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ADME: absortion, distribution, metabolism, excretion

AUC: area under the curve

CL: clearance

DMAP: 4-(dimethylaminopyridine 4-

DMMP: dimethylmethylphosphonate

DME: 1, 2-dimethoxyethane 1 2-

DMSO: dimethylsulfoxide

ESI : electrospray ionization

EtOAc : ethyl acetate

EtOH : ethanol

BA: bioavailability

GPCR: G-protein coupled receptor G

HPLC: high-performance liquid chromatography

i.v: intravenous

KSAc: S-potasium thioacetate S-

LC/MS: liquid chromatography/mass spectrometry /

m-CPBA: meta-chloro perbenzoic acid

Ms: methane sulfonyl

NMR: nuclear magnetic resonance

15-PGDH: 15-hydroxyprostaglandin dehydrogenase 15

p.o.: per ou = oral administration

PSA : polar surface area

S1P1: Sphingosine-1-phosphate 1 -1- 1

TBAF: tetrabutylammonium fluoride

TBDPS: tert-butyl di-phenylsilyl tert-

TBS: tert-butyl methylsilyl tert-

TFA : trifluoroacetic acid

THF : tetrahydrofuran

TM: transmenbrane domain

TMS: tri-methylsilyl tri-

TPSA : topological polar surface area

Ts: p-toluene sulfonyl p-
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2-6.

General Procedure
Analytical samples were homogeneous as confirmed by TLC, and afforded spectroscopic results 

consistent with the assigned structures. Proton nuclear magnetic resonance spectra (1H NMR) were 

taken on a Varian Mercury 300 spectrometer, Varian GEMINI-200 or VXR-200s spectrometer using 

deuterated chloroform (CDCl3), deuterated methanol (CD3OD) and deuterated dimethylsulfoxide 

(DMSO-d6) as the solvent. Carbon nuclear magnetic resonance spectra (13C NMR) were taken on a 

Varian Mercury 300 spectrometer using deuterated chloroform (CDCl3) as the solvent. Fast atom 

bombardment (FABMS, HRMS) and electron ionization (EI) mass spectra were obtained on a JEOL 

JMS-DX303HF spectrometer. Atmospheric pressure chemical ionization (APCI) mass spectra were 

determined on a HITACHI MI200H spectrometer. Infrared spectra (IR) were measured in a 

Perkin-Elmer FT-IR 1760X spectrometer. Optical rotations were measured using a 2 mL cell with a 1 

dm path length on a JASCO DIP-1000. Column chromatography was carried out on silica gel 

[Merck Silica Gel 60 (0.063 – 0.200 m), Wako gel C-200, or Fuji Silysia FL60D]. Thin layer 

chromatography was performed on silica gel (Merck TLC or HPTLC plates, Silica Gel 60 F254). The 

following abbreviations for solvents and reagents are used; diethyl ether (Et2O), tert-butyl methyl 

ether (MTBE), N,N-dimethylformamide (DMF), dimethylsulfoxide (DMSO), ethanol (EtOH), ethyl 

acetate (EtOAc), methanol (MeOH), tetrahydrofuran (THF), methanol (MeOH), dichloromethane 

(CH2Cl2), chloroform (CHCl3), dimethoxyethane (DME), acetonitrile (CH3CN),

hexamethylphosphoramide (HMPA), N,N'-dimethylpropyleneurea (DMPU),

1,3-dimethyl-2-imidazolinone (DMI), sulfur trioxide/pyridine complex (SO3-Py),

4-(dimethylamino)pyridine (DMAP), tetrabutylammonium fluoride (TBAF).

n-Butyl 2-[(2-{(2R)-2-[(1E)-4,4-dimethyl-3-oxo-1-octenyl]-5-oxo-

1-pyrrolidinyl}ethyl)sulfanyl]-1,3-thiazole-4-carboxylate (14)

To a solution of the compound 13ref (414 mg) in dimethylsulfoxide (3.00 mL)/ethyl acetate (6.00

mL) were added triethylamine (0.97 mL) and sulfur trioxide-pyridine complex (550 mg) at 10°C and 

the solution was stirred at room temperature for 1 hour. To the reaction solution was added 1N 

hydrochloric acid and the solution was extracted with ethyl acetate. The organic layer was washed 

water and brine, dried over anhydrous sodium sulfate and concentrated to give crude aldehyde. The 

compound was used in the next reaction without purification. To sodium hydride (62.7 % in oil) 

(60.0 mg) was added slowly a solution of dimethyl (3,3-dimethyl-2-oxoheptyl)phosphonate (403

mg) in anhydrous tetrahydrofuran (4.30 mL) at 0°C and the solution was stirred at room temperature 

for 1 hour. To the reaction solution was added slowly a solution of the obtained crude aldehyde (412

mg) in anhydrous tetrahydrofuran (4.00 mL) at room temperature and the solution was stirred for 2 

hours. To the reaction solution was added 1N hydrochloric acid at 0°C and the solution was 
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extracted with ethyl acetate. The organic layer was washed with water and brine, dried over 

anhydrous sodium sulfate and concentrated. The obtained residue was purified by column 

chromatography on silica gel (hexane:ethyl acetate=1:1) to give compound 14 as colorless oil (501

mg, 67%yield in 2steps).

TLC : Rf 0.73 (ethyl acetate);

NMR (CDCl3 83 (m, 12H), 1.39 (m, 8H), 1.70 (m, 4H), 2.34 (m, 2H), 3.09 (m, 1H), 3.46 (m, 1 

H), 4.33 (m, 3H), 4.50 (m, 1H), 6.64 (m, 2H), 8.01(s, 1H).

n-Butyl 2-[(2-{(2R)-2-[(1E,3R)-3-hydroxy-4,4-dimethyl-1-octenyl]-5-oxo

-1-pyrrolidinyl}ethyl)sulfanyl]-1,3-thiazole-4-carboxylate (15)

To a solution of the compound 14 (501 mg) in THF (5.20 mL) was added (S)-CBS in toluene (1.10

mL), BH3 THF in THF 1.0M (1.10 ml) at 0°C and the solution was stirred for 1 hour. To the reaction 

solution was added ethanol and water. The solution was extracted with ethyl acetate and washed 

with water and brine. The obtained residue was purified by column chromatography on silica gel 

(hexane:ethyl acetate=2:3) to give compound 15 as colorless oil (72.4 mg, 14% yield).

TLC : Rf 0.26 (hexane: ethyl acetate =1:2);

NMR (CDCl3 85 (m, 12H), 1.42 (m, 8H), 1.66 (m, 4H), 2.44 (m, 2H), 3.19 (m, 2H), 3.44 (m, 1 

H), 4.35 (m, 3H), 4.55 (m, 1H), 6.62 (m, 2H), 8.04(s, 1H).

2-[(2-{(2R)-2-[(1E,3R)-3-hydroxy-4,4-dimethyl-1-octenyl]-5-oxo-

1-pyrrolidinyl}ethyl)sulfanyl]-1,3-thiazole-4-carboxylic acid (3)

To a solution of the compound 15 (72.4 mg) in methanol (1.00 mL) was added an aqueous solution 

of 2N sodium hydroxide (0.15 mL) at 0°C and the solution was stirred at room temperature for 1 

hour.  To the reaction solution was added an aqueous solution of 2N hydrochloric acid (0.15 mL). 

The solution was extracted with ethyl acetate and washed with water and brine. The reaction solution 

was dried over anhydrous sodium sulfate and concentrated to give compound 3 as white paste (36.0

mg, 58%yield).

TLC : Rf 0.54 (ethyl acetate:methanol:acetic acid=8:1:1);

APCI, Neg. : 425 (M - H)-.
1H NMR (300 MHz, CDCl3)

H) 3.83 (m, 2 H) 4.17 (m, 1 H) 5.57 (dd, J=14.92, 8.33 Hz, 1 H) 5.84 (dd, J=14.92, 6.30 Hz, 1 H) 

8.09 (s, 1 H).
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Measurement of hEP1 receptor binding assay

Competitive binding studies were conducted using radiolabeled ligands and membrane fractions 

prepared from Chinese hamster ovary (CHO) cells, which stably express the prostanoid receptors

hEP1. Membranes from CHO cells expressing prostanoid receptors were incubated with a 

radiolabeled ligand (i.e. 2.5 nM [3H]PGE2) and test compounds at various concentrations in an assay 

buffer (i.e. 10 mM KH2PO4–KOH buffer containing 1 mM EDTA, 10 mM MgCl2 and 0.1 mM NaCl,

pH 6.0). Incubation was carried out at 25 °C for 60 min, with the exception of mEP1, which was 

incubated for 20 min. Incubation was terminated via filtration through a Whatman GF/B filter. The 

filter was subsequently washed with ice-cold buffer (10 mM KH2PO4–KOH buffer containing 0.1

mM NaCl, pH 6.0), and the radioactivity on the filter was measured in a 6 mL liquid scintillation

(ACSII) mixture with a liquid scintillation counter. Non-specific binding was achieved by adding 

excess amounts of unlabeled PGE2 in the assay buffer. The concentration that causes 50% of 

inhibition (IC50 value) was estimated from the regression curve. The Ki value (M) was calculated 

according to the following equation: Ki = IC50 / (1 + [L]/Kd), where [L] is the concentration of 

radiolabeled ligand and Kd is the dissociation constant of radiolabeled ligand for the prostanoid

receptor of interest.

Measurement of cAMP production for hEP2 receptor or hEP4 receptor agonistic activity

Chinese hamster ovary (CHO) cells expressing human EP2 or EP4-receptor were cultured in 24-well 

plates (1 × 105 cells/well). After 2 days, the media were removed and cells were washed with 500 L

of Minimum Essential Medium (MEM) and incubated for 10 min in 500 L of buffer (MEM 

containing 2 M of diclofenac) at 37 °C. After the removal of buffer via suction, cells were 

pre-incubated in 450 L of assay medium (containing 1% of BSA) for 10 min at 37 °C. The reaction 

was started with the addition of each test compound in 50 L of assay buffer. After incubation for 10 

min at 37 °C, the reaction was terminated by adding 500 L of ice-cold 10% trichloroacetic acid.

cAMP production was determined via a cAMP radioimmunoassay kit (Amersham).

Measurement of Ca2+ production for hEP3 receptor agonistic activity

To measure human EP 3

fura-2-

added, and the cells were incubated for about 60 minutes at 37 °C in a CO2 (5% CO2, 95% air) 

incubator to incorporate the fura-

bovine serum (Sigma-

mmol/L HEPES] was added. The intracellular calcium level was determined using a Fluorescence 

Drug Screening System (FDSS-3000, Hamamatsu Photonics KK). Then, 2.45 min after the start of 

measurement at 37°C, compound (0.03 to 300 nmol/L for EP3) and PGE2 (0.03 to 300 nmol/L for 
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EP3) were added. Measurements were taken at approximately 3-sec intervals, and the indicator of the 

change in intracellular calcium level was the change in the fluorescence intensity ratio (f340/f380) at 

500 nm during irradiation with two alternating wavelengths of excitation light (340 nm, 380 nm).

Measurement of Caco-2 membrane permeability assay

Grow Caco-2 cells on a 12-well Costar Transwell plate (with a collagen-coated fine porous 

polycarbonate membrane) until a confluent monolayer is formed. Prepare buffer for permeability 

assay using 10 mM HEPES and Hank’s balanced salt solution containing 15 mM glucose and0.2 

mM Lucifer yellow with the pH being adjusted at 7.4. Add the test substance solution to the apical 

side (for the A-to-B permeability) or the basolateral side (for the B-to-A permeability) of the Caco-2

cell monolayer at a final concentration of 1 M, and then incubate the plate in a humidified 

incubator (5% CO2, 37 C). Two h later, take aliquots from the receiver chambers. Each 

determination was performed in duplicate. The flux of co-dosed lucifer yellow was also measured 

for each monolayer to ensure no damage was inflicted to the cell monolayers during the flux period. 

Determine test substance concentrations in the samples by LC/MS/MS.

The apparent permeability coefficient (Papp) is calculated according to the following equation:

Papp = (dCr/dt) Vr/(A C0) 

dCr/dt: slope of compound accumulation in the receiver compartment over time ( M/s) 

Vr: volume of the receiver compartment (cm3)

A: area of the cell monolayer (1.13 cm2 for 12-well Transwell plate) 

C0: initial normality of the buffer ( M) 

The involvement of efflux transporter(s) such as P-gp is suspected if the ratio of the B-to-A Papp to 

the A-to-B Papp is 2 or more.

Measurement of human microsome stability assessments

The test compound (5 L, 10 mM in DMSO) was diluted in 995 L of 50% acetonitrile in water to 

make a 50 M solution. Phosphate buffer (0.1 M, 245 L) containing 1 mg/mL human liver 

microsomes and NADPH-co-factor was added into a reaction container, pre-warmed to 37 °C in a 

water bath, and incubated for 5 min. The reaction was initiated by the addition of 5 L of the 

solution containing the test compound (in 0.975% acetonitrile with 0.05% DMSO, final 

concentration of 1 M). Immediately after the initiation of the reaction, a 20 L aliquot was taken 

from the solution and transferred into 180 L of acetonitrile containing the internal standard 

(candesartan) to terminate the reaction. A 20 L aliquot of the mixture was mixed with 180 L of 

50% acetonitrile on a plate with a filter for deproteinization and filtered by suction. The filtrate was 

used as a standard sample. After incubation for 60 min, a 20 L aliquot was taken from the solution 

and then underwent the abovementioned procedure to obtain a reaction sample. The obtained 
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samples were measured on an LC-MS/MS system. The percent remaining (%) was calculated by

dividing the peak area ratio (i.e., test compound/I.S.) for the reaction sample by the peak area ratio 

for the standard sample and multiplying by 100.
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a) K2CO3, water, triphosgene, toluene, 0 , b) NaBH4, EtOH, r.t., y. 51% (for 2 steps)
c) TBSCl, imidazole, DMF, r.t., d) bromoethyl acetate, KOtBu, THF, r.t.
e) NaBH4, THF-EtOH, r.t., y. 89% (for 3 steps), f) MsCl, Et3N, CH2Cl2, 0 ,
g) KSAc, DMF, r.t., y. 99% (for 2 steps), h) ethyl 2-bromo-1,3-thiazole-4-carboxylate, 

tributylphosphine, K2CO3, EtOH, 50 , i) TBAF, THF, r.t., y. 76% (for 2 steps)

36 
 



 

20 SO3-Py DMSO Horner-Emmons
4-5

3 10 4 (Scheme 3-2)

22R

22R 22S

EP2

EP3 22R 4 22R

E2 15

Scheme 3-2. 4

a), b)

20 21

4

N S
O

O S

N CO2H

CH3

OH

CH3

CH3

c)N S
O

O S

N

OH

CO2Et

d)

N S
O

O S

N

CH3

OH

CH3

CH3

CO2Et

N S
O

O S

N

CH3

O

CH3

CH3

CO2Et

a) SO3-Py, Et3N, DMSO, EtOAc, 10 ,
b) NaH, dimethyl (3,3-dimethyl-2-oxoheptyl)phosphonate,

THF, 0 , y. 59% (for 2 steps), c) NaBH4, MeOH, AcOH, -78 ,
then separation by silica gel column chromatography, 
more polar : 22R, less polar : 22S,

d) NaOHaq., MeOH, 0 , y. 44% (for 2 steps)

22R 22S

N S
O

O S

N

CH3

OH

CH3

CH3

CO2Et

+

22R

37 
 



 

Figure 3-10 4 EP2/EP3

7 EP4 80

EP4 EP2/EP3

EP4

Functional Assay EC50 (nM)

Compound hEP2 hEP3 hEP4

3 0.91 8.4 4.2

4 7.4 50 320

Figure 3-10. EP2/EP3/EP4

38 
 



 

3-3. EP2/EP3

4 EP2/EP3

5 4 20

EP2/EP3

6

5 (Scheme 3-3) 25

Isobutyric Acid

20 4

15 4 26

27 5

EP2 EP3

Scheme 3-3. 5

CH3

O

CH3

P
O

O
OCH3

CH3

F
a) b)

c), d)

20 26

5

N S
O

O S

N CO2H

CH3

OH

CH3

F

e)N S
O

O S

N

OH

CO2Et

f)

N S
O

O S

N

CH3

OH

CH3

F

CO2Et
N S

O

O S

N

CH3

O

CH3

F

CO2Et

a) 1-Bromo-4-Fluorobutane, Diisopropylamine, n-BuLi in hexane, THF, r.t., 
b) SOCl2, reflux and then, n-BuLi in hexane, DMMP, THF, -78 , y.67% (for 2 steps)
c) SO3-Py, DMSO, EtOAc, TEA, r.t., d) NaH, THF, 25, r.t., y.67% (for 2 steps), 
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3 in vitro
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3-5.

General Procedure is same as described in chapter 2-7.

(4S)-4-(hydroxymethyl)-1,3-oxazolidin-2-one (17)

D-serine methylester hydrochloride (5.76 g) was dissolved in water (52.0 mL). To the reaction 

solution was added potassium bicarbonate (4.08 g) and the solution was stirred for 10 minutes. To 

the reaction solution were added potassium bicarbonate (5.63 g) and a solution of triphosgen (14.3 g) 

in toluene (26.0 mL) at 0°C and the solution was stirred for 2 hours. The reaction mixture as diluted 

with ethyl acetate and the water layer was concentrated. The obtained residue was extracted with 

methylene chloride, dried over anhydrous sodium sulfate and concentrated. To a solution of the 

obtained residue in ethanol (73.0 mL) was added sodium borohydride (1.34 g) and the solution was 

stirred at 3 hours. To the reaction mixture was added saturated ammonium chloride at 0°C and the 

solution was stirred 30 minutes at room temperature. The reaction mixture was filtrated and 

concentrated. The obtained residue was purified by column chromatography on silica gel (ethyl 

acetate : methanol=4:1), to give 17 (2.28 g, 51%yield).

TLC : Rf 0.29 (ethyl acetate:methanol=10:1); NMR (CDCl3 J=11.44, 5.77 Hz, 1 H),

3.73 (m, 1 H), 4.01 (m, 1 H), 4.23 (m, 1 H), 4.49 (t, J=8.70 Hz, 1 H), 5.99 (s, 1 H).

(4R)-4-({[tert-butyl(dimethyl)silyl]oxy}methyl)-3-(2-hydroxyethyl)-1,3-oxazolidin-2-one (18)

To a solution of 17 (2.28 g) in dimethylformamide (20.0 mL) were added imidazole (1.60 g) and 

tert-butyldimethylsilyl chloride (3.09 g) and the solution was stirred at room temperature over night. 

The reaction solution was poured into ice and extracted with ethyl acetate. The obtained organic 

layer was washed with water and brine, dried over anhydrous sodium sulfate and concentrated. To a 

solution of the obtained residue in anhydrous tetrahydrofuran (45.0 mL) was added tert-butoxy 

potassium (2.41 g) under cooling with ice and the solution was stirred at 10 minutes. Bromo ethyl 

acetate (2.40 mL) was added dropwise to the reaction solution, which was stirred at room 

temperature for 3 hours. To the reaction mixture was added saturated ammonium chloride and the 

solution was extracted with ethyl acetate. The obtained organic layer was washed with brine, dried 

over anhydrous sodium sulfate and concentrated. To a solution of the obtained residue in 

tetrahydrofuran/ethanol (7:1) (46.0 mL) was added sodium borohydride (2.22 g) and the solution 

was stirred at room temperature for 2 hours. The reaction mixture was poured into ice/saturated 

ammonium chloride and extracted with ethyl acetate. The obtained organic layer was washed with 

water and brine, dried over anhydrous sodium sulfate and concentrated to give 18 (4.62 g).

TLC Rf : 0.35 (hexane:ethyl acetate=1:2); NMR (CDCl3 , 0.90 (s, 9 H), 2.76 (s, 1 

H), 3.45 (m, 2 H), 3.83 (m, 5 H), 4.13 (dd, J=8.60, 5.68 Hz, 1 H), 4.38 (dd, J=8.79, 8.60 Hz, 1 H).
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S-{2-[(4R)-4-({[tert-butyl(dimethyl)silyl]oxy}methyl)-2-oxo-1,3-oxazolidin-3-yl]ethyl} 

ethanethioate (19)

Methanesulfonyl chloride (1.43 mL) was added dropwise to a solution of 19 (4.58 g) and 

triethylamine (3.50 mL) in methylene chloride (32.0 mL) under cooling with ice and the solution 

was stirred at 0°C for 1 hour. To the reaction solution was added water and the solution was 

extracted with ethyl acetate. The organic layer was washed with 1N hydrochloric acid, water and 

brine, dried over anhydrous magnesium sulfate and concentrated. To a solution of the obtained 

residue in dimethylformamide (17.0 mL) was added potassium thioacetate (1.91 g) and the solution 

was stirred at room temperature for 2 hours. To the reaction solution was added water and the 

solution was extracted with ethyl acetate. The organic layer was washed with water and brine, dried 

over anhydrous sodium sulfate and concentrated to give 19 (5.56 g, 99%yield). 

TLC : Rf 0.76 (hexane:ethyl acetate=1:2); NMR (CDCl3 , 0.89 (s, 9 H), 2.35 (s, 3 

H), 3.07 (m, 2 H), 3.31 (m, 1 H), 3.57 (m, 1 H), 3.68 (dd, J=10.80, 4.03 Hz, 1 H), 3.79 (m, 1 H), 3.93 

(m, 1 H), 4.12 (m, 1 H), 4.33 (t, J=8.70 Hz, 1 H).

Ethyl 2-({2-[(4S)-4-(hydroxymethyl)-2-oxo-1,3-oxazolidin-3-yl]ethyl}thio)-1,3-

thiazol-4-carboxylate (20)

To a solution of 19 (5.56 g), ethyl 2-bromo-1,3-thiazole-4-carboxylate (4.34 g) and 

tributylphosphine (0.46 mL) in ethanol (36.0 mL) was added potassium carbonate (3.70 g) under 

cooling with ice and the solution was stirred at room temperature for 1 hour and subsequently at 

50°C overnight. To the reaction solution was added water and the solution was extracted with ethyl 

acetate. The organic layer was washed with water and brine, dried over anhydrous magnesium 

sulfate and concentrated. To a solution of the obtained residue in tetrahydrofuran (18.0 mL) was a 

solution of 1M tetrabutylammonium iodide in tetrahydrofuran (18.4 mL) at 0°C and the solution was 

stirred at room temperature for 1 hour. To the reaction solution was added water and the solution 

was extracted with ethyl acetate. The organic layer was washed with water and brine, dried over 

anhydrous magnesium sulfate and concentrated. The obtained residue was purified by column 

chromatography on silica gel (hexane : ethyl acetate =2:3), to give 20 (4.29 g, 76%yield).

TLC : Rf 0.43 (ethyl acetate); NMR (CDCl3 H), 3.66 (m, 6 H), 4.14 (m, 2 H), 4.39 (m, 

3 H), 8.02 (s, 1 H).

Ethyl 2-[(2-{(4S)-4-[(1E)-4,4-dimethyl-3-oxo-1-octenyl]-2-oxo-

1,3-oxazolidin-3-yl}ethyl)thio]-1,3-thiazole-4-carboxylate (21)

To a solution of 20 (338 mg) in dimethylsulfoxide (3.40 mL)/ethyl acetate (6.80 mL) were added 

triethylamine (1.00 mL) and sulfur trioxide-pyridine complex (650 mg) at 10°C and the solution was 

stirred at room temperature for 1 hour. To the reaction solution was added 1N hydrochloric acid and 
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the solution was extracted with ethyl acetate. The organic layer was washed water and brine, dried 

over anhydrous sodium sulfate and concentrated. To sodium hydride (60.0 % in oil) (49.0 mg) was 

added slowly a solution of dimethyl (3,3-dimethyl-2-oxoheptyl)phosphonate (332 mg) in anhydrous 

tetrahydrofuran (7.30 mL) at 0°C and the solution was stirred at room temperature for 1 hour. To the 

reaction solution was added slowly a solution of the obtained residue (336 mg) in anhydrous 

tetrahydrofuran (2.90 mL) at room temperature and the solution was stirred for 2 hours. To the 

reaction solution was added 1N hydrochloric acid at 0°C and the solution was extracted with ethyl 

acetate. The organic layer was washed with water and brine, dried over anhydrous sodium sulfate 

and concentrated. The obtained residue was purified by column chromatography on silica gel 

(hexane:ethyl acetate =3:2), to give 21 (211 mg, 59%yield).

TLC : Rf 0.50 (hexane:ethyl acetate=1:1); NMR (CDCl3 ), 1.11 (m, 10 H),

1.43 (m, 5 H), 3.32 (m, 1 H), 3.53 (m, 2 H), 3.80 (m, 1 H), 4.03 (m, 1 H), 4.41 (m, 3 H), 4.76 (m, 1 

H), 6.71 (m, 2 H) , 8.01 (s, 1 H).

Ethyl 2-[(2-{(4S)-4-[(1E,3R)-3-hydroxy-4,4-dimethyl-1-octenyl]-2-oxo-

1,3-oxazolidin-3-yl}ethyl)thio]-1,3-thiazole-4-carboxylate (22R)

To a solution of 21 (124 mg) in anhydrous methanol (1.40 mL) were added sodium borohydride 

(10.4 mg) and a catalytic amount of acetic acid at -78°C and the solution was stirred at the same 

temperature for 1 hour. After return to room temperature, to the reaction solution was added water 

and the solution was extracted with ethyl acetate. The organic layer was washed with brine, dried 

over anhydrous sodium sulfate and concentrated. The obtained residue was purified by column 

chromatography on silica gel (hexane:ethyl acetate=1:1), to give the more polar compound 22R

(87.2 mg).

TLC : Rf 0.25 (hexane:ethyl acetate=1:1); NMR (CDCl3 , 1.26 (m, 6 H), 1.39 (t, 

J=7.14 Hz, 3 H), 3.54 (m, 4 H), 3.85 (d, J=6.04 Hz, 1 H), 3.99 (m, 1 H), 4.40 (m, 4 H), 5.66 (m, 1 H),

5.92 (m, 1 H), 8.02 (s, 1 H).

2-[(2-{(4S)-4-[(1E,3R)-3-hydroxy-4,4-dimethyl-1-octenyl]-2-oxo-1,3-oxazolidin-3-yl}ethyl)

sulfanyl]-1,3-thiazole-4-carboxylic acid (4)

To a solution of 22R (84.0 mg) in methanol (1.00 mL) was added an aqueous solution of 2N sodium 

hydroxide (0.19 mL) at 0°C and the solution was stirred at room temperature for 1 hour. To the 

reaction solution was added an aqueous solution of 2N hydrochloric acid (0.30 mL). The solution 

was extracted with ethyl acetate and washed with water and brine. The reaction solution was dried 

over anhydrous sodium sulfate and concentrated to give compound 4 (78.8 mg, 44%yield).
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TLC : Rf 0.80 (ethyl acetate:methanol:acetic acid=8:1:1); NMR (CDCl3 , 1.23 (m, 

6 H), 3.56 (m, 6 H), 3.91 (d, J=5.95 Hz, 1 H), 4.00 (m, 1 H), 4.43 (m, 2 H), 5.64 (dd, J=15.10, 7.60 

Hz, 1 H), 5.96 (dd, J=15.10, 5.95 Hz, 1 H), 8.12 (s, 1 H).

6-fluoro-2,2-dimethylhexanoic acid (24)

To a solution of Diisopropylamine (3.50 ml) in THF (27.0 ml) were added n-BuLi in hexane 1.58 M 

(15.8 ml) at 0°C and the solution was stirred at same temperature for 0.5 hour. To the reaction 

solution was added a solution of 23 (1.00 g) in THF (10.0 ml) at 0°C and the solution was stirred at 

same temperature for 0.5 hour. To the reaction solution was added  1-Bromo-4-Fluorobutane (1.40 

ml) at 0°C and the solution was stirred at room temperature for 2 hour. To the reaction solution was 

added 2N hydrochloric acid at 0°C and the solution was extracted with ethyl acetate. The organic 

layer was washed with water and brine, dried over anhydrous sodium sulfate and concentrated to 

give 24 (1.84 g).

TLC : Rf 0.34 (hexane:ethyl acetate:acetic acid=8:2:1); NMR (CDCl3 0.85 (s, 3H), 0.88 (s, 3H), 

1.35 (m, 4H), 1.79 (m, 2H), 3.53 (m, 2H).

dimethyl (7-fluoro-3,3-dimethyl-2-oxoheptyl)phosphonate (25)

To 24 (1.84 g) were SOCl2 (6.0 ml) and the solution was stirred at reflux for 0.5 hour. The reaction 

solution was concentrated to give acid chloride. To a solution of dimethyl methylphosphonate (2.0 g)

in THF (27.0 ml) were added n-BuLi in hexane 1.58 M (10.0 ml) at -78°C and the solution was 

stirred at same temperature for 0.5 hour. To the reaction solution was added acid chloride at -78°C 

and the solution was stirred at same temperature for 1 hour. To the reaction solution was added 

acetic acid at 0°C and the solution was extracted with ethyl acetate. The organic layer was washed 

with water and brine, dried over anhydrous sodium sulfate and concentrated. The obtained residue 

was purified by column chromatography on silica gel (hexane:ethyl acetate=3:7), to give 25 (1.73 g,

57%yield).

TLC : Rf 0.30 (ethyl acetate); NMR (CDCl3 0.85 (s, 3H), 0.88 (s, 3H), 1.01(m, 6H), 1.35 (m, 

4H), 1.79 (m, 2H), 3.32 (m,2H), 3.53 (m, 2H).

Ethyl 2-[(2-{(4S)-4-[(1E)-8-fluoro-4,4-dimethyl-3-oxo-1-octen-1-yl]-2-oxo-

1,3-oxazolidin-3-yl}ethyl)thio]-1,3-thiazole-4-carboxylate(26)
Starting from compound 20 following the same procedure as compound 21 using compound 25

instead of dimethyl (3,3-dimethyl-2-oxoheptyl)phosphonate provided compound 26.

TLC : Rf 0.63 (hexane:ethyl acetate=1:2); NMR (CDCl3 0.88 (s, 3H), 0.94 (m, 6H), 1.34 (m, 

4H), 1.60 (m, 2H), 3.33 (m, 3H), 3.59 (m, 3H), 3.97 (m, 2H), 4.42 (m, 3H), 5.66 (dd, J=15.00, 8.84

Hz, 1H), 5.94 (dd, J=15.00, 5.65 Hz, 1H), 8.11 (s, 1H).
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Ethyl 2-[(2-{(4S)-4-[(1E,3R)-8-fluoro-3-hydroxy-4,4-dimethyl-1-octen-1-yl]-2-oxo-

1,3-oxazolidin-3-yl}ethyl)thio]-1,3-thiazole-4-carboxylate(27)

Starting from compound 26 following the same procedure as compound 22R provided compound 27.

TLC : Rf 0.54 (hexane:ethyl acetate=1:2); NMR (CDCl3 0.87 (s, 3H), 0.92 (s, 3H), 1.35 (m, 4H), 

1.68 (m, 2H), 3.37 (m, 4H), 3.53 (m, 3H), 3.97 (m, 2H), 4.40 (m, 3H), 5.64 (dd, J=15.00, 8.54 Hz, 

1H), 5.98 (dd, J=15.00, 5.60 Hz, 1H), 8.06 (s, 1H).

2-[(2-{(4S)-4-[(1E,3R)-8-fluoro-3-hydroxy-4,4-dimethyl-1-octen-1-yl]-2-oxo-

1,3-oxazolidin-3-yl}ethyl)thio]-1,3-thiazole-4-carboxylic acid(5)

Starting from compound 27 following the same procedure as compound 4 provided compound 5.

HRMS (ESI, pos.) C19H27FN2O5S2 (M + H) +, Obs. 447.1426, Calc. 447.1424. TLC : Rf 0.54 

(ethyl acetate : methanol : acetic acid=15:1:1); NMR (CDCl3 0.85 (s, 3H), 0.87 (s, 3H), 1.34 (m, 4H), 

1.65 (m, 2H), 3.43 (m, 5H), 3.69 (m, 1H), 3.97 (m, 2H), 4.45 (m, 4H), 5.66 (dd, J=15.10, 8.88 Hz, 1H), 5.95 

(dd, J=15.10, 5.70 Hz, 1H), 8.12 (s, 1H).

1-(4-fluorobutyl)cyclobutanecarboxylic acid (29)

To a solution of LDA 2.0M (31.5 ml) in THF (60.0 ml) were added a solution of 28 (3.00 g) in THF 

(15.0 ml) at 0°C and the solution was stirred at same temperature for 0.5 hour. To the reaction 

solution was added 1-Bromo-4-Fluorobutane (5.1 g) at 0°C and the solution was stirred at room

temperature for 2 hour. To the reaction solution was added 2N hydrochloric acid at 0°C and the 

solution was extracted with ethyl acetate. The organic layer was washed with water and brine, dried 

over anhydrous sodium sulfate and concentrated to give 29 (5.22 g).

TLC : Rf 0.34 (hexane:ethyl acetate:acetic acid=8:2:1); NMR (CDCl3 1.25 (m, 6H), 1.69 (m, 2H), 

3.43 (m, 2H).

Dimethyl {2-[1-(4-fluorobutyl)cyclobutyl]-2-oxoethyl}phosphonate(30)

To 29 (1.84 g) were SOCl2 (18.0 ml) and the solution was stirred at reflux for 0.5 hour. The reaction 

solution was concentrated to give acid chloride. To a solution of dimethyl methylphosphonate (1.5 g)

in THF (12.0 ml) were added n-BuLi in hexane 1.58 M (7.63 ml) at -78°C and the solution was 

stirred at same temperature for 0.5 hour. To the reaction solution was added acid chloride at -78°C 

and the solution was stirred at same temperature for 1 hour. To the reaction solution was added 

acetic acid at 0°C and the solution was extracted with ethyl acetate. The organic layer was washed 

with water and brine, dried over anhydrous sodium sulfate and concentrated. The obtained residue 

was purified by column chromatography on silica gel (hexane:ethyl acetate=4:1), to give 30 (1.23 g,

51%yield).

47 
 



 

TLC : Rf 0.55 (ethyl acetate); NMR (CDCl3 1.09(m, 8H), 1.27 (m, 4H), 1.74 (m, 2H), 3.35 

(m,2H), 3.43 (m, 2H).

Ethyl 2-({2-[(4S)-4-{(1E)-3-[1-(4-fluorobutyl)cyclobutyl]-3-oxo-

1-propen-1-yl}-2-oxo-1,3-oxazolidin-3-yl]ethyl}thio)-1,3-thiazole-4-carboxylate(31)

Starting from compound 20 following the same procedure as compound 21 using compound 30

instead of dimethyl (3,3-dimethyl-2-oxoheptyl)phosphonate provided compound 31.

TLC : Rf 0.33 (hexane:ethyl acetate=1:1); NMR (CDCl3 0.99 (m, 6H), 1.54 (m, 6H), 1.67 (m, 

2H), 3.30 (m, 3H), 3.58 (m, 3H), 3.93 (m, 2H), 4.22 (m, 3H), 5.64 (dd, J=15.00, 8.80 Hz, 1H), 5.96

(dd, J=15.00, 5.62 Hz, 1H), 8.10 (s, 1H).

Ethyl 2-({2-[(4S)-4-{(1E,3R)-3-[1-(4-fluorobutyl)cyclobutyl]-3-hydroxy-1-propen-1-yl}-2-oxo-

1,3-oxazolidin-3-yl]ethyl}thio)-1,3-thiazole-4-carboxylate(32)

Starting from compound 31 following the same procedure as compound 22R provided compound 32.

TLC : Rf 0.11 (hexane:ethyl acetate=1:1); NMR (CDCl3 1.45 (m, 6H), 1.69 (m, 2H), 3.27 (m, 

4H), 3.63 (m, 3H), 3.99 (m, 2H), 4.39 (m, 3H), 5.66 (dd, J=15.00, 8.44 Hz, 1H), 5.88 (dd, J=15.00,

5.70 Hz, 1H), 8.10 (s, 1H).

2-({2-[(4S)-4-{(1E,3R)-3-[1-(4-fluorobutyl)cyclobutyl]-3-hydroxy-1-propen-1-yl}-2-oxo-

1,3-oxazolidin-3-yl]ethyl}thio)-1,3-thiazole-4-carboxylic acid(6)

Starting from compound 32 following the same procedure as compound 4 provided compound 6.
HRMS (ESI, pos.) C20H27FN2O5S2 (M + H) +, Obs. 459.1430, Calc. 459.1424. TLC : Rf 0.72

(ethyl acetate : methanol : acetic acid=8:1:1); NMR (CDCl3 1.28 (m, 12H), 3.39 (m, 3H), 3.61 (m, 1H), 

3.93 (m, 1H), 4.15(d, J=5.63 Hz, 1H), 4.33 (m, 4H), 5.70 (dd, J=15.37, 7.23 Hz, 1H), 5.94 (dd, J=15.37, 5.63 

Hz, 1H), 8.12 (s, 1H).
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6 Table 
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Figure 4-1 4 5

(bioavailability, BA) 2.5 %

CLtot

15

15-PGDH(15-hydroxyprostaglandin dehydrogenase)1

Table 4-1. 3 6

Compound
Caco-2

( 10-6 cm/s)

Stability in liver 

microsomes 

% remaining in HLM a)

3 0.78 100

6 0.56 97
a) HLM : human liver microsomes; 

concentration of test compounds, 1 uM; liver microsomes, 1 mg/mL
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c) 5N NaOHaq., n-Bu4NBr, TsCl, toluene, 0 ., then 1-phenyl-1H-tetrazole-5-thiol, 

60 , y. 80%, d) m-CPBA, CH2Cl2, r.t., e) TMSCl, imidazole, CH2Cl2, y.82% (for 2 steps),
f) SO3-Py, Et3N, DMSO, EtOAc, 10 , g) KHMDS, 35, DME, -78 , y.26% (for 2 steps), 
h) 4N HClaq., EtOAc, 0 , i) 2N NaOHaq., EtOH, 0 , y.65% (for 2 steps)
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7 EP2/EP3/EP4 Caco-2

6 Table 4-2 3

15-PGDH 7

Caco-2

2 3

EP2/EP3 EP4

EP4

Table 4-2. 6 7 EP2/EP3/EP4

Functional Assay EC50 (nM)
Caco-2

10-6

(cm/s)

Stability in liver 

microsomes 

% remaining in HLM
Compound hEP2 hEP3 hEP4

6 2.0 10 195 0.56 97

7 2.1 3.3 3380 1.0 100
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a) LiAlH4, THF, 0 , b) MsCl, DIPEA, THF, -5 , then TMSCl, AcSK, K2CO3, DMF, 50 ,
c) ethyl 2-bromo-1,3-thiazole-4-carboxylate, tributylphosphine, K2CO3, EtOH, 50 ,
d) 1N HClaq., THF, 0 , y.38% (for 4 steps), e) Ac2O, Py, DMAP, r.t., f) TBAF, THF, r.t.,
g) SO3-Py, Et3N, DMSO, EtOAc, 10 , y.97% (for 3 steps), h) n-BuLi, 39, THF, -78 ,
i) 2N NaOHaq., MeOH, r.t., y.37% (for 2 steps), j) TBSCl, TEA, Toluene, r.t.,
k) SO3-Py, DIPEA, DMSO, EtOAc, 0 , y.62% (for 2 steps)
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8 EP2/EP3/EP4 Caco-2

6 7 Table 4-3

Caco-2 TPSA

4 Caco-2 3.0

10-6 cm/s
8-10

EP3 8 7 EP2

EP4 37 1

100 3 10

EP4

EP4

EP4

EP2/EP3

8

Table 4-3. 6-8 EP2/EP3/EP4

Functional Assay EC50 (nM)
Caco-2

10-6

(cm/s)

Stability in liver 

microsomes 

% remaining in HLM
Compound hEP2 hEP3 hEP4

6 2.0 10 195 0.56 97

7 2.1 3.3 3380 1.0 100

8 0.48 2.7 91 4.1 100

57 
 



 

4-4.

8 Figure 4-4

BA 6 40% 4

2 2

EP2/EP3

8 6

8

Figure 4-4. 8

8

(0.1 mg / kg) (1 mg / kg)

(mL/min/kg) hr
AUC

( h/mL) (%)

13 9.1 0.51 40

O

OH

S
S

N CO2H

CH3

CH3

58 
 



 

4-5.
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4-7.

General Procedure is same as described in chapter 2-7.

3-methyl-1-[(1-phenyl-1H-tetrazol-5-yl)thio]-3-octanol (34)

To a solution of 2-heptanone (10.1 mL) in 1,4-dioxane (150 mL) were added ethyl bromoacetate (9.6 

mL), zinc (8.5 g) and iodine (3.7 g) at room temperature. The reaction mixture was sonicated for 2

hours, then carefully treated with 1N hydrochloric acid, and extracted with ethyl acetate. The organic 

layer was washed with water and brine, dried over anhydrous magnesium sulfate and concentrated. 

The residue compound (13.86 g) in tetrahydrofuran (100 mL) was added dropwise to a suspension of 

lithium aluminum hydride (3.9 g) in tetrahydrofuran (100 mL) at 0 °C. After 35 minutes, the reaction

was diluted with ethyl acetate at 0°C and quenched with 5N hydrochloric acid (20 mL) until the 

evolution of gas ceased. The solution temperature was raised to room temperature and the solution 

was stirred overnight. The reaction solution was dried over anhydrous magnesium sulfate, filtrated 

through Celite and concentrated. The obtained residue was purified by column chromatography 

(n-hexane : ethyl acetate = 1:1) to give diol compound (10.31 g). To a solution of the diol compound 

(8.05 g) in toluene (98 mL) were added tetrabutylammonium bromide (1.62 g) and 2N sodium 

hydroxide (98 mL) at 0°C. The resulting mixture was treated with a suspension of tosyl chloride 

(10.5 g) in toluene (40 mL). The reaction mixture was warmed to room temperature and stirred for 1 

hour, followed by treatment with a solution of 1-phenyl-1H-tetrazole-5-thiol (10.74 g) in toluene.

The reaction mixture was stirred at 60 °C for 3.5 hours, and extracted with tert-butoxymethyl ether.

The organic layer was washed with brine, dried over anhydrous magnesium sulfate and concentrated.

The obtained residue was purified by silica gel column chromatography (n-hexane : ethyl acetate =

81 : 19) to give 34 (14.15 g, 86%yield).
1H NMR (300 MHz, CDCl3 0.90 (t, J = 7.5 Hz, 3H), 1.25 (s, 3H), 1.42 (m, 6H), 1.57 (m, 2H),

1.65 (s, 1H), 2.04 (m, 2H), 3.57 (m, 2H), 7.73 (m, 5H).

5-({3-methyl-3-[(trimethylsilyl)oxy]octyl}sulfonyl)-1-phenyl-1H-tetrazole (35)

To a solution of 34 (14.0 g) in methylene chloride (200 mL) was added meta-chloroperbenzoic acid 

(27.3 g) at 0 °C. The reaction mixture was warmed to room temperature and stirred overnight. The 

reaction was quenched with an aqueous saturated sodium bicarbonate, evaporated to remove 

methylene chloride and extracted with ethyl acetate. The organic layer was washed with an aqueous 

saturated sodium bicarbonate solution and brine, dried over anhydrous magnesium sulfate and 

concentrated to give sulfone compound (15.4 g). To a solution of the sulfone compound (15.4 g) in 

methylene chloride (87 mL) were added imidazole (8.92 g) and trimethylsilyl chloride (11.1 mL) at 

0 °C. The reaction mixture was stirred for 1 hour, and then treated with water, and extracted with 
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ethyl acetate. The organic layer was washed with brine, dried over anhydrous magnesium sulfate and 

concentrated. The obtained residue was purified by column chromatography (n-hexane : ethyl 

acetate = 25 : 1), to give compound 35 (16.95 g, 82%yield).

1H NMR (300 MHz, CDCl3 0.12 (s, 9 H), 0.90 (t, J = 6.0 Hz, 3H), 1.39 (m, 9H), 1.58 (m, 2H),

2.20 (m, 2H), 3.94 (m, 2H), 7.86 (m, 5H).

2-[(2-{(4S)-4-[(1E)-4-hydroxy-4-methyl-1-nonen-1-yl]-2-oxo-

1,3-oxazolidin-3-yl}ethyl)thio]-1,3-thiazole-4-carboxylic acid ( 7)

To a solution of 20 (3.38 g) in dimethylsulfoxide (34.0 mL)/ethyl acetate (68.0 mL) were added 

triethylamine (10.0 mL) and sulfur trioxide-pyridine complex (6.50 g) at 10 °C. The reaction mixture

was stirred at room temperature for 1 hour, then treated with 1N hydrochloric acid, and extracted 

with ethyl acetate. The organic layer was washed water and brine, dried over anhydrous sodium 

sulfate and concentrated to give aldehyde. To a solution of 35 (1.01 g) in dimethoxyethane (7.9 mL) 

was slowly added dropwise potassium hexamethyldisilazide (0.5M in toluene, 4.75 mL) at –78 °C.

The reaction mixture was stirred at –78 °C for 1 hour, and treated with a solution of the obtained 

aldehyde (0.98 g) in dimethoxyethane (7.9 mL). After stirring at –78 °C for 25 minutes, the reaction 

mixture was warmed to 0 °C and stirred for 50 minutes. The reaction was quenched with an aqueous 

saturated sodium bicarbonate solution, and extracted with ethyl acetate. The organic layer was 

washed with an aqueous saturated sodium bicarbonate solution and brine, dried over anhydrous 

magnesium sulfate, filtrated through Celite and concentrated under reduced pressure. The obtained 

residue was purified by column chromatography (n-hexane : ethyl acetate = 84 : 16) to give 36

(0.662 g, 26%yield). To a solution of 36 (6.53 g) in ethyl acetate (114 mL) was slowly added 

dropwise 4N hydrogen chloride/ethyl acetate solution (14 mL) at 0 °C and the resulting solution was 

stirred for 10 minutes. An aqueous saturated sodium bicarbonate solution was slowly added 

dropwise to the reaction solution, followed by extraction with ethyl acetate. The organic layer was 

washed with an aqueous saturated sodium bicarbonate solution and brine, dried over anhydrous 

magnesium sulfate and concentrated under reduced pressure. The obtained residue in methanol (37 

mL) was added dropwise 2N aqueous sodium hydroxide solution (11 mL) at 0 °C. The reaction 

mixture was warmed to room temperature and stirred for 45 minutes. After cooling to 0 °C, 2N 

hydrochloric acid was added thereto and the solution was extracted with ethyl acetate. The organic 

layer was washed with water and brine, dried over anhydrous magnesium sulfate and concentrated.

The obtained residue was purified by column chromatography (n-hexane : ethyl acetate = 1 : 1) to 

give compound 7 (2.95 g, 65%yield).

1H NMR (300 MHz, CDCl3 1.02 (m, 3H), 1.64 (m, 11H), 2.47 (m, 2H), 5.07 (m, 9H), 5.57(m, 

1H), 6.24 (m, 1H), 8.33 (m, 1H).
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13C NMR (101 MHz, CDCl3) 14.05, 18.70, 22.62, 22.63, 23.55, 26.68, 26.90, 30.93, 30.99, 32.28,

32.30, 41.42, 41.50, 41.84, 42.29, 44.40, 44.44, 67.05, 67.07, 72.84, 72.97, 76.55, 76.49, 127.51,

127.54, 128.99, 134.96, 134.98, 146.37, 157.63, 161.30, 161.44, 165.16, 165.20. ; HRMS (ESI, pos.) 

C19H29O5N2S2 (M + H) +, Obs. 429.1512, Calc. 429.5740.

Ethyl 2-({2-[(1R,2S,5S)-2-({[tert-butyl(diphenyl)silyl]oxy}methyl)-

5-hydroxycyclopentyl]ethyl}thio)-1,3-thiazole-4-carboxylate (38)

To a solution of 37 (1.00 g) in anhydrous tetrahydrofuran (9.00 mL) was added lithium aluminum 

hydride (97.0 mg) at 0 ºC. The reaction mixture was stirred at 0 ºC for 20 minutes, and treated with 

water, and extracted with ethyl acetate. The organic layer was washed with an aqueous saturated 

solution of sodium tartrate and brine, dried over anhydrous sodium sulfate, and concentrated under 

reduced pressure. A mixed solution of the obtained residue and diisopropylethylamine (1.29 mL) in 

anhydrous tetrahydrofuran (9.00 mL) was added at –5 ºC to a solution of methanesulfonyl chloride 

(0.23 mL) in anhydrous tetrahydrofuran (5.00 mL). The reaction mixture was stirred for 20 minutes, 

and then quenched with anhydrous methanol (43.0 L) at –5 ºC for 15 minutes. The resulting 

mixture was treated with trimethylsilyl chloride (0.49 mL) at –5 ºC, stirred at room temperature for 

10 minutes, subsequently treated with potassium carbonate (1.10 g), potassium thioacetate (578 mg) 

and anhydrous dimethylformamide (20.0 mL), and further stirred at 50 ºC for 5 hours. The reaction 

mixture was poured into iced water, extracted with tert-butyl methyl ether, washed with water and 

brine, dried over anhydrous sodium sulfate and concentrated. To a solution of the obtained residue in 

ethanol (13.0 mL) were added tri-n-butylphosphine (0.07 mL), ethyl 

2-bromo-1,3-thiazole-4-carboxylate (657 mg) and potassium carbonate (770 mg). The mixture was 

stirred at room temperature for 1 hour, and subsequently stirred at 50 ºC overnight. The reaction 

mixture was diluted in ethyl acetate, and washed with an aqueous saturated solution of ammonium 

chloride, water and brine, dried over anhydrous sodium sulfate and concentrated. The obtained 

residue was dissolved in tetrahydrofuran (8.60 mL), cooled to 0 ºC, and treated with 1N hydrochloric 

acid (1.86 mL). The resulting mixture was stirred for 30 minutes at room temperature, then diluted in

ethyl acetate, washed with water and brine, dried over anhydrous sodium sulfate and concentrated. 

The crude product was purified by column chromatography on silica gel (n-hexane : ethyl acetate =

4 : 1) to give 38 (624 mg, 38%yield).
1H NMR (300 MHz, CDCl3 1.05 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H), 1.77 (m, 8H), 2.82 (m, 1H),

3.20 (s, 1H), 3.58 (m, 3H), 4.41 (m, 3H), 7.41 (m, 6H), 7.65 (m, 4H), 7.96 (s, 1H).
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Ethyl 2-({2-[(1R,2S,5S)-2-(acetyloxy)-5-formylcyclopentyl]ethyl}thio)-

1,3-thiazole-4-carboxylate (39)

To a solution of compound 38 (42.2 g) in pyridine (75 mL) were continuously added at 0 ºC acetic 

anhydride (13 mL) and 4-N,N-dimethylaminopyridine (453 mg). The reaction mixture was stirred at 

room temperature for 2 hours, and then diluted in ethyl acetate. The organic layer was removed, 

washed with 1N hydrochloric acid and brine, dried over anhydrous sodium sulfate and concentrated

under reduced pressure. The obtained residue was dissolved in tetrahydrofuran (140 mL) and treated 

with 1M tetrabutylammonium fluoride in tetrahydrofuran (110 mL) at 0 ºC. After stirring at room 

temperature for 1 hour, the reaction was quenched with water and extracted with ethyl acetate. The 

organic layer was washed with water and brine, dried over anhydrous magnesium sulfate, and 

concentrated under reduced pressure. The obtained residue was purified by column chromatography 

on silica gel (n-hexane : ethyl acetate = 7 : 3) to give alcohol (27.0 g). The obtained alcohol (2.95 g)

was dissolved in dimethyl sulfoxide (20 mL) and ethyl acetate (30 mL), treated with triethylamine 

(7.8 mL) and sulfur trioxide-pyridine complex (4.5 g) at 10 ºC, and stirred at room temperature for 1

hour. To the reaction solution was added 1N hydrochloric acid and the resulting mixture was 

extracted with ethyl acetate. The organic layer was washed with water and brine, dried over 

anhydrous sodium sulfate, and concentrated to give compound 39 (2.93 g, 97%yield).

1H NMR (300 MHz, CDCl3 1.49 (m, 3H), 2.15 (m, 9H), 2.51 (m, 1H), 2.84 (m, 1H), 3.31 (m, 2H),

4.48 (m, 2H), 5.37 (m, 1H), 8.02 (s, 1H), 9.67 (d, J = 2.7 Hz, 1H).

2-[(2-{(1R,2S,5R)-2-hydroxy-5-[(1E)-4-hydroxy-4-methyl-1-nonen-1-yl]cyclopentyl}ethyl)thio]-

1,3-thiazole-4-carboxylic acid (41)

To a solution of (3-hydroxy-3-methyloctyl)(triphenyl)phosphonium iodide 40 (800 mg) in anhydrous 

tetrahydrofuran (9.00 mL) was added n-butyllithium (1.60M in hexane, 1.90 mL) at room 

temperature. After stirring for 1 hour, the resulting solution was treated with a solution of 39 (349 

mg) in anhydrous tetrahydrofuran (6.00 mL) at –78 °C and then stirred for 2 hours. The reaction

mixture was warmed to room temperature, and poured into ice water, followed by extraction with 

ethyl acetate. The organic layer was washed with water and brine, dried over anhydrous sodium 

sulfate and concentrated under reduced pressure. The obtained residue was purified by column 

chromatography on silica gel (n-hexane : ethyl acetate = 4 : 1). The obtained product was dissolved 

in methanol (1.00 mL) and treated with 2N aqueous sodium hydroxide solution (0.19 mL) at 0 °C.

The resulting solution was stirred at room temperature for 1 hour and acidified with an aqueous 

solution of 2N hydrochloric acid (0.30 mL), followed by extraction with ethyl acetate. The extract 

liquid was washed with water and brine, dried over anhydrous sodium sulfate and concentrated to 

give compound 41 (148 mg, 37%yield).
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1H NMR (300 MHz, CDCl3 0.89 (t, J = 6.0 Hz, 3H), 1.13 (s, 3H), 1.30 (m, 12H), 1.79 (m, 2H), 

2.02 (m, 3H), 2.40 (m, 1H), 2.88 (m, 1H), 3.56 (m, 1H), 4.50 (m, 1H), 5.32 (m, 1H), 5.45 (m, 1H), 

8.02 (s, 1H).

2-[(2-{(1R,2R)-2-[(1E)-4-hydroxy-4-methyl-1-nonenyl]-5-oxocyclopentyl}ethyl)sulfanyl]-

1,3-thiazole-4-carboxylic acid (8)

To a solution of compound 41 (325 mg) in toluene (3.80 mL) were added triethylamine (0.12 mL), 

t-butyl dimethyl silyl chloride (130 mg) at 0 °C and the solution was stirred for 1 hour. Ethyl acetate 

was added to the reaction solution, which was filtered and concentrated under reduced pressure. The 

obtained residue was dissolved in dimethylsulfoxide (1.20 mL)/ethyl acetate (2.40 mL) and then 

treated with diisopropylamine (0.80 mL) and sulfur trioxide-pyridine complex (363 mg) at 0 °C,

followed by stirring for 30 min. The reaction mixture was diluted with water, poured into 1N 

hydrochloric acid, and extracted with ethyl acetate. The organic layer was washed with an aqueous 

saturated ammonium chloride solution, water and brine, dried over anhydrous sodium sulfate and 

concentrated under reduced pressure.  The crude product was purified by column chromatography 

on silica gel (n-hexane : ethyl acetate = 1 : 1) to give compound 8 as yellow oil (199 mg, 62%yield).

1H NMR (300 MHz, CDCl3 0.88 (t, J = 6.6 Hz, 3H), 2.59 (m, 21H), 3.75 (m, 4H), 5.51 (dd, J =

15.0, 9.0 Hz, 1H), 5.77 (m, 1H), 8.10 (s, 1H). 13C NMR (101 MHz, CDCl3) 14.06, 22.66, 23.56,

26.54,  27.62, 28.25, 31.98, 32.34, 37.54, 41.95, 44.57, 46.34, 53.77, 72.95, 127.39, 127.44, 136.08,

146.41, 161.03, 166.10, 219.11. ; HRMS (ESI, pos.) C21H32O4NS2 (M + H) +, Obs. 426.1767, 

Calc. 426.6131.
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5-2
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a) Ac2O, pyridine, r.t., b) 2,4,6-trichlorobenzoyl chloride, DMAP, toluene, 100 ,
c) separation by silica gel column chromatography, y.35% (for 42S), y.25% (for 42R)
(for 3 steps), d) 2N NaOHaq., THF/MeOH, r.t., e) ethyl iodide, K2CO3, DMF, r.t., 
f) SO3-Py, DIPEA, DMSO, EtOAc, 0 , g) LiOH, DME/H2O, y.80% (for 8S), 
y.72% (for 8R) (for 4 steps).
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5-5.
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10 11 12 45a-d Scheme 4-1 3

8 39 Julia olefination 4

TMS 46a-d Scheme 5-1

8S 47a-d

9

10 11 12

Scheme 5-2. 9 10 11 12

CH3 R

O

R = 

a), b), c)
CH3 OH

S

NN
N

N R d), e) S

NN
N

N
O O

CH3 OTMS
R

* CH3

* CH3

CH3
CH3

* F

F F
O

R
OH

S
S

N CO2H

CH3

OH

S
S

N CO2H

CH3

OH

R
O

S
S

N
AcO

H

CO2Et

OCH3

OAc S
N

S

O

R

f), g) h), i), j)

k), l), m), n)

*

43a-47a and 9: 43b-47b and 10: 

43c-47c and 11: 43d-47d and 12: 

R = 

R = R = 9, 10, 11, 12

39

43a-d 44a-d 45a-d

46a-d 47a-d

a) ethyl bromoacetate, zinc, iodine, dioxane, 0 , b) LiAlH4, THF, 0 , y.50-70%
(for 2 steps), c) 5N NaOHaq., n-Bu4NBr, TsCl, toluene, 0 , then, 1-phenyl-1H-
tetrazole-5-thiol, 60 , y.80-86%, d) m-CPBA, CH2Cl2, r.t., 
e) TMSCl, imidazole, CH2Cl2, r.t., y.75-82% (for 2 steps) , f) KHMDS, 45a-d, DME, 
-78 , g) 2N NaOHaq., EtOH, r.t., then 1N HClaq., y.64-77% (for 2 steps), 
h) Ac2O, Pyridine, r.t., i) 2,4,6-trichlorobenzoyl chloride, DMAP, toluene, 100 , 
j) separation by silica gel column chromatography, y.20-35%
(for less polar lactone for 3 steps) , k) 2N NaOHaq., THF/MeOH, r.t., 
l) ethyl iodide, K2CO3, DMF, r.t., m) SO3-Py, DIPEA, DMSO, EtOAc, 0 ,
n) LiOH, DME/H2O, y.68-79% (for 4 steps).
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Table 5-1 8S

9 EP2/EP3 EP2/EP3

9

10 EP2/EP3

EP2/EP3 9

11 EP2/EP3

EP2 EP2/EP3 EP3

5 4 EP2

12 EP2/EP3

1 nM EP2/EP3

EP4 2000 EP1

2000 nM EP2/EP3

Table 5-1. 8S EP2/EP3

O

R
OH

S
S

N CO2H

CH3

cmpd R

Functional assay EC50 (nM)

hEP2 hEP3 hEP4

9 0.068 0.80 26* CH3

EP4 selectivity
vs EP2 / vs EP3

Balance of
EP2 / EP3

0.085382 / 33

11

10

31 3.4 >10000
* CH3

CH3
CH3 9.1

12

>323 / >2941

0.37 3.5 127
* F

F F 0.11343 / 36

1.1 1.0 2636* 1.12396 / 2636

8S 0.086 0.91 146* CH3 0.0951698 / 160
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5-6.
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Table 5-2. 3 12

Compound
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( 10-6 cm/s)

Stability in liver 

microsomes 

% remaining in HLM a)

3 0.78 100

12 6.5 60
a) HLM : human liver microsomes; 

concentration of test compounds, 1 uM; liver microsomes, 1 mg/mL 

Figure 5-6. 12
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EP2/EP3

ONO-8055

ONO-8055 0.3 ng/kg/min
5 Phase I

700 g 1 2

EP2 EP3
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5-7.
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5-8.

General Procedure is same as described in chapter 2-7.

(5R,6S,9R,10E,13S)-13-methyl-15-oxo-13-pentyl-14-oxa-2,18-dithia-

19-azatricyclo[14.2.1.0~5,9~]nonadeca-1(19),10,16-trien-6-yl acetate (42S)

Acetic anhydride (0.06 mL) was added to a pyridine solution (1.5 mL) of 41 (134 mg) under ice 

cooling, followed by stirring at room temperature overnight. The reaction mixture was poured into 

1N hydrochloric acid and extracted with ethyl acetate. The organic layer was washed with saturated 

brine, dried over anhydrous sodium sulfate, and concentrated to give acetate (131 mg). A solution of 

the acetate (131 mg) in toluene (53 mL) was treated with 4,4-dimethylaminopyridine (323 mg) at 

room temperature and then heated to 100 ºC. 2,4,6-trichlorobenzoyl chloride (0.25 mL) was added 

thereto. After stirring for 15 min at 100 ºC, the reaction mixture was cooled to room temperature,

then poured into a saturated aqueous solution of sodium hydrogen carbonate, and extracted with 

ethyl acetate. The organic layer was washed with water and brine, dried with anhydrous sodium 

sulfate, and concentrated under reduced pressure. The resulting crude product was purified by silica 

gel column chromatography (n-hexane : ethyl acetate = 15 : 1) to obtain compound 42S (less polar 

lactone, 49 mg, 35%). 42R (more polar lactone, 35 mg, 25%yield).

1H NMR (300 MHz, CDCl3 0.90 (t, J = 7.0 Hz, 3H), 1.46 (m, 13H), 2.16 (m, 8H), 2.39 (m, 1H),

2.68 (m, 1H), 2.88 (m, 2H), 3.32 (m, 1H), 5.31 (m, 1H), 5.43 (m, 1H), 5.62 (m, 1H), 7.94 (s, 1H).

(5R,6S,9R,10E,13R)-13-methyl-15-oxo-13-pentyl-14-oxa-2,18-dithia-

19-azatricyclo[14.2.1.0~5,9~]nonadeca-1(19),10,16-trien-6-yl acetate (42R)
1H NMR (300 MHz, CDCl3 0.90 (t, J = 7.0 Hz, 3H), 1.66 (m, 20H), 2.38 (m, 3H), 2.92 (m, 2H),

3.24 (m, 1H), 5.31 (m, 1H), 5.43 (m, 1H), 5.58 (m, 1H), 7.94 (s, 1H).

2-[(2-{(1R,2R)-2-[(1E,4S)-4-hydroxy-4-methyl-1-nonen-1-yl]-5-

oxocyclopentyl}ethyl)thio]-1,3-thiazole-4-carboxylic acid (8S)

42S (183 mg) was dissolved in a mixed solvent of methanol (1.3 mL) and tetrahydrofuran (2.6 mL), 

and treated with a 2N aqueous solution of sodium hydroxide (0.59 mL). The reaction mixture was 

stirred at room temperature overnight, subsequently poured into 1N hydrochloric acid and extracted 

with ethyl acetate. The organic layer was washed with water and brine, dried over anhydrous sodium 

sulfate, and concentrated to give diol carboxylic acid (187 mg). Potassium carbonate (218 mg) and 

ethyl iodide (0.064 mL) were added to a dimethylformamide solution (2.0 mL) of diol carboxylic 
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acid (174 mg), followed by stirring at room temperature overnight. The reaction solution was poured 

into water and extracted with ethyl acetate. The organic layer was washed with water and brine,

dried over anhydrous sodium sulfate, and concentrated to give ethyl ester (173 mg).

Diisopropylethylamine (0.51 mL) and sulfur trioxide·pyridine complex (286 mg) were added to a 

dimethyl sulfoxide (1.2 mL)/ethyl acetate (2.4 mL) solution of ethyl ester compound (173 mg) under 

ice cooling, followed by stirring for 15 min. The reaction was quenched with water, and extracted

with ethyl acetate. The organic layer was washed with 1N hydrochloric acid, water and brine, dried 

with anhydrous sodium sulfate, and concentrated under reduced pressure. The resulting residue was 

purified by silica gel column chromatography (n-hexane : ethyl acetate = 3 : 2) to give keto ethyl 

ester (110 mg). The keto ethyl ester (110 mg) was dissolved in 1,2-dimethoxyethane (2.0 mL)/water 

(1.0 mL), and treated with lithium hydroxide (16.0 mg) under ice cooling, followed by stirring at 

room temperature for 2 hours. The reaction mixture was poured into a 5% aqueous solution of 

potassium hydrogen sulfate and extracted with ethyl acetate. The organic layer was washed with 

water and brine, dried with anhydrous sodium sulfate, and concentrated in vacuo. The resulting 

residue was purified by silica gel column chromatography (n-hexane : ethyl acetate = 1 :

methanol : ethyl acetate = 1 : 10) to provide compound 8S (90.5 mg, 80%yield).

1H NMR (300 MHz, CDCl3) 0.88 (m, 3H), 2.59 (m, 21H), 3.75 (m, 4H), 5.52 (dd, J = 15.0, 7.8 Hz, 

1H), 5.77 (m, 1H), 8.11 (s, 1H). 13C NMR (101 MHz, CDCl3) 14.06, 22.65, 23.55, 26.54, 27.62,

28.25, 31.98, 32.33, 37.54, 41.95, 44.57, 46.35, 53.77, 72.95, 127.38, 127.44, 136.09, 146.41,

161.03, 166.10, 219.11.; HRMS (ESI, pos.) C21H32O4NS2 (M + H) +, Obs. 426.1767, Calc. 

426.6131.

2-[(2-{(1R,2R)-2-[(1E,4R)-4-hydroxy-4-methyl-1-nonen-1-yl]-5-

oxocyclopentyl}ethyl)thio]-1,3-thiazole-4-carboxylic acid (8R)

Starting from 42R following the same procedure as compound 8S provided compound 8R.

1H NMR (300 MHz, CDCl3) 0.89 (m, 3H), 2.58 (m, 21H), 3.67 (m, 4H), 5.53 (dd, J = 15.0, 8.2 Hz, 

1H), 5.77 (m, 1H), 8.11 (s, 1H). 13C NMR (101 MHz, CDCl3) 14.07, 22.63, 23.55, 26.53, 27.62,

28.22, 31.98, 32.31, 37.55, 41.92, 44.57, 46.34, 53.77, 72.94, 127.38, 127.42, 136.09, 146.41,

161.01, 166.11, 219.11.; HRMS (ESI, pos.) C21H32O4NS2 (M + H) +, Obs. 426.1767, Calc. 

426.6131.

3-methyl-1-[(1-phenyl-1H-tetrazol-5-yl)thio]-3-heptanol (44a)

Starting from 2-hexanone following the same procedure as compound 34 provided 44a.
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1H NMR (300 MHz, CDCl3 0.92 (t, J = 7.5 Hz, 3H), 1.25 (s, 3H), 1.34 (m, 4H), 1.52 (m, 2H),

2.03 (m, 2H), 3.47 (m, 2H), 7.57 (m, 5H).

5-({3-methyl-3-[(trimethylsilyl)oxy]heptyl}sulfonyl)-1-phenyl-1H-tetrazole (45a)

Starting from 44a following the same procedure as 35 provided compound 45a.
1H NMR (300 MHz, CDCl3 0.12 (s, 9H), 0.92 (t, J = 6.0 Hz, 3H), 1.30 (m, 7H), 1.56 (m, 2H),

2.06 (m, 2H), 3.81 (m, 2H), 7.76 (m, 5H).

2-[(2-{(1R,2S,5R)-2-hydroxy-5-[(1E)-4-hydroxy-4-methyl-1-octen-1-yl]cyclopentyl}ethyl)thio]-1

,3-thiazole-4-carboxylic acid (46a)

Starting from 45a following the same procedure as 41 provided 46a.
1H NMR (300 MHz, CDCl3 0.91 (t, J = 7.0 Hz, 3H), 1.15 (s, 3H), 1.42 (m, 12H), 2.02 (m, 3H),

2.45 (m, 1H), 3.13 (m, 1H), 3.57 (m, 1H), 4.52 (m, 1H), 5.36 (m, 1H), 5.48 (m, 1H), 8.08 (s, 1H).

(5R,6S,9R,10E,13S)-13-butyl-13-methyl-15-oxo-14-oxa-2,18-dithia-

19-azatricyclo[14.2.1.0~5,9~]nonadeca-1(19),10,16-trien-6-yl acetate (47a)

Starting from compound 46a instead of 42S following the same procedure as 41 provided 47a.
1H NMR (300 MHz, CDCl3 0.91 (t, J = 7.0 Hz, 3H), 1.36 (m, 11H), 2.06 (m, 7H), 2.38 (m, 1H),

2.66 (m, 1 H), 2.88 (m, 2 H), 3.32 (m, 2 H), 5.31 (m, 1 H), 5.43 (m, 1 H), 5.60 (m, 1 H), 7.94 (s, 1 

H).

2-[(2-{(1R,2R)-2-[(1E,4S)-4-hydroxy-4-methyl-1-octen-1-yl]-5-oxocyclopentyl}ethyl)thio]-

1,3-thiazole-4-carboxylic acid (9)

Starting from compound 47a instead of 42S following the same procedure as compound 8S provided 

compound 9 as colorless oil.
1H NMR (300 MHz, CDCl3 0.92 (t, J = 7.5 Hz, 3H), 1.16 (s, 3H), 1.37 (m, 4H), 1.53 (m, 2H),

1.77 (m, 1H), 2.27 (m, 7H), 2.59 (m, 2H), 3.51 (m, 2H), 5.50 (dd, J = 15.0, 8.0 Hz, 1H), 5.77 (m, 

1H), 8.09 (s, 1H). 13C NMR (101 MHz, CDCl3) 14.12, 23.22, 26.08, 26.55, 27.60, 28.24, 32.00,

37.54, 41.71, 44.57, 46.34, 53.75, 72.92, 127.37, 127.43, 136.10, 146.44, 161.04, 166.08, 219.10.; 

HRMS (ESI, pos.) C20H30O4NS2 (M + H) +, Obs. 412.1611, Calc. 412.5865.

6,6,6-trifluoro-3-methyl-1-[(1-phenyl-1H-tetrazol-5-yl)thio]-3-hexanol (44b)

Starting from 2-hexanone following the same procedure as compound 34 provided 44b.
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1H NMR (300 MHz, CDCl3) 1.24 (s, 3H), 1.56 (m, 2H), 2.03 (m, 2H), 2.31 (m, 2H), 3.45 (m, 2H),

7.57 (m, 5H).

1-phenyl-5-({6,6,6-trifluoro-3-methyl-3-[(trimethylsilyl)oxy]hexyl}sulfonyl)-1H-tetrazole (45b)

Starting from 44b following the same procedure as 35 provided compound 45b.
1H NMR (300 MHz, CDCl3 0.12 (s, 9H), 1.34 (m, 3H), 1.58 (m, 2H), 2.09 (m, 2H), 2.31(m, 2H),

3.80 (m, 2H), 7.75 (m, 5H).

2-[(2-{(1R,2S,5R)-2-hydroxy-5-

[(1E)-7,7,7-trifluoro-4-hydroxy-4-methyl-1-hepten-1-yl]cyclopentyl}ethyl)thio]-

1,3-thiazole-4-carboxylic acid (46b)

Starting from 45b following the same procedure as 41 provided 46b.
1H NMR (300 MHz, CDCl3 1.15 (s, 3H), 1.48 (m, 8H), 2.05 (m, 3H), 2.33 (m, 2H), 2.46 (m, 1H),

3.16 (m, 1H), 3.59 (m, 1H), 4.50 (m, 1H), 5.35 (m, 1H), 5.46 (m, 1H), 8.09 (s, 1H).

(5R,6S,9R,10E,13S)-13-methyl-15-oxo-13-(3,3,3-trifluoropropyl)-14-oxa-2,18-dithia-

19-azatricyclo[14.2.1.0~5,9~]nonadeca-1(19),10,16-trien-6-yl acetate (47b)

Starting from compound 46b instead of 42S following the same procedure as 41 provided 47b.
1H NMR (300 MHz, CDCl3 1.36 (m, 7H), 2.06 (m, 7H), 2.38 (m, 3H), 2.68 (m, 1H), 2.85 (m, 2H),

3.31 (m, 2H), 5.34 (m, 1H), 5.45 (m, 1H), 5.63 (m, 1H), 7.95 (s, 1H).

2-[(2-{(1R,5R)-2-oxo-5-[(1E,4S)-7,7,7-trifluoro-4-hydroxy-4-methyl-1-hepten-1-yl]cyclopentyl}e

thyl)thio]-1,3-thiazole-4-carboxylic acid (10)

Starting from compound 47b instead of 42S following the same procedure as compound 8S provided 

compound 10 as colorless oil.
1H NMR (300 MHz, CDCl3 1.19 (s, 3H), 1.81 (m, 3H), 2.31 (m, 9H), 2.57 (m, 2H), 3.37 (t, J =

6.7 Hz, 2H), 5.53 (dd, J = 15.1, 7.6 Hz, 1H), 5.75 (m, 1H), 8.10 (s, 1H). 13C NMR (101 MHz, CDCl3)

26.39, 27.55, 28.12, 28.46, 31.83, 33.43, 33.45, 37.50, 44.97, 46.18, 53.62, 71.25, 126.36, 127.50,

136.89, 146.12, 161.04, 166.25, 218.98.; HRMS (ESI, pos.) C19H25O4NF3S2 (M + H) +, Obs. 

452.1172, Calc. 452.5313.

3,6,6-trimethyl-1-[(1-phenyl-1H-tetrazol-5-yl)thio]-3-heptanol(44c)

Starting from 5,5-dimethylhexane-2-one following the same procedure as compound 34 provided 

44c.
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1H NMR (300 MHz, CDCl3 0.89 (s, 9H), 1.23 (s, 3H), 1.33 (m, 2H), 1.54 (m, 2H), 2.04 (m, 2H),

3.46 (m, 2H), 7.57 (m, 5H).

1-phenyl-5-({3,6,6-trimethyl-3-[(trimethylsilyl)oxy]heptyl}sulfonyl)-1H-tetrazole(45c)

Starting from 44c following the same procedure as 35 provided compound 45c.
1H NMR (300 MHz, CDCl3 2H), 

3.80 (m, 2H), 7.76 (m, 5H).

2-[(2-{(1R,2S,5R)-2-hydroxy-5-[(1E)-4-hydroxy-4,7,7-trimethyl-1-octen-1-yl]cyclopentyl}ethyl)t

hio]-1,3-thiazole-4-carboxylic acid(46c)

Starting from 45c following the same procedure as 41 provided 46c.
1H NMR (300 MHz, CDCl3 0.88 (s, 9H), 1.15 (s, 3H), 1.24 (m, 2H), 1.39 (m, 6H), 1.88 (m, 2H),

2.10 (m, 3H), 2.44 (m, 1H), 3.13 (m, 1H), 3.57 (m, 1H), 4.52 (m, 1H), 5.37 (m, 1H), 5.46 (m, 1H),

8.06 (s, 1H).

(5R,6S,9R,10E,13S)-13-(3,3-dimethylbutyl)-13-methyl-15-oxo-14-oxa-2,18-dithia-19-

azatricyclo[14.2.1.0~5,9~]nonadeca-1(19),10,16-trien-6-yl acetate(47c)

Starting from compound 46c instead of 42S following the same procedure as 41 provided 47c.
1H NMR (300 MHz, CDCl3 0.90 (s, 9H), 1.30 (m, 7H), 2.06 (m, 9H), 2.39 (m, 1H), 2.65 (m, 1H),

2.88 (m, 2H), 3.32 (m, 2H), 5.31 (m, 1H), 5.44 (m, 1H), 5.62 (m, 1H), 7.95 (s, 1H).

2-[(2-{(1R,2R)-2-[(1E,4S)-4-hydroxy-4,7,7-trimethyl-1-octen-1-yl]-5-oxocyclopentyl}ethyl)thio]-

1,3-thiazole-4-carboxylic acid(11)

Starting from compound 47c instead of 42S following the same procedure as compound 8S provided 

compound 11 as yellow viscous oil.
1H NMR (300 MHz, CDCl3 0.89(s, 9H), 1.33(m, 5H), 1.53(m, 2H), 1.77(m, 1H), 2.30(m, 7H),

2.58(m, 2H), 3.35(t, J = 7.3 Hz, 2H), 5.54(dd, J = 15.7, 8.2 Hz, 1H), 5.76(m, 1H), 8.11(s, 1H). 13C

NMR (101 MHz, CDCl3) 26.66, 27.52, 28.24, 29.35, 30.02, 31.97, 36.55, 37.56, 37.62, 44.38,

46.21, 53.72, 72.90, 127.32, 127.37, 136.06, 146.38, 160.87, 166.10, 219.15.; HRMS (ESI, pos.) 

C22H34O4NS2 (M + H) +, Obs. 440.1924, Calc. 440.6397.

1-cyclopentyl-2-methyl-4-[(1-phenyl-1H-tetrazol-5-yl)thio]-2-butanol(44d)

Starting from 4-cyclopentyl-2-butanone following the same procedure as compound 34 provided 

44d.
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1H NMR (300 MHz, CDCl3 1.16 (m, 4H), 1.27 (s, 3H), 1.60 (m, 5H), 1.88 (m, 2H), 2.03 (m, 2H),

3.48 (m, 2H), 7.56 (m, 5H).

5-({4-cyclopentyl-3-methyl-3-[(trimethylsilyl)oxy]butyl}sulfonyl)-1-phenyl-1H-tetrazole(45d)

Starting from 44d following the same procedure as 35 provided compound 45d.
1H NMR (300 MHz, CDCl3 0.12 (s, 9H), 1.35 (m, 8H), 1.66 (m, 6H), 2.06 (m, 2H), 3.81 (m, 2H),

7.76 (m, 5H).

2-[(2-{(1R,2R,5S)-2-[(1E)-5-cyclopentyl-4-hydroxy-4-methyl-1-penten-1-yl]-5-

hydroxycyclopentyl}ethyl)thio]-1,3-thiazole-4-carboxylic acid(46d)

Starting from 45d following the same procedure as 41 provided 46d.
1H NMR (300 MHz, CDCl3 1.15 (s, 3H), 1.49 (m, 8H), 1.88 (m, 5H), 2.08 (m, 2H), 2.20 (m, 2H),

2.48 (m, 4H), 2.93 (m, 1H), 3.55 (m, 1H), 4.52 (m, 1H), 5.37 (m, 1H), 5.48 (m, 1H), 8.07 (s, 1H).

(5R,6S,9R,10E,13S)-13-(cyclopentylmethyl)-13-methyl-15-oxo-14-oxa-2,18-dithia-

19-azatricyclo[14.2.1.0~5,9~]nonadeca-1(19),10,16-trien-6-yl acetate(47d)

Starting from compound 46d instead of 42S following the same procedure as 41 provided 47d.
1H NMR (300 MHz, CDCl3 1.20 (m, 4H), 1.66 (m, 8H), 1.89 (m, 5H), 2.22 (m, 6H), 2.37 (m, 2H),

2.82 (m, 2H), 3.34 (m, 2H), 5.31 (m, 1H), 5.45 (m, 1H), 5.62 (m, 1H), 7.95 (s, 1H).

2-[(2-{(1R,2R)-2-[(1E,4S)-5-cyclopentyl-4-hydroxy-4-methyl-1-penten-1-yl]-5-

oxocyclopentyl}ethyl)thio]-1,3-thiazole-4-carboxylic acid(12)

Starting from compound 47d instead of 42S following the same procedure as compound 8S provided 

compound 12 as yellow viscous oil.
1H NMR (300 MHz, CDCl3 2.32(m, 22H), 2.59(m, 2H), 3.09(m, 2H), 3.36(t, J = 7.5 Hz, 2H),

5.51(dd, J = 15.0, 6.0 Hz, 1H), 5.70(dt, J = 15.0, 7.4 Hz, 1H), 8.10(s, 1H). 13C NMR (101 MHz,

CDCl3) 25.00, 25.06, 27.09, 27.61, 28.24, 31.99, 34.50, 34.56, 36.00, 37.54, 45.37, 46.34, 48.04,

53.75, 73.33, 127.43, 127.50, 136.09, 146.40, 161.06, 166.11, 219.14.; HRMS (ESI, pos.) 

C22H32O4NS2 (M + H) +, Obs. 438.1767, Calc. 438.6238.
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Measurement of blood pressure

The blood pressures and heart rates of female Wistar rats were measured in accordance with the 

following procedure. On the day of measurement, indwelling of catheters for blood pressure·heart 

rate measurement was carried out under anesthesia with ether. The back of the neck of each rat was 

incised; a feeding catheter (Atom Medical Corporation) filled with heparinized physiological saline 

was introduced from the back of the neck; the catheter was inserted into the common carotid artery; 

and the surgical incision was closed. The measurements were carried out in a Bollmann cage under 

the conscious state, and the evaluations were carried out after confirming that the individual 

parameters were stabilized. After confirming the stabilization of blood pressure and heart rate, the 

test compound which was prepared using injectable water containing equimolar NaOH was orally 

administered at a dose of 5 mL/kg.

The catheter drawn from the back of the neck was connected to a pressure transducer (DX-200, 

NIHON KOHDEN CORP.), and the blood pressures were measured using an amplifier for pressure

measurement (Gould Instrument). The blood pressures were recorded using a recorder 

(LINEARCORDERWR3320, GRAPHTEC). For each individual, rates of increase and decrease in 

average blood pressure before administration and 30, 60, 120, and 180 min after administration were 

calculated with respect to the values of each individual before administration. Changes in blood 

pressure before and after administration of the test compound were evaluated.
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