1 DESCRIPTION NOVEL FUSED AMINODIHYDROTHIAZINE DERIVATIVE Technical Field [0001]
The present invention relates to a fused aminodihydrothiazine derivative and pharmaceutical use
thereof. More particularly, the present invention relates to a fused 5 aminodihydrothiazine derivative
which has an amyloid-I13 (hereinafter referred to as A13) protein production inhibitory effect or a
beta-site amyloid-13 precursor protein cleavage enzyme 1 (hereinafter referred to as BACE1 or
beta-secretase) inhibitory effect and is effectivdXortrBaKIA neurodegenerative disease caused by
A13 protein, in particular,MdangiNarHre AMeOAHRPYRUSTSYNGreNe OE K& Aty and to a
pharmaceutical composition comprising the fused 10 aminodihydrothiazine derivative as an active
ingredient. Background Art [0002] Alzheimer's disease is a disease characterized by degeneration and
loss of neurons as well as formation of senile plagues and neurofibrillary tangles. Currently,
Alzheimer-type 15 dementia is treated only with symptomatic treatment using a symptom improving
agent tyﬁﬁ kf)?]alr:‘}ﬂéetylcholinesterase inhibitor, and a fundamental remedy to inhibit progression of
the diseggp@igs not yet been developed. It is necessary to develop a method for controlling the cause
of the onset of pathology in order to create a fundamental remedé{ for Alzheimer-type dementia. 20lt is

assumed that A13-protelRPESTHIREIMES ISy i Bt aragefiardethirens dsHEr¥fHEd to as

APP) arg highlyciipivesinidessnerstios paddassiof e piensmant ansst Rl syaptemsef dementia (see
Non-Patent Documents 3 and 4, for example). A13-proteins have, as main components, A1340

consistinuP2GRYAIRE HEias deravad sy Hifh oA sime B hagwaigrrrdeead imimhPrRECRIB40 and
A1342 arg kpRWH RV RIFaqUeapbility ¢Sea MR- P prEate ot g%ﬁéima@&éagf@émme) and to be

main components of senile’plaques (see Non-Patent Documents 5, 6 and 7, for example). Further, it is
known thaethmatesaefener Ad 331 B Akebih ordpseddsyetasaatidnbirionpriaeicrpdds ehitietiye hestighitigis
observed i ili Izheimer's dis ( -Patent Dq¢ n I o ple).
oordm R e B e P A s pe ddn e
progresslammnkibjtatromgroptingl ktic agantadphainhetutaratygoengesertieomprisingAli8fissgdoduced by

cleai/(gng %ﬁﬁoq)ﬁéz%}%g%g{%%%@&%%g)dlqggtg}éblﬁ%%%aﬁy by gamma-secretase. For this reason,

attempts have e to create gamma-secretase and 5 beta-secretase inhibitors in order to
inhibit A13 production. Already known beta-secretase inhibitors are reported in Patent Documents 1 to
15 and I\ig%f% nyRgpuments 1 and 2 shown below and the like. In particular, Patent Documents 1,
14 and 15 e§0r| es an aminodihydrothiazine derivative and a compound having BACEL1 inhibitory
activity. PO¥I2Art Documents 10 Patent Documents [0003] [Patent Document 1] WO 2007/049532

[Patent Document 2] Uyg, Ratpt Hig. 31?é%%L%’%HBB&%%%H%%%&&?@P5&1‘1&8&7 Z&ﬁoén]%vvo

[Patent Document 4] JP-A-09-067355 [Patent Document 5 293 [Patent Document
04/014848 {rétenf@octnrent Fnik-plaroesand 9o fRutbatyDatgliare nt@Inmal D 28 onc20yPratent

Dosymel SN2 04013 ol DORUEN aCl0 SRR OSBRI RIS BRI AP

2005/097767 [Patent Documeént 12] 2006/041404 [Pate entl 6/0
by an acetylcholinesterase inhibitor, and a fundamental remedy to inhibit progression of the

disease has not yet been developed. It is necessary to develop a method for controlling the
cause of the onset of pathology in order to create a fundamental remedy for Alzheimer-type
dementia.

20 It is assumed that AB-proteins as metabolites of amyloid precursor proteins
(hereinafter referred to as APP) are highly involved in degeneration and loss of neurons and
onset of symptoms of dementia (see Non-Patent Documents 3 and 4, for example). AB-proteins
have, as main components, AB40 consisting of 40 amino acids and AB42 with two amino acids
added at the C-terminal. The AB40 and AB42 are known to have high aggregability (see Non-

25  Patent Document 5, for example) and to be main components of senile plaques (see Non-Patent
Documents 5, 6 and 7, for example). Further, it is known that the AB40 and APB42 are increased
by mutation in APP and presenilin genes which is observed in familial Alzheimer's disease (see

Non-Patent Documents 8, 9 and 10, for example). Accordingly, a compound that reduces



25 [Patent Document 14] WO 2008/133273 [Patent Document 15] WO 2008/133274 Non-Patent
Documents [0004] [Non-Patent Document 1] Journal of Heterocyclic Chemistry, Vol. 14, p. 717-723
(1977) 30 [Non-Patent Document 2] Journal of Organic Chemistry, Vol. 33, p. 3126-3132 (1968)
[Non-Patent Document 3] Klein WL, and seven others; Alzheimer's disease-affected brain: Presence
of oligomeric A13 ligands (ADDLS) suggests a molecular basis for reversible memory 3 loss,
Proceediigdusitivab i Abambiiifdfiseresesds A porzession mhibiori) prpphokrciic geepp for
[Non-PatgpghQﬁg&W :Nitseh RM, and sixteen others, Antibodies against -amyloid slow cognitive
decline in Alzheimer's disease, Neuron, 2003, May 22; 38, p. 547-554. [Non-Patent Document 5]
Jarrett JT, and two othafsisTihedsersdxy tkeaming £8P thie bedastessicics & (Brdtdil Isuaditehsdavandyserding

of amy'ﬂ% 1'}%96%%'78 rapliGatigns for, (g Bﬂg]'ﬂéf‘i'i&%%sb%féﬁﬁér']agé"@@E%éaﬂeégaﬁgﬁﬂ%@éﬁ%sﬁ}’d 1993, 32

(18), p. Non-Patent Document enner GG, one ot eimer’s disease: initial
repord of the-perificaticnhanidocharacderizationbif Afhprelctiebrovdsaula kaowididtpratairiaBiochemical
and biophysjcal research commynicatigns, 1984, May 16 . 8R5-890. 10 [Non-Patent
Documot I R CL i A ORGSR Bl SR o powr
syndrombglBroaee dindsef Natjpmatwegdaeytdd Suimeoes WSA, 40685, dereri®2s(dR), p. 4245-4249.
[Non-Patent Document.8].Gouras GK anéi eleven others,.Intr, nal .A1342 accumulation in human
oraim, ArSOES AL Bt ey e SO S i S R R ctment o
Scheuner D, and 20 others, Secreted amyloid 13-protein similar to that in the senile plaques of
A'Zheimeifﬁso‘ﬁ”/ﬁ% gcis ingggased in vivo by the presenilin 1 and 2 and APP mutations linked to familial
Alzheimer's disease, afure Medicine, 1996, Aug, 2 (8), p. 864- 870. [Non-Patent Document 10]
Forman Missraridofoumanttsers, Differential effects of the swedish 20 mutant amyloid precursor protein on
13-amyl %?ggumulation and secretion in neurons and nonneuronal cells, The Journal of Biological
Chemistcrfy, 7, Dec 19, 272 (51), p. 32247- 32253. Summary of the Invention Problem to be solved
by the InléntonRE005] ] WO 208i1/0#pedLof the present invention is to provide a fused
aminodi iazi dwyvhi Iff ram an aminodihydrothiazine derivative and a
compouﬁﬁ%@rﬁ%&@%ﬁ%n igi'tgrgyeaﬁgtll\\gﬁfygg%eécri ed in Patent Document 1 and which has an A3
productidRatshibRorpmffect bl BAGEL Nehiiylsffect and is useful as a therapeutic agent for a 30
neu&gdegg&gﬁﬁtliy&g}ﬁgﬁsii ?ﬁy&%'%?’% nd typified by Alzheimer-type dementia, and
pharmaceutical use thereof. 4 Means for Solving the Problem

[Patent Document 5] WO 01/087293

Patent Document 6] WO 04/014843
Patent Document 7] JP-A-2004-149429
Patent Document 8] WO 02/96897
Patent Document 9] WO 04/043916
Patent Document 10] WO 2005/058311
Patent Document 11] WO 2005/097767
Patent Document 12] WO 2006/041404
Patent Document 13] WO 2006/041405
Patent Document 14] WO 2008/133273
Patent Document 15] WO 2008/133274
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0004]
Non-Patent Document 1] Journal of Heterocyclic Chemistry, Vol. 14, p. 717-723 (1977)

Non-Patent Document 2] Journal of Organic Chemistry, Vol. 33, p. 3126-3132 (1968)
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Non-Patent Document 3] Klein WL, and seven others, Alzheimer's disease-affected brain:

Presence of oligomeric AP ligands (ADDLs) suggests a molecular basis for reversible memory



[0006] The present invention relates to: [1]JA compound represented by the formula (I): 5 [Formula 1]
R4 R3 or a pharmaceutically acceptable salt thereof, or a solvate thereof, wherein Ring Ais a
C614 aryl group which may have 1 to 3 substituents selected from Substituent Group oc, a 5- to
6-membered heteroaryl group which may have 1 to 3 gubstituents selected from Substituent Group a
or a 9- to 10-membered benzo-fused heterocyclic_grou%lo which may have 1 to 3 substituents

I

selected RomPafsstinehpGiatipnst Academy | ofSgiensg IH BO7E0an RGP AdR, KB G ftherein RL

Is a hydr?%ﬂ-ﬁ&?éﬂt%&&&&ﬁﬂ%lﬁﬁ%@m 'lé}th@%Ye&%&éré?&ﬁ%éf@y§§5§1§@£@§ﬁ?§ﬁ[@@1§# bstituent
Group G), an - NRLCO-C1 6 alkyl group (wherein RL is a hydrogen atom or a C16 alkyl group which

may haveoBRgisesitsdtieiahisldedenesd %%SSLMQWQMQ@?’@W@%ZI\}I&’IEGEHWErein RLisa
hyd rer'}I@%ﬂ@é‘t?n?b%&lﬁfé@ lﬁ"f'ﬁ?f’éﬁ?ﬁﬂmﬁﬁ BAOHRYE Fii0 &M?@Hﬁﬂ%?%ﬁeﬁl?g Hagionybstituent

Group G), a C16 alkylene group which may have 1 to 3 substituents selected from Substituent Group
oc, afC2@ralkenigenégidiop thédhichdimgyolh avey Ipid Brsudssitubnpisalioote@® fibmmBllosinesist Group a or

a C26 alﬁgxgﬁﬁgfg;?gga@/@iﬁt{%%%% ﬂg%%§%q§2%%egg§§gjgg,§ed from Substituent Group oc, Ring

B isa C38cyc group w ave 1to tituents selected 20 from Substituent Group

oc, a C61quﬁ@¢oubwnmhnr@ﬂ199@1 3aadutitednis éélégte@ﬁmiﬁ@a@s'maehmmmp_f ther a 5- to
ég'memkﬁﬁ?ﬁﬁ‘c@t‘?&ﬁr%d %H%rQEQészXYfHﬁ%fﬁ%b&v&l%ﬁi’o%ﬁt‘#ﬁ?%ﬁgi&&%ﬁ%‘f@% BetBpeiRsHtent Group

: ~Xis asingle bond or a C13 alkylene group which may have 1 to 3 substituents selected
from Substienicdrmspasd) eoviisaigmkiA8heMroutdwWiFiRhhay $FEvé910 3 substituents selected

from SUBSHHES AP ARLR ﬁ%ﬁa%'t'é?@&'ﬁ%@ TRUPHIUCH MV BiaYSah dQ & RUBRIIE S selected from

5 Substituent Group oc, IS an oxygen atom, a sulfur atom, a sulfoxide, a sulfone or -NRm-
(wherein/irhégnehdiseogeangtblowa eyndraikgl GrocqedvhistohidgtivaskAcad ansipisheirnes $elected from

SubstitugrRiGrayp %(@??8@’439@@! group which may have 1 to 3 substituents selected from 5
Substituent Group oc, a C16 alkylcarbonyl group which may have 1 to 3 substituents selected from

SubstituéhoGiupd &0 & floarbo i grod plwic ity Mw@m@bﬁlﬁéﬁtamms@l@méd from
Substltu%ql1 ﬁol%‘IBiRFA% éc% Rahl%li SI[%@){J 'a%gﬂ%y,y @‘?n}gx %\ée(ll}t% ii tituents selected from

Substituent Group oc, a arylsulfonyl group“which’may have ubstituents selected from
SubsfituéNoGRaupno Q@ @&id ArdoronprihicndRapthave etodedunybstitfemistcelsicteklfrorhat

Substituent Group a Qr a 5- t -membhbered heterocyclic grou ngcfkma have 1 to 3,substituents
celoctod T SIS Hsheset A BB TR SRS G daicaet o S B A 15 sy
group whidPmayaliaue lintedteubstitis Ak balectadifromeSNastittibhidisioelpl 680 2AD 2Ry paBiodny !

group wig'gamay have 1 to 3 substituents selected from Substituent Group oc, a C614 arylcarbonyl

group
[Non-Patent Document 10] Forman MS, and four others, Differential effects of the swedish

20 mutant amyloid precursor protein on 3-amyloid accumulation and secretion in neurons and
nonneuronal cells, The Journal of Biological Chemistry, 1997, Dec 19, 272 (51), p. 32247-
32253.

Summary of the Invention
Problem to be solved by the Invention
25 [0005]

An object of the present invention is to provide a fused aminodihydrothiazine
compound which differs from an aminodihydrothiazine derivative and a compound having
BACEI inhibitory activity described in Patent Document 1 and which has an A production
inhibitory effect or a BACEI inhibitory effect and is useful as a therapeutic agent for a

30 neurodegenerative disease caused by AP and typified by Alzheimer-type dementia, and

pharmaceutical use thereof.



15 which may have 1 to 3 substituents selected from Substituent Group oc, a C16 alkylsulfonyl group
which may have 1 to 3 substituents selected from Substituent Group oc, a C614 arylsulfonyl group
which may have 1 to 3 substituents selected from Substituent Group oc, a C38 carbocyclic group
which may have 1 to 3 substituents selected from Subgtituent Group a or a 5- to 10- membered
heterocyclic group which may have 1 to 3 substituents selected from Substituent 20 Group oc, and
R3, R4, REapid R abangdbpEslipty a hydrogen atom, a halogen atom, a hydroxy group, a C16 alkyl
group whiglpg)ay have 1 to 3 substituents selected from Substituent Group oc, a C16 alkoxy group
which may have 1 to 3 substituents selected from Substituent Group oc, a 3- to 10-membered
carbocyclic group whichFBEpIsaVE TSR I8sIR&Nts selected from Substituent 25 Group a or a 5- to
10-memipered heterocychisngsonpiwilists snasa svclitendusalpstituents selected from Substituent Group
oc, or R4 and R6 together may form a ring represented by the formula (Il): [Formula 2] R5 6 wherein
Y, Z,R5 itk the same as defined above and Q is an oxygen atom, a methylene group or an
ethylene gro [Substituent Group a: a hydrogen atom, a halogen atom, a hydroxy group, a
nitro group, C%G a g@g .

10-membepgdrfeterocyclic group which may have 1 to 3 substituents selected from Substituent Group
13, Substituent Group ft a halogen atom, a cyanq group, a h gbrox roup and a CI 6 15 alkoxy group
(whereinib ARG GHBLTH S 5B ST SHHO LN S BCNH LSBTy be substituted with 1 to 3
substituents selected fRing & hyd0gamBiogiewp hatigematdnmy el hyd expstitaeiiasudeatadtfeogioup)]; [2]A
compound represented by the formula (1); [Formula 3] R4 R3 20 or a pharmaceutically acceptable

salt theredtPBHUeBhIERERIGe AdT hAdpsmPered hetgrparyl eronewhich Dy its WHich R ISOE 1 to 3
substituepts selecid SgidRstHRY SrRuDaiR1D- 1R RiRRNBERsH hRteraaiiaieup ¥bigh may have

1 to 3 substituents selected from Substituent Group a or a 9- to 10-membered benzo-fuse

hetef®cy®igroiny WieH toad whvetaerisselgpisiiomsSsbrttsatifaipus Ybstituent Group a,

L is a single bond, an oxygen atom, -NR*CO- (wherein R" is a hydrogen atom or
a Cy¢ alkyl group which may have 1 to 3 substituents selected from Substituent Group o), an -
NR“CO-C, ¢ alkyl group (wherein R" is a hydrogen atom or a Cy_ alkyl group which may have 1
to 3 substituents selected from Substituent Group o), -NR“SO,- (wherein R" is a hydrogen atom
15 or a Cy¢ alkyl group which may have 1 to 3 substituents selected from Substituent Group @), a
C alkylene group which may have 1 to 3 substituents selected from Substituent Group o, a Cy¢
alkenylene group which may have 1 to 3 substituents selected from Substituent Group o or a Cy4
alkynylene group which may have 1 to 3 substituents selected from Substituent Group .,
Ring B is a C;_g cycloalkyl group which may have 1 to 3 substituents selected
20 from Substituent Group o, a C¢_14 aryl group which may have 1 to 3 substituents selected from
Substituent Group o or a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group .,
X 1s a single bond or a C,3 alkylene group which may have 1 to 3 substituents
selected from Substituent Group o,
25 Y is a C3 alkylene group which may have 1 to 3 substituents selected from

Substituent Group o or a C,.3 alkenylene group which may have 1 to 3 substituents selected from



25L is a single bond, an oxygen atom, -NRLCO- (wherein RL is a hydrogen atom or a C16 alkyl group
which may have 1 to 3 substituents selected from Substituent Group a), - 7 NRIS02- (wherein RL is a
hydrogen atom or a C16 alkyl group which may have 1 to 3 substituents selected from Substituent
Group G), a C16 alkylene group which may have 1 to 3 substituents selected from Substituent Group
oc, a C26 alkenylene group which may have 1 to 3 substituents selected from Substituent Group ot or
a C26 alkyhylHengfeigyRviich may have 1 to 3 5 substituents selected from Substituent Group oc,

Ring B is a C38 cycloajkyl graup gl mays BRYE Aoid, 3 SHRSUIHE NS ArIGEI6H_NRM_SWRSHIERMGroup

oc, a C614 aryl group which may have 1 to 3 substituents selected from Substituent Group ot or a 5- to

10-mem &%@é&’@f@ﬁ@é&@ﬁb @%&@Wﬁl@f?ﬁﬁ%%ﬂ%@}@%bﬁﬁﬁlé‘{*hi%tgéf@&éﬁ.lﬁ‘é?ﬁ §aBstituent Group
oc, 10X '§u%§ti'ﬂ%ﬁt%%qpp&?a%1% @é’é%%ﬂ?ﬁé?&ﬁa‘%ﬂféﬁ may BAE 143 3 thRiHRNS SeleGiRg,irom

Substituent Group oc, C13 alkylene group which may have 1 to 3 substituents selected
from Bulisittsee Broopiptoorad (C2 dlykemptengd gnaypwhiibhmaghdvavietd 3o@bstibstitisentscsalected

from Substituent Grou ,15Z is oxygen atom, a sulfur,atom, a sulfoxide, a sulfone or -NRm-
(herein B UL TP BLSFOM R e SEETEGA B RIS A B MAHE Selected from
SubstitugpleCitaupoae Satstheyatnaligyogroup Junsis iy e dp 1 8 GLkeliHends sslected from
Substituent Group oc, a C16 alkylcarbonyl group which may have 1 to 3 substituents selected from

SubstitusHPEHBERN Lrelected TP arRBrHBISE GHUP Rinichoraaf HaNEO Yb S U WhiGR e Ba¥eIb dfed from
Substitugq}, AR 0% 18 Cd GBI BRRY @ BHRVRIChdDaY RAVE L iPwh REARLIVEITS Pelested from

Substituent Group oc, a C614 arylsulfonyl group which may have 1'to 3 substituents selected from
SubstituenbGitoemnt ot lec €8 Trparpuipssipentichunay diag 1otdBreeinditad higtaecledgrom Shisttituent

Group ot or a 5- to 10-me red heterocyclic which may have 1 to 3 substituents selected from
Substituént r%)vueg1 é‘},g%\g]i%g‘he 'ﬁ etger(é%%gagﬁ In %pséﬁa%rht:é?g%y% ogen atom, a C16 alkyl group

which may have 1 to 3RubstiRfentscaeletidehératmSylhdiiiienics mop, aoC a6 bikylganidoly ngoup
which may have 1 to 3 substijtuents selected from Substituent Group qc, a C614 arylcarbgnyl group
hich Yo S B R T Gl ato g o BE UG - i D B MO Beou
which may.paed itepS substituantsssriacted o Subuhstvenb i euR 0%, A:ea3Rddydiiswfonyl group
which may have 1 to 3 substituents selected from Substituent Group oc, a C38 carbocyclic group

whid® mavhied/@ay dpses] s dioieidteaniciels sremira e thst Htent Stipue GraaB-ste KdsHEmbered
hetefocygﬁ&gf%&wﬁi&p MY NaYS iR RS tinRRlg ﬁ%&%‘?ﬁﬁf]ﬁ%ﬁ&?ﬁ&uﬁ&%ﬁ %&&&%@ﬁd

R3, R4, R5 and R6 are independently a hydrogen atom, a halogen atom, a hydroxy group, a C16 alkyl
group whishupnahinbwveay ba3 duiostitubnatsusale cddcfrdnrSulistitsigne G Oupip o, a Clsaliboxydroup

which may have, 1 to 3 sybstityents selected from Substitue togrou a 3- 5 to 10-mempbered
Carbocy A WPOLIUNEN P a1 1 5 Se e P R AR e B 1% 2 5. o
10-membeseddredeioyctigaikogip wyhvaii dh ayahaiie €l 1teo3 substituantssskelactefidnoSubdthstiiuent Group
oc, or R4 and R6 together may form a ring represented by the formula (Il): [Formula 4] R5
20 roup o, an
R?, R*, R® and R® are independently a hydrogen atom, a halogen atom, a hydroxy
group, a Cy¢ alkyl group which may have 1 to 3 substituents selected from Substituent Group .,
a Cy¢ alkoxy group which may have 1 to 3 substituents selected from Substituent Group @, a 3-
to 10-membered carbocyclic group which may have 1 to 3 substituents selected from Substituent
25 Group a or a 5- to 10-membered heterocyclic group which may have 1 to 3 substituents selected
from Substituent Group o, or
R* and R® together may form a ring represented by the formula (II):

[Formula 2]
RS

Y (I



R3 10 wherein Y, Z, R5 and R3 are the same as defined above and Q is an oxygen atom, a methylene
group or an ethylene group [Substituent Group oc: a hydrogen atom, a halogen atom, a
hydroxy group, a nitro group, a C16 alkylthio group, a C614 aryl group, a C614 aryloxycarbonyl group,
a C6 14 arylcarbonyl group, a cyano group, a C38 cygoalkoxy group, a C38 cycloalkyl group, a C3 8
15 cycloalkylthio group, a sulfonylamino group (wherein the sulfonylamino group may be substituted
with 1 to ‘Q@T@inaﬁ(% gﬁoa%}? aX2baRERA S (I RReY ARl (Al fF 2260 Bttt dbIdRed from
Substitued §3r 8- Rnledh Aad & @kynY! group which may have 1 to 2 substituents selected from
Substituent Group 13, a carbamoyl group which may be substituted with 1 to 2 C16 alkyl groups, a
C16 alkoxy group whidRFhReit eI P apeitingstsasenciddiogemarhoBub Bidieny Siduh A 8itEPC16
alkyl gro ich-m ]H@%ﬂ? sulpstit cied f 5@4{%' nd a 5- to
10-memt%g?\3%]’ r%letté'ééc{yclic %@ﬁvﬁcgﬁ%@%ﬁ tgg% éﬁ%stituentét%ﬂ SSE%%E%HR,O%m 'h%stituent Group
13, SubstilentbenryLigrauR-Hefogen S, aleyans pakpafigdroty grotisiaatkd elosmiRExasgroup]; 25
[31A compRUndRARIRSERIGS RY S TQHRIR @)bﬁ%%%%@iﬁkh@%ﬁ%lﬁﬁﬁxﬁﬁ@r Gally acceptable

salt thereof, or a solvate thereof, wherein ing A is a C614 aryl group which may have 1to 3

substituetesaiade frdnieSubstitlrt &e8np-ocCa il ksTerhsermBerBi hEtaYdH §roub which may
have 1 1Q 3 sbsHiveris REIFIRASHBIR SURSIMERECIQUR, AhGhd iR QIMambes adveenze,fused
heterocyclic group 5 which may have 1 to 3 substituents selectéd from Substituent Group oc, L is a
single bondsamoxygeleaedrfrom RGO ¢niEreip RLaisathyarphsoetonhioh mayl bealklgroed which
may, have 1t stituents selected.from Substituent Group G), - NRLS02- (wherein RL is
o o B o Sosy R LS it S I e e
Group GlrarClihstikytanGgrqup, witich atigy pave WhicB A0 shbstituenisssbicctedtfrorte Sebftitment

Group o C26 alkenylene group which may have 1 to 3 substituents selected from Supstituent

Groud oA B ot G ST RS 5 LGNS QB TohfBhbstiuen

Group OGubstituenfReBida B p38 WhktlaRYGIsABBWhich may have 1 to 3 substituents selected from

Substituent Group oc, a C614 aryl group which may have 1 to 3 substituents selected from 15

Substituent Group ot oYW MBerdtiietaratsfelie §Yatp SiPieh hhagRaYEw 3nstbStituents

selegied fIQ6R SHBSIHERL EHPHR Okoxy aroulf NG RRACISY T G HAAISY DG iE s hanay
alkyle

have 1 to 3 substituents selected from Substituent Group oc, Y is a C13 ne group which may
have 1 toWsiityéseduiiibs] soldctdep o ciemiedfiem Bruip sioHanc 2 AIRes o grbidramich may
have 1 tq.3,syhataMS sekepigd from Substituent Group oc, Z is an oxygen atom, a sulfur
atom, a sulfoxide, a sulfone or -NRm- (wherein Rm is a hydrogen atom, a C16 alkyl group which may
have 1 td3 substituenty @@Méﬂféﬁﬁ%@ﬁ%ﬂtﬁ?%‘ﬁ%é% C38 cycloalkyl group which may have 1

to 3 substyienis,sglected from
R® R® |:|§1
N
|Z YN\RZ
Y S 0)
R4 RS

20 or a pharmaceutically acceptable salt thereof, or a solvate thereof, wherein

Ring A is a Cg_14 aryl group which may have 1 to 3 substituents selected from
Substituent Group @, a 5- to 6-membered heteroaryl group which may have 1 to 3 substituents
selected from Substituent Group o or a 9- to 10-membered benzo-fused heterocyclic group
which may have 1 to 3 substituents selected from Substituent Group .,
25 L is a single bond, an oxygen atom, -NR*CO- (wherein R" is a hydrogen atom or

a Cy6 alkyl group which may have 1 to 3 substituents selected from Substituent Group o), -



25 Substituent Group oc, a C16 alkylcarbonyl group which may have 1 to 3 substituents selected from
Substituent Group oc, a C614 arylcarbonyl group which may have 1 to 3 substituents 10 selected
from Substituent Group oc, a C16 alkylsulfonyl group which may have 1 to 3 substituents selected
from Substituent Group oc, a C614 arylsulfonyl group which may have 1 to 3 substituents selected
from Substituent Group oc, a C614 aryl group which may have 1 to 3 substituents selected from

SubstitudfR Gfugd HhsFensR tds1vhyEiRgsara@Rae ideye Rk SHRURITEICE Maxhaed 198 3 substituents
selected fraup aLbSUUEALPIIR SRR ANG RIS Q@fa IRGRROIRATY PHIMAFRYERAOMo3 C16

alkyl group which may have 1 to 3 substituents selected from Substituent Group oc, a C16

alkylcarbotbpligronts wl_ﬂmdrfaym aubstitue® ﬁmg_ﬂtg(ent@a@ékﬁtemmrgrsubsth@énn@b@wdce@CG14
arylcarboyl group e ey oy Lip & stibstiuenis electad Iam SUSIUGAL GlouR 06, £ G10

alkylsulfonyi 10 group which may have Substituentsdéle s oup oc, a C614
arylselforybgiaigntyistivtebstdha\8uBstausubsiiipents selected from Substituent Group oc, a C38

carbocyclic group Whicéu.mag.hav 1lto ips sétituents eIEcted rom fubgtit ent Grous%i%or 5- to 10-
membered heterocycli€ Jfotig Which May Aave & 68 R el dHPSHIYS OB SR GEl Group oc,
and 15R&ohds ibstanehRGraty mndeogndantlyakydiggematomye hajaoamatama@ Syeruraiaup, a

C16 alkyl group which may have 1 to 3 substituents selected from Substituent Group oc, a C16 alkoxy

group whithsHRs &Pt 8rstidstrlnReariead ignr slissHermt Bidup vehays 148 f0-membered
carbocycs!'{g)&qmw@é@w&&g\@ug&g&%§%ﬂqﬂts selected from Substituent Group a or a 5- to

10-membered heterocyclic group which may have 1 to 3 substituents selected 20 from Substituent
Grol a [Substtueat et padphydrogalk gdene 2eohRvGEh Merhay hydrokyuhsilipenitro

group, a s%%@t@M&%OS%%HHle%t%ﬁ%ﬂfm group, a C614 aryloxycarbonyl group, a Co 14 arylcarbonyl
group, a cyano group, a C38 cycloalkoxy group, a C38 cycloalkyl group, a C3 8 cycloalkylthio group, a

sulfonylamino group (Whisreinthelkylfoagaminetgebupambyviod 26 Seldstititentsvittediad 20016 alkyl
groups). 8636 Akeau groyp which may fiave 1,0 2 ubatiueris sefected from, Substient Groge 13,

a C26 alkynyl' group which may ents selected from Substituent Group ,ra
carbamoglpsauewitiebumay be substituted with 1 to 2 C16 alkyl groups, a C16 alkoxy group which

may have 1 to 3 substjtuents selected from Subpstituent Group 13, a C16 alkyl p which. may have 1
10 3 Kubstiuents selectels AbSH S A GORIHBUTLS S RISE 6 TAERbAE) HEIEL R group
which may hiedrdgta 3cshstitygniik pelesipdMiirn Supatitent 3 ouls ddicbsbstiteatrteraup ft a
halogen atom, a cyano group, a hydroxy group and a Cl 6 11 alkoxy group]; [4]The compound or

pharmace Uy L CCEPER Stet<atstRErOatK 3 SR EhicErmgy A it P RR s ¢ ! (3P Ebove,
wherein X jgsaimeitwiens araus, whikhiamohave duloydsubsiiyanis selestambimmsubstitent Group

oc; 5 [5]The compound or pharmaceutically acceptable salt thereof, or solvate thereof according to any

one of [1{{@%56%}%3&% 45Ca_n4@xylg“@rbawﬂrgmwk§c‘él o3 bigldrie drobptifisiels may have 1
to 32?}1 bsstétlgg{é?f?gllr? %ﬁ?&ﬂ%@%t%%%ﬁ%&ﬁt&? eﬂgﬁgﬁlfonyl group which may have 1 to 3

substituents selected from Substituent Group @, a Ce 14 arylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group «, a Ce 14 aryl group which may have 1 to 3
substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group which
may have 1 to 3 substituents selected from Substituent Group o),

25 R' and R? are each independently a hydrogen atom, a Cy.¢ alkyl group which may
have 1 to 3 substituents selected from Substituent Group a, a C;_¢ alkylcarbonyl group which
may have 1 to 3 substituents selected from Substituent Group o, a Ce.14 arylcarbonyl
group which may have 1 to 3 substituents selected from Substituent Group o, a C;¢
alkylsulfonyl group which may have 1 to 3 substituents selected from Substituent Group o, a Ce.

30 14 arylsulfonyl group which may have 1 to 3 substituents selected from Substituent Group «, a
C;.g carbocyclic group which may have 1 to 3 substituents selected from Substituent Group o or

a 5- to 10-membered heterocyclic group which may have 1 to 3 substituents selected from



[6] The compound or pharmaceutically acceptable salt thereof, or solvate thereof according to any one
of [1] to [4] above, wherein Z is an oxygen atom and Y is a C23 alkenylene 10 group which may have
1 to 3 substituents selected from Substituent Group oc; [7] The compound or pharmaceutically
acceptable salt thereof, or solvate thereof according t@ any one of [1] to [4] above, wherein Z is a sulfur
atom or a sulfone and Y is a Cl 3 alkylene group which may have 1 to 3 substituents selected from
Substituerbssgptéeroupa). me compound or pharmaceutically acceptable salt thereof, or solvate
thereof 15 according IR arRy'ORe Rt th ARSI Idr 3 NHYife ArdhieIndil Sngdpvgogen

atom or a C16 alkyl group which may have 1 to 3 substituénts selected from Substituent Group oc);

[9] The coiPipurdisrabidreneie ttidellyrasdepable Safttive reoftsoreluligstéone fetisHoaridingup eny one

of [1] to [8]-aboye, wherein the substituents selected from. Substituent Gr, iS drogen gtom, a
nalogen SoHT b DL s Paub s e SRR R BT e
Group 13cor(araxitbatidl gubopyediccireonpyvhioteriatohd gt bstittienbstgetacted] fraed SobsSuent@noup ft
[10] A co&gfpound or % pha{ ace tical(liyhaccegta{)le salt thehr.egf, or %solvlate he{?eof, wherejn th
compound & RESEBa 18m 1R TBREWinG LORMpEURGEP WHICh May RVESL 1 aRRSELEN - ecte
amino-4,ganbgristifabydtaolnp¥aot-thia- 1 -azanaphthalen25
8a-y1)-4-fluorophenyll-5-cyanopyridine-2-carboxamide, 2% N- .
[3-((85*,8aR*)-2-amind-4%4 B, 608 ¢HARS BYeY. Fo5%:2 31 pg sepresented Dy the formula (ID):

azanaphipglenfiaa)l)-4-fluorophenyl1-5-fluoromethoxypyrazine-2-carboxamide, 3) N- [3-
((4aRrR,

8aS*)-2-ami 5-4,4a,5,6-tetrahydro-7-oxa-3-thia-|-azanaphthalen8a-y1)-4-f|uoropheny11-5-difluoromet
hoxypyrazi oxamide, 304) N- [3- ((4aR*,
8aS*)-2-&ming:4,4a,5,6-tetrahydro-7-oxa-3-thia-I-azanaphthalen-
8a-y1)-4-riflupromethoxyfiheny11-5-cyanopyridine-2-carboxamide, 5) N- [3-
((8s*,8aS*)-Z-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthgten8a-y1)-4-trifluoromethoxypheny11-5-chloropyridine-2-carboxamide, 12 6) N-

[3-((4aRt6S*,8aS*)-2-amino-6;methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azan8phtHAiErrek-¢1 RaddoRo e AP senbisppRdirR e b Bdarfecygen atom gmethylene
[3-((4aRt6S B edamine Lomethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyl] -5-cyanopyridine-2-carboxamide, 58) N- .
[3-((4aRt6S*,8aS*)-2-a{§ﬂh8-181?ﬁéfﬁWM%&&H—E@ﬁ"dﬁ%ﬁ‘&?—%ﬁ@é’@-@rﬁ&@a a hydroxy group, a nitro
azanaphthgign-fe:y ind iRy RGN o714 MRV R EARANATIEE, a Co 14 O) N-
[3-((4aRt 64’3‘,1?;;;8*5-62]2-)2#ino- -%ﬁwl—fﬁé},? -%?gh%%i%gxa%é-thia-l- @Ig@p e
azanaph#EieH A} BoNAyD FFAR B - ﬁw@Fdﬁi@aﬂ%aesawalzmé-@mwsewaémup, aCsz 10)
N-[3r§(4aR BRIyl R 2o R NR NSNS PRSERMAr it AN MRHNALS b
1-azanaaﬁghaIen}f8a-y%)-4-Ii‘alluorophe5rr11 11-5-%&6(?’&3nethoxy yrazinﬁgacarboxarglpdgl,ay ) 11) N-
[5-((4aR BRI VB Gm SISty £ 4 FERIGIED may have | to 2
oxa-3-thigrlsagrnaplubalen Ry Siutiiererie ny b 3-€Y2naaifine g CAIRE*AMYd8ve 1 to 2 12) N-
[3-((4aR*,6R*,8aS*)-2-amino-6-methcquymethyl{%{l,!Zfa,5@%%eitzlr%%rﬂ{)i/ﬁ?j%‘%-)171?-p Yitve 1 10
oxa-3-thisshsagmntpielicatehigamy I phsdluons Sheny P - 8-eifforsnonlettoypyrhihenaycaetsokstiticksl 1513) N-

[3-((4aR* 6R* *)+2-amino-6-methoxy - t -7 .

oxa 3 i A0 2 Gy A GRS R M At L RIR IRLVARCT o3 substtyons selected
[3-(@aRfioRr BaSHjwRdrGinot imethoxalind byl whi ) 6detrbdmwedtder3 substituents selected from
oxa-3-thig-1-azanaphthalen-8g-y1)-4-fluorophenyl] -5-fluoromethoxypyrazine-2-carboxamide,

o N R S o R R SR A RO e T 0
oxa-3-thigrsagrnapiidalen fEary $isktiuerehenylp;5-difluoromethoxypyrazine-2-carboxamide,

16) N-[3-((4aS,58,8a8§_‘2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia—1-
azanaphthalen-8a-y 1) AtEHSBhEHONISEe YA HOPSHGHRAID £ aYBBR &R, 2 hydroxy group and a C.6

alkoxy group];
25 [3] A compound represented by the formula (I):

[Formula 5]



17) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyll-5-difluoromethylpyrazine-2-carboxamide, 2518)
N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-y1)-4-fluorophenyll-5-chloropyriding-2-carboxamide, 19) N- [3-((4aS
,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluorophenyl]
-5-trifluoromethylpyxidine-2-carboxamide, 20) N- [3-((4aS
5S,8aS)-2-amino-5-fluere-4,485,6ftetrahydro-7-oxa-3-thia-1- 30

azanaphthalk 1)-4-flusrophenyl] -5-difluoromethoxypyridine-2-carboxamide, 21) N-
[3-((4aS ,5%8 -2-aminQ+5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphtha 1)-4-fluorophenyl] -5-fluoromethoxypyrazine-2-carboxamide, 22) N-
[3-((4aS , 19)-2-amind-g8uoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyl] -S-Biﬂuoromethoxypyrazine-2-carboxamide, 13 23)
N-13-((4aR*,55 S (

8aS*)-2-amiy -§-méthy1-4,4a,5,64etrahydro-7-oxa-34hial-azanaphthalen-8a—y1)-4-f|uoropheny11-5-c

hloropyridir%‘-f‘-carboxamide, 24) N-13-

((4aR* 55¢ Spmith2ravmicaeHy-mredpybi, dahidesrabyd kol vaxeaddbiadazanaphthalen-8a-y1)-4-fluorop
heny11-5-cyanopyridine-2-carboxamide, 525) N-13- )

((4aR* 5S*,8aS*)-2-amHEB At ﬂﬁ*zﬁ%,%r,%wjﬁ%‘?&?)ﬂ{%‘(ﬁ-éh%?a§ubsmuems selected from
1-azanaghihaleriasydipoflugophenydmbereif o h exy Ry ik e ¢ HRRXBId ubstituentd6)
N-13-((4aR*,5R* 8aS* -Z-amino-5-methy1-4,4a,5,6-tetrahydro-7-oxa—3-thial-azanaPhthaIen-8a-y1)-4-fl
uorophef§eete dFr HiHe0d G REPRE; to 10-membezpd benzo-fused heterocyclic group
N-L3(4af AR SARA AIVRRIRINY et e Bl KAt o thiat0
1l-azanaphthalen-8a-y1)-4-fluorophenyl11-5-cyanopyridine-2-carboxamide, 28)

N-13-((4aR* 5R* 8aS*}-2s ansinglGbamethyi ok vize® Botetr NRAE7 oweeRithRi Linz Andpratrainngary 1)-4-f
uorophenyd1-5-difluorometh razine-2-carbgxami .

N1 (a0 T TG elestoe S Spbatcuent GHR e gy -
uoropheNR1SdiflubeczineRiyipyiapinesgacaoboram@ie, 45$03mup3vhich may have 1 to 3

((4as*,5R* 8aS*)-2-amino-b-methoxy-4,4a,5,64etrahydro-7-gxa-34hia- .

L rara g G D R SR e S RIoAa hich magve 1 03
N-136((2RitdaREBasdaamioor SubathehidHaup, tettahydkensiona @dhpathacanaghthalantda-y1)-4-fl
uoropheny11-5-cyanopyridine-2-carboxamide, 32) )
N-13-((2pé*‘?&%ﬁ@}éé@@*%%%ﬂ&ﬁ%@tﬂw@a@, 6-RtRehy el K Y 33 SFup Y hich may have 1 to 3
1-azanaphalarrfasyikldd e s aydtr diflugramethylpyrazine-2-carboxamide, 33)
N-13-((4aR,6R,8aS)-2-amino-6-hydroxymethyl-4,4a,5,6-tetrahydro-7-oxa-3- thia- 1
-azanaphthalen-8a-y1 RimgiBdropheny1dsllet| gropy idid maydippkArtsidesubstituengelected
N-L3-((433 ER iR 2sR IRB oAt i GBI RV O SRR detected from
-azanaphthalen-8a-y1)-4- flugrophenyll- - Cyanopyridine-2- carboxamide, 2535)
N-135(4aRbsBREBaGH)D-aminn 56-1wifl lorembingd htdenby6ie gatwdwdrckoxay have 1 to 3
3-thia-1-azanaphthalen-8a-y1)-4- fluoropheny11-5-cyanopyridine-2-carboxamide, 36)
N-13-((45@%&5@%?@%&%&@-&3&%& Fgﬁ?g{ﬂ%%,%,5,6-tetrahydro-7-oxa3-thia-l-azanaphthalen-8a
-y1)-4- fluoropheny11-X-thifiudngraeihakypy@zingkiieachosapidech may have3l7jo 3 substituents
N-13-((4aR*,6R* 8aS*)-2-amino-6-trifluoromethyl1-4,4a,5,6-tetrahydro-7-oxa30 3- thia-
1-azanaﬁﬁ%?éirﬁr@c‘ﬂy%bﬁt-“fﬁ%%ﬁﬂgﬂﬁl-5-f|uoropyridine-2-carboxamide, 38)
N-13-((4aR*,6R*,8aS*yZsantnQ-AkYifHO @t Mnlich Aapinietrabyrsabétexanstitedcaizapaphthalen-8a

-y1)-4- fluorophenyl1-pyridine-2-carboxamide, . ,
20  Substituent Group o or a C,_3 alkenylene group which may have 1 to 3 substituents selected from

Substituent Group o,

Z is an oxygen atom, a sulfur atom, a sulfoxide, a sulfone or -NRM- (wherein RM
is a hydrogen atom, a C;¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group a, a C3_g cycloalkyl group which may have 1 to 3 substituents selected from

25  Substituent Group @, a C.¢ alkylcarbonyl group which may have 1 to 3 substituents selected

from Substituent Group o, a Cg_j4 arylcarbonyl group which may have 1 to 3 substituents



39)
N-13-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl1-4,4a,5,6-tetrahydro-7-oxa3-thia-1-azanaphthalen-8a
-y1)-4- fluoropheny11-5-fluoromethoxypyrazine-2- carboxamide, 14 40)
N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethy1-4,43,6-tetrahydro-7-oxa3-thia-1-azanaphthalen-8a-
y1)-4-fluorophenylkpyrimidine-4-carboxamide, 41) .

N-[3-((4aRkeeire Bam-fubsitigpt SiAARStontethpikulsaigraliatpamyubiclz Ry daneal 10a¥ anaphthalen-8a-
y1)-4-flu -3.5-difl idine=2- ide, 5 -
(e O FEAE &t Ayapy g which may have 1103
3-thia-1-adbsiapéihadeleddal i) M Sulmtopbenyitdup-aifiucremerh gryygy rdis-2xpahbexdrmde, 43)
N-[3-((4aR*,6R*,8a8%-2-am'no-6-tr'fluorom§r%1l-4 4a,5 -teé[rgh drcg?-o 3-thia-11-.azana hthalen-8a-
y1)-4-fluSHEHB T 9&ﬁ‘TﬂfF8H%§tﬁ B e SR 4H8bamig Zl%f’f{}- ered heterocyclic group whic
[3-((4aR HRy8aS)-2 RMinb&ifluero Netbiel-tda, Subdetiehydioufrexa-3-10
thia-1-azanaphthalen-8a-y1)-4sfluoropheny11-5-cyanopyridine-2-carboxamide, 45) N-
[3-((4aR,6R,8aS)-2-ann8%-Rudrerrsthindopaads islyaydiges i 8- thia-Alky) SHothivihay y 1)-4-
fluorophenyd -g;uamRMidiRGdcRPAMIABS i tudh®XMNoup o, a C,. alkylcarbonyl group which
[3-((4aR,6R,8aS)-2-amino-6-fluoromethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
fluorophéngit haserdfiactonhstiiyfmrishirsioddappoRahsidacn 5aruR-«, a Ce.14 arylcarbonyl group
o R AR AT AN L:A 40,0 o SARVA R BB B 4meaalqn Sy 1) 4

fluoropheny uoromethoxypyrazine-2-carboxamide,
[3-((4aR gRypas)ichamin bab < U osdmetisyilzdntdas bl GtatriachydSobstanand dniayl ecaza@aphihdleht@ady 1)-4-

fluoropheny11-5-difluoromethylpyrazine-2-carboxamide, 9) N- .
(A EEAE BTG S 5 & PRt SHECidianh Spsttuent Group ot a Cas carbocyclic
azanaphthalgnwiack birf; il ocophenyddshredt ey saxedin aurcaibexaRid Group o 0r203- to 10-
N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- )
azanaphtR&RRESE-YatFeeNsdio B g ipaiipifitiine’ sUOsHIB Mgl cted fromeiubstituent
N-[3-((4akyo 8@ aggamino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-y1)- 3-fluQrophenylﬁl-s’,5-dif|uoropyridine-2-carboxamide, 2552)
N-[3L}(4aR*,8aS*)-2-aRinB-4 Raam & Retistipdependspal g ahigdnogen atom, a halogen atom, a hydroxy

azanaph @%‘ﬁéiygﬂ%"ﬂgﬂf%%%&f SaAien esopyliding s RNABMASn SubstituBi? Grou%

QL
N-[3-((4a S*)-26-am|no-4, a,5,6-tetrahydro-7-oxa-3-thia-lazanaphthalen-8a-y1)-4-fluoropheny11-5-
fluoropyridihe-2Hcarh@raumniddiich may havg4)tN3 substituents selected from Substituent Group o, a 3-
h

[3'((43R2§£§;&'§%{%@i§§§€5 g%%%lé%ﬁ%?é%&%%%_ ét\bei(?_%é g(gub tituents. selected frorg%ubstituent

azanaph or e opyridine-Z-carpoxamide,
N-[3-((4aB8p 8 P12 amin d 04 denthbrtdthateydegeliogspdpthilich may have 1 to 3 substituents selected

azanaphthalen-8a-y1)-4-fluoropheny11-5-trifluoromethylpyridine-2-carboxamide, 56
N-[ﬁ?(aa%’%gg%ﬁggmiﬁé%}z&5,6)-/tetrahydro-7-oxa—3y-t$1)i/a-1- :
azanaphthalen-8a-y1) ¢ fhaiaphenyshs srciforomar inyTiciags 2fHBAX IR oxdSeroup, a ik
N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaph&ia¥éh Bay B HDS SFEn gii-s-difd Bt oy razivsyeaibrid migep: 2 Co14 5g)
N-[3-((4akry18a80i- fBﬁ'%Q'&f‘f@@ﬁn@@r?ﬁfﬁ?ﬁ'ﬂ@&c@éfﬁi&ig}@r%p, a Cs_g cycloalkyl group, a Cs.g

azanaphthalen-8a-y1)-4-tfluorophenyfl-5-difluoromethoxypyridine-2-carboxamide, 559)

(-(4aR* Bretaateribee gt SU o iRiBHBpyerR- SRS HHR A pgfonylamino group may be
triflugyomaivitutbdaRib1&Sa-texalyligoinsaathiatkaranaphiphRlasnandamioe 1 o 2

substituents selected from Substituent Group f3, a C, alkynyl group which may have 1 to 2
substituents selected from Substituent Group [, a carbamoyl group which may be substituted
with 1 to 2 Cy6 alkyl groups, a C;.¢ alkoxy group which may have 1 to 3 substituents selected
from Substituent Group B, a C;¢ alkyl group which may have 1 to 3 substituents selected from

30  Substituent Group B and a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group 3,

Substituent Group B: a halogen atom, a cyano group, a hydroxy group and a Cy



60)
(4aR,6R,8aS)-8a-[2-fluoro-5-(2-fluoropyridin-3-yephenyfl-6-fluoromethyl4,4a,5,6,8,8a-hexahydro-7-oxa
-3-thia-1-azanaphthalen-2-ylamine, 61) ()-(4aR*,8aS*)-8a- [2-fluoro-5-
(2-fluoropyridin-3-yepheny1]-4,4a,5,6,8,8a10 hexahydko-7-oxa-3-thia-1-azanaphthalen-2-ylamine,

62)

()-(4aR* BES¥).8EREPA uOro-5-pyrimidin-5-ylpheny1)-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-azanaphth

alen-2-ylamine, Tﬁ@);ompound or pharmaceutically acceptable salt thereof, or solvate thereof
()-(4aR*,8aS*)-8a-[5-(5-chloro {‘)E]/[rldln -3-y1)-2-fluorophenyfl-4,4a, 5 6,8 8ahexahydro -7-oxa-3-thia-1-aza

naphthaldft2dimimany seapN-T5 i kirbaves »hersiiNovaameshyleas sroupovieh nayihpye | to 2

azanaphisleiaBaqy &IAPHSR B XL bsRGYRNGRYIjFine-2-carboxamide, 65)
()-(4aR*,8aR*)-8a-[4-(2-fluoropyridin-3-y1)-thiophen-2-y11-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-aza

naphthalbH-2-ylamine, The comw@mbﬂ@%y@%al{zmép&@qzmﬁ%uerrﬁglwgﬂmyﬂf 6- 20

benzylo &@1@ t 7)
(-N-[7- ()(%f/aR* E;{};lsf’%%} fﬁlﬁler?o F %@%ﬁ:&%&@gg thla-g- R RARTIe, alkylen@

azanap hﬁiial@n“gackllw hayiel ddrb%éh'zﬁ[mlg}éﬁ orbsttedyTans Sapstoptdineup @arboxamide, 68)
N-[3-((4 T’Sas*)'z'amﬂé 8 gfn(a 8?% QMHE%&% aﬁ'a&' tjable salt thereof, or solvate thereof

azanaph halen;8a-y1)-4-fluoro henyfl-5-(2-methoxyethoxy)-pyrazine-2- carboxamide, 2569)
N-[3-((4aReBdHE) 12-amiinocHUH, Bteltfélr«mw@rovhem«a g miaalspxygen atom and Y is a Cy3 alkenylene

aza p I o 70)

N- [3[11 %@@Rﬁga ]I%l %lén%% met‘-%%t{g]11 E%X%‘fg& gfﬁ ro- -oxag azanaphthalen -8a-y1)-4-fl
uoropherﬁ?]].l -2,5- dlmé[hylﬁwapoamhob@hannd@utlcally acce]blz)lﬂb salt thereof or solvate thereof
[3-((4aR*,5R* 8aS mlno 4a 5 efra xa-3-thia30

T azanad o G b R 2 R A NS D ttonc apa Y is a o
N-[3-(§]4adﬂty$®t &aﬁr@ \’&k?chlnmﬁhmhyﬂ}a quﬁ;ﬁwmsad&md?ﬁ@m&umammﬁwaphmalen -8a-y1)-4-fl
uoropheny11-3-piperi amide an

sttt ey (TR LR b R L IR A
rop hényfh@wrthﬂgﬂommee%ﬁmbm(m ulmwl@vhempﬂarmﬁﬁ&ﬁ@alﬁyzhmmplﬁlbie ashttdhwtam a
solvate there A harm tlcal ompositi nsm the aceu ically
ceptatTE S LR S U TR BET AL b G O T SO AR S AP e
ingredieny]5 [12]The phmmﬁpummbe@mﬁﬁtwmaﬂwaémm[éMlabmreoﬁobmmmg}medﬂctmn of
amyloid-13 protein; [13 cal co osition accarding to [11] above for inhibiting
pota-oite BTN BP3UTES] bbie VLT ORI SRR S rRerD AL Ethcal
composiinaaceakding deoasy aoemoh bklden halrmbovs fandi jreaingwhiauingegesdrasise disease;,

and [15] The pharmaceutical composition according to 54 ] above, wherein the neurodegenerative

diseHbe RAIGHERS I G ERBRED S BB FEOUPHIPsHE -6 alkyl group which may have 1 o 3

substituents selected from Substituent Group 3.
[10] A compound or a pharmaceutically acceptable salt thereof, or a solvate thereof, wherein the
compound is selected from the following compounds:
1) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
25  8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
2) N-[3-((8S*,8aR*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
3) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1 -azanaphthalen-
8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,
30 4) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-trifluoromethoxyphenyl]-5-cyanopyridine-2-carboxamide,
5) N-[3-((8S*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-trifluoromethoxyphenyl]-5-chloropyridine-2-carboxamide,



Advantages of the Invention [0007] 15The present invention can provide a compound represented by
the general formula: [Formula 6] R4 R3 wherein Ring A is a C614 aryl group or the like, L is
-NRLCO- or the like (wherein RL is a hydrogen atom or the like), Ring B is a C614 aryl group or the
like, X is a C13 alkylene group or 20 the like, Y is a C{3 alkylene group or the like, Z is an oxygen
atom or the like, R1 and R2 are each independently a hydrogen atom or the like, and R3, R4, R5 and

R6 are independently £HYdrbéARidm! damibdernatsr-grahelitd2on b tsHabyeamveany ddedptable

salt therephrapREAMAIRINSIEI udlop pauad ebyeidresentibwRatifachas an A13 production
inhibitory effect or a BACEL inhibitory effect and is useful as a therapeutic agent for a

neurodegenerative diséaSel 3% GBS by adi 3-Aridsifetl e YA HisimBrieyist xibmémia- 31thifidde for

Carrying guhiRdRYaNSar [RA08lorophenyVeapiagsRIRDDIS isRARANd the like used in the present
specification will be explained and thegoresent Invention will be described in detail below. 5 [0009]

In the present specificatiOh T $HR TR Al B urd ST MPIURG-thas preEantdaccérbait istitel for

conveniefGaapMeMER 1) PreReRbINaTion inalusemathigpirisandispmaniaxtures such as
geometric isomers which can be aenerated from the structure of a compound, optical isomers based

on asymmetric carbon? 5RrebiEHRErEHntA U ABIECOTHE Y B Yré stint Ml Fitilie dutiimittad the

descriptigpaghghatieaisal joymyladepaenygianfa Rk siHgmanyansritiigdsomers or mixtures
thereof. Accordingly, the compound of the present invention may have an asymmetric carbon atom in

the molecule and exist!2% NH stk QT iiaXaripuig Srnsteridide Ay tate byd@sArasdehtin
includes eaghnapHagiRptisally)actie cpRasung-andrieLacematavithouhisoiatians. Although crystal
polymorphs of the 15 compound may be present, the compound is similarly not limited thereto and

may be present as a sifig| é@&%ﬁ’ﬁﬁoﬁ%ﬁ& FOBshgIE RASEFBYRE RS HBERY fay be an
anhydridgxarathydiaieadpyiabbiese-faymsisonghesd|is hechpinsabibe presentigeecification.

12) N-[3-((4aR*,6R*,8aS*)-2-amino-6-methoxymethyl-4,4a,5,6-tetrahydro-7-
oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
15 13) N-[3-((4aR*,6R*,8aS*)-2-amino-6-methoxymethyl-4,4a,5,6-tetrahydro-7-
oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
14) N-[3-((4aR*,6R*,8aS*)-2-amino-6-methoxymethyl-4,4a,5,6-tetrahydro-7-
oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
15) N-[3-((4aR*,6R*,8aS*)-2-amino-6-methoxymethyl-4,4a,5,6-tetrahydro-7-
20 oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,
16) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
17) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
25 18) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
19) N-[3-((4a8S,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
20) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1-
30 azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyridine-2-carboxamide,
21) N-[3-((4a8S,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
22) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1-

azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,



[0010] The "halogen atom" herein refers to a fluorine atom, a chlorine atom, a bromine 20 atom, an
iodine atom or the like and is preferably a fluorine atom or a chlorine atom. [0011] The "C16
alkyl group" refers to an alkyl group having 1 to 6 carbon atoms. Preferable examples of the group
include linear or branched alkyl groups such as a metfyyl group, an ethyl group, an n-propyl group, an

isopropy! group, an n-butyl group, an isobutyl group, a t- 25 butyl group, an n-pentyl group, an
isopentyl group, a neoBsN AR &R HER)VgTURINE LAY bABpY GO YA 2emet§ipropy
group, a {L-gHnApRARMERTQUD a4 M Eprm RHIVHISHM SR 2 ktkhkidemethylpropyl group, a
1,1,2-trimethylpropyl gro | group, a 1,1-dimethylbutyl group, a

L);R,ka 1- megkh%/lb*ut I group, a 2-methylbut

22 dimethylbuiyl groupt BN ISHABRIT 970t & 2 SRACHI B HauHe AL AP NS Fghbip and a
3-30 meI%H@A’#MHQﬂ@H@Jﬁ?QM&%KB@mE@%&@?}’rﬁﬂﬁ@ﬁ%hﬂi@kﬁhﬂé,ethw group or an npropyl
group. [0012] T |(?FOU£" refers to an al| egl group having 2 to 6 carbon atoms.

e "C26 alken )
Prefetable examples oﬁhg‘d% faRcade-fadar orpraschar Dxbivtapsupdrabydrad 2%t group,

an allyl gropfanaphtRARRESYWIF AR SR PBRRVPPS NI RURcthdxRHIeRz Incl 0k e xamdyten2-y 1 group, a
1-buten-3-y1 group, a 2-buten- 1-y1ﬂ9rouﬂp ang a 2-buten-2-y1 grou%)gms] The "C26 alkynyl group”
refers to an alkynyl gradp Nakir§aRo-8Rcafion actine prafdhibit ﬁr&&r%@még%a% fide

linear or pranghprtialleMyghgyoUPs seiepRs M- S1EYIRY By Ade1cRrORY Ml @ oup, a 2-propynyl group, a
butynyl group, a penty?giﬁ]roup and a heﬁgﬁlkgroup: [0014] The "C16 alkoxy group" refers to an alkyl

group having 1 to 6 ca AR RVAIRR drsydrogenctighitidrefidesaden s en titom.
Examoples-gf tha BriedeniselydeametbppongrPoRyaRdp e & DURbaRAMRIOPOXY group, an isopropoxy

group, an n-butoxy group, an isobutoxy group, a sec-butoxy group, a t-butoxy group, an n-pentoxy
Group. an iSopentoxy GrU: 4 SERTBeritoxy bl AU B ot A2 arPHNBRSRY gt Anfbhexoxy

group, a L.Zdipetyireacdy-groudropheSHyHdomes BEAkEx v raRRie p-Zn®dRApiIoXy group, a

1-ethyl-2- 15 methylpraﬁog roup. a1 1>é2-trir>pethylpropoxy roup, a 1,1-dimethylbutoxy group, a 2,2-
dimethylbutoxy group, & 225 fﬁtﬂgxysgroﬁﬁs AT 3RIRe AR, ol A s E Y 98 AtsH) §roup, a
3-methylpentexygroun Bady®) Rerytarspigied p-slaahelrdhe tHy ih alkykhiocgreskiniafers to an alkyl group
havin?g 1 to 6 carbon atoms in 20 which one hydrogen atg;m 5 replac%cirgbé a sulfur atom. Examples of

the gPoup include a m Rig Bt A dthyithio YR ZH SRV st Sty B group,
an nbutyithigagrpHhatsn isaBuAtHiecgsphen A [t ikbiey eidhe-2acib@eniyiiio group, an isopentylthio

group. & neopentylthio g oy R, A Y P A 2 R AT SRS 0B 7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
32) N-[3-((2R*,4aR*,8aS*)-2-amino-4-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
20 1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
33) N-[3-((4aR,6R,8aS)-2-amino-6-hydroxymethyl-4,4a,5,6-tetrahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
34) N-[3-((4aR,6R,8aS)-2-amino-6-hydroxymethyl-4,4a,5,6-tetrahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
25 35) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
36) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,
37) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
30 3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide,
38) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-pyridine-2-carboxamide,
39) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-

3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,



25 [0016] The "C16 alkylsulfonyl group" refers to an alkyl group having 1 to 6 carbon atoms in which
one hydrogen atom is replaced by a sulfonyl group. Examples of the group include a methylsulfonyl
group, an ethylsulfonyl group, an n-propylsulfonyl group, an isopropylsulfonyl group, an n-butylsulfonyl
group, an isobutylsulfonyl group, a t-butylsulfonyl 30 group, an n-pentylsulfonyl group, an

isopentylsulfonyl group, a neopent Isulfongl gg{on%p, an nhexylsulfonyl group and a
o gy

1-methylpropylsulfony P31 a " a8 ‘ghdup) mckirie uh-HHdigromsipy ltstopibrighghodrafie s

butyryl gmua [P@3&laphthafeRayH I AUR IR IR AR RMRLE- AydReatRRN ring group having 6 to 14
carbon atoms. Examples of theéquroug include a phenyl group, a naphth;l{l roup and an 5 anthryl
4k e

group. A phenyl groupd$)g8rts prBfefisie- @?Q}Wﬁér"@ﬁ%fw Qs gross

having 73ankg farhenH@NsIRNVHIEh 2R GPRatA 108 -GhoAsy3RNaay-siasix ahaiiaphthyl group is
substituted with a C1-6 alkyl d?érgug. Exam Lgs of the group include a benzyl group, %%henethyl
group, a phenylpropyl $#60bl2d @al atiaphtny ietiingrSds N Bemah gt pastialshy -pretérable.
[0020] Theh{abil4andennedRIAVI9PYRIOFS ks {9) 2 AITHR IBUIR FRReMEL is hansieshtaan aromatic
ring phenol having 6 to 14 carbon atoms. Preferable exam%[es of thegﬁroup include a

phenyloxycarbony! groti, ¥ AR ISE bty ¢rathe - ndi QHosprpriske ckrBdhirtiaf ¥ eg: oe-

phenyloxy¢arbonylapuhisemste prefarabiepieRdt]s-difluordiiethtigd rareartainyb gupige, refers to a
group in which a carbo% rou& is bonded to an aromatic ring having 6 to 14 carbon atoms. Preferable
U

examples of the group’ifitiide 5 HhoByd G dararacatrilpreBs ifotd 2R Baryaly Yivdpimore

prefesablgi20-HarZIhthalen-Shhg ) CHrhapaeionys-gkauppyatarns 12 eatoxihiniyvhich a sulfonyl group is
bonded to an aromatic rin%havin 6 to 14 carbon atoms. Preferable examples of the %roup include a
{

hil A HEBRE RO B0 oa BerYeRES by P dbBARYHré Bréferable. 25

benzenesulfonyl group4§

[0023]  thia-1-AhmafliBtaeiRalyl granopatend 1o ayelsyal iin groeatimvingdd,to 8 carbon atoms.
Preferable examples of the group include a cg/clopropgl roup, a Cécélobutyl roup, a cyclopentyl group,
ks o

a cyclohexyl group, a &eIDREbET YRSty Sivd -4 2R RIUYSRs o2 4]2.-0-Tetrahydro-7-0xa-3-

thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
15 47) N-[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
48) N-[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
49) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
20 azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
50) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-bromopyridine-2-carboxamide,
51) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-difluoropyridine-2-carboxamide,
25 52) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dichloropyridine-2-carboxamide,
53) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide,
54) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
30 azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dibromopyridine-2-carboxamide,
55) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
56) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyridine-2-carboxamide,



30The "C38 cycloalkoxy group” refers to a cyclic alkyl group having 3 to 8 carbon atoms in which one
hydrogen atom is replaced by an oxygen atom. Examples of the group include a cyclopropoxy group, a
cyclobutoxy group, a cyclopentoxy group, a cyclohexoxy group, a cycloheptyloxy group and a
cyclooctyloxy group. [0025] 20 The "C38 cyclpallcylthio group” refers to a cyclic alkyl group
having 3 to 8 carbon atoms in which one hydrogen atom is replaced by a sulfur atom. Examples of the

group include a cycloprdpPithiolgidfip 8aSe) oty Rifletard e hakydish ¥ arRidhizolup, a cyclohexylthio
group, a%%ﬁﬁ@y&mgagygupM@pﬁyﬂ@}zstnhmﬁﬁﬁ%?{ﬁ)BQQﬁﬁkléh@a'r'éo;&%%:nembered
i

heterocyclic group" refers to a hetergkatorpk-containin cyclic group having 5 to 10 members in total.
Preferable examples otth&diotifaRcigdae é‘%iﬁ’é‘l*i‘b‘?h%l“@r% peHPYREdiNgtdtiR-an azepinyl group,

an azocapyhapatléh RS NYh S RnF1 |-3t-Hidesioathex9ppridiRRorRAGKEVAEIgsIP, a thiomorpholinyl
group, a pyrrolyl group, 10 an imidazoLé/I group, agyrazolyl roup, a pyridinyl group, a pyridazinyl
group, a pyrimidinyl gré®ip{fa-AARZ it gPadp)-&anliaZBIgrepiy faesemmidigréinhPheattifolyl group, an

iSQXQZ0Ixtigrlﬂsfenéﬁl?m,z@}ﬂ,g,rsw&hesaa%afua?-%yagﬁ%e; ARISRINAZAbA- 9ok gdhiazolyl group, a
thiadiazolyl group, a furyl group, a thienyl'group, a quinolinyl group, an isoquinolinyl group, a
benzofuryl group, a beRbOpRAR 18U NS A4 A GRBNR GeHBhNE B UG -

benzisothiaz ) GEakRe A JRASHNYLIrouRa AN dsaingRlYL SR aromanyl group, an isochromany|
group, a 1,3-dioxaindanyl group, a 1,4-dioxatetralinyl group, a tetrahydrofuranyl group and a

tetrahydropyranyl groupl)[0D2ARAS 28153 6-rdprerod Brdtapsenyrigiovhy heteyld #k:56 8a-
10-m@ml?lg;(%g}gfpoh¢_tg£gp§{ﬁlfﬁ 9roup Wit Qé’ﬁ__g_ Eg%ggg}om-containing aromatic cyclic group having 5

to 6 members’in total. Examples of the group include a pyrrolyl group, an imidazolyl group, a pyrazolyl
group, a pyridinyl group2 )Pyt rb 8, (2-Pyaraidimyrigeelip; aypyhaniiyidgten. 8. 8dazolyl group, a
triazinyl grou tetrazolyl group, an isexazolyLgroup, an oxazolyl group, an oxadiazolyl group, an
isothiazo%lxsggﬁif g ﬁﬁgz%o@ll%ﬂga%}nﬁﬁ% %ggl I%I}%B%, a furyl group 25 and a thienyl group. [0028]
The "9- to 10-memberéad)lenztdaRrisddSiot8agdyClicigaoupynidiers-1d)tadTimropidryhdmboréd,8a-

heterocyglic group”-which,ig a heteroatom-containing.cyclic group having 9 to 10 members in total
fused with a g(#zgé%éoﬁ%%f %lr%':‘le'raazﬁlféa%?@fﬁ%ﬁléggf{ﬁle%’roup include an 30 indolinyl group, an

isoindolinyl group, a clirpma A grdip Sasisaehronoahithgr.6epirahly Bodiexairttdniyl group and a
1’4-diOxaé[zeatrq%gﬂﬁlaqgg%—;?)Ql%%]phenﬁ—yl]—5—cyanopyridine—2—carb0xamide,
65) (£)-(4aR*,8aR*)-8a-[4-(2-fluoropyridin-3-yl)-thiophen-2-yl]-4,4a,5,6,8,8a-
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine,
66) (4aR,6R,8aS)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-6-
20 benzyloxymethyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine,
67) (£)-N-[7-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-2,2-difluorobenzol 1,3]dioxol-5-yl]-5-cyanopyridine-2-carboxamide,
68) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-(2-methoxyethoxy)-pyrazine-2-carboxamide,
25 69) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-2-methylthiazole-4-carboxamide,
70) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-2,5-dimethylfuran-3-carboxamide,
71) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
30 l-azanaphthalen-8a-yl)-4-fluorophenyl]-4-methyl-[1,2,3]thiadiazole-5-carboxamide,
72) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-3-piperidin-1-ylpropionamide and
73) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-2-methyloxazole-4-carboxamide,



21 cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group,
a spiro[3.4]octanyl group, a decanyl group, an indanyl group, a 1-acenaphthenyl group, a
cyclopentacyclooctenyl group, a benzocyclooctenyl group, an indenyl group, a tetrahydronaphthyl
group, a 6,7,8,9-tetrahydro-5H-benzocyclohepteny! gigup and a 1,4- 5 dihydronaphthalenyl group.
[0030] The "C16 alkylene group" refers to a divalent group derived by excluding any one
hydrogeatdihaiBaceRdoaty aeorpiohie splt dewefirirapbiée BessAbles of the group include a
methyleng group, a 1,%@Mlﬁﬁ@egfi%upeé}r%ésﬁﬂw@&ﬁpﬂf%g¢1?e%&fﬂf&9id%ﬂz;wﬁﬂﬁbe%é&lly

tetramethylene group, a pentamethylene group and a hexamethylene group. (0031] The "C26
alkenyleRE§PéERRe patercrsol (v andvte fBETs AetrsQE B AR 8hY 1dhe HPdhGeR atemartis the
"C26 alkempraraup” as defined above. Examples of the group include a 1,2-vinylene group
(ethenylene group), a propenylene group, a butenylene group, a 15 pentenylene group and a
hexeRyldrélgroup. [oo%b? PiEmacy Lng) cyBResYIBAC R A il ahene SPo iR iRiHU&d by excluding
any one Mwﬁﬁ %MHMQIH-B‘?{{)@%Q alkynyl group" as defined above. Examples of the group include
an ethynylene group, a propynylene group, a butynylene group, a pentynylene group and 20 a
hexynyleﬁé]group. [0038¢ pharmaqeytpabregprmdorrs kg el dtdapovadRide e briAsioup, an
ethyle”ezgﬁ%{ﬁcﬁ-‘ﬁ%&&IRBYE'B%E{Q%AQQ%@%%E%?@R@EBf, the "C23 alkynylene group" include an
ethynylene group and a propynylene group. [0035] EXxamples of the sulfonylamino group which
may be diBstituted withhe OB raikgrgeolipompheitisnltsagidmnt grougnevathétéineHé Hufenygléenino
groyp m%gﬁlglﬁ%mgggg@ﬂg;a@i%)d%%gsgjw(group)" include a methylsulfonylmethylamino group, an
ethylsulfonylmé&thylamino group and an ethylsulfonylethylamino group. [0036] 22 C614 arylcarbonyl
group, aldydno group, BheBBagiraertikesd,cgropgsiaon 3gceydinalieyl by va.cdereyicioalkylthio group, a

S“'fony'%E@H}B&'%%Q&WO@EE%@J&%?M%ME@ OIRUR R PP SHREIRL WL 1 to 2 C16 alkyl
groups), a C26 alkenyl group which may have™1 to 2

Advantages of the Invention

[0007]
15 The present invention can provide a compound represented by the general
formula:
[Formula 6]
R5 R6 R1
|
N
Z Y N > R2
|
Y S (1)
R4 R3

wherein Ring A is a Cg_14 aryl group or the like, L is -NR"CO- or the like (wherein R" is a
hydrogen atom or the like), Ring B is a Ce_14 aryl group or the like, X is a C;_3 alkylene group or
20 the like, Y is a C.3 alkylene group or the like, Z is an oxygen atom or the like, R! and R? are
each independently a hydrogen atom or the like, and R?, R*, R” and R® are independently a
hydrogen atom, a halogen atom or the like, or a pharmaceutically acceptable salt thereof, or a
solvate thereof. The compound of the present invention has an AP production inhibitory effect
or a BACEI inhibitory effect and is useful as a therapeutic agent for a neurodegenerative disease

25 caused by AP and typified by Alzheimer-type dementia.



substituents selected from Substituent Group 3, a C26 alkynyl group which may have 1to 2 5
substituents selected from Substituent Group 3, a carbamoyl group which may be substituted with 1 to
2 C16 alkyl groups, a C16 alkoxy group which may have 1 to 3 substituents selected from Substituent
Group 13, a C16 alkyl group which may have 1 to 3 syjpstituents selected from Substituent Group 13
and a 5- to 10-membered heterocyclic group which may have 1 to 3 substituents selected from
SubstitudPgsr BRI RIG 16037 fPSIYSHRht Group V refers to a halogen atom, a cyano group, a
hydroxy giggg and a C16 alkoxy group (wherein the alkoxy group may be substituted with a phenyl
group which may be substituted with 1 to 3 substituents selected from a hydrogen atom, a halogen

atom, a hydroxy groupMFrAHird Yratp)s- ferTobat] the like yyqd iy dbeiRimmmbansyiisttiazindlderivative

of the forgmplaitbdaatPiingdethenPEaESAtIINRLIRAMBYING dcRlippaIaseutically acceptable salt.
Specific examﬁles of the pharmaceutically acceptable salt include inorganic acid salts (such as

sulfafes, e s, perchlorates, phosphates, carbonates, bicarbonates, hydrofluorides, hydrochlorides,
20 hydrobromides andihygkgirdigespeergatiocar beuviatesiishtias aceiafRunaxalaiespalaates,

tartrates, fumarates and citrates), organic sulfonates (such as methanesulfonates,

trifluorontSTHAREQMBHXECOBFAARS IfoHARS BelledietantdnLtatobie Hes b At rigd

camphorgdiienatesiuRENRehasid e USRS asRAALeS BN sed it aie ) (B ateary sinine salts,
alkali metal salts (such as sodium salts and potassium salts) and alkali earth metal salts (such as 25

magnesiGeIHEL AR EALISHNELIRYSH @B s ymmetrigcarhall e RiRom RS thiaY AR derivatie of the

formula (hQephaimacauiicadlylasrepishie sidhnienibaecardingdadhanieserbivgntior may be a
solvate thereof. Examples of the solvate include a hydrate. 30The compound (1) is not limited to a

specific EEEIHHE FRYUIECANGISBIESSHMBIEUT RS a KOKERIAN &Y CAMRRHAE- Urilifnine

isomer, pHAstETRRIBAoNEH A eRtigalisames a0 ¢ ateianymh)iansk racrmake sn drexiexamplepthally
compound (I) wherein R1 is hydrogen includes the following tautomers. [Formula 7] 23 h

7] . The
fused anfiHOH I BN e M RAh S BSPIE ARG I PP HEBIRSHE SOt BFBE APHERRTHIE preferably
a compouhie guie JdThé aadgmaereifodtis @i medthylenglgiouth whishlpaly avshd 60 dsubstituents
selected from Substituent Group a, 5The fuse ,aminodihydrobhiazi e derivative of the formula (1)

accrdinG B RAESBER RS RS nhe SRUBPSHEYL PRSP HABRRSS HB%%] ERETFERATAETY RhBRSZAs hn
oxygen aipileangstaigae b3 alkane greingwbighumnayrmave THocdsipbstitsaisteelacteshrage or

Substituent Group a; or Z js a sulfur atom qr a sulfone and Y is a C13 alkylene group which may have
- substitd R S O ESIBLATE: (SrotiEd 1 her R 8T ARG RAFHAHE Herivative of the

formula (Ip@rording to the present invention is further preferably a compound of the formula (1),

wherein L is -NW-CO(ym%r,EiﬁrJ]BRL is a hydrogen atom or %Cm alkyl group which may have 1 to 3
substituents selected O GBS AT ASTEIAS 6049 SETARS AR LR S BT
invezvionibaluae ithidoHawing denmikewndss preferably a fluorine atom or a chlorine atom.

[0011]
The "C; alkyl group" refers to an alkyl group having 1 to 6 carbon atoms.
Preferable examples of the group include linear or branched alkyl groups such as a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a t-
25  butyl group, an n-pentyl group, an isopentyl group, a neopentyl group, an n-hexyl group, a 1-
methylpropyl group, an 1,2-dimethylpropyl group, a 1-ethylpropyl group, a 1-methyl-2-
ethylpropyl group, a 1-ethyl-2-methylpropyl group, a 1,1,2-trimethylpropyl group, a 1-
methylbutyl group, a 2-methylbutyl group, a 1,1-dimethylbutyl group, a 2,2-dimethylbutyl
group, a 2-ethylbutyl group, a 1,3-dimethylbutyl group, a 2-methylpentyl group and a 3-
30 methylpentyl group. The group is more preferably a methyl group, an ethyl group or an n-
propyl group.
[0012]
The "C,.6 alkenyl group" refers to an alkenyl group having 2 to 6 carbon atoms.

Preferable examples of the group include linear or branched alkenyl groups such as a vinyl



1)
N-[3-((4aRt8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-l-azanaphthalen8a-y1)-4-fluoropheny11-5-
cyanopyridine-2-carboxamide, 2)
N-[3-((8S*,8aR*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-34hia-l-azanaphthalen8a-y1)-4-fluoropheny11-5-fl
uoromethoxypyrazine-2-carboxamide, 203) .

N-[3-((4aReBRSM)- OUNhaHID, 2d BORENUEFAHD- AR WA QRBhinkes- 1-y1 group, a I-buten-
8a-y1)-44lyprephieny L bwdiilorerag) 9@45)&(@&“1‘%7&9@59%@"& iol®uten-2-yl4roup.
N-[3-((4aRt8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-I-azanaphthalen8a-y1)-4-trifluoromethoxyp
henyll-ioéyéﬁopyridine-2-carboxamide, 5) N-

[3-((8S*,8aS*)-2-aminarre4d D, brflef AN esap -R¥er3rdia-Aia#3N2RIPABARS 2 to 6 carbon atoms.
8a-y1l)-4-trifluoromethoxypheny11-5-chloropyridine-2-carboxamide, 6)

N-[3-P(4aE6%2 e S upRifminblecrarawR }ﬁ.’fa@,@%éﬁahm%@%xeyﬂfﬁaemhﬁm%eveﬁﬁhgam)-zl-ﬂuo
rophenyLioapRlaraRypigiPes o6 R2XAMBIHRY] group, £)butynyl group, a pentynyl group and a hexynyl
N-[3-((4aRt6S*,8aS*)-2-amino-6-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- 24
azanaphfi8Y¥¥h-8a-y1)-4-fluoropheny11-5-cyanopyridine-2-carboxamide, 8)
N-[3-((4qBta%3T,8aS*)-2-amino-6-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-lazanaphthalen-8a-y1)-4-fluo
ropheny11-5-trifluoromethylpyridine-2-carboxamide, 9) N- . .
[3-((4aRt6S*,8aS*)-2-aMind-GaARPRA AWR S REARREOA 8ieii hpying 1o 6 carbon atoms in
az%m?(phtﬂatggo%@waré}gﬁwt@ﬁhﬁwéﬂa&zﬂﬁgumwyagbﬂwmrazm@am%wmaﬁm include}0)
N-[3-((4aR*,6S *, .

8aS*)-2- RO S -FitRy 124 DL AU P PR, SARHR1 2875 RISRINAI SFBB- P12 2LHERS Y BFRERY 11-5-1
uorometh@xyshiasinerd AP eA@BtRy group, dldbutoxy group, an n-pentoxy group, an isopentoxy
N-[3-((4aR*,6R*,8aS*)-2-amino-6-methoxymethy1-4,4a,5,6-tetrahydro-7-

oxa-3-thig U B7A AEG RTHAIEN FQYP 2 AR ARV R 198 Ry OBy relie: A SRem e 4By ) -2
N-[3-((4akhbB318apoxs-amip0 62 reeiprypoeihybub4a, bd@Rbydrgifropoxy group, a 1-ethyl-2-
oxa-3-thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethylpyrazine-2-carboxamide,

13) 3 RABAP B BE4: i S SASRARERY £73Pa 5 6 AP AIRUGRXY 20U, 2.0
oxa-3-thigirhetiz@Bapixhalenp3a-yerifuesepheny k- 3;Shipnepynbinex 2 -eaignx@migehylpentoxy 14) N-
[3-((4aR*,6R*,8ar’1;‘* -2-amino-6-methoxymethy1-4,4a,5,64etrahydro-7- 15

oxa-3-thigd™1"Bz% ééﬁ%%eﬁl-@éyyﬁﬁgﬂpf%@réﬁéﬁm-%fﬂHBmmethoxypyrazine-2-carboxamide,

15) N-[3{@daR*,6R*,8aS*)-2-amino-6-methoxymethy1-4,4a,5,6-tetrahydro-7-
oxa-3-thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-difluoromethoxypyrazine-2-carboxamide,

16) N-[3-((4aS,5S,8aS)- -a%lnﬁgi@ﬁl{]?b?&r&‘iﬁ,é‘%?{%f?aﬁ% g&%‘-’ﬁ%%gl- (56 Carbon acoms in
azanaphthialsnedaysldrdstiu erophis iy ptac ey diyapyidinatdncar itxampide o2 hk/group include a
N-[3-((4aS,5S,8aS)-2-amino- -fiﬁgo-4,4a,5,6-tetrah ro-7-oxa-3-thia-1- .

azanaphfRaieH B F194P-ritlor Bk %-@Pé’uﬂﬂb%ﬂ’i%ﬂg(/ I SLTHB: IS ARERBHITNG, sroup. am
N-[3-((4a58iBag)e2mmiriccbiyioit:4daR, o ttetrayserdogxandrilpentylthio group, an

s BB G A S men SN 4

azanaphghaign-8a-y1)-4-fluoropheny11-5-trifluoromethylpyridine-2-carboxamide, 20)
N-[32- (48@@% 8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethoxypyridine-2-carboxamide, 21)

N-[3-((4aS,5S,8aS)-2-aimin 5 filloncudidayb fietejt afeyelkowy anxak3dthiaup-having 1 to 6 carbon
AZan A R N T R U RS B VRN FBZIN S 32 PR AMITE: of the group
include a methylsulfonyl group, an ethylsulfonyl group, an n-propylsulfonyl group, an
1sopropylsulfonyl group, an n-butylsulfonyl group, an isobutylsulfonyl group, a t-butylsulfonyl
30 group, an n-pentylsulfonyl group, an isopentylsulfonyl group, a neopentylsulfonyl group, an n-
hexylsulfonyl group and a 1-methylpropylsulfonyl group.
[0017]
The "C;.6 alkylcarbonyl group" refers to an alkyl group having 1 to 6 carbon

atoms in which one hydrogen atom is replaced by a carbonyl group. Preferable examples of the



3022) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethoxypyrazine-2-carboxamide, 23)
N-[3-((4aR*,55* 8aS*)-2-amino-5-methyl1-4,4a,5,6-tetrahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fl
uorophenyl1-5-chloropyridine-2-carboxamide, 194)

N-[3-((4aR*,55*,8aS*)-2-amino-5-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia- 25
1-azanahtNRIHIgEe AN AFHYbEPHR YRS YA SERRIANIE DI FRbZE e, 25) N-[3-((4aR* 5S *
, 0018
8aS*)-2-z[aminc}-5-meth 1-4,4a,5,64etrahydro-7-oxa-34hial-azanaphthalen-8a-y1)-4-fluoropheny11-5-d
ifluoromethoxypyrazind? _Cgmé)@éyh%t@}lp refers toig)ap;pmatlc hydrocarbon ring ‘group having 6 to
[3-((4aR*.3R3BaS AlotaminRp1ekit. 4 apddetialYdsRed yX%R0afiNidRiphthyl group and an
1-azanaphthalen-8a-y1)-4-fluoropheny11-5-chloropyridine-2-carboxamide, 27)
N-[3-P(4 R RCEAD) - AR AR ISRy P tieR 8ThY R EH9BIG - 7-0xa-3-thial-azanaphthalen-8a-y1)-4-fl
uorophenydilop-cyanopyridine-2-carboxamide, 28)
N-[3-((4aR*,5R*,8aS*)-2-amino-5-methy1-4,4a,5,6-tetrahydro-7-0xa-3-thial-azanaphthalen-8a-y1)-4-fl
uoropheny11-5-difluordffethaxy B s arploxaiggaypeyving 7 to 12 carbon atoms in which
N-[3-((4aR*Bh BRI st RO 2 p ANk ohyd 81 BrdphEa Y SFeu B 1@Xabdtthiged with a C1-6 alkyl
1-azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethylpyrazine-2-carboxamide, 30) N- [3-
((4aS* 5 R BRS~E2 RIS Y- #ToR B duds 8 hetramyrird s HRACSHM 125050 AR BIP¥R fluoro
phenyllaacy anpRidingndicatpxami®enzyl group isdgarticularly preferable.
[3-((2R*,4aR*,8aS*)-2-amino-4-methy1-4,4a,5,64etrahydro-7-oxa-34hial5
1-azana;£99?rgﬂen-8a—y1)-4-f|uoropheny11-5-cyanopyridine-2-carboxamide, 32)
N-[3-((2R*,4aR*,8aS*)1rantino-4riethydrsbAd 50 dptraliydrey 4-exarsithisichzanaehihaleoady 1)-4-l
uorophenyl11-5-difluoromethylpyrazine-2-carboxamide, 33) N-
[3-((4aR SRBASIUGHAG R YRR b1 2 0B Aty B FraRkE SRR eSO HRS S5 RIen-8a-y 1)-
4-fluoropienydklx piEMeROp)AEHoa y2 Gl ¥amiteh 303¢0albonyl group and an anthryloxycarbonyl
[3-((4aR,6R,8aS)-2- mi30-6-hydroxymethy.l-4,4a,5,6-tetr?hydro-7-oxa—3-thia—1-azanaphtha|en-8a—y1)-
4-fluSropHEHy11-8 Y IATRORY SLPYB A MRS Preferablag,
N-[3-((4qBHBR*,8aS*)-2-amino-6-trifluoromethy1-4,4a,5,6-tetrahydro-7-oxa3-thia-1-azanaphthalen-8a-
y1)-4- fluorophenylk5-cyanopyridine-2-carboxamigle, 36).N- . .
[3-((4aR*,6R*,8aS*)-2-aMin 9644?i'fﬁﬁ%)rﬂ‘é’fh§EQHP4J?§%§LQ%5%3?-8Q%§-arbonyl group 15
thia-1-azemaathalena@anylit-dmitueraphenylk3-cifiberaoeathoxppfaaine -aapraxanidesroup  37)
N-[3-((4aR* 6R* 8aS*)-2-amino-6-trifluoromethyl1-4,4a,5,6-tetrghydro-7-oxa3-thia-1-azanaphthalen-8a-
114 G B OB AC P A AR & DenZOGEHOuD 1 Tore preferable
N-[2((4a9BOBR*,8aS*)-2-amino-6-trifluoromethy1-4,4a,5,6-tetrahydro-7-oxa3-thia-1-azanaphthalen-8a-
y1)-4- fluorophenyl1-pyridine-2-carboxamide, 3039 . . .
X o(4an R sy s MO ETRUR 15 8 AHENG gl sulfony! eroup i
3-thia-1-dpadaphihalervBaticlyidl Hadrgohenyd tabbiucitometh®eyfyrtdiineain shdsiamnigeup 40)
. ok N ; ; ;
e e e R ey TR ik ap tinalen-oa
N-[3-((4aRdr6BfeBastle2-amino-6-trifluoromethy1-4,4a,5,6-tetrahydro-7-oxa- 26
3-thja-1- phthalen-8a-y1)-4-fluoropheny11-3,5-difluoropyridine-2-carboxamide, 42) N-
[3-((4aR*, ,8aS*)-2-amino-64rifluoromethy1-4,4a,5,64etrahydro-7-oxa3-thia-1-azanaphthalen-8a-y1
)-4-fluorophenylk5-difl dbrorasthoysipyliging-aigarbfexamideyclic alkyl group having 3 to 8 carbon

atoms. Preferable examples of the group include a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group and a cyclooctyl group.
[0024]

30 The "Cj_g cycloalkoxy group" refers to a cyclic alkyl group having 3 to 8 carbon
atoms in which one hydrogen atom is replaced by an oxygen atom. Examples of the group
include a cyclopropoxy group, a cyclobutoxy group, a cyclopentoxy group, a cyclohexoxy
group, a cycloheptyloxy group and a cyclooctyloxy group.

[0025]



43) N- [3-((4aR*,6R*,8aS*)-2-amino-64rifluoromethy1-4,4a,5,64etrahydro-7-oxa5
3-thia-1-azanaphthalen-8a-y1)-4-fluorophenylk5-difluoromethylpyrazine-2-carboxamide, 44) N-
[3-((4aR,6R,8aS)-2-amino-6-fluoromethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
fluorophenyl11-5-cyanopyridine-2-carboxamide,  45))N-
[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
fluoropheny11-5-chlordBridine 2darHosBHIEEOUR 5§ to a cyclic alkyl group having 3 to 8 carbon

[3-((4aR,a§5’r&3i§)v&§TﬁmBHé'ﬁyﬁ%§@@}§HM ls%%i’a@e@ﬁ%t@%yﬂfpa?dﬁxa'ﬁﬁm%ﬂesa@ﬁﬂﬁ@?m@%ﬁbﬁﬁé/ 1)-4-
fluoropheny11-5-trifluoromethylpyridine-2-carboxamide, 47) N-

[3-((4aR BR/GLB)D VAN 818U SroYAlol Y IINipcE Bt B aPE Y BRI S1HA- R-aYd Al IR N-8a-y1)-4-
fluorophepydd -adlasaepeiany piagingt &-carRRcamide %4&)13\1
[3-((4aR,6R,8aS)-2-amino-6-fluoromethy1-4,4a,5,6-tetrahydro-7-oxa-3-15

thia-P-az ﬂ1thalen-8a—y1)-4-f|uorophenylk5-difluoromethylpyrazine-z-carboxamide, 49)
N-[3-((4aR*,8aS*)-2-amijjpo-4L, 43 o Gri@tBhvd ReiérosacBRidds” refers to a heteroatom-containing

azanaphthalen-8a-y1)-4-fluorophenyfl-5-chloropyridine-2-carboxamide,

50
N-[3-((4aR= 19D Bing 1 12 d & Baehaityaritlox 2sfipklg examples of the group) include a

azanaphifipéeiaiar st Wprernemgt Sroupnanvdgingt 2reapaxantids dddip, a piperazinyl
N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaph#a¥eh B854 Hi24enanyb SRy - 18tehnlisd sy Atma-Siempmbatingl sroup. a pysiolyl group,
N-[3r((4aiR iBado R/ Perbng; 4 pupz0 e ks roplraxayd-Sbapl a pyridazinyl group, a pyrimidinyl
N

azanaphthalen-8a-y1)-4-fluorophenyfl-3,5-dichloropyridine-2-carboxamide .53) N-
[3-((4aRBEYS R PMAGNS L A1AE; 8 AR BERYR0R A8 AINY. §L0pB- 2 tetrazolyl group, an isoxazolyl
azanaphthal@)HeoydiotylldesephenytadriiuaiopysigingndseathRsmideup, a thiakMl group, a
N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- . o
azanaphtREEAZR 850U AdHE BTN 3 STEBY STOBY i HEDe b eseamiaR isoquinolgryl group, a
N-[3-((4aR1 8T8t Zraipne thrta ByBat6ilr ahydy 0x beanddhiahit croup, a benzotriazolyl group, a
azanaphthalen-8a-y1)-4-fluorophenyfl-5-trifluoromethylpyridine-2-carboxamide, 3056)
N-[31-?(4aEF%“,§é%h)@2- ?%%%nﬂ?é{é}f?bﬂ 8?8’-7%%%9@ Rty group, a chromanyl group, an
azanaphthalpiv@anyl dbiiplaraphamyfhidddifiioramgtayl pyabiRaclr- St DxWida, tetrahydr&ifkanyl
N-[3-((4aR*,8aSg*(i—2-aer;}9-4,4a,5,6-tetrahydro-7-oxa—3-thia-1-

azanaph@harer283 3 Hra s BYHEN, A8 fluoromethylpyrazine-2-carboxamide, 58)
N-[3-((4gB6B8S*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- 27

azanaphthalen-8a-y1)-4-flygropheny11-5-difluoromethoxypyridine-2-carhoxamide, 59)

(- oo 8oy 5 1O BB AT LRy 9165 (0 Che "5 o 10-embered
trifluzronetbyokyvk ha &rdn 8, 8ehhgxahybk e réxar-3diizidiaz anaphticalerli2-yamingying 5 to 6 60)
(4aR,6R,8aS)-8a- [2-fluoro-5-(2-fluoropyridin-3-yephenyl]-6-fluoromethyls .

a6 BGERES A . AR B A 1 AR GRS &roup - h g gazoly! roup.a

0-(4aR* BagzpBadeiiplareyai@nitugromy idiySdyeinhe pyckipd #py5ibidiBahexapy dioyringt $rhip; 1-azan
aphthalen-2-ylamine, . 62 .

(L B LR BN AT RERHES SRS 21980 SRS NS R Mt
alen-2-ylaxaitiez dI9B62)ol) p(4mR3oBeiS7 pSheior(p-ahtanapiyidirmdsyd zatlitoxd pheryip]-4 Hayd & @ipa-
hexapydro-7-0 a-3-}hia—1-azanaphthalen-z-ylamine, 64)

N-[ -?(4a ,§a{ -§-§Fﬁ%-4,4a,5,6-tetrahydro-7-oxa—3-thia-IazanaphthaIen-Sa-yethiophen-3-y11-5-cy
anopyrid[eé2&icarboxamide,

The "9- to 10-membered benzo-fused heterocyclic group" refers to the "5- to 10-
membered heterocyclic group" which is a heteroatom-containing cyclic group having 9 to 10
members in total fused with a benzene ring. Preferable examples of the group include an
30 indolinyl group, an isoindolinyl group, a chromanyl group, an isochromanyl group, a 1,3-
dioxaindanyl group and a 1,4-dioxatetralinyl group.
[0029]
The "3- to 10-membered carbocyclic group" refers to a carbocyclic group having

3 to 10 members in total. Preferable examples of the group include a cyclopropyl group, a



65) ()-(4aR*,8aR*)-8a- [4-(2-fluoropyridin-3-y1)-thiophen-2-y11-4,4a,5,6,8,8a15
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine, 66)
(4aR,6R,8aS)-8a-[2-fluoro-5-(2-fluoropyridin-3-yephenyl1]-6-
benzyloxymethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-tkip-1-azanaphthalen-2-ylamine, 67)
()-N-[7-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-lazanaphthalen-8a-y1)-2,2-difluorobenz
o[1,3]dioKBADRY Y BoBpPaASHGIRERY Etib ¥R exobgioup, a cycloheptyl group, a cyclooctyl
N-[3-((4aR5 823 AN 8cthdA %r@ﬂﬁtmmﬂ%%?amiﬁ’dhnyl group, a l-acenaphthenyl group, gg)

azanaphthalen-8a-y1)-4-fluorophenyl1-5-(2-methoxyethoxy)-pyrazine-2-carboxamide,

N-[3- (e I8ROV ERRRE I hE 8u- e RErRRNsPQsien sl il AR AP RN EEAYPa A/ 1)-4-fluoropheny11-2-
methylthigzalgdrGRIRakaMiARp, a 6,7,8,9-€@adro-5H-benzocycloheptenyl group and a 1,4-
[3-((4aR*,5R*,8aS*)-2-amino-5-methy1-4,4a,5,64etrahydro-7-oxa-34hia25

1-az§na;51hli’ﬁg¥8H@8 thaleovhgEEbheny1]-2,5-dimethylfuran-3-carboxamide, 71)

N-[3-((4gBo &R *,8aS*)-2-amino-5-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fl
uorophenyl1-4-methyl-[1,2,3]thiadiazole-5-carboxamide, 72) ) )
N-[3-((4aR* 5R* 8aS*) Bnkino 4k Metsyr A arelersdtra s greamderived harstAing A18209%)-4-flu
orophenylirdsRipgiddinrloyipepionanidg anfh$043ddimed above.  Examples of the group include a
[3-((4aR*,5R*,8aS*)-2-amino-5-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphtHYISBEMD- - ot SRR 2108 b thi 16X DI AU O X alRERP Y602 B[ 88: Bharmaceutically
acceptahiaraalt thaepefaceprdipehtanide pragesiony andamuitheadasseibrip 0043 The

"leaving rouf‘ in the raw material compound used in preparation of the compound of the formula (1)
accordingogi3 He present invention may be any leaving group used 5 for nucleophilic substitution

reaction. Preferable exptisples,afiteeRaviaggpouerénctddeda hringatgiaet e Oyt atkydsudfanyloxy

group which may be substituted with the above Substituent Group a and an arylsulfonyloxy group

which m&PHRYSBHR AP AR abave SHRUHIRMR Erslibincshoditic pmlss 8f the 8% Ang group

include aighlaiéne1220h \AREOFRHIP ALOIFh PAENOEHOEpIarPs hEN SLERNESIH0 B 0 PIERE Braup, a
trifluoromethanesulfonyloxy 10 group and a p-toluenesulfonyloxy group. [0044] 1. General Preparation
Method PRSI 1O RGR eﬁ%"é’b%‘ﬂ&&@-‘iﬁv OTf [step 1-2]

[0032]

The "C, alkynylene group" refers to a divalent group derived by excluding any
one hydrogen atom from the "C,¢ alkynyl group" as defined above. Examples of the group
include an ethynylene group, a propynylene group, a butynylene group, a pentynylene group and

20 ahexynylene group.
[0033]
Examples of the "C;_; alkylene group" include a methylene group, an ethylene

group and a propylene group.

[0034]

25 Examples of the "C,.3 alkynylene group" include an ethynylene group and a
propynylene group.
[0035]

Examples of the sulfonylamino group which may be substituted with a C;¢ alkyl
group in the "sulfonylamino group (wherein the sulfonylamino group may be substituted with a
30 Cj¢alkyl group)" include a methylsulfonylmethylamino group, an ethylsulfonylmethylamino
group and an ethylsulfonylethylamino group.
[0036]
"Substituent Group o" refers to a hydrogen atom, a halogen atom, a hydroxy

group, a nitro group, a C; alkylthio group, a Ce 14 aryl group, a Ce_14 aryloxycarbonyl group, a



z---z 1 Y1.(r OYo -1 R4 R3 0, 7R4 R3 0 (1-1)R(1-2)R7 R5R6Z)C-0R4R307 3)R R5R6
qi-P7Th 1-5]V HCI R1 R3 SNH2 (1-6)NH [Step 1-6]  (1-7)

10

15

20

25

30

22
Ce.14 arylcarbonyl group, a cyano group, a Cs_g cycloalkoxy group, a Cs_g cycloalkyl group, a Cs.g
cycloalkylthio group, a sulfonylamino group (wherein the sulfonylamino group may be
substituted with 1 to 2 C, alkyl groups), a C,¢ alkenyl group which may have 1 to 2
substituents selected from Substituent Group [, a C,. alkynyl group which may have 1 to 2
substituents selected from Substituent Group [, a carbamoyl group which may be substituted
with 1 to 2 Cy alkyl groups, a C;¢ alkoxy group which may have 1 to 3 substituents selected
from Substituent Group B, a C;¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group B and a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group f.
[0037]

"Substituent Group " refers to a halogen atom, a cyano group, a hydroxy group
and a C; alkoxy group (wherein the alkoxy group may be substituted with a phenyl group
which may be substituted with 1 to 3 substituents selected from a hydrogen atom, a halogen
atom, a hydroxy group and a nitro group).

[0038]

The fused aminodihydrothiazine derivative of the formula (I) according to the
present invention may be a pharmaceutically acceptable salt. Specific examples of the
pharmaceutically acceptable salt include inorganic acid salts (such as sulfates, nitrates,
perchlorates, phosphates, carbonates, bicarbonates, hydrofluorides, hydrochlorides,
hydrobromides and hydroiodides), organic carboxylates (such as acetates, oxalates, maleates,
tartrates, fumarates and citrates), organic sulfonates (such as methanesulfonates,
trifluoromethanesulfonates, ethanesulfonates, benzenesulfonates, toluenesulfonates and
camphorsulfonates), amino acid salts (such as aspartates and glutamates), quaternary amine salts,
alkali metal salts (such as sodium salts and potassium salts) and alkali earth metal salts (such as
magnesium salts and calcium salts).

[0039]

The fused aminodihydrothiazine derivative of the formula (I) or pharmaceutically
acceptable salt thereof according to the present invention may be a solvate thereof. Examples
of the solvate include a hydrate.

The compound (I) is not limited to a specific isomer and includes all possible
isomers (such as a keto-enol isomer, an imine-enamine isomer, a diastereoisomer, an optical
isomer and a rotamer) and racemates. For example, the compound (I) wherein R' is hydrogen
includes the following tautomers.

[Formula 7]



In the formula, R7 represents a C16 alkyl group such as a methyl group or an ethyl 15 group, a C7 12

aralkyl group such as a benzyl group, or the like, LV is a leaving group and represents a halogen atom
(such as a chlorine atom, a bromine atom or an iodine atom), for example, or a sulfonyloxy group such
as a methanesulfonyloxy group, a p-toluenesulfonyloxy group or a trifluoromethanesulfonyloxy group,

for example, and Ring A, RI, R2, R3, R4, Rs, R6, y and Z are as defined above. 29 [0045]

General Preparatign Metpiod 1s a method for preparing, a compound (1-7) which is a synthetic

available prodact used qé is, can also be prepared #fom a commercially available product by a method

known to_a gerso illed i the art, and can furth€r be pr ared by a method described in Preparation
Example§ among Ex mplgs. [0046] 101-1. Stef) 1-1: This step ig a step of obtaining a compound (1-2)
by trifluorémethanesifonylation of the compo 1). Th@ reaction in this step can be performed

. o X . .
under the sgme conditions as those usually used jn_trifluoromethanesulfonylation reaction of a
carbonyl compound (such as the 15 conditions described in J. Org. Chem., 57, 6972-6975 (1992),
Tetrahed@HQktters., 40, 8133- 8136 (1999) and Tetrahedron., 61, 4129-4140 (2005)).

Specifically, the comp -2).can ned. i S€, t on the cam (2-1), and
then reacting the com?)glt%gf(ljg %/?/%%%f-npﬂ?én%%%%?é%éﬁafg\%gs%%o%ﬁhrﬁif grglrﬁtaric%c#%ror{g% g?lge%?fonic
anhydridprefsmexaengion Thigetaablyra cambeupdridiine tbbywdaubingROeonX or aoethglynivatents of a
base to act on the compound (1-1).in an organic solvent such as ether, tetrahydrofuran, 1,4-dioxane,
1,2-dime¥ﬁ%§§é¥ﬁl§§l§y éjlgﬁ ogrogrlrl1bestl%lﬁré[,]sf,eé]‘-3 fgalf)r%?at %%siﬁ%%nr?zéerﬁg%r&toluene, for example.
Exandples of the base Tikeduisecl ude msaliiyar dtjidiridie; dEA(lithiviitidiiéapropy(Brae)diithitohe
bis(trimethylsilyl)amide, diisopropylethylamine, pyridine and 2,6-|utidine, The reaction time is not
particulad T ST G m e e P P S SR RSN rhe
reaction techjyesatresialugleakyerd0p @ hichoony teanme é ratGrey tancummos aqieefet dbiyn-3 83 ticupaom
temperature. [0047] 1-2. Step 1-2: This step.is g step,of obtaining a. compound (1-3) by
coupling VSGGAh 91 T 30 IOMBEN" AL SYT0RhETE Fdhtion IS 2000 GG Btah S be
performegibviesihae ronditians ssballydsatkougeupling reaction using a transition metal (such as

SUlej(l)( | coupling reactigrr}]lg %u%éiclllgrg?n%rc)iliiﬂgd;?)talﬁggi?l)é derivative of the formula (I) according to the
present invention is further preferably a compound of the formula (I), wherein L is -NR*CO-
(wherein R" is a hydrogen atom or a C,_ alkyl group which may have 1 to 3 substituents selected
from Substituent Group o).

[0041]
15 Preferable compounds in the present invention include the following compounds:
1) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
2) N-[3-((8S*,8aR*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
20 3) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1 -azanaphthalen-
8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,
4) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-trifluoromethoxyphenyl]-5-cyanopyridine-2-carboxamide,
5) N-[3-((8S*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
25  8a-yl)-4-trifluoromethoxyphenyl]-5-chloropyridine-2-carboxamide,
6) N-[3-((4aR*,6S*,8aS*)-2-amino-6-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
7) N-[3-((4aR*,6S*,8aS*)-2-amino-6-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-



Examples of the reaction using an organoboron reagent as an organometallic compound include
reactions in documents such as Tetrahedron: Asymmetry 16 (2005) 2, 529- 30 539 and Org. Lett. 6
(2004) 2, 277-279. Examples of the reaction using an organotin reagent include reaction in a
document such as Tetrahedron 61 (2005) 16, 4129-4440. Examples of the reaction using an
organozinc reagent as an or%anometallic compound include reaction in a document such as

TetrahedtgH e presBeey i1 dduanonhenyd-orgumomatding 2ta1here@idtin 5 this reaction is not

particglar!y limited. Pr@?m@@(@mRﬂSs,QSSH*@@fegﬁ‘fﬁ%%eﬁ?éﬁ?ymt%{g{dﬂ@{%dm-7-oxa—3-thia—1-
tetrakis(triphenylphosphine)palladium (0), dichlorobis(triphenylphosphine)palladium (l1),
[1,1'-bis(8F3R %—éﬁrﬂﬁyﬁeﬂaeé?%ﬁaﬂ&éiﬁﬁﬂwm&ﬁmaglﬁgﬁérﬂﬁa?ﬂm%ine)panadium (0),

palladium (1) acetate ayo[{33¢ hindipbenyiphosphnRprananalaiakes flieFHg @RUMLB 1Ha-1-

organometallic catalyst used is 10 about 0.001 to 0.1 equivalent with respect to the raw material. The
orgaftonEAMERBA AT & HOSEPREERY QT SRetBPANRY EMERA e Do §anometallic

compound include orgapPKn BeaeRS6I:Cn 88 aryditirRobsLivitiny R0 di SeNaRA A SEAGRALS BHEh as
arylboronic acid. The amount of the org{?nometallic com&ound used is_one to five equivalents with

respect tb tFaTRM AR YPhe LBRreREERE IR GRS RY et satactiRekAHited insofar as it
does not 15 inhibit the repition(RiRfe RLIS esamies M- hiensHygphifehide hengapgatguers, xylene,

N,N- dimethylformamide, 1-methyl-2-pyrrolidone, tetrahydrofuran, 1,4-dioxane, acetonitrile and
propionithté I ifiddattmirbihyeratarelis v rarhansty irrerXHa Re s taRP Teidid temperature to
solvemt reflux temperatnengnd @raterahly seom teannasaduie tRosgivetfyleflux, eenparaie-for
example. The reaction time is not particularly limited and is usually 0.5 to 48 20 hours, and preferably

0.5 to 24M8utdhia-1-azanephifial grdspdbsms PUSEPEGRN s -qH REBVERY I NS  DE RO by
carrying out this reactio)iNifm (prgRemre- 8 HAsndhe!b aRass il iartieLiaslyetintigio Preferable
Carbona Bt BB S REPEFBOR 2 BB S DOIT &3, Step
carbonate, potassiun a [t , al Ne. >-3. Step 1-3:
This step is a step of obfaiNifg @GRS, sesrpoundifb-6) hyBobjesiing tha esteneeinparwid (1-3) to
reduction reaction. The alcohol compound (1-4) can be obtained from the ester compound (1-3) by a
methdd KRG Rsa! FEAGR it éré‘{%%l%%ﬁe %8%8%?&%@5%%‘? S PEaction
include lithium aluminurs) dgidetditFgR-Euohyaride and-diigshbuihatuminum )y deaeh ydre-reaction
temperature js not particularly limited is usually -78C tQ solvent reflux temperature, and preferably
R el et A R o e S S etk R
not inhibit the reaction &) dNajPwsdb s SiBsng-aaiesial tube-diga@yed:therrirotg-aceptaiaektent. 31
Preferabl I h I includ hydrofuran, di | ether, tol d

Ciohloror AN BN IIST 1 U SDRSEs SEEHE L I8P P SUANHES compound (1-5) by
congerting the hydroxyl Drous at4he, $98ysuhdind)ddladeaying Htotarkahydro-7 oxardplds-of the
leaving group include halogen atoms (such as a.chlorine afom, a brgmine atom and an iodine atom)
ST SRS S e SRR L SRR SOy 3o EHOSTEHTony oroup and a
trifluoromethanesulfonyg)xy-gFawms,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
19) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
25  azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
20) N-[3-((4a8S,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyridine-2-carboxamide,
21) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
30 22) N-[3-((4a8S,5S,8aS)-2-amino-5-fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,
23) N-[3-((4aR*,55*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
24) N-[3-((4aR*,55*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-



10The reaction can be performed under the same conditions as those usually used in reaction of
converting a hydroxyl group to such a leaving group. When the leaving group is a halogen atom, for
example, the compound (1-5) can be prepared by reacting the compound (1-4) with thionyl chloride,
thionyl bromide, phosphorus tribromide or tetrahalogegomethanetriphenylphosphine, for example. The
solvent used in the reaction is not particularli/ limited 15 insofar as it does not inhibit the reaction and

allows tht-¥tapgaRbthataariar b tefiesnbeviiersiiio Ry Beiis SRIBAKPYEferable examples of the

solvent include benzens,) IQlyengaRiee; gishlnromaitanerid chlarcfymgrhheieariQn-emperature
is usually -78C to solvent reflux temperature, and ﬁreferably ice-cold temperature to solvent reflux

temperatln@aitRhfealebdit tinetié wephsteliang i inriem e T RICaANF S HAFRASEMES hours, and

preferably 5 minutes to @ONLE3h@UWER * SR * 8a¥¥hethihm LS MREhIHRAIS 8-suiEPRXY -B5ouUR.thhe
compound (1-5) can be prepared by reacting the compound (1-4) with methanesulfonyl chloride,

p-tolfendstBrphErisideror tribri sSuffdRreRyifafidecatiosratdste. The solvent used in the
reaction is not particularly Nopite i 1okt -a8.4$ dpesnai2S-RBikil tha 1eastion.angralinwethastarting

material to be dissolved therein to a certain extent. Preferable examples of the solvent include

tetrahydrbRAKPISRALHR: S3p1nd THerBRS Mt marE R sTiSaT &AtPRE Nt e thy Iformamide. The
reaction temperature igg)sNathy((48Roro et reflinG iRmpakatyies ang preiesahiy o /B6x io3raam

temperature. A favorable result such as an improved yield may be achieved by addition of a base. The

base useldd&napaAicSany Nl sPhrastir A fueseusBe R4S restisr apidferable examples

of the base include sodiwm garpanrte sROBSSIYM-GAIHONRIAHAtAYIAIBIFSe PIIdiIRE AB-a-3-thia-
diisopro%lethylamine. [00501) 1-5. Step 1-5: 32 thiourea compound (1-6) can be gbtained from the

compourld @ EPBhalcheR Aol KhOWA B sy ket hydPy Fpzine-2-Cagygamidgy,  the compound
(1-6) can be obtained by)Ractingibe sRMRARML(Andhwithnibiaukgatin A5seenh fareraxpeihis
reaction can be performed by causing one or more 5 equivalents of thiourea to act on the compound
(1-5) in an BrRPRRIELBRReRt 3lA-RL SRR - proumst i S5 opetiBP *1BIfkanol, tetrahydrofuran,
1,4-d|i|oxane or N,N-d;miﬂwlferm%l{rﬂdafRFQ%Wﬁﬁbﬂ@%ﬂﬁﬂMMﬂ@ﬁ&t@ﬁﬁ@%t@%ﬂJMHﬁd and is
usually 5 minutes to 24 hours, refera minutes to 12 hours. The reaction temperature is
sually QLA SOE L WO GrESPAE 180 S BURA 55 1000 fHos1] 1-6. Step 1-6:

This step is a method gf pltamngRhe RO (Emihdy-eyeliaing, e @ mepawitd -oxwithiga-acid.
This reaction is not particularly limited insofar as it does nat iphibit the reaction 15 and allows the
starting 1AV B OOl TSRS A ST EBY BARFAe hE Falon can be
performed by causing 8ReNe(RIy@lRIbI0 S Hrgesieessisidaskapriapriaie #ci toratcidro-thexeempound
in the presence or absence qf a solvent such as benzene, tolyene or dichloromethane. Further, an
acid may 30 BEDRRATALEE S8 ER BN ARIERA e S PR ol SR SRS acid, trifluoroaceti
acicgaonethanesulfonic 0N {3flyanReR saseiomno-aci &0 antemixtures, sheeehh e reastion time is
not parti(t:ﬁgr{ar y limite K is usiﬁl to 7%?01155 and arefe ably 1 6%%48 hayrs. The reaction
temperafV8 s HA0AR) N BT4 ¥ % AR e PR RSB aMIde, The compound (1-7),
wherein both R1 and R3)axe[Byd4aBebRIQRAS, ¢ ddpe b airi¢d dy iehgibdve B ackanh 2&rbHe oxa-
compou dél-?i,wher in both R1 249 2 are h 1510 en atoms, can_be converted to the compound
), i L A e S e R Sl BSoEHE Y e remction with a
corresponding halide GenpoBrdLRheRkS s8Eh2aamifol6-alKyldnadideh d-C 16, akyteaitbairgt halide, a
C614 ary|carbonyl hali C16 alkyl|sylfonyl halide, a C6-14 arylsulfonyl halige, a 3- to 10-membered
oy T N LB VT e P ey K S RS P i A8 tion
Method 2: 37) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide,
38) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-pyridine-2-carboxamide,
30 39) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
40) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-pyrimidine-4-carboxamide,
41) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-



[Formula 9] 33 R5 R6 {Step 2-3] R4 R3 OH (1-4) In the formula, Ring A, R3, R4, R5, R6, Y and Z
are as defined above. [0053] General Preparation Method 2 is a method for preparing a compound of
the general formula (1-4) which is a synthetic intermediate of the compound (I) according to the 5
present invention from a compound (2-1) as a raw majgrial through multiple steps of Step 2-1 to Step
2-3. The compound (2-1) can be a commercially available product used as is, can also be

preparedPHBH b aemABIEHR S aliahtE yrsmbenby-a metHBerRPwisHNG 21 5ePssAeidRed in the art, and

can further be prepareq}ztywa[gn@mw @ﬁscgmﬂ}mfrﬁﬁnﬁwmgmm@mm@ @&rﬁﬁ%ﬁlﬁﬁ%x@om]
2-1. Step 2-1: This step is a step of obtaining a co |g)ound (2-2) from the compound (2-1). This

reaction ¢aRifd PéMsIRERGATRY YhetsHHsbs el brsdidupiosectharamy idBg it ratargmiier 5

synthesizing a compoung K22 {rm-acrer8asy) @Mﬁ&@tﬁﬁﬂﬁ&ﬁéﬂﬁ?l@ﬂﬂ i§@neEasaierdral. Org.
Chem., 47, 3597-3607 (1982)). [0055] 2-2. Step 2-2: This step is a step of synthesizing a compound

(2-3) From- R oM en 8asyh s FagronB By il or et P AN S DR BB e

preparation method (Sigp-R3-([ARRMR 8aS)-2-amino-6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
45) N-[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
10 46) N-[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
47) N-[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
48) N-[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-
15 thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
49) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
50) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-bromopyridine-2-carboxamide,
20 51) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-difluoropyridine-2-carboxamide,
52) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dichloropyridine-2-carboxamide,
53) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
25  azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide,
54) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dibromopyridine-2-carboxamide,
55) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
30 56) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyridine-2-carboxamide,
57) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
58) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-



2-3. Step 2-3: This step is a step of obtaining the alcohol compound (1-4) by subjecting the
aldehyde compound (2-3) to reduction reaction. 34 The alcohol compound (1-4) can be
obtained from the aldehyde compound (2-3) by a method known to a person skilled in the art.
Examples of the reducing agent used in the reaction gglude sodium borohydride, sodium
cyanoborohydride and sodium triacetoxyborohydride. The reaction temperature is not particularly

limited aA&pRMaIRN-Faal bt leermmhe rtib-tB HisEPaRG HRORRY pEterais tovMidG0om temperature.

The solvent used in thegpagtionis: m@%gey_@jmljﬁﬂ;ﬁg_31'%91@5@1%%_9_%?8@@1]@ reaction and

allows the starting material to be dissolved therein to a certain extent. Preferable examples of the

solvent ifgfliseamsthahdi4 ethasobatberaiydiofirana-stiteia-fonreperhvigicAtotamiethane. [0057] 10 3.
General Preparation Mgiod 86k q -!?aJ[Q]ﬂuoro-s-gi(mﬁlﬁéﬁmk?ds%ﬁﬂ%ﬁ?-@%&m&h%ﬂd ora

C16 alkyl group and Ring A, RI, R2, R3, R4, R5, R6, X, Y, Z and Ring B are as defined above. [0058]
15Géneraiipropardfidts MeYHat B 9k & hribtaddasnppegieig 2hdadeihound of the general formula (1)

according to the presegtjnyenlige: Wwherei Lisd sNECO-fb R pladidreumpach Rl ang B3 are,
hydrogen atoms, from a compound (3-1) as a raw material through muitiple steps of Step 3-1 to Step
3-4. [0059]x20Y¢ke Conxpotrtitiyd-ayazaplvbyeaphsdenfraen a commercially available product by 35
General Preparation 1, Gengral P ration Method 2. General Pr | thod 4 or a
combination of these I\t/h?tge& ﬂwé%ﬁ%dé,aﬁgj %%%Qa@%gboelglpp&é?ﬁl@%)f g?%gtl%%ﬁgﬁtéﬁ e in Preparation
ExamplebeantydgoExarapbethiCbrmpoapbih {B4ayidn(B:8) can be commercially available products used

diregy can also be preperd (g compareall Aalable roduct iy A epdigonn a person

skilled in the art, and c erbepre y ame escri reBara Ion Exarmplés among
Examplebe{0adip37doxat8aldall -azanaphthalehtilsysiepns, a step of obtaining a compound (3-2) by

t-butoxycarbonylation 82t%1§2(§§m%'§#929£ &Eggg%gﬁ%%ptgégﬁlayg_ l_ngé_% _attﬂd I?Z are both

hydrogen. The reacti rforme & SAMe conditidns as those generally used
in t-butoxyaaspbthdliictnofl ghiaphitie Teihpetyad queidas the aboditioide described in a document such

Wiey & Sons (1091), {43748 b e A BT OB L oA B) L v Lohr & Lot
(3-1) witheli-teytHutybdicarhenatesdsipt diietaylamang @&s a base in a solvent such as tetrahydrofuran,
for example. [0061] 66) (4aR,6R,8aS)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-6-
benzyloxymethyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine,
67) (£)-N-[7-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-2,2-difluorobenzol 1,3]dioxol-5-yl]-5-cyanopyridine-2-carboxamide,
20 68) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-(2-methoxyethoxy)-pyrazine-2-carboxamide,
69) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-2-methylthiazole-4-carboxamide,
70) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
25  1-azanaphthalen-8a-yl)-4-fluorophenyl]-2,5-dimethylfuran-3-carboxamide,
71) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-4-methyl-[ 1,2,3]thiadiazole-5-carboxamide,
72) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-3-piperidin-1-ylpropionamide and
30 73) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-2-methyloxazole-4-carboxamide.
[0042]
Next, methods for preparing the compound of the formula (I) [hereinafter referred

to as compound (I); a compound represented by another formula is similarly described] or



3-2. Step 3-2: This step is a step of obtaining a compound (3-3) from the compound (3-2). 20The
compound (3-3) is synthesized by reducing the nitro compound (3-2) by a synthesis method known to
a person skilled in the art. Examples of the method include reduction by catalytic hydrogenation using
a noble metal catalyst such as Raney nickel, palladiugy ruthenium, rhodium or platinum. In this case,
reduction reaction with iron under neutral conditions using ammonium chloride is preferable, for
examplePDaeRsepiigaBy aesprible salt therephceqeding to dhePEssept iRy ancyit bss oy
condensipg4he compound (3-3) with the compound (3-4) using a condensing agent. Alternatively, this
step is a step of obtaining a compound (3-6) by condensing the compound (3-3) with the compound
(3-5) by 30 acylation réd€tidfrVing groupndichisdansRaiiipb Semne HrRs o BRI BYIA the

compoung i3séinésing fansansindernheas de pesarmedrisiehieRame radmiionsupsutkase
usually used and described in the following documents. Examples of the known method include those
in RoSowskyualeqebilietuRstAULiRfbreas URN-G  RerdrspRinexgmiples of 1B 1eaning 2rouR 1chide 34 36
(1991), BraesiwsiamVh Brossik fsufftRRRIARERISAMich aytRiQIPRMeIeS I204, abIRB-1972 (1991),
and Romero, D. L.; Morge, R. A,; Biles, C.; Berrios-Pena, N.; May, P. D.; Palmer, J. R.; Johnson, P.
D.; Smith>URstiprems Gyt ardAn ey u syt riangrup. Wikeh sisr be spttisiusd With trSbRES, K. M.;
So, A. Gg Reshick: Gr'o{[ﬁ‘rcﬁleys ciffe é{é%?igs%fﬁlé ‘ieeMﬁ"l%‘ gqmncﬁnge) cﬁlgﬁﬁéja%%,(}?g“)- The
compound (3-3) may be a free form or a salt. [0063] The soOlventin this reaction is not particularly
limited inesfainesaiotibes hetivhibinmhe mesorms Exaripis e oiupea soegromebaecteifanytrafuran,
1,4-%oxagqgu§gm Q%eﬁ%n%&wgw@pgmr? dichloromethane, chloroform, N,N-dimethylformamide,
toluene and xylene. Examples of the condensing agent include CDI (N,N'-carbonyldiimidazole), Bop
(1H-1,2,30@#Hzotriazol-1-yloxy(tri(dimethylamino))phosphonium hexafluorophosphate), WSC
(1-ethy1-§-(§§ﬁg}g]q$}ggglg%9%w9&q(bodiimide hydrochloride), DCC (N,N-dicyclohexylcarbodiimide),
diethylphosphoryl cyanide, PyBOP (benzotriazol-1-yloxytris(pyrrolidino)phosphonium 15
hexafluotbprvsphile) and EDC-HC1 (1-ethy1-3-(3-dimethylaminopropyl)carbodiimide hydrochloride).
One equivalcﬁantﬁto a large excess of thescoempound (3-4) is usedRyviép respect to the compound (3-3).
One equiv toa Iargfe%te%(cefg,qu aRofganic b sych. trie ylaay be added where
necessaryzTh Shction TMe is ot parti ﬂVlimlteg and Is uglally0.5+t0 48 hours, and 20 preferably
0.5 to 24 haur reaction temperature Narigs according to terial used, the solvent and
the like an% ot particularly limited. IRc4 g old temperature to sql toeflux temperature is preferable.
[0064] 3-4. (tfs_p)sQZlRQSThis step is a Step ofoktaining the compagg}d (/%) by deprotection reaction of
the t-butoxycarbonyl group of the comp‘&t?ﬁd (3-6).

R5 R6 R5 RG
[Step 1-3] [Step 1-4]
V4

z l \'( |

R* R® 0OH R* R® Lv
(1-4) (1-5)

0 0

[step 1-5] [Step 1-6] RS R R
|
] — NN e
HCI | e
Y. S

R* R® s NH,

(16) N MR 4

In the formula, R’ represents a C ¢ alkyl group such as a methyl group or an ethyl
15 group, a C7.; aralkyl group such as a benzyl group, or the like, LV is a leaving group and
represents a halogen atom (such as a chlorine atom, a bromine atom or an iodine atom), for
example, or a sulfonyloxy group such as a methanesulfonyloxy group, a p-toluenesulfonyloxy
group or a trifluoromethanesulfonyloxy group, for example, and Ring A, Rl, RZ, R3, R4, R’ , R6, Y

and Z are as defined above.



The reaction can be performed under the same conditions as those generally used in deprotection
reaction of a t-butoxycarbonyl group such as the conditions described in a document such as T. W.
Green and P. G M. Wuts, "Protective Groups in Organic Chemistry, 30 Second Edition", John Wiley &
Sons (1991), p. 327-330. The compound (I-a) can begptained by reacting trifluoroacetic acid with the
compound (3-6) in a solvent such as dichloromethane, for example. [0065] The compound of the
formula (ﬁ?oofbﬂording to the present invention, wherein at 37 least one of R1 and R2 is a C16 alkyl

group which may haveckfer31 $4bstitMesta aelrctad fioMeRidRSHUSRLGIRYR SsmBdA8 alkyicathany

group which may have 1 to 3 substituents selected from Substituent Group oc, a C614 arylcarbonyl
group which Wiy sis/ateraediatartithe Asneoriddd rerardnsdaithermiesdtpragnaat f i isulfonyl
group whighpaaidave)hia 3.5 sehstlentsselesteshiiom subtite ntiGsospr.ca C614 arylsulfonyl

group which may have 1 to 3 substituents selected from Substituent Group oc, a C38 hydrocarbon ring

group which may have D¢¢ @5k (Ertscas e R aoryRs S s RYAMRTT BERHcO HEEd 28051 69 albered

heterocyglig iR YRIgN 108M RRYE a1 {02351 RIBIe DS jactesd MWl ugit (o rPURIRE, igaRde
obtained?%: further reacting@the compound (I-a) obtained in General Prr’e&taration Method 3 with a 10

correspodingHeAtE EBRSREURTEPAFIHh BYiRSHP L se RS AMSATRATRE e RRIGRRT ¥R compound of
the form@aathpaecording to the present invention, wherein L is -NW-CO- (wherein RL is a C16 alkyl
group which may have 1 to 3 substituents selected from Substituent Group G), can be obtained by
further re{ggﬁﬁb the compound (I-a) obtained in General Preparation Method 3 with a corresponding
halide comp@igsl i the like such as a C16 alkyl halide. 15The compound of the formula (1) according
to the present invention, wherein L is -NRLS02- (wherein RL is a hydrogen atom), can be obtained

using a corresponding@ﬂﬁé??ﬂ BohipouPBREIRS A F HRRIEEL B3 in place of the compound (3-4)

or (3-5) usekldiotpentidstIRRaIaien dlgtheenspond cpmpound of the formula (1) according to the
present invention, wherein L is -NRLSQ2- (wherein RL is a C16 alkyl group which. may have 1 to 3

substituents 20 selected rEiRC B SIS GUPRE L BelIHAH R B RS- HoRA FaRiAY o
compoungwith ase@riesRanstingdilids aesnpredd atilike sueibesyd Ghfpalind Raliles Be66]

In Step 3-3 of General Preparation Method 3, th nd (3-6) can also be prepared from the
comouTA S Bl R E bR (o S o e dLAel HF L S TRA ST Alerhtive method
(1) or (2)8 066G TH9dtemative methad, 6l); A1e-caap@ond )3-6) can be obtained by converting the

compound (3-4) to a mixed acid anhydride and then reacting the mixed acid anhydride with the
combound (3-3). 90 TDTHBCH Aol H)BHERA A bEcty P LA B Bt RAAR 61 &b alEon
skilled indh@ptind - sy nthe sisris@earaedcbyn peaating thel gsispauitiuG o stlith és chilpieiadaate such
as ethyl chloroformate in the presence of a base such ag triethylamine, for example, One to.two
ol RN A g i e T
reaciion teinpembduteds i3 tooobade ppetallthe asthpseferably) 120G tognomsievopesattrs
The step of condensing the mjxed .acid anhydride with the co nd (3-3) is performed by reacting
the eSS AR e o CEnaf A TR AN b hae
tetrahydrietizaneasir hoMeaidn ihyamprimidex dopexampie baveersglivaledy $§0dium hydride, LDA
(lithium diisopropylamide), lithium bis(trimethylsilyl)amide, diisopropylethylamine, pyridine
and 2,6-lutidine. The reaction time is not particularly limited and is usually 5 minutes to 24

25  hours, and preferably 5 minutes to 12 hours. The reaction temperature is usually -100°C to
room temperature, and more preferably -78°C to room temperature.
[0047]
1-2. Step 1-2:
This step is a step of obtaining a compound (1-3) by coupling reaction of the
30 compound (1-2) using a transition metal.
This reaction can be performed under the conditions usually used in coupling
reaction using a transition metal (such as Suzuki coupling reaction or Stille coupling reaction).
Examples of the reaction using an organoboron reagent as an organometallic

compound include reactions in documents such as Tetrahedron: Asymmetry 16 (2005) 2, 529-



5 a large excess of the compound (3-3) is used with respect to the mixed acid anhydride. The
reaction time is not particularly limited and is usually 0.5 to 48 hours, and preferably 0.5 to 12 hours.
The reaction temperature is -20C to 50C, and preferably -20C to room temperature. [0068] 10
Alternative method (2): The compound (3-6) can be obtained by converting the compound (3-4)
to an active ester and then reacting the active ester with the compound (3-3). The step of obtaining the

active eseP idddPrgirhet: By 08HingXhE Tompsrianpies Pivies R/ BsHE SN SFgtmeta reagseht in a
solvent sielas ewiprancidetabydreiianer- mdhdimsthytiosmnesnide soathe) 15 prespince ik

condensing agent such as DCC, for example. Examples of the active ester synthesis reagent include
N-hydroX§atieeiitiRfedtoneaRP 1 Bcdgissalentatorig dusialisstern b B Hdsgerttiond irfe

condensing-@aeht fieh Usad kR dRMELY100h e 160 mipountl(3-4)Fhths daaatenlineatalpat ratisularly
limited and is usually 0.5 to 48 hours, and preferably 0.5 to 24 hours. 20The reaction temperature is

-20C70 SbiE repsH i tistarly JBHedempesisrahle examples g begrapnasneialis g tm¥shctive
ester withhthedeQBRRWIEi Pl ip REFRHeGhIDYAIEACNIdhaIBEIMS BFIREWIPhRBIGREIPAIKLE-3) In a

solvent such as dichloromethane, tetrahydrofuran or N,N-dimeth%lformamide, for example. One

equivaleftiold: lafje(dinhsay phosphiposripeinsipeslasiien D ishiprilsy B ({6 the active ester. The

reaction §melphophpatisuladlvdnedandisny suplyPake tthd31hours, and preferably 0.5 to 24 hours.
The reaction temperature is -20C to 50C, and 5referably -20C to room temperature. [0069]

In this ady RGN FEXRRNP RS RBEHI (L) Pan bRsBRamLH i AFermesmiotriay 13usshitd (3-5)

by a metheshko@on &9 @ IpgferalskiiwdindhRarto the raw EXaMARIES Phéhe HasmbesiBdRpdeaction
include triethylamine, pyridine, potassium carbonate and diisopro%le,thylamine. The reaction

temperaﬂﬂﬁbﬂ%‘ﬂ%‘flﬁtalﬁi Murs: lirhielgrahly aaples o7 de eszaprrfr i GRmmeut GRdSnd preferably

-20C to reoganigimpaIadhiesIdne: Salvant hseeyin theneagtipn bsoatreastistdlsibhl inipdbossirr Radit does
not 39 inhibit the reaction and allows the starting. material to be dissolved therein to a certain extent.

Preferable'&XMBILS b th 8 SRR HERL CRIBHAR BT Hh By S Y R HOHIGHB Rk SHe.

[0070] 4 raeneieliRrepamtiondiethed 4i &iiFamouba sliot patheufenyulaiRingBfdrds RAoRZIR4, R5,
R6, X, Y.anq)Z re as define agove&[oon] General Preparation Method 4 is a method for (;ﬁ;_)aring

a colfpolINePdr e eayeher E3AVRIR A 18 alYRMERE I PR (OIS u
accordingitacthel presenidd invRmiarefrgiaiconepiuad (drduam alravdimatesjak tisaugine atep 4-1.

propionitrile. The reaction temperature is not particularly limited and is usually ice-cold
temperature to solvent reflux temperature, and preferably room temperature to solvent reflux
temperature, for example. The reaction time is not particularly limited and is usually 0.5 to 48

20  hours, and preferably 0.5 to 24 hours.

A more preferable result such as an improved yield may be achieved by carrying
out this reaction in the presence of a base. Such a base is not particularly limited. Preferable
examples of the base include bases such as sodium carbonate, potassium carbonate, cesium
carbonate, potassium phosphate and solutions thereof, and triethylamine.

25 [0048]

1-3. Step 1-3:

This step is a step of obtaining an alcohol compound (1-4) by subjecting the ester
compound (1-3) to reduction reaction. The alcohol compound (1-4) can be obtained from the
ester compound (1-3) by a method known to a person skilled in the art.

30 Examples of the reducing agent used in the reaction include lithium aluminum
hydride, lithium borohydride and diisobutylaluminum hydride. The reaction temperature is not
particularly limited and is usually -78°C to solvent reflux temperature, and preferably -78°C to
room temperature. The solvent used in the reaction is not particularly limited insofar as it does

not inhibit the reaction and allows the starting material to be dissolved therein to a certain extent.



The compound (4-1) can be prepared from a commercially available product by General Preparation
Method 1, General Preparation Method 2, General Preparation Method 5 or a combination of these
methods, and can also be prepared by a method described in Preparation Examples among
Examples. 15 [0072] 4-1. Step 4-1: This step ig a step of obtaining the compound (3-1) by
nitration reaction of the compound (g,-l). In this nitration reaction, the compound (3-1) can be obtained

from the ResHsHR @ @D 65yPh RictRbEKABHAS tatersbAfarme difthHee BT EXAK1I5188 D the nitrating 20

agent usggRantos Eaagiéon include potassium nitrate/concentrated sulfuric acid and fuming nitric
acid/acetic anhydride. The reaction temperature is not particularly limited and is usually -20C to room
temperatf¥*9b0o73] 5. General Preparation Method 5: 25 [Formula 12] 40 R5 R6 Z CHO R4 R3 (5-1)
[Step 5-314{HeRp 3-2] RS R6 [Step 5-1]V[Step 5-21Z1 1 R4 R3R4 R3

5 This step is a step of obtaining a compound (1-5) by converting the hydroxyl
group of the compound (1-4) to a leaving group.

Examples of the leaving group include halogen atoms (such as a chlorine atom, a
bromine atom and an iodine atom) and sulfonyloxy groups such as a methanesulfonyloxy group,
a p-toluenesulfonyloxy group and a trifluoromethanesulfonyloxy group.

10 The reaction can be performed under the same conditions as those usually used in
reaction of converting a hydroxyl group to such a leaving group. When the leaving group is a
halogen atom, for example, the compound (1-5) can be prepared by reacting the compound (1-4)
with thionyl chloride, thionyl bromide, phosphorus tribromide or tetrahalogenomethane-
triphenylphosphine, for example. The solvent used in the reaction is not particularly limited

15 insofar as it does not inhibit the reaction and allows the starting material to be dissolved therein
to a certain extent. Preferable examples of the solvent include benzene, toluene, xylene,
dichloromethane and chloroform. The reaction temperature is usually -78°C to solvent reflux
temperature, and preferably ice-cold temperature to solvent reflux temperature. The reaction
time is not particularly limited and is usually 5 minutes to 48 hours, and preferably 5 minutes to

20 12 hours.

When the leaving group is a sulfonyloxy group, the compound (1-5) can be
prepared by reacting the compound (1-4) with methanesulfonyl chloride, p-toluenesulfonyl
chloride or trifluoromethanesulfonic anhydride, for example.

The solvent used in the reaction is not particularly limited insofar as it does not

25  inhibit the reaction and allows the starting material to be dissolved therein to a certain extent.
Preferable examples of the solvent include tetrahydrofuran, toluene, xylene, dichloromethane,
chloroform and N,N-dimethylformamide. The reaction temperature is usually -78°C to solvent
reflux temperature, and preferably -78°C to room temperature. A favorable result such as an
improved yield may be achieved by addition of a base. The base used is not particularly limited

30 insofar as it does not inhibit the reaction. Preferable examples of the base include sodium
carbonate, potassium carbonate, triethylamine, pyridine and diisopropylethylamine.

[0050]
1-5. Step 1-5:
This step is a step of obtaining a compound (1-6) from the compound (1-5). The



(2-7) In the formula, Prt represents a protecting group such as a benzoyl group, an acetyl
group or a 9-fluorenemethyloxycarbonyl group (Fmoc group), and Ring A, R3, R4, R5, R6, Y and Z are
as defined above. [0074] 5General Preparation Method 5 is a method for preparing a compound (1-7)
which is a synthetic intermediate of the compound (I) gccording to the present invention from a
compound (5-1) as a raw material through multiple steps of Step 5-1 to Step 5-7. The
compouriBipErey eampRyptedHr e od BirahBreniie somRMIBdbad by sy uehetistP RiidwA to a
person skilleghiniie £t @adgan further be prepared by a method described 10 in Preparation

Examples among Examples. [OO?rSFg‘ 41 5-1. StegaS-l: This step is a step of obtaining a compound
(5-2) by oximation of tREHEBUNAY Sy PeRedELelsAR IR SRS Ly et bmsembrit the same

conditiong;asHesR PiHelllveased @)@H{g@tionﬂﬁﬁ%&ﬁ&{ B HOPENLEABIPSYBELSHGLAS Hhenore
conditions described in Org. Lett. 9 (2007) 5, 753-756, Tetrahedron; ﬁ%/mmetry 5(1994) 6, 1018-1028

and PetrSABNRSFNECf by etomssersdgrompoundd Lapifi ATy HEIESHIBEUNYSE 3)<htBk bbtained
by reactipghHaa 0MpRIPAHIBLhueithonydixyadmine or edhydand anne sathésvaoasdmadioxgamine

hydrochloride or 10 hydroxylamine sulfate) in the presence of a base or in the absence of a base, for

exampleSxample. Trlig grachion, Soeils nsRuSchbls HBtpAARLIS HEH R dnHLBFAL A2 HteuES A inhibit
the reactippreRisierablaaxamnlessiie q@y%ﬁ&ﬂp@&g&%@e sqlvenis sechasser@ngld methanol,

tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane and dichloromethane, and mixtures of these
solvents Biisteiehts roPraisipRasasin o8 Gsed include sodium acetate, 15 pyridine, sodium
hydli%idﬁ)(%eﬁium hydroxide, barium hydroxide and 2,6-lutidine. The reaction time is not particularly
limited and i1s usually 5 minutes to 24 hours, and preferably 5 minutes to 12 hours. The reaction
temperatlife &epslfily -20C to solvent reflux temperature, and more preferably 0C to solvent reflux

temperature. [0076] 20rg;2 ée@ Rifiethod of ohIRFIERIS RS PP Wgﬂl‘fﬂﬂggﬂg%ﬂﬁﬁlrﬁy

converting the compound (5- 2) to a nitrile oxide derivative and performing 1;3-dipolar cycloaddition
reaction With) thélofefizgioiety in the same molecule. The reaction in this step can be performed under

the same conditions ag{fose G HSYAY psaeLA -y difiRakanL CYRIPAdAIHON, FRAGHAM RYED RS
conditions described in a document such as Org. Lett. 9 (2007) 5, 753-756, Tetrahedron: Asymmetry 5

(1994) 6 andalovorbesiarieg giiiahiahq dogghved thgen yageertampiey . of Hivs exaigels: foe

converting h&,R%M&e performed by causing one equivalent to a large excess of an appropriate acid to
act on the compound in the presence or absence of a solvent such as benzene, toluene or
dichloromethane. Further, an acid may also be used as a solvent. Examples of the acid used
include sulfuric acid, trifluoroacetic acid, methanesulfonic acid, trifluoromethanesulfonic acid

20 and mixtures thereof. The reaction time is not particularly limited and is usually 1 to 72 hours,
and preferably 1 to 48 hours. The reaction temperature is usually ice-cold temperature to
solvent reflux temperature.

The compound (1-7), wherein both R' and R? are hydrogen atoms, can be
obtained by the above reaction.

25 The compound (1-7), wherein both R' and R? are hydrogen atoms, can be
converted to the compound (1-7), wherein at least one of R' and R? is substituted with a
substituent, by further reaction with a corresponding halide compound or the like such as a C;¢4
alkyl halide, a C,_ alkylcarbonyl halide, a C¢_14 arylcarbonyl halide, a C,.¢ alkylsulfonyl halide, a
Ce.14 arylsulfonyl halide, a 3- to 10-membered carbocyclic halide or a 5- to 10-membered

30 heterocyclic halide.

[0052]
2. General Preparation Method 2:
[Formula 9]




compound to the nitrile oxide include N-chlorosuccinimide and sodium hypochlorite. The solvent used
in this reaction is not particularly limited insofar as it does not inhibit the reaction. 30 Preferable
examples of the solvent include dichloromethane, chloroform, benzene, toluene, xylene,
N,N-dimethylformamide, tetrahydrofuran and 1,4-dioxgne. The reaction temperature is not particularly
limited and is usually ice-cold temperature to solvent reflux temperature. The reaction time is not
particularlydimited and is usually O.Ség) Ang hours, and preferally £.5 t0 24 hours. 42 A more
preferable resulissuch ascap improvedyield;maydie achigyed by carxyifig/out this reaction in the
presence?f abase. Such a base.is fot ?rticularly_llmjied..E%am gles
as sodiun onate, potassium ca sium carbonate;potagsium phosphate and solutions
thereof, ard kiethylamine and pyridige.\s [0077] 5-3. Step 5-FR¢ r® j  This step is a step of obtaining
a compoune{5-4) by addition reaction,of,an aryllithium reagentAigcluding heterocyclic) or a Grignard
reagent (including heterocyclic) with the compound (5-3). 10The reaction in this step can be performed
under the same conditior&g as described in J. Am. Chem. Soc. 2005, 127, 5376-5383, Bull.

of the base include bases such

Chem. Socsidan.266] 27304273 993) and SYNLETT. 2004, No. 8, pp 1409-1413, for example. The
aryIIithium~reage-nt_@nclL{ding| eterocyclic) or the Grignard reagent (including heterocyclic) can be
prepared by a method k a person skilled in the art. 15 Specifically, a corresponding aryl
(including heterocyclic) lighimn geagent or aryl (including heterocyclic) magnesium reagent can be
prepared by halogen-meﬁa_l4§:xchange between an aryl halide compound and a commercially available
organometallic reagent such as an alkyllithium reagent such as n-, sec- or tert-butyllithium or a
Grignard reagent suchlashisépiapidnragpesith RfpRIdRS or metdlieemagoksidmbdoe.example. 20The
solvent %%[11 this step varies according to the starting material and the reagent used, and is not
particulau@ ited insofar as it does not inhibit the reaction, allows the starting material to be dissolved

therein to a certain ext@sheadlPisiineys Methelidngdheteattionpidpafarableotxsrapiest ohi¢he solvent
include organic solvents h as diethyl ether, tetrah e%r.ofur 1,4-dioxang, 1,2-dimethoxyethane,
penzene S REP NI S S B QHE e Bt R 0k (SSHTGLR s Tited anl s
usuaby Opietert8riventisnafinonprefenabyiit 1 2d 12shaurs nTherdabtahampepdéutepsasfeeapezdrading to
the startiggtpn‘;% rial, the reagent used and the like, and is preferably maintained to be low, for
example, at- to minimize formation of a by-product. Favorable results such as an improved yield
and a reduced reactiof e mayubé @Ol1achiebed bynadditiom phTMEDAp(tettamastylethy lemediamine),
HMPA ( exametré)élghosphoramidel) ﬁr a Lewis acid such as a orgrf(trifluoride-diethylke‘tiﬂﬁr. c%rlnplex
(BF3-0ELY) ASHRAdHINE FOMEKARHIE To0 8 s Bty mgfgod known-oa Rersqusiilfed ifgthe
obtainingaa, cahpaufidtierHeqyrquivgelching thetloahdeethiteb (5n Prepaaduatireaciplsageoreaction of the
N-0 bon The reductive cleavage reaction of the N-0 bond can be performed under the

: xamﬁles.. i . . i ) : L
conditions using Zinc-acetic acid, a metal catalyst such as hydrogen-platinum oxide, or lithium 5
aluminurtoiydiide, for example. The reaction using zinc such as zinc-acetic acid can be
performeii_ er the same conditions as those described in J. Org. Chem. 2003, 68, 1207-1215 and
Org. Lett. 7 ( 5, 5741-5742, for example. Examples of the acid used include acetic acid, formic
acid and hydrochloric d&id. sTdpei solseptofisbthinitipeareantionnd (202 particulerbotimiteadinzdfar as it does
L0 not infib ihe Feaction,and allows ihesiaring matsrial do,be dizsolved herein 1o a gertain xtent
Examples of the solvent include methano , € ﬁan%]f _c[,}i-l-dloxane, E Gnd Water. The above acid may
alsolbe usethas amspiventhpbhed €42l drote m patatoyé dsrupoatly (20E€ 4o tholvemdirefhwdtsomperhtude, and
preferably ice~cold te t reflux temperature. The reaction time is not particularly
limited a?&%scﬁéﬁglly@’prﬁr%?ééqg @g%%?}rs and preferably 5 minutes to 15 24 hours.

[0055]

2-2. Step 2-2:
This step is a step of synthesizing a compound (2-3) from the compound (2-2) as
20 araw material using a method described in the above preparation method (Step 1-2).
[0056]
2-3. Step 2-3:
This step is a step of obtaining the alcohol compound (1-4) by subjecting the

aldehyde compound (2-3) to reduction reaction.



The reaction using a metal catalyst such as hydrogen-platinum oxide can be performed under the
same conditions as those described in Tetrahedron: Asymmetry 5 (1994) 6, 1019-1028 and
Tetrahedron, Vol. 53, No. 16, pp 5752-5746, 1997, for example. The compound (5-5) can be obtained
by hydrogenating the compound (5-4) using platinumxide as a catalyst in 20 a solvent such as
methanol, for example. The reaction using lithium aluminum hydride can be performed under the same

conditions as those deSBfiBEQTR!BaMROHBH( Isbcandbr biripsdiiomahe didoBydforunammp (2rik

compoury; k& 18R KREIRGERBARRHLIAGH AR GAMP XA pRs¢H SN Sl @%Bﬁﬂ idihydEide in a
solvent such as ether, for example. 25 [0079] 5-5. Step 5-5: This step is a step of obtaining a

compourtB3&ie) HeHAhEEaHbBREE SIS, TREYMGRIRRRIRDAHTESBY) 4B obtained from the
compound {3k PyRmeinad knpnda-aneisapesillrd imthe aticsaMenite MeRGngIgroupds a

benzoyl group, the compound (5-6) can be obtained in this step by reacting the compound (5-5) with
benzby! isoibiveyasduxirpmpunErt sudmeiaidhlordnetareeorteohperisurthis Teasabiewarsdskin
perform . itj r i 09, -1917, for
examplee.[ﬂlgﬁ%qsgg]lé%?ﬁ%%pes m@ﬁe gg&ﬁ@é&?ﬁ%ﬁ%%ﬁ?ﬁ%&%@db %{riglc%‘rg?azjacsg ?tﬂ (jgegsaﬁggxi%n %it the
reaction siatiiafjonachal Wwheidisialy eddherieintty BecelisgplvedntherBikftaablcartampsiaitthexahipies of

the SO'Velﬂl&i{}&éu}ﬂ%tﬂ&%ﬁ?E?l’?&ﬁ&*ﬂ?ﬁéﬁaﬁ IRLRIRAM e RleR T dRERRANALHARANRIn Ay d-dioxane and THE

The reaction temperature is usually -20C to solvent reflux temperature, and preferably ice-cold
temperatl&¥d solvent reflux temperature. The reaction time is not particularly limited and is usually 5
5 m'gwteg.t@é}%appfgpgag&{%[ﬂg&yﬁ minutes to 24 hours. When the protecting group is a
9-fluorenemethyloxycarbonyl group (Fmoc group), the compound (5-6) can be obtained in this step by
reacting therasHipblnd (5-5) with fluorenemethyloxycarbonyl isothiocyanate in a solvent such as
dichloromethane or toluene. This reaction can be gerformed under the same conditions as those
described in J. Org. CH&m. 10 1998, 63, 196-200, for example. The solvept-us@tin the reaction is not
particularly limit @ fhe reaction and allows the stafting material to be
dissolved therginto a certain extent. Exagapies of the sol jent inglygle di?th omethane, chloroform,
toluene, meth&gdl, gthanol, Bacdioxahe aid THE 'Nn;eosem_lemﬂera re is usyally -20C to solvent
reflux temperature; aﬁpf préferably ice-cgz(ld te mpsrature to solvent refléx ter pé\fqﬁture. The 15 reaction
time is not pafticutarlyimited and is usualyy’5 minutes to 48 hours, andprefegably 5 minutes to 24
hours. [0080] k+tk:Step 5-6: This step is &'néthod of obtaining a competnd (5-7) by cyclizing the
compound 20(5-6)3-1) In this reaction, tK‘%zc):ompound (5-6) can be cydfz8d under various

conditions to obtain the compound (5-7) by selectini a protecting group of the comiound (5-6).
[

When the protecting group is an Fmoc group or a eg2oyl group, for example, thé gompound (5-7) can
be obtame@jn'tﬂ%%acuhhe ting the cokr{npoL1 1d £5-6) in a solvent sucn

N
o ol

or O
[Step 3-3] RS RO [Step 3-4] RS R
N NHBoc N NHBoc
Y TTT
Y. _S Y .S
X X
R RO R R
(3-6) (I-a)

In the formula, L; represents a single bond or a C¢ alkyl group and Ring A, Rl,
RZ, R3, R4, R’ , R6, X, Y, Z and Ring B are as defined above.
[0058]

15 General Preparation Method 3 is a method for preparing the compound of the
general formula (I) according to the present invention, wherein L is a -NHCO-C, ¢ alkyl group
and R' and R? are hydrogen atoms, from a compound (3-1) as a raw material through multiple
steps of Step 3-1 to Step 3-4.

[0059]

20 The compound (3-1) can be prepared from a commercially available product by



25 as methanol in the presence of an acid such as concentrated hydrochloric acid, for example. The
solvent used in the reaction is not particularly limited insofar as it does not inhibit the reaction and
allows the starting material to be dissolved therein to a certain extent. Examples of the solvent include
solvents such as methanol, ethanol, 1-propanol and wgter, mixed solvents thereof, and acids used as
a solvent. The reaction can be performed by causing one equivalent 30 to a large excess of an

appropri&tensEil Recaetaiomdpraed A cSencatldeisearsiieudethed ReHe e Riney yiand ke didet

include coBRGRIBIRIRSh BIAFREOIANC 3fith S ERRIOMIGIASIL SHIPAHCI A5G, HEIHOIQRSBHBAGH,
methanesulfonic acid, trifluoromethanesulfonic acid and mixtures thereof. The reaction time is not

particulaf§ERAREANIRAIERISH AMP DS e P lssur S ARBPYEte Aty D18 ¢-24cAB BrscamBeEdRlYn
temperatygilisouspnice seld dRengralralio SopepLrabreiitix (BMRRIIAIG- available WBEAINS,

protecting group is an Fmoc group or a benzoyl group, the compound (5-7) can be obtained by an

Oy
alterrativeMENd OB RRG R ETrshisuha 1H-pdvapntisroRsatrrareslivs rieaiagairderined
solvent spchrasaigbloIxnaanmisib e Riggaace of a 5 base such as pyridine. This reaction can be
performed under the same conditions as those described in Chem Bio Chem. 2005, 6, 186-191, for
example.[Q%Q]solvent used in the reaction is not particularly limited insofar as it does not inhibit the
reaction and glpves the starting material to be dissolved therein to a certain extent. Examples of the
solvent include solvents such as dichloromethane, 1,2-dichloroethane, THE, 1,2-dimethoxyethane and

toluene, and mixed 10 QYRR IHEHSBOTAR HLLRE 3 RBR B D E g% & RIRTY S48V BHAR AfehSs of an
apphopriaigihasedipsianacealpenhdamplasor the drserdsedinsiude dyridine, 2,6-lutidine, sodium
carbonate, potassium carbonate and mixtures thereof. The reaction time is not particularlgi limited and

is usually 0.5 to 24 hodrs RSB RAMBRPEE RS e HlFthe TS £ORTH I AR FaRSFeRD I§5¢98C to
room tenpermityeyMibemibedrofestingig oo menZaYhIRIBoraRi dHs (RAWREA AN 2-d)eache
obtained by an alternative method 2 of reacting the compound (5-6) with triphenylphosphine and
carbon tsHabASrhid¥ @FeﬁPo?ﬂﬂ'@')%l\é['sWI\}@nt}gi?éﬁcﬁ§e RS PR HhEHUC s PistRYiotr edMbiitions are
the samegagitiipseodhbramn&tBsho{ BPIMaryHaIw Wilickapdnrna-b s.parsobiskiledin the art.
[0081] 20 5-7. Step 5-7: This step.is a methaod of obtaining the compound (1-7) by deprotecting
the proteifig C8mn%u88&$$bw&le§vs?f gtxbﬂaffahﬂ'aﬁtiPﬁ%ﬁlﬁ@ﬂgfaﬁﬂgm f {&frotection
conditionskravwuta aspeisbpdskileshirtshe-armhpl¥hen the protecting group is an Fmoc group, for
example@cag jompound (1-7) 25 can be obtained under the same conditions as those generally used
in deprot c} of a protecting group of an amine compound (such as the conditions described in a
documerg-guste@s-2; W. Green and P. G M. Wuts, "Protective Groups in Organic Chemistry, Third
Edition"”, John Wiley & Sons, p..506-507 and J. Org. Chem. 1998, 63, 196-200). In thjs reaction, the
compound (1-7) can bﬁaﬁtﬁ e %g%Bé’S?ﬂ%%ﬂB“‘é%ﬁB%’@ﬂ&‘é%j%%?% e %Lf%(iﬁﬁne such as
pyrretidine 30 in a solvEh¢ sueip@macstonit denfiassexanbple: dlbim goharitroseahipothiel (8aZtipnds not
particularly limited insofar as it does not inhibit the reaction and allows the starting mateyial to be
CssoivedSHLTE o B AP BT b R a5l FTREES ShAFoRS NP and
acetonitrigluthien égctioal eanhepeeiativadi by causisig mrekbctialenidh & Rigeyexioksy of an
appropriate base to act in the presence o{ such a S?'{Flﬁﬁm' Examples. of the hase uaed include 46
pipericinB Ao TS U SR A U i RSB YU SE BRI R and is
usually Onbual 2didiviensunshpseiarablydnScito?dld dussfdihblee datiomiephperature is usually ice-cold

temggrat#}(ga Eansolvent reflux temperature. Favorable results such as an improved yield and a reduced
reaction t g ay be
3-3. Step 3-3:

This step is a step of obtaining a compound (3-6) by condensing the compound
(3-3) with the compound (3-4) using a condensing agent. Alternatively, this step is a step of
obtaining a compound (3-6) by condensing the compound (3-3) with the compound (3-5) by
30 acylation reaction.
The condensation reaction of the compound (3-3) with the compound (3-4) using
a condensing agent can be performed under the same conditions as those usually used and
described in the following documents. Examples of the known method include those in

Rosowsky, A.; Forsch, R. A.; Moran, R. G.; Freisheim, J. H.; J. Med. Chem., 34 (1), 227-234



5 achieved by addition of a thiol compound such as 1-octanethiol as an additive, for example. When
the protecting group is a benzoyl group, the compound (1-7) can be obtained in this reaction by
heating the compound (5-7) in a solvent such as methanol in the presence of a base such as DBU, for
example. This reaction can be performed under the sggne conditions as those described in Synth.
Commun. 32 82)E 265-272 (2002;, for example. The 10 solvent used in the reaction is not particularly
limited indSfabaB it dwskioMrniBR e e AR AN SHORS Ihé st Tdtsridltd Bk HSSohEd therein

to a certqiyexientd Reameried of thersplvert Kiclydessolvausisuehras Retanoh eihaanhand. R ;

1-propanol. The reaction can be performed using 1 to 20 equivalents of an appropriate base in such a
solvent. ERIlel &-indilsdlu¥ba e p BN fhedre XeoRamR ib-nBepsitic liatyhavitel ¥hd is

usually Opuvtendd, ko Rpuse, andpreésraldly10: oriepld, hauts, ARseadtian temparatyegns 3syally room
temperature to solvent reflux temperature. [0082] The compound of the formula (1-7), wherein
at least &?@H&dﬁo@é’ﬁ@tom of the amino group is a C16 alkyl group which may have 1 to 3

substituents selected o SHPFIME 320 E1PYP PEicd fol@ alkyledrbonyl group which may have 1 to 3

substituents selected from Substituent Group oc, a C614 arylcarbonyl group which may have 1 to 3
substitud¥¥sélected from Substituent Group oc, a C16 alkylsulfonyl group which may have 1 to 3

substituents selected fio@souRstHERIGERIHAGs AdepAdianday!fanibarasprvhich asy Ravianisr 3
substituents selected from Substituent Group oc, a C38 hydrocarbon ring group which may have 1 to 3

25 substiftfeifc il créa BRes abthrgeheaiiigdede uaby s of Brine beligdane&tBel & foup which

mayi bavendikg13 sstbeliuentisrspiesiat frnmaSrRatitNeRt (aiRupy foreamle ablabred Ry fyrther reacting
the compound 51-7) obtained in General Preparation Method 5 with a corresponding halide compound

or the likESUER'ESY BT UG HIARISC ORI %0 CPE BT AasrepuiditBHMelib P8P (Rbtrhdta 13] 47

[Step 6-YeNiber s R4 Rxy(tri(dimethylamino))phosphonium hexafluorophosphate), WSC (1-ethyl-3-
(3-dimethylaminopropyl)carbodiimide hydrochloride), DCC (N,N-dicyclohexylcarbodiimide),
diethylphosphoryl cyanide, PyBOP (benzotriazol-1-yloxytris(pyrrolidino)phosphonium

15 hexafluorophosphate) and EDC-HCI (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride). One equivalent to a large excess of the compound (3-4) is used with respect to
the compound (3-3). One equivalent to a large excess of an organic base such as triethylamine
may be added where necessary.

The reaction time is not particularly limited and is usually 0.5 to 48 hours, and

20 preferably 0.5 to 24 hours. The reaction temperature varies according to the raw material used,
the solvent and the like and is not particularly limited. Ice-cold temperature to solvent reflux
temperature is preferable.

[0064]
3-4. Step 3-4:

25 This step is a step of obtaining the compound (I-a) by deprotection reaction of the
t-butoxycarbonyl group of the compound (3-6).

The reaction can be performed under the same conditions as those generally used
in deprotection reaction of a t-butoxycarbonyl group such as the conditions described in a
document such as T. W. Green and P. G. M. Wuts, "Protective Groups in Organic Chemistry,

30 Second Edition", John Wiley & Sons (1991), p. 327-330. The compound (I-a) can be obtained
by reacting trifluoroacetic acid with the compound (3-6) in a solvent such as dichloromethane,
for example.

[0065]

The compound of the formula (I) according to the present invention, wherein at



(kb) 4, Rs, R6, 44, In the formula, Ring A, R3, RZ, L, LV and Ring B are as defined above, Alk
represents a C1-6 alkyl group, R8 represents a hydrogen atom or a C1-4 alkyl group, and Li
represents a single bond or a C1-4 alkyl group, provided that R8 and Li in the compound (6-6) have up
to four carbon atoms in total. 5 [0084] General Prepasgtion Method 6 is a method for preparing the
compound (I-b) of the general formula (I) according to thederesent invention, wherein L is a single

bond, a ¢ 2Rer e Poup DF acike sianmn TaHeare IRe AsHRIUGH 1RIF65EHRBms, from
a Compoyﬂﬁsﬁﬁn&@éﬁaw,%%gigmmW WHRIE 18PE RLPIBR 11143 ARR RiRndkAEABS] The

compound (6-1) can be prepared from a commercially available product by General Preparation
Method fra@ehebaliPespbretivroviethod 5 Wearkonibinatipwvbic ererhhrrdparatiobsiuensd 1 and

General Preparation Method 11, and can also be prepared by a method de ribeﬁ in Preparation

Erample s e A R B L mercialy
availablespbeduecis usdecdidecty Sabsdlser&psepareddrameybohfner giallpaviithbieapledect ty3a
method known to a person skilled in the art, and can further be prepared by a method described in

PreparatidR RIS IS a A BxARBIEUCTbERP4B 8 43 Shyfraedrbon ring Fqunydyql maydiyg 1
obtaining aEmBRAUBE SRR did R Wiy rathPeYALNG the sompeuRd Bk dThisisasienranbe

performed under the same conditions as those generally used in t-butoxycarbonylation of an amide
compounthécicag haeecoidhisibsidaserisetearet fimmsSahedncan §Pug ¢ ey e obtrorstiive Groups in

Organic ﬁf?&f@#?&%%@i[H%%%@%?ﬁnﬁ%&)\%ﬂ?&ﬁ%ﬁﬂ@e&rﬁﬁé@%&&@ﬁ iRt SRR, 2005, 70,

2445-2454. The compound ( can be obtained by reacting the compound (6-1) with di-tert-butyl
dicatbonegaressinadmaivledpyiemnaopd tdihe hkcsswelsasia @isollenthalidh. asAtematoredxdheple. The

solvent usgdinisFeACoRSINeh RREiHAL Y IMItp R nsPIAY ARilkdaaR Rat LQJIRIRICDe reaclian.

Preferable examples of the solvent include organic solvents such as tetrahydrofuran, 1,4-dioxane,
1,2-dimefosyetharskdichommiitiamey DME el aodoitdlss asrldonikéwmchubstisueirSotuBamples
of the base ysed jn I} lamine, 4-.dime i idi | I A
catalyic B e e e e R e
respect té Wihcompesprh @@ g ha BT wonpguivierits tokarsuskcess Of sabklyhedéedpreferably 2 to 10
equivalents of di-tert- | di ' It . o) -1). T tion. time is
ot Martcutany imited S 0 e B R B N P e
reaction tRpSatUreliereisuRlTys-208 o gsolvermietiuxtie pipeiradesinna surspredirabifoayto solvent

el e ale 20 0ORT) RGN & n e THRRISH A0 ORI B SqRENE -7

by coupling reaction of the compou e compound(6-3), 6-6) using a
transitiorPrapadtivhidlesaedidn cihebwpedondetthedamhke Chraditiodnadashy preseninesnpling reaction

using a 2 raRsIfiQn MR GSUERRTRHRUKL GRHPINR AR W RIS SRVRING e3S R RARRgashira
reaction or Heck reaction).
20 selected from Substituent Group ), can be obtained by further reacting this compound with a
corresponding halide compound or the like such as a C;¢ alkyl halide.
[0066]
In Step 3-3 of General Preparation Method 3, the compound (3-6) can also be
prepared from the compound (3-3) and the compound (3-4) by a method described in the
25 following alternative method (1) or (2).
[0067]

Alternative method (1):

The compound (3-6) can be obtained by converting the compound (3-4) to a
mixed acid anhydride and then reacting the mixed acid anhydride with the compound (3-3).
30 The mixed acid anhydride can be synthesized by a means known to a person skilled in the art.
The synthesis is performed by reacting the compound (3-4) with a chloroformate such as ethyl
chloroformate in the presence of a base such as triethylamine, for example. One to two

equivalents of the chloroformate and the base are used with respect to the compound (3-4). The



Examples of the Suzuki coupling reaction include reactions in documents such as J. Org. Chem. 2007,
72, 7207-7213, J. Am. Chem. Soc. 2000, 122, 4020-4028 and J. Org. Chem. 2007, 72, 5960-5967.
Examples of the Stille coupling reaction include reaction in a document 30 such as J. Am. Chem. Soc.
1990, 112, 3093-3100. Examples of the Sonogashiraggaction include reactions in documents such as
J. Org. Chem. 2007, 72, 8547-8550 and J. Org. Chem. 2008, 73, 234-240. Examples of the Heck
reaction [RRRIOE FEBBEBHUF & ddRUmeriosat e BpIamie, arkpreisudl 2ol ClP7orsnBmpedreThe

organometallc catalysise i S EARIRN R ReRRATIGH B Ui Rreferhip ciramplosief the
organometallic catalyst include metal 49 catalysts such as tetralcis(triphenylphosphine)palladium (0),
dichlorotisttapRetPp Fresphin Byp alizedLradl By dridssyeip Hergmprwsmeind e froc splefalsaaiug (1)
dichloridg; Big{teH iR RASRIYBRRAIASILCO ReATIH A ACHIHE @RI, 3-One cquivalent to
bis(diphen Iphosphlno)fpropane]nlckel (I1), and mixtures of these metal catalysts. The amount 5 of the
orgaﬁomfé{&lﬁé exgatysiubedagppwid 6000 1sssobvaguivansat Witherauped adradiidgaterial. The
amount of the compoupgk(RsRhidh-dhd & b 4RiBlIMIS T iRet Rrricwlaryinies Angis-usyally 1 1o 5

equivalents with respect to the compound (6-2). The solvent used in this reaction is not particularly
limited ineisfaradyidos IFdianibit The rexaitivntemideataiiid exXiples ot thesbrretaribdiudd Betzene,
toluene, xylene, N N-dimethylformamide, 1-methyl-2- 10 pyrrolidone, tetrahydrofuran,
1,2-dimethoxyethane, 1,4-dioxane, acetonitrile and propionitrile. The reaction temperature is not
particulaffOMlited and is usually ice-cold temperature to solvent reflux temperature, and preferably
roo%ter@agﬁltﬁget%gg{gg@{:eﬂux temperature, for example. The reaction time is not particularly
limited and is usually 0.5 10 48 hours, and preferably 0.5 to 24 hours. 15A more preferable result such
as an improved yield &y penzraviadéd-pycearbyingtaiethby eaotsinis teecprereiitb(3f4H ok or a salt.
Such a basg, Ot saltis @ RALYEHIR IR KIGISIRRIS CXAMRIER PN bapk. At GAlpGHEG pases or
salts such as sodium carbonate, potassium carbonate, barium hydroxide, cesium carbonate,
potassiuthqissisieter parageimed| by tiers @i theribasuhéféot) and aietkiimelier synthesis

N N-diisqpropylethy i < ithium 20 serife ens SaRRSEA) dP e dARRE) fodnSEREBihe
This step is a step of synthesizing the compound (I-b) from the compound (6-7) as a raw material
usintpa rREsfgdelse Hpadensitheageplaiphal dPSiforf ohetastnISte faplos qHtrgctiNe edehpound of the
formula () AgeOrdiogIa e IRSROLAXSKN. WhARIGIN ableas! P& QliRiandRA A Gsalky! group

which may have 1 to 3 substituents selected from Substituent Group oc, a C16 alkylcarbonyl group
which maybgsds reacsns gpditheesBdsarpeetR s utsstividht cpetiy o hecosrauad/Satbonyhgroup
which may, bave dnle ] SUPsHHENt I dinplesiam FOmuIHDHIBUSHGAHR %afg@%ﬁl%@k@@xl group
which may have 1 to 3 substituents Selected from Substituent Group oc, a C614 arylSulfonyl group
which m&@#ave 1 to 3 substituents selected from Substituent Group oc, a C38 hydrocarbon ring group
whigiy may have 1 to el SREGIRELTON PLOskYRat GIPURAARR 2102 mgHbered
heterocyclic group 50 which may have 1 to 3 substituents selected from Substituent Group oc, can be
obtainedtbypparateicreacting the compound (I-b) obtained in General Preparation Method 6 with a

corresponding halide cRRAKNG 05 iREKESHERAR & &P Rl HRALGGHIANRALS | 1 GRAGIAl L gparation

Method 7: [Formula 14] 7-5\
reacting the active ester with the compound (3-3) in a solvent such as dichloromethane,

tetrahydrofuran or N,N-dimethylformamide, for example. One equivalent to a large excess of
25  the compound (3-3) is used with respect to the active ester. The reaction time is not particularly
limited and is usually 0.5 to 48 hours, and preferably 0.5 to 24 hours. The reaction temperature
is -20°C to 50°C, and preferably -20°C to room temperature.
[0069]
In this acylation reaction, the compound (3-6) can be obtained from the
30 compounds (3-3) and (3-5) by a method known to a person skilled in the art.
Examples of the base used in the reaction include triethylamine, pyridine,
potassium carbonate and diisopropylethylamine. The reaction temperature is not particularly
limited and is usually -78°C to solvent reflux temperature, and preferably -20°C to room

temperature. The solvent used in the reaction is not particularly limited insofar as it does not



B B(OH)2 LV-LV \--) (6-3) R5 R6 [Step 7-1] R6 R[step 7-2] NH2 NHZ Ys 1:N2c)S (7-1) In the formula,
Ring A, Ring B, R3, R4, R5, R6, Z, Y, L and LV are as defined above. [0091] 10General Preparation
Method 7 is a method for preparing the compound (I-b) of the general formula (I) according to the
present invention, wherein L is a single bond and R1 ggnd R2 are hydrogen atoms, from a compound

(7-1) as a raw material throuah Step 7-1 to Step 7-2. The compound (7-1) can be prepared from a

commerdMIipiathsiEsip HRNG SifetErne paRisith I Bendasel ed Hisis iR p&FALISA N&tHod 5 or a
combinaparhsieneialples BrepaiithMained and/Genam RieRaatieR-Methadndroandnaan. also
be prepared by a method described in Preparation Examples among Examples. [0092] 7-1. Step 7-1:
This sted%)?aoitep of obtaining a compound (7-2) by benzyloxycarbonylation of 20 the compound
(7-1). The gasdianEappaipsesmed ander the same conditions as those generally used in
benzyloxycarbonylation (modification with Z group) of an amino compound such as the conditions
descAbedRraYaddment such as T. W. Green and P. G M. Wuts, "Protective Groups in Organic
Chemistry, Third Edition”, John Wiley & Sons, P. 531-537, Fhe compound (7-2) 25 can be obtained by

reacting the compqund (7-1) with benzyl chloroformeteivra mixed solvent of 1,4-dioxane and a
saturated sodcarbonate solution, for example, [#093] 51 7-2. Step 7-2:

1 5 R!
R® R R [Step 4-1] RS .
N N\ zZ AN \RZ
e Y
Y. S Y. -S
X~ X
R* R3 R* R?

(4-1) (3-1)

In the formula, Ring A, Rl, RZ, R3, R4, R’ , R6, X, Y and Z are as defined above.
[0071]

General Preparation Method 4 is a method for preparing a compound of the
general formula (3-1) which is a synthetic intermediate of the compound according to the present

10 invention from a compound (4-1) as a raw material through Step 4-1.

The compound (4-1) can be prepared from a commercially available product by
General Preparation Method 1, General Preparation Method 2, General Preparation Method 5 or
a combination of these methods, and can also be prepared by a method described in Preparation
Examples among Examples.

15 [0072]
4-1. Step 4-1:

This step is a step of obtaining the compound (3-1) by nitration reaction of the
compound (4-1). In this nitration reaction, the compound (3-1) can be obtained from the
compound (4-1) by a method known to a person skilled in the art. Examples of the nitrating

20 agent used in the reaction include potassium nitrate/concentrated sulfuric acid and fuming nitric
acid/acetic anhydride. The reaction temperature is not particularly limited and is usually -20°C
to room temperature.

[0073]
5. General Preparation Method 5:

25 [Formula 12]



This step is a step of synthesizing the compound (I-b) from the compound (7-2) as a raw material
using a method described in the above preparation method (Step 6-2). [0094] 5The compound of the
formula (I) according to the present invention, wherein at least one of R1 and R2 is a C16 alkyl group
which may have 1 to 3 substituents selected from Subgtituent Group oc, a C16 alkylcarbonyl group
which may have 1 to 3 substituents selected from Substituent Group oc, a C614 arylcarbonyl group
which may have 1 to 3 substituents seleggegefrom Substituent Group qc, a C16 alkylsulfonyl group
which may Hz;\é 1 to 3 10 substituents s%it;g(ﬁpm Substituent & up oc, a C614 arylsulfonyl group
which may haveckito 3 subttitBents Selectetfrom StbstRudnt Gradp oe=" C38 hydrocarbon ring group
which may have ] to 3 substituents Selected-from Substituent Grot t& 5- to 10-membered
heterocyclic g}which may have 1 to?%tituents selected froim Substituent Group oc, can be
obtained by rther reacting the.compound (I-b) obtained in-General Breparation Method 7 with a 15
correspondinzshglide compo the lik&®duch as a C16 halﬁé's.)[0095] 8. General Preparation
Method 8: [Formula 15] In theformula, Ring A, Ring B, R3;-R4, R5, R6, Y, Z, L and LV are as defined
20 above. 52 Gen&aRPreparation Method 8 is &nfdthod for preparing the compound (I-b) of
the general¥6fRuRt &) according 's_gthe ptESBnPirffention; Whekein L is a single bond and R1 and R2
are hydrogen-atoms, fromya compgeind (6-2) as a raw faterial fidugh multiple steps of Step 8-1 to
Step 8-3. 5The compound (8<2) can be prepared from a ceémmercially available product by General
Preparation Method 6, ancREaRt also be prepared by a nfetRod described in Preparation Examples
among Examples. A compegund (8-2) can be a commercigig)available product used as is, can also be
prepared from a commercially available product by a method known to-a person skilled in the art, and
can further be prepared by amethod described in Preparation 10 E les among Examples. [0097]
8-1. Step 8-1: This s a step of obtaining a compound (&%) by coupling reaction of the
compound E%E?)puﬁhﬁ]a transifion metal. 15The reBSton ithis s n be performed under the same
conditions as those ustallywseddin cgupling reaction using a tramsiti Metal'sueh as the conditions
described in Org. Lett. 2007, \ . 4, 559-562 and Bioorg. Med,Chesn, 14 (2006) 4944-4957.
Specifically, the compourvd (3 n bédbtained by reacting the compound (6-2) with
bis(pinacolato)diborane updeghegting conditions in a solvent such as DMF(ig]7t e presence of a 20
catalyst such as potassium @g@tate or [1, F-bis(diphenylphosphino)ferrocene]palladium (1) dichloride,
for example. The organometallic catalyst used in this reaction is not particularly limited.

Preferable examples of the oretallic catalyst include metal catalysts such as
pa

dichlorobis(triphenylphosphiné)palladium (I1), [1,1'-bis(diphenylphosphino)ferrocene]palladium

[Step 5-7] RS R
. N NH
\ s
R* R®

(1-7)

In the formula, Prt represents a protecting group such as a benzoyl group, an
acetyl group or a 9-fluorenemethyloxycarbonyl group (Fmoc group), and Ring A, R*, R*, R’, R®,
Y and Z are as defined above.

[0074]

5 General Preparation Method 5 is a method for preparing a compound (1-7) which
is a synthetic intermediate of the compound (I) according to the present invention from a
compound (5-1) as a raw material through multiple steps of Step 5-1 to Step 5-7.

The compound (5-1) can be prepared from a commercially available product by a
method known to a person skilled in the art, and can further be prepared by a method described

10 in Preparation Examples among Examples.

[0075]



25 (Il) dichloride, bis(tert-butylphosphine)palladium (0), palladium (Il) acetate and [1,3-
bis(diphenylphosphino)propane]nickel (II). The amount of the organometallic catalyst used is about
0.001 to 0.5 equivalent with respect to the raw material. The solvent used in this reaction is not
particularly limited insofar as it does not inhibit the reagtion. Preferable examples of the solvent include
benzene, toluene, xylene, N,N-dimethylformamide, 1-methyl-2-pyrrolidone, 30 dimethyl sulfoxide,
tetrahydr%fhréﬁ-,p—liz-dimethoxyethane, 1,4-dioxane, acetonitrile and propionitrile. The reaction

temperature is not partigyagplinited Roedecsialy. kgrpRishters BRIt selventHelumemRerature,

and preferably room temperature to solvent reflux temperature, for example. The reaction time is not
particulaﬁﬁ/']ri}nited and is usually 0.5 to 72 hours, and preferably 0.5 to 24 hours. 53 A more

preferable result such agaRdrMiPMEthXiSlEhRAY Reprahiered hisamyinmRUISHERCHOMthe
presence of a base. Such a base is not particularly limited. Preferable examples of the base include

base® st Y ekt F Rt ecasunf aceiind sampreadsyrars Beerdifnnsatsided tesium

carbonate;patagsm9sphatey petassitruisiridsinaiyaminesd and N Nodisapiapyisibytamine.
[0098] 8-2. Steﬁﬁ-z This steg is a step of synthesizing a compound (8-3) from the compound (8-1) as
a raw maXefia @&’as%qgfﬁé Zdescribed in the above preparation method (Step 6-2). 10 [0099] 8-3.

Step 8-3: This sieRiis-alBiemOE syiptegizNg )ibgmanapatind (hpidiom hecampeund (8-B) as a
raw material using a method described in the above preparation method (Step 3-4). [0100] 15The

compounti G ixdreeeming LA el Ry I8 TRe prls e Thie Rrdie W RErs: s ie F R1 and R2 is a

C1618lkyhgaesss whitle suaenue theprdssHbsHuePiscsalesiad MenSUbsiinigs! Greumgsica C16
alkylcarbonyl group which may have 1 to 3 substituents selected from Substituent Group oc, a C614

arylcarbonyl group whitherly Fraviet! {8 disusasiioartnet ratia o sritditnssieEolsies ¥E16

alkylsulfanpigr euprvdictnmayrbrysble tex a2 aubisiid eslie selpelatk bamnauqstituentfskap oc, a C614
arylsulfonyl group which mag%have 1 to 3 substituents selected from Substituent Group oc, a C38

hydrocarB3Ahg U BaRAWATERTNA HABR: 1-t5 BB ituer s steX s i SUBSTHAENT P30 &G a 5-

to 10-memikared beireqcyslic aoail whieh mBygeslofan: substiteantsisalessadifionebiuhstituent
Group oc, can be ohtained by further reacting the compound (|-b) obtained in General Preparation
viethod SiEE 28 RAIAG ASibE &) aétﬂ%d@ﬁm@ ﬁw&rgﬁbwgi%%aﬁwﬁham [0101] 9.

General Rerparatier Medigddiclfalnuaidke] and is usually 5 minutes to 24 hours, and preferably 5
minutes to 12 hours. The reaction temperature is usually -20°C to solvent reflux temperature,
and more preferably 0°C to solvent reflux temperature.

[0076]
20 5-2. Step 5-2:
This step is a step of obtaining a compound (5-3) by converting the compound (5-
2) to a nitrile oxide derivative and performing 1,3-dipolar cycloaddition reaction with the olefin
moiety in the same molecule.
The reaction in this step can be performed under the same conditions as those
25 usually used in 1,3-dipolar cycloaddition reaction such as the conditions described in a document
such as Org. Lett. 9 (2007) 5, 753-756, Tetrahedron: Asymmetry 5 (1994) 6, 1018-1028 and
Tetrahedron 54 (1998) 22, 5869-5882. Examples of the reagent for converting the oxime
compound to the nitrile oxide include N-chlorosuccinimide and sodium hypochlorite. The
solvent used in this reaction is not particularly limited insofar as it does not inhibit the reaction.
30 Preferable examples of the solvent include dichloromethane, chloroform, benzene, toluene,
xylene, N,N-dimethylformamide, tetrahydrofuran and 1,4-dioxane. The reaction temperature is
not particularly limited and is usually ice-cold temperature to solvent reflux temperature. The
reaction time is not particularly limited and is usually 0.5 to 48 hours, and preferably 0.5 to 24

hours.



54 1-Ci-nr.0 A1-61 RejzNH2 R4 R3 (I-a) Inthe formula, Ring A, Ring B, R3, R4, R5, R6, Y and
Z are as defined above. [0102] General Preparation Method 9 is a method for preparing the

compound (I-a) of the general formula () according to the present invention, wherein L is -NHCO- and
R1 and R2 5 are hydrogen atoms, from a compound (8-1) as a raw material through multiple steps of

Step 9-1 to Step 9-4. The compound (8-1) can be prepared from a commercially available
product by General Prépafasidheliathisd B UHnddhs AR Pipridd mpnhneshiny ey mssyine

Preparatin fxeroRigsAm aRdpkosaneBlesa bast01 031 Or & baleRsIdt particulad PR HIRRLIS ESARPRE

obtaining a compound (9-1) by reaction of the compound (8- 1) with sodium azide in the presence of a

copper catdRrsbahichiderRiseh thid &l S BeRYAMRAIATHYE SREPSAM e CoHHRIGAL A Y Rose 15
describegdf e lppids IRRE aYPbouthdRs thefbdt 6 anctnheimahrdiandyeitind07, 48, 3525-3529, for

example. Specifically, the compound (9-1) can be obtained by reacting the compound (8-1) with
sodiun a2 At room temperature using a solvent such as methanol in the presence of a catalyst such
as coppey-glisagetate, for example. The catalyst used in this reaction is not particularly limited.

Preferable examples 55 ) o . )
This step is a step of obtaining a compound (5-4) by addition reaction of an

aryllithium reagent (including heterocyclic) or a Grignard reagent (including heterocyclic) with
the compound (5-3).

10 The reaction in this step can be performed under the same conditions as those
described in J. Am. Chem. Soc. 2005, 127, 5376-5383, Bull. Chem. Soc. Jpn., 66, 2730-2737
(1993) and SYNLETT. 2004, No. 8, pp 1409-1413, for example.

The aryllithium reagent (including heterocyclic) or the Grignard reagent
(including heterocyclic) can be prepared by a method known to a person skilled in the art.

15 Specifically, a corresponding aryl (including heterocyclic) lithium reagent or aryl (including
heterocyclic) magnesium reagent can be prepared by halogen-metal exchange between an aryl
halide compound and a commercially available organometallic reagent such as an alkyllithium
reagent such as n-, sec- or tert-butyllithium or a Grignard reagent such as isopropylmagnesium
bromide, or metallic magnesium, for example.

20 The solvent used in this step varies according to the starting material and the
reagent used, and is not particularly limited insofar as it does not inhibit the reaction, allows the
starting material to be dissolved therein to a certain extent, and is always inert during the
reaction. Preferable examples of the solvent include organic solvents such as diethyl ether,
tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, benzene and toluene, and mixed solvents

25 thereof. The reaction time is not particularly limited and is usually 0.1 to 48 hours, and
preferably 0.1 to 12 hours. The reaction temperature varies according to the starting material,
the reagent used and the like, and is preferably maintained to be low, for example, at -78°C to
minimize formation of a by-product.

Favorable results such as an improved yield and a reduced reaction time may be

30 achieved by addition of TMEDA (tetramethylethylenediamine), HMPA
(hexamethylphosphoramide) or a Lewis acid such as a boron trifluoride-diethyl ether complex
(BF3-OEt2) as an additive, for example.

[0078]

5-4. Step 5-4:



of the catalyst include metal catalysts such as copper (Il) acetate, copper (Il) sulfate, copper (I) iodide
and copper (1) chloride. The amount of the catalyst used is not particularly limited and is usually about
0.1 to 0.5 equivalent with respect to the raw material. The solvent used in this reaction is not
particularly limited insofar as it does not inhibit the reagtion and allows the 5 starting material to be
dissolved therein to a certain extent. Preferable examples of the solvent include methanol,
N,N-dimethylformamidElis- ey SR/ AoNBIGHEN et e)BrSRTHAMN, 2 DY ehikietkisRybermBrauadfioxane,

acetonitrile (prefienittla anddichieromsthra&-Ohsy raaction temperature is not particularly limited and
is usually ice-cold temperature to solvent reflux temperature, and preferably room temperature to

solvent reflux temperafte I8P ERESIRRY aesd epe e Ol dhethng RoREt3a R BRFR MetBadSh R usually

0.5 to 10€hhatifsafndnrefecalbtid 50id2ahAM catalyst s @ RIRIE AR RS SUER, @8 Rhilmproved
yield may be achieved by carrying out this reaction in an oxygen atmosphere. [0104] 15 9-2. Step 9-2:

This Steperaigtdp bttt g2 @8 pound (9-2) by reduction reaction of the azide of the compound

(9-1). The reaction in tinigsteRifA R PeIHRITIEH 4NdRE- e RAN0RI CANWE pRFAsIRPsRIL R INgRLIN J.
Org. Chem. 2003, 68, 4693-4699, for example. Specifically, the compound 9-2ilé:an be obtained by
o TR 15 R S LS s S bl AR SEEKS A bR AR Sochurn

borohydriga,) o7 £xaaH¥RaHO0] B3RP SF Bie acid used HiSIsdeR ISR 2180, FbsHItheRIZING a
compourll\g{fSQ-S from the compound (9-2) as a raw material using a method described in the above
oY

preparat i @Stdp 318F S VPAIGBFY- A, Bedpastipn is not parfiguladx ipited dsolpisihihidssing the

comppungb( krditiohcheeampadngl (WSihrsarkavy malaialbvedissoretnancdasatibedinthexabayve
preparation method (tStep 3-4). [0107] 30The compound of the form#rlaﬁ(l) according to the present

inventior-¥fidsh ol e ot Berdsmatrel steahikyrgitanw ity A ek 118eb0kstituents

selected frammaysBuRniscIav R Ssvane 16malkyicaipnrheyaurphichsmay baye kdeoheubatifugnts
selected from Substituent Group oc, a C614 arylcarbonylﬁ)%roup which may have 1 to 3 substituents
I

selected HHRFEIESHAMS RIS biceLoldscaprraliisHo soapt filen ermpaialeer td Be seeipstituents
selected dam SURIMRM ARPHR RS 3G G dsaivipulfanyl @5auR suich may paverdblo § sibstitugnts

selected from Substituent Group oc, a C38 hydrocarbon ring group which may have 1 to 3 substituents
seletted HofBtibstituent Group a or a 5- to 10-membered heterocyclic group which may have 1 to 3

substituents selected fiign SyubRAtUSHGIRRPEteBRRAPPIAINRE B4 2 fithehl eRedingathsecompound

(I-a) obtained in General Preparation Method 9 with a corresponding halide compound or the like such

as a C1ePSTKYIMeidB I {BF- =R RPHE QBTaD NN B tHePRshRT B NSt BY oIy TENHEYpré 48R i vention,

wherein L$oNW R (wheksirdiLveiaB 1M &yl grossnbicts mayhaveckimplsubstivienis,seirrted
from Substituent Group G), can be obtained Zé%urther reacting the compound (I-a) obtained in

General PrapsfatsroRfatieshibdonydings aeEg s S enarny hdiodt Lot B ke s dralyat dm e

alkybmaliggoilber capnrauneiRfibe farexuiafle.according to the present invention, wherein L is
-NRLSO02- (wherein RL is a hydrogen atom), can be obtained using a corresponding sulfonyl

i din
compound or sulfonyl Fafd&ErbbtAg b aluminumdndridmerpsba peresmasd wadrihe st
conditions as those described in Bull. Chem. Soc. Jpn., 66, 2730-2737 (1993), for example.

The compound (5-5) can be obtained by reducing the compound (5-4) using lithium aluminum
hydride in a solvent such as ether, for example.

25 [0079]

5-5. Step 5-5:

This step is a step of obtaining a compound (5-6) from the compound (5-5). The
thiourea derivative (5-6) can be obtained from the compound (5-5) by a method known to a
person skilled in the art.

30 When the protecting group is a benzoyl group, the compound (5-6) can be
obtained in this step by reacting the compound (5-5) with benzoyl isothiocyanate in a solvent
such as dichloromethane or toluene. This reaction can be performed under the same conditions
as those described in J. Org. Chem. 1994, 59, 1912-1917, for example. The solvent used in the

reaction is not particularly limited insofar as it does not inhibit the reaction and allows the



Preparation Method 9. The compound of the formula (I) according to the present invention, 15 wherein
L is -NRLS02- (wherein RL is a C16 alkyl group which may have 1 to 3 substituents selected from
Substituent Group G), can be obtained by further reacting this compound with a corresponding halide
compound or the like such as a C16 alkyl halide. [0108] 10. General Preparation Method 10: 20

[Formula 17] [Step 10-11  (10-1) c[1Formpla 18] R5 R6 NNBoc2 or NHBoc HN R4 R3 ﬂlO-Z)
[Formulas£aiing IptRiisdto be dissolved therein to a certain extent. Examples of the solvent include

dichloromethane, chloroform, toluene, methanol, ethanol, 1,4-dioxane and THF. The reaction
temperature is usually -20°C to solvent reflux temperature, and preferably ice-cold temperature
to solvent reflux temperature. The reaction time is not particularly limited and is usually 5

5 minutes to 48 hours, and preferably 5 minutes to 24 hours.

When the protecting group is a 9-fluorenemethyloxycarbonyl group (Fmoc
group), the compound (5-6) can be obtained in this step by reacting the compound (5-5) with
fluorenemethyloxycarbonyl isothiocyanate in a solvent such as dichloromethane or toluene.
This reaction can be performed under the same conditions as those described in J. Org. Chem.

10 1998, 63, 196-200, for example. The solvent used in the reaction is not particularly limited
insofar as it does not inhibit the reaction and allows the starting material to be dissolved therein
to a certain extent. Examples of the solvent include dichloromethane, chloroform, toluene,
methanol, ethanol, 1,4-dioxane and THF. The reaction temperature is usually -20°C to solvent
reflux temperature, and preferably ice-cold temperature to solvent reflux temperature. The

15 reaction time is not particularly limited and is usually 5 minutes to 48 hours, and preferably 5
minutes to 24 hours.

[0080]
5-6. Step 5-6:

This step is a method of obtaining a compound (5-7) by cyclizing the compound

20 (5-6).

In this reaction, the compound (5-6) can be cyclized under various conditions to
obtain the compound (5-7) by selecting a protecting group of the compound (5-6).

When the protecting group is an Fmoc group or a benzoyl group, for example, the
compound (5-7) can be obtained in this reaction by heating the compound (5-6) in a solvent such

25 as methanol in the presence of an acid such as concentrated hydrochloric acid, for example.

The solvent used in the reaction is not particularly limited insofar as it does not inhibit the
reaction and allows the starting material to be dissolved therein to a certain extent. Examples of
the solvent include solvents such as methanol, ethanol, 1-propanol and water, mixed solvents
thereof, and acids used as a solvent. The reaction can be performed by causing one equivalent

30 to alarge excess of an appropriate acid to act in the presence or absence of such a solvent.
Examples of the acid used include concentrated hydrochloric acid, hydrobromic acid, sulfuric
acid, trifluoroacetic acid, methanesulfonic acid, trifluoromethanesulfonic acid and mixtures
thereof. The reaction time is not particularly limited and is usually 0.5 to 72 hours, and

preferably 0.5 to 24 hours. The reaction temperature is usually ice-cold temperature to solvent



R4 R3 (I -q) In the formula, Ring A, Ring B, R3, R4, R5, R6, L and LV are as defined above;
Ring D represents a C614 aryl group which may have 1 to 3 substituents selected from Substituent
Group a or a 5- to 6-membered heteroaryl group which may have 1 to 3 substituents 58 selected from
Substituent Group oc; R9 represents a C614 aryl groyg which may have 1 to 3 substituents selected
from Substituent Group oc, a 5- to 10-membered heterocyclic group which may have 1 to 3
substitugiffSSRIBRSEHBA Substituent Group oc, a C38 cycloalkyl group which may have 1 to 3

substituents selected fipRPRRSIHUSRL (2SO & FhR 8l orR VaNEEy MEYup 1B¥e dnifodnd

substituents selected from Substituent Group a or a 3- to i0-membered carbocyclic group which may
have 1 t¢3 QUBERGaNai8stkRicd RERN3LIKSREGEINIG rBLIs N thn aaRIPeBER:R iNdEpendently a

hydrogen:aianto m &bt bSO R Makbavatkienhsuhstitienisisaleciaddianeubgityent

Group oc, a 5- to 10-membered heterocyclic group which may have 1 to 3 substituents selected from

M y St
SubstitudP GO LYEERB o AISIRIF B AVRS B Thos ¢hyvRderthe oams a9sditieRt s 88éted from
SubstitueRt &P P CHR fr Boatdaroupsvkiaeney hesre datfplesubmiitusnisnseleetad fromasubstituent

Group a or a 3- to i0-membered carbocyclic group which may have 1 to 3 substituents selected from
Substitudh e RATHLY lPiRd RiPiBpREHGRR) oI BICBCa@riBRRaA gH WisicHTHag be

substitutgch@t e coERRE R (BEwithid Jegiaubstittiantsiselpgieg drane 351 Puaan e bl deawfur atom,
a sulfone and -N(Rm)- (wherein RM is 15 as defined above); RI2 represents a C614 aryl group which

may hava¥th@siiietnrmstianse berdirionesiigitiEht bfolinsthor vethane nd ity Materstsriic
group Whish dpaytaverl tork suhstiiieatsteapentiachbomRuhsiireni @i &t af 38peystadkyl group

which may have 1 to 3 substituents selected from Substituent Group oc, a C16 alkyl group which may

have 1 (0¥ bt ek ctda Aomies bdheRase aiglipeluieP riting - mimbidiae s8Ry clic group

which 20capynaayedidesisthistpmisselactaddsanSubstiurnt feiixess Risoigpitisanigy C7 12
aralkyl group which may have 1 to 3 substituents selected from Substituent Group oc; and Prt2

representS BT AAMNE Bometifg faddeteh 4¥l 2% rakiethbi] be B Y rod P or AR ABRG EL By |
group. [0idR8AIBENSFa Rreraratapdatied Mdhisapeibed ok RiepHng theeempeuRdsdl-m) to 25

(I-g) of the general formula (I) according to the present invention, wherein Z is -NRm- (wherein Rm is a

hydrdgers ARRuRl € X8)0RY1 56D RAdY ugl ivalaiTa et el Esnetioe St s B SLBHt ek
Group oGrigHerRd VS pRKY hamoupbhich-mayniavect RomsudstitienisceartiedsSmisHhstitigrt Group

oc, a C16 alkylcarbonyl group which may have 1 to 3 substituents selected from Substituent Group oc,
a C614 aF)iCHMSINA GBtisamiare ey Hacas1thess elBtmianis ol serstravrr sl BeHERHE Group oc,
a C16 alkyiswiiany seauR vricl Maxdave 1 to 3 substituents selected from Substituent Group oc, a
C614 arylsulfonyl group which may have 1 to 3 substituents selected from Substituent Group oc, a
C614 ar p which may have 1 to 3 59 substituents selected from Substituent Group a or a 5- to
10-memBeredgterocyclic group which may have 1 to 3 substituents selected from Substituent Group
GO and R1 and R2 are hydrogen atoms, from a compound (10-1) as a raw material through various

steps of Step 10-1 to StBf 6P & &p§def of obtaifigg thnseBYNY 6119 ndsergiepedrom a
commergiaityanallaigsodict niseneral Brepaiatompbetnnd 5) GansealRierRarakias Method 6,

General Preparation Method 8, General Preparation Method 9 or a combination of these methods, and

can also ‘ifé"i?f@ﬁ%?@&%}}lgiﬂ?étm@”d’e@c?@%?ﬂ Brdlsdritkids #kamples among Examples. 10[0111]
10-1. Step 10-1: wiisiepoeaiseprohpialnngr capowneifpl} tidenmpaating the amino
group of the compaound (10-12. The reactign can be performed under the same conditions as those
gen ?a")}:%ga obtained under the same conditions as those generally used 1n deprotection of a protecting
group of an amine compound (such as the conditions described in a document such as T. W.
Green and P. G. M. Wuts, "Protective Groups in Organic Chemistry, Third Edition", John Wiley
& Sons, p. 506-507 and J. Org. Chem. 1998, 63, 196-200). In this reaction, the compound (1-7)
can be obtained by reacting the compound (5-7) with an excess of an amine such as pyrrolidine
30 in a solvent such as acetonitrile, for example. The solvent used in the reaction is not
particularly limited insofar as it does not inhibit the reaction and allows the starting material to
be dissolved therein to a certain extent. Examples of the solvent include dichloromethane, THF

and acetonitrile. The reaction can be performed by causing one equivalent to a large excess of

an appropriate base to act in the presence of such a solvent. Examples of the base used include



15 in deprotection of a protecting group of an amino compound such as the conditions described in a
document such as T. W. Green and P. G M. Wuts, "Protective Groups in Organic Chemistry, Third
Edition"”, John Wiley & Sons, P. 494-572. The amino protecting group used in this step is not
particularly limited. When Prt2 is a 2,4-dimethoxybenzyl group, for example, the compound (10-2) can
be obtained in this 20 step under the same conditions as those generally used (such as the conditions

describeBiRFAdIRCURERRYiRh BETPEdEKe AR/ Id4IBNo. Jhegpyton isess 19 tieAIY step, when

Pri2 is a gufdimathRodkansyl. sreun phe SerdsryB oal DS deproieaied SimuliareeHIbNiture
deprotection of the 2,4-dimethoxybenzyl giroup. When Prt2 is a 2,4-dimethoxybenzyl group in this step,
a

the solveftseaidiir e shésmBSidit FatticalAY FRHECISHSSERYS it does not inhibit the 25 reaction and

allows the starting matefia)iip e diseolved theteimPA&EVRIA extenteliRkexaibnlh thefifsysep
reaction solvent may be methylene chloride or chloroform, and the second-step reaction solvent may

be méth&fBieasPreaddisnnahn dial remperidstehissdsasifpebieb aothidditiye  fet r&amidereaction

time in this step is not paticuhdrhrdigdited anshisivaurly & bdews hruwsmpodrureferabiy 8 to 12 hours.
When Prt2 is a benzyloxycarbonyl 30 group, the compound (10-2) can be obtained by deprotecting the

compourfPeiBed)i i Efsiondtiohcatdig RangmpeHbidon Bas ANEnLEGh 25 BRBMA dRANYSs an
alcohol, iaexrepie. 18deldlchOr? DBEPdPedahipie Stefhis R &ieonlsypihRsisingthenaempowidel-m)

from the compound (10-2) 60 as a raw material using a method described in the above preparation
method (P18 PaMPESHGIERSS iR 64 E) 193 5P ey WA VP EthesiZing the
comppundilen) fiemith@camammnd (b0 parasRuBWiRiaeiaddfaing a methest dessribed knsiep 3-4

after reductjve amination reaction with a reducing agent such as borane or a horon hydride complex

compouritidrdhleys M Eing-msesiak e difaetied hriRiofesaiiB s tisy S8R HyfHae complex
compoundinsitiriadeetiachdeschbe s Aec e g sueh asdp4A6d. CheimedARH, &h, 5849.

Examples of the boron hydride 10 complex compound that can be used include sodium borghydride,
sodium c@ﬂﬁ‘&ﬁ?ﬁ%H%ﬁdﬁt%& SR LR AR PO iR L I 134 Vel Fgramples of thery;g
step is asiepbsyntheRIZRI the Desmpauie (e fkam: thawampeundi(d® 2115 asalseovsraterial using
a method described in. St :é;4 after sulfonyl gng the.amino group using a sulfonyl chloride derivative
knowh t 8‘15%@'8)5?@&%?&?5!3{ 2 Qrf 76P1ET 1018° ERGH9B EMPRIAEIE NS HUE S WL FRIELTEING e

compoundilep) feamxthenperapeeind (10-2) 20 as a raw material using a method described in Step 3-4

after coum' eaction with a compound (15-1) or (15-2). Reaction such as coupling using a transition

metal co g%ior the like or nucleophilic aromatic substitution (SNAr reaction) is used in the first step

of this step. [0116] Tha reagtigpoimthes finstsiepuaf thip) sidran hecpartormsdisadentbe sathe 25

conditions as those descgbe in Orgeiblq_etg. 007, Vol. 9, No, 5, 761-764 aéld Oégszet %{)03, Vol. 5,
A i Teg

No. 23, FSSAUIHPrbY % ARRIRD B B¥Fobina TEBRUNERR § g RHEHE Y hpound

(154) atmeenp temisratukeltarbofyLsiogpvaabientasuchas ichiammethanaiectbe fpsasence of
molecular sieve 4A and a catalyst such as copper (Il) acetate, for example. The catalyst used in this
reaction glhgftﬁapﬁ&H%I,lgqunqié;wp@*@@gmgyé%ﬂqﬁ@@lch may have 1 to 3 substituents selected

from Substituent Group o, a C; alkylsulfonyl group which may have 1 to 3 substituents
selected from Substituent Group o, a Cg._14 arylsulfonyl group which may have 1 to 3 substituents
selected from Substituent Group o, a Cs.g hydrocarbon ring group which may have 1 to 3

25  substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group which
may have 1 to 3 substituents selected from Substituent Group ., can be obtained by further
reacting the compound (1-7) obtained in General Preparation Method 5 with a corresponding
halide compound or the like such as a C_¢ alkyl halide.
[0083]

30 6. General Preparation Method 6:
[Formula 13]




30 of the catalyst include metal catalysts such as copper (ll) acetate, copper (Il) sulfate, copper (I)
iodide and copper () chloride. The amount of the catalyst used is not particularly limited and is usually
about 0.1 to 0.5 equivalent with respect to the raw material. The solvent used in this reaction is not
particularly limited insofar as it does not inhibit the reagtion and allows the starting material to be
dissolved therein to a certain extent. Preferable examples of the solvent 61 include
N,N-dimethylformamide, 1-methyl-2-pyrrolidone, tetrahydrofuran, 1,2- dimethoxyethane, 1,4-dioxane,
acetonitrile, propionitrile and dichloromethane. The B(dmmperature is not particularly limited and
is usually ice-cold temperature to solvent reflux temperdtut&3hnd preferably room temperature to

solvent reflux temperature, for example. Fhe 5 reacgj&kgot paftictlarl d and is usually 0.5
' —V Amerggeferable It sush_as an improved yield

to 100 hours,
may be achievedby car[giggpo%t_@js JIeagtion in an xygen atmosphiete. [0117] 10When the first step
PEI) octhe reaction can be

in this step 1< gefal gemplex o thedlike
performed @sing th%}/corﬁpouna (10-2y and the compound (15-2) whichlis agn aryl halide derivative, a
jce [ v triffuofomet ||esulnate derivative or a heteroaryloxy

e egonditions asth&se usually used (such as the
conditions described in a document 15 T as Org-tetis2)02, Vol. 46-No. 4, 581). The aryl halide
derivative, the@'éferoaryl halide derivatize', he aryloxy triflgeromethanesulfonate derivative or the
heteroaryloxy trifluoromethanesulfonate derivative used in tﬁ%step can be a commercially available
product used as is, and can also be prepared from ercially available product by a method
known to a person skilled in the art. Examples of the trangiti)n metal complex used in this step include
20 dichlorobis(triphenylphog \- (I1), tetrakis(triphenylphosphine)palladium (0),
tris(dibenzylideneacetone)y adium (0)-and a copper-diol ligand complex. In this reaction, a
phosphorustigans-(such Asireferably triphenylphosphine, tri-o-tolylphosphine, tri-tertbutylphosphine,
2,2'-bis(diphenylphoasphin Nﬁiﬁ\ﬁghthyl or 1,1'- bis(diphenylphosphino)ferrocene) may be further
added in order to obtain favorabls results (such 25 as a reduced reaction temperature, a reduced
reaction time and an impgved yield). When the transition metal complex used is a palladium complex,
the reaction in this step is preferably performed in a nitrogen or argon atmosphere. The solvent used in
this step is not particularly lithted insofar as it does not inhibit the reaction and allows the starting

material to be dissolvgp erein to a gertai tent. e le, when trapsition metal complex
used is a palladium 3 I&(t%?rlﬁrf &?‘%ﬁl\l&%ﬂ%e %f%ﬁi%e%&&f%@%%&%agn%? Y |bn>?§ne,
toluene, xiytereAlktpldsentan Gé-asdidy\Wivep, (RE krprsition nhethbgomptex useis 4 atbpipaoaol
complex, 2-propanol or the lik n Qe used. The reaction temperature i this step is usually room
tormperatii T Bt e L I BL RO BT BT s e SRR e
is usually®® taviRupaorgyandrprefetallyif. ®td.24 hours. 62 [0118] When the first step in this
step ? nrilgé %)hilic aromatic substitution (SNAr reaction), the reaction can be performed using the
compou 8 -2) and the compound (15-2) which is an aryl halide derivative, a heteroaryl halide
derivative, an aryloxy StnitudrBrepitaivasMiéoinate denvatiiedfoa prefendag lexgompound (I-b) of
trifluoromgethanesulfonat g®ivativ .in the presence.of a base ynder the same conditions.gs.those
sl (LR TR TR Or e st it G R SR S SR eI o3
trifluoronmdithmyiesuIgmqt&)deﬂlzaﬁ\tél@nm@hgtemytbw it RTeméthioesutionatefdarivative used in
this step can be a.commercially available product S IS, cgh alsq.be prepared from a
commer&%ﬁl)? %I\J/%(?I;%[Ig%rso%ﬁac‘% gila%(??? rﬁnlgfﬁgqgi %H%%ﬁgt%e Sp((ﬁrks%genpg?:'iﬁagglclsrga &g g'rt. The nucleophilic
arorh@tic[80BStitution (SNAr reaction) used in this step can be performed under the same conditions as
those generally used (s4ch as the :gd jons according,to. methods descrihed in d@cume ts such as
Org, Prop. Proced. it 156 (005} A 15000 B er b Mlon O Erera et SO B SAOLS S anc
Bioorg. Meuc@hBrapiretion 34a008) 3GEnS-1 I3 pitati soMethadksadin thisbtegiisndgt@articdlarly limited
15 insof i inhjbit I ign llo e startin rial to_be dissolved therein to a
cerian LR B e A AT b e B LR
N-methyH@spybrolivoPie pdintieth jixsulidxideramg dsetopitdle. Thedoag®uséd(fnihisostep(fsNond

particula dg [ gqj ?ﬁ'ﬁplﬁ ol thg H incl i cRrhanate q (%i’:lfp%l te, sodium
hydf%Je egﬁw ?elt%abﬁg?amrﬁocn?u#ﬁhfo?gg I%%(tﬁgé‘?ssiﬁ%ngfaﬁrg%g}l feC,E)l sg(%urggétr%%%te gmd(gll
commercially available product by a method known to a person skilled in the art, and can further

be prepared by a method described in Preparation Examples among Examples.

[0086]



20 tetrabutylammonium fluoride are preferably used. The reaction temperature in this step is usually
room temperature to solvent reflux temperature. The reaction time in this step is not particularly limited
and is usually 0.5 to 24 hours, and preferably 0.5 to 12 hours. [0119] 10-6. Step 10-6: 25This step is a
step of synthesizing the compound (I-q) from the comppund (10-2) as a raw material using a method
described in Step 3-4 after N-alkylation reaction of the amino compound. The first step in this
reaction €ah §@%§ﬂérmed under the same conditions as those usually used in N-alkylation reaction of

an amino compound (gygh @sptieacesdliiaAessripeshipodd (et iatBudiearbenFik¥h38fe4 and
J. Med. Chem. 2000, 43, 3809-3812). [0120] The compound of the formula (I) according to the present
inventiorf ARSI &riRast GHE EREIPHAMNRS REHET GEBE PRSI EATHAY Hatethogs geasttuents

selected {5 SHBRIERERH: AR R 6F Grl Bnailiy AMHGRUP VNS BIN@Y: HiavEedcibdasubstients
selected 63 from Substituent Group oc, a C614 arylcarbonyl group which may have 1 to 3
Efi%%ﬁ}lf

subsfitueHtecgetBeBd i Wasstitigifc B {E VRS dnc s amsy Yr EiPhalrha iy 3
substituegts sglesteghliom Sidostitient f4aupos, a0CBi4baryhsuifonyé gepypputics-mahave 1 to 3

substituents selected from Substituent Group oc, a C38 r%‘?rocarbon ring group which may have 1 5 to

3 substitQBRIQL Rcter Han s ASERGERE Erdu b iatert R desrhosats Bt deyclic group which

may havgihéehJ1shstityaaiasalectask TemsSHRatUeRLSTINR f%, Sampr obtained by further reacting
the thus-obtained comﬁ%limds (I-m) to (I-(BEOf the general formulaél), wherein R1 and R2 are hydrogen

atoms, with a corresponting HEHdES e RPBEHasHMMESiRet facticd e \dimitadynepingas Yofpasagt 1.
Gengyral RigpRIAEQBaMRINOJP fdfIeudandSlb RS REREIRAMcNde oRRG IBIERskchliStep 11-2) zz

1,11z11"™1(Y RAn3R4 R3OHNO, 7 (1-3)R(1 1-1) In the formula, Ring A, R3,R4 ,R5 ,R6 , R, Y
and Z aréegglalgﬁ?l@aagb&)\%é(_hoxane, 1,2—d1meth0xyethane, dichloromethane, %MF and acetonitrile, and
mixed solvents thereof. Examples of the base used include triethylamine, 4-
dimethylaminopyridine, DBU and mixtures thereof. A catalytic amount to an excess of, and
more preferably 0.1 to 5 equivalents of the base is used with respect to the compound (6-1).

15 Two equivalents to an excess of, and more preferably 2 to 10 equivalents of di-tert-butyl
dicarbonate is used with respect to the compound (6-1). The reaction time is not particularly
limited and is usually 5 minutes to 24 hours, and preferably 5 minutes to 12 hours. The
reaction temperature is usually -20°C to solvent reflux temperature, and more preferably 0°C to
solvent reflux temperature.

20 [0087]

6-2. Step 6-2:

This step is a step of obtaining a compound (6-7) by coupling reaction of the
compound (6-2) with the compound (6-3), (6-4), (6-5) or (6-6) using a transition metal. This
reaction can be performed under the conditions usually used in coupling reaction using a

25  transition metal (such as Suzuki coupling reaction, Stille coupling reaction, Sonogashira reaction
or Heck reaction).

Examples of the Suzuki coupling reaction include reactions in documents such as
J. Org. Chem. 2007, 72, 7207-7213, J. Am. Chem. Soc. 2000, 122, 4020-4028 and J. Org. Chem.
2007, 72, 5960-5967. Examples of the Stille coupling reaction include reaction in a document

30 suchasJ. Am. Chem. Soc. 1990, 112, 3093-3100. Examples of the Sonogashira reaction
include reactions in documents such as J. Org. Chem. 2007, 72, 8547-8550 and J. Org. Chem.
2008, 73, 234-240. Examples of the Heck reaction include reaction in a document such as J.
Am. Chem. Soc. 2005, 127, 16900-16911. The organometallic catalyst used in this reaction is

not particularly limited. Preferable examples of the organometallic catalyst include metal



[0122] 15General Preparation Method 11 is a method for preparing a compound (1-4) which is a
synthetic intermediate of the compound () according to the present invention from a compound (1-3)
as a raw material through Step 11-1 to Step 11-2. The compound (1-3) can be prepared from
a commercially available product by General Preparajign Method 1, and can also be prepared by a
method described in Preparation 20 Examples among Examples. [0123] 11-1. Step 11-1: This

step is a Gtebee oBehAMGEREB BRI hesphige mRHAAR Y Polysis of the compound (1-3). 25The

reaction gamBeoBR{ISHNES RPN FRAMAIEACHN B%ﬁi@&@%ﬂﬂ%@sﬂ%@%ﬁ%@n&] Mﬁgdl_ﬁﬂem ¥
33 (9), 2621-2629 (1990), for example. Specifically, the com&ound (11-1) can be obtained by

adding abagichipiilsshiéFtinb Hytrbiabins R dkdiien @ thalkdimpblhrestay &glig the mixture for
several hay(siiae SR o Préh R MitRRIING thacrlbticR Yd R A6iS AUGR.AR @, CitliRagishaatution,

for example. The solvent used in the reaction is not particularly limited insofar as it does not

inhibR thafrEsctisanamr G sdrb SaraAdsmbrErgAl de Biasorivalentreith i5RL R esant.
Examplegqabthg. sotpnidisibdsr methanpbueithana), Zepraramlotealydef W anangitdtgipxane. 5

The base used is not particularly limited and is preferably sodium hydroxide, potassium hydroxide or

lithium hJARBRHRIGER Buats i e AE BB OPINR T RES LOSHS COMBRG (a1dht td BeISPhEEssSs, and

preferably, e A &ddiyaiRRisawith iR BPERET teuthe sramravaskt sy iniisif erctiaodine ipretmapmicularly
limited and is usually 1 to 24 hours, and preferably 1 to 6 hours. The reaction temperature is not

particula AL e bR Y Ty drPRF RS AN 3lFam DO\ rdinxthatiyanatide. b2, step
11-2p  pyrrolibisst@krishadstanrah obainine kb eampound-(lodky stdipeting ihe sopeaunt(11-1) to

reduction reaction. 15The compound (1-4) can be obtained by converting the compound (11-1) to a

mixed acldGFRTHABCIRFTHEH As QMg Iketinaitsd arbitimeWidrsoald A BBrEHY RS ot mixed
acid anhyglidetcapdersi)hirsi#erty1a retheshiewirtaasparsandkiled Mpthenad, foheanpiesis is
performed by rea,ctin% the compound (11-1) with a chloroformate such as ethyl chloroformate in the

presence BF LAY S AaHAE 1BH S ARDIS "B YP v 28 BathvaABfRoemb ¥itortormate

and the basgare used with respect to the compound (11-1). The reaction temperature is -_SOC to room
anhyride with & rduch B HE GLHGE SUARIRT 8 JERENSE BEVOFR by USHOR SNt
such as wirahiydeafianiatie prerdiensthvyehansnr irsadnixeassoutniohtheselveatignd water, for
i 165U HRER ARG B 511 AEAOR i S HEL D R ted and s
usually GchrirBeNpurassand prfenatlybdruto Rédhauds, heuiaaatioshenperatitenipappadicularly
imited and is usually - 30 180 9. olveLelips lempejatire; ang ieferably ;206 tp raom temperature
20  chloride and copper (I) iodide.
[0088]
6-3. Step 6-3:
This step is a step of synthesizing the compound (I-b) from the compound (6-7) as
a raw material using a method described in the above preparation method (Step 3-4).
25 [0089]
The compound of the formula (I) according to the present invention, wherein at
least one of R' and R? is a C ¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group a, a C;¢ alkylcarbonyl group which may have 1 to 3 substituents selected
from Substituent Group «, a Cg.14 arylcarbonyl group which may have 1 to 3 substituents
30 selected from Substituent Group «, a C,.¢ alkylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group o, a Ce.14 arylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group ., a Cs.g hydrocarbon ring group which may have 1

to 3 substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group



used in the reaction is not particularly limited insofar as it does not inhibit the reaction and allows the
starting material to be dissolved therein to a certain extent. Preferable examples of the solvent include
tetrahydrofuran and ether. [0125] 65 12. General Preparation Method 12: [Formula 21] LV )( R4 R3
(12-2) R5 R6R5 R6 R5 R60H [Step 12-1] 0 HO [Step;32-2] 0 CHO R4 R3R4 R3 (12-1)(12-3)(12-4)

[Formula 22] 125 HO)C---" P rt3 (12-5) [Formula 23] Lv R R4 R3 (12-2)5 R6R6 R6
which may have 1 to 3 substituents selected from Substituent Group @, can be obtained by

further reacting the compound (I-b) obtained in General Preparation Method 6 with a
corresponding halide compound or the like such as a C;¢ alkyl halide.
[0090]
5 7. General Preparation Method 7:
[Formula 14]

. B(OH), @' L
. OB Or:

1 R® R
[Step 7-1] RS R [Step 7-2] N.  _NH
2
NHy — N. NHZ —— 0 z Y
4 A |
LT ot
4 3
e VA R* R

(7-1) (7-2) (o)

In the formula, Ring A, Ring B, R3, R4, R’, R6, Z,Y, L and LV are as defined

above.
[0091]

10 General Preparation Method 7 is a method for preparing the compound (I-b) of
the general formula (I) according to the present invention, wherein L is a single bond and R' and
R? are hydrogen atoms, from a compound (7-1) as a raw material through Step 7-1 to Step 7-2.

The compound (7-1) can be prepared from a commercially available product by

General Preparation Method 1, General Preparation Method 5 or a combination of General
15 Preparation Method 1 and General Preparation Method 11, and can also be prepared by a method
described in Preparation Examples among Examples.
[0092]
7-1. Step 7-1:
This step is a step of obtaining a compound (7-2) by benzyloxycarbonylation of
20 the compound (7-1).

The reaction can be performed under the same conditions as those generally used
in benzyloxycarbonylation (modification with Z group) of an amino compound such as the
conditions described in a document such as T. W. Green and P. G. M. Wuts, "Protective Groups
in Organic Chemistry, Third Edition", John Wiley & Sons, P. 531-537. The compound (7-2)

25  can be obtained by reacting the compound (7-1) with benzyl chloroformate in a mixed solvent of
1,4-dioxane and a saturated sodium bicarbonate solution, for example.

[0093]



0 [Step 12-3][Step 12-4] nOH OP- 1 R4 R3R4 R3 (12-6)(12-3) R5 R6 HO (12-7) LV -Y R4 R3 (12-2)
0R14 [Step 12-51 OR14 R5 R6 OR14 OR14 Y-)< R4 R3 (12-8) R5 R6 [Step 12-6] 0CHO R4 R3 (12-4)
5 [Formula 24] OH R4 R3 (12-9)

51
7-2. Step 7-2:
This step is a step of synthesizing the compound (I-b) from the compound (7-2) as
a raw material using a method described in the above preparation method (Step 6-2).
[0094]

5 The compound of the formula (I) according to the present invention, wherein at
least one of R' and R? is a C ¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group a, a C;¢ alkylcarbonyl group which may have 1 to 3 substituents selected
from Substituent Group o, a Cg_14 arylcarbonyl group which may have 1 to 3 substituents
selected from Substituent Group o, a C; alkylsulfonyl group which may have 1 to 3

10 substituents selected from Substituent Group o, a Ce_14 arylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group o, a Cs.g hydrocarbon ring group which may have 1
to 3 substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group
which may have 1 to 3 substituents selected from Substituent Group «, can be obtained by
further reacting the compound (I-b) obtained in General Preparation Method 7 with a

15 corresponding halide compound or the like such as a C;¢ alkyl halide.

[0095]
8. General Preparation Method 8:
[Formula 15]

5 [Step 8-1] R°R RS RO
RUR N NBoc [Step 8-2] )g/N NBoc;
P e Y Yy
[ Y. S Y. ' S
Y. S W
R4 R R* R® R* R®
©2) (8-1) (8-3)
O=0
[St 8-3] %
ep o- N. _NH,
z h
Y. S
R* R®

(I-b)

In the formula, Ring A, Ring B, R’ , R* , R’ , RS ,Y,Z,Land LV are as defined
20 above.

[0096]



R5 R6 Lv COORI5 (12-10) [Step 12-7] R5 R6 (Y- tOORI 5 R4 R3 (12-11) 1C1-czn 1 7-1 R5 R6 OH
R4 R3 (12-3)

10

15

20

25

30
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General Preparation Method 8 is a method for preparing the compound (I-b) of
the general formula (I) according to the present invention, wherein L is a single bond and R' and
R? are hydrogen atoms, from a compound (6-2) as a raw material through multiple steps of Step
8-1 to Step 8-3.

The compound (6-2) can be prepared from a commercially available product by
General Preparation Method 6, and can also be prepared by a method described in Preparation
Examples among Examples. A compound (8-2) can be a commercially available product used
as is, can also be prepared from a commercially available product by a method known to a
person skilled in the art, and can further be prepared by a method described in Preparation
Examples among Examples.

[0097]
8-1. Step 8-1:

This step is a step of obtaining a compound (8-1) by coupling reaction of the
compound (6-2) using a transition metal.

The reaction in this step can be performed under the same conditions as those
usually used in coupling reaction using a transition metal such as the conditions described in
Org. Lett. 2007, Vol. 9, No. 4, 559-562 and Bioorg. Med. Chem, 14 (2006) 4944-4957.
Specifically, the compound (8-1) can be obtained by reacting the compound (6-2) with
bis(pinacolato)diborane under heating conditions in a solvent such as DMF in the presence of a
catalyst such as potassium acetate or [1,1'-bis(diphenylphosphino)ferrocene]palladium (II)
dichloride, for example.

The organometallic catalyst used in this reaction is not particularly limited.
Preferable examples of the organometallic catalyst include metal catalysts such as
dichlorobis(triphenylphosphine)palladium (II), [1,1'-bis(diphenylphosphino)ferrocene]palladium
(IT) dichloride, bis(tert-butylphosphine)palladium (0), palladium (II) acetate and [1,3-
bis(diphenylphosphino)propane]nickel (II). The amount of the organometallic catalyst used is
about 0.001 to 0.5 equivalent with respect to the raw material. The solvent used in this reaction
is not particularly limited insofar as it does not inhibit the reaction. Preferable examples of the
solvent include benzene, toluene, xylene, N,N-dimethylformamide, 1-methyl-2-pyrrolidone,
dimethyl sulfoxide, tetrahydrofuran, 1,2-dimethoxyethane, 1,4-dioxane, acetonitrile and
propionitrile. The reaction temperature is not particularly limited and is usually ice-cold
temperature to solvent reflux temperature, and preferably room temperature to solvent reflux
temperature, for example. The reaction time is not particularly limited and is usually 0.5 to 72

hours, and preferably 0.5 to 24 hours.



In the formula, Prt3 represents a primary hydroxyl protecting group, R14 represents a C1-6 alkyl
group, or two R14 together may form a ring, R15 represents a C1-6 alkyl group, and Y, R3, R4, R5, R6
and LV are as defined above. [0126] 10General Preparation Method 12 is a method for preparing a
compound (12-4) which is a synthetic intermediate ofgkhe compound (I) according to the present
invention from 66 compounds (12-1), (12-5), (12-7) and (12-9) as raw materials through various steps
of Step 12-1 to Step 1258?0& prefeeabla seimioiehas 3n imppyved 2iskd provhe pebioyed Ry @@rytecan be
commergiaihyhavaikahism Rrade pie 4sed sliresiic. cagualse bRPIeRar paflamaAcrmiRarcigiyeayrilable
product by a method known to a person skilled in the art, and can further be prepared by a method

describeSNHIEHAFANBR K ARAPIES Bitfory amRplasifon 094tats. podip aeetpte, sodium carhpnatey is a
step of optRiNehAGAFBRALNEL(RANRYoIRAE IR ING FREIPRUBSEA(diarbIBRdba sampaunt (12-2).
This reaction can be performed under the same conditions as those usually used in 0-allcylation
reaction 8PN AcHRARBRMPSHRGREDEN as the conditions described in Tetrahedron Lett. 46 (2005) 45,
7751-77%098) this reaction, the compound (12-3) can be obtained by adding a base such as sodium
hydride to a solution of the compound (12-1) in THE to prepare an 15 allcoxide, and then reacting the
allcoxide&ﬂ%tm%&mpound (12-2), for example. The solvent used in the reaction is not particularly

limited insofar as it doghRakdphiPitds seactite and olQwis foartasingrroaieral ttmbeudigselyedstherein
to a certain extent. Examples of the solvent include solvents such as THE, DMF and dimethyl
sulfoxide? e PRI ELR pAEEdHised By LR Ys RIERINIRMREBPL S Pophiate base to act in
the presgngeogf such a solvent. 20 Examples of the base used include sodium hydride, potassium
hydride and t-butoxypotassium. The reaction time is not particularly limited and is usually 0.5 to 72
hours, ard-p y 0.5 to 12 hours. The reaction temperature is usually -20C to 100C. A

more preferable resultBrightap B iswpy oveshyirldmayHeashpevad (b padinghe sathsHeiias-3) as
tetrabutylammonium jodide in this reaction. 25 [0128] 12-2. Step 12-2: This step is a step of

obtaining A alBRIGYAL O SOURE T 22 BY <L Hesti ARt ePSFEBHYI LLIPBAREER-31H0 oxidation
reaction.[heogldehyde compound can be obtained from the alcohol compound by a method known to
2 person skiled in the fit 0EXAMAISR BL 1% ARV UGRHRD Mg used Ml feasion e
Swi
least one of R' and R? is a C ¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group a, a C;¢ alkylcarbonyl group which may have 1 to 3 substituents selected
from Substituent Group «, a Cg.14 arylcarbonyl group which may have 1 to 3 substituents
selected from Substituent Group a, a C;¢ alkylsulfonyl group which may have 1 to 3
20 substituents selected from Substituent Group «, a Cg_14 arylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group o, a Cs.g hydrocarbon ring group which may have 1
to 3 substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group
which may have 1 to 3 substituents selected from Substituent Group @, can be obtained by
further reacting the compound (I-b) obtained in General Preparation Method 8 with a
25  corresponding halide compound or the like such as a C;_¢ alkyl halide.
[0101]
9. General Preparation Method 9:
[Formula 16]




oxidation, Corey-Kim oxidation, Moffatt oxidation, PCC oxidation, PDC oxidation, Dess-Martin
oxidation, SO3 -pyridine oxidation and TEMPO oxidation. The solvent used in the reaction is not
particularly limited insofar as it does not inhibit the reaction and allows the starting material to be
dissolved therein to a certain extent. 67 Examples ofghe solvent include dimethyl sulfoxide,
tetrahydrofuran, toluene, dichloromethane and chloroform. The reaction temperature is not particularly
limited and is usually -78C to solvent reflux temperature, and preferably -78C to room temperature.
The reaction fime\is ng articularly limitedand |s usually 0.5 to 48 hou Fpreferably 0.5t0 24
hours. [0129]. g -3: This step |s ep "o synthesizing a comglzz-G) from the
compound 1%sb) as a raw materlal usmgsaq ethod des |bed in the ab preparation method (Step
12-1). 10 [9 3Q] M2-ANGigp [$5ep ° [ sprSoa ste y of obfaini ampound (12-3) by
deprotecthfg the hy roxyl protecting group of the compound (12-6). The hydraxyl protecting group

not particularly limited <15 |s reaction can be perf me under the same

used in this 3te
conditions 8s fhose generally used in deprétection of an alcohol proté?:tlﬁg group such as the
conditions deggribed in a document such ag-1y W. Green and P. G M. Wuits, "Protective Groups in
Organic Chemistry, Third Edition”, John Wiley & Sons, P. 17-245. [0131] 2012-5. Step 12-5: This step
is a step of synthesmng a compound (12-8) from the compound (12-7) as a raw material using a

method dr| & i |n the @g%reparatlon method (Step 12-1). [0132] 1256. Si R 12-6:
@]

(3-4) (3-5) NH

[Step 9-3] [Step 9-4]

NBoc, — 7

R* R R R
(8-3) (l-a)
In the formula, Ring A, Ring B, R’ , R* , R’ , RS , Y and Z are as defined above.
[0102]
General Preparation Method 9 is a method for preparing the compound (I-a) of
the general formula (I) according to the present invention, wherein L is -NHCO- and R' and R?
5 are hydrogen atoms, from a compound (8-1) as a raw material through multiple steps of Step 9-1
to Step 9-4.
The compound (8-1) can be prepared from a commercially available product by
General Preparation Method 8, and can also be prepared by a method described in Preparation
Examples among Examples.
10 [0103]
O-1. Step 9-1:
This step is a step of obtaining a compound (9-1) by reaction of the compound (8-
1) with sodium azide in the presence of a copper catalyst.
The reaction in this step can be performed under the same conditions as those
15 described in Org. Lett. 2007, Vol. 9, No. 5, 761-764 and Tetrahedron Lett. 2007, 48, 3525-3529,
for example. Specifically, the compound (9-1) can be obtained by reacting the compound (8-1)
with sodium azide at room temperature using a solvent such as methanol in the presence of a
catalyst such as copper (I) acetate, for example.

The catalyst used in this reaction is not particularly limited. Preferable examples



25This step is a step of obtaining the compound (12-4) by deprotecting the acetal group of the
compound (12-8). This reaction can be performed under the same conditions as those
generally used in deprotection of an aldehyde group such as the conditions described in a document
such as T. W. Green and P. G M. Wuts, "Protective Gypups in Organic Chemistry, Third Edition", John
30 Wiley & Sons, P. 293-329. [0133] 12-7. Step 12-7: This step is a step of obtaining a
compourf (A2c2] v5y cdpdio Mefdratabrs SUF 13 2eopeitH tAectdn se0RRT (1D-1bhatesonmes (dhction
can be pgyirnag g s sasiisonditions aminasaisHallused I8 fhefaviationreaatien ahans
alcohol compound (such as the conditions described in J. Chem. Soc., Perkin Trans. 1, 1999,

3143-3158Yall #heHedtior - tredubiisBUNd R TosraY éathpéashiaiteirby ddwinglrepbeediRihis sodium

hydride tR.a-gelHHiabepiReGRMP Puek(1idsd it it &l BT eRALS: A-alwRise aANEIIBRR fiRacting the
alkoxide with the compound (12-10), for example. The solvent used in the reaction is not particularly

limite?dl in¥BFHP&& A B BE gk itbherrdtion Afd AR Me sERIRG NatSARNS LY dssoled herein
to a certajpiaytenk M ples-af thenslyaniinakideseiventssiediasntHEx AV Faghdimethyl
sulfoxide. The reaction can be performed by causing 1 to 3 equivalents of an appropriate base to act in
the preséhREBPYYTRNS J SofliBrinE AL LT P asETilsaqdtifiiersButiathydiibe rEtti%ium
hydride apghsbii@xy ROFRSPatlcul Ay BAGHQNHIE BnAlPREIcUIaWMipeiadans 51 usHaty1 S to 72
hours, and preferably 0.5 to 12 hours. The reaction temperature is usually -20C to 100C. A
more prefeRRBIaES AP RERferaIN fﬁ%?dx‘?@?ﬁé‘iﬂ%&y%&%H%UBWW%‘F&%‘F@J%RF%@HF% The
tetralputyfaamniim i9disie irtibisaieatiandlm{0lIALARyD. Sten d@HBurs, and plisiBplisaTstep of
synthesizing the compound (12-3) from the compound (12- 11) as a raw material using a method
describel W the above preparation method ((Step 1-3) or (Steps 11-1 and 2)). 20 [0135] 13. General

Preparation Method 13 frenep#tae2] R A RBosech (k3 ) gy NI O Bl de bRt epn 13- EhkABn2 8 OR14

[Step 13-21 3P([step 12-3]n..,:(? ",7 ".:\..,.., OR14P112HNR4 R3
out this feaction in an 0Xygenh atmosphere.
[0104]

15 9-2. Step 9-2:

This step is a step of obtaining a compound (9-2) by reduction reaction of the
azide of the compound (9-1). The reaction in this step can be performed under the same
conditions as those described in J. Org. Chem. 2003, 68, 4693-4699, for example. Specifically,
the compound (9-2) can be obtained by dissolving the compound (9-1) in a solvent such as

20 methanol, and reacting the solution with sodium borohydride, for example.
[0105]
9-3. Step 9-3:
This step is a step of synthesizing a compound (9-3) from the compound (9-2) as
a raw material using a method described in the above preparation method (Step 3-3).
25 [0106]
9-4. Step 9-4:
This step is a step of synthesizing the compound (I-a) from the compound (9-3) as
a raw material using a method described in the above preparation method (Step 3-4).
[0107]

30 The compound of the formula (I) according to the present invention, wherein at
least one of R' and R? is a C ¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group a, a C;¢ alkylcarbonyl group which may have 1 to 3 substituents selected
from Substituent Group o, a Ce_14 arylcarbonyl group which may have 1 to 3 substituents

selected from Substituent Group @, a Cy.¢ alkylsulfonyl group which may have 1 to 3



OR"R4 R3 (13-4)(13-5) In the formula, R14 represents a C1-6 alkyl group, or two R14s together may
form  aring such as 1,3-dioxolane or 1,3-dioxane, Prt2 represents a protecting group such as a 2,4-
25 dimethoxybenzyl group, and R3, R4, R5, R6, Y and LV are as defined above. [0136]

General Preparation Method 13 is a method for prepajgng a compound (13-5) which is a synthetic
intermediate of the compound (1) according to the present invention from a compound (13-1) as a raw

material tHRStIEEStessieater fsomep b gigiergdsroup o, chmpaivias{(amh grenag piEch)pan ee 1 to 3
Commef%%%ﬁ}’%lgg%few@adﬂ8}ﬁ gﬁﬁﬁiﬂﬂ@éﬁ@@?ﬁ'ﬁ%@@?&lﬁ B%%%ﬁrﬁggo%%qgg%ﬁ{%aé}wm@?'e

product by a met nown to a person skille ar can furthe pare a method
describetif RiteypidwaticrsdeandpiesabubagtiomGpies. G (01 371d 30tmStelpe kst heterocyclit lziospep is a

step of obtaining a compo 3-2) by protecting the amino group of the compound (13-1). This
oo B e e e S LR S e R Eion of an
aming grautthstehaamhdcondipiansl dbsgibednedardoenengfispahiasn MWhddreentand P. G M. Wuts,
"Protective Groups.in Organic Chemistry, Third Edition", John Wi Sons, P. 494-572 and J. Med.
e 2B PR e DA s S8 Rk sn SHEBATAY Teommouns
(13-4) bycdhrplaylationeasiianofifhe cedipounthé B2} withvthei compersid [13-NR"CO- (wheisin

reaction can be performed under the same conditions as those usually used in N-allcylation reaction of
a compotind®@ 52 ?%W&I%ré’élﬁh‘@hé%lhﬂ}%ﬁévﬁegé?iBé&l?ﬁu\ﬁ‘.lW@cﬁe&?ﬁ@%.fr%b%l%}t%i@fﬁ%%‘ﬂ%ﬂ)m this

reaction, dhieteaspRenirbl Arth&ar 26 ebiRinesipy @dring o base:d 0nstehcas PaspdRiosadiEibd

hydroxide to a solution of the compound (13-2) in toluene, and then reacting the mixture with the
con?é)our?d"ﬁtg-%f%‘?%%mﬂ’eha%‘ﬁ% SOMRAIERLtT I RBRSS ot BEHIRIHY limited insofar as it

does not inhibit the reagiioroaipbal@wsteestaitingImateiaile et psedvadithertiontond&aertain extent.
Examples of the solvent inclyde solvents such as toluene, THE, DMF and dimethyl sulfoxide. The

reaction caft b pefdited By &fh@ﬂ‘#@%f&%@eW@Hﬁé%ﬁ%ﬁ%&%ﬁ%@ﬁ%@é‘%‘&&w such a

solvent. Exapples of iiEdIasaIRREHishRSadpInd yolRXidea Ratassaa) by BoidesSadTendiydride,
potassium hydride jnd tblé} xypotassium. T eéeac jon time._is not particularly limited and is usually 0.5

to 72 hodrSPARH R 5 10OINRITR t%i8fﬁﬁ%@&é%&%§%§l?aw§%é‘%e%%. A more
prefesableiasidtisuchNas 80 inmpireth kel may healgehiexgownicaddinghara0l sal8 subtiagents
tetrabutylammonjum iodide in this reaction. [0139] 13-3. Step 13-3: ) This step is a step of
obtaining t& €6 HBBUNEPEUEN 1y aup tetthBeR tﬁ@@f‘a?{j%f}ﬁ%frﬂ%t&%ﬁlb‘é&ﬂal?fg%wh a
corresponding halide compound or the like such as a C;¢ alkyl halide.
[0108]

10. General Preparation Method 10:

20 [Formula 17]

A ORC

RS RY
N NB RLRE
0C St 10-

Pri;N A 2 [Step 10-1] N NBoc, or NHBoc
! - HN =
Y. S |

Y. S
4 R3
R* R i R
101
( ) (10-2)

[Formula 18]



70 This reaction can be performed under the same conditions as those generally used in
deprotection of an aldehyde group such as the conditions described in a document such as T. W.
Green and P. G M. Wuts, "Protective Groups in Organic Chemistry, Third Edition", John Wiley & Sons,
P. 293-329. 5 [0140] The compound of the formula (I);according to the present invention obtained in
this manner can be converted to a pharmaceutically acceptable salt by a conventional method where
necessary. The salt can be prepared by a method iF;bwhg;h methods typically used in the field of

organic synthetic chemistry ang-the like arg ‘qFfporgpriéFély combinedSpecificcexamples 10 of the
method include ne ation n of a free solution of the cobsent invention with
an acid solution. Th mpound-of the forrlfa 1) aé%?ding 59 tQﬁFg esent invention can be converted
to a solvate by stj€dting the compound to Eéteatelforaiing réactign known.per se where necessary.
[0141] 15The f iNefctiESfie derivative-orphBtmatieuticallydcceptable salt thereof, or
solvate thereof dgcorging o the present invention has an extreme] lent A13 production inhibitory
effect or BACE1 i4 igitory effect and is embremeJy useful as a thg utic agent for a
neurodegeneratiffe fisease causedhy Al typified by Alzheimer-type dementia. [0142] 20The
fused aminodihydrothiazine derivative st arn{éé'&)ltically acceptalhi®)salt thereof, or solvate thereof
according to the present inyentjop can b fotfhdatdd byla conventional method. Preferable examples

of the dosage form incl de(ligl_:}{sﬁs, coated tablets such as film tablets and sugar-coated tablets, fine
granules, granules, po qg(:se CalFbS—lJ;lES’ syrups, trohsuppositories, injections, ointments,
eye drops, nasal dropsy ear d?ops, 25 cataplasms a ptions. These solid preparations such
as tablets, capsules, grant Iefwders caft got@in generally 0.01 to 100 wt%, and preferably 0.1
to 100 wt% of the fused ayninodihydrothiazinelderiative or pharmaceutically acceptable salt thereof,
or solvate thereof ggcgdding to the presenﬁnveﬁ{ion S aﬁ(active ingredient. 30 [0143] The
active ingregiigay, is fotmulatedny blending ingred Rerally used as materials for a
pharmaceutical pr&par tior?ﬁnd adding an excipienksa disintegrant, a binder, a lubricant, a colorant
and a corrective typi 2d, and adding a stabilizer, an emulsifier, an absorbefacient, a surfactant,
a pH adjuster, a presegvative and an antioxidant wh%'fé necessary, for 71 example, using a
conventional method. Examples of such ingredients include animal and vegetable oils such as
soybean oil, beef tallo4nd synthetic glyceride; hydrocarbons such as liquid paraffin, squalane and
solid paraffin; ester oils such as octyldodecyl myristate and isopropyl myristate; higher alcohols such
as cetos QFW%]?HC(])R | and behenyl alcohol; a silicone 5 resin; silicone oil; surfactants such as
polyoxyethylene fatty acid ester, sorbitan fatty a i1d5e ter, glycerol fatty acid ester, polyoxyethylene
sorbitan fatty acid ester, pe oxyeth %S(/)dr)%)(_;‘{enél1 ed castorsjl and &

polyoxyethyle My C , lene k Egpolymg_rz')water- 'vo s such as
hydroxyethylcellutose, polyacrylic acidya carboxyvinyl po r, polyethylene glycol,
polyvinylpyftolfdone and methylcellulb%%e,@o\;#/@r%llcs h|ag ethgnol and isopropanol; 10
polyhydrigigicok I@ﬁaéﬁ"ésf’gw@éfol, propytene glycofl, dijpropylent glycol and sorbitol; sugars such as
glucose an{d roses inorganic powders such as silicic a ideSmagnesium aluminum silicate and
aluminum siliéate; and purified water. Examples of the exgipient used include lactose, corn starch,
saccharose?gl'ﬁcose, mannitok sorbitol, %élré{lline cellulose and silicon dioxide. Examples of the

binder used in¢ludg polyvinyl alcohol, polyvin ) ether, 15 meth®lcellulose, ethylcellulose, gum arabic,
ropyimethyfdellulose, hydroxypropylcellulose,

C-CO

tragacanth, gelatin, shellac, hydrox
polyvinylpyrrolidone, a polypropylene

lycol-polyoxyethylene block copolymer and meglumine.
Examples of the disintegrant used include st in powder, crystalline cellulose, calcium
carbonate, sodium bicarbonate, calcium citrate, dextrin,eetin and carboxymethylcellulose calcium.
Examples of 20 the lubricant used include riaginesium stearate, talc, polyethylene glycol, silica and
hydrogenated vegetable oil. Examples @fk %DINHSed include those permitted to be added to
Y s
R* R®
(I-a)
In the formula, Ring A, Ring B, R3, R4, R5, R6, L and LV are as defined above;

Ring D represents a Ce.14 aryl group which may have 1 to 3 substituents selected from

Substituent Group o or a 5- to 6-membered heteroaryl group which may have 1 to 3 substituents



pharmaceuticals. Examples of the corrective used include cocoa powder, menthol, empasm, mentha
oil, borneol and cinnamon powder. Obviously, the ingredients are not limited to the above additive
ingredients. 25 [0144] For example, an oral preparation is prepared by adding the fused
aminodihydrothiazine derivative or pharmaceutically agceptable salt thereof, or solvate thereof
according to the present invention as an ac9tive ingredient, an excipient and, where necessary, a
binder, aséléﬁﬁéggﬁm,SéitPﬁBW@&hE}fd’%l%?ﬁqﬂ%’@é%&ﬁ\@ﬁamGfﬂlléllﬂ%@, whithHaaYBAYRMgiehe 30 mixture
o oSSR Arales g RRlGRoaRIer Inblet cansHigs ATl ke aeapantina

method. Obviously ets or granules may propriately coated, for example, sugar coated, where
necessamyiay have 1FoBexhsplent syieapedfamiyebtiongntepanation i hrepaledkyl addipgvhiph

adjuster, a sqlubilizer, an [sotonizin ent and like, and a solubilizing nt, a stahilizer and 72
e Tk R LA 5 B3 R G EAF RO e St o, oo U0 b
solution, v RYJ® BvHeE s el ere@YoRr SEhianingGrsuitable addibven-wliabdredisadlegdhefore
use. The injection can contain usually 0.01 to 100 wt%, and Sreferably 0.1 to 100 wt% of the active

ingredierfBANHEEDIBUI Y d gara i BRSIEH G selasl Brfived SruR hdhsitifdt ad§rup can
contain ysuliy R0 R MHYAr v RiGterably, 0 yie 1 wWiktaTHhS RSIVE iDgredishtubiRg example,

an external preparation can be prepared by any conventional method without specific limitations. As a

base matekatea oot Yubiiisaniftariapsousua ity USeasorbsrpt Aateaeairicatreuguakichrigy e etic or
the lik terj include mateafi imal
€ like Ct%%%%b%?ﬁgeﬁ%g@@ﬁ g %E&%&gﬁ %ﬁ&ﬁ&%'g%‘sgeﬁ?g)gcﬁgsg%ﬁf v%%&mﬂagur N 1o

vegetable oils, miner ester olls, wax igheralco one olls, actants,
phosphofpidsstalcnitoss] qeoddHyolncSaleohotss Wadep solublespokyingrsyclalyichinemnalsand pudified water.
A pH adjuster, an antioxidant, a chelator, a preservative and fungicide, a colqrant, a flavor or the like
can be 2B TG BRI SR B oL e T GH T HEOTAG o GR ROE b

inducing @ffeshve 1adpasbilaearnancesd Fbactribsidge ATGROHPBIOSITL, meR ! atbsater nyiamin,

amino acid, a humectant and a keratolytic agent can be blended where necessary. [0145 The

dose of tHETURED Shsrrdemidr SERTR THE deitres B SsHais A 2 ey luptabd Salt théreof, or

solvate thgpeefuRENEINGLP TR RIESRREIARAION Varas.asroidingde: 28dhadedregvat RIMROS, age,
sex, body weight, mode of administration, type of salt and specific type of disease, for example.

Typically2 e Has abevsrs RenieRreselly 4bminfidrept Biish et b6t o IRy bstieegtsdrsisdly 100

lig to 5 gfl_%ﬂﬁjsrﬁﬁ?iﬁt@éﬁf@}ﬁmﬁ 409 59t@1@&9§1‘b@ﬁ)& @t&&%ﬁ@@t@ﬁﬁdﬂﬂmw injgation at
about 30 lig to 1 g, preferably 100 lig to 500 mg, and more preferably 100 lig to 300 mg per day, in one

or severabbgisasnesgeetwdditprsbsdaint Groupreeadompoaladlyiigsoyevdmthnvantiorcchiv be

g%r;‘é?fzt;%lk"s%h&é‘n‘%@é&%&%&?ﬁ%ﬁ%%&%@ﬁgé‘ré%r &t Q@f%ié‘l%}la Pig Cvtvil\’f?:ﬂor‘r’lvﬁ'?l%’al%‘i'% gompound.

, the compoun the present invention'can be converted to an affinity chromatography
probe, a pitetoahinitycfrabe ootn S ikei toginttocucingealdbeling-graupe@dinkerooythe gkaipntchaimoiety

differing from 30 a structural moiety essential for expression, of activity,of the compound by a technique
desehibeTH HKias L ST SSpi O mES UGS S B a  RRFEF WO 5007 Y19, for

examplegfip which (A PRatRIN lRbeling Graurs suciiasonomasiniiporling @raHePEURpRSA s

benzoyl group, a benzophenone group, an azido group, a carbonylazido group, a diaziridine group, an
enone grobBMBIREUCGROGHEENED AUshres gradhs e RRRAY e Qb BERZLaEHAEL MW Ry roup
substitutegl ghthe a-carbon atom with a halogen atom, a carbamoyl group, an ester 5 group, an
alkylthio group, Michael acce‘ptors such as a,13-unsaturated ketones and esters, and an oxirane

|

group), 2) cledvenselirenaaiomMstheds10gs aiterthom FISRIERRERE S comRAUNSSutYLE group
andz gajaefpser QR AN isAGQMAIIdeRdingab AR IneiRaeinaditisRZyMatisalty cleavable pigapeptide
iinkers, RM is a hydrogen atom, a C;_¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group o, a Cs_g cycloalkyl group which may have 1 to 3 substituents selected from
Substituent Group @, a C,.¢ alkylcarbonyl group which may have 1 to 3 substituents selected
from Substituent Group o, a Ce_j4 arylcarbonyl group which may have 1 to 3 substituents

30 selected from Substituent Group «, a C;_¢ alkylsulfonyl group which may have 1 to 3

substituents selected from Substituent Group @, a Ce 14 arylsulfonyl group which may have 1 to 3

substituents selected from Substituent Group «, a Ce 14 aryl group which may have 1 to 3



10(3) fishing tag groups such as biotin and 3-(4,4-difluoro-5,7-dimethy1-4H-3a,4a-
diaza-4-bora-s-indacen-3-yepropionyl, (4) detectable markers such as radioactive labeling
groups such as 1251, 32g 3H and 14C; fluorescence labeling groups such as fluorescein, rhodamine,
dansyl, umbelliferone, 7- nitrofurazanyl and 59
3-(4,4-difluoro-5,7-dimethy1-4H-3a,4a-diaza-4-bora-s-indacen-3- 15 yl)propionyl, chemiluminescent
groups st EtnEifesiectadd Tom PePs HHE HEAAR Prid @il fohs'edBHzeserierhRIRT preHF isrR R Nd eium

lons, ang,, have(?)(ggéos‘b%witﬁﬁé&%g §&§&H?'ﬂ?&%s§u8§ﬁ%§!§t%&%‘ﬁf&%ﬂiﬁ?%ﬂﬂ%{%‘é%&%‘z@emicromer

plates, agarose beads, agarose beds, polystyrene beads, polystyréne beds, nylon be nd nylon
beds. 20Winesn &@robeomprepdid -ty introdwairgealdhbuinglyretipuorsthpslikeStepeldleldtérSmpHe-group
consisting of (1) to (5) above into the compound of the present invention in accordance with a method
described’in the above documents or the like, the probe can be used as a chemical probe for
identficaltidn @f labeled proteins useful for searching for novel drug targets, for example. 25 [0147] The

present invention will bg descibed ot SReRTiEHubelam Wil (lkisncs. i Exameles, Bisaagatn

Examples and Test Example. However, the pres vention is not ereto. Th eviations

used in ExenvialeRreperaioovdeibod | SabimeariatiRyapakaiovmMsethqseds breskitider éparisientVBdme 8,
abbreviafions, are ShoWn HEAYR 3 o b TeiEvasn i anRME NN - i Sé'ﬂyeﬁ‘s"é’ii‘@g}l%%l%ﬁ‘&} a

Trifluoroacetic acid EDC-1-1C1: 1-Ethy1-3-(3-dimethylaminopropyl)carbodiimide hydrochloride pTLC:
Preparativethioihdesesrbedronfaepgraiphy Exanadenmsnengidanpbimiatography-mass spectrometry PyBOP:
Beng@tri5[\691—%-yloxytris(pyrrolidino)phosphonium hexafluorophosphate Pd2DBA3:
Tris(dibenzylideneacetone)dipalladium Pd(t-Bu3P)2: Bis(tri-t-butylphosphine)palladium 5 Chemical
shifts in pfbtorieRclBal: magnetic resonance spectra are recorded in 8 units (ppm) relative to

tetramethylsilane and gqupling cangtanty %&f%ﬁ%rgggd{bé;]ﬁﬂﬁ%ﬁé}-ﬂ:’ya&é%%%@ﬁ%%ﬁ%%ﬁ}%d as s.

singlet, d: doublet, t: triplet, q: quartet, br: broad. The preparative columns(2 cm x 25 cm) used
for prepageaiieoddpaestiaproreidildompounds, CHIRALPAKTmM AD-H, CHIRALPAKTm IA,

CHIRALPAKTmM TB ang), 10 CttRRALG FL- PpGilid Rk Al RantiaatHiRi oy 'ﬁﬂ&@k&l&%ﬂ%km

Industries, Ltd. [0148] The "roomtemperature” in the following Examples and Preparation
ExahfpleB! ¢neaigtiafeps 2@ EtienitnRIRTP £t it BBICO ‘oampiiiea s hvisdhntesdisansridseaised dified.

149 1 EBHLS I L e o oA S Br e
[Formulale)d Edition”, John Wiley & Sons, P. 494-572.
The amino protecting group used in this step is not particularly limited. When
Prt2 is a 2,4-dimethoxybenzyl group, for example, the compound (10-2) can be obtained in this
20 step under the same conditions as those generally used (such as the conditions described in a
document such as Tetrahedron Vol. 47, No. 26, pp 4591-4602, 1991). In this step, when Prt2 is
a 2,4-dimethoxybenzyl group, one Boc group can be deprotected simultaneously with
deprotection of the 2,4-dimethoxybenzyl group. When Prt2 is a 2,4-dimethoxybenzyl group in
this step, the solvent used in this step is not particularly limited insofar as it does not inhibit the
25 reaction and allows the starting material to be dissolved therein to a certain extent. For
example, the first-step reaction solvent may be methylene chloride or chloroform, and the
second-step reaction solvent may be methanol. The reaction temperature in this step is usually
0°C to room temperature. The reaction time in this step is not particularly limited and is
usually 0.5 to 24 hours, and preferably 0.5 to 12 hours. When Prt2 is a benzyloxycarbonyl
30 group, the compound (10-2) can be obtained by deprotecting the compound (10-1) by
hydrogenation using palladium-carbon as a catalyst in a solvent such as an alcohol, for example.
[0112]
10-2. Step 10-2:
This step is a step of synthesizing the compound (I-m) from the compound (10-2)



(1) Synthesis of 3-butenyloxyacetaldehyde oxime 20Hydroxylamine sulfate (20.5 g), sodium acetate
(12.8 g) and water (20 ml) were 75 added to a solution of 3-butenyloxyacetaldehyde (17.8 g; J. Chem.
Soc., Perkin Trans. 1, 1999, 3143-3155) in ethanol (200 m1). The mixture was stirred at room
temperature overnight and then water was added. Thgyexcess of ethanol was evaporated under
reduced pressure and the resulting residue was extracted with ethyl acetate. The orgéanic layer was

washed With Bith@esid Wirswnsthadirirsirs hiadhr ahare RiraetinnenagshchtWag éviidrhted under

reduced géés_wzg)and the residue was purified by silica gel column chromatography to obtain the title
compound (%20 0). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 2.36 (m, 2H), 3.53 (dt, J = 6.6, 8.4
Hz, 2H), DY 1d, J=5.6 Hz, 1H), 4.35 (d, J = 4.0 Hz, 1H), 5.10 (m, 2H), 5.82 (m, 1H), 6.91 (t, J = 10
3.6 Hz, 04pH),sfep01 (1L.3d = 5.6 Hz, 0.5H). [0150] (2) Synthesis of
3,3a,4,5-tetrahydro-7H-pyrano[3,4-clisoxazole A 5% sodium hypochlorite solution (122 ml) was added

dropwise to a solution SF8-HERRASIERELABEEE D e rBPey ) (hiliErmey din stare shd $nf) under
ice-cooling a kavhfiRfcstiringnat dhe-aamadempeaiatise-fos tveriep wigu SOaiumittiasH faienvasvadided. The

aqueous layer was extracted with dichloromethane. The organic layers were combined and dried over

anhydrode BR8-S YElr At oF e BIH A MY diids Srreseyitder sreeple afdimwissidue

was puriteehbyilicavael falkin eiampateghaniyciePhiaindhediiscosopasimhd4nthugd LRHNMR
(400 MHz, CDC13) 8 (ppm): 1.79 (ddd, J = 4.4, 12.4, 24.4 Hz, 1H), 2.17 (dd, J = 6.4, 13.2 Hz, 1H),

d,J .
3.40 (dadescbed in g Goomnusud) i & Bsgdrhm JP Sk A% HEsEpigheitbe dgonhedride 1),
4.061dd cftpibR-Sobpobht) tHal 2atlels dsedlirelhdebsbimurbbhrdHfA(dd, shiidn cJ4hdudrohbiddidt ZRu(d, J =
13.6 Hz, 1H). [0151] 25 (3) Synthesis of
()-(3aR*,%uﬁ‘?télim‘ﬁﬁéﬁ%ﬂ%xahydropyrano[3,4-clisoxazole 2-Bromofluorobenzene
(1.85 g) was4lissolved in toluene (30 ml), and tetrahydrofuran (10 ml) was added. n-Butyllithium (2.73
M; 3.68 m|) was added dropwise at - 78C. 2-Fluorophenyllithium was prepared by stirring at the same
temperat et dEur. A boron trifluoride-ether complex (1.26 ml) was added to a solution of

3,3a,4,5-tetrahydro-7HF130 wypanaldepolisoxaesieife IRsnamipoioluens ) (#omihatordfouAdtercstiyring at
the same tem erature’,[%‘[ﬁ)r 10 minut%%, 2-fluorophenyllithjum ed above was added to the reaction

. repa
mixttite AGUGH AEEHRG AR ) gd%st‘:ﬁ’\lée afh t‘fBr%ﬁ‘e? ré! FARSHC AR STSHRAT BRloride

solution waslaagednibhdd dattianvaikivnwas petusnedilizaaanhéemperature, and the aqueous layer
was extrj§ with ethyl acetate. The organic layer was washed with brine and 76 dried over

anhydro nesium sulfate. The solvent was evaporated under reduced pressure and the residue
was purifiecsbgispi¢a-gel column chromatography to obtain the title compound (1.26 g). ESI-MS; miz

224 [M+ +H]. 51 H-N (400 MHz, CD%lS%%('g'%m%: .8%7%8, 2?@}5%% H), 3.64 (m, Bilq 3.68
(ddt, J = 1.2, 3.2, 11.6 HY® 119, 18 4@ O Y eyyn »El%‘?ﬁ. s i), F’}Lﬁ%"%ﬂ“ga,( ?,)4.10
(dd, 20 = ha ladvdntdzeridipsth @2 (Bethbl), déR4iddeh 3tepl324 8fr Lupity )i dnlwi(hlta dompdund.6 Hz,
1H). 7'28( l(g]l)l(l)_p ( 175'—%')3 (di{é]ac:ti(l)ilaéu8c‘lfr al_s| Zcblllllgﬁ'ng using a transition metal complex or the like or
nucleophilic aromatic substitution (SNAr reaction) is used in the first step of this step.
[0116]
The reaction in the first step of this step can be performed under the same
25  conditions as those described in Org. Lett. 2007, Vol. 9, No. 5, 761-764 and Org. Lett. 2003, Vol.
5, No. 23, 4397-4400, for example. Specifically, the compound (10-2) can be reacted with the
compound (15-1) at room temperature to 50°C using a solvent such as dichloromethane in the
presence of molecular sieve 4A and a catalyst such as copper (II) acetate, for example.
The catalyst used in this reaction is not particularly limited. Preferable examples
30 of the catalyst include metal catalysts such as copper (II) acetate, copper (II) sulfate, copper (I)
iodide and copper (I) chloride. The amount of the catalyst used is not particularly limited and is
usually about 0.1 to 0.5 equivalent with respect to the raw material. The solvent used in this
reaction is not particularly limited insofar as it does not inhibit the reaction and allows the

starting material to be dissolved therein to a certain extent. Preferable examples of the solvent



[0152] 10 (4) Synthesis of ()-[(3S*,4R*)-3-amino-3-(2-fluorophenyl)tetrahydropyran-4-ylimethanol
Zinc (11.6 g) was added to a solution of ()-(3aR*,7aS*)-7a-(2-
fluorophenyehexahydropyrano[3,4-clisoxazole (3.95 g) in acetic acid (78.4 ml), and the mixture was
stirred at room temperature overnight. The insoluble gatter was removed by filtration through celite,
and the solvent was evaporated under reduced pressure. An ice-cooled 0.5 N 15 sodium hydroxide

solution W& el Witrhdémmemide ddqnebul faperoiloustiaEbydinitathyl-dcetate and a mixed

solution ﬁfﬁ@ﬁﬂ&ﬁﬁiﬁ&%?ﬂd-ﬁﬁHM&@iEﬁﬂrﬂé}%ﬂf BRIGIRYAIS NaR ~ARRIARY anthwRabggnwith
brine and then dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced

pressurel&HBYRE e iR RradsylaielBifeiny deresiiniscrrotroRFESHY (8 SR t5E Wle

compounghgeteth, 484 HrIMEb FH RO M b ek B sPenk Rk (Binpdidnge2 SoiBx Al1e3- 3TKHed, J =
2.8, 11.6 Hz, 2H), 3.55 (dd, J = 1.6, 11.6 Hz, 1H), 3.63 (m, 1H), 4.16 (m, 2H), 7.06 (ddd, J = 1.2, 8.0,

. . . 6 ] (dd
12.8 Pz, "ERHHoNIENGHS S pagtiaubnily limifpdand igwsyally 9-840400howsoandpreserably {0955 (5)
Synthesiggi-§)-9H-fluoren-9-yImethyla [(3S*,4R*)-3-(2-fluorophenyl1)-4- 25
(hydroxymethyl)tetrahydro-2H-pyran-3-yllamino | carbonothioyl)carbamic acid )
FluorenylmethyloxycardSPiS8sthiErsanatal (s8dhmyyway 1614 BaNhBABfcved by carrying

()-R3S*, 4Rt indsamnrditlafluxrppRhanyidgirahydropyran-4-ylmethanol (683 mg) in dichloromethane
(20 m1). The mixture was stirred at room temperature overnight, and then the solvent was evaporated

under reéited pressure at room temperature or lower. The residue was 30 purified by silica gel

coluppn chromatography HencBtafiidhaditia aanney nacobiihg)u sl Man o 22 MM tohbadx bHHIIMR
(400 MHz, CDC13) 8 (ppm): 1.67 (m, 1H), 1.93 (m, 2H), 3.65 (M, 4H), 77.8.0 Hz, 1H), 7.28 (m, 1H),
7.35 (t, Jlikeas Byt Fheqpcyan fan o pstigrmaedausing thecgmppusd( 10-3h apd thegomprd g = 8.0
Hz, 2H), (1.93(suhleh) isLéhGifyishalidy J8Ab4Ive, (OhyidtieBismBle derivative, an aryloxy
()-(4R*,4a5*)-8a-(2-fluoro;])hen 1)-4,4a,5,6,8,8a-hexahydro-7-gxa-3-thia-1- 5 L
azanaphtHERAT N RARFR Tonate deriyqHYR £h e IR arEAROHE HMar P8 B 4R WAR 4G ST Y'Y Solution of
()-9Hfluorigae tbnathy Kb HBBEARE) tBok-isanophanykirén (hydroxynaaibe wisahyed antipyiaient-

yflamino}carbongthioyecarbamic acjd (8.00 g) in methano] (200 ml), and the mjxture was heated under
reflu® forsﬂﬁlégstéi%'j.‘elthé(ﬁ%\’c%ﬁ Aé‘o'ﬁﬁicﬁﬁ \%\g&% cobfdRy! réfdme:g H@Wﬁr@%hﬁ@@%ﬁiﬂ nt was
evaporatesivades, ied uepd pyessuie oA eHomtillg00 dahwascagddre ertheargrigye, and piperidine (40

ml) was added dropwise in_.an water. bath. The mixture was stirred at room temperature for two hours,
it e TS SR AP A0 ot FELICUAT SHEERdre FBIHOL P AP NS sica

gel colurasedhromaiagtaphystoeljiipaeaiida prostiaierthel yesulingcpideuprogucihaas duitbampurified
o i e, T PR aEo ghi (e W Srpa A GRS 9L SELHE ke e
15.@#1z, dithlo2ddis (rphdny gLoeplelde b 14dbuh 1) Hz(rdky( t3i& iy Ipo sghindigal lddjud. (©) (d, J = 14.0
Hz, 1H), tArfis(,)(?ii{)@r’lz%)]_{Zfeﬁé?lgeggrrlsé)[)zalﬂ)eidZﬁQn?)(Eg%’n\(]i a clo%gér!c?l'(g]) i_ilgzdn]dl_lc)drgpjfézx.(t’ In this reaction, a
phosphorus ligand (such as preferably triphenylphosphine, tri-o-tolylphosphine, tri-tert-
butylphosphine, 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl or 1,1'-
bis(diphenylphosphino)ferrocene) may be further added in order to obtain favorable results (such
25  as areduced reaction temperature, a reduced reaction time and an improved yield). When the
transition metal complex used is a palladium complex, the reaction in this step is preferably
performed in a nitrogen or argon atmosphere. The solvent used in this step is not particularly
limited insofar as it does not inhibit the reaction and allows the starting material to be dissolved
therein to a certain extent. For example, when the transition metal complex used is a palladium
30 complex, N,N-dimethylformamide, N-methyl-2-pyrrolidone, 1,4-dioxane, toluene, Xylene or the
like can be used. When the transition metal complex used is a copper-diol complex, 2-propanol
or the like can be used. The reaction temperature in this step is usually room temperature to
solvent reflux temperature. The reaction time in this step is not particularly limited and is

usually 0.5 to 72 hours, and preferably 0.5 to 24 hours.



20 J =10.0 Hz, 1H), 7.25 (m, 1H), 7.36 (dt, J = 2.5, 10.0 Hz, 1H). [0155] (7) Synthesis of tert-butyl
0-[(4R*,4aS5*)-8a-(2-fluoro-5-nitropheny1)-4,4a,5,6,8,8a-hexahydro7-oxa-3-thia-I-azanaphthalen-2-yllc
arbamate ()-(4R*,4aS*)-8a-(2-Fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- 25
azanaphthalen-2-ylamine obtained in Preparation Exgmple 1-(6) (3.96 g) was dissolved in
concentrated sulfuric acid (20 ml), and fuming nitric acid (specific gravity: 1.53; 731 RD was added
dropwsé%%ﬁ] ice bath. After stirring at the same temperature for two hours, the reaction mixture was

carefully poured into 'Wh@ﬁ%%@@é%@d@ﬂ%ﬂé\@%ﬁ@%{@l mm@ﬁ%wmﬂ@mmﬂ@mﬁelutlon and a
sodium hydroxide solution, followed by extraction with ethyl 30 acetate. The organic layer was washed

with brin&SaFPaNERedFas U St EPRRERAISS Hﬁhﬂ&fﬁﬁ@@h@l&%@ abeit hasramveti(by-fikration

and the filthalg Was &8NERNHAIRG; Wndey, W@ﬁﬁ@[ﬁi&f@d&@ﬁiﬁ)@ a ﬁ?}r‘l’é&@z Tetrahydrofuran (200
ml) was added to the residue and then triethylamine (10.3 ml) and di-tert-butyl dicarbonate (4.85 g)

wereSedtiEMesn ehares oM deBly LRy %P?%H?&ﬂﬂﬁé%ﬂ%@%ﬂﬂﬁ&ﬁ% ARG R hRius I

evaporatgd prdendedr el Rressti the/Rmpd dhaifesidieis piriigdibyasiliqahaghaalyiae
chromatcgraphy to obtaln the title compound (5.30 g). ESI-MS; m/z 412 [M+ +H]. 1 H-NMR (400 MHz,

cDC13) Frhpycatshctemasylhah qlﬁ&ﬂﬁﬁz1herw%ry}%ygr§139r%a&tbam§tﬂf%@ts flesivifiye s (dd,

J = 2.8, Mehblgrohi)loRPRi{MebhetBdésttfod afe2idrivadiOerided i) i s/defflcahDd & -ottzaekEl M- 97 (dd,
J=24,11.6 Hz, 1H), 4.12 (m, 1H), 7.25 (m, 1H), 8.22 (m, 2H). [0156] 8) Synthesis of tert-butyl

()-V4R* i‘é{@lﬁltésl(g)‘éﬁﬁmﬁeﬁ a3 bﬁ’mﬁlﬁ) ﬁ)& Br%pgrgdd{ m a commercially available product by

hexabydiomesa-Bntiiar loazaienhiRalenid- M{@aﬁbam‘ﬁtﬁn&l%aﬁmmﬁgmmeamlﬁhl@ﬂdsm&utlon
(13.2 ml) was added to a solution of tert- but

0-[(4R* 4535408 ltff%%ra%smaaméﬁmfarm@ e thr s3m slfionsas diqse generally used

azanaphtbalan?hi]easanmaieadingddhiRiese aiaribaamplechiéh(Esathasingtheeel fidm!). Iron
powder (5. 76£? was added to the reaction mixture, followed b@qheat ﬂ under reflux 15 for 30 minutes.

The reacbr iR et Cooted P R5enY b lFufe arld (REMS3IMBIE Mt AIshE AR Bdrough

celite. Trenfiialewas eyapmratad ngey. rem‘u@@d%ﬁsﬁw@ il hesrasjdisenvigmpidiifiaty ndtetdsilica gel

column chromatography to qbtain the title compound (4 %6 sl) 1 H- NMRé4OO MH , CDC13) 8
(pprh}: 11850(2r 84, dogS3nehInfIRit A5 3caAliqn 4o %M%Pa‘ Sagtipg Bajera] 15 oeéi‘ Qf"dl“o 12.4
Hz, 1H), &. @%c(frmﬂ, ERieB 66 Em@bibszbf)me?&)(dehdhatlc@m b2 dswzmbtdl)de%l&(@nn&tﬂylﬁ;ﬁﬂafmdezH),

6.86 (dd 2.4 H 157 nthesis of tert-but

1R NS BN oA IGCS S BT AT 45 51 5 SRRy P 2855:56h18 A8 4605 e 2.y
|Icarbampﬁen&alhﬁumh(bemRE;éleﬂﬁﬂ)e&af(&@mmnz-lﬂd@mﬁ@ﬁnﬁ)césﬂaﬁté,,B&mheeeﬁbydm— 25
7-oxa-3-thia-1-azanaphthalen-2-yllcarbamate obtain Pre aration Example 1-(8)

e A A N S R T M e
the mactimmﬂnymrmﬁ&fﬁiamtﬂnermfew&pt@fEFal&mmﬂes W&Sreaﬂtﬁﬁmdnﬁfp@bﬂim ithehfitleepampound.

The same operation was re ated to, obtain ﬁige title com oun (405 >99% cc). from the raw

material {1150%)°%% fﬁT@gf E%té)r SOSTE B ée?perat he réaltigh time in tHis step 1s not

particularly limited and is usually 0.5 to 24 hours, and preferably 0.5 to 12 hours.
[0119]
10-6. Step 10-6:

25 This step is a step of synthesizing the compound (I-q) from the compound (10-2)
as a raw material using a method described in Step 3-4 after N-alkylation reaction of the amino
compound.

The first step in this reaction can be performed under the same conditions as those
usually used in N-alkylation reaction of an amino compound (such as the conditions described in

30 J. Med. Chem. 2002, 45, 3794-3804 and J. Med. Chem. 2000, 43, 3809-3812).

[0120]
The compound of the formula (I) according to the present invention, wherein at
least one of R' and R? is a C ¢ alkyl group which may have 1 to 3 substituents selected from

Substituent Group @, a C.¢ alkylcarbonyl group which may have 1 to 3 substituents selected



Synthesis of 5-fluoromethoxypyrazine-2-carboxylic acid [Formula 27] 79 OH 10 (1) N O F (2) HOrN.c)

0

10

15

20

25

0

63
from Substituent Group o, a Cg_j4 arylcarbonyl group which may have 1 to 3 substituents
selected from Substituent Group «, a C;¢ alkylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group «, a Ce 14 arylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group @, a Cs_g hydrocarbon ring group which may have 1
to 3 substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group
which may have 1 to 3 substituents selected from Substituent Group @, can be obtained by
further reacting the thus-obtained compounds (I-m) to (I-q) of the general formula (I), wherein

R' and R? are hydrogen atoms, with a corresponding halide compound or the like such as a Cy

alkyl halide.
[0121]
11. General Preparation Method 11:
[Formula 20]
R® RO @ R® RS RS RS
z | [Step 11-1] Step 11-2] . @
Y. o) N |
R* R® o . R* R RERS On
(1-3) (11-1) (1-4)
In the formula, Ring A, R’ , R* , R’ , R® , R’ , Y and Z are as defined above.
[0122]

General Preparation Method 11 is a method for preparing a compound (1-4)
which is a synthetic intermediate of the compound (I) according to the present invention from a
compound (1-3) as a raw material through Step 11-1 to Step 11-2.

The compound (1-3) can be prepared from a commercially available product by
General Preparation Method 1, and can also be prepared by a method described in Preparation
Examples among Examples.
[0123]
11-1. Step 11-1:

This step is a step of obtaining a compound (11-1) by alkaline hydrolysis of the
compound (1-3).

The reaction can be performed under the same reaction conditions as those
described in J. Med. Chem., 33 (9), 2621-2629 (1990), for example.

Specifically, the compound (11-1) can be obtained by adding a base such as

sodium hydroxide to a solution of the compound (1-3), stirring the mixture for several hours to



(1) Synthesis of methyl 5-fluoromethoxypyrazine-2-carboxylate Fluoromethyl
toluene-4-sulfonate (Journal of Labelled Compounds & Radiopharmaceuticals, 46 (6), 555-566; 2003)
(344 mg) and cesium carbonate (824 mg) were added to a solution of methyl
5-hydroxypyrazine-2-carboxylate (130 mg) in N,N- 5 dimethylformamide (2.0 mL) The reaction solution
was stirred at 70C for five hours and 30 minutes and then cooled to room temperature. Water was

added todeddachdihss tisaHneosseli Bonexith cticie it BtAy pLdbtarsid prl Higanienayanilas

concentrated under regyedpEapaste id IR (eaidia wanppiHiedihyyNtalica aghealliiibes not
chromatography to obtain the title compound (18.0 mgi. 101H-NMR (400 MHz, CDC13) 8 (ppm): 4.03

(s, 3H), 8nhabiythy regqtion pndogldowss ghegtanting majesial fp bg GaspdverLhersipito 4 ayripdn 58
Synthesig gfifpiliaspretimemirRine Resatioxvisacd 2Betrssvmdimstivisianalale @ 8i6xae. was

added to a solution of methyl 5- 15 fluoromethc%ypyrazine-2-carboxylate obtained in Preparation

Examiple 15-PE§q 859 Mgphpastcidvoimirdand mpyefrratbaabrresdisnidma Pttt room
temperatyyerfiane: lemunMaferant etbyé aaaiate WEKE adeest s the seaction sobHionyanddhao

organic layer was separated. The aqueous layer was made acidic with 1 M hydrochloric acid, followed

by extradtibheffthcstnyrat ersteraphe ol R icamyalaras dfeaiet QrihyartROMKEbHedlum Kiffate. The
drying 2Q086h Was ismaveetRykilrptianandibes filtiateywas cancrnilaieipiademigduged rigssure to
obtain a crude product of the title compound (10.2 mg). The compound was used for the next reaction
without fARREFAHIACSTRATTARNIIR! RTBCIRTRY EBECy! (Spplly 18°[@, 9ePsE 8950 sply 8134 (d, J
= 1. foHz ik RRPdEtdke 1.4 Hz, 1H). 25 [0160] Preparation Example 3 Synthesis of
5-cyanop[%rlig‘itrie-z-carboxylic acid [Formula 28] .Br (1)(2) rThil HrTh 000 80

11-2. Step 11-2:
This step is a step of obtaining the compound (1-4) by subjecting the compound

(11-1) to reduction reaction.

15 The compound (1-4) can be obtained by converting the compound (11-1) to a
mixed acid anhydride and then reacting the mixed acid anhydride with sodium borohydride.
The mixed acid anhydride can be synthesized by a method known to a person skilled in the art.
The synthesis is performed by reacting the compound (11-1) with a chloroformate such as ethyl
chloroformate in the presence of a base such as triethylamine, for example. One to two

20 equivalents of the chloroformate and the base are used with respect to the compound (11-1).
The reaction temperature is -30°C to room temperature, and preferably -20°C to room
temperature.

The step of reacting the mixed acid anhydride with a reducing agent such as
sodium borohydride is performed by reaction in a solvent such as tetrahydrofuran or 1,2-

25 dimethoxyethane or in a mixed solution of the solvent and water, for example. One equivalent
to a large excess of the reducing agent such as sodium borohydride is used with respect to the
mixed acid anhydride.

The reaction time is not particularly limited and is usually 0.5 to 48 hours, and
preferably 0.5 to 24 hours. The reaction temperature is not particularly limited and is usually -

30 78°C to solvent reflux temperature, and preferably -20°C to room temperature. The solvent
used in the reaction is not particularly limited insofar as it does not inhibit the reaction and
allows the starting material to be dissolved therein to a certain extent. Preferable examples of
the solvent include tetrahydrofuran and ether.

[0125]



(1) Synthesis of methyl 5-cyanopyridine-2-carboxylate A mixture of methyl
5-bromopyridine-2-carboxylate (2.8 g) and copper cyanide (3.6 g) in NMP (30 ml) was heated with
stirring at 170C for 1.5 hours. Water was added to the reaction solution at room temperature, and the
insoluble matter was removed by filtration. The 5 filtrgig was extracted with ethyl acetate. The extract
was washed wrth brrne and then drred over anhydrous magnesium sulfate. The drying agent was
filtered offaGtERe Pl e¥itrated under reduced pressure. The resulting crude product was
purified hysilica0el © olumn chromatography to obtain the title compound (920 mg). 1
H-NMR (400 MHz, CDC13) 8 (ppm): 4.06 (s, 3H), 8.16 (dd, J = 2.0, 8.0 Hz, 10 1H), 8.27 (d, J = 8.0
Hz, 1H), 9.01 (d, J = 20" H) [0161] (2) Synthesis of 5-cyanopyridine-2-carboxylic acid A
solution of the compoung/of; eparatrgn Example 3-(1) (920 n]_g) d a 5 N sodium hydroxide solution
(2.26 ml) mRethanol (30 ml) w%rg @rrre;;gtoﬁ%grn temperature for/\l§ﬂ5 minutes. 5 N hydrochloric acid
(5.2 ml) was degHto theereaction solution at rdoieR be?attf?e olt®wed by extraction with ethyl
acetate. H& extract was dried over anhydtous magnesium su¥fatexyhe drying agent was removed by
filtration and the filtrate was concentr, under reduced pressur ato obtain the title compound (800
mg). (12-1)H-NMR (400 MHz, idS0do ) 8 (PPm): 8.18¢@.4) = 8.0 Hz, 1H), 8.51 (dd, J = 20 2.0,
8.0 Hz, 1H), 9.12-9.18 (m, 1H). [0162] Preparation Example 4 Synthesis of
5-difIuorqm)e{,ﬂmrazine-z-carboxylic acid [Formula 29] O0,T,FN O F (1)I11(2) FHO F 00 25 (1)
Synthesis of methyl 5-difluoromethoxypyrazine-2-carbonxylate Potassium carbonate (8.82 g)
and sodium chlorodifluoroacetate £6.53 g) were added to a solution of methyl

5-hydroxypyrazine-2- carboxyl%k@% ) iIkRDMF (42.8 m1). The reaction sdletion was stirred at 100C
for 30 minutes,;and then saturated a 2que0 nium chistisle wa&adge}é\teﬁﬁbwed by extraction
with ethyl acekéte/othe organtet?ayehwas Wwashed 3?? with a saturated sog¢ium bicarbonate solution and
brine and then dried Sver magnesium sulfa\ﬁ(ﬁre drying agent was remoy q\by filtration and then the

solvent was empﬁgrated under reduced (1R2 6‘?

(12 3)
[Formula 23]
Y.
LV N .
R R? (12-2 RYR
R® RO 022 e e 'S
HO OR14 ? OR'™ YY\
Y.
KOS RO
(12-7) Rs Rs
(12-4)
(12-8)
5 [Formula 24]
RS R®
LV COORy5
(12-10) RS R R R on
OH _
v [Step 12-7] O~ “COOR,;[°tP 12781 ©
\ v Yo
R4 R3 Y\ R4 R3
(12-9) R* R®

(12-11) (12-3)

In the formula, Prt; represents a primary hydroxyl protecting group, R"
represents a C1-6 alkyl group, or two R'* together may form a ring, R" represents a C1-6 alkyl
group, and Y, R3, R4, R’ , R® and LV are as defined above.

[0126]
10 General Preparation Method 12 is a method for preparing a compound (12-4)

which is a synthetic intermediate of the compound (I) according to the present invention from



81 pressure. The residue was purified by silica gel column chromatography to obtain the title
compound (928 mg). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 4.04 (s, 3H), 7.49 (t, J = 71.2 Hz, 1H),
8.47 (d, J=0.8 Hz, 1H), 8.92 (d, J = 0.8 Hz, 1H). 5 [0163] (2) Synthesis of
5-difluoromethoxypyrazine-2-carboxylic acid ¥éater (1.54 ml) and a 5 N sodium hydroxide
solution (492 ml) were added to a solution of the compound obtained in Preparation Example 4-(1)

(250 mgFRPREnEa B3 Thif13ne-idactibrnddittich Wwasvetiraieraty SuRt ebnparstLtERs ofiéchirdales and

then a 2 {y §R hydrgchloric acid solution was added, followed by extraction with ethyl acetate. The
organic layer was washed with brine and then dried over magnesium sulfate. The drying agent was

removed by filtration af@TRMIHR ddenthdes-ddhctntrted: bheed AuudedlBred8he to obtain the title

compoung(ZA8maly RGO EedREclB) 8(PRSYbE PédireliFréh 4 Eimtei@iBO (d, J = 1.2
15 Hz, 1H), 9.04 (d, J = 1.2 Hz, 1H). [0164] Preparation Example 5 Synthesis of tert-butyl

; | ] Yy
(-)-[(FaRGAEP| e QSN - DS HRITFBAER B A RHEN T e i tReg apd spR rB T BePEeRfid-azanap
hthalen-2yyliGadaasn e 2B dE HmHgadlon Examplés Riehay #iampkample 5, the compound obtained in

Preparation Example 1-(2) was used as a starting material. [0165] 82 In Preparation Example
5-(1) and ,7iynthesis was performed according to Preparation Example 1-(3) and (4). [0166] (3)

Synthesisf 1segneoyil-3-[(3S*,4R*)-4-hydroxymethyl-3-(2- 5
trifluoromethoxyphenyl)tetrahydropyran-3-yllthiourea Benzoyl isothiocyanate (642 Re was

added to a solution of tHESCSFRISAREBIMENN&SrERmINd SlepiiLs s it sormpoand (32.3

ml) ap roemipmael adrexpeutie(mixtyre was stirred for two hours and 30 minutes. The reaction

solution was concentrated under reduced pressure and the residue was purified by silica gel column
chromatography to his reaction can be performed under the same conditions as those usually used in

O-alkylation reaction of an alcohol compound (such as the conditions described in Tetrahedron
Lett. 46 (2005) 45, 7751-7755).  In this reaction, the compound (12-3) can be obtained by
adding a base such as sodium hydride to a solution of the compound (12-1) in THF to prepare an

15 alkoxide, and then reacting the alkoxide with the compound (12-2), for example. The solvent
used in the reaction is not particularly limited insofar as it does not inhibit the reaction and
allows the starting material to be dissolved therein to a certain extent. Examples of the solvent
include solvents such as THF, DMF and dimethyl sulfoxide. The reaction can be performed by
causing 1 to 3 equivalents of an appropriate base to act in the presence of such a solvent.

20 Examples of the base used include sodium hydride, potassium hydride and t-butoxypotassium.
The reaction time is not particularly limited and is usually 0.5 to 72 hours, and preferably 0.5 to
12 hours. The reaction temperature is usually -20°C to 100°C.

A more preferable result such as an improved yield may be achieved by adding a
salt such as tetrabutylammonium iodide in this reaction.

25 [0128]

12-2. Step 12-2:

This step is a step of obtaining an aldehyde compound (12-4) by subjecting the
alcohol compound (12-3) to oxidation reaction. The aldehyde compound can be obtained from
the alcohol compound by a method known to a person skilled in the art.

30 Examples of the known oxidation method used in the reaction include Swern
oxidation, Corey-Kim oxidation, Moffatt oxidation, PCC oxidation, PDC oxidation, Dess-Martin
oxidation, SO; -pyridine oxidation and TEMPO oxidation.

The solvent used in the reaction is not particularly limited insofar as it does not

inhibit the reaction and allows the starting material to be dissolved therein to a certain extent.



10 obtain the title compound (1.67 g). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.29-1.34 (m,
1H), 1.65-1.80 (m, 2H), 3.57-3.91 (m, 4H), 4.14-4.27 (m, 2H), 7.20-7.30 (m, 3H), 7.32-7.38 (m, 1H),
7.50-7.57 (m, 2H), 7.61-7.67 (m, 1H), 7.86-7.92 (m, 1H), 8.92 (brs, 1H). [0167] 15 (4) Synthesis of
N-[(4aR* 8aS*)-8a-(2-trifluoromethoxyphenyl)-4 4a 545 8
8a-hexahydro-7-oxa3-thia-1-azanaphthalen-2-yllbenzamide Concentrated hydrochloric acid (635 Re
was addgmlal%ﬂﬁﬁbﬁ Wi YRBt deshistsutinebidi e daet pralictiefurap telesng) direipmathags mi),
and the mixturgovRs-heated under reflux at 90C for two hours and 10 minutes. The reaction solution
was returned to room 20 temperature and concentrated under reduced pressure. A saturated sodium

bicarbonate solution WE%%@@I@MI)@HH’%@&S MW@&W@#@%MWW@C&%@WM organic
layer wag yigd f?:\fﬁfxat@%@lﬁé“ﬁﬁi?%%%ﬁ IfgleCTie AN, 3aeaLpas fﬁﬁ%g&%&féﬁﬂ%m% fiyate

was concentrated under reduced pressure to obtain the title compound (1.65 g). 1 H-NMR (400 MHz,
CDC23) ga(ppwhirly Barted@rhis 1syaly22 233§ mmouirk JarrbpRe6adp10 (FrioB4)houest -2.99 (m, 1H),
3.19-3.230((159 H), 3.62-3.78 (m, 2H), 4.07-4.21 (m, 2H), 7.28-7.36 (m, 2H), 7.38-7.47 (m, 3H),
7.48-7.57 (m, 2H), 8.21-8.27 (m, 2H). [0168] (5) Synthesis of
(4aR*,8ap8awp-tafioromethoxyphenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-

thia-1-azanaphthalen-2yylamipg §QBEHf ﬁéﬁQiM%%ﬂéﬁﬁ&h%%ﬁ%t}?&Pfh@@o?ﬁ RRyNfhograined

in the previous step (1.65 g) in methanol (200 ml), a ixture was heated under reflux at 80C for
eight housagiaey Taaipirlfesnd hencshed onssoloaibm Wigsaherua peep toatbpmurihaoel@tmrd 2 concentrated
undey re pressure. The residue was purified by NH-silica gel column chromatography to obtain
the title compound (870 mg). 83 1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.40-1.50 (m, 1H),
2.02-2.1 3, Sty B26H-2.70 (m, 1H), 2.87-3.01 (m, 2H), 3.60-3.75 (m, 2H), 4.03-4.15 (m, 2H), 4.51

(brs, 2H), 7.21-7.34 (mp3H), o, 48: 22 SMpkihid Q1891 GMLBieR Eét-‘%‘?gﬁg?lﬁ}gcﬁﬂglhgﬁﬁ%@’

synthesis was performed according to Preparation Example 1-(7) an ] (9) Synt

tert-butylPE) A HR C8ADNBA Soampind (dHtadrorhketvrdyprersrejecting group used in this step is
4,4a,5,6,§0§§-al1)§&ﬁgwrgf&-tgga-3-thia—1-azanaphthalen-2-yllcarbamate 10The compound obtained in
the previous step (12 mg) was purified by CHIRALPAKTmM AD-H (mobile phase: hexane:ethanol = 8:2,
flowlfate: 10 ml/min), aidstragatiornbitipe ienapd ondimtho fasaspulitpmatestings senelbyuesdbtain

the title Ciﬂrﬁpﬁ%'féiﬁghiéf%%ﬁ%ﬂﬂ%?&é&ﬂfﬁﬁg@&gsﬁmg thedHRitRmPRULHIIL f DdociRRekCC) from
240 mg of the racemate. 151 H-N (400 z, CDC13) 8 (ppm): 1.53 (s, 9H), 1.54-1.60 (m, 1H),

2.13-2.27ueh, a8 ) V8. Sirezrsandd. GHYL etz e qiective omprs 310 ganig [Ghesnsgry BhirgEdiipnd.go
(brs, 2H);4hRSwhdy okl 8-8948d, J = 8.8, 2.8 Hz, 1H), 6.67 (d, J = 2.8 Hz, 1H), 7.06-7.11 (m, 1H).

[0131]
20 12-5. Step 12-5:
This step is a step of synthesizing a compound (12-8) from the compound (12-7)
as a raw material using a method described in the above preparation method (Step 12-1).
[0132]
12-6. Step 12-6:
25 This step is a step of obtaining the compound (12-4) by deprotecting the acetal
group of the compound (12-8).
This reaction can be performed under the same conditions as those generally used
in deprotection of an aldehyde group such as the conditions described in a document such as T.
W. Green and P. G. M. Wuts, "Protective Groups in Organic Chemistry, Third Edition", John
30 Wiley & Sons, P. 293-329.
[0133]
12-7. Step 12-7:
This step is a step of obtaining a compound (12-11) by reaction of the compound

(12-9) with the compound (12-10).



[0171] 20 Preparation Example 6 Synthesis of tert-butyl
(-)-[(4aR*,65*,8aS*)-8a-(5-amino-2-fluorophenyl)-6-methyl4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-I-aza
naphthalen-2-yllcarbamate [Formula 31] racemicchiral (1) Synthesis of
4-(2,2-diethoxy-ethoxy)-1-pentene 60% sodium hydrigle (916 mg) was added to a solution of
4-penten-2-ol (1.8 ml) in dimethylformamide (40 ml) at OC, followed by stirring for 30 minutes. After
heating to room tempeF&tsfeagiBh i Derdrsmeddadsy the st s gy iipnnas thearfeer g nd edétion

solution papgyinadnixareoras Aeateshivcive baurssicr wasadsrsionthe seastiomoldtian. followed

by extraction with diethyl ether. Theﬂgganic layer was concentrated under reduced pressure. The

residue wAas pUFHiéd By siitalgaPedhivir Eirdmatogiaptirionihsiseppairddapblran feos g). 1

H-NMR (409i Mt By GBREAS3) BARoh hslddthnd fyadibize 3kbivkier db tlecbrdpdBidZ.16Hd).i8- 1B2.23 (m,
1H), 2.28-2.38 (m, 1H;k3.43-3.64 m, 5H), 3.66-3.76 (m, 2H), 4.59 (t, J = 5.2 Hz, 1H), 5.01-5.10 (m,

: . 76 ( |
oH), B. 789506 2P keoridepns) bomikaciosthe afketrdesvihihsyiempardiish Jud warEpite
compounghghkiiradis-the Be Yiaugsiep{s: Birad wasydissebiad dora ayxedod S malutippiofhtormic acid

(30 ml) and water (10 ml) at room temperature, followed by stirring for six hours. Hydroxylamine

sulfate (44stpnand aianmibsctatingmpegnlies diselytd thersdhtdip fEBtBH A IREmRkEs Y was

stirred atreqp)VeMRRIatY eiedd firRurss TABICEF agyeustEoriubsileridankasradadin tee
reaction solution, followed by extraction with ethyl acetate. The organic layer was washed with brine,

and thenPHECSOIA RY WS B¥ab B AieauiIER B 618l ARBEPRHRLS hirse 1ot dLitG PR pRIARSY B silica
gel ¢olumsslediomateghpriyyotaiebbaie thedithe Ieanuaing (4@%e) pdrdNEEAG fdH MR {400 MHz,

CDC13) lg);ugg%%)ot%sglzrgld’ JT?leafeoalc_ltiz(’)ll3 Er)n’ezi'sll?(;tziaza?ti(cmuiar?g limited and is usually 0.5 to 72 hours,
and preferably 0.5 to 12 hours. The reaction temperature is usually -20°C to 100°C.
A more preferable result such as an improved yield may be achieved by adding a
salt such as tetrabutylammonium iodide in this reaction.
15  [0134]
12-8. Step 12-8:
This step is a step of synthesizing the compound (12-3) from the compound (12-

11) as a raw material using a method described in the above preparation method ((Step 1-3) or

(Steps 11-1 and 2)).

20 [0135]
13. General Preparation Method 13:
[Formula 25]
Y,
LV
KN g 5%
R4 RS 14
RS RS . (13-3) P”ZN&SFR{M PN CHO
R°> R 91 v - Y.
14 [St 13-1] [Step 13-2] Y. [Step 13-3]
HzN&ORM L &ORM o >(\ R e ?(3\
OR PftzHN ORM R4 R3 R* R
(13-1) (13-2) (13-4) (13-5)

In the formula, R represents a C1-6 alkyl group, or two R's together may form
aring such as 1,3-dioxolane or 1,3-dioxane, Prt, represents a protecting group such as a 2,4-
25 dimethoxybenzyl group, and R3, R4, R’ , R6, Y and LV are as defined above.
[0136]
General Preparation Method 13 is a method for preparing a compound (13-5)
which is a synthetic intermediate of the compound (I) according to the present invention from a

compound (13-1) as a raw material through Step 13-1 to Step 13-3.



1H), 2.28-2.39 (m, 1H), 3.47-3.60 (m, 1H), 4.05-4.18 (m, 1H), 4.30-4.44 (m, 1H), 5.04-5.14 (m, 2H),
5.74-5.88 (m, 1H), 7.45-7.52 (m, 2H). [0173] In Preparation Example 6-(3), (4) and (5), synthesis was
performed according to 5 Preparation Example 1-(2), (3) and (4). [0174] In Preparation
Example 6-(6), (7) and (8), synthesis was performed ggcording to Preparation Example 5-(3), (4) and
(5). [0175] 10In Preparation Example 6-(9), élO) and (11), synthesis was performed according to
Preparation Example £omppadssliolrepdid;-S)amdssoniapigaty available products used

(-)-1(4aRigt8asi-A30(Feamipa ivprophsiMblGame iRyl A raR 8Bt by a method known to a

8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylicarbamate 15The compound obtained in the

previousRYER sk Hsd) v ilrified G EtireaPPRRRGFADYL R RRddsiatkediaBiseastHaRol = 7:3,
flow rate EXQmApliERihadadEthgnpagtion with a retention time of 16 to 19 minutes was collected to obtain
the title compound. This operation was repeated to obtain the title compound (228 mg; >99% cc) from
540 Mg 6Piid racemate. 201H-NMR (400 MHz, CDC13) 8 (ppm): 1.28 (d, J = 6.0 Hz, 3H), 1.53 (s,
9H), 1.554.61s(ep, {BH); 1.80-1.93 (m, 1H), 2.47-2.55 (m, 1H), 2.93-3.01 (m, 1H), 3.02-3.11 (m, 1H),

3.59-3.82 (m, 4H), 4.11-4.18 (m, 1H), 6.54-6.62 (m, 2H), 6.81-6.89 (m, 1H). [Ql??LPreparation
Example 7 25 SynthesTé”éfsltéH ;B@tﬁep of obtaining a compound (13-2) by protecting the amino group

(-)-1(4aR3t0R Baponda-(bsamino-2-fluorophenvl)-6-methoxymethyl4,4a,5,6,8,8a-hexahydro-7-oxa-3-t
hia-l-azanaphthalen-2-yllcarbamate [Formula 32] chiral (1) Synthesis, of (R)-1-methoxy-4-penten-2-ol
Copper iodide (630 mg)WWAEEHPHURS iPFIErAyLYBAT AR SHDTSHNAIRES RIBNE i orsed
vinylmagingsibier Go0sIcen inniettabsdip u e {38 ol iviass asathad iA8Giotallavrduen stirming for 10

minutes. (R)-(-)Glycidyl methyl ether (2 ml) was added to the reaction 5 solution at the same

temperafdfeS A the i e vad Lty a8t RiePABLIOERE DS HiHdiESLRR af o Bilsy

minutes. £ Saivr @legATPaRLM MBI Tes0RHEN 3RS HKIedIR. the reaction solution. The mixture was
sequentiallg/ extracted with a mixed solution of hexane and ethyl acetate (1:1), ethyl acetate and

diethyl etfdr®the organic layer was dried over anhydrous magnesium sulfate. The drying agent was
filtered off3apdsibg fikrate was concentrated under 10 reduced pressure to obtain the title compound

(2'6(1)59)' This step is a step of obtaining a compound (13-4) by N-alkylation reaction of the
compound (13-2) with the compound (13-3).
This reaction can be performed under the same conditions as those usually used in
N-alkylation reaction of a compound (13-2) (such as the conditions described in J. Med. Chem.
2007, 50, 5493-5508). In this reaction, the compound (13-4) can be obtained by adding a base
20  such as powdery sodium hydroxide to a solution of the compound (13-2) in toluene, and then
reacting the mixture with the compound (13-3), for example. The solvent used in the reaction
is not particularly limited insofar as it does not inhibit the reaction and allows the starting
material to be dissolved therein to a certain extent. Examples of the solvent include solvents
such as toluene, THF, DMF and dimethyl sulfoxide. The reaction can be performed by causing
25 1 to 5 equivalents of an appropriate base to act in such a solvent. Examples of the base used
include sodium hydroxide, potassium hydroxide, sodium hydride, potassium hydride and t-
butoxypotassium. The reaction time is not particularly limited and is usually 0.5 to 72 hours,
and preferably 0.5 to 24 hours. The reaction temperature is usually -20°C to 100°C.
A more preferable result such as an improved yield may be achieved by adding a
30 salt such as tetrabutylammonium iodide in this reaction.
[0139]
13-3. Step 13-3:
This step is a step of obtaining the compound (13-5) by deprotecting the acetal
group of the compound (13-4).



1H-NMR (400 MHz, CDC13) 8 (ppm): 2.21-2.30 (m, 3H), 3.29 (dd, J = 9.6, 7.7 Hz, 1H), 3.39 (s, 3H),
3.43 (dd, J = 9.6, 3.1 Hz, 1H), 3.81-3.90 (m, 1H), 5.09-5.18 (m, 2H), 5.78- 5.91 (m, 1H). [0178] 15In

Preparation Example 7-(2) and (3), synthesis was performed according to Preparation Example 6-(1)
and (2). [0179] 87 [0180] In Preparation Examgle 7-(7), (8) and (9), synthesis was performed
according to Preparation Example 5-(3), (4) and (5). [0181] 5In Preparation Example 7-(10), (11) and
(12), synthesis was peHigs e 6raiRg ke FYapet Anda tharaple apditiony sfhpesspers esis

of tert-buty hiprlidafiontit a8 aRirgad araiyRAcR-HLUMOBNRNINSXEdescribed in a document such as T.
methoxymethyl1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yll carbamate 101H-NMR

(400 MHY-Eiseenayd oYl Watis BotesiypGrpus (8 Qiaynic hemysiml hxg BIUen skobth, 1H),
2.96-3.03(Ry 30304298 {my, 1H), 3.37-3.43 (m, 1H), 3.41 (s, 3H), 3.50-3.58 (m, 1H), 3.65 (brs,
2H), 3.70-3.77 (m, 1H), 3.82-3.91 (m, 1H) 4.13-4.20 (m, 1H), 6.54-6.61 (m, 2H), 6.82-6.89 (m, 1H).
[01835] 1593@;3aration Example 8 Synthesis of tert-butyl

[(4a5,5S,8a5)-8a-(5-anmiacentipitiap beMelioanflHR @y 448 rdif SiS ahesrRbystr arvemiandtitidddazanaphth
alen-2-ylicarbamate [Formula 33] (1) Synthesis of C%‘I)?g’él-(tert-butyldimethylsiIanyl,g[;%/i-&buten-2-o|
n-Buty llithiirns8ss FAL bs anNFLBfUfhrHBRETEICHS A9 BRIaRIFI RS 3G ¥ eRiEiBiF brd
trimethylsiieaiureiggide (3ReAaN tateseafivpiedunan £ AQQnud-1d WaitH iR & PSRN 8sel idQke The

reaction solution was stirred at the same temperature for 30 minutes. 5 tert-Butyldimethylsilyl
(R)-(-)-glVEi M eRrntg S X ELS shroatitayapdibs T eresanRirmiaishymbinae: saRetEinpEtaRls. The

reagtipn splytioncwed stired ihigganoHrenuiib0saduslhealingnto M RNJRITREIAEI Bie MIIRAUS
ammonium chloride and ethyl acetate were added to the reaction solution, and the organic layer was

separatellVEHEOS YR N4 WALRAsh Aot i Ky dhrg e dins e tvRtesefhe organic
layer wasngtiggoavenarhydiaied Grnagnesiuy sifateantheonepatiatad wdefereausas Rissure. The

residue Wa(s) veﬁjggfge%/hsegécgeggslsgroylymn chromatography to obtain the title compound (9.6 Q).
[0141]

15 The fused aminodihydrothiazine derivative or pharmaceutically acceptable salt
thereof, or solvate thereof according to the present invention has an extremely excellent A3
production inhibitory effect or BACEI inhibitory effect and is extremely useful as a therapeutic
agent for a neurodegenerative disease caused by AP and typified by Alzheimer-type dementia.
[0142]

20 The fused aminodihydrothiazine derivative or pharmaceutically acceptable salt
thereof, or solvate thereof according to the present invention can be formulated by a
conventional method. Preferable examples of the dosage form include tablets, coated tablets
such as film tablets and sugar-coated tablets, fine granules, granules, powders, capsules, syrups,
troches, inhalants, suppositories, injections, ointments, eye drops, nasal drops, ear drops,

25  cataplasms and lotions.

These solid preparations such as tablets, capsules, granules and powders can
contain generally 0.01 to 100 wt%, and preferably 0.1 to 100 wt% of the fused
aminodihydrothiazine derivative or pharmaceutically acceptable salt thereof, or solvate thereof
according to the present invention as an active ingredient.

30 [0143]

The active ingredient is formulated by blending ingredients generally used as
materials for a pharmaceutical preparation and adding an excipient, a disintegrant, a binder, a
lubricant, a colorant and a corrective typically used, and adding a stabilizer, an emulsifier, an

absorbefacient, a surfactant, a pH adjuster, a preservative and an antioxidant where necessary, for



1 H-NMR (400 MHz, CDC13) 8 (ppm): 0.08 (s, 6H), 0.91 (s, 9H), 2.56 (d, J = 3.6 Hz, 1H), 3.45 (dd, J =
7.6, 10.0 Hz, 1H), 3.66 (dd, J = 4.0, 10.0 Hz, 1H), 4.14-4.20 (m, 1H), 5.19 (ddd, J = 1.6, 1.6, 10.8 Hz,
1H), 5.35 (ddd, J = 1.6, 1.6, 17.6 Hz, 1H), 5.81 (ddd, J = 6.0, 10.4, 15 17.6 Hz, 1H). [0184] 89 (2)
Synthesis of tert-butyl4(R)-2-methoxymethoxy-3-butefyloxy)dimethylsilane Chloromethyl
methyl ether (9 03 mL) was added dropwise to a solution of the compound obtained in Preparation
Examp|ees-a@y1@.Bsg)ga%aomYﬁpaﬁgab%Mhyﬁﬁ%melafmsmh)lnm@ﬁmwﬁf&ﬁaﬂél@w ) under
ice-cooliRggdihplERALIRIPAUIRB MRS NGRED IAIRAIMIR JamPRF AR i BUHSHAP0A¢ NCHNS

Saturated aqueous sodium chloride was added to the reaction solution, and the organic layer was

separatetdHHPYriHRICIpENG A8LY SoEHANSYIFE 08 hidehasRAtY safste dnyrsdMesifated under

reduced RigsSHYE Ny tRSIdue WasdHbfiad by silicaaehealirvhshiamstaasapiy daopbiRin dbgctitle
compound (11.3 g). 1 H-NMR (400 MHz, CDC13) 8 (%m : 0.07 (s, 6H), 0.89,(@, 9H), 3.39 (s, 3H), 10
3.60-3.705; SilifoncRlasuifatantpyuohau RoyYeRyetblsns Bty 9sten sorbignifaty peid esfrs 30

(ddd, J =gly@erdiCatky ActdZestdi) pSlydk (@eltlidnT & fbiikd fatiy’BiligstdHpIbRp 3N S¥Nihesishted
(R)-2-methoxymethoxy-3-buten-1-ol Tetrabutylammonium fluoride (55 mL, 1 M solution in

tetrahydrGRIFANL#aE 4 Bolyerayr HrdpiaaRetsox IRRIGANSINs e 6PREBURG ol isHea HPIs RIS N
Examplesgc@a{ By tiHpeamdreiyandgofdakid anchBexpriyIo s &lieH ahjRH® defpperature

for two hours. Saturated aqueous sodium chloride and ethyl acetate were added to the reaction

solution, RV IBYgEidaas apdyms bulssi iase Bmyraeisel vrs hatehapolnd divesrenler, and the
organic lpyphyascsapatiateduanalslbe-e0pbingeheraanis, laygopyreie gies aversamiyillousars

magnesium_20 sulfate and concentrated under reduced pressure. The residue was_purified by silica

gel colurhCBrrbRI4EOHT APy 1o OttaibPIsATHEI@ RYSHLHTG & 15 F. DR IUR THEO VK, A% 's

(Ppm): 2 §3ifcatd drlduldinn 2 1(8at3HHnd it iBdwarer2 HExAhpis BB i el pichbhsdddnthui®, 2H),
5.27-5.34 (m, 2H), 5.75 (ddd, J = 6.4, 10.0, 17.2 Hz, 1H). 25 [0186] (4), Synthesis of eth

((R)-2-mEHEHBEA SIFA-0AEERHTERY) Bl mannitol SOmRin Hjdta 1{‘2%68}%5%%0‘%)@%8% solution

of the compaded abtaingr iR mIke N X amoRl8Sy 63y hIBbibL Fositidy2 pNerolidinone (60 mL)
under ice-cooling. The reactjon solution was stirred at the same temperature for 30 minutes. Ethyl
broﬁ%ac’é’t%ﬁ@’@glt&]@.sf ’rﬁay\lﬁﬁg“i‘&%?e@ﬂ%%\%é‘é teRE PR A L RROKCThe reaction solution was

heated taya@Ry@mReaure @By ad alcog FepR BMPRIGI0Tey Ay liverbideae el aetpatiirous
Ceparatob PRI RS )£ I hACHEH U e BERIS 6 urf SHBHES AL N
anhydrougcindgresdimsatfateadhpoavgania yayglneas tolnseitdranunaes ieducatu0
bicarbonate, calcium citrate, dextrin, pectin and carboxymethylcellulose calcium. Examples of
20 the lubricant used include magnesium stearate, talc, polyethylene glycol, silica and hydrogenated
vegetable oil. Examples of the colorant used include those permitted to be added to
pharmaceuticals. Examples of the corrective used include cocoa powder, menthol, empasm,
mentha oil, borneol and cinnamon powder. Obviously, the ingredients are not limited to the
above additive ingredients.
25 [0144]

For example, an oral preparation is prepared by adding the fused
aminodihydrothiazine derivative or pharmaceutically acceptable salt thereof, or solvate thereof
according to the present invention as an active ingredient, an excipient and, where necessary, a
binder, a disintegrant, a lubricant, a colorant, a corrective and the like, and then forming the

30 mixture into powder, fine granules, granules, tablets, coated tablets, capsules or the like by a
conventional method. Obviously, tablets or granules may be appropriately coated, for example,
sugar coated, where necessary.

For example, a syrup or an injection preparation is prepared by adding a pH

adjuster, a solubilizer, an isotonizing agent and the like, and a solubilizing agent, a stabilizer and



pressure. The residue was purified by silica gel column chromatography to obtain the title compound
(4.77 g). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.24-1.31 (m, 3H), 3.39 (s, 3H), 3.59-3.69 (m,
2H), 4.10-4.22 (m, 4H), 4.23-4.32 (m, 1H), 4.64 4.74 (m, 2H), 5.28 (ddd, J = 1.2, 1.2, 9.6 5 Hz, 1H),
5.35 (ddd, J =1.6, 1.6, 16.8 Hz, 1H), 5.78 (ddd, J = 658, 10.4, 17.2 Hz, 1H). [0187] (5) Synthesis of
24(R)-2-methoxymethoxy-3-butenyloxy)ethanol Lithium aluminum hydride (826 mg) was added
to a solutfshEME LB MEGEIOBYATeR TRNErE3hFatIBAE xaHp RIS M2y ) FrPEetigdyYrofuran (100

mL) in a pitiRgeN sHAABROSPRRET HOWHbKHIBI NGS sted Bhthmsame [rRmRS AR JO ARG hour.

Methanol was added dropwise to the reaction solution, and then water was added dropwise. The

insolubledinsgtesdibPehiersettior Sikbife iwaseprirate d BirMt@ldha Ly /ectie Biséeibbned With
ethyl acefgtewSatyraiedaranussedivmiciadde was pred e theditsaiednchibie.ataanicHayer was

separated. The organic layer was dried over anhmdrous magnesium sulfate and concentrated 15 under

reduded PRISASHEN PhE 1R8BGS B RRIBY St g1 I mAh PSR YAb hyad btk lelifle
compoungdiZeliddddient. 1 H-NMR (400 MHz, CDC13) 8 (ppm): 2.38 (t, J = 6.0 Hz, 1H), 3.40 (s,
3H), 3.56-3.67 (m, 4H), 3.72-3.76 (m, 2H), 4.26 (q, J = 6.0 Hz, 1H), 4.63-4.74 (m, 2H), 5.26-5.36 (m,
2H), 5.76 (ddd, J = 6.8F AEHANBLE A XIS PTERAALIE)CaYRHHRERAGFd by any conventional method

((R)-2-methreyiiptomey tinhdtrmyloxwagetald ahyse.pximeo seddanefsinatylisulieuids: €605 RL) in
dichloromethane (1. mL) was added dropwise to a solution of oxalyl chloride (633 'IL) in

dichlororRBH#HRAESES4h 2 HAs HiEHS B SMSHERe Aikera beissEachioAmeBletishtIrRastimartitne

samg tenearaduifiaialOsmin utemidh Asohi i efdba compannsiohisines i) WirpanauasrExample
8-(5) (1 g) in dichloromethane (4 mL) was added dropwise to the reaction solution at the same

temperattlféhohe RYARMS sHIitF WIS Strfcdianisrehesphalipidh &lspiilsrdoad MG AS Rl thylamine
(3 81 mLyueassanldgae folthecreaato msmbuiioanfopem@sl Ry heatingpl rdpMdemperabiRiaht)a reaction

solution was stirred at room temperature for one hour. Saturated ac’ueous ammonium chloride and

ethyl 30 SREAE FEFESSRANY T8 PREEHSH S6RERT AV BRI RS Raddea¥BREY. The organic
layer wassvasiaed Withreait) iateedasiie outsh SR dik i Gllastehatic € i adreyaitRRbYA FolS B asium
sulfate. The arganic layer was concentrated under reduced pressure, and ethanol (20 mL) and water
(5 mP) wiid %%@ﬂ%%é’i&&%@%‘éﬁuﬁ%@&%‘?@@iﬁ% &) EHA PGS TARHE SRR A% 2 ) were
added toHin@daastionisokétian] yanch fearoaxtbecowagestiveelahsoeimigmperature for 91 13 hours. Ethyl
acetate 18 A turated aqueous sodium chloride were added to the reaction solution, and the organic
layer was se€parated. The organic layer was dried over anhydrous magnesium sulfate. The organic

layer was concentrated'hindederetithect e ssiine dhgdtoehesisiugeyraaipu iiigi aynsdica galycolumn
chromato%g%%h to %Pt in thg title gomp und §9OO .51 H-NMR Q4.00 MHz, CDC13) 8 é@)m): 3.39
(s, 15H) AU gl & saae S Rca 0 1P 2RSS AR 15,
4.624d.74hdle gy, & 2npDMmiTageiiye 5. Bad9. 8igm, hidHeto3dihidistdhbbhlzypddt)salt addkpdcf6 Hz,
0.5H). [0189] gnz}éo (%? gsfglnthesisl of [(35,4R,5R -3-ap1ino-3-%ffluo.ro i%ﬁ?v% 10
methoxyMBTHOHHERAy PO FYPAHE:yIImdHTang e AUV Higt ée%fﬁé)& LMY WSS S EAREd Hom the
compound y@ainedun & neparpiaeribiampe.8-(65 (9 meaprcserdiar o Bogpaiationgexanyple is
ESI-MS; miz 286 [M+ +H]. 1 H-NMR (400 MHz, CDC13) 8 (ppm): 2.15-2.19 (m, 1H), 3.30-3.42 (m,
6H), administered to an adult by injection at about 30 pg'to 1 g, preferably 100 pg to 500 mg, and
more preferably 100 pg to 300 mg per day, in one or several doses, respectively.
25 [0146]
The compound of the present invention can be converted to a chemical probe for
capturing a target protein in a bioactive low-molecular compound. Specifically, the compound
of the present invention can be converted to an affinity chromatography probe, a photoaffinity
probe or the like by introducing a labeling group, a linker or the like into a moiety differing from
30 a structural moiety essential for expression of activity of the compound by a technique described
in J. Mass Spectrum. Soc. Jpn. Vol. 51, No. 5, 2003, p. 492-498 or WO 2007/139149, for
example.
Examples of the labeling group, the linker or the like used for the chemical probe

include groups shown in the following group consisting of (1) to (5):



15 3.75 (dd, J = 3.2, 12.0 Hz, 1H), 4.13-4.20 (m, 2H), 4.30 (dd, J = 5.6, 10.8 Hz, 1H), 4.69-4.82 (m,
2H), 7.07 (ddd, J = 1.6, 8.4, 12.8 Hz, 1H), 7.20-7.24 (m, 1H), 7.29-7.35 (m, 1H), 7.60-7.65 (m, 1H).
[0190] (10) Synthesis of 1-benzoy1-3-[(3S 4R 5R)-3-(2-fluorophenyl)-4-hydroxymethyl-5- 20

methoxymethontetrahydropyran-3-yllthiourea Benzoyl isocyanate (667 mg) was added to a

solution of the compound obtained in Preparation Example 8-(9) (1 g) in dichloromethane (25 mL), and
the mixture was stirred Bt RESHEPH IRV RS S TSN HRIRROtPAE B SRS EorPH B €At éntrated

under regy PERSSHIE bERSopRSichR y@%@wﬁf@ﬁdayg%iﬁﬁ Heh BRI o PRI I@RMY; iRrebtain the
titte compound (1.45 25 g). ESI-MS; miz 471 [M+ +Na]. 1 H-NMR (400 MHz, CDC13) 8 (ppm):

2.30-2.56"(MtPn A1 Q) OBEBEIP(GHi 24T BENS A (e, GIAYP3 s chestigalngonihos HPSIRC B E4.34

(m, 2H), ﬁfe?&n@%{% OO el blbafbbn 4l {th U8 -dicin, Whatbdindyt 8ibumst diesiid),

7.60-7.65 (m, 1H), 7.86-7.90 30(m, 2H), 8.92 (s, 1H), 11.7 (s, 1H). [0191] (11) Synthesis of

N-R4aS, BR\GaR)-8&(2lsrophdiiahasl agerpioyssud 3608 Bankexakyd detpnes and esters, and an

oxa—3-thi§%-d-}?ﬁgg palen-z-yllbenzamide Concentrated hydrochloric acid (2 mL) was added to a
the cGmpou

solution o und 92 obtained in Preparation Example 8-(10) (1.45 g) in methanol (20 mL),
and the mixture was héatelbaibita liakess farchie Hfolir. The ré2ctivmmssiationidess sechrafed gbieosim

tempera%@\g%ﬂ&&’;@ﬁﬁ%%@& el ENGE RRARS L0y AGEIRE AN ATHEOUR T A Mb e

bicarbonate were added to the residue, and the organic layer was separated. The ofganic layer was
washed witgopapitdedtekeegueous sodium chloride and concentrated under reduced pressure. The

resigye was purified b ﬁiﬂﬁﬁiﬂggggmg?ggﬁ‘ﬂ%%ﬁﬁQX&%RQF@-‘&H@@% SAMRAMYALEP,MLD)- ES

I-MS ; miz 387 [M+ +H]J. / 0 MHz, CDC13) 8 (ppm): 2.82 (dd, J ='4.0, 12.8 Hz, 1H),
2.97-3.02igea-4tppra-eendgancdr yDRIoB I d, J = 12.0 Hz, 1H), 3.87 (dd, J = 4.8, 6.8 Hz, 1H),

4.09-4.16 10 (m, 2H), Qgﬁézeééﬂm nidilerd- Qe R Aol 8810 Bllp Litlen 2 229, 48(My 2
7.49-7.54 (m, 1H), 8.15-8.18 (m, 2H). [0192] (12) Synthesis of

N-R4aS,bS ghsysdnised Wsl{petiiorpploeh 2)- Hunicscsig, shodaxapsdhnsybagbeiliferoagafaphthalen-
2-yllbenzarmide JAIBISRrmethexatydaminglsulfyr ifluaride (892 Riwas asided dropwise to a

solution of the compound obtained in Preparation Example 8-(11) (895 mg) in dichloromethane (25
mL)léndebierionitis el varsaeseatitiens e stfediatmnd dwieinehpedderevfaretald suuch

AqUeousa§?ﬂi%ﬁ§n%ﬁ%¥é%@%@£&?d%lﬁﬁ%QUﬂs%@ added to the reaction solution, and the organic

layer was separated. The organic layer was dried over anhydrous magnesium 20 sulfate. The organic
layer was concentratetbgiinebRisship rodishpbashearasis seclas gasiieendy slreatsdscoligintiter

ChfOmat?ﬂé%@hygﬁ%&gtﬁéﬁd&%gﬁ%&%E@Q%%ﬁ%d@%aﬁ&epéﬁﬁfy%% AR RlAESmERNIRS

subjected to the same reaction as described above to obtain the title compound (120 mg). ESI-MS;
miz 389 f9ds+H]. 251H-NMR (400 MHz, CDC13) 8 (ppm): 2.88 (dd, J = 3.2, 13.2 Hz, 1H), 3.12-3.25

(M, 34), 3.56-3.62 (M, Wi 3. ftsike 48 §BpAkll- 13- HitrSedim 1986'1411#?1)@1{’;)%% {SlhiNe Aeredd 8 Hz,
1H), 4.96-5.16 (m, 1H), 7.10-7.16 (m, 1H), 7.19-7.23 (m, 1H), 7.34-7.47 (m, 4H), 7.50-7.55 (m, 1H),
8.14-8.24r(m, thejgroup consisting of (1) to (5) above into the compound of the present invention in

accordance with a method described in the above documents or the like, the probe can be used as
a chemical probe for identification of labeled proteins useful for searching for novel drug targets,
for example.

25 [0147]

The present invention will be described more specifically below with reference to

Examples, Preparation Examples and Test Example. However, the present invention is not
limited thereto. The abbreviations used in Examples are conventional abbreviations known to a
person skilled in the art. Some abbreviations are shown below.

30 THF: Tetrahydrofuran
DMEF: N,N-Dimethylformamide
TFA: Trifluoroacetic acid
EDC-HCI: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
pTLC: Preparative thin-layer chromatography



[0193] 30 (13) Synthesis of
(4aS,5S,8aS)-5-fluoro-8a-(2-fluorophenvl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-l-azanaphthalen-2-ylamine 1,8-Diazabicyclo[5,4,0]-7-undecene (312 RL) was added to a
solution of the compound obtained in Preparation Exaiple 8-(12) (370 mg) in methanol (13 mL), and
the mixture was heated under reflux for eight hours. The reaction solution was returned to room 93
temperatuteMid ioHid AireiBatesidaR YoHatetPRTESEIHEY The residue was purified by NH-silica gel
column ngﬁtqmﬁm4%@@@16&9&%%@%@%&3&%% ERlvhar JadM+ +H]. 1 H-NMR
(400 MHz, CDC13) 8 (ppm): 2.81 (dd, J = 3.6, 12.4 Hz, 1H), 2.95-3.02 5 (m, 1H), 3.11-3.15 (m, 1H),
3.49-3 56 {APBAY; ?%@dsb@&%dilﬂ?)a%t%eﬁwléﬁﬁh‘ilﬂ) 4.25 (dd, J = 5.6, 10.8 Hz, 1H), 4.50-4.65
(brm, 2Hp i 3R:9p98. 87 - Q% Phﬂle—)ﬂaﬁa&&nﬁ .8 Hz, 1H), 7.12-7.17 (m, 1H), 7.27-7.34 (m,
2H). [0194] (14) to (15) Synthe5|s of tert-butyl [(4a5,5S,8a5)-8a-(5-amino-2-fluoropheny1)-5-fluoro10
4,4a,5,6 8Baakahiftrin Profen el aan%rﬁlﬁﬁﬁww yhecirpawsageorded in rpaitHERBINpound
(195 ma)was ehtainehiramithscompesndiabianedn Rreraiatien HAamplerd (13p4g6ane)
according to Preparation Example 1. ESI-MS; miz 400 [M+ +H]. 1 H-NMR (400 MHz, CDC13) 8 (ppm):
1.52 (s, Seyipaod2gy. ghghay)d:3lopblet ¢ iep(lm Qruatss g r9ad4 0, 10.4 Hz, 1H), 3.64 (brs, 2H),
3.65-3.68 (m, 1H), 4. OQl(ggre]pargtl@e %gﬂgﬂﬂﬁ %@n&%@ &% u]sed%} f;rg %é‘b&%aﬁaﬁ@n 0Pt 1H),
6.49 (dd, J = 2.4, 6.8 Hz, 1H), 6.56-6 = 8.4, (SJHZ 1H). [0195] Preparation
Examp|ecgrggogpd$h§§i§1{3ﬂé3rﬁl§ult\§/AD H CHIRALPAK IA CHIRALPAK™ IB and
C)-[@RRERIR RRE DI 8 (Sran N0 LA ARSI DI BT S M PERNAE Hidustries. Led.
oxa-3-thia-1-azanaphthalen-2-ylicarbamate and tert-butyl (-)-[(4aR*,5S 8a5 *)-8a-(5-amino-2-
fluorophéfy43I5-methyloctahydro-7-oxa-3-thia- 1- azanaphthalen-2-yll carbamate [Formula 34] (1)
Synthesis of 4-(2.2- e aENanOERVIRIY eDHIRAGing Exam QSR USR8 0034, 928 mO)
was added to a solution of 2-methy1-3-butenl-ol (2 g) in D F (30 mL) under ice-cooling, and the
mixture WeEtilyedfatstheabanid (8m perbnie3foi30 nnutsicB8es mttacutitetidevdimsesifiadetal (5 45
mL) wasl:a? 5 dropwise to the reaction solution at the same temperature. The reaction solution was
stirred for 16 hours with gradual heating to room temperature. Ethyl acetate and aqueous sodium
chloride Rematdoedtani@adaction solution, and the organic layer was separated. The same

°peratio:;#%ﬁek’%r&?@&?%ﬁ@ts-:i-%%%j%%%'%i gescan R&S%ﬁ@%ﬂ%ﬁ%{ﬁ?ﬂ%{&é"’,%siﬁgga%ﬁ}o-g-
saturate queous sodium C M ean rreda over amy rous magnesium suliate e organic layer

i) evareagnd the residue was purified by silica gel column
chromaltjgg)%q1 yatg btaln the tltle compound (4.92 g). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.02 (d,

J=6.8 Hz, 3H -2.52 (m, 1H), 3.32 (dd, J = 7.2, 9.2 Hz, 1H), 3.36-3.40 (m, 2H), 3.40 (s, 6H), 3.49
(d, J = 4.8 Hz, 1H)
o~cio N Ny @ (CL/N ®) N
- - 0 _—
NN NN o Ny
H
racemic
) F ®  F Y4y u ’; ® (7
- NHy N.__N_ O - N NH, —
0] 0O 1) N 2
o Y
H OH H OH H
racemic racemic racemic
N02 NH2 NH2
O N O N O N
T 1T T
H H H
racemic racemic chiral

(1) Synthesis of 3-butenyloxyacetaldehyde oxime

20 Hydroxylamine sulfate (20.5 g), sodium acetate (12.8 g) and water (20 ml) were



954.51 (t, J = 4.8 Hz, 1H), 4.99-5.09 (m, 2H), 5.77 (ddd, J = 17.2, 10.8, 6.4 Hz, 1H). [0196] (2)
Synthesis of (2-methyl-3-butenyloxy)acetaldehyde oxime A solution of the compound obtained in
Preparation Example 9-(1) (4.92 g) in 5 formic acid/water (20 mL/5 mL) was stirred at room
temperature for 16 hours. Ethanol (30 mL), water (104¥L), sodium acetate (4.63 g) and hydroxylamine
sulfate (4.63 g) were added to the reaction solution, and the mixture was stirred at room temperature

for eight tasptardtion 8hddBtinydervrsEridsiiEanty syl abbeste %@&é’&é&i@dﬁé&%&égg on

solution, ng 1NEsETIRRIGIAYEIVeIEParAeRhidilR WHaRE YR VES WaghestagaiReyiibrsatirated
aqueous 10 sodium chloride and then dried over anhydrous magnesium sulfate. The organic layer was

concentrted WHaEMASRHEsE pré 8 e e sEhgbias F4ansTR IR dFS IR e RIS IR and the
chromategyapiy ieaiaiR IHexiHR eamPaWIy(lheta8d: The organic layer Wt WMReARRMIAaCDC13)
8 (ppm): 1.02 (d, J = 7.2 Hz, 1.5H), 1, 04 (d, J = 6.4 Hz, 1.5H), 2.44-2.51 (m, 1H), 3.28-3.41 (m, 2H),
4.09 fd, drd gt overAnbydropy magnesuny suliey) e sglyaniyyaspappmsed wadanrefiiged oo (t, J =
3.6 Hz, Qb ARABNS rdkilud ¥ (bud el yHAi G B eb INHOTrRat0 b By Rshispsisrahe itle
()-N-[(4aR*,55*,8aS*)-8a-(2-fluorophenyl)-5-methy1-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-azanapht
halen-2-y e Qrd: ()-N-[(4aRt5R* 8aS*)-8a-(2- 20
fluor_ophenvl)-5-r_nethylﬁJMQ@)gmlp@g@y@[Q)};- ?t@.%J(fﬁ,Z@Hﬁ@%aﬂ&sz&ﬂ%?mge_

A mixture of the title compound (2.15 g) was obtained from the compound obtained in Preparation
ExampleZl{f-(0) 5 & yadedidi b‘bgéﬁérdtbﬁ-ﬁk%ﬁmﬁﬁé-@s@m%ﬂhﬁﬁmmlﬂmﬁ Idkdst 25 (8)
to (QoSynthesisO5AINKAART.SS 6832 O)Hi#y(2-fluoro-5-nitropheny1)-5-methy1-
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yllbenzamide and

()-N-f(4aRM 8@ 8aS*)-8a-(2-fluoro-5-nitrophenvl)-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-I-aza
naphthalen-gyyiihenzamide 4T helithe caampeupd-aidisRdaiko e o8aS*)-8a-(2-fluoro-5-nitropheny1)-5-

30 methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yllbenzamide (440 mqg) and the
title compound A 5% sodium hypochlorite solution (122 ml) was added dropwise to a solution of

0-N-RAaREE: S SRR TRexB oD ey Emsthda B .8ahatehdressing-3-thia--aza

naphthalen-2-yllbenzamide (1.37 g) were obtained from the compound obtained in Pre_E%ation

ExahipleSIersiring §f fiechionh i toPRid i SRfoh e karpe wlives trigpifaieas addedv +

aqueous layer was extracted with dichloromethane. The organic layers were combined and

dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure
and the residue was purified by silica gel column chromatography to obtain the title compound
4.15 g).

20 "H-NMR (400 MHz, CDCl3) & (ppm): 1.79 (ddd, J = 4.4, 12.4, 24.4 Hz, 1H),
2.17 (dd, J = 6.4, 13.2 Hz, 1H), 3.40 (ddd, J = 6.4, 11.2, 22.0 Hz, 1H), 3.50 (dt, J = 2.0, 12.4 Hz,
1H), 3.80 (dd, J = 8.0, 11.6 Hz, 1H), 4.06 (dd, 4.4, 12.8 Hz, 1H), 4.12 (dd, J = 1.2, 13.6 Hz, 1H),
4.63 (dd,J =8.4, 10.4 Hz, 1H), 4.70 (d, ] = 13.6 Hz, 1H).

[0151]

25  (3) Synthesis of (+)-(3aR*,7aS*)-7a-(2-fluorophenyl)hexahydropyrano| 3,4-clisoxazole

2-Bromofluorobenzene (1.85 g) was dissolved in toluene (30 ml), and
tetrahydrofuran (10 ml) was added. n-Butyllithium (2.73 M; 3.68 ml) was added dropwise at -
78°C. 2-Fluorophenyllithium was prepared by stirring at the same temperature for one hour.
A boron trifluoride-ether complex (1.26 ml) was added to a solution of 3,3a,4,5-tetrahydro-7H-
30 pyrano|3,4-clisoxazole (630 mg) in toluene (70 ml) at -78°C. After stirring at the same
temperature for 10 minutes, 2-fluorophenyllithium prepared above was added to the reaction
mixture through a cannula.  After stirring at the same temperature for one hour, an ammonium
chloride solution was added. The reaction mixture was returned to room temperature, and the

aqueous layer was extracted with ethyl acetate. The organic layer was washed with brine and



[0199] (10) Synthesis of tert-butyl ()-[(4aR*,55* 8aS*)-8a-(5-amino-2-fluorophenyl)-5-methyl4,4a,5, 6,
8, 8a-hexahydro-7- oxa-3 - thia- 1 - azanaphthalen-2- yll carbamate 5The title compound (225 mg)
was obtained from fluoro-5-nitropheny1)-5-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia- 1-
azanaphthalen-2- yl] benzami de obtained in Preparatign Example 9-(9) (440 mg) according to
Preparation Example 8. ESI-MS; m/z 396 [M+ +H]. 10 [0200] (11) Synthesis of tert-butyl
()-[(4aRt§R@?s%\§*)asayc§%mag2@ﬁum%\¥%1)- IERAPFRE BR5E W I e RAATTeAYCBk RIS NS 1-azan
aphthalegndCRIR@MEIRS purificd BYRilite SONBBRIMNI(HDH RSB WRS D EHREA dERkle compound
fluoro-5-nitropheny1)-5-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2- 15
yI]benzaHi@é)ébtained in Preparation Example 9-(9) (1.37 g) according to Preparation Example 8.

ESI-MS; m/z 396 [M+ gKIl.NE2QA], 2261 A Synthesis of tert-butyl
(-)-[(4aRt5S*,8aS*)-8a-(5-amino-2-fluoropheny1)-5-methyl20 4 4a 5 6 8

1

8a-héxahydro-7-oxa-3-tHAMBAANAPHIRAI 68N I ifPRiImatk 8T H8-cHMpd iR dBbtdinetiah MrepHation
Exampleg(1QasAusified by CHIRNPAKTRIAD:H (mobileiphase: @thangh, fpw ratg:AGsmmin),

and the fraction with a retention time of 12.5 to 14.7 minutes was collected to obtain the title

compourldDTAd Q4dde Jopdratibhds rdp&réd (o dbthin Hddie tanpoddll {2ebtg! Ho9b4d &&trom
the raw matgral2be291n9).08 m, 1) H- MG (4201MHz 4 G CGEB) 8 (ppm): 0.92 (d, J = 6.8 Hz, 3H),
1.45 (s, 9H), 2.01-2.07 (m, 1H), 2.78-2.83 (m, 2H), 3.23-3.30 (m, 1H), 3.39-3.44 (m, 1H), 3.63-3.71 (m,
2H), 4.1298%= 12.8 Hz, 1H), 6.56-6.60 (m, 1H), 5.86 (dd, J=8.8, 11.6 Hz, 1H), 7.05-7.07 (m, 1H).
ESIYS; Mé%%ﬁ&%"‘of' H_'])—?@EEQ,Zﬁg‘])—@gﬂlﬁﬁfﬁ'ﬁh@M&%ﬂéﬁVf}fL:trahvdropvran—4—Vl]methanol )
(-)-[(4aRt5R*8aS¥)-8a-(5-amino-2-fluorophenyl)-5-methyl4,4a,5,6,8,8a-héxahydro-7-oxa-3-thia-l-azan
aphthalen-2-yllcarbamétec THetcompe wddaddiainsdundreparatinREXalipld ©42t1) was purified by
CHIRALGELTm OJ-H (mabile phase:hexane.ethanok=d:1,.flow rate; . I/min), and.the 97 fraction
with T S B L T o R St R T R iR
operatiormasasirepkatechto ehiptmatvectitiecoghpouihtie(2801nids n806H weis fromptied aviihratenal (500

mg). 1 Hffl\}%ﬂuéh(%gﬁtyaﬂ%l t%(? s%%@n@ \%@@\)égoga%e@uf?d%rqu&%d‘?bl;gss%‘r%.z (%ng {_clz’—cooled 05N

15 sodium hydroxide solution was added to the residue. The aqueous layer was extracted with

ethyl acetate and a mixed solution of ethyl acetate and tetrahydrofuran. The organic layers
were combined and washed with brine and then dried over anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressure and the residue was purified by silica gel column
chromatography to obtain the title compound (3.45 g).

20 "H-NMR (400 MHz, CDCl3) & (ppm): 1.61 (m, 1H), 2.28 (m, 2H), 3.35 (dd, J =
2.8,11.6 Hz, 2H), 3.55 (dd, J = 1.6, 11.6 Hz, 1H), 3.63 (m, 1H), 4.16 (m, 2H), 7.06 (ddd, J = 1.2,
8.0, 12.8 Hz, 1H), 7.20 (dt, ] = 1.6, 8.0 Hz, 1H), 7.31 (m, 1H), 7.64 (dt, ] = 2.0, 8.0 Hz, 1H).
[0153]
(5) Synthesis of (+)-9H-fluoren-9-ylmethyl({[(3S*,4R *)-3-(2-fluorophenyl)-4-

25  (hydroxymethyl)tetrahydro-2H-pyran-3-yl]lamino }carbonothioyl)carbamic acid

Fluorenylmethyloxycarbonyl isothiocyanate (938 mg) was added to a solution of
(1)-[(3S*,4R*)-3-amino-3-(2-fluorophenyl)tetrahydropyran-4-ylJmethanol (683 mg) in
dichloromethane (20 ml). The mixture was stirred at room temperature overnight, and then the
solvent was evaporated under reduced pressure at room temperature or lower. The residue was

30 purified by silica gel column chromatography to obtain the title compound (1.57 g).

ESI-MS; m/z 529 [M" +Nal].

"H-NMR (400 MHz, CDCl3) & (ppm): 1.67 (m, 1H), 1.93 (m, 2H), 3.65 (m, 4H),
4.13 (m, 2H), 4.27 (t,J = 6.4 Hz, 1H), 4.55 (m, 2H), 7.02 (dd, ] =4.4, 12.8 Hz, 1H), 7.16 (t, ] =



52.20-2.34 (m, 1H), 2.56-2.60 (m, 1H), 2.75-2.87 (m, 2H), 3.28 (t, J = 11.6 Hz, 1H), 3.65 (brs, 2H),
3.67 (d, J = 12.0 Hz, 1H), 3.96 (dd, J = 4.8, 11.2 Hz, 1H), 4.11 (dd, J = 1.6, 12.0 Hz, 1H), 6.54-6.60 (m,
2H), 6.82-6.88 (m, 1H). ESI-MS; miz 396 [M+ +H]. [0203] 10 Preparation Example 10 Synthesis of
tert-butyl 77
(-)-[(4aS*,5R*,8aS*)-8a-(5-amino-2-fluoropheny1)-5-methoxy4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-az
anaphth&éhZiidarbamh e [Horiitd B3F0/rdddmiddhirattlf- dynthedlg. o), 7.58 (d, J = 7.6 Hz,
1-[2-(tertdpptyicRmngtvisilanyloxy) athaxylep, baenid ol 98H), 10.67SqlHon of oxalyl chloride (8 38
mL) in dichloromethane (470 mL) was cooled to -78C in a nitrogen atmosphere. A solution of dimethyl
sulfoxide[@éflﬂ mL) in dichloromethane (10 mL) was added dropwise to the reaction solution at the
same tempeasatie:; I Be reaclionsalufion wasshitist fiihe £a5e SMAEKaYE oS Qminkies. A
solution of 2-[2- 5 (tert-butyldimethylsilanyloxy)ethoxylethanol (25.9 g) in dichloromethane (20 mL) was
adde? drifRapatsUGis48a8BRESolution at the same temperature. The reaction solution was stirred at

the same temperature fgr, 30, MIRUES i IBYEMIAg 450 iy wanaddsd (ithe eaqtgnsolution at

the same temperature. The reaction’solution was stirred for one hour while gradually returning to room
temperatliveraicrebustayitisAfintR okt hscatenlicthie do xaasbn soalodreabl e erganic
layer was SERHRIEHuORG ARG BHGC R Vs es il salpistARHeats dadih chigrde and dried
over anhydrous magnesium Sulfate. The organic layer was filtered through a silica pad and the filtrate
was coné@ﬁ@dtgmdagaﬁmﬁ@bfbr%l(%@- mEﬁW@@mﬂDi@tm W@sidmé¢¢tmrr@mmmmmm¢hs
coolp Q7 8GR DI QU8R B SRREN St PRINGEIUMACHIGHHE (198l b3S Musa g in
tetrahydrofuran) was 15 added dropwise to the reaction solution at the same temperature. The
reaction Bsidionad pineadoretoHoom mg&@d&@mh@nﬁnw@tﬁénb@mhoﬁm_ NGB FISHIUM
chioride and sthyl aceiaigere adasd:Lo he sraciionsolonand ihe LA VR WRp seRaLated.

The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous

magnesitht seidie. Wieboriaeddiadef-whsace cottratechimbieie gaehlve pheaisgerqdeepreditiie 20 was
purified %@'P&&ﬂﬂ%&%@?ﬁ&%&%&tﬁﬁl& ‘Eu%*?éﬁ'B%Qﬁi@ﬂ%&%ﬁﬁﬂﬁ&%&&%ﬁ%b to obfafd NMR
(400 MHz, CDC13) 8 (ppm): 0.08 (s, 6H), 0.91 (s, 9H), 2.82 (d, J = 3.2 Hz, 1H), 3.38 (dd, J = 8.0, 10.0
Hz, 1H), bsttls eangrouRd{39De&Xt, J = 5.2 Hz, 2H), 4.29-4.36 (m, 1H), 5.19 (ddd, J = 1.6, 1.6, 10.8 Hz,
1H), 5.36 (ddd, J = 1.6:458145,8/12¢1 +5+.§I:T_ (ddd, J=5.2,10.4, 15.6 Hz, 1H). 25 [0204] (2)
Synthesis of tert-butyl112-(2-m’ethoxy-3- utenyloxy)ethoxyldimethylsilane Sodium hydride (357
mg, 60 wt%) was addeditd¥ So(dH8AVBizh€ebhpountobtaitddin Préparbiontbxamplem di) (2 g) in

DMP <202*%dlrg<ynﬂéfﬂ§. R0, 33 Hhe Mbjlu6aas. filadatdherspiA fomariatiLe 5 ppe figyr

Methyl iodi 101 mL) was ad e reaction solution at same tempeérature. The reaction
solution w&$é étirderl kit dzsdids fedperatiits fodiuhdhh). Adicddslamiidhild)ditoritie. dntdthyl

acetgje \ﬁe:rq@g(iﬁq }ﬁshg.ﬁg%ﬁ{[o&ﬁpwgiglad@@g I@ ’qr@@qj&’lqm( was separated. The organic layer

was washed with saturated aqueous sodium chloride. The organic layer was dried over anhydrous
magnesilPh>ifate. The organic layer was concentrated under reduced pressure. The residue was

purified ?7% Synthesis of tert-butyl (+)-[(4R*,4aS*)-8a-(2-fluoro-5-nitrophenyl)-4.,4a,5,6,8,8a-hexahydro-

7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

()-(4R*,4aS*)-8a-(2-Fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-

25 azanaphthalen-2-ylamine obtained in Preparation Example 1-(6) (3.96 g) was dissolved in
concentrated sulfuric acid (20 ml), and fuming nitric acid (specific gravity: 1.53; 731 ul) was
added dropwise in an ice bath.  After stirring at the same temperature for two hours, the
reaction mixture was carefully poured into ice. The aqueous layer was neutralized with a
sodium bicarbonate solution and a sodium hydroxide solution, followed by extraction with ethyl

30 acetate. The organic layer was washed with brine and dried over anhydrous magnesium sulfate.
The drying agent was removed by filtration and the filtrate was concentrated under reduced
pressure to obtain a residue. Tetrahydrofuran (200 ml) was added to the residue and then
triethylamine (10.3 ml) and di-tert-butyl dicarbonate (4.85 g) were sequentially added, followed

by stirring at room temperature overnight. The solvent was evaporated under reduced pressure



by silica gel column chromatography to obtain the title compound (1.30 g). 1 H-NMR (400 MHz,
CDC13) 8 (ppm): 0.06 (s, 6H), 0.89 (s, 9H), 3.34 (s, 3H), 3.49-3.76 (m, 4H), 3.76-3.81 (m, 3H),
5.25-5.33 (m, 2H), 5.72 (ddd, J = 7.2, 10.4, 15.2 Hz, 1H). [0205] 5 (3) Synthesis of
2-(2-methoxy-3-butenyloxy)ethanol Tetrabutyjgmmonium fluoride (7 47 mL, 1 M solution in
tetrahydrofuran) was added dropwise to a solution of the compound obtained in Preparation Example
10-(2) (1284 hA Hestdisy WAS YA ¢S D il eherd crideB Shgmiag iketio P BEIRBY (s iprerad the
same te _%a%yre for 10 minutes. The reaction solution was returned to room temperature and 10
further stirred for five hours. Saturated aqueous sodium chloride and ethyl acetate were added to the
reaction solution, and Et%léﬂggaﬁ‘i’ézléx}@r[ﬁas* EIéparated Ethyl acetate was added to the aqueous layer,

and the organic layer wagggRaairrivitle ersenis sayprs)wess eoninadsangd drigsd evar@nhygous
magnesium sulfate. The organic layer was concentrated under reduced pressure. The residue was

purified B/5SlIi€d-det SetutdrbcHrodtatographidid oBtdin the Hﬂeliﬁ,c%ﬂ%ﬂnﬂi)sé(ﬁﬁ@t J=24,

1H-NMR;A891YH g C?ﬁﬂéﬁ) PLARM)HZ. ‘H{ésa Ha3.35:(8.83H). 3rpA- ﬁgwm &)1 B (m, 2H),
3.72-3.75 (m, 2H), 3.79-3.84 (m, 1H), 5.28-5.35 (m, 2H), 5.71 (ddd, J = 7.6, 10.4, 15. ) [0206]
20 (4) S e%%zdﬁlézzrﬂéthoxy 3-butenyloxy)acetaldehyde oxime The title compound (280

mgQ) was[@lj)%ped from the compound obtained in Preparation Example 10-(3) (500 mg) according to
Preparation Example 8. 1 H- NMR (400 MHz CDC13) 8 (ppm) 3.34 (s 1. 5H) 3. 35 (s 1.5H), 3.50-3.54
(m, 2H), Gr8yathe Ri"- 4 ui 3124426083

5.66:5- 76y 1) 9 8>€fa(5 thiad %ﬂﬁa&ﬁﬂ exf- ﬂﬁ‘caﬁbmﬁa@eHZ 05H). [0207] (5) to (12) Synthes’s of

tert-butyl ()-[(4ab*,5R*,8aS%)-8a-(5-amino-2-fluoropheny1)-5- .
methoxy-4,4a,5,6,8 8%@%@1@@4@1@%@@@&%@&1@1&#@%wamédedté) T heltiilencdrifibund

(74 mq) Lfr | mg)
accordln\gl@ é)a [zl;zlur%?tlozr%l Sgr%l %%&%? I%I\/(I?llé?&% [M+ +1§ é[%q%%wgyﬁ%]é)ls%%%ert -butyl
(-)- [(4a5’6}5®*a.1838&b@8f2(§4amham2télubnmphénvEyeSanwtbroEyammla 56&/8(5.30 g) in ethanol (132
8a_hexarﬁ){ﬂ.ro'frboﬁ(gé%gélra(éﬁzg)nagpg%leecﬁg t){hcgagﬁni]laﬁ%xture followed by heating under reflux

15 for 30 minutes. The reaction mixture was cooled to room temperature, and the insoluble matter

was filtered through celite. The filtrate was evaporated under reduced pressure. The residue
was purified by NH-silica gel column chromatography to obtain the title compound (4.56 g).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.53 (s, 9H), 1.53 (m, 1H), 2.23 (m, 1H),
2.54(dd,J =2.4,12.4 Hz, 1H), 2.98 (dd, ] =4.0, 12.4 Hz, 1H), 3.03 (m, 1H), 3.66 (m, 2H), 4.07
20 (dd,J=1.6,12.4 Hz, 1H), 4.12 (m, 1H), 6.57 (m, 2H), 6.86 (dd, J = 8.8, 12.4 Hz, 1H).
[0157]
(9) Synthesis of tert-butyl (-)-[(4R*,4aS*)-8a-(5-amino-2-fluorophenyl)-4,4a,5,6.8.8a-

hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate
tert-Butyl (£)-[(4R*,4aS*)-8a-(5-amino-2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-

25  7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate obtained in Preparation Example 1-(8) (100 mg)
was purified by CHIRALPAK™ AD-H (mobile phase: hexane:ethanol = 8.5:1.5, flow rate: 20
ml/min), and the fraction with a retention time of 20.9 to 27.8 minutes was collected to obtain
the title compound. The same operation was repeated to obtain the title compound (405 mg;
>99% ee) from the raw material (1.00 g).

30 [0158]

Preparation Example 2
Synthesis of 5-fluoromethoxypyrazine-2-carboxylic acid

[Formula 27]




100 The compound obtained in Preparation Example 10-(12) was purified by CHIRALCELTm OJ-H
(mobile phase: hexane:ethanol = 1:1, flow rate: 10 ml/min), and the fraction with a retention time of
18.6 to 22.0 minutes was collected to obtain the title compound. The same operation was repeated to
obtain the title compound (25 mg; >99% cc) from the tgw 5 material (70 mg). 1H-NMR
(400 MHz, CDC13) 8 (ppm): 1.52 (s, 9H), 2.77 (dd, J = 7.6, 12.8 Hz, 1H 2 84 2.89 (m, 1H), 3.10 (dd,
J=3.2,12.8 Hz, ﬁél "3.32 (@d, J = lOW%FlH)(§48(S 3H)q 375 (m, 2H), 4.08 (dd, J =
1.2,12.0 V74.29 (dd;J=4.8,2 1H), 6.53(dd;J HCBBJ@ Hz, 1H), 6.55-6.59 (m, 1H),
6.86 (dd, J =68.4, 12.0 Hz, 1H). 10ESIdMS; m/z 412 [M+ +H]. [02@9] Preparation Example 11

Synthesi zf )
0- [(2R* - 4 F 4 5,0,8,8ahexahydro-7-oxa-3-thia-1-azan
aphthalen-2- yIICarbamEI@orbﬁl[flﬁwmulaeBGM(l)llfmﬁ&)(ﬁyﬁﬂ&ﬂ@ﬁ@fﬂﬁﬂb@ﬂl@dnpounds &

0-[(2R*, 5-amj no- -fluo y I4 4a,5, 6, 8, 8a- h drg-7- oxa-3 - thia- 1 -
R U R R 2 SR AT R e SRR

trans-3-peliahtd ol dhidng)facedidifch B paration-Exarbple Bite 0BE MNY i (400-MHz, CDC13) 8

(ppm): .18 (d, J=7.2 Hz, 3 3( 101 ( 4.05-4. 6,54-6.58 (m, 2H),
o3 g8 {H‘é Hyloreapy 2@2@95}3 Jbeﬁq']w m%%lwg m.é}ﬁ%sféﬁnmﬁ%fgmﬂ&ﬁgr&%
5-difluorm&itﬁd@ﬁmmc@rﬂa&@w@ﬂ@m&@fﬁwla Wter Hh oAkt PERdEMM o M FdherF (1)

SyntheS|s oft but[\)/I 5-methylpyrazine-2-carboxylate
followed by extraction with ethyl acetate.” The organic layer was concentrated under reduced

pressure. The residue was purified by NH-silica gel column chromatography to obtain the title
compound (18.0 mg).

10 "H-NMR (400 MHz, CDCl3) & (ppm): 4.03 (s, 3H), 6.14 (d, ] = 51.2 Hz, 2H),
8.42(d,J =1.2Hz, 1H), 8.94 (d,J = 1.2 Hz, 1H).
[0159]

(2) Synthesis of 5-fluoromethoxypyrazine-2-carboxylic acid

Potassium trimethylsilanolate (18.6 mg) was added to a solution of methyl 5-

15 fluoromethoxypyrazine-2-carboxylate obtained in Preparation Example 15-(1) (18.0 mg) in
tetrahydrofuran (1.0 mL). The reaction solution was stirred at room temperature for one hour.
Water and ethyl acetate were added to the reaction solution, and the organic layer was separated.
The aqueous layer was made acidic with 1 M hydrochloric acid, followed by extraction with
ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate. The drying

20 agent was removed by filtration and the filtrate was concentrated under reduced pressure to
obtain a crude product of the title compound (10.2 mg). The compound was used for the next
reaction without further purification.

"H-NMR (400 MHz, CDCl3) & (ppm): 6.16 (d, ] = 50.8 Hz, 2H), 8.34 (d, ] = 1.4
Hz, 1H), 9.05 (d,J = 1.4 Hz, 1H).
25 [0160]
Preparation Example 3
Synthesis of 5-cyanopyridine-2-carboxylic acid

[Formula 28]

N N
| |
/o G —— .0 —»HO
o)

O




A boron trifluoride-diethyl ether complex (91.7 RL) was added dropwise to a suspension of
2-methylpyrazine-5-carboxylic acid (1 g) and tert-butyl 2,2,2-trichloroacetimidate 10 (4.75 g) in
tetrahydrofuran (20 mL) under ice-cooling. The reaction solution was heated to room temperature and
stirred for two hours. A saturated sodium chloride soldtjon and ethyl acetate were added to the
reaction solution, and the organic layer was separated. The organic layer was dried over anhydrous
magnesi SEAISHH NS RSOl BRI AR BICraSIERNSFREEd by filtration. The filtrate was concentrated
and purified by silica ggl ﬁﬂﬂﬁ@&%mﬂ@%ﬁﬂﬁwfr%@@%&&%}iﬂé Q@.@%?Hﬁ@dépﬂe@)cﬂaﬁﬂd%‘MR
(CDC13) SSéme): 1.65 (s, 9H), 2.65 (s, 3H), 8.57 (d, J = 1.2 Hz, 1H), 9.10 (d, J = 1.6 Hz, 1H). [0211]
(2) SyntHéh<2oft-BAR S¥Y mbamhetistaratirympirdZME-Soedridignite Youehisatirddsip
S-methylpyrazineAueRiPRee Enmpadinf; Mafimeiiospamids (&R BhA8d by filiration. The
N,N-dimethylformamide dimethylacetal (25 mL) was stirred at 130C for five hours. The reaction
solution WHEEOBRSEIGI RS Math sETBkaestalsd dileeRKag v Vatkad twitihaipgirng ehqradrigd sHed with
a saturatgchsarilmeiRrisde.slviien thiee ey, JhaardamitdavesvandHed rvet aabydrous

magnesium sulfate, and the insoluble matter'was 25 separated by filtration. The filtrate was

concentré®8ecaHA e RSSIigE ured pIGRTEE by Sificasabinotivds RFdiaatrapRiad bbtdisansltitle
compound (648 RBmbbENMR (CREIRIE MRS G nR0 (5, 6H), 5.16 (d, J = 12.8 Hz, 1H),
7.72(d, J=12.8 Hz, 1H),8.16 (d, J = 1.2 Hz, 1H), 8.81 (d, J = 1.6 Hz, 1H). 102[0212] (3) Synthesis
of t-butyl 5-formylpyraziHeNMERHO/ME. CDCls )Sdaiim:petddatetit. 871 @fddas addbd HBzsolution of
t-buty 5-(&113_))’-52;29im’eyhylg(pﬁg—yﬁxlb@g[a(éi,njeizzgﬁpgmfﬁte (645 mgq) in 50% tetrahydrofuran-water
(26 mL), 5 and the mixture was stirred at room temperature for four hours. A saturated sodium
bicarbonHlé6ddIution and ethyl acetate were added to the reaction solution, and the organic layer was

separate@)%t%ggrgg §@é/ﬁnw&‘3ﬂ\ﬁﬂ1%h§_@§%@(§1§agy{@ted sodium chloride solution and dried over

anhydrous magnesium sulfate. The insoluble matter was separated by filtration and the filtrate was

concentrated. The residuseliinmirifiedayrstied oePepwuimeiromutsgtdph(od ro2Badn thltitle
Compourgg(ﬁ%%? Ql)oxide solu%i(l)_ﬁ' !%BQ&%@IWI)J\&Q§ éﬁn%h*bt 90%?1@111];)6:&311%%]16)’ 9.36

(d, J=1.6 Hz, 1H), 10.2 (s, 1H). [ 21 Synthesis of t-butyl 5-difluoromethylpyrazine-2-carboxylate
15[Bi5(2 Histhesy ety nidiod sutupcittotior) (882 Ridpdiastaritad iy paisEtrarestion of t-butyl

S-formylpyrazingatsCRIRNERE GAme) Ridichiiomathanefie il dD L Raes 2Iashiis (e under

ice-cooling. The reaction solution was stirred for two hours while gradually returning to room
temperatiipenassaiuyakeisodiberdpyiagieaatevap gty eghetiyrbestand theddlEeigerrto the reaction

solution, Qi e, ANIIFBLNEDRERAAIE Dol BEIRNUCompound (800 mg).
' H-NMR (400 MHz, DMSOds ) § (ppm): 8.18 (d, J = 8.0 Hz, 1H), 8.51 (dd, J =
20 2.0,8.0 Hz, 1H), 9.12-9.18 (m, 1H).
[0162]

Preparation Example 4
Synthesis of 5-difluoromethoxypyrazine-2-carboxvylic acid

[Formula 29

]
N OH N o) F N O F
AN N N
Uear iy e gri oot
N N N
(0] (0] (0]

25 (1) Synthesis of methyl 5-difluoromethoxypyrazine-2-carbonxylate

Potassium carbonate (8.82 g) and sodium chlorodifluoroacetate (6.53 g) were
added to a solution of methyl 5-hydroxypyrazine-2-carboxylate (3.3 g) in DMF (42.8 ml). The
reaction solution was stirred at 100°C for 30 minutes, and then saturated aqueous ammonium
chloride was added, followed by extraction with ethyl acetate. The organic layer was washed

30 with a saturated sodium bicarbonate solution and brine and then dried over magnesium sulfate.

The drying agent was removed by filtration and then the solvent was evaporated under reduced



20 layer was washed with a saturated sodium chloride solution and dried over anhydrous magnesium
sulfate. The insoluble matter was separated by filtration and the filtrate was concentrated. The residue
was purified by silica gel column chromatography to obtain the title compound (175 mg). 1
H-NIVIR (CDC13) 8 (ppm): 1.67 (s, 9H), 6.75 (t, J = 544 Hz, 1H), 9.02 (d, J = 25 0.8 Hz, 1H), 9.25 (d,
J = 0.8 Hz, 1H). [0214] (5) Synthesis of 5-difluoromethylpyrazine-2-carboxylic acid _
TrifluoroRE&tE S cid (et Wavaa due s Ghsoiilionest UM shepmasParmRbpyip RiZin e “¢hoxylate
(175 mgkmggﬂﬂr@ggm@e (12 mL), and the mixture was 30 stirred at room temperature for five
hours. Ether and 5 N sodium hydroxide were added to the reaction solution. The aqueous layer was

separated and made aditiMRA40R MydroeR6H0 AP EingI4cestatl wad A daé e (bl thdlaqlddus layer,
and the grganj¢ layey vas sepakesedy The gi@anicigyer was dried over anhydrous magnesium sulfate,
and the insoluble matter was separated by filtration. The filtrate was concentrated to obtain the title
compourt@1@do mg). 103 1 H-NMR (CDC13) 8 (ppm): 6.80 (t, J = 54.4 Hz, 1H), 9.02 (s, 1H), 9.47 (s,
1H). [0215] Byaparation ExameendhoSpResis. of LEBRYIE acid

[(4aR,6R,8ab)-8a-(5-amino-2-fluoro henvl;-G-hydroxymethylS .
4,4a,5,6,8,8a-hexahyd%tpfd>la5§-‘ﬁ*lgia&da?z AapPiETERvdInidgisalnaes {BrmlIa 88 addedyathesis of

(R)-1-beqgy|auy-4r RRIE8RipRhd obtaindd e PLLAR MOnARhARRPE! () 95ida {PROTNE®) WeteRgded to a
solution of (R)- benzyl ﬁlymdyl ether (10.0 g) in THE (100 m1). The mixture was cooled to -78C, and

10 vinylrA§H8FHRNRIBHAE Massivedataae way eddes Mopvirdeinmts At wadbtirred overnight

withgraduai-haating feitemisnRaaiiied 1 ¢s1Was dddeddacthsh reantionsaltiar, angap:ammponium
chloride solution was further added. The aqueous layer was extracted with ethyl acetate, and the

organic IE)EF Was Wasbee dvithibrane anthibeiuti chrysaaasnsaiorm THERsollBfedrritersa5 Yatoved by
filtration tRrauaty 651igxAchihfsaMEMN-WaR SR AR dAes dlan R HGRE RISRSING dQPiRIM e title
compound (12.5 g). 1H-NMR (400 MHz, CDC13) 8 (ppm): 1.59 (d, J = 2.0 Hz, 1H),
2.25-2. 29 {MePPHOBISE AL 7.2, 9.2 Hz, 1H), 3.52 (dd, J = 3.2, 9.2 Hz, 1H), 3.86-3.91 (m, 1H),
4.56 (s, 2H), 5.08-5.15 (INRI. GIPVREBS D5 (7738 (M, PED7 [0246] 20 Sypihesis of
[(R)-2-(2,2-diethoxyethoxy)-4-pentenyloxymethylibenzene (R)-1-Benzyloxy-4-penten-2-ol (3.13 g) was
dissbivediih BIF82 (Y add2 a4 ddHium hydride (60%, 0.91 g) was added in an ice bath. After
stirring a dlﬂgéﬁame temperature for 30 minutes, bromoacetaldehyde diethyl acetal (3.03 ml) was
added. The mixture was heated to room temperature and stirred for two hours, and then heated to 50C
and ;tirré’d%?rah@rﬁimmﬂﬁe? coolir_lg to room temperature, ice_was added to the reac_tion solution. The
reaction B RHURMVER SHAGSY WAR-8hxkAealpde, LG OTRNO IBNRINAT IMBR G WiR W atgh and

brine. The organlc layer was dried over anhydrous magnesium sulfate, and the solvent was
evaporat@kahydro-7-oxa-3-thia-1-azanaphthalen-2-yl|carbamate

20 [Formula 30

O Ny (1) FCOTY W (2) FCO Y, (20 PO TH o (4)
e S e S e —
H o s O
H Hon

H oH

NO,
FsCO Hp (5) FCO (8) | o (7)
NN R N NH, — L | Fs AL
0 S o S o N NH.
s 0 s s
H H

H

NO, NH, NH,
F3CO (8) (9)
N._NHBoc —— F3CO __ . FCo
o] N N NHBoc N NHBoc
£ 1O 1S9

H H H

racemic chiral

In Preparation Example 5, the compound obtained in Preparation Example 1-(2)
was used as a starting material.

[0165]



under reduced pressure. The residue was purified by silica gel column chromatography to obtain the
titte compound. The mixture containing the recovered raw material was reacted under the same
conditions. The title compound was obtained by purification by the same 10 method (total yield: 5.00
0). 1 H-NN1R (400 MHz, CDC13) 8 (ppm): 1.2Q (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H),
2.31-2.34 (m, 2H), 3.50 (dd, J = 1.2, 5.2 Hz, ZHf 353371(m 7H), 4.54 (s, 2H), 4.60 (t, J = 5.2 Hz,
1H), 5.02-5.11 (m, 2H)P R EpExEHple 260 (31, sehpom1vis Bty BReegadite to

((R)-1- bmy@;ympﬁmhgrpute;)yggd)()gcetaldehyde oxime

[(R)-2-(2,2- Dlethoxyethoxy) -4-pentenyloxymethyllbenzene (20.0 g) was dissolved in formic acid (160
ml) and \ﬂa]t ](40 ml), and the mixture was stirred at room temperature for 30 minutes. Next, water
(161 ml) @yd gtharel (4908 overe esiiegrand thendysieyamine sulfate (6.38 g) and sodium
acetate (8 82 g) were added foIIowed by stlrrlng at 20 room temperature overnight. Water was added
to the HEATERIEHISY =L { WAEWESDIved. Then, the excess of ethanol was

evaporated under redlyggg) pﬁ%ﬁ)c}@@a@cﬁqqﬁj%%raeraéd%taasqﬁdwtafatemﬁﬁéate The organic

layer was washed with water and brine. The organic layer was dried over anhydrous magnesium

sulfate, fiaRedsHIVRHPIIN Y asErded Shiedicbdrest hansstive 3T reEraubtsraReRiHe sy Bilica gel
column Zg;chrematogiarly P RRta LN eHiIS0cAMARUNd {431 hion solutidd iWhiMBn (43R Mz, CDC13)
8 (ppm): 2.30-2.35 (m, 2H), 3.47-3.62 (m, 3H), 417427(m 1H), 4.46-4.47 (m, 1H), 4.55 (d, J = 4.4

Hz, 2H), Bdarsedcas porssuss aacslasresidugyas murificd byzdissAd sERMTChERMADgIPIBHY, 7.50 (1, J

= 6.90HZ ofefm ) IRZARh R Pytlgsis of
(3aR,5R)-5- benzyloxymethyl -3,3a,4, tetrahydro -7H-pyrano[3,4-clisoxazole

((R)-1-Benzyloxymethy HaVBHRe B NfAcIMany Sdrparid €% 739) (Wad HisdeMebi§A tivriblomethane
(164 m1); Q556 $QAjUmMNYPRENIORe SOMHOR 6h6A 1) Waggases. 9'@53%5‘?1113 an46¢ Bathyang fhe

mixture was stirred at the same temperature for two hours. The reaction solution was diluted with
water, ar7d6th€ é&tﬁ@bdﬁ%ﬁeﬁﬁ%@%ﬂa&@d&\ﬂﬂﬁ(bﬁ)gthloromethane. The organic layer was dried
over anh magnesium sulfate, and the solvent was evaporated under reduced pressure. The
residue was purrfred by S|I|ca gel column chromatography to obtarn the title compound (12 2 g) 1
H-NMR @0ex i 3§y - 8224 0380.8.8a4 i
3.43-3.5Q @Iﬂazl"Qzeﬁr {H'eﬁeﬂ 7 O ﬁQaQrﬂ'dé 1H) 3. 69 3. 75 (m 1H) 3. 79 (dd J 8 0 12.0 Hz 1H),
4.21(dd, J= (m, 3H), 4.77 (d, J = 13.2 Hz, 1H), 7.30-7.38 (m, 5H).
[0219] (5) Synthes|§om<(earat5dalwde)cslbeﬁ2916%9&&91&&3&@58@1@%@ph@mwhé%hhy@mwado[3 4-
10 c isox I (; g). The
g Qlgehalan t&Q%dE' Qtéggl 12 ilrbuty %ie(fgﬁgf éﬁcﬁtﬁémﬂ?@w&% @dénl

reaction tion was c oIed to-7 m M, 6.15 as added dropwise. After

strrrrng atetﬂewﬁ@%érﬁmpevatuu@foamﬂrémmumpa:m|x7£Uestmcttmm obl@am BRY#sturned to room

ben meth 1 3,3a,4,5-tetr ro-7H- [3 4-clisoxa |n toluene (20 m d 15
e S T el st R B

trme Aftevastiditgl & the @ardeeténihevadjve ¢atrwiaonowurs, eth}amamu nilblelorghaisdhytowasas added

e ov A A e B P e e ™
the residoenvearpiedfieddysilicadyplessiuerin Qﬁ&lhrmmattrgwamwuoméﬁtghe title compound (2.29 g).
1 "H-NMR (400 MHz, CDCl3) d (ppm): 1.53-1.68 (m, 1H), 2.22-2.35 (m, 1H),
25 2.62-2.71 (m, 1H), 2.91-2.99 (m, 1H), 3.19-3.29 (m, 1H), 3.62-3.78 (m, 2H), 4.07-4.21 (m, 2H),
7.28-7.36 (m, 2H), 7.38-7.47 (m, 3H), 7.48-7.57 (m, 2H), 8.21-8.27 (m, 2H).
[0168]

(5) Synthesis of (4aR*,8aS*)-8a-(2-trifluoromethoxyphenyl)-4.,4a,5.6,8.8a-hexahydro-7-oxa-3-

thia-1-azanaphthalen-2-ylamine

30 DBU (1.28 ml) was added to a solution of the compound obtained in the previous
step (1.65 g) in methanol (100 ml), and the mixture was heated under reflux at 80°C for eight
hours and 10 minutes. The reaction solution was returned to room temperature and
concentrated under reduced pressure. The residue was purified by NH-silica gel column

chromatography to obtain the title compound (870 mg).



H-NMR (400 MHz, CDC13) 8 (ppm): 1.51-1.60 (m, 1H), 1.81-1.88 (m, 1H), 3.10-3.18 (m, 1H), 3.49
(dd, J = 4.0, 10.4 Hz, 1H), 3.54-3.58 (m, 2H), 3.70 (d, J = 7.6 Hz, 1H), 3.88 (d, J = 12.4 Hz, 2H), 4.19
(dd, J=2.0, 12.4 Hz, 1H), 4.57 (d, J =12.0, 1H), 4.63 (d, J = 12.0, 1H), 6.30 (s, 1H), 7.03 (ddd, J =
1.2, 8.0,12.4 Hz, 1H), 7.16 (dt, J = 1.2, 8.0 Hz, 1H), %23- 25 7.37 (m, 6H), 7.93 (dt, J = 1.6, 8.0 Hz,
1H). [0220] (6) Synthesis of
[(2R,4R,5S)-5-amino-2-HeNMRoidPRdvHy- S Hic dppianiy httrhRPd i py Fain 40253 Methahbl- Zinc
powder (é‘.@ﬁﬂ)/(‘j"@ﬁ,q ed §9.3 89Iytion ] BafRPhs (AP)Pn3P03-4.15 (m, 2H), 4.51 (brs, 2H),
benzyloxymethy1-7a-(2-fluorophenyehexahydropyrano[3,4-clisoxazole (2.29 g) in acetic acid (50 ml),
and the mixtufedvEs stitbed 48 ro6om(BnipBrature overnight. The insoluble matter was removed by
filtration tsqegh celite, and the solvent was evaporated under reduced pressure. Ice was added to the
residue, followed by neutralization with a 5 N sodium hydroxide solution. The aqueous layer was
extragted with dichlorof&tsanatisndteplganie)idyepibs Hnsatecds o aHRyad s eREHABS UM
sulfate. E}gﬁ%ﬁgﬂtg@&ﬁ}@p@@% ygder reduced pressure. The residue was purified by silica gel
column chromatography to obtain the title compound (2.08 g). 1 H-NMR (400 MHz, CDC13) 8
(ppm): 11817067 (m, 1H), 1.98-2.08 (m, 1H), 2.30-2.35 (m, 1H), 3.33 (dd, J = 2.8, 11.2 Hz, 1H), 3.44
(d, J = 1%e3 BSQ1(m, 1H), 4.27 (dd,
: , 4. , 7. ,J =1.6, 8.0 Hz,
, TR DIGOGHE) , b vais! ghatengiylizabamatg = 1.6, 7.6 Hz, 1H). [0221]
(7) Synthesis of (4aR,@iﬁeBa§ﬁ-§)- aylamnamnaind fandluesprie iyd) hédpwifid 83-hexahydrol0
7-oxa-3-thia-1-azanapfjthalen-2-ylamine Benzoyl isothiocyanate (893 Re was added dropwise to a
solution SffﬂBﬁJA%gg)-%mgwmwmwf@@lfm8%&%;;@@%%4@&%&%%methano|
(2.08 g) iRdichioremathanfiBAimd ofTPesearifRueuianvias St dthiealn terIpSibEafor three

hours, and then the solvent was evaporated under reduced pressure. The residue was 15 purified by
silica gel URPRATBHPEBAGRSIRA Sekinil HidHEOF UBREBAEratdY Tt ofR) Aa AP okdto a
solution gfthad@sulting intermediate in methanol (40 ml), and the mixture was heated under reflux for
five hours. The reactiop solution was returned to room temperature, and then the solvent was

evapdrated under reduddd\piBsstiie Mide (eRidlie dapaysbRE6 I ethdtd 46 BhE DB3-12 mI)
was added, falfpwed bydaeatingynslenreddor fiye §84rs. 2o hhesp SR YGs GYanesaied upder

reduced pressure and the residue was purified by NH-silica gel column chromatography to obtain the
title compbunt2-64 §¥m. 2H), 65 (ddviR=(d G0 IHZZADIG 129 B((opm)2 -8 5. (Hdd, 100941418, 13.2 Hz,
1H), 1.7484 (m, 1H), 2.55-2.60 (M, 1H), 2.92-2.98 (m, 2H), 3.47 (dd, J = 4.4, 9.6 Hz, 1H), 3.62 (dd,
J =6.4,10.0 Hz, 1H), 3.83 (d, J = 10.8 Hz, 1H), 3.87-3.93 (m, 1H), 4.17 (dd, J = 2.4, 11.2 25 Hz, 1H),
4.51 (brsl02f4}] 4.56 (d, J = 12.0 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 7.02 (ddd, J = 1.6, 8.0, 12.8 Hz,
1H)26.1a)£glsmlaﬁo:h.@le 1H), 7.22-7.37 (m, 7H). [0222] (8) Synthesis of
[(4aR,6R,8a5)-2-amino- a-(2-f|uoroph*en 1)4,4a,,6,8,8a;hexahydro-7-oxa—3- t

azanaphthiales OIS 32N G e (e fy G aod hodhtadcHIHHE -aci L @D
(4aR,6R 8335 %8 8a-hexahydro-7-oxa-3-thia- 1-azanaphthalen-2-yl]carbamate
[Formula 31]




benzyloxymethy1-8a-(2-fluorophenyl)-4,4a,5,6, 8, 8a-hexahydro-7- oxa-3 - thia- 1 - azanaphthalen-2-
ylamine (1.26 g), and the mixture was heated under reflux for two hours. After cooling the reaction
solution to room temperature, the reaction mixture was poured into ice. The mixture was neutralized
with 5 N sodium hydroxide, and the aqueous layer wag extracted with 107 dichloromethane. The
organic layer was dried over anhydrous magnesium sulfate. The solvent was evaporated under
reduced p@reﬂhe sesldual solitf was ovastfétl with a mix@d stvent bf heptane and ether to
obtain the fitlé compound (896xmng). 1 H-NMM MHz, CDC13) & (ppm): 1.40 (ddd, J = 2.0, 6.0,
12.8 Hz, 1H),5 1.81-1.90 (m, 1H), 2.59 (dd, 4.4, 14.0 Hz, 1H), 2.95-2.99 (m, 2H), 3.61-3.69 (m,
2H), 3.69-.3.81 (m, 1I—5|)), 3.83(d, J=112He; ), 4. dd,(J”: 2'0# z, 2H), 7.03 (ddd, J = 1.2,
8.4, 13.2 H), 713 (dt g3 w6, 7.6 Hz, gH)N7 Ba7. 99 (m 1K), - 5«@, 1.6, 8.0 Hz, 1H).
[0223] (9 nthesis of-~1 e S 0 S 0
[(4aR,6R,8a3)-2-amino-8a-(2-fflioro-5-nitropherfl)-4,4a,5,6,8,8a-hexahydro-7- 10
oxa-3-thia-1-azanaphthalen-6-yllmethanal_ yo, | Concentratedygylfuric acid (2.5 ml) was added

’
W

dropwise toa soluty (9) - (10)

[(4aR,6R;8aS)-2-ami d'@gt'(zmo henyT)4%a,5,6,8,8a ytiF9<7-oxa-3-thia-lazanaphthalen-6-yl
Jmethanol (700 mg) ikIPA (5 ml) in an'i h. Then, fumi itric acid (specific gravity: 1.52, 103 Re
was added dropwise at the same temperature, followed by stirring 15 for one hour. The reaction
mixture was poured+ntdtice and made Ntawith a 5 N sodium hydroxide solution, followed by stirring
at room tempeéra or two houts! Th ueols layer was extracted with dichloromethane, and the

organic layer wag drieq over anhydrofis ignesqlum sulfate. The solvent was evaporated under
reduced pressure toiobtain the title compound (1.0 g). 201H-NMR (400 MHz, CDC13) 8 (ppm): 1.46
(ddd, J = 2.4, 4.0,748"2 Hz, 1H), 1.84-1¢94 (m, 1H), 2.66 (dd, J = 2.4, 12.4 Hz, 1H), 2.93 (dd, J = 4.4,
12.4 Hz,(Jng;, AH)e BEI B h M1 25 htSr&6-3-82 (M, 1H), 3.86 (d, J = 11.2 Hz, 1H), 4.11
(dd, J = 2.8, 10. , e , 4 =8.8,10.8 Hz, IH), 8.19 (ddd, J = 3.2, 4.0, 8.8 Hz, 1H), 8.30
(dd, J = 3.2, 6.8 Hz, 119925qdppnydidesPhthesis whtaedsdtg a solution of 4-penten-2-ol (1.8 ml)

(4aR 6R P}y (2 aweck- PRSI G NIRIDSIALAR 26 A Dy dind thia-aza
naphthalen-2-ylicarbamate riethylamine (1 ml) was added to a solution of

[(4aR,6R@u8 yemapnitergdi@noacetaldehyde diethyl acetal (2.99 ml) was added to the reaction solution

fuorosS-ajaRbenhl4 433 0 ARPRANTIR QAR F e nRANAST N IMEVAAILER, 20 O
in THE (100 m1). Then, di-tert-butyl dicarbonate (1.28 g) was added and the mixture was stirred at
room te r_ﬁﬁ@ﬂ@tiﬁ@ ‘dix_é_rﬁi@hul“ﬁri@ls,oIMW&hﬁmmﬂmwrmdcww&mm ansbthegresidue
was purfigd B Silea dehcekmpchramainarRlivin At G B eamRoHnd g7 Glut FENIMR
(400 MHz, CDC13) 8 (ppm): 1.47-1.54 (i, 1H), 1.86-1.97 (m, 1H), 108 2.59 (dd, J = 2.8, 12.8'Hz,
1H), 2.8&ldd, J = 3.6, 12.8 Hz, 1H), 3.04-3.08 (m, 1H), 3.67 (d, J = 6.0 Hz, 2H), 3.76-3.82 (m, 1H),
3.83 (d, J = 11.6 Hz, 1H), —92 4 7.22-7.25 ( ) - (M. 2K). [0225]
5 (11) Synthesis of terﬁu@%@?ﬂ%@?—%ﬁ%ﬁ%&}ﬂ%u%or(ébiEn%)%gfhgy%)rz’&gr%gfhf;_ﬁg 568
8a-NéxalydroH)>Ax 332 thtaahs dAdndptttialérapsildarbdmates (m, SH)IbhGdvitém(PH) MdPdivd a

saturated. ni ri ¢ tign ( 9'%) rﬁidﬁ?d to a solution of tert-butyl
[(4aR,6R,gg@%é@f%o%-r(ﬁgob?@fy%ﬂ- -ﬁ'ydr‘fox’ymgfhyl4,4a,5,6,8,8a-hexahydro-7-oxa—3-thia—|-aza
naphthalBh-22yl]carbamate (120 mg) in ethanol (20 10 m1). The reaction solution was heated under

reflux for&? Dinkies apd then cpgled 1o, rog D) lempRgLaty Eoihg.insoluble matter was filtered off
alits A i o Lellion JaCLlele

through ¢ ) apora educed pressure. The residue was purified by
NH-silica gel column chhgreemtpraphyti@iobdain teepticte @onpoUA (67) mgd dissoINed R @ 00XeHZ,

CDQ%‘?’) §0£El%ﬂ)oilf§17rﬁ}05a%1gq3(%lﬁ|l)l’) Jatﬁ?’v&(gte? I(_ll)ﬁ) }n%@illrggm temperature, followed by stirring for

six hours. Hydroxylamine sulfate (4.42 g) and sodium acetate (4.41 g) were added to the

reaction solution, and the mixture was stirred at room temperature for 14 hours. Saturated
aqueous sodium chloride was added to the reaction solution, followed by extraction with ethyl
acetate. The organic layer was washed with brine, and then the solvent was evaporated under
20 reduced pressure. The residue was purified by silica gel column chromatography to obtain the
title compound (2.95 g).
"H-NMR (400 MHz, CDCl3) § (ppm): 1.17 (d, J = 6.0 Hz, 3H), 2.15-2.25 (m,



15 (m, 1H), 2.53 (dd, 2.8, 12.8 Hz, 1H), 2.99 (dd, J = 4.0, 12.4 Hz, 1H), 3.07-3.11 (m, 1H), 3.65- 3.81
(m, 4H), 4.18 (dd, J = 1.2, 12.0 Hz, 1H), 6.56-6.60 (m, 2H), 6.84-6.89 (m, 1H). [0226] Preparation
Example 14  Synthesis of tert-butyl
(+)-[(4aRt6R*,8aS5*)-8a-(5-amino-2-fluorophenvl)-6-tgfuoromethyl20
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylicarbamate [Formula 39] chi ral 21)
Synthesié%}’6=%§an¥,95(F?’9)131?riﬁLfgrérﬁ@tﬁyilﬁ,%é‘,@%f{é@ dbi7 A8y fattb (8141 isoRdzolkt (m,
The title spfpowNg £8.6:9)1M3s7oained fHonHl, 1,1-trifluoro-4-penten-2-ol (10.0 25 g) according to the
method of Preparation Example 6. 1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.80 (dd, J = 11.6, 24.4 Hz,
1H), 2.4004 (dd, J=1.2, 13.6 Hz, 1H), 4.69 (dd, J = 8.4, 10.4 Hz, 1H), 4.88 (d, J = 13.2 Hz, 1H).
[0227] (2) Synthesis oft@t:pattilon Example 6-(3), (4) and (5), synthesis was performed according to
0-[(4aR*,6R*,8aS*)-8a-(5-amino-2-fluoropheny1)-6-trifluoromethyl4,4a,5,6,8,8a-hexahydro-7-oxa-3-thi
a—I-a?ana?ﬁﬁ?ﬁ%ﬁ%ﬂDZE?ﬂB%iﬂ?ah‘w@e (Bhed {ifie compound (1.54 g) was obtained from ()-(3aR* 5R*)-5-
trifluoromethyl-3,3a,4,5-tetrahydro-7H-pyrano[3,4-clisoxazole (2.00 g) according to the method of
Preparation Example 6. ) 1H-NMR (400 MHz, CDC13) 8 (ppm): 1.53 (s, 9H), 1.74-1.79
(m, 1H), 2.50-2.20 (m, B HyepaatipgExpmple 616)4 (1and P )osygthesis pras QFF)ePS‘.TE‘Gi ESeordyng 85 (d, J
= 11.6 Hp;dfrhtidn4R8nthRO5(m), 1) aftdlB(d, J = 12.0 Hz, 1H), 6.53-6.60 (m, 2H), 6.86 (dd, J = 8.8,
12.0 Hz, 1I-]|3. 0228] (3) Synthesis of tert-butyl
(+)-[(4aR[1% ’5 aS*)-8a-(5-amino-2-fluorophenyl)-6-trifluoromethyl4,4a,5,6,8,8a-hexahydro-7-oxa-3-thi
a-l-aganaphthalen-2-yligarkamaten ItertI649), (10) and (11), synthesis was performed according
0-[(4aR*,6R*,8aS*)-8a-(5-amino-2-fluorophenyl)-6-trifluoromethyl-
4,4a,5,6,‘8),é?éﬁ-’ﬂ%‘i?&ﬂi}o%gﬂg?alﬁh?él-‘il-ég)anaphthalen-2-yl]carbamate (25 mg) was purified by
CHIRALP#AIKEM AD-H (mobile phase: hexane:ethanol = 81:19, flow rate: 10 ml/min). The fraction with
a retention time of 17.7 to 22.6 minutes was collected to obtain the title compound. The same
operatio FepEaitee tH thEHTE Cottpolind S80Iy R Y9 Jrithe 2B aber
9)- 4.4a,5.6.8.8 L e RIMRIEOCoHZ (G C A2 {RMA1¥n 1250 [(SurBihlatk. 74-1.79 (m, 1H), 2.50-2.20
(m, 1H), 2.57 (dd, J = 2.8, 12.4 Hz, 1H), 2.99-3.07 (m, 2H), 3.66 (s, 2H), 3.85 (d, J = 11.6 Hz, 1H),
4.03-2.06 (m, 1H), 4.17189PPIT! H'Zfairﬁf’? %l.é%«.@.fé&slw Vi) ,(%(.%éég(hﬁf‘ﬁ RGO Hz, 1H).
CHIRALPAK™ AD-H (mobile phase: hexane:ethanol = 7:3, flow rate: 10 ml/min), and the

-
Cl

fraction with a retention time of 16 to 19 minutes was collected to obtain the title compound.
This operation was repeated to obtain the title compound (228 mg; >99% ee) from 540 mg of the
racemate.

20 "H-NMR (400 MHz, CDCl3) & (ppm): 1.28 (d, J = 6.0 Hz, 3H), 1.53 (s, 9H),
1.55-1.61 (m, 1H), 1.80-1.93 (m, 1H), 2.47-2.55 (m, 1H), 2.93-3.01 (m, 1H), 3.02-3.11 (m, 1H),
3.59-3.82 (m, 4H), 4.11-4.18 (m, 1H), 6.54-6.62 (m, 2H), 6.81-6.89 (m, 1H).

[0177]
Preparation Example 7

25  Synthesis of tert-butyl (-)-[(4aR* ,6R* . 8aS*)-8a-(5-amino-2-fluorophenyl)-6-methoxymethyl-

4.4a.,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-vl]carbamate
[Formula 32]




25 [0229] Preparation Example 15 Synthesis of tert-butyl
[(4aR,6R,8aS)-8a-(5-amino-2-fluorophenyl)-6-fluoromethyl4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-l-aza
naphthalen-2-ylicarbamate [Formula 40] 30 (1) Synthesis of tert-butyl [(4aR,6R,8a5)-8a-(5-nitro
2-fluoropheny1)-6-fluoromethyl4 4a 5 6 8 8a-hexahydsg-7-oxa-3-thia-1-azanaphthalen-2-ylicarbamate
110 [Bis(2-methoxyethyl)amino]sulfur trifluoride (285 RD was added dropwise to a solution of
tert-butyl [(4aRo6R,8a8}8a-(5-nit5q-2-fluomphenyl)-@—hydroxymethyl-4,4a,5,6,8,8a—
hexahydr(y-%ofa-S-thia—I-azan‘étpH’ehalen-Z-yl]cagb mate obtained in Preparation Example 13 (575 mg)
in dichlorometitane (55 ml) at -78C. The mixture was stirred overnight with gradual 5 heating to room
temperature. A sodium bicarbonate solution was adde the reaction solution, and the aqueous layer
was extractegwithghlofdform. The ordhnic layer was @d ovér anhydrous magnesium sulfate. The
solvent wa%\eﬁaﬁorated undertedu pressure/@qggpth residue was purified by NH-silica gel column
chromatography to obtain the title compound (240 mg).HOESI-MS miz 444 [W +H] [0230] (2)

butyl R4aR,6R, -8a—(5-amino-2-fluorognvl)-&ﬂuoromethym 4a 568

Synthesis of =@
8a-hexahydrg-) Q¥a-3-thia-1-azanafhth 2-ylicdtbamatey, R 7(©T he title compound (26 mg) was
obtained fsom tgrt-butyl [(4aR.6R,§a58-88-(5- 15 o ¢ 1 & &
nitro-2-fluoroph&my1)-6-fluoromethyex4,4a,5,6,8,8a-hexahydto-7-oxa-3-thia-1-azanaphthalen-2-
yllcarbamate (39 mg) according to Preparation Example 13. ESI-MS mizo414 [W +H] [0231]

Preparation Exampl 20 Synthesis [of NO: N
()-N,N-di(teﬁifulyl@amﬂﬁa * 6R* cflugrohenyl)-
6-trifluoromethyb-4, ,8,8a-hexahydgo-.7-oxa3-thia-1-azanaphthales -E—yll mine [Formula 41]
(1) Synthesis of ()-(3aR* 5R*,7a5*)-7at(5-bronio-24iucrophenvi)-54ttfluoromethylhexahydropyrano13

4- cl is oxazole

NH,
(12)

chiral

(1) Synthesis of (R)-1-methoxy-4-penten-2-ol

Copper iodide (630 mg) was suspended in tetrahydrofuran (200 ml), and a 1.38 M
solution of vinylmagnesium chloride in tetrahydrofuran (32.3 ml) was added at -78°C, followed
by stirring for 10 minutes. (R)-(-)Glycidyl methyl ether (2 ml) was added to the reaction

5 solution at the same temperature, and the mixture was stirred at -78°C for two hours and 25
minutes and at 0°C for 25 minutes. A saturated ammonium chloride solution was added to the
reaction solution. The mixture was sequentially extracted with a mixed solution of hexane and
ethyl acetate (1:1), ethyl acetate and diethyl ether. The organic layer was dried over anhydrous
magnesium sulfate. The drying agent was filtered off and the filtrate was concentrated under

10 reduced pressure to obtain the title compound (2.60 g).

"H-NMR (400 MHz, CDCl3) § (ppm): 2.21-2.30 (m, 3H), 3.29 (dd, T = 9.6, 7.7
Hz, 1H), 3.39 (s, 3H), 3.43 (dd, ] = 9.6, 3.1 Hz, 1H), 3.81-3.90 (m, 1H), 5.09-5.18 (m, 2H), 5.78-
5.91 (m, 1H).

[0178]
15 In Preparation Example 7-(2) and (3), synthesis was performed according to
Preparation Example 6-(1) and (2).
[0179]
In Preparation Example 7-(4), (5) and (6), synthesis was performed according to

Preparation Example 1-(2), (3) and (4).



25The title compound (484 mg) was obtained from ()-(3aRt5R*)-5-
trifluoromethy1-3,3a,4,5-tetrahydro-7H-pyrano[3,4-c]isoxazole obtained in Preparation Example 14
(300 mg) and 1,3-dibromo-4-fluorobenzene (855 mg) according to the method of Preparation Example
1-(3). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.74-1.83;(m, 1H), 2.04-2.10 (m, 1H), 30 3.12-3.18 (m,
1H), 3.64 (dd, J = 5.2, 8.0 Hz, 1H), 3.79 (d, J = 7.6 Hz, 1H), 3.94 4.05 (m, 2H), 4.15 (dd, J = 2.0, 8.0
Hz, 1H), ®5(s, 1H), 6.96 (dd, J = 8.4, 11.6 Hz, 1H), 7.43 (ddd, J = 2.8, 111 4.4, 8.4 Hz, 1H), 8.09
(dd, J = 2.4, 6.8 Hz, 1. HR2321i64) FRWRBRSE @9, (8) and (9), synthesis was performed according to
(-R2R*,4R*,55*)-5-amino-5-(5-bromo-2-fluorophenyl)-2-trifluoromethyltetrahydropyran-4-yll methanol
5The titld ERHFEOREXEOPING) WasBBRIH&Y from ()-(3aRt5R*,7aS*)-7a-(5-
bromo-21fygigphenyl)-5-trifluoromethylhexahydropyrano[3,4-clisoxazole (484 mg) according to
Preparation Example 1-(%1’). . 1H-NMR (400 MHz, CDC13) 8 (ppm): 1.86-1.92 (m, 1H), .
2.192.30 (m, 1H), 2.3MPEPgrAtiqHExamRlgd(1Px @ b and §12) sypiosis wig pyrLoppedd pecorings 43
(dd, J = 32pbPati0HZx dhPictt Q8yaR® @, 1H), 4.23 (dd, J =2.0, 11.2 Hz, 1H), 6.97 (dd, J = 8.4, 12.0
Hz, 1H), 7.45 (ddd, J = 2.4, 4.4, 8.8 Hz, 1H), 7.84 (dd, J = 2.4, 6.8 Hz, 1H). [0233] (3) Synthesis of
()-N,N-di&@l’%— utyloxycarbonyl)-[(4aR* 6R*,8aS*)-8a-(5-bromo-2-
fluorophemyji-Gririfkioermeetnutyf 4o 16r8: 8RR h @48 MY E0( T -xdns-thiardraganaphgralen-2- 15 yli
amine Benzoyl isothiocyanate (156 Re was added to a solution of ()-[(2R*,4R*,55*)-5-
amino-5 AC IO WO o2 A ODA DG X AYOFO YO AT e ;.. Sl WA HEAND ARG i
dichjgromethane (10 miy - angh@doixige watstyegshoemdampeiatuig)oysmghirihe splyeat was
evaporated under reduced pressure and the residue was purified by silica gel 20 chromatography. The
resulting %&Hﬂe&i&?e%@sémé’d%—%ir{ahéﬁ%@Mﬁ-t%ﬁaehﬁétécﬁgdﬁ%émoﬂi&lhéd‘ki?@ ml) was

added angihs soduiewasieaied widerrisiturdos fiyehos, YWien diqfeagiipn vsas sompleterd, the

reaction solution was returned to room temperature, and the solvent was evaporated under reduced
pressure@l@fbﬁgh@’(’%ﬁé%cﬁ@%@r{ﬁﬂ@Re were added to the residue, followed by heating under
reflux forffagnsiours. When the reaction was 25 completed, the reaction solution was returned to room
temperature, and the solvent was evaporated under reduced pressure. The residue was purified by
NH-SicaP gl i eirisatography. The resulting intermediate was dissolved in THE (10 m1).
Di-tert-bugyhgicaskanatedds8 gl 38REMAR BEmimGPWRISSadadie sbdure guas:stirred at

room temperature overnight. The solvent was evaporated under reduced pressure and the residue

o) - /= =/ =
[EXQAMALO) Ol = AllNAGS e A ML N € 4 =10 .12

OBt H A ASAYPRALUAN A KAENBEE my) in

IS D) E g eSS 898EYa&in the title compound (138 mg). 1
H-NMR (#QRMidz3 55DC13) 8 (ppm): 1.55 (s, 18H), 1.71-1.75 (m, 1H), 2.29 (ddd, J = 3.2, 12.0, 24.8
Hz, 1H), 2.73 (dd, J = 2.8, 12.8 Hz, 1H), 3.04-3.13 (m, 2H), 4.00-4.13 (m, 3H), 6.94 (dd, J = 8.8, 12.4
Hz, 1H), 7.41 (ddd, J = 2.4, 4.4, 8.8 Hz, 1H), 7.82 (dd, J = 2.8, 112 7.2 Hz, 1H). [0234] Preparation
Example 17 Synthesis of
N,N-di(tert-butyloxycarbonyl)-[(4aR,6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6- 5
fluoromethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yllamine




[Formula 42] (1) Synthesis of (3aR,5R,7aS)-5-benzyloxymethyl-7a-(5-bromo-2-
fluorophenyl)hexahydropyrano[3,4-clisoxazole THE (10 ml) was added to a solution of
1,3-dibromo-4-fluorobenzene (4.31 g) in 10 toluene (100 m1). The mixture was cooled to -78C and
n-butyllithium (2.63 M, 6.15 ml) was added dropwise. dfter stirring at the same temperature for one
hour, a solution of (3aR,5R)-5- benzyloxymethy1-3,3a,4,5-tetrahydro-7H-pyrano[3,4-c]isoxazole
obtained in Preparation Exgrgple 13-(4) (2498 9) in toluepg-THF (10:1)? i) and a boron
trifluoride-dieth etheﬁ‘)cgmb\l‘g&(z.o@ml) added dropwise df’the same time. After stirring at the
same 15 teamperature for twagyhours, a saturgtegdammoniu loride solytion was added to terminate
the reaction. THe aqueous layer was extractgglwith ethyl agetate, and the.organic layer was dried over
anhydrous magnesiym sulfate The solvent was evgporated under reduced-pressure and the residue

was purified by siligé gel column (ﬁrom tography fo ébtain the ti mpound (2.74 201H-NMR (400
MHz, CDC13) 8 @pm): 1.472-1.59 (m, 1 )j‘flss dd, 3 =96, 6.8, 14.0Hz, 1H), 3.07-3.12 (m, 1H),
3.47-3.59 (m, 3H); 372 (d, J =[7. , 1H), 3.82- (m, 2H),at.1d tdd, J = 2.0, 13.2 Hz, 1H), 4.56 (d,

J =12.0 Hz, 1H), 4%3d, J = 12.0°Hz94H), 6.26 (8;:2P), 6.92 (dd, .= 8.4, 10.0 Hz, 1H), 7.30-7.41 (m,
6H), 8.09 (dd, J =, 6.8 Hz, IH). [0235] 25 (2)°$§nthesis.of [(2R 4R

55)-5-amino-2-benzyl ethy1-5-(5-br -2- fluorophgenyl)tetrahydropyran-4-ylimethanol 113 Zinc
powder (4.24 @) was adgied to agolutio ,(gzaR(,{iR,YaFS S AN
benzyloxymethyI-7&(5{bromo-2-fltior§phenyehexahydtop ra\%ﬁo[ ,4-clisoxazole (2.74 g) in acetic acid

(40 m1). After stirring @troom temperature overnight, thefinsoluble matter was removed by filtration
through celite. ThéOSO&ﬁg]t was evap%ﬁ*afﬁ;gloﬁnder ré&%@@m%%ssure and 5 ice was added to the

residue, followed by tralization with a 5 N sodium hydroxide solution, The aqueous layer was
extracted with dichFI ethan d the orga yer, w ried ove ydrous magnesium sulfate.
The solvent'Was e Wﬂa@:r@dﬁ%ed 5y trified by silica gel column
chromatography t irs the title compound(22 g). ¢ H-NMR (400Q_ s CDC13) 8 (ppm):
1.63-1.67 (m, 1H), 1685-2.05 (m, 1H), 10 2.31234 (m, 1H), 3.35 (dd,xJ"= 3.2, 11.6 Hz, 1H), 3.48 (d, J
= 11.2 Hz, 1H), 3.53-364 (m, 3H), 3.83-3.87 (m"TH), 4.21 (dd, J = 2.0"4.2 Hz, 1H), 4.57-4.67 (m,
2H), 6.95 (dd, J = 9. .0 Hz, 1H), 7.24-7.37 | j, 7.41 (ddd, J = 2.8, 4.4, 9.2 Hz, 1H), 7.80 (dd, J

= 2.4, 6.8 Hz,ylH). | (3) hesigjof F v N6
(4aR,6R,8a5)=6=heNzylox) még)fhy -8a-(5-brt orﬁo--frtsﬁ)rqjﬁh nyl)-4,4a,5,6,8,8a- 15
hexahydro-7-oxa-3-thig-1-aza-naphthalen-2-ylamine

R2R,4R,58)-5-Amin5-0%;5>enzyloxymethy1-5-(55br(gamo-2- fluorophenyetetrahydropyran-4-yllmethanol
(2.22 g) was dissolved in dichloromethane (30 ml), and benzoyl isothiocyanate (776 Re was added.
The mixtUreSyathesisrofi (R rbdtertdriybdimeth isilivwl ouyird-tirtent?eel the solvent was evaporated

R tarayed P il IS
under reduced pressugpl (sl eSO PUIfH Bl q%x%&%%rurgfmaéa @RAY g obtain an

intermediate. The resulting intermediate was dissolved in methanol (50 ml), and concentrated

hydrochlevipesitP(0frimeib el éenimmd odidar&via® heteteehydudniaf(f0fomixingurdraganthen cooled
to room GRGIAS, TR COMPNL Was ExARIAISAIIS (educhd bisasure, Mstharal (39 and DBU

(2 ml) were a to the residue, ed by heating under retlux tor three hours. The reaction
solution B5tvidis yddotethtd sibdriRie mpehatidnd, cdimet tHe gsbiventddad dvaporatedtindacheducddipressure.

The residue was purified by NH-silica gel. column. chromatoar btain the.title compound (2.30
o e L B R P R e ORI G To
1H), 2.902:0{rienRidia®146 (ddjudcus anboroudz cllidiide. axd(cdiyl acdats $@10 iide800ltHy, 3.80 (d, J =

7077 58 (A D Y S SR e T e’ LA R A g e 1D

saturated aqueous sodium chloride twice. The organic layer was dried over anhydrous

10 magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography to obtain the title compound (9.6 g).
"H-NMR (400 MHz, CDCl3) & (ppm): 0.08 (s, 6H), 0.91 (s, 9H), 2.56 (d, J = 3.6
Hz, 1H), 3.45 (dd, J = 7.6, 10.0 Hz, 1H), 3.66 (dd, J = 4.0, 10.0 Hz, 1H), 4.14-4.20 (m, 1H), 5.19
(ddd,J=1.6, 1.6, 10.8 Hz, 1H), 5.35 (ddd, J = 1.6, 1.6, 17.6 Hz, 1H), 5.81 (ddd, J = 6.0, 10.4,
15 17.6 Hz, 1H).
[0184]



(4) Synthesis of tert-butyl [(4aR,6R,8a5)-8a-(5-bromo-2-fluorophenyl)-6-hydroxymethy1-
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yllcarbamate 114 Concentrated
hydrochloric acid (20 ml) was added to (4aR,6R,8aS)-6-
benzyloxymethy1-8a-(5-bromo-2-fluoropheny1)-4,4a,5¢46,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-2-y ux for two hours. The

Y i aH 6 kS B PR EY IR OX MNP e8Il [ddeohelidiction mixture. 5 The
mixture was neutralized it mdth SRR NYRER(is103 2Md) thasarreipdeshsald was atRaied By a glass
filter. The solid was dried under reduced pressure and then dissolved in THE (138 m1). Triethylamine

(5.0 ml) SABBRYBAMINNEHdABERATA IR I6 g RIS e Hdd8P Snanh &N idiliseriRRy gt daminfodih 4

temperatiie) figr Sbh RpYFR AR SOV asRYARAEBIRHLNAThEadiaash RigesUFARhIRR 8§ IEliVAS
purified by silica gel column chromatography to obtain the title 10 compound (1.2&8). 1 H-NMR (400

MHz Scoenpsatspand dtiseddonl hows. 1 Seturated-plueats sodinmchipyde was@gficd toshe 10 g Hz,

1H), 2.93dAldioh Schboh 32 dthe Hrbam @130 ARefdiiltc3651hE Brignid iy #asHBed BvezH),
4.09-4.13 (trln 1H), 6.97 (dd, J = 8.4, 12.0 Hz, 1H), 7.38- 7.45 (m, 2H). 15 [0238] (5) Synthesis of
tert-buty/an ydrous magnesium sulfate and concentrated under reduced pressure. The residue was

R4aR,6R,8afRdBsy (§itepgepctiHer epRemtd o oweihy hdaR, 6aPaBadnaxanyrse- 7-oxa-3-thia-1-az

anaphthalen-2-ylicarbamate [Bis(2-methoxyethyl)amino]sulfur trifluoride (155 Re was added
dropwise to a solution oﬁ{t%fﬂpﬂﬁ‘éﬂ%ﬁ%@))-@a(%‘l@r'&@g-@-’f@é?oﬁﬁgr@’ﬁ-}&kﬁ/é%@ﬁ{éihyl- 20
4,458,568 Gafrexahydigy 1@xRa3rthiar Lraganzahihalen; 2 vicarbaate (200 main dighioramgthane

(5.0 ml) at -78C. The mixture was stirred overnight with gradual heating to room temperature. A
sodium bieHidihtd SdtgtidPwdddeeld b Ikt ddekid T midFettol tePriatElthe reaction. The aqueous
layer wagaxsacted with ethyl acetate, and the organic layer was dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced 25 pressure and the residue was purified by silica
gel colurh SYRShss B2 refBenymehans-ddmisankal 145 mg). 1 H-NMR (400 MHz,
CDC13) 8 (ppm): 1.53 st My eirdnBohi Mudtile 158 7k 9B N okkthor?i B6c{Althyd 513rAn 13-4 Hz, 1H),
2.94 (dd, J = 4.0, 12.8 Hz, 1H), 3.04-3.07 (m, 1H), 3.79 (d, J = 11.6 Hz, 1H), 3.92-3.97 ém, 1H),

4.10- .1@%9%9&:{}3%&.5&02;}%19@ Bogompound gbiaigediin Breparaipn Expmplad ) A ©289] (6)
Synthesig@hNNoBiltattcRBYRoXY GRIP aRYR) AR 8 8asl-RadSnbromRvriHorePRenKd 8-
fluoromethy1-4,4a,5,6, 8, 8a-hexahydro-7- oxa-3 - thia- 1 - azanaphthalen-2- yll amine Di-tert-butyl

dicarbondféUfiiss Ayramusesinapcioridad serel aaeiats icacsyldad i hesrscidensalytion, and the
[(4aR,6RoBamicaayR-RERMGr - Hb@ropipaydocfrtupio mriby ke s S8 ahpralydltre Gidxaid-thia-1-az

anaphthalen-2-yljcarbamate (135 mg) in THE (30 m1). The mixture was stirred at room temperature

for two hBURE, P aRar Bk agaivent e S ¥vRH LR gy FEtEEa Jsied Qure Ahutrauidnashet Wrified

by siica gakaelbnartehcamatediariy teiacehtpibsthetitlerae mprrBavbkPhATd bytiNM R (A IMKRZ,
CDC13) 8 (ppm): 1.55-1.56 (m, 19H), 1.95-2.05 (m, 1H), 2.69 (dd, J = 2.8, 12.8 Hz, 1H), 3.05-3.12 (m,
2H), 3.92BARerRpY ebign she dHecppPernd 40P @, J = 2.4, 11.6 Hz, 1H), 4.30-4.58 (m, 2H),

6.93 (dd, J = 8.4, 12.0'HeNivik 489 X844, 504 S ppiyB 17 2H), BB 47 (2815, 6 §3-3164)-
(m, 2H), 4.11-4.15 (m, 1H), 4.65-4.4.75 (m, 2H), 5.27-5.34 (m, 2H), 5.75 (ddd, J = 6.4, 10.0,
17.2 Hz, 1H).
25  [0186]

(4) Synthesis of ethyl ((R)-2-methoxymethoxy-3-butenyloxy)acetate

Sodium hydride (2.5 g) was added to a solution of the compound obtained in
Preparation Example 8-(3) (4.15 g) in 1-methyl-2-pyrrolidinone (60 mL) under ice-cooling.
The reaction solution was stirred at the same temperature for 30 minutes. Ethyl bromoacetate
30 (10.4 mL) was added dropwise to the reaction solution. The reaction solution was heated to
room temperature and stirred at the same temperature for five hours. Saturated aqueous
ammonium chloride and ethyl acetate were added to the reaction solution, and the organic layer
was separated. The organic layer was washed with aqueous sodium chloride and then dried

over anhydrous magnesium sulfate. The organic layer was concentrated under reduced



10 [0240] Preparation Example 18 Synthesis of
()-N-benzoyl-N-(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a-(5-bromo-2-
fluoropheny1)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yll amine [Formula 43] 15 (1)
Synthesis of ()-(3aR* 7a5*)-7a-(5-bromo-24luoropherygl)-hexahydropyrano[3 4- clisoxazole
1,3-Dibromo-4-fluorobenzene (837 mgg was dissolved in a toluene-THF (10:1) mixture (15 m1). The
mixture WESEBBledtr RS Wny as-Bembpthini s aehsolunen ey Qiaogaly drapiiade thertBlestirring at
the same gippghatirefasone hour, a solution of ()-3,3a,4,5- 20 tetrahydro-7H-pyrano[3,4-cJisoxazole
obtained in Preparation Exa&:ﬁe 1-(2) (200 mg) in toluene-THF (10:1) (5.0 ml) and a boron

trifluoride-diethy! ether ¢imIDIE (@Y. R&uﬁé@am}j\&igé—é&hé@&ﬁ%t & (afidDs Ak &0the
same tejpesgfiire farAhreehors, 43 1eastian as legminated Wity an agyaanivo chlofigdeysolution.

The aqueous layer was extracted with ethyl acetate, and the organic layer was washed with water and
brine® Thrdahie- fayeldfas 25 @ried d0et Hahldrond $ridddelitmSulifate | AddHrel Sbivent was
evaporatﬁqglﬂder reduced pressure. The residue was purified by silica gel column chromatography to
obtain the title compound (365 mg). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.76-1.91 (m, 2H),
3.03-3.083n3yatpsis of 39(R72-1Hg myyek riem oBqaol) H), 6.93 (dd, J = 8.8, 11.6 Hz,
1H), 7.37-7.41 (M, 30 Lhihi GPA4HHInchT R i8S 36 AED od 462 Rl Btbeais a5 QdaRIaR"
8aS*)-8a-(5-bromo-2-fluorophenyl)-4 4a 5 6 8 8a-hexahydro-7- . .
oxa-3-thigblanethHphterasnionikenplitdd) HArdd goivder thsdrpiban 50008k ibenEensEen of
()'(%Weﬁ%@sﬂﬁ’éﬁéﬁb @%%&tﬂk@%@%@%&ﬁ@¥Mﬁg&_ﬁtﬁﬁiﬁ%ﬁzﬁlﬁﬂ35ﬁmﬂ& qegtic ?‘Cid_
(6.73 m1). After 5 stirring at room temperature overnight, the insoluble matter was removed by filtration

through G&Rgs dmevssr Enthrazreliap st nad therdeder prasadded dreptiissesditmyrebiblse was
neutralizgghyathbuht sQisen HMSE'f@PQ%&%?h}%@%%iﬁﬁ%@ﬂHﬁ@h@l‘%ﬁfevﬁﬂa fxtRciedwitmethyl

acetate, and the organic layer was washed with brine. The organic layer was dried over anhydrous

magnesiafftaififateaiiat eBivent i chlosda et Addsd tutheddl sriss b thersepoirdavRicsVvas
purified Qysiligagel tRlRERIIAIARG Ve PiRIRyaR I erRadiaie (RORMaldBeRéMtrated

isothiocyanate (133 Re was added to a solution of the resulting intermediate in dichloromethane (10
ml), ‘@nd MREshikeieshasstiied diotsidesmpey Attt armigist sH e d8mefhirRaRapBlitd under
reduced gegsure-dMehirnsba® M) ap¢ concentrated hydrochloric acid (several drops) were added to
the resulting residue, gnd the mixture was heated 15 under reflux for two hours. The reaction solution

was returned to room tepPefRtuf0MElm RS (PRES A8 itdF (I ddlcddt Plésdtie. The
resulting yegidue;was Ng}itsafizec;yith aospditing Pé?@rl)%@ﬁz??iqg%ﬁﬂgwquyé@y SRS

extracted with ethyl acetate. The organic layer was washed with brine and dried over anhydrous
magnesiéfb) s¥if&teddrhé sévedPviaseddFordid under reduced pressure and the residue was purified

by I\ébl-si[@ﬁggjal column 20 chromatography to obtain the title compound (211 mg).

X R PBACTIHIO X 1A

(6) Synthesis of ((R)-2-methoxymethoxy-3-butenyloxy)acetaldehyde oxime

A solution of dimethyl sulfoxide (605 puL) in dichloromethane (1 mL) was added
dropwise to a solution of oxalyl chloride (633 uL) in dichloromethane (25 mL) in a nitrogen
atmosphere at -78°C. The reaction solution was stirred at the same temperature for 10 minutes.

25 A solution of the compound obtained in Preparation Example 8-(5) (1 g) in dichloromethane (4
mL) was added dropwise to the reaction solution at the same temperature. The reaction
solution was stirred at the same temperature for 45 minutes. Triethylamine (3.81 mL) was
added to the reaction solution, followed by heating to room temperature. The reaction solution
was stirred at room temperature for one hour. Saturated aqueous ammonium chloride and ethyl

30 acetate were added to the reaction solution, and the organic layer was separated. The organic
layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium
sulfate. The organic layer was concentrated under reduced pressure, and ethanol (20 mL) and
water (5 mL) were added to the residue. Sodium acetate (1.12 g) and hydroxylamine sulfate

(1.12 g) were added to the reaction solution, and the mixture was stirred at room temperature for



ESI-MS miz 449 [W +H] [0242] (3) Synthesis of
()-N-benzoyl-N-(tert-butyloxycarbony1)-[(4aRt8aS*)-8a-(5-bromo-2-
fluoropheny1)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yll amine 25DMAP (86.1 mQ)
and di-tert-butyl dicarbonate (123 mg) were added tog solution of
()-N-R4aRt8aS*)-8a-(5-bromo-2-fluoropheny1)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-I-
azanaphtRaheHre-y fibiL asriaie erzﬂfaﬂgmyﬁm@mMymﬁ@%slﬁuw&%é%ﬁ@dwﬁéewemperature

overnightoanthiandiae spbent l’é@@r‘%\yﬁ%ﬁaﬁ%@eﬂ ndeheesduesd PIRSSWES-dHae seeidim yvasuRurified by
silica gel column chromatogr Ehy to obtain the title compound (229 mg). 301H-NMR (400 MHz,

CDC13) Beppeniim sufade gl hg arganiedyRr v anfsnzr%?(wfl%ye@l?ed(awmzl 5 geRiguq 1y,
2.93-2.98 (@pditleBEBsitlch 4t é’bﬁuﬁ@&ﬁdﬁm%@naﬁl@zr@&?a(ﬂ‘thyﬁ}l@c@ﬁlﬁéuﬁd:(m 1H),
4.06-4.08 (m, 2H), 6.94 (dd, J = 8.4, 12.0 Hz, 1H3{ 738747§ g 7.52-7.56 (m, 1H), 7.75-7.78 (m,
2H), 7.93 (dd, J = 2.4, W&ﬁ?%&ﬂzi GG 1P+ S arPambe EX4tnpIaH Sifiesistdy 3-54-3.58
(+)-N,N- eﬁh‘?%’i@W%fk}ﬁnYﬂ{ [W&W&%ﬁ@%flp&h'%h%f%i 2474 (m, 2H), 5.26-5.37
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yllamine [Formula 44& BrBrBr (7) SBoo
NN, Oy B& kel %ﬁi)%;ﬁmhé%ﬁ)s 00 (3 ark0 5 ©)5Fh. (421 (1. =5.6 Hz, 0.5H).

bromothiRﬁI‘g@T -2-y1)-hexahydropyrano[3,4- cl soxazole n-Butyllithium (2.63 M, 2.99 ml) was
added dropwise to a solutlon of 2, 4 d|bromoth|ophene (2.00 g) in toluene-THF (10:1) (22 ml) at -78C.
After stirfiflf@f heuihss § shoipphesy)-5

0-3.38. 4ée@g%g{%1ﬂmg%ﬁglaomepﬁamed in Preparatlon Example 1-(2) (500 mg) in

toluene-THF (10:1) (10 ml) and a boron
The title compound (1 g) was obtained from the compound obtained in

Preparation Example 8-(6) (900 mg) according to Preparation Example 1.
ESI-MS; m/z 286 [M" +H].
"H-NMR (400 MHz, CDCl3) & (ppm): 2.15-2.19 (m, 1H), 3.30-3.42 (m, 6H),

15 3.75(dd,J=3.2,12.0 Hz, 1H), 4.13-4.20 (m, 2H), 4.30 (dd, J = 5.6, 10.8 Hz, 1H), 4.69-4.82 (m,
2H), 7.07 (ddd, J = 1.6, 8.4, 12.8 Hz, 1H), 7.20-7.24 (m, 1H), 7.29-7.35 (m, 1H), 7.60-7.65 (m,
1H).

[0190]
(10) Synthesis of 1-benzoyl-3-[(3S,4R,5R)-3-(2-fluorophenyl)-4-hydroxymethyl-5-

20 methoxymethoxytetrahydropyran-3-vl]thiourea

Benzoyl isocyanate (667 mg) was added to a solution of the compound obtained
in Preparation Example 8-(9) (1 g) in dichloromethane (25 mL), and the mixture was stirred at
room temperature for 15 hours. The reaction solution was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography to obtain the title compound (1.45

25 9.

ESI-MS; m/z 471 [M" +Na].

"H-NMR (400 MHz, CDCl3) 8 (ppm): 2.30-2.50 (brm, 1H), 3.0-3.2 (brm, 1H),
3.38-3.48 (m, 1H), 3.45 (s, 3H), 3.60-4.05 (m, 3H), 4.20-4.34 (m, 2H), 4.77 (s, 2H), 7.03-7.09
(m, 1H), 7.15-7.20 (m, 1H), 7.28-7.35 (m, 1H), 7.49-7.54 (m, 3H), 7.60-7.65 (m, 1H), 7.86-7.90

30 (m,2H), 8.92 (s, 1H), 11.7 (s, 1H).
[0191]
(11) Synthesis of N-[(4aS,5R,8aR)-8a-(2-fluorophenyl)-5-hydroxy-4.4a,5,6,8.8a-hexahydro-7-

oxa-3-thia-1-azanaphthalen-2-yl]benzamide

Concentrated hydrochloric acid (2 mL) was added to a solution of the compound



10 trifluoride-diethyl ether complex (990 Re were added dropwise at the same time. After stirring at the
same temperature for two hours, an ammonium chloride solution was added to terminate the reaction.
The aqueous layer was extracted with ethyl acetate, and the organic layer was dried over anhydrous
magnesium sulfate. The solvent was evaporated undgs reduced pressure and the residue was purified
by silica gel column chromatography to obtain the title compound 15 (700 mg). 1 H-NMR (400 MHz,
CDC13) sb(ﬁmgznﬁr&pf.@m?ﬁ,mp@éz@é@l(ﬁé, 2y, metzrob EhinleHing B [@IXFHeMes, 1H), 7.16

(d, J = 1 fhizd Bef02AdL ol RhSHotResiseifnidaR: Ras- fas-hramaibionherapsiida 6 8
8a-hexahydro-7-oxa-3- 20 thia-l-azanaphthalen-2-ylamine Zinc powder (1.58 g) was added to

a solutioRBCeR{EsEurdeyercesl pifsHEthiopHYM ASfaltaitdh St PG IEMbiRIBRE2 IV ETD0 mg) in
acetic acid {298k AllRrstisdagriseamdeneeriisepaMaraightibednsalublematteryassamgved by

filtration through celite. The solvent was evaporated under reduced pressure, and the residue was

neutrdliz&U S ARRGEE SAETIAChEIdmARg UIGERITAtRS Wlse St RedThraurextrd B tF WAt YR
acetate, pigftbe W danis 3yesinmas WashetoMtpiyinco Tihis eHeanis dafowas @rsdgyer anhydrous

magnesium sulfate, and the solvent was evaporated under reduced pressure. The residue was purified
by silica gel column ct#ém%g%(ﬁrﬁﬁl{% resditing intermediate was dissolved in 5 dichloromethane
(20 ml), and benzoyl iSqibjeepenate (ikd, ROwas dgssh Themidurewas sigeg,af ppomoemperature

overnight, and then the solvent was evaporated under reduced pressure. The residue was purified by

silica gelEblbRbh TRfomatdgraphy:. Fheé (@duttihg ttrhBoi s Iad dissbibett dritnetRanb0826- Hr), and
conggniraied Ry dreMolis @eid Kseyaralions), was, adned.3ohemiktre vas hegied undesgeflsx for six

hours and then cooled to room 10 temperature. The solvent was evaporated under reduced pressure.

The residle Whs &is3Shéd i Althanol (20 ml) and DBU (1.00 ml) was added, followed by heating

under reflgiofor eight hours. The solvent was evaporated under reduced pressure and the residue was

purified by NH-siIica‘ngcqumn chromatography to obtain th%title compound (770 mg). 1 H-NMR (400
(] h A ¢H ) -HERNAyY G

0 = HO=1 A8 2 ] AUPI¢ER i‘- 313
1H), 2.62(dgh-d T Arphehdiiza AibA26(dd, J = 3.6, 12.4 Hz, 1H

e Q OX J

), 3.54 (d, J =11.6 Hz, 1H),
3.57-3.64 (m, 1H), 3.91 (d, J =11.2 Hz, 1H), 4.08-4.12 (m, 1H), 6.76 (d, J = 1.2 Hz, 1H), 7.12 (d, J =
1.2 Hz, 1H). [0245]  [ByQymetbeiyethyDamino]sulfur trifluoride (892 uL) was added dropwise to a

(-N,N-di QﬁHﬁ%ﬁtéﬂqﬁxMﬁ%ﬁ'&%ﬁﬁé@ﬁ%ﬁ%ﬁﬂ&rﬁ '19@3@1')2('3@9 'm%?\)/}n dichloromethane

4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yllamine AP (847 mg) and
di-tert-buB? ditaresivatsqcoliggweldatrdeton @b sripstirred at the same temperature for two

(-(4aR* Bam’)-Sa{fRiRMaaiNiAPhRABoY etk hib S SR XA dlica PR refbisipgaRaRRtialen-2-yla
mine (770 mg) in THE (10 m1). The mixture was stirred at room temperature for three hours, and then

the solvehe WEERGIPYFEIEY SerRsAtsH uCBRE (HeaBif dayPRey a5 didedauieivad ylififle MBISHIEAgel column

chropatqgraphy torRINaINHa 4 %WQ&&&MMkhhﬂ%lg%%M.Hzr@&@e&M}iﬁed
1.50-1.51 (m, 1H), 1.53s, 18H), 2.24 (ddd, J = 4.4, 12.4, 25.2 Hz, 1H), 2.33-2.38 (m, 1H), 2.68 (dd, J

= 3.2, 12bg pkica ppl eoBmnRghrpmaeraphy 19obtay Besels eapeuadif2a30mgHd, The reaovered Hz, 1H),
4.11 (d, Jg HabeHia 35Y ey Wil d5jeb B HE il Varf R ddichad R 43Zbdd b SRR hin the title

compound (120 mg).
ESI-MS; m/z 389 [M" +H].

25 "H-NMR (400 MHz, CDCl3) § (ppm): 2.88 (dd, J = 3.2, 13.2 Hz, 1H), 3.12-3.25
(m, 2H), 3.56-3.62 (m, 1H), 3.74-3.78 (m, 1H), 4.18 (d, J = 12.0 Hz, 1H), 4.32 (dd, J = 5.2, 10.8
Hz, 1H), 4.96-5.16 (m, 1H), 7.10-7.16 (m, 1H), 7.19-7.23 (m, 1H), 7.34-7.47 (m, 4H), 7.50-7.55
(m, 1H), 8.14-8.24 (m, 2H).
[0193]

30 (13) Synthesis of (4aS,5S,8aS)-5-fluoro-8a-(2-fluorophenyl)-4.4a,5,6.8.8a-hexahydro-7-oxa-3-

thia-1-azanaphthalen-2-ylamine

1,8-Diazabicyclo|[5,4,0]-7-undecene (312 uL) was added to a solution of the
compound obtained in Preparation Example 8-(12) (370 mg) in methanol (13 mL), and the

mixture was heated under reflux for eight hours. The reaction solution was returned to room



(4) Synthesis of ()-N,N-di(tert-butyloxycarbonyl)-[(4aR*,8aR*)-8a-[4-(4,4,5,5-tetramethyl,3
,21dioxaborolan- 2-y1)- thiophen- 2-y11-4 ,4a,5 ,6,8,8a-hexahydro-7- oxa-3 - thia- 1 -
azanaphthalen2-yll amine Bis(pinacolato)diboron (2.15 g), potassium acetate (663 mg) and a 1,1'-
119 bis(diphenylphosphino)ferrocene palladium- dichlggomethane complex (138 mg) were added to a
solution of ()-N,N-di(tert-butyloxycarbony1)-[(4aRt8aS*)-8a-(4-bromothiophen-2-y1)-
4,4a,5,6, 8 BRSHEREYRR CONERIAGARIYE SethesHRERIS. RS Fe IGISOVRYP Wi B P Y ABD SihER. After
repIacené%mgwﬁ&ﬂlgm%tggeam%%rm Srel abSR6ulRr Gigheuss. The reaction 5 solution was
returned to room temperature and diluted with ethyl acetate. The organic layer was washed with water
and dried over anhydrgt% M§gﬁe§|€|§|§ MfatElThe solvent was evaporated under reduced pressure
and the residue was pvﬂﬂm iga/ae) C@tymp)@@mtoggqman 9 .0htgin shertile; epMPesAchHE7 90
mg). ESI-MS miz 581 [W + H] 1 0247%5 ) Synthesis of
0-N,R- duttértlbt)tﬁldﬁy%dﬂaeﬁylmzﬁa@* ﬁz@)nséf(h -2HotsbgRehtD. #73§-4.12 (m, 1H), 4.25 (dd, J
4,42,5,6.8.83-hexaydigs]-o5y 3. ﬁygbtrerﬁ?nthﬁbaAe;k%rﬂllﬁﬁb'nﬂos (ddd, 1S0gliting azides({iz7 mg) and

copper (II) acetate (99.2 mg) were added to a solution of
(-N,N-didte %d%;m;?d@flbé 1)-ftdRBERI841-[4-(4,4,5,5-tetramethyl- 15
[1,3,2]diqyqbgrolan-2-y1)-thiophen-2-y1]-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen2-ylla

mine (790 mg) in methanol (88 ml). The mlxture was stlrred at room temperature overnight, and then
the exceskdftridthandithests of 420 Padh 381 Re- ARl uerRBenyRr LAIBAS solution was

addeg toshe sesid HEa@Q%%@ql&%® tﬁiée[ %M&@MJﬁ%%aﬂlﬁ% organlc Iayer was dried over
anhydrous magnesium sulfate, and the solvent was 20 evaporated under reduced pressure. The
residue was purified by ReHiGfRiEaRIEI AN ehsoMRSGHAPE] tE BT IRPRtEoRBEhH(503 mg).
ESI-MS pigyal@idM £ g@%@h) (162 Rythesitiffe to Preparation Example 1.
()-N,N- d|(tert butyloxycarbonyl)-V4aR*, 8aS* -8a- (4 amlnothlophen -2- yf) 25

4,4a,5,6,8,8a- hexahyd?§171\6 aI@/Z(ﬁ‘IgOl[MZd' phthalen-2-yllamine Zinc powder (133 mg) and
ammonium formate (320 RAN/EIE0ATHED EDEEOISUBRAS: 1.52 (s, 9H), 2.82-2.87 (m, 1H), 3.02-3.10
()-N,N-di(tert-butyloxycarbony1)-[(4aRt8aR*)- 8a—(4 azidothiophen-2-y1)-4 4a,5,6,8,8ahexahydro-7-oxa
3-thia- 10azaHAphiRRIER.- 3 A5O3 Hho) FomrarB(7625-haY. (Thd Fixkie (s stikéd at room
temperatyg ereryght, soehthanthe SpivenWas evarRosaisd NS AueCLIassu st [peM

temperature or lower. Water was added to the residue, and the aqueous layer was extracted with ethyl
acetate. THE-6rofafe 1E5erGads(ddebrodds é?—nﬁ;ﬂ?@&kl}nagnesmm sulfate, and the solvent was
evaporatﬁﬂ der reduced pressure. The residue was purified by silica gel column chromatography to
obtain the tltle compound (325 mg). ESI-MS miz 518 [M+ +Na] 120 [0249] (7) Synthesis of
(+)-N,N-direerdiap Exgeaischy 1)-[(4aRt8aS*)-8a-(4-aminothiophen-2-y1)-

4,43,8,6 §x§tﬁ19§§%@yg{ooafﬁ)@7Qf(HHﬂﬂJS@Eamt@Q‘I@'a%i)ﬂ'@@'ﬂﬁorophenv]) 5-methyloctahydro-7-
()-N,N- Dl(tert butyloxycarbonyl) [(4al§* 8aS*) 8a (4 amlnothlophen 2— 1

fluorophenvl) 5-methyloctahydro-7-oxa-3-thia-1-azanaphthalen-2- Vl]carbamate

[Formula 34]



CHIRALCELTm OJ-H (mobile phase: hexane:ethanol = 8:2, flow rate: 10 ml/min), and the fraction with
a retention time of 14.9 to 23.5 minutes was collected to obtain the title compound. The same
operation was repeated to obtain the title compound (112 mg) from the raw material (325 mg). 101
H-NMR (400 MHz, CDC13) 8 (ppm): 1.46-1.48 (m, 1H), 1.53 (s, 18H), 2.16- 2.33 (m, 2H), 2.64 (dd, J =
2.8, 12.8 Hz, 1H), 339(qd J=3.6, 12.8 Hz, 1H), 3.55-3.62 (m, 1H), 3.65 (d, J = 11.2 Hz, 1H), 4.03
(dd, J =48, 11.6 Hz, 04.13 (d, J = 2,%Hz, 1H)$i(d3 2. le)667(dJ 2.0 Hz, 1H).

[0250] 15 af8tion Exampl&’20 hessﬁ‘_. o
N,N-di-(tert-butyloxyc yl)-[(4aR, 8aS) 8a-(5:romo-2-fl enyl)-6-
benzyloxymethyl-4,4a,5,6.8,8a- hexaha¥dro -7-oxa-3-thia-1-azana mrgts 1alen-2-yflamine [Formula 45]
Di-tert- butyl dicarbonate (113 mg) and DMAP (63.0 mg) were added to a solution 20 of
(4aR,6R,8aS)-6- yloxymeth @ -(5- br mo-2-fluoro nyl) a,5,6,8,8a-hexahydro-7-
oxa-3-thia- ;L a hthalgn-25ylgiiing o nedpy thé eparatlon Example 17-(3) (80.0
mg)inT 2I'hwe—me relwas 9 |rred atToom atore overnight, and then the solvent was
evaporated unde duced pressurg, The residue was pufified by silica gel column chromatography to
obtain the title cerapeunrd (95.0 s8@)s2blH-NMR (400 MiHaeGDE:13) 8 (ppm): 1.54-1.56 (m, 19H),
1.88-1.98 (m, 1H), 2.65-2.67 (m, 1H), 2,99-%10 (m, 2H), 3.44 (dd, J = 4.4, 9.6 Hz, 1H), 3.62 (dd, J =

- :52-4.64 (m, 2H), 6.92 (dd, J = 8.4, 12.0 Hz,
T2\24H). [0 %%Qpﬁation Example 21 Synthesis of
tert-butyl ()-[(4a %)-8a-(6-amino ffluerobenzo[1,34didxot-4-y1)- 121 4 ,4a,5, 6, 8,
8a-hexahydro-7- o a-3 - thia- 1 - azanapmthalen 2- yll carbamate [Formula 46] (1) Synthesis of
(-(3aR*,7a5*%)-7a{Z2"tiffuorobenzo[1,31¢M6x01-4-171)hex&fffdropyrano[3,4- ¢ isoxazole 5THE (2.0
ml) was added to a solution of 4- bromoﬂBLE -difluoro-1,3- bernzZEjioxol (1.96 g) in toluene (20 m1). The
mixture was cooled to -78C, and a solutio of () -3,3a,4,5- tetr
obtained in Preparation Example 1-(2) ( mg) in toluene-THHE (120 1) (10 ml) and a boron
trifluoride-diethyl ether complex (990 erefadded dropyyisé W e time. After stirring at the
same temperature for two hours, an arim n@jrﬁglo hloride_sg! vf%nadded to terminate the
reaction. The aqueous layer was extracted with ethyl acetaté "and the organic layer was dried over
anhydrous magnesium sulfate. The solveni.was evaporated upgder reduced pressure and the residue
was purified by silica gel column chromggjgraphy to obtain the title compound (873 mg). 1
H-NMR (400 MHz, CDC13) 8 (ppm): 1.75+1.92 (m, 2H), 3.04-3.09 (m, 1H), 15 3.63-3.85 (m, 4H), 3.99
(d, J =12.8 Hz, 1H), 4.03-4.06 (m, 1H), Ns, 1H), 7.01 (de~x3¥'4.2, 8.4 Hz, 1H), 7.10 (t, J = 8.4 Hz,
1H), 7.60 (dd, J = 1.2, 8.0 Hz, 1H). [02

F
O

hydro-7H-pyrano[3,4-cJisoxazole

F

R o v o NYHTO
TU < s:o\K
H

chiral chiral

(1) Synthesis of 4-(2,2-dimethoxyethoxy)-3-methyl-1-butene

Sodium hydride (60 wt%, 928 mg) was added to a solution of 2-methyl-3-buten-
1-ol (2 g) in DMF (30 mL) under ice-cooling, and the mixture was stirred at the same
temperature for 30 minutes. Bromoacetaldehyde dimethyl acetal (5.45 mL) was added

5 dropwise to the reaction solution at the same temperature. The reaction solution was stirred for
16 hours with gradual heating to room temperature. Ethyl acetate and aqueous sodium chloride
were added to the reaction solution, and the organic layer was separated. The same operation
was performed on the same scale. The combined organic layers were washed with saturated
aqueous sodium chloride and dried over anhydrous magnesium sulfate. The organic layer was
10 concentrated under reduced pressure and the residue was purified by silica gel column

chromatography to obtain the title compound (4.92 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.02 (d, J = 6.8 Hz, 3H), 2.45-2.52 (m,
1H), 3.32 (dd, J =7.2,9.2 Hz, 1H), 3.36-3.40 (m, 2H), 3.40 (s, 6H), 3.49 (d, J =4.8 Hz, 1H),



(2) Synthesis of ()-[(3S*,4R*)-3-amino-3-(2,2-difluoro-benzo[1,31dioxo1-4-y1)- tetrahydropyran-4-yli
methanol 20Zinc powder (2.01 g) was added to a solution of ()-(3aR*,7aS*)-7a-(2,2-
difluoro-benzo[1,3]dioxol-4-y1)-hexahydropyrano[3,4-c]isoxazole (875 mg) in acetic acid (30 ml), and
the mixture was stirred at room temperature overnighgsThe insoluble matter was removed by filtration
through celite, and the solvent was evaporated under reduced pressure. Ice was added to the residue,
followed ‘59 heutraik-&tidn Witk é-%%&?oﬁﬁhﬁﬁ{)d?oﬁo@%létﬁ)h. 35 %‘Jé'éu]ﬁéyer was extracted
with dichjgogethane, and the organic layer was dried over anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressure and the residue was purified by silica gel column
chromatéﬁ)r RIS A RE S ORI EEIARENYISPNINR (400 MHZz, CDC13) 8 (ppm):
1.62-1.66 (m, 1H), 2.14:2:2@i0R ol lths cbédpuhd (Mhided hBrdfaatita ErbimpeD(dd.(4.921:2i8.0, 1H),
7.14 (t, J = 8.0 Hz, 1H), 7.32 (dd, J = 1.2, 8.0 Hz, 1H). [0253]  (3) Synthesis of

0-(4aR* BADiy 8DV alehifeB b 2pL WaRkELL AL 19AM AP 818 g 16 hours.  Ethanol (30
hexahydgr 7- e (tHiant-pzanaphthalan: 4¥3ingad hydrox BaRZRYLISRIRILCYINIIR dR/RR WAS
added to a solution of ()-R3S*,4R*)-3- ) )

amino-3-{2 AR SHEH2B] £ ARSI BTt SHGH DI FRIUSRTEHER PSR

dichlororggitianel (@b mkoliignoinbHgevag stiyedcatieanartempedatne fenthieeoauisn and ien the
solvent was evaporated under reduced pressure. The residue was purified by silica gel 10 column

chromatSGRapIsy A He I RAG e rniBgidted s d igs B b ArhAT I8 AoV DS AW g itlAtkted
hydrechlgsigasidHiliyri€iapsh¥yagrRAdsd anth {aso ke washaaied untes sedinidosfiresaours. The

reaction solution was cooled to room temperature, and the solvent was evaporated under reduced

pressureSRTENEeH BNleis erusH BEF AU (20 MRPHEIT ¢RI REA 55 04488, followed by

heating whgensedlrsfny ttyethgiurselingereaapemmsaluBorzyvas 15 cooled to room temperature, and the
solvent was evaporated under reduced pressure. The residue was purified by NH-silica %el column

chromatography to obtdihXERi#&% 6u99?§5b8n(@m)3 1.02 (¢ i RRHZ00 W 2 D E1 87D (hpm):

1.43-1.485¢my 3H), 208254941 k)3 2654 40dm) 712,81 08 Hz 6H2, 141280 1w, 332 98,(dd, J =
4.4,12.4 Hz, 1H), 3.69 (ddd, J = 20 2.4, 11.6, 12.8 Hz, 1H), 3.79 (d, 11.2 Hz, 1H), 3.93 (d, J = 10.8 Hz,

1H)1%.10 e > PL-5 bl . 2y ST B id B =098 (2 D101, - B8.769 (RisoH) (028941 {45
Synthesig gfiigrobuty) ()-[(4aR*,8aS*)-8a-(2,2-difluoro-6-nitrobenzo[1,31diox01-4-171)-
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yllcarbamate 25Fuming nitric acid (7.60 Re
was addé@!fY h solution ()-(4aRt8aS*)-8a-(2,2-
d'ﬂU9rOb@)Zt@[é'q?Mﬁﬁ%@f&d&ﬂﬁ@(ﬁa@g;%f&%&aﬁﬂf@zzﬂ%?ﬁ%@ﬂ@rﬂ%ﬂﬁﬁm%@56',%:8@”‘_'”e (50.0
mg) in TEA (1.0 ml) in an ice bath. Then, concentrated sulfuric acid (0.5 ml) was added dropwise. After
stirring aherahygieetewihdrdmard-faanithelan 1 Rz Aeirnd 6z Réch RfB e VB tettinate the
reactipn. e I WaR nRyUalized Wik N drgxds, 18630 AQUEANS IRYER Was SAGK A With
dichloromethahe, and the organic layer was dried over anhydrous magnesium sulfate. The solvent
was evaporated under/ediiters pfabe titdeteooiaimdlihfegimeaiatbtaiied fexultitgycpmpovadiate was
dissolved, i, HIEi 1 ol R IEE M UGaRanale (G6 B Anpraivaning f. 3 Re were added
and the mixture was stirred at 123 room temperature for one hour. Further, di-tert-butyl dicarbonate
(130 mg) and triethylafiieVs;00/mipNEYE afiled and the mixture was stirred at room temperature
overnight,&e solvent was evaporated under reduced pressure and the residue was purified by silica

gel column chromatography to obtain the title compound (62.0 mg).
25  (8) to (9) Synthesis of (+)-N-[(4aR*,5S*,8aS*)-8a-(2-fluoro-5-nitrophenyl)-5-methyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]benzamide and (£)-N-
[(4aR* S5R* 8aS*)-8a-(2-fluoro-5-nitrophenyl)-5-methyl-4.4a.5,6.8,8a-hexahydro-7-oxa-3-thia-

1-azanaphthalen-2-yl|benzamide

The title compound (+)-N-[(4aR*,5S*,8aS*)-8a-(2-fluoro-5-nitrophenyl)-5-

30 methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]benzamide (440 mg) and the
title compound (£)-N-[(4aR*,5R*,8aS*)-8a-(2-fluoro-5-nitrophenyl)-5-methyl-4,4a,5,6,8,8a-
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl|benzamide (1.37 g) were obtained from the

compound obtained in Preparation Example 9-(7) (2.15 g) according to Preparation Example 8.



51 H-NMR (400 MHz, CDC13) 8 (ppm): 1.51 (s, 9H), 1.55-1.59 (m, 1H), 2.15-2.25 (m, 1H), 2.63-2.66
(m, 1H), 2.87-2.89 (m, 2H), 3.65-3.71 (m, 1H), 3.76-3.84 (m, 2H), 4.10-4.15 (m, 1H), 7.93 (d, J = 2.0
Hz, 1H), 8.05 (d, J = 2.0 Hz, 1H). ESI-MS miz 496 [W +Na] [0255] 10 (5) Synthesis of tert-butyl
(-[(4aR* 8aS*)-8a-(6-amino-2 2-difluorobenzoll 31diggol-4-y1)- 4 4a56 8
8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylicarbamate Iron powder (7.09 mg) and a
saturated ammonium &hi&nde: sefatdh @L/IOJTH} ‘were added to a solution of tert-butyl
(-[(4aRt3a3918a-(2,2-difluoro-6-nitrobenzo[1,3]dioxol-4-

y1)-4,4a,5,6,8,8a-hexahydro-7- -0Xa- -3-thia-1- azanaphthalen 2 yI]carbamate (60 0 mg) in ethanol 15 (20
ml), and th) Sraibesinak pe e (4R Hor2ARARksR NT:: rned to

room temperatyre @gtgemr,laegla Qjear@att}tg W@%a(ﬁr%lﬁ}{%rpi f{z'ltfé’athQrﬁ'a{QUQh cellte The solvent was

evaporated under reduced pressure and the residue was purified by silica gel column chromatography
to obfain the title comoﬂm@tk%mmmcﬁgmsghwa&@htmedﬁ]% {@E%I@ﬁgﬁafr&ﬁ&ﬁ%&eﬁmﬁ% 22
Syntnesi ol Z:melRmeinondmNazinesZ sl agid FImUIBAT] Hizhd @) HOO 000 (1)
Synthesis ofrZ yet yl 5 Ké*}/ ethoxyethoXy)-pyrazine-2-carboxylate 2560% sodium hydride
(27.8 mgyltbaezaeméol ebtaisgdutidtrapfaraivateryatieaho? (5040 Re)iacomiEng mBrapeieriisetocoliplg,
followed py stirring for 10 minutes. A solution of methyl 5-chloropyrazine-2-carboxylate (100 mg) in
DMF (1 ml) was added to the reaction solution at the same temperature, followed by stirring for one
hour and 50 minutes. K83t SiciV 1500 INE ahd- water were added to the reaction solution, followed by
extragtio ethyl 30 acetate. The organic layer was concentrated under reduced pressure and the
residue was purlfled by srllca gel column chromatography to obtain the title compound (19.7 mg). 124
) (g (ARA. R * 88-(§; BriNR27BW@BpHenyl)-5S-methyl-

4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate
The title compound (953 mg) was obtained from (+)-N-[(4aR* ,5R*,8aS*)-8a-(2-

fluoro-5-nitrophenyl)-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-
15 yl]benzamide obtained in Preparation Example 9-(9) (1.37 g) according to Preparation Example
8.
ESI-MS; m/z 396 [M" +H].
[0201]
(12) Synthesis of tert-butyl (-)-[(4aR*,55*,8aS*)-8a-(5-amino-2-fluorophenyl)-5-methyl-
20 4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

The compound obtained in Preparation Example 9-(10) was purified by
CHIRALPAK™ AD-H (mobile phase: ethanol, flow rate: 10 ml/min), and the fraction with a
retention time of 12.5 to 14.7 minutes was collected to obtain the title compound. The same
operation was repeated to obtain the title compound (100 mg; >99% ee) from the raw material
25 (225 mg).
"H-NMR (400 MHz, CDCl3) & (ppm): 0.92 (d, J = 6.8 Hz, 3H), 1.45 (s, 9H),
2.01-2.07 (m, 1H), 2.78-2.83 (m, 2H), 3.23-3.30 (m, 1H), 3.39-3.44 (m, 1H), 3.63-3.71 (m, 2H),
4.12 (d, J = 12.8 Hz, 1H), 6.56-6.60 (m, 1H), 6.86 (dd, J = 8.8, 11.6 Hz, 1H), 7.05-7.07 (m, 1H).
ESI-MS; m/z 396 [M" +H].
30 [0202]
(13) Synthesis of tert-butyl (-)-[(4aR*,5R*,8aS*)-8a-(5-amino-2-fluorophenyl)-5-methyl-

4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

The compound obtained in Preparation Example 9-(11) was purified by

CHIRALCEL™ 0OJ-H (mobile phase: hexane:ethanol = 1:1, flow rate: 10 ml/min), and the



4H), 4.53-4.61 (m, 4H), 8.34-8.38 (m, 1H), 8.86-8.90 (m, 1H). [0257] (2) Synthesis of
5-(2-methoxyethoxy)pyrazine-2-carboxylic acid 5Potassium trimethylsilanolate (14.8 mg) was added
to a solution of the compound obtained in the previous step (19.7 mg) in tetrahydrofuran (1 ml), and
the mixture was stirred at room temperature for one hgur. The reaction solution was concentrated
under reduced pressure. Water and et%\l acetate were added to the residue, and the aqueous layer

was sepafataen 8V ih Rygterim iinerf whs tbbd ol adize Satasisdriaomwia the bk saemosiditn
chloroforhelagd O gaBic way ‘%Fzﬁ%ﬁ{%@%%mﬁ@tﬁ@ W%&%@Uﬁﬁ‘%ﬁ@ﬁ%{@g@%’ tgin sheditleaw
compound (13.2 mg). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 3.45 (s, 3H), 3.77-3.82 (m, 2H), 4.60-4.64
(m, 2H), B3tard QW MeMz, 1H), 8.96 (d, J = 1.4 Hz, 1H). [0258] Example 1 15 Synthesis of
N34(4aR" 8aS*) 2 aminaefedo- atphedser T ey sranaotialen ey sk (yogphenvi1 s
cyanopyridine-2-carboxamide a%l‘:ormula 48] ONJ NH Chiral NH, Oxalyl chloride (140 Re was
adde®l t02a28u3pénBloAldr 3-80ahepyiidiHd 22 darBS/iie.adib. 385G Yir dichiBrorHdinafe (breal) under
ice-coolingy) Tegaydraiurag (f, My2Gasdyrineuaddes ajthesametempeaiuse; apdihe sglid was
completely dissolved. After confirming completion of foaming, the solvent was evaporated under
reduced Pres&f1@ (MetHMRIRSINEA (Bmblivas added to the residue to obtain an acid chloride solution.
The acid chloride solutigy) Ri§PaIEBaHPVE (4PB Re was added to a solution of tert-butyl
(-)-[(4aRt8aS*)- 8a-(5-amino-2-fluoropheny1)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-l-azanaphthalen-2-
25 yI]carB?a?rﬂ e (14.5 mg) in tetrahydrofuran (5 ml) under ice-cooling. After adding pyridine (500 Re at
the sameplepPRIGIUERathisidMigture was heated to room temperature and stirred for two hours. After
completion of the reaction, a sodium bicarbonate solution was added to the reaction solution. The
ieaialderubd (uth4afydkatas s (Pram endid hengl eI Bver anhydrous
magnesiym, IR K SRNRNTWRS-sUuBRRIaieshHpaaheANcRE RiSRSLE to obtain an amide
compound. The resulting amide compound was dissolved in dichloromethane (4 ml), and
trifluoroa@éﬂ@&&kﬁa ml) was added. The mixture was stirred at room temperature for three hours, and
then ice was added. The aqueous layerwas neutralized 5 with a sodium bicarbonate solution, followed
by extractiog-withethyl aceta e The'8%g nic JayebwasAfied gver anhydfdis magnesium sulfate, and
the solvent was evaperated- ﬁdtqer reduced-pressureLhe residue W?&purified by NH-silica gel column

DAY et oY YLNSY)

chromatography to obtain the tite compound (8.0 nog). O
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(1) Synthesis of 1-[2-(tert-butyldimethylsilanyloxy)ethoxy]-3-buten-2-ol




1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.45 (ddd, J = 2.0, 4.0, 13.6 Hz, 1H), 2.14 10 (m, 1H), 2.65 (dd,
J=2.8,12.4 Hz, 1H), 2.94 (ddd, J =4.0, 7.2, 11.6 Hz, 1H), 3.02 (dd, J = 4.0, 12.0 Hz, 1H), 3.69 (m,
1H), 3.77 (d, J = 10.8 Hz, 1H), 4.06 (dd, J = 2.0, 10.8 Hz, 1H), 4.10 (m, 1H), 7.09 (dd, J = 8.8, 11.6 Hz,
1H), 7.39 (dd, J = 2.8, 6.8 Hz, 1H), 8.01 (ddd, J = 2.8¢94.4, 9.2 Hz, 1H), 8.20 (dd, J = 1.6, 8.0 Hz, 1H),
8.42 (dd, J=0.8, 8.0 Hz, 1H), 8.89 (dd, J = 0.8, 2.0 Hz, 1H), 9.82 (s, 1H). 15 ([0259] Example 2
Synthesis of A solution of oxalyl chloride (8.38 mL) in dichloromethane (470 mL) was cooled

N-[34(85 8@@’@'@1‘_%'Hﬂﬁ@g@#ﬁé&ﬂﬁé@hy‘l[‘%b?ﬁ%ﬂ'éf‘&lﬁéﬂif@mﬁh@%@?o@%ﬁ-ﬁrf'UOfODheny11-5'f|

uoromethoxypyrazine-2-carboxamide [Formula 49] 0,. -T N NH NH2 20The compound obtained in

Preparatibphiotamgfizanc () okl v ay Mddedi sbppopsacthiia sl en Sal o a6 hpyR RO #ig P were
added toyg, SolyHRRIRIE SPWROUNEARIANED iR RERRRIGHRP B30 RIfd{S0- Al fbdighiefemethane

(857 RL). The reaction solution was stirred at room temperature for 16 hours and 30 minutes. Then,

the réactisttrpideenmedyy pilanstory efiesydetheptinay Shebmsbshlaismetbamstel ar-hrvdadisd
compoung, JHR4esWHiNg RMide samresndaas digsaivedun dichliramaibangiiEds Bhdsandd at

trifluoroacetic acid (214 RL) was added. The reaction solution was allowed to stand at room

temperatlifeSPROIERSIH UENPEROTMHBISS lve REigTR evipor2tedhtgrsadided dphessardion saturated
sodium higprhanatensQutior-wasadded oHbe.resichisofrllanMeas Ry exirastion wish: 4a6ethyl acetate.

The organic layer was concentrated under reduced pressure. The residue was purified by NH-silica gel
column cHESHAHIDGREBRIPODFRRR tRBRISEEMpANEESHFRgyium chloride was addeditaiaAR (400 MHz,

CDGA3) B 4pRm)sdnftibi-4fi(he lﬁ;@c(l%r%é% ed: 641800 b m &21Ay 3 W 4y kidd %@8-2.98 (M,
1H), 3.02 (dd, J = 12.2, 5.0 Hz, 1H), 3.64°3.74 (m, 5 1H), 3.74-3.80 (m, 1H), 4.03-4.13 (m, 2H),

6.08-6.104(HTated paieousseding, chiprigegmddtics oves snhydrays mpgnesigg gfaie- 6l omeppc 1),

7.99-8.04, (% WY 1828 thrdip i Zshizadd @h(hidrmid wakZodddhAdd. (D1 d[ORGIN E3@mple 3
10 Synthesis of

N-[34(4aRkBy3s nddad i tha Leaidue-tetrhnyereivrosautieRiAsamepithAfeh-8ay 1Y gedropheny11-5-
dif'Uoror%%&ﬂ%)&ﬁ%?‘z“vﬁ@rﬁﬁgﬁgﬁ%@ﬁloﬂf@é '(M@Iﬁﬂ], 1.38 M solution in tetrahydrofuran) was
15 added dropwise to the reaction solution at the same temperature. The reaction solution was
heated to room temperature with stirring over six hours. Aqueous ammonium chloride and
ethyl acetate were added to the reaction solution, and the organic layer was separated. The
organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous
magnesium sulfate. The organic layer was concentrated under reduced pressure. The residue
20 was purified by silica gel column chromatography to obtain the title compound (10.03 g).
"H-NMR (400 MHz, CDCl3) & (ppm): 0.08 (s, 6H), 0.91 (s, 9H), 2.82 (d, J = 3.2
Hz, 1H), 3.38 (dd, J = 8.0, 10.0 Hz, 1H), 3.57-3.63 (m, 3H), 3.78 (t, J = 5.2 Hz, 2H), 4.29-4.36
(m, 1H), 5.19 (ddd, J = 1.6, 1.6, 10.8 Hz, 1H), 5.36 (ddd, J = 1.6, 1.6, 15.6 Hz, 1H), 5.83 (ddd, J
=5.2,10.4, 15.6 Hz, 1H).
25 [0204]
(2) Synthesis of tert-butyl-[2-(2-methoxy-3-butenyloxy)ethoxy]dimethylsilane

Sodium hydride (357 mg, 60 wt%) was added to a solution of the compound
obtained in Preparation Example 10-(1) (2 g) in DMF (20 mL) under ice-cooling, and the
mixture was stirred at the same temperature for one hour. Methyl iodide (1.01 mL) was added

30 to the reaction solution at the same temperature. The reaction solution was stirred at the same
temperature for one hour. Aqueous ammonium chloride and ethyl acetate were added to the
reaction solution, and the organic layer was separated. The organic layer was washed with
saturated aqueous sodium chloride. The organic layer was dried over anhydrous magnesium

sulfate. The organic layer was concentrated under reduced pressure. The residue was purified



The title compound (14.0 mg) was obtained from the compound obtained in Preparation Example 1
(18.0 mg) and 5-difluoromethoxypyrazine-2-carboxylic acid (24.9 mg) 15 according to the method of
Example 2. 1 H-NMR (400 MHz, CDC13)) 8 (ppm): 1.46-1.49 (m, 1H), 2.08-2.16 (m, 2H), 2.65-2.68
(m, 1H), 2.98-3.04 (m, 2H), 3.66-3.72 (m, 1H), 3.81-3g84 (m, 1H), 4.04 4.07 (m, 1H), 7.06-7.12 (m,
1H), 7.36-7.39 (m, 1H), 7.51 (t, J = 71.6 Hz, 1H), 8.02-8.04 (m, 1H), 8.34 (s, 1H), 9.06 (s, 1H), 9.50 (s,
1H) 20 [264]ieaeshprbemnghsomatography ephisin Hisstbleeranpiay 46 G8here synthesized below
according to Example Emmﬁammye@@iﬁrﬂ?g@m@ miis, D) @nofescorigspanding

carboxylic acids, as shown in the following Table 1. able 1] ‘127 Example 4 Chemical structure N
- 0 N is NH ESnifa(roADORING4) 8 IGompbunt Aramé? Np3inardddd) D=ahfin0-4. 15.2 Hz, 1H).
4,4a,5,G-M@g]ydro-7-oxa-3-thia-1-azanaphthalen-

5 (3) Synthesis of 2-(2-methoxy-3-butenyloxy)ethanol

Tetrabutylammonium fluoride (7.47 mL, 1 M solution in tetrahydrofuran) was
added dropwise to a solution of the compound obtained in Preparation Example 10-(2) (1.3 g) in
tetrahydrofuran (25 mL) under ice-cooling. The reaction solution was stirred at the same
temperature for 10 minutes. The reaction solution was returned to room temperature and

10 further stirred for five hours. Saturated aqueous sodium chloride and ethyl acetate were added
to the reaction solution, and the organic layer was separated. Ethyl acetate was added to the
aqueous layer, and the organic layer was separated. The organic layers were combined and
dried over anhydrous magnesium sulfate. The organic layer was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography to obtain the title

15 compound (500 mg).

"H-NMR (400 MHz, CDCl3) § (ppm): 2.41 (s, 1H), 3.35 (s, 3H), 3.54-3.57 (m,
2H), 3.61-3.64 (m, 2H), 3.72-3.75 (m, 2H), 3.79-3.84 (m, 1H), 5.28-5.35 (m, 2H), 5.71 (ddd, J =
7.6,10.4, 15.6 Hz, 1H).

[0206]
20 (4) Synthesis of (2-methoxy-3-butenyloxy)acetaldehyde oxime

The title compound (280 mg) was obtained from the compound obtained in
Preparation Example 10-(3) (500 mg) according to Preparation Example 8.
"H-NMR (400 MHz, CDCl3) & (ppm): 3.34 (s, 1.5H), 3.35 (s, 1.5H), 3.50-3.54
(m, 2H), 3.78-3.84 (m, 1H), 4.10-4.16 (m, 1H), 4.40 (d, J = 4.0 Hz, 1H), 5.28-5.36 (m, 2H),
25 5.66-5.76 (m, 1H), 6.94 (t, J = 3.2 Hz, 0.5H), 7.51 (t, ] = 5.2 Hz, 0.5H).
[0207]
(5) to (12) Synthesis of tert-butyl (¥)-[(4aS*,5R*,8aS5*)-8a-(5-amino-2-fluorophenyl)-5-

methoxvy-4.4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-vyl]carbamate

The title compound (74 mg) was obtained from the compound obtained in
30 Preparation Example 10-(4) (280 mg) according to Preparation Example 9.
ESI-MS; m/z 412 [M" +H].
[0208]
(13) Synthesis of tert-butyl (-)-[(4aS*,5R*,8aS*)-8a-(5-amino-2-fluorophenyl)-5-methoxy-

4.4a.,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-vl]carbamate




8a-y1)-4-trifluoromethoxyphenyl11-5-cyanopyridine- 2-carboxamide ESI-MS miz 478 [M++H]
Example 5 Chemical structure Cl 01 N FdiNH FO IlIA NNH, 0 s Compound name:
N-[3((85*,8aS*)-2-amino- 4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-y1)-4-trifluoromethoxyphenyl11-5- chloropyridine;ggcarboxamide

10

15

20

The compound obtained in Preparation Example 10-(12) was purified by
CHIRALCEL™ 0OJ-H (mobile phase: hexane:ethanol = 1:1, flow rate: 10 ml/min), and the
fraction with a retention time of 18.6 to 22.0 minutes was collected to obtain the title compound.
The same operation was repeated to obtain the title compound (25 mg; >99% ee) from the raw
material (70 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.52 (s, 9H), 2.77 (dd, T = 7.6, 12.8 Hz,
1H), 2.84-2.89 (m, 1H), 3.10 (dd, J = 3.2, 12.8 Hz, 1H), 3.32 (dd, J = 10.4, 10.4 Hz, 1H), 3.48 (s,
3H), 3.61-3.75 (m, 2H), 4.08 (dd, J = 1.2, 12.0 Hz, 1H), 4.29 (dd, J = 4.8, 10.8 Hz, 1H), 6.53 (dd,
J=3.2,6.4 Hz, 1H), 6.55-6.59 (m, 1H), 6.86 (dd, J = 8.4, 12.0 Hz, 1H).

ESI-MS; m/z 412 [M" +H].

[0209]

Preparation Example 11

Synthesis of tert-butyl (£)-[(2R*.4aR,8aS)-8a-(5-amino-2-fluorophenyl)-4-methyl-4.4a,5,6.8,8a-

hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

[Formula 36]
oH o "7 @ _o~Now @ T @ Y
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(1) to (10) Synthesis of tert-butyl (£)-[(2R*,4aR,8aS)-8a-(5-amino-2-fluorophenyl)-4-methyl-

4.4a.,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-vl]carbamate

The title compound (384 mg) was obtained from trans-3-penten-1-ol (4.71 g)
according to Preparation Example 9.

"H-NMR (400 MHz, CDCl3) & (ppm): 1.18 (d, J = 7.2 Hz, 3H), 1.53 (s, 9H),
1.85-1.96 (m, 1H), 2.80 (ddd, J = 4.0, 4.0, 12.0 Hz, 1H), 3.22 (qd, J = 7.2, 3.2 Hz, 1H), 3.61-3.70



ESI-MS miz 487 [M++H] [0262] Examples 6 to 10 The compounds of Examples 6 to 10 were
synthesized below according to Example 2 using the compound of Preparation Example 6-(12) and
the corresponding carboxylic 5 acids, as shown in the following Table 2. [Table 2] Example 6 Chemical
structure CI 01 N NH chiral 40 (.)NNH, S Compound fggme: N-[3-((4aR*,6S*,8aS*)-2-amino-

6-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-¥{1)-4-fluorophenyll-s-
(m, 3H), 4.05-4.17 (m, 2H), 6.54-6.58 (m, 2H), 6.83-6.88 (m, TH).

ESI-MS; m/z 396 [M" +H].
[0210]
Preparation Example 12
5  Synthesis of 5-difluoromethylpyrazine-2-carboxylic acid

[Formula 37]

0 0 0o 0
HO)K[N\]\ (1) >LO)K[N\]\ (2) >LO)K[N\]\/\ (3) >LO)K[N\]\/
N/ N/ N/ P l‘\l/ A __0O

N

0 (0]
) >LO)K[N\ (5) HOJK[N\
N/j\/ F N/j\/ F
F F

(1) Synthesis of t-butyl 5-methylpyrazine-2-carboxylate

A boron trifluoride-diethyl ether complex (91.7 uL) was added dropwise to a
suspension of 2-methylpyrazine-5-carboxylic acid (1 g) and tert-butyl 2,2,2-trichloroacetimidate
10 (4.75 g) in tetrahydrofuran (20 mL) under ice-cooling. The reaction solution was heated to
room temperature and stirred for two hours. A saturated sodium chloride solution and ethyl
acetate were added to the reaction solution, and the organic layer was separated. The organic
layer was dried over anhydrous magnesium sulfate, and the insoluble matter was separated by
filtration. The filtrate was concentrated and purified by silica gel column chromatography to
15 obtain the title compound (1.4 g).
"H-NMR (CDCl3) & (ppm): 1.65 (s, 9H), 2.65 (s, 3H), 8.57 (d, J = 1.2 Hz, 1H),
9.10(d,J = 1.6 Hz, 1H).
[0211]
(2) Synthesis of t-butyl 5-((E)-2-dimethylaminovinyl)pyrazine-2-carboxylate

20 A mixture of t-butyl 5-methylpyrazine-2-carboxylate (1.35 g), N,N-
dimethylformamide (25 mL) and N,N-dimethylformamide dimethylacetal (25 mL) was stirred at
130°C for five hours. The reaction solution was cooled to room temperature and diluted with
ethyl acetate. The mixture was washed with a saturated sodium chloride solution three times.
The organic layer was dried over anhydrous magnesium sulfate, and the insoluble matter was

25 separated by filtration. The filtrate was concentrated and the residue was purified by silica gel
column chromatography to obtain the title compound (648 mg).

"H-NMR (CDCl3) & (ppm): 1.63 (s, 9H), 3.00 (s, 6H), 5.16 (d, J = 12.8 Hz, 1H),
7.72 (d,J =12.8 Hz, 1H), 8.16 (d, J = 1.2 Hz, 1H), 8.81 (d, J = 1.6 Hz, 1H).



chloropyridine-2-carboxamide ESI-MS miz 435 [M++H] Example 7 Chemical structure O N 40 NH
chiral NNH 0 s Compound name: N-[3-((4aR*,6S*,8aS*)-2-amino-
6-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluorophenyl11-5-
cyanopyridine-2-carboxamide ESI-MS miz 426 [M++4] Example 8
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[0212]

(3) Synthesis of t-butyl 5-formylpyrazine-2-carboxylate

Sodium periodate (1.67 g) was added to a solution of t-butyl 5-((E)-2-
dimethylamino-vinyl)pyrazine-2-carboxylate (645 mg) in 50% tetrahydrofuran-water (26 mL),
and the mixture was stirred at room temperature for four hours. A saturated sodium bicarbonate
solution and ethyl acetate were added to the reaction solution, and the organic layer was
separated. The organic layer was washed with a saturated sodium chloride solution and dried
over anhydrous magnesium sulfate. The insoluble matter was separated by filtration and the
filtrate was concentrated. The residue was purified by silica gel column chromatography to
obtain the title compound (249 mg).

"H-NMR (CDCl3) & (ppm): 1.68 (s, 9H), 9.25 (d, T = 1.2 Hz, 1H), 9.36 (d, J = 1.6
Hz, 1H), 10.2 (s, 1H).

[0213]

(4) Synthesis of t-butyl 5-difluoromethylpyrazine-2-carboxylate

[Bis(2-methoxyethyl)amino]sulfur trifluoride (662 nL) was added dropwise to a
solution of t-butyl 5-formylpyrazine-2-carboxylate (249 mg) in dichloromethane (12 mL) in a
nitrogen atmosphere under ice-cooling. The reaction solution was stirred for two hours while
gradually returning to room temperature. A saturated sodium bicarbonate solution and ethyl
acetate were added to the reaction solution, and the organic layer was separated. The organic
layer was washed with a saturated sodium chloride solution and dried over anhydrous
magnesium sulfate. The insoluble matter was separated by filtration and the filtrate was
concentrated. The residue was purified by silica gel column chromatography to obtain the title
compound (175 mg).

"H-NMR (CDCl3) & (ppm): 1.67 (s, 9H), 6.75 (t, ] = 54.4 Hz, 1H), 9.02 (d, J =
0.8 Hz, 1H), 9.25 (d, J = 0.8 Hz, 1H).
[0214]

(5) Synthesis of 5-difluoromethylpyrazine-2-carboxylic acid

Trifluoroacetic acid (1 mL) was added to a solution of t-butyl 5-
difluoromethylpyrazine-2-carboxylate (175 mg) in dichloromethane (1 mL), and the mixture was
stirred at room temperature for five hours. Ether and 5 N sodium hydroxide were added to the
reaction solution. The aqueous layer was separated and made acidic with 5 N hydrochloric
acid. Ethyl acetate was added to the aqueous layer, and the organic layer was separated. The
organic layer was dried over anhydrous magnesium sulfate, and the insoluble matter was

separated by filtration. The filtrate was concentrated to obtain the title compound (100 mg).



Chemical structure Compound name: N-[34(4aR*,6S*,8aS*)-2-amino-
6-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluoropheny11-5-
trifluoromethylpyridine-2-carboxamide 128 F O N 00 NH chiral NNH, 0 S ESI-MS miz 469 [M++H]
Example 9 103

"H-NMR (CDCl3) & (ppm): 6.80 (t, J = 54.4 Hz, 1H), 9.02 (s, 1H), 9.47 (s, 1H).
[0215]
Preparation Example 13

Synthesis of tert-butyl [(4aR,6R.8aS)-8a-(5-amino-2-fluorophenyl)-6-hydroxymethyl-

5 4.4a,5.6,8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

[Formula 38]
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(1) Synthesis of (R)-1-benzyloxy-4-penten-2-ol

Ether (100 ml) and copper (I) iodide (580 mg) were added to a solution of (R)-
benzyl glycidyl ether (10.0 g) in THF (100 ml). The mixture was cooled to -78°C, and
10 vinylmagnesium chloride (1.38 M, 53.0 ml) was added dropwise. The mixture was stirred
overnight with gradual heating to room temperature. Ice was added to the reaction solution,
and an ammonium chloride solution was further added. The aqueous layer was extracted with
ethyl acetate, and the organic layer was washed with an ammonium chloride solution. The
insoluble matter was removed by filtration through celite, and the solvent was evaporated under
15 reduced pressure to obtain the title compound (12.5 g).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.59 (d, J = 2.0 Hz, 1H), 2.25-2.29 (m,
2H), 3.38 (dd, J =7.2,9.2 Hz, 1H), 3.52 (dd, ] = 3.2, 9.2 Hz, 1H), 3.86-3.91 (m, 1H), 4.56 (s,
2H), 5.08-5.15 (m, 2H), 5.78-5.88 (m, 1H), 7.28-7.38 (m, SH).
[0216]
20  (2) Synthesis of [(R)-2-(2,2-diethoxyethoxy)-4-pentenyloxymethyl]benzene
(R)-1-Benzyloxy-4-penten-2-ol (3.13 g) was dissolved in DMF (32 ml), and




Chemical structure OF N IS NH chiral NNH, 0 s Compound name: N-[34(4aR*,6S*,8aS*)-2-amino-
6-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluoropheny11-5-
difluoromethoxypyrazine-2-carboxamide ESI-MS miz 468 [M++H] Example 10 Chemical structure OF
----- N IS NH 104

sodium hydride (60%, 0.91 g) was added in an ice bath. After stirring at the same temperature
for 30 minutes, bromoacetaldehyde diethyl acetal (3.03 ml) was added. The mixture was
heated to room temperature and stirred for two hours, and then heated to 50°C and stirred for one
hour. After cooling to room temperature, ice was added to the reaction solution. The reaction
5 solution was extracted with ethyl acetate. The organic layer was washed with water and brine.

The organic layer was dried over anhydrous magnesium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica gel column chromatography to
obtain the title compound. The mixture containing the recovered raw material was reacted
under the same conditions. The title compound was obtained by purification by the same

10 method (total yield: 5.00 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.20 (t,J = 7.2 Hz, 3H), 1.21 (t, T =7.2

Hz, 3H), 2.31-2.34 (m, 2H), 3.50 (dd, J = 1.2, 5.2 Hz, 2H), 3.53-3.71 (m, 7H), 4.54 (s, 2H), 4.60
(t,J =5.2 Hz, 1H), 5.02-5.11 (m, 2H), 5.78-5.88 (m, 1H), 7.25-7.35 (m, SH).
[0217]

15 (3) Synthesis of ((R)-1-benzyloxymethyl-3-butenyloxy)acetaldehyde oxime

[(R)-2-(2,2-Diethoxyethoxy)-4-pentenyloxymethyl]benzene (20.0 g) was
dissolved in formic acid (160 ml) and water (40 ml), and the mixture was stirred at room
temperature for 30 minutes. Next, water (161 ml) and ethanol (400 ml) were added, and then
hydroxylamine sulfate (6.38 g) and sodium acetate (8.82 g) were added, followed by stirring at

20 room temperature overnight. Water was added to the reaction solution, and the insoluble matter
was dissolved. Then, the excess of ethanol was evaporated under reduced pressure. The
aqueous layer was extracted with ethyl acetate. The organic layer was washed with water and
brine. The organic layer was dried over anhydrous magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by silica gel column

25 chromatography to obtain the title compound (13.7 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 2.30-2.35 (m, 2H), 3.47-3.62 (m, 3H),
4.17-4.27 (m, 1H), 4.46-4.47 (m, 1H), 4.55 (d, ] = 4.4 Hz, 2H), 5.04-5.11 (m, 2H), 5.74-5.85 (m,
1H), 6.94 (t,J = 3.6 Hz, 0.35H), 7.28-7.37 (m, 5SH), 7.50 (t, J = 6.0 Hz, 0.65 Hz).

[0218]
30 (4) Synthesis of (3aR,5R)-5-benzyloxymethyl-3,3a,4,5-tetrahydro-7H-pyrano[3.4-clisoxazole

((R)-1-Benzyloxymethyl-3-butenyloxy)acetaldehyde oxime (13.7 g) was
dissolved in dichloromethane (164 ml). A 5% sodium hypochlorite solution (164 ml) was
added dropwise in an ice bath, and the mixture was stirred at the same temperature for two hours.

The reaction solution was diluted with water, and the aqueous layer was extracted with



chiral NNH2 (.) s Compound name: 6-methyl-4 4a 4a 5 6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluoropheny11-5- fluoromethoxypyrazine-2-carboxamide ESI-MS miz 450
[M++H] [0263] Examples 11 to 15 The compounds of Examples 11 to 15 were synthesized
below according to Example 2 using the compound ofggreparation Example 7-(12) and the
corresponding carboxylic 5 acids, as shown in the following Table 3. [Table 3-1] Chemical structure
CompouHH:WQFﬁB?qul-TBQMﬁ%ﬁg,@ﬁglﬂyﬁrdﬁ@m@r-@d over anhydrous magnesium sulfate, and the

methoxygagibilwhdavaRriatalinaes réaovaddthisalazanap RGaIRN8A- Ytk usr omoe vl doRuRyANOPY T

dine-2- carboxamide . '
chromatography to obtain the title compound (12.2 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.52-1.61 (m, 1H), 2.19 (ddd, T = 0.8, 6.8,
5 14.4 Hz, 1H), 3.43-3.50 (m, 2H), 3.56 (dd, J = 6.4, 10.0 Hz, 1H), 3.69-3.75 (m, 1H), 3.79 (dd, J
= 8.0, 12.0 Hz, 1H), 4.21 (dd, J = 1.6 Hz, 13.6 Hz, 1H), 4.54-4.64 (m, 3H), 4.77 (d, ] = 13.2 Hz,
1H), 7.30-7.38 (m, 5H).
[0219]
(5) Synthesis of (3aR,5R,7aS)-5-benzyloxymethyl-7a-(2-fluorophenyl)hexahydropyrano[ 3,4-
10 clisoxazole

Toluene (100 ml) and THF (10 ml) were added to 2-bromofluorobenzene (3.11 g).
The reaction solution was cooled to -78°C, and n-butyllithium (2.63 M, 6.15 ml) was added
dropwise. After stirring at the same temperature for one hour, a mixed solution of (3aR,5R)-5-
benzyloxymethyl-3,3a,4,5-tetrahydro-7H-pyrano|[3,4-c]isoxazole (2.00 g) in toluene (20 ml) and
15 THF (2 ml) and a boron trifluoride-diethyl ether complex (2.03 ml) were added dropwise at the
same time. After stirring at the same temperature for two hours, an ammonium chloride
solution was added to the reaction solution. The aqueous layer was extracted with ethyl acetate,
and the organic layer was dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure and the residue was purified by silica gel column
20 chromatography to obtain the title compound (2.29 g).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.51-1.60 (m, 1H), 1.81-1.88 (m, 1H),
3.10-3.18 (m, 1H), 3.49 (dd, J = 4.0, 10.4 Hz, 1H), 3.54-3.58 (m, 2H), 3.70 (d, J = 7.6 Hz, 1H),
3.88 (d,J =12.4 Hz, 2H), 4.19 (dd, J = 2.0, 12.4 Hz, 1H), 4.57 (d,J = 12.0, 1H), 4.63 (d,J =
12.0, 1H), 6.30 (s, 1H), 7.03 (ddd, J = 1.2, 8.0, 12.4 Hz, 1H), 7.16 (dt, J = 1.2, 8.0 Hz, 1H), 7.23-
25 7.37 (m, 6H), 7.93 (dt, J = 1.6, 8.0 Hz, 1H).
[0220]
(6) Synthesis of [(2R.4R.,5S)-5-amino-2-benzyloxymethyl-5-(2-fluorophenyl)tetrahydropyran-4-
yllmethanol

Zinc powder (4.36 g) was added to a solution of (3aR,5R,7aS)-5-

30 benzyloxymethyl-7a-(2-fluorophenyl)hexahydropyrano|3,4-c]isoxazole (2.29 g) in acetic acid
(50 ml), and the mixture was stirred at room temperature overnight. The insoluble matter was
removed by filtration through celite, and the solvent was evaporated under reduced pressure.
Ice was added to the residue, followed by neutralization with a 5 N sodium hydroxide solution.

The aqueous layer was extracted with dichloromethane, and the organic layer was dried over



1H-NMR (400MHz, CDC13) 8 (ppm): 1.45-1.53 (m, 1H), 1.80-1.93 (m, 1H), 2.58-2.67 (m, 1H),
2.94-3.07 (m, 2H), 3.43 (s, 3H), 3.43-3.57 (m, 2H), 3.81-3.92 (m, 2H), 4.14-4.21 (m, 1H), 7.02-7.11 (m,
1H), 7.35-7.41 (m, 1H), 7.97-8.06 (m, 1H), 8.16-8.23 (m, 1H), 8.37-8.44 (m, 1H), 8.86-8.91 (m, 1H),
9.80 (brs, 1H). ESI-MS miz 456 [M++H] 129 Examplgyg2 Chemical structure F O N chiral F IS NH
NNH, 0 Compound name; N-[3-((4aR* 6R* 8aS*)-2-amino-6-
methoxy ASEHFeWs MRS EtemaIN/AE- 7-bRe SRkyRAL 1as £YARAIHRA ARIEREIRd RIGSTBIShe el -5-
difluorometfinlpyiaZzingi&LPbh AXRERIES column chromatography to obtain the title compound (2.08 g).
"H-NMR (400 MHz, CDCl;) & (ppm): 1.61-1.67 (m, 1H), 1.98-2.08 (m, 1H),
2.30-2.35 (m, 1H), 3.33 (dd, J = 2.8, 11.2 Hz, 1H), 3.44 (d, ] = 11.2 Hz, 1H), 3.53-3.57 (m, 2H),
5 3.62(dd,J=6.8,10.4 Hz, 1H), 3.86-3.90 (m, 1H), 4.27 (dd,J =2.4, 11.2 Hz, 1H), 4.59 (d, J =
12.0 Hz, 1H), 4.66 (d, J = 12.0 Hz, 1H), 7.06 (ddd, J = 1.6, 8.0 Hz, 13.2 Hz, 1H), 7.20 (dt, J =
1.2,7.6 Hz, 1H), 7.26-7.39 (m, 6H), 7.63 (dt, ] = 1.6, 7.6 Hz, 1H).
[0221]

(7) Synthesis of (4aR,6R,8aS)-6-benzyloxymethyl-8a-(2-fluorophenyl)-4.4a,5,6.8,8a-hexahydro-

10 7-oxa-3-thia-1-azanaphthalen-2-ylamine

Benzoyl isothiocyanate (893 ul) was added dropwise to a solution of
[(2R,4R,55)-5-amino-2-benzyloxymethyl-5-(2-fluorophenyl)tetrahydropyran-4-ylJmethanol
(2.08 g) in dichloromethane (30 ml). The reaction solution was stirred at room temperature for
three hours, and then the solvent was evaporated under reduced pressure. The residue was

15 purified by silica gel column chromatography. Several drops of concentrated hydrochloric acid
were added to a solution of the resulting intermediate in methanol (40 ml), and the mixture was
heated under reflux for five hours. The reaction solution was returned to room temperature, and
then the solvent was evaporated under reduced pressure. The residue was dissolved in
methanol (40 ml) and DBU (2 ml) was added, followed by heating under reflux for five hours.

20 The solvent was evaporated under reduced pressure and the residue was purified by NH-silica
gel column chromatography to obtain the title compound (1.61 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.51 (ddd, J = 2.4, 3.6, 13.2 Hz, 1H),
1.74-1.84 (m, 1H), 2.55-2.60 (m, 1H), 2.92-2.98 (m, 2H), 3.47 (dd, J = 4.4, 9.6 Hz, 1H), 3.62
(dd,J=6.4,10.0 Hz, 1H), 3.83 (d, ] = 10.8 Hz, 1H), 3.87-3.93 (m, 1H), 4.17 (dd, J =2.4, 11.2

25 Hz, 1H), 4.51 (brs, 2H), 4.56 (d, J = 12.0 Hz, 1H), 4.63 (d, ] = 12.0 Hz, 1H), 7.02 (ddd, J = 1.6,
8.0, 12.8 Hz, 1H), 7.12 (dt, J = 1.6, 7.6 Hz, 1H), 7.22-7.37 (m, 7TH).

[0222]
(8) Synthesis of [(4aR,6R,8aS)-2-amino-8a-(2-fluorophenyl)-4.4a,5,6,8,8a-hexahydro-7-oxa-3-

thia-1-azanaphthalen-6-yl|methanol
30 Concentrated hydrochloric acid (25.2 ml) was added to (4aR,6R,8aS)-6-

benzyloxymethyl-8a-(2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-
ylamine (1.26 g), and the mixture was heated under reflux for two hours. After cooling the
reaction solution to room temperature, the reaction mixture was poured into ice. The mixture

was neutralized with 5 N sodium hydroxide, and the aqueous layer was extracted with



1H-NMR (400MHz, CDC13) 8 (ppm): 1.45-1.54 (m, 1H), 1.79-1.92 (m, 1H), 2.58-2.67 (m, 1H),
2.94-3.07 (m, 2H), 3.42 (s, 3H), 3.43-3.48 (m, 1H), 3.50-3.57 (m, 1H), 3.82-3.92 (m, 2H), 4.13-4.20 (m,
1H), 6.79 (t, J=54.6Hz, 1H), 7.02-7.10 (m, 1H), 7.35-7.41 (m, 1H), 7.96-8.04 (m, 1H), 8.88-8.93 (m,
1H), 9.47-9.52 (m, 1H), 9.60 (brs, 1H). ESI-MS miz 48¢ [M++H] Example 13 Chemical structure CI | 0
N is NH chiral F IP NNH2 0 .20 ,S Compound name: N-[34(4aRt6R*,8aS*)-2-amino-6-
methoxyﬁimfm?ﬁl?sﬂg%-t&hﬁﬁ?ﬁ?&lﬂéﬁ B/4pidrigd over anhydrous magnesium sulfate. The

azanaphialefr §aydVafdteRPrheIridoccaPraRyEiding e r&alhakaMe aEwlshba Wit 46rikMa++H]
solvent of heptane and ether to obtain the title compound (890 mg).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.40 (ddd, J = 2.0, 6.0, 12.8 Hz, 1H),

5 1.81-1.90 (m, 1H), 2.59 (dd, J =4.4, 14.0 Hz, 1H), 2.95-2.99 (m, 2H), 3.61-3.69 (m, 2H), 3.69-
3.81 (m, 1H), 3.83 (d, J = 11.2 Hz, 1H), 4.17 (dd, J = 2.0, 13.2 Hz, 1H), 7.03 (ddd, J = 1.2, 8.4,
13.2 Hz, 1H), 7.13 (dt, J = 1.6, 7.6 Hz, 1H), 7.24-7.29 (m, 1H), 7.35 (dt, J = 1.6, 8.0 Hz, 1H).
[0223]
(9) Synthesis of [(4aR,6R,8aS)-2-amino-8a-(2-fluoro-5-nitrophenyl)-4.4a,5,6,8.8a-hexahydro-7-

10 oxa-3-thia-1-azanaphthalen-6-ylJmethanol

Concentrated sulfuric acid (2.5 ml) was added dropwise to a solution of
[(4aR,6R,8aS)-2-amino-8a-(2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-6-ylJmethanol (700 mg) in TFA (5 ml) in an ice bath. Then, fuming nitric acid
(specific gravity: 1.52, 103 pl) was added dropwise at the same temperature, followed by stirring

15 for one hour. The reaction mixture was poured into ice and made basic with a 5 N sodium
hydroxide solution, followed by stirring at room temperature for two hours. The aqueous layer
was extracted with dichloromethane, and the organic layer was dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure to obtain the title compound (1.0
g).

20 "H-NMR (400 MHz, CDCl3) & (ppm): 1.46 (ddd, J = 2.4, 4.0, 13.2 Hz, 1H),
1.84-1.94 (m, 1H), 2.66 (dd, J = 2.4, 12.4 Hz, 1H), 2.93 (dd, J = 4.4, 12.4 Hz, 1H), 2.96-3.02 (m,
1H), 3.63-3.71 (m, 2H), 3.76-3.82 (m, 1H), 3.86 (d, J = 11.2 Hz, 1H), 4.11 (dd, J = 2.8, 10.4 Hz,
1H), 7.21 (dd, J = 8.8, 10.8 Hz, 1H), 8.19 (ddd, J = 3.2, 4.0, 8.8 Hz, 1H), 8.30 (dd, J =3.2, 6.8
Hz, 1H).

25 [0224]

(10) Synthesis of tert-butyl [(4aR,6R.8aS)-8a-(2-fluoro-5-nitrophenyl)-6-hydroxymethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

Triethylamine (1 ml) was added to a solution of [(4aR,6R,8aS)-2-amino-8a-(2-
fluoro-5-nitrophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-6-ylJmethanol (1.0
30 g)in THF (100 ml). Then, di-tert-butyl dicarbonate (1.28 g) was added and the mixture was
stirred at room temperature overnight. The solvent was evaporated under reduced pressure and
the residue was purified by NH-silica gel column chromatography to obtain the title compound
(1.05 g2).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.47-1.54 (m, 1H), 1.86-1.97 (m, 1H),



[Table 3-2] Example 14 Chemical structure NOF N di NH chiral F 111.- NNH2 0 _-s H Compound
name: N-[34(4aRt6R*,8aS*)-2-amino-6- methoxymethyl1-4 4a 5 6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyl1-5- fluoromethoxypyrazine-2-carboxamide ESI-MS miz 480
[M++H] Example 15 Chemical structure 108

2.59 (dd, J =2.8, 12.8 Hz, 1H), 2.86 (dd, J = 3.6, 12.8 Hz, 1H), 3.04-3.08 (m, 1H), 3.67 (d,J =
6.0 Hz, 2H), 3.76-3.82 (m, 1H), 3.83 (d, J = 11.6 Hz, 1H), 4.09 (dd, J = 2.4, 11.2 Hz, 1H), 7.22-
7.25 (m, 1H), 8.20-8.24 (m, 2H).
[0225]

5 (11) Synthesis of tert-butyl [(4aR,6R.8aS)-8a-(5-amino-2-fluorophenyl)-6-hydroxymethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

Iron powder (121 mg) and a saturated ammonium chloride solution (1 ml) were
added to a solution of tert-butyl [(4aR,6R,8aS)-8a-(2-fluoro-5-nitrophenyl)-6-hydroxymethyl-
4.,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate (120 mg) in ethanol (20

10 ml). The reaction solution was heated under reflux for 40 minutes and then cooled to room
temperature. The insoluble matter was filtered off through celite, and the filtrate was
evaporated under reduced pressure. The residue was purified by NH-silica gel column
chromatography to obtain the title compound (67 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.47-1.54 (m, 1H), 1.53 (s, 9H), 1.86-1.96

15 (m, 1H), 2.53 (dd, 2.8, 12.8 Hz, 1H), 2.99 (dd, J =4.0, 12.4 Hz, 1H), 3.07-3.11 (m, 1H), 3.65-
3.81 (m, 4H), 4.18 (dd, J = 1.2, 12.0 Hz, 1H), 6.56-6.60 (m, 2H), 6.84-6.89 (m, 1H).

[0226]
Preparation Example 14

Synthesis of tert-butyl (+)-[(4aR*,6R* ,8aS*)-8a-(5-amino-2-fluorophenyl)-6-trifluoromethyl-

20 4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate
[Formula 39]

NH,

OH

N
(1) ) = (2 F N (3)
FM —_., F \\\.QI/O p— o} N\\(N‘Boc —
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F F Fo S
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(1) Synthesis of (+)-(3aR*,5R*)-5-trifluoromethyl-3,3a.4,5-tetrahydro-7H-pyrano[3.4-
clisoxazole

The title compound (6.6 g) was obtained from 1,1, 1-trifluoro-4-penten-2-ol (10.0
25  g) according to the method of Preparation Example 6.
"H-NMR (400 MHz, CDCl3) & (ppm): 1.80 (dd, J = 11.6, 24.4 Hz, 1H), 2.40
(ddd, J=2.0,6.4,12.8 Hz, 1H), 3.52 (ddd, J = 6.4, 10.8, 22.0 Hz, 1H), 3.85-3.96 (m, 2H), 4.30



NOF i NF di NH chiral F 111.- NNH2 0 .-s H Compound name: N-[34(4aRt6R*,8aS*)-2-amino-6-

methoxymethyl1-4 4a 5 6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluoropheny11-5-

difluoromethoxypyrazine-2-carboxamide ESI-MS miz 498 [M++H] [0264] Examples 16 to 30

The compounds of Examples 16 to 30 were synthesizggl according to Example 2 5 using the

correspondin carbﬁglic acids and the corresponding aniline intermediates in Pre%a;ration Examples,
i :

as showiidh the tottoldad rabld 4+ fPHigke A4 P-4, 10.4 Hz, 1H), 4.8 (d, ) = 132 Hz, 1
[0227]

(2) Synthesis of tert-butyl (+)-[(4aR*,6R*,8aS*)-8a-(5-amino-2-fluorophenyl)-6-trifluoromethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate
5 The title compound (1.54 g) was obtained from (t)-(3aR*,5R*)-5-

trifluoromethyl-3,3a,4,5-tetrahydro-7H-pyrano[3,4-c]isoxazole (2.00 g) according to the method
of Preparation Example 6.
"H-NMR (400 MHz, CDCl3) & (ppm): 1.53 (s, 9H), 1.74-1.79 (m, 1H), 2.50-2.20

(m, 1H), 2.57 (dd, J = 2.8, 12.4 Hz, 1H), 2.99-3.07 (m, 2H), 3.66 (s, 2H), 3.85 (d, J = 11.6 Hz,

10 1H), 4.03-4.06 (m, 1H), 4.17 (d, J = 12.0 Hz, 1H), 6.53-6.60 (m, 2H), 6.86 (dd, J = 8.8, 12.0 Hz,
1H).
[0228]
(3) Synthesis of tert-butyl (+)-[(4aR*,6R*,8aS*)-8a-(5-amino-2-fluorophenyl)-6-trifluoromethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

15 tert-Butyl (£)-[(4aR*,6R*,8aS*)-8a-(5-amino-2-fluorophenyl)-6-trifluoromethyl-
4.,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate (25 mg) was purified by
CHIRALPAK™ AD-H (mobile phase: hexane:ethanol = 81:19, flow rate: 10 ml/min). The
fraction with a retention time of 17.7 to 22.6 minutes was collected to obtain the title compound.
The same operation was repeated to obtain the title compound (580 mg; >99% ee) from the

20 racemate (1.45 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.53 (s, 9H), 1.74-1.79 (m, 1H), 2.50-2.20
(m, 1H), 2.57 (dd, J = 2.8, 12.4 Hz, 1H), 2.99-3.07 (m, 2H), 3.66 (s, 2H), 3.85 (d, J = 11.6 Hz,
1H), 4.03-4.06 (m, 1H), 4.17 (d, J = 12.0 Hz, 1H), 6.53-6.60 (m, 2H), 6.86 (dd, J = 8.8, 12.0 Hz,
1H).

25 [0229]

Preparation Example 15

Svynthesis of tert-butyl [(4aR,6R.8aS)-8a-(5-amino-2-fluorophenyl)-6-fluoromethyl-

4.,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate
[Formula 40

NO, NO, NH,
F H Q) F H (2) F H
(o) Ns N\Boc - o NS N\Boc - (o) Ns N\Boc
HO_ S Faie S P S
H H H

30 (1) Synthesis of tert-butyl [(4aR.6R,8aS)-8a-(5-nitro-2-fluorophenyl)-6-fluoromethyl-

4.4a.,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-vl]carbamate




130 Example 16 z\'2 zi z z )rw 0 az i u_ o Compound name: N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-
4,4a,5,6-tetrahydro-7-oxa-3-thia-l-azanaphthalen-8a-y1)-4-
fluorophenyll-5-cyanopyridine-2-carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm): 2.87 (dd, J=4.0,
12.4Hz, 1H), 2.99-3.07 (m, 1H), 3.17 (dd, J=2.8, 12.8Klg, 1H), 3.53 (ddd, J=4.8, 10.4, 10.4Hz, 1H),
3.74 (dd, J=2.4, 11.2Hz, 1H), 4.08 (dd, J=2.0, 11.2Hz, 1H), 4.26 g% J=5.6, 10.4Hz, 1H), 4.18-5.01 (m,
1H), 7.11 (dd, J=8.8, 1Berzmathoxyahybamiegl siBistifl upkyle7 435 (o oy -aplde didpoisiass A0 rH), 8.20

(dd, J=2.4, 8% EALR AL (AR 570 815-Rb1e5 htto B8R AN R 62 Jitonc bRy Bh (6 3618 & !-MS

miz 430 [M++H] Example17 F !Try&IF soNH
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate obtained in Preparation Example 13
(575 mg) in dichloromethane (55 ml) at -78°C. The mixture was stirred overnight with gradual

5 heating to room temperature. A sodium bicarbonate solution was added to the reaction
solution, and the aqueous layer was extracted with chloroform. The organic layer was dried
over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure and
the residue was purified by NH-silica gel column chromatography to obtain the title compound
(240 mg).
10 ESI-MS m/z 444 [M"* +H]

[0230]

(2) Synthesis of tert-butyl [(4aR,6R,8aS)-8a-(5-amino-2-fluorophenyl)-6-fluoromethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

The title compound (26 mg) was obtained from tert-butyl [(4aR,6R,8aS)-8a-(5-
15 nitro-2-fluorophenyl)-6-fluoromethyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-
yl]Jcarbamate (39 mg) according to Preparation Example 13.
ESI-MS m/z 414 [M* +H]
[0231]
Preparation Example 16

20 Synthesis of (£)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,6R*.8aS*)-8a-(5-bromo-2-fluorophenyl)-

6-trifluoromethyl-4.4a.5,6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine
[Formula 41]

Br Br Br
B
oYY . FYw @ F ® F o
N, N . NH, — N _N<
O v O o N Boc
e TH ° OoH s
F3C g F53C H F3C H

(1) Synthesis of (+)-(3aR*,5R*,7aS*)-7a-(5-bromo-2-fluorophenyl)-5-trifluoromethyl-

hexahydropyranol3.4-clisoxazole

25 The title compound (484 mg) was obtained from (+)-(3aR*,5R*)-5-

trifluoromethyl-3,3a,4,5-tetrahydro-7H-pyrano[3,4-c]isoxazole obtained in Preparation Example
14 (300 mg) and 1,3-dibromo-4-fluorobenzene (855 mg) according to the method of Preparation
Example 1-(3).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.74-1.83 (m, 1H), 2.04-2.10 (m, 1H),
30 3.12-3.18 (m, 1H), 3.64 (dd, J =5.2, 8.0 Hz, 1H), 3.79 (d, J = 7.6 Hz, 1H), 3.94-4.05 (m, 2H),
4.15 (dd, J =2.0, 8.0 Hz, 1H), 6.22 (s, 1H), 6.96 (dd, J = 8.4, 11.6 Hz, 1H), 7.43 (ddd, J = 2.8,



H2 oTN Compound name: N-[34(4a5,5S,8a5)-2-amino-5-fluoro-
4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
fluoropheny11-5-difluoromethylpyrazine-2-carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm): 2.87
(dd, J=4.0, 12.8Hz, 1H), 2.99-3.07 (m, 1H), 3.17 (dd,{J53.2, 12.8Hz, 1H), 3.50- 3.57 (m, 1H) 3.74 (dd,
J=2.4, 10.8Hz, 1H), 4.08 (dd, J=2.0, 10.8Hz, 1Hf 4.27 (dd, J=5.6, 10.4Hz, 1H), 4.80-5.00 (m, 1H),
6.80 (t, J444Suiblze Lh) 78109 4, I=g26h. p186Hr, 1)), 7.43 (dd, J=2.4, 6.4Hz, 1H), 7.95-7.99 (m, 1H),
8.93 (s, 16H39:52 (s, 1H), 9.62 (s, 1H). ESI-MS miz 456 [M++H] Example 18 ....2.2.r.,ci 0 so NH .NH2
s Compound name: N-[3- ((4a5 58 ,8ab)- 2 amlno -5-fluoro-

4.4a,5,6-tetrarhes £9-84(3bromo-2-fluorophenyl)-2-trifluoromethyl-
fIuorophq&}zgﬁ\@-%lgrﬁpxrm%&mboxam|de
5 The title compound (390 mg) was obtained from (+)-(3aR*,5R*,7aS*)-7a-(5-

bromo-2-fluorophenyl)-5-trifluoromethylhexahydropyranol[3,4-clisoxazole (484 mg) according
to Preparation Example 1-(4).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.86-1.92 (m, 1H), 2.19-2.30 (m, 1H),

2.37-2.42 (m, 1H), 3.41 (dd, J =3.2, 11.6 Hz, 1H), 3.51 (d, J = 12.4 Hz, 1H), 3.43 (dd, ] = 3.2,
10 12.0 Hz, 1H), 4.00-4.05 (m, 1H), 4.23 (dd, ] =2.0, 11.2 Hz, 1H), 6.97 (dd, J = 8.4, 12.0 Hz, 1H),

7.45 (ddd, J =2.4,4.4, 8.8 Hz, 1H), 7.84 (dd, J = 2.4, 6.8 Hz, 1H).

[0233]

(3) Synthesis of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,6R*,8aS*)-8a-(5-bromo-2-

fluorophenyl)-6-trifluoromethyl-4.4a.5,6,8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-

15 yllamine
Benzoyl isothiocyanate (156 pl) was added to a solution of (+)-[(2R* ,4R*,55%)-5-
amino-5-(5-bromo-2-fluorophenyl)-2-trifluoromethyltetrahydropyran-4-ylJmethanol (390 mg) in
dichloromethane (10 ml), and the mixture was stirred at room temperature overnight. The
solvent was evaporated under reduced pressure and the residue was purified by silica gel
20 chromatography. The resulting intermediate was dissolved in methanol (50 ml). Concentrated
hydrochloric acid (1.0 ml) was added and the mixture was heated under reflux for five hours.
When the reaction was completed, the reaction solution was returned to room temperature, and
the solvent was evaporated under reduced pressure. Methanol (50 ml) and DBU (500 pl) were
added to the residue, followed by heating under reflux for four hours. When the reaction was
25 completed, the reaction solution was returned to room temperature, and the solvent was
evaporated under reduced pressure. The residue was purified by NH-silica gel column
chromatography. The resulting intermediate was dissolved in THF (10 ml). Di-tert-butyl
dicarbonate (458 mg) and DMAP (385 mg) were added and the mixture was stirred at room
temperature overnight. The solvent was evaporated under reduced pressure and the residue was
30 purified by silica gel column chromatography to obtain the title compound (138 mg).
"H-NMR (400 MHz, CDCl3) § (ppm): 1.55 (s, 18H), 1.71-1.75 (m, 1H), 2.29
(ddd, J =3.2,12.0, 24.8 Hz, 1H), 2.73 (dd, J = 2.8, 12.8 Hz, 1H), 3.04-3.13 (m, 2H), 4.00-4.13
(m, 3H), 6.94 (dd, J = 8.8, 12.4 Hz, 1H), 7.41 (ddd, J =2.4, 4.4, 8.8 Hz, 1H), 7.82 (dd, J = 2.8,



ESI-MS miz 439 [M++H] [Table 4-2] 131 Example 19 LLU_U_ 120 uLL Li- 0 Compound name:
N-[34(4aS,5S,8aS)-2-amino-5- fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-I-
azanaphthalen-8a-y1)-4-fluorophenyll-5- trifluoromethylpyridine-2-carboxamide ESI-MS miz 473
[M++H] Example 20 112

7.2 Hz, 1H).
[0234]

Preparation Example 17

Synthesis of N.N-di(tert-butyloxycarbonyl)-[(4aR,6R.8aS)-8a-(5-bromo-2-fluorophenyl)-6-

5 fluoromethyl-4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine
[Formula 42]
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(1) Synthesis of (3aR,5R,7aS)-5-benzyloxymethyl-7a-(5-bromo-2-

fluorophenyl)hexahydropyrano[3,4-clisoxazole

THF (10 ml) was added to a solution of 1,3-dibromo-4-fluorobenzene (4.31 g) in

10 toluene (100 ml). The mixture was cooled to -78°C and n-butyllithium (2.63 M, 6.15 ml) was
added dropwise. After stirring at the same temperature for one hour, a solution of (3aR,5R)-5-
benzyloxymethyl-3,3a,4,5-tetrahydro-7H-pyrano|[3,4-c]isoxazole obtained in Preparation
Example 13-(4) (2.00 g) in toluene-THF (10:1) (20 ml) and a boron trifluoride-diethyl ether
complex (2.03 ml) were added dropwise at the same time. After stirring at the same

15 temperature for two hours, a saturated ammonium chloride solution was added to terminate the
reaction. The aqueous layer was extracted with ethyl acetate, and the organic layer was dried
over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure and
the residue was purified by silica gel column chromatography to obtain the title compound (2.74
g).

20 "H-NMR (400 MHz, CDCl3) & (ppm): 1.47-1.57 (m, 1H), 1.85 (ddd, J = 1.6, 6.8,
14.0 Hz, 1H), 3.07-3.12 (m, 1H), 3.47-3.59 (m, 3H), 3.72 (d, J = 7.6 Hz, 1H), 3.82-3.88 (m, 2H),
4.11 (dd, J =2.0, 13.2 Hz, 1H), 4.56 (d, J = 12.0 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 6.26 (s, 1H),
6.92 (dd, J = 8.4, 10.0 Hz, 1H), 7.30-7.41 (m, 6H), 8.09 (dd, J = 2.4, 6.8 Hz, 1H).
[0235]

25  (2) Synthesis of [(2R.4R,5S)-5-amino-2-benzyloxymethyl-5-(5-bromo-2-

fluorophenyDtetrahydropyran-4-yl]methanol




40 0 --- N-Oy F | OF NH NH2 s Compound name: N-[34(4aS,5S,8aS)-2-amino-5-
fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1_ azanaphthalen-8a-y1)-4-fluoropheny11-5-
difluoromethoxypyridine-2-carboxamide ESI-MS miz 471 [M++H] Example 21

113

Zinc powder (4.24 g) was added to a solution of (3aR,5R,7aS)-5-
benzyloxymethyl-7a-(5-bromo-2-fluorophenyl)hexahydropyrano[3,4-clisoxazole (2.74 g) in
acetic acid (40 ml). After stirring at room temperature overnight, the insoluble matter was
removed by filtration through celite. The solvent was evaporated under reduced pressure and

5 ice was added to the residue, followed by neutralization with a 5 N sodium hydroxide solution.

The aqueous layer was extracted with dichloromethane, and the organic layer was dried over
anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure and the
residue was purified by silica gel column chromatography to obtain the title compound (2.22 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.63-1.67 (m, 1H), 1.95-2.05 (m, 1H),

10 2.31-2.34 (m, 1H), 3.35 (dd, J = 3.2, 11.6 Hz, 1H), 3.48 (d, ] = 11.2 Hz, 1H), 3.53-3.64 (m, 3H),
3.83-3.87 (m, 1H), 4.21 (dd, J = 2.0, 11.2 Hz, 1H), 4.57-4.67 (m, 2H), 6.95 (dd, J =9.2, 12.0 Hz,
1H), 7.24-7.37 (m, 5H), 7.41 (ddd, J = 2.8, 4.4,9.2 Hz, 1H), 7.80 (dd, J = 2.4, 6.8 Hz, 1H).
[0236]

(3) Synthesis of (4aR,6R,8aS)-6-benzyloxymethyl-8a-(5-bromo-2-fluorophenyl)-4.4a,5,6,8.8a-

15 hexahydro-7-oxa-3-thia-1-aza-naphthalen-2-ylamine
[(2R,4R,55)-5-Amino-2-benzyloxymethyl-5-(5-bromo-2-

fluorophenyl)tetrahydropyran-4-ylJmethanol (2.22 g) was dissolved in dichloromethane (30 ml),
and benzoyl isothiocyanate (776 ul) was added. The mixture was stirred at room temperature
for five hours, and then the solvent was evaporated under reduced pressure. The residue was

20 purified by silica gel column chromatography to obtain an intermediate. The resulting
intermediate was dissolved in methanol (50 ml), and concentrated hydrochloric acid (2 ml) was
added. The mixture was heated under reflux for six hours and then cooled to room temperature.
The solvent was evaporated under reduced pressure. Methanol (30 ml) and DBU (2 ml) were
added to the residue, followed by heating under reflux for three hours. The reaction solution

25 was cooled to room temperature, and the solvent was evaporated under reduced pressure. The
residue was purified by NH-silica gel column chromatography to obtain the title compound (2.30
g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.50-1.54 (m, 1H), 1.74-1.77 (m, 1H),

2.58-2.60 (m, 1H), 2.90-2.99 (m, 2H), 3.46 (dd, J = 4.4, 10.0 Hz, 1H), 3.62 (dd, J = 6.4, 10.0 Hz,

30 1H),3.80(d,J=10.8 Hz, 1H), 3.85-3.90 (m, 1H), 4.08-4.11 (m, 1H), 4.54-4.64 (m, 2H), 6.91
(dd, J =8.4,12.0 Hz, 1H), 7.27-7.38 (m, 6H), 7.45 (dd, J = 2.4, 6.8 Hz, 1H).
[0237]
(4) Synthesis of tert-butyl [(4aR,6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6-hydroxymethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate




oN 40 NH oNH2 s Compound name: N-[3-((4aS,5S,8aS)-2-amino-5-
fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1_ azanaphthalen-8a-y1)-4-fluoropheny11-5-
fluoromethoxypyrazine-2-carboxamide ESI-MS miz 454 [M++H] Example 22 ....-rois NH NNH2 0 s
Compound name: N-[3-((4a5,5S,8a5)-2-amino-5- flyggo-4,4a,5,6-tetrahydro-7-oxa-3-thia-1_

Concentrated hydrochloric acid (20 ml) was added to (4aR,6R,8aS)-6-
benzyloxymethyl-8a-(5-bromo-2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-2-ylamine (2.20 g), and the mixture was heated under reflux for two hours. The
reaction solution was returned to room temperature, and ice was added to the reaction mixture.

5 The mixture was neutralized with 5 N sodium hydroxide, and the generated solid was collected
by a glass filter. The solid was dried under reduced pressure and then dissolved in THF (138
ml). Triethylamine (5.0 ml) and di-tert-butyl dicarbonate (2.06 g) were added and the mixture
was stirred at room temperature for six hours. The solvent was evaporated under reduced
pressure and the residue was purified by silica gel column chromatography to obtain the title
10 compound (1.24 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.53 (s, 9H), 1.56-1.59 (m, 1H), 1.85-1.94
(m, 1H), 2.55 (dd, J = 2.8, 12.8 Hz, 1H), 2.93 (dd, J = 4.0, 13.2 Hz, 1H), 3.00-3.10 (m, 1H),
3.65-3.66 (m, 2H), 3.77-3.80 (m, 2H), 4.09-4.13 (m, 1H), 6.97 (dd, J = 8.4, 12.0 Hz, 1H), 7.38-
7.45 (m, 2H).

15 [0238]
(5) Synthesis of tert-butyl [(4aR,6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6-fluoromethyl-

4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-vl]carbamate

[Bis(2-methoxyethyl)amino]sulfur trifluoride (155 pul) was added dropwise to a
solution of tert-butyl [(4aR,6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6-hydroxymethyl-

20 4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate (200 mg) in
dichloromethane (5.0 ml) at -78°C. The mixture was stirred overnight with gradual heating to
room temperature. A sodium bicarbonate solution was added to the reaction mixture to
terminate the reaction. The aqueous layer was extracted with ethyl acetate, and the organic
layer was dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced

25  pressure and the residue was purified by silica gel column chromatography to obtain the title
compound (145 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.53 (s, 9H), 1.57-1.60 (m, 1H), 1.87-1.96
(m, 1H), 2.56 (dd, J = 3.2, 12.8 Hz, 1H), 2.94 (dd, J = 4.0, 12.8 Hz, 1H), 3.04-3.07 (m, 1H), 3.79
(d,J=11.6 Hz, 1H), 3.92-3.97 (m, 1H), 4.10-4.13 (m, 1H), 4.34-4.54 (m, 2H), 6.97 (dd, ] = 8.4,
30 11.6 Hz, 1H), 7.37-7.44 (m, 2H).
[0239]
(6) Synthesis of N,N-di(tert-butyloxycarbonyl)-[(4aR.6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6-

fluoromethyl-4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine

Di-tert-butyl dicarbonate (185 mg) and DMAP (69.1 mg) were added to a solution



azanaphthalen-8a-y1)-4-fluoropheny11-5- difluoromethoxypyrazine-2-carboxamide ESI-MS miz 472

[M++H] Example 23 )ru) o 1 z Compound name: N-[3-((4aR*,55*,8aS*)-2-amino-
5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-I- azanaphthalen-8a-y1)-4-fluorophenyll-5-
chloropyridine-2-carboxamide 115
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of tert-butyl [(4aR,6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6-fluoromethyl-4,4a,5,6,8,8a-
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate (135 mg) in THF (30 ml). The
mixture was stirred at room temperature for two hours, and then the solvent was evaporated
under reduced pressure. The residue was purified by silica gel column chromatography to
obtain the title compound (121 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.55-1.56 (m, 19H), 1.95-2.05 (m, 1H),
2.69 (dd, J =2.8, 12.8 Hz, 1H), 3.05-3.12 (m, 2H), 3.92-4.00 (m, 1H), 4.01 (d, J = 10.8 Hz, 1H),
4.09 (dd, J =2.4, 11.6 Hz, 1H), 4.30-4.58 (m, 2H), 6.93 (dd, J = 8.4, 12.0 Hz, 1H), 7.39 (ddd, J =
24,44,8.8Hz, 1H), 7.80 (dd, J =2.8, 7.6 Hz, 1H).
[0240]
Preparation Example 18

Synthesis of (+)-N-benzoyl-N-(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a-(5-bromo-2-

fluorophenvyl)-4.4a.5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine

[Formula 43]

o f e e

(1) Synthesis of (+)-(3aR*,7aS*)-7a-(5-bromo-2-fluorophenyl)-hexahydropyrano[3.4-
clisoxazole

1,3-Dibromo-4-fluorobenzene (837 mg) was dissolved in a toluene-THF (10:1)
mixture (15 ml). The mixture was cooled to -78°C and n-butyllithium (2.64 M, 1.19 ml) was
added dropwise. After stirring at the same temperature for one hour, a solution of (*+)-3,3a,4,5-
tetrahydro-7H-pyrano[3,4-c]isoxazole obtained in Preparation Example 1-(2) (200 mg) in
toluene-THF (10:1) (5.0 ml) and a boron trifluoride-diethyl ether complex (394 ul) were added
dropwise at the same time. After stirring at the same temperature for three hours, the reaction
was terminated with an ammonium chloride solution. The aqueous layer was extracted with
ethyl acetate, and the organic layer was washed with water and brine. The organic layer was
dried over anhydrous magnesium sulfate, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column chromatography to obtain the title
compound (365 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.76-1.91 (m, 2H), 3.03-3.08 (m, 1H),
3.61-3.77 (m, 4H), 4.00-4.06 (m, 2H), 6.28 (s, 1H), 6.93 (dd, J = 8.8, 11.6 Hz, 1H), 7.37-7.41 (m,
1H), 8.09 (dd, J = 2.4, 6.8 Hz, 1H).

[0241]



ESI-MS miz 435 [M++H] [Table 4-3] Example 24 Compound name:
N-[34(4aR*,55* 8aS*)-2-amino-5-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-fl
uorophenyll-5- cyanopyridine-2-carboxamide ESI-MS mh 426 [M++H] 132 Example 25 oF 1\1-21"
y 0---.NF 40 NH NNH2 0 s Compound name: N-[3-((4afR*,55*,8aS*)-2-amino-
5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1_

(2) Synthesis of (+)-N-[(4aR*,8aS*)-8a-(5-bromo-2-fluorophenyl)-4.4a,5,6,8.8a-hexahydro-7-

oxa-3-thia-1-azanaphthalen-2-yl]benzamide

Zinc powder (759 mg) was added to a solution of (+)-(3aR*,7aS*)-7a-(5-bromo-

2-fluorophenyl)hexahydropyrano[3,4-cJisoxazole (350 mg) in acetic acid (6.73 ml). After
5 stirring at room temperature overnight, the insoluble matter was removed by filtration through

celite. The solvent was evaporated under reduced pressure, and the resulting residue was
neutralized with 5 N sodium hydroxide in an ice bath. The aqueous layer was extracted with
ethyl acetate, and the organic layer was washed with brine. The organic layer was dried over
anhydrous magnesium sulfate, and the solvent was evaporated under reduced pressure. The

10 residue was purified by silica gel column chromatography to obtain an intermediate (300 mg).
Benzoyl isothiocyanate (133 ul) was added to a solution of the resulting intermediate in
dichloromethane (10 ml), and the mixture was stirred at room temperature overnight. The
solvent was evaporated under reduced pressure. Methanol (10 ml) and concentrated
hydrochloric acid (several drops) were added to the resulting residue, and the mixture was heated

15 under reflux for two hours. The reaction solution was returned to room temperature, and the
solvent was evaporated under reduced pressure. The resulting residue was neutralized with a
sodium bicarbonate solution, and the aqueous layer was extracted with ethyl acetate. The
organic layer was washed with brine and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure and the residue was purified by NH-silica gel column

20 chromatography to obtain the title compound (211 mg).

ESI-MS m/z 449 [M" +H]

[0242]
(3) Synthesis of (+)-N-benzoyl-N-(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a-(5-bromo-2-

fluorophenvyl)-4.4a.5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine

25 DMAP (86.1 mg) and di-tert-butyl dicarbonate (123 mg) were added to a solution
of (£)-N-[(4aR*,8aS*)-8a-(5-bromo-2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-2-yl]benzamide (211 mg) in THF (10 ml). The mixture was stirred at room
temperature overnight, and then the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography to obtain the title compound (229 mg).

30 "H-NMR (400 MHz, CDCl3) & (ppm): 1.34 (s, 9H), 1.37-1.49 (m, 1H), 2.18-2.27
(m, 1H), 2.70 (dd, J = 2.8, 12.8 Hz, 1H), 2.93-2.98 (m, 1H), 3.08 (dd, J = 3.6, 12.8 Hz, 1H),
3.62-3.67 (m, 1H), 3.66 (d, J = 10.8 Hz, 1H), 4.06-4.08 (m, 2H), 6.94 (dd, J = 8.4, 12.0 Hz, 1H),
7.38-7.47 (m, 3H), 7.52-7.56 (m, 1H), 7.75-7.78 (m, 2H), 7.93 (dd, J = 2.4, 6.8 Hz, 1H).

[0243]



azanaphthalen-8a-y1)-4-fluoropheny11-5- difluoromethoxypyrazine-2-carboxamide ESI-MS m/z 468
[M++H] Example 26 ..... c...."a 0l 40 NH oRy NH 2 S Compound name:
N-[3-((4aR*,5R*,8aS*)-2-amino- 5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1_
azanaphthalen-8a-y1)-4-fluoropheny11-5- chloropyrigine-2-carboxamide ESI-MS m/z 435 [Mt+H]

Example 27 ,N
Preparatlon Example 19

Synthesis of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a-(4-aminothiophen-2-yl)-

4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]Jamine

[Formula 44]
Br B
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5 (1) Synthesis of (¥)-(3aR*,7aS*)-7a-(4-bromothiophen-2-yl)-hexahydropyrano[3.4-clisoxazole

n-Butyllithium (2.63 M, 2.99 ml) was added dropwise to a solution of 2,4-
dibromothiophene (2.00 g) in toluene-THF (10:1) (22 ml) at -78°C.  After stirring at the same
temperature for one hour, a solution of (£)-3,3a,4,5-tetrahydro-7H-pyrano[3,4-c]isoxazole
obtained in Preparation Example 1-(2) (500 mg) in toluene-THF (10:1) (10 ml) and a boron

10 trifluoride-diethyl ether complex (990 ul) were added dropwise at the same time.  After stirring
at the same temperature for two hours, an ammonium chloride solution was added to terminate
the reaction. The aqueous layer was extracted with ethyl acetate, and the organic layer was
dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure
and the residue was purified by silica gel column chromatography to obtain the title compound

15 (700 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.74-1.92 (m, 2H), 2.82-2.87 (m, 1H),
3.58-4.03 (m, 6H), 6.96 (d, ] = 1.6H, 1H), 7.16 (d, J = 1.6 Hz, 1H).

[0244]
(2) Synthesis of (+)-(4aR*,8aS*)-8a-(4-bromothiophen-2-yl)-4.4a,5,6.8,8a-hexahydro-7-oxa-3-

20 thia-1-azanaphthalen-2-ylamine
Zinc powder (1.58 g) was added to a solution of (+)-(3aR*,7aS*)-7a-(4-

bromothiophen-2-yl)hexahydropyrano[3,4-c]isoxazole (700 mg) in acetic acid (20 ml). After
stirring at room temperature overnight, the insoluble matter was removed by filtration through

celite. The solvent was evaporated under reduced pressure, and the residue was neutralized



.- 1i0 NH .NH2 S Compound name: N-[3((4aR*,5R*,8aS*)-2-amino- 0 5-methyl-4 4a 5
6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluoropheny11-5-
cyanopyridine-2-carboxamide ESI-MS m/z 426 [Mt+H] Example 28 oF WM( 'y o---.NF 40 NH NNH, O
s Compound name: N-[3-((4aR* 5R*,8aS*)-2-amino- ;g

with ice and 5 N sodium hydroxide. The aqueous layer was extracted with ethyl acetate, and
the organic layer was washed with brine. The organic layer was dried over anhydrous
magnesium sulfate, and the solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography. The resulting intermediate was dissolved in
5 dichloromethane (20 ml), and benzoyl isothiocyanate (324 ul) was added. The mixture was

stirred at room temperature overnight, and then the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column chromatography. The resulting
intermediate was dissolved in methanol (20 ml), and concentrated hydrochloric acid (several
drops) was added. The mixture was heated under reflux for six hours and then cooled to room

10 temperature. The solvent was evaporated under reduced pressure. The residue was dissolved
in methanol (20 ml) and DBU (1.00 ml) was added, followed by heating under reflux for eight
hours. The solvent was evaporated under reduced pressure and the residue was purified by NH-
silica gel column chromatography to obtain the title compound (770 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.45-1.48 (m, 1H), 2.14 (ddd, J = 4.8,

15 124, 26.0 Hz, 1H), 2.24-2.30 (m, 1H), 2.62 (dd, ] = 3.2, 12.4 Hz, 1H), 3.26 (dd, ] = 3.6, 12.4 Hz,
1H), 3.54 (d,J = 11.6 Hz, 1H), 3.57-3.64 (m, 1H), 3.91 (d, ] = 11.2 Hz, 1H), 4.08-4.12 (m, 1H),
6.76 (d,J = 1.2 Hz, 1H), 7.12 (d, ] = 1.2 Hz, 1H).
[0245]
(3) Synthesis of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR *,8aS*)-8a-(4-bromothiophen-2-yl)-

20 4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine

DMAP (847 mg) and di-tert-butyl dicarbonate (1.51 g) were added to a solution
of (£)-(4aR*,8aS*)-8a-(4-bromothiophen-2-yl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-2-ylamine (770 mg) in THF (10 ml). The mixture was stirred at room
temperature for three hours, and then the solvent was evaporated under reduced pressure. The

25 residue was purified by silica gel column chromatography to obtain the title compound (1.07 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.50-1.51 (m, 1H), 1.53 (s, 18H), 2.24
(ddd,J =4.4,12.4,25.2 Hz, 1H), 2.33-2.38 (m, 1H), 2.68 (dd, J = 3.2, 12.8 Hz, 1H), 3.33 (dd, J
=3.6, 13.2 Hz, 1H), 3.56-3.63 (m, 2H), 4.04 (dd, ] = 4.4, 11.6 Hz, 1H), 4.11 (d, ] = 11.6 Hz, 1H),
6.54 (d,J =1.6 Hz, 1H), 7.16 (d, J = 1.6 Hz, 1H).

30 [0246]
(4) Synthesis of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,8aR*)-8a-[4-(4.4.5.5-tetramethyl-
[1.3.2]dioxaborolan-2-yl)-thiophen-2-yl]-4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-
2-yl]lamine

Bis(pinacolato)diboron (2.15 g), potassium acetate (663 mg) and a 1,1'-



5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1_ azanaphthalen-8a-y1)-4-fluoropheny11-5-
difluoromethoxypyrazine-2-carboxamide ESI-MS m/z 468 [Mt+H] [Table 4-4] Example 29 F
N1----yLIF Cy?-,,,.. N O NH NH, o S Compound name: N-[3-((4aR*,5R*,8aS*)-2-amino-5- methyl-4 4a
5 6-tetrahydro-7-oxa-3-thia-1- 119

bis(diphenylphosphino)ferrocene palladium-dichloromethane complex (138 mg) were added to a
solution of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a-(4-bromothiophen-2-yl)-
4.,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylJamine (900 mg) in DMF (46.9 ml).
After replacement with nitrogen, the mixture was stirred at 80°C for six hours. The reaction

5 solution was returned to room temperature and diluted with ethyl acetate. The organic layer
was washed with water and dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure and the residue was purified by silica gel column
chromatography to obtain the title compound (790 mg).

ESI-MS m/z 581 [M* + H]
10 [0247]

(5) Synthesis of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,8aR*)-8a-(4-azidothiophen-2-yl)-

4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine

Sodium azide (177 mg) and copper (II) acetate (99.2 mg) were added to a solution
of (£)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,8aR *)-8a-[4-(4,4,5,5-tetramethyl-

15 [1,3,2]dioxaborolan-2-yl)-thiophen-2-yl]-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-
2-yl]amine (790 mg) in methanol (88 ml). The mixture was stirred at room temperature
overnight, and then the excess of methanol was evaporated under reduced pressure. An
ammonium chloride solution was added to the residue, and the aqueous layer was with ethyl
acetate. The organic layer was dried over anhydrous magnesium sulfate, and the solvent was

20 evaporated under reduced pressure. The residue was purified by NH-silica gel column
chromatography to obtain the title compound (503 mg).

ESI-MS m/z 518 [M" +H]
[0248]
(6) Synthesis of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a-(4-aminothiophen-2-yl)-

25 4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine

Zinc powder (133 mg) and ammonium formate (320 mg) were added to a solution
of (£)-N,N-di(tert-butyloxycarbonyl)-[(4aR*,8aR *)-8a-(4-azidothiophen-2-yl)-4,4a,5,6,8,8a-
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylJamine (503 mg) in methanol (76.2 ml). The
mixture was stirred at room temperature overnight, and then the solvent was evaporated under

30 reduced pressure at room temperature or lower. Water was added to the residue, and the
aqueous layer was extracted with ethyl acetate. The organic layer was dried over anhydrous
magnesium sulfate, and the solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography to obtain the title compound (325 mg).

ESI-MS m/z 518 [M" +Na]



azanaphthalen-8a-y1)-4-fluoropheny11-5- difluoromethylpyrazine-2-carboxamide ESI-MS miz 452
[M++H] Example 30 z\\ _\/E zzx z zHa 0 0 x 0 / u- 0 Compound name:
N-[3-((4aS*,5R*,8aS*)-2-amino-5- methoxy-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
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[0249]
(7) Synthesis of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR *,8aS *)-8a-(4-aminothiophen-2-yl)-

4.,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine
(£)-N,N-Di(tert-butyloxycarbonyl)-[ (4aR*,8aS *)-8a-(4-aminothiophen-2-yl)-

4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylJamine (32.5 mg) was purified by
CHIRALCEL™ 0J-H (mobile phase: hexane:ethanol = 8:2, flow rate: 10 ml/min), and the
fraction with a retention time of 14.9 to 23.5 minutes was collected to obtain the title compound.
The same operation was repeated to obtain the title compound (112 mg) from the raw material
(325 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.46-1.48 (m, 1H), 1.53 (s, 18H), 2.16-
2.33 (m, 2H), 2.64 (dd, J = 2.8, 12.8 Hz, 1H), 3.39 (dd, J = 3.6, 12.8 Hz, 1H), 3.55-3.62 (m, 1H),
3.65(d,J=11.2 Hz, 1H), 4.03 (dd, J =4.8, 11.6 Hz, 1H), 4.13 (d, ] = 2.8 Hz, 1H), 6.07 (d,J =
2.0 Hz, 1H), 6.67 (d, J = 2.0 Hz, 1H).
[0250]
Preparation Example 20

Synthesis of N,N-di-(tert-butyloxycarbonyl)-[(4aR,6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6-

benzyloxymethyl-4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine
[Formula 45]

Br Br
Boc
F F !
o) N\\(NHZ o) Ny N‘Boc
BnO__ .- S BnO__ .- S
H H

Di-tert-butyl dicarbonate (113 mg) and DMAP (63.0 mg) were added to a solution
of (4aR,6R,8aS)-6-benzyloxymethyl-8a-(5-bromo-2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-

oxa-3-thia-1-azanaphthalen-2-ylamine obtained by the method of Preparation Example 17-(3)
(80.0 mg) in THF (5.0 ml). The mixture was stirred at room temperature overnight, and then
the solvent was evaporated under reduced pressure. The residue was purified by silica gel
column chromatography to obtain the title compound (95.0 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.54-1.56 (m, 19H), 1.88-1.98 (m, 1H),
2.65-2.67 (m, 1H), 2.99-3.10 (m, 2H), 3.44 (dd, J = 4.4, 9.6 Hz, 1H), 3.62 (dd, J = 10.0, 16.8 Hz,
1H), 3.85-3.90 (m, 1H), 3.99-4.10 (m, 2H), 4.52-4.64 (m, 2H), 6.92 (dd, J = 8.4, 12.0 Hz, 1H),
7.28-7.39 (m, 6H), 7.79 (dd, J = 2.4, 7.2 Hz, 1H).

[0251]
Preparation Example 21

Synthesis of tert-butyl (F)-[(4aR*.8aS*)-8a-(6-amino-2,2-difluorobenzo[1,3]dioxol-4-vyl)-




azanaphthalen-8a-y1)-4-fluorophenyl11-5-cyanopyridine- 2-carboxamide ESI-MS miz 442 [M++H]
133 Example 31 Synthesis of
N-[3-((2R*,4aR*,8aS*)-2-amino-4-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-lazanaphthalen-8a-v1)-4-flu
orophenv11-5-cyanopyridine-2-carboxamide [Formuapl] 5 (1) Synthesis of tert-butyl ()-((2R* 4aR*
8a5*)-8a-f5-[(5-c anopyrldlne -2- carbonyl) amlnol 2- quorohenyII
-4-methy-A%42055%53-RexRbydiou i -¢nkala Irazanaphihals ICcarbamate PyBOP (357 mg)
was add?po%glgoigpon of the compound obtalned in Preparatlon Example 11-(10) (100 mg), the
compound obtained in Preparation Example 3- (2) (§6 mg) and N,N-diisopropylethylamine (143 'IL) in

dlchloromna (5 me nd the mF)Q; 10 vgasat room temperature for five hours. The

reaction on was Ly chargedd %Tzsll—a geba Tlfled by silica gel column chromatography
to obtain the title compouhid (100 mg): ESi*M + +H]. [0266] 15 (2) Synthesis of tert-butyl

(+)-((2R* 4aR* >5*)8&15-[(5-Ccy. tthne 2 carbonyl) -aminol-2- fluorophenyl
3 a-khexahydro’- Qxat3- thia- 1-azanaphthalen-2-v1)-carbamate The
compound obta|n d '\s@xample 31 as ‘purified by CHIRALPAKTM TB (mobile phase:

hexane:ethanol = 7:3, flow rate: 10 mi/min), and the fraction with a retention time of 23.4 to 26.7
minutes Wasgolleste dftGtotifaiR *thaSitle7aoidBadifidofithe rsarie3dtioratiehyhasxahydropyrano[ 3.4-

clisoxazole
5 THF (2.0 ml) was added to a solution of 4-bromo-2,2-difluoro-1,3-benzodioxol

(1.96 g) in toluene (20 ml). The mixture was cooled to -78°C, and a solution of (¥)-3,3a,4,5-

tetrahydro-7H-pyrano[3,4-c]isoxazole obtained in Preparation Example 1-(2) (500 mg) in

toluene-THF (10:1) (10 ml) and a boron trifluoride-diethyl ether complex (990 pul) were added

dropwise at the same time. After stirring at the same temperature for two hours, an ammonium
10 chloride solution was added to terminate the reaction. The aqueous layer was extracted with

ethyl acetate, and the organic layer was dried over anhydrous magnesium sulfate. The solvent

was evaporated under reduced pressure and the residue was purified by silica gel column

chromatography to obtain the title compound (873 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.75-1.92 (m, 2H), 3.04-3.09 (m, 1H),

15  3.63-3.85 (m, 4H), 3.99 (d, J = 12.8 Hz, 1H), 4.03-4.06 (m, 1H), 6.30 (s, 1H), 7.01 (dd, J = 1.2,

8.4 Hz, 1H), 7.10 (t, ] = 8.4 Hz, 1H), 7.60 (dd, J = 1.2, 8.0 Hz, 1H).

[0252]

(2) Synthesis of (+)-[(3S*,4R*)-3-amino-3-(2,2-difluoro-benzo[ 1,3]dioxol-4-yl)-

tetrahydropyran-4-yl|methanol
20 Zinc powder (2.01 g) was added to a solution of (+)-(3aR*,7aS*)-7a-(2,2-

difluoro-benzo[ 1,3]dioxol-4-yl)-hexahydropyrano|3,4-c]isoxazole (875 mg) in acetic acid (30
ml), and the mixture was stirred at room temperature overnight. The insoluble matter was
removed by filtration through celite, and the solvent was evaporated under reduced pressure.
Ice was added to the residue, followed by neutralization with a 5 N sodium hydroxide solution.
25 The aqueous layer was extracted with dichloromethane, and the organic layer was dried over
anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure and the
residue was purified by silica gel column chromatography to obtain the title compound (661 mg).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.62-1.66 (m, 1H), 2.14-2.20 (m, 1H),
2.22-2.31 (m, 1H), 3.38 (dd, J = 2.4, 11.2 Hz, 2H), 3.56-3.68 (m, 2H), 4.04 (d, J = 11.6 Hz, 1H),



20 repeated to obtain the title compound (20 mg; >99% cc) from the raw material (100 mg). EST-MS;
m/z 526 [M+ +H]. [0267] (3) Synthesis of
N-[3-42R*,4aR*,8aS*)-2-amino-4-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-lazanaphthalen-8a-v1)-4-flu
orophenv11-5-cyanopyridine-2-carboxamide 25_HAdomL) was added to a solution of the compound
obtained in Example 31-(2) (20 m%ben chloroform (2 mt&; and the mixture was stirred at room
temperatte féldfive Hotirs! Fiterd |8r9§6ftﬁ1érrv@a%% trHilzéd With! saftPtbe Hdudotis (€9afm
bicarbonate. £higrofiaym was added to the mixture, and the organic layer was separated. The organic
layer was dried over anhydrous magnesium sulfate. The organic layer was concentrated under
reduced B}%:égure 134 to obtain the title compound (14 mg). ESI-MS; m/z 426 [M+ +H]. [0268]
Example 37 myBihesi$Ol (4aR * 8aS*)-8a-(2.2-difluorobenzo[ 1,3]dioxol-4-yl)-4,4a,5.6. 8 .8a-

N- [34(2R* 4aR* 8aS*) -2- amlno 4 methyl -4 4a 5 6-tetrahydro-7-oxa-3-thia- Iazanaphthalen -8a-y1)-4-flu
oropRenyAesuay < icf £11214ve dFHrmula 52] FF N17-11.AFN'F NN NH(2)NH

FHFH Y YNTNIOF- s %eﬁédyl %&ﬁﬂ&%ﬂﬁﬁ@ 'Sév'z(ﬁl) was added to a solution of (£)-[(35* 4R*)-3-
amino-3-(2,2-difluorobenzo[ 1,3]dioxol-4-yl)tetrahydropyran-4-ylJmethanol (661 mg) in

dichloromethane (9.53 ml). The mixture was stirred at room temperature for three hours, and

then the solvent was evaporated under reduced pressure. The residue was purified by silica gel
10 column chromatography. The resulting intermediate was dissolved in methanol (20 ml).

Concentrated hydrochloric acid (five drops) was added and the mixture was heated under reflux

for five hours. The reaction solution was cooled to room temperature, and the solvent was

evaporated under reduced pressure. The residue was dissolved in methanol (20 ml) and DBU

(700 ul) was added, followed by heating under reflux for five hours. The reaction solution was
15 cooled to room temperature, and the solvent was evaporated under reduced pressure. The

residue was purified by NH-silica gel column chromatography to obtain the title compound (350

mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.43-1.48 (m, 1H), 2.08-2.19 (m, 1H),

2.64 (dd, J =2.8, 12.4 Hz, 1H), 2.74-2.80 (m, 1H), 2.98 (dd, J = 4.4, 12.4 Hz, 1H), 3.69 (ddd, J =
20 24,11.6,12.8 Hz, 1H), 3.79 (d, 11.2 Hz, 1H), 3.93 (d, ] = 10.8 Hz, 1H), 4.10 (dd, J = 5.2, 11.2

Hz, 1H) 6.99 (dd, J = 2.0, 7.2 Hz, 1H), 7.03-7.09 (m, 2H).

[0254]

(4) Synthesis of tert-butyl (+)-[(4aR*,8aS*)-8a-(2,2-difluoro-6-nitrobenzo[1,3]dioxol-4-yl)-

4.,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate
25 Fuming nitric acid (7.60 ul) was added to a solution (+)-(4aR*,8aS*)-8a-(2,2-

difluorobenzo[1,3]dioxol-4-yl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine
(50.0 mg) in TFA (1.0 ml) in an ice bath. Then, concentrated sulfuric acid (0.5 ml) was added
dropwise. After stirring at the same temperature for one hour, the reaction mixture was poured
into ice to terminate the reaction. The mixture was neutralized with 5 N hydroxide. The

30 aqueous layer was extracted with dichloromethane, and the organic layer was dried over
anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure to obtain an
intermediate. The resulting intermediate was dissolved in THF (10 ml). Di-tert-butyl

dicarbonate (66.8 mg) and triethylamine (64.5 pl) were added and the mixture was stirred at



H racemic chiral (1) Synthesis of tert-butyl ()-((2R*,4aR*,8a5*)-8a-
f5-[(5-difluoromethylpyrazine-2-carbonyl)- amino] -2-fluoro-phenyl}
-4-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-aza-naphthalen-2- 10 yl)-carbamate The
titte compound (132 mg) was obtained from the comgeynd obtained in Preparation Example 11-(10)
(100 mg) and the compound obtained in Preparation Example 12- (5) (56 mg) according to Example
31-(1). ESRME R aBee fioronphons obedherpflisorhusit G tebenin (39-arenddretBylsnigs.  5-

[(5-difluorpnethy RiaZzinged-s RO krudiAg s riuPiprBbeN¥ ARyt ARAO S8The solvent
8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2- ]g‘ carbamate The compound obtained in Example
1€

32-(1) wdSHEHRY B iRAE RASSBH{Fn FedduethanRirdisg Pareilies sal/AMENnd the

fraction \/gﬁfbﬁlgg;gfa%@ {m@(r;@}&;gelgbﬁlwﬁw%mﬁlgplIected to obtain the title compound. The
same operation was repeated to obtain the title conguound (52 mg; >99% cc) from the raw material

(130 ?ng). ESI-MS; m/z BE3YNR(449 Mbtz7 61613 Psppimadis bfs. 9H), 1.55-1.59 (m, 1H), 2.15-2.25
N-[34(2Rhf+a R, 888 L @iy maifyled 44, @ﬁ)t%”@é‘xdf?(?noi(ﬁﬁ§W§'33§@6ﬁpt‘ﬁba@@08@1/51) -4-flu

oropheny11-5-difluoromethylpyrazine-2-carboxamide 1 mL) was added to a solution of
the comp8urdlotdhéd %{&grﬁﬁlelﬁé 9754, thg)a® &iﬂoi&brm (3 mL), and the mixture was stirred at
room temperature for fogf RIFs/, 1w i@gcligp solution was neutralized with saturated aqueous sodium
bicarbonate. Chloroform 135 was added to the mixture, and the organic layer was separated. The
organic I%ﬁhas dried over anhydrous magnesium sulfate. The organic layer was concentrated under

redyged presshie. The fesife 1as Rusiedsby-)khsica el ool hERRBIRgTaRYIA. QAN the title

compound (42 mg).
4.4a,5.6, 8 8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

Iron powder (7.09 mg) and a saturated ammonium chloride solution (1.0 ml) were
added to a solution of tert-butyl (£)-[(4aR*,8aS*)-8a-(2,2-difluoro-6-nitrobenzo[ 1,3]dioxol-4-
yl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate (60.0 mg) in ethanol

15 (20 ml), and the mixture was heated under reflux for 30 minutes. The reaction solution was
returned to room temperature and the insoluble matter was removed by filtration through celite.
The solvent was evaporated under reduced pressure and the residue was purified by silica gel
column chromatography to obtain the title compound (50.0 mg).

ESI-MS m/z 444 [M* +H]

20 [0256]

Preparation Example 22

Synthesis of 5-(2-methoxyethoxy)pyrazine-2-carboxylic acid
[Formula 47]

LT o LT LT

(1) Synthesis of 2-methoxyethyl 5-(2-methoxyethoxy)-pyrazine-2-carboxylate

25 60% sodium hydride (27.8 mg) was added to a solution of 2-methoxyethanol
(50.2 ul) in DMF (1 ml) under ice-cooling, followed by stirring for 10 minutes. A solution of
methyl 5-chloropyrazine-2-carboxylate (100 mg) in DMF (1 ml) was added to the reaction
solution at the same temperature, followed by stirring for one hour and 50 minutes.  Acetic acid
(50.0 ul) and water were added to the reaction solution, followed by extraction with ethyl

30 acetate. The organic layer was concentrated under reduced pressure and the residue was

purified by silica gel column chromatography to obtain the title compound (19.7 mg).



5ESI-MS; miz 452 [M+ +H]. [0271] Examples 33 to 34 The compounds of Examples 33 to 34
were synthesized according to Example 2 using the corresponding carboxylic acids and the
corresponding aniline intermediates in 10 Preparation Examples, as shown in the following Table 5.
[Table 5] Example 33 Chemical As F ell o HO structuygsa 0 N NH -.NH2 S H Compound name:
N-[34(4aR,6R,8aS)-2-amino-6- hydroxymethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-

10

15

20

25

H-NMR (400 MHz, CDCls ) & (ppm): 3.24 (s, 3H), 3.45 (s, 3H), 3.73-3.81 (m,
4H), 4.53-4.61 (m, 4H), 8.34-8.38 (m, 1H), 8.86-8.90 (m, 1H).
[0257]

(2) Synthesis of 5-(2-methoxyethoxy)pyrazine-2-carboxylic acid

Potassium trimethylsilanolate (14.8 mg) was added to a solution of the compound
obtained in the previous step (19.7 mg) in tetrahydrofuran (1 ml), and the mixture was stirred at
room temperature for one hour. The reaction solution was concentrated under reduced pressure.
Water and ethyl acetate were added to the residue, and the aqueous layer was separated. 5 M
hydrochloric acid was added to the aqueous layer, followed by extraction with chloroform. The
organic layer was concentrated under reduced pressure to obtain the title compound (13.2 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 3.45 (s, 3H), 3.77-3.82 (m, 2H), 4.60-4.64
(m, 2H), 8.24 (d, J = 1.4 Hz, 1H), 8.96 (d, J = 1.4 Hz, 1H).

[0258]
Example 1
Synthesis of N-[3-((4aR*,8aS*)-2-amino-4.,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-

y1)-4-fluorophenvyl]-5-cyanopyridine-2-carboxamide

[Formula 48]

N
g
Oy,
NH
Chiral
F
o N\\rNHz

Oxalyl chloride (140 ul) was added to a suspension of 5-cyanopyridine-2-
carboxylic acid (50 mg) in dichloromethane (2 ml) under ice-cooling. Tetrahydrofuran (4 ml)
was further added at the same temperature, and the solid was completely dissolved. After
confirming completion of foaming, the solvent was evaporated under reduced pressure.
Tetrahydrofuran (5 ml) was added to the residue to obtain an acid chloride solution. The acid
chloride solution prepared above (788 ) was added to a solution of tert-butyl (-)-[(4aR*,8aS*)-
8a-(5-amino-2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia- 1 -azanaphthalen-2-
ylJcarbamate (14.5 mg) in tetrahydrofuran (5 ml) under ice-cooling. After adding pyridine (500
ul) at the same temperature, the mixture was heated to room temperature and stirred for two
hours. After completion of the reaction, a sodium bicarbonate solution was added to the

reaction solution. The aqueous layer was extracted with ethyl acetate, and the organic layer



1-azanaphthalen-8a-v1)-4-fluorophenv11-5- chloropyridine-2-carboxamide ESI-MS miz 451
[M++H] Example 34 Chemical 46 F O HO , e structure N O N NH NH2 S Compound name:
N-[34(4aR,6R,8aS)-2-amino-6-

125
was dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced
pressure to obtain an amide compound. The resulting amide compound was dissolved in
dichloromethane (4 ml), and trifluoroacetic acid (1 ml) was added. The mixture was stirred at
room temperature for three hours, and then ice was added. The aqueous layer was neutralized
5 with a sodium bicarbonate solution, followed by extraction with ethyl acetate. The organic
layer was dried over anhydrous magnesium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by NH-silica gel column chromatography to obtain
the title compound (8.0 mg).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.45 (ddd, J = 2.0, 4.0, 13.6 Hz, 1H), 2.14
10 (m, 1H), 2.65 (dd, J =2.8, 12.4 Hz, 1H), 2.94 (ddd, J =4.0, 7.2, 11.6 Hz, 1H), 3.02 (dd, J = 4.0,
12.0 Hz, 1H), 3.69 (m, 1H), 3.77 (d, J = 10.8 Hz, 1H), 4.06 (dd, J = 2.0, 10.8 Hz, 1H), 4.10 (m,
1H), 7.09 (dd, J = 8.8, 11.6 Hz, 1H), 7.39 (dd, J = 2.8, 6.8 Hz, 1H), 8.01 (ddd, ] =2.8,4.4,9.2
Hz, 1H), 8.20 (dd, J = 1.6, 8.0 Hz, 1H), 8.42 (dd, J = 0.8, 8.0 Hz, 1H), 8.89 (dd, J = 0.8, 2.0 Hz,
1H), 9.82 (s, 1H).
15  [0259]
Example 2
Synthesis of N-[3-((8S*,8aR*)-2-amino-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-

y1)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide

[Formula 49]
/Nj/OvF
|
O \N

NH
F
5 NYNHQ

S

H
20 The compound obtained in Preparation Example 2 (19.0 mg), N,N-

diisopropylethylamine (41.1 uL.) and PyBOP (102 mg) were added to a solution of the
compound obtained in Preparation Example 1 (30.0 mg) in dichloromethane (857 uL)). The
reaction solution was stirred at room temperature for 16 hours and 30 minutes. Then, the
reaction mixture was purified by silica gel column chromatography to obtain an amide

25 compound. The resulting amide compound was dissolved in dichloromethane (643 uL), and
trifluoroacetic acid (214 uL) was added. The reaction solution was allowed to stand at room
temperature for one hour, and then the solvent was evaporated under reduced pressure. A

saturated sodium bicarbonate solution was added to the residue, followed by extraction with



hydroxymethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia- 1-azanaphthalen-8a-v1)-4-fluorophenv11-5-
cyanopyridine-2-carboxamide ESI-MS miz 442 [M++H] [0272] Examples 35 to 43 The
compounds of Examples 35 to 43 were synthesized according to Example 2 15 using the
corresponding carboxylic acids and the correspondinggniline intermediates in Preparation Examples,
as shown in the following Table 6. [Table 6-1] Example 35 Chemical structure Compound name:
N-[3-((4aiyb RocES ) - Dhe HAnR BN BASRRIRGAUAIAR B detdfdprrdkpryssure.  The residue was
oxa-3-thiggliaanaPRialig:Sa:ydotdm { UraRRRRYpkry 1oYW IR 2 CRRAMANIEY me)36
"H-NMR (400 MHz, CDCl;) & (ppm): 1.41-1.48 (m, 1H), 2.08-2.20 (m, 1H),
2.64 (dd, J =12.2, 3.5 Hz, 1H), 2.89-2.98 (m, 1H), 3.02 (dd, J = 12.2, 5.0 Hz, 1H), 3.64-3.74 (m,
5 1H), 3.74-3.80 (m, 1H), 4.03-4.13 (m, 2H), 6.08-6.10 (m, 1H), 6.21-6.23 (m, 1H), 7.08 (dd, J =
12.0, 8.8 Hz, 1H), 7.33 (dd, J = 6.8, 2.8 Hz, 1H), 7.99-8.04 (m, 1H), 8.29 (d, J = 1.2 Hz, 1H),
9.08 (d,J =1.2 Hz, 1H), 9.47 (brs, 1H).
[0260]
Example 3

10 Synthesis of N-[3-((4aR*,8aS*)-2-amino-4.4a.5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-

y1)-4-fluorophenyl]-5-difluoromethox ypyrazine-2-carboxamide

[Formula 50]
N ~O~ - Chiral
LY
o X F
N
N
F N_ _N
@) Y

The title compound (14.0 mg) was obtained from the compound obtained in

Preparation Example 1 (18.0 mg) and 5-difluoromethoxypyrazine-2-carboxylic acid (24.9 mg)
15 according to the method of Example 2.

"H-NMR (400 MHz, CDCl3)) & (ppm): 1.46-1.49 (m, 1H), 2.08-2.16 (m, 2H),
2.65-2.68 (m, 1H), 2.98-3.04 (m, 2H), 3.66-3.72 (m, 1H), 3.81-3.84 (m, 1H), 4.04-4.07 (m, 1H),
7.06-7.12 (m, 1H), 7.36-7.39 (m, 1H), 7.51 (t, J =71.6 Hz, 1H), 8.02-8.04 (m, 1H), 8.34 (s, 1H),
9.06 (s, 1H), 9.50 (s, 1H)

20 [0261]
Examples 4 to 5

The compounds of Examples 4 to 5 were synthesized below according to
Example 2 using the compound of Preparation Example 5-(9) and the corresponding carboxylic
acids, as shown in the following Table 1.

25 [Table 1]



z)r0Zu_0OycLi_1H-NMR (400MHz, CDC13) 8 (ppm): 1.69-1.73 (m, 1H), 2.12 (ddd, J=2.4, 12.4,
24.8Hz, 1H), 2.67 (dd, J=2.4, 12.4Hz, 1H), 2.99-3.07 (m, 2H), 3.95 (d, J=11.2Hz, 1H), 4.05-4.09 (m,
1H), 4.18 (d, J=2.0, 11.2Hz, 1H), 7.09 (dd, J=8.8, 11.6Hz, 1H), 7.40 (dd, J=2.8, 6.4Hz, 1H), 8.00-8.05
(m, 1H), 8.21 (dd, J=2.0, 8.0Hz, 1H), 8.42 (d, J=8.OH12271H), 8.90 (s, 1H), 9.81 (s, 1H). Example 36
Chemicalstructure NOE NH Ai F1111" NNH2 0 S Compound name: N--?;((AHR* BR* 8aS*)-2-

amino-6XFagESethydhangad Brastiry drot A-orBRaUS ke A6l = AYIA0O-
YO//N 4.4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
° T N 8a-yl)-4-trifluoromethoxyphenyl]-5-cyanopyridine-
F ir
Ej\cgi " et 2-carboxamide
0 S
S
" ESI-MS m/z 478 [M"+H]
Example 5 | Chemical structure Compound name: N-[3-((8S*,8aS*)-2-amino-

Cl

4.4a,5.6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-

8a-yl)-4-trifluoromethoxyphenyl]-5-

chloropyridine-2-carboxamide

ESI-MS m/z 487 [M*+H]

[0262]

Examples 6 to 10

Example 2 using the compound of Preparation Example 6-(12) and the corresponding carboxylic

The compounds of Examples 6 to 10 were synthesized below according to

5 acids, as shown in the following Table 2.
[Table 2]
Example 6 Chemical structure | Compound name: N-[3-((4aR*,6S*,8aS*)-2-amino-
6-methyl-4.4a,5.6-tetrahydro-7-oxa-3-thia-1-
an azanaphthalen-8a-yl)-4-fluorophenyl]-5-
) NH \Nchiral chloropyridine-2-carboxamide
(F)%ZNHZ ESI-MS m/z 435 [M*+H]
A
Example 7 Chemical structure | Compound name: N-[3-((4aR*,6S*,8aS*)-2-amino-
6-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-
2 N azanaphthalen-8a-yl)-4-fluorophenyl]-5-
° T N cyanopyridine-2-carboxamide
ggE\YNHzch'ral ESI-MS m/z 426 [M*+H]
S
4
Example 8 Chemical structure | Compound name: N-[3-((4aR*,6S*,8aS*)-2-amino-
6-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-
trifluoromethylpyridine-2-carboxamide




fluoropheny11-5-difluoromethoxypyrazine-2- carboxamide  1H-N4R (400MHz, CDC13) 8 (ppm):
1.69-1.73 (m, 1H), 2.13 (ddd, J=2.4, 12.0, 24.8Hz, 1H), 2.67 (dd, J=2.4, 12.0Hz, 1H), 2.98-3.07 (m,
2H), 3.98 J=10.8Hz, 1H), 4.04 4.111H), 4.17 (d,(m,(dd, J=2.0, 12.8Hz, 1H), 7.02 (dd, J=8.4, 11.6Hz,
1H), 7.38 (dd, J=2.8, 6.8Hz, 1H), 7.51 (t, J=71.2Hz, 1}, 7.91-7.95 (m, 1H), 8.27 (d, J=1.2Hz, 1H),

[Table 6-2]_Chemical.structure (‘nmnnund name:

9.01 (d,
N-[3((44
oxa-3-t
[M++H]
oxa-3-t

J-1.2Hz, 1H), 9.37 (s, 1H)

mino-ﬁ-%m:f[uorc

1R*,6R*,8aS*)-
nia-l-azanaphtt

nia-l-azanaphthal

2- a
nalen-
Compound ham

3((4aR*,6

S

RSthyiS anda 408 [y dro-7-

4- fluorophenyl11-5-fluoropyridine-2-carboxamide ESI-M

R* 8aS*)-2- amino-6-trifluoromethyl-4,4a,5,6-tetra

a- Xl) W/ fluorophenyll-pyridine-2-carboxamide

Example 9 Chemical structure

_N._O_F
o LY

Compound name: N-[3-((4aR*,6S*,8aS*)-2-amino-
6-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-yl)-4-fluorophenyl]-5-

difluoromethoxypyrazine-2-carboxamide

NH
chiral
F
o NYNHg
S

ESI-MS m/z 468 [M*+H]

Example 10 | Chemical structure

Compound name: N-[3-((4aR*,6S*,8aS*)-2-amino-
6-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-vyl)-4-fluorophenyl]-5-

fluoromethoxypyrazine-2-carboxamide

ESI-MS m/z 450 [M*+H]

[0263]
Examples 11 to 15

The compounds of Examples 11 to 15 were synthesized below according to

S miz 473
hydro-7-

Example 2 using the compound of Preparation Example 7-(12) and the corresponding carboxylic

5 acids, as shown in the following Table 3.
[Table 3-1]
Example 11 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-amino-6-

methoxymethyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-vyl)-4-fluorophenyl]-5-cyanopyridine-2-

carboxamide

(brs, 1H).

'H-NMR (400MHz, CDCl3) & (ppm): 1.45-1.53 (m, 1H),
1.80-1.93 (m, 1H), 2.58-2.67 (m, 1H), 2.94-3.07 (m, 2H), 3.43
(s, 3H), 3.43-3.57 (m, 2H), 3.81-3.92 (m, 2H), 4.14-4.21 (m,
1H), 7.02-7.11 (m, 1H), 7.35-7.41 (m, 1H), 7.97-8.06 (m, 1H),
8.16-8.23 (m, 1H), 8.37-8.44 (m, 1H), 8.86-8.91 (m, 1H), 9.80

ESI-MS m/z 456 [M*+H]




137 Fo NHF NH2 0,S ESI-MS miz 455 [M++H] Example 39 Chemical F io O F Fl structure (N 10.
O N NH Ny N H2 s H Compound name: N-[3-((4aR* 6R* 8aS*)-2-

129
Example 12 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-amino-6-
/N])F\F methoxymethyl-4.4a,5.6-tetrahydro-7-oxa-3-thia-1-
O SN azanaphthalen-8a-yl)-4-fluorophenyl]-5-
gENHNH chiral difluoromethylpyrazine-2-carboxamide
/o\\\? e 2 'H-NMR (400MHz, CDCl3) & (ppm): 1.45-1.54 (m, 1H),
) 1.79-1.92 (m, 1H), 2.58-2.67 (m, 1H), 2.94-3.07 (m, 2H), 3.42
(s, 3H), 3.43-3.48 (m, 1H), 3.50-3.57 (m, 1H), 3.82-3.92 (m,
2H), 4.13-4.20 (m, 1H), 6.79 (t, J=54.6Hz, 1H), 7.02-7.10 (m,
1H), 7.35-7.41 (m, 1H), 7.96-8.04 (m, 1H), 8.88-8.93 (m, 1H),
9.47-9.52 (m, 1H), 9.60 (brs, 1H).
ESI-MS m/z 482 [M*+H]
Example 13 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-amino-6-
@ “ methoxymethyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-
’ NH \Nchiral azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-
Ei%\l}YNHZ carboxamide
SRR ESI-MS m/z 465 [M*+H]
[Table 3-2]
Example 14 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-amino-6-
. ﬁ/{:”jov F methoxymethyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
N
N azanaphthalen-8a-yl)-4-fluorophenyl]-5-
g&@k\(m2 fluoromethoxypyrazine-2-carboxamide
A ESI-MS m/z 480 [M*+H]
Example 15 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-amino-6-
. ﬁ/E:jO\F( F methoxymethyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
N azanaphthalen-8a-yl)-4-fluorophenyl]-5-
g&@k\(m2 difluoromethoxypyrazine-2-carboxamide
SR ESI-MS m/z 498 [M*+H]
[0264]

Examples 16 to 30

The compounds of Examples 16 to 30 were synthesized according to Example 2

5 using the corresponding carboxylic acids and the corresponding aniline intermediates in

Preparation Examples, as shown in the following Table 4.

[Table 4-1]




amino-6-trifluoromethy1-4,4a,5,6-tetrahydro-7-
fluoropheny11-5-fluoromethoxypyrazine-2-
Chemical structure 0.trN N jNH O F NNH,

oxa-3-thia-l-azanaphthalen-8a-y1)-4-
carboxamide ESI-MS miz 504 [M++H] Example 40

130

Example 16

o
4

Compound name: N-[3-((4aS,5S.,8aS)-2-amino-5-fluoro-
4.4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-

fluorophenyl]-5-cyanopyridine-2-carboxamide

'H-NMR (400MHz, CDCl3) § (ppm): 2.87 (dd, J=4.0, 12.4Hz,
1H), 2.99-3.07 (m, 1H), 3.17 (dd, J=2.8, 12.8Hz, 1H), 3.53
(ddd, J=4.8, 10.4, 10.4Hz, 1H), 3.74 (dd, J=2.4, 11.2Hz, 1H),
4.08 (dd, J=2.0, 11.2Hz, 1H), 4.26 (dd, J=5.6, 10.4Hz, 1H),
4.18-5.01 (m, 1H), 7.11 (dd, J=8.8, 11.6Hz, 1H), 7.42 (dd,
J=2.8, 6.8Hz, 1H), 7.97 (ddd, J=2.8, 4.0, 8.4Hz, 1H), 8.20 (dd,
J=2.4, 8.0Hz, 1H), 8.41 (dd, J=0.8, 8.0Hz, 1H), 8.88 (dd, J=0.8,
2.0Hz, 1H), 9.81 (s, 1H).

ESI-MS m/z 430 [M*+H]

Example 17

Compound name: N-[3-((4aS.5S.8aS)-2-amino-5-fluoro-

4.4a.5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-

fluorophenvl]-5-difluoromethylpyrazine-2-carboxamide

'H-NMR (400MHz, CDCl3) § (ppm): 2.87 (dd, J=4.0, 12.8Hz,
1H), 2.99-3.07 (m, 1H), 3.17 (dd, J=3.2, 12.8Hz, 1H), 3.50-
3.57 (m, 1H) 3.74 (dd, J=2.4, 10.8Hz, 1H), 4.08 (dd, J=2.0,
10.8Hz, 1H), 4.27 (dd, J=5.6, 10.4Hz, 1H), 4.80-5.00 (m, 1H),
6.80 (t, J=54.4Hz, 1H), 7.13 (dd, J=8.8, 11.6Hz, 1H), 7.43 (dd,
J=2.4, 6.4Hz, 1H), 7.95-7.99 (m, 1H), 8.93 (s, 1H), 9.52 (s,
1H), 9.62 (s, 1H).

ESI-MS m/z 456 [M*+H]

Example 18

o
4

Compound name: N-[3-((4aS,5S.,8aS)-2-amino-5-fluoro-
4.4a,5.6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-

fluorophenyl]-5-chloropyridine-2-carboxamide

ESI-MS m/z 439 [M*+H]

[Table 4-2]




0 F'S Compound name: N-[3-((4aR* 6R* 8aS*)-2- amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-

oxa-3-thia-l-azanaphthalen-8a-y1)-4- fluorophenyll-pyrimidine-4-carboxamide ESI-MS miz 456
[M++H] Example 41 Chemical structure FF ol NH F . oNH2 S Compound name:
N-[3-((4aR*,6R*,8aS*)-2- amino-6-trifluoromethyl1-4,4a,5,6-tetrahydro-7-

Example 19 F e Compound name: N-[3-((4aS.5S.8aS)-2-amino-5-
o N\/ I fluoro-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
NH azanaphthalen-8a-yl)-4-fluorophenyl]-5-
'c:) N_NH, trifluoromethylpyridine-2-carboxamide
3 ESI-MS m/z 473 [M*+H]
i H
Example 20 ) N\/ ‘ O\F(F Compound name: N-[3-((4aS.5S.8aS)-2-amino-5-
T fluoro-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-
. - azanaphthalen-8a-yl)-4-fluorophenyl]-5-
Q \S difluoromethoxypyridine-2-carboxamide
g H ESI-MS m/z 471 [M"+H]
Example 21 Né\‘(OvF Compound name: N-[3-((4aS.5S.8aS)-2-amino-5-
OTI:K/N fluoro-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-
- azanaphthalen-8a-yl)-4-fluorophenyl]-5-
o N\S e fluoromethoxypyrazine-2-carboxamide
g ESI-MS m/z 454 [M"+H]
Example 22 Nﬁ/o\(F Compound name: N-[3-((4aS.5S.8aS)-2-amino-5-
oﬁ\/N " fluoro-4.4a,5.6-tetrahydro-7-oxa-3-thia-1-
. azanaphthalen-8a-yl)-4-fluorophenyl]-5-
? N\S . difluoromethoxypyrazine-2-carboxamide
F - ESI-MS m/z 472 [M*+H]
Example 23 NZ | cl Compound name: N-[3-((4aR*,5S*,8aS*)-2-amino-
O S-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-
N azanaphthalen-8a-yl)-4-fluorophenyl]-5-
gg% NH, chloropyridine-2-carboxamide
) S ESI-MS m/z 435 [M*+H]
[Table 4-3]
Example 24 N N Compound name: N-[3-((4aR*,58*,8aS*)-2-amino-
NS 5-methyl-4.4a,5.6-tetrahydro-7-oxa-3-thia-1-
FﬁNHNHZ azanaphthalen-8a-yl)-4-fluorophenyl]-5-
0 \S cyanopyridine-2-carboxamide
2 ESI-MS m/z 426 [M*+H]




oxa-3-thia-1-azanaphthalen-8a-y1)-4-

fluoropheny11-3 5-difluoropyridine-2-

miz 491 [M++H] [Table 6-3] Compound name: N-[3((4aR* 6R*,8aS*)-2-
amino-6-trifluoromethy1-4,4a,5,6-tetrahydro-7- oxa-3-thia-l-azanaphthalen-8a-y1)-4-

fluoropheny11-5-difluoromethoxypyridine-2- carboxagde 138

carboxamide ESI-MS

(400MHz, CDC13) 8 (ppm):

1.68-1.73 (m, 1H) 213 (ddd, J=28 124 252Hz 1H) 266 (dd,J=28 12 4Hz 1H) 2 98-3 03 (m,

1H), 3.06@0RIe2%, 12.4Hz, 1H7\3’(§7(d J=1d-8mpovpg name: N1l3-(daRind St fa3iu2mino1 0| gHz,
1H), 6.65 (t, J=71.6Hz| 1H), 7:03dd, J=8.8, 12 Nzl 7,386t ralRad. 7.0H423 ). 7.65 (dd, J=2.8,
8.8Hz, 1H), 7.97-8.00 ,N%.28 (d, J=8.8Hz, 1H) 8.43 (d J 24Hz 1H), 9.75 (s, IH). [Table 6-4]
[0273] Examples 44 to N, The compou¥ hthadeArlasy Wt rblueropbea Yinthesized according

to Exan
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h&€c rré/spondlng carbo

xulmqtﬂﬁmmﬁgfﬁ@spemmw intermedi

wing.Table. 7. Table.7- 1]

ates

ESIEMS m/z 468 [M'+H]

Example 26 ) N Compound name: N-[3-((4aR*,5R*,8aS*)-2-amino-
x
T 5-methyl-4.4a,5.6-tetrahydro-7-oxa-3-thia-1-
- o azanaphthalen-8a-yl)-4-fluorophenyl]-5-
o 1/ ? chloropyridine-2-carboxamide
H ESI-MS m/z 435 [M*+H]
Example 27 N N Compound name: N-[3-((4aR*,5R*,8aS*)-2-amino-
O S-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-
N azanaphthalen-8a-yl)-4-fluorophenyl]-5-
(F)%YNW cyanopyridine-2-carboxamide
(N ESI-MS m/z 426 [M*+H]
Example 28 N Oy Compound name: N-[3-((4aR* ,5R*,8aS*)-2-amino-
OﬁN ) S-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-
r azanaphthalen-8a-yl)-4-fluorophenyl]-5-
%\ng difluoromethoxypyrazine-2-carboxamide
" ESIMS m/z 468 [M'+H]
[Table 4-4]
Example 29 F Compound name: N-[3-((4aR*,5R*,8aS*)-2-amino-5-
OE)N\/@N)\F methyl-4.4a.5.6-tetrahydro-7-oxa-3-thia-1-
NH azanaphthalen-8a-yl)-4-fluorophenyl]-5-
%ﬁ/wz difluoromethylpyrazine-2-carboxamide
) S ESI-MS m/z 452 [M"+H]
Example 30 N Compound name: N-[3-((4aS*,5R*,8aS*)-2-amino-5-
0]

methoxvy-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-vl)-4-fluorophenyl]-5-cyanopyridine-

2-carboxamide

ESI-MS m/z 442 [M*+H]

[0265]



Example 44 Chemical structure Compound name: N-134(4aR,6R,8aS)-2-amino-6-
fluoromethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluoropheny11-5-
cyanopyridine-2-carboxamide 139 ..."....... 7....;N ah NH .--N't IP F ONH2 S ESI-MS miz 444
[M++H] Example 45 Chemical I. F O structure ...-a 0 NggNH NNH, ,

10

15

20

25

Example 31
Synthesis of N-[3-((2R*,4aR*,8aS*)-2-amino-4-methyl-4.,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-vyl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide

[Formula 51]
YO///N ~.N ~.N

N7 ~ N/‘/
NH, O o O’
F NHO (1) NH @
o~ NNy O "
S O F_JIN_N_O FJIN
HE 0 \YT% 0
S O
HE [

N

X

NH (3) NH

Ho PN NH

YWJ( oYY

S O S
H:

racemic racemic chiral chiral

(1) Synthesis of tert-butyl (+)-((2R*,4aR*,8aS*)-8a-{5-[(5-cyanopyridine-2-carbonyl)-amino]-2-

fluorophenyl }-4-methyl-4.4a,5,6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-vyl)-carbamate

PyBOP (357 mg) was added to a solution of the compound obtained in
Preparation Example 11-(10) (100 mg), the compound obtained in Preparation Example 3-(2)
(56 mg) and N,N-diisopropylethylamine (143 uL) in dichloromethane (5 mL), and the mixture
was stirred at room temperature for five hours. The reaction solution was directly charged to a
silica gel and purified by silica gel column chromatography to obtain the title compound (100
mg).

ESI-MS; m/z 526 [M" +H].
[0266]
(2) Synthesis of tert-butyl (+)-((2R*,4aR*,8aS*)-8a-{5-[(5-cyanopyridine-2-carbonyl)-amino]-2-

fluorophenyl }-4-methyl-4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl)-carbamate
The compound obtained in Example 31-(1) was purified by CHIRALPAK™ IB

(mobile phase: hexane:ethanol = 7:3, flow rate: 10 ml/min), and the fraction with a retention time

of 23.4 to 26.7 minutes was collected to obtain the title compound. The same operation was

repeated to obtain the title compound (20 mg; >99% ee) from the raw material (100 mg).
ESI-MS; m/z 526 [M" +H].

[0267]

(3) Synthesis of N-[3-((2R*,4aR *,8aS*)-2-amino-4-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-vyl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide

TFA (1 mL) was added to a solution of the compound obtained in Example 31-(2)
(20 mg) in chloroform (2 mL), and the mixture was stirred at room temperature for five hours.
The reaction solution was neutralized with saturated aqueous sodium bicarbonate. Chloroform
was added to the mixture, and the organic layer was separated. The organic layer was dried

over anhydrous magnesium sulfate. The organic layer was concentrated under reduced pressure



S Compound name: N-[34(4aR,6R,8a5)-2-amino-6- fluoromethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluoropheny11-5- chloropyridine-2-carboxamide ESI-MS miz 453 [M++H]
Example 46 Chemical F ip O structure F oN NH NNH,

134
to obtain the title compound (14 mg).
ESI-MS; m/z 426 [M" +H].
[0268]
Example 32
5 Synthesis of N-[3-((2R*,4aR*,8aS*)-2-amino-4-methyl-4.4a,5.6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-vyl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide

[Formula 52]
F F F
N E N N
NH, Oﬁ)\,N Oﬁ)\,N Oﬁ)\,N
FYn H o (1) NH () NH 3 NH
LS \k F YN N_o F YN _N_o F_JYN_NH
i o~ NNy O o~ Ny O S
S O S O S
H: H: H:
racemic racemic chiral chiral

(1) Synthesis of tert-butyl (+)-((2R*,4aR*,8aS*)-8a-{5-[(5-difluoromethylpyrazine-2-carbonyl)-

amino]-2-fluoro-phenyl } -4-methyl-4,4a.5,6,8,8a-hexahvydro-7-oxa-3-thia- 1-aza-naphthalen-2-

10 yl)-carbamate

The title compound (132 mg) was obtained from the compound obtained in

Preparation Example 11-(10) (100 mg) and the compound obtained in Preparation Example 12-
(5) (56 mg) according to Example 31-(1).
ESI-MS; m/z 552 [M" +H].
15 [0269]
(2) Synthesis of tert-butyl (+)-((2R*,4aR*,8aS*)-8a-{5-[(5-difluoromethylpyrazine-2-carbonyl)-

amino]-2-fluoro-phenyl } -4-methyl-4,4a.5,6,8,8a-hexahydro-7-oxa-3-thia- 1 -azanaphthalen-2-vyl)-

carbamate
The compound obtained in Example 32-(1) was purified by CHIRALPAK™ IA
20 (mobile phase: ethanol, flow rate: 10 ml/min), and the fraction with a retention time of 10.8 to
13.5 minutes was collected to obtain the title compound. The same operation was repeated to
obtain the title compound (52 mg; >99% ee) from the raw material (130 mg).
ESI-MS; m/z 552 [M" +H].
[0270]
25 (3) Synthesis of N-[3-((2R*,4aR*,8aS*)-2-amino-4-methyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-vyl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide

TFA (1 mL) was added to a solution of the compound obtained in Example 32-(2)
(52 mg) in chloroform (3 mL), and the mixture was stirred at room temperature for four hours.

The reaction solution was neutralized with saturated aqueous sodium bicarbonate. Chloroform



S Compound name: N-[3-((4aR,6R,8a5)-2-amino-6-

fluoromethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluoropheny1]-5-
trifluoromethylpyridine-2-carboxamide ESI-MS miz 487 [M++H] Example 47 Chemical F 40 0 R.,,..
structure ycNOF ONI'N -- NH 135

was added to the mixture, and the organic layer was separated. The organic layer was dried
over anhydrous magnesium sulfate. The organic layer was concentrated under reduced
pressure. The residue was purified by NH-silica gel column chromatography to obtain the title
compound (42 mg).

5 ESI-MS; m/z 452 [M" +H].
[0271]
Examples 33 to 34

The compounds of Examples 33 to 34 were synthesized according to Example 2

using the corresponding carboxylic acids and the corresponding aniline intermediates in

10 Preparation Examples, as shown in the following Table 5.

[Table 5]
Example 33 Chemical structure Compound name: N-[3-((4aR.,6R,8aS)-2-amino-6-
@ c hydroxymethyl-4.,4a,5,6-tetrahydro-7-oxa-3-thia-
(o] NS
" N 1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-
. chloropyridine-2-carboxamide
o N\YNH2
HO_ s ESI-MS m/z 451 [M"+H]
H
Example 34 Chemical structure Compound name: N-[3-((4aR,6R,8aS)-2-amino-6-
AN hydroxymethyl-4.4a.5.6-tetrahydro-7-oxa-3-thia-
\
N 1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-
NH
cyanopyridine-2-carboxamide
(F) Ny NH; -
oo . \S( ESI-MS m/z 442 [M"+H]
H
[0272]

Examples 35 to 43
The compounds of Examples 35 to 43 were synthesized according to Example 2
15 using the corresponding carboxylic acids and the corresponding aniline intermediates in
Preparation Examples, as shown in the following Table 6.
[Table 6-1]
Example 35 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-

amino-6-trifluoromethyl-4.,4a,5,6-tetrahydro-7-

oxa-3-thia-1-azanaphthalen-8a-yl)-4-

fluorophenyl]-5-cyanopyridine-2-carboxamide




N --.NH2 S H Compound name: N-1-3-44aR,6R,8a5)-2-amino-6-

fluoromethy1-4,4a,5,6-tetrahydro-7-oxa-3-thia-I-

azanaphthalen-8a-y1)-4-fluorophenyll-5-

fluoromethoxypyrazine-2-carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm): 1.49-1.54 (m, 1H),
1.83-1.92 (m, 1H), 2.63 (dd, J=2.4, 12.4Hz, 1H), 3.00-%07 (m, 2H), 3.90 (d, J=11.2Hz, 1H), 3.93-4.00

~

ol

11.2Hz 1H), 4?'—34'%8(m 2H),.6.09.(dd,.J=2.0,.3.6Hz,.1H),.6.21.(dd,

(m, 1H),-4.16 (dd, J=1
4.0Hz, 1H), 7.06 (dd, J
J=0.8Hz, 1H), 9.06 (t, J

—8 8, 12. OHz
=0.8Hz,

NH

“1.35

5 (s, 1H

dd MR (GNP 2D DY d8(pangin 69! 8327 (
)t AT RINGASIChAMYS A, SIS Ay 1h 6 7e
(dd, J=2.4, 12.4Hz, 1H), 2.99-3.07 (m, 2H), 3.95
(d, J=11.2Hz, 1H), 4.05-4.09 (m, 1H), 4.18 (d,
J=2.0, 11.2Hz, 1H), 7.09 (dd, J=8.8, 11.6Hz, 1H),
7.40 (dd, J=2.8, 6.4Hz, 1H), 8.00-8.05 (m, 1H),
8.21 (dd, J=2.0, 8.0Hz, 1H), 8.42 (d, J=8.0Hz,
1H), 8.90 (s, 1H), 9.81 (s, 1H).

J=2.0,

LJ.

Example 36

Chemical structure

N._O._F
o LS F
NS
N
NH

Compound name: N-[3-((4aR*,6R*,8aS*)-2-

amino-6-trifluoromethyl-4.4a,5,6-tetrahydro-7-

oxa-3-thia-1-azanaphthalen-8a-yl)-4-

fluorophenyl]-5-difluoromethoxypyrazine-2-

carboxamide

'H-NMR (400MHz, CDCl3) & (ppm): 1.69-1.73
(m, 1H), 2.13 (ddd, J=2.4, 12.0, 24.8Hz, 1H), 2.67
(dd, J=2.4, 12.0Hz, 1H), 2.98-3.07 (m, 2H), 3.98
(d, J=10.8Hz, 1H), 4.04-4.11 (m, 1H), 4.17 (dd,
J=2.0, 12.8Hz, 1H), 7.02 (dd, J=8.4, 11.6Hz, 1H),
7.38 (dd, J=2.8, 6.8Hz, 1H), 7.51 (t, J=71.2Hz,
1H), 7.91-7.95 (m, 1H), 8.27 (d, J=1.2Hz, 1H),
9.01 (d, J-1.2Hz, 1H), 9.37 (s, 1H).

[Table 6-2]

Example 37

Chemical structure

Fel o
&

F

Compound name: N-[3-((4aR*,6R*,8aS*)-2-

amino-6-trifluoromethyl-4.,4a,5,6-tetrahydro-7-

oxa-3-thia-1-azanaphthalen-8a-vyl)-4-

fluorophenvyl]-5-fluoropyridine-2-carboxamide

ESI-MS m/z 473 [M"+H]

Example 38

Chemical structure

Compound name: N-[3-((4aR*,6R*,8aS*)-2-

amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-

oxa-3-thia-1-azanaphthalen-8a-vyl)-4-

fluorophenyl]-pyridine-2-carboxamide




0 NH NNH 2 Compound name: N-[3-((4aR 6R 8aS)-2-amino-

6-fluoromethyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-

1l-azanaphthalen-8a-y1)-4-fluorophenyll-5-

difluoromethylpyrazine-2-carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm): 1.49-1.54 0
1H), 1.83-1.92 (m, 1H), 2.65 (dd, J=2.8,

137

S (m,

3 ESI-MS m/z 455 [M*+H]
Oy
NH
F
o N YNHZ
Feo o S
F)F H
Example 39 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-
#NTOVF amino-6-trifluoromethyl-4.4a,5,6-tetrahydro-7-
O. X
NH N oxa-3-thia-1-azanaphthalen-8a-yl)-4-
F fluorophenyl]-5-fluoromethoxypyrazine-2-
o N \YNHz
Fow s carboxamide
F}F H
ESI-MS m/z 504 [M*+H]
Example 40 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-
Yf\ )‘N amino-6-trifluoromethyl-4.,4a,5,6-tetrahydro-7-
O. X
NH N oxa-3-thia-1-azanaphthalen-8a-yl)-4-
. fluorophenyl]-pyrimidine-4-carboxamide
N.__NH,
Ny ESI-MS m/z 456 [M*+H]
) H
F
Example 41 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-
gfj/F amino-6-trifluoromethyl-4.4a,5,6-tetrahydro-7-
O X
T N oxa-3-thia-1-azanaphthalen-8a-yl)-4-
fluorophenyl]-3,5-difluoropyridine-2-
F N.__NH, .
0 A carboxamide
F}\\\- S -
F e H ESI-MS m/z 491 [M*+H]
[Table 6-3]
Example 42 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-

amino-6-trifluoromethyl-4.4a,5,6-tetrahydro-7-

oxa-3-thia-1-azanaphthalen-8a-vyl)-4-

fluorophenyl]-5-difluoromethoxypyridine-2-

carboxamide




12.4Hz, 1H), 3.00-3.07 (m, 2H), 3.89 (d,
10.8Hz, 1H), 3.45-4.59 (m, 2H), 6.76 (t,

J=2.8, 6.4Hz, 1H), 7.97-8.01 (m, 1H),

J=10.8Hz, 1H), 3.93-4.00 (m, 1H), 4.17 (dd,
J=54.8Hz, 1H), 7.08 (dd, J=8.8, 12.0Hz, 1H),

J=2.0,

138

'H-NMR (400MHz, CDCl3) § (ppm): 1.68-1.73
(m, 1H), 2.13 (ddd, J=2.8, 12.4, 25.2Hz, 1H), 2.66
(dd, J=2.8, 12.4Hz, 1H), 2.98-3.03 (m, 1H), 3.06
(dd, J=4.4, 12.4Hz, 1H), 3.97 (d, J=10.8Hz, 1H),
4.04-4.13 (m, 1H), 4.18 (dd, J=2.0, 10.8Hz, 1H),
6.65 (t, J=71.6Hz, 1H), 7.03 (dd, J=8.8, 12.0Hz,
1H), 7.38 (dd, J=2.8, 7.2Hz, 1H), 7.65 (dd, J=2.8,
8.8Hz, 1H), 7.97-8.00 (m, 1H), 8.28 (d, J=8.8Hz,
1H), 8.43 (d, J=2.4Hz, 1H), 9.75 (s, 1H).

[Table 6-4]

Example 43

Chemical structure

/NJAF
0. \N
NH

Compound name: N-[3-((4aR*,6R*,8aS*)-2-

amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-

oxa-3-thia-1-azanaphthalen-8a-vyl)-4-

fluorophenvyl]-5-difluoromethylpyrazine-2-

carboxamide

'H-NMR (400MHz, CDCl3) & (ppm): 1.69-1.74
(m, 1H), 2.12 (ddd, J=2.4, 12.0, 24.8Hz, 1H), 2.68
(dd, J=2.8, 12.4Hz, 1H), 2.99-3.08 (m, 2H), 3.95
(d, J=11.2Hz, 1H), 4.05-4.11 (m, 1H), 3.18 (dd,
J=2.0, 10.8Hz, 1H), 6.80 (t, J=54.4Hz, 1H), 7.09
(dd, J=8.8, 12.0Hz, 1H), 7.41 (dd, J=2.8, 7.2Hz,
1H), 7.97-8.01 (m, 1H), 8.91 (d, J=0.8Hz, 1H),
9.51 (t,J=0.8Hz, 1H), 9.60 (s, 1H).

[0273]

Examples 44 to 48

The compounds of Examples 44 to 48 were synthesized according to Example 2

5 using the corresponding carboxylic acids and the corresponding aniline intermediates in

Preparation Examples, as shown in the following Table 7.

[Table 7-1]

Example 44

Chemical structure

Compound name: N-[3-((4aR.6R.8aS)-2-amino-6-

fluoromethyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-vyl)-4-fluorophenyl]-5-

cvanopyridine-2-carboxamide

7.40 (dd,



8.91 (d, J=1.2Hz, 1H), 9.51 (d, J=1.2Hz, 1H),
compounds of Examples 49 to 58 were synthesized according to Example 2 using the corresponding
carboxylic acids and the corresponding aniline intermediates in 5 Preparation Examples, as shown in
the following Table 8. [Table 8-1] Compound name: \3((4aR*,8aS*)-2-amino-4,4a,5,6-

ro-7-oxa-3-thia-

9.60 (s, 1H). [0274] Examples 49 to 58

-4- flunmnhpnvﬂ 5- rhlnmnvrldlnp 2-carboxa

The

ide

tetrahy

1H-NMR (400MHz, CD

1-a7anaphthalpn-83-y1

C13) 8 (ppm): (dd,
(m, 1H), 3 , J=4.4,
7.05 (dd, J%8.8, 11.6Hz

JES I3 44 1Y 2102 20 (m, 1H), 2.63 (dd,

J=2.8,

12.4Hz| 1H), 2.92-2.96 12.8Hz, 1H), 3.66-3.72 (m, 1H), 3.80 (d, J=10.8Hz,
1H), 4.04 4.15 (m, 2H), , 1H), 7.37 (dd, J=2.8, 6.8Hz, 1H), 7.87 (dd, J=2|0,
8.4Hz, (LH), 7.97-8.01 (m, 1H 1 (d, J=8.4Hz, 1H), 8.53 (d, J=2.0Hz, 1H), 9.77 (s, 1H). Compound
name: N-[3((4aR*,8aS*)-2-agniros ;5,6- tetrghydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
fluoropheny11-5-bromopsuids -carboxamide| 141
e e e H-NMR (400MHz, CDC13)
8 (ppm):Hxédre 45-12.81dBe Hithl 2tk (M, LEyn#H6on(EHRame2NY 324 6REE S3-93i96-61,| 1H),
3.03 (dd, J=4.0, 12.0HZ, 1H), 3.69 (t, J=12.0Hz lH) 3 79 (d J 10. 8HZ 1H), 4 05 4 14 m, 2H), 7.07
(dd, J=8.8, 12.0Hz, 1H), 7.36-7.%%/(@H), 7.9818U5E et da Oty -3ethia-frp 19 79
(s, 1H),| [Table 8-2] " azanaphthalen 8a-yl)-4- ﬂuorophenvl] 5—

F chloropyridine-2-carboxamide

o N\\rNHg

o s ESI-MS m/z 453 [M*+H]
H
Example 46 Chemical structure Compound name: N-[3-((4aR,6R,8aS)-2-amino-6-
s fluoromethyl-4.,4a,5,6-tetrahydro-7-oxa-3-thia-1-
Z F
Oy ‘ azanaphthalen-8a-yl)-4-fluorophenyl]-5-
" trifluoromethylpyridine-2-carboxamide
F N.__NH,
- ? \\Sf ESI-MS m/z 487 [M*+H]
N x
Example 47 Chemical structure Compound name: N-[3-((4aR,6R,8aS)-2-amino-6-

_N._O__F
T
N

fluoromethyl-4.4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-yl)-4-fluorophenvyl]-5-

fluoromethoxypyrazine-2-carboxamide

'H-NMR (400MHz, CDCl3) § (ppm): 1.49-1.54
(m, 1H), 1.83-1.92 (m, 1H), 2.63 (dd, J=2.4,
12.4Hz, 1H), 3.00-3.07 (m, 2H), 3.90 (d,
J=11.2Hz, 1H), 3.93-4.00 (m, 1H), 4.16 (dd,
J=1.6, 11.2Hz, 1H), 4.35-4.58 (m, 2H), 6.09 (dd,
J=2.0, 3.6Hz, 1H), 6.21 (dd, J=2.0, 4.0Hz, 1H),
7.06 (dd, J=8.8, 12.0Hz, 1H), 7.35 (dd, J=2.4,
6.4Hz, 1H), 7.97-8.01 (m, 1H), 8.27 (d, J=0.8Hz,
1H), 9.06 (t, J=0.8Hz, 1H), 9.45 (s, 1H).

[Table 7-2]



Example 51 Chemical structure FF 0---NJ so NH NH2 s Compound name:

N-[34(4aR*,8aS*)-2-amino-4,4a,5,6- tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
fluoropheny11-3,5-difluoropyridine-2-carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm): 1.45 (dt,
J=2.0, 13.6Hz, 1H). 2.05-2.19 (m, 1H). 2.64 (dd, J=332012.4Hz, 1H), 2.91-2.97 (m, 1H), 3.02 (dd,

J=4.0,12.0Hz 1H) 365-3.72 (m, 1H) 378 (d, J=108Hz, 1H) 403-415 (m _2H) 706 (dd, J=83,

12.0Hz, 1B¥ample 4827 (h-hawyicalatixanem, 1H), 60BegwY fAmeH)-B 46taR . GRBak),2-pming-56
1H). Example 52 Chemical structure 0;,r,...G1 V NH_g NS Eampeund-name; dol3-4daRihia-

8aS*)-2-amino-4 4a 5 6-

OY[: I F 1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-
N

5 (S,

NH difluoromethylpyrazine-2-carboxamide
F s 'H-NMR (400MHz, CDCl3) & (ppm): 1.49-1.54
Fel S (m, 1H), 1.83-1.92 (m, 1H), 2.65 (dd, J=2.8,

12.4Hz, 1H), 3.00-3.07 (m, 2H), 3.89 (d,
J=10.8Hz, 1H), 3.93-4.00 (m, 1H), 4.17 (dd,
J=2.0, 10.8Hz, 1H), 3.45-4.59 (m, 2H), 6.76 (t,
J=54.8Hz, 1H), 7.08 (dd, J=8.8, 12.0Hz, 1H),
7.40 (dd, J=2.8, 6.4Hz, 1H), 7.97-8.01 (m, 1H),
8.91 (d, J=1.2Hz, 1H), 9.51 (d, J=1.2Hz, 1H),
9.60 (s, 1H).

[0274]

Examples 49 to 58

The compounds of Examples 49 to 58 were synthesized according to Example 2

using the corresponding carboxylic acids and the corresponding aniline intermediates in

5 Preparation Examples, as shown in the following Table 8.

[Table 8-1]

Example 49 | Chemical structure Compound name: N-[3-((4aR*,8aS*)-2-amino-4.4a,5,6-

@ cl tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
NN fluorophenyl]-5-chloropyridine-2-carboxamide
h 'H-NMR (400MHz, CDCl3) & (ppm): 1.45 (dd, J=2.0,
N\YNHz 13.6Hz, 1H), 2.10-2.20 (m, 1H), 2.63 (dd, J=2.8, 12.4Hz,
H ° 1H), 2.92-2.96 (m, 1H), 3.02 (dd, J=4.4, 12.8Hz, 1H),

3.66-3.72 (m, 1H), 3.80 (d, J=10.8Hz, 1H), 4.04-4.15 (m,
2H), 7.05 (dd, J=8.8, 11.6Hz, 1H), 7.37 (dd, J=2.8,
6.8Hz, 1H), 7.87 (dd, J=2.0, 8.4Hz, 1H), 7.97-8.01 (m,
1H), 8.21 (d, J=8.4Hz, 1H), 8.53 (d, J=2.0Hz, 1H), 9.77
(s, 1H).

Example 50 | Chemical structure Compound name: N-[3-((4aR*,8aS*)-2-amino-4.,4a,5,6-

tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-

fluorophenyl]-5-bromopyridine-2-carboxamide




tetrahydro-7-oxa-3-thia-l-azanaphthalen-8a-y1)-4- fluoropheny1]-3,5-dichloropyridine-2-carboxamide
1H-NMR (400MHz, CDC13) 8 (ppm): 1.43-1.47 (m, 1H), 2.08-2.19 (m, 1H), 2.64 (dd, J=3.2, 12.4Hz,
1H), 2.92- 2.97 (m, 1H), 3.01 (dd, J=4.4, 12.4Hz, 1H), 3.65-3.71 (m, 1H), 3.76 (d, J=11.2Hz, 1H),
4.03-4.11 (m, 2H), 7.07 (dd, J=9.2, 12.0Hz, 1H), 7.19 dd, J=2.8, 6.8Hz, 1H), 7.90 (d, J=2.0Hz, 1H),
8.11-8.15(m, 1H) 846 (d, J=2.0Hz 1H) 9 68 (S,-1H)...[Table.8-3]....Example.53.Chemical structure

Compound name: N- [3((4aR* -5 amino-H:MMR6400MHz, CDCLy) 8 (ppm): 1.45 (d, J=12.8Hz,
tetrahydro-7-oxa-3-thia-1-az \h alen-8 Yﬁ}%lﬁ@ﬁ%@?%}@é@&f@@“ﬂ&”??ﬁﬁr i\r/lnlde'
142 -14--mmmmmmmmmmmemeee et N MR (400MHz

CDC13) 8 (ppm): 1.43-1.474m, 1H) 2.09-2, 209%Gv2-THj Hé)(édBJéetzisl-ﬂzO@ll&Oﬂzu)lﬂDﬁ@@z (m,
1H), 3.02 (dd, J=4.0, 12: w)*,zs.65-3.7 ](mgjdﬁz7 52§(§i7é-(&0_f.8ﬁ)7_81]1|2|)1ﬁ0ﬂ 4512 {(magH), 7.06

(dd, J=8.8, 11.6Hz, 1H); d, J=2.4, 6.4Hz, 1H 2.4, 8.4Hz, 1H), 7.99-8.03 (m, 1H
8.31 (d¢l, J=4.4, 8.4Hz, 1HT 8.44 (d, J=2.8 ﬂH)H? @md(sl—m} 1S AEmi¢RD strdérdrdd @Othbund

name: N-[3((4aR*,8a%$*)-2-amino-4,4a,5,6- e)t'@élng& O%ﬁ-)3§f1lg.-('lll a}z@@qml)nag%gg YI][) 479

v

fluoropheny11-3,5-dibromopyridine-2-carboxamide ESI-MS 'miz 545 [M
(s, 1H).
[Table 8-2]
Example 51 | Chemical structure Compound name: N-[3-((4aR*,8aS*)-2-amino-4.4a,5,6-
N~ I F tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-
Oy N fluorophenyl]-3.5-difluoropyridine-2-carboxamide

'H-NMR (400MHz, CDCl3) & (ppm): 1.45 (dt, J=2.0,
13.6Hz, 1H). 2.05-2.19 (m, 1H). 2.64 (dd, J=3.2, 12.4Hz,
H 1H), 2.91-2.97 (m, 1H), 3.02 (dd, J=4.0, 12.0Hz, 1H),
3.65-3.72 (m, 1H), 3.78 (d, J=10.8Hz, 1H), 4.03-4.15 (m,
2H), 7.06 (dd, J=8.8, 12.0Hz, 1H), 7.24-7.27 (m, 1H),
7.36-7.41 (m, 1H), 8.05-8.09 (m, 1H), 8.33 (d, J=2.0Hz,
1H), 9.56 (s, 1H).

Example 52 | Chemical structure Compound name: N-[3-((4aR*,8aS*)-2-amino-4.,4a,5,6-

OC' @ cl tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
L N fluorophenyl]-3.5-dichloropyridine-2-carboxamide
- 'H-NMR (400MHz, CDCl3) § (ppm): 1.43-1.47 (m, 1H),
0 NTNHQ 2.08-2.19 (m, 1H), 2.64 (dd, J=3.2, 12.4Hz, 1H), 2.92-
H 2.97 (m, 1H), 3.01 (dd, J=4.4, 12.4Hz, 1H), 3.65-3.71

(m, 1H), 3.76 (d, J=11.2Hz, 1H), 4.03-4.11 (m, 2H), 7.07
(dd, J=9.2, 12.0Hz, 1H), 7.19 (dd, J=2.8, 6.8Hz, 1H),
7.90 (d, J=2.0Hz, 1H), 8.11-8.15 (m, 1H), 8.46 (d,
J=2.0Hz, 1H), 9.68 (s, 1H).

[Table 8-3]

Example 53 | Chemical structure Compound name: N-[3-((4aR*,8aS*)-2-amino-4.4a,5.,6-

tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-vyl)-4-

fluorophenyl]-5-fluoropyridine-2-carboxamide




[Table 8-4] Example 55 Chemical structure F 0. 0 NH oNH2 S Compound name:

N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-

tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-

fluoropheny1]-5-trifluoromethylpyridine-2-carboxamide 1H-NMR (400MHz, CDC13) 8
(ppm):.1.43-1.47 (m, 1H), 2.10-2.19 (m, 1H), 2.65 (dd4d=3.2, 12.4Hz, 1H), 2.92- 2.97 (m, 1H), 3.03
(dd, J=4.0,12.0Hz, 1H), ?66’%7?(m 1H), 3.79.(d,.J=11.2Hz, 1H), 4.05:4.12 (m, 2H),.7.08.(dd,.J=8.8,

12.0Hz
J=8.0H
Compo

1H), 7.39 (dd
7, 1H), 8.88 (t,
und name: N-|

J=28, ﬁ;@ 1H) 8 o@S\MRMOBMHg @D(Gb) S-prenB b3 114?) (18,412101
J=0.8r1z, 9.89 (8, Y- ZEQ@EHP@}%(S?@?(HH:M%WEW%)@ B NH
3(( BaS*)-2-aminp-4,4a,5,6

F 297(m 1H), 3.02 (dd, J=4.0, 12.0Hz, 1H), 3.65-3.72

o N\YNH2

(m, 1H), 3.79 (d, J=10.8Hz, 1H), 4.04-4.12 (m, 2H), 7.06
(dd, J=8.8, 11.6Hz, 1H), 7.35 (dd, J=2.4, 6.4Hz, 1H),
7.59 (dt, J=2.4, 8.4Hz, 1H), 7.99-8.03 (m, 1H), 8.31 (dd,
J=4.4, 8.4Hz, 1H), 8.44 (d, J=2.8Hz, 1H), 9.76 (s, 1H).

, OS

-n

4/<

Example 54 | Chemical structure Compound name: N-[3-((4aR*,8aS*)-2-amino-4.4a,5,6-
oBr < Br tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
" N fluorophenyl]-3.,5-dibromopyridine-2-carboxamide
g o ESI-MS m/z 545 [M"+H]
) s
[Table 8-4]
Example 55 | Chemical structure Compound name: N-[3-((4aR*,8aS*)-2-amino-4.4a,5,6-
P F tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-
o \/N T fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide
NH 'H-NMR (400MHz, CDCl3) 8 (ppm):.1.43-1.47 (m, 1H),
(F) Ny e 2.10-2.19 (m, 1H), 2.65 (dd, J=3.2, 12.4Hz, 1H), 2.92-
A ° 2.97 (m, 1H), 3.03 (dd, J=4.0, 12.0Hz, 1H), 3.66-3.72
(m, 1H), 3.79 (d, J=11.2Hz, 1H), 4.05-4.12 (m, 2H), 7.08
(dd, J=8.8, 12.0Hz, 1H), 7.39 (dd, J=2.8, 6.4Hz, 1H),
8.00-8.04 (m, 1H), 8.16 (dd, J=1.6, 8.4Hz, 1H), 8.42 (d,
J=8.0Hz, 1H), 8.88 (t, J=0.8Hz, 1H), 9.89 (s, 1H).
Example 56 | Chemical structure Compound name: N-[3-((4aR*,8aS*)-2-amino-4.4a,5,6-

tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-

fluorophenvyl]-5-difluoromethylpyridine-2-carboxamide

'H-NMR (400MHz, CDCl3) & (ppm): 1.43-1.47 (m, 1H),
2.09—2.21 (m, 1H). 2.64 (dd, J=2.8, 12.0Hz, 1H), 2.92-
2.98 (m, 1H), 3.02 (dd, J=8.0, 12.4Hz, 1H), 3.66-3.72
(m, 1H), 3.81 (d, J=10.8Hz, 1H), 4.05-4.15 (m, 2H), 6.81
(t, J=55.6Hz, 1H), 7.05 (dd, J=9.2, 12.0Hz, 1H), 8.40
(dd, J=2.8, 6.8Hz, 1H), 7.98-8.06 (m, 2H), 8.36 (d,
J=8.4Hz, 1H), 8.73 (s, 1H), 9.90 (s, 1H).




tetrahydro-7-oxa-3-thia-I-azanaphthalen-8a-y1)-4-
fluoropheny11-5-difluoromethylpyridine-2-carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm):
1.43-1.47 (m, 1H), 2.09-2.21 (m, 1H). 2.64 (dd, J=2.8, 12.0Hz, 1H), 2.92- 2.98 (m, 1H), 3.02 (dd,
J=8.0, 12.4Hz, 1H), 3.66-3.72 (m, 1H), 3.81 (d, J=1081z, 1H), 4.05-4.15 (m, 2H), 6.81 (t, J=55.6Hz,
1H), 7.05 (dd, J=9.2, 12.0Hz, 1H), 8.40 (dd, J=2.8, 6.8Hz, 1H), 7.98-8.06 (m, 2H), 8.36 (d, J=8.4Hz,
1H), 8.731@bIedy3b.90 (s, 1H). 143 [Table 8-5] Example 57 Chemical structure F 0y.c. is NH OIA-12
Compoppd pgmes N-[BéraRlPaRndigramMN@diifoarRr name: N-[3-((4aR*,8aS*)-2-amino-4.4a.5.6-
tetrahydro-?-oxa—3-thia—1-azanaphthglen-8a-y1)- - '
fluoropheny11-5-diflu )romethylp/ryﬁpgg-}c dBsshyiRd-oxa-3-thia-1-azanaphthalen-8a-yl)-4-

YgN |

NH

o fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide

'H-NMR (400MHz, CDCl3) & (ppm): 1.44-1.48 (m, 1H),
P IN Nk, 2.10-2.19 (m, 1H), 2.65 (dd, J=2.8, 12.0Hz, 1H), 2.93-

S 3.04 (m, 2H), 3.66-3.72 (m, 1H), 3.80 (d, J=11.2Hz, 1H),
4.04-4.15 (m, 2H), 6.79 (t, J=54.4Hz.1H). 7.08 (dd,
J=8.8, 12.0Hz, 1H), 7.40 (dd, J=2.8, 6.4Hz, 1H),
7.97—8.01 (m, 1H), 8.90 (d, J=0.8Hz, 1H), 9.50 (s, 1H),
9.60 (s, 1H).

Example 58 | Chemical structure Compound name: N-[3-((4aR*.8aS*)-2-amino-4.4a,5,6-
ﬁOY F tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-
O Sy F
NH

fluorophenyl]-5-difluoromethoxypyridine-2-carboxamide

(Z%YNHZ 'H-NMR (400MHz, CDCl3) & (ppm): 1.43-1.47 (m, 1H),
s 2.05-2.20 (m, 1H), 2.63 (dd, J=2.8, 12.0Hz, 1H), 2.91-
2.97 (m, 1H), 3.03 (dd, J=4.0, 12.4Hz, 1H), 3.65-3.72
(m, 1H), 8.79 (d, J=11.2Hz, 1H), 4.04-4.13 (m, 2H), 6.65
(t, J=72.0Hz, 1H), 7.07 (dd, J=8.8, 12.0Hz, 1H). 7.36
(dd, J=3.2, 7.2Hz, 1H), 7.66 (dd, J=3.2, 8.8Hz, 1H), 8.00-
8.04 (m, 1H), 8.31 (d, J=9.2Hz, 1H), 8.46 (d, J=2.4Hz,
1H), 9.80 (s, 1H).

[0275]
Example 59
Synthesis of (+)-(4aR*,6R* 8aS*)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-6-

trifluoromethyl-4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine
5 [Formula 53]

2-Fluoropyridine-3-boronic acid (63.9 mg),
tetrakis(triphenylphosphine)palladium (26.2 mg) and a 1 N sodium carbonate solution (453 pl)
were added to a solution of (£)-N,N-di(tert-butyloxycarbonyl)-[(4aR* ,6R*,8aS*)-8a-(5-bromo-



1H-NMR (400MHz, CDC13) 8 (ppm): 1.44-1.48 (m, 1H), 2.10-2.19 (m, 1H), 2.65 (dd, J=2.8, 12.0Hz,
1H), 2.93- 3.04 (m, 2H), 3.66-3.72 (m, 1H), 3.80 (d, J=11.2Hz, 1H), 4.04 4.152H), 6.79J=54.4Hz.1H).
7.08 (m,(t,(dd, J=8.8, 12.0Hz, 1H), 7.40 (dd, J=2.8, 6.4Hz, 1H), 7.97-8.01 (m, 1H), 8.90 (d, J=0.8Hz,
1H), 9.50 (s, 1H), 9.60 (s, 1H). Example 58 Chemicaj giructure 0 yCNDF" NH ip NNH2 0 H
Compound name: N-1-3-44aR*,8aS*)-2-amino-4,4a,5,6- .

tetrahydr%‘ﬂ%%?-@@ D-9-iflg p@rﬁgl&,?,f;_&@a—hexahydr0—7—oxa—3—thla—1—azanaphthalen—2—

fluorophemyhlinedifb® e ethoXyPY0Iding 2 carRxamide: wdd-NARIAPOMHEe &l gdiRepm):
1.43-1.47 (m, 1H), 2.05-2.20 (m, 1H), 2.63 (dd, J=2.8, 12.0Hz, 1H), 2.91- 2.97 (m, 1H), 3.03 (dd,

J=4.0, 12A14zforisgvendmysz2 kg rgaptor selotipn Wey cadded o mpm) terpsiaiiie e, thep ddytedHz,

1H), 7-07v£@l¢ed1=yﬁ3a%e§a%eQH%h%'d)%Zn§61£ 6 s Washead itk Eardr 88 d hind=3 £n8 Gitnid i)y -00- 8.04
(m, 1H), 8.31 (d, J=9.2Hz, 1H), 8.46 (d, J=2.4Hz, 1H), 9.80 gs, 1H).
5 was dried over anhydrous magnesium sulfate, and the solvent was evaporated under reduced

pressure. Dichloromethane (4.0 ml) and TFA (1.0 ml) were added to the residue, and the
mixture was stirred at room temperature for four hours. When the reaction was completed, the
reaction solution was diluted with dichloromethane and ice was added, followed by
neutralization with a sodium bicarbonate solution. The aqueous layer was extracted with

10 chloroform, and the organic layer was dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure and the residue was purified by NH-silica gel column
chromatography. The resulting white solid was washed with diethyl ether to obtain the title
compound (14.0 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.68-1.72 (m, 1H), 2.12 (ddd, J = 2.8,

15 12.0,24.8 Hz, 1H), 2.68 (dd, J = 2.4, 12.4 Hz, 1H), 2.99-3.08 (m, 2H), 3.96 (d, J = 11.6 Hz, 1H),
4.06-4.11 (m, 1H), 4.20 (dd, J = 2.0, 11.2 Hz, 1H), 7.15 (dd, J = 8.8, 12.4 Hz, 1H), 7.25-7.30 (m,
1H), 7.50-7.54 (m, 2H), 7.83 (ddd, J = 1.6, 7.2, 9.2 Hz, 1H), 8.19-8.21 (m, 1H).

[0276]
Example 60
20  Synthesis of (4aR,6R.8aS)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-6-fluoromethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine

[Formula 54]
7
N
F
F
o Ny_NH,
Fel S

2-Fluoropyridine-3-boronic acid (51.1 mg),
tetrakis(triphenylphosphine)palladium (19.1 mg) and a 1 N sodium carbonate solution (363 pl)
25 were added to a solution of N,N-di(tert-butyloxycarbonyl)-[(4aR,6R,8aS)-8a-(5-bromo-2-
fluorophenyl)-6-fluoromethyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylJamine
(95 mg) in DMF (6.79 ml). After replacement with nitrogen, the mixture was stirred at 85°C
for two hours.  After cooling to room temperature, the mixture was diluted with water. The
aqueous layer was extracted with ethyl acetate, and the organic layer was washed with water.

30 The organic layer was dried over anhydrous magnesium sulfate, and the solvent was evaporated



[0275] Example 59 Synthesis of ()-(4aR*,6R*,8aS*)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)pheny11-6-
trifluoromethyl1-4 4a 5 6 8 8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine 5 [Formula 53]
2-Fluoropyridine-3-boronic acid (63.9 mg), tetrakis(triphenylphosphine)palladium (26.2 mg) and a 1 N
sodium carbonate solution (453 Re were added to a ggiution of
()-N,N-di(tert-butyloxycarbony1)-[(4aR*,6R*,8aS*)-8a-(5-bromo- 144

2- quorop‘I‘r‘%’rﬁ‘iI‘f%‘ %tli’é%?ﬂ@thy 155l avan Mg Y Siica,ge oy shomasneratby- 2 Titamine

(138 mg)ré@ulRME i(RePrbian o 40 QiRbEE iWaR BIBFSH dhanRitH0g N )atMASP DE (BrAl SR {aacexsn
hours. The reaction solution was cooled to room temBerature and then diluted with ethyl acetate. The

organic |BfeMiraE s ahsd kT TaeR SePsritecTRB BRIy eles Was Hidsd B Bedrtfiiftbus

magnesiyix gi#fatsi aneathe salvantWah Svaparigd e Rdiced RigssuraHRisdiesasnataneds.0
ml) and TFA (1.0 ml) were added to the residue, and the mixture was stirred at room temperature for

four RourEAHES YHE Kbt At ibREEAAIHRY FS AR ISH| QB AR ERK A ERET HIBROHBHrethane
and ice Was aeidef; fallaweagpyaeuiirizatorow g srAHMRIGRtRARNR SpIHIY BsiRaLequs layer

was extracted with 10 chloroform, and the organic layer was dried over anhydrous magnesium sulfate.

The solv@%@%@%@@%%?b@é‘b%t cemROURd b4 8%tue was purified by NH-silica gel

column chromatographyj Khareaalingwhiteeelidyy Bg?rmaqtmlvxggt(qieﬂyj qtlggrlt@pmalrmlje title
compound (14.0 mg). 1H-NMR (400 MHz, CDC13) 1.68-1.72 1H), 2.12 (ddd, J = 2.8, 15
12.0,248 2fﬁ)<n2 68 xdaYS- 3@74%%)»4% 8%9‘ éﬂestsfidéZ(rﬁHém% éé)tdnt} Jrf_t)l‘tslritz4 %Pr)
406 11y} 452056l 5150, At W), P11 - A8 A2 e D7 125353, 11
7.50-7.54 (m, 2H), 7.83 (ddd, J = 1.6, 7.2, 9.2 Hz, 1H), 8.19-8. 21 (m, 1H). [0276] Example 60 20
Synthesi3tdk 43R BR3SH5)LER. [@#ﬁ]%rtﬁén(@ﬂﬂbropyndln 3-yl)pheny11-6-fluoromethyl4 4a 5 6 8
8a-hexahyghgy7-oxa-3-thia-1-azanaphthalen-2-ylamine [Formula 54] 2-Fluoropyridine-3-boronic acid
(51.1 mg), tetrakis(triphenylphosphine)palladium (19.1 mg) and a 1 N sodium carbonate solution (363
Re 25 wi ’éagﬁl’é%é o a solution of N,N-di(tert-butyloxycarbonyl)-[(4aR,6R,8aS)-8a-(5-bromo-2-
fluorophepyiiQ:flupremetivl ghda 56,8 Sritiexaltydigo fopyAdntia sReanaRIha s Zyllamine (95
mg) in DMF (6 79 ml) After replacement W|th nitrogen, the mixture was sfirred at 85C for two hours.

2 5 i ‘ HBaLfie wad@ill¢ed with water. The aqueous layer was
extracteqmlgwgg cetate and the organlc Iayer was washed with water. 30 The organic layer was
dried over anhydrous magnesium sulfate, and the solvent was evaporated 145

2-Fluoropyridine-3-boronic acid (25.6 mg),
tetrakis(triphenylphosphine)palladium (10.5 mg) and a 1 N sodium carbonate solution (182 pl)
were added to a solution of (x)-N-benzoyl-N-(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a-(5-

20  bromo-2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine (50
mg) in DMF (5.0 ml). After replacement with nitrogen, the mixture was stirred at 90°C for six
hours. The reaction solution was cooled to room temperature and diluted with water. The
aqueous layer was extracted with ethyl acetate. The organic layer was washed with water and
brine and dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced

25  pressure and the residue was purified by NH-silica gel column chromatography to obtain the title
compound (12.7 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.43-1.47 (m, 1H), 2.08-2.20 (m, 1H),
2.66 (dd, J =2.8, 12.0 Hz, 1H), 2.90-2.96 (m, 1H), 3.01 (dd, ] =4.0, 12.4 Hz, 1H), 3.69 (dt, J =
2.8,12.4 Hz, 1H), 3.79 (d, J = 11.2 Hz, 1H), 4.07-4.13 (m, 2H), 4.60 (brs, 2H), 7.14 (dd, J = 8.4,
30 12.0 Hz, 1H), 7.25-7.28 (m, 1H), 7.48-7.55 (m, 2H), 7.81-7.86 (m, 1H), 8.18-8.20 (m, 1H).



under reduced pressure. The residue was purified by silica gel column chromatography. The resulting
intermediate was dissolved in dichloromethane (4.0 m1). 11A (1.0 ml) was added and the mixture was
stirred at room temperature for three hours. Ice was added to the reaction mixture, followed by
neutralization with a sodium bicarbonate solution. Thggggqueous layer was 5 extracted with chloroform,
and the ?H:)%anic layer was dried over anhydrous magnesium sulfate. The solvent was evaporated
under retfie&t] pressure and the residue was purified by silica gel column chromatography to obtain
the title @mgﬂg&%@%%mg). 1 H-NMR (400 MHz, CDC13) 8 (ppm): 1.48-1.53 (m, 1H), 1.82-1.92 (m,
1H), 2.63-2.66 (m, 1H), 2.98-3.07 (m, 2H), 3.89 (d, J = 10.8 Hz, 1H), 3.93-4.01 (m, 1H), 4.17-4.20 10
(m, 1H), 4.35-4.58 (m, BMcompayaes StEganplosPHL adyyereynthesizag aqqerdingte Examplofh
7.78-7 83 i o8t Ihokéh) alRRT7 11 Bxavanie B fol SWnHaeRisIen.
()-(4aR*,8aS*)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)pheny11-4,4a,5,6,8,8a15
hexaﬁydQ@%)?A-S-thia-1-azanaphthalen-z-ylamine [Formula 55] 2-Fluoropyridine-3-boronic acid
(25.6 Mgk dRaREPOREXRAP SRR 2T REBHP JH S AR @ﬂ_{@akN{ s%@dgm_ggrﬁe&%t%_sowtlon (182
Re were added to a solution of ()-N-benzayl-N-(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a- 0
bromo+2-fluorophenyl)-4,4a,5,6,8 AR =2 FARRP
DMF (5.0 m1). After replacemey
reaction solution wag co
extracted with ethyl dcetate

-hexaB RV BERTH fzlulsiistzlEh (Inin@XB50r mg)(in
it nitroggn. themixHiraIvas siiksdat 90C for six hours. The
b room temperature and diluted with water.. The aqueous. layer.was
he orgganic laGS Vs waSHEd MithHiater and brine and dried over
anhydrous magnesiu olvent was evaporated under reduced 25 pressure and the
residue was purified ilicg gel column chromatography to obtain the title compound (12.7 mg). 1
H-NMR (400 MHz, CDC13)}8 (ppm): 1.43{1.47 (m, 1H), 2.08-2.20 (m, 1H), 2.66 (dd, J = 2.8, 12.0[Hz,
1H), 2,90-2.96 (m, 1H), 3.01 (dd, J = 4.0, 12.4 Hz, 1H), 3.69 (dt, J = 2.8, 12.4 Hz, 1H), 3.79 (d, J =
11.2 Hg, 1H), 4.07-4,13 (m, 2H), 4.60 (brg, 2H), 7.14 (dd, J = 8.4, 30 12.0 Hz, 1H), 7.25-7.28 (m, 1H),
7.48-7 [58xmpRHD3 7 BCHEBR AT LS. 18-Bo20p0nd Himd: 48 10248t Bxerndles o3 terfopyridinT N

compounds of Examples 62 to 6glwere Sy nthesized according to Example 61 using the corresponding
- LA A R8a-he T

boron acids, as shown in the follgwing Tabke 85 F4HIPY 2t Hehsieallydro-7-oxa-3-thia-

1-azanaphthalen-2-ylamine

ESI-MS m/z 378 [M"+H]

N

[0279]
Example 64
Synthesis of N-[5-((4aR*,8aS*)-2-amino-4.,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-

yD)thiophen-3-vyl]-5-cyanopyridine-2-carboxamide

10 [Formula 56]

7\

5-Cyanopyridine-2-carboxylic acid (19.0 mg), diisopropylethylamine (50.7 ul)



so structure ...- N "ii .....N NH2 S Compound name:
pyrimidin-5-ylpheny1)-4.4a.5.6.8,8a-hexahydro-7-oxa-3- thia-l-azanaphthalen-2-ylamine ESI-MS
miz 345 [M++H] Example 63 Chemical structure Cl 40N .NH2 s Compound name:
(-(4aR*,8aS*)-8"5-(5-chloropyridin- 147

and PyBOP (83.5 mg) were sequentially added to a solution of (+)-N,N-di(tert-
butyloxycarbonyl)-[(4aR*,8aS*)-8a-(4-aminothiophen-2-yl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-2-yl]Jamine (50 mg) in dichloromethane (5.0 ml) in an ice bath. The
mixture was returned to room temperature and stirred overnight. The solvent was evaporated
5 under reduced pressure and the residue was purified by NH-silica gel column chromatography.

The resulting intermediate was dissolved in dichloromethane (4.0 ml) and TFA (1.0 ml) was
added. After stirring at room temperature for four hours, ice was added to terminate the
reaction. The mixture was neutralized with a sodium bicarbonate solution, and the aqueous
layer was neutralized with ethyl acetate. The organic layer was dried over anhydrous

10 magnesium sulfate, and the solvent was evaporated under reduced pressure. The residue was
purified by NH-silica gel column chromatography to obtain the title compound (33.9 mg).

ESI-MS m/z 400 [M" +H]

[0280]
Example 65

15 Synthesis of (+)-(4aR*,8aR*)-8a-[4-(2-fluoropyridin-3-yl)-thiophen-2-yl]-4.4a,5.6.8.8a-

hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine

[Formula 57]

2-Fluoropyridine-3-boronic acid (26.9 mg),

tetrakis(triphenylphosphine)palladium (11.0 mg) and a 1 N sodium carbonate solution (191 ul)

20 were sequentially added to a solution of (+)-N,N-di-(tert-butyloxycarbonyl)-[(4aR*,8aS*)-8a-(4-
bromothiophen-2-yl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylJamine
obtained in Preparation Example 19-(3) (51.0 mg) in DMF (2.0 ml). After replacement with
nitrogen, the mixture was stirred at 80°C for five hours. The reaction solution was returned to
room temperature and diluted with water. The aqueous layer was extracted with ethyl acetate,

25 and the organic layer was washed with water. The organic layer was dried over anhydrous
magnesium sulfate, and the solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography to obtain an intermediate. The resulting

intermediate was dissolved in dichloromethane (5.0 ml). TFA (2.0 ml) was added and the



3-y1)-2-fluorophenyl11-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia- 1-azanaphthalen-2-ylamine ESI-MS
miz 378 [M++H] [0279] Example 64 Synthesis of
N-[54(4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-I-azanaphthalen-8ayl)thiophen-3-y11-5-cy
anopyridine-2-carboxamide 10 [Formula 56] NyNHgZ2&-Cyanopyridine-2-carboxylic acid (19.0 mg),
diisopropylethylamine (50.7 Re 147 and PyBOP (83.5 mg) were sequentially added to a solution of
(+)-N, N-diiERBUNAS RSP D] (earRerg e faaties Rawsthi dpharagdsdio the BigtEinexahydro-7-0
xa-3- thigdrzanepihalenizabaming {304ma) indicdoreneihane (5l dsras iggbalk The mixture

was returned to room temperature and stirred overnight. The solvent was evaporated 5 under reduced
pressureS3Hadise radicRiBYhACSIRiRed BiF RIgasifch Y waturpccpyeatographynaenesteaLtHgte-
intermedip{g WA AISSA\@d o e e ethan admk and (hEA LU WisWasiAcdsd NHtgrRirmng at

room temperature for four hours, ice was added to terminate the reaction. The mixture was neutralized
with & soRliRY RA BB STt ki B 6 SETRRIARE MEXized with ethyl acetate. The

organic layer was driegioue1ahydsiupiQmagnesium sulfate, and the solvent was evaporated under
reducedrFressure. The residue was purified by NH-silica gel column chromatography to obtain the title
compou 859 mg).

Example 66
Synthesis of (4aR,6R.8aS)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-6-benzyloxymethyl-

10 4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine
[Formula 58]

2-Fluoropyridine-3-boronic acid (44.0 mg),
tetrakis(triphenylphosphine)palladium (18.0 mg) and a 1 N sodium carbonate solution (312 l)
were added to a solution of N,N-di-(tert-butyloxycarbonyl)-[(4aR,6R,8aS)-8a-(5-bromo-2-

15 fluorophenyl)-6-benzyloxymethyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-
ylJamine (95 mg) in DMF (6.79 ml). After replacement with nitrogen, the mixture was stirred
at 85°C for seven hours. After cooling to room temperature, the mixture was diluted with
water. The aqueous layer was extracted with ethyl acetate, and the organic layer was washed
with water. The organic layer was dried over anhydrous magnesium sulfate, and the solvent

20 was evaporated under reduced pressure. The residue was purified by silica gel column
chromatography. The resulting intermediate was dissolved in dichloromethane (4.0 ml). TFA
(1.0 ml) was added and the mixture was stirred at room temperature for three hours. Ice was
added to the reaction mixture, followed by neutralization with a sodium bicarbonate solution.
The aqueous layer was extracted with chloroform, and the organic layer was dried over

25 anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure and the
residue was purified by silica gel column chromatography to obtain the title compound (23.0
mg).

ESI-MS m/z 482 [M" +H]
[0282]



ESI-MS miz 400 [W +H] [0280] Example 65 15 Synthesis of
()-(4aR*,8aR*)-8a-[4-(2-fluoropyridin-3-171)-thiophen-2-1711-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-a
zanaphthalen-2-ylamine [Formula 57] 2-Fluoropyridine-3-boronic acid (26.9 mg),
tetrakis(triphenylphosphine)palladium (11.0 mg) and &3 N sodium carbonate solution (191 RD 20
were se entlally added to a solution of ()-N,N-di-(tert-butyloxycarbony1)-[(4aR*,8aS*)-8a-(4-
bromothibpHBRI28/1)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylJamine obtained in
Preparation frX@mpieh Ny (2. Tend® DMF o md s SHGHiRRIACS MRt NitogRp HiRGIBNXtUre
was stlrred at 80C for five hours The reaction solutlon Was returned to room temperature and diluted
rH X e d; ; 3 arhexptAldrganic layer was washed
with watepo'{lgglgrgﬂmc Iayer was drled over anhydrous magnesrum sulfate and the solvent was
evaporated under reduced pressure. The residue was purified by silica gel column chromatography to
obtain an intermediate. The result Hg intermediate was dissolved in dichloromethane (5.0 ml) TEA

The solvéﬁg{g
column chro
Example 66 (LG
(4aR,6R,8a5)t8a-[R-flugro-5-(2-fluoropyridin-3-yDpheny11-6-benzyloxymethyl10 4 4a 5 6 8
8a-hexahydro-7<0%a~3-thia-1-azanaphthalen-2-ylamine [Formula 58] 2-Fluoropyridine-3-boronic acid
(44.0 mq), tetrakis(triphenylphosphine)palladium (18.0 mg) and a 1 N sodium carbonate solution (312

RD wgere added to a séh@liemafysidadiXtestHoutylioxydaddnyi) HaRpobpdab)Ber{kefiofiqtd-and
PyBOP (17.6 mg) were added to a solution of tert-butyl (+)-[(4aR*,8aS*)-8a-(6-amino-2,2-
difluorobenzo[1,3]dioxol-4-yl)-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-
yl]Jcarbamate (10 mg) in dichloromethane (2.0 ml) in an ice bath. The mixture was heated to
room temperature and stirred for four hours. The solvent was evaporated under reduced

10 pressure and the residue was purified by NH-pTLC to obtain an intermediate. The resulting
intermediate was dissolved in dichloromethane (3.0 ml) and TFA (1.0 ml) was added. After
stirring at room temperature for four hours, the reaction solution was diluted with water and
neutralized with a sodium bicarbonate solution. The aqueous layer was extracted with
dichloromethane, and the organic layer was dried over anhydrous magnesium sulfate. The

15 solvent was evaporated under reduced pressure and the residue was purified by NH-pTLC to
obtain the title compound.

"H-NMR (400 MHz, CDCl3) & (ppm): 1.51-1.53 (m, 1H), 2.15 (ddd, T = 5.2,
13.2,26.0 Hz, 1H), 2.71 (dd, J = 2.8, 12.4 Hz, 1H), 2.86-2.90 (m, 1H), 3.07 (dd, ] =4.4, 12.4 Hz,
1H), 3.68-3.73 (m, 1H), 3.85-3.91 (m, 2H), 4.11-4.15 (m, 1H), 7.03 (d, J = 2.0 Hz, 1H), 8.07 (d,
20 J=2.0Hz, 1H), 8.21 (dd, ] =2.0, 8.0 Hz, 1H), 8.41 (dd, J = 0.8, 8.0 Hz, 1H), 8.92 (dd, J = 0.8,
2.0 Hz, 1H), 9.94 (brs, 1H).
[0283]
Examples 68 to 73
The compounds of Examples 68 to 73 were synthesized according to Example 2

25  using the corresponding carboxylic acids and the corresponding aniline intermediates in

Preparation Examples, as shown in the following Table 10.

[Table 10-1]
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yllamine (95 mg) in DMF (6.79 m1). After replacement with nitrogen, the mixture was stirred at 85C for
seven hours. After cooling to room temperature, the mixture was diluted with water. The aqueous layer
was extracted with ethyl acetate, and the organic layggyvas washed with water. The organic layer was
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[Table 10-2]

Example 70

Chemical structure

Compound name: N- [3- ((4aR*, SR*, 8aS*)
Compound name: N-[3-((4aR*,5R*,8aS*)-2-amino-5-

methyl-4.4a.5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-

8a-yl)-4-fluorophenyl]-2,5-dimethylfuran-3-carboxamide

'H-NMR (400MHz, CDCl3) 8 (ppm): 0.94 (d, J=6.8Hz,
3H), 2.21-2.27 (m, 1H), 2.28 (s, 3H), 2.58 (s, 3H), 2.61-
2.68 (m, 1H), 2.93-2.96 (m, 2H), 3.25-3.36 (m, 1H), 3.85-
3.92 (m, 1H), 3.95-4.07 (m, 2H), 6.21 (brs, 1H), 7.03-7.11
(m, 2H), 7.58-7.63 (m, 1H).

ESI-MS m/z 418 [M*+H]




structure 1 H chiral s Compound name: N-[3-((4aR* 8aS*)-2-amino-4 4a 5 6-
tetrahydro-7-oxa-3-thia-l-azanaphthalen-8a-y1)-4- fluoropheny1]-5-(2-methoxyethoxy)-pyrazine-2-
carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm): 1.40-1.50 (m, 1H), 2.01-2.21 (m, 1H), 2.59-2.68
(m, 1H), 2.88-2.98 (m, 1H), 2.98-3.06 (m, 1H), 3.46 ($58H), 3.63-3.73 (m, 1H), 3.73- 3.84 (m, 3H),
4.01-4.12 (m, 2H) 4 55-4.65 (m, 2H) 7.02- 7.11 (m _1H), 7?Q7’%'§(m 1H\ 7Q88()6(m 1H), 8.19-

8.24 (|, BxyBleglo. 0 Chamiea) sgusigsr

structure N is NH o TN methyl-4.4a,5.6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
NE il 8a-yl)-4-fluorophenyl]-4-methyl-[1,2,3]thiadiazole-5-
o Nop e carboxamide
e 'H-NMR (400MHz, CDCly) 8 (ppm): 0.91 (d, J=6.4Hz,

3H), 2.07-2.20 (m, 1H), 2.44-2.52 (m, 1H), 2.78-2.86 (m,
1H), 2.86-2.93 (m, 1H), 2.96 (s, 3H), 3.22-3.31 (m, 1H),
3.66-3.74 (m, 1H), 3.84-3.91 (m, 1H), 4.02-4.08 (m, 1H),
7.05-7.12 (m, 1H), 7.14-7.19 (m, 1H), 7.91 (brs, 1H).
ESI-MS m/z 422 [M*+H]




chiral ONNH2 S H Compound name: N-[3((4aR*,8aS*)-2-amino-4,4a,5,6-

tetrahydro-7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-

fluoropheny11-2-methylthiazole-4-carboxamide

1H-NMR (400MHz, CDC13) 8 (ppm): 1.39-1.50 (m, 1H), 2.06-2.21 (m, 1H), 2.59-2.67 (m, 1H), 2.76 (s,
3H), 2.89- 2.97 (m, 1H), 2.98-3.07 (m, 1H),3.62-3.73(\, 1H), 3.73- 3.81 (M, 1H), 4.01-4.13 (m, 2H),

7.02-7.10 (m, 1H
[M++H] [Fabire!

name: N-[34(4aR*,5R*,8aS*)-2-amino-5- methyl-4 4a 5
ro-7-oxa-3-thia-1-azanaphthalen8a- \/’I\ 4- flllnmnhpn\/11 -2 5- r‘llmpfh\/lfllmn-3 carboxamide

6-tetrahy
1H-NMR
3H), 2.61-

6.21 (brs,

7.28- 7.34 (m, 1H), 7.93-7.99 (m, 1H), 8.04 (s, 1H), 9.17 (brs, 1H). ESI-MS miz 407
3i] Chemical structure Compound name: N- [3- ( (4aR*, 5R*, 8a5*) Compound

Ao5MPls, cDg
7%8 (m, 1H),
1H), 7.03-7.11

andspin): 0.9/

2GAGE (m, 2H)!

(m. 2. 7687

perldm— 1- '- lproplonarmd

28 (s, 3H), 2.58 (s,

8.95-4.07 (M, 2H),

chiral

N Y
Q NG

S

NH,

H

'H-NMR(400MHz, CDCl;)3(ppm):0.92(d,J=6
.8Hz,3H),1.56-1.86(m,6H),2.10-2.23(m,1H),
2.42-2.73(m,9H),2.84-2.96(m,2H),3.24-3.36(
m,1H),3.83-4.01(m,2H),4.06-4.13(m,1H),6.9
6-7.12(m,2H),7.90-8.01(m, 1H),11.5(brs, 1H).

ESI-MS mv/z 435[M"+H]

Example
73

Chemical

structure

Compound name:N-[3-((4aR*,5R*,8aS*
)-2-amino-5-methyl-4.4a,5,6-tetrahydro-

7-oxa-3-thia-1-azanaphthalen-8a-vyl)-4-fl

uorophenyl]-2-methyloxazol-4-carboxa

mide

'H-NMR(400MHz,CDCl5)3(ppm):0.91(d,J=6.
8Hz,3H),2.11-2.27(m,1H),2.42-2.50(m,1 H),2.5
0-2.57(m,3H),2.80-2.94(m,2H),3.23-3.34(m, 1
H),3.72-3.81(m,1H),3.89-3.97(m, 1H),4.05-4.1
2(m,1H),6.99-7.08(m,1H),7.25-7.32(m,1 H),7.8
9-7.96(m,1H),8.14-8.19(m,1H),8.65(brs,1 H).

ESI-MS m/z 405[M"+H]

[0284]

Example 74
Svynthesis of (4aR,6R.8aS)-8a-[2-fluoro-5-(2H-pyrazol-3-y)phenyl]-6-methoxymethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]Jamine

[Formula 60]



151 Compound name: N-13-44aR* 5R*,8aS*)-2-amino-5-
methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen8a-y1)-4-fluorophenyli-4-methyl-11,2,31thiadi
azole-5- carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm): 0.91 (d, J=6.4Hz, 3H), 2.07-2.20 (m, 1H),
2.44-2.52 (m, 1H), 2.78-2.86 (m, 1H), 2.86-2.93 (m, }k4, 2.96 (s, 3H), 3.22-3.31 (m, 1H), 3.66-3.74 (m,
1H), 3.84-3.91 (m, 1H), 4.02-4.08 (m, 1H), 7.05-7.12 (m, 1H), 7.14-7.19 (m, 1H), 7.91 (brs, 1H).
ESI-MS miz 422 [W+H] 152 [Table 10-3] Exampe 72 Chemical structure NH chiffal NNH2 s
Convound name:N- [3- ((4aR*,5R*,8aS*)-2 ino-5-arthy1-4,4a,5,6-tetrahydr oxa-3-thi a-

1-azanaphthalmll) -4- fluorophenylF-3-pi, p |1_QJ| -I-Aprdpionamide

H-NMR(408M| 3)6(ppm):0.92(d,9=6 8HY 3H),1.56-1.86(m,6H),2.00°2
2.42-2.73(m,9H),2:84-2.96(m,2H),3:24-8. ),3 .83-4.01 (M,2H)4.06-4 -
SI-MS miz 435 [Mt-al] Examp|eH73

chiral

6-7.12(m,2H),7.94,8.01(m,1H),11.5(brs, 1H).

iral

[0285]
(1) Synthesis of di-tert-butyl [(4aR,6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6-methoxymethyl-
4.,4a,5,6,8,8a-hexahydropyrano[3.4-d][1,3]thiazin-2-yl]imidodicarbonate

The title compound was synthesized from the compound obtained in Preparation
5 Example 7-(4) according to Preparation Example 16 (1)-(3).
ESI-MS; m/z 611 [M*+Nal].
[0286]
(2) Synthesis of di-tert-butyl [(4aR,6R,8aS)-8a-(5-acetyl-2-fluorophenyl)-6-methoxymethyl-
4.4a,5.6.8.8a-hexahydropyrano[3.4-d][1.3]thiazin-2-yl]imidodicarbonate

10 The compound obtained in Example 74-(1) (2.73 g) was dissolved in 1,4-dioxane
(40 mL). 1-Ethoxyvinyltri-n-butyltin (2.42 mL), cesium fluoride (1.55 g) and bis(tri-t-
butylphosphine)palladium (118 mg) were sequentially added to the solution, and the mixture was
stirred in a nitrogen atmosphere at 100°C.  After 1.5 hours, the reaction solution was left to
cool. The reaction mixture was filtered through celite and washed with ethyl acetate. The

15 filtrate was concentrated under reduced pressure. Ethyl acetate and 1 N KHSO4 were added to
the residue, and the organic layer was separated. The organic layer was sequentially washed
with 1 N KHSO4, a saturated sodium bicarbonate solution and brine. The organic layer was
dried over anhydrous magnesium sulfate. The drying agent was removed by filtration and the
filtrate was concentrated under reduced pressure. The residue was subjected to silica gel

20 chromatography to obtain di-tert-butyl {(4aR,6R,8aS)-8a-[5-(1-ethoxyvinyl)-2-fluorophenyl]-6-
methoxymethyl-4,4a,5,6,8,8a-hexahydropyrano[3,4-d][1,3]thiazin-2-yl }imidodicarbonate (1.91
g). 1.5 gof 1.91 g of the resulting compound was dissolved in THF (10 mL). Then, 2 N
hydrochloric acid (3.5 mL) was added and the mixture was stirred at room temperature. After

one hour, ethyl acetate was added to the reaction solution, and the mixture was sequentially



0 Chemical structure ot.0_,_ NH chiral NNH2 S Compound name:N-[3-((4aR*,5R*,8aS* )- 2-amino-5-
methyl-4,4a,5 ,6-tetr ahydr o- 7-0 xa-3-thia- 1-azanaphthalen-8a-y1)-441 uorophenyll -2-
methyloxazol-4-carboxa mide [lI-NMR(400MHz,CDC13)6(ppm):0.91(d,J=6.
8Hz,3H),2.11-2.27(m,1H),2.42-2.50(m,111),2.5 0-2.5/4m,3H),2.80-2.94(m,2H),3.23-3.34(m, 1
H),3.72-3.81(m,1H%3.89-3.97 m,1H),4.05-4.1 2(m,1H),6.99-7.08(m,1H),7.25-7.32(m,111),7.8
9-7.96(mVerfyed. AU m@(matr:é,m%rmmypm-m@m AEPMRE+ HT o otaPEdansh e apLriedy nthesis
of (4aR,QRBanRAddsTHARSN A nRYiRZOl-Bry MR VRRYALEnMeINXHNRIDYY d@iePa’ the filtrate

8a-hexahydro-7-oxa-3-thia- 1-azanaphthalen-2-yll amine [Formula 60] 153
was concentrated under reduced pressure. ~The residue was subjecied to silica gel

chromatography to obtain the title compound (1.2 g).
5 ESI-MS; m/z 575 [M*+Nal].
[0287]
(3) Synthesis of t-butyl {(4aR,6R,8aS)-8a-[2-fluoro-5-(2H-pyrazol-3-yl)phenyl]-6-

methoxymethyl-4.4a.5,6,8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl }carbamate

The compound obtained in Example 74-(2) (207 mg) was dissolved in N,N-

10 dimethylformamide dimethyl acetal (2.3 mL), and then the solution was stirred in a nitrogen
atmosphere at 110°C.  After about 14 hours, the reaction solution was left to cool and then
concentrated under reduced pressure. Ethanol (3 mL) was added to the residue and then
hydrazine hydrate (78 uL) was added, followed by stirring at room temperature. After about
three days, the reaction solution was concentrated under reduced pressure. Ethyl acetate and a

15 saturated sodium bicarbonate solution were added to the residue, and the organic layer was
separated. The organic layer was dried over anhydrous magnesium sulfate. The drying agent
was removed by filtration and the filtrate was concentrated under reduced pressure. The
residue was subjected to silica gel chromatography to obtain the title compound (38 mg).

ESI-MS; m/z 477 [M*+1].

20 [0288]

(4) Synthesis of (4aR,6R,8aS)-8a-[2-fluoro-5-(2H-pyrazol-3-yl)phenyl]-6-methoxymethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]Jamine

The compound obtained in Example 74-(3) (38 mg) was dissolved in
dichloromethane (2 mL), and then trifluoroacetic acid (0.4 mL) was added, followed by stirring
25 atroom temperature. After three hours, the reaction solution was concentrated under reduced
pressure. Chloroform and a saturated sodium bicarbonate solution were added to the residue,
and the organic layer was separated. The organic layer was dried over anhydrous magnesium
sulfate. The drying agent was removed by filtration and the filtrate was concentrated under
reduced pressure. The residue was subjected to column chromatography to obtain the title
30 compound (18 mg).
ESI-MS; m/z 377 [M"+1].
[0289]
Example 75
Synthesis of (4aR.6R.8aS)-8a-[2-fluoro-5-(2H-pyrazol-3-yl)phenyl]-6-methoxymethyl-




chiral chiral chiral  chiral [0285] (1) Synthesis of di-tert-butyl
[(4aR,6R,8a5)-8a-(5-bromo-2-fluorophenyl)-6-methoxymethyl4 4a 5 6 8 8a-hexahydropyranor3 4-di [1
3ithiazin-2-yllimidodicarbonate The title compound was synthesized from the compound
obtained in Preparation 5 Example 7-(4) according tg Fyeparation Example 16 (1)-(3). ESI-MS; miz
611 [W+Na]. [02 2)S ert-bu ,
[(4aR,6 AR BE-75 B phENYL)-BLAHARNGI R thIAINANS 6 8 8a-hexahydropyrano[3,4-d][1
,3ithiazinpZsyilimidedicarbonate 10The compound obtained in Example 74-(1) (2.73 g) was dissolved
in 1,4-dioxane (40 mL) 1-Ethoxyvinyltri-n-butyltin (2.42 mL), cesium fluoride (1.55 g) and
bis(tri-tbutylphosphine)p%ladium (118 mg) were sequentially added to the solution, and the mixture
was stirred in a nitrogen gtmosphere at 100C. After 1.5 hours, the Yigaction solution was left to cool.
The reaction mixt Tetkwith Bthyl acetate. The 15 filtrate was
concentrated ur|1: el reduced pressure. Ethyl acetate a N KH§'O4 were added to the residue, and
the organic layer wa$ separmed, The-organic layer wh guentiaihy, washed with 1 N KHSO4, a
saturated sodiulh bigarbonate solution and brine. Theyorg nic I yer was dried over anhydrous
magnesiun(Psurfa e’ The 8rying agent was reme«%d\b‘y itrfitiorPand the filtrate was concentrated under
reduced pressure. THe residue was subjected to silica gel20 chromatography to obtain di-tert-butyl f
(4aR,6R,8a5)-8a4zHitalethoxyvinyl)-2-fluorophenyl]-6- chiral
methoxymethyl1-4,4a,5,6,8,8a-hexahydropyrano [3 ,4-d] [1,3] thiazin-2-y1} imidodjcarbqnate (1.91 g).
1.5 g of 1.91 g of the rggﬁlfiﬂﬁ CURRSSRH L S ass R FidRE 10 FRERPIe AT 35 &IERSchioric acid
(3.5 mL) avasthdriec antithemekrecaabistired af roomiiempsIAHRdedoneliouteaihyl acetate
was added to the reactign solution, and the mixture was sequentially 154 washed with a saturated
sodiuin bicarbonate so%gﬂéﬁ%ﬁ/%ﬁﬁé.[%égrganic layer was dried over anhydrous magnesium
sulfate. Tbeodying agent was removed by filtration and the filtrate was concentrated under reduced

pressureE)'I('Qnelprﬁ 'gue was subjected to silica gel chromatography to obtain the title compound (1.2 g).

Svynthesis of (4aR,6R.8aS)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-6-methoxymethyl-

4.,4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]Jamine
10 [Formula 62]

Br

chiral chiral chiral
[0291]
(1) Synthesis of di-tert-butyl [(4aR,6R,8aS)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-6-

methoxymethyl-4.4a,5,6,8.8a-hexahydropyrano[3.4-d][1,3]thiazine-2-yl|imidodicarbonate
The compound obtained in Example 74-(1) (1.33 g) was dissolved in THF (28
15 mL). 2-Fluoropyridine-3-boronic acid (955 mg), potassium fluoride (558 mg), PA2DBA3 (200

mg) and Pd(t-Bu3P)2 (220 mg) were added to the solution, and the mixture was stirred in a
nitrogen atmosphere at room temperature overnight. The reaction solution was diluted with
ethyl acetate and filtered through NH silica gel. The filtrate was further washed with a mixture
of ethyl acetate:heptane = 4:1. The filtrate was concentrated under reduced pressure to obtain a
20 residue. The residue was subjected to silica gel chromatography to obtain the title compound
(547 mg).
ESI-MS; m/z 628 [M"+Na].



5ESI-MS; miz 575 [W+Na]. [0287] (3) Synthesis of t-butyl f
(4aR,6R,8a5)-8a42-fluoro-5-(2H-pyrazol-3-yl)pheny11-6-
methoxymethyl1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yll carbamate The
compound obtained in Example 74-(2) (207 mg) was;gigsolved in N,N- 10 dimethylformamide dimethyl
acetal (2 3 mLﬁ, and then the solution was stirred in a nitrogen atmosphere at 110C. After about 14
hours, th€)?&4ttion solution was left to cool and then concentrated under reduced pressure. Ethanol (3
mL) was @gged iR resitusransken Dydrazins- ydrae 18 Rh)3xanaddad sialaned By siring at
room temperature. After about three days, the reaction solution was concentrated under reduced

iy g O Safuratdd-s : tion were added to the residue,

pressure-EdaPgeatal - SoHRH Lzt
and the organic layer was sspataisefdodthimeIganicd wag g et Ay ek as axdopusimagnesium sulfate.

The dryina a%ent was removed by filtration and the fiitrate was concentrated under reduced pressure.

The resi Enibieetenrtd-sifdd genchidratographitadlstin ety ¢BRITHURE (EISHRB). ESI-MS;
miz 477 Pbliddn2Rad0L8BE 3y nifRS IR @iced pressure.  Chloroform, a 1 N sodium hydroxide
(4aR,6R,8a5)-8al12-fluoro-5-(2H-pyrazol-3-yl)pheny11-6-methoxymethyl- )
4,4a,5,6,%?é’él-%ﬁ%ﬁo%‘-’?@%%lai@‘iﬁ%—Hlféi'é?%ﬁﬁ?é'i'é‘ﬁ-f?‘-’fﬁférﬁ d to the repklue b BSHRISSined in
Examplelfy{ a3 pacovas disselsagiindiehipiomeashaner(@mldoaschiierstiflvongagsticagid (0 4
mL) was added, followed by stirring 25 at room temperature. After three hours, the reaction solution

was conCERBaREPHhtat Feaaxed raduatoneabrotdiin g & sarrerEalebdiubiEsSE solution
wereRddaejteitiacasilecaoR hagapis ayshmiasirepacaisd pdiiriqraanio layer was dried over
anhydrous magnesium sulfate. The drying agent was removed by filtration and the filtrate was
concentrated under regééé\gsﬁr@ééﬁﬂé EquJr sidue was subjected to column chromatography to obtain
the title 30BmNPound (18 mg). ESI-MS; miz 377 [W+1]. [0289] Example 75 Synthesis of
(4aR,6R,8a5)-8a42-fluoro-5-(2H-pyrazol-3-yl)phenyl1-6-methoxymethyl- 155 4 ,4a,5, 6, 8,

8a-hexa P $%a-3 - thia- 1 - azanaphthalen-2- yll amine [Formula 61] The title
compourgyasssyoithesiz6R 866 p&iing-fubxampleitdragiieid Ndinjgimiacetamics dineaihyl acetal in
place of N,N-dimethy/formamide dimethyl| a 391 [W+1]. [0290] Example 76
Synifesis:6:243R S RISEEVE A8 181 FOpHEH 1-6-methoxymethyl4,4a,5,6, 8,
8a-hexaliydranfla®%3-3 - thia- 1 - azanaphthalen-2- yll amine 10 [Formula 62]

WP E ] ~Ha A

PAT S YO H
o

chiral

chiral
The title compound was synthesized according to Example 76.
ESI-MS; m/z 406 [M*+1].
[0294]
20 Example 78
Synthesis of (4aR.6R.8aS)-8a-[2-fluoro-5-(2-methoxypyridin-3-yl)phenyl]-6-methoxymethyl-

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]Jamine
[Formula 64]




chiralchiralchiral [0291] (1) Synthesis of di-tert-butyl
[(4aR,6R,8a5)-8a-[2-fluoro-5-(2-fluoropyridin-3-yDpheny11-6-
methoxymethyl-4,4a,5,6,8,8a-hexahydropyrano[3,4-d][1,31thiazine-2-yl]imidodicarbonate The
compound obtained in Example 74-(1) (1.33 g) was diggolved in THF (28 15 mL)
2-Fluoropyridine-3-boronic acid (955 mg), potassium fluoride (558 mg), Pd2DBAS3 (200 mg) and
Pd(t-Bu3P)2 (220 mg) ene added to the solution, and th mlxture was stlrred in a pitregen
atmosphere at r ' acetate and
filtered through X Kgiate:heptane =
4:1. The flltrate) to obt&in-a 20 re§ d N'Iﬂ'jgl.rzesmue was

ilica gel. The filtrate WasF r wakhed with_a mixture of
sewtratetunder redug
S; miz 628
[W+Na]. 156 [029&] (2) Synthesis of H
(4aR,6R,8a5)-8aLe-fluoro-5-(2-fluoropyridin-3-y)gheny11-6-methoxymethyl-, .
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-l-azanaphthalen-2-yllamine The compound obtained in Example
7641) (G?OI%R;S)]Was dissolved in 5 dichloromethane (2 mL), and then IPA (0.5 mL) was added. After
two hours, e, feacial} sellppAS GRRERNEALeH MdlEr JesureR AIeSRHle: SRIGERGI. 4 1 N sodium
hydroxide solutlon and a safurated sodlum bicarbonate solutlon were added o tde residue, and the
organic |aeReuyssEyarate Brig ) RE bl dvasan iy jindisulfate. The

drying agent was rem%&!ﬂ% '(tfafﬂﬂ'i' %‘E%'E@fﬁfﬂ?&eﬁ%ﬁﬁ@%ﬁnﬂ%fﬁ%&% Was ¥Qgubjected
to silica gel chromatography to obtain the titte compound (30 mg). ESI-MS; miz 406 [W+1]. [0293]

Exan5p|eavl¢ed tgyhm@gnp@fnd synthesized in Example 76-(1) (164 mg), followed by stirring at 50°C.

(4aR, GRﬁ%Q @%(gznfugﬁ%@nﬁ §%_I§§'§ﬁ5?e%yﬂ§’é’}e%c &%‘l‘?en _i';jy?v%%?é’ geahy'égg acetaje and a

4,4a,5,6,8 ro-/-oxa la-1 azanap lamine [Formul
saturated ammonium chloride solution were added to the reaction solution, and the organic layer

was separated. The organic layer was washed with brine. The organic layer was dried over
anhydrous magnesium sulfate. The drying agent was removed by filtration and the filtrate was
10 concentrated under reduced pressure. The residue was subjected to silica gel chromatography
to obtain the title compound (114 mg).
ESI-MS; m/z 540 [M*+Nal].
[0296]
(2) Synthesis of {(4aR,6R,8aS)-8a-[2-fluoro-5-(2-methoxypyridin-3-yl)phenyl]-6-

15 methoxymethyl-4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl }amine

The compound obtained in Example 78-(1) (114 mg) was dissolved in
dichloromethane (3 mL), and then TFA (1 mL) was added, followed by stirring at room
temperature. After three hours, the reaction solution was concentrated under reduced pressure.
Chloroform and a saturated sodium bicarbonate solution were added to the residue, and the

20 organic layer was separated. The organic layer was dried over anhydrous magnesium sulfate.
The drying agent was removed by filtration and the filtrate was concentrated under reduced
pressure. The residue was subjected to column chromatography to obtain the title compound
(61 mg).

ESI-MS; m/z 418 [M*+1].

25  [0297]

Example 79
Synthesis of (4aR,6R.8aS)-8a-[2-fluoro-5-pyridazin-3-ylphenyl]-6-methoxymethyl-

4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine




NBoc2 The title compound was synthesized according to Example 76. ESI-MS; miz 406 [W+1]. [0294]
20 Example 78 Synthesis of
(4aR,6R,8a5)-8a42-fluoro-5-(2-methoxypyridin-3-yl)pheny11-6-methoxymethy1-
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-l-azanaphthaleys2-yllamine [Formula 64] 157

chiralchiralchiral [0295] (1) Synthesis of t-butyl f

(4aR,6R 825181 uoro-5-(2-methoxypyridin-3-yl)phenyll-6-

the reaction saiutia ,\}Naﬁégg;[ to cool) Ethyl acet
added to the r&action Jolution, and the organi®
with brine:Crhe organic layer was dried ov&ranhydreuS magnesium suffate’ Thd drying agent was
removed by filtration and the filtrate was 10 concthrated under reduced pressure. The residue was
subjected to silicA'§el chromatography to obtain h& title compound (114 mg) “E8I-MS; miz 540
[M++Na][(j0296] (2) Synthesis of f(4aR,6R,8aS)-8a-12-fluoro-5-(2-methoxypyridin-3-yl)pheny11-6- 15

methoxyrgse 1-4,4a,5,6,8,8a-he .‘ dro-7-9 & 3-thia-1-azanaphthalen-2-yli mie The
comp0uﬂ shiaihes;alditerlbutys a0 . 2o BRa 2 luato orixridagin e e D -0s mL), and then

LEA (1 mhytinas added.Falioed. Ry Istittingl adpaanv 8 pieer atitRiafte? Higaibodiswaeaction
solution was concentrated under reduced pres ur%éi Chliro;g[ri)sa@% sa}turaglqu sodiu b"cg_rbonate
solutidn were added to' tHe AR AT SG PdaHit Rig P ?)ag?g U THE Brgantt rayer was
dried oveliatedrbud magieRiibot Wulfaiey])pyridazine (215 mg), cesium fluoride (130 mg) and bis(tri-

t-butylphosphine)palladium (10 mg) were sequentially added to the solution, and the mixture
was stirred in a nitrogen atmosphere at 100°C.  After two hours, the reaction solution was left to
cool. The reaction mixture was filtered through celite and washed with ethyl acetate. The

10 filtrate was concentrated under reduced pressure. The residue was subjected to silica gel
chromatography to obtain the title compound (116 mg).

ESI-MS; m/z 611 [M"+Nal].

[0299]
(2) Synthesis of (4aR,6R,8aS)-8a-[2-fluoro-5-pyridazin-3-ylphenyl|-6-methoxymethyl-

15 4.,4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]Jamine

The compound obtained in Example 79-(1) (116 mg) was dissolved in
dichloromethane (3 mL), and then TFA (1 mL) was added, followed by stirring at room
temperature.  After three hours, the reaction solution was concentrated under reduced pressure.
Chloroform and a saturated sodium bicarbonate solution were added to the residue, and the

20 organic layer was separated. The organic layer was dried over anhydrous magnesium sulfate.
The drying agent was removed by filtration and the filtrate was concentrated under reduced
pressure. The residue was subjected to column chromatography to obtain the title compound
(48 mg).

ESI-MS; m/z 389 [M*+1].

25 [0300]

Example 80
The following compound as shown in the following Table 11 was synthesized

according to Example 2 using the corresponding carboxylic acids.



The drying agent was removed by filtration and the filtrate was concentrated under reduced pressure.
The residue was subjected to column chromatography to obtain the title compound (61 mg). ESI-MS;
miz 418 [M++1]. 25 [0297] Example 79 Synthesis of
(4aR,6R,8a5)-8a12-fluoro-5-pyridazin-3-ylphenyll-6-meshoxymethyl4,4a,5,6,8,8a-hexahydro-7-oxa-3-th
ia-1-azanaphthalen-2-yllamine [Formula 65] chiralchiralchiral [0298] (1) Synthesis of
di-tert-butyMaR bR, 8aS)-8a-(2-fluoro-5-pyridazin-3-ylpheny1)-6-

methoxymeihyiié 4a],5,6,8,8a-hexanhydrepyranor éogit;b&qdm%@-&xglmldodlcarbonat 5The
compound synthesized in Examplg ¥(229 mg) was dissolved in 1,4- dioxane (4 mL)
3-(Tribyt§tannyl)pyridazine ( , cesium fIJSﬁéE?ﬁW ﬁ@*ér?d%‘i%mrﬁ‘
t-butylphosphine)palladium (10 mg) were sequentigy,aapiedip tha Selytienadpgdhe mixture was

5 e at 100C. After two hours, the reaction solution was left to cool. The
reaction mixture was flltelFe ough, celite and W ﬁﬁeﬁ%ﬁhldﬁ%%@@fh?é‘?fil:ﬁ% 1o-fittrate was
concentrated under qdued bregsure. The residugaspatijecd to silica geI chromatography to
obtain the title compuﬁd (12% mgq). ESI-MS; miz 611 [M++Na]. [0299] )bSyntheS| of
(4aR,6R,8a5)-8a42-fluoro-5-pyridazin-3-ylpheny 1 {1BUerRe ke igine 2-carboxamide

4,4a,5 dro-7-oxa—3-thia—l-azanapht@glpmg f,ﬂy@rgqu +H] The compound obtained in
Exampl i ' hlaromethane and then | EA (1 mL) was added,
followed by stirring at room temperature. After three hours, the react|on solution was concentrated
under re pressure. Chloroform and a saturated sodium bicarbonate solution were added to the

residue, and the 20 organic layer was separated. The organic layer was dried over anhydrous
magnes@%?‘%lm‘ét%l The drying agent was removed by filtration and the filtrate was concentrated under
reduged HIARRUEE of Re[LRIGHSV¥aS SURISGIRME-IDC0IMMEEIFAIRARGIAPIYHG eDIRIn hstilencommpound

(48 mq). ESI-MS; miz 389 [M++1].
yl)-4- ﬂuorophenv]] 5-ethoxypyrazine-2-carboxamide

[Formula 66]

N&YO\/
O\\‘)\/N

cl é
N~ o) NH
o@l\l/ m N\/ﬁNr @)
F
o ﬁ)\/
_ o 5 N\YNH2
S chiral
H

(1) Synthesis of 5-ethoxypyrazine-2-carboxylic acid

A 5 N sodium hydroxide solution (2 mL) was added to a solution of methyl 5-

10 chloropyrazine-2-carboxylate (150 mg) in ethanol (4 mL), and the mixture was stirred at room
temperature for five hours. Ethyl acetate and water were added to the reaction solution, and the
aqueous layer was separated. The aqueous layer was made acidic with concentrated
hydrochloric acid. Brine and ethyl acetate were added to the mixture, and the organic layer was
separated. The organic layer was dried over anhydrous magnesium sulfate. The organic layer

15 was concentrated to obtain the title compound (135 mg).

'H-NMR (400 MHz, CDCls) & (ppm): 1.46 (t,J = 7.2 Hz, 3H), 4.51 (q, T =7.2
Hz, 2H), 8.17 (s, 1H), 8-96 (s, 1H).
[0302]
(2) Synthesis of N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-

20 8a-vl)-4-fluorophenyl]-5-ethoxypyrazine-2-carboxamide

The title compound (30 mg) was obtained from the compound obtained in



25 [0300] Example 80 The following compound as shown in the following Table 11 was
synthesized according to Example 2 using the corresponding carboxylic acids. 159 [Table 11]
Example 80 Compound name: N43- ((4aR*,6R*,8aS*)-2-amino-6-
trifluoromethy1-4,4a,5,6-tetrahydro-7- oxa-3-thia-l-azgzpaphthalen-8a-y1)-4- fluoropheny1]-5-
difluoromethylpyridine-2-carboxamide ESI-MS miz 505 [W+H] [0301] Example 81 5 Synthesis of
N-[34(4aFepyaion el 28 5 8k e rpdrderconnaips ohtansddphraniesty ) 4 udmheny11-5-
ethoxypy;{@gdﬁﬁnzg @@WQQ [Formula 66] (1) Synthesis of 5-ethoxypyrazine-2-carboxylic acid
A 5 N sodium hydroxide solutlon (2 mLE was added to a solution of methyl 5- 10

chloropyrazine-2- carb&v@@(ﬁ@ fﬁ&) Methdnol (4 mL), and the mixture was stirred at room
temperature for five hoyrs\RYLBOIAE ANEWAST WSEHS: 2ddRd 1@ the reactomsselution ognd te)

aqueous layer was separated. The aqueous layer was made acidic with concentrated hydrochlorlc

acid. Brifdldnd st dEbratdhvistd é&d%@ t%@fﬂznﬂﬂhr%%r{é(%e‘ arddhié-faydrinds dEbatdlddddhe

organic layes wap driad q r@@ayﬂm panes cﬁqlfaﬁ% éf be arganiqlayer 1Gwag cangepirated to
obtain the title com{%ound‘lL9 Akl W (4OO§1MHZ CD(IS(?L% 8) (ppm): 1.46 (t, J

= 7.2 Hz=318 Hesakty, 1306 wd, I-Ilz- &I&) 18.4 ¥igs, lﬂ%ﬂ%}@(‘s JfHZ) §0383]z. i) 59 tﬁ&?’léf@f 1H),

N-[34(4aR1,8aST 13, 80HQ; 448, 5.871@lraiydro-7-oxa-3-thia-l-azanaphthalen20
8a-y1)- 4[f(l)%oropheny11 -5- ethoxypyrazme -2-carboxamide

03]
10 Examples 82 to 87
The compounds of Examples 82 to 87 were synthesized according to Example 3

using the corresponding carboxylic acids, as shown in the following Table 12.



The title compound (30 mg) was obtained from the compound obtained in 160 Preparation Example
1-(9) (30 mg) and the compound obtained in Example 8141) (16.9 mg) according to Example (2).
ESI-MS; miz 432 [W+H] 11-1-NMR (400 MHz, CDC13) 8 (ppm): 1.40-1.46 (m, 1H), 1.45 (t, J = 7.2 Hz,
3H), 5 2.07-2.18 (m, 1H), 2.64 (dd, J = 2.8, 8.0 Hz, 1i; 2.94 (ddd, J = 4.0, 7.6, 11.6 Hz, 1H), 3.02 (dd,
J=4.0,12.0 Hz, 1H), 3.65-3.71 (m, 1H), 3.78 (d, J = 10.8 Hz, 1H), 4.04-4.11 (m, 2H), 4.49 (q, J = 7.2

Hz, 2H), [A989dd; = 8.8, 12.0 Hz, 1H), 7.32 (dd, J = 2.8, 7.2 Hz, 1H), 7.99-8.03 (m, 1H), 8.11 (s, 1H),

8.98 (s, Tl /e THEHER TREKATPIES 5788 Afound nand RRCOTIBRINGSRENBGRIFIES 52 1 87
were synthesized accofding to Exam Ieg using the corresponding carbo;%/hc. acids, as shown in the
following Table 12. 161 [Table }2- %(ample 82 Ehemicitahyeiord- R Hriy N pphglen-
Compoynd name: _ " 8a-yl)-4-fluorophenyl]-5-methoxypyrazine-2-
N-[3-((8§S*,8aR*)-2-aming ,D,B8tetrahydro-7-axa-3-thia-1-azanaphthalen8a-y1)-4-fluoropheny1]-5-m
ethoxypyrazine-2- carboxamide11-NMR (400MESPEBBHS): 8 (ppm):1.44-1.47 (m,1H), 2.08-2[18
(m, 1H), 2.64 (dd, J = 2.4, "H-NMR (400MHz, CDCly): 8 (ppm): 1.44-1.47

(m,1H), 2.08-2.18 (m, 1H), 2.64 (dd, J = 2.4, 12.0
Hz, 1H), 2.89-2.98 (m, 1H), 3.03 (dd, J =4.0, 12.0
Hz, 1H), 3.65-3.72 (m, 1H), 3.79 (d, J = 10.8 Hz,
1H), 4.02-4.12 (m, 5SH), 7.07 (dd, J = 8.8, 12.0 Hz,
1H), 7.32 (dd, J = 2.8, 6.8 Hz, 1H), 8.02 (ddd, J =
2.8,4.0, 8.8 Hz, 1H), 8.15 (d, J = 1.2 Hz, 1H), 9.01
(d,J=1.6 Hz, 1H), 9.48 (bs, 1H)

ESI-MS m/z 418 [M"+H]

Example 83

Chemical structure

Compound name: N-[3-((8S*,8aR*)-2-amino-
4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-fluorophenyl]-5-methoxypyridine-2-

carboxamide

'H-NMR (400 MHz, CDCl3): 1.42-1.47 (m, 1H),
2.08-2.20 (m, 1H), 2.63 (dd, J = 2.8, 12.4 Hz, 1H),
2.91-2.97 (m, 1H), 3.03 (dd, J = 4.0, 12.4 Hz, 1H),
3.65-3.72 (m, 1H), 3.78 (d, ] = 10.8 Hz, 1H), 3.94
(s, 3H), 4.05-4.11 (m, 2H), 7.06 (dd, J = 8.8, 12.0
Hz, 1H) 7.33 (dd, J = 2.8, 8.8 Hz, 2H), 8.04 (ddd, J
=2.8,4.0, 8.8 Hz, 1H), 8.23 (d, J = 8.8 Hz, 1H),
8.27 (d, J = 2.8 Hz, 1H) 9.80 (bs, 1H)

ESI-MS m/z 417 [M"+H]




Hz, 1H), 2.89-2.98 (m, 1H), 3.03 (dd, J = 4.0, 12.0 Hz, 1H), 3.65-3.72 (m, 1H), 3.79 (d, J = 10.8 Hz,
1H), 4.02-4.12 (m, 5H), 7.07 (dd, J = 8.8, 12.0 Hz, 1H), 7.32 (dd, J = 2.8, 6.8 Hz, 1H), 8.02 (ddd, J =
2.8, 4.0, 8.8 Hz, 1H), 8.15(d, J = 1.2 Hz, 1H), 9.01 (d, J=1.6 Hz, 1H), 9.48 (bs, 1H) ESI-MS miz
418 [M++H] Example 83 Chemical structure Compoug name: N-[3-((8S*,8aR*)-2-amino-
.4-.r0....% 4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen- SOrN
8a—yl)-4ﬂ@51%6ﬁé)r]yl]-5-methoxypyridine-2- N .NH2 carboxamide s

Example 84 Chemical structure Compound name: N-[3-((8S*,8aR*)-2-amino-

4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-

o 8a-yl)-4-fluorophenyl]-5-fluoromethoxypyridine-2

o N carboxamide
" 'H-NMR (400 MHz, CDCl): 1.44-1.48 (m, 1H),

2.09-2.19 (m, 1H), 2.65 (dd, J = 3.2, 12.4 Hz, 1H),
2.95-2.99 (m, 1H), 3.04 (dd, J =4.0, 12.0 Hz, 1H),
3.65-3.72 (m, 1H), 3.80 (d, J = 11.2 Hz, 1H), 4.04-
4.13 (m, 2H), 5.81 (d, J = 50.0 Hz, 2H), 7.08 (dd, J
=8.8,12.0 Hz, 1H) 7.35 (dd, J = 2.8, 6.8 Hz, 1H),
7.57 (ddd, J = 0.8, 2.8, 8.4 Hz, 1H), 8.05 (ddd, J =
2.8,4.4,8.8 Hz, 1H), 8.28 (dd, J = 0.4, 8.4 Hz, 1H),
8.42 (d,J =2.8 Hz, 1H), 9.82 (bs, 1H)
ESI-MS m/z 435 [M*+H]

Example 85 Chemical structure Compound name: N-[3-((8S*,8aR*)-2-amino-
F e 4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-

N, 8a-yl)-4-fluorophenyl]-3-chloro-5-
N_ _NH, trifluoromethylpyridine-2-carboxamide

s 'H-NMR (400 MHz, CDCl): 1.45-1.48 (m, 1H),
2.07-2.18 (m, 1H), 2.66 (dd, ] =2.8, 12.4 Hz, 1H),
2.95-3.05 (m, 2H), 3.65-3.72 (m, 1H), 3.78 (d, J =
11.2 Hz, 1H), 4.03-4.12 (m, 2H), 7.07-7.12 (m,
1H), 7.21 (dd, J = 2.4, 6.8 Hz, 1H), 8.13-8.18 (m,
2H), 8.79 (dd, J = 0.8, 4.0 Hz, 1H), 9.75 (bs, 1H)
ESI-MS m/z 489 [M"+H]




1 H-NMR (400 MHz, CDC13): 1.42-1.47 (m, 1H), 2.08-2.20 (m, 1H), 2.63 (dd, J = 2.8, 12.4 Hz, 1H),
2.91-2.97 (m, 1H), 3.03 (dd, J = 4.0, 12.4 Hz, 1H), 3.65-3.72 (m, 1H), 3.78 (d, J = 10.8 Hz, 1H), 3.94
(s, 3H), 4.05-4.11 (m, 2H), 7.06 (dd, J = 8.8, 12.0 Hz, 1H) 7.33 (dd, J = 2.8, 8.8 Hz, 2H), 8.04 (ddd, J
= 2.8, 4.0, 8.8 Hz, 1H), 8.23 (d, J = 8.8 Hz, 1H), 8.274(4 J = 2.8 Hz, 1H) 9.80 (bs, 1H) ESI-MS miz
417 [M++H] 162 [Table 12-2] Example 84 Chemical structureoF N, ................ "HIOON

NNH2 s pddnil

name:

N-[3-(BS AT Zeam

uoromethoxypyridine-2

- carboxamide

-

o N\\rNHg

S

hefiehicalstRiEalRydro-7-0

N

H/]/

NSy
o)

X@ompyand-A4ARARDIBYRRSZIMHP HRTRRNheNny 1

4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-fluorophenyl]-5-methylpyridine-2-

carboxamide

'H-NMR (400 MHz, CDCl3): 1.44-1.47 (m, 1H),
2.12-2.15 (m, 1H), 2.65 (dd, J = 2.8, 12.4 Hz, 1H),
2.70 (s, 3H), 2.93-2.97 (m, 1H), 3.03 (dd, J = 4.0,
12.4 Hz, 1H), 3.66-3.72 (m, 1H), 3.78 (d, T = 11.2
Hz, 1H), 4.05-4.12 (m, 2H), 7.08 (dd, J = 8.8, 12.0
Hz, 1H) 7.36 (dd, ] = 2.8, 6.8 Hz, 1H), 8.01-8.05
(m, 1H) 8.44 (s, 1H), 9.36 (d, J = 0.8 Hz, 1H), 9.61
(bs, 1H)

ESI-MS m/z 402 [M"+H]

Example 87

H O
i 3

N._NH,

Chemical structure

Compound name: N-[3-((8S*,8aR*)-2-amino-
4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-fluorophenyl]-2-methyloxazole-4-

carboxamide

'H-NMR (400 MHz, CDCl3): 1.45-1.48 (m, 1H),
2.11-2.14 (m, 1H), 2.53 (s, 3H), 2.63-2.67 (m, 1H),
2.95-3.05 (m, 2H), 3.65-3.71 (m, 1H), 3.81 (d,J =
11.6 Hz, 1H), 4.03-4.06 (m, 1H), 4.08-4.12 (m,
1H), 7.03-7.09 (m, 1H), 7.30-7.32 (m, 1H), 7.93-
7.97 (m, 1H), 8.17 (s, 1H), 8.71 (bs, 1H)

ESI-MS m/z 391 [M"+H]

[0304]
Example 88

The compound of Example 88 was synthesized according to Example 2 using the

5 corresponding carboxylic acid and the corresponding aniline intermediate in Preparation

Examples, as shown in the following Table 13.



1H-NMR (400 MHz, CDC13): 1.44-1.48 (m, 1H), 2.09-2.19 (m, 1H), 2.65 (dd, J = 3.2, 12.4 Hz, 1H),
2.95-2.99 (m, 1H), 3.04 (dd, J = 4.0, 12.0 Hz, 1H), 3.65-3.72 (m, 1H), 3.80 (d, J = 11.2 Hz, 1H), 4.04-
4.13 (m, 2H), 5.81 (d, J =50.0 Hz, 2H), 7.08 (dd, J = 8.8, 12.0 Hz, 1H) 7.35 (dd, J = 2.8, 6.8 Hz, 1H),
7.57 (ddd, J = 0.8, 2.8, 8.4 Hz, 1H), 8.05 (ddd, J = 2.834.4, 8.8 Hz, 1H), 8.28 (dd, J = 0.4, 8.4 Hz, 1H),
8.42 (d, J = 2.8 Hz, 1H), 9.82 (bs, 1H) ESI-MS miz 435 [M++H] Example 85 Chemical structure
Compouﬁ@h@nllé N-[3-((8S*,8aR*)-2-amino- F 4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen- CI
N 8a-yl#dHproRRe SRR R RNy FHerPmREn YRy EsoammanIsie 5 1 H-NMR
(400 MHz, CDC13): 1.45-1.48 (m 1H 2.0[7-2.18 (m, 1H), 2.66 (dd =2.8,12.4 Hz, 1H), 2.95-3.05
(m, 2H), 3.65-3.72 (m| 1H), 3H1(K ) > fluoro-4,4a,5, tetrahydro ~7-oxa-3-thia-1-
NH2

azanaphthalen-8a-yl)-4-fluorophenyl]-5-
O TS/ methoxypyrazine-2-carboxamide

¢ h 'H-NMR (400 MHz, CDCls): 2.87-2.91 (m,
1H), 3.01-3.06 (m, 1H), 3.16 (dd, J =2.8, 12.4
Hz, 1H), 3.53 (dt, ] = 4.8, 10.4 Hz, 1H), 3.75
(dd, J =2.0, 10.8 Hz, 1H), 4.07-4.10 (m, 4H),
4.26 (dd, J = 1.6, 10.8 Hz, 1H), 4.84-4.98 (m,
1H), 7.10 (dd, J = 8.8, 12.0 Hz, 1H), 7.36 (dd, J
=24,6.8 Hz, 1H), 7.97-8.01 (m, 1H), 8.15 (d,
J=1.2Hz, 1H),9.01 (d,J = 1.2 Hz, 1H), 9.48
(bs, 1H)
ESI-MS m/z 436 [M"+H]

[0305]
Test Example 1

5 Quantification of AP peptide in culture of neurons from rat fetus brain

(1) Rat primary neuronal culture

Primary neuronal cultures were prepared from the cerebral cortex of embryonic
day 18 Wistar rats (Charles River Japan, Yokohama, Japan). Specifically, the embryos were
aseptically removed from pregnant rats under ether anesthesia. The brain was isolated from the

10 embryo and immersed in an ice-cold L-15 medium (such as Invitrogen Corp. Cat #11415-064,
Carlsbad, CA, USA, or SIGMA L1518). The cerebral cortex was collected from the isolated
brain under a stereoscopic microscope. The cerebral cortex fragments collected were
enzymatically treated in an enzyme solution containing 0.25% trypsin (Invitrogen Corp. Cat
#15050-065, Carlsbad, CA, USA) and 0.01% DNase (Sigma D5025, St. Louis, MO, USA) at

15 37°C for 30 minutes to disperse the cells. Here, the enzymatic reaction was stopped by adding
inactivated horse serum to the solution. The enzymatically treated solution was centrifuged at
1,500 rpm for five minutes to remove the supernatant. 5 to 10 ml of a medium was added to the
resulting cell mass. Neurobasal medium (Invitrogen Corp. Cat #21103-049, Carlsbad, CA,
USA) supplemented with 2% B27 supplement (Invitrogen Corp. Cat #17504-044, Carlsbad, CA,

20 USA), 25 uM 2-mercaptoethanol (2-ME, WAKO Cat #139-06861, Osaka, Japan), 0.5 mM L-



11.2 Hz, 1H), 4.03-4.12 (m, 2H), 7.07-7.12 (m, 1H), 7.21 (dd, J = 2.4, 6.8 Hz, 1H), 8.13-8.18 (m, 2H),
8.79 (dd, J = 0.8, 4.0 Hz, 1H), 9.75 (bs, 1H) ESI-MS miz 489 [M++H] 163 [Table 12-3] Example 86
Chemical structure <....,.N..._..., .40 liN NNH2 S Compound
name:4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthajgg8a-y1)-4-fluoropheny1]-5-methylpyridine-2-
carboxamide 1 H-NMR (400 MHz, CDC13): 1.44-1.47 (m, 1H), 2.12-2.15 (m, 1H), 2.65 (dd, J = 2.8,
12.4 Hz, drfpming(favirgges §91p. i HP-9803(atsbrd £6, PO A Hand Antdigses:72 (m, 1H), 3.78

(d, J = LIAGdigycHrs 41R0robéd ot G of £B5 40, 067, 81420, HA, 11949 30 Geed &5 tr8nfe@ikte. 1H),
8.01-8.05 (m, 1H) 8.442§s, i&?r 9.36 (d, J = 0.8 Hz, 1H), 9.61 (bs, 1H) ESI-MS miz 402 [M++H]

Exampl edrrwehasal B2, C%\ﬁ%m{dt%m@yellﬂ?urobasal medium not supplemented with 2-
4,4a,5,6-4gt akvdrenésandBriviashacatePMbalelly. The cells were redispersed by mild pipetting of

5 the cell mass to which the medium was added. The cell dispersion was filtered through a 40-
wm nylon mesh (Cell Strainer, Cat #35-2340, Becton Dickinson Labware, Franklin Lakes, NJ,
USA) to remove the remaining cell mass, and thus a neuronal cell suspension was obtained.
The neuronal cell suspension was diluted with the medium and then plated in a volume of 100
ul/well at an initial cell density of 5 X 10 cells/cm” in a 96-well polystyrene culture plate pre-

10 coated with poly-L or D-lysine (Falcon Cat #35-3075, Becton Dickinson Labware, Franklin
Lakes, NJ, USA coated with poly-L-lysine using the method shown below, or BIOCOAT™ cell
environments Poly-D-lysine cell ware 96-well plate, Cat #35-6461, Becton Dickinson Labware,
Franklin Lakes, NJ, USA). Poly-L-lysine coating was carried out as follows. 100 pg/ml of a
poly-L-lysine (SIGMA P2636, St. Louis, MO, USA) solution was aseptically prepared with a

15 0.15 M borate buffer (pH 8.5). 100 pg/well of the solution was added to the 96-well
polystyrene culture plate and incubated at room temperature for one or more hours or at 4°C
overnight or longer. Thereafter, the coated 96-well polystyrene culture plate was washed with
sterile water four or more times, and then dried or rinsed with, for example, sterile PBS or
medium, and used for cell plating. The plated cells were cultured in the culture plate at 37°C in

20 5% CO2-95% air for one day. Then, the total amount of the medium was replaced with a fresh
Neurobasal/B27/2-ME medium, and then the cells were cultured for further three days.

[0306]
(2) Addition of compound

The drug was added to the culture plate on Day 4 of culture as follows. The

25  total amount of the medium was removed from the wells, and 180 pl/well of Neurobasal medium
not containing 2-ME and containing 2% B-27 (Neurobasal/B27) was added thereto. A solution
of the test compound in dimethyl sulfoxide (hereinafter abbreviated as DMSO) was diluted with
Neurobasal/B27 to a concentration 10-fold higher than the final concentration. 20 ul/well of
the dilution was added to and sufficiently mixed with the medium. The final DMSO

30 concentration was 1% or less. Only DMSO was added to the control group.
[0307]

(3) Sampling

The cells were cultured for three days after addition of the compound, and the



Ny#Arl 0 8a-y1)-4-fluorophenyl]-2-methyloxazole-4- NNH2 o carboxamide S 1 H-NMR (400 MHz,
CDC13): 1.45-1.48 (m, 1H), 2.11-2.14 (m, 1H), 2.53 (s, 3H), 2.63-2.67 (m, 1H), 2.95-3.05 (m, 2H),
3.65-3.71 (m, 1H), 3.81 (d, J = 11.6 Hz, 1H), 4.03-4.06 (m, 1H), 4.08-4.12 (m, 1H), 7.03-7.09 (m, 1H),
7.30-7.32 (m, 1H), 7.93- 7.97 (m, 1H), 8.17 (s, 1H), fd1 (bs, 1H) ESI-MS miz 391 [M++H]

total amount of the medium was collected. The resulting medium was used as an ELISA
sample. The sample was not diluted for ELISA measurement of ABx-42 and diluted to 5-fold
with a diluent supplied with an ELISA kit for ELISA measurement of APx-40.

[0308]

5 (4) Evaluation of cell survival

Cell survival was evaluated by an MTT assay according to the following
procedure. After collecting the medium, 100 ul/well of a pre-warmed medium was added to
the wells. Further, 8 pl/well of a solution of 8 mg/ml of MTT (SIGMA M2128, St. Louis, MO,
USA) in D-PBS(-) (Dulbecco's phosphate buffered Saline, SIGMA D8537, St. Louis, MO, USA)

10 was added to the wells. The 96-well polystyrene culture plate was incubated in an incubator at
37°C in 5% CO;-95% air for 20 minutes. 100 pl/well of an MTT lysis buffer was added
thereto, and MTT formazan crystals were sufficiently dissolved in the buffer in the incubator at
37°Cin 5% CO,-95% air. Then, the absorbance at 550 nm in each well was measured. The
MTT lysis buffer was prepared as follows. 100 g of SDS (sodium dodecyl sulfate (sodium

15 lauryl sulfate), WAKO 191-07145, Osaka, Japan) was dissolved in a mixed solution of 250 mL
of N,N-dimethylformamide (WAKO 045-02916, Osaka, Japan) with 250 mL of distilled water.
350 ul each of concentrated hydrochloric acid and acetic acid were further added to the solution
to allow the solution to have a final pH of about 4.7.

Upon measurement, wells having no cells plated and containing only the medium

20 and MTT solution were set as background (bkg). The measured values were respectively
applied to the following formula including subtracting bkg values from them. Thus, the
proportion against the control group (group not treated with the drug, CTRL) (% of CTRL) was
calculated to compare and evaluate cell survival activities.

% of CTRL = (A550_sample - A550_bkg)/(A550_CTRL - A550_bkg) x 100

25  (A550_sample: absorbance at 550 nm of sample well, A550_bkg: absorbance at 550 nm of

background well, A5S50_CTRL: absorbance at 550 nm of control group well)
[0309]
(5) AB ELISA

Human/Rat B Amyloid (42) ELISA Kit Wako (#290-62601) and Human/Rat 3

30 Amyloid (40) ELISA Kit Wako (#294-62501) from Wako Pure Chemical Industries, Ltd. were
used for AP ELISA. AP ELISA was carried out according to the protocols recommended by
the manufacturers (methods described in the attached documents). However, the A calibration

curve was created using beta-amyloid peptide 1-42, rat and beta-amyloid peptide 1-40, rat



[0304] Example 88
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The compound of Example 88 was synthesized according to Example 2
using the 5 corresponding carboxylic acid and the corresponding aniline intermediate in Preparation
Examples, as shown in the following Table 13. 164 [Table 13] [0305] Test Example 1 5 Quantification
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0.002

21

0.01

53

0.0056

22

0.004

54

0.002

23

0.012

55

0.0014

24

0.009

56

0.003

25

0.014

57

0.002

26

0.003

58

0.004

27

0.008

59

0.087

28

0.0014

60

0.032

29

0.003

61

0.319

30

0.006

64

0.014

31

0.0019

65

0.37

5

32

0.003

66

0.263

[0311]

As is clear from the results of Table 14, the compound of the present invention



(2) Addition of compound The drug was added to the culture plate on Day 4 of culture as follows. The
25 total amount of the medium was removed from the wells, and 180 R1/well of Neurobasal medium
not containing 2-ME and containing 2% B-27 (Neurobasal/B27) was added thereto. A solution of the
test compound in dimethyl sulfoxide (hereinafter abbiggiated as DMSO) was diluted with
Neurobasal/B27 to a concentration 10-fold higher than the final concentration. 20111/well of the
dilution wes Revied 16 ek SurididAtyAnciowied tpagfdtieim. The final DMSO 30 concentration was
1% or less. Only DMSO was added to the control group. [0307] (3) Sampling The cells were cultured
for three days after addition of the compound, and the 166 total amount of the medium was collected.
The resultifiéstiabinaliveliliided as an ELISA sample. The sample was not diluted for ELISA
measurefgg of A13x-42 and diluted to 5-fold with a diluent supplied with an ELISA kit for ELISA
measurement of A13x-40. [0308] 5 (4) Evaluation of cell survival Cell survival was evaluated by
an MTT assay accordihjasaneasndwingpeeeel fermne Boneehitignass tiedlymcceotbla séll of a
pre-armpd medupivES Alded Joanels o then AR EAEH plcacgionAl@ ULl IET
(SIGMA M2128, St. Louis, MO, USA) in D-PBS(-) (Dulbecco’s phosphate buffered Saline, SIGMA
D8537, StfeauisTME®, thrgagseotizs pidele datorirdiouddidy Py B8-odiepoksigrenereplitd retplagewas
incubated in an incubator at 37C in 5% CO2-:95%air for 2Q minutes. 100111/well of an MTT lysis
pufer wS SR e B e A A e A B PO e the
incubatosatdd@@en 5% CO2-95% air. Then, the absorbance at 550 nm in each well was measured.
The MTT lysis buffer was prepared as follows. 100 g of SDS (sodium dodecyl sulfate (sodium 15 lauryl
sulfate), WAKO 191-07145, Osaka, Japan) was dissolved in a mixed solution of 250 mL of
N,N-dimethylformamide (WAKO 045-02916, Osaka, Japan) with 250 mL of distilled water. 350 R1
each of concentrated hydrochloric acid and acetic acid were further added to the solution to allow the
solution to have a final pH of about 4.7. Upon measurement, wells having no cells plated and
containing only the medium 20 and MTT solution were set as background (bkg). The measured values
were respectively applied to the following formula including subtracting bkg values from them. Thus,
the proportion against the control group (group not treated with the drug, CTRL) (% of CTRL) was
calculated to compare and evaluate cell survival activities. % of CTRL = (A550_sample -

A550 bkg)/(A550 CTRL - A550 bkg) x 100 25 (A550 sample: absorbance at 550 nm of sample well,
A550 bkg: absorbance at 550 nm of background well, A550_CTRL: absorbance at 550 nm of control
group well) [0309] (5) A13 ELISA Human/Rat 13 Amyloid (42) ELISA Kit Wako (#290-62601) and
Human/Rat 13 30 Amyloid (40) ELISA Kit Wako (#294-62501) from Wako Pure Chemical Industries,
Ltd. were used for A13 ELISA. A13 ELISA was carried out according to the protocols recommended by
the manufacturers (methods described in the attached documents). However, the A13 calibration
curve was created using beta-amyloid peptide 1-42, rat and beta-amyloid peptide 1-40, rat 167
(Calbiochem, #171596 [A1342], #171593 [A1340]). The results are shown in Table 14 in term of



IC50 value (pM) to decrease the A1342 concentration in the medium. [0310] [Table 14] Test
compound A1342 production reducing effect IC50 (pNI) Test compound A1342 production reducing
effect IC50 (pNI) 1 0.0017 33 0.0011 2 0.002 34 0.002 3 0.001 35 0.0021 4 0.011 36

169
CLAIMS
[Claim 1] A compound represented by the formula (I):

[Formula 1]

—L
R5 RG R1
|
N
z N N\R2
|
Y S (1)

R* R3
or a pharmaceutically acceptable salt thereof, or a solvate thereof, wherein

Ring A is a Ce.14 aryl group which may have 1 to 3 substituents selected from
Substituent Group @, a 5- to 6-membered heteroaryl group which may have 1 to 3 substituents
selected from Substituent Group o or a 9- to 10-membered benzo-fused heterocyclic group
which may have 1 to 3 substituents selected from Substituent Group «,

L is a single bond, an oxygen atom, -NR"CO- (wherein R" is a hydrogen atom or
a Cy alkyl group which may have 1 to 3 substituents selected from Substituent Group o), an -
NR"“CO-C, 4 alkyl group (wherein R" is a hydrogen atom or a C,_¢ alkyl group which may have 1
to 3 substituents selected from Substituent Group o), —NRLSOZ— (wherein Rlisa hydrogen atom
or a Cy alkyl group which may have 1 to 3 substituents selected from Substituent Group o), a
C. alkylene group which may have 1 to 3 substituents selected from Substituent Group o, a C,¢
alkenylene group which may have 1 to 3 substituents selected from Substituent Group o or a C4
alkynylene group which may have 1 to 3 substituents selected from Substituent Group o,

Ring B is a Cs.5 cycloalkyl group which may have 1 to 3 substituents selected
from Substituent Group o, a Cg_14 aryl group which may have 1 to 3 substituents selected from
Substituent Group o or a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group .,

X is a single bond or a C; 3 alkylene group which may have 1 to 3 substituents
selected from Substituent Group o,

Y is a C;3 alkylene group which may have 1 to 3 substituents selected from
Substituent Group o or a C, 3 alkenylene group which may have 1 to 3 substituents selected from
Substituent Group o,

Z is an oxygen atom, a sulfur atom, a sulfoxide, a sulfone or -NRM- (wherein RM



0.0005 5 0.058 37 0.002 6 0.0012 38 0.003 7 0.0007 39 0.001 8 0.0016 40 0.002 9 0.0006 41 0.002
10 0.001 42 0.0009 11 0.0007

170
is a hydrogen atom, a C;¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group o, a Cs_g cycloalkyl group which may have 1 to 3 substituents selected from
Substituent Group a, a C; alkylcarbonyl group which may have 1 to 3 substituents selected
from Substituent Group o, a C¢._j4 arylcarbonyl group which may have 1 to 3 substituents
selected from Substituent Group o, a C;¢ alkylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group «, a Ce 14 arylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group «, a Ce 14 aryl group which may have 1 to 3
substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group which
may have 1 to 3 substituents selected from Substituent Group o),

R' and R? are each independently a hydrogen atom, a C, ¢ alkyl group which may
have 1 to 3 substituents selected from Substituent Group a, a C,_¢ alkylcarbonyl group which
may have 1 to 3 substituents selected from Substituent Group , a Ce.14 arylcarbonyl group
which may have 1 to 3 substituents selected from Substituent Group @, a C;_¢ alkylsulfonyl
group which may have 1 to 3 substituents selected from Substituent Group ., a Ce_14 arylsulfonyl
group which may have 1 to 3 substituents selected from Substituent Group o, a Cs_g carbocyclic
group which may have 1 to 3 substituents selected from Substituent Group o or a 5- to 10-
membered heterocyclic group which may have 1 to 3 substituents selected from Substituent
Group @, and

R’, R*, R’ and R® are independently a hydrogen atom, a halogen atom, a hydroxy
group, a Cy¢ alkyl group which may have 1 to 3 substituents selected from Substituent Group .,
a Cy¢ alkoxy group which may have 1 to 3 substituents selected from Substituent Group @, a 3-
to 10-membered carbocyclic group which may have 1 to 3 substituents selected from Substituent
Group o or a 5- to 10-membered heterocyclic group which may have 1 to 3 substituents selected
from Substituent Group @, or

R* and R® together may form a ring represented by the formula (II):
[Formula 2]
RS

Y (1)

RS
wherein Y, Z, R® and R? are the same as defined above and Q is an oxygen atom, a methylene

group or an ethylene group



43 0.0017 12 0.0011 44 0.0007 13 0.001 45 0.002 14 0.0008 46 0.001 15 0.0004 47 0.004 16 0.0011
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[Substituent Group o: a hydrogen atom, a halogen atom, a hydroxy group, a nitro
group, a Cy alkylthio group, a Ce_14 aryl group, a Cq_j4 aryloxycarbonyl group, a Ce_14
arylcarbonyl group, a cyano group, a Cs_g cycloalkoxy group, a Cs_g cycloalkyl group, a Cs_g
cycloalkylthio group, a sulfonylamino group (wherein the sulfonylamino group may be
substituted with 1 to 2 C; alkyl groups), a C,.¢ alkenyl group which may have 1 to 2
substituents selected from Substituent Group [, a C, alkynyl group which may have 1 to 2
substituents selected from Substituent Group [, a carbamoyl group which may be substituted
with 1 to 2 Cy alkyl groups, a C;¢ alkoxy group which may have 1 to 3 substituents selected
from Substituent Group B, a C; alkyl group which may have 1 to 3 substituents selected from
Substituent Group B and a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group J3,

Substituent Group B: a halogen atom, a cyano group, a hydroxy group and a Cy¢
alkoxy group (wherein the alkoxy group may be substituted with a phenyl group which may be
substituted with 1 to 3 substituents selected from a hydrogen atom, a halogen atom, a hydroxy

group and a nitro group)].

[Claim 2] A compound represented by the formula (I):
[Formula 3]
—L
R5 R6 R1
|
N
X N\RZ
|
Y S (1)
R4 RS

or a pharmaceutically acceptable salt thereof, or a solvate thereof, wherein

Ring A is a Cg_14 aryl group which may have 1 to 3 substituents selected from
Substituent Group @, a 5- to 6-membered heteroaryl group which may have 1 to 3 substituents
selected from Substituent Group o or a 9- to 10-membered benzo-fused heterocyclic group
which may have 1 to 3 substituents selected from Substituent Group @,

L is a single bond, an oxygen atom, -NR*CO- (wherein R" is a hydrogen atom or
a Cy¢ alkyl group which may have 1 to 3 substituents selected from Substituent Group o), -
NR"SO,- (wherein R" is a hydrogen atom or a C;_¢ alkyl group which may have 1 to 3

substituents selected from Substituent Group ), a C;_¢ alkylene group which may have 1 to 3
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substituents selected from Substituent Group ., a C,¢ alkenylene group which may have 1 to 3
substituents selected from Substituent Group o or a C,¢ alkynylene group which may have 1 to 3
substituents selected from Substituent Group «,

Ring B is a Cs.5 cycloalkyl group which may have 1 to 3 substituents selected
from Substituent Group «, a Cg_14 aryl group which may have 1 to 3 substituents selected from
Substituent Group o or a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group «,

X is a single bond or a C,_3 alkylene group which may have 1 to 3 substituents
selected from Substituent Group o,

Y is a C;; alkylene group which may have 1 to 3 substituents selected from
Substituent Group o or a C, 3 alkenylene group which may have 1 to 3 substituents selected from
Substituent Group o,

Z is an oxygen atom, a sulfur atom, a sulfoxide, a sulfone or -NRM- (wherein RM
is a hydrogen atom, a C;.¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group o, a Cs_g cycloalkyl group which may have 1 to 3 substituents selected from
Substituent Group o, a C; alkylcarbonyl group which may have 1 to 3 substituents selected
from Substituent Group o, a Ce_j4 arylcarbonyl group which may have 1 to 3 substituents
selected from Substituent Group a, a C;¢ alkylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group @, a Ce 14 arylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group «, a Ce 14 aryl group which may have 1 to 3
substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group which
may have 1 to 3 substituents selected from Substituent Group ),

R' and R? are each independently a hydrogen atom, a C,_¢ alkyl group which may
have 1 to 3 substituents selected from Substituent Group a, a C,_¢ alkylcarbonyl group which
may have 1 to 3 substituents selected from Substituent Group o, a Ce.14 arylcarbonyl group
which may have 1 to 3 substituents selected from Substituent Group «, a C;_¢ alkylsulfonyl
group which may have 1 to 3 substituents selected from Substituent Group ., a Ce_14 arylsulfonyl
group which may have 1 to 3 substituents selected from Substituent Group o, a Cs_g carbocyclic
group which may have 1 to 3 substituents selected from Substituent Group o or a 5- to 10-
membered heterocyclic group which may have 1 to 3 substituents selected from Substituent
Group «, and

R?, R*, R’ and R® are independently a hydrogen atom, a halogen atom, a hydroxy
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group, a Cy¢ alkyl group which may have 1 to 3 substituents selected from Substituent Group .,
a Cy¢ alkoxy group which may have 1 to 3 substituents selected from Substituent Group «, a 3-
to 10-membered carbocyclic group which may have 1 to 3 substituents selected from Substituent
Group o or a 5- to 10-membered heterocyclic group which may have 1 to 3 substituents selected
from Substituent Group o, or

R* and R° together may form a ring represented by the formula (II):

[Formula 4]
RS
f
Q
Y. ()
RS

wherein Y, Z, R® and R? are the same as defined above and Q is an oxygen atom, a methylene
group or an ethylene group

[Substituent Group o a hydrogen atom, a halogen atom, a hydroxy group, a nitro
group, a Cy¢ alkylthio group, a C¢_14 aryl group, a Ce.14 aryloxycarbonyl group, a Ce. 14
arylcarbonyl group, a cyano group, a Cs_g cycloalkoxy group, a Cs_g cycloalkyl group, a Cs_g
cycloalkylthio group, a sulfonylamino group (wherein the sulfonylamino group may be
substituted with 1 to 2 C; alkyl groups), a C,¢ alkenyl group which may have 1 to 2
substituents selected from Substituent Group f3, a C,6 alkynyl group which may have 1 to 2
substituents selected from Substituent Group [, a carbamoyl group which may be substituted
with 1 to 2 Cy alkyl groups, a C;¢ alkoxy group which may have 1 to 3 substituents selected
from Substituent Group 3, a Cy_¢ alkyl group which may have 1 to 3 substituents selected from
Substituent Group B and a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group J3,

Substituent Group B: a halogen atom, a cyano group, a hydroxy group and a Cy¢
alkoxy group].
[Claim 3] A compound represented by the formula (I):

[Formula 5]



0.37 32 0.003 66 0.263 5[0311] 168 was proved to have an A1342 production reducing effect.
Industrial Applicability [0312] The compound of the general formula (l) or pharmaceutically acceptable
salt 5 thereof, or solvate thereof according to the present invention has an A1342 production reducing
effect. Thus, the present invention can particularly preyide a therapeutic or prophylactic agent for a
neurodegenerative disease caused by A13 such as Alzheimer-type dementia or Down's syndrome.
169 CLAIMSClaim\1]A comipound represented by the formula (I): [Formula 1] R4 R3 or a

reof, or a solvate thereof, wherein Ring A is a C614 aryl
group which\may have 1 to ' substituents selected from Substituent Group oc, a 5- to 6-membered
heteroaryl gko which mgy have 1 to 3 substituents selected from Substituent Group a or a 9- to
10-membered benzo-fused heterocyclic group which may have 1 to 3 substituents selected from

: 1P O N\RzL is a single bond, an oxygen atom, -NRLCO- (wherein RL is a hydrogen
atom or a/C16 alkyl group which may ha ? 1 to 3 substituents selected from Substituent Group G), an
- NRLCOYE] 6 atkyl gréup (wherein RL ié a hydrogen atom or a C16 alkyl group which may have 1 to
3 substituent ssele(?fed from Substituent Group G), -NRLS02- (wherein RL is a hydrogen atom or a
C16 alkyl gﬁ‘ou’ﬁ which may have 1 to 3 substituents selected from Substituent Group G), a C16
alkylene graypamhighemiayiRave doisbl sulistituestisosalestedSianeof kskiguant Group oc, a C26
alkenylene group which may have 1 to 3 substituents selected from_Substituent Group a or a C26

alkynylene group which g Fafr& a8 SROURIYEE S8 S fhdmiSuBstittiahit eslseisbirom Ring
B is a C38,pycloatkd @iy e, Whicth Baychs@el iR droubatitapsealiacieg fiarm Bupbstitugatfereup oc, a

C644 aryl group which may have 1 to 3 substituents selected from Substituent Group a or a 5- to
10-memiselester dtars Syt B STty haoel 9-tacbetsstigaris sed helgraoralis @etuent Group

0oC,

which may have 1 to 3 substituents selected from Substituent Group «,

L is a single bond, an oxygen atom, -NR"CO- (wherein R" is a hydrogen atom or
a Cy¢ alkyl group which may have 1 to 3 substituents selected from Substituent Group o), -
NR"SO,- (wherein R" is a hydrogen atom or a C;_ alkyl group which may have 1 to 3
substituents selected from Substituent Group ), a C;_¢ alkylene group which may have 1 to 3
substituents selected from Substituent Group «, a C, ¢ alkenylene group which may have 1 to 3
substituents selected from Substituent Group o or a C,¢ alkynylene group which may have 1 to 3
substituents selected from Substituent Group «,

Ring B is a Cs.5 cycloalkyl group which may have 1 to 3 substituents selected
from Substituent Group o, a Cg_14 aryl group which may have 1 to 3 substituents selected from
Substituent Group o or a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group .,

X is a single bond or a C; 3 alkylene group which may have 1 to 3 substituents
selected from Substituent Group o,

Y is a C;3 alkylene group which may have 1 to 3 substituents selected from
Substituent Group o or a C, 3 alkenylene group which may have 1 to 3 substituents selected from
Substituent Group o,

Z is an oxygen atom, a sulfur atom, a sulfoxide, a sulfone or -NRM- (wherein RM
is a hydrogen atom, a C;. alkyl group which may have 1 to 3 substituents selected from
Substituent Group @, a Csg cycloalkyl group which may have 1 to 3 substituents selected from
Substituent Group «, a Cy¢ alkylcarbonyl group which may have 1 to 3 substituents selected

from Substituent Group «, a Cg_14 arylcarbonyl group which may have 1 to 3 substituents



X is a single bond or a C13 alkylene group which may have 1 to 3 substituents selected from
Substituent Group oc, Y is a C13 alkylene group which may have 1 to 3 substituents selected
from Substituent Group a or a C23 alkenylene group which may have 1 to 3 substituents selected from
Substituent Group oc, Z is an oxygen atom, a sulfur gtgyn, a sulfoxide, a sulfone or -NRm- (wherein
Rm 170 is a hydrogen atom, a C16 alkyl group which may have 1 to 3 substituents selected from

5ubst@tuéﬁk@?@&p@@@ﬁal@@@@v&ﬂm%@Gpwﬂ#dﬂ%@ﬂaaf@qptw@@uwm@msl d@lécted from
SUbS“tU%ﬂB&Eﬁ&&&&l&&&%@lﬁ%ﬁ%@W Qﬁ%ﬁj%"&"ac may DRYRh R %i&?%ﬁ%%%??ﬁf%q drom

t
Substituent Group oc, a C614 arylcar 1onyI group which mayhave 1to bstituents selected from
SubstituenbsGitoenosslec©d Gratkyisbiomang GrumpviichGhayahd wrdu povdi slibstitubats $edetted from

Substituent Group oc, a C614 ary|sulfonyl group which mpay have 1 to 3 sybstituents selected from
Substit oIS GG 1 B SR GRG0 R AT SRR oA Sl tuent
Group a pha Bavie L aiBheies R etesoeyclicaroupsutish Giaypaye 1 to 3 substituents selected from
Substituent Group GO, , ,RI'and R2 are each independently a hydrogen atom, a C16 alkyl group

which may have 1 to 3Rl eftscasicdePsisienay B tases Ap- SC asie LapH RIS up
which mayhave, 5, GsauRstiluenisseieste d SiRmRHPEIBIRNGGrovp Aky R L6 REisa RaRvh group

which may have 1 to 3 substituents selected from Substituent Group oc, a C16 alkylsulfonyl group
which magatidvecl lieo3 sybstituerrissselsiieteddrd i BHilset £GP b6, a8ty @fery| group

which m Vv S it C bsti C 8 jc,group
hich mas R B e S B S e
heterocygleugrohicivhieh meay have dutetdwsmiostitirentd felactedstiarenSGbstipuet Gyoup-deydoaly]

R3, R4, R5 and R6 are independently a hydrogen atom, a halggen atom, a hydroxy group, a C16 alkyl
aroup wiREH AR 1'% dBeti A S e O SOSMRILHERS SR E: 4 E16 AIRSE) Toup
which mayohguenlctondasulsiituants salecteshisarcousitne SuRMBR Gy d0ota-meshered

carbocyclic group which may have 1 to 3 substituents selected from Substituent Group a or a 5- to
10-mem BB HethBIE)RRYS Wk Shagandve e ki3 substitteiits slerietdaro AT RUBEER et Group
oc, or R4xpe-Re jagether may form a ring represented by the formula (11): [Formula 2] R5 R3 wherein

Y, Z, R5 and R3 are thezsaane as defi6r1ed above and Q is an oxygen atom, a methylene group or an

ethylene group 171 R’ R'[BupsdtBeatcandapendentabygdereenciona paidgaenaiom; a mydiony

group, a Bifia,95QuP, GL G Y INRIIBMPRAC P14 RLrbIrRuR & RLA ARIRYCRIPANM FEOME, 8,C6 14
arylcarbonyl group, a cyano group, a C38 cycloalkoxy group, a C38 cycloalkyl group, a C38

cycloalkydtfics gtbopy arsujfoviyidming eoeg (wherdistithenssiHdngledfimongyobpimanyt besybstituded with
1to 2 C16 | groups), a C26 alkenyl group,which may.have 1 .to.2 substituents selected from
st O e R B T RS i
Substitu€htoGraupr b3y} -acatbarmapbtgrbbpevbighlivayooe sibdiitatgchwithl td® 20BdGadkid grieuesd, a
C16 alk?ﬁ)éﬁgrrgu which may have 1 to 3 substituents selected from Substituent Group 13, a C16 alkyl
group w YOS G509R Bpstituents selected from Substituent Group 13 and a 5- to

10-membered heterocygiissgtabtit whieh faymavssdiadsubatitvenisspieataddron sehptituanio.Group
13, Substituent Group ft a halogen atom, a cyano grougéf& hydro;(& group and a C16 alkoxy

group (WHEEInAfe-abXPcHiBURaY el s BRS RIRER Mt & PREPKYGFEapXVATEHRNAS be substituted
with 1 to e}ﬁea@&vﬁrgﬁ)ﬁsl%Céj%fg%@hx@gzgeybﬁmb;@ gen @lQyadavdipgnapodr-and a nitro

group)]. [Claim 2]A compound represented by the formula (1): [Formula 3] R4 R3 or a
pharmacetfieally Siepicite s ibrenting SutatReisi o Sthepgiamino gropgigax b a c614 aryl

group wWhighsmakdhava 1 8 3 substityeptsusricated frare nsubstiipant o oewve Prd 6-membered
heteroaryl group which may have 1 to 3 substituents selected from Substituent Group a or a 9- to

10-memiSBPE BRI 61686 feterdebuiv grbtronmienray Hkvayl grsrubithusrrdasebiedrom
Substitug(hGIALRCS lected from Substituent Group [, a carbamoyl group which may be substituted

with 1 to 2 C; alkyl groups, a C;.¢ alkoxy group which may have 1 to 3 substituents selected
from Substituent Group B, a C; alkyl group which may have 1 to 3 substituents selected from
Substituent Group B and a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group J3,

Substituent Group B: a halogen atom, a cyano group, a hydroxy group and a Cy¢



L is a single bond, an oxygen atom, -NRLCO- (wherein RL is a hydrogen atom or a C16 alkyl group
which may have 1 to 3 substituents selected from Substituent Group G), - NRLS02- (wherein RL is a
hydrogen atom or a C16 alkyl group which may have 1 to 3 substituents selected from Substituent
Group G), a C16 alkylene group which may have 1 tq4; 172 substituents selected from Substituent
Group oc, a C26 alkenylene group which may have 1 to 3 substituents selected from Substituent
Group ot gFX 28 Mkynylene group which may have 1 to 3 substituents selected from Substituent
Group 0GClaim 4] RiNg Bhis @ &Rshpi A pliorhorQup ichdnay.brva iR sHRUIMS RS delested from

Substituent Group oc, a C614 aryl group which may have 1 to 3 substituents selected from Substituent

Group ot6FYENESA Boxhensreld bt roc Hag ol B WhichSHRYeR& wEOr RIVDIShiTRRIUEHS k8letted from
SubstitugQh ErAER OSlected frofiS @b SiREGRORAPHa C13 alkylene group which may have 1to 3
substituents selected from Substituent Group oc, Y is a C13 alkylene group which may have 1
to 3 subdfitliémtslselectdbacmmursiivn ehemingptsady acoddlerichaerb s yhate thaienhve 1 to 3
5““““%?&'1?&6%@8&%%%@ B8OURHR ein Z is arfolSy8FhOAYHEAL ATy @él%fél%zié]{@’ a

may have 1 to

sulfoxide, a sulfone or -NRm- (wherein Rm is a hydrogen atom, a C16 alkyl group whic
3 substitgeeis vdlisbtaryrbaySussattidntiGaatpselecteEigm ubslikyrat6upunitich may have 1 to 3

substituei, sglcted frpm §&B§Bﬂﬁ%"5r E{%&‘Hlé’c%uﬁcgﬁg Alkvieathonyl gIaup e MRV RgYEsL to 3

substituents selected from Substituent Group oc, a C614 arylcarbonyl group which may have 1 to 3
substituernepsdieg teduisopnSubdtitoent Grouphstsia € 15alRyedaforphy rodpvihichmalkprylent to 3

substitue » it [ 0 ich may have 1to 3
st L o B rave 3 0 3
substituelifikisel@tted fréhe SubstitushtGloupateoticaly oo ddpratdenadrderete mwopdliatg tbenpaihich may
have 1 tg 3 substituents selected fro ubstituent Grou Rl and R2 areeach
independial g et g o VT Z R saibe o of L RSB B Chtvet from
Substitueitit yEnougroay aviidh mby learh iy 3ograbri twbich selagtdibfrerh fuBssulestitGents gelected from
Substituept Groyp oc, 614 arylcarbony! group which ma e 1 10,3 substituents selected from
SubsttudEIELD oo, o B RSP EE R e R ) SRt A R o
Substituent&@dayptoans GEler ahyisuslfory? grdspetich M@ Gave dliadsRbstitubndsoselestea fsom
Substituen‘#Grolg 0¢, & C38 glarboc cIicbf;ro p VY%hich may gavegl to 3r$?£stituent selected from
Substituént &rd g SRR B I mEHbeled BE %%uc%ﬁée Fol, \f/\gﬂ?& §9tH%R}e YPFPHubstituents
selected [famSapstituertidzighipoadd anphindageavpaldyGecplkhlcauharbithonayl Vidy endrto 3
substituents selected from Substituent Group. oc,.a C16 alkoxy group which m ave 1103

bty SRS HO OB CrouBBEE 8 5 o RS Ea R SHE LIRS AR may
have 1 te3sabstitugaisasigetad fam Sobstitoephknyrep ¥biconid mambeares hsteriaexgic group
which may have 1 to 3 substituents selected from Substituent Group oc, or R4 and R6 together may
form a ringl¢eisreemea by thentdrruR RIfF ol grer RBiGBRIRareZ RS sMPRachEe the same
as definesglggggqlgﬁpsgg&%megpm, a methylene group or an ethylene group

[Substituent Group oc: a hydrogen atom, a halogen atom, a hydroxy group, a nitro group, a C16
alkylthio frbupm €614 drgiogroopndaCe Pharphsrybanbarigicgpbipe satt shiarendylensomydigrdgpd. cyano

group, a CR8 GYCIRAlKEYLARAUR sA &R BXSHPRILARMRL & Srsb axgloalkylthio group, a sulfonylamino
group (wherein the sulfonylamino group may be substituted with 1 to 2 C16 alkyl groups), a C26

alkenyl group which myNrdid (#aB 283 sthvremizostiéb et febirh Blibstieens Grgup adnapbtelatkynyl
group which,m substi 5:selec Substituent Group 13, a carbamoyl group
@E%W@%ﬁ%@g&%ﬁ?‘i@%ﬁ% oCtarbyom Y

which may be substitute alkyl groups, a C16 alkoxy group which may have 1 to 3

substituents selected ffOM-BulSHiSARGrduiim20-4.¢a.8 ertejragvshipiieretr frijahkpeanaphthalen-
substituegg%,gejreﬁ[gggﬁggﬁﬁp@sﬁ%@&%g%gigpl%}a%g@ Batg.k0imembered heterocyclic group which
u

may have 1'to 3 substituerits selected from stituent Group 13, Substituent Group ft a halogen

atom, a cyano group, &h\drox{faRoufrant Zammaoafidbsey ristish Y dred moapacBrapbasenaebbalehted by
the formyla {{):dFASLASly RS- B31068 RERURAsaUIGRY acaRRiahlgesalt thereof, or a solvate thereof,

wherein
4) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-trifluoromethoxyphenyl]-5-cyanopyridine-2-carboxamide,
5) N-[3-((8S*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-trifluoromethoxyphenyl]-5-chloropyridine-2-carboxamide,



Ring A is a C614 aryl group which may have 1 to 3 substituents selected from Substituent Group oc, a
5- to 6-membered heteroaryl group which may have 1 to 3 substituents selected from Substituent
Group ot or a 9- to 10-membered benzo-fused heterocyclic group which may have 1 to 3 substituents
selected from Substituent Group oc, L is a singke bond, an oxygen atom, -NRLCO- (wherein RL
is a hydrogen atom or a C16 alkyl group which may have 1 to 3 substituents selected from Substituent
Group G), - NRIS02- (Whidrkir( (&aks’ &h\drsgert aRwPaneths lahidi g rovg whidrenizy Aaldhietd 3
substituepishapirried fRang Pubsitussliryaun GloA S RiIpkyIeRgBruRhich may have 1 to 3

substituents selected from Substituent Group oc, a C26 alkenylene group which may have 1 to 3

substituents selected ffoM-EUHSERIERDGRI) ot 8are Se el riyietia HPoisH KR Hhayhaveia-{o 3
substituepisapiRriRcth fRAN) I RUBBIGHGHEIOUR SfanopyridinRiInG Bus kB, cycloalkyl group which may

have 1 to 3 substituents selected from Substituent Gro%io oc, a C614 aryl group which may have 1 to 3

substituents selected FOM-BUH4aREADERBID ot 6F4S:- d@ﬁﬂé‘]ﬁ‘@é@d@&@%&?ﬂf@’&f&]@ﬁ?ﬁth may
have 1 to A suhstituants:salestadromeayhstitanidriRemh Ppyridine-2 % 48b8:8iRgR bond or a C13

alkylene group which may have 1 to 3 s*ubsti:k[uents selected from Substituent Groug oc, . Yisa
C13 alkylene group wiith Tl e 5038 ine it saribid ot riem St aivdin Grsap dhkr b c23
alkenyleng@EpUmMIbICRayNEverd fRed 31 BStiesisnsalastesyiomSehaitugmhiaroup oc, Zis

an oxygen atom, a sulfur atom, a sugoxige, aﬂ:sulfone, or -NRm-%i\;]vherein Rm is a hydrogen atom, a
C16 alkyl group which fAA Hhav& RS- 8K bt lentiatt iy ol dapLitsEabshouh & -3 B
cycloalkyl-granmpwihiabnsayynayg1ide phsHpgtituentssalameIfyamRubstiiverhEi@up oc, a C16

alkylcarbonyl group which may have 1 to 3 substituents selected from Substituent Group oc, a C614

arylcarbonyl group whith Mdy Ha¢8 198 5 Samdtrntec Lradbrsras sl Sandsiabehsup oc, a
C16 alkyisulfenigrovpmipithanashane 4 oG sty aalpgirideontaubstisiast Group oc, a
C614 arylsulfonyl grouP which ma)i?tbkave*l tQ 3 substituents selected from Substituent Group oc, a
C614 aryl group which'may e R0 e ubititiente ey hyheBekitidht rstay 8a’s- to
10-memberes-tieieracyaipgratm 8hioh may hayheh {0) S siflstidaiis pplactetimandulstiident Group
GO, Rl and R2 are each independently a hydrogen atom, a C16 alkyl group which may have 1
to 3 substituents selecfed c[ar’?w( i *ngéro) NP1 ﬁX%BKbﬁg%%éﬁf&Hymmave 1to
3 substiteents-gglectechfrpniRubsBuent Srvvpopheay( Sléhasydparndnyl Deattioxdhichemay have 1 to 3
substituents selected fro bstituent Group oc, a C16 alkylsulfonyl grou ich may have_ 1to 3
substituents selected f}ém\gﬁo@éﬁn gro%%@é&@é'ﬁ%a%ﬁmﬁ' %P’&U%%%’rg%t?ﬂﬁ Wﬁ%ﬂ’/g‘l to 3
substituesks-3aleated freap HubhRiitgani Giolpoasyla 38 Saihaoyalio gropparhic2 mayhaveideo 3
substituents selected f bstituent Grou ra 5- to 10- membered heterocyclic grqup which may
have 1 to 3 substituent\g gﬁé@t’f@#&?@ﬁét??%ﬁé%’taé%ﬁ&&}?@%ymetﬁ%'ﬂ?éi‘l’é ; tﬁ%aﬁﬁ%rg'gy are
independeatly-aiaytogenpataneadiiogertlateophat iR igmumeth G alkyingrouprbdiammay have
1 to 3 substituents seli&aﬁsﬁ)@t S tﬁtéugz Grmﬁp %c a Clrg %%(é)éry rogl%jwh' h m§y %X/i 1to3
substituents selected o Sub ?ﬁ#& it '%'88‘,1 0 FIUPEORe e‘é%r 58%1%%' o_lfﬁi vhich may
haye 1 t@&ﬁ&;ﬁlﬁﬂwe{n&sﬂb@@ﬂdd‘f@pheﬁiynsﬁﬂtmb@yﬁdpla%&ﬁomaemembered hleterocyclic group
hycrogon atom. & haloben B SRy GraLRra T GPats ELEaIRG St 1 arys
group, a £&6i4patyiien/8arbbryfiavphenCif-bldaiylcanbetyl gyearina Lyarte gaoligs,a C38 cycloalkoxy
group, a C38 cycloalkyl group, 8 C cloalkylthio , a sulfonylamino group (wherein the
sulfonylamino group m1a83 &@u@ﬁéﬁg§ 3\7£1|)Bh 1*to" Ogioé[{%f(?ﬂ g‘#%l?pgs_)t? g%%%?il éor%ﬁ' _rtoﬁapi{vilhich may
gavebl Fm&saﬂﬂﬁﬁiﬁlan&sﬂbe@tﬂddmphesmsiiiuﬂlnédﬁmiamt;&&-aalftmz&iﬁyl;/I group \évhichbmgy hzéve '1ht(i
substituents selecte t 0 , a.carbam up whic e stituted wit
(0.2 16 alkyl roups, 1A IR SO WA iy T s SRR IEAe St
Substituenhﬁmml}mﬂea,-&a@l)&afkybr@[ﬂmpy/ldhﬁe&imaymmglp@rﬁlﬁmstﬁmmﬁﬂtﬁaeq from Substituent
Group 13 and a s © LReTNAIES belcieoxclc Qroupiichmax bale.d (0.8 subslins selected

from Substituent Group ituent ogen atém, d cyano group, a hydroxy group and

a C16 17taaliphxdyatno@ply[CatinctpphemgdiyipdithdemphhomaceidicelBr@acbepiatite salt thereof, or
solvate thereof accordi fclaims 1 to 3 wherein X is a methylene group, which may have
%0 2 substitients selaLt ron AL BoTIHCABL 3 LT e GBSO o Shar e bitcally
acceptableasatthithelect oy ehvidteih@dreof] ochndigntahany mrezofchivad dxtoddeyherein Z is an
oxygen atom and Y is 3ralkyl ) which may:-have 1 to 3 substituents selegted from
Substituent Group a. [g?glﬁﬁs%% 45%’%%%%%5%\/%% Oa?rr%lélgerat%gﬁﬁ/ss’gcs:%&#%%os?ﬂl%ﬁé&f ci))r solvate
thereof accorginghateandp-ghedeflotaimbeb yd-4; dvfieoesmzZti® aypprygen 2tonb@anydes a C23 alkenylene
group which may have 1 to 3 substituents selected from Substituent Group a. [Claim 7]The compound
or pharmaceutically acceptable salt thereof, or solvate thereof according to any one of claims 1 to 4,
wherein Z is a sulfur atom or a sulfone and Y is a C13 alkylene group which may have 1 to 3

substituents selected from Substituent Group a. [Claim 8]The compound or pharmaceutically
arcaentable ealt therenf or ecnlvvate thereof accordina to anyv one of claime 1 to 7 wherein | ic _-NRI CO)-



[Claim 10]A compound or a pharmaceutically acceptable salt thereof, or a solvate thereof, wherein the

compound is selected from the following compounds: 1)
N-[3((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-l-azanaphthalen8a-y1)-4-fluoropheny11-5-
cyanopyridine-2-carboxamide, 2) 178

N-[34(85*,8aR*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-l-azanaphthalen8a-y1)-4-fluoropheny11-5-fl
uoromethoxypyrazine-%%ﬁﬂé%éf‘ﬁi&’éﬁs ¥ 8aS *Q)Z—amlno—S—methyl—4,4a,5,6—tetrahydro—7—oxa— -thia-
N-[3((4aRR%8amphdiatiRr41da.- T oo ROV 05 La¥asgsihignkazanapRibaienda-y1)-4-fluoropheny11-5-

difluoromethoxypyrazine-2-carboxamide

4
N-[3((4aR*,8as*)-2-an%ﬁbbkﬁa€&§3t%§§ﬁ§a%‘)7203)&519%39@32/&#5\%ﬁa%kﬁﬁf@&%ﬁ?—ﬂ:ﬁi‘fméﬂ%ﬁethoxyp

henyl11-5-Gy HEE SA-GRAoN A Benyl]-5-cPdnopyridine-2-carboxamide,
N-[34(8S*,8aS*)-2-amino-4 4a,5,6-t§ktrahaydro-*7-oxa-3-thia-I-azanaphthaIenSa-yl)-4-trif|uoromethoxyph
eny11_5_ch|0r0pyriding_@_gg[gd%dé§ :I,_%ayS )—2—amgr)o—5—methyl—4,4a,5,6—tetrahydro—7—oxa—3—thla—

N-[34(4aRiHmifaRie-amino Ginsiptrii s Jteiahydick ypoxaiddna-lazanamnatalen-8a-y1)-4-flu
oropheny11-5-chlorop§£dine-2-carboxamid

e 7) )
N-[34(4aR* 6S*,8aS*) L hNiihb BRI -$85 5 B airanydRsth b a S 4ausrdiontraanshigr)-4-flu
oropheny 1z meyRmaRyighne: 24 canBeXsHOEE]- 5 -chlorofyridine-2-carboxamide,
N-[34(4aR*,68*’8aS*)-2-amino-6-mgkth¥%k-4,4qk,5 6-tet.rahgdro-7-oxa—3-thia—Iazanaphthalen-8a;y1)-4-flu
orophenyl1-5-trifluoro?r¥étNyiB§ﬂ{(|%‘?ﬁe:§- aﬁ&éx%ﬂbrﬁ%‘@}no' 'met@yl'4’4a’5’6'tetrahydr°'7'oxa'3'thla'

N-[34(4aRiLaiHaRi2-aminuaneimtdd s 2adepahitiadaxssdathigdazanaphthalen-8a-y1)-4-flu
orophenyl1-5-difluoromethoxypyrazine-2-carboxamide,

10) :

N-[3((4aR*,65* 8aS*)-25AMiho- 6T/ -423 8 48 ARy arE P Yxa B thi L S B i an-8441)-4-flu
orophenyldzinfipiomeatBexypyuramioepheayoxamigdeomethox ybytazine-2-carboxamide,
N-[34(4aR*,6R*,8aS*)-2-amino-6-mgktho>§ymegkhy1-4,4a,5 6-tetrahydro-7- .
oxa—3-thia—1-azanaphtﬁg}éﬂ’-@égglﬁgmﬁﬁoréﬁ%@ﬁ%’f@&%&?&ﬂ’&ﬂ%ﬁnﬁé&ézgé%@%mﬁgona’3’thlf2)
N-[3((4aR*6RisBabi)ed-8aynosormeibhenyig byl thddaHapahydio-Y-carboxamide, _
O e ey e e by
oxa-3-thip-dazphaphéhatenBarhlotoplergpheryddopyehiniopytidinadntashoxamide, 14)
o - tia- 1 azerap ALOVEEEL A A A S Gy  P AR s iR
15) N-[3({4@RifpRih BaB-da2yraintreroprtn oKy saeshiydpditi. 8- telishyaiadd _ |
O A e e e s o e
azanaphthatanafadydlp«-Slpreplianytirayanopyifitinedchyoxanide -carboxahije,
| ttan s )2 At P e S SRR LSS, i g
azanaphthalen-8a-y1)-4-flUoroj -5-diftuor W] ie-2-carbo de, ey
N-[34(4athja3 ;8a)ghamiao-S-Auphofthdiahenidirahytdove pyokHnd-thignboxamide,
azanaphthalen-8a-y1)-4-fl -5-chloropyridine-2-carboxamide, 19) N- [34(4aS
Seraa5) 2. amino o gt A L e S U R BAPAhene S T 6hapheny
-5-trifluonhimethyimaitithateh carlyoxamigeophenyl]-3QyhiadBvhidate-2-carboxamide,
,5S,8aS)-2-amino-5-fl -4 8steprahydrg-7-0xa-3-thia-1- azanaphthalen-8a-y1)-4-fluorpphenyl]
-5-difIuoromethoxypyrﬁ%ﬁi@%&%@éﬁﬁ%a@)_z'a]fi'}q%'fﬁl 48 eﬁquﬁ,fa,f&%u)ahy 1027 2B:
,5S,8aS)324aminazanllpbtice 8 Bybytétfhtoydphenyd ka-3ytiriaplridra2piathalem8r;y 1)-4-fluorophenyl]
_5-fIuoromethoxypyrazé%si%-&ar% ﬁg R4S*).0 222 N- ?%4 4aS thvld Aa 5.6-t 7
55,825)-2-amino. 5. I0GHo A 42,8 Baelrar s 25 A TSN B AR oKy
-5-difluordnhéthioxypyaplzinede2-8arhDxaiider dhéa y1]-5-difluoromethox ypyrazine-2-carboxamide,

37) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-

3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide,
38) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-pyridine-2-carboxamide,
39) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6-tetrahydro-7-oxa-

3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,



23)
N-13((4aR*,5S*,8aS*)-2-amino-5-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fl
uorophenyl1-5-chloropyridine-2-carboxamide, 24)
N-13((4aR*,55*,8aS*)-2-amino-5-methy1-4,4a,5,6-tejrahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fl
uorophenyl1-5-cyanopyridine-2-carboxamide, - 25)

N-13((4aR*55*,8aS*)* )awﬂﬁo(&%ﬁé%ﬁ?f:ﬁ?@ék,%?ea@t%zh%%l%@éa@éhﬁﬂr&ﬁ%%é@&mf%%wlm-ﬂ

uorophenyihlaor difHRIBRSRYRINRASGHEPI ARV dine-4-cABoxamide,
N-13((4aR*,5R*,8aS*)-2-amino-5-methy1-4,4a,5,6-tetrahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fl
uorophenyl1_5_Ch|0r06%i5§7{é:g_®§5&ékn§%}%ﬂj)—i—amlng%trlﬂuoromethyl—&4a,5,6—tetrahydr0—7—0xa—

N'13((4aﬁﬁéﬁﬁgﬁaﬁ’é}sﬂﬂi’ﬂéﬂ@a’iﬁQtfﬂﬂoﬂ)cf}ﬁeﬁﬁ}@%a&lﬂ(ﬁ%ﬁm&i@j@alﬁ%@ﬁﬁﬂathalen'8a'y1)'4'ﬂ
uoropheny11-5-cyanopyridine-2-carboxamide, . 2% ,

N-13((4aR* 5R*,8aS*) 2 dino S #RetAl -4aba p2eatatrardrbtotnmetitid s s dnisHithaleh /8859 1)-4-fl
uorophenyhlaSrdifRiHRIBRRMOY RITRASGHEPI R luoromethdR) pyridine-2-carboxamide,
N-13((4aR*,5R*,8aS*)-2-amino-5-m§kth }k-4,4§k5 6-tetrahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fl
uoropheny11-5-difluordr¥ripyraRing! D ORATHHE0- -triflueggmqthyd-4.42,5,6-tetrahydro-7-oxa-
((4aS*,5BX@aF hZnaipHiRaRar@iRoxyéHRStaY By disutrdxieBANtasizrraphithalannda; y1)-4-fluorop
heny11-5-cyanopyridine-2-carboxamide 31)

N-13((2R* 4aR* 8aS*) Bl #aReRySas) 2ramenshAliaarsns yadstin Lriss ahub Rt atsf-Ea-y 1)-4-f
uorophemyih1t SrayapamAlcingr36arInxaopEeay1]-5-cyaddpyridine-2-carboxamide,
N-13((2R*,4aR*,8aS*)-2-amino-4-methyl1-4,4a,5,6-tetrahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fl
uorophenyl1-5-difIuoréméﬂhgﬁp(ﬁlﬁ%ﬁ&@@f@tﬁ{ﬁ%‘i’d@jﬂuomme%""4a’5’6'tetrahy ro-7-oxa-3-
N-134(4aR 6 R HBampRtBanB Sy dromxaipiunl . S8 Gdpiiadnero-dadezinidba- 1
-azanaphthalen-8a-y1)-4- quorthen 11-5- chloropyridine-2- carboxamide, 34_}
N-134(4aR,6R,8aS)-2-5thiMo5! %néﬁ:ﬁ?&h%ﬁ%}&‘&;é:@-‘@{?é‘h%P’é‘-“f—”ﬁ%z%r%iefﬁ?ﬁyim' -0xa-3-
-azanaphthalpaAaaphirtdiugiophenyldrépheyianopyriting o GaynexaMEe-carbox ade,
N-13((4aR*,6R*,8aS*)-2-amino-6-trifluoromethy1-4,4 ,_?1,6-tetrahyd[2-Z£%xg3-thig}-{gi;g_z_ﬁnaphthalen-Sa-

y1)-4- fluoropheny11-5-EyNAoH{aHES S oamfged-Tluoromelgyl -tetra OXa-3-
Nl-)li((ﬁanaﬁlﬁizaaiﬁlmgﬁaWwﬁ)mfmﬂmﬁéhymEéyﬂafﬁnaﬁfwgﬁn@ﬁmanﬁaanaphthalen-8a-
y1)-4- fluoropheny11-5-difluorometho ne-2-carboxamide

K13 bR ) G e o SR LB S S nalen .
y1)-4- flusiephennhiptbhilorspyyiginetocasheoxdmideifluorome®§)pyrazine-2-carboxamide,

N LaaR R 8o e S eoe N g S1SINIR g YRy svarapnnlen -
N-13((4ait,eipBash)2r-amindi boiptionyMethilorbgaidiodetahydxanitdsa3-thia-1-azanaphthalen-8a-

y1)-4- fluoropheny11-5-fluor h ine-2- carboxamide, 17 0).
N-[3((4aR*,6R*,8aS*)-5§6glﬁf££@ﬁ%%§F}§%Zé '?fflﬂ?ié’,%g’g?ﬁéﬂ%&%ﬁk%%iﬁéﬁlézanaphthalen-8a—
yl)-4-f|uQmﬁh@ﬂhﬁ}ﬁy@wﬂi}}&ﬂﬂm@ﬁ&ﬁyﬂ(ﬁemomopyriHli)le—2—carb0xamide, .
s o AR i e s
N-[3((4aR#*20Rh8aden)-2aayhiofhrbdiidpianoyiiedtt diddadp pridiraltycitbxaxadethia- 1-azanaphthalen-8a-

y1)-4-fluoropheny11-5.difl thoxypyridine-2-carboxamide 43 :
N-[3((4aR*,6R*,8aS*)-§%2riﬁ?rﬁ%'@$ﬁ%lu(%/r%@ég%?/T—lﬂ?ig’fgaé’%ﬁg%@a%pf-769&5)%"%%?1lézanaphthalen-8a—
ﬁliéﬂz‘r—(féllu%ﬂfgjé%ﬂhsﬁ.;b;ﬁ&iiﬂﬂ))mm&ﬂnﬂh@m&k]ﬁfiiit&éﬂbﬁ)@ﬂ‘iﬂiﬁg—};arboﬂéﬁlide,

- aR,6R,8aS)-2-amino-6- e -4,4a.5,6-tet ro; 7-pxas3- .
thia—l-azanaphthalen-ggiy )Lg-_&%%r%a%- '@é@%ﬁgﬁyﬁgin%@&%@i%ﬁ' ét,hla'l' 45)
N-[34(4ak6RRpBaH) ed-8miyip-b flluorphnetiy 15 4]dasbpgridirely-drobdaxaid:,
thia—1-azanaphthaIen-%g-)i\Jf_)[-4_-(fI{HolEq<p§1 _JZ’E-S-?hI(_)é%pygi |{1§r2h$ rr(t))_ofgami_(%(_afhi L 46)
N-[34(4aR,6R,8aS)-2-a ino-%- Uorome yl-éﬁrﬂ?al,lg, ‘tétra ye 16-7-0xa-3** a
thia-1-azanaphbhialem-8a-yD)4flusoppbeylyBlSedthifhroopyratmdRigibex2aode) oxamide, 47)
N-{34(4aR 6R 8aS)-2-aminor0-luoromeiil4 da0 BN 5 gy |
thia-1-azanaphthalen-8a-y1)-4-fluoropheny f%‘Eﬂiﬂoromtét’noxypylyamne-?-carboxamide, 48)
N-[34(4aiBRpBAS) eD-8mii b6 fluonphnetil 15-4rda; 616 rhethayyhidideaXaaBboxamide,

thia-1-azanaphthalen-gg;yrd-(yReRl R b iU IO IR AR NS 5:64Ppgide,

azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyridine-2-carboxamide,



49) N-[3((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-

azanaphthalen-8a-y1)-4-fluoropheny11-5-chloropyridine-2-carboxamide, 50)
N-[3((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluoropheny11-5-bromopyridigg-2-carboxamide, 51)

N-[34(4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- ,
azanaphthalen-8a-y1)-4-HNordpttRy18a8 B-&iftbrepAtin-iabydieuhi-3-thia-1-52)

N-[3((4aRR7,Bash 2R 9-4ddPoiaiEalMds it esR SNy razine-2-carboxamide,
azanaphthalen-8a-y1)-4- uorophe;g{yll@,5-dich|oropyridine-2-carboxamide,

( . 53)
N-[34(4aR*,8aS*)-2-ami oV ZA 83Kt Rrny I ioxA-3%Ri8- 187 ARt 208A-84A) 4-fluoropheny 11-5-
fluoropyridinRpnalbgamgle. fluorophefiyl]-5-difluoromethoxypyridine-2-carboxamide,
N-[3((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- o
azanaphthalen-8a-y1)-2xtioreengRT. 85 dif rolAd pitiame 2 ke unaifiae’-yDphenyd -
N'[3((4aEﬁfﬁﬁ}%?{igﬂ?}fmmgé%?@@@%qw&@72691535:1%16}'—;12%&1 hthalen-2-ylamine,

azanaphthalen-8a-yI)-4-fluoropheny11-5-trifluoromethylpyridine-2-carboxamide, 56
N-[3((4aR*,8aS*)-2-anfitb AR08 Sagtrdtn drduproxd3-fiwgqrepyridin-3-yl)phenyl]-6-fluoromethyl-
azanaphipglendiagliAdirePneryidrdifluorameinyipyridingsarcarboxamide, 180 57) N-

[3((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- o
azanaphthalen-8a-y1) &-xiForeptehyal “sGifldofvatethy(pytaginpyridiar okdphide]]-4.4a.5, 6. 8)8k-

[3((4aR " FAGFATOM A2 LA Ot - .
azanaphthalen-8a-y1)-4-fluorophenyl1-5-difluoromethoxypyridine-2-carboxamide, 59)
()-(4aR*,6R*,8aS*)-8a42)fltidfd B { BAbOrGeyidine-ySphemyidi-5-ylphenyl)-4,4a,5,6,8,8a-
trifluoromethy1-4.43,5.6,8,8a-hexahydro-7-nxas3-thia-I-azanaphthalen-2-ylamine, 60)
e R B s T foromethy .

4,4a,5,6,8,8a-hexahydsd) (2oxdRkthéast: pan dpbthblerysildimiheg])-2-fluoréd)enyl]-4,4a,5,6,8,8a-
(0-(4aR*, asa-%gﬁd[g-ﬂquq{ﬁ%%-ﬂuoroBM{floaIﬁréh?@_/elohengl]-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia—l-azan
m b

aphthalen=24tamine, a7ana ylamuy

()-(4aR*,8aS*)-8a-(24|aéyNg-pyraididsy)phanyipdddm 5,6 & Galnglakydear-3-thia- B-thia-1-azanaphthal
en-2-ylamine 3) . - .
()-(4aR*,§%\a§é)q]é%11-a[]§-It%-aEl¥ll %18%%ﬁgé}-’)l/]ﬂ:ﬁyﬁagpgﬁlﬁé{hej%]%,rﬁg)%,rgfg?%hexahydro-7-oxa—3-thia-1-aza
naphthalen-2-ylamine,65) (+)-(@R\$4B4{4aRM8aStaapniitind34d Bibrdphangdyl-7-0x5,68/8a-1-
azanaphthalen-8a-yethiophen-3-y11-5-cyanopyridine-2-carboxamide, 65)
0-(4aR*, gﬁ%@?{i?ﬁﬂ%éﬁ&jr%ﬁ%@@%ﬁﬁ%ﬁﬁ #B11-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-aza
naphthalen-2-ylamine,66) (4aR 68) {45)=3 6R28as)r83-(2-fllioiorbA(d i Lisomtidiyii3syepheny1]-6-
benzyloxymethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thja-1-azanaphthalen-2-ylamine, 67) ()-N-
7 (a8 AT R y Se | MEamaphlen 3 e
azanaphthalen-8a-y1) 2cdifNarpbenro{ 83 dioxadhry i b Spasepyyding-2-casgadxamide, 68)
N- [3((4aR*,8aS*)-2-amino-4,4a,5,6-tetrahydro-7-oxa-3-thia-1- . .
azanaphf%aieRls E—‘VI‘;—%‘-TY&B%%M%T—@-‘(?Hé%%§%¥ﬁo¥9)%9¥&2%rﬁé%€6%ﬁﬁéé{mde’ 69) N-
[3((4aR*,833*)‘2'3”1in@8§fNE[S_J@ﬂwpﬂ&ﬁ@@ﬁ,m@%—tetrahydroﬂ—0xa—3—thia— 1-
azanaphthalen-8a- 1)-4-f|uoropglheny11-2-meth Ithiazole-4-carboxamide 70)
N-[3((4a|§&?§ﬁgl?§?%é‘ii§9é¥}ﬁ'4é- ORSRRGAYH 25 & B AN Ny BN RIS RR A ISP AR alen-8a-y 1)-4-flu
oropheny11-2,5-dimetbylfraB-gLmb@s8mideamino-4,44.5)6-tetrahydro-7-oxa-3-thia-1-
N-[34(4aR*,5R*,F%aS*)-§-ami o-5-m@?ﬁy1-4,4a,5 g etrahydrg-?- xa-3-thial-azanaphthalen-8a-y1)-4-fl
uorophefg412ah %]mV-fI,yé),érsfﬂi‘é(bﬁ BYE- 2 Rulhgacte- 'Car%f’é mide,
N-[3((4aR* 5R* 8aS*)- 262N iI®-G4aret B & 4515 B-Aatrabydie-Tyaxa-3; thinkeaanrphthales-8asy1)-4-flu
oropheny11-3-piperidin-l-ylpropiognamide a . 13 )
N-[34(4ahaﬁﬂg@é@?ffﬁ%igihba-gpﬁ%ﬂ%@ﬁjﬁé,'gl{g‘f@%%%@?%b%bﬁ‘t?ﬁf?azanaphthalen-8a—y1)-4-fl
uoropheny11-2-methyipiagdie-44aRrSRaBidE:;)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-

1-azanaphthalen-8a-yl)-4-fluorophenyl]-4-methyl-[1,2,3]thiadiazole-5-carboxamide,

72) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-3-piperidin-1-ylpropionamide and
73) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6-tetrahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-2-methyloxazole-4-carboxamide,



181 or a pharmaceutically acceptable salt thereof, or a solvate thereof. [Claim 11]A pharmaceutical
composition comprising the compound or pharmaceutically acceptable salt thereof, or solvate thereof
according to any one of claims 1 to 10 as an active ingredient. [Claim 12]The pharmaceutical
composition according to claim 11 for inhibiting prodygjon of amyloid-I3 protein. [Claim 13]The
pharmaceutical composition according to claim 11 for inhibitin(gq?eta-site amyloid-I3 precursor protein

cleaving ¥rizPhiemagsctlly asenirb iy dhprraniceirivalecsiposition according to any one of

claims 1}dis fer treating,Ran@UredgaRNSIAHYS (SRR lisiRiTthd ebihsoRRa P aREYHERIRRAIRPSItiON
according to claim 14, wherein the neurodegenerative disease is Alzheimer-type dementia or Down's
syndrom%c.ceptable salt thereof, or solvate thereof according to any one of claims 1 to 10 as an active

ingredient.

[Claim 12] The pharmaceutical composition according to claim 11 for inhibiting
production of amyloid-f protein.

[Claim 13] The pharmaceutical composition according to claim 11 for inhibiting beta-site
amyloid-f precursor protein cleaving enzyme 1 (BACE1).

[Claim 14] The pharmaceutical composition according to any one of claims 11 to 13 for
treating a neurodegenerative disease.

[Claim 15] The pharmaceutical composition according to claim 14, wherein the

neurodegenerative disease is Alzheimer-type dementia or Down's syndrome.



