DESCRIPTION DIPHENYL SULFIDE DERIVATIVES AND MEDICINES CONTAINING 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 ingredienbEBAGKSRONND ART [0002]
Sphingosine-l-phosphate (S1P) was considered to be merely an intermediary metabolite in
sphingosineTIRetEbolissvLHOWBVEL R 11as 13HseaN befupiedINa S SIPNTasLa THIE grioMERpranidIivig action
and a control action of a cell motility function, and it is now clear that SIP is a new lipid mediator that
exhibits vafiga&physisibgical actions, such as an apoptosis action, a cell morphology regulation
action, and vasoconstriction (Non-Patent Literatures 1 and 2). 20[0003] This SIP combines two
actions, anractionIahan intfddellular second me s senger and an action as an intercellular mediator .
Studies into Sip's action as an intercellular mediator are especially active. It has been reported that
informationl is&fanismitted 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-fyjpescofcSiPnieceptors ate known dineleiding Edgdy g3, Bdy-8] Edy6; and Edg-8
which are called as S1P4, S1P3, S1P2, S1P4, and S1P5, respectively. 5[0004] From various
studies intelehaisesSIPvredepidrst it Isdsflosdn reported thatSiocdalied SIP aebdptonpepHatoradRizh
exhibits an agonistic or antagonistic action against this receptor, is effective against a wide range of
diseases. RPaepPtérbturce2 tineirNorcRatent 109tiredturesd ® Prepow datithe STFBCamAgsoRIst is
effective as a therapeutic or preventive medicine for respiratory tract contraction, bronchial asthma,
chronic obstrdétivépulinpaaptdiseasd (COPD) L patbraryefiphisenae raghedngeridsis, diffgse

panbronchiolitis, bronchitis resulting from infection, connective
10 as an active ingredient.

BACKGROUND ART
[0002]

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

intermediarymetabolite in sphingosinemetabolism. However, it has
15 been reported that SIP 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



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 Literatures 3 to 6 showthat the S1P3 antagonist is also
effective againstartarial sclenesisailood Fesselintimalihypestsaphy, Hotid tomors, diabetic retinopathy,
rheumatoid arthritis, cardiac arrest, ischemia-reperfusion disorders, 25 cerebral blood vessel spasms
after subaratheaidthleeding, angirta) pectovisormygcardial infardtionygaeisedbys tororary vessed
spasms, glomerulonephritis, thrombosis, lung disease caused by pulmonary edema such as ARDS ,
cardiac arrhythnmiagweye dirselse | myethypeitensdgn 3 glaudonta, dlaucomatoug retinopathiy ioptic
neuropathy, macula-lutea 5 degeneration and the like. [0006] Further, although currently there are
recombinaats=fora lof dlingsn &dtkiated Proteid B¢ rhARE.) irmeditiie s thatareceffective as sepsis
therapeutic medicines, rhAPC may also cause hemorrhaging as aside 10 effect. Therefore, there is a
need tocdevelop4a 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 to multiple organ
failure caused by sepsis byasedcors analysisasing 51 P3krockdUP miee ahereby, sugyestingthatn 5 the
S1P3 antagonist may be effective as a sepsis therapeutic or preventive medicine. In addition, it has
been reported that ede G147l antagohist théreases vastvlar veiperraabilit) Latd €absés palmonary
edema (Non-Patent Literature 8). Therefore, in order for a novel sepsis therapeutic or preventive
medicine té have S2AG KighpleveboisafétyCthat therapeatio oF Hrevernieanédicine sisduld havEa weak
S1P1 antagonistic action, preferably exhibit an S1P1 agonistic action, and more preferably not exhibit
an action adzirist eaS1iereeastor f0DDFF25RACWNFSIPEIEc ptbE Fegulators atiulien fdtalkaniple, the

compounds represented by the following general formula (A) described in Patent Literature 1, [0008]
[Fonn@%]}iteratures 4 to 7 report that the S1P3 antagonist is effective

as a therapeutic or preventive medicine for respiratory tract
contraction, bronchial asthma, 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 Literatures 3 to 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



NH2 (CH2)n s4-YPO(OR5)2 (A) R4 5 [0009] (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 group, an optionally substituted
phenoxy greup; arcyelohexylmethyloxy grotipramn optionally sabstitutecbaratkyloxy geduppa sms,
pyridylmethyloxy group, a cinnamyloxy group, a naphthylmethyloxy group, a phenoxymethyl 15 group,

ahydroxymetlyi grodp rednyidroxyethyligroape koiver dlkylthid gsews bavingsketd 4 carbhdmatamy, a
lower alkylsulfinyl group having 1 to 4 carbon atoms, a lower alkylsulfonyl group having 1 to 4 carbon

atoms, a bedezyithrugrioas, BRIECEtyh groups a nithy groups prea eyaingegroap;aR2 represers ailydrogen
atom, a halogen atom, a 20 halogenated or unhalogenated lower alkyl group having 1 to 4 carbon
atoms, a loweratkmey, grdw haviag dute decarbop atdrys, @ntaralkywgrovp,tdrvantaralkyoxy greap ; R3
repre sent s a hydrogen atom, a halogen atom, a trifluoromethyl group, a lower alkyl group having 1 to
4 carbon atsrosree loweraikexyogroup havksy-1 to 4 carbon atoms, a hydroxy group, a benzyloxy
group, a phenyl group, a lower alkoxymethyl group having 1 to 4 carbon atoms or a lower alkylthio
group having &% o 4 carbon atoms; R4 represents a hydrogen atom, a halogen atom, a
trifluoromethyl group, a lower alkyl group having 1 to 4 carbon atoms, a lower alkoxymethyl group
having 1 to §wakber atems e lowecalkyletiometyl ereup havirer Drid Arcarben eemsea human
hydroxymethyl group, a phenyl group, or an aralkyl group; R5

activatedprotein C(rhAPC) inmedicines that areeffective as sepsis
therapeutic medicines, rhAPC may also cause hemorrhaging as a side
10 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 to multiple 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
20 highlevel of safety, that therapeutic or preventivemedicine should
have a weak S1P1 antagonistic action, preferably exhibit an S1Pl1
agonistic action, and more preferably not exhibit an action against
the S1P1 receptor.
[0007]

25 Known S1P receptor regulators include, for example, the



10 represents a hydrogen atom or a lower alkyl group having 1 to 4 carbon atoms; X represents 0O, S,
SO, or SO2; and Y represents -0H20-, OH2-, -CH=CH-, -CF=CF-, -0H20H2-, -CH2CFH-, -O0H20F2-, or
CH(OH)0F2-.). [0010] 15However, Patent Literature 1 does not include 2-aminophosphoric acid
monoester derivatives or 3-aminophosphonic acid derivatives having a diphenyl sulfide skeleton in
which a hydroxybgroip ie sulstiuteddarvarple ayllgroup nbuythes rthe fact that2{@amidephasphedic acid
monoester derivatives or 20 3-aminophosphonic acid derivatives having such a structure exhibit an
excellent 51 3receptoriantagonisticeaction is also not known. [0011] Other examples of known
SIP receptor regulators include the compounds represented by the following general formula (B) in
Patent 25 Litgrature 6, [0012] [Formula 2] NE12 CH2X1 .04"MDPOPH)2 (B) R3 [0013] 5 (In the
formula (B), R2 represents a chlorine atom, a linear alkyl group having 1 to 3 carbon atoms, or a
trifluoromethyd grou R2 represents a fluorine atom or a chlorine atom; R3 representsa 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.). 10[0014] Further, among the compounds repre sented by the general formula
(B), it has been reported that the,optically active compounds represented by the general formula (Ba),

have a wea P Higticggtion and an prgellent agonistic action against S1P1 and/or S1P4.
15[0015] YPO(OR,)
o (CHy)n ’I 2 A

[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 1l to 4 carbon atoms, a trifluoromethyloxy group,
an optionally substituted aralkyloxy group, an optionally
substituted phenoxy group, a cyclohexylmethyloxy group, an
optionally substituted aralkyloxy group, a pyridylmethyloxy group,
a cinnamyloxy group, a naphthylmethyloxy group, a phenoxymethyl
15 group, ahydroxymethyl group, a hydroxyethyl group, a lower alkylthio
group having 1 to 4 carbon atoms, a lower alkylsulfinyl group having
1 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
20 halogenated or unhalogenated lower alkyl group having 1 to 4 carbon
atoms, a lower alkoxy group having 1 to 4 carbon atoms, an aralkyl

group,oranaralkyloxygroup;R3representsahydrogenatom,ahalogen



[Formula 3] CINH2 cH2 ejr'OPO(OH)2 )n R3 [0016] (In the formula (Ba),R2, R3, and X are as defined
above.) [0017] However, the compounds having an inverse asymmetric center to the optically
active compounds represented by the general formula (Ba), are not known. Further, the fact that such
optically active 5 compounds exhibit an excellent S1P3 receptor-antagonistic action is also not known.
[0018] Patentdriterature i1A\MOOAOT429% pamphlet Pateht iteratiirey? WHQ3020343 jpamphlet 10
Patent Literature 3 Japanese Patent Application Laid-Open No. 2005-247691 Patent Literature 4
WO007043568ramphletRatent Literature: BAWAO6063A33 pamphtetl to 4 carbon atoms, a
hydroxy group, abenzyloxy group, a phenyl group, a lower alkoxymethyl
group having 1 to 4 carbon atoms or a lower alkylthio group having
5 1 to 4 carbon atoms; R4represents a hydrogen atom, a halogen atom,
a trifluoromethyl group, 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; R®
10 represents a hydrogen atom or a lower alkyl group having 1 to 4
carbon atoms; X represents O, S, SO, or SO;; and Y represents -CH20-,
-CH2-, -CH=CH-, -CF=CF-, -CH2CH2-, —-CH2CFH-, —-CH2CF2-, or
—-CH(OH)CF2-.).
[0010]
15 However, Patent Literature 1 does not include
2—aminophosphoric acid monoester derivatives or 3-aminophosphonic
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
20 3-aminophosphonic acid derivatives having such a structure exhibit
an excellent S1P3 receptor—-antagonistic action is also not known.
[0011]
Other examples of known S1P receptor regulators include the

compounds represented by the following general formula (B) in Patent

25 Literature o6,



Patent Literature 6 W008018427 pamphlet 15 Non-Patent Literature 1 Y. lakuma et al., Mol. Cell.
Endocrinol., 177, 3(2001). Non-Patent Literature 2 Y. Igarashi, Ann, N.Y. Acad. Sci., 845, 19(1998).
Non-Patent Literature 3 H. Okazaki et al., Biochem. Biophs. Res. 20 Commun., 190, 1104(1993).
Non-Patent Literature 4 Y. Gon et.al., Proc Nati Acad Sci U S A. 102(26),9270(2005). Non-Patent
Literature 3 &0 Nigsen et al., Nature,452,654(2008) Non-Patent Literature 6 D. Christina et al., 25
Am.J.Pathol.,170(1),281(2007) Non-PatentLiterature7 F. Nissenet al. , Blood,113(12),2859(2009)
Non-Paten{ Literatlre & M.G.Sanna et al., Nature Chemical biology, 2,434(2006) SUMMARY OF THE
INVENTION 5 PROBLEMS TO BE SOLVED BY THE INVENTION [0019] It is an object of the
present invention to provide a diphenyl sulfide derivative having an excellent S1P3 antagonistic
activity. MEANS FOR SOLVING THE PROBLEMS 10[0020] As a result of intensive studies into
the S1P3 anftiggat %ventors&\%ﬁiscovered that a novel diphenyl sulfide derivative has an
excellent S1P3 ion, thereb the pgesent invention. 15[0021]

Specifically, a firSaspect oMfie eeRo Iatest 6he @sulflde derivative, or a pharmaceutically
acceptable salt or hydrate thereof, represe‘ﬁ?ed by the following general formula (1), 20[0022]

[0013]

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

10 [0014]

Further, among the compounds representedby thegeneral formula
(B), 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.

15 [0015]

[Formula 3]

\@ ©:(CH2)H

[0016]

OPO(OH),  (Ba)

%llml

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



[Formula 4] x_14.-OH (1) \OH NH2 [0023] (In the formula (1), R2 represents a hydrogen atom, a
halogen atom, a trifluoromethyl group, an optionally substituted alkyl group 5 having 1 to 6 carbon
atoms, an optionally substituted cycloalkyl group having 3 to 6 carbon atoms, an optionally substituted
aryl group having 6 to 10 carbon atoms, an optionally substituted alkoxy group having 1 to 4 carbon
atoms, an ¢ptianally sub stituted benzyloxy group, an optionally substituted acyl group having 1 to 4
carbon 10 atoms, a cyano group, or a carboxyl group; R2 representsan optionally substituted alkyl
group having 1 teGvearbon atoms-omaio opticnakyrsubstitutech atkenyl gropprieaving 2dters: earbon
atoms; X represents a methylene group which may be substituted with 1 or 2 fluorine atoms or
representstareoxygercatohy; ¥ cepresentsipdynroger atons dStercampptiorathy sebstitufed-altkylegroup
having 1 to 6 carbon atoms; and Z represents a halogen atom). [0024] Further, a second aspect of
the inventid® selates toetine didrerwih sulfiderdéravativienaccerding he the firdt aspeict f the 20tavention,
or a pharmaceutically acceptable salt or hydrate thereof, wherein the compound represented by the
generabforooumia ¢lnid srepreséntedany thecgenerakfosiitia fla);§0025]-antagonistic action
is also not known.
[0018]
Patent Literature 1 WO04074297 pamphlet
Patent Literature 2 WO03020313 pamphlet
10 Patent Literature 3 Japanese Patent Application Laid-Open No.
2005-247691
Patent Literature 4 WO07043568 pamphlet
Patent Literature 5 WO06063033 pamphlet
Patent Literature 6 WO08018427 pamphlet
15 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,
19(1998) .
Non-Patent Literature 3 H. Okazaki et al., Biochem. Biophs. Res.
20 Commun., 190, 1104(1993).
Non-Patent Literature 4 Y. Gon et.al., Proc Natl Acad Sci U S A.
102(26),9270(2005) .
Non-Patent Literature 5 F. Nissen et al., Nature,452,654(2008)

Non—-Patent Literature 6 D. Christina et al.,

25 Am.J.Pathol.,170(1),281(2007)



[Formula 5] 0 x4:!...0OH(la) %OH NH2 5[0026] (In the formula (la), RI, R2, X, and Y are as defined
above). [0027] In addition, a third aspect of the invention relates to the diphenyl sulfide derivative
according to the first aspect of the 10 invention, or a pharmaceutically acceptable salt or hydrate
thereof, wherein the compound represented by the general formula (1) is represented by the general
formula (Ib)xd0028}[Eotmuiladt 0 xadptOH (INI)QHMNH2a1 ., Blood, 113(12),2859(2009)

Non—-Patent Literature 8 M.G.Sanna et al., Nature Chemical

biology, 2,434 (2006)

SUMMARY OF THE INVENTION

5 PROBLEMS TO BE SOLVED BY THE INVENTION

[0019]

It is an object of the present invention to provide a diphenyl
sulfide derivative having an excellent S1P3 antagonistic activity.
MEANS FOR SOLVING THE PROBLEMS

10 [0020]

As a result of intensive studies into the S1P3 antagonist,
the present inventors discovered that a novel diphenyl sulfide
derivative has an excellent S1P3 antagonistic action, thereby
completing the present invention.

15 [0021]

Specifically, a first aspect of the invention relates to a
diphenyl sulfide derivative, or a pharmaceutically acceptable salt
or hydrate thereof, represented by the following general formula
(1),

20 [0022]

[Formula 4]



15 [0029] (In the formula (Ib), Xa represents an oxygen atom or -CH8-, and R)), -2 K, and Y are as
defined above). [0030] Still further, a fourth aspect of the invention relates to the diphenyl sulfide
derivative according to the first aspect of the invention, or a pharmaceutically acceptable salt or
hydrate 5 thereof, wherein the compound represented by the general formula (1) is represented by the
general formula (Ic), [0031] [Formula 7] 10[0032] (In the formula (Ic), R2 and R2 are as defined
above). [0033]

R’ S Z
X 0
OH x=-P-OH (1)

[0023]

(In the formula (1), erepresents a hydrogen atom, a halogen atom,
a trifluoromethyl group, an optionally substituted alkyl group
5 having 1 to 6 carbon atoms, an optionally substituted cycloalkyl
group having 3 to 6 carbon atoms, an optionally substituted aryl
group having 6 to 10 carbon atoms, an optionally substituted alkoxy
group having 1 to 4 carbon atoms, an optionally substituted benzyloxy
group, an optionally substituted acyl group having 1 to 4 carbon
10 atoms,acyanogroup,oracarboxylgroup;R2representsanoptionally
substituted alkyl group having 1 to 6 carbon atoms or an optionally
substituted alkenyl group having 2 to 6 carbon atoms; X represents
a methylene group which may be substituted with 1 or 2 fluorine
atoms or represents an oxygen atom; Y represents a hydrogen atom
15 or an optionally substituted alkyl group having 1l to 6 carbon atoms;
and Z represents a halogen atom).
[0024]
Further, a second aspect of the invention relates to the
diphenyl sulfide derivative according to the first aspect of the
20 invention, or apharmaceutically acceptable salt or hydrate thereof,

wherein the compound represented by the general formula (1) is



In addition, a fifth aspect of the invention relates to the diphenyl sulfide derivative according to the
fourth aspect of the 15 invention, or a pharmaceutically acceptable salt or hydrate thereof, wherein R’
representsa trifluoromethyl group, an alkyl group having 1 to 6 carbon atoms, a cycloalkyl group
having 3 to 6 carbon atoms, an aryl group having 6 to 10 carbon atoms, or a benzyloxy group. Still
further, a sixbaspecttefdhe ynventiop«sekates! tofthen2l diphenyl sulfide derivative according to the first
aspect of the invention, or a pharmaceutically acceptable salt or hydrate thereof, wherein the
compound répeesented by the general formula (1) is
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth io)pheny1]-2-propylbutylphosphoric
acid monoéstern(R)2-ally1-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethyl 5
phenylthio)phenyl]butylphosphoric acid monoester,
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth io)pheny1]-2-methylbutylphosphoric
acid monoester, (5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-isopropylphenylthio)phe
ny1]-2-methylbutylphosphoric acid r&rl)noester 10

(5)-2-amino-4- sy ropyligz-hydrox phenylthio)p heny1]-2-methylbutylphosphoric acid
monoester, (5)- -4-[ ; y=2 drcgymgnylthlog -2-chlorophe
ny1]-2-methylbutylPpfiospBbtic¥cid Mono&eter, X=

(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5- pqqulpheny@ﬁb)phenyl 15 ]-2-propylbutylphosphoric acid
monoester, (5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-isopropylphenylthio)phe
ny1]-2-propylbutylphosphoric acid monoester,
(5)-2-amino-4-[2-chloro-4-(5-cyclopropyl1-2-hydroxyphenylthio)p henyl]-2-propylbutylphosphoric acid
monoester[ 20 48)-2-amino-4-[4-(5-t-buty1-2-hydroxyphenylthio)-2-chloropheny
1]-2-propylbutylphosphoric acid monoester,

(5)-2-amind- @[ 28Kl of 42y dfdyL5-Biphe My ithid)pheny 1 )2 2R py o ulsosshoteitsd monoester,

or
[0027]

In addition, a third aspect of the invention relates to the
diphenyl sulfide derivative according to the first aspect of the
10 invention, or apharmaceutically acceptable salt or hydrate thereof,
wherein the compound represented by the general formula (1) is
represented by the general formula (1b),
[0028]

[Formula 6]

15
[0029]

(In the formula (1lb), Xa represents an oxygen atom or -CH,-, and

Rl, RZ, and Y are as defined above).

10



(5)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophe 25 ny1]-2-propylbutylphosphoric acid
monoester. In addition, a seventh aspect of the invention relates to the diphenyl sulfide 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 5
(-)-2-aminord42ahloro-4-(2-hydroxy-5-trifluoromethylphenylth io)pheny1]-2-propylbutylphosphoric acid
monoester, (-)-2-ally1l-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethyl
phenylthio)phenyl]Butylphasphotie acicembnoesteraspect of the invention relates to
(-)-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth 10 io)phenyl]-2-methylbutylphosphoric
acid monoéster A p2anyihos4x 2= chleorokd=(Rviaydiroxy-basoprapytphenytthio)phe st aspect of
ny1]-2-methylbutylphosphoric acid monoester,
(-)-2-aminc=442-chicro-(6+cy clopropyt 2=hydrexyplenylthic) p dreny d 2 emethy b ubrtp hosphotrie acid
monoester, 15 (-)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophe
ny1]-2-methybotdphospiroriciacid nsonoegterynd represented by the general formula
(-)-2-amino-4-[2-chloro-4-(2-hydroxy-5-propylphenylthio)phenyl ]-2-propylbutylphosphoric acid
monoester| {-)-2iaminer44¢2ehlord-4o(2- hydrogpseisepropbyiphiehygltHidyphe 20
ny1]-2-propylbutylphosphoric acid monoester,
(-)-2-amino-4{2dchloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p heny1]-2-propylbutylphosphoric acid
monoester, (-)-2-amino-4-[4-(5-t-buty1-2-hydroxyphenylthio)-2-chloropheny 1]-2-propylbutylphosphoric
acid monoéster 26Lg)-2lamino-4-[2-chloro-4-(2-hydroxy-5-biphenylthio)pheny1]-2-
propylbutylphosphoric acid monoester, or _
(-)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophe ny1]-2-propylbutylphosphoric acid
monoester. Still further, an eighth aspect of the invention relates to 5 a medicine that is based on a
sphingosine-hospQate regeptor-antagonistic action, which comprises as an active
Aitive acegpding to any one of the fir st to seventh aspect s of the
ecg or h raéﬁ_]hereof. 10In addition, a ninth aspect of the
) aspect 61ee invention, wherein the medicine
is a therapeutic or preventive medicine for rl'é:tory trddttontraction, bronchial asthma, chronic
obstructive pulmonary disease (COPD), pulmoriary emphysema, tracheal stenosis, diffuse 15
panbronchiolitis, bronchitis resulting from infection, connective tissue disease, or transplantation,
diffuse pulmonary hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS), interstitial
pneun% nitis) lcancer, pneumonia hypersensitivity, idiopathic interstitial pneumonia, fibrosis of the
lung, sepsis, 20 or cytokine storm caused by an influenza virus or RS virus infection. Still further,
a tenth aspelt of fife hoeRtiTreldtes 1o the TREMIBInPaEe it dingtd tHE ighty BEpect of the invention,
wherein the medicine is a therapeutic medicine for arterial sclerosis, blood vessel intimal hypertrophy,
solid tumor%fJ dibktic retinopathy, 25 rheumatoid arthritis, cardiac arrest, ischemia-reperfusion
disorders, cerebral blood ve s sel spasms after subarachnoid bleeding, angina pectoris or myocardial
infarction caused by té¥SRaryVakset shasing, Y& ulGieftiitis: thfohbodis, Hang fseds® dy'élfsed by

pulmonary edema, cardiac arrhythmia, eye disease, eye hypertension, 5 glaucoma, glaucomatous

retinopathﬁjébl?i%rﬂ%hrébl&fﬁﬂ}fj& ﬂ%h}]d%ﬁ&é@d%ﬁgﬂéfjah%ﬁto the fourth aspect of the

15 invention, or apharmaceutically acceptable salt or hydrate thereof,

wherein R' represents a trifluoromethyl group, an alkyl group having

1 to 6 carbon atoms, a cycloalkyl group having 3 to 6 carbon atoms,

an aryl group having 6 to 10 carbon atoms, or a benzyloxy group.
Still further, a sixth aspect of the invention relates to the

20 diphenyl sulfide derivative according to the first aspect of the

invention, or apharmaceutically acceptable salt or hydrate thereof,

11



In addition, an eleventh aspect of the invention relates to the medicine according to the eighth aspect
of the invention, wherein the medicine is a therapeutic or preventive medicine for sepsis. 10Further, a
twelfth aspect of the invention relates to a pharmaceutical composition comprising the diphenyl sulfide
derivative according to any one of the first to seventh aspects of the invention, or a pharmaceutically
acceptablexsaltrerihydrate thereefpand agphasmacesatically adeeptadte earrief.oksin saldition, as
thirteenth aspect of the invention relates to a use of the diphenyl sulfide derivative according to any
one of the first t@ seventh-aspéetscofihe inventidnhgua pharhacetichlly acoeptablecsadtgriydrate
thereof, in manufacture of a medicine based on an S1P3 receptor-antagonistic action. 20Further, a
fourteenth aspecttofihé iirentiop yélates/tothe arsiecaccording do thenthirteenth aspect of the invention,
wherein the medicine based on an S1P3 receptor-antagonistic action is a therapeutic or preventive
medicine fdiRe-spiratdryliract @ontraction), Hrohdhalcasthnma;- biydnickgbsiructivé putmonarytdisease
(COPD), 25 pulmonary emphysema, tracheal stenosis, diffuse panbronchiolitis, bronchitis resulting
from infectiome conhéctivertissog disedse] phtrapsplantation Ldiffuse palhemary
hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS), interstitial pneumonitis, lung
cancer, pnégmonighypersénditivity) idiopathic (B intedtitalyprieumrarfid vifbrosistdf the hegy Sepsis, or
cytokine storm caused by an influenza virus or RS virus infection. In addition, a fifteenth aspect of
the inventiow relarsitd the use e iding icthesthirtaehth aspectoftie irfvention, wherein the
medicine based on an S1P3 receptor-antagonistic action is a 10 therapeutic medicine for arterial
sclerosis, blgod ¥essd!ptindal [Rypertkopty, Solid timors Wiateticretnopathy drevididid Jartieitis,
cardiac arrest, ischemia-reperfusion disorders, cerebral blood vessel spasms after subarachnoid
bleeding, ahgina pe&tofis ot myochrdialipfretich eausedisy e6nary vessel spasms, 15
glomerulonephritis, thrombosis, lung disease caused by pulmonary edema, cardiac arrhythmia, eye
diseasé) eye®hypertehisiam, giddcorma cglaudonmatotis e aReatty, eptiyeinspathy o atalalutea
degeneration. Further, a sixteenth aspect of the invention relates to the 20 use according to the
thirteenth aspect of theifvéntion Whereinthe Prddicine shseatiat $1P3 receptor-antagonistic
action is a therapeutic or preventive medicine for sepsis. In addition, a seventeenth aspect of the

invention rélatestorthetiptienyt sufideUefvatve accordiNg R Yanyone 10t #e first —chlorophe

nyl]-2-methylbutylphosphoric acid monoester,
(S)-2-amino—-4-[2-chloro-4-(2-hydroxy-5-propylphenylthio)phenyl

15 ]-2-propylbutylphosphoric acid monoester,
(S)—-2-amino—-4-[2-chloro-4-(2-hydroxy-5-isopropylphenylthio)phe
nyl]-2-propylbutylphosphoric acid monoester,
(S)-2-amino-4-[2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
henyl]-2-propylbutylphosphoric acid monoester,

20 (S)-2-amino-4-[4-(5-t-butyl-2-hydroxyphenylthio)-2-chloropheny
1]-2-propylbutylphosphoric acid monoester,
(S)—-2-amino—-4-[2-chloro-4-(2-hydroxy-5-biphenylthio)phenyl]-2-
propylbutylphosphoric acid monoester, or
(S)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophe

25 nyl]-2-propylbutylphosphoric acid monoester.
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25 to seventh aspect s of the invention, or a pharmaceutically acceptable salt or hydrate thereof, for
use in inducing an S1P3 receptor-antagonistic action. Further, an eighteenth aspect of the
invention relates to the diphenyl sulfide derivative according to any one of the first to 5 seventh
aspects of the invention, or a pharmaceutically acceptable salt or hydrate thereof, for use in treatment
or prevention of reSpiratddy trachgoatractien,tbranghiat @stfima cchinonenahistructvegudmananyhdi sease
(COPE) ), pulmonary emphysema, tracheal stenosis, diffuse panbronchiolitis, bronchitis resulting
from 10 infeéctibrrcphneciive tissuedisease,var transptantation odiffuse putmonarypect of the
hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS), interstitial pneumonitis, lung
cancer, pnéumania byperseasitinvtyn diepethicahteystitiakprieumenia, fibrosisyof the duhgesepsis, or
cytokine storm caused by an influenza virus 15 or RS virus infection. In addition, a nineteenth
aspect of thedmeintion relatesitocthedipleeny salfidederivative ageardirgltofanyrone of(the first to
seventh aspect s of the invention, or a pharmaceutically acceptable salt or hydrate thereof, for use in
treatment df-artétiad selerosis, 20-blobdvesset itinraldypeaitrdphyy solidtambrs, tdiaBeticeretihopathy,
rheumatoid arthritis, cardiac arrest, ischemia-reperfusion disorders, cerebral blood ve s sel spasms
after subarachpoidrtiéddiAgramging pettotistor ypyovardiakinfarction cagsed by coronary vessel
spasms, glomerulonephritis, thrombosis, lung disease caused by 25 pulmonary edema, cardiac
arrhythmia eye disehs# Leye hygertertsidr giadcoma, iglddcdmdtows refindpathy, voptienseurgpathy, or
macula-lutea degeneration. Further, a twentieth aspect of the invention relates to the diphenyl
sulfide derivative Aebcrding,rany! g vl thedirshiors Seventh aspeetssieiie invention, or a
pharmaceutically acceptable salt or hydrate thereof, for use in treatment or prevention of sepsis.

In addition,(a twéntgfirstaiect of thecinvertior relatés @& Yhe diphehylstifide tanvativeractording to
anyone of the first to seventh aspect s of the invention, or a pharmaceutically acceptable 10 salt or
hydrateltheredP isrindiciagit-S YRR EdeMo R artagbhistie attioRonoe Hgther, a twenty-second
aspect of the invention relates to a method for inducing an S1P3 receptor-antagonistic action in a
target, comlprisirg afimirfstiating efdctive amdunttor ke diphenyF P> 5aKideé Rietv dthid ac0dtlimg to
any one of the first to seventh aspects of the invention, or a pharmaceutically acceptable salt or
hydrate thérésf to’a BBy rerjtinhgPiteSRaGEoh Gfat!STPB8EE[Br-antagonistic action.

ADVANTAGEOUS EFFECTS OF THE INVENTION 20[0034]
(-)—-2—-amino—-4-[2-chloro-4-(5-cyclopropyl—-2-hydroxyphenylthio)p

henyl]-2-methylbutylphosphoric acid monoester,

15 (-)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)—-2-chlorophe
nyl]-2-methylbutylphosphoric acid monoester,
(-)—-2-amino-4-[2-chloro-4-(2-hydroxy-5-propylphenylthio)phenyl
]-2-propylbutylphosphoric acid monoester,
(-)—2-amino—-4-[2-chloro-4-(2-hydroxy-5-isopropylphenylthio)phe

20 nyl]l-2-propylbutylphosphoric acid monoester,
(-)—-2-amino—-4-[2-chloro-4-(5-cyclopropyl—-2-hydroxyphenylthio)p
henyl]-2-propylbutylphosphoric acid monoester,
(-)—-2-amino-4-[4-(5-t-butyl-2-hydroxyphenylthio)-2-chloropheny
1]-2-propylbutylphosphoric acid monoester,

25 (-)—-2-amino-4-[2-chloro-4-(2-hydroxy-5-biphenylthio)phenyl]-2-

13



According to the present invention, a diphenyl sulfide derivative having an excellent S1P3 antagonistic
action can be provided. The inventive compound is effective as a preventive or a therapy for sepsis,
respiratory tract contraction, bronchial 25 asthma, chronic obstructive pulmonary disease (COPD),
pulmonary emphysema, tracheal stenosis, diffuse panbronchiolitis, bronchitis resulting from infection,
connectivedissuoe ldiseasey oo trahsplantationd diffuse getraonaryrhamartoangiomyomatosis, adult
respiratory distress syndrome (ARDS), interstitial pneumonitis, 5 lung cancer, pneumonia
hypersensitivity, ddimpathic- ihtdrétitialpreunydria yfilsiresigdf the hing, i cytokine2-chlorophe
storm(hyperproduction) caused by an influenz a virus or RS virus infection, arterial sclerosis,
bloodvesselyntimat-pypartrophy, sotidtespbrsy diabetic detimopattyt, elmeumatoid arthritis, cardiac arrest,
ischemia-reperfusion 10 disorders, cerebral blood ve s sel spasms after subarachnoid bleeding,
angina pectoris or Atyocardiakinferction catiset by corprary vessel spasmes, glome rddrepwitiso
thrombosis, lung disease caused by pulmonary edema such as ARDS, cardiac arrhythmia, eye
diseasd; eye hypérntensiort,lglaucom&agladcomatouspetingpeathy . copticarawrppathy, 35 andP3)
macula-lutea degeneration. MODE FOR CARRYING OUT THE INVENTION [0035] The "halogen
atom" used ficthetpresenttinventioritis @ fudrinenator) acthlorime atone,sa broraimeaatdAyor an iodine
atom. Examples 20 of the "alkyl group having 1 to 6 carbon atoms" include a linear hydrocarbon group
having 1 tol6 ¢afsbreatontd) sudh Risenmetisyl ffouls; ateathykbdroup, an aomépylgroapaan namgty|
group, an n-pentyl group, or an n-hexyl group, and a branched hydrocarbon group having 1 to 6
carbon atoafst Bechias art Ppropyigrogs BE & tbafyt §roip V2D Examples abthereyecatkyrgrobp

having 3 to 6 carbon atoms" include
acceptable salt or hydrate thereof.

10 In addition, a ninth aspect of the invention relates to the
medicine according to the eighth 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.

Still further, a tenth aspect of the invention relates to the
medicine according to the eighth aspect of the invention, wherein
themedicine is a therapeuticmedicine for arterial sclerosis, blood
vessel intimal hypertrophy, solid tumors, diabetic retinopathy,

25 rheumatoid arthritis, cardiac arrest, ischemia-reperfusion
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a cyclopropy! group, a cyclobutyl group, a cyclopentyl group, and a cyclohexyl group. Examples of the
"aryl group having 6 to 10 carbon atoms" include a phenyl group and a naphthyl group. Examples of
the "alkoxy group having 1 to 4 carbon atoms" include a methoxy 5 group, an ethoxy group, an
N-propoxy group, an n-butoxy group, an i-propoxy group, and a t-butoxy group. Examples of the
"alkenyl graup baving<, tocs earbeh alamsiaclade apaliyk gmoupr Examplestofdhel taoyEdroup, having
1 to 4 carbon atoms" include an acetyl group. Examples of the "methylene group which may be
substitutedeh@vith por 2Fuosire atgmsaindlude i CH2-c1CHE- cands<CFRy. [0086hary Farher, the
"alkyl group having 1 to 6 carbon atoms," the "cycloalkyl group having 3 to 6 carbon atoms," the "aryl
group having®stosl,0 carboamatdmsethe alkexy grouprhendng 1 tduncaron edoms dahbsthe "bgnzyloxy
group,” the "acyl group having 1 to 4 carbon atoms,” and the "alkenyl group having 2 to 6 carbon
atoms" mayhaverssybstitreat. Exanhples of ting Usubistituent’ dichedesa halpgevatent,ension,
trifluoromethyl group, an alkyl group having 1 to 6 carbon atoms, a cycloalkyl group having 3 to 6
carbon atomisy ancaryl group havirg 2016 tod0icarbe atomepan alkogy geews-having4 to 4 carbon
atoms, a benzyloxy group, an acyl group having 1 to 4 carbon atoms, a cyano group, an alkenyl group
having 2 toné cafsonlatoass, @dpairtexyd igroup, a nitro group, and an amino group. [0037] 25In view of
the object of the present invention, which is to obtain an excellent S1P3 antagonistic action, it is
preferred that R2 bera adfilicromethygrolpvan alkyd grsup-havingt té Bvcarbor atoms 24 egcloalkyl
group having 3 to 6 carbon atoms, an aryl group having 6 to 10 carbon atoms, or a benzyloxy group.
More preferalsiyiSIRCisaeriflcordidethyltgrddr: & behzhlegrgoup fahhepropgingroap, anfigiepyl
group, a t-butyl group, a cyclopropyl group, or a phenyl group. Still more preferably, R2 is a
trifluorometiyg grea; B RBULyP gFo (iR OF FOSHENYE gPU R FRUFEHER LY &5 predérdd thatR2 perialkyl
group having 1 to 6 carbon atoms or an alkenyl group 10 having 2 to 6 carbon atoms. More preferably,
R2 is &nethyl grodpidiapropyl gred, B arc@IRAtgretiptTe athieve el Righievel of Safety gt is still
more preferred that R2 be an n-propyl group. In addition, it is preferred that R2 have the steric
configuratiBh AlBIraet intheé gererd Formaa (ROMWBieoves, it Repréfethed 18 teat X béa methylene
group or an oxygen atom, and more preferably an oxygen atom. Still further, it is preferred that Z be a
chlorine at6ft: f0U38} Exaiies 6f & pharmasgutivafly aEcéptablel saitinthe HrEsaHt 2CRiRVEStich
include an acid addition salt, such as a hydrochloride salt, a hydrobromide salt, an acetate salt, a
trifluoroacetatd 85It & WethaResulfonate Saft e Eifrate  SaIt ‘or & taifrate$dIe & ancaikaline ad8ition
salt, such as a sodium salt, a potassium salt, a calcium salt, a magnesium salt, or an aluminum salt.
25[0039] CREABErdit ' tRePhesdidt fvEntion! amhonghe cofgourdsréfresented by the general
formula (1), a compound in which X is an oxygen atom and Y is a hydrogen atom, specifically, a

compdund represehted By thé YenetaF formufe Pid) @XBRGNG EomfodAgemtLon relates to

a use of the diphenyl sulfide derivative according to any one of
the first to seventh aspects of the invention, or a pharmaceutically
acceptable salt or hydrate thereof, in manufacture of a medicine
based on an S1P3 receptor—-antagonistic action.

20 Further, a fourteenth aspect of the invention relates to the
use according to the thirteenth aspect of the invention, wherein
the medicine based on an S1P3 receptor—-antagonistic action is a
therapeuticorpreventivemedicine forrespiratorytract contraction,
bronchial asthma, chronic obstructive pulmonary disease (COPD),

25 pulmonary emphysema, tracheal stenosis, diffuse panbronchiolitis,
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5 which R' isa carboxyl group), can be prepared based on the following synthesis pathway A, for
example. [0040] [Formula 8] 2(1d) OHOPO(OH)2 NH2 10[0041] (In the formula (1d), R' representsa
hydrogen atom, a halogen atom, a trifluoromethyl group, an optionally substituted alkyl group having 1
to 6 carbon atoms, an optionally substituted cycloalkyl group having 3 to 6 carbon atoms, an optionally
substitutedoaryhth grdup hawing 6itodl (Fearbonrafermsian pptionallycsubstituted alkoxy gseap daving 1
to 4 carbon atoms, an optionally sub stituted benzyloxy group, an optionally substituted acyl group
having 1 too4 carlzomrsatbars; atcyamnp grotipuerca parboxybgroupaR2repeesentsayooptionaily ,
substituted alkyl group having 1 to 6 carbon atoms or an optionally 20 substituted alkenyl group having
2 to 6 carbedwatamsgapd Zaepresents & halogesyvatominf) 042R xSynthesis pathiwayaA> [0043]
[Formula 9] 5[0044] In the synthesis pathway A, an optically active compound represented by the
general forpmdardpitis, lung cancer, pneumonia hypersensitivity, idiopathic
5 interstitial pneumonia, fibrosis of the lung, sepsis, or cytokine
storm caused by an influenza virus or RS virus infection.
In addition, a fifteenth aspect of the invention relates to
the use according to the thirteenth aspect of the invention, wherein
the medicine based on an S1P3 receptor—-antagonistic action is a

10 therapeutic medicine for arterial sclerosis, blood vessel intimal
hypertrophy, solid tumors, diabetic retinopathy, rheumatoid
arthritis, cardiac arrest, ischemia-reperfusion disorders,
cerebral blood vessel spasms after subarachnoid bleeding, angina
pectoris or myocardial infarction caused by coronary vessel spasms,

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

Further, a sixteenth aspect of the invention relates to the

20 use according to the thirteenth aspect of the invention, wherein
the medicine based on an S1P3 receptor—-antagonistic action is a
therapeutic or preventive medicine for sepsis.

In addition, a seventeenth aspect of the invention relates

to the diphenyl sulfide derivative according to any one of the first

25 toseventhaspectsof theinvention, or apharmaceutically acceptable

16



[0045] [Formula 10] OR3 R2y.,1/2.N Nye OR3(4) [0046] (In the formula (4), R3 represents an

optionally substituted alkyl group having 1 to 6 carbon atoms; and R2 is as defined above.), 5[0047]

can be prepared by reacting an optically active compound represented by the general formula (2),

[0048] [Formula 11] oR3 rAa*N1 N ymproe (2) 0 R3 1 [0049] (In the formula (2), R3 is as defined

above.), [085Qk or hydrate thereof, for use in inducing an S1P3
receptor—-antagonistic action.

Further, an eighteenth aspect of the invention relates to the
diphenyl sulfide derivative according to any one of the first to

5 seventh aspects of the invention, or a pharmaceutically acceptable
salt or hydrate thereof, for use in treatment or prevention of
respiratory tract contraction, bronchial asthma, chronic
obstructivepulmonary disease (COPD), pulmonary emphysema, tracheal
stenosis, diffuse panbronchiolitis, bronchitis resulting from

10 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, or cytokine storm caused by an influenza virus
15 or RS wvirus infection.

In addition, a nineteenth aspect of the invention relates to
the diphenyl sulfide derivative according to any one of the first
toseventhaspects of the invention, or apharmaceutically acceptable
salt or hydrate thereof, for use in treatment of arterial sclerosis,

20 bloodvessel intimal hypertrophy, solidtumors, diabeticretinopathy,
rheumatoid arthritis, cardiac arrest, ischemia-reperfusion
disorders, cerebral bloodvessel spasms after subarachnoidbleeding,
angina pectoris or myocardial infarction caused by coronary vessel

spasms, glomerulonephritis, thrombosis, lung disease caused by

25 pulmonary edema, cardiac arrhythmia, eye disease, eye hypertension,
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with a compound represented by the general formula (3), [0051] [Formula 12] R2-A8 (3) [0052] 5 (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 group; and R2 is as defined
above.), in the presence of a base (Step A-1). 10[0053] Specifically, first, in a reaction s olvent

such as 1, didioxane, tetrahydrofuranuer diethihether Hihe campotunderepegserited byithe general
formula (2) is treated at - 7 8C us ing a base . Then, a compound represented by the general formula
(3) is reacted at 1 28C winetheddoebtairedianion of the compound represented by the general formula
(2). Next, the temperature is gradually increased to normal temperature to obtain a compound
represented by thefgenerakformular ¢t Exaimplep eftheolhasée ¢hatcambe aseddn dhis seactiamenclude
n-butyllithium and lithium diisopropylamide, and n-butyllithium 20 is preferred. In the present
specificatiat, phe terin normiad temperatare! veeans: 05 ¢0 25Ctas definedhin the Jdpanesest to
Pharmacopoeia. In the synthesis pathway A, an optically active compound represented by the
generabfomem}(am@}; [@e@qa]c[F@mﬁJlamg]ingention, or a pharmaceutically acceptable
salt or hydrate thereof, for use in treatment or prevention of sepsis.
In addition, a twenty-first aspect of the invention relates
to the diphenyl sulfide derivative according to any one of the first
toseventhaspects of the invention, or apharmaceutically acceptable
10 salt or hydrate thereof, for inducing an S1P3 receptor—-antagonistic
action.
Further, a twenty-second aspect of the invention relates to
a method for inducing an S1P3 receptor—-antagonistic action in a
target, comprising administrating effective amount of the diphenyl
15 sulfide derivative according to any one of the first to seventh
aspects of the invention, or a pharmaceutically acceptable salt
or hydrate thereof to a target requiring the induction of an S1P3
receptor—-antagonistic action.
ADVANTAGEOUS EFFECTS OF THE INVENTION
20 [0034]
According to the present invention, a diphenyl sulfide
derivative having an excellent S1P3 antagonistic action can be
provided. The inventive compound is effective as a preventive or

a therapy for sepsis, respiratory tract contraction, bronchial

25 asthma, chronic obstructive pulmonary disease (COPD), pulmonary
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[0055] (In the formula (6), Ah represents a typical leaving group such as a halogen atom, a
methanesulfonyloxy group, a  para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy 10
group; and R2, R3, and Z are as defined above.), [0056] can be prepared by reacting the optically
active compound represented by the general formula (4) with a compound represented by the general
formula (5kdbI005FhfFotmaltant4]l {0858]s(1rs the farmgla (E)n Bt reprasents aitypicaldeaving geoup
such as a halogen atom, a methanesulfonyloxy group, a para-toluenesulfonyloxy group, or a
trifluorometianesulfonyléxyh grodgcanidAb andriiareas definecs above. fda tke presence of a base
(Step A-2). [0059] Specifically, first, in a reaction s olvent such as 1, 4-dioxane, tetrahydrofuran, or
diethyl ethén; $hes pdmpoand sepresehfedsby the A0generakfoemtlza@dy istrgatedtats78¢ using @ base.
Then, the compound represented by the general formula (5) is reacted at -78C on the obtained anion
of the compeusrd refiresented yrthe genenalformul&ABP SNext, e températuirens gradually iscreased
to normal temperature to obtain the compound represented by the general formula 15 (6). Examples of
the base thatrandserased irptrasireactionimpleidearbutyllithiom, and lithivrnidiisopropsdamidel ahd
n-butyllithium is preferred.
pneumonia, fibrosis of the lung, or cytokine storm (hyperproduction)
causedbyaninfluenzavirusor RSvirus infection, arterial sclerosis,
bloodvessel intimal hypertrophy, solid tumors, diabeticretinopathy,
rheumatoid arthritis, cardiac arrest, ischemia-reperfusion
10 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,
15 and macula-lutea degeneration.
MODE FOR CARRYING OUT THE INVENTION
[0035]
The “halogen atom” used in the present invention is a fluorine
atom, a chlorine atom, a bromine atom, or an iodine atom. Examples
20 of the *“alkyl group having 1 to 6 carbon atoms” include a linear
hydrocarbon group having 1 to 6 carbon atoms, such as a methyl group,
an ethyl group, an n-propyl group, an n-butyl group, an n-pentyl
group, or an n-hexyl group, and a branched hydrocarbon group having

1 to 6 carbon atoms, such as an i-propyl group or a t-butyl group.

25 Examples of the “cycloalkyl group having 3 to 6 carbon atoms” include
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In the synthesis pathway A, a compound represented by the general formula (7), can be prepared by
subjecting the compound 20 represented by the general formula (6) to acid hydrolysis, and then
protecting the amino group with a typical protecting reagent. [0060] [Formula 15] [0061] (In the
formula (7), R4 represents a general protecting group for amino group; and Ab, R2, R3, and Z are as

defined abavey)c3[@062by1 gtheRA i thecformulayis notespeciallyyiimitedas jJongyas itgprotecis the
amino group. For example, an acyl group, such as an acetyl group, or a carbamate, such as
t-butoxycarbopyllorizenyyloxyoarhonylk eaw beuséd (GiefrAs3) OIS petificallyy firsto ihGndmdrganic or
organic acid, or in a mixed solvent of an inorganic or organic acid and an organic solvent, the
compoundaepresénted:-by the geperah formita®) isrstibjecteda hgid hydrolysis atw@ormats of
temperature. Here, as the inorganic acid, hydrochloric acid, hydrobromic acid or the like can be used.
15 As the ¢riganitaddidxyiflgoronrethanesudfohiccacid or dimdtike eqohe’Usedc Further asdhe oxganic
solvent, methanol, ethanol, tetrahydrofuran, 1,4-dioxane, ethyl acetate or the like can be used. Among
these, ibis prefepredato carhoaut trecanid hydrolysis usingyadrovechleric acklinck 4-dioxarre. 20Next,
after, neutrali z ation with a base to obtain an amino e ster, this amino ester and an acyl chloride or
an acid anhydridecarevreactetdat @0 do Mormaliterrperatirern a Soleeptltovitaintthe dompound
represented by the general formula (7). Examples of the solvent that can be used in this step include
ethyl acetate, qetranydiofarants N,Nadifrethylformmamides 1idioxand, imétlylene chldricrnehsoform,
methanol, ethanol, and acetonitrile. As the acyl chloride, acetyl chloride, benzyloxycarbonyl chloride or
the like ca® betdsed. Asithe @cidianhydrided aketie ahhydride rdiatsuyldicaridngte crthé diké tan be

used. Among these, it is 10 preferred to carry out the reaction using di-t-butyldicarbonate.
group. Examples of the “methylene group which may be substituted

10 with 1 or 2 fluorine atoms” include - CH,-, -CHF-, and -CF,-.

[0036]
Further, the “alkyl group having 1 to 6 carbon atoms,” the

“cycloalkyl group having 3 to 6 carbon atoms, ” the “aryl group having
6 to 10 carbon atoms,” the “alkoxy group having 1 to 4 carbon atoms,”

15 the “benzyloxy group,” the “acyl group having 1 to 4 carbon atoms,”
and the *“alkenyl group having 2 to 6 carbon atoms” may have a
substituent. Examplesof this “substituent” includeahalogenatom,
a trifluoromethyl group, an alkyl group having 1 to 6 carbon atoms,
a cycloalkyl group having 3 to 6 carbon atoms, an aryl group having

20 6 to 10 carbon atoms, an alkoxy group having 1 to 4 carbon atoms,
a benzyloxy group, an acyl group having 1 to 4 carbon atoms, a cyano
group, an alkenyl group having 2 to 6 carbon atoms, a hydroxyl group,
a nitro group, and an amino group.
[0037]

25 In view of the object of the present invention, which is to

20



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). 15[0063] [Formula 16]
[0064] (In the formula (8), Ab, RR4, and Z are as defined above.) 20[0065] For example, in a
reaction solvent such as tetrahydrofuran, 1, 4-dioxane, ethanol, methanol or the like, the compound
representeddnsthe genesatddrnaula () F3prepargd by seduction using a tetuctard & OCtd thearteflux
temperature , and preferably at normal temperature. 5 Examples of the reductant that can be used
include bominécalkytbarahedesivatives syclas 9-boratiieydlofa:3:djndranen(d-BBN), anetat bydride
complexes such as diisobutylaluminum hydride ( (iBu) 8A1H) , sodiumborohydride (NaBH4),
lithiumborahydride (&iBiid),dihikimLatmmpnh aydride ILiAlH4)aorktbe |keoResferabbyr the dOaeductant
is lithium borohydride. In the synthesis pathway A, a compound represented by the general
formula (1@atexoludingocdmpeuridsiirewhich, Rérsalbearbexyl gyoupd, o066l b5 ¢Formitar Hly ,
5 R'is atrifluoromethyl group, a benzyloxy group, an n—propyl group,
an i-propyl group, a t-butyl group, a cyclopropyl group, or a phenyl
group. Still more preferably, R' is a trifluoromethyl group, a
t-butyl group, or a phenyl group. Further, it is preferred that
R? be an alkyl group having 1 to 6 carbon atoms or an alkenyl group
10 having 2 to 6 carbon atoms. More preferably, R’ is a methyl group,
an n-propyl group, or an allyl group. To achieve a high level of
safety, it is still more preferred that R?* be an n-propyl group.
In addition, it is preferred that R? have the steric configuration
illustrated in the general formula (la). Moreover, it is preferred
15 that X be a methylene group or an oxygen atom, and more preferably
an oxygen atom. Still further, it is preferred that Z be a chlorine
atom.
[0038]
Examples of a pharmaceutically acceptable salt in the present
20 invention include an acid addition salt, such as a hydrochloride
salt, a hydrobromide salt, an acetate salt, atrifluorocacetate salt,
a methanesulfonate salt, a citrate salt, or a tartrate salt, and
an alkaline addition salt, such as a sodium salt, a potassium salt,

a calcium salt, a magnesium salt, or an aluminum salt.

25 [0039]
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[0067] (Inthe formula (10), Rs represents a hydrogen atom or a general protecting group for a
phenolic hydroxyl group; and R4, R2, R4, and 20 Z are as defined above.), [0068] can be prepared by
reacting the compound represented by the general formula (8) and the compound represented by the
general formula (9) (excluding compounds in which Al is a carboxyl group). [0069] 5 [Formula 18]
[0070] (In the formalad8)dAlrand-Rs e asefined abovern {007]] 1Onbheygenerat pratectintsgroup for
a phenolic hydroxyl group is not especially limited as long as it protects a phenolic hydroxyl group. For
example, ametlad gnaup) benihd greug e inetbaxymethyllgroup, adetrahydropyrariyl group, ias
t-butyldimethylsilyl group, an acetyl group, or a t-butoxycarbonyl group can be used (Step A-5). 15For
example, this reagtiem cahdye eaxdied out in & yeactiparsalvent, saclke as foloenéy, a compound
N,N-dimethylformamide, 1,4-dioxane, tetrahydrofuran, or diethyl ether, in the presence of an inorganic
or organic base esigtae datalyst e ngremaliteperature to thedreflux kem peratiyrec Examphessofin
inorganic bases that can be used include 20 s odium carbonate or potas s ium t-butoxide Examples of
organicthasé scthak carn e arseddncliderdiisopropyetindamine aEerdher sx@mpléese following

synthesis pathway A, for example.

[0040]

[Formula 8]

10 [0041]
(In the formula (1d), erepresents a hydrogen atom, a halogen atom,
a trifluoromethyl group, an optionally substituted alkyl group
having 1 to 6 carbon atoms, an optionally substituted cycloalkyl
group having 3 to 6 carbon atoms, an optionally substituted aryl

15 group having 6 to 10 carbon atoms, an optionally substituted alkoxy
group having 1 to 4 carbon atoms, an optionally substituted benzyloxy
group, an optionally substituted acyl group having 1 to 4 carbon
atoms,acyanogroup,oracarboxylgroup;R?representsanoptionally
substituted alkyl group having 1 to 6 carbon atoms or an optionally

20 substitutedalkenyl group having2 to 6 carbon atoms; and Z represents
a halogen atom.)

[0042]
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of the catalyst that can be used include palladium compounds, such as tris(dibenzylideneacetone)
dipalladium(0) or palladium(ll) acetate. Preferably, tris(dibenzylideneacetone) dipalladium(0) is used.
5A phosphine compound, such as 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 Spivent as @ reactien aceelerator. 10In the synthesis pathway A, a compound represented
by the general formula (12) (excluding compounds in which R1 is a carboxyl group), [0072] [Formula
19] 15 [0078E@EN the formula (12), R4, R2, R3, R4, Rs, and Z are as defined above.), [0074] can be
prepared by reacting the compound represented by the general 20 formula (10) (excluding compounds

in which RI[is@carbexyllgroup) and a compound represented by the general formula (11) (Step A-6).
[0075] [Formula 20]

AR Z b
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A3 R2 A4 A 4 oRS (9)
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"0y 0
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(o]
A
4]
N
13
N

OR OR® ¥ oPO(OR?),
(10) NHR? (12) NHR*
A-7 R1 S Z
—_—T \@ BZ
OH ” Ny NOPO(CH),
(1d) NH,

5 [0044]

In the synthesis pathway A, an optically active compound
represented by the general formula (4),
[0045]

[Formula 10]
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P(OR3)3 (11) [0076] (In the formula (11), R3 is as defined above.) 5[0077] 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, tetrahydrofuran, or diethyl
ether, at OC to normal temperature. 10 In the synthesis pathway A, a compound represented by the
general formula (1d) (excluding compounds in which R1 is a carboxyl group) can be prepared by
subjecting the compound represented by the general formula (12) (excludingcompounds in which R1 s
a carboxyl group) to acid hydrolysis or treatment with a nucleophilic reagent, 15 such as trimethylsilyl
bromide or trimethylsilgft@ﬂlide (Step A-7). For the acid hydrolysis reaction, acid hydrolysis can be
carried out in an inorgahic acid such as hydrochloric acid or hydrobromic acid, or in a mixed solvent of
an organic sol ethanol or ethanol and an inorgani ¢ acid, at the reflux temperature. 20
Further, a treatmenj using!gt nucleophilic reagent can be carried out by reacting trimethylsilyl bromide
or trimethylsilyl io to nggmal t erature us ing acetonitrile or methylene chloride as a
preferred reaction so X atively, the treatment with a nucleophilic reagent can also be carried
out by reacting trimethylisilyl chloride and sodium bromide or trimethylsilyl chloride and sodium iodide
together. In the esis pathway A, the compound represented by the 5 general formula (7)
can also be prepared based on the following synthesis pathway B, for example. <Synthesis pathway
B> [0078] [Formula 21] 10

[0046]

(In the formula (4), R3represents an optionally substituted alkyl

group having 1 to 6 carbon atoms; and R’ is as defined above.),
5 [0047]

can be prepared by reacting an optically active compound represented

by the general formula (2),

[0048]

[Formula 11]

10

[0049]
(In the formula (2), R’ is as defined above.),
[0050]

with a compound represented by the general formula (3),
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[0079] In the synthesis pathway B, an optically active compound represented by the general
formula (14), [0080] 15 [Formula 22] [0081] (In the formula (14), Ah, R3, and Z are as defined above.),
[0082] can be prepared based on the same method as in Step A-2 using an 5 optically active
compound represented by the general formula (13), and the compound represented by the general
formula (5)[(81ep B-1). [0083] [Formula 23] OR3 (13) NR. 10[0084] (In the formula (13), R3 is as
defined above.) [0085] In the synthesis pathway B, an optically active compound represented by
the general farmulbd £15)215[0086]

R=AZ (3)

[0052]

5 (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

group; and R? is as defined above.), in the presence of a base (Step

10 [0053]

Specifically, first, inareactionsolvent suchasl,4-dioxane,
tetrahydrofuran, or diethyl ether, the compound represented by the
general formula (2) is treatedat -78°Cusingabase. Then, acompound
represented by the general formula (3) is reacted at -78°C on the

15 obtained anion of the compound represented by the general formula
(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

20 1is preferred.

In the present specification, the term “normal temperature”

means 15 to 25°C as defined in the Japanese Pharmacopoeia.
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[Formula 24] [0087] (In the formula (15), Ab, R2, R3, and Z are as defined above.), [0088] 5 can be
prepared based on 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).
In the synthesis pathway B, the compound represented by the general formula (7) can be prepared
based on the sameamethed as10te Siep A3 using the compoundaepiesented by the generad formula
(15) (Step B-3). In the synthesis pathway A, the compound represented by the general formula
(10) (excludmgrecmpaundson which iRéhisraatarboxyhgraugb¢an be prepared based on the following
synthesis pathway 15 C, for example. <Synthesis pathway C> [0089] [Formula 25] [0090] In the
synthesis pdthway C, an optically active compound represented by the general formula (17) (excluding
compounds in 5 which Rl is a carboxyl group), [0091] [Formula 26]

[Formula 13]

[0055]
(In the formula (6), A® represents a typical leaving group such as
a halogen atom, a methanesulfonyloxy group, a
para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy
10 group; and RZ, R3, and 72 are as defined above.),
[0056]
canbe preparedbyreactingtheoptically active compound represented
by the general formula (4) with a compound represented by the general
formula (5),
15 [0057]

[Formula 14]

AP, Z
5)
AF
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[0092] 10 (In the formula (17), R', R2, R3, R5, and Z are as defined above.), [0093] 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) (excluding compounds
in which Rl is a carboxyl group) (Step 0-1). [0094] [Formula 27] 5 [0095] (In the formula (16), RI, R5,
Ac, and Z arecassdefined above.) [0096] In the synthesis pathway C, a compound represented by the
10 general formula (18) (excluding compounds in which RI is a carboxyl group), can be prepared
based on thé sare nfethod as inSSteprA-Barsring ¢hne: sompounicckepreéseniedsby thegesmeral formula
(17) (excluding compounds in which Rl is a carboxyl group) (Step 0-2). [0097]
a halogen atom, a methanesulfonyloxy group, a
para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy
5 group; and A” and Z are as defined above.), in the presence of a
base (Step A-2).
[0059]
Specifically, first, inareactionsolvent suchasl,4-dioxane,
tetrahydrofuran, or diethyl ether, the compound represented by the
10 general formula (4) is treated at -78°C using a base. Then, the
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 to obtain the compound representedby the general formula
15 (6). Examples of the base that can be used in this reaction include
n-butyllithium and lithium diisopropylamide, and n-butyllithium
is preferred.
In the synthesis pathway A, a compound represented by the
general formula (7), can be prepared by subjecting the compound
20 represented by the general formula (6) to acid hydrolysis, and then
protecting the amino group with a typical protecting reagent.

[0060]

[Formula 15]
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15 [Formula 28] [0098] (In the formula (18), R4, R2, R3, R4, Rs, and Z are as defined above.) [0099]
In the synthesis pathway C, the compound represented by the general formula (10) (excluding
compounds in which Al is a carboxyl group) can be prepared based on the same method as in Step
A-4 using 5 the compound represented by the general formula (18) (excluding compounds in which Al
is a carboxyl group) (Step 0-3). In the synthesis pathway C, the compound represented by the
general formula (18) (excluding compounds in which Al is a carboxyl group) can be prepared based on
the following synthesis pathway 10 D, for example. <Synthesis pathway D> [0100] [Formula 29]
15[0101] Am; the thesE pathway D, an optically active compound represented by the general
formula (19) (exchyg Wypounds. i which Al is a carboxyl group), can be prepared based on the
same method as -2 usingdhe optically active compound represented by the general formula
(13) and the compOMd g - ral(%}mula (16) (excluding compounds in which RO is
a carboxyl group) (Step D-1). F(ID:QE a 30]

(0102

[0061]
(In the formula (7), R* represents a general protecting group for

2, R3, and Z2 are as defined above.),

amino group; and Ab, R
5 [0062]

The R* in the formula 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
benzyloxycarbonyl, can be used (Step A-3).

10 Specifically, first, in an inorganic or organic acid, or in
amixed solvent of aninorganicor organicacidandan organic solvent,
the compound represented by the general formula (6) is subjected
to acid hydrolysis at normal temperature. Here, as the inorganic
acid, hydrochloric acid, hydrobromic acid or the like can be used.

15 As the organic acid, trifluoromethanesulfonic acid or the like can
be used. Further, as the organic solvent, methanol, ethanol,
tetrahydrofuran, 1,4-dioxane, ethyl acetate or the 1like can be used.
Among these, it is preferred to carry out the acid hydrolysis using
a hydrochloric acid in 1,4-dioxane.

20 Next, afterneutralizationwithabasetoobtainanaminoester,
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[0103] 10 (In the formula (19), 1 R3, R5, and Z are as defined above.) [0104] In the synthesis
pathway D, an optically active compound represented by the general formula (20) (excluding
compounds in which Rl is a carboxyl group), can be prepared based on the same 15 method as in
Step A- 1 us ing the optically active compound represented by the general formula (19) (excluding
compoundstini whichR] issa earbaxybgraug)laridithe compound depresernted bydheagenesal formula (3)
(Step D-2). [0105] 20 [Formula 31] [0106] (In the formula (20), R2, R2, R3, R5, and Z are as defined
above.) [0H¥7]Blo the syathesis pathiwaydDthe compound kepiesentedibydhe generaldapoulad18)
(excluding compounds in which R2 is a carboxyl group) can be prepared based on the same method

as in Step Ae® usimgrthecompaund represented dynthé genéral formates(R0) (excludingcohygounds in
which R2 is a carboxyl group) (Step D-3). 10 In the synthesis pathway A, among the compounds

representedrintibe géreral ddrinmulah(18)s aegompolnd ¢érewhichAids ecyant growhodawe aeetyhgroup

and R5 is a general protecting group for phenol, specifically, a compound represented by the general

formula>(10&)) cdn heyhreparediisynthéciolldwihgdsyrieesis pathwayEnfor eRdmpial<l5[0108] [Formula
32] [0109]

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
10 preferred to carry out the reaction using di-t-butyldicarbonate.
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).

15 [0063]

[Formula 16]

AR Z

“!%%

on @
NHR*

[0064]
(In the formula (8), Ap, RZ, R4, and Z are as defined above.)

20 [0065]
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(In the formula (10a), Ran acetyl group or a cyano group and R5a represents a general protecting
group for a phenolic 5 hydroxyl group; and R2, R4, and Z are as defined above.) [0110] R5ais not
especially limited, as long as it protects aphenolic hydroxyl group. For example, a methyl group, a
benzyl group, a methoxymethyl group, a tetrahydropyranyl group, a 10 t-butyldimethylsilyl group, an
acetyl group, or a trhiuttoxyearbonyl group can beiused <Syathesis pathway &> 0314} fHormaig 33]
NHR4 [0112] In the synthesis pathway E, an optically active compound represented by the
general formula{22): 5{(34,1 8} [Fonmulan3] IRBbol ¢@11de 1ike, the compound represented

10

15

20

by the general formula (7) is prepared by reduction using a reductant
at 0°Ctothereflux temperature, andpreferably at normal temperature.
Examples of the reductant that can be used include borane, alkyl
borane derivatives such as 9-borabicyclo[3.3.1]nonane (9-BBN),
metal hydride complexes such as diisobutylaluminum hydride
((iBu).AlH), sodiumborohydride (NaBH,), lithiumborohydride (LiBH,),
lithium aluminum hydride (LiAlH,;) or the like. Preferably, the
reductant is lithium borohydride.

In the synthesis pathway A, a compound represented by the
general formula (10) (excluding compounds in which R' is a carboxyl
group),

[0066]

[Formula 17]

Fﬂ

[0067]
(In the formula (10), R’ represents a hydrogen atom or a general

2 4
, R°, and

protecting group for a phenolic hydroxyl group; and R', R
Z are as defined above.),

[0068]
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(In the formula (22), R5b represents a general protecting group for 10 a phenolic hydroxyl group; and
R2, R4, and Z are as defined above.), [0115] 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). R5a (24) R5a0OH (10a)NHR4 43 [0116] [Formula 35] o

R5IDOSH ¢21) 6H feEbA S the fermuda (21),1R5d piscas ddfined abowe ) d1n8] the dRbhis aot
especially limited, as long as it protects aphenolic hydroxyl group. For example, a methyl group, a
benzyl grodipranmiethadmethyl gioepearteteahyiropyranykgroag, &1 0ttHautyldimethylsiipl grdup, an
acetyl group, or a t-butoxycarbonyl group can be used (Step E-1). In the synthesis pathway E, a
compound répresentedibyi the gemgrabfoimuian(28),ican Be preparecklnyoprotéctingothe )phenolic
hydroxyl group of the compound represented by the general formula

[0069]

5 [Formula 18]

R’ SH
(9)

[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, a methyl 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 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
temperature. Examples of inorganic bases that can be used include

20 sodiumcarbonate or potassiumt-butoxide. Examplesof organicbases

that can be used include diisopropyethylamine. Further, examples
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15 (22) (Step E-2). [0119] [Formula 36] [0120] (In the formula (23), R2, R4, R5a, R512, and Z are as
defined above.) [0121] 5This 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 chloroform, in the
presence affan inorganiclorsarganictbase, by lbsredcting ancempeolnd depresentgc by diie genetal
formula (22) with a chloride or an acyl chloride. As the inorganic base, potassium carbonate and the
like can beaussed: As thélorganit hdsectiietydamine diisdprapylethydamine grathédikewanIoe) used.
Further, examples of the chloride that can be used include 15 methoxymethyl chloride,
t-butyldimethysiytlechloride fame bépzyl Thicritde] BExamplesiohthecyb oklbride phat lcamibenySed
include acetyl chloride . Among the se , it i s preferred to protect the phenolic hydroxyl group using
methoxymethylelidride. In addition, the reaction can be carried out by reacting at OC to normal
temperature. 20In the synthesis pathway E, a compound represented by the general formula (24), can
be prepared by removihg s RS indhe ccompount-iepresented by the general formula (23) (Step

E-3). [0122] [Formula 37]
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.

10 In the synthesis pathway A, a compound represented by the
general formula (12) (excluding compounds in which R' is a carboxyl
group),

[0072]

[Formula 19]

R1 S z
TCC s,
_ OPO(OR3),

[0073]

15

(In the formula (12), Rl, RZ, R3, R4, R5, and Z are as defined above.),

[0074]

can be prepared by reacting the compound represented by the general
20 formula (10) (excluding compounds in which R' is a carboxyl group)

and a compound represented by the general formula (11) (Step A-6).

[0075]
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5[0123] (In the formula (24), RR4, R5a, and Z are as defined above.) [0124] The reaction i s not e
specially limited, as long as the te chnigue is commonly used to remove a protecting group for a
phenolic hydroxyl 10 group, and R5a is not removed. An example will be described in which
Rb5bisasilylprotectinggroup, suchasat-butyldimethylsilylgroup. In this case, the deprotection reaction
can be carfiedoutinea 2€dction solvent such as tetrahydrofuran, acetonitrile, or methylene chloride
using a fluorine compound, such as tetrabutylammonium 15 fluoride or hydrogen fluoride - pyridine,
and preferably tetrabutylammonium fluoride. This deprotection reaction can be carried out at from 0C
to the reflux temperature, and preferably at OC. In the synthesis pathway E, a compound
represented W‘@Rﬁo qarae)ral formula (25), can be prepared by reacting the compound represented
by the general form B (24) with N-phenyltrifluoromethanesulfonimide (Step E-4). [0125] [Formula 38]
5[0126] (In the formula (25), RR4, R5a, and Z are as defined above.) [0127] For example, this
reaction can be carried out by reacting with N-phenyltrifluoromethanesulfonimide in the presence of an
organic 10 basétsuch as pyridine, triethylamine or the like using a solvent such as methylene chloride,
chloroform, toluene or the like at OC to 80C, and preferably at normal temperature. [0128] In the
synthesis pathwair€, Bocompeunid tepresdentet sthéels gederabformula (10a) can be prepared
based on a known method using zinc cyanide (e.g., Synth. Commun., 25, 3255-3261 (1995)), or a
knownrhetiddusidga Heckreaction (e.g., J. Org., Chem., 55, 3654-3655 (1990)) from a compound
represented by the general formula (25) (Step E-5).
For example, this reaction can be carried out in the presence
of carbon tetrabromide and pyridine, using no solvent or a solvent
suchasmethylenechloride, chloroform, acetonitrile, ethyl acetate,

tetrahydrofuran, or diethyl ether, at 0°C to normal temperature.
10 In the synthesis pathway A, a compound represented by the
general formula (1d) (excluding compounds in which R' is a carboxyl
group) can be prepared by subjecting the compound represented by
the general formula (12) (excludingcompounds inwhichR'is acarboxyl
group) to acid hydrolysis or treatment with a nucleophilic reagent,
15 such as trimethylsilyl bromide or trimethylsilyl iodide (Step A-7).
For the acid hydrolysis reaction, acid hydrolysis can be
carried out in an inorganic acid such as hydrochloric acid or
hydrobromic acid, or in a mixed solvent of an organic solvent such
asmethanol or ethanol andaninorganicacid, at therefluxtemperature.
20 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

as a preferred reaction solvent. Alternatively, the treatment with
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20An example will be described in which Ala is a cyano group. 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 5 such as
tetrakistriphenylphesptiing palladiaaé@)tordeis (dibenzylideneacetonepdipatadiuay0), ang preferably
tetrakistriphenylphosphine palladium(0). Further, a phosphine compound, such as
1,1'-bis(dipheinykphiogplind)-tercdcemeiatel , 3is (diphemyl phosphite)-propanenadyie adged to the
reaction 10 solvent as a reaction accelerator. Another example will be described in which Ran acetyl
group. In thik tasediheaedctianicambé gdiked outiatthe presence of an organic base, using a catalyst
and a reaction accelerator, in a solvent such as toluene, N,N-dimethylformamide, 1,4-dioxane, 15
tetrahydrofuran or the tike; 3y redcting svitkebbtybvingl etiier. Asnthe ongamieasestrietisylaminee
diisopropylethylamine or the like can be used. Further, as the catalyst, palladium (ll) acetate can be
used. As tlereaction aeceletator, 1), 3dis(diphenylphospkine-prbgamecsray betusedt Thégwactipn can
20 be carried out at normal temperature to the reflux temperature. Among the compounds
representeshintthresgenapalfonaulal(d),feocompaund én which X is -CH2- or -CHF- and Y is a hydrogen
atom, specifically, a compound represented by the general formula (le) (excluding compounds in which
Ra is a carbdxyitdreapy, catbe prefared 25 based on the following synthesis pathway F, for example.
[0129] [Formula 39] [0130]

[0078]

[Formula 21]

3 b AR z AR z
OR A\@/\Z/\ OR3 R2QR®
N N Ac \\j‘Y ) S - N

Na (5) NS B-2 N \\'/H/
— —a
OR3 _ OR3 R3
(13) B-1 (14) s ©
B-3 AR, z "
—_— R
—CO.R?
(7) NHR*
10
[0079]

In the synthesis pathway B, an optically active compound
represented by the general formula (14),
[0080]

15 [Formula 22]

Ab z
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5 (In the formula (le), R6 represents a hydrogen atom or a fluorine atom; and R2, R2, and Z are as
defined above.) [0131] <Synthesis pathway F> [0132] 10 [Formula 40] In the synthesis pathway
F, a compound represented by the general formula (26) (excluding compounds in which R2 is a
carboxyl group), can be prepared by oxidation of the compound represented by the general formula
(10) (excludinggaompounds in which Al is a carboxyl group) (Step F-1). [0133] [Formula 41] 5 [0134]
(In the formula (26), R4, R2, R4, Rs, and Z are as defined above.) [0135] This reaction can be carried
out using a(generaly fisethdDaoxidation méthad to gederate akdehydaédiom attoliobihe) gxidation
treatment can be carried out using a metal oxidant, such as a chromium oxide - pyridine complex like
pyridinium ¢hlgtdghromate or pyridinium dichromate, chromium oxide, silver carbonate, or manganese
dioxide. Alternatively, dimethyl sulfoxide oxidation

can be prepared based on the same method as in Step A-2 using an

5 optically active compound represented by the general formula (13),
and the compound represented by the general formula (5) (Step B-1).
[0083]

[Formula 23]

OR3

(gN (13)

N~
Rs

10 [0084]
(In the formula (13), R’ is as defined above.)
[0085]
In the synthesis pathway B, an optically active compound
represented by the general formula (15),
15 [0086]

[Formula 24]
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15 using various dimethyl sulfoxide activating agents, such as oxalyl chloride, trifluoroacetic
anhydride, acetic anhydride, dicyclohexylcarbodiimide, or a sulfur trioxide - pyridine complex, may be
used. In the synthesis pathway F, a compound represented by the 20 general formula (29)
(excluding compounds in which Al is a carboxyl group), [0136] [Formula 42] (In the formula (29), R4,
Rs, Rs, R4, R5, -6, 8. and Z are as defined 5 above.), [0137] can be prepared by, for example,
reacting the compound represented by the general formula (26) (excluding compounds in WhICh R1 |s

[0087]
(In the formula (15), Ap, RZ, R3, and 72 are as defined above.),
[0088]

5 can be prepared based on 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).

In the synthesis pathway B, the compound represented by the
general formula (7) can be prepared based on the same method as

10 in Step A-3 using the compound represented by the general formula
(15) (Step B-3).

In the synthesis pathway A, the compound represented by the
general formula (10) (excluding compounds in which R' is a carboxyl
group) can be prepared based on the following synthesis pathway

15 C, for example.
<Synthesis pathway C>
[0089]

[Formula 25]
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(90(0R3)2 [0139] 15 (In the fourmula (27), R3 is as defined above.) [0140] Further, the compound
represented by the general formula (29) (excluding compounds in which R isa carboxyl group) can
be prepared by reacting the compound represented by the general formula (26) (excluding compounds
in which R1 is a carboxyl group) and a compound represented by the general formula (28), in a
reaction solvent in 5 the presence of chlorotrimethylsilane and a base (Step F-2). [0141] [Formula 44]
FBr2CPO(0OR3)2 (28) [0142] 10 (In the f la (28), R3 is as defined above.) [0143] Examples of
the base that can be used in this re%ﬁéﬁ:lude sodium hydride, potassium hydride, sodium alkoxide,
,

potassium alkoxide, or n-butyllithium, ,gf r 1Iy Jutyllithium, As the 15 reaction solvent,
tetrahydrofuran, diethygether, Qr 1,4-dio Rrgeﬁay b\@;‘ er, thgz@iction temperature may be
setto -78C to ri e ure. P@;he synth

, ound rgpresented by the
general formula ourcs—rrhich RO is a carboxyl HUP)—car-bamprepared by
reducing a compound repr? nted by thecijéneral formula (29) (e%(lgl)udin £0 pounds in which R1 is a

carboxyl group) (Step F-3). f§144]

R1\@S z c-3 R! S z
B. — > R2
—CO,R3 \@ \@/\?\

OR®

[0090]
In the synthesis pathway C, an optically active compound
represented by the general formula (17) (excluding compounds in
5 which R' is a carboxyl group),
[0091]

[Formula 26]

[0092]

2, R’, R’, and Z are as defined above.),

10 (In the formula (17), R}, R
[0093]

can be prepared based on the same method as in Step A-2 using the

optically active compound represented by the general formula (4)
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[Formula 45] [0145] (Inthe formula (30), R4, Rs, Rs, R4, R5, R6, and Z are as defined 5 above)
[0146] 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 10
ethyl acetate, under a normal pressure to increased hydrogen pressure at normal temperature.
Examples ahcdatalysisforcatahgio hydeogenation thiat caarberused includespalladiutrecarbod;i platinum
carbon, platinum oxide, rhodium carbon, or ruthenium carbon. In the synthesis pathway F, a
compoundaepresented by thenisgeReralformulan(te) XexcludingompoLeesdn Which Al is a carboxyl
group) can be prepared based on the same method as in Step A-7 using the compound represented
by the genéfdl $armula (30) (excluding compounds in which Al is a carboxyl group) (Step F-4). Among
the compounds represented by the general formula (1), 20 a compound in which X is an oxygen atom
and Y is an Atkyingrbapdiaving 1 to 6 carbon atoms, specifically, a compound represented by the
general formula (1f) (excluding compounds in which Al is a carboxyl group), can be prepared based
on the following synthesis pathway G, for example. [0147]

R S Z

(16)
R5 AC

[0095]

(In the formula (16), R', R>, A°, and Z are as defined above.)

[0096]

In the synthesis pathway C, a compound represented by the

10 general formula (18) (excluding compounds in which R is a carboxyl

group), can be prepared based on the same method as in Step A-3

using the compound representedby the general formula (17) (excluding

compounds in which R' is a carboxyl group) (Step C-2).

[0097]

15 [Formula 28]

[0098]

(In the formula (18), Rl,Ig, R3,Iﬁ, RS,EHKiZ are as defined above.)
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[Formula 46] OHOPO(DH)2 NH2 5 [0148] (In the formula (1f), Ya represents an optionally
substituted alkyl group having 1 to 6 carbon atoms; and R2, R2, and Z are as defined above.) 10[0149]
<Synthesis Pathway G> [0150] [Formula 47] 15In the synthesis pathway G, a compound represented
by the general formula (31) (excluding compounds in which R2 is a carboxyl group), [0151] [Formula
48] R2Ya [0099]

In the synthesis pathway C, the compound represented by the
general formula (10) (excluding compounds in which R' is a carboxyl
group) can be prepared based on the same method as in Step A-4 using

5 the compound represented by the general formula (18) (excluding
compounds in which R' is a carboxyl group) (Step C-3).

In the synthesis pathway C, the compound represented by the
general formula (18) (excluding compounds in which R' is a carboxyl
group) can be prepared based on the following synthesis pathway

10 D, for example.
<Synthesis pathway D>

[0100]

[Formula 29]

OR3
Sy
aciace vl
13) D-2
OR5 SN
(16) (19) OR3

R4 S z OR3
2 R S A
OR SN —
NS OR5 COQR3
(20) NHR?
OR3 (18)

nao

15 [0101]
In the synthesis pathway D, an optically active compound
represented by the general formula (19) (excluding compounds in

which R! is a carboxyl group), can be prepared based on the same
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OROH(31) NHR4 [0152] 5 (In the formula (31), R4, R2, R4, R5, Ya, and Z are as defined above.),
[0153] can be prepared by reacting the compound represented by the general formula (26) (excluding
compounds in which R1 is a carboxyl group) and a compound represented by the general formula (32)
(Step G-1). 10[0154] [Formula 49] Ya--10(32) (In the formula (32), M represents Li, MgClI, MgBr, or
Mgl; and Yadslasddefined aboper) 2518155] the dyor exairples this veactionp cande performedai -78C
to normal temperature using a solvent such as diethyl ether, 1,4-dioxane, tetrahydrofuran or the like. In
the synthesig patleway & sacompaund. eeprésented dhytthe gemegraliodmutsp(333 ¢excldading compounds
in which R1 is a carboxyl group), can be prepared by reacting the compound represented by the
general formrula(31) fexctudingc¢ampotmes Inahich Rirsce carboxih grodp)aRd the gompdumdy 1
represented by the general formula (11) 5 based on the same method as in Step A-6 (Step G-2).
[0156] [Formgla®l] (Step D-1).

5
[0102]

[Formula 30]

[0103]

10 (In the formula (19), R!, R}, R°, and 7 are as defined above.)
[0104]

In the synthesis pathway D, an optically active compound
represented by the general formula (20) (excluding compounds in
which R! is a carboxyl group), can be prepared based on the same

15 methodas in Step A-1usingtheoptically active compound represented
by the general formula (19) (excluding compounds in which R' is a
carboxyl group) and the compound represented by the general formula
(3) (Step D-2).

[0105]

20 [Formula 31]
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(33) OR50PO(0R3)2 NHR4 [0157] 10 (In the formula (33),R1, RR R R Ya, and Z are as defined
above.) [0158] In the synthesis pathway G, the compound represented by the general formula (1f)
(excluding compounds in which R1 is a carboxyl 15 group) can be prepared based on the same
method as in Step A-7 using the compound represented by the general formula (33) (excluding
compounds in which Rl is a carboxyl group) (Step G-3). Among the compounds represented by
the general formula (1), a compound in whichXis -CF2- andYis ahydrogen atom, specifically, 20 a
compound rep§

group), can be E
51] 5[0160] (In the

[0106]
(In the formula (20), Rl, R% I@, R5, and 72 are as defined above.)
[0107]

5 In the synthesis pathway D, the compound represented by the
general formula (18) (excluding compounds in which R' is a carboxyl
group) can be prepared based on the same method as in Step A-3 using
the compound represented by the general formula (20) (excluding
compounds in which R' is a carboxyl group) (Step D-3).

10 In the synthesis pathway A, among the compounds represented
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.

15 [0108]

[Formula 32]
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and Z are as defined above.) [0161] <Synthesis Pathway H> [0162] 10 [Formula 52] In the
synthesis pathway H, a compound represented by the general formula (35) (excluding compounds in
which R1 is a carboxyl group), 15[0163] [Formula 53] [0164] (In the formula (35), R4, R2, R3, R4, Rs,
and Z are as defined above.), 5[0165] can be prepared by reacting the compound represented by the
general formula (26) (excluding compounds in which R1 is a carboxyl group) and a compound repre
sented by the general formula (34) , in the pre sence of a base (Step H-1). 10[0166] [Formula 54]
FIF2CPO(ORg3)2 (34) [0164] Z

[0109]

(In the formula (10a), Rb'represents an acetyl group or a cyano

group and R%'represents a general protecting group for a phenolic
5 hydroxyl group; and R?, R?, and Z are as defined above.)

[0110]

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

10 t-butyldimethylsilyl group, an acetyl group, or a t—-butoxycarbonyl
group can be used.
<Synthesis pathway E>
[0111]

[Formula 33]
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(In the formula (34), R3 is as defined above) 15[0168] Specifically, first, in a reaction s olvent
such as 1, 4-dioxane, tetrahydrofuran, diethyl ether or the like , the compound represented by the
general formula (34) is treated at -78C using a base. Then, the compound represented by the general
formula (26) is reacted at -78C with the obtained anion of the compound represented by the general
formula (34) to obtain the compoundrepresentedbythegeneral formula (35). Examples of the base that
can be used include n-butyllthium,and lithium diisopropylamide, and lithium 5 diisopropylamide is
preferred. In the synthes|b_Jathvweay H, a compound represented by the general formula (36), can
be prepared byh ting a hydro ij?ﬁ'f‘oﬁﬁo

(35) or converting dmﬁw typi , .
group (Step H-2). [Olﬁ% [Formu 55] PO(0OR3)2(36)&4HN FMﬁR415[0170] (In the formula (36), R4,
R2, R3, R4, Rs A -a, and Z are as defln%d above)

z E-4
L L, —
ORS R& ¥ oH
NHR*

(23) NHW (24)
TfO S j::I
E:( » \@[/\(\
R .
(25) NHR" (10a) NHR
[0112]

In the synthesis pathway E, an optically active compound
represented by the general formula (22),
5 [0113]

[Formula 34]

RSbo\@(s z
R2
= 22
__ oH (22)

OH

[0114]

(In the formula (22), R&)represents a general protecting group for
10 a phenolic hydroxyl group; andiR% R?, and Z are as defined above.),

[0115]

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).
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[0171] For example, this reaction can be carried out by, in a solvent 20 such as methylene chloride,
chloroform, or toluene, in the presence of an organic base, using a suit onic acyl chloride or a suit onic
acid anhydride at OC to 80C, and preferably at normal temperature. As the organic base, pyridine,
triethylamine or the like can be used. As the sulfonic acyl chloride, methanesulfonyl chloride or the like
can be useth Fugther, as the sulfonic acid anhydride, methanesulfonic anhydride or the like can be
used. In addition, 5 an alkali metal halide such as potassium iodide or sodium iodide may be added to
the solvent| Forminlthe3yhthesis pathway H, a compound represented by the general formula (37)
(excluding compounds in which Al is a carboxyl group) , can be prepared by removing the leaving
group on the compound 10 represented by the general formula (36) (excluding compounds in which Al
is a carboxyl group) (Step H-3). [0172] [Formula 56] 15[0173] (In the formula (37), R4, R2, R3, R4,
Rs, and Z are Fa:z%gefined above.) [0174] For example, this reaction can be carried out in a reaction

(21)
OH

[0117]
5 (In the formula (21), R°® is as defined above.)
[0118]

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

10 t-butyldimethylsilyl group, an acetyl group, or a t—-butoxycarbonyl
group can be used (Step E-1).

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).
[0119]

[Formula 36]
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solvent such as N,N-dimethylformamide, dimethyl sulfide, 20 methylpyrrolidone or the like at OC to the
reflux temperature using an alkyl borane derivative or a metal hydride complex. As the alkyl borane
derivative, borane or 9-borabicyclo[3.3.1]Jnonane (9-BBN) can be used. As the metal hydride complex,
diisobutylaluminum hydride ((iBu)8A1H), sodiumborohydride (NaBH4), lithiumborohydride (LiBH4),
lithium aluminum hydride (LiA1H4) or the like can be used. Among these, it is preferred to perform this
reaction using lithium 5 borohydride. In the synthesis pathway H, the compound represented by
the general f%ﬁﬂﬁfi pgunds in which Rl is a carboxyl group) can be prepared based
on the same metho g the cognpound represented by the general formula (37)
(excluding 10 compg S a cgrb@xyl groupX2Step H-4). Among the compounds

— pippba(1d) Ml comprountdin which R' isa carboxyl group, specifically, a
compound represented by the ge | formula gan be prepared based on the following synthesis
pathway I, for example. 15[0175] [Formula 57] 0 [0176] (In the formula (Ih), R2 and Z are as
defined above.) 20[0177] <Synthesis Pathway I> [0178] [Formula 58]

[0120]
(In the formula (23), RZ,Eﬁ, R%y R“ﬂ and Z are as defined above.)
[0121]

5 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
chloroform, in the presence of an inorganic or organic base, by

10 reacting a compound represented by the general formula (22) with
a chloride or an acyl chloride. As the inorganic base, potassium
carbonate and the like can be used. As the organic base,
triethylamine, diisopropylethylamine or the like can be used.
Further, examples of the chloride that can be used include

15 methoxymethyl chloride, t-butyldimethylsilyl chloride, and benzyl
chloride. Examples of the acyl chloride that can be used include
acetylchloride. Amongthese, itispreferredtoprotectthephenolic
hydroxyl group using methoxymethyl chloride. 1In addition, the
reaction can be carried out by reacting at 0°C to normal temperature.

20 In the synthesis pathway E, a compound represented by the

general formula (24), can be prepared by removing the R in the
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(1h) [0179]

In the synthesis pathway I, a compound represented by the general formula (lh),

5[0180] [Formula 59] HOOC [0181] (In the formula (Ih), R2 and Z are as defined above.), 10[0182]

can be prepared by hydrolysis of a compound represented by the general formula (li), in the presence
of a base (Step I-1). [0183] [Formula 60] (In the formula (11), R2 and Z are as defined above) [0185]
For exampteyribisuedcticrpears be catried;/ottia the peesenceoofna base BBIch astsadium hydroxide or
potassium hydroxide in an aqueous solution or an aqueous alcohol solution at room temperature to the
reflux tempiegratizeé. The compound represented by the general formula (ii) can be prepared based on
the synthesis pathway A.

5

10

15

20

[Formula 37]

HO S z
X 2
| OR3 oH (%4

NHR#

") 0

[0123]
(In the formula (24), R?, R% R°?, and Z are as defined above.)
[0124]
Thereactionisnotespeciallylimited, aslongasthe technique
is commonly used to remove a protecting group for a phenolic hydroxyl
group, and R’® is not removed. An example will be described in which
R°®isasilyl protectinggroup, 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
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.

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
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5[0186] Further, the synthesis method of the compound represent by the general formula (16)
can be carried out based on the method described in WO 03029184, WO 03029205, WO 04026817,
WO 04074297, and WO 050444780 pamphlets. 10[0187] The diphenyl sulfide derivative
according to the present invention, or a pharmaceutically acceptable salt or hydrate thereof, exhibits
an excellent-$He3 ahtagohisiicrastionh therefdréo a medieinehavingatdleast one kind or more of such
compounds as an 15 active ingredient is effective as a therapeutic or preventive medicine for diseases
for which it[i8 knbwn that an S1P3 antagonist is an effective therapeutic or preventive medicine.
Examples of diseases for which it is known that an S1P3 antagonist is an effective therapeutic or
preventive fRedicnéandl@de 20 sepsis, respiratory tract contraction, bronchial asthma, chronic
obstructive pulmonary di sease ( COPE) ) , pulmonary emphysema, tracheal stenosis, diffuse
panbronchiolitis, bronchitis resulting from infection, connective tissue disease, or transplantation,
diffuse pulmonary hamartoangiomyomatosis, adult respiratory distress 25 syndrome (ARDS),
interstitial pngdF@Qnitisa ‘ pnefmonia hypersensitivity, idiopathic interstitial pneumonia,
fibrosis of the lung, stoMJcaused hy-an influenza virus or RS virus infection. [0188]
5Further, other tha _S2ed digeabes . the mgziiyine according to the present invention
is also effective for th RevEntion YOr dis®ses ©Hwhich it is known that an S1P3 antagonistic
action is effective. Examples of diseases for whig jt4a known that an S1P3 antagonistic action is
effective include 10 arterial sclerosis, blood ve s sel'ihtimal hypertrophy, s olid tumor s , diabetic
retinopathy, rheumatoid arthritis, cardiac arrest, ischemia-reperfusion disorders, cerebral blood vessel
spasms after subarachnoid bleeding, angina pectoris or myocardial infarction caused by coronary
vessel SpasthsZ glomerulonephritis, thrombosis, 15 lung disease caused by pulmonary edema such as
ARDS, cardiac arrhythmia, eye disease, eye h){lpertension, glaucoma, glaucomatous retinopathy, optic
neuropathy, Ehd-hactiariieedddganeration. D189 The avstidine B cerinkg fo-thdprasentinvention
may be 20 administered orally, or via a non-oral means, for example, intrarectally, subcutaneously,
intravenousiy thtramuscularly, transdermally or the like. [0190]

For example, this reaction can be carried out by reacting with
N-phenyltrifluoromethanesulfonimide in the presence of an organic

10 base such as pyridine, triethylamine or the like using a solvent
such as methylene chloride, chloroform, toluene or the like at 0°C

to 80°C, and preferably at normal temperature.
[0128]
In the synthesis pathway E, a compound represented by the
15 general formula (10a) can be prepared based on a known method using
zinc cyanide (e.g., Synth. Commun., 25, 3255-3261 (1995)), or a
knownmethodusingaHeckreaction (e.qg., J. Org., Chem., 55, 3654-3655
(1990)) from a compound represented by the general formula (25)
(Step E-5).
20 An example will be described in which R'® is a cyano group.

In this case, the reaction can be carried out in the presence of
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To use as a medicine, the compound according to the present 25 Invention, or apharmaceutically
acceptable salt or hydrate thereof, maybe in the form of any of a solid composition, a liquid
composition, or s ome other compo s ition . The optimum form i s selected as nece s s ary The
medicine composition according to the present invention can be prepared by mixing the compound
according toithe preseritdayentionsb withcer pbarmacewticallysactepiable catrere Specifically, the
composition according to the present invention can be prepared by ordinary formulation techniques as
a tablet , piil, SapSuletgrantile; pewides,, dispersibie kquid, emertsiam,slispénsian, imjectioa or the like,
by adding common diluents, fillers, binders, disintegrants, 10 coatings, sugar coatings, pH adjusting
agents, dissslving ageats; by siqueouscmon-aqueeussolventso [01@l e £ 1 uXheqresenttnvention will
now be described based on the followingspecificexamples. However, the present invention is not 15
limited to thesenexamplds.ccRefeverice Examplerl¥®e used include palladium compounds
(25,5R)-2-(4-bromo-2-chlorophenyflethy1-3,6-dimethoxy-2-methyl -5-isopropy1-2,5-dihydropyrazine
[0192] 20 [Fornulast He {0393]Wnderreamargonatpiosphere Ahawbutyllithiunrhéxare solution (1.60
mol/L, 25.5 mL) was added at -78C into a solution of 5
(5R)-3,6-difEthexyz2 Imethyd 5:soprepy 142 Badihpdiopyrarine 6186 g¥ aftet@hysirofuran (160 mL) to
form a reaction solution. Next, this reaction solution was stirred at -78C for 30 minutes. Then, a
solution of Yelsroaks-2fchiarosh(3-iduoatiiybenzene £15.32 o) in tefralydrefuran (26 addiwasadded
to the reaction solution, 10 and the reaction solution was stirred at -78C for 30 minutes and then at 0C
for 1 hour. ¥vatee wad, addedtothe Yedctidnisoldtior amdlthe yeadticresol ity aasextiatted with ethyl
acetate. The extract was washed with water and saturated brine in that order, and then dried over
anhydroussodium Stffatel Thie Ehydrous sodimos sgifatB avad rerndded bydiltraton st then the
solvent was removed by distillation under reduced pressure. The resultant product was purified by
silica g€l célhifeefrontategiaphy {hexarrs cethgradetate = 60 : 1) to obtain the target product (8.40 g)

as a colorless oil. 151 NMR (CDC13, 400 MHz): 8 0.71 (3H, d, J = 6.7 Hz), 1. 09 (3H, d,
Another example will be described in which R'® is 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,

15 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

20 be carried out at normal temperature to the reflux temperature.

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

a compound in which X is —-CH,- or -CHF- and Y is a hydrogen atom,

specifically, a compound represented by the general formula (1le)

(excluding compounds in which R' is a carboxyl group), can be prepared

25 based on the following synthesis pathway F, for example.

48



20J=6.7 Hz), 1.35 (3H, s), 1.78 (1H, ddd, J = 12.8, 11.6, 4.9 Hz), 2.08 (1H, ddd, J =12.8, 11.6, 4.9
Hz), 2.21-2.31 (1H, m), 2.35 (1H, ddd, J = 13.4, 11.6, 4.9 Hz), 2.46 (1H, ddd, J = 13.4, 11.6, 4.9 Hz),
3.68 (3H, s), 3.69 (3H, s), 4.00 (1H, d, J =3.7 Hz), 7.02 (1H, d, I =7.9 Hz), 7.27 (1H,dd, J=7.9, 1.8
Hz), 7.47 (1H, d, 5 J = 1.8 Hz). ESIMS (+): 415 [M+H]2. <Reference Example 2>
(2R,5R)-2-aliy1224(4-bromo-2-chlorophenyflethy1-3,6-dimethoxy5-isopropy1-2,5-dihydropyrazine
10[0194] [Formula 62] [0195] The target product (6.04 g) was obtained as a colorless oil 15 by
reacting (SRy<2-allyl=3 Bdimethoxy-5-isopropyl-2,5-dihydropyrazine (3.64 g) in the same manner as
in Reference Example 1. H NMR (CDC13, 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, 7.3Hz), 11.6,4.9
Hz),2.27-2.48(4H,m),2.54(1H,dd,J = 13.4, 3.69(3H,s),3.70(3H,s),3.95(1H,d,J = 3.1 Hz),4.97

"L o
R®

NH,

[0130]
5 (In the formula (le), R® represents a hydrogen atom or a fluorine
atom; and R?, Rz, and 72 are as defined above.)
[0131]
<Synthesis pathway F>

[0132]

10 [Formula 40]

R S z
OH —CHO

10) NHR* NHR*

S V4
2
\@/\(\(PO(OR% > m/\(m(o@)z
(30) RHN RS
F-
\©/\/Y\( PO(OH),

NH, R

In the synthesis pathway F, a compound represented by the
general formula (26) (excluding compounds in which R' is a carboxyl

group), can be prepared by oxidation of the compound represented
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(1H, dd, 10.4,2.4Hz), 5.01 (1H, d,J =17.7 Hz), 5.61-5.72 (1H, m), 7.01 (1H,d,J =7.9 Hz), 7.27 (1H,dd,J
=7.9, 1.8Hz), 7.47
by the general formula (10) (excluding compounds in which R' is a
carboxyl group) (Step F-1).
[0133]

[Formula 41]

R, S Z
B?
OR5 -cHo (20)
NHR4
5
[0134]

2 5

(In the formula (26), R', R?*, R* R°, and Z are as defined above.)

[0135]
This reaction can be carried out using a generally used
10 oxidation method to generate aldehyde from alcohol. The oxidation
treatment can be carried out using ametal oxidant, such as a chromium
oxide - pyridine complex like pyridinium chlorochromate or
pyridinium dichromate, chromium oxide, silver carbonate, or
manganese dioxide. Alternatively, dimethyl sulfoxide oxidation
15 using various dimethyl sulfoxide activating agents, such as oxalyl
chloride, trifluorocacetic anhydride, acetic anhydride,
dicyclohexylcarbodiimide, or a sulfur trioxide - pyridine complex,
may be used.
In the synthesis pathway F, a compound represented by the

20 general formula (29) (excluding compounds in which R' is a carboxyl

group),
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5 (1H, d, J=1.8Hz). ESIMS (+): 441 [M+H]2. <Reference Example 3> Methyl
(5)-4-(4-bromo-2-chloropheny1)-2-t-butoxycarbonylamino-2-methy 10 1 butyrate [0196] [Formula 63]
[0197] 150.5 mol/L hydrochloric acid (200 mL) was added to a solution

[0136]

[Formula 42]

PO(OR®), (29)

(In the formula (29), Rl, R2, R3, R4, R5, R6, and 7Z are as defined

5 above.),

[0137]

can be prepared by, for example, reacting the compound represented
by the general formula (26) (excluding compounds in which R' is a
carboxyl group) and a compound represented by the general formula

10 (27), in a reaction solvent in the presence of a base.

[0138]

[Formula 43]

PO(OR3),

(27
PO(OR3),

[0139]

15 (In the fourmula (27), R’ is as defined above.)

[0140]

Further, the compound represented by the general formula (29)
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of the compound of Reference Example 1 (8.40 g) in 1,4-dioxane (400 mL) to forma first reaction
solution. This first reaction solution was stirred at normal temperature for 1 hour, and then left to stand
at normal temperature overnight. Then, the first reaction solution 20 was concentrated, neutralized
with a saturated sodium hydrogen carbonate aqueous solution, and extracted with ethyl acetate. The
extract wag arashed ivith evatenand! saturateddirine, iand thentgsiedloyeraphydeoud sastiumastifate.
After the anhydrous sodium sulfate was removed by filtration, the extract was concentrated, and the 5
resultant résidue sasidissalted dpagetonifriles@ 6ank) Dideitsbutbxydiearoaater (hind g wescadded
to this solution to form a second reaction solution. This second reaction solution was stirred at normal
temperaturésfer 1ubun ancbthenuefi $oistandiatmermiat temperature lovernight. ¥Water wasadded to the
second 10 reaction solution, and the second reaction solution was extracted with ethyl acetate. The
extract was syashed witttwiatertésd satwrated Brineninlthat @fder, andaheaarietoovercanhydrous
sodium sulfate. The anhydrous sodium sulfate was removed by filtration, and then the solvent was
removed byldistilatior undepfeducéd préssure L1y The resaltant pred et svas(SurifiedEbye silica gel
column chromatography (hexane : ethyl acetate= 4 : 1) to obtain the target product (6.58 g) as a
colorless oil0231 NMR (CDC13, 400 MHz): 8 1.45 (9H, s), 1.58 (3H, s), 2.09 (1H, ddd, J = 13.4, 12.2,
5.5 Hz), 2.39 (1H, br s), 2.51 (1H, td, J = 20 12.8, 4.9 Hz), 2.65 (1H, td, J = 12.8, 4.9 Hz), 3.75 (3H, s),
5.42 (1H, br)rmeax1M4 d, J = 7.9 Hz), 7.30 (1H, dd, J = 7.9, 1.8 Hz), 7.48 (1H, d, J = 1.8 Hz). ESIMS
(+): 420 [M+H] 2. <Reference Example 4> 25 Methyl
(R)-2-ally1-4-(4-bromo-2-chloropheny1)-2-t-butoxycarbonylamino butyrate [0198] [Formula 64] 5

FBr,CPO(OR?®), (28)
[0142]
10 (In the formula (28), R’ is as defined above.)
[0143]

Examples of the base that can be used in this reaction include
sodium hydride, potassium hydride, sodium alkoxide, potassium
alkoxide, or n-butyllithium, and preferablyn-butyllithium. As the

15 reaction solvent, tetrahydrofuran, diethyl ether, or 1,4-dioxane
may be used. Further, the reaction temperature may be set to —-78°C
to normal temperature.

In the synthesis pathway F, a compound represented by the
general formula (30) (excluding compounds in which R' is a carboxyl

20 group), can be prepared by reducing a compound represented by the
general formula (29) (excluding compounds in which R' is a carboxyl
group) (Step F-3).

[0144]
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[0199] A solution of 50% trfluoroacetic acid - water (108 mL) was added to the compound of
Reference Example 2 (5.44 g) to form a first reaction solution. This first reaction solution was stirred 10
at normal temperature for 1 hour, and then left to stand at normal temperature overnight. Then, the
first reaction solution was neutralized with a saturated sodium hydrogen carbonate aqueous solution,
and extractetbwith £thyd &itetate. The extract was washed with water and saturated brine, and then
dried over anhydrous sodium 15 sulfate. After the anhydrous sodium sulfate was removed by filtration,
the extract was concentrated, and the resultant residue was dissolved in acetonitrile (86 mL).
Di-tert-butoxydicarbonate (11.0g) was added to thi s s citation to forma second reaction solution. This
second react ' wted at gormal temperature 20 for 1 hour and then left to stand at
normal temperat [ at ; adgl@qéﬁige se@(a?d reaction solution, and the second
reaction solution ws eX¥fct&d wi yl afetate. Thé extract was washed with water and saturated
brine in that order, and then dried d¥&tNanhy&frous sodium sulfate. The anhydrous sodium sulfate 5
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 thieltatgéet product (6.16 g) as a colorless oil. 151 NMR (CDC13, 400 MHz): 8 1.45 (9H, s),
2.08 (1H, ddd, J =13.4, 10 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), 3.003. 14 ¢1H omi3.74 (3F1) 5),5.07R1H R, J B*4.RFIz) RS 1 0861H, %) 25 5225 69 Hn A, 7.03
(AH,d,J=7.9Hz), 7.29 (1H, dd, J = 7.9, 1.8 Hz), 7.48 (1H, d, J = 1.8 Hz). ESIMS (+): 446 [M+H]2. 15
<Referénce®xaprple 5> (5)-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino-2-methy Ibutan-1-03
[0200] [Formula 65] [0201] Lithium borohydride (259 mg) was added to a solution of the
compound dt Reférence Example 3 (1.00 g) in tetrahydrofuran (24 mL) under ice cooling to form a
reaction solution. Next, ethanol 5 (2 . 4 mL ) was added dropwi se to the reaction solution, and the
reaction s citation Was th&ABHredf6M2 AdLFS Ghdenice2Eobing2ATORCCRIE akid HefidtiRssohqton was
added to the reaction solution, and the reaction solution was extracted with ethyl acetate. The extract
was washetf with Gedterl aid sarirated Brhetih thavsraes smittheR 10idricd 6¢ervaiHydPeiisisedium
sulfate. The anhydrous sodium sulfate was removed by filtration, and then the solvent was removed by

distillation Gh&éretucBg presttite. TR FEutahRCprotte wis Purfids bl shicargeedfifmn or

chromatography (hexane : ethyl acetate
10 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.
In the synthesis pathway F, a compound represented by the
15 general formula (le) (excluding compounds in which R' is a carboxyl
group) can be prepared based on the same method as in Step A-7 using
the compound represented by the general formula (30) (excluding
compounds in which R' is a carboxyl group) (Step F-4).
Among the compounds represented by the general formula (1),
20 a compound in which X is an oxygen atom and Y is an alkyl group
having 1 to 6 carbon atoms, specifically, a compound represented

by the general formula (1f) (excluding compounds in which R' is a
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= 2:1)to obtain the target product(775 mg)as a white solid. 15 151 NMR(0D013, 400MHz):81.24(3H,s),
1.44 (9H, s), 1.81 (1H, ddd, J =13.4, 12.2, 5.5 Hz),
carboxyl group), can be prepared based on the following synthesis
pathway G, for example.
[0147]

[Formula 46]

R1 S Z
oK s (1f)

OPO(OH),
NH,
5
[0148]
(In the formula (1f), Ya represents an optionally substituted alkyl
group having 1 to 6 carbon atoms; and R?, Rz, and 7Z are as defined
above.)
10 [0149]
<Synthesis Pathway G>
[0150]
[Formula 47]
Ry S Z R4 S Z
T e, o X
RS —CHO oR & o >
(26) NHR# 31 NHR4
R1 S Z R! S Z
\@ r2Ya G3 \@ r2Ya
OR? ¥ oPO(ORY), T > OH $ “OPO(OH),
(33) NHR* (1) NH,
15 In the synthesis pathway G, a compound represented by the

general formula (31) (excluding compounds in which R' is a carboxyl

group),

54



2.05 (1H, ddd, J =13.4, 12.2, 5.5 Hz), 2.67 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.74 (1H,

[0151]

[Formula 48]

[0152]

5 (Inthefbrmula(Bl),R% R% Rﬂ Ri Ya, and 7 are as defined above.),

[0153]

can be prepared by reacting the compound represented by the general

formula (26) (excluding compounds in which R' is a carboxyl group)

and a compound represented by the general formula (32) (Step G-1).
10 [0154]

[Formula 49]

Ya=M (32)

(In the formula (32), M represents Li, MgCl, MgBr, or MgI; and Ya
is as defined above.)

15 [0155]
For example, this reaction can be performed at —-78°C to normal

temperature using a solvent such as diethyl ether, 1,4-dioxane,

tetrahydrofuran or the like.

In the synthesis pathway G, a compound represented by the
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ddd, J= 13.4,12.2,5.5Hz), 3.63-3.74(2H, m),4.07(1H,brs), 4.67 (1H, s),7.11(1H,d,J = 8.6Hz),7.31
(1H,dd,J =8.6,1.8 Hz), 7.50 20 (1H,d,J=1.8Hz).
general formula (33) (excluding compounds in which R' is a carboxyl
group), can be prepared by reacting the compound represented by
the general formula (31) (excluding compounds inwhichR'is acarboxyl
group) and the compound represented by the general formula (11)
5 based on the same method as in Step A-6 (Step G-2).
[0156]

[Formula 50]

R! S z
2
@: 5 @)
5 OPO(OR3),

OR
NHR*

[0157]
10 (In the formula (33),Rl, R2, R3, R4, R5, Ya, and Z are as defined
above.)
[0158]
In the synthesis pathway G, the compound represented by the
general formula (1f) (excluding compounds in which R' is a carboxyl
15 group) can be prepared based on the same method as in Step A-7 using
the compound represented by the general formula (33) (excluding
compounds in which R' is a carboxyl group) (Step G-3).
Among the compounds represented by the general formula (1),
a compound in which X is -CF;- and Y is a hydrogen atom, specifically,
20 a compound represented by the general formula (lg) (excluding

compounds in which R' is a carboxyl group), can be prepared based
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ESIMS (+): 392 [M+H]2. <Reference Example 6>
(R)-2-[2-(4-bromo-2-chlorophenyflethyl]-2-t-butoxycarbonylamin 0-4-penten-1-ol 25[0202] [Formula
66] [0203] The target product (3.20 g) was obtained as a white powder 5 by reacting the
compound of Reference Example 4 (6.16 g) in the same manner as in Reference Example 5. 151
NMR (CDGi3, 408 Mbiz):B:143 (9rh sh,ck86-1094 (RHym),2.82 {1Hxtdndxel4. 1, 7.9Hz), 2.44 (1H,
dd, J=14.1, 6.7Hz), 2.63-2.77 (2H, m), 3.69-3.79 (2H, m), 4.09 (1H, br 10 (1H, dd, J = 6.1, 1.8 Hz),
5.22 (1H, s)p¥d1d, J = 7.9 Hz), 7.31 (1H, dd, J = 7.9, 1.8 Hz), 7.49 (1H, d, J = 1.8 Hz). ESIMS (+):
418 [M+H]2. <Reference Example 7> 15 1-(Methoxymethoxy)-4-propylbenzene [0204]

[Formula 51]

R1 S Z
X g
OH H PO(OH), (1g)
FF

5 [0160]
(In the formula (lg), R', R?, and Z are as defined above.)
[0161]
<Synthesis Pathway H>

[0162]

10 [Formula 52]

Ry S z
T, " T
(26)  NHR® (35 RHN
R4
QWW(ORs _»- ;@/\/XPO(ORs
4HN

(36) RHN F F R
\[::[ \[:]:Jﬁ\rﬁ><PO@Hh
NHF F

In the synthesis pathway H, a compound represented by the

general formula (35) (excluding compounds in which R' is a carboxyl

group),

15 [0163]
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[Formula 67] [0205] Ethyldilsopropylamine ( 10 . 3 mL) and chloromethyl methyl ether (4.5 mL)
were added to a solution of 4-propylphenol (4.09 g) in 5 methylene chloride (60 mL) under ice cooling
to form a 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
solution wasextracted with ethyl acetate. The extract was washed with water 10 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 Wasé)%urified by silica gel column chromatography (hexane : ethyl acetate = 9 : 1) to obtain 15
the target pr rless gjlj 151 NMR (CDC13, 400 MHz): 8 0.93 (3H, t, J = 7.3 Hz),
1.55-1.67 (2H,2@ (2 74 3.4§c§§5h§ , 5.18)2H, s), 6.95 (2H, dt, J = 8.6, 2.4 Hz),
7.09 (2H, dt, J = 875, 2.ORfz)" (HY18M]2. 20 <Reference Example 8>
1-Cyclopropy1-4-(methoxymethoxyjieihzefie f0206] [Formula 68] [0207] 5The target product (958
mg) was obtained as a colorless oil by reacting 4-cyclopropylphenol (1.00 g) in the same manner as in

Reference Example 7.
[0164]

(In the formula (35), Rl, RZ, R3, R4, R5, and Z are as defined above.),
5 [0165]
can be prepared by reacting the compound represented by the general
formula (26) (excluding compounds in which R' is a carboxyl group)
and a compound representedby thegeneral formula (34), inthepresence
of a base (Step H-1).
10 [0le66]

[Formula 54]

HF,CPO(OR®),  (34)

[0167]

(In the formula (34), R’ is as defined above)

15 [0168]

Specifically, first, inareactionsolvent suchas1l,4-dioxane,

tetrahydrofuran, diethyl ether or the 1ike, the compound represented

by the general formula (34) is treated at —-78°C using a base. Then,

the compound represented by the general formula (26) is reacted
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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 (2H, dt, J =10 9.2, 2.4 Hz), 7.01 (2H, dt, J = 9.2, 2.4 Hz). EIMS (+): 178 [M]2.
<Reference Example 9> 2-(Methoxymethoxy)-5-methylbenzenethiol [0208] 15 [Formula 69] [0209]
Under an argon atmosphere, N,N,N',N'-tetramethylethylenediamine (375 1JJ2) and an
n-butyllithium-hexanewsotition £l 6@mokkedd Snmbjwere addedindenice eeplingstona salutiprt ok
1-(methoxymethoxy)-4-methylbenzene 5 (304 mg) in diethyl ether (10 mL) to form a reaction solution.
This reactigr sek#ibif wasstiréd 40rtlohouarsrat nermaltenpeé ratyree $hen esufurt(86 geg)ewvad added
to the reaction solution under ice cooling, and the reaction s citation was stirred for 12 hours. 1 mol/L
hydrochloritcatiah Was @dded tathemeaetion solution karck theheactiom 10ssolutron was extitacted with
ethyl acetate. The extract was washed with water and saturated brine in that order, and then dried
over anhydrebis spdilint salfate aThe nhhydroussodanw sufateavasicemeved by fiftcatron, and then the
solvent was removed by distillation under reduced pre s sure . The re sultant product was purified by s
ilica 15 geldcolwnpchirorhatogiaphys (hexahexr ety acetate= 9 : 1) to obtain the target product (200
mg) as a colorless oil. 151 NMR (CDC13, 400 MHz): 8 2.24 (3H, s), 3.50 (3H, s), 3.75 (1H, s), 5.21
(2H, s), 6.88 (1H, dd) J=h8.6: 1102 Mz}, 16:9P{tHYd Y] E,8.6 HANPOT(dHy dpdeskRtdz). RO BIMS (+):
184 [M]2. <Reference Example 10> 5-Ethy1-2-(methoxymethoxy)benzenethiol [0210]

general formula (36), can be prepared by halogenating a hydroxyl

group on the compound represented by the general formula (35) or
converting that hydroxyl group into a typical leaving group such

10 as a methanesulfonyloxy group (Step H-2).

[0169]

[Formula 55]

R, S z . |
| ~| - R2Y s
PO(OR

OR® (OR%)2  39)

RMHN F F

15 [0170]
(In the formula (36), Rl, R2, R3, R4, R5, A%, and Z are as defined
above.)
[0171]
For example, this reaction can be carried out by, in a solvent
20 such as methylene chloride, chloroform, or toluene, in the presence
of an organic base, using a sulfonic acyl chloride or a sulfonic

acid anhydride at 0°C to 80°C, and preferably at normal temperature.

59



[Formula 70] [0211] The target product (600 mg) was obtained as a colorless oil by reacting
1-ethyl-4-(methoxymethoxy)benzene (665 mg) in the same 5 manner as in Reference Example 151
NMR(CDC13,400 MHz):8 1.19 9. (3H, t,J =7.9Hz),2.54(2H,q, J = 7.9 Hz), 3.51(3H, s), 3.76 (1H,
s),5.22(2H,s),6.91(1H,
As the organic base, pyridine, triethylamine or the like can be
used. As the sulfonic acyl chloride, methanesulfonyl chloride or
the like can be used. Further, as the sulfonic acid anhydride,
methanesulfonic anhydride or the like can be used. 1In addition,
5 an alkali metal halide such as potassium iodide or sodium iodide
may be added to the solvent.

In the synthesis pathway H, a compound represented by the
general formula (37) (excluding compounds in which R' is a carboxyl
group), can be prepared by removing the leaving group on the compound

10 represented by the general formula (36) (excluding compounds in
which R' is a carboxyl group) (Step H-3).

[0172]

[Formula 56]

(37)

15 [0173]
(In the formula (37), Rl,Ig, R3,Iﬁ, R5,enKiZ are as defined above.)
[0174]
For example, this reaction can be carried out in a reaction
solvent such as N,N-dimethylformamide, dimethyl sulfide,
20 methylpyrrolidone or the like at 0°C to the reflux temperature using
an alkyl borane derivative or a metal hydride complex. As the alkyl

borane derivative, borane or 9-borabicyclo[3.3.1]nonane (9-BBN)
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dd, J=7.9, 1.8Hz), 7.00 (1H, d,J =7.9Hz),7.09(1H,d,J= 1.8 Hz).

10

15

20

can be used. As the metal hydride complex, diisobutylaluminum
hydride ( (iBu)AlH), sodiumborohydride (NaBH;), lithiumborohydride
(LiBHg), lithium aluminum hydride (LiAlH,;) or the like can be used.
Among these, it is preferred to perform this reaction using lithium
borohydride.

In the synthesis pathway H, the compound represented by the
general formula (lg) (excluding compounds in which R' is a carboxyl
group) can be prepared based on the same method as in Step A-7 using
the compound represented by the general formula (37) (excluding
compounds in which R' is a carboxyl group) (Step H-4).

Among the compounds represented by the general formula (1d),
a compound in which R' is a carboxyl group, specifically, a compound
represented by the general formula (lh), can be prepared based on
the following synthesis pathway I, for example.

[0175]

[Formula 57]

R?
= 1h
OH (ih)

OPO(OH),
NH,

[0176]

(In the formula (1h), R? and 7 are as defined above.)
[0177]

<Synthesis Pathway I>

[0178]

[Formula 58]
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10 EIMS (+) :198 [M]2.  <Reference Example 11> 2-(Methoxymethoxy)-5-propylbenzenethiol [0212]
[Formula 71] 15 [0213] The target product (687 mg) was obtained as a colorless oll

FsC S z -1 HoocC S z
G, — GO g
OH OPO(OH), OH ¥~ oPO(OH),
NH,

(1) ' (1h)
[0179]
In the synthesis pathway I, a compound represented by the
general formula (1h),
5 [0180]

[Formula 59]

HOOC
EI \©/\/\T,\ (1h)
OPO(OH),

[0181]
(In the formula (1h), R’ and 7 are as defined above.),
10 [0182]
can be prepared by hydrolysis of a compound represented by
the general formula (1i), in the presence of a base (Step I-1).
[0183]

[Formula 60]

FaC S z
U R? (ti)
OH OPO(OH),

NH
15 2
[0184]
(In the formula (1i), R? and Z are as defined above)

[0185]

For example, this reaction can be carried out in the presence
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5 by reacting the compound of Reference Example 7(720 mg)in the same manner as in Reference
Example 9. 151 NMR(CDC13,400 MHz):8 0.92(3H,t,J =7.3 Hz),1.55-1.65(2H. m),2.47(2H,t,J
=7.3Hz),3.51(3H,s),3.76(1H,s),5.21(2H, s),6.88(1H,dd,J =8.6,1.8Hz),6.99(1H,d,J =8.6Hz),7.07
(1H,d,J=1.8Hz). EIMS(+):212[M]2. <Reference Example 12> 10
2-(Methoxymethoxy s 5-isapropylbenzeriethioh {0244} jleernmida F2t S OMOM J02%5]dEL The tanget
product (646 mg) was obtained as a colorless oil by reacting 1-(methoxymethoxy)-4-isopropylbenzene
(720 mQ) irtheesamesmannépasin ReferanceE=xamptén®.l solution at room temperature

to the reflux temperature. The compound represented by the general

formula (1i) can be prepared based on the synthesis pathway A.

5 [0186]

Further, the synthesis method of the compound represent by
the general formula (16) can be carried out based on the method
described in WO 03029184, WO 03029205, WO 04026817, WO 04074297,
and WO 050444780 pamphlets.

10 [0187]

The diphenyl sulfide derivative according to the present
invention, or apharmaceutically acceptable salt or hydrate thereof,
exhibits an excellent S1P3 antagonistic action. Therefore, a
medicine having at least one kind or more of such compounds as an

15 active ingredient is effective as a therapeutic or preventive
medicine for diseases for which it is known that an S1P3 antagonist
is an effective therapeutic or preventive medicine. Examples of
diseases for which it is known that an S1P3 antagonist is aneffective
therapeutic or preventive medicine include

20 sepsis, respiratory tract contraction, bronchial asthma, chronic
obstructive pulmonary disease (COPD), pulmonary emphysema, tracheal
stenosis, diffuse panbronchiolitis, bronchitis resulting from
infection, connective tissue disease, or transplantation, diffuse

pulmonary hamartoangiomyomatosis, adult respiratory distress

25 syndrome (ARDS), interstitial pneumonitis, lung cancer, pneumonia
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151 NMR (CDC13, 400 MHz): 8 1.21 (6H, t, J = 6.7 Hz), 2.74-2.83 (1H. m), 3.51 (3H, s), 3.78 (1H, s),
5.22 (2H, s), 6.94 (1H, dd, J = 20 8.6, 2.4 Hz), 7.01 (1H, d, J=8.6 Hz), 7.12 (1H, d, J = 2.4 Hz). EIMS
(+): 212 [M]2. <Reference Example 13> 5-Cyclopropy1-2-(methoxymethoxy)benzenethiol [0216]
[Formula 73] 5 [0217] The target product (210 mg) was obtained as a colorless oil by reacting the
compoundiof ireferencetBExample 8 (Misfbang) incthensametaringar as:iuRetetence Examples 9010 151
NMR (CDC13, 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
(8H, s), 3.%6s), BB (1Hyrddl, Iyt 816i 24 blzd 698 41lded, (A, dh Jim2 Uudpk £IMES(+H): 210 fM]2. 15
<Reference Example 14> 6-Ethoxy-1,3-benzoxathiol-2-one [0218] [Formula 74] [0219]

virus infection.

[0188]

5 Further, other thanthe above-describeddiseases, themedicine

according to the present invention is also effective for therapy

or prevention 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

10 arterial sclerosis, blood vessel intimal hypertrophy, solid tumors,
diabetic retinopathy, rheumatoid arthritis, cardiac arrest,
ischemia-reperfusion disorders, cerebral blood vessel spasms after
subarachnoid bleeding, angina pectoris or myocardial infarction
caused by coronary vessel spasms, glomerulonephritis, thrombosis,

15 lung disease caused by pulmonary edema such as ARDS, cardiac
arrhythmia, eye disease, eye hypertension, glaucoma, glaucomatous
retinopathy, optic neuropathy, and macula-lutea degeneration.

[0189]
The medicine according to the present invention may be

20 administered orally, or via a non-oral means, for example,
intrarectally, subcutaneously, intravenously, intramuscularly,
transdermally or the like.

[0190]

To use as a medicine, the compound according to the present

25 invention, or apharmaceutically acceptable salt or hydrate thereof,
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Potassium carbonate (533 mg) and ethyl iodide (160 RL) 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 added to the
reaction solution. Theprecipitatedcrystals were filtrated off, thoroughly washed with water and
diisopropytethere andtthenfdnedamder reduced piessungtosdhtainthe tatget 1D progduct (245mg) as a
white powder. 151 NMR (CDC13, 400 MHz): 8 1.42 (3H, t, J = 6.7 Hz), 4.02 (2H, q, J = 6.7 Hz), 6.84
(1H, dd, J sB6yRebHz) BQin(id+ it Jon 2.4 Hzd, b8 i, fth i 8.6 Hz) cERS (1) 186 fMI2 15
<Reference Example 15> 6-lIsopropoxy-1,3-benzoxathiol-2-one [0220] [Formula 75] [0221]
PotassiumTWatborate 829 mgranasisopropyhiodided309 R were aodeddota soluttortabn can
6-hydroxy-1,3-benzoxathiol-2-one (504 5 mg) in N,N-dimethylformamide (15 mL) to form a reaction
solution. This reagtionssicitationwag stireeddop4 hodrsat srodmaptempérature, send-thew ¢ort8 hour s at
40C. Water was added to the reaction solution, and the reaction solution was extracted with ethyl
acetateb Tha ektractweas wasked with Water and shtvateddorinel ierthat Drcar) £0 @ndlthien dnied over
anhydrous sodium sulfate. The anhydrous sodium sulfate was removed by filtration, and then the
solvent was yemovedt byrdistiltationivrmeraedueced pressurel Theresytamarodacrwas putifiedsby
silica gel column chromatography (hexane : ethyl acetate = 4 : 1) to obtain the target product (300 mg)
as a colorlessioin sy 151 NMR (GO C 13, A00LMKHZY: Bs1a333(6H: d; P16L1 Hap 444 B HL &), 6.83
(AH, dd, J=9.2, 2.4 Hz), 6.91 (1H, d, J = 2.4 Hz), 7.17 (1H, d, J = 9.2 Hz). EIMS (+): 210 [M]2.

<Reference Exampledigpersion, liquid, emulsion, suspension, injection or the
like, by adding common diluents, fillers, binders, disintegrants,
10 coatings, sugar coatings, pH adjusting agents, dissolving agents,
Or aqueous oOr non-agqueous solvents.
[0191]
The present invention will now be described based on the
following specific examples. However, the present invention is not
15 limited to these examples.
<Reference Example 1>
(25,5R)-2-(4-bromo-2—-chlorophenyl)ethyl-3, 6-dimethoxy-2-methyl
-5-isopropyl-2, 5-dihydropyrazine
[0192]

20 [Formula 61]
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20 5-Ethoxy-2-hydroxybenzenethiol [0222] [Formula 76] [0223] Under an argon atmosphere, lithium
aluminum hydride (119 mg) 5 was added under ice cooling to a solution of the compound of Reference
Example 14 (245 mg) in tetrahydrofuran (12.5 mL) to form a reaction solution. This reaction solution
was stirred for 30 minutes under ice cooling. Then, 1 mol/L hydrochloric acid was added to the
reaction solution, and the reaction solution was extracted with 10 ethyl acetate. The extract was
washed with water and s aturated brine in that order, and then dried over anhydrous sodium sulfate.
The anhydrou sodlum sulfate was removed by filtration, and the solvent was removed by distillation
under reducet&ﬁ : z c et product (210 mg) as a colorless oil. 15 151 NMR (CDC13,
400 MHz): 8 1.38 ( (1H, s), 3.96 (2H, q, J = 7.3 Hz), 5.73 (1H, s), 6.78 (1H, dd, J
=9.2,3.1Hz),6.8 ” 98 (1H, d, J = 3.1 Hz). EIMS (+): 170 [M]2. <Reference
Example 17> 20 2- Hydroxy -5- |so enzenethlol [0224] [Formula 77] [0225]

[0193]
Under an argon atmosphere, an n-butyllithium-hexane solution
(1.60 mol/L, 25.5 mL) was added at -78°C into a solution of
5 (5R)-3,6-dimethoxy-2-methyl-5-isopropyl-2,5-dihydropyrazine
(7.36 g) in tetrahydrofuran (160 mL) to form a reaction solution.
Next, this reaction solution was stirred at -78°C for 30 minutes.
Then, a solution of 4-bromo-2-chloro-1-(3-iodoethyl)benzene (15.34
g) in tetrahydrofuran (26 mL) was added to the reaction solution,
10 and the reaction solution was stirred at -78°C for 30 minutes and

then at 0°C for 1 hour. Water was 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
15 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
=60 : 1) to obtain the target product (8.40 g) as a colorless oil.
'H NMR (CDCls, 400 MHz): 8 0.71 (3H, d, J = 6.7 Hz), 1.09 (3H, d,

20 J=6.7Hz), 1.35 (34, s), 1.78 (1H, ddd, J = 12.8, 11.6, 4.9 Hz),
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The target product (120 mg) was obtained as a colorless oil 5 by reacting the compound of Reference
Example 15 (300 mg) in the same manner as in Reference Example 16. 151 NMR (CDC13, 400 MHz):
8 1.29 (6H, d, J = 6.1 Hz), 3.09 (1H, s), 4.33-4.43 (1H, m), 5.74 (1H, s), 6.78 (1H, dd, J = 9.2, 3.1 Hz),
6.86 (1H, d, J =9.2 Hz), 7.00 (1H, d, J = 3.1 Hz). 10 EIMS (+): 184 [M]2. <Reference Example 18>
(2-Methoxy-5atfluanometbylphenythic)ethoxymeihare-d-thione [0226HFormulal B8] RAGCSYOEbomse
[0227] Under an argon atmosphere, water (13 mL) and concentrated hydrochloric acid (6 . 9 mL)
were added uhdetde caokng to. & solutiof, of42-tethoxy-b-téiflugicmethytgniline- (2.504) inlmeghanol
(13 mL) to form a first reaction solution. This first reaction solution 5 was stirred under ice cooling for
10 minutes} ahdisodiumn. Aitrite3(1,26 g) wasadded theneto antilthentthedfirst reasdtion $obution. was
stirred under ice cooling for 1 hour. The fir s t reaction solution was slowly added dropwise to an
aqueous sdlutionq13E) of. potassiunT edtiyiXanthated(4.19g) heated aB68€)to férm ‘a dedondireaction
10 solution. The second reaction solution was stirred at 65C for 1 hour. The temperature of this
secondTeattionlsofutibn)was returned to normal temperature. Then ice water was added to the
second reaction solution, and the second reaction solution was extracted with ethyl acetate. The
extract wag ¥E$hed with Wafer Bidishturated 15 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 byRkstitations endepredueed pressure. The resultant product was purified by silica gel column
chromatography (hexane : ethyl acetate = 20 : 1) to obtain the target 20 product (913 mg) as a
colorless ofl 285 b RIMR (€DVI3; 4004vikzprect 31 BHe £, P2 ey Hy3 392 (3HO s U0tk vy, J = 7.3
Hz), 7.04 (1H, d, J =8.6 Hz), 7.71 (1H, dd, J = 8.6, 2.4 Hz), 7.73 (1H, d, J = 2.4 Hz). EIMS (+): 296
[M]2. 25 <RefetemioBXampledtgiihydropyrazine

10 [0194]

[Formula 62]

[0195]
The target product (6.04 g) was obtained as a colorless oil
15 by reacting
(5R)-2-allyl-3,6-dimethoxy-5-isopropyl-2, 5-dihydropyrazine
(3.64 g) in the same manner as in Reference Example 1.
H NMR (CDCls, 400 MHz): & 0.69 (3H, d, J = 6.7 Hz), 1.10 (3H, d,

J=6.7Hz), 1.79 (14, ddd, J =12.8, 11.6, 4.9 Hz), 2.02 (1H, ddd,
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2-Methoxy-5-trdfluoromethylbenzenethdol [0228] [Formula 79] 5[0229] The target product (400
mg) was obtained as a colorless oil by reacting the compound of Reference Example 18 (600 mg) in
the same manner as in Reference Example 16. 151 NMR (CDC13, 400 MHz): 8 3.93 (1H, s), 3.95
(3H, s), 6.90 (1H, 10 d, J = 8.6 Hz), 7.38 (1H, dd, J = 8.6, 2.4 Hz), 7.51 (1H, d, J = 2.4 Hz). EIMS (+)
296 [M]2. ¥ReferedcelBxampke.208z), 2.27-2.48 (4H, m), 2.54 (1H, dd, J = 13.4,
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5- 15
methylphefiylthisphersyy14-2-rEthykoutais-1-oD[0230) [Formailed80]( 1[0231) J = UndeHan argof 7
atmosphere, 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (52 mg) was added 5 to a solution of a
tris(dibenzylidenedtetdrie) 4ipallatitim|Q)-6hlofofoirH adtuct (47 Mg)7inHk 4.didxarie-El. ML) ta fiorm a
reaction s citation . Thi s reaction s citation was heated to reflux for 15 minutes. To the reaction
solution, amsblutionOaf thetbompoune of Reférance/EXaAmpléls (AZ8 migyirV 1 A-dioxanézD,7 mld,/

5 (l1H, 4, J = 1.8 Hz).
ESIMS (+): 441 [M+H]".
<Reference Example 3>
Methyl
(S)—-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino-2-methy
10 1 butyrate
[0196]

[Formula 63]

[0197]

15 0.5 mol/L hydrochloric acid (200 mL) was added to a solution
of the compound of Reference Example 1 (8.40 g) in 1,4-dioxane (400
mL) to forma first reaction solution. This first reaction solution
was stirred at normal temperature for 1 hour, and then left to stand
at normal temperature overnight. Then, the first reaction solution

20 was concentrated, neutralized with a saturated sodium hydrogen
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10 ethyldilsopropylamine (148 RL), and a solution of the compound of Reference Example 9 (100 mg)
in 1,4-dioxane (0.6 mL) were added in this order, and the reaction solution was heated to reflux for 3
hours. Water was added to the reaction solution, and the reaction solution was extracted with ethyl
acetate. The extract was washed 15 with water and saturated brine in that order, and then dried over
anhydroussadivm sulfase;uEisolvehtiwasignaoved Py digiitlation iridertiedicedgpressure, aind the
resultant product was purified by silica gel column chromatography (hexane : ethyl acetate =4 : 1) to
obtain the targetproduet (188 mgy) asia bolorless Gih20sEEINMR OD013400:MHZ) N1 24i(8H, S),
1.44 (9H, s), 1.80 (1H, ddd, J =13.4, 12.2, 5.5 Hz), 2.05 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.25 (3H,
S), 2.67 (1dytel; hnliP8, 55 Kzl 2uid $1H fia d = 128, &c5thz), 340 BHdus), 3062374 (2Hany, 4.09
(1H, br s), 4.68 (1H, s), 5.16 (2H, s), 7.02-7.07 (3H, m), 7.11 (1H,dd,5J=7.9, 1.8 Hz), 7.14 (1H, d, J
= 7.9 Hz), ¥26 (d¢halyId= 138 Hi). ESIMS (+): 406 [MeH]2ct<Reference &Example@1>and the
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-ethyl-2-methoxyme 10
thoxyphenylttdo) phenylj-2-sethglbutan-Eolg8232EF ormukac8tjonj0238] ¢ 5Thé target product (205
mg) was obtained as a colorless oil by reacting the compound of Reference Example 10 (100 mg) and
the compolnd of Reférenhce Examipie 51465 nid)lLindthe)same maidwet dsintRéfersndelExample 20.
151 NMR (CDC13, 400 MHz): 8 1.17 (3H,t,J =7.3 Hz), 1.24 (3H, s), 20 1.44 (9H, s), 1.79 (1H, ddd, J
=13.4, 12008505 #H2p o0l (THaction solution. This second reaction solution was

stirred at normal temperature for 1 hour and then left to stand

at normal temperature overnight. Water was added to the second

10 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.

15 The resultant product was purified by silica gel column
chromatography (hexane : ethyl acetate =4 : 1) to obtain the target

product (6.58 g) as a colorless oil.

'H NMR (CDCls;, 400 MHz): & 1.45 (9H, s), 1.58 (3H, s), 2.09 (1H,

ddd, J = 13.4, 12.2, 5.5 Hz), 2.39 (1H, br s), 2.51 (1H, td, J =
20 12.8, 4.9 Hz), 2.65 (1H, td, J =12.8, 4.9 Hz), 3.75 (3H, s), 5.42

(14, br s), 7.04 (1H, d, J = 7.9 Hz), 7.30 (1H, dd, J = 7.9, 1.8

Hz), 7.48 (1H, d, J = 1.8 Hz).

ESIMS (+): 420 [M+H] ©

<Reference Example 4>

25 Methyl
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ddd, J=13.4,12.2, 5.5 Hz), 2.55 (2H, q, J = 7.3 Hz), 2.67 (1H, td, J = 12.8, 4.9 Hz), 2.74 (1H, td, J =
12.8, 4.9 Hz), 3.40 (3H, s), 3.62-3.75 (2H, m), 4.09 (1H, br s), 4.68 (1H, s), 5.17 (2H, s), 7.06-7.12 (4H,
m), 7.14 (1H, d, J =7.9 Hz), 7.25 (1H, d, J 5 = 1.8 Hz). ESIMS (+): 510 [M+H]2. <Reference Example
22> (5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
propylphenykhie)phanyl]-24methyhutan-1203 11 0(0234 ¢hormula -82} {0235]y Hae tasgetlpreduct (152
mg) was obtained as a colorless oil 15 by reacting the compound of Reference Example 11 (110 mg)
and the compoymndtaf Reference Example 5 (170 mg) in the same manner as in Reference Example
20. 20 151 NMR(CDC13,400 MHz): 1.44(9H,s),1.51-1.61 5.5Hz),2.04(1H,ddd, 80.90(3H,t,J
=7.3Hz),1.24BH3), (2H,m),1.79(1H,ddd,J=13.6,12.2, J=13.6,12.2,5.5Hz),2.48(2H,q,J 88

[Formula 64]

[0199]
A solution of 50% trfluoroacetic acid - water (108 mL) was
added to the compound of Reference Example 2 (5.44 g) to form a
first reaction solution. This first reaction solution was stirred
10 at normal temperature for 1 hour, and then left to stand at normal
temperature overnight. Then, the first reaction solution was
neutralized with a saturated sodium hydrogen carbonate aqueous
solution, and extracted with ethyl acetate. The extract was washed
with water and saturated brine, and then dried over anhydrous sodium
15 sulfate. After the anhydrous sodium sulfate was removed by
filtration, the extract was concentrated, and the resultant residue
was dissolved in acetonitrile (86 mL). Di-tert-butoxydicarbonate
(11.0g) was added tothis solutionto forma secondreactionsolution.
This second reaction solution was stirred at normal temperature

20 for 1 hour and then left to stand at normal temperature overnight.
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=7.3 Hz),2.67(1H,td,J = 12.8,4.9 Hz),2.74(1H,td,J = 12.8, 4.9 Hz),
3.40(3H,s),3.63-3.74(2H,m),4.09(1H,brs), 4.67 (1H, s), 5.16(2H,s),7.08(3H,s),7.10(1H,d,J =1.8Hz),
7.13 (1H, d, J=7.9Hz2),7.24(1H,d,J=1.8Hz). 5 ESIMS (+): 524 [M+H]2. <Reference Example 23>
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
1sopropylphetythde)phenyi¢2-methytbutar-deod [0236¢t ion 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
5 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 (lH, ddd, J = 13.4,
10 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, d, J = 1.8 Hz).
ESIMS (+): 446 [M+H]'.
15 <Reference Example 5>
(S)—-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino—-2-methy
lbutan-1-ol

[0200]

[Formula 65]

Br. Cl

NHBoc

20
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10 [Formula 83] [0237] The target product (264 mg) was obtained as a colorless oil by reacting
the compound of Reference Example 12 (139 mg) and the 15 compound of Reference Example 5 (200
mg) in the same manner as in Reference Example 20. 151 NMR (CDC13, 400 MHz): 8 1.19 (6H, t, J =
6.7 Hz), 1.24 (3H, s), 1.44 (9H, s), 1.79 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.03 (1H, ddd, J=13.4, 12.2,
5.5 Hz), 2.6D%DH]td, J= 12.8, 4.9 Hz), 2.74 20(1H, td, J=12.8, 4.9 Hz), 2.78-2.87 (1H. m), 3.39 (3H, s),
3.63-3.74 (2H, m), 4.08 (1H, br s), 4.67 (1H, s), 5.16 (2H, s), 7.06-7.16 (5H, m), 7.24 (1H,d,J=1.8
Hz). ESIMS (+): 524i[iiH]2. sdreferencedxaiple 24P Swas added to a solution of the
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyclopropyl-2-met
hoxymethaxyrphenyithiojpremdi-2rmetiBizutan4-0B [0288) (Farmula 84f th0f023B o fur The target

product (262 mg) was obtained as a colorless oil by reacting the compound of Reference Example 13
(129 mg) and)theucoimpoune afReferendecEkanple 5 €200 mop) i tersame .makaet asdn iReference
Example 20. 15 151 NMR (CDC13, 400 MHz): 8 0.58 (2H, dt, J = 6.1, 4.9 Hz), 0.86-0.92 (2H, m), 1.24
(3H, s),51.44(9HNE), T/ <188 (2H: an)y 1588ER. 08 ¢1H; an); 28V Hy td, Q= 228 ,th9 Hzy, 2. 7411H, td,
J=12.8,4.9 Hz), 3.38 (3H, s), 3.63-3.74 (2H, m), 4.06 (1H, br s), 4.67 (1H, s), 5.15 (2H, s), 6.96 (1H,
dd”]:7£pQ}pH2pﬂm@qugnstirredforZZhoursundericecoolimg. A10% citric
acid aqueous solution was 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
10 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
=2 : 1) to obtain the target product (775 mg) as a white solid.
15 'H NMR (CDCls, 400 MHz): & 1.24 (3H, s), 1.44 (9H, s), 1.81 (1H,
ddd, J = 13.4, 12.2, 5.5 Hz), 2.05 (1H, ddd, J = 13.4, 12.2, 5.5
Hz), 2.67 (lH, ddd, J = 13.4, 12.2, 5.5 Hz), 2.74 (1lH, ddd, J =
13.4, 12.2, 5.5 Hz), 3.63-3.74 (2H, m), 4.07 (1H, br s), 4.67 (1H,
s), 7.11 (14, 4, J = 8.6 Hz), 7.31 (1H, dd, J = 8.6, 1.8 Hz), 7.50
20 (1H, d, J = 1.8 Hz).
ESIMS (+): 392 [M+H]".
<Reference Example 6>
(R)-2-[2-(4-bromo-2-chlorophenyl)ethyl]-2-t-butoxycarbonylamin
o-4-penten-1-o0l

25 [0202]

72



20d, J=1.8 Hz), 7.05 (1H, d, J = 7.9 Hz), 7.09 (1H, dd, J = 7.9, 1.8 Hz), 7.13 (1H, d, J = 7.9 Hz), 7.24
(1H,d, J =1.8 Hz). ESIMS (+): 522 [M+H]2. <Reference Example 25>
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-hydroxy-5-methoxy
phenylthio)pheny1]-2-methylbutan-I-ol 5[0240] [Formula 85] [0241] The target product (233 mg)
was obtainedasma talosléss oil 10 by reacting 2-hydroxy-5-methoxybenzenethiol (100 mg) and the
compound of Reference Example 5 (209 mg) in the same manner as in Reference Example 20. 151
NMR (CDC13, 400 MHz): 8 1.23 (3H, s), 1.43 (9H, s), 1.78 (1H, ddd, J = 13.4, 12.2, 4.9 Hz), 2.00 (1H,
ddd, J=13.4,12.2, 4.9 15 Hz), 2.59-2. 76 (2H, m), 3.61-3.73 (2H, m), 3.77 (3H, s), 4.06 (1H, br s),
4.65 (1H, s), 6.03 (1H, s), 6.91 (1H, dd, Jg 7.9, 1.8 Hz), 6.97 (1H, dd, J=7.9, 3.1 Hz), 7.01 (1H, d, J =
. ] 7.06 (1H]d, J = 1.8 Hz), 7.11 (1H, d, J = 7.9 Hz). ESIMS (+): 468

-t-butoxycarbonylamino-4-[2-chloro-4-(5-ethoxy-2-hydroxyp

42] [Formula 86]

[0203]
The target product (3.20 g) was obtained as a white powder
5 by reacting the compound of Reference Example 4 (6.16 g) in the
same manner as in Reference Example 5.
'H NMR (CDCls, 400 MHz): & 1.43 (9H, s), 1.80-1.94 (2H, m), 2.32
(1H, td, J=14.1, 7.9Hz), 2.44 (1H, dd, J=14.1, 6.7Hz), 2.63-2.77
(2H, m), 3.69-3.79 (2H, m), 4.09 (1H, br s), 4.72 (1H, s), 5.19
10 (1, dd, J =6.1, 1.8 Hz), 5.22 (1H, s), 5.80-5.91 (1H, s), 7.11
(1, 4, J = 7.9 Hz), 7.31 (1H, dd, J = 7.9, 1.8 Hz), 7.49 (1H, d,
J = 1.8 Hz).
ESIMS (+): 418 [M+H]".
<Reference Example 7>
15 1-(Methoxymethoxy)—-4-propylbenzene
[0204]

[Formula 67]
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5[0243] The target product (204 mg) was obtained as a colorless oil by reacting the compound of
Reference Example 16 (104 mg) and the compound of Reference Example 5 (200 mg) in the same
manner as in Reference Example 20. 10 151 NMR (0D013, 400 MHz): 8 1.22 (3H, s), 1.39 (3H, t, J =
7.3 Hz).1.43 (9H, s), 1.77 (1H, ddd, J = 13.4, 12.2, 4.9 Hz), 2.00 (1H, ddd, J = 13.4, 12.2, 4.9 Hz),
2.64 (1H,td, J =12.8, 4.9 Hz), 2.71 (1H, td, J = 12.8, 4.9 Hz), 3.65 (1H, dd, J = 11.6, 4.9 Hz), 3.60
(1H, dd, J =11.6, 7.3 Hz), 3.97 (2H, q, J = 7.3 Hz), 4.10 (1H, 15 br s), 4.66 (1H, s), 6.03 (1H, s), 6.91
(AH, dd, J=7.Q, 1.8 HY), 6.96 (1H, dd, J = 8.6, 2.4 Hz), 7.00 (1H, d, J = 8.6 Hz), 7.02 (1H,d,J=2.4
Hz), 7.06 (1H, di™ . , H, d, J=7.9 Hz). ESIMS (+): 482 [M+H]2. <Reference Example
27> 20 (5)-2-t-butoxycarba -4-[2-chloro-4-(2-hydroxy-5-isoprop
oxyphenylthio)pheny1]-2- RN-1-0l [0244] [Formula 87] [0245] 5The target product (252 mg)
readf¢iidobmpound of Reference Example 17 (113 mg) and the
compound of Reference Example 5 (200 mg) Reference Example 20. 151 NMR (CDC13, 400 MHz): 8
1.22 (3H,s), 10 1.43 (9H, s), 1.77 (1H, ddd, J = 13.4, ddd, J = 13.4, 11.6, 5.5 Hz), 2.59-2.75 m), 4.07
(1H, br s), 4.35-4.46 (1H, m), s), 6.91 (1H, dd, J =7.9, 2.4 Hz), 6.95 (1H, dd, J = 8.6, 2.4 Hz), 6.99
(1H, d, J =88 Hz), 7.04 (1H, d, J=2.4 Hz), 7.06 (1H, d, 15J = 1.8 Hz), 7.10 (1H, d, J = 7.9 Hz).
ESIMS (+): 496 [M+H]2.
Ethyldiisopropylamine (10.3mL) andchloromethyl methyl ether

(4.5 mL) were added to a solution of 4-propylphenol (4.09 g) in
5 methylene chloride (60 mL) under ice cooling to form a 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 solution was
extracted with ethyl acetate. The extract was washed with water
10 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 = 9 : 1) to obtain
15 the target product (4.50 g) as a colorless oil.
'H NMR (CDCl;, 400 MHz): & 0.93 (3H, t, J = 7.3 Hz), 1.55-1.67 (2H,
m), 2.53 (2, t, J =7.3 Hz), 3.48 (3H, s), 5.15 (2H, s), 6.95 (2H,
dt, J = 8.6, 2.4 Hz), 7.09 (2H, dt, J = 8.6, 2.4 Hz).
EIMS (+): 180 [M]".
20 <Reference Example 8>

1-Cyclopropyl-4- (methoxymethoxy)benzene
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<Reference Example 28> (5)-2-t-butoxycarbonylamino-4-[4-(5-benzyloxy-2-hydroxyphenylt
hdo)-2-chloropheny1]-2-methylbutan-I-ol 20[0246] [Formula 88] [0247] The target product (132 mg)
was obtained as a colorless oil by reacting 5-benzyloxy-2-hydroxybenzenethiol (142 mg, Z. J. Song 5
et al.,ProcNatlAcadSci USA, 101 (16), 5776 (2004)) andthe compound of Reference Example 5 (200
mgq) in the sam@ananner as in Reference Example 20. 151 NMR(CDC13,
400MHz):81.23(3H,s),1.43(9H,s), 1.78 (1H, ddd, J =13.4,

[Formula 68]

OMOM

[0207]

5 The target product (958 mg) was obtained as a colorless oil
by reacting 4-cyclopropylphenol (1.00 g) in the same manner as in
Reference Example 7.

'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 =
10 9.2, 2.4 Hz), 7.01 (2H, dt, J = 9.2, 2.4 Hz).

EIMS (+): 178 [M]".

<Reference Example 9>

2— (Methoxymethoxy)-5-methylbenzenethiol

[0208]

15 [Formula 69]

SH

OMOM

[0209]
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12.2,4.9Hz),2.01(1H,ddd,J = 13.4, 12.2, 4.9 10 Hz), 2.59-2.78 (2H,m),3.62-3.74(2H,m), 4.04 (1H,br s),
4.65 (1H, s),5.01 (2H,s),6.04(1H,s),6.90 (1H, dd,J =
Under an argon atmosphere,

N,N,N’,N’'-tetramethylethylenediamine (375 UL) and an
n-butyllithium-hexane solution (1.60mol/L, 1.5mL) were added under
ice cooling to a solution of 1-(methoxymethoxy)-4-methylbenzene

5 (304 mg) in diethyl ether (10 mL) to form a reaction solution. This
reaction solution was stirred for 1.5 hours at normal temperature.
Then, sulfur (80 mg) was added to the reaction solution under ice
cooling, and the reaction solution was stirred for 12 hours. 1mol/L
hydrochloricacidwas addedtothereactionsolution, andthereaction

10 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 reducedpressure. Theresultantproductwaspurifiedbysilica

15 gel column chromatography (hexane : ethyl acetate =9 : 1) to obtain
the target product (200 mg) as a colorless oil.
'H NMR (CDCls, 400 MHz): & 2.24 (3H, s), 3.50 (3H, s), 3.75 (1H,
s), 5.21 (28, s), 6.88 (1H, dd, J = 8.6, 1.2 Hz), 6.97 (1H, d, J
= 8.6 Hz), 7.07 (1H, d, J = 1.2 Hz).

20 EIMS (+): 184 [M]".
<Reference Example 10>
5-Ethyl-2-(methoxymethoxy)benzenethiol
[0210]

[Formula 70]
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7.9, 1.8 Hz), 7.00(1H, dd,J=7.9,2.4Hz),7.04 (1H, dd,J = 7.9, 2.4 Hz), 7.06(1H, d,J =2.4 Hz),7.10(1H,d,
J =7.9Hz), 7.11 (1H,

SH

OMOM

[0211]
The target product (600 mg) was obtained as a colorless oil
by reacting 1-ethyl-4- (methoxymethoxy)benzene (665 mg) in the same
5 manner as in Reference Example 9.

'y NMR (CDCl1l;, 400 MHz): & 1.19 (3H, t, J

7.9 Hz), 2.54 (2H, g,
J= 7.9 Hz), 3.51 (3H, s), 3.76 (lH, s), 5.22 (2H, s), 6.91 (1H,
ad, § = 7.9, 1.8 Hz), 7.00 (1H, 4, J = 7.9 Hz), 7.09 (1H, d, J =
1.8 Hz).

10 EIMS (+): 198 [M]".
<Reference Example 11>
2— (Methoxymethoxy)-5-propylbenzenethiol
[0212]

[Formula 71]

OMOM

15
[0213]
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d,J =2.4Hz), 7.30-7.45(5H,m). 15 ESIMS (+):544 [M+H]2. = <Reference Example 29>
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-chloro-2-methoxyp henylthio)pheny1]-2-methylbutan-I-ol
[0248]

The target product (687 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 7 (720 mg) in the
same manner as in Reference Example 9.

'H NMR (CDCls, 400 MHz): & 0.92 (3H, t, J = 7.3 Hz), 1.55-1.65 (2H.
5 m), 2.47 (2H, t, J = 7.3 Hz), 3.51 (3H, s), 3.76 (1H, s), 5.21 (2H,
s), 6.88 (1H, dd, J = 8.6, 1.8 Hz), 6.99 (1H, d, J = 8.6 Hz), 7.07
(1H, 4, J = 1.8 Hz).
EIMS (+): 212 [M]".
<Reference Example 12>
10 2-(Methoxymethoxy)-5-isopropylbenzenethiol
[0214]

[Formula 72]

SH

OMOM

[0215]

15 The target product (646 mg) was obtained as a colorless oil
by reacting 1-(methoxymethoxy)-4—-isopropylbenzene (720 mg) in the
same manner as in Reference Example 9.

'"H NMR (CDCls;, 400 MHz): 8 1.21 (6H, t, J = 6.7 Hz), 2.74-2.83 (1H.
m), 3.51 (3H, s), 3.78 (1lH, s), 5.22 (2H, s), 6.94 (lH, dd, J =
20 8.6, 2.4 Hz), 7.01 (1H, 4, J = 8.6 Hz), 7.12 (1H, d, J = 2.4 Hz).

EIMS (+): 212 [M]".
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20 [Formula 89] [0249] The target product was obtained as a colorless oil by reacting
thecompoundofReferenceExample5(200mg)andthecompounddescribed 5 in Example 1(1) of WO
05018529 pamphlet 10 (5-chloro-2-methoxybenzenethiol, 107 mg) in the same manner as in
Reference Example 20. 151INMR(CDC13,400MHz):81.26(3H,s),1.45(9H,s),1.83(1H, ddd,J
=13.4,11.6sR6Hz);2:08¢1 Hdald1 =13.3;11.6,5.5 Hz),2.71(1H,td,J =12.8,4.9Hz),2.78(1H,td,J =12.8,4.9
Hz),3.68(1H,dd,J =11.6,5.5Hz),3.72(1H,dd,J =11.6,7.3
Hz),3.86(36:%) vk 101 brs) 4269kl $) (6:04hd th o) )3 bkethd =9i2H7),6.97(1H,d,J = 2.4
Hz),7.15-7.24(3H, m),7.36(1H,d,J=1.2Hz). 15 ESIMS (+): 486 [M+H]2. <Reference Example 30>
(5)-2-t-butaxyeafjonylamino-4-[4-(2-t-butoxycarbonyloxy-5-chlo
rophenylthdo)-2-chlorophenyl]-2-methylbutan-I-ol [0250]

[Formula 73]

OMOM

[0217]

The target product (210 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 8 (450 mg) in the
same manner as in Reference Example 9.

10 '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 (1, dd, J = 8.6, 2.4 Hz), 6.98 (1H, d, J = 8.6 Hz), 6.98
(1H, d, J = 2.4 Hz).
EIMS (+): 210 [M]".

15 <Reference Example 14>
6-Ethoxy-1,3-benzoxathiol-2-one
[0218]

[Formula 74]
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20 [Formula 90] [0251] Under an argon atmosphere, a boron tribromide - methylene chloride solution
(2 mol/L, 1.4 mL) was added under ice cooling 5 to a solution of the compound of Reference Example
29 (228 mg) in methylene chloride (5 mL) to form a first reaction solution. This first reaction solution
was stirred under ice cooling for 1 hour. Then, a saturated sodium hydrogen carbonate aqueous
solution was added to the first reaction solution, and the first reaction solution 10 was extracted with
ethyl acetate. The extract was washed with water and saturated brine in that order, and then dried
over anhydrou sodiusulfate. After the anhydrous sodium sulfate was removed by filtration, the
solvent was rem olal s\grter reduced pressure, and the resultant residue was dissolved in

an acetonitrile 15 (5 mL) / .M\ixed solvent. Triethylamine (197 !'IL) and
6 added to the solution to form a second reaction solution. This

di-tert-butoxydicarbonate (§
second reaction solution

[0219]
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 1in 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 filtrated off, thoroughly washed with water and diisopropyl
ether, and then dried under reduced pressure to obtain the target
10 product (245 mg) as a white powder.
'H NMR (CDCls, 400 MHz): & 1.42 (3H, t, J = 6.7 Hz), 4.02 (2H, q,
J=6.7 Hz), 6.84 (1H, 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 15>
6-Isopropoxy—-1,3-benzoxathiol-2-one
[0220]

[Formula 75]
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was stirred at normal temperature for 2 hours and then left to stand overnight. Then, water was added
to the second reaction solution, 20 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 5 purified by silica gel
column chromatography (hexane : ethyl acetate = 2 : 1) to obtain the target product (188 mg) as a
colorless oil. 151 NMR_(CDC13, 400 MHz): 8 1.25 (3H, s), 1.44 (9H, s), 1.53 (9H, s), 1.82 (1H, ddd, J
=13.4,12.2, 4.5391 8 & 8 =13.4,12.2, 49 Hz), 2.70 (1H, td, J = 12.8, 4.9 Hz), 2.77 (1H,
, 4

td, J 10 =12.8, 4.94Hz), 3§ dd, M= 6, 5.5 Hz), 3.72 (1H, dd, J =11.6, 7.3 Hz), 4.11 (1H, br s),
4.69 (1H, s), 7.11 (1H, d, 14 (1H, d, J=2.4 Hz), 7.21 (2H, d, J=1.2 Hz), 7.23 (1H, dd, J
= 8.6, 2.4 Hz), 7.39 (1H, d, . . CIMS (+): 572 [M+H]2. 15 <Reference Example 31>
(5)-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-trif
luoromethylphenylthdo)-2-chlorophenyl]-2-methylbutan-I-ol [0252] [Formula 91] 20 [0253] A
diphenyl sulfide was obtained by reacting the compound of Reference Example 19 (127 mg) and the
compound of Refférence Example 5 (200 mg) in the same manner as in Reference Example 20. Then,
the target product ( 1 6 0 mg ) was obtained as a colorless oil by reacting 5 10 this diphenyl 30.
Potassium carbonate (829 mg) and isopropyl iodide (300 uL)
were added to a solution of 6-hydroxy-1,3-benzoxathiol-2-one (504
5 mg) in N,N-dimethylformamide (15 mL) to form a reaction solution.
This reaction solutionwas stirred for 4 hours at normal temperature,
and then for 8 hours at 40°C. Water was addedtothereactionsolution,
and the reaction solution was extracted with ethyl acetate. The
extract was washed with water and saturated brine in that order,
10 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
=4 : 1) to obtain the target product (300 mg) as a colorless oil.
15 'H NMR (CDCls, 400 MHz): &6 1.33 (6H, d, J = 6.1 Hz), 4.44-4.53 (1H,
m), 6.83 (1H, dd, J = 9.2, 2.4 Hz), 6.91 (1H, d, J = 2.4 Hz), 7.17
(1H, 4, J = 9.2 Hz).
EIMS (+): 210 [M]".
<Reference Example 16>

20 5-Ethoxy-2-hydroxybenzenethiol

[0222]
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151 NMR(CDC13, s),1.83(1H, 12.2,5.5Hz), 3.72(1H,dd, 7.20(2H,d, J =1.8Hz), Hz). sulfide in the same
manner as in Reference Example 400MHz):81.25(3H,s),1.44(9H,s),1.54(9H, ddd,J = 14,1,12.2,5.5
Hz),2.07(1H,ddd,J = 14.1, 2.65-2.82(2H,m),3.67(1H,dd,J =11.6,5.5 Hz),
J=11.6,7.3Hz),4.06(1H,brs),4.68(1H,s), J=1.8Hz),7.31(1H,d,J=7.9Hz),7.40(1H,d, 7.46(1H,d,J
=1.8Hz),7.5&@Hhddd =7£9,1.8 ESIMS (+): 606 [M+H]2. 15 <Reference Example 32>
(R)-2-ally1-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxy-5
-trifluoromethylphenylthio)phenyl]butan-I-ol [0254]

\,O SH

OH

[0223]
Under an argon atmosphere, lithium aluminum hydride (119 mg)
5 was added under ice cooling to a solution of the compound of Reference
Example 14 (245 mg) in tetrahydrofuran (12.5 mL) to form a reaction
solution. This reaction solution was stirred for 30 minutes under
ice cooling. Then, 1 mol/L hydrochloric acid was added to the
reaction solution, and the reaction solution was extracted with

10 ethyl acetate. Theextract waswashedwithwater and saturatedbrine
in that order, and then dried over anhydrous sodium sulfate. The
anhydrous sodium sulfate was removed by filtration, and the solvent
was removed by distillation under reduced pressure to obtain the
target product (210 mg) as a colorless oil.

15 'H NMR (CDCls, 400 MHz): & 1.38 (3H, t, J = 7.3 Hz), 3.10 (1H, s),
3.96 (2, g, J = 7.3 Hz), 5.73 (1H, 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).

EIMS (+): 170 [M]".
<Reference Example 17>
20 2-Hydroxy-5-isopropoxybenzenethiol

[0224]
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[Formula 92] [0255] The target product (1.60 g) was obtained as a colorless oil by reacting the
compound of Reference Example 19 (750 mg) and the compound of Reference Example 6 (1.26 g) in
the same manner as in 5 Reference Example 20. 151 NMR (CDC13, 400 MHz): 8 1.47 (9H, s), 1.92
(AH, dd, J=6.1, 1.8 Hz), 1.95 (1H, dd, J = 6.1, 1,8 Hz), 2.37 (1H, dd, J = 14.1, 7.9 Hz), 2.48 (1H, dd, J
=14.1, 6.7 Moy 2u3&2.82](2H, m), 3.71-3.84 (2H, m), 3.95 (3H, s), 4.12(1H, br s)4.76 (1H, s), 5.22
(1H, d, 10 J = 2.4 Hz), 5.25 (1H, s), 5.86-5.96 (1H, m), 6.98 (1H, d, J =8.6 Hz), 7.19 (1H, dd, J = 7.9,
1.8 Hz), 7.24 (1H, d, J =7.9 Hz), 7.35 (1H, d, J = 1.8 Hz), 7.36 (1H, t, J = 1.8 Hz), 7.53 (1H, dd, J =
8.6, 1.8 Hz). ESIMS (+): 546 [M+H]2. 15 <Reference Example 33>
(R)-2-ally1-2-t-butoxycarbonylamdno-4-[2-chloro-4-(2-hydroxy-5

-trdfluorometh enyl]b [-ol [0256] [Formula 93] 20 [0257] Under an argon
atmosphere, ab ylene chloride solution (1 mol/L, 8.5 mL) was added under ice
cooling to a soluti
mL) to forma first reaction O] his first reaction solution was stirred under ice cooling for 1 hour.
Then, a saturated sodium hydfogen nate agueous solution was added to the first reaction
solution, and the first reaction solution was extracted with ethyl acetate. The extract was washed with
water

[0225]
The target product (120 mg) was obtained as a colorless oil
5 by reacting the compound of Reference Example 15 (300 mg) in the
same manner as 1in Reference Example 16.
'H NMR (CDCl;, 400 MHz): & 1.29 (6H, d, J = 6.1 Hz), 3.09 (1lH, s),
4.33-4.43 (1H, m), 5.74 (1H, s), 6.78 (1H, dd, J = 9.2, 3.1 Hz),
6.86 (1H, 4, J = 9.2 Hz), 7.00 (1H, d, J = 3.1 Hz).
10 EIMS (+): 184 [M]".
<Reference Example 18>
(2-Methoxy-5-trifluoromethylphenylthio)ethoxymethane-1-thione
[0226]

[Formula 78]

FiC S\n,OEt
oM

15

[0227]
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10 and saturated brine in that order, and then dried over anhydrous sodium sulfate. After the
anhydrous sodium sulfate was removed by filtration, the solvent was removed by distillation under
reduced pressure, and the resultant residue was dissolved in an acetonitrile (30 mL) solvent.
Di-tert-butoxydicarbonate (930 mg) was added to 15 this solution to form a second reaction solution.
This second reactiomgelttien wasystirrec atongrieat dgmpetature (fod 2riioursand dhen teft-toestand
overnight. Then, water was added to the second reaction solution, and the second reaction solution
was extractediwithletloyl acetatel The extifactwas weshedwittewdter ancbsatarated 26 biine i that
order, and then dried over anhydrous sodium sulfate. The anhydrous sodium sulfate was removed by
filtration, and them¢hé salvehtwvas fémoved dyrdistidlation wndet rédugedipressunenitie téSultant
product was purified by silica gel column chromatography (hexane : ethyl acetate= 2 : 1) to obtain the
target 25 produci(94@ nig)rasacotoriessoils AISIENMR (COCES, AD0sMHzya8 1 430(9 19)£1.82-1.88
(2H, m), 2.31 (1H, dd, J = 14.1, 8.6 Hz), 2.43 (1H, dd, J = 14.1, 6.7 Hz), 2.69 (2H, dt, J = 11.0, 6.7 Hz),
3.67-3.78 (@¢F m); YrOHdHbis. 724 1E0 ), 5198 {0, dd, hrréiles .8 Ha)l 552U (1, 3)i 6178-5.90 5
(A1H, m), 6.74 (1H, s), 6.91 (1H,dd, J=7.9, 2.4 Hz), 7.08 (1H, d, J = 2.4 Hz), 7.15 (2H, t, J = 7.9 Hz),
7.63 (1H, dd. J26 79, w8 Hz3,d080 (tHedel & 24 HAhESIMBE+) 532 M+H]et «Referehod Example
34> 10 (5)-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-trif
luoromethytplenyithde) 21 chlorophersdlo2-prapiibutah<or [0258]{Fomaila 94 NFIBe 15[0269]

A palladium on activated carbon/ethylene diamine complex (100 mg) was added to a solution of the
compoundvof Exampley38IAT3S g iy et vy ItacetarA9anL k6 aint adirst teattioncsokmiba s Thisfirst

reaction solution was stirred at normal temperature for 20 20 hours under hydrogen purging. The first
reaction sctifionlwasthate (4.19 g) heated at 65°C to form a second reaction

10 solution. The second reaction solution was stirred at 65°C for 1
hour. The temperature of this secondreaction solution was returned
to normal temperature. Then ice 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

15 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 =20 : 1) to obtain the target

20 product (913 mg) as a colorless oil.

'"H NMR (CDCls;, 400 MHz): & 1.31 (3H, t, J = 7.3 Hz), 3.92 (3H, s),
4.60 (2H, 9, Jd = 7.3 Hz), 7.04 (1H, d, J = 8.6 Hz), 7.71 (1H, dd,
J =8.6, 2.4 Hz), 7.73 (1H, d, J = 2.4 Hz).

EIMS (+): 296 [M]".

25 <Reference Example 19>
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filtrated through Celite , and the s olvent was removed by di stillation The resultant residue was
dissolved in acetonitrile (9 mL). Triethylamine (145 RL) and di-tert-butoxydicarbonate (284 mg) were
added to this solution to form a second reaction solution. This 5 second reaction solution was stirred at
normal temperature for 2 hours and then left to stand overnight. Then, water was added to the second
reaction salutics; lanethé -secarid veaciioatdojutiomwas extracted with ethyl acetate. The extract was
washed with water and saturated brine in that order, and then dried over anhydrous 10 sodium sulfate.
The anhydf@i2sddium 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
chromatogfaphyri{hkxarfi® 1 ethyl acetate = 2 : 1) to obtain the target product(434 mg)as a colorlessoil.
15 151 NMR (CDC13,400 MHz): 8 0.96 (3H,t,J =7.3 Hz), 1.30-1.42 (2H, m),

5

10

15

F4C. SH

OMe

[0229]

The target product (400 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 18 (600 mg) in the
same manner as in Reference Example 16.

'H NMR (CDCls, 400 MHz): & 3.93 (1H, s), 3.95 (3H, s), 6.90 (1H,
d, J = 8.6 Hz), 7.38 (1H, dd, J = 8.6, 2.4 Hz), 7.51 (1H, d, J =
2.4 Hz).

EIMS (+): 296 [M]".

<Reference Example 20>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (2-methoxymethoxy-5-
methylphenylthio)phenyl]-2-methylbutan-1-ol

[0230]

[Formula 80]
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1.44 (9H,s),1.54 (9H,s), 1.54-1.60(2H,m), 1.83 (1H, ddd, J = 13.4, 12.2,5.5Hz),1.94(1H,ddd,J=13.4,
12.2,5.5 Hz), 2.62-2.77(2H,m),3.74(2H, d,

MOM H
NHBoc

[0231]
Under an argon atmosphere,
4,5-bis(diphenylphosphino) -9, 9-dimethylxanthene (52 mg) was added
5 to a solution of a tris(dibenzylideneacetone)

dipalladium(0)-chloroform adduct (47 mg) in 1,4-dioxane (1 mL) to
formareactionsolution. Thisreactionsolutionwasheatedtoreflux
for 15 minutes. Tothe reaction solution, a solution of the compound
of Reference Example 5 (178 mg) in 1,4-dioxane (0.7 mL),

10 ethyldiisopropylamine (148 UL), and a solution of the compound of
Reference Example 9 (100 mg) in 1,4-dioxane (0.6 mL) were added
in this order, and the reaction solution was heated to reflux for
3 hours. Water was added to the reaction solution, and the reaction
solution was extracted with ethyl acetate. The extract was washed

15 with water and saturated brine in that order, and then dried over
anhydrous sodium sulfate. The solvent was removed by distillation
under reduced pressure, and the resultant product was purified by
silica gel column chromatography (hexane : ethyl acetate =4 : 1)
to obtain the target product (188 mg) as a colorless oil.

20 'H NMR (CDCls, 400 MHz): & 1.24 (3H, s), 1.44 (9H, s), 1.80 (1H,
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J= 6.1 Hz),4.10(1H, br s)4.62 (1H, s),7.20(2H,s),7.30(1H, d, J = 8.6 Hz),7.39(1H, s),7.47 (1H, 20
d,J=1.8Hz),7.53(1H, dd, J=8.6,1.8Hz). ESIMS (+): 634 [M+H]2. <Reference Example 35>
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
methylphenylthio)pheny1]-1-dimethoxyphosphoryloxy-2-methylbuta
ddd, J = 13.4, 12.2, 5.5 Hz), 2.05 (1H, ddd, J = 13.4, 12.2, 5.5
Hz), 2.25 (3H, s), 2.67 (1H, td, 0 =12.8, 5.5 Hz), 2.74 (1lH, td,
J=12.8, 5.5 Hz), 3.40 (3H, s), 3.62-3.74 (2H, m), 4.09 (1lH, br
s), 4.68 (1H, s), 5.16 (2H, s), 7.02-7.07 (3H, m), 7.11 (1H, dd,

5 §=7.9, 1.8 Hz), 7.14 (1H, 4, J = 7.9 Hz), 7.26 (1H, 4, J = 1.8

ESIMS (+): 496 [M+H]".

<Reference Example 21>

(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-ethyl-2-methoxyme
10 thoxyphenylthio)phenyl]-2-methylbutan-1-ol

[0232]

[Formula 81]

[0233]

15 The target product (205 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 10 (100 mg) and the
compound of Reference Example 5 (165 mg) in the same manner as in
Reference Example 20.

'H NMR (CDCl;, 400 MHz): & 1.17 (3H, t, J = 7.3 Hz), 1.24 (3H, s),

20 1.44 (94, s), 1.79 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.04 (1H,
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25 ne [0260] [Formula 95] [0261] 5Carbon tetrabromide (130 mg) and trimethyl phosphite (46 RL)
were added under ice cooling to a solution of the compound of Example 20 (97 mg) in pyridine (0.5
mL) to form a reaction solution. This reaction solution was stirred for 2 hours under ice cooling. Then,
water was added to the reaction solution, and the reaction solution 10 was extracted with ethyl
acetate. Theldxtractwas washed with wateHand satusatebrinesin that ordeér, iand, thendtiedLever
anhydrous sodium sulfate. The anhydrous sodium sulfate was removed by filtration, and then the
solvent wasdembvedlliy. distilattoriundelreddicétitpressiures Theliesaltat. praduct was4urified, by
silica gel 15 column chromatography (hexane : ethyl acetate = 1 : 1) to obtain the target product (84
mg) as a celorless ©i1-B57 MR HC D13, 400MHK )i 8 bB5(BH, $),6844 (9H, $)) 1.75.(AH, dald, J= 14.
1,12.2, 6.1Hz), 2.05-2.13 (1H, m), 2.25 (3H, s), 2.62-2.75 (2H, m), 3.40 (3H, s), 3.78 (6H, d, J =11.0
Hz), 4.02 (3H, dd,.26 I = 9.8, 5BlHz) 4.22 (14, dd,H), =&,8,5.5 Hz) 94 162)(1H] s¥,5.X8 K2HJS), I
7.02-7.07 (3H, m), 7.11 (2H, d, J = 1.8 Hz), 7.25 (1H, d, J = 1.8 Hz). ESIMS (+): 604[M+H] 2.

5 =1.8 Hz).

ESIMS (+): 510 [M+H]".
<Reference Example 22>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (2-methoxymethoxy-5-
propylphenylthio)phenyl]-2-methylbutan-1-ol

10 [0234]

[Formula 82]

[0235]
The target product (152 mg) was obtained as a colorless oil
15 by reacting the compound of Reference Example 11 (110 mg) and the
compound of Reference Example 5 (170 mg) in the same manner as in
Reference Example 20.
'"H NMR (CDCls;, 400 MHz): & 0.90 (3H, t, J = 7.3 Hz), 1.24 (3H, s),
1.44 (9H, s), 1.51-1.61 (2H, m), 1.79 (1H, ddd, J = 13.6, 12.2,

20 5.5 Hz), 2.04 (1H, ddd, J = 13.6, 12.2, 5.5 Hz), 2.48 (2H, g, J
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<Reference Example 36> (5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-ethyl-2-methoxyme 5
thoxyphenylthio)pheny1]-1-dimethoxyphosphoryloxy-2-methylbutan [0262] [Formula 96] The
target product (114 mg) was obtained as a colorless oil by reacting the compound of Reference
Example 21 (100 mg) in the 15 same manner as in Reference Example 35. 251 NMR(CDC13,400
MHz):8 1.1 (3H3t,d=Y,3 Hz),71.449H),1. 7561 HAd k), J£13.41).6,2.574 (1H, td, J = 12.8,
(1H,m),2.55(2H,q,J=7.3Hz),2.61-2.76(2H, s),3.78(6H,d,J = 11.0 Hz),4.02(1H,dd,J = 9.8,
(1H,dd,J=918%.5t42),4.82@MH,$R5.1662H, BH oM 7. 241K J=th.PHZ}.. D.35(3CH 5), #17)<1).98-2. B5/

m),3.39(3H, 5.5Hz),4.23 s),7.05-7.13 20 ESIMS (+): 618 [M+H]2. <Reference Example 37>
(14, s), 5.16 (2H, s), 7.08 (3H, s), 7.10 (1H, d, J =1.8 Hz), 7.13
(1, 4, 3 = 7.9 Hz), 7.24 (1H, d, J = 1.8 Hz).
5 ESIMS (+): 524 [M+H]'.
<Reference Example 23>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (2-methoxymethoxy-5-
isopropylphenylthio)phenyl]-2-methylbutan-1-ol

[0236]

10 [Formula 83]

[0237]

The target product (264 mg) was obtained as a colorless oil

by reacting the compound of Reference Example 12 (139 mg) and the

15 compound of Reference Example 5 (200 mg) in the same manner as in
Reference Example 20.

'"H NMR (CDCls;, 400 MHz): 8§ 1.19 (6H, t, J = 6.7 Hz), 1.24 (3H, s),

1.44 (91, s), 1.79 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.03 (1lH,

ddd, J =13.4, 12.2, 5.5 Hz), 2.67 (1lH, td, J=12.8, 4.9 Hz), 2.74

20 (1H, td, J=12.8, 4.9Hz), 2.78-2.87 (1H. m), 3.39 (3H, s), 3.63-3.74
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(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
propylphenylthio)phenyl]-1-dimethoxyphosphoryloxy-2-methylbuta ne [0264] 5 [Formula 97]

The target product (112 mg) was obtained as a colorless oil by reacting the compound of Reference
Example 22 (100 mg) in the 10 same manner as in Reference Example 35. 151 NMR (CDC13, 400
MHz): 8 0.9Q3Hyt), J =7 @3HZ), A,3%3(3H,)s), 4267 m) 18,7591 H, 8ddsd £218.4511.6/m)62.481(2H, t, J
= 7.3 Hz), 2.61-2.76 3.78 (6H, d, J = 11.0 Hz), 4.02 (1H, dd, (1H, dd, J = 9.8, 5.5 Hz), 4.62 (1H, s),
(5H, m), 7.28{1Hnd, J .22 HAHxReferénee Exanipio 38>
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5- 20

Isopropylphényithdoypheriyd} 1{ddriiéthoxyphosphoryloxy-2-methylb utane [0266] [Formula 98]

[0267] 5The target product (86 mg) was obtained as a colorless oil
<Reference Example 24>

5 (S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyclopropyl-2-met
hoxymethoxy-phenylthio)phenyl]-2-methylbutan-1-o0l
[0238]

[Formula 84]

10 [0239]

The target product (262 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 13 (129 mg) and the
compound of Reference Example 5 (200 mg) in the same manner as in
Reference Example 20.

15 'H NMR (CDCls, 400 MHz): 8 0.58 (2H, dt, J =6.1, 4.9 Hz), 0.86-0.92
(2H, m), 1.24 (3H, s), 1.44 (9H, s), 1.74-1.85 (2H. m), 1.98-2.08
(l1H, m), 2.67 (1H, td, J = 12.8, 4.9 Hz), 2.74 (1H, td, J = 12.8,
4.9 Hz), 3.38 (3H, s), 3.63-3.74 (2H, m), 4.06 (1lH, br s), 4.67
(1#, s), 5.15 (2, s), 6.96 (1H, dd, J = 7.9, 1.8 Hz), 7.00 (1lH,

20 4, § =1.8 Hz), 7.05 (1H, 4, J = 7.9 Hz), 7.09 (1H, dd, J = 7.9,

1.8 Hz), 7.13 (14, 4, J = 7.9 Hz), 7.24 (1H, 4, J = 1.8 Hz).
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by reacting the compound of Reference Example 23 (132 mg) in the same manner as in Reference
Example 35. 151 NMR (CDC13, 400 MHz): 8 1.19 (6H, t, J = 7.3 Hz), 1.35 (3H, s), 1.44 (9H, s), 1.75
(1H, ddd, J =13.4,12.2, 5.5 Hz), 2.00-2.15 10 (1H, m), 2.61-2.76 (2H, m), (6H, d, J = 11.0 Hz), 4.02
dd, J=9.8,5.5 Hz), 4.62 m), 7.23 (1H, d, J = 1.8 Hz). ESIMS (+): 632 [M+H]2. 15 <Reference
Example 39s 18 2-t+hutoxyrarbomiamino-4-[2-chloro-4-(5-cyclopropyl-2-met
hoxymethoxyphenylthdo)phenyl]-1-ddmethoxyphosphoryloxy-2-methy Ibutane [0268] 20 [Formula 99]
[0269] <REne=tasgetprbdact(144 1g) was obtained as a colorless oil by reacting the compound of
Reference Example 24 (122 mg) in the 5 same manner as in Reference Example 35. 151 NMR
(CDC13, 400)MHEz). 868X 2Ha diy dry Bafy 4n® Hy), [(R.80HIL8@ 0- 4~ (2-hydroxy-5-methoxy
phenylthio)phenyl]-2-methylbutan-1-o0l
5 [0240]

[Formula 85]

OH " NoH

[0241]
The target product (233 mg) was obtained as a colorless oil
10 by reacting 2-hydroxy-5-methoxybenzenethiol (100 mg) and the
compound of Reference Example 5 (209 mg) in the same manner as in
Reference Example 20.
'"H NMR (CDCl;, 400 MHz): & 1.23 (3H, s), 1.43 (9H, s), 1.78 (1H,
ddd, J = 13.4, 12.2, 4.9 Hz), 2.00 (1H, ddd, J = 13.4, 12.2, 4.9
15 Hz), 2.59-2. 76 (2H, m), 3.61-3.73 (2H, m), 3.77 (3H, s), 4.06 (1H,
br s), 4.65 (1H, s), 6.03 (1H, s), 6.91 (1H, dd, J = 7.9, 1.8 Hz),
6.97 (1H, dd, § = 7.9, 3.1 Hz), 7.01 (1H, d, J =7.9 Hz), 7.02 (1H,
d, J=3.1Hz), 7.06 (1, d, J =1.8 Hz), 7.11 (1H, d, J = 7.9 Hz).
ESIMS (+): 468 [M+H] .
20 <Reference Example 26>

(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (5-ethoxy-2-hydroxyp
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The target product (89 mg) was obtained as a colorless oil by reacting the compound of Reference
Example 25 (110 mg) in the 5 same manner as in Reference Example 35. 151 NMR (CDC13, 400
MHz): 8 1.34 (3H, s), 1.43 (9H, s), 1.73 (1H, ddd, J = 13.4, 11.6, 5.5 Hz), 1.99-2.09 (1H, m), 2.64 (1H,
td, J = 13.4, 5.5 Hz), 2.68 (1H, td, J = 13.4, 5.5 Hz), 3.77 (3H, s), 3.77 (3H, d, J = 11.0 Hz), 3.78 (3H,
d, J = 11.0tHz)y 21001 A Hy HOndd, 1J-2 9@ #h9 H2)t4.201(2H] dd, J = 9.8, 4.9 Hz), 4.61 (1H, s), 6.05 (1H,
s), 6.91 (1H, dd, J=7.9, 1.8 Hz), 6.97 (1H, dd, J = 8.6, 3.1 Hz), 7.01 (1H, d, J = 7.9 Hz), 7.02 (1H, d, J
= 3.1 Hz), T@B4AH, d, J =1.8 Hz), 7.08 (1H, d, J = 8.6 Hz). ESIMS (+): 576 [M+H]2. 15 <Reference
Example 41> (5)-2-t-butoxycarbonylamlno-4-[2-chloro-4-(5-ethoxy-2-hydroxyp
henylthdo)phenyl}:1addhedthoxyphosphoryloxy-2-methylbutane

‘\~a£3~1::::[:s
OH

5 [0243]

Cl

The target product (204 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 16 (104 mg) and the
compound of Reference Example 5 (200 mg) in the same manner as in
Reference Example 20.

10 'H NMR (CDCls, 400 MHz): & 1.22 (3H, s), 1.39 (3H, t, J = 7.3 Hz).
1.43 (9H, s), 1.77 (1H, ddd, J = 13.4, 12.2, 4.9 Hz), 2.00 (1H,
ddd, J =13.4, 12.2, 4.9 Hz), 2.64 (1H, td, 0 =12.8, 4.9 Hz), 2.71
(1H, td, J =12.8, 4.9 Hz), 3.65 (1H, dd, J = 11.6, 4.9 Hz), 3.60
(l1H, dd, J = 11.6, 7.3 Hz), 3.97 (2H, g, J = 7.3 Hz), 4.10 (1H,

15 br s), 4.66 (1H, s), 6.03 (1H, s), 6.91 (1H, dd, J = 7.9, 1.8 Hz),
6.96 (1H, dd, J = 8.6, 2.4 Hz), 7.00 (1H, d, J = 8.6 Hz), 7.02 (1H,
d, J=2.4 Hz), 7.06 (1, d, J =1.8 Hz), 7.10 (1H, d, J = 7.9 Hz).
ESIMS (+): 482 [M+H]".
<Reference Example 27>

20 (S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-hydroxy—-5—-isoprop

oxyphenylthio)phenyl]-2-methylbutan-1-ol

92



[0272] [Formula 1011 The target product (108 mg) was obtained as a colorless oil by reacting
the compound of Reference Example 26 (146 mg) in the 5 same manner as in Reference Example 35.
151 NMR (CDC13, 400 MHz): 8 1.34 (3H, s), 1.43 (9H, s), 1.73 (1H, ddd, J = 14.1, (1H, m), 2.64 (1H,
td, J = 13.4, 5.5 Hz), 2.68 (1H, td, J = 13.4, 5.5 Hz), 3.77 (3H, d, J = 11.0 Hz), 3.78 (3H, d, J = 11.0
Hz), 3.97 100@44 19, J = 7.3 Hz), 4.00 (1H, dd, J = 9.8, 4.9 Hz), 4.61 (1H, s), 7.9, 1.8 Hz), 6.96 (1H, dd,
J=Hz),7.02 (1H,d,J=2.4 Hz),d, J = 7.9 Hz). 15 ESIMS (+): 590 [M+H]2. <Reference Example 42>
(5)-2-t-butodcanbornylilho-4-[2-chloro-4-(2-hydroxy-5-1soprop
oxyphenylthdo)phenyl]-1-ddmethoxyphosphoryloxy-2-methylbutane [0274] 20 [Formula 102]

The target product (90 mg) was obtained as a colorless oil by reacting the compound of Reference
Example 27 (129 mg) in the 5 same manner as in Reference Example 35. 151 NMR (CDC13, 400

5| 1.43 (9H, s), 1.73 (1H, (1H, m), 2.59-2.75 (2H, d, J =
20(1H dd, J 10 = 9.8, 4.9 Hz), 4.36-4.46 (1H, m), 4.60 (1H,
.-— Hz), 7.04 (1H,d, J=2.4 Hz), 7.06 (1H,d, J =
+H]§) 5 <Reference Example 43>

(5) -4- [4 (5 benzyloxy -2- hyaroxyphenylthdo) 2-chlgxpiBenyl]-2-t

[0245]

5 The target product (252 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 17 (113 mg) and the
compound of Reference Example 5 (200 mg) in the same manner as in
Reference Example 20.

'H NMR (CDCls;, 400 MHz): & 1.22 (3H, s), 1.30 (6H, d, J = 6.1 Hz),
10 1.43 (9H, s), 1.77 (1H, ddd, J = 13.4, 11.6, 5.5 Hz), 2.00 (1H,

ddd, J = 13.4, 11.6, 5.5 Hz), 2.59-2.75 (2H, m), 3.61-3.73 (2H,

m), 4.07 (1H, br s), 4.35-4.46 (1H, m), 4.65 (1H, s), 6.04 (1H,

s), 6.91 (1H, dd, J =7.9, 2.4 Hz), 6.95 (1H, dd, J =8.6, 2.4 Hz),

6.99 (14, 4, J = 8.6 Hz), 7.04 (1H, 4, J = 2.4 Hz), 7.06 (1lH, d,
15 J =1.8 Hz), 7.10 (1H, d, J = 7.9 Hz).

ESIMS (+): 496 [M+H]"

<Reference Example 28>

(S)—-2-t-butoxycarbonylamino-4-[4-(5-benzyloxy-2-hydroxyphenylt

hio)—-2-chlorophenyl]-2-methylbutan-1-ol

20 [0246]

[Formula 88]
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-butoxycarbonylamlno-1-ddmethoxyphosphoryioxy-2-methyiutane [0276] [Formula 103] [0277]

The target product (158 mg) was obtained as a colorless oil by reacting the compound of Reference
Example 28 (132 mg) in the 5 same manner as in Reference Example 35. 151 NMR (CDC13, 400
MHz): 8 1.34 (3H, s), 1.43 (9H, s), 1.74 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 1.95-2.14 (1H, m), 2.59-2.73
(2H, m), 3.77 (3H, d, J =11.0 Hz), 3.78 (3H, d, J =11.0 Hz), 4.00 (1H, dd, J = 9.8, 4.9 Hz), 4.21 (1H,
dd, J=9.8, 49 Hz), 4.61 (1H, 10 s), 5.01 (2H, s), 6.06 (1H, s), 6.89 (1H, dd, J = 7.9, 1.8 Hz), 7.00 (1H,
d, J=9.2 Hz), 4QH(M.J 9218Fu)7080H d,J=7.9Hz),7.10 (1H, d, J = 2.4 H2),
7.30-7.43 (5H,

rophenylthdo)- 2 -chlorophen
[0279]

[0247]
The target product (132 mg) was obtained as a colorless oil
by reacting 5-benzyloxy—-2-hydroxybenzenethiol (142 mg, Z. J. Song
5 etal., ProcNatl Acad Sci USA, 101 (16), 5776 (2004)) and the compound
of Reference Example 5 (200 mg) in the same manner as in Reference
Example 20.
'H NMR (CDCls, 400 MHz): & 1.23 (3H, s), 1.43 (9H, s), 1.78 (1H,
ddd, J = 13.4, 12.2, 4.9 Hz), 2.01 (1H, ddd, J = 13.4, 12.2, 4.9
10 Hz), 2.59-2.78 (2H, m), 3.62-3.74 (2H, m), 4.04 (1H, br s), 4.65
(1, s), 5.01 (2H, s), 6.04 (1H, s), 6.90 (1H, dd, g = 7.9, 1.8
Hz), 7.00 (1H, dd, § = 7.9, 2.4 Hz), 7.04 (1H, dd, J = 7.9, 2.4
Hz), 7.06 (1H, d, J = 2.4 Hz), 7.10 (1H, 4, J = 7.9 Hz), 7.11 (1H,
d, J = 2.4 Hz), 7.30-7.45 (5H, m).
15 ESIMS (+): 544 [M+H]"
<Reference Example 29>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-chloro-2-methoxyp
henylthio)phenyl]-2-methylbutan-1-ol
[0248]

20 [Formula 89]
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The target product (105 mg) was obtained as a colorless oil by reacting the compound of Reference
Example 30 (94 mg) in the 5 same manner as in Reference Example 35. 151 NMR (CDC13, 400
MHz): 8 1.36 (3H, s). 1.45 (9H, s), 1.53 (9H, 10 s), 1.78 (1H,ddd, J= 13 . 4, 11.6, 5.5Hz), 2.05-2.17
(1H, m), 2.65-2.79 (2H,m),3.78(3H,d,J = 11.0 Hz),3.79(3H,d,J = 11.0 Hz),4.03
(1H,dd,J=9.8,4.9Hz),4.24(1H,dd,J=9.8,4.9Hz),4.64 (1H,s),7.11(1H,d,J=8.6 Hz),7.14(1H,d,J= 2.4
Hz),7.16-7.21 (2H,m),7.23(1H,dd,J =8.6,2.4 Hz),7.39(1H,d,J =2.4 Hz). ESIMS (+): 680 [M+H]2.
<Reference Example 45> (5)-2-t- butoxycarbonylamlno -4-[4- (2 -t- butoxycarbonyloxy -5-trif 15

(CDC13, 400 MHz): 8 36 es)- 1. . @Hs) 1.78 (1H,ddd, J= 13 . 4, 12.2, 5.5Hz),
2.06-2.18 (1H, m), 2.65-2.80 (2H, m), 3.78 (3H, g HB .0Hz),3.79 (3H, d, J =11.0 Hz), 4.03 (1H,
dd, J=9.8,4.9 Hz), 4.23 (1H, dd, J = 9.8, 4.9 Hz), 4.63 10 (1H, s), 7.19 (2H, d, J = 1.2 Hz), 7.30 (1H,
d,J=8.6 Hz), 7.39 (1H, d, J = 1.2 Hz), 7.46 (1H, d, J = 1.8 Hz), 7.53 (1H, dd, J = 8.6, 1.8 Hz). ESIMS
(+): 714 [M+H]2.

[0249]

The target product was obtained as a colorless oil by reacting
the compound of ReferenceExample 5 (200mg) and the compounddescribed
5 in Example 1(1) of WO 05018529 pamphlet
(5—-chloro-2-methoxybenzenethiol, 107 mg) in the same manner as in
Reference Example 20.

'H NMR (CDCls;, 400 MHz): & 1.26 (3H, s), 1.45 (9H, s), 1.83 (1H,

ddd, J = 13.4, 11.6, 5.5 Hz), 2.08 (1H, ddd, J = 13.4, 11.6, 5.5

10 Hz), 2.71 (1H, td, J = 12.8, 4.9 Hz), 2.78 (1H, td, J 12.8, 4.9

Hz), 3.68 (1H, dd, J = 11.6, 5.5 Hz), 3.72 (1H, dd, J

11.6, 7.3
Hz), 3.86 (3H, s), 4.10 (1H, br s), 4.69 (1H, s), 6.04 (1lH, s),
6.81 (1H, d, J = 9.2 Hz), 6.97 (1H, d, J = 2.4 Hz), 7.15-7.24 (3H,
m), 7.36 (1H, d, J = 1.2 Hz).

15 ESIMS (+): 486 [M+H]"
<Reference Example 30>
(S)—-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-chlo
rophenylthio)-2-chlorophenyl]-2-methylbutan-1-ol
[0250]

20 [Formula 90]
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<Reference Example 46> 15 (R)-2-ally1-2-t-butoxycarbonylamdno-4-[2-chloro-4-(2-hydroxy-5
-trdfluoromethylphenylthdo)phenyl]-1-ddmethoxyphosphoryloxybut ane [0282] [Formula 106]
OHOPOPMe2 NHBoc [0283] The target product (350 mg) was obtained as a colorless oil by
reacting the compound of Reference Example 33 (473 mg) in the 5 same manner as in Reference
Example 35. 1H NMR (CDC13, 400MHz): 1.43 (9H, s), 1.75-1.78 (1H, m), 1.90-2.03 (1H, m),
2.41-2.55 (2H, m), 2.64-2.75 (2H, m), 3.78 (6H, d, J = 11.0 Hz), 4.08 (1H, dd, J = 9.8, 4.9 Hz), 4.19
(1H, dd, J = 9.8, 4.9Hz), 4.58 (1H, s), 5.18 (1H, s), 5.21 (1H, d, J=6.1 Hz) , 5.73-5.87 10(1H, m), 6.80
(1H, s), 6.90 (Undg BL8MR 7N (1H, d, J=1.8 Hz), 7.12 (1H, d, J = 7.9 Hz), 7.15(1H, d, J =

8.6 Hz), 7.63 (1H, 7.80 (1H, d, J = 1.8 Hz). ESIMS (+): 640 [M+H]2. <Reference
Example 47> 15 (5§ -t-butoxycarbonyloxy-5-trif
luoromethylphenylthd®)-2-Ekderar oxyDbsphorylox y-2-propylbutane [0284] [Formula
107] NHBoc
[0251]
Under an argon atmosphere, a boron tribromide - methylene

chloride solution (1 mol/L, 1.4 mL) was added under ice cooling
5 to a solution of the compound of Reference Example 29 (228 mg) in
methylene chloride (5 mL) to form a first reaction solution. This
first reaction solution was stirred under ice cooling for 1 hour.
Then, a saturated sodium hydrogen carbonate aqueous solution was
added to the first reaction solution, and the first reaction solution
10 was extractedwith ethyl acetate. The extract was washed with water
and saturated brine in that order, and then dried over anhydrous
sodium sulfate. After the anhydrous sodium sulfate was removed by
filtration, the solvent was removed by distillation under reduced
pressure, and the resultant residue was dissolved in an acetonitrile
15 (5 mL) / methanol (0.2 mL) mixed solvent. Triethylamine (197 uL)
and di-tert-butoxydicarbonate (307 mg) were added to the solution
to form a second reaction solution. This second reaction solution
was stirred at normal temperature for 2 hours and then left to stand
overnight. Then, water was added to the second reaction solution,

20 and the second reaction solution was extracted with ethyl acetate.

96



[0285] The target product (222 mg) was obtained as a colorless oil by reacting the compound of
Reference Example 34 (209 mg) in the 5 same manner as in Reference Example 35. 151 NMR
(CDC13, 400 MHz): 8 0.96 (3H, t, J =m). 1.44 (9H, s), 1.54 (9H, s), 1.59-1.72 m), 1.95-2.11 (1H, m),
2.66-2.74 (2H, m), Hz), 3.79 (3H, d, J = 11.0 Hz), 4.11 (1H, 10 4.25 (1H, dd, J = 9.8, 4.9 Hz), 4.51 (1H,
S), 7.19 (2Hhd, d:= 1 B8t zy 2k 3EE dwd £l @2y, A88 @it &)a7d8 GH, s I = ti&Hz)rdE3,(1H,
dd, J =7.9, 1.8 Hz). ESIMS (+): 742 [M+H]2. [Example 1] 15[0286]
(5)-2-amine+H[2ichiorb=4 < 2- bydroxySrmibthylphenylthio)phéfiyl<2-mathyl butiiptiosplsos o dcidn
monoester [0287] [Formula 108] [0288] lodotrimethylsilane (97 RI) was added dropwise under
ice coolingsanidfandewan argon-atmdsperé tto atsalution of the @ompeund BrefrReferencertexarmple 35
(84 mgq) in acetonitrile (1.4 mL) to form a reaction solution. This reaction solution was stirred under ice
cooling fori30 dusutes 1 Ehem wated €10 nelduvas! goided <o ke redtton selutioapandrthe wesctiors
solution was then further stirred under ice cooling for 30 minutes. The precipitated crystals were then
10 filtratedroff; tHoreddhtyswashed yvith evatemandhethyldceiatep And(tiexadried totdbtain tee target
product (42 mg) as a white powder. Optical rotation: [U]:824 -8.32 (c 0.50, MeOH). 151 NMR
(DMSO-d6=diA, 400 MHeR@ L2 70(3H,t9) r 189-85 mM), 88 mg) as a colorless oil.

'H NMR (CDCls;, 400 MHz): & 1.25 (3H, s), 1.44 (9H, s), 1.53 (9H,
s), 1.82 (1H, ddd, J =13.4, 12.2, 4.9 Hz), 2.07 (1H, ddd, J = 13.4,

12.2, 4.9 Hz), 2.70 (1H, td, J = 12.8, 4.9 Hz), 2.77 (1H, td, J

10 12.8, 4.9 Hz), 3.67 (l1H, dd, J = 11.6, 5.5 Hz), 3.72 (1lH, dd,
J=11.6, 7.3 Hz), 4.11 (1H, br s), 4.69 (1H, s), 7.11 (1H, 4, J

8.6 Hz), 7.14 (1H, 4, J = 2.4 Hz), 7.21 (2H, 4, J =1.2 Hz), 7.23

(l1H, dd, J = 8.6, 2.4 Hz), 7.39 (1H, d, J = 1.2 Hz).
CIMS (+): 572 [M+H]".

15 <Reference Example 31>
(S)—-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-trif
luoromethylphenylthio)—-2-chlorophenyl]-2-methylbutan-1-ol
[0252]

[Formula 91]

20
[0253]
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2.17 (3H, s), 2.66 (2H, t, J = 8.6 Hz), 3.85 (1H, dd, J = 11.0, 15 4.9 Hz), 3.92 (1H, dd, J = 11.0, 4.9
Hz), 6.86 (1H, d, J = 8.6 Hz), 7.01-7.10 (4H, m), 7.25 (1H, d, J = 8.6 Hz). HRESIMS (+): 432.07951
(432.08013 calcd. for C88H8401N05PS). Elemental analysis: measured C 47.06%, H 5.35%, N
2.95%, calcd. for C885188C1NO5PS. 1.5 H80: C 47.11%, H 5.71%, N 3.05%. 20 [Example 2] [0289]

(5)-2-amino-4-[2-clal odd-dr(Eagthys2 Iydbex yate nyitthio) peenyl) - 2-enethylbygtylpleosphariuacido £
monoester [0290] 5 [Formula 109] OHOPO(DH)2 NH2 [0291] The target product (65 mg) was
obtained arafwhite: peviderriylreactinglthe compouhd bERefersnceExdniple 36114 mginthe same
10 manner as in Example 1. Opticalrotation:[U]:225 -9.94(c 151 NMR(DMSO-d6-dIFA,400 MHz):8
5 (200 mg) in the same manner as in Reference Example 20. Then,
the target product (160 mg) was obtainedasacolorlessoil byreacting
5 this diphenyl sulfide in the same manner as in Reference Example
30.
'H NMR (CDCls, 400 MHz): & 1.25 (3H, s), 1.44 (9H, s), 1.54 (9H,
s), 1.83 (1H, ddd, J = 14,1, 12.2, 5.5 Hz), 2.07 (1H, ddd, J = 14.1,
12.2, 5.5 Hz), 2.65-2.82 (2H, m), 3.67 (1H, dd, J =11.6, 5.5 Hz),
10 3.72 (1H, dd, J = 11.6, 7.3 Hz), 4.06 (1H, br s), 4.68 (1lH, s),
7.20 (2H, 4, J =1.8 Hz), 7.31 (1H, d4, J = 7.9 Hz), 7.40 (1H, d,
J=1.8 Hz), 7.46 (1H, d, J = 1.8 Hz), 7.54 (1H, dd, J = 7.9, 1.8
Hz) .
ESIMS (+): 606 [M+H]".
15 <Reference Example 32>
(R)-2-allyl-2-t-butoxycarbonylamino-4-[2-chloro-4—-(2-methoxy-5
—-trifluoromethylphenylthio)phenyl]butan-1-ol

[0254]

[Formula 92]

20
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0.50, 1.09 MeOH). (3H,t,J =7.3 Hz), 1.27 (3H,s),1.67-1.86(2H,m), 2.47 (2H, q,J =7.3 Hz), 2.66 (2H, t,
J=
[0255]

The target product (1.60 g) was obtained as a colorless oil
by reacting the compound of Reference Example 19 (750 mg) and the
compound of Reference Example 6 (1.26 g) in the same manner as in

5 Reference Example 20.
'H NMR (CDCls, 400 MHz): & 1.47 (9H, s), 1.92 (1H, dd, J =6.1, 1.8
Hz), 1.95 (1H, dd, J =6.1, 1,8 Hz), 2.37 (1H, dd, J = 14.1, 7.9
Hz), 2.48 (l1H, dd, J =14.1, 6.7 Hz), 2.73-2.82 (2H, m), 3.71-3.84
(2H, m), 3.95 (3H, s), 4.12(1H, br s)4.76 (1H, s), 5.22 (1H, d,

10 J = 2.4 Hz), 5.25 (1H, s), 5.86-5.96 (1H, m), 6.98
(l1H, 4, J = 8.6 Hz), 7.19 (1H, dd, J = 7.9, 1.8 Hz), 7.24 (1H, d,
J= 7.9 Hz), 7.35 (1H, 4, J = 1.8 Hz), 7.36 (l1H, t, J = 1.8 Hz),
7.53 (lH, dd, J = 8.6, 1.8 Hz).

ESIMS (+): 546 [M+H]".

15 <Reference Example 33>
(R)-2-allyl-2-t-butoxycarbonylamino-4-[2-chloro-4—-(2-hydroxy-5
—-trifluoromethylphenylthio)phenyl]butan-1-ol
[0256]

[Formula 93]

20
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8.6 Hz), 3.86 (1H, dd, J = 11.0, 4.9 Hz), 3.93 (1H, dd,J 15 = 11.0, 4.9 Hz), 6.88

10

15

20

25

[0257]

Under an argon atmosphere, a boron tribromide - methylene
chloride solution (1 mol/L, 8.5 mL) was added under ice cooling
to a solution of the compound of Reference Example 32 (1.55 g) in
methylene chloride (30 mL) to forma first reaction solution. This
first reaction solution was stirred under ice cooling for 1 hour.
Then, a saturated sodium hydrogen carbonate aqueous solution was
added to the first reaction solution, and the first 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. After the anhydrous sodium sulfate was removed by
filtration, the solvent was removed by distillation under reduced
pressure, and the resultant residue was dissolved in an acetonitrile
(30 mL) solvent. Di-tert-butoxydicarbonate (930 mg) was added to
this solution to form a second reaction solution. This second
reaction solution was stirred at normal temperature for 2 hours
and then left to stand overnight. Then, 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 =2 : 1) to obtain the target

product (940 mg) as a colorless oil.
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(1H,d, J =7.9Hz),7.04(2H,dd,J = 7.9, 1.8 Hz), 7.07-7.14 (2H, m), 7.25 (1H, d, J = 8.6 Hz). HRESIMS
(+): 446.09569 (446.09578 calcd. for Ci22512601N05PS) Elemental analysis: measured C 48.89%, H
5.66%, N 2.75%, calcd. for C295125C1NO5PS. H20 C 49.19%, H 5.87%, N 3.02%. 20 [Example 3]
[0292] (5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-propylphenylthio)phenyl ]-2-methylbutylphosphoric acid
monoester {293k [Farpwia ,110) b {02041 & 1The targe) product (63 mp) seas(chipined, asa white
powder by reacting the compound of Reference Example 37 (112 mg) in the same manner as in
Example 1(1H, dd, J = 14.1, 8.6 Hz), 2.43 (1H, dd, J = 14.1, 6.7 Hz), 2.69

(2H, dt, J =11.0, 6.7 Hz), 3.67-3.78 (2H, m), 4.07(1H, br s)4.71

(1, s), 5.18 (1H, dd, J = 6.1, 1.8 Hz), 5.21 (1H, s), 5.78-5.90

5 (1H, m), 6.74 (1H, s), 6.91 (1H, dd, J = 7.9, 2.4 Hz), 7.08 (1H,

d, J =2.4 Hz), 7.15 (2H, t, J = 7.9 Hz), 7.63 (lH, dd, J = 7.9,

1.8 Hz), 7.80 (1H, d, J = 2.4 Hz).

ESIMS (+): 532 [M+H]".

<Reference Example 34>

10 (S)-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-trif
luoromethylphenylthio)—-2-chlorophenyl]-2-propylbutan-1-ol

[0258]

[Formula 94]

Fa ! )

OBoc { ©OH

15 [0259]

Apalladiumon activated carbon/ethylene diamine complex (100
mg) was added to a solution of the compound of Example 33 (473 mg)
in ethyl acetate (9 mL) to form a first reaction solution. This
first reaction solution was stirred at normal temperature for 20

20 hours under hydrogen purging. The first reaction solution was
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10 Optical rotation: [U]p25 -9.86 (c 0.50, MeOH). 151 NMR (DMSO-d6-dIFA, 400 MHz): 8 0.82 (3H, t, J
= 7.3 Hz), 1.27 (3H, s), 1.43-1.56 (2H, m), 1.68-1.85 (2H, m), 2.42 (2H, t, J = 7.3 Hz), 2.65 (1H, d, J =
7.9 Hz), 2.67 (1H, d, J = 7.9 Hz), 3.86 (1H, dd, J =11.0, 4.9 Hz), 3.92 (1H, dd, J = 11.0, 4.9 Hz), 6.88
15(1H, d, J =7.9 Hz), 7.00-7.11 (4H, m), 7.24 (1H, d, J = 8.6 Hz). HRESIMS (+): 460.11106
(460.11143 calcdator H20HBAGENRSRS )k [Examplee4d 0 1{0285was removed by distillation.
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-isopropylphenylthio)phe 20 ny1]-2-methylbutylphosphoric acid
monoester[8296l fearmaua 11é¢ LChEH@PO (@H)RINKM2d[02974 cet on The target product (40 mg)
was obtained as a white powder by 5 reacting the compound of Reference Example 38 (86 mg) in the
same 10 nannet lag iakxampleds Oplicalrotation:Bp2bu8d2(ci0 SMedH)e (284 mg) were
added to this solution to form a second reaction solution. This
5 second reaction solution was stirred at normal temperature for 2
hours and then left to stand overnight. Then, 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
10 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 = 2 : 1) to obtain
the target product (434 mg) as a colorless oil.
15 'H NMR (CDCls;, 400 MHz): 8 0.96 (3H, t, J = 7.3 Hz), 1.30-1.42 (2H,
m), 1.44 (9H, s), 1.54 (9H, s), 1.54-1.60 (2H, m), 1.83 (1H, ddd,
J = 13.4, 12.2, 5.5 Hz), 1.94 (1H, ddd, J = 13.4, 12.2, 5.5 Hz),
2.62-2.77 (2H, m), 3.74(2H, d, J=6.1Hz), 4.10(1H, br s)4.62 (1H,
s), 7.20 (2H, s), 7.30 (1H, d, J =8.6 Hz), 7.39 (1H, s), 7.47 (1H,
20 d, J = 1.8 Hz), 7.53 (lH, dd, J = 8.6, 1.8 Hz).
ESIMS (+): 634 [M+H]'.
<Reference Example 35>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-

methylphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-methylbuta

25 ne

102



151 NMR(DMSO-d6-dIFA,400 MHz):8 1.12(6H,d,J =6.7Hz),1.27
(3H,s),1.67-1.87(2H,m),2.66(2H,t,J=8.6Hz),2.74-2.81 (1H,m),3.86(1H,dd,J =11.0,4.9Hz),3.93(1H,dd,J
=11.0, 4.9H2),6.89(1H,d,J =7.9Hz),7.03(1H,dd,J =7.9,1.8Hz),
7.05(1H,s),7.11-7.17(2H,m),7.25(1H,d,J=7.9Hz).

HRESIMS(#) 260]11124(460.11143calcd.for080H8801NO5PS)  Elemental analysis: measured C
50.13%, H 5.88%, N 2.72%, calcd. 15 for C205188=05PS. H80 C 50.26%, H 6.12%, N 2.93%.
[Example S]{0288]1(5)-25dmino-4-[2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
heny1]-2-methylbutylphosphoric acid monoester 20[0299] [Formula 112] [0300] The target
product (99 mg) was obtained as a white powder by reacting the compound of Reference Example 39
(144 mg) in the same 5 manner as in Example 1. Optical rotation: [U]p25 -8.15 (c 0.50, MeOH). 151
NMR (DMSO- A 0312 (2H, dt, J = 6.1, 4.3 Hz), 0.80-0.86 (2H, m), 1.28 (3H, s),
,dd, J=11.0, 4.9 Hz),

3 OPO(OMe),
NHBoc

[0261]
5 Carbon tetrabromide (130 mg) and trimethyl phosphite (46 UL)

were added under ice cooling to a solution of the compound of Example
20 (97 mg) in pyridine (0.5 mL) to form a reaction solution. This
reaction solution was stirred for 2 hours under ice cooling. Then,
water was added to the reaction solution, and the reaction solution

10 was 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 distillation under
reduced pressure. The resultant product was purified by silica gel

15 column chromatography (hexane : ethyl acetate =1 : 1) to obtain
the target product (84 mg) as a colorless oil.
'H NMR (CDCls, 400 MHz): & 1.35 (3H, s), 1.44 (9H, s), 1.76 (1H,
ddd, J=14.1,12.2,6.1Hz), 2.05-2.13 (1H, m), 2.25 (3H, s), 2.62-2.75
(2H, m), 3.40 (3H, s), 3.78 (6H, 4, J = 11.0 Hz), 4.02 (1H, dd,

20 J = 9.8, 5.5 Hz), 4.22 (l1H, dd, J = 9.8, 5.5 Hz), 4.62 (1lH, s),

5.16 (2H, s), 7.02-7.07 (3H, m), 7.11 (2H, 4, J = 1.8 Hz), 7.25
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10 11.0, 4.9 Hz), 6.85 (1H, d, J = 8.6 Hz), 6.96 2.4 Hz), 7.01 (1H, d, J = 2.4 Hz), 7.04 (1H, dd, 7.05
(1H, s), 7.11-7.17(2H, m), 7.25 (1H, d, J = 7.9 Hz). HRESIMS (+): 458.09631 (458.09578 calcd. for
080H8601NO5PS). [Example 6] 15[0301]
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-methoxyphenylthio)pheny 1]-2-methylbutylphosphoric acid
monoester (08302} FoomulallE3]H£0303] The target product (50 mg) was obtained as a white
powder by reacting the compound of Reference Example 40 (89 mg) in the same 5 manner as in
Example 1E©ptisal (reiatiohd {U251-8.31 (¢ 0.50, MeOH). 1H NMR (DMSO-d6-dIFA, 400 MHz): 8 1.23
(3H, s), 1.64-1.84 (2H, m), 2.66 (2H, t, J = 7.9 Hz), 3.63 (3H, s), 3.76 (2H, d, J = 11.0 Hz), 6.73 (1H, d,
J = 3.1 Hz); Be83 (hh, cdd, B8], 3. B biz), 6.87 (1H, 10 d, J = 8.6 Hz), 7.08 (1H, dd, J = 7.9, 1.8 Hz),
7.12 (1H, d, J = 1.8 Hz), 7.28 (1H, d, J = 7.9 Hz). HRESIMS (+): 448.07498 (448.07505 calcd. for
C88H8401ND6PS)t Elementatamdlysislmeasoret-C 24506091 H-5108 %, &2 96%, -catdth daryme
C88H88C1NO6PS. 1.2 H80 C 46.06%, H 5.45%, N 2.98%. 15 [Example 7] [0304]
(5)-2-aminbHeRyetilerord 4 Beth e 2:shy traxypheayite phenyclh2-nyath b uBAplosphoric aeid
monoester [0305]

e

[0262]

[Formula 96]

10 [0263]

The target product (114 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 21 (100 mg) in the
same manner as in Reference Example 35.

'H NMR (CDCl;, 400 MHz): & 1.17 (3H, t, J = 7.3 Hz), 1.35 (3H, s),
15 1.44 (9H, s), 1.75 (1H, ddd, J = 13.4, 11.6, 5.5 Hz), 1.98-2.15
(1H, m), 2.55 (24, gq, J = 7.3 Hz), 2.61-2.76 (2H, m), 3.39 (3H,
s), 3.78 (6H, 4, J =11.0 Hz), 4.02 (1H, dd, J = 9.8, 5.5 Hz), 4.23
(1, dd, J = 9.8, 5.5 Hz), 4.62 (1H, s), 5.16 (2H, s), 7.05-7.13
(5H, m), 7.24 (1H, d, J = 1.2 Hz).
20 ESIMS (+): 618 [M+H]".

<Reference Example 37>
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20 [Formula 114] [0306] The target product (72 mg) was obtained as a white powder by reacting
the compound of Reference Example 41 (108 mg) in the same 5 manner as in Example 1. Optical
rotation: [U]p25 -8.50 (c 0.50, MeOH). 151 NMR (DMSO-d6-dIFA, 400 MHz): 8 1.23 (3H, t, J = 6.7 Hz),
1.28 (3H, s), 1.70-1.88 (2H, m), 2.68 (2H, t, J = 7.9 Hz), 3.87 (2H, q, J = 6.7 Hz), 3.88 (1H, dd, J =
11.0, 4.9 Hep,) 3.931(THudd xy 28:=0dh.0] 419 Ha); 610 (i, 1ch o= 2-4( Plzh6: 83 I edth ok -962, 2.4
Hz), 6.86 (1H, d, J =9.2 Hz), 7.11 (1H, dd, J=7.9, 1.8 Hz), 7.13 (1H, d, J = 1.8 Hz), 7.28 (1H, d, J =
7.9 Hz). HRBESINISH¢)A62:09023 62109070 daled ok C20bI2600 NOBPSY Elementay Ahalysis:
measured C 47.55%, H 5.32%, N 2.55%, calcd. 15 for C29H25C1NO6PS. H20 C 47.55%, H 5.67%, N
2.92%. [Exaenple 8] [0307] (5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-isopropoxyphenylthio)ph
enyl]-2-methylbutylphosphoric acid monoester 20[0308] [Formula 115] [0309] The target
product (41 P 4Nas obtained as a white powder by reacting the compound of Reference Example 42

(90 mg) in the same 5 manner as in Example 1. Optical rotation: [U]p25 -8.51 (c 0.50, MeOH).
5 [Formula 97]

[0265]
The target product (112 mg) was obtained as a colorless oil

by reacting the compound of Reference Example 22 (100 mg) in the
10 same manner as in Reference Example 35.

'"H NMR (CDCls, 400 MHz): 8 0.90 (3H, t, J = 7.3 Hz), 1.35 (3H, s),

1.44 (91, s), 1.51-1.61 (2H, m), 1.75 (1H, ddd, J = 13.4, 1ll.6,

5.5 Hz), 1.97-2.13 (1H, m), 2.48 (2H, t, J = 7.3 Hz), 2.61-2.76

(2H, m), 3.39 (3H, s), 3.78 (6H, 4, J = 11.0 Hz), 4.02 (1H, dd,
15 § = 9.8, 5.5 Hz), 4.23 (1H, dd, J = 9.8, 5.5 Hz), 4.62 (1lH, s),

5.16 (2H, s), 7.05-7.13 (5H, m), 7.24 (1H, d, J = 1.2 Hz).

ESIMS (+): 632 [M+H] .

<Reference Example 38>

(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
20 isopropylphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-methylb

utane
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151 NMR (DMSO-d6-dIFA, 400 MHz): 8 1.16 (6H, d, J = 6.1 Hz), 1.28 (3H, s), 1.71-1.86 (2H, m), 2.68
(2H, t, J = 8.6 Hz), 3.88 (1H, dd, J = 11.0, 4.9 Hz), 3.93 (1H, dd, J = 11.0, 4.9 Hz), 4.31-4.40 10 (1H,
m), 6.69 (1H, d, J = 3.1 Hz), 6.81 (1H, dd, J = 8.6, 3.1 Hz), 6.85 (1H, d, J = 8.6 Hz), 7.12 (1H, dd, J =
7.9,1.8Hz), 7.14 (1H,d, J=1.8 Hz), 7.28 (1H, d, J = 7.9 Hz). HRESIMS (+): 476.10592 (476.10635
calcd. for OROH22D1INOG6PS). Elemental analysis: measured C 49.21%, H 5.61%, N 2.72%, calcd. 15
for C20H22C1NO6PS. 0.7H20 C 49.17%, H 5.86%, N 2.87%. [Example 9] [0310]
(5)-2-amind#Eed={5tberyd/loxy-2-hydroxyphenylthio)-2-chlorophe ny1]-2-methylbutylphosphoric acid
monoester 20[0311] [Formula 116] The target product (26 mg) was obtained as a white powder
by reacting the compound of Reference Example 43 (59 mg) in the same 5 manner as in Example 1.
Opticalrotation:[J]p25 -9.77(c 0.50,MeOH). 151 NMR(DMSO-d6-dIFA,400 MHz):8 1.27(3H,s),
1.68-1.86(2H, S cl

[ ]
3
MMOM OPO(OMe),
NHBoc
[0267]
5 The target product (86 mg) was obtained as a colorless oil

by reacting the compound of Reference Example 23 (132 mg) in the
same manner as in Reference Example 35.

'H NMR (CDCl;, 400 MHz): & 1.19 (6H, t, J = 7.3 Hz), 1.35 (3H, s),
1.44 (9H, s), 1.75 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.00-2.15

10 (l1H, m), 2.61-2.76 (2H, m), 2.76-2.87 (1H. m), 3.39 (3H, s), 3.78
(6, 4, J = 11.0 Hz), 4.02 (1H, dd, J = 9.8, 5.5 Hz), 4.23 (1lH,
dd, J = 9.8, 5.5 Hz), 4.62 (1H, s), 5.16 (2H, s), 7.05-7.13 (5H,
m), 7.23 (1H, 4, J = 1.8 Hz).

ESIMS (+): 632 [M+H]".

15 <Reference Example 39>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyclopropyl-2-met
hoxymethoxyphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-methy
lbutane
[0268]

20 [Formula 99]
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(2H, t, J =8.6 Hz), 3.86 (1H, dd,J = 11.0,4.9Hz), 3.92 (1H, dd, J =11.0,4.9Hz), 4.95 (2H, s),6.78
(1H,d,J = 3.1 Hz), 10

[0269]
The target product (144 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 24 (122 mg) in the
5 same manner as in Reference Example 35.
'"H NMR (CDCl;, 400 MHz): 8 0.58 (2H, dt, J=6.7, 4.9 Hz), 0.80-0.90
(2H, m), 1.35 (3H, s), 1.44 (9H, s), 1.69-1.85 (2H, m), 1.96-2.14
(l1H, m), 2.61-2.76 (2H, m), 3.38 (3H, s), 3.78 (6H, d, J = 11.0
Hz), 4.02 (1H, dd, J = 9.8, 5.5 Hz), 4.22 (l1H, dd, J = 9.8, 5.5
10 Hz), 4.62 (1H, s), 5.14 (2H, s), 6.96 (1H, dd, J = 8.6, 1.8 Hz),
7.00 (1, 4, 3 =1.8 Hz), 7.03-7.13 (3H, m), 7.23 (1H, d, J = 1.8
Hz) .
ESIMS (+): 630 [M+H]".
<Reference Example 40>
15 (S)-2-t-butoxycarbonylamino—-4-[2-chloro-4-(2-hydroxy—-5-methoxy
phenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-methylbutane
[0270]

[Formula 100]
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6.85 (1H, dd, J = 9.2, 3.1Hz), 6.85 (1H,d,J = 9.2 Hz),7.08 (1H, dd, J =7.9, 1.8Hz), 7.12 (1H, d,J
=1.8Hz), 7.28-7.31(6H, m).

10

15

0O S !
® :

OH OPO(OMe);
NHBoc

[0271]

The target product (89 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 25 (110 mg) in the
same manner as in Reference Example 35.

'"H NMR (CDCl;, 400 MHz): & 1.34 (3H, s), 1.43 (9H, s), 1.73 (1H,
ddd, J = 13.4, 11.6, 5.5 Hz), 1.99-2.09 (1H, m), 2.64 (1H, td, J
= 13.4, 5.5 Hz), 2.68 (1H, td, J = 13.4, 5.5 Hz), 3.77 (3H, s),
3.77 (34, 4, J = 11.0 Hz), 3.78 (3H, d, J = 11.0 Hz), 4.00 (1H,
ad, J = 9.8, 4.9 Hz), 4.20 (1H, dd, J = 9.8, 4.9 Hz), 4.61 (1H,
s), 6.05 (14, s), 6.91 (1H, dd, J = 7.9, 1.8 Hz), 6.97 (1H, dd,
J=28.6, 3.1 Hz), 7.01 (1H, 4, J = 7.9 Hz), 7.02 (1H, d, J = 3.1
Hz), 7.06 (1H, 4, J = 1.8 Hz), 7.08 (1H, d, J = 8.6 Hz).

ESIMS (+): 576 [M+H]".

<Reference Example 41>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-ethoxy-2-hydroxyp
henylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-methylbutane
[0272]

[Formula 101]
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HRESIMS (+): 524.10694 (524.10635 calcd. for 024H2201N06PS). Elemental analysis: measured C
52.62%, H 5.05%, N 2.50%, calcd. for C24H22C1NO6PS. 1.2H20 C 52.83%, H 5.43%, N 2.57%. 15
[Example 10] [0313] (5)-2-amino-4-[2-chloro-4-(5-chloro-2-hydroxyphenylthio)phenyl
]-2-methylbutylphosphoric acid monoester [0314] 20 [Formula 117] [0315] The target product
(56 mg) was obtained as a white powder by reacting the compound of Reference Example 44 (105
mg) in the same 5 manner as in Example 1. Optical rotation: [U]p25 -8.28 (c 0.50, MeOH). 151 NMR
(DMSO-d6-dIRA, 480 MAZ) -8 1.28(3Hg), 1.70-1.90 (2H, in), 2.70 (2H, t, J = 8.6 Hz), 3.87 (1H, dd, J
=11.0,4.9 Hz), 3.94 4.9 Hz), 6.94 (1H, d, J = 8.6 Hz), 7.08 (1H, 10 d, J = 2.4 Hz),
7.19 (1H, dt, J = 7.9, . dt A=B,8.2.4 Hz), 7.26 (1H, t, J = 8.6 Hz), 7.33 (1H, d, J =
7.9 Hz). HRESIMS (+): 452.02541 (452.02551 Calc@REX 88018N05PS) Elemental analysis:
measured C 43.98%, H 4.46%, N 3.15%, calctiHBo€885180C18NO5PS. 0.5 H80 C 44.26%, H
4.59%, N 3.04%. 15 [Example 11] [0316] ‘
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth io)phenyl]-2-methylbutylphosphoric acid
monoester [0317] 20 [Formula 118] The target product (30 mg) was obtained as a white powder
by reactinglthe coimpound of Reference Example 45 (71 mg) in the same 5 manner as in Example 1.

The target product (108 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 26 (146 mg) in the
5 same manner as in Reference Example 35.
'"H NMR (CDCls;, 400 MHz): & 1.34 (3H, s), 1.39 (3H, t, J = 7.3 Hz).
1.43 (9H, s), 1.73 (1H, ddd, J = 14.1, 12.2, 5.5 Hz), 1.99-2.09
(l1H, m), 2.64 (1H, td, J = 13.4, 5.5 Hz), 2.68 (1H, td, J = 13.4,
5.5 Hz), 3.77 (3, 4, J =11.0 Hz), 3.78 (3H, d, J =11.0 Hz), 3.97
10 (2H, g, J = 7.3 Hz), 4.00 (1H, dd, J = 9.8, 4.9 Hz), 4.20 (1H, dd,
J=9.8, 4.9 Hz), 4.61 (1H, s), 6.04 (1H, s), 6.91 (1H, dd, J =
7.9, 1.8 Hz), 6.96 (1H, dd, J = 8.6, 2.4 Hz), 7.00 (1H, d, J = 8.6
Hz), 7.02 (1H, 4, § = 2.4 Hz), 7.05 (1H, 4, J =1.8 Hz), 7.08 (1H,
d, J = 7.9 Hz).
15 ESIMS (+): 590 [M+H]".
<Reference Example 42>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-hydroxy—-5-isoprop
oxyphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-methylbutane
[0274]

20 [Formula 102]
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Optical rotation: [U]p24 -7.12 (c 0.50, MeOH). 151 NMR (DMSO-d6-dIFA, 400 MHz): 8 1.28 (3H, s),
1.71-1.88 (2H, m), 2.70 (2H, t, J = 8.6 Hz), 3.87 (1H, dd, J (1H, dd, J = 11.0, 4.9 Hz), 7.09 (1H, d, 10
dd, J=8.6,1.8 Hz), 7.27 (1H, d, J = 1.8 Hz), 7.33 (1H, d, J = 8.6 Hz), 7.39 (1H, d, J = 1.8 Hz), 7.55
(1H, d, J = 8.6 Hz). HRESIMS (+): 486.05108 (486.05187 calcd. for C885128C1F3NO5PS) Elemental
analysis: measured C 42.61%, H 4.00%, N 2.76%, calcd. for C885180C1F8NO5PS. H80 C 42.91%, H
4.40%, N 2.78%. 15 [Example 12] [0319]

(R)-2-ally1-2-qminpy4- ydoKy-5-trifluoromethyl phenylthio)pheny1]-butylphosphoric acid
monoester [Og?ﬁ 20 The target product (89 mg) was obtained as a white
powder by reacting th& ceps g mple 46 (156 mg) in the same 5 manner as in
Example 1. Optical rotation: [ , MEBIH(QNiElaMR (DMSO-d6-dIFA, 400 MHz2): 8
1.65-1.73 (2H, m), 2.39 (2H, d, J = 7.3 Hz), 2,8:B0g (2H, m), 3.42-3.53 (2H, m), 5.19 (1H, dd, J =
10.4, 1.8 Hz), 5.24 (1H, dd, J = 17.1, 1.8 Hz), 5.55 (1H, s), 10 5.75-5.88 (1H, m), 7.10 (1H, d, J = 8.6
Hz), 7.18 (1H, dd, J = 8.6, 1.8 Hz), 7.25 (1H, d, J = 1.8 Hz), 7.31 (1H, d, J = 8.6 Hz), 7.36 (1H, d, J =
1.8 Hz), 7.55 (1H, d, J = 8.6 Hz), 7.94 (3H, br s). HRESIMS (+): 512.06693 (512.06752 calcd. for
080518301F3NOSPS) Elemental analysis: measured C 45.80%, H 4.08%, N 2.61%, calcd. 15 for
C205122C1F3NO0O5PS. 0.55120 C 46.12%, H 4.45%, N 2.69%. [Example 13]

The target product (90 mg) was obtained as a colorless oil

by reacting the compound of Reference Example 27 (129 mg) in the
5 same manner as in Reference Example 35.

'"H NMR (CDCls;, 400 MHz): & 1.30 (6H, d, J = 6.1 Hz), 1.34 (3H, s),

1.43 (9H, s), 1.73 (1H, ddd, J = 13.4, 11.0, 6.1 Hz), 1.98-2.10

(l1H, m), 2.59-2.75 (2H, m), 3.77 (3H, 4, J = 11.0 Hz), 3.78 (3H,

d, J =11.0 Hz), 4.00 (1H, dd, J = 9.8, 4.9 Hz), 4.20 (1H, dd, J

10 =9.8, 4.9 Hz), 4.36-4.46 (1H, m), 4.60 (1H, s), 6.04 (1H, s), 6.90
(l#, dd, J = 7.9, 2.4 Hz), 6.95 (lH, dd, J = 9.2, 2.4 Hz), 6.99
(l1H, 4, J = 9.2 Hz), 7.04 (1H, d, J = 2.4 Hz), 7.06 (1H, d, J =
2.4 Hz), 7.08 (1H, d, J = 7.9 Hz).

ESIMS (+): 604 [M+H]".

15 <Reference Example 43>
(S)-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophenyl]-2-t
-butoxycarbonylamino-1-dimethoxyphosphoryloxy—-2-methylbutane
[0276]

[Formula 103]
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[0322] (5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-2-propylbutylphosphoric acid monoester 20[0323] [Formula 120] [0324] The target
product (50 mg) was obtained as a white powder by reacting the compound of Reference Example 47
(122 mg) in the same 5 manner as in Example 1. 10 Opticalrotation:[U]p25 -7.67(c 0.50,Me0H). 151
NMR (DMSO-d6-dIFA,400MHz): 8 0.90(3H, t, J= 7.3 Hz),1.26-1.40
(2H,m),1.54-1.66(2H,m),1.70-1.82(2H,m),2,61-2.75(2H,m), 3.86-3.97(2H,m),7.10(1H,d,J=7.9
Hz),7.19(1H,q&J%7.9, 1.8Hz),7.27(1H,d,J =1.8Hz),7.34(1H,d,J =7.9Hz),7.40

3 J28.6182). AREBIMS (+): 514.08255 (514.08317 calcd. for
080518501F3NO5PS). < ‘ Mple 48% 2-Chloro-4-(2-methoxyphenylthio)benzaldehyde

[0277]
The target product (158 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 28 (132 mg) in the
5 same manner as in Reference Example 35.
'H NMR (CDCls, 400 MHz): & 1.34 (3H, s), 1.43 (9H, s), 1.74 (1H,
ddd, J = 13.4, 12.2, 5.5 Hz), 1.95-2.14 (1H, m), 2.59-2.73 (24,
m), 3.77 (34, 4, J =11.0 Hz), 3.78 (3H, d, J =11.0 Hz), 4.00 (1H,
dad, J = 9.8, 4.9 Hz), 4.21 (1H, dd, J = 9.8, 4.9 Hz), 4.61 (1H,
10 s), 5.01 (2H, s), 6.06 (1H, s), 6.89 (1H, dd, J = 7.9, 1.8 Hz),
7.00 (1H, d, J = 9.2 Hz), 7.04 (2, dd, J =9.2, 1.8 Hz), 7.08 (1H,
d, § = 7.9 Hz), 7.10 (1H, 4, J = 2.4 Hz), 7.30-7.43 (5H, m).
ESIMS (+): 652 [M+H]".
<Reference Example 44>
15 (S)-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-chlo
rophenylthio)—-2-chlorophenyl]-1-dimethoxyphosphoryloxy—-2-methy
lbutane
[0278]

[Formula 104]
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[0326] The target product (5.50 g) was obtained as a colorless oil by reacting
2-methoxybenzenethiol (2.80 g) and 2-chloro-4-fluorobenzaldehyde (3.17g) based on the same
experiment 5 operations as in Reference Example 1 of WO 03029205 pamphlet. 151 NMR (CDC13,
400 MHz): 8 3.83 (3H, s), 6.98-7.08 (4H, m), 7.49 (1H,td, J=7.9, 1.2 Hz), 7.52 (1H, dd, J=7.9, 1.2
Hz), 7.74 (1H, d, J = 7.9 Hz), 10.34 (1H, s). EIMS (+): 278 [M]2. 10 <Reference Example 49>
[2-Chloro-4-(2- methoxyphenylthlo)phenyl]acetaldehyde [0327] [Formula 122] 15[0328] The
target producQR . JyRed g€l colorless oil by reactmg the compound of Reference
Example 48 (5.50 e
04074297 pamphl ‘ 2 \{Hz): 8 3.80 (2H, d, J = 1.8 Hz), 3.86 (3H, s),
6.92-6.99 (2H, m)7-2( %9 (PPQ§OMe g, 1.8 Hz), 7.35 (1H, td, J=7.9, 1.8
Hz), 9.73 (1H, t, J = 1.8 Hz). EIMS (+) 292 [MHEBeReference Example 50>

[0279]
The target product (105 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 30 (94 mg) in the
5 same manner as in Reference Example 35.

'H NMR (CDCls;, 400 MHz): & 1.36 (3H, s). 1.45 (9H, s), 1.53 (9H,

s),1.78 (1H, ddd, J=13.4, 11.6, 5.5Hz), 2.05-2.17 (1H, m), 2.65-2.79

(2H, m), 3.78 (3, d, J =11.0 Hz), 3.79 (3H, d, J =11.0 Hz), 4.03

(l1H, dd, J = 9.8, 4.9 Hz), 4.24 (1H, dd, J = 9.8, 4.9 Hz), 4.64
10 (1H, s), 7.11 (1H, d, J=8.6Hz), 7.14 (1H, d, J=2.4Hz), 7.16-7.21

(2H, m), 7.23 (1H, dd, J§ = 8.6, 2.4 Hz), 7.39 (1H, d, J = 2.4 Hz).

ESIMS (+): 680 [M+H]'

<Reference Example 45>

(S)-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-trif
15 luoromethylphenylthio)-2-chlorophenyl]-1-dimethoxyphosphorylox

y—2-methylbutane

[0280]

[Formula 105]

112



2-Chloro -1-(2-iodoethyl)-4-(2-methoxyphenylthio)benzene 5[0329] [Formula 123] [0330] The target
product (5.40 g) was obtained as a colorless oil 10 by reacting the compound of Reference Example
49 (5.60 g) based on the same experiment operations as in Reference Example 327 of WO 04074297
pamphlet. 151 NMR (CDC13, 400 MHz): 8 3.25 (2H, ddd, J = 8.6, 6.7, 1.8 Hz), 3.34 (2H, ddd, J = 8.6,
6.7, 1.8 Hz), 3.86 (3H, s), 6.90-6.96 (2H, 15 m), 7.10 (1H, dd, J=7.9, 1.8Hz), 7.14 (1H, d, J=7.9 HZz),
7.21-7.26 (2H, m), 7.32 (1H, td, J = 7.9, 1.8 Hz). EIMS (+): 404 [M]2. <Reference Example 51>
(25,5R)-2-[2nEc ro -4-(2-m thoxyhen hio)phenyllethy1-3,6-di 20

methoxy-2-met ' ethiydropyrazine [0331] [Formula 124] [0332] 5 The target
product (843 mg) coIorIesson by reacting the compound of Reference Example 50

[0281]
The target product (80 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 31 (90 mg) in the
5 same manner as in Reference Example 35.
'H NMR (CDCls, 400 MHz): & 1.36 (3H, s). 1.44 (9H, s), 1.54 (9H,
s),1.78 (1H, ddd, J=13.4,12.2, 5.5Hz), 2.06-2.18 (1H, m), 2.65-2.80
(2H, m), 3.78 (3, d, J =11.0 Hz), 3.79 (3H, d, J =11.0 Hz), 4.03
(l1H, dd, J = 9.8, 4.9 Hz), 4.23 (1H, dd, J = 9.8, 4.9 Hz), 4.63
10 (1H, s), 7.19 (2, 4, 3 =1.2 Hz), 7.30 (1H, 4, J = 8.6 Hz), 7.39
(14, 4, § = 1.2 Hz), 7.46 (1H, d4, J = 1.8 Hz), 7.53 (lH, dd, J =
8.6, 1.8 Hz).
ESIMS (+): 714 [M+H]'
<Reference Example 46>
15 (R)-2-allyl-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-hydroxy-5
—trifluoromethylphenylthio)phenyl]-1-dimethoxyphosphoryloxybut
ane
[0282]

[Formula 106]
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151 NMR(CDC13,400 MHz):8 0.71 (3H, d,J =6.7Hz),1.09(3H,d, J =6.7Hz),1.36(3H,s),1.80 (1H, ddd,J
=12.8,11.6,4.9Hz), 2.11 (1H,ddd,J=12.8,11.6, 4.9 Hz),2.21-2.33(1H,m),2.38 10 (1H, ddd,J
=12.8,11.6,4.9Hz),2.46(1H,ddd,J =12.8,11.6, 4.9

FiC _S
: :OH

[0283]
The target product (350 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 33 (473 mg) in the
5 same manner as in Reference Example 35.
'H NMR (CDCls, 400 MHz): 81.43 (9H, s), 1.75-1.78 (1H, m), 1.90-2.03
(l1H, m), 2.41-2.55 (2H, m), 2.64-2.75 (2H, m), 3.78 (6H, d, J =
11.0 Hz), 4.08 (1H, dd, J = 9.8, 4.9 Hz), 4.19 (1H, dd, J = 9.8,
4.9Hz), 4.58 (14, s), 5.18 (1H, s), 5.21 (1H, d, J=6.1Hz), 5.73-5.87
10 (l1H, m), 6.80 (1H, s), 6.90 (1H, dd, J = 7.9, 1.8 Hz), 7.09 (1H,
d, J=1.8 Hz), 7.12 (14, 4, §J = 7.9 Hz), 7.15(1H, 4, J = 8.6 Hz),
7.63 (l1H, dd, J = 8.6, 1.8 Hz), 7.80 (1H, d, J = 1.8 Hz).
ESIMS (+): 640 [M+H]".
<Reference Example 47>
15 (S)-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-trif
luoromethylphenylthio)-2-chlorophenyl]-1-dimethoxyphosphorylox
y—-2-propylbutane
[0284]

[Formula 107]
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Hz),3.68(3H,s),3.69(3H,s),3.87(3H,s),3.99(1H,d, J = 3.7 Hz),6.85-6.93(2H,m), 7.07 (1H,d,J
=7.9Hz),7.11(1H, dd, J=7.9,1.8Hz),7.12(1H, dd, J=7.9,1.8Hz),7.21-7.26 (2H, m). 15 ESIMS (+): 475
[M+H]2. <Reference Example 52> Methyl
(5)-4-[2-chloro-4-(2-methoxyphenylthio)phenyl]-2-t-butoxycarbo nylamino-2-methyl butyrate [0333]
[Formula 125]

FaC

[0285]

The target product (222 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 34 (209 mg) in the

5 same manner as in Reference Example 35.

'H NMR (CDCls, 400 MHz): 8 0.96 (3H, t, J = 7.3 Hz), 1.31-1.42 (3H,
m). 1.44 (9H, s), 1.54 (9H, s), 1.59-1.72 (1H, m), 1.75-1.85 (1H,
m), 1.95-2.11 (l1H, m), 2.66-2.74 (2H, m), 3.78 (3H, 4, J = 11.0
Hz), 3.79 (3H, 4, J = 11.0 Hz), 4.11 (1H, dd, J = 9.8, 4.9 Hz),

10 4.25 (1H, dd, J =9.8, 4.9 Hz), 4.51 (1H, s), 7.19 (2H, d, J =1.8
Hz), 7.30 (14, 4, J = 7.9 Hz), 7.39 (1H, s), 7.46 (1H, d, J = 1.8
Hz), 7.53 (1H, dd, J = 7.9, 1.8 Hz).

ESIMS (+): 742 [M+H]'.
[Example 1]

15 [0286]
(S)—-2-amino-4-[2-chloro-4-(2-hydroxy-5-methylphenylthio)phenyl
]-2-methylbutylphosphoric acid monoester
[0287]

[Formula 108]

115



[0334] 5The target product (457 mg) was obtained as a colorless oil by reacting the compound of
Reference Example 51 (542 mg) in the same manner as in Reference Example 3. 251 NMR (CDC13,
400 MHz): 8 1.45 (9H, s), 1.58 (3H, s), 2.11 (1H, ddd, J = 13.4, 11.6,4.9 Hz), 2.38 (1H, br s), 2.52 (1H,
td, J =10 12.8, 4.9 Hz), 2.67 (1H, td, J = 12.8, 4.9 Hz), 3.74 (3H, s), 3.86 (3H, s), 5.41 (1H, br s), 6.91
(2H, td,J=7.9,1.8 Hz), 7.08 (1H, d, J = 7.9 Hz), 7.10 (1H, d, J = 1.8 HZ), 7.14 (1H, td, J = 7.9, 1.8H2),
7.28 (2H,td, J = 7.9, 1.8 Hz). ESIMS (+) : 480 [M+H] 2. 15 <Reference Example 53>

(5)-2-t- butoxycarbonylamlno -4-[2-chloro-4-(2-methoxyphenylthdo )pheny1]-2-methylbutan-I-ol [0335]
[Formula 126 ] Qbet product (457 mg) was obtained as a colorless oil by
reacting the co Exampl(;52 (542 mg) in the same manner as in Reference
Example 5. 151N . , 1 44(9H, s)) ,1.81(1H,

[0288]
TIodotrimethylsilane (97 UL) was added dropwise under ice
cooling and under an argon atmosphere to a solution of the compound
5 of Reference Example 35 (84 mg) in acetonitrile (1.4 mL) to form
a reaction solution. This reaction solution was stirred under ice
cooling for 30 minutes. Then water (10 mL) was added to the reaction
solution, and the reaction solution was then further stirred under
ice cooling for 30 minutes. The precipitated crystals were then
10 filtrated off, thoroughly washed with water and ethyl acetate, and
then dried to obtain the target product (42 mg) as a white powder.
Optical rotation: [OL]D24 -8.32 (¢ 0.50, MeOH).
'H NMR (DMSO-dg¢—dTFA, 400 MHz): 8 1.27 (3H, s), 1.69-1.85 (2H, m),
2.17 (3H, s), 2.66 (2H, t, J = 8.6 Hz), 3.85 (1H, dd, J = 11.0,
15 4.9 Hz), 3.92 (1H, dd, J =11.0, 4.9 Hz), 6.86 (1H, d, J = 8.6 Hz),
7.01-7.10 (4H, m), 7.25 (1H, d, J = 8.6 Hz).
HRESIMS (+): 432.07951 (432.08013 calcd. for C;gH,sC1NOsPS).
Elemental analysis: measured C 47.06%, H 5.35%, N 2.95%, calcd.
for CigHp3CINOsPS. 1.5 H,O0: C 47.11%, H 5.71%, N 3.05%.

20 [Example 2]
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ddd,J =13.4,12.2,4.9Hz),2.06(1H,ddd,J =13.4,12.2,4.9 Hz),2.68(1H,td,J =12.8,4.9Hz),2.75(1H,td,J
=12.8,4.9 Hz),3.63-3.75(2H,m),3.87(3H,s),4.09(1H,brs),4.68(1H,
s),6.91(2H,td,J=7.3,1.2Hz),7.09-7.18(3H,m),7.28(1H, dd,J=7.3,1.2Hz),. ESIMS (+): 452 [M+H]2.
<Reference Example 54> (5)-2-t-butoxycarbonylamlno-4-[4-(2-t-butoxycarbonyloxyphenylt 15
hdo)-2-chldropbenyl]-1-ddmethoxyphosphoryloxy-2-methylbutane [0337] [Formula 127] [0338]

An 0-butoxycarbonyl compound (363 mg) was obtained by reacting the compound of Reference
Example 584457 mg)iindhd samedananner-3 asin KRefgrenge lbxamplie 30e i henhthe)target prdduct
(169 mg) was obtained as a colorless oil by reacting this 0-butoxycarbonyl compound (199 mg) in the
same mannér-as irhRéferendebExapiple 35. Esli NMR (CBEI3; 400 MHz): 8 1.35 (3H, s), 1.44 (9H, s),
1.52 (9H, s), 1.76 (1H,ddd, J= 13 . 4, 11.0, 5.5Hz), 2.02-2.16 (1H, m), 2.61-2.77 10 (2H, m), 3.78 (3H,
d,J=11.0HM298]79 (3H, d, J = 11.0 Hz), 4.02 (1H, dd, J = 9.8, 5.5 Hz), 4.22 (1H, dd, J = 9.8, 5.5 Hz),
4.63 (1H, s), 7.09-7.17 (2H, m), 7.19 (2H, d, J = 7.9 Hz), 7.27-7.35 (3H, m). ESIMS (+): 646 [M+H]2.
15 [Exdmplé'¢4nula 109]

L
OH

OPO(CH),

[0291]
The target product (65 mg) was obtained as a white powder by
reacting the compound of Reference Example 36 (114 mg) in the same
10 manner as in Example 1.
Optical rotation: [a]DK)—9.94 (c 0.50, MeOH).
'H NMR (DMSO-dg-dTFA, 400 MHz): & 1.09 (3H, t, J = 7.3 Hz), 1.27
(3H, s), 1.67-1.86 (2H, m), 2.47 (2H, g, J = 7.3 Hz), 2.66 (2H,
t, J = 8.6 Hz), 3.86 (l1H, dd, J = 11.0, 4.9 Hz), 3.93 (1lH, dd, J
15 =11.0, 4.9 Hz), 6.88 (1H, d, J = 7.9 Hz), 7.04 (2H, dd, J = 17.9,
1.8 Hz), 7.07-7.14 (2H, m), 7.25 (1H, d, J = 8.6 Hz).
HRESIMS (+): 446.09569 (446.09578 calcd. for C;9HsCINOsPS)
Elemental analysis: measured C 48.89%, H 5.66%, N 2.75%, calcd.
for Ci9Hy5C1INOsPS. H,O C 49.19%, H 5.87%, N 3.02%.
20 [Example 3]

[0292]
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[0339] (5)-2-amino-4-[2-chloro-4-(2-hydroxyphenylthio)phenyl]-2-methy Ibutylphosphoric acid
monoester [0340] 20 [Formula 128] [0341] The target product (80 mg) was obtained as a white
powder by reacting the compound of Reference Example 54 (199 mg) in the same 5 manner as in
Example 1. Optical rotation: [U]p27 -9.06 (c 0.50, MeOH). 10 151 NMR(DMSO-d6-dIFA,400 MHz):8
1.26(3H,s),1566-1-85{2Ho 2 65( 2HtWEBeHZ);3. 84 (hH dd 711 -05.5biz) phenylthio) phenyl
(1H,dd,J=11.0,5.5Hz),6.81(1H,t,J=7.3Hz),6.94 d,J=7.3Hz),7.06(1H,d,J=7.3Hz,7.07(1H,s),7.21
d,J=7.9Hz)} 7#.25(EH uyd5ru8K2 o in)s B19Ar(llH, 2K monoester

10

15

20

[0293]

[Formula 110]

| OH “NOPO(OH),

NH,

[0294]

The target product (60 mg) was obtained as a white powder by
reacting the compound of Reference Example 37 (112 mg) in the same
manner as in Example 1.

Optical rotation: [&]p?® =9.86 (c 0.50, MeOH).

'H NMR (DMSO-dg-dTFA, 400 MHz): & 0.82 (3H, t, J = 7.3 Hz), 1.27
(3H, s), 1.43-1.56 (2H, m), 1.68-1.85 (2H, m), 2.42 (2H, t, J =
7.3 Hz), 2.65 (1H, 4, J = 7.9 Hz), 2.67 (l1H, d, J = 7.9 Hz), 3.86
(l1H, dd, § = 11.0, 4.9 Hz), 3.92 (1H, dd, J = 11.0, 4.9 Hz), 6.88
(1, 4, J = 7.9 Hz), 7.00-7.11 (4H, m), 7.24 (1H, d, J = 8.6 Hz).
HRESIMS (+): 460.11106 (460.11143 calcd. for C,yH,3sC1NOsPS) .
[Example 4]

[0295]
(S)—-2-amino—-4-[2-chloro-4-(2-hydroxy-5-isopropylphenylthio)phe
nyl]-2-methylbutylphosphoric acid monoester

[0296]
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HRESIMS (+): 418.06445 (418.06448 calcd. for C27512201N05PS) Elemental analysis: measured C
47.91%, H 4.94%, N 3.21%, calcd. for C22H22C1NO5PS. 0.4H20 C 48.04%, H 5.17%, N 3.30%. 15
<Reference Example 55> 6-t-butyldimethylsilyloxy-1,3-benzoxathiol-2-one [0342] [Formula 129]

[0343] Imidazole (972 mg) and t-butylchlorodimethylsilane (2.15 g) were added to a solution of
6-hydroxy-1r®benzaexathinl-2-one (2.00 5 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 added to the
reaction solution, and the reaction solution was extracted with ethyl acetate. The extract was washed
with water and sgturated brine in that order, and then dried over anhydrous 10 sodium sulfate. The
anhydrous sodiutp sulfate was removed py filtration, and then the solvent was removed by distillation
under reducedpre @ e re e eS|due was purified by silica gel column chromatography

(hexane : ethyl acetg
(0D013, 400 MHz): 80 : @H 8.6, 2.4 Hz), 687(1H d, J = 2.4 Hz),
7.14 (1H, d, J = 8.6 Hz). CIMS (+) 283 [M+H]2 eference Example 56> 20
5-t-butyldimethylsilyloxy-2-hydroxybenzenethio 4] [Formula 130] TBSOSH

[0297]

The target product (40 mg) was obtained as a white powder by
5 reacting the compound of Reference Example 38 (86 mg) in the same
manner as in Example 1.
Optical rotation: [a]DK)—8.12 (c 0.50, MeOH).
'H NMR (DMSO-d¢—dTFA, 400 MHz): & 1.12 (6H, d, J = 6.7 Hz), 1.27
(3H, s), 1.67-1.87 (2H, m), 2.66 (2H, t, J = 8.6 Hz), 2.74-2.81
10 (l1H, m), 3.86 (l1H, dd, J =11.0, 4.9 Hz), 3.93 (1H, dd, J = 11.0,
4.9 Hz), 6.89 (1H, d, J = 7.9 Hz), 7.03 (1H, dd, J =7.9, 1.8 Hz),
7.05 (1H, s), 7.11-7.17(2H, m), 7.25 (1H, d, J = 7.9 Hz).
HRESIMS (+): 460.11124 (460.11143 calcd. for C,pH3C1NOsPS)
Elemental analysis: measured C 50.13%, H 5.88%, N 2.72%, calcd.
15 for C,oH,7C1NOsPS. H,O C 50.26%, H 6.12%, N 2.93%.
[Example 5]
[0298]
(S)—-2-amino—-4-[2-chloro-4-(5-cyclopropyl—-2-hydroxyphenylthio)p
henyl]-2-methylbutylphosphoric acid monoester
20 [0299]

[Formula 112]

119



OH [0345] The target product (2.72 g) was obtained as a colorless oil 5 by reacting the
compound of Reference Example 55 (3.00 g) in the same manner as in Reference Example 16. 151
NMR (CDC13, 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). 10 CIMS (+): 257 [M+H]2. <Reference
Example 57> (5)-2-t-butoxycarbonylamino-4-[4-(5-t-butyldimethylsilyloxy-2-
hydroxyphenylthio)-2-chloropheny1]-2-methylbutan-1-03 [0346] 15 [Formula 131] TBSO a SCI OHSH
NHBoc [034, 71\ 3 mg) was obtained as a colorless oil by reacting the
compound of Refeh p00"mg) and the compound of Reference Example 56 (627 mg) in
the same manner & : f xamle 20. 151 NMR (CDC13, 400 MHz): 8 0.17 (6H s), 0.97
(9H, s), 1.23 (3H, S), ¥ , O
5.5 Hz), 2.58-2.76 (2H, m), 365(1H dd, J =136 49Hz) 3.7 (1H dd J 11,6, 73Hz) 407(1H br
s), 10 4.65 (1H, s), 6.05 (1H, s), 6.90 (2H, td, —36 2.4 Hz),6.94 (1H,d, J=8.6 Hz), 6.98 (1H,d, J =
2.4 Hz), 7.03 (1H, d, J = 2.4 Hz), 7.10 (1H, d, J = 8.6 Hz). ESIMS (+): 568 [M+H]2.

[0300]
The target product (99 mg) was obtained as a white powder by
reacting the compound of Reference Example 39 (144 mg) in the same
5 manner as in Example 1.
Optical rotation: [a]DK)—8.15 (c 0.50, MeOH).
'"H NMR (DMSO-ds—dTFA, 400 MHz): 8 0.52 (2H, dt, J = 6.1, 4.3 Hz),
0.80-0.86 (2H, m), 1.28 (3H, s), 1.67-1.86 (3H, m), 2.66 (2H, t,
J = 8.6 Hz), 3.86 (l1H, dd, J = 11.0, 4.9 Hz), 3.93 (1H, dd, J =
10 11.0, 4.9 Hz), 6.85 (l1H, 4, J = 8.6 Hz), 6.96 (1H, dd, J = 8.6,
2.4 Hz), 7.01 (1H, 4, J = 2.4 Hz), 7.04 (1H, dd, J =7.9, 1.8 Hz),
7.05 (18, s), 7.11-7.17(2H, m), 7.25 (1H, d, J = 7.9 Hz).
HRESIMS (+): 458.09631 (458.09578 calcd. for C,yHysCINOsPS) .
[Example 6]
15 [0301]
(S)-2-amino-4-[2-chloro-4- (2-hydroxy—-5-methoxyphenylthio)pheny
l1]-2-methylbutylphosphoric acid monoester
[0302]

[Formula 113]
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<Reference Example 58> 15 (5)-2-t-butoxycarbonylamino-4-[4-(5-t-butyldimethylsilyloxy-2-
methoxymethoxyphenylthio)-2-chloropheny1]-2-methylbutan-1-03 [0348] [Formula 132] 20[0349]
Potassium carbonate (185 mg) and chloromethyl methyl ether (102 !'IL) were added under ice cooling
to a solution of the compound of Reference Example 57 (760 mg) in acetone (13.4 mL) to form a
reaction solution. This reaction solution was stirred for 3 hours under ice cooling. Water was added to
the reaction solution, and 5 the reactlon s citation was extracted with ethyl acetate. The extract was
washed with wa(® @1 that order, and then dried over anhydrous sodium sulfate.
The anhydrous sod bmoved ny filtration, and then the solvent was removed by
distillation under re8yces d ;=17 %ﬁghﬁs 10 purified by silica gel column
chromatography (hexane : : Zarget product (639 mg) as a colorless
oil. 151 NMR (CDC13, 400 MHz): 8 0.08 (6HNB,0.91 (9H, s), 1.25 (3H, s), 1.44 (9H, s), 1.80 (1H, ddd,
J=13.4,12.2,5.5Hz), 2.02 (1H, ddd, J =13.4, 12.2, 5.5 Hz), 2.69 (1H, td, J = 12.8, 4.9 Hz), 2.76 15
(1H, td, J =12.8, 4.9 Hz), 3.45 (3H, s), 3.67 (1H, dd, J = 11.6, 4.9 Hz), 3.72 (1H, dd, J = 11,6, 7.3 Hz),
4.08 (1H, br s), 4.68 (1H, s), 5.13 (2H, s), 6.53 (1H, d, J = 3.1 Hz), 6.68 (1H, dd, J = 9.2, 3.1 Hz), 7.00
(AH, d, J =2 ¢HF), 7.18 (2H, d, J = 1.8 Hz), 7.32 (1H, d, J = 1.8 Hz). 20 ESIMS (+): 612 [M+H]2.
<Reference Example 59> (5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-hydroxy-2-methoxy
methoxyphenylthioYpireyt] < methyldutan-I-oP[0850v25s[Forhda ¢333s a white powder by

reacting the compound of Reference Example 40 (89 mg) in the same
5 manner as in Example 1.
Optical rotation: [a]DK)—8.31 (c 0.50, MeOH).
'H NMR (DMSO-dg—dTFA, 400 MHz): & 1.23 (3H, s), 1.64-1.84 (2H, m),
2.66 (2H, t, d =7.9 Hz), 3.63 (3H, s), 3.76 (2H, d, J = 11.0 Hz),
6.73 (14, 4, J = 3.1 Hz), 6.83 (1H, dd, J =8.6, 3.1 Hz), 6.87 (1lH,
10 4, J = 8.6 Hz), 7.08 (1H, dd, § = 7.9, 1.8 Hz), 7.12 (1H, 4, J =
1.8 Hz), 7.28 (1H, 4, J = 7.9 Hz).
HRESIMS (+): 448.07498 (448.07505 calcd. for C;gHy4CINO4PS) .
Elemental analysis: measured C 45.69%, H 5.08%, N 2.96%, calcd.
for CigH,3C1INOgPS. 1.2 H,O C 46.06%, H 5.45%, N 2.98%.
15 [Example 7]
[0304]
(S)—-2-amino—-4-[2-chloro-4-(5-ethoxy-2-hydroxyphenylthio)phenyl
]-2-methylbutylphosphoric acid monoester
[0305]

20 [Formula 114]
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[0351] A tetrabutylammonium fluoride - tetrahydrofuran solution (1.0 mol/L, 1.0 mL) was added
under ice cooling to a solution of the 5 compound of Reference Example 58 (639 mg) in
tetrahydrofuran (10 mL) to form a reaction solution. This reaction solution was stirred for 30 minutes
under ice cooling. Water was added to the reaction solution, and the reaction s citation was extracted
with ethyl acetate. The extract was washed with water and saturated brine in that order, 10 and then
dried over anhydrous sodium sulfate. The anhydrous sodium sulfate was removed by filtration, and
then the solv js{jllatjon under reduced pressure. The resultant residue was
purified by silica’gel ¢ aphy (hexane : ethyl acetate = 1 : 1) to obtain the target
product (486 mg) as = SO-d6, 400 MHz): 81.17 (3H, s) 1.37 (9H, s)
1.65-1.77 ,, 3.29 (3H, s) . TP 9 24

[0306]
The target product (72 mg) was obtained as a white powder by
reacting the compound of Reference Example 41 (108 mg) in the same
5 manner as in Example 1.
Optical rotation: [a]DK)—8.50 (c 0.50, MeOH).
'"H NMR (DMSO-dg—dTFA, 400 MHz): & 1.23 (3H, t, J = 6.7 Hz), 1.28
(3H, s), 1.70-1.88 (2H, m), 2.68 (2H, t, J = 7.9 Hz), 3.87 (2H,
q, J = 6.7 Hz), 3.88 (l1H, dd, J = 11.0, 4.9 Hz), 3.93 (lH, dd, J
10 =11.0, 4.9 Hz), 6.71 (1H, d, J = 2.4 Hz), 6.83 (1H, dd, J = 9.2,
2.4 Hz), 6.86 (l1H, 4, J = 9.2 Hz), 7.11 (1H, dd, J =7.9, 1.8 Hz),
7.13 (1, 4, § = 1.8 Hz), 7.28 (1H, d, J = 7.9 Hz).
HRESIMS (+): 462.09023 (462.09070 calcd. for Ci9HysCINO4zPS)
Elemental analysis: measured C 47.55%, H 5.32%, N 2.55%, calcd.
15 for Ci9Hp5C1INOsPS. H,O C 47.55%, H 5.67%, N 2.92%.
[Example 8]
[0307]
(S)—-2—-amino—-4-[2-chloro—-4-(2-hydroxy-5-isopropoxyphenylthio)ph
enyl]-2-methylbutylphosphoric acid monoester
20 [0308]

[Formula 115]
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(1H, (1H, ESIMS (+):498 [M+H]2. <Reference Example 60>
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
trifluoromethanesulfonyloxyphenylthio)pheny1]-2-methylbutan-1- 5 ol [0352] [Formula 134] [0353]
10Under an argon atmosphere, triethylamine (273 I(IL) and N-phenyltrifluoromethanesulfonimide (366
mg) were added under ice cooling to a solution of the compound of Reference Example 59 (486 mg) in
methylene chloride (5 mL) to forma reaction solution. This reaction solution was stirred for 2 hours at
normal tempe%@. 13\Water was adggd to the reaction solution, and the reaction solution was

h

extracted wit yl . ThE act was washed with water and saturated brine in that order, and
then dried over anhy#8 < ' %%@g sodium sulfate was removed by filtration,
and then the solvent was removed by dlstllla ion ?educed pressure. The resultant residue
was purified by silica gel column chromatogr%lb"hy (hexane : ethyl acetate = 2 : 1) to obtain the target
product (586 mg) as a colorless oil.

[0309]
The target product (41 mg) was obtained as a white powder by
reacting the compound of Reference Example 42 (90 mg) in the same
5 manner as in Example 1.
Optical rotation: [a]DK)—8.51 (c 0.50, MeOH).
'H NMR (DMSO-ds-dTFA, 400 MHz): & 1.16 (6H, d, J = 6.1 Hz), 1.28
(3H, s), 1.71-1.86 (2H, m), 2.68 (2H, t, J = 8.6 Hz), 3.88 (1H,
ad, J = 11.0, 4.9 Hz), 3.93 (1H, dd, J =11.0, 4.9 Hz), 4.31-4.40
10 (l1H, m), 6.69 (1H, d, J =3.1 Hz), 6.81 (1H, dd, J = 8.6, 3.1 Hz),
6.85 (1H, d, J = 8.6 Hz), 7.12 (1H, dd, J=7.9, 1.8 Hz), 7.14 (1H,
d, § =1.8 Hz), 7.28 (l1H, 4, J = 7.9 Hz).
HRESIMS (+): 476.10592 (476.10635 calcd. for CypHysCINO4PS) .
Elemental analysis: measured C 49.21%, H 5.61%, N 2.72%, calcd.
15 for C,oH27C1NOsPS. 0.7H,0 C 49.17%, H 5.86%, N 2.87%.
[Example 9]
[0310]
(S)—-2-amino—-4-[4-(5-benzyloxy—-2-hydroxyphenylthio)-2-chlorophe
nyl]-2-methylbutylphosphoric acid monoester
20 [0311]

[Formula 116]
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151 NMR (0D013, 400 MHz): 8 1.26 (3H, s), 1.45 (9H, s), 1.84 (1H, ddd, J = 14.1, 12.2, 5.5 Hz), 2.06
(1H, ddd, J = 14.1, 12.2, 5.5 Hz), 2.74 (1H, td, J = 12.8, 4.9 Hz), 2.81 (1H, td, J = 12.8, 4.9 5 Hz), 3.47
(3H, s), 3.68 (1H, dd, J = 11.6, 4.9 Hz), 3.73 (1H, ad, J = 11,6, 7.3 Hz), 4.08 (1H, br s), 4.69 (1H, s),
5.24 (2H, s), 6.78 (1H, d, J = 3.1 Hz), 7.05 (1H, dd, J = 9.2, 3.1 Hz), 7.16 (1H, d, J = 9.2 Hz), 7.27 (2H,
d,J=1.8Hz), 7.43 (1H, d, J = 1.8 Hz). ESIMS (+): 630 [M+H]2. 10 <Reference Example 61>
(5)-2-t-butoxycaeonylamino-4-[2-chloro-4-(5-cyano-2-methoxyme

thoxyphenylth enyl] 2 methylbutan -l-ol [0354] [Formula 135] 15 [0355] Under an argon
atmosphere, < 8dene (17.6 mg) was added into a solution of
tetrakistriphenylphosphlne o} 7 mg) ik20 N, N dlmethylformamlde (1.6 mL) to form a
reaction solution. This reacths d ; #es at normal temperature. Then, zinc
cyanide (74.5 mg) and the compound of Reference (200 mg) were added to the reaction
solution, and the reaction solution was stirred for 4 Noldrs at 80C. Then, tetrakistriphenylphosphine
palladium(0) (36.7 mg), 5 1,1'-bis(diphenylphosphino)-ferrocene (17.6 mg), and zinc cyanide (7 4 . 5
mg ) were further added to the reaction s citation , and the reaction solution was stirred for 2 hours at
80C. Watet WasZddded to the reaction solution, and the reaction solution was extracted with ethyl

acetate. The extract was washed with water and s aturated brine
The target product (26 mg) was obtained as a white powder by

reacting the compound of Reference Example 43 (59 mg) in the same
5 manner as in Example 1.

Optical rotation: [a]DK)—9.77 (c 0.50, MeOH).

'"H NMR (DMSO-ds—dTFA, 400 MHz): & 1.27 (3H, s), 1.68-1.86 (2H, m),

2.67 (2H, t, J = 8.6 Hz), 3.86 (1H, dd, J = 11.0, 4.9 Hz), 3.92

(l1H, dd, § =11.0, 4.9 Hz), 4.95 (2H, s), 6.78 (1H, d, J = 3.1 Hz),

10 6.85 (1H, dd, J =9.2, 3.1 Hz), 6.85 (1H, d, J = 9.2 Hz), 7.08 (1H,

dd, g =7.9, 1.8 Hz), 7.12 (1H, d, J = 1.8 Hz), 7.28-7.31 (6H, m).
HRESIMS (+): 524.10694 (524.10635 calcd. for CyH,3C1INOGPS) .
Elemental analysis: measured C 52.62%, H 5.05%, N 2.50%, calcd.
for CyH,7C1INOgPS. 1.2H,O0 C 52.83%, H 5.43%, N 2.57%.

15 [Example 10]
[0313]
(S)—-2-amino—-4-[2-chloro-4-(5-chloro-2-hydroxyphenylthio)phenyl
]-2-methylbutylphosphoric acid monoester
[0314]

20 [Formula 117]
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10 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 purified by silica gel column chromatography 15 20 (hexane : ethyl acetate =
2:1) to obtain the target product mg)asa colorlessoil.
151NMR(CDC13,400MHz):81.26(3H,s),1.45(9H,s),1.84 ddd,J =14.1,12.2,5.5Hz),2.07(1H,ddd,J
=14.1,12.2, Hz),2.69-2.85(2H,m),3.47(3H,s),3.66-3.75(2H,m),4.06
brs),4.69(1H,s),5.24(2H,s),6.78(1H,d,J=3.1Hz), (1H,dd,J =9.2,3.1Hz),7.16(1H,d,J =9.2Hz),7.27(2H,
7.43(1H,d,J:(1:i2Hz). ESII\S/IS(+):49O[CI\:/II+H]2. (97 (1H, 5.5 (1H, 7.05 s),

[0315]
The target product (56 mg) was obtained as a white powder by
reacting the compound of Reference Example 44 (105 mg) in the same
5 manner as in Example 1.
Optical rotation: [a]Dﬁ)—8.28 (c 0.50, MeOH).
'H NMR (DMSO-d¢—dTFA, 400 MHz) : & 1.29 (3H, s), 1.70-1.90 (2H, m),
2.70 (2H, t, J = 8.6 Hz), 3.87 (1H, dd, J = 11.0, 4.9 Hz), 3.94
(l1H, dd, J = 11.0, 4.9 Hz), 6.94 (1H, 4, J = 8.6 Hz), 7.08 (1H,
10 4, J = 2.4 Hz), 7.19 (1H, dt, J = 7.9, 1.8 Hz), 7.23 (1lH, dt, J
=8.6, 2.4 Hz), 7.26 (1H, t, J =8.6 Hz), 7.33 (1H, d, J = 7.9 Hz).
HRESIMS (+): 452.02541 (452.02551 calcd. for Ci5H,;C1,NOsPS)
Elemental analysis: measured C 43.98%, H 4.46%, N 3.15%, calcd.
for Ci7H,,C1l,NOsPS. 0.5 H,O C 44.26%, H 4.59%, N 3.04%.
15 [Example 11]
[0316]
(S)—-2—-amino—-4-[2-chloro—-4-(2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-2-methylbutylphosphoric acid monoester
[0317]

20 [Formula 118]
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<Reference Example 62> (5)-4-[4-(5-acetyl-2-methoxymethoxyphenylthio)-2-chlorophenyl] 25
-2-t-butoxycarbonylamino-2-methylbutan-1-03 [0356] [Formula 136] [0357] 5Under an argon
atmosphere, 1,3'-bis(diphenylphosphino)-propane (26.2 mg) was added to a solution of palladium (1)
acetate (7. 1 mg) in N, N-dimethylformamide (1.5 mL) to form a reaction solution. This reaction
solution was stirred for 30 minutes at normal temperature. Then, triethylamine 10 (44 RL), butylvinyl
ether (205 RL), and a solution of the compound of Reference Example 60 (200 mg) in
N,N-dimethylfmanle (3¢ eJjeladded to the reaction solution, and the reaction solution was
stirred for 18 hourg hted ammonlum chloride aqueous s citation was added to the
reaction solution, S5 QS gﬁﬁed with ethyl acetate. The extract was
washed with water and sa rated brine in t t order, Ren dried over anhydrous sodium sulfate.
The anhydrous sodium sulfate was removel¥tly filtration, and then the solvent was removed by
distillation under reduced pressure. The resultant residue was purified by silica gel 20 column
chromatography (hexane : ethyl acetate = 2 : 1) to obtain 5 the target product(117 mg)as a colorless
oil. 151NMR(0D013,400MHz):81.25(3H,s),1.44(9H, ddd,J =14.1,12.2,5.5Hz),2.04(1H,ddd,J =
Hz),2.50(3H9s){264-2.81(2H,m),3.38(3H,s), m),4.07(1H,brs),4.68(1H,s),5.27(2H,s),

The target product (30 mg) was obtained as a white powder by
reacting the compound of Reference Example 45 (71 mg) in the same
5 manner as in Example 1.
Optical rotation: [OL]D24 -7.12 (¢ 0.50, MeOH).
'H NMR (DMSO-dg—dTFA, 400 MHz): & 1.28 (3H, s), 1.71-1.88 (2H, m),
2.70 (2H, t, J = 8.6 Hz), 3.87 (1H, dd, J = 11.0, 4.9 Hz), 3.94
(l1H, dd, J = 11.0, 4.9 Hz), 7.09 (1H, 4, J = 8.6 Hz), 7.18 (1H,
10 dd, § = 8.6, 1.8 Hz), 7.27 (1H, 4, J = 1.8 Hz), 7.33 (1H, 4, J =
8.6 Hz), 7.39 (1H, 4, J = 1.8 Hz), 7.55 (1H, d, J = 8.6 Hz).
HRESIMS (+): 486.05108 (486.05187 calcd. for C;gH,;C1F3NOsPS)
Elemental analysis: measured C 42.61%, H 4.00%, N 2.76%, calcd.
for CigH,oClEF3NOsPS. H,O C 42.91%, H 4.40%, N 2.78%.
15 [Example 12]
[0319]
(R)-2-allyl-2-amino—-4-[2-chloro-4-(2-hydroxy-5-trifluoromethyl
phenylthio)phenyl]-butylphosphoric acid monoester
[0320]

20 [Formula 119]
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m),7.31(1H,d,J =1.8Hz),7.82(1H,d,J =1.8 dd,J=8.6,1.8Hz). s),1.81 14.1,12.2, 3.63-3.74 7.13-7.21 Hz),
7.87 (1H, 5.5 (2H, (3H, (1H, ESIMS (+): 524 [M+H]2. <Reference Example 63> 10
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyano-2-methoxyme
thoxyphenylthdo)phenyl]-1-ddmethoxyphosphoryloxy-2-methylbutan [0358] [Formula 137] The
target product (62 mg) was obtained as a colorless oil by reacting the compound of Reference
Example 61 (97 mg) in the same manner as in Reference Example 35. 20 151 NMR (0D013, 400
MHz): 8 1.38K3 8 1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.07-2.21 (1H, m), 2.69-2.84
(2H, m), 3.45 (3H, ' 380(3HdJ 11.0 Hz), 4.04 (1H, dd, J=9.8,5.5
Hz), 4.25 (1H, dd, ‘ , "%g , 715 (1H,d,J=1.8Hz), 7.17 (1H,d, J =
8.6 Hz), 7.25-7.27 (2H, m),"7. , &, . &é‘% ,J =8.6, 1.8 Hz). ESIMS (+): 615
[M+H]2. <Reference Example 64> (5)-4-[4- (ENéri;etyI 2- methoxymethoxyphenylthdo) -2-chlorophenyl]
-2-t-butoxycarbonylamlno-1-ddmethoxyphosphoryloxy-2-methylbuta

[0321]
The target product (89 mg) was obtained as a white powder by
reacting the compound of Reference Example 46 (156 mg) in the same
5 manner as in Example 1.
Optical rotation: [a]DK)—7.41 (c 0.50, MeOH).
'"H NMR (DMSO-ds-dTFA, 400 MHz): & 1.65-1.73 (2H, m), 2.39 (2H, d,
J= 7.3 Hz), 2,66-2.74 (2H, m), 3.42-3.53 (2H, m), 5.19 (1H, dd,

J

10.4, 1.8 Hz), 5.24 (1H, dd, J =17.1, 1.8 Hz), 5.55 (1lH, s),
10 5.75-5.88 (1H, m), 7.10 (1H, d, J =8.6 Hz), 7.18 (lH, dd, J = 8.6,
1.8 Hz), 7.25 (1H, 4, § = 1.8 Hz), 7.31 (1H, d, J = 8.6 Hz), 7.36
(1, 4, J = 1.8 Hz), 7.55 (1H, d, J = 8.6 Hz), 7.94 (3H, br s).
HRESIMS (+4+): 512.06693 (512.06752 calcd. for C,yHy3C1EF3NOsPS)
Elemental analysis: measured C 45.80%, H 4.08%, N 2.61%, calcd.
15 for CyoH,,ClF3NOsPS. 0.5H,0 C 46.12%, H 4.45%, N 2.69%.
[Example 13]
[0322]
(S)—-2-amino—-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-2-propylbutylphosphoric acid monoester
20 [0323]

[Formula 120]
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10 ne [0360] [Formula 138] [0361] 15The target product (112 mg) was obtained as a colorless oil by
reacting the compound of Reference Example 62 (117 mg) in the same manner as in Reference
Example 35. 151 NMR (CDC13, 400 MHz): 8 1.36 (3H, s), 1.44 (9H, s), 1.76 (1H, ddd, J=13.4,
12.2, 5.5Hz), 1.98-2.17 (1H,m), 2.50 (3H, s), 2.64-2.76 20(2H, m), 3.38 (3H, s), 3.78 (3H, d, J =11.0
Hz), 3.79 (3H, d, J =11.0Hz),4.02 (1H, dd, J = 9.8, 4.9 Hz), 4.23 (1H, dd,

10

15

OH

[0324]

The target product (50 mg) was obtained as a white powder by
reacting the compound of Reference Example 47 (122 mg) in the same
manner as in Example 1.

Optical rotation: [a]DK)—7.67 (c 0.50, MeOH).

"H NMR (DMSO-d¢-dTFA, 400 MHz): 8§ 0.90 (3H, t, J= 7.3 Hz), 1.26-1.40
(2H, m), 1.54-1.66 (2H, m), 1.70-1.82 (2H, m), 2,61-2.75 (2H, m),
3.86-3.97 (2, m), 7.10 (1H, d, J = 7.9 Hz), 7.19 (1H, dd, Jd = 7.9,
1.8 Hz), 7.27 (1H, d, J = 1.8 Hz), 7.34 (1H, d, J = 7.9 Hz), 7.40
(1, 4, 3 = 1.8 Hz), 7.56 (1H, d, J = 8.6 Hz).

HRESIMS (+): 514.08255 (514.08317 calcd. for CypHysClF3NOsPS) .
<Reference Example 48>
2-Chloro-4-(2-methoxyphenylthio)benzaldehyde

[0325]

[Formula 121]
COCC.
OMe CHO
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J =9.8, 4.9Hz),4.63(1H,s),5.26 (2H, s), 7.16 (2H, S), 7.20 (1H, t, J =7.9Hz),7.29 (1H, s),7.84(1H,d,J =
1.8Hz), 7.88 (1H, ad, J=8.6,1.8Hz).

[0326]

The target product (5.50 g) was obtained as a colorless oil
by reacting 2-methoxybenzenethiol (2.80 g) and
2-chloro—-4-fluorobenzaldehyde (3.17 g) based on the same experiment

5 operations as in Reference Example 1 of WO 03029205 pamphlet.
'H NMR (CDCls, 400 MHz): & 3.83 (3H, s), 6.98-7.08 (4H, m), 7.49
(1, td, 3 = 7.9, 1.2 Hz), 7.52 (1H, dd, J = 7.9, 1.2 Hz), 7.74
(1, 4, J = 7.9 Hz), 10.34 (1H, s).

EIMS (+): 278 [M]".

10 <Reference Example 49>
[2-Chloro-4-(2-methoxyphenylthio)phenyl]acetaldehyde
[0327]

[Formula 122]

OMS ,CHO

15 [0328]

The target product (5.60 g) was obtained as a colorless oil
by reacting the compound of Reference Example 48 (5.50 g) based
on the same experiment operations in Reference Example 326 of WO

04074297 pamphlet.

20 'H NMR (CDCls, 400 MHz): & 3.80 (2H, d, J = 1.8 Hz), 3.86 (3H, s),

6.92-6.99 (2H, m), 7.12 (2H, d, J =1.8 Hz), 7.29 (2H, dd, I =7.9,
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5 ESIMS (+): 632 [M+H]f. [Example 15] [0362]
(5)-2-amino-4-[2-chloro-4-(5-cyano-2-hydroxyphenylthio)phenyl] -2-methylbutylphosphoric acid
monoester 10[0363] [Formula 139]

10

15

20

1.8 Hz), 7.35 (1H, td, J =7.9, 1.8 Hz), 9.73 (1H, t, J = 1.8 Hz).
EIMS (+): 292 [M]".

<Reference Example 50>
2-Chloro—1-(2-iodoethyl)—-4-(2-methoxyphenylthio)benzene

[0329]

[Formula 123]

‘OMe |

[0330]

The target product (5.40 g) was obtained as a colorless oil
by reacting the compound of Reference Example 49 (5.60 g) based
on the same experiment operations as in Reference Example 327 of
WO 04074297 pamphlet.

'"H NMR (CDCl;, 400 MHz): & 3.25 (2H, ddd, J = 8.6, 6.7, 1.8 Hz),
3.34 (2H, ddd, § =8.6, 6.7, 1.8 Hz), 3.86 (3H, s), 6.90-6.96 (2H,
m), 7.10 (14, dd, J=7.9, 1.8 Hz), 7.14 (1, d, J=7.9Hz), 7.21-7.26
(2H, m), 7.32 (1H, td, J = 7.9, 1.8 Hz).

EIMS (+): 404 [M]".

<Reference Example 51>
(25,5R)-2-[2-chloro-4-(2-methoxyphenylthio)phenyl]lethyl-3,6-di
methoxy-2-methyl-5-isopropyl-2, 5-dihydropyrazine

[0331]
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[0364] The target product (30 mg) was obtained as a white powder by 15 reacting the compound
of Reference Example 63 (62 mg) in the same manner as in Example 1. Optical rotation: [U]p25 -6.74
(c 0.50, MeOH). 151 NMR (DMSO-d6-dIFA, 400 MHz): 8 1.27 (3H, s), 1.69-1.87 (2H, in), 2.70 (2H,
t, J =8.6 Hz), 3.86 (1H, dd, J = 11.0, 4.9 Hz), 3.93 20(1H, dd, J =11.0, 4.9 Hz), 7.04 (1H,d, J=7.9
Hz), 7.20 (1Horddy D= 724 11.2 HZ), 7.26-7.44 (2H, m), 7.48 (1H, d, J = 1.8 Hz), 7.63 (1H, dd, J = 7.9,
1.8 Hz). HRESIMS (+): 443.05981 (443.05973 calcd. for C195121=205PS) [Example 16] 5[0365]
(5)-4-[4-(5-acetyl-2-hydroxyphenylthio)-2-chlorophenyl]-2-amin o0-2-methylbutylphosphoric acid
monoester [0366] [Formula 140] 10 [0367] The target product (69 mg) was obtained as a white
powder by reacting the compound of Reference Example 64 (112 mg) in the same manner as in

Example 1. 15 l-9.53 (c 8 MeoH).
OMe IN
N Sy f"’r
OMe
[0332]

The target product (843 mg) was obtained as a colorless oil
5 by reacting the compound of Reference Example 50 (1.23 g) in the
same manner as in Reference Example 1.
'H NMR (CDCls, 400 MHz): 8 0.71 (3H, d, J = 6.7 Hz), 1.09 (3H, d,
J=6.7Hz), 1.36 (34, s), 1.80 (1H, ddd, J = 12.8, 11.6, 4.9 Hz),
2.11 (1H, ddd, J = 12.8, 11.6, 4.9 Hz), 2.21-2.33 (1H, m), 2.38
10 (1H, ddd, J = 12.8, 11.6, 4.9 Hz), 2.46 (1lH, ddd, J = 12.8, 11l.¢6,
4.9 Hz), 3.68 (3H, s), 3.69 (3H, s), 3.87 (3H, s), 3.99 (lH, d,
J=3.7Hz), 6.85-6.93 (2H, m), 7.07 (1, d, J = 7.9 Hz), 7.11 (1H,
dd, § = 7.9, 1.8 Hz), 7.12 (l1H, dd, J = 7.9, 1.8 Hz) , 7.21-7.26
(2H, m).
15 ESIMS (+): 475 [M+H]".
<Reference Example 52>
Methyl
(S)-4-[2-chloro-4-(2-methoxyphenylthio)phenyl]-2-t-butoxycarbo

nylamino-2-methyl butyrate
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151 NMR (DMSO-d6-dIFA, 400 MHz): 8 1.27 (3H, s), 1.68-1.86 (2H, in), 2.43 (3H, s), 2.68 (2H, t, J =
8.6 Hz), 3.85 (1H, dd, J = 11.0, 4.9 Hz), 3.92 (1H, dd, J = 11.0, 4.9 Hz), 7.01 (1H, d, J = 7.9 Hz), 7.13
(AH,dd,J=7.9,1.2 Hz), 7.19 (1H, d, J =1.8 Hz), 7.29 (1H, 20 d, J = 7.9 Hz), 7.77 (1H, d, J = 1.8 HZ2),
7.85 (1H, dd, J=7.9, 1.8 Hz). HRESIMS (+): 460.07487 (460.07505 calcd. for Cr2H2401NO6PS)
Elemental &naly3is: measured C 47.44%, H 5.07%, N 2.59%, calcd. for Cr2H23C1NOG6PS. H20 C
47.75%, H 5.27%, N 2.93%. 5 <Reference Example 65>
(5)-2-t-butocarbonyldmind-4-[2-chloro-4-(2-hydroxy-5-trifluo
romethylphenylthio)pheny1]-2-methylbutan-1-ol [0368] [Formula 141] 10 [0369] A diphenyl
sulfide was obtained by reacting the compound of Reference Example 19 (400 mg) and the compound
of Reference Example 5 (554 mg) in the same manner as in Reference Example 20. Then, 15 the
target product (4 8 0 mg ) was obtained as a colorless oil by reacting this diphenyl sulfide in the same
manner as in Referenced&xample 33.é|—| NMR (CDC12, 400 MHz): 8 1.22 (3H, s), 1.43 (9H, s), 1.79
(1H, ddd, J = 1274&7, 5. (1H, ddd, J =13.4,12.2,5.5

OMe CO.Me
NHBoc
[0334]
5 The target product (457 mg) was obtained as a colorless oil

by reacting the compound of Reference Example 51 (542 mg) in the
same manner as in Reference Example 3.

'H NMR (CDCls, 400 MHz): & 1.45 (9H, s), 1.58 (3H, s), 2.11 (1H,
ddd, J = 13.4, 11.6, 4.9 Hz), 2.38 (l1H, br s), 2.52 (1H, td, J =

10 12.8, 4.9 Hz), 2.67 (1H, td, 0 =12.8, 4.9 Hz), 3.74 (3H, s), 3.86
(3H, s), 5.41 (1H, br s), 6.91 (2H, td, J=7.9, 1.8 Hz), 7.08 (1H,
d, §=7.9 Hz), 7.10 (1H, 4, J§ = 1.8 Hz), 7.14 (1H, td, J = 7.9,
1.8Hz), 7.28 (2H, td, J = 7.9, 1.8 Hz).

ESIMS (+) : 480 [M+H] ".

15 <Reference Example 53>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxyphenylthio
)phenyl]-2-methylbutan-1-ol
[0335]

[Formula 126]
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20 Hz), 2.60-2.76 (2H, m), 3.61-3.73 (2H, m), 4.00 (1H, br s), 4.65 (1H, s), 6.74 (1H, s), 6.91 (1H, dd, J
=7.9,1.8Hz),7.09 (1H, d,J=1.8 Hz), 7.12-7.18 (2H, m), 7.63 (1H, dd, J = 8.6, 2.4 Hz), 7.80 (1H, d,
J = 2.4 Hz). ESIMS (+): 506 [M+H]2. <Reference Example 66> 5
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
trifluoromethylphenylthio)pheny1]-2-methylbutan-1-03 [0370] [Formula 142] 10 [0371] The target
product (302 mg) was obtained as a colorless oil by reacting the compound of Reference Example 65
(300 mg) in the same mﬁner as in Re [ence Example 58. 151 NMR(CDC13,

400MHz):81.2

OMe

[0336]
The target product (457 mg) was obtained as a colorless oil

by reacting the compound of Reference Example 52 (542 mg) in the
5 same manner as in Reference Example 5.

'H NMR (CDCls, 400 MHz): & 1.25 (3H, s), 1.44 (9H, s), 1.81 (1H,

ddd, J = 13.4, 12.2, 4.9 Hz), 2.06 (l1H, ddd, J = 13.4, 12.2, 4.9

Hz), 2.68 (1H, td, J = 12.8, 4.9 Hz), 2.75 (1H, td, J = 12.8, 4.9

Hz), 3.63-3.75 (2H, m), 3.87 (3H, s), 4.09 (1H, br s), 4.68 (1lH,
10 s), 6.91 (2H, td, J = 7.3, 1.2 Hz), 7.09-7.18 (3H, m), 7.28 (1lH,

ad, J = 7.3, 1.2 Hz),.

ESIMS (+): 452 [M+H]".

<Reference Example 54>

(S)-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxyphenylt
15 hio)-2-chlorophenyl]-1-dimethoxyphosphoryloxy—-2-methylbutane

[0337]

[Formula 127]
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(1H, 15 ddd,J = 13.4, 12.2,5.5Hz),2.06(1H,ddd,J =13.4, 12.2, 5.5 Hz),2.66-2.83
(2H,m),3.41(3H,s),3.65-3.74(2H, m), 4.03 (1H, brs),4.67(1H,s),5.25(2H,s),7.16-7.24(3H, m), 7.35 (1H,

PO(OMe),
NHBoc

[0338]
An O-butoxycarbonyl compound (363 mg) was obtained by reacting
the compound of Reference Example 53 (457 mg) in the same manner
5 as in Reference Example 30. Then, the target product (169 mg) was
obtained as a colorless o0il by reacting this O-butoxycarbonyl
compound (199 mg) in the same manner as in Reference Example 35.
'H NMR (CDCls, 400 MHz): & 1.35 (3H, s), 1.44 (9H, s), 1.52 (9H,
s),1l.76 (1H, ddd, J=13.4, 11.0, 5.5Hz), 2.02-2.16 (1H, m), 2.61-2.77
10 (2H, m), 3.78 (3H, d, J =11.0 Hz), 3.79 (3H, d, J =11.0 Hz), 4.02

(1H, dd, J = 9.8, 5.5 Hz), 4.22 (1H, dd, J = 9.8, 5.5 Hz), 4.63

(1H, s), 7.09-7.17 (2H, m), 7.19 (2H, d, J 7.9 Hz), 7.27-7.35
(3H, m).
ESIMS (+): 646 [M+H]".

15 [Example 14]
[0339]
(S)—-2—-amino—-4-[2-chloro-4-(2-hydroxyphenylthio)phenyl]-2-methy
lbutylphosphoric acid monoester

[0340]

20 [Formula 128]
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d,J =1.8Hz), 1.8Hz). 7.36(1H,d,J=1.8Hz),7.47(1H, dd, J = 8.6, 20 ESIMS(+):550 [M+H]2. 150

10

15

OH PO(OH),
Ho

Z

[0341]

The target product (80 mg) was obtained as a white powder by
reacting the compound of Reference Example 54 (199 mg) in the same
manner as in Example 1.

Optical rotation: [a]f7 -9.06 (c 0.50, MeOH).

'H NMR (DMSO-dg¢—dTFA, 400 MHz): 8 1.26 (3H, s), 1.66-1.85 (2H, m),
2.65 (2H, t, J = 8.6 Hz), 3.84 (1H, dd, J = 11.0, 5.5 Hz), 3.91
(l1H, dd, J = 11.0, 5.5 Hz), 6.81 (1H, t, J = 7.3 Hz), 6.94 (1H,

d, J

7.3 Hz), 7.06 (1H, 4, J = 7.3 Hz, 7.07 (1H, s), 7.21 (2H,

d, J

7.9 Hz), 7.25 (1H, 4, J = 7.9 Hz).

HRESIMS (+): 418.06445 (418.06448 calcd. for C;7H,;CINOsPS)
Elemental analysis: measured C 47.91%, H 4.94%, N 3.21%, calcd.
for C,7H,;C1NOsPS. 0.4H,O C 48.04%, H 5.17%, N 3.30%.

<Reference Example 55>
6-t-butyldimethylsilyloxy-1,3-benzoxathiol-2-one

[0342]

[Formula 129]
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<Reference Example 67> (5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
trifluoromethylphenylthio)pheny1]-2-methylbutan-1-a3 [0372] 5 [Formula 143] [0373] Under an
argon atmosphere, a solution of dimethyl sulfide in methylene chloride (1 mL) was added at -78C to a
solution of oxalyl 10 chloride (67.5 RL) in methylene chloride (5 mL) to form a reaction solution. This
reaction s citation was stirred at - 7 8C for 10minutes . Then, a solution of the compound of Reference
Example 66 (213 mg) in methylene chloride (2 mL) was added to the reaction solution, and the
reaction solutioﬁmtlrred at -78C for 1.5 hours. 15 Triethylamine (3781112) was added to the
reaction solution, P3P 30minutes under ice cooling. Then, a s aturated ammonium
chloride aqueous solutio reaction solution, and the reaction s citation was extracted
with ethyl acetate. The e shed with water and saturated brine in that order, and then 20
dried over anhydrous sodiu ” 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 = 3 : 1) to obtain the target
product (201 mg) as a colorless oil. 5 151 NMR (CDC13, 400 MHz): 8 1.41 (3H, s), 1.46 (9H, s),
1.91-2.08 (1#3 )] 2.16-2.31 (1H, m), 2.57 (1H, ddd, J = 13.4, 12.2, 4.9 Hz), 2.68 (1H, ddd, J = 13.4,
12.2, 4.9 Hz), 3.41 (3H, s), 5.24 (1H, br s), 5.25 (2H, s), 7.14 (1H, d, I =7.9 Hz), 7.17 (1H, dd, J = 7.9,
1.8 Hz), 7.21 (1H, dmJ €479 Hz)( 783 (TH, dnd + 118:1Hy), 01288 {iMedhy Es.8 HY), T48L0d)dd, J =
7.9, 1.8 Hz), 9.40 (1H, s). ESIMS (-): 546 [M-H]2. <Reference Example 68> Dimethyl 15
(5)-3-t-butaigiearbopantin R5sRLeH o 4oR-methgxatigthbxy-9eenzoxathiol-2-one (2.00
trifluoromethylphenylthio)pheny1]-3-methy1-1-pentenylphosphona te

5 g) in N,N-dimethylformamide (60 mL) to form a reaction solution.

This reaction solutionwas stirred for 4 hours at normal temperature.
Water was 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

10 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 purifiedby silica gel
column chromatography (hexane : ethyl acetate = 20 : 1) to obtain
the target product (3.00 g) as a colorless oil.

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

CIMS (+): 283 [M+H]"
<Reference Example 56>
20 5-t-butyldimethylsilyloxy—-2-hydroxybenzenethiol

[0344]
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[0374] [Formula 144] F3C NI-1Boc 20 [0375] Under an argon atmosphere, an
n-butyllithium-hexane solution (1.60 mol/L, 25.5 mL) was added at -78C to a solution of tetramethyl
methylenediphosphonate (111 mg) in tetrahydrofuran (3 mL) to form a reaction solution. This reaction
solution was stirred at -78C 5 for 30minutes . Then, a solution of the compound o f Reference Example
67 (111 mgFintetrakydrafuran (1 mL) was added to the reaction solution. The reaction solution was
stirred at -78C for 2 hours, and then stirredfor 2 hour s at normal temperature . Then, a saturated
ammonium chloride aqueous s citation was added to the reaction solution, 10 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 t wolven as rempyed by distillation under reduced pressure. The resultant
residue was 15 puriiied mwSilingef column chromatography (hexane : ethyl acetate = 2 : 1, and then
ethyl acetate) to obtain thg gargetjroduct (160 mg) as a colorless oil. 151 NMR (CDC13, 400 MHz): 8
td, J = 12.2, 4.9 Hz), 2.06-2.17 (1H, m), 2.61-2.78 (2H, m), 3.41 20
(3H, s), 3.73 (6H, d, J = 11.0 Hz), 4.@HH, brs), 5.25 (2H, s), 5.70 (1H, t, J= 17.7 Hz), 6.82 (1H, dd,
J=22.6, 17.7Hz), 7.16-7.18 (2H, m), 7.21 (1H, d, J = 8.6 Hz), 7.34 (1H, d, J = 1.8 Hz), 7.34 (1H, d, J =
1.8 Hz), 7.48 (1H, dd, J = 8.6, 1.8 Hz). ESIMS (+): 654 [M+H]2. 25 <Reference Example 69>

[0345]
The target product (2.72 g) was obtained as a colorless oil
5 by reacting the compound of Reference Example 55 (3.00 g) in the
same manner as in Reference Example 16.
'H NMR (CDCls, 400 MHz): & 0.16 (6H, s), 0.97 (9H, s), 3.06 (1H,
s), 5.73 (14, s), 6.71 (1H, dd, J = 8.6, 2.4 Hz), 6.81 (l1H, d, J
= 2.4 Hz), 6.93 (1H, d, J = 8.6 Hz).
10 CIMS (+): 257 [M+H]".
<Reference Example 57>
(S)—-2-t-butoxycarbonylamino-4-[4-(5-t-butyldimethylsilyloxy—-2-
hydroxyphenylthio)—-2-chlorophenyl]-2-methylbutan-1-ol
[0346]

15 [Formula 131]

TBSO S Cl

NHBoc
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Dimethyl (5)-3-t-butoxycarbonylamino-5-[2-chloro-4-(2-methoxymethoxy-5-
trifluoromethylphenylthio)pheny1]-3-methyl-1-pentylphosphonate [0376] 5 [Formula 145] NFIBoe
[0377] 10% Palladium-active carbon (200 mg) was added to a solution of the compound of Reference
Example 68 (160 mg) in ethyl acetate 10 (16 mL) to form a reaction solution. This reaction solution
was, under{lydrogen purging, stirred for 20 hours at normal temperature. The reaction s citation was
filtrated us ing Celite , and then the solvent was removed by distillation. The resultant residue was
purified by silica gelticeluran ghtomatayraphy ¢Rexane : ethyl aoetate e a 4521 to bbtair the target 151
NMR(CDC13,400 MHz): (4H,m),2.04-2.15(1H, product(150 mg)as a colorless oil.
81.30(3H,9)1.46@H, ) b. 77Hk860ompound of Reference Example 5 (800 mg) and the
compound of Reference Example 56 (627 mg) in the same manner as
5 in Reference Example 20.
'H NMR (CDCls;, 400 MHz): & 0.17 (6H, s), 0.97 (9H, s), 1.23 (3H,
s), 1.43 (9H, s), 1.77 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.00 (1H,
ddd, J = 13.4, 12.2, 5.5 Hz), 2.58-2.76 (2H, m), 3.65 (1H, dd, J
=11.6, 4.9 Hz), 3.70 (1H, dd, J =11,6, 7.3 Hz), 4.07 (1H, br s),
10 4.65 (1H, s), 6.05 (1H, s), 6.90 (2H, td, J = 8.6, 2.4 Hz), 6.94
(1, 4, J = 8.6 Hz), 6.98 (1H, d, J = 2.4 Hz), 7.03 (1lH, 4, J =
2.4 Hz), 7.10 (1H, 4, J = 8.6 Hz).
ESIMS (+): 568 [M+H]".
<Reference Example 58>
15 (S)-2-t-butoxycarbonylamino-4-[4-(5-t-butyldimethylsilyloxy—-2-
methoxymethoxyphenylthio)-2-chlorophenyl]-2-methylbutan-1-o0l

[0348]

[Formula 132]

BS OUS Cl
H

OMOM
NHBoc

20 [0349]

Potassium carbonate (185 mg) and chloromethyl methyl ether

138



m),2.16-2.28(1H,m),2.66-2.82(2H,m), 3.45 (3H,s), 3.79 (6H, d,J = 11.0 Hz), 4.44(1H, brs), 5.30 (2H,
s), 7.17-7.28 (3H, m), 7.38-7.42(2H, m),7.52

(102 UL) were added under ice cooling to a solution of the compound
of Reference Example 57 (760 mg) in acetone (13.4 mL) to form a
reaction solution. This reaction solution was stirred for 3 hours
under ice cooling. Water was added to the reaction solution, and
5 thereactionsolutionwasextractedwithethyl 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
10 purifiedby silica gel column chromatography (hexane : ethyl acetate
=3 : 1) to obtain the target product (639 mg) as a colorless oil.
'H NMR (CDCls, 400 MHz): & 0.08 (6H, s), 0.91 (9H, s), 1.25 (3H,
s), 1.44 (9H, s), 1.80 (1H, ddd, J = 13.4, 12.2, 5.5 Hz), 2.02 (1H,
ddd, J = 13.4, 12.2, 5.5 Hz), 2.69 (1H, td, J =12.8, 4.9 Hz), 2.76
15 (1H, td, J = 12.8, 4.9 Hz), 3.45 (3H, s), 3.67 (1H, dd, J = 11.6,
4.9 Hz), 3.72 (1, dd, J = 11,6, 7.3 Hz), 4.08 (1lH, br s), 4.68
(1#, s), 5.13 (2H, s), 6.53 (1H, d, J = 3.1 Hz), 6.68 (lH, dd, J
=9.2, 3.1 Hz), 7.00 (1H, d, J =9.2 Hz), 7.18 (2H, d, J = 1.8 Hz),
7.32 (1H, 4, J = 1.8 Hz).
20 ESIMS (+): 612 [M+H]".
<Reference Example 59>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-hydroxy—-2-methoxy
methoxyphenylthio)phenyl]-2-methylbutan-1-ol
[0350]

25 [Formula 133]
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(1H,dd, J=7.9, 20 2.4 Hz). ESIMS (+): 656 [M+H]2. [Example 17] [0378]
(5)-3-amino-5-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth io)phenyl]-3-methylpentylphosphonic
acid

HO

[0351]
Atetrabutylammonium fluoride — tetrahydrofuran solution (1.0
mol/L, 1.0 mL) was added under ice cooling to a solution of the
5 compound of Reference Example 58 (639 mg) in tetrahydrofuran (10
mL) to forma reaction solution. This reaction solution was stirred
for 30 minutes under ice cooling. Water was added to the reaction
solution, andthereactionsolutionwasextractedwithethyl acetate.
The extract was washed with water and saturated brine in that order,
10 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
=1 : 1) to obtain the target product (486 mg) as a colorless oil.
15 'H NMR (DMSO-dg, 400 MHz): 81.17 (3H, s), 1.37 (9H, s), 1.65-1.77
(l1H, m), 1.81-1.95 (1H, m), 2.60 (2H, t, J = 8.6 Hz), 3.29 (3H,
s), 3.36-3.41 (2H, m), 4.72 (14, t, J =5.5 Hz), 5.08 (2H, s), 6.28
(l1#, s), 6.42 (1H, d, J = 3.1 Hz), 6.63 (1H, dd, J =9.2, 3.1 Hz),
6.98 (1, 4, J = 9.2 Hz), 7.22 (1H, dd, 3 =7.9, 1.8 Hz), 7.28 (1H,

20 4, J =1.8 Hz), 7.30 (1H, 4, J = 7.9 Hz), 9.24 (1lH, s).
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5[0379] [Formula 146] NH2 [0380] The target product (19 mg) was obtained as a white powder
by 10 reacting the compound of Reference Example 69 (70 mg) in the same manner as in Example.
Optical rotation: [U]p25 -14.62 (c 0.11, MeOH). 151 NMR (DMSO-d6-dIFA, 400 MHz): 8 1.23 (3H, s),

1.37-1.52 (2H, in), 1.64-1.86 (4H, m), 2.56-2.70 (2H, m), 7.08 (2H, d, J = 8.6 Hz), 15 7.21 (1H, s),

7.24-7.33 @$4M3), 741 @, S)MFBL(IH, d, J = 8.6 Hz). HRESIMS (+): 484.07277 (484.07260 calcd.

for Ci79512301F3N04PS) <Reference Example 70>
(25,5R)-2-drbrome-2<chlGrophehyflethyl-3,6-ddmethoxy-2-propyl 20
-5-dsopropyl-2,5-ddhydropyrazdne [0381] [Formula 147]

5

10

15

20

(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
trifluoromethanesulfonyloxyphenylthio)phenyl]-2-methylbutan-1-
ol

[0352]

[Formula 134]

TfO

[0353]

Under an argon atmosphere, triethylamine (273 MWL) and
N-phenyltrifluoromethanesulfonimide (366 mg) were added under ice
cooling to a solution of the compound of Reference Example 59 (486
mg) in methylene chloride (5 mL) to form a reaction solution. This
reaction solution was stirred for 2 hours at normal temperature.
Water was 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 purified by silica gel

column chromatography (hexane : ethyl acetate = 2 : 1) to obtain
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[0382] The target product (8.01 g) was obtained as a colorless oil 5 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 (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 10 (1H, m), 1.71-1.84 (2H, m), 1.98 (1H, td, J=
12.4, 4.8 HZ)2.29+2347 (3 pon),c3.69K38H, 8)5 8. A% (3H,8)1 39644, di J = 3.0 Hz), 7.01 (1H, d, J =
7.9 Hz), 7.27 (1H, dd, J=7.9, 1.8 Hz), 7.46 (1H, d, J = 1.8 Hz). ESIMS (+):443 [M+H]2. 15 <Reference
Example 74 NMR (CDC1l;, 400 MHz): & 1.26 (3H, s), 1.45 (9H, s), 1.84 (1H,
(25,5R)-2-(4-bromo-2-chlorophenyflethy1-2-buty1-3,6-dimethoxy5-isopropyl-2,5-dihydropyrazine
[0383] [Formgla 148 10384] 12.The3afgeiproduct (2.521g), wasldbtained as al¢colodess ob by
reacting 5 (5R)-2-buty1-3,6-dimethoxy-5-isopropy1-2,5-dihydropyrazine (3.83 g) in the same manner
as in Referénte ExamplélH ,151ONMR{CDCE3, 4000MiHz), 8D, BL (3HHAd, 3<,6.9 Hz)| 0.8 (3HY, J =
7.3 Hz), 0.94-1.06 (1H, m), 1.11 (3H, d, J = 6.7 Hz), 1.12-1.30 (3H, m), 1.57-1.64 (1H, m), 1.74-1.84
5 Hz), 3.47 (3H, s), 3.68 (1H, dd, J = 11.6, 4.9 Hz), 3.73 (1H, dd,

J = 11,6, 7.3 Hz), 4.08 (1H, br s), 4.69 (1H, s), 5.24 (2H, s),
6.78 (14, 4, J = 3.1 Hz), 7.05 (1H, dd, J =9.2, 3.1 Hz), 7.16 (1H,
d, J =9.2 Hz), 7.27 (24, d, J =1.8 Hz), 7.43 (1H, d, J = 1.8 Hz).
ESIMS (+): 630 [M+H]".

10 <Reference Example 61>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyano-2-methoxyme
thoxyphenylthio)phenyl]-2-methylbutan-1-ol
[0354]

[Formula 135]

NC S. Cl

MOM ~ OH
NHBoc

15
[0355]

Under an argon atmosphere,
1,1"-bis(diphenylphosphino)-ferrocene (17.6 mg) was added into a
solution of tetrakistriphenylphosphine palladium(0) (36.7 mg) in

20 N,N-dimethylformamide (1.6 mL) to form a reaction solution. This

reaction solution was stirred for 10 minutes at normal temperature.
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10 12.2, 4.9 Hz), 2.30-2.45 (3H, m), 3.70 (1H, d, J = 3.7 Hz), 7.00 (1H, d, J = 7.46 (1H, d, J = 1.8 Hz).
EIMS (+): 456 [M]2 <Reference Example 72> 15 Methyl
(5)-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino-2-propy Ibutyrate [0385] [Formula 149]

The target product (35.6 g) was obtained as a colorless oil by reacting the compound of Reference
Example 70158 .4 g) incthey5sade iriahnemas)ineRdfereacedmyample 4.£15: NMR{EDEx3400:=MH2z):
80.89 (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), 1.99e2:40)(1kE1r), 2120-2.3% (tHen)e2 A2i(@H, ddth U 37013. %144 .5 e 8rdz)c 2i49:2.60
(1H, m), 2.64 (1H, td, J = 13.9, 10 4.8 Hz), 3.74 (3H, s), 5.62 (1H, br s), 7.03 (1H, d, J = 8.5 Hz), 7.29
(1H, dd, J 5815,tL.8HZ)a 8.48H(1H; I 1 BH2z). ILSIMS &H): 448¢M+H}2e xReference Example 73>
Methyl 15 (5)-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamlno-2-butyl butyrate [0387] [Formula
150] tetrakistriphenylphosphine palladium(0) (36.7 mg),

5 1,1’-bis(diphenylphosphino)-ferrocene (17.6 mg), and zinc cyanide
(74.5mg) were further addedtothereactionsolution, andthereaction
solution was stirred for 2 hours at 80°C. Water was added to the
reaction solution, and the reaction solution was extracted with
ethyl acetate. Theextract waswashedwithwater and saturatedbrine

10 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 purified by silica gel column chromatography
(hexane : ethyl acetate = 2 : 1) to obtain the target product (97

15 mg) as a colorless oil.

'H NMR (CDCl;, 400 MHz): & 1.26 (3H, s), 1.45 (9H, s), 1.84 (1H,
ddd, J = 14.1, 12.2, 5.5 Hz), 2.07 (1H, ddd, J = 14.1, 12.2, 5.5
Hz), 2.69-2.85 (2H, m), 3.47 (3H, s), 3.66-3.75 (2H, m), 4.06 (1H,
br s), 4.69 (1H, s), 5.24 (2H, s), 6.78 (1H, d, J = 3.1 Hz), 7.05

20 (1H, dd, J = 9.2, 3.1 Hz), 7.16 (1H, d, J = 9.2 Hz), 7.27 (2H, s),

7.43 (1H, d, 0 = 1.2 Hz).
ESIMS (+): 490 [M+H]'.
<Reference Example 62>

(S)—-4-[4-(5-acetyl-2-methoxymethoxyphenylthio)-2-chlorophenyl]

25 —-2-t-butoxycarbonylamino-2-methylbutan-1-ol
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20[0388] The target product (1.26 g) was obtained as a colorless oil by reacting the compound of
Reference Example 71 (2.52 g) in the same manner as in Reference Example 4. 151
NMR(CDC13,400 MHz):8 0.87(3H,t,J = 6.7 Hz),0.95-1.02(1H,
5m),1.22-1.32(3H,m),1.46(9H,s),1.65-1.75(1H,m),2.00-2.10 (1H, m),2.22-2.34(1H, m),2.38-2.48
(1H,m),2.5062%6 [2H, m), 3.75 dd, (3H,s),5.62(1H, J=8.6,2.4Hz), br),7.02(1H, 7.47(1H,d,J d,J
=8.6Hz),

[Formula 136]

O
S Cl
MOM H
NHBoc
[0357]
5 Under an argon atmosphere,

1,3’-bis(diphenylphosphino)-propane (26.2 mg) was added to a
solution of palladium(II) acetate (7.1 mg) inN,N-dimethylformamide
(1.5 mL) to form a reaction solution. This reaction solution was
stirred for 30 minutes at normal temperature. Then, triethylamine
10 (44 pL), butylvinyl ether (205 uL), and a solution of the compound
of Reference Example 60 (200 mg) in N,N-dimethylformamide (3.5 mL)
were added to the reaction solution, and the reaction solution was
stirred for 18 hours at 80°C. A saturated ammonium chloride aqueous
solutionwas addedtothereactionsolution, andthereactionsolution
15 was 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 distillation under
reduced pressure. The resultant residue was purified by silica gel

20 column chromatography (hexane : ethyl acetate = 2 : 1) to obtain
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=2.4Hz). 7.28 (1H, ESIMS (+): 462 [M+H]2. 10 <Reference Example 74>
(5)-2-[2-(4-bromo-2-chlorophenyflethyl]-2-t-butoxycarbonylamin opentan-I-03 [0389] [Formula 151] 15
[0390] The target product (28.6 g) was obtained as a white powder by reacting the compound of
Reference Example 72(35.6 g)in the same manner as in Reference Example 5. 20151
NMR(CDCABA00=Mértz): 83:86(3t, t,d £VB Hg),129-5.42Q2H ¢ ls4411 .
'H NMR (CDCls, 400 MHz): & 1.25 (3H, s), 1.44 (9H, s), 1.81 (1H,
ddd, J§ = 14.1, 12.2, 5.5 Hz), 2.04 (l1H, ddd, J = 14.1, 12.2, 5.5
Hz), 2.50 (3H, s), 2.64-2.81 (2H, m), 3.38 (3H, s), 3.63-3.74 (2H,
5 m), 4.07 (1H, br s), 4.68 (1H, s), 5.27 (2H, s), 7.13-7.21 (3H,
m), 7.31 (1H, 4, J =1.8 Hz), 7.82 (1H, d, J = 1.8 Hz), 7.87 (1lH,
dd, J = 8.6, 1.8 Hz).
ESIMS (+): 524 [M+H]".
<Reference Example 63>
10 (S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyano—-2-methoxyme
thoxyphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-methylbutan
e

[0358]

[Formula 137]

NC S Cl
X Lo
PO(OMe),

OMOM
NHBoc

15

[0359]

The target product (62 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 61 (97 mg) in the
same manner as in Reference Example 35.

20 'H NMR (CDCls, 400 MHz): & 1.38 (3H, s), 1.45 (9H, s), 1.82 (1H,

ddd, J = 13.4, 12.2, 5.5 Hz), 2.07-2.21 (1H, m), 2.69-2.84 (Z2H,
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(9H,s),1.53-1.62(2H,m),1.81 (1H, ddd,J = 13.9, 11.5, 5.4 Hz), 1.93(1H,ddd,J=13.9,11.5, 5.4
Hz),2.59-2.75 (2H, 159 m), 3.73 (2H, d, J=6.7 Hz), 4.15 (1H, br s), 4.62 (1H, br s), 7.11 (1H, d, J
=79Hz),7.31(1H,dd, J=7.9, 1.8 Hz), 7.49 (1H, d, J = 1.8 Hz).
m), 3.45 (3H, s), 3.79 (3H, d, J =11.0 Hz), 3.80 (3H, d, J =11.0
Hz), 4.04 (1H, dd, J = 9.8, 5.5 Hz), 4.25 (1H, dd, J = 9.8, 5.5
Hz), 4.65 (l1H, s), 5.29 (2H, s), 7.15 (1H, d, J = 1.8 Hz), 7.17
(1H, 4, J = 8.6 Hz), 7.25-7.27 (2H, m), 7.42 (1H, t, J = 1.8 Hz),
5 7.46 (1H, J = 8.6, 1.8 Hz).
ESIMS (+): 615 [M+H]".
<Reference Example 64>
(S)-4-[4-(5-acetyl-2-methoxymethoxyphenylthio)-2-chlorophenyl]
-2-t-butoxycarbonylamino-1-dimethoxyphosphoryloxy—-2-methylbuta
10 ne

[0360]

[Formula 138]

O N
S |
MOM Y PO{W 8)2
NHBoc
[0361]
15 The target product (112 mg) was obtained as a colorless oil

by reacting the compound of Reference Example 62 (117 mg) in the
same manner as in Reference Example 35.

'H NMR (CDCls, 400 MHz): & 1.36 (3H, s), 1.44 (9H, s), 1.76 (1H,
ddd, J=13.4, 12.2, 5.5Hz), 1.98-2.17 (1H, m), 2.50 (3H, s), 2.64-2.76

20 (2H, m), 3.38 (3H, s), 3.78 (3H, 4, J =11.0 Hz), 3.79 (3H, d, J
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ESIMS (+): 420 [M+H]2. 5 <Reference Example 75>
(5)-2-[2-(4-bromo-2-chlorophenyflethyl]-2-t-butoxycarbonylamin ohexan-1-03 [0391] [Formula 152] 10
[0392] The target product (1.17 g) was obtained as a white powder by reacting the compound of
Reference Example 73 (1.26 g) in the same manner as in Reference Example 5. 15 151 NMR
(CDC13, 4601MH2) 18 0,931 (3H, t( IK57.8Hz)7 1:30-140 {4H, Hy)) 1.44.(OH, €)H1.5831.62 H,.®),
1.78-1.86 (1H, m), 1.88-1.94 (1H, m), 2.60-2.72 (2H, m), 3.73 (2H, d, J = 6.2 Hz), 4.13 (1H, br), 4.62
(1H, br), 7.409q1Hz 1, J £.8.6 HAH7.34) (1H; delo J £28.6, 2)4 HZ), 7049 ¢, ¢,)J, = 2.4 Bz).120 ESIMS
(+): 434 [M+H]2. <Reference Example 76> 5-t-Buty1-2-(methoxymethoxy)benzenethiol [0393]
[Formula 153 SHOMOM 7.29 (1H, s), 7.84 (1H, d, J = 1.8 Hz), 7.88 (1H, dd,

J = 8.6, 1.8 Hz).

5 ESIMS (+): 632 [M+H]'.

[Example 15]

[0362]

(S)—-2-amino—-4-[2-chloro-4-(5-cyano-2-hydroxyphenylthio)phenyl]

-2-methylbutylphosphoric acid monoester

10 [0363]

[Formula 139]

NC\©:S cl
OH PO(OH),

H,

Z

[0364]

The target product (30 mg) was obtained as a white powder by
15 reacting the compound of Reference Example 63 (62 mg) in the same
manner as in Example 1.
Optical rotation: [a]DK)—6.74 (c 0.50, MeOH).
'H NMR (DMSO-dg—dTFA, 400 MHz): & 1.27 (3H, s), 1.69-1.87 (2H, m),
2.70 (2H, t, J = 8.6 Hz), 3.86 (1H, dd, J = 11.0, 4.9 Hz), 3.93

20 (14, dd, J = 11.0, 4.9 Hz), 7.04 (1H, 4, J = 7.9 Hz), 7.20 (1H,
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[0394] The target product (3.78 g) was obtained as a colorless oil by reacting
1-t-buty1-4-(methoxymethoxy)benzene (10.0 g) in the same manner as in Reference Example 9. 151
NMR (CDC13, 400 MHz): 8 1.27 (9H, s), 3.51 (3H, s), 3.78 (1H, br), 5.22 (2H, s), 7.01 (1H,d, J = 8.6
Hz), 7.09(1H,dd,J = 8.6, 10 1.8 Hz), 7.26 (1H, d,

dd, § =7.9, 1.2 Hz), 7.26-7.44 (2H, m), 7.48 (1H, 4, J =1.8 Hz),

7.63 (1H, dd, J = 7.9, 1.8 Hz).

HRESIMS (+): 443.05981 (443.05973 calcd. for C18H,1C1IN,0O5PS)

[Example 16]

5 [0365]
(S)-4-[4-(5-acetyl-2-hydroxyphenylthio)-2-chlorophenyl]-2-amin
o-2-methylbutylphosphoric acid monoester

[0366]

[Formula 140]

10
[0367]

The target product (69 mg) was obtained as a white powder by
reacting the compound of Reference Example 64 (112 mg) in the same
manner as in Example 1.

15 Optical rotation: [&]p*® -9.53 (¢ 0.50, MeOH).
'H NMR (DMSO-d¢-dTFA, 400 MHz): & 1.27 (3H, s), 1.68-1.86 (2H, m),
2.43 (3H, s), 2.68 (2H, t, J = 8.6 Hz), 3.85 (1H, dd, J = 11.0,
4.9 Hz), 3.92 (1H, dd, J =11.0, 4.9 Hz), 7.01 (1H, d, J = 7.9 Hz),
7.13 (1H, dd, 3 =7.9, 1.2 Hz), 7.19 (1H, d, J = 1.8 Hz), 7.29 (1H,

20 4, §J =7.9 Hz), 7.77 (1H, 4, J = 1.8 Hz), 7.85 (1H, dd, J = 7.9,
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J=1.8 Hz). EIMS (+): 226 [M]2. = <Reference Example 77>
2-(Methoxymethoxy)-5-phenylbenzenethiol [0395] 15 [Formula 154] [0396]
1.8 Hz).
HRESIMS (+): 460.07487 (460.07505 calcd. for CigH,;4C1lNO¢PS)
Elemental analysis: measured C 47.44%, H 5.07%, N 2.59%, calcd.
for Cj9H23CINOgPS. H,O C 47.75%, H 5.27%, N 2.93%.

5 <Reference Example 65>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (2-hydroxy-5-trifluo
romethylphenylthio)phenyl]-2-methylbutan-1-ol
[0368]

[Formula 141]

FsC cl

NHBoc

10
[0369]

A diphenyl sulfide was obtained by reacting the compound of

Reference Example 19 (400 mg) and the compound of Reference Example

5 (554 mg) in the same manner as in Reference Example 20. Then,

15 thetarget product (480mg) was obtainedasacolorlessoil byreacting

this diphenyl sulfide in the same manner as in Reference Example
33.

'"H NMR (CDCls, 400 MHz): & 1.22 (3H, s), 1.43 (9H, s), 1.79 (1H,

ddd, J = 13.4, 12.2, 5.5 Hz), 2.01 (1H, ddd, J = 13.4, 12.2, 5.5

20 Hz), 2.60-2.76 (2H, m), 3.61-3.73 (2H, m), 4.00 (1H, br s), 4.65

(1, s), 6.74 (1H, s), 6.91 (1H, dd, J = 7.9, 1.8 Hz), 7.09 (1H,
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The target product (4.58 g) was obtained as a colorless oil by reacting 4-(methoxymethoxy)biphenyl
(10.0 g) in the same manner 20 as in Reference Example 9. 151 NMR (0D013, 400 MHz): 8 3.53 (3H,
s), 3.86 (1H, s), 5.29 (2H, s), 7.15 (1H, d, J = 8.6 Hz), 7.27-7.38 (2H, m), 7.39-7.45 (2H, m), 7.48-7.56
(3H, m). EIMS (+): 246 [M]2. 5 <Reference Example 78>

(5)-2-t-butaxycarbonylanine-4-[2-thlera-48 2¢aiethayymethexy<8-H, dd, J = 8.6, 2.4 Hz),
propylphenylthdo)phenyl]-2-propylbutan-1-03 [0397] [Formula 155] 10 [0398] The target product
(2.90 g) wak. glotaified, asia colorless dilHw) reacting the compound of Reference Example 11 (2.00 g)
and the compound of Reference Example 74 (1.21 g) in the same manner as 15 in Reference
Example 205185 NMR (CBIG13,Ma0]MHz): 8 0.90 (3H, t, J = 7.3 Hz), 0.95 (3H, t, J = 7.3 Hz),
1.30-1.40 (2H, m), 1.44 (9H, s), 1.55-1.60 (2H, m), 1.74-1.84 (2H, m), 1.88-1.94 (2H, m), 2.48 (2H, t, J
= 7.3 Hz), 2I60£2.70r(2H, FYaB3D(36% ), 3.73 (2H, d, J = 6.1 Hz), 4.16 20(1H, br), 4.62 (1H, br), 5.16
(2H, s), 7.05-7.08 (3H, m), 7.09-7.10 (1H, m), 7.11-7.13 (1H, m), 7.22-7.24 (1H, m). ESIMS (+): 552
[M++ﬂ25 (S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-

trifluoromethylphenylthio)phenyl]-2-methylbutan-1-ol
[0370]

[Formula 142]

FsC S Cl

NHBoc

10 [0371]

The target product (302 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 65 (300 mg) in the
same manner as in Reference Example 58.

'H NMR (CDCls, 400 MHz): & 1.25 (3H, s), 1.44 (9H, s), 1.82 (1H,

15 ddd, J = 13.4, 12.2, 5.5 Hz), 2.06 (lH, ddd, J = 13.4, 12.2, 5.5
Hz), 2.66-2.83 (2H, m), 3.41 (3H, s), 3.65-3.74 (2H, m), 4.03 (1H,
br s), 4.67 (1H, s), 5.25 (2H, s), 7.16-7.24 (3H, m), 7.35 (1H,
d, J=1.8 Hz), 7.36 (1H, 4, J = 1.8 Hz), 7.47 (lH, dd, J = 8.6,
1.8 Hz).

20 ESIMS (+): 550 [M+H]".
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<Reference Example 79> (5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
isopropylphenylthio)pheny1]-2-propylbutan-1-03 [0399] 5 [Formula 156] [0400] The target
product (770 mg) was obtained as a colorless oil by reacting the compound of Reference Example 12
(350 mg) and the 10 compound of Reference Example 74 (584 mg) in the same manner as in
Reference &xafeple 20e 151 MMR(CDGC13, 400 MHz): 8 0.95 (3H,t,J=7.3 Hz), 1.18 (6H, d, J =6.7
Hz), 1.30-1.40 (2H, m), 1.44 (9H, s), 1.45-1.60 (2H, m), 1.75-1.83 (1H, m), 1.86-1.95 (1H, m),
2.59-2.71 (2H), m); 2-821 (1% isnseptng Fabm 7 rdz) 43.89-(3H] s),3- 20-R 72 &2 oxyrdk 18 (ki -bF), 4.63
(1H, br), 5.16 (2H, s), 7.08-7.16 (5H, m), 7.23 (1H, d, J = 1.8 Hz). ESIMS (+): 552 [M+H]2. <Reference
Example 80z i20L(%)2:tabuifoxycarbonylaiming-dH2rchldro24-(s-chgldopropyh-2imetl
hoxymethoxyphenylthdo)pheny1]-2-propylbutan-l-ol [0401] [Formula 157]

[0372]

5 [Formula 143]

F3C

[0373]
Under an argon atmosphere, a solution of dimethyl sulfide in
methylene chloride (1 mL) was added at -78°C to a solution of oxalyl
10 chloride (67.5 UL) in methylene chloride (5 mL) to form a reaction

solution. Thisreactionsolutionwasstirredat-78°Cfor 10minutes.

Then, a solution of the compound of Reference Example 66 (213 mg)
in methylene chloride (2 mL) was added to the reaction solution,
and the reaction solution was stirred at -78°C for 1.5 hours.
15 Triethylamine (378uUL) was added to the reaction solution, and then
stirred for 30 minutes under ice cooling. Then, asaturated ammonium
chloride aqueous solution was added to the reaction solution, and
the reaction solution was extractedwith ethyl acetate. The extract
was washed with water and saturated brine in that order, and then

20 dried over anhydrous sodium sulfate. The anhydrous sodium sulfate
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[0402] The target product (760 mg) was obtained as a colorless oil 5 by reacting the compound of
Reference Example 13 (350 mg) and the compound of Reference Example 74 (584 mg) in the same
manner as in Reference Example 20. 151 NMR (CDC13, 400 MHz): 8 0.55-0.60 (2H, m), 0.85-0.92
(2H, m), 0.95 (3H, t, J= 7.3 Hz), 1.30-1.40 (2H, m), 1.44 (9H, s), 1.52-1.60 10 (2H, m), 1.72-1.85 (2H,
m), 1.91 (bbb At rdmd 6] SthHZ)i 21602 75r(2Ham), B138n(3ths),s278342H, dad =ehdiznd4138 (1H,
br), 4.63 (1H, br), 5.15 (2H, s), 6.96 (1H, dd, J = 8.6, 2.4 Hz), 6.99 (1H, d, J = 2.4 Hz), 7.02-7.12 (3H,
m), 7.23 (1H; <, 114 4:8idr). EBIMS (90566 Mpti2. sib <Reféience Example 81lresidue was
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-t-butyl-2-methoxy
methoxyphenylthioyphenyd]-Riprapdbutan-loh[ 0403 njRormulact 58] ( @484E5: 19t hy 1 dhe target
product (532 mg) was obtained as a colorless oil by reacting the compound of Reference Example 76
(269 mg) andithe tonpoundefiReferente Example ¥du4d28 (g} imthe same mahoel as i KRieference
Example 20. 151 NMR(CDC13,400 MHz):8 0.95(3H,t,J =7.3Hz),1.26(9H,s),

1.28-1.40(2H,myA .43(9H]s),1.5001 BHEPH, M), 1.72-1.82@H,s), 1.46 (9H, s), 1.91-2.08
m),1.84-1.96(1H,m),2.58-2.72(2H,m),3.38(3H,s),3.72(2H,

d,J=6.7Hz)(4 18(1M,br),4162(A H36r) B.16(2H ,8) 7.06 (1H, ddd, J =13.4, 12.2, 4.9 Hz),

2.68 (l1H, ddd, J = 13.4, 12.2, 4.9 Hz), 3.41 (3H, s), 5.24 (1H,
br s), 5.25 (2H, s), 7.14 (1H, 4, J = 7.9 Hz), 7.17 (1H, dd, J =
7.9, 1.8 Hz), 7.21 (1H, d, J = 7.9 Hz), 7.33 (1H, d, J = 1.8 Hz),
10 7.38 (1, d, J =1.8 Hz), 7.48 (1H, dd, J =7.9, 1.8 Hz), 9.40 (1H,
S) .
ESIMS (-): 546 [M-H]'.
<Reference Example 68>
Dimethyl
15 (S)-3-t-butoxycarbonylamino-5-[2-chloro—-4-(2-methoxymethoxy—-5-
trifluoromethylphenylthio)phenyl]-3-methyl-1-pentenylphosphona
te
[0374]

[Formula 144]

F5C. S. Cl
£_\_PO(OMe),
OMOM
NHBoc
20
[0375]
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(1H,dd,J =8.6,1.8Hz),7.07-7.14(2H,m),7.21(1H,d,J =1.8 Hz), 7.30 (1H, dd, J = 8.6, 3.0 Hz), 7.33 (1H,
d, J = 3.0 Hz). ESIMS (+): 566 [M+H]2. <Reference Example 82> 15
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
bdphenylthdo)phenyl]-2-propylbutan-1-03 [0405] [Formula 159] [0406] The target product (453
mg) was obtained dsa«colenessqeilby reactintgethe, campouncgf Refehence-Exampte 7 1(1L8ang) and
the compound of Reference Example 74 (428 mg) in the same manner as 5 in Reference Example 20.
151 NMR (CRE13n4001MHZ):.8 th85 (B tdded.3H2)74°28-0.4043Ha01)o k.43 (O Sk 54+1162
(2H, m), 1.75-1.85 (1H, m), 1.88-1.96 (1H, m), 2.60-2.74 (2H, m), 3.42 (3H, s), 3.72 (2H, d,J =6.1
Hz), 4.16 (dE{ br)] 41620 ds) 15024 (2H,(S)] 7.1y . 16 (REIC nh ¥ 220K0(H bin d( I=8.5 Hz),£f428-7.34
(2H, m), 7.34-7.42 (2H, m), 7.44-7.50 (4H, m). ESIMS (+): 586 [M+H]2. <Reference Example 83>

(5)-2-t-butexycashanytaminor 444« h-bemayloxy=24yditaxyphenylt 15n was stirred at -78°C
hdo)-2- chlorophenyl] -2-propylbutan-1-ol [0407]
for 30minutes. Then, asolutionof the compoundof Reference Example

67 (111 mg) in tetrahydrofuran (1 mL) was added to the reaction
solution. The reaction solution was stirred at -78°C for 2 hours,
andthen stirred for 2 hours at normal temperature. Then, asaturated
ammoniumchloride agqueous solutionwas added to thereactionsolution,
10 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
15 purifiedby silica gel column chromatography (hexane : ethyl acetate
=2 : 1, and then ethyl acetate) to obtain the target product (160
mg) as a colorless oil.
'H NMR (CDCls, 400 MHz): & 1.44 (3H, s), 1.46 (9H, s), 1.90 (1H,
td, J =12.2, 4.9 Hz), 2.06-2.17 (1H, m), 2.61-2.78 (2H, m), 3.41
20 (3H, s), 3.73 (6H, d, J =11.0 Hz), 4.65 (1H, br s), 5.25 (2H, s),
5.70 (1H, t, J=17.7Hz), 6.82 (1H, dd, J=22.6, 17.7Hz), 7.16-7.18
(2H, m), 7.21 (1H, 4, J = 8.6 Hz), 7.34 (1H, d, J =1.8 Hz), 7.34
(l#, 4, J = 1.8 Hz), 7.48 (1H, dd, J = 8.6, 1.8 Hz).
ESIMS (+): 654 [M+H]"

25 <Reference Example 69>
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[Formula 160] [0408] 20The target product (705 mg) was obtained as a colorless oil by reacting
5-benzyloxy-2-hydroxybenzenethiol (161 mg) and the compound of Reference Example 74 (583 mg)
in the same manner as in Reference Example 20. 5 151 NMR(CDC13,400 MHz):8 0.95(3H,t,J = 7.3
Hz), m),1.43(9H,s),1.52-1.58(2H,m),1.72-1.94(2H, (2H,m),3.71(2H,d,J=6.7HZz),4.15(1H,br),
5.00(2H,s)16.06(t1H;3),6.89(1H,dd,J=8.5, 1.20-1.40(2H, m),2.55-2.70 4.61(1H,br), 1.8Hz),6.99 (1H, d,
J= 8.5 Hz), 7.02-7.07 (2H, m), 7.08-7.12 (2H, m), 7.30-7.42 (5H, m).
(S)-3-t-butoxycarbonylamino-5-[2-chloro-4-(2-methoxymethoxy-5-

trifluoromethylphenylthio)phenyl]-3-methyl-1-pentylphosphonate
[0376]

5 [Formula 145]

FaC S cl
ji:( PO(OMe),

OMOM
NHBoc

[0377]
10% Palladium—active carbon (200 mg) was added to a solution
of the compound of Reference Example 68 (160 mg) in ethyl acetate
10 (16 mL) to form a reaction solution. This reaction solution was,
under hydrogen purging, stirred for 20 hours at normal temperature.
Thereactionsolutionwas filtratedusingCelite, andthenthe solvent
was removed by distillation. The resultant residue was purified
by silica gel column chromatography (hexane : ethyl acetate = 2 :
15 1) to obtain the target product (150 mg) as a colorless oil.
'H NMR (CDCls, 400 MHz): & 1.30 (3H, s), 1.46 (9H, s), 1.77-1.86
(4H, m), 2.04-2.15 (1H, m), 2.16-2.28 (1H, m), 2.66-2.82 (2H, m),
3.45 (3H, s), 3.79 (6H, d, J =11.0 Hz), 4.44 (1H, br s), 5.30 (2H,
s), 7.17-7.28 (3H, m), 7.38-7.42 (2H, m), 7.52 (1H, dd, J = 7.9,
20 2.4 Hz).

ESIMS (+): 656 [M+H]".
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ESIMS (+): 572 [M+H]2. <Reference Example 84> 10
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxy-5-trifluo
romethylphenylthio)pheny1]-2-butylbutan-1-ol [0409] [Formula 161] 15[0410] The target product
(479 mg) was obtained as a colorless oil by reacting the compound of Reference Example 19 (230
mg) and thercaompdundlGfiReference Example 75 (400 mg) in the same manner as in Reference
Example 20. 20 151 NMR (CDC13, 400 MHz): 8 0.94 (3H, t, J = 7.3 Hz), 1.20-1.40 (4H, m), 1.44 (9H,
s), 1.57-1.62 &2H,]m), 1.78-1.88 (1H, m), 1.90-2.00 (1H, m), 2.60-2.78 (2H, m), 3.74 (2H,d, J = 6.7
Hz), 3.92 (3H, s), 4.20 (1H, br), 4.63 (1H, br), 6.95 (1H, d, J= 8.6 Hz), 7.15-7.21 (2H, m), 7.31-7.35
(2H, m), 7.43)784 £1H noy SESIMS H{+ ) 5624 MtH]Ry <Referehee Exampter 862 Bhy lphenylth
(5)-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-trif
luoromethylpherhdthio) 12-shioedghehyd h2sbipylbatamekrcl §04t]dFormula 162]

5 [0379]

[Formula 146]

oH PO(OH),

NH,

[0380]
The target product (19 mg) was obtained as a white powder by

10 reacting the compound of Reference Example 69 (70 mg) in the same

manner as in Example.

Optical rotation: [a]DE)—14.62 (c 0.11, MeOH).

'H NMR (DMSO-dg—dTFA, 400 MHz): & 1.23 (3H, s), 1.37-1.52 (2H, m),

1.64-1.86 (4H, m), 2.56-2.70 (2H, m), 7.08 (2H, 4, J = 8.6 Hz),
15 7.21 (1H, s), 7.24-7.33 (l1H, m), 7.41 (1H, s), 7.51 (1H, d, J =

8.6 Hz).

HRESIMS (+): 484.07277 (484.07260 calcd. for Cj9H3C1FE3NO4PS)

<Reference Example 70>

(25,5R)-2-(4-bromo-2—-chlorophenyl)ethyl-3, 6-dimethoxy-2-propyl
20 -5-isopropyl-2,5-dihydropyrazine

[0381]
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10[0412] The target product (319 mg) was obtained as a colorless oil by reacting the compound
of Reference Example 84 (440 mg) in the 15 same manner as in Reference Example 30. 151 NMR
(CDC13,400 MHz):8 0.93(3H,t,J = m),1.44(9H,s),1.54(9H,s),1.56-1.62

m),1.90-1.97(1H,m),2.60-2.80(2H,m), 7.3Hz), (2H,m), 3.73(2H, 1.20-1.40(4H, 1.77-1.87(1H, d,J =6.1
Hz), 4.13 [Formula 147]

Br cl k
OMe

[0382]

The target product (8.01 g) was obtained as a colorless oil
5 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

10 (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 (34, s), 3.95 (1, d, J =3.0 Hz), 7.01
(14, 4, § = 7.9 Hz), 7.27 (1H, dd, J = 7.9, 1.8 Hz), 7.46 (1H, d,
J = 1.8 Hz).

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

15 <Reference Example 71>
(2S5,5R)-2-(4-bromo—-2-chlorophenyl)ethyl-2-butyl-3,6-dimethoxy-
5-isopropyl-2,5-dihydropyrazine
[0383]

[Formula 148]
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(1H, br),4.62(1H,br), 7.20(2H,m), 7.30 (1H,d, J = 8.6 Hz), 7.39 (1H,s),7.47(1H,d, J = 1.8 Hz), 7.53
(1H,dd, J = 8.6, 1.8 Hz).

10

15

Br Cl
. OMe
= N
Nﬁ).,,
OMe r
[0384]

The target product (2.52 g) was obtained as a colorless oil
by reacting
(5R) -2-butyl-3, 6-dimethoxy-5-isopropyl-2, 5-dihydropyrazine
(3.83 g) in the same manner as in Reference Example 1.
'"H NMR (CDCls;, 400 MHz): & 0.71 (3H, d, J = 6.7 Hz), 0.85 (3H, t,
J=7.3 Hz), 0.94-1.06 (1H, m), 1.11 (3H, d, J=6.7 Hz), 1.12-1.30
(3, m), 1.57-1.64 (1H, m), 1.74-1.84 (2H, m), 1.98 (1H, dt, J =
12.2, 4.9 Hz), 2.30-2.45 (3H, m), 3.70 (3H, s), 3.71 (3H, s), 3.95
(1, 4, J = 3.7 Hz), 7.00 (1H, 4, J = 8.6 Hz), 7.25-7.29 (1lH, m),
7.46 (1H, 4, J = 1.8 Hz).
EIMS (+): 456 [M]”
<Reference Example 72>
Methyl
(S)—-4-(4-bromo—-2-chlorophenyl)-2-t-butoxycarbonylamino-2-propy
lbutyrate
[0385]

[Formula 149]
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20 ESIMS (+): 648 [M+H]2. <Reference Example 86>
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
propylphenylthio)pheny1]-1-dimethoxyphosphoryloxy-2-propylbuta ne [0413] [Formula 163] The
target product (1.90 g) was obtained as a colorless oil by reacting the compound of Reference

Example 785.2 t@F samejmanner as in Reference Example 35. 10 151 NMR (CDC13, 400
MHz): 8 0.90 ( .3 Hz),D.95 (3H, t, J =7,3 Hz), 1.30-1.40 (2H, m), 1.43 (9H, s), 1.52-1.60
(2H, m), 1.61-1. #2-1.82 (1H, m), 1.85-2.05 (1H, m), 2.48 (2H, t, J = 7.3 Hz), 2.66 (2H, t,

J=8.6 Hz), 3.39 ,S), 3.7 BCaMe= 11.0 Hz), 3.78 (3H, d, J = 11.0 Hz), 4.06-4.14 (1H, m), 4.23
15(1H, dd, J = 10.3, 4.9 Hz), pBE&EH, br), 5.16 (2H, s), 7.06-7.12 (5H, m), 7.22 (1H, d, J = 1.8 Hz).
ESIMS (+): 660 [M+H]2. <Reference Example 87>
(5)-2-t-butaxyeafdonylamino-4-[2-chloro-4-(2-methoxymethoxy-5- 20
isopropylphenylthio)pheny1]-1-dimethoxyphosphoryloxy-2-propylb utane [0415] [Formula 164]
The target product (35.6 g) was obtained as a colorless oil
by reacting the compound of Reference Example 70 (53.4 g) in the
5 same manner as in Reference Example 4.
'H NMR (CDCl;, 400 MHz): & 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 (lH, m), 2.42 (1H, ddd, J
=13.9, 11.5, 4.8 Hz), 2.49-2.60 (lH, m), 2.64 (1H, td, J = 13.9,
10 4.8 Hz), 3.74 (3H, s), 5.62 (1H, br s), 7.03 (1H, d, 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 73>
Methyl
15 (S)-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino-2-butyl
butyrate

[0387]

[Formula 150]

Br. Cl /(

£_CO,Me
NHBoc

20 [0388]
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The target product (687 mg) was obtained as a colorless oil 5 by reacting the compound of Reference
Example same manner as in Reference Example 35. 151 NMR(CDC13,400 MHz):8 0.95(3H,t,J =7.2
79(650 mg)in the Hz),1.18(6H,d, J = 6.8Hz), 1.20-1.40(4H,m),1.44 (9H, s), 1.58-1.82 (2H,m), 2.66

(2H,

10

15

20

The target product (1.26 g) was obtained as a colorless oil
by reacting the compound of Reference Example 71 (2.52 g) in the
same manner as in Reference Example 4.

'"H NMR (CDCls;, 400 MHz): 8 0.87 (3H, t, J =6.7 Hz), 0.95-1.02 (1H,
m), 1.22-1.32 (3H, m), 1.46 (9H, s), 1.65-1.75 (1H, m), 2.00-2.10
(l1H, m), 2.22-2.34 (1H, m), 2.38-2.48 (1H, m), 2.50-2.70 (2H, m),
3.75 (3H, s), 5.62 (1H, br), 7.02 (1H, d, J = 8.6 Hz), 7.28 (1H,
dad, J = 8.6, 2.4 Hz), 7.47 (1H, d, J = 2.4 Hz).

ESIMS (+): 462 [M+H] .

<Reference Example 74>
(S)-2-[2-(4-bromo-2-chlorophenyl)ethyl]-2-t-butoxycarbonylamin
opentan-1-o0l

[0389]

[Formula 151]

[0390]

The target product (28.6 g) was obtained as a white powder
by reacting the compound of Reference Example 72 (35.6 g) in the
same manner as in Reference Example 5.

'y NMR (CDCl1l;, 400 MHz): & 0.96 (3H, t, J = 7.3 Hz), 1.29-1.42 (2H,
m), 1.44 (94, 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 (Z2H,
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t, J=8.4Hz),2.82(1H, sept, J = 6.8Hz), 3.39(3H, s), 3.77 (3H, d,J = 11.0 Hz),3.78(3H,d, J = 11.0 Hz),
4.08-4.14 10 (1H, m), 4.20-4.26(1H,m),4.50(1H, br),
m), 3.73 (2H, 4, J = 6.7 Hz), 4.15 (1H, br s), 4.62 (1H, br s),
7.11 (14, 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]".

5 <Reference Example 75>
(S)-2-[2-(4-bromo-2-chlorophenyl)ethyl]-2-t-butoxycarbonylamin
ohexan-1-ol
[0391]

[Formula 152]

10
[0392]

The target product (1.17 g) was obtained as a white powder
by reacting the compound of Reference Example 73 (1.26 g) in the
same manner as in Reference Example 5.

15 'H NMR (CDCls, 400 MHz): & 0.93 (3H, t, J =7.3 Hz), 1.30-1.40 (4H,
m), 1.44 (9H, s), 1.58-1.62 (2H, m), 1.78-1.86 (1H, m), 1.88-1.94
(1H, m), 2.60-2.72 (2H, m), 3.73 (2H, d, J = 6.2 Hz), 4.13 (1H,
br), 4.62 (1H, br), 7.10 (1H, 4, J = 8.6 Hz), 7.31 (1lH, dd, J =
8.6, 2.4 Hz), 7.49 (1H, d, J = 2.4 Hz).

20 ESIMS (+): 434 [M+H]".
<Reference Example 76>

5-t-Butyl-2- (methoxymethoxy)benzenethiol
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5.16 (2H,s), 7.02-7.20 (5H, m), 7.23 (1H,d,J=1.6Hz). = ESIMS (+): 660 [M+H]2. <Reference Example

88> (5)-2-t-butoxycarbonylamlno-4-[2-chloro-4-(5-cyclopropyl-2-met 15

hoxymethoxyphenylthdo)pheny1]-1-ddmethoxyphosphoryloxy-2-propy lbutane [0417] [Formula 165]
[0393]

[Formula 153]

SH

OMOM

[0394]

5 The target product (3.78 g) was obtained as a colorless oil
by reacting l-t-butyl-4- (methoxymethoxy)benzene (10.0 g) in the
same manner as in Reference Example 9.

'"H NMR (CDCl;, 400 MHz): & 1.27 (9H, s), 3.51 (3H, s), 3.78 (1H,

br), 5.22 (24, s), 7.01 (1H, 4, J = 8.6 Hz), 7.09 (1H, dd, J = 8.6,
10 1.8 Hz), 7.26 (l1H, d, J = 1.8 Hz).

EIMS (+): 226 [M]".

<Reference Example 77>

2— (Methoxymethoxy)-5-phenylbenzenethiol

[0395]

15 [Formula 154]

[0396]
The target product (4.58 g) was obtained as a colorless oil
by reacting 4- (methoxymethoxy)biphenyl (10.0 g) in the same manner

20 as in Reference Example 9.
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[0418] The target product (622 mg) was obtained as a colorless oil by reacting the compound of
Reference Example 80 (710 mg) in the same manner as in Reference Example 35. 5 151 NMR
(CDC13, 400 MHz): 8 0.55-0.60 (2H, m), 0.85-0.90 (2H, m), 0.95 (3H, t, J= 7.3 Hz), 1.30-1.40 (2H, m),
1.44 (9H, s), 1.54-1.68 (2H, m), 1.72-1.84 (2H, m), 1.95-2.05 (1H, m), 2.66 (2H, t, J = 8.6 Hz), 3.38
(3H, s), 3.7 (3MRrd, (> 5L D HZ)p3178-(BH, 81, 3.5 11.03H7), 4 11 (LK edd, 135 953, ,4.9 Hz), 4.28,(1H,
dd, J=9.7,10 4.9 Hz), 4.50 (1H, br), 5.14 (2H, s), 6.96 (1H, dd, J = 8.6, 2.4 Hz), 6.99 (1H,d, J=2.4
Hz), 7.02-&12 (3H1M),(1.23 (dH, d, 3 =51.8 Hiz)) ESIMS(+)..6B8 [M+HH]2n KReTerghed ExXample 89> 15
(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-t-butyl-2-methoxy
methoxyphenylthio¥}ghenyd$-1difhethoxyphosphoryloxy-2-propylbut ane [0419] [Formula 166] The
target product (308 mg) was obtained as a colorless oil 5 by reacting the compound of Reference
Example 82{400D ry)in tAé samiél manner as in Reference Example 35. 151 NMR(CDC13,400 MHz):8
0.95(3H,t,J =7.3Hz),1.26(9H,s), 1.30-1.40(2H,m),1.44(9H,s),1.60-1.80(3H,m),1.90-2.05(1H,
5 <Reference Example 78>

(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (2-methoxymethoxy-5-

propylphenylthio)phenyl]-2-propylbutan-1-ol

[0397]

[Formula 155]

10

[0398]

The target product (2.90 g) was obtained as a colorless oil
by reacting the compound of Reference Example 11 (2.00 g) and the
compound of Reference Example 74 (1.21 g) in the same manner as

15 in Reference Example 20.
'H NMR (CDCls, 400 MHz): & 0.90 (3H, t, J = 7.3 Hz), 0.95 (3H, t,
J = 7.3 Hz), 1.30-1.40 (2H, m), 1.44 (9H, s), 1.55-1.60 (2H, m),
1.74-1.84 (2H, m), 1.88-1.94 (2H, m), 2.48 (2H, t, J = 7.3 Hz),
2.60-2.70 (2, m), 3.39 (3H, s), 3.73 (2H, 4, J = 6.1 Hz), 4.1¢6
20 (l1H, br), 4.62 (1H, br), 5.16 (24, s), 7.05-7.08 (3H, m), 7.09-7.10
(1H, m), 7.11-7.13 (1H, m), 7.22-7.24 (1H, m).

ESIMS (+): 552 [M+H]".
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m),2.62-2.76(2H,m),3.38(3H,s),3.77(3H,d,J=11.0Hz),
3.78(3H,d,J=11.0Hz),4.09-4.14(1H,m),4.23(1H,dd,J= 9.8,4.0Hz),4.49(1H,br),5.16(2H,s),7.05(1H,dd,J
=8.0, 1.8Hz),7.08-7.12(2H,m),7.21(1H,d,J=1.8Hz),7.30(1H, dd,J=8.6,2.4Hz),7.33(1H,d,J=2.4Hz). 10
ESIMS (+): 674 [M+H]2. <Reference Example 90>
(5)-2-t-butesreahonytamibad:f2-ehlofo-4-(2-methoxymethoxy-5-
bdphenylthdo)pheny1]-1-ddmethoxyphosphoryloxy-2-propylbutane [0421] 15 [Formula 167]
The target psoduct {4211 g weas dbtainetdrd s a-coloressiolldyoreactiag the compoenth ok Reference
Example 82 (360 mg) in the 20 same manner as in Reference Example 35. 151 NMR (CDC13, 400
MHz): 8 0.95 ¢3H oty Y Ip A 2), 1i30-0188(2H, M), A4 (OB un i l-66-4170 (2H, m), 1.72-1.82 (1H,
m), 1.85-2.02 (1H, m), 2.62-2.72 (2H,m),3.42(3H,s), 3.77(3H,d,J=

[0399]

5 [Formula 156]

[0400]
The target product (770 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 12 (350 mg) and the
10 compound of Reference Example 74 (584 mg) in the same manner as
in Reference Example 20.
'"H NMR (CDCls, 400 MHz): & 0.95 (3H, t, J = 7.3 Hz), 1.18 (6H, d,
J=6.7 Hz), 1.30-1.40 (2H, m), 1.44 (9H, s), 1.45-1.60 (2H, m),
1.75-1.83 (1H, m), 1.86-1.95 (1H, m), 2.59-2.71 (2H, m), 2.82 (1lH,
15 sept, J =6.7 Hz), 3.39 (3H, s), 3.70-3.72 (2H, m), 4.19 (1H, br),
4.63 (1H, br), 5.16 (2H, s), 7.08-7.16 (5H, m), 7.23 (1H, 4, J =
1.8 Hz).
ESIMS (+): 552 [M+H]".
<Reference Example 80>
20 (S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyclopropyl—-2-met
hoxymethoxyphenylthio)phenyl]-2-propylbutan-1-ol

[0401]
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11.0 Hz), m), 3.78 4.50 (3H, (1H, d,J =11.0Hz),4.09-4.14 br),5.23(2H,s),7.10-7.17 (1H,m),4.20-4.28
(2H,m),7.20-7.25 (1H, (1H, m), 7.28-7.34 (2H, m),7.36-7.43(2H,m), 7.45-7.51(4H,m). 5 ESIMS (+):
694 [M+H]2.

[Formula 157]

OMOM OH

[0402]
The target product (760 mg) was obtained as a colorless oil
5 Dby reacting the compound of Reference Example 13 (350 mg) and the
compound of Reference Example 74 (584 mg) in the same manner as
in Reference Example 20.
'"H NMR (CDCl;, 400 MHz): 8 0.55-0.60 (2H, m), 0.85-0.92 (2H, m),
0.95 (3H, t, J=7.3Hz), 1.30-1.40 (2H, m), 1.44 (SH, s), 1.52-1.60

10 (2H, m), 1.72-1.85 (2H, m), 1.91 (1H, dt, J=11.6, 5.5Hz), 2.60-2.75
(2H, m), 3.38 (3H, s), 3.73 (2H, 4, J = 6.1 Hz), 4.18 (1H, br),
4.63 (1H, br), 5.15 (24, s), 6.96 (1H, dd, J = 8.6, 2.4 Hz), 6.99
(1, 4, J = 2.4 Hz), 7.02-7.12 (3H, m), 7.23 (1H, 4, J = 1.8 Hz).
ESIMS (+): 550 [M+H]".

15 <Reference Example 81>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-t-butyl-2-methoxy
methoxyphenylthio)phenyl]-2-propylbutan-1-ol
[0403]

[Formula 158]
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<Reference Example 91> (5)-4-[4-(5-benzyloxy-2-hydroxyphenylthdo)-2-chlorophenyl]-2-t
-butoxycarbonylamlno-1-ddmethoxyphosphoryloxy-2-propylbutane [0423] 10 [Formula 168] The
target product (445 mg) was obtained as a colorless oil by reacting the compound of Reference
Example 83 (450 mg) in the 15 20 same manner as in Reference Example 35. 151 NMR(CDC13,400
MHz):8 0.94(3H,t,J =7.3 Hz),1.28-1.38(2H, m),1.43(9H,s),1.58-1.68(2H,m),1.72-1.82(1H,m),1.90-2.05

(1H,m),2.58 8(2H m),3.77(3H, d J=11.0Hz),8.78(3H,

d,J=11.0Hz) Qé;4 55

Hz),5.00(2H, s) 6. 4Hz),

6.99(1H,d,J=8.0Hz B3tYHMN), 7.35-7.42(4H,m). ESIMS (+): 680 [M+H]2.

<Reference Example 92 lamino-4-[4-(2-t-butoxycarbonyloxy-5-trif

Iuoromethylphenylthio)-2-ch|oropheny1] 1- xyphosphorylox 5 y-2-butylbutane [0425]
[0404]

The target product (532 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 76 (269 mg) and the
5 compound of Reference Example 74 (428 mg) in the same manner as
in Reference Example 20.
'"H NMR (CDCls;, 400 MHz): 8 0.95 (3H, t, J = 7.3 Hz), 1.26 (9H, s),
1.28-1.40 (2H, m), 1.43 (9H, s), 1.50-1.61 (2H, m), 1.72-1.82 (1H,
m), 1.84-1.96 (1H, m), 2.58-2.72 (2H, m), 3.38 (3H, s), 3.72 (2H,
10 4, J = 6.7 Hz), 4.18 (1H, br), 4.62 (1H, br), 5.16 (2H, s), 7.06
(l1H, dd, J = 8.6, 1.8 Hz), 7.07-7.14 (2H, m), 7.21 (1H, 4, J =1.8
Hz), 7.30 (1H, dd, J = 8.6, 3.0 Hz), 7.33 (l1H, 4, J = 3.0 Hz).
ESIMS (+): 566 [M+H]'
<Reference Example 82>
15 (S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
biphenylthio)phenyl]-2-propylbutan-1-ol
[0405]

[Formula 159]




[Formula 169] [0426] 10The target product (258 mg) was obtained as a colorless oil 15 by reacting
the compound of Reference Example 85(260 mg)in the same manner as in Reference Example 35.
151 NMR(CDC13,400 MHz):8 0.93(3H,t,J =7.3 Hz),1.27-1.40(4H,
m),1.44(9H,s),1.54(9H,s),1.62-1.70(2H,m),1.77-1.84(1H,
m),1.96-2.04(Attm),2.64-2.74(2H,m),3.77(3H,d,J=11.0
Hz),3.78(3H,d,J=11.0Hz),4.08-4.14(1H,m),4.20-4.27(1H, m),7.19(2H,m),7.30(1H,d,J
=8.6Hz),7.39(1H,s) A& A 3Hgd J71-8d z)cE. SB{DH, day)=8.651 8hizd.1 ESIMSs (+): I&BdMHdH2. 201
[Example 18]
by reacting the compound of Reference Example 77 (118 mg) and the
compound of Reference Example 74 (428 mg) in the same manner as
5 in Reference Example 20.
'H NMR (CDClj;, 400 MHz): & 0.95 (3H, t, J = 7.3 Hz), 1.28-1.40 (2H,
m), 1.43 (9H, s), 1.54-1.62 (2H, m), 1.75-1.85 (1H, m), 1.88-1.96
(1H, m), 2.60-2.74 (2H, m), 3.42 (3H, s), 3.72 (2H, d, J =6.1 Hz),
4.16 (1H, br), 4.62 (1H, br), 5.24 (2H, s), 7.14-7.16 (2H, m), 7.22
10 (1#, d, J=8.6Hz), 7.28-7.34 (2H, m), 7.34-7.42 (2H, m), 7.44-7.50
(4H, m).
ESIMS (+): 586 [M+H]".
<Reference Example 83>
(S)-2-t-butoxycarbonylamino-4-[4-(5-benzyloxy-2-hydroxyphenylt
15 hio)-2-chlorophenyl]-2-propylbutan-1-ol

[0407]

[Formula 160]

[0408]
20 The target product (705 mg) was obtained as a colorless oil
by reacting 5-benzyloxy-2-hydroxybenzenethiol (161 mg) and the

compound of Reference Example 74 (583 mg) in the same manner as
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[0427] (5)-2-amIno-4-[2-chloro-4-(2-hydroxy-5-propylphenylthdo)phenyl ]-2-propylbutylphosphoric acid
monoester [0428] [Formula 170] The compound of Reference Example 86 (1.90 g) was dissolved
in 10% hydrogen chloride -methanol (19 mL) to form a first reaction solution. This first reaction solution
was stirred at 40C for 3 hours. The solvent in the first reaction solution was removed by 10 distillation
under reducedpéessurecand entelsaltant.residue was dissolved in acetonitrile (20 mL). Under an
argon atmosphere, iodotrimethylsilane (1.85 mL) was added dropwise under ice cooling to the
acetonitrile' solution (loform, a second reacton sofutia ,This secend.reactipn solwipmwas stiped under
ice cooling for 15 30 minutes. Water (80 mL) was added to the second reaction solution, and the
reaction sotutiorl wés stivied endericeobling faLd further 30 Mindte34 Therilymproducbwas thién
separated by decantation. The obtained oily product was dried, and then recrystallized in
acetonitriletterahydrofdranl Thefsolid,oblamed.fromizhe 20.retrystallizétion was dissolved inra 0.5
mol/L sodium hydroxide aqueous solution (10.0 mL), and 1.0 mol/L hydrochloric acid was then added
to the résuftaftOsoldtion t adjusfthe(@H to3) The.89 (1H, dd, J = 8.5, 1.8 Hz), 6.99
precipitatedsolidwasremovedbyfiltrationandthendriedtoobtain the target product (1.00 g) as a white
powder. Optidal diation: JUP 226)2.00- (£20.310M&0H). 1561 NMRYDMS0-0161,400 MHAzP B8-0.8243H, t,
J=7.3Hz),0.88(3H,5t,J=7.3Hz), 1.20-1.35 (2H, m), 1.43-1.60 (4H, m), 1.64-1.76 (2H, m), 2.41
(2H, t, J = T3z R:54-2.66 (2H, m), 3.65-3.85 (2H, m), 6.87 (1H, d, J = 8.6 Hz), 6.98-7.04 (2H, m),
7.05-7.09 (2H, m), 7.24 (1H, d, J = 8.6 Hz). HRESIMS (+): 488.1430 (488.1427 calcd. for
02251320 EN0513S)(10 Elémeéntaianalysis: measured C 52.49%, H 6.24%, N 2.79%, calcd. for
C225132C1NO5PS. 0.75H20 C 52.69%, H 6.53%, N 2.79%. [Example 19] [0430]
(5)-2-amincRe2eekiBrRR4 H2Z4yRitexyS53-isopropylphenylthio)phe 15 ny1]-2-propylbutylphosphoric acid
monoester [0431]

10 (S)-2-t-butoxycarbonylamino-4-[2-chloro—-4-(2-methoxy-5-trifluo

romethylphenylthio)phenyl]-2-butylbutan-1-o0l
[0409]

[Formula 161]

FSCUS

OMe

15 [0410]

The target product (479 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 19 (230 mg) and the
compound of Reference Example 75 (400 mg) in the same manner as
in Reference Example 20.

20 'H NMR (CDCls, 400 MHz): &6 0.94 (3H, t, J = 7.3 Hz), 1.20-1.40 (4H,
m), 1.44 (9H, s), 1.57-1.62 (2H, m), 1.78-1.88 (1H, m), 1.90-2.00

(1H, m), 2.60-2.78 (2H, m), 3.74 (2H, 4, J = 6.7 Hz), 3.92 (3H,
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[Formula 171] [0432] 20The target product (376 mg) was obtained as a white powder by reacting the
compound of Reference Example 87 (640 mg) in the same manner as in Example 1. Optical rotation:
[U]p25 -2.08 (c 0.50, MeOH). 151 NMR (DMS0-016, 400 MHz): 8 0.87 (3H, t, J = 7.3 Hz), 1.11 (6H, d,
J=6.7 Hz), 1.20-1.40 (2H, m), 1.45-1.60 (2H, m), 1.68 (2H, br), 2.59 (2H, br), 2.76 (1H, sept, J = 6.7
Hz), 3.70-%382 (2H, ® 01)i6.82 (1H4 d6 3 < 81 H»)) 6.95-70% (2H,dn),J746-7618{2H, m), =24 ¢1H, d, J
= 8.4 Hz). HRESIMS (+): 488.1433 (488.1427 calcd. for 022513201N05PS) Elemental analysis:
measured C251.98%, H 638%,.N 2.62%, calcd. for £225132CINO5SRS..H20 C 52.22%, H 6.18%, N
2.77%. 10 [Example 20] [0433] (5)-2-amino-4-[2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
heny1]-2-pESgyisutylphosphérid Heitl Imonoester [0434] 15 [Formula 172]

10

15

20

<Reference Example 85>
(S)—-2-t-butoxycarbonylamino-4-[4-(2-t-butoxycarbonyloxy-5-trif
luoromethylphenylthio)-2-chlorophenyl]-2-butylbutan-1-ol
[0411]

[Formula 162]

F.C s cl /(

Boc OH
NHBoc

[0412]

The target product (319 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 84 (440 mg) in the
same manner as in Reference Example 30.

'H NMR (CDCls, 400 MHz): & 0.93 (3H, t, J = 7.3 Hz), 1.20-1.40 (4H,
m), 1.44 (9H, s), 1.54 (9H, s), 1.56-1.62 (2H, m), 1.77-1.87 (1H,
m), 1.90-1.97 (1H, m), 2.60-2.80 (2H, m), 3.73 (2H, d, J =6.1 Hz),
4.13 (1H, br), 4.62 (1H, br), 7.20 (2H, m), 7.30 (1H, d, J = 8.6
Hz), 7.39 (1H, s), 7.47 (1H, d, J =1.8 Hz), 7.53 (1H, dd, J = 8.6,
1.8 Hz).

ESIMS (+): 648 [M+H] .

<Reference Example 86>

(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (2-methoxymethoxy-5-
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The target product (314 mg) was obtained as a white powder by reacting the compound of Reference
Example 88 (622 mg) in the 20 same manner as in Example 1. Optical rotation: [a]D26 1.68 (c 0.50,
MeOH). 151 NMR (DMSO-d6, 400 MHz): 8 0.50-0.58 (2H, m), 0.80-0.87 (2H, m), 0.91 (3H,t,J=7.4
Hz), 1.28-1.40 (2H, m), 1.50-1.63 (2H, m), 1.68-1.76 (2H, m), 1.78-1.88 (1H, m), 2.58-2.70 (2H, m),
3.70-3.84 (@thww)l prh(1H, d, J) o Behkz), 6196 (e toich <)y p 180k dh8 HZ) o 2007707 (8 1 m) £ 2.28 (1H,
d, J=8.0 Hz). HRESIMS (+): 486.1276 (486.1271 calcd. for 022H3001NO5PS). 5 Elemental analysis:
measured £52.06%, H 5.97%, N 2.64%, calcd. for C885189C1NO5PS. 1.25180 C 52.06%, H 5.76%,
N 2.76%. [Example 21] [0436] (5)-2-amino-4-[4-(5-t-butyl-2-hydroxyphenylthio)-2-chloropheny 10
1]-2-propylbatylphosphoric acid monoester [0437] [Formula 173] [0438] 15The target product (157

mg) was obtained as a white powder
[Formula 163]

[0414]

The target product (1.90 g) was obtained as a colorless oil
by reacting the compound of Reference Example 78 (2.90 g) in the
same manner as in Reference Example 35.

10 'H NMR (CDCls, 400 MHz): & 0.90 (3H, t, J = 7.3 Hz), 0.95 (3H, t,
J=7,3 Hz), 1.30-1.40 (2H, m), 1.43 (9H, s), 1.52-1.60 (2H, m),
1.61-1.71 (2H, m), 1.72-1.82 (1H, m), 1.85-2.05 (1H, m), 2.48 (2H,
t, J=7.3 Hz), 2.66 (2H, t, J = 8.6 Hz), 3.39 (3H, s), 3.77 (3H,
d, J=11.0 Hz), 3.78 (3H, d, J =11.0 Hz), 4.06-4.14 (1H, m), 4.23

15 (1H, dd, J =10.3, 4.9 Hz), 4.50 (1H, br), 5.16 (2H, s), 7.06-7.12
(5H, m), 7.22 (1H, d, J = 1.8 Hz).

ESIMS (+): 660 [M+H]".
<Reference Example 87>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-

20 disopropylphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-propylb
utane
[0415]

[Formula 164]

169



by reacting the compound of Reference Example 89 (308 mg) in the same manner as in Example 1.
Optical rotation: [U]s26 1.94 (c 0.53, MeOH). 151 NMR (DMS0-016, 400 MHz): 8 0.87 (3H,t,J=7.3
Hz), 1.19 (9H, 20 s),1.20-1.35(2H,m),1.45-1.60(2H,m),1.62-1.74(2H,m),2.55-2.70 (2H, m), 3.60-3.85
(2H, m), 6.90 (1H, d, J = 8.6 Hz), 6.96-7.04 (2H, m), 7.22-7.30 (3H, m). HRESIMS (+): 502.1582
(502.1584 calcg. for 022H2401N0O5PS) Elemental analysis: measured C 53.85%, H 6.44%, N 2.55%,
calcd. for C22H22C1NO5PS. 0.5H20 C.54.06%, H 6.71%, N 2.74%. [Example 22] 5[0439]

ol

(5)-2-amino«#- ‘ iphenyl i0)phenyl]-2- propylbutylphosphoric acid monoester

[0440] [Formula 1 J¢t product219 mg) was obtained as a white powder by reacting
the compound of RaferERce EXagmeae- (I8 m manner as in Example 1. 15 Optical
rotation: [U]s26 1.32 (c 08M&bH). 151 NMR (DMS0- ?@1 MHz): 8 0.86 (3H, t, J = 7.3 Hz),
1.20-1.35 (2H, m), 1.45-1.62 (2H, m), 1.64-1. @‘Pﬂ m), 2.58-2.68 (2H, m), 3.68-3.80 (2H, m),
7.03-7.10 (2H, m), 7.13 (1H, d, J = 1.8 Hz), 7.22-7.30 (2H, m), 7.38 (2H, t, J = 8.0 Hz), 7.48-7.58 (4H,
m). 20 HRESIMIS I(+): 522.1275 (522.1271 calcd. for C25H30C1NO5PS). Elemental analysis:
measured C 56.58%, H 5.52%, N 2.38%, calcd. for C255129C1NO5PS. 0.55120 C 56.55%, H 5.69%,
N 2.64%. [Exampl€ 28] [Cx42¢ {5)-2 amnind-4-f4 (5 hehzyloxy-2-hydroxgphenglthio}-2=dierophiel
ny1]-2-propylbutylphosphoric acid monoester

by reacting the compound of Reference Example 79 (650 mg) in the

.

5 same manner as in Reference Example 35.
'"H NMR (CDCls, 400 MHz): & 0.95 (3H, t, J = 7.2 Hz), 1.18 (6H, d,
J=6.8 Hz), 1.20-1.40 (4H, m), 1.44 (9H, s), 1.58-1.82 (2H, m),
2.66 (24, t, J = 8.4 Hz), 2.82 (1lH, sept, J = 6.8 Hz), 3.39 (3H,
s), 3.77 (34, d, J =11.0 Hz), 3.78 (3H, d, J =11.0 Hz), 4.08-4.14
10 (l1H, m), 4.20-4.26 (1H, m), 4.50 (1H, br), 5.16 (2H, s), 7.02-7.20
(5H, m), 7.23 (l1H, d, J = 1.6 Hz).
ESIMS (+): 660 [M+H]".
<Reference Example 88>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyclopropyl-2-met
15 hoxymethoxyphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-propy
lbutane
[0417]

[Formula 165]
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5[0443] [Formula 175] The target product (210 mg) was obtained as a white powder 10 by
reacting the compound of Reference Example 91 (430 mg) in the same manner as in Example 1.
Optical rotation: [U]s26 2.15 (c 0.50, MeOH). 151 NMR (DMSO-d6, 400 MHz): 80.88 (3H, t, J =7.3 Hz),
1.22-1.38 (2H, m), 1.46-1.62 (2H, m), 1.66-1.80 (2H, m), 2.56-2.70 (2H, m), 3.70-3.82 15(2H, m), 4.96
(2H, s), 6.8@HE 1d, J = 3.1 Hz), 6.85 (1H, d, J = 8.6 Hz), 6.90 (1H, dd, J = 8.6, 3.1 Hz), 7.07 (1H, dd, J
=8.0, 1.8 Hz), 7.11 (1H, d, J = 1.8 Hz), 7.24-7.38 (6H, m). HRESIMS (+): 552.1384 (552.1377 calcd.
for 026512201N06PS). Etementabandlysis: measungd G 54.89%akt=838s N 2:52%; taked. 20 for
C26H22C1NO6PS. H20 C 54.78%, H 5.48%, N 2.46%. [Example 24] [0445]
(5)-2-aminb4-[2=ehlbiigx4- (Rkhy droxy-Sitrifluoronrethylpbenyltit ig)phéry  R2-butylbutylphosphokc acid
monoester [0446] [Formula 176] The target product (90 mg) was obtained as a white powder by
reacting theaxompoumnaeof ReferendeExamplecdZ(250hg) ibthe same manner as in Example 1.

5 'H NMR (CDCli, 400 MHz): & 0.55-0.60 (2H, m), 0.85-0.90 (2H, m),
0.95 (3H, t, J=7.3 Hz), 1.30-1.40 (2H, m), 1.44 (SH, s), 1.54-1.68
(2H, m), 1.72-1.84 (2H, m), 1.95-2.05 (1H, m), 2.66 (2H, t, J =
8.6 Hz), 3.38 (3H, s), 3.77 (3H, 4, J = 11.0 Hz), 3.78 (3H, 4, J

11.0 Hz), 4.11 (1H, dd, J = 9.7, 4.9 Hz), 4.23 (1H, dd, J = 9.7,

10 4.9 Hz), 4.50 (1H, br), 5.14 (2H, s), 6.96 (l1H, dd, J = 8.6, 2.4
Hz), 6.99 (l1H, 4, J = 2.4 Hz), 7.02-7.12 (3H, m), 7.23 (1H, d, J
= 1.8 Hz).

ESIMS (+): 658 [M+H]".
<Reference Example 89>

15 (S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-t-butyl-2-methoxy
methoxyphenylthio)phenyl]-1-dimethoxyphosphoryloxy-2-propylbut
ane
[0419]

[Formula 166]

20
[0420]

The target product (308 mg) was obtained as a colorless oil
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10 Optical rotation: [U]s26 1.76 (c 0.50, MeOH). 151 NMR (DMS0-016, 400 MHz): 8 0.86 (3H,t,J=7.3
Hz), 1.20-1.32 (4H,m),1.50-1.64(2H,m),1.68-1.80 (2H,m), 2.60-2.70(2H, m), 3.70-3.80(2H,
m),7.11(2H,m),7.22 (1H,d, J = 1.8Hz), 7.30 (1H,d,J =8.6 Hz),7.40(1H,d,J=
by reacting the compound of Reference Example 81 (400 mg) in the
same manner as in Reference Example 35.
'H NMR (CDCls;, 400 MHz): § 0.95 (3H, t, J = 7.3 Hz), 1.26 (9H, s),
1.30-1.40 (2H, m), 1.44 (9H, s), 1.60-1.80 (3H, m), 1.90-2.05 (1H,
5 m), 2.62-2.76 (2H, m), 3.38 (3H, s), 3.77 (3H, 4, J = 11.0 Hz),
3.78 (34, 4, J = 11.0 Hz), 4.09-4.14 (1H, m), 4.23 (1H, dd, J =
9.8, 4.0 Hz), 4.49 (1H, br), 5.16 (2H, s), 7.05 (1H, dd, J = 8.0,
1.8 Hz), 7.08-7.12 (2H, m), 7.21 (1H, d, J = 1.8 Hz), 7.30 (1H,
dd, J = 8.6, 2.4 Hz), 7.33 (1lH, d, J = 2.4 Hz).
10 ESIMS (+): 674 [M+H]'.
<Reference Example 90>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (2-methoxymethoxy-5-
biphenylthio)phenyl]-1-dimethoxyphosphoryloxy—-2-propylbutane
[0421]

15 [Formula 167]

[0422]
The target product (421 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 82 (360 mg) in the
20 same manner as in Reference Example 35.

'H NMR (CDCls;, 400 MHz): 8 0.95 (3H, t, J = 7.3 Hz), 1.30-1.38 (2H,

m), 1.43 (9H, m), 1.60-1.70 (2H, m), 1.72-1.82 (1H, m), 1.85-2.02
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1.8Hz), 7.52 (1H,dd, J = 15 8.6,1.8Hz). HRESIMS (+): 528.0985 (528.0988 calcd. for
022512201F2NO5PS). Elemental analysis: measured C 47.06%, H 4.92%, N 2.22%, calcd. for
C225126C1F2NO5PS. 1/2H20 C 46.98%, H 5.07%, N 2.61%. [Example 25] 20[0448]
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-carboxyphenylthio)pheny 1]-2-propylbutylphosphoric acid
monoester ( [0#449h[Foruda 1772 (2H, m), 3.42 (3H, s), 3.77 (3H, d, J = 11.0
Hz), 3.78 (3H, d, J =11.0 Hz), 4.09-4.14 (1H, m), 4.20-4.28 (1H,
m), 4.50 (1H, br), 5.23 (2H, s), 7.10-7.17 (2H, m), 7.20-7.25 (1H,
m), 7.28-7.34 (2H, m), 7.36-7.43 (2H, m), 7.45-7.51 (4H, m).
5 ESIMS (+): 694 [M+H]".
<Reference Example 91>
(S)—-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophenyl]-2-t
-butoxycarbonylamino-1l-dimethoxyphosphoryloxy—-2-propylbutane

[0423]

10 [Formula 168]

[0424]
The target product (445 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 83 (450 mg) in the
15 same manner as in Reference Example 35.
'H NMR (CDCl;, 400 MHz): & 0.94 (3H, t, J = 7.3 Hz), 1.28-1.38 (2H,
m), 1.43 (9H, s), 1.58-1.68 (2H, m), 1.72-1.82 (1H, m), 1.90-2.05
(l1H, m), 2.58-2.68 (2H, m), 3.77 (3H, d, J = 11.0 Hz), 3.78 (3H,
d, §J =11.0 Hz), 4.02-4.12 (1H, m), 4.22 (1H, dd, J = 10.4, 5.5
20 Hz), 5.00 (2H, s), 6.07 (1H, s), 6.88 (1H, dd, J = 8.0, 2.4 Hz),
6.99 (1H, 4, J = 8.0 Hz), 7.02-7.12 (4H, m), 7.30-7.38 (1lH, m),

7.35-7.42 (4H, m).
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0 [0450] 5AI moi/L potassium hydroxide aqueous solution (2.00 ml) was added to the compound of
Example 13 (100 mg), and the resultant solution was stirred at 50C for 2 hours. The reaction solution
was cooled to room temperature, and 3 mol/L hydrochloric acid was added to adjust the pH to 6,
whereby a solid precipitated. The 10 precipitated solid was removed by filtration to obtain the target
product (75.91Mg) ds a whitOpdweder] Optical rotation: [U]p25 -5.00 (¢ 0.10, DMSO). 151 NMR
(DMSO-d6, 400 MHz): 8 0.87 (3H, t, J =6.7 Hz), 1.30 (2H, br), 1.53 (2H, br), 1.68 (2H, br), 2.62 (2H,
br), 3.70-3 7524, dbam) 580101, ¢,23= 8.0 Hz), 7.02-7.06 (1H, m), 7.15 (1H, d, J = 1.8 Hz), 7.26
(1H, d, J = 8.6 Hz), 7.65-7.72 (2H, m). HRESIMS (+): 490.0857 (490.0856 calcd. for
C805186CLBO7PS ). ilemental ahalygisameasufed €44 94%5 1t 4:8996,1% @o51% < galbd tfoi £
C805185C1NO7PS. 0.7NaC1 C 45.25%, H 4.75%, N 2.64%. 20 <Reference Example 93>
(5)-2-t-butoxycarioriytamipoet}2-thloro-422améthoxyt&iriflub-1 -dimet hoxyphosphorylox
romethylphenylthio)pheny1]-2-propylbutan-I-ol [0451] [Formula 178]

5 y-2-butylbutane

[0425]

[Formula 169]

[0426]

10 The target product (258 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 85 (260 mg) in the
same manner as in Reference Example 35.

'H NMR (CDCls, 400 MHz): & 0.93 (3H, t, J = 7.3 Hz), 1.27-1.40 (4H,
m), 1.44 (9H, s), 1.54 (9H, s), 1.62-1.70 (2H, m), 1.77-1.84 (1H,

15 m), 1.96-2.04 (1H, m), 2.64-2.74 (2H, m), 3.77 (3H, 4, J = 11.0
Hz), 3.78 (3H, 4, J = 11.0 Hz),4.08-4.14 (1H, m), 4.20-4.27 (1H,
m), 7.19 (2H, m), 7.30 (1H, d, J =8.6 Hz), 7.39 (1H, s), 7.47 (1H,
d, § =1.8 Hz), 7.53 (l1H, dd, J = 8.6, 1.8 Hz).

ESIMS (+): 756 [M+H]'.

20 [Example 18]

[0427]

(S)-2-amino-4-[2-chloro-4-(2-hydroxy-5-propylphenylthio)phenyl
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[0452] 5The target product (19.2 g) was obtained as a colorless oil by reacting the compound of
Reference Example 19 (11.0 g) and the compound of Reference Example 74 (18.5 g) in the same
manner as in Reference Example 20. 151 NMR(CDC13,400 MHz):8 0.96(3H,t,J =7.3 Hz),1.29-1.43
(2H, 10 m),1.44(9H,s),1.59(2H,dd,J=7.3,1.8Hz),1.83 (1H, ddd.
J=13.9,12.1;524Hz) b 960 H doidR=d38t( 12 4, 5 Hz) o2 63s2.€8(2H,m),3.75(2H,d,J=6.7HZz),3.92(3H,

S),
[0428]

[Formula 170]

5 [0429]

The compound of Reference Example 86 (1.90 g) was dissolved
in 10% hydrogen chloride — methanol (19 mL) to form a first reaction
solution. This first reaction solution was stirred at 40°C for 3
hours. The solvent in the first reaction solution was removed by

10 distillation under reduced pressure, and the resultant residue was
dissolved in acetonitrile (20 mL). Under an argon atmosphere,
iodotrimethylsilane (1.85 mL) was added dropwise under ice cooling
to the acetonitrile solution to form a second reaction solution.
This second reaction solution was stirred under ice cooling for

15 30minutes. Water (80 mL) was added to the second reaction solution,
and the reaction solution was stirred under ice cooling for a further
30 minutes. The oily product was then separated by decantation.
The obtained oily product was dried, and then recrystallized in
acetonitrile-tetrahydrofuran. The solid obtained from the

20 recrystallization was dissolved in a 0.5 mol/L sodium hydroxide
aqueous solution (10.0 mL), and 1.0 mol/L hydrochloric acid was

then added to the resultant solution to adjust the pH to 3. The
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4.17 (1H,brs),4.64(1H,s),6.96(1H,d,J =8.5Hz),7.17 (1H, dd, J=8.5,1.8 Hz),7.17(1H,d,J = 8.5
Hz),7.32-7.35(2H, m), 7.51 15 (1H,dd,J=8.5,1.8Hz). ESIMS (+):548 [M+H]2. <Reference Example
94> (5)-2-t-butoxycarbonylamlno-4-[2-chloro-4-(2-hydroxy-5-trdfluo
romethylphenylthdo)phenyl]-2-propylbutan-I-ol 20[0453] [Formula 179]

precipitated solidwas removed by filtration and thendried to obtain
the target product (1.00 g) as a white powder.
Optical rotation: [OL]D26 -2.00 (c 0.51, MeOH).

'H NMR (DMSO-dg, 400 MHz): & 0.82 (3H, t, J = 7.3 Hz), 0.88 (34,

5 t, J =7.3 Hz), 1.20-1.35 (2H, m), 1.43-1.60 (4H, m),

=

.64-1.76

(2H, m), 2.41 (2H, t, J 7.3 Hz), 2.54-2.66 (2H, m), 3.65-3.85
(2H, m), 6.87 (1H, d, J = 8.6 Hz), 6.98-7.04 (2H, m), 7.05-7.09
(2H, m), 7.24 (1H, d, J = 8.6 Hz).

HRESIMS (+): 488.1430 (488.1427 calcd. for C,,H3,C1NOsPS)

10 Elemental analysis: measured C 52.49%, H 6.24%, N 2.79%, calcd.

for C,H3;CINOsPS. 0.75H,0 C 52.69%, H 6.53%, N 2.79%.

[Example 19]

[0430]

(S)-2-amino-4-[2-chloro-4- (2-hydroxy—-5-isopropylphenylthio)phe

15 nyl]-2-propylbutylphosphoric acid monoester

[0431]

[Formula 171]

[0432]
20 The target product (376 mg) was obtained as a white powder
by reacting the compound of Reference Example 87 (640 mg) in the

same manner as in Example 1.
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[0454] The target product (3.34 g) was obtained as a colorless oil by reacting the compound of
Reference Example 93 (3.69 g) in the 5 same manner as in Reference Example 33. 151 NMR
(CDC13, 400 MHz): 8 0.95 (3H, t, J =m), 1.44 (9H, s), 1.59 (2H, dd, J =7.3,J = 13.9, 11.6, 5.5 Hz),
1.90 (1H, ddd, J 2.57-2.72 (2H, m), 3.72 (2H, d, J = 6.7 Hz), 4.16 (1H, br s), 4.61 10(1H, br s), 6.77
(1H, s), 6.9+ 0d, dox 29 A8 Hzy 17,09(2Ho @, J & 1.834z), MdSH(1H, d, J =7.9 Hz), 7.16 (1H, J =
7.9 Hz), 7.63 (1H, dd, J=7.9, 1.8 Hz), 7.80 (1H, d, J = 1.8 Hz). ESIMS (+): 534 [M+H]2. <Reference
Example 952 1£5)«2irbotaxycatonytamino-8-[2-chioro4t(2-metboxymethoxy-5; 1.11 (6H,
trdfluoromethylphenylthdo)phenyl]-2-propylbutan-1-03 [0455] [Formula 180] [0456] The target product
(1.05 g) wak obtainedl.as dxplorliess ©H15. BY readiingnthe comidouhdaf Reférence, Example G4{1.00
in the
9 br), 2.59 (2H, br), 2.76 (l1H, sept, J = 6.7 Hz), 3.70-3.82 (2H,

5 m), 6.89 (1H, d, J

8.4 Hz), 6.95-7.05 (2H, m), 7.10-7.15 (2H,
m), 7.24 (1H, d, J = 8.4 Hz).
HRESIMS (+): 488.1433 (488.1427 calcd. for CyH3,C1NOsPS)
Elemental analysis: measured C 51.93%, H 6.38%, N 2.69%, calcd.
for CyyH3:CINOsPS. H,O C 52.22%, H 6.18%, N 2.77%.

10 [Example 20]
[0433]
(S)-2-amino—-4-[2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
henyl]-2-propylbutylphosphoric acid monoester
[0434]

15 [Formula 172]

[0435]
The target product (314 mg) was obtained as a white powder
by reacting the compound of Reference Example 88 (622 mg) in the
20 same manner as in Example 1.
Optical rotation: [a]f6 -1.68 (¢ 0.50, MeOH).
'H NMR (DMSO-dg, 400 MHz): § 0.50-0.58 (2H, m), 0.80-0.87 (2H, m),

0.91 (3H, t, J = 7.4 Hz), 1.28-1.40 (2H, m), 1.50-1.63 (2H, m),
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same manner as in Reference Example 58. 151 NMR(CDC13,400 MHz):8 0.96(3H,t,J =7.3
Hz),1.30-1.43(2H, m), 1.44 (9H,s),1.54-1.60(2H,m),1.82 (1H,ddd,J = 13.9,12.1, 5.4 Hz),
1.94(1H,ddd,J = 13.9,12.1, 5.4Hz),2.63-2.78 (2H, m), 3.40 (3H,s),3.74(2H,d,

5

10

15

20

1.68-1.76 (2H, m), 1.78-1.88 (1H, m), 2.58-2.70 (2H, m), 3.70-3.84
(2H, m), 6.87 (1H, d, J = 8.4 Hz), 6.97 (1H, dd, J = 8.4, 1.8 Hz),
7.00-7.07 (3H, m), 7.28 (lH, d, J = 8.0 Hz).

HRESIMS (+): 486.1276 (486.1271 calcd. for CyH3,C1NOsPS).
Elemental analysis: measured C 52.06%, H 5.97%, N 2.64%, calcd.
for CyHpoCINOsPS. 1.2H,O0 C 52.06%, H 5.76%, N 2.76%.

[Example 21]

[0436]
(S)—-2-amino—-4-[4-(5-t-butyl-2-hydroxyphenylthio)-2-chloropheny
1]-2-propylbutylphosphoric acid monoester

[0437]

[Formula 173]

[0438]

The target product (157 mg) was obtained as a white powder
by reacting the compound of Reference Example 89 (308 mg) in the
same manner as in Example 1.

Optical rotation: [a]f6 -1.94 (¢ 0.53, MeOH).

'"H NMR (DMSO-dg, 400 MHz): & 0.87 (3H, t, J = 7.3 Hz), 1.19 (9H,
s),1.20-1.35(2H, m), 1.45-1.60 (2H, m), 1.62-1.74 (2H, m), 2.55-2.70
(2H, m), 3.60-3.85 (2H, m), 6.90 (lH, d, J = 8.6 Hz), 6.96-7.04

(2H, m), 7.22-7.30 (3H, m).
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J=3.0Hz), 4.16(1H,brs)4.63 (1H, s), 5.25 (2H,s),7.16-7.23 (3H,m),7.36(2H,dd,J=8.5, 1.8 10 Hz),
7.47(1H,dd,J=8.5, 1.8Hz). ESIMS (+): 578 [M+H]2. <Reference Example 96>
HRESIMS (+): 502.1582 (502.1584 calcd. for C,3H3,CINOsPS)
Elemental analysis: measured C 53.85%, H 6.44%, N 2.55%, calcd.
for C,3H33CINOsPS. 0.5H,0 C 54.06%, H 6.71%, N 2.74%.
[Example 22]

5 [0439]
(S)—-2-amino-4-[2-chloro-4-(2-hydroxy-5-biphenylthio)phenyl]-2-
propylbutylphosphoric acid monoester
[0440]

[Formula 174]

10
[0441]

The target product (219 mg) was obtained as a white powder
by reacting the compound of Reference Example 90 (400 mg) in the
same manner as in Example 1.

15 Optical rotation: [a]p*® -1.32 (¢ 0.50, MeOH).
'H NMR (DMSO-ds, 400 MHz): & 0.86 (3H, t, J = 7.3 Hz), 1.20-1.35
(2H, m), 1.45-1.62 (2H, m), 1.64-1.76 (2H, m), 2.58-2.68 (2H, m),
3.68-3.80 (2H, m), 7.03-7.10 (2H, m), 7.13 (1H, 4, J = 1.8 Hz),
7.22-7.30 (2H, m), 7.38 (2H, t, J = 8.0 Hz), 7.48-7.58 (4H, m).
20 HRESIMS (+): 522.1275 (522.1271 calcd. for C;sH3,C1NOsPS) .
Elemental analysis: measured C 56.58%, H 5.52%, N 2.38%, calcd.

for CysHy9CINOsPS. 0.5H,O0 C 56.55%, H 5.69%, N 2.64%.
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(5)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethoxy-5-
trifluoromethylphenylthio)pheny1]-2-propylbutan-1-a3 15[0457] [Formula 181] [0458] The
target product (940 mg) was obtained as a colorless oil 20 by reacting the compound of Reference
Example 95 (1.05 g) in the same manner as in Reference Example 67. 151 NMR (CDC13, 400 MHz):
8 0.96 (3H,[Ex¥dam@B13=H2R 11.30-1.43 (2H, m), 1.46 (9H, s), 1.53-1.64 (2H, m), 1.89-2.30 (2H, m), 2.56
(1H, ddd, J =13.4,12.2, 4.9 Hz), 2.65 (1H, ddd, J = 13.4, 12.2, 4.9 Hz), 3.41 (3H, s), 5.23 (1H, br s),
5.25 (2H, s)p?42])(1H, d, J =7.9 Hz), 7.19 (1H, dd, J=7.9, 1.8 Hz), 7.22 (1H, d, J = 7.9 5 Hz), 7.31
(AH,d,J=1.8Hz), 7.38 (1H, d, J = 1.8 Hz), 7.48 (1H, dd, J = 7.9, 1.8 Hz), 9.34 (1H, s). ESIMS (+):
576 [M+H]2 s¥Réfexerceo Example(97p&imethyk 102 -hydroxyphenylthio) -2-chlorophe
(5)-3-t-butoxycarbonylamino-5-[2-chloro-4-(2-methoxymethoxy-5-
trifluoromethylphenyithimphieml}-Bopropyh<-pentenyphosplers ter[0459] [Formula 182]

5 [0443]

[Formula 175]

[0444]
The target product (210 mg) was obtained as a white powder
10 by reacting the compound of Reference Example 91 (430 mg) in the
same manner as in Example 1.
Optical rotation: [a]f6 -2.15 (¢ 0.50, MeOH).

'H NMR (DMSO-dg, 400 MHz): 8 0.88 (3H, t, J =7.3 Hz), 1.22-1.38 (2H,

m), 1.46-1.62 (2H, m), 1.66-1.80 (2H, m), 2.56-2.70 (2H, m), 3.70-3.82
15 (2H, m), 4.96 (2H, s), 6.80 (1H, 4, J = 3.1 Hz), 6.85 (1H, d, J

= 8.6 Hz), 6.90 (1H, dd, J = 8.6, 3.1 Hz), 7.07 (1H, dd, J = 8.0,

1.8 Hz), 7.11 (1H, d, J = 1.8 Hz), 7.24-7.38 (6H, m).

HRESIMS (+): 552.1384 (552.1377 calcd. for CysH3,C1NOGPS) .

Elemental analysis: measured C 54.89%, H 5.53%, N 2.52%, calcd.
20 for CysH3;C1NO¢PS. H,O C 54.78%, H 5.48%, N 2.46%.

[Example 24]

[0445]
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15 F3C [0460] The target product (662 mg) was obtained as a colorless oil by reacting the
compound of Reference Example 96 (940 mg) in the same manner as in Reference Example 68. 20
151 NMR (CDC13, 400 MHz): 8 0.95 (3H, t, J = 7.3 Hz), 1.30-1.44 (2H, m), 1.46(9H,
s),1.52-1.65(2H,m), 1.92 (1H, td, J = 12.2, 4.9 Hz), 2.02-2.16
(S)—-2-amino—-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-2-butylbutylphosphoric acid monoester
[0446]

[Formula 176]

Fs

[0447]

The target product (90 mg) was obtained as a white powder by
reacting the compound of Reference Example 92 (250 mg) in the same
manner as in Example 1.

10 Optical rotation: [&]p*® -1.76 (¢ 0.50, MeOH).
'H NMR (DMSO-ds, 400 MHz): & 0.86 (3H, t, J = 7.3 Hz), 1.20-1.32
(4H, m), 1.50-1.64 (2H, m), 1.68-1.80 (2H, m), 2.60-2.70 (2H, m),
3.70-3.80 (2H, m), 7.11 (2H, m), 7.22 (1H, d, J = 1.8 Hz), 7.30
(l1#, d, J = 8.6 Hz), 7.40 (1H, d, J = 1.8 Hz), 7.52 (lH, dd, J =

15 8.6, 1.8Hz).
HRESIMS (+): 528.0985 (528.0988 calcd. for C,1Hy7ClE3NOsPS) .
Elemental analysis: measured C 47.06%, H 4.92%, N 2.22%, calcd.
for C,1Hy6ClF5NOsPS. 1/2H,0 C 46.98%, H 5.07%, N 2.61%.
[Example 25]

20 [0448]
(S)-2-amino—-4-[2-chloro-4-(2-hydroxy—-5-carboxyphenylthio)pheny

1]-2-propylbutylphosphoric acid monoester
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(1H,m),2.62-2.80(2H, m), 3.41 (3H, s), 3.72 (6H, d, J=11.0 Hz), 4.63 (1H, br s), 5.22 (2H, s), 5.73
(1H, t, J = 17.7 Hz), 6.81 (1H, dd, J = 22.6, 17.7 Hz), 7.16-7.19 (2H, m), 7.22 (1H, d, J = 8.6 Hz), 7.35
(AH,d,J=1.8 Hz), 7.36 (1H, d, J = 1.8 Hz), 7.50 (1H, dd, J = 8.6, 1.8 Hz). 5 ESIMS (+): 682 [M+H]2.
<Reference Example 98> Ddmethyl (5)-3-t-butoxycarbonylamlno-5-[2-chloro-4-(2-methoxymethoxy-5-
trdfluorometbykpbenylthdo)phenyl]-3-propylpentylphosphonate 10[0461] [Formula 183]

[Formula 177]
0
HO

[0450]

5 A 1 mol/L potassium hydroxide aqueous solution (2.00 ml) was
added to the compound of Example 13 (100 mg), and the resultant
solution was stirred at 50°C for 2 hours. The reaction solution
was cooled to room temperature, and 3 mol/L hydrochloric acid was
added to adjust the pH to 6, whereby a solid precipitated. The

10 precipitated solid was removed by filtration to obtain the target
product (75.0 mg) as a white powder.
Optical rotation: [a]f5 -5.00 (¢ 0.10, DMSO).
'"H NMR (DMSO-dg, 400 MHz): & 0.87 (3H, t, J = 6.7 Hz), 1.30 (2H,
br), 1.53 (2H, br), 1.68 (2H, br), 2.62 (2H, br), 3.70-3.75 (2H,

15 m), 6.90 (1H, 4, J = 8.0 Hz), 7.02-7.06 (1H, m), 7.15 (1H, d, J
= 1.8 Hz), 7.26 (1H, d, J = 8.6 Hz), 7.65-7.72 (2H, m).
HRESIMS (+): 490.0857 (490.0856 calcd. for CyoH,,C1NO,PS ).
Elemental analysis: measured C 44.94%, H 4.89%, N 2.51%, calcd.
for C,oH25CINO,PS. 0.7NaCl C 45.25%, H 4.75%, N 2.64%.

20 <Reference Example 93>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxy-5-trifluo

romethylphenylthio)phenyl]-2-propylbutan-1-ol
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[0462]

The target product (290 mg) was obtained as a colorless oil 15 by reacting the

compound of Reference Example 97 (662 mg) in the 20 same manner as in Reference Example 69.
151 NMR(CDC13,400 MHz):8 0.95(3H,t,J =7.3 Hz),1.26-1.40(2H,
m),1.44(9H,s),1.52-1.65(2H,m),1.65-1.86(4H,m),2.04-2.28
(2H,m),2.60e232(RH,m),3.41(3H,s),3.74(6H,d,J=11.0
Hz),4.27(1H,brs),5.25(2H,s),7.10-7.28(3H,m),7.38-7.42 (2H,m),7.52(1H,dd,J=7.9,2.4Hz).
ESIMS(+):684M+H]2. [ERample 26] [0463]
(5)-3-amino-5-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth io)pheny1]-3-propylpentylphosphonic
acid 5[0464] [Formula 184]

10

15

20

FiC

[0452]

The target product (19.2 g) was obtained as a colorless oil
by reacting the compound of Reference Example 19 (11.0 g) and the
compound of Reference Example 74 (18.5 g) in the same manner as
in Reference Example 20.

'H NMR (CDCl;, 400 MHz): & 0.96 (3H, t, J = 7.3 Hz), 1.29-1.43 (2H,
m), 1.44 (9H, s), 1.59 (2H, dd, J = 7.3, 1.8 Hz), 1.83 (1H, ddd.
J=13.9, 12.1, 5.4 Hz), 1.96 (1H, ddd, J = 13.9, 12.1, 5.4 Hz),
2.63-2.78 (2, m), 3.75 (2H, d, J = 6.7 Hz), 3.92 (3H, s), 4.17
(lH, br s), 4.64 (1H, s), 6.96 (1H, 4, J = 8.5 Hz), 7.17 (1H, dd,
J=8.5, 1.8 Hz), 7.17 (1, d, J = 8.5 Hz), 7.32-7.35 (2H, m), 7.51
(1H, dd, J = 8.5, 1.8 Hz)

ESIMS (+):548 [M+H]".

<Reference Example 94>
(S)—-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-hydroxy-5-trifluo
romethylphenylthio)phenyl]-2-propylbutan-1-ol

[0453]

[Formula 179]
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NH2 [0465] The target product (30 mg) was obtained as a white powder by 10 15 reacting the
compound of Reference Example 98 (250 mg) in the same manner as in Example 1.
Opticalrotation:[U]p25 -17.81(c 0.10,Me0H). 151 NMR(DMSO-d6,400 MHz):8 0.95(3H,t,J
=7.3Hz),1.22-1.58 (6H,m),1.64-1.86(4H,m),2.52-2.78(2H,m),7.09(2H,d,J=

8.6Hz),7.23(1H, s) 7.25-7. 33(1H m) 7.41(1H,s),7.49(1H, d,J=8.6Hz). ESIMS(+):512[M+H]2. [0466]

Results su

10

15

nds 20 illustrated as examples will now be shown

[0454]

The target product (3.34 g) was obtained as a colorless oil
by reacting the compound of Reference Example 93 (3.69 g) in the
same manner as in Reference Example 33.

'H NMR (CDCls, 400 MHz): & 0.95 (3H, t, J = 7.3 Hz), 1.28-1.41 (2H,
m), 1.44 (9H, s), 1.59 (2H, dd, J = 7.3, 1.8 Hz), 1.79 (1H, ddd.
J=13.9, 11.6, 5.5 Hz), 1.90 (1H, ddd, J = 13.9, 11.6, 5.5 Hz),
2.57-2.72 (2H, m), 3.72 (2H, d, J =6.7 Hz), 4.16 (1H, br s), 4.61
(1H, br s), 6.77 (1H, s), 6.91 (1H, dd, J=7.9, 1.8 Hz), 7.09 (1H,
d, J =1.8 Hz), 7.13 (14, 4, J = 7.9 Hz), 7.16 (1H, J = 7.9 Hz),
7.63 (1H, dd, J = 7.9, 1.8 Hz), 7.80 (1H, d, J = 1.8 Hz).

ESIMS (+): 534 [M+H]'

<Reference Example 95>
(S)-2-t-butoxycarbonylamino-4-[2-chloro-4- (2-methoxymethoxy-5-
trifluoromethylphenylthio)phenyl]-2-propylbutan-1-ol

[0455]

[Formula 180]

FsC
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<Experiment Example 1> Suppression effect of test compound against cellular calcium mobilization of
human S1P3 receptor-expression cell by SIP (sphingosine 1-phosphoric acid) Human S1P3
receptor-expression CHO cells were subcultured in 5 a Ham's F-12 culture medium containing 10%
fetal bovine serum, and 3 0 0 Rg/mL of Geneticin . The human S 1P3 receptor-expre s s ion CHO cell
s were subjertéd to 0.25 % trypsinization, then recovered from the dish, and floated in a Ham's F-12
culture medium containing 10% fetal bovine serum, and 300 Rg/mL of Geneticin. After that, the 10
human S1P3 receptbrexpressionp CHi celld Webé digseminatéd mtoaDe-well blackcleas Hattom plate
(BD Falcon Biocoat) so that 7 X104/ 100 RL /well of the human S1P3 receptor-expression CHO cells
were disseminategc Anddhehgethedngman & 13 Feceptarrexprassiop CHOLells vweéreultivated ¢or one
night at 37C under 5% 002. The 15 next day, the wells were washed 3 times with 100 RL of PBS
containing €c1% faty acid-tree boviRe Seremcabiman(BSAP.SThe culture medium was exchanged with
a Ham's F-12 culture medium containing 0.1% BSA, and then starved of serum for 6 hours in an CO2
Incubatdr aH3WEBR[0468] PO THE culitite) medlionPwasIHown away after i 6 o -Ther S@RL/well
of a Fluo3 loading buffer was added, and the cultures were cultivated for further 1 hour. The Fluo3
loading buffer was4srepared ak follows —Fir$t0 e(adl amounts ©f Fldé3-AMd Dolirdd)3aryd plutenic F- 1 2
7 (2 0 % DNS solution, invitrogen) were mixed . Next, 25 the mixture of Fluo3-AM and pluronic F-127
was addedbto’a Flahks-HEPES 1buffeld®alanhced sakt Solutibnloontaifingz20 mi HERES §pHZE4),
0.1% BSA (fatty acid-free), and 2.5 mM probenecid) to form a F3uo3 loading buffer having a final
F3uo3-AMeoncentratioatof 4RM SAfter iREubsting for 2 Houtzthe éulfurés Wwererwasted 3 timés 5 with
100 'IL of the Hanks-HEPES buffer. Then, 100 !'IL of the same buffer in which a test compound (125
nM, 1.25 JM, 12.53iM) (GHDNS{) had Béer dissolied was added fo thefeultides, arrd then induiFated
for 30 minutes at 37C in a microplate spectrophotofluorometer (FLEX Station) (Molecular Device Co.,
Ltd.). TRer} 25/11L7of*SIP(piépafett 10 at 5&imes theScaticentration of the final concentration by serial
dilution (final concentration of 0.1 nM, 1 nM, 10 nM, 100 nM, and 1 liM) was added, and the
fluorescen®&é BdSed vh thé FBudH diik to calcium mobilization was detected and measured at an
excitation wavelength of 485 nm and a dete ction wavelength of 525 nm us ing the same apparatus .
15 Based 6 fHeemeasaretertideata, the increase in fluorescence was calculated by subtracting the
minimum fluorescence intensity from the maximum fluorescence intensity. The measured increase in
fluorescende Was Useetb PerferiPR Bl Ep It osimatioRt dfthe Télationstip Petvast tHexsiP -
concentration and the increase in 20 fluore s cence us ing PRI SM 4 software (GraphPad) . Based on
the re suit § e ECSOAIGY 6?%@%56&%&%%&&&%6%@%@@5@ Y8IUE GFthe compound-treated
at each concentration were calculated. Schild Plot analysis was performed based on these values to
determme @is&adihtion constant Kd value. The results are shown in Table 1.

[Formula 181]

FsC

[0458]
The target product (940 mg) was obtained as a colorless oil
20 Dby reacting the compound of Reference Example 95 (1.05 g) in the
same manner as in Reference Example 67.

'H NMR (CDCls;, 400 MHz): 8 0.96 (3H, t, J = 7.3 Hz), 1.30-1.43 (2H,
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25 In Table 1, 1,000 nmol/L > Kd value100 nmol/L is indicated as "+," 100 nmol/L > Kd valuel10
nmol/L is indicated as "++," 10 nmol/L > Kd valuel nmol/L is indicated as "+++," and 1 nmol/L > Kd
value is indicated as [0469] 5 [Table 1] Example NumberSi P3 Example Number Si P3 Example

Number Si P3 ++ 10 ++ 18 +++
m), 1.46 (9H, s), 1.53-1.64 (2H, m), 1.89-2.30 (2H, m), 2.56 (1lH,
ddd, J = 13.4, 12.2, 4.9 Hz), 2.65 (1H, ddd, J = 13.4, 12.2, 4.9
Hz), 3.41 (3H, s), 5.23 (1H, br s), 5.25 (2H, s), 7.12 (1H, 4, J
= 7.9 Hz), 7.19 (l1H, dd, § = 7.9, 1.8 Hz), 7.22 (1H, 4, J = 7.9
5 Hz), 7.31 (1H, 4, §J =1.8 Hz), 7.38 (1H, 4, J =1.8 Hz), 7.48 (1lH,

ad, J = 7.9, 1.8 Hz), 9.34 (1H, s).
ESIMS (+): 576 [M+H]".
<Reference Example 97>
Dimethyl

10 (S)-3-t-butoxycarbonylamino-5-[2-chloro—-4-(2-methoxymethoxy—-5-
trifluoromethylphenylthio)phenyl]-3-propyl-1-pentenylphosphona
te

[0459]

[Formula 182]

F3C

15

[0460]

The target product (662 mg) was obtained as a colorless oil
by reacting the compound of Reference Example 96 (940 mg) in the
same manner as in Reference Example 68.

20 'H NMR (CDCls, 400 MHz): &6 0.95 (3H, t, J = 7.3 Hz), 1.30-1.44 (2H,
m), 1.46 (9H, s), 1.52-1.65 (2H, m), 1.92 (1H, td, J = 12.2, 4.9

Hz), 2.02-2.16 (1H, m), 2.62-2.80 (2H, m), 3.41 (3H, s), 3.72 (6H,
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2 +++ 19 +++ 3++ 12 ++++ 20 +++ 4+++ 13 ++++ 21 ++++ 5+++ 14 ++

10

15

20

d, J =11.0 Hz), 4.63 (1H, br s), 5.22 (2H, s), 5.73 (1H, t, J =

17.7 Hz), 6.81 (1H, dd, J =22.6, 17.7 Hz), 7.16-7.19 (2H, m), 7.22

(1, 4, J = 8.6 Hz), 7.35 (1H, d4, J = 1.8 Hz), 7.36 (1lH, d, J =

1.8 Hz), 7.50 (1H, dd, J = 8.6, 1.8 Hz).

ESIMS (+): 682 [M+H]".

<Reference Example 98>

Dimethyl

(S)-3-t-butoxycarbonylamino-5-[2-chloro-4- (2-methoxymethoxy-5-
trifluoromethylphenylthio)phenyl]-3-propylpentylphosphonate
[0461]

[Formula 183]

FsC

[0462]

The target product (290 mg) was obtained as a colorless oil

by reacting the compound of Reference Example 97 (662 mg) in the
same manner as in Reference Example 69.
'H NMR (CDCls;, 400 MHz): & 0.95 (3H, t, J = 7.3 Hz), 1.26-1.40 (2H,
m), 1.44 (9H, s), 1.52-1.65 (2H, m), 1.65-1.86 (4H, m), 2.04-2.28
(2H, m), 2.60-2.72 (2H, m), 3.41 (3H, s), 3.74 (6H, 4, J = 11.0
Hz), 4.27 (1H, br s), 5.25 (2H, s), 7.10-7.28 (3H, m), 7.38-7.42
(2H, m), 7.52 (1H, dd, J = 7.9, 2.4 Hz).

ESIMS (+): 684 [M+H]".
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22 ++++ 6 15 23 +++ 7++ 16 ++ 817 9O+++

10

15

20

[Example 26]

[0463]
(S)-3-amino-5-[2-chloro—-4-(2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-3-propylpentylphosphonic acid

[0464]

[Formula 184]

F3C

[0465]

The target product (30 mg) was obtained as a white powder by
reacting the compound of Reference Example 98 (250 mg) in the same
manner as in Example 1.

Optical rotation: [a]DE)—17.81 (c 0.10, MeOH).

'"H NMR (DMSO-ds, 400 MHz) : & 0.95 (3H, t, J = 7.3 Hz), 1.22-1.58
(6H, m), 1.64-1.86 (4H, m), 2.52-2.78 (2H, m), 7.09 (2H, d, J =
8.6 Hz), 7.23 (1H, s), 7.25-7.33 (1H, m), 7.41 (1H, s), 7.49 (1H,
d, J = 8.6 Hz).

ESIMS (+): 512 [M+H]".

[0466]

Results supporting the effectiveness of the compounds
illustrated as examples will now be shown in Experiment Examples
1, 2, 3 and 4.

[0467]
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[0470] <Experiment Example 2> Intracellular calcium mobilization derivative test of test compound
against human S1P1 10 receptor-expression cell Human SIP receptor-expression CHO cells
(hS1P4 receptor-expression CHO cells, hS1P3 receptor-expression CHO cells, and hS1P4
receptor-expression CHO cells) subcultured in a Ham's F-12 culture medium containing 10% fetal
bovine serumzaad 208ig/Miaobls Genetiginwers idisserminatedadtita a 96-wetidalacidcless bhottom
plate (coaster) so that 4 X 104 cells/well of the human SIP receptor-expression CHO cells were
disseminated1 Thé dwmanl S1B3 recéptdi-expressionfCHOeallssAere then cuttivatedzfor one imght at
37C under 5% 002. A Calcium Screening Kit reagent (Dojindo) was added as a Ca22 binding
fluorescence indi¢atos dnd (theh ine cultures were aetivated for 60dminutes at 37C under 5% 002.
After cultivation, the fluoroesence intensity was measured at an excitation wavelength of 485 nm and a
detection wavelendthrof 26 B hmassing: amiergptate spectphotefllorometers(BhEX Station) 1 n
(Molecular Device Co., Ltd.). SIP prepared in a culture medium so that the concentration would be 10
times tHat ef trarfimaFcontentrationconadeéstrcompoand {figal DN Sk tedcentration 8<96hwasratided
18 seconds after the start of the fluore s cence measurement, 10 and the fluorescence intensity was
continuoushp Measured £¢eny<t. 5 seconds uatili@dhsetbadssaktertbe -ackiitions Based ba thel 1 s
measurement data, the increase in fluorescence was calculated by subtracting the minimum
fluorescenee irteasigifromaetrnakinglim fluorascencedatensity. Thee percentage vdréasanint he

fluorescence 15 (%) of the test compound was calculated based on a difference of 100% between the

increase irffliidreseeritelihent ek dsolventinas added anduhé ieassinflucresteniceivelier 8éted on
by 1076 M S1P. The E050 value was determined using PRISM software (GraphPad) as the
intracellulaf eakciurhonabibizatforuderivative Hebionofthe test@oeompannd. @47¢fF thafhe EB50
values of the compounds of Example 13 and Example 15 were larger than 10 limol/L. Further, an
evaludtibn bHfe aftbigonisHE ARtion 0Pt SEP1 ¢8cépior GSihg th&@ Afethed dpeminated into

a 96-well black clear bottom plate (BD Falcon Biocoat) so that 7
X 10% / 100 uL / well of the human S1P3 receptor-expression CHO cells
were disseminated. And then, the human S1P3 receptor-expression
CHO cells were cultivated for one night at 37°C under 5% CO,. The

15 next day, the wells were washed 3 times with 100 UL of PBS containing
0.1% fattyacid-freebovine serumalbumin (BSA). Theculturemedium
was exchanged with a Ham’s F-12 culture medium containing 0.1% BSA,
and then starved of serum for 6 hours in an CO, incubator at 37°C.
[0468]

20 The culture medium was thrown away after the 6 hours. Then,
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. Next,

25 themixture of Fluo3-AM and pluronic F-127 was added to a Hanks—-HEPES
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25 Experiment Example 1 showed that the Kd values of the compounds of Example 13 and Example
15 were larger than 100 limol/L. [0472] <Experiment Example 3> LPS induced sepsis model The
experiment was carried out with reference to the method 5 described in Non-Patent Literature 5 (F.
Nissen et al., Nature, 452, 654 (2008)). A solution of 1 mg/ml LPS (lipopolysaccharide) in physiological
saline wasbntfaperitobedlbradmiinistéteds@ Ounliky) toan€C57BLIGI rhouse!(CRaEs Rivier,/male, 7 to 8
weeks). The test compound in an amount of 10 mg/kg was intravenously 10 administered twice, 15
minutes beforesL BSradmatistyatian dnd 2<oursaafteralPSnad minisirationi dhetmofiserwaskissetted 18
hours after LPS administration, and the mesenteric lymph nodes and lungs were excised. The
mesentericllympinrodesfwete dissalved in 200 4l apd thes lkrgs i A dehefra dissalvir duffer (30 mM
Iris (pH7.4), 150 15 mMNaC1, 0.1% TritonX-100, 2 mMCaC12, and 2 mMMgC12). Non-dissolved
matter was removeéd by centrifugaltseparation] Tweuitl-T18inthetissue sofetichy aslsaredsured sising
an IL-113 ELISA Kit (Thermo Co., Ltd.). The results are shown in Table 2. In Table 2, compounds
having a suppriession nate off50%=ommokes atEipdated as t'+++7Teompdridgi20 davirigea sappre s S
ion rate of 50% > suppre s s ion rate 30% are indicated as "++, " and compounds having a
suppressionuafe of 30%rxistippression raten20%nare(inglicatdd as. 25 LFhe suppregsiopnrai@iwas
calculated using the following calculation equation. 25[0473] [Equation 1] a = (1-X/Y)X100 X: IL-lb
PRODUCTION AMOUNTSWHEN A 0mg/IPOET ESTICO MPO UNDE WAS AD MINNIS TEREDETE
RESPECTIVE TISSUE 5 Y: IL-lb PRODUCTION AMOUNT WHEN TEST COMPOUND WAS NOT
ADMINISTEREDITO RESRPEQT NVECT ISSUE 1 1SIPPRRE SSHON RATE (%) [0474jmeter (FLEX

Station) (Molecular Device Co., Ltd.). Then, 25 uL of S1P prepared
10 at 5 times the concentration of the final concentration by serial
dilution (final concentration of 0.1 nM, 1 nM, 10 nM, 100 nM, and
1 uM) was added, and the fluorescence based on the Fluo3 due to calcium
mobilization was detected and measured at an excitation wavelength
of 485 nmandadetectionwavelengthof 525 nmusingthe same apparatus.
15 Based on the measurement data, the increase in fluorescence was
calculated by subtracting the minimum fluorescence intensity from
the maximum fluorescence intensity. The measured increase in
fluorescence was used to perform a curve approximation of the
relationship between the S1P concentration and the increase in
20 fluorescenceusingPRISM4 software (GraphPad). Basedontheresults,
the EC50 value of the compound-untreated and the EC50 value of the
compound-treated at each concentration were calculated. Schild
Plot analysis was performed based on these values to determine
dissociation constant Kd value. The results are shown in Table 1.

25 In Table 1, 1,000 nmol/L > Kd value 2 100 nmol/L is indicated as
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[Table 2] Example.Suppression Rate Numberfor Lung Suppression Rate for Mesenteric. Lymph
Nodes 11++++ 12++ 13++++++ [0475] <Experimental Example 4> cecal ligation and puncture sepsis
model This model is widely used as a model for polymicrobial abdominal sepsis caused by leakage of
intestinal bacteria. The experiment 15 was carried out with reference to the method described in
Non-Patent Litératire (. Rittirscket ak,1Nature Pootacols/ 4, 3% (2000)):diong-Evarts-rats wede used
(Nihon SLC, male 9 weeks). The abdominal portion of the rats was cut open under isoflurane
anesthesiapand the xekdm<wasremavechdhe cecum niasdigated svith”“silkthreadh@nd nmol/L

> Kd value is indicated as “++++.”
[0469]

5 [Table 1]

Example Example Example

Number S1P3 Number S1P3 Number S$1P3
1 ++ 10 4 18 4+
2 ++4 11 +++ 19 +++
3 ++ 12 +t 20 +++
4 +++ 13 R 21 o
5 ++ 14 ++ 22 4+
6 + 15 + 23 -+
7 ++ 16 ++
8 ++ 17 +
9 +4++

[0470]

<Experiment Example 2> Intracellular calcium mobilization
derivative test of test compound against human S1P1
10 receptor-expression cell
Human S1P receptor—-expression CHO cells (hS1P;
receptor—-expression CHO cells, hS1P3receptor—-expression CHO cells,
and hS1P, receptor—-expression CHO cells) subcultured in a Ham’s F-12
culture medium containing 10% fetal bovine serum, and 200 Ug/mL of
15 Geneticin were disseminated into a 96-well black clear bottom plate
(coaster) so that 4 x 10* cells/well of the human S1P
receptor—-expression CHO cells were disseminated. The human S1P3
receptor—-expression CHO cells were then cultivated for one night

at 37°C under 5% CO;. A Calcium Screening Kit reagent (Dojindo)
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20 3 holes were opened in the tip portion of the cecum using an 18 G syringe needle. After the
treatment, the cecum was returned to the body, and the wound was sutured. The rats were then
returned to their cages, and observed for 4 days to determine the survival rate. The test compound
(0.1 mg/kg/hr) was continuously administered from a cannula stuck in the femoral vein from 2 hours
after the CRdreatment.&&The grolip latiministered withetheccorepduntt afExamplen2? wasHoune to
have a survival curve that had shifted to the right as compared with the medium administration group
(survival leagthentrg action) clourtiera akkhoagh the sunvivekeaterafiePd days was4086 for tecmedium
group, an improvement in the survival rate to 70% 10 was found for the compound of Example 22.
These resultslsuggesi that thé eompoond ©f Example 221s éffgctivesagainstisspsisa {04£6] Based
on the above results, it is clear that despite exhibiting an excellent antagonistic action against the
human S1P3cecteptori5tHresdampalma of & presentdneeniidreexhibits wavedleoonb anfaga@iistic
action or agonistic action against the S1P1 receptor. Further, it was also confirmed that the compound
of the present invéntiore exhibitoahaxee e Suppréssive. éffect agairst sépsSiSXINDESTRIAL
APPLICABILITY 20[0477] According to the present invention, a diphenyl sulfide derivative can be
provided thadfhasanlexcéllent 1R antdgohistic abthitye Tedangentive eompdunchisreffactivesas a
preventive or a therapeutic medicine for respiratory tract contraction, bronchial 25 asthma, chronic
obstructiverpdimonagy disease (COPD), pulmdirarpenighysents titdehealstenosis fdiffase
panbronchiolitis, bronchitis resulting from infection, connective tissue disease, or transplantation,
diffuse pulmenag iambitoangmyorRdsis camet rebpifaioydiBiesSs syndomie GARDS)Ointérktitial
pneumonitis, 5 lung cancer, pneumonia hypersensitivity, idiopathic interstitial pneumonia, fibrosis of
the lung, oreyptakine dtbins eaesetP iy ae nfilienz8 b L8RS FiluinfectonC aris it SElRTEEIS, blood
vessel intimal hypertrophy, solid tumors, diabetic retinopathy, rheumatoid arthritis, cardiac arrest,
ischerhia-réperfusiort 10 aisvraerRCeetebranblobl Ve s seIpasma ey sitaradatbid ieeding?
angina pectoris or myocardial infarction caused by coronary vessel spasms, glomerulonephritis,
thrombosisS { iy disedsé tauséd by puftncitary Bded SGcids ARDS, - caffi@SdrrRythiiig, eye

disease, eye hypertension, glaucoma, glaucomatous retinopathy, optic neuropathi/, 15 and
macMaMﬂ@Sﬁ%@éﬁ@@ﬁBn@atar the increase in fluorescence was calculated by

subtracting the minimum fluorescence intensity from the maximum

fluorescence intensity. The percentage increase in fluorescence
15 %) of the test compound was calculated based on a difference of

100% between the increase in fluorescence when the solvent was added

and the increase in fluorescence when acted on by 10°° M S1P. The

ECsq value was determined using PRISM software (GraphPad) as the

intracellular calcium mobilization derivative action of the test
20 compound.

[0471]

The ECsq values of the compounds of Example 13 and Example
15 were larger than 10 Mmol/L. Further, an evaluation of the
antagonistic action of the S1P1 receptor using the method of

25 Experiment Example 1 showed that the Kd values of the compounds
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CLAIMS 1. A diphenyl sulfide derivative, or a pharmaceutically acceptable salt or hydrate
thereof, represented by the general 5 formula (1), [Formula 1] 0 11-1.00H(1) OH NH2 (In the
formula (1), R2 represents a hydrogen atom, a halogen atom, a trifluoromethyl group, an optionally
substituted alkyl group 10 having 1 to 6 carbon atoms, an optionally substituted cycloalkyl group

having 3 ta:6 cerhoatems; aareptionally substiutes-aryh grogphaving6 1o 40 cashon.atoms, an
optionally substituted alkoxy group having 1 to 4 carbon atoms, an optionally sub stituted benzyloxy
group, an dgtionally substituted acyl group having 1 to 4 carbon 15 atoms, a cyano group, or a
carboxyl group; R2 representsan optionally substituted alkyl group having 1 to 6 carbon atoms or an
optionally substitutedatkenykgroupehadsing.2 3o Brcarbenl atems;iX représénts a methylene group
which may be substituted with 1 or 2 fluorine atoms or represents an oxygen atom; Y represents a
hydrogen atom 20 ‘Dhancoptionatly substtsted atkik drauphavin T & 6 canten atornseang Zhod
represents a halogen atom). 2. The diphenyl sulfide derivative according to claim 1, or a
pharmdceutcally abeeptableNsalt-grelnadratel theeeaf twheréin e compoand egprasenteddiyuthe,

general formula (1) is represented by 5 the general formula (la), [Formula 2]
452, 654 (2008)). A solution of 1 mg/ml LPS (lipopolysaccharide)

in physiological saline was intraperitoneally administered (10
ml/kg) to a C57BL/6J mouse (Charles River, male, 7 to 8 weeks).
The test compound in an amount of 10 mg/kg was intravenously

10 administered twice, 15 minutes before LPS administration and 2 hours
after LPS administration. The mouse was dissected 18 hours after
LPS administration, and the mesenteric lymph nodes and lungs were
excised. The mesenteric lymph nodes were dissolved in 200 pul and
the lungs in 1 ml of a dissolving buffer (30 mM Tris (pH7.4), 150

15 mMNaCl, 0.1% TritonX-100, 2mMCaCl,, and 2mMMgCl,). Non-dissolved
matter was removedby centrifugal separation. TheIL-1finthetissue
solutions was measured using an IL-1B ELISA Kit (Thermo Co., Ltd.).
The results are shown in Table 2. 1In Table 2, compounds having a
suppression rate of 50% or more are indicated as “+++,” compounds

20 havinga suppressionrateof 50% > suppressionrate 230% are indicated
as “++,” and compounds having a suppression rate of 30% > suppression
rate 2 20% are indicated as “+.”

The suppression rate was calculated using the following

calculation equation.

25 [0473]

193



0 x_HcOH (la) OH NH2 (In the formula (la), RI, R2, X, and Y are as defined above). 103. 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 the general
formula (Ib), [Formula 3] (In the formula (Ib), Xa represents an oxygen atom or -CH2-, and RI, -2 K ,
and Y are asdetinecabave).

a = (1-X/Y)x100

X: IL-1f PRODUCTION AMOUNT WHEN 10 mg/kg OF TEST COMPOUND WAS

ADMINISTERED TO RESPECTIVE TISSUE

5 Y: IL-13 PRODUCTION AMOUNT WHEN TEST COMPOUND WAS NOT ADMINISTERED

TO RESPECTIVE TISSUE

a: SUPPRESSION RATE (%)

[0474]
[Table 2]
. Suppression Rate
Ezérl:tl)g're ngfﬁ&iss'on Rate  cor Mesenteric
9 Lymph Nodes
11 ++ ++
12 ++ +
13 +++ +++
10
[0475]

<Experimental Example 4> cecal ligation and puncture sepsis model
Thismodel iswidelyusedasamodel forpolymicrobial abdominal

sepsis caused by leakage of intestinal bacteria. The experiment

15 was carried out with reference to the method described in Non-Patent
Literature 9 (D. Rittirsch et al., Nature Protocols, 4, 31 (2009)).
Long-Evans rats were used (Nihon SLC, male 9 weeks). The abdominal
portion of the rats was cut open under isoflurane anesthesia, and
the cecum was removed. The cecum was ligated with silk thread, and

20 3 holes were opened in the tip portion of the cecum using an 18
G syringe needle. After the treatment, the cecum was returned to

the body, and the wound was sutured. The rats were then returned
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4. 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 5 the
general formula (Ic), [Formula 4] (In the formula (Ic), R2 and R2 are as defined above). 105. The
diphenyl sulfide derivative according to claim 4, or a pharmaceutically acceptable salt or hydrate
thereof, whesetrhR2repeegents arttiflubromethyl groups atealkyltgrodpthaving ¢ toleecanboniatams, a
cycloalkyl group having 3 to 6 carbon atoms, an aryl group having 6 to 10 carbon atoms, or a
benzyloxy geaup. 15he HeFhe ciplrenyhsulfide Heriyadtive acoording toataimmbicarsa pharmaceutically
acceptable salt or hydrate thereof, wherein the compound represented by the general formula (1) is

(5)-2-amine<dkRachoro=4 4 2mymnoxy<atriflubrometiydpheny ke 20=0iptenyid-Rapfopytbatyehosphoric
acid monoester, (R)-2-allyl-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethyl
phenylthioypitieayl]buty|phbBphorkaacid monoester,
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth io)pheny1]-2-methylbutylphosphoric
acid maénoester, (5}2camirag-[2<chioros4-(2-hydroxytb-iSopropylplemdthid)phrdnple 22 was
ny1]-2-methylbutylphosphoric acid monoester,
(5)-2-aminé«ufXctiord:43(5-cyclopropyla2-hydrosxypheaylthie)p émajadmethyiingyiphospheric acid
monoester, (5)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophe
ny1]-2-methgiedytphiogphbrictacitasionoesteritdst ration group (survival lengthening
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-propylphenylthio)phenyl ]-2-propylbutylphosphoric acid
monoestera (8)iZaminot4p-eisioroal (hydroxy B isopropylphenplisiojplier 4 days was 40%
ny1]-2-propylbutylphosphoric acid monoester,

(5)-2-aminé-[ -l oRe:4 (BT EIsp D py B2 - AydrbRyshyithic) p tiSh emy1]-2epro pyitiity lpRodttoric
acid monoester, (5)-2-amino-4-[4-(5-t-buty1-2-hydroxyphenylthio)-2-chloropheny

1]-2- p;&pym@mémoﬁi@%&@ﬁ]m@gwnd of Example 22. These results suggest
(5)-2-amino-4-[2-chloro-4-(2-hydroxy-5-biphenylthio)pheny1]-2- propylbutylphosphoric acid monoester,

or 20 (5)-2tdinot4LfA-TBEARIEXR D - HytRew shefythit)-2idHicropHe nydf-2isropyIBatAhosphoric
acid monoester. 7. The diphenyl sulfide derivative according to claim 1, or a pharmaceutically
acceptablel$4t’6r hydrate thereof, wherein the 25 compound represented by the general formula (1) is

Based on the above results, it is clear that despite exhibiting
an excellent antagonistic action against the human S1P3; receptor,
15 the compound of the present invention exhibits a weak or no
antagonistic action or agonistic action against the S1P1 receptor.
Further, it was also confirmed that the compound of the present
invention exhibits an excellent suppressive effect against sepsis.
INDUSTRIAL APPLICABILITY
20 [0477]

According to the present invention, a diphenyl sulfide
derivative can be provided that has an excellent S1P3 antagonistic
activity. The inventive compound is effective as a preventive or
a therapeuticmedicine for respiratory tract contraction, bronchial

25 asthma, chronic obstructive pulmonary disease (COPD), pulmonary
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(-)-2-amino-4-[2-chioro-4-(2-hydroxy-5-trifiuoromethyiphenyith io)pheny1]-2-propyibutyiphosphoric acid
monoester, (-)-2-allyl-2-amino-4-[2-chioro-4-(2-hydroxy-5-trifiuoromethyl
phenyithio)phenyi]butyiphosphoric acid monoester, 5
(-)-2-amino-4-[2-chioro-4-(2-hydroxy-5-trifiuoromethyiphenyith io)pheny1]-2-methyibutyiphosphoric
acid monoestehy(se2aminme:4i2chioteA4 24y drokyH: isopropyipheayithid)phes, bronchitis
ny1]-2-methyibutyiphosphoric acid monoester,
(-)-2-amino=4q2ichiorg-4 (moydiofropy 1< hydraxyplenyithio) p 1Oukenid$Lamethyibutyiphosphoric
acid monoester, (-)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenyithio)-2-chiorophe
ny1]-2-methyiutyiphosphoricracid ifdnoestery Lmonary hamartoangiomyomatosis, adult
(-)-2-amino-4-[2-chioro-4-(2-hydroxy-5-propyiphenyithio)phenyi ]-2-propyibutyiphosphoric acid
monoesterr &€5K-)x2-amino-442tohiore-412-ydroxy B Eopiopyiphenyithio)pheé pneumonitis,
ny1]-2-propyibutyiphosphoric acid monoester,

(-)-2-aminc-4+{2-chaoroe4-(SroyeiopropyE -Rstpelrexyphenyithio)p hedytiF2-propyibotyiphe'sphord acid
monoester, (-)-2-amino-4-[4-(5-t-buty1-2-hydroxyphenyithio)-2-chioropheny 20
1]-2-propyiputyiptrosphori€ deidbmonoestethe lung, or cytokine storm caused by an
(-)-2-amino-4-[2-chioro-4-(2-hydroxy-5-biphenyithio)pheny1]-2- propyibutyiphosphoric acid monoester,
or (-)-2-amint-43j41(8benzyiexyR-Rydroxyplvenyithis)t2-chioreplie ny E12-prdpyibwtyiphospherdc acid
monoester. 25 8. A medicine that is based on a sphingosine-I-phosphate 3 (S1P3)
receptor-aftagdaistié rction the yredicihedomprisidg ds aamtive ingredidnt the diphenpkdulide
derivative according to any one of claims 1 to 7, or a pharmaceutically acceptable salt 5 or hydrate
thereof. ThOUTRE PicHicinE ictdiding EREIRIM B, Whiersin thé PTdtigihe 13 arkErapaLie or preventive
medicine for respiratory tract contraction, bronchial asthma, chronic obstructive pulmonary 10 disease
(COPDY, ptihssriaty etphysemac fracheedl stenssis, SHfgss gdrirorichialitia Chronthifls estilting from
infection, connective tissue disease, or transplantation, diffuse pulmonary hamartoangiomyomatosis,
adult respirstER dishess *Fadrom e (ARIDSY ntershita prielfib s IaAgtancsr opréuments © L
hypersensitivity, 15 idiopathic interstitial pneumonia, fibrosis of the lung, sepsis, or cytokine storm
caused by @PAAFenZA AR GRS SMES Hifedtiort N T °OMaQS The mMédigindlat@dfding 1o ERiMS;
wherein the medicine is a therapeutic medicine for arterial sclerosis, blood vessel 20 intimal
hypertrophy Y $81F&imo R efisbetitretiogathy, rHeuniateid arhfts, tatdiaccaifest sease, eve
ischemia-reperfusion disorders, cerebral blood vessel spasms after subarachnoid bleeding, angina
pectoris or'hiyGCarGiaP fArctioh OSSR by YR Vessel SpasimBagidreANGASHRRtS WrdmBosis,
lung disease caused by pulmonary 25 edema, cardiac arrhythmia, eye disease, eye hypertension,
glaucdma, EuCHHALES tetiriohatiRg Uptie Hetirdpathy, or macula-lutea degeneration. 11. The
medicine according to claim 8, wherein the medicine 5 is a therapeutic or preventive medicine for
sepsis. 12. A pharmaceutical composition comprising the diphenyl sulfide derivative according to
any one of claims 1 to 7, or a pharmaceutically acceptable salt or hydrate thereof, and a 10
pharmaceutically acceptable carrier.
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CLAIMS

1. A diphenyl sulfide derivative, or a pharmaceutically

acceptable salt or hydrate thereof, represented by the general

5 formula (1),

10

15

20

[Formula 1]

Ri

(In the formula (1), erepresents a hydrogen atom, a halogen atom,
a trifluoromethyl group, an optionally substituted alkyl group

having 1 to 6 carbon atoms, an optionally substituted cycloalkyl
group having 3 to 6 carbon atoms, an optionally substituted aryl
group having 6 to 10 carbon atoms, an optionally substituted alkoxy
group having 1l to 4 carbon atoms, an optionally substituted benzyloxy
group, an optionally substituted acyl group having 1 to 4 carbon
atoms,acyanogroup,oracarboxylgroup;R2representsanoptionally
substituted alkyl group having 1 to 6 carbon atoms or an optionally
substituted alkenyl group having 2 to 6 carbon atoms; X represents
a methylene group which may be substituted with 1 or 2 fluorine
atoms or represents an oxygen atom; Y represents a hydrogen atom
or an optionally substituted alkyl group having 1 to 6 carbon atoms;

and Z represents a halogen atom).
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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

5 the general formula (la),

[Formula 2]

R! S ol
T gL g
OH x=RcOH  (1a)

NH,  OH

(In the formula (la), Rl, RZ, X, and Y are as defined above).

10 3. 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
the general formula (1b),

[Formula 3]

R! S cl
OH ¥ “xa=POH (1)
OH
NH,

15

(In the formula (1lb), Xa represents an oxygen atom or -CH,-, and

Rl, RZ, and Y are as defined above).
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4. 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
the general formula (lc),

[Formula 4]

R1

(In the formula (1lc), R! and R? are as defined above) .

5. The diphenyl sulfide derivative according to claim 4, or
a pharmaceutically acceptable salt or hydrate thereof, wherein R*
represents a trifluoromethyl group, an alkyl group having 1 to 6
carbon atoms, a cycloalkyl group having 3 to 6 carbon atoms, an

aryl group having 6 to 10 carbon atoms, or a benzyloxy group.

6. 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
(S)—-2—-amino—-4-[2-chloro-4-(2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-2-propylbutylphosphoric acid monoester,

(R)-2-allyl-2-amino—-4-[2-chloro-4-(2-hydroxy-5-trifluoromethyl
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phenylthio)phenyl]butylphosphoric acid monoester,
(S)—-2-amino—-4-[2-chloro-4- (2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-2-methylbutylphosphoric acid monoester,
(S)—-2-amino—-4-[2-chloro—-4-(2-hydroxy-5-isopropylphenylthio)phe
nyl]-2-methylbutylphosphoric acid monoester,
(S)-2-amino—-4-[2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
henyl]-2-methylbutylphosphoric acid monoester,
(S)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophe
nyl]-2-methylbutylphosphoric acid monoester,
(S)—-2-amino—-4-[2-chloro-4- (2-hydroxy-5-propylphenylthio)phenyl
]-2-propylbutylphosphoric acid monoester,
(S)-2-amino-4-[2-chloro-4- (2-hydroxy-5-isopropylphenylthio)phe
nyl]-2-propylbutylphosphoric acid monoester,
(S)-2-amino-4-[2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
henyl]-2-propylbutylphosphoric acid monoester,
(S)—-2—-amino—-4-[4-(5-t-butyl-2-hydroxyphenylthio)-2-chloropheny
1]-2-propylbutylphosphoric acid monoester,
(S)—-2-amino-4-[2-chloro-4-(2-hydroxy-5-biphenylthio)phenyl]-2-
propylbutylphosphoric acid monoester, or
(S)-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)—-2-chlorophe

nyl]-2-propylbutylphosphoric acid monoester.

7. 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
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(-)—2-amino—-4-[2-chloro—-4-(2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-2-propylbutylphosphoric acid monoester,
(-)-2-allyl-2-amino-4-[2-chloro-4-(2-hydroxy-5-trifluoromethyl
phenylthio)phenyl]butylphosphoric acid monoester,
(-)—-2-amino-4-[2-chloro-4- (2-hydroxy-5-trifluoromethylphenylth
io)phenyl]-2-methylbutylphosphoric acid monoester,
(-)—2—-amino—-4-[2-chloro-4-(2-hydroxy-5-isopropylphenylthio)phe
nyl]-2-methylbutylphosphoric acid monoester,
(-)—-2-amino-4-[2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
henyl]-2-methylbutylphosphoric acid monoester,
(-)—-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophe
nyl]-2-methylbutylphosphoric acid monoester,
(-)—2-amino—-4-[2-chloro-4- (2-hydroxy-5-propylphenylthio)phenyl
]-2-propylbutylphosphoric acid monoester,
(-)—-2-amino-4-[2-chloro-4- (2-hydroxy—-5-isopropylphenylthio)phe
nyl]-2-propylbutylphosphoric acid monoester,
(-)—-2-amino-4-[2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p
henyl]-2-propylbutylphosphoric acid monoester,
(-)—-2—-amino—-4-[4-(5-t-butyl-2-hydroxyphenylthio)-2-chloropheny
1]-2-propylbutylphosphoric acid monoester,
(-)—-2-amino-4-[2-chloro-4- (2-hydroxy-5-biphenylthio)phenyl]-2-
propylbutylphosphoric acid monoester, or
(-)—-2-amino-4-[4-(5-benzyloxy-2-hydroxyphenylthio)-2-chlorophe

nyl]-2-propylbutylphosphoric acid monoester.
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8. A medicine that is based on a sphingosine-l-phosphate 3
(S1P3) receptor—-antagonistic action, the medicine comprising as
an active ingredient the diphenyl sulfide derivative according to
any one of claims 1 to 7, or a pharmaceutically acceptable salt

or hydrate thereof.

9. The medicine according to claim 8, 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
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,

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

10. The medicine according to claim 8, wherein the medicine
is a therapeutic medicine for arterial sclerosis, blood vessel
intimal hypertrophy, solid tumors, diabeticretinopathy, rheumatoid
arthritis, cardiac arrest, 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, cardiac arrhythmia, eye disease, eye hypertension, glaucoma,
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glaucomatous retinopathy, optic neuropathy, or macula-lutea

degeneration.

11. The medicine according to claim 8, wherein the medicine

5 1s a therapeutic or preventive medicine for sepsis.

12. A pharmaceutical composition comprising the diphenyl
sulfide derivative according to any one of claims 1 to 7, or a
pharmaceutically acceptable salt or hydrate thereof, and a

10 pharmaceutically acceptable carrier.
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