silica gel (eluent CH,Cl,) to obtain 685 mg of the title compound
(Yield: 62%). 'H NMR (CDCls): 60.86 (t, J = 7.5 Hz, 6H), 1.82 (m, 4H), 2.45 (s, 3H),
2.51 (s, 3H), 3.27 (m, 1H), 6.74 (s, 1H). ESIMS: m/z 447, 449 [M+H]".

F. {5-[8-(1-Ethyl-propyl)-2,6-dimethyl-imidazo[ /,2-b]pyridazin-3-yl]-4-trifluoromethyl-
thiazol-2-y1}-dimethyl-amine.

100 mg of 3-(2-Bromo-4-trifluoromethyl-thiazol-5-y1)-8-(1-ethyl-propyl)-2,6-
dimethyl-imidazo[ 1,2-blpyridazine (0.22 mmol) and 218 mg of cesium carbonate (0.66
mmol) are placed in 4 ml reaction vial and 3 ml of dimethylamine 2 M in THF is added.
The reaction vial is capped with a Teflon cap and heated at 120°C overnight. The
reaction mixture is filtered and concentrated and applied onto a silica-gel chromatography
column (Hexane :AcOEt =3:1) to give 85 mg of the title compound. Yield 94%. mass
spectrum (m/e) : 412 (M+1).

Example 251.
Preparation of 8-(1-Ethyl-propyl)-2,6-dimethyl-3-[2-(2-methyl-2H-[1,2,4]triazol-3-y1)-4-
trifluoromethyl-thiazol-5-yl}-imidazo[/,2-b]pyridazine

164 mg of 1-Methyl-1,2,4-triazole (1.96 mmo]) is dissolved in 2 ml of THF and
cooled to —78 °C. 0.8 ml of 2.5M n-butyllithium in hexane (1.96 mmol) is added slowly

and stirred at —78 °C, warmed up to room temperature and stirred at r.t. for 15min and
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cooled to =78 °C. 3.96 ml of 0.5 M ZnCl, in THF (1.98 mmol) is added and stirred at
room temperature for 15 min. 180 mg of 3-(2-bromo-4-trifluoromethyl-thiazol-5-y1)-8-(1-
ethyl-propyl)-2,6-dimethyl-imidazo[/,2-b]pyridazine and 54 mg of PACl12(pddf) (0.06
mmol) are added. The vial is capped with a Teflon cap and heated at 80 °C overnight.
NH.,CI aq. is added to quench the reaction and the mixture is extracted by CH;Cly, dried
over Na2S04 and evaporated. The crude product is applied onto silica-gel
chromatography column (Hexane :AcOEt=3:1) to give 119 mg of the title compound.
Yield 58%. mass spectrum (m/e) : 449(M+1).

Example 252.
Preparation of 8-(1-Ethyl-propyl)-6-methyl-3-(3-methyl-thiophen-2-y1)-2-
trifluoromethyl-imidazo[7,2-b]pyridazine.

CF,
Nl%

AN
N s
\ N

~

A. 8-(1-Ethyl-propyl)-6-methyl-2-trifluoromethyl-imidazo[/,2-b]pyridazine.

o-Bromotrifluoroacetone (402 mg, 2.93 mmol) is added to a dry 10 mL
microwave reaction tube containing 4-(1-ethyl-propyl)-6-methyl-pyridazin-3-ylamine
(500 mg, 2.79 mmol) in EtOH (2.0 mL). The resulting mixture is heated at 110 °C in the
microwave for 1 hour. NaHCO; (246.5 mg, 2.93 mmol) is addéd, and the reaction is
mixed well for 5 minutes. Then, the reaction is heated at 110 °C in the microwave for 1
hour. The solvent is removed via reduced pressure, and the reaction is diluted with ethyl
acetate (30 mL). The organic layer is washed with H>O (3 X 10 mL), and the combined
aqueous layers are extracted with ethyl acetate (2 X 20 mL). The combined organic
extracts are dried over Na,SOy, filtered, and purified by silica gel chromatography to give
the title compound (29.5 mg, 0.068 mmol, 9.8 %). 'H-NMR (CDCl,), § 0.87 (t, J=7.6
Hz, 6H), 1.86 (m, 4H), 2.60 (s, 3H), 3.30 (m, 1H), 6.80 (s, 1H), 8.14 (s, 1H) ppm. ES-MS
(m/z): caled for C13H¢F3N3 (M+H)™: 271.29; found: 272.2
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B. 8-(1-Ethyl-propyl)-6-methyl-3-(3-methyl-thiophen-2-y1)-2-trifluoromethyl-
imidazo[1,2-b]pyridazine.

To a dry 10 ml round bottom flask with reflux condenser containing 8-(1-ethyl-
propyl)-6-methyl-2-trifluoromethyl-imidazo[ /,2-b]pyridazine (300 mg, 1.11 mmol), 2-
bromo-3-methyl-thiophene (216 mg, 1.22 mmol), and Cs,CO;3 (760 mg, 2.33 mmol) is
added NMP (1.7 ml). The mixture is degassed with bubbling N, for 15 min and
Pd,(dba); (50.8 mg, 0.055 mmol) and PPhs (58.2 mg, 0.222 mmol) are added. The
reaction mixture is stirred at 130°C overnight. The mixture is cooled to rt, diluted with
H,O:; and extracted with EtOAc (3 x 20 ml). The organic layers are dried (Na;SOy),
filtered and purified by HPLC to give title compound (32 mg, 0.087 mmol, 8%). 'H-
NMR (CDCls), §0.93 (t, J = 7.2 Hz, 6H), 1.91 (m, 4H), 2.15 (s, 3H), 2.58 (s, 3H), 3.36
(m, 1H), 6.91 (s, 1H), 7.08 (d, J = 5.3 Hz, 1H), 7.55 (d, / = 5.5 Hz, 1H) ppm. ES-MS
(m/z): caled for Ci1gHaoF3N3S (M+H)": 367.44; found: 368.1.

Example 253.Preparation of 3-[3-Chloro-5-(2-methyl-2H-[ 1,2 4]triazol-3-yl)-thiophen-2-
y1]-8-(1-ethyl-propyl)-6-methyl-2-trifluoromethyl-imidazo[/,2-b]pyridazine.

CF, Cl
N
| > /
N sTNeN
LN N

In a dry 25 mL round bottom flask, 8-(1-ethyl-propyl)-6-methyl-2-
trifluoromethyl-imidazo[,2-blpyridazine (182 mg, 0.671 mmol), 5-(5-bromo-4-chloro-
thiophen-2-y1)—1—methy1-1H-[1,2,4]triazole (225 mg, 0.805 mmol), KOAc (330.2 mg,
3.36 mmol), and TBAB (217 mg, 0.671 mmol) are dissolved in NMP (3 mlL.)). The
mixture is degassed with bubbling nitrogen for 20 minutes. Then, Pd(OAc), (8 mg, 0.034
mmol) and TDBPP (20.4 g, 0.34 moles) are added. The reaction mixture is heated to 125
°C for 3 hours to give the title compound (125 mg, 0.267 mmol, 40%). 'H-NMR
(CDCls), § 0.88 (t, J = 7.2 Hz, 6H), 1.87 (m, 4H), 2.537 (s, 3H), 3.32 (m, 1H), 4.16 (s,
3H), 6.86 (s, 1H), 7.51 (s, 1H), 7.91 (s, 1H) ppm. ES'MS (m/z): calcd for
CroH,oCIEsNgS (M+H)": 468.93; found: 469.2.
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Example 254.
Preparation of 3-(4-Chloro-2-morpholin-4-yl-thiazol-5-y1)-8-(1-ethyl-propyl)-6-methyl-2-
trifluoromethyl-imidazo[/,2-b]pyridazine.
CF, Cl
NN

I
N s

i Q

A. 8-(1-Ethyl-propyl)-3-iodo-6-methyl-2-trifluoromethyl-imidazo[Z,2-b]pyridazine.

In a dry 25 mL round bottom flask, 8-(1-ethyl-propyl)-6-methyl-2-
trifluoromethyl-imidazo[Z,2-b]pyridazine (460 mg, 1.70 mmol) are dissolved in dry THF
(3.5 mL) and cooled to -78°C. A solution of 2.5 M n-butyllithium in hexanes (748 uL,
1.87 mmol) is added dropwise. The reaction mixture is stirred for 20 minutes at -78 °C,
then warmed to 0 °C for 15 minutes. A solution of I (453 mg, 1.79 moles) in THF (2.0
mL) is added dropwise. The reaction is stirred for 15 minutes at O °C, and then warmed
to room temp. The reaction is stirred overnight, and the solvent is removed via reduced
pressure. The reaction mixture is redissolved in ethyl acetate (50 mL) and washed with a
1 N solution of Na,S,05 (2 X 20 mL). The aqueous layer is extracted with ethyl acetate
(2 X 40 mL). The combined organic extracts are dried with Na,SO,, filtered, and purified
via silica gel chromatography to give the title compound (595 mg, 1.50 mmol, 88%). 'H-
NMR (CDCls), 8 0.82 (t, J = 8.0 Hz, 6H), 1.83 (m, 4H), 2.64 (s, 3H), 3.27 (m, 1H), 6.82
(s, 1H) ppm. ES'MS (m/z): caled for Cy3H;sF3IN3 (M+H)*: 397.18; found: 398.3.

B. 2,4-Dichloro-thiazole.

In a 250 mL round bottom flask, 2.4-thiazolidine dione (12.5 g, 107 mmol) is |
dissolved in phosphorousoxychloride (70 mL) and pyridine (8.5 mL). The mixture is
stirred under reflux for 3 hours and cooled to room temp. The reaction mixture is poured
into ice water slowly and extracted with dichloromethane. The combined organic extracts

are dried with Na,SOy, filtered, and concentrated. The residue is purified via silica gel
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chromatography to give title compound (9.18 g, 59.6 mmol, 56%). 'H-NMR (CDCl3), &
7.01 (s, 1H) ppm.

C. 4-(4-Chloro-thiazol-2-yl)-morpholine.

In a 75 mL dry pressure vessel, 2,4-dichloro-thiazole (500 mg, 3.2 mmol) and
morpholine (560 pL, 6.4 mmol) are dissolved in dry THF (2.0 mL). Cs,CO3 (1.56 g, 4.8
mmol) is added, and the reaction vessel is sealed. The reaction mixture is heated to 110
°C overnight. Solvent is removed via reduced pressure, and the crude reaction mixture is
purified via silica gel chromatography to give the title compound (597 mg, 2.92 mmol,
91%). 'H-NMR (CDCl3), 8 3.45 (m, 4H), 3.79 (m, 4H), 6.31 (s, 1H) ppm. ES'MS (m/z):
caled for C;HoCIN,OS (M+H)™: 204.68; found: 205.2.

D. 3-(4-Chloro-2-morpholin-4-yl-thiazol-5-y1)-8-(1-ethyl-propyl)-6-methyl-2-
trifluoromethyl-imidazo[/,2-b]pyridazine.

In a dry 25 mL round bottom flask, 8-(1-ethyl-propyl)-3-iodo-6-methyl-2-
trifluoromethyl-imidazo(/,2-b]pyridazine (250 mg, 0.630 mmol), 4-(4-chloro-thiazol-2-
yl)-morpholine (194 mg, 0.945 mmol), and Cs>CO; (410 mg, 1.26 mmol) are dissolved in
DMF. The mixture is degassed with bubbling nitrogen for 15 minutes. Then, Pd,(dba)s
(18 mg, 0.032 mmol) and PPh3 (33 mg, 0.126 mmol) are added. The reaction mixture is
heated to 130 °C overnight. The reaction is éooled to room temp., quenched with a
solution of NH,C1 sat? (20 mL), and extracted with Et,O (3 X 50 mL). The combined
organic extracts are washed with brine (30 mL), dried with Na;SOa, filtered and
concentrated. The residue is purified via reverse phase HPLC with a 30-80% gradient of
CH5CN in 10mM NH,HCOs/H,0/5%CH;CN (pH 10.0)to give the title compound (11
mg, 0.023 mmol, 4%). "H-NMR (CDCls), 8 0.86 (t, J = 7.3 Hz, 6H), 1.84 (m, 4H), 2.55
(s, 3H), 3.31 (m, 1H), 3.54 (dd, J = 5.2, 4H), 3.84 (dd, J = 5.2 Hz, 4H), 6.82 (s, 1) ppm.
ES'MS (m/z): caled for CpoHsCIFsNsOS (M+H)™: 473.95; found: 474.2.
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Example 255.
Preparation of {4-Chloro-5-[8-(1-ethyl-propyl)-6-methyl-2-trifluoromethyl-imidazo[ ], 2-
b]pyridazih—3-yl]—thiazol—2—yl }-dimethyl-amine.

A. (4-Chloro-thiazol-2-yl)-dimethyl-amine.

Using a procedure analogous to Example 254C, 2,4-dichloro-thiazole (500 mg,
3.2 mmol) and dimethylamine (a 2.0 M solution in THF, 3 mL, 6.4 mmol) are reacted to
give the title compound (60 mg, 0.152 mmol, 15%). '"H-NMR (CDCly), 6 3.09 (s, 6H),
6.22 (s, 1H) ppm. ES-MS (m/z): calcd for CsH7CIN,S (M+H)": 162.64; found: 163.2.

B. {4-Chloro-5-[8-(1-ethyl-propyl)-6-methyl-2-trifluoromethyl-imidazo[,2-b]pyridazin-
3-yl]-thiazol-2-yl}-dimethyl-amine.

Using a procedure analogous to Example 254D, 8-(1-ethyl-propyl)-3-iodo-6-
methyl-2-trifluoromethyl-imidazo[Z,2-b]pyridazine (250 mg, 0.630 mmol) is coupled
with (4-chloro-thiazol-2-yl)-dimethyl-amine (154 mg, 0.945 mmol) to provide desired
product. "H-NMR (CDCls), 8 0.85 (t, J = 7.4 Hz, 6H), 1.83 (m, 4H), 2.55 (s, 3H), 3.16 (s,
6H), 3.31 (m, 1H), 6.81 (s, 1H) ppm. ESMS (m/z): calcd for C13H; CIF3N5S M+H)™:
431.91; found: 432.2.

Example A
In Vivo Potency Assessment Using Ex Vivo Binding
To assess in vivo potency, a compound of the present invention is evaluated using
ex vivo binding. Using the procedures as provided in D. R. Gehlert et al., EJP 509: 145-

153 (2005), a compound is administered to a rat via the oral route. The binding of '*’I-
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sauvagine to the cerebellum is then assessed ex vivo as described in Gehlert et al. For

example, Example 199 provides an EDs result of 1.3 mg/kg.

Example B
CRF1 Filter Binding Assay

The limitations of plasmid-based human CRF1 expression, in terms of generating
a recombinant cell line with sufficient receptor density to develop a binding assay, are
overcome by using a Phoenix retroviral expression system licensed from Stanford. The
stable HEK-hCRF1 cell line is used to prepare membranes and binding reactions (200 pl)
are set up as follows: 50 pl of *’I-sauvagine (0.2 nM final), 50 pul compound and 100 pl
CRF1 membrane (25 pg/reaction). The reactions are incubated at room temperature for 2
hours and then terminated by filtration through pre-treated FB Millipore glass fiber filter
plates (96 well). The plates are wash twice with ice-cold assay buffer (50 mM tris, 12.5
mM NaCl, 1mM EDTA, 10 mM MgCl,, 0.05% BSA, pH 7.2), air dried over night and
counted with 100 pl Microscint 40 in a MicroBeta counter. Non-specific binding (NSB)
is determined in the presence of 0.5 pM non-labeled sauvagine. Triplicate determinations
are typically run and the median data points plotted by Graph Pad Prism.

Using this assay, the claimed exemplified compounds of the present invention
inhibit the binding of '**I-Sauvagine (4 nM) in roller/adherent cells with a Ki (inhibition
constant) below 1 uM. For example, Examples 102 and 199 exhibit a Ki of 4.92 = 0.57
nM and 9.98 = 0.72 nM, respectively.

Example C
CRF2 Filter Binding Assay

The limitations of plasmid-based human CRF2 expression, in terms of generating
a recombinant cell line with sufficient receptor density to develop a binding assay, are
overcome by using a Phoenix retroviral expression system licensed from Stanford. The
stable HEK-hCRF2 cell line is used to prepare membranes and binding reactions (200 ul)
are set up as follows: 50 ul of '*’I-sauvagine (0.2 nM final concentration), 50 pl
compound and 100 pl CRF2 membrane (25 pg/reaction). The reactions are incubated at
room temperature for 2 hours and then terminated by filtration through pre-treated FB

Millipore glass fiber filter i)lates (96 well). The plates are washed twice with ice-cold
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assay buffer (50 mM tris, 12.5 mM NaCl, ImM EDTA, 10 mM MgCl,, 0.05% BSA, pH
7.2), air dried over night and counted with 100 pl Microscint 40 in a MicroBeta counter.
Non-specific binding (NSB) is determined in the presence of 0.5 uM non-labeled
sauvagine. Alternatively, compounds are evaluated using a Scintillation Proximity assay.
This assay is set up as follows: 50ul of *>I-Sauvagine (0.2 nM final concentration), 50 pl
compound or non-labelled sauvaginé (NSB) and 100 pl containing 250 pg wheat germ
agglutinin (WGA) SPA beads and CRF2 membrane (1.5 pg/reaction). Plates are
incubated for 4-5 hours at room temperature and then centrifuged at 200 X g for 10
minutes. Bound radioactivity is assessed using a Wallac Trilux scintillation counter.
Binding is assessed typically using triplicate determinations and the median data points
plotted by Graph Pad Prism. Compounds are initially screened at a fixed concentration
and, if sufficient activity is noted, subsequent concentration-response curves are
generated, '

Compounds of the present invention are tested in the CRF2 binding assay and
exhibit weak affinity for the CRF2 receptor. For example, Examples 102 and 199 exhibit
a percent inhibition at 50 uM of 9.0 + 2.6 and 16.9 =+ 1.9, respectively. These results
suggest that the compounds of the present invention are highly selective for the CRF1

receptor.

Example D
Bioavailability and Pharmacokinetic Properties

The compounds of Formula I are antagonists of CRF1, and possess surprisingly
useful properties related to their pharmacokinetics and bioavailability.

The volume of distribution (Vdist) relates the amount of the drug in the body to
the concentration of the drug in the blood or plasma. The volume of distribution refers to
the fluid volume that would be required to contain the total amount of the drug in the
body at the same concentration as in the blood or plasma: Vdist = amount of drug in the
body/ concentration of drug in blood or plasma (Goodman and Gillman’s). For a 10 mg
dose and a plasma concentration of 10 mg/L, the volume of distribution would be 1 liter.
The volume of distribution reflects the extent to which the drug is present in the
extravascular tissue. A large volume of distribution reflects the tendency of a compound

to bind to the tissue components compared with plasma protein binding. In a clinical
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setting, Vdist can be used to determine a loading dose achieve a steady state
concentration.

To test for volume of distribution, Male Sprague Dawley rats (N=3) are
administered a single 3 mg/kg intravenous dose of compound. Multiple plasma samples
are collected at time points from 0.08 to 24 hours post-dose. The plasma samples are
analyzed by LC/MS/MS to determine the plasma concentrations. Plasma pharmacokinetic
calculations are performed to determine the pharmacokinetic parameters including Vdist
and plasma clearance (Clp).

An overwhelming majority of commercial CNS and cardiovascular drugs exhibit a
human Vdist of <10-L/Kg. In comparison with CRF antagonists CP154526 (Schulz et al.,
Proc. Natl. Acad. Sci. (USA), 93:10477 (1996)) and NBI30775 (Chen et al., Drug
Devélopment Research, 65:216 (2005)) which exhibit a rat Vdist of 114 L/Kg and 76
L/Kg, respectively, following a single intravenous dose, thiazole Examples 48 and 199 of
the present invention exhibits a rat Vdist of only 9 and 2 L/Kg, respectively.

Furthermore, thiophene Examples 88 and 39 of the present invention exhibit a rat Vdist of

only 44 and 17 L/kg, respectively.
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WE CLAIM:
1. A compound of Formula I
Formula I
wherein:

R? is hydrogen, halo, methyl or ethyl;
R! and R? are independently methyl, methoxy, or trifluoromethyl;

R? is selected from the group consisting of:

R° CH,§
rd RB N RB N RB pd RB
R6 R7 RG R6 R7 . RG
CH, R’ R°®
N 8 N AN
xR N N SN
/
R°® R R CH R° .

R* is hydrogen, halo, or hydroxy;
R® at each occurrence is independently hydrogen, halo, cyano, (C;-Cgalkyl,

6
R 3 and

R and R are independently ethyl or n-propyl;

trifluoromethyl, methoxy, or pheny];
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R’ is hydrogen, halo, methyl, methoxy, dimethylamino, ,

5 i
Xy & NN~
><EN),\N| CH @

3 or

R® is selected from the group consisting of hydrogen, halo, cyano, (C;-Ca)alkyl,
R°R°N-, carbamyl, (C;-C»)alkoxy(C;-Cp)alkyl, R'-C(O)-,
H,C /CH

5 e TR Ay
e A i

CH,
!

| 37% H%HN
A *@*@b@

*@*@*@*Q*Q
4@

B}

\N

\

H,C
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R is methoxy, methylamino, dimethylamino, or phenyl;

R'? is hydrogen, halo, methyl, ethyl, trifluoromethyl, methoxy, trifluoromethoxy -
dimethylamino, acetyl, or methylsulfonyl;

R" is hydrogen, methyl or halo;

R is hydrogen or hydroxy;

R is methylthio, cyclopropyl, phenyl, 7L<_7

R® is hydrogen, (C1-Cs)alkyl, (C3-Cs)cycloalkyl, methoxy(Cz—C4)alky1, acetyl,
(C;-Cy)alkylsulfonyl, (Cs)alkenyl, Rls—(CHz)n—, or (C;-Cp)alkyl substituted with cyano,
formyl, vinyl, or ethynyl;

R is hydrogen or (C;-Cs)alkyl;

X is -CH,-, -CO-, -O-, -S- or -SO2-;

Y is -CH,- or -O-;

zis S or O;

nis 1 or2;

Q is hydrogen or methyl;

T is hydrogen or methyl;

J is methyl, trifluoroethyl, or tert-butyl; and

M is methyl or halo;

and pharmaceutically acceptable salts thereof.

2. The compound of Claim 1 wherein R? and R* are hydrogen, R' and R? are

methyl, and R>* and R are ethyl.

3. The compound according to any one of claims 1 to 2, wherein R? is
z RB ZY RB
\ \
N
R® R’ R®
selected from the group consisting of or and where z

is S.
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4, The compound according to any one of claims 1 to 3, wherein R’ is
hydrogen.
5. The compound according to any one of claims 1 to 4, wherein R® is halo or
methyl. '
6. The compound according to any one of claims 1 to 5, wherein R? is
s
A~ Y
|§| I/ k/x
or and where X is O.
7. A pharmaceutical composition comprising a compound according to any

one of Claims 1 to 6, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier, diluent or excipient.

8. A compound according to any one of Claims 1 to 6 for use as a
medicament.
9. Use of a compound according to any one of Claims 1 to 6 for the

manufacture of a medicament for treating anxiety, depression, major depressive disorder,

alcohol withdrawal symptoms, or irritable bowel syndrome in a mammal.

10. Use of a compound according to Claim 9 wherein the mammal is a human.

4037



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/009942

UBJECT MATTER

CLASSIFICATION OF
A61K31/5025

A.
INV. C07D487/04

A61P25/20

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Co7D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the exient that such documents are included in the fields searched

EPO-Internal, CHEM ABS Data

Electronic dala base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A EP 1 364 952 A (EISAI CO., LTD)
26 November 2003 (2003-11-26)
examples

examples

AGRO COMPANY, LIMITED)
13 October 2004 (2004-10-13)
examples

A WO 97/29109 A (JANSSEN PHARMACEUTICA N.V;
NEUROCRINE BIOSCIENCES INC; CHEN, CHEN;
WEB) 14 August 1997 (1997-08-14)

A EP 1 466 527 A (SUMITOMO CHEMICAL TAKEDA

1-10

1-10

1-10

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited fo establish the publication date of another
citation or other special reason (as specified)

*0" document referring to an oral disclosure, use, exhibition or
other means

"P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the appiication but
cited to understand the principle or theory underlying the
invention

*X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inveniive step when the document is taken alone

"Y*® document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
me'r:ts, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actuat completion of the international search

8 August 2006

Date of mailing of the international search repon

16/08/2006

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340—2040, Tx. 31 651 epo n,
Fax: (+31-70) 340-3016

Authorized officer

Menegaki, F

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 o#@238




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/009942

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A MOREAU S ET AL: "Synthesis and
anticonvulsant Properties of Triazolo- and
Imidazopyridazinyl Carboxamides and
Carboxylic Acids"

BIOORGANIC & MEDICINAL CHEMISTRY, ELSEVIER
SCIENCE LTD, GB,

vol. 6, no. 7, July 1998 (1998-07), pages
983-991, XP002991062

ISSN: 0968-0896

compounds 9,10,11

1-10

Form PCT/ISA/210 {continuation of second sheet) (April 2008)

page 24639




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2006/009942
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 13649562 A 26-11-2003 WO 02062800 Al 15-08-2002
US 2004082781 Al 29-04-2004
WO 9729109 A 14-08-1997 AU 713673 B2 09-12-1999
AU 1599197 A 28-08-1997
BG 102349 A 26-02-1999
BR 9707391 A 20-07-1999
CN 1205009 A 13-01-1999
Cz 9802445 A3 14-10-1998
DE 880523 T1 04-07-2002
EA 980394 Al 29-10-1998
EE 9800124 A 15-10-1998
EP 0880523 Al 02-12-1998
ES 2168237 T1 16-06-2002
HU 9900575 A2 28-06-1999
ID 15905 A 14-08-1997
JP 3356291 B2 16-12-2002
JdP 2000503661 T 28-03-2000
JP 2002121194 A 23-04-2002
NO 981357 A 03-08-1998
NZ 330119 A 28-02-2000
SK 106398 A3 02-12-~1998
TR 9800792 T2 21-07-1998
TW 449599 B 11-08-2001
EP 1466527 A 13-10-2004 BR 0306810 A 26-10-2004
CN 1617666 A 18-05-2005
WO 03061388 Al 31-07-2003
US 2005032650 Al 10-02-2005

Fomm PCT/ASAI210 {patent family annex) (April 2005)

4040



2013/160317 A2 {0000 0.0 0O A AR

=)

W

(43) International Publication Date

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

~

(19) World Intellectual Property -~
Organization
International Bureau

W

31 October 2013 (31.10.2013)

WIPO I PCT

0 0D OO0 00 O 00
(10) International Publication Number

WO 2013/160317 A2

(51

2D

(22)

25)
(26)
(30)

gy

(72)

74

81D

International Patent Classification:
A61K 31/4412 (2006.01)

International Application Number:
PCT/EP2013/058413

International Filing Date:
23 April 2013 (23.04.2013)

Filing Language: Lnglish
Publication Language: Lnglish
Priority Data:

1207102.3 23 April 2012 (23.04.2012) GB
12165231.7 23 April 2012 (23.04.2012) LCP
Applicant: HOLSBOERMASCHMEYER NEURO-

CHEMIE GMBH [DE/DE]; Maximilianstrasse 13, 80539
Munich (DE).

Inventor: HOLSBOER, Florian; Rohmederstrasse 12,
80805 Munich (DE).

Agent: HUENGES, Martin, Maiwald Patentanwalts
GmbH, Postfach 33 05 23, 80065 Munich (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC. LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, P, PG, PII, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

with sequence listing part of description (Rule 5.2(a))

(54) Title: CRHR1 ANTAGONISTS FOR USE IN THE TREATMENT OF PATIENTS HAVING CRH OVERACTIVITY

(57) Abstract: The present invention relates o a corticotropin releasing hormone receptor type 1 (CRHRI) antagonist [or use in the
treatment ot depressive symptoms and/or anxiety symptoms in a novel group of patients, i.e. patients having corticotropin releasing
hormone (CRH) overactivity.

4041



10

15

20

25

30

WO 2013/160317 PCT/EP2013/058413

CRHRI1 antagonists for use in the treatment of patients having CRH overactivity

Field of the Invention

The present invention relates to a corticotropin releasing hormone receptor type 1
(CRHR1) antagonist for use in the treatment of depressive symptoms and/or anxicty

symptoms in patients having corticotropin releasing hormone (CRH) overactivity.

Background of the Invention

While current antidepressant drugs are effective treatments of depression and anxiety
symptoms in a number of psychiatric disorders, a large fraction of patients only show
partial remission of symptoms or do not respond at all (Trivedi ef al., Am J
Psychiatry, 2006). This may be due to the fact that these drugs do not target the
inherent pathophysiologic disturbances leading to clinical condition in these patients.
A number of novel antidepressant strategies, derived from both animal studies and
human studies have been tested, but so far with little success. One of these
approaches is the use of corticotropin releasing hormone receptor type 1 (CRHR1)
antagonists. A wealth of data ranging from molecular studies in experimental
animals to open label studies in human patients indicate that CRHR1 antagonists are
a promising novcl approach in the trcatment of depression and anxicty (Ising ef al.,
Exp Clin Psychopharmacol, 2007; Holsboer ef al., CNS Spectr, 2001; Pacz-Pereda et
al., Expert Opin Invest Drugs, 2011). However, so far all randomized clinical trials
have failed to demonstrate the superiority of this drug to placebo (Coric et al.,

Depress Anxiety, 2010; Binneman et al., Am J Psychiatry, 2008).

Hence, there is still a need for antidepressant drugs effective in the treatment of

depression and/or anxiety symptoms in a number of psychiatric disorders.
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It has now been found that despite the so far unsuccessful clinical trials, a specific
group of patients, i.e. patients suffering from central corticotropin releasing hormone

(CRH) overactivity, profits from the treatment with CRHR1 antagonists.

Summary of the Invention

One aspect of the invention relates to a corticotropin releasing hormone receptor type
1 (CRHR1) antagonist for use in the treatment of depressive symptoms and/or
anxiety symptoms in patients having corticotropin releasing hormone (CRH)

10 overactivity.

In an cmbodiment of the invention, the CRHR 1 antagonist is a compound of formula

D
X5
o
|
R-’l\ —

15

or a pharmaceutically acceptable salt thereof, wherein
X;is -CRgor N;

X3 is -NR1R3, -CRR;R9, -C(=CR;R ()R, -NHCHRR;, -OCHRR;, -SCHR R,
-CHRzORlo, —CHRzSRlo, —C(S)Rz or -C(O)Rz;

20 Xj3isNH, O, S, -N(C;-C; alkyl) or -C(R;1R12), wherein Ry; and Ry, are each,
independently, hydrogen, trifluoromethyl or methyl, or one of R;; and Ry, is
cyano and the other is hydrogen or methyl, or

X3 is N and Xz and R4 form a 5S-membered ring substituted at X3 with Rs;

R; is C;-Cs alkyl which may optionally be substituted with one or two substituents

25 R~7 independently selected from the group consisting of hydroxy, fluoro, chloro,
bromo, iodo, CF3, C3-Cs cycloalkyl, C;-C,4 alkoxy, -O-CO-(C;-C4 alkyl), -O-CO-
NH(C,-C; alkyl), -O-CO-N(C;-C4 alkyl)(C;-C; alkyl), -NH(C,-Cj4 alkyl), -N(C;-
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C, alkyl)(C;-Cy4 alkyl), -S(C;-C4 alkyl), -N(C;-C4 alkyl) CO(C;-C4 alkyl), -
NHCO(C;-C4 alkyl), -COO(C;-Cy4 alkyl), -CONH(C,;-C4 alkyl), -CON(C;-C4
alkyl)(C;-C; alkyl), CN, NO,, -SO(C;-C4 alkyl) and -SO,(C,-C4 alkyl), and
wherein said C;-Cq alkyl and the (C,-Cy) alkyl moieties in the foregoing R~

groups may optionally contain one carbon-carbon double or triple bond;

R, is C;-Cy; alkyl, C;-C;, alkoxyalkyl, aryl or -(C;-C4 alkylene)aryl wherein said

aryl is phenyl, naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl,
pyrimidyl, imidazolyl, furanyl, benzofuranyl, benzothiazolyl, isothiazolyl,
benzisothiazolyl, benzisoxazolyl, benzimidazolyl, indolyl, oxadiazolyl or

benzoxazolyl;

3- to 8-membered cycloalkyl or —(C;-Cs alkylene)cycloalkyl, wherein one or two
of the ring carbons of said cycloalkyl having at least 4 ring members and the
cycloalkyl moiety of said -(C;-Cg alkylene)cycloalkyl having at least 4 ring
members may optionally be replaced by an oxygen or sulfur atom or by N-Rg

wherein Rs is hydrogen or C;-C4 alkyl;

and wherein each of the foregoing R, groups may optionally be substituted with
from one to three substituents independently selected from chloro, fluoro and C;-
C4 alkyl, or with one substituent selected from bromo, iodo, C;-Cy alkoxy, -O-
CO-(Ci-Cs alkyl), -O-CO-N(C;-C4 alkyl)(C;-C; alkyl), -S(Ci-Cs alkyl), CN, NO,,
-SO(C,-C4 alkyl), and -SO2(C,-C4 alkyl), and wherein said C,-C,; alkyl and/or the
C1-C, alkylene moiety of said -(C,-Cs alkylene)aryl may optionally contain one

carbon-carbon double or triple bond;

or -NR R, or —-CR;R;R¢ may form a saturated 5- to 8-membered ring which may
optionally contain one or two carbon-carbon double bonds and/or in which one or
two of the ring carbons may optionally be replaced by an oxygen, nitrogen or

sulfur atom and which may be substituted with at least one substituent;

R3 is methyl, ethyl, fluoro, chloro, bromo, iodo, cyano, methoxy, OCF 3, methylthio,

methylsulfonyl, CH,OH, or CH,OCHzs;

R4 is hydrogen, C,-C4 alkyl, fluoro, chloro, bromo, iodo, C;-C4 alkoxy,

triﬂuoromethoxy, -CH,OCH;, -CH,OCH,CH;, -CH,CH,OCH,3, -CH,OCF3;, CF;,
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amino, nitro, -NH(C-C4 alkyl), -N(CHzs),, -NHCOCH; -NHCONHCH3, -SO4(C;i-
C4 alkyl) wherein n is O, 1 or 2, hydroxy, -CO(C;-C4 alkyl), -CHO, cyano or -
COO(C;-C4 alkyl) wherein said C;-C4 alkyl may optionally contain one double or
triple bond and/or may optionally be substituted with one substituent selected
from hydroxy, amino, -NHCOCH3;, -NH(C;-C, alkyl), -N(C;-C,; alkyl),, -
COO(C-C4 alkyl), -CO(C4-C4 alkyl), Ci-C5 alkoxy, C;-C; thioalkyl, fluoro,

chloro, cyano and nitro;

Rs is phenyl, naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl,

furanyl, benzofuranyl, benzothiazolyl, or indolyl,

wherein each of the above groups Rs is substituted with from one to three
substituents independently selected from fluoro, chloro, C;-C¢ alkyl and C;-Cs
alkoxy, or with one substituent selected from hydroxy, iodo, bromo, formyl,
cyano, nitro, trifluoromethyl, amino, (C1-Cs alkyl)O(C;-Cy)alkyl, -NHCH3;, -
N(CHas);, -COOH, -COO(C;-C4 alkyl), -CO(C,;-C4 alkyl), -SO,NH(C;-Cj4 alkyl), -
SO,N(C,-C4 alkyl)(Ci-C; alkyl), -SO,NH;, -NHSO,(C,;-C4 alkyl), -S(C;-Cs alkyl)
and SO,(C;-Cs alkyl), and wherein the C;-C4 alkyl and the C;-Cs alkyl moieties of
the foregoing Rs groups may optionally be substituted with one or two fluoro
groups or with one substituent selected from hydroxy, amino, methylamino,

dimethylamino and acetyl;

R is hydrogen, methyl, fluoro, chloro, bromo, iodo, cyano, hydroxy, -O(C,-C4
alkyl), -C(O)(C;-C4 alkyl), -C(O)O(C,-C4 alkyl), -OCF3, CF3z, -CH,0H, -
CHQOCHg or —CHzOCHzCHg;

Ry is hydrogen, hydroxy, fluoro, or methoxy:;

Rio 1s hydrogen or C;-C4 alkyl.

Further, CRHR1 antagonists of the invention encompass compounds of formula (I)
as defined above, wherein X, is -CRg. Optionally, in the CRHR1 antagonists of the
invention X; is -CRg, wherein Rg is hydrogen.
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In a further embodiment of the CRHR1 antagonists of the invention, the 5- to 8-
membered ring formed by -NR;R, or -CR;R;Ry of the compound of formula (I) as
defined above is substituted with at least one substituent selected from C;-C,4 alkyl or
with a 4-8 membered ring, which may be saturated or may contain one to three
double bonds and in which one carbon atom may be replaced by CO or SO, and one

to four carbon atoms may optionally be replaced by nitrogen.

In a spccific cmbodiment of the CRHR1 antagonists of the invention, X, of the

compound of formula (I) as defined above is -NHCHRR,, -OCHR;R; or -NR;R;.

Optionally, in the compounds of formula (I) as defined above -NHCHR;R; is -
NHCH(CH,OCH3),, -NHCH(CH;OCH3)(CH,CH3), -NHCH(CH;CH3),,, -
NHCH(CH,CH,OCH3), or -NHCHR R, wherein R; is ethyl and R; is oxadiazolyl
substituted with methyl, or -NRR; is -N(CH,CH3)(CH3), -N(CH,CH,CH3),, -
N(CH,CH;CH3)(CH;-cyclopropyl), -N(CH,CH3)(CH,CH,CH,CH3), -
N(CH;CH;OCH23),, or -N(CH,;CH,OCH2:)(CH,CH,CHz), or —-OCHRR; is —
OCH(CH,CH3s),, -OCH(CH2CH3)CH3, -OCH(CH,CH3)(CH,CH>CH3), —
OCH(CH,CH3)(CH;OCH3).

In another embodiment of the CRHR1 antagonists of the invention, R3 and R4 of the

compound of formula (T) as defined above are methyl.

In a further embodiment of the CRHR 1 antagonists of the invention, X; of the

compound of formula (I) as defined above is O.

Another embodiment of the invention relates to the CRHR 1 antagonists of formula
(I) as defined above, wherein Rs is phenyl substituted with from one to three
substituent(s) independently selected from the group CHz, CH,CH3;, OCH3, Cl, F,
CF;.

A specific embodiment of the invention relates CRHR1 antagonist for use in the

treatment of depressive symptoms and/or anxiety symptoms in patients having
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corticotropin releasing hormone (CRH) overactivity, wherein the CRHR1 antagonist

is a compound of the formula (VI)

CHg (VI)

or a pharmaceutically acceptable salt thereof, wherein

X418 O or NH.

In another specific embodiment, the CRHR1 antagonist of the invention is a class 1

or class I CRHR1 antagonist.

Another specific embodiment of the invention relates to a CRHR1 antagonist for use
in the treatment of depressive symptoms and/or anxiety symptoms in patients having
corticotropin releasing hormone (CRH) overactivity, wherein the CRHR1 antagonist
is seclected from the group consisting of CP154,526, Antalarmin, CRA 5626,
Emicerfont, DMP-696, DMP-904, DMP-695, SC-241, BMS-561388, Pexacerfont,
R121919, NBI30545, PD-171729, Verucerfont, NBI34041, NBI35965, SNO003,
CRA0450, SSR125543A, CP-316,311, CP-376,395, NBI-27914, ONO-2333Ms,
NBI-34101, PF-572778, GSK561579 and GSK586529.

In an exemplary embodiment of the present invention, the CRHRI1 antagonist is

DMP-696.

In an exemplary embodiment of the present invention, the CRHR1 antagonist is

CP 316,311.
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In an exemplary embodiment of the present invention, the CRHR1 antagonist is

SSR125543A.

Brief Description of the Drawings

Figure 1: Graph of the phenotypic distribution of In(AAUC) at in-patient admission.
The X-axis shows the In of the AUC of the ACTH response and the Y -axis the
frequency in total N/bin. The dashed vertical indicates the cut-off for being classified
as a low vs. high responder. AAUC is the area under the curve of the ACTH

responsc.

Figure 2: Incrcascd REMS activity in CRH-COE“™ micc is suppressed by DMP696
(50mg/kg/d) application via drinking water. Treatment day one, light grey; treatment
day 2, dark grey; treatment day three, black. Symbols indicate significant differences
between baseline and treatment day one (+), two (#) or three (*). Light and dark bar

on the x-axis indicate light and dark period, respectively.

Figure 3: Increased activity of REMS in CRH-COE“™® is suppressed by application
of the CRH-R1 antagonist SSR125543 (50mg/kg/d) via drinking water. Baseline day,
whitc; trcatment day two, dark grey; trecatment day threce, black. Symbols indicate
significant differences between baseline and treatment day two (#) or three (*). Light

and dark bar on the x-axis indicate light and dark period, respectively.

Figure 4: REMS activity in Cor26 CRH mice is suppressed by application of the
CRH-R1 antagonist CP-316311 (50mg/kg/d) via drinking water. Baseline day, white;

treatment day two, dark grey; treatment day three, black.

Definitions

Where the term “comprise” or “comprising” is used in the present description and
claims, it does not exclude other clements or steps. For the purpose of the present

invention, the term “consisting of” is considered to be an optional embodiment of the
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term “comprising of”. If hereinafter a group is defined to comprise at least a certain
number of embodiments, this is also to be understood to disclose a group which

optionally consists only of these embodiments.

Where an indefinite or a definite article is used when referring to a singular noun
such as “a” or “an” or “the”, this includes a plural form of that noun unless
specifically stated. Vice versa, when the plural form of a noun is used it refers also
to the singular form. For cxamplc, when SNPs arc mentioncd, this is also to be

understood as a single SNP.

Furthermore, the terms first, second, third or (a), (b), (¢) and the like in the
description and in the claims are used for distinguishing between similar elements
and not necessarily for describing a sequential or chronological order. It is to be
understood that the terms so used are interchangeable under appropriate
circumstances and that the embodiments of the invention described herein are

capablc of opcration in othcr scquences than described or illustrated herein.

The term "corticotropin releasing hormone receptor 1" of "CRHR1" of "CRF," refers

to the receptor which binds to corticotropin-releasing hormone.

The term “CRHRI1 antagonist” refers to a compound capable of binding directly or
indirectly to a CRH receptor 1 so as to modulate the receptor mediated activity.
CRHRI1 antagonists are well known in the literature and are ¢.g. described in

WO 94/13676, EP 0 773 023, WO 2004/047866, WO 2004/094420, WO 98/03510,
WO 97/029109, WO 2006/044958, WO 2001/005776 and WO 95/033750.
Exemplary CRHR1 antagonists comprise NBI30775/R121919 (Neurocrine),
CP316.311 (Pfizer), CP154,526 (Pfizer), Emicerfont (Glaxo), ONO-2333Ms (Ono
Pharmaceutical), Pexacerfont (Bristol-Myers-Squibb), SSR125543 (Sanofi-Aventis),
NBI-34101 (Neurocrine) and TAI041 (Taisho).

Most of the non-peptidic CRHR1 antagonists can be described by or adhere to a

pharmacophore model that comprises or features a lipophilic top group, a
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heterocyclic core containing an invariable hydrogen bond acceptor, which is almost

always a heterocyclic nitrogen, and a lipophilic, usually aromatic, bottom group.

Class I CRHR1 antagonists as used herein may be characterized in that the
heterocyclic hydrogen bond acceptor and the bottom group are connected by a two-
atom linker as exemplified by CRHR1 antagonists R-121919, NBI-30545, CP-
154526, DMP696, pexacerfont (BMS-562086), emicerfont (GW876008), or
verucerfont (GSK561679). Class I CRF1R antagonists as uscd hercin may be
characterized by a two-atom linker between hydrogen bond acceptor and the bottom

group as present in CRHR1 antagonist SSR125543A.

“Downstream target” or “molecule which is downstream of the CRHR1 receptor” as
used herein may denote a molecule such as an endogenous molecule (e.g. peptide,
protein, lipid, nucleic acid or oligonucleotide) that is regulated by CRHR1 directly or
indirectly. The direct or indirect regulation may comprise direct or indirect
modulation of the activity and/or cxpression Icvel and/or localization, degradation,

stability of the downstream target.

The term "normal CRH activity" refers to a range of CRH activity which can be
found in human beings who are not affected by a condition which is associated with
an increase of CRH activity (such as depression). A value indicative for normal
CRH activity is usually considered to be indicative or predictive for a patient not

responding to a treatment with a CRHR1 antagonist.

Further definitions of the terms will be given below in the context of which the terms

are used.

Detailed Description of the Invention

While so far all randomized clinical trials have failed to demonstrate the superiority
of CRHR1 antagonist to placebo in the treatment of depression and anxiety, it has

now been found that a certain patient group, i.e. patients with corticotropin releasing

4050



10

15

20

25

30

WO 2013/160317 PCT/EP2013/058413
10

hormone (CRH) overactivity, is responsive to the treatment with corticotropin

releasing hormone receptor type 1 (CRHR1) antagonists.

Hence, the present invention relates to CRHR1 antagonists for use in the treatment of
depressive symptoms and/or anxiety symptoms in said novel patient group, i.c.
patients having CRH overactivity.

The terms “CRH ovcractivity”, “CRH systcm ovceractivity”, “CRH hypcractivity”,
“CRH hyperdrive” or "central CRH hyperdrive" are used herein interchangeable. An
indication for CRH overactivity may be an increase in activity or concentration of
CRH or of one or several molecules downstream of the CRHR1 receptor, that are
activated or whose concentration is increased based on the activation of CRHR1
receptor upon CRH binding. A further indication for CRH overactivity may be a
decrease in activity or concentration of one or several molecules downstream of the
CRHRI1 receptor, that are inactivated or whose concentration is decreased based on
the activation of CRHR1 rceeptor upon CRH binding. A valuc indicative for CRH
overactivity is usually considered to be indicative or predictive for a patient
responding to a treatment with a CRHR 1 antagonist. CRH activity vs. CRH
overactivity may be defined relatively to the whole group, e.g. by using a median
split of the area under the curve of the ACTH response in the dex/CRH test.
Responses in the upper median may be categorized as being predictive of CRH
overactivity, while responses in the lower median are indicative of normal CRH

activity.

A “value indicative for CRH activity”, a "value indicative for CRH overactivity"
and/or a "value indicative for normal CRH activity" can be obtained by determining
the concentration or activity of CRH and/or of a downstream target of the CRHR1
receptor. The analysis is usually set up in a way that it can be excluded that the
modulation of activity or concentration of a downstream target of the CRHR1
receptor is due to another disturbance than CRH activity. For instance, the
concentrations or activities of adrenocorticotrophin (ACTH) and/or cortisol are

useful biomarkers for determining a value indicative for CRH overactivity.
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Typically, the CRH overactivity in each patient may be determined by measuring the
ACTH and/or cortisol level response to a combined dexamethasone
suppression/CRH stimulation test as described in Heuser et al. (J Psychiatr Res.,

1994).

The neuroendocrine response to the dex/CRH test may be analyzed using the total
area under the curve (AUC) of the ACTH response. Patients suffering from
depression normally show an incrcascd relcasc of cortisol and of adrcenocorticotropic
hormone (ACTH) in response to the combined treatment with dexamethasone and
CRH as performed during the test, thus indicating a dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis. Patients with a high HPA axis
dysregulation show AUC values of cortisol of between 3000 and 18000 AUC units
(ng/ml x 75 min) and/or AUC values of ACTH of between 1000 and 6500 AUC units
(pg/ml x 75 min). Patients having a low HPA axis dysregulation show AUC values
of cortisol of between 300 and 2500 AUC units (ng/ml x 75 min) and/or AUC values
of ACTH of between 250 and 1000 AUC units (pg/ml x 75 min) Various
antidepressants lead to a reduction of these increased cortisol and ACTH levels in a
combined dex/CRH test performed after the treatment with the antidepressants.
Treatment response to antidepressants can thus be determined by performing a
second dex/CRH test after treatment with the antidepressant and comparing the
neuroendocrine response to the one shown in a combined dex/CRH test performed

prior to treatment with the antidepressant.

In one embodiment of a combined dexamethasone suppression CRH stimulation test,
subjects are pre-treated with dexamethasone and blood is drawn in certain intervals.
Further, human CRH is administered after the first pretreatment with dexamethasone.
Plasma ACTH and/or cortisol concentrations are then determined. The
neuroendocrine response to the dex/CRH test may be analyzed using the total area
under the curve (AUC) of the ACTH response. Details of an exemplary dex/CRH

test are also described in Example 1 below.
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Depressive symptoms comprise inter alia low mood, low self-esteem, loss of interest
or pleasure, psychosis, poor concentration and memory, social isolation,
psychomotor agitation/retardation, thoughts of death or suicide, significant weight
change (loss/gain), fatigue, and fecling of worthlessness. The depressive disorders
can last for weeks to lifelong disorder with periodic reoccurring depressive episodes.
For the diagnosis of the depression mode (e.g. moderate or severe depression) the
Hamilton Depression Rating Scale (HAM-D) (Hamilton, J Neurol Neurosurg
Psychiatry, 1960) may bc uscd. The depression modce may be also, in addition or
alternatively, rated by alternative scales as the Beck Depression Inventory (BDI), the
Montgomery-Asberg Depression Scale (MADRS), the Geriatric Depression Scale
(GDS), and/or the Zung Self-Rating Depression Scale (ZSRDS).

Anxiety symptoms comprise inter alia panic disorders, generalized anxiety disorder,
phobias and posttraumatic stress disorder. Typical symptoms of anxiety are or
include avoidance behavior which may lead to social isolation, physical ailments like
tachycardia, dizzincss and swcating, mental apprchension, stress and/or tensions. The
strength of these symptoms ranges from nervousness and discomfort to panic and
terror in humans or animals. Most anxiety disorders may last for weeks or even
months, some of them even for years and worsen if not suitably treated. For
measuring the severity of anxiety symptoms, the Hamilton Anxiety Rating Scale

(HAM-A) and/or the State-Trait Anxiety Rating Scale (STAI) can be used.

A CRHRI1 antagonist which may be used according to the invention in the treatment
of depressive symptoms and/or anxiety symptoms in patients having CRH

overactivity is a compound of formula (I)

X
R
XXy
|
~

or a pharmaceutically acceptable salt thereof, wherein
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X i1s -CRgor N;

X3 is -NR;R3, -CR;R;R9, -C(=CR;R 0)R;, -NHCHR;R;, -OCHR;R;, -SCHR;R;,
-CHRzORlo, —CHRzSRlo, —C(S)Rz or -C(O)Rz;

X318 NH, O, S, -N(C;-C; alkyl) or -C(R;1R2), wherein Ry; and Ry, are each,
independently, hydrogen, trifluoromethyl or methyl, or one of Rj; and Ry, is
cyano and the other is hydrogen or methyl, or

X3 1is N and X3 and R4 form a S-membered ring substituted at X3 with Rs;

R, is C;-Cs alkyl which may optionally be substituted with one or two substituents
R~ independently selected from the group consisting of hydroxy, fluoro, chloro,
bromo, iodo, CF3, C3-Cs cycloalkyl, C,-C,4 alkoxy, -O-CO-(C;-C4 alkyl), -O-CO-
NH(C,;-C; alkyl), -O-CO-N(C;-C; alkyl)(C;-C; alkyl), -NH(C,-Cj4 alkyl), -N(C;-
C; alkyl)(C,-C4 alkyl), -S(C,-C4 alkyl), -N(C,-C4 alkyl) CO(C,-C;4 alkyl), -
NHCO(C,-C4 alkyl), -COO(C,-Cy alkyl), -CONH(C,;-C4 alkyl), -CON(C;-C4
alkyl)(Ci-C; alkyl), CN, NO,, -SO(C,-C; alkyl) and -SO,(C;-C; alkyl), and
wherein said C;-Cs alkyl and the (C;-C4) alkyl moieties in the foregoing R~

groups may optionally contain one carbon-carbon double or triple bond;

R; is C1-Cy; alkyl, C;-Cy; alkoxyalkyl, aryl or -(C,-C4 alkylene)aryl wherein said
aryl is phenyl, naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl,
pyrimidyl, imidazolyl, furanyl, benzofuranyl, benzothiazolyl, isothiazolyl,
benzisothiazolyl, benzisoxazolyl, benzimidazolyl, indolyl, oxadiazolyl or

benzoxazolyl;

3- to 8-membered cycloalkyl or —(C;-Cg alkylene)cycloalkyl, wherein one or two
of the ring carbons of said cycloalkyl having at least 4 ring members and/or the
cycloalkyl moiety of said -(C;-Cs alkylene)cycloalkyl having at least 4 ring
members may optionally be replaced by an oxygen or sulfur atom or by N-Rg

wherein Rs is hydrogen or C;-C4 alkyl;

and wherein each of the foregoing R, groups may optionally be substituted with
from one to three substituents independently selected from chloro, fluoro and C;-
C,4 alkyl, or with one substituent selected from bromo, iodo, C;-Cs alkoxy, -O-

CO-(C]-C6 alkyl), —O-CO—N(Cl-C4 alkyl)(Cl-Cz alkyl), -S(C]-Cs alkyl), CN, NOQ,
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-SO(C,-C4 alkyl), and -SOy(C;-Cy4 alkyl), and wherein said C;-C;; alkyl and/or the
C;-C4 alkylene moiety of said -(C;-C4 alkylene)aryl may optionally contain one

carbon-carbon double or triple bond;

or -NRR; or —CR;R;R¢ may form a saturated 5- to 8-membered ring which may
optionally contain one or two carbon-carbon double bonds and/or in which one or
two of the ring carbons may optionally be replaced by an oxygen, nitrogen or

sulfur atom and which may be substituted with at least one substituent;

R3 is mcthyl, cthyl, fluoro, chloro, bromo, iodo, cyano, mcthoxy, OCF s, mcthylthio,

methylsulfonyl, CH,OH, or CH,OCHzs;

R4 is hydrogen, C,-C4 alkyl, fluoro, chloro, bromo, iodo, C;-C4 alkoxy,

trifluoromethoxy, -CH,OCHs;, -CH,OCH,CH3;, -CH,CH,OCHs, -CH,;OCF3, CFs3,
amino, nitro, -NH(C,-C4 alkyl), -N(CH3);, -NHCOCH; -NHCONHCH3, -SO,(C,-
C4 alkyl) wherein nis 0, 1 or 2, hydroxy, -CO(C;,-C4 alkyl), -CHO, cyano or -
COO(C,;-C4 alkyl) wherein said C;-C4 alkyl may optionally contain one double or
triple bond and/or may optionally be substituted with one substituent selected
from hydroxy, amino, -NHCOCH3, -NH(C,-C; alkyl), -N(C;-C; alkyl),, -
COO(C,-C4 alkyl), -CO(C4-C4 alkyl), C-C5 alkoxy, C;-C; thioalkyl, fluoro,

chloro, cyano and nitro;

Rs is phenyl, naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl,

furanyl, benzofuranyl, benzothiazolyl, or indolyl,

whercein cach of thc above groups Rs is substituted with from onc to three
substituents independently selected from fluoro, chloro, C;-Cg alkyl and C;-Cs
alkoxy, or with one substituent selected from hydroxy, iodo, bromo, formyl,
cyano, nitro, trifluoromethyl, amino, (C;-Cs alkyl)O(C;-Cs)alkyl, -NHCH3, -
N(CHs),, -COOH, -COO(C;-C4 alkyl), -CO(C,;-C4 alkyl), -SO,NH(C;-C4 alkyl), -
SO,N(C4-C4 alkyl)(Cy-C; alkyl), -SO,;NH;, -NHSO,(C,;-C4 alkyl), -S(C;-Cs alkyl)
and SO,(C;-Cs alkyl), and wherein the C;-C4 alkyl and the C;-Cs alkyl moieties of
the foregoing Rs groups may optionally be substituted with one or two fluoro
groups or with onc substitucnt sclected from hydroxy, amino, mcthylamino,

dimethylamino and acetyl;
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R is hydrogen, methyl, fluoro, chloro, bromo, iodo, cyano, hydroxy, -O(C;-C4
alkyl), -C(O)(C;-C4 alkyl), -C(O)O(C;-C4 alkyl), -OCF3, CFs, -CH,OH, -
CH20CH3 or —CHzOCHzCH3;

Ry is hydrogen, hydroxy, fluoro, or methoxy;

Rio is hydrogen or C,-C4 alkyl.

In an embodiment of the invention, the CRHR1 antagonist of the present invention is

a compound of formula (I) as defined above, wherein X; is —CRg.

Alternatively, the CRHR1 antagonists of the invention encompass compound of

formula (I) as defined above, wherein X; is N.

If X, is —CRs, R¢ may be selected from the group consisting of hydrogen, methyl,
fluoro, chloro, bromo, iodo, cyano, hydroxy, -O(C;-C; alkyl), -C(O)(C;-C;4 alkyl), -
C(O)O(C]-C4 alkyl), -OCFg, CFg, -CHZOH, —CHZOCH3 or -CH20CH2CH3. In a

specific embodiment of the CRHR1 antagonists of the invention Rg is hydrogen.

A further embodiment of the invention relates to a CRHR1 antagonist of formula (I)
as defined above, wherein X5 is selected from the group consisting of -NHCHR R, -

OCHR]RZ or -NR1 Rz.

In a specific embodiment, X, is -NHCHR;R;. In another specific embodiment, X, is

—OCHR;R;. In a further specific embodiment, X, is -NR;R..

If X, is -NHCHR R, it is optionally selected from the group consisting of -
NHCH(CH,OCH3),, -NHCH(CH,OCH3)(CH,CH3), -NHCH(CH,CHs),, -
NHCH(CH,CH,OCH3),, -NHCH(CH;3)(CH,CHj3) or -NHCHRR,, wherein R; is
ethyl and R; 1s oxadiazolyl substituted with methyl, isopropyl, cyclopropyl,
trifluoromethyl, or ethyl. More specifically X; is -NHCH(CH2CHz3),. Alternatively,
X3 is -NHCHR R, wherein R; is ethyl and R; is oxadiazolyl substituted with methyl.
Alternatively, X; is -NHCH(CH,CH,OCHz3),. Alternatively, X; is —
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NHCH(CH,OCHs),. Alternatively, X, is -NHCH(CHz)}(CH,CHs). More
specifically, X, is
CHs

HsC
NH

Alternatively, if X, is —NR R, it is optionally selected from the group consisting of -
N(CH,CH3)(CH3), -N(CH,CH,CH3),, -N(CH,CH,CH3)(CH,-cyclopropyl), -
N(CH,CH:)(CH>CH,CH,CH3), -N(CH,CH,OCH3),, or-
N(CH,CH,OCH;)(CH,CH,CH3). Alternatively, X, is -=N(CH,CH,OCH?:),.

If X5 is -OCHR R, it is optionally selected from —OCH(CH,CH3),, —
OCH(CH,CH3)CH3, —-OCH(CH,CH3)(CH,CH,CH3), —-OCH(CH,CH3)(CH,OCH3).
More specifically, X, is -OCH(CH,CH3),.

Further CRHR 1 antagonists for use according to the invention encompass

compounds of formula (1) as defined above wherein R; is C;-Cg alkyl.

In another embodiment of the invention, R; of formula (1) is C; alkyl. In a further
embodiment of the invention R of formula (I) is C; alkyl. In a further embodiment
of the invention, R; of formula (I) is C; alkyl. In a further embodiment of the
invention, R; of formula (I) is C4 alkyl. In a further embodiment, of the invention,

R; of formula (1) is Cs alkyl. In a further embodiment of the invention, R; of formula
(D) is Cs alkyl.

Any of the aforementioned R; groups may optionally be substituted with one or two
substituents R7 independently selected from the group consisting of hydroxy, fluoro,
chloro, bromo, iodo, CF3, Cs3-Cg cycloalkyl, C;-C;4 alkoxy, -O-CO-(C;-C4 alkyl), -O-
CO-NH(C,-C; alkyl), -O-CO-N(C;-C4 alkyl)(C;-C, alkyl), -NH(C,;-C;, alkyl), -N(C;-
C; alkyl)(C;-C4 alkyl), -S(C-C4 alkyl), -N(C;-C4 alkyl)CO(C;-C4 alkyl), -NHCO(C;-
C4 alkyl), -COO(C;-C4 alkyl), -CONH(C;-C4 alkyl), -CON(C,;-C4 alkyl)(C;-C;
alkyl), CN, NO;,, -SO(C;-C4 alkyl) and -SO,(C;-C4 alkyl). Said C;-C; alkyl and the
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(C1-Cy) alkyl moieties in the foregoing R7 groups may optionally contain one carbon-

carbon double or triple bond.

Specifically, R, is C;-Cq alkyl substituted with substituent R; selected from the group
consisting of F, CF3, C;-C4 alkoxy and Cs-Cs cycloalkyl. More specifically, R; is
selected from the group consisting of —-CH,OCH3;, -CH,CH,OCH3 and —CH,-
cyclopropyl.

In another embodiment of the invention, R; of formula (I) is C;-C;; alkyl. In another
embodiment of the invention, R, of formula (I) is C;-Cy; alkoxyalkyl. In a further
embodiment, R, is aryl. In another embodiment, R; is -(C;-C4 alkylene)aryl. In a
further embodiment of the invention, R, is a 3- to 8-membered cycloalkyl. In

another embodiment of the invention, R, is a —(C;-Cs alkylene)cycloalkyl.

Optionally, if the R, group is aryl or —(C;-C4 alkylene)alkyl said aryl is phenyl,
naphthyl, thicnyl, benzothicnyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl, imidazolyl,
furanyl, benzofuranyl, benzothiazolyl, isothiazolyl, benzisothiazolyl, benzisoxazolyl,
benzimidazolyl, indolyl, oxadiazolyl or benzoxazolyl. More specifically, R is

oxadiazolyl.

Optionally, if the R, group is a 3- to 8-membered cycloalkyl or a —(C;-Cg
alkylene)cycloalkyl, one or two of the ring carbons of said cycloalkyl having at least
4 ring members and/or the cycloalkyl moiety of said -(C;-Cs alkylene)cycloalkyl
having at least 4 ring members may be replaced by an oxygen or sulfur atom or by

N-Rg wherein Rg is hydrogen or C;-C; alkyl.

Each of the aforementioned R, groups may be substituted with from one to three
substituents independently selected from chloro, fluoro and C;-C4 alkyl.
Alternatively, each of the aforementioned R, groups may be substituted with one
substituent selected from bromo, iodo, C;-Cs alkoxy, -O-CO-(C;-Cg alkyl), -O-CO-
N(C;-C4 alkyl)(C;-C; alkyl), -S(C-Cs alkyl), CN, NO,, -SO(C,-C; alkyl), and
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-SO,(C,-Cy alkyl). Optionally, said C;-C;, alkyl and/or the C;-C4 alkylene moicty of

said -(C;-C4 alkylene)aryl may contain one carbon-carbon double or triple bond.

In a specific embodiment of the invention, R, is aryl substituted with from one to
three substituents independently selected from chloro, fluoro and C;-C, alkyl.
Optionally, R is aryl substituted with one substituent selected from chloro, fluoro
and C;-C, alkyl. More specifically, R, is oxadiazolyl substituted with one
substitucnt independently sclected from chloro, fluoro, C;-C4 alkyl, CF3; and
cyclopropyl. Even more specifically, R, is oxadiazolyl substituted with methyl.

In another embodiment of the invention, X5 is -NHCHR R,, wherein R; is C1-Cg
alkyl which may optionally be substituted with one or two substituents R~
independently selected from the group consisting of hydroxy, fluoro, chloro, bromo,
iodo, CF3, Cs3-Cs cycloalkyl, C1-C4 alkoxy, -O-CO-(C,-C4 alkyl), -O-CO-NH(C;-C4
alkyl), -O-CO-N(C,-C4 alkyl)(C;-C; alkyl), -NH(C;-C4 alkyl), -N(C;-C; alkyl)(C;-C4
alkyl), -S(C;-C4 alkyl), -N(C,-Cs alky])CO(C,-C4 alkyl), -NHCO(C,-C; alkyl), -
COO(C4-Cy alkyl), -CONH(C,-C;4 alkyl), -CON(C,-C;4 alkyl)(C1-C; alkyl), CN, NO,,
-SO(C1-C4 alkyl) and -SO,(C;-C;4 alkyl), and wherein said C;-Cs alkyl and the (C;-
C,) alkyl moieties in the foregoing R7 groups may optionally contain one carbon-
carbon double or triple bond and R; is oxadiazolyl substituted with methyl.
Optionally, X, is -NHCR;R;, wherein R is ethyl and R; is oxadiazolyl substituted
with methyl.

In another embodiment of the invention X, is -NR;R; which forms a 5- to 8-
membered ring. In a further embodiment of the invention X; is -CR;R;Ro which
forms a saturated 5- to 8-membered ring. The ring formed by -NR;R, or —-CR;R,R¢
optionally contains one or two carbon-carbon double bonds. Alternatively or
additionally, one or two of the ring carbons may be replaced by an oxygen, nitrogen

or sulfur atom.

In a specific embodiment, -NR R, forms a 5-membered ring containing two double

bonds, wherein one of the rings carbons is replaced by an oxygen, nitrogen or sulfur
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atom. Optionally, -NR R, forms a 5-membered ring containing two double bonds,
wherein one of the rings carbons is replaced by a nitrogen atom. More specifically,
the 5-membered ring formed by -NRR; is a pyrazol-1-yl. Alternatively, -NR R,
forms a 5-membered ring containing two double bonds, wherein one of the rings

carbons is replaced by a sulfur atom.

The above described 5- to 8-membered ring formed by —NR;R; or —-CR;R;R¢ may be
substitutcd with at lcast onc substitucnt. In onc cmbodiment of the invention, the 5-
to 8-membered ring formed by —-NR R, or —CR1R>Ry is substituted with one
substituent selected from C;-C; alkyl or a 4-8 membered ring. In another
embodiment of the invention, the 5- to 8-membered ring formed by -NR; R, or —
CRR;Ry is substituted with two substituents independently selected from C;-C4
alkyl or a 4-8 membered ring. In another embodiment of the invention, the 5- to §-
membered ring formed by -NR;R; or -CR;R;Ry is substituted with three substituents
independently selected from C;-C, alkyl or a 4-8 membered ring. In another
cmbodiment of the invention, the 5- to 8-membcered ring formed by —NR R, or —
CRR3Ry is substituted with four substituents independently selected from C;-C4

alkyl or a 4-8 membered ring.

Said 4-8 mcmbered ring may be saturated or may contain onc to three doublc bonds.
Optionally, the 4-8 membered ring is saturated. Additionally, one carbon atom of
said 4-8 membered ring may be replaced by CO. Alternatively, one carbon atom of
said 4-8 membered ring may be replaced by SO,. Alternatively or additionally, one
to four carbon atom(s) of the 4-8 membered ring may be replaced by nitrogen.
Optionally, two carbon atoms are replaced by nitrogen. More specifically, two
carbon atoms of the 4-8 membered ring are replaced by nitrogen and one carbon
atom is replaced by CO. Alternatively, two carbon atoms of the 4-8 membered ring
are replaced by nitrogen and one carbon atom is replaced by SO,. In a specific
embodiment of the invention, the above described 5- to 8-membered ring formed by

—NRR; is substituted with
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In an alternative embodiment, the 4-8 membered ring contains one to three double
bonds. Optionally, the 4-8 membered ring contains two double bonds. Additionally,
one carbon atom of the 4-8 membered ring may be replaced by nitrogen and one
carbon atom may be replaced by sulfur. Optionally, the above described ring is a 5
membered ring. In a specific embodiment of the invention, the above described 5- to
8-membered ring formed by —NR;R; or —CR;R;Ry is substituted with thiazol.
Optionally, X; is a 5-membered ring formed by -NR;R, containing two double
bonds, wherein one of the rings carbons is replaced by a nitrogen atom and wherein

said 5-membered ring is substituted with thiazol.

In a specific embodiment of the invention, the 5-membered ring formed by —-NR; R,
containing two double bonds and wherein one carbon atom is replaced by a nitrogen
atom, is substituted with at least one C;-C,4 alkyl. In another embodiment, the 5-
membered ring formed by —NR;R3, containing two double bonds and wherein one
carbon atom is replaced by a nitrogen atom, is substituted with two C;-C4 alkyl
substituents. In another embodiment, the 5-membered ring formed by —NR;R3,
containing two double bonds and wherein one carbon atom is replaced by a nitrogen
atom, is substituted with three C;-C4 alkyl substituents. Optionally, X, is 3,5-
dialkylpyrazol-1-yl, such as 3,5-diethylpyrazol-1-yl.

A further embodiment of the invention encompasses CRHR 1 antagonists of formula
(I) as defined above, wherein X3 is NH, O, NCHs, or N, whereby, if X5 is N, X3 and
R4 form a 5-mcmbered ring substituted at Xs with Rs. Spccifically, X of formula (1)

as defined above is N and X3 and R4 form a 5-membered ring substituted at X3 with
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Rs. More specifically, X3 of formula (I) as defined above is N and X3 and R4 form a
5-membered ring substituted at X3 with Rs wherein X3 and R4 form a group —N-
CH,CH,-. Alternatively, X3 is O or NH, more specifically X3 is O.

The CRHR1 antagonist of the invention further encompasses a compound of formula
(I) as defined above, wherein Rj is methyl. In a further embodiment of the invention,
R4 of formula (1) as defined above is C,-C4 alkyl. Optionally R4 of formula (I) as
dcfined abovce is methyl. Alternatively, R4 of formula (1) as defined above is cthyl.
The present invention also encompasses CRHR1 antagonists wherein both R3 and R4

are methyl.

In another embodiment of the invention, the CRHR1 antagonist is a compound of
formula (I) as defined above, wherein Rs is phenyl substituted with from one to three
substituents independently selected from fluoro, chloro, C-Cs alkyl and C-Cs
alkoxy, or with one substituent selected from hydroxy, iodo, bromo, formyl, cyano,
nitro, trifluoromcthyl, amino, (C,-Cs alkyl)O(C,-Cs)alkyl, -NHCH3, -N(CH3),, -
COOH, -COO(C;-C4 alkyl), -CO(C1-C4 alkyl), -SO,NH(C;-C4 alkyl), -SO,;N(C;-C4
alkyl)(C;-C; alkyl), -SO;NH,, -NHSO»(C,-C; alkyl), -S(C;-Cs alkyl) and SO,(C1-Cs
alkyl). The C;-C4 alkyl and the C;-Cs alkyl moieties of the foregoing Rs groups may
be substituted with one or two fluoro groups or with one substituent selected from

hydroxy, amino, methylamino, dimethylamino and acetyl.

In an embodiment of the invention, the CRHR1 antagonist encompasses a compound
of formula (I) as defined above, wherein Rs is phenyl substituted with from one to
three substituent(s) independently selected from the group CHi, CH,CHs, OCH3, Cl,
F, and CFs. In a specific embodiment of the invention, the CRHR1 antagonist
encompasses a compound of formula (I) as defined above, wherein Rs is phenyl
substituted with one substituent independently selected from the group CH3,
CH,CH3z, OCH;, C1, F, and CFs. In another embodiment of the invention, the
CRHRI1 antagonist encompasses a compound of formula (I) as defined above,
wherein Rs is phenyl substituted with two substituents independently selected from

the group CHi, CH,CH3, OCH3, Cl, F, CF;. In another embodiment of the invention,
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the CRHR 1 antagonist encompasses a compound of formula (I) as defined above,

wherein Rs is phenyl substituted with three substituents independently selected from

the group CHs, CH,CH3, OCH3, Cl, F, and CFs.

In a specific embodiment of the CRHR1 antagonist of the invention, Rs is phenyl

substituted with two substituents, wherein the two substituents are CHz and OCHs.

In another spccific cmbodiment of the CRHR1 antagonist of the invention, Rs is

phenyl substituted with three substituents, wherein the three substituents are CHs.

In another specific embodiment of the CRHR1 antagonist of the invention, the three

substituents of said phenyl are independently selected from CHj3 and CI.

Specifically, Rs is 2-chloro-4-methoxy-5-methyl-phenyl, 2,4,6-trimethyl-phenyl,
2,4,6-trichloro-phenyl, 4-methoxy-2-methyl-phenyl, 2,4-dichloro-phenyl, 4-chloro-
2,6-dimcthyl-phenyl, 2,4-dimcthyl-phenyl, or 2,4-dimcthoxy-phenyl. More
specifically Rs is 2,4,6-trimethyl-phenyl or 4-chloro-2,6-dimethyl-phenyl. Even
more specifically, Rs is 4-chloro-2,6-dimethyl-phenyl.

In a specific embodiment of the invention, the CRHR 1 antagonist for use in the
treatment of depressive symptoms and/or anxiety symptoms in patients having CRH

overactivity is a compound of formula (1)

Xz

e
HSC N Xa R5 (II),

~CHs

wherein X, X3, R;, R, und Rs-R;; are as defined above for formula (I).
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A further embodiment of the invention relates to a CRHR1 antagonist of formula (IT)
as defined above, wherein X is selected from the group consisting of -NHCHR R, -
OCHR]Rz or -NR] Rz.

In a specific embodiment, X; is -NHCHR;R;. In another specific embodiment, X, is

—OCHR;R;. In a further specific embodiment, X, is -NR;Ro.

If X; is -NHCHR R, it is optionally sclccted from the group consisting of -
NHCH(CH;OCHj3),, -NHCH(CH,OCH3)(CH,CH3), -NHCH(CH>CHs),, -
NHCH(CH,CH,OCHz3),, -NHCH(CH3)(CH,CH3) or -NHCHR R,, wherein R; is
ethyl and R, is oxadiazolyl substituted with methyl, isopropyl, cyclopropyl,
trifluoromethyl, or ethyl. More specifically, X, is -NHCH(CH,CH3),. Alternatively,
X; is -NHCHR R, wherein R; is ethyl and R, is oxadiazolyl substituted with methyl.
Alternatively, X, is -NHCH(CH,CH,OCH3),. Alternatively, X, is —
NHCH(CH,OCH3),. Alternatively, X, is -NHCH(CH:)}{CH,CH3). More
spccifically, X; is

H3c\/kNH

Alternatively, if X, is -NR Ry, it is optionally selected from the group consisting of -
N(CH,CH3)(CHs), -N(CH,CH,CH3),, -N(CH,CH,CH3)(CH,-cyclopropyl), -
N(CH,CH3)(CH,CH,CH,CH3), -N(CH,CH,OCH3),, or -
N(CH,CH,OCH3)(CH,CH;CH3). Alternatively, X, is -N(CH,CH,OCH3),.

If X5 is -OCHR\R, it is optionally selected from —-OCH(CH,CH3s),, —
OCH(CH;CH3)CH3, —-OCH(CH>CH3)(CH,CH;CH3), —-OCH(CH,;CH3)(CH,OCHz3).
More specifically, X, is —-OCH(CH,CHz),.

Further CRHR 1 antagonists for use according to the invention encompass

compounds of formula (II) as defined above wherein Ry is C;-Cs alkyl.
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In another embodiment of the invention, Ry of formula (IT) is a C; alkyl. In a further
embodiment of the invention, R; of formula (II) is a C; alkyl. In a further
embodiment of the invention, R; of formula (II) is a C; alkyl. In a further
embodiment of the invention, Ry of formula (I) is a C4 alkyl. In a further
embodiment of the invention, R; of formula (II) is a Cs alkyl. In a further

embodiment of the invention, R of formula (I) is a Cs alkyl.

Any of thc aforcmentioned R groups may optionally be substituted with onc or two
substituents R7 independently selected from the group consisting of hydroxy, fluoro,
chloro, bromo, iodo, CF3;, C3-Cs cycloalkyl, C1-C4 alkoxy, -O-CO-(C;-Cj4 alkyl), -O-
CO-NH(C;-C4 alkyl), -O-CO-N(C;-Cy alkyl)(C;-C; alkyl), -NH(C;-C4 alkyl), -N(C;-
C; alkyl)(C;-C4 alkyl), -S(C;-C4 alkyl), -N(C;-C4 alkyl)CO(C,-C4 alkyl), -NHCO(C; -
C, alkyl), -COO(C,-Cy alkyl), -CONH(C,-Cy4 alkyl), -CON(C;-Cy4 alkyl)(C-C,
alkyl), CN, NO,, -SO(C,-C4 alkyl) and -SO,(C,-C4 alkyl). Said C;-Cs alkyl and/or
the (C;-C,4) alkyl moieties in the foregoing R, groups may optionally contain one

carbon-carbon doublc or triplc bond.

Specifically, R; is C;-Cg alkyl substituted with substituent R4 selected from the group
consisting of F, CF3, C;-C4 alkoxy and Cs-Cs cycloalkyl. More specifically, R; is
selected from the group consisting of —-CH,OCH3;, -CH,CH,OCH3 and —CH,-
cyclopropyl.

In another embodiment of the invention, R, of formula (I1) is C;-Cy; alkyl. In
another embodiment of the invention, R, of formula (IT) is C;-C;; alkoxyalkyl. Ina
further embodiment, R; is aryl. In another embodiment, R is -(C;-C4 alkylene)aryl.
In a further embodiment of the invention, R, is a 3- to 8-membered cycloalkyl. In

another embodiment of the invention, R, is a —(C;-C¢ alkylene)cycloalkyl.

Optionally, if the R, group is aryl or —(C;-C4 alkylene)alkyl said aryl is phenyl,
naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl, imidazolyl,

furanyl, benzofuranyl, benzothiazolyl, isothiazolyl, benzisothiazolyl, benzisoxazolyl,
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benzimidazolyl, indolyl, oxadiazolyl or benzoxazolyl. More specifically, R; is

oxadiazolyl.

Optionally, if the R, group is a 3- to 8-membered cycloalkyl or a —(C;-Cg
alkylene)cycloalkyl, one or two of the ring carbons of said cycloalkyl having at least
4 ring members and the cycloalkyl moiety of said -(C;-Cs alkylene)cycloalkyl having
at least 4 ring members may be replaced by an oxygen or sulfur atom or by N-Rg

wherein Rg is hydrogen or C;-Cj alkyl.

Each of the aforementioned R; groups may be substituted with from one to three
substituents independently selected from chloro, fluoro and C;-C4 alkyl.
Alternatively, each of the aforementioned R, groups may be substituted with one
substituent selected from bromo, iodo, C;-Cs alkoxy, -O-CO-(C;-C¢ alkyl), -O-CO-
N(C;-C4 alkyl)(C;-C; alkyl), -S(C-Cs alkyl), CN, NO,, -SO(C,-C; alkyl), and
-S0,(C;-C4 alkyl). Optionally, said C;-C;, alkyl and/or the C,-C4 alkylene moicty of

said -(C,;-C, alkylcenc)aryl may contain onc carbon-carbon doublc or triplc bond.

In a specific embodiment of the invention, R, is aryl substituted with from one to
three substituents independently selected from chloro, fluoro and C,-C4 alkyl.
Optionally, R; is aryl substituted with one substituent selected from chloro, fluoro
and C;-C, alkyl. More specifically, R, is oxadiazolyl substituted with one
substituent independently selected from chloro, fluoro, C;-C4 alkyl, CF; and

cyclopropyl. Even more specifically, R, is oxadiazolyl substituted with methyl.

In another embodiment of the invention, X5 1s -NHCHR R,, wherein R; 1s C1-Cs
alkyl which may optionally be substituted with one or two substituents R
independently selected from the group consisting of hydroxy, fluoro, chloro, bromo,
iodo, CF3;, C3-Cs cycloalkyl, C;-C4 alkoxy, -O-CO-(C;-Cy4 alkyl), -O-CO-NH(C;-C4
alkyl), -O-CO-N(C,-C4 alkyl)(C;-C; alkyl), -NH(C;-C4 alkyl), -N(C;-C; alkyl)(C;-C4
alkyl), -S(C;-C4 alkyl), -N(C;-C4 alkyl)CO(C,-C;4 alkyl), -NHCO(C;-C4 alkyl), -
COO(Cy-C4 alkyl), -CONH(C,-C; alkyl), -CON(C,-C4 alkyl)(C,-C; alkyl), CN, NO,,
-SO(C;-C4 alkyl) and -SO,(C,-C, alkyl), and wherein said C;-Cs alkyl and the (C;-
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C,) alkyl moieties in the foregoing R; groups may optionally contain one carbon-
carbon double or triple bond and R; is oxadiazolyl substituted with methyl.
Optionally, X, is -NHCR;R;, wherein R is ethyl and R, is oxadiazolyl substituted
with methyl.

In another embodiment of the invention, X5 is -NR R, which forms a 5- to 8-
membered ring. In a further embodiment of the invention, X; is -CR;R;R¢ which
forms a saturatcd 5- to 8-mcmbered ring. The ring formed by -NR,;R; or —CR;R;Rg
optionally contains one or two carbon-carbon double bonds. Alternatively or
additionally, one or two of the ring carbons may be replaced by an oxygen, nitrogen

or sulfur atom.

In a specific embodiment, -NR;R; forms a 5-membered ring containing two double
bonds, wherein one of the rings carbons is replaced by an oxygen, nitrogen or sulfur
atom. Optionally, -NR;R, forms a 5-membered ring containing two double bonds,
wherein onc of the rings carbons is replaced by a nitrogen atom. Morc spccifically,
the 5-membered ring formed by —NRR; 1s a pyrazol-1-yl. Alternatively, -NR R
forms a 5-membered ring containing two double bonds, wherein one of the rings

carbons is replaced by a sulfur atom.

The above described 5- to 8-membered ring formed by -NR;R; or —-CR;R;R¢ may be
substituted with at least one substituent selected from C;-C4 alkyl or with a 4-8
membered ring. In one embodiment of the invention, the 5- to 8-membered ring
formed by —-NRR; or —CR;R;Ro is substituted with one substituent selected from C;-
C4 alkyl or a 4-8 membered ring. In another embodiment of the invention, the 5- to
8-membered ring formed by —NR;R; or —CR;R,Ry is substituted with two
substituents independently selected from C;-C4 alkyl or a 4-8 membered ring. In
another embodiment of the invention, the 5- to 8-membered ring formed by -NR;R;
or —CRR;Ry is substituted with three substituents independently selected from C;-C4
alkyl or a 4-8 membered ring. In another embodiment of the invention, the 5- to 8-
membered ring formed by —NR;R; or —CR 1R;Ry is substituted with four substituents

independently selected from C;-C, alkyl or a 4-8 membered ring.
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Said 4-8 membered ring may be saturated or may contain one to three double bonds.
Optionally, the 4-8 membered ring is saturated. Additionally, one carbon atom of
said 4-8 membered ring may be replaced by CO. Alternatively, one carbon atom of
said 4-8 membered ring may be replaced by SO,. Alternatively or additionally, one
to four carbon atom(s) of the 4-8 membered ring may be replaced by nitrogen.
Optionally, two carbon atoms are replaced by nitrogen. More specifically, two
carbon atoms of the 4-8 membered ring are replaced by nitrogen and one carbon
atom is replaced by CO. Alternatively, two carbon atoms of the 4-8 membered ring
are replaced by nitrogen and one carbon atom is replaced by SO,. In a specific
embodiment of the invention, the above described 5- to 8-membered ring formed by

—NR R is substitutcd with

HNTY

Optionally, X, is

In an alternative embodiment, the 4-8 membered ring contains one to three double
bonds. Optionally, the 4-8 membered ring contains two double bonds. Additionally,
one carbon atom of the 4-8 membered ring may be replaced by nitrogen and one
carbon atom may be replaced by sulfur. Optionally, the above described ring is a 5-
membered ring. In a specific embodiment of the invention, the above described 5- to
8-membered ring formed by —NR,;R; or —CR;R;Ry is substituted with thiazol.
Optionally, X; is a 5-membered ring formed by -NR;R, containing two double
bonds, wherein one of the rings carbons is replaced by a nitrogen atom and wherein

said 5-membered ring is substituted with thiazol.
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In a specitic embodiment of the invention, the 5-membered ring formed by —NR;R>,
containing two double bonds and wherein one carbon atom is replaced by a nitrogen
atom, is substituted with at least one C;-Cy4 alkyl. In another embodiment, the 5-
membered ring formed by —NR;R;, containing two double bonds and wherein one
carbon atom is replaced by a nitrogen atom, is substituted with two C;-C4 alkyl
substituents. In another embodiment, the 5-membered ring formed by —NR; R,
containing two double bonds and wherein one carbon atom is replaced by a nitrogen
atom is substitutcd with thrce C;-C4 alkyl substitucnts. Optionally, X, is 3,5-
dialkylpyrazol-1-yl, such as 3,5-diethylpyrazol-1-yl.

A further embodiment of the invention encompasses CRHR1 antagonists of formula
(IT) as defined above, wherein X3 is NH, O, NCH3, or N, whereby if X3 is N, X3 and
R4 form a 5-membered ring substituted at X3 with Rs. Specifically, X5 of formula
(IT) as defined above is N and X3 and R4 form a 5-membered ring substituted at X3
with Rs. More specifically, X5 of formula (IT) as defined above is N and X3 and R4
form a 5-mcmbcered ring substituted at X3 with Rs, wherein X3 and R4 form a group —

N-CH>CH;-. Alternatively, X3 is O or NH, more specifically X3 is O.

In another embodiment of the invention, the CRHR1 antagonist is a compound of
formula (II) as defined above, wherein Rs is phenyl substituted with from one to
three substituents independently selected from fluoro, chloro, C1-Cg alkyl and C;-Cg
alkoxy, or with one substituent selected from hydroxy, iodo, bromo, formyl, cyano,
nitro, trifluoromethyl, amino, (C;-Cs alkyl)O(C,-Cs)alkyl, -NHCH3, -N(CH3), -
COOH, -COO(C,-C4 alkyl), -CO(C,-C4 alkyl), -SO,NH(C,-C4 alkyl), -SO;N(C,-C4
alkyl)(C;-C; alkyl), -SO;NH,, -NHSO2(C;-C4 alkyl), -S(C1-Cs alkyl) and SO»(C1-Cs
alkyl). The C;-C4 alkyl and the C;-Cg alkyl moieties of the foregoing Rs groups may
be substituted with one or two fluoro groups or with one substituent selected from

hydroxy, amino, methylamino, dimethylamino and acetyl.

In an embodiment of the invention, the CRHR 1 antagonist encompasses a compound
of formula (II) as defined above, wherein Rs is phenyl substituted with from one to

three substituent(s) independently selected from the group CH3s, CH,CHs, OCH3, Cl,
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F, CFs. In a specific embodiment of the invention, the CRHR 1 antagonist
encompasses a compound of formula (II) as defined above, wherein R is phenyl
substituted with one substituent independently selected from the group CHj,
CH,CH3s, OCH;, Cl, F, CF5. In another embodiment of the invention, the CRHR1
antagonist encompasses a compound of formula (IT) as defined above, wherein R is
phenyl substituted with two substituents independently selected from the group CHs,
CH,CHs, OCHs;, Cl, F, CFs. In another embodiment of the invention, the CRHR 1
antagonist cncompasscs a compound of formula (1) as dcfined above, whercin Rs 1s
phenyl substituted with three substituents independently selected from the group
CH;, CH,CH3, OCHs, CL F, CFs.

In a specific embodiment of the CRHR1 antagonist of the invention, Rs is phenyl

substituted with two substituents, wherein the two substituents are CHz and OCHjs.

In another specific embodiment of the CRHR1 antagonist of the invention, Rs is

phenyl substituted with three substitucents, whercein the three substitucnts arc CHa.

In another specific embodiment of the CRHR 1 antagonist of the invention, the three

substituents of said phenyl are independently selected from CH3 and Cl.

Specifically, Rs is 2-chloro-4-methoxy-5-methyl-phenyl, 2,4,6-trimethyl-phenyl,
2,4,6-trichloro-phenyl, 4-methoxy-2-methyl-phenyl, 2,4-dichloro-phenyl, 4-chloro-
2,6-dimethyl-phenyl, 2,4-dimethyl-phenyl, or 2,4-dimethoxy-phenyl. More
specifically Rs is 2,4,6-trimethyl-phenyl or 4-chloro-2,6-dimethyl-phenyl. Even
more specifically, Rs is 4-chloro-2,6-dimethyl-phenyl.

In another specific embodiment of the invention the CRHR1 antagonist for use in the
treatment of depressive symptoms and/or anxiety symptoms in patients having CRH

overactivity is a compound of formula (IIT)
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X2

x CHgq

~
HaC N ORj (1ID),
wherein X;, R;, R, und Rs-Ry are as defined for formulas (I) and (IT) above.

A further embodiment of the invention relates to a CRHR1 antagonist of formula
(IIT) as defined above, wherein X, is selected from the group consisting of —

NHCHRle, -OCHR1R2 or —NRle.

In a specific embodiment, X, is -NHCHR;R;. In another specific embodiment, X, is

—OCHR;R;. In a further specific embodiment, X; is -NR;R5.

If X5 is -NHCHR, R, it is optionally sclected from the group consisting of -
NHCH(CH,OCH3),, -NHCH(CH,OCH:)(CH,CH3), -NHCH(CH,CH3),, -
NHCH(CH,CH,OCH3),, -NHCH(CH3)(CH>CH3) or -NHCHR R,, wherein R; is
ethyl and R, is oxadiazolyl substituted with methyl, isopropyl, cyclopropyl,
trifluoromethyl, or ethyl. More specifically, X; is -NHCH(CH,CHz3),. Alternatively,
X, is -NHCHR R, wherein R; is ethyl and R, is oxadiazolyl substituted with methyl.
Alternatively, X, is -NHCH(CH,CH,0OCHj3),. Alternatively, X; is —
NHCH(CH;OCHa3),. Alternatively, X, is -NHCH(CH;)(CH;CH3z). More
spccifically, X is

CHj

HaC
NH

Alternatively, if X, is -NR R, it is optionally selected from the group consisting of -
N(CH,CH3)(CHs), -N(CH,CH,CH3),, -N(CH,CH,CH3)}(CH,-cyclopropyl), -
N(CH;CH3)(CH,CH,CH>CH3), -N(CH,CH,OCH3),, or -
N(CH,CH;OCH3)(CH;CH,;CH3). Morc spccifically, X, is -N(CH,OCHz3)s.
Alternatively, X, is -N(CH,CH,OCH3)s.
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If X3 is -OCHR R, it is optionally selected from —OCH(CH,CH3),, —
OCH(CHQCHg)CHg, —OCH(CH2CH3)(CH2CH2CH3), or —
OCH(CH,CHj3)(CH,OCHj3). More specifically, X, is -OCH(CH,CHs)..

Further CRHR 1 antagonists for use according to the invention may encompass

compounds of formula (IIT) as defined above wherein R; is C;-Cg alkyl.

In anothcr cmbodiment of the invention, R, of formula (I11) is a C; alkyl. In a further
embodiment of the invention, Ry of formula (III) is a C, alkyl. In a further
embodiment of the invention, R; of formula (IIT) is a Cs alkyl. In a further
embodiment of the invention, R; of formula (IIT) is a C4 alkyl. In a further
embodiment of the invention, R; of formula (II) is a Cs alkyl. In a further

embodiment of the invention, R; of formula (III) is a Cs alkyl.

Any of the aforementioned R; groups may optionally be substituted with one or two
substitucnts R7 independently sclected from the group consisting of hydroxy, fluoro,
chloro, bromo, iodo, CF3, C3-Cs cycloalkyl, C-C4 alkoxy, -O-CO-(C;-C4 alkyl), -O-
CO-NH(C;-C; alkyl), -O-CO-N(C;-C4 alkyl)(C1-C;, alkyl), -NH(C,-C4 alkyl), -N(C;-
C; alkyl)(C;-C4 alkyl), -S(Ci-C4 alkyl), -N(C;-C4 alkyl)CO(C;-C4 alkyl), -NHCO(C; -
C, alkyl), -COO(C,-Cy alkyl), -CONH(C;-Cy4 alkyl), -CON(C;-C4 alkyl)(C-C,
alkyl), CN, NO,, -SO(C;-C4 alkyl) and -SO,(C,-C4 alkyl). Said C;-Cs alkyl and the
(C1-Cy) alkyl moieties in the foregoing R7 groups may optionally contain one carbon-

carbon double or triple bond.

Specifically, R; is C;-Cg alkyl substituted with substituent R; selected from the group
consisting of F, CF3, C;-C; alkoxy and Cs-Cs cycloalkyl. More specifically, R; is
selected from the group consisting of -CH,OCH3, -CH,CH,OCH3 and —CH,-

cyclopropyl.

In another embodiment of the invention, R, of formula (I11) is C1-C;; alkyl. In
another embodiment of the invention, R, of formula (I11) is C,-C;, alkoxyalkyl. Ina

further embodiment, R; is aryl. In another embodiment, R; is -(C,-C, alkylene)aryl.
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In a further embodiment of the invention, R, is a 3- to 8-membered cycloalkyl. In

another embodiment of the invention, R; is a —(C;-Cg¢ alkylene)cycloalkyl.

Optionally, if the R, group is aryl or —(C;-C4 alkylene)alkyl, said aryl is phenyl,
naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl, imidazolyl,
furanyl, benzofuranyl, benzothiazolyl, isothiazolyl, benzisothiazolyl, benzisoxazolyl,
benzimidazolyl, indolyl, oxadiazolyl or benzoxazolyl. More specifically, R is

oxadiazolyl.

Optionally, if the R; group is a 3- to 8-membered cycloalkyl or a —(C;-Cs
alkylene)cycloalkyl, one or two of the ring carbons of said cycloalkyl having at least
4 ring members and the cycloalkyl moiety of said -(C;-Cs alkylene)cycloalkyl having
at least 4 ring members may be replaced by an oxygen or sulfur atom or by N-Rg

wherein Rs is hydrogen or C;-C4 alkyl.

Each of thc aforcmentioned R, groups may be substituted with from onc to three
substituents independently selected from chloro, fluoro and C;-C4 alkyl.
Alternatively, cach of the aforementioned R, groups may be substituted with one
substituent selected from bromo, iodo, C;-Cs alkoxy, -O-CO-(C;-Cs alkyl), -O-CO-
N(C;-Cy alkyl)(C;-C; alkyl), -S(C-Cg alkyl), CN, NO,, -SO(C,-C; alkyl), and
-S0,(C;-C4 alkyl). Optionally, said C;-C;;, alkyl and/or the C,-C, alkylene moicty of

said -(C;-C4 alkylene)aryl may contain one carbon-carbon double or triple bond.

In a specific embodiment of the invention, R; is aryl substituted with from one to
three substituents independently selected from chloro, fluoro and C;-C, alkyl.
Optionally, R; is aryl substituted with one substituent selected from chloro, fluoro
and C;-C;4 alkyl. More specifically, R, is oxadiazolyl substituted with one
substituent independently selected from chloro, fluoro, C;-C4 alkyl, CF3 and

cyclopropyl. Even more specifically, R, is oxadiazolyl substituted with methyl.

In another embodiment of the invention, X, is -NHCHR;R,, wherein R; is C1-Cs

alkyl which may optionally be substituted with one or two substituents R
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independently selected from the group consisting of hydroxy, fluoro, chloro, bromo,
iodo, CF3, C3-Cg cycloalkyl, C1-C4 alkoxy, -O-CO-(C,-C4 alkyl), -O-CO-NH(C;-C4
alkyl), -O-CO-N(C;-C4 alkyl)(C1-C; alkyl), -NH(C,;-C4 alkyl), -N(C;-C; alkyl)(C;-C4
alkyl), -S(C;-Cy4 alkyl), -N(C;-C4 alkyl)CO(C,-C4 alkyl), -NHCO(C;-C4 alkyl), -
COO(C;-C4 alkyl), -CONH(C,;-C; alkyl), -CON(C,;-C4 alkyl)(C;-C; alkyl), CN, NO;,
-SO(C;-C4 alkyl) and -SO,(C-C4 alkyl), and wherein said C;-Cq alkyl and the (C;-
C,) alkyl moieties in the foregoing R; groups may optionally contain one carbon-
carbon doublc or triplc bond and R; is oxadiazolyl substitutcd with mcthyl.
Optionally, X, is -NHCR R, wherein R is ethyl and R, is oxadiazolyl substituted
with methyl.

In another embodiment of the invention, X; is -NR;R, which forms a 5- to 8-
membered ring. In a further embodiment of the invention, X; is -CR;R;R¢ which
forms a saturated 5- to 8-membered ring. The ring formed by -NR;R; or -CR;R;R¢
optionally contains one or two carbon-carbon double bonds. Alternatively or
additionally, onc or two of the ring carbons may bce rcplaced by an oxygen, nitrogen

or sulfur atom.

In a specific embodiment, -NR; R, forms a 5-membered ring containing two double
bonds, wherein one of the rings carbons is replaced by an oxygen, nitrogen or sulfur
atom. Optionally, -NR R, forms a 5-membered ring containing two double bonds,
wherein one of the rings carbons is replaced by a nitrogen atom. More specifically,
the 5-membered ring formed by -NRR; is a pyrazol-1-yl. Alternatively, -NRR»
forms a 5-membered ring containing two double bonds, wherein one of the rings

carbons is replaced by a sulfur atom.
The above described 5- to 8-membered ring formed by —NR;R, or —-CR;R,R¢ may be
substituted with at least one substituent selected from C;-Cy alkyl or with a 4-8

membered ring.

In one embodiment of the invention, the 5- to 8-membered ring formed by -NR;R,

or —-CR|R;Ry is substituted with one substituent selected from C,-C, alkyl or a 4-8
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membered ring. In another embodiment of the invention, the 5- to 8-membered ring
formed by —-NR;R; or —CRR;Ry is substituted with two substituents independently
selected from C;-C4 alkyl or a 4-8 membered ring. In another embodiment of the
invention, the 5- to 8-membered ring formed by —NR; R, or —CR;R;Ry is substituted
with three substituents independently selected from C;-C;4 alkyl or a 4-8 membered
ring. In another embodiment of the invention, the 5- to 8-membered ring formed by
— NR,R; or -CR;R;Rg is substituted with four substituents independently selected
from C;-C, alkyl or a 4-8 mcmbered ring.

Said 4-8 membered ring may be saturated or may contain one to three double bonds.
Optionally, the 4-8 membered ring is saturated. Additionally, one carbon atom of
said 4-8 membcered ring may be replaced by CO. Alternatively, onc carbon atom of
said 4-8 membered ring may be replaced by SO,. Alternatively or additionally, one
to four carbon atom(s) of the 4-8 membered ring may be replaced by nitrogen.
Optionally, two carbon atoms are replaced by nitrogen. More specifically, two
carbon atoms of the 4-8 membered ring are replaced by nitrogen and one carbon
atom is replaced by CO. Alternatively, two carbon atoms of the 4-8 membered ring
are replaced by nitrogen and one carbon atom is replaced by SO,. In a specific
embodiment of the invention, the above described 5- to 8-membered ring formed by
—NR|R; 1s substitutcd with
pe

N

)

Optionally, X; is

In an alternative embodiment, the 4-8 membered ring contains one to three double

bonds. Optionally, the 4-8 membered ring contains two double bonds. Additionally,

one carbon atom of the 4-8 membered ring may be replaced by nitrogen and one
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carbon atom may be replaced by sulfur. Optionally, the above described ring is a 5-
membered ring. In a specific embodiment of the invention, the above described 5-
to 8-membered ring formed by —-NR; R, or —CR;R;Ry is substituted with thiazol.
Optionally, X, is a 5-membered ring formed by -NR;R;, containing two double
bonds, wherein one of the ring carbons is replaced by a nitrogen atom and wherein

said 5-membered ring is substituted with thiazol.

In a spccific cmbodiment of the invention, the 5-membered ring formed by —NR R,
containing two double bonds and wherein one carbon atom is replaced by a nitrogen
atom, is substituted with at least one C;-C4 alkyl. In another embodiment, the 5-
membered ring formed by —NR;R,, containing two double bonds and wherein one
carbon atom is replaced by a nitrogen atom, is substituted with two C;-C4 alkyl
substituents. In another embodiment, the 5-membered ring formed by -NRR,,
containing two double bonds and wherein one carbon atom is replaced by a nitrogen
atom, is substituted with three C;-C, alkyl substituents. Optionally, X, is 3,5-
dialkylpyrazol-1-yl, such as 3,5-dicthylpyrazol-1-yl.

In another embodiment of the invention, the CRHR1 antagonist is a compound of
formula (III) as defined above, wherein Rs is phenyl substituted with from one to
three substituents independently selected from fluoro, chloro, C1-Cs alkyl and C;-Cs
alkoxy, or with one substituent selected from hydroxy, iodo, bromo, formyl, cyano,
nitro, trifluoromethyl, amino, (C;-Cg alkyl)O(C;-Cy)alkyl, -NHCH3, -N(CH3),, -
COOH, -COO(C;-C4 alkyl), -CO(C;-C4 alkyl), -SO,NH(C;-C4 alkyl), -SO,N(C;-C4
alkyl)(C;-C; alkyl), -SO;NH;, -NHSO2(C,-C4 alkyl), -S(C;-Cs alkyl) and SO,(C,-Cs
alkyl). The C;-C4 alkyl and the C;-Cs alkyl moicties of the foregoing Rs groups may
be substituted with one or two fluoro groups or with one substituent selected from

hydroxy, amino, methylamino, dimethylamino and acetyl.

In an embodiment of the invention, the CRHR 1 antagonist encompasses a compound
of formula (III) as defined above, wherein Rs is phenyl substituted with from one to
three substituent(s) independently selected from the group CH;, CH,CH3, OCH3, Cl,

F, and CFs. In a specific embodiment of the invention, the CRHR1 antagonist
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encompasses a compound of formula (I1T) as defined above, wherein Rs is phenyl
substituted with one substituent independently selected from the group CHs,
CH,CH3, OCH;, C1, F, and CF5. In another embodiment of the invention, the
CRHRI1 antagonist encompasses a compound of formula (I1I) as defined above,
wherein Rs is phenyl substituted with two substituents independently selected from
the group CH3, CH,CH3, OCH3;, Cl, F, and CF;. In another embodiment of the
invention, the CRHR1 antagonist encompasses a compound of formula (I11) as
dcfined above, wherein Rs is phenyl substituted with three substituents independently

selected from the group CHi, CH,CH3, OCH3, Cl, F, and CFs.

In a specific embodiment of the CRHR1 antagonist of the invention, Rs is phenyl

substituted with two substituents, wherein the two substituents are CHz and OCHjs.

In another specific embodiment of the CRHR1 antagonist of the invention, Rs is

phenyl substituted with three substituents, wherein the three substituents are CHs.

In another specific embodiment of the CRHR1 antagonist of the invention, the three

substituents of said phenyl are independently selected from CH3 and CI.

Specifically, Rs is 2-chloro-4-methoxy-5-methyl-phenyl, 2,4,6-trimethyl-phenyl,
2,4,6-trichloro-phenyl, 4-methoxy-2-methyl-phenyl, 2,4-dichloro-phenyl, 4-chloro-
2,6-dimethyl-phenyl, 2,4-dimethyl-phenyl or, 2,4-dimethoxy-phenyl. More
specifically, Rs is 2,4,6-trimethyl-phenyl or 4-chloro-2,6-dimethyl-phenyl. Even
more specifically, Rs is 4-chloro-2,6-dimethyl-phenyl.

Another specific embodiment of the invention relates to a CRHR1 antagonist for use
in the treatment of depressive symptoms and/or anxiety symptoms in patients having

CRH overactivity, wherein the CRHR1 antagonist is a compound of formula (IV)
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CH3 (IV),

whercin X3, Ry, Rz, R7, Rs, Rg and Ry arc as defincd above for formulas (1) to (I1).

A further embodiment of the invention relates to a CRHR1 antagonist of formula
(IV) as defined above, wherein X, is selected from the group consisting of —

NHCHR]RQ, -OCHR1R2 or -NRle.

In a specific embodiment, X; is -NHCHR;R,. In another specific embodiment, X, is

—OCHR;R;. In a further specific embodiment, X, is -NR;R..

If X, is -NHCHR R, it is optionally selected from the group consisting of -
NHCH(CH,OCH3;),, -NHCH(CH,OCH;)(CH,CH3), -NHCH(CH,CHs),,
NHCH(CH,CH,;OCH3),, -NHCH(CH)3;(CH,CH3) or -NHCHR R, wherein R, is
cthyl and R, 1s oxadiazolyl substituted with mcthyl, isopropyl, cyclopropyl,
trifluoromethyl, or ethyl. More specifically, X, is -NHCH(CH,CH3),. Alternatively,
X, is -NHCHR R, wherein R; is ethyl and R, is oxadiazolyl substituted with methyl.
Alternatively, X5 is -NHCH(CH,CH,OCHz3),. Alternatively, X5 is
-NHCH(CH,OCH3),. Alternatively, X, is -NHCH(CH3)(CH,CH3). More
specifically, X; is

CHj

HiC
NH

Alternatively, if X, is -NR; Ry, it is optionally selected from the group consisting of -
N(CHQCHg)(CHg), -N(CHZCHQCH})Z, -N(CHZCHQCHg)(CHz-cyclopropyl), -
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N(CH,CH:)(CH,CH,CH,CH3), -N(CH,CH,OCH3),, or -
N(CHQCHzoCHg)(CHz(:HzCHg) Alternatively, X2 iS —N(CHzCHzOCH3)2

If X, is -OCHR R, it is optionally selected from —OCH(CH,CH3),, —
OCH(CHQCH3)CH3, —OCH(CH2CH3)(CH2CH2CH3) or —OCH(CH2CH3)(CH20CH3)
More specifically, X; is -OCH(CH,CHz;),.

Furthcr CRHR 1 antagonists for usc according to thc invention ecncompass

compounds of formula (IV) as defined above wherein R; is C;-Cg alkyl.

In another embodiment of the invention, R; of formula (IV) is a C; alkyl. In a further
embodiment of the invention, R; of formula (IV) is a C; alkyl. In a further
embodiment of the invention, R; of formula (IV) is a Cs alkyl. In a further
embodiment of the invention, R of formula (IV) is a C,4 alkyl. In a further
embodiment of the invention, R; of formula (IV) is a Cs alkyl. In a further

cmbodiment of the invention, R of formula (IV) is a Cs alkyl.

Any of the aforementioned R; groups may optionally be substituted with one or two
substituents R independently selected from the group consisting of hydroxy, fluoro,
chloro, bromo, iodo, CF3, C3-Cs cycloalkyl, C;-C4 alkoxy, -O-CO-(C;-C, alkyl), -O-
CO-NH(C;-Cy4 alkyl), -O-CO-N(C;-Cy alkyl)(C;-C; alkyl), -NH(C;-C4 alkyl), -N(C;-
C; alkyl)(C;-C4 alkyl), -S(C;-C4 alkyl), -N(C;-C;4 alkyl) CO(C;-C4 alkyl), -NHCO(C; -
C, alkyl), -COO(C,-Cy alkyl), -CONH(C,-Cj4 alkyl), -CON(C;-C4 alky])(C-C,
alkyl), CN, NO;, -SO(C,-C4 alkyl) and -SO2(C,-C4 alkyl). Said C,;-Cs alkyl and the
(C1-Cy) alkyl moieties in the foregoing R7 groups may optionally contain one carbon-

carbon double or triple bond.

Specifically, R; is C;-Cg alkyl substituted with substituent R4 selected from the group
consisting of F, CF3, C;-C4 alkoxy and Cs-Cg cycloalkyl. More specifically, R; is
selected from the group consisting of —-CH,OCH3;, -CH,CH,OCH3 and —CH,-
cyclopropyl.
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In another embodiment of the invention, R; of formula (IV) is C;-Cy, alkyl. In
another embodiment of the invention, R; of formula (IV) is C;-C;, alkoxyalkyl. In a
further embodiment, R, is aryl. In another embodiment, R, is -(C;-C4 alkylene)aryl.
In a further embodiment of the invention, R; is a 3- to 8-membered cycloalkyl. In

another embodiment of the invention, R, is a —(C;-Cs alkylene)cycloalkyl.

Optionally, if the R, group is aryl or —(C;-C4 alkylene)alkyl said aryl is phenyl,
naphthyl, thicnyl, benzothicnyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl, imidazolyl,
furanyl, benzofuranyl, benzothiazolyl, isothiazolyl, benzisothiazolyl, benzisoxazolyl,
benzimidazolyl, indolyl, oxadiazolyl or benzoxazolyl. More specifically, R; is

oxadiazolyl.

Optionally, if the R, group is a 3- to 8-membered cycloalkyl or a —(C;-Csg
alkylene)cycloalkyl, one or two of the ring carbons of said cycloalkyl having at least
4 ring members and/or the cycloalkyl moiety of said -(C;1-Cs alkylene)cycloalkyl
having at lcast 4 ring mcmbers may be replaced by an oxygen or sulfur atom or by

N-Rg wherein Rg 1s hydrogen or C;-Cj4 alkyl.

Each of the aforementioned R, groups may be substituted with from one to three
substituents independently selected from chloro, fluoro and C;-Cy4 alkyl.
Alternatively, each of the aforementioned R, groups may be substituted with one
substituent selected from bromo, iodo, C;-Cs alkoxy, -O-CO-(C;-Cg alkyl), -O-CO-
N(Ci-C4 alkyl)(Ci-C; alkyl), -S(C-Cs alkyl), CN, NO,, -SO(C,-C; alkyl), and
-SO,(C,-C4 alkyl). Optionally, said C;-C,; alkyl and/or the C,-C4 alkylene moicty of

said -(C;-C4 alkylene)aryl may contain one carbon-carbon double or triple bond.

In a specific embodiment of the invention, R, is aryl substituted with from one to
three substituents independently selected from chloro, fluoro and C,-C4 alkyl.
Optionally, R; is aryl substituted with one substituent selected from chloro, fluoro
and C;-C, alkyl. More specifically, R; is oxadiazolyl substituted with one
substituent independently selected from chloro, fluoro, C;-C4 alkyl, CF; and

cyclopropyl. Even more specifically, R; is oxadiazolyl substituted with methyl.
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In another embodiment of the invention, X5 is -NHCHR R, wherein R; is C1-Cs
alkyl which may optionally be substituted with one or two substituents R,
independently selected from the group consisting of hydroxy, fluoro, chloro, bromo,
iodo, CF3, C3-Cs cycloalkyl, C;-C4 alkoxy, -O-CO-(C;-C4 alkyl), -O-CO-NH(C;-C4
alkyl), -O-CO-N(C,-C4 alkyl)(Ci-C; alkyl), -NH(C;-C4 alkyl), -N(C;-C; alkyl)(C;-C4
alkyl), -S(C;-C4 alkyl), -N(C,-C4 alky])CO(C,-C4 alkyl), -NHCO(C,-C; alkyl), -
COO(C,-C4 alkyl), -CONH(C,-C; alkyl), -CON(C,-C4 alkyl)(C,-C; alkyl), CN, NO,
-SO(C;-C4 alkyl) and -SO,(C-C;4 alkyl), and wherein said C;-Cg alkyl and/or the
(C1-Cy) alkyl moieties in the foregoing R; groups may optionally contain one carbon-
carbon double or triple bond and R; is oxadiazolyl substituted with methyl.
Optionally, X, is -NHCR;R;, wherein R; is ethyl and R; is oxadiazolyl substituted
with methyl.

In another embodiment of the invention, X- is -NR 1R, which forms a 5- to 8-
mcmbcered ring. In a further cmbodiment of the invention, X; is —CR;R;Re which
forms a saturated 5- to 8-membered ring. The ring formed by -NR;R, or —CR;R;R¢
optionally contains one or two carbon-carbon double bonds. Alternatively or
additionally, one or two of the ring carbons may be replaced by an oxygen, nitrogen

or sulfur atom.

In a specific embodiment, -NR;R; forms a 5-membered ring containing two double
bonds, wherein one of the rings carbons is replaced by an oxygen, nitrogen or sulfur
atom. Optionally, -NRR; forms a 5-membered ring containing two double bonds,
wherein one of the rings carbons is replaced by a nitrogen atom. More specifically,
the 5-membered ring formed by -NRR; is a pyrazol-1-yl. Alternatively, -NR R,
forms a 5-membered ring containing two double bonds, wherein one of the ring

carbons is replaced by a sulfur atom.

The above described 5- to 8-membered ring formed by -NR;R; or —-CR;R;R¢ may be
substituted with at least one substituent selected from C;-C, alkyl or with a 4-8

membered ring. In one embodiment of the invention, the 5- to 8-membered ring
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formed by -NR;R2 or —CR;R;Rg is substituted with one substituent selected from C;-
C, alkyl or a 4-8 membered ring. In another embodiment of the invention, the 5- to
8-membered ring formed by —NR;R; or —CR;R,R is substituted with two
substituents independently selected from C,-C4 alkyl or a 4-8 membered ring. In
another embodiment of the invention, the 5- to 8-membered ring formed by -NR;R;
or —CR1R,Ry is substituted with three substituents independently selected from C;-C4
alkyl or a 4-8 membered ring. In another embodiment of the invention, the 5- to §-
mcmbcered ring formed by —NR;R; or —CR;R;Ry is substitutcd with four substitucnts

independently selected from C;-C, alkyl or a 4-8 membered ring.

Said 4-8 membered ring may be saturated or may contain one to three double bonds.
Optionally, thc 4-8 membered ring 1s saturatcd. Additionally, onc carbon atom of
said 4-8 membered ring may be replaced by CO. Alternatively, one carbon atom of
said 4-8 membered ring may be replaced by SO,. Alternatively or additionally, one
to four carbon atom(s) of the 4-8 membered ring may be replaced by nitrogen.
Optionally, two carbon atoms are replaced by nitrogen. More specifically, two
carbon atoms of the 4-8 membered ring are replaced by nitrogen and one carbon
atom is replaced by CO. Alternatively, two carbon atoms of the 4-8 membered ring
are replaced by nitrogen and one carbon atom is replaced by SO,. In a specific
cmbodiment of the invention the above described 5- to 8-membered ring formed by —

NRR> 18 substituted with

Optionally, X; is

In an alternative embodiment, the 4-8 membered ring contains one to three double

bonds. Optionally, the 4-8 membered ring contains two double bonds. Additionally,
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one carbon atom of the 4-8 membered ring may be replaced by nitrogen and one
carbon atom may be replaced by sulfur. Optionally, the above described ring is a
5-membered ring. In a specific embodiment of the invention, the above described 5-
to 8-membered ring formed by -NR;R, or —-CR1R;Ry is substituted with thiazol.

5  Optionally, X, is a 5-membered ring formed by -NR; R, containing two double
bonds, wherein one of the rings carbons is replaced by a nitrogen atom and wherein

said 5-membered ring is substituted with thiazol.

In a specific embodiment of the invention, the 5-membered ring formed by —

10 NR;R;,containing two double bonds and wherein one carbon atom is replaced by a
nitrogen atom, is substituted with at least one C;-C4 alkyl. In another embodiment,
the 5-membered ring formed by -NR; R, containing two double bonds and wherein
one carbon atom is replaced by a nitrogen atom, is substituted with two C;-C, alkyl
substituents. In another embodiment, the 5-membered ring formed by —

15  NR;R;,containing two double bonds and wherein one carbon atom is replaced by a
nitrogen atom is substituted with three C,-Cy alkyl substitucnts. Optionally, X; is
3,5-dialkylpyrazol-1-yl, such as 3,5-dicthylpyrazol-1-yl.

In another specific embodiment of the invention, the CRHR1 antagonist for use in
20  the treatment of depressive symptoms and/or anxiety symptoms in patients having

CRH overactivity is a compound of formula (V)

Xy
o
L.
HiC” N0
H3C H3

Cl V)

25 or a pharmacecutically acceptable salt thereof, wherein X;, R;, R2, R7, Rs, Ro and Rjg

are as defined for formulas (I)-(IV) above.
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A further embodiment of the invention relates to a CRHR1 antagonist of formula (V)
as defined above, wherein X is selected from the group consisting of -NHCHR R, -
OCHR]Rz or -NR] Rz.

In a specific embodiment, X; is -NHCHR;R;. In another specific embodiment, X, is

—OCHR;R;. In a further specific embodiment, X, is -NR;Ro.

If X; is -NHCHR R, it is optionally sclccted from the group consisting of -
NHCH(CH>OCHz),, -NHCH(CH,OCH;3)(CH>CH3z), -NHCH(CH>CHs)>,
NHCH(CH,CH,OCHz3),, -NHCH(CH3)(CH,CH3) or -NHCHR R, wherein R; is
ethyl and R, is oxadiazolyl substituted with methyl, isopropyl, cyclopropyl,
trifluoromethyl, or ethyl. More specifically, X, is -NHCH(CH,CHz3),. Alternatively,
X; is -NHCHR R, wherein R; is ethyl and R, is oxadiazolyl substituted with methyl.
Alternatively, X, is -NHCH(CH,CH,OCH3),. Alternatively, X, is
-NHCH(CH,OCHs3),. Alternatively, X; is -NHCH(CH3)(CH,CHs). More
spccifically, X; is

H3c\/kNH

Alternatively, if X, is -NR Ry, it is optionally selected from the group consisting of -
N(CH,CH3)(CHs), -N(CH,CH,CH3),, -N(CH,CH,CH3)(CH,-cyclopropyl), -
N(CH,CH3)(CH,CH,CH,CH3), -N(CH,CH,OCH3),, or -
N(CH,CH,OCH3)(CH,CH;CH3). Alternatively, X, is -N(CH,CH,OCH3),.

If X5 is -OCHR\ R, it is optionally selected from —OCH(CH,CH3s),, —
OCH(CHQCH3)CH3, —OCH(CH2CH3)(CH2CH2CH3) or —OCH(CH2CH3)(CH20CH3)
More specifically, X, is —-OCH(CH,CHz),.

Further CRHR 1 antagonists for use according to the invention encompass

compounds of formula (V) as defined above wherein R; is C;-Cq alkyl.

4084



10

15

20

25

30

WO 2013/160317 PCT/EP2013/058413
44

In another embodiment of the invention, R, of formula (V) is a C; alkyl. In a further
embodiment of the invention, R; of formula (V) is a C; alkyl. In a further
embodiment of the invention, R; of formula (V) is a C; alkyl. In a further
embodiment of the invention, R; of formula (V) is a C,4 alkyl. In a further
embodiment of the invention, R; of formula (V) is a Cs alkyl. In a further

embodiment of the invention, R of formula (V) is a Cs alkyl.

Any of thc aforcmentioned R groups may optionally be substituted with onc or two
substituents R7 independently selected from the group consisting of hydroxy, fluoro,
chloro, bromo, iodo, CF3, Cs-Cs cycloalkyl, C,-C4 alkoxy, -O-CO-(C;-Cy4 alkyl), -O-
CO-NH(C;-C4 alkyl), -O-CO-N(C;-Cy alkyl)(C;-C; alkyl), -NH(C;-C4 alkyl), -N(C;-
C; alkyl)(C;-C4 alkyl), -S(C;-C4 alkyl), -N(C;-C4 alkyl)CO(C,-C4 alkyl), -NHCO(C; -
C, alkyl), -COO(C,-Cy alkyl), -CONH(C,-Cy4 alkyl), -CON(C;-Cy4 alkyl)(C-C,
alkyl), CN, NO,, -SO(C;-C4 alkyl) and -SO,(C,-C4 alkyl). Said C;-Cs alkyl and the
(C1-Cy) alkyl moieties in the foregoing R7 groups may optionally contain one carbon-

carbon doublc or triplc bond.

Specifically, R; is C;-Cg alkyl substituted with substituent R4 selected from the group
consisting of F, CF;, C;-C4 alkoxy and Cs-Cs cycloalkyl. More specifically, R; is
selected from the group consisting of —-CH,OCH3;, -CH,CH,OCH3 and —CH,-
cyclopropyl.

In another embodiment of the invention, R, of formula (V) is C;-C;; alkyl. In
another embodiment of the invention, R, of formula (V) is C,-C,; alkoxyalkyl. In a
further embodiment, R; is aryl. In another embodiment, R is -(C;-C4 alkylene)aryl.
In a further embodiment of the invention, R, is a 3- to 8-membered cycloalkyl. In

another embodiment of the invention, R, is a —(C;-C¢ alkylene)cycloalkyl.

Optionally, if the R, group is aryl or —(C;-C4 alkylene)alkyl, said aryl is phenyl,
naphthyl, thienyl, benzothienyl, pyridyl, quinolyl, pyrazinyl, pyrimidyl, imidazolyl,

furanyl, benzofuranyl, benzothiazolyl, isothiazolyl, benzisothiazolyl, benzisoxazolyl,
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benzimidazolyl, indolyl, oxadiazolyl or benzoxazolyl. More specifically, R; is

oxadiazolyl.

Optionally, if the R, group is a 3- to 8-membered cycloalkyl or a —(C;-Cg
alkylene)cycloalkyl, one or two of the ring carbons of said cycloalkyl having at least
4 ring members and/or the cycloalkyl moiety of said -(C;-Cy alkylene)cycloalkyl
having at least 4 ring members may be replaced by an oxygen or sulfur atom or by

N-Rg whercin Rg is hydrogen or C,-C, alkyl.

Each of the aforementioned R; groups may be substituted with from one to three
substituents independently selected from chloro, fluoro and C;-Cy alkyl.
Alternatively each of the aforementioned R, groups may be substituted with one
substituent selected from bromo, iodo, C;-Cs alkoxy, -O-CO-(C;-C¢ alkyl), -O-CO-
N(C;-C4 alkyl)(C;-C; alkyl), -S(C-Cs alkyl), CN, NO,, -SO(C,-C; alkyl), and
-S0,(C;-C4 alkyl). Optionally, said C;-C;, alkyl and/or the C,-C4 alkylene moicty of

said -(C,;-C4 alkylcenc)aryl may contain onc carbon-carbon doublc or triplc bond.

In a specific embodiment of the invention, R, is aryl substituted with from one to
three substituents independently selected from chloro, fluoro and C-C4 alkyl.
Optionally, R; is aryl substituted with one substituent selected from chloro, fluoro
and C;-C, alkyl. More specifically, R, is oxadiazolyl substituted with one
substituent independently selected from chloro, fluoro, C;-C4 alkyl, CF; and

cyclopropyl. Even more specifically, R, is oxadiazolyl substituted with methyl.

In another embodiment of the invention, X5 1s -NHCHR R,, wherein R; 1s C1-Ce
alkyl which may optionally be substituted with one or two substituents R
independently selected from the group consisting of hydroxy, fluoro, chloro, bromo,
iodo, CF3;, C3-Cs cycloalkyl, C;-C4 alkoxy, -O-CO-(C;-C4 alkyl), -O-CO-NH(C;-C4
alkyl), -O-CO-N(C,-C4 alkyl)(C;-C; alkyl), -NH(C;-C4 alkyl), -N(C;-C; alkyl)(C;-C4
alkyl), -S(C;-C4 alkyl), -N(C;-C4 alkyl)CO(C,-C;4 alkyl), -NHCO(C;-C4 alkyl), -
COO(Cy-C4 alkyl), -CONH(C,-C; alkyl), -CON(C,-C4 alkyl)(C,-C; alkyl), CN, NO,,
-SO(C;-C4 alkyl) and -SO,(C,-C, alkyl), and wherein said C,-Cs alkyl and/or the
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(C1-Cy) alkyl moieties in the foregoing R7 groups may optionally contain one carbon-
carbon double or triple bond and R; is oxadiazolyl substituted with methyl.
Optionally, X, is -NHCHR R;, wherein R; is ethyl and R; is oxadiazolyl substituted
with methyl.

In another embodiment of the invention, X5 is -NR R, which forms a 5- to 8-
membered ring. In a further embodiment of the invention, X; is -CR;R;R¢ which
forms a saturatcd 5- to 8-mcmbered ring. The ring formed by -NR,;R; or —CR;R;Rg
optionally contains one or two carbon-carbon double bonds. Alternatively or
additionally, one or two of the ring carbons may be replaced by an oxygen, nitrogen

or sulfur atom.

In a specific embodiment, -NR;R; forms a 5-membered ring containing two double
bonds, wherein one of the rings carbons is replaced by an oxygen, nitrogen or sulfur
atom. Optionally, -NR;R, forms a 5-membered ring containing two double bonds,
wherein onc of the rings carbons is replaced by a nitrogen atom. Morc spccifically,
the 5-membered ring formed by —NRR; 1s a pyrazol-1-yl. Alternatively, -NR R
forms a 5-membered ring containing two double bonds, wherein one of the rings

carbons is replaced by a sulfur atom.

The above described 5- to 8-membered ring formed by -NR;R; or —-CR;R;R¢ may be
substituted with at least one substituent selected from C;-C4 alkyl or with a 4-8
membered ring. In one embodiment of the invention, the 5- to 8-membered ring
formed by —-NRR; or —CR;R;Ro is substituted with one substituent selected from C;-
C4 alkyl or a 4-8 membered ring. In another embodiment of the invention, the 5- to
8-membered ring formed by —NR;R; or —CR;R,Ry is substituted with two
substituents independently selected from C;-C4 alkyl or a 4-8 membered ring. In
another embodiment of the invention, the 5- to 8-membered ring formed by -NR;R;
or —CRR;Ry is substituted with three substituents independently selected from C;-C4
alkyl or a 4-8 membered ring. In another embodiment of the invention, the 5- to §-
membered ring formed by —NR;R; or —CR 1R;Ry is substituted with four substituents

independently selected from C;-C, alkyl or a 4-8 membered ring.
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Said 4-8 membered ring may be saturated or may contain one to three double bonds.
Optionally, the 4-8 membered ring is saturated. Additionally, one carbon atom of
said 4-8 membered ring may be replaced by CO. Alternatively, one carbon atom of
said 4-8 membered ring may be replaced by SO,. Alternatively or additionally, one
to four carbon atom(s) of the 4-8 membered ring may be replaced by nitrogen.
Optionally, two carbon atoms are replaced by nitrogen. More specifically, two
carbon atoms of the 4-8 membered ring are replaced by nitrogen and one carbon
atom is replaced by CO. Alternatively, two carbon atoms of the 4-8 membered ring
are replaced by nitrogen and one carbon atom is replaced by SO,. In a specific
embodiment of the invention the above described 5- to 8-membered ring formed by —

NR,R; is substitutcd with

Optionally, X, is

In an alternative embodiment, the 4-8 membered ring contains one to three double
bonds. Optionally, the 4-8 membered ring contains two double bonds. Additionally,
one carbon atom of the 4-8 membered ring may be replaced by nitrogen and one
carbon atom may be replaced by sulfur. Optionally, the above described ring is a 5
membered ring. In a specific embodiment of the invention, the above described 5- to
8-membered ring formed by —NR;R; or —CR;R;Ry is substituted with thiazol.
Optionally, X; is a 5-membered ring formed by -NR;R, containing two double
bonds, wherein one of the rings carbons is replaced by a nitrogen atom and wherein

said 5-membered ring is substituted with thiazol.
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In a specitic embodiment of the invention, the 5-membered ring formed by —NRR»
containing two double bonds and wherein one carbon atom is replaced by a nitrogen
atom is substituted with at least one C-C4 alkyl. In another embodiment, the 5-
membered ring formed by —NR;R; containing two double bonds and wherein one
carbon atom is replaced by a nitrogen atom is substituted with two C;-C4 alkyl
substituents. In another embodiment, the 5-membered ring formed by —NRR,
containin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>