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- (hereinafter referred to as AO) protein productlon inhibitory effect or a beta-site amyloid-
precursor protein cleavage enzyme 1 (hereinaftepfefepdip@s BACEL or beta-secretase) inhibitory
effect and is effective for treating a neurodegenerative disease caused by AO protein, in particular,
Alzheimer-type dementia or B8 ﬁ%%‘}ﬁﬁW%ﬁ@@%%@ﬁﬁ%@%@d?%@W §ion 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
plaques and neurofibrillary tangles. Currently, Alzheimer-type 15 dementia is treated only with
symptomaticTeeltim@ritielding a symptom improving agent typified by an acetylcholinesterase inhibitor,
and a funda | 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 AIPRETFHEPIPEHIOMERTSS POHTscssunprbhyp ey Hetae Hstabolites of
amyloid precpiigarRieinstbereiaaitemele padda.a5 ARD @t highhitivelved is degeneration and loss
of neurons and onset of symptoms of dementia (see Non-Patent Documents 3 and 4 éor example).
AO-protefhs ARV TRATHEHH JehErtee Xbish ‘&%?r?&&Wd%‘f‘éd}&ifﬁ}%ﬂ&ﬂ&?‘&ﬁ%tﬁ\i%ﬁ IR0 amino
acids added piothe dort@inibialy Eecf\OdOnRcs A 34 citefkpevanste hauardighaggeagahiity (see Non- 25
Patent Document 5, for exam le) %ﬁ%@e rpair] comgo?e%ﬁof seét]ﬁ'le plaéﬁuegfésee I}Ion-Patent
Documents 58 aHd 7 foF 8% Fﬂﬁﬁiﬁ. urthér, IS KAGWITHHEY THE ADAT ST RE345"3r thEréh8ed by
mutation in ARRwaodtgreseniknigemneswkidibysAfiserviadiinptativilial, Aztheimarisiseaseat{see Non-Patent
Documents &, 9 and 10, for example), Accordin a compound that reduces 2 production of A40 and
a2 s expecrS L e O ] D dementi, L3
is produéed ynledihirdjonizipy dsetepisecre tase {BNEEAdiemd subsequently by gamma-secretase. For this
reason, attempts have been made 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 Non-PatBATSERhERts 1 and 2 shown below. In particular, Patent Documents 1, 14 and 15
describes an[apoijodihydrothiazine derivative and a compound having BACEL1 inhibitory activity. Prior Art
Documents 10 Patent Do ments [Sogi(gégs PiatedréitfeDg)c%mr%rC]tt ]&f\}gﬁ %_(%07/04{3532rl atent rlil)e%cr:grglent 2]
U.S. Patent No. 3235551%a ent Documen & Pafent No. 322771315 '[?pa en% ocumenP4]
JP-A-09-067358{Paidpmmtonnfennid] mMaguod 108 neesijiputient BetlemeUETWD ABIGIME4S{Patent
Documeyy 7]4dPrA 2 [ Beﬁgg,({)agﬁgm ShHNEW; B : : @]
04/0439% [P%%ﬁ%%%ﬁ%%ﬁﬁ%ﬁ l\%Vfc_lo 20 5/058???116 Pate&ggggl%ﬁll]ﬁﬁg 12 O%/bé%q é%YL[HIXatent
Document 13RS FOdeoUAEA S RBHY Boflf P 44T RIS Botsshow1ADY S BrASESHTIb Sfment 14] WO
2008/13327 3i[Rate b Detys1®sén S WAl&pe008( 133:t &4 M fr Rateiop R aeuinoe més 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). AP-proteins
have, as main components, AB40 consisting of 40 amino acids and AB42 with two amino acids
added at the C-terminal. The APB40 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 AP42 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



[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, Proceedings of National

Academy of SEIGE A RIDTSARZIAIIE). AMATAGATE (NG FAIGN! RARUDRLA) Nisch RM

and sixteen rs, Antibodies against O-amyloid slo gnitive decline in" Alzheimer's disease, Neuron,
2003, May 221g8ipesypesemdnien-Patent Document 5] Jarrett JT, and two others, The carboxy terminus

of the 0 amyloid 5 protein i ctifiral fQathe sersioaphayleid daumationatmplcationsqndheyathogenesis
of Alzheimers' disease, Bio?:he?nistty, 1%%3, 32 (%8), p.%93-4697. [N?g]n-Patht Docur%er?tﬁg?%tlenner

GG, and oneZ8thHBR K HaiheriOH BB il PP OPEYT BRepiRFCtIOPRENEREr SRS PSH6H of a novel

cerebrovasculah asoydnid piRtsios:BiashenticahandbiprRS iG] reaerkd) RAIMUACatioRssd 984, May 16,
120 (3), p. 885-890. 10 [Non-Patent Document 7] Masters CL, and five others, Amyloid plaque core

protein in AIZRBIRYEFHEE88 A DEWA AT ,lﬁPo%%Mﬁ&?ﬁPﬁaiiBﬂ&Tlﬂed&ﬂém}?&f%‘&?@hce USA,
1985, Jun, 8B¢1Ry, p kADi4240 PiNaniRatennBocument 8] Getibs Gkanaindddigdenhathiees, Intraneuronal
A042 accumylation.in human brain, Ameri ral of Pathology, 2000, Jan, 156(1), p. 15-20. 15
[Non-Patent eé?&?hvgrﬁn ]?8%’83%?%“/ gﬁ? %%C](l?tﬁlé]r}g!n %Xr%{%é%i? imyloid O-protein similar to that in the
senile plaques of Alzheimer's disease is increased in vivo by the presenilin 1 and 2 and APP mutations
linked to famialAlzheiners disease, Nature Medicine, 1996, Aug, 2(8), p. 864- 870. [Non-Patent
Document 1? Forman MS, and four others, Differential effects of the swedish 20 mutant amyloid
precursdPprotEfidRBUEYbid accumulation and secretion in neurons and nonneuronal cells, The
Journal of Bighogagal Chemistry, 1997, Dec 19, 272 (51), p. 32247- 32253. Summary of the Invention
Problem to bg,salved by th {i 5] An object of the present invention is to provide a
fused amino |ﬁ§/%lrtc(;1t%)i%'¥zrflr?§t éﬂ?‘nﬁ?o%?@ﬁ[% differs from an aminodihydrothiazine derivative and a
compound h&RatrpExCEeHRibiHenyPatsivityod&EEY#éd in Patent Document 1 and which has an A0

production infpibiterysfieat A BAGEL iKibitony effect and is useful as a therapeutic agent for a 30
neurodegenerative disease caused by AO and typified by Alzheimer-type dementia, and pharmaceutical

use ther&df. FAfBLRSPBORANE & PIBhiem [0006] The present invention relates to: [1]A compound
represented [Baihe Pucanden(ly] B/[p-otvostady
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Presence of oligomeric AP ligands (ADDLs) suggests a molecular basis for reversible memory



or a pharmaceutically acceptable salt thereof, or a solvate thereof, wherein Ring A is a C614 aryl
group which may have 1 to 3 substituents selected from Substituent Group ot, 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 10 whicl$ may have 1 to 3 substituents selected from

Substituent GoUR,BLec dings oh\fif?;ﬂﬂﬂé%&%ﬂ[}ﬁo@i%é’@@@@%,'é\éﬁb;cl@o (Ydyereln iy i@ aydrogen

atom or a C16 alkyl group which may have 1 substituents selected from Substltue_nt Group ot), an -
NRLCO-C1 éMryPeeatpqevrensinl RitishaRMcredeintego aihsrsaimibodivy hgrinspvietoidalphave 1 to 3

substituents sgiagied fremeIHRINUERL G INROININGISH%3 (Whagreindil isahysiiogen atom 15 or a C16
alkyl group which may have 1 to 3 substituents selected from Substituent Group ot), a C16 alkylene group

which may h&VenPRieatpsarmeRnts 'eaieitdaatd Y S abstiuEif @Ry mites ¥ Dxeetidgroup which
may haves 1 tersdshipstiiuentsosalectedi fkosh mubstiteerfaGseUppli Qitiars 206 tAdyieBegsaifp Which may
have 1 to 3 sybstituents selected from Substitue rou Rin is a C38 cycloalkyl group which may
have 1to 3 s%%zﬁfumgﬁ sdlssgf‘esec’tgéo ﬁlﬁef%srtﬁysﬁu sti?ée%&gogéggfﬁ§)26l4 aryl group which may have 1to 3
substituents BdtecbattfitdPnc8ubstitliériei@eo (iotndraadetierl Blrhembey dddastenmoytlicpgroefphwhich may
have 1 to 3 syBSHILESHS SELRGIS] oM AURSIHEN L GEBHR Qb ular amy18idHRASIAAE RAB;CH {13 alkylene
group which may have 1 to 3 substituents selected from Substituent Group ot, 25Y is a C13 alkylene
group which FeRIKEcE s kepaivinte Quiddt Wam! Sulzétithent @%&%ot or a C23 alkenylene group

which may havenlpe-auhslitesnts alestedifTena HSethstituany IGOpIRGE core prot&n$ndn oxygen atom, a
sulfur atom, Ifoxide, a sulfone or -NRm- (wherein Rm is drogen gtom, 16 al roup which

ay have 1 (S ETGERS DDA RO Sl LS B RS S B S i may nave
1 to 3 substitigffisisel82tad irpm23 BdbEtituent Group ot, a C16 alkylcarbonyl group which may have 1 to

3 S“bS“t“e”tﬁ\?%'-%%ES%gSn%En %%'?%ﬁ"&'gﬁ}ta%% Qn%‘e%v%%ﬁzé‘gj Hf?%{r%%ﬂ}’&%%ﬁ%" Slﬁ'n{l‘}ﬁ}{o'}%e 1103

i
. C
substituents selecte stituent Group ot, a C1l6 a group which may have 1 to 3

substituents hé!@@té’@afﬁoﬁﬁsﬁm?ﬂaem%%h@ﬂpéy@m,dﬁylslﬂﬁdﬁylIgr_b‘ijié(l/vhich may have 1t0 3
substituggts RIGCHAEL QB RHRRIH SBLGRRHD Aol Bt RMEEHQUP IS BRYohAY &l S kRsubstituents

selected from Substituent Group ot or a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents delbersirdidsebiitleisisoudsstye is increaged Bng'R2ke @aK T debEteAtY a hydrogen
atom, a C16 Alkyhgraupnwhikbdiarhave Alladnsistitvarinsalectediicnr Susskiuent ©rougeat, a C16
alkylcarbonyl géoup which may have 1 to 3 substituents selected from Substituent Group ot, a C614
arylcarbonyl %r up 15 which may have 1 to 3 substituents selected from Substituent Group ot, a C16
alkylsulfonyl groupathichonayehave] FeorBus stk hits sélectdoi fioentBlbgattsarttisrouglot, a C614
aryisuliogy! (UMM TRENRE: bifed: SRPUIMARS RRIRHESIPMAURRHEA ZIRUR Bl €38
carbocyclic group w |(\{ may have 1 to 3 substituents selected from Substituent Group ot or a 5- to 10-
membered haeerseyaiid epbup heHiohnalayf Balegicad CheubstitudNs Belketled’#obdSRIGSHtHENt 20 Group ot,
and R3,5%4, R5 and R6 are independently a hydrogen atom, a halogen atom, a hydroxy group, a
C16 alkyl group which may have 1 to 3 substituents selected from Substituent Group ot, a C16 alkoxy
group which may have 1 to 3 substituents selected from Substituent Group ot, a 3- to 10-membered
carbocyclic gsompuhichtmayveanenl to 3 substituents selected from Substituent 25 Group ot or a 5- to
10-membere (@ﬁgerqg%%lis% %r%qg] \Méifh mggﬂhave 1 to 3 substituents selected from Substituent Group ot,

or R4 and R ]ioge%er may orma rlngr]wr%npresented by the formula (I1): [Formula 2] R5

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 AP production
inhibitory effect or a BACE] inhibitory effect and is useful as a therapeutic agent for a

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

pharmaceutical use thereof.



6 wherein Y, Z, R5 and 123 are the same as defined above and Q is an oxygen atom, a methylene group
or an ethylene group [Substituent Group a: 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 5
arylcarbonyl group, a cyano group, a C38 cycloalkoxy group, a C38 cycloalkyl group, a C3 g
cycloalkylthiq\&r&gqmas%wmgyﬂgtplimeqﬁoup (wherein the sulfonylamino group may be substituted with 1 to
2 C16 alkyl groups), a C26 alkenyl group which may have 1 to 2 substituents selected from Substituent
Group 13, a @Q@%Ikynyl group which may have 1 to 2 substituents selected from Substituent Group 13, a
carbamoyl group which maychecseshiteiednlR mishid: to 2 C16 alkyl groups, a C16 alkoxy group which
may have 1 t@f substituents selectgd from Su Stitlie t Gr?ug 13, a C16 alkyl group which may have 1 to
3 substituents' Selected fréhf SUSHLERIETEEH P EHEEE510-membered heterocyclic group which
may haves 1 tF@substituents selected from Substituent Group 13, Substituent Group 13: a halogen atom,
nd a C] 6 15 alkoxy group (wherein the alkoxy group may be substituted
be substituted with 1 to 3 substituents selected from a hydrogen atom, a
gPou afd g/ nitro group)]; [2]A compound represented by the formula (1):

teally acceptable salt thereof, or a solvate thereof, wherein Ring A
is a C614 aryl §toBp which nﬁéy have 1 to 3 substituents selected from Substituent Group a, a 5- to
6-membered heteroa roup which may have 1 to 3 substituents selected from Substituent Group a or a
9- to 10-menbered benzolfusel heterocyclic group which may have 1 to 3 substituents selected from
Substituent Group a,.25L 15 a single bond, @h 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 NRLS02-
(wherein fiL is &hjdrogen atom or a C16 alkyl group which may have 1 to 3 substituents selected from
Substituent Graymathadetiibialkienpeigeon whisht, may daave: haedsubstiuents selected from
Substituent Group ot, a C%% aIKenxl ne grryqu Whiclr; may have ]1t03? substituent S%I%Cfled from
Substituent Group ot or a C 26 alkynyleh GrodpRvhich may have Lo Uents‘se

tlstllif)nsttsltuents sefécted from
Substituent Grdptaint Group RNt B s addd8rey tloalityd) cooyp which mgyhheyé b fos@bstfostituents
selected from Substituent, Gr ot..a C614 aryl gr which may have 1 t substituents selected from
Sbetituent GoR e b Y e B B B e reonts

selectedifronwBiuh stitydatdaroup substiGXns seictgdefbonSubstan€idti3oatkplene group which may have 1 to 3

substituents selected fro;tgsubglgglleeg&g’rghlgxgt en at %% &ﬁé&%@@@{heﬂei%c r{qvggéﬁ]qtm%pave 1to3

substituents selected fro stituent Group ot'or a C23 alkenylene group whi ave 1to 3
substituents sélectékyrgmyswbstitoent@ro oot stbXiiseat etgejehiznontubssniéor Gtonp, @ .suifoxide, a

sulfone or NRcubereit RiRA DHLRER" AP AR AP MYERMBUARYE A Sybstiuents

selected from Substituent Group ot, a C38 cycloalkyl group which may have 1 to 3 substituents selected

from SubstitUertsaheiipeats sledsldipRAPHHY Y eI MBIcAVRa ravehares R sishitiderarnsemstted from

SUbSt!tU ent Group, ot/ CabapanicRNKharqup W@Jﬁﬁi(ﬁ@%s@@}é%tédtﬁélﬁs{%ﬁM&ﬂt&%gps&ﬁ?Qted from
Substituent Group ot, a C16 alkylsulfonyl group which may have 1 to 3 substituents selected from

Substituent Greupkaters ewra ¥k} YRgrAUp IvnieHitveysialrsadiB sttty S KR B Crom
Substituent f%r%l@ﬁe%%éhﬁmr%%aw highsoayiavslsi®ded from Substituent Group o or a Cy6

alkynylene group which may have 1 to 3 substituents selected from Substituent Group «,

Ring B is a Cs cycloalkyl group which may have 1 to 3 substituents selected
20 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 «,
X is a single bond or a C;_3 alkylene group which may have 1 to 3 substituents
selected from Substituent Group «,
25 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



substituents selected from Substituent Group ot or a 5- to 10-membered heterocyclic group which may
have 1 to 3 substituents selected from Substituent Group ot), 25R1 and R2 are each independently a
hydrogen atom, a C16 alkyl group which may have 1 to 3 substituents selected from Substituent Group
ot, a C16 alkylcarbonyl group which may have 1 to 3 substituents selected from Substituent Group ot, a
C614 arylcargwtggﬁ%ﬁ%igp may have 1 to 3 substituents selected from Substituent Group ot, a Ci 6
alkylsulfonyl group which may have 1 to 3 substituents selected from Substituent Group ot, a C6 30 14
arylsulfonyl group which fdy Hewe gernpubstitiientesalcstéaiion SibatueMRErdupstinRe 38

carbocyclic groupwhiLh may, have, JilQ i3 upsitanis: s elactedmmpsHbstituent-Eraumpt or a 5- to

10-membered heterocyclic group which may have 1 to 3 substituents selected from 8 Substituent Group
ot, and SURHitEERt REpui - RE arSYraRsE ey Bith Blget aldm3 suhslisyar stbsicdifRAroxy group,

a C16 alkyl gsappivéleGragydave, 1 ik dauhstiiuacts seiratedyom Jubstiuantferaupiatica C16 alkoxy
group which may have 1 to 3 substituents selected from Substituent Group ot, a 3- 5 to 10-membered

carbocyclic gfoubSWRERTAESRER & 1 foo3+ AHEHbRRSEIHB B HBRY 815 ifﬂén?‘éﬁ‘gﬂﬁl& orab5-to

10-memberegt Retar oeye s giaumndicipoay Oayad taBoaybstituems selestadyiram Substituent Group ot,
or R4 and R6 together may form a ring represented by the formula (I1): [Formula 4] R5 R3 10 wherein Y,

Z, R5 and 123 EUFSSSHideddTaBTReRF UHERICEIP & & Gt oXyGEH ARr AR SRy §r8tip Orian

ethylene groygbstituents keldbeltie Rt SarRuRGT @BYFRGaN, alaf adiplegfmaleymaadydiaxy group, a nitro
group, a C16 alkylthio group, a C614 aryl groug, aCo6l1l4 arylo%carbonylﬁfé)up, a C6 14 arylcarbonyl

group, a'dyaftPHiBispisadests Btk YR8 A Bamy b ch hesigerslicy IS group, a
sulfonylaming gy edpe(WRET 8id iR SiifdaniReLOsaURi Ma) Beogplestituted with 1 to 2 C16 alkyl groups), a
C26 alkenyl group which may haye 1 to 2 supstituents selected from Substituent Group 13, a C26 alkynyl
group which may have 1 %‘%%sﬁfﬁg?ﬁg ’é‘gf:é)ﬁfgﬁfﬁjéfrﬁ ﬂbosgﬁfh%tﬂfne?ébdﬁ 15 A ARSI RS up which
may be substhisitedtiwubsitn2 Gl & labeyd gratSapaitda akompyog to0n, Wikidbarbalyyhgisal ididhsubstituents

selected 20 from Sub?t{tu nt GrouEtlfS, atcgp alkglgroug \{V@ich mag Bave 1to %su stituents selected
from SubstitdBht B3R 3 SRE LB e IR IHENBL PG NI R Gra s WARITHYSPHATRR 10 3
substituants seliebtedyfiere $ubstitsntuers upldd Suhstiuemnitshio Grol 3 oa halegdkyBiofonyd cyano group, a

g‘;d;g‘y group and. 3Gt S.aMaxY PIOURLER 1A SRR IRIRRRRIe Ry, iNg Tonula R; fhqymula 8] 9
group which may have 1 to 3 substituents selected from Substituent Group «, a Cs.g carbocyclic
group which may have 1 to 3 substituents selected from Substituent Group « or a 5- to 10-
membered heterocyclic group which may have 1 to 3 substituents selected from Substituent

20  Group a, 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 C; alkoxy group which may have 1 to 3 substituents selected from Substituent Group o, a 3-
to 10-membered carbocyclic group which may have 1 to 3 substituents selected from Substituent
25  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 (I):

[Formula 2]
RS

RS



Z 1 Y(l) Ra R3 or a pharmaceutically acceptable salt thereof, or a solvate thereof, wherein Ring A
is a C614 aryl group which may have 1 to 3 substituents selected from Substituent Group ot, 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 5 which may have 1 to 3 substituents selected from
Substituent Giup pY b7 %SRS RO ARIUGEAH BN RuASIEN S, ddieRen atom or a
C16 alkyl group which may have 1 to 3 substituents selected from Substituent Group ot), - NRIS02-
(Wherein RL BAMYHBGEN at6riofPa C16 alkyl group which may have 1 to 3 substituents selected from
Substituent Group ot), a G3ralyiane8ipuR WhjahRandaye fioBnlisnhsifuants sslgctesdom

Substituent Group ot, a C26 alkenylene group which may have 1 to 3 substituents selected from
Substituent Grotp Blor éllﬁﬁé‘%@’)?ﬁ?lé‘n@g%% FRtenahay ANEY WLeWIsEatRepfssselected from
Substituent Grolapriednyl group, Ringub isreuf; A& ey claadkitgrogpwphiot; may bake 1 ltoud, subsiituents
selected frorrg SC Ogﬁ;[itﬂl%gt %roug at gnclg%ﬁng%/rl %o&ﬁlg}/gincﬁl gnszl;ll}{eorl\la\{e 1 to §0§lutr)§§it ents selected from
15 Substituent Group ot or a 5- o fg émbered He erocyclic group which rﬁay have I'to 3 substituents
selected fromuBeibstid amhd roubCot; alkyl gronpss, a Spglkdohdrowravdid alkylkase todp which may have 1
to 3 substitugpis ISR RIPSHIERLRIGHROB, ¥ S L3 Akene Ly VRIch May have 1to 3

substituents selected from 20 Substituent Group ot or a ¢33 alkenylene group which may have 1to 3
substituents SelsiéteatspteSebsatnsHbG kb Gtoup B. a carbiamgylsstgge i ardrmay safupsttsied a sulfoxide, a

sulfone gp -NRM-1(wherein.iki saRydegemdigmn aihialkh grave whichumay.bavedete.d substituents

selected from Substituent Group ot, a C38 cycloalkyl group which may have 1 to 3 substituents selected

from 25 Sub<iRUEMREHBIGH! StrowrR6 Siky REYb&IYPIYBIEH WK hdy havebitigestsapstithiitdselected

from Substitugipt GiestiGebup SEkra s anoReylereyRewhish- may fpueniciondpubwtiiugnts 10 selected
from Substituent Group ot, a C16 alkylsulfonyl group which may have 1 to 3 substituents selected from

Substituent GBS EBAALFRABRIYAGBWRIRh may have 1 to 3 substituents selected from
Substituent Group ot, a C&lsk@idng Ry HIichdlaynhaya, b t9asuhstituenis-selestag fiam Supstituent

Group ot or a 5- to 10-membered heterocyclic group which 5 may have 1 to 3 substjtuents selected from
Substituéht GHSU 85U (WhereR ihg e SF RARAYiRG SHSHEET Y S HyIFIBL 8 88 i o 18Yaliky1 group
which may havssdtie@widb stitLenisssalected frand Substityenig&raupnot, lalcd alkylcanydrodygroup which
may have 1 to. gusglkl)gtzilthl rnts.r%gle)\fted from Substituent Group ot, a C614 arylcarbonyl group which may
have 1 to 3 stbstituents selécted from Substituent Group ot, a C16 alkylsulfonyl 10 group which may
have 1 to 3 sifbstituents sélediP¥nsireSeatsitddntiGriupes @CT614 arylsulfonyl group which may have 1
to 3 substitugptsselesied from Substituent Group ot, a C38 carbocyclic group which may have 1 to 3
substituents selected from Substituent Group ot or a 5- to 10- membered heterocyclic group which may
have 1 to 3 subsfituents selectéd from Substituent Group ot, and 15le, R4, R5 and R6 are independently

a hydrogen ato atorrB a hydroxy

R* R®

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 C,¢ alkyl group which may have 1 to 3 substituents selected from Substituent Group ), -



group, a C16 alkyl group which may have 1 to 3 substituents selected from Substituent Group ot, a C16
alkoxy group which may have 1 to 3 substituents selected from Substituent Group ot, a 3- to
10-membered carbocyclic group which may have 1 to 3 substituents selected from Substituent Group ot
or a 5- to 10-membered heterocyclic group which may fave 1 to 3 substituents selected 20 from

Substituent GRUgAt (Wherejnk‘sli'p§ﬂ%%e§59&ﬂ Sl Ny GrRgen, Al RAPISR 3tpm, a hydroxy group,
a nitro group, a Qlé alkylthio group, a C614 aryl group, a C614 aryloxycarbonyl group, a C614

arylcarbony! gteiticateyalsetestigs auesBueyEioaikioRy) §louprlkytsss gpepaikghdgraypa Esog

cycloalkylthiq gt & SUIERIATHNGBLAHRANRSIEIB the-SUREMARNRHPHRIMANHHAR Sybstituted with
1 to 2 C16 alkyl groups), a C26 alkenyl group which may have 1 to 2 substituents selected from

Substituent GBHEUEStsEtZE A likgmyP hBiipeniicpumeyhate datey 2ydsstrientdiss Bepe Brfio i Shibstituent

Group 135 a cashaman gieurahicismay e sahstided 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 substituents sRIB&RERImsIOLIMStlteroNP Bitihmay davrd & toubstinertbeietisdeterocyclic

group which fay isxacdein supstivients solested framh Suhstitue Nt ok diderptRalitvantdaroup 13: a
halogen atom, a cyano group, a hydrogpgroup and a Ci 6 11 alkoxy group]; [4]The compound or

pharmaceutiCAMy ReTd SEEMR Sk dneredf-Bieativstbhfieius deaBrdnPionaRsY dlgcot [2Pto [3] above,

wherein X is apegthyigeneigiedprivhicisnayfavedp @, 2 substituents selected from Substituent Group ot; 5
[5]The compound or pharmaceutically acceptable salt thereof, or solvate thereof according to any one of

[1] to [4]'dbove, wherein Z5& & BN AEE A GRd IS Y EPIRIRYRHBY B WHICH RS WA 1 to 3
substituents satecieddiosubiibsiiuerivpup ot; [6] The compound or pharmaceutically acceptable salt
thereof, or solvate thereof accoyding.to any one o to [4] abave, wherein Z is an oxygen atom and Y is
a C23 alkenylene 10 grouf}?i\fsvﬁié%%%gq réev%r(iu{)o“é'[scutr)%%&l}l‘é‘ﬁ?g st(éléel\é eg(sjt | Pgrnﬁ%ﬁe}ﬁgﬁéjtgﬂ?broup ot; [7]
The compoufdbetipbsrthace uticall{ acadpiabie: sadtuhetedi, nrysolvatettheselofiacoos dihg tal froynone of [1]
to [4] above, wi gtri%ig (.5?0% sylfur atom or a sulfone and Y is a CI 3 alkylene group which may have 1 to 3
substituents sélected from Substituent Group ot; [8] The compound or pharmaceutically acceptable salt
thereof, b¥ solvate thereofZLis aicexygingttomanywive ©bil]asuld)adoveuliorerein RS - WWE@R(Wherein fiL
is a hydrogenatapa 8 %@ﬂ@}.ﬁ&%g@dﬂg@ﬂﬂ&%ﬂgﬂ%@ 3 §.lg9§§ﬂur%m§s%féagseﬁofﬁpm Substituent

Group ot); [9# The com&ound or pharmaceutically acceptable salt thereof, or solvate thereof according to
any one of [114BS[BYHBSTe Mt Sinsthc SabiatigiapRs"dutactsy o ISP st HeaPoe s Bedd @Ry drogen
atom, a haloggpsatedhs @r&%ioé’f‘ﬁ(@ﬂ AQURWEHEN:FBRY DAV hip B0 1substiibents releriadsrom

Substituent Group 13 or a alkyl group which may have 1 to 3 substituents selected from Substituent

Group 13. [107A THHBBIRPENE BhafmacelisetRnEcEepraniscBaninieot, o @&t thereof, wherein

the compgundiis salgeiadfmuhe fpllaping eomaRUERny1 group whishMild fl{¢aR? 3
,8aS*)-2-amino-4,4a,5,6,8 ,8a-hexahydro-7-oxa-3-thia- 1- 25

azanaphthalHRSHUPTISAFSTE HREhy 15 BN A GG Q-carbxditngbgroup whichynjygave 1 to 3

4(8S*,8aR*)-drihinand 4 B&a-iaiadiGiaxa; 3-8 a1 group which may have 1 to 3
azanaphthalen-8a-y1)-4-fluorophen Lh];—fluoromethoxypyrazine-2-carboxamide, ' 3) N-[3
4(4aR*,8aS*f—‘§’-Sé‘rWﬁ%s- ,gre’:lp&'tg(’ldrg’lg 1 %Wﬂ%@%%é’-@ltﬁ &0 §0-membered heterocyclic group whic

azanaphthalen:3aayd ) dsfilQrapheixld-RaitluriRneiienpyasinsos -carboxamide, 304) N-[3
4(4aR*,8aS*)-2-amino-4,43,5,6,8,8a-hexahydro-7-oxa-3-thia- 1- ,
azanaphthalen-8a-y1)-4-thidBIdhAthEXbITERDP LB A RSB A fb siditl ggoup 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 @, 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 «, a Cs.
30 14 arylsulfonyl group which may have 1 to 3 substituents selected from Substituent Group o, a

C;.¢ 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



5) N[3 ((8S*-thia- 1- azanaphthalen-8a-y1)-4-trifluoromethoxypheny11-5-chloropyridine-2-carboxamide,
12 6) N-[34(4aR*,65*,8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-chloropyridine-2-carboxamide, 7
N-[34(4aR*,6S*,8aS*)-2-amino-6-methy1-4,4a,5,6,8,8ashexahydro-7-oxa-3-

thia—l-azanagﬁg@g{gagt%fg -4-fluoropheny11-5-cyanopyridine-2-carboxamide, 58)
N-[34(4aR*,65*,8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-R0) R-fRictep ReAelindsneiflsaroretsyisgndinaL2 balegsraraitea hydroxy g)
N-[34(4aR*,635,8250; 2 MYINReRpMaiN hdytav ¢ & SaidetRBNArQ1 e dm Substituent Group o,

thia-1-azanaphthalen-8a-y1l)-4-fluoropheny11-5-difluoromethoxypyrazine-2-carboxamide, 10)
N-[34(4aR* 65%8a8x7-ginipolbshathyhavad B 8 81 Bdinenangsesd fsxa-Jibsptuent Group o, a 3-
thia-1-azgnaphibaiemBaddldatbiiRiRniReny MhisnlHAr amethexyRUREING R & Bes #MdSubstituent 11)
N-[34(4aR*,6R*,8aS*)-2-amino-6-methoxymethy1-4,4a,5,6,8,8a-hexahydro7-oxa-3-thia- 1-
azanaphthaIQf%‘ﬁ-?ﬂ-ﬁffh}(%r]cgbﬁ’éﬂﬁb’fiq%?fﬁﬂ@ﬁ}‘ﬁ&ﬁ’é@%%&%’nl?ﬂf&1 to 3 subsiifients selected
N-[34(4aR*,6RhBaddidraminecd-aethoxymethyl1-4,4a,5,6,8,8a-hexahydro7-oxa-3 -thia- 1-
azanaphthalen-8a-y1)-4-flupropheny11-5-diflugromethylpyrazine-2-carboxamide, 1513)

N-[34(4aR* 6R*,8aS)-2-amilbLE- S M FRyT A HRse @S SRER S dPemyn L3 thia- 1-

azanaphthal¢Re8awd 34-fluoropheny11-5-chloropyridine-2-carboxamide, 14)
N-[34(4aR*,6R*é§§18*)-2-amino-6-methoxymethy1-4,4a,5,6,8,8a—hexahydro7-oxa-3 -thia- 1-
azanaphthalen- -4-fluoropheny11-5-fluoromethoxypyrazine-2-carboxamide, 15)
N-[34(4aR*,6R*; -amino-6-methoxymethy1-4,4a,5,6,8,8a-hexahydro20 7-ceta-3 -thia- 1-
azanaphthalen-8ay| )-4-f|uo(rg heny11-5-difluoromethoxypyrazine-2- carboxamide, 16)
N-[34(4aS,55" mino-54fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fluor
ophenyl1-5-cyamopyridine-2-carboxamide, 17)

N-[3-((4aS,58,85§)-2-amino-5-f|uoro-4,4a,5,6,8,8a—hexahydro-?-oxa—B-thiaZS

1-azanaphthaleseBayy 7)-RflindrRphenyd damedifl defomietbylp yiarzina-2neaspexamide; methylend 8)
N-[34(4aS,5S 8382)}%r§nagnp-56-fly%ro-4,4a,5,6,8,8a—hexahydro-7-oxa-3-thial-azanaphthalen-8a—y1)-4-fluor
opheny11-5-§mo‘?opyrl in(\-é-%l-cér%og(amide, 19)
N-[34(4aS,5S,8aS)-2-amiHaisfluorb(r o, 8,6, 8)8ze paxalieyd rohTlesca-thiad hadwns o plemi8a-y 1)-4-fluor
opheny11-5-yiflyoromethynwiiding:?s GAFROXaNIgRA028) ., aryloxycarbonyl Co

340425 58 L e B E eyt eroup  Con
1-azanaphthafslaseeysh s1enpat S LIPS Aditiu SHSHEHBXYPBYFRIAS 2= eloakamsap. a Css 21)
N-[34(4a$,53)\3asa)kHAM0iBRup-fiLiaNGofyfantnb & & herabyie- uli¥ay Britidloaupnaphtealen-8a-y1)-4-fluor
opheny11-5-flyoromethaq razjne-2-carboxamide, 22) .

N (Caas, 58 S e T BT B el B e 1 102
1-azanaphthal®r8and jedethad foph Sapdritbdifuarp fetboxyynadipeir cdrbbxamidee 13o 2 23)
N-[3-44aR*,58* 8aS*)-2-amino-5-methy1-4 4a.5 6,8 8a-hexahydro-7-oxa-3- :

i1 B o OB NG o DAL & S iy besubstgsd

N-[3-44aR*, 58|84 8"}-C+amikyd-S-amesthny T4, Aa0B 6808 phexh myadrbaveolx®- 3-substituents selected

-0 g eSS o
Substituent Group 3 and a 5- to 10-membered heterocyclic group which may have 1 to 3
substituents selected from Substituent Group 3,
Substituent Group 3: a halogen atom, a cyano group, a hydroxy group and a C;
alkoxy group];
25 [3] A compound represented by the formula (I):

[Formula 5]



thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethoxypyrazine-2-carboxamide, 26)
N-[3-44aR* 5R* 8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-

thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-chloropyridine-2-carboxamide, 27)
N-[3-44aR* 5R* 8aS*)-2-amino-5-methyl-4,4a,5,6,8,8ashexahydro-7-oxa-3- 10
thia-1-azanaphthalen<8a-y1)-4-flueropheny11-5-cyanopyridine-2-carboxamide, 28)
N-[3-44aR* 5R*BaS*)-2-aming-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-

thia-1-azanapht aléoh-8-yft)- heny11-5-difluoromethoxypyrazine-2-carboxamide, 29)

N-[3-44aR* 5R* 8aS*<2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-

thia-1-azanaptheié -8a—y1)ﬁﬂ-f|uorophenyll-5-dif|uoromethylpyrazine-2-carboxamide, 1530)
N-[3-44aS* 5R*8aS* B\m'NQ-SZ-methoxy-4,4a,5,6,8,8a—hexahydro-7-oxa-
3-thia-1-azanaphthalen-8 -yl)-ﬁ-fluorophenyl1-5-cyanopyridine-2-carboxamide, 31)
N-[3-42R*,4alR*,83S%)-2-amino-4-methy1-4!ha,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-cyanopyridine-2-carboxamide, 32)
N-[3-42R*,4aRR,48§§*)-2-amino-4-methy1-4,4a,5,6,8,8a—hexahydro-7-oxa-3- 20
thia-1-azanaphthaigm8awirdy fidesppbrnyik thbreifluprosorty ipyredinehereiarboxamide, 33)
N-[3-((4aR,6R,8aS)-2-amino-6-hydraxymethy1-4,4a,5,6,8,8a-hexahydro-7-
oxa3-thio- L azanaphihal SR N ey L DL S S e S bealgied fom
N-[3-((4aR,6Ry8aB)edtimnp-G-hydroxymthytdihda/o6y8 Sauhexabydray have 1 to 3 substituents
oxa-3-thia-1-azanaphthalen-8a-y1)-4-fluorophenyl1-5-cyanopyridine-2-carboxamide, 2535)
N o-adam S T SR G A YR JEDE A RAURTR 30
7-oxa-3-thia-Viadamap hthal ¢ neSesylisididtuoselptred yibhs Swdysainapy Goling-2-carboxamide, 36)

N-[3-44aR*,6R*,8aS*)-2-amino-6-tyif -4.4a 5 ¢ iy 7-0xa- 3t 1= hthalen-8
e L TR 50 SRS s e e

a-y1)-4-fluoropheny11-5-difluoro oxypyrazi
N-[3-44aR*,6F¢ 8aty)- 2rauninbich thifi brombthylsubstiiusrasgdectae esny rdstituent Group o), -
7-oxa-3-thia-kazas 2 phalenr8as Wiy 4 fuar aRheay &:3-fiworeruidinger Ry baxanids, 38)
N-[3-44aR*,6R*,SaS*%-amino-G-trﬁ%ﬁgrg%th 1-4,4a,156,6,8%%—hé5xah§dro?foxa-s-thia—l—azanaphthalen-8
a_yl)_4_f|uor@bWSQ%%@@M%W Toup o), a Cl_ggl)kylene group which may have 1 to 3
N'[3'4431i8*7%ﬁsﬁ%ﬁ)é%ﬂ%@f@ﬂ@%ﬁmﬁm}%iﬁrﬁ?a’%@.@aﬁéﬂ?@fﬁtygﬁﬁ%ich may have 1 to 3

7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-fluoromethoxypyrazine-2-carboxamide, 14
40) substituents selected from Substituent Group & or a C,¢ alkynylene group which may have 1 to 3

N-13-44aR* G5 @aci-«RrA:rrdlviametbydug 42.5.6,8,8a-hexahydro7-oxa-3-thia-1-azanaphthalen-
8a-y1)-4-fluorophenyl1-pyrimidine-4-carboxamide, _ . 41) ,
N-13-44aR*,6R* 8aS*)-2-3MB-B-dftidrieathy 2pupdisisady RavahiRiroristienhigleqted
azanaphthalenn@aybsliddhiarppenylds 3, Hydiftdapopyidrineydrearhexamiggithda selected from
N-13-44aR*6R*8aS*)-2-amino-6-triflugromethy1-4,4a,5,6,8,8a-hexahydro-
7-oxa-3-thia-T"B¥4H iﬁ’ﬁ%@r‘?ﬁgé?;&)iﬂlﬁ’u@%‘b‘?‘?é‘?ﬂrﬁeﬁé‘lﬁfﬁ%%?HBtWB%ﬁHH‘?éf?zl- Catboxamide,
43) substituents selected from Substituent Group «,
N-13-44aR*,6R*8aS*)-2-gmino-6-trifluoromethy1-4, a,5,6,8,8a—£e ahydro7-oxa-3-thia-1-azanaphthalen-
By 14 fuoropheny 115 MG SIOR TR A Ak L AR AT Ry Peve T 102 it
N-13-((4aR,6RiBaS)fdarhibeHb:dhudierpetay1-4,4a,5,6,8,8a-hexahydro-7-oxa-
3-thia-1-azanaphthalen-8a-y1)-4-flugrapheny11-5-cyanopyridine-2-carboxamide 45)
N-15.((4aR OR 88y 2-amo LA SR L op R PR R Bhectsd o hnaten-say
1)-4-f|uoi’@ph&r];&]j]_uﬁ;tﬁmnppyﬂdhr\@gz-zdb_@'bngaﬁgdmp which may HB) 1to 3 substituents selected from
N-13-((4aR,6R,8aS)-2-amino-6-fluoromethyl1-4,4a,5,6,8,8a-hexahydro-7-oxal5
3-thia-1-aza§§l€ﬁ?ﬁu§i§$ %qgﬁm-fluorophenyl1-5-trif|uoromethylpyridine-z-carboxamide,

Z. is an oxygen atom, a sulfur atom, a sulfoxide, a sulfone or -NRM- (wherein RM

34)

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
25 Substituent Group o, 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



47)
N-13-((4aR,6R,8aS)-2-amino-6-fluoromethy1-4,4a,5,6,8,8a-hexahydro-7-oxa3-thia-1-azanaphthalen-8a-y
1)-4-fluoropheny11-5-fluoromethoxypyrazine-2-carboxamide, 48)
N-13-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6,8)8a-hexahydro-7-oxa3-thia-1-azanaphthalen-8a-y
1)-4-fluorophenyl '?f&ﬁ'g%%l%ﬂﬁyd%ﬁ %ng_éfgggg%iﬁﬂ;f%?ﬁ%%g%hlch may have 1 to 3
N-13-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-

azanaphthalenb8aveh)ssdientrd ploen§adsBushidsopyridind-2:cariodémideroup which50yy have 1 to 3
N-13-((4aR* 82y Qi am Qb RIRG}ARNR: (-Xa-3I85kn which may have 1 tq 3
azanaphthalen-Sény)A-fluo?ophenyll-B-brom%ridine- '1-4carr}b§(%r%igel,c Ay ave 51(3
N-13-((4aR*,8astupnsnitreidd 408 6 & 8HuhexEpdro-7-0Xa 8-tRiaxmixged heterocyclic group which
azanaphibale By foaraRnenidi % e amYIFng &gahgamide. 52)
N-13-((4aR*,8a *)-2-am|n01-4,4a,25,6,8,8a-hexahydro-?-oxa—3-th|a- - '
azanaphthalen-8a-y1)-4-fliotepReAielcncd Bdiepdeapyridiné zantsoxantidealkyl groupsglich may

N‘13'((4aR*’§9§*1)'t%'§‘g&m16eﬂ%ée@éeﬁ%@ﬁ%%@é&'%ﬁ&h%%@ alkylcarbonyl group which
azanaphthalen-8a-y1)-4-fluoropheny11-5-fluoropyridine-2-carboxamide, 3054)

N-13-((4aR* BaBHLE ARG ABUSTSS SedeciRe ke drostilesi Sreniaop 2 Ce.14 arylcarbonyl group
azanaphth a'%&}ﬁ%ﬁ%%}'ﬂgﬂy@E%%'Bytlt%éﬁé'sgipéfémf?@h{{ @lﬂﬁi%&ﬁ@%r&[dﬁel_ﬁ alkylsutBhyl
N-13-((4aR*8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-

azanaphthal&RBa WA DRIoBYHE Y1 1UBStHRRIST SRR ) MBS legiigreim et Co-14 arylsulfgpyl

N-13-((4aR*,8agp i flade Bud B.BeshE AR ARG rSsNa@idemGroup ., a Cs 5 carbocyclic
azanaphthalen-8a-y1)-4-fluorophenyl11-5-difluoromethylpyridine-2-carboxamide, 15 57)

N-[3-((4aR*,S&%W - phighMayhag 5 6 8 Shyisieakyiiscebiam thpstituent Group o or a 5- to 10-
azanaphthalen-88eydd 1kiHikRseRberytblnhicif ey ameth Py KA iRe<iE LR Substituer?8)
N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthaléfBR-$13™4-fluoropheny11-5-difluoromethoxypyridine-2-carboxamide, 559)
(-(4aR* BR*,8aS*)-8a-[2- i orA- B4 2riludh apyiridipeddeaphanydiogn atom, a halogen atom, a hydroxy

trifluorometh 1-4,4a§15,6,§k8 -hexahgd 0-7-0 a—3-1ttgia3-1- zana thth Ien(—1 = Iargli’ € ent G 60%7
(4aR,6R,8aS%£%lgj-If- libios ﬁ%ﬁd’?oﬁyr’ﬁ?ﬁ- -‘fl%ph%hﬁ&?—sé‘-ﬂﬁo?osﬁwee(iﬁyl Py ?g,g%%e%%y ro-7-oxa-3-
thia-1-azanapltthaditoy ganpnehich may havé1)o 3 substituents selected from Substituent Group o, a 3-
()-(4aR*,8aS¥)- _%Z-fl ora-5-(2-fluoropyridin:3-yepheny11-4.4a.5.6,8,8a10 .

hexahydro-7 E% fg -%ﬁqgeﬁ?-%a%%’(}’)l%%ﬁ?hc agélu_%ywé‘% IIrlgéa?/ehaXrejl tdézs@jstiﬁfene%s selected from Substituent
()-(4aR*,8aS 6812 -diubo b -ymendierdsl idrenydic 4rbarbwt 8 lB8ahe katyy tito-Y solsi@<htiasdleacanaphthalen

-Z-ylami% ' from S 6sé@u t Grou
()-(4aR*,8aS Sglaf? -C orop)})rig{in-3-y1)-2-f|uoropheny11-4,4a,5,6,8,8ahexahydro-7-oxa—3-thia—1-azana
phthalen-2-ylamine, 1564)3bBiddaRir@att) Lhadnigondidan 51 68@anexahy tyd:Fxp a@eBpthiaitro
azanaphthalgn-8 -X@hiqﬂg%g—g,- S50 yangpyriding-g-earb 191 0nv1 S) ¢
()-(4aR*,8aR%;)]?8§’-L4459fIuoroplyr%ir%%?yeé't4io%}lfnég:1-28-’yllﬂf4a,5, ,8,g;ﬁgxg%fggfo-f%(a-&thia—l-azanaph
thalen-2-ylandfdilsarbonyl groupgg v yanesRpBa$ )-8 aypenliory-8esm ddropsyrdmlsl sismen/£1-6- 20
benzyloxymegidatkfith 6:8panaxahydemt oxans thidrdirb@anapbip RlaNe m hsy be 67)
()-N-[7-44aR*,8aS*)-2-amino-4,4 ,5,2 8,8a-hexahydro-7-oxa-3-thia-Jazanaphthalen-8a-y1)-2,2-difluorobe
2ol 1o RS s i EEH a3 g Ty e 2
N-[3-((4aR*,8atstju@mcioeted & 658 [Batnex @hydp, /2 0xa-dkhigt kroup which may have 1 to 2
azanaphthalgn By e M e Y S Y RIS 7l B AN YR titutea

with 1 to 2 C, alkyl groups, a C,_¢ alkoxy group which may have 1 to 3 substituents selected

from Substituent Group B, a Cy.¢ 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 J3,

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



2569) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyl11-2-methylthiazole-4-carboxamide, 70)

N-[3-44aR* 5R* 8aS*)-2-amino-5-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-2,5-dimethylfuran-3-carboxamide, 71)
N-[3-44aR*,5ﬁ§0§9§;3%%]§1mino-5-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3- 30
thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-4-methyl-[1,2,3]thiadiazole-5-carboxamide, 72)
N-[3-44aR*,5I%}*,8as*)-2- DRk 91 AU BLEcRIAY ReseRIps . Hiegeat. or solvate thereof

thia-1-azanaphihaliap-Banylrd-dranapherysble3 whegsidx ik yipapicarigepandch may havs) to 2
N-[3-44aR*,5R*,8,aS*%-2-amino-5-methy1-4,4a 5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azana[3‘!"&%&51‘?—%59k?ﬁe-gf-fﬁﬂ8r%‘ﬂ?‘?8ﬂ§?ﬂg§3’t’%%yloxazole-4-carboxamide, 16 or a pharmaceutically
acceptabke sglf thereof, oTaesalngiantideneafajhidbuphalynacaiiicalsebthpesition sobrgerisérgthe compound
or pharmaceutically acceptable salt thereof, or solvate thereof according to agy ong of 0.[10] above as
anaciive oL o S e R SR (D DT E Bkl hing
production ofzamylelotid By dtein] (A 3sTtétpertsrsdededitant Snpositisroasgoeding to [11] above for

inhibiting betggsite amyloig}d3UEGHE PRI QBRI GAPUME it afebil br sollhll dlligpharmaceutical

composition according to any one of [11] to [13] above Tor 10 treating a neurodegenerative disease; and

[15] The phafffaElingcarey ATSEitioricldd shirfy Yg1AT 45098 onrtsFelfPtmandeiibabge Al lisease is

Alzheimep-typg glemantisngy ROWN'® SYgiamaddyaniagemahe dnveaion[8007] 15The present
invention can provide a compound represented by the general formula: [Formula 6] R4 R3 wherein Ring

]
Ais a C614 AWl group, L ENHReW G WHIRRATE EcE ByisgeRa BN wRG B 181561991 group, X is
a C13 alkylenecgrdiup to¥aisy @rs b3 [dlkyl ¢hieasotlpy e s e Rxygéiuatom,dRh 201 @nd ]2 die each

independently a hydrogen ato antiles, le, RS an‘? R6 are independently a hydrogen atom, a halogen
atom, or a ph%%@cee‘%fggglﬁgcc%% a Eeslaﬁ gseurbesct) . 8?%850 (\:/tgf@;r)t%rél%e%ﬁ# ugn(?/ogrﬁ%%u%d of the present
invention hag¥n A13 prodiretiomimtvilnitorpleffeetoriaaB ACEDintitditdrheffettoanad vste gefigbas a

;heer:]ae%?%tgc AQEBLAAL BV GAIF IR ME ASEARRAaH ] NRAGS ANAMHIRY;DY AVaRBIMSTHPe
" oraC 1-6 alkyl group which may have 1 to 3 substituents selected from Substituent Group o.);

[9] The compound or pharmaceutically acceptable salt thereof, or solvate thereof
according to any one of [1] to [8] above, wherein the substituents selected from Substituent
Group o is a hydrogen atom, a halogen atom, a C;_¢ alkoxy group which may have 1 to 3
20 substituents selected from Substituent Group 3 or a Cy alkyl group which may have 1 to 3
substituents selected from Substituent Group .
[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,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
25  azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
2) N-[3-((8S*,8aR*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
3) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,
30 4) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-trifluoromethoxyphenyl]-5-cyanopyridine-2-carboxamide,
5) N-[3-((8S*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-

azanaphthalen-8a-yl)-4-trifluoromethoxyphenyl]-5-chloropyridine-2-carboxamide,



17 Mode for Carrying out the Invention [0008] Meanings of symbols and terms used in the present
specification will be 5 explained and the present invention will be described in detail below. [0009]

In the present specification, a structural formula of a compound may represent a certain isomer for
convenience. However, the present invention includes &l isomers and isomer mixtures such as geometric
isomers which can be generated from the structure of a 10 compound, optical isomers based on

asymmetric carbon, stere8iddrist¢'afha ﬂ&ﬁi‘ﬁé%@?ﬂ’é%@‘é‘é@ﬁi’ﬁﬁ‘v@ﬁ%@ Aaleande Zi% bie of the
isomers or mikitues thepboh Actord)ngiyudhe lcoivipountbaiphédpie3entboxantien may have an asymmetric

carbon atom in the molec?%eN@B_ %II ;’%g@gﬁp}j&g}%@&@&&ﬁgggﬁ%%g@_ﬁﬁﬁgﬁgﬁ%}%}t&% present

invention includes each of the o (Ilca%/ active compound and the racemate. A crystal polymorphs
of the compdﬁﬁdllfg%ﬂﬁ&h@élﬁre%e}ﬁ; HeeorlisaiHP PRy eSSt ad A migfe crystal form or a mixture
of single erystal forms. The soBRCMRe G5tyshs an-anyslidee0rya41yal s, Ameafifwse foxms-is included
in the claims 0f the present spegification. [0010] The "halogen atom” herein refers to.a fluorine atom, a
chlorine atorrtﬁlg[ _r%gr%nla gl %’6%5 bﬁa"l_}gof?_grﬁ }lol) ?rﬁ%ezlalltyc% garﬁgul(sg%?g%?'a@f{/l(g L—Jdﬁ%regoa %nr%ggf a chlorine atom.
[0011] The "C16 alkWdPdpRrefeys daSan ZatiayingroupeHavitda15t6. % Searpeih ¥dsnisoPréferable
exampI?s of Iﬁﬁﬁ-gf%aﬁﬁlﬁhmlme%-@ffhﬁﬁﬂﬁﬁ&@l 1@&)&195@1:&2&&%' Iﬁ}&a@iﬁ@%ﬂ&f@&iﬂil dan ethyl grOUp,Ian
n-propyl group, an isopro an n-hytyl group, an isobutyl grou -25 bu rqup, an n-penty
group, an isopentyl group‘?}g %é%%%ﬁ%}% g6r%u’g?sgﬁ'rgl:ﬁré%ﬂ'%gj'r%lﬁ@{y}iiﬁamé?hgty%ﬁ%%i%ggﬁ%gﬁ(ﬁg
1,2-dimethylphipliagrouphtbelere Bayiprd gl grobipnd] Hriteehymethostimy o romy? grobgx amide,

groth, & L1 Houn & s 5o o A A o 3 L rsathylbuy
group, a 1,1-dimethylbutyl group, a 2,2-dime utyl group, a 2-ethylbutyl group, a 1,3-dimethylbuty
Grou. 2 2 mOT e DO s 8 B OIS e GRSl R bl & methy
group, an ethyl group or aﬂhﬁrbbymgmT(Kaﬂi?]—ﬂamﬁ@%rawmgpm@ér@8deahealalhgd§d—group
having 2 to 6,carharyatoms,.Ry %M%QW&EH&S@P@%HﬂﬂGngl%tH%?fanané‘-Q%%Qa%lﬁ?é)y' groups
such as a vinyl 18 group, an al Y! roup, & *é) ogenyl group, an |soproE2,en%l group, a 1-buten- 1-y1 group,
2 Lbuteh2-y1 group, a 1-bASHIEYH RO A B b T GReiBae S st tan-5:) FEPBUB (B013] The
"C26 alkynyl Grous-ttefersatanaphatkiany8 oL fieyioytheh o) 6 -carhopyaidines2 bdfvefensble examples of the

group include linear or braneRed aflsyR¥ GLOURS:SUCH A5 AR SN ARYP4 A LRI QRYWLGERHR, 2
2-propynyl group, a butynyl group, a pentynyl group and a hexynyl group. [0014]
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,5,6,8,8a-hexahydro-
20 7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-
carboxamide,
16) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
17) N-[3-((4aS,55,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
25  l-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
18) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
19) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
30 20) N-[3-((4aS,55,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyridine-2-carboxamide,
21) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
22) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
35 l-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,



The "C16 alkoxy group" refers to an alkyl group haying 1 to 6 carbon atoms in 10 which one hydrogen
atom is replaced by an oxygen atom. Examples of the group include a methoxy group, an ethoxy group,
an n-propoxy 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 grouip, a sec-pentoxy group, a t-pentoxy group, an

n-hexoxy group, an isohexoxy group, a 1,2- dimethylpropoxy group, a 2-ethylpropoxy group, a
-methyl-2-ethyipropoxy oo & d-athy RS- 455 mieTropcy Brbidaa . SUHRUIBIORERY group, a
1,1-dimethylibhitoxya giicipphal2n28acyimatiiyiiropdxeyydr-oumhl ardpratididbatoxsbgtatflea 1,3-dimethylbutoxy
group, a Z'methy'pe”toxyzq'j‘iﬁll??_?(ﬁaﬁlﬁﬁw'.@%ll%yagﬁ%l%.%%glﬂﬁié{%?é}é%sﬂﬁ&a 8%90%19%916

lky one nhy

alkylthio gro%efers to an’alkyl group haying 1'to 6 carbon atoms’in"20 whic rogen atom is
replaced by déulfizaiaphthelearipids G aepsaplincridace yrews Riertpstipidan ethylthio group, an
n-propylthio group, an isopseRy|thic/gROVTS ‘gensHhLLydihiRogF atith AR galsLE W melaaré T-butyithio group,
an n-pentylthio group, an isqpentylthio group, a neopentylthio group, an n-hexylthio group and a

e metyloron s S e R B R TR I TR IR haying 1 06
carbon atoms in which ongohPtFdgeaRiton idrepradcaniny apathohi4o¢s txbempisdrof/thsagtoup include

a methylsulfqryl grouR:pRhethyisuioayhgsesme AN DsRIABMB oY DEatx aRilgopropylsulfonyl group, an
n-butylsulfony] group, an ispytyulfanvLgronR. 24-butrsultonyl B9 graups i repeniMsltanyl aroup, an
Y uto [ §a b-

isopentylsulfonyl group, aneopentylsulfonyl’group, an nﬁexys nyl'group an methyfﬁropylsulfonyl
group. [00171hirdl grsnppiribiletedary Aee il grobprd] gropionpy gdomeplaradbaxaatide/l group. [0018] The "C614
aryl grpur;"éefers rfo arll af@mﬁﬂ%ttyﬂﬁﬁf%@%aﬁﬂgzg£9ﬁh%mw§9 -am&,%,%%rigﬂe%lmmoﬁm_tesloflthe
group include a phenyl group, a na group and_an 5 anthryl group. A phenyl group is particularly
preferable. (00101 TS AN SrOUPLRIA 5 QRO HE 6 M B BHbfve 1 which an
aromatic ring such as a pBenylGrodpkot, Rridjalthyd-gnonp-snsetbgtifited. whidahEdalty dtkyl-grety. Examples

of the group lﬁqu%wﬁmggrw@qms ;@L@%ﬂé&&ﬁ&)ﬂ%@%%@%&gﬁﬁﬁé,“aphthwmethw
group. A benzyl group is particularly preferable. (_)75)201 The "C614 aryloxycarbonyl group” refers to a

group inWhich carbony! i§%déd(}f%%?5§3ﬁ‘?§ﬁ iAG BAShBEHY G & &8 Sahs s uis s OBYeferable

examples of thehigrbupa il 8henyibRyoaniienyl jgfaypne nadihth3daxisoastmidyy| group and an

anthryloxycarbonyl 15 groyg-\y RRERHRYEAERONYS GHOMB 5 MG B8R, hexahydro-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,5,6,8,8a-hexahydro-7-oxa-3-

20 thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,

33) N-[3-((4aR,6R,8aS)-2-amino-6-hydroxymethyl-4,4a,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-
carboxamide,

30 37) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-

35 7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,



[0021] The "C614 arylcarbonyl group” refers to a group in which a carbonyl group is bonded to

an aromatic ring haying 6 to 14 carbon atoms. Preferable examples of the group include a benzoyl group

and a naphthoyl group. A benzoyl group is more preferable. 20 [0022] The "C614 arylsulfonyl

group” refers to a group in which a sulfonyl group is bohtled to an aromatic ring haying 6 to 14 carbon

atoms. Preferable examples of the %gip include a benzenesulfonyl group and a naphthylsulfonyl group.
r

A benzenesulfonyl group fOR5HH &89% jopomyno-o-triflugrpred et dicddx it Grsabrdisrers to a
cyclic alkyl goonitaiiagl ditandpbatiien atoms.-FPusieshdbiel ppannpléscof-thebgrampdiclude a cyclopropyl

group, a cyclobutyl group Gl vl GEQUP @ Cy Xy | tyl gEoyn ¢ cyclooctyl
group. [0024] 30The "C38’42§/§§2§§>€$ ’%ﬁufl)ég ?e ec?;%g%%)gl‘:‘ﬁggﬁ%‘]%% s el r%?gn atoms in

( a ' 'nghalngstOSC
which one hy@rdgentitomnarraphvde 5y-2h-o8psarhtam]-ExAHpleobrt @"g%ﬁ?ﬁ%@d@a cyclopropoxy
group, a gyclobutoxy grou)aNcclop@tteRy g8 HP2 aB ety @hethgl-a,¢y/slelscntyagroup and a
cyclooctyloxy, group. [0025] 20 o.1he 'C38 cycloglkylthio groupy refers.to a gyclic alkyl group
g 310 8 b o e Y R B o Exarmplon of he
group includéabeyemisepylthio group, a cyclobutylthio group, a cyclopentylthio group, a cyclohexylthio

group, a cycloheptylthio giouR ane s Ry BREHEYIIO AreWB-PuIRREIndRYISE 40 3.0 41ambengdibeterocyclic
group" refers_to a heteroatom-containing cyclic.group hayj 0 10 members.in total, Preferable
b S T R KU Rl R
group, alfiperazinyl grouptda N ;B-diazR &4 rdupmisorhdipbrolimhyrd e, SsotBissiorshpliry’ group, a
pyf_r0|};|_gf?uI@+tﬂ1{%ﬁfhm9ﬁ§9|h/érgE‘ﬁ%-@ﬂﬁ(&ﬁﬂ]é’ﬁﬁﬁ@%ﬁdﬁ?ﬂf?ﬁ%@&@%x%ﬁé}dlaziny' group, a N
pyrimidinyl group, a pyrazinyl group, a triazolyl group, a triazinyl group, a tetrazolyl group, an isoxazoly
group, an oxazolyl group,%&\/ gé&%@%ﬁﬁg%#ngﬁﬁ”i %’%ﬂ‘i‘gﬁfgﬁgﬁﬁﬁ’%ﬁga%%ﬁif"g"ﬁ’w%ﬂh?éﬁiazonI
group, a furyBghoatp;aaakignizhigrotpy B-4dlnalophie gyeipelanrignpguinelhyddroamide benzofuryl group, a

benzopyranyl group, a bengjigazolyk ¢i04Rs pobanzotHarMlALaR4a 15 Penziseiniazelvh group, an
indolinyl %rOU§, an isoindolinyl group, a chromanyl group, an isochromany!l géroup, a 1,3-dioxaindanyl
group, a'®, 4-did¥esamph g '?%{XBI?&HM?@%@W%Q%W&HWF BoFaRABup. [0027] The 5-
to 6-membered heteroarytgrdu[3-(@tR SR8 - 25arbind G-ivemibereg] 204hSté 18y dic gradip 7varich is a

heteroatom-Cﬁmiﬁli@%ﬁ%ﬁ&%p@ﬂrﬁu&w&@ﬂ]%Eﬁu%mgﬂ%%wa&%@lzﬁmﬁmgf the group
include a pyrrolyl group, an imidazolyl group, a pyrazolgl roup, a pyrld:j;lg

| group, a pyridazinyl group, a
pyrimidinyl group, a pyrazh8yPhtougtaR RSl grtipo-2 tie Myt Yddst t@%&id?ﬂ@ﬁwﬁﬂaﬂxkoxazolyl
group, an oxazbly! greappamOxadiagzolyl Muctsphaiyisothidaotyh@tbupyaihiazalyttgsouida thiadiazolyl
group, ajyry! group 25 ang o\ fiequl o J09Z8 TG 495 0 MSIIRIS R|NZLifspd heterocycli
group" refers to the "5- to 10-

azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
50) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-bromopyridine-2-carboxamide,
51) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
25  azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-difluoropyridine-2-carboxamide,
52) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dichloropyridine-2-carboxamide,
53) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide,
30 54) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dibromopyridine-2-carboxamide,
55) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
56) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
35 azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyridine-2-carboxamide,



membered heterocyclic group” which is a heteroatom-containing cyclic group haying 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] 21 cyclobutyl group, agyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, a spiro[3.4]Joctanyl group, a decanyl group, an indanyl group, a
1-acenaphthenyl group, a589/c§‘- é(ﬁféwcﬁé%ﬂé)t@hﬂﬂ"%ﬂﬁagﬁéﬂ%ﬁ?&%‘@i‘é‘%ﬂ’@f@ﬂﬁ‘,%ﬁ indenyl group, a
tetrahydronaphitiwdhgiolap,8a-9l ¥ 48fRrdetpabydic-oif ienzedydiohepieryt gtoupnadel a 1,4- 5
dihydronaphthalenyl grougg)[g)\g?é}} 4aR* 8a Q%é@&l%@y%gj&é%géggéggﬁ)tc?{é_;g&aggy@lﬁqt_group derived by
3 a efl

excluding any one hydrogen atom from the ‘alkyl group” as defined above. Examples of the group
include a metfleRdeins a1 2ddiReayloupitRaramestherspeigittg; carto3asilsylene group, a 10
tetramethylene group, a pentamethylese g mn-sntalnexametyeng,giaus-j0pBdlyl]-6- The "C26

alkenylene groyp" refers to, g di t group deriyed by excludin ne hydrogen atom from the "C26
alkenyl grouém%[iog)erﬂ%{gé} gg&%’& k%r%% éﬁgyof({heoé(?g%/ﬁ inclide ggﬂ)égl\ﬁrﬁ)# r]%emé%g’up (ethenylene group),

a propenylene group, a bGterifteneRgrabdali gl peietériyiénergpyipiamd Brhexemidheigretipyf0032]

The "C26 alkynylsp® gronixakgiess7toxa-divale ntgiaymaervedmnaxeluding any one hydrogen atom from
the "C26 alkynyl group" a fi bqv es of t roup include an ethynylene group, a
propynylene group, a but;?r% |i£§%§)u%?%)§§<e%?gf@?8%5g%ﬁ% %{ﬁ%y 13%'3 %?Péxngxggr%gﬁ%[ 033]
Exampled of ibxah@irs-Alkylehthgrd tazanaphicdea-meldnylane group, an ethylene group and a propylene

group. [0034] 25Exampleggf the ifra3adeymiens GRIP pIRGHES 30, fiIYIene greurand a propynylene
group. [0035% Examples.of the sulfokr;ﬁlaming roup which may be substituted with a C16 alkyl
group in the ﬁiﬂ*&%}%m‘&ar@%mﬁ?@?@m &tiVGHIARnino group may be substituted with a 30 C16

alkyl group)” include a meiBy/(suHféaR/frietriyiReni O gidappandatiAdiHPofiyinoptieyid e, fxo8Band an

ethylsulfonylgthylamine grauRQ036]. 24 ifabléh ayicarenyl group, a cyano group, a C38 cycloalkoxy
group, a C38 cycloalkyl grou%{]%c\’s 8 cycloalkylthio group, a sulfonylamino_group (wherein the

|
sulfonyldfino group may %t SubstitiR AR ﬁ@“@fé&%l%%ﬁ’ﬁﬁ?é@%%ﬂ& %f6up which may

have 1 to 2 azanaphthalen-8a-yl)thiophen-3-yl]-5-cyanopyridine-2-carboxamide,
65) (2)-(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,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-2,2-difluorobenzo[ 1,3]dioxol-5-yl]-5-cyanopyridine-2-carboxamide,
68) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-7-oxa-3-
30 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,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-2-methyloxazole-4-carboxamide,



substituents selected from Substituent Group 13, a C26 alkynyl group which may have 1to 2 5
substituents selected from Substituent Group 13, 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 sulbstituents selected from Substituent Group 13 and
ab5-to 1O'm%’F‘Pﬁ@ﬂn@@éﬁ’ﬁ%ﬁﬁ&%ﬂ@e‘é’ﬁﬁﬁe%@b{ have i ip ﬁlgilégﬁtituents selected from Substituent
Group 13. lokg) 37] "Substituént Group 13" refers to a halogen atom, a cyano group, a hydroxy group
and a C16 alkdsty group (AHEASTRRESBUSKR GBS BIE SgHBERBaNMh A4 PHEMYFEBtHWhich may be
substituted witheht®13 substitbents saleetercfromahivdipgemaiend ofINpleYr)) #6788 fyshigwy group and
a nitro grouprl. 15%0038] The fused aminodihydrothiazine derivative of the formula (1) according to
the present iNVentioh may be a pharmaceutically acceptable salt. Specific examples of the
pharmaceéuti¢élly acceptable shitringledeihorggoiiti@cidesaltsnisucH Bsisuttafesphitigites, perchlorates,
phosphates, I%%%Hgﬁe& a%%%ltﬁg?%}g%hpydrofluorides, hydrochlorides, 20 hydrobromides and
hydroiodides), organic carboxylates (such as acetates, oxalates, maleates, tartrates, fumarates and
citrates), orgahit sulfonatdbqshemmaserist anesativnaresordfgdeoridtthave dotfomdtsnedwiandsulfonates,
benzenesuIf%%%_g)w%gwlmggg%@mmmqqm@ﬁqﬁ, amino acid salts (such as aspartates and
glutamates), quaternary amine salts, alkali metal salts (such as sodium salts and potassium salts) and
alkali earth nﬁaﬂl salts (sUdls a82pBasragREsiomPeisdEdlBiinEXIE OBt L13] abetiefensed
aminodihydrethiaginenderbaative atithaifarmuland) or pharmaceutically acceptable salt thereof according to
the present i V. ntion may be %golvate thi‘reof. Examples (c)if the 1%11 ati)e include a h%drate. 30The
compound (Ir}] iRtludes all posRIBIEESINERS (QURR AL A KER Lo somar° 5h TMiheehamine isomer, a
diastereoisomanodrgeptieal estimercandlahrotamanealrtheate wrdbes Fsoyad@mple, the compound (1)
wherein R1 is hydrogen includes the following tautomers. [Formula 7] 23 The fused
aminodihydrothiazine derivative of the formula (I) according to the present invention is preferably a
compound oftherGERtIRL (s WHEYEA X is a methylene group which may have 1 to 2 substituents selected
from SubstitygpgGroup a. 5The fused aminodihydrothiazine derivative of the formula (I) according to the
present invention is also preferably a compound of the formula (1), whereing is an oxygen atom and Y is
a C13 alk¥lene group Wh%[ﬁen%vf%é\l}évin%)%cgﬂﬁﬂ% SritS YRR s R CR B L S eETSlp a; or Z is a
sulfur atom ofvansudfone and Y is a C13 alkylene group which may have a substituent selected from
Substituent Up.& d0The fused aminodihydrothiazine derivative of the formula (1) according to the
present invention is further preferably a compound of the formula (1), wherein L is -NRLCO(wherein fiL is
a hydrogen atomor a §16 alkyt'group which may have 1 to 3 substituents selected from Substituent
Group a). [0041( 15Rreferable compounds in the present invention include the following compounds:

5-cyanopyridinex2-carbgxamjde, 2)
N-[34(8S*,8aR*)-2-amin0~4,4a,626,8,8a-hexahydro-7-oxa-3-thia-1lazanaphthalen-8a-y1)-4-fluorophenyl]-5-
fluoromethox;‘épyraz e-2-garboxamide, 20
N-[34(4aR*,8a5%)<2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-

R4 R3

N-[34(4aR*,8agg)d1amino-4g4a,5,6,8,8a-hexahydro-7-oxa-3-thia-lazanaphthalen-8a-y1)-4-fluorophenyl]-

wherein Ring A is a Ce.14 aryl group, L is -NR"CO- (wherein R" is a hydrogen atom), Ring B is a
Ce.14 aryl group, X is a C3 alkylene group, Y is a C;_3 alkylene group, Z is an oxygen atom, R!
20 and R? are each independently a hydrogen atom, and R’, R*, R” and R® are independently a
hydrogen atom, a halogen atom, 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

caused by AP and typified by Alzheimer-type dementia.

25



azanaphthalen-8a-y1)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide, 4)
N-[34(4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1lazanaphthalen-8a-y1)-4-trifluorometho
xyphenyl]-5-cyanopyridine-2-carboxamide, 5)
N-[34(8S*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- 25
azanaphthalen-8a-y1)-4-trifluoromethoxypheny1]-5-chloropyridine-2-carboxamide, 6)
N-[34(4aR*,6S*,8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-

thia-l-azanapMefe ér-8ary i eRtLSFoINEHIATL5-chloropyridine-2-carboxamide, 7)
N-[34(4aR*,685(8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3- 24

azanaphthalen-8a-y1)-4-flyorophenyl1-5-cyanopyridine-2-carboxamide, .. . 8).

N 3a(aaie 65 ) 2 SRR ANy I AALERE: A5 ot S eation Wil be
thia-1-azanapkphahet-Ba-it)pdestuno ropineioy dibbtridksorbraethgdpytibkhev2-carboxamide, 9)
N-134(4aR*,6§,8pS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3- 5
thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethoxypyrazine-2-carboxamide, 10)

N-13-44aR*,68* 8aS*)-2-afiforBuisiet R Eidcaion, 6 smatpakisiyils of dsempound may represent a
thia-1-azanapkihalema-yd) cbrilueikarbe nib i SdHUOrOMa e rRYERAH NR-2dea HIoXamiEeind 11)
N-134(4aR*,6R*,8aS*)-2-ami o-6-methox3/meth 1-%4%%5,6b8,8a-he€<%% dro -o>t<a-3t’-thiaf- 1-
azanaphthal& 8545l ??e%?ﬁff%‘-c&ﬁgﬁ%éw B Carbokaiite Cib sy ructure ot &
N-13-44aR*,6R1Bast) cdandinostembihakymetyhbedida 5168, Serdvéseainys kod TaowenSsthidhd -
azanaphthal ?é?e%’tﬂ[)feﬁfmﬁ%geQE&X&%}&E&%Q&J8%%?§M8¥rm§f%_e(§%£%?m'g%COrdingly, )

N-13-44aR*,6R*,8aS*)-2-amino-6-methoxymethy1-4,4a,5,6,8,8a-hexahydro7-oxa-3 -thia- 1-
azanaphthal€ALEY) of Mg dvispie HY ERURIC AR SpYRiarsyMEs i garppgatom in the mojegyle and
N-13-44LarF12*|, 6R3ss aaﬁbgﬁfmgn&ﬁ@vmgwimeﬁm&eﬁﬁ@ afd, &@ﬁé@ﬁﬁﬂg&@ﬁﬁ% ézcﬁms%aﬂﬁi af the
azanaphthalen-8a-y1)-4-fluoropheny11-5-fluorometho razine-2-carboxamide, 15

S ieget e T R R e R TR
azanaphth almmﬁheyﬂyséﬂﬂ,ube@phmoyﬁd{ﬁaa iﬂuprmmettmgipgkamimﬂfommboa(anﬁdm of single  16)
N'ls'((4a8’5§r§8s%a§}"(§ﬁ?§nlnﬁfé éﬁﬂl?ﬁ)ro%rﬁd% s §n8§15981)1(9@81d£%' d’l%%(ea'?_’AtH%?%ese forr7n)s is

1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-cyanopyridine-2-carboxami de, 1
N-13-((4a8,58 88yl pabsigimsRichs-arorsns Higgation.
-hexahydro-Fepnai3-thial-azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethylpyrazine-2-c
arboxamide, 18) N-13-((4a8,58,8aS)-2-amino-5-flupro-4,4a,5,6,8,8a . _
_hexahydro-7-oxa-3-thia 1 H5ata SR s KA Fib DB AERTAS 20Th bt BINRGIHE - R RFBB A de, 2519)
N-13-((428,588a 8)-2r antimoatpfiunrbispddsna b8 BAudrexalydra- 7-dneridethiom.
1-azanaphthglgn;Ba-y1)-4-fluoropheny11-5-trifluoromethylpyridine-2-c arboxamide, 20)
N-13-((4a8,58,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a

-hexahydro-7-oxa-3-thial Hakaphikalersa-yaya fisralhegpin Bodrubie metrtexyigridine-2-

carboxamidepreferable ex#nplbl dBi{€488up G Aad-BnedP I mariuelQifyA 2r6uBsB&a as a methyl group,
-hexahydro-7-oxa-3-thia30 1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-fluoromethoxypyrazine-2-c

arboxamide, 2™ €Y SN S-RARY SRS SANARY-E9MR -2 048 Y B0 1sobutylgroup, a t-
-hexahydso- baxhgotipicib-az@ngplathepe nn8soydntyl-fitwopo p meoyckity bediflpcro mathokyyrazine- 2

- i 13- * CQ* *\_2_amino-5- . _ - 7-0xAa-2-
S WA AR S o g o
N-13-44aR* 58y By 2rainidd-5thvethyrthyl s SBa-RdxhRyarpctdresy:! wiup. 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,¢ 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



25 1-azanaphthalen-8a-y1)-4-fluoropheny11-5-cyanopyridine-2-carboxamide, 25)
N-13-44aR*5S* 8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3
thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-difluoromethoxypyrazine-2-carboxamide, 26)
N-13-44aR* 5R* 8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3 5
thia-1-azanaphihalen-Garnehlid-IuIORRGOY &b SN ORYILINE: AR ARy 1 2l buten-
N-13-44aR*,g%asg-g-é}r%}l%é-&r%é#}y -4%'%26,8,&hgx%§dr§€7-oxa-3 ¥\ group. &buten
thia-1-azanaphthsem:-gal yyea-fod rgisHRriy A PsceyarbpgHBIIHKEL 2 AR A gEoup- 28)
N-13-44aR* 5| 8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3
thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-difluoromethoxypyrazine-2-carboxamide, 1029)
N-13- 448 SR 8.2 A RS EIOHE S8 Ay MRLCTT g 210 Carbon dtoms
thia-1-azanaphifealble-8eaypled dfube gohenyt Lds- tifkao ro tretlkirdyalhzime -Zevasboxbiaside cthynyl  30)
N-13-44aS*, 3R, 835"} AN ROy 8:PepeRe PRSP :0%Gny1 d a hexynyl
3-thia-1-azar1%ap%$haltﬁr)1-ég{;glggl)gz-ﬂ%]orop?he%%ﬁf%?cgénop%ﬁgir?é-zﬁégrr)bg(}%%i e Panaa eXySnI)
N-13-42R* 48R¥BaS*)-2-amino-4-methyl1-4,4a,5,6,8,8a-hexahydro-7-oxa-3 15
thia-1-azanapighalen-8a-y1)-4-fluorophenyl1-5-cyanopyridine-2-carboxamide, 32)
N-13-42R*,4aR*,8aS*)-2-aming-4-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3 :
thia-1-azanaphthalen-8a-y T AT BENGR VRSB SR, RURIHATS LTS SERRAO™ 0 33
N-13-((48R,6RBaShehadnigonrGoydioreptaett Py 4l ax5 g6 18a8anh eXahyrghtes of the group include a
oxa-3-thia-1-gzang 0BaR) 4R RPRB R PR R Iinge2; CARB AMIdR A3
N-13-((4aR,6R,8aS§- -ag‘ﬁL?in%-G-hy%géx%ethyﬁ%ag%,S%a-hex%hgglg%- - b’ ' ' (}g P
oxa-3-thia-1-Ay HRBPRHYHERUBA- SO LR B B PR iy 1A D6y SR8 Py ORI A BORRNIRI OPentoxy - 35)
N-13-44aR*,6RSaS8)-deamiyfnipfuepemethyréuf ank St hexabysh &ohexoxy group, a 1,2-
7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-cyan idine-2-carboxamide 36)
T Arare B RGBT ARG O S DA Ny 698 B, o 1-cthyl--
7-oxa-3-thia-thazgdpapotyatenydary 1) 2Atfioe oy bepyi i Sedifl wordrdetietyyyazines@p, eatBoxamide,
37) N-13 (o AR HaR 1 ?yaoe%jfﬁ%v&goggssé@y;-ﬁ4&éeﬁ1 SRREANIL metnyipentony
7-oxa-3-thia-1-azahaphthafén-8a-y1) -4-fluoropheny11-5-fluoropyridine-2-c rboxamld}é, 38)
N-13-((4aR*,8R*P8a S RIPRAGG-FifldAS IS Y LOKN 818Y6;8,8a-hexahydro 30
7-oxa-3-thia-fp@zanaphthalen-8a-y1) -4-fluoropheny11-pyridine-2-carboxamide, 39)
N-13-((4aR*,6R* ,8aS*)-2-amjno-6-frifluoromethy1-4,4a,5,6,8,8a-hexahydro _
7-oxa-3-thia-1-azanaphthﬁ§n- aé;?l‘jy-ﬁ’-‘ﬁiﬁf?&}}}héﬁﬁfﬁ’sa-‘ﬂﬁ‘i‘?’éﬂ@ﬂ? N3 dARE- S EIREE e,
40) N-12{(4africbRic BaGbe2ramindsGetifhedriometiini-4eta, 5,6:818pldvexalnygraip include a
7-oxa-3-thia-}; RRIbAle 8y MR RN A b RS TIN G GBI oo 4 hN-13-((4aR*,6R™
,8aS*)-2-aminﬁéﬂﬂﬁugrgﬁ%’etﬁyl-%,ﬁjé6,%,’8&-%@&%/' ro g{o}g- HZIESS% 8% %m%’
3-thia-1-azarfasHthigl erren A sabaiyd o Berfl 23 Budrilist s e ReHbbiaghite, an 42)
N-[34(4aR*,6kp8aithis-atupar Gckjldgnametidil-4d 8. 5k s -hiexphyd o Rxdydtbiatkidzanaphthalen-8
a-y1)-4-fluoropheny11-5-difluoromethoxypyridine-2- carboxamide, 543)
N-[34(4aR*,6R*8aS*)-2-amino-6-trifluoromethy1-4,4a,5,6,8,8a-hexahydro-

25 [0016]

The "C,.¢ 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 neopentylsulfonyl group, an n-
hexylsulfonyl group and a 1-methylpropylsulfonyl group.
[0017]
The "C; 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



7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethylpyrazine-2-carboxamide,

44)
N-[34(4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6,8,8a-hexahydro-7-oxa3-thia-1-azanaphthalen-8a-y1)
-4-fluorophenyl1-5-cyanopyridine-2-carboxamide, 19 45)

N-[34(4aR,6 -2-aminNQ-Q- thyl- ! -7-0xal0
3-thia—1-azar%gﬁ@g%ﬁ%%ﬂ%%ﬂ-%%%%@gﬁé?ﬁgc%?ﬁo%%%%ﬁ%ﬁ%&amide, 46)
N-[34(4aR,6F@§%?§)-2-amino-6-f|uoromethyl-4,4a,5,6,8,8a—hexahydro-7-oxa3-thia—l-azanaphthalen-8a—y1)
'4'f|U0r0phenyl1'5'triﬂUOW@B}{L&YMP&@“@&@QWHi%maHC hyd&Z)rbon ring group having 6 to
N-[34(4aR,6F1€48a -2-amino- -fluorf)metl I-4,4a,5,6,8 8a-r%1ex dro-7-ox%3ﬁtk11ia—1-azaé1al|?hthalen-8a-y1)
4-fluoropherly 1T B RS Bhet YRy raginas S QUPHAS 5 4N TRy %‘(’“P’ @ naphthyl group and
N-[34(4aR,6Ry8ag)zoamins-préiudrgmetivypdidal olf, Bi8arhidrahydro-7-oxa-
3-thia—1-azaqg@mgalen-8a—y1)-4-f|uorophenyl1-5-difIuoromethylpyrazine-2-carboxamide, 49)
N-[3((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fillsrophejaltvk &aergpifitline-2uBakasnide, 12 carbon ategpy in which
N'[3((4?]R;,?@1$§9031§em Mﬁgéﬁa,%ﬁ,ﬁﬁéaygg&abw reﬁ?janQ%@i%ﬁbmﬁﬂ's%Qtituted with a C1-6 alkyl
azanaphthalen-8a-y1)-4-flyorophenyfl-5-bromopyridine-2-carboxamide, 1

T34 SRR RS SR R RGOS A8 e zroup.a ey propy eroup
azanaphthalendSenyfil)tdyfiuchyppenyl 18 sdifluoropysidinés2kechripoxentitie, 52)
N-[3((4aR*,Sﬁ%ﬁb]z-amino-4,4a,5,6,8,8a—hexahydro-7-oxa-3-thia-l-
azanaphthalen-8a-y1)-4-fluoropheny11-3,5-dichloropyridine-2-carboxamide, 2553)
N-[3((4aR*,8aS*)-2-aminotBe4 4 61628 B ety tesrrRoxefess g g-group in which carbonyl is bonded
azanaphthalegBanshatcfluargpbiRniing fueropyHisiRedrearbPXMRIER, examples 2 the group
N-[3((4aR*,8aS¥*)-2-amino-4,4a,5,6,8,8a-hexahydro- -oxa-g-thi -1- el |
azanaphthaléf- S%?l‘i—&l’ﬁ&%‘r-‘é%ﬁe‘ﬁvl%%‘}8’-8%%/8 g?/ﬁ’&ﬁ{ 9??%8%&3%8%?“ ryloxycagaogy
N-[3((4aR*,8a%tp2-aphom pdacarbdd B asoepahydre pfefor@abBthia-1- 30

azanaphthal%bg y1)-4-fluoropheny11-5-trifluoromethylpyridine-2-carboxamide, 56)
N-[3((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-filisropheryileasenil siein e Rl yFidi SRR da s mtdeonyl group &7)
N-[3((4aR*,88&1ded RMiNRoth 4 2ifehBanb @MY A tino¥@msthirdferable examples of the group
azanaphthalen-8a-y1 -4-f|uorg(gjheny11-5- iIuorometh;C/)IIS razine-2-carboxamide 3%?8)

N-[34(4aR* SASHSIIRARY HEHA'B S G MUIAN FPEP7 - X4 oup 3 more preferable:
azanaphthalépedaly1)-4-fluorophenyl1]-5-difluoromethoxypyridine-2-carboxamide, 59)

()_' (4aR*,6R*,8aS*)-8a-[2-%8“%65_14%}21%8[% T'Q}Hﬁ ")fgf%pset%yal Sip i which a sulfonyl group is
trlfluoromethyl-4,4a,5,6,8,8a—hexa11y ro-7-oxa-3-thia-1-azanapht ainen-z-ylamlne, 60)

(4aR,6R,8aS)o8debiql e AsBICH iR HRYYidiA 13- pHEAY LB o iRt se xamples of the group

4,4a,5,6,8,8ahaxRhysiRx@ointhidolpaanaRIPRalefiZo A, A benBAdsulfonyl group is
()-(4aR*,8aS*)-8a—[2-fIu%ro-S-(Z-fIuoropyridin-3-yephenyl]-4,4a,5,6,8,8ahexahydro-7-oxa—3-thia—l-azanaph
thalen-2-ylariifE PreferableHy
(-(4aR*BaStBa42-fluoro-5-pyrimidin-5-ylpheny1)-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-azanaphthalen

-2-ylamine, 1063) ()-(4aR%825%)-8a5-(B-chlaropyridingd-y N2l 44356883
i 1059 0t OO 1 RO 50

N-[54(4aR*,SuSry-2-Bratpieic sz mples gglhg@xgwdmlvdamwlmwéhmﬂ@huaéwmo@hen-s-yl]-s-
cyanopyridingy2rGRReXaBUfe: cyclohexyl group, a cycloheptyl group and a cyclooctyl group.
[0024]
30 The "C;.3 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]



65) ()-(4aR*,8aR*)-8a-[442-fluoropyridin-3-y1)-thiophen-2-y1]-4,4a,5,6,8,8a15
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine, 66)
(4aR,6R,8aS)-8a-[2-fluoro-542-fluoropyridin-3-yephenyl]-6-
benzyloxymethyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia2d-azanaphthalen-2-ylamine, 67)
O-N174(4aR 82 2-amfig-4 428 8 BRAIRANI LGN @@@makqgg%ama&mluorobe
nzo[1,3]dioxol-5-y1]-5-cyanopyridine-2-carboxami

N-[3((4aR*,8aSR)s iRk A éregs%%{%%dﬁghﬁﬁdﬁbﬁéléf@ﬁ pom.  Examples of the group include

azanaphthalen-@aopipsiunsenipenyidiodadymathexypthomyopyiading- areasboxamidylthio  69)
N-[3((4aR*,8aS*)-2- -amin %Pn}é’l@él 5,6,8,8a- h xah dro-7- pxa -3-thia-1lazanaphthalen-8a-y1)-4-fluoropheny1]-

2- methylthla%? 7K, %9%8 3 gtolp and 6 Aooctyliho stoup.
N-[34(4aR* GROBAS*)-2-amino-5-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3- 25

ihia-|-azanaphthalen-8a- - PR 2 Bl me DY ural 3 CRIOREMFoutom-contibing

N-[34(4aR* 5R*,8aS*)-2-amino-5-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-I- azanapqnﬂaaémwatw)nﬁmiemm Hlﬁﬁ@ﬂhyll’[lﬁfoél]’iﬁ|%Zﬁﬁ‘§£lﬂ%9§1é§ﬂ56‘9dakﬂ?éf@,e a 72)

'}l] [371(43R* ; hﬁlaﬁy) Miﬁ@ﬁrmm}’ﬂ-gﬁ)é@ %Qﬁaﬁﬂyﬁlgﬁl@ﬁ}ygﬁ(ﬁﬂ)&g%@(ﬁp a piperazinyl
thia-l-azanaphthalen-8a- orophen - ridin y pionamide and 307

N [adaR: SRRy SRS HO A B SR A BROL U8, rous.  p3rrolyt roup,
thia-lI-azamaphthalém8at idu-flunnephiehy bl 2- methiioxagzole-4 parbloxiamigeu[0043}i188linyl
pharmace““%%'& a&%?&tﬁmﬁ? é%ﬂpthf{ﬁﬂo%ﬁ%%ﬁﬁ‘% Iﬁa'ﬂﬁyli’ (RSENL 'EEY&QH% il e describgd. [0043]

The "leaving group" in the faw material compound used in preparation of thé compound of he formula (1)
according to EH&'PradertipVe B kg 9ei Ny leHo iy Brbapiasely sritmadhashilierstbstitution reaction.

Preferable ex&mﬂe&gfgmliemmg grOYR dneleidle gk&@o(g@n@m adap, éﬂéﬁdﬁm&qlﬁyi%ugr@up which
may be sub |tuteg Lh the ahove Substituent Gﬂg’ g n ar Isulfon ony WhICh may be
substituted with the dboVe B ADSH RN Brotp 8t ‘st Pﬂﬁfé’ R Qg\lﬁ%j JrddPiritiude a chlorine

atom, a bfontinezatonmzalyligding, amndoamhmpesmmwokyygmm a thfrosophethemesulfonyloxy 10
group and a p- o) rOUR,; eperalPr od &+ R5 R6R5
RQlusH f%?&}eﬂ XY 978HRy; (004 % Y% 5‘? E‘d? %&fﬁﬁ!{%}% %{(%%'dté[ra[l%%%}%l ]

R6R5 R6 O[Step 1-1]O 1-2] 2Z1Z 1il 1
group and a tetrahydropyranyl group.
[0027]

The "5- to 6-membered heteroaryl group"” refers to the "5- to 10-membered
20 heterocyclic group" which is a heteroatom-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 group, a pyridazinyl group, a pyrimidinyl group, a pyrazinyl group,
a triazolyl group, a triazinyl group, a tetrazolyl group, an isoxazolyl group, an oxazolyl group, an
oxadiazolyl group, an isothiazolyl group, a thiazolyl group, a thiadiazolyl group, a furyl group
25 and a thienyl group.
[0028]
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



In the formula, R7 represents a C16 alkyl group such as a methyl group or an ethyl 15 group, a C712
aralkyl group such as a benzyl group, 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 grodp or a trifluoromethanesulfonyloxy group, for

example, and 6 Koty N2l RARER0 A A e (DA APRYE 20 08k Genera

Preparation Method 1 is a method for préparing a compound (1-7)"which is & synthetic mtermedlate of the
compound (I F5¥PordiPiERts- thecFrad érupnaftfonf efpva: @amﬁawﬂcmun)aalsaéwhﬁha@éhmmwgh

multiple stepsy@fogéggayald&;%{@pgloﬁp SThe sy {ilaligannadrsomowrcially available product
used as is, can qg,rg gﬁ* fre fror%§§8 ehrc(!lall tﬁvallable %ductg ya meth d known to a person
skilled in the ‘S HHRER e v phare By S TR O RSB AP I %mgpa%lon samples among
Examples. [004&]ro0dptith8tepl brdup. This step IS a step of obtaining a compound (1-2) by

trifluorometh Ifonylation of the compound (1-1). The reaction in this step can be performed under the

same conditions as those usqglly used in trifIuq'romethanesuIfonylation reaction of a carbonyl compound
(such as the 15 conditiond Beserib&¥Yls1r £8P CRisH osdisdy-sovp ooz by exdrdinesi tfers., 40, 8

133 8136 (191%}@66 i@m}aﬁﬁim@"@}aﬂaﬁwm{a@@@a above. IpaPlEIhherpmRAMRd (1-2) can
be obtainedltf)g/ smgﬁa bas?n%n% lion the co rﬁi 1’9{ , and then reactln the compound with
N-phenyltriflo¥ S8 fonmide BICHIBrmethit %élﬁl Aie é’nh%d’f%’ f0r &XaMdle. This reaction
can be pmfotmmbyﬁam@lﬁ&@netmemyﬂ&e@mualends bbabage tmagtoop. the compound (1-1) in an

organic solvep ch as ether, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, dichloromethane,
1,2-dichloroe hane benzene or toluene, for example Examples of the base used include sodium hydride,

LDA (lithium d..sopropy|arme)%mﬂéiﬁmﬂﬁ§aﬁmé WEReRmidislans st aniRe U pysdine and

2,6-lutidine. TheHpastiondisaeriomsnaly,S misriesiaPhbodiseansbirefarabhpRyvinuiasdp to 12 hours.
The reaction tem erattére is usually -100C to room teéngerature and more referr% gg?SC to room

temperature. J507 112, &S f. 8roup (ethenyleng eropn), 5%{%5’18?%5{%?&& L EbniPoaIER123) by coupling
reaction 6f thee@Onytmmpeuong {id2) hesimylantransition metal. This reaction can be performed under
the conditionlico ally 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 compoundlitfclde FExatilsag Fosbelrtsente stichley Toyadedrehbasyritagyme (2005) 2,

529- 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 a hexynylene group.
[0033]
Examples of the "C; 3 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 C¢.14 aryloxycarbonyl group, a



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, 4129-4140. Examples of the reaction using an
organozinc reagent as an organometallic compound include reaction in a document such as Tetrahedron
61 (2005) 16, 4129-4140. Preferable examples of the 2@rganometallic catalyst include

tetrakis(triphenyl [ [ ichlorehis(tri nep | up. a Cag
[1,1'-bis(diphﬁ%%?l%%%%%%g%%gr%%}g a%m%%%%%ﬁﬁ%%ﬁ%@tipb%)ﬁ%ﬁgs%%%%%aﬁiadcium 0),

palladium (I1CAeedes BHIgPuR: BisttippERRMESRINE)FIEP dreTHioR AT BRI Of the
organometalligisatakystnigetés2abquiiBy0ebipsh. 4 eguivalisntidth espeatdpie new material. Preferable
examples of the 10 organometallic compound inclu%e organgtin reagents such as aryltri-n-putyltin, and
organoboronspé’étété‘ﬁ?é%ﬁ](‘?ﬁt%%fé%§8P8ﬁf8681:8r.°1"ﬁ Ah5euAt S &SP aHY eTENiEEM BB dand used is one
to five equivaleitawii seispeatitonisubaivudiaieralp Phecaavenlusedimwiith mactonbaaseot inhibit the
reaction. Prefe{EQIe 8mplﬁp?10f the sol entl'nclude ben}zlerllle, toluene, xylen ,tl.\tl,N-tdinLetp)C/lIformamide,
Emethy1-2-pYtrolidSrie; taftanyerottiah, 1e4-aidxane, aletonitiite dnd 15 propionitrie. Tivs feaction
temperature fsousSeilyiicencOlchipfpeCatnitbgsolypentindfiuxytempé ratarebamdqpre fetatdd faom
temperature to solvent reflux temperature, for example. The reaction time is usually 0.5 jo 48 hours, and
preferably O.é?{%%%%%é%up é an(P%g@r%%r%) '51?% e%(r(gﬁig’reé@srﬁ §b“éﬁrggpavﬁg}r%)p%ﬂye%ﬁ/elléoréay be achieved
by carrying ouththisiceactientéd thenpSesencenoGeobpe. Preferable examples of the base include bases
such 20 as sqdijwun carbonate, potassium carbonate, cesium carbonate, potassium phosphate and
solutions thereof, and triethylamine. [0048] 1-3. Step 1-3: This step is a step of obtaining an
alcohol compound (1-4) biSsbisjestin e $steaf @5 tosrhplogertafons)atoyrad grtiomn adadtioty. Thepalcohol
compound (1;4) £ hegRiaings (o theRSIREAQBRANN (3L AN AMEHAH KpRUY tg guperson skilled in

the art. Examples o§lfa%he reducing agent used in the reaction include lithium aluminum hydride,
lithium borohY8ifderandatidsHtipdniitiddrrriyasiaenthis kerdiBAmehiydictthe R SsigeePsC to solvent
reflux temperatuiea REQREElesaP bhd/Btte seap).temperature. The 30 solvent used in the reaction does
not inhibi%thi({(?fgjtion and allows the starting material to be dissolved therein to a certain extent. 31
Preferabld e amples of the solvent include tetrahydrofuran, diethyl ether, toluene and dichloromethane.
[0049] 1-4. Step 1-4: 5Thislstépdd anstedibf dbtbimimg decontiyewhth¢ febnbla convestigethetls/droxyl group
of the compaynd. (1:4)IRiBIRAYRG ShRkhaceuticallFAAMBRIRRGHE 18RYIRY QipHRdDiude halogen atoms

(such as a chlorine atom, a bromine atom and an iodine atom) and sulfonyloxy groups such as a

methanesulfGRYIBRY APy acperstbbnsduregroReigraisraddatitiibranietitsiedtittyloxy group. 10The

reaction can pgdpesiasnedddpeigstharsame sondiionsas thasewsuriynyardinrrstion of converting a

hydroxyl group to such a leayi roup. When the leaving group is a halogen atom, for example, the
Aoy o RIS 2t

compound (1- rgl&rr?%le %Sr%rbar 13(/)re§S r?ég nécc%rm%x Wit Bl\g/l\ﬁtfﬁ}'?ito?iy Xcahfilg)ersldrel?,a { E}toerslyl bromide,

phosphorus Mbrmi¢emm$de§mMMMMIMI(ﬂmghphmet;hf_mlemlﬁmm@, The solvenf[ used in the
reaction does, pol I3R{Di K SREEHED dR.a0dAlions hastading maserialiola fissolued therein to a

certain extent. Preferable examples of the solvent include benzene, toluene, xylene, dichloromethane and
chloroform. THEWPEAEHEANEMberaRR &gkl sty ly st iBrsgicerd ettixmaipetatiraaamyierdiably

ice-cold tempgtatufede selveatk el usdamparatueyhgiteastian e isiusaainSumninuesta 48 hours,
and preferably 5 minutes to 12{ h Cléésglggqr\&%wn the leaving group is a sulfonyloxy group, the compound

(1-5) caft be PREDEFEL S Feddirey ound (1-4) with methanesulfonyl chloride, p-toluenesulfonyl
chloride or triff@d¥dmethanesulfonic anhydride, for example.

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.

30 The compound (I) 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]



The solvent used in the reaction does not inhibit the reaction and allows the starting material to be
dissolved therein to a certain extent. Preferable examples of the solvent 25 include tetrahydrofuran,
toluene, xylene, dichloromethane, chloroform and N,Ndimethylformamide The reaction temperature is
usually -78C to solvent reflux temperature, and preferatsly -78C to room temperature. A favorable result
such as an imprgved. yield may-be achieved by additien-of a base—TFhe base used does not inhibit the
reaction. Prefera blg e grgls f the base include odwm gaLrbnaée, potassium carbonate, triethylamine,
pyridine and 30\diisopropylethylamine. [0050] 1-5. Step 1/5: 32\thiourea compound (1-6) can be obtained
from the compg pd (1-5) by:;a method known to aperson skilled in the art. Specifically, the
compound (1-6)can ke obfained by+eactirrg the con pougd (1;5) with thiourea in a solvent, for example.
This reactionZan bg performad by causing one (%r morg 5 egtivadlents of thiourea to act on the compound
(1-5) in an organic solvest such as ethanol, 1- prapanal, 2-psopanol, 1-butanol, tetrahydrofuran,
1,4-dioxane or N I\g-di?hethylformamide, for exampl Ihexreaction time is usually 5 minutes to 24 hours,
and preferanyF?S fhinutes to 12 hours. The reactiof t&nperature is usually OC to 150C, and more
preferably rogingmperature to 100C. 10 [0051] 1-6. Step 1-6: This step is a method of obtaining
the compound (1-7) by cy: Béin the compound _1-63 with an acié;j. This reaction does not inhibit the
reaction and allows the st 'r‘fﬁgﬁﬁlaai’é’r‘fﬁ%%jéoi G08 SRS I it OérE‘é?ﬂéﬁaé%é‘Hﬂgr—t&ﬂéexample, the
reaction can prespeirforanéidroy pritsiridycreowgoivd ehthofariantye(bxebstiof 4 s apprdphategzeid to act on
the compoungdhrihg.piesence okakaaneae ofia-aRl YR Sushiaghensape. toluene or dichloromethane.
Further, an acid may also e {aed a5, SAIVENINGXAMRIES (NG ACSLUSER IRElIdS sulfyrig acid
trifluoroacetic acid, .methane.suq?onlc acid, tifiuoromethanesuitonic aci ana Ixtures thereof The reaction
time is 20 usBEHG™M iRy D1 pibIiralSAREFISFPSY AP RYMBOA GG ETTINE [ ARSHETR A PEtARIEEFE dKilly ice-cold
temperature tadsvlisenCrefilkytlampargiuwgich may haVbhé cobrjpbstitde(its £}l avtae fesmisaibsiRleand R2 are
hydrogen atams, can Re. Qblaingst RviDe: aRausHeartions 16 comRaun(h dhitharsinbeth R1 and R2

are hydrogen atoms, can be %convert,e to the compound (1-7), wherein at least one of R1 and R2 is

b d
substituted wi Sgtgﬁ‘btss[ﬂﬁ%tﬁ?? ORI PSALHEN BN a corresponding halide compound such as a C16
alkyl halide, a C16 alkylcaFhofycHalidacditglidtipyloadsongtihalit heda@nelalkyisadicing ialide, a C6 14
arylsulfonyl haligley & deiGod G memberett @arpacyalicobalide s Adnin 49-memberad hatéeesyclic halide.

30[0052] 2. ?e%eer%' RO MEINRD 2 EOMYMRR S nidf! 1 AN0Y'A RING AudGeRde B RO Y

T
and Z are as ned above.
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,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
2) N-[3-((8S*,8aR*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
20 3) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,
4) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-trifluoromethoxyphenyl]-5-cyanopyridine-2-carboxamide,
5) N-[3-((8S*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
25  azanaphthalen-8a-yl)-4-trifluoromethoxyphenyl]-5-chloropyridine-2-carboxamide,
6) N-[3-((4aR*,65*,8aS*)-2-amino-6-methyl-4,4a,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-



[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 material through multiple steps of Step 2-1 to Step 2-3. The compound
(2-1) can be a commercially available product used asig, 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 desciiBBaPHBIE At b A BYIARBRY A a0y EXaRpied ?@56@11‘162 1.p2.-1: This step is a step of
obtaining a compound (2-8) frdPr(teRE B 8alid-CamindihignetdtibAacan H8agerfamded lingkeBthe same

conditions a&ﬁﬁoﬁﬁzldﬁhi%b{all’éﬁ@ai@wﬁﬁﬁﬂ f&é@ﬁmﬁmdﬁﬂm;qﬁma%@&b%kima carbonyl
compound (such as the c rg §%rél;eg J, Or 14 43559(? %%07 g(lg %87[00553] 2-2.p2.-2:

This step is a step of synt eS| acomp Ound m ouh a raw material using
a method5de%ﬁﬁe@%ﬁ%ﬁé@k@v@ﬂﬂéﬁéﬂdﬁ@?%ﬂOH%QWMWW@]Z%%J@IB@XﬁmIde This step is a
step ef obtaining the alcoho) soBEERE 654345y sphjadiing thehgidehyds sampexiy d2-3)daareduction
reaction. 34, 1_,, 16 AGRAAL 915“@?1‘&890% e&ﬁ%"ﬁrﬁ%ri?%?lt&%%?pf{}%l}?% Ageiydagompound (2-3) by a

method known to a person skilled in the art xam les of the reducing agent used in the reactlon include

sodium borohydride, sodidi SyaréttofNdriie 3 %&m%%g’é’éﬁm?ﬁ BHifetifd: S

temperature saxstizilyia-18Caoysohaert-fefilx 4dinperdterd ] -5 -apch prefeiabiy-c 200k tardom temperature.
The solvgnt used in the fe@‘ﬁl@ﬂfﬂ@@ﬁl‘*@ﬂm*8&?9‘?i@a?ﬁf%t@ﬂl@ﬂﬂgﬁﬂ%ﬂﬁ/m@@@@@Gaméiﬁﬁly'f’clr@ be
dissolved the7re|n t% a|n e Prée QI exam a S{%e solve nclude rriet nol, e(t_lhanol
tetrahydrofurary, et latolfi%ahneapan dichforome uom F % ene¥£yl5arzem%1ra ion C]\’7Iarf]nod 3:
[Formula 101 (--/ NO2  13) N-[3-((4aR*, 6R"< 8aS*) 2 amino-6- methoxymethyl 4,4a, 5 6,8,8a-hexahydro-

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,5,6,8,8a-hexahydro-
15  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,5,6,8,8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-
carboxamide,
16) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
20 l-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
17) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
18) N-[3-((4aS,55,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
25 19) N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
20) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyridine-2-carboxamide,
21) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
30 1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
22) N-[3-((4aS,58S,8aS)-2-amino-5-fluoro-4,4a,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
35 24) N-[3-((4aR*,55%,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-



K.:1) R5R6 RI [Step 3-1] N, In the formula, L1 represents a single bond or a C16 alkyl
group and Ring A, R1, R2, R3, le, R5, R6, X, Y, Z and Ring B are as defined above. [0058] 15General
Preparation Method 3 is a method for preparing the compound of the general formula (1) according to the
present invention, wherein L is a -NHCO-C1 6 alkyl gragp and R1 and R2 are hydrogen atoms, from a
compound (3-1) as a raw material through multiple steps of Step 3-1 to Step 3-4. [0059] 20The compound

(3-1) can be prEpaFRY S S adhimBIudRr aY Aapia s H Ry c 3B BseRklal Preparation Method 1,
General Preparation Methdd I¥; [GéHeRdl PrepayatidniMaethioth 4ol -d.ambih &tidaxehikdesé-thred- methods,
and can alsopg-prepaspribyea-gefhod MRseHReGIDS -difluoromethoxypyrazine-2-carboxamide,
26) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
5 thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
27) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
28) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyrazine-2-carboxamide,
10 29) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
30) N-[3-((4aS*,5R*,8aS*)-2-amino-5-methoxy-4,4a,5,6,8,8a-hexahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
31) N-[3-((2R*,4aR*,8aS*)-2-amino-4-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
15 thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
32) N-[3-((2R*,4aR*,8aS*)-2-amino-4-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
33) N-[3-((4aR,6R,8aS)-2-amino-6-hydroxymethyl-4,4a,5,6,8,8a-hexahydro-7-
oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,
20 34) N-[3-((4aR,6R,8aS)-2-amino-6-hydroxymethyl-4,4a,5,6,8,8a-hexahydro-7-
oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,
35) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
25  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,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
30 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,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-pyrimidine-4-carboxamide,
35 41) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-

7-oxa-



Preparation Examples among Examples. Compounds (3-4) and (3-5) can be commercially available
products used directly, can also be prepared from a commercially available product by 5 a method known
to a person skilled in the art, and can further be prepared by a method described in Preparation Examples
among Examples. [0060] 3-1. Step 3-1: This&tep is a step of obtaining a compound (3-2) by
t-butoxycarbaonylation of the 10 amino group of the compound (3-1) when R1 and R2 are both hydrogen.
The reaction%ﬁ?ﬁ%&%@?ﬂﬁhﬁ@%ﬁ&r@/ﬂkﬁ&am@%ﬂ&m HeROTRISK e er AR 1B
t-butoxycarbonylation of at2 pNiiBa@aRHERNAaSHCR -amihe Gaillibesiscdederidresl 618 8 dbeuimeld-such as T.
LBy MY BRGNS CHOUPRR, AR SEISBEERAY Rlflons Jonn ey &

(? é - tained by 15 reacting t

Sons (1991), p. 327-330. The compoun 2) can be o e compound (3-1) with

di-tert-butyl ditZ8AEgs: using triethylamine as a base in a solvent such as tetrahydrofuran, for example.
[0061] 3-3. Step 3-2: This4SteN-[S-A(SARP,6R BBERINIIG & GOMBRANN6 (arah{IonadFoEapeuild (db-2). 20The
compound (3;3) is synthesized by reducing the nitro compaund (3-2 synthesjs method known to a
person skiled N AT e R g

noble metal catalyst such#8 Rapé(# fickRISpatadnmo-futhermethitrdetem b pratirahydra-thisease,

reduction reaciign Wi KQhHALRASUAFGORMPHATS USHYERPIMARIMaHIeLidRds, Preferable, for example.
25 [0062] 3-3. Step 3-3: IS step | ep of optaining a,compo (3-6) by condensing the
compount (3.3) wih the TS e R LN e B e Lo 8 atep o
obtaining® cohpolnda@riftiajendiaddhdiiiydtelson bowaitb(GrSidiith Hverborpadmd (3-5) by 30 acylation

reat(:jtion-_ Ihe C%n(1%51i:}ﬁE'EQHgﬁ%%ﬁ@%ﬁf@%%@%?%ﬁ%ﬁ}ﬂﬁﬁh}ﬁ@,Q,@ﬁlﬂé?édﬂgd@?)gﬁjn_gbad _
condensing nt can pe periorme naer tne same conaitions as those. usually used.an escriped In
the Toloning SO RS AP Ut thO KRR G G BB RO CBMERG TS Foroch. R A

Moran, R. G; Freisheim, A HN13MéR CRSa})-34(AnRETHRB4mMBh Y1991 ). BRz&stwsia,dv-7Brassi, A.;

Flippen-Andeygp. 1%&@'{1&5%9&%%?)-@3@&%&8&"}?} %&ﬁ&%@%@%%ﬁ%@f&rpoéamﬁ{@fge’ R. A.; Biles,
C.; Berrios-Pena, N.; May, P. D.;: Palmer, J. R.; Johnson, P D.; Smith, H. W.; Busso, M.; Tan, C.-K,;

.D.; Pa ] B M
Voorman®R. L.; Reusser,“é? Nrméf&‘é%ﬁ:%.%%B%iﬁ%‘}?(@ﬂ??@&}e&y&:ﬁés@\?cﬁ?ﬁ?%‘éﬁ"?ﬁi‘@, Aristoff,
PA.; J. Med. ©ttearl.;a3anbphtim BEB4ODAIROAphEn el CortiflmunanE3h3)parayiee2acfibextonideor a salt. [0063]

The solvent in this reactioEb(}Ige Q@fa@hi@ﬁn}%—ﬁﬁﬁ%% 4;153(@@@Leﬁe%ﬁ?@ré—@l—\é‘ighiﬂﬁf&‘-q9 tetrahydrofuran,
’ I ne, 10 chl

1,4-dioxane, ethyl acetate, methyl acetate, dichloromethane, 10 chlorotorm, N,N-dimethylformamide,

toluene and #feARNtEaleRned o thereshriehs et iyemtrifttdeebsraiide.carbonyldiimidazole), Bop
(1H-1,2,3-benzotriazol-1- yoxy(6i(cinretBysampa)iabosphesissy hexailuwsopbesphais),-WSC
(1_ethylé§_(32Izanaphthalen—8a—yl)—4—ﬂuorophenyl]—5—bromopyridine—2—carboxamide,
51) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-difluoropyridine-2-carboxamide,
52) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dichloropyridine-2-carboxamide,
25 53) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide,
54) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dibromopyridine-2-carboxamide,
55) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
30 azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,
56) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyridine-2-carboxamide,
57) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,
35 58) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-



dimethylaminopropyflcarbodiimide hydrochloride), DCC (N,N-dicyclohexylcarbodiimide),
diethylphosphoryl cyanide, PyBOP (benzotriazol-1-yloxytris(pyrrolidino)phosphonium 15
hexafluorophosphate) and EDC.HC1 (1-ethyl-3-(3-dimethylaminopropyflcarbodiimide hydrochloride). One
equivalent to a large excess of the compound (3-4) is wSed 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 AfeRablgRRe 015 td MRy rd HHOrBER OB H0E ot OF#HBISD reaction temperature
varies according to the ra\wmaje(nammm md)the[ggimm joe-Colddpyrigar-atytplenstjvent reflux

temperature i preferaple, (005 f]i]% 81 RS- 7-0xa-3- fhia: P'§z§ & tﬁa‘i‘eﬁt%ﬂ ;ta'”'”g the compound

(I-a) by deprotection reaction e 25t utoxycarbonyl group o e compoun The
reaction can be performe@Urddt-fledsdintaddribifitns esttrereegisterat Rsayll tﬂé}ﬂ‘@t’é@h@ﬁh reaction of
a t-butoxycarhony|gBBdmeuty@s- mexacmditaonaﬁesmtbaenumldmwnent such as T. W. Green and P. G
M. Wuts, "Protective Gro Editions  Jobn, Wile ns (1991), p.
327-330. The compound quZ) c)%[ %?Q%ﬁned %Oé{ Bglr(r)ea |ng i grdolallce |1 aC| ﬁ(/@? %éggdﬁpound (3-6)
in a solvent isghhadrgicHistohibindrizafeplihalgmtey Fp08s] The compound of the formula (1) according to

the present invention, wh%@i&gmgﬁ*lgag%pg@(gffﬁgr@gdp%%ﬂmalg%@pggﬁwgn%w@@a may have 1to 3
substituents ﬁelegtﬁd fr7oOX aS%j stlt ent Grgtllglgl 16 alkylcarbonyl group which may have 1 to 3

substituents s&féHetfrom uen%nél?oup ot, 261N arylcarbonyl group which may have 1 to 3
substituéfits selected fronﬁ@tﬁb‘sﬁﬁ&@ﬁﬁ@’@t@ﬁdﬁ @@ﬂ@reﬂ&%§mﬁﬂi/] gridupanhiobil hedaliatué.dato 3 5

substituents gelgriarh ifoma1RsHien GrRmRAL. zayggﬁf}earylsulfonyl group which may have 1 to 3
substituents selected from Substlt{(znt Gro ﬁ g:ﬁ a%?g%%yg carbon ring group which may have 1 to 3

substituents selected fron? 805t olg ABEREReterstydiiegtoup which may
have 1 to 3 sufstiphdnisns8iediedddpben-SybshittendBrolipect;cagrienodtained by further reacting the

compound (I-a) obtained g Q@J%ngﬁagagﬁ% Memgg,(;;lyyyam 3.30. 99 lg@,gg@ﬂmg hpdige ggmpound

such as a C16 alkyl halide. Alternatively, the compoun of the formula (I) according to the present
inventior > wHEPER s TRE LT B RS- B8 Efkyl group which may have 1 to 3 substituents
selected from SubstituentdGy R mi}, &e- ke [Alamed 103-fukihgry reiacting iive gdptpound (1-a) obtained in

General Pre%%h%’%&%%m dﬁté("itl% §é?aoﬂ%%%H%}g'9%995@&&‘3@%‘48&1%89 ?2}%&6 aliyl halide. 15The

compound of the formula (I) according to the present invention, wherein L S02- (wherein fiL is a
hydrogen atom), can be o ?a ﬁé&lﬂgr&éa&cm%ﬁﬂﬂﬁﬁ étﬂ?&n@l&ﬁﬂﬁﬁbﬂﬁé@?@%ﬁ?hﬁa‘me compound
in place of thezeapnbuea§3-A)- QQ(arﬁx)d#SEedliﬂ [Geiesrb P8 pasatiandlettiod-3.citbe eainfeound of the

formula (|) according to th herel wherei is a €16 alkyl group
which mg%/ have 1to 3 su stltuiﬁ?gﬁ%’ morélz%stltuent er%l& dcr)(t))%can e o%t%lned by further

reacting this Wﬂﬁéﬁw&ﬁf&)c‘bﬁ%@@hﬁmﬂ ﬁéﬁd@%ﬁﬁé@ﬁﬂhﬂﬂ@%é@i@%m%hde [0066]
In Step 3-3 of General Pr@p@m{i@q&dgﬁhgg};& heGemNeARd (REheRMAIEO Dexprepared from the

compound (3 -3) a 0 ?% 3- Jmetho descrihed in the 25 following alternative method (1)
or (2). [0067] ﬁ{] na ive' mee&g ér épen rf; E)nuenh %3 (?:a% %elb(%flam%ed by converting the compound

(3-4) to a mixed acid anhi@ﬁlé‘b[éﬁ&@Bérﬁ?é&ﬁﬁgﬂm&émmlaﬂaﬁéyéﬁeﬁe%hhm@@mﬁmrﬁj (3-3).
25  thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-2,5-dimethylfuran-3-carboxamide,
71) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-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



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 (8%4). The 38 reaction temperature is -30C to room
temperature fad REERIAAY 125197 A EPEIIHIS to he prl IR SIRRALAOHTASIDG e mixed acid
anhydride with the compound (3-3) is performed by reacting the mixed acid anhydride with the compound
(3-3) in a solVduch as dichloromethane, tetrahydrofuran or N,N-dimethylformamide, for example. One

equivalent to 5 a large exqags 1efi¢hf cRIMPOMNE(3rd histeisad wibbiagpest 1o ghpdnixedqacid anhydride.
The reaction time is as&atél%/fOS té? 4§)rhour and %eferabl 0.5 to 12 hours. The reaction tem&)erature is
Slabfy 29846

-20C to 50C, ARE B S%Cr?\r%énrﬁﬁ% THESTHOBET ARERAYVE HL RO & TBRE Compound
(3-6) canbe Gbteunkedpbyliconbgrtimigrtheacornpobrede(8bk) cxnauplectil the bterigng thp medatting the active
ester with he, goMRANAA (:5), Te SIERAASRIAIINBMREARINGESIBLIRRAIIAIEY fogeacting the

compound (3-4) with an active estér synthesis reagent in a solvent such as 1,4-dioxane, tetrahydrofuran

or N,N-dimethyiroityeat{idevin tHabiraseriediond eongerrivbidyaay Sachbastpeicyifbthodhoysie. Examples
of the active ggief o sYES "ePeaRt BCHR NhydRVIYCERIPHG LR TR hm &QHIvAlents of the

active ester synthesis reagent and the condensing agent are used with respect to the compound (3-4).
The reaction RIRTBIRS IR (9116 A8 hAUFS haasBHomanK B8R sURstrEctracre e i mperature is
-20C to 50C, 266 Rrafermic28Gltenkoom iemperature. 20The step of condensing the active ester with
the compou é}i ) is performed by 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 thel cOmnpriliRc3-8)as Msdbdvith respect to the active ester. The reaction time is usually 0.5 to
48 hours, an%fﬁﬁﬂﬁ ly 0.5 to 24 hours. The reaction temperature is -20C to 50C, and 25 preferably
-20C to room temperature. [0069] In this acylation reaction, the compound (3-6) can be obtained
from the compaurets (3-3) and (3-5) by armgthod known to a per§ore sin the art. Examples of the
base used in th ion inéhsae trigthylamin TyridiFry, 30 Potassi arbonate and
diisopropylethylamine. Thereactiontemper uregsusuaﬂyﬁsq,to blve(glt reflux temperature, and
preferably -20C§ rogm temperature. Thersolvgnt used in the regdtionfdoes not 39 inhibit the reaction
and allows the § a'?tinf@kmaterial to be dis%“ol%@tﬁerein to a certdin %xl‘én{z Preferable examples of the
solvent include t 1t'rla{hydrofuran, ether, tol(fefle and dichloromethdfe) [0070] 4. General Preparation
Method 4: 5 [Formula 11]

R® RO R} R
[Step 1-3] [Step 1-4]
Zz

o v

R* R® OH RER Ly
(1-4) (1-5)
R® R6 @
[step 1-51 [Step 1-6] RS R R!
|
— HCl z YR
R* R® 5 NH, v S
R* R®

(1-6) NH (1-7)

In the formula, R’ represents a C, alkyl group such as a methyl group or an ethyl
15  group, a C;.1; aralkyl group such as a benzyl group, 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, R2, R? R R4, R’ , R6, Y and Z are

as defined above.



In the formula, Ring A, R1, R2, R3, le, R5, 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 @-1) can be prepared from a commercially
available pro%rspy General Preparation Method 1, General Preparation Method 2, General Preparation
Method 5 or a combination of these methods, and can also be4prepared by a method described in

Preparation Examples an%ﬂ&%%@%oﬂﬁ’[ﬁﬁmdz} i3 nstppdAor preparing FrRpmaRs (4 Siefhishobtaining
the compound {3yhiHeydikatincirgacta @Bﬁk@@mg%a&dﬁgla@ iﬁetbiﬁsam&raﬂ@ﬂtf@aﬁaﬁm the compound
(3-1) can be obtaine %goqn the comp (%un %%) ggl% th9 0 A parson ékllled in the art.
Examples of tRERIHtHG 26498t Tiakgd i (I)IH m%:F@aé) po?gsswm Mifatdconcentrated sulfuric
acid and fuming nitric acid/beetimpminddiide cTinbereactiortantyeratlriddprsual lysedACisocraariso

temperature.,J0({3] 2, ﬁ@fﬁ%%ﬁﬁ?&é@ﬂ%&ﬂ%@&&&z%Eﬂa%%tﬁ&l KB RARLRER kY inndNOH
Z[Step 5-2] | y z0ORa R3

art, and can further be prepared by a method described in Preparation Examples among
Examples.
[0046]

10 1-1. Step 1-1:

This step is a step of obtaining a compound (1-2) by
trifluoromethanesulfonylation of the compound (1-1).

The reaction in this step can be performed under the same conditions as those
usually used in trifluoromethanesulfonylation reaction of a carbonyl compound (such as the

15 conditions described in J. Org. Chem., 57, 6972-6975 (1992), Tetrahedron Letters., 40, 8133-
8136 (1999) and Tetrahedron., 61, 4129-4140 (2005)).

Specifically, the compound (1-2) can be obtained by causing a base to act on the
compound (1-1), and then reacting the compound with N-phenyltrifluoromethanesulfonimide or
trifluoromethanesulfonic anhydride, for example. This reaction can be performed by causing

20 one or more equivalents of a base to act on the compound (1-1) in an organic solvent such as
ether, tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, dichloromethane, 1,2-dichloroethane,
benzene or toluene, for example. Examples of the base used include sodium hydride, LDA
(lithium diisopropylamide), lithium bis(trimethylsilyl)amide, diisopropylethylamine, pyridine
and 2,6-lutidine. The reaction time is usually 5 minutes to 24 hours, and preferably 5 minutes

25 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-



(5-4)(5-5) [Step 5-7] R5 Rd NH2 R4 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, 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 (1) according to

the present iB¥gnHAMHLOM.& QIRAYADE-3)AS & LA apral M&Hﬁmmﬁ%ﬂ'&g&ﬁ@&%%{% 5-11o Step
5-7 The compound (5-1) can be prepared from a commercially available ErOdUCt by a method

known to a p&‘ébﬁlﬁéRﬂ‘F@Hﬁh“thé%ﬁ“‘ﬁﬁ?ﬁ%%{haﬁj'?ﬁféhﬁéoﬁr@b%b%a dte e ofifPreparation
Examples am@agcﬁxamgm@%%&ﬂea@&t&ﬁbnmﬁmwﬂ@ sepaiabirioirgacmpound (5-2) by

oximation of the com 1 er his ste rmed u der e same conditions
as those 5 usUalY'd aggi %{‘ Jr‘%orlégg%é)dé}lécg ér@ﬁ?om Peﬁ?}’ eéﬁ‘%% & ¢Bhditions described in
Org. Lett.59 (@@aﬁc)@tm@ﬂ%ﬁﬂyﬁfemrath@dﬂmameymmeﬂmﬁspmﬁﬁmaﬂadm&&mo28 and Tetrahedron 54
(1998) 22, 5%‘?&1%%(mphen 1&%&%18@%&11%&9&19%ridl)(é(&})ﬁ@&fﬂﬁo‘%Bﬂﬁ{BﬁgnWéﬁé}ﬁ&h@ﬂiﬁhﬁ

compound (5-1) with hydroxy amine or a hydroxylamine salt (such as hydroxylamine hydrochloride or 10

hydroxylamir&stiFateryde e prelentpbesp Wdﬁé”é%ﬁ‘ﬂﬁ@dﬁ’é’éﬁb’é“dﬂé 51 196 Eledmple. The
solvent usedﬂﬁ(ﬁiiﬁléﬁﬁgﬂagpﬁlﬁeﬁaﬂ%mmkéhgmeaqtlmnfeiﬁtwﬂm&gﬂmlﬁﬁw thaisalvent include

organic solvents s thanal, methanol, tetrahydrofuran, 1,4- d 2-dimethoxyethane and
Cichlorometa: B RS BB BTG RES 8 BV A 2 S IE BB REU T sotum

acetate, nyrldmrgel;lmdmm hyohexigdeincégienrganotin reagents such as aryltri-n-butyltin, and organoboron
reagents such as arylboronic acid. The amount of the organometallic compound used is one to
five equivalents with respect to the raw material. The solvent used in this reaction does not
inhibit the reaction. Preferable examples of the solvent include benzene, toluene, xylene, N,N-
dimethylformamide, 1-methyl-2-pyrrolidone, tetrahydrofuran, 1,4-dioxane, acetonitrile and

15 propionitrile. The reaction temperature is usually ice-cold temperature to solvent reflux

temperature, and preferably room temperature to solvent reflux temperature, for example. The
reaction time is usually 0.5 to 48 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. Preferable examples of the base include bases such

20 as sodium carbonate, potassium carbonate, cesium carbonate, potassium phosphate and solutions
thereof, and triethylamine.
[0048]
1-3. Step 1-3:
This step is a step of obtaining an alcohol compound (1-4) by subjecting the ester
25 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.

Examples of the reducing agent used in the reaction include lithium aluminum
hydride, lithium borohydride and diisobutylaluminum hydride. The reaction temperature is
usually -78°C to solvent reflux temperature, and preferably -78°C to room temperature. The

30 solvent used in the reaction does not inhibit the reaction and allows the starting material to be

dissolved therein to a certain extent.



15 hydroxide, barium hydroxide and 2,6-lutidine. The reaction time is usually 5 minutes to 24 hours, and
preferably 5 minutes to 12 hours. The reaction temperature is usually -20C to solvent reflux temperature,
and more preferably OC to solvent reflux temperature. [0076] 5-2. Step 5-2: 20This step is a step of
obtaining a compound (5-3) by converting the compou#d (5- 2) to a nitrile oxide derivative and performing
1,3-dipolar cygloadgtion reactiopadty e qlefitinaiety iRk RamenMUREH Biuene and The reaction in this
step can be performed under the same conditions as those usually tised in 1,3-dipolar cycloaddition
reaction suchli4B!gemsshiitions described in a document 25 such as Org. Lett. 9 (2007) 5, 753-756,
Tetrahedron:ésygmmetry 5 (1994) 6, 1018-1028 and Tetrahedron 54 (1998) 22, 5869-5882. Examples of
the reagent for c nve ting the oxime compound to the nitrile oxide include N-chlorosuccinimide and
sodium hypoch orrf)é)—{ﬁg e solvent used in this reaction does not inhibit the reaction. Preferable examples
of the solent include dichlbrorsgtitengsehiorafonmg benzgoenddiuéney xytereiny thie diydetiyllformamide, 30
tetrahydrofurglta@ﬁ(qf ?héb%ﬁﬁéﬁl?d (thﬁ .{gg%%&eépwature is usually ice-cold temperature to solvent

reflux temperature. The reaction time is usually 0.5 to 48 hours, and preferably 0.5 to 24 hours. 42

A more preferable result SRS IRIGVERE ForP Aral treha ks ey (Earhying GURHRfsFeRetion in the

presence of abase kyanies aldhe Kase iNelUde PASLS SYGPsAEHAMLINMEMRANALRyRRIASHIUP
carbonate, cesium carbqpoaé]taﬁ? otassium phosphate fﬂ;d solgtiols thereof, and triethylamine and pyridine.

5 [0077] 5-3.pB 1glenesu SR Wil B JBRiNAY S S EBurd®4) by addition reaction of an
aryllithiund reagent (includitg hreteiooyalibs peréoBregneaxttrdrgemic(cootliding dyatesecisolitly witll the

compound @&lﬁ%%’f‘@o‘i{%%ﬁﬂ%‘ai%;éﬁ%jf%g%?%%ﬁ@obs%&%[ 595031‘?%%’&5{?. r t%&?[ﬂ?l&%ﬁ%t%l%paﬁ jhose

described in J. Am. Chem. Soc. 2 76-5383, Bull. Chem. Soc. Jpn., 66, 2730-2737 (1993) and
SYNLETT. 2b02eN6t@npigrizoania-118e fompeashi ST R MeRiiM PYdgriingitsaimgmeterbéyclic) or the

Grig 1r15ar§ rea}ﬁﬁ&h@ﬁkﬂ@lﬂ&hﬁ%ﬁﬁ%@fiﬁbf%,%g&ﬁ%@&@%@ﬁ&ﬁb%&%&%@ﬁﬁpn Isléli!led in the
art. PecItc ) orresponding ar nciual eterocyclic) lithium reagent or ar Inciuding
idieidts i s e b e et o S R
compound aladdaalwmrﬁerstiatﬁylgmﬂatﬂbt@bgaimmmaﬂlm@mgemtmh @sean aﬂkwwaiglmmammﬂ s_uch as
n-, sec- or tefrRutyllitim gL & %’Jf%?&%ﬁ%ﬂé_%%hetfl%f‘cﬁ‘&lﬁpo?ﬁ%xl{@M%%&Wm"f'_ﬁe L gtallic

magnesium, for example. 20The solvent used in"this step varies according to the starting material and the
reagent usede@ner dves Nouinhibititetpsabionredlivvenperaaetipe wrateraliiche dissomedtierein to a

certain extent, @61%@% %Wéﬁ'ﬁ%i%ﬂh‘éingﬁﬁkeré%ﬂpﬂn? refeak %ﬁ'ﬁl@i@é & thasolygnt include organic
solvents such as diethyl ether, tetrahydrofuran, 1,4-dioxane, 1,2- dimethoxyethane, benzene and toluene,

and mixed sAEHROthar@BTUEhHEe A1 time is 25 usually 0.1 to 48 hours, and preferably 0.1 to 12
hours. The reaction tempavatur ey &iemhagearsling talitbeysiaytingup)aieiahpodnd el reagankused, and is

preferably maintained to be low, for example, at -78C to minimjze formation of a by-product.
Fovorablo reBI SO e B kL B L s DT e e R oy acton o
TMEDA (tetrahtesidglethyloedimthimejulivie AnBpdthiex&methyiphosphoramide) or a Lewis acid such as a

boron trifluoride-diethyl ethgr camaplexdBRIQTZ 25 ab-2ditEbiCheXAMRIR AR RBlys the
starting material to be dissolved therein to a certain extent. Preferable examples of the solvent
25  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 does not inhibit the reaction. Preferable
examples of the base include sodium carbonate, potassium carbonate, triethylamine, pyridine and

30 diisopropylethylamine.

[0050]

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



5-4.p5.-4: 43 This step is a step of obtaining a compound (5-5) by subjecting the compound (5- 4)

to reductive cleavage reaction of the N-O bond. The reductive cleavage reaction of the N-O bond
can be performed under the conditions using zinc-acetic acid, a metal catalyst such as hydrogen-platinum
oxide, or lithium 5 aluminum hydride, for example. 32 The reaction using zinc such as zinc-acetic acid

can be perfor&m&ﬂm%ﬁ{fglﬁggfﬁ SONGUURNR RS Hb‘?ﬁ%g%%ﬁ'&%ﬁﬁdi&%)@{zga £0R0150Q368, 1207-1215

and Org. Lett. 7 (2005) 25 742, for example. Examples of the acid used include acetic acid, formic
acid and hydPSERRHELESH thRéSolvent used in the reaction does not inhibit the reaction and allows the

10 starting material to be gissaivedy!igs et anasiiacexiibaxamplesofitiersayepbinaude)methanol,
ethanol, 1,4-di%%1e THE anq Wat:fr. The abov %cid max also be u}%ed as a solvent. The reaction
! At

temperature 1 USUSIHBE 18'481Y ?é?fb‘%?em P R T P RTABI SE e 61 e P 3t o solvent
reflux teniperafuirelehtverfelziotion tinaet isnubeladiyBonmish (ke to @Bohmwis selmenprefbratdthanpinutes to 24

hours. 15The,fGacken YsipaRMmelal GrRIANGLEED AR AIORERRIIN BXide AR B ReTpgmed under
the same conditions as those described’in Tetrahedron: Asymmetry 5°(1994) 6, 1019-1028 and

Tetrahedron SYANPE3, N§e 16:cHpE 8o 15 1B lY Somingeeioatt BT RELRIF BN (3BYEaP B obtained by
hydrogenating,the campruahfeMpedsingeRlatinun oxide asrcalalyabio gsalyantsseh as methanol, for
example. 20The reaction using lithium aluminum hydride can be performed under the same conditions as
those describ&8RFrE. ehdh-Soc. Jpn., 66, 2730-2737 (1993), for example. The compound (5-5) can
be obtaingd pyosagucing the compound (5-4) using lithium aluminum hydride in a solvent such as ether,
for example. {(;%)79 25 5-5. Step 5-5: This step is a step of obtaining a compound (5-6) from the
compound (5-5). iourea derivative (5-6) can be obtained from the compound (5-5) by a method
known to a person skilled Thisheepiit AMivgimthd photectinghgeompasna befizby kgebupg the conppouhd (5-6)
can be 30 ob(tfa_i&e‘gim 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. ChenlMoGactD. dags pof gpbifdpheieantigreanchdleR/Batirsereim sk icton does not

inhibit thesreagtiovangialipws dherdid stastiing raptsdable, e dissebvedibeigifdaCoytainsmgent.
Examples of the sol,v%ﬂ include dichloromethane, chlorof\%m, toluene, methanol, ethanol, 1,4-dioxane

and THF. The e aEH PR & S U A PPEETS S BTVt Herik B8 HiP At e "aRaPprEraTaBly ice-cold
temperature tbssobeeritargfluontenpersdicmesnEheleactoditimedseboasdly Funinuies doid&inouirs, tend 5

preferably 5 minpies 18164104, ¥RenARL RIGIGEHNAALAHRIE. & OaHHPIRRERGHMX¥EArbONY] group
(Fmoc group), the cokr@nfggund (5-6) can be obtained in this step by reacting the compound (5-5) with

fluorenemetHRNIREAHORIA IsBtHIBAYiRate AN ssEREn £ SdchBE ickie FBFfethand o FRsIiRhBMT iis reaction

can be pgrfoymgdnder ihesamaigraditionsias 48osadestrbedinoh ©fPefahems didIBOBe 63, 196-200,
for example.g‘l’@qeﬁsolvent used in the reaction does not inhibit the reaction and allows the starting material

to be dissolvEXTHEPRIHALS ELieARIEREHE BRBABIEE of the solvent include dichloromethane, chioroform,
toluene, methanol, ethandlhd gbidjoxanélafd Widks il hethdictiohRempleydtorenistassaliy H0C to solvent
reflux tempe%%[geﬁggtggg{%%qga&ghqold temperature to solvent reflux temperature. The reaction time is

usually 5 minutes to 48 hours, 15 and preferably 5 minutels to 24 hours. [0080] 5-6. Step 5-6:
The compound (1-7), wherein both R* and R” are hydrogen atoms, can be

25  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 such as a C; alkyl
halide, a C; ¢ alkylcarbonyl halide, a Cg¢ 14 arylcarbonyl halide, a C;_¢ alkylsulfonyl halide, a Cg 14
arylsulfonyl halide, a 3- to 10-membered carbocyclic halide or a 5- to 10-membered heterocyclic
halide.

30 [0052]

2. General Preparation Method 2:
[Formula 9]




This step is a method of obtaining a compound (5-7) by cyclizing the compound (5-6). 20In 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 obtaineéd in this reaction by heating the compound (5-6) in
a solvent such as methanol in the presence of an acid such as concentrated hydrochloric acid, for
example. 25 ThierSolvent used in the resictdn does not inhibit tRe fea and allows the starting material
to be dissolv in to EE&t&n xtent-ExampREBf the! sopventineslude solvents such as methanol,
ethanol, 1-prapanol and water, mixed golvehts thereof, and acids s a solvent. The reaction can be
performed by ¢ F<§ing one equivalent to & large excess of an QpHiate acid to act in the presence or
absence of sucp, 3,solvent. Examples of the &cid used include 39_ oncentrated hydrochloric acid,
hydrobromic acid, sulfuric acid, trifluorodétic acid, methanesuh‘on ¢ acid, trifluoromethanesulfonic acid
and mixtures thereof The reasctig)is usually 0.5 to 72 hours, and preferably 0.5 to 24 hours. The

p

reaction temp%aggezlgysug ic d temperature to solvent 45 reflux temperature. When the
protecting group-is-an Emoé gr ot"a benzoyl group, the compound (5-7) can be obtained by an
alternative method 1 of readt e compound (5-6) with trifluoromethanesulfonic anhydride in a solvent
such as dichloromethane ing ence 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. The
solvent used in the reaction does not inhibit the reaction and allows the starting material to be dissolved
therein to a certain extentl'EthafprdaoRing SoRieRt ifciltle Bonehresiciefisedighisromethane,
1,2-dichlorogthgng, THF, 1,2-dimethoxyethane and toluene, and mixed solvents thereof. The reaction can
be 10 performed using 1 tg 20 equivalents of an appropriate base in such a solvent. Examples of the
base used include pyridinge2EGHeRARISB M Boh IR PRG IS5 BIGRA % BSARRS W Biures thereof
The reaction gemeakfosnaly 045 whi2d Baursthnit preferabityetbiiieo danpouts.(heckedicitan temperature is
usually -78C to room temperature. When th tecting graup.is,a benzoyl.group. the ¢q nd (5-7) can
be obtainad B A a2 S B SRt Bine anc
carbon tetrabYémid@ (or bromine) in a solvent such as dichloromethane. The reaction conditions are the

same as those of brominaﬂme&a&aﬂm@mﬂwb%w&%&&m@mnam?ww%&iugqﬂs,ilaa&h%r t. [0081]
5-7.p5.-7: 20This step is a method of ,obtainirjég the compound (1-7) by deprotecting the protecting group

of the compatRySBEFS! HAB 2 6RREBERHIN # 1 Hablprubiciirea TREET BROFGHE A BEH5AL RS WN to a
person skilledrinaiiiecaitturther be\(MbpardihBypr eiedindglgroie dSmaPrdpaiadog By piss example, the compound
(1-7) caq(pe g)tgatl%linlgg under the same conditions as those generally used in deprotection of a protecting
25 group of an amine compound (such as the conditions described in a document such as T. W. Green
and P. G M. IARR¢] "Protective Groups in Organic Chemistry, Third Edition", John Wiley & Sons, p.
506-507 andgi%@em. 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 }/rrolidine in a solvent such as
acetonitrile, for example. THE S5R/E (et nbtre RS tIAPIRS et iRt S G i Pextiohand allows the
starting mateTiak iedoedisanivepethereid tadicheaimextaditaxamples of dhieysshtintisactitdeos
dichloromethane, THF and acetonitrile, The reaction can be performed by causing one equivalent to a
arge exttes SF e S L O e B e R e e
include 46 pipraridira).nidrFRBTREOPYIRRTIne, TBAF and DBU. The reaction time is usually 0.5 to 72
hours, and pigfgrably 0.5 to 24 hours. The reaction temperature is usually ice-cold temperature to solvent
reflux temperature. Favorable results such as an improved yield and a reduced reaction time may be

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.



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 same conditions &g those described in Synth. Commun. 32 (2),

265272 (2002), for example, g 4Q.sael vpad dnhe deastiandenaatinbibiting fegon and allows

the starting material to be dissolved therein to a certain extent. Examples of the solvent include solvents

such as met®rfonebRd k8PEAdCR pesTRAbIThi fBadtfon BXHBEHRHEP YRR YS90 8dlkvalents of an

appropriate hag@iin sughia sivenbokxamplesafithe dHassoussg dnalud RRlMmT he reaction time is usually
0.5 to 24 hours, and preferaply 0.5 to 12 hours. The reaction temperature is 15 lrjsﬁa”é room temperature

to solvent reflX EEMPATRNE {60821 reactiopfampSHNEURA BItRE 1Brinlfa T SH, P 184St one

hydrogensatamdgiréie Bmirmo gres poisaedaifratisd. grobp solieh wayihaerchdaod godstidupinisisglected from
Substituent GI’OL{P ot, g %6 a@ﬁglc&artbon%l group vghigh n}aé/dhglve. 1tto 3 srLtJbstitl{er%ts ?)el?ct%? from 20
Substituent GFSUP b8 TEXA B IEAHBEAN Group whick sy HaVE™'ts! SEiBbitihts SEEHRE from
Substituent Gromples,cd @4 & bikytl sudfadeyingtbane Wdieh dhagtrhlaxd w8 ghbstitientsaselected from
Substituent Graypoh&GR14 arylsulfonyl group which may have 1 to 3 substituents selected from
Substituent Group ot, a C38 hydrocarbon ring group which may have 1 to 3 substituents selected from
Substituent &8 ot or a 5- to 10-membered heterocyclic group which 25 may have 1 to 3 substituents
selectedifyom SubstiiupRbisiaupMbiesi3be obtained by further reacting the compound (1-7) obtained in
General Pre[igratio % thod 5 with a corresponding halide compound such as a C16 alkyl halide. [0083]
6. General Preparation Method 6: 30 [Formula 13] (kb) In the formula, Ring A, le, R4, R5, R6, Y,
Z,L,LV andRing B are q\%gefined above, Alk reBrpQgents a C1-6 alkyl group, ]1%@ represents a hydrogen
atom or a C1-4 alkykgroap, and Li represents ngle bond or a C1-4 al oup, provided that R8 and Li
in the compound (6 ave up to four carbon~atoms in total. 5 [0084] General Preparation Method 6 is a
method for prepam T #1g to the present invention,
wherein L is a si ; ¥°R1 and R2 are
hydrogen atoms,from a gompound (6-1) a5-a teps of Step 6-1 to Step 6-3.
10 [0085] The co Ad (6-1) can be prepared from a commercially aval ble product by General
Preparation Method 1i3General Preparation M&#bd 5 or a combination of Geheral Preparation Method 1
and General Preparation Method 11, and can also be prepared by a method described in Preparation
Examples among Examples. The compounds (6-3), , (6-5) and 15 (6-6) carl@ommercially
available prods us @*dire@% carfalso be prepar om a commercially, avai product by a method
known to a perse

gn Skijed in the éih, nd can.f fl*tlﬂ@f be prepared by a methde-déscribed in Preparation
Examples amon§&kamples. [0085] 48 ( a ; 0 0 0

[Step 3-3] RS RS [Step 3-4] gs Rsl
. N NHBoc . Ny~ NHBoc
| |
Y. _S Y. _S
X X
R4 RS R4 R3
(3-6) (I-a)

In the formula, L; represents a single bond or a C; alkyl group and Ring A, Rl,
Rz, R? , R4, R’ , RG, 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



6-1. Step 6-1: This step is a step of obtaining a compound (6-2) by di-t-butoxycarbonylating the
compound (6-1). This reaction can be performed under the same conditions as those generally used in
t-butoxycarbonylation of an amide compound such as the conditions described in T. W. 5 Green and P. G
M. Wuts, "Protective Groups in Organic Chemistry, Thigd Edition”, John Wiley & Sons, P. 642-643 and J.

Org. Chem. 2000, rodtRiamenmbia CMPAMPL (b MehR B IRIBRIRPYGACHNY Mg kMRgund (6-1)

with di-tert-butyl dicarbonate using 4- dimethylaminopyridine as a base in a solvent such as THE, for
example. Thé SORREmtiesef thegsi F%E%W%é%%iﬁﬁ?o‘?@t%ﬁ@ﬁ%ﬂwﬁ. pydRd dpterhodeikamples of the
solvent inclughe: pARIAIC FSQIMPILS Shisity &5 AaTpaRY dduigundsA Tinxanes 5 adiehaxyeaihane,
dichloromethane&a MF z?nd ace%onitril , and rpix§d solverét? thereof. Examﬁles o.fl tEle base used include
triethylamine™ -1 Rie B THRTHE By HEHE Y DBU SRATRIRITES Hlt R BEISE HHGGI R S EXCess of, and
more preferablydhdd e egtivapenisnokilielbade st gadoaithuréspécpropireddonapouthel (@Lyited o
equivalents tﬁa@?eﬁ?ﬁ%ﬁ%ﬁ chag{%geg%%gn%%%gﬁ%@bly 2 to 10 equivalents of di-tert-butyl dicarbonate is
used with respect to the compound (6-I). The reaction time is usually 5 minutes to 24 hours, and
preferably 5 Hffi¥es to 12 hours. The reaction temperature is usually -20C to solvent reflux temperature,
and more prefarajaly 8G:to solvent reflux temperature. [0087] 20 6-2. Step 6-2: This step is a step
of obtaining a compound (§-7) by coupling reaction of the compqund (6-2) with the compound (6-3), (6-4),
(6-5) or (6-6) using a transition Metdl. ﬁeﬁigfr%%gﬂlé?ig@aﬁ?%goﬁgﬁéf#ﬁé di@é‘f’%‘:&@%ﬁﬁ&g U8 ally used in
couplinglfeacticncusing afttansitiqromd - (SudteaB 'Sudui cebplingydeagtion, Stille coupling reaction,
Sonogashira reaction 25 Qi HRGKISACHIPR pertopme FATRIES ARG RHANK RAHBING fEAR AR pclude
reactions in documents such as J. Org. Chem. 2007, 72, 7207-7213, J. Am. Chem. Soc. 2000, 122,
4020-4028 aHd-Puorycebmaponyt Fpasass-aopmng Rechsed o R St estibhf drededshciiclude

reaction in a aﬁﬁéammv.sgmla&nji. FAG)NEVeits, Sa6:ct990 Glc&?;rals?;QQﬁg%ﬂ@ftl’éﬁﬁmpJ 88 @hth edSonogashira
reaction 30 incjude reactiops in docum such as J. Org. Chem. 2007, 72, 8547-8550 and J. Org.
Ghom, 2008 55 S VDA G OT D R Feaion I EREREHALAAL s SELRRER Puch a5 3. Am.
Chem. S6c. 2605pd #ig, b6gR0aUR311) vRileferablbuwexadiplbsnafdthe g ganbyhetaliacatalysininclude metal

49 catalysts guch as tetrakis(tiioherylnhesphingpalladium (0), dichlorobis(triphenylphosphine)palladium
(1, [1,1'-bis(diphenylphosphinogferroce’ne]palla ium (I1) dichloride, bis(tert-butylphosphine)palladium (0),

palladium (1) ¥¥&thte and [1,3- bis(diphenylphosphino)propane]nickel (I1), and mixtures of these metal
catalysts. The-argey o of the organometallic catalyst used is about 0.001 to 0.5 equivalent with respect

to the raw material. The amount of the compound (6-3), (6-4), (6-5) ar (6-6) used is ysually 1 to 5
ativalonts with r6spoct DS EB SPGB A ARt h TR T TBRPALE o it the
reactionZPreferablle examﬁiescmﬁpbensldﬂfémtdmmimmumemnwenmpwmmglpylmrmamide,
1'methy1'2'%1¥[§‘i%§igﬁ?e’tﬁgﬁr EvHé&%%“ﬁ@rs%@s'ﬁﬁi‘,éﬁE'ﬂ%é(gﬁ?af]%a}n eéLQf%%ﬁ%&%o&? Qgitrile and

propionitrile. The reaction temperature is usually ice-cold temperature to solvent reflux temperature, and

preferably roBPESRTpRY SRIREY 6 Brsvegsnatin v itva pardigractdcaibysipicm&k reactiskdime is usually 0.5

to 48 hours, grehareferatinim ithediRUrplAinare prafgiahle, reguwtish cthasoavimprayesuyield may be
achieved by carrying out this reaction in the presence of a base or a salt. Preferable examples of the base

or salt 15 inclTHEHSLRY S AR S AR L UB IS S B EE b SRS rbonate, barium hydroxide,

cesium ecarbgnade] potassium phosphate, potassium fluoride and solutions thereof, and triethylamine,
N,N-diisoprogygt_ag?é/ 1 'pe, lithium chloride and copper (I) iodide. [0088] 6-3. Step 6-3: 20This step is a
step of synthesizﬁé?gm e compound (I-b) from the compound (6-7) as a raw material using a method
described in the above prépirdebit meeRed PBpiE 2)cFopsvdrizete Sinpndaes BEthe tomraiadl) according

to the presenBilyQntioRe WHESBIA®I3-4) 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



least one of R1 and R2 is a C16 alkyl group which may have 1 to 3 substituents selected from 25
Substituent Group ot, a C16 alkylcarbonyl group which may have 1 to 3 substituents selected from
Substituent Group ot, a C614 arylcarbonyl group which may have 1 to 3 substituents selected from
Substituent Group ot, a C16 alkylsulfonyl group which fAtay have 1 to 3 substituents selected from

Substituent gf 04B ArA KPS AIsionyAdrayp.hiGhimay haye ﬂlé&r@o?%f%ﬁ“ﬁ%‘?ﬁ‘éi §8IR£teg Srom

Substituent Group ot, a C38 hydrocarbon ring group which may have 1 30 to 3 substituents selected from

Substituent GI3%p-creRemeiy Polmdeps:dd NetBiseyelid§reopPsovihicdmdy Ravelmes B Bubstituents
selected fromchpbstieient Saupwcapube altainaddykiuNbanaasing; tReusampound {isb). abtained in

General Preparation Method 6 with a corresponding hglide com d,such C16 alkyl halide. [0090]
5 7. General ?868¥a¥§r\}f]w|e‘%h‘8d&; %ﬁ%‘?‘ﬁ%slg' 1%1{}-1%% ?‘5@{%‘%&‘5’%&?@@%‘1&%@@13 Ys R4
RsR4 R347-2y0rHR)4a1t9d)formula, Ring A, Ring B, R3, R4, R5, R6, Z, Y, L and LV are as defined above.
[0091] 10General Preparaitmg{lrﬁ;g&gi@[%)qﬁg}egg%dﬁfggtggﬁp@[icp&gm compound (I-b) of the general

formula (I) according to the present invention, wherein L is a single bond and R1 and R2 are hydrogen
atoms, from &86Mpound (7-1) as a raw material through Step 7-1 to Step 7-2. The compound (7-1) can

be prepared from a commgxgiallyeavailahiecpradhabbyncansil Reapariation Methprli@eneral
Preparation Method 5 or. a co b'n%etion of General 15 Pregaration gléfthod 1 Eni Genergl Preparation
4 P X

Method 11, aitt BAHKIEEBE BESETEN By 'a 'rﬁ’é’fhaél&ﬁgls"éﬁ i A EIEHER CARBIES SMEng Examples.
y g p

[0092] 710. Stejproferm, N,N-dimethylformamide, toluene and xylene. Examples of the condensing agent
include CDI (N,N'-carbonyldiimidazole), Bop (1H-1,2,3-benzotriazol-1-
yloxy(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 usually 0.5 to 48 hours, and preferably 0.5 to 24 hours. The

20 reaction temperature varies according to the raw material used, and the solvent. Ice-cold
temperature to solvent reflux temperature is preferable.

[0064]
3-4. Step 3-4:
This step is a step of obtaining the compound (I-a) by deprotection reaction of the

25  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,
Second Edition", John Wiley & Sons (1991), p. 327-330. The compound (I-a) can be obtained
30 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



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. @™. Wuts, "Protective Groups in Organic

Chemistry, TRird EAIUOR', Qe WURY, &.R008 dop Wich 3y HIGCPHRUPY el ca<5R REpPtained by

reacting the compound (7-1) with benzyl chloroformate in & mixed solvent of 1,4-dioxane and a saturated

sodium bicarBéatecsblativn, ot Exambiicbong]emuryvhicdiapybave 1 to 3 sphisiryysiscldedp of
synthesizing g comprnid (kLM S, SRRRMIAG Cfoad IhREAMMARNalUsgffaEhod described in

the above preparation method (Step 6-2). [0094] 5The compound of the formula (I) according to the
present invertisated/Fareitihttisgst BrapPrRa Qrd iR e RT L eremryyBIdLPpWRRT Mgshave 1 to 3

substituegts SAlEHEA I QR RUPRUHENbIRUR Clofpled § @J;KX'&&@IQQR&H?@ LR, Wiich Mayhhave d & 3

substituents selected from Substituent Group ot, a C614 arylcarbonyl group which may have 1 to 3
substituents SéteiieatoreStbSamSHPLRRIY GtoaPC 6 QllkyIEdIRSATAG OB SAPHERVHeY Hax/Bared 3 10

substituents gelegted;fronm SUBIURH SIBYURRL BRAT 4 BRisUifo Myl asrehich MayiRayg b to 3

substituents selected from Substituent Group ot, a C38 hydrocarbon ring group which may have 1 to 3
substituents S&ISBE@ST SibSttRsAGHsIp et faom Sgbrotrrahtered-heteRsRiiEet&tp which may

have 1 to 3 sphslitugnisnsaleciesh fm AUbSIBHanUGIepLl PRPLeBRIINGREIY JuHher reacting the

compound (I-b) obtained in General Preparation Method 7 with a 15 corresponding halide compound

such as ¥ C18ERPPHUNE S5 S8 8O ErLI 3 Aehoar Atish RrdtRoa 8 RaPH NSO MR fdula, Ring
A, Ring B, R3oiRi]:RB, RéyrdinZ {d tlangtdsthene asidefinba 201aBodR "GQ- (whereifGneralPrapatation

ivention, wHEPOh T o B Bon S L e e o L R e e
raw material biroudhrmeattiple theappsph e 0-8) PhtnBed pro@ n&ThiraompouME (B odth e prepared from a
Commemia”%@ﬁf@g&g@@r T8 10 Qﬁfnpound such as a C; alkyl halide.
15 The compound of the formula (I) according to the present invention, wherein L is
-NR"SO,- (wherein R" is a hydrogen atom), can be obtained using a corresponding sulfonyl
compound or sulfonyl halide compound in place of the compound (3-4) or (3-5) used in General
Preparation Method 3. The compound of the formula (I) according to the present invention,
wherein L is -NR"SO,- (wherein R" is a C|_s alkyl group which may have 1 to 3 substituents
20 selected from Substituent Group ), can be obtained by further reacting this compound with a
corresponding halide compound 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



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 Breparation 10 Examples among Examples. [0097]
B-1. Steb 8-iciion (o THISSIRRLS HR(5R ALAPIAINIAACAMPRKRAH b sRyBInGISAGIAN.of the
compound (61'-62%C ttlJOsl}r%E trgns?[t)llon meta?. 1%Th%ac%%ri fn tﬂgi)s s.e'ggp é’m be performé%B unc;lere the same
conditions as those usuallhast pf evrdsinig ekectiored sing @hvadndrivmhiktgosurshins(thd sonditions
described in Qe kel ATHO iR hRPIRER A BIOR GoMRANE LD il 4 (200N A9AA-4957.

Specifically, the compound (8-1) can be obtained by reacting the compound (6-2) with
bis(pinacolat®)dosPAIE i S BRI EoHUitbN i S B E I 0ERT Bt 195 BRP I tha5retirtenbia 20
catalyst ssichhasgrotassiuof eetai@@infil(3-3bis (dipheitil phpsphindifersacens] paladida (11) dichloride, for
example. Preferable examples of the orga efallic catalyst include al catalysts .such as
dichlorobis(triphenylphos?)ﬁ%lé %%}I% }ﬂlr%lilBﬁ“fﬂ{@é;p?d%%rbg%sfp%@ﬁﬁl%g rg;f:%nle%%gﬂ}ésdiu?ﬁf{?ll)
dichloride, bis{tetich ttyiptrosphine)Pulaa A0 (@ daattdibin (0 edetateatedperdtuRs
bis(diphenylﬁhgéahino)propane]nickel (I1). 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 does not inhibit the
reaction. PrefefahRIEEIBRES OF the solvent include benzene, toluene, xylene, N,N-dimethylformamide,
1-methyk@-pyrrolidone, dmetiyhsbliexides) tetiahyshalwany tandimethaxysiianad 134diexane,
acetonitrile and.pro ionitr'leii The reaction temperature iSPSO usual}l%{Jl i%e_-goldﬁ}%mtper?tnuae ta solvent reflux
temperature, Shd prefefa Ityerl%er?lc?é‘%éjgr% {i¥s G Lo PPt e Ature! Tor EXAMME M reaction
time is usualabtie ERdroupsrfandegreferattip Qe tooRvpdradrS-45 3vith an achvenenterprefbeatsle result such
as an improved.vigit may e aghievediy sanyingaukiisisastienin e miRsanes &f @ fiase. Preferable
examples of the base include bases such as potassium acetate, sodium acetate, sodium carbonate,
potassium catiseisteiceenifsisdB aaktes UsB ki IhespRRle, Jotassianriithsgeyesetiylamine and

N,N-diisepropyietbylaing: QR 82 Sippdidinfitis sBRis a.stepRhrypbesizingfcompound (8-3)

from the compound (8-1) as a raw material using a method described in the above preparagijon method
(Stop 6.2, [0S0 & e St B Eonem g A 1658 Sl SR AR ARG R ER Bbur b from the
compound (8@} @mairavsmatdiiad Gsingtammethod pesorbledih theddivove preparation method (Step 3-4).
[0100] The compound of formula (I rding 4Qd t] i A in at 15 least one of R1
and R2is 8 16 alkyl grorPIoH st T 1 4 b e LT SARLEIR ok

temperature.

20 The step of condensing the active ester with the compound (3-3) is performed by
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
the compound (3-3) is used with respect to the active ester. The reaction time is usually 0.5 to
48 hours, and preferably 0.5 to 24 hours. The reaction temperature is -20°C to 50°C, and

25  preferably -20°C to room temperature.

[0069]

In this acylation reaction, the compound (3-6) can be obtained from the
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,

30 potassium carbonate and diisopropylethylamine. The reaction temperature is usually -78°C to
solvent reflux temperature, and preferably -20°C to room temperature. The solvent used in the

reaction does not



Substituent Group ot, a C16 alkylcarbonyl group which may have 1 to 3 substituents selected from
Substituent Group ot, a C614 arylcarbonyl group which may have 1 to 3 substituents selected from
Substituent Group ot, a C16 alkylsulfonyl group which may have 1 to 3 substituents selected from
Substituent Group ot, a C614 arylsulfonyl group which 3fiay have 1 to 3 20 substituents selected from
Substituent Gipyh Gk f L8 YAARMOAR AGIEAHRMRISH (DAY RV et SYRIUERES Sglected from

Substituent Group ot or a 5- to 10-membered heterocyclic group which may have 1 to 3 substituents
selected frontsiatlfameing &e %&YPB@%‘?&W@H%V anreihetiiejusne epdipeinene)dtained in
General Pregagatpn Method 8 with a corresponding halide compound such as a C16 alkyl halide. 25
[0101] 9. General Pr aratio? Method 9; [Formula 16] 54 0-L /B \O--C R6 R6R5 Fe [Step 9-1] zZNNBoc2

Z)C-441'C NBot:2~ 3 (8-1)(9-1) In the formula, Ring A, Ring B, R3, R4, R5, R6, Y
and Z are>as|tiefimed dove.
O,
: 1
RS R R [Step 4-1] RR . z
N N< L2 z X7 TR2
0 A |
Y. S
Y. X/S X
R4 R3 R4 R3

(4-1) (3-1)

In the formula, Ring A, Rl, R2, 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 usually -20°C to room temperature.
[0073]
5. General Preparation Method 5:
[Formula 12]




[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 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 commerci@lly available product by General Preparation
Method 8, and can also be prepared by a method described in Preparation Examples among Examples.
10 [0103] 9-1. Stexke-1: This step s arstep of obtaining a ceampound (9-1) by reaction of the
compound (8- 12/Mith sodiumsaziglesinithe ofsa €oppern caf st.N'he reaction in this step can be
performed under the'$@me conditions-as those 15 described-in-Org. Lett. 2007, Vol. 9, No. 5, 761-764
and Tetrahedro\rﬁ\jz\e’tRZOO?, 48, 3525-3529forexample. Specifically; the compound (9-1) can be
obtained by reaéfirkj the compound (8-1) WitfRsodium azide at roof tBiperature using a solvent such as
methanol in the ptedence of a catalyst suchsag copper (1) g te, férBxample. Preferable examples 55
of the catalyst include metal cats such as copper (Il) acetate, copper (II) sulfate, copper (I) iodide and
i the catalyst used is u s about 0.1 to 0.5 equivalent with respect to
wed 'H\this reaeHohrdbes petinhibit the reaction and allows the starting
material to be dissolved therein to a certain extent. 5 Preferakle mples of the solvent include
methanol, N,N-dimethylformanyide, 1-methy1-2- pyrrolidong, tetrahydrofuran, 1,2-dimethoxyethane,
1,4-dioxane, acetonitrile, prop%rﬁfrile and dichloromethaffe. The reaction temperature is usually ice-cold
temperature to solvent reflux @Mperature, and preferably 8m temperature to solvent reflux temperature,
for example. The reaction time is usually 0.5 to 100 hours, and preferably 1 to 72 hours. 10A more
preferable result such as an improved yield may be achieved by caout this reaction in an oxygen
atmosphere. [0404],9-2.55tep 9 his step is a stepLQf abtaining gsggmpound (9-2) by reduction reaction
of the 15 azide of the compoBh8Y9-1). The reaction-in-this-step ca rf Hped under the same
conditions as those describ .%rg.ﬁChem. 2003, 68, 4693-4699, ore amE)'fe. Specifically, the
compound (9-2) can be obtajnedlby dissotwing the compound (Q-I i Rrent such as methanol, and
reacting the solution with sodivim b Orsohydride, for example. [0105R2G9-3. Stero 9-3: This step is a step of
synthesizing a compound (9-'232 Frontthe compound (9-2) as a raw material 53 r)lg a method described in
the above preparation method ?Sq p 3-3).

()

[Step 5-7] RS R
N_ _NH,
z X
, T
Y- 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]



[0106] 9-4. Step 9-4: 25This 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] The
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 sefgcted from 30 Substituent Group ot, a C16
alkylcarbonykgrogp whjch may have 1 to 3 substituents selected from Substituent Group ot, a C614
arylcarbonyl grouT\%Wh may have 1 to 3 substituents selected from Substituent Group ot, a C16
alkylsulfonyl group which Fiystave asierPiobiaimngit rmBSBI: eI Poftisatienidht evapsrpt, a C614
arylsulfonyl gmuyp which may have 1 to 3 substituents selected from Substituent Group ot, a C38

hydrocarbon ring group i]hch ma hav 1 to 3 su tltulgnts sele from Sub%tltuent G@ up otorab-to
10-membered heterocyclic §roup Whi h AFRSRL BS 0?“5%1“51 rr1 S EF O EBLient Group o,

can be obtainedhby lﬁefdnmalmmmwmoﬁmmsﬂa)lmiwmdedclna@én@midﬁtr@pai@mmemmhod 9 with a
corresponding, palige §?§‘6@?}‘5‘d7§§J9@@%&&%@&@%&4}9&%‘%@@4 \elYp 109 SAMREYRT.RL IR formula (1)

according to thée present invention, wherein L is - - (wherein fiL is a C16 alkyl group which may
have 1 to 3 sitb&tRIBMS 386%:A88%om Substituent Group ot), can be obtained by further reacting the

compound (l-a) obtained isp&amans) B{@&ﬁﬁ@ﬂ@ﬁuwbem@@ln%mmalwmm&mgndmllﬁpﬁquempou”d
suchasa C16 gl halide. The comgoun of the o #y ccordln%t?yg resent invention, wherein L
is -NRLS02- YW% S e RGO SSRGS GO IRY BB &Wﬂﬁﬁ sulfonyl compound

or sulfonyl hai}deowmpmﬂrsdlfmtqjlac@@ﬁmd:wmermﬁde Qﬁkﬂ)lmra@eﬁyuséwlhnEGécn@palnRﬂeparatlon Method
9. The compound of the fqgoulg, () 3cERtHimg 1 H?ORB%%?HB{“P(@BH% Eachieredldeis slyR1S02- (wherein

fiL is a C16 alkyl group which may have 1 to 3 substituents selected from Substituent Group ot), can be

obtained by fiithdlseeiciingahrnesipduriganiesel ottespbatinirrelliqs barmpdtimsliefas.d €16 alkyl
halide. [0108};3Rafeener@hRiepatatianr Mathoedd@nethinermulaikdres GHQnd)e 101 di aranuiack8]

Examples of the base used include sodium acetate, pyridine, sodium hydroxide, cesium

15 hydroxide, barium hydroxide and 2,6-lutidine. The reaction time 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]
5-2. Step 5-2:

20 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
usually used in 1,3-dipolar cycloaddition reaction such as the conditions described in a document

25 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 does not inhibit the reaction. Preferable examples of the solvent
include dichloromethane, chloroform, benzene, toluene, xylene, N,N-dimethylformamide,

30 tetrahydrofuran and 1,4-dioxane. The reaction temperature is usually ice-cold temperature to
solvent reflux temperature. The reaction time is usually 0.5 to 48 hours, and preferably 0.5 to

24 hours.



57 [Formula 19] 6(0E)2 (15-1) IA (Th LV(15-2)K____ 2 R5 R R5 R[Step 10-5] NBoc2- i---. )/-.. -NH, OrN
VHNIIYSY.<?,,,,,,,2 S R4R3 R4 R3 (10-2) R4 R3(l-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 ot or a 54# 6-membered heteroaryl group which may have

1 to 3 substituents

10

15

20

25

30

A more preferable result such as an improved yield may be achieved by carrying
out this reaction in the presence of a base. Examples of the base include bases such as sodium
carbonate, potassium carbonate, cesium carbonate, potassium phosphate and solutions thereof,
and triethylamine and pyridine.

[0077]

5-3. Step 5-3:

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).

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.
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.

The solvent used in this step varies according to the starting material and the
reagent used, and 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 thereof. The reaction time is
usually 0.1 to 48 hours, and preferably 0.1 to 12 hours. The reaction temperature varies
according to the starting material and the reagent used, 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
achieved by addition of TMEDA (tetramethylethylenediamine), HMPA
(hexamethylphosphoramide) or a Lewis acid such as a boron trifluoride-diethyl ether complex
(BF3-0OEt2) as an additive, for example.

[0078]

5-4. Step 5-4:



58 selected from Substituent Group ot; R9 represents a C614 aryl group which may have 1 to 3
substituents selected from Substituent Group ot, a 5- to 10-membered heterocyclic group which may have
1 to 3 substituents selected from Substituent Group ot, a C38 cycloalkyl group which may have 1 to 3
substituents selected from Substituent Group ot, a C16talkyl group which may 5 have 1 to 3 substituents
setected from Substituent 1oup.al 1o Bt fimE TSR SABOSY Gl HHRURMHEBMAkAYS. 1 t0 3
substituents selected from Substituent Group ot; R19 and R33 are edch independently a hydrogen atom,
a C614 aryl droapeasfitrerrs) Raseactondibisinihtédelected from Substituent Group ot, a 5- to
10-membered heterocycligigr asdpaichemaynax@idntor3nsubsibinnts.a e pted frpauaustituent Group ot,
a C38 cycloalk}él group which rr]a()é have fl1 to 1013 suﬁstitu%‘nts seﬁl)ected_ f{om Subsa'tuenlt %iroup ot, a C16
alkyl group wiTEHTREY B 156 S Wb dtideRt el YO SY SR EPsl 8¢ 5°% o HE™
10-memberedwanbotygiicideoisp sximaiianay have 1 to 3 substituents selected from Substituent Group ot;
or R10 and RLL together gy forim A GisS aeclpaliod rodporiet Ibbgettips il igd auibecavbon

atom(s) with 1 to 2 substituents selectedgfrom an oxygen atom, a sulfur atom, a sulfone and -N(Rm)-
(Wherein RmaRndiiens gefiinse deseied méz@%@%@ﬁtgwbé@a%b%%mﬂ% hsdy H30831 18- 3
substituents selgcteabirpneSubsituent AP tha RidAstQ inemmberest helerpersliagaowa which may have
1 to 3 substituents selected from Substituent Group ot, a C38 cycloalkyl group which have 1to 3
substiuents CERIOR ot Sut CHERE OB BLTS EEL AT UL Y a8 Mtuents
seIec'Fed1ﬁomt8dbgMaenthmbs®v<ai &miﬁ@memb'mradmrb@ycﬁdqgrd;pmh]mmm have 1to 3
substituents selgeted fiRM USRI CTOHRAL RRT reRFESBRLS Ao fha, alald aHR whigh may have 1
to 3 substituents selected from Substituent Group ot; and Prt2 represents an amine protecting group such
as a 2,4-dimdioseybiéeiy dngperapusriausa by 18RYe apsohgng rolips [01D9pGEnardPRiepsRtstenchéthod 10 is

a method fort%ﬁj@?zﬂﬁ&% w§o@%mgﬂﬂg%ﬁﬂabﬁ9@5 ol the agnatalsdey %'%(%%@99.@ MR the present
invention, wherein Z is -NRm- (wherein Rm is a hydrogen atom, a C16 alkyl group which may have 1 to 3

substituents 8&{REE 4P BULRIIRAL BPBD ot, a C38 cycloalkyl group which may have 1 to 3
substituants selected fronTieulestiiide nkiz¢aupeal] @@l alkylcanporgegreikpnahickidaaymisve 1 to 3
substituents selgcted. from Substituent Group ot, a C614 arylcarbonyl group which m ve1to 3
cubituonts B e S I At o e B R R R RS P 5
substituents $8l8ctéddfrochTsuixtinoanyarotigNot, 14.©8 D43ryIKtifd AYT graepamivich iy ¢ravpotngd 3

substituents pelecleddrm, S HHHGM. GARR Oin A G ADSUIHR BISIAY AR Gk 02O

substituents selected from Substituent Group ot or a 5- to 10-membered heterocyclic group which may

have 1 to 3 stFRHEREHEIA RGBAb Y SALRGent Group ot) and R1 and R2 are hydrogen atoms, from a
compound (10-1) as a rawipsatatialthsoughmaniolsnsiaps BfdbterediObt perdiefed Onder thiOkhid] The
compound (10-1) can be prepared frgm ercially avai % t eneral Preparation Method
5. Goneral PrBB Y B & e R e B & e RSB ad o or o
combination dhttreswenatiocs, candicelriancd berplepagsticnpapnent 6ot HesoribediimPraparation Examples
among Exan}%@dgﬂ[gggiusg&igchgge&hggﬂ,i examplel NIS Step is a step of obtaining a compound (10-2) by
deprotecting the amino group of the compound (10-1). The reaction can be performed under the same
conditions ad H6%e generally used 15 in deprotection of a protecting group of an amino compound such
as the canditfpssagseabed in a document such as T. W. Green and P. G M. Wuts, "Protective Groups in
Organic Chemistry, Third Edition”, John Wiley & Sons, P. 494-5 When Prt2 i

> 4 dimetoeybensyl grou T B the LUl S ILON Laf A B RS 2 ol the
same condititneuss: dhosetgenérallsande dsumrstl &t thQ CooanditibiisSdéscribediod ndaouorent such as
Tetrahedron yol, 4 7iNQt R8nPR#591-4602, 1991). In this step, when Prt2 is a 2,4-dimethoxybenzy|
group, one Boc group can be deprotected simultaneously with deprotection of the 2,4-dimethoxybenzyl
group. When Prt2 is a 2,4WliA 4R SXYSEMS BERUI PERi st e e SatoBRe RGP iR 178 Btep does not
inhibit thepreastioneans (allawep Basiaminghaaiapalio 3estisspvaddheroimite acestain exteat. For
example, the firﬁt- 2df> %tlep reehgtion solyent ma%be m(tathl}/len% chI%ride r clalort%form, andJJ{u.e second-step
reaction solvent may be methanol. The resction temperatire i this Step 1§ tsuafly 0¢ toToom.
temperature.a¥ HesedetiopainelirCitgisCitap. is84uzlyl 013-16 P4 feoarsmatad pildfesalylynOvsetbin the

reaction does not inhibit the reaction and allows the



hours. When Prt2 is a benzyloxycarbonyl group, the compound (10-2) can be obtained by deprotecting
the compound (10-1) by hydrogenation using palladium-carbon as a catalyst in a 30 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) 60 as a raw material using a method described in the above preparation method

((Step 3-3) apd {RERA:AN (LAl be REAAR BeatieRIGR 'S REIRAQITYRINERIZG Efgompound

(I-n) from the compound (10-2) as a raw material using a method described in Step 3-4 after reductive

amination re&ditereingibanedhlaricate il iith & berArherel Hetuhiergeritnd dbHipleXe seaApitind, for

example. ExamplesoktRasedyciveaminaion ieaiempsinga herorhyshide conplexnsampeund include
a method described in a document such_as J. Org. Chem. 1996, 61, 3849. Examples of the boron hydride

10 complex dBSEThE T ERBY Bged TRE AL A HTRHITEHY BRI &4RoB S ohydride and
sodium triaceterbiohydraes [0 214odf-4. Step 10-4: This step is a step of synthesizing the
compound (I-0) from the nd (10-2) 15 as a ray.material using a method described in Step 3-4
after sulfonylating the am(i:\r&?egnr%%pp ﬁ%ﬁ‘i&l}é fﬁ%)nlys/lac gl?f) e eﬁti/gt{l%/gg T(%n%w ?tgr%ugg%(l)%cskilled in the art.
[0115] 10-5. S@PLOScThRowE HI$ heatels obwyritésihingiehd xorqsoante ¢op)reond thed tuiipound (10-2)
20 as a raw matesihidain e} Mehad SescsiRadate ReRR+hadleh GOURING SeREAn Witha compound (15-1)

or (15-2). Reaction such as coupling using a transition metal complex or nuclegphilic aromatic substitution

(SNAr reactior)SEaeienirriRe fretste ondastitspmpionsitinge rehaie AsiriReditst- L5p 6P8%s step can be
performad undes thg saez0@x@anditiples ashbhasecdeserdieadhinrégoh tie 208 Tnhiiok tBe Nacton/61-764
and Org. Lett. 2003, Val. 5, No. 23, 4397-4400, for example, Specifically, the compaund.(10-2) can be
rencted it T8 St e e R S e PR 0 romethane

in the presensévetinnsiedaidicierpmathanpd bl @atatysttelyencamebppdr (ipedetatedifspexand gdidEPreferable
examples of §g catalystinalude DRl CAIRI¥R-SHSDIAS CRRE b aQaRre tale peoaRer, (L sylfate, copper

(1) iodide and copper (I) chloride. The amdunt of the catalyst used is usually about 0.1 to 0.5 equivalent
with respect {8MREHaNF fAARYRII 'PHBXSSRBREISR iR TSFEQBHIBRCADBEABY RiBRIEREERBABH-and allows

the starting matesiafdade dissatkeththermiindo a certain extent. Preferable examples of the solvent 61
include N,N-%%%trylformamide, 1-methyl-2-pyrrolidone, tetrahydrofuran, 1,2-

5-6. Step 5-6:

This step is a method of obtaining a compound (5-7) by cyclizing the compound
(5-6).

20 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
as methanol in the presence of an acid such as concentrated hydrochloric acid, for example.

25  The solvent used in the reaction 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 to a large excess of an appropriate acid
to act in the presence or absence of such a solvent. Examples of the acid used include

30 concentrated hydrochloric acid, hydrobromic acid, sulfuric acid, trifluoroacetic acid,
methanesulfonic acid, trifluoromethanesulfonic acid and mixtures thereof. The reaction time is
usually 0.5 to 72 hours, and preferably 0.5 to 24 hours. The reaction temperature is usually ice-

cold temperature to solvent



dimethoxyethane, 1,4-dioxane, acetonitrile, propionitrile and dichloromethane. The reaction temperature
is usually ice-cold temperature to solvent reflux temperature, and preferably room temperature to solvent
reflux temperature, for example. The reaction time is usually 0.5 to 100 5 hours, and preferably 1 to 72
hours. A more preferable result such as an imprégved yield may be achieved by carrying out this
reaction in a@e%xgg[gg@pa?%phere. [0117] When the first step in this step is coupling using a transition
metal complex as a 10 catalyst, the reaction can be performed using the compound (10-2) and the
compound (15-2) which is"aaff RENHEEaS TR/ 28 ReRsTSENR RafdeNdeYhaayR, Bf pRrsupd

trifluoromethanesudiopatsepEyalive aradaterertvbexy dfiflderamathangsdhanate) danvative under the

same conditior}? as those us taII used ﬁ: ch as Te conditions %Sscrib d in.a document S?Ch as Org.
Lett. 2002, VBl HORBEF B IO AR el Aok s TP M AR HEPERAUSH 06 the aryioxy
trifluorométhhmukfbraa_m/xiléliva_lti%ie)rdMMend&ryhm@méﬂummmeanewhﬁdium detivative used in this
step can be 3 ComMEicR A1 RRISPHRIANCE UsRY 95 IRy 3RELGAD a‘%ﬂel%ﬁl{l?éﬁp&%%%tﬂg‘r&&?&ﬂmefC'a”y

available product by a method known to a person skilled in the art. Examples of the transition metal
complex usedd¢ ﬂﬂ‘slélﬁé‘ritiﬂ@lifﬁé%%ﬁﬂé‘g%‘(fﬁbﬁ SATIPRSYSHEID AR Ak herein to a certain
lt_etraléiS(triphlesawmhomaiﬂ@)a_@aﬂaﬁm?\@bﬁ iﬁ&&f{éé@ibg&ﬂﬁﬂéi@ﬁ@ﬁ@ﬁft&ﬂﬂ?aﬂélﬁﬁill,mlc({%hlaﬂ%_tﬂd%@pper-di0|
igand comp n this reaction, a phosphorus ligand. (such as preferaply triphenylphosphine,
e Tk TR AR TR g T
bis(dipheﬂylm@mmb)ifergdc@r%) MyaMMOﬂ@ra@ngém badehtswbtas’snﬁanOraElsamﬁeﬂtsf (bach as a
reduced reagfigp | GRRRIGIE AL e EAARIONHIRG A96.A0 MRLOYE WAkt WIRN .28 ransition

metal complex used is a palladium complex, the reaction in this step Is preferably performed in a nitrogen

or argon atm®spitére Thaécagivartigsisd O stéh ddws ot mistetrl Y dartioh? dqdrallohl$ the starting
material to be.gigsalueshtragindasdsarianEenintereamrle, wheR dheirasiien mptal complex used
is a palladium complex, N,Ndimethylformamide, N-methyl-2-pyrrolidone, 1,4-dioxane, toluene or xylene
can be used PSBIVhER e tFG0SHEA hEYel) CBRTAER AR Y AcBispeiiforetintbieX Ba6i884MoI can be
used. The reasctipouiehpenatitetiplibisipteppbinsuallyibomdempenate (ertoraalveninre folxdenmpgrature.
The reaction time,in this step is ysually 0.5 to 72 hours, and preferably 0.5 to 24 hours. 62 [0118]

When the firt SEL RS o T TR e A e T K AT e BEAEREN e e
performed usilightlevberhprsuae h0) pavebthikidlofipdbmar(15-2) which is an aryl halide derivative, a
heteroaryl halidg gerivative, an aryloxy 5 trifluoromethanesulfonate derivative or a heteroaryloxy
trifluoromethanesulfonate derivative in the presence of a base under the same conditions as those usually
used. The ar§r%§ﬁ%%5é@rivative, the heteroaryl halide derivative, the aryloxy trifluoromethanesulfonate
derivativeor the heteroaryitxy#iflidorametaaiestiftnat@denvaiivel (a0 tn dojsstepngancbe a
commercially available product used as is, nﬁ cap.also be pr d from a commercially available
product by 1613 GRS e anas (oot b R L oS RERR IR S atuion (snar
reaction) usedtimothisistegorshiobe kyerorime dausrderkiledsarthe adnditions as those generally used (such as

the conditions according tWHéﬁ%Q%%o@&%ﬁ% LD IR HRGNESRYCH AS gt PiRR JRIRGE: (Nt 39 (2007) 4,
399-402, Bioorg. Med. Chem. Lett. 15 (2005) 9, 2409-2413 and Bioorg. Med. Chem. Lett. 15 (2005) 3,
719-723). Th@‘%BR/%‘?fP%@&‘TH%%&8%%‘%’@i%ﬁB‘?F?r%W&Hﬁ&ﬁe%“efi’?ﬂrﬁ?mtﬂ%aﬁ%ﬁ@&ateriaI to
be dissobged ¢haiest o antastadmpxisnisioremplesmlithensabenbéhah aalodaentiaeddnakimey.
N,N-dimethylformamide, N- [-2-pyrrolidone, dimethyl sulfgxide and.ac itrile. Examples of the
pase inclce ES e CarbotaRe, BN GAOU L IRt TS APag LA R Bty sy fuoride.
Potassium carldomate, Sdidhasdrbddrgté berd. tEIPEhody [Eea1Ni urnflioricks tare theferapiyndgdd ) The

reaction t?m%{%%'B%tHﬂn%&)ﬁ’g)i&étﬁﬂgiﬁlé‘%Hﬁ SRPMB- SRR AL spirentiRiluie QAtHfg The
reaction time in this step is usually 0.5 to 24 hours, and preferably 0.5 to 12 hours. [0119] 10-6. Step 10-6:

This step is dsteBlBF YRS 2R HE R olAiodmPa- o) TRe ek b8 dkaeaeioy deesacy nhibinaterial
using a methed desesibad inSieph3-dafiter Narikylatios dsaatienbéthie emacopaund. The first
step in this reaction can be performed under the same caopditions as those usuyally used in N-alkylation
“enction of af SHE AT aUNG T o A STATTRTeS LS e o et SB3ME 3704-3804
and J. Med. Gtrérm@D0¢a}8irz30e-381 Rile80a112Q Fheesorh poaprt @frttie faraialec(indezording to the
present invention, Whegith atdaastone Qb 20E R i Cd rllfk group which may have 1 to 3
substituents selected from Substituent Group ot, a C16 alkylcarbonyl group which may have 1 to 3
substituents selected



63 from Substituent Group ot, a C614 arylcarbonyl group which may have 1 to 3 substituents selected
from Substituent Group ot, a C16 alkylsulfonyl group which may have 1 to 3 substituents selected from
Substituent Group ot, a C614 arylsulfonyl group which may have 1 to 3 substituents selected from
Substituent Group ot, a C38 hydrocarbon ring group whfch may have 1 5 to 3 substituents selected from

Substituent %Kgéﬁ’df?l%%élﬁﬁéﬂn%%??ﬁdgﬂﬁlﬁé??ﬁ&fem&ﬁﬁiﬁ9r?ﬂ@ UEE mAY R%\éﬁa}i?%g Rppstituents

selected from Substituent Group ot, can be obtained by further reacting the thus-obtained compounds
(I-m) to (I-q) BPtFe Yemasibhn Ui AbRERIn Tt KaeiRD teMPdipavsdehsstbinscwitd Eearfalionding
halide compayél weheasadaifaliyd. halide. 10 [0121] 11. General Preparation Method 11: [Formula 20]

R5 R6R5 R6 z-A) [Step 11-1][S 11-21R5R6 v R4R30vi (11-1) R4 R3 (1-4) OH . Inthe f la, Ri
A Re R Re R oy B R BT o T b B R L m

method foér paepiaw@ﬂgba eddnpouria (il corhjching alslymﬁed@énwmie?diat@dﬁiﬂve, ¢ompaupld. (1) according to
the present invention oy, RMPBRAG ths 85, A AR MAPIALINAUIB IGRd 1 g 112

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

Method 1, arfP@&isaigdbergieiearey syt aiberrom iGed ift Prelysratieh 20 Estainplés thinong
Examples. [032@hdd of aBteP shihlis DBU, fof bigusige iIsestep@iakiainingaaarpesnd dklandy alkaline

O SIS O atone o those dcskifbed i Sy Cominun. 5215): 36837236516 impl 2 fpe condltions
10 solvent used in the reaction 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 and 1-propanol. The reaction can be performed using 1 to 20 equivalents of
an appropriate base in such a solvent. Examples of the base used include DBU. The reaction
time is usually 0.5 to 24 hours, and preferably 0.5 to 12 hours. The reaction temperature is
15 usually room temperature to solvent reflux temperature.
[0082]

The compound of the formula (I-7), wherein at least one hydrogen atom of the
amino group is a C; alkyl group which may have 1 to 3 substituents selected from Substituent
Group a, a C;4 alkylcarbonyl group which may have 1 to 3 substituents selected from

20  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 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
substituents selected from Substituent Group o or a 5- to 10-membered heterocyclic group which

25 may have 1 to 3 substituents selected from Substituent Group o, can be obtained by further
reacting the compound (1-7) obtained in General Preparation Method 5 with a corresponding
halide compound such as a C;_¢ alkyl halide.

[0083]
6. General Preparation Method 6:
30 [Formula 13]




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 64 one day, and then treating the solution with an acid such as a
citric acid solution, for example. The solvent useéd in the reaction does not inhibit the reaction and
allows the starting material to be dissolved therein to a certain extent. Examples of the solvent include
methanol, ethanol, 2-propanol, tetrahydrofuran and 1 4-tioxane. The base used is preferably 5 sodium
hydroxide, potassium hydroxide or lithium hydroxide,érf(g)fffe. The amount of the base used is one
equivalent to a large excess, and preferably 1 to 20 eguivalents with respect tothe compound (1-3). The
reaction time is @ {0 24 hours, and pyeferably 5 fotfs. The rea 'perature is usually

room temperaturexta solvent reflux temperature. [0124] 10119, Step 2 This step is a step of
obtaining the ¢ 18769 Subicting the comptifse (£121) to Yeductiongaction. The compound

(1-4) can be obg I id Eﬁhydride and then reacting the

mixed acid an

pouNd {11-1) 1o amixéd ag
ride.s15 The mixwe/dacid aphydride can be synthesized by a
method known sperson skilled in thezaig: The sy ' is perfoffé&d by reacting the compound (11-1)
with a chloroformate such as ethyl chlorof ) ate in the-presgnce of apasge such as triethylamine, for
example. One to t(%)equivalents of the ch?o'r formate and tkte base are used with respect to the
compound (11-1). The reaction temperature is -30C teTo m)'ﬁmperature, and preferably -20C to room 20

temperature. The step of reacting the mixed acfii anhydride with a reducing agent such as sodium
borohydride is performed by reaetion in asqlvent such as t&fthhydrofuran or 1,2- dimethoxyethane or in a
mixed solution of the solvent & r\ f8r example. One equivalent to a large excess of the reducing

agent such as sodium borohydride is used with respect to the 25 mixed acid anhydride. The reaction time
is usually 0.5 {gﬁhgiﬁ‘%, and/preferakly 0.5 to 24 hours. The reaction temperature is usually -78C to
solvent reflux temperature, énd re?&ably -20C to room temperature. The solvent used in the reaction
does not inhibit the reaction ard aftows the starting material to be dissolved therein to a certain extent.
Preferable examples of the $olént 30 include tetrahydrofuran and ether. [0125] 65 12. General
Preparation Method 12: [Formuila)21] Lv-Y R4 R3(122) R5 R6R5 R6 \\A----<-"" R5 R60H [Step 12-2]

0CHO 3 pd4 p35 pb
In the formula, Ring A, R’, R", R, R”, Y, Z, L, LV and Ring B are as defined

above, Alk represents a C1-6 alkyl group, R® represents a hydrogen atom or a C1-4 alkyl group,
and L, represents a single bond or a C1-4 alkyl group, provided that R%and L, in the compound
(6-6) have up to four carbon atoms in total.

5 [0084]

General Preparation Method 6 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, a C2-6
alkenylene group or a C2-6 alkynylene group and R' and R? are hydrogen atoms, from a
compound (6-1) as a raw material through multiple steps of Step 6-1 to Step 6-3.

10 [0085]

The compound (6-1) can be prepared from a commercially available product by
General Preparation Method 1, General Preparation Method 5 or a combination of General
Preparation Method 1 and General Preparation Method 11, and can also be prepared by a method
described in Preparation Examples among Examples. The compounds (6-3), (6-4), (6-5) and

15 (6-6) can be commercially available products used directly, 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.

[0086]



[Step 12-1 0 ,\C,OH ---- -- -11 HO R4 R3R4 Rs (12-1)(12-3)(12-4) [Formula 22] LV Y R5 R6R5 R6 R4 Ra
(12-2) R5 R60[Step 12-41 ¢.VOH [Step 12-3] OPrt3 0,11 HO Y --.K --Y,™ R4 R3R4 R3
(12-5)(12-6)(12-3) [Formula 23] HO-- RV6R5 R6 nR14 [Step 12-5]X. OR14l OR140 "SOR14 LV-Y R4
R3 (12-2)R5 R6 )(i [Step 12-6] 0CHO R4 R3 (12-7)R4R3(12-4) (12-8)

10

15

20

25

30

6-1. Step 6-1:

This step is a step of obtaining a compound (6-2) by di-t-butoxycarbonylating the
compound (6-1). This reaction can be performed under the same conditions as those generally
used in t-butoxycarbonylation of an amide compound such as the conditions described in T. W.
Green and P. G M. Wuts, "Protective Groups in Organic Chemistry, Third Edition", John Wiley
& Sons, P. 642-643 and J. Org. Chem. 2005, 70, 2445-2454. The compound (6-2) can be
obtained by reacting the compound (6-1) with di-tert-butyl dicarbonate using 4-
dimethylaminopyridine as a base in a solvent such as THE, for example.

The solvent used in this reaction does not inhibit the reaction. Preferable
examples of the solvent include organic solvents such as tetrahydrofuran, 1,4-dioxane, 1,2-
dimethoxyethane, dichloromethane, DMF 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). 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 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.

[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
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
such as J. 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. Preferable examples of the organometallic catalyst

include metal



5 [Formula 24] OH R4 R3 (12-9) R5 R6 Lv COORIs (12-10) [Step 12-7] R6 R6 R5 R5 0XCOORIs [Step
12-83 R R4 R3R4 R3 (12-11)(12-3) 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 @Ad LV are as defined above. [0126] 10General

Preparation Mgmgg }&ﬁagtggﬁmg%{g{em;ﬁg@gml@)sgﬁggﬁﬂp%)(12-4) which is a synthetic intermediate of
the compound g% according to the present invention from 66 compounds (12-1), (12-5?, 12-7) and (12-9)

as raw mated#8!FiPBIGHRAEABIE sRpecytdidpralD 16! dtdys ehbpBenylphospigppgtosids lppdatium 2-2),

(12-5), (12-711618R)omae, Gl d@peamhessarypacialnhaviipniaipmdusisdseddirggly, can also be

prepared frorlglls%d?&lrglgr})lepli%g;l)%no)propane]nickel (IT), and mixtures of these metal catalysts. The amount

5 of the organometallic catalyst used is about 0.001 to 0.5 equivalent with respect to the raw
material. The amount of the compound (6-3), (6-4), (6-5) or (6-6) used is usually 1 to 5
equivalents with respect to the compound (6-2). The solvent used in this reaction does not
inhibit the reaction. Preferable examples of the solvent include benzene, toluene, xylene, N,N-
dimethylformamide, 1-methyl-2-pyrrolidone, tetrahydrofuran, 1,2-dimethoxyethane, 1,4-

10 dioxane, acetonitrile and propionitrile. The reaction temperature is usually ice-cold temperature
to solvent reflux temperature, and preferably room temperature to solvent reflux temperature, for
example. The reaction time is usually 0.5 to 48 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 or a salt. Preferable examples of the base or salt

15 include bases or salts such as sodium carbonate, potassium carbonate, barium hydroxide, cesium
carbonate, potassium phosphate, potassium fluoride and solutions thereof, and triethylamine,
N,N-diisopropylethylamine, lithium chloride and copper (I) iodide.

[0088]
6-3. Step 6-3:

20 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).

[0089]
The compound of the formula (I) according to the present invention, wherein at
least one of R' and R? is a Cy.¢ alkyl group which may have 1 to 3 substituents selected from

25 Substituent Group o, 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 o, a C;¢ alkylsulfonyl group which may have 1 to 3
substituents selected from Substituent Group «, a Cg.14 arylsulfonyl group which may have 1 to 3

substituents selected from Substituent Group «, a C3.g hydrocarbon ring group which may have 1

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



5 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. [0127] 12-1. Step 12-1: This step
is a step of obtaining a compound (12-3) by reaction of the compound 10 (12-1) with the compound
(12-2). This reaction can be performed under th® same conditions as those usually used in

0 ol ianon ISARORSANAISRIL emeRNY (udhas g candiicnn Acactad I Igthgdron Let 40
(2005) 45, 7751-7755). In this reaction, the compound (12-3) can be obtained by adding a base such as
sodium hydritietheracgeligchesiornaogaddu ttiamd injgianeml opreiimeMethisl dlkékide, and then reacting
the alkoxide with-thenapmpauRd ihduaxamete, I%ﬂ%gh&nt used in the reaction does not inhibit the
reaction and allows the starting material to be dissolved therein to a certain extent. Examples of the
solvent includ®2Blvents such as THF, DMF and dimethyl sulfoxide. The reaction can be performed by
causing 15to 3. euival Endsaaftain dutiopriate base to act in the presence of such a solvent. Examples of
the base use incluldq%O sodium hydride, potassium hydride and t-butoxypotassium. The reaction time is

usually 0.5 t énﬁuoﬁrs, and preferably 0.5 to 12 hours. The reaction temperature is usually -20C to 100C.

A more preferable result such as an improved yield may_be achieved hy.adding a-salt such as
tetrabutylammonoc{'kge in this reactio 128] 29@)212-2: Ltep is a step of
obtaining an aldehyde compound (12-4) bjecting thé dieéhol compound (12=3) to oxidation reaction.

The aldehyde ayrrpound cafittse obtainetd®rom the aldstiebcargiouns y@ m@;Qod known to a person
skilled in the agt-Ex ictatioNhethod-used in fhe Yeaction

)

include Swem 30
%1, PCC oxidation, PD idation, Dess-Martin oxidation,
: : The solventRris&d in the reaction does not inhibit
the reaction and allows the starting material to be dissolved therein to @y gertain extent. 67 Examples of
the solvent includ€-dimethyl sulfoxide, tetrgl‘"??drofuran, toluene, dichloromethane and chloroform.

The reaction temperatu.reliﬁ tHglf'g%IXu'IZﬁlg 1o qlyen rg{kuigztelga aiu&e an 2fl%r%bl Lif8¢ to room
temperature. The reaction time is usually §.§to ﬂgk?murs, and?(;refergfbﬁy 0.5 to 24 hours. [0129] 12-3.
Step 12-3: TRRP%ep is a step of synthesizing a compound (12-6) from the compound (12-5) as a raw
material usingygomethod described in the above preparation method (Step 12-1). 10 [0130] 12-4. Step
12-4 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]



This step is a step of obtaining the compound (12-3) by deprotecting the hydroxyl protecting group of the
compound (12-6). This reaction can be performed under the same conditions as those generally used 15
in deprotection of an alcohol protecting 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. 17-245. [0131}12-p,Step 12-5: 20This 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 1D sTaRidsstafsROBS¥tERs S BBIAMAEG BREEOMPiirr hixcanpgrad sfoteeting the
acetal 25 groupeftbe 6amaekRcthélr8lescribed il thS I8actigspaamiSempantargas enger the same
conditions aiégg e 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 & Soilib¢ Por2@8+8P&X (BO {0 183] U2 afcGteme 1@ tHe present iMpigistewiw@istap of
obtaining a cmpauNgk {i2: 14k by tRaction AT.ive COMRAHAL AR DML, HR GAMREHER (}7:40)- 68 This

reaction can be performed under the same conditions as those usually used in 0-alkylation reaction of an
alcohol compatnidryerichrag teaconditionthesytisednnvhict ey hascl (P asapsttents. stlergdg,

3143-3155). fpfh @u‘iﬁﬁﬁf&ﬂpG%ﬁ;?&,ni@ﬁg%fﬂc%fﬂaﬁ'ﬁgpogﬁ oRtaingd hy.2dding ahasgsych as sodium

hydride to a solution of the compound in THF 5'to prepare an alkoxide, and then reacting the

alkoxide withsefRei€dMipBUGUerDF Pk arkplealiTHauYoRd st agedhishieardietdnedes not inhibit the
reaction gnd gliQuwsdie sirting ateriakiadedlissolyeddherain Q@ S e da SN nEyanRIesLf the

solvent include solvents such as THF, DMF and dimethy! sulfoxide. The reaction can be performed by
causing 1 to S'eylitealemisordfrdpopHaR basstPas Gnsthed preshoicEnss goen whidivemt heyamples of

the base used nclyde. L4 SQdULBYAHAGHRAURTEHMBNEAS ﬁ@g_fobhﬁts?ffb/é}@&%&k{ey&i&eﬁ{ tion time is
y

usually 0.5 to 72 hours, and preferably 0.5 to 12 hours. The reaction temperature is usually -20C to 100C.

A more prefevaifb megiiestitioassapsiitisrovesdegiedd ioray He HEpe (Baupyacriihg ebsancdeh as

tetrabutylammaniym ieshdenn dblis,reaetine) Ipl3ddlia @ ateRpkea8on Method MISIGIEP is a step of
synthesizing the compound (12-3) from the compgund (12- 11) as a raw material using a method

describet?in fRERBVL S EY SR EARRAL SRS te 8]k (&idhs 11-1 and 2)). [0135] 20 13. General
Preparation Metdd 13:

8. General Preparation Method 8:
[Formula 15]

(8-2)

5 5 6|
RS R [step 8-1] RR [Step 8-2] R
Z N\ NBoc, ‘Z N\ NBoc, %& N\ NBoc,
3 ! Y. S YWS
R* R® R4 R?
R* R®
. (8-1) (8-3)
OO
[st 8-3] %
€p oS- N._ _NH,
Z b
Y S
R* R®
(I-b)
In the formula, Ring A, Ring B, R? , R4, R’ , RS ,Y,Z, L and LV are as defined
20 above.

[0096]



[Formula 25] In the formula, R14 represents a C1-6 alkyl group, or two R14s together may form a ring
such as 1,3-dioxolane or 1,3-dioxane, Prt2 represents a protecting group such as a 2,4- dimethoxybenzyl
group, and R3, R4, R5, R6, Y and LV are as defined above. 25 [0136] General Preparation
Method 13 is a method for preparing a compound (13-52 which is a synthetic intermediate of the

compound (1) according testhe, i ReALRYERIGRI AT QﬁQ{H&be?g&ﬁfﬂq)g%ﬁe%ﬂl\ﬁ{omﬂtﬁ%' garough Step
13-1 to Step 13-3. 69 Compounds (13-1) and (13-3) can be commercially available products used

1

directly, can 81865 prEparEy Forscardnmindierifyeal sl b riberstby A tidtelsPrrbId B anferson

skilled in the RttranddasAuihias, b prepaigdin somemaddestibied didimananatine feRmptesamong
Examples. 5§(_)é137 13- L, Step 13-1: This step is a step of obtaining a compound (13-2) by
protecting th i Be% oup of the compound (13-1). This reaction can be performed under the same
conditions as those generélly wsashdfllibotectioprepacddmine grounpsudly asahdlegmaitionsydescribed in

a document $ch aspl W BIEARANE . Mn WidBe '@é{?&%‘&%‘?ﬁﬁgﬁ%}& RONBANE Shemigiyy. Third
Edition", John Wiley & %ons, P. 494-572 and J. Med. Chem. 2007, 50, 5493-5508. [0138] 13-2. Step 13-2:

15This step i5*@8R¢s sPOBEIHEPAE SontbeRiIRRPELd-B) Dy M- Bfid fatihereiabiondr e rEpfpotsed (13-2) with
the compoung (3.2z3)also be prephisdr 886119 BosANREPPACIMBE: PRIRELAG samEsORBHaNns as those usually

used in N-alkylation reaction of a compound (13-2) (such as the conditions described in J. Med. Chem.
2007, 50, 2485 SE0HJ i ke Aot h N L B AR 3) LAl DR ASATIe B, BRI base 20 Such
as powdgry sodimpiekydrongdixdmplsolution of the compound (13-2) in toluene, and then reacting the
mixture with m§99ﬁ)mpound (13-3), for example. The solvent used in the reaction does not inhibit the

reaction and allows the starting material to be dissolved therein to a certain extent. Examples of the
solvent include! s8€@8t$: such as toluene, THF, DMF and dimethyl sulfoxide. The reaction can be

performed by causing 1 torhieguivialents of anarpoptatp Hase 22 teyadinishctaisalyemt Examples of
the base used includ (:gium hydroxide, potassium hydroxide, sodium hydride, potassium hydride and
t-butoxypota§8fﬂ?r?}“1’$1§6' AR AR EUS TSR 0.5 to 72 hours, and preferably 0.5 to 24 hours. The
reactiont@mperature is ustielkgacB0CitahiOOEp can be perfoAmebuederefieralole ceslilicuch theen improved

>1’i§_'g rg?gpbféﬁégﬁiﬁvﬁgd% A% SHEN ARSHAPHBR NUONIUD Iodide IR HlsAsastien- [0139]
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

20 catalyst such as potassium acetate or [1,1'-bis(diphenylphosphino)ferrocene]palladium (II)
dichloride, for example.

Preferable examples of the organometallic catalyst include metal catalysts such as
dichlorobis(triphenylphosphine)palladium (II), [1,1'-bis(diphenylphosphino)ferrocene]palladium
(II) dichloride, bis(tert-butylphosphine)palladium (0), palladium (IT) acetate and [1,3-

25  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
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

30 usually ice-cold temperature to solvent reflux temperature, and preferably room temperature to

solvent reflux temperature, for example. The reaction time is usually 0.5 to 72 hours, and

preferably 0.5 to 24 hours.



This step is a step of obtaining the compound (13-5) by deprotecting the acetal group of the compound
(13-4). 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 Chefsistry, Third Edition”, John Wiley & Sons, P.
293-329. 5 [0140] The compaypd, of i Loy'a,(h ACEEIANG S REIRIRSERE m?ewe%fpmwﬁg in this

manner can be converted to a pharmaceutically acceptable salt by a conventional method where

necessary. TP SuttreagiipeipfBparednsy af mbitfod fisimitiemetRels o diediycissddn bretigtahof organic
synthetic chemjsinsaiem apptepradalh ceprhi sshiSpeaifieRra mples ah thevbRameatboshinalydrate,
neutralization titration %1: a fﬁreée solution of the, Cfom (éurfd of the %ig_ec{]t inventlorgyvi/ith. an acid solution.
The compouRa“SFHHE FORIFA P AeEdraing 28 P\’etr[f)grt SRS SR BB IAHEY S a solvate by
subjecting thg)@9®hpound to solvate forming reaction known per se where necessary. [0141] 15The fused
aminodihydr%[t}ias%'![ieg%rivative or pharmaceutically acceptable salt thereof, or solvate thereof according
to the present invention has an extremely excellent A13 production inhibitory effect or BACE1 inhibitory
effect and is extremely usERifl #8Pa tReteb LR A§ERN? LLAPArad édenSidversBasenddddedy A13 and
typified by Alzhgimerdipaisamentimddde]iBanaHysas apipadifiydthiozise-gervative or
pharmaceuti 8§§( cceptable salt thereof, or solvate thereof according to the present invention can be
formulated b; 09 nventional method. Preferable examples of the dosage form include tablets, coated
tablets suth &s¥fiiieidblets and sugar-coated tablets, fine granules, granules, powders, capsules, syrups,
troches, inhalants, supposiigrics, IEGRNE IMMEAS RYEHPRR AR ARG, EaRAIGRR 25 Gglaplasms
ablets, capsules,

and lotions. These solid preparations’such as ‘ ranules and powders can
contain genetafly Oaieria) PO tardidsrerirshiiy therabs EOUeaRY 8P thethqdddiedirddinydrothiazine
derivative or phapnaceutically acceptable salt thereof, or solvate thereof according to the present

invention as an active ingredient. 30 [01 The actiye ingredient is formulated by blending
ingredients generally use %Cﬁ{g?gﬁigsoﬁéi}%fﬁﬂléﬂﬁ&Q@ﬁ‘ffgg}%’é %’Fa?f(%ﬁelétrfavﬁaa?ﬁlg%lﬁ%%?ﬁient, a
disintegreint, masingenfRILbricRhts a €olethyltamb avbatrectivbatyplcal B subsipenssatidiedfeostabilizer, an

emulsifier, an,absorbefacient, a surfagtant adjust reservative an antioxidant where
eassany. 18 B o B A B S e e imal
and vegetabliailS shutituast Soybe anaoils-beeylalitbwndrrtosynthetiogly bevid é thydnbsarsons such as liquid

paraffin, squalane.ang sl RIAME S5t lls Sush ARREIVIRIREXHTNTIRIGIR ANl pgpropy! myristate,
higher alcohols such as cetostearyl alcohol and behenyl alco o\l; a silicone’ 5 resin; silicone oil; surfactants
such as polyextytithyiene fattyd doich sttt tsorbiiary featya d&id: estsn] Giyderoifatpiakicastere 1 to 3

po'yoxygﬁy'%Qt%t?t%%ltsas%ﬂé%% I%%i% g%g&té’%@%‘yfﬂ&'g @?_Swgﬁ%ggr%%ﬁ% %ESS éﬁ%ha?csﬂdmaay have 1

polyoxyethylene-polyoxypropylene copolymer; water-s
hydroxyethyleeRldstyeoly adeglicldoid &Ubaﬁbmny(&nyimlgmér—, tpd@*@bhmmred@mppdly\g'Wpyrrolidone
and methylcg] 1'&5%%?5 cﬁ'&)"?%ﬁsﬁ‘t‘&%@%ﬁé@%ﬁ?}o ”QT{E&RB%H?&PA'L‘%&%%HQX ghigiglcaipls such as

glycerol, propylene glyc propylene glycol and sorbitol; sugars such as glucose and sucrose; inorganic
powders sucfrebesifigietiaaiieidenamadsiabtagiediinyganeral Preparation Method 8 with a

corresponding halide compound such as a C;. alkyl halide.
25 [0101]

9. General Preparation Method 9:

[Formula 16]




silicate and aluminum silicate; and purified water. Examples of the excipient used include lactose, corn
starch, saccharose, glucose, mannitol, sorbitol, crystalline cellulose and silicon dioxide. Examples of the
binder used include polyvinyl alcohol, polyvinyl ether, 15 methylcellulose, ethylcellulose, gum arabic,
tragacanth, gelatin, shellac, hydroxypropylmethylcellulége, hydroxypropylcellulose, polyvinylpyrrolidone, a
polypropylene glycol-polyoxyethylene block copolymer and meglumine. Examples of the disintegrant used

include starch, agar, gelatin powder, crystalline cellulose, calcium carbonate, sodium bicarbonate,
3 ﬁ gllulose calcium. Exa esot 20 the lubricant used

e-glycol, silica and hydr%g dted vegetable oil. Examples of
cludg thosespesmitted fo, be gdd%gogzo [Sivarmacsuticals. Rxamples of the corrective
used include céco _ mentha oil;borneol afid cinndmon powder. [0144] 25For
example, an ofalpreparation is prepared By,.addint the fused aminodl fazine derivative or
pharmaceuticalty &cceptable salt thereof, & sélvate thereof accordingXoRhe present invention as an
active ingredient, gnexcipient and, where negggsary, a binder, a disinteggant, a lubricant, a colorant and
a corrective, and then forming the mixture into powder, fine granules, granules, tablets, coated tablets or
capsules by a conventional method. 30 Obviously, tablets or granules may be appropriately coated, for

example, sug 0 ?Ed, whg@g%&'essaryo For example, a syrup as an injection preparation is
prepared by addingea pf—fa' Stefpa olub Isotonizing agenta sol agent and a stabilizer
72 where nece§stry by a cofd@ntig methott—T he injection may bera/préviously prepared solution, or
may be powder itself or powder containling a suitable additive, whjighds dissolved before use. The injection
can contain usualﬁ&@fbé&ioo wi%s,|and preferabfyF 881 64000 wi9 of the aafive ingredient. Further, a
liquid preparation for oral adminigtratfon ¥uch asab suspension fpr a syr\\ds/p can contain usually 0.01 to
100 wt%, and preferably 0.1 to 169wWt% df the active ingredient. or example, an external
preparation can be prepared by atiyréonyentional method. As a b&s&’ material, any of various materials
usually used for a pharmaceutical, a q@’a?%i drug or a cosmetic can b&alsed. Examples of the base
material include materials such as animal 10 and vegetable oils, mineral oils, ester oils, waxes, higher
alcohols, fatty acids, silicdAd"5ilS 8UaR{AAE; PRSIhHIids Rardd ol oy tgdri dieshars fvater-soluble
polymers, clggioinerals and purified water. A pH adjuster, an antioxidant, a chelator, a preservative and
fungicide, a colorant or a(l)ael\é(e)rraf@n be add %leée.neceirs Further, ingredients

. . . . reparafion amge (?‘cpf(')r Te arlﬁgQ% compou Sc’iu&—r%l)aosf a.‘n ..
ingredient having a differentiation inducing e ?ect, a blood How enﬁarﬁ’cer, a acteﬁcﬂe, an antiphlogistic,

a 15 cell activkitaeneied foim i ocseiding Hufeeemnbingeaticrarbiytin dge N B&Pbend|Bnded Rihere
necessany. 1445 droeen atombeERSEBHIRG uSed pRInRRinYskQIi azineFeTivative epRhaimpsautically
acceptable salt thereof, or solvate thereof according to the present invention varies according to 20 the
degree of syltﬁpgt@ﬁ]%’f‘age, sex, body weight, mode of administration, type of salt and specific type of
disease, for example. Typitalbsnipevadtigel yrngnadi rdpsar abmadoministerad ta afi At frad@bbut 30 pg to
10 g, prefera%l 10 t0 5 g,an re preferably 100 pg to.1 g per day, or is administered to an adult
oy imbcton AL S i e B L R S B VRIS, 500 g per
day, in one oFsERicsl st xemplestively. 25 [0146] The compound of the present invention can
be convepted @@ 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
ora photoaffﬁii]ty%‘%lgél—by introducing a labeling group or a linker into a moiety differing from a structural
moiety 30 essential for exphessigriof acpivity@hiiiescosopponaday-a)techniciva desertoachsunt (dass
Spectrum. Sq W qunS.O\({RlI. 5ali d\lg)ﬂ %,e 299%@%).%?2-(:%986@ 2\14\:{195%007/139149, for example. Examples
of the Iabelingfgroup or the Tinker used for the c%er?ﬁcafpr@bé include groups shown in the following
group consisting of (1) to [ f28ction in this pigpoteirbéatvelinmestoogss Sircthias ghdibefinityhletiseling groups
(such as;3 beRZAQAUB:AREN20FNERANS JEPYP7ANRAIIUIAFQHR&SRIRANYIRZIAR ar933 diaziridine
group, an enone group, a diazo group and a nitro group) and chemical affinity groups (such as a ketone
group substifl¥ed4e asé%%w%ﬁlwmmpgm&%éh%‘?ﬁ,Oat@amﬁiacar&%? SIS Gidup, an
alkylthio groupiiiMichael atceptarsns uchpas (4 3sinsaturaiec kaianasdacbesiers panenan a@xirane group),
(2) cleavablecgpalfers sych as SrS(I aSci_t(a)lfé rponosatharides (such as a glucose group and a galactose

group) and disact taSHC e?@‘ﬁ’gﬁ as ac?ose),Oér?é%??z?matically cleavable oligopeptide linkers,

Preferable examples

include magne%isu i
the colorant usegd

20



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-yl)propionyl, (4) detectable markers such as radioactive labeling groups
such as 125I, 32P, 3H and 14C; fluorescence labeling groups such as fluorescein, rhodamine, dansyl,
umbelliferone, 7- nitrofurazanyl and 344,4-difluoro-5,7-8methy1-4H-3a,4a-diaza-4-bora-s-indacen-3- 15

ylpropionyl; 8@%@3&%&@@&%%&Qﬁwpéaﬁﬂ%iﬁs%ﬁ&%g(%sgﬁb@l“ﬂﬂ%&% apiheayy matalions such as

lanthanoid metal ions and radium ions, an groups bound to solid-phase carriers such as glass
beads, glassib®ds 2Rdicrontar PighksidigarbierBreaasobgarasepetrs dpbiisal e Ak BER AL Batystyrene beds,
nylon beads afigvaidenagdss Vel awpiaberisipreprredveytiniéads eing-<udabe ioes gupnasiected from
the group co sistin% of élzlr;[(oﬁ S‘SX) ahbove into thte c<|’im ougd Olf t}aetépresent inventiontin accordance with a
method descﬂ?ﬁé%fllc [ TRE SOV AOEUIRENIE MRS BB A Be UsB i 8L & HEREAT B8be for identification
of labeled prérefasibisefulnfiptes @ftbhrvdvior molwlednethiaoyStsNfdmestbytiplenajdilié /] 2% Tid-present
invention will b, deperibed. mare epgeiicaliyRalowithdeforansedo RXampies, RIpRAIaHoRGxamples

and Test Example. The abbreviations used in Examples are conventional abbreviations known to a

person skillediff!gienagthasemd hpisrsianisipaidsnsimBEloke - Tetereganyaiortaas v F:
N,N-Dimethyfiarpaamideahir freforiibiproagatit paich e solGekit reflux temperature, for example. The

1-Ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride pTLC: Preparative thin-layer

chromatograPiy" 74 e Mg u@oﬁﬂfo(?gg&’g&a ﬁ?%%%%%’ple%f C?l:“lli‘gW'PyBOP:

Benzotriazol-1-yloxytris(pyy rofick poferaddponiusnchexafl unropholspbEten8d2DBASed by carrying

Tris(dibenzylgql@ﬂggge%thf&g)gQﬁ\l@gj[éég\aﬁlq&[ﬁg@?)z: Bis(tri-t-butylphosphine)palladium 5 Chemical shifts
r

in proton nuclear magnetic resonance spectra are recorded in 8 units (ppm) relative to tetramethylsilane
and coupling[@&ffStants are recorded in Hertz (Hz). Patterns are designated as s: singlet, d: doublet, t:
triplet, : quagtet,shyp broad. The preparative columns (2 cm x 25 cm) used for preparative
separation of chiral comp% nds, CHIRALPAKTm AD-H, CHIRA Pﬁg{m IA, CHIRALPAKTmM TB and 10

CHIRALCELTm OJ-H, werdSHiR&HL PR GHE B BE et pRoand Grih e SAudion rafsieast e The “room
temperatareanidhef fibHewimg Exaihples Andree@paratibins Expoplbs tyypicalbyl reidnstbe sdosut 10C to about

35C. %" IndiGAlRS WA %@éﬁe%ﬂ%}ﬁ’iﬁ%.s@%‘?@ﬁéin[%é?k%?i%b%?@ﬁ@f‘?Qr%%ﬁﬂi&?é? Jsﬁe/a?ﬁasﬁg of tert-but
- - 4aR* 8aS* -8a-hen 1 -4 4a 5 6 8 8a-hexalt dro- /- oxa-3-thia-1-azana hthalen-2- 1 carbamate [Formula
26] the compound (9-2) can be obtained by dissolving the compound (9-1) in a solvent such as

methanol, and reacting the solution with sodium borohydride, for example.
[0105]
20  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).
[0106]
9-4. Step 9-4:
25 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]
The compound of the formula (I) according to the present invention, wherein at
least one of R' and R?is a Cy.¢ alkyl group which may have 1 to 3 substituents selected from
30  Substituent Group o, 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 o, a C; alkylsulfonyl group which may have 1 to 3



racemic race micrace micrace mic racemicracemicchiral 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. The excess of ethanol
was evaporated under reduced pressure and the resulfifig residue was extracted with ethyl acetate. The

organic 'ayers}ﬂ‘ﬁ%ﬁt‘(l"e%§!‘$e%¥¥ét&‘f?<§}9 %Lﬁ)%nt%eg{ iégog’g’ & 96*3.}’95%%\%@2{}?0% N %&’JF%E?WE%%SPIX%M was

evaporated under reduced pressure and the residue was pur column chromatography to
obtain the titlenbgsitmeotindl¢e@0fgn Substituent Group o, a Cs.g HdedBoUOR 9oy EDANNE fpym). 2.36 (m,

2H), 3.53 (dty )= 08 Beflib g &tk %%%469 t ’%inéeﬁ HFU%J'?Q o 328 T Bobia el JQ ALY 5-82(m,

1H), 6.91 (t, J = 10 3.6 Hz, 0.5H), , J=5.6 Hz, 0.5H). [0150] (2) Synthesis of
3,3a,4,5-tetrarydrondHbpyednio[3 wirsilsusey sttected from At wouliGirphiy pochidritebsanheddry (122 ml) was

added drgpwigeHg A SoiHEIaR b FRUIRNYIORYRGRIAIGE b%ﬂ@r%’ﬂ%ﬁaﬁ?ﬁ%g AtRdisRigipmethane (530 mi)

under ice-cooling. 15 After stirring at the same temperature for two hours, sodium thiosulfate was added.
The aqueousPalfPRdR eRflifasampeH i chtSromcthatiky ke drganitcTaydrewlieeateindatdhe dried

over anhydradsiBRgDEskITIBIY (3tde Phaso iveaiwaswagamiedNridey-reduced RFassureamd the residue

was purified by silica.gel column chromatography to obtain the title compound (4.15 g). 201 H-NMR (400
Vi, DB 8 G, L oS TP SIS G 4215 EDEES: 40 (dad,
= 6.4, 11.2, 28 GuHizerkti) B S dbnipoidd (11D dbHinelilt) B:B0a(dtle ghratid Mo dHz with), 4.06 (dd, 4.4,

12.8 Hz,.1H), 4. 3 i Hzy 1), 4-63 (ddy 37,84, 10.4 Hz, 1H), 4.70 (d, J = 13.6 Hz, 1H).
[0151] 2&%%(3)6%%%)&)%%) F%%ad%*g%%iagg -%dag-‘ fil'fféélgl%l]f)g_ﬂl(ti1 }%yépé;y_lltorohei_il hexah dm rano 3 4-c
isoxazole 2-Bromdihéeapeeirerd (hedog)lal aieasiviaddnbropiessat i8oepiipnawlerstrdnidrofuran

(10 ml) was aggedon-Butyilihinm (2 ri3Vhca-88 1) ) was 8deat diRmyise il fiiding-figraphenyllithium
was prepared by stirring at the same temperature for one hour. A boron trifluoride-ether complex (1.26 ml)

was added t&%(?ﬁﬂijoﬂ 6‘?%0%}& Ha@%m@-}ﬁplaw of the compound (3-4) or (3-5) used in General

Preparation Method 9. The compound of the formula (I) according to the present invention,
15  wherein L is -NR"SO,- (wherein R" is a Cy. alkyl group which may have 1 to 3 substituents
selected from Substituent Group ), can be obtained by further reacting this compound with a
corresponding halide compound such as a C;¢ alkyl halide.
[0108]
10. General Preparation Method 10:
20 [Formula 17]

ORI O20

R® R 5 oo
No_NBoc,  [Step 10-1] R
Pri;N X 2 p | N NBoc, or NHBoc
| — HN X
Y. S \
Y. S
4 B3
R* R R 3

(10-1) (10-2

[Formula 18]



30 pyrano[3,4-clisoxazole (630 mg) in toluene (70 ml) at -78C. 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, angithe aqueous layer was extracted with ethyl
acetate. The organic layer was washed with brine and 76 dried over anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressere an cesidue was purified by silica gel column
chromatography to obt tlt_l.:pound (1.26 g) SI-MS; m/ ]. 51 H-NMR (400 MHz,
CDC)) 8 (ppm). 1.83 (@ 1H), 3 4)(m k) 3.68 (dd 1.2, 3:2711.6 Hz, 1H), 3.73 (d, J
= 6.8 Hz, 1H), 3.78 (& s~ 12.8 Hz, 1H) 4.04 (1, JH), A0 (dd, FER6, 12.4 Hz, 1H), 6.32(s, 1H), 7.04
(ddd, J=1.2, 8.0, 12 hﬂg)Ngdiﬁr(d-tBoﬂ 1.6, 7.6 Hz, 1), 7428 ,mﬁa{““kgs (dt, J = 1.6, 8.4 Hz, 1H).

[0152] 10 (4) Synth'_%sis f - 3S* 442* -3-amilluoro hen 1 tetrah g -451 methanol Zinc (11.6 g)
was added to a solutioii o 3aR*,7aS*)-La-(2- fluorophenyehex R)/dropyrano[s 4-clisoxazole (3.95 g) in
acetic acid (78.4 ml)Rard the mixture was st 'at room temperature overnight. The insoluble matter
was removed by flltratlgmotbyough celite, andothe S6tnt was evapditateéd under reduced pressure. An
ice-cooled 0.5 N 15 so hxdrgél e solutiori #¥as added to the residue. The aqueous layer was
extracted with ethyl acetate apda, mixed solution of ethyl acetate and tetrahydrofuran. The organic layers
were combined and washed wyith bring and then drle‘_Lus magnesium sulfate. The solvent

was evaporated under reduced presilre and the residue’was purified by silica gel column

chromatography to obtaifi the\title ¢ompound (3¥45gR4201 H-NMR (400 MHz, CDC) ) 8 (ppm). 1.61 (m,

6 HzRalil\) : dT/J\‘Hzl .6, 11.6 Hz, 1H), 3.63 (m, 1H), 4.16(m,
2H), 7.06 (ddd, J = 1.%8r0, 12.8 Hz, 1H), 7.20 (dt, J =/1.6,8.0 Hz, 1H), 7.31 (m, 1H), 7.64 (dt, J = 2.0, 8.0
Hz, 1H). [0153]7(5)%y; ' 42: lumohen14- 25
(hydroxymethyl)tetrahydm 2H-pyran-3- yI|am|n0|caFFbcﬁ1oth|oyl)carbam|c acid
FluorenylmethyloxycarbOnyl isothiocyanate (938 mg)was added to a solution of
0-[(3S*,4R*)-3-amino- 5. (5 -fluorophenyetetrahydropyran-4-yljmethanol (683 mg) in dichloromethane (20
m1). The mixture was stirled) 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

1H), 2.28 (m, 2H), 3.35 (8d,.J =

chromatograpffye'adtdin the title compound (1.57 g). ESI-MS; m/z 529 [1)/E+Na]. 1
H-NMR (400 MHz, CDC))8(ppm) 1 . 1H), 1.93 (m, 2H), 365 (m 4H), 4.13 (m, 2H), 4.27 (£, ) = 6.4
Hz, 1H), 4.55(m, 2 -. é"ﬁ'?z 145; 7)16(t 1H) 7.28 (m, 1H), 7.35 (t, J =
7.2 Hz, 2H)744 H)7 qVJ 74@!2-52 2H) 9 779(dJ 8.0 Hz, 2H), 7.93
(s, 1H), 10.67 (s (6) Sy esis of - 4R*4aS%-8a- 2- quorodro 7-rnta-3-thia-1-
Step 10-5] @\
NBOC2 or NHBoc N NH2
\[/
s
R3-Lv R R?
(16-1) I-p
(10-2) [Step 10-6] (-°)
oN0
RS R
R'3 N _NH,
N A
Y s
R* RS

(l-a)
In the formula, Ring A, Ring B, R3, R4, RS, 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



5 azanaphthalen-2-ylamine Concentrated hydrochloric acid (3.00 ml) was added to a solution of
()-9Hfluoren-9-ylmethyl([ [(35*,4R*)-342-fluorophenyl)-44hydroxymethyllietrahydro-2H-pyran-3-
yflaminolcarbonothioyecarbamic acid (8.00 g) in methanol (200 ml), and the mixture was heated under
reflux for three hours. The reaction solution was cooled$o room temperature and 10 the solvent was
evaporated r - etonjbrl [-wa g to the resj iperidine (40
ml) was add%%ﬁllj r[gc@f\)fglbsl%%ﬁll%rﬁ %vl%gt{e?r}rk%%h&r'%e}?'eﬁ{%%?grgvggléérr?g %ﬁ?&%&lﬁnﬁ er%ﬁ%g two hours, and
then the solverisiasiesspoteddbunbids iddut dquregsu fe (T he residerdimtcmenified doyuN Misilica gel

column chrOMBORIRD 0 QBRI STl PIGRIES T e g oule prodl g g phrified by

silica gel columnh chromatography to obtain 15 the title compoun ). Sym/z 267 [M +H].

1 H-NMR (400a)kire CBCTY 8t (e sdl4Sddran=Sasoteent Griupod2 (ng ikl 261D (@high=s.0 Hz, 1H),
2.91(m, 1H);2,96 (49, olisiftaRnd 3R blZa ol §u§§d£&eﬂti;ﬂo§r§&'& 503 d i b EI0HE A 4-09(m,
2H), 4.58 (brs, 2H), 7.03 (dd, J = 10.0, 16.0 Hz, 1H), 7.12(t, 20 J = 10.0 Hz, IH), 7.25 (m, "1H), 7.36 (dt, J
=25,10.0 Fmomp{y(l{@jnggqy @p)vgymﬁegigsgfqgﬂs[ggmted from Substituent Group «; R and R" are
0-[(4R*4aS"3:Bpd4zrdluaRmennit ¥R &, 6, 80P READNRICH R thigslsazang
hthalen-2-arb§mallte -(4Rll,X;s@ggg%z-ﬁuoropﬁé%ﬁ?—%,%,5,6,8,8§?hexahydro-7-oxa—3r}ﬁ1ia-1- 25
azanaphthaléplepigiliomeS Bl SHIPepat atish | B-taemiererl (5iereelig)2ivas HikisbIvsy it ohcentrated
sulfuric acid (2Q mbsRRchiVBINGA L AGH (HREH IGARUNY: & pdyAShge #aD daerhdrPRIviSe in an ice
bath. After stirring at the same temperature for two hours, the reaction mixture was carefully poured into

ice. The Baudsubstayenthvisicnsdtiam sytniNeaBumtbidarbshatesorRitidicAmea vygiliia hydroxide

solution, follayyed; Ry RxIRcHaNInRIYIRA BCRIAIR: JNeorganimiayR- WA WaSed t%l krenand dried
e

over anhydrous magnesium sulfate. The drying agent was removed by fjltration and iltrate was

concentrated B fddGcbtl Préssiies s eiptdivd rebiiientefeun/drefiart oo iagsiiss Eaed to the
][eﬁiduedagd ten H@i@k@mh&&&l@r&;@mﬂm@&ﬁ;?@ﬂ%ﬁ&ﬁk%@&b&@@tﬁ% %ﬁ)ﬂls\a@ﬁ&dﬁ%lﬁmiw&y added,
ollowed by stirring at room temperature overnight. The solvent was evaporated,under reduged pressure
78 and the reUNIL RS BFAEAIBY eS8 AT EHHERSE G ST BhNR tHe RS CBhpotind (5.30
0). ESI-MS; m/Zefh2dMbvel R T HpNMR (400 Mity] SRG Y& Eppag)hdvs 8 (s3 Hb)titubiiy(saletid), 2.21 (m,
1H), 5 2.62 (dd, J&=,3.2, 12.8 Hz, 1H)..2,85 (dd, J = 2.8, 13.2 Hz, 1H), 3.00(m. 1H), 3.67 (dt, J = 2.4, 12.0
e . 3 74wl By A2 d e gon el s SRRt P S
2H). [0156] sul(&)t&tmhelstsedfﬂemﬁwmtnﬁmﬁzeﬂgq@ kar MMB@&&&EL@ M@X@hmhﬁveﬂat@&hia-l-azana
m;'e”'z 1 carhamatt ARudsd ammoniueg ghiorde solution (13:2 Mak.yas added {9 4 solution of tert-
()-B4R*,4aS*yuBsgiti2efiyorteSedifrophBrylijudnd &5& 8 8a -Héxahytne:Tiboxal 8athiasldragaphthien-2-ylicarb
amate obtained in Preparation Example 1-0) (5.3 in ethanol (132,m1). Iron powder (5.76,9) was
gt B ) e
was cooled terropmitemperaiave,ldand sabsirsoitiideriadromds hiltaredt throuygh; celitBrtT hepfiteate was

evaporated ”Jﬁdﬁﬁjh%%%gtﬂréeg%%esum%s@%lﬂﬂi‘?ﬁ{gﬁﬁ)&ﬁéﬂ% BrodiHisilica agb eQlms armptography to
obtain the title compound (4.56 Q).
[0109]
General Preparation Method 10 is a method for preparing the compounds (I-m) to
25  (I-q) of the general formula (I) according to the present invention, wherein Z is -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 @, 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 @, 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



1 H-NMR (400 MHz, CDC!)) 8 (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, J = 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-but 1 - -hen
144a5688a- hexah dro-7-oxa-3-thia-1-azana hthalen-259% carbamate tert-Butyl

0-[(4R* 425" Bas(o: 491%5?55'%%%?%98%{&&%6%& %%ﬁ?shﬁ%(?@% héRd A HBsrou  which
Fazanaphthalen-2-ylkarbamate obtained in Prepalpatlon Example 1-(8) (100 mg) was %UI’I ie ]by
CHIRALPAKRY ADeH (mdbiksipinese stlexadéethamoiiugns AraifionardtB! 201 Ri/air)ydmeethe fraction

with a retentign fime. of 20 AR Al IBINUIeS Pﬁk@%n%?él%ﬁ%%t%@%ﬁm@?%&'gf@é}}H@UPRL- St game

operation was repeated to obtain the title compound (405 mg; >99% cc) from the raw material (1.00 g). 30
[0158] Prepa@ation Example 2 Synthesis of 5.4li.)luoromethoxipie-2-carbox acid [Formula 27] 79 (1)
Synthesis; of [pethy! 54hhox razine-2-cmarbox late Fluoromethyl toluene-4-sulfonate (Journal of

Labelled Compounds & Radiopharmaceuticals, 46 (6), 555-566; 2003) (344 mq). cesium carbonate
(524 mg) were added t0 o CORTER DAY S OQIUBS AT AR N O BB AN . 5
dimethylform@enictel (2€pmiltipriVethed Otibe soiliforpaves stivietbiod t67 O€nfonlfRrepacwien dviet 180 Minutes and

then cooled tgJQQMPRIPSEBINRYRLS YRS ABHELIPHNA/SARNABROMIAN IRUowEd by, £xtggetion with

ethyl acetate. The organic layer was concentrated under reduced pressure. The residue was purified by
NH-silica gelBefAACRIGREbBIEIRI RS Sttainltnatiaeedormpslnd (18.0 mg). 101 H-NMR (400 MHz,
CDC!)) 8pp0)1%.03 (s, 3H), 6.14 (d, J = 51.2 Hz, 2H), 8.42(d, J = 1.2 Hz, 1H), 8.94 (d, J = 1.2 Hz, 1H).
[0159] (2) Sy hezgs 05 g-lf!uoromett lic acid Potassium trimethylsilanolate (18.6 mg) was added to a
solution of methyI'5<25fitioromethoxypyrazine-2-carboxylate obtained in Preparation Example 15-(1)
(18.0 mg) in tetrahydrofur&hig 3t€pnsla) st efretzetivm salutipnunvd s16tiziég d¢mowriitentigersture for one hour.
Water and e@%ﬁ%@%‘&%ﬁ%&ﬁ%@- 19 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 oV &piaPoiis ReRsrosigf widratbe THeesSHALI2D aydreesssathovsd by
filtration gnd thedflisateivas eprepilitecbun dehii adkee CORIBSEMI Sutd abiRinteherisia pEQaibetigh the title

compound (10,2 m g The comp ] was ggif &Q]e neg[gt r?%%:tio }Nithoilﬁt l#rther urifi.crt:\tion.
L TNMR (400 RS B BTN o2 B e B S B RS Q605 (d, 3 = 1.4
Hz, 1H). 25 [Dh&@Edition", John Wiley & Sons, P. 494-572.
When Prt2 is a 2,4-dimethoxybenzyl group, for example, the compound (10-2)
can be obtained in this step under the same conditions as those generally used (such as the
20 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 does not inhibit the reaction and
allows the starting material to be dissolved therein to a certain extent. For example, the first-
25  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 usually 0.5 to 24 hours, and preferably 0.5 to 12
hours. When Prt2 is a benzyloxycarbonyl group, the compound (10-2) can be obtained by
deprotecting the compound (10-1) by hydrogenation using palladium-carbon as a catalyst in a
30 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)



Preparation Example 3 Synthesis of 5-c ai._.y_np_i_y_thm-2-carbox lic acid [Formula 28] ,.. N (1)
1%-.**(2) -1.- H Or.IN* ,..0y. N(.> -,- ...... 0 y? N-5- 000 80 (1) Synthesis of methylidine-2-carbox late

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 aglded to the reaction solution at room temperature,

and the insolyble Maer WRSSRIPYEhEY JULANeR N RE S e ARSI HEGIRA WL sthyL agetate. The

extract was washed with brine and then dried over anhydrous magnesium sulfate. The drying agent was
filtered off an@'tie’fitate was concentrated under reduced pressure. The resulting crude product was
purified by sifiga gel column chromatography to obtain the title compound (920 mg).

1H-NMR (409 I§/3[H , CR)_CI)) 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)= 2%?—12—1 ,1H). [0161] (2) Synthesis of 5-cyanopyridine-2-carboxylic acid A solution
of the corfipound of Preparbisore i xsaneie 3 ti94 0img ghearonaduid Saditrnhidroxigesel (i) 2.26 ml) in

ethanol (30 mb) Wag EE'EE?&%E{:P%O{J}J&HH&GJ&M&H% %Qef;%-H‘L‘?g&%dl?cﬁwx%ﬂ&%ﬂ@%@&& (P 1) was

added to the reaction solution at room temperature, followed by extraction with ethyl acetate. The extract

was dried ovEIIHARGAESOSHEAGH &STiaRs SUFRREOT Rt haraRiehe o vath VT BYMittrafidAmaiesthe filtrate
was concentiatgd radarvestsrdprassu tRigbtandthentitlecUmRpURA dSBOuRDclude a method

1H-NMR (408 MI—_I%,ADMSd%dG 8 2,13%‘31”}:,&18(29’ J= %é)g‘z é‘l%)’ 8.51 (dd, J > 2 2f9’ E%%{l zZ, 1H),
012.9.18 (mIH [S1EOHPRAPSPAGER Exh o RS o & e R EREE B5THE 2 A BHE acia
[Formula @9]ctin@EkOchiNpednd that can be used include sodium borohydride, sodium cyanoborohydride and
sodium triacetoxyborohydride.
[0114]
10-4. Step 10-4:
This step is a step of synthesizing the compound (I-0) from the compound (10-2)
15 as a raw material using a method described in Step 3-4 after sulfonylating the amino group using
a sulfonyl chloride derivative known to a person skilled in the art.
[0115]
10-5. Step 10-5:
This step is a step of synthesizing the compound (I-p) from the compound (10-2)
20 as a raw material using a method described in Step 3-4 after coupling reaction with a compound
(15-1) or (15-2). Reaction such as coupling using a transition metal complex 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.
Preferable examples of the catalyst include metal catalysts such as copper (II)
30 acetate, copper (II) sulfate, copper (I) iodide and copper (I) chloride. The amount of the
catalyst used is usually about 0.1 to 0.5 equivalent with respect to the raw material. The solvent
used in this reaction does not inhibit the reaction and allows the starting material to be dissolved

therein to a certain extent. Preferable examples of the solvent



(1)(2)I HOy--.., # N -5-F 0 25 (1) Synthesis of methyl 5.-cloroetho,iptazine-2-carbonx latme

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 m1). The reaction solution was stirred at
100C for 30 minutes, and then saturated agueous amngdnium chloride was added, followed by extraction

with ethyl acelage;c hog QFGRMG IRy WAS WasRA- 3% wilia-satWriGdsodiiM picarbonate solution and

brine and then dried over magnesium sulfate. The drying agent was removed by filtration and then the

solvent was SVBHBPANSHaRfdd rréireas: %&tm%ﬁom%tféemwa@mwm%y dileseai®olumn

Chfomatograwm@waﬁbéamuﬂaelmheec&smeumdré%é tmgﬁlvent reflux temperature alad‘in’%JMa)( dMHz, CDC) )
8 (ppm). 4. 04 7, 49 8 47 d \E/i&[; 8 92 ; y@? 1]O|6|) 5[0163]
(2) Synthesis %’r& [foior Vﬁ%%@‘jy’%éz“%?é’*it 553 %ngé‘fd te F%it B2, 5 & ‘%f“a’éy ST hydroxide
solution (892hmijswerkpacided ol dsdlutionsof the compound obtained in Preparation Example 4-(1) (250

mg) in THE (4.60 m1). Thg W&g%@&&%@élp&gu\i\{@ﬁ&tgﬁg gg)g%?%ﬁg%%%eg%gggtggﬂplmﬁgnd thena 2

N 10 hydrochloric acid solution was added, followed by extr he organic layer
was washed WitH BRSSP EY RS %Sﬁlilﬁ&‘nesmm sulfate. The drying agent was removed by
filtration and therythe solvent was concentrated under reduced pressure to obtain the title compound (200

mgQ). H-NMR (400 M 7.51 (t,J=71.2 Hz, 1H), 8.39 (d 2 15 Hz, 1H),
9.04 (d, J = 1.2 Hz, 1H). [g‘(i)%"lf]%é%%\rs .%)ngf%ﬁ‘??ﬂé %ﬂ%‘?ﬂ&%ﬁf&?%@lmeml Somplex s 3
(-)4(4aRt(BaSHkBak(Grarrinde2 duiflboporfrethakyphe mheldehde b6, 8)8a et dipydnopooxia-B-thia- 1-azanapht
halen'z'ylicamﬁm%%n%%iagfﬁw&rﬁg]ﬁve, a heteroaryl halide derivative, an aryloxy

trifluoromethanesulfonate derivative or a heteroaryloxy trifluoromethanesulfonate derivative

under the same conditions as those usually used (such as the conditions described in a document

such as Org. Lett. 2002, Vol. 4, No. 4, 581). The aryl halide derivative, the heteroaryl halide

15 derivative, the aryloxy trifluoromethanesulfonate derivative or the heteroaryloxy
trifluoromethanesulfonate derivative used in this step can be a commercially available product
used as is, and can also be prepared from a commercially available product by a method known
to a person skilled in the art. Examples of the transition metal complex used in this step include
dichlorobis(triphenylphosphine)palladium (II), tetrakis(triphenylphosphine)palladium (0),

20 tris(dibenzylideneacetone)palladium (0) and a copper-diol ligand complex. 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
as a reduced reaction temperature, a reduced reaction time and an improved yield). When the

25  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 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 complex, N,N-
dimethylformamide, N-methyl-2-pyrrolidone, 1,4-dioxane, toluene or xylene can be used.

30 When the transition metal complex used is a copper-diol complex, 2-propanol can be used. The
reaction temperature in this step is usually room temperature to solvent reflux temperature. The

reaction time in this step is usually 0.5 to 72 hours, and preferably 0.5 to 24 hours.



(6)NH2-..FBCONONH2 (7) racemicchiral In Preparation Example 5, the compound

obtained in Preparation Example 1-(2) was used as a starting material. [0165] 82 In Preparation
Example 5-(1) and (2), synthesis was performed according to Preparation Example 1-(3) and (4). [0166]
(3) Synthesis of Ebenzoy1-3438*,4R*)-4-hydroxymethyi2342- 5 trifluoromethox h Benzoyl

isothiocyanatg(f42 til) was added to a solution of the compound obtained in the previous step (1.26 g) in
dichloromethane (32.3 ml) at room temperature, and the mixture was stirred for two hours and 30

minutes. The reaction sol)Yief? WadES sErit s Gh detiderriblic sragstires sid iHioRdSii0E was purified by
silica gel colyppiehsomatagtaphyidd peabiaisdthaditie campound (D-8Y @) the compound (15-2)

which is an aryl halide derivative, a heteroaryl halide derivative, an aryloxy
5 trifluoromethanesulfonate derivative or a heteroaryloxy trifluoromethanesulfonate derivative in
the presence of a base under the same conditions as those usually used. The aryl halide
derivative, the heteroaryl halide derivative, the aryloxy trifluoromethanesulfonate derivative or
the heteroaryloxy trifluoromethanesulfonate derivative used in this step can be a commercially
available product used as is, and can also be prepared from a commercially available product by
10 amethod known to a person skilled in the art. The nucleophilic aromatic substitution (SNAr
reaction) used in this step can be performed under the same conditions as those generally used
(such as the conditions according to methods described in documents such as Org. Prep. Proced.
int. 39 (2007) 4, 399-402, Bioorg. Med. Chem. Lett. 15 (2005) 9, 2409-2413 and Bioorg. Med.
Chem. Lett. 15 (2005) 3, 719-723). The solvent used in this step does not inhibit the reaction
15 and allows the starting material to be dissolved therein to a certain extent. Examples of the
solvent that can be used include N,N-dimethylformamide, N-methyl-2-pyrrolidone, dimethyl
sulfoxide and acetonitrile. Examples of the base include potassium carbonate, sodium
carbonate, sodium hydride and tetrabutylammonium fluoride. Potassium carbonate, sodium
carbonate and tetrabutylammonium fluoride are preferably used. The reaction temperature in
20 this step is usually room temperature to solvent reflux temperature. The reaction time in this
step is usually 0.5 to 24 hours, and preferably 0.5 to 12 hours.
[0119]
10-6. Step 10-6:
This step is a step of synthesizing the compound (I-q) from the compound (10-2)
25  as araw 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
J. Med. Chem. 2002, 45, 3794-3804 and J. Med. Chem. 2000, 43, 3809-3812).
30 [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 o, a C;_¢ alkylcarbonyl group which may have 1 to 3 substituents selected



1 H-NMR (400 MHz, CDC!)) 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
N4(4aR*,8a5%)-8a42-trifluoromethoxyphenyl)-4,4a,5,6¢8,8a-hexahydro-7-oxa3-thia-1-azanaphthalen-2-yli

benzamide Ganceitale MQ&QE?H',OJ i|é£§%§§}&é%‘é?%§(%?&%%%91%“10{1) qf ﬂ%%tﬁt;?éﬂﬂound obtained in

the previous step (1.67 g) in methano ture was heated under reflux at 90C for two
hours and 1(F¢iﬂ¢tgfdefsomt$elhfém@imﬁswmti_bﬁ @gsaﬂémﬂlﬁédltbg@@m\@@demehamrbtaﬁd concentrated
under reduced| pressire. & satuated.sadium bicaibanate soluianuins addsd g reridu. (odowed by
extraction with ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate. The drying
agent was filtehsttefhandlthiediftraneSuas woridermrated ihdey reekaceeh presgime tolodtana tihevitle
compoung (1,69 Gl MM (AOBMEZ, OGN BRI 163 1,98 MR AR IR, 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), 7.38vhidly iy, By, I7ta 8 -spiBTtgent pje@cd frgnp Bubpti@et (aaas(sysynthtsisdpy
(4aR*,8a5%)-BadR ARt uMa Ry Yok @uﬁzﬁ'ﬁtﬁﬁ'ﬁ%ﬁﬁwEﬁé%é%?é%@formﬂﬂ%%%féiﬂl-28 mi) was
g

added to a solption of the compound obtained in the previous step (1. in methanol (100 ml), and the
mixture was Redtddu ﬁ@é?yfgﬂ%%é‘f%@%:‘f’étpéiﬁﬁ?%ﬂ?élﬁﬁ&ai@?ﬁﬁ{ﬁ?égv‘i'ﬁ@}fé‘éét%ﬁ abifvkion was
returned to re@nmadéemperature and concentrated under reduced pressure. The residue was purified by
NH-siIicg(?elgsi/#En chromatography to obtain the title compound (870 mg). 83

1H-NMR (40 , CDCI!)) 8 (ppm). 1.40-1.50 (m, 1H), 2.02-2.16 (m, 1H), 2.61-2.70(m, 1H), 2.87-3.01
(m, 2H), 3.60LB.@eneral PrpadaicaMethoch | PH), 4.51 (brs, 2H), 7.21-7.34 (m, 3H), 7.48-7.52 (m, 1H).
[0169] 5In Pr, Mggogxample 5-(6), (7) and (8), synthesis was performed according to Preparation
Example 1-0) and (8). [0170] (9) Synthesis of tert-butyl

(-)44aR*,8aS*).8a45-amino-24rifluoromethqxygh

e
4,4a,5,6,8,8a-hexahyq -oxl%-g-thif\l-_li?zan ph

vl )-

- -G-é/lica{?gg?at i) ompound obtained in the
previous step (12 nig) was purlfleg by CHIF%AL;AK m AD-H (m 'e[ € hexane:ethanol = 8:2, flow

rate: 10 mli/min))andthe fraction with a reteéhgion+itie of 15 to 20 mi as collected to obtain the title
compound. Thi§4o*ﬁ’eragon was repeated to Bbirthe title compound §¢4%2 mg; >99% cc) from 240 mg of
the racemate. 15%H-NMR (400 MHz, CDC!))'80ppm). 1.53 (s, 9H), 1.5441.60 (m, 1H), 2.13-2.27 (m, 1H),
2.51-2.60(m, 1H), 2.90-2.96(m, 1H), 3.03-3.12 (m, 1H), 3.58-3.67 (m, 2H), 3.80 (brs, 2H), 4.05-4.17 (m,
2H), 6.60 (dd, J = 8.8, 2.8liHthe Tbtm@:6 Rk 4, R2.&HR 1R, ROG‘ Akl Zpre d+-)efi@dd 1S6.Preparation
Example 6 Smt@f_]sis of tfft-Lan 1 - - 4aR*5-amino-2-fluoro hen 1 -6-meth 1-

15 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
20 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).

25 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



4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylicarbamate [Formula 31] (1) Synthesis of 4-
2 2-cliedt-ethox -1- entene 60% sodium hydride (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
temperature, bromoacetaldehyde diethyl acetal (2.99 mil) was added to the reaction solution 5 and the

mixture was peafed 10h NG NRUFS. R YRR ARE) I INRGRAUQNA SRIIRA [BIpwe ki exiRction with

diethyl ether. The organic layer was concentrated under reduced pressure. The residue was purified by
silica gel column chromatd§eashitbuseddintinécatiéoasieioiphinpibgshgyeaction and allows the 1 H-NMR

(400 MHz, CE¥Metlnk St olbd Qifdolded & dilziodtterhkid2Ltent. = E:8:401EH % 0h)sdvkar Zadidden, 1H),
2.28-2.38(m, ( 2H),

1H), 3.43-3.6 , bH), 3.66-3.7 , 2H), 4.59(t,.J =5.2 , 1H), 5.01-5.1
5.76-5.88 (m{“f%.“ﬂ‘he}% ) -%%%1&% tsfr EY%%?H%%%fe%éfe;&%%ce@%e S)'/gdlesegiisn%e ﬁ%gr%ompound
obtained in thedprevigis stép (685 gh Wab diskodvéithinna imixexi db5 feokutioplef foFheierawidt(@Thml) and
water (10 mi) at.room;tesmpesaienfellawes Ry sttring far abiioyrs: ﬁyﬁm&m@mww{g@a@t%ﬁm g) and

sodium acetate (4.41 g) were added to the reaction solution, and the mixture was stirred at room
temperature o5 aMRewRd (Sdiuratbe seiBEnsda it En biehhay adad aredemblyddetbhegsiution,

followed by erteactionwitnptivbacetaiealyherganisayes wasiwashewithinarand then the solvent
was evaporaﬁ%% der 20 reduced pressure. The residue was purified by silica gel column

chromatogra obtain the title compound (2.95 g). 1 H-NMR (400 MHz, CDCT ) 8 (ppm). 1.17 (d, J =
6.0 Hz, 3Hi), 2115-261(M; 85 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), 58288 igg’sge'ﬂ%f%ﬁt%x?ir%%ﬂo%ﬁ%‘u%ﬁﬂ?LQ%E%?&E%%%WQ&%@'(3)’ (4)

and (5), synthesis was performed according to 5 Preparation Examp , (3)and (4).10174] In
Preparation EXa e Bejoraraaians), synthesis was performed according to Preparation Example 5-(3),
(4) and (5). [0179] 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.

15 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
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

20 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-
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

25 mixed acid anhydride.

The reaction time is usually 0.5 to 48 hours, and preferably 0.5 to 24 hours. The
reaction temperature is usually -78°C to solvent reflux temperature, and preferably -20°C to
room temperature. The solvent used in the reaction does not inhibit the reaction and allows the
starting material to be dissolved therein to a certain extent. Preferable examples of the solvent

30 include tetrahydrofuran and ether.

[0125]



10In Preparation Example 6-(9), (10) and (11), synthesis was performed according to Preparation
Example 1-0) and (8). [0176] (12) Synthesis of tert-butyl - - 4aR*-8a- 5-amino-2-fluoro hen 1-6-inethl- 4 4a
5 6 8 8a-hexah dro-7-ona-l-azai_mhthalen-2-1carbamate 15The compound obtained in the previous step
(27 mq) was purified by CHIRALPAKTmM AD-H (mobile§shase: hexane:ethanol = 7:3, flow rate: 10 ml/min),
and the fractipn @’éﬂé&lrﬁ%ﬂ&[&ﬁim&ﬁﬁd@zto 19 minutes was collected to obtain the title compound. This
operation was répeated to obtain the tifle compound (228 mg; >99% cc) from 540 mg of the racemate.
201 H-NMR feomminz!lcDe) ) 8 (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-%.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\5, 6@6.89 (m, 1H). [0177] Preparation Example 7 25 Synthesis of tert-butyl
(-)4(4aR*,6R*,8aS*)-8a-(5-Emfigr2FJuordpfieny1)-6-methoxyméth§i4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
1-azanaphthalefi-Rylicarhapate -[Fqrm 2 o(g@H2-chiral” >ehdiral (1) Synthesis of
(R)-l-methoxyqj;éﬂf@ﬁ-zr p \riodidﬂB@U‘rﬁg) vas spended in tetrahydrofuran (200 ml),
and a 1.38 M solution of vinylmagnesiugychloride in tetrahydrofyran (32.3 ml) was added at -78C,
followed by stirring fior 10 minutes. (R)-(1)dycidyl methyl ether (2 ml) was added to the reaction 5 solution
at the same temperature, and the mixture was stirred at -78C for two hours and 25 minutes and at OC for
25 minutes. Apgatiiatesl 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 drie anhydrous magnesium sulfate. The drying agent was filtered off
and the filtrate was concentratedingderz-2) R: R° T/OH
Fii‘; [Step 12-3] © O<pr, [step 12-4] o
N _— —
HO Prts Y N N
(12'5) (12-6) (12_3)
[Formula 23]
AN
4 R3 (12-2 RS RS
RS R6 R R ( ) RS R6 X
OR'™ [Step 12-5] >§<OR14 [Step 12-6] o CHO
HO — 0 1 Y.
OR™ v OR x
X R4 R3
12-7 Ry R
(12-7) (;‘2_83) (12-4)

5 [Formula 24]

RS RS

V COOR15 5 6

(12-10) RS RS RUR
OH [Step 12-8] O&OH
Y. ~ [Step 12-7] 9 COOR15 *
R4 RS YY\ =

i b3 R4 RS

(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, RP represents a C1-6 alkyl
group, and Y, R3, R4, RS, 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



10 reduced pressure to obtain the title compound (2.60 g). 1 H-NMR (400 MHz,
CDCT) 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@®xample 6-(1) and (2). [0179] 87 [0180] In

Preparation EXAMAIRCIP. (P nd Oh syniterts s pRiAmAg shrardra R RisARion Frample 5-(3).

(4) and (5). [0181] 5In Preparation' Example 7-(10), (11) and (12), synthesis was performed according to
Preparation EXxaifiplé$-0) and (8). [0182] (12) Synthesis of tert-butyl 1 - - 4aR* 612'ry | )1<_, 11 p y ) '
-8a- 5-amMo-2-fluorohent=émpaetaoximesatehhihales2¢12-oarb@ate d 0bHY VR 400 MHz, CDC) ) 8

( ). 1.48-1.57 .. , 1. , 9H), 1.82-1.96 , 1H), 2.49-2.56(m, 1H), 2.96-3.03(m, 1H),
oS, (o con S S prod e e K B R e N, 77 k. 110,
3.82-3.915(MpLH) e B2t hE{ho8 546160 (mei2bH)sI6182-5.89 m, 1k k016G befreparation
Example & SR Y JSCUAN 495, S sl e 0 1--fioro-3 4a 5 6.8 G- el

dro-7-oxa-3-thia-1-azana hthalen-2 1 carbamate [Formula 33] (1) Synthesis of
(R)-1-(tert-bul§Adithethylsilanyloxy)-3-buten-2-ol n-Butyllithium (58.2 mL, 2 64 M solution in hexane) was
added dropwigertg@suspension of trimethylsulfonium iodide (32.4 g) in tetrahydrofuran (400 mL) in a

nitrogen atmosphere at -20C. ‘It'he, reactionfs {u.tion was stirr(-gbgr the same temﬁe&ature for 30 minutes. 5
tert-Butyldimethylsilyl (R)-(J-giady StHRPi0Y) Wag Sy %%g%eﬂ%% S LBRAG at the same
temperatare.(Thé)reabtibnsolptiomwigsStirred for three hours with gradual heating to room temperature.

Agueous ammonium Cthﬁng f”éﬁ&ﬁ%’i@&%%%&ﬁqgetﬂé%mg 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 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 THE, 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. Examples of the base used include

20 sodium hydride, potassium hydride and t-butoxypotassium. The reaction time 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.
[0128]

25 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.

Examples of the known oxidation method used in the reaction include Swern

30 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 does not inhibit the reaction and allows the

starting material to be dissolved therein to a certain extent.



reaction solution, and the organic layer was separated. The organic layer was washed with 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, CDCL ) 8 (ppm). 0.08 (s, 6H),
0.91 (s, 9H), nggl@lp(gs %ﬁt%@oﬁz%nt]im}uﬁe‘l(ﬁrﬁgﬁgyi] sﬁl?o?i’d:clzor&rmédwgra%;qgl&gl%,‘(],ﬁ%hf'ogmjré%hQAE'Z’ 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, PIABRPIH). [0184] 89 (2) Synthesis of
tert-butyl-((R)-2-methoxynrgthexstisnleigRyiandimeinylsigeo solvent Gdtexasagitvlurethvl ether (9.03

mL) was added dropwise to a solution of the compound obtained in Preparation Example 8-(1) (9.6 g) and
N,N-cliisopropfStAiamhe (218 hiETPFEiMKforoRRetiRaTOPBo AL EHBED relo-EB BRHE: 4k reaction
solution vgas fieriaeljoreambHamperature and stirred for 14 hours. Saturated aqueous sodium chloride
was added tjgtp%]{:action solution, and the organic layer was separated. The organic layer was dried
over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified
by silica gel d@hdriitephibfhatography to obtain the title compound (11.3 g). 1 H-NMR (400 MHz, CDC13) 8
(ppm). 0.07 (5, 6H). 0.89 5,080, 3:39(5 FHIn 5 AL BT AGIAHT A ibAsT2(m, 24
5.27 (ddd, J=1.2, 2.0, 10.8 H'z,l?LH), 5.30 (ddd, J=1.2,2.0,17.2 Hz, 1H), 5.74 (ddd, J = 6.8, 10.4, 17.6
Hz, 1H). [0185R@)'SyagisdiessrRnehoddiesifaindhsBpaariaiorsiednd{¥sArhohium fluoride (55
mL, 1 Migolugignan tetrahydrofuran) was 15 added dropwise to a solution of the compound obtained in
Preparation nglee E?-z(_%) (11.3 g) in tetrahydrofuran (220 mL), and the mixture was stirred at room
temperature T0r wo-Rotrs. Saturated agueous sodium chloride and ethyl acetate were added to the
reaction solution, and the Trgaitip iayerewasdeparatdt: Ethpbackdic3Vasdedded toghle: dgydeayk layer,
and the orga 'g%@y&g \Q{%ﬁg@@ﬁ@a&&qp%gﬁwcﬁ!@ combined organic layers were dried over anhydrous

magnesium 20 sulfate and concentrated under reduced pressure. The residue was purified by silica gel

column chromatography t&bbledatihecandcorrpusREaEhs) same QMR Q@0 e copEiBYE{ppm).
2.37-2.415(Minldd prst A2 dis 0Bl a B 231 itk EMheZdhud shidhhsld Bdndithid E2cAidhbd  (DdoRihem 27-5.34 (M,

2H), 5.75 (ddd, J = 6. .0,17.2 Hz, .25 [0186] (4) Synthesis of eth k@ﬁ . . e

(.2 methoX Ry, SRR AL Tt GRS RS & by s S0 ution of
the compounblobdilgdisdse parattdn. Example 8-(3) (4.15 g) in 1-methyl-2-pyrrolidinone (60 mL) under
ice-cooling. 'Iibi%lie]‘action 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 &fd-sigRet?at the same temperature for five hours. Saturated aqueous ammonium chloride

and ethyjacetate were adpgdl deghearaastion, seliong and e proanis)ayss wasseparaied-Fhe organic
layer was washed with aqueous sodium chlori%e and then dried over anhé/ rou ma%? sium sulfate. The
organic layerWAE¥HES a%ga%ﬁlgﬂﬂoéiﬁfééﬁ GO HIASERRE RARFRLSG RIS éﬁ?ﬁi% y silica gel column

chromatografhyd obtain the title compound (4.77 g).
12-6. Step 12-6:
This step is a step of obtaining the compound (12-4) by deprotecting the acetal
25  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
Wiley & Sons, P. 293-329.
30 [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).



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 = 6.8, 10.4, 17.2 Hz, 1H). [0187] (5) Synthesis of
24(R)-2-methoxymethoxy-3-butenyloxy)ethanol 64 ithium aluminum hydride (826 mg) was added to
a solution of the compoung},pliaingd i0,PrepARIAREAMRE 8l (hdifiak 1) et 00 mL) in

a nitrogen 10 atmosphere. The mixture was stirred at the same temperature for one hour. Methanol was
added dropwfi¥éltelieraestion sonitiehaherthett it v iarfed trapisaivrAdAsENIBle matter in the
reaction mixtgse. vrassepaimtad pdiltatns tirpudh ealite.aich\wasbedpyithuetyl pealiate. Saturated

aqueous sodium. chloride was added to the filtrate, and the organic layer was se ted. T rganic
ayor was arBHUE IR HBGHEAR LM S P e e Tl BrLGore The
residue was pupitipardynsilicaige] goltimn reheongategdaphiydovobthinctiveptitieddd P poufia (Rabdlg).

1 HNMIR (400, Mt CRGAS) BRI Ao 50 e niho? 40 (rAdn S 667, (D), 3.72-3.76
(m, 2H), 4.26 (g, J = 6.0 Hz, 1H), 4.63-4.74 (m, 2H), 5.26-5.36 (m, 2H), 5.76 (ddd, J = 6.8, 10.4, 15.6 Hz,
1H). 20 [0188F BysSYrthidsrsi B RR;HA SRy metRBRES%b the aohusdf)aebidadeligae Bighws TXiolution of
dimethyl sulfpyge @0 iHhin diehiromatharectbimiah bas-addadidppmisesto @ selytionatoxalyl chloride
(633 ttL) in dichlorometha#)‘ne (25 mll,éTi a nitrogen atmosphere at -78C. 1'I'he rﬁa tion so(it;tion%vas stirred
at the same (EHAPRYAURE fBFLE A B AR BH S B mbSURA ShthiRedf BishEatsh Example
8-(5) (1 g¢) in Widihlorgyredeapeasdinnl hwiadaddecbdropwisesioithe Bactoctisolutiensatsthéysdme
temperature-/biie, (eaglion, IR was TSRt the same [emperare (oL dRimiayes, Jrisylamine
(3.81 mL) was added 10 the reactiof solution, followed gy heating to room temgerature. e reaction
solution was stirred at roofnmerapesigtabte fissdhaudlowr asanprated vgdebusterachisrindrnycildinde and ethyl
30 acetate weje gddlediiathayRarton 8 e and dheqrganic layer was separated. The organic layer
was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate. The
organic Iayer[Wéé]concentrated under reduced pressure, and ethanol (20 mL) and water (5 mL) were
added tashe residitep 8pdium 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, 3 hours. Ethyl tate and
caturated aqueous sodiur ENTES WAEE SO A TR COUROLEi 13 A a1 2
separated. The asganic leajeralasdricadied dasbybied is theapoes mpaatfenendthedd(§ianit-fayer was
concentrated gipgef rqdiseedpressure and the residue was purified by silica gel column chromatography
to obtain the title compound (900 mg). 51H-NMR (400 MHz, CDCL ) 8 (ppm). 3.39 (s, 1.5H), 3.40 (s,
1.5H), 3.54-3%8, 2H), 4.14-4.16(m, 1H), 4.22-4.29 (m, 1H), 4.40-4.41 (m, 1H), 4.62-4.74 (m, 2H),
5.26-5.370(m] 2R & LPeBdr{ion Mikh649B (t, J = 4.0 Hz, 0.5H), 7.51 (t, J = 5.6 Hz, 0.5H). [0189] (7) to (9)
Synthesis of ﬁ%? Aﬂ%% )-3-amino-3-(2-fluorophenyl1)-5- 10

methoxymethoXxy e%ra dropyran-4-ylimethanol 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]. 1H-NMR (400 MHz, CDCL ) 8ppm). 2¥5-2.19 (m, 1H), 3.3 R3.42 (m, 6H), 15 3.75 (dd,
J =3.2, 12.0 Hzs 1), 4.13-4.20(m, 2H), 4.30 (?GB)J: r&@“\l ,;‘i@;gﬁz, 1H), 4.69/4.82(m, 2H), 7.07 (ddd, J =
1.6, 8.4, 12.8 HzAHK'7 207 24 {m, %g@@-?ﬁ%s (1, "B .607785 (1, 1F1)<[0490]

OR™ Pri;HN

OR4 Rs R3

(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-
dimethoxybenzyl group, and R? , R4, RS, R6, Y and LV are as defined above.
25 [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.



(10) Synthesis of 1-benzoy1-3-[(35,4R,5R)-3-(2-fluoropheny1)-4-hydroxymethyl-5- 20
methoxymethoxytetrahydropyran-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 at room temperature for 15 hou#8. The reaction solution was concentrated under
reduced pressure. The regighiGaAg prilfipeh 0y slisa. aeb colim-eRIRmalagERpivd.ARlaly the ttl
compound (1.45 25 ESI-MS; m/z 471 [M+ +Na]. ' _ TH-NMR (400 MHz, CDCL ) 8 (ppm).
2.30-2.50 (briffedly) canpuisodedtishared)rane g commeraiallpyvailablg prafiyt Byshmedigd kosy)oR 20-4.34 (m,
2H), 4.77 (S, Rhrbors Rt QOB url il d Cabrif BQ(R. pHephrd 28-7 38 HS, dbkdYirk B PrgafiionH), 7.60-7.65
(m, 1H), 7.86-7.90 goé% 2@9, 8.92 (s, 1H), 11.7 (s, 1H). [0191] (11) Synthesis of N- [(4a5 5R 8aR -8a-
2-fh.1 -5-h droX 243 56 §84HE%&h dro-7- oxa-3-thia-l-azana hthalen-2- 1 benzamide Concentrated
hydrochlgric BOidl7(2 mL) was added to a solution of the compound 92 obtained in Preparation Example
8-(10) (1.45 gxip @'{gghl%r_lgl (20 mL), and the mixture was heated under reflux for one hour. The reaction
solution was returned to room temperature and concentrated under reduced pressure. Ethyl acetate and
aqueous sodium bicarbonBt WeRdsadiiPte Tasid GemarktHd Hro AMiBrMgEng &S s8pRe £8HP The
organic layerowas veagheaditB-p)saturated aqueous sodium chloride and concentrated under reduced

pressure. The residue was, purified by silica gel column chromatogra to obtain the title compound (895
0y, ESIMS: s 387 (W LTBHFachon ean be peorned Wi (456 S0 e 1B SRS 85, 3= 4.0,

12.8 Hz,10H){i2p8ReBtOR (figrld)ind. 2643 3d¢ms2ht) cndiZiehs Hesdh@ltiza AbtyBe87s(dll ad E W8, 6.8 Hz,

1H), 4.09-4.16,10, (my ﬁ'ﬁ’ﬁz‘(%@ﬁ?s- l‘!)»@%le&ld%’ gr%?%%@b%i%%%e&% v/ B Tattdl 6k SARyM. 2H).

7.49-7.54 (m, 1H), 8.15-8.18 (m, 2H). [0192] (12 nthesis of N- 4aS 5S 8aS -5-fluoro-8a- 2-fmroheill -4
4a 5 6 8 8a-HexeRdFo4PoxaBetlid- NedabamniiRiern? 14B&r28Mide 15[Bis(2-methoxyethyflamino]sulfur
trifluoride (892 1t8lg) was added dropwise to a solution of the compound obtained in Preparation Example
8-(11) (895 mgQ).n dicjlorqmethane (25 mL) under ice-cooling. The reaction solution was stirred at the
same temperatdt /6'hours. Aqueous sodium bicarbonate and chloroform were added to the reaction
solution,1and the organic [ayertsas separafettdiiegorgamimiendai fvdshyriédlbylkrianypdrionfiiagnesium

20 sulfate. TQ&%Q&{H%@Q‘?WR%%% Hg&%g&der reduced pressure. The residue was purified by

silica gel column chromatography to obtain the title compound (255 mg). The recovered raw material (335

mg) was subjected to the SBinEaeietioH B2 RIESERSEdndss e fBpEaRftHRGRE BEPAPOUHY rEedimg).

SIS S ML B i Co A b S ),
.12-3.25 (m ,.3.56-3.62(m, ,J=12.0 Hz, 1H), 4. =5.2, 10.

Hz, 1H), 4.9&@1é?n%4f§|§§§.@o-ﬂt§wwny.{%9?%0&% &%‘,&f%‘hgﬁﬂg%ﬁﬁd )%df‘%é.%%%e(m, 1H),

8. 14-8.22!0(ms®_hl)1s [ﬁ)dx@é&]rﬁ@o(clﬁ&)ﬁydm}a'gistoﬁz%aﬁt&ﬁ %&W&%ﬂiﬁ(ﬂ%ﬁ%ﬁ(ﬂ&dﬂ&%

O oo 3 i RS ARNAR VS (129, ERIAGROCYRIOIA I dBRag (2 1) was

added to a solutionr of the compound obta neg in Preparation Example 8-(12) l2370 mg) In methanol (13

mL), and thedefx el whast Heereas itimdrefRixs e slgiingonsThe hsabtioly sbhiaisin i q@tithed to room

extent. Examples of the solvent include solvents such as toluene, THF, DMF and dimethyl
sulfoxide. The reaction can be performed by causing 1 to 5 equivalents of an appropriate base
25 to actin such a solvent. Examples of the base used include sodium hydroxide, potassium
hydroxide, sodium hydride, potassium hydride and t-butoxypotassium. The reaction time 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).



93 temperature and concentrated under reduced pressure. The residue was purified by NH-silica gel
column chromatography to obtain the title compound (262 mg). ESI-MS; m/z 285 [1),4+ +H]. 1 H-NMR
(400 MHz, CDC) ) 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 (m, 1H), 3.69-3.84(m, 1H), 4.08-4.12 (m, 1HY04.25 (dd, J = 5.6, 10.8 Hz, 1H), 4.50-4.65 (brm,
2H), 4.80-4.98 (, LH). 7961 B0 A Htack . L2 o, Wb LA AT - 10194
(14) to (15) Synthesis of tert-butyl [(4aS,5S,8aS)-8a-(5-amino-2-fluoropheny1)-5-fluorol

4,4a,5,6,8,8d iAo bxnase }@qg% fdherrondtioaiaieateed in a docvrlﬁénf|ﬂvéCE@mBound (195
mg) was obtainerddspande GampuuRd pRiRIRE GriisnaetianiExample-g-(hd) 26amyYyascording to
Preparation I%e,(?ﬁ %é el. EEL %5 /z 400 [1),4+ +H]. 1 H-NMR (400 MHz, CDC) ) 8 (ppm). 1.52 (s, 9H),
2.82-2.87 (m, 11, g m, 2H), 3.53 (dd, J = 4.0, 10.4 Hz, 1H), 3.64 (brs, 2H), 3.65-3.68 (m,
1H), 4.095dd0J40]11.6, 11.6 Hz, 1H), 4.26 (dd, J = 6.0, 10.8 Hz, 1H), 4.86-5.05(m, 1H), 6.49 (dd, J = 2.4,
08 Hz. 11, 6.56-0.60 Mkt B0 B kA Kzt 108 Bispralon Faample § 20
Synthesis of tert-butyl (-)4(4aR*,5R*,8aS*)-8a-(5-amino-2-fluoropheny1)-5-methyloctahydro-7-
ceta-3-thia- F@féﬁ%ﬁh%@ﬁ%"ﬂéﬁ‘ﬁﬂaﬁ%Mé}%ﬁﬁtP-Q%RaBBQOBé@ab@éﬂ(]strﬂ)CQI&Yﬁmlonal method

fluorOphenyl&a&w&&b&dw@%&h&&a&@@b&@%@%eﬂ%}dm@mﬂa@plbﬁnmwa i84he(1)

Synthesis of 4-(2,2-dimethox thox ) 3-methyl-1-butene dride % 928 mg) was
added to a s&?ﬁ %%ﬁgﬁn}%@( %}Hsi%ﬁéa&)" ’fﬁpﬁf\l}f‘l’ly(%w}%lll_l%n ecdrgc (S’WE e mixture was

stirred awhersajrhmluenhlpbmturelimtﬁm mmtnd:aﬁlrfmneakuetai@éktm@nhmnenldwahembs(&% mL) was added
5 dropwise tq,fhie teactian,solHARAtdhe SAmE, Eaeﬁa%wf% HhRgRERDSEIpN Mg Stifred for 16
hours with gradual heating to room temperature. Ethyl acetate and aqueous sodium chloride were added
to the reactiof SOHALFIRSF BHEeHRg AR %a&re%qu&éﬁm&é@ TP SBRALOOIIErHA S WRE FFaffétthed on the
same scale. qutg@quggg@e&@yers were washed with saturated aqueous sodium chloride and
dried over g{(}i%[/ us magnesium sulfate. The organic layer was 10 concentrated under reduced pressure
and the resi s purified by silica gel column chromatography to obtain the title compound (4.92 g).
1H-NMR 3400 MHz, CDCT8¢ 8:1{ppan)inbORy(btothizztn8 dddy 3H}, & f#ba@nb2e(misallid peSeBRdal = 7.2, 9.2

. 210, & o e AR R C A R G e P Rl R S ), 4.99-0.09

(2-methyl-3-ruedngtioryyddatais efyeleconRifdeE 1 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



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 (10 mL), 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 hours. Saturated agjueous sodium chloride and ethyl acetate were

added to the reaction solution, and the organic layer was separated The organic layer was washed again
with saturateti&gakobEEr SoRNSAHieHIbRARhd thermalisaiover MierhralidIagh e Wdrate. The
organic layernvamssabtendaniieted wytesnedLiced pessuié gnchiéhe gBsidide vuaSrmuﬂmd byckilica gel column

chromatogr (%QX &%gjﬁﬁw %}?aﬂg\% &N g‘Bﬂa&Jﬁ? emﬂr 01ls such as octyldozi MB g4919 MHz, CDC) ) 8

(ppm). 1.02 (d, J= 7.2 Hz =6.4H , 3.28-3.41 (m, 2H), 4.09
(d, J = 6.4 HZSPEPPYA mgrigaty: szfemc Isrych ef@s%tfaeiﬂ aiqir;lofsaré '@malfﬂyoleaq@efoye— 3.6 Hz,
0.5H), 7.45 (baanm)canéalntsdrﬁ@aﬁtmma 5 pa)of0raRlct)tay 4idyntresisnfn Mgalit 5&kr,
8aS[<)Aa2.-fli oro nal-5- eth 44a5 8hxah ro-7-0 3tff

hthI\EIe)llenza | e an gle %IQQ‘ %ilaué% &n esée rfrf)exﬁof yf!fa%lg%g%mgenawd
8a-hexthca-3-ahfidf- P’éﬁ&?‘ua mhaweﬁylwewimmwylene W?ﬁlﬁﬂ@ﬁéymeﬂhé’ﬂ%%%‘ﬂhbdlﬂmﬁﬁﬁ g) was
obtained fronguiieacaparayRethAbiaines ipdiyaRaiation, E@mQJ@\Qn@)p&yﬁ%lgba%@mBﬁg k/Ryeparation

Example 8. ES MS m/z M++H 98] 25 (8) to ( the Is of
55*,8a5%)- -8all2 e (S)-Bgfnﬁrop[?u%%%/ é‘ &:eﬁll)]/?ﬁe %\geé% Se%?ﬁ %jsrg %ﬁisn%ﬂlfa?erf 2-1
1(4aR*,3R* 8@8’1)31830(21411@01@85011mscglh@m?ll)l@pﬂem)gl#ﬂla@m@ﬂ@hemwmcb—%rb»takwm&l -azanaphth

alen-2-ylibe naemaeghﬂa@e%a GRIROURGON: PARRT 3= h3R RN cRostA I RKO éa@ﬂé@iﬂhﬁﬂﬂﬁfﬁrﬁnﬁso

methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- %zanarphthalen 2-ylgbenzam|de (440 m ) and the title
compound silicate and aluminum silicate; and purified water. Examples of the excipient used incfude

()-N-R4aR* SRt@BaI3tu8sdRf] sacd:&raitr gblversy habninat vl idia ¢y 8] 8etveKalvye rod/sidixan3-thia-1-azana
phthalen-2- yﬂﬁ%ﬂ?@m%%ﬁ&%ﬂ@{%&mﬁwﬂ&{@ﬁ@g&ﬁg&%ﬂ&l gﬂ?{ﬂﬁq smBreparation Example

9-0) (2.15q) accordlng to Preparation Example 8 m/z 426 [MT +H]. [0199] (10) Synthesis of
tert-butyf5- 451845k Ma%%%liul%eewff@l&atfegécanéa BERU ShellaSitle compound (225 mg) was

obtained frorh;tdimrypﬁawlm@hﬁnym)@mﬁhﬂﬁ@ﬂ&&ﬁ%ﬂeﬂ%y@@ﬂ@ﬂaﬁ thialybr@zdsephthalen-
2-yll benza 80?%@%%%@%?&[@%@%%&%?ﬁgrﬁgélgﬁgemgﬁfﬁﬁﬁleqlggtﬂg BrshaatienExample 8.

ESI-MS; m/z

include starch, agar, gelatln powder, crystalline cellulose, calcium carbonate, sodium
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.

[0144]

25 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 and a corrective, and then forming the mixture into
powder, fine granules, granules, tablets, coated tablets or capsules by a conventional method.

30 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, a solubilizing agent and a stabilizer



(11) Synthesis of tert-butyl ()-[(4aR*,5R*,8aS*)-8a45-amino-2-fluoropheny1)-5-methyl4 4a 5 6 8 8a-hexah
dro-7-ona-l-azai_mhthalen-2-1carbamate The title compound (953 mg) was obtained from
fluoro-5-nitropheny1)-5-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2- 15
yllbenzamide obtained in Preparation Example 9-(9) (1737 g) according to Preparation Example 8.

ESI-MS; m/z 390 IMT Q80 on v drk i MRENERIS OFHE TR AAR B?é%i&m%llé{?éfé&‘e” 1-5-inethE

20 4 4a 5 6 8 8a-hexah Thé compound obtained in Preparation Example 9-(10) was purified by
CHIRALPAKTHURD-T (A6 bR pHeid sethaeaViishr pateining miriiklc addittte wactidhdintal i detention time

of 12.5 to 14pefainuies was epllecieeaincotainuthel titie morm posiaeh, Tel same.eRearation guastyepeated to

obtain the title.compound (100 mg; >99% cc) from the raw material 25.(225 mgq). 1
FENMIR (400 TS SIS B8 ) T 6 RSB 1 S QOB DU . 1), 2.76.2.63
(m, 2H), 3.23830fmn DHY,sBrBO B3rdebiminhits)alBy 6393 (H1l (w2 )artl bR{Grably 03. 8 HIG) WPy, & B6-6.60(m,
1H), 6.86 (dd, 3= &8k, Hz, 1H), 7.05-7.07(m, 1H). ESI-MS; m/z 396 [MT +H]. 30 [0202] (13)
Synthesis of- - 4aR*5TVry_|_j_[<li_p_yil_y_'-8a- 5-amino-2-fluoro hen 1-5-inethE 4 4a 5 6 8 8a-hexah
dro-7-orbamate The compot ARSI B G PR PERMGIPE NI et Ry a8 eisyaE HIRALCELTM
OJ-H (mobilephase: hexapaethanali=diloflavoataddimimsialyanddis Jhiracienivithoaueiention time
of 21.8 to 41.7 minutes was coIIeé:ted g; 0 tairrﬁéweit);gu% com%gund. 1'I',he same o eratioE was.repeated to
obtain the title' S MFSTTE (G Ay: $8800 cty SR e Fai HRIHEY (BEYIR G T RINRR £488 MHz, cpe) )
8 (ppm).10.92:(d ydgetehlt bils, BHi)erh] SR8 )il5, 2GR 18l alddho B, 5642 &0¢m siliEhnQo75-2.87 (M, 2H),

(60,3 Lo, Do e P i e R b s i Bon o

Preparation EX&RIECI0vSighthdsiblcriarieh @n rntipgdpnt, [if chelatorghpiisseidfinsranddngicide, a
-5-inethox4,4a1:8s8 a-hevativdne: ddaxa-whthiarkazanaphthalen-grykearhasiatessihormatiadh] o

racemICChlraLaving a differentiation inducing effect, a blood flow enhancer, a bactericide, an antiphlogistic, a
15 cell activator, vitamin, amino acid, a humectant and a keratolytic agent can be blended where
necessary.
[0145]
The dose of the fused aminodihydrothiazine derivative or pharmaceutically
acceptable salt thereof, or solvate thereof according to the present invention varies according to
20 the degree of symptoms, age, sex, body weight, mode of administration, type of salt and specific
type of disease, for example. Typically, the active ingredient is orally administered to an adult
at about 30 ug to 10 g, preferably 100 pg to 5 g, and more preferably 100 pg to 1 g per day, or is
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 or a photoaffinity
probe by introducing a labeling group or a linker into a moiety differing from a structural moiety

30 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 or the linker used for the chemical probe include

groups shown in the following group consisting of (1) to (5):



S (1) Synthesis of 1[2-(tert-butyldimethylsilanyloxy)ethoxyl-3-buten-2-ol 98 A solution of oxalyl
chloride (8.38 mL) in dichloromethane (470 mL) was cooled to -78C in a nitrogen atmosphere. A solution
of dimethyl sulfoxide (8.01 mL) in dichloromethane (10 mL) was added dropwise to the reaction solution
at the same temperature. The reaction solution was stifieed at the same temperature for 10 minutes. A
solution of 2-2- & (tert-bup/meislany aRagiten R ARgl 259 @R ishigremathang (20 mL) was
added dropwise to the reaction solution at the same temperature. The reaction solution was stirred at the
same tempeREiAd FEF B0 PRI ITRANGTARRITE F35l9 SHUPWiS RABYaHEVsE Rat HEH8dI0foN at the same
temperature.gfhi reachion: sebupondvas sbiipdion ans hestpwhilecgeadua hretyraingdosiean temperature.
Aqueous ammonium chloride was added to the 10 reaction solution, and the organic layer was separated.
The organic /8IS R AEHEH A Bt B BOAGRB Y BRI Ch b e SAE &Y SUPaih§itbus
magnesium suiaieanlAiryafgapicupyetionas filefreriktelgh @ Filicajateandthesfilibiesrascbacentrated.
Tetrahydrofuran %500 mL) was added to the residue. The reaction solution was cooled to -78C in a
nitrogen atm8)§5ﬁeer§Tc\7P YyImagnesium chloride (148 mL, 1 38 M solution in tetrahydrofuran) was 15
added dropwise to the redglioleasehltibnkattheckame {&mpebatQremdhe redotidnssolution aghscheated to
room tempergtire Wit SHITIRCOYRLSPUAPHSARHROUS Ao Chleridle And &l Lageiple were added
to the reaction solution, and the organic layer was separated. The organic layer was washed with
saturated aqﬂbg)‘i’l’:?@&ﬁtlﬂﬁ*@ﬁloride and dried over anhydrous magnesium sulfate. The organic layer was
concentrated under reducgg fMAESUEE oI d esidue ROwasdLifiedidy sl Groaheelymmchyamatography
to obtain the(gtle _cggggqu_nddglo.g)%@. . 1H-NMR (400 MHz, CDC!)) 8 (ppm). 0.08 (s,
6H), 0.91 (s, Y2 8344, 1348 1Y PIPA©3Y38 (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(4did}te51a8¢ deakelssick a4 r6did 8:8vel bt g Sr86p¢cidah 3s=°11.6 A B 1516 Hz, 1H),
5.83 (ddd, J mé_ %u%%s%eﬂ'c% @af)_gi’n% 'g%%? ngIQ ég ﬁ%})éy&tﬁ?ﬁiﬁcﬂtnme, dansyl, umbelliferone, 7-
tert-butyl42-(2-methoxy-3-butenyloxy)ethoxyldimethylsilane ~ Sodium hydride (357 mg, 60 wt%)
was added tdnar%f@naﬁ@wb%é-@% AP obtalitettin BrEparidAZELahAfsts-1Ra9(3-g) in DMF (20 mL)
under icgscoglipg,nel theneriximmwasm slirsagsatthe srae amreratifelfoneRebpueMeshykiedide (1.01
mL) was addeo‘e%({) to the reaction sci%tli

f?n at the same temperature. The reaction solution was stirred at
the same tenipEYRRTR 1P SHE AL A IRELEL SinHdnium chioride and ethyl acetate were added to the

reaction solut.ion, and .the(ébwmipday.endl\tasdiibplm?edatﬁhs m@mglw%MSmm,MtMMrated .
aqueous sodim.chieride-H% QICRRLE tRYer WSS RGNS BoRYEieHSmAdRASIHRL &M falen TP oroanic

layer was concentrated under reduced pressure. The residue was purified 99 by silica gel column
chromatograptflfto obtain the title compound (1.30 g). 1H-NMR (400 MHz, CDCL ) 8

e 3 7 0. 1 o MTle b o o e

. ,J=17.2,10. . , .. thesis of 2-(2-methoxy-3-butenyloxy)ethano

S ety RS AL & 8 TE s R BN Ve A G AT o TS SR 1o 2 aotution
of the compoundabieinetkihiiPrieparatiodv&xamysleht Py (GuBtg)usedetrafpdnafulgnof@SnL ) under
ce-cooling. Th SRRAN TAINIRN NER SUTEH R4 4Pe. SRR ETRSTAIGRLAQ Miphigs, The reactior

solution was returned to room temperature and 10 further stirred for five hours. Saturated aqueous
sodium chlorl8&4dhd ethyl acetate were added to the reaction solution, and the organic layer was

separated. Ethyl acetate wyas RddadiiR dhgoaaHa MY RIS UTRAIG BY6 K Wak sapaite@ The
organic layers were combined and dried over,]ginh drous maﬁgeﬂum,sulfate. 'Ig'u,e rganic layer was
e rifi&d Ilih%zf

concentrated (RGBT HFRAH PR SPRP T HY 8%‘%%u Vi YetE Sindfography to

obtain the titleonventional abbreviations known to a person skilled in the art. Some abbreviations are shown
below.
THEF: Tetrahydrofuran
30 DMF: N,N-Dimethylformamide
TFA: Trifluoroacetic acid
EDC-HCI: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
pTLC: Preparative thin-layer chromatography



15 compound (500 mg). 1H-NMR (400 MHz, CDC13) 8 (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) acqgrding. B@qggﬁ{aﬂg{g J?Jl%s@s&ééd}lm 400 MHz, CDC13) 8 (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 /PO B [tylpygispysroh Brephasphaniym Beyafiyorophonpliei207] (5) to (12)
Synthesis of raBBI®Y: (ir[{Aash R GERX SR Bpaminen?-fluorophenyl1)-5- methoatahhthalen-2- 1
carbamate The tifle pound (74 was obtajned from the compound obtained in 30 Preparation
oo 10 D R R e 6. 81 MS. s 412 [M <H1. (05081 (19)
Synthesis of @rtabindy kHifts idaSsuyn filiclear magietip reyohayice-gpatna-Zeflecsalbein d vbimgipox -
4,4a,5,6,8,8a-hexahydro-7-oxa:3:thia-1-azanaphthalen-2-ylicarb te,; 10 e ound obtained in
Prenmmation S R A P et el PR A o 11,
flow rate: 10 datigiplpdaaid thiegiictiotovbilet. &: teretianaimetobt 8ad 22.0 minutes was collected to obtain

the title compound. The safg, ApeFAlIRTYARIEPEaIR 59 89{%%&%&%‘ 9&@&%?%&8&@9&@%9% cc)
from the raw 5 matena:_é:?O QB 1 H-NMR (400 MHz, CDC!)) 8 (ppm). 1.52 (s, 9H),

m

2.77 (dd, J =PBPaesHARALBAKS 48-in CHIG AL ROK A 13- CHRAIPS Kz A 32 (dd, J = 10.4, 10.4
Hz, 1H),13.48&(s1RM).F6TVO0FH el iR ddird o} Baikel ClidziddIndudBdeld.«d = 4.8, 10.8 Hz, 1H),
6.53 (dd, J = 51% 4 Hz, 1H), 6.55-6.59 (m, 1H), 6.86 (dd, J = 8.4, 12.0 Hz, 1H). 10ESI-MS; m/z 412 [MT
+H]. [0209] Pre § ation Example 11 Synthesis of tert-Lnl-2R*4aR8aS-8a-51uorohenl -4-meth 1-4 4a56 8
8ahexahydro-7-oxa-3-thidFhedzasmaphtipaterns2-ylichefaloatm g Fxjhptes ukal gdparation Examples

typically refers to about 10°C to about 35°C. "%" indicates wt% unless otherwise specified.
[0149]

15 Preparation Example 1

Synthesis of tert-butyl (-)-[(4aR*,8aS*)-8a-(5-amino-2-fluorophenyl)-4.4a,5,6.8,8a-hexahydro-7-

oxa-3-thia-1-azanaphthalen-2-yl]carbamate

[Formula 26]

o CHO M o ~ANoy @) O/JL//N‘O @) F H
K/\ K/\ 0 \O

(4) F Y © F Y ow ' (6) )
- o 2 . o NYNYO - o NYNHQ —
S O S
H oH H o H
racemic racemic racemic
NO, NH, NH,

’ ® " © .
N._N_O —_— N._N_O — N
o) Y T 0] X 0]
e e
H

H

H
YNWO\K

S O

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



racemicracemicracemic racemicracemicracemic (1) to (10) Synthesis of tert-butylmino-2-fluoro hen 1
-4-meth |14 4a 5 6 8 8a-hexah dro-7-ona-l-azai_mhthalen-2-1carbamate The title compound (384
mg) was obtained from trans-3-penten-1-ol (4.71 g) according to Preparation Example 9. 201 H-NMR
(400 MHz, CDC!)) 8 (ppm). 1.18 (d, J = 7.2 Hz, 3H), 1.3 (s, 9H), 1.85-1.96(m, 1H), 2.80 (ddd, J = 4.0,
4.0, 12.0 Ha iy 32260001 3 3308 ts%,awam%h%e 105 107 €, 3HA BB A (L, PrhoB54-6.58 (.
2H), 6.83-6.88 (m, 1H). ESI- m/z 396 [1)4+ +H]. [0210] Preparation Example 12 5 Synthesis of
5-difluoromett! 3&&@{%%@1@@?({@1&& BSHAGIE B’@MB@Q:&?H&S&%%@PGMMC NpBiEH and

trifluoride-dieftil Rtihervaamplex (9thé &béswaﬁmaeﬁwp@mt@d@mnemﬁm@émre and the

2- methylpyrazm -5-carb xyllc aC|d rt bu -trichlaroacetimidate 10 (4.7 in
tetrahydrofurai EBgrﬁ?_S} UhaericE tS?glerlV é‘ﬁc ?g%e IOR W ﬁaﬁga R R glrg ﬁe)rature and

utio
stlrre.d forlstwerhlalrrsd Avsaauhatewsmmhgnmsuhiomibtsolummdrew acetateciendeaddiadetd the react_ion
solution, and e GOANIGHENRIES SeARTALA, e CLOPNIR IR Ch AR SO VBT RV AiPtg.magnesium
sulfate, and the insoluble matter was separated by filtration. The filtrate'was concentrated and purified by
silica gel col$RiAPEHAdaigPaphy to 15 obtain the title compound (1.4 g). 1 H-NMR
(CDCY)) 8 (ppm). 1.65 (s, HNRRI4S0 Btide, &EDCLD, (Tph? ¥z 1h)219)1963 (Qn—Jl-% bz 4H), [0211] (2)

Synthesis of t-but 5- E -2- dimetminovinlazine-2-carbox late 20A mixture of t-b
5-methylpyraZile®2 &I pbry &bl 158 3Rk m%%ﬁwb‘%érﬁﬁ’o@(%lhﬁ%ﬁa W fitletnyformamide
dimethylexetale( &, mEHyass stiryee a13A0. fohfive hours. The reaction solution was cooled to room
temperature 0jiluted with ethyl acetate. The mixture was washed with a saturated sodium chloride
solution thre s. The organlc Iayer was drled over anhydrous magnesium sulfate, and the insoluble
matter was 2@ RYIHRaS Jiet ‘ Rae esoterteld and the residue was purified by silica

gel column Chromatograpmfl@ Q)qﬁ‘ﬁm ﬁ?f @Hﬁ)ﬁ@ﬁﬁmﬂ&g(@émg)as added dro wise to a slalhhmﬁ (CDCY)) 8

(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, tfnéll%yafﬁylde yde oxime (5.30 g) in dichloromethane (530 ml) under ice- coohng

15  After stirring at the same temperature for two hours, sodium thiosulfate was added. The

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, J = 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



102 [0212] (3) Synthesis of t-butyl5m-2-cflox latare Sodium periodate (1.67 g) was added to a
solution of t-butyl 54(E)-2- dimethylamino-vinyflpyrazine-2-carboxylate (645 mg) in 50%
tetrahydrofuran-water (26 mL), 5 and the mixture was stirred at room temperature for four hours. A
saturated sodium bicarbonate solution and ethyl acetatéswere added to the reaction solution, and the

organic layer \yas Reparaiatul i Aoanic Jayat was,was06d Wil saidetassP b ghlaudg.solution

and dried over anhydrous magnesium sulfate. The insoluble matter was separated by filtration and the

filtrate was cAPEEKtFatEYe Piie PRIV Y PFuisisel Y siicanyér eiaRin P Skt Eotis SR EOU obtain the

title compound 1849 mg). 1 H-NMR (CDCY!)) 8 (ppm). 1.68 (s, 9H), 9.25(d, J=1.2

Hz, 1H),9.36 (d,J=1.6 , 10.2 (s, 1H)..[0213] (4) Synthesis of t-butyl5-cm-2-caAlox late

15[Bis(2-methoxyethyfla:%gizf%g]]gl%’fu %r%réﬁio[ﬁfg 2 [tL) was added dropwise to a solution of t-butyl

5-formylpyrazine-2-carboxyareV(R490my)Hn, ditidbrodrigthané. €2 2nm RHin B08itrogkH) sirebaphei, under

ice-cooling. reaction solytion Stj f h whi lly r ing.tq.roam temperature.
E*Lgslu@? ek Jb?, %‘Pl%@ﬁ&éﬁ%@%ﬁv‘? _%%%Z,W‘J%,gﬁ}gﬁ YIG5A4NIn Q) 'pa

A saturated so icarbonateé so acetate were added to the reaction soluﬁlﬁ)nrlf, and the
organic layerl\Wastsé&ddeated | Ph&2eat Jlanid 20013y ¢y, WHS WasKkddlwith 12sdirbdedBodiim/dfiddide solution
and dried overangydgqys magnesium sufates ThesinspliRle matien was separated by filtration and the
filtrate was concentrated. The residue was purified by silica gel column chromatography to obtain the title
compound (19%dg). H-NMR (CDC!)) 8 (ppm). 1.67 (s, 9H), 6.75 (t, J = 54.4 Hz, 1H), 9.02 (d, J
= 25 0.81dz, Uhi3yQRSichilH QA &HaR ). {82A} (B) fhiwntbrsisint balillveyamethyipyearing-2-carboxylic
acid Trifluoroacetic acid (1 mL) was added to a squtLgn of t;b#%(:lk 5-
difluoromethylpyrazine-2-E81H6Xy e 1178955 S RIS M ATHAAR 2 L) B the mixture was 30 stirred
at room temperaipecign fiveahpltopyEilgs dndi &M a0d(@shydhaxide wede zadted) tanthe¢esiction solution.
The aq”eo“SVJ%V&{&%’S‘%&%E%%%W&&Q Made agdicuith o N ydrachione acid, HipylAgetate was added
to the aqueous layer, and the organic layer was éeparateé).ulbhe organiciayer was dried over anhydrous

magnesium $uifaeh eehitk tihed totabrningier was sdpadsaddyylpegione TharfileatealessOcoNcentrated to

obtain the title, GRMRQUASEARINGL VA3 duki NUR (GRE) SHERMOE 8 ¢h whs S zwi), 9.02 (s,
1H), 9.47 (s, 1H). [0215] Preparation Example 13 nthesis of tert-butylmino-2-fluoro hen 1 -6-h drox

S
meth 1- 5 4,481 851815 1 ARG seliap ofiriavh acsats A8 A A HA SR b atha ISTRISHNAY 38] OH(2)

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, J = 1.6, 8.0 Hz, 1H), 7.31 (m, 1H), 7.64 (dt, J = 2.0, 8.0 Hz, 1H).
[0153]
(5) Synthesis of ()-9H-fluoren-9-ylmethyl({[(3S*,4R*)-3-(2-fluorophenyl)-4-

25  (hydroxymethyltetrahydro-2H-pyran-3-yl]amino }carbonothioyl)carbamic acid

Fluorenylmethyloxycarbonyl isothiocyanate (938 mg) was added to a solution of

(®)-[(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, ] = 6.4 Hz, 1H), 4.55 (m, 2H), 7.02 (dd, J = 4.4, 12.8 Hz, 1H), 7.16 (t,J =



Bn0.1,)))))))).(}),), LO(3) 0 (1) Synthesis of Renten-2-ol Ether (100 ml) and copper (1) iodide
(580 mg) were added to a solution of (R)- benzyl glycidyl ether (10.0 g) in THE' (100 m1). The mixture
was cooled to -78C, 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 ammary Giprda saluign e futhenaddet The,agyeous Ry esyiansiasted yiih ethy!

acetate, and the or anlc layer was washed with an ammonium chloride solution. The insoluble matter was

removed by fitati h ¢dftted drcPtAdigobnt Whs elldbdFatédsubider 15 reduced pressure to obtain
the title compousd (12 50). 1 H-NMR (400 MHz, CDCY)) 8 (ppm). 1.59 (d, J = 2.0 Hz,
1H), 2.25-2.29 (m, 2H), 338 (dd, ) = 7.2,9.2 1,382 £32.92 Hz,71H), 3.86-3,91 (m, 1H),

4.56 (s, 2H),
BR)-2-(2,2- dﬁhﬁnﬂ&ﬁleﬁ)ﬂmﬁnﬂenyloxymethyl|benzene (R) 1 Benzyloxy -4- penten -2-0l (3.13 g) was
dissolved in DMF (32 ml), dride dde b After stirring
at the same temperature o rﬁ?neuﬁ[ O%?%%%@%té?g %839 gletﬁ\alﬁ?gjc%)tglsi g ésglgdded The
mixture was ﬁeert@‘d%Uhodtwl@imw&ﬁﬁbﬁrﬁﬂfhtmmdléoylwe(huﬂmsymdltﬂrmrhhmiwﬂd -pP@ahd stirred for
one hour. Aftgg M%”&IBOE%%%%Z&{%U%&% WRS ARt iR de AfloR SrILHAR. g Jeaction 5

solution was ‘extracted with eth tate. The organic layer was washed with water and brine. The

organic Iayer*\‘?@é%dd‘r‘i'é@F&@%@h%%ﬁ@%g%@l%gwé?@twgﬁ%mr% EssraEdithder

reducedjpressy rselﬂéhevrmdu@vmﬁ nhmﬁieédbyealb@@@@é ColtnBERNRTIMOGIRRRAY iadelidiththe title
compound. The |xtur cont |n|3% elrecoatc%[ raw materlal W&S& cted under the same cgndltlons

The title comp 1u asp%ﬁ?{é He M AHOR By IR SR A IRy (otarist e 8 By
1 H-NMR (40@Mﬂzte®lbcﬁﬁfu)é3f(>ppm)hdum2(mdjrmn7ﬂﬁe sty 8l yy db. 2¥laptyrdted TuRl¢d ze Bl 218Ise34 (M, 2H),
350 (1.3 =B 20 AOD T Ol b R 2B AR s p RS- LL (. 24
5.78-5.88(m, 1H), 7.25-7.35(m, 5H). [0217] 15(3) Synthesis of
((R)-1-ben Zyigggyfefélﬂﬁyg g%@@&w&%@a%e@%w@wa gel column chromatography to obtain
[(R)-2(2,25 Digthaxyetinyyind- @egg%myloxymethyl]benzene (20.0 g) was dissolved in formic acid (160 ml)
and water (40 ml), and thég%@egre w% ﬁ ed t room temperature for 30 minutes. Next, water (161 ml)
and ethanol (400 ml) wer q oxylamine sulfate (6.38 g) and sodium acetate (8.82 g)
were added, followed by éﬂrrmmm@mrmm @D(ﬂehdt(pm@vér#ﬂghuwavar Wad Hide tanthid¢yeaction
solution, andztlae |UP§%fﬂatﬁelji ssq ée(i g esxqesbs]f?f eﬁ% as eV%pDOﬁ:lt nder

r hy acetate. The orlé

reduced pressure e aqueoiJ yer aé extracte I énlc ayer was Washed
with water ard76rifie). Thé GHyanid |yt Wné’«ﬂhéeﬁ&(@rsm&r%@mémmﬁﬁﬁﬁatéHarleﬂn@ solvent

was evagprajed yndgy rediicesk presgiyer Ihirgsidue wag purified by silica gel column 25
chromatogrthy to obtain the title compound (13.7 g).

(7) Synthesis of tert-butyl (x)-[(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 pl) 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



1 H-NMR (400 MHz, CDC13) 8 (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, J = 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, 5H), 7.50 (t, J = 6.0 Hz, 0.65 Hz). [0218] 30 (4) Synthesis of 3aR 5R
-5-bmzloxt_,3a,4,5-tetrah dro-7H- ano 3 4-c isoxazole 78

(R)-1-Benzy et U AmARN)RGRIISNS MG 15 7 B yas dissohierib digplgiRmethane
(164 m1). A 5% sodium hypochlorite solution (164 ml) was added dropwise in an ice bath, and the
mixture was Stif®&at the same temperature for two hours. The reaction solution was dlluted with water,
and the aqueous layer wassexirscied withiO5gichloromethane. The organic layer was dried over
anhydrous magnesium suffate, and the solvent was evaporated under re c?uced %ressure The residue was

purified by silica gel colum#%%%&@%ﬁﬂ%b PR tile t6miBuhd 1122 ) 22k 200 MHz,
cDeY) 84ppﬂ621d52J1=612(m181H3 2988 i) =028, 6382 B4 M) Hz0A HY), BB3BHBQI(0~2H), 3.56 (dd, I

S, 1000 390 3050 B/S(50 0 130 A AEL (04,0 1A 1 126 s 10

(3aR,5R, 7aS)- etz (ioxdfethy1-7a42- fIuorophenyl)hexahydropyrano[3 4- 10 c isoxazole Toluene (100
ml) and THE[§1§kml) were added to 2-bromofluorobenzene (3.11 g). The reaction solution was cooled to

-78C, and n-but II|th|um (2 63 M 6. 15 mI}{was added dropwise. After stirring at the same temperature for
one hour, a i aundhasia ) * 4aS*)-8a-(5-amino-2-fluorophenyl)-4.4a,5,6,8.8a-

benzyIo>qy)me{@,yalp,?dﬁm%ﬁatetmaypﬁ@aﬁ&hnygwﬁojamcg}mgoIe (2.00 g) in toluene (20 ml) and 15 THF
(2 ml) and a boron trlfluo:gge dlethgl ether com ex 2.0 %ﬁ:(ﬁh? ded d |se ag the same time. After
ofl

stirring at the same temp a?u?ea%r%w@%%ﬁ% ﬁréreﬁ?ﬁ LY W%%Iau ARl He reaction
solution. Thebaqmeb)asm?eﬂfaﬂras%x&dhtad \ﬁﬁmlmeﬁtryshabetaﬁes ar&Bﬁqhemgﬁhtc 7aqaeur3mamdned over
anhydrous ma ne s The solvent was nder reduc ssur residue was
purified by S|f%%a Z]%h"]]e &ear?]ar%lﬁ%%?oggargg 31/ntore at%n ﬂqe"ﬁ{f‘é’ [coﬁg)oﬁsgg(? é %et?san fj( :

1 H-NMR (4001]\/I HzooP@ g ppm) Wassalded® (he, reag)ion, guxugginhowed) b rate g Bider 1454)1x3.49 (dd, J
= 4.0, 104 Hyr B InRrds3- 38 dRadidh RitRhE whcOiclilfo M 283 re At nEizsdldbidnlddd, 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 3% liteze%tbril\lz‘%hfﬁ‘)‘te? 2§h@2%1‘7a§’7“(?ﬁ eéﬁ’j’mf@é@&ﬁ“?r\i %eéi BOHZ, 1|1i5‘e[’6‘ﬁ‘2‘6f (6)
Synthesis of ﬁ%&ﬂ;&ﬂ)ﬁa{m&hmnylﬁwmﬁaﬂgﬁp@ﬂmomhefeyhletrainydm@ymg) ylimethanol

Zinc powder (4.36 g) was; 5

benzyloxymethyl-7a42- ﬂuﬁg\ﬁﬁ exa ropf/ an%)fgﬁj aé]l‘)gog(az e {f%@ng ace% aci 51 )CSO ml), and
the mixture WaS!sticido=at 40&M1HmpHDaﬂH& (dvlelmgm mlii‘xsdﬁﬂlblbﬂﬁmleﬂ\ﬂaé bermo\Ad) b Giltration
through gelites <L the salvags was, vaRAraled undareduced piassyia, e auagAdged o the residue
followed by neutralization with’a 5N so |um hydrOX|de soluti he aqueous layer was extracted with
dichlorometh&de”hnd the organic layer was dried over 106 anhydrous magnesium sulfate. The solvent

was evaporatgﬂwﬁdeglgedmmwssmeﬁhesrassdus wasporifiedppesilina ggelcekigan chromatography
to obtain the title co p_}:)und 2 08 1 H-NMR (400 MHz, CDCY)) 8 (ppm). 1.61-1.67

(m, 1H)19-. T) a8 11.2 Hz, 1H), 3.44 (d, J = 11.2 Hz, 1H),
2 23(3 57 (m 2H) 5 3 62 fﬂgalglclltyi &8[@%4%8;&%}(3%@9%@1&%&)24121 Add, @%Q&Xﬁﬁy?rzb(l)z( lel_H\)]

t J=
1.2 7.6 ; Szﬁm ale‘?é3 lg:at\lj)arr%t% %@aéﬁ_'ddihlhfpara’tlonoli'_'am%% ?—&%(ljdd)rhg

Was purlfled 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]




[0221] (7) Synthesis of (4aR 6R 8a5)-6-benzyloxymethy1-8a(2-fluorophenyl)-4 4a 56 8
8a-hexahydrol0 7-oxa-3-thia-1-azanaphthalen-2-ylamine Benzoyl isothiocyanate (893 Re was added
dropwise to a solution of
R2R,4R,5S)-5-amino-2-benzyloxymethy1-5-(2-fluorophi@®nyetetrahydropyran-4-yljmethanol (2.08 g) in
dichloromethane (3@ mb The reaction solutipn wasstirred at room tegperatere for three hours, and then
the solvent wag e ap:§/rated under redyced]pre ssure. T residye asjs purified by silica gel column
chromatographyiiSeVeral drops of concenyrated hydrochloric acid Wert added to a solution of the resulting
intermediate in Methanol (40 ml), and th& mixture was heated under reflux for five hours. The reaction
solution was (btlyndddic ob ortlighghraturetandmreniihid satvextlwas evaporated under reduced
pressure. The residue wag,dissalugol i3 Mathael (4 miband RRYLa IR yasadded, followed by heating

under reflux for five hours. 20 The solvent was evaporated under reduced pressure and the residue was
purified by NRiRdipehagaredttirnt: derérmatographPte dBtdimg antiectiym saiass 249N HMR (400 MHz,
CDC!)) 8 (ppradicd & (eldioh 512316 A1 KBy tAhcl2Zdnb B4 (s U, R55HAGA(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), 217ty osmamiqe B mE). 1 e asstign sobpign el By Hynhopgsed 39 = 12.0 He,
1H), 7.02 (dddindtes hui] B, cbd18dHa rdd) tefup2rielise] =Water Tubs kiadelHy), tile 22adtidd (tutidl). [0222] (8)
Synthesis of [(4aR @R 8a5)-2-amino-8a(2-fluorophenyl)-4 4a 5 6 8 8a-hexahydrp-7-o0xa-3-

s anap T T AR el st R SNl g
(4aR,6R,8aS)ressure. The residue was purified by NH-silica gel column chromatography to obtain the title
benzyloxymegg%%bgﬁ&grﬁmg%%henyl)-&4a,5,6,8,8a-hexahydro-?-oxa-S-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 teriperature, the readtiORVHRidIPMks EQE#@H%PBIF%.‘WH(SSH%%FE% heattiZédWith 5 N sodium

hydroxide, antith@ aqtieous,layey, wes @xiraqtediwithi107 dichloromethane. The organic layer was dried
over anhydrg[tﬁ agnesium sulfate. The solvent was evaporated under reduced pressure, and the

residual soli washed with a mixed solvent of heptane and ether to obtain the title compound (890
mg). 1 H-NMR) &0kt CHIG)pBdibprypyiadidddechr BoxyPidatd0, 12.8 Hz, 1H), 5 1.81-1.90(m, 1H), 2.59
(dd, J = 4.4, 14.0 Hz, 1H)p&%@f&?&@m@ﬁﬁaﬁoﬁgii%%é%%&L RS BhMRod s ¢, J = 11.2 Hz,

1H), 4.17 (dd, J = 2.0, 13.2 Hz, 1H), 7.03°(ddd, J =1.2 2 Hz, 1H), 7.13 (dt, J = .6, 7.6 Hz, 1H),
7.24-7. 2% (milapryneBgxpmyrazing- & carborpateiqhtqmed 3) Prepaptghtiragigle >-(1) (18.0 mg) in
[(4aR,6R 18a@n%t@mmr§ﬁﬂ%ﬂh@ﬁo'mtféﬁéhgﬂyéﬁrﬂmﬂavﬁs@t%@ﬂﬁ %ﬂ){@?@e?atulcg for one hour.

oxa-3-thia-1-azanaphth I?n-6-¥limethanc?l Concentrated sglfuric acid §2.5 ml) was added
dropwise to a ggfﬁﬁg e frly acetate were added to the reaction solution, and the organic layer wds separated.

[(4aR,6R,8a8haegm-ﬁae¢2vﬁgmﬂpmmm)mmalﬂ, By&@ahtwmyu@ﬂ%wmp}ﬂxmmmphthalen-6-y|]m
ethanol WOO&@) A@?}Eé\ (S 'zg%sa@ 1&;%?@&%'-&@8@&% C wa@ﬁ;?%gh%sﬁﬁqfaﬁﬁtgraw% dhytgs 103 Re was

added dropwise at the same temperature, followed by stirfing 15 for one hour. The reaction mixture was
poured itfo ié&cahY ahEdROBRSRY WitF @8 NEBYiliH Ky dihqarceriatRshi TétIoRBE S\ PELhIFRYAt room
temperature {pEdwa HAUESrINR @FUROtSlaYRbWRAA exirasied with dishieipnetianed adihg.erganic layer
was dried over anhydrous magnesium sulfate. The solvent was evaporated under reduced pressure to
obtain the titl@%&?fb%ﬁ&“{f?ég%f‘ﬁlﬁkﬁ%ﬁ“(4oo MHz, CDC!)) 8 (ppm). 1.46 (ddd, J = 2.4, 4.0, 13.2 Hz,
1H), 1.84-1.94(m, 1H), 2.661{8MR @R AMHA2.¢BZ; 18)pEad3qdd (d, F 47,804 Hp, $53,(2.96-3.02 (m, 1H),
3.63-3.71 (m Z%%?éﬁ(ﬁé@ erigz 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, 5 =3.2,40, 8.8 Hz, 1H), 8.30 (dd, J = 3.2, 6.8 Hz, 1H). 25 [0224] (10)
Synthesk of iere®lutyl [(4aR,6R,8aS)-8a-(2-fluoro-5-nitropheny1)-6-hydroxymethy1-
4,4a,5,6,8,8gphexahvirexixgia $-thia-l-azanaphthalen-2-ylicarbamate Triethylamine (1 ml) was
added to a solution of [(4aR,6R,8aS)-2-amino-8a-(2-
fluoro-5-nitropHEASE A By B I e Y C ALK
[Formula 28]

Br N N
B (1) D (2) B
_0 N ——.0© N — HO N7
O ] (0]

£3-thia-I-azanaphthalen-6-yllmethanol (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 g). 1 H-NMR (400
MHz, CDC!)) 8 (ppm). 1.47-1.54 (m, 1H), 1.86-1.97 (m8@H), 108 2.59 (dd, J = 2.8, 12.8 Hz, 1H), 2.86
(dd, J = 3.6, }§§ edit 3045 g)_ (Mot Him-8 7.4k 6 7.8-0 Hz, 2H), 3.76-3.82 (m, 1H), 3.83 (d, J = 11.6
Hz, 1H), 4.09 (dd, J = m, , 8.20-8.24 (m, 2H). [0225] 5 (11) Synthesis of
tert-butiylhen 1 -6-h drox rﬁ@wtllrw&alst@@éawﬁrﬁ 7-eRBpeHlzie 1R BAARdeoPPer Cyanigh powder

(121 mg) anqdBesati aiem esnmenushehierigarsaltiign(l rotowsre. sdded. towsalutign Rk tel-utyl
[(4aR,6R,8aS)-8a42-fluoro-5-nitrophenyl)-6-hydroxy met%l-

4,4a,5,6,8,8dHENG RIS 8K A PSS E i SREHAF RO e APBUFh &R FE20 YIB! (2B°10 m1).
The reaction flolatiomwasrieatedtiadsi setlx forTho erindtasanddidnséddleddanbmin @isperature. The
insoluble matter was filtered off thr&uhgh clehlt% and the |%astﬁlyvae% eﬁaaogr%te tldier reduced pressure.
The residue was puu?leggoysl{ﬁqls ilica gel colu n%ﬁ%omatograp y to abtain the title ¢ compound (67 mg). 1
H-NMR (40090mdent@REyyBr(menedipgpsted (Rhe 1¢4ylting gride gpdurigpad 6 fis! iy sdiey 22153 (dd, 2.8,
12.8 Hz, 1H)c&199n(&90ﬂrat6g9a b U&a%ﬂe%’c@c A% BbD R HS5- 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 aration Example 14 Synthesis of tert-but 1 + -

4aR*_-amino-2-fluorohen ﬂIQMB 6 éifi)cﬁpfﬂga‘}ﬁ & R SaR At [ﬁor@ﬁhl%t%@f NH2
ON1NBomchirgl (g)2$ymthe$§)sz()1@ﬁRtﬁF{ﬁ) ﬁ:tg_fbmggmgthyl -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 Q) accordmg%] the method of Preparation Example 6. 1 H-NMR (400 MHz, CDC)
) 8 (ppm). 1.8D) sisld.6-cRdndpiviadih i P-a fidacdd= 2.0, 6.4, 12.8 Hz, 1H), 3.52 (ddd, J = 6.4, 10.8,
220 iz, 1H), 3.85-3.96 (1, 2t A0 AR AR IO Boh 5 i 04 2 1)
4.88(d, J = 13.2 Hz, 1H). [0227] (2) Synthesis of tert-butyl - 4aR* 6R* 8a mino- 2 Iuoro hen 1

-6- trlfluoroméﬂﬁllﬂllﬂé@@’s@é—%é&@h(8@7‘18ﬁ%\ﬁlﬂa"‘z‘é’ﬂ_ﬁ%ﬂﬁﬂél‘éi‘ﬁ-2U11‘@§rﬁdﬁ?§téemperature for 10

15 minutes. 5 N hydrochloric acid (5.2 ml) was added to the reaction solution at room

temperature, followed by extraction with ethyl acetate. The extract was dried over anhydrous
magnesium sulfate. The drying agent was removed by filtration and the filtrate was
concentrated under reduced pressure to obtain the title compound (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-carboxylic acid

[Formula 29]
N. _O_ F
HO. pZ F
N
(0]

VegtNVeas

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



5The title compound (1.54 g) was obtained from ()-(3aR*,5R*)-5-
trifluoromethy1-3,3a,4,5-tetrahydro-7H-pyrano[3,4-clisoxazole (2.00 g) according to the method of
Preparation Example 6. 1 H-NMR (400 MHz, CDC) ) 8 (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)82.99-3.07 (m, 2H), 3.66 (s, 2H), 3.85 (d, J =11.6
Hz, 10 1), 4,034.06 (i Nt LT Burkzd RO JofriR SO aAH, & Rl 528, 120 He
1H). [0228] (3) Synthesis of tert-butyl + - 4aR* 6R*df__, , .-amino-2-fluofo hen 1 -6-trifluoromMh 4 4a 5
6 8 8a-hexalf R MHhEIHPE)- mhthalen-2-1carbamate 15tert-Butyl
()-[(4aR*,6R*,8aS*)-8a-(5‘aminar Ao rerhenpE):6-§ifiprremeihy 1), 7.49 (¢, T = 71.2 Hz, 1H),
4,4a,5,6,8,8a-hexah}/dro-7-oxa—3-thia—1-azana hthalen-2-yllcarbamate (25 mg) was purified by
CHIRALPAKTH AbliF thiidiie Phdsd? Hedanietifaht= 81:19, flow rate: 10 ml/min). The fraction with a
retention simgoob3j7.7 to 22.6 minutes was collected to obtain the title compound. The same operation
was repeateqao obtain t% it €,c0mno nd (580 mg, _>a9%% &32 from the 20 racemate (1.45 g).

H-NMR (400 ; L1 ; , L.74-1. , 1H), 2.50-2.20 (m, 1H), 2.57 (dd, J = 2.8,
12.4 Hz, 1H), 2.99-3.07 (Waz) 1 368 )x2H)) § 8edfumhydioxgle-pplutian 4P3m) 0 erdded o217 (d, J =

12.0 Hz, 1H);QuediBoPthéBordbbuft 8BAd d IR Fardof Elandd 4230269 Brepaatiaséxample 15
Synthesis of tert-bu

tyl

[(4aR,6R,8a§)‘1%5ﬁ2(%}-18ﬂﬁﬂ]8!§’-‘7ﬂW&Féﬂﬁ@ﬂ?ﬁ%pﬁ%?Bm@{’ﬁfllﬁ)ﬂfé‘,’%,@}Ef’é%f-mgﬁ?&rgﬁ -oxa-3-thia-l-azanap
hthalen-2eylicathechmiéc fkidrsolilaod G N QRINORINbize () yN ko aNINyNIBExIf §) Sopatkhe SiEhebrganic
tert-butylitro-2-fluoro hen. 1 -6-fluorometh 4 4a.5 6 8 8a-hexah dro-7:0, , .lna-1-azai_mhthalen-2-
1 carbamate ?aj‘_/ibwas WaShe‘iéY‘stﬁzg"rh“eetﬁ%x?‘eet‘h?fé%%m%%]é“lﬁ%ﬂ?st‘r‘f%%“éﬁ?é?mﬁ‘ﬁ%?ﬂagsaé%flgevﬁ%ropwise to a
solution of tererhergil 14 AR a8 as) (B (Berviotoe 2t fie ksphenitdehdairsypad thipdsur &4t ShE1 8 G-
hexahydro-7tg;@§§}ﬁ5m@ﬂaqé@@§r@thalen-2-y|]carbamate obtained in Preparation Example 13 (575 mg) in
dichloromethane (55 ml) at -78C. The mixture was stirred overnight with gradual 5 heating to room
temperature. A sodium bicABOY B 2B Mt WaSIauRie e the Hadionhlsh iohDapd e (iu]e%us layer
was extrasctedpvithchlonatore Thepreanic layer was dried over anhydrous magnesium sulfate. The
solvent was rated under reduced pressure and the residue was purified by NH-silica gel column
chromatograimi obtain the title compound (240 mg). 10ESI-MS m/z 444 [1),/E+H]

Preparation Example 5

Synthesis of tert-butyl (-)-[(4aR*,8aS*)-8a-(5-amino-2-trifluoromethoxyphenyl)-4.4a.5,6,8.8a-

hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

20 [Formula 30]

o NS () RCOTY R @) RO Yy 0 TCO THOH ()
- o N — o b - o N - .
H 0 s o
H Hon H oH

N02
F,CO H (5)  F,CO (6) (7)
o N\\(Np — 5 N NH, — Facg N NH, | —
s 0O s s
H H H
NO, NH, NH,
(8) (9)
F3CO
N__NHBoc —— F3CO __. FiCO
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racemic chiral

In Preparation Example 5, the compound obtained in Preparation Example 1-(2)
was used as a starting material.

[0165]



[0230] (2) Synthesis of tert-butyl [(4aR,6R,8aS)-8a45-amino-2-fluorophenyl)-6-fluoromethyl4 4a 5 6 8
8a-hexah The title compound (26 mg) was obtained from tert-butyl [(4aR,6R,8aS)-8a-(5- 15
nitro-2-fluoropheny1)-6-fluoromethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-l-azanaphthalen-2-
ylJcarbamate (39 mg) according to Preparation Exampk&13. ESI-MS m/z 414 [1),/E+H] [0231] Preparation
Example 16 20 S thesis of IeiRincRIPRLIRd SRR B SaRSaaSfreml:dllugianen -
6-Uifluorometh h4 4a 5 8 8a-hexahca-34hia- hazana hthalen-2- 1 amine [Formula 41] (1) S thesis of -
3aR* 5R* 7a8rerrEtign Fxpmpls g2 addfd hen 1 -5-trifluoromethlhexahydropyrano[3,4-clisoxazole 25The
titte compoundi@34 mg) was obtained from ()-(3aR*,5R*)-5-

trifluorometh \ -CJj 1ined in Preparation Example 14 (300
mg) and 1,3- <2 . } { frethod of Preparation Example 1-(3). 1
H-NMR (400 tvkpr@oGHR Y@ okt B3 lHhiue4-2.10 (m, 1H), 30 3.12-3.18 (m, 1H), 3.64 (dd,
J=5.2,8.0Hz, 1H), 3.79 = 7.6, -4.05 (m .15 (d 52.0 Hz, 1H), 6.22(s,
1H), 6.96 (dd, J = 8.4, 11.’égﬁ%ﬂﬁftﬂ?%%%ﬂ"d“d?ﬁ?i@&agli‘i@?%.%éh‘%‘,qi%%%% Fd%‘,n § 54 6.8
1H). [0232] @bisdwattiedic pEvieRsGRA B8 L) Saghidhifarensthang (Addrahehrqon ifRrspore tnddheaa 5The
title compoungi {30 meiwaa aRiaived fromd303aRieR " TaSrdal@éRsolution was concentrated

bromo-2-fluoropheny1)-5-trifluoromethylhexahydropyrano|3,4-clisoxazole (484 mg) according to
Preparation ERSFhR §eggjressure and the residue wap prIferRPyA0iF AASL COHTRSPE T8N BE21.92 (m, 1H),
2.19-2.300(meBtkl ), Re3 T2 db{pouddH)] .874%).(dd, J = 3.2, 11.6 Hz, 1H), 3.51 (d, J = 12.4 Hz, 1H), 3.43 (dd, J

7,45 (00, 9= 2.4, 4.4, 8.0 R) WAl S @ T osar o) AR

()-N,N-di(tert3itydcNy@arbdnyil }4{4. 2R b RHBASX)-BaN 5xh Adtnho-22-7.38 (m, 1H), 7.50-7.57 (m, 2H),
quorophenvl);&Iﬁféqqﬁgwﬁ ,5/!8@4@@&,8@?’-lg%aﬁtgysqrﬁﬂ-oxa-B-thia—I-azanaphthaIen-Z- 15 yflamine
Benzoyl isothiocyanate (156 pl) was added to a solution of ()-[(2R*,4R*,55*)-5-
amino-545-bF8Hél2-fluoropheny1)-2-trifluoromethyltetrahydropyran-4-yljmethanol (390 mg) in

dichloromethans (1@ 43k o AR thR M$sBINENAS ST EL Ale IROITHIRMP LA HIEAY 85 HEhh iie Bolent was

evaporated ug]ggg_Eggzggg&&rﬁgﬁ_%[glﬁgggﬁ gadue was purified by silica gel

Concentrated hydrochloric acid (635 pul) was added to a solution of the compound
obtained in the previous step (1.67 g) in methanol (25 ml), and the mixture was heated under
reflux at 90°C 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
was added to the residue, followed by extraction with ethyl acetate. The organic layer was
dried over anhydrous magnesium sulfate. The drying agent was filtered off and the filtrate was
concentrated under reduced pressure to obtain the title compound (1.65 g).

"H-NMR (400 MHz, CDCl3) & (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).



20 chromatography. The resulting intermediate was dissolved in methanol (50 m1). 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)&nd DBU (500 me were added to the residue,

followed by heating unden je e FOr, IRMRUEH MY NEP G JERGHASWAR 3P EI RIS R

action
solution was returned to room temperature, and tf’?e s(é):é/ent was evaporated under re(égge ‘pressure. The
residue was p@rifiedOdyNHLsilEd gl lcam AT chP8radio graphy. 4P 4d Sulingthtémhédiatdtias dissolved in
THF (10 m1); Bi-testsbiityd gicarponate (4581ing) 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 %?ﬁlrified by silica gel column chromatography to obtain the title compound (138 mg).
1 H-NMR5(400 MHz, CDQh P& fapitign Exbnige $8K), (1) Ahdl($)5sfinhddt) wA2A@ (@daded & @ink2®, 24.8 Hz,
1H), 2.73 (dd, ] = 2.8 JFSZX.S ng,{’g )) 3@)5%—3.13 (m, 2H), 4.00-4.13 (m, 3H), 6.94 (dd, J = 8.8, 12.4 Hz, 1H),
7.41 (ddd, J = P4 AR HETS .E% (dd. J= 2.8, 112 7.2 Hz, 1H). [0234] Preparation Example 17
Synthesis 5 fldbfdmeth M Lb 5 8 8,milc3- fin a- hma hthAm-1 amthe [Formula 42] (1) Synthesis of
(3aR,5R, 7aShpshanevioxy et (3-(eritema-3- dluerapheny RhgxaaxiapyysRoldyd-clisoxazole THF
(10 ml) was added to a solutio orobenzene (4.31 g) in 10 toluene (100 m1). The
mixture was e681ed:-f327agsaby Rathglem 2yl leashamaleay dropwise. After stirring at the

same temyperature for onerheumq)aﬁldtdxbmmfs@a.ﬁhéﬁ);ﬁéus step (12 mg) was purified by
benzyloxyme - 4drtetrahydro-7H-pyrano[3,4-clisoxazgle gbtained in Preparation Example 13-(4)
(.00 9 i ol o B R R R Cir, (D IR B0 ere aced

dropwise at tiiectameitimectattemsiiney & theGamatdoianspbeatid ofobtawalieoiites camprurdted
ammonium C?M'Q&I%%'&H'%_Méb%ﬁ@?odoﬁﬁqﬁﬁrﬂﬁy@@l’@cﬁ}ﬁp@ﬁﬁtt@[‘z I&?ﬂ@%@éﬁﬂ&ﬁ%&@’ﬁ{% gxtipcted with
ethyl acetate, and the organic layer was dried over anhydrous magnesium sulfate. The solvent was
evaporated UAtr€duced pressure and the residue was purified by silica gel column chromatography to

obtain the tittle compound (2. rAVEO L b NIR @O -MbIzofalPG 3 &, (Pm). U4 64 &/ (), 2H}-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. 1H), 3.82-3.88 (m, 2H),
4.11 (dd, J :Q“.o@é%ﬂ%iiﬁf}lnfg%(é%‘j% fﬁ“nj;‘)lnrglf’%%é; R ﬁ@ﬁ.{?‘%'{y fﬁ)@&bé?(g? ¥5: 6.92 (dd,

J = 8.4, 10.0HD, 495;47130=7.. 2H)r6.66kd.8.6B @A, IHz 21 8) 568 HE&l, 1HR.F0RB5[ERS TR Syithesis of
[(2R,4R,5S)-5ramino-2-benzyloxymethyl1-5-(5-bromo-2- fluorophenyl)tetrahydropyran-4-ylimethanol 113
Zinc powder (4.24 g) was added to a solution of (3aR,5R,7aS)-5-
benzyloxymédfy117a-(5-bromo-2-fluorophenyehexahydropyrano[3,4-c]isoxazole (2.74 g) in acetic acid (40
ml). Aftessstirppg.aideeBxiaipreyature overnight, the insoluble matter was removed by filtration through
celite. The sqlve t , , , ice o0.the residue, followed
by neutralizatdH ) it nydroxite-Sotut e eoUS o xtracted with
dichloromethéde &itiSihbeantyadic-Tayer-dvdsadiechmprtatdyArdisutagme sium sulfate. The solvent was
evaporated er reduced pressure and the residue was purified by silica gel column chromatography to
obtain the title compound (2.22 g). 1 H-NMR (400 MHz, CDCY!)) 8 (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, J = 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,

a-(S+amino-2-flu




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-Llenzlrntinetl.-Lxomo-2-fluorohen 15 hexahydro-7-oxa-3-thia-1-aza-na
R2R,4R,58)-5-Amino-2-benzyloxymethy1-5-(5-bromo-2- fluorophenyetetrahydropyran-4-yljmethanol (2.22
g) was dissolved in dichloromethane (30 ml), and benz®y! isothiocyanate (776 pl) was added. The mixture
was stirred at rgom temperature for five hours, and {hen the solvgnt was evaporated under reduced
pressure. The ;egiQuewasZ(ﬁﬁwrﬁl‘éd bysitica §el column-chrom agfaphy to-obtain an intermediate. The
resulting intermediate was dissolved in methanol (50 ml), and concentrated hydrochloric acid (2 ml) was
added. The mix was heate der reflux fé) X hours and then ¢ d to room temperature. The
solvent was eVa oNrated under ced pressurg.fMéthanbl (30 ml) 8 p&%@ml) were added to the
residue, followed by heating uhder reflux for tAree Bodrs. The reaction solution 25 was cooled to room

temperature, and'the solvent wa$@vaporated uricer reduced pressure! The residue was purified by

NH-silica gel column chrgmatography obtailnotzh title compoungog2.30 0) 1 H-NMR
(400 MHz, CDC})) 8 ( .1.50-1,54 (m, , 1.74-1.77 (m, , 2.58-2.60(m, 1H), 2.90-2.99 (m, 2H),

3.46 (dd, J = 4:4,10.0047;, 1) 3: d, o6 44 0-0-Hz; 35-1H), '8 (d, J = 10.8 Hz, 1H), 3.85-3.90(m,
1H), 4.08-4.11 (m, 1H), 4\54-4.64(m, 2H),619F (dd, J = 8.4, 1210-Fz, 1H), 7.27-7.38 (m, 6H), 7.45 (dd, J =

2.4, 6.8 Hz, 1H). [0237] (4) Synthesis of tert-butyl4aR6R8aS-8a-5xomo-2-fluoro hen | -6-h drox meth 14
4a 5 6 8 8a-hexah 114~M:  Concentr Hydrochloric acid (20 ml) was added to (4aR,6R,8aS)-6-
benzyloxymelh(;li)-ﬁa [omﬁdﬁm[%%mng‘,ga,S,6,8,8a-hexahydro-7-oxa—3-thia—1-
azanaphthalen-z-ylao i e¥2.20 0), and, jxture was heated under reflux for two hours. The reaction
solution was returned td room temperature’, and ice was added to the reaction mixture. 5 The mixture was
neutralized with 5 N s&diim hydroxide, afd the generated solid was collected by a glass filter. The solid
was dried undeSsathesescpfe@sindietiut YasipgidsoRaatting THE' (138 m1). Triethylamine (5.0 ml) and

di-tert-butyl dicarbonate (36 GwWaI® 898 SaNXHIR Y&%ﬁs§ﬁtﬁgfﬂ&t4—%gﬁ'ﬂe¥§ﬁ!&6(ﬁ%%for Six
hours. The solvent was evaporated under reduced pressure and the residue was purified by silica gel

column chrofiteRiapH) taeBes H theline0i6. detepca by tirsasgpr B HINMIRS (405 MMS2UBET ) 8 (ppm).
1.53 (Si 9H), rla&ﬁtérﬁ%ﬁ’ﬂ;ré—,"ﬂ)o&(&'éeia%l{ﬁ;e dfgthy? a‘iét(sdch.@%@&aalac&&%&o llké)r)e%e%%dggludoﬁ 4.0,13.2
Hz, 1H), 3.00-3,10 (m, 1H), 3.65-3. 2H), 3.77-3.80(m, 4.09-4.13 (m, 1H), 6.97 J=8.4,12.0
Hz, 1H), ?.38@@}.]%5%Wﬁ)V.Vafg*favzggj%eévﬁfﬁesrgeowaﬁéﬁfﬁ%ﬁ&%}%5%82&%%%%3%4?2%0@3%9@&-hexah
[Bis(2-methoxyetbtyiamithalstitfurethéiuoritie ¢idhitiayeasvasded atopedisedo eedaotedipresitert-butyl
[(4aR,6R,8a§%—§ ?e%%lpé’ Wﬁ&fﬂf&ﬁ@?ﬂﬁ@é’ %QIQEH'XI‘HBOWJ%&%Q}’ to obtain the title compound (1.95
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylicarbamate (200 mg) in dichloromethane (5.0
ml) at -78C. Bhe mixture was stirred overnight with gradual heating to room temperature. A sodium

bicarbonate solution was agdegifo e igastiopmixtsiigia terminate thegegctp. (Theagueoys layer was
extracted with ethyl acetate, and the organic layer was dried over anhydrous magnesium sulfate. The

solvent Was &lfafbPatelfimtietTedtlteu s prdButE add b festintivad i rifdd gt Biica it tolumn
chromatograpiy2teralatajnsoe-stle camphuniddb43 ag)1H). 1 H-NMR (400 MHz, CDC13)
8 (ppm). 1.5%? H), 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, )233.04-3.07 (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,(2HyBIR¥i{df ({Hrmcghyl- ROutdngl¢y ) adefpldelrgla oinien, 2H).

The compound obtained in the previous step (5.81 g) was dissolved in a mixed

15 solution of formic acid (30 ml) and water (10 ml) at room 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,



[0239] (6) Synthesis of N N-di tert-but lox cartlaR6R8aS-8a-5.-bromo-2-fluoro hen 1 -6- fluorometh 1-4 4a
5 6 8 8a-he,m1-3-thia-l-azana hthAm-2- 1 amine Di-tert-butyl dicarbonate (185 mg) and DMAP (69.1 mg)
were added to a solution 115 of tert-butyl
R4aR,6R,8aS)-8a-(5-bromo-2-fluorophenyl)-6-fluoromgthyl-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-azana
phthalen-2-yliggramated §:355i0)sia7T 0 (30 1)« TR& MiirG Mias sirred ahrapm s@mBsratye for two

hours, and then the soivent was evaporated under reduced pressure. The residue was purified by silica

gel column chfbrratdordphgrtdih-obtai- themtiétompound (121 mg). 1H-NMR (400
MHz, CDCT )@@ 1{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) 01 0 ), 4.09 (dd, J =
4.30-4.58(m, 2H), 6.93 (dg15(r Pyt igli?i ]57@3(‘25%@| Slnﬁgﬁslg S sz C‘?r é%j J=228,
7.6 Hz, 1H). RP@po@4ion Emp&ﬂatle@)Eé@mplé‘HS Synthe5|s of
()-N-benzoyl gtﬂrt butyloxycarbonyl)-[(4aRt8aS*)-8a-(5-bromo-2- fluorohen1-44a56 8
8a-hmmlica- -thla [-azana hthalen-2- 1 amine [Formula 433 15 (1) Synthesis of - 3aR* 7a5*
-7a-5-Lxoltoroheill-hexah Hy8rapsasion BxamR ), (7) and (&), sypsfisednsrvpatferowe Aseding sy mg) was
dissolved in @@M@a@nmm@@ 4 midyrad1$.m1). The mixture was cooled to -78C and n-butyllithium
(2.64M, 1.1 é):fvas added dropwise. After stirring at the same temperature for one hour, a solution of
0-3,3a,4,5- ? ahydro-7H-pyrano[3,4-c]isoxazole obtained in Preparation Example 1-(2) (200 mg) in
toluene-THF (10:1) (5.0 nih Bmdaaatimndharifhlmﬁd@}dﬁmym@(ﬂlb)r sprnipkexv39dedermede@ddBogdropwise at
the same timg, I@%ﬁ;ﬂgﬁlﬁgaﬁ @mg&% perature 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 WitfPlvater and brine. The organic layer was 25 dried over anhydrous magnesium sulfate,
and the solvqmmﬁtﬁaﬁp@f@éﬁ%mﬂes re@wﬁw& GafiesidunsrashhyifieduRyrsilica gel column
chromatograp b ) 1H-NMR (400 MHz,
CDC13)8(p. F6-1.91° H), 376 3=, L£H], 3.0 7, %), 4.00-4.06(m, 2H), 6.28 (s, 1H),
6.93 (dd13d = 8.8, 11 6 HzTh&-bpxﬁ;&ﬁnZldmz(m@(Bﬁi ﬂtidprsmﬁls(dtsbplﬁ thd) 68 plzifitlpy{0241] 116 (2)
Synthesis of ¢ NndaRARAS w53 KT YRICNRAANIRLfoPX9:3 TR Liaz s DifiAIeHig dPenzamide
Zinc powder (759 mg) was adde toas Iutlon of ()-(3aR*,7aS*)-7a45-bromo-
2- ﬂuoropheniféﬁé@@ﬁ%rﬁﬁ%&ﬁ@@@feﬁ%b&&z&eﬁ%@%ﬂ@sﬁpaeféﬁ% aOBHB 713 il e dtirring at room
temperature oNREgRkidheviRTOPRIeI MATERLINES fRINEBF.BNadieR . thoougk calite sThamsQveRt was
evaporated under reduced pressure, and the resulting residue was neutralized with 5 N sodium hydroxide
in an ice bath*fil'Squeous layer was extracted with ethyl acetate, and the organic layer was washed
with bring The organlc IayH MNAIR drieaiMyer @plyorduspmadnzsidn suiates, 3k, the3selvwent was
evaporated r The b ography to
e B ey (s Rl e o Zan i

obtain an mtermedlat iocyanate e was e resulting
intermediate 399-3.82 (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* -8a-(5-amino-2-fluorophenyl)-6-methoxymethyl-

4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate
[Formula 32]




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, arf® the solvent was evaporated under reduced
pressure. The resulting residue was neutralized with a spdium bicarbonate solution, and the aqueous
layer was extragte@ with ethyl.acgtaf¥. The ofganic lgy@bwas washed with brine and dried over
anhydrous magngsjum sulfate. The solvent was evaporated under reduced pressure and the residue was
purified by NH-silica gel column 20 chromatography to .b the title compound (211 mg). ESI-MS m/z
449 [1),11 +H] [Og/élg}qél:}) Synthesis gk _n (5) F Yy (6)

()-N-benzoyl-No-Hert-butyloxycarbény aR’T8ES‘*%- .& Npromo-2- fluorohen1-44a56 8
8a-hea-3-thia-I-azana hthalen-2- 1 amine 25DMAP (86.1xmg) and di-tert-butyl dicarbonate (123 mg) were
added to a solutionef

()-N-R4aR*,8aS*y-8f¢r -bromo-2-fluo ¢ Mea@-4,4aﬁ5,6,8 exg%@ro-?-oxa-?;-thia—l-
azanaphthaleg-2tyllbenzamide §2. % ig THE (10 m1y. Th niixflire was stirred at room temperature
overnight, and thenfithe solvent was évaporated under reducéd pressure. The residue was purified by
silica gel column chromatography to obtain the titIeNgo pound (229 mg). 301 H-NMR (400 MHz, CDC) ) 8
(ppm). 1.34 (s, 9H), 1.3 49 (m, 1H), 2/18-2.27(m, 1H), 2.70 (dd, %8, 12.8 Hz, 1H), 2.93-2.98 (m,
1H), 3.08 (dd, =36, 32 H.1H)-3:6 -3.6 (. 1), 3766 (dh J 5 %N{%p ), 4.06-4.08 (m, 2H), 6.94
(dd, J = 8.4, 12.0 HA-1H)}7388-7.47 (m, 3K), 7.52-7.56 (M, 1H)P7. §89(m, 2H), 7.93 (dd, J=2.4,6.8
Hz, 1H). [0243] 117 Preparation Example 19 Synthesis of + -N N-di tifLatt lox ca8aS* -8a- 4-aminothio
hen-2-1-44a5 6 8 8a-he gro-7-mna-1-azai_mhthalen-2- 1 amine [Formula 44] (7)Toc 011- chiral
5 (1) S thesis of123aR* ¢ ’ -KNa4°4-LIrotinohei_1-2- 1 -hexah dm ano 3 4-c isoxazole

n-Butyllithium (2.63 M, 2.99m[) \qga§<added dropwise to a solution of 2,4- dibromothiophene (2.00 g) in
toluene-THE (10:1) (22 mi) &t -78C. After stirring at the same temperature for one hour, a solution of
()-3,3a,4,5-tetrahydro-7H-g{fano[3,4-clisoxazole obtained in Preparation Example 1-(2) (500 mg) in
toluene-THE ((2@yhntlfdGsmf)(Bind -andxboag-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, ] = 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]
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).



10 trifluoride-diethyl ether complex (990 pl) 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 undeBveduced pressure and the residue was purified by
silica gel coILEm O'ihromatography to obtain the title compound 15 (700 mg). 1H-NMR
(400 MHz, CDCY)) 8 (ppm). 1.74-1.92 (m, 2H), 2.82-2.87 (m, 1H) 3.58-4.03 (m, 6H), 6.96(d, J = 1.6H,
1H), 7.16 (d, J = 1.6 Hz, 1R Fo2upn thedisHan s isguas periesme cardingi 5 g
8a-hexah drq%lgmian BRathjgelsazanaphtaakn-2-ylamine Zinc powder (1.58 g) was added to a
solution of () [%i% ,7aS*)-7a-(4- bromothiophen-2-yhhexahydropyrano[3,4-clisoxazole (700 mg) in acetic
acid (20 m1) stirring at room temperature overnight, the insoluble matter was removed by filtration
through celite. The solveninfapeutpoltxednndéi Fedubstdp(EZsuyeihand the pedidurdvasonéutralized
118 with ice Wﬁ&ﬁa%%@ﬁ%xﬁ%{fy?)@ﬂ%nd% agueous 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 solvéRt§as evaporated under reduced pressure. The residue was purified by silica gel column
chromatograpzy %ﬁh@ﬁmrt@tiawmqqi@ﬂﬁzwaaﬁwwgaidﬁm@tumam@m@m(@o ml), and benzoyl
|soth|ocyanate 24 pl) was ad he mixt Jre ¥vas s§|r ed t room temperatyre overnight, and then the
solvent was Svapgrated S gaaeniakenaley]

;’;i """ Staue v- edby-<f ’..l- column
chromatu)@raphy The resumngmem(eumm @B@ld)s%qiped m4&etﬁamt (20,mB3 andKpricentrated

hydrochloric CI é@eyﬁg;\&%o(ps) em x%g gv? heal rééj%j%r réeguxlfﬁé ?ﬁpgurs and then

cooled to room emperature so ven Qw AS ev porate ced pressur asidue was
dissolved in Af&thaddi3(29 (i) I&h 38 (st Zi@)rﬁlYOvég”éﬁdeH{)‘o}I&védbyrhééﬂdgléﬁ'd& maflifor eight
hours. The sglyenri gyameyaperaseddonder igduced pressure and the residue was purified by NH-silica gel
column chromatography to obtain the title compound (770 mg). 1 H-NMR (400 MHz, CDC!)) 8 (ppm).
1.45- 148(m%§3 2.14 (ddd, J = 4.8, 15 12.4, 26.0 Hz, 1H), 2.24-2.30(m, 1H), 2.62 (dd, J = 3.2, 12.4 Hz,
1H), 3. 265(dCPrdpar3tﬁn]E&Addlé, &H), 3.54(d, J = 11.6 Hz, 1H), 3.57-3.64(m, 1H), 3.91 (d, J = 11.2 Hz, 1H),
408412(mslH.0 . ) %SISOf -N N-di
tfft-Lan lox ca8a xarmn dr ' azai_mhthalen-2-
1 amine Bx) afiagedythivg idaztianate (1.51 g) were added to a solution of
0-(4aR*, 8a8ﬁ-(§gu(fla @g@mothlophen 2 yl) -4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-lazanaphthalen-2-ylamin
e (770 mg) in THF (10 m1). 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). 1 H-NMR (400 MHz, CDCY!)) 8
(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, J = 4.4, 11.6 Hz,
1H), 4.11 (d, J = 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*)-8a44-(4,4,5,5-tetramethyll 3 2 dioxaborolan-2- 1 -thio
hen-2- 1 -4 4a 5imtah dro-7-oxa-3-thia-l-azana hthalen2-yliamine Bis(pinacolato)diboron (2.15 g),
potassium acetate (663 mg) and a 1,1'- 119 bis(diphenylphosphino)ferrocene palladium-dichloromethane
complex (138 mg) were added to a solution of
()-N,N-di(tert-butyloxycarbony1)4(4aR*,8aS*)-8a(4-bromothiophen-2-y1)-
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yllamine (900 mg) in DMF (46.9 me. After
replacement with nitrogen, the mixture was stirred at 80C 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-butyloxycarbonyl1)4(4aR*,8aR*)-8a-(4-azidothiophen-2-y1)- 4 4a 5 6 8 8a-hexah

dro-7-0, ,,,]Jna-l-azai_mhthalen-2- 1 amine Sodium azide (177 mg) and copper (1) acetate (99.2
mg) were added to a solution of ()-N,N-di(tert-butyloxyéa&rbony1)4(4aR*,8aR*)-8a4444,4,5,5-tetramethyl-
15

[1,3,2]dioxaborolag:2-ye-thiopfren-2- y]d -4, 4 $6,8,8a;hexdhydro-{] oxa?thla l-azanaphthalen2-yllamine
(790 mg) in metha ol (88m irred-at ro mtempera ur overmght and then the
excess of met argg,la,was evapofdted under retﬁ’tmgd pressu?efﬁm ammo urg chloride solution was added
to the residue, and the aqueous layer was witlt ea[hyl acetat®The organlcrayer was dried over anhydrous
magnesium sulfate, and%he solvent s 2 evapo &drunder red ed pressure. The residue was purified
by NH-silica gel%olu chronffatag hyt olﬁtalrb e title @omp sundl (503 mg). ESI-MS m/z 518 [1\4+
+H] [0248] (6) Sy is of -N -Lmt lox S* -8a- - 4-a tothio hen-2- 1 - 25
4,4a,5,6,8,8a-hexahydea-?-oxa-3 thl@ anaphthaﬂenlz yllamlne Z\nc powder (133 mg) and ammonium

formate (320 mg) weregradded to a solutlon of o
hen-2- 1)-4,4a,5,6,8,8ahexahydro-7-oxa-3-
th|a 1 azanaphthw)en -2 qine (203 mg meth&mol (76.) Mneﬂi/r‘\ixture was stirred at room
temperature overnight, and then the solvent/was evaporated uEd 30 reduced pressure at room
temperature or lower. A/V er was addeg tolthé eS|due odr rtg agueous layer was extracted with ethyl
acetate. The organic Iayebrwas dried over anahydrous magn@@uum sulfate, and the solvent was evaporated
under reduced pressur e residue was purifi y silica gel colum romatography to obtain the title
compound (325m09). Smn/ 8 [M#+Naj §20 [02 Theyn of + -N N-di tert-bta lox
carLlaR"8aS* -8a- 4-dmi oﬂTo en-2-1T-442a “ga- exah dro-75o, ,,,ﬁfaq -azai_mhthalen-2- 1 amine
()-N,N-Di(tert- butyloxyc nyl? -[(4aR*,8aS*)- -amlnothlophen- 3
4,4a,5,6,8,8a- hexahydro -fr@xa-3-thia-1- azanapht&naalen -2-yllamine (32.5,4ng) was purified by
CHIRALCELTM OJ-H ( H¥Pphase: hexane:et Nz 8:2, flow rate: 10 ml/min), and the fraction with a
retention time of 14.9 -5 minutes was, coll to pbtain the title compound. The same operation
was repeated to'Obtai Tﬂj’(“t};@ ouﬁd—&l raw material (325 mg). 101 H-NMR (400
MHz, CDC!)) 8 (ppm). 146-1°4&(m, 1H), 1.53 (s; ), 2.16- 2.33 (m, 2H), 2.64 (dd, J = 2.8, 12.8 Hz,
1H), 3.39 (dd, J = 3.6, 1?8Hz 1H), 3.55-3.62 (7, JH), 3.65 (d, J = 11.2 Hz, 1H), 4.03 (dd, J = 4.8, 11.6
Hz,1H), 413 (d, J=2.8 87, 1H) 6 07 (d J= 2 0 Hz, 1H), 6.67 (d, J = 2.0 Hz, 1H). [0250] 15 Preparation
Example 20 Syrityizths (R)-djic(e iy 1breaf2:8h S)-8a-(5-bromo-2-fluoropheny1)-6-
benzyloxymethyl-4,4a, 5 G@B%@yhmny@y@z?@ayéatmasohﬁ%ﬁnﬁﬁm@@éma% Yiaanspihmya 45]
Di-tert-butyl dicarbonate (113 m?) and DMAP (63.0 m%]) were added to a solution

suspension of trimethyIsulfonium 1od1de (32.4 g)'in tetrahydrofuran (400 mL) in a nitrogen

atmosphere at -20°C. The reaction solution was stirred at the same temperature for 30 minutes.
5 tert-Butyldimethylsilyl (R)-(-)-glycidyl ether (10 g) was added dropwise to the reaction solution
at the same temperature. The reaction solution was stirred for three hours with gradual heating
to room temperature. 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 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, ] = 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]



20 of (4aR,6R,8aS)-6-benzyloxymethy1-8a-(5-bromo-2-fluorophenyl)-4,4a,5,6,8,8a-hexahydro-7-
oxa-3-thia- Fazanaphthalen-2-ylamine obtained by the method of Preparation Example 17-(3) (80.0 mg)
in THE (5.0 m1). The mixture was stirred at room temperature overnight, and then the solvent was
evaporated under reduced pressure. The residue was parified by silica gel column chromatography to
obtain the ty QUL (R QTGN 53 LB, G0 HA, CGUM L (RDIRY d-1 56 (M, 19H),
1.88-1.98 (m, , - . z, 1H), 3.62 (dd, J = 10.0,
16.8 Hz, 1H), 3.85-3.90 (rﬁhmmst@d @eib»(hﬁtf@w 3514, B’af(ﬁfldzmylr@wfda agalugon afdtg Hz 1H),
7.28-7.39 (Medihpound Sttdthed i RrépafatidiZibihp1 Q2636 @remﬁmmlE@@a@ple%laﬁyﬁBM%ts of

tert-butyl ()-[ * 8aS*)-8a4 diflyorobenzal1,31clioxol- 4 121456 8

[Formula 46]%%%“5@%&3@6(%”63@@ ‘?ir ¥ ‘?raﬁfé‘?c Lg S1y ¥ BN S)ﬂl“ lwa%*xesﬁ “’fqﬁ’é’%(ah dm
rano 3 4-clisorgreolerdTiMB{Zdl fiol) wasnaside&lat@rafstﬁqmmmoﬂ;ﬁbmnh@ﬂgﬁ diftuckiEdl(@tbenzodioxol
(1.96 g) in tolgng {0 mbk. TPAHIMEERPAAEE BalBC, i‘ﬂéjo?gﬁﬂfb%‘%/ér%{é Fiddde
tetrahydro-7H-pyrano[3,4-c|isoxazole obtained in Preparation Example 1 500 mg) in toluene-THF
(10:1) (10 mI}I&Wdfauﬁ@@ﬁflﬁﬁﬁ%ﬂ&@lﬁ@HVP@%@F%W@( [oded PIosiETe dd¥aasiispiise at the same

time. After stijiingeatbihg1sarne teruparatinfeehyn heusaaRTHmOsHpolidchioside solution was added
to terminate the reaction. The %Jeous layer was e;%racted with eth%/Q acetate, and the o ganlc layer was

dried over anhydrous magrﬁ{egﬁ SIS RRE 8 dsr&iEa e Pebuad iSré&8ure and the
residue was puofetoaynsiliea geD@blumn aiirprategraphy poipistain(dde, titte Icarpound K87 3HNQ).

1H-NMR (40 Cl) 7 H 4-3.09 H 3.63-3.85 (m, 4H), 3.99 (d,
32 125 iz, 11, G200 A B dOL ) R (iS5, D 710 62 = 8.0 s, 10,
7.60 (dd, J —[91258 0 Hz, 1H). [0252] (2) Synthesis

of()-R3S* AR Iaming %f@a?ﬂfﬂaﬁ&mﬁ&[% 34diexqlsf-y1)- tetraa 20Zinc powder (2.01 g) was
added to a solution of ()-(3aR*,7aS*)-7a-(2,2-

difluoro-benzol[1, 3]d|ox011;ft??/li‘)t-¥1lémﬂ}ﬂ?8b§}l’ﬁﬁﬂféslﬁ Ellsok XL SR PSSR HOLHAHAE(30 ml), and the
mixture wms stideediaiproemdampeatiaiusethy esniphind betdiisadlibkecpaaitemvigasngroaved (ny. Sikjation through
celite, and the S was te der reduced sure. Ic was a 0 the residue, followed by
neutralization W%?’gré Z%er%%s rgjx e solution. %P Re g (L)J(e%ﬁ% eré‘ru\g\?agretﬁvt(r)a%tea with
d|chIorometh&ﬁeram@meoosgam@dayépwgem@byévatan thnsld%&gﬁesmnﬁeuﬁdt@W@@@l%nt was
evaporated %}Qﬁ{léqglé?%ﬂ&%h'{&l a”ﬁtﬂ@?ak%ﬂ%a\évﬁm%‘ﬂf '@1@ CSJ@II Qﬁ&m ,Qmatography to
obtain the title compound (661 mg). 1H-NMR (400 MHz, CD .62-1.66 (m, 1H),
2.14-2.20 (mi2Ypf)Vas poparaigd pgaipiy) T@%@?’(Pﬂan%d—%%wl%@lﬁ? ﬁ‘ﬁ—F}r %‘15’66"3 %‘é‘xﬂ%"%ﬂ‘}a@@w&l J=116
Hz, 1H), 2(122;14f3.t3 (dd cdnechifhiddud dezselitie d/pRS de, JFhk. Zs810k W) puritidd byds#ié @dtzolmy, 7.32 (dd,
J=12,8.0 Hﬁ

Erap y]to obtain the title compound (4.15 g).
"H-NMR (400 MHz, CDCl3) & (ppm): 2.37-2.41 (m, 1H), 3.42 (s, 3H), 3.58-3.64
(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



(3) Synthesis of ()-(4aR*,8aS*)-8a-(2,2-difluorobenzo[1,31dioxo1-4-y1)-4,4a,5,6,8,8a5
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine Benzoyl isothiocyanate (372 ge was added to
a solution of ()-[(3S*,4R*)-3- amino-3(2,2-difluorobenzo[1,3]dioxo1-4-yetetrahydropyran-4-yljmethanol
(661 mg) in dichloromethane (9.53 m1). The mixture wé stirred at room temperature for three hours, and
then the solventwas eyappralRd WadsRAVEed RIS RS RRSIANS AR RYfishisiica gel 10
column chromatography The resulting intermédiate was dissolved in methanol (20 m1). Concentrated
hydrochloric $RPPHOE drdp8)-was added and the mixture was heated under reflux for five hours. The
reaction solution was cooﬁqql_mgqa@mr@m YGRS qojuelngy\@e eMapnsatedlpndesvesiyged

pressure. The residue was dissolved in methanol (20 ml) a él) a%%e was added followed by
e

heating undetettik fol%id @%Bﬁ’rgﬂ}h‘ezﬁeééﬁdﬁ’s%tléﬁ%vﬁg"l@]cg (o ter]nﬁe ath?n? and the

solvent was élapdnatetbuaden redsced presare] H)6.régidhide was Huified by Niisilica gel column
chromatogr E})éjé) obtain the title compound (350 mg). 1 H-NMR (400 MHz, CDCT )
8 (ppm) 1.4

(m, 1H) 208219(m 1H) 264(dd J 2.8,12.4 Hz, 1H), 2.74-2.80(m, 1H), 2.98 (dd,
3584 4 RYA B gi¢ayloxmetiagdd, 11.2 Hz, 1H), 3.93 (d, J = 10.8 Hz,
1H), 4.10 (dd, J 5.2, 11 glmn;mtﬁlgmgdade 8 2 bz, MR DB HAATS @k'}roiggcﬁﬂﬂd (4)
Synthesis of tert-butyl I%[ (4aR*,8aS*)-8a42,2-difluoro-6-nitrobenzo[1,31clioxol-4-y1)-
4,4a,5,6,8,8L sy CPASHILR @Fﬁ?&“&l%%ﬁ)aﬁh?ﬂé h @Sﬂ'i‘é’élfﬁﬁ?ﬁﬁt@ OB e 4cid (7.60 ge was
added ta@ S@luit@ph(e)*f(4am6;8ﬁ&ﬁ)r8a(ﬁ Rirred at the same temperature for one hour. Methanol was
dlfluorobenzo[jl k%xgv}sgf 4éAéa %h6s§1§teogeg< dro 7- d@agatéia |- {zanap httl%len de mlne (50.0
mg) in TFA( (Sf Inan |ce ath. clnnen concentrated sultunc ac ?845 rlrm was addeq opW|se After
stirring at thenziierdtébapeactioneristion® diogpathied dadtloatvmtiupe shaslpo ard avinhgdoeito ddshinate the
reaction. Th%&@i%{é”eS’é(éx?a%‘i&%é&dsdﬂmnwﬁl&ﬁg %9%@8%&9&%@@%@%&@ iexraetpgl with

dichloromethane, and the organic layer was dried over anhydrous magnesium sulfate. The solvent was
evaporated U BRE st R IRYES BRtaicd R YRt ™ Rs YTy NG R AEREA%Ys dissolved
in THF (19 mihddoidértdayiydssicarb@naies(Gte Svamguariddtetiyjtansineo(odhibchrdbhwareadded and the
mixture was redﬂeet ag%orrgom tggp@ ﬁiure for one hour. Further, di-tert-butyl dicarbonate (130 mg) and
triethylamine (1 & mI were dade e mixture was stirred at room temperature overnight. The
solvent was evaporated uhde¥ VR (E¥Mpres SIMEland (ifrene 8iddi€.\WasopUHfietiby3sHica. g&column

chromatograghy @@?ﬂ'q efifle £4 mlﬁg%gég%%@ﬂl é&ﬁmk@g&ggqmm RET S mpm), 1,51 (5

9H), 1.55-1.59 (m, 1H 225%“ (m, 1H), 2.8 5-3.71 (m, 1H),
3.76-3.84 (m2BHY- 0184, 15 &¥, 1145, 175993116 38 2.0 Hz, 1H), 8.05 (d, J = 2.0 Hz, 1H). ESI-MS m/z 496
[M+ +Najd022%40 (5) SyntheS|s of tert-butyl

0-[(4aR*,8a E% 2; dlfluoroben 01 io - £ 4a 6 8 8a hexah Iron powder
(7.09 mg) an i de-s¢6 Oty v 4280 a solution of tert-butyl
0-[(4aR*,8aS*)-8a-(2,2- dlmnmﬂmﬁfrwdbmhp[lu&]ﬁhwﬁ% ml))ﬂmalm;ﬂe&mlrmahydmgadxe% -thia-
1-azanaphthalen-2-yllcarbamate lEGO th the |Ire was heated under reflux
for 50 UL Ao S NLE VR e O R PP e IONUETe Thatter was
removed by fattmisphethmu’gﬁ(ﬁelitﬂleTI’escsoiNmMmasmyammamdhumdme teclgeadipréssirenandctihe residue
was puri Ilca | column chr togra to o{n the titl und.(50. ES MS m/z 444
[M+ +H]£2% [gz%’ rcg%%afrﬁaet%)ﬁn E?(lglﬁf (%B% rgﬁi/rll hests %? mmtli'):f 5 @x)}o bnycrlﬁ%)eoﬁl%érgoiyhc acid
[Formula 47]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



(1) Synthesis of 2-methox eth 1lethox - azine-2-cmarbox late 2560% sodium hydride (27.8 mg) was added
to a solution of 2-methoxyethanol (50.2 ttl) 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%tirring for one hour and 50 minutes. Acetic acid
(50.0 t) and ygigr. et Rded e g (eachanaliov.drlinad R GARIRg Wikl acetate. The
organic layer was concenfrated under reduced pressure and the residue was purified by silica gel column
chromatograptyttorotdifiiesatie EoRiptrirareraie mjhe ppggnic layer was dried over &w&ffi/mw (400 MHz,

CDC13) 8 (pRpiaYnc3idth 68ifdld), IHOdSamicllaybr'9ad &hdfRirdtel) uf B rdd@de (Mredktle 8B ARithn 1H),

8.86-8.90 (m, 1H). [0257] (2). Synthesis of 5- 2-metrazine-2-carbqgx lic acid 5Potassium trimethylsilanolate
(1.5 o) wa AAIBH Y SREH S BRI €O (e ISR ey i
tetrahydrafuran (1 ml), antdHRENMRXH0G MiS, Sti@d)al (gom: tehoperattiie, fos®ee iy, sk ¥Saction

soluton was Gongenaled HpAsT IeluCepissaut alerend iyl cciate were affledjodhg residue,

and the aqueou er was separatéed. chidric acid was added to the aque ayer, followed by

extraction witicBibkcrdin?. SiiHan1 0For §3ictdyet - Whk.coMdertdiéa umaérifeduedd pressure to obtain the
title compoung;§b3.2 mg). 1H-NMR (400 MHz, CDC13) 8 (ppm). 3.45 (s, 3H),

3.77-3.82 (m, 2H), 4.60-4.64 (m, 2H), 8.24 gd, J=1.4Hz, 1H), 8.96 gd, J=1.4 Hz, 1H). [0258] Example 1
15 Synthesis(?))fto (9) Synthesis of [(3S.4R,5R)-3-amino-3-(2-fluorophenyl)-3-

N43-((4aR*,3a8kp-2-abniioeyé deh HdbodyBarHexadhmy droril-oxa-3-thia-I-azanaphthalen8a-y1)-4-fluoropheny11-

5-cyanopyridine-2-carboxami Formul Oxalyl chloride (140 pl) was added to a suspension
of S oyanapyidine 2. cartUm e SOHTAg B A S SR S
TetrahydrofuPaep{zriel) Bgamals i fhéPdbaetiaacehbngadmBrepatigeratinanglad the solid was completely
dissolved. After confirminggoipgletion & fopming, 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 (7%§W590d\45’éd(€9§13sbﬁ%w&2té?ﬁ%b%fl“%=)1-{'(2ka§|?\3‘),83a‘§”*§m’ 6H),
8a-(5-amno-2fuampheny 1)>%4a.51 618 Sashexalwidrery 0xaddhia-5azanspithalgni v 2bgllearbamate

temperature. JHE (IHES Hodtda it i Ioho Rl Anct e for S8 Nbrd RIAFE hpletion of
the reaction, HBodium bicarbonate solution was added to the

[0190]

(10) Synthesis of 1-benzoyl-3-[(3S.,4R,5R)-3-(2-fluorophenyl)-4-hydroxymethyl-5-

20 methoxymethoxytetrahydropyran-3-yl]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 g).

ESI-MS; m/z 471 [M" +Nal].

"H-NMR (400 MHz, CDCl3) § (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



reaction solution. The aqueous layer was extracted with ethyl acetate, and the organic layer 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 ®irred at room temperature for three hours, and
then ice was gglded; iNg AIHESHEYFVES HRULA )‘9‘1 A iﬂﬂm RigATRARRIGEQlMLon, followed by
extraction with ethyl acetate. The organic Iai/er was rred over anhydrous magnesium sulfate, and the

solvent was BFS6HI HHSfPBaRIBepredbEfEacHoR reliiRR WA By NHASMRAE B umn
Chromatogra@&méﬁt&matrﬁh&laelaﬂecs@m@@um (&@ynwetaxé-hw@e(&m&dlﬂm GRObhBe(pprY). 1.45 (ddd, J

=2.0,4.0, 13gHCF él;pl :Cll'gf , 1H), 65 dd,J= 281 4@ 194(ddeh4o .2,11.6 Hz,
1H), 3.02 (dd S I THE MRHIISOBENS s, s Hpge HoEhs D eBYEaYIhed §itho 8 Hz,
1H), 4.10¢m, Shtd)at?ct)@mdoh&lscd&& ciloBdeand HypRBeeltydier B:8y®Bpkzsuitl), BIRTqdde: das 2.8, 4.4,
o211 1), gl e 6046 SR 0 SR AAIECA AT~ 05, 20 1)
9.82 (s, 1H). 15 [0253] Example 2 Synthesis ofN- 3- 8ali* -2-amino-4 4a

dro-7-mta-3-thia-Fazana FhaMRs®/2387-fMordthen 1 -51himmt razine-2-c boxar amide [Formula 49] 0 F

ONr. 20The Compound Obtﬁlmﬂf‘{dﬁmﬂ@ﬁ@mﬁiﬁﬁ @&Qd@g)c N 1Q|§H9f@ﬁy|9tb’ﬂ§@ﬂne (41.1
ttL) and PyBOPI_i mg) were added to a solutign of the comgoun obtained in Preparation Example 1

(30.0 mg) in greniy ﬁa%e({%gﬁ tl_3}79rﬁ(e teatti8 %ol ok Wddddretitab b {éﬂré&%ﬁﬂé for 16
hours and 3(Ixm|mH1)e$ 08kveny the aaction Tktuie \Was7 parifisd (ay, silica gelzotumn2ehramatpgraphy to
obtain an am deﬁg ; T&e} resulting amide compound was dissolved in dichloromethane (643
ttL), and trlfluoroacétrc acrdP%1 I ) was added. The reaction solution was allowed to stand at room
temperature f8F¥e hour, and then the solvent was evaporated under reduced pressure. A saturated
sodium bicarpopaig selligNwas.89ded §9 $he,resighier fallawsd Ry, exdiracianswiby A<8 6y acetate. The
organic layer was concentrated under reduced pressure. The residue was purified by NH-silica gel
column chroryates et ia . . 1 H-NMR (400 MHz,
CDC13)18 (ppm) 1.41- 1 481@(& &Hhoi;@&rﬂ)&&lﬁaﬂ]sdlﬁl}c 2ifbdbidid (92 AR)2ya3. hdtita axbpwzsaara 98 (m, 1H),

3.02 (dd, J = 1 1H), 3.64.3.74(m 3.80 ) 303413 8-6.10(
T S st kg el Bragatyion Egmen RGO Sk bang > OO
8.29 (d, J = 1(25 Ik, L G0Sc(aidg 1ThtHzadio @Mﬁqmmsmmemaam @xmmm@eamﬁrefymmesus
OfN434(42R’ 65S")-2 ATNIOA 0 AR NEXTVEIRS a3 B HARTHIBISD o, hfor

hen1-5-cluorometho,iptazine-2-carboxamkle [Formula 50]
the organic layer was separated. The organic layer was dried over anhydrous magnesium

20 sulfate. The organic layer was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography to obtain the title compound (255 mg). The recovered
raw material (335 mg) was subjected to the same reaction as described above to obtain 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 pl) 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



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, 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), 3.81-3.84 (m, 1H)92.04-4.07 (m, 1H), 7.06-7.12(m, 1H), 7.36-7.39
(m, 1H), 7-5%&&5&@3&-9#&&43%&9&%&%ﬁ@auééd)Pl%s%éS1 P & A8e(Frad Blriflea (St 2] [0261]

es

Examples 4 to e compounds of Examples 4 to 5 were synthesized below according to

Example 2 uSi§theBsHpBaearmrEpel i hEXdR RN &84 ¥ corresponding carboxylic acids, as
shown in the following Tablg1- M [Fasle 3] 187 Example 4 Chemical structure N N FF2>FL,40 NH chiral
NNH, 0 S Compound name; N434(4aR*,8aS*)-2- 4,4a.5,6,8 8a—hexah)ﬁjro-7-oxa- -thia-1-

\zana hthalei g 1 -HMOTSVRGIOY S Db b - F bl . 1. 335305

5 (m, 1H), 3.11-3.15 (m, 1H), 3.49-3.56 (m, 1H), 3.69-3.84 (m, 1H), 4.08-4.12 (m, 1H), 4.25 (dd, J
=5.6, 10.8 Hz, 1H), 4.50-4.65 (brm, 2H), 4.80-4.98 (m, 1H), 7.05 (ddd, J = 1.2, 8.0, 12.8 Hz,
1H), 7.12-7.17 (m, 1H), 7.27-7.34 (m, 2H).

[0194]
(14) to (15) Synthesis of tert-butyl [(4aS,5S,8aS)-8a-(5-amino-2-fluorophenyl)-5-fluoro-
10 4.4a.5.6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

The title compound (195 mg) was obtained from the compound obtained in
Preparation Example 8-(13) (262 mg) according to Preparation Example 1.

ESI-MS; m/z 400 [M" +H].

"H-NMR (400 MHz, CDCl3) & (ppm): 1.52 (s, 9H), 2.82-2.87 (m, 1H), 3.02-3.10

15 (m, 2H), 3.53 (dd, J = 4.0, 10.4 Hz, 1H), 3.64 (brs, 2H), 3.65-3.68 (m, 1H), 4.09 (dd, J = 1.6,

11.6 Hz, 1H), 4.26 (dd, J = 6.0, 10.8 Hz, 1H), 4.86-5.05 (m, 1H), 6.49 (dd, J =2.4, 6.8 Hz, 1H),
6.56-6.60 (m, 1H), 6.88 (dd, J = 8.4, 12.0 Hz, 1H).
[0195]
Preparation Example 9

20 Synthesis of tert-butyl (-)-[(4aR*,5R*,8aS*)-8a-(5-amino-2-fluorophenyl)-5-methyloctahydro-7-

fluorophenyl)-5-methyloctahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate

[Formula 34]



ESI-MS m/z 478 [M++H] Example 5 Chemical F F F O structure _,el NHN NNH2 s Compound name:
N43-((85*,8aS*)-2-amino- 4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- azma hthtF,L-5- 8a- 1 -imboxhen
1 omet _  Ochloropyridine-2-carboxamide
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(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-
1-0l (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, CDCl;) & (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),



ESI-MS m/z 487 [1),4*-FH] [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 do H
structure oN NH chiral nm2 s Compound name: N-[34(4aR* 6S* 8aS*)-2-amino-

6-methy1-4,455%,6,8.82- 8ex2hyy 9 do R 3aiiarl s 73¢mm Nhi44Merg Belld 3m),
[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 (10 mL), 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 hours.
Saturated aqueous sodium chloride and ethyl acetate were added to the reaction solution, and the
organic layer was separated. The organic layer was washed again with saturated aqueous
10 sodium chloride and then dried over anhydrous magnesium sulfate. The organic layer was
concentrated under reduced pressure and the residue was purified by silica gel column
chromatography to obtain the title compound (1.57 g).
"H-NMR (400 MHz, CDCl3) & (ppm): 1.02 (d, J = 7.2 Hz, 1.5H), 1,04 (d, T = 6.4
Hz, 1.5H), 2.44-2.51 (m, 1H), 3.28-3.41 (m, 2H), 4.09 (d, J = 6.4 Hz, 1H), 4.33 (d, ] = 3.6 Hz,
15 1H), 5.01-5.11 (m, 2H), 5.72-5.82 (m, 1H), 6.90 (t, J = 3.6 Hz, 0.5H), 7.45 (brs, 1H), 7.49 (t,J =
6.4 Hz, 0.5 Hz).
[0197]
(3) to (7) Synthesis of (£)-N-[(4aR*,558*,8aS*)-8a-(2-fluorophenyl)-5-methyl-4.4a,5.6,8.8a-
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl|benzamide and (+)-N-[(4aR*,5R*,8aS*)-8a-(2-

20 fluorophenyl)-5-methyl-4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]benzamide

A mixture of the title compound (2.15 g) was obtained from the compound
obtained in Preparation Example 9-(2) (1.57 g) according to Preparation Example 8.
ESI-MS; m/z 385 [M" +H].
[0198]
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*,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

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.



chloropyridine-2-carboxamide ESI-MS m/z 435 [M++H] Example 7 Chemical lll H structure NH chiral
NyNH2 S Compound name: N4344aR*,65* 8aS*)-2-amino-
6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- azifim htht44Moro hell 1 -5-
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ESI-MS; m/z 426 [M" +H].
[0199]
(10) Synthesis of tert-butyl (£)-[(4aR*,55*,8aS*)-8a-(5-amino-2-fluorophenyl)-5-methyl-

4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate
5 The title compound (225 mg) was obtained from (z)-N-[(4aR*,55*,8aS*)-8a-(2-

fluoro-5-nitrophenyl)-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-
yl]benzamide obtained in Preparation Example 9-(9) (440 mg) according to Preparation Example
8.
ESI-MS; m/z 396 [M" +H].
10 [0200]

(11) 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 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*,5S*,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™ 0J-H (mobile phase: hexane:ethanol = 1:1, flow rate: 10 ml/min), and the



apm yridine-2-carboxamide ESI-MS m/z 426 [M++H] Example 8 Chemical structure Compound name:
N4344aR*,6S*,8aS*)-2-amino- 6-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- azifim htht44Moro
hell 1 -5- trifluoromethylpyridine-2-carboxamide 128 Il ----F NH chiral NNH,
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fraction with a retention time of 21.8 to 41.7 minutes was collected to obtain the title compound.
The same operation was repeated to obtain the title compound (230 mg; >99% ee) from the raw
material (500 mg).

"H-NMR (400 MHz, CDCl3) & (ppm): 0.92 (d, J = 6.4 Hz, 3H), 1.52 (s, 9H),

5 2.20-2.34 (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, ] = 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; m/z 396 [M" +H].
[0203]
10 Preparation Example 10

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-yl]carbamate

[Formula 35]
_~_OTBS ~~.-OTBS o ~-0TBS o ~-0TBS
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(1) Synthesis of 1-[2-(tert-butyldimethylsilanyloxy)ethoxy]-3-buten-2-ol




S ESI-MS m/z 469 [M++H] Example 9 Chemical 40 H structure NOF NH chiral NyNH2 S Compound
name: N-[3((4aR* 6S* 8aS1-2-amino- 6-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyl11-5- difluoromethoxypyrazine-2-carboxamide
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A solution of oxalyl chloride (8.38 mL) in dichloromethane (470 mL) was cooled
to -78°C in a nitrogen atmosphere. A solution of dimethyl sulfoxide (8.01 mL) in
dichloromethane (10 mL) was added dropwise to the reaction solution at the same temperature.
The reaction solution was stirred at the same temperature for 10 minutes. A solution of 2-[2-

5 (tert-butyldimethylsilanyloxy)ethoxy]ethanol (25.9 g) in dichloromethane (20 mL) was added
dropwise to the reaction solution at the same temperature. The reaction solution was stirred at
the same temperature for 30 minutes. Triethylamine (52.1 mL) was added to the reaction
solution at the same temperature. The reaction solution was stirred for one hour while
gradually returning to room temperature. Aqueous ammonium chloride was added to the

10 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 filtered through a silica pad and the filtrate was concentrated. Tetrahydrofuran (500
mL) was added to the residue. The reaction solution was cooled to -78°C in a nitrogen
atmosphere. Vinylmagnesium chloride (148 mL, 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, ] = 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



ESI-MS m/z 468 [M++H] Example 10 Chemical is H structure NOF NH chiral NyNH2 S Compound name:
ST-1-34(4aR*,6S*,8aS*)-2-amino- 6-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- aZarla
hthalell4WOrOheill -5-  fluoromethoxypyrazine-2-carboxamide  ESI-MS m/z 450 [M++H]

99

by silica gel column chromatography to obtain the title compound (1.30 g).

"H-NMR (400 MHz, CDCl3) & (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

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, J = 5.2 Hz, 0.5H).
[0207]
(5) to (12) 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-yl]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*

4.4a,5.6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]carbamate




[0263] Examples 11 to 15 The compounds of Examples 11 to 15 were synthesized below
according to 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: ST-[34(4aR*,6R*,8aS*)-2-amino-6- 100

methoxymethyl-4,4a,5,6,8fah ){9r&i&f&&?ﬁ?ﬂ%&?&ﬂaﬁéﬁ“ﬂ%aﬁﬂgﬁoﬁmg%a]s NNR (400MHz, CDCE) 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), 3.81BIBRCEH) | AL ampbilpphesey hexgperdaneh=1H) foggareal0m/min), andtg 06 (m, 1H),

8.16-8.23 (MirdddibBadifr 8 i fidnkite 8f88:8 SLEM nili)ke 934 oIfacldd koo bkriM Sheiize4d6h PilrtH] 129
Example 12 (ngemical [I O structure N NH chi

same operation was repeated to O{)%llir’}' ‘[ﬂ‘e_' title compound (25 mg; >99% ee) from the raw
5 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).
10 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

15 [Formula 36]

o._O
N (0] (0] \
W W H O
H

racemic racemic
(5) F (6) F H H (7) F H
o NH, o NTNT(C o N\\(N
OH S O S O
H H/ "OH H:
racemic racemic racemic
NO, NH,
® F ©) F H (10 F N. N_ o
o N\YNH2 o NYNTO#/ —_— 5 SN #/
H: H: H :
racemic racemic racemic

(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-yl]carbamate

The title compound (384 mg) was obtained from trans-3-penten-1-ol (4.71 g)
according to Preparation Example 9.
20 "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



Compound name: N434(4aR*,6R*,8aS*)-2-amino-6-
methoxymethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1 - aZarla hthalell4WMOheill -5-
difluoromethylpyrazine-2-carboxamide 1H-NMR (400MHz, CDC)) 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,18H), 3.43-3.48 (m, 1H), 3.50-3.57 (m, 1H),

3.82-3.92 (mgHly 43420 %)6%1%%%52‘15%283”6%87{82 170 (m, 1H), 7.35-7.41 (m, 1H),

7.96-8.04 (M. 1H). 8.66-8.93 1H).9.60 (brs, 1H). ESI-MS m/z 482 [M +H] Example
13 Chemical SI 0 H structbpé-! i;NP{Zo?ﬁPaMINﬁ]
[0210]

Preparation Example 12
5  Synthesis of 5-difluoromethylpyrazine-2-carboxylic acid
[Formula 37]

HOJTL o XKEL X*[jw HL

o) (e}
@) >L0)K[ Ng ) HOJK[N\
NJ\/F NJYF
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).



Compound name: N434(4aR*,6R*,8aS*)-2-amino-6-

methoxymethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1_  elF8a- 11 -5-ChlOrOridille-2- aZalla hthA441.

carboxamide ESI-MS m/z 465 [M++H] [Table 3-2] Example 14 Chemical F is A, " H structure NO, F N
102

[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),

5 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

10 obtain the title compound (249 mg).
"H-NMR (CDCl3) & (ppm): 1.68 (s, 9H), 9.25 (d, J = 1.2 Hz, 1H), 9.36 (d, ] = 1.6
Hz, 1H), 10.2 (s, 1H).
[0213]

(4) Synthesis of t-butyl 5-difluoromethylpyrazine-2-carboxylate

15 [Bis(2-methoxyethyl)amino]sulfur trifluoride (662 uL) 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

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).

"H-NMR (CDCl3) & (ppm): 1.67 (s, 9H), 6.75 (t, J = 54.4 Hz, 1H), 9.02 (d, J =

25 0.8 Hz, 1H), 9.25 (d, ] = 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
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 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).



NH chiral N H2 Compound name: N4344aR* 6R*,8aS*)-2-amino-6-
methoxymethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia- haZalla hthale1141U0r0 hell 1 -5-
fluoromethoxypyrazine-2-carboxamide ESI-MS m/z 480 [M++H] Example 15 Chemical SI 0 H structure
NO,i, F NH 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]
o ™ OH @ 0 3)
BnO_~ —  eo oAl T o™
BnO__ x

NH,
F H
(1 o N\\(N\Boc
HO_ o S

(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, J = 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




chiral NNH, Compound name: N4344aR*,6R*,8aS*)-2-amino-6-
methoxymethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia- haZalla hthale1141U0r0 hell 1 -5-
difluoromethoxypyrazine-2-carboxamide ESI-MS m/z 498 [M++H] [0264] Examples 16 to 30
The compounds of Examples 16 to 30 were synthesizeét4according to Example 2 5 using the

corresponding G3ra¥yl @fdé@ %tgﬁ&ﬂrﬁé&f}%ﬁ‘%@ﬂmﬁ‘e IRiermERiaes RRIsRAGRNRRExamples, as
shown in the following Table 4. [Table 4-1] 130 Example 1
for 30 minutes, bromoacetaldehy e 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, ] = 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, J = 4.4 Hz, 2H), 5.04-5.11 (m, 2H), 5.74-5.85 (m,
1H), 6.94 (t, ] = 3.6 Hz, 0.35H), 7.28-7.37 (m, SH), 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



_\zizizi z.w_u_0 Compound name: N434(4aS 5S 8aS)-2-amino-5-fluoro- 4 4a 5 6 8 8a-hexahc
4-fluoro hell1-5-cmw-2-carboxdami e 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, 12.8Hz, 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), 4.261¢ad, J=5.6, 10.4Hz, 1H), 4.18-5.01 (m, 1H), 7.11

(dd, J=8.8, 1}:6iz Hebhatit2 o g_L%%é 18 8HEas ka6 Qﬁgfadugéag%&lﬁn@dﬁaé%&&o (dd, J=2.4,
8.0Hz, 1H), 8.41 (dd, J=0.8, 8.0Hz, 1H), 888 (dd, J=0.8, 2.0 s, 1H). ESI-MS In/z 430 [M +H]

Example 17 gobyent Nas vamed quq_[eml@p{bpgessure The residue Was pur1f1ed by silica gel column
chromatography to obtain the title compound (12.2 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.52-1.61 (m, 1H), 2.19 (ddd, ] = 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, J = 13.2 Hz,
1H), 7.30-7.38 (m, SH).
[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, ] =4.0, 10.4 Hz, 1H), 3.54-3.58 (m, 2H), 3.70 (d, ] = 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-cJisoxazole (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



Compound name: N434(4aS 5S 8aS)-2-amino-5-fluoro- 4 Lla 5 6 8 8a-heXah dF0-7-0}lia-1-aZalla
hthalel1-8a- 1 - 4-fluoro henl-5-ce-2-cboxaramide 1H-NMR (400MHz, CDC13) 8 (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¥866, 10.4Hz, 1H), 4.80-5.00 (m, 1H), 6.80 (t,

J=54.4Hz, 1EP ol 3 {qth olie8ifin LEHZ: 3B (A JTd SRl it il R Pl AR M), 8.93 (s, 1H),

9.52 (s, 1H), 9.62 (s, 1H). ESI-MS In/z 456 [M +H] Example 18 o NCI 0 NH 01-12 s Compound name:
N434(4aS,53e848y-vaaptifibed-Ausiisa e opfung gpanperEby to obtain the title compound (2.08 g).

"H-NMR (400 MHz, CDCl3) & (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, J = 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, ] = 2.4, 11.2 Hz, 1H), 4.59 (d, ] =
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, J = 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 pul) was added dropwise to a solution of
[(2R,4R,5S)-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, J = 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, J = 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, 7H).

[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



4-fluoro helll-51:boxdamie ESI-MS In/z 439 [M +H] [Table 4-2] 131 Example 19 U-,1 f1
Compound name: N[3-a4aS,5S,8aS)-2-amino-5- fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azmm hthtl4Mmo heii. 1 -5-
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dichloromethane. The organic layer was dried over anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressure, and the residual solid was washed with a mixed
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),
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, ] = 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, ] = 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-

oxa-3-thia-1-azanaphthalen-6-yl]methanol

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 ul) was added dropwise at the same temperature, followed by stirring
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).

"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, ] = 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).

[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-yl]Jmethanol (1.0
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 g).

"H-NMR (400 MHz, CDCl3) & (ppm): 1.47-1.54 (m, 1H), 1.86-1.97 (m, 1H),



trifluoromethylpyridine-2-carboxamide  ESI-MS In/z 473 [M++H] Example 20 o NoF o0.., NH NNH2 s
Compound name: N[3-a4aS 5S 8aS)-2-amino-5- fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1_
aZalla hthAell. 1 -5- difluoromethoxypyridine-2-carboxamide
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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, ] = 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,

N
(1) o =N (2) F H (3)
o] - < .
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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



ESI-MS In/z 471 [M++H] Example 21 o--" N 40 NH NNH2 o s Compound name:
N43-a4aS,5S,8aS)-2-amino-5- fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1_  aZalla hthAell. 1 -5-
fluoromethoxypyrazine-2-carboxamide ESI-MS In/z 454 [M++H] Example 22 NyOyF NF 40 N NH ONH2 .
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(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 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 (£)-(3aR*,5R*)-5-

trifluoromethyl-3,3a,4,5-tetrahydro-7H-pyrano[3,4-cJisoxazole (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

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
[Formula 40]

NO, NO, NH,
F H (1) F H (2) F H
o] Ny N\Boc 0] Ny N\Boc 0] Ny N\Boc
HO_ . S Feor S Fo 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-yl]carbamate




Compound name: N[3-((4aS 5S 8aS)-2-amino-5- fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1_
azanaphthalen-8a-y1)-4-fluorophenyll-5- difluoromethoxypyrazine-2-carboxamide ESI-MS In/z 472
[M++H] Example 23 Oz zzo0) 2)r) ,\ e i Compound name: N43-a4aR* 55* ,8aS*)-2-amino-
5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- 110

[Bis(2-methoxyethyl)amino]sulfur trifluoride (285 pl) was added dropwise to a
solution of tert-butyl [(4aR,6R,8aS)-8a-(5-nitro-2-fluorophenyl)-6-hydroxymethyl-4,4a,5,6,8,8a-
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-ylJamine

[Formula 41]

Br Br Br
B
oy o FYn @ F ® F 00
. N -, NH, —_— N._N.
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FeC H o OH S
FaC ) F4C T F4C T

(1) Synthesis of (+)-(3aR*,5R*,7aS*)-7a-(5-bromo-2-fluorophenyl)-5-trifluoromethyl-

hexahydropyrano| 3.4-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,



azanaMmo heii. 1 -5- chloropyridine-2-carboxamide ESI-MS In/z 435 [M++H] [Table 4-3] Example 24
Compound name: N43-((4aR*,55*,8aS*)-2-amino5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyll-5- yridine-2-carboxamide ESI-MS In/z 426 [M++H] 132
Example 25 is 0 o ONF NH 111
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4.4,8.4Hz, 1H), 8.09 (dd, J =2.4, 6.8 Hz, 1H).
[0232]
(2) Synthesis of (+)-[(2R*,4R*,5S*)-5-amino-5-(5-bromo-2-fluorophenyl)-2-trifluoromethyl-

tetrahydropyran-4-yl]methanol
The title compound (390 mg) was obtained from (z)-(3aR*,5R*,7aS*)-7a-(5-

bromo-2-fluorophenyl)-5-trifluoromethylhexahydropyrano|3,4-c]isoxazole (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,
12.0 Hz, 1H), 4.00-4.05 (m, 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 =24, 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-

l]lamine

Benzoyl isothiocyanate (156 ul) 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
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
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
purified by silica gel column chromatography to obtain the title compound (138 mg).

"H-NMR (400 MHz, CDCl3) 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,



NNH, S Compound name: N43-fl4aR*,55*,8aS*)-2-amino-
5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- aZalla hthAel_I-flUOrO hell 1 -5-

difluoromethoxypyrazine-2-carboxamide ESI-MS nik 468 [M++H] Example 26 Na o. is NH NNH, o
s Compound name: N43-fl4aR* 5R*,8aS*)-2-amino- 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]

O
BnO\\\.-

(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, ] = 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.55)-5-amino-2-benzyloxymethyl-5-(5-bromo-2-

fluorophenyDtetrahydropyran-4-yl]methanol




5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluorophenyll-5-
chloropyridine-2-carboxamide ESI-MS nik 435 [M++H] Example 27 ,-N N ON, I 0 NH .61-12 s Compound
name: N434(4aR* 5R* 8aS*)-2-amino- 5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- aZatta
hthAel_I-lIUOFO hell 1 -5- cyanopyridine-2-carboxamidg

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, J = 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, ] = 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,5S)-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
2.
"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




ESEMS Ink 426 [M++H] Example 28 11 0 0 VI-C1 F H NNH2 s Compound name:
N434(4aR*,5R*,8aS*)-2-amino- 5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyll-5-  difluoromethoxypyrazine-2-carboxamide ESI-MS nik 468
[I'4*-FH] [Table 4-4] 114

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-yl]carbamate

[Bis(2-methoxyethyl)amino]sulfur trifluoride (155 pl) 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, ] =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, J = 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



Example 29 ip o -L F NF oy---,,. .N  NH NNH2 s Compound name: N434(4aR*,5R*,8aS*)-2-amino-5-
methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- azanaphthalen-8a-y1)-4-fluoropheny1]-5-
difluoromethylpyrazine-2-carboxamide ESI-MS In/z 452 [M++H] Example 30 z

115

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
5 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, 8.8 Hz, 1H), 7.80 (dd, J = 2.8, 7.6 Hz, 1H).
10 [0240]
Preparation Example 18

Synthesis of (+)-N-benzoyl-N-(tert-butyloxycarbonyl)-[(4aR *,8aS*)-8a-(5-bromo-2-

fluorophenyl)-4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]Jamine
[Formula 43]

Br Br Br
oY o @) @ Boc
o U Fyn B P s Rl PN N
o N\o o) Bz o) Bz
H S S
H H H

15 (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-

20 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

25  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,

30 1H), 8.09 (dd, J =2.4, 6.8 Hz, 1H).
[0241]



\ _\/2zizHa0O0x0/U-0 Compound name: N434(4aSt5R*,8aS*)-2-amino-5-
methoxy-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- azma hthMem8a- 1 -,L14.-c mothline- 2-carboxamide
ESI-MS In/z 442 [M++H] 133 Example 31 Synthesis of
N434(2R*,4aR*,8aS*)-2-amino-4-methy1-4,4a,5,6,8,8aikdexahydro-7-oxa-3-thia-lazaim hthaleil-8a- 1

-4-fluoroidiiie;2-TROXAMII®) N-[(4aR * 8a5*)-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-clisoxazole (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 pl) 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-

fluorophenyl)-4.4a,5,6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]Jamine

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]



[Formula 51] 5 (1) Synthesis of tert-butyl
0-((2R*,4aR*,8aS*)-8a-154(5-cyanopyridine-2-carbonyl)-aminol-2- fluoro hen 1 |
-4-methyl-44a5688a-hexahhthalen-2- 1 -c bar amate 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- (:i;)rééga{p&) mllyké\lrglr|sopropylethylam|ne (143 ttL) in dichloromethane (5 mL), and the
mixture 10 was strrred at room temperature for frve hours The reactron solutron was drrectly charged to a
silica gel and2BaviEed Y 2 efd A o ! AHHG

ESI-MS; le&ﬁé?eﬁS[MS‘ ShHﬂe;{Q%@ﬁl 15>£2)3Smtheﬁrz§1@$ﬂerar&uwl/ﬂh)n(ﬁ%R* 4aR* 8aS*) 8a- |

545- cyanopy{ me-ﬁ gibonyl) -aminol-2- fluoro hen 1 | -4-methyl-44a5688a-hexahhthalen-2- 1 -c bar
amate mpound obtained in Example 31-(1) was purified by CHIRALPAKTM TB (mobile
phase: hexane:ethanol = 7:3low rate: 1@'ml/min), and’the fraction with a retention time of 23.4 to 26.7
minutes was gollacted to obfain the titlé g)nmousnd ¢ sgime operation was 20 repeated to obtain the
title compoung?gb mg: >89% ec) fror the Faw material {10 mg). ESI-MS; m/z 526 [M+ +H]. [0267] (3)
Synthesis of N;| ,’334(2R* 4aR?* 8aS*)-2-amino-4-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3- thia-la
hthMeile-2- carboxamgl 5TFA (1 mL),was added to gvsolution of the compound obtained in Example
31-(2) (20 mg)sin c roform @1 mL)si indsme mixtureswassstirred at room temperature for five hours. The

reaction solution Lg;galrzed "Ssdturated aguie lTS "sedium bicarbonate. Chloroform was added to
the mixture, and t anlc layer Separated. organrc layer was dried over anhydrous
magnesium sulfateace]?herrganrc layes-was concentrated under reduced pressure 134 to obtain the title
compound (14,mg). ESI-MS; m/z 426 [MT +H]. [0268] Example 32 5 Synthesis of
N434(2R*,4aR*,8a5*)2-dnaino-4-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-lazana hthalen-8a- 1
-4-fluoro henl1-51ifl eth 1 azine-2-carboxamide [Formula 52]

chiral

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 ) 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, J = 1.6H, 1H), 7.16 (d, J = 1.6 Hz, 1H).

[0244]
(2) Synthesis of (£)-(4aR*,8aS*)-8a-(4-bromothiophen-2-y1)-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



FFF Nc-11'-k FNThil'FN ' NH,0 s. NONON H(1)NH(2)NH ,,..(3)NH _. _H t-NH2 S 0S tS S 0 HiHHi chiral
(1) Synthesis of tert-butyl ()-((2R*,4aR*,8aS*)-8a-I 54(5-difluoromethylpyrazine-2-carbony1)-
aminol-2-fluoro-phenyl1-4-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-l-aza-naphthalen-2- 10
yh-carbamate The title compound (132 mg) wasSobtained from the compound obtained in

Preparation %’Eh@'ﬁnﬁ%@%&?mﬁ?@}%ﬁﬁg th?h%%%l%%@ﬂ;%@'&%%?i&@e%@&ﬁﬁa&% Fo@npled 2- (5) (56

mg) according to Example 31-(1). ESI-MS; m/z 552 [MT +H]. 15 [0269] (2) Synthesis of tert-butyl
(+)-((2R*,4a @9%@%&@? m?ﬁk@?o%@thwﬁyraih@g%%wmas drled over anhydrous

aminol-2- flummwl&h%ténmhyﬂeémla 6%;&_éaais&x%w&r?rsa&aeaﬁmasﬁ@zamﬁ@h%&la{@rwasyl)
carbamate Theg {an nd o tal ed in Exam Ier% ﬁ’ rified b IRALPAKTA\/I éo (mobile phase:
ethanol, flowate “1 il a ?ﬁ%%raé% S a ret nlie lrlwttll én(tﬁ‘ 45 1% S NFES Was collected

to obtain the dlﬂhlmmmpuhalm:iczvhﬂ)sarﬂebememmmmnagamme(amm mi&taddethe tifle campeund (52 mg;

>99% cc) fro terial (130 m MT +H]. 027 3) Synthesis of
N-[34(2R*,4a% a?ml é&lr%ee% lﬁFh f %A@h aehsgx\é nf/c‘jvr%s- -o&or ge-ld é I) el
thia-I- azanamfmam 85hymdﬂ9@mmwsﬁwsycﬁﬂmr@h@ﬂﬁﬂpﬁﬁ@tﬂ@%@%ﬁoxiﬁﬁd@ulﬁng TFA (1 mL)

was added 165440 Wi {IR CHBPAHALRRAIRMIN Example: ftalal Kpd&soabit hiereiocm (3 mL), and

the mixture was stirred at room temperature for four hours. The reaction solution was neutralized with
saturated aqEBek 65t dbicARSIRBEET D RS POSE Gl LY e R &Y R 0 URY BHE BPganic layer
was sepmateeknffehetmgamﬁday&ewa&demb&mﬂanhg&d@usw@gmsw mmliat&m?h&mmm@etayer was

conentetc NBLIS o iR, T e gl e s yamearoty
hours. The solvent was evaporated under reduced pressure and the remdue was purified by NH-
silica gel column chromatography to obtain the title compound (770 mg).
"H-NMR (400 MHz, CDCl3) 8 (ppm): 1.45-1.48 (m, 1H), 2.14 (ddd, J = 4.8,

15 12.4,26.0 Hz, 1H), 2.24-2.30 (m, 1H), 2.62 (dd, J = 3.2, 12.4 Hz, 1H), 3.26 (dd, J = 3.6, 12.4 Hz,
1H), 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, ] = 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 =44, 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, J = 4.4, 11.6 Hz, 1H), 4.11 (d, J = 11.6 Hz, 1H),
6.54 (d,J =1.6 Hz, 1H), 7.16 (d, ] = 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]amine

Bis(pinacolato)diboron (2.15 g), potassium acetate (663 mg) and a 1,1'-



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 ofiCl N NH th
IP* NNH 02 HO H Compound name: N434(4aR,6R,8a8)-2-amino-6- hydroxymethyl-4 4a 56 8

8a-hexahydrg; A pn s AN RN IR R R s RMRLARAE BYhbia: (1 AIREPRYICIAG:4 Ay boxamide

10

15

20

25

30

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
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]
[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]Jamine

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-
[1,3,2]dioxaborolan-2-yl)-thiophen-2-yl]-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-
2-ylJamine (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
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
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-yl]Jamine (503 mg) in methanol (76.2 ml). The
mixture was stirred at room temperature overnight, and then the solvent was evaporated under
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]



ESI-MS m/z 451 [M++H] Example 34 Chemical F 111 0 HO structure 0 N H NyN H2 S N Compound
name: N434(4aR,6R,8aS)-2-amino-6- hydroxymethyl1-4 4a 5 6 8 8a-hexahydro-7-oxa-3-
thia-l-azanaphthalen-8a-y1)-4-fluoropheny1]-5-

120

[0249]
(7) Synthesis of (+)-N,N-di(tert-butyloxycarbonyl)-

-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)-

5 4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylJamine (32.5 mg) was purified by
CHIRALCEL™ 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).

10 "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, J = 2.8 Hz, 1H), 6.07 (d, J =
2.0 Hz, 1H), 6.67 (d, J = 2.0 Hz, 1H).

[0250]

15 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-ylJamine
[Formula 45]

Br Br
Boc
F F ‘
o N\\( NH, o Ny ™ Boc
BnO__. S BnO__ S
H H

Di-tert-butyl dicarbonate (113 mg) and DMAP (63.0 mg) were added to a solution
20 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).

25 "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]
30 Preparation Example 21

Synthesis of tert-butyl (£)- 6-amino-2,2-difluorobenzo[ 1,3]dioxol-4-vyI)-




cynio yridine-2-carboxamide  ESI-MS m/z 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 corresponding aniline intermediates in Preparation Examples, as shown in the
following Table 6. [Table 6-1] Example 35 Chemical stt@tture Compound name: N43((4aR*,6R*,8aS*)-2-

amino-6- t““%ﬁQ@%@X&ﬁeﬁﬁ%ﬁﬁ/ %Qa@%lﬂ@ﬁ%?in@&fﬁﬁ%ﬁ'? JnezanaRithalen-8a-y1)-4- fluoro hen 1

-5-c mthle-2-carboxamicle
[Formula 46]

= M e
= A~

(1) Synthesis of (£)-(3aR*,7aS*)-7a-(2,2-difluorobenzo[1,3]dioxol-4-yhhexahydropyrano[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 ul) 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, J = 8.4 Hz, 1H), 7.60 (dd, J = 1.2, 8.0 Hz, 1H).

[0252]

(2) Synthesis of -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),



z Hn /\z 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=8.0Hz, 1H), 8.90 (s,128), 9.81 (s, 1H). Example 36 Chemical rs, F ri 0
F. structure NOF pii NNH2 § S9mnoune fame: NABHEaR /7828 528 0 Hy, 1H), 7.32 (dd, J =
amino-6-trifluoromethy1-4,4a,5,6,8,8a-hexahydro- ~ 7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
fluoropheny 1t &fkldérbhethoxypyrazine-2-

[0253]

(3) Synthesis of (£)-(4aR*,8aS*)-8a-(2,2-difluorobenzo| 1,3]dioxol-4-yl1)-4,4a,5,6,8,8a-

5 hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine

Benzoyl isothiocyanate (372 pl) was added to a solution of (*)-[(3S*,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 pl) 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 2.4,11.6,12.8 Hz, 1H), 3.79 (d, 11.2 Hz, 1H), 3.93 (d, J = 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 pl) 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 [l) were added and the mixture was stirred at



carboxamide 1H-NMR (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 (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-1.28¥%z, 1H), 9.37 (s, 1H). [Table 6-2] Example 37
Chemical F %Qo%ﬁeﬁliﬂé%{{ﬁ% E)N)Jl\yﬂdﬂﬁ %&959%’%1? BI%‘SICM%%%% Q&) §ﬁ'dgtrle?hylam1ne

amino-6-trifluoromethy1-4 4a 5 6 8 8a-hexahydro-

10

15

20

25

30

(1.00 ml) were added and the mixture was stirred at room temperature overnight. The solvent
was evaporated under reduced pressure and the residue was purified by silica gel column
chromatography to obtain the title compound (62.0 mg).

"H-NMR (400 MHz, CDCl3) & (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 m/z 496 [M" +Na]
[0255]

(5) Synthesis of tert-butyl (z)-

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
(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]

[0256]

Preparation Example 22

Synthesis of 5-(2-methoxyethoxy)pyrazine-2-carboxylic acid
[Formula 47]

N | N N

‘ \jc (1) ‘ \jo\/\o/ (2) ‘ \jo\/\o
0 NG \O/\/O N HO NP
O (0] (0]

(1) Synthesis of 2-methoxyethyl 5-(2-methoxyethoxy)-pyrazine-2-carboxylate

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 ) and water were added to the reaction solution, followed by extraction with ethyl
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).



7-oxa-3-thia-1-azanaphthalen-8a-y1)-4- fluoropheny11-5-fluoropyridine-2-carboxamide ESI-MS miz
473 [M++H] Example 38 Chemical structure Compound name: N43((4aR*,6R*,8aS*)-2-
amino-6-trifluoromethy1-4,4a,5,6,8,8a-hexahydro- 7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
fhaidine-2-carboxamide 124

"H-NMR (400 MHz, CDCl;) & (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

5 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

10 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
15  Synthesis of N-[3-((4aR*,8aS*)-2-amino-4.4a,5.6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-

8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide

[Formula 48]
//N
"]
O Sy
NH
Chiral
F
o N\YNH2
S

Oxalyl chloride (140 pl) was added to a suspension of 5-cyanopyridine-2-

carboxylic acid (50 mg) in dichloromethane (2 ml) under ice-cooling. Tetrahydrofuran (4 ml)

20  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-

25  yl]carbamate (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



137 --FisNHNH2 0 FS F F ESI-MS mh 455 [M++H] Example 39 Chemical structure 0 0 N F 40 NH
NNH2 0 S F Compound name: N-[3-((4aR*,6R*,8aS*)-2-
amino-6-trifluoromethy1-4,4a,5,6,8,8a-hexahydro-

10

15

20

25
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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
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
(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, 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).
[0259]
Example 2
Synthesis of N-[3-((8S*,8aR*)-2-amino-4.4a,5,6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-

8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide

[Formula 49]
/N O _F
oL T
N

NH
F
o N N NH,

S

H

The compound obtained in Preparation Example 2 (19.0 mg), N,N-
diisopropylethylamine (41.1 pL) 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
compound. The resulting amide compound was dissolved in dichloromethane (643 pL), and
trifluoroacetic acid (214 pL) 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



7-oxa-3-thia-l-azanaphthalen-8a-y1)-4- fluorophenyl1-5-fluoromethoxypyrazine-2- carboxamide
ESI-MS mh 504 [M++H] Example 40 Chemical F is O F structure 0-) .1..CN N NH N H,S Compound
name: N43((4aR*,6R*,8aS*)-2-

126

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 (15.4 mg).
"H-NMR (400 MHz, CDCl3) & (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,5.6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-

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

[Formula 50]
N\ O~ FChiral
LY
o X F
N
N
i N_ _N
0 \\(
S

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]



amino-6-trifluoromethy1-4,4a,5,6,8,8a-hexahydro-

fhapj_yi_pien 1 - yrimidine-4-carboxamide
structure FF O N NH NH, s

127

Example 4

Chemical structure

Compound name: N-[3-((4aR*,8aS*)-2-amino-
4.4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-

7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
ESI-MS mh 456 [M++H] Example 41 Chemical F 40 0

azanaphthalen-8a-yl)-4-trifluoromethoxyphenyl]-5-

cyanopyridine-2-carboxamide

ESI-MS m/z 478 [M*+H]

Example 5

Cl

Compound name: N-[3-((8S*,8aS*)-2-amino-
4.4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-

azanaphthalen-8a-yI)-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,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-

chloropyridine-2-carboxamide

ESI-MS m/z 435 [M*+H]

Example 7

Compound name: N-[3-((4aR*,6S*.,8aS*)-2-amino-
6-methyl-4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-

cyanopyridine-2-carboxamide

ESI-MS m/z 426 [M*+H]

Example 8

Chemical structure

Compound name: N-[3-((4aR*,6S*,8aS*)-2-amino-
6-methyl-4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-

trifluoromethylpyridine-2-carboxamide




Compound name: N-[3-((4aR*,6R*,8aS*)-2- amino-6-trifluoromethy1-4,4a,5,6,8,8a-hexahydro-

7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-
ESI-MS mh 491 [M++H]

fluoropheny11-3,5-difluoropyridine-2-  carboxamide

128
LF ESI-MS m/z 469 [M*+H]
= F
0. \N !
NH
chiral
F N._NH,
f {
H
Example 9 Chemical structure | Compound name: N-[3-((4aR*,6S*,8aS*)-2-amino-

6-methyl-4.4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-

azanaphthalen-8a-yl)-4-fluorophenyl]-5-

difluoromethoxypyrazine-2-carboxamide

ESI-MS m/z 468 [M*+H]

Example 10 | Chemical structure

Compound name: N-[3-((4aR*,6S*.,8aS*)-2-amino-
6-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-

azanaphthalen-8a-y1)-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

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-
2 N methoxymethyl-4.4a,5.6,8.8a-hexahydro-7-oxa-3-thia-1-
0. X

azanaphthalen-8a-y1)-4-fluorophenyl]-5-cyanopyridine-2-

carboxamide

'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
(brs, 1H).

ESI-MS m/z 456 [M"+H]




[Table 6-3] Compound name: N43-((4aR*,6R*,8aS*)-2- amino-6-trifluoromethyl-4 4a5 6 8
8a-hexahydro7-oxa-3-thia-1-azanaphthalen-8a-y1)-4- fluorophenyl1-5-difluoromethoxypyridine-2-
carboxamide 138 I, ohth _Z =0zZh 1H-NMR (400MHz, CDC)) 8 (ppm). 1.68-1.73 (m, 1H), 2.13 (ddd,
J=2.8, 12.4, 25.2Hz, 1H) 266(dd J=2.8, 12.4Hz, 1H)1,22098303(m 1H) 306(dd J=4.4, 12.4Hz, 1H),
39749 TEAbe A eI AED, 4 BT QPR OB S DI ibIE. TH)- 798 (0,
J=8.8, 12.0Hz, 1H), 7.3B (dd, J=2.8, 7.2Hz, 1H) 65(dd 18 88 z, H) /9/800(m 1H), 8.28 (d,
J=8.8Hz,|1H), 8.43 (d, J=2.4Hz, vlqé% 5 (s, AB1BYE-<H] hpfehgRalTyisen/c) e F 0 is NH F
!

411)1 NH2 o. s H Compound na 3((435*&8111;18‘@&1*)3‘2\/1) 4- ﬂuoroDhenvl] 5-

FgENHNH chiral difluoromethylpyrazine-2-carboxamide
T "H-NMR (400MHz, CDCLy) & (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-

Qs methoxymethyl-4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-1-
) NH \Nchiral azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-
CF%YNHZ carboxamide
O ESI-MS m/z 465 [M"+H]
[Table 3-2]
Example 14 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-amino-6-
. :NB/OVF methoxymethyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-
NH Nchiral 1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-
Z%YNHE fluoromethoxypyrazine-2-carboxamide
S ESI-MS m/z 480 [M'+H]
Example 15 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-amino-6-
. %NTOXF methoxymethyl-4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-
L 1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-
S%YNHE difluoromethoxypyrazine-2-carboxamide
A 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 8 8a-hexahydro- 7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-

fluor0 h

-5-Crieth 1aZille-2- carboxamide 1H-NMR (400MHz, CDC)) 8 (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 (lt?»Q] 54.4Hz, 1H) 7.09 (dd, J=8.8, 12.0Hz, 1H),

ell1

7.41 (ddgJ=2 8. 72H7,

[0273] xam les 44 to 48 |
Example 2 5 using the corre
Preparation Examples, a

B4

Compound name: N-[
thia-Eagzailuoro hen 1

LI‘I), 7. 3( DU;.,\LIII ing
e comp

ing carbox
n in the follov

b amed NZa i RIS 78 B s Hiblro:00 (S:
of Examples 44 to 48 were sy_fhe3|ze accordlnc

o

oun
(]
y ‘_ eh

1n 6--fluoromethvl-4.4a.5.6.8.8a- hnvah\lrlrn 7-0Xa-3-

M@l&ﬁb&ﬁeﬁv[Tslalmo&}ndﬁém}eo%&h@mIcal structut

6R 8aS)-2-amin
vay%lne 2-carh

oEENMR (A0GMEZCRCI3) & (ppm): 2.87 (dd, 1=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,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-8a-vyl)-

4-fluorophenyl]-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

Q M

Compound name: N-[3-((4aS,5S,8aS)-2-amino-5-fluoro-
4.4a,5,6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-8a-yl)-

4-fluorophenyl]-5-chloropyridine-2-carboxamide

ESI-MS m/z 439 [M*+H]

[Table 4-2]



O N Is NH F lir ONI NH2 F2.2 H ESI-MS m/z 444 [M++H] Example 45 Chemical structure oyntN as. NH

1111 F NNH 02 Fs H Compound name: N-1-34(4aR,6R,8aS)-2-amino-6-

fluoromethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-

131
Example 19 F e Compound name: N-[3-((4aS,5S,8aS)-2-amino-5-
o LT F fluoro-4.42.5.6.8.8a-hexahydro-7-oxa-3-thia-1-
NH azanaphthalen-8a-yl)-4-fluorophenyl]-5-
c,:) N NH, trifluoromethylpyridine-2-carboxamide
S ESI-MS m/z 473 [M*+H]
z H
Example 20 . N\/ ‘ OrF Compound name: N-[3-((4aS,5S,8aS)-2-amino-5-
1 fluoro-4.4a,5.6,8.8a-hexahydro-7-oxa-3-thia-1-
. azanaphthalen-8a-yl)-4-fluorophenyl]-5-
o N\S e difluoromethoxypyridine-2-carboxamide
g ESI-MS m/z 471 [M*+H]
Example 21 NA‘(O\/F Compound name: N-[3-((4aS,5S.8aS)-2-amino-5-
OﬁNﬁ”N fluoro-4.4a,5.6,8.8a-hexahydro-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 N O T Compound name: N-[3-((4aS,5S,8aS)-2-amino-5-
OﬁN " fluoro-4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-1-
. azanaphthalen-8a-yl)-4-fluorophenyl]-5-
? N\S . difluoromethoxypyrazine-2-carboxamide
?“ ESI-MS m/z 472 [M*+H]
Example 23 N7 | cl Compound name: N-[3-((4aR*,5S*,8aS*)-2-amino-
O 5-methyl-4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-1-
N azanaphthalen-8a-yl)-4-fluorophenyl]-5-
% NH, chloropyridine-2-carboxamide
) S ESI-MS m/z 435 [M*+H]
[Table 4-3]
Example 24 2 N Compound name: N-[3-((4aR*,5S*,8aS*)-2-amino-
Oy S-methyl-4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-1-
Fgw azanaphthalen-8a-yl)-4-fluorophenyl]-5-
0 N\TS/NHZ cyanopyridine-2-carboxamide
: H ESI-MS m/z 426 [M*+H]




thia-1-aZalluOrO hell 1 -5-

chloropyridine-2-carboxamide ESI-MS m/z 453 [M++H] Example 46
Chemical structure F F O N is NH Mr F O F.NNH2 , Compound name: N-[34(4aR,6R,8aS)-2-amino-6-

fluoromethy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-

132

Example 25 NWOYF Compound name: N-[3-((4aR*,5S*,8aS*)-2-amino-
OﬁN " 5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-
E% NH, difluoromethoxypyrazine-2-carboxamide
1 S ESI-MS m/z 468 [M*+H]
Example 26 N7 “ Compound name: N-[3-((4aR*,5R*,8aS*)-2-amino-
© T N 5-methyl-4.4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-
gﬁ\f%z chloropyridine-2-carboxamide
S ESI-MS m/z 435 [M*+H]
H
Example 27 NP N Compound name: N-[3-((4aR*,5R*.8aS*)-2-amino-
(ONGEN | 5-methyl-4.,4a,5.6,8.8a-hexahydro-7-oxa-3-thia-1-
NH azanaphthalen-8a-yl)-4-fluorophenyl]-5-
Fﬁ cyanopyridine-2-carboxamide
o NN ESI-MS m/z 426 [M'+H]
) S
Example 28 o NA‘NKO\F(F Compound name: N-[3-((4aR*,5R*,8aS*)-2-amino-
ﬁ 5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
Fﬁ azanaphthalen-8a-yl)-4-fluorophenyl]-5-
o NN difluoromethoxypyrazine-2-carboxamide
) S ESI-MS m/z 468 [M*+H]
[Table 4-4]
Example 29 ﬁj\ Compound name: N-[3-((4aR*,5R*,8aS*)-2-amino-5-
OYN\/N " | methyl-4,4a,5,6.8.8a-hexahydro-7-oxa-3-thia-1-
NH azanaphthalen-8a-yl)-4-fluorophenyl]-5-
Fﬁ difluoromethylpyrazine-2-carboxamide
o NN ESI-MS m/z 452 [M*+H]
i S
Example 30 N N Compound name: N-[3-((4aS*,5R*,8aS*)-2-amino-5-
O methoxy-4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
" azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-
%f%&?}rNHg 2-carboxamide
) s ESI-MS m/z 442 [M*+H]
O\

[0265]




thia-1-aZallUOrO hell 1 -5- trifluoromethylpyridine-2-carboxamide ESI-MS m/z 487 [M++H] Example 47
Chemical F O di illiffi structure NOF NH NNH2 S Compound name: N-[34(4aR,6R,8aS)-2-amino-6-
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Example 31
Synthesis of N-[3-((2R*.,4aR *,8aS*)-2-amino-4-methyl-4.4a.5,6,8,8a-hexahydro-7-oxa-3-thia-1-

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

[Formula 51]

_N _N _N

N 2 P N 2
NH; N o. N
NH (2
N _ >
N H o N
\YWJ(
S O
H: H:

F H (1)
_N_O
SOLNE FE Fg
H: Q ?

N
S
NH (3) NH
N_o P INNH
Y % oYY
S O S
H:
racemic racemic chiral chiral

5 (1) Synthesis of tert-butyl (£)-((2R*
fluorophenyl }-4-methyl-4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl)-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 pL) in dichloromethane (5 mL), and the mixture
10  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]
15 (2) Synthesis of tert-butyl (+)-((2R*,4aR*,8aS*
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
20 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,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide

25 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



fluoromethy1-4 4a 5 68 8a-hexahydro-7-oxa-3- thia-l-azaluoro hen 1 -5-
fluoromethoxypyrazine-2-carboxamide  1H-NMR (400MHz, CDCT) 8 (ppm). 1.49-1.54 (m, 1H),
1.83-1.92 (m, 1H), 2.63 (dd, J=2.4, 12.4Hz, 1H), 3.00-3.07 (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), 689 (dd, J=2.0, 3.6Hz, 1H), 6.21 (dd, J=2.0, 4.0Hz,
1H), 7.06 (dd, Jz8.8 tﬁgtgig%bya%ug 32 q% 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), 9.4 4 Examples 49 to 58 The compounds of Examples 49
to 58 were synthesized a rMﬁgWé%ﬁﬁ%lé using the corresponding carboxylic acids and the
correspondingzggijine intermediates in 5 Preparation Examples, as shown in the following Table 8. [Table
8-1] Compolén N-[34(4aRt8aS*)-2-amino- 4 4a 568 8a-hexah d o-7-oxa-3-thia-l-azana
hthalen8a- 1 -4% fPLPTé%enl 5thle- 2 carboxamlcle 1H- NMR (4OOMHz CDC13) 8 (ppm) 1.45 (dd, J=2.0,
13.6Hz, 1H), (R (it j X i 44, 12.8Hz,

1H), 3.66-3.7& ﬁ&lgﬁ%g— 0 8H; 3 04~ ng%gxa]rnﬁtg 11 z 1H), 7.37 (dd,

J=2.8, 6.8Hz, z, 1H), 8.53 (d,
J=2.0Hz, 1HiF9“7rF‘1(’s52.|]H) Compound name: N- [34(4aRt8aS*) -2-amino-
F F F
/ / OﬁF
F NH
ofi"‘ 7( 3
oy o N o% N To(o% NYNHZ
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-hexahydro-7-oxa-3-thia-1-aza-naphthalen-2-

10 yD)-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-yl)-

carbamate
The compound obtained in Example 32-(1) was purified by CHIRALPAK™ 1A
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,5,6,8.8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-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



4 4a 568 8a-hexah dro-7-oxa-3-thia-l-azana hthalen8a- 1 -4-fluoro hen 1 -5-Lmkthle-2-carboxamkR 141
0i t\z = 0 4= U- 0 1H-NMR (400MHz, CDC13) 8 (ppm). 1.45 (d, J=12.8Hz, 1H), 2.10-2.19 (m, 1H), 2.65
(dd, J=2.4, 12.4Hz, 1H), 2.93-2.97 (m, 1H), 3.03 (dd, J=4.0, 12.0Hz, 1H), 3.69 (t, J=12.0Hz, 1H), 3.79 (d,
J=10.8Hz, 1H), 4.05-4.14 (m, 2H), 7.07 (dd, J=8.8, 1213Hz, 1H), 7.36-7.39 (m, 1H), 7.98-8.05 (m, 2H).
816 (0, 8.0l 8005, MR TR (g a2l Expmple S feealel S o O NH
NH, o s Compound name: N-[34( amino- 4 4a 568 8a-hexah

dro-7-oxa-3-thigt inaz%mr@ﬁwna%\ﬂfft% fillesOEat VA Bitfacontrated 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-
& cl hydroxymethyl-4.4a,5,6,8,8a-hexahydro-7-oxa-3-
O. X
i N thia-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-
P N hydroxymethyl-4.4a,5,6,8,8a-hexahydro-7-oxa-3-
\
O thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-
NH
cyanopyridine-2-carboxamide
('; N_NH, -
"o \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,5.6,8.8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-

fluorophenyl]-5-cyanopyridine-2-carboxamide




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=3.2, 12.4Hz, 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)1Bxample 52 IP o Chemical structure a,c1 | sN

oo s e S o AT
O (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,
Fi H 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).
Example 36 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-

NH

N ]/o\(F amino-6-trifluoromethyl-4.4a,5,6,8.8a-hexahydro-
(0] X, F
T 7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-

E fluorophenyl]-5-difluoromethoxypyrazine-2-

S carboxamide

"H-NMR (400MHz, CDCl5) & (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 Compound name: N-[3-((4aR*,6R*,8aS%)-2-
) @ F amino-6-trifluoromethyl-4.4a,5,6,.8,8a-hexahydro-
I8 N 7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-
- fluorophenyl]-5-fluoropyridine-2-carboxamide
T ESI-MS m/z 473 [M*+H]
F}F\ H
Example 38 Chemical structure Compound name: N-[3-((4aR*,6R*.,8aS*)-2-
amino-6-trifluoromethyl-4.4a,5,6,8,8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-
fluorophenyl]-pyridine-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),
8.46 (d, J=2.0Hz, 1H) 9.68 (s, 1H). [Table 8-3] Examp]é753 Chemlcal structure Compound name:

N-[34(4aR*,;8aS*)=2=aming-4,4a,5,6,8 VEEG: {Sﬂ'@ﬁ@' ci-gzanaphthalen=-
8a-y1)-4-fluorophenyl]-5-fluoropyrid mide 142 U ti\Z)rinO0allL 0 1H-NMR (400MHz,
CDC13) 8 (ppm). 1.43-1.47 (m, 1 , 1H), 2.63 (dd, J=2.8, 12.0Hz, 1H), 2.91- 2.97 (m, 1H),
3.02 (dd, J¥4.0, 12.0Hz, 1H), 3F. T2 (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=2.4NeAHz, 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 \232-. A H), 9.76 (s,|1H). Example 54 o Chemical structure aBr|o
F
Example 39 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-
/NIOVF amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-
(0] X
N " 7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-
F fluorophenyl]-5-fluoromethoxypyrazine-2-
o NYNHZ
Fo s carboxamide
Fi H
ESI-MS m/z 504 [M"+H]
Example 40 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS*)-2-
& JN amino-6-trifluoromethyl-4.4a,5,6.8,8a-hexahydro-
(@) X
NH N 7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-
r fluorophenyl]-pyrimidine-4-carboxamide
N_NH,
- CTIT ESI-MS m/z 456 [M*+H]
1 TH
F
Example 41 Chemical structure Compound name: N-[3-((4aR*,6R*,8aS%)-2-
NZ ‘ F amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-
© I8 N 7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-
- fluorophenyl]-3,5-difluoropyridine-2-
o N\YNHZ 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,5,6.8,8a-hexahydro-

7-oxa-3-thia-1-azanaphthalen-8a-y1)-4-

fluorophenyl]-5-difluoromethoxypyridine-2-

carboxamide




N O NH N s.NH2 S H Compound name: N-[34(4aRt8aS*)-2-amino- 4 4a 568 8a-hexah
dro-7-oxa-3-thia-1-azanaththalen- 8a- 1 -4-fluoro hei_yli_p_yfln3,5 p_.-cUImmoidine-2- carboxamide
ESI-MS m/z 545 [M++H] [Table 8-4] Example 55 Chemical structure F F

138

+F | "H-NMR (400MHz, CDCls) & (ppm): 1.68-1.73
8 (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
o s (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, J1=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 Compound name: N-[3-((4aR*,6R*.,8aS*)-2-

\ F amino-6-trifluoromethyl-4.4a,5,6.8,8a-hexahydro-
F
o j)\ 7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-

fluorophenyl]-5-difluoromethylpyrazine-2-

N.__NH, carboxamide

I 'H-NMR (400MHz, CDCls) & (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,5.6,8.8a-hexahydro-7-oxa-3-

thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-

cyanopyridine-2-carboxamide




0 N is NH ONTNH2 Compound name: N434(4aR*,8aS*)-2-amino- 4 4a 5 6 8 8a-hexah d

0-7-0xa-3-thia-l-azana ilithalen-

8a- 1 -4-fluoro henl1-5torometh lidine-2-

carboxamide 1H-NMR

(400MHz, CDC13) 8 (ppm)..1.43-1.47 (m, 1H), 2.10-2.19 (m, 1H), 2.65 (dd, J=3.2, 12.4Hz, 1H), 2.92-
2.97 (m, 1H), 3.03 (dd, J=4.0, 12.0Hz, 1H), 3.66-3.72 (B9 1H), 3.79 (d, J=11.2Hz, 1H), 4.05-4.12 (m, 2H),

7.08 (dd, J¥8:8;12:0Hz 1

8.42 (d, J=8

oNH2 S H Compound nam

. 0Hz, 1H), 8.8¢

3 (t, J=0.8Hz{1H), 9.89
e: N434 18aS*)-2

NH
F
o N__NH;
Fin S
H

), 7-39(dd, =2 8w 64Kz 1 80938

(s, 1H). Example 56 Chemical structure F o-

ramino-

Q4+{y TH); 8:16-(dd; I=1:6,8.4Hz, 1H),

. O NH

N

=

Ly

X
N

O _F

Example 45 Chemical structure Compound name: N-[3-((4aR,6R,8aS)-2-amino-6-
. ﬁc' fluoromethyl-4.4a,5.6.8.8a-hexahydro-7-oxa-3-
" N thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-
EgE\YNHZ chloropyridine-2-carboxamide
Fow ) s ESI-MS m/z 453 [M"+H]
Example 46 Chemical structure Compound name: N-[3-((4aR,6R.8aS)-2-amino-6-
F fluoromethyl-4.4a.5.6.8.8a-hexahydro-7-oxa-3-
o fN It thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-
" trifluoromethylpyridine-2-carboxamide
F\w; e ESI-MS m/z 487 [M*+H]
H
Example 47 Chemical structure Compound name: N-[3-((4aR,6R.8aS)-2-amino-6-

fluoromethyl-4.4a,5.6,8.8a-hexahydro-7-oxa-3-

thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-

fluoromethoxypyrazine-2-carboxamide

o)
NH
F
o N__NH,
Fei S

H

'H-NMR (400MHz, CDCl5) § (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]



4 4a 5 6 8 8a-hexah dro-7-oxa-3-thia-l-azana ilithalen- 8a- 1 -4-fluoro henl1-51ifluorometh 1ncline-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=10.8Hz, 1H), 4.05-4.15 (m, 2H), 6.81 (t, J=55.6Hz, 1H), 7.05 (dd, J=0.2, 12.0Hz, 1H), 8.40 (dd, J=2.8,

6.8Hz, 1H), 7 .g%ﬁﬁgigl, 28t izt 73 \b J.I'I), 9.90 (s, tH), 143 {Tabte 8-5
57 Chemical|structtire F 40 NH oNH2 s Compound ng 645,08 fan)-2-amino-
4,4a,5,6,8,83-hexahydro-7-oxa-3-thia-1-azanaphtha Iﬁrﬂuorometth -4.42.5.6.8 8a-hexahydro-7-oxa-
8a-y1)-4-fluorophenyl11-5-d fluorometgl%ll)@r zirfe-2- 3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-

N

5-difluoromethylpyrazine-2-carboxamide

'"H-NMR (400MHz, CDCl3) & (ppm): 1.49-1.54
o NN (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-
7 ‘ Gl 4.4a,5,6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-
ON SN 8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide
NH '"H-NMR (400MHz, CDCls) § (ppm): 1.45 (dd, J=2.0,
g N NH, 13.6Hz, 1H), 2.10-2.20 (m, 1H), 2.63 (dd, J=2.8, 12.4Hz,
1/ 1H), 2.92-2.96 (m, 1H), 3.02 (dd, J=4.4, 12.8Hz, 1H),
H 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,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yD)-4-fluorophenyl]-5-bromopyridine-2-carboxamide

Example



carboxamide 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), 4.04-4.15 (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 o 0 1F2.F NHN 40 ONNH2 S

Compound
oroth.i,,idine
1.43-1.47 (n
12.4Hz, 1H
(dd, J=8.8,

(d, J=9.2Hz

mame:N434(
> 2 8a_ 1 fi
n, 1H), 2.05-2.

, 3.65-3.72 (1

12.0Hz, 1H).

1H), 8.46(d,|J

A Dk O~ Cit\_D -
HAR™,0dS o =@f T O

uor O henll -6_,:w. 4

4 4a 568 8a-hexah dro-7-oxa-3-thia=1-azanailitt
ORI 4 Rk O oM C BT B op
i 1528 012100, 1H), 2001dP 672 (| 2 H)Z3168. (dd,
.282;2199) (4. 084 3133 (@, IH),06 B0z ) HTR Dbtz (t1 H
171510117, 66100617973 - B RHZ, ) 490 884, (M.

S92 R R29 1), 7.36.7.39 (m, 1H),
7.98-8.05 (m, 2H). 8.16 (d, J=8.0, 1H), 8.66 (s, 1H), 9.79
(s, 1H).

alen-

m).
J=4.0,

), 7.07
1H), 8.31

[Table 8-2]

Example 51

Compound name: N-[3-((4aR*,8aS*)-2-amino-
4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-
8a-yl)-4-fluorophenyl]-3.5-difluoropyridine-2-

carboxamide

'"H-NMR (400MHz, CDCls) § (ppm): 1.45 (dt, J=2.0,
13.6Hz, 1H). 2.05-2.19 (m, 1H). 2.64 (dd, J=3.2, 12.4Hz,
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

Cl

Compound name: N-[3-((4aR*,8aS*)-2-amino-
4.4a,5,6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-

8a-yD)-4-fluorophenyl]-3,5-dichloropyridine-2-

carboxamide

'"H-NMR (400MHz, CDCls) § (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), 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,5,6,8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-

8a-y)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide




Synthesis of-L1*_hmro nioronflmh c_.34Mar 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 solution of ()-N,N-di(tert-butyloxycarbonye-R4aR* 6R*,8aS*)-8a-(5-bromo- 144
2-f|uorophenyl)-6-trif|uoromethy1-4,4a,5,6,8,8a-hexah1yx2ro-7-oxa-3-thia—l-azanaphthalen-Z- ylJamine (138
mg) in DMF(8-8 mt);-and-the mixture was stirred in-a nitrogen-atmosphere at 85C for seven Uurlz The

reaction solution was codled togodmtemperatle" MG (AN tgd)\gr‘r%ﬁg PRIPaCk A THE oFnic 1ayer
was washed with water and bring, The organic289et Bhvas [dhed Geidahid Birbu8aliie &9 sulfate, and
the solvent was evaporated er reduced prefssmr(em Dighlax@methsae0(4 Donk), adg, 36AITD ml) were

added to the residue, an e was stifred a9y teMRgiAsre fenfawshpiss\agn-thg reaction
was completed, the reacti ion was drlurt%gld tré g cirilgﬁezmﬁgﬂapgs 9 |Jce2\ﬁ/abs&d followed by

neutralization with a sodilim bicarbonate solu ueous er wa exiracted with " chloroform,

and the organic layer was dried over anhydrou% ?ﬁé@‘h Ssﬂl?étéHTﬂeggtﬁ\%rfPWé@&édd%ec under
reduced pressure and the residue was purified/by- Nﬂﬁﬂmdﬁhlwumd#ﬁmaﬁgr%%gﬁ THe regulting

white solid wesawakied withaethhdtetttercto gtainghabitiese NPRUehR4RA903)- MR (400 MHz,
CDC) 8 (pprm). 1.68-1.72 (m, w;fﬁé (¢dch )5 28515 12,00 2B HE I 2 66 (2t 124 He

1H), 2.99-3/08 (m, 2H), 3.96 (doJ = 11.6 Hz, 1H), 4.06-4.11 ;3,,54 20 (Cld J=20 11.2Hz, 1H), 7.15
(dd, J = 8.8] 12.4 Hz, 1H), 7.25-7.30(m, 1H). 7 Hovk- éﬂtl.‘.‘.mg. eyl goSrdibromapyrigine-2- g 5 1y, "1y
8.19-8.21 (m, 1H). [0276] E ple 60 20 Synthebiexamide

(4aR,6R,8aS)-8a42-fluorp Nﬂud‘mpyridin-Ei-@BbNeﬁﬁlyﬂ14565fI@érd’ﬂethyl4 4a 5 6 8 8a-hexah
dro-7-ona-liazana hthalep ine [Formula 54] 2-Fluoropyridine-3-boronic acid (51.1 mg),
tetrakis(triphenvlphosphrne)oalladrum (19.1 mg) and a 1 N sodium carbonate solution (363 ge 25 were
added to a solatsrofIN,N-di(tert- butyloxycarbonyl) R4aR,6R,8aS)-8a45-bromo-2-

fluorophenylGfipRrometaykAida s afa-ne dro o-{-oxa-3thia-1- J alen-2-yflamine (95 mg)

in DMF (6.79 m1). After replacement with nrtraen e m|x ure ' o] hours After
cooling to room temperature, the mixture’ was St Rt RN AT Prd Q¥ ad BS oA ARG PA ctad with
ethyl acetate, and the organic Iaj_g\;vﬁfwasr it ;. eopIBe rjaoreniateinyadiokid

anhydrous magnesium sulfat the solver15mgyﬁaorated 145 under reduced pressure The

residue was purified by s Iig: | column chrorr(:% Rﬁ?fél Om%r% g @f&??%?t?wi%diﬁm edin

dichloromethane (4.0 m1)., @%Lr@ml) was a e mixture was d at room erature for
three hours| Ice was adde reaction mlx?u]rg,zfdﬁd\‘ﬁede TReUdidation witha S84iartbicarbonate
solution. The aqueous layer was 5 extracted N&ﬁkﬁb@@@%@i%&ﬁd&ﬂﬁb}@ﬁwa@&% over
anhydrous magnesium sulfate. The solvent wa(sfewa]pwamdiwademezju@dme&smmmphe oesidue was

Eu;ifﬁlt\i/l Igy(;:glg?\/l glg_lel cCoI[L)J:PIr)r)%hEoma;ogirjghi/ %dabiamsthﬁtdﬁfzc ?%] ?—% B@lHz, 1H),

- z, C! ppm). 1.48-1.1

2.98-3.07(m, 2H), 3.89 (d, J = 10.8 Hz, 1H), 3 -4. 7@2?2jr Bzﬁnﬁ‘frgﬁﬁéﬂ%s (M, 2H),
7.14 (dd, J £8.0,12.0 Hz, 1H) 7.25-7.22 (m, 1Jﬁ§;0.HZrR LH)58 8n(t7i=-rﬁ) SzgliR B (1) 8 16-8.18 (m,

1H). Example 56 | Chemical structure Compound name: N-[3- ((4aR* 8aS*)-2-amino-
e 4.4a,5.6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-
o f I 8a-yl)-4-fluorophenyl]-5-difluoromethylpyridine-2-

NH 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-
H 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).




[0277] Example 61

Synthesis of - 4aR* 8aS* -8a- 2-fluoro-5-3- 1 hen 144a5688a15
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine [Formula 55]

2-Fluoropyridine-3-boronic acid

(25.6 mg), tetrakis(triphenylphosphine)palladium (10.5 mg) and a 1 N sodium carbonate solution (182 ge
were added to a solution of ()-N-benzoyl-N-(tert-butylo}gcarbonyl)-[(4aR*,8aS*)-8a-(5- 20

bromo-2-flu0f?mg§)5]])-4,4a,5,6,8,8_a-hgxahydro-7-oxg-3-thia-1-az_anaphthalen-2-yf_lamine (50 mg) in _
DMF (5.0 m1). After replacement with nitrogen, the mixture was stirred at 90C for six hours. The reaction
solution was EEIe & roprieenspkratsie and ditutpdunitharater-[BhelaRusases) layverinas extractdd with
ethyl acetate. The organic layer was washed with,wajersangd biigg-and,dxiedipyer aaymigus fnagnesium
sulfate. The solvent was evaporatee mﬂﬁder_ reduced 25 pressure and the residue was purified by NH-silica
gel column chromatography to the title wr*merg—ffEﬁ%‘r%g‘).—y—LfH-NMR (400
MHz, CDC!)) 8 (ppm). 1.43-FA7{H, 1H), 2.0828X4Rid0) 2 66 (dd, J = 2.8, 12.0 Hz, 1H), 2.90-2.96(m,
1H), 3.01 (dd, J = 4.0, 12.4-Hg71H), 3.69 (dt, J'H-NBIRLZAOMH 2 ENG:79((piny: 1LERIHS, (BH).H,07-4.13
(m, 2H), 4.60 (brs, 2H), 7.24 (AdyJ = 8.4, 30 12.0cHzI A ), 71852 6281(7V=bH).17.48,7185, (m2H),
s Goats yiesse oG 5 B LSRR 86 8, 11, 2 W cOMBARClg Duarlos
following Tablesé. 5 [Table 9] Examgle 62 Ch 5419(% ﬁ&‘&%&fr@% (%‘K‘]O:Iq ﬁ%zl.l.lf?g%%ﬁﬂwnd name:
()-(4aRt8aS*)-8a-(2-fluorp-5- imidin-5- 1 hentdt368da0d%aigm Abideh-B=2.8, 6.4Hz, 1H),
7.97—28.01 (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-
. YOO\F(F 4.4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-
" N 8a-yl)-4-fluorophenyl]-5-difluoromethoxypyridine-2-
. carboxamide
? N\INHZ 'H-NMR (400MHz, CDCl5) & (ppm): 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, 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-

tr

[Formula 53]
7
N
F
F N NH,
P LT
Fi H

2-Fluoropyridine-3-bor
tetrakis(triphenylphosphine)palladium

ifluoromethyl-4.4a,5,6.8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine

onic acid (63.9 mg),
(26.2 mg) and a 1 N sodium carbonate solution (453 )

were added to a solution of (+)-N,N-di(tert-butyloxycarbonyl)-[(4aR* ,6R*,8aS*)-8a-(5-bromo-



thitne ESI-MS m/z 345 [M++H] Example 63 Chemical structure a | so.... N NH2 s Compound name:
()-(4afitBaS*)-8a45-(5-chloropyridin-  3- 1 -2-fluoro henl44a5tandro-7-oxa-3-thia- 1-azatlamine ESI-MS
m/z 378 [M++H] [0279] Example 64 Synthesis of N- 5- 4aR* 8aS* -2-amino-4 4a 5ie,mh
dro-7-mta-3-thia-l-azana hthalen8a- 1 thio heil-3- lidiil@42-carboxamide 10 [Formula 56]

5Cyanopyridii SN S AR (100 el SRAPIOREHVAMR (347,07 T ARLRYBOP (335 mo)

were sequentially added to a solution o . o
(+)-N,N-di(tetOUBRSY/SarBehiL N R 8x 5 and sheamartirottiib pHeH. 2y yiaosens 81858 ek ahydro-7-oxa-

3- thia-l-azangpbtha!engr ilamina (e Gemradindichiarom ethane d208 i Hpanice hatthed auRixture was
returned to room temperature and stirred overnight. The solvent was evaporated 5 under reduced

pressure and" T8I dE s PURREHHY RYSISc GEICoNin UhrrtbRBgFapHye oreanic layer

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]

2-Fluoropyridine-3-boronic acid (51.1 mg),
tetrakis(triphenylphosphine)palladium (19.1 mg) and a 1 N sodium carbonate solution (363 L)
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-yl]amine
(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



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 magnegium sulfate, and the solvent was evaporated
under reduceg) pressiie Be.(eeiduqutes RRriR by hlitksile el colimp gheamalagsaphig.obtain the
titte compound (33.9 mg). ESI-MS m/z 400%+ +H] [0280] Example 65 15 Synthesis of

()-(4aR* 8aR¥sghiag iBepmetsy Mardssphythin gisaleronntnms(s G el Bardiat Gty voxdltHiand -azana
hthalen-2- lagmingikraelasBiibd R obietenyEding: Bbarenitoasid (%6 Ra@ded to the reaction
tetrakis(triphengggeo pine&%alladiuni\ 11.0 mq) ana.a 1 N sodium carhonate solution (191 ge 20 were

sequentially SHEHFt8 A SERITOr &1 G KRB SO HOXEATBRRYT S AR shS-pigauy: Taver was
bromothiéphexu2eyel]) wifh a8 0608083 ek divyomanicdxgeSwtin ar iz araphildade n Ragtiesomewhtained in
Preparation Gy@mRlet (31 (0 MANAPME (R G il Alerieplacemen il aEogan, ha miure was
stirred at 80C for five hours. The reaction solution'was returned to room temperature and diluted with
water. The a§RiEBUsclagBRREsRRtiaciiainibs Btisyicaserard (P56M@the organic layer was washed with
water. The organic layer wasyiiied axevanhyaseus 5\@gnesiug-sulfate, sy the sodvent was evaporated

under reduced pressure. The residue was purified by silica gel column chromatography to gbtain an
intermediate e R irlg o hattb g Qe ChchfordhrelHARE B i) FERIED mi) was
added ana then, 148, sddure snas SHirad at doan: empeatinel foy, theee houis. 18e, was-addeanh to the
mixture, folloyed ralizati ] diym bicarbonate solution. The aqueous layer was extracted
with ethyl ace afe%?zgn[?%eag?ggﬁ%g%%ﬁﬁgg’g@d over anhydrous magnesium sulfate. The solvent was
evaporated URdéflreduced pressure and the residue was purified by NH-silica 5 gel column
chromatogragggyrﬁglg)@[ain the title compound (22.0 mg). ESI-MS m/z 350 [M+ +H] [0281] Example 66

Synthesis of 4aR 6R 8aS -82-flum5thF3- 1 hen 1 -64)enz lox meth h 10 4 4a 5 6 8 8aMmtandro-m
[Formula 58]Svnthesis of (£)-(4aR*,8aS*)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-4.4a,5.6.8.8a-

15 hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine

[Formula 55]
7
N

¢ N\YEHZ
S

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 (+)-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, J = 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).



2-Fluoropyridine-3-boronic acid (44.0 mg), tetrakis(triphenylphosphine)palladium (18.0 mg) anda 1 N
sodium carbonate solution (312 Re were added to a solution of
N,N-didtert-butyloxycarbonyl)-[(4aR,6R,8a5)-8a-(5-bromo-2- 15
fluorophenyl)-6-benzyloxymethyl-4,4a,5,6,8,8a-hexahyélro-7-oxa-3-thia-l-azanaphthalen-2- yflamine (95
mg) in DMF @25% 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 acERBpiadiie @rganlc layer was washed with water. The organic layer was dried over
anhydrous magnesium suttaéeom@ddhe sPIveMpE: Wanesapaaipsiiioged iechiand Ry esstige bne residue
was purified bg/ SI|I el colu hromato ragtg The rs g# mteIrr% iate was dissolved in
dlchlorometh%hl(];‘g(t e0 Br%)a\cl\ll s HddRY W TRk \VAS Stirred at room temperature for
three houss. (debleey added to the reactlon mixture, followed by neutralization with a sodium bicarbonate

solution. Tiuﬁ)& é:l'glé? |c)¢.'ﬂe\% s)&h% kl:ll unuuﬁunné I R QT UCJAYSTIWES gneu over25
anhydrous|magnesium sulfate. The solven twas e)vapora ddét?foteﬁﬁce%‘méseure—and the residue was
purified by isilica gel colymn chroma# 80018 dphieiey Derhflacdl;m 8. 822k ahy

+H] 149 Example 67 Synthesi
()-N47-((4aR*,8aS*)-2- a*nin - -thi, ,,azanaphthalen -8a-v1)-2,2-difluorobe
nzo[1,31di0xol-5-y11-5-cyn D 2 -carthox de/flﬁdﬁt%a" I5@] 55-Cyanopyridine-2-carboxylic acid
(4.0 mq), dlisopropylethyl&ming p21) and PyBOP (17.6 mg) were added to a solution of tert-butyl
0-[(4aR*,8aS*)-8a46-aminex
difluorobenzo[1,3]dioxol:4- yl)Hl 4a 5,6,8,8athexahydro-7-oxa-3-thia-l-azanaphthalen-2- yllcarbamate (10
mg) in dichloromethane (2.0 ml) in an ice bath. The mixture was heated to room temperature and|stirred
for four hOLMhe_sohﬁana&eAtapgtaLed i ified by
NH-pTLC torSBERCSH intShBiaiEr ¥ Ges AR : (3.0 ml)
and TFA (1.0 ml) was added. After tirring at 30012 i8H0RSIRENE- tpatgfgtggh [ﬁxﬂh@d@aptb@ﬁl.wﬁ&lon was
diluted with water and neutralized x#ith a sodltlrglzghlgaﬁ opate splu lution. The aqueous layer was extracted
with dichloromethane, and the.grganis layer was—dn%d—ova—aﬁﬁydmus magnesium sulfate. The 15
solvent was evaporated un duced pregdise MiSchthed78gidiietyas purified by NH-pTLC to obtain the
title compound. N._NH H-NMR (400 MHz, CDC!)) 8 (ppm). 1.51-1.53 (m, 1H), 2.1% (ddd, J
=5.2, 13.2] 26.0 Hz, 1H), k. ,J=2.8, 12.4 Hz, 1H), 2.86-2.90(m, 1H), 3.07 (dd, J = 4.4, 12.4 Hz,
1H), 3.68-3.73 (m, 1H), 8.85°3,91 (m, 2H), 4.11-4.15 (m, 1H), 7.03 (d, J = 2.0 Hz, 1H), 8.07 (d, 20J = 2.0
Hz, 1H), 8.21 (dd, J = 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). [p283] Examples 68 to 73 The compounds of Examples 68 to 73 were synthesjzed
according to BRanple 2 25 using the corresponding carboxylic acids and the corresponding aniline
intermediate%mrglggqgration Examples, as shown in the following Table 10. [Table 10-1]

Synthesis of N-[5-((4aR*,8aS*)-2-amino-4.,4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-

8a-yDthiophen-3-yl]-5-cyanopyridine-2-carboxamide
10 [Formula 56]

7\

5-Cyanopyridine-2-carboxylic acid (19.0 mg), diisopropylethylamine (50.7 ul)



150 Example 68 * 0 Chemical structure NO,220, Or Hchiral .NH2 Compound name:
N-[34(4aRt8aS*)-2-amino- 4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-8a-
y1)-4-fluorophenyll-5-(2-methoxyethoxy)-pyrazine-2- carboxamide 1H-NMR (400MHz, CDC13) 8
(ppm). 1.40-1.50 (m, 1H), 2.01-2.21 (m, 1H), 2.59-2.684m, 1H), 2.88-2.98 (m, 1H), 2.98-3.06 (m, 1H),

3.46 (s, 3H), 3:637%A8 (3, f) st Fefds gqg%&girﬁdbeét Lol pr‘réﬁlﬁ &e (m, 2H), 7.02- 7.11 (m,
1H), 7.29-7.35 (m, 1H), 7.98 m, 1H), 8.96-9.01 (m 1H), 946§brs 1H). ESI-MS
m/z 462 [1\1|]3u51|1ﬂxycarbonyl) [(4aR 8aS*) 8a 4- ammothlophen— —yl) -4,4a,5,6, 8 8a- hexahydro—

-oxa-3-
thia-1-azanaphthalen-2-yl]amine (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-y1]-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 pl)

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-yl]amine
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



Example 69 Chemical IN structure : H NH chiral 2 H Compound name: N-[34(4aRt8aS*)-2-amino-
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-8a-
y1)-4-fluorophenyll-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)42.89- 2.97 (m, 1H), 2.98-3.07 (m, 1H),3.62-3.73
(m, 1H), 3.73; 384 (Ms yﬁedlaQiloé‘n}?e&me&d)e ZoP%rZell%&PQ 1132 Ja§§adeé€o (AL fdnrd 937799 (M, 1H),

8.04 (s, 1H), 9.17 (brs, 1H). ESI-MS m/z 407 [1\1E-EH] [Table 1

10

15

20

25

followed by neutrahzatlon with a sodlum blcarbonate solutlon 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 NH-silica
gel column chromatography to obtain the title compound (22.0 mg).

ESI-MS m/z 350 [M* +H]
[0281]
Example 66
Synthesis of (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
[Formula 58]

2-Fluoropyridine-3-boronic acid (44.0 mg),
tetrakis(triphenylphosphine)palladium (18.0 mg) and a 1 N sodium carbonate solution (312 pl)
were added to a solution 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-
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
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
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]



Example 70 Chemical structure Compound name: N- [3- ( (4aR*, 5R*, 8aS*) Compound name:
N43((4aR*,5R*,8aS*)-2-amino-5-
methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-lazanaphthalen-8a-y1)-4-fluorophenyll-2,5-dimethylfuran-3-
carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm). 0.949(d, J=6.8Hz, 3H), 2.21-2.27 (m, 1H), 2.28 (s,
3H), 2.58 (s, %)H&Gé 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] 151 Example
71 Chemical DtAlEasIF! £ =3 A SEMLCTATIS

8a-hexahyd erZn%fﬁl&h@aLvﬁZm&ﬁm}:o%@nz%['l@WIBQQIUSL&] 4- W@ﬁbplmdme 2-carboxamide
11,2,31thiadiazole-5-carboxamide 1H-NMR (400MHz, CDC13) 8 (ppm). 0.91 (d, J=6.4Hz, 3H), 2.07-2.20
(m, 1H), 2.447282HPAH), 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, 1E)N4.02-4.08 (m, 1H), 7.05-7.12 (m, 1H), 7.14-7.19 (m, 1H), 7.91 (brs,

5 5-Cyanopyridine-2-carboxylic acid (4.0 mg), diisopropylethylamine (11.5 pl) 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]carbamate (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, J = 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, J = 2.0, 8.0 Hz, 1H), 8.41 (dd, J = 0.8, 8.0 Hz, 1H), 8.92 (dd, ] = 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]



Example 72 401 H Chemical structure NO NH chiral NH , Compound
name:N4344aR* 5R* 8aS*)-2-amino-5-m eth 15 6 8 8a-h_y-L1,,tah dm-7-oxa-3-thia- 1-azanajthal
en-8a-y1)-4-fluoropheny11-3-piperidin-1-ylpropionamide
1H-NMR(400MHz,CDC13)8(ppm):0.92(d,J.8Hz,3H ),1156-1.86(m,6H),2.10-2.23(m,1H),2.42-2.73(m,9H),2

84-2.96(m, PRY-3-24=336(p TS 834 02 H)4-0 —
6-4.13(m,1+1%é§1£%.63(rn¢2h$§#§0§?§%ﬁ§n,ﬁ%’f?%‘(iﬁl?é’f’f' —PSy- ] Example 7,

_N ]/O\/\ o
NH

chiral
F
o N\YNH2
S

H

4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-8a-

yD)-4-fluorophenyl]-5-(2-methoxyethoxy)-pyrazine-2-

carboxamide

'H-NMR (400MHz, CDCl3) & (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 (s, 3H), 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), 7.29-7.35 (m, 1H), 7.98-8.06 (m, 1H), 8.19-
8.24 (m, 1H), 8.96-9.01 (m, 1H), 9.46 (brs, 1H).

ESI-MS m/z 462 [M"+H]

Example 69

Chemical structure

S

[ —

N

NH
chiral
F
o N\YNH2
S

@)

Compound name: N-[3-((4aR*,8aS*)-2-amino-
4.4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-8a-

yD)-4-fluorophenyl]-2-methylthiazole-4-carboxamide

'H-NMR (400MHz, CDCl3) & (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 (m, 1H), 3.73-
3.81 (m, 1H), 4.01-4.13 (m, 2H), 7.02-7.10 (m, 1H), 7.28-
7.34 (m, 1H), 7.93-7.99 (m, 1H), 8.04 (s, 1H), 9.17 (brs,
1H).

ESI-MS m/z 407 [M*+H]

[Table 10-2]

Example 70

Chemical structure

|y

NH
chiral

Compound name: N- [3- ( (4aR*, SR*, 8aS*)

Compound name: N-[3-((4aR*,5R*.8aS*)-2-amino-5-
methyl-4,4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-2,5-dimethylfuran-3-

carboxamide

'H-NMR (400MHz, CDCl3) & (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]

3400H




Chemical structure 0? NI NH chiral NNH2 S Compound name:N43-((4aR*,5R*,8aS*)-2-ami

no-5-methyl-4,4a5,6,8,8a-hexahydro-7-oxa-3-thia-1 -azanaphthalen-8a-y1)-4-fluoropheny1]-2-
1H-NMR(400MHz,

oxazol-4-ca

rboxamide

CDC13)8(ppm):0.91(d,J.8Hz,3H),

2.11-2.27(m,1H),2.42-2.50(m,1H),2.50-2.57(m,3H),2.86-1
2.94(m,2H),3.23-3.34(m,1H),3.72-3.81(m,1H),3.89-3.97(

methyl

m,1H),4.05:
1-0,7.89-7.¢
Synthesis
of(4aR,6R,§
-thia-

alfipier 1,0
)6(m,1H),8.14

3aS)-8a-[2-flu

EnéndeAMitidiarte 4
-8.19(m,1H),8.65

N

-gi)élrazol-

T émpdifdlname: N-[3-((4aR*,5R*,8aS*)-2-amino-5-
brs,1H). ESI-MS m/z 405[1\+H] [0284] Example 745

methyl-4,4a,5,6,8.8a-hexahydro-7-oxa-3-thia-1-
ydipheinylbic-Snethoxyimetbiyddydiadsnte®8a-hexahydr

[1,2,3]thiadiazole-5-carboxamide

D-7-0Xa-3

'"H-NMR (400MHz, CDCl3) & (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]




[Formula 60] 153 chiral [0285] (1) Synthesis of di-tert-but 1
4a_y [< 111.S)AaS_pyli_yy_.-bromo-2-fluoro hen 1 -6-methox meth 1- 4 4a 5 68 8a-hexahydropyranc43
4-dil 1 3lihiazin-2-yllimidodicarbonate 5The title compound was synthesized from the compound obtained
in Preparation Example 7-(4) according to PreparationiExample 16 (1)-(3). ESI-MS; m/z 611 [M++Na].
[0286] (2) Syﬁqlﬁglfooj di-tert-butyl [(4aR,6R,8aS)-8a-(5-acety1-2-fluorophenyl)-6-methoxymethyl- 10 4

4a 58 8a-hexahdro rbon ate The ¢

ompound obtained in Example 74-(1) (2.73

g) was dissolved

in 1,4-dioxan L). 1-Etdmieaitri-n-but

bis(tri-tbutylphasphine)palladiihf¥4.8 mg) we
here 0QC)J Afte
I th celrte ane

WIimE2u4@ meh)NeEsidnR fIRRAS(D-55ig) Snd
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he mixture was
15 cool. The
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us maﬁ?esu}%d

ne organic layer
sodium
sulfate. The

d pressure. The

1.91 g). 1.5 g of
acid (3.5 mL)
tate was added

isodium

sulfate. The
ressure. The
~5ESI-MS; m/z

575 [M++Na]. [0287] (3) Synt
ethE44a5688a-hexalta-3-th z{na hthaler)-

S NRABAIDADCL)5(ppm):0.91(dJ=6.8Hz,3H),
211-227(m,1H),2.42-2.50(m, 1H),2.50-2.57(m,3H).2.80-
2.94(m2H)3.23-334(m, 1H).3.72-3.81 (i, 1H),3.89-3.97(
m, 1H).4.054.12(m, 1H),6.99-7.08(m, 1H),7.25-7.32(m, |
H),7.89-7.96(m, 1H),8.14-8.19(m, 1H).8 65(brs, 1H).

ESIMS vz 405[M"+H]

[0284]
Example 74

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]amine

[Formula 60]



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 110C. 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 hydtate (78 RL) 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 reS|due and the organic
layer was separated. The organic layer was dried gver anhydrous magnesium sultate. The drying agent
was removed by filtration and the filtrate was centrated under reduced pfes3gure. The residue was
subjected to silicamomatdgraphy to obtali ,t;he mgj,gzcompﬁund (38 mg@). iS5 -M,§B, m/z 477 [M++1]. 20
[0288] (4) Syrhesi % a 68
8a-hexahydro-7-oxa-3tthia-1-azanaphthalen=Zjyliamine The/coomp Sbtained in Example
74-(3) (38 mg) was dissolved in dichloromethape (2 mL), and then trlfluoroacetllc acid (0.4 mL) was
added, followed by stirring 25 at room temperature. After three hours, the reactlon solution was

added to the residue, and the org
magnesium sulfate. The drying
reduced pressure. The residue w bjetteY to column chroma
(18 mq). ESI-MS; m/z 377 [M++: 9] Example 75 Synttesis-of 4

2-fluoro-51-razol-3-lheill -6-methox feth 1- 155 4 5 6 8 8aMmitth %HAm 1 =Me [Formula 61] chiralchiral
The title compound was synthesized according to Example 74 using N,Ndimethylacetamide dimethyl
acetal in pIaqem‘sIN N-dimethylformamide dlmethyl acetal. 5ESI-MS; m/z 391 [M++1]. [0290] Example 76

@r was separated. The o
as removed By filtration a

mic yer was dried over anhydrous
' e filtrate was concentrated under

Synthesis o Proy SIS he RN A dam & MR exan
=g, 4a 5,6.8.8a-hexahydropyrano[3.4-d][ 3]th1azm 2-yllimidodicarbonate
5 The title compound was synthesized from the compound obtained in Preparation

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-
10 4.,4a,5,6,8,8a-hexahydropyrano[3.4-d][1,3]thiazin-2-yl]imidodicarbonate

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

15 cool. The reaction mixture was filtered through celite and washed with ethyl acetate. The
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

20 filtrate was concentrated under reduced pressure. The residue was subjected to silica gel
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

25  one hour, ethyl acetate was added to the reaction solution, and the mixture was sequentially



chiralchiralchiral [0291] (1) Synthesis of di-tert-butyl
[(4aR,6R,8aS)-8a42-fluoro-5-(2-fluoropyridin-3-yhphenyll-6- methox meth 1-44a 56 8
8a-hexahcio34-d13thiaznie-2-limidodicarbonate The compound obtained in Example 74-(1) (1.33 g) was
dissolved in THF (28 15 mL). 2-Fluoropyridine-3-boronig4acid (955 mg), potassium fluoride (558 mg),
Pd2DBA3 (2Q0.na)And RAUREBER (A30 MEdWET& AR 4@ dhf.SOMHOB: AR the Mbiufg was stirred in

a nitrogen atmosphere at room temperature overnight. The reaction solution was diluted with ethyl
acetate and fereBnHoUY MARCSIE S BétteT hd FittFirdnd A8l rtie Fomes R XV HipRiRAdr DI KA

ace':jate hepta@g mﬁoggtﬂﬁ@lﬁh@t&ﬁé&@&@@f&gﬁ}gatemyfggﬂugaimﬁ%ﬁ&murm{%%@taln a )20 residue. T/he
residue was subjected to silica gel chromato tain the title compound (547 mg). ESI-MS; m/z
628 [M++Na]ChTJ§?>m[%gZ§l§] (53%’ Hih §| §Eﬁ£13¥4§§ '8 8aMmitth tho-7-mhS2- 1 =Me The compound
obtained in Example 76-(BSIEVISngY WS @lﬂé%dﬁﬂd in 5 dichloromethane (2 mL), and then TFA (0.5 mL)
was added. Aftar-two hours, the reaction solution was concentrated under reduced pressure. Chloroform,
a 1 N sodium hydrOX|de solutlon and a saturated sodlum blcarbonate solution were added to the residue,
and the orgafile Sa)desisnefd o Ad e gua 2 b S eRYlsSmagnesium sulfate.

The drying agmcw%erﬁamwwmglmmm@aﬂ)mmmwﬁzﬁmﬁm{@dﬂmﬂme was 10

subjected to silica gel chromatograph obt |n e tltI 0 )..E Iz 406 [M++1].
[0293] Example 77 Syn%ﬁlégsfgﬁo%ng obtaine xample Cﬁmg) a%g rga 9wa% dlsso ve IIQG l%

(4aR,6R18a5y8ei[Rflrorovhd (3iomhgpyriciin ¢2-3/Hphemd diemibthokyime thyd 56rded & 6i8ogaMmt [Formula
63]  chiralchiral, The ite GgeePoule. WA SYIRSTIZSHASGAAING A FX AT (S ool 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 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 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-




ESI-MS; m/z 406 [M++1]. [0294] 20 Example 78 Synthesis of
(4aR,6R,8aS)-8a42-fluoro-5-(2-methoxypyridin-3-yl)pheny1]-6-methoxymethyl4,4a,5,6,8,8a-hexahydro-7-
oxa-3-thia-l-azanaphthalen-2-yliamine [Formula 64] chiralchiralchiral [0295] (1) Synthesis of
t-Lan1LMmo-5ip_yyipyj_t ridin-3- 1 hen 1 -6- methox eth-44a5688a-hexata-3-thia-l-azana hthalen-2- 1
cmarbamate Methanod (1 m 12 28% sodiup. mefhexide,mathane! solution (1 mL) were 5 added to
the compound synthesized in"Example 76- mg), followed by stirring at 50C. After three hours and
30 minutes, tHE@FBRERI solution was left to cool. Ethyl acetate and a saturated ammonium chloride
solution were added to the reaction solution, and the organic layer was separated. The organic layer was
washed with brine. The orgdpic layer was dried over anhydrous fmagnesium sulfate. The drying agent was
removed by filtration ltrate was 10 concentrated L
subjected to silica gel
[0296] (2) Synthesfs aflfigjo-5n&apethoxridin-3- 1 hen £-6- R methox metatahhthalen-2- 1 | amine

The compound obt&neo in%&ampfe 78-(1) (114 mg) wis dissolyed in dichloromethane (3 mL), and then
TFA (1 mL) waaddes ed by stirring at roofRtempergtur®. After three hours, the reaction solution
was concentrated undef'reduced pressure. Chloroform and™a saturated sodium bicarbonate solution were
added to the residue, anichthe 20 organic layer was separatéal. The organic layer was dried over
anhydrous magnesium sulfate. The drying agent was.remaoved.by filtration . and the filtrate was
concentrated under reducljg%af) Elrttlaes%%?l X 1fllllge“fgess? I&tewgg Su Cjoerc ré%lt ot}gc%gm%enqghl}%%a%%ﬁraphy to obtain
the title compbuad Byl dEE MY avktd BigHbe-pf N 26 (a7 IRxaapide tnSyinthessialof
(4aR,6R,8aS)-8a42-fluorg:5rayydazindryiheny11-6-methoxymethyl4 4a 5 68
8a—hexahydr?dzégi(a-&thia—l-azanaphthalen-z-yliamine [Formula 65]

—

Example 76
Synthesis 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
[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]limidodicarbonate
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"+Nal.



chiralchiralchiral [0298] (1) Synthesis of di-tert-butyl
[(4aR,6R,8aS)-8a-(2-fluoro-5-pyridazin-3-ylpheny1)-6- methox meth 1-44a56 8
8a-hexam34-dfithiathi-2- 1 imidodicarbonate 5The compound synthesized in Example 76-(1) (229 mg)
was dissolved in 1,4- dioxane (4 mL). 3-(Tributylstannyhpyridazine (215 mg), cesium fluoride (130 mg)
and bis(tri- t-wi?hosphine)palladium (10 mg) were sequentially added to the solution, and the mixture
was stirred in a nitrogen atmosphere at 100C. After two hours, the reaction solution was left to cool. The
reaction mixtifreSwaBesi BRGADeHd L HY h&dlyorepsrisinSeuphe ud RSP
concentratedjundes, Resiuced eSS a Bhgite sighiavas Seteciashiaesilica gel chromatography to obtain
the title compound (116 . ESI-MS; m/z 611 [M++Na]. [02 2) Synthesis of 4aR 6R 8aS -8a-
2-fluoro-51azin-3- 1 hen 1'- -?ﬁ&%%u%%%ékﬁlﬂgaié%xamgﬂe 17%'8?](67 &Q) WS CESSO vedin
4,4a,5,6,8,8alitbkabwydtimre 0XxaxB)thial hardhaphthalenv2sydiddridne After two b compawndnobtained in
Example 79-(1) (116 mednas disseliad Ralichioremgthans (3 sl ang K FEA G0l was added,

followed by stirring at room temperature. After three hours, the reaction solution was concentrated under

reduced presSUiFEOTHIG FoTHiaH dod 8B hiertg i RgMtisie 2116 rdte @I thioisdere ddBRIS RS residue,

and the 20 organitdayesarias sepasaidnithe organigiaysisvasddiedsavesranydieadnagpesium sulfate.
The drying agent was removed tgy{jlptr%g)n and the filglgte was concentrated ynder reduced pressure. The
residue was SOBFEAET 1S ROIGRI EhrsHATBEIAARS 15 SETAIR WHE TS CoRipSunbi &8 $4Y5. \E81-MS: m/z 389
[M++1]. 25 [GBOR}EXampiead! chromatd ol owihgicohepolerndagoshd it inghe following Table 11 was
synthesized according to gg(ﬁmgl%%i@g\ihﬁ orresponding carboxylic acids. 159 [Table 11] Example
80 Compound name: N-[3- ((4aR*,6R*,8aS*)-2-amino-6-
trifluorometh{d2234a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-aza-naphthalen-8a-y1)-4-fluoropheny1]-5-
difluoromethypyigines2-carboxamide ESI-MS m/z 505 [M++H]

A 21 HOGGA S

2 M

& ALY

Synthesis of (4aR,6R,8aS)-8a-[2-fluoro-5-(3-fluoropyridin-4-yl)phenyl]-6-methoxymethyl-

15 4.4a,5.,6.8.8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-yl]amine
[Formula 63]

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]




[0301] Example 81 5 Synthesis ofN- 3- 4aR* 8aS* -2-amtho-4 4a 5ie,mh dro-7-mta-3-thia-Fazana
hthalen8a- 1 -4-fluoro hen 1 -5-et_ylit razine-2-carbox idam e [Formula 66] (1) Synthesis of
5nipiy_le-2-carbox 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 mly)7 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
Rntrated hydrochloric acid. Brine and ethyl
ayef was separated. Thejorganit |\<'51yer was dried
PRI 1hw@s comsentrated-to-ghtaii?'the title compound

>N Sl), 451 (g, J=7.2

ESium, Bsulfate ‘The organfc
(135 mg). o NN TH- NWIR‘(ZIOO MHZ,
Hz, 2H), 8.17-&1H),B:98 (s, 1H). [0302]" " () Sinthesis of PN
N-[34(4aR*,8aS*)- 2 amlno -4,4a,5,6,8,8a- hexahydro -7-oxa-3-thia-1- 20

azanaphthalen-8a- yﬁ 4-fluoropheny11-5- ethoxypyrazme -2-carboxamide TH&Title compound (30 mg)

was obtained@9f the compound obtained in 160 Preparation Example 1-(9) (30 mg) and the compound
obtained in Bxagiple 81-(H) 610, gk aseerding 10 BBMRIS A h3lMeu/z A i 1H-NMR (400
MHz, CDC)) 8 (ppm). 14Ul4b(m IH) 14b t J— /ZHZ 3H), b.{()/zla(m 1H), 2.64 (dd, J = 2.8,

8.0 Hz, 1H), 2ghqgaeethyl-449.570¢ 5 J g Pramye3 71 (m, 1H), 3.78
(d. 3 = 10.8 Hz, 1H), 4.04 1l (2H1);)4a14c9a(98% e B Rl 11 1A edH), 7.32 (dd,
J=28,7. 2 Hz, 1H), 7.99-8.03 (m, 1H), 8.11 (s 8.98 (s 1H), 9.47 (s fﬁ’rﬁﬁ‘? [0303] 10_Examples 82 to

H)
87 5 THIdSH oG RaR R AvRIe4sd t&%&ﬂw@ e/ S5t Aad g alel Yo EanHIE% Using the
correspondingfeaniexyhicuacids, 3assheas) tie tectRiioswiagoh ablel1df? (0 16d1 [ Talg 1 keldte and a

saturated ammonium chloride solution were added to the reaction solution, and the organic layer

H

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"+Na].
[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]Jamine




Example 82 Chemical o up structure NO H1 a N--- I ' ON NNH2 s Compound name:
N-[3-((8S*,8aR*)-2-amino4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluorophenyl1]-5- methoxypyrazine-2-carboxamide 1H-NMR (400MHz, CDC13): 8
(ppm).1.44-1.47 (m,1H), 2.08-2.18 (m, 1H), 2.64 (dd,13& 2.4, 12.0 Hz, 1H), 2.89-2.98 (m, 1H), 3.03 (dd,
J = 4.0, 12.0 iz, hHys53-65-3.72 (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=1.6Hz, 1H),89.48 (bs, 1H) 7 “

r

F (1) F
0 N\\l/NBOCZ o
O S SO
H H
chiral chiral chiral
[0298]

(1) Synthesis of di-tert-butyl [(4aR,6R,8aS)-8a-(2-fluoro-5-pyridazin-3-ylphenyl)-6-

methoxymethyl-4,4a,5,6,8,8a-hexahydropyrano|3,4-d][ 1,3]thiazin-2-yl]imidodicarbonate

5 The compound synthesized in Example 76-(1) (229 mg) was dissolved in 1,4-
dioxane (4 mL). 3-(Tributylstannyl)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]lamine
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.



ESI-MS m/z 418 [M++Fl] Example 83 Chemical structure o H a N---N Compound name:

N-[3-((85*,8aR*)-2-amino4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1- upo

azanaphthalen-8a-y1)-4-fluorophenyl]-5- o NNH2 s methoxypyridine-2-carboxamide 1 H-NMR (400

MHz, CDC13): 1.42-1.47 (m, 1H), 2.08-2.20 (m, 1H), 283 (dd, J = 2.8, 12.4 Hz, 1H), 2.91-2.97 (m, 1H),

3.03 (dd, J :thcgﬂelf_l. 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,
=8

2H), 7.06 ( ,12.0 Hz, 1H) 7.33 (dd J=2.8 88Hz 2H), 8.04 (ddd, J
Example Compound name: N- [3-
80 o T F ((4aR*,6R* 82S*)-2-amino-6-
NH trifluoromethyl-4,4a,5,6,8,8a-
(F) N\\( NH, hexahydro-7-oxa-3-thia-1-aza-
F} S naphthalen-8a-yl)-4-fluorophenyl]-5-
F H
F difluoromethylpyridine-2-carboxamide
ESI-MS m/z 505 [M*+H]

[0301]
Example 81
5 Synthesis of N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-

8a-y1)-4-fluorophenyl]-5-ethoxypyrazine-2-carboxamide
[Formula 66]

_ O
T
o - S
N/
o@ (1) T e a
o) Y\/ N.__NH,

- OH 0 S

S chiral

(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, CDCl3) & (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,5.6.8.8a-hexahydro-7-oxa-3-thia-1-
20 azanaphthalen-8a-yl)-4-fluorophenyl]-5-ethoxypyrazine-2-carboxamide

The title compound (30 mg) was obtained from the compound obtained in



=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
[1),4*-FH] 162 [Table 12-2] Example 84 Chemical structure OF H N? N NT N H2 0 H Compound name:
N-[3-((8S*,8aR*)-2-amino4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluoropheny1]-5- fluoromethoxg¢pyridine-2-carboxamide 1 H-NMR (400 MHz,

CDCT): 1. =39, ,3.04 (dd,
22401207 TR B QS MR IR DS (B0 3= o0

Hz, 2H), 7.08¥eR1dine g Bxample (4%, 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, 8.84i2v18H)/8428 (8c+diF 0.4, 8.4 Hz, 1H), 8.42 (d, J = 2.8 Hz, 1H), 9.82 (bs, 1H)
ESI-MS m/z 435 [1)4+-FI—[]HExampIe 85 iﬁ 0 Chemigal structure F F
“NMR' (400 MHz, CDCl3) & (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, 1H), 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), 7.06 (dd, J = 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, 1H), 9.47 (s, 1H).
[0303]
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.



.1 N ON NNH2 s Compound name: N-[3-((85*,8aR*)-2-amino4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-y1)-4-fluoropheny1]-3-chloro-5- trifluoromethylpyridine-2-carboxamide 1 H-NMR (400
MHz, CDCT): 1.45-1.48 (m, 1H), 2.07-2.18 (m, 1H), 2.66 (dd, J = 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. 13Eﬁ1;1§ {5y H) 8.79 (dd, J =0.8, 4.0 Hz, 1H), 9.75 (bs, 1H) ESI-MS m/z 489 [M++H] 163
[Table 12-3] Example hemical structure N,M, N*infNo S Comoound name:
N-[34(8S*, aliwwlsr%?nozl 48968, atalﬁés@ahydro Lowaonppune: N-[3-(8S*.8aR*)-2-amino-
azanaphthalen-8a-y1)-4-fluorophenyl]: thylp/ﬂdjg]g-@gcgﬁlh@%ﬂm&@idﬂawlﬂa(tffOO MHz, CDCT):
1.44-1.47 (mp, 1H), 2.12-2.15 (dd, J 5 2 8,1 l—|z 13.2}%%% 3 2.97 (m,|1H),
3.03 (dd, J + 4.0, 12.4 Hz,|1H}, 3l6603.72 (m 1H),| 348 RipLen $aovtiH-Hpgrophse 2 (m, 2H), 7.08 (dd,
J=8.8,12.0 Hz, 1H) 7.36|(¢ = 2\8; 6.8 Hz, 1H r&ﬂ&@@&Men-ba&dﬂa(md&H) 9 36 (d, J=0.8 Hz,
1H), 9.61 (bs, 1H) ESl-l\/lS [M++H] ExampuﬁoN ' ompound-name:
N-[34(8S*,8aR*)-2-amino4,4a, 5'6 8,8a-hexahydroi7-oxa %Tﬁ %ﬁ EHEiﬁ 8( pm):1. Mjl ¥

(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, 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 m/z 418 [M*+H]

Example 83 Chemical structure Compound name: N-[3-((8S*,8aR*)-2-amino-

QO m

4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-

methoxypyridine-2-carboxamide

"H-NMR (400 MHz, CDCLy): 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
=12.8,4.0, 8.8 Hz, 1H), 8.23 (d, ] = 8.8 Hz, 1H),
8.27 (d, J = 2.8 Hz, 1H) 9.80 (bs, 1H)

ESI-MS m/z 417 [M*+H]




azanaphthalen-8a-y1)-4-fluoropheny1]-2- 0 N t NH2 methyloxazole-4-carboxamide 1H-NMR (400 MHz,

CDCT): 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), 8182 (bs, 1H) ESI-MS m/z 391 [M++H] [0304]
Example 88 [Table 12-3he compound of Example 88 was synthesized according to Example 2 using the 5

correspondi

ng carboxylic

cid and the correspond

ng aniline intermediate in Preparation Exampl

S, as

shown in th
culture of né

o ESABRI & Tak

surons from rat

|EhesnicpbPcABRe 13] [O

fetus brai O_F
N

Aompresdmraeigiel3-6 S USMRTAHE AB pd

4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-

fluoromethoxypyridine-2-carboxamide

"H-NMR (400 MHz, CDCls): 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, ] = 2.8, 6.8 Hz, 1H),
7.57 (ddd, T = 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, ] = 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-
4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3-chloro-5-

trifluoromethylpyridine-2-carboxamide

"H-NMR (400 MHz, CDCly): 1.45-1.48 (m, 1H),
2.07-2.18 (m, 1H), 2.66 (dd, J = 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, T = 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]

ptide in



(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-1518&dium (such as Invitrogen Corp. Cat #11415-064,
Carlsbad, CqT&g)%,z%SIGMA L1518). The cerebral cortex was collected from the isolated brain under a

stereoscopic microscope. The cerebral cortex frag

ents collected were enzymatically treated in

n
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[0308] 5 (4) Evaluation of cell survival

Cell survival was evaluated by an MTT as

say according to

the following procedure. After collecting the medium, 100 pl/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. Th
for 20 minutes. 100 p1/well of an MTT lysis b
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[0305]
Test Example 1

Specifically, the embryos

The brain was isolated

were

from the

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).
aseptically removed from pregnant rats under ether anesthesia.
10

Carlsbad, CA, USA, or SIGMA L151

brain under a stereoscopic microscope.

8). The cerebral cortex was collected from the is

The cerebral cortex fragments collected were

embryo and immersed in an ice-cold L-15 medium (such as Invitrogen Corp. Cat #11415-064,

olated

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

inactivated horse serum to the solution.

1,500 rpm for five minutes to remove

resulting cell mass.

37°C for 30 minutes to disperse the cells.

the supernatant.

Here, the enzymatic reaction was stopped by adding
The enzymatically treated solution was centrifuged at
5 to 10 ml of a medium was added to the
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-



IC50 (RM) 1 0.0017 33 0.0011 2 0.002 34 0.002 3 0.001 35 0.0021 4 0.011 36 0.0005 5 0.058 37 0.002 6
0.0012 38 0.003 7 0.0007 39
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glutamine (Invitrogen Corp. Cat #25030-081, Carlsbad, CA, USA), and Antibiotics-
Antimycotics (Invitrogen Corp. Cat #15240-062, Carlsbad, CA, USA) was used as the medium
(Neurobasal/B27/2-ME). However, the above Neurobasal medium not supplemented with 2-
ME (Neurobasal/B27) was used for the assay. 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-
pm 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% CO,-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
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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 ABx-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 pl/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 pl 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)/(AS50_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) 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 AP calibration

curve was created using beta-amyloid peptide 1-42, rat and beta-amyloid peptide 1-40, rat
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(Calbiochem, #171596 [AB42], #171593 [AB4o]). The results are shown in Table 14 in term of

IC50 value (u M) to decrease the AB42 concentration in the medium.

[0310]
[Table 14]
Test AB42 PrOduction Test AB42 production
compound reducing effect compound reducing effect
IC50 (uM) IC50 (uM)
! 0.0017 33 0.0011
0.002 34 0.002
3 0.001 35 0.0021
4 0.011 36 0.0005
5 0.058 37 0.002
6 0.0012 38 0.003
7 0.0007 39 0.001
10 0.001 42 0.0009
1 0.0007 43 0.0017
12 0.0011 44 0.0007
13 0.001 45 0.002
15 0.0004 47 0.004
16 0.0011 48 0.002
17 0.004 49 0.002
18 0.007 50 0.002
19 0.002 51 0.006
20 0.009 52 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
2 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 65 037
32 0.003 66 0.263
5 [0311]

As is clear from the results of Table 14, the compound of the present invention
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168

was proved to have an AB42 production reducing effect.

Industrial Applicability
[0312]
The compound of the general formula (I) or pharmaceutically acceptable salt
5 thereof, or solvate thereof according to the present invention has an AB42 production reducing
effect. Thus, the present invention can particularly provide a therapeutic or prophylactic agent
for a neurodegenerative disease caused by AP such as Alzheimer-type dementia or Down's

syndrome.



0.032 29 0.003 61 0.319 30 0.006 64 0.014 31 0.0019 65 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 (I) or pharmaceutically acceptable salt 5 thereof, or solvate thereof according to the
present invention has an A1342 production reducing effifct. Thus, the present invention can particularly
provide a therapeutic or prophylactic agent for a neypgdgpggnerative disease caused by A13 such as

AIzheimer-ty?e dementia or Down's syndrome.
Claim 1] compound represented by the formula (I):

[Formula 1]

R* 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 o or a 5- to 6-membered heteroaryl group which may have 1 to 3 substituents
selected from Substituent Group «,

L is a single bond, -NR"CO- (wherein R" is a hydrogen atom or a C,_ alkyl group
which may have 1 to 3 substituents selected from Substituent Group ),

Ring B is 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 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,

Z is an oxygen atom,



169 CLAIMS [Claim 1]A compound represented by the formula (I): [Formula 1] Rs RsRivs(l) R4 R3 or a
pharmaceutically acceptable salt thereof, or a solvate thereof, wherein Ring A is a Cs 14 aryl
group which may have 1 to 3 substituents selected from Substituent Group ot or a 5- to 6-membered
heteroaryl group which may have 1 to 3 substituents s€&lécted from Substituent Group ot, Lisa
single bond, -NW-CO- (whergip fitis ﬁﬁy&ig&ggtg&tpmdor a C16 alkyl group which may have 1 to 3
substituents selected from Substituent Group ot), Rir%g B is a C614 aryl group which may have 1

to 3 substituents selected¥rof-SusttBeptcaidinsieai waBLE crs b RelpEit ety élfc g which
may have 1 tg&suhstitusniaselacied fiemaRinpstitient GRyBuBktituent GrétjSeotd & alkuleke group which

may have 1 to 3 substituents selected from Substituent Group ot, Y is a C13 alkylene group which
may have 1 FQBIBEtRUBRIRMddRd Wéﬁt%%fﬁﬁéﬁfié%g‘@ﬁni‘l%"aﬁrﬁ&@/&en atom, 170 R1 and R2
are hydrogen atoms, and R3, R4, R5 and R6 are independently a hydrogen atom, a halogen
atom, a Ci 6 alkyl group which may have 1 to 3 substituents selected from Substituent Group ot or a C16
alkoxy group which may have 1 to 3 substituents selected from Substituent Group ot 171

[Substituent Group ot: a halogen atom, a hydroxy group, a cyano group, a Ci 6 alkoxy group which may
have 1 to 3 substituents selected from Substituent Group 13 and a Ci 6 alkyl group which may have 1 to 3
substituents selected from Substituent Group 13 Substituent Group 13: a halogen atom, a cyano group, a
hydroxy group and a C] 6 alkoxy group]. 172 [Claim 2]The compound or pharmaceutically acceptable salt
thereof, or solvate thereof according to claim 1, wherein X is a methylene group which may have 1 to 2
substituents selected from Substituent Group ot.



[Claim 3]The compound or pharmaceutically acceptable salt thereof, or solvate thereof according to any
one of claims 1 to 2, wherein Z is an oxygen atom and Y is a C13 alkylene group which may have 1 to 3
substituents selected from Substituent Group ot. [Claim 4]The compound or pharmaceutically acceptable
salt thereof, or solvate thereof according to any one ofiglaims 1 to 3, wherein L is -NRLCO- (wherein 1214
is a hydrogen atom or a ich m ve 1t ituents % from Substituent
Group ot). [Claim 5]The (%gn%ﬁ%ﬁ%g{)er%%ﬁ%g@éh@%ﬁl@ﬁ%&%@ﬁ%@géﬂ ’érg% ,%%?gﬁiégt? thereof
according to akgxoreoup cthinhsniaythayenHerginhiesulrstitigeiatsigatebibet ifrom SubstiuedtGroup ot is a
hydrogen atofi, 2 AIBIANRIATY 1O G KO GHERUIR WAIER IR NGNS 10, AR5 fituents selected from
Substituent Group 13 or a C16 alkyl group which may have 1 to 3 substituents selected from Substituent
Group 13. [Claim 6]A compbsiidentSordin§:to elpiganlaiepre semedioy thefokroxya(vap. aod aCi.o
pharmaceutigﬁgg&%%p&gﬁble salt thereof, or a solvate thereof, wherein Ring Ais a C6 14 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 selected from Substituent Group a, Lis
-NRICO- (wherein 1214 is a hydrogen atom or a C16 alkyl group which may have 1 to 3 substituents
selected from Substituent Group a), Ring B is a 5- to 6-membered heteroaryl group which may
have 1 to 3 substituents selected from Substituent Group a, X is a methylene group which may
have 1 to 2 substituents selected from Substituent Group a, Y is a methylene group which may
have 1 to 2 substituents selected from Substituent Group a, R3, R4, R5 and R6 are independently
a hydrogen atom, a halogen atom or a C16 alkyl group which may have 1 to 3 substituents selected from
Substituent Group a. [Claim 7]A compound according to claim 1 or a pharmaceutically acceptable salt

thereof, or a solvate thereof, wherein the compound is selected from the following compounds: 1)
N-[34(4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1lazanaphthalen-8a-y1)-4-fluorophenyl]-
5-cyanopyridine-2-carboxamide, 2)

N-[34(8S*,8aR*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1lazanaphthalen-8a-y1)-4-fluorophenyl]-5-
fluoromethoxypyrazine-2-carboxamide, 3)
N-[34(4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1lazanaphthalen-8a-y1)-4-fluorophenyl]-
5-difluoromethoxypyrazine-2-carboxamide, 4)
N-[34(4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1lazanaphthalen-8a-y1)-4-trifluorometho
xyphenyl]-5-cyanopyridine-2-carboxamide, 5)
N-[34(8S*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-lazanaphthalen-8a-y1)-4-trifluoromethox
yphenyl]-5-chloropyridine-2-carboxamide, 173 6)

N-134(4aR*,68* 8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-chloropyridine-2-carboxamide, 7
N-134(4aR*,68* 8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-y1)-4-fluorophenyl11-5-cyanopyridine-2-carboxamide, 8)
N-134(4aR*,68* 8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-trifluoromethylpyridine-2-carboxamide, 9)
N-134(4aR*,68* 8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-difluoromethoxypyrazine-2-carboxamide,



10) N-13-44aR*,68* 8aS*)-2-amino-6-methy1-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-y1)-4-fluoropheny11-5-fluoromethoxypyrazine-2-carboxamide, 11)
N-134(4aR*,6R*,8aS*)-2-amino-6-methoxymethy1-4,4a,5,6,8,8a-hexahydro7-oxa-3-thia- 1-
azanaphthalen-8a-y1)-4-fluorophenyl1-5-cyanopyriding2-carboxamide, 12)

N-13-44aR" Ry fips -2 aming: Bl grymetiddi 4 aﬁcép%lg%éﬁmge? D@l Rerkor
azanaphthal%@cgﬁl’ Y cfﬁﬂﬂr?Rbﬁ‘é}Xﬂqlxﬁsdi H’f&fl ORIy r@?ﬁ@ﬁ 9@'[ )ﬁa{@@&bstltuents 13
N-13-44aR*,6R.84 argg'%{ggmeg-trﬁ%hgwmethyl -4,4a,5, 6 8,8a-hexahydro7-oxa-3-thia- 1-
azanaphthaleot8ary})-4-flugroRhenyhd-SrphisreRrYitdingy 2cap®raiRit@ereof, or soléhle thereof

N-13-44aR*,6R 6@ o A3 BiRGAcmath OxymeiRykid 4 ds 2:bef Banhesahdre isaxer 3iide te
azanaphthalgro8awhitiériorephery 1 dubstlueiemethaxypyrasinetduear kpxagnide, 15)
N-13-44aR*,6R4i808*)-2-antehpoath ox phaetiy b )b 6:8p8ab e X hdeol] @atdatbidertof
azanaphthalene8aliyi xelafly oreptietyihi -Hraifludiarie thoxyiyrarinevBecar Roxamigedrogen atomid)
N-13-((4a8,58 a3k ammo+Brithonayhaea, 3, 6,8, 8ttty shioced ka3 Shiafiteera aphphalen-8a-y1)-4-fluo
ropheny11-5t€yanopyridindiR-caripoxadrideharmaceutiddly acceptable salt thereof, or solvate thereof

N-13-((4a8,5&:8usn2 taminos-Aldrom, 405 6/08aihdrakpeitbienioxel edi fora Zahsphenafani®a-y1)-4-fluo
ropheny11- 50@;ﬂg@(§ﬁ%w%gﬁa@oge§mgkgrﬁwlkoxy groupgyhlch may have 1 to 3 substituents

N-13-((4a8,5% B8SY-DoamiHp b [r AR g o 6 §1Sa’ﬂﬁé5@ﬁ96 roblp R 1 faARpteaen-8a-y1)-4-fluo
ropheny11-53€}§dfd 669?1&%‘@’%1@3%&8%8

N-13-((4a8,56848)°b- amﬁS%lﬂ%%aﬁcﬁé‘iBl%tg %iénﬂelx‘ﬁﬂ%%te/d(?%éhﬁ formyla Sakaphthalen-8a-y1)-4-fluo
ropheny11-5-triflyoromethylpyridine-2-carboxamide, 20)

N-13-((4a8,58 86?%2}@ o0-8-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fluo
ropheny11-5-difluomethpxypyridine-2-carboxamide, 21)

N-13-((4a8,58,8; 'nho 5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fluo
ropheny11-5- flupro eth xypyrazmga? -carboxamide, 22)
N-13-((4a8,58,8a8)-2~dmino-5-fluoro-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thial-azanaphthalen-8a-y1)-4-fluo
rophenyl11-5- dlflﬁoromethoxypyrazme 2-carboxamide, 174 23)

N-13-44aR*, 584, SiaPihade@ibing-Runnivyel sAl R 6t S Ba e idieof Merdn
thia-1-azanaphthalen-8a-yij#Afiyarophemyllddachiacapyiidine2-eapooxaimides selected 126
N-13-44aR*,585s8abh)-Grampinpebaieth yplndAbe b6 [&B8ehekatygrohichx@Bhave 1 to 3 substituents
thia-1-azanaptithaié f8a-Sbsdaftmo@phpy11-5-cyanopyridine-2-carboxamide, 25)
N-13-44aR*,58* 8aS*)-2-dnindVB-(Rthybetciald, 6, 8 Bakivexahyinwi7a 6xa-8kyl group which may
thia-1-azanaphthdlen3gabpiiludnfisstopbéhy il Ssbdiffuoroiietinexypyrazine-2-carboxamide, 26)
N-13-44aR*5R*,8aS*)-2-BMinB-5-sietieyt e &g, Beguonek argiir 9dichnag-have 1 to 3

thia-1- azanaﬁ‘l‘hﬁ&}éﬁls )ﬁﬁfﬂ%rﬁﬁﬁéﬁWl@%ﬁlwop ridine-2-carboxamide, 27)
N-13-44aR*,5R*,8aS*)-2- mtm&w&rmwﬁl@%ﬁmém&raﬂ?swan@ selected from

thia-1- azanaﬁH‘?ﬁ%ﬁ%‘?P'B%rﬂ?B G- quorophenyll -5-¢ anop ridine-2-carboxamide, 28)

N-13-44aR* 8as* Hﬁﬁ‘dn%t SRAA DY ES, ﬁ%&éﬁ%&}lbﬁt&}&&@ selected from

thia-1- azana té%?? 3%& E@n y1l- -dlfl or m razme- -carboxamlde 29)

N-13-44aR*,5 8aS* mo 212 logen-atom or a'Ci.¢
thia-1- azanag% IRaﬁuor CCOly ec e;ip{ razm% ca o 30)

N15 4425+ z%e@ge %xm %aé%l% iRt %%3 fbﬁ% %%agﬁg’ﬁfﬁ%a'en Ba-y1)-

4-fluoropheny11-5- Cyanoq aﬁa‘r Sl’mo 4.4a,5 8a -hexahydro-7-oxa-3-thia-1-

N-13-42R*, 43R §1a)re% %H—Wl‘})ﬂf Med¥ds }]49 @&@p@ﬂ%@@éﬂf@x%ﬁ&@' -

thia-1- azanaphthalen -8a-yI N44lug blaareyANapy HRNe-Rcatbeide.3 - thia-1- 32)

N-13-42R* 4aRhBAG -8 MiMP44AmRIRHdngiRe. BubBraaHaRyaslR: 3-0x8ckamide,
thia-1-azanaphthalen-8a-gi N4flyarmeteisy]-2-andiftuornme By paanerd-carkoxanude, 33)
N-13-((4aR,6R;8ashhdianingib-hiidoexaethysl diHiarom: &ahexahydroarboxamide,
oxa-3-thia-1-azanaphthaldn a3yl «RflGasophenyihd-balid 8 ByridinerRhcarbhoxadride; 1 - 34)
N-13-((4aR,6Ri8ad)kleningib-hyditocymethydlyizhda; b, 6,8, 8abeiiingdroaiboxamide,
oxa-3-thia-1-azanaphthalen8a3y1§3-Badf oprramyd¥-3acyanchyhidisie-dtacaroxauhide, - 35)
N-13-44aR* 6RhghagHln-gmihodorifilarsoatetkythandd; 5.6 BRayhduehydroomiaidthia-1-azanaphthalen-
8a-y1)-4-fluorophenyl1-5-cyanopyridine-2-carboxamide, 36)
N-13-44aR*,6R*,8aS*)-2-amino-6-trifluoromethy1-4,4a,5,6,8,8a-hexahydro7-oxa-3-thia-1-azanaphthalen-
8a-y1)-4-fluorophenyl1-5-difluoromethoxypyrazine-2- carboxamide,



37)
N-13-44aR*,6R*,8aS*)-2-amino-6-trifluoromethy1-4,4a,5,6,8,8a-hexahydro7-oxa-3-thia-1-azanaphthalen-
8a-y1)-4-fluorophenyl11-5-fluoropyridine-2-carboxamide, 38)
N-13-44aR*,6R*8aS*)-2-amino-6-trifluoromethyl1-4 431,536 8 8a-hexahydro7-oxa-3-thia-1-azanaphthalen-
8a-y1)-4-fluorophenyl1-pyridine-2-carboxamide,

N-13-44aR* 6R* 8a5*)-2-3Mino-E4RRSOTNY 7= &%%%@é%{lr%%wcﬁ@ﬂﬁ@fmJf%z%\naphtha|en
8a-y1)-4-fluotiaphiemyhipbditlar@nethoxypytebiig 2 Galihoxpyritles -2 Karboxamided 0)

1S asaR GR 8aST) 2 AR ROmet -4 4R eOR RPNl @fgsghfmay Feas-

azanaphthalen-8a-y1)-4- fluorophen{f 11-pyrimidine-4- carboxa
N-13-44aR*, 81 BagrphtiHrrote-xt rtrélmhmlh54%ysnepsrghnﬁe%zaﬁpa¥émés<a 3-thia- 1-

azanaphthalen-8a- y1) -4- fB)Qﬂqpt(@(m*l@*@'&@ﬁ}JDfQﬂiﬁﬂCHFlﬁaaTﬂadlbﬂmﬂ’Bdﬁrhexahydr&ﬂbxa 3-
N-13-44aR*,gR*, |n06t iflugromethy1-4 688 dr a3t 1-
azanaphthalenaB{3 aAII)Zl}F})orop ae% AJ éﬁ’l}}g}é 1 gt rg)g;)rom mxé?pé]r%ér oxca:ilﬁ"n amlclia 43)
N-13-44aR*,6R* 8aS*)-2- ﬁhﬂnﬁﬂ-%ﬂuéﬁﬁéﬂﬁ%?—&@é%%@ﬁlﬁe%ﬁ%%?J@f}@@ﬁfﬁﬁ-@@zﬁnaphthalen-

8a-y1)-4- ﬂUOﬂﬁlﬂfleﬁﬁéllApﬁﬁ(iﬁf&c’gﬁlm?—mﬂw.@@diﬁafﬂ@é@m%xypyramnéléf-)carboxamlde
R e S AL PR naer 0
N-13-((4aR,6RB&8Raghthate6 Ficdchibinpphe ngal 5,618 8mmbhdrakgdraife cxadhbiantidazanaphthalen-8a-y

1)-4-fluoropheny11-5- Chlqrgwf[glmaﬁ’e@wqeammo 6- mé‘[ﬁ%xymethyl 4,4a,5,6,8,8a-hexahydro-
N-13-((4aR,6R, 8a§) -2-amino-6-fl oromet 1-4,4a,5,6,8, iBa hexahydr %‘73 8xa3 -thia-1- azanaphthalen -8a-y

1)-4-fluorophbiy L TR GEHSARRAUNER HEHe-2 LAFSBREIT e o> anonyridjys 3 Carborarmide,
N-13-((4aR,6R,8aS)-2-aminob6 i cratrigiRy B 9al 5168 (Ba-hethakyainthyl-4,4a,5,6,8,8a-hexahydro-

;178 )oxa3 -thia-3-gzaganhinalensfRmatds iU anneRylan i ULIAMEIDRURYEING:2 CarBOXamIde,

N-13-((4aR,6R,8aS)-2-aminbrbLAUBIIMERY P2 22251618 88 ReR ARy Y G b i- B didithalen-8a-y
1)-4-fluoroph®oyi-B-8dil voromapethylpytazyhedAoarbgxamide chloropyridify-2-carboxamide,
N-13-((4aR*,8aS")-2- amlrlgf %4% %(Qaﬁ"séﬂl%gmygrgnﬁn%)@ﬁemfﬁ);lmethyl 4,4a,5,6,8 %% hexahydro-

azanaphthalen- 8a3yl) -4- quorophe%ll chloropyridine-2-carboxamide, 5
N-13-((4aR*,&85*) 2 binirigadapih B’%“aﬂ@e‘ké‘h‘%?ﬁh‘?n&asél‘tlﬁfﬁnlethoxypyrazme 2-carboxamide,
azanaphthalen-8a-y1)-4- fmmghqmﬁwempyrm@%WMX@mwl 4,4a,5,6,883-hexahydro-

N-13-((4aR*, §a5;)32[ nz%a%‘f%tga?éf §%@ dlfTh oro ! aloﬁaS %1&% rometho gpyrazme 2-

azanaphthalen 4 fuoro enyll carboxami
N-13-((4aR*, Gﬁ@’}azlﬁﬁﬂno 4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-

azanaphthalen-8a- yl) -4- fmrquqmaslss Sushichlprapysigine24cA BB BAAEKahydro-7-8:3)-3-thia-
N-13-((4aR ?aS no 4 % iiofo%] ﬁi)rg{/d;%:g}gﬁ(gin% g]car%o)éamlde

azanaphthalen uor carboxami 54)
N-13-((4aR*, 8aS*) 2 amurid)zNﬂ,b%(ﬁsaS Satexarnydinp-P-tixara-4itia-16.8,8a-hexahydro-7-oxa-3-thia-

azanaphthalqtu%%lﬁrﬂiémaomlarwd&o%&ﬂﬁrmmm%@alﬁp%{mmms@xamide 55)

N-13-((4aR*,8aS*)-2- aml 4 ro -7-
azanaphthalen-8a-y1)-4-fl ﬁ\[ﬂ%é{%gl?g#‘l%i% ?5@%8. 3251 a§t§3>}5tzﬁal%dm -7-oxa- 35%‘}
N-13-((4aR*,8as)aphdmicrod4;48; $B®®ahheyd&ﬁydﬂor@‘p@xdr®{2naﬂboxamlde

azanaphthalen-8a-y1)-4- fmrﬁqazmaklsmﬁy@@mswmmlaerzsc‘@gb&quﬁ%ﬂ%xa 3-thia->7)
N-13-((4aR*,8aS*)-2-amino-4,4 xahydro-7-oxa-3

azanaphthalelna@rﬁlpf)t &1%§?dﬁPué‘n@}ﬂ%‘ﬁﬁ?ﬂbPo%’%ﬂ‘?{frﬁ%ﬁ%&m%“él&%?owfgﬂ’fﬂ‘élde 58)
N-13-((4aR*,8aS*)-2-amiriHMN4es, 568, 38 dasxamyrdine>-A-Oixar3-4tHaslé,8,8a-hexahydro-7-oxa-3-thia-
azanaphtha'qnﬁﬁ&@«lh‘&ﬁw@503?151ﬁ%&oﬁh%%?@MB{B&{&XG%&%&@@%@M&& 59)

()-(4aR*,6R*,8aS*)-8a-12-fluoro-542-fluoropyridin-3-ye
trifluoromethy1-4,4a,5,6,88 A 0HEXARTrO PR L BINA- f ﬁ%%ﬁa‘bﬁ%ﬁa@%% rxphivso-7-oxa-3-tgigy

(4aR,6R,8aS)-BanbpHinoea-84 2HludrapypbkinyB-geive oiyit hdflueiaimethydboxamide,

4,4a,5,6,8,8a-hexahydro hth lami
()-(4aR*,8aS*)-8a-12- fluorzozg 5- (ﬁfllﬁ%gr%ja)%lgm g %%16%@%%'%295566 %1 8%% 5?07 ?Xca)lx%t -thia-1-azana

phthalen-2- wbmphthalen 8a-yl)-4-fluorophenyl]- dlfluoromethoxypyrazme 2- carboxamlde

52)



62)
()-(4aR*,8aS*)-8a42-fluoro-5-pyrimidin-5-ylpheny1)-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-azanaphthalen

-2-ylamine, 63)
()-(4aR*,8aS*)-8a-15-(5- chloropyridin -3-y1)-2-fluoroph&myl11-4,4a,5,6,8,8ahexahydro-7-oxa-3-thia-1-azan
aphthalen-2-ylamine, N-15-44aR* 8aS*) -2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-

6,8
azanaphthalen-8a- yhthloﬁﬁéﬁ]é y{42B: c%n%?)%r d%ﬁé‘?%érﬂ%%dd‘éas 0.8.8a- -hgkghydro-7-oxa-3-
(-(4aR*, 8aRfﬁr§Ba 144 2pH thatapPudin-B Y@ ibpaphe n 2epblodydia;be628; Bahexaligdro-7-oxa-3-thia-1-azanap
hthalen-2-ylamine, g ﬁexa R, Big 7a§ﬁ) E%%?EJ%’%MPQEPH@%'@ SYeRRaRY3 LG 3-

benzyloxymethyl-4,4a,5,6 oxa-3-thia-l-azanaphthalen-2- amlne
N-13-((4aR*, élaask)azaa%ﬁWIuéaS/@ 8. @aeﬁ&k@ﬁyur%pszmma%sarboxamlde
azanaphthalen-8a-y1)-4- fBﬂ)mqh&m&l&‘5ﬂﬂmb’l@@fﬂﬁmxwyyﬁlme526(8386%&%@30—7—0){&3— 68)

N-13-((4aR*, aS*) 2% agn aleh a- % aopoe %Q rg (? X?ogletnlox rrazine-2-carbo ide,
azanaphthalenaBa yﬂlf uorophe iy 8 |azo e-4-carboxami él égsn

N-13-44aR* 5R* 8aS*)-2- ammaascm@smm %@Gar,@aqwémbﬂré A05xp8@a-hexahydro-7-oxa-3-
thia-l-azanaﬂhshﬂtﬁan)agm;la)eﬁ ﬁht@zmgﬁr&aah&@rpmﬁ%fm&%aha%@mid@ 70)
N-13-44aR* 5R* 8aS*)-2 ,6,8,8a

thia-1-azanaphthalen-8a- gﬁﬁoﬁgﬁeﬁhenyﬁﬁa igaéaég;%o’aﬁ%g%%%cﬁ%?nzdo xa-3- 71)
N-13-44aR*, 8 Bagtpphthalmess-yhetHjowphe5/6,8; @a—ﬂwxaﬁy@ra-w@ma@nde

thia-1-azanaphthalen-8a-y§)+ twth@wﬂéa%pmﬁﬂ% k%&ﬁﬂ@%@'é% 8flexahydro-74ka-3-
N-13-44aR* 5R*, 8aS)g2 amino-5- meé 1 4 44, }ﬁﬁ%@ hexah ro-7-oxa-3-
A

thia-1-azanaPHiAEREATERI A A-ARa S HYY RIS A2818" %HBQ&&%%“T’?@PBP%
pharmaceutically acceptad$e Ndlﬂlﬁf@rﬁﬁﬁltﬁ' gaSthvateninereofd@aiy 8PRohiminaecbydical camposition

comprising tfﬂﬁi&?@%%&ﬂtﬁﬁéﬂ'@'}l?ﬁ% Me%?ﬁeﬂﬂﬁl%l%%%mﬁb%ﬁm% solypghgirof according to any

one of claims 1 to 7 as an active |n redient. [Claim 9] T harmacéutical composition according to claim

8 for inhibiting production &P MRS a5 protei [b?aalﬂ’i”i ReprarmateitArdsHiisditohoxécording to
claim 8 for inBithiianty aetapbiien km$loid) B fuecpisay Protsimolsaiding-2rzyoeahi@ACEL). [Claim 11]The
pharmaceutical compositigp) RCCOIHRG 1920Y.Q f?l:u% %Wrﬁe‘iﬂy}q E&%“(?@%Q%&E}%}&‘}‘&dﬁgﬁ{@ra“ve

disease. [Claim 12]The pharmaceutical composition according to claim 11, wherein the
neurodegené%ﬁ@ﬁg%@ﬁ%ﬁir@rﬁé?“@fﬁ%&ﬂeﬁﬁ&%?@&%ﬁ%%%%ﬁ%‘ c,

32) N-[3-((2R*,4aR*,8aS*)-2-amino-4-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,

33) N-[3-((4aR,6R,8aS)-2-amino-6-hydroxymethyl-4,4a,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-7-
oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-cyanopyridine-2-carboxamide,

35) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoromethoxypyrazine-2-carboxamide,
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40) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-
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,5,6,8,8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-difluoropyridine-2-carboxamide,

42) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyridine-2-
carboxamide,

43) N-[3-((4aR*,6R*,8aS*)-2-amino-6-trifluoromethyl-4,4a,5,6,8,8a-hexahydro-
7-oxa-3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,

44) N-[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,

46) N-[3-((4aR,6R,8aS)-2-amino-6-fluoromethyl-4,4a,5,6,8,8a-hexahydro-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,5,6,8,8a-hexahydro -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,5,6,8,8a-hexahydro-7-oxa-
3-thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,

49) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-chloropyridine-2-carboxamide,

50) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-bromopyridine-2-carboxamide,

51) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-difluoropyridine-2-carboxamide,

52) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dichloropyridine-2-carboxamide,

53) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-fluoropyridine-2-carboxamide,

54) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-3,5-dibromopyridine-2-carboxamide,

55) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-trifluoromethylpyridine-2-carboxamide,

56) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyridine-2-carboxamide,
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57) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethylpyrazine-2-carboxamide,

58) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-difluoromethoxypyridine-2-carboxamide,

59) (2)-(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,

60) (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,

61) ()-(4aR*,8aS*)-8a-[2-fluoro-5-(2-fluoropyridin-3-yl)phenyl]-4,4a,5,6,8,8a-
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine,

62) (2)-(4aR*,8aS*)-8a-(2-fluoro-5-pyrimidin-5-ylphenyl)-4,4a,5,6,8,8a-
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine,

63) (+)-(4aR*,8aS*)-8a-[5-(5-chloropyridin-3-yl)-2-fluorophenyl]-4,4a,5,6,8,8a-
hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine,

64) N-[5-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)thiophen-3-yl]-5-cyanopyridine-2-carboxamide,

65) (2)-(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-
benzyloxymethyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-azanaphthalen-2-ylamine,

67) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-5-(2-methoxyethoxy)-pyrazine-2-carboxamide,

68) N-[3-((4aR*,8aS*)-2-amino-4,4a,5,6,8,8a-hexahydro-7-oxa-3-thia-1-
azanaphthalen-8a-yl)-4-fluorophenyl]-2-methylthiazole-4-carboxamide,

69) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-2,5-dimethylfuran-3-carboxamide,

70) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-4-methyl-[1,2,3]thiadiazole-5-carboxamide,

71) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-3-piperidin-1-ylpropionamide and

72) N-[3-((4aR*,5R*,8aS*)-2-amino-5-methyl-4,4a,5,6,8,8a-hexahydro-7-oxa-3-
thia-1-azanaphthalen-8a-yl)-4-fluorophenyl]-2-methyloxazole-4-carboxamide,
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or a pharmaceutically acceptable salt thereof, or a solvate thereof.
[Claim 8] A pharmaceutical composition comprising the compound or pharmaceutically
acceptable salt thereof, or solvate thereof according to any one of claims 1 to 7 as an active
ingredient.
[Claim 9] The pharmaceutical composition according to claim 8 for inhibiting production
of amyloid-f3 protein.
[Claim 10] The pharmaceutical composition according to claim 8 for inhibiting beta-site
amyloid- precursor protein cleaving enzyme 1 (BACEI).
[Claim 11] The pharmaceutical composition according to any one of claims 8 to 10 for
treating a neurodegenerative disease.
[Claim 12] The pharmaceutical composition according to claim 11, wherein the

neurodegenerative disease is Alzheimer-type dementia or Down's syndrome.



