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DESCRIPTION 

DIPHENYL SULFIDE DERIVATIVE AND PHARMACEUTICAL PRODUCT WHICH 

CONTAINS SAME AS ACTIVE INGREDIENT 

TECHNICAL FIELD 

[0001]  5 

 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-1-phosphate 

3 (S1P3) receptor-antagonist and a medicine containing the same 

as an active ingredient. 10 

BACKGROUND ART 

[0002] 

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

intermediary metabolite in sphingosine metabolism.  However, it has 

been reported that S1P has a cell growth promoting action and a 15 

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). 

[0003] 20 

 This S1P combines two actions, an action as an intracellular 

second messenger and an action as an intercellular mediator.  Studies 

into S1P’s action as an intercellular mediator are especially active.  

It has been reported that information is transmitted via a plurality 

of G protein-coupled receptors present on the cell membrane 25 
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surface(Endothelial Differentiation Gene, EDG)(Non-Patent 

Literatures 1 and 3).  Currently, five sub-types of S1P receptors 

are known, including Edg-1, Edg-3, Edg-5, Edg-6, and Edg-8 which 

are called as S1P1, S1P3, S1P2, S1P4, and S1P5, respectively. 

[0004] 5 

 From various studies into these S1P receptors, it has been 

reported that so-called S1P receptor regulator, which exhibits an 

agonistic or antagonistic action against this receptor, is effective 

against a wide range of diseases.  Patent Literature 2 and Non-Patent 

Literatures 4 to 7 report that the S1P3 antagonist is effective 10 

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 

tissue disease, or transplantation, diffuse pulmonary 15 

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. 

[0005] 20 

 Further, Patent Literatures 3 to 6 show that the S1P3 antagonist 

is also effective against 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 25 
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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, macula-lutea 

degeneration and the like. 5 

[0006] 

 Further, although currently there are recombinants form of 

human activated protein C (rhAPC) in medicines that are effective 

as sepsis therapeutic medicines, rhAPC may also cause hemorrhaging 

as a side effect.  Therefore, there is a need to develop a novel 10 

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 

the S1P3 antagonist may be effective as a sepsis therapeutic or 15 

preventive medicine.  In addition, it has been reported that the 

S1P1 antagonist increases vascular wall permeability, and causes 

pulmonary edema (Non-Patent Literature 8).  Therefore, in order for 

a novel sepsis therapeutic or preventive medicine to have a high 

level of safety, that therapeutic or preventive medicine should 20 

have a weak S1P1 antagonistic action, preferably exhibit an S1P1 

agonistic action, and more preferably not exhibit an action against 

the S1P1 receptor. 

[0007] 

 Known S1P receptor regulators include, for example, the 25 
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compounds represented by the following general formula (A) described 

in Patent Literature 1, 

[0008] 

[Formula 1] 

 5 

[0009] 

(In the formula (A), R
1
 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 

alkoxy group having 1 to 4 carbon atoms, a trifluoromethyloxy group, 10 

an optionally substituted aralkyloxy group, an optionally 

substituted phenoxy group, a cyclohexylmethyloxy group, a 

pyridylmethyloxy group, a cinnamyloxy group, a naphthylmethyloxy 

group, a phenoxymethyl group, a hydroxymethyl group, a hydroxyethyl 

group, a lower alkylthio group having 1 to 4 carbon atoms, a lower 15 

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
2
 represents a hydrogen 

atom, a halogen atom, a halogenated or unhalogenated lower alkyl 

group having 1 to 4 carbon atoms, a lower alkoxy group having 1 20 

to 4 carbon atoms, an aralkyl group, or an aralkyloxy group; R
3
 

represents a hydrogen atom, a halogen atom, a trifluoromethyl group, 

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

represents a hydrogen atom, a halogen atom, a trifluoromethyl group, 

a lower alkyl group having 1 to 4 carbon atoms, a lower alkoxymethyl 5 

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
5 
represents a hydrogen atom or a lower alkyl 

group having 1 to 4 carbon atoms; X represents O, S, SO, or SO2; 

and Y represents -CH2O-, -CH2-, -CH=CH-, -CF=CF-, -CH2CH2-, -CH2CFH-, 10 

-CH2CF2-, or -CH(OH)CF2-.). 

[0010] 

 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 15 

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

that 2-aminophosphoric acid monoester derivatives or 

3-aminophosphonic acid derivatives having such a structure exhibit 

an excellent S1P3 receptor-antagonistic action is also not known. 

[0011] 20 

 Other examples of known S1P receptor regulators include the 

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

Literature 6, 

[0012] 

[Formula 2] 25 



 6 

 

[0013] 

(In the formula (B), R
1
 represents a chlorine atom, a linear alkyl 

group having 1 to 3 carbon atoms, or a trifluoromethyl group; R
2
 

represents a fluorine atom or a chlorine atom; R
3
 represents a linear 5 

alkyl group having 1 to 3 carbon atoms; X represents an oxygen atom 

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

[0014] 

 Further, among the compounds represented by the general formula 

(B), it has been reported that the optically active compounds 10 

represented by the general formula (Ba). 

[0015] 

[Formula 3] 

 

[0016] 15 

(In the formula (Ba),R
1
, R

3
, and X are as defined above.) 

[0017] 
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 It has been reported that the optically active compounds 

represented by the general formula (Ba) have a weak S1P3 agonistic 

action and an excellent agonistic action against S1P1 and/or S1P4. 

However, the compounds having an inverse asymmetric center to the 

optically active compounds represented by the general formula (Ba), 5 

are not known.  Further, the fact that such optically active compounds 

exhibit an excellent S1P3 receptor-antagonistic action is also not 

known. 

[0018] 

Patent Literature 1  WO04074297 pamphlet 10 

Patent Literature 2  WO03020313 pamphlet 

Patent Literature 3  Japanese Patent Application Laid-Open No. 

2005-247691 

Patent Literature 4  WO07043568 pamphlet 

Patent Literature 5  WO06063033 pamphlet 15 

Patent Literature 6  WO08018427 pamphlet 

Non-Patent Literature 1  Y. Takuma et al., Mol. Cell. Endocrinol., 

177, 3(2001). 

Non-Patent Literature 2  Y. Igarashi, Ann, N.Y. Acad. Sci., 845, 

19(1998). 20 

Non-Patent Literature 3  H. Okazaki et al., Biochem. Biophs. Res. 

Commun., 190, 1104(1993). 

Non-Patent Literature 4  Y. Gon et.al., Proc Natl Acad Sci U S A. 

102(26),9270(2005). 

Non-Patent Literature 5  F. Nissen et al., Nature,452,654(2008) 25 
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Non-Patent Literature 6  D. Christina et al., 

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

Non-Patent Literature 7  F. Nissen et al., Blood,113(12),2859(2009) 

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

biology,2,434(2006) 5 

SUMMARY OF THE INVENTION 

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. 10 

MEANS FOR SOLVING THE PROBLEMS 

[0020] 

 As a result of intensive studies into the S1P3 antagonist, 

the present inventors discovered that a novel diphenyl sulfide 

derivative has an excellent S1P3 antagonistic action, thereby 15 

completing the present invention. 

[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 general formula (1). 20 

[0022] 

[Chemical formula 4] 
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[0023] 

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

carbon atoms, R
2
 represents a propyl group or an allyl group, X 

represents methylene or an oxygen atom, and Z represents a halogen 

atom.) 5 

[0024] 

 Further, a second 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 10 

represented by the general formula (1a). 

[0025] 

[Chemical formula 5] 

 

[0026] 15 

(In the formula (1a), R
1
 and R

2
 are as defined in the first aspect 

of the invention.) 

[0027] 

 A third aspect of the invention relates to the diphenyl sulfide 

derivative according to the first aspect of the invention, or a 20 

pharmaceutically acceptable salt or hydrate thereof, wherein the 

compound represented by the general formula (1) is an 

(R)-2-allyl-2-amino-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthi
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o)phenyl}butylphosphoric acid monoester or an 

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

}-2-propylbutylphosphoric acid monoester. 

[0028] 

 A fourth aspect of the invention relates to a medicine that 5 

comprises the diphenyl sulfide derivative according to any one of 

the first to third aspects of the invention, or a pharmaceutically 

acceptable salt or hydrate thereof. 

[0029] 

 In addition, a fifth aspect of the invention relates to the 10 

medicine according to the fourth aspect of the invention, wherein 

the medicine is a therapeutic or preventive medicine for 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 

[0030] 

 Still further, a sixth aspect of the invention relates to the 

medicine according to the fourth aspect of the invention, wherein 

the medicine is a therapeutic or preventive medicine for 

arteriosclerosis, blood vessel intimal thickening, solid tumors, 25 
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diabetic retinopathy, articular rheumatism, 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 5 

disease, eye hypertension, glaucoma, glaucomatous retinopathy, 

optic neuropathy, or macula-lutea degeneration. 

[0031] 

 Further, a seventh aspect of the invention relates to the 

medicine according to the fourth aspect of the invention, wherein 10 

the medicine is a therapeutic or preventive medicine for sepsis. 

[0032] 

 In addition, an eighth aspect of the invention relates to a 

pharmaceutical composition comprising the diphenyl sulfide 

derivative according to any one of the first to third aspects of 15 

the invention, or a pharmaceutically acceptable salt or hydrate 

thereof, and a pharmaceutically acceptable carrier. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0033] 

 According to the present invention, a diphenyl sulfide 20 

derivative having an excellent S1P3 antagonistic action and S1P3 

selectivity can be provided.  Further, the diphenyl sulfide 

derivative of the present invention can be safely used as a medicine, 

as it causes little or no hemolysis, tissue damage, or central 

depressant action.  In addition, the diphenyl sulfide derivative 25 
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of the present invention is stable in aqueous solution.  The compound 

of the present invention having these excellent properties is 

effective as a preventive or a therapy for sepsis, respiratory tract 

contraction, bronchial asthma, chronic obstructive pulmonary 

disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse 5 

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, cytokine 10 

storm (hyperproduction) caused by an influenza virus or RS virus 

infection, arteriosclerosis, blood vessel intimal thickening, solid 

tumors, diabetic retinopathy, rheumatoid arthritis, cardiac arrest, 

ischemia-reperfusion disorders, cerebral blood vessel spasms after 

subarachnoid bleeding, angina pectoris or myocardial infarction 15 

caused by coronary vessel spasms, glomerulonephritis, thrombosis, 

lung disease caused by pulmonary edema such as ARDS, cardiac 

arrhythmia, eye disease, eye hypertension, glaucoma, glaucomatous 

retinopathy, optic neuropathy, and macula-lutea degeneration. 

MODE FOR CARRYING OUT THE INVENTION 20 

[0034] 

 In the following description the definition of the functional 

groups in the general formulae may be omitted by referring to an 

already-provided definition.  These referral definitions refer to 

a definition provided in the following description of the embodiments.  25 
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It should naturally be understood that these referral definitions 

do not refer to the definitions of the functional groups on the 

compounds mentioned as prior art. 

[0035] 

The “halogen atom” used in the present invention is a fluorine 5 

atom, a chlorine atom, a bromine atom, or an iodine atom. 

Examples of the “alkoxy group having 1 to 6 carbon atoms” include 

a methoxy group, an ethoxy group, an n-propoxy group, an n-butoxy 

group, an i-propoxy group, and a t-butoxy group.   

[0036] 10 

 Further, in the present invention, to obtain an excellent S1P3 

antagonistic action and for a safety for a living body, it is preferred 

that R
1
 be an alkoxy group having 1 to 6 carbon atoms, and an ethoxy 

group is especially preferred. 

 In addition, it is preferred that R
2
 be a propyl group or an 15 

allyl group. 

 Still further, it is preferred that X be methylene or an oxygen 

atom, and an oxygen atom is especially preferred. 

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

a chlorine atom is especially preferred. 20 

[0037] 

 Examples of a pharmaceutically acceptable salt in the present 

invention include an acid addition salt, such as a hydrochloride 

salt, a hydrobromide salt, an acetate salt, a trifluoroacetate salt, 

a methanesulfonate salt, a citrate salt, or a tartrate salt, and 25 
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an alkaline addition salt, such as a sodium salt, a potassium salt, 

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

[0038] 

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

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

represented by the general formula (1d), can be prepared based on 

the following synthesis pathway A, for example. 

[0039] 

[Formula 6] 

 10 

[0040] 

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

carbon atoms, R
2
 represents a propyl group or an allyl group, and 

Z represents a halogen atom.) 

<Synthesis pathway A> 15 

[0041] 

[Formula 7] 
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[0042] 

 In the synthesis pathway A, an optically active compound 

represented by the general formula (4), can be prepared by reacting 

an optically active compound represented by the general formula 5 

(2), with a compound represented by the general formula (3), in 

the presence of a base (Step A-1). 

[0043] 

[Formula 8] 

  10 

[0044] 
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(In the formula (4), R
3
 represents an alkyl group having 1 to 6 carbon 

atoms; and R
2
 is as defined above.) 

[0045] 

[Formula 9] 

 5 

[0046] 

(In the formula (2), R
3
 is as defined above.) 

[0047] 

[Formula 10] 

 10 

[0048] 

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

a halogen atom, a methanesulfonyloxy group, a 

para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy 

group; and R
2
 is as defined above.). 15 

[0049] 

 Specifically, first, in a reaction solvent such as 1,4-dioxane, 

tetrahydrofuran, or diethyl ether, the compound represented by the 

general formula (2) is treated at -78C using a base.  Then, a compound 

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

obtained anion of the compound represented by the general formula 
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(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 

is preferred. 5 

[0050] 

 In the present specification, the term “normal temperature” 

means 15 to 25C as defined in the Japanese Pharmacopoeia. 

[0051] 

 In the synthesis pathway A, an optically active compound 10 

represented by the general formula (6), can be prepared by reacting 

the optically active compound represented by the general formula 

(4) with a compound represented by the general formula (5), in the 

presence of a base (Step A-2). 

[0052] 15 

[Formula 11] 

  

[0053] 

(In the formula (6), A
b
 represents a typical leaving group such as 

a halogen atom, a methanesulfonyloxy group, a 20 
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para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy 

group; and R
2
, R

3
, and Z are as defined above.) 

[0054] 

[Formula 12] 

 5 

[0055] 

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

a halogen atom, a methanesulfonyloxy group, a 

para-toluenesulfonyloxy group, or a trifluoromethanesulfonyloxy 

group; and A
b
 and Z are as defined above.) 10 

[0056] 

 Specifically, first, in a reaction solvent such as 1,4-dioxane, 

tetrahydrofuran, or diethyl ether, the compound represented by the 

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 15 

on the obtained anion of the compound represented by the general 

formula (4).  Next, the temperature is gradually increased to normal 

temperature to obtain the compound represented by the general formula 

(6).  Examples of the base that can be used in this reaction include 

n-butyllithium and lithium diisopropylamide, and n-butyllithium 20 

is preferred. 

[0057] 
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 In the synthesis pathway A, a compound represented by the 

general formula (7), can be prepared by subjecting the compound 

represented by the general formula (6) to acid hydrolysis, and then 

protecting the amino group with a typical protecting reagent. 

[0058] 5 

[Formula 13] 

  

[0059] 

(In the formula (7), R
4
 represents a general protecting group for 

amino group; and A
b
, R

2
, R

3
, and Z are as defined above.) 10 

[0060] 

 The R
4
 in the formula (7) is not especially limited as long 

as it protects the amino group.  For example, an acyl group, such 

as an acetyl group, or a carbamate, such as t-butoxycarbonyl or 

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

[0061] 

 Specifically, first, in an inorganic or organic acid, or in 

a mixed solution of an inorganic or organic acid and water or an 

organic solvent, a compound represented by the general formula (6) 

is subjected to acid hydrolysis at normal temperature.  Here, as 20 

the inorganic acid, hydrochloric acid, hydrobromic acid or the like 

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

can be used.  Further, as the organic solvent, methanol, ethanol, 
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tetrahydrofuran, 1,4-dioxane, ethyl acetate or the like can be used.  

Among these, it is preferred to carry out the acid hydrolysis using 

a trifluoroacetic acid aqueous solution. 

 Next, after neutralization with a base to obtain an amino 

ester, this amino ester and an acyl chloride or an acid anhydride 5 

are reacted at 0C to normal temperature in a solvent to obtain the 

compound represented by the general formula (7).  Examples of the 

solvent that can be used in this step include ethyl acetate, 

tetrahydrofuran, N,N-dimethylformamide, 1,4-dioxane, methylene 

chloride, chloroform, methanol, ethanol, and acetonitrile.  As the 10 

acyl chloride, acetyl chloride, benzyloxycarbonyl chloride or the 

like can be used.  As the acid anhydride, acetic anhydride, 

di-t-butyldicarbonate or the like can be used.  Among these, it is 

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

[0062] 15 

 In the synthesis pathway A, a compound represented by the 

general formula (8) can be prepared by reducing the compound 

represented by the general formula (7) (Step A-4). 

[0063] 

[Formula 14] 20 

 

[0064] 
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(In the formula (8), A
b
, R

2
, R

4
, and Z are as defined above.) 

[0065] 

 For example, in a reaction solvent such as tetrahydrofuran, 

1,4-dioxane, ethanol, methanol or the like, the compound represented 

by the general formula (7) is redused using a reductant at 0C to 5 

the reflux temperature, and preferably at normal temperature.  

Examples of the reductant that can be used include borane, alkyl 

borane derivatives such as 9-borabicyclo[3.3.1]nonane (9-BBN), 

metal hydride complexes such as diisobutylaluminum hydride 

((iBu)2AlH), sodium borohydride (NaBH4), lithium borohydride (LiBH4), 10 

lithium aluminum hydride (LiAlH4) or the like.  Preferably, the 

reductant is lithium borohydride. 

[0066] 

 In the synthesis pathway A, a compound represented by the 

general formula (10), can be prepared by reacting the compound 15 

represented by the general formula (8) and the compound represented 

by the general formula (9). 

[0067] 

[Formula 15] 

 20 

[0068] 
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(In the formula (10), R
5
 represents a hydrogen atom or a general 

protecting group for a phenolic hydroxyl group; and R
1
, R

2
, R

4
, and 

Z are as defined above.) 

[0069] 

[Formula 16] 5 

 

[0070] 

(In the formula (9), R
1
 and R

5
 are as defined above.) 

[0071] 

 The general protecting group for a phenolic hydroxyl group 10 

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). 

[0072] 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 

sodium carbonate or potassium t-butoxide.  Examples of organic bases 

that can be used include diisopropyethylamine.  Further, examples 

of the catalyst that can be used include palladium compounds, such 
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as tris(dibenzylideneacetone) dipalladium(0) or palladium(II) 

acetate.  Preferably, tris(dibenzylideneacetone) dipalladium(0) 

is used. 

 A phosphine compound, such as 

4,5-bis(diphenylphosphino)-9,9-dimethylxanthene, 5 

bis[2-(diphenylphosphino)phenyl] ether, or 1,1’-bis(di-t-butyl 

phosphino)ferrocene, may be added to the reaction solvent as a 

reaction accelerator. 

[0073] 

 In the synthesis pathway A, a compound represented by the 10 

general formula (12), can be prepared by reacting the compound 

represented by the general formula (10) and a compound represented 

by the general formula (11) (Step A-6). 

[0074] 

[Formula 17] 15 

 

[0075] 

(In the formula (12), R
1
, R

2
, R

3
, R

4
, R

5
, and Z are as defined above.), 

[0076] 

[Formula 18] 20 

  

[0077] 

(In the formula (11), R
3
 is as defined above.)  
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[0078] 

 For example, this reaction can be carried out in the presence 

of carbon tetrabromide and pyridine, using no solvent or a solvent 

such as methylene chloride, chloroform, acetonitrile, ethyl acetate, 

tetrahydrofuran, or diethyl ether, at 0C to normal temperature. 5 

[0079] 

 In the synthesis pathway A, a compound represented by the 

general formula (1d) can be prepared by subjecting the compound 

represented by the general formula (12) to acid hydrolysis or 

treatment with a nucleophilic reagent, such as trimethylsilyl 10 

bromide or trimethylsilyl iodide (Step A-7). 

[0080] 

For the acid hydrolysis reaction, acid hydrolysis can be 

carried out in an inorganic acid such as hydrochloric acid or 

hydrobromic acid, or in a mixed solution of an organic solvent such 15 

as methanol or ethanol and an inorganic acid, at the reflux temperature.  

Further, a treatment using a nucleophilic reagent can be carried 

out by reacting trimethylsilyl bromide or trimethylsilyl iodide 

at 0C to normal temperature using acetonitrile or methylene chloride 

as a preferred reaction solvent.  Alternatively, the treatment with 20 

a nucleophilic reagent can also be carried out by reacting with 

a combination of trimethylsilyl chloride and sodium bromide or a 

combination of trimethylsilyl chloride and sodium iodide. 

[0081] 
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 In the synthesis pathway A, the compound represented by the 

general formula (7) can also be prepared based on the following 

synthesis pathway B, for example. 

<Synthesis pathway B> 

[0082] 5 

[Formula 19] 

 

[0083] 

 In the synthesis pathway B, an optically active compound 

represented by the general formula (14), can be prepared based on 10 

the same method as in Step A-2 using an optically active compound 

represented by the general formula (13), and the compound represented 

by the general formula (5) (Step B-1). 

[0084] 

[Formula 20] 15 

 

[0085] 
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(In the formula (14), A
b
, R

3
, and Z are as defined above.), 

[0086] 

[Formula 21] 

 

[0087] 5 

(In the formula (13), R
3
 is as defined above.) 

[0088] 

 In the synthesis pathway B, an optically active compound 

represented by the general formula (15), can be prepared based on 

the same method as in Step A-1 using the optically active compound 10 

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

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

[0089] 

[Formula 22] 

  15 

[0090] 

(In the formula (15), A
b
, R

2
, R

3
, and Z are as defined above.) 

[0091] 
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 In the synthesis pathway B, the compound represented by the 

general formula (7) can be prepared based on the same method as 

in Step A-3 using the compound represented by the general formula 

(15) (Step B-3). 

[0092] 5 

 In the synthesis pathway A, the compound represented by the 

general formula (10) can be prepared based on the following synthesis 

pathway C, for example. 

<Synthesis pathway C> 

[0093] 10 

[Formula 23] 

 

[0094] 

 In the synthesis pathway C, an optically active compound 

represented by the general formula (17), can be prepared based on 15 

the same method as in Step A-2 using the optically active compound 

represented by the general formula (4) and a compound represented 

by the general formula (16) (Step C-1). 

[0095] 

[Formula 24] 20 
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[0096] 

(In the formula (17), R
1
, R

2
, R

3
, R

5
, and Z are as defined above.) 

[0097] 

[Formula 25] 5 

 

[0098] 

(In the formula (16), R
1
, R

5
, A

c
, and Z are as defined above.) 

[0099] 

 In the synthesis pathway C, a compound represented by the 10 

general formula (18), can be prepared based on the same method as 

in Step A-3 using the compound represented by the general formula 

(17) (Step C-2). 

[0100] 

[Formula 26] 15 

 

[0101] 

(In the formula (18), R
1
, R

2
, R

3
, R

4
, R

5
, and Z are as defined above.) 
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[0102] 

 In the synthesis pathway C, the compound represented by the 

general formula (10) can be prepared based on the same method as 

in Step A-4 using the compound represented by the general formula 

(18) (Step C-3). 5 

[0103] 

 In the synthesis pathway C, the compound represented by the 

general formula (18) can be prepared based on the following synthesis 

pathway D, for example. 

<Synthesis pathway D> 10 

[0104] 

[Formula 27] 

 

[0105] 

 In the synthesis pathway D, an optically active compound 15 

represented by the general formula (19) , can be prepared based 

on the same method as in Step A-2 using the optically active compound 

represented by the general formula (13) and the compound represented 

by the general formula (16) (Step D-1). 

[0106] 20 
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[Formula 28] 

  

[0107] 

(In the formula (19), R
1
, R

3
, R

5
, and Z are as defined above.) 

[0108] 5 

 In the synthesis pathway D, an optically active compound 

represented by the general formula (20), can be prepared based on 

the same method as in Step A-1 using the optically active compound 

represented by the general formula (19) and the compound represented 

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

[0109] 

[Formula 29] 

  

[0110] 

(In the formula (20), R
1
, R

2
, R

3
, R

5
, and Z are as defined above.) 15 

[0111] 

 In the synthesis pathway D, the compound represented by the 

general formula (18) can be prepared based on the same method as 
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in Step A-3 using the compound represented by the general formula 

(20) (Step D-3). 

[0112] 

 In the synthesis pathway A, among the compounds represented 

by the general formula (10), a compound in which R
1
 is a cyano group 5 

or an acetyl group and R
5
 is a general protecting group for phenol, 

specifically, a compound represented by the general formula (10a), 

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

[0113] 

[Formula 30] 10 

 

[0114] 

(In the formula (10a), R
1a
 represents an acetyl group or a cyano 

group and R
5a
 represents a general protecting group for a phenolic 

hydroxyl group; and R
2
, R

4
, and Z are as defined above.) 15 

[0115] 

 R
5a
 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 20 

group can be used. 

<Synthesis pathway E> 
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[0116] 

[Formula 31] 

 

[0117] 

 In the synthesis pathway E, an optically active compound 5 

represented by the general formula (22), can be prepared based on 

the same method as in Step A-5 using the optically active compound 

represented by the general formula (8) and a compound represented 

by the general formula (21). 

[0118] 10 

[Formula 32] 

  

[0119] 

(In the formula (22), R
5b
 represents a general protecting group for 

a phenolic hydroxyl group; and R
2
, R

4
, and Z are as defined above.) 15 

[0120] 
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[Formula 33] 

 

[0121] 

(In the formula (21), R
5b
 is as defined above.) 

[0122] 5 

 R
5b
 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 E-1). 10 

[0123] 

 In the synthesis pathway E, a compound represented by the 

general formula (23), can be prepared by protecting the phenolic 

hydroxyl group of the compound represented by the general formula 

(22) (Step E-2). 15 

[0124] 

[Formula 34] 

  

[0125] 

(In the formula (23), R
2
, R

4
, R

5a
, R

5b
, and Z are as defined above.) 20 

[0126] 
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 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 5 

reacting a compound represented by the general formula (22) with 

a chloride or an acyl chloride.  As the inorganic base, potassium 

carbonate or 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 methoxymethyl chloride, 10 

t-butyldimethylsilyl chloride, and benzyl chloride.  Examples of 

the acyl chloride that can be used include acetyl chloride.  Among 

these, it is preferred to protect the phenolic hydroxyl group using 

methoxymethyl chloride.  In addition, the reaction can be carried 

out by reacting at 0C to normal temperature.   15 

[0127] 

 In the synthesis pathway E, a compound represented by the 

general formula (24), can be prepared by removing the R
5b
 in the 

compound represented by the general formula (23) (Step E-3). 

[0128] 20 

[Formula 35] 

  

[0129] 
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(In the formula (24), R
2
, R

4
, R

5a
, and Z are as defined above.) 

[0130] 

 The reaction is not especially limited, as long as the technique 

is commonly used to remove a protecting group for a phenolic hydroxyl 

group, and R
5a
 is not removed.  An example will be described in which 5 

R
5b
 is a silyl protecting group, such as a t-butyldimethylsilyl group.  

In this case, the deprotection reaction can be carried out in a 

reaction solvent such as tetrahydrofuran, acetonitrile, or methylene 

chloride using a fluorine compound, such as tetrabutylammonium 

fluoride or hydrogen fluoride - pyridine, and preferably 10 

tetrabutylammonium fluoride.  This deprotection reaction can be 

carried out at from 0C to the reflux temperature, and preferably 

at 0C. 

[0131] 

 In the synthesis pathway E, a compound represented by the 15 

general formula (25), can be prepared by reacting the compound 

represented by the general formula (24) with 

N-phenyltrifluoromethanesulfonimide (Step E-4). 

[0132] 

[Formula 36] 20 

  

[0133] 

(In the formula (25), R
2
, R

4
, R

5a
, and Z are as defined above.) 
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[0134] 

 For example, this reaction can be carried out by reacting 

with N-phenyltrifluoromethanesulfonimide in the presence of an 

organic base such as pyridine, triethylamine or the like using a 

solvent such as methylene chloride, chloroform, toluene or the like 5 

at 0C to 80C, and preferably at normal temperature. 

[0135] 

 In the synthesis pathway E, a compound represented by the 

general formula (10a) can be prepared based on a known method using 

zinc cyanide (e.g., Synth. Commun., 25, 3255-3261 (1995)), or a 10 

known method using a Heck reaction (e.g., J. Org., Chem., 55, 3654-3655 

(1990)) from a compound represented by the general formula (25) 

(Step E-5). 

 An example will be described in which R
1a
 is a cyano group.  

In this case, the reaction can be carried out in the presence of 15 

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 

such as tetrakistriphenylphosphine palladium(0) or tris 20 

(dibenzylideneacetone) dipalladium(0), and preferably 

tetrakistriphenylphosphine palladium(0).  Further, a phosphine 

compound, such as 1,1’-bis(diphenylphosphino)-ferrocene or 

1,3-bis(diphenylphosphino)-propane, may be added to the reaction 

solvent as a reaction accelerator. 25 
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 Another example will be described in which R
1a
 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, 

tetrahydrofuran or the like, by reacting with butyl vinyl ether.  5 

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 

be carried out at normal temperature to the reflux temperature. 10 

[0136] 

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

a compound in which X is methylene, specifically, a compound 

represented by the general formula (1e), can be prepared based on 

the following synthesis pathway F, for example. 15 

[0137] 

[Formula 37] 

  

[0138] 

(In the formula (1e), R
1
, R

2
, and Z are as defined above.) 20 

<Synthesis pathway F> 

[0139] 

[Formula 38] 
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[0140] 

 In the synthesis pathway F, a compound represented by the 

general formula (26), can be prepared by oxidation of the compound 

represented by the general formula (10) (Step F-1). 5 

[0141] 

[Formula 39] 

  

[0142] 

(In the formula (26), R
1
, R

2
, R

4
, R

5
, and Z are as defined above.) 10 

[0143] 

 This reaction can be carried out using a generally used 

oxidation method to generate aldehyde from alcohol.  Examples of 

this oxidation treatment may include an oxidation treatment that 

uses a chromium oxide - pyridine complex such as pyridinium 15 

chlorochromate or pyridinium dichromate, or oxidation that uses 

hypervalent iodine such as Dess-Martin oxidation.  Alternatively, 

dimethyl sulfoxide oxidation using various dimethyl sulfoxide 
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activating agents, such as oxalyl chloride, trifluoroacetic 

anhydride, acetic anhydride, dicyclohexylcarbodiimide, or a sulfur 

trioxide - pyridine complex, may be used. 

[0144] 

 In the synthesis pathway F, a compound represented by the 5 

general formula (29) can be prepared by, for example, reacting the 

compound represented by the general formula (26) and a compound 

represented by the general formula (27), in a reaction solvent in 

the presence of a base. 

[0145] 10 

[Formula 40] 

  

[0146] 

(In the formula (29), R
1
, R

2
, R

3
, R

4
, R

5
, and Z are as defined above.) 

[0147] 15 

[Formula 41] 

 

[0148] 

(In the fourmula (27), R
3
 is as defined above.) 

[0149] 20 
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 Examples of the base that can be used in this reaction include 

sodium hydride, potassium hydride, sodium alkoxide, potassium 

alkoxide, or n-butyllithium, and preferably n-butyllithium.  As the 

reaction solvent, tetrahydrofuran, diethyl ether, or 1,4-dioxane 

may be used.  Further, the reaction temperature may be set to -78C 5 

to normal temperature. 

[0150] 

 In the synthesis pathway F, a compound represented by the 

general formula (30), can be prepared by reducing a compound 

represented by the general formula (29) (Step F-3). 10 

[0151] 

[Formula 42] 

 

[0152] 

(In the formula (30), R
1
, R

2
, R

3
, R

4
, R

5
, and Z are as defined above.) 15 

[0153] 

 For example, this reaction can be carried out in the presence 

of a catalyst for catalytic hydrogenation, in a solvent such as 

ethanol, methanol, tetrahydrofuran, N,N-dimethylformamide, or 

ethyl acetate, under a normal pressure to increased hydrogen pressure 20 

at normal temperature.  Examples of catalysts for catalytic 

hydrogenation that can be used include palladium carbon, platinum 

carbon, platinum oxide, rhodium carbon, or ruthenium carbon. 
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 Further, this reaction can also be carried out by diimide 

reduction.  For example, the reaction can be carried out using 

potassium azodicarboxylate in the presence of acetic acid in a solvent 

such as pyridine, ethanol, methanol, dimethylsulfoxide, or 

1,4-dioxane at a temperature of from normal temperature to heating 5 

to reflux. 

[0154] 

 In the synthesis pathway F, a compound represented by the 

general formula (1e) can be prepared based on the same method as 

in Step A-7 using the compound represented by the general formula 10 

(30) (Step F-4). 

[0155] 

 Further, the synthesis method of the compound represent by 

the general formula (16) can be carried out based on the method 

described in WO 03029184, WO 03029205, WO 04026817, WO 04074297, 15 

and WO 050444780 pamphlets. 

[0156] 

 The diphenyl sulfide derivative, or a pharmaceutically 

acceptable salt or hydrate thereof, of the present invention, 

exhibits an excellent S1P3 antagonistic action, and can be used 20 

to produce a medicine based on a sphingosine 1-phosphoric acid 3 

(S1P3) receptor-antagonistic action.  More specifically, a medicine 

having at least one kind or more of such compounds as an active 

ingredient is effective as a therapeutic or preventive medicine 

for diseases for which it is known that an S1P3 antagonist is an 25 
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effective therapeutic or preventive medicine.  Examples of diseases 

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

therapeutic or preventive medicine include sepsis, respiratory tract 

contraction, bronchial asthma, chronic obstructive pulmonary 

disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse 5 

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, or cytokine 10 

storm caused by an influenza virus or RS virus infection. 

[0157] 

 Further, other than the above-described diseases, the medicine 

of the present invention is also effective for therapy or prevention 

for diseases for which it is known that an S1P3 antagonistic action 15 

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

S1P3 antagonistic action is effective include arteriosclerosis, 

blood vessel intimal thickening, solid tumors, diabetic retinopathy, 

rheumatoid arthritis, cardiac arrest, ischemia-reperfusion 

disorders, cerebral blood vessel spasms after subarachnoid bleeding, 20 

angina pectoris or myocardial infarction caused by coronary vessel 

spasms, glomerulonephritis, thrombosis, lung disease caused by 

pulmonary edema such as ARDS, cardiac arrhythmia, eye disease, eye 

hypertension, glaucoma, glaucomatous retinopathy, optic neuropathy, 

and macula-lutea degeneration. 25 
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[0158] 

 The medicine of the present invention can be orally 

administered.  Alternatively, the medicine of the present invention 

can also be administered via a non-oral route, such as intrarectally, 

subcutaneously, intravenously, intramuscularly, or transdermally. 5 

[0159] 

 To use as a medicine, the compound of the present invention, 

or a pharmaceutically acceptable salt or hydrate thereof, may be 

in the form of a solid composition, a liquid composition, or some 

other compositions.  The optimum form is selected as necessary.  The 10 

pharmaceutical composition of the present invention can be prepared 

by mixing the compound of the present invention with a 

pharmaceutically acceptable carrier.  Specifically, the 

pharmaceutical composition of the present invention can be prepared 

by ordinary formulation techniques as a tablet, pill, capsule, 15 

granule, powder, dispersion, liquid, emulsion, suspension, 

injection or the like, by adding common diluents, fillers, binders, 

disintegrants, coatings, sugar coatings, pH adjusting agents, 

dissolving agents, or aqueous or non-aqueous solvents. 

[0160] 20 

 The present invention will now be described based on the 

following specific examples.  However, the present invention is not 

limited to these examples. 

<Reference Example 1> 
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(2R,5R)-2-allyl-2-(4-bromo-2-chlorophenyl)ethyl-3,6-dimethoxy-

5-isopropyl-2,5-dihydropyrazine 

[0161] 

[Chemical formula 43] 

 5 

[0162] 

 Under an argon atmosphere, an n-butyllithium-hexane solution 

(1.60 mol/L, 11.16 mL) was added at -78C to a solution of 

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

(3.64 g) in tetrahydrofuran (60 mL) to form a reaction solution.  10 

This reaction solution was then stirred at -78C for 30 minutes.  

A solution of 4-bromo-2-chloro-1-(2-iodoethyl)benzene (6.73 g) in 

tetrahydrofuran (20 mL) was added to the reaction solution, and 

the reaction solution was stirred at -78C for 30 minutes and then 

at 0C for 1 hour.  Water was added to the reaction solution, and 15 

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 product was 20 

purified by silica gel column chromatography (hexane : ethyl acetate 

= 70 : 1) to obtain the target product (6.04 g) as a colorless oil. 
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1
H NMR (CDCl3, 400 MHz):  0.69 (3H, d, J = 6.7 Hz), 1.10 (3H, d, 

J = 6.7 Hz), 1.79 (1H, ddd, J = 12.8, 11.6, 4.9 Hz), 2.02 (1H, ddd, 

J = 12.8, 11.6, 4.9 Hz), 2.27-2.48 (4H, m), 2.54 (1H, dd, J = 13.4, 

7.3 Hz), 3.69 (3H, s), 3.70 (3H, s), 3.95 (1H, d, J = 3.1 Hz), 4.97 

(1H, dd, 10.4, 2.4 Hz), 5.01 (1H, d, J = 17.7 Hz), 5.61-5.72 (1H, 5 

m), 7.01 (1H, d, J = 7.9 Hz), 7.27 (1H, dd, J = 7.9, 1.8 Hz), 7.47 

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

ESIMS (+): 441 [M+H]
+
. 

<Reference Example 2> 

Methyl 10 

(R)-2-allyl-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino 

butyrate 

[0163] 

[Chemical formula 44] 

 15 

[0164] 

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

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

first reaction solution.  This first reaction solution was stirred 

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

temperature overnight.  The first reaction solution was neutralized 

with a saturated sodium bicarbonate aqueous solution, and extracted 
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with ethyl acetate.  The extract was washed with water and saturated 

brine, and then dried over anhydrous sodium sulfate.  The extract 

was concentrated, and then the resultant residue was dissolved in 

acetonitrile (86 mL).  Then, di-tert-butoxydicarbonate (11.0 g) was 

added to form a second reaction solution.  The second reaction 5 

solution was stirred at normal temperature for 1 hour and then left 

to stand at normal temperature overnight.  Next, water was added 

to the second reaction solution, and the second reaction solution 

was extracted with ethyl acetate.  The extract was washed with water 

and saturated brine in that order, and then dried over anhydrous 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 = 6 : 1) to obtain 

the target product (6.16 g) as a colorless oil. 15 

1
H NMR (CDCl3, 400 MHz):  1.45 (9H, s), 2.08 (1H, ddd, J = 13.4, 

11.0, 5.5 Hz), 2.39-2.51 (2H, m), 2.51-2.61 (1H, m), 2.67 (1H, td, 

J = 12.8, 4.9 Hz), 3.00-3.14 (1H, m), 3.74 (3H, s), 5.07 (1H, d, 

J = 4.9 Hz), 5.10 (1H, s), 5.52-5.69 (1H, m), 7.03 (1H, d, J = 7.9 

Hz), 7.29 (1H, dd, J = 7.9, 1.8 Hz), 7.48 (1H, d, J = 1.8 Hz). 20 

ESIMS (+): 446 [M+H]
+
. 

<Reference Example 3> 

(R)-2-[2-(4-bromo-2-chlorophenyl)ethyl]-2-t-butoxycarbonylamin

o-4-penten-1-ol 

[0165] 25 
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[Chemical formula 45] 

 

[0166] 

 Lithium borohydride (1.04 g) was added under ice cooling to 

a solution of the compound of Reference Example 2 (6.16 g) in 5 

tetrahydrofuran (95 mL) to form a reaction solution.  Next, ethanol 

(9.5 mL) was added dropwise to the reaction solution.  The resultant 

solution was then stirred for 2 hours under ice cooling.  A 10% citric 

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

reaction solution was extracted with ethyl acetate.  The extract 10 

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 15 

= 2 : 1) to obtain the target product (3.20 g) as a colorless solid. 

1
H NMR (CDCl3, 400 MHz):  1.43 (9H, s), 1.80-1.94 (2H, m), 2.32 

(1H, td, J = 14.1, 7.9 Hz), 2.44 (1H, dd, J = 14.1, 6.7 Hz), 2.63-2.77 

(2H, m), 3.69-3.79 (2H, m), 4.09 (1H, br s), 4.72 (1H, s), 5.19 

(1H, dd, J = 6.1, 1.8 Hz), 5.22 (1H, s), 5.80-5.91 (1H, s), 7.11 20 

(1H, d, J = 7.9 Hz), 7.31 (1H, dd, J = 7.9, 1.8 Hz), 7.49 (1H, d, 

J = 1.8 Hz). 
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ESIMS (+): 418 [M+H]
+
. 

<Reference Example 4> 

(2R,5R)-2-(4-bromo-2-chlorophenyl)ethyl-3,6-dimethoxy-5-isopro

pyl-2-propyl-2,5-dihydropyrazine 

[0167] 5 

[Chemical formula 46] 

 

[0168] 

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

by reacting 10 

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

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

1
H NMR (CDCl3, 400 MHz):  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 

(1H, m), 1.71-1.84 (2H, m), 1.98 (1H, td, J = 12.4, 4.8 Hz), 2.29-2.47 15 

(3H, m), 3.69 (3H, s), 3.70 (3H, s), 3.95 (1H, d, 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]
+
. 

<Reference Example 5> 20 
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Methyl 

(S)-4-(4-bromo-2-chlorophenyl)-2-t-butoxycarbonylamino-2-propy

lbutyrate 

[0169] 

[Chemical formula 47] 5 

 

[0170] 

 The target product (35.6 g) was obtained as a colorless oil 

by reacting the compound of Reference Example 4 (53.4 g) in the 

same manner as in Reference Example 2. 10 

1
H NMR (CDCl3, 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 (1H, m), 2.42 (1H, ddd, J 

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

4.8 Hz), 3.74 (3H, s), 5.62 (1H, br s), 7.03 (1H, d, J = 8.5 Hz), 15 

7.29 (1H, dd, J = 8.5, 1.8 Hz), 7.48 (1H, J = 1.8 Hz). 

ESIMS (+): 448 [M+H]
+
. 

<Reference Example 6> 

(R)-2-[2-(4-bromo-2-chlorophenyl)ethyl]-2-t-butoxycarbonylamin

opentan-1-ol 20 

[0171] 

[Chemical formula 48] 
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[0172] 

 The target product (28.6 g) was obtained as a colorless solid 

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

same manner as in Reference Example 3. 5 

1
H NMR (CDCl3, 400 MHz):  0.96 (3H, t, J = 7.3 Hz), 1.29-1.42 (2H, 

m), 1.44 (9H, s), 1.53-1.62 (2H, m), 1.81 (1H, ddd, J = 13.9, 11.5, 

5.4 Hz), 1.93 (1H, ddd, J = 13.9, 11.5, 5.4 Hz), 2.59-2.75 (2H, 

m), 3.73 (2H, d, J = 6.7 Hz), 4.15 (1H, br s), 4.62 (1H, br s), 

7.11 (1H, d, J = 7.9 Hz), 7.31 (1H, dd, J = 7.9, 1.8 Hz), 7.49 (1H, 10 

d, J = 1.8 Hz). 

ESIMS (+): 420 [M+H]
+
. 

<Reference Example 7> 

1-Cyclopropyl-4-(methoxymethoxy)benzene 

[0173] 15 

[Chemical formula 49] 

 

[0174] 

 Diisopropylethylamine (77.6 mL) and chloromethyl methyl ether 

(33.7 mL) were added to a solution of 4-cyclopropylphenol (24.0 20 



 51 

g) in methylene chloride (250 mL) 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 a 1 mol/L sodium hydroxide 5 

aqueous solution, 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 to obtain the target product 

(27.6 g) as a colorless oil. 10 

1
H NMR (CDCl3, 400 MHz):  0.59-0.62 (2H, m), 0.86-0.93 (2H, m), 

1.80-1.90 (1H, m), 3.47 (3H, s), 5.14 (2H, s), 6.94 (2H, dt, J = 

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

EIMS (+) : 178 [M]
+
. 

<Reference Example 8> 15 

5-Cyclopropyl-2-(methoxymethoxy)-benzenethiol 

[0175] 

[Chemical formula 50] 

 

[0176] 20 

 Under an argon atmosphere, an n-butyllithium-hexane solution 

(1.59 mol/L, 63.5 mL) was added under ice cooling to a solution 

of the compound of Reference Example 7 (15.0 g) in tetrahydrofuran 
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(120 mL) to form a reaction solution.  This reaction solution was 

stirred for 1 hour at the same temperature.  The reaction solution 

was cooled to -78C.  Sulfur (3.23 g) was added, and the solution 

was stirred for 30 minutes and then for 10 minutes under ice cooling.  

A saturated ammonium chloride aqueous solution was added to the 5 

reaction solution.  The solution was extracted with diethyl ether, 

and then the organic layer was extracted with a 1 mol/L sodium 

hydroxide aqueous solution.  The pH of the solution was lowered to 

4 using concentrated hydrochloric acid, and then the solution was 

extracted with diethyl ether.  The organic layer was washed with 10 

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

anhydrous sodium sulfate was removed by filtration, and then the 

solvent was removed by distillation under reduced pressure to obtain 

the target product (12.1 g) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  0.61 (2H, dt, J = 6.1, 4.9 Hz), 0.86-0.92 15 

(2H, m), 1.75-1.86 (1H. m), 3.50 (3H, s), 3.76 (1H, s), 5.20 (2H, 

s), 6.80 (1H, dd, J = 8.6, 2.4 Hz), 6.98 (1H, d, J = 8.6 Hz), 6.98 

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

EIMS (+): 210 [M]
+
. 

<Reference Example 9> 20 

6-Ethoxy-1,3-benzoxathiol-2-one 

[0177] 

[Chemical formula 51] 
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[0178] 

 Potassium carbonate (533 mg) and ethyl iodide (160 L) were 

added to a solution of 6-hydroxy-1,3-benzoxathiol-2-one (336 mg) 

in N,N-dimethylformamide (10 mL) to form a reaction solution.  This 5 

reaction solution was stirred for 4 hours at normal temperature.  

Water was added to the reaction solution.  The precipitated crystals 

were filtered off, thoroughly washed with water and diisopropyl 

ether, and then dried under reduced pressure to obtain the target 

product (245 mg) as a colorless solid. 10 

1
H NMR (CDCl3, 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]
+
. 

<Reference Example 10> 15 

5-Ethoxy-2-hydroxybenzenethiol 

[0179] 

[Chemical formula 52] 

 

[0180] 20 
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 Under an argon atmosphere, lithium aluminum hydride (119 mg) 

was added under ice cooling to a solution of the compound of Reference 

Example 9 (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 5 

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 the solvent 

was removed by distillation under reduced pressure to obtain the 10 

target product (210 mg) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  1.38 (3H, t, J = 7.3 Hz). 3.10 (1H, s), 

3.96 (2H, q, J = 7.3 Hz), 5.73 (1H, s), 6.78 (1H, dd, J = 9.2, 3.1 

Hz), 6.87 (1H, d, J = 9.2 Hz), 6.98 (1H, d, J = 3.1 Hz). 

EIMS (+): 170 [M]
+
. 15 

<Reference Example 11> 

6-t-Butyldimethylsilyloxy-1,3-benzoxathiol-2-one 

[0181] 

[Chemical formula 53] 

 20 

[0182] 

 Imidazole (972 mg) and t-butylchlorodimethylsilane (2.15 g) 

were added to a solution of 6-hydroxy-1,3-benzoxathiol-2-one (2.00 

g) in N,N-dimethylformamide (60 mL) to form a reaction solution.  
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This reaction solution was stirred for 4 hours at normal temperature.  

Water was then added to the reaction solution, and the reaction 

solution was extracted with ethyl acetate.  The extract was washed 

with water and saturated brine in that order, and then dried over 

anhydrous sodium sulfate.  The anhydrous sodium sulfate was removed 5 

by filtration, and then the solvent was removed by distillation 

under reduced pressure.  The resultant residue was then purified 

by silica gel column chromatography (hexane : ethyl acetate = 20 : 

1) to obtain the target product (3.00 g) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  0.20 (6H, s), 0.98 (9H, s), 6.77 (1H, 10 

dd, 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 12> 

5-t-Butyldimethylsilyloxy-2-hydroxybenzenethiol 15 

[0183] 

[Chemical formula 54] 

 

[0184] 

 The target product (2.72 g) was obtained as a colorless oil 20 

by reacting the compound of Reference Example 11 (3.00 g) in the 

same manner as in Reference Example 10. 
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1
H NMR (CDCl3, 400 MHz):  0.16 (6H, s), 0.97 (9H, s), 3.06 (1H, 

s), 5.73 (1H, s), 6.71 (1H, dd, J = 8.6, 2.4 Hz), 6.81 (1H, d, J 

= 2.4 Hz), 6.93 (1H, d, J = 8.6 Hz). 

CIMS (+): 257 [M+H]
+
. 

<Reference Example 13> 5 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-ethoxy-2-

hydroxyphenylthio)phenyl}butan-1-ol 

[0185] 

[Chemical formula 55] 

 10 

[0186] 

 Under an argon gas atmosphere, a solution of 

tris(dibenzylideneacetone)dipalladium (87.0 mg) and 

4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (111 mg) in 

dioxane (1.8 mL) as a reaction solution was heated to reflux for 15 

30 minutes.  Next, a solution of the compound of Reference Example 

3 (400 mg) in dioxane (2.0 mL), diisopropylethylamine (0.32 mL), 

and a solution of the compound of Reference Example 10 (195 mg) 

in dioxane (1.0 mL) was added to the reaction solution, and the 

reaction solution was stirred for 3 hours while heating to reflux.  20 

The compound of Reference Example 10 (33.0 mg) was further added 

to the reaction solution, which was then heated to reflux for 14 
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hours.  Then, water was added under ice cooling.  Insoluble matter 

was removed by filtration using Celite,  And the filtrate was washed 

with ethyl acetate.  The filtrate was extracted with ethyl acetate.  

The organic layer was successively washed with water and saturated 

brine, and then dried over anhydrous sodium sulfate.  The anhydrous 5 

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 = 10 : 1) to obtain the target product (342 mg) as 

a brown oil. 10 

1
H NMR (CDCl3, 400 MHz):  1.39 (3H, t, J = 6.7 Hz), 1.43 (9H, s), 

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

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

q, J = 6.7 Hz), 4.15 (1H, brs), 4.71 (1H, s), 5.17 (1H, d, J = 3.6 

Hz), 5.21 (1H, s), 5.78-5.91 (1H, m), 6.04 (1H, s), 6.91 (1H, dd, 15 

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

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

<Reference Example 14> 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(2-t-butoxyc

arbonylhydroxy-5-ethoxyphenylthio)phenyl}butan-1-ol 20 

[0187] 

[Chemical formula 56] 
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[0188] 

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

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

of Reference Example 13 (156 mg) in acetonitrile (3.1 mL) to form 5 

a reaction solution.  This reaction solution was stirred for 2.5 

days at normal temperature.  Water was added to the reaction solution, 

and the reaction solution was extracted with ethyl acetate.  The 

organic layer was successively washed with water and saturated brine, 

and then dried over anhydrous sodium sulfate.  The anhydrous sodium 10 

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 

= 10 : 1) to obtain the target product (182 mg) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  1.36 (3H, t, J = 7.3 Hz), 1.44 (9H, s), 15 

1.51 (9H, s), 1.87 (2H, ddd, J = 11.5, 6.1, 1.8 Hz), 2.33 (1H, dd, 

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

m), 3.68-3.81 (2H, m), 3.94 (2H, q, J = 7.3 Hz), 4.73 (1H, s), 5.19 

(1H, d, J = 3.6 Hz), 5.22 (1H, s), 5.79-5.93 (1H, m), 6.78-6.84 

(2H, m), 7.09 (1H, d, J = 8.5 Hz), 7.15 (2H, s), 7.33 (1H, s). 20 

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

<Reference Example 15> 
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(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(2-t-butoxyc

arbonylhydroxy-5-ethoxyphenylthio)phenyl}-1-dimethoxyphosphory

loxybutane 

[0189] 

[Chemical formula 57] 5 

 

[0190] 

 Under an argon gas atmosphere, carbon tetrabromide (190 mg) 

and trimethyl phosphite (0.068 mL) were added under ice cooling 

to a solution of the compound of Reference Example 14 (175 mg) in 10 

pyridine (0.57 mL) to form a reaction solution.  This reaction 

solution was stirred for 4 hours at the same temperature.  Water 

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

extracted with ethyl acetate.  The organic layer was successively 

washed with 1 mol/L hydrochloric acid, water, and saturated brine, 15 

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 

= 3 : 1) to obtain the target product (194 mg) as a colorless oil. 20 

1
H NMR (CDCl3, 400 MHz):  1.36 (3H, t, J = 7.3 Hz), 1.44 (9H, s), 

1.51 (9H, s), 1.75-1.92 (1H, m), 1.90-2.10 (1H, m), 2.42-2.57 (2H, 
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m), 2.64-2.75 (2H, m), 3.77 (3H, s), 3.80 (3H, d, J = 1.2), 3.90-4.01 

(2H, m), 4.11 (1H, dd, J = 9.7, 4.8 Hz), 4.22 (1H, dd, J = 9.7, 

4.8 Hz), 4.60 (1H, brs), 5.17-5.25 (2H, m), 5.75-5.88 (1H, m), 

6.78-6.84 (2H, m), 7.09 (1H, d, J = 8.5 Hz), 7.10-7.17 (2H, m), 

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

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

<Example 1> 

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

o)phenyl}butylphosphoric acid monoester 

[0192] 10 

[Chemical formula 58] 

 

[0193] 

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

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

first reaction solution.  This first reaction solution was stirred 

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

distillation under reduced pressure, and then, under an argon 

atmosphere, acetonitrile (2.7 mL) was added to the residue to form 

a second reaction solution.  Iodotrimethylsilane (0.19 mL) was added 20 

to this second reaction solution under ice cooling.  Next, the second 

reaction solution was stirred for 2 hours at the same temperature.  
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Cold water in large excess was added to the second reaction solution.  

The supernatant was removed, and then the obtained brown oil was 

dissolved in methanol.  The solvent was removed by distillation under 

reduced pressure, and then the resultant product was dissolved in 

tetrahydrofuran, and acetonitrile was added to the resultant 5 

solution. The resulting precipitate was collected by filtration 

to obtain the target product (63.3 mg) as a colorless solid. 

Optical rotation: []D
26
 +2.74 (c 0.31, MeOH). 

1
H NMR (DMSO-d6, 400 MHz) :  1.23 (1H, t, J = 6.7 Hz), 1.60-1.77 

(1H, m), 2.30-2.50 (1H, m), 2.62-2.73 (1H, m), 3.77 (2H, dt, J = 10 

22.4, 12.1 Hz), 3.87 (2H, q, J = 6.7 Hz), 5.16-5.29 (2H, m), 5.77-5.84 

(1H, m), 6.71 (1H, d, J = 2.4 Hz), 6.79-6.87 (2H, m), 7.07-7.14 

(2H, m), 7.26 (1H, d, J = 7.9 Hz). 

HRESIMS (+): 488.10694 (Calcd. for C21H28ClNO6PS 488.10635). 

<Reference Example 16> 15 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-cycloprop

yl-2-methoxymethyloxyphenylthio)phenyl}butan-1-ol 

[0194] 

[Chemical formula 59] 

 20 

[0195] 
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 The target product (2.2 g, including impurities) was obtained 

as a green oil by reacting the compound of Reference Example 3 (1.5 

g) and the compound of Reference Example 8 (1.13 g) in the same 

manner as in Reference Example 13.  The materials were used in the 

next reaction as is without any further purification. 5 

<Reference Example 17> 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-cycloprop

yl-2-methoxymethyloxyphenylthio)phenyl}-1-dimethoxyphosphorylo

xybutane 

[0196] 10 

[Chemical formula 60] 

 

[0197] 

 The target product (1.43 g) was obtained as a brown oil by 

reacting the compound of Reference Example 16 (2.2 g, including 15 

impurities) in the same manner as in Reference Example 15. 

1
H NMR (CDCl3, 400 MHz): 0.57-0.60 (2H, m), 0.88-0.91 (2H, m), 1.44 

(9H, s), 1.78-1.84 (2H, m), 1.96-2.04 (1H, m), 2.44-2.56 (2H, m), 

2.68-2.73 (2H, m), 3.38 (3H, s), 3.77 (3H, s), 3.80 (3H, s), 4.12 

(1H, dd, J = 9.8, 4.3 Hz), 4.23 (1H, dd, J = 9.8, 4.3 Hz), 4.59 20 

(1H, brs), 5.15 (2H, s), 5.19-5.23 (2H, m), 5.76-5.85 (1H, m), 6.98 



 63 

(1H, d, J = 8.6, 1.8 Hz), 7.00 (1H, d, J = 1.8 Hz), 7.08 (1H, d, 

J = 7.3 Hz), 7.09 (1H, d, J = 7.3 Hz), 7.17 (1H, d, J = 8.6 Hz), 

7.23 (1H, d, J = 1.2 Hz). 

ESIMS (+): 656 [M+H]
+
. 

<Reference Example 18> 5 

(R)-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-cyclopropyl-2-met

hoxymethyloxyphenylthio)phenyl}-1-dimethoxyphosphoryloxy-2-(1-

hydroxypropyl)butane 

[0198] 

[Chemical formula 61] 10 

 

[0199] 

 Under an argon gas atmosphere, the compound of Reference 

Example 17 (1.41 g) was dissolved in tetrahydrofuran (20 mL).  A 

borane-tetrahydrofuran complex (1.01 mol/L tetrahydrofuran 15 

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

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

reaction solution.  This reaction solution was stirred at the same 

temperature for 1.5 hours.  Then, water (20 mL) and sodium perborate 

hydrate (644 mg) were added under ice cooling, and the reaction 20 

solution was stirred for 3 hours at normal temperature.  The reaction 
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solution was diluted with water, and then extracted with ethyl acetate.  

The organic layer was washed with saturated brine, and then dried 

over anhydrous sodium sulfate.  The anhydrous sodium sulfate was 

removed by filtration, and then the solvent was removed by 

distillation under reduced pressure.  The resultant residue was 5 

purified by silica gel column chromatography (hexane : ethyl acetate 

= 1 : 2) to obtain the target product (979 mg) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  0.56-0.60 (2H, m), 0.87-0.92 (2H, m), 

1.40 (9H, s), 1.60-1.66 (2H, m), 1.75-1.82 (4H, m), 2.68 (2H, t, 

J = 8.6 Hz), 3.38 (3H, s), 3.66-3.69 (2H, m), 3.78 (3H, d, J = 3.7 10 

Hz), 3.80 (3H, d, J = 3.7 Hz), 4.12-4.16 (1H, m), 4.22-4.26 (1H, 

m), 4.61 (1H, brs), 5.15 (2H, s), 6.97 (1H, dd, J = 8.6, 2.5 Hz), 

6.98 (1H, d, J = 8.6, 1.8 Hz), 7.00 (1H, d, J = 1.8 Hz), 7.06 (1H, 

d, J = 7.3 Hz), 7.09-7.12 (2H, m), 7.23 (1H, d, J = 1.8 Hz). 

ESIMS (+): 674 [M+H]
+
. 15 

<Reference Example 19> 

(R)-2-amino-4-{2-chloro-4-(5-cyclopropyl-2-hydroxyphenylthio)p

henyl}-2-(1-hydroxypropyl)butylphosphoric acid monoester 

[0200] 

[Chemical formula 62] 20 
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[0201] 

 The target product (120 mg) was obtained as a colorless 

amorphous substance by reacting the compound of Reference Example 

18 (535 mg) in the same manner as in Example 1. 

1
H NMR (DMSO-d6, 400 MHz):  0.49-0.53 (2H, m), 0.80-0.84 (2H, m), 5 

1.46-1.81 (7H, m), 2.61 (2H, brs), 3.33-3.39 (2H, m), 3.71 (2H, 

brs), 6.85 (1H, d, J = 8.6 Hz), 6.92-6.99 (4H, m), 7.25 (1H, d, 

J = 7.3 Hz). 

HRESIMS (+): 502.12175 (Calcd. for C22H30ClNO6PS 502.12200). 

<Reference Example 20> 10 

(S)-2-t-butoxycarbonylamino-4-{2-chloro-4-(2-t-butoxycarbonylo

xy-5-ethoxyphenylthio)phenyl}-2-propylbutan-1-ol 

[0202] 

[Chemical formula 63] 

 15 

[0203] 

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

in ethanol (2 mL), and then 10% palladium on activated carbon (12 

mg) was added to the solution of the compound of Reference Example 

14  to form a reaction solution.  This reaction solution was stirred 20 

for 10 hours at normal temperature under a hydrogen atmosphere (1 
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atm).  Insoluble matter was removed using Celite.  The solvent in 

the filtrate was removed by distillation under reduced pressure 

to obtain the target product (123 mg) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  0.96 (3H, t, J = 7.3 Hz), 1.36 (3H, t, 

J = 7.3 Hz), 1.39-1.58 (4H, m), 1.51 (9H, s), 1.59 (9H, s), 1.53-1.60 5 

(2H, m), 1.75-1.84 (1H, m), 1.86-1.95 (1H, m), 2.60-2.74 (2H, m), 

3.74 (2H, d, J = 6.1 Hz), 3.94 (2H, q, J = 7.3 Hz), 4.22 (1H, brs), 

4.64 (1H, brs), 6.78-6.83 (2H, m), 7.09 (1H, d, J = 8.6 Hz), 7.15-7.16 

(1H, m), 7.33 (1H, d, J = 1.2 Hz). 

ESIMS (+): 610 [M+H]
+
. 10 

<Reference Example 21> 

(S)-2-t-butoxycarbonylamino-4-{2-chloro-4-(2-t-butoxycarbonylo

xy-5-ethoxyphenylthio)phenyl}-1-dimethoxyphosphoryloxy-2-propy

lbutane 

[0204] 15 

[Chemical formula 64] 

 

[0205] 

 The target product (106 mg) was obtained as a colorless oil 

by reacting the compound of Reference Example 20 (100 mg) in the 20 

same manner as in Reference Example 15. 
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1
H NMR (CDCl3, 400 MHz):  0.95 (3H, t, J = 7.3 Hz), 1.47 (9H, s), 

1.51 (9H, s), 1.63-1.82 (5H, m), 1.99-2.05 (1H, m), 2.64-2.69 (2H, 

m), 3.77 (3H, d, J = 1.2 Hz), 3.94 (2H, q, J = 7.3 Hz), 4.09-4.12 

(1H, m), 4.23-4.26 (1H, m), 4.51 (1H, brs), 6.79-6.83 (2H, m), 7.09 

(1H, d, J = 8.6 Hz), 7.12 (1H, d, J = 7.9 Hz), 7.15 (1H, dd, J = 5 

7.9, 1.8 Hz), 7.33 (1H, d, J = 1.8 Hz). 

ESIMS (+): 718 [M+H]
+
. 

<Example 2> 

[0206] 

(S)-2-amino-4-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthio)phenyl10 

}-2-propylbutylphosphoric acid monoester 

[0207] 

[Chemical formula 65] 

 

[0208] 15 

 The target product (37 mg) was obtained as a colorless solid 

by reacting the compound of Reference Example 21 (103 mg) in the 

same manner as Example 1. 

Optical rotation: []D
28
 -5.7 (c 0.34, MeOH). 

Optical rotation: []D
25
 +16.2 (c 0.5, DMF). 20 

1
H NMR (DMSO-d6, 400 MHz):  0.89 (3H, t, J = 7.3 Hz), 1.23 (3H, 

t, J = 7.3 Hz), 1.29-1.32 (2H, m), 1.50-1.75 (4H, m), 2.61-2.66 
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(2H, m), 3.70-3.81 (2H, m), 3.87 (2H, q, J = 7.3 Hz), 6.71 (1H, 

d, J = 3.1 Hz), 6.82 (1H, dd, J = 8.6, 3.1 Hz), 6.86 (1H, d, J = 

8.6 Hz), 7.10 (1H, dd, J = 8.0, 1.8 Hz), 7.12 (1H, d, J = 1.8 Hz), 

7.28 (1H, d, J = 8.0 Hz). 

HRESIMS (+): 490.12195 (Calcd. for C21H30ClNO6PS 490.12200). 5 

<Reference Example 22> 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-t-butyldi

methylsilyloxy-2-hydroxyphenylthio)phenyl}butan-1-ol 

[0209] 

[Chemical formula 66] 10 

 

[0210] 

 The target product (3.22 g) was obtained as a brown oil by 

reacting the compound of Reference Example 3 (3.6 g) and the compound 

of Reference Example 12 (2.65 g) in the same manner as in Reference 15 

Example 13. 

1
H NMR (CDCl3, 400 MHz) :  0.17 (6H, s), 0.97 (9H, s), 1.58 (9H, 

s), 1.81-1.88 (2H, m), 2.32 (1H, dd, J = 13.5, 8.0 Hz), 2.43 (1H, 

dd, J = 13.5, 6.7 Hz), 2.62-2.70 (1H, m), 3.68-3.78 (2H, m), 4.71 

(1H, brs), 5.17-5.21 (2H, m), 5.80-5.90 (1H, m), 6.05 (1H, s), 20 
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6.87-6.98 (4H, m), 7.03 (1H, d, J = 1.8 Hz), 7.10 (1H, d, J = 8.0 

Hz). 

ESIMS (+): 594 [M+H]
+
. 

<Reference Example 23> 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-t-butyldi5 

methylsilyloxy-2-methoxymethyloxyphenylthio)phenyl}butan-1-ol 

[0211] 

[Chemical formula 67] 

 

[0212] 10 

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

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

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

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

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

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

solution was extracted with ethyl acetate.  The combined organic 

layers were washed with saturated brine, and then dried over anhydrous 

sodium sulfate.  The anhydrous sodium sulfate was removed by 

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

reduced pressure.  The resultant residue was purified by silica gel 
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column chromatography (hexane : ethyl acetate = 4 : 1) to obtain 

the target product (1.44 g) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  0.08 (6H, s), 0.91 (9H, s), 1.44 (9H, 

s), 1.78-1.95 (2H, m), 2.34 (1H, dd, J = 14.1, 7.9 Hz), 2.46 (1H, 

dd, J = 14.1, 6.7 Hz), 2.65-2.82 (1H, m), 3.45 (3H, s), 3.68-3.82 5 

(2H, m), 4.74 (1H, brs), 5.13 (2H, s), 5.16-5.25 (2H, m), 5.80-5.95 

(1H, m), 6.53 (1H, d, J = 3.1 Hz), 6.68 (1H, dd, J = 9.2, 3.1 Hz), 

7.00 (1H, d, J = 9.2 Hz), 7.18 (2H, s), 7.32 (1H, s). 

ESIMS (+): 638 [M+H]
+
. 

<Reference Example 24> 10 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-hydroxy-2

-methoxymethyloxyphenylthio)phenyl}butan-1-ol 

[0213] 

[Chemical formula 68] 

 15 

[0214] 

 Tetrabutylammonium fluoride (1.0 mol/L tetrahydrofuran 

solution, 6.20 mL) was added under ice cooling to a solution of 

the compound of Reference Example 23 (3.96 g) in tetrahydrofuran 

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

stirred for 1 hour at the same temperature.  Water was added to the 
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reaction solution.  The tetrahydrofuran was removed from the 

reaction solution by distillation under reduced pressure, and the 

resultant residue was extracted with ethyl acetate.  The combined 

organic layers were successively washed with water (20 mL) and 

saturated brine, and dried over anhydrous sodium sulfate.  The 5 

anhydrous sodium sulfate was removed by filtration, and then the 

solvent was removed by distillation under reduced pressure.  The 

resultant residue was purified by silica gel column chromatography 

(hexane : ethyl acetate = 12 : 1  1 : 2).  The solid obtained by 

this purification treatment was suspended in hexane – diethyl ether 10 

(4 : 1), and then collected by filtration to obtain the target product 

(2.87 g) as a colorless solid. 

1
H NMR (CDCl3, 400 MHz):  1,44 (9H, s), 1.80-2.03 (2H, m), 2.34 

(1H, dd, J = 14.1, 7.9 Hz), 2.40-2.55 (1H, m), 2.70-2.85 (2H, m), 

3.47 (3H, s), 3.65-3.78 (2H, m), 4.77 (1H, brs), 5.13 (2H, s), 15 

5.17-5.27 (2H, m), 5.78-5.95 (1H, m), 6.45 (1H, s), 6.65 (1H, dd, 

J = 8.6, 3.1 Hz), 7.00 (1H, d, J = 8.6 Hz), 7.21 (2H, s), 7.38 (1H, 

s). 

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

<Reference Example 25> 20 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(2-methoxyme

thyloxy-5-trifluoromethanesulfonyloxyphenylthio)phenyl}butan-1

-ol 

[0215] 

[Chemical formula 69] 25 
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[0216] 

 Under an argon gas atmosphere, triethylamine (0.75 mL) and 

N-phenylbis(trifluoromethanesulfonimide) (954 mg) were added under 

ice cooling to a suspension of the compound of Reference Example 5 

24 (1.40 g) in dichloromethane (13.4 mL) to form a reaction solution.  

The reaction solution was then stirred for 3 hours at normal 

temperature.  N-phenylbis(trifluoromethanesulfonimide) (143 mg) 

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

then stirred for 2 hours at normal temperature.  Water was added 10 

to the reaction solution, and the reaction solution was extracted 

with ethyl acetate.  The combined organic layers were washed with 

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

anhydrous sodium sulfate was removed by filtration, and then the 

solvent was removed by distillation under reduced pressure.  The 15 

resultant residue was purified by silica gel column chromatography 

(hexane : ethyl acetate = 4 : 1) to obtain the target product (1.77 

g) as a colorless solid. 

1
H NMR (CDCl3, 400 MHz):  1.44 (9H, s), 1.83-2.00 (2H, m), 2.34 

(1H, dd, J = 14.1, 8.6 Hz), 2.47 (1H, dd, J = 14.1, 6.7 Hz), 2.70-2.87 20 

(2H, m), 3.47 (3H, s), 3.70-3.85 (2H, m), 4.75 (1H, brs), 5.18-5.26 
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(2H, m), 5.24 (2H, s), 5.80-5.96 (1H, m), 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, 

s), 7.43 (1H, d, J = 1.2 Hz). 

ESIMS (+): 656 [M+H]
+
. 

<Reference Example 26> 5 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-cyano-2-m

ethoxymethyloxyphenylthio)phenyl}butan-1-ol 

[0217] 

[Chemical formula 70] 

 10 

[0218] 

 Under an argon gas atmosphere, tetrakistriphenylphosphine 

palladium (69.3 mg), 1,1’-bis(diphenylphosphino)ferrocene (33.3 

mg), and zinc cyanide (141 mg) were added to a solution of the compound 

of Reference Example 25 (200 mg) in N,N-dimethylformamide (1.5 mL) 15 

to form a reaction solution.  The reaction solution was then stirred 

for 4 hours at 80C.  After leaving the reaction solution to cool, 

water was added thereto.  And the reaction solution was extracted 

with ethyl acetate.  The combined organic layers were washed with 

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

anhydrous sodium sulfate was removed by filtration, and then the 



 74 

solvent was removed by distillation under reduced pressure.  The 

resultant residue was purified by silica gel column chromatography 

(hexane : ethyl acetate = 12 : 1  1 : 2) to obtain the target product 

(114 mg) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  1.45 (9H, s), 1.85-2.04 (2H, m), 2.36 5 

(1H, dd, J = 13.9, 8.5 Hz), 2.47 (1H, dd, J = 13.9, 6.7 Hz), 2.70-2.86 

(2H, m), 3.45 (3H, s), 3.70-3.84 (2H, m), 4.76 (1H, brs), 5.17-5.26 

(2H, m), 5.29 (2H, s), 5.81-5.97 (1H, m), 7.13-7.21 (2H, m), 7.23-7.32 

(2H, m), 7.42 (1H, d, J = 1.2 Hz), 7.45 (1H, dd, J = 8.5, 1.8 Hz). 

ESIMS (+): 533 [M+H]
+
. 10 

<Reference Example 27> 

(R)-2-allyl-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-cyano-2-m

ethoxymethyloxyphenylthio)phenyl}-1-dimethoxyphosphoryloxybuta

ne 

[0219] 15 

[Chemical formula 71] 

 

[0220] 

 The target product (309 mg) was obtained as a colorless oil 

by reacting the compound of Reference Example 26 (304 mg) in the 20 

same manner as in Reference Example 15. 
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1
H NMR (CDCl3, 400 MHz):  1.38 (9H, s), 1.60-1.73 (1H, m), 1.75-1.90 

(1H m), 2.35-2.44 (2H, m), 2.62-2.72 (2H, m), 3.25 (3H, s), 3.65 

(3H, d, J = 1.2 Hz), 3.68 (3H, d, J = 1.2 Hz), 3.95-4.05 (1H, m), 

4.05-4.18 (1H, m), 5.08-5.20 (2H, m), 5.35 (2H, s), 5.68-5.84 (1H, 

m), 6.70 (1H, brs), 7.25-7.36 (3H, m), 7.39 (1H, d, J = 1.8 Hz), 5 

7.46 (1H, d, J = 1.8 Hz), 7.63 (1H, dd, J = 8.6, 2.4 Hz). 

ESIMS (+): 641 [M+H]
+
. 

<Reference Example 28> 

(R)-2-allyl-2-amino-4-{2-chloro-4-(5-cyano-2-hydroxyphenylthio

)phenyl}butylphosphoric acid monoester 10 

[0221] 

[Chemical formula 72] 

 

[0222] 

 The target product (42.5 mg) was obtained as a colorless solid 15 

by reacting the compound of Reference Example 27 (300 mg) in the 

same manner as in Example 1. 

Optical rotation: []D
25
 -9.0 (c 0.50, MeOH). 

1
H NMR (DMSO-d6, 400 MHz):  1.60-1.82 (2H, m), 2.30-2.42 (2H m), 

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

(1H, m), 7.06 (1H, d, J = 8.5 Hz), 7.14 (1H, dd, J = 8.5, 1.8 Hz), 
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7.26 (1H, d, J = 1.8 Hz), 7.31 (1H, d, J = 8.5 Hz), 7.50 (1H, d, 

J = 1.8 Hz), 7.62 (1H, dd, J = 8.5, 1.8 Hz). 

HRESIMS (+): 469.07566 (Calcd. for C20H23ClN2O5PS 469.07538). 

<Reference Example 29> 

(S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-hydroxy-2-methoxy5 

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

[0223] 

[Chemical formula 73] 

 

[0224] 10 

 The compound of Reference Example 24 (919 mg) was dissolved 

in ethanol (17.5 mL), and then 10% palladium on activated carbon 

(92 mg) was added.  The mixture was then stirred for 17.5 hours at 

normal temperature under a hydrogen atmosphere (1 atm).  Solid matter 

was removed by filtration using Celite.  The solvent was removed 15 

by distillation under reduced pressure to obtain a residue (916 

mg).  This residue was dissolved in methanol (20 mL), and then 10% 

palladium on activated carbon (93 mg) was added.  The mixture was 

then stirred for 5 hours at normal temperature under a hydrogen 

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

was added, and the mixture was stirred for further 14.5 hours.  
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Insoluble matter was removed by filtration using Celite, and the 

solvent was removed by distillation under reduced pressure to obtain 

the target product (850 mg) as a flesh color solid. 

1
H NMR (CDCl3, 400 MHz):  0.97 (3H, t, J = 7.3 Hz), 1.31-1.47 (2H, 

m), 1.44 (9H, s), 1.49-1.64 (2H, m), 1.83-2.02 (2H, m), 2.63-2.81 5 

(2H, m), 3.48 (3H, s), 3.70 (2H, d, J = 6.1 Hz), 4.33 (1H, brs), 

4.65 (1H, brs), 4.95 (1H, brs), 5.14 (2H, s), 6.37-6.45 (1H, m), 

6.64 (1H, dd, J = 8.6, 2.4 Hz), 7.01 (1H, d, J = 8.6 Hz), 7.20-7.25 

(2H, m), 7.38-7.42 (1H, m). 

ESIMS (+): 526 [M+H]
+
. 10 

<Reference Example 30> 

(S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(2-methoxymethyloxy-

5-trifluoromethanesulfonyloxyphenylthio)phenyl]-2-propylbutan-

1-ol 

[0225] 15 

[Chemical formula 74] 

 

[0226] 

 The target product (1.20 g) was obtained as a colorless oil 

by reacting the compound of Reference Example 29 (1.31 g) in the 20 

same manner as in Reference Example 25. 
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1
H NMR (CDCl3, 400 MHz):  0.97 (3H, t, J = 7.3 Hz), 1.31-1.49 (2H, 

m), 1.44 (9H, s), 1.56-1.61 (2H, m), 1.80-1.88 (1H, m), 1.91-1.99 

(1H, m), 2.67-2.80 (2H, m), 3.47 (3H, s), 3.75 (2H, d, J = 5.5 Hz), 

4.22 (1H, brs), 4.66 (1H, s), 5.24 (2H, s), 6.78 (1H, d, J = 2.8 

Hz), 7.05 (1H, dd, J = 9.2, 2.8 Hz), 7.16 (1H, d, J = 9.2 Hz), 7.25-7.28 5 

(2H, m), 7.43 (1H, s). 

ESIMS (+): 658 [M+H]
+
. 

<Reference Example 31> 

(S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyano-2-methoxyme

thyloxyphenylthio)phenyl]-2-propylbutan-1-ol 10 

[0227] 

[Chemical formula 75] 

 

[0228] 

 The target product (313 mg) was obtained as a colorless solid 15 

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

same manner as in Reference Example 26. 

1
H NMR (CDCl3, 400 MHz):  0.98 (3H, t, J = 7.3 Hz), 1.31-1.45 (2H, 

m), 1.45 (9H, s), 1.56-1.62 (2H, m), 1.83-1.90 (1H, m), 1.94-2.02 

(1H, m), 2.68-2.81 (2H, m), 3.46 (3H, s), 3.75-3.77 (2H, m), 4.20 20 

(1H, brs), 4.66 (1H, s), 5.29 (2H, s), 7.15 (1H, d, J = 2.4 Hz), 
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7.17 (1H, d, J = 8.6 Hz), 7.25-7.28 (2H, m), 7.43 (1H, d, J = 1.5 

Hz), 7.46 (1H, dd, J = 8.6, 1.5 Hz). 

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

<Reference Example 32> 

(S)-4-[4-(5-acetyl-2-methoxymethyloxyphenylthio)-2-chloropheny5 

l]-2-t-butoxycarbonylamino-2-propylbutan-1-ol 

[0229] 

[Chemical formula 76] 

 

[0230] 10 

 Under an argon gas atmosphere, the compound of Reference 

Example 30 (525 mg) was dissolved in N,N-dimethylformamide (8.0 

mL), and then n-butyl vinyl ether (0.512 mL, 3.99 mmol), triethylamine 

(0.112 mL), palladium acetate (17.9 mg), and 

1,3-bis(diphenylphosphino)propane (65.8 mg) were added to form a 15 

reaction solution.  The reaction solution was then stirred for 5.5 

hours at 80C.  1 mol/L hydrochloric acid was added to the reaction 

solution under ice cooling, and the reaction solution was then stirred 

for 1 hour at normal temperature.  Water was added to the reaction 

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

The organic layer was washed 3 times with saturated brine, and then 
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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 

= 3 : 1  1 : 1) to obtain the target product (373 mg) as a colorless 5 

solid. 

1
H NMR (CDCl3, 400 MHz):  0.96 (3H, t, J = 7.3 Hz), 1.30-1.44 (2H, 

m), 1.44 (9H, s), 1.55-1.59 (2H, m), 1.77-1.85 (1H, m), 1.89-1.96 

(1H, m), 2.50 (3H, s), 2.62-2.75 (2H, m), 3.38 (3H, s), 3.72-3.74 

(2H, m), 4.21 (1H, brs), 4.65 (1H, s), 5.27 (2H, s), 7.14-7.20 (3H, 10 

m), 7.30 (1H, d, J = 1.8 Hz), 7.83 (1H, d, J = 2.1 Hz), 7.87 (1H, 

dd, J = 8.6, 2.1 Hz). 

ESIMS (+): 552 [M+H]
+
. 

<Reference Example 33> 

(S)-2-t-butoxycarbonylamino-4-[2-chloro-4-(5-cyano-2-methoxyme15 

thyloxyphenylthio)phenyl]-1-dimethoxyphosphoryloxy-2-propylbut

ane 

[0231] 

[Chemical formula 77] 

 20 

[0232] 
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 The target product (356 mg) was obtained as a colorless solid 

by reacting the compound of Reference Example 31 (311 mg) in the 

same manner as in Reference Example 15. 

1
H NMR (CDCl3, 400 MHz):  0.97 (3H, t, J = 7.3 Hz), 1.34-1.45 (2H, 

m), 1.45 (9H, s), 1.63-1.76 (2H, m), 1.80-1.87 (1H, m), 2.02-2.10 5 

(1H, m), 2.70-2.78 (2H, m), 3.45 (3H, s), 3.79 (3H, d, J = 11.0 

Hz), 3.80 (3H, d, J = 11.0 Hz), 4.13 (1H, dd, J = 9.8, 4.3 Hz), 

4.27 (1H, dd, J = 9.8, 4.3 Hz), 4.54 (1H, brs), 5.29 (2H, s), 7.14 

(1H, d, J = 1.8 Hz), 7.17 (1H, d, J = 8.6 Hz), 7.25-7.27 (2H, m), 

7.42 (1H, d, J = 1.8 Hz), 7.46 (1H, dd, J = 8.6, 1.8 Hz). 10 

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

<Reference Example 34> 

(S)-4-[4-(5-acetyl-2-methoxymethyloxyphenylthio)-2-chloropheny

l]-2-t-butoxycarbonylamino-1-dimethoxyphosphoryloxy-2-propylbu

tane 15 

[0233] 

[Chemical formula 78] 

 

[0234] 

 The target product (401 mg) was obtained as a colorless solid 20 

by reacting the compound of Reference Example 32 (371 mg) in the 

same manner as in Reference Example 15. 
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1
H NMR (CDCl3, 400 MHz):  0.96 (3H, t, J = 7.3 Hz), 1.31-1.42 (2H, 

m), 1.44 (9H, s), 1.59-1.71 (2H, m), 1.74-1.82 (1H, m), 1.97-2.07 

(1H, m), 2.50 (3H, s), 2.64-2.72 (2H, m), 3.38 (3H, s), 3.78 (3H, 

d, J = 11.0 Hz), 3.79 (3H, d, J = 11.0 Hz), 4.11 (1H, dd, J = 9.8, 

4.9 Hz), 4.25 (1H, dd, J = 9.8, 4.9 Hz), 4.52 (1H, brs), 5.27 (2H, 5 

s), 7.15-7.16 (2H, m), 7.19 (1H, d, J = 8.6 Hz), 7.30 (1H, d, J 

= 1.8 Hz), 7.84 (1H, d, J = 2.1 Hz), 7.88 (1H, dd, J = 8.6, 2.1 

Hz). 

ESIMS (+): 660 [M+H]
+
. 

<Reference Example 35> 10 

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

-2-propylbutylphosphoric acid monoester 

[0235] 

[Chemical formula 79] 

 15 

[0236] 

 The target product (166 mg) was obtained as a colorless solid 

by reacting the compound of Reference Example 33 (347 mg) in the 

same manner as in Example 1. 

1
H NMR (DMSO-d6, 400 MHz):  0.88 (3H, t, J = 7.3 Hz), 1.25-1.36 20 

(2H, m), 1.48-1.61 (2H, m), 1.67-1.78 (2H, m), 2.63-2.67 (2H, m), 

3.70-3.81 (2H, m), 7.07 (1H, d, J = 8.6 Hz), 7.14 (1H, dd, J = 8.6, 
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1.8 Hz), 7.26 (1H, d, J = 1.8 Hz), 7.32 (1H, d, J = 8.6 Hz), 7.48 

(1H, d, J = 2.1 Hz), 7.61 (1H, dd, J = 8.6, 2.1 Hz). 

HRESIMS (+): 471.09108 (Calcd. for C20H25ClN2O5PS 471.09103). 

<Reference Example 36> 

(S)-4-[4-(5-acetyl-2-hydroxyphenylthio)-2-chlorophenyl]-2-amin5 

o-2-propylbutylphosphoric acid monoester 

[0237] 

[Chemical formula 80] 

 

[0238] 10 

 The target product (210 mg) was obtained as a pale yellow solid 

by reacting the compound of Reference Example 34 (393 mg) in the 

same manner as in Example 1. 

1
H NMR (DMSO-d6, 400 MHz):  0.88 (3H, t, J = 7.3 Hz), 1.24-1.37 

(2H, m), 1.51-1.62 (2H, m), 1.68-1.77 (2H, m), 2.44 (3H, s), 2.62-2.66 15 

(2H, m), 3.76-3.85 (2H, m), 7.04 (1H, d, J = 8.6 Hz), 7.10 (1H, 

dd, J = 8.6, 1.8 Hz), 7.16 (1H, d, J = 1.8 Hz), 7.29 (1H, d, J = 

8.6 Hz), 7.79 (1H, d, J = 2.1 Hz), 7.85 (1H, dd, J = 8.6, 2.1 Hz). 

HRESIMS (+): 488.10680 (Calcd. for C21H28ClNO6PS 488.10635). 

<Reference Example 37> 20 

(S)-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-ethoxy-2-methoxym

ethyloxyphenylthio)phenyl}-2-propylbutan-1-ol 
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[0239] 

[Chemical formula 81] 

 

[0240] 

 (S)-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-ethoxy-2-hyd5 

roxyphenylthio)phenyl}-2-propylbutan-1-ol was obtained by 

reacting the compound of Reference Example 6 (830 mg) and the compound 

of Reference Example 10 (403 mg) in the same manner as in Reference 

Example 13.  Then, by further reacting the obtained compound in the 

same manner as in Reference Example 23, the target product (139 10 

mg) was obtained as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  0.96 (3H, t, J = 7.3 Hz), 1.35 (3H, t, 

J = 6.7 Hz), 1.38-1.42 (1H, m), 1.44 (9H, s), 1.55-1.60 (1H, m), 

1.78-1.85 (1H, m), 1.88-1.98 (1H, m), 3.44 (3H, s), 3.74 (2H, q, 

J = 6.7 Hz), 4.15 (1H, brs), 4.63 (1H, brs), 5.12 (2H, s), 6.69 15 

(1H, d, J = 3.1 Hz), 7.77 (1H, dd, J = 9.2, 3.1 Hz), 7.07 (1H, d, 

J = 9.2 Hz), 7.16-7.17 (2H, m), 7.31-7.32 (1H, m). 

ESIMS (+): 554 [M+H]
+
. 

<Reference Example 38> 

(S)-2-t-butoxycarbonylamino-4-{2-chloro-4-(5-ethoxy-2-methoxym20 

ethyloxyphenylthio)phenyl}-2-propylbutan-1-al 
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[0241] 

[Chemical formula 82] 

 

[0242] 

 The compound of Reference Example 37 (466 mg) was dissolved 5 

in dimethylsulfoxide (4.2 mL), and then triethylamine (1.2 mL) and 

a sulfur trioxide - pyridine complex (669 mg) were added to form 

a reaction solution.  The reaction solution was then stirred for 

1.5 hours at normal temperature.  Ice water was added to the reaction 

solution, and then the reaction solution was extracted with ethyl 10 

acetate.  The organic layer was successively washed with water and 

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

anhydrous sodium sulfate was removed by filtration, and then the 

solvent was removed by distillation under reduced pressure.  The 

resultant residue was purified by silica gel column chromatography 15 

(hexane : ethyl acetate = 6 : 1) to obtain the target product (367 

mg) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):δ0.90 (3H, t, J = 7.3 Hz), 1.08-1.10 (1H, 

m), 1.25-1.32 (1H, m), 1.35 (3H, t, J = 6.7 Hz), 1.46 (9H, s), 1.59-1.68 

(1H, m), 1.96-2.01 (1H, m), 2.12-2.18 (1H, m), 2.43-2.49 (2H, m), 20 

2.57-2.62 (1H, m), 3.44 (3H, s), 3.92 (2H, q, J = 6.7 Hz), 5.12 
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(2H, s), 5.38 (1H, brs), 6.70 (1H, d, J = 3.1 Hz), 6.76 (1H, dd, 

J = 9.2, 3.1 Hz), 7.06-7.10 (2H, m), 7.14 (1H, dd, J = 8.0, 1.8 

Hz), 7.30 (1H, d, J = 3.1 Hz), 9.31 (1H, s). 

ESIMS (+): 552 [M+H]
+
. 

<Reference Example 39> 5 

Dimethyl 

(S)-3-t-butoxycarbonylamino-5-{2-chloro-4-(5-ethoxy-2-methoxym

ethyloxyphenylthio)phenyl}-3-propyl-1-pentenylphosphate 

[0243] 

[Chemical formula 83] 10 

 

[0244] 

 Under an argon gas atmosphere, tetramethyl 

methylenediphosphonate (201 mg) was dissolved in tetrahydrofuran 

(7 mL), and then n-butyllithium (1.65 mol/L hexane solution, 0.52 15 

mL) was added dropwise at -78C to form a reaction solution.  This 

reaction solution was stirred for 30 minutes at the same temperature.  

Then, a solution of the compound of Reference Example 38 (367 mg) 

in tetrahydrofuran (3 mL) was added dropwise to the reaction solution 

at -78C, and the reaction solution was stirred for 2 hours at normal 20 

temperature.  A saturated ammonium chloride aqueous solution was 

added to the reaction solution, and the reaction solution was 
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extracted with ethyl acetate.  The organic layer was washed with 

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

anhydrous sodium sulfate was removed by filtration, and then the 

solvent was removed by distillation under reduced pressure.  The 

resultant residue was purified by silica gel column chromatography 5 

(hexane : ethyl acetate = 3 : 1  1 : 2) to obtain the target product 

(369 mg) as a colorless oil. 

1
H NMR (CDCl3, 400 MHz):  0.93 (3H, t, J = 7.3 Hz), 1.30-1.32 (4H, 

m), 1.35 (3H, t, J = 6.7 Hz), 1.44 (9H, s), 1.67-1.77 (1H, m), 2.01-2.09 

(1H, m), 2.56-2.68 (2H, m), 3.46 (3H, m), 3.72 (3H, s), 3.75 (3H, 10 

s), 3.92 (2H, q, J = 7.3 Hz), 5.12 (2H, s), 5.67 (1H, t, J = 17.7 

Hz), 6.69-6.77 (3H, m), 7.07 (1H, d, J = 7.3 Hz), 7.11 (1H, d, J 

= 8.0 Hz), 7.15 (1H, dd, J = 8.0, 1.8 Hz), 7.31 (1H, d, J = 1.8 

Hz). 

ESIMS (+): 658 [M+H]
+
. 15 

<Reference Example 40> 

Dimethyl 

(S)-3-t-butoxycarbonylamino-5-{2-chloro-4-(5-ethoxy-2-methoxym

ethyloxyphenylthio)phenyl}-3-propylpentylphosphonate 

[0245] 20 

[Chemical formula 84] 
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[0246] 

 The compound of Reference Example 39 (369 mg) was dissolved 

in pyridine (11 mL), and then dipotassium azodicarboxylate (1.09 

g) and acetic acid (0.48 mL) were added to form a reaction solution.  

This reaction solution was stirred for 64 hours at normal temperature.  5 

The reaction solution was diluted with toluene.  Insoluble matter 

was removed using Celite.  The solvent in the filtrate was removed 

by distillation under reduced pressure.  The resultant residue was 

purified by silica gel column chromatography (hexane : ethyl acetate 

= 1 : 2) to obtain the target product (150 mg) as a colorless oil. 10 

1
H NMR (CDCl3, 400 MHz):  0.95 (3H, t, J = 7.3 Hz), 1.24-1.56 (4H, 

m), 1.35 (3H, t, J = 7.3 Hz), 1.43 (9H, s), 1.69-1.77 (2H, m), 1.85-2.10 

(3H, m), 2.60-2.64 (2H, m), 3.44 (3H, m), 3.73 (3H, s), 3.76 (3H, 

s), 3.92 (2H, q, J = 7.3 Hz), 4.27 (1H, brs), 5.12 (2H, s), 6.69 

(1H, d, J = 3.1 Hz), 6.76 (1H, dd, J = 9.2, 3.1 Hz), 7.07 (1H, d, 15 

J = 9.2 Hz), 7.12 (1H, d, J = 8.0 Hz), 7.16 (1H, dd, J = 8.0, 1.8 

Hz), 7.31 (1H, d, J = 1.8 Hz). 

ESIMS (+): 660 [M+H]
+
. 

<Example 3> 

[0247] 20 

(S)-3-amino-5-{2-chloro-4-(5-ethoxy-2-hydroxyphenylthio)phenyl

}-3-propylpentylphosphonic acid 

[0248] 

[Chemical formula 85] 
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[0249] 

 The target product (60 mg) was obtained as a colorless solid 

by reacting the compound of Reference Example 40 (145 mg) in the 

same manner as Example 1. 5 

Optical rotation: []D
23
 +1.8 (c 0.32, MeOH). 

1
H NMR (DMSO-d6, 400 MHz):  0.88 (3H, t, J = 7.3 Hz), 1.23 (3H, 

t, J = 6.7 Hz), 1.29 (2H, brs), 1.54 (4H, brs), 1.70-1.81 (4H, m), 

2.61 (2H, brs), 3.87 (2H, q, J = 6.7 Hz), 6.70 (1H, d, J = 3.1 Hz), 

6.80-6.88 (2H, m), 7.09-7.12 (2H, m), 7.28 (1H, d, J = 8.0 Hz). 10 

HRESIMS (+): 488.14296 (Calcd. for C22H32ClNO5PS 488.14273). 

[0250] 

 Results supporting the effectiveness of the compounds 

illustrated as examples will now be shown in Experiment Examples 

1, 2, and 3. 15 

<Experiment Example 1> Suppression effect of test compound against 

cellular calcium mobilization of human S1P3 receptor-expression 

cell by S1P (sphingosine 1-phosphoric acid) 

[0251] 

 Human S1P3 receptor-expression CHO cells were subcultured in 20 

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

300 g/mL of Geneticin.  The human S1P3 receptor-expression CHO cells 
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were subjected 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 g/mL of Geneticin.  Then, the human 

S1P3 receptor-expression CHO cells were seeded into a 96-well black 

clear bottom plate (BD Falcon Biocoat) at 2.5 × 10
4
 / 100 L / well.  5 

The human S1P3 receptor-expression CHO cells were then cultivated 

for two nights at 37C under 5% CO2 environment.  The next day, the 

wells were washed with a Ham’s F-12 culture medium containing 100 

L of 0.1 % fatty acid-free bovine serum albumin (BSA).  This washing 

treatment was carried out 3 times.  The culture medium was exchanged 10 

with a Ham’s F-12 culture medium containing 0.1% BSA, and then starved 

of serum for 6 hours in a CO2 incubator set at 37C. 

[0252] 

 The culture medium was thrown away after the 6 hours.  Then, 

50 L/well of a Fluo3 loading buffer was added, and the cultures 15 

were cultivated for further 1 hour.  The Fluo3 loading buffer was 

prepared as follows.  First, equal amounts of Fluo3-AM (Dojindo) 

and pluronic F-127 (20% DMSO solution, invitrogen) were mixed.  Then, 

the mixture of Fluo3-AM and pluronic F-127 was added into a Hanks-HEPES 

buffer (Hanks balanced salt solution containing 20 mM HEPES (pH 20 

7.4), 0.1% BSA (fatty acid-free), and 2.5 mM probenecid) to form 

a Fluo3 loading buffer having a final Fluo3-AM concentration of 

4 M. 

[0253] 
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 After incubating for 1 hour, the wells were washed 3 times 

with 100 L of the Hanks-HEPES buffer.  100 L of the same buffer 

in which a test compound (0.125 nM, 1.25 nM, 12.5 nM, 125 nM, 1.25 

M) or DMSO had been dissolved were added to the each well, and then 

incubated for 30 minutes at 37C in a microplate 5 

spectrophotofluorometer (FLEX Station (Molecular Device Co., Ltd.)).  

Then, 25 L of S1P prepared at 5 times the concentration of the final 

concentration based on serial dilution (final concentration of 0.1 

nM, 1 nM, 10 nM, 100 nM, and 1 M) was added, and the fluorescence 

based on the Fluo3 due to calcium mobilization was detected and 10 

measured at an excitation wavelength of 485 nm and a detection 

wavelength of 525 nm using an same apparatus.  Based on the 

measurement data, the increase in fluorescence was calculated by 

subtracting the minimum fluorescence intensity from the maximum 

fluorescence intensity.  The calculated increase in fluorescence 15 

was used to perform a curve approximation of the relationship between 

the S1P concentration and the increase in fluorescence using PRISM 

4 software (GraphPad).  Based on the results, the EC50 value of the 

compound-untreated and the EC50 value of the compound-treated at 

each concentration was calculated.  Based on these values, Schild 20 

plot analysis was carried out in order to determine the dissociation 

constant Kd.  The results are shown in Table 1.  In Table 1, 1 nmol/L 

> Kd value ≥ 0.1 nmol/L is indicated as “+”, 0.1 nmol/L > Kd value 

≥ 0.01 nmol/L is indicated as “++”, and 0.01 nmol/L > Kd value is 

indicated as “+++”. 25 
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[0254] 

[Table 1] 

 

<Experiment Example 2> Intracellular calcium mobilization 

derivative test of test compound against human S1P1 5 

receptor-expression cell 

[0255] 

 Human S1P1 receptor-expression CHO cells were subcultured in 

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

300 g/mL of Geneticin.  The human S1P1 receptor-expression CHO cells 10 

were subjected 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 g/mL of Geneticin.  Then, the human 

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

clear bottom plate (BD Falcon Biocoat) at 2.5 × 10
4
 / 100 L / well.  15 

The human S1P3 receptor-expression CHO cells were then cultivated 



 93 

for two nights at 37C under 5% CO2 environment.  The next day, the 

wells were washed with a Ham’s F-12 culture medium containing 100 

L of 0.1 % fatty acid-free bovine serum albumin (BSA).  This washing 

treatment was carried out 3 times.  The culture medium was exchanged 

with a Ham’s F-12 culture medium containing 0.1% BSA, and then starved 5 

of serum for 6 hours in a CO2 incubator set at 37C. 

[0256] 

 The culture medium was thrown away after the 6 hours.  Then, 

50 L/well of a Fluo3 loading buffer was added, and the cultures 

were cultivated for further 1 hour.  The Fluo3 loading buffer was 10 

prepared as follows.  First, equal amounts of Fluo3-AM (Dojindo) 

and pluronic F-127 (20% DMSO solution, invitrogen) were mixed.  Then, 

the mixture of Fluo3-AM and pluronic F-127 was added into a Hanks-HEPES 

buffer (Hanks balanced salt solution containing 20 mM HEPES (pH 

7.4), 0.1% BSA (fatty acid-free), and 2.5 mM probenecid) to form 15 

a Fluo3 loading buffer having a final Fluo3-AM concentration of 

4 M. 

[0257] 

 After incubating for 1 hour, the wells were washed 3 times 

with 100 L of the Hanks-HEPES buffer.  Next, 100 L of the same 20 

buffer was added, and then the cultures were incubated for 15 minutes 

at 37C in a microplate spectrophotofluorometer (FLEX Station 

(Molecular Device Co., Ltd.)).  Then, 25 L of the samebuffer 

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

of the final concentration based on serial dilution or the test 25 
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compound (final concentration of 0.1 nM, 1 nM, 10 nM, 100 nM, 1 

M, and 10 M) was added, and the fluorescence based on the Fluo3 

due to calcium mobilization was detected and measured at an excitation 

wavelength of 485 nm and a detection wavelength of 525 nm using 

the same apparatus.  Based on the measurement data, the increase 5 

in fluorescence was calculated by subtracting the minimum 

fluorescence intensity from the maximum fluorescence intensity.  

The percentage increase in fluorescence (%) 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 10 

fluorescence when acted on by 10
-6
 M S1P.  The EC50 value was determined 

using PRISM software (GraphPad) as the intracellular calcium 

mobilization derivative action of the test compound. 

[0258] 

 The EC50 value of the compounds of Example 1 and Example 2 15 

was greater than 10 mol/L (> 10 mol/L).  Further, an evaluation 

of the antagonistic action of the S1P1 receptor using the method 

of Experiment Example 1 showed that the Kd value of the compounds 

of Example 1 and Example 2 was 2.66 nmol/L and 1.60 nmol/L, 

respectively. 20 

<Experimental Example 3> Cecal ligation and puncture sepsis model 

[0259] 

 This model is widely used as a model for polymicrobial abdominal 

sepsis caused by leakage of intestinal bacteria.  The experiment 
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was carried out with reference to the method described in Non-Patent 

Literature 9 (D. Rittirsch et al., Nature Protocols, 4, 31 (2009)). 

[0260] 

 Preparation of cecalligation and puncture (CLP) sepsis mice 

 Wistar rats (Charles River Laboratories, Japan Inc., male 8 5 

W) were used.  The abdominal portion of the rats was cut open under 

isoflurane anesthesia, and the appendix was exteriorized.  The 

appendix was ligated with sterilized silk thread, and 10 holes were 

opened in the tip portion of the appendix using an 18 G syringe 

needle.  After the treatment, the appendix was returned to the body, 10 

and the wound was sutured.  Further, physiological saline was 

subcutaneously administered at a dose of  30 mL/kg.  The rats were 

then returned to their cages, and observed for 7 days to determine 

the survival rate. 

Test Compound Administration Method 15 

 The test compound was continuously administered via a cannula 

stuck in the femoral vein at a dose of 0.1 mg/kg/hr.  Administration 

of the test compound was started 1 hour after the CLP procedure 

was finished. 

[0261] 20 

 For the group administered with the compound of Example 2, 

a statistically significant effect was found (survival lengthening 

action, Log-rank test p < 0.01) that shifted the survival curve 

to the right as compared with the medium administration group.  

Further, although all of the test subjects died within 1 day for 25 
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the medium administration group, for the group administered with 

the compound of Example 2, a survival rate improvement action was 

found, with 25% of the test subjects alive after 3 days, while 12.5% 

were alive even after 7 days.  These results suggest that the compound 

of Example 2 is effective against sepsis. 5 

[0262] 

 Based on the above results, it is clear that despite exhibiting 

an excellent antagonistic action against the human S1P3 receptor, 

the compound of the present invention exhibits a weaker or no 

antagonistic action or agonistic action against the S1P1 receptor 10 

as compared with human S1P3 receptor antagonistic action.  Further, 

it was also confirmed that the compound of the present invention 

exhibits an excellent suppressive effect against sepsis. 

INDUSTRIAL APPLICABILITY 

[0263] 15 

 According to the present invention, a diphenyl sulfide 

derivative having an excellent S1P3 antagonistic activity and S1P3 

selectivity can be provided.  Further, the diphenyl sulfide 

derivative of the present invention can be stably used as a medicine 

as it causes little or no hemolysis, tissue damage, or central 20 

depressant action.  In addition, the diphenyl sulfide derivative 

of the present invention is stable in aqueous solution.  The compound 

of the present invention having these excellent properties is 

effective as a preventive or a therapeutic medicine for respiratory 

tract contraction, bronchial asthma, chronic obstructive pulmonary 25 
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disease (COPD), pulmonary emphysema, tracheal stenosis, diffuse 

panbronchiolitis, bronchitis resulting from infection, connective 

tissue disease, or transplantation, diffuse pulmonary 

hamartoangiomyomatosis, adult respiratory distress syndrome (ARDS), 

interstitial pneumonitis, lung cancer, pneumonia hypersensitivity, 5 

idiopathic interstitial pneumonia, fibrosis of the lung, sepsis, 

cytokine storm caused by an influenza virus or RS virus infection, 

arteriosclerosis, blood vessel intimal thickening, solid tumors, 

diabetic retinopathy, articular rheumatism, cardiac arrest, 

ischemia-reperfusion disorders, cerebral blood vessel spasms after 10 

subarachnoid bleeding, angina pectoris or myocardial infarction 

caused by coronary vessel spasms, glomerulonephritis, thrombosis, 

lung disease caused by pulmonary edema such as ARDS, cardiac 

arrhythmia, eye disease, eye hypertension, glaucoma, glaucomatous 

retinopathy, optic neuropathy, and macula-lutea degeneration. 15 
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CLAIMS 

 1. A diphenyl sulfide derivative, or a pharmaceutically 

acceptable salt or hydrate thereof, represented by an 

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

}-2-propylbutylphosphoric acid monoester. 5 

 

 2. A medicine, comprising the diphenyl sulfide derivative 

according to claim 1, or a pharmaceutically acceptable salt or hydrate 

thereof. 

 10 

 3. The medicine according to claim 2, 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 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 

 

 4. The medicine according to claim 2, wherein the medicine 

is a therapeutic or preventive medicine for arteriosclerosis, blood 

vessel intimal thickening, solid tumors, diabetic retinopathy, 

rheumatoid arthritis, cardiac arrest, ischemia-reperfusion 25 
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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, glaucomatous retinopathy, optic neuropathy, or 5 

macula-lutea degeneration. 

 

 5. The medicine according to claim 2, wherein the medicine 

is a therapeutic or preventive medicine for sepsis. 

 10 

 6. A pharmaceutical composition, comprising the diphenyl 

sulfide derivative according to claim 1, or a pharmaceutically 

acceptable salt or hydrate thereof, and a pharmaceutically 

acceptable carrier. 

 15 


