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ADME: absortion, distribution, metabolism, excretion, WU, 434, R, HEiit
AUC: area under the curve, Hi#R T g

CL:clearance, 7 V7 7 A

DMAP: 4-(dimethylaminopyridine, 4- A F /L7 I Y U
DMMP: dimethylmethylphosphonate, A F /LR AR Y A F v
DME: 1, 2-dimethoxyethane, 1, 2-¥ A h¥ T =&

DMSO: dimethylsulfoxide, ¥ A F/LA/LARF T N

ESI : electrospray ionization, =L 7 kA7 L—A 4 Abik
EtOAc : ethyl acetate, FEfEZ—F /L

EtOH : ethanol, =% / —)L

BA: bioavailability, %)= 0F]H =

GPCR: G-protein coupled receptor, G # /<7 4R 78K

HPLC: high-performance liquid chromatography., &K o~ K7 F 7 ¢ —
i.v:intravenous, FEAIRINFX G-

KSAC: S-potasium thioacetate, 7 A FEfig S-4 U 7 A

LC/MS: liquid chromatography/mass spectrometry, #&ik7 a~ ~ 275 7 ¢ —/& B/HE
m-CPBA: meta-chloro perbenzoic acid, * % 7 & v i% B &L

Ms: methane sulfonyl, * % > ALk =)L

NMR: nuclear magnetic resonance, k%5 I:nE

15-PGDH: 15-hydroxyprostaglandin dehydrogenase, 7' 1 A % 75 2 15 /KR FL i K BRI
ES

p.o.: per ou = oral administration, M #% 5

PSA : polar surface area, it 3% fifs

S1P;: Sphingosine-1-phosphate ;. A7 ¢ > T3 -1-U VIR AIA 1

TBAF: tetrabutylammonium fluoride, = N7 7 F LT E=0U LT LAY R
TBDPS: tert-butyl di-phenylsilyl, tert-7F /L7 ==L U )L

TBS: tert-butyl methylsilyl, tert-=7F /L X F /L U b

TFA : trifluoroacetic acid, kU 7 /L4 & [fEfz

THF : tetrahydrofuran, 7 FZ7 & ke > 7

TM: transmenbrane domain, 5 & 8 55k

TMS: tri-methylsilyl, tri-X /v U L

TPSA : topological polar surface area, {7AH % (=2 MR 2 HiFE

Ts: p-toluene sulfonyl, p- b /L= 2Lk =)L




H1E
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1-1. FuRZ ) A R uRETSVVE,

TuxE 750 (PG) 1&. 1930 FEIC b N DRSIR I & 5 5 I AR ISR 1 <o i
IR TERZATDWE & LT EDFEERH LT - 72 1, 1957 41 PGE, 35 L UY PGF,
DOHEERA LN > TR, 7aAX 7T 0P bRy (TX) Hk S
NLTaAZ ) A REBRHRIID—BEOEBIEVEYE D ARN TR 2 72 2B ERICIB VT,
FEFICHEREENZR- L TCWD ZERWESNT, TuRE T TV N3EOEDE
WD PGA 25 PGl £ To 9 FEEHICHTEENS © (Figure 1-1),

HO
o o o HO ®
i X z\ X % X ; X \t X G\j
Y Y o HO HO
PGA

PGB PGC PGD PGE PGF

Y = mms
OH
Q| ----- WCOZH C|) .-“‘\\:/\/\cozH
: OH
O‘OH
PGG PGH
CoH
/
o7 N
HO 6H
PGI

Figure1-1. 7’r 2 X2 7 Z v (PGA /5 PGl) DR/ HE




FRTRRE T T VDL THEEIL 5 BEREEIEL . TD 5 BRMLHVD 2 50T
FRIMBN DR D, 202 5O[IHITZENEI a I8, o IHE AT B, o fISHIER
WM VAR LA . o IEIET VLT L a— A EEEH LTV A, PGG & PGH [X[A
U5 EBREELZHT 508, PGGILPGH @ o MIEHD 15 (iRFEDIKEEIENR ~/L b Ra ¥ 5L
IZ72 > TW5, E72, PGl X5 BERE D & o IR LCMERMEEZ A L TV D, £D 9
5. PGE 13H7 % " HEEA DI D PGE, & PGE IS, AR T b B EICHEA S
NHETOAZTZ V0 ThDPGE, (FuxX 75V E,y) 1%, Figure 1-2 129k
HEEHA LTS,

S 13 : 17 19

HO 6H

Figure 1-2. PGE, (7 m A% 77 Vv Ey) DAL FAEEN




TORE T T VAT OREENEE L TWAICH b 63, K2 8RB 5 AFER
R, EOEMBETOMANPED SRR, x0T a8 ) A FEFFRICHAAE
3 2 Mz BIROFENH L E 720 . PGD, PGE, PGF, PGl £ XU TX IZHIET 5
ZARMKE LT, DP, EP, FP, IP, TP ZAKOEENRE Sh- . 2 bZRKROMWEIZ,
1989 fED & M /IR D TX A ROKEI JOV1991 FED B b TX KD cDNA 7 1
—= I ThD Y,

AR D@ Y | PGE; & PGE, 1T a il & o MISHIZH 2 “HFEA D LI N D,
ZDOEWTEGRITEIT DIRENCH 2 IRFED 20 O EAFERIE OREIZHK L, PGE;
X7 7% RUBOrLARREND, MDY UIREICFEET 27 7% Ui, Mian
Il % 2 1+ C Cyclooxygenasel, Cyclooxygenase2 |2 & ¥ PGG, F 7=1% PGH2 IZ A X 7-14.
T AL ) A4 RNEBEWIND, ED 5 H PGE, 1L PGE & AR 1Tl S5 Z & T,
Rk En s P (Figure 1-3),

—\_ = CO,H
_ _ CH,
Arachidonic Acid

Cyclooxygenase 1
Cyclooxygenase 2

“OH
PGG PGH)
PGE& RES
o)
"\‘\WCOZH
\ = CH,
HO 5H
PG !;

Figure 1-3. 7 7% R0 5 PGE, DA% HS




1-2FRRET TV EyZ PR TH D EP/EPEPS/EP, XA K

PGE; D ZARIZIE EPy 0D EP, £ T 4 FEHDO Y7 X A TFEET 5 Z E BB E
R EBICETOTRRE ) A RZEED DNARZ n—=2 7 Ehi= B4 —hnsox
ZFARIFV b G-protein coupled receptor (GPCR)™ T ¥ | 7 [H1i5 & 387! ks (transmembrane
domain, TM) #fH L G #1730 RV U ROZRETH-T-, £z, ThZ
N7 X BRESOMEMEIIEREERE B L TBY, 7T =Viigy 7 7 —B &gk
% DP, EPy, EPy. IPZAR, 7F =Ly 7 5—B 24l L, Ca™'@h ERIC BT 5 EP;
ZRE, TTFEAEY 7 T —PIIZEE LRV, Cat BB RICHR TS EPy. FP, TP %
KIED 3T SNz, DFE VD, PGE,ZAKRTH D EP1 D EPyZRIRITIRD & T
T oNERY 7 T —EBEIEM LT 5 Z & T cAMP (cyclic adenosine monophosphate, ERIR T
J =) ) RE L LR SED EPJEP, IR, 7T =Y 7 T — B AWl L. cAMP
WEAICT S8 5 EP AR, Ca¥BIBRICIART 2 EPyZARD 3 ICHEE NS, Zh
DI 6, FEIZEP, & EPy X AMRICBIL Tk, cAMPIRED EH- LT LW | <MK
LIEHmAEMIENTEET S (Figure 1-4),

IOz . SRk R A
JAE Rak $IT547 i
S
PGE:2 e EPE@{* e EP1 Ca2+1‘
EP2 cAMP 1
PGF2a ooss=p> FPEEH&
EP3 cAMP |, Ca2t 7
EPa cAMP T
N
PGI2 ) IPRE % Q 1
COH
10
TXA2: =l TPREE Ho | B o

OH
PGE: = 7AREGSUTY E2

Figure 1-4. &7 0 2% ) A R &4 EP K% I LT /la NG sz




AN T CAMP (X7 17 A ¥ —8 A ZIEM L L. A7 — RECHIREN D24 %
SIEE T ZENHALATNDA, M LD ZOISEFE LY | B OGAIL, itz
SHD, DFEV | EPJYEP, ZEMEZI LI ABMER & L TREMN e b Ol & g i OIRsE
B TH 5, EPLZEEEN LI EMIX CaIED FRITHV, MEERRE X & OFiE
U VE P RPA AR 2 B DG TE W E O FBEIEE, EPs AR Z N L7-EMI Ca®' i
O LEFFETIX cAMP OIXFICfES O & UTHE, B, EI0E, B WmE] ., s
BOEE ORI T Z M BTN D ™6,

HRZBROEERH 5 WIS B T 2 BBNM B L E 72 0 | EPy Z AT I B
KRBT, EPy AT FE0ENG, RIEIC, EPy AT, B, B, 8. iz,
EP, 2 MIT R, g, FlG. FE2REOMMICE<KELTWS Y, b OMEREER
DA & AEFERIZOWT Table 1-1 12 F & O TR,

Table 1-1. 4 EP 2 2K DAEARIE BI040 & 45 Fl AL BRAEH]

s 17 HAam £ ELHEER
vk E v =E 4 EER HE
EP:1 Ca2*t EEHILEE/ER Big. 8
EP2 cAMP? e fhhiE{ER F=. EiE. RE
EPs cAMP|, Ca2*t 3B AR E B ;Eq;gﬂﬁ‘ B
R tEEA, -
EP4 cAMP? =0 9 1 fIpR. B, F=
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EHA~DIGHE LT, PGEL X PGE; £ W RO T 0 A2 75 21 Ty
S ALRHEMNE S NIRRT T 0 A& 75 oD U ER L ERG L LT RETisnTn
%, 1990 FRIC, FHT 1 AY ) A4 RZREOFENH LD L L b, 8 FHEOAE
TOZEED cDNA N7 u—=rEni- Y ZofER, 220z 5K %2 B2 iRk
FBL S MR DO AT ATRE L 720 | S BURITE O RECAFBNENE - #EHUEMEOHIE %
BEZRRT L TH{LEDOTEMEZ MBI ATRE & 72 o 72, L3> T, b OfHlEiRZ HN S
T LITR Y BRAEMRITS T DRI R IEEEE - SR ORIRIN A Lol ZRHD
& LT, ONO-8539 (EP, f#i#k). ONO-8815 (EP, {E®Eh#K), CP-533536 (Pfizer £, EP,
{E#h3E) . DG-041 (de CODE #f:, EPs#4$i%5). ONO-4819 (EP,fFHE)¥E) %573 ZivE TIZER
REBRICHEATL AW E LT, ESNTWS ¥2 Figure1-512, 2 b0 9 b, LEH
RSB ARSI L L BITRT, 2238, EPy S AIRIT K 2 IR EBIE S ERIR A O L7451
ITHE S TR,

ONO-8815 CP-533536 ONO-4819
EP2{E B2 EP24EEh3E EP4+{EEhZE
(NEFPEER) (Pfizer) (IMNEPER)

Figure 1-5. % EP, & L < 1% EP, Z B IRIEEER CRER A D L 7= #5431
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1-3. MR BEMEAIE =T b

INETIZ, PGE;, AT K2R (EPy. EPy. EPs, EP, L) 95, EPy &
N EPy Z FARIZIIEENEME 2 /R S 97, EP, KON EPs KD A MEENEEZ BT 5 EH N F -
LB OFEFNTIE N, L7225 T, AGaSCIE EPy MO EP3 &2 AR IRINAYI A EENE M %
AT 5 EELEMEEDAIR O A EZ WD THE LI D Th D, Fo, EP, KT EPy
SRR 22 EEN L, 72 SR W ERE =— X Th HIRTEENEE I3 2 FrBlinE
L7155 Z L ARBT 5, IRISEIEEDLX. BERMIGHE DR EORPEHEETH Y |
MfFR L LCal) x5 7 —PHERK (ChE PHEHK) THHIUV T LF K (B AF7
2B BEICHOLATWAR, EREFICES S BWER OO ARHIR S, 47
AOMERIEHEINTE LT, AREBCOFBIEHRIEICKT 5 =—XFFEFITEmNZ &R
BHOMMNE > TS, 72, al 7 LU UZFEREEHETH L L — L (X AR v
VRS ) BV LRE ZE b BB, BT A ERITEL | MR RETHDHZ L0
BEE =— X &2 LT e E 2 bz, Figure 1-6 12 24U b RIH BB 0O BETF 38 2 4%
WL & BITRT,

N
z o CH
T3 pe
AN | OJ\N/\/\/\/N\"/Oﬁ H,C \©\/c':\|-|3
CH o L.J N0
$ NooBT H
CH, H,C” 0

ChE(A) Y IRTS—H)HEE a17RLF) O ZBEERE
RIESRFTIV(ITLFR) RLZAOS Y (1N LF—)L)

Figure 1-6. {RIHENBIEICKT§ BEFHE (D7 LF KL b —)L) OREX
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B 1E2FICTHRAZ X 91T, BEE (Bladder) (213 EP; 2 54733 81 L, JR1E (Urethral)
IIZ EPy RN FEH L TWDH I EDNHMBNT WD, LIzl o T, HEEHE LTEP; %A
IRZAIT U CTREMEEE I 2 0 S, EP 2R Z I U CIRE IR 2 i S5 2 &N TE
AT, ARVEEIERE IS LT e L <IRIEICOAIEM T 2B K 0 S IEN A 272
TRIRIEIT 2D & B 272, Figure 1-7 ITARTEEIE IR SRE A H 5 L 72 EP/EP; fEENZE OAIFE =
YET NERT, 2FEV, ERRET B RE T T D HERO LA L TR &
DHREA Z5L LD, #7172 EPJEP fEENEME A L2 RN LMY 7 & A TSR %
TEENTEME & OBIRMEZ R L, BE LW EWEBRBRRE & Fe i 2 7o =R S b & 2 IS
THIEEARHEOHIET D,

Bladder 11
> <
EP3 ) > < ]

Urethral ( EP2

< >

Figure 1-7. EP,/EP; fFENZEDAIFE = 7 |
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-
BEZN EPL/EP, VEEN A~ D EP; fEEHEMENT 5-

2-1. S

AIFGEH D DITHT-> T, FL1EIHIZORLIEL T, PGE, DEZRILD S b,
EP; KON EP, 2 BIRICIZMEENEM: 278 &, EPy L O EPs AR D I A EENEME 24T 51k
BOWEITEND, EPy KON EPy ZFRIZIZSRVEEATEME 2 /R & 77, EP, KON EP, IR
(2% U CROEBNEME 2 A AL AW 1 I3 SRS Th - 7= (Figure2-1) L, (kAW 1D
in vitro fEMEIE, ~ U ZARBMIILZ WS BFE (Kifi) B X7 v MBI 2 v
ToAFENENE (ECso fH) DOFERIIRINTIEY , EFE LV EP, AT T o FENEMEZ R
LTS Z & HOEE LW EPy BRI T DREATEH LTV RD O R L TND 2 &0 b,
AHFEOHFER T 5 LT, SZDbLVOTIEARWNEE R, T2 ThEw 1 OiE%
LWL, 98172 EPFENEME O G2 Bfe 42 & & Lic, 72, k& 11%, Rk 5 4 H
L THFREFESNTWD Z &G, WIEmZFE L, ROKRG FRRMIEICERT 5 2
ERMEEEZ LN, Thbb, ARNICBOTRERRBILEEEEGT 57210 Tl
RAr7e g imt & OF R oM g 2 %G T 2 ER B 5,

CO,H

N
NS I(
s

EP, EP, EP, EP,

Mouse Binding Assay
>10* 9.3 540 0.41
Ki (nM)

Rat Functional Assay
90 - 0.79
ECso (NM)

Figure 2-1. BESN EP,/EP, {EEHIEDL AL 77 7 (Lt
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-2. BRH) 72 BARAE
BEFMb G 1 23 bam & LT, RGBS 2183 & LT E LW ESER
At S &2 GT 5 L CnEe BRI BAE % Figure 2-2 12”9, 1 OHEIZ, £F L
W EP EENEMEZ A5 L, 7B DB E L RV EPEENEM AR T S22 & Th D, H
20 BIEIL, RO TRER MBI A AT 52 L Th D, TNODOHIELERT 57
DOLFERFHIIIT HHIE & LT, 8 1 O BEEICK L TIE, o I#HX° 5 BERMEIEOH /S
DEHIZ L >T, EE LW invitrofEET 0 7 7 A VA RTHEICES Z L THY, H20
HAEIZxE LT, BrEdisic L ol 2 m B S8, B 2B BN TREE =T Ic<
WHEIEIZES 2L Th D, HITH D EP, AR, EPyZARIRDT X/ We—IRBLHIIE b I
FRTBEETO, RN ER M 2GR T 2 0 O ey TRk AR T 5 2
Ll L, /B, 7RAZ 7Ty EFEARTRAFO EHiEIL, & FIRmILEER
A L. BEEERERASES s & LTV 5 Limaprost (Figure 2-3) %4, < b Th
%%, 2T, EEREHLAMORSE BT ETRANR BIEMELE LT, EP, KUY EP;
SRR D I 10 nM BLF OVEENE M2 4 L, 2 Ofth EPy KTV EP, Z 2R & 100 {524 E oD
PEEET D L. FIREE GRSk 288 0 B G-I i g EE 7 Lh 38 T d % Bioavailability 73

10%LL | EF%E LT,

NNH j & o- {84

581R CH,
% w-18I£8
1 NHNEP2/EP4{E B 38

1. EPsfRENEIEZ T 5L, EPFRNEMEZIET
2. BOKRERIELET D

Figure 2-2. /A%N EP,/EP, {FEHIK 1 O IER & ARSI T 5 HAE

O]
N CO,H
: ~ HO- CH,
HO OH CH,

i BERERERREF

Figure 2-3. Limaprost (L7 1 2 % 75 2 0 akilk) ofb2tisst:
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2-3. EP,/EPSEP, fEBNERDFREF & ARk

DTN DT> T, EfiEOTa R 7o oV U FHEROERNMEEEZEAT L Z
& & FHE L7=, Figure 2-4 (2759 Gemeprost 1%, &= #IWiE S 21EAEH L, EEH I
B D IBIRIRPES 26 L L THRICB W TERAIE LTS T3 3 —o7E%
UHE S DERIZ. & N EPEENEMEZ N LD THD EE X Lz, -, N T
EMASHTCRAET DT RE 7T D UHEERE S TRIRERE T A 77 U EHR)
5. Gemeprost & £ < [ U o $HEEZ AT /L6 WEEIEBR) 23~ U R EP3 2 BRI Xt
LT, FEFITEOEEATEME (Ki=24nM) ZoRL, 2B 2k b EPy A KICx LT, FEH
WZIRVMEENEME (ECso = 0.8 nM) 2R3 9 2 & 6> TWnd, LR -T, EE LV EP;
VEENEME 2 18 5975 BN &2 ZR T 5 72912, Gemeprost DI LA 1 ICE AT 5 2
EDIRTIT RN EE 2T,

Figure 2-4. Gemeprost (EfiiE7 v A% 75 UV FHEKR) OIbFEEER
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7272 L. Gemeprost I T 11 (7 fx 3 _EDOKEEFE DS BIEE LT VBRI AL ER f-8 K
X7 NAEBEAET L ER o TS, iz, LAY 1 OmSUIRE LY. EP, R
BRIz T D EENEPEIC DWW T EE® 1 © o ll8HIZE 15 2-mercaptothiazole-4-caboxylic
acid i EN M L Z 2 DTz, TOHB L LT, ¥~V R EP, R BEEROEABIAEICE 2 5%
BIZOWTALEW L B E E0 25 LI TRIT STV 5 — i OREETEMEFA B 2 Table 2-1
R, ZORENDL, F7 Y =AD& BRFEFBANE DS TbEY 2 O

(T VIR O EHNE OBE)) (TR 2 721) T EP A MRITKR T 2 /5 &1 EDS 30 5%
EETFLTLE S Z &2 5, 2-mercaptothiazole-4-caboxylic acid #§1&E 12 F L EP, 5 & B A0
PRIZIER ARG T D L B2 LT, D% V., 2-mercaptothiazole-4-caboxylic acid A%
REFTRETHD LELR LT,

Table 2-1. {LAY 1 OJEDMHEE &~ U A EP RIS 2 kA B |

o N COH o 5. COH
s T ~s<T
N S N N

1 2
Mouse Binding Assay
Ki (M)
Compound mEP, mEP, mEP; mEP,
1 >10° 9.3 540 0.41
2 >10* 320 >10* 55
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INHESEZT, ALEW 1 D o MIEHDO I, Gemeprost DA 12 XX 7{LAW 3 %
XEF LTz, 1baW 3 OARHGEIZLL T D@ Y Th 5 (Scheme 2-1), 7 /b2 —/UK 13 IXLE
1 OWEFHIL P PICTEHES N TV ARFHIETH Y, L FEOHTIEIC LY G LT,
Boilz 13 & SOsPy M{bic LV 747 b RICZEH#H L, Hormer-Emmons i “° 12k
dimethyl (3,3-dimethyl-2-oxoheptyl)phosphonate % v CT= / 1K 14 % 157-, kIZ. (S)-Me-CBS
it L L= T o SIS X0 SERRIRAIC 7 b 21— LR 15 21572, 15 D AL 7= IR 28 14%
ERAFCIE o TR R E LT, 16 (LONAERRNSESIZR Y, BT ET Lic<
Wz EBEL TS, BN 15T D57 A0 Y RIETICET HMAKRGHRZEY ., 1k
a3 15T,

o CO,nBu

N a), b)
e
OH
13
o N COZHBU 0 N COZH
N/\/S_</ jr d) N/\/S_</ ]/
He, CH, — HC. Ch,
= CH, = CH,
OH OH

15 3

(a) SOs3-Py, DMSO, EtOAc, TEA, r.t,;
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Table 2-2. k&% 3 DEFEMEL © MFI 7 v Y — A g

Stability in liver
Caco-2

Compound 6 microsomes
(X10™ cmls) L
% remaining in HLM ?
3 0.78 100

9 HLM : human liver microsomes:

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

B MFIZ7a Y —AFIBIT LAY 3 OEFRIIEFICHEBTHY ., L7 LBIF
B IZB D TR SIS WIBETH D Z L8y hotz, 2L, BEEMEICE LT
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ED 2 BAKERENIRALRE 22T T b oEICE BRSNS Z L b MbNTEY %, 4% 0
BB WT 15 KB EEZ AT 55 oME a2 28 L, T ToR#HE2Z T <. 2578
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2-6. EBRDIE

General Procedure

Analytical samples were homogeneous as confirmed by TLC, and afforded spectroscopic results
consistent with the assigned structures. Proton nuclear magnetic resonance spectra (‘H NMR) were
taken on a Varian Mercury 300 spectrometer, Varian GEMINI-200 or VXR-200s spectrometer using
deuterated chloroform (CDCIy), deuterated methanol (CDsOD) and deuterated dimethylsulfoxide
(DMSO-dg) as the solvent. Carbon nuclear magnetic resonance spectra (*C NMR) were taken on a
Varian Mercury 300 spectrometer using deuterated chloroform (CDCI3) 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 um), Wako gel C-200, or Fuji Silysia FL60D]. Thin layer
chromatography was performed on silica gel (Merck TLC or HPTLC plates, Silica Gel 60 Fys4). The
following abbreviations for solvents and reagents are used; diethyl ether (Et,0), tert-butyl methyl
ether (MTBE), N,N-dimethylformamide (DMF), dimethylsulfoxide (DMSO), ethanol (EtOH), ethyl
acetate (EtOAc), methanol (MeOH), tetrahydrofuran (THF), methanol (MeOH), dichloromethane
(CH.CIy),  chloroform  (CHCI3),  dimethoxyethane  (DME),  acetonitrile  (CH3CN),
hexamethylphosphoramide (HMPA), N,N'-dimethylpropyleneurea (DMPU),
1,3-dimethyl-2-imidazolinone ~ (DMI),  sulfur  trioxide/pyridine  complex  (SOs;-Py),
4-(dimethylamino)pyridine (DMAP), tetrabutylammonium fluoride (TBAF).

n-Butyl 2-[(2-{(2R)-2-[(1E)-4,4-dimethyl-3-0x0-1-octenyl]-5-oxo-
1-pyrrolidinyl}ethyl)sulfanyl]-1,3-thiazole-4-carboxylate (14)

To a solution of the compound 13" (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 1IN 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 (CDCls) : § 0.83 (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), BH; 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 (CDCls) : & 0.85 (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)-.

'H NMR (300 MHz, CDCl5) : 6 0.89 (m, 9 H) 1.27 (m, 6 H) 1.81 (m, 1 H) 2.34 (m, 3 H) 3.41 (m, 3
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 hEP; 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
hEP;. Membranes from CHO cells expressing prostanoid receptors were incubated with a
radiolabeled ligand (i.e. 2.5 nM [°*H]PGE,) and test compounds at various concentrations in an assay
buffer (i.e. 10 mM KH,PO,~KOH buffer containing 1 mM EDTA, 10 mM MgCl, and 0.1 mM NacCl,
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 KH,PO,~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 PGE, in the assay buffer. The concentration that causes 50% of
inhibition (ICso value) was estimated from the regression curve. The K; value (M) was calculated
according to the following equation: K; = ICsy/ (1 + [L]/Kg), where [L] is the concentration of
radiolabeled ligand and Ky is the dissociation constant of radiolabeled ligand for the prostanoid

receptor of interest.

Measurement of cAMP production for hEP, receptor or hEP, receptor agonistic activity
Chinese hamster ovary (CHO) cells expressing human EP, or EP,-receptor were cultured in 24-well
plates (1 x 10° cells/well). After 2 days, the media were removed and cells were washed with 500 pL
of Minimum Essential Medium (MEM) and incubated for 10 min in 500 uL of buffer (MEM
containing 2 uM of diclofenac) at 37 °C. After the removal of buffer via suction, cells were
pre-incubated in 450 pL 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 pL of assay buffer. After incubation for 10
min at 37 °C, the reaction was terminated by adding 500 uL of ice-cold 10% trichloroacetic acid.
cAMP production was determined via a CAMP radioimmunoassay kit (Amersham).

Measurement of Ca** production for hEP; receptor agonistic activity

To measure human EP 3 agonistic activities, 100 pL loading medium (medium containing 5 umol/L
fura-2-AM solution, 2.5 mmol/L probenecid, 20 pmol/L indomethacin, and 10 mmol/L HEPES) was
added, and the cells were incubated for about 60 minutes at 37 °C in a CO, (5% CO,, 95% air)
incubator to incorporate the fura-2. An assay buffer [120 pL. HBSS containing 1 w/v% albumin from
bovine serum (Sigma-Aldrich Corp.), 2.5 mmol/L probenecid, 2 umol/L indomethacin, and 20
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 PGE; (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 puM, and then incubate the plate in a humidified
incubator (5% CO,, 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) x Vr/(A x C0)

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

Vr: volume of the receiver compartment (cm®)

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

CO: initial normality of the buffer (uM)

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 pL, 10 mM in DMSO) was diluted in 995 uL of 50% acetonitrile in water to
make a 50 uM solution. Phosphate buffer (0.1 M, 245 uL) 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 pL of the
solution containing the test compound (in 0.975% acetonitrile with 0.05% DMSO, final
concentration of 1 pM). Immediately after the initiation of the reaction, a 20 uL aliquot was taken
from the solution and transferred into 180 uL of acetonitrile containing the internal standard
(candesartan) to terminate the reaction. A 20 uL aliquot of the mixture was mixed with 180 puL 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 pL 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/l.S.) for the reaction sample by the peak area ratio
for the standard sample and multiplying by 100.
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Figure 3-6. EPy/EPy/EP, 2 KR D T X/ fit—RECHIIEH (TM5)
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Figure 3-7. EPy/EPy/EP, 2 KD T X/ t— R ELHIEHR (TM6)
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Figure 3-8. EP)/EPS/EP, XKD T X/ fe—IRELH MG #H  (TMT7)
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3-2. EP fEEEM 2K T S & 2 Ewskit

RIS T, A RO IRV AL E T~ 2 s O LV | EP FTHEMED AR T &
HLARENEIC DWW TER LT, # U\ EEDEVICIE S ERITMZ T, A% EPJ/EP,
B OGRS PICHE S TV B EETEIEHBEE R O IEA T 2 L & Lz, 2 BTl
N7 ALEY 1 (EPJEP, fEEH3E) % AL TIBRRIZB VT, BRI — S 2 — MMk L BRIk T 7
S LNBEDT v b EPy RIS KT DR 4 el (Figure 3-9) LTEY ., BRI —/ A
— MEEDO TN T 7 2 DEEITHAT, K 40 fHRVEMEAZ R T Z & 2mEL TV 5,
% 2T, 5 BB O 10 (LR B BRI~ U EE L RUVMERTH 5 EP,
EEEMEZ K T TE 20 TIRRW N EE X T,

o»\NNchozﬁ

X

OH

Functional Assay ECs, (nM)

Compound RatEP, RatEP; RatEP,

X = CH, - - 23
X=0 - - 93
Figure 3-9. BRI — /X A — ME~DZEH & EP, (EBNENE & OFIE
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5 BRI O 10 (LR R T % R 3R -~ 2509~ D WG OB BRI A BE & 72 5 R4 20
kit % Scheme 3-1 (27”77, D-serine methyl ester 16 % kU AR 2 772 CALBE L CTERIR 1 — N
A — MEEIZZE L NaBH, & FIW TR C Lo 7 b 2 — VR 17 21572 %, KEEEA TBS |2
THR#EL, BRI — A — b EOEFEFF7) 5 Bromo ethyl acetate z T 7 /L3 L1k,
NaBH, # W C= AT VEABET L, T a—/UK 18 2437, KBEH%E Msfb L7214, F
AHEE S-1 U U A E AW TCOREBBEROS 21TV, T4 787 — ME 19 2457, SRS
12T ethyl 2-bromo-1,3-thiazole-4-carboxylate & iz S5 Z & TFT Y — /L= X7 LiEE
LA, TBAFIZ T TBS A& ifRi#ET 5 2 & T a—/ K20 Z ik L L TR,

0 o) Q
HO\)N\HZ a), b) O)\\NH c), d), e) o)\\N ~.OoH e O>\\N ~SAc
co:Me Ao \_orss \_otss
16 17 18 19

o N ]/COZEt
) s
OH

20

a) K,CO,, water, triphosgene, toluene, 0 °C, b) NaBH,, EtOH, r.t., y. 51% (for 2 steps)

¢) TBSCI, imidazole, DMF, r.t., d) bromoethyl acetate, KOtBu, THF, r.t.

e) NaBH,, THF-EtOH, r.t., y. 89% (for 3 steps), f) MsCl, Et;N, CH,Cl,, 0°C,

g) KSAc, DMF, r.t., y. 99% (for 2 steps), h) ethyl 2-bromo-1,3-thiazole-4-carboxylate,
tributylphosphine, K,CO; EtOH, 50 °C, i) TBAF, THF, r.t., y. 76% (for 2 steps)

Scheme 3-1. FfEA 20 D& RkiE
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B oA RIA 20 725, SOs-Py % /- DMSO &1k, Horner-Emmons 4 L 7 «
ALY = VOB T DERIC LD VT AT LA~ —EIEATO, MK REAT
92 LT, AbEW 3 D 10 (L IRFBIR T % BRI W LIk B W 4 %457 (Scheme 3-2),
B, FRE 2R XV T AT UAY—ERD O b mMERTH Y | OSIRELE
ETHD, ZOMHREEZHEE LB, TREIE 22R KO 228 2 KSR L T
O ANVR CBEOFENEMEZ T L2/ R 2 S B L Lic, DF 0, KV iRV EP, NS
EPs S BRI X 2 /EEHEE 2 HP AR 22R 2 & E iz (L& 4 23R L 7=, A 22R

DNEFE LT 0 AZ T TPV Ey D ISR BRI B U7 KERRE L R U Tl
EERLTW5D,

coet CO,Et

4 , b >\ /\/S_</ j
o s ae. G
\/\/ CH,

OH
o)
20 21
o N COEt o N COEt
Py~s~ I Py~s I(
= CH, = CH,
OH OH
22R 22S
o N COH
d) >\‘\N/\/S_</%j
2r - A o,
OH
4

a) SO;-Py, Et;N, DMSO, EtOAc, 10°C,

b) NaH, dimethyl (3,3-dimethyl-2-oxoheptyl)phosphonate,
THF, 0°C, y. 59% (for 2 steps), c) NaBH,, MeOH, AcOH, -78°C,
then separation by silica gel column chromatography,
more polar : 22R, less polar : 22S,

d) NaOHag., MeOH, 0°C, y. 44% (for 2 steps)

Scheme 3-2. {L&W) 4 DEELE
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ZOFESR, Figure 3-10 [ZR T K 912, fLEW 415, & N EPJ/EP; 2 FFARIZXT T 2 /FEhE
PEITA 7 RS T 2 MIMICdH 72 b DD, B b EPy AT LTIE, K 80 fiFigs L
7o LIERoT, BELWERET 07 v A VEHT HLEWE LT, BfETEZ, 20
FERMND | EP AR EPYEP ST RIZELER LT, FRICHRVETE MRV b A (e L CRF
BREPMEV, SR 5 & TREMEDO VB FEED EP, 2 BIRITLE RS LT Vo
TRV EER LTz, ZOER EHITEIC CRAZHEIIM R E Lisn e Ez bz,

n. COH
O&\ /\/S_</S]/
N . -
x% 3:X=CH,
= . 4-x=0

CH

Functional Assay ECs, (nM)

Compound hEP, hEP; hEP,

3 0.91 8.4 4.2

4 7.4 50 320
Figure 3-10. BRIRT— N A — MEE DL L EP,JEPY/EP, {EEhE
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3-3. EP/EP; = AR BRIAI/EBNE 2 n B~ D E#

AHCE L ILTAbEW 4 DJEDFHFEERZ G T 52 & T, EHITE [ EPJJEP 24K

?REI’J CEENEME A R TGS A R T A L & LT, EEW 51T, (LAY 4 D o S5 20 (i

YRR FEEALTALEMTHY . 7 v FIET 28N L7 BT o IEHHETST 25 EPL/EP;
xfe‘r{ZIW)HaY@‘f%ﬁ%aﬁEﬁjZ _xﬁ“é%mf‘%ét&b, fEEMEZ DL ThmED L L & biT, R
WEE Ty 7352 LIk, R@LEEEn EsEL 2L T%of:o 7 /71‘%)?%’%"
Al & Zoﬁ%%ﬁ?ﬁ‘féﬁﬁ@’?ﬁ% IOWVWTIE, EEMMEMEEDORIROBRIZHNT, %
< OBIRHEENTND S,

L& 5 1ZLLTF D X 912/ L7=(Scheme 3-3), *ind A& AR R — bk 25 (o
Isobutyric Acid Z7 V¥ /UL L, B a T4 RE L7ctk, VAFARARABATF LD F
UL E RS SE D L THK LT, £ OBITTRIEK 20 2 HAbEY 4 LIRERO FTIEIZ LY
B U T 15 AL D SEARBLE OHEE FIEII b G4 LRERTH Y (7 b 1K 26 DB ITTRIGE
ERME T L 3 — VAR 27 D F5 5 BB W TALEY) 5 O J7 3 BN IAR I bR S T ARRRE Y L
T — )RS RE T VR CBRRITEWTALE Y LD b EP, (EENEME, EP; fFENEME & & 1258
WERRTH - 7,

s H,C_ CH, H,C_ CH
HO a) b) H.c-0 Hs 5
TH\CHB HO\[])WF 3 O’E/\[])W\F
O o) HC O O
23 24 25
CO,Et Q N~ -COE CO,Et
/\/S_</ | s—
IS o A v et SUNLI s o'
\/K/OH F WF
0 OH
20 CoH 26 27
) ST
HC CH,
— . F
OH
5

a) 1-Bromo-4-Fluorobutane, Diisopropylamine, n-BuLi in hexane, THF, r.t.,

b) SOCIz, reflux and then, n-BuLi in hexane, DMMP, THF, -78°C, y.67% (for 2 steps)
c) SOs-Py, DMSO, EtOAc, TEA, r.t., d) NaH, THF, 25, r.t., y.67% (for 2 steps),

e) NaBH,, MeOH, AcOH, -78°C, then separation by silica gel column chromatography,
f) 2N NaOHag., MeOH, y.38%(for 2 steps)

Scheme 3-3. 1L&%) 5 DEELE
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WIZERFT LIALE W 6 12, (LGS D BN DOV AFNIEE V7 T 2 U BRICER LT
fEEmTHY ., LLFD X HIZEE Liz(Scheme 3-4), &It d 548 AR Fx— bk 30 Lo
Cyclobutane carboxylic acid 7>& 25 & FIERDITIEIZ LD . EnENERK LTz, £ DBKITHH
K20 N oALEW 4 L RBRDOITIEIZ LD . G LTo, 15 MEONARELE OHEE HIEIIMLED 4
LRETHY ., 7 b AR 31 OBETTRIGE, @7 L2 — K 32 D 65N L&Y 6
DI5GB RS (R 2 S T ARRME 7 L o — R B RIR T LR BRIRISE WL AW
£V b EP FENEME, EPFENEME L ICHBWER TH - 72,

(0]
0 o} 0 0
28 29 ", 30
co,t o N COEt o N CO,Et
SomsdT o0 St T o0 s lT
OH = F =N F
0 OH
20 31 32

o) N
) O>\‘\N/\/S_</SI(

&1
6

a) 1-Bromo-4-Fluorobutane, Diisopropylamine, n-BulLi in hexane, THF, r.t.,

b) SOCIz, reflux and then, n-BuLi in hexane, DMMP, THF, -78°C, y.59% (for 2 steps)
¢) SOsz-Py, DMSO, EtOAc, TEA, r.t., d) NaH, THF, 30, r.t., y.65% (for 2 steps),

e) NaBH,, MeOH, AcOH, -78°C, then separation by silica gel column chromatography,
f) 2N NaOHag., MeOH, r.t., y.35%(for 2 steps)

Scheme 3-4. L&) 6 DEE
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BRRLTE 2D 3(EAEMITHOWT, {EME LS L OMBEEZZE4 Lo, #iE & invitro {§1E

D% Table 3-1 12F & O TR, TOREHR. EP MFEITEMEDLREFITIN A T, EPs EEE M

DK 10 5D M EAFED BTz, EPy ZARIZOWTITEE OFENE MR T 23380 bz b
12, EPy S ARICHT T DAL EME T LT, (ka6 1d, (Las Lt s L
EP, KUY EP3 fEENEMEDIRFFIZIN Z T, EPy ZFRIZ OV TUIEE OFBENEMEIR T 238D 5
iz, EP S BRICKT 2 REATEMEIZ OV T HIR FARD bz, ThHORERNG . o
Kt 20 (27 w BIRFABA L, 2B 16 (DI AFNIA L 7 a7 B BB
5T EITED | & b EPYEP A RAFENEMEICITE A 52T, & b EPL AR E ORES
TEMEZK 10 (IR T L2 L3005, _@ﬁ%z)s%\ EPy SRR w SRR DO NRIATE DN
MBS ST DR E MRV E R0 D, DE D EPZ/EP3 TR E EPy AR TIX
FET 20 FOIRENE (o BIRIHHE) OB LT SITEWVDRSH DD TIERN L
BE LTz, BIRFR TIX, W o EP ZFERIZB W T HEAER X B ik 2 Bl & T
RN, AT X SSRGS RAT R ORI X v . BUSICE ST U, RS aec e
D EVENELRL ARETIE RV EHIFF S LD,

Table 3-1 Bk 7 — " A — FFFEIRD vk EP,/EPL/EP, {EENEME & b N EPy fi ST

0 N COH
>\\N/\/S_</Sj
© ZaN R
OH
Human Functional Human Binding
Assay ECso (nM) Assay Ki (nM)
cmpd R EP2 EP3 EP4 EP1
H,C_ CH,
4 A~ CH; 7.4 50 320 120
20
H,C_ CH,
5 *>§/\/\F 5.7 4.7 1220 431

6 %\AF 2.9 10 195 1080
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3-4. /NE

{EE9 3 125 EPLEENEMED T &5 2 L AV L LT, EP IR & EPy AR

TIEF U7E08, EPy S BIR & NT R 27 X &) 2 W ABA TN 1E 25857 2 tRIk A &
T OO MEL AT HZ L L LT, 5 BB D 10 (RFIR 2RI ~ZE# Lz b
B AITONTERLTIERER, B b EPy B RITH T DMK 80 f559 L7z, S HICE

DFFEIRI G EPy & OFREATEMEZ K 10 £50899 S &7 b6 6 Z G TE 7z, i & IEM:
DFABIN G, EPyZBIRIL 5 BERE 7 DIREIEIR T EPy 2 BIKIT o MIEHHE 7y O REEYER
S EPLEPEENEME 2 R FF L 72 E COZNENOZ BRI T 2 =INMER BIcwF 535 L5
L7, UEDX ST, O, IR EPJEP; EEHEE O AU LIz 72, {LEW
6 DY ENRERFIEZ 5 L, AFFTED B TH 8 NG ATRE/L AN E 5 e R T 5
NP DY
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3-5. EBRDE

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 (CDCly) : 6 3.62 (dd, 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]Joxy}methyl)-3-(2-hydroxyethyl)-1,3-oxazolidin-2-one (18)

To a solution of 17 (2.28 @) 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 (CDCls) : 4 0.09 (s, 6 H), 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]Joxy}methyl)-2-ox0-1,3-0xazolidin-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 (CDCls) : 6 0.08 (s, 6 H), 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), 412 (m, 1 H), 4.33 (t, J=8.70 Hz, 1 H).

Ethyl 2-({2-[(4S)-4-(hydroxymethyl)-2-oxo0-1,3-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 (CDCls) : 8 1.39 (m, 3 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-3-0x0-1-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 (CDCly) : 4 0.83 (t, J=7.14 Hz, 3 H), 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) : & 0.84 (m, 9 H), 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-oxo0-1,3-o0xazolidin-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 (CDCl;) : 6 0.88 (m, 9 H), 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-BuL.i 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 q).

TLC : Rf 0.34 (hexane:ethyl acetate:acetic acid=8:2:1); NMR (CDCly) : 6 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 SOCI, (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 )
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 (CDCly) : 8 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-oxo0-1-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 (CDCls) : 6 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).

46




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 (CDCly) : 4 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.) C19H27FN205S2 (M + H) +, Obs. 447.1426, Calc. 447.1424. TLC : Rf 0.54
(ethyl acetate : methanol : acetic acid=15:1:1); NMR (CDCls) : 5 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 (CDCly) : 61.25 (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 SOCI; (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).
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TLC : Rf 0.55 (ethyl acetate); NMR (CDCly) : & 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 (CDCls) : & 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 (CDCls) : 6 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-yI}-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.) C20H27FN205S2 (M + H) +, Obs. 459.1430, Calc. 459.1424. TLC : Rf 0.72
(ethyl acetate : methanol : acetic acid=8:1:1); NMR (CDCl,) : § 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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4-1. F&E

5 3EE TIZEP, Z AR L EPy ZAIRD IR R AFENIEE CTh 151 6 DAIRIZD
WTCIRAT, KETIE, LG 6 OIEWEREREO RS R & O A& G- "TRe b &4 O
REHC DWW TR D, E P18 2 B 3TH T/R L7z EPJEPY/EP, fEEIZE THh H{LAW 3 L ik
THTILAY 6 DIEZEMEL b MTFI 7 u Y — A Z@En 7 a 7 7 A W25V Table
4-112 Y, ZORERE, (LEW 6Lt NFI 7Yy — AP TIXRETH 58, FEEiErENIE
WICEROWEE 268352 080072, WIS, T v FRYENEER ML 21T - 7245 R %
Figure 4-1 1277, B4 ESHICZ OFHIFEICOW TR Lz, T ORS00I
PEDFEHECH 5 AW FROF 2R (bioavailability, BA)2S 2.5 % & . JEF ITIEVMEEMTH D =
EVMERTE T, £, 2H 7 VT T A (Cliw) DRE W EHE DR TEMRNTOW
KRR MAIREOHERF NS NEE L 72 5705, BT TLETH > Th, il T o 15 (ifk
# FoKEREEAY 15-PGDH(15-hydroxyprostaglandin dehydrogenase)' |2 & ¥ . B&(LAE 252 1T %
AIREMESE 2 BT,

Table 4-1. {LE#) 3 LbEW 6 OfEHZEMELEL © MFI 7 v Y — AR ENRE
Stability in liver

Caco-2 )
Compound A microsomes
(X107 cmis) L
% remaining in HLM
3 0.78 100
6 0.56 97

3 HLM : human liver microsomes;

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

CO,H
O>\N/\/S_</Njr
o S
— s =
OH
6
BikNRE #gO®/s
(0.01 mg / kg) (1 mg /kg)
VTSR $ iR AUC Bioavailability
(mL/min/kg) (hr) (ng-h/mL) (%)
9.5 4.4 0.041 2.5

Figure 4-1. {L&¥ 6 O 7~ Sy ERERFEFEAGRS SR
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SFE Y ALEW 6 DORR N GRFO MR DMRVNRER A2 BLE LR, 2 808506
Nize 1EBIMEAEY 6 O KRB A T2 ETHY . 2 8EBIX, (L&Y
DORRPEREFENRKE <, WEEICHT 2 ZBWEMENZ L b, EbZ2 RIS AT W
HEEZAL TS B b, IO RREEIRT 572 Db Gk et o )8t &
L. @2 #FKEIEN S 3MKEEFE~DZEH, @TPSA (Topological Polar Surface Area : iz 4H
WERRBIERERE) 22K F S5 2 Lk aEgEittm Lo 2 S&25% 7, ZhETIC
8 R DA BEP 2 RARVEBN SO ML BT IE < | BAFZ2f% 1R & 50 77 2> 038R
732 EP[EPs {RENEME &2 WISL S AL B O BAFHIHER IR L B A 5N, Zhb 250
FEEO T, FREOMIICIRY i & & LTz,
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4-2. BLARBR D [ElRE

RIPEICCHET T2 2 ROFHD I B, FT0 2 AKBEREED 3 KDL EITH Z &L L
2o 3 WKERENZZEWT AU, 7 P AR~ DOER# AT H 2 L3, 72720, 15 {7
RFELEDOEE, 3HKIBIEICERT HITIE 16 MLV 7 0 7 FIVEONARN S E S &0 D
AR, REETHoTo, 2T, 16 MO NARIYR N S5 S 2 RFF L7 F £ CKEEIRA 16 i
BB SN D Z LT 3 MKIIKICEBMTEL LB, £z, BEAOIERRM T 24 7
T UV UHERO B E LT, IERT A FYEHRBERA ORBER SR B D B
BN O RIS 4 s & L 7= Misoprostol 231 54TV % 3, Misoprostol 13271 K5
TR LIZATFNVNT AT NAARTH LM, EONKIIEY T 2% F1 VR o FRTEPEARARIZ B
LT, EP, &R, EPy 2R, EPy BRI HI T 5 FENEME 2 380 L 72 f5 . TRVEMEA
R ERERR SN GEBIRT —4), L7ehoC, 15 (iRFEND 16 (LIRFHE KL E
BLTH, BE6 < EPJEPAFBNEMEIIRFF S LD LHELE LTz, £72, A L THIEEEMES
ET 570, REMZR LS80 7 v RETERBIRFICEBR LTALEY 7
et L7= (Figure 4-2),

Figure 4-2. Misoprostol DL 24 1E & (L GH) 6 DORRALANH 2 [RhEEd 5 L&
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EAW TIZLLF O X 5 12/ R L7-(Scheme 4-1), Hiflk® 33 % Reformatsky S 4 12 & ¥
ethyl bromoacetate & )iz S 7%, LiAIH, Ti&Eoc L, 4 Uz ok gL % @B et o
{77E FC Ts {k L. 1-phenyl-1H-tetrazole-5-thiol & s &W 25 Z & TALT 4 K 34 AL
7z m-CPBA THE(L L. =#MkieMz TMS fRi# L, AR 35 Zafk Lz, D% PH
K20 2k L CTELNT-T AT b RIKE 217k > 35 % FV T Julia olefination 5512 L )
36 2GRk L7c, MetEdef FCTMS A BiftRiE L. 7 VKT 2 2 & TIkEaEWM T %
B LTz, 2B, BRI — A — b EORFRFITHE—OIKRELE TH D03, KL H
TOHORFEFIITEIREDTHLZENOALEW T IZVT AT LA~—REMTH 5,

N=-N NN e otms
o H,C_ OH N g
j\/\/\ a), b), c) N'NJ\SWCH d), e) 'N)(;s_g\)Q/\/\CH3
H,C CH : @
33 34 35
COH
o) N COZEt N COZEt /N 2
4 o) %4 :r Q s~ |
»‘N/\/S_(Sj( f), 8 )\\ /\/S_<S | h), i) )\\NN S
o] N ’ o H,C_ OH
OH e N T W
= CH, = CH,

a) ethylbromo acetate, zinc, iodine, dioxane, 0°C, b) LiAIH,, THF , 0°C, y.70% (for 2 steps),
c) 5N NaOHag., n-Bu,NBr, TsCl, toluene, 0°C., then 1-phenyl-1H-tetrazole-5-thiol,

60°C, y. 80%, d) m-CPBA, CH,Cl,, r.t., €) TMSCI, imidazole, CH,Cl,, y.82% (for 2 steps),
f) SO,-Py, Et;N, DMSO, EtOAc, 10°C, g) KHMDS, 35, DME, -78°C, y.26% (for 2 steps),
h) 4N HClag., EtOAc, 0°C, i) 2N NaOHag., EtOH, 0°C, y.65% (for 2 steps)

Scheme 4-1. {L&W 7 DEE
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B LTALE T D& b EPJ/EPS/EP, fEENE M & Caco-2 il MERER, IFI 7 v v — A
2 EME 2 LB 6 & i L7-f % Table 4-2 (ZRd, 3MukIBIEICER LT-7-0, D7
< &% 15-PGDH (2 & 5 i COMALHITRE T o221 Tl (ke 7T I1IFI 7 rn Y —
AHZEEDEVEE BRFEL CWD Z L AR T& 7o, Caco-2 BUFERMEICEI L Tk, <
RUETHEANS RO, AU ERERE TH 2 KBNS 2 D 3 kil &
T, W2 A4 5 KEEIEEBAL SRR A F VDN S E Sk v, kS == ® Tl
RN EBR LT,

F72. b b EPJEP; fEEBNHFMEIC W TIRIFIEZEITEE N o 72 BT, EP, EENEIE DR T2
ROz, ZOFRKIZOWTIIARHTH 203, KEEFEBALAHERE /-2 & T EP4 5
BOT I EEIRIL L OKRFEFBAIERNIHL RoTolo O TIE RV E BEL TV 5,

Table 4-2. {LE#6 & 7 Db K EPJEP/EP, fEENEIE & iFitie, (U2

Caco-2 X Stability in liver
Functional Assay, ECsp (NM)
10°® microsomes
(cmis) % remaining in HLM
Compound hEP, hEP, hEP,
6 2.0 10 195 0.56 97
7 2.1 3.3 3380 1.0 100

54




4-3. TPSA KT I X B EZE R Dk

WIZ, BAE LHIZCTES =2 SoJ#td 5 5, TPSA (Topological Polar Surface Area :
ARSI R IR 2K T S8 5 2 LI kB BEdrEm LA m Uit Aikatz
1To T2, ALEWHRE ARG R RAF 2N 27737121, TPSAEZ TEH12IHMES 52 &
MEELNWEEBZ LT, TPSA [ZOW\WTIL, MMEREMOIEE THY . PSA (MM )
OELIFHHEE TR SN D, PSA 135 Flmshett (BEWIN) T ICA H72itdk+o 1 2
Th O WlERF (R, 25, i, U 2) OB R DI CTRE2REZL 77, Novartis
o Etrl I XV HEERO TRITE S D SR oS IS RO < REERRME 2 T 5
TPSA BMERENTZ 2, T D%, Veber HIZL Y AR 140 A FTHDH Z EARAHME LT
ETHY, LV/AENTPSA 2T LA O I 03 R BB S T T 2 LWt P &
TW5,

INHOEREEE 2T, ALEW O T REROMRM:Z T 1T 5 M 28 103 Bz @ D )

ICEBRVEDEERL (LAWT O 5 BR EOAT L ThHIERF T LMBFR1%
ﬁji&: HIRFIFRTICEBR L IALEY 8 kGt Liz, {bEM 8 0F T a2 ) 4
L, PGE, O & AL TR Y, EEHEIZO W TH+o72if a2 RTZ ENTEH &
EBZXT. Flo, PGEy L H7p0 | MARFBIRA R 2 kg Z A S 02D, PRSI
PE LR R R EVE Z AT EE T D & B 2 T,

/N CO,H
(@]
«s< |

N CO,H
(@] s— j j
»\NN _<S | S S
O H,C_ OH ‘ H,C_ OH
= CH = CH

3 3

7 TPSA=100 8 TPSA=87

Figure 4-3. L& 7 ® TPSA % TiF BAL & Wk
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LB 8 1TLL T D XL 9126k L7=(Scheme 4-2), Corey lactone @ TBDPS &K TH 5
37 % LiAIH, TiEx L, AU —fokiEiksz Ms{b L, “#okEEi4s TMS (R L7k, &
FTEEEE S-H U U ALY ORI, EEMES M TICT ethyl
2-bromo-1,3-thiazole-4-carboxylate & fUiiz ¥, FeMESefE T C TMS Jhz ifki#E L. 38 25 HK
L7z, ZHoKBEIEZ T &£ F VL CIRGE L7214, TBAF (2T TBDPS o lifRi#E L. £ LU-—
MoKBEREZ B L7=7 VT e K39 & Lz, T2 AR Wittig SIS ' 278 Ak =17 4
1540 Z WTHT o etk T AB VIKRGIREIFIC T, TR FAVEDONRE L = F L= 2T
VDMK GIREAT > T 4L & Ulc, VAR Vg% —RRIZ TBS fRa# L 7o1%. okl ik 4
L. LA 8 ARk LTz, 7ok, HIEWE T&H % Corey lactone © TBDPS 1£#({A T 5 37
T —DNFHEMER (FTMR) THHN, 3HKIBEEEZ AT 2 REF X DO F B
EOREY (TR THHD ALEMSIX2FHO VT AT L A~—RAEMTH D,

0
CO,Et CO,Et
N
OJ{ a),b),c),d)  HQ S_(/]/ “ e fe  AQ 5_</N]/ ’
$ 5 S~ S - A~ TN S
OTBDPS OTBDPS o
H
37 38 39
- N_CO,H N~ COH
. HO % j : Q S j
Ph,_, O h), i) 3 \‘\\\\/s—(s | ik S~ _<s |
PhP—HP CH, —— W\/\ — H,C_ OH
= CH, = CH,
40 41 8

a) LiAlH,, THF, 0°C, b) MsCI, DIPEA, THF, -5°C, then TMSCI, AcSK, K,CO; DMF, 50°C,
c) ethyl 2-bromo-1,3-thiazole-4-carboxylate, tributylphosphine, K,CO; EtOH, 50°C,

d) 1N HClaq., THF, 0°C, y.38% (for 4 steps), €) Ac,0, Py, DMAP, r.t., f) TBAF, THF, r.t.,
g) SO;-Py, Et;N, DMSO, EtOAc, 10°C, y.97% (for 3 steps), h) n-BuLi, 39, THF, -78°C,

i) 2N NaOHaq., MeOH, r.t., y.37% (for 2 steps), j) TBSCI, TEA Toluene, r.t.,

k) SO,-Py, DIPEA, DMSO, EtOAc, 0°C, y.62% (for 2 steps)

Scheme 4-2. 7 2T L F~—REW 8 DERKIE
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WIZ, LB 8 D |k EP,JEPY/EP, fEBIEM: & Caco-2 IEZ@ sk, IFI 7 vy —2Aah
ZEMABRORERZIEW 6 KON T L L7252 % Table 4-3 12~7, £7. HFIreve Y
— LD EVEN B & #ERR L 72, Caco-2 FELE I ICBI L Tk, TPSA DK FIc L b &
EZHNDHK AEOUGENFRO bz, 7235, Caco-2 BEFEimMEIZB L CTidk, —fXAYIZ 3.0
10° emis L ETHIIE, LB ZMIR L9 < 72 0 . BAFRRR OWRIMEZ R 2 & A 5T
% 10,

t N EP fEENEMEIZ DWW TIHLEY 8 L{LEW 7 O TIXIRIE AT > 7223, EP,1E
GO EXRD B, b b EPEENEEICOW T 37 fFM ELTHY, F1FET
FXE L7z 100 f5PA EO@IRME & 5 BEEZ 7z LT ey, 55 3 BTV T 10 (R FEIR T
D> B BRFE -~ DT EP, (EBYEMEDWE8 & 4517 L TIT - 72 A#CTH Y | W RFBIFAIC
SR L0 | EP, MEENEME M E L CLE Y idmskeBEx o, LEE»> T,
EH M EMEAE Y E BT ECIE EPy fFENEMEEZ S DR T SO ERH D Z & A5 h
olz, FITCWIT, BAFelEEIE & I E M % WSz U 725871 5 D3R AT 72 EPL/EP, {EH)
HWThOLEY 8 OT v NEMBREFFEZFHE L. Z ORI R LIS L OMBEEELET 52
e L7,

Table 4-3. {L5#6-8 D I EP,JEPY/EP, {EBATEE & it (a2 e e

Caco-2 X Stability in liver
Functional Assay, ECso (NM)
10°® microsomes
(cmis) % remaining in HLM
Compound hEP, hEP3 hEP,
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
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4-4. BN RERHEFIADRE R & B R

IEEY 8 DT v hHMEBNRERFEIN 217 - 7245 9L % Figure 4-4 \RT, TOREE, 4W
FHFAE BA) XA 6 LV b bEL, 40%E B2 EZ R LT, L7eh->T, 5 4
B 2 THIZTET T 2 DO G EHIE S ALAEWRREE OKBRREOZEHUT I 5B LA O [a)E
T a i OHIIC L A GO [ ) 238 0BG RTEE e EPL/EP; fEEh3E D BUG I HE )
SletEZ 6N, 1L, AbEW 81327 VT 7 AMENRIROLEY 6 LIZIFFZETH
D, BEEDRBD LTV, 2T, L&YW 8 ORAFRIEHERIEITARF LoD, AEN
BT EENEZ M ESELNEND D EBLR LT,

N-_-CO,H
) @\\/s—(fs]/
= CH,
8

RN S #oms

(0.1 mg /kg) (1 mg/kg)
DIUTIVR 5 AUC Bioavailability
(mL/min/kg) (hr) (Mg=h/mL) (%)

13 9.1 0.51 40

Figure 4-4. {LE5%) 8 D F v b 3EMEhRERFE AN A% 5
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4-5. SR BhRRIF LR 5

L& %P 5 Ui-th ORI 2 3140 L 7= 51k %2~ (bEWE 7 > MCERIRN
(V)& B W TR O (po) e 5% . RRFFRIICERIN LZ DM REZNET S 2 sick v, 201k
B O M Y E— R R A AER L2, 20T =IO RFNT A —2 =% R L,
SEENRERRE & UCRMI L7z, RERM2/XT A — X — 2OV TLUFITRT,

1. 257 U772 A (Cly)

BAIRFE S 72 D IR B EBRE S LD 3, BB ARNZ DY) 2083 Dhe /) &

F L. mUmin/kg DENLTHRDEND, Clg SR E W EREHEOEN TIEAM D ERNT
OIERBFEL MAIREDOHEFRF D EEE & 72 5,

2. EWERIRI =R (bioavailability, BA)

RO InAbawnegimR (F) ~BITT 542K, ADME (absortion,
distribution, metabolism, excretion) & FRIEAVHWIN, s34, (R, PRt Z T, S EN
WATZED D, AR AEMEME AL, T ORIGETRE & L < 132 EMEIC 3
WD Z L%\, Bioavailability (X[F—#5-& TOFIRNE G- AUC (area under the
curve, I EEYIEEE DOREREIFE/7) & . RO 5RO AUC O TRD S, BALIZ% TH 5,
O E SN AL ST IR EE S D £ CTICIE B CRIR S hy, Il Z s 5 2 BEpE
EARRDMEND DT, THLE D DWRINT 5B OB & I C O 2 E MO il 5 03
TR RARICEEEL 52 2EERBERE 2D, £, 2FFEERELKHICBWTCL, 7
ARAR T T2V CFFERIZB VLTI, it To 15-PGDH 12 X A RE#% H AUC 1T 8%
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4-6. /¥R

EIEFE TILHEOLNTALAH 6 DOfi TP 15-PGDH (2 L 5 7 b U AR~DER LA o [a] ke
AANE LT, 2 Mok A 3 MoKBRIEIZAER T 5 L & bIZ, 16 (LICKEEE DONLE & )
SRTALEW 7 I 7 v Y —ahEmNE O 2R Lz, £72, WiEEmEoRT
I X AEHE R EAZHNE LT LA 7T O 5 BERED 2 SO~T 0 i+ & [REF I
B LT 7 a R B ) SO L0 | 40%D BAT7e T v NMEWFHIRI AR Z R~
fb&9 8 #HUFTE 72, LA 8 ITFRVY EPJ/EP; fEENEME &R L7c7o, RS FIHE72
EPL/EP; TEENSEDAIRUC T LTz, 72720, (bEW 8 IX 2B DT T AT LA~ —IRAWT
% Z L. EPEENEME & OBIRMED 100 FERTETH D 2 L2 b, EERMEMLEY DOEG
EWV) HBIDERIIZE > TOWRWZ ERIH LN E o7z,
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4-7. EBRDHE
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
(20.5 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).

'H NMR (300 MHz, CDCls) & 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).

'H NMR (300 MHz, CDCl3) 8 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 O °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).

'H NMR (300 MHz, CDCly) § 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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3C NMR (101 MHz, CDCls) & 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.)
C19H2905N2S2 (M + H) +, Obs. 429.1512, Calc. 429.5740.

Ethyl 2-({2-[(1R,2S,5S)-2-({[tert-butyl(diphenyl)silylJoxy}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 °C. The reaction mixture was stirred at 0 °C 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 °C 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 uL) at -5 °C for 15 minutes. The resulting
mixture was treated with trimethylsilyl chloride (0.49 mL) at -5 °C, 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 °C 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 °C 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 °C, 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).

'H NMR (300 MHz, CDCl5) & 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 °C 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 °C. 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 °C, 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).

'H NMR (300 MHz, CDCly) & 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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'H NMR (300 MHz, CDCl3) 5 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).

'H NMR (300 MHz, CDCl5) & 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). **C NMR (101 MHz, CDCl,) & 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.) C21H3204NS2 (M + H) +, Obs. 426.1767,
Calc. 426.6131.
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Figure 5-1. (L&MW 8 DT AT L A~ —3EULKTH 55 8S & 8R D&

67




5-2 V7 AT LA~ —RBEWMDHEIITHE L FBEERHE
L& 8S BLUBRIZLLTFD X 5 IZE K L7-(Scheme 5-1), {L&# 8 D& RLH A 41
D MKERIEE T2 F AL LT, IWmBlc T~ 7 a YA 7 ULRIGEITV, A U7
FOUT AT UA~—42S ([RIBIEAR) BEOV42R (@lER) 270 a~ 7T 7 ¢
YERERY S 2 L T, ENRENT S ) NKSIREME IS TR T BT b &b
IZBABR L7=%%. ethyl iodide % FlV\CxF /Lo X7 )UIKICE#H S . “RKBEEAEL L, 7
VT3 VKRG IESA TNV R RIELS 2 & ThAY 8S B L8R & E L E N7,

N COH _(s | _<s |
HO s j AcO S AcO S
Rt _<S | a), b), c) o N o . et N o
= CH = CH, = CH

3 3

41 42S 42R

), e),f), g S—</

a) Ac,0, pyridine, r.t., b) 2,4,6-trichlorobenzoyl chloride, DMAP, toluene, 100°C,

c) separation by silica gel column chromatography, y.35% (for 42S), y.25% (for 42R)
(for 3 steps), d) 2N NaOHagq., THF/MeOH, r.t., e) ethyl iodide, K,CO3, DMF, r.t.,

f) SO,-Py, DIPEA, DMSO, EtOAc, 0°C, g) LIOH, DME/H,0, y.80% (for 8S),

y.72% (for 8R) (for 4 steps).

Scheme 5-1. {L&%) 8S, 8R D& kL
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R

* CH.
9,10, 11, 12 R= " Key R= . L

CH,

a) ethyl bromoacetate, zinc, iodine, dioxane, 0°C, b) LiAIH,, THF, 0°C, y.50-70%
(for 2 steps), c) 5N NaOHag., n-Bu,NBr, TsCl, toluene, 0°C, then, 1-phenyl-1H-
tetrazole-5-thiol, 60°C, y.80-86%, d) m-CPBA, CH2Clz, r.t.,

e) TMSCI, imidazole, CH,Cl,, r.t., y.75-82% (for 2 steps) , f) KHMDS, 45a-d, DME,
-78°C, g) 2N NaOHag., EtOH, r.t., then 1N HClaq., y.64-77% (for 2 steps),

h) Ac,O, Pyridine, r.t., i) 2,4,6-trichlorobenzoyl chloride, DMAP, toluene, 100°C,

j) separation by silica gel column chromatography, y.20-35%

(for less polar lactone for 3 steps) , k) 2N NaOHaq., THF/MeOH, r.t.,

) ethyl iodide, K,CO,, DMF, r.t., m) SO,-Py, DIPEA, DMSO, EtOAc, 0°C,

n) LiOH, DME/H,0, y.68-79% (for 4 steps).

Scheme 5-2. fb&¥ 9. 10, 11. 12 OERE
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ZNALEW D 16 (L DONARBLE 2 SR & HEE U728l 2 kIZi8 <%, Figure 5-5 {27~
FTE I, fbEY 42R DFERIKRE LT, o8RRIV 7 mAaF v V2 AT LG OIK
O3 T X BEa S OBAHI I L, AMEAWONRELE 2 R ET D 2 LN T& 12, KMeh
WiI~2 a7 7 b ARB B OEBIERTH Y | RMEEMOERED 42R IZONTH, [
U< 16 AR FRFEDONRNPR THDH EHEE LT, LB -> T, Zhb o HRMN R > T
b~ a7 b OSARELE &y T ORI IR L RIS 20 EHEER L LA 8S, 9,
10, 11, 12 ® 16 (\iDONARELE A SIKEHEE LTz, 7eds, BHEIRIZE W1 T, 16 (i RF
IRFED SIROF B RIEOIEM LD b ETEMEZ T (EP, 38 X ONEP FENEM:) = & bR
LTEh, T VRREZHEE LT,

48 (more polar lactone)

Figure 5-5. JAMIER{LIAK 48 DKy X Hfs a1
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5y TS & 1EME & DOFEBI % Table 5-1 12773, 3. (LB 8S D o $HRIGD R FEHZ —
PRI LTALEW 9 13, IZIEFFED EPJEP fFENENMEZ 7R L7272, EPJJEP; /YT R IT
B2 DRBENIRNZ Lotz I, AWEW 9 D o HRIGDRFEIRF EOKERF %
ETT7 v HR/IFEFICE SR TALEY 10 (X, EPJ/EP; /EBIEMEN & HICIHIs T /R 720 |
6] U< EPY/EP3 /NT > AT H- 2 BB/ o7z, WRIT, LB 9 D o RGO RFEFR T E
DKFBIRAF % B TIRFIFAITE S B Z 7ALEY 11 13, EPJ/EP; fEBIE DS & & 1Jkgs L7223,
FRIZK & < EP, EENEMEDNHES L7 & 720 . EPJEPy /N T A3l L, EP; {EENG
DI BIRMEEW & Tp o T, ZORERITEE 5 FE 4 TH TR~ 3LRAYIT EP, 2R D 5 D3R
anariﬁxﬁjeu\ EEFELRNWEEBLE LT, £Z2TC, hEEWVEGEICERT HILE TS D

WERNIRRE L LTy 7 m o Z VBRAEANLTIALEY 12 2GR LT2#E R EP,/EP;
4’@3%@73§ EHITINMBRETH Y, BT EPEP AFENEED T o A& R LT, 7odsin
D, EP,EENEM: & OFRMEIX 2000 LA ETH 70, 7ol SD7=HE b EPy AFRITH
T HEENEEDER L7 & 2 A, 2000nM Th o727, EPEP; Z AMIZx L CIEH TR
o, BIRWRIFEHETH D 2 L MR LT,

Table 5-1. {LAW) 8S #FHEARDOHEETEMEAHRES (EPJ/EP; {EENE N T o 2 D fiAt)

s—(/Nj(

Q
S~ s

H,C, OH

= R

COH

Functional assay ECso (nM)

EPa4 selectivity Balance of
cmpd R hEP2 hEPs hEP4 vs EP2/ vs EP3 EP2/EPs3
8S NN, 0.086 0.91 146 1698 / 160 0.095
9 NN 0.068 0.80 26 3821733 0.085

* F
10 \/\F|<F 0.37 3.5 127 343136 0.11
*\/\KCH3
11 CheHs 31 3.4 >10000 >323 />2941 9.1
3
12 VQ 11 1.0 2636 2396 / 2636 11
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5-6. FMBNBAHEFEMERE R L BE

F2EIFE TR LEANRDOHFE A TH LAWY 3 & IikT 2% ThaW 12 DOiEER
Pl b MFI 7 v Yy —2AHLEREDT 7 7 7 A MZOWT Table 5-2 1277, (bLAW3 Lk
LT, LAY 12 1T KIEICEBRIENE N2 LN oTz, 2R L, IRz uy—afe
EMEICE LT, Rt m BIZtEn, RSRMETLTWD Z Enpgholc, £ZT, 7
BN RERBR A 1TV AW ORI RS A iR L 72, Figure 5-6 12779 X 5 (AR AR
ARICEALTIZ6%TH Y, {LAW 3 L L TifEom EicE£-7-, 2%, (ka8
THRO LIIZIE E D BRI ARFRHRIIR S o tz, ZORKIZOW T, fRENE
DOEENMLEN AREHEER X L TR E N <20 | RN TOREENRCIER T LT
LEollbEX NI, bEW 12 OEENTOEEHNIL 35 FFHTHY , (LEWE T
RBOONTZ QLM & RS L MHREA R TE TWRWI R g0 oT,

Table 5-2. {b&¥ 3 L& 12 DEHEMEE v MTF 7 1 Y — A2 ErE

Stability in liver
Caco-2 )
Compound ] microsomes
(X10” cm/s) L
% remaining in HLM @

3 0.78 100

12 6.5 60

9 HLM : human liver microsomes;

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

COH

N
0 % ]/
s“'\/s_<s |
H,C_,OH
=
12

kAR E #OKRE
(0.1 mg / kqg) (0.1 mg / kg)

DIVTI2VR A AUC Bioavailability
(mL/min/kg) (hr) (Mg*h/mL) (%)

20 3.5 5.0 5.8
Figure 5-6. {L&4% 12 O F v b S BYRERFVERT AT/ R
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Z D%, o RO EEZ S HIBiT D 2 & THEERNOLENMEE W L, EPJ/EP; 5%
FRIZRE U TURIERFRE OFEME% 7k L7z ONO-8055 (M3 FERH/R) 128 < Z STk LT
%, ONO-8055 |FMETHEMEE D H /LI REE T /LT, 0.3 nglkg/min O E RN FHER 512
L0, #5 GEREOWD) 2MRETHLNTEES, 728, BRI TIZEEIC Phase | 35
ZRETLTERYD, A< Eb700pg, 1 H 2EHEGIZEBNT, fARGRICEMEHE RS
WZ EEMEGRTETWD, DFED ., B MIBWTEP, & EP;/EENEED N T o ADMEN T
HE, MEICEEE G2V LR L, 5%0 LR 5RMBENYEIND,
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%4%fﬁgmth%8@muJVXTVﬁv—%AﬂL EIEMERZ B & 2T L
7203, EP, VEBNE D EPs fEENTEME ISR L CHRT X 5720, RIIE & LT, BIEEMAD Y 2
7 R STz, EPJEP; 2 KA DE VDD | 4%%&ﬁéméﬂM%&%ﬁb o $H
K~ 7 a X B REE LB ANT D 2 LT, EPJEP; fEENEMED /N T o 2 D i bl )
L7,

%%mtm&%uﬁ#ﬁt@htﬁ@@ﬁ%ﬁb@ﬁ%%\é%?%ﬂ%%mﬁ&%
DRFENRHDHZ ENH LI ETRoT2, X LITAEKRNICE T AR EEEZ R BT 55
FHEATU. ﬁmA%®%M%L%c»m8%Sebf PIRREET L THN A MR L7z b
TIRIEEBEIE 25 & U7 BRIt D = b3 T & T2, Ao, BRINCIZBEIC Phase 13k
Brafe T L TR, A7 L 700pg. 1 H 2 [EHEEICBWT, RGBS RICESIERAZ RS
BN EEERTETEY . R HHOIERBT CEZ 353 % 7= TIRIG BN DR e &
LT, A% DBIKBEFEOERSHIFFIND,
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5-8. EERDI
General Procedure is same as described in chapter 2-7.

(5R,6S,9R,10E,13S)-13-methyl-15-0x0-13-pentyl-14-oxa-2,18-dithia-
19-azatricyclo[14.2.1.0~5,9~]nonadeca-1(19),10,16-trien-6-yl acetate (425)
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 °C. 2,4,6-trichlorobenzoyl chloride (0.25 mL) was added
thereto. After stirring for 15 min at 100 °C, 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).

'H 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-15-0x0-13-pentyl-14-oxa-2,18-dithia-
19-azatricyclo[14.2.1.0~5,9~]nonadeca-1(19),10,16-trien-6-y| acetate (42R)

'H NMR (300 MHz, CDClg) § 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 : 1 —

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

'H 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). *C NMR (101 MHz, CDCls) & 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.) C21H3204NS2 (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.

'H NMR (300 MHz, CDCl;)  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). **C NMR (101 MHz, CDCls)  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.) C21H3204NS2 (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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'H NMR (300 MHz, CDCls) § 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.

'H NMR (300 MHz, CDCl5) & 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.

'H 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-15-0x0-14-0xa-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.

'H 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.

'H NMR (300 MHz, CDCl5) 8 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). **C NMR (101 MHz, CDCl5) & 14.12, 23.22, 26.08, 26.55, 27.60, 28.24, 32.00,
37.54, 41.71, 4457, 46.34, 53.75, 72.92, 127.37, 127.43, 136.10, 146.44, 161.04, 166.08, 219.10.;
HRMS (ESI, pos.) C20H3004NS2 (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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'H NMR (300 MHz, CDCly) §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.

'H NMR (300 MHz, CDCl3) 8 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.

'H 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-15-0x0-13-(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.

'H NMR (300 MHz, CDCly) § 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)-2-0x0-5-[(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.

'H 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). **C NMR (101 MHz, CDCl5)
5 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.) C19H2504NF3S2 (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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'H NMR (300 MHz, CDCly) 5 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.

'H NMR (300 MHz, CDCl3) § 0.12 (s, 9H), 0.89 (s, 9H), 1.30 (m, 5H), 1.55 (m, 2H), 2.07 (m, 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¢.

'H NMR (300 MHz, CDCly) & 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-o0x0-14-o0xa-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.
'H NMR (300 MHz, CDCls) & 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.

'H NMR (300 MHz, CDCly) § 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). **C
NMR (101 MHz, CDCly) 6 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.)
C22H3404NS2 (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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'H NMR (300 MHz, CDCly) & 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.

'H NMR (300 MHz, CDCls) 8 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-ylI]-5-
hydroxycyclopentyl}ethyl)thio]-1,3-thiazole-4-carboxylic acid(46d)

Starting from 45d following the same procedure as 41 provided 46d.

'H NMR (300 MHz, CDCls) & 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-o0x0-14-o0xa-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.
'H 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-ylI]-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.

'H NMR (300 MHz, CDCls) & 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). *C 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.)
C22H3204NS2 (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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