DESCRIPTION DIPHENYL SULFIDE DERIVATIVE AND PHARMACEUTICAL PRODUCT WHICH
CONTAINS SAME AS ACTIVE INGREDIENT TECHNICAL FIELD 5 [0001] The present invention
relates to a novel diphenyl sulfide derivative that is effective as a medicine, or a pharmaceutically
acceptable salt or hydrate thereof, and a sphingosine-l-phosphate 3 (S1P3) receptor-antagonist and a
medicine containing the same 10 as an active ingredient. BACKGROUND ART [0002]

Sphingosine-l-phosphate (S1P) was considered Cb%l%%%w an intermediary metabolite in

sphingosingelalhglism, Haweyer, 1Lhgs 15 been cporied (18t S1P25,2 cellgratp promating action
and a control action of a cell motili y function, and it 1Is now cClear that IS a new lipid mediator that

exhibits Vaf&%ﬁﬁg%&?‘gﬁ&fg‘ %ti?é)rb:ltF ef#tgﬂég a%g?gﬁ %sis action, a cell morphology regulation

action, and vasoconstriction (Non and 2). 20 [0003] This SIP combines two
actions, an,la@iﬁglagﬂn Ln{rﬁ:sllular second me s senger and an action as an intercellular mediator .
Studies into S action as an intercellular mediator are e specially active. It has been reported that
informat'éon[igérg\?ﬁfmitted via a plurality 25 of G protein-coupled receptors present on the cell
membrane “surface (Endothelial Differentiation Gene, EDG) (Non-Patent Literatures 1 and 3).

Currently, five sub-types of SIP receptors are known, including Edg-1, Edg-3, Edg-5, Edg-6, and Edg-8
which e called a5 SIP STPA. STP3 1A, S1P5: respertaly oo chy 1 b8

derivative that is effective as a medicine, or a pharmaceutically

acceptable salt or hydrate thereof, and a sphingosine-1-phosphate

3 (S1P3) receptor—-antagonist and a medicine containing the same
10 as an active ingredient.

BACKGROUND ART

[0002]

Sphingosine-1-phosphate (S1P) was considered to be merely an

intermediarymetabolite in sphingosine metabolism. However, it has
15 been reported that S1P has a cell growth promoting action and a

control action of a cell motility function, and it is now clear

that S1P is a new lipid mediator that exhibits various physiological

actions, such as an apoptosis action, a cell morphology regulation

action, and vasoconstriction (Non-Patent Literatures 1 and 2).
20 [0003]

This S1P combines two actions, an action as an intracellular
secondmessenger andanactionasanintercellularmediator. Studies
intoSlP’sactionasanintercellularmediator areespeciallyactive.
It has been reported that information is transmitted via a plurality

25 of G protein-coupled receptors present on the cell membrane



5 [0004] From various studies into these SIP receptors, it has been reported that so-called SIP
receptor regulator, which exhibits an agonistic or antagonistic action against this receptor, is effective
against a wide range of diseases. Patent Literature 2 and Non-Patent 10 Literatures 4 to 7 report that
the S1P3 antagonist is effective as a therapeutic or preventive medicine for respiratory tract
contraction, braonchial asétj'nm%, hronic obstructive pulmonary disease (COPD%,‘ pulmonary
emphysema. fragfreal st ﬁjotsi:~:e,%dl|i“f‘ulse%g$ %ﬁ@ﬁigﬁ‘ﬁsl,%l?oéceiﬂt% reguiting ¥roimiRfectibn, connective
15 tissue djsease, %r transqlantagiC)%I‘l();df:iiff%%(?f Jelélnjltolnary Pamarto%n_gciomgcs)m%[o ifpadult re%piratory

distress syrITdrto%!féE1 Aﬁﬁg), interst pNEUMONILS, i{mg &é’necesrl,lpnea/l%onia? ypersernesﬁﬁ/ﬁy,ol]aﬁ)pathic

interstitial pneg%%rggagg?r&slics Of&?h%%u%%fi—e si_sEgrE:%tol%n?%s_tgrmEccféj_stgtg b%‘%g influepza virus or RS
er, Pa atthe

. . ar = 11 C
virus infection: ur nt Literature’s 6 show aﬂtagonlsjt is also

effective against arterial sclerqsjs, blo essel intim pertroph lid tumors, diabetjc retinopathy,
rheumatoi(% gr?hrﬁ%%e{cggdigcs acréfi:-%s’ﬁ’iscg‘?eﬁr%ia-rgehp?ezﬁugé?ﬂisdaragré% ];é)%erre%?ﬁ%(fgol \?(téléls'el spasms
after sut%arg%rboéjl bleeding, angina pectoris or myocardial infarction caused by coronary vessel
spasms, glomerulonephritis, thrombosis, lung disease caused by pulmonary edema such as ARDS ,

cardiac arrhythmia, eye disease esyest%pdertensioni_, EgI%Fgoma,Sgll]_gucomatocus retinogawayé tic
ike.

neuropathy, maculg-ﬂ?tlgaVSa 5é§gneratlon and the %6%] Iﬁﬁt%@é? a ﬁ%bgh current yetﬁgre are

recombinays Joup of fman activated piotef G UNARC)nmedicines thal are. fectius a5 sepsis

therapeutic medicines, C may also cause hemorrhaging 10 as a side effect. Therefore, there is a

need to deyejop anqyel sepsis therapeutic gr. rleé’%%f e;medicipe that does not exhibit-sych;jde

effects. Non-Patent Literatures 5and 7 report that the S1P3 receptor contributes to multiple organ

failure caused by, sepsis hased op analysis Lsing S1P3 knockaut mice  thereby. suggesting that 15 the

S1P3 antagonist may be effective as a sepsis therapeutic or preventive medicine. In addition, it has

been reported that the-31P1 antagonistinereases vaserlaswali perpeahility, and cauges ppimonary

edema (Non-Patent Literature 8). Therefore, in order for a novel sepsis'therapeutic or preventive

medicine o, have ahigh 20, level of safety. fhat therapeutic of preventivednedicineshpuld haye a weak

S1P1 antagonistic action, preferably exhibit an S1P1 agonistic action, and more preferably not exhibit
anacﬂonag@g§£g5%§$ﬁ;rggaﬁehigqogsthma, chronic obstructive pulmonary

disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse

panbronchiolitis, bronchitis resulting from infection, connective
15 tissue disease, or transplantation, diffuse pulmonary

hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS),

interstitial pneumonitis, lung cancer, pneumonia hypersensitivity,

idiopathic interstitial pneumonia, fibrosis of the lung, sepsis,

or cytokine storm caused by an influenza virus or RS virus infection.
20 [0005]

Further, Patent Literatures3to 6 showthat the S1IP3 antagonist
is also effective against arterial sclerosis, blood vessel intimal
hypertrophy, solid tumors, diabetic retinopathy, rheumatoid
arthritis, cardiac arrest, ischemia-reperfusion disorders,

25 cerebral blood vessel spasms after subarachnoid bleeding, angina



25Known SIP receptor regulators include, for example, the compounds repre sented by the following
general formula (A) described in Patent Literature 1, [0008] [Formula 1] (In the formula (A), R2
represents a hydrogen atom, a halogen atom, a halogenated or unhalogenated lower alkyl group
having 1 to 4 carbon atoms, a hydroxy group, a phenyl group, an aralkyl group, a lower 10 alkoxy

group having 1 to 4. carbon atoms, a trifluoromethyloxy group, an optionally substituted aralkyloxy
aroup, an GBTENATy SUBSI A BHLHoky Grotb-& CYRISHRRS TGy %y SHOBR, KpyiyImetiony
group, a cinnamyloxy group, a. naphthylmethyloxy group, a phenoxymethyl group, a hydroxymethyl
Grou. o byl SR TG TowE T ARJHS Shoun e T B8 T et B S, Blowar i

sulfinyl group having 1, to 4 garhon atoms, a lower ac”ﬁx'nfé’”%”g’é rs daving 1tg 4%%”889 20oms. a
benzylthio group, an aceatyl groug, a nitro group, of a cyanb group; repr‘esé’nts 4 ydrogen afz)m, a
halogen atom, a halogenated or unhalogenated lower alkyl 30 aroup haying, . to 4.carbon atom, a
lower alkox%/ grouprﬁai/iﬁgal to A" Carbon a?oms, an ara?ﬁ(y Eroup, or an ara dexy group; 3

represergtsgeh edr(e)g%r%iitom, %galcqgeenlaltgm, a trifluoromethyl group, a lower alkyl group having 1 to 4

carbon atoms, a lower al%xy?group having 7 'to 4 carbon atoms, a hydroxy group, a benzyloxy group,
a phenyl gr%@o%fower alkoxymethyl group having 1 to 4 carbon atoms or a lower alkylthio group
having 1 to 4 carbon atoms; R4 represents a hydrogen atom, a halogen atom, a trifluoromethyl group,

5 a lower alkyl groyg igying 1 19,4 Gathon atgms, avlower alkoxymethy atoyp having. 0.4 gaghon

atoms, a lower alky thiomet yl group having 1 to 4 carbon atoms, a hydroxymethyl group, a phenyl

group, or ap. aralkyl group; Royepresents achg%%ﬁ@)at%‘ RLg:lower alky] group hayipg 1 10,4 carbon
atoms; X represents 0, S, SO, or SO2; 10 andY represents -O0H20-, -CH2-, -CH=CH-, -CF=CF-,

'OHZOHzﬂégfggﬂﬂﬂé'@ﬁg¥ﬁﬁéx&ﬁé?HQB§XEE%é}[PQ%Qk may also cause hemorrhaging

10 as a side effect. Therefore, there is a need to develop a novel
sepsis therapeutic or preventive medicine that does not exhibit
such side effects. Non-Patent Literatures 5 and 7 report that the
S1P3 receptor contributes tomultiple organ failure caused by sepsis
based on analysis using S1P3 knockout mice, thereby suggesting that

15 the S1P3 antagonist may be effective as a sepsis therapeutic or
preventive medicine. In addition, it has been reported that the
S1P1 antagonist increases vascular wall permeability, and causes
pulmonary edema (Non-Patent Literature 8). Therefore, in order for
a novel sepsis therapeutic or preventive medicine to have a high

20 level of safety, that therapeutic or preventive medicine should
have a weak S1P1 antagonistic action, preferably exhibit an S1P1
agonistic action, and more preferably not exhibit an action against
the S1P1 receptor.

[0007]

25 Known S1P receptor regulators include, for example, the



However, Patent Literature 1 does not include 2-aminophosphoric acid monoester derivatives or
3-aminophosphonic 15 acid derivatives having a diphenyl sulfide skeleton in which a hydroxyl group is
substituted for a phenyl group. Further, the fact that 2-aminophosphoric acid monoester derivatives or
3-aminophosphonic acid derivatives having such a structure exhibit an excellent S1P3
receptor-anta%onistic action is also not known. %%ﬁﬁOll] Other_examples of known SIP receptor

regulators RIURHE TEMRDGRAS Féprésehtsd BYSISWITG GEReral o MuR (B) if Paténtiiterature
6, [0012] 25ILF%rgntLJelat2] NE12 CHOn ,(ihOPO(OH)Z (B) R3 [0013] (In the formula (B), R2 represents

a chlorine dtont, & Ilnréar%fkt)/T]é?otuuprﬁavihg 1 to 3 carbon atoms, or a trifluoromethyl group; R2 5

represents %"b ine atom or a chlorine atom; R3 representsa linear alkyl group having 1 to 3 carbon
atoms; X re%]rese ts an oxygen atom or a sulfur atom; and n denotes an integer of 2 or 3.). [0014]
Further,amfpgthecg_)mpiogndsrepresentedbythegeneralformuIa 10 (B), it has been reported that the

. . rmula
optically active' compounds represented by the general formula (Ba).

3
- ,|—YP0(0R5)2 (A)
(CHon
R2 R4
5 .

[0009]
(In the formula (A), erepresents a hydrogen atom, a halogen atom,
a halogenated or unhalogenated lower alkyl group having 1l to 4 carbon
atoms, a hydroxy group, a phenyl group, an aralkyl group, a lower
10 alkoxy group having 1 to 4 carbon atoms, a trifluoromethyloxy group,
an optionally substituted aralkyloxy group, an optionally
substituted phenoxy group, a cyclohexylmethyloxy group, a
pyridylmethyloxy group, a cinnamyloxy group, a naphthylmethyloxy
group, a phenoxymethyl group, a hydroxymethyl group, a hydroxyethyl
15 group, a lower alkylthio group having 1 to 4 carbon atoms, a lower
alkylsulfinyl group havingl to 4 carbon atoms, a lower alkylsulfonyl
group having 1 to 4 carbon atoms, a benzylthio group, an acetyl
group, a nitro group, or a cyano group; R? represents a hydrogen
atom, a halogen atom, a halogenated or unhalogenated lower alkyl
20 group having 1 to 4 carbon atoms, a lower alkoxy group having 1
to 4 carbon atoms, an aralkyl group, or an aralkyloxy group; R’
represents a hydrogen atom, a halogen atom, a trifluoromethyl group,

a lower alkyl group having 1 to 4 carbon atoms, a lower alkoxy group



[0015] [Formula 3] 15 [0016] (In the formula (Ba),R2, R3, and X are as defined above.) [0017] It
has been reported that the optically active compounds represented by the general formula (Ba) have a
weak S1P3 agonistic action and an excellent agonistic action against S1P1 and/or S1P4. However,
the compounds having an Inverse asymmetric center to the 5 optically active compounds represented
by the gen ral formula é a) are ot known . Further, the fact that such optically active compounds
exhibit an EhEs S1P3 réceptd gﬁltaﬁgﬁ%f ¢ actioy 858 ot RiBwn 2 [ 187 10 Phfertiiterature 1
W004074297 let Patent Literature 2 W 0302031 hlet Patent Literature 3 Japanese
Patent App‘?cﬁh ion Ealdg(r)ﬁélﬁ) No- 238}3’@227%13 BABRCL erafﬁ %?62@’5(?8 pamph\%f%olgatent

Literature 5 ¥V006063033 pamp hIetll?{%/tfghthera]tfuorlel p6 \Q/a()\(f)ng(%Sﬂzz gawpchélertbon atoms; R

represents a hydrogen atom, a halogen atom, a trifluoromethyl group,
5 a lower alkyl group having 1 to 4 carbon atoms, a lower alkoxymethyl
group having 1 to 4 carbon atoms, a lower alkylthiomethyl group
having 1 to 4 carbon atoms, a hydroxymethyl group, a phenyl group,
or an aralkyl group; R5represents a hydrogen atom or a lower alkyl
group having 1 to 4 carbon atoms; X represents O, S, SO, or SO;;
10 and Y represents -CH,0-, -CHy-, -CH=CH-, -CF=CF-, -CH,CH,-, -CH,CFH-,
—CH,CF,—, or —-CH(OH)CF,-.).
[0010]

However, Patent Literature 1 does not include

2—aminophosphoric acid monoester derivatives or 3-aminophosphonic
15 acid derivatives having a diphenyl sulfide skeleton in which a

hydroxyl group is substituted for a phenyl group. Further, the fact

that 2-aminophosphoric acid monoester derivatives or

3—aminophosphonic acid derivatives having such a structure exhibit

an excellent S1P3 receptor—-antagonistic action is also not known.
20 [0011]

Other examples of known S1P receptor regulators include the
compounds represented by the following general formula (B) in Patent
Literature 6,

[0012]

25 [Formula 2]



Non-Patent Literature 1 Y. lakuma et al., Mol. Cell. Endocrinol., 177, 3(2001). Non-Patent Literature
2 Y. lgarashi, Ann, N.Y. Acad. Sci., 845, 20 19(1998). Non-Patent Literature 3 H. Okazaki et al.,
Biochem. Biophs. Res. Commun., 190, 1104(1993). Non-Patent Literature 4 Y. Gon et.al., Proc Nati
Acad Sci U S A. 102(26),9270(2005). 25 Non-Patent Literature 5 F. Nissen et al.,
Nature,452,654(2008) Non-Patent Literature 6 D. Christina et al., Am.J.Pathol.,170(1),281(2007)
Non-PatentLiterature7 F.Nissenet al. , Blood,113(12),2859(2009) Non-Patent Literature 8 M.G.Sanna
et al., Nature.Ghemical.\5 biology 2;434(2006) SUMMARY OF THE INVENTION PROBLEMS TO BE
19] t is an object of the present invention to provide a

Ying an ex4ellenrs]eB)antagpnistic activity. MEANS FOR SOLVING
2 -

THE PROBLEMS [0020]

[0013]

(In the formula (B), erepresents a chlorine atom, a linear alkyl
group having 1 to 3 carbon atoms, or a trifluoromethyl group; R?
5 represents a fluorine atomor a chlorine atom; R’ represents a linear
alkyl group having 1 to 3 carbon atoms; X represents an oxygen atom

or a sulfur atom; and n denotes an integer of 2 or 3.).

[0014]

Further, among the compounds representedby thegeneral formula
10 (B), it has been reported that the optically active compounds
represented by the general formula (Ba).
[0015]

[Formula 3]

R1 X Cl NH, _
' U @CHQ)H OPO(OH), (Ba)

15 [0016]

%lllm

(In the formula (Ba),Rl, R3, and X are as defined above.)

[0017]



As a result of intensive studies into the S1P3 antagonist, the present inventors discovered that a novel
diphenyl sulfide 15 derivative has an excellent S1P3 antagonistic action, thereby completing the
present invention. [0021] Specifically, a first aspect of the invention relates to a diphenyl sulfide
derivative, or a pharmaceutically acceptable salt 20 or hydrate thereof, represented by the general
formula (1). [0022] [Chemical formula 41?1 gEOO 3}3 (In the formula (1), R2 represents an alkoxy group
having 1 to 6 carboh-atBfis, R reptedent S%r B\ gr6ds o?%ﬁ]a(ﬁ%/i &o&ﬁ%ygprgggﬁt%%&%ylene

or an oxygen atom, and %epregents a halo]ge 5 atcirg.)f[ggfﬂhav Furthae]g, gf? ond aspect, of the
ng to the h

invention rélafesTd the ¢ ip é’nfﬂ SUIfiGé Génivative Atcdsrd first a‘{qsepect of the Tiven i%ﬁ,l ora

e Sl ol e 0 e o Pl R

However, the compounds having an inverse asymmetric center to the

5 optically active compounds represented by the general formula (Ba),
arenot known. Further, thefactthat suchopticallyactive compounds
exhibit an excellent S1P3 receptor—-antagonistic action is also not
known.
[0018]

10 Patent Literature 1 WO004074297 pamphlet
Patent Literature 2 WO03020313 pamphlet
Patent Literature 3 Japanese Patent Application Laid-Open No.
2005-247691
Patent Literature 4 WO07043568 pamphlet

15 Patent Literature 5 WO06063033 pamphlet
Patent Literature 6 W0O08018427 pamphlet
Non—-Patent Literature 1 Y. Takuma et al., Mol. Cell. Endocrinol.,
177, 3(2001).
Non-Patent Literature 2 Y. Igarashi, Ann, N.Y. Acad. Sci., 845,

20 19(1998).
Non-Patent Literature 3 H. Okazaki et al., Biochem. Biophs. Res.
Commun., 190, 1104(1993).
Non—-Patent Literature 4 Y. Gon et.al., Proc Natl Acad Sci U S A.
102(26),9270(2005) .

25 Non-Patent Literature 5 F. Nissen et al., Nature,452,654(2008)



[Chemical formula 5] 15 [0026] (In the formula (la), R2 and R2 are as defined in the first aspect of the
invention.) [0027] A third aspect of the invention relates to the diphenyl sulfide 20 derivative
according to the first aspect of the invention, or a pharmaceutically acceptable salt or hydrate thereof,
wherein the compound represented by the general formula (1) is an
(R)-2-ally1-2-amino-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthi o) rLmenyllbutylphosphoric acid
monoester Oran (8)2-amiho-44 I(Cclﬁoero-éil-(g-'etﬁg‘fyg%%/la?ox?@h ylthio)phenyl

}-2-propylbutylphasphoric aci ester. | ].5A fourth aspect of the invention relates to a
medicine t#&%/ t%h”?pgr)ltsh}é%ihé ﬁ?&%ﬁ félﬁ%dg E(;jézlf}i\)/ative according to any one of the first to third

e o pruSion, b 8 pfeTRce RN ALRIARIST!, % USRS 11O, 19939 (R gtevon
Non—-Patent Literature 8 M.G.Sanna et al., Nature Chemical
5 biology,2,434(2006)
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0019]
It is an object of the present invention to provide a diphenyl
10 sulfide derivative having an excellent S1P3 antagonistic activity.
MEANS FOR SOLVING THE PROBLEMS
[0020]
As a result of intensive studies into the S1P3 antagonist,
the present inventors discovered that a novel diphenyl sulfide
15 derivative has an excellent S1P3 antagonistic action, thereby
completing the present invention.
[0021]
Specifically, a first aspect of the invention relates to a
diphenyl sulfide derivative, or a pharmaceutically acceptable salt
20 or hydrate thereof, represented by the general formula (1).
[0022]

[Chemical formula 4]

OH




medicine according to the fourth aspect of the invention, wherein the medicine is a therapeutic or
preventive medicine for respiratory tract contraction, bronchial asthma, chronic obstructive pulmonary
disease (CORD), pulmonary emphysema, tracheal stenosis, diffuse 15 panbronchiolitis, bronchitis
resulting from infection, connective tissue disease, or transplantation, diffuse pulmonary
hamartoanggj)rggomatosis, adult respiratory distress syndrome (ARDS), interstitial pneumonitis, lung
cancer, pn Ria hypersensitivity, idiopathic interstitial pneumonia, fibrosis of the lung, sepsis, 20 or
cytokine storm caused by an_ inflyenza virus or RS virus infection. [0030 till further, a sixt
aspect of th(eI ﬂw@% |o%?e¥lr§?elsatol@é’m§dic]ipne€ 58&%%59 t%rih%%rqéér}fﬁ/ aéf)eoz@tpo?l}ﬁg }r?\%njtioﬁow erein
the medicine is a ther%peutic %rzpreventive edicine for 25larteriosclerosish bIOﬂj \iessel intima}lg
thickening,csaoi ?ﬁlm%rs?mgiébeticIfgﬁ)r]foepsa‘?ﬁly,Sarﬁcﬁigro ﬁrveun?éft%%), cardiac a?resY, grotp,
ischemia-r(%peerf:ueséor}1 ?iésonr% s E%rrtlaebral b(l%)dovessglns%%%ms agtr% séjbaeragrén%ig tbleedLn% an irgla
pectoris or m)})ocar(%a infarc |o¥ causearby cor(%{ﬁ/a?y vessefnépasms, g]forﬁeru?onep%rﬁis, Illro osis, 5
lung disgasa cau ed by pulmonary edema, cardiac arrhythmia, eye disease, eye hypertension,
glaucoma, glaucomatous retinopathy, optic neuropathy, or macula-lutea degeneration. [0031]

Further, a sleov(se%m aspect of the invention relates to the 10 medicine according to the fourth aspect of
the invention, wherein the medicine is a therapeutic or preventive medicine for sepsis. [0032] In
addition, an eighth aspest.of the inveniian relefes lp & phaymaceutical omposion camprising the
diphenyl sulfide 15 derivative accoralng to any one of the first to third aspects of the invention, or a

pharmaceutieglly. aecenigble;salt arhvdrate; thereof, and a pharmaceutically.accepiable carier,
ADVANTAGEOUS EFFECTS OF INVENTION

invention, or a pharmaceutically acceptable salt or hydrate thereof,
10 wherein the compound represented by the general formula (1) is
represented by the general formula (la).

[0025]

[Chemical formula 5]
RLT:::I:S
OH

15 [0026]

Cl

0
0=P-CH  (1a)
NH, OH

(In the formula (la), R! and R? are as defined in the first aspect
of the invention.)
[0027]
A third aspect of the inventionrelates to the diphenyl sulfide
20 derivative according to the first aspect of the invention, or a
pharmaceutically acceptable salt or hydrate thereof, wherein the
compound represented by the general formula (1) is an

(R)-2-allyl-2-amino—-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthi



[0033] 20According to the present invention, a diphenyl sulfide derivative having an excellent 51P3

antagonistic action and 51P3 selectivity can be provided. Further, the diphenyl sulfide derivative of the

present invention can be safely used as a medicine, as it causes little or no hemolysis, tissue damage,

or central 25 depressant action. In addition, the diphenyl sulfide derivative of the pre sent invention is

stable in aguequs sﬁ{utgn. The com%oun_d of the present invention having these excellent properties is
[

effective as’ A PrEventive br 4 tReraly for 5psis fedPitafory takt Eontrattion, bronchial asthma,
chronic obstructiye pulmonary 5 disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse
panbronchiE) | IST,%)_I’(%)F]“&HIIRS_ %és{l%ti_ncghf%ﬁglﬁf?e_(: ioﬁ,g Eoklnon%ﬁée?}ﬁg;%%éi\é%a}éggyéfrttﬁalr?;pﬁ)a%rﬁgﬁ%n,
diffuse pulmonary hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS), interstitial
pneumonitrig, ?un%/rco %%ugr?gu%ggnslglﬁ%ér%eﬁgﬁic\}itﬁgfboﬁl%ép%ﬂiic interstitial pneumonia, fibrosis of
the lung, cy, 8‘69% storm (hyperproduction) caused by an influenza virus or RS virus infection,
arteriosclerosis,b g)odvesselintimalthickening, solid tumors, diabetic retinopathy , rheumatoid arthriti s ,

cardiac grre st , ischemigreperfusion disgrders qerebral Plged.uqssel spasms gfter. 13 subaraghnoid
bleeding, angina pectoris or myoc,parcchal infarction causedlby coronary vessel spasms,

glomerulongpfifs. fhromposiz, 1ung gisese caused by, pulmanary edema such as ARDS, cardiac
arrhythmia, eyg 5lsease, eye hy erteﬁ/smn, glaucoma, gjfaucomatous retlnopa(%hy, optig neuropathy,

and macul:eg dsgenerafign, 20 MODE EOR GARRYING, OUT THE INVENTION 00341, In the
t 68 the tfunctional %?

following description efinition o groups in the general formulae may be omitted by

referring toaagkglﬁet%ciyl-grog'dpg %@fl%%} él’pgsg}{gge%r definitions refer to 25 a definition provided in

the followingdescription of the embodiments .” It should naturally be understood that these referral
definitions cii@ 5ot ﬁefer to the definitions of the functional groups on the compounds mentioned as prior
art.

10 In addition, a fifth aspect of the invention relates to the
medicine according to the fourth aspect of the invention, wherein
the medicine is a therapeutic or preventive medicine for respiratory
tract contraction, bronchial asthma, chronic obstructive pulmonary
disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse

15 panbronchiolitis, bronchitis resulting from infection, connective
tissue disease, or transplantation, diffuse pulmonary
hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS),
interstitial pneumonitis, lung cancer, pneumonia hypersensitivity,
idiopathic interstitial pneumonia, fibrosis of the lung, sepsis,

20 or cytokine storm caused by an influenza virus or RS virus infection.
[0030]

Still further, a sixth aspect of the invention relates to the
medicine according to the fourth aspect of the invention, wherein
the medicine is a therapeutic or preventive medicine for

25 arteriosclerosis, blood vessel intimal thickening, solid tumors,

10



[0035] 5The "halogen atom" used in the present invention is a fluorine atom, a chlorine atom, a
bromine atom, or an iodine atom. Examples of the "alkoxy group having 1 to 6 carbon atoms" include a
methoxy group, an ethoxy group, an n-propoxy group, an n-butoxy group, an i-propoxy group, and a
t-butoxy group. 10 [0036] Further, in the present invention, to obtain an excellent S1P3

antagonistic action and for a safety for a living bodly , it is preferred that R2 be an alkoxy group having
0 6 carobH R L arkc i SR oup HE SSDRCI DYRTEHRA o1n SOAOACH 1 brctrred that RS

be a propyl.group or an allyl group. . Still further, it is preferred that Xbe methylene or an oxygen
atom: A A8 LI ot T BT hRBREES = S oG ¥ R S BlomEd 1 2 Hrs

halogen atom, and 20 a chlorine atam is especially preferred. [0037] Examples of apharmaceutically
acceptabless%fﬁal]ﬁ?r%rﬁ?els%n%?nev%é\ﬁgﬁ ’mcafggel ghyaléleac g&&iﬁg[n %5It¥m§’uoc%a§s§§ O%/dr%lc% oric els?arlt, a

hydrobromide salt an acetate salt atrifluo&oacetate salt,.25 a mq_thane ulfonate salt, a cgrate salt, or a
taﬂﬁﬂesaﬁyaﬁ%ed y coronary vessel spasms, glomérulonephritis, rombosis,

5 lung disease caused by pulmonary edema, cardiac arrhythmia, eye
disease, eye hypertension, glaucoma, glaucomatous retinopathy,
optic neuropathy, or macula-lutea degeneration.

[0031]
Further, a seventh aspect of the invention relates to the

10 medicine according to the fourth aspect of the invention, wherein
the medicine is a therapeutic or preventive medicine for sepsis.
[0032]

In addition, an eighth aspect of the invention relates to a
pharmaceutical composition comprising the diphenyl sulfide

15 derivative according to any one of the first to third aspects of
the invention, or a pharmaceutically acceptable salt or hydrate
thereof, and a pharmaceutically acceptable carrier.
ADVANTAGEOUS EFFECTS OF INVENTION
[0033]

20 According to the present invention, a diphenyl sulfide
derivative having an excellent S1P3 antagonistic action and S1P3
selectivity can be provided. Further, the diphenyl sulfide
derivative of the present invention can be safely used as amedicine,
as it causes little or no hemolysis, tissue damage, or central

25 depressant action. In addition, the diphenyl sulfide derivative

11



an alkaline addition salt, such as a sodium salt, a potassium salt, a calcium salt, a magnesium salt, or
an aluminum salt. [0038] Among the compounds represented by the general formula (1), 5 a
compound in which X is an oxygen atom, specifically, a compound represented by the general formula
(1d), can be prepared based on the following synthesis pathway A, for example. [0039] [Formula 6]
10NH2 [004Q] gn the formula (1d), R2 represents an alkoxy group having 1 to 6 carbon atoms, R2

; ST e 2 £

represents 2 propyP §roup o BAVAIN 1 GrBUp: Sha 2 repressits A hCaBh) 15 Soy Rt
mﬂhwayA%}O%%g[E%ggggg]invention having these excellent properties is
effective as a preventive or a therapy for sepsis, respiratory tract
contraction, bronchial asthma, chronic obstructive pulmonary
5 disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse
panbronchiolitis, bronchitis resulting from infection, connective
tissue disease, or transplantation, diffuse pulmonary
hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS),
interstitial pneumonitis, lung cancer, pneumonia hypersensitivity,
10 idiopathic interstitial pneumonia, fibrosis of the lung, cytokine
storm (hyperproduction) caused by an influenza virus or RS virus
infection, arteriosclerosis, bloodvessel intimal thickening, solid
tumors, diabeticretinopathy, rheumatoidarthritis, cardiac arrest,
ischemia-reperfusion disorders, cerebral blood vessel spasms after
15 subarachnoid bleeding, angina pectoris or myocardial infarction
caused by coronary vessel spasms, glomerulonephritis, thrombosis,
lung disease caused by pulmonary edema such as ARDS, cardiac
arrhythmia, eye disease, eye hypertension, glaucoma, glaucomatous
retinopathy, optic neuropathy, and macula-lutea degeneration.
20 MODE FOR CARRYING OUT THE INVENTION
[0034]
In the following description the definition of the functional
groups in the general formulae may be omitted by referring to an
already-provided definition. These referral definitions refer to

25 adefinitionprovidedinthe followingdescriptionof the embodiments.

12



In the synthesis pathway A, an optically active compound represented by the general formula (4), can
be prepared by reacting 5 an optically active compound represented by the general formula (2), with a
compound represented by the general formula (3), in the presence of a base (Step A-1). [0043]
[Formula 8] 10 (4) [0044] (Inthe formula (4) , R3 represents an alkyl group having 1 to 6 carbon

atoms; and R2 I%os dc?ﬂrpaegu?fbaolvley )b@ c]i IJ:fOerEnouolgg‘Jl%I\éRthese referral definitions

do not refer to the definitions of the functional groups on the
compounds mentioned as prior art.
[0035]

5 The “halogen atom” used in the present invention is a fluorine
atom, a chlorine atom, a bromine atom, or an iodine atom.
Examples of the “alkoxy group having 1 to 6 carbon atoms” include
a methoxy group, an ethoxy group, an n-propoxy group, an n-butoxy
group, an i-propoxy group, and a t-butoxy group.

10 [0036]

Further, in the present invention, to obtain an excellent S1P3
antagonisticactionand for asafety foralivingbody, it ispreferred
that R be an alkoxy group having 1 to 6 carbon atoms, and an ethoxy
group 1s especially preferred.

15 In addition, it is preferred that R’ be a propyl group or an
allyl group.

Still further, it is preferred that X be methylene or an oxygen
atom, and an oxygen atom is especially preferred.

Furthermore, it is preferred that Z be a halogen atom, and

20 a chlorine atom is especially preferred.
[0037]

Examples of a pharmaceutically acceptable salt in the present
invention include an acid addition salt, such as a hydrochloride
salt, a hydrobromide salt, an acetate salt, a trifluoroacetate salt,

25 a methanesulfonate salt, a citrate salt, or a tartrate salt, and
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rk'N 50R3 [0046] (In the formula (2), R3 is as defined above.) [0047] [Formula 10] 10 R2-Aa (3) [0048]

(In the formula (3), Aa represents a typical leaving group such as a halogen atom, a

methanesulfonyloxy group, a para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy 15

group; and R2 is as defined above.). [0049] Specifically, first, in a reaction solvent such as 1,

4-dioxane, tetrah%idrofuran r. diethyl ethir the compound reépresented by the gFeneraI formu a}i (2) is
is

treated at -7 S8 IS My & BHL" THeh, L Compound 20 rapiesemBd by the generatomilia
reacted at -78C on the obtained anion of the comgoynd regr)resentefl by. the genef%l formula
a calcium salt, a magnesium salt, or an aluminun sa .

[0038]

Among the compounds represented by the general formula (1),

5 a compound in which X is an oxygen atom, specifically, a compound

represented by the general formula (1d), can be prepared based on
the following synthesis pathway A, for example.

[0039]

[Formula 6]

R’ S Z
\@[ ()
OH OPO({OH),

[0040]

10

(In the formula (1d), R' represents an alkoxy group having 1 to 6
carbon atoms, R? represents a propyl group or an allyl group, and
Z represents a halogen atom.)

15 <Synthesis pathway A>
[0041]

[Formula 7]

14



(2) . Next, the temperature is gradually increased to normal temperature to obtain a compound
represented by the general formula (4) . Examples of the base that can be used in this reaction include
n-butyllithium and lithium diisopropylamide, and n-butyllithium 5 is preferred. [0050] In the present
specification, the term "normal temperature” means 15 to 25C as defined in the Japanese
Pharmacopoeia. [0051] 10In the synthesis pathway A, an optically active compound represented by
the general fogﬂyla (6), can be prepared by reac tically agtive.compound rgpresented by the
general formulp (4) with a compound.rep 8sented b epneral for 5), inkR§Presence of a base

(Step A-2). 52] [Formula 11] R T (In the %r)mula (’é:), Ah reffedentyie Smical leaving group
such as 20 & o%eﬁ atorm—ea+rmthan gﬁﬂoxy-g-reu-p,—a—P gy
OR3 A'1 OR3 A'2 (6) OR3 r
{2) (4)
R! SH
o b S
A-3 R? A-4 A Z OR® (9
—_— : CO,R3 —_—T 52 —_—l
7y  NHR* Y ©H A5
(8)  NHR*
R1 S 7 A'6 R1 S Z
X e i3
(10) NHR! (12) NHR*
A-7 R1\©s Zz
—_— BZ
OH ¥ NOPO(OH),
(1d) NH,
[0042]

In the synthesis pathway A, an optically active compound

represented by the general formula (4), can be prepared by reacting
5 an optically active compound represented by the general formula

(2), with a compound represented by the general formula (3), in
the presence of a base (Step A-1).

[0043]

[Formula 8]

a

OR
Nﬁ)..,, - 4

10 CR

=

L

[0044]

15



para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy group; and R2, R3, and Z are as
defined above.) [0054] [Formula 12] 5 A [0055] (In the formula (5), A’ represents a typical leaving
group such as a halogen atom, a methanesulfonyloxy group, a para-toluenesulfonyloxy group, or a
trifluoromethanesulfonyloxy 10 group; and Ab and Z are as defined above.) [0056] Specifically,

first, in a reaction solvent such as 1, 4-dioxane, tetrahydrofuran, or diethyl ether, the compound
ooty ré g A ot vl et i U VAR S KR oy i o)

represented bg/ the gengralzformula (5% Is_reacted $t -78C on the obtained anion of the compound
representeatbyniﬁé gae?]ereﬁ fo%r%ufés(4 ?Rﬁe%, hé eor\ﬁ%ér)ature is gradually increased to normal
temperatur%8£ ain the compound represented by the general formula (6). Examples of the base

that can be used’in this reaction include 20 n-butyllithium and lithium diisopropylamide, and
n-butyllithium(i)g,: ﬁﬁefgrrgq. [0057]

OR3

NN

N q#( (2)
OR?

[0046]

(In the formula (2), R’ is as defined above.)
[0047]

[Formula 10]

R>=AZ (3

10

[0048]

(In the formula (3), A® represents a typical leaving group such as

a halogen atom, a methanesulfonyloxy group, a

para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy
15 group; and R? is as defined above.).

[0049]

Specifically, first, inareactionsolvent suchas1l,4-dioxane,
tetrahydrofuran, or diethyl ether, the compound represented by the
general formula (2) is treatedat —-78°Cusingabase. Then, acompound

20 represented by the general formula (3) is reacted at -78°C on the

obtained anion of the compound represented by the general formula

16



In the synthesis pathway A, a compound represented by the general formula (7), can be prepared by
subjecting the compound represented by the general formula (6) to acid hydrolysis, and then
protecting the amino group with a typical protecting reagent. 5 [0058] [Formula 13] [0059] (In the
formula (7), R4 represents a general protecting group for 10 amino group; and Ab, R2, R3, and Z are

as defined apove.) [0060] The R4 in the formula espemal limited as long as it protects
the amino g?r% ﬁi‘?%&am & A& oS, Suth a §d38 yP’ngOUﬁr g?ﬁ%%rbamgt%g Lfich as
t- butoxycarbonél or 15 benzglo carbonyl can be %s Ste e,% 32 [%OGlLSpemflcall)i 1j£1rst in an

re rmul
morganlc or or anlc aCId orina mIXGd s&ufngn oran |n rganic or org nic ac%eandfwater or an organlc

Solvent, & copoupd reprpseniad by e, generel fomuia (0,20 s phiegted 0,0 bycrghyis
normal temperature. FAefe
n-butyllithium and lithium diisopropylamide, and n-butyllithium
5 is preferred.
[0050]
In the present specification, the term “normal temperature”
means 15 to 25°C as defined in the Japanese Pharmacopoeia.
[0051]

10 In the synthesis pathway A, an optically active compound
represented by the general formula (6), can be prepared by reacting
the optically active compound represented by the general formula
(4) with a compound represented by the general formula (5), in the
presence of a base (Step A-2).

15 [0052]

[Formula 11]

Ab Z

[0053]
(In the formula (6), Abrepresents a typical leaving group such as

20 a halogen atom, a methanesulfonyloxy group, a

17



the inorganic acid, hydrochloric acid, hydrobromic acid or the like can be used. As the organic acid,

trifluoroacetic acid or the like can be used. Further, as the organic solvent, methanol, ethanol,

tetrahydrofuran, 1,4-dioxane, ethyl acetate or the like can be used. Among these, it is preferred to

carry out the acid hydrolysis using a trifluoroacetic acid aqueous solution. Next, after neutralization

with a base to obtain an amingug est%r, this amino ester and ang yl chloride or an a i%anhidride are
r

reacted at BE18 normarfenTperatiité 17 2 soifent o obtairt tHe compPoand Feprasritad s/ thé Geheral

formula (7). Examples of the salvent that can be used jn this step jnclude ethyl acetate,
tetrahydrofggaonl,lﬁ{r?N?&]l%eftehylf%{rmar%ril(%, J-dioxane’ emjgejtfrfﬁg];lnéa1 ii ‘f:%lc}ride, chloroform, methanol,
ethanol, angoicbe%ﬁnitrile. As the acyl chloride, acetyl chloride, benzyloxycarbonyl chloride or the like
can be used. As the acid anhydride, acetic anhydride, di-t-butyldicarbonate or the like can be used.
Among these, it is %?fei%,i to carry out the reaction using di-t-butyldicarbonate. 15 [0062] In the

synthesis p ﬁv@%ﬁ a compound represented by the general formula (8) can be prepared by

reducing the (t:,ompound represented by the general formula (7) (Step A-4). [0063] 20 [Formula 14]

A z
()

5 AF

[0055]

(In the formula (5), A° represents a typical leaving group such as

a halogen atom, a methanesulfonyloxy group, a

para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy
10 group; and A° and Z are as defined above.)

[0056]

Specifically, first, inareactionsolvent suchas1l,4-dioxane,
tetrahydrofuran, or diethyl ether, the compound represented by the
general formula (4) is treated at -78°C using a base. Then, the

15 compound represented by the general formula (5) is reacted at —-78°C
on the obtained anion of the compound represented by the general
formula (4). Next, the temperature is gradually increased tonormal
temperature toobtain the compound representedby the general formula
(6). Examples of the base that can be used in this reaction include

20 n-butyllithium and lithium diisopropylamide, and n-butyllithium
is preferred.

[0057]

18



[0064] (Inthe formula (8), Ab, RR4, and Z are as defined above.) [0065] For example, in a
reaction solvent such as tetrahydrofuran, 1, 4-dioxane, ethanol, methanol or the like, the compound
represented 5 by the general formula (7) is redused using a reductant at OC to the reflux temperature,
and preferably at normal temperature. Examples of the reductant that can be used include borane,
alkyl borane derivatives such as 9-bora,biC)éclo[§.3.1]nonane (Q-BBNﬁ %{lnetal h%dride complexes such
as diisobutylalumind™ Rydrid@ T8 (B8 AR SEalumboroHydHES (NEBHZ) FitRtMtotoRydride
(LiBH4), lithium aIuEnit%um r{}/fridi_&iAlHQ]oghe like. Pref r%bly, thg redl%ctant itshlithium borohydride.
[0066] In th%esnyen]fﬁ‘esis %ﬁ%wfy , to%apoun(ei r@ﬁre Sented by the' F}%%nérnaqJ formeulg?%?légn be

prepared by reacting the compqund represented by the eral formul .
Bth oo B AGTEE oS b e oot LA (o) T0067) TR oy i e (BARUD D), Rs
represents a hydrogen atgm or a general protecting.group for.a phenolic hydroxyl group; and R4, R2,
R4, and Z g'%%se gfllﬁl Qé:rgoeveéir%o%%g?r%up w1g}9 a %yplcg? proteycgcn%{; greag’ennc .

5 [0058]

[Formula 13]

AP z

[0059]
(In the formula (7), R* represents a general protecting group for

2, R3, and 72 are as defined above.)

10 amino group; and A°, R
[0060]

The R* in the formula (7) is not especially limited as long
as it protects the amino group. For example, an acyl group, such
as an acetyl group, or a carbamate, such as t-butoxycarbonyl or

15 benzyloxycarbonyl, can be used (Step A-3).
[0061]

Specifically, first, in an inorganic or organic acid, or in
a mixed solution of an inorganic or organic acid and water or an
organic solvent, a compound represented by the general formula (6)

20 1is subjected to acid hydrolysis at normal temperature. Here, as
the inorganic acid, hydrochloric acid, hydrobromic acid or the like

can be used. As the organic acid, trifluoroacetic acid or the like

can be used. Further, as the organic solvent, methanol, ethanol,
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5 [Formula 16] [0070] (In the formula (9), R4 and Rs are as defined above.) [0071] 10The general
protecting group for a phenolic hydroxyl group is not especially limited as long as it protects a phenolic
hydroxyl group. For example, a methyl group, a benzyl group, amethoxymethyl group, a
tetrahydropyranyl group, a t-butyldimethylsilyl group, an acetyl group, or a t-butoxycarbonyl group can

be used (Step A-5). 15 [0072] For example, this reaction can be carried out in, a reaction solvent, such
e toluens (N A B RO O LA, Ea)AORAa cof BILRI otas A pra8shie of
an inorganic or orgta}qic base using a c aILyEt(?t normal tem&%attukge to the reﬂgx 29 temgerat.ure.

Examples 61IRBAHANIE Dases that Gnbe LSET iIndluda’s dditiny car o‘f’llgltledolfl otas g iuny t-butdxide .

Examples of (%rjgag'fubo%seascthcat can ble dusaeduigglllljge doiifgrgrogl){ethylamine. Further, examples of the
catalyst that can be Used include peﬁl%dlum %ompounas, Such’'as tris(dibenzylideneacetone)
dipalladium(0) or pa[ygg@,m(y% acetate. Pref rf‘lzjlé't trlsrgd%Jlegﬁyléd%laeggettogegg{pa]Iad|um(5(l)12\ is %sed.

ter neutra 10 ain an

5 ester, this amino ester and an acyl chloride or an acid anhydride
are reacted at 0°C to normal temperature in a solvent to obtain the
compound represented by the general formula (7). Examples of the
solvent that can be used in this step include ethyl acetate,
tetrahydrofuran, N,N-dimethylformamide, 1,4-dioxane, methylene

10 chloride, chloroform, methanol, ethanol, and acetonitrile. As the
acyl chloride, acetyl chloride, benzyloxycarbonyl chloride or the
like can be used. As the acid anhydride, acetic anhydride,
di-t-butyldicarbonate or the like can be used. Among these, it is
preferred to carry out the reaction using di-t-butyldicarbonate.

15 [0062]

In the synthesis pathway A, a compound represented by the
general formula (8) can be prepared by reducing the compound
represented by the general formula (7) (Step A-4).

[0063]

20 [Formula 14]

Ab Z

[0064]
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A phosphine compound, such as 5 4,5-bis(diphenylphosphino)-9,9-dimethylnanthene,
bis[2-(diphenylphosphino)phenyl] ether, or 1,1'-bis(di-t-butyl phosphino)ferrocene, may be added to
the reaction solvent as a reaction accelerator. [0073] 10In the synthesis pathway A, a compound
represented by the general formula (12), can be prepared by reacting the compound represented by

the general formula (10) and a compound represented by the general formula (11) (Step A-6). [0074]
15 [Formuld 7] o575 %ﬂ%ﬂﬁ%%r@&a 12), rg ’ R%,'Rf‘,‘éh,ZRé‘,ra%aaf a?{g%%%% é %%%vé.), [0076]
20 [Formul?olg% 5I:]>(0R3)3 (1 1) [0077] (In the formula (11), R3 is as defined above.) 23

For example, in a reaction solvent such as tetrahydrofuran,
1,4-dioxane, ethanol, methanol or the 1ike, the compound represented
5 by the general formula (7) is redused using a reductant at 0°C to
the reflux temperature, and preferably at normal temperature.
Examples of the reductant that can be used include borane, alkyl
borane derivatives such as 9-borabicyclo[3.3.1]lnonane (9-BBN),
metal hydride complexes such as diisobutylaluminum hydride
10 ((iBu).AlH), sodiumborohydride (NaBH;), lithiumborohydride (LiBH,),
lithium aluminum hydride (LiAlH,;) or the like. Preferably, the
reductant is lithium borohydride.
[0066]
In the synthesis pathway A, a compound represented by the
15 general formula (10), can be prepared by reacting the compound
represented by the general formula (8) and the compound represented
by the general formula (9).
[0067]

[Formula 15]

20
[0068]
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[0078] For example, this reaction can be carried out in the presence of carbon tetrabromide and
pyridine, using no solvent or a solvent such as methylene chloride , chloroform, acetonitrile, ethyl
acetate, 5 tetrahydrofuran, or diethyl ether, at OC to normal temperature. [0079] In the synthesis
pathway A, a compound represented by the general formula (1d) can be prepared by subjecting the
compound representegd by the general formula (12) to acid hydroé]lésis or 10 treatment with a
nucleophili¢ r&adett, &%“g fim t?@fsil%l BroRtids of timatmisiy 2 96diae (SR A-7). {080 2 For
the acid hydrolysis reaction, acid hydrolysis can_he carried out.in an inorganic acid such as
rychochiorE SO 1 iyt SO acE B hived SOREDN CF 0TS Sovers suaragnd
methanol s eg]}anol an arniirqgggarlig%acid at the reflux temperature . Further, a treatment using a

nucleophilic reageen?%anebe carried ouY%y )reacting trimethylsilyl bromide or trimethylsilyl iodide at OC

to normal t@@ggg ture us ing acetonitrile or methylene chloride 20 as a preferred reaction solvent.
Alternatively, the treatment with a nucleophilic reagent can also be carried out by reacting with a
combinagionEo(; trirlg th)g 'I}/l chloride and sodium bromide or a combination of trimethylsilyl chloride
and sodiun iodide. [00 %] In the synthesis pathway A, the compound represented by the general
formula (7) can also be prepared based on the following synthesis pathway B, for example. <Synthesis
pathway B>R8 [008Z] [Fogpula 19]

(9)
OR>

[0070]
(In the formula (9), R' and R’ are as defined above.)
[0071]

10 The general protecting group for a phenolic hydroxyl group
is not especially limited as long as it protects a phenolic hydroxyl
group. For example, amethyl group, a benzyl group, a methoxymethyl
group, a tetrahydropyranyl group, a t-butyldimethylsilyl group,
an acetyl group, or a t-butoxycarbonyl group can be used (Step A-5).

15 [0072]

For example, this reaction can be carried out in a reaction
solvent, such as toluene, N,N-dimethylformamide, 1,4-dioxane,
tetrahydrofuran, or diethyl ether, in the presence of an inorganic
or organic base using a catalyst at normal temperature to the reflux

20 temperature. Examples of inorganic bases that can be used include
sodiumcarbonate or potassiumt-butoxide. Examplesof organicbases
that can be used include diisopropyethylamine. Further, examples

of the catalyst that can be used include palladium compounds, such

22



[0083] In the synthesis pathway B, an optically active compound 10 represented by the general
formula (14), can be prepared based on the same method as in Step A-2 using an optically active
compound repre sented by the general formula (13) , and the compound repre sented by the general
formula (5) (Step B-1). [0084] 15 [Formula 20] [0085] (In the formula (14), Ab, R3, and Z are as
deﬁnedab%%?%gggﬁ%uggggg@f%gneacetone) dipalladium(0) or palladium(ITI)
acetate. Preferably, tris(dibenzylideneacetone) dipalladium(O0)
is used.
A phosphine compound, such as
5 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene,
bis[2-(diphenylphosphino)phenyl] ether, or 1,1’'-bis(di-t-butyl
phosphino) ferrocene, may be added to the reaction solvent as a
reaction accelerator.
[0073]

10 In the synthesis pathway A, a compound represented by the
general formula (12), can be prepared by reacting the compound
represented by the general formula (10) and a compound represented
by the general formula (11) (Step A-6).

[0074]

15 [Formula 17]

[0075]

2, R}, R*, R%, and Z are as defined above.),

(In the formula (12), R', R
[0076]
20 [Formula 18]
P(OR3), (1)
[0077]

(In the formula (11), R’ is as defined above.)
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OR3 rit-N(13) OR3 5 [0087] (In the formula (13), R3 is as defined above.) [0088] In the synthesis
pathway B, an optically active compound represented by the general formula (15), can be prepared
based on 10 the same method as in Step A-1 using the optically active compound represented by the
general formula (14) and the compound represented by the general formula (3) (Step B-2). [0089]
[Formula 2%]%é|518t e formula (15), Ab, RR3, and Z are as defined above.) [0091] In the synthesis
pathway B, the compound represented by the general formula (7) can be prepared based on the same

method as in Step 43, using the compaund represented by the general fomula, (1) (ep 8:3).

of carbon tetrabromide and pyridine, using no solvent or a solvent
suchasmethylenechloride, chloroform, acetonitrile, ethyl acetate,

5 tetrahydrofuran, or diethyl ether, at 0°C to normal temperature.
[0079]

In the synthesis pathway A, a compound represented by the
general formula (1d) can be prepared by subjecting the compound
represented by the general formula (12) to acid hydrolysis or

10 treatment with a nucleophilic reagent, such as trimethylsilyl
bromide or trimethylsilyl iodide (Step A-7).
[0080]

For the acid hydrolysis reaction, acid hydrolysis can be

carried out in an inorganic acid such as hydrochloric acid or

15 hydrobromic acid, or in a mixed solution of an organic solvent such
asmethanol or ethanol andaninorganicacid, at thereflux temperature.
Further, a treatment using a nucleophilic reagent can be carried
out by reacting trimethylsilyl bromide or trimethylsilyl iodide
at 0°C tonormal temperature using acetonitrile or methylene chloride

20 as apreferredreaction solvent. Alternatively, the treatment with
a nucleophilic reagent can also be carried out by reacting with
a combination of trimethylsilyl chloride and sodium bromide or a
combination of trimethylsilyl chloride and sodium iodide.

[0081]
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5 [0092] In the synthesis pathway A, the compound represented by the general formula (10) can
be prepared based on the following synthesis pathway C, for example. <Synthesis pathway C> 10
[0093] [Formula 23] In the synthesis pathway C, an optically active compound 15 represented by the
general formula (17), can be prepared based on the same method as in Step A-2 using the optically

active compound represented by the general formula (4) and a compound represented by the general
formula (16) (Step ) L0 TR OMRA S 19006) f Thé TORRIA 1T F Rk 25545, B BHA 7 ove

as defined above.) [0097] 5 rmula 2

sd € ggnerg£ é% meg (H?’égn also be prepared based on the following
synthesis pathway B, for example.
<Synthesis pathway B>

5 [0082]

[Formula 19]

(13) (14) (15)
B-3 AL z
—— Bz
—CO,R?
(7)  NHR*
[0083]

In the synthesis pathway B, an optically active compound
10 represented by the general formula (14), can be prepared based on
the same method as in Step A-2 using an optically active compound
represented by the general formula (13), and the compound represented
by the general formula (5) (Step B-1).
[0084]

15 [Formula 20]

AL y4 4
OR
N (14)
Y
OR?
[0085]



[0098] (In the formula (16), R1, R5, A', and Z are as defined above.) [0099] 10In the synthesis pathway
C, a compound represented by the general formula (18), can be prepared based on the same method
as in Step A-3 using the compound represented by the general formula (17) (Step 0-2). [0100] 15
[Formula 26] [0101] (In the formula (18), R4, R2, R3, R4, Rs, and Z are as defined above.) 28 [0102]

In the synthesis pathway C, the compound, represented by the general formula (10) can be prepared
based on tﬁé[%a%%emga%%%u €in'st %’A-‘ﬁ tsing tha'Eompdtind rae%ré%eefg%éﬁ %y%?g g8néral formula 5

(18) (Step 0:3)0103]

[Formula 21]

OR?

(I-TN (13)

N~
OR3

5 [0087]

(In the formula (13), R’ is as defined above.)

[0088]

In the synthesis pathway B, an optically active compound

represented by the general formula (15), can be prepared based on
10 the same method as in Step A-1 using the optically active compound

represented by the general formula (14) and the compound represented

by the general formula (3) (Step B-2).

[0089]

[Formula 22]

AR Z

15
[0090]

(In the formula (15), Ab, R% I@, and 72 are as defined above.)

[0091]
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In the synthesis pathway C, the compound represented by the general formula (18) can be prepared
based on the following synthesis pathway D, for example. 10 <Synthesis pathway D> [0104] [Formula
27] OR3 [0105] 15In the synthesis pathway D, an optically active compound represented by the
general formula (19) , can be prepared based on the same method as in Step A-2 using the optically

active compound r%)re%%nted %/ ]ﬁbe gLeneraI orggulaB (1%%gngtgln?cglrp£gurnedr%%rsegggteeg %tt%% general
formula (16) (Step D1)°26 [B106] ftormina 282y B- P P
general formula (7) can be prepared based on the same method as
in Step A-3 using the compound represented by the general formula
(15) (Step B-3).
5 [0092]

In the synthesis pathway A, the compound represented by the
general formula (10) can be prepared based on the following synthesis
pathway C, for example.
<Synthesis pathway C>

10 [0093]

[Formula 23]

Nﬁ)w R’ s .
R' s z OR? r— j[:[ 9N
—_—
OR® SN Ny 'o,(—"’
(18) (17 OR?
R S z R1 s v
\©: q . \©: &2
OR® ¥ CO.R® OR® 3 OH
(18) NHR? (10) NHR*

In the synthesis pathway C, an optically active compound
15 represented by the general formula (17), can be prepared based on
the same method as in Step A-2 using the optically active compound
represented by the general formula (4) and a compound represented
by the general formula (16) (Step C-1).
[0095]

20 [Formula 24]
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[0107] (In the formula (19), RI, RRO, and Z are as defined above.) 5 [0108] In the synthesis
pathway D, an optically active compound represented by the general formula (20), can be prepared
based on the same method as in Step A-1 using the optically active compound represented by the
general formula (19) and the compound represented 10 by the general formula (3) (Step D-2). [0109]
[Formula 29] [0110] 15 (In the formula (20), 1 R2, R3, R5, and Z are as defined above.) In the
synthesis pal!ﬂ B th8.¢o represented by the general formula (18) can be prepared based
on the same me @ S OR

R2
OR <

~N (17)
N e J",r
OR?

[0096]
(In the formula (17), R}, RZ, R3, R5, and 72 are as defined above.)
[0097]
5 [Formula 25]
R S Z

(16)
RS AS

[0098]
(In the formula (16), R', R’, A%, and Z are as defined above.)
[0099]

10 In the synthesis pathway C, a compound represented by the
general formula (18), can be prepared based on the same method as
in Step A-3 using the compound represented by the general formula
(17) (Step C-2).

[0100]
15 [Formula 26]

R S

[0101]

2

(In the formula (18), R', R?, R®, R*, R’, and Z are as defined above.)
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in Step A-3 using the compound represented by the general formula (20) (Step D-3). [0112] In the
synthesis pathway A, among the compounds represented 5 by the general formula (10), a compound
in which R4 is a cyano group or an acetyl group and R5 is a general protecting group for phenol,
specifically, a compound represented by the general formula (10a), can be prepared by the following
synthesis pf&ﬁ\ég?i E, for example. [0113] 10 [Formula 30] [0114] (In the formula (10a), Ran acetyl
group or a cy group and R5a represents a general protecting group for a phenolic 15 hydroxyl

group; and R2, R4, and Z are as defined abagve. %Ol 5] R5a is not especially limited, as long as it
protects a phenolic ﬁ?dFo%xeyl ag&%ﬁéolrsefaarﬁ:\{&%)? r#étﬁ:y %rgﬁﬂpé) Bgﬁgﬁl gDr](f)ﬁ[s), A f%%yrtnhle?hyl

Group, a teyadIopy AT BiowDy £30 LDYMAMEIYS I 10U, n 20 IR TR o
in Step A-4 using the compound represented by the general formula
5 (18) (Step C-3).
[0103]

In the synthesis pathway C, the compound represented by the
general formula (18) can be prepared based on the following synthesis
pathway D, for example.

10 <Synthesis pathway D>

[0104]

[Formula 27]

OR3
S
1 N R S z 0R3
R S Z
5 |13 D-2
OR RS ~N
OR® A D-1 N\\l)\'/ :

{16 (19) OR?

dIpe

)
1
R S Z OR? ;
OR Y~ SN 3
N OR® CO5R
(20)
OR?

4

[0105]

15 In the synthesis pathway D, an optically active compound
represented by the general formula (19) , can be prepared based
on the same method as in Step A-2 using the optically active compound
represented by the general formula (13) and the compound represented
by the general formula (16) (Step D-1).

20 [0106]
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<Synthesis pathway E> [0116] [Formula 31] [0117] 5In the synthesis pathway E, an optically active
compound represented by the general formula (22), can be prepared based on the same method as in
Step A-5 using the optically active compound represented by the general formula (8) and a compound
represented by the general formula (21). 10 [0118] [Formula 32] R5bo [0119] (In the formula (22),
R5b repres nts a enera%3 ]orotectlng group for 15 a phenolic hydroxyl group; and R2, R4, and Z are as
defined above’ ffﬁg

S 4
RCQ eI,
OR® SN 9
N>~

OR®
[0107]
(In the formula (19), R}, R®, R°, and Z are as defined above.)
5 [0108]

In the synthesis pathway D, an optically active compound
represented by the general formula (20), can be prepared based on
the same method as in Step A-1 using the optically active compound
represented by the general formula (19) and the compound represented

10 by the general formula (3) (Step D-2).
[0109]

[Formula 29]

1

[0110]

15 (In the formula (20), R', R?, R’, R’, and Z are as defined above.)
[0111]

In the synthesis pathway D, the compound represented by the

general formula (18) can be prepared based on the same method as
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[Formula 33] Rsbo SH (21) OH [0121] (In the formula (21), R51) is as defined above.) 5 [0122]
R513 s not especially limited, as long as it protects a phenolic hydroxyl group. For example, a methyl
group, a benzyl group, a methoxymethyl group, a tetrahydropyranyl group, a t-butyldimethylsily1l
group, an acetyl group, or a t-butoxycarbonyl 10 group can be used (Step E-1). [0123] In the

synthesis pathway E, a compound represented by the general formula (23), can be prepared hy
orotecting T8 eSO Wy TRITo0R GrTHE LD Aol By HE GETE oA 15 122)

(Step E-2). 14y (step D-3).
[0112]
In the synthesis pathway A, among the compounds represented
5 by the general formula (10), a compound in which R’ is a cyano group
or an acetyl group and R’ is a general protecting group for phenol,
specifically, a compound represented by the general formula (10a),

can be prepared by the following synthesis pathway E, for example.
[0113]

10 [Formula 30]

[0114]

(In the formula (10a), Rb'represents an acetyl group or a cyano
group and R"® represents a general protecting group for a phenolic
15 hydroxyl group; and R*’, R?, and Z are as defined above.)
[0115]
R*® is not especially limited, as longas it protects a phenolic
hydroxyl group. For example, a methyl group, a benzyl group, a
methoxymethyl group, a tetrahydropyranyl group, a
20 t-butyldimethylsilyl group, an acetyl group, or a t—-butoxycarbonyl
group can be used.

<Synthesis pathway E>
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[0124] [Formula 34] [0125] 20 (In the formula (23), R2, R4, R5a, R5h, and Z are as defined above.)
[0126] This reaction can be carried out by any technique that is commonly used to protect a
phenolic hydroxyl group. For example, the reaction can be carried out in a solvent such as acetonitrile,
tetrahydrofuran, N,N-dimethylformamide, methylene chloride, or 5 chloroform, in the presence of an
inorganic or gorganic base, by reacting a compound represented by the general formula (22) with a
chloride or 5@ g%ﬁ chloride. As the inorganic base, potassium carbonate or the like can be used . As
the organic (%ase |et mine, diisopropylethylamine or the like can be used. Further, examples 10
of the chlor e'that can used include methoxymethyl chloride, t-butyldimethylsilyl chloride, and
benzyl chloride. Examples of the acyl chloride that can be used include acetyl chloride. Among these,

it is preferred to protect thex tic hydroxyl group using methoxymethyl chloride. In addition, the
reaction can be carried 15 0 re cEfw at OC to normal temperature. [0127] In the synthesis

pathway E,rsompownd represe Bed tjﬁ’é‘ ge 4), can be prepared by removing the
R5b in the comepr eral -3) —2616428] [Formula 35]
[0129] OH

) NHR4

R0 S Z E-3 H S Z E-4

(23) NHR* (24) NHR*

1a

\q\@/\(\o — \Qim/\m

NHR4 (10a) NHR*

[0117]

5 In the synthesis pathway E, an optically active compound
represented by the general formula (22), can be prepared based on
the same method as in Step A-5 using the optically active compound
represented by the general formula (8) and a compound represented
by the general formula (21).

10 [0118]

[Formula 32]

R0

[0119]

(In the formula (22), R&’represents a general protecting group for

15 a phenolic hydroxyl group; and R?, R*, and Z are as defined above.)

[0120]
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(In the formula (24), RR4, R5a, and Z are as defined above.) [0130] The reaction i s not e
specially limited, as long as the technique is commonly used to remove a protecting group for a
phenolic hydroxyl 5 group, and R5ais not removed. An example will be described in which R5b is a
silyl protecting group, such as a t-butyldimethylsilyl group . In this case, the deprotection reaction can
be carried out in a reac%i1 n solvent such as tetrahydrofuran, acetonitrile, or methylene chloride using a
fluorine cormpgaid, uch’ds tetrabutylammonium 10 fluoride or hydrogen fluoride - pyridine, and
preferably tetrabutylammonium fluoride. This deprotection reaction can be carried out at from OC to the
reflux tempeﬁ%{%&@ 25 VmpPC. [0131] 15In the synthesis pathway E, a compound
represented by the geffig ula (25), ¢ i} prepared by reacting the compound represented by
the general formula (2H -phenyltrifl@ ethanesulfonimide (Step E-4). [0132] 20 [Formula 36]
E)j'_P]R4, R5a, and Z are as defined above.)

TfO OR5 [0133] (In the“s

[0121]
(In the formula (21), R°® is as defined above.)
5 [0122]

R°® is not especially limited, as longas it protects a phenolic
hydroxyl group. For example, a methyl group, a benzyl group, a
methoxymethyl group, a tetrahydropyranyl group, a
t-butyldimethylsilyl group, an acetyl group, or a t—-butoxycarbonyl

10 group can be used (Step E-1).
[0123]

In the synthesis pathway E, a compound represented by the
general formula (23), can be prepared by protecting the phenolic
hydroxyl group of the compound represented by the general formula

15 (22) (Step E-2).
[0124]

[Formula 34]

R®bQ

[0125]
20 (In the formula (23), R2,£ﬁ, R%, R“ﬂ and Z are as defined above.)

[0126]
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[0134] For example, this reaction can be carried out by reacting with
N-phenyltrifluoromethanesulfonimide in the presence of an organic base such as pyridine,
triethylamine or the like using a 5 solvent such as methylene chloride, chloroform, toluene or the like at
0C to 80C, and preferably at normal temperature. [0135] In the synthesis pathway E, a compound
represented by the %eneral formula (10a) can b%l%rggared based on a known method usjng 1Q zinc

cyanide (e.g., Syntht ComfmtinC 25732853 ©3r 8'KnowhméthoalisingaFiatkreattion(e.q.,
J.Org.,Chem., 55,3954-365; £199§)g_ from acorme)%uoridlre resented by the gener Iformulaé%S% (Step
in n be

E-5). An ex%%ﬂ]gr\l/vlﬁ beSFEsCrbed R WiichRE cyano g(r:ouﬁz. Wﬂﬁig tase&, theréaction ¢

carried out i Ine presence of zing eyanide, In,a fepclign.solyent such asfoluene, o o1 i1
N,N-dimethylformamide, f,4-8|oxane, ?etra%ydroi”ﬁran, of the Tike using a ca?aslys%:at Rormal !

temperature to the reflux temperature, Examples of catalysts that can be used include. palladium
compoundS 30 St e ARt ey T DRSS FoRAaAetD) of B G oy e
dipalladium(0), and_preferably tetrakistriphenylphosphine palladium(Q). Further, a phosphine
CompoUbC S e b sttty R oL of 18 LiSiho e Brophe.
may be added (g the reaclion 25 solvent,as.a saclion,aeceleralor, Anofher exarople il be described
in which Ran acetypgroup. Tn this case, the Teaction can be carried out in the presence ol) an organic

base, using a %af%lﬁta%f‘%é %%%“398” ACCRIRLRIOn I aﬁ%“’teﬁé ?i%ggg&%’%g%aseﬁ RS Pher.

N,N-dimethylformami ,4-dioxane, 5 tetrahydrofuran or the reacting wit viny

As the org EBS‘E%%Q%‘M%@T&Qi@}?@gﬂgg‘é".amﬂée_t‘%{et%ef'%}%%ﬁ%“b%%8§e9r Fupther. asithe,
catalyst, palladium (I) acetate can be used. As the reaction accelerator,
1,3-bis(diphgnylpospunQ)Ropang may, pesed: The eaction ¢Ay . rurther, examples
10 of the chloride that can be used include methoxymethyl chloride,
t-butyldimethylsilyl chloride, and benzyl chloride. Examples of
the acyl chloride that can be used include acetyl chloride. Among
these, it is preferred to protect the phenolic hydroxyl group using
methoxymethyl chloride. 1In addition, the reaction can be carried
15 out by reacting at 0°C to normal temperature.
[0127]

In the synthesis pathway E, a compound represented by the
general formula (24), can be prepared by removing the R in the
compound represented by the general formula (23) (Step E-3).

20 [0128]
[Formula 35]
HOUS

o (24)

[0129]
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10 be carried out at normal temperature to the reflux temperature. [0136] Among the compounds
represented by the general formula (1), a compound in which X is methylene, specifically, a compound
represented by the general formula (le), can be prepared based on 15 the following synthesis pathway
F, for example. [0137] [Formula 37] [0138] 20 (In the formula (le), RO, Rs, and Z are as defined

above.) <S){nthesl§ﬁp hwa%'g1 F> [azle%.‘Q [Formula 38];]/0140] In the synthesis pathway F
t

compound tépresafited By the gelteral fofmula (26): can B8 prépared By oxigatioh of tﬁgoc%‘?ﬁ’diund 5

represente(? (ﬂ@tg? general formula (10) (Step F-1). [0141]

Thereactionisnotespeciallylimited, aslongasthetechnique
is commonly used to remove a protecting group for a phenolic hydroxyl
5 group, and R°® is not removed. An example will be described in which
R isasilyl protecting group, suchas at-butyldimethylsilyl group.
In this case, the deprotection reaction can be carried out in a
reactionsolvent suchastetrahydrofuran, acetonitrile, ormethylene
chloride using a fluorine compound, such as tetrabutylammonium

10 fluoride or hydrogen fluoride - pyridine, and preferably
tetrabutylammonium fluoride. This deprotection reaction can be
carried out at from 0°C to the reflux temperature, and preferably

at 0°C.
[0131]

15 In the synthesis pathway E, a compound represented by the
general formula (25), can be prepared by reacting the compound
represented by the general formula (24) with
N-phenyltrifluoromethanesulfonimide (Step E-4).

[0132]

20 [Formula 36]

TfO

[0133]

2

(In the formula (25), R?, R*, R’®, and Z are as defined above.)
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[Formula 39] [0142] 10 (In the formula (26), 1 R2, R4, R5, and Z are as defined above.) [0143]

This reaction can be carried out using a generally used oxidation method to generate aldehyde from
alcohol. Examples of this oxidation treatment may include an oxidation treatment that 15 uses a
chromium oxide - pyridine complex such as pyridinium chlorochromate or pyridinium dichromate, or
oxidation that us hypervalent iodine such as Dess-Martin oxidation. Alternatively, dimethyl sulfoxide
oxidation ufl}%]g v%iious dimethyl sulfoxide activating agents, such as oxalyl chloride, trifluoroacetic

anhydride, acetic anhgldride, I(T:i1ici/clohgﬁl’/__l.lgarbodiimide, ora s%lf6ur trioxide - pg/ridink(fa complex, may be
; a

used. [0144] 5In therfntﬁéiéalls%aﬁﬁway a%%%cptolu%% r((E:-‘E'l)Irles.enté:ﬁ1 Efljtﬁed gewe:r ¥or]fr1etﬁgtii§)gcan be

%ctirplthe comp und relP{%%%n.t%d é)g thie gteﬁeral formelgg é26 fand a

prepared by, ot example, reacting the compound represent gral for X
compound Teprésented by’ the general formula (27), In a reaction solvent in the présence of & base. 10

[0145] [Formula 40] R2 PO(OR3)2 (29)

asé‘su pyridine, triethylamine or the like using a
5 solvent such as methylene chloride, chloroform, toluene or the like
at 0°C to 80°C, and preferably at normal temperature.
[0135]
In the synthesis pathway E, a compound represented by the
general formula (10a) can be prepared based on a known method using
10 zinc cyanide (e.g., Synth. Commun., 25, 3255-3261 (1995)), or a
knownmethodusingaHeckreaction (e.g., J.0Org., Chem., 55, 3654-3655
(1990)) from a compound represented by the general formula (25)
(Step E-5).
An example will be described in which R'® is a cyano group.
15 In this case, the reaction can be carried out in the presence of
zinc cyanide, in a reaction solvent such as toluene,
N, N-dimethylformamide, 1,4-dioxane, tetrahydrofuran, or the like
using a catalyst at normal temperature to the reflux temperature.
Examples of catalysts that can be used include palladium compounds
20 such as tetrakistriphenylphosphine palladium(0) or tris
(dibenzylideneacetone) dipalladium(0), and preferably
tetrakistriphenylphosphine palladium(0). Further, a phosphine
compound, such as 1,1’-bis(diphenylphosphino)-ferrocene or
1,3-bis(diphenylphosphino)-propane, may be added to the reaction

25 solvent as a reaction accelerator.
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CR R4HN [0146] (In the formula (29), R4, R2, R3, R4, Rs, and Z are as defined above.) 15 [0147]
[Formula 41] FO(OR3)2 (27) FO(OR3)2 [0148] (In the fourmula (27), R3 is as defined above.) 20 [0149]
Examples of the base that can be used in this reaction include sodium hydride, potassium hydride,
sodium alkoxide, potassium alkoxide, or n-butyllithium, andpreferablyn-butyllithium. As the reaction

solvent, tetrahydrofuran, diethyl ether, or 1,i-di xane 5 may be used. Further,,the reaction
temperature may bé 8837 g R oAl t rlnp?%‘?aféf?g.crl%ed in which R 1s an acetyl

group. In this case, the reaction can be carried out in the presence
of an organic base, using a catalyst and a reaction accelerator,
in a solvent such as toluene, N,N-dimethylformamide, 1, 4-dioxane,
5 tetrahydrofuran or the like, by reacting with butyl vinyl ether.
As the organic base, triethylamine, diisopropylethylamine or the
like can be used. Further, as the catalyst, palladium (II) acetate
can be used. As the reaction accelerator,
1,3-bis(diphenylphosphino)-propane may be used. The reaction can
10 be carried out at normal temperature to the reflux temperature.
[0136]
Among the compounds represented by the general formula (1),
a compound in which X is methylene, specifically, a compound
represented by the general formula (le), can be prepared based on
15 the following synthesis pathway F, for example.
[0137]

[Formula 37]

R' z
\(:I 53 1
OH 3 PO(OH), (1)

NH;
[0138]

20 (In the formula (le), Rl, R2, and 72 are as defined above.)
<Synthesis pathway F>
[0139]

[Formula 38]
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[0150] In the synthesis pathway F, a compound represented by the  general formula (30), can be
prepared by reducing a compound 10 represented by the general formula (29) (Step F-3). [0151]
[Formula 42] 15 (In the formula (30), R1, R2, R3, R4, R5, and Z are as defined above.) [0153] For
example, this reaction can be carried out in the presence of a catalyst for catalytic hydrogenation, in a
solvent suchpas ethanol, methanol, tetrahydrofuran |meth¥Iformam|de or 20 ethyl acetate, under
a normal pre s gurg to easenii2 hydroge"rﬂpre S su temgeratureFExamples of catalysts for
catalytic hydrog 14 a A Beosed ncliie palla | 1 umcar?on, platinum oxide,
rhodium carbon, or rdtBenium c4fbon. Further, this rea¢iton c&HRaIso be carried out by diimide
reduction. Fo&examgle thefreactlon can be carried out usmg potas s ium az odicarboxylate in the pre
sence of acet| [ Blv erﬁzsuch as pyﬂ&ﬂe,eth 4, dignethylsulfoxide, or 5
1,4-dioxane at &Ore OF PRSIl temperatu *J@RB4] In the synthesis
pathway F, a compdE?hd repﬁé'sﬂented by the general formuldfle) canRs& prepared based on the same
method as 10 jn,Step:A-7 usigg the gompound represented by the general formula

2

_b

H PO(OH);

(1e) NH,
[0140]
In the synthesis pathway F, a compound represented by the
general formula (26), can be prepared by oxidation of the compound
5 represented by the general formula (10) (Step F-1).
[0141]

[Formula 39]

R

[0142]

10 (In the formula (26), R}, RZ, R4, R5, and 72 are as defined above.)
[0143]

This reaction can be carried out using a generally used
oxidation method to generate aldehyde from alcohol. Examples of
this oxidation treatment may include an oxidation treatment that

15 uses a chromium oxide - pyridine complex such as pyridinium
chlorochromate or pyridinium dichromate, or oxidation that uses
hypervalent iodine such as Dess-Martin oxidation. Alternatively,

dimethyl sulfoxide oxidation using various dimethyl sulfoxide
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(30) (Step F-4). [0155] Further, the synthesis method of the compound represent by the general
formula (16) can be carried out based on the method 15 described in WO 03029184, WO 03029205,
WO 04026817, WO 04074297, and WO 050444780 pamphlets. [0156] The diphenyl sulfide derivative,
or a pharmaceutically acceptable salt or hydrate thereof, of the present invention, 20 exhibits an
excellent 51P3 antagonistic action, and can be usecﬂoto produce a medicine hased on a sphingosine
1-phosphofl€ 5titF3 (3 1P 3) st ptor-amagoRigt CAH %?N%}Péﬂ%ﬁé%ﬁcm&? Ametiiding faving at least

one kind or more_of such cogné)_ound%as gg C?ctlvc?lng[gf%lt 5 ffec%ve as a therapeutic %rlpgeventlve

medicine 2%%1? 81i]§ég§ésaf8r which it i¢ i%nowﬁ that & e&ﬁ’taﬁ%ﬁisg %lalnmle Bttive fhgrapeldﬁc or

preventive {r}eidoi%ingé Exam ljesd(in; gisegrsneil‘ec)r Wf}[il(éh itli)se k%%vg that an S1P3 antagonist is an
effective therapeujfic or prg entive medicing includeé s\épss, re spiratory tract contraction, bronchial

asthma, ChL% i(z‘I ﬂ)structive pulmonary 5 disease (COPD), pulmonary emphysema, tracheal stenosis,
diffuse panbronchiolitis, bronchitis resulting from infection, connective tissue disease, or

transplagtatlon, dlfflisne @%Iénonarg)é}h]grsnflsrtoagghowng omatosis adu(l;t respirato %Ig%‘ SS

COMpPOUIL ré(?% eds¥ggq%ﬂ§
(ARDS), interstitial pneumoniﬁg, lung cancgr, pneumonia Ia”llyperspensmwty, 1t idiopathic
:mggitgunalpgg%%‘rog?’ff brosis of be jung, f.cyigkine storm caused by an infuenza virs or RS yirus
compound represented by the general formula (26) and a compound
represented by the general formula (27), in a reaction solvent in
the presence of a base.

10 [0145]

[Formula 40]

R’ S Z
X 5
OR X PO(OR?), (29)

R*HN
[0146]
(In the formula (29), Rl,Eg, R3,£ﬁ} RS,EHKiZ are as defined above.)
15 [0147]
[Formula 41]
PO(OR%),

(27)
PO(OR3),

[0148]

(In the fourmula (27), R®> is as defined above.)

20 [0149]
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[0157] Further, other than the above-de s cribed di sease s, the medicine of the present invention

is also effective for therapy or prevention 15 for diseases for which it is known that an S1P3

antagonistic action is effective. Examples of diseases for which it is known that an S1P3 antagonistic

action is effective include arteriosclerosis, bloodvessel intimal thickening, solid tumors , diabetic

retinopathy, rheumatoid ar;hritis, cardiac arrest ischemi%éeﬁgé%sion %Q,disorders,_ cerebral blood ve s
r

sel spasms after sub&PARRNGTY Blebdind HHgina Pecidhs s arfid hfarctsn cab8et 5y E5tonary
vessel spasmgiglon}eﬁ;ggggghritis, thrombosi%,I nqgisease aused P}(/] ulrgce)nar edema such as

e
ARDS, cardiac arr ythmia, eyé o?soetaas%,s é%ﬂ hyﬁer enselén,sgciaﬁcl:%“mg, g aticomat u%traeﬁ%blgihy, optic

neuropathy, go and macula:luiea degeneration. 104561 The mericine of the present jnvenfion,ean be
orally administéred’ Alternative Y, the medicing 6 present invention can also be administered via

anon-oral route. such as ipuarectally, 5, sibcytaneously, intiavenosly, jnttamuscylagy ar .
transdermally. 0 usé as a medicine, the cdmpound of the present invention, of a

pharma%euticall% acceé)éableraltt%r hlydr%e thereoft, m%yt?e in the tf;orm of a s%lid corgposit_i%%,;,aC liquid
composi ioh - dr 86nie 10 other' 50m%0$ition%.ﬁ%copjtf?numefg?r%rias seiecteta senggessé)ry. e
pharmaceLgical cam gsitcion of thet%resent invention can be prepared by mixing the compound of the

. O..Nnormnl empera re . ‘g .
present invention with a phalpmaceutlcally acceptable carrier. Specifically, the pharmaceutical
compositiorﬂ@fygie] present invention can be prepared 15 by ordinary formulation techniques as a
tablet, pill, capsule, granule, powder, dispersion, liquid, emulsion, suspension, injection or the like, by

adding common diluents, filegs, hinders. disintegrants, coatingsy, sugas cpafings, bt adiusting agents,
dissolving agents, or aqueous 0r non-aqueous solvents.
general formula (30), can be prepared by reducing a compound
10 represented by the general formula (29) (Step F-3).

[0151]

[Formula 42]

R’ S 7
X 5
OR J PC(OR®),  (30)

R*HN
[0152]
15 (In the formula (30), Rl,Eg, R3,£ﬁ} RS,EHKiZ are as defined above.)
[0153]

For example, this reaction can be carried out in the presence
of a catalyst for catalytic hydrogenation, in a solvent such as
ethanol, methanol, tetrahydrofuran, N,N-dimethylformamide, or

20 ethyl acetate, under anormal pressure to increased hydrogenpressure
at normal temperature. Examples of catalysts for catalytic
hydrogenation that can be used include palladium carbon, platinum

carbon, platinum oxide, rhodium carbon, or ruthenium carbon.
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20 [0160] The present invention will now be described based on the following specific examples.
However, the present invention is not limited to these examples. <Reference Example 1>
(2R,5R)-2-ally1-2-(4-bromo-2-chlorophenyflethy1-3,6-dimethoxy5-isopropyl-2,5-dihydropyrazine
[0161] [Chemical formula 43] Under an argon atmosphere, an n-butyllithium-hexane solution
(1.60 mol/L, 11.16 ml_‘ﬂz]v%as added. at -78C to.a solution o{ , .
(5R)-2-ally1-3,6-dimBthoxy5-is %rlospy]i?f,%-tdliﬁ;?drSS?ra%in%%é’?s.%2@5 e tetrahy drofufan-(B9RL) to
form a reaction solution. This reaction solution was then stirred at -78C for 30.minutes. A solution of
4-bromo-Z-E%%?Sﬁl%&Qi'odoFe?ﬁyl Jenzens 6. eg)rire1 <f‘eCtFalhoyrélrgffﬁrrlar%3 fch ﬁlﬁj Was sdtedto'thed
reaction solution, and the reglction soluti?n was sgged at -78C for §0 minutesaggg tlhen 151at 0C for 1

hour. Wate¥ 9\/%% added 16 the rcéaéfc}ﬁ%}ﬁ olution ,nande thé TEaction cﬁ%ﬁgnl Was extrélc?e%iowﬁlheg&yl
t order, and then dried over

acetate, The extract was washed with water and saturated brine In thatorder and

anhydrous sodiunt Suffate The ahhyarous sodidm suftate was removg& Ey iﬁraﬁlon, and then the
solvent $/a remgved by 20 distillation under reduced fpr%s%uremT?etreesulet%rg[tpHogugt as_purified by
silica gel colimn clhroma?ograr?hy %ﬁlé)xane : etﬁy?ace ate = 70" 1) to obtain the %arge? proauétn(%.m Q)
as a colorless qil, 151 NMR (0D013, 400 MHz): 8 0.69 (3H, d, J = 6.7 Hz), 1.10 (3H, d, J = 6.7 Hz),
1.79 (1H, ddd, J=12.8,11.6, 4.9 Hz), 2.02 (1H, ddd, J = 12.8, 11.6, 4.9 Hz), 2.27-2.48 (4H, m), 2.54
(1H, dd, J :[&§§4 7.3 Hz), 3.69 (3H, s), 3.70 (3H, s), 3.95 (1H, d, J = 3.1 Hz), 4.97 5 (1H, ad, 10.4, 2.4
Hz), 5.01 (1H, jz 17.7 Hz), 5.61-5.72 (1H, m), 7.01 (1H, d, J=7.9 Hz), 7.27 (1H, dd, J=7.9, 1.8

HZ%-147(1H’d’JfﬁL§ﬁg)Synthesis pathway F, a compound represented by the
general formula (le) can be prepared based on the same method as
10 in Step A-7 using the compound represented by the general formula
(30) (Step F-4).
[0155]
Further, the synthesis method of the compound represent by
the general formula (16) can be carried out based on the method
15 described in WO 03029184, WO 03029205, WO 04026817, WO 04074297,
and WO 050444780 pamphlets.
[0156]
The diphenyl sulfide derivative, or a pharmaceutically
acceptable salt or hydrate thereof, of the present invention,
20 exhibits an excellent S1P3 antagonistic action, and can be used
to produce a medicine based on a sphingosine 1-phosphoric acid 3
(S1P3) receptor—-antagonisticaction. Morespecifically, amedicine
having at least one kind or more of such compounds as an active
ingredient is effective as a therapeutic or preventive medicine

25 for diseases for which it is known that an S1P3 antagonist is an
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ESIMS (+): 441 [M+H]2. <Reference Example 2> 10 Methyl
(R)-2-ally1-4-(4-bromo-2-chloropheny1)-2-t-butoxycarbonylamino butyrate [0163] [Chemical formula
44] 15 [0164] A solution of 50% trifluoroacetic acid - water (108 mL) was added to the compound of
Reference Example 1 (5.44 g) to form a first reaction solution. This first reaction solution was stirred 20
at normal temperature for 1 hour, and then left to stand at erllﬁgrmal temperature overn%'ght. The first

|

reaction sofutton was ReutfalizBa With“a dakiirated's sduMBicarbonate 25G880S SotdtidnSGRG ©S

extracted for which it is known that an S1P3 antagonist is an effective

therapeuticorpreventivemedicine include sepsis, respiratorytract
contraction, bronchial asthma, chronic obstructive pulmonary

5 disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse
panbronchiolitis, bronchitis resulting from infection, connective
tissue disease, or transplantation, diffuse pulmonary
hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS),
interstitial pneumonitis, lung cancer, pneumonia hypersensitivity,

10 idiopathicinterstitial pneumonia, fibrosis of the lung, or cytokine
storm caused by an influenza virus or RS virus infection.
[0157]

Further, other than the above-describeddiseases, themedicine

of the present invention is also effective for therapy or prevention

15 for diseases for which it is known that an S1P3 antagonistic action
is effective. Examples of diseases for which it is known that an
S1P3 antagonistic action is effective include arteriosclerosis,
bloodvessel intimal thickening, solidtumors, diabeticretinopathy,
rheumatoid arthritis, cardiac arrest, ischemia-reperfusion

20 disorders, cerebral bloodvessel spasms after subarachnoidbleeding,
angina pectoris or myocardial infarction caused by coronary vessel
spasms, glomerulonephritis, thrombosis, lung disease caused by
pulmonary edema such as ARDS, cardiac arrhythmia, eye disease, eye
hypertension, glaucoma, glaucomatous retinopathy, optic neuropathy,

25 and macula-lutea degeneration.
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with ethyl acetate. The extract was washed with water and saturated brine, and then dried over
anhydrous sodium sulfate. The extract was concentrated, and then the resultant residue was dissolved
in acetonitrile (86 mL). Then, di-tert-butoxydicarbonate (11.0g) was 5 added to form a second reaction
solution. The second reaction solution was stirred at normal temperature for 1 hour and then left to
stand at no r%%@mperature overnight. Next, water was added to the second reaction solution, and the
second rea[:ré](fl blution was extracted with ethyl acetate. The extract was washed with water 10 and

saturated brine in t@ t order, and thenérie}q over anhydrous sodjum sulfate. The anhi/dflrous sodium

sulfate was remove Sy ﬁﬁ% ion, 'an en the Solven %valsnr\é?ﬁl&vle%nbycai%tiﬁ)aetio%rl?n ef reduced

pressure. The resultant product was purified by silica gel column chromatography (hexane : ethyl
Bootate = 6T GBS the LAt b 1 ) B8 o ETet L S (LTS 70

MHz): 8 1.4(55 9I—I1 sé, é.eog 1thdg, J =&I.§..4 11.0, 5_.ng , 2.% -2.511%21[14 m), 2.?1-2.601&%[-& m), 2.67
(1H, td, J ="12'8 49 A%)7 3D 3 14T 1A  m), 374 BROS B07 (1h, 452 40 H2) 810 (1fr, 5
252589 (kI 1033 & 327.8.00000). 129 (5 % Bl LB Bk Sud 8 HO)
(R)-2-[2-(4-Pﬁ§1§]2-chlorophenyflethyl]-2-t-butoxycarbonylamin 0-4-penten-1-ol 25 [0165] [Chemical
formula 45] oc 4."cOH

To use as a medicine, the compound of the present invention,
or a pharmaceutically acceptable salt or hydrate thereof, may be
in the form of a solid composition, a liquid composition, or some

10 other compositions. Theoptimumformis selectedasnecessary. The
pharmaceutical composition of the present invention can be prepared
by mixing the compound of the present invention with a
pharmaceutically acceptable carrier. Specifically, the
pharmaceutical composition of the present invention can be prepared

15 by ordinary formulation techniques as a tablet, pill, capsule,
granule, powder, dispersion, liquid, emulsion, suspension,
injection or the like, by adding common diluents, fillers, binders,
disintegrants, coatings, sugar coatings, pH adjusting agents,
dissolving agents, or aqueous or non-aqueous solvents.

20 [0160]

The present invention will now be described based on the
following specific examples. However, the present invention is not
limited to these examples.

<Reference Example 1>
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[0166] Lithium borohydride (1.04 g) was added under ice cooling to 5 a solution of the compound of
Reference Example 2 (6.16 g) in tetrahydrofuran (95 mL) to form a reaction solution. Next, ethanol (9.5
mL) was added dropwise to the reaction solution. The resultant s citation was then stirredfor 2
hoursunder ice cooling. A10% citric acid aqueous solution was added to the reaction solution, and the
10 reaction solution was extracted with ethyl acetate. The extract was washed with water and
saturated SRS IR TIACor0r BcPer GHERTSues anH)GRoR Lot Shitice. The ATGRAE Soctium
sulfate was_removed Ex/ﬁlygtiggaarﬁd then the solvent was removed by distillation under reduced
pressure. e'resufta t'prodct was rp%?ﬁfi]éa %/nseilica gel column chromatography (hexane : ethyl
acetate = 2[: ]1) to obtain the target product (3.20 g) as a colorless solid. 151 NMR (CDC13, 400 MHz):
8 1.43 (9H,'s), 9’80-1.94 (2H, m), 2.32 (1H, td, J=14.1, 7.9 Hz), 2.44 (1H, dd, J=14.1, 6.7Hz),
2.63-2.77 ( Eg,lmé 3.6[?-%.79%2 m),4.09 (1H, br s), 4.72 (1H, s), 5.19 20 (1H, dd, J = 6.1, 1.8 Hz),
5.22 (1H, si 88561 (11978 ??.élf?(glh, d, J=7.9 Hz), 7.31 (1H, dd, J = 7.9, 1.8 Hz), 7.49 (1H, d, J =
1.8 Hz). ESIMS (+): 418 H]2. <Reference Example 4>

ehtor

6]

(2R,5R)-2-(@-r . hepyllethy1-3,6-dimethoxy-5-isopro pyl-2-propyl-2,5-dihydropyrazine 5
[0167] [Chemicy
reacting

ula 4

[0162]
Under an argon atmosphere, an n-butyllithium-hexane solution
(1.60 mol/L, 11.16 mL) was added at -78°C to a solution of
(5R)-2-allyl-3,6-dimethoxy-5-isopropyl-2,5-dihydropyrazine
10 (3.64 g) in tetrahydrofuran (60 mL) to form a reaction solution.
This reaction solution was then stirred at -78°C for 30 minutes.
A solution of 4-bromo-2-chloro-1-(2-iodoethyl)benzene (6.73 g) in
tetrahydrofuran (20 mL) was added to the reaction solution, and
the reaction solution was stirred at —-78°C for 30 minutes and then
15 at 0°C for 1 hour. Water was added to the reaction solution, and
the reaction solutionwas extractedwith ethyl acetate. The extract
was washed with water and saturated brine in that order, and then
dried over anhydrous sodium sulfate. The anhydrous sodium sulfate
was removed by filtration, and then the solvent was removed by
20 distillation under reduced pressure. The resultant product was
purified by silica gel column chromatography (hexane : ethyl acetate

=70 : 1) to obtain the target product (6.04 g) as a colorless oil.
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(5R)-3,6-dimethoxy-2-propy1-5-isopropy1-2,5-dihydropyrazine (5.21 g) in the same manner as in
Reference Example 1. 151 NMR (CDC13, 400 MHz): 8 0.70 (3H, d, J =6.7 Hz), 0.86 (3H,t,J =7.3
Hz), 1.11 (3H, d, J = 6.7 Hz), 1.15-1.30 (2H, m), 1.49-1.62 15(1H, m), 1.71-1.84(2H, m), 1.98 (1H, td,
J=12.4,4.8 Hz), 2.29-2.47 (3H, m), 3.69(3H,s),3.70 (3H, s),3.95(1H,d,J = 3.0Hz),7.01 (1H, d, J

=7.9Hz),7.27 (1H,
H NMR (CDCls, 400 MHz): 6 0.69 (3H, d, J = 6.7 Hz), 1.10 (3H, d,

J=6.7Hz), 1.79 (1, ddd, J =12.8, 11.6, 4.9 Hz), 2.02 (1H, ddd,
J=12.8, 11.6, 4.9 Hz), 2.27-2.48 (4H, m), 2.54 (1H, dd, J = 13.4,
7.3 Hz), 3.69 (3H, s), 3.70 (3H, s), 3.95 (1H, d, J =3.1Hz), 4.97
5 (1H, dd, 10.4, 2.4 Hz), 5.01 (1H, d, J = 17.7 Hz), 5.61-5.72 (1H,

m), 7.01 (14, 4, J = 7.9 Hz), 7.27 (1H, dd, J = 7.9, 1.8 Hz), 7.47
(1H, 4, J = 1.8 Hz).
ESIMS (+): 441 [M+H]".
<Reference Example 2>

10 Methyl
(R)—2-allyl-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino
butyrate
[0163]

[Chemical formula 44]

Br

15
[0164]

A solution of 50% trifluorocacetic acid - water (108 mL) was

added to the compound of Reference Example 1 (5.44 g) to form a

first reaction solution. This first reaction solution was stirred

20 at normal temperature for 1 hour, and then left to stand at normal

temperature overnight. The first reaction solutionwas neutralized

with a saturated sodium bicarbonate aqueous solution, and extracted
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dd,J =7.9,1.8Hz),7.46(1H,d, J = 1.8 Hz). ESIMS (+):443 [M+H]2. 20 <Reference Example 5>
Methyl (S)-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino-2-propy Ibutyrate [0169] 5 [Chemical
formula 47] [0170] The target product (35.6 g) was obtained as a colorless oil by reacting the
compound of Reference Example 4 (53.4 g) in the 10 same manner as in Reference Example 2.

10

15

20

25

with ethyl acetate. The extract was washed with water and saturated
brine, and then dried over anhydrous sodium sulfate. The extract
was concentrated, and then the resultant residue was dissolved in
acetonitrile (86 mL). Then, di-tert-butoxydicarbonate (11.0g) was
added to form a second reaction solution. The second reaction
solution was stirred at normal temperature for 1 hour and then left
to stand at normal temperature overnight. Next, water was added
to the second reaction solution, and the second reaction solution
was extracted with ethyl acetate. The extract was washed with water
and saturated brine in that order, and then dried over anhydrous
sodium sulfate. The anhydrous sodium sulfate was removed by
filtration, and then the solvent was removed by distillation under
reduced pressure. The resultant product was purified by silica gel
column chromatography (hexane : ethyl acetate = 6 : 1) to obtain
the target product (6.16 g) as a colorless oil.

'H NMR (CDCls;, 400 MHz): & 1.45 (9H, s), 2.08 (1H, ddd, J = 13.4,
11.0, 5.5 Hz), 2.39-2.51 (2H, m), 2.51-2.61 (1H, m), 2.67 (1H, td,
J=12.8, 4.9 Hz), 3.00-3.14 (1H, m), 3.74 (3H, s), 5.07 (1H, d,
J=4.9 Hz), 5.10 (1H, s), 5.52-5.69 (1H, m), 7.03 (1H, d, J = 7.9
Hz), 7.29 (1H, dd, J = 7.9, 1.8 Hz), 7.48 (1H, 4, J = 1.8 Hz).
ESIMS (+): 446 [M+H]".

<Reference Example 3>
(R)—2—-[2-(4-bromo—-2-chlorophenyl)ethyl]-2-t-butoxycarbonylamin
o—4-penten-1-o0l

[0165]
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151 NMR(CDC13,400 MHz):8 0.89(3H,t,J = m),1.25-1.39(1H,m),1.46(9H,s),1.69 7.3 (1H, Hz). ddd,
0.96-1.10 J = 13.9, (1H, 11.5. 15 4.8Hz),1.99-2.10(1H,m),2.20-2.35(1H,m),2.42(1H,ddd,J
=13.9,11.5,4.8Hz),2.49-2.60(1H,m),2.64(1H,td,J =13.9,
4.8Hz),3.74(3H,s),5.62(1H,brs),7.03(1H,d,J=8.5Hz), 7.29(1H,dd,J=8.5,1.8Hz),7.48(1H,J=1.8Hz).

ES|MS("'>4%§{MJFJ§1 formula 45]

Br I

NHBoc

&,
’ OH

[0166]
Lithium borohydride (1.04 g) was added under ice cooling to
5 a solution of the compound of Reference Example 2 (6.16 g) in
tetrahydrofuran (95 mL) to form a reaction solution. Next, ethanol
(9.5mL) was added dropwise to the reaction solution. The resultant
solutionwas then stirred for 2 hours under ice cooling. A 10%citric
acid aqueous solution was added to the reaction solution, and the
10 reaction solution was extracted with ethyl acetate. The extract
was washed with water and saturated brine in that order, and then
dried over anhydrous sodium sulfate. The anhydrous sodium sulfate
was removed by filtration, and then the solvent was removed by
distillation under reduced pressure. The resultant product was
15 purifiedby silica gel column chromatography (hexane : ethyl acetate
=2 : 1) to obtain the target product (3.20 g) as a colorless solid.
'H NMR (CDCls;, 400 MHz): & 1.43 (9H, s), 1.80-1.94 (2H, m), 2.32
(1H, td, J=14.1, 7.9 Hz), 2.44 (1H, dd, J=14.1, 6.7 Hz), 2.63-2.77
(2H, m), 3.69-3.79 (2H, m), 4.09 (1H, br s), 4.72 (1H, s), 5.19
20 (1H, dd, J =6.1, 1.8 Hz), 5.22 (1H, s), 5.80-5.91 (1H, s), 7.11
(1, 4, 3 = 7.9 Hz), 7.31 (1H, dd, J = 7.9, 1.8 Hz), 7.49 (1lH, d,

J = 1.8 Hz).
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<Reference Example 6> (R)-2-[2-(4-bromo-2-chlorophenyflethyl]-2-t-butoxycarbonylamin 20
opentan-1-03 [0171] [Chemical formula 48] [0172] The target product (28.6 g) was obtained as a
colorless solid by reacting the compound of Reference Example 5 (35.6 g) in the 5 same manner as in
Reference Example 3. 151 NMR (CDC13, 400 MHz): 8 0.96 (3H, t, J =7.3 Hz), 1.29-1.42 (2H, m),
1.44 (9H, s), 1.53-1,62 (2|—4| %17) 1.81 ](;LH, ddd, J =13.9, 11.5, 5.4 Hz), 1.93 (1H, ddd, J = 13.9, 11.5,
5.4 Hz), 2.55-275 (5H, m): 3573 (011 d; 3 = 6.7 Hz), 4.15 (1H, br s), 4.62 (1H, br s), 10 7.11 (1H, d, J =
7.9 Hz), 7.31 é ,dd,J=17.9, 1.% Hzl, 7.49 (1H, d, J = 1.8 Hz). ESIMS (+): 420 [M+H]2. <Reference
Example 7553 %I%Brcoepy]izif‘-ﬂ%e%oxf/methoxy)benzene 15 [0173] [Chemical formula 49]

(2R, 5R) -2—-(4-bromo—-2-chlorophenyl)ethyl-3, 6-dimethoxy-5-isopro
pyl-2-propyl-2,5-dihydropyrazine
5 [0167]

[Chemical formula 46]

[0168]
The target product (8.01 g) was obtained as a colorless oil

10 by reacting

(5R) -3, 6-dimethoxy—-2-propyl-5-isopropyl-2,5-dihydropyrazine

(5.21 g) in the same manner as in Reference Example 1.

'H NMR (CDCls;, 400 MHz): & 0.70 (3H, d, J = 6.7 Hz), 0.86 (3H, t,

J="7.3Hz), 1.11 (3H, d, J=6.7Hz), 1.15-1.30 (2H, m), 1.49-1.62
15 (1H, m), 1.71-1.84 (2H, m), 1.98 (1H, td, J=12.4, 4.8 Hz), 2.29-2.47

(3H, m), 3.69 (3H, s), 3.70 (3H, s), 3.95 (1H, d, J =3.0 Hz), 7.01

(1, 4, § = 7.9 Hz), 7.27 (1H, dd, J = 7.9, 1.8 Hz), 7.46 (1lH, d,

J = 1.8 Hz).

ESIMS (+):443 [M+H]".

20 <Reference Example 5>
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OMOM [0174] Diisopropylethylamine(77.6mL) andchloromethylmethylether 20 (33.7 mL) were
added to a solution of 4-cyclopropylphenol (24.0 50 g) in methylene chloride (250 mL) to forma
reaction solution. This reaction solution was stirred for 15 minutes under ice cooling, and then left
overnight at normal temperature. Water was added to the reaction solution, and the reaction s citation
was extracted with 5 ethyl acetate. The extract was washed with a 1 mol /L s odium hydroxide
aqueous sgfﬁﬁg ,lwater and saturated brine in that order, and then dried over anhydrous sodium
sulfate. The gf@ﬂg}ﬁgodiurﬂ fglf%tf was ﬁemO\fid_ 22 gil_t ation, and then the so_Iven_t2v!as removed by
distillation urider reduced B%OssureC b Obtain ‘thetta get pro dlctioizby(iﬁ?ég 8)“35 3'tolotesstoil 151 NMR
(CDC13, 400 MHz): 8 0.59-0.62 (2H, m), 0.86-0.93 (2H, m), 1.80-1.90 (1H, m), 3.47 (3H, s), 5.14 (2H,
s), 6.94 (2|—9|, -SG9, 2.4 Hz), 7.01 (2H, dt, J = 9.2, 2.4 Hz). EIMS (+) : 178 [M]2. 15 <Reference
Example 8>[ giggﬁlopropyl-z-(methoxymethoxy)-benzenethioI [0175] [Chemical formula 50]

5 [Chemical formula 47]

[0170]

The target product (35.6 g) was obtained as a colorless oil
by reacting the compound of Reference Example 4 (53.4 g) in the

10 same manner as in Reference Example 2.
'H NMR (CDCls;, 400 MHz): 8 0.89 (3H, t, J = 7.3 Hz). 0.96-1.10 (1H,
m), 1.25-1.39 (1H, m), 1.46 (9H, s), 1.69 (1H, ddd, J =13.9, 11.5.
4.8 Hz), 1.99-2.10 (1H, m), 2.20-2.35 (1H, m), 2.42 (1H, ddd, J

13.9, 11.5, 4.8 Hz), 2.49-2.60 (1H, m), 2.64 (1H, td, J = 13.9,

15 4.8 Hz), 3.74 (3H, s), 5.62 (1H, br s), 7.03 (1H, 4, J = 8.5 Hz),
7.29 (1H, dd, J = 8.5, 1.8 Hz), 7.48 (1H, J = 1.8 Hz).
ESIMS (+): 448 [M+H]".
<Reference Example 6>
(R)—2—-[2-(4-bromo-2-chlorophenyl)ethyl]-2-t-butoxycarbonylamin
20 opentan-1-ol
[0171]

[Chemical formula 48]
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20 [0176] Under an argon atmosphere, an n-butyllithium-hexane solution (1.59 mol/L, 63.5 mL)
was added under ice cooling to a solution of the compound of Reference Example 7 (15.0 g) in
tetrahydrofuran (120 mL) to form a reaction solution. This reaction solution was stirred for 1 hour at
the same temperature. The reaction solution was cooled to -78C. Sulfur (3.23 g) was added, and the
solution wagy tirred for 30ginutes and then for 10 minutes under ice cooling. 5 A saturated
ammonium Thitxie s solution was added to the reaction solution. The solution was extracted
with diethyl ethe hen the dxidBedayer was extracted with a 1 mol/L sodium hydroxide aqueous
solution. The pH red to 4 using concentrated hydrochloric acid, and then the
solution was 10 extracted with digthyl ether. The organic layer was washed with saturated brine, and
then dried over anhydrous sodiuigulfate. The anhydrous sodium sulfate was removed by filtration,
and then the solvent was removed by distillation under reduced pressure to obtain the target product
(12.1 g) as a colorless oil. 15 151 NMR (CDC13, 400 MHz): 8 0.61 (2H, dt, J = 6.1, 4.9 Hz), 0.86-0.92
(2H, m), 1.7 6}7%§ (1H. m), 3.50 (3H, s), 3.76 (1H, s), 5.20 (2H, s), 6.80 (1H, dd, J = 8.6, 2.4 Hz), 6.98
(AH,d, J = 6.98 (1H, d, J = 2.4 Hz). EIMS (+): 210 [M]2. 20 <Reference Example 9>

6-Ethoxy-1,3- benZo”fﬁthlglrzgggep[roc%gz]c[g[?%@chal fs)rvrpéjéaoﬁo]’iaine(?]as a colorless solid

by reacting the compound of Reference Example 5 (35.6 g) in the

5 same manner as in Reference Example 3.

'H NMR (CDCl;, 400 MHz): 8 0.96 (3H, t, J = 7.3 Hz), 1.29-1.42 (2H,
m), 1.44 (9H, s), 1.53-1.62 (2H, m), 1.81 (1H, ddd, J =13.9, 11.5,
5.4 Hz), 1.93 (l1H, ddd, J = 13.9, 11.5, 5.4 Hz), 2.59-2.75 (2H,
m), 3.73 (2H, 4, J = 6.7 Hz), 4.15 (1H, br s), 4.62 (1lH, br s),

10 7.11 (1iH#, 4, J =7.9 Hz), 7.31 (1H, dd, J =7.9, 1.8 Hz), 7.49 (1H,
d, J = 1.8 Hz).
ESIMS (+): 420 [M+H]"
<Reference Example 7>
1-Cyclopropyl-4- (methoxymethoxy)benzene

15 [0173]

[Chemical formula 49]

OMOM

[0174]

Diisopropylethylamine (77.6 mL) and chloromethyl methyl ether

20 (33.7 mL) were added to a solution of 4-cyclopropylphenol (24.0
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Potassium carbonate (533 mg) and ethyl iodide (160 1JJ2) were added to a solution of
6-hydroxy-1,3-benzoxathiol-2-one (336 mg) 5 in N,N-dimethylformamide (10 mL) to forma reaction
solution. This reaction solution was stirred for 4 hours at normal temperature. Water was
addedtothereactionsolution. The precipitated crystals were filtered off, thoroughly washed with water

and diisopropy| ether, and then dried under reduced pressure to obtain the target 10 product (245 mg)
oo coloidbe LI R SH SO B0 250 Tohdes S aTadnt SASHHArE M A

hydride (119 mg%was added under ice coc%lin]g toda %oluti(ir% of the ompour%p of Referencel Example 9
(245 mgQ) in tetra %/8Pofﬁroanu(tfz.qsnmvllj1 To form & T8action solution: This reaction softtion was Stirred for

30 minutes under. 5 ice cqoling. Then, 1. mo}/L hydrochloric acid was add 0 the reaction solution,
o the re R A eI
aturated brjcr}%eeir% that order, arlql Ithie(gl dried o ecr aenh\é%rggs sodiung sculfate. The QQQ %rgug %Ci iHm

sulfate was removed tb%/c'i‘}rftrsa?ion, and the Sofvent 10 Was remove Lbylé“.&i‘i“i%ﬁo% under reduce

pressure to ta'nghe target praduct 10ar(p k’%s aco OQ ss. 0ll. 1511mN (CD 11:13Ii 40Q MHz); 8 1.38
(Br b 0= TSI S50 Th, o) 3 65 (oM ST S TCE T3 (UM Sy (LF o 4 2 653 12,
6.87 (1H, dac‘%u:e%'lgsHszg’l%%:SLé%lj’vgage:r3a]r'1glzs)a%grEa{MeSd(%)f11128 H\{Il]zc'hat order, and then
dried over anhydrous sodium sulfate. The anhydrous sodium sulfate
was removed by filtration, and then the solvent was removed by
distillation under reduced pressure to obtain the target product
10 (27.6 g) as a colorless oil.
'H NMR (CDCls, 400 MHz): & 0.59-0.62 (2H, m), 0.86-0.93 (2H, m),
1.80-1.90 (1H, m), 3.47 (3H, s), 5.14 (2H, s), 6.94 (2H, dt, J =
9.2, 2.4 Hz), 7.01 (2H, dt, J = 9.2, 2.4 Hz).
EIMS (+) : 178 [M]".
15 <Reference Example 8>
5-Cyclopropyl-2-(methoxymethoxy)-benzenethiol
[0175]

[Chemical formula 50]

SH

OMOM

20 [0176]
Under an argon atmosphere, an n-butyllithium-hexane solution
(1.59 mol/L, 63.5 mL) was added under ice cooling to a solution

of the compound of Reference Example 7 (15.0 g) in tetrahydrofuran
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<Reference Example 11> 6-t-Butyldimethylsilyloxy-1,3-benzoxathiol-2-one [0181] [Chemical formula
53] Imidazole (972 mg) and t-butylchlorodimethylsilane (2.15 g) were added to a solution of
6-hydroxy-1,3-benzoxathiol-2-one (2.00 g) in N,N-dimethylformamide (60 mL) to form a reaction
solution. This reaction s citation was stirred for 4 hours at normal temperature. Water was then added
to the reactiolr} §olution, and the reaction solution was extracted with ethyl acetate. 'Ehe extract was

W

washed with watél ahd SatufABabriné inthat ofder“&AQ then diied Gvet StaritydiSas s6aitint Shifate.

The anhydrous sodium sulfale was remaved by, fiyation, and then the.solvent was temoyed by
distillation inder reduced pressure. The resualtant residue was then paritied by silica gel'column

chromatography (hexane : ethyl acetate = 20 : 1) to obtain the target Product (3.0(})@) as a colorless

oil. 10 151 KVRIODOI3, 480 MAZ): '8 0720 t8H, <)° 0798 B9H "S5 627 FErH, 4D L8652 4417/ 8 87
(030 LI 0 2B 1) SNS ) 28 IR, TSR Tl 1245

5 A saturated ammonium chloride aqueous solution was added to the
reaction solution. The solution was extracted with diethyl ether,
and then the organic layer was extracted with a 1 mol/L sodium
hydroxide aqueous solution. The pH of the solution was lowered to
4 using concentrated hydrochloric acid, and then the solution was

10 extracted with diethyl ether. The organic layer was washed with
saturated brine, and then dried over anhydrous sodium sulfate. The
anhydrous sodium sulfate was removed by filtration, and then the
solvent was removed by distillation under reduced pressure to obtain
the target product (12.1 g) as a colorless oil.

15 'H NMR (CDCls;, 400 MHz): 8 0.61 (2H, dt, J=6.1, 4.9 Hz), 0.86-0.92
(2H, m), 1.75-1.86 (1H. m), 3.50 (3H, s), 3.76 (1H, s), 5.20 (2H,
s), 6.80 (1H, dd, J = 8.6, 2.4 Hz), 6.98 (1H, d, J = 8.6 Hz), 6.98
(lH, d, J = 2.4 Hz).
EIMS (+): 210 [M]".

20 <Reference Example 9>
6-Ethoxy-1,3-benzoxathiol-2-one
[0177]

[Chemical formula 51]
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[Chemical formula 54] TB& a. SH OH [0184] 20The target product (2.72 g) was obtained as a colorless
oil by reacting the compound of Reference Example 11 (3.00 g) in the same manner as in Reference
Example 10. 151 NMR (0D013, 400 MHz): 8 0.16 (6H, s), 0.97 (9H, s), 3.06 (1H, s), 5.73 (1H, s), 6.71
(1H, dd, J = 8.6, 2.4 Hz), 6.81 (1H, d, J = 2.4 Hz), 6.93 (1H, d, J = 8.6 Hz). CIMS (+): 257 [M+H]2. 5
<Reference Example 13> (R)-2-ally1-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-ethoxy-2-
hydroxyphe%c()_‘phen utanéol [0185] [Chemical formula 55] EtOCI NHBoc OHOH

=0
O |
[0178]
Potassium carbonate (533 mg) and ethyl iodide (160 UL) were
added to a solution of 6-hydroxy-1,3-benzoxathiol-2-one (336 mg)
5 in N,N-dimethylformamide (10 mL) to form a reaction solution. This
reaction solution was stirred for 4 hours at normal temperature.
Water was added to the reaction solution. The precipitatedcrystals
were filtered off, thoroughly washed with water and diisopropyl
ether, and then dried under reduced pressure to obtain the target
10 product (245 mg) as a colorless solid.
'H NMR (CDCls;, 400 MHz): & 1.42 (3H, t, J = 6.7 Hz). 4.02 (2H, q,
J=6.7 Hz), 6.84 (l1H, dd, J = 8.6, 2.4 Hz), 6.91 (1H, d, J = 2.4
Hz), 7.18 (1H, d, J = 8.6 Hz).
EIMS (+): 196 [M]".
15 <Reference Example 10>
5-Ethoxy-2-hydroxybenzenethiol
[0179]

[Chemical formula 52]

o SH

OH

20 [0180]
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[0186] Under an argon gas atmosphere, a solution of tris(dibenzylideneacetone)dipalladium
(87.0 mg) and 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (111 mg) in 15 dioxane (1.8 mL) as a
reaction solution was heated to reflux for 30 minutes. Next, a solution of the compound of Reference
Example 3 (400 mg) in dioxane (2.0 mL), diisopropylethylamine (0.32 mL), and a solution of the

compound of Refere e Example 10 (195 mq) in diox ne 1.0 mL) was added to the reaction solution,
and e 20 reacton SO or WAE LHftet 57 SHUEHE ik AGAlIp GO To A TRE CotiEord B0,

Reference Examg le 0] (é%g 0 mg) was (;Ljrther added the reaclé QN S solution, Wrgch was | then heated to
reflux for 14 °fours. Then, v%ﬁer Was Sddétd drusrice Eodﬁjn%o nsoqub?e n?acffler W(as reemc?\]/fedq By

filtration usj CeI te @n&t filtr qIglte W%S \é/asge(éwn eth %e 'IL thrafte was extracl;C ed with
ate rateds ]Brlne

ethyl aceta e organ ayer as SUcCessivel was F'and satur and then
dried over an rﬁc;ltrous sodJHlm sulfate The anhxdrous sodlum %ulfate yﬁere%)ved b flltratlogéand

then the so?ve was removedS by di da sttlléa?on un d’er reduced’ preslért]:r% resuIFan? residue was

purified py silica gel column ¢ fomatogra, 15 ethyI ace ate = 1 to.0 taln he target
product(%4i mg)igls aEE}ro%vn oljjl 51 N%/Iﬂ%%@éﬁﬁ% a ﬁ)ﬁjl 35‘(% tf‘v 6. 3) Iltlth
1.77-1.91(zH.m 32( éj d ‘]1 13. 9a7 2 243 1Hg bh solution was extracted with
~13.9,7.3Hz) 259-5.75(2H m) 3 8 7-3.79(2H.m) 3.97(2H- 0,

_67HZ)4%§@y'%%%%Z%§U*Sh? §% d%wagwashedw1thwaterandsaturatedbrlne

in that order, and then dried over anhydrous sodium sulfate. The
anhydrous sodium sulfate was removed by filtration, and the solvent
10 was removed by distillation under reduced pressure to obtain the
target product (210 mg) as a colorless oil.
'H NMR (CDCls, 400 MHz): & 1.38 (3H, t, J = 7.3 Hz). 3.10 (1H, s),
3.96 (2H, g, J = 7.3 Hz), 5.73 (14, s), 6.78 (1H, dd, J = 9.2, 3.1
Hz), 6.87 (l1H, d, J = 9.2 Hz), 6.98 (1H, d, J = 3.1 Hz).
15 EIMS (+): 170 [M]".
<Reference Example 11>
6-t-Butyldimethylsilyloxy-1,3-benzoxathiol-2-one
[0181]

[Chemical formula 53]

TBSO S
20 (3
[0182]
Imidazole (972 mg) and t-butylchlorodimethylsilane (2.15 g)
were added to a solution of 6-hydroxy-1,3-benzoxathiol-2-one (2.00

g) in N,N-dimethylformamide (60 mL) to form a reaction solution.
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Hz),5.21(1H,s),5.78-5.91(1H,m),6.04(1H,s),6.91(1H,dd, J=7.9,1.8Hz),6.93-7.21(1H,m). ESIMS (+):
508 [M+H]2. <Reference Example 14>
(R)-2-ally1-2-t-butoxycarbonylamino-4-{2-chloro-4-(2-t-butoxyc 20
arbonylhydroxy-5-ethoxyphenylthio)phenyl}butan-1-03 [0187] [Chemical formula 56] EtOCI NHBoc

OOH Boc

10

15

20

This reaction solutionwas stirred for 4 hours at normal temperature.
Water was then added to the reaction solution, and the reaction
solution was extracted with ethyl acetate. The extract was washed
with water and saturated brine in that order, and then dried over
anhydrous sodium sulfate. The anhydrous sodium sulfate was removed
by filtration, and then the solvent was removed by distillation
under reduced pressure. The resultant residue was then purified
by silica gel column chromatography (hexane : ethyl acetate = 20 :
1) to obtain the target product (3.00 g) as a colorless oil.

'H NMR (CDCls, 400 MHz): & 0.20 (6H, s), 0.98 (9H, s), 6.77 (1H,
dd, J = 8.6, 2.4 Hz), 6.87 (1H, d, J = 2.4 Hz), 7.14 (1H, 4, J =
8.6 Hz).

CIMS (+): 283 [M+H]".

<Reference Example 12>
5-t-Butyldimethylsilyloxy—-2-hydroxybenzenethiol

[0183]

[Chemical formula 54]

TBSO SH

OH

[0184]

The target product (2.72 g) was obtained as a colorless oil
by reacting the compound of Reference Example 11 (3.00 g) in the

same manner as in Reference Example 10.
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[0188] Under an argon atmosphere, di-tert-butyldicarbonate (101 mg) and triethylamine (0 . 052
mL) were added to a solution of the compound 5 of Reference Example 13 (156 mg) in acetonitrile
(3.1 mL) to form a reaction solution. This reaction solution was stirred for 2.5 days at normal
temperature . Water was added to the reaction solution, and the reaction solution was extracted with
ethyl acetate. The o&gfnic layer was succe s s ively washed with water and saturatedbrine, 10 and

then dried oVel'HRnydrBbs soditii difate’ Theartiydftis sGdiunPsulfate Wars rehioved®y fitrtion,
d then th [ d jstillati d d . Th [tant resi
an en ei)lso ge 3W3,ﬁlr{er2§;{e gygis |Lfl P{on é[lg e5 rec %c.eéi pr. sz:uri%) e egg asrr%l resgjueras

purified by% ita"gel columr chromatography (hexahe  ethyl aceta 1) to obta e target

product (182 mg colorl og. 5151 NMR (0D013, 400 MHz): 8 1.36 (3H, t,J = 7.3 Hz), 1.44
(9H, s), 1.51 (%H21 :'53,2615.87 2%5,35(1& % =%’1'1.5§ 6.1°1.8 A 2.33 (1H, dd, J = 13.9, 8.5 Hz), 2.45 (1H,

dd, J = 13.%,@% H(z+) 2.64: .72[% gl?] m), 3.68-3.81 (2H, m), 3.94 (2H, g, J = 7.3 Hz), 4.73 (1H, s), 5.19
(1H, d, J = 3.6 Hz), Q.ZZ %8 (2H, m), 7.09 (1H, d, J = ESIMS (+): 608 [M+H]2. <Reference Example
15> (R)-2-allyl-2-t-butoxycarbonylamjno-4-{2-chloro-4-(2-t-butoxyc
arbonylr%yd%%%g-re?ﬁlgxeyz%éﬁ%%)?)ﬂ%%yI}-1-dimethoxyphosphory loxybutane [0189] 5 [Chemical

fo”mﬂa57hﬁyﬂ998fhgkﬁaggm%%toxycarbonylamino—4—{2—chloro—4—(5—ethoxy—2—
hydroxyphenylthio)phenyl}butan-1-ol
[0185]

[Chemical formula 55]

EtO S Cl
T e
OH e OH

[0186]

Under an argon gas atmosphere, a solution of
tris(dibenzylideneacetone)dipalladium (87.0 mg) and
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (111 mg) in

15 dioxane (1.8 mL) as a reaction solution was heated to reflux for
30 minutes. Next, a solution of the compound of Reference Example
3 (400 mg) in dioxane (2.0 mL), diisopropylethylamine (0.32 mL),
and a solution of the compound of Reference Example 10 (195 mg)
in dioxane (1.0 mL) was added to the reaction solution, and the
20 reaction solution was stirred for 3 hours while heating to reflux.
The compound of Reference Example 10 (33.0 mg) was further added

to the reaction solution, which was then heated to reflux for 14
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Boc [0190] Under an argon gas atmosphere, carbon tetrabromide (190 mg) and trimethyl
phosphite (0.068 mL) were added under ice cooling 10 to a solution of the compound of Reference
Example 14 (175 mg) in pyridine (0.57 mL) to form a reaction solution. This reaction solution was
stirred for 4 hours at the same temperature. Water was added to the reaction solution, and the reaction
solution was extracted with ethy| acetate. Thg organic layer was suyccessively 15 wasJ;ed with 1 mol/L

hydrochloric @i water CAnd Laliratdd brines Rd ther drisd b8 anhirous Soaiuin stifats: “fHe

anhydrous sodium sulfate was Jemoved by firation, anid then the solvent was removed by, distlation
under reduced pressure. THe resultant residue was purified’ by silica’ gel column chromatography

h : ethyl 20=3:1 i d 194 lorl il. 151 NMR
Coars, 450 e e 1 B e e B e o 0
1H, , 2.42-2.57 (2H, , 2.64-2.75 (2H 3.77 (3H 3.80 (3H, d, J=1.2), 3.90-4.01 (2H ,
oL oy e St bt SR G Ll B Sk i e Ltk 2o Rt EE™
57558 (014, 078084 011 ), 109 40,4 051 LT AL GH M3 LR 19 =18

Hz). ES ample 1>
(R)-2-ally1-2-amino-4-{2-chloro-4-(5-ethoxy-2-hydraxyphenylthi o)phenyllbutylphospharic acid
monoestersl% RSZTF ﬁg.%%avr?grrﬁﬁll’gos‘vé%(% b¥ fl)itprag¥on, é?ng %’gen %Re soqven% was

removed by distillation under reduced pressure. The resultant

residue was purified by silica gel column chromatography (hexane :

ethyl acetate = 10 : 1) to obtain the target product (342 mg) as
10 a brown oil.

'H NMR (CDCls, 400 MHz): & 1.39 (3H, t, J = 6.7 Hz), 1.43 (9H, s),

1.77-1.91 (2H, m), 2.32 (1H, dd, J = 13.9, 7.9 Hz), 2.43 (1H, dd,

J=13.9, 7.3 Hz), 2.59-2.75 (2H, m), 3.67-3.79 (2H, m), 3.97 (2H,

q, J = 6.7 Hz), 4.15 (1H, brs), 4.71 (1H, s), 5.17 (1H, 4, J = 3.6
15 Hz), 5.21 (1H, s), 5.78-5.91 (l1H, m), 6.04 (1H, s), 6.91 (1H, d4dd,

J=7.9, 1.8 Hz), 6.93-7.21 (1H, m).

ESIMS (+): 508 [M+H]".

<Reference Example 14>

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(2-t-butoxyc
20 arbonylhydroxy-5-ethoxyphenylthio)phenyl}butan-1-ol

[0187]

[Chemical formula 56]
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0 NH2Ige..OH "
the compound o
solution was stir

OH [0193] A hydrogen chloride-methanol solution (5 - 10%, 15 mL) was 15 added to
f Reference Example 15 (193 mg) to form a first reaction solution. This first reaction
red for 1 day at normal temperature. The solvent was removed by distillation under

reduced pressure, and then, under an argon atmosphere, acetonitrile (2.7 mL) was added to the

residue to form 20 a seco

reaction s ditttle

was removed by di stiIIatin under reduced
tetrahydrofuran, and acetBfifrile was added
collected by filtration to obtain the target prodq

ndreaction solution. lodotrimethylsilane (0.19mL) was added to this second
' ext, the second reaction solution was stirred for 2 hours at the

ressure, and then the resultant product was dissolved in 5
the resultant solution. The resulting precipitate was
t (63.3 mq) as a colorless solid. Optical rotation: [a]D26

+2.74 (c 0.31, MeOH).

[018

8]

Under an argon atmosphere, di-tert-butyldicarbonate (101 mqg)

and triethylamine (0.052 mL) were added to a solution of the compound

of R

a re

eference Example 13 (156 mg) in acetonitrile (3.1 mL) to form

action solution. This reaction solution was stirred for 2.5

daysat normal temperature.

Water was addedtothereactionsolution,

10

and the reaction solution was extracted with ethyl acetate. The
organic layer was successivelywashedwithwater and saturatedbrine,
and then dried over anhydrous sodium sulfate. The anhydrous sodium

sulfate was removed by filtration, and then the solvent was removed

by d

purified by silica gel column chromatography (hexane :

15

1.51 (9H,

J

m),

(1H,

20 (2H,

ESIMS

10 :

'y NMR (CDCl;, 400 MHz) :

istillation under reduced pressure. The resultant residue was

ethyl acetate

1) to obtain the target product (182 mg) as a colorless oil.

0 1.36 (3H, t, J 7.3 Hz), 1.44 (9H, s),

s), 1.87 (2H, ddd, J =11.5, 6.1, 1.8 Hz), 2.33 (1lH, dd,

13.9, 8.5 Hz), 2.45 (1H, dd, J = 13.9, 6.7 Hz), 2.64-2.78 (2H,

19

3.68-3.81 (2H, m), 3.94 (2H, q, J = 7.3 Hz), 4.73 (1H, s), 5.

5.79-5.93 6.78-6.84

d, J 3.6 Hz), 5.22 (1H, s), (1H, m),

m), 7.09 (1H, 4, J 8.5 Hz), 7.15 (2H, s), 7.33 (1lH, s).

(+): 608 [M+H]".

<Reference Example 15>
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151 NMR (DMSO-d6, 400 MHz) : 8 1.23 (1H, t, J = 6.7 Hz), 1.60-1.77 10 (1H, m), 2.30-2.50 (1H, m),
2.62-2.73 (1H, m), 3.77 (2H, dt, J = 22.4, 12.1Hz), 3.87 (2H, g, J=6.7 Hz) , 5.16-5.29 (2H,m), 5.77-5.84
(1H, m), 6.71 (1H, d, J = 2.4 Hz), 6.79-6.87 (2H, m), 7.07-7.14 (2H, m), 7.26 (1H, d, J = 7.9 Hz).
HRESIMS (+): 488.10694 (Calcd. for 021512801N06PS 488.10635). 15 <Reference Example 16>

(R)-2-ally1-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-cycloprop
e T o b SRk s e (P U B 61

The target product (2.2 g, including impurities) was obtajned as a green, oil by reacting the compound
of Referents EXHHY ST Ere) A BT SOOI En Exdr S (TS e T ke

manner asil%R fertence Example 13. The materials were used in the 5 next reaction as is without any
further puri iGation. <Réference Example 17>

(R)-2-a||y1-§6tl-lglét xycarbonylamino-4-{2-chloro-4-(5-cycloprop
y1-2-methoxymethyloxyphenylthio)phenyl}-1-dimethoxyphosphorylo xybutane

5 [Chemical formula 57]

EtO ) Cl o
U \C[/}INHBOC [g,OMe
OI ‘e,
Boc

0" “oMe

[0190]
Under an argon gas atmosphere, carbon tetrabromide (190 mg)
and trimethyl phosphite (0.068 mL) were added under ice cooling
10 to a solution of the compound of Reference Example 14 (175 mg) in
pyridine (0.57 mL) to form a reaction solution. This reaction
solution was stirred for 4 hours at the same temperature. Water
was added to the reaction solution, and the reaction solution was
extracted with ethyl acetate. The organic layer was successively
15 washed with 1 mol/L hydrochloric acid, water, and saturated brine,
and then dried over anhydrous sodium sulfate. The anhydrous sodium
sulfate was removed by filtration, and then the solvent was removed
by distillation under reduced pressure. The resultant residue was
purified by silica gel column chromatography (hexane : ethyl acetate
20 = 3 : 1) to obtain the target product (194 mg) as a colorless oil.
'H NMR (CDCls, 400 MHz): & 1.36 (3H, t, J = 7.3 Hz), 1.44 (9H, s),

1.51 (9H, s), 1.75-1.92 (1H, m), 1.90-2.10 (1H, m), 2.42-2.57 (2H,
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10 [0196] [Chemical formula 60] 15 20 [0197] The target product(1.43 g)was obtained as a brown oil
by reacting the compound of Reference Example 16(2.2 g,including impurities)in the same manner as
in Reference Example 15. 151 NMR (CDC13,400 MHz) : 0.57-0.60(2H, m),0.88-0.91(2H, m),1.44
(9H,s),1.78-1.84(2H,m),1.96-2.04(1H,m),2.44-2.56(2H,m),

2.68-2.73(2H,m),3,38(3H.5),3.77(3H,5),3.80(3H,5),4.12
(1H,dd,J=9I.T§,4%H9)4,4T%3f1%-|fgél,ﬂzr@j.&j’.?ﬁl)i),&135% )y 3.80 (38, d, J=1.2), 3.90-4.01
(

(2H, m), 4.11 (1H, dd, J = 9.7, 4.8 Hz), 4.22 (1H, dd, J = 9.7,
4.8 Hz), 4.60 (1H, brs), 5.17-5.25 (2H, m), 5.75-5.88 (1lH, m),
6.78-6.84 (2H, m), 7.09 (l1H, 4, J = 8.5 Hz), 7.10-7.17 (2H, m),

5 7.32 (1H, t, J = 1.8 Hz).

ESIMS (+): 716 [M+H]".

<Example 1>
(R)-2-allyl-2-amino-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthi
o)phenyl}butylphosphoric acid monoester

10 [0192]

[Chemical formula 58]

EtO S cl o
OH e

OH

[0193]
A hydrogen chloride-methanol solution (5 - 10%, 15 mL) was

15 added to the compound of Reference Example 15 (193 mg) to form a

first reaction solution. This first reaction solution was stirred

for 1 day at normal temperature. The solvent was removed by

distillation under reduced pressure, and then, under an argon

atmosphere, acetonitrile (2.7 mL) was added to the residue to form
20 asecondreactionsolution. Iodotrimethylsilane (0.19mL) was added

tothis secondreaction solutionunder ice cooling. Next, the second

reaction solution was stirred for 2 hours at the same temperature.
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(1H,brs),5.15(2H,s),5.19-5.23(2H,m),5.76-5.85(1H,m),6.98 62 (1H, d, J = 8.6, 1.8 Hz), 7.00 (1H, d, J
= 1.8 Hz), 7.08 (1H, d, J = 7.3 Hz), 7.09 (1H, d, J = 7.3 Hz), 7.17 (1H, d, J = 8.6 Hz), 7.23 (1H, d, J =
1.2 Hz). ESIMS (+): 656 [M+H]2. 5 <Reference Example 18>
(R)-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-cyclopropy1-2-met

hoxymethyloxyphenylthiq) %en [}-I-dimethoxyphosphoryloxy-2-(1- hydroxypropyl)butane [0198] 10
(Cramical KA THo8F 2= SURGEF A ArOon St Bu R R B e BEpoGRd-6t HefkFeiios
Example 17 (1.41 g) was dissolved in tetrahydrofuran (20 mL). A 15 borane-tetrahydrofuran complex
(101 moll 5 aFHR P St 5 SRS D16h BAA00 HRmaEe 10 175 sRNBH of e 176

compound of Reference Example 17 under ice cooling to form a reaction solution. This reaction
colution Wi S S RE SBTESES berat 1S £ 1 8 RIS TR, Aesen(n AL B S it SeFborate
20 hydrate (644 ma) were.added under fqe. coqling, and the reaction s cltation wag, stined for 3 hours
at normal tempera uré, The reaction

3

5 tetrahydrofuran, and acetonitrile was added to the resultant
solution. The resulting precipitate was collected by filtration
to obtain the target product (63.3 mg) as a colorless solid.
Optical rotation: [oc]D26 +2.74 (¢ 0.31, MeOH).

'H NMR (DMSO-d¢, 400 MHz) : 8 1.23 (1H, t, J = 6.7 Hz), 1.60-1.77

10 (1H, m), 2.30-2.50 (1H, m), 2.62-2.73 (1H, m), 3.77 (2H, dt, J =
22.4,12.1Hz), 3.87 (2H, g, J=6.7Hz), 5.16-5.29 (2H, m), 5.77-5.84
(l1H, m), 6.71 (1H, d, J = 2.4 Hz), 6.79-6.87 (2H, m), 7.07-7.14
(2H, m), 7.26 (1H, 4, J = 7.9 Hz).

HRESIMS (+): 488.10694 (Calcd. for C,H3CINOPS 488.10635).

15 <Reference Example 16>
(R)—2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4—-(5-cycloprop
yl-2-methoxymethyloxyphenylthio)phenyl}butan-1-ol
[0194]

[Chemical formula 59]

S Cl

NHBoc
O “¥" “OH
MOM

20

[0195]
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S citation was diluted with water , and then extracted with ethyl acetate. The organic layer was washed
with saturated brine, and then dried over anhydrous sodium sulfate. The anhydrous sodium sulfate
was removed by filtration, and then the solvent was removed by 5 distillation under reduced pressure.
The resultant residue was purified by silica gel column chromatography (hexane : ethyl acetate =1 : 2)
to obtain the target product (979 mg) as a colorless ail. 151 NMR (CDC13, 400 MHZ%Z 8 0.56-0.60 (2H,

m), 0.87-0.92 (2H, M)C 1540 6+, &) “C869.66 (219 m)P T 752182 @y 268 (21t 1072 86 H),
3.38 (3H, s), 3.66-3.69 (2H, m), 3.78 (3H, d, J = 3.7 Hz), 3.8 d,J = 3.7 Hz), 4.12-4.16 (1H, m),
T 26 B MGEEL G B e Lk ane She G £ L Re Ty Etise g ithes) Tk 1's
Hz), 7.00 (1H,d,J =18 H 7.06 (1H,d,J=7.3 H 7.09-7.12 (2H, , 3(1H, d, J=1.8 Hz). 15
Eé)IMS (+)(:gé7fﬁ\ﬁ+|§|]i—?e.<ze}? ur% é)g ﬂquﬁ@%nz & ]Qxamp%e( 'él @Z% g(g' in ’ghe samz

@)
rence exampile

(R)-2-amino-4-{2-chloro-4-(5-cyclopropyl-2-hydroxyphen hioé%‘ . .
oy 12 (L SRy SOy oA S T U roosater T8I ST (CH ST ot 64 [y
The target Rrodcu% é%ZCQCm was obtaineg}%s%% colorle§% rajgr}loer@hous SltLbstance by reacting the

compound of Reférence xamapﬁe 18 (gé g inthe same manng}lgsllnll(::%’rh%fé'l. 5151 NMR

(DMSO-d6, 400 MHz): 8 0.49-0.53 (2H, m), 0.80-0.84 (2H, m), 1.46-1.81 (7H, m), 2.61 (2H, brs),
3.33-3.39 éﬁ?%ne),r%r}ﬁe(z ,%?E)i%.é?{m, d, J = 8.6 Hz), 6.92-6.99 (4H, m), 7.25 (1H, d, J = 7.3 Hz).

HRESIMS : 502, s for Q885 NO6PS 502,12200 < le 20>

AP Ik S s S e SR e

Xy{}eﬂmxw¥ﬁawﬁgpm®¥§%@%ﬁ§ﬁg§ygkgﬂyié%%g&%@ényl}—l—dimethoxyphosphorylo
xybutane

10 [0196]

[Chemical formula 60]
S ClI o
\O/\/ NHBoc IB,OME
0 07 S OMe
MOM

[0197]
The target product (1.43 g) was obtained as a brown oil by
15 reacting the compound of Reference Example 16 (2.2 g, including
impurities) in the same manner as in Reference Example 15.
'H NMR (CDCl;, 400 MHz):8 0.57-0.60 (2H, m), 0.88-0.91 (2H, m), 1.44
(9H, s), 1.78-1.84 (2H, m), 1.96-2.04 (1H, m), 2.44-2.56 (2H, m),
2.68-2.73 (2H, m), 3.38 (3H, s), 3.77 (3H, s), 3.80 (3H, s), 4.12
20 (1H, dd, J = 9.8, 4.3 Hz), 4.23 (1H, dd, J = 9.8, 4.3 Hz), 4.59

(1H, brs), 5.15 (2H, s), 5.19-5.23 (2H, m), 5.76-5.85 (1H, m), 6.98
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[Chemical formula 63] The compound of Reference Example 14 (122 mg) was dissolved in ethanol (2

mL), and then 10% palladium on activated carbon (12 mg) was added to the solution of the compound
of Reference Example 20 14 to form a reaction solution. This reaction solution was stirred for 10 hours
at normal temperature under a hydrogen atmosphere (1 atm). Insoluble matter was removed using

Celite. The solvent in the filirate was remaoved_by distjllation under reduced pressure o obtain the

target prodﬁt]:%{(’lzé’mg;) Es%édloﬁlés?s oif )1’51&9/%? (b1, 4602le<z§: §gb6 (gl—(f3 # J(2 £H7.3 2),

1.36 (3H, t, 5 J=7.3 Hz), 1.39-1.58 (4H, m), 1.51 (9H,.s), 1.59 (9H, s), 1.53-1.60 (2H, m), 1.75-1.84

(1H, m), 1.861. 5%1&,2%), z?éB%.éﬂsz;m)fsﬁj?zﬁ,%z, = g.*liljz)(,]]fm ?ZH,éq,: 3 g‘fﬂi‘z&w.zz

(1H, brs), 4 Gél%]/.lg,](?{s),f] -6.8 (?£-|,Hm3, 7.09 (1H, d, J=8.6 Hz), 7.15-7.16 (1H, m), 7.33 (1H,d, J =
1610 [ :

1.2 Hz). 10E +H]2. $Réferénce Example 21>

i?/)sétggio%ﬁiﬁ?ﬁiﬁg%ﬁmg%ﬁﬁé?ﬂifﬁoi;féhtogSLO(;(r{/Tc?;SOZnﬁg)py Ibutane 15 [0204] [Chemical

fo”nma§4LReference Example 18>
(R)—2-t-butoxycarbonylamino-4—-{2-chloro-4-(5-cyclopropyl-2-met
hoxymethyloxyphenylthio)phenyl}-1-dimethoxyphosphoryloxy—2—-(1-
hydroxypropyl) butane

[0198]

10 [Chemical formula 61]

S Cl o
\O/\/ NHBoc I]__I),OMG
O O~ “OMe

MOM

OH
[0199]
Under an argon gas atmosphere, the compound of Reference

Example 17 (1.41 g) was dissolved in tetrahydrofuran (20 mL). A
15 borane-tetrahydrofuran complex (1.01 mol/L tetrahydrofuran

solution, 3.2 mL) was then added dropwise to the solution of the

the compound of Reference Example 17 under ice cooling to form a

reaction solution. This reaction solution was stirred at the same

temperature for 1.5 hours. Then, water (20 mL) and sodium perborate
20 hydrate (644 mg) were added under ice cooling, and the reaction

solutionwas stirred for 3 hours at normal temperature. Thereaction
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[0205] The target product (106 mg) was obtained as a colorless oil 20 by reacting the compound
of Reference Example 20 (100 mg) in the same manner as in Reference Example 15. 151 NMR
(0DO013, 400 MHz): 8 0.95 (3H, t, J = 7.3 Hz), 1.47 (9H, s), 1.51 (9H, s), 1.63-1.82 (5H, m), 1.99-2.05
(A1H, m), 2.64-2.69 (2H, m), 3.77 (3H, d, J = 1.2 Hz), 3.94 (2H, q, J = 7.3 Hz), 4.09-4.12 (1H, m),
4.23-4.26 (1Hléng, 4.51 (“_‘i(‘h rs%, 6,79-6,83 (2H, m 5(1H,d,J=

s (TR P L T S ol aEe o P B e R Ry ot PR a6 9o

[0206] 10 (S)-2-amino-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthio)phenyl }-2-prapylbutylphasphoric
acid monoe%s &fﬁ:ﬁ)aﬁ h%rarﬁ/ceaﬁ fgran”slui'é eg w%th gaturyatec2 bri e}, £ng1 %I}?er}/ [c)Jlrlepcs1

over anhydrous sodium sulfate. The anhydrous sodium sulfate was
removed by filtration, and then the solvent was removed by

5 distillation under reduced pressure. The resultant residue was
purified by silica gel column chromatography (hexane : ethyl acetate
=1 : 2) to obtain the target product (979 mg) as a colorless oil.
'H NMR (CDCls;, 400 MHz): 8 0.56-0.60 (2H, m), 0.87-0.92 (2H, m),
1.40 (9H, s), 1.60-1.66 (2H, m), 1.75-1.82 (4H, m), 2.68 (2H, t,

10 J = 8.6 Hz), 3.38 (3H, s), 3.66-3.69 (2H, m), 3.78 (3H, d, J = 3.7
Hz), 3.80 (3H, d, J = 3.7 Hz), 4.12-4.16 (1lH, m), 4.22-4.26 (1H,
m), 4.61 (l1H, brs), 5.15 (2H, s), 6.97 (1H, dd, J = 8.6, 2.5 Hz),
6.98 (l1H, 4, J =8.6, 1.8 Hz), 7.00 (1H, d, J =1.8 Hz), 7.06 (1lH,
d, J = 7.3 Hz), 7.09-7.12 (2H, m), 7.23 (1H, d, J = 1.8 Hz).

15 ESIMS (+): 674 [M+H]".
<Reference Example 19>
(R)—2—amino—-4-{2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
henyl}-2-(l-hydroxypropyl)butylphosphoric acid monoester
[0200]

20 [Chemical formula 62]
S Cl
O
A@ \@/\/ NH2 B/OH
OH ¥ T0” "OH

OH
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15 [0208] The target product (37 mg) was obtained as a colorless solid by reacting the compound
of Reference Example 21 (103 mg) in the same manner as Example 1. Optical rotation: [U]p29 -5.7 (c
0.34, MeOH). 20 Optical rotation: [U]p25 +16.2 (c 0.5, DMF). 151 NMR (DMSO-d6, 400 MHz): 8 0.89
(3H,t,J=7.3Hz), 1.23 (3H, t, J = 7.3 Hz), 1.29-1.32 (2H, m), 1.50-1.75 (4H, m), 2.61-2.66
(2H,m),3.7(%-§>2%]1(fH,m), d,J=3.1Hz),6.82(1H,dd, 3.87 J = (2H, 8.6, q,J 3.1 =7.3H2z),

The target product (120 mg) was obtained as a colorless
amorphous substance by reacting the compound of Reference Example
18 (535 mg) in the same manner as in Example 1.

5 'H NMR (DMSO-dg, 400 MHz): 8 0.49-0.53 (2H, m), 0.80-0.84 (2H, m),
1.46-1.81 (7H, m), 2.61 (2H, brs), 3.33-3.39 (2H, m), 3.71 (2H,
brs), 6.85 (1H, d, J = 8.6 Hz), 6.92-6.99 (4H, m), 7.25 (1lH, d,
J = 7.3 Hz).

HRESIMS (+): 502.12175 (Calcd. for CyH3C1NO¢PS 502.12200).

10 <Reference Example 20>
(S)—-2-t-butoxycarbonylamino-4—-{2-chloro-4-(2-t-butoxycarbonylo
xy—-5—ethoxyphenylthio)phenyl}-2-propylbutan-1-ol
[0202]

[Chemical formula 63]

EtO S Cl
NHBoc
0 OH
Boc
15
[0203]

The compound of Reference Example 14 (122 mg) was dissolved

in ethanol (2 mL), and then 10% palladium on activated carbon (12
mg) was added to the solution of the compound of Reference Example

20 14 to formareactionsolution. This reaction solution was stirred

for 10 hours at normal temperature under a hydrogen atmosphere (1
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Hz),6.86 6.71 (1H,d, (1H, J= 8.6 Hz), 7.10 (1H, dd, J = 8.0, 1.8 Hz), 7.12 (1H, d, J = 1.8 Hz), 7.28
(1H, d, J = 8.0 Hz). 5 HRESIMS (+): 490.12195 (Calcd. for 021513001N06PS 490.12200). <Reference
Example 22> (R)-2-ally1-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-t-butyldi
methylsilyloxy-2-hydroxyphenylthio)phenyl}butan-1-03 [0209] 10 [Chemical formula 66] [0210]

atm). Insoluble matter was removed using Celite. The solvent in
the filtrate was removed by distillation under reduced pressure
to obtain the target product (123 mg) as a colorless oil.
'H NMR (CDCls;, 400 MHz): & 0.96 (3H, t, J = 7.3 Hz), 1.36 (3H, t,
5 J=7.3Hz), 1.39-1.58 (4H, m), 1.51 (9H, s), 1.59 (9H, s), 1.53-1.60

(2H, m), 1.75-1.84 (1H, m), 1.86-1.95 (1H, m), 2.60-2.74 (2H, m),
3.74 (2, d, J =6.1 Hz), 3.94 (2H, q, J = 7.3 Hz), 4.22 (1H, brs),
4.64 (1H, brs), 6.78-6.83 (2H, m), 7.09 (1H, d, J=8.6Hz), 7.15-7.16
(l1H, m), 7.33 (1H, d, J = 1.2 Hz).

10 ESIMS (+): 610 [M+H]".
<Reference Example 21>
(S)—-2-t-butoxycarbonylamino-4—-{2-chloro-4-(2-t-butoxycarbonylo
xy—-5—-ethoxyphenylthio)phenyl}-1-dimethoxyphosphoryloxy—-2-propy
lbutane

15 [0204]

[Chemical formula 64]

EtO S Cl o
NHBoc |g,OMe
0 TS0 SOMe
Boc
[0205]

The target product (106 mg) was obtained as a colorless oil
20 by reacting the compound of Reference Example 20 (100 mg) in the

same manner as in Reference Example 15.
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The target product (3.22 g) was obtained as a brown oil by reacting the compound of Reference
Example 3 (3.6 g) and the compound 15 of Reference Example 12 (2.65 g) in the same manner as in
Reference 6.87-6.98 (4H, m), 7.03 (1H, d, J = 1.8 Hz), 7.10 (1H, d, J = 8.0 Hz). ESIMS (+): 594
[M+H]2. <Reference Example 23> 5 (R)-2-ally1-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-t-butyldi

methylsilyloxy-2- methox methyloxyphenylthio)phen Ibutan 1 oI 0211 Chemlcal formula 67] TBSOS
methylsylgxy.2 methoxymethylophenyitiiojohenyloutan-1-ol [0244] [chemical formula 67,7

I

1.51 (9H, s), 1.63-1.82 (5H, m), 1.99-2.05 (1H, m), 2.64-2.69 (2H,
m), 3.77 (3, 4, J =1.2 Hz), 3.94 (2H, g, J = 7.3 Hz), 4.09-4.12
(lH, m), 4.23-4.26 (1H, m), 4.51 (1H, brs), 6.79-6.83 (2H, m), 7.09

5 (1H, 4, J = 8.6 Hz), 7.12 (1H, d, J = 7.9 Hz), 7.15 (1H, dd, J =
7.9, 1.8 Hz), 7.33 (1H, d, J = 1.8 Hz).
ESIMS (+): 718 [M+H]"
<Example 2>
[0206]

10 (S)-2-amino—-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthio)phenyl

}—2-propylbutylphosphoric acid monoester
[0207]

[Chemical formula 65]
O ) Cl
O
T T e B
OH “b"07 “OH

15 [0208]

The target product (37 mg) was obtained as a colorless solid
by reacting the compound of Reference Example 21 (103 mg) in the
same manner as Example 1.

Optical rotation: [OL]D28 -5.7 (c 0.34, MeOH).
20 Optical rotation: [a]p®® +16.2 (c 0.5, DMF).
'H NMR (DMSO-dg¢, 400 MHz): & 0.89 (3H, t, J = 7.3 Hz), 1.23 (3H,

t, J = 7.3 Hz), 1.29-1.32 (2H, m), 1.50-1.75 (4H, m), 2.61-2.66
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10 [0212] Potassium carbonate (446 mg) was added to a solution of the compound of Reference
Example 22 (1.75 g) in acetone (14.7 mL). Then, chloromethyl methyl ether (0.25 mL) was added
dropwise under ice cooling to forma reaction solution. The reaction solution was 15 then stirred for 4
hours at the same temperature. A10% citric acid aqueous s citation was added to the reaction solution,

and the reaction solutio s extracted with ethyl acetate, The combined organic layer s were washed
with s aturatéd brife’, a%w ég 'oéi%d ver ah SIdISOU%—}SO fith stifaté. Th 'a%h%ﬁdusgs:oiiliurﬁ%{u’lfate

was removed by 20 filtration, and t the solvent was removed by distillation under reduced_pressure.
The resultagn‘t rgsiaué W%sgﬁaﬁfiégd'%%nsi ica gel Toliimn ¢ 'roma(%o'gi;ag@ (hegxa%é; :?eitﬁy’/l ad‘(:fetg?e:: 4

1) to obtain.the target product (1.44 g) as_a colorless. oi 1N D , 400 MHz): 8 0.08 (6H, s),
0.91 (9H,2§,'§4ﬁ2( H,pé)gﬁ?é(:L '95 H,Jg)‘, 3 '(1[11;%;1,%)="1T1§%.9&—]g), .’465[(I1_H,15 %dgﬁ)dm.l,
6.7 Hz), 2.65- §82 .m), 3.45 (3H, 5),,3.68-3.82 (2H, m), 4.74 (1H, brs), 5.13 (2H, ), 5.16-5.25 (2H,
m), 5.80-5. 5% H,((ﬁ%_,‘ H, d° 3% 31Hz), 6.68 (1H, dd, J = 9.2, 3.1 Hz), 7.00 (1H, d, J = 9.2 Hz),

718 21, 7 321H, 9} ESINS (2,638 ez 10sRelerence Fyamle 47 12200,

(R)-2-ally utoxycarbonylamino- oro- -(5-%36r0
-methoxymggytloygheny hio @ny ?gtan-l-os [0213] [Chemical formula 68]
IetrabutylammonelumnfﬁJeor%é 0 moll tetrahydrofuran solution, 6.20 mL) was added under ice

cooling to a solutjon of the QITEQ%IIJJI%%OfR f ence E amcpleilg dé@%ﬁ?g; in tetr @_dcrgﬁgr n2Q (31 mL)
to forma reaécgon s%lu%gn. The reactioﬁys%ﬁﬁ%nn as ﬁ]le% stirre% for 11horucf' at tﬁe sameute%pe%ature.
Water was added 10 1he 1 42 _hydroxyphenylthio)phenyl}butan—1-ol

[0209]

10 [Chemical formula 66]

TBSO S Cl
NHBoc
OH OH

[0210]
The target product (3.22 g) was obtained as a brown oil by
reacting the compound of Reference Example 3 (3.6 g) and the compound
15 of Reference Example 12 (2.65 g) in the same manner as in Reference
Example 13.
'H NMR (CDCls, 400 MHz) : 8 0.17 (6H, s), 0.97 (9H, s), 1.58 (9H,
s), 1.81-1.88 (2H, m), 2.32 (1H, dd, J = 13.5, 8.0 Hz), 2.43 (1H,
dd, J = 13.5, 6.7 Hz), 2.62-2.70 (1H, m), 3.68-3.78 (2H, m), 4.71

20 (1H, brs), 5.17-5.21 (2H, m), 5.80-5.90 (1H, m), 6.05 (1lH, s),
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reaction solution. The tetrahydrofuran was removed from the reaction solution by distillation under
reduced pressure, and the resultant residue was extracted with ethyl acetate. The combined organic
layers were successively washed with water (20 mL) and 5 saturated brine, and dried over anhydrous
sodium sulfate. The anhydrous sodium sulfate was removed by filtration, and then the solvent was
removed by djstillation under reduced pressure. The resultant residue was purified by silica gel column
chromatog)réap 351—( e>9< ne((:zgthyr%(:e%tg §: l(gl:{i A1 :JZ).:T e%solﬁa)dbt ihigo bg/lfﬂt 15 p“Lrﬁic ti§n
treatment wa suspended in hexane - diethyl ether (4 : 1) , and then collected by filtration to obtain the
target product (2.87 g) as a colorless solid. 151 NMR (CDC13, 400 MHz): 8 1,44 (9H, s), 1.80-2.03
(2H, m), 2. %# : id, J=14,1, 7MQ z), 2.40-2.55 (1H, m), 2.70-2.85 (2H, m), 15 3.47 (3H, s),
3.65-3.78 ( ??}n% 7R bre) 53 (2H, 5), 5.17-5.27 (2H, m), 5.78-5.95 (1H, m), 6.45 (1H, S), 6.65
(1H, dd, J :<1§'e6 3r.1€II;|zg, é}({)gﬂ% d %: 8.6 Hz), 7.21 (2H, s), 7.38 (1H, s). ESIMS (+): 524 [M+H]2.
20 <ReferencefI:Exam|c(ﬂe >(R)- -aﬁyf—Z-t-butoxycarbonylamino-4-{2-ch|oro-4-(2-methoxyme

thyloxy-5-trifluoramethanesulfonyloxyphenylthio)phenyl}butan-1 sol [0215] 25, [C ical formula 69]
PRt Rl b taben il sl e L

N-phenyibigGilprometanesufonimige) (pdma 1"(%‘%'rﬁ]}‘?&@#@%ﬁ%ﬁ%ﬁﬂ%%%%%%58%”90” of

eferdnce %xam%?e

the compoun oromethane 0 form a reaction
solution. [0211]
[Chemical formula 67]
TBSO S ClI
\@ \@i/ NHBoc
O OH
MOM
10 [0212]

Potassium carbonate (446 mg) was added to a solution of the

compound of Reference Example 22 (1.75 g) in acetone (14.7 mL).

Then, chloromethyl methyl ether (0.25 mL) was added dropwise under

ice cooling to form a reaction solution. The reaction solution was

15 then stirred for 4 hours at the same temperature. A 10% citric acid

aqueous solution was added to the reaction solution, and the reaction

solution was extracted with ethyl acetate. The combined organic

layerswerewashedwith saturatedbrine, andthendriedover anhydrous
sodium sulfate. The anhydrous sodium sulfate was removed by

20 filtration, and then the solvent was removed by distillation under

reduced pressure. The resultant residue was purified by silica gel
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The reaction solution was then stirred for 3 hours at normal temperature.
N-phenylbis(trifluoromethanesulfonimide) (143 mg) was further added to the reaction solution, and the
solution was 10 then stirred for 2 hours at normal temperature. Water was added to the reaction
solution, and the reaction solution was extracted with ethyl acetate. The combined organic layers were

washed with saturated brine, and then dried over anhydrous sodium sulfate. The anhydrous sqodium
sulfate was fol RO ba By FIALOR SR then & L5 solvEht Whs F6EYed by distildtordndur raulced

pressure. The resultant residue was purified by silica gel column chromatography (hexane : ethyl
acetate = 41) tovtain the ?a%%?pﬁdu%?( 77%) 2 COUOHOES Bolth 151 NMR (CDC13, 400 MHz):

8 1.44 (9H, s), 1.83-2,00 (2H, m), 2.34 20 (1H, dd. J=14.1, 8.6Hz). 2.47 (1H, dd, J=14.1 6.7H2),
2.70-2.87 (2t 3?EPF§ﬂ:s)‘% 0765785: (4 OmY €. 78 {1 H5brs) U5 18-5(38 725 \oHt i) 35 4 2H, 5),

S5 Gft m 1O 442 34 TS0 ) 0Ly o § 92
Oz Ao C RIS S QR AT o i i, o 3.60-2.52
(2H, m), 4.74 (1H, brs), 5.13 (2H, s), 5.16-5.25 (2H, m), 5.80-5.95
(l1H, m), 6.53 (14, d, J = 3.1 Hz), 6.68 (1H, dd, J = 9.2, 3.1 Hz),
7.00 (1H, 4, J = 9.2 Hz), 7.18 (2H, s), 7.32 (1lH, s).
ESIMS (+): 638 [M+H]".
10 <Reference Example 24>
(R)—2-allyl-2-t-butoxycarbonylamino—4-{2-chloro-4- (5-hydroxy-2
—-methoxymethyloxyphenylthio)phenyl}butan-1-ol

[0213]

[Chemical formula 68]

HO S Cl
NHBoc
0 " S OH
MOM
15
[0214]

Tetrabutylammonium fluoride (1.0 mol/L tetrahydrofuran
solution, 6.20 mL) was added under ice cooling to a solution of
the compound of Reference Example 23 (3.96 g) in tetrahydrofuran

20 (31 mL) to forma reaction solution. The reaction solution was then

stirred for 1 hour at the same temperature. Water was added to the
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MOM 10 [0218] Under an argon gas atmosphere, tetrakistriphenylphosphine palladium (69.3 mg),
1,1'-bis(diphenylphosphino)ferrocene (33.3 mg) , and zinc cyanide (141 mg) were added to a solution
of the compound 15 of Reference Example 25 (200 mg) in N,N-dimethylformamide (1.5 mL) to form a
reaction solution. The reaction solution was then stirred for 4 hours at 80C. After leaving the reaction
solution to cool, water wa%eadded thereto. And the re ctign solution was extracted with etgyl acetate.

The combifiéd igatic Ry wehes washed With 20 Satirateabin antTher driedover afthydrous

sodium sulfate. The anhydrous sodium sulfate was.removed by filtration, and then the
reacglon sgqutfonxky d%SéE?Y%thD un eryre uced pressure, and the

resultant residue was extracted with ethyl acetate. The combined
organic layers were successively washed with water (20 mL) and

5 saturated brine, and dried over anhydrous sodium sulfate. The
anhydrous sodium sulfate was removed by filtration, and then the
solvent was removed by distillation under reduced pressure. The
resultant residue was purified by silica gel column chromatography
(hexane : ethyl acetate =12 : 1 2 1 : 2). The solid obtained by

10 this purification treatment was suspended in hexane - diethyl ether
(4:1), andthencollectedby filtration to obtain the target product
(2.87 g) as a colorless solid.

'H NMR (CDCls;, 400 MHz): & 1,44 (9H, s), 1.80-2.03 (2H, m), 2.34
(l1H, dd, J = 14.1, 7.9 Hz), 2.40-2.55 (1H, m), 2.70-2.85 (2H, m),

15 3.47 (3H, s), 3.65-3.78 (2H, m), 4.77 (1H, brs), 5.13 (2H, s),
5.17-5.27 (2H, m), 5.78-5.95 (1H, m), 6.45 (1H, s), 6.65 (1H, dd,
J=8.6, 3.1 Hz), 7.00 (1H, d, J = 8.6 Hz), 7.21 (2H, s), 7.38 (1lH,
s).

ESIMS (+): 524 [M+H]".

20 <Reference Example 25>
(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4- (2-methoxyme
thyloxy-5-trifluoromethanesulfonyloxyphenylthio)phenyl}butan-1
-ol
[0215]

25 [Chemical formula 69]
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solvent was removed by distillation under reduced pressure. The resultant residue was purified by
silica gel column chromatography (hexane : ethyl acetate =12 : 1 4 1 : 2) to obtain the target product
(114 mg) as a colorless oil. 5151 NMR(CDC13,400MHz):81.45(9H,s),1.85-2.04(2H, m),2.36 (1H, (2H,
dd, m), J=13.9, 3.45(3H, 8.5Hz),2.47(1H,dd,J=13.9,6.7Hz), s),3.70-3.84(2H,m),4.76(1H,brs), 2.70-2.86
5.17-5.26  (2H,m), 5.29 (2H, s), 5.81-5.97 (1H,m), 7.13-7.21 (2H,m), 7.23-7.32 (2H, m), 7.42 (1H, d,
J=12Hz), A0 (1H,.dd, J =85, 1.8.Hz). LLHSIMS (+): 533 [M+H]2. <Reference Example 27>
(R)-2-ally1-2-t-butop ) loro-4-(5-cyano-2-m
ethoxymethyloxypH¢ -I-di/mthoxyphoJHCPhXAB@@buta ne

i, ()F{

[0216]
Under an argon gas atmosphere, triethylamine (0.75 mL) and
N-phenylbis(trifluoromethanesulfonimide) (954 mg) were added under
5 ice cooling to a suspension of the compound of Reference Example
24 (1.40g) indichloromethane (13.4mL) to forma reaction solution.
The reaction solution was then stirred for 3 hours at normal
temperature. N-phenylbis(trifluoromethanesulfonimide) (143 mg)
was further added to the reaction solution, and the solution was
10 then stirred for 2 hours at normal temperature. Water was added
to the reaction solution, and the reaction solution was extracted
with ethyl acetate. The combined organic layers were washed with
saturated brine, and then dried over anhydrous sodium sulfate. The
anhydrous sodium sulfate was removed by filtration, and then the
15 solvent was removed by distillation under reduced pressure. The
resultant residue was purified by silica gel column chromatography
(hexane : ethyl acetate =4 : 1) to obtain the target product (1.77
g) as a colorless solid.
'H NMR (CDCls, 400 MHz): & 1.44 (9H, s), 1.83-2.00 (2H, m), 2.34
20 (l1H, dd, J=14.1, 8.6 Hz), 2.47 (1H, dd, J=14.1, 6.7 Hz), 2.70-2.87

(2H, m), 3.47 (3H, s), 3.70-3.85 (2H, m), 4.75 (1H, brs), 5.18-5.26
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15 [0219] [Chemical formula 71] [0220] The target product (309 mg) was obtained as a colorless
oil 20 by reacting the compound of Reference Example 26 (304 mg) in the same manner as in
Reference Example 15. 15INMR (CDC13, 400MHz): 8 1.38 (9H, s), 1.60-1.73 (1H, m), 1.75-1.90 (1H
m), 2.35-2.44 (2H, m), 2.62-2.72 (2H, m), 3.25 (3H, s), 3.65 (3H, d, J =1.2 Hz), 3.68 (3H,d, J =1.2

Hz), 3.95-4.05 (1H, m), 4,05-4,18 (1H, m), 5.08-5.20 (2H, m), 5.35 (2H, ), 5.68-5.84 (1H, 5 m), 6.70
(1H, brs), 7?%%1-7.?3 (38:: fn), ¥39 (fﬁ{g?Jg:OI%'ég, ﬁ% (%ﬂ%,’ d?J %:81§ﬁ2),%6§ ﬁé,' dd5Lrg 6,
2.4 Hz). ESIMS (+); 641 [M+H]2. <Reference Example 28>

(R)-2-ally1- '-z(i%in(ol- a7 Io“go-:4-%5-%yae‘r£1"o}2-%§/51fo??ypi%zn%ﬁi’o To )phenynbutiidtiogpiioric adid

monoesteriﬁ)ZZ]_] [%Ie?:ﬁfl f(c)irmtﬁla_721 [O%éﬁr 5The target product (42.5 mg) was obtained as a
colorless solid by reacting the compound of Reference Example 27 (300 mg) in the same manner as in

Example 1E9m%al {QSa;[iogs%U];h@ﬁ?p (c 0.50, MeOH).

5 <Reference Example 26>
(R)—2—-allyl-2-t-butoxycarbonylamino—-4-{2-chloro-4-(5-cyano—2-m
ethoxymethyloxyphenylthio)phenyl}butan-1-ol
[0217]

[Chemical formula 70]

NC S o
NHBoc
0 " 0H
MOM
10
[0218]

Under an argon gas atmosphere, tetrakistriphenylphosphine
palladium (69.3 mg), 1,1’-bis(diphenylphosphino)ferrocene (33.3
mg), and zinc cyanide (141 mg) were added to a solution of the compound

15 of Reference Example 25 (200 mg) in N,N-dimethylformamide (1.5 mL)
to forma reaction solution. The reaction solution was then stirred
for 4 hours at 80°C. After leaving the reaction solution to cool,
water was added thereto. And the reaction solution was extracted
with ethyl acetate. The combined organic layers were washed with

20 saturated brine, and then dried over anhydrous sodium sulfate. The

anhydrous sodium sulfate was removed by filtration, and then the
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151 NMR (DMSO-d6, 400 MHz): 8 1.60-1.82 (2H, m), 2.30-2.42 (2H m), 20 2.62-2.80 (2H, m),
3.68-3.88 (2H, m), 5.14-5.30 (2H, m), 5.72-5.90 (1H, m), 7.06 (1H, d, J = 8.5 Hz), 7.14 (1H, dd, J =
8.5, 1.8 Hz), 7.26 (1H, d, J = 1.8 Hz), 7.31 (1H, d, J = 8.5 Hz), 7.50 (1H, d, J = 1.8 Hz), 7.62 (1H, dd, J
= 8.5, 1.8 Hz). HRESIMS (+): 469.07566 (Calcd. for 020512301N205PS 469.07538). <Reference

Example 29> 5 (Sﬁ-z-t-butox carbony amino-A%1 -ghlor,o-4-%—£jydroxy- -mg;gox
methyloxyphenyithio)pirehy 1T 22 opyibutan-1561 (0253 e nEkical formd ﬁﬁ%%iﬁrero [0254]
The compolyeng olftR(T,qfer%relcS(-:-i gxam a{e 24 £9i1f9_ reng) was Pis_sggvede En eét‘ianoljl (C1:7.50ng, anrdat en 10%
palladium on StVated carban ES?Z mgs) Was adde .}ﬁ]e mixture Was fhenugklrreg‘?or Biours at
normal temperaiure under a hydrogen atmgsphere (L atm) ; SOIAMANCL ¢ e target product
(114 mg) as a colorless oil.
5 'H NMR (CDCls;, 400 MHz): & 1.45 (9H, s), 1.85-2.04 (2H, m), 2.36
(1H, dd, d=13.9, 8.5Hz), 2.47 (1H, dd, J=13.9, 6.7 Hz), 2.70-2.86
(2H, m), 3.45 (3H, s), 3.70-3.84 (2H, m), 4.76 (1H, brs), 5.17-5.26
(2H, m), 5.29 (2H, s), 5.81-5.97 (1H, m), 7.13-7.21 (2H, m), 7.23-7.32
(2H, m), 7.42 (1H, d, J = 1.2 Hz), 7.45 (1H, dd, J = 8.5, 1.8 Hz).
10 ESIMS (+): 533 [M+H]".
<Reference Example 27>
(R)—2—-allyl-2-t-butoxycarbonylamino—-4-{2-chloro-4-(5-cyano—2-m
ethoxymethyloxyphenylthio)phenyl}-1-dimethoxyphosphoryloxybuta
ne

15 [0219]

[Chemical formula 71]

NC S Cl o
0 o
MOM

OMe
|

[0220]
The target product (309 mg) was obtained as a colorless oil
20 by reacting the compound of Reference Example 26 (304 mg) in the

same manner as in Reference Example 15.
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15 was removed by filtration using Celite. The solvent was removed by distillation under reduced
pressure to obtain a residue (916 mg). This residue was dissolved in methanol (20 mL), and then 10%
palladium on activated carbon (93 mg) was added. The mixture was then stirred for 5 hours at normal
temperature under a hydrogen 20 atmosphere. Additional 10% palladium on activated carbon (92 mg)
was added, and the mixture was stirred f gr further 14.5 hours. Insoluble matter was removed b

filtration usﬁg%néc%&%he@&lm? wafremoved By didtilldtidi ardettettiéedpredsufe Td obthin 5
h 85 | lid, 151 NM C13,400 MH2):8 0.97(3H,t.J 5 7
Mot o W iy AER G AT SR oy 1284 2 b b Blga g L3t 80 363
2H,m),3.4 37 2 H 1

ﬁ.esﬂ)H,brg)@ng??v Jggs)H% 1%(%?1]7 22?33%6( z@l(grs)m) 6.64(1Hdd T 85:2 4 1A P ol tH,.d = 8.6
Hz),7.20-7.25{gH,m).{- 38+ -A2(tH.m), LAESIMB () 226 IMHHI2 o o), 5.68-5.84 (11,

5 m), 6.70 (1H, brs), 7.25-7.36 (3H, m), 7.39 (1H, d, J = 1.8 Hz),
7.46 (1H, d, J = 1.8 Hz), 7.63 (lH, dd, J = 8.6, 2.4 Hz).
ESIMS (+): 641 [M+H]".
<Reference Example 28>
(R)-2-allyl-2-amino-4-{2-chloro-4-(5-cyano—-2-hydroxyphenylthio
10 )phenyl}butylphosphoric acid monoester

[0221]

[Chemical formula 72]
NC S Cl
O
{NHZ H’OH
OH "0

[0222]

15 The target product (42.5 mg) was obtained as a colorless solid
by reacting the compound of Reference Example 27 (300 mg) in the
same manner as in Example 1.

Optical rotation: [OL]D25 -9.0 (c 0.50, MeOH).
'H NMR (DMSO-dg, 400 MHz): 8 1.60-1.82 (2H, m), 2.30-2.42 (2H m),

20 2.62-2.80 (2H, m), 3.68-3.88 (2H, m), 5.14-5.30 (2H, m), 5.72-5.90

(l1H, m), 7.06 (1H, 4, J = 8.5 Hz), 7.14 (1H, dd, J = 8.5, 1.8 Hz),
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<Reference Example 30>
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethyloxy-5-trifluoromethanesulfonyloxyphenylt
hio)phenyl]-2-propylbutan-1-ol 15 [0225] [Chemical formula 74] [0226] The target product
(1.20 g) was obtained as a colorless oil 20 by reacting the compound of Reference Example 29 (1.31

g) in the same manner as in Reference Example 25. 151 NMR (CDC13, 400 MHz);. 8 0,97 (3H,t,J =
7.3 H2), 1?1]'-%5419((‘&?1, rﬁ), taz (éH?s)P}a).56-%5631%(2¢,Hm),¥8 I8 (%H%m. 1-51?9&(%4, ,
2.67-2.80 (2H, m), 3.47 (3H, 5), 3.75 (2H, d, J = 5.5 Hz),4.22 (1H, brs), 4.66 (1H, s), 5.24 (2H, s), 6.78
(1H,d, J=2.85 z%, 5‘.‘6%’(1@%%,?:{%12,328 I—fz),:#{65(lH,%d%J§§. Hz) , 7.25-7.28 (2H, m), 7.43

(1H, s). ES +): 658 [M+ < ence Example 31>
H}@s(%&s ETH '_?%&._o%é%r %gach. Z‘%%tr%%%g%g%% 469.07538) .

(5)-2-t-butoxycarbonylamino chloro-4-(5-cyano-
thyloxypheg}glghrjo hengl]é%-gr%%qyelbgtgg-l-ol [0227] [Chemical formula 75]

erenc
5 (S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-hydroxy—-2-methoxy
methyloxyphenylthio)phenyl]-2-propylbutan-1-ol
[0223]

[Chemical formula 73]

HO S Cl
NHBoc
O OH
MOM
10 [0224]

The compound of Reference Example 24 (919 mg) was dissolved
in ethanol (17.5 mL), and then 10% palladium on activated carbon
(92 mg) was added. The mixture was then stirred for 17.5 hours at
normal temperature under a hydrogen atmosphere (1 atm). Solidmatter

15 was removed by filtration using Celite. The solvent was removed
by distillation under reduced pressure to obtain a residue (916
mg). This residue was dissolved in methanol (20 mL), and then 10%
palladium on activated carbon (93 mg) was added. The mixture was
then stirred for 5 hours at normal temperature under a hydrogen

20 atmosphere. Additional 10% palladium on activated carbon (92 mg)

was added, and the mixture was stirred for further 14.5 hours.
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[0228] 15The target product (313 mg) was obtained as a colorless solid by reacting the compound of
Reference Example 30 (543 mg) in the same manner as in Reference Example 26. 151 NMR (CDC13,
400 MHz): 8 0.98 (3H, t, J = 7.3 Hz), 1.31-1.45 (2H, m), 1.45 (9H, s), 1.56-1.62 (2H, m), 1.83-1.90 (1H,
m), 1.94-2.02 20 (1H, m), 2.68-2.81 (2H, m), 3.46 (3H, s), 3.75-3.77 (2H, m), 4.20 (1H, brs), 4.66 (1H,

s), 5.29 (2H, s), 7.15(1H, d, J = 2.4 Hz), 7.17 ,d,J=8.6 Hz), 7.25-7.28 (2H,.m), 7.43 (1H, d, J =
1.5 Hz), 7.16%1}1]&@&, 16 5'Y). %%rm‘é,eg%s? MBS SRefdfente %&rhﬁ%ef 3%% the
g_?:{_[slj(ti%gc%?ééﬁt;%%s? Egg?%%?éi%gé%%%ﬁgﬂ%)ﬁ%g ngg)geh 1_9 qye duced pressure to obtain

the target product (850 mg) as a flesh color solid.
'H NMR (CDCls, 400 MHz): & 0.97 (3H, t, J = 7.3 Hz), 1.31-1.47 (2H,
5 m), 1.44 (9H, s), 1.49-1.64 (2H, m), 1.83-2.02 (2H, m), 2.63-2.81

(2H, m), 3.48 (3H, s), 3.70 (2H, 4, J = 6.1 Hz), 4.33 (1lH, brs),
4.65 (1H, brs), 4.95 (1H, brs), 5.14 (2H, s), 6.37-6.45 (1H, m),
6.64 (1H, dd, J =8.6, 2.4 Hz), 7.01 (1H, d, J = 8.6 Hz), 7.20-7.25
(2H, m), 7.38-7.42 (1H, m).

10 ESIMS (+): 526 [M+H]".
<Reference Example 30>
(S)—-2-t-butoxycarbonylamino-4—-[2-chloro-4-(2-methoxymethyloxy-—
S5-trifluoromethanesulfonyloxyphenylthio)phenyl]-2-propylbutan-
1-01

15 [0225]

[Chemical formula 74]

TfO S Cl
NHBoc
O " OH
MOM
[0226]

The target product (1.20 g) was obtained as a colorless oil
20 by reacting the compound of Reference Example 29 (1.31 g) in the

same manner as in Reference Example 25.
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[0229] [Chemical formula 76] 10 [0230] Under an argon gas atmosphere, the compound of
Reference Example 30 (525 mg) was dissolved in N,N-dimethylformamide (8.0 mL), andthen n-butyl
vinyl ether (0.512mL, 3. 99 rarnol) , triethylamine (0.112 mL), palladium acetate (17.9 mg), and 15
1,3-bis(diphenylphosphino)propane (65.8 mg) were added to form a reaction solution. The reaction
solution was then stirred for 5.5 hours at 8QC. 1 mol/L hydrochloric acid was added to the reaction s

citation undér 1E&cdGig! and the te4etionS Citatior Was therPstiréd fof' % hout at hofmaPteperature.
W dd h ion 2 i h [ itati ith
ater was % efl.tg L} (@Jgactlgn 9s,%lu_t on6 f‘nszt ?S%egctlgn O(.:_Itflt.lgg (;A{t%%ézx%?gteﬂ\gli_f'{@

acetate. The drganic’layer was washéd 3 times wi fated brine; an 1éd over anhiydrous

fé)r(rj]ig\r/ré jﬂﬁ?&]{% a@yggo_%sg%diy sulr@te wag remayed yfi&tra}@n%ﬁgdt ggthe Solvent was

ibn"under réduced prfessure” The r sul’taﬁ?r’esmuew S puri by Silica ge‘ tolumn
chromatography (heyang el aogtatq B 3.1, 4443 19 gbtai the Jarget prgduct (373 mg) a5 2
colorless solid. 10
5 Hz), 7.05 (1H, dd, J=9.2, 2.8Hz), 7.16 (1H, d, J=9.2Hz), 7.25-7.28
(2H, m), 7.43 (1H, s).
ESIMS (+): 658 [M+H]".
<Reference Example 31>
(S)-2-t-butoxycarbonylamino—-4-[2-chloro-4-(5-cyano—2-methoxyme
10 thyloxyphenylthio)phenyl]-2-propylbutan-1-ol
[0227]

[Chemical formula 75]

NC S Cl
NHBoc
)’_?‘r‘
(;,) OH
MOM
[0228]
15 The target product (313 mg) was obtained as a colorless solid

by reacting the compound of Reference Example 30 (543 mg) in the

same manner as in Reference Example 26.

'H NMR (CDCls, 400 MHz): & 0.98 (3H, t, J = 7.3 Hz), 1.31-1.45 (2H,

m), 1.45 (9H, s), 1.56-1.62 (2H, m), 1.83-1.90 (1H, m), 1.94-2.02
20 (1H, m), 2.68-2.81 (2H, m), 3.46 (3H, s), 3.75-3.77 (2H, m), 4.20

(l1H, brs), 4.66 (1H, s), 5.29 (2, s), 7.15 (1H, d, J = 2.4 Hz),
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151 NMR (CDC13, m),1.44(9H, (1H,m),2.50 (2H,m),4.21 m),7.30(1H, dd,J =8.6, 400 MHz):8
0.96(3H,t,J = 7.3Hz), s),1.55-1.59(2H,m),1.77-1.85 (3H,s),2.62-2.75(2H,m),3.38
(1H,brs),4.65(1H,s),5.27(2H, d,J =1.8Hz),7.83(1H,d,J = 2.1Hz). (1H, (3H, s), 2.1 1.30-1.44(2H,
m),1.89-1.96

10

15

20

7.17 (1, 4, J = 8.6 Hz), 7.25-7.28 (2H, m), 7.43 (1H, d, J =1.5
Hz), 7.46 (1H, dd, J = 8.6, 1.5 Hz).

ESIMS (+): 535 [M+H]".

<Reference Example 32>
(S)—4-[4-(5-acetyl-2-methoxymethyloxyphenylthio)-2-chloropheny
l]-2-t-butoxycarbonylamino-2-propylbutan-1-ol

[0229]

[Chemical formula 76]

AC S Cl
NHBoc
0 " SOH
MOM
[0230]

Under an argon gas atmosphere, the compound of Reference
Example 30 (525 mg) was dissolved in N,N-dimethylformamide (8.0
mL), andthenn-butyl vinyl ether (0.512mL, 3.99mmol), triethylamine
(0.112 mL), palladium acetate (17.9 mg), and
1,3-bis(diphenylphosphino)propane (65.8 mg) were added to form a
reaction solution. The reaction solution was then stirred for 5.5
hours at 80°C. 1 mol/L hydrochloric acid was added to the reaction
solutionunder icecooling, andthereactionsolutionwasthenstirred
for 1 hour at normal temperature. Water was added to the reaction
solution, andthereactionsolutionwas extractedwithethyl acetate.

The organic layer was washed 3 times with saturated brine, and then
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S),3.72-3.74 7.14-7.20(3H, Hz),7.87(1H, ESIMS (+): 552 [M+H]2. <Reference Example 33> 15
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyano-2-methoxyme
thyloxyphenylthio)pheny1]-1-dimethoxyphosphoryloxy-2-propylbut ane [0231] [Chemical formula 77]
NCCI 20[0232] O

dried over anhydrous sodium sulfate. The anhydrous sodium sulfate
was removed by filtration, and then the solvent was removed by
distillation under reduced pressure. The resultant residue was
purified by silica gel column chromatography (hexane : ethyl acetate
5 =3:1=21:1) toobtain the target product (373 mg) as a colorless
solid.
'H NMR (CDCls, 400 MHz): 8 0.96 (3H, t, J = 7.3 Hz), 1.30-1.44 (2H,
m), 1.44 (9H, s), 1.55-1.59 (2H, m), 1.77-1.85 (1H, m), 1.89-1.96
(lH, m), 2.50 (3H, s), 2.62-2.75 (2H, m), 3.38 (3H, s), 3.72-3.74
10 (2H, m), 4.21 (1H, brs), 4.65 (1H, s), 5.27 (2H, s), 7.14-7.20 (3H,
m), 7.30 (1, 4, J =1.8 Hz), 7.83 (1H, 4, J = 2.1 Hz), 7.87 (1H,
dd, J = 8.6, 2.1 Hz).
ESIMS (+): 552 [M+H]".
<Reference Example 33>
15 (S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyano-2-methoxyme
thyloxyphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-propylbut
ane
[0231]

[Chemical formula 77]

NC S Cl o
) NHBoc Ig::()l\ﬂe
ClJ O” "OMe
MOM
20
[0232]
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NHBoc pOMe 0 OMe

The target product (356 mg) was obtained as a colorless solid by reacting

the compound of Reference Example 31 (311 mg) in the same manner as in Reference Example 15.
151 NMR (CDC13, 400 MHz): 8 0.97 (3H, t, J = 7.3 Hz), 1.34-1.45 (2H, 5
m),1.45(9H,s),1.63-1.76(2H,m),1.80-1.87(1H,m),2.02-2.10

(1H,m),2.70-2. 78(2|—Lm) 3.45(3H,s),3. 79(§H 95% 11 0 Hz), 3.80(3H,d,J=11. Ol—izC?rzlllB 1H ,

10

15

20

e’target produc was obtalhed as a co

by reacting the compound of Reference Example 31 (311 mg) in the
same manner as in Reference Example 15.

'H NMR (CDCls, 400 MHz): & 0.97 (3H, t, J = 7.3 Hz), 1.34-1.45 (2H,
m), 1.45 (9H, s), 1.63-1.76 (2H, m), 1.80-1.87 (1H, m), 2.02-2.10
(l1H, m), 2.70-2.78 (2H, m), 3.45 (3H, s), 3.79 (3H, d, J = 11.0
Hz), 3.80 (3H, 4, J = 11.0 Hz), 4.13 (1H, dd, J = 9.8, 4.3 Hz),
4.27 (1H, dd, J = 9.8, 4.3 Hz), 4.54 (1H, brs), 5.29 (2H, s), 7.14
(1, 4, J =1.8 Hz), 7.17 (1H, d, J = 8.6 Hz), 7.25-7.27 (2H, m),
7.42 (1H, d, J = 1.8 Hz), 7.46 (lH, dd, J = 8.6, 1.8 Hz).

ESIMS (+): 643 [M+H]"

<Reference Example 34>
(S)—-4-[4-(5-acetyl-2-methoxymethyloxyphenylthio)-2-chloropheny
1]-2-t-butoxycarbonylamino-1l-dimethoxyphosphoryloxy—-2-propylbu
tane

[0233]

[Chemical formula 78]

AG S Cl o
U \@/ NHBoc }I:;,OMe
o) 07 TOMe

MOM

[0234]
The target product (401 mg) was obtained as a colorless solid
by reacting the compound of Reference Example 32 (371 mg) in the

same manner as in Reference Example 15.
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4.3 Hz), 4.27 (1H,dd,J =9.8,4.3Hz),4.54(1H,brs),5.29(2H, s), 7.14 (1H, d,J =1.8Hz),7.17(1H,d,J
=8.6Hz),7.25-7.27 (2H, m), 10 7.42 (1H,d,J=1.8Hz),7.46(1H,dd,J=8.6,1.8Hz).

'H NMR (CDCls;, 400 MHz): 8 0.96 (3H, t, J = 7.3 Hz), 1.31-1.42 (2H,
m), 1.44 (9H, s), 1.59-1.71 (2H, m), 1.74-1.82 (1H, m), 1.97-2.07
(lH, m), 2.50 (3H, s), 2.64-2.72 (2H, m), 3.38 (3H, s), 3.78 (3H,
d, J=11.0 Hz), 3.79 (3H, d, J = 11.0 Hz), 4.11 (lH, dd, J = 9.8,
5 4.9 Hz), 4.25 (1H, dd, J = 9.8, 4.9 Hz), 4.52 (1H, brs), 5.27 (2H,
s), 7.15-7.16 (2H, m), 7.19 (1H, d, J = 8.6 Hz), 7.30 (lH, d, J
=1.8 Hz), 7.84 (1, 4, J = 2.1 Hz), 7.88 (lH, dd, J = 8.6, 2.1
Hz) .
ESIMS (+): 660 [M+H]"

10 <Reference Example 35>
(S)—-2—amino—-4-[2-chloro-4-(5-cyano-2-hydroxyphenylthio)phenyl]
—-2-propylbutylphosphoric acid monoester
[0235]

[Chemical formula 79]

O e g

[0236]

15

The target product (166 mg) was obtained as a colorless solid
by reacting the compound of Reference Example 33 (347 mg) in the
same manner as in Example 1.

20 'H NMR (DMSO-dg, 400 MHz): & 0.88 (3H, t, J = 7.3 Hz), 1.25-1.36
(2H, m), 1.48-1.61 (2H, m), 1.67-1.78 (2H, m), 2.63-2.67 (2H, m),

3.70-3.81 (2, m), 7.07 (1H, d, J = 8.6 Hz), 7.14 (1H, dd, J = 8.6,
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ESIMS (+):643[M+H]2. <Reference Example 34>
(5)-4-[4-(5-acetyl-2-methoxymethyloxyphenylthio)-2-chloropheny
1]-2-t-butoxycarbonylamino-I-dimethoxyphosphoryloxy-2-propylbu 15 tane [0233] [Chemical formula
78] [0234]

1.8 Hz), 7.26 (1H, d, J =1.8 Hz), 7.32 (1H, d, J = 8.6 Hz), 7.48
(1, 4, J = 2.1 Hz), 7.61 (1H, dd, J = 8.6, 2.1 Hz).
HRESIMS (+): 471.09108 (Calcd. for C,¢H25C1N,0sPS 471.09103).
<Reference Example 36>

5 (S)-4-[4-(5-acetyl-2-hydroxyphenylthio)-2-chlorophenyl]-2-amin
o-2-propylbutylphosphoric acid monoester
[0237]

[Chemical formula 80]

RORSUS

10 [0238]

The target product (210 mg) was obtained as a pale yellow solid
by reacting the compound of Reference Example 34 (393 mg) in the
same manner as in Example 1.

'H NMR (DMSO-ds, 400 MHz): & 0.88 (3H, t, J = 7.3 Hz), 1.24-1.37

15 (2H, m), 1.51-1.62 (2H, m), 1.68-1.77 (2H, m), 2.44 (3H, s), 2.62-2.66
(2H, m), 3.76-3.85 (2H, m), 7.04 (1H, d, J = 8.6 Hz), 7.10 (1H,
dd, J = 8.6, 1.8 Hz), 7.16 (1H, d, J = 1.8 Hz), 7.29 (1H, 4, J =
8.6 Hz), 7.79 (1H, d, J = 2.1 Hz), 7.85 (1H, dd, J = 8.6, 2.1 Hz).
HRESIMS (+): 488.10680 (Calcd. for C,1H,3C1INOsPS 488.10635).

20 <Reference Example 37>
(S)—-2-t-butoxycarbonylamino-4—-{2-chloro-4-(5-ethoxy-2-methoxym

ethyloxyphenylthio)phenyl}-2-propylbutan-1-ol
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20The target product (401 mg) was obtained as a colorless solid by reacting the compound of
Reference Example 32 (371 mg) in the same manner as in Reference Example 15. 5 151
NMR(CDC13,400 MHz):8 0.96(3H,t,J = 7.3 Hz),1.31-1.42(2H,
m),1.44(9H,s),1.59-1.71(2H,m),1.74-1.82(1H,m),1.97-2.07

(1H,m),2. 5(%%1%2],2 .64-2.72(2H,m),3.38(3H,s),3.78(3H, d,J =11.0HZz),3.79(3H,d,J

=11.0Hz),4 dd,J =9.8, 4. 9Hz) 4.25(1H,dd,J =9.8,4.9Hz),4.52(1H,brs),5.27(2H,

s),7.15-7.16(2H, m% ]+[9 H.d, J 7 30(1H,d,J =1.8Hz),7.84(1H,d,J=2.1Hz),7.88(1H,dd,J=8.6,2.1
Hz). ESIM % ﬁ\ﬂ % <f-'?e nce Example 35>

(5)-2-amino-4-[2-chloro-4-(5- cyano -2-hydroxyphenylthio)phenyl] -2-propylbutylphosphoric acid

monoester E1() Cl
CLCC

[0240]

5 (S)-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-ethoxy-2-hyd
roxyphenylthio)phenyl}-2-propylbutan-1-ol was obtained by
reacting the compound of Reference Example 6 (830 mg) and the compound
of Reference Example 10 (403 mg) in the same manner as in Reference
Example 13. Then, by further reacting the obtained compound in the

10 same manner as in Reference Example 23, the target product (139
mg) was obtained as a colorless oil.
'H NMR (CDCls;, 400 MHz): & 0.96 (3H, t, J = 7.3 Hz), 1.35 (3H, t,
J=6.7 Hz), 1.38-1.42 (1H, m), 1.44 (9H, s), 1.55-1.60 (1H, m),
1.78-1.85 (1H, m), 1.88-1.98 (1H, m), 3.44 (3H, s), 3.74 (2H, g,
15 § = 6.7 Hz), 4.15 (1H, brs), 4.63 (1H, brs), 5.12 (2H, s), 6.69
(14, 4, J = 3.1 Hz), 7.77 (1H, dd, J = 9.2, 3.1 Hz), 7.07 (1lH, d,
J = 9.2 Hz), 7.16-7.17 (2H, m), 7.31-7.32 (1lH, m).
ESIMS (+): 554 [M+H]"
<Reference Example 38>
20 (S)-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-ethoxy-2-methoxym

ethyloxyphenylthio)phenyl}-2-propylbutan-1-al
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[0235] [Chemical formula 79] NC a SCI OH 15 [0236] The target product (166 mg) was obtained
as a colorless solid by reacting the compound of Reference Example 33 (347 mg) in the same manner
as in Example 1. 20 151 NMR (DMSO-d6, 400 MHz): 8 0.88 (3H, t, J = 7.3 Hz), 1.25-1.36 (2H, m),
1.48-1.61 (2H, m), 1.67-1.78 (2H, m), 2.63-2.67 (2H, m), 3.70-3.81 (2H, m), 7.07 (1H, d, J = 8.6 Hz),
7.14 (1H, dFI ﬂ = ?.6, 1.8 Hz), 7.26 (1H, d, J = 1.8 Hz), 7.32 (1H, d, J =8.6 Hz), 7.48 (1H, d,J=2.1
Hz), 7.61 (142d4d.13 = 8.6, 2.1 Hz). HRESIMS (+): 471.09108 (Calcd. for 020512501N205PS
471.09103) c<1I$efere e xamqle 3 > 5

(S)-4-[4-(5-<[;1cerI.uL}f-?1ydrooxryrﬁHer?yl iJ)-Z-chIorophenyl]-Z-amin o-2-propylbutylphosphoric acid
monoester [0237] [Chemical formula 80] AcCl

EtO S Cl
NHBoc
O “I~CHO
MOM
[0242]
5 The compound of Reference Example 37 (466 mg) was dissolved

in dimethylsulfoxide (4.2 mL), and then triethylamine (1.2 mL) and
a sulfur trioxide - pyridine complex (669 mg) were added to form
a reaction solution. The reaction solution was then stirred for
1.5 hours at normal temperature. Ice water was added to the reaction
10 solution, and then the reaction solution was extracted with ethyl
acetate. The organic layer was successively washed with water and
saturated brine, and then dried over anhydrous sodium sulfate. The
anhydrous sodium sulfate was removed by filtration, and then the
solvent was removed by distillation under reduced pressure. The
15 resultant residue was purified by silica gel column chromatography
(hexane : ethyl acetate = 6 : 1) to obtain the target product (367
mg) as a colorless oil.
'H NMR (CDCls;, 400 MHz):80.90 (3H, t, J = 7.3 Hz), 1.08-1.10 (1H,
m), 1.25-1.32 (1H, m), 1.35(3H, t, J=6.7Hz), 1.46 (9H, s), 1.59-1.68
20 (1H, m), 1.96-2.01 (1H, m), 2.12-2.18 (1H, m), 2.43-2.49 (2H, m),

2.57-2.62 (1H, m), 3.44 (3H, s), 3.92 (2H, g, J = 6.7 Hz), 5.12
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OH 10 [0238] The target product (210 mg) was obtained as a pale yellow solid by reacting the
compound of Reference Example 34 (393 mg) in the same manner as in Example 1. 151 NMR
(DMSO-d6, 400 MHz): 8 0.88 (3H, t, J = 7.3 Hz), 1.24-1.37 15 (2H, m), 1.51-1.62 (2H, m), 1.68-1.77
(2H, m), 2.44 (3H, s), 2.62-2.66 (2H, m), 3.76-3.85 (2H, m), 7.04 (1H, d, J = 8.6 Hz), 7.10 (1H, dd, J =

8.6, 1.8 Hz), 7.16 (1H, d, J = 1.8 Hz), 7.29 (1H, d. J = 8.6 Hz), 7.79 (1H, d, J = 2.1 Hz), 7.85 (1H, dd, J
= 8.6, 2.1 H7) 'HRESI s%ﬁ): h%%fldﬁ@b)((:acfofor(éﬂlsfzgoﬁﬁo é%ﬁlo&%zdiﬁefgfgnce
cthylowyph g 0}oheny -3 popy B0 10338] TChmicA I B3] Jozdor -0 2+
5(S)-2-t-bug)x%car;).o?gla{giﬁo-%{z-ghIgr%-4éa(§%-{eezrt20x%|-52-3}1yd (r{)@/?gznylthio)phenyl}-2-propylbutan-l-ol

was obtained Y reacting the’compound of "nceExample ‘0 mg ) and the compound of
Reference E%ﬂple 12 (4 ).Jn the same manner as in Reference Example 13. Then, by further
reacting thehE%( a ne(J dm%%é%%h}“ e 10 same manner as in Reference Example 23, the target
product 13%@9%\{@3 obtained ? aA%QIorless oil. 151 NMR (CDC13, 400 MHz): 8 0.96 (3H,t,J=7.3
Hz), 1.35 (3H. t, J = B%QHE)’,‘?“? “1.42(1H, m), 1.44 (9H, s), 1.55-1.60 (1H, m),

Dimethyl
(S)-3-t-butoxycarbonylamino-5-{2-chloro-4-(5-ethoxy-2-methoxym
ethyloxyphenylthio)phenyl}-3-propyl-1l-pentenylphosphate

[0243]

10 [Chemical formula 83]
EtO S Cl 0
\@: \Qi/ NHBQC H,oMe
O ~OMe
MOM

[0244]
Under an argon gas atmosphere, tetramethyl
methylenediphosphonate (201 mg) was dissolved in tetrahydrofuran
15 (7 mL), and then n-butyllithium (1.65 mol/L hexane solution, 0.52
mL) was added dropwise at -78°C to form a reaction solution. This
reaction solutionwas stirred for 30 minutes at the same temperature.
Then, a solution of the compound of Reference Example 38 (367 mg)
in tetrahydrofuran (3 mL) was added dropwise to the reaction solution
20 at -78°C, and the reaction solution was stirred for 2 hours at normal
temperature. A saturated ammonium chloride aqueous solution was

added to the reaction solution, and the reaction solution was
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1.78-1.85 (1H, m), 1.88-1.98 (1H, m), 3.44 (3H, s), 3.74 (2H, g, 15 J = 6.7 Hz), 4.15 (1H, brs), 4.63
(1H, brs), 5.12 (2H, s), 6.69 (1H, d, J = 3.1 Hz), 7.77 (1H, dd, J = 9.2, 3.1 Hz), 7.07 (1H, d, J = 9.2 Hz),
7.16-7.17 (2H, m), 7.31-7.32 (1H, m). ESIMS (+): 554 [M+H]f. <Reference Example 38> 20
(5)-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-ethoxy-2-methoxym

ethyloxyphenylthio)pheny1}-2-propylbutan-I-al [0241] [Chemical formula 82] NHE3oc 'LCHO. [0242]
SThe COmBBUNEIS! Reforence Exanible 37 (166 ma) as dISEaNl iUt UTGHHE (1.2 M), and
then triethylamine 1.2drgli)_and aSLgflélilterlrg»%ﬁe - pyridine com e>é£65690n&q)uwere gg%d to f%%rga

. F%tur% e .ne, qn riled over anhydr n1§u .
reaction solution. € teaction ‘solution was then stirred for 1. ours at normal emperature. 1ce water

Wasaddedggﬁgaygﬁgmgbdium sulfate was removed by filtration, and then the

solvent was removed by distillation under reduced pressure. The
5 resultant residue was purified by silica gel column chromatography
(hexane : ethyl acetate=3: 12> 1 : 2) to obtain the target product
(369 mg) as a colorless oil.
'H NMR (CDCls;, 400 MHz): 8 0.93 (3H, t, J = 7.3 Hz), 1.30-1.32 (4H,
m), 1.35(3H, t,J=6.7Hz), 1.44 (9H, s), 1.67-1.77 (1H, m), 2.01-2.09
10 (1H, m), 2.56-2.68 (2H, m), 3.46 (3H, m), 3.72 (3H, s), 3.75 (3H,
s), 3.92 (2H, g, J = 7.3 Hz), 5.12 (2H, s), 5.67 (1H, t, J =17.7
Hz), 6.69-6.77 (3H, m), 7.07 (1H, 4, J = 7.3 Hz), 7.11 (1H, d, J
= 8.0 Hz), 7.15 (1H, dd4, J = 8.0, 1.8 Hz), 7.31 (1H, d, J = 1.8
Hz) .
15 ESIMS (+): 658 [M+H]".
<Reference Example 40>
Dimethyl
(S)-3-t-butoxycarbonylamino-5-{2-chloro-4-(5-ethoxy-2-methoxym
ethyloxyphenylthio)phenyl}-3-propylpentylphosphonate
20 [0245]

[Chemical formula 84]
EtO S Cl 0
\[:i]: \r::]:;// NHBm:g,OMe
o “OMe
MOM
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10 solution, and then the reaction solution was extracted with ethyl acetate. The organic layer was
successively washed with water and saturated brine, and then dried over anhydrous sodium sulfate.
The anhydrous sodium sulfate was removed by filtration, and then the solvent was removed by
distillation under reduced pressure. The 15 resultant residue was purified by silica gel column
chromatogr@p%g é exane : ethyl acetate = 6 : 1) to obtain the target product (367 mg) as a colorless
oil. 151 NM 13, 400 MHz) :50.90 (3H, t, J = 7.3 Hz), 1.08-1.10 (1H, m), 1.25-1.32 (1H,m), 1.35

2,455 49 (24, my) 3573 B (47" 40 G185, 3 03 TIHLG, T2 6.1 B115° (2 8 a5
18 ), .30 (K70 2% L) .31 (1 ) RIS () 5 U 3 SR EXarbre 0
ety OIS iy 81V -EerE RSPt (02451 10 Tnenveal o g Baf o
5 Thisreactionsolutionwasstirredfor 64 hoursat normal temperature.
The reaction solution was diluted with toluene. Insoluble matter
was removed using Celite. The solvent in the filtrate was removed
by distillation under reduced pressure. The resultant residue was
purified by silica gel column chromatography (hexane : ethyl acetate
10 =1 : 2) to obtain the target product (150 mg) as a colorless oil.
'H NMR (CDCls, 400 MHz): 8 0.95 (3H, t, J = 7.3 Hz), 1.24-1.56 (4H,
m), 1.35(3H, t, J=7.3Hz), 1.43 (9H, s), 1.69-1.77 (2H, m), 1.85-2.10
(3H, m), 2.60-2.64 (2H, m), 3.44 (3H, m), 3.73 (3H, s), 3.76 (3H,
s), 3.92 (2H, gq, J = 7.3 Hz), 4.27 (1H, brs), 5.12 (2H, s), 6.69
15 (14, 4, J = 3.1 Hz), 6.76 (1H, dd, J = 9.2, 3.1 Hz), 7.07 (1H, d,
J=9.2 Hz), 7.12 (14, 4, J = 8.0 Hz), 7.16 (1H, dd, J = 8.0, 1.8
Hz), 7.31 (1H, d, J = 1.8 Hz).
ESIMS (+): 660 [M+H]".
<Example 3>
20 [0247]
(S)-3-amino-5-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthio)phenyl
}=-3-propylpentylphosphonic acid
[0248]

[Chemical formula 85]
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[0244] Under an argon gas atmosphere, tetramethyl methylenediphosphonate (201 mg) was
dissolved in tetrahydrofuran 15 (7 mL), and then n-butyllithium (1.65 mol/L hexane solution, 0.52 mL)
was added dropwise at -78C to form a reaction solution. This reaction s citation was stirred for 30
minutes at the same temperature. Then, a solution of the compound of Reference Example 38 (367
mg) in tetra@f@ofuran (3 mlg was added giopwi se to the reaction solution 20 at -78C, and the
reaction solution was st oBrg-at normal temperaggre. A saturated ammonium chloride
aqueous solution
ethyl acetate. The brga S F_, and then dried over anhydrous
sodium sulfate. The anhydrous sodlum sulfate was removed b@ iltration, and then the solvent was
removed by distillation under reduced pressure. He 5 resultant residue was purified by silica gel
column chromatography (hexane : ethyl acetate =3 ] 1 4 1 : 2) to obtain the target product (369 mg)
as a colorless oil. 151 NMR (CDC13, 400 MHz): 8 0.3 (3H, t, J = 7.3 Hz), 1.30-1.32 (4H, m), 1.35
(3H,t,J=6.. 024@ 1.44 (9H, s), 1.67-1.77 (1H,m), 2.01-2.09 10 (1H, m), 2.56-2.68 (2H, m), 3.46 (3H,
m), 372(3H S), 3.75 (3H, s), 3.92 (2H, q, J = 7.3 Hz), 5.12 (2H, s), 5.67 (1H, t, J = 177Hz) 6.69-6.77
(3H, m), 7.07 (1H, %J - 7.3 H2), 7,11 (1H, 8.0 Hz 7%1H d,J=8.0,,18Hz 1H, d, J
= 1.8 Hz). 15 ESIMS (+)° %E%Tmfﬁﬁdu efgr6e%nce am)%le% d %getﬁy Bt {8 Tedh Gl

(5)-3-t-butgxycarbonylaminp:5-{2-chloro-4( }_! '%)@/ le 40 (14 h
ethyloxypf?é(%/ Ithlog%enyleS przccnéy é%ty phos %nee?te Zé 0245]" ¢ O (185 ma) dn the

5 same manner as Example 1.

Optical rotation: [OL]D23 +1.8 (¢ 0.32, MeOH).
'H NMR (DMSO-dg, 400 MHz): & 0.88 (3H, t, J = 7.3 Hz), 1.23 (3H,
t, J=6.7Hz), 1.29 (2H, brs), 1.54 (4H, brs), 1.70-1.81 (4H, m),
2.61 (2H, brs), 3.87 (2H, g, J =6.7 Hz), 6.70 (1H, 4, J = 3.1 Hz),
10 6.80-6.88 (2H, m), 7.09-7.12 (2H, m), 7.28 (1H, d, J = 8.0 Hz).
HRESIMS (+): 488.14296 (Calcd. for Cy;H3,CINOsPS 488.14273).
[0250]
Results supporting the effectiveness of the compounds
illustrated as examples will now be shown in Experiment Examples
15 1, 2, and 3.
<Experiment Example 1> Suppression effect of test compound against
cellular calcium mobilization of human S1P3 receptor-expression
cell by S1P (sphingosine l-phosphoric acid)
[0251]
20 Human S1P3 receptor—expression CHO cells were subcultured in
a Ham's F-12 culture medium containing 10% fetal bovine serum, and

300 ug/mL of Geneticin. Thehuman S1P3 receptor-expressionCHOcells
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[Chemical formula 84] [0246] The compound of Reference Example 39 (369 mg) was dissolved

in pyridine (11 mL), and then dipotassium azodicarboxylate (1.09 g) and acetic acid (0.48 mL) were

added to form a reaction solution. 5 This reaction s citation was stirredfor 6 4 hour s at normal

temperature . The reaction solution was diluted with toluene. Insoluble matter was removed using

Celite. The solvent in the filtrgte was removed by distillation under reduced pressure. The resyltant
Silics géloco(?u z%]

residue wa¥ purified by~ chromAtSgraph§ (Hexine Pethyf a6&%Ee T6' =1 ©9) I6'6btain
the target product (15 ) as a colorless oil. 151 N (CDC13, 400 MHz): 8 0.95 (3H, t, J = 7,3 Hz),
24156 (IR ), T (DS RS T TS ToH, w21 SOt I3 (oMot Tes 1 (-1, Pl e
(2H, m), 3.44 (3H, m), 3.73 (3H, s), 3.76&3Hb§), 3.9/12W£‘2H, q,.J = 7.3 Hz), 4.27 (1H, brs), 5.12 (2H, s),
6.69 15 (1H S I'="1 Hy, 69811 K, a8 299 21920 7 67185 1§ 9'= 9. 508, 74F D = 8.0

HZ), 7.16 ( H.dd, J=8.0 1._8 Hz), 7.31 (1H J=1.8 Hz). ESIMS. (+): 660 [|V|+ g < pIe 3> 20
tooi] (o) bk a Rk e Gt e LR e e e o 2

amd[ozégugggﬁnﬁngggyﬂ gg (BD Falcon Biocoat) at 2.5 x 10* / 100 uL / well.

The human S1P3 receptor—-expression CHO cells were then cultivated
for two nights at 37°C under 5% CO, environment. The next day, the
wells were washed with a Ham’s F-12 culture medium containing 100
MLof 0.1 % fatty acid-free bovine serumalbumin (BSA). This washing
10 treatment was carriedout 3 times. The culture medium was exchanged
withaHam’sF-12 culturemediumcontaining 0.1% BSA, and then starved
of serum for 6 hours in a CO, incubator set at 37°C.
[0252]
The culture medium was thrown away after the 6 hours. Then,
15 50 uL/well of a Fluo3 loading buffer was added, and the cultures
were cultivated for further 1 hour. The Fluo3 loading buffer was
prepared as follows. First, equal amounts of Fluo3-AM (Dojindo)
andpluronicF-127 (20%DMSOsolution, invitrogen) weremixed. Then,
themixtureof Fluo3-AMandpluronicF-127was added intoa Hanks—-HEPES
20 buffer (Hanks balanced salt solution containing 20 mM HEPES (pH
7.4), 0.1% BSA (fatty acid-free), and 2.5 mM probenecid) to form
a Fluo3 loading buffer having a final Fluo3-AM concentration of
4 UM.

[0253]
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[0249] The target product (60 mg) was obtained as a colorless solid by reacting the compound of
Reference Example 40 (145 mg) in the 5 same manner as Example 1. Optical rotation: [U]p23 +1.8 (c
0.32, MeOH). 151 NMR (DMSO-d6, 400 MHz): 8 0.88 (3H, t, J = 7.3 Hz), 1.23 (3H, t, J = 6.7 Hz), 1.29
(2H, brs), 1.54 (4H, brs), 1.70-1.81 (4H, m), 2.61 (2H, brs), 3.87 (2H, q, J = 6.7 Hz), 6.70 (1H, d, J =
3.1 Hz), 10 6.80-6.8 éZH, m), 7.09-7.12 (2H, m), 7.28 (1H,.d, J = 8.0 Hz). HRESIMS (+): 488.14296
(Calcd. for OZZHSZ%% 05 %Tﬁﬁé})%@% hourpe&iiis L5dpoiing tive 8%8&%%%3%16?%

compounds illustrated as examples will now be shown in Experiment Examples 15 1, 2, and 3.

<ExperimeHt ERample 45 SlppreSsibirétfedt of testQohipdund aJ&inttcaitulaP Ealkiin htifisdtion of
human 51P.3nreche£3t r-expression I(T:]ell b gIPO(sggiggn inil-gwsﬁﬁ)m{if %Ig 021521% ZODI?uTa 1P3
1eL5aR TR calls etk Subdut FoD 4Lt A

receptor-expression cultured’in a Ham's cllture meditim contairing 10% fetal
bovine serum, and 3 0 0 lig/mL of Geneticin.. The human S 1P3 receptor-expre s s.ion CHO cell s

were subje%wd 5 055 96 tR/peinigdn Sthdh Fetolered AofTthe Qidh: afd fidated iy atiam < B2

culture rgledium %onttaglir}g 1O%Ofetal bo%/ine setru%@nd_ 300 Rrg[mL oflGetneticin. Then, the human
S1P3 receﬁt%?—%xap‘reessionoéH Bl \WEfesébded into A 96wt Biadk 2t e

spectrophotofluorometer (FLEX Station (Molecular DeviceCo., Ltd.)).
Then, 25 UL of S1P prepared at 5 times the concentration of the final
concentration based on serial dilution (final concentration of 0.1
nM, 1 nM, 10 nM, 100 nM, and 1 uM) was added, and the fluorescence
10 based on the Fluo3 due to calcium mobilization was detected and
measured at an excitation wavelength of 485 nm and a detection
wavelength of 525 nm using an same apparatus. Based on the
measurement data, the increase in fluorescence was calculated by
subtracting the minimum fluorescence intensity from the maximum
15 fluorescence intensity. The calculated increase in fluorescence
was used to performa curve approximation of the relationship between
the S1P concentration and the increase in fluorescence using PRISM
4 software (GraphPad). Based on the results, the EC50 value of the
compound-untreated and the EC50 value of the compound-treated at
20 each concentration was calculated. Based on these values, Schild
plot analysis was carried out in order to determine the dissociation
constant Kd. The results are shown in Table 1l. 1In Table1l, 1 nmol/L
> Kd value 2 0.1 nmol/L is indicated as “+”, 0.1 nmol/L > Kd value
2 0.01 nmol/L is indicated as “++”, and 0.01 nmol/L > Kd value is

25 indicated as “+++".
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5 clear bottom plate (BD Falcon Biocoat) at 2.5 x 104 / 100 R12 / well. The human S1P3
receptor-expression CHO cells were then cultivated for two nights at 37C under 5% CO2 environment.
The next day, the wells were washed with a Ham's F-12 culture medium containing 100 Rl of 0.1 %
fatty acid- free bovine serum albumin (BSA). This washing 10 treatment was carried out 3 times. The

culture me
starved of

away after he
were cultiv ted

amounts of
Then, them
balanced s
probenecid
After incubgd
100 'L of th
or DNS hag
in a micropl
SIP prepare
concentrati
on the Fluo
485 nm and
data, the in
from the m4d
perform a c
fluorescenc
compound-
calculated.

dissociation

fpte spectrophotofluorometer (FLEXS#

exchanged with a Ham ' s F-12 culture medium containing 0 . 1% BSA, and then
r 6 hours in a CO2 incubator set at 37C. [0252] The culture medium was thrown
. Then, 15 50 RL/well of a F3uo3 loading buffer was added, and the cultures
er 1 hour. The Fluo3 Ioadlng buffer was prepared as follows. First, equal
w2 7 (2 O % DNS solution, invitrogen) were mixed .
Sﬁﬂgﬁavin a final Fluo3-AM concentration of 4 RM. [0253]
) mashefl 3 times with 100 !IL of the Hanks-HEPES buffer.
e same buffer in WhICh a test compoynd (0.125 nM, 1.25 nM, 12.5 nM, 125 nM, 1.25 JIM)
beek ¥2BEN& ere addddhdthe edch well, and then 5 incubated for 30 minutes at 37C
ation (Molecular Device Co., Ltd.)). Then, 25 !IL of
d at Bxiam tiee ébncentratigntof the final concentration based on serial dilution (final
pn of 0.1 nM, 1 nM, 10 nM, 100 nM, ahd 1 p(M) was added, and the fluorescence 10 based
B dudite loallcinc mobilization was detpcted and measured at an excitation wavelength of
a ddteaaimp WavdiBngth of 525 nm ugding an same apparatus. Based on the measurement
reaqeér:f flurpsgence was calculated by subtracting the minimum fluorescence intensity
tleLEg(gﬁS" q%re gpgnce intehsity. The calculated increase in fluorescence was used to
Lirve OX|mat|on of the relationshig between the SIP concentration and the increase in
& usE&% ftware (@raphPad). Based on the results, the EC50 value of the
intrebted "4 ?he C50 value of the gompound-treated at 20 each concentration was

Baseld ®hate Fi s, Schijd plot arfalysis was carried out in order to determine the
con&rxamell ehe’Results are shown §h Table 1. In Table 1, 1 nmol/L > Kd value 0.1 nmol/L

i for

%fou

orf

It solution contamlng 20
to form a Fluo3 Ioadlng

PES|pH 7.4), 0.1% BSA (fatty acid-free), and 2.5 mM

is indicated

F A v 11 19T ol/L is indicated as "++", and 0.01 nmol/L > Kd value

'S25'ndmaﬁﬂ;ﬁéiqggﬂﬁTﬁggﬁHle 2> Intracellular calcium mobilization

5 derivative test of test compound against human S1P1

receptor—-expression cell

[0255]

Human S1P1 receptor—expression CHO cells were subcultured in

a Ham's F-12 culture medium containing 10% fetal bovine serum, and

10

were subjected to 0.25
dish,

fetal bovine serum,

300 ug/mL of Geneticin.

The human S1P1 receptor-expressionCHOcells

o)

o

o

trypsinization, then recovered from the

and floated in a Ham’s F-12 culture medium containing 10%
the human

and 300 ng/mL of Geneticin. Then,

S1P1 receptor—-expression CHO cells were seeded into a 96-well black

15

clear bottom plate (BD Falcon Biocoat) at 2.5 x 10* / 100 UL / well.

The human S1P3 receptor-expression CHO cells were then cultivated
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S1 P3 Example 1 Example 2+-t-+ Ref e rence Example 19 Ref e rence Example 28 Ref e rence
Example 35 Ref e rence Example 36 <Experiment Example 2> Intracellular calcium mobilization 5
derivative test of test compound against human S1P1 receptor-expression cell [0255] Human S1P1
receptor-expression CHO cells were subcultured in a Ham's F-12 culture medium containing 10% fetal
bovine serum, and 10 300 lig/mL of Geneticin . The human S1P1 receptor-expression CHO cells were

subjected th 258 thgitiZafidn >thén YeEerad fréth Y diER A loated'in & HEdmE .1 X dfiture
medium covrqlteaiiqiggwlo% fetal bgé{ir“,?- serum and 30 IigémL QlftGeneticirgI_Then, the human Silg&

receptor-expressmn‘%fl—elowgeﬁE Were see eg o 2 B6WelFBragkt e Medium contalning
MLof 0.1 % fatty acid-free bovine serumalbumin (BSA). This washing
treatment was carried out 3 times. The culture medium was exchanged
5 withaHam’sF-12 culturemediumcontaining 0.1% BSA, and then starved
of serum for 6 hours in a CO, incubator set at 37°C.
[0256]
The culture medium was thrown away after the 6 hours. Then,
50 uL/well of a Fluo3 loading buffer was added, and the cultures
10 were cultivated for further 1 hour. The Fluo3 loading buffer was
prepared as follows. First, equal amounts of Fluo3-AM (Dojindo)
andpluronicF-127 (20%DMSOsolution, invitrogen) weremixed. Then,
themixtureof Fluo3-AMandpluronicF-127was added intoa Hanks—-HEPES
buffer (Hanks balanced salt solution containing 20 mM HEPES (pH
15 7.4), 0.1% BSA (fatty acid-free), and 2.5 mM probenecid) to form
a Fluo3 loading buffer having a final Fluo3-AM concentration of
4 uM.
[0257]
After incubating for 1 hour, the wells were washed 3 times
20 with 100 puL of the Hanks-HEPES buffer. Next, 100 UL of the same
buffer was added, and then the cultures were incubated for 15 minutes
at 37°C in a microplate spectrophotofluorometer (FLEX Station
(Molecular Device Co., Ltd.)). Then, 25 UL of the samebuffer

dissolved with DMSO, or S1P prepared at 5 times the concentration

25 of the final concentration based on serial dilution or the test
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15 clear bottom plate (BD Falcon Biocoat) at 2.5 x 104 / 100 RL / well. The human S1P3
receptor-expression CHO cells were then cultivated for two nights at 37C under 5% CO2
environment. The next day, the wells were washed with a Ham's F-12 culture medium containing 100
RL of 0.1 % fatty acid-free bovine serum albumin (BSA). This washing treatment was carried out 3

times. The culture medium was exchanged 5 with a Ham ' s F-12 culture medium containing 0 . 1%
85, and (REMEEI8 L BErtim ForEROG T 2E0D mutatEl setat 3y, T0o8 - L0 buire
medium was thrown awaﬁﬁfter the 6 hours. Then, 50 RL/well of a F3uo3 loading buffer was added,
and the cultitesTtwele WikivATsd ftFGRnher L hdur SThE B30B3 I6AGRg B! wiS prépared a3
follows. First, equal amounts of Fluo3-AM (Dojindq) and pluronic F- 1 2 7 ( 2 0.% DNS solutian,
invitrogen) WSE R B HIERe e RS Sty B TS WA cH T ke HIEPES
buffer (Hanks balanced salt_sojution containing 20 mM HEPES (pH 15 7.4), 0.1% BSA (fatty acid-free),
and 2.5 i SYSITEE) 1 ot & P08 Toading BURS Tiaiing 2 Tl By Kb 5 eehiatisn 4 Rt
[0257] tejéilncubating for 1 hggér Sthe ells were Wgﬁhed 3 times 20 v%ithdl(g%1 RLt%f the Hanks-HEPES

ase on

buffer. Next, 1e00S ﬁfeof%ﬁg %gme uffer was added, are1d Tﬁéansﬁ'\reeénlﬁﬂjres 3veré incu%ajtél(f )foeral%e

minutes at 37/Cdn a microplate s%%cstro(phﬂt:ofhuoro efer (FLIEE%(r%tgygn élMoflleecurLalr Device Co., Ltd.)).
Then, 25 RL of the samebufter dissolved with I?)TV? 0, or 8l preparec]i] t E times the concentration 25

of the final eqneeniraion hased.n, 353 AR e e est RamAoUNSL fnaleenceniiaten 9.1 nM,
1 nM, 10 nM, 100 nM, 1
The percentage increase in fluorescence (%) of the test compound
was calculated based on a difference of 100% between the increase

10 in fluorescence when the solvent was added and the increase in
fluorescencewhenactedxnlbyIO_GMSIP. The ECsg value was determined
using PRISM software (GraphPad) as the intracellular calcium
mobilization derivative action of the test compound.

[0258]

15 The ECsg value of the compounds of Example 1 and Example 2
was greater than 10 umol/L (> 10 umol/L). Further, an evaluation
of the antagonistic action of the S1Pl receptor using the method
of Experiment Example 1 showed that the Kd value of the compounds
of Example 1 and Example 2 was 2.66 nmol/L and 1.60 nmol/L,

20 respectively.
<Experimental Example 3> Cecal ligation and puncture sepsis model
[0259]

Thismodel iswidelyusedasamodel for polymicrobial abdominal

sepsis caused by leakage of intestinal bacteria. The experiment

94



and 10 JIM) was added, and the fluorescence based on the F3uo3 due to calciummobili z ation was
detected and measured at an excitation wavelength of 485 nm and a detection wavelength of 525 nm
using 5 the same apparatus. Based on the measurement data, the increase in fluorescence was
calculated by subtracting the minimum fluorescence intensity from the maximum fluorescence

intensity. The percentage increase.in flu rescence %) of the stc as calculated based on
o ifforoncd OF £008% LMWk (e arEASE T0TR fiorsEaH e e e SE Viit ek Bt Y the

increase in_fluore s cence Wguen cted.on b¥1 0/6 S 1P . The EC50 vaI ﬁer{g(?(eg sing

PRISM sof{Ware (?sraphP%d as the intragstiufar Saiciom moblllzatlon 8er|va?|&/e ac

compound 1%?5 15The EO050 value of the compounds of Example 1 and Example 2 was greater than
10 limol/L (L ol/L). Further, an evaluation of the antagonistic action of the S1P1 receptor using
the method of Exp |megt Exam %show tha t;the Kd vadue of thce comf&gjjs of ESxam le 1 and
Example 2 was 2. nrﬁoﬁ 60 nmoliL, respectrv&y 1gﬁxperlmen amppe 3> Cecar

ligation and puncture sepsis. model 59
ThIsmo§e|dSW|deIL;/Vrfseg§§ar%%%elfo[§)% 8croRleaIa6dom r?aﬁast—’e(f)]é|J‘secsausJea(IJ;pr‘Jag1 IeIark%g’e gﬁntees%inal

bacteria. T eX£erlment Atyvas gle% % twrth referegce to the.metho descrlbed |n Non-Pat nt
Literature 9 |tt|rsc?1 et al., ature rotocos f 31 &%09 r[%%éf)? reparatlon o?%ecaﬁLgatlon and

puncture (GLE)Sensls mice 3 Wistarats (Gharies RiverLaparatores. Japan ng,.male 8 W ere

used. The ab |na portlon oft e rats'was cut open er isoflurane anesthesia, and the appendrx

was exteriorized, The aprendis as/igated with sterlized sikhread and 10/holes wereanened in the

tip portion of the appendix using an 18 G syringe 10 needle. After the treatment, the appendlx was

returned toogB&?é’&yﬁ”QH?se ‘é’?#( gyas; yfured. FHLher, tpP%kYéPXOQJ%%'@‘“Q% was subcptaneously

administered at a dose of 30 mL/kg. The rats were then returned to their cages, and observe or7

days tq geterpipethe syrvivalrate 12 TeRtGeMpoungd AAMIRSIratenMetiode o o the body,

and the wound was sutured. Further, physiological saline was
subcutaneously administered at a dose of 30 mL/kg. The rats were
then returned to their cages, and observed for 7 days to determine
the survival rate.
15 Test Compound Administration Method
The test compound was continuously administered via a cannula
stuck in the femoral vein at a dose of 0.1 mg/kg/hr. Administration
of the test compound was started 1 hour after the CLP procedure
was finished.
20 [0261]
For the group administered with the compound of Example 2,
a statistically significant effect was found (survival lengthening
action, Log-rank test p < 0.01) that shifted the survival curve
to the right as compared with the medium administration group.

25 Further, although all of the test subjects died within 1 day for
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The test compound was continuously administered via a cannula stuck in the femoral vein at a dose of
0.1 mg/kg/hr. Administration of the test compound was started 1 hour after the CLP procedure was
finished. 20 [0261] For the group administered with the compound of Example 2, a statistically
significant effect was found (survival lengthening action, Log-rank test p < 0.01) that shifted the
survival curve to the right as compared with the medium administration group..25 Further, although all
of the test SUTeRE BN & Loy T8F HHE riRdiif adimimiSPion G- 101 ha Yot AdHiniiered
with the cog‘ﬁ)ound of Exacﬁngrl]g % a survivabl rate improvement action was found, with 2t5% of the test
subjects aIiveeaffeOrI%paél)?s, while ﬁ%% Wete dlive éven after ?&aeysl. 1e26785s <‘élﬁggl(-:-osl} thatthe
compound 5 of Example 2 is effective against sepsis. [0262]. sed . on the above results, it is
clear that e%lﬁllféf(’exvﬁ% mgzggafn %&C(&e\%\gn?%ﬁ ag?éli%t?ccécstigﬁ %\égir?s%%ﬁé é&n%%%l%lr{e%e%%dr,gﬁwe
compound of the present invention exhibits a weaker or no 10 antagonisti tign_or agonistic action
gainst the S1P 1 Bo5Y B8 COTRArLd Wit hun o P Ay S0 H0fe Ao SRRt it was
also corg‘irrg%d hat the co piound ﬁ th% ﬁ\rfesent inventiorsl eeri.bSits an excellent suppressive effect
against sepsis. RBUSTRMAL APPLICA |‘?Y81%afo%§] P &cc’ording to the present invention, a
diphenyl suﬂf(i) g?rivative having an excellent S1P3 antagonistic activity and S1P3 selectivity can be
provided. Further, the diphenyl sulfide derivative of the present invention can be stably used as a

medicine 20 as it cguses/itie 9109 heplolysis, issue damags gt ceplal deprassantaction. by
iae

addition, the diphenyl su erivative of the pre sent invention Is stable in aqueous solution. The

compound gf, e prasent invertiondiaving thesexgelleptpronerties s, affesliva as a areventiye or a
therapeutic medicine for respiratory 25 tract contraction, bronchial asthma, chronic obstructive
pulmonarythe compound of the present invention exhibits a weaker or no
10 antagonistic action or agonistic action against the S1P1 receptor
as compared with human S1P3 receptor antagonistic action. Further,
it was also confirmed that the compound of the present invention
exhibits an excellent suppressive effect against sepsis.
INDUSTRIAL APPLICABILITY
15 [0263]

According to the present invention, a diphenyl sulfide
derivative having an excellent S1P3 antagonistic activity and S1P3
selectivity can be provided. Further, the diphenyl sulfide
derivative of the present invention can be stably used as a medicine

20 as it causes little or no hemolysis, tissue damage, or central
depressant action. In addition, the diphenyl sulfide derivative
of thepresent inventionis stable inaqueous solution. The compound
of the present invention having these excellent properties is

effective as a preventive or a therapeutic medicine for respiratory

25 tract contraction, bronchial asthma, chronic obstructive pulmonary
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disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse panbronchiolitis, bronchitis
resulting from infection, connective tissue disease, or transplantation, diffuse pulmonary
hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS), 5 interstitial pneumonitis, lung
cancer, pneumonia hypersensitivity, idiopathic interstitial pneumonia, fibrosis of the lung, sepsis,

cytokine storm caused by an influenza virus or RS virus infection, arteriosclerosis, blood vessel intimal
thickening, S0lld tmor A abetic At RGOSRy, SHEIAF TRELIm BTSN ‘Carbios aHes g0 2ot uce

ischemia-re er£usion isoEders, ce%abral l;k)llo%dvessel sEasms %fter subarachnoid bleeding, angina
. anbronc 19 1t1s rog% 1tls resu thg' rom 1 ection ﬁO-D%%tl e .
pectoris or'myocardial infarction €atised by coronary vessel spasms, glomerulonéphritis, thrombosis,

Jung disease caused by pulmonary edema such as ARDS, cardjac arrhythmia, eye disease, eye
ypertenst S AT T B Aiy BEUE peLratR) T IRESuiac e

degenerati%n. CL,,CAIMS . 1.Agighenyls Ififlg derivative, or agharmaceuticall accep galt or
amﬁr oanglo yoq% SlS,? u e Hg or .l%treSSﬁ_ rqsﬁ S)
hydrate thereot, represented-by the general formula (1). hemical formula T X
5 interstitial pneumonitis, lung cancer, pneumonia hypersensitivity,
idiopathic interstitial pneumonia, fibrosis of the lung, sepsis,
cytokine storm caused by an influenza virus or RS virus infection,
arteriosclerosis, blood vessel intimal thickening, solid tumors,
diabetic retinopathy, articular rheumatism, cardiac arrest,

10 ischemia-reperfusion disorders, cerebral blood vessel spasms after
subarachnoid bleeding, angina pectoris or myocardial infarction
caused by coronary vessel spasms, glomerulonephritis, thrombosis,
lung disease caused by pulmonary edema such as ARDS, cardiac

arrhythmia, eye disease, eye hypertension, glaucoma, glaucomatous

15 retinopathy, optic neuropathy, and macula-lutea degeneration.
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(In the formula (1), R2 represents an alkoxy group having 1 to 6 carbon atoms, R2 represents a propyl
group or an allyl group, X represents methylene or an oxygen atom, and Z represents a halogen 10
atom.) 2. The diphenyl sulfide derivative according to claim 1, or a pharmaceutically acceptable
salt or hydrate thereof, wherein the compound represented by the general formula (1) is represented
by 15 the general formula (la). [Chemical formula 5] R1Cl 0 OH04,0H (la) NH2\OH (In the formula (Ia),
203. The diphenyl sulfide derivative according to & i‘ﬁﬂl,s’or a pharmaceutically acceptable salt or

hydrate thereof, wherein t
ydra ereot, lE.eA g?éﬁ%nyl sulfide derivative, or a pharmaceutically

acceptable salt or hydrate thereof, represented by the general
formula (1).
5 [Chemical formula 1]

R' s Z

O
x-P-CH (1)

NH,  OH

(In the formula (1), R' represents an alkoxy group having 1 to 6

OH

carbon atoms, R? represents a propyl group or an allyl group, X
represents methylene or an oxygen atom, and Z represents a halogen

10 atom.)

2. The diphenyl sulfide derivative according to claim 1, or
a pharmaceutically acceptable salt or hydrate thereof, wherein the
compound represented by the general formula (1) is represented by

15 the general formula (la).

[Chemical formula 5]

R S

OH

(In the formula (la), R' and R? are as defined above.)

20 3. The diphenyl sulfide derivative according to claim 1, or

a pharmaceutically acceptable salt or hydrate thereof, wherein the
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compound represented by the general formula (1) is an

(R)-2-ally1-2-amino-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthi o)phenyl}butylphosphoric acid

monoester or an (S)-2-amino-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthio)phenyl 5

}-2-propylbutylphosphoric acid monoester. 4. A medicine, comprising the diphenyl sulfide

derivative accordingtoanyoneofclaimslto3,or harmaceut'callgacce tabl(f salt or hydrate thereof. 10
it i S

5. The medicifi& Aecordir @Foeélgf}ﬁ?ﬁiw inthe Medicine is"a'th Apeutic OF pféventive medicine for
sty o s, bl e cuanc osiciv e e (7L

maml - e%.q
pulmonary emphysema, tracheal stenos us panbronchio

infection, connective_tissue dijsease, or transplantation, diffuse pulmonary hamartoangiomyomatosis,
adult respir%%&%eﬁﬁrleﬂz%ugy%did?%ﬁg?ﬁ%ﬁ, ?n%rcgtiﬁglhﬁneesu%cﬁliﬁs{ Iﬁrrllg cancer, pneumonia

nypersensifiufy. Joiopaihic ipterstiial preumpnia, fbrosis of e luna, sepsis, 20 er.oyioKne stqm
. The'me I

caused by aninfluenza virus o virus infection. iCine"according to claim rzlﬁ,lwherein
the med'gir}e_' - athera %ut'%qtr é%{gve%t(i)vre.@edicirae for I%téarigsclerosis, blood vessel intimal
thickening, so id Tumo S, diabe reﬁﬁopatﬁy, o57 eumat0|dsar?ﬁritis, cardiac arrest,

ischemia-reperfusion disorders, cerebral blood ve s sel spasms after subarachnoid bleeding, angina
pectoris or myocardial infarction caused by coronary vessel spasms, glomerulonephritis, thrombosis,

lung disease causegl by pymanary edema, sarcias arhythinia, ve, divease.Sye hyperignsion, 5

glaucoma, glaucomatous retinopathy, opftic neuropathy, or ma tea degeneration. . The

medicine ageoiding, o.ciaim 4, whetsindie medicine s  therapeutc oL praventiv medioe or sepsis.

8. A pharmaceutical composition, comprising the diphenyl sulfide derivative according to any one of

claims 1to 3, pr a&hq{gﬁpgggcq}yeafc&gpt_able salt or hydrate thereof, and a pharmaceutically
acceptable carrier.

10
5. The medicine according to claim 4, wherein the medicine

is a therapeutic or preventive medicine for respiratory tract
contraction, bronchial asthma, chronic obstructive pulmonary
disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse

15 panbronchiolitis, bronchitis resulting from infection, connective
tissue disease, or transplantation, diffuse pulmonary
hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS),
interstitial pneumonitis, lung cancer, pneumonia hypersensitivity,
idiopathic interstitial pneumonia, fibrosis of the lung, sepsis,

20 or cytokine storm caused by an influenza virus or RS virus infection.

6. The medicine according to claim 4, wherein the medicine
is a therapeutic or preventive medicine for arteriosclerosis, blood
vessel intimal thickening, solid tumors, diabetic retinopathy,

25 rheumatoid arthritis, cardiac arrest, ischemia-reperfusion
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10

15

disorders, cerebral bloodvessel spasms after subarachnoidbleeding,
angina pectoris or myocardial infarction caused by coronary vessel
spasms, glomerulonephritis, thrombosis, lung disease caused by
pulmonary edema, cardiac arrhythmia, eye disease, eye hypertension,
glaucoma, glaucomatous retinopathy, optic neuropathy, or

macula-lutea degeneration.

7. The medicine according to claim 4, wherein the medicine

is a therapeutic or preventive medicine for sepsis.

8. A pharmaceutical composition, comprising the diphenyl
sulfide derivative according to any one of claims 1 to 3, or a
pharmaceutically acceptable salt or hydrate thereof, and a

pharmaceutically acceptable carrier.
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