SPECIFICATION HETEROCYCLIC DERIVATIVES 5[Technical field] The present invention relates to
novel heterocycle derivative compounds useful in preparing drugs for treatment of diseases associated
with uric ac\W.Odo0ey Bigdssically, these novel heterotycle derivatives are useful in prepaaig-aopgs for
the treatment of diseases which are 10 included in area of diseases treated by using uricosuric agent
to target human urate anion transporter 1 (hURATL1). These drugs are useful in treatment of
cardiovascular diseases and metabolic syndrome associated with uric acid such as, in particular,
hyperuricemia, acute gouty arthritis, chronicgpey-priRtifisntophus, gout nephrosis, nephritis, chronic
renal failure, nephrolithiasis, uremia, urolithiasis, hyperlipidemia, ischemic heart disease, myocardial
15infarction, cerebral infarction, cerebrovascular disease, diabetes or hypertension. [Background art]
Uric acid is the final oxidation produdtbf bRe FidfabdRivifany ESmainly excreted in urine. 20 It has
been reported to have an antioxidative activity and also a function of protecting neuronal cell [Ames, B.
N. etal. Pr atl. A f‘@d Sci. USA, 78,6858-6862 (1981); Becker, B. F., et al., Free Racical Biol. Med.
14, p61% 63?%% (ﬂer, J. N. et al., J. Neurosci. p687-697 (1998)]. Purine sources, generated
from nucleotides existing in cells constituting a living body, and 25 excessively purine-free diet
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excreted thiocgettidmeseartl diseases treated by using uricosuric agent to target human urate anion
transporter 1 (hURAT1). These drugs are useful in treatment of cardiovascular diseases and
metabolic syndrome associated with uric acid such as, in particular, hyperuricemia, acute gouty
arthritis, chronic gouty arthritis, tophus, gout nephrosis, nephritis, chronic renal failure,
nephrolithiasis, uremia, urolithiasis, hyperlipidemia, ischemic heart disease, myocardia

15  infarction, cerebral infarction, cerebrovascular disease, diabetes or hypertension.

[Background art]

Uric acid is the final oxidation product of purine metabolism and is mainly excreted in urine.
20 It has been reported to have an antioxidative activity and also a function of protecting neuronal
cell [Ames, B. N. et a. Proc. Natl. Acad. Sci. USA, 78, 6858-6862 (1981); Becker, B. F., et d.,
Free Racical Biol. Med. 14, p615-631 (1993); Keller, J. N. et a., J. Neurosci. p687-697 (1998)].

Purine sources, generated from nucleotides existing in cells constituting a living body, and

25 excessively purine-free diet converge at the common intermediate xanthine by in vivo
biosynthesis procedure, and uric acid is finally produced by enzymatic reaction with xanthine
oxidase, the key enzyme in taking the purines all of the way to uric acid, in liver [F. Borges et al.
Current Medi. Chem., 9, p195-217 (2002)]. The level of daily uric acid produced in body is
approximately 700mg. Of this total, 60~70% (~500mg/day) is excreted through kidney and

30 the resdua amount (~200mg/day) is excreted through intestine [Japan Clinic History, Japan
Clinic Hyperuricemia Hypouricemia, p161, 166 (2003)].

Hyperuricemia is the abnormally high level of uric acid in blood. In human, it is defined the
condition that serum uric acid concentration is higher than normal (7~8mg/dl for male, 6mg/dl
35 for female). It is associated with underexcretion of uric acid in the kidney or overproduction
of uric acid in the liver. Gouty patient has a remarkably higher level uric acid in blood than
normal (7~8mg/dl for male, 6mg/dl for female). Gout is often associated with hyperuricemia.
Gout is atype of inflammatory arthritis that istriggered by the crystallization of uric acid within
the joint—mostly peripheral ones like the toes and fingers. Acute gout is typically intermittent,



30the residual amount (-200mg/day) is excreted through intestine [Japan Clinic History, Japan Clinic
Hyperuricemia Hypouricemia, p161,166 (2003)]. Hyperuricemia is the abnormally high level of uric
acid in blood/ 0200948456 is defined the condition tAat serum uric acid concentration $s20theoasmn
normal (7-8mg/d1 for male, 6mg/d1 35 for female). It is associated with underexcretion of uric acid in
the kidney or overproduction of uric acid in the liver. Gouty patient has a remarkably higher level uric
acid in blood than normal (7-8mg/d1 for male, 6mg/d1 for female). Gout is often associated with

hyperuricergiasfaqitigdRetyP e ilepmmionaikiits tyatimiooermshRydhr coigiglliratiopsof uric acid
within the joi t-mostyipr?e’ggheral ones like the toes %nd fin er%. Acute@qﬁo{t@@y |ca%é|nte mittent,
constituting eY6PHa ?Hﬁﬁ%?ﬂit@{p%%nc'éﬁ%/' 6o H%ic% II‘?’%% ﬁ?ﬂ fter years
of acute int@enssttant Qo GONRrStiKe IR irsHes aditirps Uheter(ivigay cartjkeasld re e hel rie prysies chath
conEectivelﬁ%@ﬁue?wbrwdamamﬁmﬁﬁrﬁﬁa?mwt@@bdﬁ;lﬂ@j aing éiﬁlﬁ'tﬂh@fﬁlﬂ-e&ﬁl%i crystals
pric scles or chondrogyte arqund the joint and then lead to 5 inflam ry arthritis, which causes
sl AR I e R R T e

amplify, and i Gt RtEREY ARMAMEIGH Kaer B caisio sHERT ALINKGNES SHlATMECHe release
of inflammadinagknhechadors. thtie abifite wrytialtaty ehdegeaitest intbnlynsaonyatdiditsophaliegeatjoint of big

toe, and rarglyin JumBas SRE Y VARG A YrsShiA anbd N HIQ 188 YaAM A NG HFASHIRE Y

p233-236 (1991)]. 10 Gout is a very dangerous factor because it m%\/ cause a complication of various
metabolic di¥8yeeX MehtaL GHB &%@M&@i&wmﬁ%%@ 18ty 2ABbhrolithiasis, urolithiasis

or the like. Peak incidence of gout is observed predominantly male in age of 40 to 50's and female
patients iNCERRSEJ™ RRSIMEHRRRLSALRR R ALSR. Hae eARBL{resHSNGY 4R biIotHbaDaRepsIsoNs 15and
those exerci mg extrq?me?. InC|d?gr/1ce of g?ou% agack IS clgsetI%/ as ocllaﬁd with %%‘tlents V{/ﬁlo have had
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level in bodlke. Peak incidence of gout is observed predominantly male in age of 40 to 50's and female
patients increase in postmenopausal period. Also, the onset frequency is high in obese persons
15  and those exercising extremely.

Incidence of gouty attack is closely associated with patients who have had hyperuricemia for
years. It has been reported that incidence of gouty attack is 4.9% when uric acid level in body
is9mg/dl or higher, 0.5% when uric acid level in body is 7.0~8.9mg/dl and 0.1% when uric acid

20 level in body is 7.0mg/dl or lower, and accumulated incidence of gouty attack for 5 years is
about 22% in patients having uric acid level in body of 9mg/dl or higher [Campion E. W. et al.,
Am. J. Med., 82, p421-426 (1987)].

As mentioned above, the amount of urate in the body depends on the balance between dietary

25 intake, synthess, and the excretion rate.  For patients having an high level of uric acid in blood,
pathogenesis of hyperuricemia and gout result from urate underexcretion (90%), overproduction
(10%) or often a combination of the two [Choi et a., Ann. Intern. Med. p499-516 (2005)].
Considering such causes of hyperuricemia and gout, development of uricosuric agent is more
effective in hyperuricemia/gout management than those suppressing uric acid production.

30 Urate level in human plasmais higher than those of most other mammals. Human are the only
mammals in whom gout is known to develop spontaneously. This is because during
evolutionary process, human and primate have lost the gene for uricase in liver which is known
as enzyme for degradation of uric acid (Uricase enzyme; catalyzing the conversion of uric acid
to more soluble compound allantoin) [Fields, M. et al., Free Radical Biol. Med., 20, p595

35  (1996); Haliwell, B. Uric acid: an example of antioxidant evaluation, E. Cadenas and L. Packer
Editors, Handbook of Antioxidants, Marcel Dekker New Y ork (1996)] and have had a reuptake
system of uric acid in kidney by which most of filtered urate from glomerulus is reabsorbed
through renal tubule.



is 9mg/d1 or higher, 0.5% when uric acid level in body is 7.0-8.9mg/d1 and 0.1% when uric acid 20
level in body is 7.0mg/d1 or lower, and accumulated incidence of gouty attack for 5 years is about 22%
in patients We@ipgpaigsasrl level in body of 9mg/d1 ®r higher [Campion E. W. et al., Aor2QLoMe2B2 82,
p421-426 (1987)]. As mentioned above, the amount of urate in the body depends on the balance
between dietary 25 intake, synthesis, and the excretion rate. For patients having an high level of uric
acid in blood, pathogenesis of hyperuricemia and gout result from urate underexcretion (90%),
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transptrter Q062jfically responsible for the function of reabsorption of filtered urate in kidney. The
transporter (NURAT1) belongs to organic anion transporter family (OATs) and it has been reported that
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proximal tubule has a homology of 42% with that of human urate anion transporter 1 (hURAT1)
protein [Enomoto A. et a., Nature, 417, p447-452 (2002)].
20
Up to the present, six (6) of transporters in living body have been identified (OAT1 to 4 and
URAT1, and OATS5 of rodents) which are involved in absorption and excretion of anionic
substances in kidney that are made from various endogenous substances, xenobiotics and drugs.
Their main target substrates are various and different from each other. Meanwhile, as a main
25  substrate for human urate anion transporter 1 (hURAT1), only the uric acid is known [Nahohiko
Anzai, et a., J phamacol. Sci., 100, p411-426 (2006)].

As treatment or prophylaxis agents for hyperuricemia and gout, benzbromarone that is an
uricosuric agent having the inhibitory activity of hURAT1-mediated urate reabsorption, as well
30 as probenecid and sulfinpyrazone is currently used. However, these drugs do not have
sufficient activities to URATL. In particular, benzbromarone has some demerits in view of
adverse effects. Benzbromarone shows a strong inhibitory function to 2C9 protein among
cytochrome P450 (CYP450) proteins and thus has a possibility of drug-drug interaction.
Formation of reactive metabolite also has been reported from glutathione (GSH) conjugate
35 formation experiments [Dermot F. McGinnity et al., Drug Metabolism and Disposition, 33,
p1700-1707 (2005)]. Furthermore, because benzbromarone has a benzofuran backbone similar
with drug structures of benziodarone, benzarone and amiodarone which are drugs reported to
show hepatotoxicity, it has a problem of death due to hepatotoxicity induction as well as
adverse effect of liver injury. Therefore, a liver function of patients who intend to take this



15 structural characteristics with proteins belonging to organic anion transporter family (OATS).
Actually, it has been reported that the amino acid sequence of OAT4 (SLC22Al2) among organic anion
transporter VOAYOEOAFAS6transporting anion presert in apical membrane of proximal Qe#fited0as2a
homology of 42% with that of human urate anion transporter 1 (hURAT1) protein [Enomoto A. et al.,
Nature, 417, p447-452 (2002)]. 20 Up to the present, six (6) of transporters in living body have been
identified (OAT1 to 4 and URAT1, and OATS. of rodents) which are involved in absorption and
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Disclosur e of I nvention

[Technical purpose]
The present invention is to solve the problems of prior arts as set forth in the foregoing. Thus,
30 the purpose of the present invention is to provide novel heterocycle derivative compounds
having a therapeutic activity to hyperuricemia which show a strong inhibition activity on human
urate anion transporter 1 (hURAT1), no drug-drug interaction on cytochrome P450 (CY P450),
especialy CYP2C9 and a selectivity between organic anion transporters, and can be
administered with lower dose and long-term treatment since they have higher solubility and
35 metabolic sability so as to show advantageous pharmacokinetics, as compared with
conventional inhibitor of hURAT1 activity; and a pharmaceutical composition comprising the
same. Because the novel heterocycle derivative compounds according to the present invention
and pharmaceutical composition comprising the same show a strong inhibition activity to
human urate anion transporter 1 (hURAT1), they control the uric acid reuptake and thus



20Clinic, 53, p682 (2004)]. Recently, one patent was disclosed and registered in Japan for compounds
which inhibit human urate anion transporter 1 (hURAT1) as an uricosuric agent and have a weak
inhibitory effectictrBeytoehneatP450 2C9 (CYP2C9) [Japan Tobacco, W02006/9202@G00262!
JP3988832 B2]. 25 Disclosure of Invention [Technical purpose] The present invention is to solve the
problems of-HﬁB?'%Wg]as set forth in the foregoing5 Thus, 30 the purpose of the present invention is to
provide novel heterocycle derivative compounds having a therapeutic activity to hyperuricemia which
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comprising itrﬂ%rﬁ%ﬂemlr?’e%(r:&u eultglr%in vel 5}%8{0%0%%}% derti(\e/r%%/r? compounds according to the present
invention and pharmaceutical composition comprlsmdeﬁre sameé show a strong inhibition activity to
human urate 8¢1Bi¢ar&PleieRker 1 (hURATL), they control the uric acid reuptake and thus Article 34
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provided:
[Formulal]
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wherein, in Formulal,
15 each of X4, X, and X3 isindependently carbon or nitrogen, provided that at least one of

X1, Xz and X3z is nitrogen,
each of Ry, Ry, Rz and R, may be same or different and is independently selected from
the group consisting of hydrogen; hydroxy; unsubstituted or substituted C;-Cg alkyl;
unsubstituted or substituted C,-C; alkenyl; unsubstituted or substituted C,-C; alkynyl; C;-Cg
20 hydroxyalkyl; unsubstituted or substituted C;-C¢ haloalkyl; unsubstituted or substituted C;-Cg
akoxy; unsubstituted or substituted C;-Cs haloalkoxy; halogen; unsubstituted or substituted
phenyl; cyano; nitro; amino; carboxylic acid group; phosphoric acid group; N-oxide; amide;
C,-Cs akylamide; aldehyde; hydroxamic acid; unsubstituted or substituted C;-Cg alkylsulfide;
unsubstituted or substituted C;-Cg akylthioxo; unsubstituted or substituted C;-Cg
25 akylsulfonyl; unsubstituted or substituted C,;-Cs oximealkyl; unsubstituted or substituted C;-
Ces aminoakyl; unsubstituted or substituted Cs-Cg akylcarbonylalkyl; unsubstituted or
substituted C,-C; alkanoyl; unsubstituted or substituted C,-C; alkoxycarbonyl; unsubstituted
or substituted C,-C; alkanoyloxy; unsubstituted or substituted Cs-C;>, mono or bicycloalkyl;
unsubstituted or substituted C4-C,, cycloalkylalkyl; unsubstituted or substituted Cs-Cy, aryl;
30 unsubstituted or substituted, saturated or unsaturated C;-C;, mono or polycarbocyclyl; and
unsubstituted or substituted, saturated or unsaturated 3- to 12-membered mono or
polyheterocyclyl containing 1 to 3 heteroatoms (preferably, the heteroatom is selected from N,
O and S), provided that when X is nitrogen, R, does not exist; when X is nitrogen, R; does
not exist; and when X3 is nitrogen, R, does not exist, or
35 each of R;-R;, R,-R3 and Rs-R, pairs may be independently fused to form a saturated or



5 urolithiasis and complications reported to be accompanied with uric acid increase in blood such as
hyperlipidemia, ischemic heart disease, myocardial infarction, arteriosclerosis, cerebral infarction,
cerebrovaseulid eBpasendmbetes and hypertension. [Technical solution]  Acceu2bng@o28% present
invention, a heterocycle derivative compound having a structure of the 10following Formula I, or
racemate, iéUﬁiElaBP’E}harmaceutically acceptable6salt thereof is provided: [Formula I] R2,Xi R5

unsaturated 5- to 11-membered carbocycle or heterocycle (preferably, the heterocycle
contains 1 to 3 heteroatoms selected from N, O and S),

5 each of Rs, Rs, R; and Rgmay be same or different and is independently selected
from the group consisting of hydrogen; hydroxy; unsubstituted or substituted C;-Cq alkyl;
unsubstituted or substituted C,-C; alkenyl; unsubstituted or substituted C,-C; alkynyl; C;-Cg
hydroxyalkyl; unsubstituted or substituted C;-C¢ haloalkyl; unsubstituted or substituted C;-Cg
akoxy; unsubstituted or substituted C;-Cg haloalkoxy; unsubstituted or substituted C,-C;

10 akanoyl; phosphoric acid group; N-oxide; amide; aldehyde; hydroxamic acid; unsubstituted
or substituted C;-Cq alkylsulfide; unsubstituted or substituted C,-Cs alkylthioxo; unsubstituted
or substituted C;-Cs akylsulfonyl; unsubstituted or substituted C;-C¢ oximealkyl;
unsubstituted or substituted C;-Cs aminoakyl; unsubstituted or substituted Cs-Cg
akylcarbonylakyl; halogen; unsubstituted or substituted phenyl; cyano; nitro; amino; and

15 carboxylic acid group, or Rs and Rs together with a carbon atom to which they are attached
may form a carbonyl group (C=0) or thioxo group (C=S), or R; and Rg together with a carbon
atom to which they are attached may form a carbonyl group (C=0) or thioxo group (C=S),

L may form a carbonyl group (-C(=0)-), sulfonyl group (-S(=0).-), C;-Cs akyl
carbonyl (for example, -CH,C(=0)-), carbonyl C;-Cs alkyl (for example, -C(=O)CH,-) or

20 thioxo group (-C(=S)-), and

Y is selected from the group consisting of saturated or unsaturated Cs-C;, mono or
polycarbocyclyl substituted with Ry Ryg and Ry;; and saturated or unsaturated 3- to 12-
membered mono or polyheterocyclyl containing 1 to 3 heteroatoms (preferably, the
heterocycle contains 1 to 3 heteroatoms selected from N, O and S) and being substituted with

25 R, Rip and Ry,

wherein each of Ry, Ry and Ry; is independently selected from the group consisting of
hydrogen; hydroxy; unsubstituted or substituted C;-Cg alkyl; unsubstituted or substituted C,-
C; akenyl; unsubstituted or substituted C,-C; alkynyl; C;-Cg hydroxyalkyl; unsubstituted or
substituted C;-Cg haloakyl; unsubstituted or substituted C;-Cg alkoxy; unsubstituted or

30 substituted C;-Cg haloalkoxy; halogen; unsubstituted or substituted C;-Cg akylsulfide;
unsubstituted or substituted C;-Cq alkylthioxo; hydroxamic acid; unsubstituted or substituted
phenyl; cyano; nitro; amino; carboxylic acid group; amide; C;-Cs akylamide; unsubstituted
or subgtituted C,-C; akanoyl; adehyde; unsubstituted or substituted Cs-Cg ester;
unsubstituted or substituted Cs-Cg esteroxy; unsubstituted or substituted C,;-Cg alkylsulfonyl;

35 unsubstituted or substituted C;-Cg oximealkyl; unsubstituted or substituted C;-Cg aminoalkyl;
unsubstituted or substituted Cs-Cg akylcarbonylalkyl; phosphoric acid group; and N-oxide,

provided that when Y is phenyl, i) at least one of Rg, Ryg and Ry, is hydroxy or ii) all of
Ro, Rio and Ry, are other than hydrogen if none of Ry, Ryg and Ry; is hydroxy, and when'Y is
pyridinyl, at least one of Ry, Ryp and Ry is not hydrogen.

40 Preferably, in the above Formula |, L may form a carbonyl group (-C(=0)-), sulfonyl group (-

S(=0)z")



116 R3 X3 OZ\RR7 ..5 R4 wherein, in Formula I, 15each of Xi, X2 and X3 is independently carbon or
nitrogen, provided that at least one of
Article 34 Amendments 9-2010-00282

[Trandation] 7

or thioxo group (-C(=S)-).
Preferably, in the above Formula I, each of Rs, Rs, R; and Rg may be same or different and is
5 independently selected from the group consisting of hydrogen; hydroxy; unsubstituted or
substituted C;-C, alkyl; unsubstituted or substituted C;-C, haloalkyl; unsubstituted or
substituted C;-C, alkoxy; unsubstituted or substituted C;-C, haloalkoxy; unsubstituted or
substituted C,-Cs akanoyl; halogen; unsubstituted or substituted phenyl; cyano; nitro; amino;
and carboxylic acid group; or Rs and Re together with a carbon atom to which they are attached
10 may form a carbonyl group (C=0) or thioxo group (C=S), or R; and Rg together with a carbon
atom to which they are attached may form a carbonyl group (C=0) or thioxo group (C=S).
Preferably, in the above Formula I, Y is selected from the group consisting of saturated or
unsaturated Cs-Cg carbocyclyl substituted with Ry, Ryo and Ry;; and saturated or unsaturated 5-
to 6-membered heterocyclyl containing 1 to 3 heteroatoms (preferably, the heterocycle contains
15 1 to 3 heteroatoms selected from N, O and S) and being substituted with Ry, Ryp and Ry,
wherein Ry, Ry and Ry are the same as defined in the above Formulal.
Preferably, in the above Formula I, each of Re, Ry and Ry, is independently selected from the
group consisting of hydrogen; hydroxy; unsubstituted or subgtituted C,-C,4 alkyl; unsubstituted
or substituted C;-C, haloalkyl; unsubstituted or substituted C;-C, alkoxy; unsubstituted or
20  subgtituted C,;-C4 haloalkoxy; halogen; unsubstituted or substituted phenyl; cyano; nitro; amino;
carboxylic acid group; amide; C;-Cq alkylamide; unsubstituted or substituted C,-Cs akanoyl;
aldehyde; unsubstituted or substituted Cs-C; ester; unsubstituted or substituted C;-C; esteroxy;
unsubstituted or substituted C,-C, alkylsulfonyl; unsubstituted or substituted C;-C, oximealkyl;
unsubstituted or substituted C;-C, aminoalkyl; unsubstituted or substituted Ci-C;
25  akylcarbonylakyl; phosphoric acid group; and N-oxide, provided that when Y is phenyl, i) at
least one of Ry, Ryp and Ry, is hydroxy or ii) al of Ry, Ryg and Ry; are other than hydrogen if
none of Ry, Ryp and Ry, is hydroxy, and when Y is pyridinyl, at least one of Ry, Ryg and Ry, is
not hydrogen.
Preferably, in the above Formula |, each of R;-R,, Rx-R; and Rs-R, pairs may be independently
30 fused to form a saturated or unsaturated 5- to 6-membered carbocycle or heterocycle, wherein
the heterocycle preferably contains 1 to 3 heteroatoms selected from N, O and S.
Preferably, in the above Formula I, each of Ry, R,, R; and R, may be same or different and is
independently selected from the group consisting of hydrogen; hydroxy; unsubstituted or
substituted C;-C, alkyl; unsubstituted or substituted C;-C, haloalkyl; unsubstituted or
35 subgtituted C;-C4alkoxy; unsubstituted or substituted C;-C, haloalkoxy; halogen; unsubstituted
or substituted phenyl; cyano; nitro; amino; carboxylic acid group; unsubstituted or substituted
C,-Cs alkanoyl; unsubstituted or substituted C,-Cs alkoxycarbonyl; unsubstituted or substituted
C,-Cs akanoyloxy; unsubstituted or substituted Cs-Cy9 mono or bicycloalkyl; unsubstituted or
substituted C4-Cy; cycloalkylalkyl; unsubstituted or substituted Ce-Cyo aryl; unsubstituted or
40  substituted, saturated or unsaturated C;-Cg



X1, X2 and X3 is nitrogen, each of RI, R2, R3 and R4 may be same or different and is
independently selected from the group consisting of hydrogen; hydroxy; unsubstituted or substituted
CI-C8 alkylWwog0bstinsusd or substituted C2-C7 alk&nyl; unsubstituted or substituted G2410-@ksny!;
CI-C8 20 hydroxyalkyl; unsubstituted or substituted CI-C8 haloalkyl; unsubstituted or substituted CI-C8
alkoxy; unsubstituted or substituted CI-C8 haloalkoxy; halogen; unsubstituted or substituted phenyl;
cyano; nitro; amino; carboxylic acid group; phosphoric acid group; N-oxide; amide; CI-C8 alkylamide;

o etted TrE Ra R Al IRk R Sartd Sty idasRE SRR
supstitute - a 10X0, SUDRSTITU Oor supstitute |- u ny, nsubstitutead or
o betitute G B R P R R T ATt Pleroe i TRy LB A by
substituted i€ SeEgedlkidaaN Ghenal KY-Prrvsdaskting tedeorsub stitioess, G2 -WrsdIR@dsH; witsubstiuted or

substituted §fi2oeh AR Au¥EAGLONN! AaSHRBIKY IS i 0bga Rl iesheia6sl. alkanoyloxy; unsubstituted or
substit%ted C3-C12 mono or bicycloalkyl; unsubstituted or substituted C4-C12 cycloalkylalkyl-

unsubstituted or substituted C8-C12 aryl; 30 unsubstituted or substituted, saturated or unsaturated

C3-C12 motiotlr peryedreteyéyl; & BSIRTELE §IF s (ThsHi BENS AU Pited BHkihs s8rafed 3- to
12-membernedrowyoioakypoltatess cylidpeontainmg chiy3 hytespatgmsdierefiexablycyidienbgigroatom is
selected frogihlof) fog Ry RiR¥Ace LByYMERI BN BR9%S B erisbiieadia fpnitrogen.

R3 does not’exist; and when X3'is nitrogen, 124 does notexist, or 35each of 121-122, 122-R3 and
R3-R4 pair€rdf) BenaEeiebn iy R INtdhaePsaturated or Article 34 Amendments9-2010-00282

[Translation]6  unsaturated 5- to 11-membered carbocycle or heterocycle (preferably, the
heterocycley ﬁ_ft‘ﬁkiadﬁ&/é ﬁ%yﬁ]ﬂﬁtﬁrﬁm@é@ﬁﬂlg il Uy@lﬁﬂ%@oﬁ%&ﬁa@&dﬁ IR0 chh/pand R8 may
be same or dlffereqtga{ﬁﬂ is in eggndept{l%se!}ecte féo{nl thet‘%rouﬂgit onagﬂor%%o h drggﬁen' Pydroxy;
unsubstitutéP &N ited - 5"&? M UbSHRE 6 saibstittey ™A en)éff; %’f}%sﬁtuted or
substituted G| ROE Y ADNEB | h9H FaYs) skl 0@l kgLl Binad BYons (IR R BE ENE S0 PaltiAek§ !

unsubstituteglsrswblisatesiGhdadeydicigi s nsubatiaadior expativitasbiyl-rénhaioglkony; nopsubstituted
or subfgitutcﬁﬂwﬁ;%-t Zr&g alkanoyl; phosphoric acid group; N-oxide; amide; aldehyde; hydroxamic acid;
unsubstituted or substituted CI-C8 alkylsulfide; unsubstituted or substituted CI-C8 alkylthioxo;
tmsubstituted or substituted CI-C8 alkylsulfonyl; unsubstituted or substituted CI-C8 oximealkyl,
unsubstitutéx the sbbasifdedi@ ] ; G prefainde ksdmpresofty stitutatddoor usatiiated! 3= 8 @3- mkbyterati onylalkyl;

halogen; ungyRslIYa g1 RITHEBH RRAOY 16 YPRQe BN RIABARNy 1, thiazolyl, imidazolyl,
benzimidazolyl, triazolyl, tetrahydropyranyl, pyridinyl, furanyl, pyranyl, pyrrolyl, pyrazolyl,
20 pyrazinyl, pyrimidinyl, isothiazolyl, isoxazolyl, pyridazinyl, isobenzopyranyl, chromenyl,
indolyl, indazolyl, quinolinyl, purinyl, pyrrolinyl, chromanyl, pyrazolidinyl, piperidinyl,

piperazinyl or the like, but not limited thereto.

In the above Formula |, a preferable example of “C4,-C;, cycloalkylakyl” can be

25  cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, cyclopentylethyl,
cyclohexylethyl, cycloheptylmethyl, cycloheptylethyl, cyclooctylmethyl or the like, but not
limited thereto.

Preferably, in the above Formulal, X, is carbon, and each of X; and X3 isindependently carbon
30  or nitrogen, provided that at least one of X, and X3 is nitrogen.

Preferably, in the above Formula I, each of R;, R;, Rzand R4 may be same or different and is
independently selected from the group consisting of hydrogen; unsubstituted or substituted C;-
C,4 dkyl; unsubstituted or substituted C;-C, haloalkyl; halogen; unsubstituted or substituted

35 phenyl; cyano; and unsubstituted or substituted, saturated or unsaturated 3- to 10-membered
mono or polyheterocyclyl containing 1 to 3 heteroatoms (preferably, the heteroatom is selected
from N, O and S); or each of R;-R,, R,-R3 and Rs-R, pairs may be independently fused to form
a saturated or unsaturated 5- to 6-membered carbocycle; provided that when X is nitrogen, R,
does not exist; when X, is nitrogen, R; does not exist; and when X3



15 carboxylic acid group, or R5 and R6 together with a carbon atom to which they are attached may
form a carbonyl group (C=0) or thioxo group (C=S), or R7 and R8 together with a carbon atom to
which they Areietiadiedemiayefasm a carbonyl group (C=0) or thioxo group (C=S9%;2010-00282 form a
carbonyl group (-C(=0)-), sulfonyl group (-S(=O)2-§, CI-C8 alkyl carbonyl (for example, -CH2C(=0)-),
carbonyl CI[E"S‘”é'IﬁW(}or example, -C(=0)CH2-) or 20thioxo group (-C(=S)-), and Y is selected from
the group consisting of saturated or unsaturated C3-C12 mono or polycarbocyclyl substituted with R9,
R10 and RI; gRdeatyaieespnunegturated 3- to 12- membered mono or polyheterocyclyl containing 1

to 3 heteroatoms (preferably, the heterocycle contains 1 to 3 heteroatoms selected from N, 0 and S)
and being AR b AR AR oA Bt rsor g, FRTVE FARHIR SEndentl
selected frometernsygte (ipy & eiablytithg béterpdyolgaaontaiei oo, rsterbatpmesd exteditisntite@ a1dCB alkyl;

unsubstitutegheitsteéastiied, R-dad RIKSMESMRY IRIItHIERA Po BRIEHRIE defind| KytAY atSolC8
hydroxyalkx._l‘ rtmligopstituted or substituted CI-C8 haloalkyl; unsubstituted or substituted CI-C8 alkoxy;
unsubstituteg or 30 substituted CI-C8 haloalkoxy; halogen; unsubstituted or substituted CI-C8

alkylsulfide PUf{SightitiEw SPAEArmuy! RylfhioRe Rydivisiependeity sescsddtateder
substituted ghepybreisng;onitsel egain ay daryo xbcatictegroupubsttite; CHC Siakylamibeiitrasubstituted
or subgitutefl Gelriaikaney!alagRyde 4 RFIUL SRFHRSI I Gieed: S iNfUpYituted or

substituted C3-C8 esteroxy; unsubsfituted or substituted CI-C8 alKylsulfonyl; 35 unsubstituted or
substituted TRSEH S imeatkN BHGEs R RSE b LB FRROEYES- ach RPaIR HRSIASLE or
substituted DBSC& @l Kdcarepepialikylopteasibhabwbeactdi g pbemy andiNeakioe, of RarBvided fatswhen Y is
phenyl, i) ahiprskPBE iRl M%MRD RNARILR ISy &Ry tRarThil QJR 9 RoHe BneRBars@therithan
hyd_rogen if none of R@, Floﬁnd I? I1 IS hydroxy, a %w%en YE pyrldlt | at Iegst one of R9,_R10 and
RI] is not hy*HPé&é‘/n.aﬂ Bréfer 5 e %ﬁg%%%ﬁ% Al and ylf(?'rﬂ?%étgf‘@%w group (-C(=0)-),
sulfoni® grofypeerdie ) 2refetietehotmenidihee tegsam 1 oveuEBRin the above Formulal,
each of X4, X, and X3 is independently carbon or nitrogen, provided that at least one of
X1, X, and X3 is nitrogen,
each of Ry, Ry, Rz and R, may be same or different and is independently selected from
the group consisting of hydrogen; hydroxy; unsubstituted or substituted C;-C, alkyl;

20  unsubstituted or substituted C;-C, haloalkyl; unsubstituted or substituted C;-C, akoxy;
unsubstituted or substituted C,;-C4 haloalkoxy; halogen; cyano; nitro; amino; carboxylic acid
group; unsubstituted or substituted C,-Cs akanoyl; unsubstituted or substituted C,-Cs
akoxycarbonyl; unsubstituted or substituted C,-Cs akanoyloxy; Cs-Cy, aryl; and unsubstituted
or substituted, saturated or unsaturated Cs-C;, mono or polycarbocyclyl or heterocyclyl,

25  provided that when X, is nitrogen, R, does not exist; when X, is nitrogen, R; does not exist; and
when Xj is nitrogen, R, does not exist, or each of R;-R,, R»-R; and Rsx-R, pairs may be
independently fused to form a saturated or unsaturated 5- to 6-membered carbocycle or
heterocycle,

each of Rs, Rg, R; and Rg may be same or different and is independently selected from

30 the group consisting of hydrogen; hydroxy; unsubstituted or substituted C;-C, akyl;
unsubstituted or substituted C;-C, haloalkyl; unsubstituted or substituted C;-C, akoxy;
unsubstituted or substituted C;-C, haloalkoxy; unsubstituted or substituted C,-Cs akanoyl;
halogen; cyano; nitro; amino; and carboxylic acid group, or Rs and Rs together with a carbon
atom to which they are attached may form a carbonyl group (C=0), or R; and Rg together with a

35  carbon atom to which they are attached may form a carbonyl group (C=0),

L may form a carbonyl group (-C(=0)-), sulfonyl group (-S(=0),-) or thioxo group (-
C(=9)-), and
Y is selected from the group consisting of saturated or unsaturated Cs-C;, mono or

40



[Translation]7 or thioxo group (-C(=S)-). Preferably, in the above Formula I, each of R5, R6, R7 and
R8 may be same or different and is 5 independently selected from the group consisting of hydrogen;
hydroxy; unsutidtittteéadnendmestituted Ci-C4 alkyl; unsubstituted or substituted C3-ga1trab2aikyl;
unsubstituted or substituted Ci-C4 alkoxy; unsubstituted or substituted Ci-C4 haloalkoxy; unsubstituted
or substitutéH@%@rﬁilkanoyl; halogen; unsubstitfled or substituted phenyl; cyano; nitro; amino; and
carboxylic acid group; or R5 and R6 together with a carbon atom to which they are attached 10 may

for:mhatﬁarbonyl : ) Eaégo?:%l%rém&mt%%&l(%?ﬁ}d Qré:d:?g 1?8%}%&6%&1*&%?&@%@%9@?% g‘lépr_n t?h
which they are attached may form a carhonyl grou =0) or thioxo groyp (C=S). Preferably, in the
R L R LR B R o T G
carbocPclyl RuBstienteiduwivhered) Re Detaiecile praiaiebiytapate dsdrta Rdwtareaioms sdecteitamdered
heterocyclybcgftgining 1 to 3 heteroatoms (preferably, the heterocycle contains 151 to 3 heteroatoms

selected from N, 0 and S) and.heing substijuted with R 10,and ,R11, wherein R9, R10 and R11 are
T same o o MR e o 1 R AT A KR R ol MBI e 0 e
R11 is indePefaesmmsE Rt o Hitd GFrouptbietsting o Y d HBg st kiRt ok R &g ftuted or
substituted 16alodDd/lalkylsubasuistitoteshioatisutbsticited Qked ;haleabgikuteasobssibdedted Sobstituted

Ci-CA kot RURSUIIGEAT 20D HE“clagho s bR R UhSHueer substiuted

phenyl; cyano; nitro; amino; carboxylic acid group; amide; Ci-C6 alkylamide; unsubstituted or
substituted %E%tﬁﬂ@ﬁ{@ﬁsﬁ(%}ﬁyde; unsubstituted or substituted C3-C2 ester; unsubstituted or
substituted C3-C Presitdgtiygt wisnbsisurtahydr i3 @bkttt e di RedRabkarid urio rs/ydrosytastityalidobr

substituted &i-R4 ayine Al lbtHaSIRS HRGET iPWBREIBIR] RizCAARINORbANaHPSIHeEd ior _
substituted C3-§22 25 ie\lk Icarbonpylalkyl- Ros horjc acid group; and N-oxide, provided that when Y is
phenyl, i) aPIEEPA ﬁ%@nigf&%doﬁ'ﬁ & RIFoRy SPR) all of R9, R10 and R11 are other than

hydroden if AveseedisoroarRtier anef v ed exippeifesay ohing Ierent nyerpipndinine gbavasiosnd af R9, R10 and
R11 is not hydrogesach s friaklyarith thesafirsentainy watoeach idad Hravifd-Ra andaR3nkdf pairs may
be indEpen%,r%/and Xzisnitrogen,
each of Ry, R,, Rz and R, may be same or different and is independently selected from
the group consisting of hydrogen; unsubstituted or substituted C;-C, akyl; unsubstituted or
20 subdtituted C;-C, haloalkyl; unsubstituted or substituted C,-C, alkoxy; halogen; cyano; nitro;
amino; and unsubstituted or substituted, saturated or unsaturated Cs-Cg carbocyclyl or
heterocyclyl, provided that when X is nitrogen, R, does not exist; when X, is nitrogen, R; does
not exist; and when X3 is nitrogen, R, does not exist, or each of R;-R;, Rx-R; and Rsy-R, pairs
may be independently fused to form a phenyl or a 6-membered heterocycle containing 1 to 2
25  atomsof nitrogen or oxygen,
each of Rs, Re, R; and Rgmay be same or different and is independently selected from
the group consisting of hydrogen; unsubstituted or substituted C;-C, akyl; unsubstituted or
substituted C;-C, alkoxy; halogen; cyano; nitro; and amino,
L isacarbonyl group (-C(=0)-) or thioxo group (-C(=S)-), and
30 Y isaphenyl which has a hydroxy group in para-position to the attachment position of
L and is further substituted with 1 to 3 substituents independently selected from halogen and
nitro.
As representative examples of the compound of Formula | according to the present inventon, the
following compounds may be mentioned:
35 (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl)-methanone
(compound 1);
(3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 2);
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
40 hydrobromic acid salt (compound 3);



30fused to form a saturated or unsaturated 5- to 6-membered carbocycle or heterocycle, wherein the
heterocycle preferably contains 1 to 3 heteroatoms selected from N, 0 and S. Preferably, in the above
Formula I, eacltleBRARGdR2@and R4 may be same or different and is independeadiosaizg2zed from the
group consisting of hydrogen; hydroxy; unsubstituted or substituted Ci-C4 alkyl; unsubstituted or
substituted ICIA3FHMWalkyl; unsubstituted or 35 stbstituted Ci-C4 alkoxy; unsubstituted or substituted
Ci-C4 haloalkoxy; halogen; unsubstituted or substituted phenyl; cyano; nitro; amino; carboxylic acid

group; unsubgtit | bﬁ% o M7, 1 < . : I [ Ttutes <
alkoxycarbon%%%ﬁlﬁﬁft%ted O%Eﬁ?ﬁfé%g@%?ﬁﬂ%%ﬁ%ﬁ?&gggﬁtﬁ %\r& fartq)gﬁtﬁuted C3-Ci0
mono or bicy F@Q?Rwr@n ubstituted or substituted C4-C11 cycloalkylalkyl; unsubstituted or substituted
C6-C16 aryl; (lhsubstmectneinsupividé, sddtepyoteRshlibidok e @ M)-mdprnee
polycarbocychdsrapslisinsyibstituted or substituted, saturated or unsaturated 3- to 10- membered mono

or polyheterogyelyl containing, 1 to 3 heteraatoms (prefer ) teroatom,is selected from N, 0 and
S), provided t%i% )\él\}F1)reorr1n§li£i1q )F?f{%éé%ewﬁ(%%s 'ng?%ggﬁ %ﬁ%ﬁ%ﬁ%ﬂz&]}g& )dgéglgggnﬁot exist; and
when X3 is nitFeFRAUIDA does not exist. 5 In the above Formula I, a preferable example of "C3-C12

mono or bicygmaliyFonarikedaxnppheyt)aahdttylch s ioyidts pyapyl 2 Sysiah) thazindgpentyl,

cyclohgyyl, CXHMEEBM(&)%%BH&V})""”C’ cyclononyl, or a bicycloalkyl obtained by the fusion of the same
or different two of said monocycloalkyls, but not limited thereto. 10 In the above Formula |, a preferable
example of G330 AEHE B BBW/@QPB)S‘%S/@@@ e 2 AR RyMARIg PRl Eh A & Brdpidpy,
cyclobutyl, cyoletpamiyg, (coiohegyd);cycloheptyl, cyclooctyl and cyclononyl, or a polycycloalkyl obtained

by the fusion gf shepameson i@%&%ﬁé&g -O- (BhSB AR abryls.oprcakeand (o example,
phenyl or nap H@%@uénot%li@ged t grggyﬁnbm?heﬁgbove Fm a I,Bg prg?errggle exam% e of

"saturated or e3P 22 membered
15 (3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b][ 1,4] oxazin-4-yl)-methanone

hydrobromic acid salt (compound 10);
(3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanone
hydrobromic acid salt (compound 11);
(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(4-hydroxy-3-trifluoromethyl-phenyl)-

20 methanone (compound 12);
(3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanone
hydrobromic acid salt (compound 13);
(3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 14);

25 (3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone
hydrobromic acid salt (compound 15);
(3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone
hydrobromic acid salt (compound 16);
(3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone

30 hydrobromic acid salt (compound 17);
(3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone
hydrobromic acid salt (compound 18);
(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-(4-hydroxy-3-trifluoromethyl-phenyl )-
methanone (compound 19);

35 (3,5-dibromo-4-hydroxy-phenyl)-(7-phenyl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl)-
methanone (compound 20);
2,6-dichloro-4-(2,3-dihydro-pyrido[ 4,3-b][ 1,4] oxazin-4-sulfonyl)-phenol (compound 21);
(3,5-dibromo-4-methoxy-phenyl)-(7-trifluoromethyl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-
yl)-methanone (compound 22-1);

40



mono or polyheterocyclyl containing 1 to 3 heteroatoms” can be thienyl, thiazolyl, imidazolyl,
benzimidazolyl, triazolyl, tetrahydropyranyl, pyridinyl, furanyl, pyranyl, pyrrolyl, pyrazolyl, 20 pyrazinyl,
pyrimidinyl, AsGtheezoyrhasdxaadyl, pyridazinyl, isobenzopyranyl, chromenyl, indaB010rataalyl,
quinolinyl, purinyl, pyrrolinyl, chromanyl, pyrazolidinyl, piperidinyl, piperazinyl or the like, but not limited
thereto. In thé&B& Formula 1, a preferable exariple of "C4-C12 cycloalkylalkyl" can be 25
cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, cyclopentylethyl,

cyclohexylethy scygioReprivietiyl NERAHEEYMENAOSIHPSFEN REdE3le1 Bl ashlimited
thereto. P%feréﬁ%in he abgv%ﬁéé(%)}?rr]{ula [, X2 is cay;lbon, aHr?(?eakg/h of!?(aiszﬁ% 3 is independently

carbon 30or nf 58% OPHAL 4 18ast one of Xi and X3 is nitrogen. Preferably, in the above

Formula |, eaéb-ofRImR2; (R 3-diddio-myindgl 4 e-idhfdaspaiitiéearhaamd-keaele pesidetempelested from
the group congisting of hydrogen; unsubstituted or substituted Cl- C4 alkyl; unsubstituted or

substituted Ci-C4 haloalkyl: halogen: unsubstitut r substituted 35 phenyl: 0; and unsubstituted
or substitutedl[,%% lﬂ?{ra it gr(éqr?s%ﬁg%?epa/ %%qgi%ﬁ?é&%g%é%hrﬁ%?gggﬁr) E?&?/%gé(yg'r%%%glyl co%‘fg?ning 1to3
heteroatoms (PeEtdressty (eprnenskédiom is selected from N, 0 and S); or each of R1-R2, R2-R3 and
R3-124 pairs (nayoh®-ndepiaae piiydo[cHiplfarorai satyrpied-adiumaaHsidrdx§-deetyiembered

carbogycle; pFﬂéﬂ%ﬂQn@&BWEﬁlﬁ&%? nitrogen, R2 does not exist; when X2 is nitrogen, R3 does not

exist; and when X3 Article 34 Amendments9-2010-00282 [Translation]9

(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3-fluoro-4-hydroxy-phényl)-methanone
(compound 26);
(3,5-dibromo-4-methoxy-phenyl)-(7-methyl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl)-
methanone (compound 27-1);

15 (3,5-dibromo-4-hydroxy-phenyl)-(7-methyl-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl)-
methanone (compound 27-2);
(3,5-difluoro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 28);
(3,5-difluoro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-yl )-methanone

20 (compound 29);
(5-chloro-2,3-dihydro-pyrido[ 4,3-b][ 1,4] oxazin-4-yl)-(3,5-dibromo-4-hydroxy-phenyl)-
methanone (compound 30);
(2,6-dichloro-pyridin-4-yl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 31);

25 (2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(6-hydroxy-pyridin-3-yl)-methanone (compound
32);
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
hydrochloric acid salt (compound 33);
(3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone

30 (compound 34);
4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-sulfonyl)-phenol (compound 35-1);
2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-sulfonyl)-phenol (compound 35-2);
(3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone
(compound 36);

35 (3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 37);
(3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 38);
(3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-yl)-

40



is nitrogen, R4 does not exist. Preferably, in the above Formula |, Y is an aromatic 5- to 6-membered
carbocycle or 5 heterocycle (preferably, the heterocycle contains 1 to 3 heteroatoms selected from N,
0 and S) substititad Anitbri@®eR$0 and R11, wherein R9, R10 and R11 are the saate80de2ined in the
above Formula I. Preferably, in the above Formula I, each of R9, R10, and R11 is independently
selected frdrf ?ﬁ%ad%p consisting of hydrogen; Hfdroxy, unsubstituted or substituted C1-C4 alkyl;
unsubstituted 10 or substituted CI-C4 haloalkyl; unsubstituted or substituted CI-C4 alkoxy;
unsubstituted QL gyRREIERAGIAF 4dpaloalkoxy; halogen; nitro; carboxylic acid group; and unsubstituted

or substituted C3-C2 es er Vi en Y. is phe at least one of R9, R10 and R11 is
hydroxy or ii) g% é&@%ﬁéﬁ?@rﬁcgﬁ@f’yﬁgﬁw g‘éw Ai)%@%’? ;5 W@?}%ﬁll is hydroxy,
and when Y .éopmmm 48k least one of R9, R10 and RI] is not hydrogen. 15According to a preferred

embodiment @ e dHerS B BREPReAN the 2bibyer&-pymates 4-b) [Eﬂ@k@a@fn&ly@(awétﬁdq&% is
independentl)( carboné)ﬁ%trogen provided that at least one of X1, X2 and X3 is nitrogen,  each of
121, R2, R3 and iR e same or different and is independently selected from the group consisting

of hydrogen; ﬁ;ﬁér%ﬁj}m%tﬂj@fﬂﬁéﬂmﬂ%ﬂﬁ@%ﬁi ydopryidpi4 3ellhalpysatnty betsaksetuted CI-C4
haloalkyl; unsgbsiitetl4ay; substituted CI-C4 alkoxy; unsubstituted or substituted CI-C4 haloalkoxy;

haloog; cyang S HIGuAKINGAAY IS ASHUURANSHBRITS AT SURSHER (2 Cs alkanoy

unsubstituted or substi ed C2-Cs’alkoxycarbonyl; unsubstituted or substltuted C2-Cs alkanoyloxy;
C6-C12 aryl; S008I tuted or substituted, saturated or unsaturated C3-C12 mono or

polycarbocycl@ &dimudeoem)yclym 28] frdodazintiat W@y Kxs-rtregelrh-R P rdebsnnoe exist; when X2 is
nitrogen, R3 XSt and when X3 is nitrogen, R4 does not eX|st or each of R.1-R2, R2-R3 and

R3-124 pairs |nde entl a satura t t embered

carbocycle or ?2)89&% dgﬂxdf ég‘} me H%n% B #h’(ﬁee?@?{t §P% S independently
selectéd fromblﬁbﬂ%@mﬁplﬂdﬁgmnﬁ@&iﬁﬁww@@ﬂ%ydroxy unsubstituted or substituted CI-C4 alky!;
unsubstituted(gng‘ahﬁumd@}&ﬁmqyt(ymﬁtﬁ@@mWs@tg@dﬁﬂo@@rajm; unsubstituted

or substituted | stituted C2-Cs alkanoyl; halogen; cyano; nitro;
amino; and ca&hgé%%t@% bﬁ%&%@%ﬁ&@%g gg

ther with a carbon atom to which the?/ are
attached may &3 @ REasy ymgﬁ%m@z@;l)&Waﬁ@ﬂwg@maﬁwuﬁ 4Joxazin-7-carbonitile

(compound 47-1);

20 1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b] [ 1,4] oxazin-7-carbonitrile
(compound 47-2);

(3,5-dibromo-4-methoxy-phenyl)-[ 7-(3-nitro-phenyl)-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-
1-yl]-methanone (compound 48);
(3,5-dibromo-4-methoxy-phenyl)-[ 7-(3-nitro-phenyl)-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-

25 1-yl]-methanone (compound 49);

(83,5-dibromo-4-hydroxy-phenyl)-[ 7-(3-dimethyl amino-phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (compound 50);
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanethione
(compound 51);

30 (3,5-dibromo-4-hydroxy-phenyl)-(7-pyridin-3-yl-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl] -
methanone (compound 52);
(83,5-dibromo-4-hydroxy-phenyl)-(7-furan-3-yl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl]-
methanone (compound 53);
1-(3,5-dibromo-4-hydroxy-phenyl)-2-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-ethanone

35 (compound 54);
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-4-oxa-1,9-di aza-phenanthren-1-yl)-methanone
(compound 55);
4-[2-(3,5-dibromo-4-hydroxy-phenyl)-2-oxo-ethyl)]-4H-pyrido[ 4,3-b][ 1,4] oxazin-3-one
(compound 56);

40 4-(3,5-dibromo-4-methoxy-benzoyl)-4H-pyrido[ 4,3-b][ 1,4] oxazin-3-one (compound



35 carbon atom to which they are attached may form a carbonyl group (C=0), L may form a
carbonyl group (-C(=0)-), sulfonyl group (-S(=0)2-) or thioxo group (- C(=S)-), and Y is selected from
the group cansisting dsatimatesl or unsaturated C3-C12 mono or Article 34  9-2010-00282
Amendments9-2010-00282 [Translation]10  polycarbocyclyl substituted with R9, R10 and R11; and
saturated of iA#PRted 3- to 12- membered mok® or polyheterocyclyl containing 1 to 3 heteroatoms
and being substituted with 5R9, R10 and R11, wherein the heterocycle preferably contains 1 to 3
heteroatoms ggjected from N, 0 and S, wherein each of R9, R10 and R11 is independently selected

or substiund F LR RSN TP LIBE el AR G s AASUREEAckd or substiuted

Ci-C4 TohaloaRbrpomeleanepouadasy; nitro; amino; carboxylic acid group; and unsubstituted or

substituted CEGaiagtrspsYidol 4Ry B)idarbbahulyen X 4siphaoxy-pyahirasboneaiiioml0 and R11 is
hydroxy or ii) all of R9 0 and R11 are other than hydrogen if none of R9, R10 and RH is hydroxy,

and when Y i CB{/W&H?)% at'least one of R9, R10 and R11 is not hydrogen.
(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(2,6-dihydroxy-pyrimidin-4-yl)-methanone

(compound 60);

10 (3,5-dibromo-4-hydroxy-phenyl)-(7-isoquinolin-4-yl-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-
yl)-methanone (compound 61);

(8,5-dibromo-4-hydroxy-phenyl)-(6,7-dihydro-pyrimido[ 4,5-b] [ 1,4] oxazin-5-yI)-methanone
(compound 62);
(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(3-trifluoromethyl -phenyl)-2,3-dihydro-pyrido[ 2,3-

15 b][1,4] oxazin-1-yl]-methanone (compound 63);

(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(3-fluoromethyl-phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (compound 64);
4-[1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b] [ 1,4] oxazin-7-yI] -
benzonitrile (compound 65);

20 (3,5-dibromo-4-hydroxy-phenyl)-[ 7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (compound 66);
1-{4-[1-(3,5-dibromo-4-hydroxy—benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b][ 1,4] oxazin-7-yl]-
phenyl} -ethanone (compound 67);

(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-pyrido[ 2,3-

25 b][1,4] oxazin-1-yl]-methanone (compound 68);
(4-hydroxy-3-trifluoromethyl-phenyl)-(7-methyl-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl)-
methanone (compound 69);

(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(1H-indol-4-yl)-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-
yl]-methanone (compound 70);

30 (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
sulfuric acid salt (compound 71);

(2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-carbonyl)-phenolate  sodium  salt
(compound 72);
(2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-carbonyl)-phenolate potassium salt

35 (compound 73);

(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanethione
trifluoroacetic acid salt (compound 74); and
1-[1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b][ 1,4] oxazin-7-yl] -
pyrrolidin-2-one (compound 75).

40



15According to another preferred embodiment of the present invention, in the above Formula I,

each of Xi, X2 and X3 is independently carbon or nitrogen, provided that at least one of X1, X2 and
X3is nitrogeirticle 3@achentiRENR2, R3 and R4 may be same or different and is igeperadesrly selected
from the group consisting of hydrogen; unsubstituted or substituted Ci-C4 alkyl; unsubstituted or 20
substituted ICIB3FH8MWalkyl: unsubstituted or substRuted Ci-C4 alkoxy: halogen: cyano: nitro; amino;
and unsubstituted or substituted, saturated or unsaturated Cs-C8 carbocyclyl or heterocyclyl, provided

et 9l e s e S b o B e, 0L
nitrogen, es ot exist, or eac 1-R2, R2-R3 an -R4 pairs may be independently fused to
form  pho R A IR Hoteho e oA eI B 5 It G Bl L Ay

each oPR50RERYIdgrPFBMay be same or different and is independently selected from the group
consisting of hydrogen; unsubstituted or substituted Ci-C4 alkyl; unsubstituted or substituted Ci-C4

alkoxy; halogen; cyana. nitro;.and . amino..L is a carbor oup (-C(=0)-) or.thioxa group (-C(=S)-), and
Sov 1o a o e e R 815 AR e AU SRS B RN B )
further subSHRABHEHiGPTHHCR ithsPRE S tSIHRI 8 EFIEH By SEleRis df fromP IS 81 a A MEFeX s

representatox® eecampleg,c_ca‘ tﬁewompbalbdIqi;lenmlaalmyowin@ltﬁamhﬁprgslem ilauentgn, ¢he following
compaynds, qay.aE0reRYBR&H: 3as: Rt remifs Aoy dhenvilidn adiRydrgamiflel s/ -b 1 [1.4]

oxazin-l-ye-methanoné (compound 1): (3 ,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4 ,3
-b][1, 4]0xa£m'ﬂ2yg2fﬁé 5%( 'e(i;ﬁ W& 51,-06 hydroxyalkyl; phenyl; phosphoric acid group; N-
oxide; amide; C;-Cs; akylamide; aldehyde; hydroxamic acid; C;-Ce akylsulfide; C;-Cg

akylthioxo; C;-Cs akylsulfonyl; C;-Cs oximealkyl; C;-C¢  aminoalkyl; Cs-Cg
akylcarbonylakyl; C,-C; alkoxycarbonyl; C,-C; alkanoyloxy or thelike.

15
Unless mentioned otherwise, akyl substituent as referred herein and alkyl residue in other
substituents (for example, alkoxy) as referred herein may be linear or branched.  Also, halogen
includes fluorine (F), chlorine (Cl), bromine (Br) and iodine (1).

20 The compound of Formula | according to the present invention may be a racemate. The
racemate can be separated into each isomer by conventiona separation methods, for example, a
method using a general column chromatography filled with normal phase silica gel (Merk,
0.040~0.063 mm and 0.063~0.200 mm), a general column chromatography filled with amine
silica gel (chromatorex, 100~200 mesh) or a column chromatography for pressurized

25 fractionation filled in reverse phase (Young-rin, SDV 30 plus) with corresponding solvent,
preferably mixed solvent of hexane, ethyl acetate, dichloromethane and methanol for normal
phase and mixture of water and acetonitrile for reverse phase.

The compound of Formula | according to the present invention may also form pharmaceutically
30 acceptable salts. The pharmaceutically acceptable salts includes acid addition salts prepared
by acids forming non-toxic acid addition salts containing pharmaceutically acceptable anion, for
example, inorganic acids such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid,
hydrobromic acid, hydroiodic acid, etc.; organic carbon acids such as tartaric acid, formic acid,
citric acid, acetic acid, trichloroacetic acid or trifluoroacetic acid, gluconic acid, benzoic acid,
35 lactic acid, fumaric acid, maleic acid, etc.; and sulfonic acids such as methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid or naphthalsulfonic acid. Salts with alkali meta
such as sodium, potassium or the like are also included. In addition, salts with other acids or
bases which are conventionally used in afield of art relating to aromatic amidine derivative or
lactam derivative, may be included. They are prepared according to conventionally known
40  processes.



(3 ,5-dibromo-4-hydroxy-phenyl)-(2,3 -dihydro-pyrido[4 ,3 -b] [1,4] oxazin-4-ye-methanone
40hydrobromic acid salt (compound 3); Article 34 Amendments9-2010-00282 [Translation]11
(3,5-dibromordopdrosssstheny1)-(2,3-dinydro-pyridid{4,3-b][1,4]oxazin-4-ye-methano®e2(ioropesand 4);
5(3,5-dibromo-4-methoxy-pheny1)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone (compound
5); (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone (compound
6); (3,5-dibromo-4-hydroxy-pheny1)-(6-methy1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-y1)-
10methan°'?ﬁe(&9fg‘)89hﬂ19f the present invention is useful as an inhibitor, 1Af|call aselective inhibitor,

(8.5 dbromg &y O AL RSN o Y ol Bt Aloxezn-&y1)- methanone

(3,5-dibromo-4-hydroxy-phenyl)-(7-cyclopropyl-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-y1)-
methanone (e aRYPs0Ad8)f the present invention having the above Formula | structure can be prepared

15(3-chioro4 Péd“”‘t% @?err%’e%ﬁog% SivdroaRiolt it X8 dsther BB RS edygbromic

acid salt (compou

(3-bromo-41RYRIE/ D HEMIER e e PRAS-PrgRAHIE BEd TP  LAMRPYPEY-methanone hydrobromic acid

salt (compound 11);
More concretely, the compound of Formula | can be obtained by each of the Preparation
Methods 1 to 5 explained below, but not limited thereto.
10
Preparation Method 1

The following Formula Il compound which is a compound of Formula | wherein L is -C(=0)-,
can be prepared by a method comprising the steps of: reducing Formula VIl compound to obtain

15  Formula VI compound; cyclizing the obtained Formula VI compound with Formula V
compound to obtain Formula IV compound; and peptide-bonding the obtained Formula IV
compound with Formula 1l compound.

[Formulall]

20 R4

[Formulalll]
O

25 [FormulalV]

Ri H
Ry. N_ Rs
TN R,
Xz <Rz
Ry 2X; 0 Ry
R4
[FormulaV]
Re
Rs| 7
Z/\/



(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-(4-hydroxy-3-trifluoromethyl-pheny1)- 20methanone
(compound 12);
(3,5-dichlora+oPoatyasyapbreny1)-(2,3-dinydro-pyridb{4,3-b][1,4]oxazin-4-y1)-methanoa0ipen028pmic
acid salt (compound 13);
(3-chloro-4-hydroxy-5-nitro-pheny1)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-ye-methanone (compound
14); 25(3,5-dichloro-4-hydroxy-pheny1)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone
hydrobromic acid salt (compound 15);

(3-bromo-4- lt_% ro \ﬁrenyl) (2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone hydrobromic acid
salt (comp

(3-chloro-4-hydro y -5-nitro-pheny1)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone
30hydrobrofffic Fiecompound 17);

(3-chloro-4-hy OXY heny1)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone hydrobromic acid
salt (compotnd ]?8) (28-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-(4-hydroxy-3-trifluoromethyl-pheny1)-
methanone (compPaund 19);
35(3,5-dibromo-4-hydroxy-pheny1)-(7-phenyl1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-I-y1)- methanone
(compaund gg)malgﬂiﬁhloro-4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-su|fonye-pheno| (compound 21);
(3,5- dlbromo 4-m|§thoxy-phenyl)-(?-trifluoromethy1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-

yl)- methangne (/;@Lp'%gd 22-1);
Xo. -

In Formulae Il to VII above, X1, X, X3, R, Ry, Rs, Ry, Rs, Rg, Ry, Rg and Y are the same as
mentioned Formula | above, and Z represents a reactive leaving group, preferably hydroxy or
10  haogen.

Preparation Method 1 is explained in detail below.

Compounds of Formulae VI and VI used as starting materials can be prepared according to the
15  method described in JOC. 60, 1995, 5721-5725, or are commercially available from chemical
reagent companies such as Sigma Aldrich, Merck, etc.

The reduction of Formula VII compound to obtain Formula VI compound is carried out
according to known synthetic methods in the presence of suitable solvent, reduction catalyst and
20 hydrogen gas. The solvent is not particularly limited but examples thereof preferably includes
ether solvents such as diethyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diglyme,
etc.; hydrocarbon solvents such as benzene, toluene, hexane, xylene, etc.; halogenated
hydrocarbon solvents such as dichloromethane, chloroform, carbon tetrachloride, 1.2-
dichloroethane, etc.; alcohol solvents such as methanol, ethanol, isopropyl acohol, tert-butyl
25 acohal, etc.; ester solvents such as ethyl acetate, methyl acetate, butyl acetate, etc.; and polar
solvents such as acetone, N,N-dimethyl formamide, N,N-dimethyl acetamide, dimethyl
sulfoxide, acetonitrile, etc. A mixture solvent of two or more of solvents as described above
asocan beused. Methanol, ethyl acetate and tetrahydrofuran are particularly preferable asthe
solvent for this reaction. The reducing agents used in this reaction include general reduction
30 catalysts such as palladium on active carbon (5w/w%), palladium on active carbon (10w/w%),
palladium hydroxide on active carbon (10w/w%), and Raney-nickel, etc. Palladium on active
carbon (10w/w%) is preferable for this reaction. The reaction can be carried out for the time
between 1 hour and 24 hours, preferably for about 18 hours, at the temperature between 0°C and



Article 34 Amendments9-2010-00282 [Translation]12
(3,5-dibromo-4-hydroxy-pheny1)-(7-trifluoromethy1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-
y1)-methanar@2pasmgsnsed 22-2); 18 9-2010-00282
52,5-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-carbonyl)-benzoic acid (compound 23);
[2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-carbonye-phenoxykaceticacid methyl ester
(compound 24); (7-bromo-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-l-y1)-(3,5-dibromo-4-hydroxy-pheny1l)-
10methanopgie éﬂgr@5 referably at room temperature, under hydrogen pressure between
(2,3-dihydro- qé?[ﬂ Jox yl—R}f? %)lforo hydrox hen methanone compound 26);
(3,5- dlbrom%%2 ﬁfff?% A v} (%T% Eﬁgﬁ%kﬁ?ﬁﬁﬁ/l nﬁﬁ thanone
(compound!amitgg:ther etO

15(3,5-dibromo- 4 hydroxy-pheny1)-(7-methy1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-y1)- methanone
(comp nd 2

(3,5-dif uoro- -me ox?O -phe e T'Z@'%{]dﬁ%‘) %OE))W%F?@ T)gg:ﬂj%@(%]zr}%%taﬂ me gjﬁn 5 {g%mpound

28); (3,5- dmevamqqmb%jaﬂ Yo ')][!Lha]@ﬁaeﬂ?ﬁ@fy%ylﬁ%qm'ﬂ@we
Formula V compound and base. The solvent is not particularly limited but examples thereof
preferably includes ether solvents such as diethyl ether, tetrahydrofuran, dioxane, 1,2-
dimethoxyethane, diglyme, etc.; hydrocarbon solvents such as benzene, toluene, hexane, xylene,

10  etc; halogenated hydrocarbon solvents such as dichloromethane, chloroform, carbon
tetrachloride, 1.2-dichloroethane, etc.; acohol solvents such as methanol, ethanol, isopropyl
alcohol, tert-butyl alcohoal, etc.; ester solvents such as ethyl acetate, methyl acetate, butyl acetate,

etc.; and polar solvents such as acetone, N,N-dimethyl formamide, N,N-dimethyl acetamide,
dimethyl sulfoxide, acetonitrile, etc. A mixture solvent of two or more of solvents as

15  described above aso can be used. Acetonitrile and N,N-dimethyl formamide are particularly
preferable as the solvent for this reaction. Examples of the base used in the reaction include
organic bases such as triethylamine, pyridine, 4-methylaminopyridine, 4-methylmorpholine,
piperazine, N-methylpiperazine, etc.; alkali metal hydroxides such as lithium hydroxide, sodium
hydroxide, potassium hydroxide, calcium hydroxide, etc.; akali metal hydrides such as sodium

20  hydride, potassium hydride, etc.; akali metal carbonates such as sodium carbonate, potassium
carbonate, cesium carbonate, etc.; and akali meta hydrogen carbonates such as sodium
hydrogen carbonate, potassium hydrogen carbonate, etc. Potassium carbonate is preferable for
thisreaction. The cyclization reaction is carried out for the time between 1 hour and 24 hours,
preferably for about 18 hours, at room temperature or reflux condition depending on the used

25  solvent, preferably between room temperature and 1500]. More preferably 10000 condition in

N,N-dimethyl formamide solvent.

Also Formula IV compounds can be prepared from another intermediate depending on the
structure of Formula'V compound. For example, in the case of ketone structure wherein R; and
30 Rg form carbonyl(-C(=0)-), Formula IV compounds can be prepared by a reduction reaction
using proper solvent and reducing agent. The solvent is not particularly limited but examples
thereof preferably includes ether solvents such as diethyl ether, tetrahydrofuran, dioxane, 1,2-
dimethoxyethane, diglyme, etc.; hydrocarbon solvents such as benzene, toluene, hexane, xylene,
etc.; halogenated hydrocarbon solvents such as dichloromethane, chloroform, carbon
35 tetrachloride, 1.2-dichloroethane, etc.; acohol solvents such as methanol, ethanol, isopropyl
alcohol, tert-butyl alcohoal, etc.; ester solvents such as ethyl acetate, methyl acetate, butyl acetate,
etc.; and polar solvents such as acetone, N,N-dimethyl formamide, N,N-dimethyl acetamide,
dimethyl sulfoxide, acetonitrile, etc. A mixture solvent of two or more of solvents as
described above also can be used. Tetrahydrofuran, dichloromethane, dimethyl ether and



20(compound 29);
(5-chloro-2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-(3,5-dibromo-4-hydroxy-phenyl)- methanone
(compound\8@2@@B4tigtoro-pyridin-4-y1)-(2,3-dim@ro-pyrido[4,3-b][1,4]oxazin-4-y 1 p-aEihaoes2e
(compound 31); 25(2,3-dihydro-pyrido[4,3-1)][1,4]oxazin-4-y1)-(6-hydroxy-pyridin-3-y1)-methanone
(compound 32);
(3,5-dibromo-4-hydroxy-pheny1)-(2,3-dihydro-pyrido[4,3-1)][1,4]oxazin-4-y1)-methanone hydrochloric

<(3130|thalt (Z(?ﬁlﬁdéﬂlé%ge tlcularl( p3re(§err]able as the solvent for this reactlon Examp It?]ﬁ of the rgec()juu ng d 34,

-chloro- ro n | m none 30(compoun

+-(2.5.ciny ATy PR BHD AL AGEHBr ) N bG8, L

2,6- d|bromcbwr(ges QMWWMM%]@%zﬁ%%l%ﬁ?éﬁﬁh@hﬁ@b%dﬂﬁwr%kwrlde

3 )chloro 4;(\*?%@&%9\/1&%%?%%&%@ sdﬁugmreyr&@[wettg{abﬁmmnmrM%m@mﬂa@ar(compouréd

36); 35(3-chloro roxy-phen 1 Inydro-py 3-b][1,4]oxazin-4 anone (compoun
;‘b ? nh g ()Q‘y ¢ is used! [Il%ﬁ Beébc.} H {) meﬁr}% Sl

37); (3- romo -4 oxy p eny ro-pyrido mlazm- -y anone tecompound

38); (3,5-dichiotole-HpereRpsiaNpe)3 aﬁﬁ‘ybﬁ%ipwﬁf BBy oo seihiempeyature and 501,

for the time between 10 minutes and 10 hours, preferably for about 2 hours to obtain a
compound of Formula IV wherein R; and Rg are reduced.

10  Also, FormulalV compounds, which are substituted by R;, Ry, Rs and Ry, can be prepared from
the coupling reaction of commercially available arylboronic acid or vinylboronic acid from
chemical reagent companies such as Sigma Aldrich, Merck, etc. in the presence of metal
catalyst. The solvent is not particularly limited but examples thereof preferably includes ether
solvents such as diethyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc,;

15  hydrocarbon solvents such as benzene, toluene, hexane, xylene, etc.; halogenated hydrocarbon
solvents such as dichloromethane, chloroform, carbon tetrachloride, 1.2-dichloroethane, etc.;
alcohol solvents such as methanol, ethanol, isopropyl alcohol, tert-butyl acohol, etc.; ester
solvents such as ethyl acetate, methyl acetate, butyl acetate, etc.; and polar solvents such as
acetone, N,N-dimethyl formamide, N,N-dimethyl acetamide, dimethyl sulfoxide, acetonitrile,

20 etc. A mixture solvent of two or more of solvents as described above also can be used. A
mixture of acetonitrile and water is particularly preferable as the solvent for this reaction.
Examples of the metal catadyst used in this reaction include palladium acetate,
tetraki s(triphenylphosphing) palladium, tris(dibenzylidene acetone) dipalladium, palladium
dichloride, (1,1-bis(diphenylphophino)ferrocene) palladium dichloride, bis(triphenylphosphine)

25 paladium chloride, etc. Palladium acetate is particularly preferable for this reaction.
Examples of the base for used in this reaction include organic bases such as triethylamine,
pyridine, 4-methylaminopyridine, 4-methylmorpholine, piperazine, N-methylpiperazine, etc.;
akali metal hydroxides such as lithium hydroxide, sodium hydroxide, potassum hydroxide,
calcium hydroxide, etc.; alkali metal hydrides such as sodium hydride, potassium hydride, etc.;

30 akali metal carbonates such as sodium carbonate, potassium carbonate, cesium carbonate, etc.;
akali metal hydrogen carbonates such as sodium hydrogen carbonate, potassum hydrogen
carbonate, etc.; and potassium phosphate. Potassium carbonate and potassium phosphate are
preferable for thisreaction. The reaction can be further carried out at the temperature between
room temperature and 1800, preferably between room temperature and 10000, for the time

35  between 1 hour and 24 hours, preferably for about 18 hours to obtain another compound within
Formula |V wherein the substituent as mentioned above isintroduced in Ry, Ry, Rs, Ra.

In the next step, Formula Il compound is obtained by the condensation reaction of the Formula
IV compound with the intermediate formed from Formula Il compound using genera



Article 34 Amendments9-2010-00282 [Translation]13 methanone (compound 39);
(3-bromo-4-hydroxy-pheny1)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone 5(compound 40);
(3,5-dichloro¢@roadyossaptenyl)-(2,3-dinydro-pyridef3,4-b][1,4]oxazin-1-y1)-methanog{teoy28and
41); 2-(3,5-dibromo-4-hydroxy-phenyl)-1-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-ethanone
(compound 42); 10(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-(3-methoxy-isoxazol-5-ye-methanone
(compound 43); (2,3- dihydro pyrido[4,3-b][1,4]oxazin-4-y1)-(3-hydroxy-isoxazol-5-ye-methanone

(compound é%t% & r&éﬂé&ﬁ%?lh&ﬂﬂaé&%%ﬂ“&ﬂ%ﬂlﬁﬂi&&@%%})r% Betiax Py rido(2,3-
15b][1,4]oxazin- I

(@5 dirom SR ﬁﬁﬁone e T R Pl
b][1, 4]ova|WﬂQ?mmmaﬁﬁ)h@~(éd)mtﬁ)Uﬂldm, PyBOP, EDC hydrochloric acid salt, TBTU, HOBt,
1-(3,5-dibroprpdTmethnxyekenzpyd ) sbi 3efinyden - 1 - py N et ] [ bedtarrddn - drgashanéripd compound
47-1); 5 tetrahydrofuran. In the reaction with the reaction product formed from Formula I11 compound
by adding general halogenating agent thereto, organic base can be selected according to
Formula 111 compound and in this case, the reaction is carried out under basic condition by
using triethylamine preferably. The solvent is not particularly limited but examples thereof
preferably includes ether solvents such as diethyl ether, tetrahydrofuran, dioxane, 1,2-
10  dimethoxyethane, diglyme, etc.; hydrocarbon solvents such as benzene, toluene, hexane, xylene,
etc.; halogenated hydrocarbon solvents such as dichloromethane, chloroform, carbon
tetrachloride, 1.2-dichloroethane, etc.; acohol solvents such as methanol, ethanol, isopropyl
alcohol, tert-butyl alcohoal, etc.; ester solvents such as ethyl acetate, methyl acetate, butyl acetate,
etc.; and polar solvents such as acetone, N,N-dimethyl formamide, N,N-dimethyl acetamide,
15  dimethyl sulfoxide, acetonitrile, etc. A mixture solvent of two or more of solvents as
described above also can be used. Dichloromethane and N,N-dimethyl acetamide are
particularly preferable as the solvent for this reaction. Examples of the base used in this
reaction include organic bases such as triethylamine, pyridine, 4-methylaminopyridine, 4-
methylmorpholine, piperazine, N-methylpiperazine, etc.; akali metal hydroxides such as
20 lithium hydroxide, sodium hydroxide, potassum hydroxide, calcium hydroxide, etc.; akali
metal hydrides such as sodium hydride, potassium hydride, etc.; akali metal carbonates such as
sodium carbonate, potassium carbonate, etc.; and akali metal hydrogen carbonates such as
sodium hydrogen carbonate, potassium hydrogen carbonate, etc. Triethylamine is preferable
for this reaction. The reaction under basic condition is carried out for the time between 10
25 minutes and 10 hours, preferably for about 2 hours, at the temperature between 071 and 600,
preferably at room temperature. The reaction without basic condition is carried out for the
time between 1 hour and 24 hours, preferably for about 18 hours. The reaction starts at 0[]

and is further carried out at the temperature between room temperature and 60071, preferably at

room temperature.
30
The preparation method of Formula |l compound as mentioned above will be explained in detail
in the Examples.
Preparation Method 2
35

The Formula Il compound also can be prepared by a method comprising the steps of:
halogenating Formula VII compound to obtain Formula X compound and then reacting the
obtained Formula X compound with Formula IX compound to obtain Formula VI11 compound,
or carring out a Mitsunobu reaction of Formula VII compound and Formula IX compound to



201-(3,5-dibromo-4-hydroxy-benzoy1)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-7-carbonitrile
(compound 47-2);
(3,5-dibromard20eahazyspheny1)47-(3-nitro-pheny2)-2,3-dihydro-pyrido[2,3-b][1,4]oxeZedg/h0Peghano
ne (compound 48);
(3,5-dibromo-4-methoxy-pheny1)47-(3-nitro-pheny1)-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-
251-ylkmethanone (compound 49);
(3,5-dibromgsds AVEl AP IEYRA PRl BRI R RO BIE LI AN ArOcBAIIRNE B obtain
b][1,4]oxa2|||_3-élf;ﬁkl;<jdr[kzthanorell%gcorgpound SI%; . . . .
(3,5-dibrom09r- XE?-'BR% )ala ,%"’-‘fcﬁm%/c? -%%88[9%%%fmg}m-m98pm%ﬁ%m%%év(compound
51); 30(3,5-efimasnnsluwiHydeorylptieesmpaungyridin-3-y1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-I-y1]-
methanone (compound 52);
(3,5-dil%rom -4hr]1|}ﬁgrlﬂxy-pheny1)-(7-furan-3-y1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-l-y1]- methanone
(compound 9-,5
1-(3,5-dibromo-4-£lyd§))<y-pheny1)-2-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-ethanone
35(compound 54);* N Rs
(3,5-dibrom024xﬁm(y- y1)-(2,3-dihydro-4-oxa-1,9-diaza-phenanthren-1-y1)-methanone
(compound 55)%261( %, R’rb;romo-4-hydroxy-phenyl)-z-oxo-ethyl)]-4H-pyrido[4,3-b][1,4]oxazin-3-one
8

(compound '56); 3
R4

[Formulalll]
@]

M

4 Y
10

[FormulalV]



404-(3,5-dibromo-4-methoxy-benzoy1)-4H-pyrido[4,3-b][1,4]oxazin-3-one (compound Article 34
Amendments9-2010-00282 [Translation]14 57);
(3,5-dibromarfigecstharyepdreaytt)-(6-methyl1-2,3-dihydro-pyrido[2,3-b][1,4]oxazia-A6ydpoagthanone
(compound 58); (2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-(2,4-dihydroxy-pyrimidin-5-y1)-methanone
(compound[géﬁ';‘%?t,@fﬂiihydro-pyrido[4,3-b][1,4]oxc?r2in-4-y1)-(2,6-dihydroxy-pyrimidin-4-y1)-methanone
(compound 60);
10(3,5-dibromo-4ryydioxy-phenyl)-(7-isoquinolin-4-y1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-I-
yl)-methangpe (compruni61);

(3,5-dibromo-4>§hydr Xy- h&ﬁyl)-(6,7-dihydro-pyrimido[4,5-b][1,4]oxazin-5-y1)-methanone (compound
62); (3,5-dibgpriod- 8-7pheny1)47-(3-trifluoromethyl-phenyl)-2,3-dihydro-pyrido[2,3-
15b][1,4]oxazin-I-glkmethanone (compound 63);

5 [FormulaVIlI]
R4
Ry.y A NO2
}{I? - RT}(RSU
%5 07 ><Raz

[FormulaIX]
R7 REO

HO "R

10
[Formula X]

Ry

Rz-x)jNoz
|
,xzx;f .

Ry . Ri3
Ry

[Formula V1]
R1

R,. NO
2 X%I_)\I 2
Xo.
Ry 2){ OH
15 Ry

In Formulae Il to X above, X4, X5, X3, Ri, Ry, Rs, Ra, Rs, R, Ry, Rg and Y are the same as

defined as mentioned Formula | above; R;, is a non-hydrogen substituent, preferably C;-C,

akyl, more preferably methyl or ethyl; and Ry; represents aleaving group, preferably halogen.
20

Preparation Method 2 is explained in detail below.



(3,5-dibromo-4-hydroxy-pheny1)47-(3-fluoromethyl-pheny1)-2,3-dihydro-pyrido[2,3-
b][1,4]oxazin-l-ylkmethanone (compound 64);
441-(3,5-dibwaraoced-pdesxy-benzoyl)-2,3-dihydro2BH-pyrido[2,3-b][1,4]oxazin-7-ylk 9e2t10-02&2
(compound 65);
20(3,5-dibromo-4-hydroxy-pheny1)47-(4-trifluoromethoxy-pheny1)-2,3-dihydro-pyrido[2,3-
b][1,4]oxazin-I-ylkmethanone (compound 66);

1-{441-(3, SehRpsmidton FOFRIVD ONZaLIc2 Sl By SR Ad TR B Bre Rl XAY 7 it from
phenyll-etha one 8g\g})ﬁund 67

(3,5- dlbrom ﬁ8w'i‘?ﬁ TéCWr?étﬁgWﬁﬂ bciﬁ M?ﬁ ftg dihydro-pyrido[2,3-

25b][1, 4]oxa2|n -l-ylkmethanone (compound 68);
(4-hydroxy $Héifba@(i@mﬁthaabg@%nMéﬁé?mnatwlca&ajhor@d@wHdtz{raaaréoitloé\mﬁmrécwlaedﬂethanone

ECC%OF:n oFI)lbrom%u% %/Oéglon 10 hn nyrif'xgﬂﬁﬁ m% Smi e |C§ Fowlg‘?rbll f[%]o Oa(’:’zmatl'{/]ﬁ(methanon
y

e (compourfger); The solvent is not partlcularly I|m|t but examples t ereof prefer includes ether

30(3,5-dibreonedtshyrdroay gayly @, Jatibtydirof pyerid didx3ab] [1, Adineitinedeyane) etiggymes exsyIfuric acid
salt (comp Zérboﬁ?sﬁrs’éﬂ@m 4e(Bertz ARy QaRyT IRk 3 Bildhé1aazin s AR P RYd b s late

sodium salt compoun
(2,6-dibromd&* X%ﬁh?&r@% [QBINaNG] [ SR AT Th- SRR IHPT) Y A FesRehans <Sift

35(coripouddadnal);solvents such as methanol, ethanol, isopropyl alcohol, tert-butyl acohol, etc.; ester

(3,5- d'bfom%ﬁ}ehbédé&%’s@b%ﬂy%&a@édmww RO DI AR N SR IR as

e e et KON SR e BTN st xstries. Si5TEH IS5, AR 2-0ne

(compoundefs), A mixture solvent of two or more of solvents as described above aso can be used.
Acetonitrile is particularly preferable as the solvent for this reaction. Examples of the
15  halogenating agent used in this reaction include genera halogenating agents such as phosphorus
oxychloride, phosphorus oxybromide, phosphorus pentachloride or phosphorus pentabromide,
etc. Phosphorus oxychloride is preferable for this reaction. The reaction can be carried out
for the time between about 2 hours and about 6 hours under heating condition at the temperature
between 80L] and 100L], but not limited thereto.
20
In the next step, the Formula X compound is carried out a substitution reaction with Formula 1X
compound according to known synthetic methods in the presence of suitable solvent and base.
The solvent is not particularly limited but examples thereof preferably includes ether solvents
such as diethyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc,;
25 hydrocarbon solvents such as benzene, toluene, hexane, xylene, etc.; halogenated hydrocarbon
solvents such as dichloromethane, chloroform, carbon tetrachloride, 1.2-dichloroethane, etc.;
alcohol solvents such as methanol, ethanol, isopropyl alcohol, tert-butyl acohol, etc.; ester
solvents such as ethyl acetate, methyl acetate, butyl acetate, etc.; and polar solvents such as
acetone, acetonitrile, N,N-dimethyl formamide, N,N-dimethyl acetamide, dimethyl sulfoxide,
30 etc. A mixture solvent of two or more of solvents as described above also can be used.
Tetrahydrofuran and diethyl ether are particularly preferable as the solvent for this reaction.
Examples of the base used in this reaction include organic bases such as triethylamine, pyridine,
4-methylaminopyridine, 4-methylmorpholine, piperazine, N-methylpiperazine, etc.; akali metal
hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide, calcium
35 hydroxide, etc.; akali metal hydrides such as sodium hydride, potassium hydride, etc.; akali
metal carbonates such as sodium carbonate, potassium carbonate, cesium carbonate, etc.; and
akali metal hydrogen carbonates such as sodium hydrogen carbonate, potassum hydrogen
carbonate, etc. Sodium hydride is preferable for this reaction. The substitution reaction is
carried out for the time between about 1 hour and about 6 hours at room temperature, preferably



Article 34 Amendments9-2010-00282 [Translation]15 The names of the compounds described in the
above are in accordance with the nomenclature method (AutoNom version 2.1) using the structures
provided by @ioembagsy Ultra software 5of Can#dridgeSoft. As used herein, the tesmr010:60¢82tituted
or substituted” refers to unsubstituted condition, or substituted condition with one or more of proper
substituents, for example, such as hydroxy; oxo (=0); C1-C6 alkyl or haloalkyl; C1-C6 alkoxy or
haloalkoxy; C1-C6 alkanoyl or 10 haloalkanoyl; halogen; cyano; nitro; amino; mono- or

di-(CI-C6)akeylapaiinoi Gih oY HSoRF idrabedRi & 20 ol Kenbia-(if | amipdtartd LsspSifutediommalkyl;
@hﬁglgudﬁﬁ@fﬁf E\:I-omde; amide; C1-C6 alkylamide; aldehyde; hydroxamic acid; C1-C6

phenyl, phoE
alkylsulfide, n Il?? 1-C6 alkylsulfonyl; C1-C6 oximealkyl; C1-C6 aminoalkyl; C3-C8

alkylcarbonylalkyl- C2-C7alkoxycarbonyl; C2-C7alkanoyloxy or the like. 15 Unless mentioned
otherwise, aikxlopagetitvwemhas tIRfeaesLkRersincnpallky cpsidyreiareths) suhsdiblenrisdianpyrample,

alkoxy)eas referied ARrimayhelhear A branchied.AlsgnROgANInGlides fuering () ghlorine (CI)
bromine (Br) an |od|ne?B. € compound of Formula'l accordlr(l%gt e present invention may be

a racemateCaHOVAEe Mgte WaiN58IRe pEPETBIRINGD cRFFPRBkher biToRPe EBFRISIENar &8R98 T ethods, for
example, a tmgitrgthbisip rie ganelehgblzouicabupmato@apny the deutaccomaitanalde, silicaogel (Merk,

0.040-0.063; mm A, & H63 1200 M AE YAl Glampshegmatography flledyjihaing silica gel

(chromatorex, 100-200 mesh) or a column chromatography for pressurized 25 fractionation filled in
reverse phd@HBHEUIN Y MREEIH LsEMplaharrah 6L, I HEES S08 O ¥ PR SuE P e S8ENt of
hexan®] ethyiranetaferahcHioxeme thzdenathdxyrtiaee oi ity meretal hivdseanomh reoktents cfiehater and
acetonitrile farigyerss RhrsendBrCcompadndLl Fargudakirgcordingdadhe Ricaast pygntign may also
forn_1 _pharm ¢ u%icall 30 a ce ¥ab|e_sa ts. 'IEhe _ t?arr. ace __t'c 1I acce ta Ie__s ét (i) cl \o/les e_lcid
addition salélé ﬁlr%ﬁgﬁg(&a%? 8%@% %m’nﬁ% gngt&% 8&%’&1%%;@8% égé] %rg%t ﬁﬁ’lnag ?ﬂirﬁ?ac?gﬁtlcally
acceptable 5lbfs Tstharakhrgsnanahd sgereiy bakphd uteh-R9thyalcolellie:; soier, SINRMERSHIds sl acid,
phosphoric acidkeyrdmjrassiscais huduiod. apiflogle. sNBABIE.GRSBRTRAKISEUSNAS RIRATC acid
;Og;‘" C12CHd A TEARTHS, RO AHENOr QRGN FRCIAATIIURISRGE Ug2Cidl AINERD BRGNS openzoic
two or more of solvents as described above also can be used. Tetrahydrofuran and diethyl
ether are particularly preferable as the solvent for this reaction. The condensation reaction is
carried out for the time between about 6 hours and about 18 hours at 0J or room temperature,
preferably for about 6 hours at room temperature.
20
In the next step, for the Formula VIl compound obtained according to the above method, a
cyclization reaction is carried out according to known synthetic methods in the presence of
suitable solvent, nitro group reducing agent and acid. The solvent is not particularly limited
but example thereof preferably includes ether solvents such as diethyl ether, tetrahydrofuran,
25 dioxane, 1,2-dimethoxyethane, diglyme, etc.; hydrocarbon solvents such as benzene, toluene,
hexane, xylene, etc.; halogenated hydrocarbon solvents such as dichloromethane, chloroform,
carbon tetrachloride, 1.2-dichloroethane, etc.; alcohol solvents such as methanol, ethanol,
isopropyl alcohoal, tert-butyl acohol, etc.; ester solvents such as ethyl acetate, methyl acetate,
butyl acetete, etc.; and polar solvents such as acetone, acetonitrile, N,N-dimethyl formamide,
30  N,N-dimethyl acetamide, dimethyl sulfoxide, etc. A mixture solvent of two or more of
solvents as described above also can be used. Acidic solution of concentrated hydrochloric
acid, acetic acid or other acids, agueous ammonium solution, methanol and toluene are
particularly preferable as the solvent for thisreaction. Examples of the reducing agent include
general reduction catalysts such as tin tetrachloride, iron, zinc, palladium on active carbon
35  (5w/w%), paladium on active carbon (10w/w%), palladium hydroxide on active carbon
(10w/w%), Raney-nickel, etc. Tin tetrachloride is particularly preferable for this reaction.
The cyclization reaction is carried out for the time between about 1 hour and about 6 hours
under heating condition of the temperature between 8071 and 1000J, preferably for about 1 hour

under heating condition of 807, to obtain the cyclized Formula IV compound.



35 lactic acid, fumaric acid, maleic acid, etc.; and sulfonic acids such as methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid or naphthalsulfonic acid. Salts with alkali metal such as
sodium, potas3an0v/ansheslike are also included. In2ddition, salts with other acids or I9e&#E9WOR6R are
conventionally used in a field of art relating to aromatic amidine derivative or lactam derivative, may be
included. They are prepared according to conventionally known 40processes. The compound of the
present invention is useful as an inhibitor, specifically a selective inhibitor, of uric acid reuptake
through human urate anion transporter 1 (hURAT1). The compounds of the present invention having

112 another SRS A0 FHLEG T R NCORE MR AP MRBIE o eg e B |

compound. m@d@umtvﬂgpm@ pERe oeasticnf Fooexamal ﬂcﬁa@d&@ttmtmaﬂdys@gcﬂﬁoﬁﬁtﬁ@%paration
Methods 1 b reiinig asbhalowasbut R@bH@BﬁQﬂt&@WQ@lﬂ#@@&i@ﬁ@@bﬂM@mﬂﬁ a chheialiawing

methodcon I e S O o S Ee R mpounc
cyclizing th@@ﬁt@l&é‘@ﬁ@?rﬁtﬁ%@f@@'&o%@%dﬂbﬂq ﬁbf?ﬂtﬂagvfb@mﬂt%nwj fhebrieHabydraitEm
compound; diochie (1t @l eHpeindiygtibrep bigliyres) Barnmytiddaroomgduanct \siidh o trandend | woempund. 20
hexane, xylene, etc.; halogenated hydrocarbon solvents such as dichloromethane, chloroform,
carbon tetrachloride, 1.2-dichloroethane, etc.; alcohol solvents such as methanol, ethanol,
10  isopropyl acohol, tert-butyl alcohol, etc.; ester solvents such as ethyl acetate, methyl acetate,
butyl acetate, etc.; and polar solvents such as acetone, acetonitrile, N,N-dimethyl formamide,
N,N-dimethyl acetamide, dimethyl sulfoxide, etc. A mixture solvent of two or more of
solvents as described above also can be used. Tetrahydrofuran, dichloromethane, dimethyl
ether and toluene are particularly preferable as the solvent for this reaction. Examples of the
15  reducing agent include lithium aluminum hydride, sodium borohydride, diborane, diisobutyl
auminum hydride, borane-tetrahydrofuran complex, sodium bis(2-methoxyethoxy)aluminum
hydride (Red-Al), tetra-n-butyl ammonium borohydride, etc. Preferably, lithium aluminum
hydride or tetra-n-butyl ammonium borohydride is used. The reaction starts at 0], and is
further carried out at the temperature between 001 and 15001, preferably between room
20  temperature and 5070, for the time between 10 minutes and 10 hours, preferably for about 2

hours to obtain a compound of formula |V wherein R; and Rg are reduced.

If needed, Formula IV compounds, which are substituted by Ry, R,, Rs and Ry, can be prepared
from the coupling reaction of commercially available arylboronic acid or vinylboronic acid from
25 chemica reagent companies such as Sigma Aldrich, Merck, etc. in the presence of meta
catalyst. The solvent is not particularly limited but example thereof preferably includes ether
solvents such as diethyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc,;
hydrocarbon solvents such as benzene, toluene, hexane, xylene, etc.; halogenated hydrocarbon
solvents such as dichloromethane, chloroform, carbon tetrachloride, 1.2-dichloroethane, etc.;
30 acohol solvents such as methanol, ethanol, isopropyl acohol, tert-butyl alcohol, etc.; ester
solvents such as ethyl acetate, methyl acetate, butyl acetate, etc.; and polar solvents such as
acetone, acetonitrile, N,N-dimethyl formamide, N,N-dimethyl acetamide, dimethyl sulfoxide,
etc. A mixture solvent of two or more of solvents as described above aso can be used. A
mixture of acetonitrile and water is particularly preferable as the solvent for this reaction.
35 Examples of the metal catadyst used in this reaction include palladium acetate,
tetraki s(triphenylphosphing) palladium, tris(dibenzylidene acetone) dipalladium, palladium
dichloride, (1,1-bis(diphenylphophino)ferrocene) palladium dichloride, bis(triphenylphosphine)
palladium chloride, etc. Padladium acetate is particularly preferable for this reaction.
Examples of the base used in this reaction include organic bases such as triethylamine, pyridine,



[Formula 111 0 Y R6 R2,R5 ,X2. ri3 X3 0 R8 11/24 25[Formula IV] H R5 )si
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4-methylaminopyridine, 4-methylmorpholine, piperazine, N-methylpiperazine, etc.; akali metal
hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide, calcium
hydroxide, etc.; akali metal hydrides such as sodium hydride, potassium hydride, etc.; akali
metal carbonates such as sodium carbonate, potassium carbonate, cesium carbonate, etc.; alkali
5 metal hydrogen carbonates such as sodium hydrogen carbonate, potassium hydrogen carbonate,
etc.; and potassum phosphate. Potassum carbonate and potassium phosphate are preferable
for this reaction. The reaction can be further carried out at the temperature between room
temperature and 18077, preferably between room temperature and 10007, for the time between 1
hour and 24 hours, preferably for about 18 hours to obtain another compound within Formula
10 IV wherein the substituent as mentioned above isintroduced in Ry, Ry, Rs, Ra.

In the next step, Formula Il compound is obtained by the condensation reaction of the Formula
IV compound with the intermediate formed from Formula Il compound using genera
hal ogenating agent, preferably oxalyl chloride or thionyl chloride thereto or by the peptide bond
15  formation of the Formula IV compound with Formula 111 compound using peptide coupling
reagents such as HATU, HBTU, BOP, PyBOP, EDC hydrochloric acid salt, TBTU, HOB,
DEPBT, CDI, etc. in a solvent such as N,N-dimethyl acetamide, dichloromethane,
tetrahydrofuran. In the reaction with the reaction product formed from Formula Il compound
by adding general halogenating agent thereto, organic base can be selected according to
20  Formula Il compound and in this case, the reaction is carried out under basic condition by
using triethylamine preferably. The solvent is not particularly limited but example thereof
preferably includes ether solvents such as diethyl ether, tetrahydrofuran, dioxane, 1,2-
dimethoxyethane, diglyme, etc.; hydrocarbon solvents such as benzene, toluene, hexane, xylene,
etc.; halogenated hydrocarbon solvents such as dichloromethane, chloroform, carbon
25 tetrachloride, 1.2-dichloroethane, etc.; acohol solvents such as methanol, ethanol, isopropyl
alcohol, tert-butyl alcohoal, etc.; ester solvents such as ethyl acetate, methyl acetate, butyl acetate,
etc.; and polar solvents such as acetone, acetonitrile, N,N-dimethyl formamide, N,N-dimethyl
acetamide, dimethyl sulfoxide, etc. A mixture solvent of two or more of solvents as described
above also can be used. Dichloromethane and N,N-dimethyl acetamide are particularly
30 preferable as the solvent for this reaction. Examples of the base usde in this reaction include
organic bases such as triethylamine, pyridine, 4-methylaminopyridine, 4-methylmorpholine,
piperazine, N-methylpiperazine, etc.; alkali metal hydroxides such as lithium hydroxide, sodium
hydroxide, potassium hydroxide, calcium hydroxide, etc.; akali metal hydrides such as sodium
hydride, potassum hydride, etc.; akali metal carbonates such as sodium carbonate, potassium
35 carbonate, cesum carbonate, etc.; and alkali metal hydrogen carbonates such as sodium
hydrogen carbonate, potassum hydrogen carbonate, etc. Triethylamine is preferable for this
reaction. The reaction under basic condition is carried out for the time between 10 minutes
and 10 hours, preferably for about 2 hours, at the temperature between 0[] and 60071, preferably
at room temperature. The reaction without basic condition is carried out for the time between
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1 hour and 24 hours, preferably for about 18 hours. The reaction starts at 0C) and is further
conducted at the temperature between room temperature and 600, preferably at room

temperature.

5  The preparation method of Formula Il compound as mentioned above will be explained in detail
in the Examples below.

Preparation Method 3

10  Thefollowing Formula XI compound which is a compound of Formula | wherein L is -C(=S)-,
can be prepared from Formula Il compound by reacting with Lawesson’s reagent.

[Formula X1]

R
R \x} N N \LRSG
|

Xo 2 JTR7

R3 X‘3 O RB
R4
15

[Formulall]

oY
R, Y -
R>. N 5
ZX?‘)\I ~ RG
Ko, ~ /ﬁ\ R7
R3 X? @) RB
R4

In Formulae Il and XI above, X, X5, X3, Ri, Ry, R3, R4, Rs, Rg, R7, Rgand Y are the same as
20  defined as mentioned Formulal above.

Preparation Method 3 is explained in detail below.

Compound of Formula Il used as starting material can be prepared by the same method as

25  described above, and the obtained Formula Il compound can be reacted in a solvent with
commercially available Lawesson's reagent from Sigma Aldrich, Merck, etc. to prepare
Formula X1 compound.

The solvent is not particularly limited but example thereof preferably includes ether solvents
30 such as diethyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc.;
hydrocarbon solvents such as benzene, toluene, hexane, xylene, etc.; halogenated hydrocarbon



Rs" X3 OH 11/24 In Formulae Il to VIl above, X1, X2, X3, Rl, R2, R3, R4, R5, Rs, R7, R8 and Y are
the same as mentioned Formula | above, and Z represents a reactive leaving group, preferably
hydroxy or YWWhatogaasiaeparation Method 1 is exRiined in detail below. Compounégaft-aozenlae VI
and VII used as starting materials can be prepared according to the 15method described in JOC. 60,
1995, 5721-5725, or are commercially available from chemical reagent companies such as Sigma
Aldrich, Merck, etc. The reduction of Formula VII compound to obtain Formula VI compound is carried

20 hydrogen e B e s eth
ydroge s, The solvent is not particularly limited but examples thereof preferably includes ether
colvents ScBHD FRTGTRAED EuBHIATEH. PR oaHEPH S DA i, B
hydrocarbosrbsive musis gelethy [Reszten &abil eavetaiee kuivk axgldncsteicanididge reluedthipdid @arbon
so:vents SUQ&b@ﬁéﬁiQ&&@m&ﬂln@Ehﬁlﬂﬁdli‘ﬁﬁé@mfﬂfWﬁoﬁ,F@tﬂf@lﬂ;}/li@@aé\lnﬂdhéilawﬁﬂt@am@«ii@é,C-; a|00hﬁ|
solvents such as,methanol, ethanal, isopropyl alc Jtert-butyl 25 alcohol, etc.; ester sglyents suc
as ethy acée!gte,AmQ{%}ﬁrgcgg \é?g, é%utty %8&;%? e g.?%\ﬁeﬁﬁoﬁra%@n saéa\f:% %Ssoa%ggtogﬁetf%N-dimethyl
formamide, DA aedialviae afrptii Aifergtareeie siorrfR Vet o Hikfgrelionlve it two or
more of solventoaidasieded bexarleof camdeniiseavdde thhoelaaiizyl racesatehanehisdrabiedrofuran

are particulgrly, preferahlg fi‘§o‘ﬁ?p§r|9}¥89fyf ‘?BJQi?oﬁ?lT}%til?dhrsT headedrsng agenisused in ihis feaction

include general reduction 30 catalysts such as palladium on active carbon (5w/w%), palladium on
active carb&ATRBHIANV9%), palladium hydroxide on active carbon (10w/w%), and Raney-nickel, etc.
Palladiom on active carbon (10w/w%) is preferable for this reaction. The reaction can be carried out for

the time betyagichpQMnanews P W nRig RiaRhiBLRP as B RuiSsh BGile BPstaliredpiween 0 C

and detail in the Examples,

Preparation Method 4

15
The following Formula X1 compound which is a compound of Formulal wherein L is-S(=0),-,
can be prepared from sulfonamide formation reaction of Formula IV compound with Formula
X111 compound in the presence of base.

20 [FormulaXIllI]

[Formula X111]
0.0
>S?
Z Y
25
[FormulalV]

In Formulae 1V, XII and XIII above, X1, X5, X3, Ri, Ry, Rs, Ry, Rs, Rs, Ry, Rg and Y are the
30 same as mentioned Formulal above; and Z represents aleaving group, preferably halogen.



room temperature, preferably at room temperature, under hydrogen pressure between atmospheric
pressure and 3 atm, preferably under atmospheric hydrogen pressure, but not limited thereto. 5In the
next step, tie@3@atisbéeaction of the Formula V2Zompound obtained according toze1akmas2
method is carried out by known synthetic methods in the presence of suitable solvent, Formula V
compound and base. The solvent is not particularly limited but examples thereof preferably includes
ether solvents such as diethyl ether, tetrahydrofuran, dioxane, 1,2- dimethoxyethane, diglyme, etc.;

hydrocarbop,goivgiisnEeBAsi DeFanad IRluesendisyane, xylene, 10 etc.; halogenated hydrocarbon
solvents such as dichloromethane, chloroform, carbon tetrachloride, 1.2-dichloroethane, etc.; alcohol

solvents such as methanol, ethanol, isopropyl alcohol, tert-butyl alcohol, etc.; ester solvents such as
ethyl acetateompstinyl alcEriraylpul|usedersiogiog matbdlaas bRy erasssdoby dbeaswterecthomagimethyl
formamide, d¥sHii 58 ey b2 oAt fRid b At At XidesrgiaRitite: BEC.uSeiniNurg Bahdaigf two or
more of solyenisa8 2 sseriped Ahave.alsa i e-used-AAanile and N N dimeiiy) dermamide
are par |culariy referable as the solvent Jor this reaction. Xamples ot the base Jsed in the' reaction
include orgMfichie drsu e vastifidBaRERse Jpiachre PepAd hOTEIM & ByiiiReUE. methylmorpholine,

piperazine, N-methylpiperazine, etc.; alkali metal hydroxides such as lithium hydroxide, sodium

hydroxide, RYIASS AT YABPBLRe RIS YR VEOX G BIE RIS (RELRY diisGRS UeRk Aigadum 20

hydride, potassium hydride, etc.; alkali metal carbonates such as sodium carbonate, potassium

carbonate, S&uiS cAHHOatEElc. . SRR At B g dr? UmSHINNEN @R h 49'¥Biuf%ydrogen
carbonate, pydessibon lsgiceotresucdaab OasrenectolUPTEAsSaT caltyenele; isqugdaiatibyfbothisoreaction.

Igeh CyC|iza§6WeFﬁ§t§UQT‘é§ ?i%ﬁi’tﬁarﬁégllﬁéﬁé, tla%ia?&rg?tiéﬁ%gﬁ ﬂeﬂﬂ&#\trﬁ'a@, Z_ngf%i’éml%rcb&tﬁéﬁ@][é{&;f;f about
ours, at room te rature or retiux congitio ependi on the us olyent, prereraply
between roslt%o%ghw%’&% & ﬁﬂoas.’t or 8?9 ggqu F_{E(F C%?Fdltﬁ{)tfgﬂtﬁ\l, 9Me 'I%ﬁ%amide
solvent. Als®IFensgigh \ecehbGasids. cacibe preipiardutilopaetatothier ipe rpokali sk ep euiidg on the
structure ofcatmallackEMANRONNI-drA& B aIBRlamiadhe, Regmehie terarsigactiviRsheigixdiié and 30 R8

f b -C(=0)- I ti '
sovertand e SHE D TR Souane He S el e el ke o ear L PP

includes etthiFYBI0BIEEE SRS HHRAT Wit e eFFHRYarorares Rls va e veitnetsstitine,
diglyme, etcExdayplmnhebaselx@dﬁa gusheasi dﬁemz&rde,otghmmmmmhesmmrﬂm; dyaidigenated
hydrocarbop spivents; Wi&ﬁ@@%@%ﬁ&m@]ﬁn&@m@&ﬂ%ﬁ%&ﬂ?lp?p%ﬂé‘z%?@!&,”gﬁan metal

1.2-dichloroethang, etc.; alcohol solvents such as methanol, ethanol, |so§gopyl alcohol, tert-butyl

alcohol, etc YRS RGPS HRUD KT G 2 R BHYILRE 05 PHERSH AL SMHOXIR . AR BbIar
solverf® subydesxaiee e KaIN rdétaketiyyliftensachide sod Nrdinydstie:| patetainidey drdidectts/] siiidbxide,
acetonitrile nQiey QafBbrikEs SRIYeE s IPCaBIRiE BhRAiNPRdetRs Cibam 2RdvRAlsacanhe used.
Tetrahydroféi L%nn%?g l%lodﬂrrg)%gr}agaerbgr{ eest@f(l:r?tgsego%?udm hydrogen carbonate, potassum hydrogen
carbonate, etc. Triethylamine is preferable for this reaction. The sulfonamide formation
reaction is carried out for the time between about 10 minutes and about 8 hours at the
25  temperature between 07J and 6007, preferably for about 2 hours at room temperature, to obtain

Formula X1l compound.

The preparation method of Formula X1 compound as mentioned above will be explained in
detail in the Examples.

30
Preparation Method 5

The following Formula X1V compound which is a compound of Formula | wherein L is
akylcarbonyl or carbonylalkyl, can be prepared from Formula IV compound by akylating
35  Formulawith Formula XV compound in the presence of base.

[Formula XIV]



toluene are particularly preferable as the solvent for this reaction Examples of the reducing agent
include lithium aluminum hydride, sodium borohydride, diborane, diisobutyl aluminum hydride,
borane-tetrati@a@nolitas466mplex, sodium bis(2-mettoxyethoxy)aluminum hydride (Re32A1(,00282
tetra-n-butyl ammonium borohydride, etc. Preferably, lithium aluminum hydride or 5 tetra-n-butyl
ammonium borohydride is used. The reaction starts at 00, and is further carried out at the temperature
between 00 and 1500, preferably between room temperature and 500, for the time between 10
minutes and 10 hours, preferably for about 2 hours to obtain a compound of Formula IV wherein R7
and R8 are reduced. ]@&l}ps Formula IV compounds, which are substituted by RI, R2, R3 and Rz, can
be prepared fromptb‘r’e upling reaction of commercially available arylboronic acid or vinylboronic acid
from chemieggl re enﬁ\p\o%nies such as Sigma Aldrich, Merck, etc. in the presence of metal
catalyst. The stivent is npt rticularly limited but examples thereof preferably includes ether solvents
such as die]‘:@/?(e ~tetrahiydrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc.; 15 hydrocarbon
solvents such as genzene, tbluene, hexane, xylene, etc.; halogenated hydrocarbon solvents such as
dichloromethane, chloroform, carbon tetrachloride, 1.2-dichloroethane, etc.; alcohol solvents such as
methanol, ethanol, isopropyl alcohol, tert-butyl alcohol, etc.; ester solvents such as ethyl acetate,
methyl acetgte. byl acetate, etc.; and polar solvents such as acetone, N,N-dimethyl formamide,
N,N-dimethyl acetamide, dimethyl sulfoxide, acetonitrile, 20 etc. A mixture solvent of two or more of
solvents as descriﬁgdsabove also can be used. A mixture of acetonitrile and water is particularly
preferable & olyent for this reaction Examples of the metal catalyst used in this reaction include
palladium aBetage, tetrakis(triphenylphosphine) palladium, tris(dibenzylidene acetone) dipalladium,
palladium dichloride, (1,1-bis(diphenylphophino)ferrocene) palladium dichloride,
bis(tripl’rienylphosphine) 25 palladium chloride, etc. Palladium acetate is particularly preferable for this
reaction. EX&ffifid8 Bflthe base for used in this reaction include organic bases such as triethylamine,
pyridine, 4-methylaminopyridine, 4-methylmorpholine, piperazine, N-methylpiperazine, etc.; alkali
metal hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide, calcium
hydroxide, etc.; alkali metal hydrides such as sodium hydride, potassium hydride, etc.; 30 alkali metal
carbonates such as sodium carbonate, potassium carbonate, cesium carbonate, etc.; alkali metal
hydrogen carbonates such as sodium hydrogen carbonate, potassium hydrogen carbonate, etc.; and
potassium phosphate. Potassium carbonate and potassium phosphate are preferable for this reaction.
The reaction can be further carried out at the temperature between room temperature and 1800,
preferably between room temperature and 1000, for the time 35between 1 hour and 24 hours,
preferably for about 18 hours to obtain another compound within Formula IV wherein the substituent
as mentioned above is introduced in RIl, R2, R3, R.



halogenating agent, preferably oxalyl chloride or thionyl chloride thereto or by the peptide bond
formation of the Formula IV compound with Formula 11l compound using peptide coupling reagents
such as HAAicHBT WmBQiheryBOP, EDC hydrochloric acid salt, TBTU, HOBt, E#ORBIN28DI, etc. in a
solvent such as N,N-dimethyl acetamide, dichloromethane, 5 tetrahydrofuran. In the reaction with the
reaction prda[f?fﬁ@fﬂ%d from Formula 11l compouﬁjd by adding general halogenating agent thereto,
organic base can be selected according to Formula Ill compound and in this case, the reaction is
carried out undermasig, condition by using triethylamine preferably. The solvent is not particularly
limited but examples there$ preferably includes ether solvents such as diethyl ether, tetrahydrofuran,
dioxane, 1,2- 10 dimeth xpé‘thane, diglyme, etc.; hydrocarbon solvents such as benzene, toluene,
hexane, xylﬁgréfz 5 nated hydrocarbon solvents such as dichloromethane, chloroform, carbon
tetrachloride, l.Zﬁjchloroetﬁane, etc.; alcohol solvents such as methanol, ethanol, isopropyl alcohol,
tert-butyl alcohol, etc.; ester solvents such as ethyl acetate, methyl acetate, butyl acetate, etc.; and
polar solvents such as acetone, N,N-dimethyl formamide, N,N-dimethyl acetamide, 15 dimethyl
sulfoxice, atetEHikHiEe B{COAMiRAYE sbhvEnt’tf frofbr Frohe: dtss Bvdhitfadied @b & a8B%E%also can
be used. Dicleleronae Huamel anadyd-dirgethste e tanideyaip padicalay yhapogéar ahtecashtbiersglvent for
this reactiop Examelep Rf thePascmechindia R cHaNNAE Befy hanes rrn s dishylamine.

pyridine, 4-meth laminopyridine, 4- methylmorpholine, piperazine, N-methylpiperazine, etc.; alkali
metal hydrd00R1 89 SXARGHH VST RYalrdhgeRRtLEeRuth WB%%,%&&%E] WHPSHEIET Kicium
hydroxide, stbgitieali @\efal hgidadds sushibagiged iom supdiiidtedp OaSsiwkarydnieylestiytedkali metal
carboqgtes%gﬂlﬁgdso@y@p %ﬂ@&]ﬂé@; p&]ﬁm&araoﬂéﬁstiﬁifed a@?@!kaéi@ﬁiﬁ! h}i%b‘éﬁ,n o
carbonates su%cig astgadlumq%/gﬁrgé?en ca}rbonat_e potassium hgdrogen carbonate _etc.RT,rlethyIamlne is
preferable f'é'?, R PR 5 A A S LR L Y bg [i2 BNHE SRR BEgP Hl?e?fmé F&ween 10
25 minutes BntPasneowit) peafeoaBIONidp st they @e sttachesenant pena gaedpaiaseup Graher600,
preferably atigepriemEeisfuse RT Rad egaigawitinutnasiocasaitionsceanie dreuitiondmiyme
between 1 [ efer out 18 hours. The reaction starts at On and is further
O S R A M B

carried out at etween room temperature and 600, preferably at room temperature. 30
The pﬂéparation method of Formula Il compound as mentioned above will be explained in detail in the
Examples. Prejeaiidion dtedh® o 2xpkihéuei -derai Like! bweompound also can be prepared by a method
comprising the steps of: halogenating Formula VIl compound to obtain Formula X compound and then
reacting the obtained Formula X C(c)}rg&fund with Formula IX compound to gbtain Formula VIII

compound, STERMAG YUEAMHR N & g RIPHAI Y R BB Th Y8 B9 mTRE @mpound to
obtain ForntiekarNokd ebavpoemit they olitaimga rorohtaihe dofiopownc ¢ah| psipectad to abtky Rormula [V

compoynd; Radi GRIHRGAVERSR I FRERING: KRBSTRN Rbikel 2 RIRsHIcaRNWAAYi SpraRpsms) with

Formula Il Er?or\v\zgoslf/ﬂ%etic methods or purchased from Sigma Aldrich, Merck, etc. to prepare Formula

X1V compound.

The solvent is not particularly limited but example thereof preferably includes ether solvents

25 such as diethyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc,;
hydrocarbon solvents such as benzene, toluene, hexane, xylene, etc.; halogenated hydrocarbon
solvents such as dichloromethane, chloroform, carbon tetrachloride, 1.2-dichloroethane, etc.;
alcohol solvents such as methanol, ethanol, isopropyl alcohol, tert-butyl acohol, etc.; ester
solvents such as ethyl acetate, methyl acetate, butyl acetate, etc.; and polar solvents such as

30 acetone, acetonitrile, N,N-dimethyl formamide, N,N-dimethyl acetamide, dimethyl sulfoxide,
etc. A mixture solvent of two or more of solvents as described above also can be used.
Dichloromethane and tetrahydrofuran are particularly preferable as the solvent for this reaction.
Examples of the base used in this reaction include organic bases such as triethylamine, pyridine,
4-methylaminopyridine,

35
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4-methylmorpholine, piperazine, N-methylpiperazine, etc.; alkali metal hydroxides such as
lithium hydroxide, sodium hydroxide, potassum hydroxide, calcium hydroxide, etc.; akali
metal hydrides such as sodium hydride, potassium hydride, etc.; akali metal carbonates such as
sodium carbonate, potassium carbonate, cesium carbonate, etc.; and akali meta hydrogen
5 carbonates such as sodium hydrogen carbonate, potassium hydrogen carbonate, etc.
Triethylamine is preferable for this reaction. The alkylation reaction is carried out for the time
between about 10 minutes and about 8 hours at the temperature between 00 and 6007,

preferably for about 2 hours at room temperature, to obtain Formula X1V compound.

10  The preparation method of Formula X1V compound as mentioned above will be explained in
detail in the Examples.

Formula | compound of the invention as explained above has a strong inhibitory activity on
human urate anion transporter 1 (hURAT1). The pharmaceutical composition containing the

15  Formula | compound or racemate, stereochemical isomer or pharmaceutically acceptable salt
thereof as an active ingredient may be prepared using a suspension in combination with
pharmaceutically acceptable carrier, excipient, receptor, binder, stabilizer, and other additives
generally used in formulation.

20  Also, when the pharmaceutical composition of the invention is prepared in an injection form, a
pharmaceutically acceptable buffer, dissolution aid, and/or isotoner can be mixed with the
Formula | compound of the invention or racemate, stereochemical isomer or pharmaceutically
acceptable salt thereof.

25  The pharmaceutical composition of the invention has a strong activity on inhibiting human urate
anion transporter 1 (hURAT1) and thus is useful for the treatment or prophylaxis of
hyperuricemia; gout disease such as acute gouty arthritis, chronic gouty arthritis, tophus or gout
nephrosis; nephritis; chronic rena failure; nephrolithiasis; uremia; urolithiasis, disease
associated with uric acid such as hyperlipidemia, ischemic heart disease, myocardia infarction,

30 cerebra infarction, cerebrovascular disease, diabetes or hypertension; and the like.

The pharmaceutical composition of the invention can be prepared in forms of pharmaceutical
formulation suitable for oral or parenteral administration. The pharmaceutical formulation can
be administered oraly in form of powder, granule, tablet, pill, capsule, sylup or suspension, or

35 parenteral administration by means of injection such as intravaneous or intramuscular injection
by using solution, emulsion or suspension thereof.

Adminstration time and dosage may be suitably determined, depending on individua cases in
consideration of the symptom, age, sex, body weight, and dosage form. For adults, the
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pharmaceutical composition of the present invention may be administered in amount of
0.1~2,000mg, preferably 1~200mg per day, in a single dose or multiple doses, but not limited
thereto.

5 [Advantageous effect]
The novel heterocycle derivative compounds of the invention has a strong inhibition activity to
human urate anion transporter 1 (hURAT1), no drug-drug interaction to cytochrome P450
(CYP450) and a selectivity between organic anion transporters, and can be administered with
lower dosage and fewer administration time since they have higher solubility and metabolic

10  stahility so asto show advantageous pharmacokinetics, as compared with conventional inhibitor
of hURAT1 activity. As a result of pharmacokinetic anadysis and comparison with a
cononventiona drug of benzbromarone and a compound disclosed in WO2006/057460 by using
animal model such as mouse, rat and monkey, the heterocycle derivative compounds of the
invention showed superior effects. In addition, in experiments of urinary drug excretion, the

15  heterocycle derivative compounds of the invention showed superior results, by which it was
confirmed that the drug delivery to kidney is easy.

Therefore, the novel heterocycle derivative compound of the invention and a pharmaceutical
composition containing the Formula | can show superior effects to conventional drugs in the
20  treatment or prophylaxis of hyperuricemia, acute gouty arthritis, chronic gouty arthritis, tophus,
gout nephrosis, nephritis, chronic rena failure, nephrolithiasis, uremia, urolithiass and
complications reported to be accompanied with uric acid increase in blood such as
hyperlipidemia, ischemic heart disease, myocardial infarction, arteriosclerosis, cerebra
infarction, cerebrovascular disease, diabetes, hypertension or the like.
25
[Embodimentsfor carrying out the invention]
The following will explain the preparation methods of Formula | of the invention in further
detail with reference to following examples and experiments. However, the invention is not
limited to the invention of the compounds described in following examples. Also, preparation
30 methods of intermediates are shown as Intermediate Synthesis Examples.

The names of the compounds described in the following examples are in accordance with the
nomenclature method (AutoNom version 2.1) using the structures provided by CS ChemDraw
Ultra software of CambridgeSoft.

35
Example 1)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[2,3-b][1.4]oxazin-1-yI)-
methanone (compound 1)




[Formula V1] R2s Xi? r93)(21c OH 144 In Formulae Il to X above, Xi, X2, X3, R1, R2, R3,R5, Rs, R7,
R2 and Y are the same as defined as mentioned Formula | above; R12 is a non-hydrogen substituent,
preferably ®rCa0atkidsn36re preferably methyl or eBdyl; and R13 represents a leavingoggol(poqaederably
halogen. Preparation Method 2 is explained in detail below. Compounds of Formulae VIl and 1X used
as starting materials are commercially available from chemical reagent companies such as Sigma
Aldrich, Merck, etc. The reaction of halogenating Formula VII compound to obtain Formula X
compound ig &gkfiRE sBIONLAGRASHRENLS-khown synthetic methods in the presence of suitable solvent,
and halogenati t. The solvent i rti |ted giut les there é ly includes
ether solveJ:I §§8H%?£aﬁfeth Pgtﬂé)ly V@Wa%?)po&&%% S?%ﬁdﬁh%@@@tﬂa &HTb e, etc.;
hydrocarbothebledsiets mémdéadem@neaqma@a@qne@@ﬁ@gxw@w@v%icl ihaleazioatatXty@ra@arbon
iy nalitplluiivoigetoolbiosiraitaningicemyptiopiieiv
alcohol_solvents suc methangl, ethanol, isopropyl alc tert etc.. ester solvents
such as ethsq acertz\ﬂgs e{ﬁgllogcceata 8% acggaté£ ggtc q%n%dpo?d IU%%/U i§ g%c nz\;’tvshgceelo(rj?e
N,N-dimeth %ﬂ%%ﬁﬂ'@ww&ﬂﬁiethyl acetamide, dimethyl sulfoxide, acetonitrile, etc. A mixture
solvent of two or more of solvents as described above also can be used. Acetonitrile is particularly
preferable ag, Wﬁ%@f@@ﬁoﬁé&\m %tlog 7§>éapﬁtgjre% tg% @5 #@Igggnﬂ ing agent used in this reaction
include general ha nat|r1 agen s such as phosphorus oxychloride, pHosphorus oxybromide,
phosphoru hosphorus pentabromide, etc. Phosphorus oxychloride is preferable for
this redction. The react|on can be carried out for the time between about 2 hours and about 6 hours

under heatipgcanaiiion ahtheismnPsmtvreRaimessg00 and 1000, but not limited thereto.
In a20ml flask equipped with areflux apparatus, 3-amino-pyridin-2-ol (300mg, 2.72mmol) was

dissolved in acetonitrile (27ml). To the reaction solution was added chloroacetyl chloride
(0.24ml, 3.0mmol) dropwise at room temperature, followed by Potassium carbonate (940mg,
15  6.80mmol). The mixture was heated at 10007 for 15 hours. After completion of the reaction,
acetonitrile was evaporated under the reduced pressure. To the residue was added water and
then the mixture was extracted with ethyl acetate. The combined organic layer was dried over
anhydrous sodium sulfate (Na,SO,), filtered and evaporated under reduced pressure to obtain
white solid (113mg, 28%).
20
'H-NMR(CD0D, 300MHz); & = 7.79 (dd, J=5.0Hz, 1.5Hz, 1H), 7.29 (dd, J=7.6Hz, 1.9Hz, 1H),
7.03 (dd, J=7.6Hz, 5.0Hz, 1H), 4.82(s, 2H).
MS(ESI); 151.1(M*+1).

25 ) Synthesisof 2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
1H-pyrido[2,3-b][1,4]oxazin-2-one (113mg, 0.75mmol) was dissolved in tetrahydrofuran
(3.5ml) and then cooled to 0CJ. 1.0M Lithium aluminum hydride dissolved in tetrahydrofuran

(1.5ml, 1.5mmol) was added thereto dropwise. After stirring for 2 hours at room temperature,
0.1ml of water, 0.2ml of 10% agueous solution of sodium hydroxide, and 0.3ml of water were

30 added in this order under stirring. After filtering precipitates, the filtrate was extracted with
ethyl acetate. The combined organic layer was dried over anhydrous sodium sulfate (Na,SO,),
filtered and evaporated under reduced pressure to obtain colorless liquid (90mg, 88%).

'H-NMR(DMS0-ds, 300MHz); & = 7.35 (dd, J=5.0Hz, 1.9Hz, 1H), 6.86 (dd, J=7.6Hz, 1.5Hz,
35  1H), 6.72(dd, J=7.6Hz, 4.6Hz, 1H), 6.00 (s,1H), 4.23 (M, 2H), 3.25 (M, 2H).
MS(ESI); 136.9(M*+1).

d) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 2,3-b][1,4] oxazin-1-yl)-
methanone




20 In the next step, the Formula X compound is carried out a substitution reaction with Formula IX
compound according to known synthetic methods in the presence of suitable solvent and base. The
solvent is nat @apboglksdssimited but examples therg®f preferably includes ether solvenZ0sn00282
diethyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc.; 25 hydrocarbon solvents
such as benzene, toluene, hexane, xylene, etc.; halogenated hydrocarbon solvents such as
dichloromethane, chloroform, carbon tetrachloride, 1.2-dichloroethane, etc.; alcohol solvents such as

methanol, ejlafglolsoRr bs'?;PQé]‘%u&e%wtvéﬁ@oh@bﬁﬁﬁaolﬁ}%@@&@m%&%h RAEiHERgetate,

methyl acetate, butyl ace gpolar solvents SLfCh as acetone, acetonitri e N, N- Imethyl

formamide Wﬁ“&ﬂ%&ﬁw 8‘8% A &hT sulfoXiie! caipate R pdplir &L WMS 6f more of
solvents asthiastoridyecstaieslet aﬂéof@aifﬁbems@d Petdihydirofbl-anratetl didthlHékernardipahticularly

preferable as ﬁhmahe%hf&remﬁd@@@ﬁﬁm Examples @bihe hasadisad it thissreastion imaluele organic
bases guch A3 trlg %( Pleglne 4 meth I&@ no;jfgn%{{\ﬁe %rtr\l,ylm (Pe!aoméeth%' erazme

N- methylplperazme etc mea s SUCh as Tithium ydrOX| e, sodium OXIde

potassium HW@%W&@%WEHJ@F‘MQW@]P@%@?%&'@‘?P ﬁlﬁdﬁ%ﬁﬁ@@ﬂh%ﬂ@@@dﬂaﬂ‘% @@ﬂi{‘j?ﬁ ‘I’Wﬂ’rlde
potassium lyeriaeyeitous atidilinmalate bBTIeH el a8 onghoratedaren addudec faesive carkonate,
cesium carbanigte. pI€- paRfea'kR) BRIRhNYIPREBrHIRP RIS BH Y A g%i’ﬁ”&%&qeﬁf cprbonate,

potassium hydrogen carbonate etc. Sadium hydride Is preferable for this reaction. The substitution
reaction is CEKABGUN RS the ﬂ_eﬁ\fé@tl%ﬁﬁf‘tf' W@Qﬁ%ﬂ%ﬁhW@ﬁBﬂ@EﬁjWﬁ%ture,
preferably foobliawutaletyeliowispbdii28am@atature, to obtain Formula VIII compound substituted with
Formula IX compound. In a different manner, the Formula VIII compound can be prepared by caning
out a gener. II wn u.con ens tign re Hbetwe n Formula VIl_c nd and
Formula 1X SIS EHoCTMGofg RO K CohsbOeReo AT Lote Eaibh et
triphenylph@sh iz &bl Hiedha. £trcairh ok glater (B A8 /dan Bd) used conventionally but not limited
thereto. Reaggatsymadibed from them also can be used. The solvent is not particularly limited but
example thereof preferably includes ether solvents such as diethyl ether, 10 tetrahydrofuran, dioxane,
1,2-dimethoxyethane, diglyme, etc.; hydrocarbon solvents such as benzene, toluene, hexane, xylene,
etc.; halogeﬁ&wﬁﬁrocarbon solvents such as dichloromethane, chloroform, carbon tetrachloride,
1.2-dichloragthidiesi s e (3Batibodraolaenishexgipleshpheth arbhyetioanoldisarB-ojiyl 4 wehiol; 48ti-buty|
alcohol, etcm&ﬁ%ﬂoﬁgl&%mﬁoﬂﬁﬁhﬁs ethyl acetate, methyl acetate, butyl acetate, etc.; and polar
solvents such as acetone, acetonitrile, N,N- 15 dimethyl formamide, N,N-dimethyl acetamlde dimethyl
sulfoxide, etc. A mixture solvent of two or more of solvents as described above also can be used.
Tetragdrof@)rayntined siié theinathgy adandasticularly preferable as the solvent for this reaction. The

condensatign zaaetien ﬂﬁa@@mﬁ@@\swmeorlm Qe ueRmAPPWES fuRrand ARAkICL3daaws at 00 or
room temperacljntlheﬁ Bre %? for out6 h Jrs at [0 £ m t& %Inth next ﬁteg for the
o TR T8 o, DT

Formula Vlﬁncompoun ed Qe ng PE°tRE on reaction’is carrled out
according tEtkFeeViar S REvESiENEREtAYRIeae ARk AEE @gutﬁme@t@r\eenfr heitfesdibgy eadgBing agent

and acid. ThesRiverk i feaddas delilasydl nrias) dpot fanonpke iareaipseiesablybaniudes sthar solvents
such a3 dieEQMbeHi]Sﬁuf&H/%@YQE?furan’

'H-NMR(DMSO-dg, 300MHz); & = 7.34 (dd, J=6.5Hz, 1.5Hz, 1H), 7.13 (d, J=1.5Hz, 1H), 5.99
(d, J=6.5Hz, 1H), 4.53 (s, 2H), 3.90-2.90 (br s,1H).
MS(ES!); 111.1(M*+1).
30
b) Synthesis of 4H-pyrido[4,3-b][1,4] oxazin-3-one
In a 500ml flask equipped with a reflux apparatus, 3-amino-pyridin-4-ol (7.89, 71mmol) was

dissolved in N,N-dimethyl formamide (350ml). To the reaction solution was added
chloroacetyl chloride (6.2ml, 78mmol) dropwise at room temperature and then stirred at room
35  temperature for 30 minutes. Potassium carbonate (24g, 177mmol) was added thereto and the
mixture was heated at 10000 for 40 hours. After completion of the reaction, water was added
thereto. The mixture was extracted with ethyl acetate. The combined organic layer was dried
over anhydrous sodium sulfate (Na,SOy,), filtered and evaporated under reduced pressure. The
residue was purified by recrystallizing from solvents of ethyl acetate and n-hexane to obtain



25 dioxane, 1,2-dimethoxyethane, diglyme, etc.; hydrocarbon solvents such as benzene, toluene,
hexane, xylene, etc.; halogenated hydrocarbon solvents such as dichloromethane, chloroform, carbon
tetrachloridgy @ 20atidanesthane, etc.; alcohol solvedits such as methanol, ethanol, iseaieydGagdhol,
tert-butyl alcohol, etc.; ester solvents such as ethyl acetate, methyl acetate, butyl acetate, etc.; and
polar solvents such as acetone, acetonitrile, N,N-dimethyl formamide, 30 N,N-dimethyl acetamide,
dimethyl sulfoxide, etc. A mixture solvent of two or more of solvents as described above also can be
used. Acidig,seU4iAR @ &pBrEeYtrated hydrochloric acid, acetic acid or other acids, aqueous ammonium
solution, methanol and toluene are particularly preferable as the solvent for this reaction Examples of
the reducmg agent include general reduction catalysts such as tin tetrachloride, iron, zinc, palladium
on active catbdiMBEOB\Ge) 3peMdtilim ari@Blve dath&PEIDM W0 XHhaltRfiuth PydRbiddEbn active
carbon (10\&/71%9 jﬂ;mey nickel, etc. Tin tetrachloride is particularly preferable for this reaction. The
cycllzagon ﬁggé;g&lfss Maq ut for the time between about 1 hour and about 6 hours under heating
condition o perat re between 800 and 1000, preferably for about 1 hour under heating
condition of 800, to obtain the cyclized Formula IV compound. From the obtained Formula IV
compound, ArsytilessaunPauite svilBiA-pyai toidcs b [cadreziprepared by caning our a proper reaction, for
example, 2 JAdyrIRRAEREoNaIY DLARc s AR AO] (L5180 R0ER! 8 GRAF AR PRSI uCILTe

wherein R7 and R8 ?Qd erwith a carbon atom 5 to which they are attached, form

carbonyl(-C<bls REnt is MW&FBWWHH%H‘WBM@%%F&%‘flﬁf]é?é%ﬂﬁ‘lﬁﬁ@fudes ether
solverits submanciliethy baterbtheretoedipngsarantiosarieg lop2dinvetbsymthempe digyree .

hydrocarbom,aﬁiglvgg;ﬁ %Jf'%%%&%@é@Qéfut‘i%WW&dlﬁﬁ%?&ro%%@%ﬁ%mh@f%é}%@e%é@%rbo”
solvents su&fl| chlorom thane, Ixhloreggrm carbon tra Ior e, 1.2- dICh|OI’O thane ?M(f alcohol

solvents sutha¥ eml &tH%ho fi% g.tg%ﬁf%% ?BU %%’Sﬁo?,‘té?%t %“Eé'? sée ents such

as ethyl acéestatemethql carehiaes! b@ladé!alteNéﬁcd”%dﬂmiléﬂ@(ﬂ%ﬁtm adfaeetdiaeS@aetonitrile,

N,N-dimethii| ttosmantidesdoiteimeidry| aeriamigesdimethyhsuldaxide weis. phrmbdusg selvamt of two or

more %SO'}éﬁJ&ﬁa‘?‘é ﬁa‘%r%e%ﬁ%"’g‘% 358%@@3@485 %’i agyvarof %raraq%@m? °t d'methy'
xamp

ether and toluene a rticularly pre era e solvent or this reaction. Exa e 15
reducing ag“éﬁfafﬁmgéf@lﬁlrm Wﬂ%ﬂ'ﬁmﬁﬁ%ﬁﬁﬁm@wm@sﬂﬁ%@@%@d@utyl aluminum

hydride, borane- tetrahydrofuran complex, sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al),

tetra-n-butyl, ARKRRAHAA OJ&WQ%’F% £t6 refefably. ddhim-alymyniy Rygride gLieia-mbjty!

ammonium borohydride is used, The reaction starts at 00, and is furthér carried out at the emperature
between 00" ald 58 ﬁé@%@f Betthedt 748 oo temperature and 500, for the time between 10
minuted anMBESHuASEEGIErAbly for about 2 hours to obtain a compound of formula IV wherein R7
and R8 are reduced. If needed, Formula IV compounds, which are substituted by RI, R2, R3 and R4,

can be prepgre o e coupligg Leartion gl QIDRTHAI AYGIARIe AYIDQIPNIG AKichoy yjnviboronic

methanone
To a 10ml flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (100mg, 0.73mmol) and 3,5-
25  dibromo-4-methoxy-benzoyl chloride (240mg, 0.73mmol) were dissolved in dichloromethane.
Triethylamine (0.51ml, 3.7mmol) was added thereto and then stirred at room temperature for 5
hours. After neutralizing with 1IN hydrochloric acid solution, the mixture was extracted with
dichloromethane and the combined organic layer was dried over anhydrous sodium sulfate
(N&SO,), filtered and evaporated under reduced pressure.  The residue was purified by column
30 chromatography on silica eluting with a solvent of dichloromethane:methanol=20:1. The
fractions containing the product were collected and evaporated to obtain the target compound 2
as white solid (190mg, 61%).



25 chemical reagent companies such as Sigma Aldrich, Merck, etc. in the presence of metal catalyst.
The solvent is not particularly limited but example thereof preferably includes ether solvents such as
diethyl etheArtétraBydroéacmmerdioxane, 1,2-dimethoxyethane, diglyme, etc.; hydeeztabooe8plvents such
as benzene, toluene, hexane, xylene, etc.; halogenated hydrocarbon solvents such as
dlchloromeﬂéﬂ?a@ﬂﬂroform carbon tetrachlorldé 1.2-dichloroethane, etc.; 30 alcohol solvents such
as methanol, ethanol, isopropyl alcohol, tert-butyl alcohol, etc.; ester solvents such as ethyl acetate,

methyl acet@tw%eeﬁtaésor@mz aS‘d RO ¢ §°!tV?"t§ G ISPAGIONR) a?%@i&”ﬂﬁ ), N Bz gnethyl

formamide, h tam eth etc. A mixture solvent of two or more of
solvents asj;égﬁfbrg%b I&SE ggé i of acetonitrile and water is particularly
preferable dé&f@@oﬂ?@r&(%r’tﬁls reactlon 35 Examples of the metal catalyst used in this reaction
include palladium acetate, tetrakis(triphenylphosphine) palladium, tris(dibenzylidene acetone)
dipalladium allagl dichloride, (1,1-bis(diphenylphophino)ferrocene) palladium dichloride,
bls(trlpheny[tigt@rosppﬁﬁe) paIIadlum chlorlde etc. PaIIadlum acetate is partlcularly preferable for this
reaction. Ex2uibesis o9ftH 3 Sraldy orear QXiolae 2 Reib 2\ ; sthylimine,
pyridine, 4- maﬂmﬂaﬁehqmwmm,clhmykrmbbmhﬂe) plperazme N- methylplperazme etc.; alkali
metal fyydroxides such as lithium hydroxide, sodium hydroxide, potassmm hydroxide, caIC|um
hydroxide, etc.; alkali metal hydrides such as sodium hydride, potassium hydride, etc.; alkali metal

carbonates KUERUE {5 k3 eAIBHRRS -HEiaRsiteRdy Vs R Aok oM bl Rtz sl 5 metal
hydrogen carsbaraiess(SLhg 9 .32aunh) lojtkoge mcheberate epbreassiissoived iogkchtach@tise, etc.; and

gﬁtasswrp Bﬁ@%gét?oé?ﬁlia%@m;afl?ﬁi'aé%xﬁtﬂdnm{ﬁl?ﬂé’rH&'&R;%HhﬁJed?cﬁﬁo%ﬁT&[%Qée J@@thllz cr)eEactlon
e reaction can he further carried ou e tempera tween room ature

preferably betlES r‘%?naflélﬁﬁ? (it%t‘&ea%%t“ %(5%“ r? 6§ Etfué?t 1 h6uf %?158%45 %% ' preferably
for abdbit 180t %mh&&mmﬁéﬂedmmmmwmmﬁoxwm@@w frRmsUBSRRIR as
mentioned ghaNeiie ingadisapdundradvhi Bl (Bt met)step, Formula Il compound is obtained by
the condensation reaction of the Formula IV compound with the intermediate formed from Formula Il
compound using general halogenating agent, preferably oxalyl chloride or thionyl chloride thereto or by
the peptide BoNN ROMARskoPBVHE Fom@Aa (¢ tdmpdarie Mh?@#ﬁ'@)aﬂﬁ‘%éﬁn@i&tﬁ@%sﬂtg peptide
coupling reagents.sHeh asHATRH)HBBRYMBEZD., PyBOP, EDC hydrochloric acid salt, TBTU, HOBt,
DEPBY, C%%E“SI jnAs8 Mentl)such as N,N-dimethyl acetamide, dichloromethane, tetrahydrofuran. In
the reaction with the reaction product formed from Formula Il compound by adding general
halogenatirg SRR VRPN Bkl QREN 23R BiPtelcciéd addotditd v %D Formula 11l compound and
in this case, the reaction is carried out under basic condition by using triethylamine preferably. The
solvent is ngt gagieularly limited but example thereof preferably includes ether solvents such as diethyl
Etahnezret]eetra yd { l,Ja%f E% 48 1 g dhmrto eaI . ,“'..'v 19 ob {bn sI [1 s;tg&:ie
chloroform, BEaNeONS {Cast .zm,m Y -‘-n , 1. 2 dlchloroethane, etc.; alcohol solvents such as methanol,
ethanol, isopropyl alcohol, tert-butyl alcohol etc.; ester solvents such as ethyl acetate, methyl acetate,

butyl t nijt I id
NN-dmetnil ae‘ita%%éoﬂﬁﬁ%gt@tj A U R e s
described (S%béﬂ%cc%t%@'td @90@&%&%@@@@@%8 N‘ﬁ@@mﬁ’e?ﬁywa%é@g?ﬁﬂe%@mbularly 30
preferable asthegalvesnt pir tiTis by asingnsaxatnopdelsitod t fog btmmswmgeﬂmsammEramdmle organic

basesglchag eiylaming: Rdigine. ﬁé%%t?é&t"&@&élﬁqﬁ]@r %%‘@FM%\R&F’ IRoURIBSIARINe.

N-methylpiperazine, etc.; aka| metal gédromdes suc ium hydroxide, so Ium??i)/dl‘OXI e,

potassium Wﬁ?@(@@?%ﬂ: PHERSH ADL R R R Age SRS O B8y chgs" SR TR0 e potassium
hydride, etoecyitsiizedtflopadichatesatirtie asdsodiexnane debeinaitehsoiigsiempound 4 as white

solid (20mg, 53%).

= ¢

35  H-NMR(DMSO-ds, 300MHz); & = 10.63 (br s,1H), 8.4 (br s, 1H), 8.74 (d, J=5.1Hz, 1H), 7.74
(s, 2H), 6.95 (d, J=5.7Hz, 1H), 4.37-4.40 (m, 2H), 3.90-3.92 (m, 2H).
MS(ESI): 412.8(M*+1).
Elementary Analysis: C14H10Br2N203  C, 40.83; H, 2.46; N, 6.52

40



35 carbonate, cesium carbonate, etc.; and alkali metal hydrogen carbonates such as sodium hydrogen
carbonate, potassium hydrogen carbonate, etc. Triethylamine is preferable for this reaction The
reaction untie® e esidition is carried out for thesBme between 10 minutes and 10 B@018-qozgerably
for about 2 hours, at the temperature between On and 60E, preferably at room temperature. The
reaction without basic condition is carried out for the time between 1 hour and 24 hours, preferably for
about 18 hours. The reaction starts at On and is further conducted at the temperature between room
temperatur%%]q‘ﬁgﬁ preferably at room temperature 5The preparation method of Formula Il

b

compound as mentione i aﬁlon Method
3 10 The fHNRRFErimte ol YO HkEL AL -t Y P Y HE R e E(=S)-, can
be preparednfmanpis ApoUtithound by reacting W|th Lawesson's reagent. [Formula XI] 15

[Formula 1] R2-R5 Rs
5 a) Synthesis of 2,2-dimethyl-N-pyridin-4-yl-propionamide

4-pyridylamiine (2g, 21.3mmol) was dissolved in dichloromethane (20ml), and pyvaloyl
chloride (3.1ml, 25.6mmol) and triethylamine (8.9mg, 63.9mmol) were added thereto in this
order at room temperature dropwise. The reaction solution was stirred at room temperature for
15 hours and the reaction was quenched by adding water. The organic layer was extracted
10  with ethyl acetate, and then the combined organic layer was washed with saturated saline
solution (50ml), dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated under
reduced pressure. The residue was purified by column chromatography on silica eluting with a
solvent of dichloromethane: methanol=20:1. The fractions containing the product were
collected and evaporated to obtain the target compound as white solid (3.6g, 95%).
15
'H-NMR(CDCls, 300MHz); & = 8.47 (d, J=6.1Hz, 2H), 7.79 (br s, 1H), 7.52 (d, J=6.0Hz, 2H),
1.32 (s, 9H).

b) Synthesis of N-(3-hydroxy-4-pyridinyl)-2,2-dimethyl -propionamide

20  2,2-dimethyl-N-pyridin-4-yl-propionamide (1.6g, 8.977mol) was dissolved in anhydrous
tetrahydrofuran (20ml) under nitrogen atmosphere and then cooled to -78(71, and then 2.5M
solution of n-butyl lithium (n-BuLi) in n-hexane (9ml, 22.443mmol) was added thereto
dropwise and then stirred at 0CJ for 2.5 hours until yellow crystals were formed. After cooling
the reaction mixture to -780], trimethylboron (2.5ml, 22.443mmol) was added thereto dropwise

25  for 10 minutes, and the temperature was raised slowly up to 0J. After stirring for 2 hours,
acetic acid (1.9ml) and 30%w/w aqueous solution of hydrogen peroxide were added dropwise to
the reaction solution at 0(], and then after stirring for 30 minutes, water (1ml) was added thereto
dropwise and then stirred at room temperature for 18 hours. Water was added and the mixture
was evaporated under reduced pressure, and the residue was extracted by using water and 10%

30 isopropanol/chloroform. The combined organic layer was treated with active carbon and the
filtrate was washed with saturated saline solution, dried over anhydrous sodium sulfate
(N&;SO,), filtered and evaporated under reduced pressure.  The residue was purified by column
chromatography on silica eluting with a solvent of dichloromethane:methanol=20:1. The
fractions containing the product were collected and evaporated to obtain white solid (1.16g,

3B 67%).

'H-NMR(CDCl3, 300MHz); & = 8.83 (s, 1H), 8.39 (d, J=6.0Hz, 1H), 7.83 (s, 1H), 7.80 (d,
J=6.0Hz, 1H), 5.30 (br s, 1H), 1.35 (S, 9H).



X R3R7 "3'-'R8 R4 In Formulae Il and XI above, X1, X2, X3, R1, R2, R3, R4, R5, Rs, R7, R8 and
Y are the same as 20defined as mentioned Formula | above. Preparation Method 3 is explained in
detail belowA@iormpoantadrre@raula 1l used as starting material can be prepare®29itveaz8me method
as 25 described above, and the obtained Formula Il compound can be reacted in a solvent with
commerciallii'/_ré(}%ﬂté?ﬂb Lawesson' s reagent from3§igma Aldrich, Merck, etc. to prepare Formula XI
compound. The solvent is not particularly limited but example thereof preferably includes ether

solvents 30gusihinestietvbeines-iRtiatsrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc.;
hydrocarbon solvents such as benzene, toluene, hexane, xylene, etc.: halogenated hydrocarbon
cohvents suh ad GENIolHRRRANE. oEHE BT LA M AR Y R a0 alconol
solvents subl9zisnmethaee| Sesprided, Rooropyiseleddidioneie-Bhtynlinshisr etectce seitionlveRits such as
ethyl acetatgsunaitnduacetaten hubilacatateoeteer a0ddpalar spvenisauaix @t acataNgAeasonitrile,
N,N-dimethyl formamide, N.N-dimethyl acetamide, dimethyl.sulfoxide 5 etc, A mixture solvent of two
or more of éro]é/gn gr %{IszﬁjegI r ealan gﬁ%es%cfiugq ca gﬁ%‘t%e#%@ﬂa%? \fv(')?le]’raaﬂdaﬁ/da?gf#gﬁeuﬁ%e?particuIarIy

preferable 48H58%sBIeeHtFor TR RSk fovyaprésrelyeddn idehrnddaptttiat Bligieple, BreMe Hifie between
1 hour and RByplwoucs atrtieef lierpavadiseetedamd Tddacsl oS rprefetadily soidabougal8 theurs at

abOUtf@OOr&lﬂh%iﬁ%gﬂ‘Mb&?m Bf?ula\ﬁ'tq'solution, filtered and evaporated under reduced pressure
to obtain white solid (660mg, quantitative yield).
'H-NMR(CD;0D, 300MHz); & = 7.42 (d, J=6.1Hz, 1H), 7.24 (s, 1H), 6.67 (d, J=6.1Hz, 1H).

d) Synthesis of 1H-pyrido[3,4-b][1,4]-0xazin-2-one
15  4-amino-3-pyridinol  (650mg, 5.904mmol) was dissolved in anhydrous N,N-dimethyl

formamide (15ml) under nitrogen atmosphere, and chloroacetyl chloride (0.52ml, 6.494mmol)
solution was added thereto dropwise at room temperature and then stirred for 30 minutes.
Then, potassum carbonate (2.0g, 14.760mmol) was added thereto dropwise a room
temperature, and the reaction mixture was heated at 10000 for 18 hours. The reaction mixture
20  was cooled to room temperature and water was added to quench the reaction. The organic
layer was extracted with ethyl acetate and the combined organic layer was washed with water
and saturated saline solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and
evaporated under reduced pressure to obtain white solid. The obtained white solid was
recrystallized from ethyl acetate and n-hexane to obtain white solid (520mg, 59%).
25
'H-NMR(DMSO-dg, 300MHz); & = 11.05 (br s, 1H), 8.16 (s, 1H), 8.07 (d, J=5.8Hz, 1H), 6.87
(d, J=5.8Hz, 1H), 4.68 (s, 2H).
MS(ESI); 150.9(M*+1).

30  ¢€) Synthesis of 2,3-dihydro-1H-pyrido[3,4-b][1,4]-oxazine
1H-pyrido[3,4-b][1,4]-0xazin-2-one (510mg, 3.397mmol) was dissolved in anhydrous

tetrahydrofuran (20ml) under nitrogen atmosphere and then cooled to 0CJ. 1.0M Lithium
aluminum hydride dissolved in tetrahydrofuran (6.8ml, 6.794mmol) was added thereto dropwise.
The mixture was stirred for 30 minutes, and the temperature was raised to room temperature,

35 and then the mixture was stirred for 1 hour.  After completion of the reaction, the mixture was
cooled to 0J again, and then water (0.25ml), 10% aqueous solution of sodium hydroxide
(0.5ml) and water (0.8ml) were added thereto dropwise in this order, and the resulting solution
was vigorously stirred at room temperature for 1 hour. The produced solid was filtered and
washed with excessive ethyl acetate, and then the filtrate was washed with water and saturated

40 sdine solution, dried over anhydrous sodium sulfate (Na;SO,), filtered and evaporated under
reduced pressure to obtain white solid (300mg, 65%).



10 The preparation method of Formula XI compound as mentioned above will be explained in detail in
the Examples. Preparation Method 4 15 The following Formula XII compound which is a compound of
Formula | wiv&2009/145486=0)2-, can be prepared fdm sulfonamide formation reactio®-@bEna0aga 1V
compound with Formula Xl compound in the presence of base. 20[Formula XI1] 0 R1 0-1 R2.1:516
R3 A3 v R8 11/24 [Formula XIIl] Z Y

'H-NMR(DM SO-ds, 300MHz); & = 7.74 (s, 1H), 7.67 (d, J=5.8Hz, 1H), 6.67 (br s, 1H), 6.46 (d,
J=5.8Hz, 1H), 4.10 (m, 2H), 3.34 (M, 2H).
MS(ESI); 136.7(M*+1)

f) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-yl)-
methanone

By the same method as in the step d) of Example 2, 2,3-dihydro-1H-pyrido[ 3,4-b][1,4]-oxazine
(180mg, 0.587mmol) and 3,5-dibromo-4-methoxy-benzoyl chloride (193mg, 0.587mmol) were

10 reacted to obtain the target compound 5, (3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-
pyrido[3,4-b][1,4] oxazin-1-yl)-methanone, as white solid (85mg, 34%).

'H-NMR(DM SO-ds, 300MHz); & =8.23 (s, 1H), 7.99 (d, J=5.7Hz, 1H), 7.92 (s, 2H), 7.56 (m,
1H), 4.33 (m, 2H), 3.86 (m, 5H).
15  MS(ESI); 426.9(M*+1).

Example 6)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-yl)-
methanone (compound 6)

20
By the same method as in Example 3, (3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-
pyrido[3,4-b][1,4] oxazin-1-yl)-methanone (60mg, 0.140mmol) and 1M solution of boron
tribromide (0.84ml, 0.840mmol) were reacted, and then the reaction mixture was neutralized
(pH=7) by using saturated solution of sodium hydrogen carbonate and extracted with ethyl

25 acetate. The combined organic layer was dried over anhydrous sodium sulfate (Na,SO,),
filtered and evaporated under reduced pressure to obtain solid. The obtained solid was
recrystallized from dichloromethane and n-hexane to obtain the target compound 6, (3,5-
dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone, as white
solid (28mg, 48%).

30
H-NM R(DMSO-ds, 300MH2z); 6 = 10.74 (br s, 1H), 8.23 (s, 1H), 7.96 (d, J=5.7Hz, 1H), 7.80
(s, 2H), 7.41 (d, J=5.7Hz, 1H), 4.34 (m, 2H), 3.89 (m, 2H).
MS(ESI); 412.9(M*+1).

35 Example 7)

Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(6-methyl-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl)-methanone (compound 7)

a) Synthesis of 3-amino-6-methyl-pyridin-2-ol




25 [Formula 1V] 1 H R2X)T. I?R6 R3)(2.Xr'0----VRR7 8 Preparation Method 4 is explained in
detail below. Compound of Formula IV used as starting material can be prepared by the same method
as described/ azooe/145b6he obtained Formula 1V déampound can be used in sulfonargaidel6fooagation
reaction with commercially available Formula XIlII compound from Sigma Aldrich, Merck, etc. in a
solvent in the presence of base, to prepare Formula XII compound. The solvent is not particularly
limited but example thereof preferably includes ether solvents

6-hydroxy-5-nitro-2-picoline (500mg, 3.247mmol) was dissolved in methanol: dichloromethane
(5:1, 60ml) and 10% palladium on active carbon was added thereto slowly, and then stirred for 2
hours with adding hydrogen gas at room temperature. The reaction mixture was filtered by
using celite and evaporated under reduced pressure to quantitatively obtain white solid (400mg).

'H-NMR(CDCl3, 300MHz); § = 11.67 (br s, 1H), 6.57 (d, J=7.2Hz, 1H), 5.88 (d, J=7.2Hz, 1H),
3.20 (br s, 2H), 2.25 (s, 3H).
MS(ESI); 125.1(M*+1).

10  b) Synthesis of 6-methyl-1H-pyrido[2,3-b][1,4] oxazin-2-one
By the same method as in the step d) of Example 5, 3-amino-6-methyl-pyridin-2-ol (400mg,
3.222mmol) was reacted with chloroacetyl chloride (0.26ml, 3.222mmol) to obtain the target
compound, 6-methyl-1H-pyrido[2,3-b][1,4] oxazin-2-one (230mg, 44%).

15 'H-NMR(CDCls, 300MHz); § = 8.37 (s, 1H), 7.10 (d, J=5.2Hz, 1H), 6.81 (d, J=5.2Hz, 1H),
4.80 (s, 2H), 2.44 (s, 3H).
MS(ESI); 165.1(M*+1).

) Synthesis of 6-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine

20 By the same method as in the step ) of Example 5, 6-methyl-1H-pyrido[2,3-b][1,4] oxazin-2-
one (230mg, 1.401mmol) was reacted with 1.0M Lithium aluminum hydride dissolved in
tetrahydrofuran (3.0ml, 3.082mmol) to obtain the target compound, 6-methyl-2,3-dihydro-1H-
pyrido[2,3-b][1,4] oxazine, as white solid (160mg, 76%).

25 'H-NMR(CDCls, 300MHz): = 6.79 (d, J=7.8Hz, 1H), 6.59 (d, J=7.5Hz, 1H), 4.39 (m, 2H),
3.65 (m, 2H), 2.35 (s, 3H).
MS(ESI); 151.1(M*+1).

d) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(6-methyl -2,3-dihydro-pyrido[2,3-
30  Db][1.4]oxazin-1-yl)-methanone
By the same method as in the step d) of Example 1, 6-methyl-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine (50mg, 0.333mmol), thionyl chloride (53ul, 0.733mmol) and 3,5-dibromo-4-
hydroxy-benzoyl chloride (197mg, 0.666mmol) were reacted to abtain the target compound 8,
(3,5-dibromo-4-hydroxy-phenyl)-(6-methyl-2,3-dihydro-1H-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl)-
35  methanone, as white solid (40mg, 28%).

'H-NMR(DMSO-ds, 300MHZ); § = 10.42(br s, 1H), 7.58 (s, 2H), 7.42 (m, 1H), 6.63 (br s, 1H),
4.21 (m, 2H), 3.68 (m, 2H), 2.15(s, 3H)
MS(ESI); 426.9(M*+1).



such as diethyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diglyme, etc.; 10 hydrocarbon
solvents such as benzene, toluene, hexane, xylene, etc.; halogenated hydrocarbon solvents such as
dichlorometvarenoeHlasaserm, carbon tetrachloride 42.2-dichloroethane, etc.; alcohol saR@EOtSABRN as
methanol, ethanol, isopropyl alcohol, tert-butyl alcohol, etc.; ester solvents such as ethyl acetate,
methyl acetate, butyl acetate, etc.; and polar solvents such as acetone, acetonitrile, N,N-dimethyl
formamide, N,N-dimethyl acetamide, dimethyl sulfoxide, 15 etc. A mixture solvent of two or more of
solvents as described above also can be used. Dichloromethane and tetrahydrofuran are particularly
preferable as the solvent for this reaction Examples of the base used in this reaction include organic
bases such%@@ﬁfﬁ%‘amme pyrldlne 4- methylamlnopyrldlne 4 methylmorpholme plperazme

f - , h Q) Y A

N-methylpiyribis ) g

potassium pydrapdgiesi ﬁaﬂgqrﬁ,eaw%ﬁ\@ogm ,galkall metal hydrldes such as sodlum hydrlde
potassiéjm hydride, etc.; alkali metal carbonates such as sodium carbonate, potassium carbonate,
cesium carbonate etc.; and alkali metal hydrogen carbonates such as sodium hydrogen carbonate,
potassium s SHAEDEIETrri8thylamine is preferable for this reaction. The sulfonamide
formation r@ptrwwsmeaﬁeedma& farttl@emma) ot t@seeplalsn B-ditopyridiesiah @Gadyp 2L Brnolyinsaat the
25temperat}&%&%%ﬂ?dﬂa%ua{?]doﬁgcﬂvé’@aﬁﬁéﬁ%yoﬁ%ﬁ?%ﬁo AL PO TMRRERYES  typbtain
Formula XII compound. The preparation method of Formula Xl compound as mentioned above will be
explained in detail in the Examples. 30 Preparation Method 5 The following Formula XIV compound
which is a coimpdRE@ENSBakrRieM Mfedei 135&d| Kpearm nyitr, dabh Gy dtky-adirbel giepared from
Formula IV @0@@@1@1@5 alldating 4 Formula with Formula XV compound in the presence of base.

[Formula XIME By 111, 10m*+1).

b) Synthesis of 2,2-dimethyl-4H-pyrido[4,3-b][1,4] oxazin-3-one
15 By the same method asin the step b) of Example 2, 3-aminopyridin-4-ol (300mg, 2.7mmol) was

reacted with 2-bromo-2-methyl-propionyl bromide (0.37ml, 3.0mmol) to obtain 2,2-dimethyl-
4H-pyrido[4,3-b][1,4] oxazin-3-one (122mg, 25%).

'H-NMR(DMS0-ds, 300MHz2); & = 10.84 (s, 1H), 8.05 (m, 2H), 8.00 (br s, 1H), 6.96 (d,
20 J=5.4Hz, 1H), 1.44 (s, 6H).
MS(ESI); 179.0(M*+1).

) Synthesis of 2,2-dimethyl-3,4-dihydro-2H-pyrido[4,3-b][1,4] oxazine
By the same method as in the step c) of Example 2, 2,2-dimethyl-4H-pyrido[4,3-b][1,4] oxazin-
25  3-one(120mg, 0.67mmol) was reacted with 1.0M Lithium aluminum




,2R56 X. 113 X3 0 R8 144 [Formula XV] 1181 R6I [Formula IV] Article 34 Amendments9-2010-00282
[Translation]31 H R2-/115
Article 34 Amendments 9-2010-00282

[Trandation] 43

hydride dissolved in tetrahydrofuran (1.4ml, 1.4mmol) to obtain 2,2-dimethyl-3,4-dihydro-2H-
pyrido[4,3-b][1,4]oxazine (110mg, quantitative yield).

'H-NMR(CDCl3, 300MHz); § = 7.95 (s, 1H), 7.86 (d, J=5.4Hz, 1H), 6.67 (d, J=5.7Hz, 1H),
3.88 (br s, 1H), 3.12 (s, 2H), 1.36 (s, 6H).
MS(ESI); 165.0(M*+1).

10 d) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-(2,2-dimethyl-2,3-dihydro-pyrido[4,3-
b][1,4] oxazin-4-yl)-methanone
By the same method as in the step d) of Example 2, 2,2-dimethyl-3,4-dihydro-2H-pyrido[4,3-
b][1,4]oxazine (60mg, 0.36mmol) was reacted with 3,5-dibromo-4-methoxy-benzoyl chloride

(120mg, 0.36mmol) to obtain the target compound, (3,5-dibromo-4-methoxy-phenyl)-(2,2-
15  dimethyl-2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-methanone (73mg, 44%).

'H-NMR(CDCls;, 300MHz); & = 8.36 (br s, 1H), 8.17 (d, J=5.4Hz, 1H), 7.66 (s, 2H), 6.83 (d,
J=5.4Hz, 1H), 3.9 (s, 3H), 3.7 (br s, 2H), 1.4 (s, 6H).
MS(ESI); 454.9(M*+1).

20
€) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,2-dimethyl-2,3-dihydro-pyrido[4,3-
b][1,4] oxazin-4-yl)-methanone

By the same method as in Example 6, (3,5-dibromo-4-methoxy-phenyl)-(2,2-dimethyl-2,3-
dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-methanone (70mg, 0.15mmol) was reacted with 1M

25  solution of boron tribromide (0.9ml, excess amount) to obtain the target compound 8, (3,5-
dibromo-4-hydroxy-phenyl)-(2,2-dimethyl-2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-
methanone (33mg, 49%).

'H-NMR(DMS0-ds, 300MHz); & = 10.71 (br s, 1H), 854 (br s, 1H), 8.11 (d, J=5.7Hz, 1H),
30 7.72(s, 2H), 6.92 (d, J=5.7Hz, 1H), 3.73 (br s, 2H) 1.26 (s, 6H).

MS(ESI); 440.9(M*+1).

Example 9)

35



)?R 6 R3-X2t1 0 ----VRR8 R 4 5In Formulae IV to XV above, X1, X2, X3, R, R2, R3, R4, R5, R6, R2,
R8 and Y are the same as mentioned Formula | above; Z represents a leaving group, preferably
halogen; antt @aotpakBR&e R6', R2' and R8' may beddame or different and is independeatysedesred
from the group consisting of hydrogen; hydroxy; unsubstituted or substituted CI-C6 alkyl; unsubstituted
or substituted CI-C6 haloalkyl; unsubstituted or substituted CI-C6 alkoxy; unsubstituted or 10
substituted CI-C6 haloalkoxy; unsubstituted or substituted C2-C7 alkanoyl; halogen; unsubstituted or
substituted glRukiCYJAO; (iR GSHRo- ARLFRROING AFLLARYRI BLRR. AT BE iRseiprwith a
carbon atom to which they are attached f a carbonyl group (C=0) or thioxo group (C=S), or
R2' and R8~togett it A teft they are attached may form a carbonyl group (C=0)
or thioxo group (C=S). 15 Preparation Method 5 is explained in detail below. Compound of Formula IV

used as staglingnfnadedRlzeo ss die RN eritothe-spme dxethgdoas described above, and the obtained
Formula IV compound cap be subjected tq an alkylat] reaction in vent i resence of
base W%h Fﬁ?mﬁa%lcorﬂ]apsgunﬁmﬁfﬁﬁ'}tgwgﬁﬁéé '@%ﬁgov’é%z'é‘y%ﬁm”éiif@@{ﬁ%’dsToj’;ﬁgﬁ’?%ﬁ sed from
Sigma Aldrigfs JERMk, BAEOHS 8B artErBem &ISXIel mpa LT REekdR, 439 -KM9ot paIEMNERY limited
but exampleiitergitospfinedy. najidesgether)soly potesizin sudioatediah gt Bro2etialiyaessuran,
dioxane, 1,Z:dimMeIheXVeRARG: oW ARG GIfANEr P8 PPISAIGNIS SYAE ASRSRZSNGutOeDe, hexane,

xylene, etc.; halo%?nated,hydrocarbon solvents such as dichloromethane, chloroform, carbon

tetrachlorid&ire9 - AbFBBHEhE, KR : AipasrsHvants NP rEanof hsings B alcohol,
tert-buty| altahwabie, bsterasvdremtstsiechaserettiapied oritites hyl sitarbtecehtoe nugphizdeyateyatc.; and

polar solverfsaHeRid$ saturated saline solution.  The combined organic layer was dried over anhydrous
magnesium sulfate (MgSOy,), filtered and evaporated under reduced pressure. The residue was

purified by column chromatography on silica eluting with a solvent of dichloromethane and
ethyl acetate. The fractions containing the product were collected and evaporated to obtain a
15  mixture (40mg, 0.8%) containing triphenyl phosphoxide.

'H-NMR(CDCl3, 300MHz); & = 8.95 (s, 1H), 7.72 (d, J=1.8Hz, 1H), 6.82 (d, J=2.1Hz, 1H),
4.77 (s, 2H), 1.80-1.87 (m, 1H), 0.64-0.99 (m, 2H), 0.57-0.63 (m, 2H).

20  b) Synthesis of 7-cyclopropyl -2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
7-cyclopropyl-1H-pyrido[2,3-b][ 1,4] oxazin-2-one (40mg, 0.052mmol) was dissolved in 1ml

anhydrous tetrahydrofuran under nitrogen atmosphere and then cooled to 0TJ. 1.0M Lithium
auminum hydride dissolved in tetrahydrofuran (0.1ml, 0.104mmol) was added thereto dropwise
and then stirred at room temperature for 5 hours.  Water (0.3ml) was added thereto dropwise.

25  Theresulting solution was evaporated under reduced pressure to obtain a mixture containing 7-
cyclopropyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine and triphenyl phosphoxide as white
solid (10mg).

c) Synthesis of (7-cyclopropyl-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-yl)-(3,5-dibromo-4-
30  methoxy-phenyl)-methanone

To a 10ml flask, 7-cyclopropyl-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine (10mg, 0.057mmol)

and 3,5-dibromo-4-methoxy-benzoyl chloride (28mg, 0.085mmol) were dissolved in

dichloromethane (1.2ml). After cooling to 00J, triethylamine (0.04ml, 0.285mmol) was added
thereto and then stirred at room temperature for 3 hours.  The reaction mixture was neutralized

35  with 1IN hydrochloric acid solution and extracted with dichloromethane, and then the combined
organic layer was dried over anhydrous magnesium sulfate (MgSO,), filtered and evaporated
under reduced pressure. The residue was purified by column chromatography on silica eluting
with a solvent of



30 acetone, acetonitrile, N,N-dimethyl formamide, N,N-dimethyl acetamide, dimethyl sulfoxide, etc. A
mixture solvent of two or more of solvents as described above also can be used. Dichloromethane and
tetrahydrofuxatickr84partetdiadyt preferable as the solvent for this reaction Exam@geeiet0beshase used in
this reaction include organic bases such as triethylamine, pyridine, 4-methylaminopyridine,
4-methylmdfﬂﬁ6ﬂﬁé?rﬂ)iperazine, N-methylpiperaz‘ilﬁe, etc.; alkali metal hydroxides such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, calcium hydroxide, etc.; alkali metal hydrides such

as sodium |i%et8fét%ﬁaiﬂfﬂe§!¥ﬁl£i@ﬁ1)‘?tcﬂfé|‘f?’é):ﬂi@ﬁé%&ﬁéhﬂﬂ};?ﬁé shcsverdimgaioqeate,
potassium car O%t?%?f Cé%ilurq cz%rbonate, ((—:-)tc.; and ?lgalﬁ.wﬁawgﬁen 5 carbonates such as sodium
hydrogen cSYFMALE, 8 g'é‘id?ﬁ %88@8 ggpba(?ﬁf\éﬁé, et rarthe is preferable for this reaction.
The alkylation reaction is carried out for the time between about 10 minutes and about 8 hours at the
tem perlaturel-bﬁlﬁWRmﬂ:l} oeHY, Prefexsblystar abouty hogrs stHpomIteMmeratuee, iy Qjﬁ,ta(ljin o
Formula XY, co 10 0 t of For C (&Q‘)d entioned above
will be explg@ég'ln-géggl |h2tm%%{§§%%i j&ﬁ%’%&%@)ﬁ?ﬁ%@%ﬁ%ﬁiﬁfén'tloho%% r@(;%ﬁé?hed above
has a strong inhibitory activity on human urate anion transporter | (hURAT I). The pharmaceutical

compositionlcosiathesg the 13- Eyeroptdpyl -eBriiauine pyrithCe salk, 4 teretc heiiGb-diorosn ar

pharnﬁcequ&l&@Bﬁgmg_%ﬁgMgereof as an active ingredient may be prepared using a suspension
in combination with pharmaceutically acceptable carrier, excipient, receptor, binder, stabilizer, and

other additiV8@s 8l alflPRise Y fkFR4nonR - BAISPNNAYA -t %ﬂ?ﬁ%&b‘ﬂ@éﬁ%#ﬂ@%tﬂi of the
invention ismetogyezhénydanefbatme (8:0moa Qpoiimrad @ wiesadlysalved pradh dhloudhestheies ahatitbanaid, and/or
isotoner cagotafeanﬂwtb_wihhdlw §&%Tﬂﬁﬂoiﬁ§§r?nﬁ§g§@g #ﬁ%ﬂ&ﬂ%ﬂ%%éﬁ%@@(ﬁ%@@%ﬁ% ) mical .
isomer or pharmaceutically acceptable salt thereof. rmaceutjcal composition e invention
has a stron&' %sc?%@ W%ﬁl@%ﬁb&hﬂmgﬁ%@?@ éﬁﬂ?ﬁrﬁtgﬁes%é%ﬁ%ﬁ% L(WUR ‘3?6‘{%% ﬂ%ﬁq Fsdoﬁ% ful for the
treatmiént owjfophylasad Whhyiyeielfide nfitigeiut didedR SerEH Qs Aadtergowsp apkirastecchitihic gouty
g_rthritis, toniiéﬁdPérﬁQH?]ﬁ@QHM(S;oﬂﬁ@méﬂsé@miﬁy@hﬁé;fajm;QOQDMWE_F&%i§ddﬂﬁﬂﬂﬁ§1féﬁé0||ithi38i8;

isease assQgi ic ac ia, ischemic. heart diseas c
infarction, Sigtr%@re l’;ﬁ{ l|{n gc%?c?n%%é#é%]?g\?ﬁ%%g %%,‘zg}s%“g%"e%%“ Er g/%ers;g%s%%q;}ﬁ? tgéalike.

was recrystallized from dichloromethane to obtain white solid (6.7mg, 84%).

20  *H-NMR(DMSO-ds, 300MH2); 5 = 10.59 (s, 1H), 7.78 (d, J=2.1Hz, 1H), 7.72 (s, 2H), 7.25 (s,
1H), 4.35-4.38 (m, 2H), 3.82-3.84 (m, 2H), 1.79-1.81 (m, 1H), 0.80-0.86 (m, 2H), 0.28-0.39 (m,
2H).

MS(ESI); 452.8 (M*+1).

25 Example 10)
Synthesis  of  (3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanone hydrobromic acid salt (compound 10)

a) Synthesis of (3-chloro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
30  methanone

To a 10ml flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (150mg, 1.102mmol) and 3-chloro-

4-methoxy-benzoyl chloride (249mg, 1.212mmol) were dissolved in dichloromethane.

Triethylamine (0.77ml, 5.510mmol) was added thereto and then stirred at room temperature for

2 hours. Thereaction mixture was neutralized with 1N hydrochloric acid solution

35



The pharmaceutical composition of the invention can be prepared in forms of pharmaceutical
formulation suitable for oral or parenteral administration. The pharmaceutical formulation can be
administeretiraradi g4 foemliobpewder, granule, tablet, pill, capsule, sylup or suspe0s®mo02a2
35parenteral administration by means of injection such as intravaneous or intramuscular injection by
using solutibﬂ?'é%fi‘ﬂ%]bn or suspension thereof. rﬂ@armaceutical composition of the present invention
may be administered in amount of 0.1-2,000mg, preferably 1-200mg per day, in a single dose or

muliple dosga kgl iR ERSFIanSIAIRNIRSAN BT o VR SIS et ve
Compoun SO e Invention S rong inni 10N actliv uman urate ani ransporter
U TR S T e e R P ) TP AR L B organic
anion tRanspuiifésd, kynePamnbehrachaiRosIeme dIVEIH da ekt Ha yrte 250 fewal sthviracerdBon thee since

they have higgsEotehibity mehénetaibeliceld Iriey $@ aFdoeietadyaiiagagusipharsngokinetics,
as compareﬂégri%h ?151/\5entional inhibitor of hURATL1 activity. As a result of pharmacokinetic analysis
nth

and comparison a cononventional drug of benzbromarone and a compound disclosed in
W02006/057460 by using animal model such as mouse, rat and monkey, the heterocycle derivative
compoundsafNIVRMM SR, S owedgupeanior eifecisis. adgitien, MeeiheEmSNES TH IMERWd]rug

excreygn, the laheterpeysle dPoYRANYECRIPRUNESOHIEIHYENIAN 2OBNEITHRAAL Egpults, by which

it was confirmed that the drug delivery to kidney is easy. Therefore, the novel heterocycle derivative
compound MmN hd a pharmaceutical

b) Synthess of (3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone hydrobromic acid salt

15 To a 10ml flask, (3-chloro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanone (100mg, 0.328mmol) was dissolved in dichloromethane, and then cooled to 0.
1.0M Boron tribromide dissolved in dichloromethane (2.0ml, 1.969mmol) was added thereto
and then stirred at room temperature for 16 hours. The solid formed by adding ethyl acetate

solvent was filtered and collected, and purified by recrystallizing from dichloromethane to
20  obtain white solid (45mg, 47%).

'H-NMR(DMS0-ds, 300MHz); & = 11.03 (br s, 1H), 9.04 (s, 1H), 8.48 (d, J=6.9Hz, 1H), 7.65
(d, J=1.9Hz, 1H), 7.58 (d, J=6.5Hz, 1H), 7.46 (dd, J=1.5Hz, 8.4Hz, 1H), 7.09 (d, J=8.4Hz, 1H),
458 (m, 2H), 4.01 (m, 2H).

25  MS(ESI); 291.2(M*+1).

Example 11)
Synthesis  of  (3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanone hydrobromic acid salt (compound 11)

30
a) Synthesis of (3-bromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone
To a mixture of 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (50mg, 0.37mmol) and 3-bromo-4-
methoxy-benzoic acid (102mg, 0.44mmol), phosphorus oxychloride (2ml) was added and
35 stirred at 100°C for 12 hours. The reaction mixture was cooled to 0°C, neutralized with
saturated solution of sodium hydrogen carbonate to pH of 8-9 and extracted with ethyl acetate.




composition containing the Formula | can show superior effects to conventional drugs in the 20
treatment or prophylaxis of hyperuricemia, acute gouty arthritis, chronic gouty arthritis, tophus, gout
nephrosis, Repbri® Alranimeetzal failure, nephrolithiasis, uremia, urolithiasis argammplizegions
reported to be accompanied with uric acid increase in blood such as hyperlipidemia, ischemic heart
disease, m 16@5’:%?5? farction, arteriosclerosis, céfebral infarction, cerebrovascular disease, diabetes,
hypertension or the like. 25 [Embodiments for carrying out the invention] The following will explain the

pr%pafatlonmetméﬁ%r%f Eo%m#é&th b@%{@lﬁ}\éﬁ%ﬁ%%ﬁ%ﬁ%h@ﬂ%&twﬁﬁf@g&ﬂﬁ%ﬁo &ﬂ@%\w@g exabmgles
and experimen owever, inventl S n mi O the Invent e oun Scribed In
following e ;‘?{é’%sp?%db“rﬁr qtgt@\a%‘hetfﬁﬁgdo t&ﬁ?@&?&% ﬁ(é%ﬁ(? SE%I
SyntheBis EgaifwelevasT Aeifigthdy sothetafpoaledspias @ibedica tﬁetmlowthgeex@imlegfare in
accordancaqwdéhéaﬁ:m@maﬁw@1met|ma@l FreetRINOTBOVRIRIAY 2hd) preimEthReptr ugiwasdprpdded by CS

ChemDraw UItra t a a oft. § xample 1) Synthesis of
(3,5-dibromo %%y o%;(vyop CB ?ZQ‘%' @@%1 5piyrl%Io[Z,3-b][1,410xazin-1-y1)- methanone (compound 1)

'H-NMR(CDCls, 300MHz); & = 8.19 (s, 1H), 8.12 (d, J=5.7Hz, 1H), 7.77 (d, J=1.9Hz, 1H),
10  7.44(dd, J=8.6Hz, 1.9Hz, 1H), 6.91-6.81 (m, 2H), 4.44 (m, 2H), 4.03 (m, 2H), 3.93 (s, 3H).

b) Synthesis of (3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone hydrobromic acid salt

By the same method as in Example 3, (3-bromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-
15  b][1,4]oxazin-4-yl)-methanone (30mg, 0.086mmol) and 1M solution of boron tribromide

(0.86ml, 0.86mmol) were reacted to obtain the target compound, (3-bromo-4-hydroxy-phenyl)-

(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-methanone hydrobromic acid salt (26mg, 72%).

'H-NMR(DMS0-ds, 300MHz); § = 11.1 (br s, 1H), 8.97 (s, 1H), 8.42 (d, J=6.5Hz, 1H), 7.78 (d,
20  J=1.9Hz, 1H), 7.54-7.44 (m, 2H), 7.05 (d, J=8.4Hz, 1H), 4.56 (m, 2H), 4.01 (m, 2H).
MS(ESI); 335.1(M*+1).

Example 12)
Synthesis  of (2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y)-(4-hydr oxy-3-trifluoromethyl-
25 phenyl)-methanone (compound 12)

a) Synthess of (2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(4-methoxy-3-trifluoromethyl-

phenyl)-methanone

To a 50ml flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (1.0g, 7.34mmol) and 3-
30 trifluoromethyl-4-methoxy-benzoyl chloride (2.1g, 8.80mmol) were dissolved in

dichloromethane. Triethylamine (2.0ml, 14.68mmol) was added thereto and then stirred at

room temperature for 4 hours.  To the reaction mixture, water was added to quench the reaction

and the mixture was extracted with dichloromethane, and the combined organic layer was
washed with water and saturated saline solution, dried over anhydrous sodium sulfate (Na,SOy),
35 filtered and evaporated under reduced pressure.



a) Synthesis of 3-amino- ida In a 500m1 flask, 3-nitro-pyridin-2-ol (1g, 71.4mmol) was dissolved in
methanol (200m1), and then added 10% palladium on active carbon (100mg, 10w/w%). The reaction
mixture wastited4amndehduestsnder hydrogen atmosphere at room temperature-201e0ez82ting
reaction 5solution was filtered on celite and then evaporated under reduced pressure to obtain white
solid (800md 5B tive yield). 1H-NMR(CD3098300MHz); 6 = 6.78-6.73 (m, 2H), 6.23 (t, J=6.5Hz,
1H). MS(ESI); 111.1(M1- Fl) 10 Synthe3|s of 1H- In a 20m1 flask equipped with a reflux apparatus,

3-amino-pyfidie Q4L A asEese U‘oﬁ‘@FRﬁ'@kﬁ it I seagijpn solution
was added chIoroaTE (:h#n |dei_é 4m1 3.0mmol fbﬁJpWI t room te %&éure foIIo ed by
Potmesium SRR AR L BRI AL e POt HeR U SR A AR, Afer
completion afteheyrbiQotisnh ddédfniBl¥e)was evaporated under the reduced pressure. To the residue
was added water and then the mixture was extracted with ethyl acetate. The combined organic layer

was dried S sulf 4), filtered e e d pressure to
nas dried orEA TR, ?gggg%m yitale (e3P 4 ol ter SdeA CYap Y Bl I T RI4 SRR,
1H), 7.82 (s, 1H), 7.36 (d, J=8.7Hz, 1H), 6.96 (d, J=5.7Hz, 1H), 4.42 (m, 2H), 3.96 (s, 3H), 3.93

(m, 2H).

10  MS(ESI); 339.0(M*+1).

b) Synthesis of (2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-(4-hydroxy-3-trifluoromethyl-

phenyl)-methanone

To a 100ml flask, 2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(4-methoxy-3-trifluoromethyl-
15  phenyl)-methanone (1.19g, 3.52mmol) was dissolved in dichloromethane. After cooling to 007,

1.0M Boron tribromide dissolved in dichloromethane (35.2ml, 35.2mmol) was added thereto

and then stirred at room temperature for 10 hours. The solid formed by adding a solvent of n-

hexane and water was filtered. The crude was purified by recrystallizing from
dichloromethane to obtain white solid. The obtained solid was further purified by preparative

20  high pressure chromatography using Waters LC/M S apparatus el uting a solvent of acetonitrile
and distilled water containing 0.1% trifluoroacetic acid (TFA) to obtain the compound as salt
form of trifluoroacetic acid (TFA). The abtained compound was washed with 10% aqueous
solution of sodium hydrogen carbonate (NaHCO;) and extracted with dichloromethane. The
combined organic layer was washed with water and saturated saline solution, dried over

25  anhydrous sodium sulfate (N&,SO,), filtered and evaporated under reduced pressure to obtain
the target compound 12 as white solid (13.52mg, 1.2%).

'H-NMR(CDCl3, 300MHz); & = 11.34 (s, 1H), 8.39 (s, 1H), 8.07 (d, J=5.7Hz, 1H), 7.73 (s, 1H),

7.68 (dd, J=8.7Hz, 1H), 7.06 (d, J=8.7Hz, 1H), 6.95 (d, J=5.4Hz, 1H), 4.40 (m, 2H), 3.93 (m,
30 2H).

MS(ESI); 325.0(M*+1).

Example 13)
Synthesis of (3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
35 methanone hydrobromic acid salt (compound 13)

a) Synthesis of (3,5-dichloro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone
To amixture of 3,4-dihydro-2H-pyrido[4,3-b][1,4] oxazine (80mg, 0.58mmol) and

40



20 1H-NMR(CD30D, 300MHz); 6 = 7.79 (dd, J=5.0Hz, 1.5Hz, 1H), 7.29 (dd, J=7.6Hz, 1.9Hz, 1H), 7.03
(dd, J=7.6Hz, 5.0Hz, 1H), 4.82(s, 2H). MS(ESI); 151.1(M1+1). 25Synthesis of 2 3-dih2 3-b 1 4 oxazine
1H-pyridol243ndle134 Poxamiméeane (113mg, 0.75mmol) was dissolved in tetrahyglaofi-a028&5m1) and
then cooled to On. 1.0M Lithium aluminum hydride dissolved in tetrahydrofuran (1.5m1, 1.5mmol) was
added theré?d@ﬂﬂm@e After stirring for 2 hours 4 room temperature, 0.1m1 of water, 0.2m1 of 10%
agueous solution of sodium hydroxide, and 0.3m1 of water were 30 added in this order under stirring.

After filtering @W&!H@@%&ﬂ@x@'%@ﬁﬁo\’&%@ @ YR 3ReateruERPIBRREAARORALC layer was
dried over a ) éarll;msodlum quate filtered and eva orated underr ducedé)ressure to
Ii

obtain colof’f oG8 8% 1)00 e ENY] Q{BM@%‘O&G%’(WI M35: 6 4L5 0Hz,
1.9Hz, 9 H),a6i8sehi®, 2 PicHHR by 830y mmwwmlwmfﬁul.aﬂﬁydtm,camnet@mclsemactadzs (m, 2H),
3-25h(m, 2|'lblitM§dﬂglsbbeﬂ£@h9Mtdﬁ1bﬂdeS H@i&w DIemed- mlmm d@a%@&l%\élmrdﬁ 1- lh- |
methanone 3 Inromo-4 X Ql 6 mo s dissolyved in. N.N-dimethy
acetamide & eraera]ng the engc%)(éi uﬁ]tsgl Qéﬁ af%fonﬂ ?ni] egar}%%ﬁ&o e%ugé%]ﬁ% ed dged thereto
and stirred 5995@?9\&%0’%@%8@2% %HW@TWWWW@B]H'QT&H&%%@S@I%M Rf,l‘(? =dimethy!
acetamide (ixAmelgthvhaceticed:iherete fuadi the nosiuing dgatheqdddic (Yareiaoliested and evaporated

10  to obtain white solid (107mg, 54%).

'H-NMR(CDCls, 300MHz); & = 7.67 (s, 2H), 7.12-6.96 (m, 1H), 6.87 (dd, J=5.3Hz, 9.2Hz, 1H),
6.78 (td, J=3.1Hz, 8.8Hz, 1H), 4.31 (m, 2H), 3.97-3.88 (m, 5H).
MS(ESI); 339.0(M*+1).

15
b) Synthesis of (3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone hydrobromic acid salt

By the same method as in Example 3, (3,5-dichloro-4-methoxy-phenyl)-(2,3-dihydro-
pyrido[4,3-b][1,4] oxazin-4-yl)-methanone (116mg, 0.342mmol) was reacted with 1M solution

20 of boron tribromide (3.42ml, 3.42mmol) to obtain the target compound, (3,5-dichloro-4-
hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-yl)-methanone hydrobromic acid salt
(65mg, 67%).

'H-NMR(DM SO-ds, 300MHz): § = 11.0 (br s, 1H), 9.04 (s, 1H), 8.46 (d, J=6.5Hz, 1H), 7.66 (s,
25  2H), 7.55 (d, J=6.5Hz, 1H), 4.58 (m, 2H), 4.00 (m, 2H).
MS(ESI); 325.0(M*+1).

Example 14)
Synthesis of (3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-
30 yl) methanone (compound 14)

a) Synthesis of (3-chloro-4-methoxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-

yl)-methanone

To phosphorus oxychloride (3.00ml), 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (177mg,
35 1.30mmol) and 3-chloro-4-methoxy-5-nitro benzoic acid (200mg, 0.87mmol) were added and

then stirred at 9501 for 16 hours. After completion of the reaction, the reaction mixture was
poured into ice water and neutralized with saturated solution of sodium hydroxide, and
extracted with ethyl acetate. The combined organic layer was dried over anhydrous sodium
sulfate

40



5 and subsequently stirred at room temperature for 15 hours. Water was added and the mixture was
extracted with dichloromethane, and then the (extracted) combined organic layer was dried over
anhydrous soditieBslfatedNa2S0O4), filtered and evaporated under reduced proszu@00282 residue
was purified by column chromatography on silica eluting with a solvent of nhexane:ethyl acetate=1:1.
The fractiond'@R8fithg the product were collectéd and evaporated 10to obtain pale-yellow solid
(28mg, 31%). 1H-NMR(CDC13, 300MHz); 6 = 10.58 (s, 1H), 7.93 (dd, J=4.6Hz, 1.5Hz, 1H), 7.81-7.55

Eample 2) e I o “‘*ﬂ'@ﬂe“i%‘%?n a1y
methanonecﬂlré/ %%ﬁ@%) ?Céyﬂtﬁ'é?&é”b %/ﬂli% §L fg'ﬁiri?rﬁ{‘}gﬁl%/ﬂ%‘%ﬁky

yridin-4-ol
(11.69,82. 8mh@n)smammmarwmw(s@mn esdaiatad tidkeid el yateldilABINoactive
carbon (1.2ggekw/w%). The reaction mixture was stirred for 3 hours under hydrogen atmosphere at
room temperature. The resulting reaction solution was filtered on celite and then evaporated under
reduced pressure to obtain white solid 25(9.4g, quantitative yield). 1H-NMR(DMSO-d6, 300MHz); 6 =
7.34 (dd, J=6-HIYROEI$-44-1$00MH2e1 5 =8 BHEr s+ 896D, J=6.8e 1) 844848 (QH§H3 90-2.90
(br s,1H). MSEQIN=513H(WH); AL 86, 2H), 4.00 (s, 3H), 3.90 (M, 2H).

10  MS(ESI); 350.1(M*+1).

b) Synthesis of (3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-

yl)-methanone

To a 20ml flask, (3-chloro-4-methoxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-
15  yl)-methanone(132mg, 0.38mmol) was dissolved in dichloromethane and then cooled to 0C.

1.0M Boron tribromide dissolved in dichloromethane (3ml, 3.00mmol) was added thereto and

then stirred at 00 for 10 hours. After completion of the reaction, the concentrated liquid was

purified by HPLC. The resulting solid was further purified by recrystalizing from ethanol to

obtain the target compound 14, (3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[4,3-
20  Db][1,4]oxazin-1-yl)-methanone, aswhite solid (80mg, 63%).

'H-NMR(DMSO-ds, 300MHz); & = 8.45 (br s, 1H), 8.10 (br s, 1H), 7.98 (d, J=2.7Hz, 1H), 6.58
(d, J=2.7Hz, 1H), 6.98 (d, 1H), 4.38 (m, 2H), 3.96 (M, 2H).
MS(ESI); 336.1(M*+1).

25
Example 15)
Synthesis of (3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-yl)-
methanone hydrobromic acid salt (compound 15)

30 By the same method as in Example 3, (3,5-dichloro-4-methoxy-phenyl)-(2,3-dihydro-
pyrido[3,4-b][1,4] oxazin-1-yl)-methanone (114mg, 0.33mmol) was reacted with 1M solution of
boron tribromide (3.3ml, 3.3mmol). The target compound, (3,5-dichloro-4-hydroxy-phenyl)-
(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone hydrobromic acid salt, was purified by
recrystallizing from ethanol to obtain brown solid (19.7mg, 14%).

35



b) Synthesis of 4H- icl34)1L,Jicazin-3-one In a 500m1 flask equipped with a reflux apparatus,
3-amino-pyridin-4-ol (7.8g, 7 Immol) was dissolved in N,N-dimethyl formamide (350m1). To the
reaction solatind eeafadtiechelioroacetyl chloride (6.2m1, 78mmol) dropwise at@om-t82g2erature and
then stirred at room 35 temperature for 30 minutes. Potassium carbonate (24g, 177mmol) was added
thereto andfi@#¥ANe was heated at 1000 for 48hours. Atter completion of the reaction, water was
added thereto. The mixture was extracted with ethyl acetate. The combined organic layer was dried

over anhydrpugedsTsefateEMRgRat: dlisiecpnheaciatas yundey resbicPdsasUiRy The
residue Wasé%%fleagl by ]E}?’FC{ slé@gyg% from solvents of ethyl acetate and n-hexane to obtain white
solid (5.6g, 55945 TH:R ﬂY_‘J >d6 (BoBMHz): 6 = 10.90 (s, 1H), 8.06-8.04 (m, 2H), 6.96 (d,
J=5.3Hz, 1MSE3; @2H)Y BS(ESI); 150.8(M1+1). Synthesis of 3 4-dih dm-210 4 3-b 1 4 oxazine
4H-3-one (4.3g, 28mmol) was dissolved in tetrahydrofuran (140m1) and then cooled to On. 1.0M
Lithium alugirélrjnmlgx%ride dissolved in tetrahydrofuran (57m1, 10 57mmol) was added thereto
dropwise. _ for 2 hours at room temperature, 1.4m1 of water, 2.8m1 of 10% aqueous
solution of sYAKIEhydebxide; HAHY WA WiEke. 28HBE A BYI Glider Und8ioxdZher VALter filtering
precipitatespikapaiibraiayeshestircied with @ihpbaagtade. The combined organic layer was dried over
anhydjgus sodium sulfate (Na2504), filtered and evaporated under reduced pressure. The residue was

purified by column _ _ _
By the same method as in Example 3, (3-bromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[3,4-

22\

b][1,4] oxazin-1-yl)-methanone (68mg, 0.19mmol) was reacted with 1M solution of boron

tribromide (1.9ml, 1.9mmol). The target compound, (3-bromo-4-hydroxy-phenyl)-(2,3-

dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone hydrobromic acid salt, was purified by
15  recrystalizing from ethanol to obtain brown solid (48.6mg, 60%).

'H-NMR(DMS0-ds, 300MHz); & = 11.2 (s, 1H), 8.63 (s, 1H), 8.30 (d, J=6.9Hz, 1H), 7.88 (d,
J=1.8Hz, 1H), 7.83 (d, J=6.6Hz, 1H), 7.58 (dd, J=8.3, 1.8Hz, 1H), 7.05 (d, J=8.3Hz, 1H), 4.44
(m, 2H), 3.98 (m, 2H).

20 MS(ES); 335.1(M*+1).

Example 17)
Synthesis of (3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-
yl)-methanone hydrobromic acid salt (compound 17)

25
a) Synthesis of (3-chloro-4-methoxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4] oxazin-1-
yl)-methanone
To a 10ml flask, 2,3-dihydro-1H-pyrido[3,4-b][1,4]oxazine (57mg, 0.42mmol) and 3-chloro-4-
methoxy-5-nitro-benzoyl chloride (117mg, 0.47mmol) were dissolved in dichloromethane.
30  Triethylamine (0.29ml, 2.1mmol) was added thereto and then tirred at room temperature for 2
hours. After neutralizing with 1N hydrochloric acid solution, the reaction mixture was

extracted with dichloromethane. The combined organic layer was dried over anhydrous
sodium sulfate (Na,SO,) and filtered and the solvent was removed under reduced pressure.
The residue was purified by column chromatography on silica with a solvent of ethyl acetate:n-

35 hexane=1:2. The fractions containing the product were collected and evaporated to obtain
yellow solid (118mg, 81%).



15chromatography on amine silica eluting with a solvent of dichloromethane. The fractions containing
the product were collected and evaporated to obtain colorless liquid (3.5g, 91%). 1H-NMR(CDC13,
300MHz); 6AFtci@B4 g\ rhehdniedBs(d, J=5.3Hz, 1H), 6.67 (d, J=5.3Hz, 1H), 4.30 (1+22H)}0d285-3.80 (br s,
1H), 3.42 (m, 2H). 20MS(ESI); 136.8(W-F1). 1LS thesis of3 5-dibromo-4- ethox -dro-ido 4 3-b 1 4
oxazin-4- Inhl" Bbne Toa 10m1 flask, 3,4-dﬁ%/dro-ZH-pyridoM,S-bll 1,41oxazine (100mg,
0.73mmol) and 3,5- 25 dibromo-4-methoxy-benzoyl chloride (240mg, 0.73mmol) were dissolved in

dichloromethagg Ak Eﬁﬁ@é@“@é’o@ ML 8 Ml Wwagy Gd?‘%tfﬁieiﬂ)a@inﬁﬁnJS&réﬁg aHpom

with Gichiord f”@éié g S5 %ﬁia?%avav Ma%éﬁ (%a%ﬁ e Bl s

(Na253%), filtered and evaporated under reduced pressure. The residue was purified by column 30
chromatogrgpleyReSHic ¢BiENery @Rl st 06 emaiqmeiane s HRNeABA; 4 okeniractions

containing ti] > BL duct X (r)(l)lecé[eagl nd evaporated to obtain the target compound 2 as white solid

(190mg, 61 -2010-00282 [Translation]37 1H-NMR(CDC13, 300MHz); 6 =
8.30 (s, 1H)T %al%)f@! flpsk, {360 ano-meBpy -2 BrEep)- (23 & RyEra-Pyridokdy [lgﬁyxazml(m 2H),
3.93 (s, 3Hyl)-methanone (109mg, 0.31mmol) was dissolved in dichloromethane and then cooled to 01,

10 1.0M Boron tribromide dissolved in dichloromethane (3.1ml, 3.1mmol) was added thereto and

then stirred at 0CJ for 18 hours. The reaction was quenched by using a small amount of water

and then evaporated under reduced pressure. The resulting residue was purified by
recrystallizing from methanol to obtain yellow solid (67mg, 52%).

15 *H-NMR(DMSO-ds, 300MHz); & = 8.67 (s, 1H), 8.27 (d, J=6.9Hz, 1H), 8.24 (d, J=2.1Hz, 1H),
8.08 (d, J=1.8Hz, 1H), 7.98 (d, J=6.6Hz, 1H), 4.45 (m, 2H), 3.99 (m, 2H).
MS(ESI); 336.0(M*+1).

Example 18)
20 Synthesis  of  (3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][1,4]oxazin-1-yl)-
methanone hydrobromic acid salt (compound 18)

By the same method as in Example 3, (3-chloro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[3,4-
b][1,4] oxazin-1-yl)-methanone(100mg, 0.328mmol) was reacted with 1M solution of boron

25  tribromide (3.28ml, 3.28mmol) to obtain the target compound, (3-chloro-4-hydroxy-phenyl)-
(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone hydrobromic acid salt, as white solid
(45mg, 37%).

'H-NMR(DMS0-ds, 300MH2); & = 11.17 (s, 1H), 8.65 (s, 1H), 8.25 (d, J=6.4Hz, 1H), 7.85 (d,
30 J=6.4Hz, 1H), 7.75 (d, , J=2.1Hz 1H), 7.55 (dd, J=8.4, 2.1Hz, 1H), 7.06 (d, J=8.4Hz, 1H), 4.44

(m, 2H), 3.99 (m, 2H).

MS(ESI); 291.1(M*+1).

Example 19)
35 Synthesis  of (2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y)-(4-hydr oxy-3-trifluoromethyl-
phenyl)-methanone (compound 19)




5MS(ESI); 426.8(M1+1). Example 3) Synthesis of
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1410xazin-4-y1)- methanone hydrobromic
acid salt (conp2eodidy449® To a 20m1 flask, 53 9-2010-00282
(3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)- methanone (310mg,
0.72mmol) obtained in the example 2 was dissolved in dichloromethane, and then cooled to OD. 1.0M
Boron tribromide dissolved in dichloromethane (4.3m1, 4.3mmol) was added thereto and then stirred

at OD for 1¢, h%%@%m'%%ﬁﬁé@t Qﬁ@%ﬂ@ii‘ {ﬁ%ﬁﬂﬁdﬁ@éﬂi&%{@q 611 fRiasted. and
purified by recr stal fro meth taln e tar ﬁ §Ompo @2 L?sfgg%g\/%mg 43%).
1H- NMR(D@S% e %8 Oéom% WL gg%m‘?”

J=6.5Hz), 41867 ?ﬂvt@lﬂ)OfB t@mooﬁnmmg@wm&lﬁﬁmw mgbtalemertww A:ﬁmg@igd (2,3

C14H 1OBr2cN%@ﬁ)lﬂﬁ{ cféﬁlﬁfcld}[ﬁ HodZR1N NI BBYerexNBI i fhioromayLpRsiyMimethanone,  as

(3,5-di omo %?Cﬁ é'ﬁ (2 3-dihydro-pyrido[4,3-b][1410xazin-4-y1)- 25 methanone (compound
4) (3, dlbromo </& o%{y phenyl) (2 ,3 -dihydro-pyrido [4,3-b] [ 1,4]oxazin-4 -y1)-methanone
hydrobromic acid salt (45mg, 0.091mmol) obtained in the example 3 was added to water (5m1) and

neutralized {{pNErRiopysingzseitraied sobtw (sofendise [y deagen, cadponaied, aad . Bren 1H),
7.66 (dd, J=8.4, 1.8Hz, 1H), 7.32 (d, J=5.7Hz, 1H), 7.00 (d, J=8.4Hz, 1H), 4.37 (m, 2H), 3.98
(m, 2H).
10  MS(ES); 325.1(M*+1).

Example 20)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-phenyl-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl)-methanone (compound 20)

15
a) Synthesis of 7-phenyl-1H-pyrido[2,3-b][1,4] oxazin-2-one
To a10ml flask equipped with refluxing apparatus, 7-bromo-1H-pyrido[2,3-b][1,4] oxazin-2-one

(48mg, 0.21mmol), phenyl boronic acid (PhB(OH),, 28mg, 0.23mmol), triphenylphosphine
(PPhg, 11mg, 0.04mmol), palladium acetate (Pd(OAc),, 5mg, 0.02mmoal), potassium carbonate

20  (44mg, 0.31mmol) were dissolved in acetonitrile (1.6ml) and water (0.4ml). The mixture was
heated to 900] and then refluxed for 15 hours. The mixture was evaporated and water was
added, and then the mixture was extracted with ethyl acetate. The combined organic layer was
dried over anhydrous sodium sulfate (N&,SO,), filtered and evaporated under reduced pressure.
The resulting residue was purified by column chromatography on silica eluting with a solvent of

25  dichloromethane:methanol=30:1. The fractions containing the product were collected and
evaporated to obtain pale-brown solid (21mg, 44%).

MS(ESI); 227.1(M*+1).

30 b) Synthesis of 7-phenyl-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
7-phenyl-1H-pyrido[2,3-b][1,4]oxazin-2-one  (21mg, 0.09mmol) was dissolved in

tetrahydrofuran (0.5ml) and then cooled to 0CJ. 1.0M Lithium aluminum hydride dissolved in
tetrahydrofuran (0.19ml, 0.19mmol) was added thereto dropwise. After stirring for 5 hours at
room temperature, 0.1ml of water, 0.2ml of 10% agueous solution of sodium hydroxide, and
35 0.3ml of water were added in this order under stirring.  After filtering precipitates, the filtrate
was extracted with ethyl acetate. The combined organic layer was dried over anhydrous
sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The residue was
purified by column chromatography on silica €uting with a solvent of
dichloromethaneimethanol=40:1. The fractions containing the product were collected and



30 extracted with ethyl acetate. The combined organic layer was dried over anhydrous sodium sulfate
(Na2S04), filtered and evaporated under reduced pressure. The resulting solid was recrystallized from
dichlorometvaroeoitia4bexane to obtain the targettdompound 4 as white solid (20mg-3326)00282
351H-NMR(DMSO-d6, 300MHz); 6 = 10.63 (br s,1H), 8.44 (br s, 1H), 8.74 (d, J=5.1Hz, 1H), 7.74 (s,
2H), 6.95 (d, J=5.7Hz, 1H), 4.37-4.40 (m, 2H), 3.90-3.92 (m, 2H). MS(ESI): 412.8(W-F1). Elementary
Analysis: C14H10Br2N203 C, 40.83; H, 2.46; N, 6.52 Example 5) Synthesis of
(3,5- d|brom&,5g&§ég%%dpgﬁwlg_ége§£| ngYetsie)3.4-bl[141oxazin-1-y1)- methanone (compound 5)
5Synthesis of 2 2-dimetlin-4-ro ionamide pyrldylamune (29, 21.3mmol) was dissolved in
dichloromethane (20m1), and pyvaloyl chloride (3.1m1, 25.6mmol) and triethylamine (8.9mg, 63
9mmol) wetd FESDIAEBPEYD t)this order at room temperature dropwise. The reaction solution was
stirred at room temperature for 15 hours and the reaction was quenched by adding water. The organic
layer was ex tract d NTop 0 Wlth ethyl
saturatdd safir '
evaporatedirdeP¥es dHESENRNET he reS|due was purified by column chromatography on silica
eluting with T s@Eremitask, dtrhwmetbmerometlpmdd[zacbp[mmmlmmgmmm@)tbedpreduct were
collected angh eyaparated, BQﬁ%‘}l”&ﬁl&ﬂ& éﬁmap@trgmrﬁ@wm% U EO% §RR)kohRthan

1H- NMR(CDC13 3OOMHZ brs 7.52 (d, J=6.0Hz 2H) 1.32 (s,
9H). Triethylamine (0. mI 014mmo| wasadded thereto andt enstlrr at room temperature for 1

10  hour. After neutralizing with 1IN hydrochloric acid solution, the mixture was extracted with
dichloromethane and the combined organic layer was dried over anhydrous sodium sulfate
(N&,SO,), filtered and evaporated under reduced pressure.  The residue was purified by column
chromatography on silica eluting with a solvent of dichloromethane:methanol=40:1. The
fractions containing the product were collected and evaporated to obtain white solid (14mg,

15  59%).

MS(ESI); 503.0(M*+1).

d) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-phenyl-2,3-dihydro-pyrido[ 2,3-
20  b][1.4]oxazin-1-yl)-methanone

To a 5ml flask, (3,5-dibromo-4-methoxy-phenyl)-(7-phenyl-2,3-dihydro-pyrido[2,3-

b][1,4] oxazin-1-yl)-methanone (14mg, 0.03mmol) was dissolved in dichloromethane and then

cooled to 0TJ.  1.0M Boron tribromide dissolved in dichloromethane (0.17ml, 0.17mmol) was
added and then stirred at 0] for 15 hours. After completion of the reaction, water was added
25 thereto and the mixture was extracted with ethyl acetate and the combined organic layer was
dried over anhydrous sodium sulfate (N&,SO,), filtered and evaporated under reduced pressure.
The residue was purified by column chromatography on silica eluting with a solvent of
dichloromethaneimethanol=40:1. The fractions containing the product were collected and
evaporated to obtain the target compound 20 as white solid (8.7mg, 64%).
30
'H-NMR(DM SO-dg, 300MHz); & = 10.53 (br s, 1H), 8.23 (d, 1H, J=2.28Hz), 8.02 (s, 1H), 7.79
(s, 2H), 7.43-7.32 (m, 5H), 4.45 (m, 2H), 3.92 (m, 2H).
MS(ESI); 488.9(M*+1).

35 Example 21)
Synthesis of 2,6-dichloro-4-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-sulfonyl)-phenol

(compound 21)

To a 5ml flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4] oxazine(30mg, 0.220mmol) was dissolved in



b Synthesis of N- 3-h drox-Llin 1 -2 2-dirnethro iondami e 202,2-dimethyl-N-pyridin-4-yl-propionamide
(1.6g, 8.977mo1) was dissolved in anhydrous tetrahydrofuran (20m1) under nitrogen atmosphere and
then cooledwm2080/1ab¢behen 2.5M solution of n-b@gy! lithium (n-BuLi) in n-hexane (98:20R20628Mmo1)
was added thereto dropwise and then stirred at On for 2.5 hours until yellow crystals were formed.
After cooling the reaction mixture to -78E, trimethylboron (2.5m1, 22 443mmo1l) was added thereto
dropwise 25 for 10 minutes, and the temperature was raised slowly up to OD. After stirring for 2

hours, acettamhﬁaf&am@s AR Ry RAYR.TRluESR O BusFRuR RS rRNIde R HRPgdRd dropwise
to the reaction solution at On and then after séglrrln g for 30 mlnﬁtes Water 1m]%ﬂla%ﬁ]2dded thereto

dropwise af the Lrir &P mpEtatard OIS HBYIL W RBF Y L ure was
evaporatedQ.ifdemed veedepgded shretanel tHeretidueandls éxtradred by isimacimteniang ¥0% 30

isoprom%@éﬁara&amn&hwaah@r@mgm layenevRsstieaied wtbonﬁﬂne:mm%gaapwm filtrate
was W?hed chh elsaturatuaﬁl sallpver% O#t 1o, (%% Qver eahnhyd %)alg E(}d'uﬂ]e a{e 6'312?04)1 filtered and

evaporated under re auced pressure he reS|due was p y column chroma raphy 8 silica
eluting withtBeSHRAbAL WEgie) | Brtsthatf 8YRPorieH 4n 82iapahe, tqf A FRARRRINS %ﬁ%ﬂﬂﬁlé@? v sebiduct were
collected ang. rugBMeded to obtain white solid (1.16g, 3567%). Article 34 Amendments9-2010-00282
[Translation]39 c) Synthesis of 4-amino-3-pyridinol At room temperature,

N-(3-hydrox; M@/rldlnyl -2,2- dlmeth %%onamlde él 15¢g, 5 5.921mmol) was suspended by
dropwise ad ﬁ%ﬂﬂ? \(EioH T %é‘ﬂerb&é’i’fgu@'slbl (Sv25h&8d%it 90n for
18 houfs. THebr&dxtiot), r&Bﬁt&WbJsscéld)ed to On and neutralized by adding 6N sodium hydroxide
solution dropwise;)assh @yigpeiated under reduced pressure. The residue was dissolved in methanol
and then filtered to remove the byproduct. The filtrate was evaporated under reduced pressure to
obtain solid. Again, the 10resulting solid was dissolved in ethanol solution, filtered and evaporated

under redudzd@mppiegdre

Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-trifluoromethyl-2,3-dihydro-pyrido[2,3-
15 b][1,4] oxazin-1-yl)-methanone (compound 22-2)

a) Synthesis of 2-chloro-3-nitro-5-trifluoromethyl-pyridine

In a 25ml flask, 3-nitro-5-trifluoromethyl-pyridin-2-ol (300mg, 1.44mmol) was dissolved in
acetonitrile (4.5ml), and then phosphorus oxychloride (0.4ml, 4.33mmol) and benzyltrimethyl
20  ammonium chloride (164mg, 0.721mmol) were added thereto. The mixture was stirred for 3
hours at 80C1. After completion of the reaction, water was added thereto and the mixture was
extracted with ethyl acetate. The combined organic layer was dried over anhydrous sodium
sulfate (Na,SO,), filtered and evaporated under reduced pressure to obtain white solid (300mg,
92%).
25
'H-NMR(DM SO-dg, 300MHz); & = 9.21 (s, 1H), 9.08 (s, 1H).

b) Synthesis of (3-nitro-5-trifluoromethyl-pyridin-2-yloxy)-acetic acid methyl ester

In a 10ml flask, hydroxy-acetic acid methyl ester (0.4ml, 0.53mmol) was dissolved in

30 tetrahydrofuran (1.5ml), and then sodium hydride (23mg, 0.57mmol) was added thereto.  After
40 minutes, 2-chloro-3-nitro-5-trifluoromethyl-pyridine (100mg, 0.44mmol) was added and
then stirred for 2 hours a room temperature. After completion of the reaction, water was
added thereto and the mixture was extracted with ethyl acetate. The combined organic layer
was dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated under reduced

35 pressure. Theresidue was purified by column chromatography on silica eluting with a solvent
of n-hexaneethyl acetate=9:1. The fractions containing the product were collected and
evaporated to obtain white solid (84mg, 68%).

'H-NMR(DM SO-ds, 300MHz); & = 8.95 (s, 1H) , 8.92 (s, 1H), 5.23 (s, 2H), 3.69 (s, 3H).



to obtain white solid (660mg, quantitative yield). 1H-NMR(CD30D, 300MHz); 6 = 7.42 (d, J=6.1Hz,
1H), 7.24 (s, 1H), 6.67 (d, J=6.1Hz, 1H). d) Synthesis of 1H- icazin-2-one 154-amino-3-pyridinol
(650mg, 5.30a00adaEsdissolved in anhydrous NAN-dimethyl formamide (15m1) urgi201eHoozgh
atmosphere, and chloroacetyl chloride (0.52m1, 6.494mmo1l) solution was added thereto dropwise at
room temperature and then stirred for 30 minutes. Then, potassium carbonate (2.0g, 14.760mmol)
was added thereto dropwise at room temperature, and the reaction mixture was heated at iOOD for 18
hours. The reaction mixture 20 was cooled to room temperature and water was added to quench the
reaction. The Qrga '. \ ith ate and_the combined organic layer was

: ' - sv e ZHheHBUs sodium sulfate (Na2504),
filtered and |Gvar3@fdtétﬂfdmdéfnr§d15dékﬂ| m@zwhel t@yﬁﬂtauzr)mm@r@tm Fitt ot hestaviiénmplid was

renySta'||Z€tﬁ3f5mfﬁoﬁtmdsﬁﬂi§§§%@ndc6rl&@ﬁmt hi@ilbm(ﬁ@@ﬂ§%m®e59i%iet?&hlonde

1H-NMR(DMSD-d 05 (br s, 1H 07 H), 6.87 (d,
Ton B g e AN N (R W R e ey e
1H- pyndo[?ﬂ”ﬂﬂ'@} eixHAReCHRie (ABMES sdﬁgim%qmagrﬂ@gaw@wrﬁ AHP8rEUSWE sy drofuran
(20m1) undeunirepenradrassghefendithibe aichlolechéhides 1t DMThiuombiakdomatit hydridegissolved

in tetrahydrgfiirag, (6.8 b & SHUM S peiadesd HeyeieAon %&&eﬁ%&@%&[ﬁéﬁ%ﬁe&ﬂ@d for 30

minutes, and the temperature was raised to room temperature, and then the mixture was stirred for

1 hour. AfteT%ﬁ%Ré{?oW@f e f@%&Yoﬁomwmngéﬂo‘P@d%C@@Hﬁ%@nwémdatﬁewwalt‘éfr (0.25m1),
10% aueonmstsaiatidichbdreoetanearicdi@xiddn¢OhBatbha cdnizatieg (8 mibpuet reeid dedatteretoddropwise in

this order, S &8 RVIHSSHERR] m@@om%ogwly stirred at room temperature for 1 hour. The
produced solid was filtered and washed with excessive ethyl acetate, and then the filtrate was washed
with water and saturated 40saline solution, dried over anhydrous sodium sulfate (Na2504), filtered and
evaporated 'trdBR(DMSO-ds, 300MHz); & = 11.1 (s, 1H), 8.19 (s, 1H), 7.40 (s, 1H), 4.91 (s, 2H).

MS(ESI); 219(M*+1).

15
d) Synthesis of 7-trifluoromethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
In a 5ml flask, 7-trifluoromethyl-1H-pyrido[2,3-b][1,4]oxazin-2-one (60mg, 0.28mmol) was
dissolved in tetrahydrofuran (1.0ml), and then 1.0M Lithium auminum hydride dissolved in

tetrahydrofuran (0.33ml, 0.33mmol) was added thereto dropwise and stirred for 1 hour at 0.
20 Water and saturated solution of sodium hydrogen carbonate were added and the mixture was

extracted with ethyl acetate. The combined organic layer was dried over anhydrous sodium

sulfate (NaSOy,), filtered and evaporated under reduced pressure. The residue was purified by

column chromatography on silica eluting with a solvent of methanol:dichloromethane=1:50.

The fractions containing the product were collected and evaporated to obtain white solid (29mg,
25  52%).

'H-NMR(DMSO-dg, 300MHzZ); & = 7.69 (br s, J=2.29Hz, 1H), 7.10 (br s, J=2.29Hz, 1H), 6.48-
6.54 (m, 1H), 4.31-4.37 (m, 2H), 3.33-3.39 (m, 2H).
MS(ES); 205(M*+1).
30
e) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-(7-trifluoromethyl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl)-methanone (compound 22-1)
In a 5ml flask, 7-trifluoromethyl-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine (27mg, 0.23mmoal)
and 3,5-dibromo-4-methoxy-benzoyl chloride (65mg, 0.20mmol) were dissolved in
35 dichloromethane (0.6ml), and then triethylamine (0.55ml, 0.33mmol) was added thereto

dropwise at 0CJ. After stirring for 4 hours at room temperature, water was added and the
mixture was extracted with ethyl acetate. The combined organic layer was dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The
resdue was purified by column chromatography on silica eluting with a solvent of



reduced pressure to obtain white solid (300mg, 65%). 1H-NMR(DMSO-d6, 300MHz); 6 = 7.74 (s, 1H),
7.67 (d, J=5.8Hz, 1H), 6.67 (br s, 1H), 6.46 (d, J=5.8Hz, 1H), 4.10 (m, 2H), 3.34 (m, 2H). MS(ESI);
136.7(M1+1y 6 p®ymbasssis of 3 5-dibromoA-metlldd&Zheilih dro- ido 3 4-b 1 4 oxazin-19-2010r@apghone
By the same method as in the step d) of Example 2, 2,3-dihydro-1H-pyrido[3,4-1)][1,4]-oxazine
(180mg, 0.587mmol) and 3,5-dibromo-4-methoxy-benzoyl chloride (193mg, 0.587mmol) were
10reacted to obtain the target compound 5, (3,5-dibromo-4-methoxy-pheny1)-(2,3-dihydro-

6yrgjc2)[§> (4 W@@%&Méhm@éh%gnerﬁ(é %“)8”?05&?%@%% A ;@dﬂéﬁ%@%@?@ fﬁ) 300MHz);
S m m m
15MS(ESNH ¥ é’ﬁa igl‘i‘?t E%‘ (b Be %),

'H-NMR(DM SO-ds, 300MH2); & = 8.37 (s, 2H), 7.91 (s, 2H), 4.46-4.53 (m, 2H), 3.86-3.92 (m,
5  2H), 3.84 (s, 3H).
MS(ESI); 494.8(M*+1).

f) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-trifluoromethyl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl)-methanone (compound 22-2).

10 In a 5ml flask, (3,5-dibromo-4-methoxy-phenyl)-(7-trifluoromethyl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl)-methanone (30mg, 0.061mmol) was dissolved in N,N-dimethyl formamide

(0.3ml), and then lithium bromide (10mg, 0.12mmol) and piperazine (7.8mg, 0.091mmol) were

added thereto. After stirring for 1 hour, the solvent was removed by evaporation under

reduced pressure. The residue was neutralized with water and 1IN hydrochloric acid. The
15  resulting solid was filtered to obtain the target compound 22-2 as white solid (25mg, 86%).

'H-NMR(DMSO-ds, 300MHz); & = 10.7 (s, 1H), 8.34 (s, 1H), 8.29 (s, 1H), 7.79 (s, 2H), 4.45-
4.50 (m, 2H), 3.86-3.93 (M, 2H).
MS(ESI); 480.8(M*+1).

20
Example 23)
Synthesis of 2,5-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-car bonyl)-benzoic acid
(compound 23)

25 In a 20ml flask, 2,5-dibromo-terephthalic acid (100mg, 0.31mmol) and N,N-dimethyl
formamide (3 drops) were dissolved in thionyl chloride (2ml). After stirring for 2 hours at
800, the reaction mixture was cooled to room temperature and concentrated. Crude 2,5-
dibromo-terephthaloic dichloride (112mg, 0.31mmol) was dissolved in dichloromethane (6ml)
and was added to 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (20.9mg, 0.15mmol) dissolved in

30 dichloromethane (1ml). Triethylamine (3 drops) were slowly added thereto and stirred at room
temperature for 16 hours. After completion of the reaction, the residue was purified by
preparative LC/Mass to obtain the target compound 23, i.e., 2,5-dibromo-4-(2,3-dihydro-
pyrido[4,3-b][1,4] oxazin-4-carbonyl)-benzoic acid,



Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1410xazin-1-y1)- methanone
(compound 6) 20 By the same method as in Example 3,
(3,5-dibromarfiaectharempdreayts)-(2,3-dihydropyrido[3,4-1)][1,4]oxazin-1-y1)-me&t2an®ne2620mg, 0
140mmol) and 1M solution of boron tribromide (0.84m1, 0.840mmol) were reacted, and then the
reaction mixtifB# L heutralized (pH=7) by usin95§aturated solution of sodium hydrogen carbonate
and extracted with ethyl 25 acetate. The combined organic layer was dried over anhydrous sodium
sulfate (NaZgQhdiipte@ang sygporated under reduced pressure to obtain solid. The obtained solid
was recrystallized from dichloromethane and n-hexane to obtain the target compound 6, (3,5-
dibromo-4-hydroxy-pheny1)-(2,3-dihydro-pyrido[3,4-1)][1,4]oxazin-1-y1)-methanone, as white solid
(28mg, 4 8%0h-BY RKCRUIAR (BMBE 163 SE0TKix)L6) BHF. @t Jb7 2HZHIHB. 283 4¢.1H1 2888 @H)J=5.7Hz,
1H), 7.80 (sz.88H, T=blosh, IR%. IHZ (st 342Ame2th), 289 (M, 2H). MS(ESI); 412.9(M1+1). 35
Example 7)@%@%&@% jbromo-4-hydroxy-phenyl)-(6-methyl-2,3-dihydro-pyrido[2,3- hi
[1,41oxazin-1-y1)-thethanone {compound 7) alSynthesis of 3-amino-6-methyl-
6-hydroxy-5-nitro-2-picoline (500mg, 3.247mmo1) was dissolved in methanol: dichloromethane (5:1,
60m1) and gR&mpielariium on active carbon was added thereto slowly, and then stirred for 2 hours with
adding fydiggen.gas pt ropm spneRab s NG sSAR AT I eNRS HiRIer Ry ysiheeRsle and

evaporatedTnder reduced pressure 1o quanttatvely obtain [Te Soll mg).
acetic acid methyl ester (compound 24)

In a 25ml flask, (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-

methanone (100mg, 0.24mmol) was dissolved in N,N-dimethyl formamide (2.4ml), and
15  potassium carbonate (37mg, 0.266mmol) was added thereto dropwise at room temperature.

After stirring at room temperature for 10 minutes, bromo-methyl acetate was added dropwise

and then dtirred for 40 minutes at room temperature.  The reaction mixture was filtered on

celite and evaporated under reduced pressure. The residue was purified by column

chromatography on silica eluting with a solvent of dichloromethane:methanol=20:1 to obtain
20  thetarget compound 24 as white foam (48mg, 41.0%).

'H-NMR(DMSO-ds, 300MHz); & = 8.63 (br s, 1H), 8.11(d, J=5.7Hz, 1H), 7.90 (s, 2H), 6.97 (d,
J=5.7Hz, 1H), 4.70 (s, 2H), 4.42-4.37 (m, 2H), 3.90-3.85 (M, 2H), 3.75 (s, 3H).
MS(ESI); 484.9 (M*+1).

25
Example 25)
Synthesis of (7-bromo-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-y1)-(3,5-dibromo-4-hydr oxy-
phenyl)-methanone (compound 25)

30 &) Synthesis of 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
To a 10ml flask, 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-2-one (100mg, 0.436mmol)
was dissolved in tetrahydrofuran (1.0ml). To the reaction mixture, 1.0M Lithium aluminum

hydride dissolved in tetrahydrofuran (0.524ml, 0.524mmol) was added dropwise at 01, and
then stirred for 20 minutes. After completion of the reaction by adding water to the reaction

35 mixture, the organic layer was extracted with ethyl acetate and the combined organic layer was
washed with water and saturated saline solution, dried over anhydrous sodium sulfate (Na;SOy),
filtered and evaporated under reduced pressure. The residue was recrystallized from
dichloromethane and diisopropyl ether to obtain white solid (63mg, 67%).

40



5 1H-NMR(CDC13, 300MHz); 6 = 11.67 (br s, 1H), 6.57 (d, J=7.2Hz, 1H), 5.88 (d, J=7.2Hz, 1H), 3.20
(brs, 2H), 2.25 (s, 3H). MS(ESI); 125.1(M1+1). 10 b) Synthesis of
6-methyl1-ivf 020082 B464%6Mtuzin-2-one By the san®method as in the step d) of Exarey2@16,00282
3-amino-6-methyl-pyridin-2-ol (400mg, 3.222mmo1l) was reacted with chloroacetyl chloride (0.26m1,
3.222mmol) to obtain the target compound, 6-methyl-1H-pyrido[2,3-1)][1,4]oxazin-2-one (230mg,
44%). 151H-NMR(CDC13, 300MHz); 6 = 8.37 (s, 1H), 7.10 (d, J=5.2Hz, 1H), 6.81 (d, J=5.2Hz, 1H),

480 (5, 2H) PrfidiFoBt), MBARS): J657MM BLSBthasjs b6 eito g, S 2Pl hpxazine
20By the S%@%T{neéh d %s?g] ﬂ%Z'HStep e) of Example 5, 6-methy1-1H-pyrido[2,3-1)][1,4]oxazin-2- one
(230mg, 1. iy k)_8/\13 Te2d with 1.0M Lithium aluminum hydride dissolved in tetrahydrofuran
(3.0m1, 3.0BSHHRIGGbEM the target compound,
6-methy1-2,3-dihydro-1Hpyrido[2,3-1)][1,4]oxazine, as white solid (160mg, 76%). 251H-NMR(CDC13,
300MHg): &7 &84Sk 37 rAitand ) GRS AT et AR TR R BB 3 (- 3H):

phenyl)-methanone

To a 10ml flask, 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (37mg, 0.172mmol) and

3,5-dibromo-4-methoxy-benzoyl  chloride (113mg, 0.344mmol) were dissolved in

dichloromethane (0.5ml). Triethylamine (0.120ml, 0.860mmol) was added thereto and then

10  dirred at room temperature for 1 hour.  After completion of the reaction by adding water to the

reaction mixture, the organic layer was extracted with dichloromethane and the combined
organic layer was washed with water and saturated saline solution, dried over anhydrous sodium
sulfate (N&SOy,), filtered and evaporated under reduced pressure. The residue was purified by
column chromatography on silica eluting with a solvent of dichloromethaneiethyl acetate:n-

15  hexane=1:2:5. The fractions containing the product were collected and evaporated to obtain
white solid (55mg, 63%).

'H-NMR(CDCl3, 300MHz); § = 8.14 (s, 1H), 8.08 (d, J=2.1Hz, 1H), 7.82 (s, 2H), 4.41 (m, 2H),
3.95 (s, 3H), 3.90 (m, 2H).
20 MS(ES|); 504.8(M*+1).

¢) Synthesis of (7-bromo-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-yl)-(3,5-dibromo-4-hydroxy-

phenyl)-methanone

To a 100ml flask, (7-bromo-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-yl)-(3,5-dibromo-4-
25  methoxy-phenyl)-methanone (55mg, 0.108mmol) was dissolved in dichloromethane and then

cooled to 0TJ. 1.0M Boron tribromide dissolved in dichloromethane (1.63ml, 1.63mmol) was
added thereto and stirred at room temperature for 10 hours. n-hexane and water were added
and the resulting solid was filetered. And then the crude was purified by recrystallizing from
dichloromethane to obtain white solid as TFA salt. The resulting solid was dissolved in

30 dichloromethane and then washed with 10% aqueous solution of sodium hydrogen carbonate,
water and saturated saline solution. The combined organic layer was dried over anhydrous
sodium sulfate (N&,SO,), filtered and evaporated under reduced pressure to obtain the target
compound 25 as white solid (16.6mg, 31%).

35 H-NMR(CDCls, 300MHz); & = 10.66 (s, 1H), 8.19 (s, 1H), 8.05 (d, J=2.4Hz, 1H), 7.78 (s, 2H),
4.36 (M, 2H), 3.83 (M, 2H).

MS(ESI); 490.7(M*+1).

Example 26)



MS(ESI); 15E1(M1+1). Synthesisof3 5-dibromo-LI-hhen -(6-meth 1-2 3-dih dro- ido 2 3- 30bill
41oxazin-l-yl)-methanone By the same method as in the step d) of Example 1,
6-methy1-2\8aogairiaddepyrido[2,3- b][1,4]oxazin€d{50mg, 0.333mmol), thionyl chlosidel(53pPB20
733mmo1l) and 3,5-dibromo-4- hydroxy-benzoyl chloride (197mg, 0.666mmo1l) were reacted to obtain
the target compound 8,

(3,5- dibromo 4-hydroxy-pheny1)-(6-methy1-2,3-dihydro-1H-pyrido[2,3-1)][1,4]oxazin-I-y1)- methanone,

as white oo, 23%) 3 HIRINSAG APOMbIEN ©E HAARES A bRt 742 (m
1H), 6.63 (br s 'm .68 (m, ZH), ; 426.9(M1+1). Example 8)
SynthesisofS 5B To-4=Rydréxy-phenyl)-(2,2- dlmethyl -2, 3 dlhydro pyrido[4,3- hi

[1,410xazin-4- y1)-methanone (compound 8) 5 alSynthesis of 3-aminti-LI-ol

a) Synthesis of (2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3-fluoro-4-methoxy-phenyl)-
5  methanone

In a 10ml flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (50mg, 0.441mmol) and 3-fluoro-4-

methoxy-benzoyl chloride (125mg, 0.661mmol) were dissolved in dichloromethane.

Triethylamine (0.77ml, 1.288mmol) was added thereto and then stirred at room temperature for

2 hours. After neuralizing with 1IN hydrochloric acid solution, the mixture was extracted with

10  dichloromethane and the combined organic layer was dried over anhydrous sodium sulfate
(N&,SO,), filtered and evaporated under reduced pressure.  The residue was purified by column
chromatography on silica eluting with a solvent of ethyl acetate. The fractions containing the
product were collected and evaporated to obtain white solid (42.1mg, 33%).

15 'H-NMR(CDCls, 300MHz); & = 8.15 (s, 1H), 8.11 (d, J=5.7Hz, 1H), 7.31 (m, 1H), 7.27 (d,
J=3.8Hz, 1H), 6.92-6.98 (m, 1H), 6.85 (d, J=5.7Hz, 1H), 4.43-4.46 (m, 2H), 4.02-4.05 (m, 2H),
3.92 (s, 3H).
MS(ESI); 289.1(M*+1).

20 b) Synthesis of (2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-(3-fluoro-4-hydroxy-phenyl)-
methanone
In a 10ml flask, (2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-(3-fluoro-4-methoxy-phenyl)-
methanone (30mg, 0.104mmol) was dissolved in dichloromethane and the mixture was cooled
to 00J. 1.0M Boron tribromide dissolved in dichloromethane (1.25ml, 1.25mmol) was added
25 thereto and stirred at room temperature for 10 hours. n-hexane and water were added and then

filetered to obtain solid. The resulting solid was purified by preparative LC-Mass using 0.05%
TFA in acetonitrile and 0.05% TFA in water solvent. The fractions containing the product
were collected and adjusted to pH 6 to 7 with saturated solution of sodium hydrogen carbonate.
The organic layer was extracted with ethyl acetate. The combined organic layer was
30 evaporated under reduced pressure to obtain the target compound 26 as white solid (9mg, 28%).

'H-NMR(DM SO-ds, 300MHz); & = 8.37 (s, 1H), 8.05 (d, J=5.3Hz, 1H), 7.39 (d, J=11.8Hz, 1H),
7.25 (d, J=8.3Hz, 1H), 6.97 (m, 2H), 4.36-4.39 (m, 2H), 3.93-3.90 (M, 2H).
MS(ESI); 275.2(M*+1).

35
Example 27)
Synthesis of (3,5-dibromo-4-hydr oxy-phenyl)-(7-methyl-2,3-dihydro-pyrido[2,3-
b][1,4]oxazin-1-yl)-methanone (compound 27-2)




By the same method as in the step a) of Example 2, 3-nitropyridin-4-ol (3.0g, 21mmol) was reduced
with palladium on active carbon to obtain 3-aminopyridin-4-ol (2.4g, quantitative yield).
101H-NMR{ROO®/AE6/B0MHZ); 6 = 7.35(dd, J=68Hz, 1.5Hz, 1H), 7.13 (d, J=1.5H29-261)0-60282(d,
J=6.9Hz, 1H), 4.53 (br s, 3H). MS(ESI); 111.1(M1-F1). b) Synthesis of 2 2-dhnetllo43-b140x n-3-one e
15By the same method as in the step b) of Example 2, 3-aminopyridin-4-ol (300mg, 2 7mmol) was
reacted with 2-bromo-2-methyl-propionyl bromide (0.37m1, 3 Ommol) to obtain 2,2-dimethy1-

4H-pyrido[4,3- 1)]§y i%%z"(' éfone(é]@&mﬁ%@{?ethoxv phent}-PAMIR M AGr QAR 26 = 10.84
inc1oy)

(s, 1H), 8.0 4Hz, 1H), 1.44 (s, 6H). MS(ESI); 179.0(M1-F1).
Synthesis @ xazine By the same method as in the step c) of

Example 2,12 @dﬁﬁbtﬂ%4ﬁ%ﬂdo¥¢3 Sy bR B3l AlTRanvg, a6 reabted with
1.0M Lithiumsasrriém-methoxy-benzoyl  chloride  (259mg, 0.79mmol) weres dissolved in
5 dichloromethane (2ml). Triethylamine (0.22ml, 1.58mmol) was added thereto and then stirred
at room temperature for 2 hours. After neuralizing with 1IN hydrochloric acid solution, the
mixture was extracted with dichloromethane and the combined organic layer was dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The
resdue was purified by column chromatography on silica eluting with a solvent of
10  methanol:dichloromethane=1:30. The fractions containing the product were collected and
evaporated to obtain white solid (210mg, 90%).

'H-NMR(CDCl3, 300MHz); § = 8.25 (s, 1H), 7.87 (d, J=1.5Hz, 1H), 7.68 (s, 1H), 4.45-4.42 (m,
2H), 3.95-3.91 (M, 2H), 3.94 (s, 3H), 2.21 (s, 3H).
15  MS(ESI); 439.9(M*+1).

b) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-methyl -2,3-dihydro-pyrido[2,3-

b][1,4] oxazin-1-yl)-methanone (compound 27-2)

In a 5ml flask, (3,5-dibromo-4-methoxy-phenyl)-(7-methyl-2,3-dihydro-pyrido[2,3-
20  Db][1,4]oxazin-1-yl)-methanone (100mg, 0.23mmol), lithium bromide (39mg, 0.45mmol),

piperazine (30mg, 0.35mmol) and N,N-dimethyl formamide (1ml) were added and then stirred

at 10000 for 30 minutes. Lithium bromide (39mg, 0.45mmol) was further added thereto and
then stirred at 100 for 1 hour. Lithium bromide (39mg, 0.45mmol) was further added thereto
and then stirred for 1 hour. After neuralizing with saturated solution of sodium hydrogen
25 carbonate to pH 8 to 9, the mixture was adjusted to pH 6 again by using 1N hydrochloric acid.
The formed solid was filtered. The resulting solid was purified by column chromatography on
silica eluting with a solvent of methanol:dichloromethane=1:30. The fractions containing the
product were collected and evaporated to obtain the target compound 27-2 as white solid (74mg,
76%).
30
'H-NMR(DMSO-ds, 300MHZ); & = 10.61 (br s, 1H), 7.77-7.75 (m, 4H), 4.35-4.32 (m, 2H),
3.85-3.82 (m, 2H), 2.15 (s, 3H).
MS(ESI); 426.8(M*+1).

35 Example 28)
Synthesis of (3,5-difluoro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanone (compound 28)

In a10ml flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (60mg, 0.44mmol) and 3,5-difluoro-



Article 34 Amendments9-2010-00282 [Translation]43 hydride dissolved in tetrahydrofuran (1.4m1,
1.4mmol) to obtain 2,2-dimethy1-3,4-dihydro-2Hpyrido[4,3-b][1,4]oxazine (110mg, quantitative yield). 5
1H-NMR(CR@B03088A6E); 6 = 7.95 (s, 1H), 7.86 §d, J=5.4Hz, 1H), 6.67 (d, J=5.7H2-261)-60882(br s,
1H), 3.12 (s, 2H), 1.36 (s, 6H). MS(ESI); 165.0(M1-F1). 10 d) Synthesis of 3 5-dthro=4-mMimeth 1-2
3-dih dro- ido 4 3- b][1 41oxazin-4-y1)-methanone By the same method as in the step d) of Example
2, 2,2-dimethy1-3,4-dihydro-2H-pyrido[4,3- b][1,4]oxazine (60mg, 0.36mmol) was reacted with

3é5éd(;l?g°m9r-ﬂ2&}ﬁ$§?5éﬁ I%‘Pﬂ’(}_r%’é H61d 289 51enfhaf R LS ThtaRARIGRIaRMP AL,
ety STRAR (UL Ol oS 42 R HE T ShIGPRASTP TR IR D1,
300MHz); 6haus.3é\{lier sprnpiptiemar (e JesunaAy1 Midimuesae; Hheo @etieh beueizhd BIgaBio (s, 3H),
3.7 (br s, 2ihyet hds eftrhbtdd S ciorbPEAANE 1ahd the combined organic layer was washed with
5  water and saturated saline solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and
evaporated under reduced pressure. The residue was purified by column chromatography on
silica eluting with a solvent of dichloromethane ethyl acetate:n-hexane=1:2:5. The fractions
containing the product were collected and evaporated to obtain the target compound 28 as white
solid (102mg, 76%).
10
'H-NMR(CDCls, 300MHz); & = 8.17 (br s, 1H), 8.14 (d, J=5.7Hz, 1H), 7.08 (d, J=7.2Hz, 2H),
6.85(d, J=5.7Hz, 1H), 4.43 (m, 2H), 4.05 (s, 3H), 4.01 (m, 2H).
MS(ESI); 307.2(M*+1).

15 Example 29)
Synthesis of (3,5-difluoro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanone (compound 29)

In a 10ml flask, (3,5-difluoro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-

20  methanone (50g, 0.163mmol), lithium bromide (57mg, 0.65mmol) and piperazine (21mg,
0.24mmol) were dissolved with N,N-dimethyl formamide, and stirred at 1000J for 3 hours.
After completion of the reaction by adding water dropwise, the mixture was adjusted to weak
acidic condition (pH=6) by using 1N hydrochloric acid, and the formed solid was filtered and
washed with digtilled water and ethyl acetate. The resulting solid was recrystallized from

25  methanol to obtain the target compound 29, i.e., 3,5-difluoro-4-hydroxy-phenyl)-(2,3-dihydro-
pyrido[4,3-b][1,4] oxazin-4-yl)-methanone (31mg, 65%).

'H-NMR(DMS0-ds, 300MHz); & = 10.9 (br s, 1H), 8.45 (br s, 1H), 8.01 (m, 1H), 7.81 (d,
J=7.2Hz, 2H), 6.95 (d, J=5.34 Hz, 1H), 4.38 (m, 2H), 3.91 (m, 2H).
30 MS(ESI); 293.1 (M*+1).

Example 30)
Synthesis of (5-chloro-2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-(3,5-dibromo-4-hydroxy-
phenyl)-methanone (compound 30)

35
a) Synthesis of (5-chloro-2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3,5-dibromo-4-methoxy-
phenyl)-methanone

In a 50ml flask equipped with a reflux apparatus, 5-chloro-3,4-dihydro-2H-pyrido[4,3-
b][1,4]oxazine (890mg, 5.22mmol) was dissolved in butyl ether (20ml), and 60% sodium



20 Synthesis of3 5-dthro=44imeth 1-2 3-dih dro- ido 4 3- b][1,410xazin-4-y1)-methanone By the same
method as in Example 6, (3,5-dibromo-4-methoxy-pheny1)-(2,2-dimethy1-2,3-
dihydro-pyrida)208anpb4gexazin-4-y1)-methanone 680mg, 0 15mmol) was reacted with 20¢02826Rution
of boron tribromide (0.9m1, excess amount) to obtain the target compound 8, (3,5-
dibromo-4-hydroxy-pheny1)-(2,2-dimethy1-2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)- methanone
(33mg, 49%). 1H-NMR(DMSO-d6, 300MHz); 6 = 10.71 (br s, 1H), 8.54 (br s, 1H), 8.11 (d,

J=5.7Hz, 1)4R30Y i miferal Bit $238nil, IZ0nhtA) bl adidB AR Sirfddat 128 (SiB LI h MS(ERIY

+ ' . : :
A0 ML N R 5016 6 o 1o Are A 3 A bromo 2 Pxhity Bavsoy Chioride (2.06g,

6.26mmol) was added thereto and then stirred at 12500 for 24 hours. The mixture was cooled
to room temperature and filtered and evaporated under reduced pressure. The residue was
5  washed with methanol and dried under reduced pressure to obtain white solid (1.2g, 50%).

'H-NMR(CDCls;, 300MHz); & = 8.09 (d, J=5.7Hz, 1H), 7.78 (s, 2H), 6.86 (d, J=5.7Hz, 1H),
4.47-4.31 (m, 2H), 4.02-3.82 (m, 2H), 3.93 (s, 3H).
MS(ESI); 461(M*+1).

10
b) Synthesis of (5-chloro-2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yI)-(3,5-dibromo-4-hydroxy-
phenyl)-methanone

In a 5ml flask equipped with a reflux apparatus, (5-chloro-2,3-dihydro-pyrido[4,3-

b][1,4] oxazin-4-yl)-(3,5-dibromo-4-methoxy-phenyl)-methanone  (48mg, 0.1lmmol) was
15  dissolved in dichloroethane (0.5ml) and chloroform (0.5ml).  1.0M Boron tribromide dissolved

in dichloromethane (1Iml, 1mmol) was added thereto dropwise at room temperature. The

reaction mixture was stirred at 450 for 18 hours. After cooling to room temperature, methanol

(Iml) was added and then stirred at room temperature for 10 minutes.  After evaporating under

reduced pressure, dichloromethane was added and then stirred. The reaction mixture was
20 filtered to obtain the target compound 30 as white solid (24mg, 54%).

'H-NMR(DMSO-ds, 300MHz); & = 10.80 (br s, 1H), 8.06 (d, J=5.7Hz, 1H), 7.78 (s, 2H), 7.04
(d, J=5.7Hz, 1H), 4.55-4.16 (m, 2H), 4.04-3.91 (m, 2H).
MS(ESI); 447.0(M*+1).

25
Example 31)
Synthesis  of (2,6-dichloro-pyridin-4-y)-(2,3-dihydro-pyrido[4,3-b][1 4] oxazin-4-yl)-
methanone (compound 31)

30 In a 25ml flask, 2,6-dichloro-isonicotinic acid (100mg, 0.52 mmol) was dissolved in
thionylchloride (0.76ml), and a catalytic amount of N,N-dimethyl formamide was added thereto
and then dtirred for 4 hours under reflux. Thionyl chloride was removed under reduced
pressure, and 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (78mg, 0.57mmol) and pyridine
(0.13ml) were added to the reaction flask and dissolved in N,N-dimethyl acetamide (2.6ml) and

35 then stirred at room temperature for 18 hours. The reaction mixture was extracted with
dichloromethane, and the combined organic layer was dried over anhydrous magnesium sulfate
(MgSO,4) and evaporated under reduced pressure. The residue was purified by column
chromatography on silica eluting with a solvent of n-hexane:ethyl acetate=2:1. The fractions
containing the product were collected and evaporated to obtain the target compound 31 as



ethyl acetate and n-hexane (1:1). The fractions containing the product were collected and evaporated
to obtain the target compound as white solid (9.0mg, 33%). S 1H-NMR(CDC13, 300MHz); 6 = 7.86 (d,
J=2.4Hz, 1M O2a®/(=15266), 7.21 (S, 1H), 4.43-4.4764n, 2H), 3.95-3.97 (m, 2H), 3.94 (9; ZH);M%Z-1.82
(m, 1H), 0.85-0.91 (m, 2H), 0.39-0.45 (m, 2H).  d) Synthesis of 7-c cloro 1-2 3
-dilnto23-b14mcazin-1- - 35-dibro=4- 10 h drox - Imiethanone To a 10m1 flask,
(7-cyclopropy1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-y1)-(3,5-dibromo-4-

methoxy-phenyd)efla @ eA84mg, 0.019mmol) was dissolved in dichloromethane, and then cooled
to On. 1.0M Boron trlbro e dissolved in dichloromethane (0.2m1*2, 0.203mmol) was added thereto
and then stirred at room temperature for 16 hours. The pH was adjusted to 6 15 with IN sodium
hydroxide soithHREPM Bakcked0Mdhi Diikta IR IR Ay extictetbudtehctiarotheihaie, an @19 dmbined
organic laygesvasAltiay ovsuamyerays sodisies stifatg. (Na2504), filtered and evaporated under
reduceg pr §/H£§|§° ZQ?-QFQ id. The resulting solid was recrystallized from dichloromethane to obtain
white sohdi@ mg g’ 01H-NMR(DMSO-d6, 300MHz); 6 = 10.59 (s, 1H), 7.78 (d, J=2.1Hz, 1H),
7.72 (s, 2H), 7.25 (s, 1H), 4.35-4.38 (m, 2H), 3.82-3.84 (m, 2H), 1.79-1.81 (m, 1H), 0.80-0.86 (m, 2H),
0.28-0.39 (mBxathhlMS(ESI); 452.8 (M1+1). 25 Example 10) Synthe3|s of

(3-chloro-4-Kydroxy- phegyl) (2 %?lﬁm o

salt (compound 10 esis -ChIoro
methanone (compound 32)

apbromic acid
_
€thanone

10
In a 25ml flask, 6-hydroxy-nicotinic acid (102mg, 0.73mmol) was dissolved in N,N-dimethyl
acetamide (2.7ml) and then cooled to -150J. Thionyl chloride (0.06ml) was added thereto and
the temperature was slowly raised up to -500 and then stirred at -50 for 30 minutes. The
mixture was cooled again to -157 and then 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (100mg,

15  0.73mmol) and potassium carbonate (127mg, 0.82 mmol) were added thereto and stirred for 10
minutes. The temperature was raised up to room temperature and then stirred for 14 hours.
Ethyl acetate was added to the reaction mixture, and the mixture was neutralized with saturated
solution of sodium hydrogen carbonate and evaporated under reduced pressure.  The residue
was purified by column chromatography on amine silica eluting with a solvent of

20  dichloromethane:methanol=50:1. The fractions containing the product were collected and
evaporated to obtain the target compound 32 as white solid (86mg, 45%).

'H-NMR(DMSO-ds, 300MHz); & = 12.0 (br s, 1H), 8.43 (s, 1H), 8.06 (d, J=5.7Hz, 1H), 7.77 (d,

J=2.1Hz, 1H), 7.56 (dd, J=2.7Hz, 9.3Hz, 1H), 6.94 (d, J=5.7Hz, 1H), 6.34 (d, J=9.3Hz, 1H),
25 4.45-4.25 (m, 2H), 4.00-3.92 (m, 2H).

MS(ESI); 258.1 (M*+1).

Example 33)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
30 methanone hydrochloric acid salt (compound 33)

In a 25ml flask, (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone (510mg, 1.23mmol) and tetrahydrofuran (40ml) were added and stirred at 7507 for
20 minutes. 4.0M Hydrochloric acid dissolved in 1,4-dioxane (0.34ml, 1.36mmol) was added

35  thereto dropwise and then stirred at 750 for 10 minutes. The reaction mixture was filtered in
hot state without cooling and washed with ether, and the resulting solid was dried under vacuum
at 6000 for 12 hours to obtain the target compound 33 as white solid (520mg, 93.7%).

'H-NMR(DM SO-ds, 300MHz); & = 8.88 (s, 1H), 8.36 (d, J=6.4Hz, 1H), 7.80 (s, 2H), 7.39 (d,



To a 10m1 flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (150mg, 1.102mmol) and
3-chloro4-methoxy-benzoyl chloride (249mg, 1.212mmol) were dissolved in dichloromethane.
Triethylamine@@003iba56610mmol) was added theé®to and then stirred at room tempgepaloreoka22
hours. The reaction mixture was neutralized with IN hydrochloric acid solution Article 34
Amendments9-2010-00282 [Translation]46 and extracted with dichloromethane. And the combined
organic layer was dried over anhydrous magnesium sulfate (MgSO4), filtered and evaporated under
reduced presguig, Tﬂpf; qaggjyglvgﬁ,s@plgggaggy RPBIFN chromatography on silica eluting with a
solvent of eth é ctlons containing the product were collected and evaporated to obtain
ivory- _coloreld ; %ﬂn@' /0) 1H-NMR(DMSO-d6); 6 = 8.39(br, 1H), 8.07(d, J=5.7Hz, 1H),
7.66(d, J=2.3Hz, 1H) 7.55(dd, 10J=1.9Hz, 8.4Hz, 1H), 7.23(d, J=8.4Hz, 1H), 6.95(d, J=5.7Hz, 1H),
4.40(m, ZHE)@%@@—D MS(ESI) 305(W+1) bSynthesis of 3-chloro-4-h drox -ido 4 3-b 1 4 oxazin-4-
1 - methan ‘o

(3-chloro-4- X
0.328mmol N RREEHEEY
dissolved in dlchloromethane (2 Oom1, 1. 969mmol) was added thereto and then stirred at room

temperature for fhaiys of e salg foimehin i esAgalat Rals At Biesmd )l collected.

and purified %¥ recrystallizing from dichloromethaneé t
hanone

10  Ina10ml flask, 2,3-dihydro-1H-pyrido[3,4-b][1,4] oxazine (60mg, 0.441mmol) and 3-chloro-4-
methoxy-benzoyl chloride (108mg, 0.529mmol) were dissolved in dichloromethane (3ml).
Triethylamine (0.12ml, 0.881mmol) was added thereto and then stirred at room temperature for
2 hours. After neutralizing with 1N hydrochloric acid solution, the mixture was extracted with

dichloromethane, and the combined organic layer was dried over anhydrous sodium sulfate
15  (NaSO,), filtered and evaporated under reduced pressure. The residue was purified by column

chromatography on silica eluting with a solvent of ethyl acetate:n-hexane=1:1. The fractions

containing the product were collected and evaporated to obtain white solid (134mg, 99.8%).

'H-NMR(DMSO-ds, 300MHZ); § = 8.28 (s, 1H), 7.94 (d, J=5.7Hz, 1H), 7.64 (d, J=2.3Hz, 1H),
20 7.45 (dd, J=2.3Hz, 8.8Hz, 1H), 6.98 (d, J=5.3Hz, 1H), 6.94 (d, J=8.8Hz, 1H), 4.41-4.38 (m, 2H),

4.01-3.98 (m, 2H), 3.96 (s, 3H).

MS(ESI); 305.1(M*+1).

b) Synthess of (3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4] oxazin-1-yl)-
25  methanone

In a 10ml flask, (3-chloro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-yl)-

methanone (134mg, 0.441mmol) was dissolved in dichloromethane (5ml), and the mixture was

cooled to O[1. 1.0M Boron tribromide dissolved in dichloromethane (2.2ml, 2.2mmol) was
added thereto and stirred at room temperature for 16 hours. After neutralizing with saturated

30  solution of sodium hydrogen carbonate to pH 8 to 9, the mixture was adjusted to pH 6 again by
using 1N hydrochloric acid and extracted with dichloromethane. The combined organic layer
was washed with saturated saline solution and dried over anhydrous sodium sulfate (Na,SO,),
filtered and evaporated under reduced pressure. The residue was purified by column
chromatography on silica eluting with a solvent of methanol:dichloromethane=1:20. The

35 fractions containing the product were collected and evaporated to obtain the target compound 34
as white solid (65mg, 50.9%).

'H-NMR(CDs0D, 300MHz); § = 8.17 (s, 1H), 7.88 (d, J=5.7Hz, 1H), 7.64 (d, J=1.9Hz, 1H),
7.42 (dd, J=1.9Hz, 8.8Hz, 1H), 7.33 (d, J=5.7Hz, 1H), 6.98 (d, J=8.4Hz, 1H), 4.39 (m, 2H),



200btain white solid (45mg, 47%). 1H-NMR(DMSO-d6, 300MHz); 6 = 11.03 (br s, 1H), 9.04 (s, 1H),
8.48 (d, J=6.9Hz, 1H), 7.65 (d, J=1.9Hz, 1H), 7.58 (d, J=6.5Hz, 1H), 7.46 (dd, J=1.5Hz, 8.4Hz, 1H),
7.09 (d, J=8MBRO0BHY54568 (m, 2H), 4.01 (m, 2H). @MS(ESI); 291.2(M k -F 1 ). Exars2@10-0p282
Synthesis of (3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,410xazin-4-y1)- methanone
hydrobromic acid salt (compound 11) 30  Synthesis of 3-bromo-4-methox-phenyl)ih dro- ido 3-b 1 4
oxazin-4- 1 - methanone To a mixture of 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (50mg, 0 37mmol)
and 3- bromg)oﬁ)- meéh XY- ben20|c acid (102mg, 0.44mmol), phosphorus oxychloride (2m1) was added
and 355t|rr(i% §E§8 ?/%Jr ours The reaction mixture was cooled to 0C, neutralized with saturated
solution of zirbonate to pH of 8-9 and extracted with ethyl acetate. Article 34
Amendments9-2010- 00282

Example 35)
5 Synthesis  of 2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-sulfonyl)-phenol

(compound 35-2)

a) Synthesis of 4-(4-methoxy-benzenesulfonyl)-3,4-dihydro-2H-pyrido[4,3-b][1,4] oxazine

In a25ml flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4] oxazine (370mg, 2.72mmol) and 4-methoxy-
10  benzenesulfonyl chloride (618mg, 2.99mmol) were dissolved in dichloromethane (10ml).

Triethylamine (0.45ml, 3.23mmol) was added thereto and then stirred at room temperature for 2

hours. After neutralizing with 1IN hydrochloric acid solution, the mixture was extracted with

dichloromethane, and the combined organic layer was dried over anhydrous sodium sulfate
(N&SO,), filtered and evaporated under reduced pressure.  The residue was purified by column

15  chromatography on silica eluting with a solvent of dichloromethane. The fractions containing
the product were collected and evaporated to obtain pale-green solid (700mg, 84.1%).

'H-NMR(DMS0-ds, 300MHZ); § = 8.98 (s, 1H), 8.21 (d, J=5.3Hz, 1H), 7.62-7.57 (m, 2H),
6.96-6.91 (M, 2H), 6.75 (d, J=5.7Hz, 1H), 3.88-3.79 (m, 7H).
20 MS(ES|); 307(M*+1).

b) Synthesis of 4-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-sulfonyl)-phenol (compound 35-1)

In a 100ml flask, 4-(4-methoxy-benzenesulfonyl)-3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine

(699mg, 2.282mmol) was dissolved in dichloromethane (30ml) and the mixture was cooled to
25 00. 1.0M Boron tribromide dissolved in dichloromethane (11.4ml, 11.4mmol) was added

thereto and stirred at room temperature for 16 hours.  After neutralizing with saturated solution

of sodium hydrogen carbonate to pH 8 to 9, the mixture was adjusted to pH 6 again by using 1N
hydrochloric acid and extracted with dichloromethane. The combined organic layer was
washed with saturated saline solution and dried over anhydrous sodium sulfate (NaxSOy),

30 filtered and evaporated under reduced pressure. The residue was purified by column
chromatography on silica eluting with a solvent of methanol:dichloromethane=1:20. The
fractions containing the product were collected and evaporated to obtain white solid (375mg,
56.2%).

35  'H-NMR(DMSO-d, 300MHz); & = 10.80 (br s, 1H), 8.73 (s, 1H), 8.15 (d, J=5.7Hz, 1H), 7.50-
7.45 (m, 2H), 6.91-6.87 (m, 3H), 3.85-3.82 (m, 2H), 3.75-3.72 (m, 2H).

MS(ESI); 293.1(M*+1).

¢) Synthesis of 2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-sulfonyl)-phenol




[Translation]47 And then the combined organic layer was washed with saturated saline solution, dried
over anhydrous sodium sulfate (Na2S04), filtered and evaporated under reduced pressure. The 5
residue was\popdEatiby466lumn chromatography oailica eluting with a solvent of ~ 9-2010-00282
nhexane:dichloromethane=1:1. The fractions containing the product were collected and evaporated to
obtain white solid (38mg, 51%). 1H-NMR(CDC13, 300MHz); 6 = 8.19 (s, 1H), 8.12 (d,
J=5.7Hz, 1H), 7.77 (d, J=1.9Hz, 1H), 107.44 (dd, J=8.6Hz, 1.9Hz, 1H), 6.91-6.81 (m, 2H), 4.44 (m,

2H), 4.03 (M, 2H), 333 (S5 3K)- Py BIRESIE byt QbRMC mgi%&iﬁrb-én@oﬂm%iﬁbﬁall 158&thanone
hydrobromic acid s@t B(g the sarr};eg?%@ghod asin xar(?lp e

T

(3-bromo-4-nitHBRY-BRE Y320 PO pyAtios, 3 %]fi%gﬁggfnfﬁ%§/€%é%hgﬁgne {38bmg,
0.086mmolyidreMpn. Sotlimeting hystersei nr(Besta O @ 86l  dissbyadiol Medange tlobdwassitish the target
compound, (@Brbkp Ry Ry drexyphenylied Zdnchibydro-pyridei4, Sobiilndexazinsdtpiinmpeianone
hydrobromic. acid salt.(26m %). H-NMR(DMSO- OMHz). 6 =111 (br s. 1H), 8.97
o 1008 ) PR o o) draI SR Ul oy 0y
(m, 2H), 4.01opwis2ia) -RAS(E SyitesgmdtiFafTtiEdsasire. 193 ter (18phmeasiadged thereto and the
(2,3-dihydronpytidolbsS daifdctetionaristdly dge(dd) el iothe- Soirifivetoongiiy| By @heay ssrethanbne
(compounddlg}aed saine solution and dried over anhydrous sodium sulfate (NawSO,), filtered and

evaporated under reduced pressure. The residue was purified by column chromatography on

10  silica euting with a solvent of methanol:dichloromethane=1:20. The fractions containing the

product were collected and evaporated to obtain pale-green solid. The resulting solid was

recrystallized from diethyl ether to obtain the target compound 35-2 as white solid (392mg,

69.9%).

15  'H-NMR(DMSO-ds, 300MHz); & = 8.78 (s, 1H), 8.25 (d, J=5.3Hz, 1H), 7.80 (s, 2H), 7.03 (d,
J=5.7Hz, 1H), 3.93 (s, 4H).
MS(ESI); 448.7(M*+1).

Example 36)
20 Synthesis of (3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-
yl)-methanone (compound 36)

a) Synthesis of (3-chloro-4-methoxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4] oxazin-1-
yl)-methanone

25  Inal0ml flask, 2,3-dihydro-1H-pyrido[3,4-b][1,4] oxazine (96.2mg, 0.706mmol) and 3-chloro-
4-methoxy-5-nitro-benzoyl chloride (194mg, 0.777mmol) were dissolved in dichloromethane
(Bml).  Triethylamine (0.15ml, 1.059mmol) was added thereto and then stirred at room
temperature for 2 hours. After neutralizing with 1IN hydrochloric acid solution, the mixture

was extracted with dichloromethane, and the combined organic layer was dried over anhydrous

30 sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The residue was
purified by column chromatography on silica eluting with a solvent of ethyl acetate:n-
hexane=1:1. The fractions containing the product were collected and evaporated to obtain
yellow solid (206mg, 83.4%).

35 'H-NMR(CDCls, 300MHz); & = 8.33 (s, 1H), 8.03 (d, J=5.7Hz, 1H), 7.90 (d, J=2.3Hz, 1H),
7.83 (d, J=2.3Hz, 1H), 7.11 (d, J=5.7Hz, 1H), 4.44-4.40 (m, 2H), 4.10 (s, 3H), 4.01-3.98 (m,

2H).

b) Synthesis of (3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-




aLS thesis of (2,3 -dilnfro-kazin-4- - -methox -3-trinuoromen hen 1 -methanone To a 50m1 flask,
3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (1.0g, 7.34mmol) and 3- 30
trifluorometity@2008¢d3a%§-benzoyl chloride (2.1g, 8880mmol) were dissolved in dichlorponetbease.
Triethylamine (2.0m1, 14.68mmol) was added thereto and then stirred at room temperature for 4
hours. To the reaction mixture, water was added to quench the reaction and the mixture was extracted
with dichloromethane, and the combined organic layer was washed with water and saturated saline
solution, dr'?gl AMBLHMaydrous sodium sulfate (Na2504), 35filtered and evaporated under reduced

rtic

pressure nts9-2010-00282 [Trans The res urifie by column
chromatogrgbﬁé%ﬂl f ﬁ%l%?ﬁﬁ ik 0 oA ls %’ Ec@t @%Y%HHSJ%W%@ AN containing
the productyhenstiane &t emd @\f’éﬁ)mfa@@d|t6"5'6b@!3iﬂ”;¢@l(éﬁﬂﬁmldl@qumOBO%)e@HnNmﬂiDCB,

300MHz); 67 S5 thinb$) abld N &Qﬁﬁ&hJFé&id@cﬂel-dknﬂ)%@m&aaﬂéﬁn@wZodﬁorh&%l(ﬁméﬁ) 7.36 (d,

J=8.7Hz, 6. 96 H 9 93 2 10M

339.0( 1 i‘)}ﬂhf‘@ %ﬁegl%eof %%ga d}rjgﬁlrélglz(f }_B[uf'u%ecfr éff Egﬁgoo?lol(ri(nﬁe%ﬁysf%en;}l)ﬁ)@éanone Toa
100m1 flaskOPrS-afRIrBeyARg, B1H) W]@@M%%?RQW%%H@[@%%&W‘ $509,
phenyl)-methanoxerelvl:3cdp.S 200 il \Basyd is §9veiciari i diyldrenmeticasni Afteraaling takan, 1.0M

Boron tr'brqwﬁnﬂ'éa?&vﬁgs'ﬂl%'%ﬂ% ?&Hﬁ 3P manA0 D AR AHAGAIRG iR ARck then

stirred at room temperature for 10 hours. The solid formed by adding a solvent of n-hexane and water
was filtered gL LIRS ﬁYﬂE‘H"ﬁQ 1R EHy3mHi2HG from dichloromethane to obtain white solid. The

obtaingd solid was further purified by preparative
'H-NMR(DM SO-dgs, 300MHz); & = 8.38 (s, 1H), 8.13 (d, J=2.3Hz, 1H), 8.06 (d, J=5.7Hz, 1H),
7.85 (d, J=2.3Hz, 1H), 7.56 (d, J=5.7Hz, 1H), 4.40-4.36 (m, 2H), 3.96-3.93 (M, 2H).
MS(ESI); 336.0(M*+1).

15 Example 37)
Synthesis  of  (3-chloro-4-hydroxy-phenyl)-(2,3-dihydr o-pyrido[4,3-b][1,4] oxazin-4-yl)-

methanone (compound 37)

In a 25ml flask, (3-chloro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
20  methanone (223mg, 0.73mmol) was dissolved in dichloromethane, and the mixture was cooled
to 00J. 1.0M Boron tribromide dissolved in dichloromethane (3.65ml, 3.65mmol) was added
thereto and stirred at room temperature for 16 hours. n-hexane solvent was added thereto and
the formed solid wasfiltered. The resulting solid was dissolved in methanol and concentrated.
After adding and dissolving in water, the mixture was adjusted to
25



20 high pressure chromatography using Waters LC/MS apparatus eluting a solvent of acetonitrile and
distilled water containing 0.1% trifluoroacetic acid (TFA) to obtain the compound as salt form of
trifluoroacete tadeBfAAendihenobtained compound was washed with 10% aquee20soaaisa of sodium
hydrogen carbonate (NaHCO3) and extracted with dichloromethane. The combined organic layer was
washed withFa8H18Hd saturated saline solution, &ftied over 25anhydrous sodium sulfate (Na2504),
filtered and evaporated under reduced pressure to obtain the target compound 12 as white solid

T, 73 (L o o e . 211
, 1.73 (s, 1H), 7. , J=8.7Hz , 7.06.(d, J=8.7Hz, 1H), 6. , J=5.4Hz, 1H), 4.40 (m, 2H),
3.93 (m, 30%»313'.% i éfé?%ﬂﬂ%%%ﬁ%éffﬁ Wa%%%)eg@o?gﬂvgfous S, bt
(3,5-dichlorENa:Har dixierpt eny BvprcBatsithyare- frrides] #resb](e.4 1 Dheancietys BEstttizerbiiem
hydrobromig; ggisiradtHERBRONAEK A tEbIRalh @i SRieB Rriidl RIS AR eHeXolidgsbrgiabo)oxazin-4- 1 -
methanone To a mixture of 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (80mg, 0 58mmol) and Article 34
Amendments9-2010-00282 [Translation]49 3,5-dichloro-4-methoxy-benzoic acid (141mg, 0.64mmol),
phosphoru§'6%lﬂ6?%§@4¢n1§%§'z)? 8 =10.92 (br s, 1H), 8.37 (br s, 1H), 8.05 (d, J=5.3Hz, 1H),

7.58 (d, J=2.3Hz, 1H), 7.38 (dd, J=8.4Hz, 2.3Hz, 1H), 7.01 (d, J=8.4Hz, 1H), 6.94 (d, J =5.3Hz,

10 1H), 4.38 (m, 2H), 3.91 (m, 2H).
MS(ESI); 291.2(M*+1).

Example 38)
Synthesis  of  (3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
15 methanone (compound 38)

By the same method as in Example 3, (3-bromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-

b][1,4] oxazin-4-yl)-methanone (296mg, 0.85mmol) and 1M solution of boron tribromide

(4.25ml, 4.25mmol) were reacted to obtain the target compound 38, i.e., (3-bromo-4-hydroxy-
20  phenyl)-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-yl)-methanone (256mg, 89%).

'H-NMR(DMS0-ds, 300MHz2); & = 8.37 (br s, 1H), 8.05 (d, J=5.7Hz, 1H), 7.71 (d, J=1.9Hz,
1H), 7.41 (dd, J=8.0Hz, 1.9Hz, 1H), 6.98 (d, J=8.8Hz, 1H), 6.94 (d, J=5.7Hz, 1H), 4.56 (M, 2H),
4.01 (m, 2H).

25  MS(ES); 335.1(M*+1).

Example 39)
Synthesis of (3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanone (compound 39)

30
In a 25ml flask, (3,5-dichloro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone (344mg, 1.0mmol), lithium chloride (219mg, 6mmol) and piperazine (105mg,
1.2mmol) were dissolved in N,N-dimethyl formamide. After stirring at 10000 for 2 hours,
water was added to quench the reaction. The mixture was adjusted to pH 6 by using 1IN

35 hydrochloric acid, and the formed solid was filtered and washed with distilled water and ether.
The resulting solid was recrystallized from dichloromethane and n-hexane to obtain the target
compound 39, i.e, (3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-
yl)-methanone (48mg, 16%).

40



added and then stirred at 1000 for 12 hours. The reaction mixture was cooled to 00 and 5 adjusted to
pH of 8-9 by using saturated solution of sodium hydrogen carbonate and extracted with ethyl acetate.
The combinediokg@hioiayemeras washed with saturated saline solution, dried 0@e2td0iop@Baus sodium
sulfate (Na2S04), filtered and evaporated under reduced pressure. The residue was purified by
column chréf @qaﬂhy on silica eluting with a sdRent of nhexane: ethyl acetate=4:1. The fractions
containing the product were collected and evaporated 10to obtain white solid (107mg, 54%).

323 1H B RO, %@(% o B R s R nesi of
5-dichloro- T]gék %gﬂ%?%ﬁ%b ﬁﬁrﬁ

‘methanone hydrobromic acid salt By the same method
as in ERamp&EB,828ieMord)4-methoxy-pheny1)-(2,3-dihydro-

pyrido[4,3-b][1,4]oxazin-4-3/1)-methanone (116mg, 0.342mmo1l) was reacted with 1M solution 20 of
boron trlbrogude gg %@ml 3.42mmol) to obtain the target compound, (3,5-dichloro-4-

hydroxy-ph |hydro pyr|do[4 3- b][l 4]oxa|2|n -4-3/1)- methanone hydrobromlc aC|d salt (65mg,
67%). g ISOINE - AN A AL — ,
7.66 (s, ZSZiTBchrﬁﬂéQkoimﬁ;Ehtmd)H) 458 (m, 2H), 400 (m 2H). MS(ESI) 325 O(M1+1)

10

By the same method as in Example 3, (3-bromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[3,4-
b][1,4] oxazin-1-yl)-methanone (200mg, 0.58mmol) and 1M solution of boron tribromide (2.9ml,
2.9mmol) ) were reacted to obtain the target compound 40, i.e., (3-bromo-4-hydroxy-phenyl)-
(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone, as beige solid (95mg, 49%).

15
'H-NMR(DMS0-ds, 300MHz); § = 11.1 (br s, 1H), 8.21 (s, 1H), 7.94 (d, J=5.3Hz, 1H), 7.77 (d,
J=1.9Hz, 1H), 7.47 (dd, J=8.4Hz, 1.9Hz, 1H), 7.32 (d, J=5.3Hz, 1H), 7.01 (d, J=8.4Hz, 1H),
4.33 (m, 2H), 3.90 (m, 2H).

MS(ESI); 335.1 (M*+1).

20

Example 41)
Synthesis of (3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-yl)-
methanone (compound 41)

25 By the same method as in Example 39, (3,5-dichloro-4-methoxy-phenyl)-(2,3-dihydro-
pyrido[3,4-b][1,4] oxazin-1-yl)-methanone (100mg, 0.29mmol), lithium chloride (124mg,
2.9mmol) and piperazine (38mg, 0.44mmol) were reacted. The resulting solid was purified by
recrystallizing from methanol to obtain the target compound 41 as pale-brown solid (40mg,
47%).

30
'H-NMR(DMSO-dg, 300MHz); & = 10.9 (br s, 1H), 8.21 (s, 1H), 7.95 (d, J=5.3Hz, 1H), 7.64 (s,
2H), 7.40 (d, J=5.3Hz, 1H), 4.33 (m, 2H), 3.89 (m, 2H).

MS(ESI); 325.1 (M*+1).

35 Example 42)
Synthesis of 2-(3,5-dibromo-4-hydroxy-phenyl)-1-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-
yl)-ethanone (compound 42)

a) Synthesis of 1-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yI)-2-(4-methoxy-phenyl)-ethanone

40



Example 14) Synthesis of
(3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[4,3-billAioxazin-4- 30 vi) methanone
(compoundArtjclaB8AhesignadrdscMoro-4-metlimx-5-nitro-phenyl)ro-(2,3ido 4 3-b912010x@0A824-
yl)-methanone To phosphorus oxychloride (3.00m1), 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine
(177mg, 35113198 and 3-chloro-4-methoxy-5hitro benzoic acid (200mg, 0.87mmol) were added
and then stirred at 950 for 16 hours. After completion of the reaction, the reaction mixture was poured

into ice watgy and Rutializeds withhsatimies selmismpt spaismdydioxige canshrdiacied with ethyl
acetate. The cRénblned gg anic Iager.\gasjgir ed Oégzgr anhéiﬁrous s(ﬁdlu[n%arulfat ] ﬁ[?mcle @4
Amendmenf&8PH1 8- g?cﬁ*Fa ,gﬂ ?l]é ) zﬁT‘ﬁl edHhd" \é afe At &d pressure.
The residueTtigikysumifie (ORLobILAMoMIo ias eddegh nprete sfttnesistirgdatrrenstsvesnetire for 2
dichloromethspe: mertisansrhs 0ok of e EREBANSY captaniREthBOrad6h WRkRIRONES iBe aieh
. . 0

evaporatedveﬂﬁat&{%%%gwanseqI|drg%30%rrﬂghg§ o/?glanic layer was dried over anhydrous sodium sulfate

(N&SO,), filtered and evaporated under reduced pressure.  The residue was purified by column

chromatography on silica eluting with a solvent of dichloromethaneimethanol=9:1. The

10 fractions containing the product were collected and evaporated to obtain the target compound,
I.e., 1-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-2-(4-methoxy-phenyl)-ethanone, as yellow
liquid (198mg, 95%).

'H-NMR(CDCls, 300MHz); § = 851 (br s, 1H), 8.22 (d, J=5.3Hz, 1H), 7.23 (d, 2H, J=8.4Hz),
15  6.85(d, J=8.4Hz, 2H), 6.81 (d, J=5.3Hz, 1H), 4.21 (br s, 2H), 3.94 (br s, 2H), 3.91 (s, 2H), 3.79

(s, 3H).

MS(ESI); 285.1(M*+1).

b) Synthesis of 1-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-2-(4-hydroxy-phenyl)-ethanone
20 By the same method as in Example 3, 1-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-2-(4-
methoxy-phenyl)-ethanone (130mg, 0.46mmol) and 1M solution of boron tribromide (2.3ml,

2.3mmol) were reacted to obtain the target compound, i.e, 1-(2,3-dihydro-pyrido[4,3-
b][1,4] oxazin-4-yl)-2-(4-hydroxy-phenyl)-ethanone, as yellow liquid (100mg, 81%).

25 H-NMR(CDCl3, 300MHz); § = 9.29 (br s, 1H), 8.97 (br s, 1H), 8.10 (d, J=5.7Hz, 1H), 7.02 (d,
2H, J=8.4Hz), 6.90 (d, J=5.7Hz, 2H), 6.69 (d, J=8.4Hz, 1H), 4.22 (m, 2H), 3.90 (br s, 2H), 3.85
(s, 2H).
MS(ESI); 271.1(M*+1).

30 ¢) Synthesis of 2-(3,5-dibromo-4-hydroxy-phenyl)-1-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-
yl)-ethanone
In a 10ml flask, 1-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-2-(4-hydroxy-phenyl)-ethanone
(88mg, 0.33mmol) and bromohydantoin (93mg, 0.33mmol) were dissolved in a solvent of

methanol:dichloromethane=2:1. The mixture was stirred at -300] for 0.5 hour. After

35  completion of the reaction by adding water,



1H-NMR(DMSO-d6, 300MHz); 6 = 8.70 (br s, 1H), 8.16 (d, J=1.9Hz, 1H), 8.14-8.09 (m, 2H), 6.98 (d,
J=5.3Hz, 1H), 4.40 (m, 2H), 4.00 (s, 3H), 3.90 (m, 2H). 10MS(EM); 350.1(M1+1). bthesis of
3-cMoro-4-Adiowal ABadtlhdrastglo 4 3-b 1 4 mann-4- y1)-methanone To a 20matAaskq0282
(3-chloro-4-methoxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4- 15 y1)-methanone(132mg,
0.38mmol) WEdRESWed in dichloromethane and]? en cooled to On. 1.0M Boron tribromide dissolved
in dichloromethane (3m1, 3 00mmol) was added thereto and then stirred at On for 10 hours. After

?ompletiohfﬁ%%&ﬁﬁ%gt&uﬁ@@%&%{éaf hkﬁﬁriliteiléwo\%%mat ik ﬁ@'t!%dibhé'é’oh%n%%i IHiReSRAd was

urther purifie recrystallizing from ethanol tg obtain arget compoun

(5-chioro-a S5, SN BRI DRI By LR 2 OBRE AR () B i, a5 white

solid (89mgT [B3%s)due PRI S Tedey SROEMeE Pne dicB arenisingnel ta Rianr e rasget epmpoRsd(d,

;=2-7H2, 1||ziZ, 6-5.88.,(d,h 952 5 bl Brobib): Athyt il dibhy ) -38 A m Bk 3p9 B sy, 2 i) 1 Mok 38p. 1(W-F1).
5 Example nthesis of. 0

(3,5-dich|or8t%§ﬂ%r/]§;8§<99 gesrq\;llﬂ-((’lf,'gr-nogfh%/(()al{o&'-pyrido[3,4-b][14loxazin-1-y1)- methanone hydrobromic

acid salt (compound 15) 30By the same method as in Example 3,

(3,5-dichlortH4metteixgtp BeoyHzf 253=dilgydnp-s, 1H), 8.94 (br s, 1H), 8.11 (d, J=5.3Hz, 1H), 7.41 (s,
10  2H), 6.93 (d, J=5.3Hz, 1H), 4.37 (m, 2H), 3.94 (m, 2H), 3.92 (s, 2H).
MS(ESI); 426.9(M*+1).

Example 43)
Synthesis of (2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-yl)-(3-methoxy-isoxazol-5-yl)-
15 methanone (compound 43)

In a 10ml flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4] oxazine (100mg, 0.73mmol) and 3-methoxy-
isoxazol-5-carbonyl chloride (131mg, 0.80mmol) were dissolved in dichloromethane.
Triethylamine (0.51ml, 3.65mmol) was added thereto and then stirred at room temperature for 2
20 hours. After completion of the reaction by adding water dropwise, the reaction mixture was
extracted with dichloromethane, and the combined organic layer was dried over anhydrous
sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The residue was
purified by column chromatography on amine silica eluting with a solvent of
dichloromethaneimethanol=30:1. The fractions containing the product were collected and
25  evaporated to obtain the target compound 43, i.e., (2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
(3-methoxy-isoxazol-5-yl)-methanone, as pale-brown solid (149mg, 78%).

'H-NMR(CDCl3, 300MHz); § = 8.77 (br s, 1H), 8.16 (d, 1H, J=5.3Hz), 6.98 (d, J=5.3Hz, 1H),
6.88 (s, 1H), 4.42 (m, 2H), 4.04 (m, 2H), 3.96 (s, 3H).
30 MS(ESI); 262.1(M*+1).

Example 44)
Synthesis of (2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3-hydr oxy-isoxazol-5-yI)-
methanone (compound 44)

35
a)  Synthesis of  (3-benzyloxy-isoxazol-5-yl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-

methanone

To 10 ml of anhydrous tetrahydrofuran, 3-benzyloxy-isoxazol-5-carboxylic acid (50mg,

0.23mmol) and a catalytic amount of N,N-dimethyl formamide were added and dissolved, and
40 then oxalyl chloride (35mg, 0.28mmol) was dowly added thereto and then stirred at room

temperature for 4 hours.



pyrido[3,4-b][1,4]oxazin-I-y1)-methanone (114mg, 0.33mmol) was reacted with 1M solution of boron
tribromide (3.3m1, 3.3mmol). The target compound, (3,5-dichloro-4-hydroxy-pheny1)-
(2,3-dihydronyriadsf2454501 ,4]oxazin-l-y1l)-methanai®e hydrobromic acid salt, was pur#i2oill0y0282
recrystallizing from ethanol to obtain brown solid (19.7mg, 14%). Article 34
Amendments9-2010-00282 [Translation]51 1H-NMR(DMSO-d6, 300MHz); 6 = 8.63 (s, 1H), 8.25 (d,
J=6.5Hz, 1H), 7.89 (d, J=6.5Hz, 1H), 7.74 (s, 2H), 4.44 (m, 2H), 3.98 (m, 2H). 5SMS(ESI); 325.1(M1+1).

Exe:rr]nple 1th§5@3§16§%9€&% R&%&&b&é@ﬁﬁ%ﬁ%@ M&drw@%{mga@%@mn -1-y1)-
methanone ropromic acid s CO xam

P 5 S T e e L b
19mmol) waH téheradna Bl @@Bﬁﬂmﬁlb\f\/br@r@weﬂ memm@qmnﬁu rlf-@m rae) ewemigetfeompound,
(3-bromo- 4H@mek0xxf£éae:awﬂa)e(?o|$oﬁ'thydéacwﬁi@s:[&;&ﬁ&[Mépmmnbylmmm@lmomic acid

salt, was puri b talllzm from ano oo tain brown solid (4 60%
1H-NM (Dﬁ&@%dg RC/ITLY?F Oe angg ?ﬁ?”'é:%’ AR Bﬁjz"%ﬁ) %%O(stJ ~1.8Hz,
1H), 7.83 (oﬁogw@wliatmwaﬁ%)(dﬁtetﬁ%asdm Jneleseeuc @@S&J{%H)T he Aesidve 243, 3.98 (m,
2H). 20MS(befif)edB3byLO0ddluibT chromatography on amine silica eluting with a solvent of

dichloromethaneimethanol=30:1. The fractions containing the product were collected and
evaporated to obtain (3-benzyloxy-isoxazol-5-yl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
10  methanone as pale-brown liquid (55mg, 54% in two steps).

'H-NMR(CDCl;, 300MHz); & = 8.23 (d, 1H, J=5.3Hz), 7.32-7.48 (m, 6H), 6.87 (d, 1H,
J=5.3Hz), 6.52 (br s, 1H), 5.30 (s, 2H), 4.44 (m, 2H), 4.13 (m, 2H).
MS(ESI); 338.1(M*+1).

15
b) Synthesis of (2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3-hydroxy-isoxazol-5-yl)-
methanone

In 3ml of 33% hydrobromic acid in acetic acid solution, (3-benzyloxy-isoxazol-5-yl)-(2,3-

dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-methanone (45mg, 0.13mmol) was dissolved and then
20  dtirred at room temperature for 24 hours. After completion of the reaction by adding water

dropwise, the mixture was adjusted to weak acidic condition (pH=6) by using saturated solution

of sodium hydrogen carbonate and extracted with ethyl acetate. The aqueous layer was

evaporated under reduced pressure and the residue was purified by using preparative TLC plate

to obtain the target compound 44, i.e., (2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3-hydroxy-
25  isoxazol-5-yl)-methanone, as white solid (8mg, 24%).

'H-NMR(DMSO-ds, 300MHz); & = 8.70 (br s, 1H), 8.13 (d, J=5.3Hz, 1H), 6.97 (d, J=5.3Hz,
1H), 6.25 (br s, 1H), 4.40 (m, 2H), 4.04 (m, 2H).
MS(ESI); 248.1(M*+1).

30
Example 45)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-[7-(4-trifluoromethyl-phenyl)-2,3-dihydro-
pyrido[2,3-b][1,4]oxazin-1-yl]-methanone (compound 45)

35  a) Synthesis of 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
7-bromo-1H-pyrido[2,3-b][1,4]oxazin-2-one (1.3g, 5.68mmol) was dissolved in 30ml of
anhydrous tetrahydrofuran under nitrogen atmosphere and the mixture was cooled to 0.
1.0M Lithium aluminum hydride dissolved in tetrahydrofuran (6.90ml, 6.82mmol) was added
thereto dropwise and then stirred for 30 minutes. To the reaction mixture, water (0.3ml), 10%




Example 17) Synthesis of (3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[3,4-b][1410xazin-1-
y1)-methanone hydrobromic acid salt (compound 17) 25 a) Synthesis of 3-chloro-4-metro- ido 34-b 1
4 miazin-lv)-orad@isas6 To a 10m1 flask, 2,3-dihydro-1H-pyrido[3,4-b][1,4]oxazine ¢620nEr00282
0.42mmol) and 3-chloro-4- methoxy-5-nitro-benzoyl chloride (117mg, 0.47mmol) were dissolved in
dichloromethane. 30 Triethylamine (0.29m1, 2.1mmol) was added thereto and then stirred at room
temperature for 2 hours. After neutralizing with IN hydrochloric acid solution, the reaction mixture was

extracted W&aiﬁmmﬁ%@m@%lf H% GReP {D2FhO RaR AN EaRT LR thRVGHaMArRHSRRG UM sulfate
(Na2504) and filtered and the solvent was rz}move under redui%ej yﬁar%sgure The r%ﬂ%:e.was purified

by column c\,/il%rr?\ﬁ}ﬁ@fa{ﬁﬂv SANBRELGith & LSNent 8? éﬂf'ﬁ%gp ﬁeé%ﬂ%d:‘f \é('fpactions
containing txegseadidt anaiptecollbetlirainavey weehedad o waeaipngerowaiso st (e 8phiy 081 9GEd Article 34
Amendmengs8- 2ph{iFH0E 83di Linrraleiie N st); NIMEED bha velforaed Vi) eduddd Aréssutéle 8.19 (d,
o Ldhah's %%m%?zl,ﬁ%a%&hﬁp%é&z,%?&ﬁ,%x%'?.%eé-éw (b i (bokind Bhoff:34 (M. 2H), 3.99
(s, 3H) 3. 88 A S8

'H-NMR(CDCls, 300MHz); & = 7.63 (d, J=2.3Hz, 1H), 6.96 (d, J=2.3Hz, 1H), 4.39 (m, 2H),

3.93 (br s, 1H), 3.42 (m, 2H).

MS(ESI); 215.0(M*+1).

10

b) Synthesis of 7-(4-trifluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine

To 3ml of tetrahydrofuran and 0.5ml of distilled water, 7-bromo-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine (80.0mg, 0.37mmol), 4-fluoromethyl-phenyl boronic acid (78mg, 0.41mmal),

potassium carbonate (103 mg, 0.74mmol) and tetrakis triphenylphosphine palladium (21mg,

15 0.02mmol) were added and then stirred at 8001 for 2 hours. After completion of the reaction,
the mixture was extracted with ethyl acetate, and the combined organic layer was dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The
residue was purified by column chromatography on amine silica eluting with a solvent of
dichloromethaneimethanol=50:1. The fractions containing the product were collected and

20  evaporated to obtain 7-(4-trifluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[ 2,3-b][1,4] oxazine as
white solid (77mg, 74%).

'H-NMR(CDCI3+CD;0D, 300MHz): § = 7.77 (d, J=2.3Hz, 1H), 7.67 (d, J=8.4Hz, 2H), 7.60 (d,
J=8.4Hz, 2H), 7.11 (d, J=2.3Hz, 1H), 4.46 (m, 2H), 3.46 (m, 2H).
25 MS(ESl); 281.1(M*+1).

c) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-[7-(4-trifluoromethyl-phenyl)-2,3-dihydro-

pyrido[2,3-b][1,4] oxazin-1-yl]-methanone

In a10ml flask, 7-(4-trifluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[2,3-b] [ 1,4] oxazine (67mg,
30  0.24mmol) and 3,5-dibromo-4-methoxy-benzoyl chloride (118mg, 0.36mmol) were dissolved in

dichloromethane. Triethylamine (0.17ml, 1.20mmol) was added thereto and then stirred at

room temperature for 2 hours. After completion of the reaction by adding water dropwise, the

mixture was extracted with dichloromethane, and the combined organic layer was dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The
35 resdue was purified by column chromatography on silica eluting with a solvent of
dichloromethaneimethanol=19:1. The fractions containing the product were collected and
evaporated to obtain (3,5-dibromo-4-methoxy-phenyl)-[ 7-(4-trifluoromethyl-phenyl)-2,3-
dihydro-pyrido[2,3-b][1,4] oxazin-1-yl]-methanone as white solid (122mg, 89%).



S b Synthesis of 3-chloro-4-h drott-54iltten 1 - 2 3-dih dm- ido 3 4-6 1 4 ottazin-lyfi-methanone
hydrobromic acid salt To a 20m1 flask,
(3-chloro-4\metoegyrEsmB0-phenyl)-(2,3-dihydro-prido[3,4-b][1,4]oxazin-1- y1)-metha0a00{@EO Mg,
0.31mmol) was dissolved in dichloromethane and then cooled to On. 10 1.0M Boron tribromide
dissolved in dichloromethane (3.1m1, 3.1mmol) was added thereto and then stirred at On for 18 hours.
The reaction was quenched by using a small amount of water and then evaporated under reduced

(67, 2% B s e a0 o
3=2.1Hz, 124 é%g%:@\fﬂtz{:f ,27.%%\ﬂ(€rf°z§l@:&§2’,%é%,('ﬂ’l.?ﬁ)(rﬁ,gﬁfﬁ,gﬁbé (M, 2H). MS(ESI):
336.0(M1+ M XE&IMpre- 98 “PDSynthesis of
(3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,410xazin-1-y1)- methanone hydrobromic acid

salt (compoynd,18) By t ame method as in Example 3, . el e 2 _
(3-Ch|0%—4- ‘3 of V‘G "‘o.‘ o' o.“ ) "‘ rfuoq V‘l‘.' I 0’" i'i.o‘ 0

328mmo1) ekl HLAlaxann- syIlHBANSnes on

In a 10ml flask, (3,5-dibromo-4-methoxy-phenyl)-[7-(4-trifluoromethyl-phenyl)-2,3-dihydro-
pyrido[2,3-b][1,4]oxazin-1-yl]-methanone (122mg, 0.21mmol), lithium bromide (148mg,
1.72mmol) and piperazine (28mg, 0.32mmol) were dissolved in 3ml of N,N-dimethyl

10  formamide and then stirred at 1000 for 2 hours. After completion of the reaction by adding
water dropwise, the mixture was adjusted to weak acidic condition (pH=6) by using 1N
hydrochloric acid. The formed solid was filtered and washed with distilled water. The
resulting solid was recrystalized from tetrahydrofuran and methanol to obtain the target
compound 45, i.e., (3,5-dibromo-4-hydroxy-phenyl)-[ 7-(4-trifluoromethyl-phenyl)-2,3-dihydro-

15 pyrido[2,3-b][1,4]oxazin-1-yl]-methanone (59 mg, 50%).

'H-NMR(CDCl;, 300MHz); & = 8.28 (d, J=1.9Hz, 1H), 8.03 (br s, 1H), 7.73 (s, 2H), 7.67 (d,
J=8.0Hz, 2H), 7.51 (d, J=8.0Hz, 2H), 6.28 (br s, 1H), 4.52 (m, 2H), 4.03 (m, 2H).
MS(ESI); 556.9(M*+1).

20
Example 46)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-[7-(2-trifluoromethyl-phenyl)-2,3-dihydro-
pyrido[2,3-b][1,4]oxazin-1-yl]-methanone (compound 46)

25  a) Synthesisof 7-(2-trifluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
To 3ml of tetrahydrofuran/0.5ml of distilled water, 7-bromo-2,3-dihydro-1H-pyrido[2,3-
b][1,4] oxazine (80.0mg, 0.37mmol), 2-trifluoromethyl-phenyl boronic acid (78mg, 0.41mmol),

potassium carbonate(103mg, 0.74mmol) and tetrakis triphenylphosphine palladium (21mg,

0.02mmol) were added and then stirred at 80] for 2 hours. After completion of the reaction,
30 the mixture was extracted with ethyl acetate, and the combined organic layer was dried over

anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The

residue was purified by column chromatography on amine silica eluting with a solvent of

dichloromethaneimethanol=50:1. The fractions containing the product were collected and

evaporated to obtain 7-(2-trifluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[ 2,3-b][1,4] oxazine as
35 whitesolid (67mg, 64%).

'H-NMR(CDCl3, 300MHz); § = 7.74 (d, J=7.2Hz, 1H), 7.60-7.44 (m, 3H), 7.31 (d, J=7.6Hz,
1H), 6.85 (d, J=1.9Hz, 1H), 4.47 (m, 2H), 3.88 (br s, 1H), 3.48 (M, 2H).
MS(ESI); 281.1(M*+1).



25 tribromide (3.28m1, 3 28mmol) to obtain the target compound, (3-chloro-4-hydroxy-pheny1)-
(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-l-y1)-methanone hydrobromic acid salt, as white solid (45mg,
37%). WOPORHRIABNEE O-d6, 300MHZz); 6 = 11.1776 (s, 1H), 8.65 (s, 1H), 8.25 (d, J=6-2tHa-,0082 7.85
(d, 30J=6.4Hz, 1H), 7.75 (d" J=2.1Hz 1H), 7.55 (dd, J=8.4, 2.1Hz, 1H), 7.06 (d, J=8.4Hz, 1H), 4.44 (m,
2H), 3.99 (m, 2H). MS(ESI); 291.1(M1+1). Example 19) 35Synthesis of
(2,3-dihydro-pyrido[3,4-b][1,410xazin-1-y1)-(4-hydroxy-3-trifluoromethyl- phenyl)-methanone
(compound 19) Article 34 Amendments9- 2010 00282 [Translation]58 as white solid (23mg, 5%).

SLHAMRCD300, 00121 6.50.10 5, 140, 8476457241 40,83 S 512 2t 798 o
T ‘-I-IL\III ARy OOO

pvr|d0[2 3-b][1,4] oxazin- 1 yl]- methanone

In a10ml flask, 7-(2-trifluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[ 2,3-b] [ 1,4] oxazine (67mg,
5  0.24mmol) and 3,5-dibromo-4-methoxy-benzoyl chloride (118mg, 0.36mmol) were dissolved in

dichloromethane. Triethylamine (0.17ml, 1.20mmol) was added thereto and then stirred at

room temperature for 2 hours. After completion of the reaction by adding water dropwise, the

mixture was extracted with dichloromethane, and the combined organic layer was dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The

10 residue was purified by column chromatography on silica eluting with a solvent of
dichloromethane. The fractions containing the product were collected and evaporated to
obtain (3,5-dibromo-4-methoxy-phenyl)-[ 7-(2-trifluoromethyl-phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone as white solid (46mg, 34%).

15 'H-NMR(CDCl3, 300MHz); & = 7.99 (d, J=2.3Hz, 1H), 7.72 (d, J=7.2Hz, 1H), 7.68 (s, 2H),
7.58-7.48 (m, 3H), 7.20 (d, J=7.6Hz, 1H), 4.57 (m, 2H), 4.04 (m, 2H), 3.92 (s, 3H).
MS(ESI); 570.9(M*+1).

c) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-[7-(2-trifluoromethyl-phenyl)-2,3-dihydro-
20  pyrido[2,3-b][1,4] oxazin-1-yl]-methanone

In a 10ml flask, (3,5-dibromo-4-methoxy-phenyl)-[7-(2-trifluoromethyl-phenyl)-2,3-dihydro-

pyrido[2,3-b][1,4] oxazin-1-yl]-methanone (46mg, 0.08mmol), lithium bromide (56mg,

0.64mmol) and piperazine (10mg, 0.04mmol) were dissolved in 3ml of N,N-dimethyl
formamide, and then stirred at 1000 for 2 hours. After completion of the reaction by adding
25 water dropwise, the mixture was adjusted to weak acidic condition (pH=6) by using 1N
hydrochloric acid. The formed solid was filtered and washed with distilled water. The
resulting solid was recrystallized from methanol to obtain the target compound 46, i.e., (3,5
dibromo-4-hydroxy-phenyl)-[ 7-(2-trifluoromethyl-phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (31mg, 69%).
30
'H-NMR(CDCls, 300MHz); & = 7.99 (d, 1H, J=1.9H2), 7.72 (d, 1H, J=7.6Hz), 7.68 (s, 2H),
7.60-7.46 (m, 3H), 7.21 (d, 1H, J=6.9Hz), 6.22 (s, 1H), 4.56 (m, 2H), 4.05 (m, 2H).
MS(ESI); 556.9(M*+1).

35 Example 47)
Synthesis of 1-(3,5-dibromo-4-hydr oxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-
7-car bonitrile (compound 47-2)

a) Synthesis of 2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-carbonitrile




MS(ESI); 440.9(M1+1). Example 24) 10Synthesis of
[2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-billAioxazin-4-carbonyl)-phenoxyl- acetic acid methyl ester
(compound\2920004125¢54. flask, 77 9-2010-00282
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-34)- methanone (100mg,
0.24mmol) was dissolved in N,N-dimethyl formamide (2.4m1), and 15 potassium carbonate (37mg,
0.266mmol) was added thereto dropwise at room temperature. After stirring at room temperature for

10 m'nUteS’lrer@%r”ﬂl%éW'ﬂ&%Fﬁ&ez‘@Qﬁ dretd 99&6{3233@6]91%%%%#%9@1%49 ﬂiﬁﬁrgﬁ? alggom

temperature, actl mixture It te and vaporated un ressure The
residue Waéj'ﬁﬁ?l\f @(ﬂﬁ]’h}(ﬁ 8;@?@ 6% r? RARHY &

dichloromema?fénmelﬂwszn@mdxm 1hm)et§b@am tﬁ@trﬁélmadg@t mmm@un@tzkﬁ% \Kmltlé) foami¢a8amg 41.0%).
1H-NM R(DMﬁﬁmﬁﬁe?@z@@MZAp&mﬁsG&(hg %e%{*g% 83%% JeR. Chtiedl td) ,ragﬂgté&n&?ﬁu@ %ﬁso(dg
J=5.7Hz, 1H),. 4.7 H 7.(m H),3.7 . ESI)..484
(MLFT él\)gxa r%?oﬁuz a&sadéﬁglﬁ&% Ogg skl Sxraadaitth Why P Heckd Pabinieh))- MBS ASS
(7-bromo- 2%9@11*19&%%& (59 Byl 21B4CEHS-TRRRR 98 - HbASHIY ARy IISTEH SRY MeRIsENone

(compoundu2@gr reduced pressure.  The residue was purified by column chromatography on silica eluting
with a solvent of dichloromethane:methanol=20:1. The fractions containing the product were
collected and evaporated to obtain pale-yellow solid (17mg, quantitative yield).

10
'H-NMR(CD;0D, 300MHz); & = 7.97-7.88 (m, 1H), 7.02 (s, 1H), 4.49 (t, J=4.3Hz, 2H), 4.19
(brs, 1H), 3.47 (t, J=4.3Hz, 2H).
MS(ESI); 162(M*+1).

15 b) Synthesis of 1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-
7-carbonitrile (compound 47-1)
By the same method as in the step d) of Example 2, 2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-
carbonitrile (7mg, 0.043mmol) was reacted with 3,5-dibromo-4-methoxy-benzoyl chloride
(21mg, 0.065mmoal) to obtain 1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-
20  b][1,4]oxazin-7-carbonitrile as white solid (14.4mg, 74%).

'H-NMR(CD0D, 300MHz); & = 8.39 (br s, 1H), 8.35 (d, J=1.9Hz, 1H), 7.69 (s, 2H), 4.50 (t,
J=4.5Hz, 2H), 3.95 (m, 4H).
MS(ESI); 451.9(M*+1).

25
¢) Synthesis of 1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-
7-carbonitrile (compound 47-2)

By the same method as in the step f) of Example 22, 1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-
dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-carbonitrile (12mg, 0.026mmol) was reacted with

30 lithium bromide (LiBr) (4.62mg, 0.053mmol) and piperazine (3.4mg, 0.0399mmol) to obtain
the target compound 47-2, i.e., 1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4] oxazin-7-carbonitrile as white solid (9mg, 78%).

'H-NMR(CD30D, 300MHz); & = 8.37 (d, J=1.9Hz, 1H), 8.32 (d, J=1.9Hz, 1H), 7.70 (s, 2H),
35 453 (m, 2H), 4.023 (m, 2H).
MS(ESI); 437.8(M*+1).

Example 48)
Synthesis of (3,5-dibromo-4-methoxy-phenyl)-[7-(3-dimethylamino-phenyl)-2,3-dihydro-




30 at Synthesis of 7-bromo-2 3-dih To a 10m1 flask,
7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-2-one (100mg, 0.436mmo1) was dissolved in
tetrahydrofunap(DD1A3A58 0 the reaction mixture, 1786M Lithium aluminum hydride disSet0@d-®0282
tetrahydrofuran (0.524m1, 0.524mmo1l) was added dropwise at On, and then stirred for 20 minutes.
After completion of the reaction by adding water to the reaction 35 mixture, the organic layer was
extracted with ethyl acetate and the combined organic layer was washed with water and saturated
saline solutign; fied greuanRRYHraUN SAdiR R NarP4y)). filtered and evaporated under reduced
pressure. The residue was recrystallized from dichloromethane and diisopropyl ether to obtain white
solid (63mg, 67%) Artlcle 34 Amendment59 2010 00282 [Translatlon]69 pH 6 Wlth saturated solution
of sodium h3idpdtiaes ‘ prea 18 | patirhBiriee organic layer

was dried 9tﬁé\%&ﬂéoﬂﬁtﬁ@ﬂilmrﬁlll@ﬂ@g%f@?ﬁ%d@ﬂf@%&g@ﬂ@ﬂ%%m@gyrm@{%@d
pressute. T idue was recrystallized fram cﬁﬁ%% ane an q-lgexal_ﬁ} é%ooli)al the target
compound White s (':T' ) 389 %IS % Ogﬁalz rs, 1H),
8.37 (br s, 1EphendBhasPyas pliadiym)(26me Q0238301300 PRIvsTUIBRIBONAB(AFPIe BRLMAYY), 7.01 (d,
J=8.4Hz, 1WM):r6 Oyl 5 t3irhty A Tin)n 4va@8r (M 4R, 4329 lafdeatt)d MS(ESH: 29du2(MIohtdih Example
38) [3-(2,3-dihydro-1H-pyrido[ 2,3-b][ 1,4] oxazin-7-yl)-phenyl]-dimethyl-amine as white solid

(102mg, 89%).

10
MS(ESI); 256.1(M*+1).

b) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-[7-(3-nitro-phenyl)-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone

15 By the same method as in the step d) of Example 2, [3-(2,3-dihydro—1H-pyrido[2,3-
b][1,4] oxazin-7-yl)-phenyl]-dimethyl-amine (102mg, 0.39mmoal), 3,5-dibromo-4-methoxy-

benzoyl chloride (197mg, 0.59mmol) and triethylamine (286/£, 1.99mmol) were dissolved in

dichloromethane (5ml) and then stirred at room temperature for 3 hours to obtain the target

compound 48, i.e., (3,5-dibromo-4-methoxy-phenyl)-[ 7-(3-dimethylamino-phenyl)-2,3-dihydro-
20  pyrido[2,3-b][1,4] oxazin-1-yl]-methanone, as white solid (135mg, 62%).

'H-NMR(CDCl3, 300MHz); § = 8.25 (d, J=2.3Hz, 1H), 7.72 (s, 2H), 7.27-7.20 (m, 2H), 6.70
(dd, J=8.4, 2.7Hz, 1H), 6.65 (d, J=7.6Hz, 1H), 6.51 (br s, 1H), 4.57-4.51 (m, 2H), 4.07-4.00 (m,
2H), 3.92 (s, 3H), 2.94 (s, 6H).

25 MS(ES|); 545.9(M*+1).

Example 49)
Synthesis of (3,5-dibromo-4-methoxy-pheny)-[7-(3-nitro-phenyl)-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone (compound 49)

30
a) Synthesis of 7-(3-nitro-phenyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
By the same method as in the step b) of Example 45, 7-bromo-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine (99mg, 0.46mmoal), 3-nitrophenyl boronic acid (115mg, 0.69mmol), palladium

triphenylphosphine (26mg, 0.023mol) and potassum carbonate (127mg, 0.92mmol) were
35  dissolved in tetrahydrofuran/water (2.4ml/0.4ml) and then stirred at 80T for 6 hours to obtain 7-
(3-nitro-phenyl)-2,3-dihydro-1H-pyrido[ 2,3-b] [ 1,4] oxazine as white solid (90.4mg, 76%).

MS(ESI); 258.0(M*+1).



Synthesis of (3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,410xazin-4-y1)- 15 methanone
(compound 38) By the same method as in Example 3,
(3-bromo-4weneosii4idsayl)-(2,3-dinydro-pyrido[43- b][1,4]oxazin-4-ye-methanone $2960n0)282
0.85mmol) and 1M solution of boron tribromide (4.25m1, 4.25mmol) were reacted to obtain the target
compound 38, i.e., (3-bromo-4-hydroxy-
20phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-ye-methanone (256mg, 89%). 1H-NMR(DMSO-d6,
300MH2); Gy & s SofL il ot By 1 (Sl P 3 o i@ 1.9Hz.
1H), 6.98 ( T]l.ﬁq 8Hz H), .94 (d, J= 5 7Hz TH), 456 (m, 2H), 4.01 (m, 2H). 25MS(ESI);

335 1(M1+1) ks

(3,5- dlchlor6¥41h90w151§/ plethagl)a62iB- tﬂﬁm Ay il I BpE1 2.1 B itiranEny héBrdiyde-Hdmpound
39) h30 In apaﬁablzf!aﬁj%@&&m@lﬁ(goﬂngpl?tbgzmagnybﬁ%@@:ﬁuﬂtmm@aﬁé&@igcﬁ@qaézm -4- yﬁ)
methanone am mmo m, chlori 0 erazine smg. 1.2mmo
were d?fsolv@é I?]]T%351 rr?% hj%ﬂ 4orrfé1tla %r%%ir%g @d&( oursI nvxgz'i é&OWaée%aﬁ](‘fed to
quench the (ReAdse Wﬁﬁ(f@%\ﬁ@oﬁfﬂﬁéﬁéﬁﬁ *mqr%tw%maﬁﬁ@awtmmﬁe a&d(3rrd the
formed solidinrasmdbilterethandpvashed (Ethi tdis;ﬁiﬂeg*l\)vatecliagzd@mﬁﬂome-bﬁsmm)@zs@li@yv}las

recrystalllzqqe{ﬁ%r@cgwmggn ieogsxane to obtain the target compound 39, i.e.,
(3,5-dichloro-4-hydroxy-pheny1)- (nzj ydro-pyrido[4,3-b][1,4]oxazin-4- yfi-methanone (48mg 16%).

10 *H-NMR(CDCl3, 300MHz); 5 = 8.31 (d, J=2.3Hz, 1H), 8.27-8.19 (m, 2H), 8.15 (br s, 1H), 7.78-
7.71 (m, 3H), 7.61 (t, J=6.8Hz, 1H), 4.56-4.50 (m, 2H), 4.05-3.99 (m, 2H), 3.96 (s, 3H).
MS(ESI); 547.9(M*+1).

Example 50)
15 Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-[7-(3-nitro-phenyl)-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone (compound 50)

By the same method as in the step f) of Example 22, (3,5-dibromo-4-methoxy-phenyl)-[7-(3-
nitro-phenyl)-2,3-dihydro-pyrido[ 2,3-b][ 1,4]oxazin-1-yl]-methanone ~ (101lmg, 0.18mmoal),

20  lithium bromide (32mg, 0.36mmol), and piperazine (24mg, 0.28mmol) were dissolved in N,N-
dimethyl formamide (3ml), and reacted at 10001 to obtain the target compound 50, i.e., (3,5-
dibromo-4-hydroxy-phenyl)-[ 7-(3-nitro-phenyl)-2,3-di hydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl] -
methanone, as pale-brown solid (24mg, 25%).

25 'H-NMR(DMSO-ds, 300MHz); § = 8.32 (s, 1H), 8.28 (s, 1H), 8.19 (d, J=9.2Hz, 2H), 7.99 (d,
J=6.9Hz, 1H), 7.80-7.62 (m, 3H), 4.50-4.32 (m, 2H), 4.10-3.80 (m, 2H).
MS(ESI); 533.9(M*+1).

Example 51)
30 Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanethione (compound 51)

a) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanethione

35 In a25ml flask, (3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-yl)-
methanone (100mg, 0.23mmol) was suspended in toluene, and Lawesson’s reagent (113mg,

1.2 equivalents) was added thereto and then stirred at 12000 for 2 hours. Toluene was
evaporated under reduced pressure and the residue was purified on amine silica by using a
solvent of dichloromethane:methanol=50:1 to obtain (3,5-dibromo-4-methoxy-phenyl)-(2,3-



Article 34 Amendments9-2010-00282 [Translation]70 1H-NMR(DMSO-d6, 300MHz); 6 = 8.43 (br s,
1H), 8.08 (br s, 1H), 7.58 (s, 2H), 6.95 (d, J=5.3Hz, 1H), 4.39 (m, 2H), 3.90 (m, 2H). SMS(ESI);
325.0(M1+1).E000ipe480) Synthesis of 80 9-2010-00282
(3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,410xazin-1-y1)- methanone (compound 40)
By the same method as in Example 3, (3-bromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[3,4-
b][1,4]oxazin-l-yl)-methanone (200mg, 0.58mmol) and 1M solution of boron tribromide (2.9m1,
2.9mmol) ) € X } 1r _RRIRRRHSHE s defng ( mo-4-hydroxy-phenyl)-
(2,3-dihydrgglﬁgg%ﬁﬁ%,%ﬁ?gﬁtﬁ)iwmethanoné, a%%g@g ’sfgzﬁﬁ% (95mg, 49%).
1H-NMR(DMSO-d6, 300MHz); 6 = 11.1 (br s, 1H), 8.21 (s, 1H), 7.94 (d, J=5.3Hz, 1H), 7.77 (d,
J=1.9Hz, 1F):NMR(CRCU=AMKIZL 81478.151§¢, 7332 4id 7. JH$).3H83 (hH ), 1)1 (P5Is821H.881)6.4.33 (m,
2H), 3.90 (m=2240z MS E30;@3aH), /b sLyHFxample 41) Synthesis of
(3,5-dichlorp-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3,4-b][1410oxazin-1-y1)- methanone (compound
41) 25By t&%ggﬁé%%ﬁgﬁgi'in Example 39, (3,5-dichloro-4-methoxy-phenyl)-(2,3-dihydro-
pyrido[3,4-b][1,4]oxazin-1-y1)-methanone (100mg, 0.29mmol), lithium chloride (124mg, 2.9mmol) and
piperazine (388yniHagtaina)3-vierenteadigd dXyepteayilli(ry3sdtiddnasy i dolfiesithil 1 orgstiadizing from
methanol tq,phtaig.the target compound 41 as pale-brown solid (40mg, 47%).

In a 25ml flask, (3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-

10  methanethione (100mg, 0.22mmol) was dissolved in N,N-dimethyl formamide, and piperazine
(28.4mg, 1.5 equivalents) and lithium bromide (76.4mg, 4 equivalents) were added thereto and
then stirred at 10000 for 15 hours. N,N-dimethyl formamide was removed under reduced
pressure and water was added the residue.  The mixture in suspension was adjusted to pH 6 to
7 by using 1IN hydrochloric acid and stirred for 30 minutes. The mixture was filtered and the

15  resulting solid was stirred in methanol solvent and then filtered to give the target compound 51
asyellow solid (100mg, quantitative yield).

'H-NMR(DM SO-ds, 300MHz); & = 8.06 (d, J=5.4Hz, 1H), 7.83 (br s, 1H), 7.68 (s, 2H), 7.00 (d,
J=5.4Hz, 2H), 4.64 (m, 4H), 4.53 (m, 2H).
20  MS(ESI); 428.8 (M*+1).

Example 52)
Synthesis  of  (3,5-dibromo-4-hydroxy-phenyl)-(7-pyridin-3-yl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone (compound 52)

25
a) Synthesis of 7-pyridin-3-yl-1H-pyrido[2,3-b][1,4] oxazin-2-one
To 1.6ml of acetonitrile/0.4ml of distilled water, 7-bromo-1H-pyrido[2,3-b][1,4]oxazin-2-one
(100mg, 0.436mmol), 3-pyridine boronic acid (29.5mg, 0.240mmol), palladium acetate (4.9mg,
0.0218mmol), triphenylphosphine (11.4mg, 0.0436mmol) and potassium carbonate (45.2mg,
30 0.327mmol) were added and then stirred at 1000] for 10 hours. After completion of the
reaction, the mixture was extracted with ethyl acetate, and the combined organic layer was dried

over anhydrous sodium sulfate (Na,SOy,), filtered and evaporated under reduced pressure. The
resdue was purified by column chromatography on silica eluting with a solvent of
dichloromethaneimethanol=50:1. The fractions containing the product were collected and

35 evaporated to obtain 7-pyridin-3-yl-1H-pyrido[2,3-b][1,4]oxazin-2-one as brown oil (60mg,
60%).

'H-NMR(DMSO0-dg): & = 10.99 (br s, 1H), 8.83 (d, J=2.4Hz, 1H), 8.58 (dd, 1H, J=5.0 Hz,
1.6Hz), 8.15 (d, J=2.4Hz, 1H), 8.01 (m, 1H), 7.51-7.46 (m, 2H), 4.84 (s, 2H).



30 1H-NMR(DMSO-d6, 300MHz); 6 = 10.9 (br s, 1H), 8.21 (s, 1H), 7.95 (d, J=5.3Hz, 1H), 7.64 (s, 2H),
7.40 (d, J=5.3Hz, 1H), 4.33 (m, 2H), 3.89 (m, 2H). MS(ESI); 325.1 (M1-F1). 35 Example 42)
Synthesis oV ER®/ddsE®0-4-hydroxy-phenyl)-1-(813-dihydro-pyrido[4,3-billAioxazin-gt2¢10)-@ibeihone
(compound 42) Synthesis of 1- 2 3-dih dm-niazin-4- 1 -2- 4-methox - hen 1-ethmme Article 34
Amendments9-2010-00282 [Translation]71 In a 10m1 flask, 3,4-dihydro-2H-pyrido[4,3-1)][1,4]oxazine
(100mg, 0.73mmol) and (4- methoxy phenyfi-acetyl chloride (163mg, 0.88mmol) were dissolved in
dichloromeifapes Eﬂga(tjwl aryne (0.21m1, 1 46mmol) was added thereto and then stirred at room
temperature for 2 hours. After completion of the reaction by adding water, the reaction mixture was
extracted with dlchloromethane The comblned organlc Iayer was dried over anhydrous sodium sulfate
(Na2S04), kilteystess H Z it dedidne was purified by column
Chromatogrﬁ@bmglwcgqebw@l?[wmmsqum GMGU@%W@mﬂﬁrmgth@B@ihs&vl;dTrﬁlﬂrﬂlQ)fraCtlonS
containing t odu collecte orated to obtaip the.target compoun

o 3y A DB OSSR A 1o (98mo
95%). 1.OM Lithium alumi num hydride dissolved in tetrahydrofuran (0.7ml, 0.704mmol) was added

thereto dropwise at room temperature for 5 hours.  To the reaction mixture, water (0.3ml), 10%
sodium hydroxide (0.6ml) and water (0.9ml) were added dropwise in this order, and then stirred
vigorously at room temperature for 1 hour. The formed solid was filtered and washed with
10  excess ethyl acetate. The filtrate was washed with water and saturated saline solution, dried
over anhydrous Na,SO,, filtered and evaporated under reduced pressure to obtain 7-pyridin-3-
yl-2,3-dihydro-1H-pyrido[ 2,3-b] [ 1,4] oxazine as white solid (30mg, 53%).

MS(ESI); 214.0(M*+1).
15
c) Synthess of (3,5-dibromo-4-methoxy-phenyl)-(7-pyridin-3-yl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone
In a 10ml flask, 7-pyridin-3-yl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (30mg, 0.140mmol)
and 3,5-dibromo-4-methoxy-benzoyl chloride (50.5mg, 0.154mmol) were dissolved in
20  dichloromethane (2ml). Triethylamine (0.058ml, 0.42mmol) was added thereto and then
stirred a room temperature for 1 hour. After completion of the reaction by adding water

dropwise, the mixture was extracted with dichloromethane, and the combined organic layer was
dried over anhydrous sodium sulfate (N&,SO,), filtered and evaporated under reduced pressure.
The residue was purified by preparative TLC eluting a solvent of ethyl acetate:methanol=20:1.

25 Silica gels containing the product were eluted with dichloromethane and the solvent was
evaporated to obtain (3,5-dibromo-4-methoxy-phenyl)-(7-pyridin-3-yl-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl)-methanone aswhite solid (35mg, 49%).

'H-NMR(DMS0-ds, 300MHZ): 5 = 8.54 (dd, J=4.7Hz, 1.6Hz, 2H), 8.32 (d, J=2.3Hz, 1H), 7.92
30 (s, 2H), 7.86 (m, 1H), 7.45 (dd, J=4.7Hz, 5.1Hz, 1H), 4.50 (m, 2H), 3.92 (m, 2H), 3.85 (s, 3H).
MS(ESI); 503.9(M*+1).

d) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-pyridin-3-yl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone

35 In a 5ml flask, (3,5-dibromo-4-methoxy-phenyl)-(7-pyridin-3-yl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl)-methanone (35mg, 0.069mmol) was dissolved in dichloromethane (1ml),

and the mixture was cooled to 0CJ. 1.0M Boron tribromide dissolved in dichloromethane
(0.4ml, 0.415mmol) was added thereto and then stirred at room temperature for 15 hours. n-
hexane solvent was added thereto and the formed solid was filtered. The resulting solid was



1H-NMR(CDC13, 300MHz); 6 = 8.51 (br s, 1H), 8.22 (d, J=5.3Hz, 1H), 7.23 (d, 2H, J=8.4Hz), 156.85
(d, J=8.4Hz, 2H), 6.81 (d, J=5.3Hz, 1H), 4.21 (br s, 2H), 3.94 (br s, 2H), 3.91 (s, 2H), 3.79 (s, 3H).
MS(ESI); 2880700925453/ nthesis of 1- 2 3-dflicho-#2azin-L1- 1 -2- 4-h drox - hen 1-ethaa1te(@R8By the
same method as in Example 3, 1-(2,3-dihydro-pyrido[4,3-1)][1,4]oxazin-4-y1)-2-(4-
methoxy-phenyfi-ethanone (130mg, 0.46mmol) and 1M solution of boron tribromide (2.3m1, 2.3mmol)
were reacted to obtain the target compound, i.e., 1-(2,3-dihydro-pyrido[4,3-

A S (Hhaivmstind e sslos 00 Stk
Z rs z
328411z, CUORE R I R 40 S T BPLeares B 2
MS(ESI); 27ichiospmethango dihg tesdisest @rgarECdW@nvmdﬂaﬂo&vaﬁ@rmm@ sodiara.-sytfptethanone
Ina 10m1|)ft&%$l§i4ﬂ31&@%6%%%¢@é6 &Ml@éﬂ!@é@é@éﬁéﬂ fz‘r(éla&/&tr@wmbﬁwﬁneza@ﬂ@me (88mg,
3mmo ro antoin (93 33mm ere diss inas 0

methanrgohdlge%$!)(}rgm a‘%{ne C& E%‘ emrl%x ﬁarlg%gg %’re § E%gf %J\J?Q/iﬁng 53%).

'H-NMR(DMSO-ds, 300MHz); & = 10.67 (br s, 1H), 8.64 (s, 1H), 8.54 (dd, J=5.1Hz, 1.5Hz,

1H), 8.31 (d, J=1.5Hz, 1H) 8.10 (br s, 1H), 7.89 (m, 1H), 7.79 (s, 2H), 7.46 (dd, J=4.9Hz, 1.5Hz,

1H), 4.48-4.45 (m, 2H), 3.94-3.91 (m, 2H).

10  MS(ESl); 489.9(M*+1).

Example 53)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-fur an-3-yl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone (compound 53)

15
a) Synthesis of 7-furan-3-yl-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
To 2.0ml of acetonitrile/0.5ml of distilled water, 7-bromo-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine (80mg, 0.372mmol), 3-furan boronic acid (45.7mg, 0.409mmol), palladium
acetate (8.3mg, 0.0372mmol), triphenylphosphine (19.5mg, 0.0744mmol) and potassium

20  carbonate (102.8mg, 0.744mmol) were added and reacted at 1000 for 10min using microwave
(50W) apparatus. After completion of the reaction, the mixture was extracted with ethyl
acetate, and the combined organic layer was dried over anhydrous sodium sulfate (Na,SO,),
filtered and evaporated under reduced pressure. The residue was purified by preparative TLC
eluting a solvent of dichloromethane:methanol=20:1. Silica gels containing the product were

25  eluted with dichloromethane and the solvent was evaporated to obtain 7-furan-3-yl-2,3-dihydro-
1H-pyrido[2,3-b][1,4]oxazine in cil form (18mg, 24%).

MS(ESI); 203.0(M*+1).

30 Db) Synthess of (3,5-dibromo-4-methoxy-phenyl)-(7-furan-3-yl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl)-methanone
In a 5ml flask, 7-furan-3-yl-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine (18mg, 0.089mmol) and
3,5-dibromo-4-methoxy-benzoyl chloride (32.1mg, 0.098mmol) were dissolved in
dichloromethane (1ml). Triethylamine (0.037ml, 0.267mmol) was added thereto and then
35  dirred at 0°C for 3 hours. After completion of the reaction by adding water dropwise, the
mixture was extracted with dichloromethane, and the combined organic layer was dried over

anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The
residue was purified by preparative TLC eluting a solvent of dichloromethane:methanol=20:1.
Silica gels containing the product were eluted with dichloromethane and the solvent was



35completion of the reaction by adding water, Article 34 Amendments9-2010-00282 [Translation]72
the reaction mixture was extracted with dichloromethane, and the combined organic layer was dried
over anhydwa260alids45a6fate (Na2S04), filtered 88d evaporated under reduced pres2016-0678%
residue was purified by recrystallizing from dichloromethane to obtain the target compound
42,i.e.,2-(3,5-dibromo-4-hydroxy-pheny1)-1-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)- ethanone, as
beige solid (13.8mg, 10%). 1H-NMR(CDC13, 300MHz); 6 = 9.81 (br s, 1H), 8.94 (br s, 1H),
8.11 (d, J= ) - - a5, 3t YA (I, )Y 1 2392 (s, 2H).
MS(ESh: 4%§Igi¢atﬂf§1§§ é&;};ﬁwpﬂé@%) bRoPB-LeméifexgtiRedyL Ardrat Byt B-d R Thyfib; 253
Synthesisoé ]3 ihydro-pyrido[4,3-b][1,410xazin-4-y1)-(3-methoxy-isoxazol-5-y1)- 15 methanone
(compound 43) In a 10m1 flask, 3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (100mg, 0.73mmol) and
3-methoxy-



isoxazol-5-carbonyl chloride (13 Img, 0.80mmol) were dissolved in dichloromethane. Triethylamine
(0.51m1, 3 65mmol) was added thereto and then stirred at room temperature for 2 20 hours. After
completion Af tiltke Bdatatiendoyeatdding water dropwise, the reaction mixture was expGIEHEA282h
dichloromethane, and the combined organic layer was dried over anhydrous sodium sulfate (Na2S04),
filtered and[é_@ﬁ@%d under reduced pressure. ¥he residue was purified by column chromatography
on amine silica eluting with a solvent of dichloromethane:methano1=30:1. The fractions containing the
product wegg, salac M@m@%igm@@i%_target compound 43, i.e.,
(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)- (3-methoxy-isoxazol-5-ye-methanone, as pale-brown solid
(149mg, 78%). 1H-NMR(CDC13, 300MHz); 6 = 8.77 (br s, 1H), 8.16 (d, 1H, J=5.3Hz), 6.98 (d,
J=5.3Hz, 1H);E\8B(EH TH)3a0MHEN 52+5,14.64 {hh, PRRHZDE.7) GHHBOMB (BSY) 1057 #64ddF1 T
Example 440 Synthesiacdt:)s disydr ornysig o3 bl ladboxas (indemd) I Sekw dequy -2spxazol-5-y1)-
methanonel\%ﬁg%)%g étf\lh;’ﬁ aSynthesis of3-benz lox -ismialih dro- ido 4 3-b 1 4 oxazin-4- 1 -
methanone o '

Cc) Synthess of (3,5-dibromo-4-hydroxy-phenyl)-(7-furan-3-yl-2,3-dihydro-pyrido[2,3-
10  b][1.4]oxazin-1-yl)-methanone

In a 5ml flask, (3,5-dibromo-4-methoxy-phenyl)-(7-furan-3-yl-2,3-dihydro-pyrido[2,3-

b][1,4] oxazin-1-yl)-methanone (40mg, 0.081mmol) was dissolved in dichloromethane (1ml)

and then cooled to OC0. 1.0M Boron tribromide dissolved in dichloromethane (0.8ml,
0.81mmol) was added thereto and then stirred at room temperature for 15 hours. After

15 completion of the reaction by adding water dropwise, the mixture was extracted with
dichloromethane, and the combined organic layer was dried over anhydrous sodium sulfate
(N&SO,), filtered and evaporated under reduced pressure. The residue was purified by
preparative TLC eluting a solvent of dichloromethane:methanol=20:1. Silica gels containing
the product were eluted with dichloromethane and the solvent was evaporated to obtain the

20 target compound 53, i.e, (3,5-dibromo-4-hydroxy-phenyl)-(7-furan-3-yl-2,3-dihydro-
pyrido[2,3-b][1,4] oxazin-1-yl)-methanone as white solid (30mg, 77%).

'H-NMR(CDs0D, 300MHz); & = 8.11 (d, 1H, J=2.0Hz), 7.9 (br s, 1H), 7.76 (s, 3H), 7.55 (dd,
1H, J=1.8Hz, 1.5Hz), 6.63 (M, 1H), 4.48-4.45 (m, 2H), 4.02-3.99 (m, 2H).
25  MS(ESI); 478.9(M*+1).

Example 54)
Synthesis of 1-(3,5-dibromo-4-hydroxy-phenyl)-2-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-
yl)-ethanone (compound 54)

30
a) Synthesis of 2-bromo-1-(3,5-dibromo-4-hydroxy-phenyl)-ethanone
In a 100ml flask, 1-(3,5-dibromo-4-hydroxy-phenyl)-ethanone (1.2g, 4.082mmol) was dissolved
in a solvent of anhydrous tetrahydrofuran: anhydrous diethyl ether (1:1, 12ml). Acetic acid

(0.4ml) and bromine (2.1ml, 4.082mmol) were added thereto dropwise under nitrogen

35  atmosphere and then stirred at room temperature for 2 hours.  After completion of the reaction
by adding water dropwise, the mixture was adjusted to pH 8 to 9 with saturated solution of
sodium hydrogen carbonate and extracted with ethyl acetate, and the combined organic layer
was dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated under reduced
pressure. The residue was purified by column chromatography on silica eluting with a solvent

40 of n-hexaneiethyl acetate=2:1. The fractions containing the product were collected and
evaporated to obtain



To 10 ml of anhydrous tetrahydrofuran, 3-benzyloxy-isoxazol-5-carboxylic acid (50mg, 0.23mmol) and
a catalytic amount of N,N-dimethyl formamide were added and dissolved, and 40then oxalyl chloride
(35mg, 0.28mioHEBwAmsholvignesided thereto and then stirred at room temperat@@doo-doeairs. Article
34 Amendments9-2010-00282 [Translation]84 oxazin-I-ye-methanone as white solid (40mg, 91%).
51H-NMR(CB&E8880MHzZ); 6 = 8.17 (d, 1H, J=32Hz), 7.70 (s, 2H), 7.57 (br s, 1H), 7.46 (dd, 1H,
J=1.7Hz, 1.8Hz), 7.26 (s, 1H), 6.51 (m, 1H), 4.49-4.46 (m, 2H), 3.99-3.96 (m, 2H). MS(ESI);

492.9(M1+ D)y N e SIaiR mo iR RSt iy If -BHaHom: ab vhitedhli d (7aif} 85941 (1
41oxazin-1-y1l)-methanone In a 5m1 flask,
(3,5-dibromo-4-methoxy-phenyl)-(7-furan-3-y1-2,3-dihydro-pyrido[2,3- b][1,4]oxazin-I-y1)-methanone
(40mg,50. 08 MG G RSB, it T RldFoAB LGB i 1 mBEHerRidboled to On. 1.0M Boron
tribromide digs@legdarodighiergmethane (0.8m1, 0.81mmol) was added thereto and then stirred at
room temperature for 15 hours. After

b) Synthesis of 1-(3,5-dibromo-4-hydroxy-phenyl)-2-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-
yl)-ethanone

10 Inal10ml flask, (3,4-dihydro-2H-pyrido[4,3-b][1,4] oxazine (60mg, 0.44mmol) was dissolved in
anhydrous acetonitrile (5ml). At room temperature, 2-bromo-1-(3,5-dibromo-4-hydroxy-

phenyl)-ethanone (164mg, 0.44mmol) and potassium carbonate (121mg, 0.88mmol) were added

thereto and then stirred at room temperature for 16 hours. The reaction mixture was filtered

and the resulting white solid was recrystallized from methanol to obtain the target compound 54
15  aswhite solid (110mg, 58.5%).

'H-NMR(CDCl3, 300MHz); § = 7.96-8.00 (m, 2H), 7.89 (s, 2H), 7.31 (d, J=6.3Hz, 1H), 7.18 (br
s, 1H), 5.87 (br s, 2H), 4.45-4.47 (m, 2H), 3.31-3.44 (m, 2H).
MS(ESI); 426.8(M*+1).

20

Example 55)
Synthesis of (3,5-dibromo-4-hydr oxy-phenyl)-(2,3-dihydr 0-4-oxa-1,9-diaza-phenanthren-1-

yl)-methanone (compound 55)

25  a) Synthesis of 3-amino-quinolin-4-ol
In a 100ml flask, 3-nitro-quinolin-4-ol (500mg, 2.629mmol) was dissolved in methanol (50ml)
and 10% palladium on active carbon (1.2g, 10w/w%) was added thereto and then stirred for 3
hours at room temperature under hydrogen atmosphere. The reaction mixture was filtered on

celite and then evaporated under reduced pressure to obtain brown liquid (445mg, quantitative
30 yied).

'H-NMR(DMSO-ds, 300MHz); & = 11.50 (br s, 1H), 8.09 (d, J=8.4Hz, 1H), 7.48 (s, 1H), 7.47
(m, 2H), 7.14-7.20 (m, 1H), 4.38 (br s, 2H).

35 b) Synthesis of 1H-4-oxa-1,9-diaza-phenanthren-2-one
In a50ml flask equipped with areflux appatus, 3-amino-quinolin-4-ol (421mg, 2.628mmol) was

dissolved in N,N-dimethyl formamide (13ml) under nitrogen atmosphere, and then

chloroacetyl chloride (0.21ml, 2.76mmol) was added thereto dropwise at 0T, and then stirred at

00 for 30 minutes. Potassium carbonate (24g, 177mmol) was added thereto and the mixture
40  was heated to 10000 under reflux. After 16 hours, N,N-dimethyl



15 completion of the reaction by adding water dropwise, the mixture was extracted with
dichloromethane, and the combined organic layer was dried over anhydrous sodium sulfate (Na2504),
filtered and\w\aguositaaig6der reduced pressure. TB@ residue was purified by preparagiee1tio02efuting a
solvent of dichloromethane:methano1=20:1. Silica gels containing the product were eluted with
dichloromethane and the solvent was evaporated to obtain the 20target compound 53, i.e.,
(3,5-dibromo-4-hydroxy-pheny1)-(7-furan-3-y1-2,3-dihydro- pyrido[2,3-b][1,4]oxazin-l-y1l)-methanone

as white so @&%ng %M& v MA&&QQ?QMQ&MB‘&& 85 fbehdUnddrandT avat 120de 48 Re S, 1H),
776 (6, 31 Los (4 i1 oL 1o BB (n I 2 s 2, 0z 80 . o

25MS(ESI)

1-(3,5- drbrorprﬁm:awﬂbr@vruhert@rlgezr(wwwdrorﬁyhd@@%mmmwhw)@hammwompound
54) 30 Synihesis g iemeadiudyhaepni drox - hen 1-edimmme In a 100m1 flask,
1-(3,5-dibromo-4-hydroxy-phenyl)-ethanone (1.2g, 4.082mmol) was dissolved in a solvent of
anhydrous tetrahydrofuran: anhydrous diethyl ether (1:1, 12m1). Acetic acid (0.4m1) and bromine
(2.1m1, 4.08>MMBIPMSE-deldRMHEY el & 8p (Fide Linder hitsd kRS H3mER s d 43 BtREM stirred at
room tempevies@s fao2.ooursl)After completion of the reaction by adding water dropwise, the mixture
was adjusted topH81to9 with saturated solution of sodium hydrogen carbonate and extracted with

filtered and SvXPER Al @ i el s BNEnantirenc - o hurified by column chromatography
on siliga eltﬂmrgwmleeginazerwhenanthren -2-0ne (526mg, 2.63mmol) was dissolved in tetrahydrofuran

(13ml) and then cooled to 0CJ. To the reaction mixture, 1.0M Lithium aluminum hydride
dissolved in tetrahydrofuran (5.5ml, 5.26mmol) was added dropwise and stirred at room
temperature for 2 hours. After completion of reaction, water (1ml), 10% aqueous solution of
sodium hydroxide (2ml) and water (3ml) were added thereto dropwise in this order and then
15  dirred for 1 hour at room temperature. After filtering precipitates, the filtrate was extracted
with ethyl acetate. The combined organic layer was dried over anhydrous sodium sulfate
(N&,SO,), filtered and evaporated under reduced pressure.  The residue was purified by column
chromatography on amine silica eluting with a solvent of dichloromethane. The fractions
containing the product were collected and evaporated to obtain colorlessliquid (52mg, 10.6%).
20
'H-NMR(CDCls, 300MHz2); & = 8.37 (s, 1H), 7.90-7.96 (m, 2H), 7.27-7.48 (m, 2H), 4.50 (m,
2H), 3.56 (m, 2H).
MS(ESI); 187.0(M*+1).

25 d) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-4-oxa-1,9-diaza-phenanthren-1-
yl)-methanone
In a 10ml flask, 2,3-dihydro-1H-4-oxa-1,9-diaza-phenanthrene (50mg, 0.269mmol) and 3,5-
dibromo-4-methoxy-benzoyl chloride (88mg, 0.269mmol) were dissolved in dichloromethane.
Triethylamine (0.51ml, 3.7mmol) was added thereto and then stirred at room temperature for 3
30 hours. After neutralizing with 1IN hydrochloric acid solution, the mixture was extracted with

dichloromethane, and the combined organic layer was dried over anhydrous sodium sulfate

(N&;SO,), filtered and evaporated under reduced pressure.  The residue was purified by column

chromatography on amine silica eluting with a solvent of dichloromethane:methanol=20:1.

The fractions containing the product were collected and evaporated to obtain the target
35 compound as yellow solid (110mg, 86%).

'H-NMR(CDCl3, 300MHz); 5 = 8.57 (br s, 1H), 7.96-8.14 (m, 2H), 7.73 (s, 2H), 7.54-7.73 (m,
2H), 4.65 (m, 2H), 4.11 (m, 2H), 3.94 (s, 3H).
MS(ESI); 475.9(M*+1).



400f n-hexane:ethyl acetate=2:1. The fractions containing the product were collected and evaporated
to obtain Article 34 Amendments9-2010-00282 [Translation]85
2-bromo-1-{86200wan3a58-hydroxy-phenyl)ethanorg? as white solid (785mg, 51.5%). 9-2010-00282
51H-NMR(CDC13, 300MHz); 6 = 8.21 (s, 2H), 6.39 (br s, 1H), 4.36 (s, 2H). MS(ESI); 370.8(M1+1). b
Synthesis of 1-(3 5-dibromo-4-h dro,i-111-2-23-dihdro- ido 4 3-b 1 4 miazin-4- v1)-ethanone 10In a
10m1 flask, (3,4-dihydro-2H-pyrido[4,3-b][1,4]oxazine (60mg, 0 44mmol) was dissolved in anhydrous
acetonitrile (5m1). At room temperature, 2-bromo-1-(3,5-dibromo-4-hydroxyphenyfi-ethanone (164mg,
0.44mmol) and potassium carbonate Img, 0 88mmgal) were added thereto and then stirred at room
temperaturé et Fau L - et R IR R i@ D Qreoresk Rl 2R e
recrystallized) fregtharea¢ianol to obtain the target compound 54 15as white solid (110mg, 58.5%).
1H-NMR(CRGLRA0MMH 73 50r6r 68 AaHERy -PhdayT) 89 S Rfd) o 4-3%a(d 0 Gz penbhtiveh 18 (br s, 1H),

587 (bg S 2y|I_J)mf;fﬂz%aSnoA'né1 Z3g)mg26_86§m3r)nld§ﬁﬁ1ﬁlmﬂ grlgl)ﬁi de (12mg, 0.134mmol) and piperazine (9mg,

0.101mmol) were dissolved in N,N-dimethyl formamide (3ml), and then stirred at 1000 for 2

U vWd

hours. After completion of the reaction by adding water dropwise, the mixture was adjusted to
weak acidc condition (pH=6) by using 1IN hydrochloric acid. The formed solid was filtered
and washed with distilled water, and recrystallized from tetrahydrofuran and methanol to obtain

10  the target compound 55, i.e., (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-4-oxa-1,9-diaza-
phenanthren-1-yl)-methanone, asyellow solid (10mg, 34%).

'H-NMR(DMS0-ds, 300MHz); & = 10.66 (br s, 1H), 8.71 (br s, 1H), 8.08 (d, J=8.4Hz, 1H),
7.90 (d, J=6.9Hz, 1H), 7.83 (s, 2H), 7.70-7.59 (m, 2H), 4.63 (m, 2H), 4.02 (M, 2H).
15 MS(ESI); 461.9(M*+1).

Example 56)
Synthesis of 4-[12-(3,5-dibromo-4-hydr oxy-phenyl)-2-oxo-ethyl)]-4H-pyrido[4,3-
b][1,4] oxazin-3-one (compound 56)

20
In a 10ml flask, 4H-pyrido[4,3-b][1,4]oxazin-3-one (50mg, 0.33mmol) was dissolved in N,N-
dimethyl formamide (2.0ml) and then cooled to 07J. Sodium hydride (15mg, 0.37mmol) was
added thereto at 0] and then stirred at room temperature for 30 minutes. The reaction mixture
was cooled to 001, 2-bromo-1-(3,5-dibromo-4-hydroxy-phenyl)-ethanone (124mg, 0.33mmol)

25  was added thereto dropwise and stirred at 00J for 30 minutes, and then the mixture was stirred at
room temperature for 1 hour. The precipitates formed were filtered and washed with
acetonitrile.  The resulting solid was recrystalized from methanol to obtain the target
compound 56, i.e, 4-[2-(3,5-dibromo-4-hydroxy-phenyl)-2-oxo-ethyl]-4H-pyrido[4,3-
b][1,4] oxazin-3-one, as white solid (48mg, 33%).

30
'H-NMR(DMSO-ds, 300MHz); & = 11.66(s, 1H), 8.36 (dd, J=6.9Hz, 1.5Hz, 1H), 8.15 (d,
J=1.5Hz, 1H), 7.88 (s, 2H), 7.60 (d, J=6.9Hz, 1H), 5.99 (s, 2H), 5.02 (m, 2H).
MS(ESI); 440.9(M*+1).

35 Example 57)
Synthesis of 4-(3,5-dibromo-4-methoxy-benzoyl)-4H-pyrido[4,3-b][1,4]oxazin-3-one

(compound 57)

By the same method as in Example 56, 4H-pyrido[4,3-b][1,4] oxazin-3-one (200mg, 1.33mmol),



MS(ESI); 426.8(M1+1). 20 Example 55) Synthesis of
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-4-oxa-1,9-diaza-phenanthren-1- y1)-methanone
(compoundWw®)2@Ba)sysahesis of 3-amino-quinoli®8i-ol In a 100m1 flask, 3-nitro-qualioHaHs?
(500mg, 2 629mmo1l) was dissolved in methanol (50m1) and 10% palladium on active carbon (1.2g,
10w/w%) was added thereto and then stirred for 3 hours at room temperature under hydrogen
atmosphere. The reaction mixture was filtered on celite and then evaporated under reduced pressure

) 8,00 (4 A o Torp om e Seyag, ™
m m, s

Synthesis of ST &%e B SRS i Ha%%%feﬂ(@%ﬁ&%?p%ﬁém i

3-amino-quitidlirecgtge(42 hﬂg@rﬂb!i%mrmf) hawees \upsstloe avier RnyaiveshgiLio s fateidiaeBa1) under

nitrogen atmasREeAd a@@ﬂa@fe@hﬁa@m@whml@f&@;(@ 21méd, RJQEMeD Wasiadded torielp dropwise

at On, and then irred at On f %Jmlnut Po;as |u arbona ﬁ%‘ﬁ? mT.Q Was added thereto
and thegmlxct‘uref%)O ear%e Hr]‘? er reflux. g\fter{ &ours m%?thy Ar a?teglcl
Amendmen@ggtaz@mg_t@gg@uct were collected and evaporated to obtain the target compound 57, i.e., 4-
(3,5-dibromo-4-methoxy-benzoyl)-4H-pyrido[4,3-b] [ 1,4] oxazin-3-one, as white solid (125mg,
21%).

10 *H-NMR(DMSO-ds, 300MHz); & = 8.34 (s, 1H), 8.30 (s, 2H), 8.25 (d, J=5.4Hz, 1H), 7.18 (d,
J=5.4Hz, 1H), 4.93 (s, 2H), 3.89 (s, 3H).
MS(ESI); 440.9(M*+1).

Example 58)
15 Synthesis of (3,5-dibromo-4-methoxy-phenyl)-(6-methyl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl)-methanone (compound 58)

In a 10ml flask, 6-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (110mg, 0.73mmol) and
3,5-dibromo-4-methoxy-benzoyl  chloride (240mg, 0.73mmol) were dissolved in

20  dichloromethane (5ml). Triethylamine (0.26ml, 1.8mmol) was added thereto and then stirred
at room temperature for 1 hour. After completion of the reaction by adding water dropwise,
the mixture was extracted with dichloromethane, and the combined organic layer was dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The
residue was purified by column chromatography on amine silica (NH-silica gel) eluting with a

25 solvent of dichloromethane:methanol=19:1. The fractions containing the product were
collected and evaporated to obtain the target compound 58, i.e., (3,5-dibromo-4-methoxy-
phenyl)-(6-methyl-2,3-dihydro-pyrido[2,3-b][1,4] oxazin-1-yl)-methanone, as white solid
(230mg, 71%).

30 'H-NMR(DMSO-ds, 300MHz); § = 8.20-7.90 (br s, 1H), 7.87 (s, 2H), 6.79-6.82 (m, 1H), 4.37
(m, 2H), 3.84 (s, 3H), 3.82 (m, 2H), 2.31 (s, 3H).
MS(ESI); 440.9(M*+1).

Example 59)
35 Synthesis of (2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-(2,4-dihydr oxy-pyrimidin-5-yl)-
methanone (compound 59)

2,4-dihydroxy-pyrimidin-5-carboxylic acid (125mg, 0.80mmol) was dissolved in N,N-dimethyl
acetamide (3ml) and then cooled to -1500. Thionyl chloride (0.066ml, 0.90mmol) was added



[Translation]94 c) Synthesis of 3 5-dibromo-4-hido 2 3-b 1 4 07pll, ALsj.az_yj._in- 1- 1 -methmme
5By the same method as in the step d) of Example 45, (3,5-dibromo-4-methoxy-pheny1)47-(3-
trifluorometiny®GpOEINYAF4263-dihydro-pyrido[2,3-1)][ B oxazin-I-ylkmethanone (165mg92@@n0028D,
lithium bromide (100mg, 1.15mmol) and piperazine (37.3mg, 0 43mmol) were dissolved in
N,N-dimethyl formamide (2m1) and reacted at 1000 to obtain the target compound 63, i.e.,
(3,5-dibromo-4-hydroxy-pheny1)47-(3-trifluoromethyl-pheny1)-2,3-dihydro-pyrido[2,3-

10b][1,4]oxaziRid-yikmethanong, Agvithte.seld RUMGre8%) -dH-IMR (HRZAD. $ROMEZ:,8-21(d,
J=2.3Hz, 1H), 8.09-8.01(m, 1H 7.78(5, 2H), 7.74- 7.57(m, 4H), 4,56-4.50(m, 2H), 4.08-4 01(m, 2H).

2
MS(ESI): S%X&(RA‘%WO tgxgrﬁprgl% Bj)tagi}ﬁm 8%1@08? (138rhg, 1.0mmol) and 3,4 dihydro-2H-
(3,5-dibromieyadalBdatiL hexazinel {1080 oPsidratne!)- piesaayided dirgidr clspides2, SThe 1eadtexazin-1-yli-m
etha;]none (@&mﬁﬁumh @ﬁ)r?agaﬁtﬁylﬂﬂégi?gﬁk@ﬁgﬂ;@g?ﬁ@n%%ﬂd@&ﬁ%ﬂ;ﬁ@i@fm@ %Mdifaelggme
method. as Sle X e romo- 0 oxaz mg,
0. 46m%10|) gf tﬁ%‘n ee“r?gl rﬁc)()anrl%agua (‘%t%vmg, ) mmoﬁr< gPfadlum' tFlupr eny at ok n
(26.9mg, O WE!?rﬁBib Ao PRE TP XRPHSH ARSI, W@sﬂﬂﬁﬁ’d’)’%é’l@!ﬁ%@\ﬁéﬂ Wagﬂgwbnt of
tetrahydrofyrapsoa)ei (S oalith snaporared vaastediatdpitdar® htueses due was purified by column

chromatography on silica eluting with a solvent of dichloromethaneimethanol=9:1. The
fractions containing the product were collected and evaporated to obtain the target compound 59
10 aswhite solid (47mg, 21%).

'H-NMR(DMSO-ds, 300MHz); & = 11.47 (s, 1H), 11.35 (s, 1H), 8.76 (br s, 1H), 8.08 (d,
J=5.7Hz, 1H), 7.85 (s, 1H), 6.92 (d, J=5.7Hz, 1H), 4.34 (m, 2H), 3.84 (m, 2H).
MS(ESI); 275.0(M*+1).

15
Example 60)
Synthesis of (2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-(2,6-dihydroxy-pyrimidin-4-yl)-
methanone (compound 60)

20 By the same method as in Example 59, 2,6-dihydroxy-pyrimidin-4-carboxylic acid (125mg,
0.80mmol), thionyl chloride (0.066ml, 0.90mmol), potassium carbonate (138mg, 1.0mmol) and
3,4-dihydro-2H-pyrido[4,3-b][1,4] oxazine (109mg, 0.80mmol) were reacted and the reaction
mixture was purified in the same manner to obtain the target compound 60, i.e., (2,3-dihydro-
pyrido[4,3-b][1,4] oxazin-4-yl)-(2,6-dihydroxy-pyrimidin-4-yl)-methanone, as white solid

25  (32mg, 15%).

'H-NMR(DM SO-ds, 300MHz); & = 11.35-11.29 (m, 2H), 9.06 (br s, 1H), 8.18 (d, J=5.4Hz, 1H),
7.01 (d, J=5.4Hz, 1H), 5.81 (s, 1H), 4.42 (m, 2H), 3.95 (m, 2H).
MS(ESI); 275.0 (M*+1).

30

Example 61)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-isoquinolin-4-yl-2,3-dihydro-pyrido[2,3-

b][1,4] oxazin-1-yl)-methanone (compound 61)

35 @) Synthesisof 7-isoquinalin-4-yl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine
Under nitrogen ahmosphere, in a 10ml flask, 7-bromo-2,3-dihydro-1H-pyrido[2,3-

b][1,4]oxazine (36.3mg, 0.169mmol), isoquinoline boronic acid (44mg, 0.253mmol), tetrakis
triphenylphosphine palladium (19.5mg, 0.017mmol) and potassum carbonate (58.3mg,
0.423mmol) were dissolved in a solvent of tetrahydrofuran/water (6/1, 1.4mi/0.3ml). The



25to obtain 7-(3-fluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[2,3-1)][1,4]oxazine as white solid (92mg,
85.9%). 1H-NMR (CDC13, 300MHz); 6 = 7.83(d, J=1.9Hz, 1H), 7.43-7.32(m, 1H), 7.30-7.28(m, 1H),
7.22-7.16(nvW ORQOT 2B4BD8(M, 2H), 4.49-4.41(m, 281), 3.96(br s, 1H), 3.51-3.42(m, 28420300 SI):
231.0 (M k-F1). b Synthesis of3 5-dibromo-4-metho ido 2 3-b 1 4 mpl11, ALsi.az_yj._in-1- 1 -medimme
By the same method as in the step c) of Example 45, 7-(3-fluoromethyl-pheny1)-2,3-dihydro- 35
1H-pyrido[2,3-1)][1,4]oxazine (81mg, 0.35mmol), 3,5-dibromo-4-methoxy-benzoyl chloride (173mg,

0.53mmol) F’é&%@iﬂﬁﬂﬁl‘”@'%s(%/r%oefo@ 43 FAMRBS UL ED d@%@'N&%IEr&)%@(@&ﬂ%ﬁ%e@%@er’“”'de 34

Amendments9-2010-00282 anslat 95 and reacted at oo[]n tem eratucr for 3 hours to obtain
(3,5- dlbrom%ogi Hqéﬂ{gggllg )ui% |xture was extracted with ethyl acetate, and the organic layer

fluoromethy*%éﬁﬁlqi%tﬂlm?@qdymﬂ@? Dl Yljan4]okaeziermplkede tiganih éape \Wiitedsielidose180mg,
98%). anhydrous magnesium sulfate (MgSO,), filtered and evaporated under reduced pressure. The

5 residue was purified by column chromatography on amine silica eluting with a solvent of
dichloromethane. The fractions containing the product were collected and evaporated to
obtain brown oil (22.6mg, 51%).

'H-NMR(CDCl3, 300MHz2); & = 9.23 (s, 1H), 8.43 (s, 1H), 7.59-8.04 (m, 5H), 7.00 (d, J=2.1Hz,
10 1H), 4.48-4.51 (m, 2H), 4.10 (s, 1H), 3.49-3.51 (m, 2H).

b) Synthesis of (3,5-dibromo-4-methoxy-pheny!)-(7-isoguinolin-4-yl-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl)-methanone

Under nitrogen ahmosphere, in a 10ml flask, 7-isoquinolin-4-yl-2,3-dihydro-1H-pyrido[2,3-

15  b][1,4]oxazine (22.6mg, 0.085mmol) and 3,5-dibromo-4-methoxy-benzoyl chloride (42.2mg,
0.129mmol) were dissolved in dichloromethane (1.0ml). After cooling to 0[], triethylamine
(0.06ml, 0.429mmol) was added thereto at room temperature for 3 hours. After neutralizing
with 1N hydrochloric acid solution, the mixture was extracted with dichloromethane, and the
combined organic layer was dried over anhydrous magnesium sulfate (MgSO,), filtered and

20  evaporated under reduced pressure. The residue was purified by column chromatography on
amine silica eluting with a solvent of ethyl acetate and n-hexane. The fractions containing the
product were collected and evaporated to obtain white solid (11.0mg, 23%).

'H-NMR(CDCls, 300MHz2); & = 9.25 (s, 1H), 8.34 (s, 1H), 8.19 (d, J=2.1Hz, 1H), 8.02 (dd,
25 J=6.6Hz, 1.5Hz, 1H), 7.58-7.76 (m, 6H), 4.59-4.63 (m, 2H), 4.06-4.09 (m, 2H), 3.92 (s, 3H).

c) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(7-isoquinolin-4-yl-2,3-dihydro-pyrido[2,3-

b][1,4] oxazin-1-yl)-methanone

Under nitrogen ahmosphere, in a 10ml flask, (3,5-dibromo-4-methoxy-phenyl)-(7-isoquinolin-

30  4-yl-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-yl)-methanone  (11.3mg, 0.020mmol)  was
dissolved in dichloromethane, and then cooled to 0L]. 1.0M Boron tribromide dissolved in
dichloromethane (0.2ml, 0.203mmol) was added thereto and then stirred at room temperature
for 18 hours. After adjusting to pH 6 with IN NaOH solution, the mixture was extracted with
dichloromethane, and the combined organic layer was dried over anhydrous sodium sulfate

35 (N&SO,), filtered and evaporated under reduced pressure. Diethyl ether was added to the
formed solid and stirred for 30 minutes and then filtered to obtain the target compound 61 as
white solid (3.0mg, 27%).

'H-NMR(CD30D, 300MHz); & = 9.47 (s, 1H), 8.32-8.42 (m, 2H), 8.12 (d, J=2.4Hz, 1H), 8.00-



1H-NMR(CDC13, 300MHz); 6 = 8.25(d, J=2.3Hz, 1H), 7.98-7.83(m, 1H), 7.72(s, 2H), 7.42- 7.32(m,
1H), 7.15(d, J=7.6Hz, 1H), 7.09-6.96(m, 2H), 4.57-4.47(m, 2H), 4.06-3.98(m, 2H), 3.95(s, 3H).
MS(ESI): 5202 (0t #B156 o1 9-2010-00282

7.66 (M, 6H), 4.66-4.63 (M, 2H), 4.09-4.07 (m, 2H).
MS(ESI); 539.8(M*+1).

Example 62)
5 Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(6,7-dihydro-pyrimido[4,5-b][1,4]oxazin-5-
yl)-methanone (compound 62)

a) Synthesis of (6-chloro-5-nitro-pyrimidin-4-yloxy)-acetic acid methyl ester

In a 50ml flask at low temperature, methyl glycolate (0.22ml, 2.8mmol) and sodium hydride

10  (114mg, 2.8mmol) were dissolved in N,N-dimethyl formamide (7ml) and then stirred for 10
minutes.  4,6-dichloro-5-nitro-pyrimidine (500mg, 2.6mmol) dissolved in N,N-dimethyl
formamide (6.5ml) was added thereto dropwise and then stirred at the same temperature for
additional 10 minutes, and then the temperature was raised to room temperature and stirred for
additional 10 hours. After completion of the reaction by adding water, the mixture was

15  extracted with dichloromethane, and the combined organic layer was washed with saturated
saline solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated under
reduced pressure. The residue was purified by column chromatography eluting with a solvent
of dichloromethane to obtain yellow liquid (280mg, 44%).

20 'H-NMR(CDCls, 300MHz); & = 8.62 (s, 1H), 5.08 (s, 2H), 3.80 (s, 3H).
MS(ESI); 248.0(M*+1).

b) Synthesis of 5H-pyrimido-[4,5-b][1,4] oxazin-6-one
In a 25ml flask, (6-chloro-5-nitro-pyrimidin-4-yloxy)-acetic acid methyl ester (280mg,

25 1.1mmol) and tin tetrachloride (849mg, 4.5mmol) were dissolved in hydrochloric acid (7ml)
and heated for 1 hour at 807]. The reaction mixture was cooled to room temperature and
neutralized by adding 10% sodium hydroxide solution dropwise, and the formed solid was
removed by filtration. The filtrate was extracted with ethyl acetate, and the combined organic
layer was washed with saturated saline solution, dried over anhydrous sodium sulfate (Na,SO,),

30 filtered and evaporated under reduced pressure. The obtained yellow solid mixture (107mg)
was used in the next step without further purification.

'H-NMR(CDCls, 300MHz); & = 8.58 (s, 1H), 8.19 (s, 1H), 4.95 (s, 2H), 4.33 (br s, 1H).
MS(ESI); 152.0(M*+1).

35
¢) Synthesis of 6,7-dihydro-5H-pyrimido-[4,5-b][1,4]oxazine
In a 10ml flask, the mixture of 5H-pyrimido-[4,5-b][1,4] oxazin-6-one (107mg, 0.58mmol) was
dissolved in tetrahydrofuran (3ml) and then cooled to 0'C. 1.0M Lithium aluminum hydride
dissolved in tetrahydrofuran (1.15ml, 1.2mmol) was added thereto dropwise and the




c¢) Synthesis of 3 5 -dibromo-4-h drox -- 7- 3 -fluorometn ido 2 3-b 1 4 07p11, Alsj.az_yj._in-1-1
-methmme By the same method as in the step d) of Example 45,
(3,5-dibromard20eahazyspheny1)47-(3- 15 92 9-2010-00282
fluoromethyl-pheny1)-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-ylkmethanone (162mg, 0.3 Immol), lithium
bromide (108mg, 1.24 mmol) and piperazine (40mg, 0.47mmol) were dissolved in N,N-dimethyl
formamide (3m1) and reacted at 1000 to obtain the target compound 64, i.e.,

(3,5 dibfom@rﬁp&lﬁﬂ!@%@%&&%ﬂr&éﬁ'%MW&'&%BQ%&%MGN%@.M@%{%&S After

R e B Sy A R0, e o
7.12-7.03(nt) 1§ ondgsta aieeh) the yeachen3. 9‘8(¢nﬂmewrﬂsﬁe@s©edgfquﬂ1@9 VP Bxteasiple 65)
Synthesisofgidi By -siRERmPr ity B6AKINBE BrRMID 1dy3r iy dasidd WitH dal4 stedéaline solution,
[1’410)? Zinaﬁ'eﬁ“oggrnazn C}I[(I)ll?s C%m%ouﬂ ma2504), filtered and evaporated under reduced pressure.

The residue was purified by column chromatography on amine silica gel eluting with a solvent

of dichloromethane to obtain white solid (20mg, 25%).

'H-NMR(CDCl3, 300MHz); § = 8.27 (s, 1H), 7.94 (s, 1H), 4.50-4.47 (m, 2H), 3.87 (br s, 1H),
10 3.49-3.45 (m, 2H).
MS(ESI); 137.9(M*+1).

d) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-(6,7-dihydro-pyrimido[4,5-b][1,4]oxazin-5-
yl)-methanone

15 In a 10ml flask, 6,7-dihydro-5H-pyrimido-[4,5-b][1,4]oxazine (20mg, 0.15mmol) and
triethylamine (0.1ml, 0.73mmol) were dissolved in dichloromethane (1.5ml). To the reaction

mixture, 3,5-dibromo-4-methoxy-benzoyl chloride (50mg, 0.15mmol) was added and stirred at

room temperature for 12 hours. The solvent was evaporated under reduced pressure and white

non-crystalline compound (28mg, 45%) was obtained by column chromatography on amine
20 silicagel euting with a solvent of dichloromethane:n-hexane=1:1.

'H-NMR(CDCls, 300MHz); & = 8.80 (s, 1H), 8.61 (s, 1H), 7.69 (s, 2H), 4.55-4.52 (m, 2H),
4.02-3.99 (m, 2H), 3.95 (s, 3H).
MS(ES); 427.9 (M*+1).
25
e) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(6,7-dihydro-pyrimido[4,5-b][1,4] oxazin-5-
yl)-methanone
In a 10ml flask, (3,5-dibromo-4-methoxy-phenyl)-(6,7-dihydro-pyrimido[4,5-b][1,4]oxazin-5-
yl)-methanone (26mg, 0.06mmoal), lithium bromide (16mg, 0.18mmol) and piperazine (8mg,
30  0.09mmol) were dissolved in N,N-dimethyl formamide (1.0ml) and heated at 1007 for 6 hours.
The reaction mixture was cooled to room temperature, evaporated under reduced pressure, and
diluted by adding water. The diluted reaction mixture was neutralized with diluted
hydrochloric acid, and the formed white solid was filtered to obtain the target compound 62

(25mg, quantitative yield).
35
'H-NMR(DMSO-dgs, 300MHz); & = 10.6 (br s, 1H), 8.73 (br s, 1H), 8.49 (s, 1H), 7.79 (s, 2H),
4.52-4.49 (m, 2H), 3.93-3.91 (m, 2H).
MS(ESI); 413.9 (M*+1).



Synthesis of 4- 2 3-dih dro-1H-ic.3-b14 oxazin-7- 1 -benzonitrile 30By the same method as in the step
b) of Example 49, 7-bromo-2,3-dihydro-1H-pyrido[2,3- b][1,4]oxazine (120mg, 0.56mmol),
4-benzonitriredroeaiidazsel (90.2mg, 0.61mmol), pa@adium triphenylphosphine (32.2n3e01®0&8» 1)
and potassium carbonate (154mg, 1.12mmol) were dissolved in a solvent of tetrahydrofuran/water
(3m1/0.5m1) and reacted at SOD for 6 hours to obtain
4-(2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-7-ylkbenzonitrile as pale-green solid 35(81.7mg, 62%).
Article 34 Ag;é |%59-2010-00282 [Translation]96 1H-NMR(CDC13, 300MHz); 6 = 7. 85(d,

J=1.9Hz, 1 , (.[4-7.67 , 1.63-7.57(m, 2 705( J— 3HZ 1 451442( , 4.00(br
5,1H), 3.513 ? Py SRS S0 Y5 AN PRI e MRV gy Ly h G0 1 -2
3-dill dro-1Hbyit 3 K@iz i afieileapBynthE33ame method as in the step c) of

Example 45, 4-(2,3- dlhydro 1H pyrldo[2 3- 10 b][l 4]oxa2|n -7-y1]- benzonltrlle (71.4mg, 0.30mmol),
3,5- dlbgomo A\ thoxy- amiy e 84n/1 e, 0.60mmol)

..: of 7- (O

_]" l
were dissolvet [TTOTOIN ' ed a ature o Ffours to obtain

4-[1-(3,5-diBRO 8 @'ﬁ%%&%é’ﬁiﬂﬂ?—?@&h%rﬁxﬁmpﬁ/ﬁaofzb@ﬁ‘ﬂlz@ﬁb@(ﬂfﬁ HyRys&hZenitrile as
white solid G[29joghzite 6%)0mg, 0.46mmol), 3-dimethyl phenyl boronic acid (97.2mg, 0.51mmol),

palladium triphenyl phosphine (26.9mg, 0.023mol) and potassium carbonate (129mg, 0.93mmol)
were dissolved in a solvent of tetrahydrofuran/water (3ml/0.5ml), and reacted at 800 for 6

10  hoursto obtain 7-(3-trifluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[ 2,3-b][ 1,4] oxazine as white
solid (105mg, 80.6%).

'H-NMR (CDCls, 300MHz2); & = 7.80(d, J=1.9Hz, 1H), 7.75-7.65(m, 2H), 7.62-7.50(m, 2H),
7.07(d, J=1.9Hz, 1H), 4.50-4.41(m, 2H), 3.98(br s, 1H), 3.52-3.43(m, 2H).
15 MS(ESI): 281.0 (M*+1).

b) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-[ 7-(3-trifluoromethyl-phenyl)-2,3-dihydro-
pyrido[2,3-b][1,4] oxazin-1-yl]-methanone

By the same method as in the step c) of Example 45, 7-(3-trifluoromethyl-phenyl)-2,3-dihydro-
20  1H-pyrido[2,3-b][1,4]oxazine (99mg, 0.35mmol), 3,5-dibromo-4-methoxy-benzoyl chloride
(139mg, 0.42mmol) and triethylamine (98.54¢, 0.71mmol) were dissolved in dichloromethane
(3ml) and reacted at room temperature for 3 hours to obtain (3,5-dibromo-4-methoxy-phenyl)-
[7-(3-trifluoromethyl-phenyl)-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl]-methanone as white
solid (192mg, 95%).
25
'H-NMR (CDCl;, 300MHz); & = 8.28(d, J=2.3Hz, 1H), 8.14-7.95(m, 1H), 7.78-7.72(m, 2H),
7.66-7.50(m, 4H), 4.58-4.48(m, 2H), 4.07-3.98(m, 2H), 3.94(s, 3H).
MS(ESI): 570.9 (M*+1).

30



15 1H-NMR(CDC13, 300MHz); 6 = 8.28(d, J=2.3Hz, 1H), 8.18-8.08(m, 1H), 7.76-7.67(m, 4H),
7.56-7.46(m, 2H), 4.55-4.48(m, 2H), 4.04-3.97(m, 2H), 3.95(s, 31-1). MS(ESI): 527.9 (M1+1). 20cS
thesisof4- 1A3ibatidromendrbédtsni -benzo 1 -2 3-dih dro-1H- ido 2 3- b][1,410xai20T0y0B2ENZ0Nitrile
By the same method as in the step d) of Example 45, 441-(3,5-dibromo-4-methoxy-benzoy1)-
2,3-dihydrol TFOS#E2,3-b][1,4]0xazin-7-y1]- _berPbnitrile (116mg, 0.22mmol), lithium bromide (76mg,
0.88mmol) and piperazine (29mg, 0.33mmol) were dissolved in N,N-dimethyl 25 formamide (3m1) and
reacted at 'QOM@?"&fth%@Eﬁ&bﬁmw%(@%hé% [7-(3-trifluoromethy-phenyl)-2,3-dihydro-
441-(3,5-dibrom 421 ro y- enzo )-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin- /-ylkbenzonitrile, as
white solid %ﬁ%ﬁ azin-Lylym MSO-d6, 300MHz); 6 = 8.36(d, J=2.3Hz, 1H),
8.29-8.39(nBy1tH3, mmmmfsmmtm)dﬁcg(ﬁéarmm%?@i(d bperaoAHPEPBRY-MEIYN-A2(/, 2H),
3.97-3. 87(n®m@u@oﬁ@(ﬁ%ﬂe@lﬁﬁ@ﬁ%é—bﬁ&@m@l@] B6X) oxazfry NN esHstBAnone (165mg,
513 15y‘fl'?;‘:t‘;]%%%02>éd[ O’ﬁYtrP s (BB NG aRE B s &%dm%’?(?ﬂéfrﬁ%%[? bé[l 4loxazi
dissolved in N N dnnethyl formamide (2ml) and reacted at 1000] to obtain the target compound

63, i.e., (3,5-dibromo-4-hydroxy-phenyl)-[ 7-(3-trifluoromethyl-phenyl)-2,3-dihydro-pyrido[ 2,3-
10  b][1,4]oxazin-1-yl]-methanone, as white solid (90mg, 56%).

'H-NMR (CD50D, 300MHz); 8.21(d, J=2.3Hz, 1H), 8.09-8.01(m, 1H), 7.78(s, 2H), 7.74-
7.57(m, 4H), 4.56-4.50(m, 2H), 4.08-4.01(m, 2H).
MS(ESI): 556.9 (M*+1).

15
Example 64)
Synthess of _ (3,5-dibromo-4-hydroxy-phenyl)-[7-(3-fluoromethyl-phenyl)-2,3-dihydr o-
pyrido[2,3-b][1,4]oxazin-1-yl]-methanone (compound 64)

20  a) Synthesis of 7-(3-fluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
By the same method as in the step b) of Example 45, 7-bromo-2,3-dihydro-1H-pyrido[2,3-
b[1,4]oxazine (100mg, 0.46mmol), 3-dimethyl phenyl boronic acid (71.6mg, 0.51mmoal),
palladium triphenyl phosphine (26.9mg, 0.023mol) and potassium carbonate (129mg, 0.93mmol)

were dissolved in a solvent of tetrahydrofuran/water (3ml/0.5ml) and reacted at 80 for 6 hours
25 to obtain 7-(3-fluoromethyl-phenyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine as white solid
(92mg, 85.9%)).

'H-NMR (CDCls, 300MHz2); & = 7.83(d, J=1.9Hz, 1H), 7.43-7.32(m, 1H), 7.30-7.28(m, 1H),
7.22-7.16(m, 1H), 7.07-6.98(m, 2H), 4.49-4.41(m, 2H), 3.96(br s, 1H), 3.51-3.42(m, 2H).
30 MS(ESI): 231.0 (M*+1).

b) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-[ 7-(3-fluoromethyl-phenyl)-2,3-dihydro-
pyrido[2,3-b][1,4] oxazin-1-yl]-methanone

By the same method as in the step ¢) of Example 45, 7-(3-fluoromethyl-phenyl)-2,3-dihydro-

35  1H-pyrido[2,3-b][1,4]oxazine (81mg, 0.35mmoal), 3,5-dibromo-4-methoxy-benzoyl chloride
(173mg, 0.53mmol) and triethylamine (984£, 0.72mmol) were dissolved in dichloromethane
(3ml)



Article 34 Amendments9-2010-00282 [Translation]97 By the same method as in the step b) of
Example 49, 7-bromo-2,3-dihydro-1H-pyrido[2,3- b[1,4]oxazine (90mg, 0.42mmol), 4-trifluoromethoxy
phenyl borokid @deigh @omigérsOmmol), 5 palladium triphenylphosphine (24.2ne52@.0202821) and
potassium carbonate (116mg, 0.84mmol) were dissolved in a solvent of tetrahydrofuran/water
(3m1/0.5m 1) GAHdFAkted at 800 for 6 hours to obtain
7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-1H-pyrido[2,3-1)][1,4]oxazine as white solid (86mg, 69.4%).

ORI S ARG St by G4 AT ). 20
=2.3Hz, , 4.49-4.42(m, , rs, 51- m, : : .
Synthesis o L:O?'H%Mnééeﬂyﬁlétﬁgfﬁy oA B%%bﬁ%%% rlb‘zb I§Iﬁf 138 W&t&nﬁ‘ﬂdey the
same rheth6EBE®IrOHE) step c) of Example 45, 7-(4-trifluoromethoxy-pheny1)-2,3-
dihydro-1H-pyrido[2,3-b][1,4]oxazine (83mg, 0 28mmol), 3,5-dibromo-4-methoxy-benzoyl chloride

(138mg, 0.4 tri ing (78/l e , 0 56mma| issplved in dichjorgme e (3ml)
and reacted%m;ﬂrgwgﬁenll g%qquFeE}Orgfhgur dtoga%%%ﬁ’&@gbsr%mo- - 9|-'|51 9199&3 3[16”7125‘
20methoxy PRy 1A% - (ALEMHUST HR1EEh SRY- THERS PR3 Zilhy T -AvHEB[ 231 A6 A8REBiretHy1 -
methanone s dte) solid (115mg, 69.8%).

10  MS(ESI): 520.9 (M*+1).

Cc) Synthess of (3,5-dibromo-4-hydroxy-phenyl)-[7-(3-fluoromethyl-phenyl)-2,3-dihydro-

pyrido[2,3-b][1,4] oxazin-1-yl]-methanone

By the same method as in the step d) of Example 45, (3,5-dibromo-4-methoxy-phenyl)-[7-(3-
15  fluoromethyl-phenyl)-2,3-dihydro-pyrido[2,3-b][ 1,4] oxazin-1-yl]-methanone (162mg,

0.31mmol), lithium bromide (108mg, 1.24 mmol) and piperazine (40mg, 0.47mmol) were

dissolved in N,N-dimethyl formamide (3ml) and reacted at 1000] to obtain the target compound
64, i.e, (3,5-dibromo-4-hydroxy-phenyl)-[7-(3-fluoromethyl-phenyl)-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone, as white solid (69.4mg, 44%).

20
'H-NMR(CD0D, 300MHz); & = 8.18(d, J=2.3Hz, 1H), 8.09-8.01(m, 1H), 7.78(s, 2H), 7.48-
7.36(m, 1H), 7.27-7.13(m, 2H), 7.12-7.03(m, 1H), 4.55-4.46(m, 2H), 4.06-3.98(m, 2H).
MS(ESI): 506.9 (M*+1).

25 Example 65)
Synthesis of 4-[11-(3,5-dibromo-4-hydr oxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-7-yl]-benzonitrile (compound 65)

a) Synthesis of 4-(2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-yl]-benzonitrile
30 By the same method as in the step b) of Example 49, 7-bromo-2,3-dihydro-1H-pyrido[2,3-
b][1,4] oxazine (120mg, 0.56mmol), 4-benzonitrile boronic acid (90.2mg, 0.61mmoal), palladium

triphenylphosphine (32.2mg, 0.028mol) and potassum carbonate (154mg, 1.12mmol) were

dissolved in a solvent of tetrahydrofuran/water (3ml/0.5ml) and reacted at 800J for 6 hours to

obtain  4-(2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-7-yl]-benzonitrile as pale-green solid
35  (81.7mg, 62%).



1H-NMR(CDC13, 300MHz); 6 = 8.24(d, J=2.3Hz, 1H), 8.02-7.93(m, 1H), 7.72(s, 2H), 7.43- 7.39(m,
2H), 7.30-7.22(m, 2H), 4.55-4.48(m, 2H), 4.04-3.98(m, 2H), 3.94(s, 3H). 25MS(ESI): 586.9 (M1-F1).
CLS thesis @fr8@edibronsoednbrdsox -hen 1 -23-dih dro- ido 2 3-b 1 4 mp11, ALsé-201{002821- 1
-medimme B the same method as in the step d) of Example 45,
(3,5-dibromd“2§@tAdxy-pheny1)47-(4- 30

trlfluoromethoxy phenyl) -2,3-dihydro-pyrido[2,3-b][1,4]oxazin- 1 -ylkmethanone (110mg, 0.19mmol),
lithium bromﬁj 7&5@,(}]% agncL p;@g gztpq é?ém_g,l 0.29med diﬁéglyge(bm @H}' dimethyl

formamide (3 tar i.e., (3 ,5-dibromo-4
-hydroxy- pk% é%@)j‘% ﬂﬁ)o %[T# 4}9&% %ﬁh%g?’ %&T@bé% 1)][1,4]oxazin-

1- yIkméthaM)ii(éSBsZ@m@e(Moh@)(Mmg 48%) Article 34 Amendments9-2010-00282 [Translation]98
1H-NMR(CD30D, 300MHz); 6 = 8. 17(d J=2.3Hz, 1H), 808(s 1H), 7.78(s, 2H), 7.50(m, 2H), 7.31(m,
2H), 4.50(t,

b][1.4] oxazin-7- vI] benzonltrlle
By the same method as in the step c¢) of Example 45, 4-(2,3-dihydro-1H-pyrido[2,3-
10  b][1,4]oxazin-7-yl]-benzonitrile (71.4mg, 0.30mmol), 3,5-dibromo-4-methoxy-benzoyl chloride

(148mg, 0.45mmol) and triethylamine (844£, 0.60mmol) were dissolved in dichloromethane
(3ml) and reacted at room temperature for 3 hours to obtain 4-[1-(3,5-dibromo-4-methoxy-
benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b][1,4] oxazin-7-yl]-benzonitrile as white solid (120mg,
75.6%).

15
'H-NMR(CDCls, 300MHz); & = 8.28(d, J=2.3Hz, 1H), 8.18-8.08(m, 1H), 7.76-7.67(m, 4H),
7.56-7.46(m, 2H), 4.55-4.48(m, 2H), 4.04-3.97(m, 2H), 3.95(s, 3H).
MS(ESI): 527.9 (M*+1).

20 ¢ Synthesis of 4-[1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4] oxazin-7-yl]-benzonitrile

By the same method as in the step d) of Example 45, 4-[1-(3,5-dibromo-4-methoxy-benzoyl)-
2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-yl]-benzonitrile  (116mg, 0.22mmol), lithium
bromide (76mg, 0.88mmol) and piperazine (29mg, 0.33mmol) were dissolved in N,N-dimethyl

25 formamide (3ml) and reacted at 1000] to obtain the target compound 65, i.e., 4-[ 1-(3,5-dibromo-
4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b][ 1,4] oxazin-7-yl]-benzonitrile, as white solid
(49mg, 43%).

'H-NMR(DMS0-ds, 300MHz); & = 8.36(d, J=2.3Hz, 1H), 8.29-8.19(m, 1H), 7.90(d, J=8.4Hz,
30 2H), 7.80(s, 2H), 7.71(d, J=8.4Hz, 2H), 4.51-4.42(m, 2H), 3.97-3.87(m, 2H).
MS(ESI): 513.9 (M*+1).

Example 66)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-[7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-

35 pyrido[2,3-b][1,4]oxazin-1-yl]-methanone (compound 66)

a) Synthesis of 7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine




hi [1,41oxazin-7-yli-phenyl}-ethanone (compound 67) 10 Synthesis of 1- 4- 2 3-dih dro-1H-iciazin-7- 1
- hen 1 -ethanone To 3m1 of tetrahydrofuran/0.5ml of distilled water,

7-bromo-2, 3udibleBoArhbpymrida]?, 3- b][1,4]oxazine (80.0mg, 0.37mmol), 4-acetyd@{#oeogonaszonic acid
(71mg, 0.55mmaol), potassmm carbonate (103mg, 0.74mmol) and tetrakis triphenylphosphine
palladium (ﬂrﬁ@'% mmol) 15 were added and %erred at 80C for 2 hours. After completion of the
reaction, the mixture was extracted ethyl acetate, and the combined organic layer was dried over

anlhé/drous W%%M%ﬁ%é'%{?g aﬁ]dé‘( T %g@%@%@é&ﬂ%@@ﬁ ﬁdiﬁ‘%dre[zugmg
solid was recrystallize m n-hexan e ertoo 0- 0[2,3-
ek I e e e T R
=8.01 %, Jﬂ@lacmmmbp)wenwedpm%(@4—%@%@)92&.60!I@ngﬁetaﬁszwmar}oon@g(mmglwﬁmw), 4.47 (m,
éfé) b3 .96 (b’lie?e alds)@@eﬂ&n(mso%idﬁt 8&&(&@&&%@%&9(3&% E(M) okt éa)eté’@a&;l‘é @@%@ﬁ&né kl 3
ibromo-L|-n ne Ina 10m1 flas
Taa-(2 3y SR Y i ez S8 )
3,5- dlbromém%%@ﬁ&9 oyl chloride (287mg, O. 87mmol) were dissolved in dlchloromethane
Triethylamine (0.32m1, 2 3mmol) was added thereto and then stirred at

10 *H-NMR(CDCls, 300MHz); & = 7.81(d, J=2.3Hz, 1H), 7.54-7.47(m, 2H), 7.31-7.22(m, 2H),
7.03(d, J=2.3Hz, 1H), 4.49-4.42(m, 2H), 3.95(br s, 1H), 3.51-3.43(m, 2H).
MS(ESI): 297.0 (M*+1).

b) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-[7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-
15  pyrido[2,3-b][1,4] oxazin-1-yl]-methanone

By the same method as in the step c) of Example 45, 7-(4-trifluoromethoxy-phenyl)-2,3-

dihydro-1H-pyrido[2,3-b][1,4]oxazine (83mg, 0.28mmol), 3,5-dibromo-4-methoxy-benzoyl

chloride (138mg, 0.42mmol) and triethylamine (7844, 0.56mmol) were dissolved in

dichloromethane (3ml) and reacted at room temperature for 3 hours to obtain (3,5-dibromo-4-
20  methoxy-phenyl)-[ 7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl] -

methanone as white solid (115mg, 69.8%).

'H-NMR(CDCl3, 300MHz); § = 8.24(d, J=2.3Hz, 1H), 8.02-7.93(m, 1H), 7.72(s, 2H), 7.43-
7.39(m, 2H), 7.30-7.22(m, 2H), 4.55-4.48(m, 2H), 4.04-3.98(m, 2H), 3.94(s, 3H).
25 MS(ESI): 586.9 (M*+1).

c) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-[7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-

pyrido[2,3-b][1,4] oxazin-1-yl]-methanone

By the same method as in the step d) of Example 45, (3,5-dibromo-4-methoxy-phenyl)-[7-(4-
30 trifluoromethoxy-phenyl)-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl]-methanone (110mg,

0.29mmol), lithium bromide (65mg, 0.75mmol) and piperazine (25mg, 0.29mmol) were
dissolved in N,N-dimethyl formamide (3ml) and reacted at 1000] to obtain the target compound
66, i.e, (3,5-dibromo-4-hydroxy-phenyl)-[ 7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-
pyrido[2,3-b][1,4] oxazin-1-yl]-methanone, as white solid (54mg, 48%).

35



30 room temperature for 12 hours. After completion of the reaction by adding water dropwise, the
mixture was extracted with dichloromethane, and the combined organic layer was dried over
anhydrous soditiaBsWfatedNa504), filtered and evaporated under reduced preg0i®-0R6residue was
purified by column chromatography on amine silica eluting with a solvent of dichloromethane. The
fractions coHt'%ﬁ'Pﬁ'ﬁﬂqﬂe product were collected and evaporated to 350btain
1-{4-[1-(3,5-dibromo-4-methoxy-benzoy1)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazin-7-

yfithenyll-ethaRang @p wiBtesgaiisl 1Pme 1 9¢) - AL 8- 34 ¥BE NAm enias 21P-PERRL 2H),
[Translatlong)J3 4 In

1 1 flask,
(3,5-dibromo= gﬂif&ﬁ)xg%(rﬂér‘gﬁs é%yﬁ%%ﬂﬁégﬂ%@gﬁl,4]oxazin-4-y1)- methanone (500mg,
1.20mrhol) WSEESIEFERGEN! i kbtrahydrofuran (40m1) and the mixture was 5 dissolved under heating.
After cooling to room temperature, ION potassium hydroxide solution was added thereto dropwise.
The solvenﬁz\ygs evap rated under reduced pressure, and the residue was dissolved in a solvent of
acetonitrile HI'I'CPV%ﬁ'E‘I'); 1:1 ratio, 80m1), and freeze-dried to obtain the target compound 73 as white
non-crystalY8YHIS(4808hg, 9484y 1( Rrivt SOOI @BY-ITEMM 7). 661 IR/ A0S Nema, J=5.4Hz,
1H), 7.47(spBH )] 6x88(d7-JH1 b1 dihah3be4cdbimoudy7)3.95-3.85(m, 2H). MS(ESI); 412.9 (M1+1).
Example 74)

D =

a) Synthesis of 1-[4-(2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-yl)-phenyl]-ethanone
To 3ml of tetrahydrofuran/0.5ml of distilled water, 7-bromo-2,3-dihydro-1H-pyrido[2,3-
b][1,4] oxazine (80.0mg, 0.37mmol), 4-acetylphenyl boronic acid (71mg, 0.55mmol), potassium

carbonate (103mg, 0.74mmol) and tetrakis triphenylphosphine palladium (21mg, 0.02mmol)
15  were added and stirred at 80°C for 2 hours.  After completion of the reaction, the mixture was
extracted ethyl acetate, and the combined organic layer was dried over anhydrous sodium
sulfate (N&xSQO,), filtered and evaporated under reduced pressure. The resulting solid was
recrystallized from n-hexane and diethyl ether to obtain 1-[4-(2,3-dihydro-1H-pyrido[2,3-
b][1,4] oxazin-7-yl)-phenyl]-ethanone as yellow solid (59mg, 62%).
20
'H-NMR(CDCls, 300MHz); & = 8.01 (d, J=8.4Hz, 2H), 7.89 (d, J=1.9Hz, 1H), 7.60 (d, J=8.4Hz,
2H), 7.09 (d, J=1.9Hz, 1H), 4.47 (m, 2H), 3.96 (br s, 1H), 3.48 (m, 2H), 2.64(s, 3H).
MS(ESI); 255.0(M*+1).

25 b) Synthesis of  1-{4-[1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4] oxazin-7-yl]-phenyl} -ethanone
In a 10ml flask, 1-[4-(2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-yl)-phenyl]-ethanone (59mg,
0.23mmol) and 3,5-dibromo-4-methoxy-benzoyl chloride (287mg, 0.87mmol) were dissolved in
dichloromethane.  Triethylamine (0.32ml, 2.3mmol) was added thereto and then stirred at
30 room temperature for 12 hours. After completion of the reaction by adding water dropwise,

the mixture was extracted with dichloromethane, and the combined organic layer was dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The
residue was purified by column chromatography on amine silica eluting with a solvent of
dichloromethane. The fractions containing the product were collected and evaporated to

35 obtan 1-{4-[1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-
yl]-phenyl} -ethanone aswhite solid (119mg, 94%).



15Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1410xazin-4-y1)-
methanethione trifluoroacetic acid salt (compound 74) In a 25m1 flask,
(3,5-dibromora20eahazysphenyl)-(2,3-dihydro-pyrideg4,3-b][1,4]oxazin-4-y1)- methan&R@i0e0(26Omg,
0.22mmol) was dissolved in N,N-dimethyl formamide, and piperazine 20 (28.4mg, 1.5 equivalents) and
lithium bromide (76.4mg, 4 equivalents) were added thereto, and then stirred at 1000 for 15 hours.
Under reduced pressure, N,N-dimethyl formamide was removed and water was added, and then the

suspensionyagaieBied bt :j0s/24t IR hydraghlatis acidgnd §F'|‘§reéjof? BYBUNIES

resulting soljd was re re li gra elu Wlthasolvent
of acet(?nltrlj(' q glﬁ-%g%éjég nr%téhﬁr%% f55 éﬂr OrO(EIc E? 3%?%%?0%%(80% ining the
product wetd Y&Tkted 0 frdkeze-dried to obtain the target compound 74 as yellow solid (50mg,
49%). 1H-NMR(DMSO-d6, 300MHz); 8.22(d, J=5.2Hz, 1H) 8.10(br s, 1H), 773(s 2H), 7.24(d,
1=524g, 160, 4 TR, 451020 AOMSESN AP0 AMBER) EXaURIS T oricorz
Synthesisofi41={3,5-dibromo-4- vHTOXy HeT O- LH=pyTido
[1,410xazindidAloxazaidiv] pbew kghepemd 75) 35

In a 10ml flask, 1-{4-[1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-

b][1,4] oxazin-7-yl]-phenyl} -ethanone (119mg, 0.22mmol), lithium bromide (189mg, 2.2mmol)

and piperazine (28mg, 0.33mmol) were dissolved in 3ml of N,N-dimethyl formamide, and then
10  stirred at 100°C for 2.5 hours. After completion of the reaction by adding water dropwise, the
mixture was adjusted to weak acidic condition (pH=6) with 1N hydrochloric acid. The formed
solid was filtered and washed with distilled water. The resulting solid was recrystallized from
methanol to obtain the target compound 67, i.e., 1-{ 4-[1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-
dihydro-1H-pyrido[ 2,3-b][1,4] oxazin-7-yl]-phenyl} -ethanone (65mg, 56%).
15
'H-NMR(CDCIs+CD;0D, 300MHz); & = 8.27 (d, J=2.3Hz, 1H), 8.01 (br s, 1H), 8.00 (d,
J=8.0Hz, 2H), 7.71 (s, 2H), 7.49 (d, J=8.4Hz, 2H), 4.53 (m, 2H), 4.04 (m, 2H), 2.64 (s, 3H).
MS(ESI); 530.9(M*+1).

20 Example 68)
Synthesis  of (3,5-dibromo-4-hydroxy-phenyD-[7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-
pyrido[2,3-b][1,4]oxazin-1-yl]-methanone (compound 68)

a) Synthesis of 7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine

25 To 3ml of tetrahydrofuran/0.5ml of distilled water, 7-bromo-2,3-dihydro-1H-pyrido[2,3-
b][1,4] oxazine (80.0mg, 0.37mmol), 3-methoxy-5-(4,4,5,5-tetramethyl-[1,3,2] dioxaborolane-2-
yl)-pyridine (105mg, 0.45mmol), potassium carbonate (103mg, 0.74mmol) and tetrakis
triphenyl phosphine palladium (129mg, 0.11mmol) were added and stirred at 80°C for 4 hours.
After completion of the reaction, the mixture was extracted with ethyl acetate, and the combined

30 organic layer was dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated under
reduced pressure. The residue was purified by column chromatography on amine silica eluting
with a solvent of dichloromethane:methanol=40:1. The fractions containing the product were
collected and evaporated to obtain 7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4] oxazine aswhite solid (72mg, 80%).

35
'H-NMR(CDCls, 300MHz); & = 8.37 (d, J=1.7Hz, 1H), 8.29 (d, J=2.7Hz, 1H), 7.83 (d, J=2.3Hz,
1H), 7.29 (m, 1H), 7.05 (d, J=2.3Hz, 1H), 4.47 (m, 2H), 3.98 (br s, 1H), 3.92 (s, 3H), 3.48 (m,
2H).

MS(ESI); 244.0(M*+1).



Synthesis of 1- 2 3-dih dro-1H-iclo2)14ottazin-7- 1 -olidin-2-one In a 5m1 flask,
7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (120mg, Article 34 Amendments9-2010-00282
[TranslationNO200%58&4860I), pyrrolidin-2-one (142060, 1.668mmo1), tris(dibenzylide®e2010-00282
acetone)dipalladium(0) (Pd2dba3) (5 Img, 0.056mmol) and xantphos (96mg, 0.166mmol) were
dissolved in N,N- 5 dimethyl acetamide (1m1). Cesium carbonate (Cs2C0O3) (364mg, 1 117mmol)
was added thereto and then stirred at room temperature for 10 minutes, and further reacted at 1500
for 20 minutes using microwave (50W) apparatus. The reaction mixture was filtered on celite 545 and

evaporated nder reduce prg sure. Th resulting residue urlfledb clu 0 atography on
silica elutin@with'3 -"E Vefltof tieHidromethane metnator=19:1 - 1he 1ofradtior d'the product

were collecayd die g ellow solid (120mg, 98%) MS(ESI) 220 2 (M k-F1).
15b)Synthem8@benhﬁé§ c:lu(lsnmermy p@mﬁ@-yn?z%—aimdr@ﬂﬁpyﬂao?z% (1 Abesaelodgne
5  0.30mmol) and 3,5-dibromo-4-methoxy-benzoyl chloride (146mg, 0.45mmol) were dissolved in
dichloromethane. Triethylamine (0.21ml, 1.50mmol) was added thereto and then stirred at
room temperature for 3 hours. After completion of the reaction by adding water dropwise, the

g

)

mixture was extracted with dichloromethane, and the combined organic layer was dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The

10  residue was purified by column chromatography on amine silica eluting with a solvent of
dichloromethane. The fractions containing the product were collected and evaporated to
obtain  (3,5-dibromo-4-methoxy-phenyl)-[ 7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone aswhite solid (116 mg, 73%).

15 'H-NMR(CDCl3, 300MHz); & = 8.30 (d, J=2.7Hz, 1H), 8.26 (d, J=2.3Hz, 1H), 8.25 (br s, 1H),
7.90 (br s, 1H), 7.72 (s, 2H), 7.07  (br s, 1H), 4.54 (m, 2H), 4.03 (m, 2H), 3.95 (s, 3H), 3.88 (s,
3H).

MS(ESI); 533.9(M*+1).

20 ¢) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-[7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-
pyrido[2,3-b][1,4] oxazin-1-yl]-methanone
In a 10ml flask, (3,5-dibromo-4-methoxy-phenyl)-[7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-
pyrido[2,3-b][1,4] oxazin-1-yl]-methanone (110mg, 0.21mmol), lithium bromide (56mg,
1.58mmol) and piperazine (27mg, 0.32mmol) were dissolved in 3ml of N,N-dimethyl

25  formamide, and then stirred at 100°C for 2 hours. After completion of the reaction by adding
water dropwise, the mixture was adjusted to weak acidic condition (pH=6) with 1N
hydrochloric acid. The formed solid was filtered and washed with distilled water. The
resulting solid was recrystallized from methanol to obtain the target compound 68, i.e., (3,5
dibromo-4-hydroxy-phenyl)-[ 7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-

30  1-yl]-methanone (40mg, 37%).

'H-NMR(CDClI5+CD30D, 300MHz); & = 8.22 (d, J=2.7Hz, 1H), 8.19 (d, J=2.3Hz, 1H), 8.10 (br
s, 1H), 7.80 (br s, 1H), 7.70 (s, 2H), 7.16  (br s, 1H), 4.48 (m, 2H), 3.97 (m, 2H), 3.81 (s, 3H).
MS(ESI); 519.9(M*+1).

35
Example 69)
Synthess  of  (4-hydroxy-3-trifluoromethyl-phenyl)-(7-methyl-2,3-dihydro-pyrido[2,3-
b][1,4]oxazin-1-yl)-methanone (compound 69)




In al0m1flask,141-(3,5-dibromo-4-methoxy-benzoy1)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-7-341-pyrrolidin-2-one (120mg, 0.547mmol) was dissolved in dichloromethane (3m1).
Diisopropylavareod 64455 919mmol) was added tH&teto and then stirred at On for 10 2000t+0282, and
then 3,5-dibromo-4-methoxy-benzoyl chloride (180mg, 0 264mmo1) was added and stirred at room
temperature for 1 hour. To the reaction mixture, water (20m1) was added and stirred at room
temperature 10 minutes. The reaction mixture was extracted with ethyl acetate (30m1) and evaporated

Solvent of 4 B R e Coflected
solvent of dichloromethane:e aceta e 25fractions contai e product were collecte
and evaporﬁcfg@'?bén %W&/fﬁi@y ?i@i 5’12%(:1H N (@IB%Q)(B @(ﬂ? z %Om@oiéegaslH)
8.17(s, 1H)wd6$(§l,emﬂ),aﬂﬂ@(tEFQ&ZBIGI-EQ@H)JrS@Qr@@wn BHNetByY:2, BBy, BLA7Ogi 0el8. 8z, 2H),
2d 55 (m, bZFB}[Zzﬁaxazﬂr% Rsattty 3PN -ertE9f cdardi SedioaiN Avkd 4dde thidao Zft chwiss i dro-1H-
ido23-b 1,41 oxaz
2101 Aask 19 SR T BRI 20 it a6 st oo et 45 hows. Wer
b][1,4]oxazi{@P- {ecstigliand- Hl%rfce%e wmwml)wgsdm@WW%@H%mfémaﬁ@d 35 (2m1),
and then canteitdfa.viad Mignses tibydroideddisao bt dicBoyommetieaand8/4potiéd 2noerol) was
added therete) pagl el Ured a4 LA GeIRE AR 24 B9y4s RIEN S AMELARRS hane to

obtain the target compound 69, i.e., (4-hydroxy-3-trifluoromethyl-phenyl)-(7-methyl-2,3-

10  dihydro-pyrido[2,3-b][1,4]oxazin-1-yl)-methanone, as white solid (176mg, 78%).

'H-NMR(DMSO-ds, 300MHz); & = 11.27 (br s, 1H), 7.67-7.75 (m, 4H), 7.08 (d, J=8.4Hz, 1H),
4.34 (m, 2H), 3.84 (m, 2H), 2.13 (s, 3H).
MS(ESI); 339.1(M*+1).

15
Example 70)
Synthesis of (3,5-dibromo-4-hydroxy-pheny)-[7-(1H-indol-4-yI)-2,3-dihydro-pyrido[2,3-
b][1,4]oxazin-1-yl]-methanone (compound 70)

20 &) Synthesis of 7-(1H-indol-4-yl)-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
To 3 ml of tetrahydrofuran(THF)/0.5ml of distilled water, 7-bromo-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazine (80.0mg, 0.37mmol), 4-(4,4,5,5,-tetramethyl-[1,3,2] dioxaborolane-2-yl)-1H-
indole (109mg, 0.45mmol), potassium carbonate (103mg, 0.74mmol) and tetrakis
triphenylphosphine palladium (172mg, 0.15mmol) were added and stirred at 80°C for 4 hours.
25  After completion of the reaction, the mixture was extracted with ethyl acetate, and the combined

organic layer was dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated under

reduced pressure. The residue was purified by column chromatography on amine silica eluting

with a solvent of dichloromethane:methanol=40:1. The fractions containing the product were

collected and evaporated to obtain 7-(1H-indol-4-yl)-2,3-dihydro-1H-pyrido[ 2,3-b][1,4] oxazine
30 aswhite solid (130mg).

'H-NMR (CDCl5 300MHz); § = 8.41 (br s, 1H), 7.96 (d, J=1.9 Hz, 1H), 7.39 (m, 1H), 7.27-7.25
(m, 2H), 7.19 (d, J=2.3 Hz, 1H), 7.11 (dd, J=7.3 Hz, 1.4 Hz, 1H), 6.69 (m, 1H), 4.47 (m, 2H),
3.91 (br s, 1H), 3.47 (m, 2H).

35 MS(ESI): 252.1 (M*+1).

b) Synthesis of (3,5-dibromo-4-methoxy-phenyl)-[ 7-(1H-indol-4-yl)-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone
In a 10ml flask, 7-(1H-indol-4-yl)-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine (130mg,




Article 34 Amendments9-2010-00282 [Translation]119 1H-NMR(DMSO-d6, 300MHz); 6 = 8.24 (d,
J=5.7Hz, 1H), 7.09 (d, J=5.7Hz, 1H). 5 c) Synthesis of 3-amino-4-chlorot-2-ol
4-chloro-3-nit@2pgeidasdBel (1.69g, 9.72mmol) and@h dichloride dihydrate (SnC122H20011-00238,
48.62mmol) was dissolved in ethanol (32m1), heated to 700 and stirred for 2 hours. The reaction
mixture was cooled to room temperature and the ethanol was evaporated under reduced pressure.
The residue was neutralized with saturated aqueous solution of sodium 10 hydrogen carbonate, and

extracted W@Bﬁﬁﬁiﬂl%@@ A6 LERS ISR ||%M%F| AR MYy W adoRRlyAted saline

solution, dri ver anhydro sso ium s |Itered orat d under reduced
pressure to(%g{? ,@Xfello lﬂ%%ﬁg O ‘ﬁ-ﬁ@%%ﬁé é%‘b&l\/lrﬁ}) 6=10.8
(br s, 1H), TMB](@'TIPEEMMOELEWOBFSQ &fterf@mmmumme EFE fhby agmwgdyawﬂmemgeomcno 2 3-b
14 o(;(azin a]s]}nﬁe?v@mdm-cﬁt@lmm- wﬂdim@eq{é@@ﬁagmhé &Qmmw)ﬁng@ﬁuaimﬁglsiaa@awous
N,N-dimethyl formami 2m tro a phere chloroacetyl| chloride salution

(0. 394%1 %thcgﬂmmo lJ(vrvas. aé@ (?%rg\gv?g%aa?/ ora? rﬁlgé%atl?rge e%rimp Stirred foql%o

minuntes. F’S‘E‘&’é@l%‘ﬁ%@b”é@%@’ (E‘?B{‘I@ﬂ fﬂf?@ﬁﬁﬁ@hﬁ%‘ a‘iﬂ@i@% sHcrefERgpWikeaasysrh Bmperature,
and the readivbrormidieaenad e ditas dos1 Ofbaanal St qatdavicl SveeL tal | dhedread tappmixtareovas cooled

to room temperature and w %rm&ﬁ(gggge{gowﬁﬂ%w r@gpmala, g% t@g a@@aturaﬁ%as extracted

with ethyl acetate. The combined organic layer was washed with water and 2 saline
solution, dridétetexaaiiy bU@QB’EﬁUﬁ?@WW&?@{W&@%ﬁ? G EHP4AT R hporated under reduced

pressufe. The residue was recrystallized from dichloromethane and diisopropyl ether to obtain white
solid (608mg, K(®#R)(CDCI; 300MH2); 5 = 8.37 (d, J=2.3 Hz, 1H), 8.30 (br 5, 1H), 7.92 (br s, 1H), 7.74
(s, 2H), 7.39 (m, 1H), 7.24 (m, 1H), 7.20 (d, J=8.0 Hz, 1H), 6.98 (d, J=7.2 Hz, 1H), 6.32 (br s,
1H), 4.57 (m, 2H), 4.05 (m, 2H), 3.94 (s, 3H).
MS(ESI): 541.9 (M*+1).
15
c) Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-[7-(1H-indol-4-yl)-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone
In a 10ml flask, (3,5-dibromo-4-methoxy-phenyl)-[7-(1H-indol-4-yl)-2,3-dihydro-pyrido[2,3-
b][1,4] oxazin-1-yl]-methanone (124mg, 0.23mmol), lithium bromide (246mg, 2.83mmol) and
20  piperazine (29mg, 0.34mmol) were dissolved in 5 ml of N,N-dimethyl formamide (DMF), and

then stirred at 100°C for 2 hours. After completion of the reaction by adding water dropwise,
the mixture was adjusted to weak acidic condition (pH=6) with 1N hydrochloric acid. The
formed solid was filtered and washed with distilled water. The resulting solid was
recrystallized from methanol to obtain the target compound 70, i.e., (3,5-dibromo-4-hydroxy-
25  phenyl)-[7-(1H-indol-4-yl)-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl]-methanone (77mg, 64%).

'H-NMR (DM SO-ds 300MHZ); & = 11.26 (br s, 1H), 10.62(br s, 1H), 8.18 (d, J=1.9 Hz, 1H),
8.06 (br s, 1H), 7.82 (s, 2H), 7.39 (d, J=8.4 Hz, 1H), 7.32 (m, 1H), 7.11 (m, 1H), 6.98 (d, J=6.9
Hz, 1H), 6.17 (br s, 1H), 4.49 (m, 2H), 3.94 (m, 2H).

30 MS(ESI): 527.9 (M*+1).

Example 71)
Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanone sulfuric acid salt (compound 71)

35
In a 25ml flask, (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone (100mg, 0.24mmol) was suspended in tetrahydrofuran (8ml) and the mixture was
dissolved under heating. After cooling to room temperature, 1M sulfuric acid solution was
added thereto dropwise. The formed solid was filtered to obtain the target compound 71 as



1H-NMR(DMSO-d6, 300MHz); 6 = 10.6 (s, 1H), 7.91 (d, J=5.7Hz, 1H), 7.04 (d, J=5.4Hz, 1H), 304.75
(s, 2H). Synthesis of 8-chloro-2 8-chloro-1H-pyrido[2,3-b][1,4]oxazin-2-one (600mg, 3.25mmol) was
dissolved invanbgobays4garahydrofuran (16m1) untiéd nitrogen atmosphere, and thens:paledoas2n.
1.0M Lithium 35 aluminum hydride dissolved in tetrahydrofuran (6.5m1, 6.50mmol) was added thereto
dropwise, and then stirred for 30 minutes. The reaction temperature was raised to room temperature
and stirred for 1 hour. The reaction mixture was cooled to On again, and water (0.26m1), 10% sodium
hydroxide sgytion (9 G8mylsaasl water (0.78m1) were added thereto dropwise in this order, and then
stirred vigorously at room temperature for 1 hour. The formed solid was 40filtered and washed with
excess ethyl acetate. Article 34 Amendments9-2010-00282 [Translation]121 [Table 1] Level of uric
acid reuptakie-MHWIBEDOcth S6OMtI 805 1€ SDUR(E YLH), 8.44(d, J=6.6Hz, 1H), 7.82(s, 2H), 7.53(d,

J=6.3Hz, 1H), 4.60-4.50 (m, 2H), 4.05-3.96(m, 2H).

5  MS(ESI); 412.9 (M*+1).

Example 72)
Synthesis of (2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-car bonyl)-phenolate

sodium salt (compound 72)

10
In a 100ml flask, (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone (500mg, 1.20mmol) was suspended in tetrahydrofuran (40ml) and the mixture was
dissolved under heating. After cooling to room temperature, 10N sodium hydroxide solution
was added thereto dropwise. The solvent was evaporated under reduced pressure, and the
15  residue was dissolved in a solvent of acetonitrile and water (1:1 ratio, 80ml) to obtain the target
compound 72 as white non-crystalline fom (240mg, 48%).

'H-NMR(DMS0-ds, 300MHz); & = 8.31(s, 1H), 7.99(d, J=5.7Hz, 1H), 7.49(s, 2H), 6.94(d,
J=5.7Hz 1H), 4.38-4.21(m, 2H), 3.97-3.85(m, 2H).
20 MS(ES|); 412.8 (M*+1).

Example 73)
Synthesis of (2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-car bonyl)-phenolate

potassum salt (compound 73)

25



hURAT Compound No. IC50 (FM) hURAT Compound No. IC50 (FM ) hURAT 1 0.079 22-1 0.0888

Article 34 Amendments 9-2010-00282

[Trandation] 104

In a 100ml flask, (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanone (500mg, 1.20mmol) was suspended in tetrahydrofuran (40ml) and the mixture was

5 dissolved under heating. After cooling to room temperature, 10N potassum hydroxide
solution was added thereto dropwise. The solvent was evaporated under reduced pressure, and
the residue was dissolved in a solvent of acetonitrile and water (1:1 ratio, 80ml), and freeze-
dried to obtain the target compound 73 as white non-crystalline fom (480mg, 92%).

10 *H-NMR(DMSO-ds, 300MHz); § = 8.30(s, 1H), 7.98(d, J=5.4Hz, 1H), 7.47(s, 2H), 6.89(d,
J=5.1Hz 1H), 4.35-4.25(m, 2H), 3.95-3.85(m, 2H).
MS(ESI); 412.9 (M*+1).

Example 74)
15 Synthesis of (3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-yl)-
methanethionetrifluoroacetic acid salt (compound 74)

In a 25ml flask, (3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-
methanethione (100mg, 0.22mmol) was dissolved in N,N-dimethyl formamide, and piperazine

20  (28.4mg, 1.5 equivalents) and lithium bromide (76.4mg, 4 equivalents) were added thereto, and
then stirred at 10000 for 15 hours. Under reduced pressure, N,N-dimethyl formamide was
removed and water was added, and then the suspension was adjusted to pH 6 to 7 with 1N
hydrochloric acid and stirred for 30 minutes. The resulting solid was purified by medium
pressure liquid chromatography (MPLC) euting with a solvent of acetonitrile:water=90:1

25  containing 0.1% of trifluoroacetic acid. The fractions containing the product were collected
and freeze-dried to obtain the target compound 74 as yellow solid (50mg, 49%).

'H-NMR(DMSO-ds, 300MHz); 8.22(d, J=5.2Hz, 1H), 8.10(br s, 1H), 7.73(s, 2H), 7.24(d,
J=5.2Hz, 1H), 4.71(m, 2H), 4.51(m, 2H).
30 MS(ESI): 428.8(M*+1).

Example 75)
Synthesis of 1-[1-(3,5-dibromo-4-hydr oxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-

bl[1,4]oxazin-7-yl]-pyrrolidin-2-one (compound 75)

35
a) Synthesis of 1-(2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazin-7-yl)-pyrrolidin-2-one
Ina5ml flask, 7-bromo-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine (120mg,
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[Trandation] 105

0.558mmal), pyrrolidin-2-one (142mg, 1.668mmoal), tris(dibenzylidene acetone)dipalladium(0)
(Pd.dbag) (51mg, 0.056mmol) and xantphos (96mg, 0.166mmol) were dissolved in N,N-
dimethyl acetamide (1ml). Cesium carbonate (Cs,CO3) (364mg, 1.117mmol) was added
thereto and then stirred at room temperature for 10 minutes, and further reacted at 1500 for 20
minutes using microwave (50W) apparatus. The reaction mixture was filtered on celite 545
and evaporated under reduced pressure. The resulting residue was purified by column
chromatography on silica eluting with a solvent of dichloromethane:methanol=19:1. The
fractions containing the product were collected and evaporated to obtain pale-yellow solid
(120mg, 98%).

MS(ESI); 220.2 (M*+1).

b) Synthesis of 1-[1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4] oxazin-7-yl]-pyrrolidin-2-one

In a 10ml flask, 1-[1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4] oxazin-7-yl]-pyrrolidin-2-one (120mg, 0.547mmol) was dissolved in dichloromethane

(3ml). Diisopropylamine (160ul, 0.919mmol) was added thereto and then stirred at 0C] for 10
minutes, and then 3,5-dibromo-4-methoxy-benzoyl chloride (180mg, 0.264mmol) was added
and stirred at room temperature for 1 hour. To the reaction mixture, water (20ml) was added
and stirred at room temperature 10 minutes. The reaction mixture was extracted with ethyl
acetate (30ml) and evaporated under reduced pressure. The residue was purified by column
chromatography on silica eluting with a solvent of dichloromethane ethyl acetate=1:2. The
fractions containing the product were collected and evaporated to obtain white solid (6mg,
2.1 %).

'H-NMR(CDs0D, 300MHz); § = 8.23(s, 1H), 8.17(s, 1H), 7.68(s, 2H), 4.46(t, J=4.6Hz, 2H),
3.99-3.92(m, 2H), 3.93 (s, 3H), 3.7 (t, J=6.9Hz, 2H), 2.55 (m, 2H), 2.22-2.12 (m, 2H).

) Synthesis of 1-[1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-
b][1,4] oxazin-7-yl]-pyrrolidin-2-one

In a 10ml flask, 1-[1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[2,3-
b][1,4]oxazin-7-yl]-pyrrolidin-2-one (6mg, 0.0117mmol) was dissolved in dichloromethane
(2ml), and then cooled to 0CJ. 1.0M Boron tribromide dissolved in dichloromethane (0.2ml,
0.2mmol) was added thereto and then stirred at room temperature for 24 hours.
Dichloromethane (3
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ml) and methanol (0.1ml) were added and then stirred for 10 minutes, filtered and evaporated

under reduced pressure. The residue was purified by column chromatography on silica eluting

with a solvent of dichloromethane:ethyl acetate:methanol=20:1:1. The fractions containing the

product were collected and evaporated to obtain the target compound 75 as brown solid (4.6mg,
5  79%).

'H-NMR(CD;0D, 300MHz); & = 8.22(s, 1H), 8.20(s, 1H), 7.68(s, 2H), 4.44(t, J=4.6Hz, 2H),
3.95(t, J=4.6Hz, 2H), 3.77 (t, J=7.6Hz, 2H), 2.55 (m, 2H), 2.22-2.12 (m, 2H).
MS(ESI); 495.9(M*+1).

10
The structures of the compounds prepared in the above Examples are shown in the following
table.
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| ntermediate Synthesis Example (1)

Synthesis of 5-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

a) Synthesis of 5-methyl-1H-pyrido[2,3-b][1,4] oxazin-2-one

3-amino-5-methyl-pyridin-2-ol (1.32g, 10.6mmol) was dissolved in 50ml of anhydrous N,N-
dimethyl formamide under nitrogen atmosphere, and chloroacetyl chloride solution (1.02ml,
12.72mmol) was added thereto dropwise at room temperature. After stirring for 30 minutes,
potassium carbonate (3.7g, 26.5mmol) was added thereto dropwise at room temperature, and the

reaction mixture was heated to 100 and then stirred for 18 hours.

The reaction mixture was

cooled to room temperature and the reaction was quenched by adding water. The organic layer

was extracted with ethyl acetate, and the combined organic layer was washed with water and
saturated saline solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated



5 Expreimental Example 2: CYP2C9 enzyme inhibition assay Each compound of the present invention
prepared in the examples was dissolved in DMSO and adjust the concentration into 10mM stock
sample soluiQzoMakes4gsial dilution by 10 fold scalelin DMSO starting from 10mM t@Qrob2g300
fold concentrated stock). After fully 10agitated for 10 seconds, sample solution was sonicated for 1
hour. The stock sample solution was diluted in distilled water by 125 fold (e.g. add 2/LE stock sample
solution into 248/1-e of distilled water, 4 fold concentrated working sample solution) and agitated for 15
minutes to 99&@0&9@9%&@% RASBIIS Wgawsd?@ 1RO HRE Werd G GaRYNS i aliaginte 96 well
plate to ma e final conce s of 0 2 and 20p.M. Each reagent used this assay was
15prepared SIS ﬁtﬁptWét H'i‘%] QHUCtlons (Promega #V8792: V4790+V9790). [Preparation
of the 4 fold concentrated CYP2C9 reactlon mixture] According to the number of test samples,
1.25/1-€ of %m@magmmpgmmwems@ugomgmqgmremrcg,(amm.wlegiqnpnd 0.5/Le
of CYP C9 e were mixed and 20 prepared in 9.75/1-e of Luciferin-free, distilled water. For
the cali ratlon ) e Same amount of protein with CYP2C9 membrane, CYP2C9 membrane was
substituted W@%El@é @M Aol membrane and added to a mixture having the same composition
above in 9.99/1-e of Luciferinfree, distilled water to make total 12.511-e of reaction mixture.

b) Synthesis of 5-methyl-2,3-dihydro-1H-pyrido[2,3-b][1.,4] oxazine
5-methyl-1H-pyrido[2,3-b][1,4]oxazin-2-one (424mg, 2.58mmol) was dissolved in 20ml of
10  anhydrous tetrahydrofuran under nitrogen atmosphere, and then cooled to 0C1. 1.0M Lithium

aluminum hydride dissolved in tetrahydrofuran (5.16ml, 5.16mmol) was added thereto dropwise
and then stirred for 30 minutes.  The reaction tempreature was raised to room temperature and
then stirred for 1 hour. The reaction mixture was cooled to 0] again and water (0.2ml), 10%
sodium hydroxide solution (0.4ml) and water (0.6ml) were added thereto dropwise in this order,
15  and stirred vogirously at room temperature for 1 hour. The formed precipitate was filtered and
washed with excess ethyl acetate. The filtrate was washed with water and saturated saline
solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated under reduced
pressure to obtain 5-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine as white solid(100mg,
26% in two steps).
20
'H-NMR(CDCls, 300MHz); & = 7.42 (m, 1H), 6.68 (m, 1H), 4.37 (m, 2H), 3.74 (br s, 1H), 3.39
(m, 2H), 2.17 (s, 3H).
MS(ESI); 151.0(M*+1).

25 | ntermediate Synthesis Example (2)
Synthesis of 7-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

a) Synthesis of 2-chloro-5-methyl-3-nitro-pyridine

5-methyl-3-nitro-pyridin-2-ol (5g, 32.4mmol) and benzyltrimethyl ammonium chloride (3.01g,

30 16.2mmol) were dissolved in acetonitrile, and phosphorus oxychloride (9.0ml, 97.2mmol) was
added thereto and stirred at 800 for 6 hours. The reaction mixture was cooled and poured into
ice water to quench the reaction, and extracted with dichloromethane. The combined organic
layer was washed with saturated saline solution, dried over anhydrous sodium sulfate (Na,SO,),
filtered and evaporated under reduced pressure. The residue was purified by column

35  chromatography on silica euting with a solvent of dichloromethane. The fractions containing
the product were collected and evaporated to obtain 2-chloro-5-methyl-3-nitro-pyridine as
yellow solid (5.39g, 97%).

'H-NMR(CDCl3, 300MHz); § = 8.45 (d, 1H, J=2.3Hz), 8.04 (d, 1H, J=2.3Hz), 2.46 (s, 3H).



[Preparation of 2 fold concentrated CYP2C9 NADPH Regeneration system] 25According to the
number of test samples, 2.511-e of Solution A and 0.511-e of Solution B provided by the kit were
mixed and pyeyzeetiubsE 1-e of Luciferin-free, distilled water. Article 34 Amendment$2a2010280282
[Translation]126 CLAIMS 51. A heterocycle derivative compound having Formula I: [Formula 1]

wherein, in Formula I, each of X1, X2, and X3 is independently carbon or nitrogen, provided
that at least one 100f Xi X2, and X3 is nitrogen, each of RI, R2, R3 and R4 may be same or
different anght ﬂéfl elected from the group consisting of hydrogen; hydroxy; unsubstituted
or substituted 8 alk unsubstltuted or substituted C2-C7 alkenyl; unsubstituted or substituted

C2-C7 alkynyl; CI-C8 hydroxyalkyl, unsubstituted or substituted CI-C8 haloalkyl; unsubstituted or
substituted oy ISo#hes s of (5-methyl-3-nitro-pyridin-2-yloxy)-acetic acid methyl ester

Hydroxy-acetic acid methyl ester (3.96g, 47.0mmol) was dissolved in 50ml of anhydrous
5 tetrahydrofuran under nitrogen atmosphere, and sodium hydride (2.01g, 53.2mmol) was added
thereto at room temperature. After stirring for 30 minuntes, 2-chloro-5-methyl-3-nitro-
pyridine (5.39g, 31.3mmol) dissolved in 15ml of anhydrous tetrahydrofuran was added
dropwise at room temperature, and the reaction mixture was stirred at room temperature for 18
hours. After completion of the reaction by adding water, the mixture was extracted with ethyl
10  acetate, and the combined organic layer was washed with water and saturated saline solution,
dried over anhydrous sodium sulfate (N&,SO,), filtered and evaporated under reduced pressure.
The resulting solid was recrystallized from dichloromethane and ether to obtain (5-methyl-3-
nitro-pyridin-2-yloxy)-acetic acid methyl ester asyellow solid (5.47g, 77%).

15 'H-NMR(CDCls, 300MHz); 5 = 8.16 (s, 2H), 5.05 (s, 2H), 3.76 (s, 3H), 2.36(s, 3H).
MS(ESI); 227.0(M*+1).

) Synthesis of 7-methyl-1H-pyrido[2,3-b][1,4] oxazin-2-one
In a 250ml round flask, (5-methyl-3-nitro-pyridin-2-yloxy)-acetic acid methyl ester (5.47g,
20  23.9mmol) and tin tetrachloride (18.1g, 95.6mmol) were dissolved in 24ml of concentrated

hydrochloric acid, and then stirred at 800 for 1 hour. The reaction mixture was cooled to
room temperature, neutralized with 10% NaOH solution, and extracted with ethyl acetate. The
combined organic layer was washed with water and saturated saline solution, dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The

25 residue was purified by column chromatography on silica eluting with a solvent of
dichloromethane:methanol=19:1. The resulting solid was recrystallized from
dichloromethane/methanol/tetrahydrofuran to obtain 7-methyl-1H-pyrido[2,3-b][1,4] oxazin-2-
one as pale-brown solid (2.65g, 67%).

30 'H-NMR(CDCls, 300MHz); § = 8.17 (br s, 1H), 7.75 (s, 1H), 6.94 (d, J=1.5Hz, 1H), 4.81 (s,
2H), 2.29 (s, 3H).
MS(ESI); 165.0(M*+1).

d) Synthesis of 5-methyl-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
35  5-methyl-1H-pyrido[2,3-b][1,4]oxazin-2-one (1.5g, 9.1mmol) was dissolved in 20ml of
anhydrous tetrahydrofuran under nitrogen atmosphere, and then cooled to 0°C.  1.0M Lithium

aluminum hydride dissolved in tetrahydrofuran (11ml, 10.9mmol) was added thereto dropwise
and then stirred for 30 minutes.  The reaction tempreature was raised to room temperature and
stirred for 1 hour. The reaction mixture was cooled to 0C again and water (0.3ml), 10%



15 alkoxy; unsubstituted or substituted CI-C8 haloalkoxy; halogen; unsubstituted or substituted phenyl,
cyano; nitro; amino; carboxylic acid group; phosphoric acid group; N-oxide; amide; CI-C8 alkylamide;
aldehyde; hyiparearids4681; unsubstituted or substifiied CI-C8 alkylsulfide; unsubstit@d10r00282
substituted CI-C8 alkylthioxo; unsubstituted or substituted CI-C8 alkylsulfonyl; unsubstituted or
substituted CI-C8 oximealkyl; unsubstituted or substituted Cr 20 C6 aminoalkyl; unsubstituted or
substituted C3-C8 alkylcarbonylalkyl- unsubstituted or substituted C2-C7 alkanoyl; unsubstituted or

substituted Ldiinf W&é&@ﬂmﬁh %W@%P(@glﬁ (e Afereds thérlicAnoxIR%Y i HRRUp gLituted or
substituted C 12 mo o or blc%(l:lo é}%l[’ unsubsﬂtu%ed or SUbsﬁlh‘ﬁEd C4-C g{ cloalkylalkyl-

unsubstltutga uBtér{l tEgERE 165 [?Hé‘i%’éﬂ"tﬁ 8d]0?°§hbs P Gﬂ ted
C3-C12 monesardowiyicaxsessyely! apelaes uﬁb@mvmmmbﬁuww@dwgﬁmmmgmﬂdsﬁmted 3-to

12- memberéﬁsgmanar@am&fmmsugbdmtajnm(gaégs@betﬂée@t@ﬁase(\j@ﬁ@hvmdjﬂaat reiRiadX] is ;
nitrogep, R2 doe ISt; Itr R ISt; and w I n, R4 does
not eX|§t ol eag o ?‘8R?I éNFHﬁE@ ng g&ri%?a (ﬁtll 8)6%Zrl1raeea% ‘%use %?gér@gn%g 'saturated

or unsatura?@&f")i to 11-membered carbocycle or heterocycle, 30each of R5, R6, R7 and Rgmay be
same or different and is independently selected from the group consisting of hydrogen; hydroxy;
unsubstitute t lkyly 41 ti I ; tituted or
substituted gz%@@ gyf%@(‘f%%édr%xy Qﬁu]mjtnsu stitute %r%%%t%ﬁ??ﬂ@gﬁ?w
AmendmentZo4 éli"f'l'ranslatlon]lﬂ haloalkyl; unsubstituted or substituted CI-C8 alkoxy;
unsubmltutémgmbﬁﬂt@(w €1)-C8 haloalkoxy; unsubstituted or substituted C2-C7 alkanoyl; phosphoric
acid group; N-oxide; 5 amide; CI-C8 alkylamide; aldehyde; hydroxamic acid; unsubstituted or
substituted C1-C8 ?Ikellg\ullf' e.u substityted or substituted CI-C8 alkylthioxo; unsubstituted or
substituted ||'r\y|e5uu\. Y, Sunouu% d or substituted CI-C8 oximealkyl; unsubstituted or
substituted & <M E5P1 H et tipxanintdcDIE3-C8 alkylcarbonylalkyl- halogen;
unsubstituted or substltuted phenyl cyano nitro; amino; and carboxylic acid group, or R5 and R6

togethfg a) Synthesis of (5-bromo-3-nitro-pyridin-2-yloxy)-acetic acid methyl ester
Hydroxy-acetic acid methyl ester (46mg, 0.50mmol) was dissolved in 2ml of anhydrous

tetrahydrofuran under nitrogen atmosphere, and sodium hydride (40mg, 1.0mmol) was added
thereto at room temperature.  After stirring for 30 minuntes, 5-bromo-2-chloro-3-nitro-pyridine
(100mg, 0.42mmol) dissolved in 1ml of anhydrous tetrahydrofuran was added dropwise at room
20 temperature, and the reaction mixture was stirred at room temperature for 18 hours. After
completion of the reaction by adding water, the mixture was extracted with dichloromethane,
and the organic layer was washed with water and saturated saline solution, dried over anhydrous
sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The residue was
purified by column chromatography on silica eluting with a solvent of n-hexane:ethyl
25 acetate=9:1. The fractions containing the product were collected and evaporated to obtain (5-
bromo-3-nitro-pyridin-2-yloxy)-acetic acid methyl ester asyellow solid (144mg, 99%).

'H-NMR(CDCl3, 300MHz); § = 8.47 (d, J=2.3Hz, 1H), 8.40 (d, J=2.3Hz, 1H), 5.07 (s, 2H),
3.78 (s, 3H).
30 MS(ES|); 290.9(M*+1).

b) Synthesis of 7-bromo-1H-pyrido[2,3-b][1,4] oxazin-2-one
In a 10ml round flask, (5-bromo-3-nitro-pyridin-2-yloxy)-acetic acid methyl ester (144mg,

0.49mmol) and tin tetrachloride (375mg, 1.96mmol) were dissolved in 3ml of concentrated
35  hydrochloric acid, and then stirred at 801 for 1 hour. The reaction mixture was cooled to
room temperature, neutralized with 10% sodium hydroxide solution, and extracted with
dichloromethane. The combined organic layer was washed with water and saturated saline
solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated under reduced
pressure. The resulting solid was recrystallized from tetrahydrofuran and methanol to obtain



10 with a carbon atom to which they are attached may form a carbonyl group (C=0) or thioxo group
(C=S), or R7 and R8 together with a carbon atom to which they are attached may form a carbonyl
group (C=0ywp2009xigsRIp (C=S), L may form1& carbonyl group (-C(=0)-), sulforng42gi0tqn282
(-S(=0)2-), CI-C8 alkyl carbonyl, carbonyl CI-C8 alkyl or thioxo group (-C(=S)-), and 15Y is selected
from the group consisting of saturated or unsaturated C3-C12 mono or polycarbocyclyl substituted with
R9, R10, and RI]; and saturated or unsaturated 3- to 12- membered mono or polyheterocyclyl
containing ¥ 19 3-BefarpAtants 2Bl LA RGANDSIHY RIS By, 220 11, wherein each of
R9, R10 and RI] is independently selected from the group consisting of 20hydrogen; hydroxy;
unsubstituted or substituted CI-C8 alkyl; unsubstituted or substituted C2- C7 alkenyl; unsubstituted or
substituted EPNYRARYIFA:0E 1 30GVHYD: ok yaliyd; (bhsubislitid@Ri (dr Sebstinttd) C1-338 thaloaktyt,
unsubstitutagipugiihstitied CI-C8 alkoxy; unsubstituted or substituted CI-C8 haloalkoxy; halogen;
unsub%itutW%gy_ ' ;éWi ﬁgCS alkylsulfide; unsubstituted or substituted CI-C8 alkylthioxo;
hydroxamic acid; uhsubstitutéd or substituted 25 phenyl; cyano; nitro; amino; carboxylic acid group;
amide; CI-C8 alkylamide; imsubstituted or substituted C2-C7 alkanoyl; aldehyde; unsubstituted or
substituted GEGRdisteSuisediskksdad o(gubstituted C3-C8 esteroxy; unsubstituted or substituted

CI-C8 a'ky'ﬁﬁﬂg%lsuﬂﬂmwi@ﬂﬁ[r m?%g%?ll%-;@]%m%alkyl; unsubstituted or substituted CI-C8
aminoalkyl;TnsubsTituted or substituted C3-T8 alkylcarbonylalkyl- phosphoric acid group; and N-oxide,
30 provided that when Y is phenyl, i) at least one of R9, R10 and R11 is hydroxy or ii) all of R9, R10
and RipPare athmthbasdhyeridgenSifuoredaiiR@ pRidinend R11 is hydroxy, and when Y is pyridinyl, at
least one oERRRIDRRS I3RS eI agembi jasRBaisy | HARBRY CERRBRTIACaNIRaYY BefgPtable salt
thereof. 3533 E}jne C%TY\POU .%Salcc rding to ctlfﬂlm wEer%m L is aﬁ rb§ﬁr;é§grﬁu§ (ﬁC = ‘N& sulfonyl
aroup(-S(=GFE PSS UrtA B o RPEPh R B Y TSR Sl R el e st
thereof. added thereto and stirred at 80C for 6 hours. The reaction mixture was cooled and poured

into ice water to gquench the reaction, and extracted with dichloromethane. The combined

15  organic layer was washed with saturated saline solution, dried over anhydrous sodium sulfate
(N&,SO,), filtered and evaporated under reduced pressure.  The residue was purified by column
chromatography on silica eluting with a solvent of dichloromethane:methanol=30:1. The
fractions containing the product were collected and evaporated to obtain yellow liquid (1.57g,
70%).

20
'H-NMR(CDCls, 300MHz); & = 8.56 (d, J=2.7Hz, 1H), 8.40 (dd, J=6.5Hz, 2.7Hz, 1H).
MS(ESI); 176.9(M*+1).

b) Synthesis of (5-fluoro-3-nitro-pyridin-2-yloxy)-acetic acid methyl ester

25  Hydroxy-acetic acid methyl ester (0.96g, 10.7mmol) was dissolved in 2ml of anhydrous
tetrahydrofuran under nitrogen atmosphere, and sodium hydride (0.42g, 10.7mmol) was added
thereto at room temperature.  After stirring for 30 minuntes, 2-chloro-5-fluoro-3-nitro-pyridine
(1.57g, 8.89mmoal) dissolved in 15ml of anhydrous tetrahydrofuran was added dropwise at room
temperature, and the reaction mixture was stirred at room temperature for 18 hours. After

30 completion of the reaction by adding water, the mixture was extracted with dichloromethane,
and the combined organic layer was washed with water and saturated saline solution, dried over
anhydrous sodium sulfate (Na;SO,), filtered and evaporated under reduced pressure. The
residue was purified by column chromatography on silica eluting with a solvent of n-
hexaneethyl acetate=9:1. The fractions containing the product were collected and evaporated

35 to obtain (5-fluoro-3-nitro-pyridin-2-yloxy)-acetic acid methyl ester as yellow liquid (1.35g,
66%0).

'H-NMR(CDCl3, 300MHz); § = 8.25 (d, J=2.7Hz, 1H), 8.40 (dd, J=6.9Hz, 2.7H, 1H z), 5.06 (s,
2H), 3.78 (s, 3H).



Article 34 Amendments9-2010-00282 [Translation]128 unsubstituted or substituted Ci-C4 alkyl;
unsubstituted or substituted Ci-C4 haloalkyl; unsubstituted or substituted Ci-C4 alkoxy; unsubstituted
or substituteda2omihadealkoxy; 5 unsubstituted odRibstituted C2-Cs alkanoyl; halogeapimsokatituted
or substituted phenyl; cyano; nitro; amino; and carboxylic acid group; or R5 and R6 together with a
carbon atom to which they are attached may form a carbonyl group (C=0) or thioxo group (C=S), or R7
and R8 together with a carbon atom to which they are attached may form a carbonyl group (C=0) or
thioxo grou&g=<sp), Aof fpagynate, isomer or pharmaceutically acceptable salt thereof. 4. The
compound according to clalm 1, wherein Y is selected from the group consisting of saturated or
unsaturated Cs-C6 carbocyclyl substltuted Wlth R9, RlO and R11; and saturated or unsaturated 5- to
6-memberee) Prtiess HANEANR Ebeing substituted 15with R9, R10 and

R11, wherejp 8%56’640 @Oﬁdﬂ‘lélslaf@h@oﬁ@@ﬁ@@ﬁ{ﬁfwﬁld mcs@mét.cow@pﬂraﬂw dSeM@rse,
pharm%c cgﬁ)é ble%éaltt ereo 44 ngTle%omrprp% und d acear %g Io fé?nmoﬁ CvmerFlnegach of R9,
the’ y

e
R10 and R#l IS |n gelected fro lg;roup onS|st|ng drogen; hydroxy; unsubsﬂtuted

or substltut@Md@C@Qr@@ﬁﬂky@PGﬁgﬁbgiﬁrﬁéét SOSudstithterci-E2e RegetarymiyhEa BB Gested S ubstituted
Ci-C4 alkoxyoumnsuipsiiitiied nmsulimlwnhl WO Cdhdiatodidsyi desdoigeon, insLdxstitiée dvith sifystituted

phenyl; Cya&%iéﬂétro'Tﬁ@éBﬂibﬁ?&PB?%Qh? GO RIRY AU Sy e YA Srel NS H RS WBHR BT
substituted C2-05 alka Y&I aldehyde; unsubstituted or substituted C3-C7 ester; unsubstituted or

substituted & 9“%%%??{] 8§ PV2aki HErERE SRR ORgE (LG REERR GO r
25su bmltuté'dilfﬂeﬁ]nl oo B0l ehikad reongidl B ried tiedho e abystini teah @ndCvethanolaal kiptaiorstibeuidtéd or

pyrido[2,3-b][1,4] oxazin-2-one as beige solid (0.70g, 71%).

'H-NMR(DMSO-dg, 300MHz); & = 11.0 (br s, 1H), 7.77 (d, J=2.7Hz, 1H), 7.10 (dd, J=8.4Hz,
2.7Hz, 1H), 4.78 (s, 2H).

MS(ESI); 168.9(M*+1).

15
| ntermediate Synthesis Example (5)
Synthesis of 8-chloro-2,3-dihydro-1H-pyrido[2,3-b][1,4]oxazine

a) Synthesis of 2,4-dichloro-3-nitro-pyridine

20  3-nitro-pyridin-2,4-diol (5.0g, 0.032mmol) was dissolved in phosphorus oxychloride (30ml) and
the reaction mixture was heated to 10000 and stirred for 18 hours. The reaction mixture was
cooled to OC and the reaction was quenched by adding water slowly, and ammonia water
(NH4OH) was added therto dropwise to neutralize the mixture. The organic layer was
extracted with dichloromethane, and the combined organic layer was washed with water and

25  saturated saline solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated
under reduced pressure. The residue was purified by column chromatography on silica eluting
with a solvent of dichloromethane. The fractions containing the product were collected and
evaporated under reduced pressure to obtain pale-brown solid (4.01g, 65%).

'H-NMR(CDCls, 300MHz); & = 8.44 (d, J=5.4Hz, 1H), 7.46 (d, J=5.4Hz, 1H).

30

b) Synthesis of 4-chloro-3-nitro-pyridin-2-ol

2,4-dichloro-3-nitro-pyridine (4.01g, 20.8mmol) and cesium acetate (8.0g, 41.6mmol) were
dissolved in anhydrous N,N-dimethyl formamide (104ml) under nitrogen atmosphere, and the
reaction mixture was heated to 801 and stirred for 18 hours. The reaction mixture was cooled

35 to room temperature the reaction was quenched by adding water. The organic layer was
extracted with ethyl acetate, and the combined organic layer was washed with water and
saturated saline solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated
under reduced pressure to obtain pale-yellow solid (1.69g, 47%).



substituted C3-C7 alkylcarbonylalkyl- phosphoric acid group; and N-oxide, provided that when Y is
phenyl, i) at least one of R9, R10 and R11 is hydroxy or ii) all of R9, R10 and R11 are other than
hydrogen if aie@@RMdRdMans R11 is hydroxy, and when Y is pyridinyl, at lea$ohe@PBD, R10 and
R11 is not h dro en, 300r racemate, isomer or pharmaceutically acceptable salt thereof. 6. The
compound ko claim 1, wherein each of BP-122, R2-R3 and R3-R4 pairs is independently
fused to form a saturated or unsaturated 5- to 6-membered carbocycle or heterocycle, wherein the
heterocyclanrﬁfﬁ\a@(@mg@@al BSOMIGP petgr @%Sﬁqeoleg Fy@gl N, J053ﬁ?i‘q}% or racemate, isomer
or pharmaceutically acceptable salt thereof. 7. The compound accordlng to claim 1, wherein each of
RI, R2, R3 and R4 may be same or different and is independently selected from the group consisting
£ ddins?itelted C1-C4 alkyl; unsubstituted or substituted Ci-C4

naloalky. usysEtsiatoir HoAMIBAme I BHLEG0RF 2LHONGAATDERAR RinB2oRBRNT RA
may be samg, qr different and is independently, seledted {fORNG S9YP and stirred for 2 hours.

The reaction mixture was cooled to room temperature and the ethanol was evaporated under

reduced pressure. The residue was neutralized with saturated aqueous solution of sodium

10 hydrogen carbonate, and extracted with ethyl acetate. The combined organic layer was washed
with water and saturated saline solution, dried over anhydrous sodium sulfate (Na;SO,), filtered
and evaporated under reduced pressure to obtain pale-yellow solid (650mg, 46%).

'H-NMR(DMSO-ds, 300MHz); & = 10.8 (br s, 1H), 7.45 (d, J=5.4Hz, 1H), 6.69 (d, J=5.1Hz,
15 1H), 4.73 (br s, 2H).

d) Synthesis of 8-chloro-1H-pyrido[2,3-b][1,4] oxazin-2-one
3-amino-4-chloro-pyridin-2-ol (650mg, 4.49mmol) was dissolved in anhydrous N,N-dimethyl

formamide (22ml) under nitrogen atmosphere, and chloroacetyl chloride solution (0.394ml,

20  4.94mmol) was added thereto dropwise at room temperature and stirred for 30 minuntes.
Potassium carbonate (1.55g, 11.24mmol) was added thereto dropwise at room temperature, and
the reaction mixture was heated to 10001 and stirred for 18 hours. The reaction mixture was
cooled to room temperature and water was added to quench the reaction, and the organic layer
was extracted with ethyl acetate. The combined organic layer was washed with water and

25  saturated sdline solution, dried over anhydrous sodium sulfate (Na,SO,), filtered and evaporated
under reduced pressure. The residue was recrystallized from dichloromethane and diisopropy!
ether to obtain white solid (608mg, 73%).

'H-NMR(DM SO-ds, 300MHz2); = 10.6 (s, 1H), 7.91 (d, J=5.7Hz, 1H), 7.04 (d, J=5.4Hz, 1H),
30  4.75(s 2H).

€) Synthesis of 8-chloro-2,3-dihydro-1H-pyrido[2,3-b][1,4] oxazine
8-chloro-1H-pyrido[ 2,3-b][1,4] oxazin-2-one (600mg, 3.25mmol) was dissolved in anhydrous

tetrahydrofuran (16ml) under nitrogen atmosphere, and then cooled to 0CJ. 1.0M Lithium
35  auminum hydride dissolved in tetrahydrofuran (6.5ml, 6.50mmol) was added thereto dropwise,

and then stirred for 30 minutes.  The reaction temperature was raised to room temperature and

stirred for 1 hour. The reaction mixture was cooled to 0[] again, and water (0.26ml), 10%

sodium hydroxide solution (0.52ml) and water (0.78ml) were added thereto dropwise in this

order, and then stirred vigorously at room temperature for 1 hour. The formed solid was
40 filtered and washed with excess ethyl acetate.



consisting of hydrogen; unsubstituted or substituted CI-C4 alkyl; unsubstituted or substituted Cr 5 C4
haloalkyl; halogen; unsubstituted or substituted phenyl; cyano; and unsubstituted or substituted,
saturated onwM20EIELHE- to 10-membered mond2fr polyheterocyclyl containing 1 t®@-2d16t60a820ms;
or each of R1-R2, R2-R3 and R3-R4 pairs may be independently fused to form a saturated or
unsaturated 5- to 6-membered carbocycle, provided that when X] is nitrogen, R2 does not
exist; when X2 is nitrogen, R3 does not 10exist; and when X3 is nitrogen, R4 does not exist, or

e Al RRRY U VAR Sal6 38 i Quich o SPSRIARTBASEIRGING 10 oo/
,wnerein an aro IC. O- -membereq caypnocycie or heteroc e supsttuted w. , an
R11. whereH 188 (NFRd B £ FenarAes Jeh e B 176t AP LYo
pharmaceutidaiynagitepaiedearialt eherb o, el nT vatbotriobientd dcdehtirmneshenrgmethandlepih. each of

R9, R10 andiR l{rigtdfeRendrmly Selertadciraadnaigash sensishoared Ry aapnyasiioxyid
unsub itutz%8 r%%}iiuted CI-C4 20 alkyl; unsubstituted or substituted CI-C4 haloalkyl; unsubstituted

or substitut C4al oxy; unsubstituted or substituted CI-C4 haloalkoxy; halogen; nitro; carboxylic

acid group; BhMR&NSHRRe BOMUBY e Ol S25<4tgrdky), 6.72 (dpdobidida Mk RBEMEYLIY phenyl, i)
at least one4aioRR®, BN06rm(is 12His hydroxy or ii) all of R9, R10 and RI] are other than hydrogen if none
of R9, R10 and R11 is hydroxy, and when Y is 25pyridinyl, at least one of R9, R10 and RI] is not
hydrogen, or racemate, isomer or pharmaceutically acceptable salt thereof. 15. The compound

according RSP Eemple 1 Tesp LR NN B NG ILAIR rRaPiEE AEHERAERIVHERdn or nitrogen,
provid&d thghRAFdst\erex eIy X2raredt XaisirdtroganumandadheptdPllndR2, R3 and R4 may be
same or differgANgdscineenand piiko58 RelS HciRmdly O5PROBRRERINEAURYVEY 980G RN EIOXY;
unsul:_;stituted % f&{ﬁsﬂ Se C‘% 4 aIkyII; ur}%%bfti%ted or substif ﬁk -’C4thalé)altll< rI]; un ubsti.tutec_i or
substituted ‘?:I( arkd t]jQ' ufls A}) Alited OPSTHLN!: 8%@?&%8&5 XY, ﬁ"afga ﬁQ C a'H&E Lfl{f?ro, amino;
carboxylic #eigtion (Fugene6 184£:hURAT1 DNA 648=3:1, in 6004 OptiMEM mediunvdish) was
prepared and kept for 15 minutes at room temperature. To each dish, 60044 of the mixture
15  solution was injected and then incubated in 370 cell incubator for 24 hours. The hURAT1-
overexpressed HEK293 cell line was trypsinized and cells were harvested. Cells were
resuspended in medium and seeded at 6* 105 cells/well and incubated for 24 hours in 24-well
plate which was surface-coated with Poly-D-Lysine.
[Uric acid transport assay in hURAT 1-overexpressed HEK 293 cell lin€]
20  Each compound of the present invention prepared in the examples was dissolved in DM SO as
1000 fold concentrated stock sample solution with various concentration to examine.  For each
concentration, the stock sample solution was diluted in PBS (14¢ in 8004£ of PBS) as 1.25
fold concentrated working sample solution to obtain final concentrations of 0.01, 0.1, 1 and
10uM. The hURAT1-overexpressed cell line was washed with 1ml of PBS. After washing,
25 PBSwas discarded and the sample solution was diluted by 1.25 fold with PBS.  Preincubation
of cells with 2004£/well of sample solution made above was conducted for 30 minutes in 37[]
cell incubator. After the incubation, each well was treated with 5044 of PBS containing
500uM [“C]-uric acid (final 100uM of uric acid/well). Cells were incubated for 2 minutes.
The cells were washed twice with 1ml of PBS.
30  To measure the uric acid uptake, each well was treated with 1504 of M-per buffer (PIERCE)
and kept in 37°C cell incubator for 30 minutes to make cell lysates. 15044 of cell lysates was

transferred into test tube and 4ml of scintillation cocktail was added. CPM value of [**C]-uric
acid absorbed into cells was detected using liquid scintillation counter. 1Csofor the inhibition
of uric acid uptake by each test sample was analyzed by computational numerical processing.

35 Theresultsare shownin Table 1.



35 group; unsubstituted or substituted Q.-Cs alkanoyl; unsubstituted or substituted Q.-Cs
alkoxycarbonyl; unsubstituted or substituted Q.-Cs alkanoyloxy; C6-C12 aryl; and unsubstituted or
substituted Asaitl e d mensmattsated C3-C12 mono or polycarbocyclyl or heter@egelghopesrided that
when X] is nitrogen, R2 does not exist; when X2 is nltrogen R3 does not exist; and when X3 is

nitrogen, RAT

lexist, or each of 121-122, R31R3 and R3-R4 40pairs may be independently

fused to form a saturated or unsaturated 5- Article 34 Amendments9-2010-00282 [Translation]131 to
6-membere@QaebAqysle Bfméee{é?ﬂ%l?pt%n]moﬁ@n'% R7 and R8 may be same or different and is

independ ‘f‘l‘%‘ U%ﬁ‘IHUBf’R}” gief II(MQ!"I 'CWHONd tit ay@at ¢or substituted
Ci-C4 alkyl; unsudstituted tnuams?ltu]ted CNe4 haloalkyiRiamsubstitute.or SubStltu_lleld\f:I G4 alkoxy;
unsubstituted or substifuteddT1¥€4 haloalk?Xy}:; unsubHi0888d of subst#ited CR-CHAKanoyl; halogen;
cyano; nitro; nmizm; ant cakr ic_acid glazn%, aor RS @Q@ﬁt npth«ﬁq/\/ifh alcar8 om to which
they are aftachef-mayform (€=0); 09734.“ 1’79 *géether mv\gtg%%%arbon atom to
which they-are-atfachet-magy g a carbowigroup (Cits CmaystornTa carimggharoup (-C(=0)-),
sulfonyl grioup (-&(=0)2}) ordlssso group (212=S)-), anglo12 Y IS sele6fed from the@igsup ¢onsisting of
saturated pr unsaturated C3- €32 mano or gdlycarbocesubstituted8nith R9, RAW4aAd R11; and
saturated or unsturatdd 3-%232- 15 me red_mon§: Q?m\’gnnl\ hpfprrﬁg\mlyl conta QQ& 1to 3
heteroator i Riffed-with .N%uu anhd 5% 45,v.. eretn-t hete.m,y { 2Igle‘g.c.“bly contains
1 to 3 heteroatoigs SetectedyfegT N, Pand 3y, rhegeimeach of R%AR10and R g5 independently
selected from thezgroup congigdag of hydr@gen; hydraxgdamsubstituted or supstitai@s Ci-C4 alkyl;
unsubstituted orfl8ubstitutedG337 39 0.0884 66 0.0358

14 0.1255 41 0.3755 67 0.0078

15 0.458 42 0.2 68 0.0232

16 0.93 45 0.0197 69 0.0331

17 1 46 0.0047 70 0.0048

19 0.2687 47-1 0.5162 74 0.006

20 0.034 47-2 0.0179

21 0.954 48 0.0933

10

15

20

25

Expreimental Example 2: CYP2C9 enzyme inhibition assay

Each compound of the present invention prepared in the examples was dissolved in DMSO and
adjust the concentration into 10mM stock sample solution. Make seria dilution by 10 fold
scale in DMSO starting from 10mM to 0.01mM (500 fold concentrated stock). After fully
agitated for 10 seconds, sample solution was sonicated for 1 hour. The stock sample solution
was diluted in distilled water by 125 fold (e.g. add 244 stock sample solution into 2484£ of

digtilled water, 4 fold concentrated working sample solution) and agitated for 15 minutes to
obtain homogenous sample suspension.  Plating the working sample solution into 96 well plate
to make final concentrations of 0.02, 0.2, 2 and 20uM. Each reagent used this assay was

prepared following the manufacturer’s instructions (Promega #V 8792: V4790+V 9790).

[Preparation of the 4 fold concentrated CY P2C9 reaction mixture]

According to the number of test samples, 1.254¢ of 1M potassium phosphate aqueous solution,
1¢¢ of Luciferin-H (5mM) solution and 0.54¢ of CYP2C9 membrane were mixed and
prepared in 9.754¢ of Luciferin-free, distilled water.  For the calibration to the same amount of
protein with CYP2C9 membrane, CYP2C9 membrane was substituted for 0.264¢ of control
membrane and added to a mixture having the same composition above in 9.994¢ of Luciferin-
free, distilled water to make total 12.54¢ of reaction mixture.

[Preparation of 2 fold concentrated CY P2C9 NADPH Regeneration system]

According to the number of test samples, 2.54¢ of Solution A and 0.54¢ of Solution B
provided by the kit were mixed and prepared in 221¢ of Luciferin-free, distilled water.



20 C4 haloalkyl; unsubstituted or substituted Ci-C4 alkoxy; unsubstituted or substituted Ci-C4
haloalkoxy; halogen; cyano; nitro; amino; carboxylic acid group; and unsubstituted or substituted
C3-C2 esteYop009/145886vided that when Y is phai2gl, i) at least one of R9, R10 and ®201d08Poxy or
i) all of R9, R10 and R11 are other than hydrogen if none of R9, R10 and R11 is hydroxy, and when Y
is 25pyridinyl, at least one of R9, R10 and R11 is not hydrogen, or racemate, isomer or
pharmaceutically acceptable salt thereof. 16. The compound according to claim 1 wherein

each of Xi, X2 and X3 is independently carbon or nitrogen, provided that at least one of 30X1, X2 and

X3is nitrog(fé}, each of Rfl, R2 R3.anﬁ IE4 may be same or different and is independently selected
from the gr ﬁ%ﬂlﬁgﬁ’ ' ﬁg}ar%%%?ﬂ?ﬂ S Br%tituted or substituted C1-C4 alkyl; unsubstituted or

substituted T1acacvaldeekiEri umslitsternuren dedsebpeierd S0M Cifi BARE:GHahalbeféey; St Wago; amino;
and unsubstifgiedrarnsubstikierbSatateche sl WAL CR-86 carbocyshhomShgheterocyclyl,

provided that when Xi is nitrogen, R2 does not exist; when X2 is nitrogen, R3 does not exist; and when
X3 is nitrogen, R4 does not exist, or each of R1-R2, R2-R3 and R3-R4 pairs may be independently
fused to forﬁ#@%”@?ﬂﬁ or a 6-membered heterocycle containing 1 to 2 atoms of nitrogen or oxygen,
each of R5, R6, R7 and R8 may be same or different and is independently selected from 40the group

consisting gty dioge et SsHABL IR A IS RO PEAY TG R e 9987 th a volume of

125 #£, and as a blank, 12.5 /£ of a solvent having the same condition as that of the test
10 samples was added. The pre-formulated 4 fold concentrated CYP2C9 mixture solution was
allocated to each test sample and the blank with a volume of 12.5 #£. Asacontrol, 12.5 #£
of distilled water was added to awell and 12.5 £ of control membrane was added thereto and
mixed together. After keeping the resulting mixtures in 37°C thermostatic device for 10
minutes, the pre-formulated 2 times concentrated NADPH mixture solution was allocated to
15 each test sample and the control with a volume of 25 ££, mixed well, and kept in 37C
thermostatic device for 30 minutes. After keeping the resulting mixtures, 50 #£ of luciferin
indicator was alocated to each test sample and control, mixed well, and kept in 37C
thermostatic device for 20 minutes. The activity of the test sample to CYP2C9 enzyme was

measured by phosphorescence detector. The level of enzyme inhibition (1Cs) was anayzed

20  with using aformula provided by the kit.

The results are shown in Table 2. The reference ICs, value of Benzbromaron was reported as
40nM for inhibiting CYP2C9 enzyme [Dermot F. McGinnity et al., Drug Metabolism and
Disposition, 33, p1700-1707 (2005)].

25 51nM and each result of test compounds were shown in Table 2.

In this experiment, 1Cs, value of Benzbromarone was

[Table 2] Level of enzyme inhibition

Compound | 1Cs (uM) Compound [Cso (UM) Compound [Cso (UM)
No. CYP2C9 No. CYP2C9 No. CYP2C9
1 12.08 27-2 >20 50 1.26
2 >12 29 >20 51 8.8
3 245 30 >40 52 >20
4 24.3 31 >20 53 10.27
6 3.05 32 >20 54 >6
7 >20 34 19.58 55 8.87
8 >20 35-1 >20 56 >20




[Translation]132 substituted CI-C4 alkyl; unsubstituted or substituted CI-C4 alkoxy; halogen; cyano;
nitro; and amino, 5L is a carbonyl group (-C(=0)-) or thioxo group (-C(=S)-), and Y is a phenyl which
has a hydroxmoOgooofi46438ra-position to the attacha®ent position of L and is further substauoead2eeh 1 to
3 substituents independently selected from halogen and nitro, or racemate, isomer or pharmaceutically
acceptable salt thereof. 10 17. The compound according to claim 1 which is selected from the group
consisting of: (3 ,5-dibromo-4-hydroxy-phenyl)-(2,3 -dihydro-pyrido[2 ,3 -b ] [1 ,4] oxazin-|-y1)

-methanone (cogpound 1); 5oq (3 ,E)-d|br§g_1§-4-metho>g/29henyl) (2,3- gIJ,hydro- Jyrldg[go:% -b][1
,4]0xazin- 1-y1)-metha. one-15(compotnd-2): (3 Srdibromo-4-hyed CroxXy= |.J||C||y|)- 2, 3-dihydro- =P r|d0[4 3
-b] [1,4] ox azin-&%/l)- ethari6fle hydrobroryic acid salt %c?ﬁnpo nd 3); ?§ >
,5-dibromo-4-hytiroxy-phenybe(2,3-dihydro3@yrido[4 ,3 -bR[L,4] oxazin-49/1)-methanc¥9) (compound 4);
20(3 ,5-dihromor4-methoxy-pagnyl)-(2,3-digydro-pyrido[3,qt -b ]|[1 ,4]Joxgzin- 1 tye-meghanone
(compoung-5y;

13 >60 39 >20 61 123

14 16.56 40 15.09 62 >20

15 4.5 41 >20 63 111

16 35 42 18.39 64 5.54

18 9.7 43 >20 65 12.43

19 6.8 44 >20 66 134

20 52 45 1.18 68 1.39

21 111 46 1.09 69 >20

22-1 13.42 47-1 >20 70 10.79

22-2 9.45 47-2 >20 71 >20

24 >20 48 1.68 74 16.71

25 >20 49 >20 75 11.58

27-1 >20

Experimental Example 3: Test for solubility accordingto pH

[First solution]
5 2.0g of sodium chloride was dissolved in 7.0mL of hydrochloric acid and water to make the
total volume of 1000mL. This solution was colorlessand clear.  Its pH was about 1.2.

[Second solution]

To 250mL of 0.2mol/L potassium dihydrogen phosphate solution, 118mL of 0.2mol/L sodium
10  hydroxide solution and water were added to make the total volume of 1000mL. This solution

was colorless and clear.  Its pH was about 6.8.

[Experiment]
For the compounds of present invention prepared in the examples, the test samples were
15 prepared in each of the first and second solutions with 2mg/mL concentration. This test
sample solution was agitated for 10 seconds, sonicated for 1 minute and heated at 37°C for 2
hours. The heated test sample solution was filtered to remove undissolved compounds therein.
From filtered solution, 1004£ of the completely dissolved solution was sampled and 10044 of
acetonitrile was added thereto to make test sample solution. For each analysis of test sample
20  solution, the solubility was measured by using liquid chromatography.  The results of solubility
test in the first and second solutions are shown in Table 3.



(3 ,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[3 ,4 -b ] [1,4] oxazin-l-y1) -methanone (compound
6); (3 ,5-dibromo-4-hydroxy-pheny1)-(6-methy1-2,3 -dihydro-pyrido [2,3-b] [ 1,4]oxazin-1 -y1)-
25methanonel2009nabutd 7);
(3,5-dibromo-4-hydroxy-phenyl)-(2,2-dimethy1-2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)- methanone
(compound 8); (3 ,5-dibromo-4-hydroxy-pheny1)-(7-cyclopropyl-2,3-dihydro-pyrido[2,3-b]
[1,4]oxazin-1 -y1)- methanone (compound 9); 30(3 -chlor 0-4-hydroxy-pheny1)-(2,3-dihydro-pyrido[4
,3-b] [1,4] oxazin-4-y1)-methanone hydrobromic acid salt (compound 10); (3 -bromo-4 -hydr

124
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OXYy- pheny ,3 -dihydro-pyrido [4,3-b] [1,4]miazin-4-y1)-methanone hydrobromic acid salt
(compound le3] S&X‘% ¥hydro-pyridof4,3-h] [1 4
Joxazin-4-y1)-(4¢grdpoxp<; trlfll@mﬂﬁmwgﬁhéhyl) Gemeahasione (SotmpiiunGa/M); Y3 ,5-dichloro-4
-hydr oxy-pheny%’)\-@(?,lli% -d|hdegg @erdo [4F§4Q§ é 1,4 ]ox%in 4 -yl) m@ﬁw@nor I r4r(§>‘§vrorn|c acid salt
SO AN WA O I S I AN
[3,4-b][1,4 ]oxazin-B-yl) metHAdne hydﬁ%r@mlc aci@salt (compb@&dlS) 2337
4 1927 970 36 1561.7 743.1
7 105.8 109.1 37 1931.1 114.2
8 986 344 39 1339.3 480.5
12 1882 132 40 1317.92 473.19
13 1395 847 41 808.87 156.54
14 1479 747.2 42 13104 142.6
15 1511 453 43 1260.4 1007.6
17 1612 1890 44 1960 20954
22-2 <0.1 153 47-2 6.4 329.6
24 1254.6 133.6 59 2242.5 676.2
27-2 207.3 578.9 60 2125.3 599.6
29 1085.7 381.9 62 34.8 624
30 7.2 332 71 2138.2 344.7
31 1846.64 198.66 72 1873.1 375.4
32 1960.9 1474 73 1153.1 565.1

Experimental Example 4: Test for uricosuric effect in Cebus monkey

For the example 4 compound which showed superior activity as described above, its uricosuric
activity was tested by measuring uric acid level in plasma and urine in Cebus monkey.
Placebo control (0.5% MC solution) and Benzbromarone was administered as a negative and
positive control, respectively.
10
The example 4 compound was administered orally according to the clinical administration
pathway. The administered dose was 15mg/kg for Benzbromarone, and 15mg/kg (same dose),
7.5mg/lkg and 3.75mg/kg (lower doses) for the example 4 compound. The example 4
compound was prepared by suspending in vehicle (0.5% MC solution). The prepared sample
15 was stirred sufficiently to make homogenous suspension, filled in an injector and administered
through oral catheter a once. The catheter was washed again with 0.5% MC solution to
remove remaining suspension in catheter, thereby completely administered the total samples

into Cebus monkey. The test samples prepared above were administered once a day.



Article 34 Amendments9-2010-00282 [Translation]133
(3-bromo-4-hydroxy-pheny1)-(2,3-dihydro-pyrido[3,4-b][1,4]miazin-1-y1)-methanone hydrobromic acid
salt (compom@Ra@)i145456 125 9-2010-00282
5(3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone
hydrobromic acid salt (compound 17);
(3-chloro-4-hydroxy-pheny1)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone hydrobromic acid
iglt (Ct?]mpo,bengr &@M%%r&&%ﬁ&ﬁ%%d%@uﬁ@%@%@éﬂ&Jas\fi#an&éréam@%%téf (Bugepmethyl-phenye-
methanope (compou , . . - o
(3,5-dibrom%-3gﬂpy%4&?§-r he?f?f)gf)?-cﬁﬂtéﬂy?ﬂi%-ﬁﬁwg’-&%'8[5?3@%?[1%]S@Eqﬂn-ﬁ}mgﬂqanone
(compound R0 Y&ediaeaaeddtolaalyite,te ! pyedd[fl 3 Lidgoxsd ies Aveililasrirephansed (worapound 21);
(3,5-dibromgdemsthoxy-phenyl)-(7-trifluoromethy1-2,3-dihydro-pyrido[2,3-1)][1,4]oxazin-1-
15ye-n‘gethanone (compound 22-1);
(3,5-dibromo-4-_hydroxy-phenyl)-(7-trifl.uorqmethy1-2,3-dihydro-pyridoJZ,S’_-b][l,4]oxazin-1-
yl)-methanﬁrﬁét'@ﬁnﬁﬁf{ﬂ@@ﬁ@ﬁ of uric acid (FEua) by each test group (vehicle, Benzbromarone,

example 4 compound) during 0~8 hours were measured. FEua of example 4 compound
(3.75mg/kg, 7.5mg/kg and 15mg/kg) were 24.1+13.3%, 31.6£13.3% and 33.2+19.8%,
respectively, which showed superior effects compared with 8.5+1.5% of the placebo control
10 group. The lowering effect of uric aicd in plasma which is followed by enhanced urine
excretion was measured at 4 hours after the administration of 3.75mg/kg, 7.5mg/kg and
15mg/kg of example 4 compound. Plasma uric acid level was 3.88mg/dL, 3.66mg/dL and
3.40mg/dL, respectively, suggesting its superior effects to 5.10mg/dL of the placebo control
group.
15
FEua of the Benzbromarone administered group during 0~8 hours of was 20.0+10.5%, and the
uric acid level in plasmawas 3.80mg/dL at 4 hours after the administration.

From the above results, the uricosruic effect of example 4 compound showed a remarkably

20  superior effect than Benzbromarone at 15mg/kg showing 160% enhanced uricosuric effect
during 0~8 hoursin Cebus monkey. Furthermore, example 4 compound showed equal potency
of uricosuric effect (24.1+13.3% of FEua) to 15mg/kg of Benzbromarone (20.0+10.5% of FEua)
at 3.75mg/kg which was a quarter amount of Benzbromarone.

25 In summary, as a result of the test for the effect of enhancing uric acid excretion in Cebus
monkey, the example 4 compound showed a superior uricosuric effect to the comparative drug,
Benzbromarone.

Meanwhile, according to the results from comparison test of the example 3 compound with the
compound disclosed in WO2006/057460, the example 3 compound showed 180% enhanced

30  superior uricosuric activity compared to the compound disclosed in W0O2006/057460.

All the study described above in Cebus monkey was performed by Japan Bioscience Center
(JBS) which is one of the entrusted CRO in Japan.



2,5-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-carbonyl)-benzoic acid (compound 23);
20[2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-carbonye-phenoxykaceticacid methyl ester
(compoundA4j¢l€Bbroneaely@rdihydro-pyrido[2,3-b][1,4]oxazin-I-y1)-(3,5-dibroma2010y00283/-phenyl)-
methanone (c (I_ompound 25);

(2,3-dihydrd IMRRIAIB-1)][1,4]oxazin-4-y1)-(3-fludfS-4-hydroxy-pheny1)-methanone 25(compound
26); (3,5-dibromo-4-methoxy-pheny1)-(7- methyl -2,3- d|hydro pyrido[2,3-b][1,4]oxazin-1-y1)-
methanone (compound 27-1);

(3,5-dibromo-4-hydroxy-phenyl)-(7-methy1-2,3- dlhydro pyrido[2,3-b][1,4]oxazin-1-y1)- methanone
(compound 27-2);
30(3,5-dliflubré-heterotyehe,cehetiye FemBudid yaving adaa 8- 1)][1,4]oxazin-4-y1)-methanone (compound
28); (3,5-difjpgriufainydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-1)][1,4]oxazin-4-y1)-methanone
(compound 29); (5-ch|oro-2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-(3,5-dibromo-4-hydroxy-pheny1)-
35methanone (compgund 30):Y

(2,6-dichloro-pyridin-aly1)-(2,3- dlrgdro pyrido[4,3-b][1,4]oxazin-4-y1)-methanone

Xl \LRG
X N JTR
Ry 2X5 SO !

wherein, in Formulal,
each of X, X,, and X3 is independently carbon or nitrogen, provided that at least one
10 of X1, X5, and X3 is nitrogen,
each of Ry, Ry, Rz and R, may be same or different and is independently selected from
the group consisting of hydrogen; hydroxy; unsubstituted or substituted C;-Cg alkyl;
unsubstituted or substituted C,-C; alkenyl; unsubstituted or substituted C,-C; alkynyl; C;-Cg
hydroxyalkyl; unsubstituted or substituted C;-C¢ haloalkyl; unsubstituted or substituted C;-Cg

15 akoxy; unsubstituted or substituted C;-Cs haloalkoxy; halogen; unsubstituted or substituted
phenyl; cyano; nitro; amino; carboxylic acid group; phosphoric acid group; N-oxide; amide;
C,-Cs akylamide; aldehyde; hydroxamic acid; unsubstituted or substituted C;-Cg alkylsulfide;
unsubstituted or substituted C;-Cg akylthioxo; unsubstituted or substituted C;-Cg
akylsulfonyl; unsubstituted or substituted C;-Cs oximealkyl; unsubstituted or substituted C;-

20 Ces aminoakyl; unsubstituted or substituted Cs-Cg akylcarbonylalkyl; unsubstituted or
substituted C,-C; akanoyl; unsubstituted or substituted C,-C; alkoxycarbonyl; unsubstituted
or substituted C,-C; alkanoyloxy; unsubstituted or substituted C5-C;, mono or bicycloalkyl;
unsubstituted or substituted C4-C,, cycloalkylalkyl; unsubstituted or substituted Cs-Cy, aryl;
unsubstituted or substituted, saturated or unsaturated Cs-C;, mono or polycarbocyclyl; and

25 unsubstituted or substituted, saturated or unsaturated 3- to 12-membered mono or
polyheterocyclyl containing 1 to 3 heteroatoms, provided that when X is nitrogen, R, does
not exist; when X, is nitrogen, R; does not exist; and when X3 is nitrogen, R4 does not exist,
or each of Ri-R,, Ry-R; and Rs-R, pairs may be independently fused to form a saturated or
unsaturated 5- to 11-membered carbocycle or heterocycle,

30 each of Rs, Rg, R; and Rgmay be same or different and is independently selected from
the group consisting of hydrogen; hydroxy; unsubstituted or substituted C;-Cg alkyl;
unsubstituted or substituted C,-C; alkenyl; unsubstituted or substituted C,-C; alkynyl; C;-Cg
hydroxyalkyl; unsubstituted or substituted C;-Cg

35



(compound 31); (2,3-dihydro-pyrido[4,3-1)][1,4]oxazin-4-y1)-(6-hydroxy-pyridin-3-y1)-methanone
(compound 32); Article 34 Amendments9-2010-00282 [Translation]134
(3,5-dibromarfidhy8aaxyigpdereniy-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-ye-metb@000d2gdrochloric
acid salt (compound 33);

5(3-chloro- -ﬁ?’lﬁ@i&ﬂbhenyl) -(2,3-dihydro- pyrldo][§74 b][1,4]oxazin-1-y1)-methanone (compound 34);
4-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-sulfonyl1)-phenol (compound 35-1);

(236 ﬁ:brorzo %g%&ﬂ;@iﬂ%&%ﬂ%[@zﬁﬂ%ﬁﬂéa@'w Sl y%ﬁb&ﬂ@ﬂe@%ma%mﬁ{éé oMo

chloro ro nitro- | y azin- methanon
1O(compoun(¥1"§8"5’l -¥:hﬁ‘8 @8%?)9({ R%'ﬁéﬂp é[:ﬁl ?ﬂl@"]oﬁ %‘%ﬁi %%l éﬁ?’nethanone
(compdund 3ayi¢s- @oﬁm%ﬁ?ﬂdﬁy%%)%ﬁ@mmﬁywwmﬂmﬂq ﬂﬂ@e@iﬁlﬁ-@@@rﬁethanone
(compound 38)«'y|sulf|de unsubstltuted or substituted C;-Cs alkylthioxo; unsubstituted or substltuted C:-Cs

o S RN A R e oo
40); Cs ammoalkyl unsubstituted or substltuted Cs-Cg aky arbonylalkyl halogen unsubstituted
or substituted phenyl; cyano; nitro; amino; and carboxylic acid group, or Rs and Re together

10 with a carbon atom to which they are attached may form a carbonyl group (C=0) or thioxo
group (C=S), or R; and Rg together with a carbon atom to which they are attached may form a
carbonyl group (C=0) or thioxo group (C=S),

L may form a carbonyl group (-C(=0)-), sulfonyl group (-S(=0O).-), C;-Cs akyl
carbonyl, carbonyl C,-Cs alkyl or thioxo group (-C(=S)-), and

15 Y is selected from the group consisting of saturated or unsaturated Cs-C;, mono or
polycarbocyclyl subgtituted with Ry Ry, and Ry;; and saturated or unsaturated 3- to 12-
membered mono or polyheterocyclyl containing 1 to 3 heteroatoms and being substituted with
Ro, Rio, and Ry,

wherein each of Ry, Ryp and Ry; is independently selected from the group consisting of

20 hydrogen; hydroxy; unsubstituted or substituted C;-Cg alkyl; unsubstituted or substituted C,-
C; akenyl; unsubstituted or substituted C,-C; alkynyl; C;-Cg hydroxyalkyl; unsubstituted or
substituted C;-Cs haloakyl; unsubstituted or substituted C;-Cg alkoxy; unsubstituted or
substituted C;-C¢ haloalkoxy; halogen; unsubstituted or substituted C;-Cg akylsulfide;
unsubstituted or substituted C;-Cq alkylthioxo; hydroxamic acid; unsubstituted or substituted

25 phenyl; cyano; nitro; amino; carboxylic acid group; amide; C;-Cs akylamide; unsubstituted
or subgtituted C,-C; akanoyl; adehyde; unsubstituted or substituted Cs-Cg ester;
unsubstituted or substituted Cs-Cg esteroxy; unsubstituted or substituted C,;-Cg akylsulfonyl;
unsubstituted or substituted C;-Cg oximealkyl; unsubstituted or substituted C;-Cg aminoalkyl;
unsubstituted or substituted Cs-Cg akylcarbonylalkyl; phosphoric acid group; and N-oxide,

30 provided that when Y is phenyl, i) at least one of Ry, Ryo and Ry; is hydroxy or ii) all of
Ro, Rio and Ry, are other than hydrogen if none of Ry, Ryg and Ry; is hydroxy, and when Y is
pyridinyl, at least one of Ry, Ryp and Ry is not hydrogen,

or racemate, isomer or pharmaceutically acceptabl e salt thereof.

35 2. The compound according to clam 1, wherein L is a carbonyl group (-C(=0O)-), sulfonyl
group(-S(=0),-), or thioxo group (-C(=S)-),
or racemate, isomer or pharmaceutically acceptabl e salt thereof.

3. The compound according to claim 1, wherein each of Rs, Rs, R; and Rg may be same or
40  different and isindependently selected from the group consisting of hydrogen; hydroxy;



(3,5-dichloro-4-hydroxy-pheny1)-(2,3-dihydro-pyrido[3,4-b][1,4]oxazin-1-y1)-methanone 20(compound
41); 2-(3,5-dibromo-4-hydroxy-pheny1)-1-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-ethanone
(compoundAi2jcl €38 Atitgydirmepysido[4,3-b][1,4]oxazin-4-y1)-(3-methoxy-isoxazob2q-00282anone
(compound 43); 25(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-(3-hydroxy-isoxazol-5-ye-methanone
(compound[ﬂﬁ';‘sﬂgt,@fﬂiibromo-4-hydroxy-phenyl)&%g(4-trifluoromethyl-phenyl)-2,3-dihydro-pyrido[2,3-
b][1,410xazin-|-ylkmethanone (compoungl 45); _ _
(8 5-dibromgdshylieny el 2O ASBRETIA 2 AR ESE2 Rttt
,4loxazin-I-ylkmethanone (compoun . . : _
1-(3,5-dibro%ﬁ%ﬁo%-%%ﬁéﬁ%éﬁiﬁ%? ilpﬂ%ﬂk?ﬁtbtgf%?a%]ﬁ’pﬁgﬂte?gin%-%a%?ﬁ%ﬁéy(compound
47-1); B-(3,8dibr e rhsiitiyia0snz0ya kanadinajenen 1 wsphsidafel grisyasi decphenyl cex@snitrile

(compoundritfo2dimino; and carboxylic acid group; or Rs and Rg together with a carbon atom to which they

35005 b el eI iy RS ek AR o Bl il

(3,5-dibrom®LUL S EFRORy AR HY YA 20 19yt AbC FSRRED) D2 - LAY i ST [ Bih [[G=Ab RAFHAkmethano
ne (compouwncLg 9r=Ss),

10  or racemate, isomer or pharmaceutically acceptable salt thereof.

4. The compound according to claim 1, wherein Y is selected from the group consisting of

saturated or unsaturated Cs-Cs carbocyclyl substituted with Ry, Ryp and Ryy; and saturated or

unsaturated 5- to 6-membered heterocyclyl containing 1 to 3 heteroatoms and being substituted
15  with Ry, Ryp and Ry1, wherein Ry, Ryg and Ry; are the same as defined in claim 1,

or racemate, isomer or pharmaceutically acceptabl e salt thereof.

5. The compound according to claim 1, wherein each of Rg, Rip and Ry; is independently
selected from the group consisting of hydrogen; hydroxy; unsubstituted or substituted C;-C,4
20  akyl; unsubstituted or substituted C,-C, haloalkyl; unsubstituted or substituted C;-C, alkoxy;
unsubstituted or substituted C;-C, haloalkoxy; halogen; unsubstituted or substituted phenyl;
cyano; nitro; amino; carboxylic acid group; amide; C;-Cs alkylamide; unsubstituted or
substituted C,-Cs akanoyl; aldehyde; unsubstituted or substituted Cs-C; ester; unsubstituted or
substituted Cs-C; esteroxy; unsubstituted or substituted C,;-C4 alkylsulfonyl; unsubstituted or
25  subdtituted C;-C4 oximealkyl; unsubstituted or substituted C;-C, aminoalkyl; unsubstituted or
substituted C;-C; alkylcarbonylalkyl; phosphoric acid group; and N-oxide,
provided that when Y is phenyl, i) at least one of Rg, Ryg and Ry, is hydroxy or ii) all of
Ro, Rio and Ry, are other than hydrogen if none of Ry, Ryg and Ry; is hydroxy, and when Y is
pyridinyl, at least one of Ry, Ryp and Ry is not hydrogen,
30  orracemate, isomer or pharmaceutically acceptable salt thereof.

6. The compound according to claim 1, wherein each of R;-R,, R»-R; and Rs-R, pairs is

independently fused to form a saturated or unsaturated 5- to 6-membered carbocycle or

heterocycle, wherein the heterocycle preferably contains 1 to 3 heteroatoms selected from N, O
35 andS,

or racemate, isomer or pharmaceutically acceptabl e salt thereof.

7. The compound according to claim 1, wherein each of R;, Ry, Rz and R, may be same or
different and is independently selected from the group consisting of hydrogen; hydroxy;

40 unsubdtituted or substituted C;-C, alkyl; unsubstituted or substituted C;-C, haoalkyl;
unsubstituted



(3,5-dibromo-4-hydroxy-pheny1)47-(3-dimethylamino-pheny1)-2,3-dihydro- Article 34
Amendments9-2010-00282 [Translation]135 pyrido[2,3-b][1,4]oxazin-1-ylkmethanone (compound 50);
(3,5-dibromoraopdrpissgtheny1)-(2,3-dinydro-pyrideg4,3-b][1,4]oxazin-4-ye-methanethiz0i®-00282
5(compound 51);
(3,5-dibromo-4-hydroxy-phenyl)-(7-pyridin-3-y1-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-I-y1]- methanone
(compound 52);

(3,5-dibromg-4sydlion-PBeey 1l andiiddiddiby dpsvide (%3] h4lanazin-dymethanone
(compoundﬁé’%ﬁ)_ . _ e . _ betitut
101-(3,5-dibBHOS AR A SO TR ANV 420 PHFB- B (R B BHH C AR TP Ry RSt AR R
(compoundsagtituted C,-Cs alkanoyl; unsubstituted or substituted C,-Cs alkoxycarbonyl; unsubstituted or
ES,5-dibror;@mahuﬁmmg=g%%yéb§?o%ydihwﬁmﬂhuﬁé@ad:,%[mémahla@@ghmdwm}@manﬂme .
compqund 55): 442-(3,5-dibr -A-hiydroxy-phenyl)-2-oxo-ethyD]-4H-pyrido[4,3-b][1,4]oxazin-3-one
15(conc”|gjpouHrﬁ%%ﬁ[-%,%r-&%%m%%%gﬂﬁo%{c%%ﬁ(&@%ﬁl ?ﬁ)@sr{l?gtjjt)%g,gfb%ﬁ%%i%%—%neyﬁompound
57); (3,5-dib¥§d@@$%ﬁo§jﬁ%‘ﬁéﬁ§nlﬂ@ﬂ?@>{ﬁm%%%%=ﬁwimSlb}EQ',YH@Qa%YﬁMLﬂ)d
metha_noneL(mn_mﬂmd 58);substitut_ed, saturated or unsaturated 3- to 10-membered mono or
(2,3-dihydrospyHaQish DIl AlexAG -6 ¥ hale sty Aoy P T MESIAN 2 %oes not
exist; when X, is nitrogen, R; does not exist; and when X3 is nitrogen, R, does not exist,
10  or racemate, isomer or pharmaceutically acceptable salt thereof.

8. The compound according to clam 1, wherein the Cs-C;, mono or bicycloalkyl is a

monocycloakyl selected from cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

cyclooctyl and cyclononyl, or a bicycloalkyl obtained by the fusion of the same or different two
15  of said monocycloalkyls,

or racemate, isomer or pharmaceutically acceptable salt thereof.

9. The compound according to clam 1, wherein the C3-C;, mono or polycarbocyclyl is a

monocycloakyl selected from cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
20  cyclooctyl and cyclononyl, or a polycycloalkyl obtained by the fusion of the same or different

two or more of said monocycloalkyls, or carboaryl,

or racemate, isomer or pharmaceutically acceptabl e salt thereof.

10. The compound according to claim 1, wherein the saturated or unsaturated 3- to 12-
25 membered mono or polyheterocyclyl containing 1 to 3 heteroatoms is thienyl, thiazolyl,
imidazolyl, benzimidazolyl, triazolyl, tetrahydropyranyl, pyridinyl, furanyl, pyranyl, pyrrolyl,
pyrazolyl, pyrazinyl, pyrimidinyl, isothiazolyl, isoxazolyl, pyridazinyl, isobenzopyranyl,
chromenyl, indolyl, indazolyl, quinolinyl, purinyl, pyrrolinyl, chromanyl, pyrazolidinyl,
piperidinyl or piperazinyl,
30 orracemate, isomer or pharmaceutically acceptable salt thereof.

11. The compound according to clam 1, wherein X, is carbon, and each of X; and X3 is
independently carbon or nitrogen, provided that at least one of X, and X3 is nitrogen,
or racemate, isomer or pharmaceutically acceptabl e salt thereof.
35
12. The compound according to claim 1, wherein each of



20(compound 59);

(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-y1)-(2,6-dihydroxy-pyrimidin-4-y1)-methanone (compound 60);

(3,5-dibromarfidhy8aaxyigpiderendy- (7-isoquinolin-4-y1-2,3-dihydro-pyrido[2,3-b][1 4 poge£i62821 )-methano

ne (compound 61);

25(3,5-dibréMa ™ HH§Bkoxy-phenyl)-(6, 7-dihydro-pyinido[4,5-b][1,4]oxazin-5-y1)-methanone

(compound 62); (3,5-dibromo-4-hydroxy-pheny1)47-(3-trifluoromethyl-pheny1)-2,3-dihydro-pyrido[2,3-

g%ﬁlgxaz'ﬁ{,z F%kr(\??tWi{Q 4[1%0%3 fgjl &Qi;ffe{ﬁntl arr\]d is ir;depgngerr;tly selected f[rcz)rg the group
,5-dibromo-4-hydroxy-pheny1)47-(3-fluoromethyl-pheny1)-2,3-dihydro-pyrido[2,3- .

30b][1,4] ox SRS ﬂ%%e%%ﬁ%%%{joézjbst\{t&ed 81-&4 5 kyl; ungﬂ)stl&/edd or substituted C;-

441-(3 >-dilsrorhroalkyydriastgdeen zosubstit\Bedi Hyd robsiHUERF O ERVE- bl Endlorad inrruibkietboitrile

(compound<Hbsituted, saturated or unsaturated 3- to 10-membered mono or polyheterocyclyl containing 1
(3,5-dibromo-4-hydroxy-pheny1)47-(4- if%% methoxy-pheny1)-2.3-dihydro-pyrida[2.3-
bl[1, 4]oxaz{[r(1)-€ yf%%oe?@énrgbﬂre e\%(c:o r?fp%ué]r?d §8 anc1I I&JI% Bal i %a)) bein epgt%emw Fuse&%b form a
351-{441- (BRI HNERY AR -Ih T PREBRCHIPRRIRS1 H-pyrido[2,3-b][1,4]oxazin-7-yfl-
phenyll-ethanone (@ooaipled fiehicahien X, is nitrogen, R, does not exist; when X is nitrogen, R; does not

(3,5-dEUOmo-é}(-lgygﬁgwﬁgpggygﬁﬂ%ﬁf%ggg%&@@p-3-y1)-2,3-dihydro-pyrido[2,3-

b][1,4]oxazin-l-ylkmethanone (compound 638);
(4-hydroxy-2-{AFRIBEH RS- BHIRY) TrcertFn e eiln ol i Aido[ 2,3 Article 34
Amendments9-2010-00282
13. The compound according to claim 1, wherein Y is an aromatic 5- to 6-membered carbocycle
or heterocycle substituted with Ry, Ry and Ry;, wherein Ro, Ryp and Ry; are the same as defined
15 inclaml,

or racemate, isomer or pharmaceutically acceptabl e salt thereof.

14. The compound according to claim 1, wherein each of Ry, Rip and Ry is independently
selected from the group consisting of hydrogen; hydroxy; unsubstituted or substituted C;-C,4
20  akyl; unsubstituted or substituted C,-C, haloalkyl; unsubstituted or substituted C;-C, alkoxy;
unsubstituted or substituted C;-C, haloalkoxy; halogen; nitro; carboxylic acid group; and
unsubstituted or substituted Cs-C; esteroxy,
provided that when Y is phenyl, i) at least one of Rg, Ryg and Ry, is hydroxy or ii) all of
Ro, Rio and Ry, are other than hydrogen if none of Ry, Ryg and Ry; is hydroxy, and when Y is
25 pyridinyl, at least one of Ry, Ryp and Ry is not hydrogen,
or racemate, isomer or pharmaceutically acceptabl e salt thereof.

15. The compound according to claim 1 wherein
each of X4, X, and X3 isindependently carbon or nitrogen, provided that at least one of
30 X1, X, and Xzisnitrogen,
each of Ry, Ry, Rz and R, may be same or different and is independently selected from
the group consisting of hydrogen; hydroxy; unsubstituted or substituted C,;-C, alkyl;
unsubstituted or substituted C;-C, haloalkyl; unsubstituted or subgtituted C;-C, akoxy;
unsubstituted or substituted C,;-C4 haloalkoxy; halogen; cyano; nitro; amino; carboxylic acid
35 group; unsubstituted or substituted C,-Cs alkanoyl; unsubstituted or substituted C,-Cs
akoxycarbonyl; unsubstituted or substituted C,-Cs akanoyloxy; CeCp, aryl; and
unsubstituted or substituted, saturated or unsaturated Cs;-C;, mono or polycarbocyclyl or
heterocyclyl, provided that when X, is nitrogen, R, does not exist; when X5 is nitrogen, R;
does not exist; and when X3 is nitrogen, R, does not exist, or each of R;-R;, R-R; and Rs-R,
40 pairs may be independently fused to form a saturated or unsaturated 5-



[Translation]136 1)][1,4]oxazin-I-y1l)-methanone (compound 69);
(3,5-dibromo-4-hydroxy-pheny1)47-(1H-indo1-4-y1)-2,3-dihydro-pyrido[2,3-b][1,4]oxazin-1-
yThmethanangde@hpoendni@);s 9-2010-00282
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][1,4]oxazin-4-ye-methanone sulfuric acid
salt (compdd 4o, 6-dibromo-4-(2,3-dihydro-p3tido[4,3-b][1,4]oxazin-4-carbony1)-phenolate
sodium salt (compound 72);

10(2,6-dibromoeinmprdivaracR)did ol hedehitlefH0xazin-4-carbonyl)-phenolate potassium salt
(compound 73);

(3,5-dibromo-4-hydF85/ P Rerih) -T2 AR BR% 15 PRI 2" SFieT SN S AndepR Asaty sRiseeg fem
trifluordaceticthrigreait Gsoaioand’ 7aydiaen; hydroxy; unsubstituted or substituted C;-C, alkyl;
(1-[1-(3,5-d(;brqmgoérhwamafydas§n9wa)é’&ﬁihudamﬂﬁuﬁmiman&ﬁflséimﬁm-?y%lémff/@;]lid(;r}%one
compound 75). or racemate, ispmer. rmaceutically acceptable salt.thereaf. 18, A method for
preparing a cgpﬁr%%()sfrﬁ%e%f%%r%ﬁ@ﬁq gr%jb%e%% e?)i(gb_%néﬁ%srnE)Lﬁ%érlr%%%é%%iéﬁﬁgeggép?la it thereof,
comprising theees5s PNPH B ATENX) 308 FABPRNE 8FBISURCPE R0 BRdi R B8R fa AT FRESING, b)
cyclizing the mimwmmm% ammmumayw&mcmubaw gronmo@lﬁm,tomb;m Fartogdend
compynd, afy 5 cabbRSBHAG RATAIRG LR ARIAIRE thEPSAHR LYLEAT BIip doud), Formula il

compound to obtain Formula Il compound: .
L may form a carbonyl group (-C(=0)-), sulfonyl group (-S(=0),-) or thioxo group (-

C(=9)-), and
Y is selected from the group consisting of saturated or unsaturated Cs-C;, mono or
polycarbocyclyl substituted with Ry, Ryo and Ry;; and saturated or unsaturated 3- to 12-
15 membered mono or polyheterocyclyl containing 1 to 3 heteroatoms and being substituted with
Ro, Rip and Ry;, wherein the heterocycle preferably contains 1 to 3 heteroatoms selected from
N, Oand S,
wherein each of Ry, Ryp and Ry; is independently selected from the group consisting of
hydrogen; hydroxy; unsubstituted or substituted C;-C, alkyl; unsubstituted or substituted C;-
20 C,4 haloakyl; unsubstituted or substituted C;-C, alkoxy; unsubstituted or substituted C;-C,4
haloalkoxy; halogen; cyano; nitro; amino; carboxylic acid group; and unsubstituted or
substituted C;-C; esteroxy,
provided that when Y is phenyl, i) at least one of Rg, Ryg and Ry, is hydroxy or ii) all of
Ro, Rio and Ry, are other than hydrogen if none of Ry, Ryg and Ry; is hydroxy, and when Y is
25 pyridinyl, at least one of Ry, Ryp and Ry is not hydrogen,
or racemate, isomer or pharmaceutically acceptabl e salt thereof.

16. The compound according to claim 1 wherein
each of X4, X, and X3 isindependently carbon or nitrogen, provided that at least one of
30 X1, X, and X3 is nitrogen,
each of Ry, R,, Rzand R, may be same or different and is independently selected from
the group consisting of hydrogen; unsubstituted or substituted C;-C, alkyl; unsubstituted or
substituted C;-C4 haloalkyl; unsubstituted or substituted C;-C, alkoxy; halogen; cyano; nitro;
amino; and unsubstituted or substituted, saturated or unsaturated Cs-Cs carbocyclyl or
35 heterocyclyl, provided that when X, is nitrogen, R, does not exist; when X5 is nitrogen, R;
does not exist; and when X3 is nitrogen, R, does not exist, or each of R;-R;, R-R; and Rs-R,
pairs may be independently fused to form a phenyl or a 6-membered heterocycle containing 1
to 2 atoms of nitrogen or oxygen,
each of Rs, R, R; and Rgmay be same or different and is independently selected from
40 the group consisting of hydrogen; unsubstituted or
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substituted C;-C, alkyl; unsubstituted or substituted C,;-C, alkoxy; halogen; cyano; nitro; and
amino,

L isacarbonyl group (-C(=0)-) or thioxo group (-C(=S)-), and

Y isaphenyl which has a hydroxy group in para-position to the attachment position of
L and is further substituted with 1 to 3 substituents independently selected from halogen and
nitro,

or racemate, isomer or pharmaceutically acceptable salt thereof.

17. The compound according to claim 1 which is selected from the group consisting of::

(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl)-methanone
(compound 1);

(3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 2);

(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
hydrobromic acid salt (compound 3);

(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 4);

(3,5-dibromo-4-methoxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone
(compound 5);

(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone
(compound 6);

(3,5-dibromo-4-hydroxy-phenyl)-(6-methyl-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl)-
methanone (compound 7);
(3,5-dibromo-4-hydroxy-phenyl)-(2,2-dimethyl-2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-
methanone (compound 8);
(3,5-dibromo-4-hydroxy-phenyl)-(7-cyclopropyl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl)-
methanone (compound 9);

(3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b][ 1,4] oxazin-4-yl)-methanone
hydrobromic acid salt (compound 10);
(3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanone
hydrobromic acid salt (compound 11);

(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(4-hydroxy-3-trifluoromethyl-phenyl)-
methanone (compound 12);

(3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
hydrobromic acid salt (compound 13);
(3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 14);

(3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone
hydrobromic acid salt (compound 15);
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(3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone
hydrobromic acid salt (compound 16);
5 (3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone

hydrobromic acid salt (compound 17);
(3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone
hydrobromic acid salt (compound 18);
(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-(4-hydroxy-3-trifluoromethyl-phenyl )-

10 methanone (compound 19);
(8,5-dibromo-4-hydroxy-phenyl)-(7-phenyl-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yI)-
methanone (compound 20);
2,6-dichloro-4-(2,3-dihydro-pyrido[ 4,3-b][ 1,4] oxazin-4-sulfonyl)-phenol (compound 21);
(3,5-dibromo-4-methoxy-phenyl)-(7-trifluoromethyl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-

15 yl)-methanone (compound 22-1);
(3,5-dibromo-4-hydroxy-phenyl)-(7-trifluoromethyl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-
yl)-methanone (compound 22-2);
2,5-dibromo-4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-carbonyl)-benzoic acid (compound
23);

20 [2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-carbonyl)-phenoxy]-acetic acid
methyl ester (compound 24);
(7-bromo-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl)-(3,5-dibromo-4-hydroxy-phenyl)-
methanone (compound 25);
(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3-fluoro-4-hydroxy-phenyl)-methanone

25 (compound 26);
(3,5-dibromo-4-methoxy-phenyl)-(7-methyl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl)-
methanone (compound 27-1);
(3,5-dibromo-4-hydroxy-phenyl)-(7-methyl-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl)-
methanone (compound 27-2);

30 (3,5-difluoro-4-methoxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 28);
(3,5-difluoro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-yl )-methanone
(compound 29);
(5-chloro-2,3-dihydro-pyrido[ 4,3-b][ 1,4] oxazin-4-yl)-(3,5-dibromo-4-hydroxy-phenyl)-

35 methanone (compound 30);
(2,6-dichloro-pyridin-4-yl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 31);
(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(6-hydroxy-pyridin-3-yl)-methanone (compound
32);

40



[Formula VIII] [Formula IX] Ry-m< Rga 1R12 ist5 10 [Formula X] R2 -NO2 RI 3 [Formula VII] R2,NO2
X1? R3)(2)C'ON

10

15

20

25

30

35

40

Article 34 Amendments 9-2010-00282

[Trandation] 134

(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
hydrochloric acid salt (compound 33);

(3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone
(compound 34);

4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-sulfonyl)-phenol (compound 35-1);
2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-sulfonyl)-phenol (compound 35-2);
(3-chloro-4-hydroxy-5-nitro-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone
(compound 36);

(3-chloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b][ 1,4] oxazin-4-yl)-methanone
(compound 37);

(3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 38);

(3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
(compound 39);

(3-bromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b] [ 1,4] oxazin-1-yl)-methanone
(compound 40);

(3,5-dichloro-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 3,4-b][ 1,4] oxazin-1-yl)-methanone
(compound 41);

2-(3,5-dibromo-4-hydroxy-phenyl)-1-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-yl)-ethanone
(compound 42);

(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3-methoxy-isoxazol -5-yl)-methanone
(compound 43);

(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(3-hydroxy-isoxazol -5-yl)-methanone
(compound 44);

(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(4-trifluoromethyl-phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (compound 45);

(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(2-trifluoromethyl -phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (compound 46);
1-(3,5-dibromo-4-methoxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b] [ 1,4] oxazin-7-carbonitrile
(compound 47-1);

1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b][ 1,4] oxazin-7-carbonitrile
(compound 47-2);

(3,5-dibromo-4-methoxy-phenyl)-[ 7-(3-nitro-phenyl)-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-
1-yl]-methanone (compound 48);

(3,5-dibromo-4-methoxy-phenyl)-[ 7-(3-nitro-phenyl)-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-
1-yl]-methanone (compound 49);

(8,5-dibromo-4-hydroxy-phenyl)-[ 7-(3-dimethyl amino-phenyl)-2,3-dihydro-



144 wherein, in Formulae Il to X, 15Xi, X2, X3, Rl, R2, R3, R4, R5, Rs, R7, R8 and Y are the same as
defined in claim 1, R12 is a non-hydrogen substituent, and R13 represents a reactive leaving group.
20. A methed tiere@eparengracotsnpound of Formula XI, or racemate, isomer or 2Qqiharo0age utically
acceptable salt thereof, comprising the step of reacting Formula Il compound with Lawesson' s
reagent: ARSI Ahendments9-2010-00282 [ﬁ%slation]mo Z represents a reactive leaving group.
5 22. A method for preparing a compound of Formula XIV, or racemate, isomer or pharmaceutically

acceptable .saF; H@,%[Q,@Ibﬁgmgggnglt_ ﬁ_ﬁ{&gaﬂgﬁé g&gmrﬁg@)}ula IV compound with Formula XV
compound in é%-ﬁirt?r%ﬁ%? PSS en?ﬁST-‘(li'S-éL\;{Ero-pyrido[4,3-b][1,4]oxazi n-4-yl)-methanethione
5 (compound 51);
(3,5-dibromo-4-hydroxy-phenyl)-(7-pyridin-3-yl-2,3-dihydro-pyrido[ 2,3-b] [ 1,4] oxazin-1-yl] -
methanone (compound 52);
(3,5-dibromo-4-hydroxy-phenyl)-(7-furan-3-yl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl]-
methanone (compound 53);

10 1-(3,5-dibromo-4-hydroxy-phenyl)-2-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-ethanone
(compound 54);

(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-4-oxa-1,9-di aza-phenanthren-1-yl)-methanone
(compound 55);
4-[2-(3,5-dibromo-4-hydroxy-phenyl)-2-oxo-ethyl)]-4H-pyrido[ 4,3-b][ 1,4] oxazin-3-one

15 (compound 56);
4-(3,5-dibromo-4-methoxy-benzoyl)-4H-pyrido[ 4,3-b][ 1,4] oxazin-3-one (compound 57);
(3,5-dibromo-4-methoxy-phenyl)-(6-methyl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-yl)-
methanone (compound 58);

(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(2,4-dihydroxy-pyrimidin-5-yl)-methanone

20 (compound 59);

(2,3-dihydro-pyrido[4,3-b][1,4] oxazin-4-yl)-(2,6-dihydroxy-pyrimidin-4-yl)-methanone
(compound 60);

(83,5-dibromo-4-hydroxy-phenyl)-(7-isoquinolin-4-yl-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-
yl)-methanone (compound 61);

25 (3,5-dibromo-4-hydroxy-phenyl)-(6,7-dihydro-pyrimido[ 4,5-b] [ 1,4] oxazin-5-yI)-methanone
(compound 62);

(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(3-trifluoromethyl-phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (compound 63);
(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(3-fluoromethyl-phenyl)-2,3-dihydro-pyrido[ 2,3-

30 b][1,4] oxazin-1-yl]-methanone (compound 64);
4-[1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b] [ 1,4] oxazin-7-yI] -
benzonitrile (compound 65);

(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(4-trifluoromethoxy-phenyl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (compound 66);

35 1-{ 4-[1-(3,5-dibromo-4-hydroxy—benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b][ 1,4] oxazin-7-yl]-
phenyl} -ethanone (compound 67);
(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(5-methoxy-pyridin-3-yl)-2,3-dihydro-pyrido[ 2,3-
b][1,4] oxazin-1-yl]-methanone (compound 68);
(4-hydroxy-3-trifluoromethyl-phenyl)-(7-methyl-2,3-dihydro-pyrido[ 2,3

40
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-b][1,4] oxazin-1-yl)-methanone (compound 69);
(3,5-dibromo-4-hydroxy-phenyl)-[ 7-(1H-indol-4-yl)-2,3-dihydro-pyrido[ 2,3-b][ 1,4] oxazin-1-
5 yl]-methanone (compound 70);

(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[ 4,3-b] [ 1,4] oxazin-4-yl)-methanone
sulfuric acid salt (compound 71);
(2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-carbonyl)-phenolate  sodium  salt
(compound 72);

10 (2,6-dibromo-4-(2,3-dihydro-pyrido[4,3-b][ 1,4] oxazin-4-carbonyl)-phenolate potassium salt
(compound 73);
(3,5-dibromo-4-hydroxy-phenyl)-(2,3-dihydro-pyrido[4,3-b] [ 1,4] oxazin-4-yl)-methanethione
trifluoroacetic acid salt (compound 74); and
1-[1-(3,5-dibromo-4-hydroxy-benzoyl)-2,3-dihydro-1H-pyrido[ 2,3-b][ 1,4] oxazin-7-yl] -

15 pyrrolidin-2-one (compound 75),

or racemate, isomer or pharmaceutically acceptabl e salt thereof.

18. A method for preparing a compound of Formula ll, or racemate, isomer or pharmaceutically
acceptable salt thereof, comprising the steps of:
20 a) reducing Formula VIl compound to obtain Formula VI compound,
b) cyclizing the abtained Formula VI compound with FormulaVV compound to obtain
FormulalV compound, and
) peptide-bonding the obtained Formula IV compound with Formula 1l compound to
obtain Formula |l compound:

25
[Formulall]
@) Y
Bl R
Rs. N 5
XS Py
/Xz, 2 R+
R3 X‘3 O Rg
R4
[Formulalll]
hi
3 Z Y
[FormulalV]
Ri H
Ry. N_ Rs
2 Xﬁl_ X \‘LRG
2.



ISXi, X2, X3, R1, R2, R3, R4, R5, R6, R2, R8 and Y are the same as defined in claim 1, Z represents
a reactive leaving group, and each of R5', R6', R2' and R8' may be same or different and is
independentyO20i1dB4B6&M the group consisting @8hydrogen; hydroxy; unsubstituted-a0x10a28nted
C1-C6 alkyl; unsubstituted or substituted CI-C6 haloalkyl; unsubstituted or substituted CI-C6 alkoxy;
unsubstituted or 20 substituted CI-C6 haloalkoxy; unsubstituted or substituted C2-C2 alkanoyl;
halogen; unsubstituted or substituted phenyl; cyano; nitro; amino; and carboxylic acid group; or R5'
and R6' togﬁj&%dg% a carbon atom to which they are attached may form a carbonyl group (C=0) or
thioxo group (C=S), or R2' and R8' together with a carbon atom to which they are attached may form a
carbonyl gregp (C=0) or thioxo group (C=S). 25 23. A pharmaceutical composition comprising an
effective amaunt-ef the compound defined in any one of claims 1 to 17 or racemate, isomer or
pharmaceuticallym&*éptable salt thereof as active ingredient, and pharmaceutically acceptable carrier.

[FormulaVI]
Ry
|
/Xz, =
Ry"“X3" "OH
5 Ra
[Formula V1]
Ry
|
/Xz, =
Ry" X3~ "OH
R4

wherein, in Formulag |1 to V11,
10 Xy, Xy, X3, Ri, Ry, Rs, Ry, Rs, Rs, R7, Rgand Y are the same as defined in clam 1, and
Z represents a reactive leaving group.

19. A method for preparing a compound of Formula ll, or racemate, isomer or pharmaceutically
acceptable salt thereof, comprising the steps of:

15 a) halogenating Formula VII compound to obtain Formula X compound and then
reacting the obtained Formula X compound with Formula IX compound to obtain Formula V11
compound, or conducting a Mitsunobu reaction of Formula VIl compound and Formula IX
compound to obtain Formula V111 compound,

b) cyclizing the obtained Formula V11l compound to obtain Formula IV compound,

20 and

) peptide-bonding the obtained Formula IV compound with Formula Il compound to
obtain Formula |l compound:

[Formulall]

Y
N\
@]

(@]
R1
Ra-y
x&
L=
Ry 2X3
R4

[Formulalll]

Rg
/ﬁRG
< R7
Rs

25
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O

[FormulalV]

[FormulaVIII]
Ry
Ry.y A NO2
}{I? - RT}(RSU
Ry °X§ O] ><_ "R

[FormulaIX]

SN
HO "R

[Formula X]

Ry

Rz ?)jmoz

|

X s

R3” lea Rqs
Ry

[Formula V1]
R1

R,. NO
2 X%I_)\I 2
/XZ')(

R3 3 OH

R4
wherein, in Formulae 11 to X,
X1, X, X3, R1, Ry, R3, Ra, Rs, Re, Ry, Rgand Y arethe same as defined inclaim 1,
R1»is anon-hydrogen substituent, and
Rys represents a reactive leaving group.

20. A method for preparing a compound of Formula XI, or racemate, isomer or
pharmaceutically acceptable salt thereof, comprising the step of reacting Formula Il compound
with Lawesson’ s reagent:
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[Formula X1]

R
R \x} N N \LRSG
|
Xo 2 JTR7
R3 X‘3 o RB
R4
[Formulall]

oY
R, Y -
R>. N 5
ZX?‘)\I ~ RG
Ko, ~ /ﬁ\ R7
R3 X‘3 @) RB
R4

wherein, in Formulae 11 and X1,

X1, X, X3, R1, Ry, R3, Ry, Rs, Re, Ry, Rgand Y arethe same as defined in claim 1.

9-2010-00282

21. A method for preparing a compound of Formula XII, or racemate, isomer or

pharmaceutically acceptable salt thereof, comprising the step of amide-bonding Formula 1V

compound with Formula X111 compound in the presence of base:

[Formula X11]
15
R104§ o
RZ\X)\IN R56
Rs/xz.xs/ o e 27
Ry

0._0
>S?
VA Y
[FormulalV]
Ri K
R
RZ\X% AN N\LRE’B
|
Xz < R7
Ry X5 07 R,
R4

whereain, in Formulae 1V, XII and XIII,

X1, X, X3, R1, Ry, R3, Ra, Rs, Re, Ry, Rgand Y arethe same as defined inclaim 1,
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Z represents a reactive leaving group.

22. A method for preparing a compound of Formula XIV, or racemate, isomer or
pharmaceutically acceptable salt thereof, comprising the step of akylating Formula IV
compound with Formula XV compound in the presence of base:

[Formula XIV]

R
+ Rg'| R
Rg 6 | -8
R, \J‘/\Y
Rs

wherein, in Formulae 1V to XV,

X1, X, X3, R1, Ry, R3, Ra, Rs, Re, Ry, Rgand Y arethe same as defined inclaim 1,

Z represents a reactive leaving group, and

each of Rs, Rs, R; and R; may be same or different and is independently selected from the
group consisting of hydrogen; hydroxy; unsubstituted or substituted C,-Cg alkyl; unsubstituted
or substituted C;-Cs haloalkyl; unsubstituted or substituted C;-Cs alkoxy; unsubstituted or
substituted C;-Cs; haloalkoxy; unsubstituted or substituted C,-C; akanoyl; halogen;
unsubstituted or substituted phenyl; cyano; nitro; amino; and carboxylic acid group; or Rs and
Rs together with a carbon atom to which they are attached may form a carbonyl group (C=0) or
thioxo group (C=S), or R; and Rg together with a carbon atom to which they are attached may
form a carbonyl group (C=0) or thioxo group (C=S).

23. A pharmaceutical composition comprising an effective amount of the compound defined in
any one of claims 1 to 17 or racemate, isomer or pharmaceutically acceptable salt thereof as
active ingredient, and pharmaceutically acceptable carrier.

24. The pharmaceutical composition according to claim 23 which is for treatment or
prophylaxis of hyperuricemia, gout disease, nephritis, chronic rend failure,



10
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nephrolithiasis, uremia, urolithiasis, or disease associated with uric acid.

25. The pharmaceutical composition according to claim 24, wherein the gout disease is acute
gouty arthritis, chronic gouty arthritis, tophus or gout nephrosis.

26. The pharmaceutical composition according to claim 24, wherein the disease associated with
uric acid is hyperlipidemia, ischemic heart disease, myocardia infarction, cerebral infarction,
cerebrovascular disease, diabetes or hypertension.

27. The pharmaceutical composition according to clam 23 which is formulated for ora
administration.



