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DESCRIPTION
3-PHENYLPYRAZOLO[5,1-b]THIAZOLE COMPOUND
Technical Field
[0001] The present invention relates to novel compounds having antagonism
5 against corticotropin-releasing factor (hereunder, "CRF") receptor, salts thereof and
medical use of the same.
Background Art
[0002] CREF is a neuropeptide consisting of 41 amino acids which is produced and
secreted in the hypothalamus and promotes release of adrenocorticotropic hormone
10 (ACTH) under stress, and it also functions in the brain as a neurotransmitter bf
neuromodulator, integrating electrophysiology, autonomic nerves and behavior in
response to stress.
[0003] CRF receptors are of two subtypes, CRF1 receptors and CRF2 receptors, of
which CRF1 receptors have been reported to be widely distributed in the cerebral
15 cortex, cerebellum, olfactory bulb, pituitary gland, amygdaloid nucleus and
elsewhere. |
Numerous low molecular compounds having CRF receptor antagonism
have been noted as potential therapeutic agents for a number of diseases including
depression, anxiety and stress-related disorders. (See Non Patent Literature 1)
20 [0004] Disclosed compounds having CRF receptor antagonism include 2,6-
dimethoxy-4-methoxymethylphenyl-containing compounds (see Patent Literature
1), but compounds having a pyrazolo[5,1-b]thiazole skeleton according to the
present invention have been neither disclosed nor suggested.
[0005] The compound shown below has been disclosed as a compound having a
25 pyrazolo[5,1-b]thiazole skeleton, but its use is for colorimetry. (See Example 16 of
Patent Literature 2)
[Chemical Formula 1]
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10 Summary of Invention
Technical Problem

[0008] Absolutely no 3-phenylpyrazolo[5,1-b]thiazole compounds having superior
CRF receptor antagonism are known. Furthermore, although compounds having
CRF receptor antagonism have been reported, they have not necessarily been
15 adequate in terms of exhibiting superior CRF receptor antagonism, and in terms of
having sufficient pharmacological activity, safety and pharmacokinetic properties
as medicaments. ‘

Solution to Problem

[0009] As a result of diligent research in light of the current circumstances, the

20 present inventors have discovered novel compounds that are excellent CRF
receptor antagonists with sufficient pharmacological activity, safety and
pharmacokinetic properties, which are therefore useful as prophylactic or
therapeutic agents for depression, anxiety, irritable bowel syndrome and the like.
[0010] Specifically, the invention relates to the following.

25 <1> A compound represented by the following formula (I) or salt thereof.
[Chemical Formula 2]
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R! represents the formula -A''-A'?;
R® represents tetrahydrofurylmethyl, tetrahydropyranylmethyl or
5 tetrahydropyranyl;
A'! represents a single bond, methylene group or 1,2-ethylene;
A" represents C1-6 alkyl or C3-6 cycloalkyl, or C3-6 cycloalkyl having
methyl;
R’ represents methoxy, cyano, cyclobutyloxymethyl, methoxymethyl or

10 ethoxymethyl; and

R* represents methoxy group or chlorine.
<2> A compound or salt thereof according to <1> above, wherein R® is
tetrahydropyran-4-yl,  tetrahydropyran-3-yl, (tetrahydropyran-4-yl)methyl or
(tetrahydrofuran-3-yl)methyl.

15 <3> A compound or salt thereof according to‘ <1> or <2> above, wherein R’ is n-
propyl, n-butyl, n-pentyl, cyclopropylmethyl, cyclobutylmethyl, 2-
(cyclopropyl)ethyl or (2-methylcyclopropyl)methyl.
<4> A pharmaceutical composition comprising a compound or salt thereof
according to any one of <1> to <3> above as an active ingredient.

20 <5> A pharmaceutical composition according to <4> above, which is a CRF1 |
receptor antagonist.
<6> A therapeutic or prophylactic agent for a disease for which CRF1 receptor
antagonist is effective, comprising a compound or salt thereof according to any one

of <1>to <3> above.
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<7> A therapeutic or prophylactic agent for depression, depressive symptoms,
anxiety, irritable bowel syndrome, sleep disorder, insomnia, alcohol dependence,
alcohol withdrawal symptoms, drug dependence, drug withdrawal symptoms,
stress-related gastrointestinal dysfunction, anorexia nervosa, eating disorder,
postoperative ileus, ischemic neuropathy, apoplexy, excitotoxic neuropathy,
convulsion, epilepsy, hypertension, schizophrenia, bipolar disorder or dementia,
which comprises a compound or salt thereof according to any one of <1> to <3>
above.

<8> A therapeutic or prophylactic agent for depression, depressive symptoms,
anxiety or irritable bowel syndrome, comprising a compound or salt thereof
according to any one of <1> to <3> above.

<9> A method for treatment or prevention of depression, depressive symptoms,
anxiety, irritable bowel syndrome, sleep disorder, insomnia, alcohol dependence,
alcohol withdrawal symptoms, drug dependence, drug withdrawal symptoms,
stress-related gastrointestinal dysfunction, anorexia nervosa, eating disorder,
postoperative ileus, ischemic neuropathy, apoplexy, excitotoxic neuropathy,
convulsion, epilepsy, hypertension, schizophrenia, bipolar disorder or dementia,
comprising administering to a patient, a compound or salt thereof according to any
one of <1>to <3> above.

<10> A method for treatment or prevention of depression, depressive symptoms,
anxiety or irritable bowel syndrome, comprising administering to a patient, a
compound or salt thereof according to any one of <1>to <3> above.

<11> A compound or salt thereof according to any one of <1> to <3> above for
treatment or prevention of depression, depressive symptoms, anxiety, irritable
bowel syndrome, sleep disorder, insomnia, alcohol dependence, alcohol withdrawal
symptoms, drug dependence, drug withdrawal symptoms, stress-related
gastrointestinal dysfunction, anorexia nervosa, eating disorder, postoperative ileus,
ischemic neuropathy, apoplexy, excitotoxic neuropathy, convulsion, epilepsy,
hypertension, schizophrenia, bipolar disorder or dementia.

<12> A compound or salt thereof according to any one of <1> to <3> above for
treatment or prevention of depression, depressive symptoms, anxiety or irritable
bowel syndrome.

<13> Use of a compound or salt thereof according to any one of <1> to <3> above
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depressive symptoms, anxiety, irritable bowel syndrome, sleep disorder, insomnia,
alcohol dependence, alcohol withdrawal symptoms, drug dependence, drug
withdrawal symptoms, stress-related gastrointestinal dysfunction, anorexia nervosa,
eating disorder, postoperative ileus, ischemic neuropathy, apoplexy, excitotoxic
neuropathy, convulsion, epilepsy, hypertension, schizophrenia, bipolar disorder or
dementia.

<14> Use of a compound or salt thereof according to any one of <1> to <3> above
for the manufacture of a therapeutic or prophylactic agent for depression,

depressive symptoms, anxiety or irritable bowel syndrome.

<15-1> N-Butyl-3- [2,6-dimethoxy-4-(methoxymethyl)phenyl]—6—methoxy—N—
(tetrahydro-2H-pyran-4-yl)pyrazolo[5,1-5][1,3]thiazole-7-amine or salt thereof.
<15-2> N-Butyl-3-[4-(ethoxymethyl)-2,6~-dimethoxyphenyl]-6-methoxy-N-

(tetrahydro-2H-pyran-4-yl)pyrazolo[5,1-5][1,3]thiazole-7-amine or salt thereof.
<15-3> N-(2-Cyclopropylethyl)-3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-
methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][ 1,3]thiazole-7-amine or salt
thereof.

<15-4> N-(Cyclobutylmethyl)-3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-
methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine or salt
thereof.

<15-5> N-(Cyclopropylmethyl)-3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-
methoxy-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo[5,1-5][1,3]thiazole-7-amine or salt
thereof.

<15-6> 3-[4-(Ethoxymethyl)-2,6-dimethoxyphenyl]-6-methoxy-N-propyl-N-
(tetrahydro-2 H-pyran-3-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine or salt thereof.
<15-7> N-(Cyclobutylmethyl)-3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[ 5,1-b][ 1,3]thiazole-7-amine or salt
thereof.

<15-8> 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl [-6-methoxy-N-pentyl-N-
(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine or salt thereof.
<15-9>  N-(Cyclopropylmethyl)-3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][ 1,3]thiazole-7-amine or salt
thereof.
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Solution to Problem [0009] As a result of diligent research in light of the
current circunstances, the 20 present inventors have di scovered novel
conpounds that are excellent CRF receptor antagoni sts w th suf fFR{i80%10-00
phar macol ogi cal activity, safety and pharnacokinetiic properties, which are
therefore useful as prophylactic or therapeutic agents for depression,
anxiety, irritable bowel syndrone and the like. [0010] Specifically, the
invention relates to the followi ng. 25 <1> A conpound represented by the

fol | owi ng forddtld>(1) 342, 6§31metlt%r‘b6ﬂeth01f)@@hﬂlé@en)ﬂ&16rmP oxy-Napropyl-N-
(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine or salt thereof.
<15-11> N-(Cyclopropylmethyl)-3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxy-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo[5,1-b][ 1,3]thiazole-7-amine or salt

5 thereof.

<15-12> 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-N-[(2-
methylcyclopropyl)methyl]-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-
b][1,3]thiazole-7-amine or salt thereof.
<15-13> 3-[2-Chloro-6-methoxy-4-(methoxymethyl)phenyl]-6-methoxy-N-propyl-

10 N-(tetrahydro-2H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine or salt thereof.
<15-14> 4-{7 -[(Cyclopropylmethyl) (tetrahydrofuran-3-ylmethyl)amino]-6-
methoxypyrazolo[5,1-b][1,3]thiazol-3-yl}-3,5-dimethoxybenzonitrile ~ or  salt
thereof.
<15-15>  4-{7-[(Cyclopropylmethyl)(tetrahydro-2 H-pyran-4-ylmethyl)amino]-6-

15 methoxypyrazolo[5,1-b][1,3]thiazol-3-y1}-3,5-dimethoxybenzonitrile ~ or  salt
thereof.

<15-16> N-(Cyclopropylmethyl)-6-methoxy-N-(tetrahydro-2 H-pyran-4-ylmethyl)-
3-(2.,4,6-trimethoxyphenyl)-pyrazolo[5,1-b][1,3]thiazole-7-amine or salt thereof.
<15-17> 3-{4-[(Cyclobutyloxy)methyl]-2,6-dimethoxyphenyl}-6-methoxy-N-

20 propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][ 1,3]thiazole-7-amine or salt
thereof.

Advantageous Effect of Invention

[0011] CRF receptor antagonists have been reported to be effective for a wide
range of diseases, which are listed below.
25 (1) Depression, depressive symptoms, anxiety
CRF1 receptor antagonist R121919 is effective for ameliorating depression,
depressive symptoms, anxiety and the like. (Journal of Psychiatric Research,
34:171-181(2000))
CRF1 receptor antagonist R121919 exhibits an anti-anxiety action in rats.
30 (European Journal of Neuroscience, 13:373-380(2001))
CRF1 receptor antagonist CP-154526 exhibits anti-depressant and anti-
anxiety actions in rats. (European Journal of Pharmacology, 492:195-201(2004))
(2) Irritable bowel syndrome (IBS)
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CRF1 receptor antagonist a-helical CRF(9-41) inhibits colon intestinal
hyperkinesis in IBS patients and reduces abdominal pain and anxiety. (Gut 2004;
53:958-964)

(3) Sleep disorder, insomnia

5 CRF1 receptor antagonist R121919 inhibits stress-related sleep disorder
particularly in high-anxiety rats. (Journal of Psychiatric Research, 36:197-
208(2002))

(4) Alcohol dependence, alcohol withdrawal symptoms, drug dependence, drug
withdrawal symptoms
10 CRF1 receptor antagonist CP-154526 inhibits recurrence of stress-elicited
alcohol-seeking behavior in rats. (Psychopharmacology, 150:317-324(2000))
CRF1 receptor antagonist a-helical CRF(9-41) inhibits anxiety behavior in
ethanol withdrawal rats. (Brain Research, 605:25-32(1993))
CRF1 receptor antagonist CP-154526 inhibits recurrence of stress-elicited
15 drug (heroin, cocaine)-seeking behavior in rats. (Psychopharmacology, 137:184-
190(199%))
Pretreatment with CRF1 receptor antagonist CP-154526 inhibits naltrexone-
induced morphine withdrawal symptoms. (Journal of Neurochemistry, 74:199-
208(2000))
20 (5) Stress-related gastrointestinal dysfunction
CRF1 receptor antagonist NBI-27914 inhibits water avoidance stress-
related rat catharsis. (Brain Research, 893:29-35(2001))
(6) Anorexia nervosa, eating disorder
CRF1 receptor antagonists a-helical CRF(9-41) and CRA1000 inhibit
25 stress-related reduction in food intake. (Brain Research, 823:221-225(1999))
(7) Postoperative ileus
CRF1 receptor antagonist CP-154526 ameliorates gastric emptying
retardation following surgery. (Gastroenterology, 125:654-659(2003))
(8) Dementia, Alzheimer-type senile dementia, multi-infarct dementia, senile
30 dementia
CRF1 receptor antagonist CP-154526 inhibits learning disturbance
following acute stress. (Behavioural Brain Research, 138:207-213(2003))
CRF1 receptor antagonist a-helical CRF(9-41) suppresses stress-related
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increase in intracerebral amyloid-B. (Proceedings of the National Academy of
Sciences of the United States of America, 104:10673-10678(2007))

CRF1 receptor antagonist NBI27914 inhibits increased levels of AP and AB
plaque deposition induced by stress in Tg2576 mice (Journal of Neurochemistry,
108: 165-175 (2009))

CRF1 receptor antagonist antalarmin inhibits stress-induced hippocampal
tau phosphorylation (Journal of Neuroscience, 27 (24): 6552-6562 (2007))

(9) Ischemic neuropathy, apoplexy

CRF1 receptor antagonist o-helical CRF(9-41) inhibits ischemic and
excitotoxic encephalopathy. (Brain Research, 656:405-408(1994))
(10) Excitotoxic neuropathy

CRF1 receptor antagonist Asressin inhibits kainic acid-induced excitotoxic
neuropathy. (Brain Research, 744:166-170(1997))
(11) Convulsion, epilepsy

CRF1 receptor antagonist NBI27914 inhibits limbic system seizure
(convulsion and epilepsy induced by CRF administration). (Brain Research,
770:89-95(1997)) |
(12) Hypertension

CRF1 receptor antagonist Antalarmin inhibits hypertension induced by
intraventricular administration of CRF. (Brain Research, 881:204-207(2000))
[0012] The compounds and salts thereof according to the invention have excellent
CRF receptor antagonism, as evidenced by the activity data in the Pharmacological
Test Examples described below. Thus, based on the aforementioned publications
demonstrating a correlation between CRF receptor antagonism and effects of
treating or preventing diseases, the compounds or salts thereof according to the
invention are useful for treatment or prevention of diseases associated with CRF
and/or CRF receptors, and are particularly useful as therapeutic or prophylactic
agents for depression, depressive symptoms, anxiety, irritable bowel syndrome,
sleep disorder, insomnia, alcohol dependence, alcohol withdrawal symptoms, drug
dependence, drug withdrawal symptoms, stress-related gastrointestinal dysfunction,
anorexia nervosa, eating disorder, postoperative ileus, ischemic neuropathy,
apoplexy, excitotoxic neuropathy, convulsion, epilepsy, hypertension,

schizophrenia, bipolar disorder or dementia.



<2> A conpound or salt thereof according to <1> above, wherein R2 is

t et rahydropyran-4-yl, tetrahydropyran-3-yl, (tetrahydropyran-4-yl)nethyl or
(tetrahydrofuran-3-yl)nmethyl. 15 <3> A conpound or salt thereof FERO8e0Xion® to
<1> or <2> above, wherein Rl is n- propyl, n-butyl, n-pentyl, \

cycl opropyl net hyl , cycl obutyl methyl, 2- (cyclopropyl)ethyl or

(2-met hyl cycl opropyl ) met hyl . <4> A pharmaceuti cal conposition conprising a
conpound or salt thereof according to any one of <1> to <3> above as an
active i ngr edlesertiptiopokBEmbadphentsraceut i cal conposition according to <4>

above, whi ch b 7 148 lesehiGfERESh WHTHBIVY xblained in detail.
[0014] Throughout the present specification, the structural formulas for the
compounds will show only one specific isomer for convenience, but the invention
5 includes all isomers such as geometric isomers, optical isomers, stereoisomers and
tautomers implied by the compound structures, as well as their isomer mixtures,
and the compounds may therefore be any of the isomers or mixtures thereof in any
desired proportion, without being limited to the formulas that are shown for
convenience. Thus, for example, the compounds of the invention may exist as
10 optically active forms or racemic mixtures, all of which are included without
limitations according to the invention, and whether racemic mixtures or optically
active forms, they may be used as mixtures with the optically active forms in any
desired proportion.
[0015] Polymorphic crystals may also exist, and there may be used any crystal
15 form or a mixture thereof without any restrictions, as well as amorphous forms, and
the compounds of the invention also include both anhydrate and solvate (especially
hydrate). The invention further encompasses metabolites of compound (I)
according to the invention, that are produced by metabolism (oxidation, reduction,
hydrolysis, conjugation and the like) in the body. The invention still further
20 encompasses compounds that yield compound (I) according to the invention by
metabolism (oxidation, reduction, hydrolysis, conjugation and the like) in the body
(so-called prodrugs).
[0016] The meanings of the terms and symbols used throughout the present
specification will now be explained, followed by a more detailed description of the
25 invention.
[0017] The term "C1-6 alkyl" used throughout the present specification refers to
Cl1-6 straight-chain or branched alkyl groups, and as specific examples there may
be mentioned methyl, ethyl, 1-propyl (n-propyl), 2-propyl (i-propyl), 2-methyl-1-
propyl (i-butyl), 2-methyl-2-propyl (terz-butyl), 1-butyl (n-butyl), 2-butyl (s-butyl),
30 1-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-1-butyl, 2-methyl-2-butyl,
3-methyl-2-butyl, 2,2-dimethyl-1-propyl, 1-hexyl, 2-hexyl, 3-hexyl, 2-methyl-1-
pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-
pentyl, 4-methyl-2-pentyl, 2-methyl-3-pentyl, 3-methyl-3-pentyl, 2,3-dimethyl-1-



<6> A therapeutic or prophylactic agent for a disease for which CRF1
receptor antagonist is effective, conprising a conpound or salt thereof
according to any one of <1> to <3> above. 3 FP08-0210-00 <7> AFPO®02p®00I C
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[0018] The term "C3-6 cycloalkyl" used throughout the present specification refers
to C3-6 monocyclic saturated aliphatic hydrocarbon groups, and as specific
5 examples there may be mentioned cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl.
[0019] As specific examples of the "C3-6 cycloalkyl having methyl" referred to
throughout the present specification there may be mentioned 2-methylcyclobutyl,
3-methylcyclobutyl and 2-methylcyclopropyl, among which 2-methylcyclopropyl
10 is preferred. ' ’
[0020] As specific examples of "tetrahydropyranyl" referred to throughout the
present specification there may be mentioned tetrahydropyran-4-yl and
tetrahydropyran-3-yl, with tetrahydropyran-4-yl being preferred.
[0021] As specific examples of "tetrahydropyranylmethyl" referred to throughout
15 the present specification there may be mentioned (tetrahydropyran-4-yl)methyl,
(tetrahydropyran-3-yl)methyl and (tetrahydropyran-2-yl)methyl, among which
(tetrahydropyran-4-yl)methyl is preferred.
[0022] As specific examples of "tetrahydrofurylmethyl" referred to throughout the
present specification there may be mentioned (tetrahydrofuran-3-yl)methyl and
20 (tetrahydrofuran-2-yl)methyl, with (tetrahydrofuran-3-yl)methyl being preferred.
[0023] The term "anxiety" used in the present specification refers not only to
anxiety in the strict sense, but also to conditions within the general concept of
anxiety, such as generalized anxiety disorder, panic disorder, phobia, obsessive
compulsive disorder and post-traumatic stress disorder, as well as diseases closely
25 related to anxiety.
[0024] The term "dementia" used in the present specification refers not only to
dementia in the strict sense, but also conditions within the general concept of
dementia, such as Alzheimer-type senile dementia, multi-infarct dementia and
senile dementia, as well as diseases closely related to dementia.
30 [0025] A "salt" used in the present specification is not particularly restricted so
long as it is formed with the compound of the invention, although it is preferably a
pharmacologically acceptable salt, and as specific examples there may be

mentioned inorganic acid salts, organic acid salts and acidic amino acid salts.
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convul si on, epilepsy, hypertension, schizophrenia, bipolar disorder or
denentia, which conprises a conpound or salt thereof according to any one
of <1> to <3> above. <8> A therapeutic or prophyl actic agent foFP08-0210-00
depression, depressive synptons, 10 anxiety or irritable bowel syndrone,
conprising a conpound or salt thereof according to any one of <1> to <3>
above. <9> A net hod for treatnent or prevention of depression, depressive
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wi thdrawal syf@ioEalt whh ShaBfi®pligleahis] athd fbbasdfithahcid ¥adlentd hedinst
anorexi a nervosa, eating disorder,
one molecule of the compound is not particularly restricted, but preferably
approximately 0.1 to approximately 5 molecules of the acid exist against one
5 molecule of the compound, more preferably approximately 0.5 to approximately 2
molecules of the acid exist against one molecule of the compound, and even more
preferably approximately 0.5, approximately 1 or approximately 2 molecules of the
acid exist against one molecule of the compound.
[0027] As preferred examples of inorganic acid salts there may be mentioned
10 hydrochloride, hydrobromide, sulfate, nitrate and phosphate, and as preferred - -
- examples of organic acid salts there may be mentioned acetate, succinate, fumarate,
malate, tartrate, citrate, lactate, stearate, benzoate, methanesulfonate and p-
toluenesulfonate.
[0028] As preferred examples of acidic amino acid salts there may be mentioned
15 aspartate and glutamate.
[0029] (General production schemes)
General production schemes for compounds according to the invention will be
outlined below, although they are not intended to be restrictive. The starting
compounds and reagents used in the general production schemes for compounds of
20 the invention may also form salts or solvates (especially hydrates).
[0030] The compounds represented by general formula (I) of the invention can be
produced by the following production schemes.
[0031] Production Scheme 1
[Chemical Formula 3]
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postoperative il eus, ischem c neuropathy, apoplexy, excitotoxic neuropathy,
convul si on, epllepsy hypertensi on, schi zophreni a, bipolar disorder or
denmentia, conprising admnistering to a patient, a conpound or BR038-0O2hBO@Of
according to any one of <1> to <3> above. 20 <10> A nethod for treatnent or
prevention of depression, depressive synptons, anxiety or irritable bowel
syndrone, conprising admnistering to a patient, a conpound or salt thereof
according to any one of <l1» to <3> above. <11> A conpound or salt thereof

according to any onepat-gl> to <3> aboye for trgﬁg\ or prevention of
depression, depressive synptqQns, anX|e&§x |rr|table 25 bowel syndrome,
sl eep di sorder, i nsom&i_aéﬁr hoI depe &hce Jalc ho dr awnal
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Ar / N-N
(1C-1) Ar
RS (1D'1)
(1D-2 /L R?
Rb)J\RC ) Rb N
[Step 1D] i o— °
p / N/N /
Ar

wherein Ar corresponds to the group represented by the formula:

[Chemical Formula 4]

_'N.,.er‘"
OMe

R3

5 in compound (I) described above;
R® and the group represented by the formula:
[Chemical Formula 5]

each independently corresponds to R' or R* above;
10 X! represents B(OH), or the like;
X? represents a leaving group such as iodine, bromine, chlorine,
methanesulfonyloxy or p-toluenesulfonyloxy; and

Boc represents tert-butoxycarbonyl.
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synptons, drug dependence, drug w thdrawal synptons, stress-related

gastroi ntestinal dysfunction, anorexia nervosa, eating disorder,
postoperative ileus, ischem c neuropathy, apoplexy, excitotoxi &dRrigcd2ipaiohy,
convul sion, epilepsy, hypertension, schizophrenia, bipolar disorder or
denentia. 30 <12> A conmpound or salt thereof according to any one of <1>to
<3> above for treatnent or prevention of depression, depressive synptons,
anxiety or irritable bowel syndrone. <13> Use of a conpound or salt thereof
according tol@fd2leep A <1> to <3> above 4 FP08-0210- 00

This is a step of reacting compound (1A-1) and compound (1A-2) in a
solvent in the presence of a base and a palladium catalyst to produce compound
(1B-1).

5 The step can be carried out with reference to the reaction conditions

described in WO 04/037822 (step 5-E of Production Process 5, Example 47) and in
(2f) of Example 2 below and the like.

The compounds represented by general formula (1A-1) can be produced
according to (2e) of Example 2 and the like.

10 For a compound represented by general formula (1A-2) there may be used a
compound that can be produced under the reaction conditions described in WO
04/037822 (Production Examples 29 and 33) and in Production Examples 1C(3)
and 2C(6) and Examples 16(b) and 17(d) below and the like. For a compound
represented by general formula (1A-2) there may be used any commercially

15 available compound, or a compound that can be easily produced by a person skilled
in the art from a commercially available compound.

The reaction may be carried out under a stream or in an atmosphere of an
inert gas such as nitrogen or argon.
The solvent used for the reaction is not particularly restricted so long as it

20 dissolves the starting materials to some extent and does not interfere with the
reaction, and examples include alcohol solvents such as methanol, ethanol and #-
butanol, ether solvents such as tetrahydrofuran, 1,2-dimethoxyethane, methyl-terz-
butyl ether, cyclopentyl methyl ether, diethyl ether, diisopropyl ether, dibutyl ether,
dicyclopentyl ether, 1,2-dimethoxyethane and 1,4-dioxane, aromatic hydrocarbon

25 solvents such as benzene, toluene, xylene and mesitylene, amide solvents such as
N,N-dimethylformamide, aliphatic hydrocarbon solvents such as heptane and
hexane, or 1-methyl-2-pyrrolidinone, water, and mixtures thercof, among which
preferred solvents are water, alcohol solvents, aromatic hydrocarbon solvents, ether
solvents and mixtures thereof, and more preferred solvents are a mixed solvent of

30 ethanol and toluene, or a mixed solvent of 1,2-dimethoxymethane and water.

The base used in this step is not particularly restricted and will differ
depending on the starting material and solvent used, but examples include

inorganic bases such as lithium hydroxide, sodium hydroxide, potassium hydroxide,

13



for the manufacture of a therapeutic or prophylactic agent for depression,

depressive s

drug withdr
anorexi a ner
neur opat hy,
hypertension
conmpound or

ynptons, anxiety, irritable bowel syndrone, sleep disorder,
i nsommi a, al cohol dependence, al cohol withdrawal synptoms, drugF)
awal synptons, stress-related gastrointestinal dysfunction,

vosa, 5 eating disorder, postoperative ileus, ischemc
apopl exy, excitotoxic neuropathy, convulsion, epilepsy,

hi
beP i, RSP, T Sy Bputten SO ATh SroofSl Btk o ' b

of a

manuf act ur e cn‘odﬁurt hley@mubarbomte p@oaahsylhrachydrogg&nfboh@te depiues dafbonate,1 0

depressive synpto X|ety L.rritable bo

10

15

20

25

30

ndr one.
cesium fluoride and potass1um uoride, cyv\Fc ba¥ es such as imidazole and

pyridine and organic amines such as triethylamine and N,N-diisopropylethylamine,
among which sodium carbonate and potassium carbonate are preferred.

The palladium catalyst is not particularly restricted so long as it does not
interfere with the reaction, and will differ depending on the starting material and

solvent used, but as preferred examples there may be mentioned

tetrakis(triphenylphosphine)palladium(0), palladium(II) acetate/triphenylphosphine,

palladium(II) acetate/2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl,
palladium(II) chloride, tris(dibenzylideneacetone)dipalladium(0)/tri-tert-
butylphosphine and dichloro[1,1'-bis(diphenylphosphine)-ferrocene]palladium(0).

The reaction temperature will generally differ depending on the starting
materials, solvent and other reagents used in the reaction, but it is preferably
between 0°C and the reflux temperature of the solvent (as the reactor internal
temperature), and more preferably 60°C-100°C.

The reaction time will also, in general, differ depending on the starting
materials, solvent and other reagents used in the reaction, and on the reaction
temperature, but it is preferably 1-48 hours and more preferably 1-6 hours at the
aforementioned reaction temperature after addition of the reagents.

Compound (1A-2) may be used at 1-5 molar equivalents and preferably 1-3
molar equivalents with respect to compound (1A-1).

The aforementioned base may be used at 1-10 molar equivalents and
preferably 2-5 molar equivalents with respect to compound (1A-1).

The palladium catalyst may be used at 0.01-1 molar equivalents and
preferably 0.05-0.1 molar equivalents with respect to compound (1A-1).

[0033] Step LB

This is a step of reacting compound (1B-1) and compound (1B-2) in a
solvent in the presence of a base to produce compound (1C-1).

The step can be carried out with reference to the reaction conditions
described in WO 04/037822 (step 5-A of Production Process 5, and Production
Example 24) and in (2g) of Example 2 below and the like.

The reaction may be carried out under a stream or in an atmosphere of an

14
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<15-1> N-Butyl -3-[2, 6-di met hoxy- 4- ( met hoxynet hyl ) phenyl ] - 6- met hoxy- N-
(tetrahydro-2H pyran-4-yl)pyrazol o[ 5, 1-b][1, 3]thi azol e-7-am ne or salt

t hereof. <15-2> FP08-0210-00
N- But yl - 3-[ 4- (et hoxynet hyl ) - 2, 6- di met hoxyphenyl ] - 6- net hoxy- N-
(tetrahydro-2H pyran-4-yl)pyrazol o[ 5, 1-b][1, 3]thiazol e-7-am ne or salt

t hereof. 15 <15-3>

N ( 2- Cycl opro yl et h et hoxynmet hyl ) - 2, 6- di met hoxyphenyl | - 6-
met hoxy- N- (t et gﬁﬁﬂ‘6%?ﬂp%§ﬁgﬂoﬂmﬁpypyrazol0[5 1-b][1, 3]t hi azol e- 7-ami ne or

salt thereof. <15e¢dmpound EIB—Z may be a com ound that can be roduced under the
N- (Cycl obut yl net hyl ) - LP et hoxynet h 6- di net hox]%/p enyl ]
net hoxy- N- ( t efeeelignd eendi rpfyriwnhe@mylp?}péwoa[gxaﬂnm}ﬂh éqeﬂanaz@ the7likgri ne or

salt 20 ther Qchnpound (1B-2) may be a commercially available compound, or a compound
5 that can be easily produced by a person skilled in the art from a commercially
\ available compound.

The solvent used for this reaction is not particularly restricted so long as it
dissolves the starting materials to some degree and does not interfere with the
reaction, and for example, there may be used nitrile solvents such as acetonitrile,

10 ether solvents such as tetrahydrofuran, 1,2-dimethoxyethane, methyl-tert-butyl
ether, cycldpentyl methyl ether, diethyl ether, diisopropyl ether, dibutyl ether and
dicyclopentyl ether, aromatic hydrocarbon solvents such as benzene and toluene,
amide solvents such as N,N-dimethylformamide, aliphatic hydrocarbon solvents
such as heptane and hexane, dimethyl sulfoxide, or mixtures thereof, among which

15 N,N-dimethylformamide and dimethyl sulfoxide are preferred.

The base used for this step is not particularly restricted and will differ
depending on the starting material and solvent used, but as examples there may be
mentioned inorganic bases such as lithium hydroxide, sodium hydroxide,
potassium hydroxide, lithium carbonate, sodium carbonate, potassium carbonate,

20 sodium hydrogencarbonate, potassium hydrogencarbonate and cesium carbonate,
organometallic bases such as potassium-tert-butoxide, butyllithium, methyllithium,
lithium bis(trimethylsilyl)amide, sodium bis(trimethylsilyl)amide and potassium
bis(trimethylsilyl)amide, hydride bases such as lithium hydride, sodium hydride
and potassium hydride, cyclic bases such as imidazole, pyridine and 4-

25 dimethylaminopyridine, and organic amines such as triethylamine and N,N-
diisopropylethylamine, among which sodium hydride and sodium hydroxide are
preferred.

The reaction temperature will generally differ depending on the starting
materials, solvent and other reagents used in the reaction, but it is preferably 0°C-

30 80°C (as the reactor internal temperature).

The reaction time will generally differ depending on the starting materials,

the solvent and the other reagents used in the reaction, and on the reaction

temperature, but preferably stirring is carried out for 1-8 hours at the

15



<15-5> N (Cycl opropyl net hyl ) - 3-[ 4- (et hoxynet hyl ) 2, 6- di met hoxyphenyl | - 6-
nmet hoxy- N- (t et r ahydr o- 2H pyran- 3-yl ) pyrazol o[ 5, b] [1,3]thiazol e-7-am ne or
salt thereof. <15-6> FP08-0210-00

3-[4- (Et hoxynet hyl ) - 2, 6- di et hoxyphenyl ] - 6- net hoxy- N- propyl -N- 25
(tetrahydro-2H pyran-3-yl)pyrazol o[ 5, 1-b][1, 3]thi azol e-7-am ne or salt
t hereof <15-7>

N- (Cycl obut yl di met hox met hoxy t h enyl]-6-

met hoxy- I\I—(tegg’éfﬁé?igt’@ %%ﬁ?%teﬁlpﬁlia?%ﬁ/ﬁgé‘ tg’nf Bl}e[%/?aé%?’f% azol e- 7-ami ne or
salt thereof. <15€Bmpound (1B-2) may be used at 1-5 moles with respect to compound (1B-

3-[2, 6- D net hoxy- 4- (rret hoxyrret hylgphenyl] 6- met hoxy- N-pent yl - Iﬂ-

(tetrahydro- 2I]-Dpyran 4-yl ) pyrazol o[ 5,1-b][1, 3]thiazol e-7-am ne or sal t
t her eof The base may be used at 1-5 molar equivalents and preferably 1.5 molar

5 equivalents with respect to compound (1B-1).
[0034] Step 1C

This is a step of acid treatment of compound (1C-1) to produce compound
(1D-1).

The step can be carried out with reference to the reaction conditions

10 described in WO 04/037822 (step 5-B of Production Process 5, and Production
Example 24) and in (2g) of Example 2 below and the like.

This step can be carried out in the presence or in the absence of a solvent,
and when a solvent is used, the solvent used for the reaction is not particularly
restricted so long as it can dissolve the starting materials to some extent and does

15 not interfere with the reaction, and examples include ether solvents such as
tetrahydrofuran, 1,2-dimethoxyethane, methyl-fers-butyl ether, cyclopentyl methyl
ether, diethyl ether, diisopropyl ether, dibutyl ether, dicyclopentyl ether and 1,4-
dioxane, aromatic hydrocarbon solvents such as benzene and toluene, aliphatic
hydrocarbon solvents such as heptane and hexane, ethyl acetate, halogen solvents

20 such as dichloromethane, acetonitrile, and mixtures thereof, with dichloromethane
being preferred.

The acid used in this step may be hydrochloric acid, sulfuric acid,
trifluoroacetic acid or the like, with trifluoroacetic acid being preferred.

The reaction temperature will generally differ depending on the starting

25 materials, solvent and other reagents used in the reaction, but it is preferably 0°C-
40°C (as the reactor internal temperature).

The reaction time will also differ in most cases depending on the starting
materials, the solvent and the other reagents used in the reaction, and on the
reaction temperature, but preferably stirring is carried out for 1-8 hours at the

30 aforementioned reaction temperature after addition of the reagents.

The acid may be used in an amount of 1 mol or more with respect to

compound (1C-1), and a large excess of acid may also be used as the reaction

solvent.
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<15-9> N-(Cycl opropyl net hyl ) - 3-[ 2, 6- di met hoxy- 4- ( met hoxynet hyl ) phenyl ] - 6-
met hoxy- N- (t et rahydr o- 2H pyran-4-yl ) pyrazol o[ 5, 1-b][ 1, 3]t hi azol e-7-am ne or
salt thereof. 5 FP08-0210-00 <15-10> FP08-0210-00
3-[2, 6- D met hoxy- 4- (met hoxynet hyl ) phenyl ] - 6- net hoxy- N- propyl - N
(tetrahydro-2H pyran-4-yl)pyrazol o[ 5, 1-b][1, 3]thi azol e-7-am ne or salt

t hereof. <15-11>

et hoxy- ke (¢t r any SoPRed s s T ARES LG Ry o g p Yt B et e 0 e or
salt 5 thereg@fbsequent step without any special purification, with only a procedure of simple
treatment of the reaction mixture and distilling off the solvent, similar to (2g) in
Example 2 described below.
5 [0035] Step 1D

This is a step of reacting compound (1D-1) and compound (1D-2) in a
solvent, in the presence of a reducing agent and in the presence or in the absence of
an acid, to produce compound (1E-1). |

The step can be carried out with reference to the reaction conditions

10 described in WO 04/037822 (step 5-C of Production Process 5, and Production
Example 24) and in (2g) of Example 2 and the like.

The reaction may be carried out under a stream or in an atmosphere of an
inert gas such as nitrogen or argon.

Compound (1D-2) may be an aldehyde compound or ketone compound as

15 defined above, and there may be used a compound that can be produced under the
reaction conditions described in Production Example 1A below and the like, a
commercially available compound, or a compound that can be easily produced by a
person skilled in the art from a commercially available compound using ordinary
methods.

20 The solvent used for this reaction is not particularly restricted so long as it
dissolves the starting materials to some degree and does not interfere with the
reaction, and as examples there may be mentioned alcohol solvents such as
methanol and ethanol, ether solvents such as tetrahydrofuran, 1,2-dimethoxyethane,
methyl-tert-butyl ether, cyclopentyl methyl ether, diethyl ether, diisopropyl ether,

25 dibutyl ether and dicyclopentyl ether or acetic acid and the like, any of which may
be used alone or as mixed solvents.

The reducing agent may be a reducing agent that is commonly used for
reductive amination between carbonyl compounds and amine compounds and is
not particularly restricted for this reaction, and a-picolineborane, sodium

30 triacetoxyborohydride and sodium borohydride may be mentioned as examples.

The acid used for the reaction may be trifluoroacetic acid, acetic acid and
the like.

The reaction temperature will generally differ depending on the starting

17



<15-12> 3-[ 2, 6- D net hoxy-4- (et ho
nmet hyl cycl opropyl )nethyl ]-N-(tetr
b][1, 3]thiazole-7-amine or salt t

3-[ 2- Chl or o- 6- et hoxy- 4- ( met hoxynet hyl ) phenyl ] - 6- met hoxy- N- pr opyl -
b][1, 3]thiazol e-7-am ne or salt

N (tetrahydro-2H pyran-4-yl)pyraz
t hereof <15-14>

4-{7-[ (Cycl opropyl pet hyl

nethoxypyrazdpﬁéé %EB?%E%G ‘%ogf%
t her eof <15- 1Bétween 0°C and the reflux
4-{7-[ (Cycl opr opyl nmet hyl()i
met hoxypyr azofeglpsratung), pmpd

The reaction time wi

(tetrahydro-2H pyr an-
3 mpgegpieraply opuitempgiafEe-hoxybenzoni tril e or

xynet hyl ) phenyl ] - 6- met hoxy- N-[ ( 2-

ahydr o- 2H pyran-4-yl)pyrazolo [5, 1-
her eof <15-13>
10

ol o[ 5, 1-
dr of |
e Gl el R AP D A, Prefesetly

temperature of the solvent (as the reactor internal
4-yl met hyl ) am no] - 6- 15

ill also, in general, differ depending on the starting

5 materials, solvent and other reagents used in the reaction, and on the reaction
temperature, but it is preferably 1-48 hours and more preferably 1-6 hours at the
aforementioned reaction temperature after addition of the reagents.

The reducing agent may be used at 0.5-3 molar equivalents and preferably
1-2 molar equivalents with respect to compound (lD-l).
10 Compound (1D-2) may be used at 1-5 molar equivalents and preferably 1-2
molar equivalents with respect to compound (1D-1).
[0036] Production Scheme 2
[Chemical Formula 6]
Boc\N HoN
Q\r oﬁ >
— \
N/N\e [Step 2A] / N/N\/g
(1B-1) Ar (2B-1)
e
0 RY
@82 HN y R
HO™ RY ﬁs Q\Vs
- O \ - 0 ~Z
[Step 2B] / N/N% [Step 2C] PN %
Ar
. e (2D-1) Ar
R
(1D-2) d
RbJLRC Rb>\N/\R
> S
oﬁ
[Step 2D] 5 }\1 N %
Ar
(2E-1)
15 wherein Ar is a group represented by the formula:

[Chemical Formula 7]

.
S

2

Boc has the same definition as above, and
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t hereof <15-16>

N- (Cycl opr opyl net hyl ) - 6- net hoxy- N- (t et r ahydr o- 2H- pyr an- 4-yl net hyl ) -
3-(2,4,6-trinet hoxyphenyl ) -pyrazol o[ 5, 1-b][1, 3]t hi azol e- 7- am ne bP0&&2}0-00
t hereof. <15-17>

3-{4-[ (Cycl obut yl oxy) net hyl ] -2, 6-di net hoxyphenyl } - 6- net hoxy-N 20

propyl - N-(tetrahydro-2H pyran-4-yl)pyrazol o[ 5, 1-b] [ 1, 3]t hi azol e-7-am ne or
salt thereof. Advantageous Effect of Invention [0011] CRF receptor

ant agoni sts have bé@esgrqugpepresatadPygk -eHhetoriesondsio B of §e range of

di seases, whi r fg ted below. 25 (1) Depression, depressive synptons,
anxi ety [‘663‘?] Step 2A

This is a step of acid treatment of compound (1B-1) to produce compound
(2B-1).

5 This step may be carried out under the reaction conditions described for
step 1C of Production Scheme 1, or with reference to the reaction conditions
described in (12a) of Example 12 below and the like.

The solvent used for the reaction is not particularly restricted so long as it
dissolves the starting materials to some extent and does not interfere with the

10 reaction, and for example, ethyl acetate, water or a mixed solvent thereof may be
used.

The acid used in this step may be hydrochloric acid, sulfuric acid,
trifluoroacetic acid and the like, but it is preferably a solution of hydrochloric acid
in ethyl acetate, or trifluoroacetic acid. -

15 The reaction temperature will generally differ depending on the starting
materials, solvent and other reagents used in the reaction, but it is preferably 0°C-
40°C.

The reaction time will also, in general, differ depending on the starting
materials, solvent and other reagents used in the reaction, and on the reaction

20 temperature, but it is preferably 1-48 hours and more preferably 1-6 hours at the
aforementioned reaction temperature after addition of the reagents.

The acid may be used in an amount of 1 mol or more with respect to
compound (1B-1), and a large excess of acid may also be used as the reaction
solvent.

25 [0038] Step 2B

This is a step of reacting compound (2B-1) and compound (2B-2) in a
solvent in the presence of a condensation agent to produce compound (2C-1).

This step may be carried out with reference to the reaction conditions
described in (12b) of Example 12 below and the like.

30 As compounds represented by general formula (2B-2), there may be used a
commercially available compound, or a compound that can be easily produced by a
person skilled in the art from a commercially available compound.

The reaction may be carried out under a stream or in an atmosphere of an
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CRF1 receptor antagonist R121919 is effective for aneliorating depression,
depressive synptons, anxiety and the |like. (Journal of Psychiatric Research
34:171-181(2000)) CRFl receptor antagoni st R121919 exhibits an anti-anxiety
action in rats. 30 (European Journal of Neuroscience, 13:373-38Ff2802)0-00
CRF1 receptor antagoni st CP-154526 exhibits anti-depressant and anti -
anxiety actions in rats. (European Journal of Pharnacol ogy,
492:195-201(2004)) (2) Irritable bowel syndrone (IBS) 6 FP08-0210-00

inert gas such as nitrogen or argon.

The solvent used for the reaction is not particularly restricted so long as it
can dissolve the starting materials to some extent and does not interfere with the
reaction, and examples include ether solvents such as tetrahydrofuran, 1,2-

5 dimethoxyethane, methyl-ters-butyl ether, cyclopentyl methyl ether, diethyl ether,
diisopropyl ether, dibutyl ether, dicyclopentyl ether, 1,2-dimethoxyethane and 1,4-
dioxane, amide solvents such as N,N-dimethylformamide, and a mixed solvent
thereof.

The condensation agent for this step will differ depending on the starting

10 materials and the solvent used and is not particularly restricted, and examples
include water-soluble carbodiimide (1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride), 1-hydroxybenzotriazole, and a
mixture thereof.

The reaction temperature will generally differ depending on the starting

15 materials, solvent and other reagents used in the reaction, but it is preferably 0°C-
40°C.

The reaction time will also differ in most cases depending on the starting
materials, the solvent and the other reagents used in the reaction, and on the
reaction temperature, but it is preferably 1-48 hours at the aforementioned

20 temperature after addition of the reagents.

Compound (2B-2) may be used at 1-5 molar equivalents and preferably 1-
1.5 molar equivalents with respect to compound (2B-1).

The condensation agent may be used at 1-10 molar equivalents with respect
to compound (2B-1).

25 [0039] Step 2C

This is a step of reducing compound (2C-1) in a solvent in the presence of a
reducing agent to produce compound (2D-1).

The step may be carried out with reference to the reaction conditions
described in (12¢) of Example 12 below and the like.

30 The reaction may be carried out under a stream or in an atmosphere of an
inert gas such as nitrogen or argon.

The solvent used for the reaction is not particularly restricted so long as it

can dissolve the starting materials to some extent and does not interfere with the
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CRF1 receptor antagonist a-helical CRF(9-41) inhibits colon intestinal
hyperki nesis in I BS patients and reduces abdom nal pain and anxiety. icht
2004; 53:958-964) (3) Sleep disorder, insomia 5 CRF1 receptongﬁgé@ #i08¢
R121919 inhibits stress-related sleep disorder particularly in high-anxiety
rats. (Journal of Psychiatric Research, 36:197- 208(2002)) (4) Al cohol
dependence, al cohol w thdrawal synptons, drug dependence, drug w thdrawal

symptoms 10 CREL v egeptor A agoilst OB 134526 LN bl tg, hegurt encq pf
dimethoxyethane, methyl-tert-butyl ether, cyclopentyl methyl ether, diethyl ether,
diisopropyl ether, dibutyl ether, dicyclopentyl ether, 1,2-dimethoxyethane and 1,4-
dioxane, among which tetrahydrofuran is preferred.

5 The reducing agent for this step will differ depending on the starting
materials and the solvent used and is not particularly restricted, and examples
include borane and a solution of borane in tetrahydrofuran.

The reaction temperature will generally differ depending on the starting
materials, solvent and other reagents used in the reaction, but it is preferably from

10 0°C to the reflux temperature of the solvent (as the reactor internal temperature).

The reaction time will also differ in most cases depending on the starting
materials, the solvent and the other reagents used in the reaction, and on the
reaction temperature, but it is preferably 1-24 hours at the aforementioned
temperature after addition of the reagents.

15 The reducing agent may be used at 1-10 molar equivalents and preferably
2-5 molar equivalents with respect to compound (2C-1).

The product of step 2C may be used as starting material for the subsequent
step without any special purification, with only a procedure of simple treatment of
the reaction solution and distilling off the solvent, similar to (12¢) in Example 12

20 described below.
[0040] Step 2D

This is a step in which compound (2D-1) and compound (1D-2) are reacted
to obtain compound (2E-1).

The reaction conditions for this step may be the same conditions by the

25 same procedure as in step 1D of Production Scheme 1.

Upon completion of the reaction in each step of the processes described
above, the target compound of each step may be recovered from the reaction
mixture by an ordinary method.

[0041] [Reaction treatment method]

30 When the reaction mixture is a liquid, for example, the reaction mixture is
returned to room temperature or cooled on ice as desired, and neutralized with an
appropriate acid, alkali, oxidizing agent or reducing agent, followed by addition of

water and an organic solvent that is immiscible therewith and does not react with
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al cohol - seeki ng behavior in rats. (Psychopharnmacol ogy, 150:317-324(2000))
CRF1 receptor antagonist a-helical CRF(9-41) inhibits anxiety behavior in
ethanol withdrawal rats. (Brain Research, 605:25-32(1993)) CRFl FRQe@iis:-00
ant agoni st CP- 154526 inhibits recurrence of stress-elicited 15 drug
(heroin, cocaine)-seeking behavior in rats. (Psychopharnmacol ogy, 137:184-
190(1998)) Pretreatnment with CRF1 receptor antagonist CP-154526 inhibits

MRS TE S AR TR T 830 S T O
dysfunction it is allowed to stand for separation and the layer of the resulting bilayer that
contains the target compound is separated. Next, a solvent that is immiscible with
the obtained layer and does not react with the target compound is added, and then
5 the layer containing the target compound is washed and separated. When the layer
is an organic layer, it may be dried using a desiccant such as anhydrous magnesium
sulfate or anhydrous sodium sulfate, and the solvent distilled off to obtain the target
compound. When the layer is an aqueous layer, it may be electrically desalted and
then freeze-dried to obtain the target compound.

10 [0042] When the entire reaction mixture is a liquid, it may be possible to recover
the target compound simply by distilling off the components other than the target
compound (for example, solvent, reagents, etc.) at ordinary pressure or under
reduced pressure.

[0043] When the target compound precipitates alone as a solid, or when the entire

15 reaction mixture is a liquid and the target compound precipitates alone as a solid
during the collecting process, the target compound may be first collected by a
filtration method, the collected target compound washed with a suitable organic or
inorganic solvent and drying carried out as suitable to obtain the target compound.
[0044] On the other hand, when the reagents or catalyst are the only solids present,

20 or when the reagents or catalyst alone precipitate as solid duﬁng treatment of the
reaction mixture, with the target compound remaining dissolved in solution, the
reagents or catalyst may be first removed by a filtration method, the removed
reagents or catalyst washed with a suitable organic or inorganic solvent, and the
obtained wash combined with the mother liquor to obtain a liquid mixture, which

25 may then be treated in the same manner as in the case that the entire reaction
mixture is a liquid, in order to obtain the target compound.

[0045] The reaction mixture may be used directly for subsequent steps without
isolation of the target compound in cases where components other than the target
compound in the reaction mixture will not inhibit reaction in the subsequent steps.

30 [0046] [Purifying process]

Purity of the target compound collected by the above methods can be
increased by appropriately carrying out recrystallization, various chromatography

methods, or distillation.
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CRF1 receptor antagonist NBI-27914 inhibits water avoi dance stress- rel ated
rat catharsis. (Brain Research, 893:29-35(2001)) (6) Anorexia nervosa,
eating disorder CRFl receptor antagonists a-helical CRF(9-41) an&#PGRA200:00
inhibit 25 stress-related reduction in food intake. (Brain Research,

823: 221-225(1999)) (7) Postoperative ileus CRFI receptor antagoni st

CP- 154526 aneliorates gastric enptying retardation follow ng surgery.

Gomont o, mul {00 hdika: theoolactes, b tahpa et Purty of the gt ©
compound can usually be improved by recrystallization. For recrystallization there
may be used a simple solvent or a multiple solvent mixture that does not react with
the target compound. Specifically, the target compound may first be dissolved at

5 room temperature or with heating in the simple solvent or solvent mixture that does
not react with the target compound. The obtained mixture may then be cooled with
ice water or the like or allowed to stand at room temperature to cause precipitation
of the target compound from the mixture.

[0048] When the collected target compound is a solid or liquid, purity of the target

10 compound can be improved by various chromatography methods. In most cases a
weakly acidic silica gel such as silica gel 60 (70-230 mesh or 340-400 mesh) by
Merck, Ltd. or BW-300 (300 mesh) by Fuji Silysia Chemical, Ltd. may be used. If
the target compound is basic, there may be used propylamine-coated silica gel
(200-350 mesh) by Fuji Silysia Chemical, Ltd., or the like. If the target compound

15 is dipolar or requires elution with a highly polar solvent such as methanol, there
may be used NAM-200H or NAM-300H by Nagara Science Co., Ltd. Using these
silica gels, the target compound may be eluted in a simple solvent or solvent
mixture that does not react with the target compound and the solvent distilled off to
obtain the target compound with enhanced purity.

20 [0049] When the collected target compound is a liquid, purity of the target
compound can also be improved by distillation. The temperature and degree of
reduced pressure may be adjusted as appropriate depending on the target compound,
to obtain the target compound by an ordinary distillation method.

[0050] When a compound of the invention is obtained in free form, it may be

25 converted to an acceptable salt of the compound by an ordinary method.

[0051] Conversely, when a compound of the invention is obtained as a salt, it may
be converted to the free form of the compound by an ordinary method.

[0052] Various isomers (for example, geometric isomers, optical isomers,
rotational isomers, stereoisomers, tautomers and the like) obtained for compounds

30 of the invention may be purified and isolated using ordinary separation means such
as, for example, recrystallization, a diastereomer salt method, enzymatic resolution
or various chromatography methods (for example, thin-layer chromatography,

column chromatography, gas chromatography, etc.).
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- CRF1 receptor antagonist CP-154526 inhibits |earning disturbance follow ng

~acute stress. (Behavioural Brain Research, 138:207-213(2003)) %]:Oléz@g%gg)tor
- antagoni st a-helical CRF(9-41) suppresses stress-related 7 FP08- -
increase in intracerebral anyloid-[3. (Proceedings of the National Acadeny
of Sciences of the United States of America, 104:10673-10678(2007)) CRF1
receptor antagoni st NBI 27914 inhibits increased |evels of Af3 and Af3

pl aque depo by stress in Tg2576 m ce (Journal of
Neur ochemi st p@%ﬁ@b@ﬂg&‘r’o 5-175 (2009))

When a compound of the invention is to be used as a drug, the compound of
the invention will usually be used after mixture and formulation with appropriate
additives. However, this does not negate the use of the compounds of the invention

5 in bulk forms as drugs.
[0054] As additives there may be mentioned excipients, binders, lubricants,
disintegrators, coloring agents, taste correctives, emulsifiers, surfactants, dissolving
aids, suspending agents, isotonizing agents, buffering agents, antiseptic agents,
antioxidants, stabilizers, absorption accelerators and the like which are commonly

10 used in drugs, and these may also be used in appropriate combinations as desired.

As examples of excipients there may be mentioned lactose, white soft sugar,
glucose, corn starch, mannitol, sorbitol, starch, pregelatinized starch, dextrin,
crystalline cellulose, light silicic anhydride, aluminum silicate, calcium silicate,
magnesium aluminometasilicate, calcium hydrogenphosphate and the like.

15 As examples of binders there may be mentioned polyvinyl alcohol,
methylcellulose, ethylcellulose, gum arabic, tragacanth, gelatin, shellac,
hydroxypropylmethylcellulose, hydroxypropylcellulose, carboxymethylcellulose
sodium, polyvinylpyrrolidone, macrogol and the like. ‘

As examples of lubricants there may be mentioned magnesium stearate,

20 calcium stearate, sodium stearyl fumarate, talc, polyethylene glycol, colloidal silica
and the like.

As examples of disintegrators there may be mentioned crystalline cellulose,
agar, gelatin, calcium carbonate, sodium hydrogencarbonate, calcium citrate,
dextrin, pectin, low-substituted hydroxypropylcellulose, carboxymethylcellulose,

25 carboxymethylcellulose calcium, croscarmellose sodium, carboxymethyl starch,
carboxymethyl starch sodium and the like.

As coloring agents there may be mentioned those approved for addition to
pharmaceuticals, such as iron sesquioxide, yellow iron sesquioxide, calamine,
caramel, B-carotene, titanium oxide, talc, riboflavin sodium phosphate, yellow

30 aluminum lake and the like.

As taste correctives there may be mentioned cocoa powder, menthol,
aromatic powders, peppermint oil, camphor, cinnamon powder and the like.

As emulsifying agents or surfactants there may be mentioned stearyl

24



CRF1 receptor antagonist antalarmn inhibits stress-induced hi ppocanpal tau
phosphoryl ati on (Journal of Neuroscience, 27 (24): 6552-6562 (2007)) (9)

| schemni ¢ neuropat hy, apopl exy CRF1 receptor antagonist a-helical HKRE@14400
inhibits ischemic and 10 excitotoxic encephal opathy. (Brain Research,

656: 405-408(1994)) (10) Excitotoxic neuropathy CRF1 receptor antagoni st
Asressin inhibits kainic acid-induced excitotoxic neuropathy. (Brain

Research, 744: 1&8%{0(1997)@1}&12]% Clonv&l?si on, ﬁpi | epsy 15. CRF1 receptor

ant agoni st NBI% FHIREp;SP sY¥etem lawy} (grinopropionic acid, lecithin,
glycerin monostearate, sucrose fatty acid esters, glycerin fatty acid esters and the
like.

As dissolving aids there may be mentioned polyethylene glycol, propylene
5 glycol, benzyl benzoate, ethanol, cholesterol, triethanolamine, sodium carbonate,
sodium citrate, polysorbate 80, nicotinamide and the like.

As suspending agents there may be mentioned the aforementioned
surfactants, as well as hydrophilic polymers such as polyvinyl alcohol,
polyvinylpyrrolidone, methylcellulose, hydroxymethylcellulose,

10 hydroxyethylcellulose and hydroxypropylcellulose.

As isotonizing agents‘ there may be mentioned glucosé, sodium chloride,
mannitol, sorbitol and the like.

As buffering agents there may be mentioned phosphate, acetate, carbonate
and citrate buffering solutions.

15 As antiseptic agents there may be mentioned methylparaben, propylparaben,
chlorobutanol, benzyl alcohol, phenethyl alcohol, dehydroacetic acid, sorbic acid
and the like.

As antioxidants there may be mentioned sulfite, ascorbic acid, a-tocopherol
and the like.

20 As stabilizers there may be mentioned those commonly used in drugs.

As absorption accelerators there may also be mentioned those commonly
used in drugs.

[0055] As formulations there may be mentioned oral forms such as tablets,
powders, granules, capsules, syrups, lozenges and inhalants; external preparations

25 such as suppositories, ointments, eye salves, tapes, eye drops, nose drops, ear drops,
poultices, lotions, and the like; and injections.

The aforementioned oral forms may be formulated with appropriate
combinations of the additives mentioned above. Their surfaces may also be coated
if necessary.

30 The aforementioned external preparations may be formulated with
appropriate combinations of the additives mentioned above, and especially
excipients, binders, taste correctives, emulsifiers, surfactants, dissolving aids,

suspending agents, isotonizing agents, antiseptic agents, antioxidants, stabilizers
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(convul sion and epil epsy induced by CRF adm ni stration). (Brain Research,
770:89-95(1997)) (12) Hypertension CRP1 receptor antagoni st Antalarmn

i nhi bits hypertension induced by 20 intraventricul ar adninistra%%@y o&FCRF
(Brain Research, 881:204-207(2000)) [0012] The conpounds and safteS-PakFe6s
according to the invention have excellent CRF receptor antagonism as

evi denced by the activity data in the Pharnmacol ogi cal Test Exanples

descri bed bel ow. Thus, based on the aforenenti oned publications

denonstratin orrel ati et ween CRF receptor antagoni smand effects of
25 treating %y%ﬁ? W@ﬁ?@%%%g?§8%3es, t he conpounds or salts thereof according
to the Injections may also be formulated with appropriate combinations of the

additives mentioned above, and especially emulsifiers, surfactants, dissolving aids,
suspending agents, isotonizing agents, buffering agents, antiseptic agents,
5 antioxidants, stabilizers and absorption accelerators.

[0056] The dosage of a drug according to the invention will differ depending on

the severity of symptoms, patient age, gender and body weight, type of dosage

form/salt, patient drug sensitivity and specific nature of the disease, but the dosage

per day for adults will generally be 30 pgto 10 g (preferably 0.1 mgto 1 g) for oral
10 administration, 30 pg to 20 g (preferably 100 pg to 10 g) for external application

and 30 pgto 1 g (preferably 100 pg to 1 g) for injection, eitﬁer administered at a

single time or divided into several dosages.

These values are the actual administered amounts in the case of oral

formulations and injections, and are the amounts actually absorbed by the body in
15 the case of external formulations.

Examples

[0057] The compounds of the invention may be produced by the pfocesses

described in the following examples, and the effects of the compounds may be

confirmed by the methods described in the following testing examples. However,
20 these specific examples are merely illustrative and not intended to restrict the

invention in any way, while various modifications may be implemented such as are

within the scope of the invention.

[0058] Compounds mentioned with reference to published documents were

produced in the manner described in those documents.

25 [0059] The symbols used throughout the present specification stand for the
followings.

"H-NMR: Proton nuclear magnetic resonance
0: Chemical shift
s: singlet
30 d: doublet
t: triplet
g: quartet

m: multiplet
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I nvention are useful for treatnment or prevention of diseases associated with
CRF and/or CRF receptors, and are particularly useful as therapeutic or
prophyl actic agents for depression, depressive synptons, anxiet§P0802i0:@bl e
bowel syndronme, sleep disorder, insomia, alcohol dependence, al cohol

wi t hdrawal synptons, drug 30 dependence, drug w thdrawal synptons,

stress-rel at ed gast roi ntestinal dysfunction, anorexia nervosa, eating

di sorder, ?f%ing ti ve | | eus, ischem c neuropathy, apoplexy, excitotoxic
neur opat hy, pptle dpubletyi | epsy, hypertension, schizophrenia, bipolar

di sorder or d&gpgltobgtsmgleFPOB- 0210- 00
sept: septet
J: coupling constant
5 Hz: Hertz

M: mol/L
n-: normal
s-: secondary
tert-: tertiary (tertiary)

10 N: Normality
CDCl;: deuterio-chloroform
DMSO-ds: deuterio-dimethyl sulfoxide
DMEF: N,N-Dimethylformamide
DME: 1,2-Dimethoxyethane

15 THEF: Tetrahydrofuran
DMSO: Dimethyl sulfoxide
NMP: N-Methylpyrrolidinone

WSCD: Water-soluble carbodiimide, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride [CAS No.25952-53-8]

20 4AMS: Molecular sieves 4A (pore size: 4 angstrom)
Me: Methyl

EGTA: Glycol ether diamine tetraacetic acid (0,0'-bis(2-
aminoethyl)ethyleneglycol-N,N,N',N'-tetraacetic acid)
BSA: Bovine serum albumin
25 "Under reduced pressure" means conditions with approximately 1 to 50 mmHg by
using a vacuum pump, a water-jet pump etc.
[0060] Unless otherwise specified, the "silica gel" in "silica gel column
chromatography" mentioned throughout the examples is Silica Gel 60 (70-230
mesh or 340-400 mesh) by Merck, Ltd., FLASH+Cartridge (KP-SIL, pore size: 60
30 angstrom, particle size: 32-63 um) by Biotage, or Cartridge (Hi-Flash, pore size: 60
angstrom, particle size: 40 pum) by Yamazen.
[0061] Also unless otherwise specified, the "(NH)silica gel" in "(NH)silica gel

column chromatography" mentioned throughout the examples is propylamine-
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Description of Enbodi nents [0013] The present invention will now be

explained in detail. [0014] Throughout the present specification, the
structural formulas for the conpounds will show only one speci $§RO 8- P20
for convenience, but the invention 5 includes all isoners such as geonetric

I somers, optical isoners, stereoisoners and tautoners inplied by the
conpound structures, as well as their isoner m xtures, and the conpounds

T e et e s OB PB4 SRR s & ety
conveni ence. Hﬁsh%mﬁmrpaxarml €0 aﬁé@&omppamuled&emo pung by Yeeniéron may exi st as
\:}\/Ipt ﬁgu cally [88&2] \lI%eftg{In room I”cez%r(l:peerrrz‘itl(iremre eysrt%sa ra%lgle f?ofm (I)I%(hl()%& to ﬂg&uded
The percentage values are weight percentages, unless otherwise specified.
5 [0063] [Production Example 1A] Dihydro-2H-pyran-3(4H)-one

[Chemical Formula 8]
o

N

To a mixture of oxalyl chloride (2.28 mL, 26.6 mmol) and dichloromethane
(40 mL) was added a mixture of DMSO (3.78 mL, 53.2 mmol) and
10 dichloromethane (20 mL) while stirring at -78°C, and the mixture was stirred at -

78°C for 30 minutes. After then adding to this mixture a mixture of
tetrahydropyran-3-ol (synthesized according to the method described in
Tetrahedron, 60, 10411-10418, 2004) (1.36 g, 13.3 mmol) and dichloromethane
(20 mL) at -78°C, the resulting mixture was stirred at -7 8°C for 30 minutes, after

15 which triethylamine (11.1 mL, 79.8 mmol) was added and stirring was continued
for 2 hours while slowly raising the temperature to 0°C.

Brine and diethyl ether were added to the mixture, and after sufficient
shaking, the organic layer was separated and the organic layer was washed with
brine and dried over anhydrous magnesium sulfate. The mixture was then filtered,

20 and the solvent in the filtrate was distilled off under reduced pressure to obtain the
' title compound (1.62 g, 16.2 mmol).
'H-NMR (CDCls) &: 2.07-2.14 (m, 2H), 2.54 (t, ] = 6.8 Hz, 2H), 3.82-3.88 (m, 2H),
4.03 (s, 2H).
[0064] [Production Exémple 1B] 2-Cyclopropylethyl methanesulfonate
25 [Chemical Formula 9]

Zl\/\o 4’

0

To a mixture of 2-cyclopropylethanol (5.35 g, 62.1 mmol) and
dichloromethane (107 mlL) were added methanesulfonyl chloride (5.29 mL, 68.3

mmol) and triethylamine (13.1 mL, 93.1 mmol) in that order while stirring on ice,
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limtations according to the invention, and whether racem c m xtures or
optically active fornms, they may be used as m xtures with the optically .
active forns in any desired proportion. [0015] Pol ynorphic crystals may

al so exist, and there may be used any crystal 15 formor a mi xtiFUS-QHEr Wbt
W thout any restrictions, as well as anorphous forns, and the conpounds of
the invention also include both anhydrate and solvate (especially hydrate).
The invention fitrther enconpasses netabolites of conpound (1) according to
the inventio . 4 ) IS ' ' [

nydrol ysis, oo kel BEQEER RTHaP Bl NAGH b Mo LR R |
further 20 erddapastheseatioponintise.t Adter yherbahty shedingithe | hixawe,othel iongpnico t he

| nvention by layer was separated and the organic layer was washed with brine and dried over

anhydrous magnesium sulfate. The mixture was then filtered, and the solvent in
5 the filtrate was distilled off under reduced pressure to obtain the title compound

(10.3 g, 62.7 mmol).

'H-NMR (CDCl;) &: 0.10-0.16 (m, 2H), 0.48-0.55 (m, 2H), 0.72-0.83 (m, 1H), 1.65

(g, J=6.8 Hz, 2H), 3.01 (s, 3H), 4.29 (t, ] = 6.8 Hz, 2H).

[0065] [Production Example 1C (1)] 4-Bromo-3.5-dimethoxybenzamide

10 [Chemical Formula 10]

Br

07 “NH,

To a mixture of 4-bromo-3,5-dimethoxybenzoic acid (15 g, 57.6 mmol) and
THF (200 mL) were added triethylamine (9.63 mL, 69.0 mmol) and ethyl
chloroformate (5.79 mlL, 60.6 mmol) while stirring on ice, and the resulting
15 mixture was stirred for 20 minutes while cooling on ice. After adding 28%
aqueous ammonia to the mixture and stirring at room temperature for 2 hours, ethyl
acetate was further added. After then thoroughly shaking the mixture, the organic
layer was separated and the organic layer was washed with brine and dried over
anhydrous magnesium sulfate. The mixture was filtered, and the solvent in the
20 filtrate was distilled off under reduced pressure. The obtained residue (solid) was
washed with diethyl ether and collected by filtration to obtain the title compound
(11.8 g, 45.4 mmol).
'H-NMR (CDCL) &: 3.95 (s, 6H), 7.00 (s, 2H).
[0066] [Production Example 1C (2)] 4-Bromo-3,5-dimethoxybenzonitrile

25 [Chemical Formula 11]
Br
CN

After adding toluene (20 mL), DMF (5 mL) and thionyl chloride (3.36 mL,
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hetabolisn1(oxidation, reduction, hydrolysis, conjugation and the like) in
the body (so-called prodrugs). [0016] The neani ngs of the terns and synbol s
used t hroughout the present specification will now be expl ai ned, followed
by a nore detailed description of the 25 invention. [0017] The FRI&%92101006
al kyl " used throughout the present specification refers to C-6
strai ght-chain or branched al kyl groups, and as specific exanples there may
be nentioned nmethyl, ethyl, 1-propyl (n-propyl), 2-propyl (i-propyl),
2-met hyl -1- propyl (i-butyl), 2-npethyl-2-propyl (tert-butyl)., I-butyl
(n-butyl), 249kt PAmqly Iougmby@w9-3s%d1@%®wwr}za@-l%e% ¢ }S-é-nbtaﬂlb yp that order,
2-met hyl - | - bupy hixtdreRhdWrrdd-RW0YE for2t BBENYice Jratittwis added to the mixture at
room temperature, and then ethyl acetate was added. After thoroughly shaking the
mixture, the organic layer was separated and the organic layer was washed with
5 brine and dried over anhydrous magnesium sulfate. The mixture was filtered, and
then the solvent in the filtrate was distilled off under reduced pressure.
The obtained residue (solid) was washed with diethyl ether/n-heptane (1/1)
to obtain the title compound (2.08 g, 8.59 mmol).
'H-NMR (CDCl,) 8: 3.93 (s, 6H), 6.82 (s, 2H).
10 [0067] [Production Example 1C (3)] (4-Cyano-2.,6-dimethoxyphenyl)boronic acid
[Chemical Formula 12]

HO\B/OH

O N

CN

To a mixture of 4-bromo-3,5-dimethoxybenzonitrile (2 g, 8.26 mmol) and
THF (60 mL) was added n-butyllithium (1.58 M solution in n-hexane: 5.48 mL,

15 8.68 mmol) while stirring at ~-100°C, and stirring was continued at -100°C for 30
minutes. After then adding trimethyl borate (1.84 mL, 16.5 mmol), stirring was
continued for 4 hours while raising the temperature to -20°C. A saturated aqueous
solution of ammonium chloride and 1N hydrochloric acid were then added to the
reaction mixture, and ethyl acetate was added.

20 After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure. The obtained residue (solid) was washed with n-
heptane to obtain the title compound (1.43 g, 6.91 mmol).

25 "H-NMR (CDCls) 8: 3.96 (s, 6H), 6.89 (s, 2H), 7.01 (s, 2H).

[0068] [Production Example 2C (1)] Ethyl 4-amino-3-methoxybenzoate
[Chemical Formula 13]
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3-net hyl - 2-butyl, 2,2-dinmethyl-I-propyl, 1-hexyl, 2-hexyl, 3-hexyl,
2-nmethyl -1- pentyl, 3-nethyl-Il-pentyl, 4-nethyl-I-pentyl, 2-nethyl-2-pent
3-nmet hyl -2- pentyl, 4-methyl-2-pentyl, 2-nethyl-3-pentyl, 3-neth§?m%0g¥h9
2,3-dinmethyl-1- 9 FP08-0210-00 butyl, 3,3-dinethyl-I-butyl,
2,2-dinmethyl-1-butyl, 2-ethyl-I-butyl, 3,3-dinmethyl-2 butyl and

2,3-dimethyl-2-butyl. [0018] The term"C3-6 cycloal kyl" used throughout the
present specifigation refers to C3-6 nmonocyclic saturated aliphatic

hydr ocarbon groupgs, and as specific 5 exanples there may be nentioned

cycl opropyl, tyl, cyclopentyl and

0" ™o

\

To a mixture of 4-amino-3-methoxybenzoic acid (15 g, 89.7 mmol) and
ethanol (170 mL) was added concentrated sulfuric acid (5 mL), and the mixture
was heated to reflux for 7 hours. The reaction mixture was then returned to room

5 temperature. The solvent in the filtrate was distilled off under reduced pressure.
Water, a saturated aqueous solution of sodium hydrogencarbonate and ethyl acetate
were added to the residue

After thoroughly shaking the mixture, the organic layer was. separated and
the organic layer was washed with brine and dried over anhydrous magnesium

10 sulfate. The mixture was then filtered, and the solvent in the filtrate was distilled
off under reduced pressure to obtain the title compound (17.8 g, 91.2 mmol).
'H-NMR (CDCl) &: 1.37 (t, J = 6.8 Hz, 3H), 3.90 (s, 3H), 4.32 (g, ] = 6.8 Hz, 2H),
6.66 (d, ] =8.0 Hz, 1H), 7.45 (d, J = 1.6 Hz, 1H), 7.54 (dd, J = 1.6, 8.0 Hz, 1H).
[0069] [Production Example 2C (2)] Ethyl 4-amino-3-chloro-5-methoxybenzoate
15 [Chemical Formula 14]

NH,
o o

N
After adding acetonitrile (170 mL) and N-chlorosuccinimide (13.4 g, 100
mmol) to ethyl 4-amino-3-methoxybenzoate (17.8 g, 91.2 mmol) in that order, the
mixture was stirred at 60°C for 2 hours. The mixture was returned to room
20 temperature, and the solvent in the mixture was distilled off under reduced pressure.
The residue was purified by silica gel column chromatography (mixture of »-
heptane and ethyl acetate: n-heptane/ethyl acetate = 8/1 then 4/1) to obtain the title
compound (15.8 g, 68.8 mmol).
'H-NMR (CDCly) 6: 1.37 (t, ] = 6.8 Hz, 3H), 3.91 (s, 3H), 4.32 (q, ] = 6.8 Hz, 2H),
25 4.58 (br.s, 2H), 7.36 (d, I = 1.8 Hz, 1H), 7.65 (d, J = 1.8 Hz, 1H).
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cycl ohexyl . [0019] As specific exanples of the "C3-6 cycl oal kyl having
nmethyl" referred to throughout the present specification there may be
menti oned 2-net hyl cycl obutyl, 3-nethyl cycl obutyl and 2-net hyl cyEP@e02dy00
anong whi ch 2-net hyl cycl opropyl 10 is preferred. [0020] As specific
exanpl es of "tetrahydropyranyl” referred to throughout the present
specification there may be nentioned tetrahydropyran-4-yl and

tetrahydropyran-S-él, wi.t h_tetrahydropyran-4-yl being preferred. [0021] As
speci fic exarfPdy [ ¥0duﬁmn%m1%6§raﬂﬁw@@mammw@@@mut 15

the present spgghidafRsiRil [5iere my be nentioned
(tetrahydropyr an-|4- yl) met hyl,

Cl 0

~

(O XN ¢

To ethyl 4-amino-3-chloro-5-methoxybenzoate (15.8 g, 68.8 mmol) were

5 added acetonitrile (40 mL) and diiodomethane (22.2 mL, 275 mmol) in that order,
and then the mixture was stirred at 70°C and isoamyl nitrite (13.9 mL, 103 mmol)

was added dropwise over a period of 10 minutes. The mixture was then stirred at

70°C for 40 minutes. After returning the mixture to room temperature, the solvent

in the mixture was distilled off under reduced pressure and the residue was purified

10 by silica gel column chromatography (mixture of n-heptane and ethyl acetate: n-
heptane/ethyl acetate = 8/1 then 5/1) to obtain the title compound (15.6 g, 45.8
mmol).

'H-NMR (CDCl5) 8: 1.40 (t, J = 7.2 Hz, 3H), 3.95 (s, 3H), 4.38 (q, J = 7.2 Hz, 2H),
730(d,J=1.6Hz, 1H),7.73 (d,J = 1.6 Hz, 1H).

15 [0071] [Production Example 2C (4)] (3-Chloro-4-iodo-5-methoxyphenyl)methanol
[Chemical Formula 16]

!
Cl N

OH

To a mixture of ethyl 3-chloro-4-iodo-5-methoxybenzoate (15.6 g, 45.8

mmol) and toluene (150 mL) was added diisobutylaluminum hydride (1.01 M

20 solution in toluene: 95.2 mL, 96.2 mmol) while stirring at -78°C, and stirring was
continued for 3 hours while raising the temperature to -30°C. After then adding a

solution of Rochelle salt (sodium potassium (+)-tartrate tetrahydrate) (77.6 g, 275

mmol) in water (400 mL) to the mixture, stirring was continued for 5 hours at room
temperature and ethyl acetate was added. After thoroughly shaking the mixture,

25 the organic layer was separated and the organic layer was washed with brine and

dried over anhydrous magnesium sulfate. The mixture was then filtered, and the
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(tetrahydropyran-3-yl)nmethyl and (tetrahydropyran-2-yl)nethyl, anong which
(tetrahydropyran-4-yl)nethyl is preferred. [0022] As specific exaraol es of
"tetrahydrofurylnmethyl” referred to throughout the present spe 8109
there may be nentioned (tetrahydrofuran-3-yl)methyl and 20
(tetrahydropuran-2-yl)methyl, with (tetrahydrofuran-3-yl)nethyl being
preferred. [0023] The term"” anxi ety" used in the present speci fication

refers not onI [ sen but als dit ons
W thin Che ganieiingBRAUERY vt SRt Db RiBeetiendis Do bPufie b ¢!
di sor der, pambmpdulabmdﬁ’rg,élﬁtmbml) obsessive conpul sive di sorder and

post & Uty ShEeRnELFS U56 s, 3 Fh (@3 2983EY S PR bR o4 10

1H).
5 [0072] [Production  Example 2C )] 1-Chloro-2-iodo-3-methoxy-5-
(methoxymethyl)benzene

[Chemical Formula 17]

|
Cl )

7
To a mixture of (3-chloro-4-iodo-5-methoxyphenyl)methanol (13.7 g, 45.9
10 mmol) and NMP (90 mL) were added sodium hydride (60% dispersion in oil: 2.02
g, 50.5 mmol) and iodomethane (3.14 mL, 50.4 mmol), and the mixture was stirred
at room temperature for 4 hours. Water and diethyl ether were added to the
mixture. After thoroughly shaking the mixture, the organic layer was separated
and the organic layer was washed with brine and dried over anhydrous magnesium
15 sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure.

The residue was purified by silica gel column chromatography (mixture of
n-heptane and ethyl acetate: n-heptane/ethyl acetate = 8/1 then 4/1) to obtain the
title compound (13.2 g, 42.2 mmol).

20 'H-NMR (CDCls) &: 3.40 (s, 3H), 3.90 (s, 3H), 4.40 (s, 2H), 6.69 (s, 1H), 7.07 (s,
1H).
[0073] [Production Example 2C (6)] [2-Chloro-6-methoxy-4-
(methoxymethyl)phenyl]boronic acid
[Chemical Formula 18]

OH

HO
~ B/
Ci O

25 l
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[0024] The term "denentia" used in the present specification refers not only
to denentia in the strict sense, but also conditions within the_general
concept of denentia, such as Al zheiner-type senile denenti a, nufg@&p%HhPQt
denentia and senile denentia, as well as diseases closely related to
denmentia. 30 [0025] A "salt" used in the present specification is not
particularly restricted so long as it is formed with the conpound of the

et ion, a1t Mousiel§ sl ol s B TRARPaLRL AEASTR B Fy o
organi ¢ aci d @dl2g 18rdmawi)dind T (id0anl pwsahdded HtbutfARGBuZ1.68 0@ solution
in n-hexane: 10.5 mlL, 16.6 mmol) while stirring at -100°C, and stirring was
continued for 30 minutes at -100°C to -85°C. After then adding trimethyl borate
5 (4.21 mL, 37.8 mmol), stirring was continued for 4 hours while slowly raising the
temperaturel to -20°C. A saturated aqueous solution of ammonium chloride and 1N
hydrochloric acid were then added to the reaction mixture, and ethyl acetate was
further added.
After thoroughly shaking the mixture, the organic layer was separated and
10 the organic layer was washed with brine and dried over anhydrous magnesium |
sulfate. The mixture was filtered, and then the solvent in the filtrate was-distilled
off under reduced pressure. The obtained residue (solid) was washed with n-
heptane to obtain the title compound (2.65 g, 11.5 mmol).
'H-NMR (CDCL) &: 3.42 (s, 3H), 3.92 (s, 3H), 4.44 (s, 2H), 6.23 (s, 2H), 6.86 (s,
15 1H), 7.00 (br.s, 1H).
[0074] Example 1 N-Butyl-3-[2.6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxvy-N-(tetrahvdro-2H-pyran-4-y)pyrazolo[5,1-61[1,3]thiazole-7-amine
[Chemical Formula 19]

{3
/\/\N
ﬁs
O0—\ Yy
/ _N
N O—

0]
/

0
\

20 [0075] (1a) 2.6-Dimethoxy-4-(methoxymethyl)benzaldehyde
[Chemical Formula 20]
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[0026] A "salt" used in the present specification, unless otherw se
specified, may forma salt with an appropriate ratio, and the nunber of the
acid nol ecul e agai nst one nol ecul e of the conpound is not parti E2D&0RY0-00
restricted, but preferably approximately 0.1 to approximtely 5 nol ecul es
of the acid exist against one 5 nolecule of the conpound, nore preferably
approximately 0.5 to approxinmately 2 nolecules of the acid exist against
one nol ecul e of the conmpound, and even nore preferably approxi mately 0.5,
approximately 1 o ppr oxi mately 2 nol ecul es of the acid exist against one
nol ecul e of the conpound. [0027] As preferred exanples of inorganic acid
salts there nay" ) oned 10 hydrochl oride, hydrobrom de, sulfate,
nitrate and phosp and as preferred

re
®.

To a mixture of 1,3-dimethoxy-5-methoxymethyl-2-bromobenzene
(Production Example 8X of WO 04/037822) (33.8 g, 129 mmol) and
tetrahydrofuran (338 mL) was added »-butyllithium (2.77 M solution in n-hexane:
5 55.9 mL, 155 mmol) at -78°C. After stirring the mixture at -78°C for 30 minutes,
DMF (11 mL, 142 mmol) was added and stirring was continued for 2 hours while
heating to room temperature. A saturated aqueous solution of ammonium chloride
and ethyl acetate were added to the reaction mixture.

After thoroughly shaking the mixture, the organic layer was separated and
10 the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =

2/1 then 1/1) to obtain the title compound (16.3 g, 77.5 mmol).

15 'H-NMR (CDCL) 8: 3.45 (s, 3H), 3.91 (s, 6H), 4.46 (s, 2H), 6.56 (s, 2H), 10.48 (s,
1H).
[0076] (1b) 1-[2,6-Dimethoxy-4-(methoxymethyl)phenyljethanone
[Chemical Formula 21]
O
O O
0]
l
20 To a mixture of 2,6-dimethoxy-4-(methoxymethyl)benzaldehyde (16.3 g,

77.5 mmol) and THF (200 mL) was added methylmagnesium bromide (0.99 M
solution in #-hexane: 95.9 mL, 93 mmol) at 0°C, and the mixture was stirred for 30

minutes. A saturated aqueous solution of ammonium chloride and ethyl acetate

35



exanpl es of organic acid salts there may be nentioned acetate, succinate,
fumarate, nmalate, tartrate, citrate, lactate, stearate, benzoate

met hanesul fonat e and p- tol uenesul fonate. [0028] As preferred exBROR-831G:90
acidic amno acid salts there may be nentioned 15 aspartate and gl utamate;
[ 0029] (General production schenes) Ceneral production schenes for conpounds
according to the invention will be outlined below although they are not

i ntended to be restrjctjve. The starti conpounds and reagents used in the
general produlti aesdctﬁeth?%ea?%?n@%(gﬁﬁgglof 20 the invention may also form

salts or sol vates Aaspgetotighly Ihkinhattes mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
5 off under reduced pressure. Dichloromethane-acetonitrile (9:1,160 mL), 4AMS
(38 g), 4-methylmorpholine-4-oxide (14.6 g, 121 mmol) and tetrapropylammonium
perruthenate (1.41 g, 4.02 mmol) were added to the obtained residue in that order
and the mixture was stirred at room temperature for 13 hours. Ethyl acetate was
added to the mixture, and silica gel column chromatography was performed for
10 suction filtration. The solvent in the obtained filtrate was distilled off under
reduced pressure. The residue was purified by silica gel column chromatography
(mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate = 1/1 then 1/2) to
obtain the title compound (16.8 g, 75.1 mmol).
'H-NMR (CDCL) &: 2.47 (s, 3H), 3.41 (s, 3H), 3.81 (s, 6H), 4.44 (s, 2H), 6.54 (s,
15 2H). |
[0077] (1c) Ethyl 3-{[4-(2.6-dimethoxy-4-(methoxymethyl)phenyl]-2-thioxo-1,3-
thiazole-3(2H)-vyl]-amino }-3-oxopropanoate
[Chemical Formula 22]
S 0

s% MO

. N—
NS, _
A SN
0]
|
20 After adding tetrahydrofuran (140 mL) and triethylamine (56.1 mL, 403

mmol) to 1-[2,6-dimethoxy-4-(methoxymethyl)phenyl]ethanone (22.7 g, 102
mmol), fert-butyldimethylsilyl trifluoromethanesulfonic acid (33.1 mL, 145 mmol)
was slowly added dropwise at 0°C and the mixture was stirred for 30 minutes. To
this mixture was added N-bromosuccinimide (18.8 g, 107 mmol) at 0°C, and
25 stirring was continued for 1.5 hours. A saturated aqueous solution of sodium

hydrogencarbonate was added to the mixture, and ethyl acetate was added.
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[ 0030] The conpounds represented by general forrmula (1) of the invention can
be produced by the follow ng production schenes. [0031] Productjion Schene 1
[ Chemical Formula 3] 11 FP08-0210-00 Boc-N H Ar-X Boc N H ~yS 1{1’93:%18-000 )
I >/ NN[Step 1A] % N N

After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure.

5 Tetrabutylammonium fluoride (1.0 M solution in THF: 91.4 mL, 91.4
mmol) was added to a mixture of the obtained residue and tetrahydrofuran (140
mlL) at 0°C, and the mixture was stirred for 30 minutes. A saturated aqueous
solution of ammonium chloride and ethyl acetate were added to the reaction
mixture at 0°C.

10 - After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =

15 3/1 then 2/1).

To a mixture of the obtained residue and water-ethanol (2:1, 275 mL) was
added potassium hydrazinecarbodithioate (Heterocycles, vol.23, No.12, 1985,
3099-3106) at 4°C, and the mixture was stirred for 20 hours. The mixture was
suction filtered with a glass filter, and the residue was washed with water and dried

20 under reduced pressure. To a mixture of the obtained residue and dichloromethane
(400 mL) was added dropwise ethylmalonyl chloride (8.86 mL, 66.6 mmol) at 0°C,
and the mixture was stirred at room temperature for 30 minutes. The solvent in the
filtrate was distilled off under reduced pressure. The residue was purified by silica
gel column chromatography (mixture of n-heptane and ethyl acetate: n-

25 heptane/ethyl acetate = 1/1 then 1/3) to obtain the title compound (11.7 g, 27.6
mmol). ,

"H-NMR (CDCls) &: 1.24 (t, ] = 7.2 Hz, 3H), 3.33 (br.s, 2H), 3.44 (s, 3H), 3.82 (s,
6H), 4.14 (q,J = 7.2 Hz, 2H), 4.45 (s, 2H), 4.49 (s, 1H), 6.57 (s, 2H), 9.67 (s, 1H).

[0078] (1d) Ethyl 3-12.6-dimethoxy-4-(methoxymethyl)phenyl]-6-
30 hydroxypyrazolo{5,1-b][1,3]thiazole-7-carboxylate
[Chemical Formula 23]}
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(1A-1) Br (1B-1) Ar Ra R8 -X2 Boc-N Ra (1B2) O~ SHNS [Step 1B] / NN
/ [Step 1] ON (1C1) Ar N. O c (1D1) Ar | (1 D2) R Ra
FP08-0210-00

0
0= ®~
o T
Ho NNy

O—
0
/

0
\

Acetone (235 mL) was added to ethyl 3-{[4-(2,6-dimethoxy-4-
(methoxymethyl)phenyl]-2-thioxo-1,3-thiazole-3 (2H)-yl]-amino}-3-oxopropanoate
(11.7 g, 27.6 mmol), and then iodomethane (17.1 mL, 276 mmol) was added
5 dropwise at room temperature and the mixture was stirred for 23 hours. The
| solvent in the filtrate was distilled off under reduced pressure. To the obtained
residue were added ters-butanol (235 mL) and potassium zerz-butoxide in that order,
and the mixture was stirred at room temperature for 3.5 hours. Water was added to
the mixture while cooling on ice, and then aqueous 2N hydrochloric acid was
10 added until the pH of the mixture reached approximately 4. The precipitated solid
was collected by filtration, and the resulting residue was washed with water and

dried under reduced pressure to obtain the title compound (6.3 g, 16 mmol).
"H-NMR (CDCL) &: 1.41 (t, J = 6.8 Hz, 3H), 3.44 (s, 3H), 3.75 (s, 6H), 4.39 (g, ] =

6.8 Hz, 2H), 4.49 (s, 2H), 6.62 (s, 2H), 6.72 (s, 1H).

15 - [0079] (1e) Ethyl 3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxypyrazolo[5.1-b][1,3]thiazole-7-carboxylate ’
[Chemical Formula 24]
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Ro Rc Ro N\VS [Step 1 D O-"'r / NNA (1 E-1) wherein Ar corresponds to
the group represented by the fornula: [Chem cal Formula 4] FPF\Z)% 021000

0 ~r®
/ \N/N Y4
00—
(0]
/
0
\

After adding DMF (164 mL), cesium carbonate (26 g, 80.1 mmol) and
iodomethane (4.99 mlL, 80.1 mmol) in that order to ethyl 3-[2,6—dimeth0)§y—4—
(methoxymethyl)phenyl]-6-hydroxypyrazolo[5,1-5][1,3]thiazole-7-carboxylate (6.3

5 g, 16 mmol), the mixture was stirred at 70°C for 15 hours.

Water and ethyl acetate were then added to the reaction mixture while
cooling on ice. After thoroughly shaking the mixture, the organic layer was
separated and the organic layer was washed with brine and dried over anhydrous
magnesium sulfate. The mixture was filtered, and then the solvent in the filtrate

10 was distilled off under reduced pressure. The residue was purified by silica gel
column chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl
acetate = 1/2) to obtain the title compound (2.8 g, 6.89 mmol).

"H-NMR (CDCls) &: 1.38 (t, J = 7.2 Hz, 3H), 3.47 (s, 3H), 3.77 (s, 6H), 3.96 (s,
3H), 4.33 (q, J = 7.2 Hz, 2H), 4.51 (s, 2H), 6.65 (s, 2H), 6.71 (s, 1H).

15 [0080] (1f) 3-[2.6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxypyrazolo[5,1-
b1]1.3]thiazole-7-carboxylic acid
[Chemical Formula 25]

0=y O7H
\ S
O
/ \N/N Y
O—
0]
/
0]
\
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R3 5 in compound (I) described above; Ra and the group represented by the
formula: [Chemcal Fornmula 5] Rc Rb )--t each independently corresponds to
R or R2 above; 10 X represents B(OH)2 or the like; X2 represdftls-¢210-00

| eavi ng group such as iodine, brom ne, chlorine, methanesulfonyl oxy

or p-t ol uenesul f onyl oxy; and

After adding ethanol (124 mL) and aqueous SN sodium hydroxide (11 mL,
55 mmol) in that order to ethyl 3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxypyrazolo[5,1-b][1,3]thiazole-7-carboxylate (2.8 g, 6.89 mmol), the mixture
was heated to reflux for 2 hours. Aqueous 5N hydrochloric acid (11 mL) was then
5 added to the mixture while cooling on ice, and the solvent in the mixture was
distilled off under reduced pressure. Water was added to the residue, and the
precipitated solid was collected by filtration, washed with water and dried under
reduced pressure to obtain the title compound (2.52 g, 6.66 mmol).
"H-NMR (DMSO-ds) 8: 3.38 (s, 3H), 3.72 (s, 6H), 3.79 (s, 3H), 4.48 (s, 2H), 6.76
10 (s, 2H), 7.16 (s, 1H). _ _
[0081] (1g) 3-[2.6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxypyrazolo[5.1-
b][1.3]thiazole

[Chemical Formula 26]
N
/T NN
O—
0]
/
0]
\
15 After adding an aqueous solution of polyphosphoric acid (2.6 wt%: 214

mL) to 3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-methoxypyrazolo[5,1-
b][1,3]thiazole-7-carboxylic acid (2.52 g, 6.66 mmol), the mixture was heated at
120°C for 3.5 hours. Water and ethyl acetate were then added to the reaction
mixture at room temperature.

20 After thoroughly shaking the mixture, the organic layer was separated and
dried over anhydrous magnesium sulfate. The mixture was filtered, and then the
solvent in the filtrate was distilled off under reduced pressure. The residue was
purified by (NH)silica gel column chromatography (ethyl acetate) to obtain the title
compound (2.17 g, 6.47 mmol).

25 "H-NMR (CDCly) &: 3.46 (s, 3H), 3.77 (s, 6H), 3.89 (s, 3H), 4.50 (s, 2H), 5.84 (s,
1H), 6.40 (s, 1H), 6.63 (s, 2H).

[0082] (1h) 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-7-
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Boc represents tert-butoxycarbonyl. 12 FP08-0210-00 [0032] Step 1A This is
a step of reacting conmpound (I A-1) and conpound (1A-2) in a solvent in the
presence of a base and a pal | adi um catal yst to produce conpound FROBE219-005
The step can be carried out with reference to the reaction conditions
described in WO 04/037822 (step 5-E of Production Process 5, Exanple 47) and
in (2f) of Exanple 2 below and the |ike.

nitrosopyrazolo[5,1-b][1.3]thiazole

[Chemical Formula 27]
0]
\
N
N\
/7 NN
O—
0
/
0
\
A mixture of water and SN hydrochloric acid (1:4, 70 mL) was added to 3-
5 [2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-methoxypyrazolo[5,1-b][1,3]thiazole

(2.17 g, 6.47 mmol), and then sodium nitrite (1.06 g, 15.3 mmol) was added at 0°C

and the mixture was stirred for 1 hour. Aqueous 5N sodium hydroxide and ethyl

acetate were added to the mixture at room temperature. After thoroughly shaking

the mixture, the organic layer was separated and dried over anhydrous magnesium
10 sulfate. The mixture was then filtered, and the solvent in the filtrate was distilled

off under reduced pressure to obtain the title compound (2.34 g, 6.44 mmol).

'H-NMR (CDCls) 8: 3.49 (s, 3H), 3.79 (s, 6H), 4.23 (s, 3H), 4.52 (s, 2H), 6.66 (s,

2H), 6.90 (s, 1H).

[0083] (1i) 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxypyrazolof5,1-
15 b1[1,3]thiazole-7-amine

[Chemical Formula 28]

H~N

ﬁs
PN N

N—N
O—

0
/

0]

\
Ethyl acetate (109 mL) and 10% palladium-carbon powder (50% wet: 2.34
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The conpounds represented by general fornmula (I A1) can be produced
according to (2e) of Exanple 2 and the like. 10 For a conpound represented

by general formula (1A-2) there may be used a conpound that canfi8-8216dted
under the reaction conditions described in WO 04/037822 (Production

Exanpl es 29 and 33) and in Production Exanples 1C(3) and 2C(6) and Exanpl es
16(b) and 17(d) below and the |ike. For a conmpound represented by gener al

formula (1A-2) t be used CI ally 15 av bl e und or
a conpound t Hat £§ B’é“oibsﬁ’l’?e pr%ﬁﬁgedmb toefdeh dRi fé%g Tt from
a commer ci al |nefitRing ﬁpﬁafﬁpj%lﬁféthoﬁle]-ﬁl%%ﬁy?&oﬁ[y 108[ lcﬂﬂﬁhﬁﬂ’e @2134 lgnder a
streamor in an at hosphere of
44 mmol), and the mlxture was stirred for 1 hour under a hydrogen atmosphere.
The mixture was filtered with Celite and the solvent in the obtained filtrate was
5 distilled off under reduced pressure. The residue was purified by (NH)silica gel

column chromatography (ethyl acetate) to obtain the title compound (1.43 g, 4.09

mmol).

"H-NMR (CDCls) 8: 2.60 (br.s, 2H), 3.46 (s, 3H), 3.77 (s, 6H), 3.89 (s, 3H), 4.50 (s,

2H), 6.40 (s, 1H), 6.64 (s, 2H).

10 [0084] (1)) tert-Butyl {3-12.6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxypyrazolo[5,1-b1[1.31thiazol-7-yl}carbamate
[Chemical Formula 29]

; >V
H\N»\O
5 ﬁ/s
/ \N/N /

/O

O—

0

\

Dichloromethane (50 mL), triethylamine (0.3 mL, 2.15 mmol) and di-fer¢-

15 butyl dicarbonate (375 mg and 1.72 mmol) were added in that order to 3-[2,6-

dimethoxy-4-(methoxymethyl)phenyl}-6-methoxypyrazolo|[5,1-b}[1,3]thiazole-7-

amine (500 mg, 1.43 mmol), and the mixture was stirred at room temperature for

22 hours. The solvent in the mixture was distilled off under reduced pressure. The

residue was purified by silica gel column chromatography (mixture of n-heptane
20 and ethyl acetate: n-heptane/ethyl acetate = 1/1 then 1/2) to obtain the title

compound (511 mg, 1.14 mmol).

"H-NMR (CDCL3) 8: 1.52 (s, 9H), 3.46 (s, 3H), 3.75 (s, 6H), 3.88 (s, 3H), 4.49 (s,

2H), 6.08 (br.s, 1H), 6.43 (s, 1H), 6.63 (s, 2H).

[0085] (1k) N-Butyl-3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-/N-
25 ( tetrahydro-2H-pyran—4-y1)pyfazolo[5 .1-b1[1.3]thiazole-7-amine
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I nert gas such as nitrogen or argon. The solvent used for the reaction is
not particularly restricted so long as it 20 dissolves the startin%
materials to some extent and does not interfere with the reactF6A8-02A@00
exanpl es i nclude al cohol solvents such as nethanol, ethanol and n- butanol,
et her solvents such as tetrahydrofuran, 1,2-dinmethoxyethane, nethyl-tert-
butyl ether, cyclopentyl nethyl ether, diethyl ether, diisopropyl ether,

di butyl ethe di | 0 | ether, 1,2-dinethoxyethane and 1, 4-di oxane,
aromati c hydpg§gpﬁgﬁ%§§8§g%¥ents such as benzene, tol uene, xylene and

nmesityl ene, am de sol ts such as N, N-di net hyl formam de, aliphatic
hydr ocar bon sol vent s¢such as heptane and hexane, or
1- net hyl - 2- pyrrolidi , water, and m xtures thereof, anong which
N
/\/:gﬁ/s
o\ Y
/ —
N 0—
0]
/
0
\

Sodium hydride (60% dispersion in oil: 8.1 mg, 0.203 mmol) was added to
a mixture of fert-butyl {3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
5 methoxypyrazolo[5,1-b][1,3]thiazol-7-yl}carbamate (70 mg, 0.156 mmol) and
DMF (6 mL) at room temperature, and the mixture was stirred for 30 minutes. To
this mixture was added dropwise 1-iodobutane (0.024 mL, 0.203 mmol) at room
temperature, and stirring was continued for 1 hour. Water and ethyl acetate were

then added to the reaction mixture while cooling on ice.

10 After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure.

Dichloromethane (5 mL) and trifluoroacetic acid (1 mL) were added in that

15 order to the residue, and the mixture was stirred at room temperature for 1 hour.
The solvent in the filtrate was distilled off under reduced pressure. After then
adding methanol (6 mL), tetrahydro-4H-pyran-4-one (0.03 mL, 0.312 mmol) and
acetic acid (1 mL) in that order to the residue at room temperature, o-
picolineborane (33.4 mg, 0.312 mmol) was added at 0°C and the mixture was

20 stirred for 1 hour. To this mixture was added a SN aqueous solution of sodium
hydroxide to approximate neutral pH of the mixture while cooling on ice, and then
ethyl acetate was added.

After thoroughly shaking the mixture, the organic layer was separated and
dried over anhydrous magnesium sulfate. The mixture was filtered, and then the

25 solvent in the filtrate was distilled off under reduced pressure. The residue was
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preferred solvents are water, al cohol solvents, aromatic hydrocarbon

sol vents, ether solvents and m xtures thereof, and nore preferred sol vents
are a nixed solvent of 30 ethanol and toluene, or a mixed sol vertP@§r0210-00
1, 2-di net hoxynet hane and water. The base used in this step is not
particularly restricted and wll differ depending on the starting materi al
and sol vent used, but exanples include inorganic bases such as |ithium

hydr oxi de, sodi. hydr.oxi de, potassi um hydr oxi de 13,.FR08- 0210-.00, barium
vl oxi de. © PEHTER Y ap B SFc O T SaBEREY < e SC rRPIRe HoHar YT c0a um
hydr ogencar basghte; »-hpptaassthylmadeyats sPehicardbadiaties titte sonpoarlr (60 mag, €).125

mmol).
'H-NMR (CDCl,) &: 0.86(t, J = 7.2 Hz, 3H), 1.22-1.42 (m, 4H), 1.56-1.68 (m, 2H),
5 1.77-1.88 (m, 2H), 2.97 (t, J = 7.2 Hz, 2H), 3.00-3.11 (m, 1H), 3.33 (td, J = 1.6,

11.6 Hz, 2H), 3.47 (s, 3H), 3.79 (s, 6H), 3.86 (s, 3H), 3.92-4.03 (m, 2H), 4.50(s,
2H), 6.42 (s, 1H), 6.65(s, 2H).
[0086] Example 2 N-Butyl-3-[4-(ethoxymethyl)-2.6-dimethoxyphenyl]-6-methoxy-
N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5.1-5][1,3]thiazole-7-amine

10 [Chemical Formula 31]

O-—

)

[00871 (2a) Ethyl 6-0x0-5,6-dihydropyrazolo[5.1-5][1,3]thiazole-7-carboxylate
[Chemical Formula 32]

o/

0 \\S}
/N/N/

H

o)

15 To a mixture of diethyl malonate (100 g, 624 mmol) and DMF (900 mL)
were added cesium carbonate (488 g, 1.5 mol) and carbon disulfide (45.3 mL, 749
mmol) while stirring at room temperature, and then stirring was continued at room
temperature for 5 minutes. After adding bromoacetaldehydediethylacetal (290 mL,
1.87 mol) dropwise to the mixture at room temperature, sodium iodide (9.34 g,
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cesium fluoride and potassiumfluoride, cyclic bases such as im dazole and
pyridine and organic am nes such as triethylam ne and _

N, N- di i sopropyl et hyl ami ne, 5 anmong whi ch sodi um carbonate and pB0%&921G:R9
carbonate are preferred. The palladiumcatalyst is not particularly
restricted so long as it does not interfere wwth the reaction, and wll
differ depending on the starting material and solvent used, but as
preferred ex | es there y nmenti oned . o

Petraki o(tr EhEmrooes Rtk s e RROYS isiel abRrR iy hours. Water and

acet at e; t rijp@ieﬂllyl ﬁthéxs\pérbl 'hra&deﬁﬂxa thamiaciewitddm temperaturei o ohenyl

acet at e/ 2- di cycl ohexyl phosphino-2',4',6"' -triisoprop I phenyl ,

pal | adi um(11) " chl 6#Prdtél,orqqgﬁlsf(§1@b§aztw PpEEsSa s %qgélylaﬁ@aqr|“aaaiseﬂ@(r®tf¢@pii- tert-

3!1'[ yl phosphi e (ﬁfgﬂlic layer was washed with brine and dried over anhydrous magnesium
e grol L e, The mixture wat Ritered, and fhen the Sofvent in the Hiltaty was distilled
sulfate. , e was distille
off under reduced pressure.

To a mixture of the obtained residue and ethanol (900 ml) was added
hydrazine hydrate (60.7 mL, 1.25 mol) while stirring in a water bath, and the
mixture was stirred at room temperature for 13 hours. The mixture was filtered and

10 the solvent in the filtrate was distilled off under reduced pressure.

To the obtained residué were added 1,4-dioxane (1L) and 5N hydrochloric
acid (200 mL) in that order, and the mixture was stirred at 60°C for 4 hours. The
mixture was returned to room temperature, and the solvent in the mixture was
distilled off under reduced pressure. Water was added to the resulting residue, and

15 the mixture was filtered to obtain a filtered residue and filtrate. The residue was
washed with water and then dried under reduced pressure to obtain the title
compound (42.5 g, 200 mmol).

Ethyl acetate was added to the obtained filtrate. After thoroughly shaking
the mixture, the organic layer was separated and the organic layer was washed with

20 briﬁe and dried over anhydrous magnesium sulfate. The mixture was filtered, and
then the solvent in the filtrate was distilled off under reduced pressure. Diethyl
ether Was added to the resulting residue, and the precipitated solid was filtered and
dried under reduced pressure to obtain the title compound (2.6 g, 12.3 mmol).
"H-NMR (CDCls) 8: 1.41 (t, J = 7.0 Hz, 3H), 4.40 (q, J = 7.0 Hz, 2H), 6.89 (d, ] =

25 4.0 Hz, 1H), 7.69 (d, J = 4.4 Hz, 1H).

[0088] (2b) Ethyl 6-methoxypyrazolo[5,1-5][1,3]thiazole-7-carboxylate
[Chemical Formula 33]

o/

@)

=~ S
/O \N/N\/>

To a mixture of ethyl 6-oxo-5,6-dihydropyrazolo[5,1-5][1,3]thiazole-7-

45



The reaction tenperature will generally differ depending on the starting
materials, solvent and other reagents used in the reaction, but it
preferably 15 between OC and the reflux tenperature of the soI&@ﬂgO@&%OQhe
reactor internal tenperature), and nore preferably 60C 100C. The reaction
time will also, in general, differ depending on the starting materials,

sol vent and ot her reagents used In the reaction, and on the reaction

t emperat ure

, bl f bly 1-6 h
TP e bl B L B By B BB SLR O et "
reagents. Co(Rquf)B80hHma)) a!iliﬂytodtﬁnéﬁeﬁﬁ @8.21mb, 3% aimdylwhilekeiing ARdom

preferably 1te:1)*’nperrg)tt|1r%r %ﬁeu}rl\ll)?tlugnévgs \s{\tﬁlrtrehd gtterso%(ranc %engp%ré:tgrrerp oundhoueren then
water and a mixed solvent of ethyl acetate/diethyl ether (1/1) were added.

5 After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =

10 9/1 then 1/2.3) to obtain the title compound (30.7 g, 136 mmol).
'H-NMR (CDCls) 8: 1.39 (t, J = 7.0 Hz, 3H), 4.08 (s, 3H), 4.35 (g, J = 7.0 Hz, 2H),
6.87 (d,J=4.4 Hz, 1H), 7.66 (d, J = 4.4 Hz, 1H).
[0089] (2¢) 6-Methoxypyrazolo[5,1-5]{1,3]thiazole
[Chemical Formula 34]

S
/Om

15 N™

To a mixture of ethyl 6-methoxypyrazolo[5,1-b][1,3]thiazole-7-carboxylate
(30.7 g, 136 mmol) and ethanol (407 mL) was added aqueous 5N sodium
hydroxide (136 mL) while stirring at room temperature, and the mixture was stirred
at 80°C for 2 hours. A suitable amount of SN hydrochloric acid was then added
20 while stirring on ice to approximate neutral pH of the mixture. Ethanol in the
mixture was distilled off under reduced pressure. The precipitated solid in the
mixture was collected by filtration and washed with water.

To the obtained residue were added 1,4-dioxane (400 mL) and concentrated
hydrochloric acid (200 mL) in that order, and the mixture was stirred at 60°C for
25 1.5 hours. 1,4-Dioxane in the mixture was distilled off under reduced pressure. A
suitable amount of sodium hydroxide was added to a weakly acidic pH of the

mixture while stirring on ice, and then ethyl acetate was added.
After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
- 30 sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled

off under reduced pressure. The residue was purified by silica gel column
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The af orenenti oned base may be used at 1-10 nol ar equival ents and
preferably 2-5 nolar equivalents with respect to conmpound (I A-1). 25 The

pal | adi um catal yst may be used at 0.01-1 nol ar equival ents and 080216400y
0.05-0.1 nolar equivalents with respect to conmpound (1A-1). [0033] Step IB
This is a step of reacting conmpound (1B-1) and conmpound (1B-2) in a solvent
in the presence of a base to produce conpound (1CG-1). 30 The step can be

carried out th reference to the reacti ndition desctrh%&
04/ 037822 ( stHEMELogTaphY ¢ighheRtae Yéﬁ%ratpre RiangR tAs% & 24) and

in (29) of Exanmée22/19e ofamntHe i€ cdhp®und (15.8 g, 103 mmol).

'H-NMR (CDCL) 8: 3.95 (s, 3H), 5.81 (d, J = 08Hz1H) 6.60 (d, J = 4.0 Hz, 1H),
7.58 (dd, J = 0.8, 4.4 Hz, 1H).

5 [0090] (2d) fert-Butyl (6-methoxypyrazolo[5,1-5][1,3]thiazol-7-yl)carbamate
[Chemical Formula 35]

; >V
H\N»\ 0
\—gﬁ/s
/O \ N\/>

N/

| To a mixture of 6-methoxypyrazolo{5,1-b][1,3]thiazole (15.8 g, 103 mmol)
and 5N hydrochloric acid (350 mL) was added a mixture of sodium nitrite (10.6 g,
10 154 mmol) and water (115 ml.) while stirring on ice. After stirring the mixture at
room temperature for 0.5 hour, aqueous 5N sodium hydroxide was added in an
appropriate amount for approximate neutral pH of the mixture, while stirring on ice.
The precipitate in the mixture was collected by filtration and washed with water.
Ethanol (200 mL), THF (300 mL) and 10% palladium-carbon (50% wet: 16
15 g) were added in that order to the obtained residue, and the mixture was stirred at
room temperature for 5 hours at an atmospheric pressure under a hydrogen
atmosphere. The mixture was filtered with Celite and the solvent in the obtained
filtrate was distilled off under reduced préssure.
To a mixture of the obtained residue and dichloromethane (425 ml.) were
20 added di-rert-butyl dicarbonate (24.1 g, 111 mmol) and triethylaniine (17.8 mL,
128 mmol) while stirring at room temperature, and the mixture was stirred at room
temperature for 11 hours. The solvent in the mixture was distilled off under
reduced pressure, and then the residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n—heptané/ethyl acetate =
25 2/1) to obtain the title compound (16.5 g, 61.4 mmol).
"H-NMR (CDCls) 8: 1.51 (s, 9H), 3.98 (s, 3H), 6.12 (br.s, 1H), 6.54 (d, ] = 4.0 Hz,
1H), 7.48 (d, J = 4.4 Hz, 1H).
[0091] (2d-2) Alternative synthesis method of ters-butyl (6-methoxypyrazolo[5.1-
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The reaction may be carried out under a stream or
FPCB- 0210-00 inert gas such as nitrogen or argon. Conpound (1B- %)ﬁ-g%i;O be

conpound that can be produced under the reaction conditions ded®
Production Exanple | B below and the |ike. Conpound (1B-2) may be a

comerci ally avail abl e conpound,

by a person skill ed in the art froma comercially
sol vent usedbm)

10

15

20

25

To a mixture of 6-methoxypyrazolo|[5,1-b]thiazole-7-carboxylic acid (300
mg, 1.51 mmol) and 1,4-dioxane (4 mL) were added triethylamine (0.215 mL, 1.54
mmol) and diphenylphosphoryl azide (0.325 mL, 1.51 mmol) while stirring at
room temperature, and the mixture was stirred and heated to reflux for 3 hour.
After returning the mixture to room temperature, triethylamine (0.631 mL, 4.53
mmol) and tert-butanol (0.289 mL, 3.02 mmol) were added and the mixture was
stirred and heated to reflux for 3 hour. After returning the mixture to room
temperature, the solvent in the mixture was distilled off under reduced pressure and
the residue was purified by silica gel column chromatography (mixture of n-
héptane‘ and ethyl acetate: n-heptane/ethyl acetate = 1/4) to obtain the title
compound (144 mg, 0.535 mmol).
"H-NMR (CDCl,) 8: 1.51 (s, 9H), 3.98 (s, 3H), 6.12 (br.s, 1H), 6.54 (d, J = 4.0 Hz,
1H), 7.48 (d, J = 4.4 Hz, 1H).
[0092] (2¢) tert-Butyl (3-bromo-6-methoxypyrazolo[5,1-5][1,3]thiazol-7-
yl)carbamate
[Chemical Formula 36]

; >V
H\N)\O
“gﬁ/s
/O \ N\/g

N—
Br

To a mixture of rert-butyl (6-methoxypyrazolo[5,1-5][1,3]thiazol-7-
yl)carbamate (16.5 g, 61.4 mmol) and THF (410 mlL) was added »-butyllithium
(2.77 M solution in n-hexane: 62.1 ml, 172 mmol) while stirring at -78°C. After
further stirring the mixture at -78°C for 40 minutes, 1,2-dibromotetrafluoroethane
(10.2 mL, 86 mmol) was added and stirring was continued for 2 hours while
heating to room temperature. A saturated aqueous solution of ammonium chloride
and ethyl acetate were added to the mixture, and then acetic acid was added to a
weakly acidic pH of the mixture. After thoroughly shaking the mixture, the

organic layer was separated and the organic layer was washed with brine and dried
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di ssolves the starting materials to sone degree and does not interfere with
the reaction, and for exanple, there nay be used nitrile solvents such as
acetonitrile, 10 ether solvents such as tetrahydrofuran, FP08-0210-00
1, 2-di mret hoxyet hane, nethyl-tert-butyl ether, cyclopentyl nethyl ether,

di et hyl ether, diisopropyl ether, dibutyl ether and dicycl opentyl ether,
aromati ¢ hydrocarbon sol vents such as benzene and tol uene, am de solvents
such as NN-di et hyl f ormam de, aliphatic hydrocarbon solvents such as

heptane and R¥XHEYIERFERENISIER FYlgle-ddhe gExte Wiy Blerehemd dhen hrsalyenthi ch 15
N, N-di et hyl §0HeBHae R $IEB bindscifeeidReRhR. PRiredidRdwasiNBifRa%g used
for this step is not particularly restricted and will differ = dependi ng on
t he startingsHige egel aolumm chrsimasegraphye dpixbire efsr-dxplapt @od tdileyleaceteie: e
heptane/ethyl acetate = 1/0 then 4/1) to obtain the title compound (14.3 g, 41.1
5 mmol).
'H-NMR (CDCL) &: 1.51 (s, 9H), 4.04 (s, 3H), 6.16 (br.s, 1H), 6.50 (s, 1H).
[0093] (26) tert-Butyl {3-[4-(ethoxymethyl)-2.6-dimethoxyphenyl]-6-
methoxypyrazolo[5,1-6]{1,3]thiazol-7-yl}carbamate
[Chemical Formula 37]

S
H\N>\\O
ﬁ S

/O N\ N/

N—

O—

0
/

0]

10 )

To a mixture of fert-butyl (3-bromo-6-methoxypyrazolo[5,1-b][1,3]thiazol-
7-yDcarbamate (2.00 g, 5.74 mmol), DME (200 mL) and water (70 mL) were
added 2,6-dimethoxy-4-(ethoxymethyl)phenylboric acid (Production Example 33
of WO 04/037822) (2.07 g, 8.64 mmol), potassium carbonate (1.59 g, 11.5 mmol),
15 triphenylphosphine (0.75 g, 2.87 mmol) and palladium acetate (0.13 g, 0.57 mmol)
in that order, and the mixture was stirred at 90°C (internal temperature) for 4 hours.
Water was added to the reaction mixture, and then ethyl acetate was added.
After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
20 sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =
2/1 then 1/1) to obtain the title compound (2.49 g, 5.37 mmol).
'H-NMR (CDCl3) 8: 1.29 (t, J = 7.2 Hz, 3H), 1.52 (s, 9H), 3.61 (g, J = 7.2 Hz, 2H),

49



mentioned inorganic bases such as |ithium hydroxide, sodium hydroxide,

pot assi um hydroxi de, |ithium carbonate, sodi um carbonate, potassium
carbonate, 20 sodi um hydrogencarbonate, potassium hydrogencar boAZ08-02h00
cesium carbonate, organonetallic bases such as potassiumtert-butoxide,
butyllithium methyllithium lithiumbis(trinmethylsilyl)am de, sodium

bi s(trinmethylsilyl)am de and potassium bis(trinmethylsilyl)amde, hydride

pascs Sich <3 DY e SLABDALOER ualh B BB Oy !
organi ¢ am nespsahiclyas _MBekhslateheandhil-bo-dinetny oIS Bk AN anDng

whi ch sodi um hydri de and SOdI m hydr oxi de ar eferred
(tetrahydro-2H-pyran-4- pvrazolo[Sl 1[1.31thi azo e-7/-amine

[Chemical Formula 38]

00—

0

)

To a mixture of fert-butyl {3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-yl}carbamate (100 mg, 0.22 mmol) and
DMF (5 mL) was added sodium hydride (60% dispersion in oil: 11.2 mg, 0.28
mmol) at room temperature, and the mixture was stirred for 30 minutes. After then
10 adding 1-iodobutane (33.0 pL, 0.28 mmol) to the mixture, stirring was continued
for 30 minutes. Water was added to the mixture while cooling on ice, and then
ethyl acetate was added.
After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
15 sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure.
Dichloromethane (5 mL) was added to the resulting residue, trifluoroacetic
acid (1 mL) was added, and the mixture was stirred at room temperature for 1 hour.
The solvent in the filtrate was distilled off under reduced pressure.
20 THF (10 mL) was then added to the resulting residue, tetrahydro-4 H-pyran-
4-one (42.2 pL, 0.43 mmol), acetic acid (1 mL) and sodium triacetoxyborohydride
(91.6 mg, 0.43 mmol) were added in that order, and the mixture was stirred at room
temperature for 14 hours.

To this mixture was added aqueous SN sodium hydroxide to approximate
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The reaction tenperature will generally differ depending on the starting
materials, solvent and ot her reagents used in the reaction, but it is
preferably 0C- 30 80C (as the reactor internal tenperature). Th&P084R10-HA
time will generally differ depending on the starting materials, the solvent
and the other reagents used in the reaction, and on the reaction
tenperature, but preferably stirring is carried out for 1-8 hours at the 15

S NE R I SR R SRR R N
(1B- After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
5 off under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =
2/1 then 1/1) to obtain the title compound (81.0 mg, 0.16 mmol).
'H-NMR (CDCls) &: 0.87 (t, J = 6.8 Hz, 3H), 1.30 (t, ] = 6.8 Hz, 3H), 1.24-1.40 (m,
4H), 1.52-1.67 (m, 2H), 1.78-1.87 (m, 2H), 2.97 (t, J = 6.8 Hz, 2H), 2.99-3.11 (m,

10 1H), 3.38 (td, J = 1.6, 11.6 Hz, 2H), 3.63 (q, ] = 7.2 Hz, 2H), 3.79 (s, 6H), 3.86 (s,
3H), 3.94-4.03 (m, 2H), 4.55 (s, 2H), 6.41 (s, 1H), 6.66 (s, 2H).
[0095] Example 3 N-(2-Cyclopropylethyl)-3-[4-(ethoxymethv])-2.6-

dimethoxyphenvl]-6-methoxy-N-(tetrahydro-2H-pyran-4-yDpyrazolo[5.1-
b1l1.31thiazole-7-amine
15 ~ [Chemical Formula 39]

O—

)

To a mixture of tert-butyl {3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-yl}carbamate (100 mg, 0.216 mmol) and

DMSO (5 mL) were added powdered sodium hydroxide (17.3 mg, 0.432 mmol)

20 and 2-cyclopropylethyl methanesulfonate (70.9 mg, 0.432 mmol) in that order at
room temperature, and the mixture was stirred for 1 hour. Water was added to the

mixture while cooling on ice, and then ethyl acetate was added. After thoroughly

shaking the mixture, the organic layer was separated and the organic layer was

washed with brine and dried over anhydrous magnesium sulfate. The mixture was
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1). The base may be used at 1-5 nolar equivalents and preferably 1.5 nol ar
5 equivalents with respect to conpound (1B-1). [0034] Step 1C This is a step
of acid treatnent of conpound (1C-1) to produce conpound The stlE}8cH 04
carried out with reference to the reaction conditions 10 described in WO
04/ 037822 (step 5-B of Production Process 5, and Production Exanple 24) and
in (2g) of Exanple 2 below and the like. This step can be carried out in the

premerce o b OEnaPRSIG SheRuhohy Hlke pEL S o PSR STl i the

Dichloromethane (5 mL) was added to the resulting residue, trifluoroacetic
acid (1 mL) was added, and the mixture was stirred at room temperature for 1 hour.
The solvent in the filtrate was distilled off under reduced pressure.

5 THF (10 mL) was then added to the resulting residue, tetrahydro-4 4-pyran-
4-one (42.2 pL, 0.432 mmol), acetic acid (1 mL) and sodium triacetoxyborohydride
(91.6 mg, 0.432 mmol) were added in that order, and the mixture was stirred at
room temperature for 4 hours.

To this mixture there was added aqueous SN sodium hydroxide to

10 approximate neutral pH of the mixture while cooling on ice, and then ethyl acetate
was added.

After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate.

15 The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =
2/1 then 1/1) to obtain the title compound (78.9 mg, 0.15 mmol).

"H-NMR (CDCls) &: -0.02-0.06 (m, 2H), 0.34-0.44 (m, 2H), 0.62-0.76 (m, 1H),

20 1.32 (t, J = 6.8 Hz, 3H), 1.24-1.37 (m, 2H), 1.54-1.70 (m, 2H), 1.80-1.90 (m, 2H),
3.10 (t, J = 7.6 Hz, 2H), 3.02-3.16 (m, 1H), 3.40 (td, J = 1.6, 11.6 Hz, 2H), 3.64 (q,
J=17.2 Hz, 2H), 3.81 (s, 6H), 3.87 (s, 3H), 3.96-4.06 (m, 2H), 4.57 (s, 2H), 6.43 (s,

1H), 6.68 (s, 2H).

[0096] Example 4 N-(Cyclobutylmethy])-3-[4-(ethoxymethyl)-2.6-
25 dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2H-pyran-4-yl)pyrazolo[5.1-

b1[1.3]thiazole-7-amine

[Chemical Formula 40]
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restricted so long as it can dissolve the starting materials to sone extent
and does 15 not interfere with the reaction, and exanpl es include ether

sol vents such as tetrahydrofuran, 1, 2-dinmethoxyethane, nethyl -tEP@S-GRit0Oy00
et her, cyclopentyl nethyl ether, diethyl ether, diisopropyl ether, dibutyl
et her, dicyclopentyl ether and 1,4- dioxane, aromatic hydrocarbon sol vents
such as benzene and tol uene, aliphatic hydrocarbon solvents such as heptane
and hexane, ethyl acetate, hal ogen solvents 20 such as dichl oronet hane,

acetonitrile, and m xtuiQes thereof, with dichloromethane being preferred.
The acid used in this step may be hydrochloric acid, sulfuric acid,

trifluoroaceti{?c\i the like, with trifluoroacetic acid being preferred.
/T NN
O—

0]
Ve

)

To a mixture of fert-butyl {3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-yl}carbamate (100 mg, 0.216 mmol) and
DMSO (0.5 mL) were added powdered sodium hydroxide (17.3 mg, 0.43 mmol)
5 and (bromomethyl)cyclobutane (36.4 pL, 0.324 mmol) in that order at room
temperature, and the mixture was stirred for 1 hour. A saturated aqueous solution
of ammonium chloride and ethyl acetate were added to the reaction mixture. After
thoroughly shaking the mixture, the organic layer was separated and the solvent

was distilled off with a nitrogen airflow.

10 Dichloromethane (0.6 mL) was added to the resulting residue,
trifluoroacetic acid (0.3 mL) was added, and the mixture was stirred at room
temperature for 1 hour. The solvent in the mixture was then distilled off with a
nitrogen airflow. THF (1 mL) was added to the resulting residue, tetrahydro-4H-
pyran-4-one (29.8 pL, 0.324 mmol) and sodium triacetoxyborohydride (68.7 mg,

15 0.324 -mmol) were added in that order, and the mixture was stirred at room
temperature for 1 hour. A saturated aqueous solution of sodium
hydrogencarbonate was added to the mixture, and ethyl acetate was added. After
thoroughly shaking the mixture, the organic layer was separated and the solvent
was distilled off with a nitrogen airflow. The residue was purified by silica gel

20 column chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl
acetate = 19/1 then 2.3/1) to obtain the title compound (98.9 mg, 0.192 mmol).
'H-NMR (CDCl;) 8: 1.30 (t, J = 4.0 Hz, 3H), 1.50-1.64 (m, 4H), 1.66-1.89 (m, 6H),
2.28-2.39 (m, 1H), 2.96-3.06 (m, 1H), 2.99 (d, J = 6.8 Hz, 2H), 3.37 (dt, J = 2.0,
12.0 Hz, 2H), 3.62 (g, J = 7.0 Hz, 2H), 3.77 (s, 6H), 3.85 (s, 3H), 3.93-4.00 (m, 2H),

53



The reaction tenperature will generally differ depending on the starting 25
materials, solvent and other reagents used in the reaction, but it is
preferably 0C- 40C (as the reactor internal tenperature). The redHE08-631@-Dbe
will also differ in nost cases depending on the starting materials, the
solvent and the other reagents used in the reaction, and on the reaction
tenperature, but preferably stirring is carried out for 1-8 hours at the 30
af orenenti oned reaction tenperature after addition of the reagents. The acid
may be used iﬁSéﬁxéﬁBuﬂﬁosg? >Er2bre with respect to conpound (1C1),

and a | arge eypespERImAEi d My al S0 PeCYSBkoBFIntdiRy1)-8A4 1 EtRBxyBQhMRDl6-

dimethoxvyphenyl]l-6-methoxy-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo{5,1-
bl[1.31thiazole-7-amine
5 [Chemical Formula 41}
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N
T s
/° NN

0]
s

0

J

To a mixture of tert-butyl {3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]}-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-yl}carbamate (120 mg, 0.259 mmol) and
DMSO (0.8 mL) were added powdered sodium hydroxide (20.8 mg, 0.516 mmol)

10 and cyclopropylmethyl bromide (37.7 uL, 0.389 mmol) at room temperature, and

' the mixture was stirred for 1 hour. A saturated aqueous solution of ammonium
chloride and ethyl acetate were added to the reaction mixture. After thoroughly
shaking the mixture, the organic layer was separated and the solvent was distilled
off with a nitrogen airflow.

15 Dichloromethane (0.6 mL) was added to the resulting residue,
trifluoroacetic acid (0.3 mL) was further added, and the mixture was stirred at room
temperature for 1 hour. The solvent in the mixture was then distilled off with a
nitrogen airflow. THF (1 mL) was then added to the resulting residue, dihydro-2H-
pyran-3(4H)-one (38.9 mg, 0.389 mmol) and sodium triacetoxyborohydride (82.4

20 mg, 0.389 mmol) were added in that order, and the mixture was stirred at room
temperature for 1 hour. A saturated aqueous solution of sodium
hydrogencarbonate was added to the mixture, and ethyl acetate was added. After
thoroughly shaking the mixture, the organic layer was separated and the solvent

was distilled off with a nitrogen airflow. The residue was purified by silica gel
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16 FP08-0210-00 The product of step IB and step 1C nmay be used as starting
material for the subsequent step without any special purification, with only
of sinple treatnment of -the reaction mxture and distilling off

a procedure
t he sol vent,

simlar to (2g) in Exanple 2 described below. 5 [

This is a step of reacting conpound (1D 1) and compound (1D-2) in a

solvent, in
absence of

10

15

20

the presence of a reducing agent and in the presence or in the

an acid, to produce conmpound (IlE-1).

column chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl
acetate = 19/1 then 2.3/1) to obtain the title compound (93.8 mg, 0.187 mmol).
'"H-NMR (CDCL) §: -0.02-0.05 (m, 2H), 0.28-0.37 (m, 2H), 0.77-0.91 (m, 1H),
1.23-1.33 (m, 1H), 1.30 (t, J = 7.0 Hz, 3H), 1.33-1.46 (m, 1H), 1.58-1.72 (m, 1H),
2.06 (br.d, J = 12.0 Hz, 1H), 2.82-2.94 (m, 2H), 3.09-3.24 (m, 3H), 3.62 (q, J=7.0
Hz, 2H), 3.73-3.89 (m, 1H), 3.78 (s, 6H), 3.86 (s, 3H), 4.08 (br.d, J = 9.2 Hz, 1H),
4.54 (s, 2H), 6.42 (s, 1H), 6.66 (s, 2H).

[0098] Example 6  3-[4-(Ethoxymethyl)-2,6-dimethoxyphenyl]-6-methoxy-N-
propyl-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo[5,1-6][1,3]thiazole-7-amine
[Chemical Formula 42]

O—

)

To a mixture of fert-butyl {3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-
methoxypyrazolo[5,1-5][1,3]thiazol-7-yl }carbamate (120 mg, 0.259 mmol) and
DMSO (0.8 mL) were added powdered sodium hydroxide (20.8 mg, 0.516 mmol)
and 1-iodopropane (37.9 pL, 0.389 mmol) in that order at room temperature, and
the mixture was stirred for 1 hour. A saturated aqueous solution of ammonium
chloride and ethyl acetate were added to the reaction mixture. After thoroughly
shaking the mixture, the organic layer was separated and the solvent was distilled
off with a nitrogen airflow.

Dichloromethane (0.6 mL) was added to the resulting residue,
trifluoroacetic acid (0.3 mL) was added, and the mixture was stirred at room
temperature for 1 hour. The solvent in the mixture was then distilled off with a
nitrogen airflow. THF (1 mL) was then added to the resulting residue, dihydro-2H-
pyran-3(4H)-one (38.9 mg, 0.389 mmol) and sodium triacetoxyborohydride (82.4
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The step can be carried out with reference to the reaction conditions 10
described in WO 04/ 037822 (step 5-C of Production Process 5, and Production
Exanpl e 24) and in (2g) of Exanple 2 and the |ike. The reaction Fg§8-g210-00
carried out under a streamor in an atnosphere of an inert gas such as
nitrogen or argon. Conpound (1D 2) may be an al dehyde conpound or ketone
conpound as 15 defined above, and there may be used a conpound that can be

produced under t reaction c itions described i.n Productio ﬂgxa le A
bel ow and "t hani Ra%9 Hngd e EH0A i BAopicap K B aGRE WGF SHTCbARBIN ¢ hat
can be easil yeppodiged foy @ HRESON gKishueded N abi@udr tsofutio fCFaRKE al | y
avai |l abl e conpound using ordinary .
hydrogencarbonate was added to the mixture, and ethyl acetate was further added.
After thoroughly shaking the mixture, the organic layer was separated and the
5 solvent was distilled off under a nitrogen stream. The residue was purified by
silica gel column chromatography (mixture of n-heptane and ethyl acetate: n-

heptane/ethyl acetate = 19/1 then 2.3/1) to obtain the title compound (83.6 mg,

0.171 mmol).
"H-NMR (CDCls) §: 0.86 (t, J = 7.2 Hz, 3H), 1.26-1.57 (m, 3H), 1.30 (t, ] = 7.0 Hz,
10 3H), 1.59-1.68 (m, 2H), 2.02-2.10 (m, 1H), 2.94 (t, J = 7.4 Hz, 2H), 3.04 (tt, ] = 4.0,

10.8 Hz, 1H), 3.14-3.24 (m, 2H), 3.62 (g, J = 7.0 Hz, 2H), 3.72-3.88 (m, 1H), 3.79
(s, 6HD), 3.85 (s, 3H), 4.04-4.11 (m, 1H), 4.54 (s, 2H), 6.42 (s, 11D), 6.66 (s, 21D

[0099] Example 7 N-(Cyclobutylmethyl)-3-[2,6-dimethoxy-4-
(methoxymethyl)phenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-

15 b][1,31thiazole-7-amine
[Chemical Formula 43]

()
| N
[ngs
PN AN
00—

0
/

0O
\
[0100] (7a) tert-Butyl {3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]}-6-

methoxypyrazolo[5.1-51[1,3]thiazol-7-yl}carbamate
20 [Chemical Formula 44]
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met hods. 20 The sol vent used for this reaction is not particularly
restricted so long as it dissolves the starting materials to sone degree
and does not interfere with the reaction, and as exanpl es ther e Fif§-08¢0-00
menti oned al cohol solvents such as nethanol and ethanol, ether solvents
such as tetrahydrofuran, 1,2-dinmethoxyethane, nethyl-teri-butyl ether,

cycl opentyl nethyl ether, diethyl ether, diisopropyl ether, 25 dibutyl ether
and dicycl opentyl ether or acetic acid and the |ike, any of which may be
used al one or as m%ed \sol vents. The reduci ng agent may be a reduci ng agent
that is commonly usgd,far reductive amination between carbonyl conpounds
and am ne conpourids and is

o— = S
/ \N/N /
O—
o)
/
0
\

To a mixture of tert-butyl (3-bromo-6-methoxypyrazolo{5,1-5][1,3]thiazol-
7-yl)carbamate (998 mg, 2.87 mmol), DME (107 mL) and water (36 mL) were
added 2,6-dimethoxy-4-(methoxymethyl)phenylboric acid (Production Example 29
5 of WO 04/03782) (973 mg, 4.31 mmol), potassium carbonate (791 mg, 5.74 mmol),
triphenylphosphine (374 mg, 1.43 mmol) and palladium acetate (64.5 mg, 0.285
mmol) in that order, and the mixture was stirred at 90°C (internal temperature) for
1.5 hours. Water was added to the mixture, and then ethyl acetate was added.
After thoroughly shaking the mixture, the organic layer was separated and the
10 organic layer was washed with brine and dried over anhydrous magnesium sulfate.
The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =
2/1 then 1/1) to obtain the title compound (1.22 g, 2.71 mmol).
15 "H-NMR (CDCls) 8: 1.52 (s, 9H), 3.46 (s, 3H), 3.75 (s, 6H), 3.87 (s, 3H), 4.49 (s,
2H), 6.09 (br.s, 1H), 6.43 (s, 1H), 6.63 (s, 2H).
[0101] (7b) N-(Cyclobutylmethyl)-3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5.1-51[1.3]thiazole-7-amine
[Chemical Formula 45]
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not particularly restricted for this reaction, and a-picolineborane, sodium
30 triacet oxyborohydri de and sodi um borohydri de may be nentioned as
exanples. The acid used for the reaction may be trifluoroacetic acid,
acetic acid and the like. The reaction tenperature will general Fy08i021@&00
depending on the starting 17 FP08-0210-00 nmterials, solvent and ot her
reagents used in the reaction, but it is preferably between 0C and the
reflux tenperature of the solvent (as the reactor internal tenperature),
and is nore preferably roomtenperature.

(3

N
[Q\Ys
/O \N/N /

O—

0
/

Q
\

Sodium hydride (60% dispersion in oil: 34.5 mg, 0.863 mmol) was added to
a mixture of fert-butyl {3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-yl}carbamate (300 mg, 0.664 mmol) and
5 DMF (6 mL) at room temperature, and the mixture was stirred for 30 minutes. To
this mixture Wés added (bromomethyl)cyclobutane (97.0 pL, 0.863 mmol), and
stirring was continued for 2 hours and 40 minutes. Water was added to the mixture
while cooling on ice, and then ethyl acetate was added. After thoroughly shaking
the mixture, the organic layer was separated and the organic layer was washed with
10 brine and dried over anhydrous magnesium sulfate.
The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure.
Dichloromethane (10 mL) was then added to the resulting residue,
trifluoroacetic acid (4 mL) was added, and the mixture was stirred at room
15 temperature for 1 hour and 20 minutes. The solvent in the filtrate was distilled off
under reduced pressure.
THF (30 mL) was then added to the resulting residue, tetrahydro-4H-pyran-
4-one (123 pL, 1.33 mmol) and sodium triacetoxyborohydride (282 mg, 1.33
mmol) were added in that order, and the mixture was stirred at room temperature
20 for 2 hours and 50 minutes.
A saturated aqueous solution of sodium hydrogencarbonate was added to
the mixture while cooling on ice, and ethyl acetate was added.
After thoroughly shaking the mixture, the organic layer was separated and

the organic layer was washed with brine and dried over anhydrous magnesium
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The reaction tine will also, in general, differ depending on the starting 5
materials, solvent and other reagents used in the reaction, and on the
reaction tenperature, but it is preferably 1-48 hours and nore pFeigo2id-90
1-6 hours at the aforenentioned reaction tenperature after addition of the
reagents. The reduci ng agent may be used at 0.5-3 nol ar equival ents and
preferably 1-2 nolar equivalents with respect to conpound (1D 1). 10
Compound (1D-2) nay be used at 1-5 nol ar equival ents and preferably 1-2

mol ar equi val effstewi t h respect to compound (1D-1). [0036] Production Schene

2 [Cnem cal Formul 'Phe611nixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =

5 9/1 then 3/2) to obtain the title compound (237 mg, 0.472 mmol).
'H-NMR (CDCl;) &: 1.50-1.64 (m, 4H), 1.68-1.89 (m, 6H), 2.29-2.39 (m, 1H), 2.99
(d, J = 7.2 Hz, 2H), 2.97-3.05 (m, 1H), 3.33-3.41 (m, 2H), 3.47 (s, 3H), 3.78 (s,
6H), 3.85 (s, 3H), 3.93-4.01 (m, 2H), 4.50 (s, 2H), 6.41 (s, 1H), 6.64 (s, 2H).
[0102] Example 8 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-N-
10 pentyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine
[Chemical Formula 46)

O—

0
\

Sodium hydride (60% dispersion in oil: 11.6 mg, 0.289 mmol) was added to
a mixture of fert-butyl {3-[2,6-dimethoxy-4~(methoxymethyl)phenyl]-6-
15 methoxypyrazolo[5,1-b][1,3]thiazol-7-yl}carbamate (100 mg, 0.222 mmol) and
DMF (2 mL) at room temperature, and the mixture was stirred for 30 minutes.
After then adding 1-bromopentane (35.8 uL, 0.289 mmol) to the mixture, stirring
was continued for 30 minutes. Water was added to the mixture while cooling on
ice, and then ethyl acetate was added. After thoroughly shaking the mixture, the
20 organic layer was separated and the organic layer was washed with brine and dried
over anhydrous magnesium sulfate.
The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure.

Dichloromethane (5 mL) was then added to the resulting residue,
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Boc-NHH2NS N %[Step 2A] N N~/ (1B-1)Ar (2B-1) Ar O O HNRd / Rd
(2B-2) HN HOR --r OS ~YS\ [Step 26] NN [Step 2C] / \ N (2C1) Ar (2D 1)
Ar FP08-0210-00

trifluoroacetic acid (2 mL) was added, and the mixture was stirred at room
temperature for 1 hour. The solvent in the filtrate was distilled off under reduced
pressure.

THF (10 mL) was then added to the resulting residue, tetrahydro-4 H-pyran-

5 4-one (40.8 pl, 0.444 mmol) and sodium triacetoxyborohydride (94.1 mg, 0.444
mmol) were added in that order, and the mixture was stirred at room temperature
for 1 hour. A saturated aqueous solution of sodium hydrogencarbonate was added
to the mixture while cooling on ice, and ethyl acetate was added.

After thoroughly shaking the mixture, the organic layer was separated and

10 the organic layer was washed with brine and dried over anhydrous magnesium
sulfate.

The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =

15 9/1 then 3/2) to obtain the title compound (83.3 mg, 0.17 mmol).

'H-NMR (CDCls) &: 0.85 (t, ] = 6.8 Hz, 3H), 1.22-1.32 (m, 4H), 1.32-1.41 (m, 2H),
1.53-1.65 (m, 2H), 1.78-1.86 (m, 2H), 2.97 (dd, J = 7.2, 7.6 Hz, 2H), 3.00-3.10 (m,
1H), 3.33-3.43 (m, 2H), 3.47 (s, 3H), 3.79 (s, 6H), 3.86 (s, 3H), 3.94-4.02 (m, 2H),
4,50 (s, 2H), 6.42 (s, 1H), 6.65 (s, 2H).

20 [0103] Example 9 N-(Cyclopropylmethyl)-3-[2,6-dimethoxy-4-
(methoxymethylphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-v)pyrazolo[5.1-
b1[1,3]thiazole-7-amine
[Chemical Formula _47]
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0 (1D2) Rbd RORRO N RS [Step 2Dl O\~/ NNA (2E-1) 15 wherein
Ar is a group represented by the formula: [Chem cal Fornula 7]
FP08-0210-00

O—

Q
\

Sodium hydride (60% dispersion in oil: 9.28 mg, 0.232 mmol) was added to
a mixture of tert-butyl {3-[2,6-dimethoxy-4-(methoxymethyl)phenyl}-6-
methoxypyrazolo{5,1-5]{1,3]thiazol-7-yl}carbamate (80 mg, 0.178 mmol) and
5 DMF (5 mL) at room temperature, and the mixture was stirred for 30 minutes.
After then adding bromomethylcyclopropane (22.6 pL, 0.232 mmol) to the mixture,
stirring was continued for 30 minutes. Water was added to the mixture while
cooling on ice, and then ethyl acetate was added. After thoroughly shaking the
mixture, the organic layer was separated and the organic layer was washed with
10 brine and dried over anhydrous magnesium sulfate.
The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure.
Dichloromethane (5 mL) was added to the resulting residue, trifluoroacetic
acid (1 mL) was added, and the mixture was stirred at room temperature for 1 hour.
15 The solvent in the filtrate was distilled off under reduced pressure.
After then adding methanol (6 mL), and then tetrahydro-4H-pyran-4-one
(34.8 pL, 0.356 mmol), acetic acid (1 mL) and a-picolineborane (38.1 mg, 0.356
mmol) in that order to the obtained residue, the mixture was stirred for 1 hour at
room temperature. To this mixture was added aqueous SN sodium hydroxide to
20 approximate neutral pH of the mixture while cooling on ice, and then ethyl acetate
was added. After thoroughly shaking the mixture, the organic layer was separated

and the organic layer was washed with brine and dried over anhydrous magnesium
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R Rb Boc has the sane definition as above, and 18 FP08-0210-00 the group
represented by Rd-CH2- corresponds to R or R2. [0037] Step 2A This is a
step of acid treatnent of compound (1B-1) to produce conpound (2Brd8-02E-00
This step may be carried out under the reaction conditions described for

sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
off under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =
1/1) to obtain the title compound (62.4 mg, 0.128 mmol).

5 'H-NMR (CDCL;) 8: -0.02-0.06 (m, 2H), 0.29-0.40 (m, 2H), 0.78-0.92 (m, 1H),
1.50-1.66 (m, 2H), 1.78-1.88 (m, 2H), 2.88 (d, J = 6.8 Hz, 2H), 3.10-3.22 (m, 1H),
3.39 (td, J = 1.6, 11.6 Hz, 2H), 3.47 (s, 3H), 3.79 (s, 6H), 3.87 (s, 3H), 3.92-4.03
(m, 2H), 4.50 (s, 2H), 6.41 (s, 1H), 6.65 (s, 2H).
[0104] Example 10 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-/N-

10 propyl-N-(tetrahydro-2 H-pyran-4-yDpvyrazolo[5,1-51]1.3]thiazole-7-amine
[Chemical Formula 48]
(3
-~ N
N\
/7 NN
O—
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Sodium hydride (60% dispersion in oil: 6.73 mg, 0.168 mmol) was added to
a mixture of fert-butyl {3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
15 methoxypyrazolo[5,1-b][1,3 ]thiazol-7-yl} carbamate (58 mg, 0.13 mmol) and DMF
(4 mL) at room temperature, and the mixture was stirred for 30 minutes. After then
adding 1-iodopropane (16.4 pL, 0.168 mmol) to the mixture, stirring was continued
for 30 minutes. Water was added to the mixture while cooling on ice, and then
ethyl acetate was further added. After thoroughly shaking the mixture, the organic
20 layer was separated and the organic layer was washed with brine and dried over
anhydrous magnesium sulfate. The mixture was filtered, and then the solvent in
the filtrate was distilled off under reduced pressure.
Dichloromethane (5 mL) was added to the resulting residue, trifluoroacetic

acid (1 mL) was further added, and the mixture was stirred at room temperature for
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step 1C of Production Schenme 1, or with reference to the reaction conditions
described in (12a) of Exanple 12 below and the |ike. The sol vent used for
the reaction is not particularly restricted so long as it di ssoFR@&s02He00
starting materials to sone extent and does not interfere with the 10
reaction, and for exanple, ethyl acetate, water or a m xed sol vent thereof
may be wused. The acid used in this step nay be hydrochloric acid, sulfuric
acid, trifluoroacetic acid and_t i ke, it is preferably a sol ution of

hydrochl oric bkow Thy selffﬁgﬂm&@eﬁlg@@ Waérdl&tﬂlefi|0£%ms*§wé}1%edéﬁmwels The
reaction tenperat Uk e nkh 288R8"Abthindl (6T 8L dgRemndh oMy dtdershyRintd-Bee

(25.4 pL, 0.26 mmol), acetic acid (I mL) and a-picolineborane (27.8 mg, 0.26
mmol) in that order to the obtained residue, the mixture was stirred for 1 hour at

5 room temperature. To this mixture there was added aqueous 5N sodium hydroxide
to approximate neutral pH of the mixture while cooling on ice, and then ethyl
acetate was added. After thoroughly shaking the mixture, the organic layer was
separated and the organic layer was washed with brine and dried over anhydrous
magnesium sulfate.

10 The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure. The residue was purified by silica gel column
chromatography (mixture of #-heptane and ethyl acetate: n-heptane/ethyl acetate =
1/1) to obtain the title compound (50.0 mg, 0.105 mmol).

"H-NMR (CDCl) 8: 0.87 (t, J = 7.2 Hz, 3H), 1.32-1.45 (m, 2H), 1.53-1.66 (m, 2H),

15 1.78-1.88 (m, 2H), 2.90-2.99 (m, 2H), 3.00-3.12 (m, 1H), 3.38 (td, J = 2.0, 12.0 Hz,
2H), 3.47 (s, 3H), 3.79 (s, 6H), 3.86 (s, 3H), 3.94-4.03 (m, 2H), 4.50 (s, 2H), 6.42
(s, 1H), 6.65 (s, 2H).

[0105] Example 11 N-(Cyclopropylmethyl)-3-[2,6-dimethoxy-4-
(methoxymethylphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo]5,.1-
20 b1[1,3]thiazole-7-amine

[Chemical Formula 49]
(s
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To a mixture of tert-butyl {3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-~yl}carbamate (120 mg, 0.267 mmol) and
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materials, solvent and other reagents used in the reaction, but it is
preferably 0C- 40C. The reaction tinme will also, in general, differ
depending on the starting materials, solvent and ot her reagent SFR8%0210:00 he
reaction, and on the reaction 20 tenperature, but it is preferably 1-48
hours and nore preferably 1-6 hours at the aforenentioned reaction
tenperature after addition of the reagents. The acid nay be used in an
anmount of 1 nol or nore with respect to conpound (113-1), and a larg

excess of aci @MY (&8 sl bwengsddetpowirsed sedivindydrexade/ &4 mg50{5©$38:]101$t ep 2B
and cyclopropylmethyl bromide (38.8 pL, 0.401 mmol) at room temperature, and

the mixture was stirred for 1 hour. A saturated aqueous solution of ammonium
chloride and ethyl acetate were added to the reaction mixture. After thoroughly

5 shaking the mixture, the organic layer was separated and the solvent was distilled
off with a nitrogen airflow.

Dichloromethane (0.6 mlL) was added to the resulting residue,
trifluoroacetic acid (0.3 mL) was added, and the mixture was stirred at room
temperature for 1 hour. The solvent in the mixture was then distilled off with a

10 nitrogen airflow. THF (1 mL) was added to the fesulting residue, dihydro-2H-
pyran-3(4H)-one (40.1 mg, 0.401 mmol) and sodium triacetoxyborohydride (84.9
mg, 0.401 mmol) were added in that order, and the mixture was stirred at room
temperature for 1 hour. A saturated aqueous solution of sodium
hydrogencarbonate was added to the mixture, and ethyl acetate was added. After

15 thoroughly shaking the mixture, the organic layer was separated and the solvent
was distilled off under a nitrogen stream. The residue was purified by silica gel
column chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl
acetate = 19/1 then 2.3/1) to obtain the title compound (96.1 mg, 0.197 mmol).
'H-NMR (CDCly) 8: -0.02-0.05 (m, 2H), 0.30-0.37 (m, 2H), 0.77-0.88 (m, 1H),

20 1.34-1.46 (m, 1H), 1.60-1.69 (m, 2H), 2.02-2.10 (m, 1H), 2.86 (dd, J = 6.4, 12.8 Hz,
1H), 2.90 (dd, J = 6.4, 12.8 Hz, 1H), 3.08-3.24 (m, 3H), 3.47 (s, 3H), 3.75-3.88 (m,
1H), 3.78 (s, 6H), 3.86 (s, 3H), 4.05-4.11 (m, 1H), 4.50 (s, 2H), 6.43 (s, 1H), 6.65
(s, 2H).

[0106] Example 12 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-N-

25 [(2-methylcyclopropyl)methyl]-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo{5.1-
b1{1.31thiazole-7-amine
[Chemical Formula 50]
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This is a step of reacting conmpound (213-1) and conpound (213-2) in a
solvent in the presence of a condensation agent to produce conpound (2C1).
This step may be carried out with reference to the reacti on condiRP08210-00
described in (12b) of Exanple 12 below and the |ike. 30 As conpounds
represented by general fornmula (2B-2), there may be used a comrercially
avai |l abl e conpound, or a conpound that can be easily produced by a person
skilled in the art froma comrercially avail abl e conpound. The reacti on may
be carried out under agfisfan1or in an atnosphere of an 19 FP08-0210-00

N
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[0107] (12a) 3-[2.6-Dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxypyrazolo[5,1-51[1,3]thiazole-7-amine
{Chemical Formula 51]
HZN
e
0
/NN
(0 Ny
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To a mixture of fert-butyl {3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxypyrazolo[5,1-5][1,3]thiazol-7-yl} carbamate (1.37 g, 3.05 mmol) and ethyl
acetate (10 mL) was added a 4M solution of HCI in ethyl acetate (20 mL), and the
mixture was stirred at room temperature for 3 hours. The solvent in the mixture

10 was distilled off under reduced pressure, and then ethyl acetate was added to the
obtained residue and a saturated aqueous solution of sodium carbonate was added.
After thoroughly shaking the mixture, the organic layer was separated and the
organic layer was washed with brine and dried over anhydrous magnesium sulfate.

The mixture was filtered, and then the solvent in the filtrate was distilled off

15 under reduced pressure. To the residue there was added a mixture of n-heptane and
ethyl acetate, and the precipitated solid was collected by filtration and dried under
reduced pressure to obtain the title compound (836.6 mg, 2.39 mmol).

"H-NMR (CDCl;) 8: 2.60 (br.s, 2H), 3.46 (s, 3H), 3.77 (s, 6H), 3.89 (s, 3H), 4.50 (s,
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I nert gas such as nitrogen or argon. The solvent used for the reaction is
not particularly restricted so long as it can dissolve the starting
materials to some extent and does not interfere with the reacti BR)8-ant)-00
exanpl es include ether solvents such as tetrahydrofuran, 1,2 5

di et hoxyet hane, nethyl-tert-butyl ether, cyclopentyl nethyl ether, diethyl
ether, diisopropyl ether, dibutyl ether, dicyclopentyl ether,

1, 2-di met hoxyet hane and 1, 4- di oxane, am de sol vents such as

N, N- di net hyl f ddréilde, 1Hn6.64 (i2kBd sol vent thereof. The condensation agent

for this stepgtll dffer depend ng o, LG AhALL Nt A0 IRLEN Ales, g t e
sol vent used Lin ;
methoxypyrazolof5.1-b1[1,3]thiazol-7-y1}-2-methvlcyclopropanecarboxamide
[Chemical Formula 52]

O—

5 \

To a mixture of WSCD (104 mg, 0.67 mmol) and DMF (5 mL) was added
1-hydroxybenzotriazole (90.4 mg, 0.67 mmol), and then 3-(2,6-dimethoxy-4-
methoxymethylphenyl)-6-methoxypyrazolo[5,1-b]thiazol-7-ylamine (200 mg, 0.57
mmol) and 2-methylcyclopropanecarboxylic acid (60.8 pL, 0.62 mmol) were added

10 in that order and the mixture was stirred at room temperature for 14 hours. Water
was added to the reaction mixture, and then ethyl acetate was added. After
thoroughly shaking the mixture, the organic layer was separated and the organic
layer was washed with brine and dried over anhydrous magnesium sulfate.

The mixture was filtered, and then the solvent in the filtrate was distilled off

15 under reduced pressure.  The residue was purified by (NH)silica gel
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =
1/1) to obtain the title compound (215.9 mg, 0.50 mmol).

"H-NMR (CDCls) 8: 0.65-0.68 (m, 1H), 1.14 (d, J = 6.0 Hz, 3H), 1.21-1.31 (m, 2H),
1.46-1.52 (m, 1H), 3.46 (s, 3H), 3.75 (s, 6H), 3.90 (s, 3H), 4.49 (s, 2H), 6.43 (s,

20 1H), 6.62 (s, 2H), 7.14 (br.s, 1H).

[0109] (12¢) 3-12.6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-N-[(2-
methylcyclopropyDmethyl]-N-(tetrahydro-2 H-pyran-4-ylDpyrazolo[5.1-
b111.31thiazole-7-amine

[Chemical Formula 53]
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I ncl ude wat er-sol ubl e carbodiimde (1-ethyl-3-(3-

di met hyl am nopr opyl ) carbodi i m de hydrochl oride), 1-hydroxybenzotriazol e

and

a nixture thereof. The reaction temperature will generally diffEPO$83HhE9 ng
on the starting 15 materials, solvent and other reagents used in the
it is preferably OCG 40C. The reaction tinme will also differ

reaction,

I n nost cases depending on the starting materials,

it is preferably 1-48

but

ot her reagents used ing)\\h)e reaction, and on the reaction tenperature,

addition of the reagenis.

10

15

20

25

N
%/S
b N\ N )

o
/

O

\

To a mixture of N-{3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-yl}-2-methylcyclopropanecarboxamide (100
mg, 0.23 mmol) and THF (2 mL) was added a solution of borane in tetrahydrofuran
(0.99 M, 609 pL, 0.60 mmol), and the mixture was stirred at 55°C for 2 hours.
Water was added to the reaction mixture, and then ethyl acetate was added. After
thoroughly shaking the mixture, the organic layer was separated and the organic
layer was washed with brine and dried over anhydrous magnesium sulfate.

The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure. To a mixture of the obtained residue and THF (1.5 mL)
were added trifluoroacetic acid (150 pL), and then tetrahydro-4H-pyran-4-one (32
pL, 0.35 mmol) and sodium triacetoxyborohydride (73.8 mg, 0.35 mmol) in that
order, and the mixture was stirred at room temperature for 1 hour. Water was
added to the reaction mixture, and then ethyl acetate was added. After thoroughly
shaking the mixture, the organic layer was separated and the organic layer was
washed with brine and dried over anhydrous magnesium sulfate.

The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure. The residue was purified by (NH)silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =
4/1). The fractions containing the target substance were collected, the solvent was
distilled off under reduced pressure, and then a mixture of n-heptane and
diisopropyl ether was added to the resulting residue. The precipitated solid was
collected by filtration, and the obtained residue was washed with a small amount of
n-heptane and then dried under reduced pressure to obtain the title compound (43.7

mg, 0.09 mmol).
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Compound (2B-2) may be used at 1-5 nolar equivalents and preferably 1- 1.5
nol ar equi valents with respect to conpound (2B-1). The condensation agent
may be used at 1-10 nolar equivalents with respect to conpound (2B-1). 25
[0039] Step 2C This is a step of reducing conpound (2C1) in a sé&PORH210-60
the presence of- a reducing agent to produce conpound (2D 1). The step may
be carried out with reference to the reaction conditions described in (12c)

of Exanple 12 bel ow and the Iike 30 The reaction may be carried out under a

streamor in an_atnosphere of
HNMR( DCl3) o: 006010 (m, 1H), 0.15-0.19 (m, 1H), 0.26-0.36 (m, 1H),

0.47-0.58 (m, 1H), 0.79 (d, ] = 5.6 Hz, 3H), 1.50-1.68 (m, 2H), 1.78-1.89 (m, 2H),
2.68 (dd, J = 8.0, 12.0 Hz, 1H), 3.04-3.18 (m, 2H), 3.33-3.46 (m, 2H), 3.48 (s, 3H),
3.79 (s, 6H), 3.87 (s, 3H), 3.94-4.03 (m, 2H), 4.52 (s, 2H), 6.41 (s, 1H), 6.66 (s,
5 2H).
[0110] Example 13 3-[2-Chloro-6-methoxy-4-(methoxymethyl)phenyl]-6-
methoxv-N-propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-5][1.3]thiazole-7-
amine
[Chemical Formula 54]
J
- N

ﬁs
Q
/- N\ N7

Cl

O
\
[011171 (13a) tert-Butyl  {3-[2-chloro-6-methoxy-4-(methoxymethyl)phenyl]-6-

methoxy-pyrazolo{5,1-b][1,3]thiazol-7-yl}carbamate
[Chemical Formula 55]

10

Ci

0

\

15 To a mixture of tert-butyl (3-bromo-6-methoxypyrazolo[5,1-b][1,3]thiazol-
7-yl)carbamate (500 mg, 1.44 mmol), toluene (8 mL) and ethanol (4 mL) were
added [2-chloro-6-methoxy-4-(methoxymethyl)phenyl]boronic acid (498 mg, 2.16
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I nert gas such as nitrogen or argon. The solvent used for the reaction is
not particularly restricted so long as it can dissolve the starting
materials to sone extent and does not interfere with the 20 FPO&P0310210D0
reaction, and exanpl es include ether solvents such as tetrahydrofuran, 1,2
di et hoxyet hane, nethyl-tert-butyl ether, cyclopentyl nethyl ether, diethyl
ether, diisopropyl ether, dibutyl ether, dicyclopentyl ether,

1, 2-di met hoxyet hane and 1, 4- di oxane, anong which tetrahydrofuran is
preferred. 5 Theol).edddM nguengesplution aftsiodiust eprbapate (288 ik, d8fendivhgndn t he

starting tetrakis(triphenylphosphine)palladium(0) (166 mg, 0.14 mmol) in that order, and
the mixture was stirred at 110°C for 6 hours. Water was added to the mixture, and

then ethyl acetate was added. After thoroughly shaking the mixture, the organic

5 layer was separated and the organic layer was washed with brine and dried over

anhydrous magnesium sulfate.

The mixture was filtered, and then the solvent in the filtrate was distilled off
under reduced pressure. The residue was purified by (NH)silica gel column
chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate =

10 . 3/1 then 2/1) to obtain the title compound (349 mg, 0.77 mmol).
'H-NMR (CDCL) &: 1.52 (s, 9H), 3.46 (s, 3H), 3.76 (s, 3H), 3.87 (s, 3H), 4.48 (s,
. 2H), 6.13 (br.s, 1H), 6.48 (s, 1H), 6.91 (s, 1H), 7.08 (s, 1H).
~ [0112] (13b) 3-{2-Chloro-6-methoxy-4-(methoxymethyl)phenyll-6-methoxy-N-
propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolof5.1-1[1.3]thiazole-7-amine
15 [Chemical Formula 56]

Cl

_©o

To a mixture of tert-butyl {3-[2-chloro-6-methoxy-4-
(methoxymethyl)phenyl]-6-methoxy-pyrazolo[5,1-b][1,3]thiazol-7-y1} carbamate

(148 mg, 0.33 mmol) and DMF (4 mL) was added sodium hydride (60% dispersion

20 in oil: 17 mg, 0.42 mmol) at room temperature, and the mixture was stirred for 10

minutes. After then adding 1-iodobutane (41.3 pL, 0.42 mmol) to the mixture,

stirring was continued for 2 hours. Water was added to the reaction mixture, and

then ethyl acetate was added. After thoroughly shaking the mixture, the organic

layer was separated and the organic layer was washed with brine and dried over

25 anhydrous magnesium sulfate.
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materials and the solvent used and is not particularly restricted, and
exanpl es include borane and a solution of borane in tetrahydrofuran. The
reaction tenperature will generally differ depending on the star FPog0210-00
materials, solvent and other reagents used in the reaction, but it is
preferably from 10 OCto the reflux tenperature of the solvent (as the
reactor internal tenperature). The reaction time will also differ in nost
cases depending on the starting materials, the solvent and the other
reagents used in tRhbe méxtote was, filtenetl, end thee the ssdeenit omthe dikpate avasdistilledioffi t i s

preferably 1-24 af orenenti oned tenperature after addition of
t he reagents. aﬂ?q%%?%‘ S(E:Jlﬁ%@ agent may be used at 1-10 nol ar equival ents
and preferably Dichloromethane (2 mL) was added to the resulting residue, trifluoroacetic

acid (2 mL) was added, and the mixture was stirred at room temperature for 1 hour.
5 The solvent in the filtrate was distilled off under reduced pressure.

THF (4 mL) was then added to the resulting residue, tetrahydro-4H-pyran-

4-one (59.9 pl, 0.65 mmol) and sodium triacetoxyborohydride (138 mg, 0.65

mmol) were added in that order, and the mixture was stirred at room temperature

for 14 hours. A saturated aqueous solution of sodium hydrogencarbonate was

10 added to the reaction mixture, and ethyl acetate was added. After thoroughly

shaking the mixture, the organic layer was separated and the organic layer was

washed with brine and dried over anhydrous magnesium sulfate. The mixture was

filtered, and then the solvent in the filtrate was distilled off under reduced pressure.

The residue was purified by (NH)silica gel chromatography (mixture of n-heptane

15 and ethyl acetate: m-heptane/ethyl acetate = 4/1 then 3/1) to obtain the title
compound (94.8 mg, 0.20 mmol).

"H-NMR (CDCl,) 8: 0.88 (t, J = 7.2 Hz, 3H), 1.32-1.44 (m, 2H), 1.52-1.66 (m, 2H),

1.79-1.86 (m, 2H), 2.92-2.97 (m, 2H), 3.02-3.11 (m, 1H), 3.34-3.41 (m, 2H), 3.47

(s, 3H), 3.80 (s, 3H), 3.85 (s, 3H), 3.96-4.02 (m, 2H), 4.49 (s, 2H), 6.46 (s, 1H),

20 6.93 (br.s, 1H), 7.09 (br.s, 1H).
[0113] Example 14 4-{7-[(Cyclopropylmethyl)(tetrahydrofuran-3-
ylmethyDamino]-6-methoxypyrazolo{5,1-51[1.31thiazol-3-y1}-3,5-
dimethoxybenzonitrile
[Chemical Formula 57]

N/N
O—
/O
7
25 N
[0114] (14a) tert-Butyl [3-(4-cyano-2.6-dimethoxyphenyl)-6-
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2-5 nol ar equivalents wth respect to conmpound (2C1).
2C may be used as starting material for the subsequent step w thout any

special purif

Exanpl e 12 20 described below. [0040] Step 2D This is a step in which

conmpound (2D

The reaction condit | ons for this step may be the sane conditions by the
sanme procedur BeHx deof 5 3Jthig

10

15

The product of step

ication, with only a procedure of sinple treatnent &P08102&0-00
reaction solution and distilling off the solvent, simlar to (12c) in

1) and conpound (1D-2) are reacted to obtain conpound (2E-1).

-Yidearisddee 1.

[Chemical Formula 58]

O—

To a mixture of fert-butyl (3-bromo-6-methoxypyrazolof5,1-b}[1,3]thiazol-
7-yDcarbamate (461 mg, 1.33 mmol), DME (49 mL) and water (16 mL) were
added (4-cyano-2,6-dimethoxyphenyl)boronic acid (412 mg, 2.00 mmol),
potassium carbonate (366 mg, 2.66 mmol), triphenylphosphine (174 mg, 0.659
mmol) and palladium acetate (29.8 mg, 0.132 mmol) in that order, and the mixture
was stirred at 90°C (internal temperature) for 2 hours. Water was added to the
mixture, and then ethyl acetate was added. After thoroughly shaking the mixture,
the organic layer was separated and the organic layer was washed with brine and
dried over anhydrous magnesium sulfate. The mixture was filtered, and then the
solvent in the filtrate was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (mixture of n-heptane and ethyl
acetate: n-heptane/ethyl acetate = 2/1 then 1/1) to obtain the title compound (296

"~ mg, 0.688 mmol).

20

'H-NMR (CDCL) &: 1.52 (s, 9H), 3.78 (s, 6F1), 3.87 (s, 3H), 6.11 (br.s, 1H), 6.50 (s,

1H), 6.91 (s, 2H).

[0115] (14b)  4-{7-[(Cyclopropylmethyl)(tetrahydrofuran-3-ylmethyl)amino]-6-
methoxypyrazolo[5,1-b][1.3]thiazol-3-y1}-3,5-dimethoxybenzonitrile

[Chemical Formula 59]
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Upon conpl etion of the reaction in each step of the processes descri bed
above, the target conpound of each step may be recovered fromthe reaction
m xture by an ordinary nmethod. [0041] [Reaction treatnent nethod]FER3-0¥1€r00
the reaction mxture is a liquid, for exanple, the reaction mxture is
returned to roomtenperature or cooled on ice as desired, and neutralized
with an appropriate acid, alkali, oxidizing agent or reduci ng agent,

foll owed by addition of water and an organic solvent that is inmscible
therewi th and does ngLJ<ff§ with 21 FP08-0210-00

e
/ \N/N Y
O—.

/

N//

To a mixture of tert-butyl [3-(4-cyano-2,6-dimethoxyphenyl)-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-yl]carbamate (66 mg, 0.153 mmol) and
DMF (4 mL) were added sodium hydride (60% dispersion in oil: 7.96 mg, 0.199
5 mmol) and cyclopropylmethyl bromide (19.3 pL, 0.199 mmol) in that order at
room temperature, and the mixture was stirred for 1 hour. Water was added to the
mixture while cooling on ice, and then ethyl acetate was added. After thoroughly
shaking the mixture, the organic layer was separated and the organic layer was
washed with brine and dried over anhydrous magnesium sulfate. The mixture was
10 filtered, and then the solvent in the filtrate was distilled off under reduced pressure.
Dichloromethane (6 mL) was added to the residue, trifluoroacetic acid (1
ml) was added, and the mixture was stirred at room temperature for 1 hour. The

solvent in the filtrate was distilled off under reduced pressure.
After then adding methanol (6 mL), and then tetrahydrofuran-3-
15 carboxaldehyde (55.4 pL; 0.306 mmol), acetic acid (1 mL) and a-picolineborane
(32.7 mg, 0.306 mmol) in that order to the obtained residue, the mixture was stirred
for 1 hour at room temperature. To this mixture was added aqueous SN sodium
hydroxide to approximate neutral pH of the mixture while cooling on ice, and then
ethyl acetate was added. After thoroughly shaking the mixture, the organic layer
20 was separéted and the organic layer was washed with brine and dried over
anhydrous magnesium sulfate. The mixture was filtered, and then the solvent in
the filtrate was distilled off under reduced pressure. The residue was purified by
silica gel column chromatography (mixture of »-heptane and ethyl acetate: »-
heptane/ethyl acetate = 2/1 then 1/1) to obtain the title compound (53.9 mg, 0.115

25 mmol).

'"H-NMR (CDCls) 8: 0.01-0.10 (m, 2H), 0.36-0.46 (m, 2H), 0.83-0.96 (m, 1H),
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t he target conmpound, such as ethyl acetate. After thoroughly shaking the
mxture, it is allowed to stand for separation and the | ayer of the
resulting bilayer that contains the target conpound is separat edPOReOXD-0H
solvent that is immscible with the obtained | ayer and does not react with
the target conpound is added, and then 5 the | ayer containing the target
conpound i s washed and separated. Wien the layer 1is an organic |ayer, it
may be dried using a desiccant such as anhydrous magnesium sulfate or

anhydrous sodilei#-5il {t &D.dr?)-282 (w0 Hprk2ai2 40i(m, éH).0f-81 (& Jobe ditie. 2H. t ar get
Gosal ted and P fsash 7 Bt PHE T Y e b 18 i TG SERe (040
When t he enti 8et Heatl), 8ro5A3.%4 anelHy 3281l (sgelil)) 3.86t (sndty), B/ 6088 (0] 2}, 6.4%cover
(s, 1H), 6.92 (s, 2H).
5 [0116] Example 15 4-{7-[(Cyclopropylmethyl)(tetrahydro-2 H-pyran-4-
ylmethyl)amino]-6-methoxypyrazolo[5.1-5]{1,3]thiazol-3-y1}-3.5-
dimethoxybenzonitrile
[Chemical Formula 60]

L

0
/ \N’N Y

O—

0]
/

2
N/

10 To a mixture of tert-butyl [3-(4-cyano-2,6-dimethoxyphenyl)-6-
methoxypyrazolo[5,1-5][1,3]thiazol-7-yl]carbamate (90 mg, 0.21 mmol) and
DMSO (0.8 mL) were added powdered sodium hydroxide (16.8 mg, 0.42 mmol)
and cyclopropylmethyl bromide (30.7 pL, 0.317 mmol) at room temperature, and
the mixture was stirred for 1 hour. A saturated aqueous solution of ammonium
15 chloride and ethyl acetate were then added to the reaction mixture. After
thoroughly shaking the mixture, the organic layer was separated and the solvent
was distilled off with a nitrogen airflow.
Dichloromethane (0.6 mL) was added to the resulting residue,
trifluoroacetic acid (0.2 mL) was added and the mixture was stirred at room
20 temperature for 2 hours. The solvent in the mixture was then distilled off with a
nitrogen airflow. THF (1 mL) was then added to the resulting residue, tetrahydro-
2 H-pyran-4-carbaldehyde (36 mg, 0.315 mmol) and sodium triacetoxyborohydride
(66.8 mg, 0.315 mmol) were added in that order, and the mixture was stirred at
room temperature for 2 hours. A saturated aqueous solution of sodium
25 hydrogencarbonate was added to the mixture, and ethyl acetate was added. After

thoroughly shaking the mixture, the organic layer was separated and the solvent
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the target conpound sinply by distilling off the conponents other than the

target conpound (for exanple, solvent, reagents, etc.) at ordin 5§§e5861re
or under reduced pressure. [0043] Wen the target conpound prec?% 4Kk

alone as a solid, or when the entire 15 reaction mxture is a liquid and
the target conpound precipitates alone as a solid during the collecting
process, the target conpound may be first collected by a filtration nethod,

(e ool e ody i PRTRAHTS AGSASCAGR B3UHAN SufRIRRLE fhaidngroon ©

[0044] On t hecodirhe chivamdogruptn(rhiveire @fgedptnerand attiaf] ysttater @-Hedpenofethyl sol i ds

present, 20 o when, i SAYRN S n BhL YR o Bh W3 EG M LA 25 SO! T d
'H-NMR (CDCls) §: 0.00-0.06 (m, 2H), 0.36-0.44 (m, 2H), 0.84-0.94 (m, 1H),

5 1.21-1.34 (m, 2H), 1.54-1.67 (m, 1H), 1.71-1.80 (m, 2H), 2.80 (d, J = 6.8 Hz, 2H),
2.89 (d, J = 7.2 Hz, 2H), 3.33 (dt, J = 1.6, 11.6 Hz, 2H), 3.82 (s, 6H), 3.86 (s, 3H),
3.90-3.97 (m, 2H), 6.49 (s, 1H), 6.93 (s, 2H).
[0117] Example 16 N-(Cyclopropylmethyl)-6-methoxy-N-(tetrahydro-2H-pyran-4-
ylmethy)-3-(2.4.6-trimethoxyphenyl)-pyrazolo[5.1-5]{1.3]thiazole-7-amine
10 [Chemical Formula 61]

O—

[0118] (16a) tert-Butyl(3,5-dimethoxyphenoxy)dimethylsilane
[Chemical Formula 62]

0
Tl

15 To a mixture of 3,5-dimethoxyphenol (3.00 g, 19.5 mmol) and DMF (45
mL) were added imidazole (2.66 g, 39.0 mmol) and tert-butyldimethylchlorosilane
(2.94 g, 19.5 mmol) in that order, and the mixture was stirred for 19.5 hours at
room temperature. Water was added to the reaction mixture, and then ethyl acetate
was added. After thoroughly shaking the mixture, the organic layer was separated
20 and the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled

off under reduced pressure. The residue was purified by silica gel column
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reaction mxture, with the target conpound renai ning dissolved in solution,
the reagents or catalyst nay be first renoved by a filtration nethod, the
renoved reagents or catal yst washed with a suitable organic or FROBgAND-O0
solvent, and the obtained wash conbined with the nother liquor to obtain a
liquid m xture, which 25 may then be treated in the sane manner as in the
case that the entire reaction mxture is a liquid, in order to obtain the
target compound. [0045] The reaction m xture may be used directly for
subsequent st elyemaj y (migsteaef oheritnet and atlayl geetateo psniadc/phybasstate Ther e
conponent s ot E'@tgig%t : nelo | reaction mxture will not
i nhibit react P@p]t(% n t etﬂg;tl} lgé%ﬁ Orﬁngggjggg? gg'ggmf‘glgﬁm [ Purifying process]
'H-NMR (CDCl;) 8: 0.21 (s, 6H), 0.98 (s, 9H), 3.75 (s, 6H), 6.02 (d, J = 2.4 Hz,

2H), 6.11 (t, J =2.4 Hz, 1H).
5 [0119] (16Db) (4-{[tert-Butyl(dimethyl)silylJoxy}-2.6-dimethoxyphenyl)boronic
acid
[Chemical Formula 63]
B(OH),

To a mixture of fert-butyl(3,5-dimethoxyphenoxy)dimethylsilane (4.97 g,

10 18.5 mmol) and THF (50.0 mL) were added N,N,N’,N'-tetramethylethylenediamine

(3.35 mL, 22.2 mmol) and #-butyllithium (2.77 M solution in #-hexane: 8.01 mL,

22.2 mmol) in that order at room temperature, and the mixture was stirred for 1

hour at room temperature. The mixture was then cooled to -78°C (internal

temperature), and then trimethyl borate (2.48 mL, 22.2 mmol) was added and the

15 temperature was raised to room temperature while stirring. A saturated aqueous

solution of ammonium chloride was added to the reaction mixture and then ethyl

acetate was added, while cooling on ice. After thoroughly shaking the mixture, the

organic layer was separated and the organic layer was washed with brine and dried

over anhydrous magnesium sulfate. The mixture was filtered, and then the solvent

20 in the filtrate was distilled off under reduced pressure. The residue was purified by

silica gel column chromatography (mixture of »-heptane and ethyl acetate: »-
heptane/ethyl acetate = 4/1) to obtain the title compound (3.50 g, 11.2 mmol).

'H-NMR (CDCl5) 8: 0.25 (s, 6H), 1.00 (s, 9H), 3.86 (s, 6H), 6.11 (s, 2H), 7.04 (s,

2H).

25 [0120] (16¢) tert-Butyl [3-(4-hydroxy-2.6-dimethoxyphenyl)-6-
methoxypyrazolo[5.1-b1[1.31thiazol-7-yl)]carbamate
[Chemical Formula 64]
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Purity of the target conpound coll ected by the above nethods can be

I ncreased by appropriately carrying out recrystallization, various
chromat ogr aphy met hods, or distillation. 22 FP08-0210-00 [0047FPYHEALGH
coll ected target conpound is a solid, purity of the target conpound can
usual ly be inproved by recrystallization. For recrystallization there my
be used a sinple solvent or a multiple solvent m xture that does not react
with the target conpound. Specifically, the target conmpound nay first be
di ssolved at 5 roofh tenperature or with heating in the sinple solvent or
solvent m xture th

O-—

OH

To a mixture of tert-butyl (3-bromo-6-methoxypyrazolo[5,1-b][1,3]thiazol-
7-yl)carbamate (400 mg, 1.15 mmol), 1,4-dioxane (26.7 mL) and water (13.3 mL)
were added (4-{[fert-butyl(dimethyl)silyljoxy}-2,6-dimethoxyphenyl)boronic acid
5 (647 mg, 2.07 mmol), potassium carbonate (318 mg, 2.29 mmol) and
tetrakis(triphenylphosphine)palladium(0) (133 mg, 0.115 mmol) in that order, and
the mixture was stirred for 1 hour at 110°C (internal temperature). Water was
added to the mixture, and then ethyl acetate was added. After thoroughly shaking
the mixture, the organic layer was separated and the organic layer was washed with
10 brine and dried over anhydrous magnesium sulfate. The mixture was filtered, and
then the solvent in the filtrate was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (mixture of »-heptane and ethyl
acetate: n-heptane/ethyl acetate = 1/1) to obtain the title compound (224 mg, 0.53
mmol).
15 "H-NMR (CDCl) 8: 1.54 (s, 9H), 3.61 (s, 6H), 3.99 (s, 3H), 5.93 (s, 2H), 6.10 (br.s,
1H), 6.38 (s, 1H).
[0121] (16d)  tert-Butyl _[6-methoxy-3-(2.4.6-trimethoxyphenyl)pyrazolo[5,1-
b1[1,31thiazol-7-y1)|carbamate
[Chemical Formula 65]
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not react wth the target conpound. The obtained m xture nmay then be cool ed
wth ice water or the like or allowed to stand at roomtenperature to cause
precipitation of the target conpound fromthe m xture. [0048] Wrngtd220-00
coll ected target conpound is a solid or liquid, purity of the target 10
conpound can be inproved by various chromat ography nethods. In nost cases a
weakly acidic silica gel such as silica gel 60 (70-230 nesh or 340-400 nesh)
by Merck, Ltd. or BW300 (300 nesh) by Fuji Silysia Chem cal, Ltd. may be
used. If the target cqnpound is basic, there may be used propyl am ne-coated
silica gel (200-3 mesh) by Fuji Silysia Chemcal, Ltd., or the like. If

the target conpound)ip”iNs dipolar or requires elution with a highly polar
sol vent such as hanol , there
0 Sy
\
/7 NN
O—
o)
/
0]
/

To a mixture of ter-butyl [3-(4-hydroxy-2,6-dimethoxyphenyl)-6-
methoxypyrazolo[5,1-b][1,3]thiazol-7-yl)]carbamate (224 mg, 0.531 mmol) and
DMF (5.00 mL) were added potassium carbonate (117 mg, 0.85 mmol) and
5 iodomethane (52.9 pL, 0.85 mmol) in that order at room temperature, and the
mixture was stirred for 14.5 hours. Water was added to the reaction mixture, and
then ethyl acetate was added. After thoroughly shaking the mixture, the organic
layer was separated and the organic layer was washed with brine and dried over
anhydrous magnesium sulfate. The mixture was then filtered, and the solvent in
10 the filtrate was distilled off under reduced pressure to obtain the title compound
(231 mg, 0.53 mmol).
"H-NMR (CDCl) 8: 1.52 (s, 9H), 3.73 (s, 6H), 3.86 (s, 3H), 3.89 (s, 3H), 6.10 (br.s,
1H), 6.20 (s, 2H), 6.40 (s, 1H).
[0122] (16€) N-(Cyclopropylmethy])-6-methoxy-N-(tetrahvdro-2 H-pyran-4-
15 ylmethyl)-3-( 214L6-trimeth0)gphenvl)pyrazolo [5.1-b][1,3]thiazole-7-amine
[Chemical Formula 66]

O—

To a mixture of tert-butyl [6-methoxy-3-(2,4,6-
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may be used
silica gels,
solvent m X
sol vent di st

target conp
degree of r
target conpo

NAM 200H or NAM 300H by Nagara Sci ence Co., Ltd. Using these
the target conpound nay be eluted in a sinple sol Vﬁ}%}; 0
Q&210-00

ture that does not react with the target conpound a

illed off to obtain the target conpound with enhanced purity.
20 [0049] When the collected target conpound is a liquid, purity of the
ound can al so be inproved by distillation. The tenperature and
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After adding cyclopropylmethyl bromide (32.3 pL, 0.333 mmol) to the mixture,
stirring was continued for 40 minutes. Water was added to the mixture while
cooling on ice, and then ethyl acetate was added. After thoroughly shaking the
mixture, the organic layer was separated and the organic layer was washed with
brine and dried over anhydrous magnesium sulfate. The mixture was filtered, and
then the solvent in the filtrate was distilled off under reduced pressure.

Dichloromethane (2.5 ml) was added to the resulting residue,
trifluoroacetic acid (1 ml) was added, and the mixture was stirred at room
temperature for 1 hour and 20 minutes. The solvent in the filtrate was distilled off
under reduced pressure.

THF (4 mL) was then added to the resulting residue, tetrahydro-2H-pyran-
4-carbaldehyde (29.4 mg, 0.257 mmol) and sodium triacetoxyborohydride (54.5
mg, 0.257 mmol) were added in that order, and the mixture was stirred at room
temperature for 2 hours. A saturated aqueous solution of sodium
hydrogencarbonate was added to the mixture while cooling on ice, and ethyl
acetate was added. After thoroughly shaking the mixture, the organic layer was
separated and the organic layer was washed with brine and dried over anhydrous
magnesium sulfate. The mixture was filtered, and then the solvent in the filtrate
was distilled off under reduced pressure. The residue was purified by silica gel
column chromatography (mixture of n-heptane and ethyl acetate: n-heptane/ethyl
acetate = 9/1 then 3/2) to obtain the title compound (75.0 mg, 0.16 mmol).
'H-NMR (CDCL) 8: 0.00-0.06 (m, 2H), 0.35-0.43 (m, 2H), 0.87-0.97 (m, 1H),
1.20-1.36 (m, 2H), 1.55-1.69 (m, 1H), 1.71-1.81 (m, 2H), 2.80 (dd, J = 6.4 Hz, 2H),
2.89 (d, J = 6.8 Hz, 2H), 3.27-3.39 (m, 2H), 3.76 (s, 6H), 3.87 (s, 3H), 3.88 (s, 3H),
3.88-3.98 (m, 2H), 6.23 (s, 2H), 6.37 (s, 1H).

[0123] Example 17  3-{4-[(Cyclobutyloxy)methyl]-2,6-dimethoxyphenyl}-6-
methoxy-N-propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5.1-51[1,3]thiazole-7-

amine

[Chemical Formula 67}
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[ 0051] Conversely, when a conmpound of the invention is obtained as a salt,

it may be converted to the free formof the conpound by an ordi nary nethod.

[0052] Various isonmers (for exanple, geonetric isoners, opticalfP08dap90
rotational isoners, stereoisoners, tautoners and the |ike) obtained for
conpounds 30 of the invention may be purified and isol ated using ordinary
separation neans such as, for exanple, recrystallization, a diastereoner
salt nethod, enzymatic resolution or various chromatography nmethods (for

exanpl e, thin-I|ayer omat ogr aphy, colum chronat ogr aphy, gas
chr omat ogr aphy, etg.). }23 FPO8-0210- 00
- N
g
\
/T NN
00—
0]
/

[0124] (17a) (4-Bromo-3,5-dimethoxyphenyl)methanol
[Chemical Formula 68]

Br
6] 0]

~ ™~

HO

5 To a mixture of 4-bromo-3,5-dimethoxybenzoic acid (50.0 g, 192 mmol)
and THF (1 L) was added borane-methyl sulfide (27.1 mL, 286 mmol) while
cooling on ice, and the mixture was heated to reflux for 1 hour. Water was slowly
added to the mixture while cooling on ice, and then the solvent in the mixture was
distilled off under reduced pressure. Water and ethyl acetate were added to the

10 residue. After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium
sulfate. The mixture was then filtered, and the solvent in the filtrate was distilled
off under reduced pressure to obtain the title compound (47.3 g, 191 mmol).
'H-NMR (CDCly) 5: 1.80 (s, 1H), 3.91 (s, 6H), 4.68 (s, 2H), 6.60 (s, 2H).

15 [0125] (17b) 2-Bromo-5-(chloromethyl)-1,3-dimethoxybenzene
[Chemical Formula 69]
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[ 0053] [Formul ati on] When a conpound of the invention is to be used as a
drug, the conpound of the invention will usually be used after m xture and
fornmul ation with appropriate additives. However, this does nofP¢Egal®08he
use of the compounds of the invention 5 in bulk fornms as drugs. [0054] As
additives there may be nentioned excipients, binders, |ubricants,

di sintegrators, coloring agents, taste correctives, enulsifiers,

surfactants, dissglving ai ds, suspendi ng agents, isotonizing agents,
buffering agents, 5ntiseptic agents, antioxidants, stabilizers, absorption
accel er at or s -@nd the Pike which are coomonly 10 used in drugs, and these may
al so be used in opri ate conbi nati ons as desired.

To a mixture of (4-bromo-3,5-dimethoxyphenyl)methanol (10.0 g, 40.6

mmol) and dichloromethane (100 mL) were added triethylamine (12.4 mL, 89.3

mmol) and methanesulfonyl chloride (3.46 mlL, 44.7 mmol) in that order while

5 cooling on ice, and the mixture was stirred at room temperature for 14 hours.

Water was added to the mixture, and then ethyl acetate was added. After

Cl

thoroughly shaking the mixture, the organic layer was separated and the organic
layer was washed with brine and dried over anhydrous magnesium sulfate. The
mixture was filtered, and then the solvent in the filtrate was distilled off under
10 reduced pressure. The residue was purified by silica gel column chromatography
(mixture of n-heptane and ethyl acetate: n-heptane/ethyl acetate = 4/1) to obtain the
title compound (2.47 g, 9.30 mmol).
'H-NMR (CDCl,) 8: 3.92 (s, 6H), 4.55 (s, 2H), 6.60 (s, 2H).
[0126] (17¢) 2-Bromo-5-[(cyclobutyloxy)methyi]-1,3-dimethoxybenzene
15 [Chemical Formula 70]

Br

To a mixture of cyclobutyl alcohol (4.16 g, 57.7 mmol) and DMF (30 mL)
was added sodium hydride (60% dispersion in oil: 2.31 g, 57.7 mmol) while
cooling on ice, and the mixture was stirred at room temperature for 1 hour. To this

20 mixture was slowly added dropwise a mixture of 2-bromo-5-(chloromethyl)-1,3-
dimethoxybenzene (2.47 g, 9.3 mmol) and DMF (30 mL), and the resulting mixture
was stirred at room temperature for 1 hour. Water was added to the mixture while

cooling on ice, and then ethyl acetate was added. After thoroughly shaking the
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As exanpl es of excipients there nmay be nentioned | actose, white soft sugar,
gl ucose, corn starch, mannitol, sorbitol, starch, pregelatinized starch
dextrin, crystalline cellulose, light silicic anhydride, al unFrogiildi00at e,
calciumsilicate, magnesium alum nonetasilicate, calcium hydrogenphosphate
and the like. 15 As exanples of binders there may be nentioned pol yvinyl

al cohol, nethylcellul ose, ethylcellul ose, gum arabic, tragacanth, gelatin,
shell ac, hydroxypropyl net hyl cel | ul ose, hydroxypropyl cel | ul ose,

car boxymet hipixtard, iheogganis dayas Waspwpgiaiedyandythe @lrg@amﬁiyelhﬁ/@& ogehedawitht he | i ke.

s SXarmL el PGPS S TS FE T BRI R Sha she 20

col | oi dal stHehndbe solvent in the filtrate was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (mixture of #-heptane and ethyl

5 acetate: n-heptane/ethyl acetate = 4/1) to obtain the title compound (2.39 g, 7.94
mmol).
'H-.NMR (CDCl;) &: 1.43-1.60 (m, 1H), 1.65-1.80 (m, 1H), 1.92-2.08 (m, 2H),
2.15-2.28 (m, 2H), 3.90 (s, 6H), 3.96-4.07 (m, 1H), 4.38 (s, 2H), 6.56 (s, 2H).
[0127] (17d) {4-[(Cyclobutyloxy)methyl]-2,6-dimethoxyphenyl }boronic acid
10 [Chemical Formula 71]

B(OH),

0

&

To a mixture of 2-bromo-5-[(cyclobutyloxy)methyl}-1,3-dimethoxybenzene
(2.39 g, 7.94 mmol) and THF (20 mL) was added n-butyllithium (2.73 M solution
in n-hexane: 3.49 mL, 9.53 mmol) at -78°C (internal temperature), and the mixture
15 was stirred for 1 hour. After then adding trimethyl borate (1.07 mL, 9.53 mmol) to
the mixture, the temperature was slowly raised to room temperature while stirring.
A saturated aqueous solution of ammonium chloride was added to the reaction
mixture while cooling on ice, and then ethyl acetate was added. Afier thoroughly
shaking the mixture, the organic layer was separated and the organic layer was
20 washed with brine and dried over anhydrous magnesium sulfate. The mixture was
filtered, and then the solvent in the filtrate was distilled off under reduced pressure.
Heptane (30 mL) was added to the residue, the precipitated solid was collected by
filtration and dried under reduced pressure to obtain the title compound (905 mg,
3.40 mmol).
25 'H-NMR (CDCls) 3: 1.45-1.60 (m, 1H), 1.67-1.80 (m, 1H), 1.94-2.08 (m, 2H),
2.18-2.30 (m, 2H), 3.92 (s, 6H), 3.96-4.07 (m, 1H), 4.41 (s, 2H), 6.61 (s, 2H), 7.18
(s, 2H).
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and the |like. As exanples of disintegrators there may be nentioned
crystalline cellul ose, agar, gelatin, calciumcarbonate, sodium

hydr ogencar bonate, calciumcitrate, dextrin, pectin, |ow subsfP08t02d0-00
hydroxypr opyl cel | ul ose, carboxynet hyl cel | ul ose, 25 carboxynet hyl cel | ul ose
cal cium croscarnell ose sodi um carboxynethyl starch, carboxynethyl starch
sodiumand the like. As coloring agents there nay be nentioned those
approved for addition to pharnaceutlcals such as iron sesqui oxi de, yell ow
i ron sesqui Uled| srrBeyl G- daxypmethyll-2.61dmehaxyphead -6 ¢

ri boflavin ﬁﬁﬁi&%%ﬂﬁm% Bl Xﬁfu'a?d(ﬁ g»lg)ca%dﬁggt@um | ake and the |ike.
[Chemical Formula 72]

O—

5 To a mixture of fert-butyl (3-bromo-6-methoxypyrazolo[5,1-b][1,3]thiazol-
7-yDcarbamate (987 mg, 2.83 mmol), DME (80 mL) and water (28 mL) were
added {4-[(cyclobutyloxy)methyl]-2,6-dimethoxyphenyl} boronic acid (904 mg, 3.4
mmol), potassium carbonate (785 mg, 5.68 mmol), triphenylphosphine (370 mg,
1.42 mmol) and palladium acetate (63.7 mg, 0.282 mmol) in that order, and the
10 mixture was stirred at 90°C (internal temperature) for 3 hours. Water was added to
the reaction mixture, and then ethyl acetate was added. After thoroughly shaking
the mixture, the organic layer was separated and the organic layer was washed with
brine and dried over anhydrous magnesium sulfate. The mixture was filtered, and
then the solvent in the filtrate was distilled off under reduced pressure. The residue
15 was purified by silica gel column chromatography (mixture of #-heptane and ethyl
acetate: n-heptane/ethyl acetate = 2/ 1) to obtain the title compound (1.24 g, 2.53
mmol).
'H-NMR (CDCls) 8: 1.52 (s, 9H), 1.46-1.62 (m, 1H), 1.66-1.81 (m, 1H), 1.96-2.10
(m, 2H), 2.20-2.32 (m, 2H), 3.75 (s, 6H), 3.87 (s, 3H), 4.02-4.13 (m, 1H), 4.43 (s,
20 2H), 6.08 (br.s, 1H), 6.41 (s, 1H), 6.62 (s, 2H).
[0129] (17f) 3-{4-[(Cyclobutyloxy)methyl]-2,6-dimethoxyphenyl}-6-methoxy-N-
propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine
[Chemical Formula 73]
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As taste correctives there may be nentioned cocoa powder, nmenthol, aromatic
powders, peppermnt oil, canphor, cinnanon powder and the |ike. As
enmul si fying agents or surfactants there nmay be nentioned st ear}P08-2210-00
FP08-0210-00 triethanol am ne, sodiumlauryl sulfate, |auryl am nopropionic
acid, lecithin, glycerin nonostearate, sucrose fatty acid esters, glycerin
fatty acid esters and the 1like. As dissolving aids there may be nentioned
pol yet hyl ene gl ycol, propylene 5 glycol, benzyl benzoate, ethanol,

chol esterol, trietgiifgemﬂ ne, sodi um carbonat e,

O—

To a mixture of fert-butyl (3-{4-[(cyclobutyloxy)methyl]-2,6-
dimethoxyphenyl}-6-methoxypyrazolof5,1-5]{1,3]thiazol-7-yl)carbamate (123 mg,
0.251 mmol) and DMF (6 mL) was added sodium hydride (60% dispersion in oil:
5 13.0 mg, 0.326 mmol) at room temperature, and the mixture was stirred for 30
minutes. After then adding 1-iodopropane (35.4 pL, 0.326 mmol) to the mixture,
stirring was continued for 30 minutes. Water was added to the mixture while
cooling on ice, and then ethyl acetate was added. After thoroughly shaking the
mixture, the organic layer was separated and the organic layer was washed with
10 brine and dried over anhydrous magnesium sulfate. The mixture was filtered, and
then the solvent in the filtrate was distilled off under reduced pressure.
Dichloromethane (6 mL) was added to the resulting residue, trifluoroacetic
acid (1 mL) was added, and the mixture was stirred at room temperature for 1 hour.
The solvent in the filtrate was distilled off under reduced pressure.
15 THF (10 mL) was then added to the resulting residue, tetrahydro-4 H-pyran-
4-one (49 pL, 0.501 mmol), acetic acid (1 mL) and sodium triacetoxyborohydride
(106 mg, 0.501 mmol) were added in that order, and the mixture was stirred at
room temperature for 14 hours. To this mixture there was added aqueous SN
sodium hydroxide to approximate neutral pH of the mixture while cooling on ice,
20 and then ethyl acetate was added.
After thoroughly shaking the mixture, the organic layer was separated and
the organic layer was washed with brine and dried over anhydrous magnesium

sulfate. The mixture was filtered, and then the solvent in the filtrate was distilled
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sodiumcitrate, polysorbate 80, nicotinam de and the |ike. As suspending
agents there nmay be nentioned the aforenentioned surfactants, as well as
hydr ophi | i ¢ pol ymers such as pol yvinyl al cohol, pol yvi nyl pyr r BPP&EAE-00
met hyl cel | ul ose, hydroxynet hyl cel | ul ose, 10 hydroxyet hyl cel | ul ose and
hydr oxypr opyl cel | ul ose. As isotonizing agents there may be nmentioned

gl ucose, sodiunlchloride manni tol, sorbitol and the like. As buffering
agents thereg

20emL e, ! TSR GASHP" 900 B ye 06 e 9B Gt

met hyl par abghitompiogRyphyp &hdders of n-heptane and ethyl acetate: n-heptane/ethyl acetate =
1/1) to obtain the title compound (98.0 mg, 0.19 mmol).
'H-NMR (CDCls) 8: 0.87 (t, J = 7.2 Hz, 3H), 1.32-1.44 (m, 2H), 1.46-1.66 (m, 3H),

5 1.69-1.87 (m, 3H), 1.98-2.11 (m, 2H), 2.21-2.33 (m, 2H), 2.94 (t, ] = 7.2 Hz, 2H),
3.00-3.10 (m, 1H), 3.38 (td, J = 1.6, 11.6 Hz, 2H), 3.79 (s, 6H), 3.85 (s, 3H), 3.94-
4.02 (m, 2H), 4.03-4.13 (m, 1H), 4.44 (s, 2H), 6.40 (s, 1H), 6.64 (s, 2H).
[0130] Example 1x  N-Butyl-3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-
methoxy-N-(tetrahydro-2/-pyran-4-yl)pyrazolo[5,1-b][1.3]thiazole-7-amine
10 hydrobromide
To a mixture of N-butyl-3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6- J

methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine 6
mg) and methanol (1 mL) was added hydrobromic acid (8.84M, 2.0 pL), and the

mixture was stirred at room temperature for 1 hour and the solvent was distilled off

15 under reduced pressure. Methanol (1 mL) was added to the residue and the solvent
was distilled off under reduced pressure. Ethyl acetate (1 mL) was added to the
resultant residue and the solvent was distilled off under reduced pressure and dried
to obtain the titled compound (6.0 mg).

[0131] Example 2x  N-Butyl-3-[4-(ethoxymethyl)-2.6-dimethoxyphenyl]-6-

20 methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-5][1.3]thiazole-7-amine
hydrobromide

To N-butyl-3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-methoxy-N-
(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine (1.02 g) was
added acetone (2 mL) warmed by hot water, then hydrobromic acid (8.84M, 240

25 pl) was added, and the mixture was stirred. The solvent in the mixture was

partially removed by blowing nitrogen stream, and the mixture was further stirred.
The mixture was allowed to stand at room temperature under reduced
pressure for 13 hours to remove the solvent in the residue. The resultant residue
was finely triturated, acetone (2 mL) and heptane (2 mL) were added, and the
30 mixture was shaken under sonication (a bath-type sonicator) for 1 minute. The
vessel was protected from light and sealed tightly, and the mixture was stirred for
one day. '

The precipitate in the mixture was collected by suction filtration, and
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chl or obut anol , benzyl al cohol, phenethyl al cohol, dehydroacetic acid, sorbic
acid and the like. As antioxidants there may be nentioned sulfite, ascorbic
acid, a-tocopherol and the like. 20 As stabilizers there may B@O0RE1DEOed

t hose conmonly used in drugs.
mentioned those comonly
ment i oned or al

Iozenges and_i nh

oi nt nment s,
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As absorption accelerators there may al so be
used in drugs. [0055] As formulations there nmay be

forms such as tablets, ‘povvders granul es, capsul es, syrups,
Iants ext er nal preparatlg 25 such as suppositories,
aljewechiosand 4t goqum femgpratetiegipder irguredayEisEe i AmeNedps solvent

in the residue. To the residue was added acetone (20 mL), and heptane (3 mL) was
added and the mixture was stirred for several minutes. Heptane (5 mL) was added,
the vessel was protected from light, and the mixture was stirred for one day. The
precipitate in the mixture was collected by suction filtration, and allowed to stand
at room temperature under reduced pressure to remove the solvent in the residue
and the title compound (701.17 mg) was obtained.

[0132] Example 2y N-Butyl-3-[4-(ethoxymethyl)-2.6-dimethoxyphenyl]-6-
methoxy-N-(tetrahydro-2 H-pyran-4-ypyrazolo[5.1-61[1.3]thiazole-7-amine
phosphate :

To N-butyl-3-[4-(ethoxymethyl)-2,6-dimethoxyphenyl]-6-methoxy-N-
(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine (2.99 g) were
added ethanol (7 mL) warmed by hot water and phosphoric acid (14.6M, 410 pL).
Heptane was added by 1 mL and the volume totaled 30 mL.. The mixture was

stirred for 1 hour under shading.

The precipitate in the mixture was collected by suction filtration, allowed to
stand at room temperature under reduced pressure for 1 week to remove the solvent
in the residue and dried by heating at 60°C for 1.5 hours to obtain the title
compound (4.10 g).

[0133] Example 3x N-(2-Cyclopropylethyl)-3-[4-(ethoxymethyl)-2.6-

"dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yDpyrazolo[5,1-

b1[1.3]thiazole-7-amine phosphate

mixture of N-(2-cyclopropylethyl)-3-[4-(ethoxymethyl)-2,6-~
dimethoxyphenyl}-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo|[5,1-
b][1,3]thiazole-7-amine (757.0 mg), ethanol (10 mL) and ethyl acetate (5 mL) was
added phosphoric acid (14.6M, 101 pL).
temperature for 5 minutes and the solvent was removed by blowing nitrogen stream
and dried to obtain the title compound (856.0 mg).

[0134] Example 3y N-(2-Cyclopropylethyl)-3-[4-(ethoxymethv])-2.6-
dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5.1-

To a

The mixture was stirred at room

b][1.3]thiazole-7-amine methanesulfonate
of N-(2-cyclopropylethyl)-3-[4-(ethoxymethyl)-2,6-
dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-

To a mixture
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poultices, lotions, and the like; and injections. The aforenentioned oral
forms may be fornmulated with appropriate conbinations of the additives
menti oned above. Their surfaces may al so be coated if necessaFp08-8D10rhe
af orenenti oned external preparations may be fornulated with appropriate
conbi nati ons of the additives nentioned above, and especially excipients,
bi nders, taste correctives, emulsifiers, surfactants, dissolving aids,

suspendi ng agents, isotonizing agents, antiseptic agents, antioxjidants,
stabilizer sb]?lg%]tﬁnpgﬂe-@za@@n@g(l 2 mg) and ethyl acetate (0.5 mi) was added:

methanesulfonic acid (2.05 pl.). The mixture was stitred at room temperature for 1
hour and the solvent was removed by blowing nitrogen stream and dried to obtain
the title compound (19.2 mg).

5 [0135] Example 3z N-(2-Cyclopropylethyl)-3-[4-(ethoxymethyl)-2,6-
dimethoxyphenyl}-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-
b1[1.3]thiazole-7-amine sulfate

To a mixture of N-(2-cyclopropylethyl)-3-[4-(ethoxymethyl)-2,6-
dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-
10 b][1,3]thiazole-7-amine (59.6 mg), ethanol (2 mL) and ethyl acetate (1 mL) was

added concentrated sulfuric acid (6.18 pl). The mixture was stirred at room

temperature for 2 hours and the solvent was removed by blowing nitrogen stream

and dried to obtain the title compound (66.3 mg).

[0136] Example 4x N-(Cyclobutylmethyl)-3-[4-(ethoxymethy])-2.6-
15 dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-

b][1,3]thiazole-7-amine methanesulfonate

To a mixture of N-(cyclobutylmethyl)-3-[4-(ethoxymethyl)-2,6-
dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2H-pyran-4-yl)pyrazolo[5,1-
b][1,3]thiazole-7-amine (13.4 mg) and ethyl acetate (0.5 mlL) was added

20 methanesulfonic acid (1.69 pL.). The mixture was stirred at room temperature for 1

hour and the solvent was removed by blowing nitrogen stream and dried to obtain

the title compound (15.9 mg).

[0137] Example 7 5x N-(Cyclopropylmethyl)-3-[4-(ethoxymethyl)-2.6-~
dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-3-y)pyrazolof5.1-
25 b1[1.3]thiazole-7-amine sulfate

To a mixture of N-(cyclopropylmethyl)-3-[4-(ethoxymethyl)-2,6~
dimethoxyphenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo|[5,1-
b][1,3]thiazole-7-amine (42.0 mg), ethanol (2 ml.) and ethyl acetate (1 mL) was
added concentrated sulfuric acid (4.46 pL). The mixture was stirred at room

30 temperature for 2 hours and the solvent was removed by blowing nitrogen stream
and dried to obtain the title compound (45.7 mg).
[0138] Example 6x 3-[4-(Ethoxymethyl)-2,6-dimethoxyphenyl}-6-methoxy-N-
propyl-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo[5.1-61[1.3]thiazole-7-amine sulfate

86




and absorption accelerators. Injections may al so be formulated with
appropriate conbinations of the additives nentioned above, and especially
enul sifiers, surfactants, dissolving aids, suspending agents, FPe&08H-8Png
agents, buffering agents, antiseptic agents, 5 antioxidants, stabilizers
and absorption accel erators. [0056] The dosage of a drug according to the
i nvention will differ depending on the severity of synptons, patient age,

and speci 1o nat b & Bpki i BLOEROBR mRE S ARG MBS < v 1
general Iy bgrogdl-§- (te&aﬁﬁirg-zﬁlppﬁﬁﬁ-sagb)mr&oﬂo[m #[a, 31]&@:)1011397 aoliad (§10mg)
ZSB] ImCZ:E [ ghelm%nethanol %2 mci) was ad%pé ecf)ggeggl (%ur’cf’c ac18 (& 98 giPL) eemxfx(tauI:rQ al
was stirred at room temperature for 2 hours and the solvent was removed by
5 blowing nitrogen stream and dried to obtain the title compound (9.8 mg).
[0139] Example 7x N-(Cyclobutylmethyl)-3-[2.6-dimethoxy-4-
(methoxymethyl)phenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5.1-
b1[1,3]thiazole-7-amine sulfate
To a mixture of  N-(cyclobutylmethyl)-3-[2,6-dimethoxy-4-
10 (methoxymethyl)phenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-
b][1,3]thiazole-7-amine (99.0 mgj, ethanol (2 mL) and ethyl acetate (1 mL) was
added concentrated sulfuric acid (10.5 pL). The mixture was stirred at room
temperature for 2 hours and the solvent was distilled off under reduced pressure
and dried to obtain the title compound (120.4 mg).
15 [0140] Example Ty N-(Cyclobutylmethyl)-3-[2,6-dimethoxy-4-
(methoxymethylphenyl}-6-methoxy-N-(tetrahydro-2 H-pyran-4-yDpyrazolo[5.1-

b][1,3]thiazole-7-amine methanesulfonate
To a mixture of  N-(cyclobutylmethyl)-3-[2,6-dimethoxy-4-
(methoxymethyl)phenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-
20 b][1,3]thiazole-7-amine (26.2 mg) and ethyl acetate (1.0 mL) was added

methanesulfonic acid (3.40 pL). The mixture was stirred at room temperature for 1

hour and the solvent was removed by blowing nitrogen stream and dried to obtain

the title compound (31.2 mg).

[0141] Example 8x 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-N-
25 pentyl-N-( tetrahvdro—ZH;pyran—4—yl)erazolo [5,1-61[1,3]thiazole-7-amine

methanesulfonate

To a mixture of 3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-
N-pentyl-N-(tetrahydro-2H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-amine (12.2
mg) and ethyl acetate (0.5 mL) was added methanesulfonic acid (1.58 pL). The

30 mixture was stirred at room temperature for 1 hour and the solvent was removed by
blowing nitrogen stream and dried to obtain the title compound (14.5 mg).
[0142] Example 9x N-(Cyclopropylmethyl)-3-[2,6-dimethoxy-4-
(methoxymethyl)phenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo]5.1-
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and 30 gto 1 g (preferably 100 g to 1 g) for injection, either adm nistered
at a single tinme or divided into several dosages. These values are the
actual administered anounts in the case of oral formul ations BRef-0210-00

i njections, and are the amounts actually absorbed by the body in 15 the
case of external formulations. Exanples [0057] The conpounds of the

I nvention may be produced by the processes described in the follow ng
exanpl es, aéﬂﬁ %lﬂﬁ gﬁ%?-calrrﬁn & C(:'m&xi)({g)ounds may be confirmed by the nethods
described i ‘FFQ%YES'?FTI’Q_E’X&ITM es. However, 20 these specific
exanpl es are nerBly id | usdiktaté ve oind Netydlogrepylenttityd)-3-¢5 6+dimethokye4-

(methoxymethyl)phenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-
b][1,3]thjazole-7~amine (8.38 mg) and ethyl acetate (0.5 mL) was added
5 hydrochloric acid in diethyl ether (1M, 17.2 pL). The mixture was stirred at room

temperature for 1.5 hours and the solvent was removed by blowing nitrogen stream
and dried to obtain the title compound (9.22 mg).
[0143] Example 10x 3-[2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-N-
propyl-N-(tetrahydro-2 H-pyran-4-yDpyrazolof5.,1-b]{1,3]thiazole-7-amine
10 hydrochloride A

To a mixture of 3-[2,6-dimethoxy‘-4Q(methbxymethyl)phenyl]-6—methoxy-
N-propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-5][ 1,3]thiazole-7-amine (6.98
mg) and ethyl acetate (0.5 mL) was added hydrochloric acid in diethyl ether (1M,

14.7 pL). The mixture was stirred at room temperature for 1.5 hours and the

15 solvent was removed by blowing nitrogen stream and dried to obtain the title
compound (7.84 mg).
[0144] Example - 11x . N-(Cyclopropylmethyl)-3-[2,6-dimethoxy-4-

(methoxymethyl)phenyl]-6-methoxy-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo[5.1-
b][1.3]thiazole-7-amine phosphate

20 , To a  mixture of  N-(cyclopropylmethyl)-3-[2,6-dimethoxy-4-
(methoxymethyl)phenyl] ;6 -methoxy-N-(tetrahydro-2 H-pyran-3-yl)pyrazolo[5,1-
b][1,3]thiazole-7-amine (30.0 mg) and ethyl acetate (0.6 mL) was added
phosphoric acid (14.6M, 4.00 pL). The mixture was stirred at room temperature

for 5 minutes and the solvent was removed by blowing nitrogen stream and dried to
25 obtain the title compound (35.8 mg).

[0145] Example 12x 3-{2,6-Dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-/N-

[(2-methylcyclopropyl)methyl]-N-(tetrahydro-2 H-pyran-4-yvl)pyrazolo[5.1-

b1[1.3]thiazole-7-amine methanesulfonate

To a mixture of 3-[2,6-dimethoxy-4-(methoxymethyl)phenyl]-6-methoxy-

30 N- [(2-methylcyclopropyl)methyl]-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-
b][1,3]thiazole-7-amine (14.6 mg) and ethyl acetate (0.5 mlL) was added
methanesulfonic acid (1.90 pL). The mixture was stirred at room temperature for 1

hour and the solvent was removed by blowing nitrogen stream and dried to obtain
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invention in any way, while various nodifications may be inplenented such as
are wthin the scope of the invention. [0058] Conpounds nentioned with .
reference to published docunments were produced in the manner &®68+02bed@0i n

t hose docunents. 25 [0059] The synbol s used throughout the present
specification stand for the follow ngs. 1H NVR Proton nucl ear magnetic
resonance 5: Chem cal shift s: singlet 30 d: doubl et

the title compound (17.4 mg).
[0146] Example 13x 3-[2-Chloro-6-methoxy-4-(methoxymethyD)phenyl]-6-
methoxy-N-propvl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo]5.1-561[1,3thiazole-7-

amirie methanesulfonate

5 To a mixture of 3-[2-chloro-6-methoxy-4-(methoxymethyl)phenyl]-6-
methoxy-N-propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-b][1,3]thiazole-7-
amine (10.7 mg) and ethyl acetate (0.5 mL) was added methanesulfonic acid (1.45
pl). The mixture was stirred at room temperature for 1 hour and the solvent was
removed by blowing nitrogen stream and dried to obtain the title compound (12.8
10 mg).
[0147] Example 14x 4-{7-[(Cyclopropylmethyl)(tetrahydrofuran-3-
ylmethyl)amino]-6-methoxypyrazolo}5,1-5]{1,3]thiazol-3-yl}-3,5-
dimethoxybenzonitrile hydrobromide
To a mixture of 4-{7-[(cyclopropylmethyl)(tetrahydrofuran-3-
15 ylmethyl)amino]-6-methoxypyrazolo[5,1-5][1,3]thiazol-3-y1}-3,5-
dimethoxybenzonitrile (8.0 mg) and methanol (1 mL) was added hydrobromic acid

(8.84M, 2.4 uL), and the mixture was stirred at room temperature for 1 hour and
the solvent was distilled off under reduced pressure. Methanol (1 mL) was added
to the residue and the solvent was distilled off under reduced pressure. Ethyl
20 acetate (1 mL) was added to the resultant residue and the solvent was distilled off
under reduced pressure and dried to obtain the titled compound (8.0 mg).
[0148] Example 15x 4-{7-[(Cyclopropylmethyl)(tetrahydro-2 H-pyran-4-
yimethyl)amino}-6-methoxypyrazolo}5,1-b]]1.3]thiazol-3-y1}-3.5-
 dimethoxybenzonitrile hydrochloride
25 To a mixture of 4-{7-[(cyclopropylmethyl)(tetrahydro-2H-pyran-4-
ylmethyl)amino]-6-methoxypyrazolo[5,1-b][1,3]thiazol-3-yl}-3,5-~
dimethoxybenzonitrile (26.4 mg) and ethyl acetate (0.5 ml) was added
hydrochloric acid in diethyl ether (1M, 54.7 uL). The mixture was stirred at room

temperature for 1 hour and the solvent was removed by blowing nitrogen stream
30 and dried to obtain the title compound (28.4 mg).

[0149] Example 16x N-(Cyclopropylmethyl)-6-methoxy-N-(tetrahydro-2H-pyran-

4-ylmethy1)-3-(2.4.6-trimethoxyphenyD)-pyrazolo[5,1-5]f1 ,3]thjazole-7 -amine

hydrochloride
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To a mixture of N-(Cyclopropylmethyl)-6-methoxy-N-(tetrahydro-2H-
pyran-4-ylmethyl)-3 -(2,4,6-ﬁimethoxypheny1)-pyrazolo[5 ,1-b][1,3]thiazole-7-
amine (6.51 mg) and ethyl acetate (0.5 mL) was added hydrochloric acid in diethyl
ether (1M, 13.4 pl). The mixture was stirred at room temperature for 1.5 hours

5 and the solvent was removed by blowing nitrogen stream and dried to obtain the

title compound (7.41 mg).
[0150] Example 17x  3-{4-[(Cyclobutyloxy)methyl]-2,6-dimethoxyphenyl}-6-
methoxy-N-propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5.1-5][1,3]thiazole-7-
amine phosphate ,

10 To a mixture of 3—{4-[(cyclobutyloxy)methyl]—2,6—dimethoxyphenyl}-6-
methoxy-N-propyl-N-(tetrahydro-2 H-pyran-4-yl)pyrazolo[5,1-5][1,3]thiazole-7-
amine (30.0 mg) and ethyl acetate (0.6 mL) was added phosphoric acid (14.6M,

4.00 pL). The mixture was stirred at room temperature for 5 minutes and the

solvent was removed by blowing nitrogen stream and dried to obtain the title
15 compound (36.1 mg).

[0151] [Pharmacological Test Example]

The binding capacities of the compounds of the invention for CRF1
receptor (CRFR1) were evaluated. The test methods and results were as described
below.

20 [0152] Test Example 1
<CRFRI1 binding test>
(1) Preparation of CRFR1-expressing cells
The membrane fraction of human CRFR1 high-expressing cells was used as
the material for a CRFR1 binding experiment. The CRFR1-expressing cells were
25 prepared in the following manner. The full-length CRFR1 gene was obtained by
PCR using human brain ¢cDNA library (QuickClone™ Clontech). The obtained
DNA fragment was inserted into a cloning vector and the nucleotide sequence was
confirmed. cDNA having the proper nucleotide sequence was linked to an
expression vector (pcDNA3.1™, Tnvitrogen). The CRFR1 expression vector was
30 introduced into HEK293 cell, and the resistant cells which proliferated in culture
medium containing G418 (1 mg/ml) were cloned by the limiting dilution method.
Out of the cloned cells, cells having high binding affinity between the membrane

fraction per unit of protein and sauvagine were selected according to the following
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binding experiment. And the selected cells were used for the experiments.
[0153] (2) Preparation of membrane fraction

The cloned cells obtained in (1) were collected and suspended in ice-cooled
membrane buffer (50 mM Tris-HCI, 5 mM MgCl,, 2 mM EGTA, 1 mM DTT,
protease inhibitor cocktail (COMPLETE™, Roche Diagnostics) pH 7.3), and then
the cells were disrupted with a Polytron (KINEMATICA) while cooling on ice
(level 5, 10 seconds, 2-5 times, ice-cooling) and then centrifuged (2,000 rpm, 5
minutes, 4°C), after which the supernatant was collected. Membrane buffer was
added to the precipitate, and the mixture was subjected to Polytron treatment (same
conditions as above) and centrifuged (same conditions as above), and the obtained
supernatant was collected and combined with the previous supernatant. This was
centrifuged (13,000 rpm (18,000 X g), 30 minutes, 4°C) to prepare cell membranes.
The precipitated cell membranes were suspended in membrane buffer and
disrupted with a Polytron (level 5, 10 seconds, 3-5 times, ice-cooling) to prepare a
dispersed suspension. The protein assay was performed.

The following method (1) or (2) was performed for use as the cell
membrane fraction.
(1) The above dispersed suspension was diluted with membrane buffer containing
0.1% BSA to a protein concentration of 200 pg/ml, for use as the cell membrane
fraction.
(2) The above dispersed suspension was frozen for preservation, and if needed,
thawed, re-dispersed and diluted for used as the cell membrane fraction.
[0154] (3) Binding experiment:

A binding competition experiment with CRF was conducted by the SPA
(GE Healthcare) method using a 96-well plate. A mixture of 5 pg of the cell
membrane fraction protein, 1 mg of SPA beads and 100 pM '*’I-CRF (Perkin
Elmer) was allowed to stand at room temperature for at least 2 hours in the
presence of a test compound, and the radioactivity of each well after centrifugation
(1,200 rpm (260 x g), 5 minutes, room temperature) was measured with a
TopCount (registered trademark; Perkin Elmer).
[0155] (4) Calculation of binding capacity

The radioactivity with addition of a 4,000-fold excess of non-radioactive

sauvagine as the nonspecific binding was subtracted from each value, and the
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resulting value was expressed as a percentage (% of control), with 100% as the
radioactivity without addition of the test compound (control). The ICs, value was
calculated from a binding inhibition curve drawn with test compound concentration
on the horizontal axis and % (% of control) on the vertical axis.
[0156] <Test results>

As shown by the following table, the compounds of the invention exhibit
excellent binding capacity for CRFRI1.
[0157] [Table 1]

Compound No.| CRF1 receptor binding capacity
(Example No.) IC5, (nM)

1 52

2 70

3 65

4 34

5 29

6 39

7 46

8 63

9 101

10 98

11 37

12 82

13 63

14 90

15 70

16 29

17 36

[0158] Test Example 2
Evaluation of anxiolytic effect by mice in light/dark box test in mice
(1) Test procedure:

The light/dark box test in mice was carried out according to a modified
method of Belzung C., Misslin R., Vogel E. et al. (Reference; Behavioural effects
of the benzodiazepine receptor partial agonist RO16-6028 in mice,
Psychopharmacology, 97, 388-391, 1989). The test apparatus used was a light/dark
box comprising a covered black acrylic box (dark box; 15 x 10 x 20 cm), an
uncovered white acrylic box (light box; 15 x 20 x 20 cm) and a black acrylic tunnel
(10 x 7 x 4.5 cm) which connects dark box and light box and enables a mouse to

freely move back and forth between the dark box and light box. In this test
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apparatus, however, a transparent acrylic polymer was used for the front side (20 x
20 cm) and back side (20 x 20 cm) of the light box to allow observation of the
behavior. After setting illumination so that the light intensity of the floor of the
light box was 150 Lux, 5-week-old male Balb/c mice (purchased from Nihon
Charles River) were introduced into the dark box at the beginning of the test. For
the test, the tested compound was suspended in 5% dimethylsulfoxide, 5%
Cremopor EL and 90% physiological saline and orally administered to the test
animals one hour prior to the start of the test.
[0159] (2) Calculation of anxiolytic effect:

The behavior of the mice was observed for 5 minutes after start of the test.
The time spent in the light box was measured as an index of the anxiolytic effect,
with “spend in the light box™ defined as the state in which all limbs of the mice
were on the floor of the light box. The minimum dose which significantly
prolonged the time spent in the light box in comparison with that of vehicle-treated
group was determined as the minimum effective dose (MED). The statistical
significance between the vehicle-treated group and the test compound-treated
groups was analyzed by one way analysis of variance followed by Dunnett multiple
comparison when multiple doses were set for the same test, and by the Mann-
Whitney U test when only one dose was set.
[0160] <Test results>

The compounds of Examples 1, 2, 3, 4, 5, 9, 10, 13 and 14 exhibited an
excellent anxiolytic effects in the light/dark box test in mice, with statistically
significant effects being observed at 30 mg/kg (oral administration).
[0161] [Table 2]

Compound No. Effective Dose
(Example No.) (mg/kg)
1 30
2 30
3 30
4 30
5 30
9 30
10 30
13 30
14 30
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Industrial Applicability

[0162] According to the invention it is possible to provide pharmaceutical
compositions compriéing 3-phenylpyrazolo[5,1-b]thiazole compounds or salts
thereof, which exhibit CRF receptor antagonism. The compounds or salts thereof
according to the invention have excellent CRF receptor antagonism, and sufficient
pharmacological activity, safety and pharmacokinetic properties as drugs.

[0163] The pharmaceutical compositions of the invention are useful for treatment
or prevention of diseases associated with CRF and/or CRF receptors, and are
particularly useful as therapeutic or prophylactic agents for depression, depressive
sjmptoms, anxiety, irritable bowel syndrome, sleep disorder, insomnia, alcohol
dependence, alcohol withdrawal symptoms, drug dependence, drug withdrawal
symptoms, stress-related gastrointestinal dysfunction, anorexia nervosa, eating
disorder, postoperative ileus, ischemic neuropathy, apoplexy, excitotoxic
neuropathy, convulsion, epilepsy, hypertension, schizophrenia, bipolar disorder or

dementia.
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CLAIMS

1. A compound represented by the following formula (I) or salt thereof.

RZ
R‘\N/
~._ S (D
MeO
P
OMe
R4
R3
wherein
5 R! represents the formula -A''-A"%;
R®> represents tetrahydrofurylmethyl, tetrahydropyranylmethyl or
tetrahydropyranyl;

A" represents a single bond, methylene or 1,2-ethylene;
A" represents C1-6 alkyl or C3-6 cycloalkyl, or C3-6 cycloalkyl having

10 methyl;
| R’ represents methoxy, cyano, cyclobutyloxymethyl, methoxymethyl or
ethoxymethyl; and

R’ represents methoxy or chlorine.
2. A compound or salt thereof as claimed in claim 1, wherein R® is

15 tetrahydropyran-4-yl, tetrahydropyran-3-yl, (tetrahydropyran-4-yl)methyl or
(tetrahydrofuran-3-yl)methyl.

3. A compound or salt thereof as claimed in claim 1 or 2, wherein R’ is n-
propyl, n-butyl, n-pentyl, cyclopropylmethyl, cyclobutylmethyl, 2-
(cyclopropyl)ethyl or (2-methylcyclopropyl)methyl.

20 4. A therapeutic or prophylactic agent for depression, depressive symptoms,
anxiety, irritable bowel syndrome, sleep disorder, insomnia, alcohol dependence,
alcohol withdrawal symptoms, drug dependence, drug withdrawal symptoms,
stress-related gastrointestinal dysfunction, anorexia nervosa, eating disorder,

postoperative ileus, ischemic neuropathy, apoplexy, excitotoxic neuropathy,
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convulsion, epilepsy, hypertension, schizophrenia, bipolar disorder or dementia,

which comprises a compound or salt thereof according to claim 1.
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