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EMEE L THASRHIND Lot TET,
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TR THDHAT 4 AL ORFPYDO—DIC T ERNEEZ LN TV, Lol ITFEOHFIC
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FRINTEY, RETRXTOZEEOEENINA LI > TWRNE OO, S1P: (TR0 8
BT, B LWAELFRE RSLPRIZEAN L OB D RERFE AN R IN TR, B THABIZHZED
HEHHNTWND,

1 ETIEETARRLOBE RSB LA L, 52 WO E 4 FICBOCUIEEDIY A TE 2

T4 A1 R (SIP)REERIEEFEORRIFEIC OV Tk 3 %,






41 iR
1"l A7 4V IFEEAT TV -1-0 VR (SIPICONW T
AT 4 v ANE TS R DA FUCE D £ TRIL S IFET 2 AR RS O—2>TH Y, %
OWFFEDOER 1T d < 19 B ENDihE > T Al LivL, ZOEEICOWTIERIDE 7013 %
VRV AT ¢ TRRE O L H 2SRRI AE R R S 2 IR EE Oy, E A
[EEZ1T O ETOZRALF—HE LTRSS DIZE EF - Tz, 20 HALE I A THOBRIUT
RESEDLY  ZREEN UCTAEBISHEME & U TERT S LW oo LWl 2 L & dv, 7
MEEICBADLIWE L LTHIHERZED TN D, BARMIZIE, Ml ETa L 27 o — L0k 4 )il
HUNRIBEEEQIZERT DI E T FIVREO LS & U CHRET 2 v MEIR (IR~ A1 7 &
RAALNERETDHZ L0, BT F BERBIONL OO R T ¢ v IRE O3 fEEMIC SN T
MR OTE RIS EE & U CTERT 2 Z LB REBICAH S, BAOMICIIERED b Tunb,
AT 4 ANFENE, AT 4 TV EMHEN D A B BRI ISR AL &35 (Figure 1.1), A7 «
VAV URITHOK MRS TH D T LR VEHHEB LOBUKEREE TH D 227 3 /1,3 ol Ut — L
TGN DR SN DR E 3 ORI Ch D, A7 4 v IV HOT X/ I L2 ORI T
I NREAEERTHZETET I REML, S OICRMOKIBEEIHESY VImASNEAT 2 &
THA REEIRE 2R L TV 5,

Sugars or Phosphates

Sphingosine OH O
A Glycosphingolipid or

Ceramide Phosphosphingolipid
WNH

Fatty acid 0

1.1 D-erythro-Sphingosine 1.2 Sphingosine-1-phosphate (S1P)



AT 4 AV APEORTREN RS OITEMMIRIC % < ££/E7 % D-erythro-Sphingosine 1.1 Th %
Bl, 728, KX TIE (A7 43y Lib&n=8A1%, D-erythroSphingosine 1.1 #7791
DEFTDH, A7 4T LLIFEERRNIZBWTA T 4 I3y rdF—E (SphKIWZ LY U bz
J. A7 4T 120 R (S1P) 1.2 ZAERRT 2, BE OMRRETIE, S1P (3 f/IMRIZ & & I ik S
NTWD, M/MRD AT ¢ 2 T3 AT OMREN & LN TR T, 27 4T FF—EBDfE
PERFEFITEN—F T, DfRERTHLH Y 7 —EOIEMENRKRMLTEY, fRE LT SIP OEMEN
ZHEEZLNTVWDU, EZ bz S1P IZM/IMROTEMALIZ > THIfas: (I S 2,
S1P (M 2k nM FRFE & BRI CHEET 2 2 E 3BTV B, Falr Tl /MR OISR
MEIZ S SIP RAEENTEY, MIFICEIT D SIP OEAJRE /RS> TNDHZ EbRENTNDHL, [
BRI E T2 O SIP TN TD X 7 ¢ » ANFE ORFHEFE T—IFHNEL D TR & L TR
MSNDIT L EFE STV, 1990 FRUTAD | ot 2500 5 o Al R s AR 4 <0 i MR DT A b
TER & W o Tokkx 7o AR BRIEPE S Sdv, AEBEPEIRE (IBEAT 4 =— X )& LTCHEAEZED DI

ESYoy iR



1-2. AEBEMEIEE A7 4 > T 0-1-U e (S1P) & S1P /K
AT 4 Ay 1m0 g (S1P) 1.2 2SAMAEEEFE, 7R b — A0, MiadEE, S A% o il 4E

LEGIEEITHLVIEEAT (=4 —L LTHEREND L IICRY . ZOEBAIC W TS
HINZHFZESED B D K 912757,

1998 /F, Hla HIZ K> TAT 4 AL -1-V V8 (SIP)DOVERERALZ B & M3 5 B R A3 e
Ehiz, Mbid, MENKMICREERTS G & o7 BHREMZRIKTH S Edg (Endotherial
Differentiation Gene) s AFEKZ[FEL, A7 A -1-V B SIPDRZEDOV H R THHZ L%
oo LzE, 27 03y -1-0 Uig (SIP)E D By R ET % Bdg S FRICITE RO 7247
N{E(E L, Edgl, Edgs, Edg3. Edg6. Edg8 » 5 fENFE S TWBE, Ak, UV YERAT7F

VW18 &) FET % Edg2. Edgd, Edg7 b FRFHIZHE R 7z (Table 1.1),

Table 1.1
OH
/\/\/\/\/\/\/W O\\P/OH W O\\P/OH
0" “OH — O/\/\O’ ~OH
NH, OH
1.2 Sphingosine-1-phosphate (S1P) 1.3 Lysophosphatidic acid
S1P receptor Expression tissue LPA receptor Expression tissue
S1P4 (Edg1) widely distributed
. o LPA, (Edg2) widely distributed
S1P, (Edg5) widely distributed
$1P; (Edg3) widely distributed LPA, (Edg4) nervous, kidney, testis, lung
S1P,4 (Edg6) lymphatic tissue, lung
S1P5 (Edgs) nervous tissue LPA; (Egd7) testis, heart, brain, lung

BRRNY T2 BB LNI o722 &inb | BIIETIZZ N 6O Edg &K%, S1P:1 (Edgl), S1P:
(Edg5). S1Ps (Edg3) -, K UNLPA: (Edg2). LPA; (Edg4) --- LIRS D DR R TH Y . Ai
P TIE SIP XBERDOMFHRTH 3252 L L35, B, FXBEDOFFHRIZOWVTIL, SIP1 ZAE,
S1P: ZHE L Vo lREBEH VLIS Z & b7 < 723, S1P1 IE sphingosine-1-phosphate
receptor-1 TH V ZHFIKZDL OO TH D Z LD, K L ClISZBIROMF%Z S1P1, S1P:

TR TAZE ET D,



S1P AL T RIRE B D G ¥ o R EIERZHETH D, 72 A T L > TUIRE LT
SAELTHDHDEH 5, S1P1, S1P2 KON S1Ps [ XIEH I ILHARHL THRILL T2 (Table 1.1),
FRIZ S1P1 I Y » /B ORI B W TR B CThH D, — . SIP4 i - U o/ SRR K

HZFBLDRD B DY, SIPICHE A TRBEITE, £, S1Ps [EHHXfRAEk, Mg, )7 =
TNx T —HIEICRBELNEO D,

Zhn S1IP ZFEROAEENIZE T HHEREDMEIIC W TITIEA, BAMICED TR0 | FRC
S1P1 T DWW T2 R AEMBIRICB W TEELRER ZH - TWD Z LAH LN ENSD0H D, filzx
£ 1999 4, Hla ST A7 ¢ 2y -1-V U (S1P) KO S1P A BT AER 138 L O /IR E LT
RET 5 Z & &AM LT 5 0o, 2000 4, Prica HILS1P1/ v 27 7 U U RAEER LTz, 20 S1P:
ERTZ 0= 2B ENCBSEETH Y . ZAUTMAETEREEREORFIC L DM AR E LTS
ZERHLMIZERTWANL, TS 0FET S1P OER] (72 =2 Mk, BB RIE M
BEHES 6T 2 /R RIRHRIE CTH 5 MAEFEMER & LTORRBEEFL TS L EREL TS,
—J7. S1P Z AT 220 kI fE A 2 A3 % Fingolimod (FTY720)DIEM)/3 1 CTdh D Z LM
MIZENTND, LD AN =X LOFEMNI OV TIIREIT BV THIRLT 5,

D SIP ZHFMIZXITHT A=A K « 7o ¥ T= MRS IR OB B CTIE I I HESR
WRBITONTWD, B2, AARZIXZEERASHONIE 7 NV —T 1L S1P 7 o Z T =X IO
TR LNHIZE & L Co Rt 2 @E L Cnplel, h—7 > 3 —k &ttt D 7V —71% In Silico
AN == T OREREIEIC, SIPs T v ¥ F=X MEWE AT 2{bEmE@RE L Cnplsl, 27 )7
AMIEFT O 7 N—T1%, Fix O S1Pa A @E LTl SIPy 7 v ¥ T=A MIOWNWTA 7
VT PIRFIEE L CORREMN H D 2 & &R LT 5, Abbott Laboratories @27 /L— 7% S1Ps
T A=A MEWEZAT HLEMIMEEREFEOIR L LTabhd T KKET VTV TR 2R
T2 LD BRRFAREE OIRFEEIC ORI D Al RethE 2 H LTy D5l STP 2SR DL E 720y LIEME LS

R E DIRBIRIRIZ D203 5 ATRENE 2 7RI~ 2 Jei 13 BRD L 72 i & 7e ST 208,



1-3. S1P Z F{AFE . Fingolimod (FTY720) D% .,
1990 4, FEL LT H KLV HFECERL LTHO LN TWALREED—FfChiIXA TV I

IR UNCFAET D Isaria sinclairii B OFFHEIENE K 0 58O MSIEN 26 3 2 %8 4 Bt L . ISP-1
(Immunosuppressive Principle-]) &4 L7, #&EMEHTORER., Zob&WIEBEmmE chHv . 3
(R STz Myriocin (Myriococcum albomyces # X 0 HiEf)16] 2 () Thermozymocidin (Mycelia
sterilia LTV HEI LR —-ETHDZENHBA L (Figure 1.2), Myriocin <°

Thermozymocidin OHFEEEHNILH HAV TV, SEMEHEIZ SV TIERID THRE ST,

MKV\/\/\/\;/\(‘\\\OH
0 OH NH,

1.4 Myriocin (ISP-1)

Figure 1.2

HARFZIE, AR R & L CREMHIEED invitro 27V —=> 7 IZHW LD~ 7 AR > X
ERIRA UG (MLR)FRERIZIW T, BEFOGZEMAIToH 5 Cyclosporin A 1.5 KV % 4 {521 EgRu g
FEIHTEMEZ R LT\ e, ZOHDIFZEIZ L > T, EDOEH A 1 =X L1% Cyclosporin A1.5 & 134 <

B b0THD Z ERPALNT/>TD (Figure 1.3),
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>F% b, Cyclosporin A 1.508%> Tacrolimus 1.6 Wo 7o 1Ly =o— U UHEHKIL, ~L/—T

ARz BT, Mk =M T AR OIS CES 59294 N4 v ThHD IL-2E0EEEZMA DT L

THRIESOSZIHIT 5, —J7, Myriocin (3AIfEREENME T MlECTF 2 7 0% 7 —filldlsxt LT7 R b

— U RAEHES L Z L CREMGIER & (0],
HOMFZEIZ LV | Myriocin 1ZA 7 ¢ > T2 U DA ORVIDOEME CEHE THLEY /L

ANV T A7 2T7—8 (SPDAEMAICIE IC5=0.28nM)T 2 Z L3 bho T REal =27 ¢
(20bl (5] 2 1. TL2 HEAFAYIZ HATE -3

VAV DEINART R F—= RAIZEEL TWA EEZHILTWS

5~y AfEEM T ML TH 5 CTLL-2 (2% L T Myriocin Z{EH &5 & CTLL-2 OEFEA ] <

NAEN AT 4 AV FNIAT 4T 0-1-U VERZRINT 5 2 & ¢ CTLL-2 O8I [EIE T 5,
AT 4TI RRT 4 APEEEE L W Tm AT 4 v TJEE A BRI DO RAEFEMIZ OV T ITHE

FEOEEIZESBDO LT RN L, A7 4 AFEOHRTHL AT 4 AV 5% BEDILE

VORI LY ZOWIERENRFESND Z LRI TN D,



Myriocin [FIRWEEIHEIEM 2 AT 20D, EEORF R LA L, BRENES, S 6ITHEED
FRDNE W o T OEER 2T T e, L, BZ OIC K 2MEREbITRIC LY, 2 b of#E
SRR S, RS EMRR R LIE OTRIFSE & LT 2010 4412 Fingolimod (P4ih4: : Gilenya®) 73

= 2RSS F X O Novartis thiC L > T Efi&h T % (Figure 1.4), ERAIZ 1%, Myriocin
DFARMEFANL 2 il b3 2 GRS NTAER, 227 X /-1,3-7 /N DA — UG & ) Bl
IRAEEIZB N T HREMHEERANRO B D Z ERHA LTV R TN ORFRFED RN
ISP-1-36 ~ & & /ote, NUBUBROEANEDOHE 2 DM EREIZ K > T, Fingolimod 1.8 ~&i&

LT B l22])

?H CO,H Simplification OH
/\/\/\H/\/\/W\:/\{A\\OH —> /\/\/\/\/\/\/\/\/\P\OH
o) OH NH, NH;
1.4 Myriocin (ISP-I) 1.7 ISP-1-36

The essential structure for immunosuppressive activity

Optimization OH
> OH

NH,
1.8 Fingolimod (FTY720)

Figure 1.4

BLRZR N & &S i b DI I W THRIFINHIE O A 7 = X L0332 RO b O KRiE L7z
ZEBALMNITI o TS, Myriocin 1%, Ak L7- X 512 SPT OffEZHET 52 L T T Milao 7
RE—vAEFEL, RENHIER% 7T, —J7. Fingolimod »A 7 % e MilfEAIL, %32V
VARERAR—I U (BEEMER E WO T A D= X NZHES S T EDHM BTN DR, B L
A J1 = XL OB A T, Fingolimod H A IEFIZHM Ry FHEEL RO Z Lonh | D

FeHERE - BUERMENBIR 2 FoICE Y | ASECRIT HERE - AN SHICHED bR TE 7,

WHEITIZY v Bk — 3 U V7 ER &2 & ©7-. Fingolimod OEMABEIEIC SOWTEERIIC AT %,



1-4. Fingolimod DO {EHIE
1-4-1. U > RERA— U 7 {EH

WE ., REMKSCBEE T2 U UNERIF Y L oVERY VN, MEEABEL T E ER]KEL,
G SN HERE L TE DX EZR-T L 0w MHEAZA L TW5 (Figure 1.5a), L2 L,
Fingolimod Z# ¢ 5 L7256, R L TCWD U U RERN Y U RHiZIZ L &35 kY RN

PR < Au, RIS OFEER U o SERORA A Z % (Figure 1.5b),

a) BEE b) Fingolimod 1% 58¥

®ERIGENM %, B U BB

W

Blood flow

-------- >
Blood flow

Lymph node Lymph node

Lymphocyte

Figure 1.5

DT LI KA RERDERET B R XSS A~D U U NERORZEEN A L, K
RIS D, KA =X LEZNETIZ ET SN TW A oOeZE A & 1R 5Mmd Cr=—
7 bDOTHDHMN, 1995 40 Fingolimod DIAIDWELISE, EHZ R 7 GO T-Ef A 1 =X 1

WZCOWTIEEWHE, REDOEETH-T,



2002 £, Merck /&% OY Novartis 112 & » T, ZDIEH A 1 = X LD REMEH X172, Fingolimod
W& DV B — S U ERICIEA T 4 T -1-0 ViR (SIP)ERRY B RE$5 G X R
BRBERZHETH D SIP ZEZENREEGE L TNDH LN I EDTH - 7R,

4725, Fingolimod 1.8 3G sz, AERNTORBIZ LD ELHIY Bk, U o
T AT /LT % Fingolimod-P 1.9 ~ - Z#i S5 (Table 1.2), Fingolimod-P 1.9 1 5 2% 7 % A
Lo END SIP ZEMICKT 2IFBIRAT T=A FTHY . FIT S1P2 A OZFEMRIZK L nM
F—H—=THE L, BAORT A=A MEAZRTZ LB LN E ok, Tods, AKNTOY 2
=T o F A BRAIEE 2 0 (91K D % 5 2 1261 SRSl E R % 779~ b AR O SR RIER T
HDHZERMOBNTNDR, ZOHRDOIET, ZO SIPEZRKT 7 IV —IZxT 257 T=2 MEHAD
FCHRICSIPUCKTT 27 T=2 MEAR Y Sk — I V7 ERZHET 5 Z LR ST D
—J5C, Fo IRV T S1IPsIcxtd 57 =2 MEAIL Fingolimod ® F:72RIWEM TH 2kMKk (L
DR NCTIRLS BE LTV D LW ) EPEE O L —T I k> ThahTndld, Zhbo
ZENnD, REMHICHET 2V A7 DR TEHE L TREREAIILD L7552 OMFEHEICE
WC, S1Ps OIEMAL Z ke L7z S1P1 77 2= A F ORI T T X 7z0sa 28 48353 0 A T

EBRBIFZES OV TR 2 BURE CTREL B R TV D,



Table 1.2[24al

OH Sphingosine OH
Kinase .
OH ~"SOP(0)(OH)
NH, NH, 2
1.8 Fingolimod 1.9 Fingolimod-P
Non-selective S1P receptors agonist
Binding affinity to S1P receptors (nM)
Compound S1P4 S1P, S1P; S1P, S1P5
S1P 0.47 0.31 0.17 95 0.61
Fingolimod 300 >10000 >10000 >5000 2600
Fingolimod-P 0.21 >10000 5.0 5.9 0.59

10



1-4-2. S1P1 ~DORER T v & =& MEH & U L 3Bk — X 7 {EH] 129, 0]

U RERITY BRSO TR D R R, U o VEROUAE ZERR L TR Y . ZOFRICIT SIP
DIREAR KR PEDZFILTH S S1P1 235D TEHEREE 2R3 2 LAVREN TV B, Figure
1.6 EBHIRT XS, SIP OREITME KON /3N TIX 100 nM LLETH B4, kY >/ G%
MRk CIL, SIP U 7 —BHIC L W 5fiR% 321 10 nM LA F EFEFICRS R TRy, mE, Vo g

TV KRR ORNCIE SIP DR E AR S ATV 282 SR EED S1P AFEE LT 5 Mg &
WU L ENTIE, SIP OERIC LY U v 3Bk B SIPHIEMIENIZEIT L Cnb, @, 2o S1P
(2L % S1P1 OMINBATIZ AR TH ¥ | SIP 2MEIREICHER STV 2 kY 7Sl Ty o~
RER B> S1P1 O3B EIE T 5 B3, S1P1 OFHNEIE L= U /3BT SIP ~OSUGTERS B =8,
S1P MMEIRE D IR Y &7 RAH#E D B @IRE D U N~ L IREARLIZIE > TlEET 2,

—75. Fingolimod 2535 & | IHHEN#HTH 5 U v E= 27 /L Fingolimod-P 23V 3Bk |k
D SIPLZT F=2& k& UTER L7212 S1P1 ORI NEEAT & o0 fif & 181755+ % (Figure 1.6 T
BY), TORER, Zk Y o SREBENIZB W T H Y LBk B S1PL OFBLL~LREIET 5 Z & 72 <
D TIRVRBEICHERF SN D 72, U 2 /RERD SIP IZxH T 2 SR E LK T 5 2 i/ 5 B4,
Z DRGSR, S1P DIREARIIHE -7V o NEROFEENREFE S L, Vo f@inbittianie 2, K
Py OPEBR U o SRS L < BT %, L7223 > T Fingolimod-P 1% S1P S48 AR5 HHERERI T
v H# F=Z k (functional antagonist) V9 Z LN TE BB, =D Z 210KV S RSENI~D Y

NEROBEHEZIET 2 Z LN TE, ERISHIIHISND LEZ BTV,

11



meE ZRY v\ JNE

S1PEE >100nM S1PEE <10nM S1PEE >100 nM

. ‘Tw
O

S1P,

cmdnq—b
@

IRPFLE: S1P, D R ENEIE
‘ Fingolimod %5
& O Fingolimod-P g

e

S1P, Dl MM iT S1P, D 7 i

Figure 1.6[29

Uk, H1EELTAT 43V -1-U VBROZEOZFRICET 2EFEDO My 7 £ L THHR
o MHIHl Fingolimod D AIELE K O DIEH A 1 = X MZHOW Tk <7z, Myriocin % U — N{b&

W& U CRREMARRE & CRIZ S BTS2 3017 Fingolimod ORI W T, Z DI A U =

EI?}

IRHNEICHE SN TR T 4 T -1 U BE ) T ReT 5 G & X7 EEms
K, SIP ZHKIZxT 27 T=2 MEAIZE S b DO ThoTe, U rEkE D VR fICPALIAD B &
W ZIVE TICHEHAE R WS A 7 = X L5132 < OWFEE OIEH 249, Fingolimod DX%45 LA
e, S1P R BIT AR IR HED LI T E 7o, 4 SIP ZAFBICITH =AY — 7 > R L

209 L AREMREN LG AR BIERRIETON TS 2B TH L L TSN,

12



% 2 % S1P; OTEMEAL % [k L 7= S1P1 /EENSE D ERIRAFIE
2-1. [ZL®HIZ
ZRMEME{LAE (multiple sclerosis : MSIZHARAFFE R (K - FHOICEEF A AL 28K CTHY . AR

TIIRFERERBICIEE SN TWABE, T 250 FALLE, BARTKH 1 T ADOEBRELENH V. EHHFELME

DREERDPENE SN D, IEFITRELENEERNITHEIMERICH Y | FERADREDS MR ER o T T

ABEOTERITER . ETHEARE, FIEE 73RO RFTAVEIR & LTHN D Z L3 %0, A
REZRAEIR & LTI, LONFORGE RS, SR AEORNES, BAONRL D, KL TIEKR
JUASEE S 4, RBRELIC K DIEG 2 TV 2D, EO%RBERE N (EEEZITEIE). FIREERE
DBEFEAET, 732N OMAEDOEZ RS T DMK Z 72 & 5,

Z DIFREDTE FIT b DT FERITITMI S TTW R WA, R 20 & L7z A Cfakicdk
DERIET D EHEE STV D, WH, PR ~O G RO REIE, MikKEIM (blood-brain
barrier : BBB) & O\ it fid & #fii# BP9 (blood-cerebrospinal fluid barrier : BCSFB)IZ L~ THil[R & 41
TW5, ZFEMMLETIE BBB OMGERFICL Y, HHMEO T ML~ 7 07 7 —PE D ORI
REL, HZzLBETL200LEZLNTND,

S I UIE DFMRRIEIIE, SEBNCIIRIBRE AT v A NI BETPICIEA 2 —T zm
B DAY 7 v AR Y EOGREMFIRIA DN TWD 2, AW ERRGEN RS AT
HEIZEMTHY . BEFEOREMEFNITE mIE, FattoREM 2R3 Z &6 B LR R IaHE
DR REEN TN D,

A7 Ay -1-U Ui (SIP)ZFRIEEISE Cd 5 Fingolimod 13, 4 W 5 >—H Isaria sinclairii
3k D KR Myriocin (ISP-DOAEEZAHZ LD 1995 FITHES 512 & o TRWZ S L=l Zefag i
HIERZHT2LEmTH D (Figure 2.1), FFREDBIEE T /L0 H SR T T /LIZ B TRV RS
AN ZENEBIL, A BB R OFERE SO D S iR & U CRRIREER 23 S S ATz
. FAEHIIC Novartis #1 & H3 = 28 BRI A X 0 SRR LEZ S8R B L LT, BifE, v

7 KE, BARICT EfishTun R BEFOE MR cdh s 1 v=a—Y LFHEIK (Cyclosporin
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A= Tacrolimus)?’ THEfe 2> & DY A b A L PEAZIGIT 2 Z LI X0 i 2 RBBL3 5 DI
%L C. Fingolimod (X, ZM L ITERDFHUEN A I =X L2 HT HRR RS FHH & LT, 3%
EALIETRRIC R T D BRI L 72 2 Z L HifF STV D,

¥ 1 W Tuk~/- X 912, Fingolimod 134N TORFHC L W 4 L% U > = 27 /L Fingolimod-P
INZEDIEMEARKTH Y | Fingolimod-P X 5 29 S1P &K (S1P1-S1Ps)D 5 ©, S1P2 LIS DZ 55K
Z IEIRPTIEMEAL 35, S1P1 OIEHAGIZ Y U RERA— I U ZERZHIET 2 2 &1L 0 U 27 Bk
DEFEL, REMRIER AR, —% . S1Ps OiEM(bIE Fingolimod O ERANEM TH LMK (L
O T) & ORFEMER T > EEICE W TORB I TWD, ZILH D Z &b, J8177 % Fingolimod
L0 OLEMEIZEALTY X7 DR IR TE LA M 7 7 ADFH L LT, S1Ps OIEMHE(ZE

[ L7z S1Py 7 I =2 b DBAF ZAHIEO HIY & L TERRIEZAT o 72,

OH OH

/\/\/\/\/\/\/\/'\/\ e
A - OP(0)(OH), /\/\/\H/\/\/\/\/\;/\(\\\\OH
NH, o} OH NH,
1.2 Sphingosine-1-phosphate (S1P) 1.4 Myriocin (ISP-1)
OH OH
OH ~"SOP(0)(OH),
NH, HCI NH,
1.8 Fingolimod (FTY720) 1.9 Fingolimod-P
Figure 2.1
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2-2. ANEENTWA SIP1 7 =R ~ DL
Fingolimod D #Z iHIVE AR F 0B S & o= 2 v h . HERFTOWFFEHERI T S1P1 1EH)

FEDOWFFERHFE RGN HED BT & JzlBa 28l Z U E TICEE K DILEWRHRE SN TE Y | MG
WX 8 2D & A FIZKBI SN D,

#—DH A 7% Fingolimod ICAFEENDH L KT I /) T Iha—WiEE2 4570 KT v 7RI
H5 (Figure 2.2 FEY), Z DX A FI13HEMKRNY B RTHD SIP LRBRICSFHNICT X /) 7 ba—)L
WiEZH L THY in vitro TIIREETH L, nvivo CATZ7 43X F—BIC L0 Y Uik
2 THEMEARE L 720 S1P1 7 F =X b & L THRET 5, REMEEM L LT KRP-20341%°
CS-0TTTWIEN KT D, 7/ Tha—a 47T, BULAEHBHBICY VEMLEhb X 51
AT AR F—BICKH L TREREE THLZ L, oA LY UBbADMEN T S1Py 7 =
SANTHDLZEOMGEMRNEL 2D, SOITIEMEARIKTH D Y VAN, FEx DRAT 7 54—
BIZL DMWY BSOS L TC—EDZEMZ RS Z L bERIND, UEDZ &b, #Hc/iedh
BRREOWEE LT in vivo TOIEMELZ LB L LWMEEMT A o BRREEIZHL SN D X 9127
ST&ET,

BAREICIE, 77V VBT AT VEMLE T X BRI B LG CTh 5 (Figure 2.2 TEX),
KB TERNTOIEM L Z LE LT, o TET Y T OMSICLY | TIVR CEEEAL
U VEEENL OSBRI L U CTHEBET 2 Z EAVREIN TV B B39 7 X BRI DU TR SR,
B EEFE2 OBENREINTODENR, TEF VU -3-DIVR UBIEEZ AT DLW RO T #
HInTWD,

— 5T, TR BRI in vitro \ZEBF D S1P1 7 A = A MEMICHETRWMEAH b E STy
% (Figure 2.2 FE), SEW2871 IZfRESND ZNHDILAEMBECHE N TEIT 2/ U U= 2T L
MRT XV BED KO emWBMEEREEZ A L TR O, limIEEtEo s ba b s ST
W5, fli)7, Ponesimod“0 Iy FHICHRMERE CTh L5 VA — N iEEEZ A L TWD, U UEBkic X 57

ML LB L5 2 R ERERTZLpmE SN TN D,

15



Amino alcohol type

OH I Me
. ottt S

NH, HCI O Me NH,
Fingolimod KRP-203 CS-0777
(Launched; Novartis, Tanabe-Mitsubishi) (Ph2; Kyorin) (Ph1h 1E; Daiichi Sankyo)
multiple sclerosis autoimmune disorder multiple sclerosis

inflammatory bowel disease

Amino acid type

O-N CO,H
COZH o B

F3C
Siponimod Cerallflmod 1
(Ph3; Novartis) (Ph2ra 1E; Ono) (Preclinical; Merck)
multiple sclerosis multiple sclerosis
Other types

§ OH

O-N CF4

N OH:OH N \

= g
FsC

Q/ X cl s

o

Ponesimod SEW2871

(Ph2; Actelion) (Preclinical; Scripps)
multiple sclerosis
psoriasis
Figure 2.2

BUTE, BRRBAFEH ObAW & LTk KRP-203141 (AR EESER A4, Novartis #1, 25 1T AH, #IGSE
s A d 1 D HEMEUS, B iR, ik, RIEMEMZRE). Siponimodl?! (Novartis £,
II1 FH, 5EFSIE © 25 PEE(LAE), Ponesimod40! (Actelion #1:, %5 ITAH, MIE : 2238 MERE(LIE, F20E).
GSK-20186821431 (iR, Glaxo Smith Kline #f:, # I, @IJE « ZRMEM(AE), MT-1303 (K
AR, H = ZE RS, B TTRE . WE « 5P ), ABT-413 (W& ARH, AbbVie ff,
95 THE, EIOE R, ZRMERELAE, BT U v~ F), APD-334 (HiE R, Arena th, Z IAH, @IS
iE - ZHMERELIE, BAETY v~ #LEE). RPC-1063 (#3E~B. Receptos fh. 5 IITFH, HIE : £
FEMEREAVSE BB RIGR) N2 Hivd, —F, BEICBFEZ 1L L T\ A {kA# & LT Ceralifimod(44]
ONBPEE S, THERR Uk, 565 I AR, JRE « Z5MEE(LSE), PF-4629991 (& A8, Pfizer £, % I

R JERVE - BIET Y U~ ), CS-077718) (B — =3t B8 THR. BISE - ZRMAELIE) 23 & 2.
16



YL E® X 512 Fingolimod D3 LK, UHIOMEENHRE AL, ZNETICZIEICH H(bE
MISEE ST o e, 28l EENFTRT HH — RS THLURTL Y S1P1 7 T =2 N OB
FEDMTONTEY . WHIZE > T CS-0777 AERNBIREMM E L TRIHINTWD, ZDROIIFEIC
BT, EELITYFRRE SN TWALEMDO T 1 7 7 A V2 kA L, S1PY/S1Ps BRIEDE R D
Merck ft L 0 #5 STV A kA 142y H L7z (Feds, Figure 2.2 IZF1ZE L7cfix @ S1P1 7 3=
A MIEFRESINTE DO HZ W=D, (LAWY 1 1ICHE LT SIPY/SIP3 @ RMENSENATHD DO HE

F T D), Table 2.1 (2 Merck{bEW 1 DT a7 7 A V%IRRT,

Table 2.1
O—N COzH
) uf
® \,@\@\/N
S
1 (Merck)
- 3 -~ S Ehzl>a %
Compound y-GTP ECsg (nM) SEMELE TR 2 SEREAD RAR{E R
hS1P; hS1P; S1P4 vs S1P3 (xtEREE - 100%) (rat, ¥O%E)
1 42 1600 380 23% St (30 mg/kg)
Fingolimod-P 0.37 3.3 9 21% Bt (10 mg/kg)®

3 0.1 mg/kg of 1 or Fingolimod, k%5
b Fingolimod-administered (J. Med. Chem., 2010, 53, 3154)

EE% 1 @ SIPLIZHT 57 I =2 MEMEIEL 4.2 nM & Fingolimod-P & HE L TIHWHL DD, <7
AZBNTUEAW 1 % 0.1 mg/kg FIREE G- 5 & BRI LT 23%IC £ TRI ML Y >/ SERE 3
L. Fingolimod 50 & RIS D U SEREIEERIMENEN 2R L7z, —75. 1 O SIPsIZx4 57 =24
MEHMEIE 1600 nM Td 0 S1P1/S1Ps 3R (% 380 f#% & Fingolimod-P ® 9 5l L TRV E DD,
7 v MZBW TR NEEG 30 mglkg TIIAERBIMEANBE SN TR Y | RESREORMINH D Z &
DRSS, UEED | O SIP1 Y =2 ME®RZA L, D& —J@#EiLie S1P/S1Ps @R M4

R EMZ BT~ 12U — Mea e L THRERRMAZ A LT,
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2-3. G

FT. MEEMHEEOERIGZ BN E LT, V—NMEEW 1 OMEICESETAMOR B UER K
OEMIBETHD 47 = =)b-5- N U Z)uAa AFNANTF 47 o AL LT, 728, TG
BT X BREANIET BT Y -3 BV UEEREEDE LTV D 2 ERDno T ie®d (T — X R,
THELIIEE LN &L L, —RIAR/L— b % Scheme 2.1 I[CEFT 5, FHEMERE RS
HRL, PR L LTHEHER= NI L2 ERE LT, 2 DEMUIZONTIEHIRT S (Scheme 2.2 &
W23), 212X LT/ — L e Fax 7 I VA ERESES L TCTrI RF A8 L LT, 15
HTe 8%, B LA 0V N 16 £70I3KM U LR U 19 Lfgetk, [F—%WN T TBAF
EERSELZLICED, 1,24 FF U7V —VEREZHE Lo, ZOK, TBS RERIZ OV TITERE
5L TBS KEOBURH#EN —ZEI2 /2 Sz, —F . THP #KRIC OV TIE, BRIEBE D%, AT 5 - &
TTHP REZliftki L7z, fF5oNIz4 2T A FHEES ~E BB LT, A Y Tz F LT
VIFETR. TEFVUAMNR U=y M EREIIEANL T 6 25, &&IZT AT VELZ K5y
g% 2 LT BFEFHEA Ta—m, 8a—r Z B L7, 7235, 8c, 8g, 8h KT 81 (2O Tidiftidh & BT

BlDIZ 2B s Uiz,

a N Ar_ _OPG b orc, (d) O-N e
- \/
otore T woty —— w A —
R Ar
NH2 N NIo]
PG = TBS or THP
2 3 4

0-N 9
R/Q\N»\Ar — )\Ar b/co2 — /4\ )\Ar /?/c:o2

—X
X=BrorCl R' = Me or Et
5 6 7a—m, 8a—-r

Reagents and conditions: (a) aq. NH2OH, EtOH (60-98%). (b) RCOCI (16), EtsN, CH2Cls, then TBAF, THF
(65-98%). (c) RCO:zH (19), EDCI or DCC, HOBt, CHsCN, then TBAF, THF (40-94%). (d) PPTS, EtOH,
60 °C (92%) for THP deprotection. (¢) CBrs, PPhs, CH2Clz or SOCly, cat. DMF, toluene. (f) methyl
azetidine-3-carboxylate-HCl or ethyl azetidine-3-carboxylate-HCI, 7PraNEt, CHsCN (44-93%, 2 steps). (g)

aq. NaOH or LiOH; AcOH or oxalic acid (8¢, 8g, 8h and 8i were solidified as oxalates.) (39-95%).

Scheme 2.1
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WIS EFR= N VL 21O TEMTIEZRT (Scheme 2.2), XU B U EBROAEWFHYEAMm A &
LTHMbNDT AT = VFEERE Y D, BRMICIEZENEIEREROBMRICSH D 2a— 2L
72o 282 oW TIE, RO T7T AT e RO RV HFEL, KFEHARTEF MY T ALY AL IVELE
LLctk, ECT—HT Vva—na TBS HEIC L VIR, T 7 Az L0 o7/ A 8AT 5
ZETHMBL, 2b oV TIE, TIROF A7 == A% 7 —1 10 LY TBS &2 L5 T /b a—rd
i, ATz 5A~DRVINVEOEAN, AF T AERA L= N U AVEADOEBRERTARL

7o 2¢OV, HlRO T LV —L 11 K 3 L, 2a &Rk TREZE TR L7,
s s
Br/Q\CHO NC/Q\/ oS

\ OTBS
NC

/U)

o

I

mgj %gn
N N
T )

/@\/w _be /7 \ oTBs
Br NC

1 2c

Reagents and conditions: (a) NaBH4, MeOH (quant.). (b) TBSCI, imidazole, DMF (quant.). (¢) CuCN, DMF
(58% for 2a, 56% for 2c). (d) TBSC], imidazole, DMF (quant.). (¢) n-BuLi, THF, then DMF (33%). (f)
NH:0H-HC], EtsN, CH:Clo-MeOH. (g) DCC, toluene, 90 °C (89%, 2 steps).

Scheme 2.2

REETEMEARBIIC DWW T ICREEL (Table 2.2)F 223, NUBUVEBRNOL T A7 = VERAOEBITHER)
Tholeled, T4 7 = R EOBEHIEZ OV TR 21T > 72, Scheme 2.3 |23 HiETF A
7 = PR 2d4 AR L MERIEIEEZTT o 7o, 2d iSOV TIHIROF A7 = VR R 12 &
DL, AT UiEm, TBS RIC L2 R#EEZRT18a & L, W\ CTF A7 = 5~DFRL I D
BANAF M RBE L T= MY VEZEAN LT, 2e—g IZDOWTIE, = v 7 /Uil 2 F 72 Grignard

KL D7 a2y PV TRISICEY  FFET AX LA EAL 18b—d 215, FD0#%iE 2d & [FEEIC
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IR bR L= M) VEOBEAZIT-7, 2h ITOWTIE, HilROF AT = VR B 14
KXOHFEL, KFETVI=0 L) FULILLETL, TBS ERICKHR#ELET, £OBITFRKRL
— M TR L7z, REBIZ 22OV TIE, 2e DERTPHEATH S 18b LV HFEL, FA T = 5L~
DRV I VFEOBEN FV I NVEDOBE IV AE U T v a—/ L% THP JEIC CTHR# L 7% . TBS
HEAMR#ELT15 & L, it TPDC LIk 7T REL, X%V Ak - liAkZRT=1Y

2k Lz,

Me ab Me

s c—e
m\ — UVOTBS — m\/oms
s~ ~COH s NC g
12 13a 2d
Br R R
f-h c—e
I\ — / \\_ otBs — / \\_ otBs
9 13b R = Et 2eR=Et
13c R=n-Pr 2f R =n-Pr
13d R = i-Pr 2gR = i-Pr
Me o Me Me
ij c—e
O G
s~ ~COH s NC— g
14 13e 2h
Bt Et oq Et
TBSO\/U - HO\/U\/OTHP - /U\/OTHP
s s NC™ g
13b 15 2i

Reagents and conditions: (a) BHs, THF. (b) TBSCI, imidazole, DMF (67%, 2 steps). (c) »-BuLi, DMF, THF
(59-89%). (d) NH20H-HCI, EtsN, CH2Cle-MeOH. (e) DCC, toluene, 90 °C (69—quant., 2 steps). (f) NaBHs,
MeOH. (g) TBSCI, imidazole, DMF (quant., 2 steps). (h) EtMgBr, NiCla(dppp), Et20 (95%) for 13b.
n-PrMgBr, NiCla(dppp), Et20 (66%) for 13c. isopropenyl magnesium bromide, NiClo(dppp), Et20 (86%),
then H2, RhC1(PPhs)s, benzene (86%) for 13d. () LiAlH, THF. G) TBSCI, imidazole, DMF (43%, 2 steps).
(k) n-BuLi, DMF, THF (86%). () NaBH, MeOH (94%). (m) 3,4-dihydro-2 H-pyran, pTsOH. (n) TBAF, THF.
(0) PDC, MS4A, CH:Cl: (78%, 3 steps). (p) NH20H-HCI, EtsN, CHzClz. (¢) DCC, toluene, 90 °C (95%, 2
steps).

Scheme 2.3
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—F. V—FNtEW1 OEMETHD 4-7 =2=1-5- N 7t a XAF)LFF 7 = AEEOLHIZ
LT, 47 =/ % L5 AEMTEIE 19 % Scheme 2.4 [ RT HIACHE L7z, &F4-7 LA 00X
TAT e R 181k LTS T, 7=/ =L 17T ZEA ST SvAr [UGICE Y BT = =hm—

T L& F5% . Pinnick FKIC L O BFE D LR PR 19 AR LT,

F 0
R,..— + — a-c L
N R, 7~ >cHo x S COH
d, e Rd,e 2

17 18 19

Reagents and conditions: (a) K2COs, DMF, 100 °C. (b) NaClOz, KH:POs4, 2-methyl-2-butene,
THF-+BuOH-H:0 (33%—quant., 2 steps).

Scheme 2.4

2-4. WEETSPEFARE M O3 el
FEAEE K OIS BB IC DWW TG A HE A 1TV Y, human S1P1 7 =& MEME (hS1P1) M OSSR

(ratio = hS1P3 ECs0/ hS1P1 ECs0)~D 2% 7= (Table 2.2), WMV B VBN LF 47 = VB~
D% (1 — Ta)TIE S1P1 7 I =& MEMHIZHER S D Z L3~ 72 (hS1P1 ECs0 = 4.2 nM for 1,
6.5 nM for 7a), WV TEMBDOHEFF~EREY, €7 ==/ (Tb, To). RPNz —F /L (Td), T/
NE—=TF (Te), E7 2=V —T)b (TO~EEBLI=L A, E7 2=V —T Vi8R (THICE
WT, S1P1 7 = MEMEZ KRE 2D 2 L7 <, S1PY/S1Ps BIRMEA M L9 DM 238D bl
(hS1P1 ECs0 = 8.5 nM, ratio = 541 for 7), = Z CLEMIHZ 7 ==L =—TFT VICEEL, T4 7 =
DEMMR (Tf, Tg, TAHIZOWTHE L L ZA, LAY Th ITBWT, S1IP1 7 =X MEER D
S1P/SIPs&REN & b i21a) E4 5 Z L ¥ h o 72 (hS1P1 ECs0 = 1.0 nM, ratio = 900 for 7h),

U EDOFRERNS, 7 A= MEME, S1IP1IEIRMED AT o 2 ENTALE T KON Th OREE T
FL—hE LT, BRHBEHAITHI L L L, ZoDT v FL—FrDoh, FBICAHLTWE 7f

SRRz PR LT,
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Table 2.2

0O-N
\
R/A\N)\Ar CO,H
NN
-GTP ECy (nM
Compound R Ar ! s0 ("M) Ratio
hS1P; hS1P,
N
1 - >—©—~ 4.2 1600 380
s
7a e /@\ 6.5 800 123
S 7
FsC
g g
7b /@\ 850 >20000 >23
Y
® :
7c ‘/‘/ /@\ 30 >20000 >666
® s
/©/ | S
7d O/\o /Q\ >20000 >20000 1
s
7e ~o /@\ 60 >20000 >333
s
7f /@\ 8.5 4600 541
Y
o
S
79 @\ /©/ /@\ 34 >20000 >588
N
o
7h @\ /O/ /@\, 10 900 900
O S
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{bEWM Tt TlIE 7 = = —T )VER EOKENICENEN A FILVIEEZE AN L= (Table 2.3), =D
R EARNLRI(T). R2(7). R3(Tk). R4(7D. RS (Tm)DOWFRIC A F LA EA LIS

26 S1P1 7 I = MEMHIZIE T L, SIPL&ERMEDR LIZHE LR o7,

Table 2.3
e Want
Q/( )\CLNyCOZH
Compound R R? R R* R® 1-CTP ECso (W) Ratio
hS1P, hS1P;
7f H H H H H 8.5 4600 541
7i Me H H H H 110 12000 109
7j H Me H H H 200 >20000 100
7k H H Me H H 35 2000 57
71 H H H Me H 21 3000 142
7m H H H H Me 600 >20000 33

—Ji. I —ODT T L — N THHLAEY Th OFKIZE T, ERE Tf TORGHEREZEE 2
T B 2= =7V ETERL . FA T = VB EAEREL A S AT 5 Z & 2B L7z (Table 2.4).
ZORER RIS~ AFNIEZEANLT25E Ba)IZBWT S1P1 7 A= MEMEZRE R H Z &7 <,
S1P1 i8R MEA KiEICm ET& 5 2 & &R L7z (WS1P1 ECs0 = 11 nM, ratio =>1818), Z DO#EFIZHE
HL, 747 = VB ERLRUCH A OT VI VLB ANL, HHEORET 21T o7, BRI ~=F L
H 8b). 7 VAL 8e), A Y T rE N Bd) L s S DR LEWILE TN ENEALIZE Z A,
TFNVEAEEANLTALEY 8b 12V T, 4.0 nM &7z S1P1 7 F =2 MEM:, 5000 {524 L& 2
FTTHRObEW SIPBMEZ R Z RN bh oz, ZF ALY LEED 7' 7 B (8e)0A
T e LR 8A)TIX, TEME, BIRMEL BITIR T T 5720, = F VENRERERILTH D Z L OVRIE
SNz, —J . R2b ATV (Be), =T /LI BDABEA LA, S1P1 7 2= MEME B AR EEHH

MNZH Y | e TR o T,
23



UEDRERNS, B S1IP1 7 A =X MEEKROIEFITE Y SIPERMEZ WL T 2 = F L F 7

= VBEAR8b A AT I LN TE

Table 2.4
on K
@O /®/<\N\ S/ ) R?
NO/COZH
v-GTP ECsq (nM)
Compound R! R2 Ratio
hS1P, hS1Ps
7h H H 1.0 900 900
8a Me H 1 >20000 >1818
8b Et H 40 >20000 >5000
8c n-Pr H 30 13000 433
&d i-Pr H 75 15000 200
8e H Me 25 >20000 >800
8f H Et 12 >20000 >1666

24



BN F AT AT = UiFEIK 8 OBRICESNT, 47 =/ F L7 ==Lk EOBEHILICHON
THE, SRR 21T 72, BECE 5TV /- Table 2.3 OEEMAIE 225 L L, BEHRLTFAN
PARMEE VTN R3 RO R AEHIE A G A L, WAL E O BRI R 2 FH~72, Table 2.5 2. in vitro
FHIEICINZ T, 1n vivo TOFHEARE R A L7z, Ff, Fingolimod I%, # Oi#IiE & L s Atis
OFFEIHIF & LT HEERBRATOh T\ Z L6, in vive TORMEIIIEESBHE OB FBRE T

L ENn 5T v - HvGR (Host versus Graft Reaction) % AV 7,

Table 2.5
O-N
\
N
G IDaae
RO s NO/COZH
R4
-GTP ECs (NM) Rat HYGR
Compound R® R* % inhibition
hS1P, hS1P3 ID5p (mg/kg) or (at 1 mg/kg)
8b H H 4.0 >20000 0.407 NS
8g F H 85 >20000 0.369 NS
8h cl H 6.5 >20000 0.461 NS
8i MeO H 40 15000 NT 74%
8 Me H 3.0 4500 NT 35%
8k Et H 6.5 10000 NT 62%
8l n-Pr H 13 >20000 NT 56%
8m n-Bu H 9.0 >20000 NT 66%
8n i-Pr H 45 11000 NT NT
80 H F 5.0 >20000 0.142 NS
8p H cl 5.0 >20000 NT 49%
8q H MeO 14 >20000 NT NT
8r H Me 75 6000 NT NT

NT; Not tested. NS; Not shown.
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R3ZHOWTIE, 7 vHEFT 8g)., HFEFT (8h), A FFx Ik 8i), AF /N G)EHEALLHAIC
BAF72 S1P1 7 2= & &M AR L2 (ECs0=3.0-8.5 nM), #5i2., 7 vFE (B8g) K UHH#E (8h)i% 8b &
[ D E SIPY/SIPs IREZ A L TR Y, 7 v b HVGR ICBW T HHRWERG 2R L7z, BIRZRNZ
iz, =FuEE 8k), m7a e 8D, 7T Bm), 1 VN 8n)E W\ oK E
WEBEHAILIZH T Y SIP 7 2= A MEMEDOHERFN RS bz,

—Ji. RHIZHOWVWTH, 7 v HRIFET (8o), HEFT 8p). A F¥ % (8. AT/ Br)DEAIZ
FAZI, S1P1 7 I =X MEMIFHMF S, c b9 b, 7 ovHk Bo)LKUHEHR Bp)I BRI
S1P1/S1Ps #ERMEZ R L THE Y, 80T v b HYGR EF /MW Thied TV &R LTz,

LEE V1G5 7 8b, 8g,8h, 80 DG, ZAaMm, fifutE, WlitE, {LFRZEME V- TR
LIRS (F— 2 A B ZEE L, REMICIT 8b 2 ENBI LAY CS-2100 & L TEKL

776
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2-5.SIPEZARRARETER Y —FT AW - Ry X T AXT 12k HEE
CS-2100 (8b)# HLHT@BEICBWNT, FA 7 =B E~OTF /LEEAIZ LY S1P/S1Ps i &BIRMEN

900 {225 5000 fisLh b~ & TREEAYIC IR B35 & 5 BRIV DG H 47z (Table 2.4), 2D =F
NEOHRICONWTERT L7120, dEEZHVE Ry X 7225 ¢ 2%k LTz, SIP Z&EKIX
Kolakowski D73 .7 7 AA(va KT o7 7 IV =)D GH /X7 BIERIZZRIZE L TR b Wi,
INETIZZ TAALRTHEEBD G ¥ o\ BEEZRRCET 2 ARt ny—e7 A0, X
FRAE R EDOERBBEMTH L0 KT U EZ O TER I TV B8 REFFE 21T > Tz kg, S1P
ZRERO X BSOS TR SN TR o 7220, EH O LU n R 7Yoo X Sk ibiEEs
WIZHESNT, SIP1 OFER YV —ET AEERK LT, EHI12, fEk L7z S1P1 OFEr YV —ET /VZ
SN T SIPsOFRER P—E5 /L b CTERK L72, Figure 2.3 (Z£[X)i% CS-2100 (8b)7Y S1P1 DiF
P A MTHEBS L TV DEEFE2E LT, —J7, Figure 2.3 (55X)i% CS-2100 (8b) A S1Ps DiFH M-
A MIREELTWDHEFEZRLTEY, WTNOKIZEWTHHNITF A7 = VB, FH T BT
DU TIIVRUBBENL, SEFANCE 7 = =L — T VNI LTV A, AKX, ERWF RIS Bn T
BN T D 7B F 2 VAR CEEIT Glul2l KO Arg120 & AR A/ ERZ L TERY . Z 0
HAERIEIRRY T RToh 5 SIP OFRGRICEHIE TH D Z L A BT 2 408

TFNF AT 2 N OELICERT S L, SIP1OIENY A ~ (Figure 2.3 £X)TliL, < DUrfHc
I% Leu276 MM LT\, —J. S1Ps DY A b (Figure 2.3 AX)Tix, Leu276 (2> T
Phe263 23MiiE L CE Y, Phe263 D7 ==V FF4 7 = VB EO=F VI & ORI CISARBY 72 RO
D BTz, ZOSERERIZ L Y CS-2100 (8b)73 S1P1 ~D 7T T =& MEMEHERFT % —F T, S1P3
WZxt L CiEBifntE 2R3 2 & 722 <. @\ S1IPY/SIPs iR A2 /R LB I CTh D EE X DD, oy
N =TI Lo TITORERERZARER Y —ETNMICED Ry R T RAEZT 4ITBNTH
Leu276/Phe263 OFEIELDENI LD S1PY/S1Ps BRME~DOBENRE T Hlaoh, | X 5 (24
S1P1 @ X #fs i 23 Hidy S U0 A G IC RSV Ry 0 722 7 12BN ThH, AR TH

5 Z LR bizb,
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O5H

Q : -NL&W
CS-2100 (8b)

S1P;, : 40nM
$1P; :>20000 nM
A€ - >5000

Figure 2.3
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£ Z AT, Table 2.5 IZBWT, E7 =L —7 /L LR~ pr7a L QD nn 7 F i (8m)
&N o T EEBHY i OB 2 BN U 7SRRI I WV T b BAFAR S1P1 T T = R MEMEAPREF ST
7o THMORERICONWTELET 5720, 7 FLHER 8m) & SIPLOFRERV—FET /LD Ry F
JART 4 wikdrio (Figure 2.4), TOFER, o2k L LTIE CS-2100 (8b)DEE & [Flkk7efki A% L
TWEN, 8m DY 7 ==L —7 /)L kD -7 F/)VIiT Vall32, Leul28, Phe205, Val209. Phe265
KO Leu213 |2 X WHERR SN DBEMEY 7R 7 v MIIE SN TWD Z ERRBO bivlz, T DOfgHE
VTR Y SPMEET D720, mmOEHRELZ AT 2 8l X 8m IZHB WV TH S1P1 7 2= MEMEAHE

FFahloZ &avRraniz,

Figure 2.4
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2-6. CS-2100 (8b) D FEAMEEA
2-6-1. S1P; 7 2= & MEMEK Y S1P1/S1Ps @R ME D L

Fingolimod-P & U CS-0777-P Z (k&L LT, CS-2100 (8b)? S1P1 KX S1Ps ~D7 A= %
NMEPE (Rat & O Human) % iz L 72 (Table 2.6), CS-0777-P X Rat %O Human @ S1P1iZ%} LT
ZNZIL ECs0=1.8nM XU 1.1 nM &8\ T T =2 MEMEZRT, £ LT Human @ S1P1/S1P3 %R
P1E 320 2T 0 Fingolimod-P ™ 9 fiz & it L CEWVEIRME A A4 5, —7. CS-2100 (8b)i% Rat
J2 O Human O S1P112%f L T2 ECs0 = 1.5 nM }2 1} 4.0 nM, human @ S1P1/S1Ps &R
5000 5L ECHixfRLAE & U O ICEmWRIIEZ A L TS ZENRFETH D, ol
CS-2100 (8b) D> S1P S AARICKI T 57 =& MEMIE, S1P2 (ECs0 =>20000 nM), S1P4 (ECs0=

58 nM). S1P5 (ECs0 =17 nM) Td -7,

Table 2.6

OH
0-N ~"SOP(0)(OH),
\ NH,

NO/COZ Fingolimod-P

/8 Me
CS-2100 (8b) N " >OP(0)(OH),
0O Me NH,
CS-0777-P
ECso (NM)
Selectivity
Compound Rat Human (human S1P, vs S1P3)
S1P; S1P3 S1P;4 S1P3
Fingolimod-P 0.29 1.3 0.37 3.3 9
CS-0777-P 1.8 200 1.1 350 320
CS-2100 (8b) 1.5 7400 4.0 >20000 >5000
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2-6-2. U L SERJD R

WIZT w MZBIT 2 U 7Bk R &2 1T 572, Lewis 7 v MZBWT, CS-2100 8b)A %M, H
[6] (0.1 mg/kg F721% 1 mg/k)lZ THG- L, —#EH 720 OEAEKIT 5 & LT, #EHOFFHMICHIT S
RAHIM Y > SERE A RE LT (Figure 2.5), fitllE Y o/ SEBkEa & U, Bl L& 5% OR&EIRFH]
ZRLTWS, FEERGHE (O), 0.1 mg/kg (@), 1 mg/kg (A) & FHEKAFANTDDIRVKRY U > SERJ
DERD R S 4L, CS-2100 (8b)# G- 8 IRFHIZICIZAMIN U > SEREUTIER G- REIC ) LT, 27% (0.1
mg/kg). 11% (1 mgkg~& b Lz, B LRI Y o SBR-BuE, #5 2448 I ICIX. G
KTRRREDOKHE~ L [EIE L7z, —J5, CS-0777 Tid& 5 48 FEf#ZI28V\ T 30% (0.1 mg/kg). 72% (1
mg/kg) ThH 2D Z Lo T Y4l CS-2100 (8b)I% CS-0777 (2L L C LY RL[EHE T 5 2 L3R

i,

Lymphocyte number (x 10° cells/ 1 L)
S = N W A NS O ®

0 5 10 15 20 25 30 35 40 45 50

Time after oral administration (h)

Effects of a Single Oral Dose of CS-2100 (8b) on Lymphocyte Counts in Rats. Vehicle (1% MC solution, 0),
0.1 mg/kg (o), or 1 mg/kg of CS-2100 (8b) (A) was orally administered to rats. The rats were anesthetized
and abdominally dissected 0.5 h, 1 h, 2 h, 4 h, 8 h, 12 h, 24 h, and 48 h after oral administration.

Lymphocyte numbers are shown as mean + SE.

Figure 2.5
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2-6-3. T T2 NEEIR

TV any NEERATT VT HOREREDO O THLIMEY v~F RADKFETT /L E LTH
Hiv, JuY U FIECHRIEREOFTMIA Ao TnD, ZOET I, FEEEORE RS %
BOWENRT T 4 GERTAA LV RT VanNy NERBOKNG LK FIcELET 2L
XD, WRICHESRAFRSEL2DOTH L, —MBICTy FBAHVLIL, 7Va 0 M
5% 10 HIZ & TRy OBFRIER D Hiv, BIFHEA OERCE R, BEE OE L o7t b
ORfY U~ FICEL LERE 235, RETVEZHWT, CS-2100 Bb)DHLY v~ FAEMIZOU
TR 21T > 72 8% O F v MMIx L Tvehicle 45 L, —75.7 ¥ 230 MG L Tid vehicle
(control). F7-1% CS-2100 (8)% 0.1, 0.3, 1, 3 mg/kg PHAET—H—[F, 17 B, oo &L L=
(Figure 2.6), #tHlET ¥ 280 N &&E LA GBI OMIRAREZ R L, Bilx7 2 v MG
ORI B AR LD, CS-2100 (8b)i 0.1 mg/kg L Y AR/ BEIRMBIERZ R L, 18

HHBICHT 5 IDso 1% 0.44 mglkg & AT T /MW T R 2RI 27 2 L B3RO b,

2.50
=O— Normal

—&— Control
—&— 0.1 mg/kg CS-2100
—8- 0.3 mg/kg CS-2100
1 mg/kg CS-2100
~- 3 mgkg CS-2100

g

=

S
1

—_

(4

(=)
Il

Swelled foot volume (mL)

o

W

[
Il

) ) ) ) O

0.00 [k
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Time after adjuvant injection (days)

Time Course of the Swelled Foot Volume of the Rats with Induced Adjuvant Arthritis. Swelled foot

volumes are shown as mean + SE

Figure 2.6
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2-6-4. ¥ 7 A EAE kB
WICFEBRA A O a2 £ /v (EAE, Experimental Autoimmune Encephalomyelitis) %

WIHEZhOF M 21T - 72, EAE (X, R SR OPURLA T F REEH T 5 2 L2k 23
TEALIE Lo IR R 2 IE T 5 B CAEREET L Th Y | FEERIRIZI W TEIEMEBALIE DR T
ThE LTRS RSN THDE, BERIZIE, w7 A(2x LT EAE #E#] L LT, MOG35-55 ¥
Rob, MORIEZELETLXTF L L HIT, RFICEDOHBRZ X7 Vany FREMLIED
DZEEF L, SHICMORIELZHREST 2 H H%mL 579 5, EAEFHAKE 10 A6 14 ARGE S
L&, AOMEVEOMRERRICHRT 2MBIERN~ Y ZADR L VIEY . %k, Ak, SR~ B
PEAOICHET TS %,

HEAT 3~ 2 PR EIR % 45 BXBEIC A0 U L BRR 2 = 7 2 IE R 2R IB 2 0, R OshiE % 1, %O RS % 2,
TIBGE R 2 3, MBI A 4, SELE 4 5 & L7z, CS-2100 8b)IF—H—mI# 0. 0.1, 0.3, 1 mg/kg
OHETHE L, EAE #FH84IHRE 7 HE XD 24 B ETHEA, XaT7 2 lEL, —#HH720 OfF
KEE 6 L LT, 2OFHEREH L7z (Figure 2.7),

CS-2100 (8b) &4 5- L TWWRWHETIE 12 HfREZR L D A a7 O¥MAGE D | A a7 13 1.6 12
JEIZETHEELZ, —J. CS-2100 (8b)% 0.1 mg/kg #5 L7-HA Tl FEEGRE L B X2 [FIFEY
KO A TR UTeA, e GRE & el L IllER AR S b7z, £ LT, 0.3, 1 mgkg TIEA
2 7L R LARIER OB 2378 B, CS-2100 8bIIIAET MTH W T b RAF 72350 & R

T ENRD LT,
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2.0 -

1.8 -
1.6 -
—@— Vehicle
1.4 - -0~ 0.1 mg/kg CS-2100

-0~ 0.3 mg/kg CS-2100

1.2 -
—x— 1 mg/kg CS-2100

Mean EAE score
[—]

0.6 -

0.4 -

0.0 T

Time after EAE induction (days)

Time Course of Mean EAE Scores. The EAE score was evaluated daily from Day 7 to Day 24 in accordance
with the following criteria: 0, normal; 1, flaccid tail without difficulty in picking themselves up; 2,
hindlimb weakness defined as paralysis of only one hindlimb and/or difficulty in picking themselves up; 3,

paralysis of both hindlimbs; 4, quadriplesia; 5, dead.

Figure 2.7
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2-6-5. CS-2100 (8b) DIMEhHEIZ DU T
WIZT v b RO~ 0 A 2BV CERYEhERER 2 3266 L7=, CS-2100 (8b)D Il HiEE—KFHE 7' 1 7 7 A

)L % Figure 2.8 (2, M ENFE /T A — X |[ZHOWWTE Table 2.7 (277, 7 v MMZBWTIE 0.1 mg/kg
BERICB O TP R &M F#EE (Cnad X 17.4 ng/mL., XI5 fn b 52 5 — B 5 dh 5 F i 6
(AUCo-720)1% 268 ng*h/mL, < LT 1 mg/kg 505D Cmax (% 186 ng/mL, AUCo72n (X724 2670
ng*h/mL TH Y, 0.1 LT 1 mg/kg (2B W THEKFNRMLTREEI ZBO NI, —TF, vV ATIE

mg/kg 585D Cmax 1% 135 ng/mL, AUCo-72n 1% 1540 ng*h/mL T& ¥, CS-2100 (8b)iX7 v b, ~ ¥
ANTHOBEYFEICKR L THIMPRELZ T Z PRI, 728, 1 mgkg BGRFONE
(Tw)IX7 v FTRI3WEH, vV AT 139 TH Y | Ftyfem i PR EEERH (Toal XZNEHL

4.0 FEE R 2.0 TH -,

1000

—A— Rat 0.1 mg/kg
—- Rat 1 mg/kg

100 —{1— Mouse 1 mg/kg

10

Plasma Conc. of CS-2100 [ng/ml]

Time (hr)

Plasma Concentrations of CS-2100 (8b) after oral administration to rats (0.1 and 1 mg/kg) and mice (1

mg/kg). Each value is the mean +/- standard deviation of five animals in the study.

Figure 2.8
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Table 2.7

PK parameters of CS-2100 (8b) after oral administration to rats and mice.

Species Dose Cnax Tinax Ty AUC 71
(mg/kg) (ng/mL) (h) (h) (ng*h/mL)
0.1 17.4 4.0 12.4 268
Lewis Rats
1.0 186 4.0 8.73 2670
C57BL Mice 1.0 135 2.0 13.9 1540

2-7. £ &0
PL b, RETIX CS-2100 8b)IZ >\ T i b, BE 7 1 7 7 A L L OSSR BN RE (2 D) Tk 7,

CS-2100 8b)i%. Bif7e S1P1 7 A=A MEMK RV S1IP/S1Ps BRI Z JfdFi-> TH Y (hS1P:
ECs0 = 4.0 nM, human S1P1 vs S1P3 =>5000), H¥ L5707 7 A LV EaHT HIEMETRGT S
ZENTE, InvivoHliClX, 7 v MZBWTHEERFHNA DN Y VSERBMERZ R L, T v
N HvGR. v h 7 ¥ 230 ML KO~ 7 2 EAE & W\ o 7= SO G RENRREE 7 /L2 B\ T
BRI RRD Bz, 2B, KFCHICT — X IR LT eng, P> lEICB W TRIREA 2
ELSERLTWD Z LR L TWD, AMEBEMDE S1P/S1Ps IBIRMEIT, Ry Fo 7227 4
DFERNOF A7 = VB EOTF LI E SIPIEHEY A MII 1T 5 Phe263 755k & ORI IR K &
CEHHLTWDZENFREINTWD, ZOMAEIEH L, CS-2100 8b)DEEL L L THERDH

BIKERZIToTEBY ., ZOFEMIIKEICTRNTND,
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3% 1,3-F 7V — /LA S1P, fEE K DR RIS
3-1. lZU®IZ
B2 EIZBWT, CS-2100 (8b)% A L7=fiE M O EWF T v 7 7 A VEIZOW TR T & 72,

CS-2100 (8b)I% 5000 f5LL > SIP/SIPs#FMEAZ A L, 7~ s HVGR, 7 v b7 ¥ =230 MR
KO~ A EAE & W o 725HE in vivo iMBRICB W TR RRER A2/ R LT-, LavL, R OBF7EiEE
IZBW TR SN DFT A2 b7,

EALEGRED T > N ROV LD in vivo lZE1T % CS-2100 (8b) DREHHAFEITIZ I\ C, Ml oo F 5
DO —DIZ 4-7 = ) X UREFEE @PBAMFEE SN (Figure 3.1), #fAl 72 BT ORER
CS-2100 @D)ITAFNMIEIC £ 2 R# % %17 T 1,244 X% 27V — /LB D N-O #E A 2NE i Bk &
N APBA /BT % Z LRSIV (T —F A EH), ¥, T2 Y —AIZB1T % in vitro DR

W EMERBRIZB W TIL 4-PBA O34ER 1,2,4-4 %327 V= VERDOSRITIRIBR I LTV o 7=,

0N o
S
o SN ) —
S N&rCOZH COH

CS-2100 (8b) 4-PBA
one of the major metabolites

Figure 3.1

1,2,4- 4 XY U7 — VERITMBEMLFROMEE & U CHlE OB ZREBEA LTS, 20
O, AT 4T NI IR —IZBWT, 77 —~a7x7 & LTOMMALHEHEED Y o A1—L
LCIEAEN DM, KD RERESRICH L TRETH D Z ENDTATART I REDEY LN RN
ELTHIHENDE, R v 7TV A L OBENDIRIA DS TE 2 B, JFlgCh N E #2F
WT 1,2,4-F X307 Y — VERMNRITCHRERRE T 2 L0 ) Pl HEIZ 2> THO LT OFRHI N
DOHHHODOBE RIZARBRBZIT XD AEN TOREIZ OV TIE 5 72 SCRRAV 1 RLIX 72 < 3P EhhE
L OB &) J17 2 DN TTRIT & WA E R ZE O FE A D W REEB®] | 72130 & 2D B MEFEBLO Al

REMENRR S S Tcbal, S SITARBRICE VAT D 4PBA (3 R <RI RIFMRAFT 5 &
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EBHIT TN S PPARa DIEMEALER RS STV (F—2 RB#), UL ED = & 75 CS-2100
@)D EZH L LT, 1,24-4F V7 —BoOER%EER L., TLBEOBEEAES 2 L2 fEm L
TR B DRR AT Z L & Ui, IOEEMRMIKE LT, 1,24 4% 07V — LB EZ MO

AT aRICET A L LT,
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3-2. KHHFHEIRE R
G h%/— k% Scheme 3.1 33 XU Scheme 3.2 12779, FHEREREDNRIT D720, #FFAEE L

T4 ZFNTH 7 = o FER18b ZFRE LIz, 18b LTl D 4- 7 B E-2-F 47 = H /LT e K (9)
FOHFEL, KFEIMATRET MV UACL YRV INVEEZEL L#, & U —okiEi% TBS &2
IOHR#EL, SNV T=y FAUMBEFE T, = F L~ X a7n I REEASE =T AREEA
T5Z LT, 3 TR, 89%DIRICTHHA L/, 18b (LT 47 = VB b ~flix OFRERZEATSH Z
ERFRETH Y . ~T aBRIASG DRI & 72 5 24k F A7 = 2= | (20,24 in Scheme 3.1,

28, 39 in Scheme 3.2)NFHELITX 7=,

S

Br. ac
n - ’h\/OTBS
CcHO s
13b

9

h O

d,e f \ gk N Vi

’ N/ N\ otBs X d

HO™ g - / ~ Pho 54

PhO S
OTBS NO/COZ'*

20 22 23

l-n o ’;‘_o gk
/ \ otBs —= 2 // Z . ~F )
= s PhO S PhO S
OTBS NO/COZH

24 26 27

13b

Reagents and conditions: (a) NaBH4, MeOH. (b) TBSC], imidazole (quant., 2 steps). (¢) NiClz(dppp),
EtMgBr (95%). (d) n-BuLi, DMF (86%). () NH:OH-HCI, EtsN, CH2Clz, MeOH (95%). (f) NCS, pyridine,
CHCls, then 1-ethynyl-4-phenoxybenzene (21), EtsN, CHCl; (73%). (g) TBAF, THF. (h) SOCls, toluene.
(1) methyl azetidine-3-carboxylate HCl, 7PrsNEt, CH3CN (84-90%, 3 steps). (j) aq. NaOH, EtOH. (k)
oxalic acid (76% for 28 and 27, 2 steps, both compounds were solidified as oxalates). (1) n-BuLi, THF,
then I (72%). (m) trimethylsilylacetylene, Cul, Pd(PPhs)s, EtsN (75%). (n) K2COs, MeOH (81%). (o)
4-phenoxybenzonitrile N-oxide (25), EtsN, CHCls (59%).

Scheme 3.1
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Z % > AR 20 13 18b (2% L C nBuli, DMF (2 kY F47 = 5tz hrIfbl, T
NV ZFAT IUAFE T Fafk o7 I MR 2 /FH S8 TR U7z, 20 16F U CTHEAMESIE T,
NCS #/EHSHL 2L THMINDI = IV NEFTU RE -2 F =47 = ) F B (21)
LD 1,3 PR BRALISIZ LV 22 21572, 22 1ZxF LT TBAF Z#/EH & T TBS % FRE L4,
U KRBT~ B L, SN TT BF VU DR VIR A F L ERIEHNTEA L, &%

B ATF N AT IVERRL &2 MK 2 2 & T 1,2-4F > — L ahisfk 28 &8 L7z,
THvFLUFEEK 2413, 18b ICK LT nrBuli, S UEAEMSETF A7 =8 5 ik 3 v H#El
L7cth, WD v 7 ) U I ROSEATOIRB L7z, BN THRD 4-7 = ) ¥ R_XUXT AT R Bl
HIND 472 ) FR_RY =RV NAFTR (25) 8 24 O 1,3- UG- BALSUSIZE D 26 ~L75
W7, 20K, 28 OARGEEE L FIERIC TBS EOkRE, KEEEOBHE~DZE L, TEF VL R

VERATIVDEN, ATF IV RAT IVONKGEERE T, 28 DREIERMERTH S 2T 25K LT,
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TV R ER 28 1%, 18b 1Zxt LT nBuli, CO2 (KT 4 7 A RA)E/EHEE L Z & TR LI,
28 X #RMIT 2 2 LT, S HICEERRERREFERN A TRETH D (32, 33, 37, 38a—k, 42, 43a, b),
28 & 47 /) F IR RTVR (299% DCC IZLVHEA L%, N ZF AT I UFE T,
Burgess it AZEAESEDH Z LT, 1,3, 44XV VT YV —LEBEHEL, TEF VU VLR U=

FOBATREZRT 1,3,4-F X327 Y —/AdFEK 32 26/ L7z, 7236, Burgess itFEDRDOVIZ
Lawesson 3% 5 Z & T 1,34-F 7 V7 Y —/Lihik 33 Nl c& /b3, —J5, 28 Zflix D
227X/ T7 e b7z ALEWEHEE, Burgess A EH ESE 5 Z & T, 1,3- A% — LiFEK
3T ~EFHE L=, 2565 Burgess iFEDORPD V2 Lawesson iFEA W5 Z & T1,3-F7 Y — i
Bk 88a—k & AL T X 75l

a-7 2/ b UFEEIR 39 1T, 28 & Weinreb 7 I R~ Z#i L, MeLi 2{Efl&ETCF A7 =/~
FHEARE Lk, NI ATFATVI LT ) — V=TV ERBHLTa-7BEr hU~EFE L, Hil
T NaN(CHO): 1l S & CTHERFFZEAL, REIHEMTUHTH2 LT3 2aM LT, 39 &
MR E 72 1 3RER R U 7o 2 BAATRHA 19a, b Zffie L7-1% . Burgess it3E 2 EF S5 2 & T 37 DHEM:
Ke72n 42 #65K LT7-, 2551 Burgess 3K Do ¥ |2 Lawesson iK% V% Z & T 38 D H:

KTH2% 43a, b 2R LT,
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’h\/oms 2 . %\/OTBS
HO,C

S S
13b 28

b, c N-N e-h ?l_';l
I Y
or PhO S
PhO s
b, d OTBS NO/COZH

30X=0 32X=0

31X=8 33X=8
i,c
or R2 N e—h R N
id \

pac R M e-h R '
TR0 S WL TN S N, e
o) S ha or R 5 R S CO,H
p. g, d OTBS NQ/ 2
39 40X=0 42X=0
Ma,bX=S 43a,bX=S

Reagents and conditions: (a) n-Buli, THF then CO2 (79%). (b) 4-phenoxybenzohydrazide (29), DCC (46%).
(c) Burgess reagent, EtsN, CH3sCN, 80 °C (64-94%). (d) Lawesson's reagent, pyridine, toluene, 100 °C (70—
97%). (e) TBAF, THF. (f) CBrs, PPhs, CH:Clz or SOCls;, cat. DMF, toluene. (g) methyl
azetidine-3-carboxylate HCl, /Prs:NEt, CHsCN (63—quant., 3 steps). (h) aq. NaOH, EtOH (60-92%). (i)
EDCI, HOBt, various aminoacetophenones (34b—k), EtsN, CH2Cl: (57-80% for 36b—k) or CDMT, NMM,
34a, THF (81% for 86a). G) MeNHOMe, EDCI, rPr:NEt, CH2Clo. (k) MeLi, Et20 (51%, 2 steps). (1)
NaHMDS, TMSCI, THF. (m) NBS, THF (83%, 2 steps). (n) NaN(CHO)2, CHsCN. (o) HCI, EtOH (42%, 2
steps). (p) EDCI, HOBt, benzoic acids (19a, b), EtsN, CH2Clz. (q) TBSC], imidazole, DMF (76%, 2 steps).

Scheme 3.2
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CS-2100 (8b) DI HEETH D 4= F NF A7 = IR, & 2 Tk ~72 X 5 IZ@E LV S1P1/S1Ps
BRI RO TEDICHEREIE TH D, —FH. TIRHRBHNS 4=F VT4 7 = kL 6-=F L
B U UHEEICE X 2B A THE Y SIPYSIP IBIRMESRIND Z ENbh oz (F—% KB,
TP R, 6-=FNE Y PUFHERIZONVWT A L7 (Scheme 3.3), L& 44 LV 3L, 2 TR
ARTEY DURABE L%, BORERALHMAR T, U YVUAARFUT T NG 49
A LT, 49 A HUEERE T Y U A TR 5 Z & THVR UEES0 & L, Scheme 3.2 (2350 T 38a—
k Gk L PO FILEEZ R T 528, b A Bl Lz, —H, 49% a7 I /7 FUFER L ~LiEX i

VT Scheme 3.2 (1280 T 48a, b A kFF E FLLO FiEEZ&R 5 Z & T b56a— Ak L7z,
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SMe
o a OMe b NC__ e \C f S0,Me
)K(OMe . MeZNNOMe . N . N . Ne Kk
X OMe |
OMe o] N OTIPS ~_otps
OMe
44 45 46 47 48
g.h J k 2 -p 2 CO,H
__, HO.C R R )
OTIPS OTIPS OT'PS
51a,b 52a, b
q,r
w, I— R2 CO,H
HCl — - ;j/
TB
OTIPS o S
55a-c 56a—c

Reagents and Conditions: (a) N, N-dimethylformamide dimethylacetal, CHsCN, reflux. (b)
2-cyanothioacetamide, MeONa then Mel (50%, 2 steps). (c) cat. DDQ, H2O-CH3CN (83%). (d) NaBHsa. (e)
TIPSC], imidazole (quant., 2 steps). (f) m-CPBA, EtOH (89%). (g) EtMgBr, THF (98%). (h) DIBAL, toluene
(93%). (i) NaClOz, KH2POs4, 2-methyl-2-butene (92%). (j) EDCI, HOBt, aminoacetophenones (84c, d), EtsN,
CH2Clz (60-79%). (k) Lawesson's reagent, pyridine, toluene, 100 °C (79-95%). () TBAF, THF. (m) SOCls,
cat. DMF, toluene or CBrs, PPhs, CH2Clo. (n) methyl azetidine-3-carboxylate HCl, 7PrsNEt, CHsCN (66—
82%). (0) aq. NaOH, EtOH. (p) oxalic acid (54-83%, 2 steps). (q) MeMgl, Et20 (88%). (r) PDC, Celite,
CH2Cl2 (96%). (s) NaHMDS, TMSC], THF. (t) NBS, THF. (u) NaN(CHO):, CH3sCN. (v) HC], EtOH (54%, 4
steps). (w) 3-methyl-4-(propan-2-yloxy)benzoyl chloride, NaHCOs, EtOAc-water for 55a or EDCI, HOBt,
various benzoic acids (19¢, d) for 55b, ¢, EtsN, CHzClz. (x) TBSC], imidazole, DMF (61-80%, 2 steps).

Scheme 3.3
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3-3. MG TEMEAHBE M OV i Bt b
F9°, human S1P1 X S1Ps 2kt 57 I =& MEMEZBAIEL., HWTT7 v F HVGR 2\ T in

vivo “CO SR VE % 3¢ L 7=,

HULEFR R IZ B D ETE AR R 4 Table 3.1 12”3, Flix OERRICEH L7258k T, 1,3
F7 V=V ER 88a ([CB VT S1IP1 7 S =& MEMEK VR LE/ S1PYS1Ps BIRVEAGERD bz
(hS1P1 ECs0 = 4.5 nM, hS1P3 ECs0 = 20000 nM), 38a DEME(KTH 5 43a TIXHFEED S1P1 7 2=
A MEETH Y (hS1P1 ECs0 = 35 nM), i MR IV TIEIEAED RO bitl, 1,3-F7 Y — ik
RO BRI B O TEHICFEER2EMA H 5 Z L1 Merck O 7 /L —7"005 b ST 566,
—Ji. 1,2-4 %Y — VaBEK 28, 27 KN 1,3,4-F 7 27 Y —LiEEEK 83 IZBW T HHRED S1P)
7 I = A MEEDNED BT,

Z v k HvGR T, 1,3-F 7 V' —/LiE K 38a 1T 1 mg/kg T 42%PHEHR L CS-2100 (8b)IZ L~ T
59 L7 b OO, FHil L 2B 8RO P Tk b m W @it EM 2R Lc, —77, 43a IZBWTH 256%
PRLE R L 38a (TR TEWSE I E 3380 Hiviz, 723, 1,2-4F % — L akiE ik 23, 27 < 1,3,4-
FT T Y —VEHEEIR 83 TR E S E I MBIER SO v h oz, LEDORE NG,
1,3-F 7 — VB ER 88a M OVE DMK TH D 48a 2777 L — e LTEE L, A~y

PUBROEBEBILIZOWT S I atED 5 Z & L LT,
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Table 3.1

@o O 6 S/ / NO/COZH

y-GTP ECso (NM) Rat HVGR
Compound Ar % inhibition
hS1P, hS1P; D5 (mg/kg) or (at 1 mg/kg)
o_
©S-2100 (8b) ,/(\N)\, 4.0 >20000 0.41 NS
O-N
23 A 22 >20000 NT 2% (+11)
N-O
27 AP 15 >20000 NT No inhibition
-N
32 '/40»\' 54 >20000 NT NT
N-N
33 AN, 25 >20000 NT No inhibition
s

N
37 /[ N, 90 >20000 NT NT
B
42 ./43\. 300 >20000 NT NT
N
38a A 4.5 >20000 NT 2% (£9)

N
43a /(3\_ 35 >20000 NT 25% (+9)

NT: Not tested. NS; Not shown.
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BB B OEHIEN R BT 2 ETE AR 4 Table 3.2 (24, I B U BROEHILIC
DONTHEE R LY R2 ~OEBILEANEGN ThH -7, BARIIZIE, @ R ~of Vo R¥ 5
(#PrO)%# A L 7= 88b 1% 88a & Mt L C in vitro IEMEAFETHE L TV DICH 230 b b ¥ in vivo 3§
NIRFF SN TND Z LMD in vivo B3 Bl Tdh o7z, —F . R2~OEMFBE AL, in vitro
EHEM O In vivo DO WTICE W T HIFFICEETH D Z L bhroTlz, BRI, R2~ATF L
F (88c), =T /LI (88d). m7 R BV (88e)E i A VT mE LA (B8) LV ol T LRI A E A
L7z& 2% in vitro i&PEIZI B L, & 51T in vivo BB KE iy L7z, Hrc, 88c &1t 38d Tt
CS-2100 (8b) L ¥ & 58\ EREh 3586 H 7= (IDso = 0.07 mg/kg for 38c, 0.16 mg/kg for 38d), BB
ZllZ, 7 e VL (38e) Tid S1P/S1Ps SR KIFIZHA LT Y . R2 OB FELFFAMEICIRA
WD ENRBIN TS, RR~n 7 U148 A LTz 88g (7 » #), 88h (%) TiL, 38glcH
WC BRI in vivo 3N Hiv7z (IDso = 0.48 mg/kg),

Z 2 E T TR OIED O - 7o 88c DAEIE A FEIZ  EHUL RUIZHOWT S HIIZFEMe Fai b 217 - 72,
Rl ~1 v 7 a i (881), (9-sec” hF i B8) Kk VN(R)-sec” M i (88k) & TNEIVEAL
Te& A, (9-sec” hFUHAEA LT 88 IZBWTRAFR in vivo D789 57z (IDso = 0.32
mg/kg), —.38¢c DEMEKRTH % 48b T B4F72 HvGR Ml{EH 23580 Hiv7z (IDso = 0.19 mg/kg),

VI EORERNG | nvitrol&E, invivo2h& BICRIFCTHHILAEME LTRUCA VY T aRF U8k

Z, RUCAFNEEETLITF NI AE AN LT 38, 38d, 43b #ifF 95 Z LR TE T,

47



Table 3.2

2 X-Y
R \

/
US Z
R1

5
NO/COZH

Compound X Y R R2 7-GTP ECso (M) Rt HV(?,R. -
hS1P, hS1P; IDsg (mgrkg) or (g’t';‘r::;}f;)

CS-2100 (8b) 4.0 >20000 0.41 NS
38a c N PhO H 45 >20000 NT 42% (+5)
38b c N i-Pro H 10 >20000 NT 52% (+2)
38¢c c N i-PrO Me 34 >20000 0.07 NS
38d c N i-Pro Et 3.4 >20000 0.16 NS
38e C N i-PrO n-Pr 1.1 400 NT 73% (+4)
38f c N i-Pro i-Pr 13 >20000 0.53 NS
38g c N i-Pro F 5.8 >20000 0.48 NS
38h c N i-Pro cl 3.2 >20000 NT 54% (+7)
38i c N i-Pr Me 35 >20000 1.1 NS
38 c N (S)-sec-BuO Me 6.0 >20000 0.32 NS
38k c N (R)-sec-BuO Me 8.0 >20000 NT 27% (+7)
43b N c i-PrO Me 11 >20000 0.19 NS

NT; Not tested. NS; Not shown.
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WIZE Y UV HERIZEE T D HEETEMEAE R 2 Table 3.3 (2773, Table 3.2 [Z3BVTH b AL 7- EH#UL
OIFRICHESE, RUSHA Y TR F U, RICAFAVEEZEA Lz, ZOME, LAY 52a K OZF D
BYERTH D 56a lZBW\ T, mW n vitroi&EEZ /~9 Z & oA 72 (ECso = 5.5 nM for 52a, 2.8 nM
for 56a), = Z T Rl KU R2 OEHAILIZ OV TR MG 21T o 72 & 2 A TR in vitro G Z fRFF L |

In vivo HEHDOUE L 7= 52b, 56b, b6c * R.HHT Z LT 7=,

Table 3.3
R2 X-Y CO,H
(S~
R! s \ Y N
y-GTP ECsgq (NM) Rat HYGR
Compound X Y R R? % inhibition
hS1P, hS1P, IDgo (Mg/kg) or (at 1 mg/kg)
52a c N i-PrO Me 55 >20000 NT 39% (+9)
52b c N i-Pro Et 4.0 >20000 0.49 NS
56a N c i-Pro Me 2.8 >20000 NT 17% (£9)
56b N c i-Bu Me 4.1 >20000 0.64 NS
56¢ N c i-Bu Et 54 >20000 0.74 NS

NT; Not tested. NS; Not shown.
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3-4. WBERE T 1 7 7 A NV R O NHIBE %3 2 2 EPE O R
REMLEWE LT 88 T 52b IZOWTT v h ROV /T THENME L 7= BN ERER O R

% Table 3.4 |Z" 7, T4 7 = VFHE(R 88c 1L 7 ~ b, 3 mg/kg HFIFE N $¢ 512 T Cmax = 0.34 ng/mL,

AUCoint= 5.14 pg * h/mL, F =70.6% & mW L& R S, v, 1 mekg HERE D& G236
W T Cmax = 0.63 pg/mL, AUCo-inf= 8.69 pg * h/mL, F=>90%& BAF/fl P EZENRBO SNz, £
7z, 88¢cliL7 v MIHBWT Tie=11.5h, VBNV T Tie=72h Thote, —JF., U Y UFHER
52b [T /1, 0.5 mg/kg Hi[AI#E 1 512350 T Cmax = 0.15 mg/mL, AUCo-int = 3.73 pg+h/mL. F = 75.4%

WL REE 2R U722, U Tie=16.7h & 88¢ L L TRWZ LAVRENT,

Table 3.4

Compound Animals  Dose® (mg/kg) Crax (UG/ML)  Trax (h) T (h) AUCqins (ug * h/mL)  F (%) CLP (mlf (h - kg)) VdP (L/kg)

38c Rat 3 0.34 5 11.5 5.14 70.6 6.72 5.37
38c Monkey 1 0.63 4 7.2 8.69 >90 2.00 0.89
52b Monkey 0.5 0.15 5 16.7 3.73 75.4 1.75 1.46

a po administration, rat (n = 4), monkey (n = 2).

b jv administration, rat (1 mg/kg, n = 2), monkey (0.5 mg/kg, n = 2)
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BT 7 v F RO LTI T CS-2100 (8b) & 38 DR PMEE L2 k3 2 (B W2 i 1t & 5 FAf L 72,
HAREIIZIZ, BRI TICREWTT v FEBRNAEY X 0 i U@k, S BE L VR L 28s
i M= br—/L & LT broth # & L7-, CS-2100 (8b) £ 7=1% 88¢ % 3 uM } O} 30 pM DA
EUCHRB L, k5T 3 M E~RR ST, (LEW L ENEIT TR 24 FFEE KO 48 Rl OLEW
BAFRZIBHT S Z LKV E Lz, #E% Figure 3.2 1287, AKX TiE, CS-2100 (8b)ix broth
Tix 3 pM (O), 30 uM (@)D W THUZEB W T HfiEEZ T T Wiy, 7 v NEENEMREERR (A
or A)FOWLEMETER (O or M)TIiE 24 FFHIT2IZ1E CS-2100 (BL)IFFEAE L TH O, IHHAMEIC
Lo THfEZITTNDZENRENT VD, —FH, ARIZBWTIE, 1,3-F7 Y —/LVifEk 38c T
v b (A or A)ROH/L (O or MWTHOEMFEORTEIKITH LT 48 FEEZIZH W TEEW R

BAFLTRY, IBNMEICE D0 L TRETH D Z LBRBO LT,

Q ot

CO,H
CS-2100 (8b)
120
_ 100
5 e T 80
= £ 60
5 s
< ® 40
20
- 0
0 24 48 (] 24 48
Time (h) Time (h)
—4— rat (3 uM) —HE— monkey (3 uM) —=&— broth (3 uM)
- -k - rat(30 uM) - -0 - monkey (30 uM) - -# - broth (30 uM)

Compound stability against enterobacteria from rat cecal contents or monkey feces under anaerobic

condition.

Figure 3.2
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3-5. &

LLE, ARETIE SIPsIcxf LT SIP R T =2 b & LT—#D 1,3-F 7 — sk z 7
A - BRLTE, V—FbAEWE LT CS-2100 (8b)i in vitro iE1E, in vivo3E%h & HIZEN
TALBE TH ST, LB THD 1,2,4- 4V U7V — VTGN X 2382 mi %220 5
ZENHETH o T, KYENE R O ZEEOBLAN G 1,2 4- 4 X%V 27 YV — VR Z Rk Db EW AR
KUMERL LT L3-F 7Y —/LifiEk 388c &z A9 2 L3 T&E 72, 38¢ [dmvy S1P1 7 ==& MEVE,
B At 72 S1P1/S1Ps R % fF - FE D (hS1P1 ECso = 3.4 nM, hS1Ps ECso = > 20000 nM), 7 » ~ HvGR
T BV THRWED 27~ L2 (IDso = 0.07 mg/kg), AMEEMIIELF2PK 707 7 A VaRT &
LBz, CS-2100 (Bb)DIFE M T > - HNAMEEIZ K D0 RISk L CHH LR mENTRD b Tl

D, BHOE T 07 7 A Ve AT MLEMETRGT D LNTETR,
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AT 17/ 7uNr TR ) —VRSIPL T I =A N OF BT
4-1. 1L HIZ
B2, 3ETIE, INETICMVMATEIEY VIR S1P1 7 2 =2 b OBRFHFFIZ OV Tk~
Tz, —FH T, WETIRLFEINS T 2/ 7 a— A S1P 7 S =2 MIET A0 bR HIIc 2 &
NTEY, BEEEMEBEZIZCOE OMREEERE L Tz, BRI, 185125 > TRENBEFS f
LB & LT CS-0777 BDWIR R SN TW5 (Figure 4.1 EB/E), CS-0777 (57)1% Fingolimod
ERERICAERNTY UMb END Z I IV EZRKBT L7 R v 7 THY | G LOREE L
TABARFREFOLER L TND, RRFHLOSELAIZEMIEEICEZICEE LT, (RO
KIBCIE A A T D BUG IR S1IP1 7 T =2 MEMEIZARFIR THL Z EBW LN ERoTN D,
EFOIXHER DN LAV YGEA BT L, £ O T, MEF, Abbott fLL ¥ A STV
-7 7aXrFr g ) —)VikEk 586135 H Lz (Figure 4.1 EBA), 58 1% CS-0777 (57)
LRI R v 7 LTHRET A7 I V7 La— L SIP1 7T A= N Th V| ZOEDO KX
R e LTy 7 a2 BRI L0 SEREEE S E E 4L, 4 AR FRFBEHLEET 2 OORFHLEAR
LTWD, ZDOB8D1-7I /7 aXyFuRE ) — /UEEIZHE AR D, CS-0777 (BT)~AH 534
R ANT-HRBEARLE 59 25T DICE -7, EZAT, B9 ITIE 2 DDOAREFERH D Z Lo
Bat 4 FEOSARRMEENFET D, £ 2 THHemE & LT CS-0777 (6D XRUAR,39-1KT
5 59 & O A TONAREMROE 522 T SPARTAN % H 7= PM3 47 1-#lIETEIC L D4
W LA L, REEREOERGDLEEITo/z, fRE LT, AR3YDNIKLFE2H T 5 59
[ZFBNT DI, CS-0777 (57) & FIEFHITHBL LI SRR A L 5 Z L 3i8) b7z (Figure 4.2), LD
ZEnD, ARBYDIEKRISANEZFT D 59 ZH - RIERLEMREE LTRIEL, ZOHEHE T m >
TANERLNIT 5, BAREITO 28 & L,
9. 59 oA TEAE LT 60 2% E L7z (Figure 4.1 FTEY), 60 @t 1 — LB ~TE KD H B
BEICBWCOREFEBSIGIC R D 7 VI A AT 5 Z LN TE . RN FHERERNTE TS
B0 Thb, 60 1% (9-3-t RrXI AF LT a2 o-1-4 20 TBS (R#ETH 5(9-61 %

TN R ELTHEL, 2O00RFHLERET DA MR EZ T E LT,
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|
Me O
CS-0777 (57)

H,N C|
HO\\\\‘ @
58

HoN ]\ #\NBOC .
Hoi\\‘. N R — /N\ — TBSO™ «Q;O
N
Ve Ve
59 60 (S)-61
Structures of CS-0777 (57) and Abbott compound (58) and retrosynthesis of pyrrole-based analogue 59.

Figure 4.1

Me /\
HO™ Y N
NH2 Me
HoN ]\
oSN TN
Me

Superimposition of stable conformations of the partial structures of (2/)-57 (grey) and (1.£,3.9-59 (green).

Figure 4.2
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4-2. JEEAIEME 3B Ry A F Ly 7 a o o-1-4 L HIC DN T
FEEER 3-8 RaF v ATy sy 14y 62 KOVEDOFHER 63,61 1%, v/ rXr X
VHEE R AT D EMIEESS R E GRS S ETHEARF I v bl LTHIBEN TV S
(Figure 4.3), Bl z1X, (B)-62 13Hit MuEREY A )V ATEMZ 4T 5 carbocyclic-ddA 64681<°41 B
R T AN ATEMEZHT % carbovir 65059 & WS 2 [RFERX 7 LA ROGETHEIA L LT BT
W5, RO EAKICB W THIEA SN TEY | Lebsack 51 & - T &7z Shahamin K 66

BRI T, MR C8-Cl4 D o fB Z BT 2H(9-63 &V Ak S L HF5EE 67 2NV B

PH>

TV, iz, LRSI L » THE S 72(£)-62 % HFEWE L 9 % (£)-methyl epijasmonate 68 ™

AEEUD X512, BEIZ T & IEDOE MR AHENL L TV H5E. (R)-62 £7213(9-62 % HFmE &

[

LTRERT D 2 & THhRFAEM 68 DERBES D EEZ LD,

PLED X 51z, JHEWE 3-8 Rax v A F Ly s aXuv 2 o-1-4 % (61-63) X8 by b, A
BYWETHL LD MEINTWDLEHBIEZ L U7 AT LA~ —05rH|kb% bl L R K 5 kb
MENETN—BIOHTHY | REGHRBRFIORMNR D5, £, 41 fHilcB W Tib~7= X 912(9-61 1%
FI R AWEE 59 OAMHIIARE LTRETH D Z b, £7° 61 OMAGHERO G RUITIEIC

OWTCHFTERGETHZ & & LT,

Q 1o N0
SO,Ph Me0,C” g

67 68

Structures of 3-hydroxymethylcyclopentan-1-one 62, its protected derivatives 63 and 61, carbocyclic-ddA
(64), carbovir (65), Shahamin K (66) and its intermediate 67 and methyl epijasmonate (68).

Figure 4.3
55



4-3. G

X L IZ(£)-61 D53 E & /gt L7z, (£)-61 X Scheme 4.1 (2R3 H{E CREICHHRFIEETH 5,
THIRD 8- 7 X T - 1-HNVR ATV 69 L0 IHH L, AT VN ZKBIT VI =T L)
FUAILYIETLE, AU —HoKEEAE TBS ETHR#EL TT0 & L, i\ Te RekvH#ick
DA VT 4 UEMLE AROKEE AL, TEMPO Bt A8 T, (£)-61 & 4 TH, 85%DILETHK
L7,

5 72(£)-61 (2%t L THF 7V HPLC % AW 7= Bl 2 ik iz, e OF 700 T 2R OIS
AR L2 b OO, D8 LU TOREFRFE OO LB e, DBETREECH 72 (F—F R

R R

a,b c,d
MeOzC@ R TBSO/\@ o TBSO”“Q?O
69 70

(+)-61
Unseparable by preparative
chiral column chromatography

Reagents and conditions: (a) LiAlH4, THF. (b) TBSCI, imidazole, DMF. (c) BHs-THF, aq. NaOH, aq. H2Os.
(d) TEMPO (85%, 4 steps).

Scheme 4.1
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IRFBRDOBGERI~ B o7z, = » T2 F0M U RFLEIRITCAOGIT L WS A% EnE
WL FEZRIR L., £9. =/ 758 O IEIZ SV T, Scheme 4.2 127 d, HilkD 7 ==/
ZOVIR= AR F L 7L L0 HFE L, MR T, asl4-v 7 mu-2-7 7 U EDORIRIZ LY v
O TUALAEY T2 AR LB, BT F L AT AN 2 KELT VI =T L) F 7 Ak

BrL, EUTE—H7Lva—1% TBS A THR#EL T 78 % 3 TR, 8T%DINETHL, Kzt Fu
RUFIZ IO A LT o AL A TRROKEE T L 7o TEMPO BRfkic kv 74 & L7z, &2 B
YT T I UAFE T, THF B CMEAT 2 2 & T, 7 ==V AR =/VEO B BN ETL, =/ v

A 75 2 73 L0 3 TR, 7T7T%DINERTER LT,

a PhO,S b, c PhO,S
PhO,S. _CO,Et - . " .
N2 EtO,C
TBSO
71 72 73
s "o - ey
TBSO
74 75

Reagents and conditions: (a) cis-1,4-dichloro-2-butene, LiHH, DMF. (b) LiAlH4, THF. (c) TBSC], imidazole,

DMF (87%, 3 steps). (d) BHs-THF, aq. NaOH, aq. H20:. (e) TEMPO. (f) EtsN, THF (77%, 3 steps).

Scheme 4.2

FEUNT, 75 & HE & U CHIlE &2 IV e R AR o SUR D R ET 24T o 7o, A% Table 4.1
R, AN AR T OIEAER) 72 55T 5 Buchwald & D J5ikE W64, 10 7o K
& LT(9-ptol-BINAP % LB OE LAl L LTRY AF Lk Favaddr (PMHS)ZHAVTE
. BUSEIT>72, 85% ee & (Q-MREIEANIEILNEIT LI b DD, UGOETITEL (30 R,
38% DN & RIFUEDOHRMMAFED Hivz (Run 1), PWREKONERMEOLEZEZ WG LT, 0 CIZTE
MR 21T o728 2 A (0 “CC 67 ], IR T 24 K, 73% & EWIERTHIMNE LN b D

O, TRIZKL 710% ee & =) > FAEPUEITEAD L7z (Run 2), % Z T Lipshutz 5125 > THE S
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Ni=xI 00 0 FELTEO-DTBM-SEGPHOS # WA &2k A b 2 L & Lkl Zof5R, I
F 96%, SEBIETEIR 95% ee & VTG BARERNSEONTZ Rund), T2, 7LV H L REL
T(R)-DTBM-SEGPHOS Z /WA Z L1 Xk v (R)-61 DML AIRETHH Z L 2R L7~ Run4d), 72

B. SEHEERRIT 6L 22XV A LT AT VA% . HPLC 12 CTHIE L=,

Table 4.1

see below ,
TBSO/\©¢O _ TBSO™ "'040 or TBSOWO
75

(S)-61 (R)-61

Run Ligand Other conditions Temp, Time Yield (%) ee (%) (config)?
1 (S)-p-tol-BINAP (5 mol%) PMHS, CuCl, -BuONa rt (30 h) 38 85 (S)
2 (S)-p-tol-BINAP (5 mol%) PMHS, CuCl, {-BuONa 0°C (67 h), rt (24 h) 73 70 (S)
3 (S)-DTBM-SEGPHOS (1 mol%) PMHS, Cu(OAc),+H,0 rt (3 h) 96 95 (S)
4 (R)-DTBM-SEGPHOS (1 mol%) PMHS, Cu(OAc),*H,0O rt (3 h) 92 95 (R)

@ The enantiopurity was determined by HPLC analysis after conversion into its benzoyl ester. (see Experimental section)

OMe OMe
t-Bu t-Bu  tpgy t-Bu t-Bu tpgy
Soral Qo Soral Qo
(e} P t-Bu (e} P t-Bu

(@] P t-Bu O P t-Bu
<o O <O

OMe OMe
t-Bu ¢-Bu t-Bu t-Bu t-Bu t-Bu
OMe OMe

(S)-DTBM-SEGPHOS (R)-DTBM-SEGPHOS
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iz, (9-61 ZHWT, Er—/LHifHk 60 DARICAETF L7z (Scheme 4.3), 4.1 HiCik~7= k51
Abbott tE L W #E XN TN A SIP1 7 =2 b 58IF4EAF T LEETL 2 OORFHTLEAH L TN D,
Z DA EF-OREZEIT Crabtree IlIEEIZ L 5 27 A7 L A #IRAKFE(L L O Du Bois 7 X /b % H
NWTWHBT, 2 Z TREBBRFHIF N TH B2 M50 FRRFEEZRY AnDZ L L L,

(9-61 (2%t L THF #, NaHMDS X' h Y 77— MEREEZEH s LT/ — L b ) 7T —
b 76 ZALESRIERDOREM DI T 91% & BAFRIIGRIC T L7z, 76 X OHlO v w U bR o ik
TATNEDEAN Yy TV IRIRICE O R —VBREBANLD v 7Y VKA BRI T,
TBAF % {Ef &8 T TBS & BifRi#T 5 Z & T.98% & BAFARULERT 77 ~ &L 38\ /=, i T Crabtree
BRI £ 5 VT AT LABRIKERIMNIS 21TV, B Ra o A F VRO IEET D HAKE DT
NS5 CRITBHELT LT T8 & 95% DR Tz, RICT8ICH L TA YT Vb Zua 7T
WEERSERE, A% 7 —d KB Y U LEERSET, AANEA R T ~EH N, fGEl
TT9ZHE L LTr Yy AMIEIZ X% Du Bois 7 X /{bB6124T N A% U 2 Ak 80 % 72%
DR THE LTz, 7B, ZORE T80 &V 7 A7 LA ~— (Crabtree filtfific X 2 /K FE LIS DEED
RIAED) O 513 TH-NMR I X 0 S AM6ET 1511 Th o 72, IRICA XY U ¥ 7 2 80 1254 L T BoczO
ZEH ST Boc PR 81 2 T1% DR T, BARAZ ) —)h KEED Y U LZEHSET
FRY YU UREBRBR L, 82 % 94% & BAFRIE TRz, D%, BFsEt20 fA{E R, 2,2-P4
Re s 7 a R ZEH ST 90%DURIZ T T & b= RIEH#ER 83 ~ iz, 70k, 83 Ol
WZBWC VBTN AT A~ N T77 4 —IZEVRIROY T AT VA~ —% 0T 52 LN TE
oo HEVNT 83 IZKEEET b U U AEER ST M LA E L (98%), 4 KHMDS f77E |
AT MeDEEH SETATFMLEIT, B v —/LHIHIK 60 2 98% DILHETHRL LT,

Mt SERELE & fERl 5 T2 O 2 O P IRICOW TR OB 23R a7 24,80 (1511 DT T A
TUHRAEW E X ) — VP CHART S Z & THREREDORILRIC CHASROBRE A ATEETH 5 72
(IFULEE 60%). 13 HAv7= 80 D Bk ShIZ DT X SRS ERENT 21T\ 2 D5y 11 K& Ot LR R

&% R L= (Figure 4.4),
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/s 7 ’ / \
TBSO” "Qéo _ 2, tBso” '«Q/OT“ DS Ho v .
|

Ts
(S)-61 76 77
NH o
[\ e 2 7\ f NR 7\
HO//:,,QQ - O)\O//"‘ NS T ? ‘OQ
| N

Ts Ts Ts

78 79 80R=H

|,
81 R =Boc

h BocHN [\ i + Boc ]\
—> HO_ .. I
AN ’Tj O\\\‘" ’Tj
R

Ts

82 83R=Ts
J,k[
60 R = Me

Reagents and conditions: (a) NaHMDS, PhNTf;, THF (91%). (b) 1-(p-toluenesulfonyl)pyrrole-2-boronic
acid pinacol ester, Pd(PPhs)s, aq. K2COs, 1,4-dioxane (quant.). (c) TBAF, THF (98%). (d) Hq, Crabtree’s
catalyst, CHzClz (95%). (e) ClsCC(O)NCO, CH2Clz then K2COs, MeOH-H20 (quant). (f) PhI(OAc)2, MgO,
Rha(esp)2, benzene (72%). (g) Boc20, EtsN, DMAP, CH:Cl: (71%). (h) K2COs, MeOH-H20 (94%). ()
2,2-dimethoxypropane, BF3+Et20, CHz2Clz2 (90%). (j) aq. NaOH, EtOH-dioxane (98%). (k) Mel, KHMDS,
THF (98%).

Scheme 4.3

X-ray ORTEP of compound 80

Hydrogen (white), carbon (black), oxygen (red), nitrogen (blue), sulfur (yellow)
Figure 4.4
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Reagents and conditions: (a) 5-(p-tolyl)pentanoyl chloride, 1-Me-imidazole, toluene-CH3CN, 80 °C. (b) aq.
NaOH, THF-MeOH, 60 °C (88%, 2 steps). (c) TFA, CH2Clz then fumaric acid (0.5 eq) (58%).

Scheme 4.4
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B M52 & TWR-61 bFIATRETH D, HHNT(9-61 ZMNT, 7I /v ruXry ) — L Hl
S1P1 7 A=A | 59 &R § L RRM BRI 2 ML LTz, 7ed8. 59 DU VBT X7 VAL F I &
L (F—% £48#). [385S]JGTP y -S binding assay Calffi L7z & Z 5, human S1P1 2%} L C ECso =
3.5 nM, human S1P3(Z%f L C ECs0 = >20000 nM & W S fEAR SN TN D, AERUL— b TIEARK
DAL BN THEA DT VA ABANTE 5 2 0 bR RFERREMANETH L, £
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AFRSCIE, FEEDIY A TE - Hl i O %2 BIE & L7z S1IPLEENER O BERMFITIZ SN T
B2 DOTH D,

B 2 BT, S1P3 2% LT S1PRIRA R FEI3E CTH 5 CS-2100 (8b) DEERAFFEIZ DV Tk~ 7z, BE
WoOlEm 1 2V —NMeaE L, 47 2=L-5- N TV A B AFANTH T = U EEEZE 7 ==/l —
TG~ WIRCB VR E T FNVT AT = UHEE~EWT 52 LT, Bz S1P1 7 A= MEMEZ
REF LoD, FEFICE W S1PY/S1P I MEA A5 CS-2100 B) Z HfF 92 = L3 T& 7z (Figure 1),
Ry X T AZT 4 OFERING, FA T = VB EOTF VI SIPsIEMEY A M2\ T Phe263 785k &
D TR R KIFEE LT TWVD Z RO HNTE Y SIPY/SIP: DM EIZKE<HFEL TS
ZEDRENTVS, CS-2100 8b)ix, T v MIBWTHEERFAN DR EREMER 2] L,
7 v FHVGR, 7 v b7 ¥ a3y FREEIR KO~ U R EAE & W o 7o B FEORTERREIIREE 7 /1280

TRAFIRFN DGR BT,

o-N CO,H oon
=G TP o [ W
s
FsC ° S NO/COZH

J—RiEaw1 Q@ IFILFA Tz UEEDEA CS-2100 (8b)
hS1P; ECso = 4.2 nM hS1P, ECso = 4.0 nM
hS1P; ECs = 1600 nM hS1P5 ECs = >20000 nM

Figure 1

¥ 3 W T, 1,3-F 7 Y — /LR S1P1/S1Ps IIAEE) 3K 88 DIRIRAFIEIZ OV Tik~7z, CS-2100 (8b)
FAEENIZBNT 1,24-4F V07 Y — VERDEITIIICHAIND ZENHA LN E R  Fil- i e L
TRk =iz, CS-2100 8b) % VU — NbAMmE LT 1,24-A4XH 7V — ViR E RS 2(baMERE L,
D BR DN OVE L DO i b 2 f2 T 1,3-F 7 V) — LBk 88¢ & A L7= (Figure 2), 38c 1L\
S1P1 7 A= MEME, BAF7 S1P1/S1Ps @M Z fitkfH (hS1P1 ECso = 3.4 nM, hS1Ps ECs0 = >

20000 nM), 7 > k HVGR &7 /MZBWTHWIEZN AR L7z (IDso = 0.07 mglkg), ALEWITRAF72
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PK7u 77 A NZmr L, D OERNMEIC L D0k LTHH O RMMHENRO b T, BvE T
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S
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in vivo cleavage NO’ z @ BREOEEL /K stable for cleavage Of :
CS-2100 (8b) 38c
hS1P; ECgq = 4.0 nM hS1P, ECsq = 3.4 nM
hS1P5; ECgy = >20000 nM hS1P5; ECgy = >20000 nM
Figure 2

FATETIE, FTLV U b ELTHMAR S E KR AT Ly XX o 14 VFER 61 OR
FARIELNO61 W= 1-7 /7 uXv g ) — AR S1P1 7 =2 k 59 OEKAMIEIZ OV Tk
APz, 71 1Y 6 TRICTHRB L=/ v 75 Z#HE & LT, (9% 721L(R)-DTBM-SEGPHOS % A # AL
F LT DARF IR TCSISNT LD (9)-61 7212 (R)-61 &k T H/— b &ML L7- (Scheme 1 FE%), %5
ENF(96LEANT, 7 /vraXr ) —LRBISIPI 7 I=A | 59 ~LE X | KR 2 2%

b3 DB ARV — b & ST L7= (Scheme 1 FEY),

6 steps (S) or (R)-

o  DTBM-SEGPHOS i N0 o
PhO,S._COEt —— TBSO/\G TBSO g or TBSO/\g

PMHS, Cu(OAc),eH,0
room temperature

71 67% yield 75 (S)-61 (R)-61

96% yield, 95% ee 92% vyield, 95% ee

Me

HO.

—_— AN N

#—NBOC 7\ H2N /\
(561 — =~ o N
Me Me O 1/2 fumaric acid
60 59
Phosphate of 59
hS1P, ECs = 3.5 nM

hS1P; ECsq = >20000 nM

Scheme 1
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EEROED

5. Chemistry

5-1. General

'H NMR and 3C NMR spectra were recorded on a Varian Mercury 400 or 500 spetrometer with
tetramethylsilane as an internal reference. The infrared spectra were recorded on a Jasco FT/IR-830
spectrophotometer, and the peaks were recorded in cml. The mass spectra were recorded on a JEOL
JMS-AX505H. Optical rotations were measured on an Autopol V Plus (Rudolph Research Analytical,
Hackettstown, NJ). TLC analysis was performed on 60F2s4 plates. Column chromatography was
performed on Silica gel 60 (Merck, 230—400), Silica gel 60 N (Kanto Chemical, spherical, neutral, 40—
50 pm) or Chromatorex (Fuji Silysia Chemical, NH silicagel, 100-200 mesh).

5-2. % 2 EICEET 2 =R

5-2-1. 5-({[tert-Butyl(dimethylsilylloxy}methyl)thiophene-3-carbonitrile (2a)

S
/@\/OTBS
NC A

To a solution of [(4-bromo-2-thienyl)methoxyl-tert-butyldimethylsilane (9.0 g, 29 mmol) [reference
literature: J. Med. Chem. 2002, 45, 5005] in DMF (20 mL) was added CuCN (4.7 g, 53 mmol) and the
resulting mixture was stirred at reflux temperature for 2 h. After cooling to room temperature, the
reaction mixture was diluted with Et20 (80 mL). To this was added ammonia solution (28% in water,
50 mL) and the resulting mixture was stirred at room temperature for 1 h. The reaction mixture was
extracted with Et20 and the extract was washed with water and brine, dried over Na2S04, filtered
and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 50:1 to 4:1) to afford the title compound 2a (4.3 g, 17 mmol, 58%) as a colorless oil.
'H NMR (400 MHz, CDCls) &: 7.82 (s, 1H), 7.06 (s, 1H), 4.85 (s, 2H), 0.93 (s, 9H), 0.11 (s, 6H); IR
(liquid film): 2229, 1258, 1128, 1086 cm'1; MS (EI*) m/z 253 (M+).

5-2-2. 5-({[tert-Butyl(dimethyl)silyl]oxy}methyl)- N-hydroxythiophene-3-carboximidamide (3a)

s
Ho-N W\/OTBS

HoN
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To a solution of 2a (4.3 g, 17 mmol) in EtOH (20 mL) was added hydroxylamine (40wt% in water, 2.2
mL, 27 mmol) and the resulting mixture was stirred at 60 °C for 1 h. After removal of the solvent in
vacuo, the residue was diluted with Et20, poured into water and extracted with Et20. The extract
was washed with brine, dried over MgSOy, filtered and concentrated. The residue was purified by
flash column chromatography (silica gel, mhexane/EtOAc 10:1 to 5:2) to afford the title compound 3a
(4.7 g, 16 mmol, 97%) as a white crystalline solid. 1H NMR (400 MHz, CDCls) &: 7.31 (d, 1H, J=1.4
Hz), 7.02 (d, 1H, J= 1.4 Hz), 4.84 (s, 2H), 4.79 (br s, 2H), 1.69 (br s, 1H), 0.93 (s, 9H), 0.10 (s, 6H); IR
(KBr): 3495, 3389, 3208, 1655, 1371, 1256, 1101 cm''; MS (FAB*) m/z 287 (M+H)*).

5-2-3. 4-({[tert-Butyl(dimethyl)silylloxy}methyl)thiophene-2-carbonitrile (2b)

s
/@\/OTBS
NCTX

(a) tert-Butyl(dimethyl)(thiophen-3-ylmethoxy)silane

To a solution of thiophen-2-ylmethanol (3.0 g, 26 mmol) and imidazole (3.6 g, 53 mmol) in DMF (20
mL) was added TBSCI (4.4 g, 38 mmol) at room temperature. After stirring for 19 h, the reaction
mixture was poured into water and extracted with Et20. The extract was washed with water and
brine, dried over Na2SQs, filtered and concentrated in vacuo. The residue was purified by flash
column chromatography (silica gel, m-hexane/EtOAc 10:0 to 19:1) to afford the title compound
quantitatively as a colorless oil. 1H NMR (400 MHz, CDCls) §: 7.30-7.26 (m, 1H), 7.16-7.14 (m, 1H),
7.02 (dd, 1H, J=4.7, 1.2 Hz), 4.74 (d, 2H, J= 0.8 Hz), 0.93 (s, 9H), 0.10 (s, 6H); IR (ATR): 2929, 2856,
1470, 1254, 1086, 835, 775 cm'l; MS (CI*) m/z 228 (M*).

(b) 4-([tert-Butyl(dimethylsilylloxymethyl)thiophene-2-carbaldehyde

To a solution of tert-butyl(dimethyl)(thiophen-3-ylmethoxy)silane (3.0 g, 13 mmol) in THF (50 mL)
was slowly added n-BulLi (1.6 M in hexane, 9.9 mL, 16 mmol) at -78 °C and the resulting mixture was
stirred at 0 °C for 30 min. The reaction mixture was cooled to -78 °C again and DMF (2.1 mL, 28
mmol) was slowly added. After stirring for 30 min at -78 °C, the reaction was quenched with sat. aq.
NH4Cl. The resulting biphasic mixture was poured into water and extracted with Et20. The extract
was washed with brine, dried over NasSOy, filtered and concentrated. The residue was purified by
flash column chromatography (silica gel, m-hexane/EtOAc 1:0 to 1:1) to afford the title compound (1.1
g, 4.3 mmol, 33%) as a yellow oil. 1H NMR (400 MHz, CDCls) &: 9.90 (s, 1H), 7.68 (s, 1H), 7.59 (s, 1H),
4.74 (s, 2H), 0.94 (s, 9H), 0.11 (s, 6H); IR (liquid film): 2955, 2930, 2858, 1674, 1132, 839, 779, 666
cm'; MS (FAB*) m/z 257 (M+H)").

(¢) 4-(ltert-Butyl(dimethyl)silylloxy}methyl)thiophene-2-carbonitrile (2b)
To a suspension of 4-({[zert-butyl(dimethyl)silylJoxylmethyl)thiophene-2-carbaldehyde (0.50 g, 2.0
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mmol) and hydroxylamine hydrochloride (0.15 g, 2.2 mmol) in CH2Cl: (7.2 mL) and MeOH (0.80 mL)
was added EtsN (0.56 mL, 4.0 mmol) and the resulting mixture was stirred at room temperature for
2 h. After removal of the solvent in vacuo, toluene was added and evaporated azeotropically in vacuo.
To the residue in toluene (8.0 mL) was added dicyclohexylcarbodiimide (0.45 g, 2.2 mmol) at room
temperature and the reaction mixture was stirred at 90 °C for 16 h. After cooling to room
temperature, n-hexane was added and the resulting mixture was filtered through Celite pad. The
filtrate was evaporated and the residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 1:0 to 4:1), followed by flash column chromatography (amino-functionalized silica
gel, n-hexane/EtOAc 1:0 to 5:1) to afford the title compound 2b (0.45 g, 1.8 mmol, 89%) as a yellow oil.
'H NMR (400 MHz, CDCls) &: 7.52 (s, 1H), 7.40 (s, 1H), 4.70 (s, 2H), 0.93 (s, 9H), 0.10 (s, 6H); IR
(liquid film): 2955, 2931, 2858, 2219, 2119, 1258, 1125, 1090, 838, 779 cm! ; MS (EI*) m/z 253 (M*).

5-2-4. 4-({[ tert-Butyl(dimethyl)silylloxy}methyl)- N-hydroxythiophene-2-carboximidamide (3b)

P
HO’N\ S OTBS

HoN

According to a similar procedure to 5-2-2, 3b (0.28 g, 0.98 mmol, 83%) was prepared from 2b (0.30 g,
1.2 mmol) and hydroxylamine (50wt% in water, 0.13 mL, 1.9 mmol). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc 1:0 to 1:1) gave a white solid. "H NMR (400 MHz,
CDCls) &: 7.19 (s, 1H), 7.12 (s, 1H), 4.83 (br s, 2H), 4.68 (s, 2H), 0.93 (s, 9H), 0.89 (s, 1H), 0.09 (s, 6H);
IR (KBr): 3499, 3393, 3223, 2929, 2857, 1645, 1256, 1103, 842, 780 cm'; MS (FAB*) m/z 287
((M+H)").

5-2-5. 5-({[ tert-Butyl(dimethylsilylloxy}methyl)thiophene-2-carbonitrile (2c)

- ﬂ\/OTBs

S

According to a similar procedure to 5-2-1, 2¢ (1.1 g, 4.4 mmol, 56%) was prepared from
[(5-bromo-2-thienyl)methoxyl-tert-butyldimethylsilane (2.4 g, 7.8 mmol) [reference literature:
Tetrahedron 1988, 39, 2531] and CuCN (1.3 g, 14 mmol). The final purification by flash column
chromatography (silica gel, m-hexane/EtOAc 50:1 to 7:1) gave a white crystalline solid. 1H NMR (400
MHz, CDCl») &: 7.46 (d, 1H, J= 3.9 Hz), 6.70 (dt, 1H, J= 3.9, 1.2 Hz), 4.88 (d, 2H, J=1.2 Hz), 0.93 (s,
9H), 0.12 (s, 6H); IR (liquid film): 2219, 1472, 1464, 1377, 1258, 1096 cm'’; MS (EI*) m/z 253 (M~).

5-2-6. 5-({[ tert-Butyl(dimethyDsilylloxy}methyl)- N-hydroxythiophene-2-carboximidamide (3c)
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Ho-N \V/Q\/OTBS

HoN

According to a similar procedure to 5-2-2, 3c (1.2 g, 4.1 mmol, 81%) was prepared from 2¢ (1.3 g, 5.0
mmol) and hydroxylamine (40wt% in water, 0.7 mL, 8.6 mmol). The final purification by
recrystallization (m-hexane/EtOAc) gave a white crystalline solid. "H NMR (400 MHz, CDCls) &: 7.11
(d, 1H, J= 3.7 Hz), 6.84 (d, 1H, J= 3.7 Hz), 6.81 (br s, 1H), 4.84 (s, 2H), 4.82 (br s, 2H), 0.93 (s, 9H),
0.10 (s, 6H); IR (KBr): 3498, 3384, 3206, 1658, 1588, 1387, 1368, 1256, 1250, 1067 cm':; MS (EI*) m/z
286 (M*).

5-2-7. tert-Butyl(dimethyl)[(4-methylthiophen-2-yl)methoxylsilane (13a)

Me

UVOTBS

S

To a solution of 2-hydroxymethyl-4-methylthiophene (1.8 g, 14 mmol) [reference literature: .
Heterocycel. Chem. 1982, 19, 1125] and imidazole (1.9 g, 28 mmol) in DMF (20 mL) was added TBSC1
(2.3 g, 15 mmol) at room temperature. After stirring for 2 h, the reaction mixture was poured into
water and extracted with Et20. The extract was washed with water and brine, dried over MgSOQOs,
filtered and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 10:0 to 19:1) to afford the title compound 13a (2.5 g, 10 mmol, 74%) as a colorless oil.
H NMR (400 MHz, CDCls) 6: 6.78 (s, 1H), 6.72 (s, 1H), 4.81 (s, 2H), 2.22 (s, 3H), 0.93 (s, 9H), 0.10 (s,
6H); IR (liquid film): 1464, 1256, 1130, 1077 cm'’; MS (EI*) m/z 242 (M~).

5-2-8. 5-({[ tert-Butyl(dimethyl)silylloxy}methyl)-3-methylthiophene-2-carbonitrile (2d)

Me

D\/OTBS
NC

S

(a) 5-(ltert-Butyl(dimethyl)silylloxy}methyl)-3-methylthiophene-2-carboxaldehyde

According to a similar procedure to 5-2-3 (b), the title compound (2.5 g, 8.9 mmol, 89%) was prepared
from 13a (2.5 g, 10 mmol), »~BuLi (1.6 M in hexane, 7.8 mL, 12 mmol) and DMF (1.6 mL, 21 mmol).
The final purification by flash column chromatography (silica gel, mhexane/EtOAc) gave a pale
yellowish oil. 1H NMR (400 MHz, CDCls) &: 9.98 (s, 1H), 6.78 (s, 1H), 4.85 (s, 2H), 2.52 (s, 3H), 0.94 (s,
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9H), 0.12 (s, 6H); IR (liquid film): 1661, 1472, 1393, 1363, 1092 cm'}; MS (FAB*) m/z 271 ((M+H)*).

() 5-({[tert-Butyl(dimethylsilylloxy}methyl)-3-methylthiophene-2-carbonitrile (2d)

According to a similar procedure to 5-2-3 (c), 2d was quantitatively prepared from
5-([tert-butyl(dimethyl)silylloxy}methyl)-3-methylthiophene-2-carboxaldehyde (2.5 g, 9.2 mmol),
hydroxylamine hydrochloride (0.71 g, 10 mmol), EtsN (2.6 mL, 18 mmol) and DCC (2.1 g, 10 mmol).
The final purification by flash column chromatography (silica gel, mhexane/EtOAc) gave a pale
yellowish oil. 1H NMR (400 MHz, CDCls) &: 6.71 (s, 1H), 4.83 (s, 2H), 2.39 (s, 3H), 0.93 (s, 9H), 0.11 (s,
6H); IR (liquid film): 2214, 2120, 1258, 1150, 1093 cm'l; MS (FAB*) m/z 268 ((M+H)*).

5-2-9. 5-({[tert-Butyl(dimethyl)silylloxy}methyl)- N-hydroxy-3-methylthiophene-2-carboximidamide
(3d)

Me

HO,N@OTBS

H,N

According to a similar procedure to 5-2-2, 8d (2.3 g, 7.7 mmol, 83%) was prepared from 2d (2.5 g, 9.2
mmol) and hydroxylamine (40wt% in water, 2.0 mL, 24 mmol). The final purification by flash column
chromatography (silica gel, m-hexane/EtOAc) gave a white crystalline solid. 'H NMR (400 MHz,
CDCls) &: 7.16 (br s, 1H), 6.68 (s, 1H), 4.79 (s, 4H), 2.35 (s, 3H), 0.93 (s, 9H), 0.10 (s, 6H); IR (KBr):
3455, 3353, 3277, 1651, 1255 cm'; MS (FAB*) m/z 301 (M+H)*).

5-2-10. tert-Butyl[(4-ethylthiophen-2-yl)methoxyldimethylsilane (13b)

m\/OTBS

S

Et

To a solution of [(4-bromo-2-thienyl)methoxyl-tert-butyldimethylsilane (0.61 g, 2.0 mmol) [reference
literature: J. Med. Chem. 2002, 45, 5005] and [1,3-bis(diphenylphosphino)propaneldichloronickel (54
mg, 0.1 mmol) in Et20 (5.0 mL) was slowly added ethylmagnesium bromide (1.0 M in THF, 3.0 mL,
3.0 mmol) at 0 °C. After stirring at 25 °C for 1 h, the reaction was quenched with sat. aq. NH4Cl. The
resulting biphasic mixture was poured into water and extracted with Et20. The extract was washed
with brine, dried over MgSQy, filtered and concentrated. The residue was purified by flash column
chromatography (silica gel, m-hexane/EtOAc 10:0 to 95:5) to afford the title compound 18b (0.44 g, 1.7
mmol, 95%) as a pale yellow oil. 'TH NMR (400 MHz, CDCls) §: 6.81 (s, 1H), 6.77 (s, 1H), 4.82 (s, 2H),
2.58 (q, 2H, J="7.4 Hz), 1.21 (t, 3H, J= 7.4 Hz), 0.93 (s, 9H), 0.10 (s, 6H); IR (liquid film): 1471, 1463,
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1255, 1174, 1131, 1077 cm''; MS (FAB*): m/z255 (M-H)*)
5-2-11. 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophene-2-carbonitrile (2e)

Et

/m\/OTBs
NG

S

(a) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophene-2-carbaldehyde

According to a similar procedure to 5-2-3 (b), the title compound (1.3 g, 4.8 mmol, 86%) was prepared
from 13b (1.3 g, 5.6 mmol), n-BuLi (1.6 M in hexane, 4.2 mL, 6.7 mmol) and DMF (0.86 mL, 11 mmol).
The final purification by flash column chromatography (silica gel, mhexane/EtOAc) gave a pale
yellowish oil. TH NMR (400 MHz, CDCls) §: 9.99 (s, 1H), 6.84 (s, 1H), 4.86 (s, 2H), 2.94 (q, 2H, J= 7.4
Hz), 1.29 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.12 (s, 6H); IR (liquid film): 1659, 1461, 1256, 1225, 1156,
1092 cm'l; MS (EIY) m/z 285 (M+H)*).

(b) 5-([tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophene-2-carbonitrile (2e)

According to a similar procedure to 5-2-3 (c), 2e (0.94 g, 3.3 mmol, 69%) was prepared from
5-({[ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophene-2-carboxaldehyde (1.3 g, 4.8 mmol),
hydroxylamine hydrochloride (0.37 g, 5.3 mmol), EtsN (1.3 mL, 9.6 mmol) and DCC (1.1 g, 5.3 mmol).
The final purification by flash column chromatography (silica gel, mhexane/EtOAc) gave a pale
yellowish oil. TH NMR (400 MHz, CDCls) &: 6.74 (s, 1H), 4.83 (s, 2H), 2.75 (q, 2H, J= 7.8 Hz), 1.25 (t,
3H, J=7.8 Hz), 0.93 (s, 9H), 0.11 (s, 6H); IR (liquid film): 2212, 1256, 1149, 1093 cm'’; MS (EI*) m/~z
282 (M+H)*).

5-2-12. 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethyl- NV-hydroxythiophene-2-carboximidamide
(e)

Et

HO,N@OTBS

H,N

According to a similar procedure to 5-2-2, 8e (0.62 g, 2.0 mmol, 60%) was prepared from 2e (0.93 g,
3.3 mmol) and hydroxylamine (40wt% in water, 0.50 mL, 6.1 mmol). The final purification by flash
column chromatography (silica gel, m-hexane/EtOAc) gave a white crystalline solid. 'TH NMR (400
MHz, CDCls) 6: 7.10 (br s, 1H), 6.76 (s, 1H), 4.80 (s, 4H), 2.76 (q, 2H, J= 7.8 Hz), 1.20 (t, 3H, J= 7.8
Hz), 0.93 (s, 9H), 0.11 (s, 6H); IR (KBr): 3491, 3357, 3284, 1643, 1590, 1059 cm'; MS (EI*) m/z 315
((M+H)").
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5-2-13. tert-Butyl(dimethyl)[(4-propylthiophen-2-yl)methoxylsilane (13c)

n-Pr

UVOTBS

S

According to a similar procedure to 5-2-10, 13c (1.8 g, 6.6 mmol, 66%) was prepared from
[(4-bromo-2-thienyl)methoxyl-tert-butyldimethylsilane (3.1 g, 10 mmol) [reference literature: /. Med.
Chem. 2002, 45, 5005], [1,3-bis(diphenylphosphino)propaneldichloronickel (0.27 g, 0.50 mmol),
n-propylmagnesium bromide (1.0 M in THF, 12 mL, 12 mmol) and Et20 (30 mL). :H NMR (400 MHz,
CDCls) &: 6.80 (s, 1H), 6.75 (s, 1H), 4.82 (s, 2H), 2.53 (t, 2H, J= 7.4 Hz), 1.61 (tq, 2H, J= 7.4, 7.4 Hz),
0.93 (t, 3H, J= 7.4 Hz), 0.92 (s, 9H), 0.10 (s, 6H); IR (liquid film): 2956, 2929, 2857, 1471, 1255, 1077,
838, 777 cm’; MS (FAB*): m/z 269 (M-H)*.

5-2-14. 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-propylthiophene-2-carbonitrile (2f)

(a) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-propylthiophene-2-carbaldehyde
According to a similar procedure to 5-2-3 (b), the title compound (0.60 g, 2.0 mmol, 82%) was
prepared from 13c (0.66 g, 2.4 mmol), n-BuLi (1.6 M in hexane, 2.0 mL, 3.2 mmol) and DMF (0.41 mL,
5.3 mmol). 'H NMR (400 MHz, CDCls) &: 9.98 (s, 1H), 6.81 (s, 1H), 4.86 (s, 2H), 2.89 (t, 2H, J= 7.4
Hz), 1.69 (tq, 2H, J= 7.4, 7.4 Hz), 0.97 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.12 (s, 6H); IR (liquid film):
2957, 2930, 1659, 1471, 1254, 1092, 839, 779 cm'; MS (FAB*) m/z 299 (M+H)").

(b) 5-([tert-Butyl(dimethylsilylloxy}methyl)-3-propylthiophene-2-carbonitrile (2f)

According to a similar procedure to 5-2-3 (c), 2f (0.90 g, 3.1 mmol, 96%) was prepared from
5-({[tert-butyl(dimethyl)silylloxy;methyl)-3-propylthiophene-2-carbaldehyde (0.97 g, 3.2 mmol),
hydroxylamine hydrochloride (0.25 g, 3.6 mmol), EtsN (0.89 mL, 6.4 mmol) and DCC (0.74 g, 3.6
mmol). 'H NMR (400 MHz, CDCls) 8: 6.73 (s, 1H), 4.84 (s, 2H), 2.71 (¢, 2H, J= 7.4 Hz), 1.66 (tq, 2H,
= 7.4, 7.4 Hz), 0.96 (t, 3H, J = 7.4 Hz), 0.93 (s, 9H), 0.11 (s, 6H); IR (liquid film): 2957, 2931, 2857,
2212, 2118, 1149, 1092, 839, 779 cm'; MS (FAB*) m/z 296 (M+H)").

5-2-15. 5-({[tert-Butyl(dimethyl)silyl]oxy} methyl)- NV-hydroxy-3-propylthiophene-2-carboximidamide
(3f)
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n-Pr.

HO,N\vﬁS\\/OTBS

H,N

According to a similar procedure to 5-2-2, 3f (0.96 g, 2.9 mmol, 95%) was prepared from 2f (0.90 g, 3.0
mmol) and hydroxylamine (40wt% in water, 1.0 mL, 12 mmol). The final purification was conducted
by flash column chromatography (silica gel, n-hexane/EtOAc 7:3). tH NMR (400 MHz, CDCls) 6: 7.33
(brs, 1H), 6.73 (s, 1H), 4.80 (s, 4H), 2.71 (t, 2H, J= 7.4 Hz), 1.61 (tq, 2H, J= 7.4, 7.4 Hz), 0.94 (t, 3H, J
= 7.4 Hz), 0.92 (s, 9H), 0.10 (s, 6H); IR (KBr): 3493, 3381, 3195, 2953, 2927, 1647, 1584, 1396, 1043,
931, 839, 781 cm';; MS (FAB*) m/z 329 (M+H)*).

5-2-16. tert-Butyl(dimethyl){[4-(propan-2-yD)thiophen-2-yllmethoxy}silane (13d)

i-Pr

S

(a) tert-Butyl(dimethyl){[4-(prop-1-en-2-yl)thiophen-2-yllmethoxy}silane

According to a similar procedure to 5-2-10, the title compound (3.0 g, 11 mmol, 86%) was prepared
from [(4-bromo-2-thienyl)methoxyl- tert-butyldimethylsilane (4.0 g, 13 mmol) [reference literature: /.
Med. Chem. 2002, 45, 5005], [1,3-bis(diphenylphosphino)propaneldichloronickel (0.37 g, 0.69 mmol),
isopropenylmagnesium bromide (0.50 M in THF, 42 mL, 21 mmol) and Et2O (30 mL). The final
purification was conducted by flash column chromatography (mz-hexane/EtOAc). 'TH NMR (400 MHz,
CDCls) &: 7.10-7.07 (m, 2H), 5.29 (s, 1H), 4.98 (s, 1H), 4.84 (s, 2H), 2.08 (s, 3H), 0.93 (s, 9H), 0.11 (s,
6H); IR (liquid film): 2954, 2929, 2857, 1255, 1098, 1081, 838, 778 cm';; MS (FAB*) m/Zz 269
((M+H)").

(b) tert-Butyl(dimethyl){[4-(propan-2-yDthiophen-2-yllmethoxy}silane (13d)

To a solution of tert-butyl(dimethyl){[4-(prop-1-en-2-yDthiophen-2-yllmethoxy}silane (3.0 g, 11 mmol)
in benzene (20 mL) was added rhodium(I) tris-(triphenylphosphine) chloride (0.46 g, 0.50 mmol) and
the resulting mixture was degassed and saturated with hydrogen gas. After stirring at room
temperature for 3 h, the reaction mixture was filtered through florisil and the filtrate was
concentrated. The residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc
9:1) to afford the title compound 13d (2.6 g, 9.5 mmol, 86%). 'H NMR (400 MHz, CDCls) §: 6.83—6.80
(m, 2H), 4.83 (s, 2H), 2.89 (sept, 1H, J= 6.6 Hz), 1.22 (d, 6H, J= 6.6 Hz), 0.93 (s, 9H), 0.10 (s, 6H); IR
(liquid film): 2957, 2929, 2857, 1471, 1255, 1081, 838, 777 cm'; MS (FAB*) m/z 269 (M-H)*.
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5-2-17. 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-(propan-2-yl)thiophene-2-carbonitrile (2g)

i-Pr

M\/OTBS
NG

S

(a) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-(propan-2-yl)thiophene-2-carbaldehyde

According to a similar procedure to 5-2-3 (b), the title compound (2.3 g, 7.5 mmol, 82%) was prepared
from 13d (2.5 g, 9.2 mmol), 2-BulLi (1.6 M in hexane, 7.0 mL, 11 mmol) and DMF (1.4 mL, 18 mmol).
1H NMR (400 MHz, CDCls) §: 10.0 (s, 1H), 6.91 (s, 1H), 4.86 (s, 2H), 3.61 (sept, 1H, J= 6.6 Hz), 1.30
(d, 6H, J = 6.6 Hz), 0.94 (s, 9H), 0.12 (s, 6H); IR (liquid film): 2959, 2929, 2857, 1659, 1462, 1256,
1092, 839, 779 cm; MS (FAB*) m/z 299 (M+H)").

(b) 5-Qltert-Butyl(dimethyl)silylloxy}methyl)-3-(propan-2-yDthiophene-2-carbonitrile (2g)

According to a similar procedure to 5-2-3 (c), 2g was quantitatively prepared from
5-([tert-butyl(dimethyl)silylloxy}methyl)-3-(propan-2-yl)thiophene-2-carbaldehyde (2.3 g, 7.5 mmol),
hydroxylamine hydrochloride (0.58 g, 8.3 mmol), EtsN (2.1 mL, 15 mmol) and DCC (1.7 g, 8.3 mmol).
1H NMR (400 MHz, CDCls) &: 6.81 (s, 1H), 4.85 (s, 2H), 3.22 (sept, 1H, J= 6.6 Hz), 1.26 (d, 6H, J= 6.6
Hz), 0.93 (s, 9H), 0.11 (s, 6H); IR (Iliquid film): 2958, 2930, 2857, 2212, 2118, 1256, 1147, 1093, 839,
779 cm; MS (FABY) m/z 296 (M+H)*).

5-2-18.
5-({[ tert-Butyl(dimethyl)silylloxy} methyl)- N-hydroxy-3-(propan-2-yl)thiophene-2-carboximidamide
(3g)

i-Pr.

HO,N\vbS\\/OTBS

H,N

According to a similar to 5-2-2, 3g (2.0 g, 6.1 mmol, 81%) was prepared from 2g (2.2 g, 7.5 mmol) and
hydroxylamine (40wt% in water, 2.0 mL, 24 mmol). The final purification was conducted by flash
column chromatography (silica gel, n-hexane/EtOAc 7:3). TH NMR (400 MHz, CDCls) &: 7.39 (br s,
1H), 6.81 (s, 1H), 4.81 (s, 2H), 4.80 (br s, 2H), 3.42 (sept, 1H, J= 6.8 Hz), 1.20 (d, 6H, /= 6.8 Hz), 0.93
(s, 9H), 0.11 (s, 6H); IR (KBr): 3487, 3373, 3240, 2959, 2928, 2858, 1639, 1054, 834, 779 cm'l; MS
(FABY) miz 329 (M+H)").

5-2-19. tert-Butyl(dimethyl)[(3-methylthiophen-2-yl)methoxylsilane (13e)
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U\/OTBS

S

To a suspension of lithium aluminum hydride (1.2 g, 32 mmol) in THF (20 mL) was slowly added a
solution of 3-methylthiophene-2-carboxylic acid (3.0 g, 21 mmol) in THF (10 mL) at 0 °C and the
resulting mixture was stirred at room temperature for 2 h. The reaction was quenched with sodium
sulfate decahydrate at 0 °C and the resulting mixture was stirred at room temperature for 2 h. The
reaction mixture was diluted with THF and filtered with Celite pad. The filtrate was concentrated
and the residue was purified by flash column chromatography (silica gel, m-hexane/EtOAc 1:0 to 1:1).
To the residue in DMF (16 mL) were successively added imidazole (2.9 g, 42 mmol) and TBSC1 (4.8 g,
32 mmol) at room temperature. After stirring for 16 h, the reaction mixture was poured into water
and extracted with Et20. The extract was washed with water and brine, dried over Na2SQs, filtered
and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 1:0 to 20:1) to afford the title compound 13e (2.2 g, 9.1 mmol, 43% in 2 steps) as a
colorless oil. TH NMR (400 MHz, CDCls) 6: 7.11 (d, 1H, J= 5.1 Hz), 6.78 (d, 1H, J= 5.1 Hz), 4.79 (s,
2H), 2.18 (s, 3H), 0.93 (s, 9H), 0.10 (s, 6H); IR (liquid film): 2956, 2930, 2858, 1256, 1074, 838, 777,
702 cm'; MS (EIY) m/z: 242 (M*).

5-2-20. 5-({[ tert-Butyl(dimethyl)silylloxy}methyl)-4-methylthiophene-2-carbonitrile (2h)

Me

e ﬂ\/OTBS

S

(a) 5-([tert-Butyl(dimethylsilylloxy}methyl)-4-methylthiophene-2-carbaldehyde

According to a similar procedure to 5-2-3 (b), the title compound (0.66 g, 2.4 mmol, 59%) was
prepared from 13e (1.0 g, 4.1 mmol), n-BuLi (1.6 M in hexane, 3.1 mL, 5.0 mmol) and DMF (0.67 mL,
8.7 mmol). TH NMR (400 MHz, CDCls) &: 9.80 (s, 1H), 7.48 (s, 1H), 4.82 (s, 2H), 2.18 (s, 3H), 0.95 (s,
9H), 0.13 (s, 6H); IR (liquid film): 2955, 2930, 2858, 1672, 1250, 1101, 839, 780 cm'; MS (EI*) m/z
271(M+H)").

(b) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-4-methylthiophene-2-carbonitrile (2h)

According to a similar procedure to 5-2-3 (c), 2h (0.35 g, 1.3 mmol, 70%) was prepared from
5-({[tert-butyl(dimethyl)silylloxy}methyl)-4-methylthiophene-2-carbaldehyde (0.50 g, 1.9 mmol),
hydroxylamine hydrochloride (0.14 g, 2.0 mmol), EtsN (0.52 mL, 3.7 mmol) and DCC (0.42 g, 2.0
mmol). TH NMR (400 MHz, CDCls) §: 7.31 (s, 1H), 4.80 (s, 2H), 2.14 (s, 3H), 0.94 (s, 9H), 0.12 (s, 6H);
IR (liquid film): 2955, 2931, 2858, 2216, 2119, 1363, 1257, 1183, 1101, 780 cm'l; MS (EI*) m/z
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267(M~).

5-2-21. 5-({[tert-Butyl(dimethyl)silylloxy}methyl)- M-hydroxy-4-methylthiophene-2-carboximidamide
(3h)

Me

Ho-N Y@\/OTBS

H,N

According to a similar procedure to 5-2-2, 3h (2.0 g, 6.5 mmol, 87%) was prepared from 2h (2.0 g, 7.5
mmol) and hydroxylamine (40wt% in water, 1.7 mL, 21 mmol). The final purification by
recrystallization (;-hexane/EtOAc) gave a white crystalline solid. 'H NMR (400 MHz, CDCls) §: 7.02
(br s, 1H), 6.99 (s, 1H), 4.79 (br s, 2H), 4.77 (s, 2H), 2.16 (s, 3H), 0.94 (s, 9H), 0.12 (s, 6H); IR (KBr):
3488, 3343, 3214, 2929, 2858, 1651, 1595, 1394, 1255, 1029, 939, 836, 777 cm'l; MS (FAB*) m/z 301
((M+H)").

5-2-22. 4-Ethyl-5-[(tetrahydro-2 H-pyran-2-yloxy)methyllthiophene-2-carbonitrile (2i)

Et

e ﬂ\/OTHP

S

(a) [5-([tert-Butyl(dimethylsilylloxy}'methyl)-3-ethylthiphen-2-yllmethanol

To a solution of 5-({[tert-butyl(dimethyl)silylloxymethyl)-3-ethylthiophene-2-carboxaldehyde (5-2-11
(a)) (1.5 g, 5.8 mmol) in MeOH (10 mL) was slowly added NaBH4 (0.22 g, 5.8 mmol) at 0 °C. After
stirring for 30 min at 0 °C, the solvent was evaporated in vacuo and the residue was poured into
water (20 mL) and extracted with Et20. The extract was washed with brine, dried over MgSOu4,
filtered and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 4:1 to 7:3) to afford the title compound (1.4 g, 5.5 mmol, 94%) as a colorless oil. 1H
NMR (400 MHz, CDCls) &: 6.72 (s, 1H), 4.80 (s, 2H), 4.71 (d, 2H, J= 5.9 Hz), 2.57 (q, 2H, J= 7.4 Hz),
1.18 (t, 3H, J= 7.4 Hz), 0.93 (s, 9H), 0.11 (s, 6H); IR (liquid film): 3352, 1463, 1390, 1362, 1255, 1149,
1075 cm'l; MS (FAB*) m/z 285 (M-H)*).

(b) 4-Ethyl-5-[(tetrahydro-2 H-pyran-2-yloxy)methyllthiophene-2-carboxaldehyde

To a solution of [5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl-2-thienyllmethanol (1.4 g, 5.3
mmol) in CH2Cls (10 mL) were successively added 3,4-dihydro-2H-pyran (0.58 ml, 6.4 mmol) and
ptoluenesulfonic acid (10 mg, 0.04 mmol) at 0 °C. After stirring for 30 min at room temperature, the

reaction was quenched with sat. NaHCOs. The resulting mixture was poured into water (20 mL) and
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extracted with Et20. The extract was washed with brine, dried over MgSO,, filtered and
concentrated.

To a solution of the residue in THF (5.0 mL) was added tetrabutylammonium fluoride (1.0 M in THF,
6.4 mL, 6.4 mmol), and the resulting mixture was stirred at room temperature for 30 min. The
reaction mixture was poured into water and extracted with Et20. The extract was washed with
water and brine, dried over MgSQOy, filtered and concentrated.

To a mixture of the residue and molecular sieves 4A (10 g) in CH2Clz (30 mL) was added pyridinium
dichromate (3.3 g, 8.7 mmol) at 0 °C. After stirring for 2 h at room temperature, the reaction mixture
was diluted with Et20 (150 mL) and filtered with silica gel to remove insoluble materials. The
filtrate was concentrated and the residue was purified by flash column chromatography (silica gel,
nmhexane/EtOAc 10:0 to 8:2) to afford the title compound (0.97 g, 3.8 mmol, 78% in 3 steps) as a
colorless oil. 'H NMR (400 MHz, CDCls) &: 9.80 (s, 1H), 7.55 (s, 1H), 4.87 (d, 1H, J=13.5 Hz), 4.74 (t,
1H, J= 3.5 Hz), 4.65 (d, 1H, J=13.5 Hz), 3,92-3.84 (m, 1H), 3.59-3.53 (m, 1H), 2.61 (q, 2H, J/= 7.6 Hz),
1.92-1.50 (m, 6H), 1.23 (t, 3H, J= 7.6 Hz); IR (liquid film): 3440, 2942, 2873, 1670, 1454, 1158, 1121,
1036, 1023 cm'l; MS (EI*) m/z 254 (MY).

(c) 4-Ethyl-5-[(tetrahydro-2 H-pyran-2-yloxy)methyllthiophene-2-carbonitrile (2i)

According to a similar procedure to 5-2-3 (c), 2i (0.86 g, 3.4 mmol, 95%) was prepared from
4-ethyl-5-[(tetrahydro-2 H-pyran-2-yloxy)methyllthiophene-2-carboxaldehyde (0.97 g, 3.6 mmol),
hydroxylamine hydrochloride (0.29 g, 3.9 mmol), EtsN (1.1 mL, 7.2 mmol) and DCC (0.87 g, 3.9
mmol). The final purification by flash column chromatography (silica gel, m-hexane/EtOAc) gave a
colorless oil. 'H NMR (400 MHz, CDCls) 8: 7.38 (s, 1H), 4.84 (d, 1H, /= 13.3 Hz), 4.71 (t, 1H, J= 3.3
Hz), 4.62 (d, 1H, J=13.3 Hz), 3.90-3.82 (m, 1H), 3.59-3.52 (m, 1H), 2.58 (q, 2H, J= 7.6 Hz), 1.90-1.52
(m, 6H), 1.19 (t, 3H, J = 7.6 Hz); IR (liquid film): 2942, 2873, 2216, 1454, 1342, 1201, 1174, 1123,
10717, 1066, 1036, 1024, 903 cm; MS (EI*) m/z 251 (M¥).

5-2-23. 4-Ethyl-N-hydroxy-5-[(tetrahydro-2 H-pyran-2-yloxy)methyllthiophene-2-carboximidamide
(31)

Et

Ho-N E/QVOTHP

HoN

According to a similar procedure to 5-2-2, 3i (0.96 g, 3.3 mmol, 98%) was prepared from 2i (0.86 g, 3.4
mmol) and hydroxylamine (50wt% in water, 0.5 mL, 9.2 mmol). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc) gave a colorless oil. 'H NMR (400 MHz, CDCls)
§:7.23 (br s, 1H), 7.07 (s, 1H), 4.82 (br s, 2H), 4.80 (d, 1H, J=12.9 Hz), 4.71 (t, 1H, J= 3.3 Hz), 4.61 (d,
1H, J=12.9 Hz), 3,94-3.87 (m, 1H), 3.59-3.52 (m, 1H), 2.59 (q, 2H, J= 7.6 Hz), 1.89-1.47 (m, 6H), 1.20
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(t, 3H, J= 7.6 Hz); IR (liquid film): 3353, 2942, 2872, 1635, 1588, 1390, 1344, 1117, 1022 cm'; MS
(FAB*) m/z 285 ((M+H)*).

5-2-24,
1-[(4-{5-[4-Phenyl-5-(trifluoromethyl)thiophen-2-yl]-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetid

ine-3-carboxylic acid (7a)

(a) (4-{5-[4-Phenyl-5-(trifluoromethyl)thiophen-2-yll-1,2,4-oxadiazol-3-yljthiophen-2-yl)methanol

To a solution of 3a (0.43 g, 1.5 mmol) and 4-phenyl-5-(trifluoromethyl)thiophene-2-carbonyl chloride
(0.52 g, 1.8 mmol) in THF (6.0 mL) was added N,N-diisopropylethylamine (0.52 mL, 3.0 mmol) at
0 °C. After stirring at 0 °C for 1 h, the reaction was quenched with sat. NaHCOs. The resulting
mixture was poured into water and extracted with EtOAc. The extract was washed with brine, dried
over Na2S0y, filtered and concentrated.

To a solution of the residue in THF (6.0 mL) was added tetrabutylammonium fluoride (1.0 M in THF,
3.0 mL, 3.0 mmol) and the resulting mixture was stirred at 60 °C for 3 h. The reaction mixture was
poured into water and extracted with EtOAc. The extract was washed with brine, dried over Na2SO4,
filtered and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 2:1 to 1:1) to afford the title compound (0.61 g, 1.5 mmol, 99%) as a white crystalline
solid. TH NMR (400 MHz, CDCls) §: 8.07 (d, 1H, J= 1.2 Hz), 7.87 (d, 1H, J= 1.2 Hz), 7.56 (s, 1H), 7.45
(s, 5H), 4.89 (s, 2H), 1.95 (br s, 1H); IR (KBr): 3324, 1606, 1578, 1417, 1313, 1268, 1183, 1126 cm'%;
MS (FAB*) m/z 409 (M+H)*).

(b) Ethyl
1-[(4-{5-[4-phenyl-5-(trifluoromethyl)thiophen-2-yll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllaz
etidine-3-carboxylate

To a solution of

(4-{5-[4-phenyl-5-(trifluoromethyl)-2-thienyll-1,2,4-oxadiazol-3-yl}-2-thienyl)methanol (0.10 g, 0.25

mmol) in CH2Clz (6.0 mL) were successively added carbon tetrabromide (0.17 g, 0.50 mmol) and

triphenylphosphine (0.13 g, 0.50 mmol) at 0 °C and the resulting mixture was stirred for 1 h at 0 °C.

To this were successively added ethyl 3-azetidinecarboxylate hydrochloride (62 mg, 0.38 mmol) and

N, N-diisopropylethylamine (0.11 mL, 0.63 mmol) at 0 °C. After stirring at 25 °C for 2 h, the reaction

was quenched with sat. NaHCOs. The resulting biphasic mixture was poured into water and

extracted with EtOAc. The extract was washed with brine, dried over MgSQ,, filtered and
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concentrated. The residue was purified by thin layer chromatography on a silica gel plate
(mhexane/EtOAc 3:2) to afford the title compound (73 mg, 0.14 mmol, 56%) as a white crystalline
solid. 'H NMR (400 MHz, CDCls) §: 8.04 (d, 1H, J= 1.2 Hz), 7.89 (d, 1H, J= 1.2 Hz), 7.47 (s, 6H), 4.17
(q, 2H, J= 7.0 Hz), 3.83 (s, 2H), 3.68-3.55 (m, 2H), 3.41-3.31 (m, 3H), 1.27 (t, 3H, J= 7.0 Hz); IR
(KBr): 1720, 1608, 1577, 1316, 1272, 1197, 1180, 1132 cm'; MS (FAB*) m/z 520 (M+H)*).

(c) 1-[(4-{5-[4-Phenyl-5-(trifluoromethyl)thiophen-2-yll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllaz
etidine-3-carboxylic acid (7a)

To a solution of ethyl
1-[(4-{5-[4-phenyl-5-(trifluoromethyl)-2-thienyll-1,2,4-oxadiazol-3-yl}-2-thienyl) methyllazetidine-3-ca
rboxylate (70 mg, 0.13 mmol) in 1,4-dioxane (2.0 mL) was added NaOH (1.0 M in water, 0.39 mL,
0.39 mmol), and the resulting mixture was stirred at room temperature for 2 h. The reaction was
quenched with acetic acid (22 pL, 0.39 mmol) and the resulting mixture was concentrated. To the
residue were added successively MeOH (1.0 mL) and water (1.0 mL), and the white solid precipitated
was collected by filtration using a Kiriyama funnel, washed with a mixed solvent of water and
methanol (3:7) and dried in vacuo to afford the title compound 7a (34 mg, 0.069 mmol, 53%) as a
white crystalline solid. "H NMR (400 MHz, CDsCO2D) &: 8.37 (s, 1H), 8.03 (s, 1H), 7.93 (s, 1H), 7.60—
7.45 (m, 5H), 4.76 (s, 2H), 4.58-4.46 (m, 2H), 4.46-4.35 (m, 2H), 3.88-3.75 (m, 1H); IR (KBr): 3429,
1605, 1579, 1270, 1178, 1133 cm'l; MS (FABY) m/z 492 (M+H)*).

5-2-25. 1-({4-[5-(Biphenyl-3-y1)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
(7b)

O O-N
\
NS
[ w3
NO(COZH

(a) Biphenyl-3-carboxylic acid

To a solution of 3-bromobiphenyl (0.47 g, 2.0 mmol) in THF (7.0 mL) was slowly added n-BulLi (1.6 M
in hexane, 1.5 mL, 2.4 mmol) at -78 °C. After stirring at -78° C for 20 min, CO2 (dry ice, excess
amount) was added and the resulting mixture was stirred at -78 °C for 1 h. The reaction was
quenched with NaOH (1.0 M in water, 3.0 mL). The resulting mixture was diluted with Et2O and
extracted with water twice. The aqueous phase was washed with Et20 twice and acidified with HC1
(1.0 M in water). The aqueous phase was extracted with EtOAc and the extract was dried over
Na2S0y, filtered and concentrated to afford the title compound (0.36 g, 1.8 mmol, 90%) as a yellow
solid. 'H NMR (400 MHz, CDCls) &: 8.33 (dd, 1H, J= 2.0, 1.6 Hz), 8.08 (ddd, 1H, J= 7.4, 1.6, 1.2 Hz),
7.83 (ddd, 1H, J=17.8, 2.0, 1.2 Hz), 7.64-7.59 (m, 2H), 7.54 (dd, 1H, J= 7.8, 7.4 Hz), 7.48-7.42 (m, 2H),

79



7.40-7.35 (m, 1H).

(b) {4-[5-(Biphenyl-3-y1)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

To a solution of biphenyl-3-carboxylic acid (0.22 g, 1.1 mmol) in acetonitrile (8.0 mL) were
successively added 1-hydroxybenzotriazole (0.18 g, 1.3 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.23 g, 1.1 mmol) and 3a (0.29 g, 1.0
mmol), and the resulting mixture was stirred at room temperature for 30 min. The reaction was
quenched with water and the resulting biphasic mixture was poured into water and extracted with
EtOAc. The extract was washed successively with HC1 (0.1 M in water), sat. NaHCO3 and brine, and
dried over NasSOQy, filtered and concentrated.

To a solution of the residue in THF (8.0 mL) was added tetrabutylammonium fluoride (1.0 M in THF,
2.0 mL, 2.0 mmol) and the resulting mixture was stirred at 50 °C for 1 h. The reaction mixture was
poured into water and extracted with Et20. The extract was washed with brine, dried over MgSQO4,
filtered and concentrated. The residue was purified by recrystallization (EtOAc/7-Pr20 5.0 mL/2.0
mL) to afford the title compound (0.20 g, 0.59 mmol, 59%) as a white solid. 'H NMR (400 MHz,
DMSO-ds) & 8.39-8.37 (m, 1H), 8.29-8.26 (m, 1H), 8.19-8.15 (m, 1H), 8.06-8.02 (m, 1H), 7.81-7.74
(m, 3H), 7.57-7.44 (m, 4H), 5.66 (t, 1H, J= 5.9 Hz), 4.72 (d, 2H, J= 5.9 Hz); IR (KBr): 3373, 1577,
1556, 1024, 831, 742, 694 cm'; MS (FAB*) m/z 335 (M+H)").

() Ethyl 1-(14-[5-(biphenyl-3-y1)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
According to a similar procedure to 5-2-24 (b), the title compound (0.15 g, 0.34 mmol, 58%) was
prepared from {4-[5-(biphenyl-3-yl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol (0.19 g, 0.58 mmol),
carbon tetrabromide (0.34 g, 1.2 mmol), triphenylphosphine (0.30 g, 1.2 mmol), ethyl
3-azetidinecarboxylate hydrochloride (0.14 g, 0.87 mmol), N, N-diisopropylethylamine (0.25 mL, 1.5
mmol) and CH2Cle (8.0 mL). The final purification by flash column chromatography (silica gel,
mhexane/EtOAc 9:1 to 1:9) gave a white solid. 'H NMR (400 MHz, CDCls) §: 8.44—8.42 (m, 1H), 8.19—
8.15 (m, 1H), 8.08-8.06 (m, 1H), 7.85-7.82 (m, 1H), 7.70-7.66 (m, 2H), 7.63 (t, 1H, J= 7.8 Hz), 7.54—
7.48 (m, 3H), 7.44-7.39 (m, 1H), 4.17 (q, 2H, J= 7.0 Hz), 3.84 (s, 2H), 3.65-3.59 (m, 2H), 3.40-3.33 (m,
3H), 1.27 (t, 3H, J= 7.0 Hz); IR (KBr): 2979, 2845, 1732, 1556, 1345, 1195, 743, 691 cm'; MS (FAB*)
mlz 446 (M+H)*).

(d) 1-({4-[5-(Biphenyl-3-y1)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylic acid (7b)
According to a similar procedure to 5-2-24 (c), 7b (0.11 g, 0.26 mmol, 78%) was prepared from ethyl
1-(14-[5-(biphenyl-3-y1)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylate (0.15 g,
0.33 mmol), NaOH (1.0 M in water, 0.99 mL, 0.99 mmol), 1,4-dioxane (4.0 mL) and acetic acid (57 pL,
1.01 mmol). The final purification by recrystallization (MeOH/water 2 mL/3 mL) gave a white solid.
'H NMR (400 MHz, CD5CO:2D) &: 8.48-8.44 (m, 1H), 8.39-8.36 (m, 1H), 8.22-8.17 (m, 1H), 7.97-7.90
(m, 2H), 7.76-7.65 (m, 3H), 7.54-7.40 (m, 3H), 4.75 (s, 2H), 4.57-4.35 (m, 4H), 3.87-3.77 (m, 1H); IR
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(KBr): 3430, 1598, 1577, 1405, 1323, 746, 694 cm'l; MS (FAB*) m/z 418 ((M+H)+).

5-2-26. 1-({4-[5-(Biphenyl-4-yl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
(7c)

N&quCOZH

(a) {4-[5-(Biphenyl-4-y1)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

According to a similar procedure to 5-2-24 (a), the title compound (0.28 g, 0.85 mmol, 65% in 2 steps)
was prepared from 3a (0.37 g, 1.3 mmol), biphenyl-4-carbonyl chloride (0.34 g, 1.56 mmol),
N, N-diisopropylethylamine (0.45 mL, 2.6 mmol) and THF (5.0 mL) instead of CH:Clz, and
tetrabutylammonium fluoride (1.0 M in THF, 2.6 mL, 2.6 mmol) and THF (5.0 mL). The final
purification by recrystallization (z-hexane/EtOAc 6.0 mL/6.0 mL) gave a white solid. 1H NMR (400 M
Hz, CDCls) &: 8.29-8.22 (m, 2H), 8.12-8.09 (m, 1H), 7.80-7.73 (m, 2H), 7.68-7.59 (m, 3H), 7.53-7.39
(m, 3H), 4.91 (s, 2H); IR (KBr): 3315, 1612, 1576, 1037, 744 cm''; MS (FAB*) m/z 335 (M+H)*).

(b) Ethyl 1-(14-[5-(biphenyl-4-y1)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
According to a similar procedure to 5-2-24 (b), the title compound (0.80 g, 0.18 mmol, 50%) was
prepared from {4-[5-(biphenyl-4-yl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol (0.12 g, 0.36 mmol),
carbon tetrabromide (0.24 g, 0.72 mmol), triphenylphosphine (0.19 g, 0.72 mmol), ethyl
3-azetidinecarboxylate hydrochloride (89 mg, 0.54 mmol), N, N-diisopropylethylamine (0.16 mL, 0.90
mmol) and CHzCl: (6.5 mL). The final purification by thin layer chromatography on a silica gel plate
(mhexane/EtOAc 1:1) gave a white solid. 1H NMR (400 MHz, CDCls) §: 8.27-8.22 (m, 2H), 8.05-8.03
(m, 1H), 7.78-7.74 (m, 2H), 7.66—7.62 (m, 2H), 7.52—7.38 (m, 4H), 4.16 (q, 2H, J= 7.0 Hz), 3.83 (s, 2H),
3.64-3.59 (m, 2H), 3.39-3.33 (m, 3H), 1.27 (t, 3H, J= 7.0 Hz); IR (KBr): 1734, 1612, 1577, 1349, 1191,
746 cm'; MS (FAB*Y) m/z 446 (M+H)").

() 1-({4-[5-(Biphenyl-4-y1)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylic acid (7c)
According to a similar procedure to 5-2-24 (c), 7c (64 mg, 0.15 mmol, 85%) was prepared from ethyl
1-({4-[5-(biphenyl-4-y1)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate (80 mg,
0.18 mmol), NaOH (1.0 M in water, 0.54 mL, 0.54 mmol), 1,4-dioxane (2.0 mL) and acetic acid (31 pL,
0.54 mmol). The final purification by recrystallization (MeOH/water 8.0 mL/2.0 mL) gave a white
solid. 1H NMR (400 MHz, CDsCO:D) §: 8.35-8.32 (m, 1H), 8.29-8.23 (m, 2H), 7.93-7.89 (m, 1H),
7.87-7.81 (m, 2H), 7.74-7.66 (m, 2H), 7.51-7.36 (m, 3H), 4.74 (s, 2H), 4.56-4.30 (m, 4H), 3.86-3.75
(m, 1H); IR (KBr): 3434, 1613, 1579, 1384, 746 cm'; MS (FAB*Y) m/z 418 (M+H)*).
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5-2-27.
1-[(4-{5-[4-(Benzyloxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyl]lazetidine-3-carboxylic acid
(7d)

0-N
\
N
NQ/COZH

(a) 4-(Benzyloxy)benzoic acid

To a solution of p-hydroxybenzoic acid ethyl ester (0.50 g, 3.0 mmol) in DMF (5.0 mL) were
successively added K2COs (0.83 g, 6.0 mmol) and benzyl bromide (0.43 mL, 3.6 mmol) at room
temperature. After stirring at room temperature for 1 h, the reaction was quenched with water at
0 °C. The mixture was poured into water and extracted with EtOAc. The extract was washed with
brine, dried over Na2SOs, filtered and concentrated. The residue was purified by flash column
chromatography (silica gel, m-hexane/EtOAc 95:5 to 70:30).

To a solution of the obtained product in EtOH (6.0 mL) was added NaOH (1.0 M in water, 6.0 mL, 6.0
mmol) and the resulting mixture was stirred at 50 °C for 1 h. The reaction mixture was concentrated
to remove the organic solvent and washed with Et20. The aqueous phase was acidified with HCI
(37%wt, 12 M in water) and extracted with EtOAc. The extract was dried over Na2SOs, filtered and
concentrated to afford the title compound (0.41 g, 1.8 mmol, 60% in 2 steps) as a white solid. TH NMR
(400 MHz, CDCls+CDs0D) &: 7.95-7.89 (m, 2H), 7.29-7.09 (m, 7H), 3.89 (s, 2H).

(b) (4-{5-[4-(Benzyloxy)phenyll-1,2,4-oxadiazol-3-yljthiophen-2-yl)methanol

To a solution of 4-(benzyloxy)benzoic acid (0.18 g, 0.77 mmol) in acetonitrile (7.0 mL) were
successively added 1-hydroxybenzotriazole 0.12 g, 0.91 mmol),
1-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride (0.16 g, 0.84 mmol) and 3a (0.20 g,
0.70 mmol), and the resulting mixture was stirred at 50 °C for 30 min. The reaction was quenched
with water and the resulting biphasic mixture was poured into water and extracted with EtOAc. The
combined organic layers were washed successively with HCI (0.1 M in water), sat. aq. NaHCOs and
brine, and dried over NazSOy, filtered and concentrated.

To a solution of the residue in THF (5.0 mL) was added tetrabutylammonium fluoride (1.0 M in THF,
1.4 mL, 1.4 mmol) and the resulting mixture was stirred at 50 °C for 2 h. The reaction mixture was
poured into water and extracted with EtOAc. The extract was washed with brine, dried over Na2SOs,
filtered and concentrated. The residue was recrystallized from a mixed solvent of n-hexane (6.0 mL)
and EtOAc (2.0 mL) to afford 0.16 g of the title compound including an impure material derived from

tetrabutylammonium fluoride, which was used to the next step without further purification. MS
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(FAB*) m/z 365 ((M+H)+).

(¢) Ethyl
1-[(4-{5-[4-(benzyloxy)phenyl]l-1,2,4-oxadiazol-3-yljthiophen-2-yl)methyllazetidine-3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (92 mg, 0.19 mmol, 25% in 4 steps)
was prepared using (4-15-[4-(benzyloxy)phenyl]-1,2,4-oxadiazol-3-ylithiophen-2-yl)methanol (0.16 g,
obtained in 5-2-27 (b)), carbon tetrabromide (0.22 g, 0.66 mmol), triphenylphosphine (0.17 g, 0.66
mmol), ethyl 3-azetidinecarboxylate hydrochloride (0.11 g, 0.66 mmol), NV, N-diisopropylethylamine
(0.19 mL, 1.1 mmol) and CH2Clz (6.0 mL). The final purification by thin layer chromatography on a
silica gel plate (mhexane/EtOAc 3:4) gave a white solid. 1H NMR (400 MHz, CDCls) &: 8.11 (d, 2H, J=
9.0 Hz), 7.99 (d, 1H, J= 1.2 Hz), 7.47-7.33 (m, 6H), 7.09 (d, 2H, J= 9.0 Hz), 5.15 (s, 2H), 4.16 (q, 2H, J
=17.0 Hz), 3.82 (s, 2H), 3.63-3.59 (m, 2H), 3.38-3.32 (m, 3H), 1.27 (t, 3H, J= 7.0 Hz); IR (KBr): 2979,
2848, 1729, 1615, 1504, 1257, 1207, 756 cm'; MS (FAB*) m/z 476 (M+H)").

(d) 1-[(4-{5-[4-(Benzyloxy)phenyl]-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyllazetidine-3-carboxylic
acid (7d)

According to a similar procedure to 5-2-24 (c), 7d (76 mg, 0.16 mmol, 84%) was prepared from ethyl
1-[(4-{5-[4-(benzyloxy)phenyll-1,2,4-oxadiazol-3-yljthiophen-2-yl)methyllazetidine-3-carboxylate (90
mg, 0.19 mmol), NaOH (1.0 M in water, 0.57 mL, 0.57 mmol), 1,4-dioxane (2.0 mL) and acetic acid
(33 pL, 0.57 mmol). The final purification by recrystallization (MeOH/water 2.0 mL/2.0 mL) gave a
white solid. 'H NMR (400 MHz, CD3CO:D) §: 8.33-8.31 (m, 1H), 8.18-8.12 (m, 2H), 7.92-7.89 (m,
1H), 7.49-7.44 (m, 2H), 7.42-7.30 (m, 3H), 7.22-7.16 (m, 2H), 5.21 (s, 2H), 4.73 (s, 2H), 4.56-4.45 (m,
2H), 4.44-4.34 (m, 2H), 3.86-3.75 (m, 1H); IR (KBr): 3423, 3084, 1614, 1503, 1429, 1259, 1175, 834,
760, 514 cm'; MS (FABY) m/z 448 (M+H)").

5-2-28. 1-({4-[5-(4-Propoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylic
acid (7e)

O-N
\
N\
N N)\q
© Nycow

(a) 4-Propoxybenzoyl chloride

To a solution of 4-propoxybenzoic acid (86 mg, 0.48 mmol) in benzene (4.0 mL) were added thionyl
chloride (70 pL, 0.96 mmol) and a catalytic amount of DMF and the resulting mixture was stirred at
70 °C for 1 h. The reaction mixture was diluted with toluene and azeotropically evaporated in vacuo

twice to afford the crude product of the title compound, which was used to the next step without
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further purification.

(b) {4-[5-(4-Propoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

According to a similar procedure to 5-2-24 (a), the title compound (88 mg, 0.28 mmol, 70% in 2 steps)
was prepared from 38a (0.12 g, 0.40 mmol), 4-propoxybenzoyl chloride (0.48 mmol), N,
MN-diisopropylethylamine (0.14 mL, 0.80 mmol) and THF (5.0 mL) instead of CH:Clz, and
tetrabutylammonium fluoride (1.0 M in THF, 0.80 mL, 0.80 mmol) and THF (4.0 mL). The final
purification by recrystallization (z-hexane/EtOAc 2.0 mL/3.0 mL) gave a white solid. 1H NMR (400 M
Hz, CDCls) 6: 8.13-8.08 (m, 2H), 8.07-8.04 (m, 1H), 7.58-7.56 (m, 1H), 7.03-6.98 (m, 2H), 4.88 (s, 2H),
4.00 (t, 2H, J= 6.7 Hz), 1.85 (tq, 2H, J= 7.4, 6.7 Hz), 1.07 (t, 3H, J= 7.4 Hz); IR (KBr): 3323, 1610,
1502, 1429, 1255, 1184, 1016, 756 cm'; MS (FABY) m/z 317 (M+H)*).

() Ethyl
1-({4-[5-(4-propoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (67 mg, 0.20 mmol, 56%) was
prepared from {4-[5-(4-propoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol (0.12 g, 0.36
mmol), carbon tetrabromide (0.24 g, 0.72 mmol), triphenylphosphine (0.19 g, 0.72 mmol), ethyl
3-azetidinecarboxylate hydrochloride (89 mg, 0.54 mmol), N, N-diisopropylethylamine (0.16 mL, 0.90
mmol) and CHzCl: (6.5 mL). The final purification by thin layer chromatography on a silica gel plate
(mrhexane/EtOAc 1:1) gave a white solid. 1H NMR (400 MHz, CDCls) §: 8.13-8.08 (m, 2H), 8.16—7.99
(m, 1H), 7.48-7.46 (m, 1H), 7.03-6.98 (m, 2H), 4.16 (q, 2H, J= 7.0 Hz), 4.00 (t, 2H, J= 6.6 Hz), 3.82 (s,
2H), 3.65-3.58 (m, 2H), 3.39-3.32 (m, 3H), 1.85 (tq, 2H, J= 7.4, 6.6 Hz), 1.27 (t, 3H, J= 7.0 Hz), 1.07
(t, 3H, J= 7.4 Hz); IR (KBr): 2960, 1734, 1611, 1503, 1430, 1261, 1205, 1185, 759 cm; MS (FAB*)
mlz: 428 (M+H)*).

(d) 1-({4-[5-(4-Propoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
(7e)

According to a similar procedure to 5-2-24 (c), 7e (51 mg, 0.13 mmol, 80%) was prepared from ethyl
1-(14-[5-(4-propoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylate (67 mg,
0.16 mmol), NaOH (1.0 M in water, 0.48 mL, 0.48 mmol), 1,4-dioxane (2.0 mL) and acetic acid (28 pL,
0.49 mmol). The final purification by recrystallization (MeOH/water 2.0 mL/2.0 mL) gave a white
solid. TH NMR (400 MHz, CDsCO:D) §: 8.35-8.30 (m, 1H), 8.18-8.11 (m, 2H), 7.93-7.89 (m, 1H),
7.13-7.07 (m, 2H), 4.74 (s, 2H), 4.57-4.46 (m, 2H), 4.46-4.35 (m, 2H), 4.06 (t, 2H, J= 6.6 Hz), 3.88-
3.75 (m, 1H), 1.85 (tq, 2H, J= 7.4, 6.6 Hz), 1.06 (t, 3H, /= 7.4 Hz); IR (KBr): 3432, 2967, 1617, 1433,
1263, 833, 758 cm'l; MS (FAB*) m/z 400 (M+H)*).

5-2-29. 1-({4-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yl]thiophen-2-yl}methyl)azetidine-3-carboxylic
acid (79
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(a) 4-Phenoxybenzoyl chloride

According to a similar procedure to 5-2-28 (a), the crude product of the title compound was prepared
from 4-phenoxybenzoic acid (0.10 g, 0.48 mmol), thionyl chloride (70 pL, 0.96 mmol), a catalytic
amount of DMF and benzene (4.0 mL). This crude product was used to the next step without further

purification.

(b) {4-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methanol

According to a similar procedure to 5-2-24 (a), the title compound (98 mg, 0.28 mmol, 70% in 2 steps)
was prepared from 38a (0.12 g, 0.40 mmol), 4-phenoxybenzoyl chloride (0.48 mmol),
N, N-diisopropylethylamine (0.14 mL, 0.80 mmol) and THF (5.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 0.80 mL, 0.80 mmol) and THF (4.0 mL). The final purification by
recrystallization (2-hexane/EtOAc 2.0 mL/3.0 mL) gave a white solid. 'H NMR (400 MHz, CDCls) &:
8.14-8.10 (m, 2H), 8.07-8.04 (m, 1H), 7.60—7.55 (m, 1H), 7.44-7.37 (m, 2H), 7.23-7.18 (m, 1H), 7.11—
7.06 (m, 4H), 4.88 (s, 2H); IR (KBr): 3400, 1587, 1487, 1428, 1227, 755 cm'l; MS (FAB*) m/z 351
((M+H)").

() Ethyl
1-({4-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]thiophen-2-ylmethyl)azetidine-3-carboxylate
According to a similar procedure to 5-2-24 (b), the title compound (81 mg, 0.18 mmol, 63%) was
prepared from {4-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol (98 mg, 0.28
mmol), carbon tetrabromide (0.19 g, 0.56 mmol), triphenylphosphine (0.15 g, 0.56 mmol), ethyl
3-azetidinecarboxylate hydrochloride (60 mg, 0.36 mmol), N, N-diisopropylethylamine (0.12 mL, 0.70
mmol) and CH2Cls (5.0 mL). The final purification by thin layer chromatography on a silica gel plate
(mhexane/EtOAc 4:5) gave a white solid. 1H NMR (400 MHz, CDCls) §: 8.14-8.10 (m, 2H), 8.02—8.00
(m, 1H), 7.48-7.46 (m, 1H), 7.43-7.37 (m, 2H), 7.23-7.18 (m, 1H), 7.11-7.05 (m, 4H), 4.16 (q, 2H, J=
7.0 Hz), 3.82 (s, 2H), 3.63-3.57 (m, 2H), 3.39-3.30 (m, 3H), 1.27 (t, 3H, = 7.0 Hz); IR (KBr): 2975,

1724, 1487, 1234, 1195, 1170, 828, 755 cm''; MS (FAB*) m/z 462 (M+H)*).

(d) 1-({4-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
(79)

According to a similar procedure to 5-2-24 (c), 7f (60 mg, 0.14 mmol, 77%) was prepared from ethyl

1-(14-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylate (81 mg,

0.18 mmol), NaOH (1.0 M in water, 0.54 mL, 0.54 mmol), 1,4-dioxane (2.0 mL) and acetic acid (31 pL,
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0.54 mmol). The final purification by recrystallization (MeOH/water 2.0 mL/2.0 mL) gave a white
solid. 'H NMR (400 MHz, CD3CO:D) &: 8.33 (s, 1H), 8.19 (d, 2H, J= 8.6 Hz), 7.91 (s, 1H), 7.45 (dd, 2H,
J=8.2,7.6 Hz), 7.25 (t, 1H, J= 7.6 Hz), 7.17-7.12 (m, 4H), 4.74 (s, 2H), 4.57-4.47 (m, 2H), 4.46-4.35
(m, 2H), 3.90-3.74 (m, 1H); IR (KBr): 3427, 3088, 1614, 1589, 1489, 1250, 758 cm; MS (FAB*) m/z
434 (M+H)").

5-2-30. 1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-3-yl}methyl)azetidine-3-carboxylic
acid (7g)

0-N
Q, oty
NO/COZH

(a) {5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-3-yl}methanol

According to a similar procedure to 5-2-25 (b), the title compound (0.15 g, 0.44 mmol, 73% in 2 steps)
was prepared from 8b (0.17 g 0.60 mmol), 4-phenoxybenzoic acid (0.14 g, 0.63 mmol),
1-hydroxybenzotriazole (89 mg, 0.66 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol) and acetonitrile (5.0 mL), and tetrabutylammonium fluoride (1.0
M in THF, 1.2 mL, 1.2 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, mhexane/EtOAc 2:1 to 1:1) gave a white solid. 'H NMR (400 MHz,
CDCls) 6: 8.16-8.11 (m, 2H), 7.85-7.81 (m, 1H), 7.44-7.38 (m, 3H), 7.23-7.18 (m, 1H), 7.13-7.06 (m,
4H), 4.74 (d, 2H, J= 5.5 Hz), 1.75 (t, 1H, J= 5.5 Hz); IR (KBr): 3440, 3068, 1612, 1587, 1489, 1240,
1012, 782 cm'l; MS (FAB*) m/z 351 (M+H)*).

(b) 1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-3-ylimethyl)azetidine-3-carboxylic acid
(7g)
To a solution of {5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-3-ylimethanol (0.15 g, 0.43
mmol) in CH2Clz (7.0 mL) were successively added carbon tetrabromide (0.19 g, 0.56 mmol) and
triphenylphosphine (0.15 g, 0.56 mmol) at 0 °C and the resulting mixture was stirred at 0 °C for 30
min. To this were successively added methyl 3-azetidinecarboxylate hydrochloride (99 mg, 0.65
mmol) and N,N-diisopropylethylamine (0.22 mL, 1.3 mmol) at 0 °C. After stirring at room
temperature for 5 h, the reaction was quenched with sat. NaHCOs. The resulting biphasic mixture
was poured into water and extracted with EtOAc. The extract was washed with brine, dried over
MgSOy, filtered and concentrated. The residue was purified by thin layer chromatography on a silica
gel plate (mhexane/EtOAc 4:3), followed by flash column chromatography (amino-fuctionalized silica
gel, CH:Cl2) to afford the inseparable mixture (0.26 g) of  methyl
1-({5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-3-yl}methyl)azetidine-3-carboxylate and

triphenylphosphine oxide, which was used to the next step without further purification.
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To a solution of the obtained product in 1,4-dioxane (3.0 mL) was added NaOH (1.0 M in water, 1.0
mL, 1.0 mmol), and the resulting mixture was stirred at room temperature for 2.5 h. After removal of
the organic solvent in vacuo, the mixture was dissolved in methanol (1.0 mL) and water (0.40 mL),
and acetic acid (59 pL, 1.0 mmol) was added. The resulting mixture was concentrated and the
residue was recrystallized from methanol (3.0 mL) and water (2.0 mL) to afford the title compound
7g (0.14 g, 0.31 mmol, 72% in 2 steps) as a white solid. 1H NMR (400 MHz, CD3CO2D) §: 8.21—-8.15 (m,
2H), 7.99 (s, 1H), 7.93 (s, 1H), 7.48-7.41 (m, 2H), 7.27-7.22 (m, 1H), 7.18-7.11 (m, 4H), 4.55 (s, 2H)
4.70-4.17 (m, 4H), 3.90-3.72 (m, 1H); IR (KBr): 3424, 3066, 1611, 1594, 1487, 1247, 1165, 791 cm'};
MS (FAB*) m/z 434 (M+H)").

5-2-31. 1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methy Dazetidine-3-carboxylic
acid (7h)

oy
Ca @*N*q
° S NO/COZH

(a) {5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methanol

According to a similar procedure to 5-2-25 (b), the title compound (97 mg, 0.28 mmol, 55% in 2 steps)
was prepared from 3¢ (0.14 g, 0.50 mmol), 4-phenoxybenzoic acid (0.12 g, 0.55 mmol),
1-hydroxybenzotriazole (88 mg, 0.65 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.12 g, 0.60 mmol) and acetonitrile (5.0 mL), and tetrabutylammonium fluoride (1.0
M in THF, 1.0 mL, 1.0 mmol) and THF (4.0 mL). The final purification by flash column
chromatography (silica gel, n-hexane/EtOAc 1:1) gave a white crystalline solid. 'H NMR (400 MHz,
CDCls) &: 8.61 (d, 2H, J = 8.6 Hz), 7.71 (d, 1H, J = 3.5 Hz), 7.44-7.35 (m, 2H), 7.28-7.19 (m, 2H),
7.10-7.03 (m, 4H), 4.89 (d, 2H, J= 5.9 Hz), 1.89 (t, 1H, /= 5.9 Hz); IR (KBr): 3331, 1613, 1590, 1575,
1487, 1366, 1241 cm'; MS (FABY) m/z 351 (M+H)).

(b) Ethyl 1-({5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methy
Dazetidine-3-carboxylate
According to a similar procedure to 5-2-24 (b), the title compound (93 mg, 0.20 mmol, 72%) was
prepared from {5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol (97 mg, 0.28
mmol), carbon tetrabromide (0.19 g, 0.56 mmol), triphenylphosphine (0.15 g, 0.56 mmol), ethyl
3-azetidinecarboxylate hydrochloride (70 mg, 0.42 mmol), NV, N-diisopropylethylamine (0.18 mL, 1.1
mmol) and CH2Cls (5.0 mL). The final purification by thin layer chromatography on a silica gel plate
(rhexane/EtOAc 4:3) gave a colorless oil. 1TH NMR (400 MHz, CDCls) 6: 8.14 (d, 2H, /= 9.0 Hz), 7.70
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(d, 1H, J=3.3 Hz), 7.42 (t, 2H, J= 7.8 Hz), 7.23 (t, 1H, J= 7.4 Hz), 7.15-7.06 (m, 4H), 6.96 (d, 1H, J=
3.3Hz), 4.17 (q, 2H, J= 7.0 Hz), 3.84 (s, 2H), 3.68-3.59 (m, 2H), 3.41-3.29 (m, 3H), 1.27 (t, 3H, J=17.0
Hz); IR (liquid film): 1732, 1489, 1367, 1246, 1196, 1168 cm'1; MS (FAB*) m/z 462 (M+H)+).

(¢) 1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylic acid
(7h)

According to a similar procedure to 5-2-24 (c), 7h (69 mg, 0.16 mmol, 80%) was prepared from ethyl
1-(15-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate (90 mg,
0.20 mmol), NaOH (1.0 M in water, 0.60 mL, 0.60 mmol), 1,4-dioxane (2.0 mL) and acetic acid (34 pL,
0.59 mmol). The final purification by recrystallization (MeOH/water 2.0 mL/2.0 mL) gave a white
crystalline solid. 1TH NMR (400 MHz, CDsCO:=D) &: 8.18 (d, 2H, J= 8.6 Hz), 7.84 (d, 1H, J= 3.9 Hz),
7.48-7.40 (m, 3H), 7.25 (t, 1H, J= 7.8 Hz), 7.15 (d, 4H, J = 8.6 Hz), 4.74 (s, 2H), 4.57-4.49 (m, 2H),
4.44-4.35 (m, 2H), 3.87-3.76 (m, 1H); IR (KBr): 3469, 1613, 1591, 1569, 1488, 1366, 1243 cm'; MS
(FAB*) m/z 434 (M+H)*).

5-2-32.
1-[(4-{5-[4-(4-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-carboxyl
ic acid (7i)

Dol .,

(a) 4-(4-Methylphenoxy)benzaldehyde

To a mixture of 4-fluorobenzaldehyde (1.1 mL, 10 mmol) and p-cresol (1.3 g, 12 mmol) in DMF (10
mL) was added potassium carbonate (2.8 g, 20 mmol) and the resulting mixture was stirred at 100 °C
for 2 h. After cooling to room temperature, the reaction mixture was poured into water and extracted
with Et20. The extract was washed with water, NaOH (1.0 M in water) and brine, dried over MgSOs4,
filtered and concentrated.

To a mixture of the residue and p-cresol (0.26 g, 2.4 mmol) in DMF (5.0 mL) was added potassium
carbonate (0.55 g, 4.0 mmol) and the resulting mixture was stirred at 100 °C again for 1.5 h in order
to complete the reaction. The same work up procedure was conducted to afford the crude product of
the title compound (1.94 g, 9.2 mmol, 92%) as an orange oil, which was used to the next reaction

without further purification.

(b) 4-(4-Methylphenoxy)benzoic acid
To a solution of 4-(4-methylphenoxy)benzaldehyde (1.1 g, 5.0 mmol) in THF (2.5 mL) were
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successively added tertbutanol (5.0 mL), water (2.5 mL), 2-methyl-2-butene (2.7 mL, 25 mmol),
potassium dihydrogenphosphate (1.7 g, 13 mmol) and sodium chlorite (1.4 g, 15 mmol) and the
resulting mixture was stirred at room temperature for 2 h. The reaction mixture was diluted with
Et20 and extracted with NaOH (1.0 M in water, 10 mL). The resulting aqueous layer was acidified
with HCI (12 M in water) and extracted with EtOAc. The extract was washed with brine, dried over
Na2S0y, filtered and concentrated to afford the crude product of the title compound (1.1 g, 4.8 mmol,
96%) as a white solid. 1H NMR (400 MHz, CDs0OD) &: 7.98 (dd, 2H, /= 7.0, 2.0 Hz), 7.23 (d, 2H, J=
8.6 Hz), 6.99-6.91 (m, 4H), 2.35 (s, 3H).

() (4-{5-[4-(4-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methanol

According to a similar procedure to 5-2-27 (b), the title compound (0.19 g, 0.53 mmol, 89% in 2 steps)
was prepared from 3a (0.17 g, 0.60 mmol), 4-(4-methylphenoxy)benzoic acid (0.14 g, 0.63 mmol),
1-hydroxybenzotriazole (89 mg, 0.66 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol), acetonitrile (5.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.2 mL, 1.2 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, mhexane/EtOAc 2:1) gave a white solid. 'H NMR (400 MHz, CDCls) &:
8.15-8.10 (m, 2H), 8.09-8.07 (m, 1H), 7.58 (s, 1H), 7.22 (d, 2H, J= 7.8 Hz), 7.09-7.05 (m, 2H), 7.02—
6.98 (m, 2H), 4.89 (s, 2H), 2.38 (s, 3H), 2.03-1.93 (br s, 1H); IR (KBr): 3381, 3107, 1603, 1493, 1423,
1237, 1018, 830 cm'; MS (FAB*) m/z 365 (M+H)*).

(d) Methyl
1-[(4-{5-[4-(4-methylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyllazetidine-3-carbo
xylate

According to a similar procedure to 5-2-24 (b), the title compound (0.20 g, 0.43 mmol, 83%) was

prepared from (4-{5-[4-(4-methylphenoxy)phenyl]-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol (0.19

g, 0.52 mmol), carbon tetrabromide (0.22 g, 0.68 mmol), triphenylphosphine (0.18 g, 0.68 mmol),

methyl 3-azetidinecarboxylate hydrochloride (0.12 g, 0.78 mmol), N, N-diisopropylethylamine (0.27

mL, 1.6 mmol) and CH2Cl: (8.0 mL). The final purification by flash column chromatography (silica

gel, n-hexane/EtOAc 3:2 to 4:3) gave a white solid. 'H NMR (400MHz, CDCls) &: 8.10 (dd, 2H, J= 7.0,

2.0 Hz), 8.00 (d, 1H, J= 1.6 Hz), 7.47-7.45 (m, 1H), 7.19 (dd, 2H, J= 6.7, 2.0 Hz), 7.04 (dd, 2H, J=17.0,

2.0 Hz), 6.97 (dd, 2H, J= 6.7, 2.0 Hz), 3.82 (s, 2H), 3.71 (s, 3H), 3.63-3.56 (m, 2H), 3.39-3.33 (m, 3H),

2.37 (s, 3H); IR (KBr): 2949, 2852, 1736, 1494, 1243, 824 cm''; MS (FAB*) m/z 462 (M+H)*).

(e) 1-[(4-{5-[4-(4-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-carb
oxylic acid (7i)

According to a similar procedure to 5-2-24 (c), 7i (0.12 g, 0.28 mmol, 66%) was prepared from methyl

1-[(4-{5-[4-(4-methylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyllazetidine-3-carboxyl

ate (0.20 g, 0.42 mmol), NaOH (1.0 M in water, 1.3 mL, 1.3 mmol), 1,4-dioxane (3.0 mL) and acetic
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acid (72 pL, 1.3 mmol). The final purification by recrystallization (MeOH/water 4.0 mL/3.0 mL) gave
a white solid. 'H NMR (400 MHz, CDsCO:2D) &: 8.33 (s, 1H), 8.17 (d, 2H, /= 8.6 Hz), 7.91 (s, 1H), 7.25
(d, 2H, J=8.2 Hz), 7.12 (d, 2H, J= 8.6 Hz), 7.03 (d, 2H, J= 8.2 Hz), 4.74 (s, 2H), 4.58-4.47 (m, 2H),
4.47-4.33 (m, 2H), 3.88-3.76 (m, 1H), 2.36 (s, 3H); IR (KBr): 3430, 3088, 1615, 1496, 1254, 833, 760
cm'; MS (FABY) m/z 448 (M+H)").

5-2-33.
1-[(4-{5-[4-(3-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-carboxyl
ic acid (7j)

WL J@%\ *q
NO/COZ
(a) 4-(3-Methylphenoxy)benzaldehyde
According to a similar procedure to 5-2-32 (a), the title compound was quantitatively prepared from
4-fluorobenzaldehyde (1.1 mL, 10.0 mmol), m-cresol (1.6 g, 14 mmol), potassium carbonate (3.3 g, 24

mmol) and DMF (15 mL). The final purification by extraction gave an orange oil, which was used to

the next reaction without further purification.

(b) 4-(3-Methylphenoxy)benzoic acid

According to a similar procedure to 5-2-32 (b), the title compound was quantitatively prepared from
4-(3-methylphenoxy)benzaldehyde (1.1 g, 5.0 mmol), 2-methyl-2-butene (2.7 mL, 25 mmol),
potassium dihydrogenphosphate (1.7 g, 13 mmol), sodium chlorite (1.4 g, 15 mmol), THF (2.5 mL),
tert-butanol (5.0 mL) and water (2.5 mL). The final purification by extraction gave a light yellow
solid. 'H NMR (400 MHz, CDs0D) &: 7.99 (d, 2H, J= 8.8 Hz), 7.28 (dd, 1H, J= 7.8, 7.8 Hz), 7.03 (d,
1H, J="7.8 Hz), 6.97 (d, 2H, J= 8.8 Hz), 6.91-6.88 (m, 1H), 6.85 (dd, 1H, J= 7.8, 2.3 Hz), 2.34 (s, 3H).

(c) (4-{5-[4-(3-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol

According to a similar procedure to 5-2-27 (b), the title compound (0.22 g, 0.56 mmol, 93% in 2 steps)
was prepared from 3a (0.17 g, 0.60 mmol), 4-(3-methylphenoxy)benzoic acid (0.14 g, 0.63 mmol),
1-hydroxybenzotriazole (89 mg, 0.66 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol), acetonitrile (5.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.2 mL, 1.2 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, n-hexane/EtOAc 2:1) gave a white solid. 'H NMR (400 MHz, CDCls) &:
8.16-8.12 (m, 2H), 8.09-8.07 (m, 1H), 7.60-7.58 (m, 1H), 7.32-7.27 (m, 1H), 7.11-7.07 (m, 2H), 7.05—
7.02 (m, 1H), 6.93-6.88 (m, 2H), 4.90 (d, 2H, J= 6.3 Hz), 2.37 (s, 3H), 1.92 (t, 1H, J= 6.3 Hz); IR
(KBr): 3416, 3110, 1607, 1579, 1494, 1426, 1251, 827, 755 cm'; MS (FAB*) m/z 365 (M+H)").
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(d) Methyl
1-[(4-15-[4-(3-methylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyllazetidine-3-carbo
xylate

According to a similar procedure to 5-2-24 (b), the title compound (0.22 mg, 0.48 mmol, 93%) was

prepared from (4-{5-[4-(3-methylphenoxy)phenyl]-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol (0.19

g, 0.52 mmol), carbon tetrabromide (0.22 g, 0.68 mmol), triphenylphosphine (0.18 g, 0.68 mmol),

methyl 3-azetidinecarboxylate hydrochloride (0.12 g, 0.78 mmol), N, N-diisopropylethylamine (0.27

mL, 1.6 mmol) and CH2Clz (8.0 mL). The final purification by flash column chromatography (silica

gel, n-hexane/EtOAc 3:2 to 4:3) gave a white solid. 1H NMR (400 MHz, CDCls) §: 8.14-8.10 (m, 2H),

8.01-8.00 (m, 1H), 7.48-7.46 (m, 1H), 7.29-7.24 (m, 1H), 7.09-7.05 (m, 2H), 7.03-6.99 (m, 1H), 6.91—

6.86 (m, 2H), 3.82 (s, 2H), 3.71 (s, 3H), 3.64-3.56 (m, 2H), 3.40-3.32 (m, 3H), 2.37 (s, 3H); IR (KBr):

2824, 1724, 1426, 1252, 1235, 758 cm'; MS (FAB*) m/z 462 (M+H)*).

(e) 1-[(4-{5-[4-(3-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-carb
oxylic acid (7j)

According to a similar procedure to 5-2-24 (c), 7j (0.18 g, 0.40 mmol, 84%) was prepared from methyl
1-[(4-{5-[4-(3-methylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyllazetidine-3-carboxyl

ate (0.22 g, 0.48 mmol), NaOH (1.0 M in water, 1.4 mL, 1.4 mmol), 1,4-dioxane (3.0 mL) and acetic
acid (83 pL, 1.4 mmol). The final purification by recrystallization MeOH/water 4.0 mL/3.0 mL) gave
a white solid. 'H NMR (400 MHz, CDsCO:D) &: 8.33 (s, 1H), 8.23-8.14 (m, 2H), 7.91 (s, 1H), 7.35-7.28
(m, 1H), 7.16-7.11 (m, 2H), 7.09-7.03 (m, 1H), 6.99-6.90 (m, 2H), 4.74 (s, 2H), 4.57-4.47 (m, 2H),
4.45-4.35 (m, 2H), 3.87-3.77 (m, 1H), 2.36 (s, 3H); IR (KBr): 3418, 3088, 1608, 1497, 1255, 760 cm1;
MS (FAB*) m/z 448 (M+H)*).

5-2-34.
1-[(4-{5-[4-(2-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-carboxyl
ic acid (7k)

(a) 4-(2-Methylphenoxy)benzaldehyde
According to a similar procedure to 5-2-32 (a), the title compound (1.9 g, 9.0 mmol, 90%) was
prepared from 4-fluorobenzaldehyde (1.1 mL, 10 mmol), ocresol (2.3 g, 16 mmol), potassium

carbonate (3.6 g, 26 mmol) and DMF (15 mL). The final purification by extraction gave an orange oil,
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which was used to the next reaction without further purification.

(b) 4-(2-Methylphenoxy)benzoic acid

According to a similar procedure to 5-2-32 (b), the title compound (1.0 g, 4.6 mmol, 91%) was
prepared from 4-(2-methylphenoxy)benzaldehyde (1.1 g, 5.0 mmol), 2-methyl-2-butene (2.7 mL, 25
mmol), potassium dihydrogenphosphate (1.7 g, 13 mmol), sodium chlorite (1.4 g, 15 mmol), THF (2.5
mL), tertbutanol (5.0 mL) and water (2.5 mL). The final purification by extraction gave a light
yellow solid. 1H NMR (400 MHz, CDCls) &: 8.05 (dd, 2H, /= 7.0, 2.0 Hz), 7.31-7.21 (m, 2H), 7.18-7.14
(m, 1H), 7.02-6.99 (m, 1H), 6.90 (dd, 2H, J= 7.0, 2.0 Hz), 2.19 (s, 3H).

() (4-{5-[4-(2-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methanol

According to a similar procedure to 5-2-27 (b), the title compound (0.16 g, 0.43 mmol, 86% in 2 steps)
was prepared from 3a (0.14 g, 0.50 mmol), 4-(2-methylphenoxy)benzoic acid (0.12 g, 0.53 mmol),
1-hydroxybenzotriazole (74 mg, 0.55 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.11 g, 0.55 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.0 mL, 1.0 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, mhexane/EtOAc 2:1) gave a white solid. 'H NMR (400 MHz, CDCls) &:
8.12 (dd, 2H, J = 6.6, 2.0 Hz), 8.08 (d, 1H, J= 1.2 Hz), 7.58 (d, 1H, J= 1.2 Hz), 7.33-7.29 (m, 1H),
7.28-7.22 (m, 1H), 7.17 (ddd, 1H, J= 7.4, 7.4, 1.2 Hz), 7.04-6.97 (m, 3H), 4.89 (dd, 2H, J=5.9, 0.8 Hz),
2.21 (s, 3H), 1.94 (t, 1H, J= 5.9 Hz); IR (KBr): 3376, 3109, 1496, 1422, 1248, 1169, 754 cm'}; (FAB*)
mlz 365 (M+H)*).

(d) Methyl
1-[(4-{5-[4-(2-methylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyllazetidine-3-carbo
xylate

According to a similar procedure to 5-2-24 (b), the title compound (0.17 mg, 0.37 mmol, 88%) was

prepared from (4-{5-[4-(2-methylphenoxy)phenyl]-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol (0.15

g, 0.42 mmol), carbon tetrabromide (0.18 g, 0.55 mmol), triphenylphosphine (0.14 g, 0.55 mmol),

methyl 3-azetidinecarboxylate hydrochloride (96 mg, 0.63 mmol), NV, N-diisopropylethylamine (0.22

mL, 1.3 mmol) and CH2Cl: (6.0 mL). The final purification by flash column chromatography (silica

gel, n-hexane/EtOAc 3:2 to 4:3) gave a colorless oil. 1H NMR (400 MHz, CDCls) §: 8.09 (dd, 2H, J=16.7,

2.0 Hz), 8.00 (d, 1H, J=1.2 Hz), 7.46 (d, 1H, J= 1.2 Hz), 7.30-7.20 (m, 2H), 7.15 (ddd, 1H, J= 7.4, 7.4,

1.2 Hz), 7.02-6.95 (m, 3H), 3.82 (s, 2H), 3.71 (s, 3H), 3.63-3.56 (m, 2H), 3.40-3.30 (m, 3H), 2.20 (s,

3H); IR (liquid film): 2952, 2845, 1737, 1614, 1491, 1246, 755 cm'}; (FABY) m/z 462 (M+H)*).

(e) 1-[(4-{5-[4-(2-Methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyl]lazetidine-3-carb
oxylic acid (7k)
According to a similar procedure to 5-2-24 (c), 7k (0.11 g, 0.23 mmol, 61%) was prepared from methyl
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1-[(4-{5-[4-(2-methylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyl]lazetidine-3-carboxyl
ate (0.17 g, 0.37 mmol), NaOH (1.0 M in water, 1.1 mL, 1.1 mmol), 1,4-dioxane (3.0 mL) and acetic
acid (64 nL, 1.1 mmol). The final purification by recrystallization (MeOH/water 2.0 mL/2.0 mL) gave
a white solid. 1H NMR (400 MHz, CD3CO:2D) &: 8.34-8.31 (m, 1H), 8.20-8.14 (m, 2H), 7.93-7.89 (m,
1H), 7.36-7.25 (m, 2H), 7.23-7.16 (m, 1H), 7.09-7.01 (m, 3H), 4.74 (s, 2H), 4.56-4.48 (m, 2H), 4.45—
4.35 (m, 2H), 3.87-3.76 (m, 1H); IR (KBr): 3417, 3080, 1614, 1497, 1429, 1250, 1168, 838, 762 cm'};
MS (FAB*) mi/z 448 (M+H)*).

5-2-35.
1-({4-[5-(3-Methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxyli
c acid (71)

O-N
\
NS
Qoiher
© NO/COZH
Me

(a) 3-Methyl-4-phenoxybenzaldehyde

According to a similar procedure to 5-2-32 (a), the title compound (2.1 g, 9.9 mmol, 99%) was
prepared from 4-fluoro-3-methylbenzaldehyde (1.4 g, 10.0 mmol), phenol (1.1 g, 12 mmol), potassium
carbonate (2.8 g, 20 mmol) and DMF (10 mL). The final purification by extraction gave a brown oil,

which was used to the next reaction without further purification.

(b) 3-Methyl-4-phenoxybenzoic acid

According to a similar procedure to 5-2-32 (b), the title compound (1.1 g, 4.8 mmol, 95%) was
prepared from 3-methyl-4-phenoxybenzaldehyde (1.1 g, 5.0 mmol), 2-methyl-2-butene (2.7 mL, 25
mmol), potassium dihydrogenphosphate (1.7 g, 13 mmol), sodium chlorite (1.4 g, 15 mmol), THF (2.5
mL), tertbutanol (5.0 mL) and water (2.5 mL). The final purification by extraction gave a light
yellow solid. 'TH NMR (400 MHz, CDCls) &: 8.02 (d, 1H, /= 1.6 Hz), 7.88 (dd, 1H, J = 8.6, 2.3 Hz),
7.41-7.35 (m, 2H), 7.19-7.14 (m, 1H), 7.03-6.99 (m, 2H), 6.82 (d, 1H, J= 8.6 Hz).

(¢) {4-[5-(3-Methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

According to a similar procedure to 5-2-25 (b), the title compound (78 mg, 0.22 mmol, 43% in 2 steps)
was prepared from 3a (0.14 g, 0.50 mmol), 3-methyl-4-phenoxybenzoic acid (0.12 g, 0.53 mmol),
1-hydroxybenzotriazole (74 mg, 0.55 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.11 g, 0.55 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.0 mL, 1.0 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, mhexane/EtOAc 3:1) gave a white solid. 'H NMR (400 MHz, CDCls) &:
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8.10 (d, 1H, J/= 1.6 Hz), 8.08 (d, 1H, J= 1.2 Hz), 7.94 (dd, 1H, J = 8.6, 2.0 Hz), 7.60-7.58 (m, 1H),
7.42-7.36 (m, 2H), 7.20-7.15 (m, 1H), 7.05-7.00 (m, 2H), 6.91 (d, 1H, J= 8.6 Hz), 4.90 (d, 2H, J=5.9
Hz), 2.41 (s, 3H), 1.92 (t, 1H, J= 5.9 Hz); IR (KBr): 3378, 2929, 1573, 1490, 1248, 1003, 749 cm'}; MS
(FABY) m/z 365 (M+H)").

(d) Methyl
1-({4-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carbo
xylate

According to a similar procedure to 5-2-24 (b), the title compound (65 mg, 0.14 mmol, 67%) was

prepared from {4-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol (75 mg,

0.21 mmol), carbon tetrabromide (91 mg, 0.27 mmol), triphenylphosphine (71 mg, 0.27 mmol),

methyl 3-azetidinecarboxylate hydrochloride (48 mg, 0.32 mmol), NV, N-diisopropylethylamine (0.11

mL, 0.63 mmol) and CH2Cl: (6.0 mL). The final purification by flash column chromatography (silica

gel, mhexane/EtOAc 1:1) gave a white solid. 1H NMR (400 MHz, CDCls) 6: 8.10 (d, 1H, J= 1.6 Hz),

8.03 (d, 1H, = 1.2 Hz), 7.94 (dd, 1H, J = 8.6, 2.3 Hz), 7.49 (d, 1H, J=1.2 Hz), 7.42-7.36 (m, 2H),

7.20-7.15 (m, 1H), 7.05-7.00 (m, 2H), 6.91 (d, 1H, /= 8.6 Hz), 3.83 (s, 2H), 3.72 (s, 3H), 3.66-3.57 (m,

2H), 3.41-3.33 (m, 3H), 2.40 (s, 3H); IR (KBr): 2954, 2838, 1734, 1489, 1352, 1240, 1204, 836, 754

cm'; MS (FAB*Y) m/z 462 (M+H)*).

(e) 1-({4-[5-(3-Methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carbo
xylic acid (71)

According to a similar procedure to 5-2-24 (c), 71 (42 mg, 0.094 mmol, 72%) was prepared from methyl
1-({4-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxyla
te (60 mg, 0.13 mmol), NaOH (1.0 M in water, 0.39 mL, 0.39 mmol), 1,4-dioxane (2.0 mL) and acetic
acid (22 pL, 0.38 mmol). The final purification by recrystallization (MeOH/water 2.0 mL/1.0 mL)
gave a white solid. 'H NMR (400 MHz, CDsOD) §: 8.36 (d, 1H, J= 1.6 Hz), 8.13 (d, 1H, J= 1.6 Hz),
7.98 (dd, 1H, J=8.6, 2.0 Hz), 7.87 (d, 1H, J=1.2 Hz), 7.45-7.40 (m, 2H), 7.23-7.18 (m, 1H), 7.07-7.04
(m, 2H), 6.92 (d, 1H, J= 8.6 Hz), 4.70 (s, 2H), 4,40-4.30 (m, 4H), 3.68-3.59 (m, 1H), 2.41 (s, 3H); IR
(KBr): 3415, 3100,1590, 1486, 1242, 756 cm'; MS (FAB*) m/z 448 (M+H)").

5-2-36.
1-({4-[5-(2-Methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxyli
c acid (7m)
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(a) 4-Fluoro-2-methylbenzaldehyde

To a solution of 1-bromo-4-fluoro-2-methylbenzene (1.3 mL, 10 mmol) in THF (40 mL) was slowly
added n-Buli (1.6 M in hexane, 7.6 mL, 12 mmol) at -78 °C. After stirring at -78 °C for 10 min, DMF
(0.93 mL, 12 mmol) was slowly added and the resulting mixture was stirred at -78 °C for 30 min. The
reaction was quenched with sat. NH4Cl and the resulting biphasic mixture was poured into water
and extracted with EtOAc. The extract was washed with sat. NaHCOs and brine, dried over Na2SOy,
filtered and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 40:1 to 20:1) to afford the title compound (0.96 g, 6.9 mmol, 69%) as a colorless
volatile oil. 'H NMR (400 MHz, CDCl3) &: 10.2 (s, 1H), 7.82 (dd, 1H, J= 8.6, 6.3 Hz), 7.04 (ddd, 1H, J
= 8.6, 8.6, 2.3 Hz), 6.96 (dd, 1H, J= 8.6, 2.3 Hz), 2.68 (s, 3H).

(b) 2-Methyl-4-phenoxybenzaldehyde

To a mixture of 4-fluoro-2-methylbenzaldehyde (0.96 g, 6.9 mmol) and phenol (0.91 g, 9.7 mmol) in
DMF (10 mL) was added potassium carbonate (2.4 g, 17 mmol) and the resulting mixture was stirred
at 100 °C for 15 h. After cooling to room temperature, the reaction mixture was poured into water
and extracted with Et20. The extract was washed with water, NaOH (1.0 M in water) and brine,
dried over MgSOy, filtered and concentrated to afford the crude product of the title compound (1.4 g,

6.4 mmol, 93%) as a brown oil, which was used to the next reaction without further purification.

() 2-Methyl-4-phenoxybenzoic acid

According to a similar procedure to 5-2-32 (b), the title compound (0.93 g, 4.1 mmol, 82%) was
prepared from 2-methyl-4-phenoxybenzaldehyde (1.1 g, 5.0 mmol), 2-methyl-2-butene (2.7 mL, 25
mmol), potassium dihydrogenphosphate (1.7 g, 13 mmol), sodium chlorite (1.4 g, 15 mmol), THF (2.5
mL), tertbutanol (5.0 mL) and water (2.5 mL). The final purification by extraction gave a light
yellow solid. 1TH NMR (400 MHz, CDCls) §: 8.05 (d, 1H, J= 8.6 Hz), 7.40 (dd, 2H, J= 8.2, 7.4 Hz), 7.20
(dd, 1H, J=17.8, 7.4 Hz), 7.07 (d, 2H, J= 7.4 Hz), 6.89-6.80 (m, 2H), 2.62 (s, 3H).

(d) {4-[5-(2-Methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

According to a similar procedure to 5-2-27 (b), the title compound (0.14 g, 0.39 mmol, 71% in 2 steps)
was prepared from 3a (0.16 g, 0.55 mmol), 2-methyl-4-phenoxybenzoic acid (0.13 g, 0.58 mmol),
1-hydroxybenzotriazole (82 mg, 0.61 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.12 g, 0.61 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.1 mL, 1.1 mmol) and THF (5.0 mL). The final purification by flash column
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chromatography (silica gel, mhexane/EtOAc 3:1) gave a white solid. 'H NMR (400 MHz, CDCls) &:
8.11(d, 1H, J=8.6 Hz), 8.08 (d, 1H, J=1.2 Hz), 7.59 (d, 1H, J= 1.2 Hz), 7.44-7.39 (m, 2H), 7.24-7.19
(m, 1H), 7.12-7.07 (m, 2H), 6.95-6.90 (m, 2H), 4.90 (d, 2H, J= 5.7 Hz), 2.73 (s, 3H), 1.93 (, 1H, J=
5.7 Hz); IR (KBr): 3346, 3062, 1581, 1481, 1299, 1481, 1299, 1237, 756 cm; MS (FAB*) m/z 365
((M+H)").

(e) Methyl
1-({4-[5-(2-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carbo
xylate

According to a similar procedure to 5-2-24 (b), the title compound (0.14 g, 0.31 mmol, 82%) was

prepared from {4-[5-(2-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methanol (0.14 g,

0.38 mmol), carbon tetrabromide (0.16 g, 0.49 mmol), triphenylphosphine (0.13 g, 0.49 mmol), methyl

3-azetidinecarboxylate hydrochloride (86 mg, 0.57 mmol), N, N-diisopropylethylamine (0.20 mL, 1.1

mmol) and CH2Cle (8.0 mL). The final purification by flash column chromatography (silica gel,

mhexane/EtOAc 3:2 to 1:1) gave a white solid. 1H NMR (400 MHz, CDCls) §: 8.11 (d, 1H, J= 8.2 Hz),

8.03 (d, 1H, J=1.2 Hz), 7.49 (d, 1H, J= 1.2 Hz), 7.41 (t, 2H, J= 8.2 Hz), 7.21 (t, 1H, J= 7.4 Hz), 7.09

(d, 2H, J= 7.4 Hz), 6.95-6.90 (m, 2H), 3.84 (s, 2H), 3.72 (s, 3H), 3.65-3.58 (m, 2H), 3.40-3.32 (m, 3H),

2.72 (s, 3H); IR (KBr): 2955, 2848, 1734, 1595, 1490, 1241, 757 cm'l; MS (FAB*) m/z 462 (M+H)*).

(® 1-({4-[5-(2-Methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carbo
xylic acid (7m)

According to a similar procedure to 5-2-24 (c), 7m (0.11 g, 0.25 mmol, 83%) was prepared from methyl
1-({4-[5-(2-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxyla
te (0.14 g, 0.30 mmol), NaOH (1.0 M in water, 0.90 mL, 0.90 mmol), 1,4-dioxane (3.0 mL) and acetic
acid (52 pL, 0.90 mmol). The final purification by recrystallization (MeOH/water 2.0 mL/2.0 mL)
gave a white solid. 1H NMR (400 MHz, CD3CO:D) &: 8.32 (d, 1H, J= 1.2 Hz), 8.14 (d, 1H, J= 8.6 Hz),
7.92 (s, 1H), 7.47-7.40 (m, 2H), 7.26-7.20 (m, 1H), 7.16-7.10 (m, 2H), 7.03-7.00 (m, 1H), 6.95 (dd, 1H,
J=8.6,2.3 Hz), 4.74 (s, 2H), 4,56-4.46 (m, 2H), 4.46-4.35 (m, 2H), 3.86-3.77 (m, 1H), 2.73 (s, 3H); IR
(KBr): 3430, 2966, 1609, 1588, 1489, 1239, 834, 764 cm''; MS (FAB*) m/z 448 (M+H)").

5-2-37.

1-({4-Methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxyli
c acid (8a)
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(a) {4-Methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

According to a similar procedure to 5-2-27 (b), the title compound (0.19 g, 0.52 mmol, 86% in 2 steps)
was prepared from 38d (0.18 g, 0.60 mmol), 4-phenoxybenzoic acid (0.14 g, 0.63 mmol),
1-hydroxybenzotriazole (89 mg, 0.66 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.2 mL, 1.2 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, mhexane/EtOAc 3:1 to 2:1) gave white crystalline solid. 'TH NMR (400
MHz, CDCls) &: 8.14 (d, 2H, J= 8.3 Hz), 7.42 (t, 2H, J= 7.8 Hz), 7.22 (t, 1H, /= 7.1 Hz), 7.10 (d, 2H, /
= 8.3 Hz), 7.09 (d, 2H, J = 8.8 Hz), 6.91 (s, 1H), 4.83 (s, 2H), 2.59 (s, 3H), 1.87 (br s, 1H); IR (KBr):
3393, 3279, 1612, 1588, 1514, 1489, 1341, 1249 cm';; MS (FAB*) m/z 365 (M+H)*).

(b) Methyl
1-({4-methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carbo
xylate

According to a similar procedure to 5-2-24 (b), the title compound (0.20 g, 0.43 mmol, 85%) was

prepared from {4-methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methanol (0.19 g,

0.51 mmol), carbon tetrabromide (0.22 g, 0.66 mmol), triphenylphosphine (0.17 g, 0.66 mmol), methyl

3-azetidinecarboxylate hydrochloride (0.12 g, 0.77 mmol), N, N-diisopropylethylamine (0.27 mL, 1.5

mmol) and CH2Cle. The final purification by flash column chromatography (silica gel,

mhexane/EtOAc 3:2) gave a pale yellowish oil. 1TH NMR (400 MHz, CDCls) 6: 8.14 (d, 2H, J= 8.3 Hz),

7.42 (t, 2H, J= 7.8 Hz), 7.22 (t, 1H, J= 7.1 Hz), 7.13-7.07 (m, 4H), 6.80 (s, 1H), 3.77 (s, 2H), 3.72 (s,

3H), 3.61-3.59 (m, 2H), 3.40-3.31 (m, 3H), 2.57 (s, 3H); IR (KBr): 1732, 1613, 1592, 1516, 1488, 1341,

1242, 1201, 1166 cm'; MS (FABY) m/z 462 (M+H)*).

() 1-({4-Methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carbo
xylic acid (8a)

According to a similar procedure to 5-2-24 (c), 8a (0.16 g, 0.36 mmol, 85%) was prepared from methyl
1-({4-methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxyla
te (0.20 g, 0.42 mmol), NaOH (1.0 M in water, 1.3 mL, 1.3 mmol), 1,4-dioxane (3.0 mL) and acetic acid
(72 pL, 1.3 mmol). The final purification by recrystallization (MeOH/water 3.0 mL/2.0 mL) gave a
white crystalline solid. 'H NMR (400 MHz, CDsCO:D) &: 8.18 (d, 2H, J=9.0 Hz), 7.45 (t, 2H, J=17.8
Hz), 7.26 (s, 1H), 7.26-7.21 (m, 1H), 7.15 (d, 4H, J= 8.6 Hz), 4.67 (s, 2H), 4.58-4.50 (m, 2H), 4.44—
4.34 (m, 2H), 3.86-3.77 (m, 1H), 2.61 (s, 3H); IR (KBr): 3429, 1612, 1593, 1488, 1336, 1244 cm'l; MS
(FAB*) m/z 448 (M+H)*).

5-2-38.
1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylic
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acid (8b)

(a) {4-Ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

According to a similar procedure to 5-2-27 (b), the title compound (0.17 g, 0.45 mmol, 89% in 2 steps)
was prepared from 3e (0.16 g, 0.50 mmol), 4-phenoxybenzoic acid (0.12 g, 0.53 mmol),
1-hydroxybenzotriazole (74 mg, 0.55 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.11 g, 0.55 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.0 mL, 1.0 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, n-hexane/EtOAc 3:1) gave a pale yellowish crystalline solid. 1H NMR
(400 MHz, CDCls) 6: 8.12 (d, 2H, J= 9.0 Hz), 7.39 (t, 2H, J= 7.4 Hz), 7.20 (t, 1H, J= 7.4 Hz), 7.10-
7.04 (m, 4H), 6.96 (s, 1H), 4.83 (d, 2H, J= 5.9 Hz), 3.05 (q, 2H, J= 7.4 Hz), 1.88 (t, 1H, J= 5.9 Hz),
1.29 (t, 3H, J = 7.4 Hz); IR (KBr): 3356, 1612, 1588, 1515, 1496, 1490, 1353, 1248 cm'}; MS (FAB*)
mlz 379 (M+H)*).

(b) Methyl
1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxy
late

According to a similar procedure to 5-2-24 (b), the title compound (0.19 g, 0.40 mmol, 89%) was

prepared from {4-ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yljmethanol (0.17 g,

0.44 mmol), carbon tetrabromide (0.19 g, 0.57 mmol), triphenylphosphine (0.15 g, 0.57 mmol), methyl

3-azetidinecarboxylate hydrochloride (0.10 g, 0.66 mmol), N, N-diisopropylethylamine (0.23 mL, 1.3

mmol) and CH2Clz (6.0 mL). The final purification by flash column chromatography (silica gel,

mhexane/EtOAc 3:1 to 2:1) gave a pale yellowish oil. 1TH NMR (400 MHz, CDCls) &: 8.11 (d, 2H, J=

9.0 Hz), 7.39 (t, 2H, J= 7.4 Hz), 7.20 (t, 1H, J= 7.4 Hz), 7.10-7.04 (m, 4H), 6.84 (s, 1H), 3.78 (s, 2H),

3.71 (s, 3H), 3.67-3.59 (m, 2H), 3.40-3.30 (m, 3H), 3.03 (q, 2H, /= 7.4 Hz), 1.27 (t, 3H, J= 7.4 Hz); IR

(liquid film): 1737, 1613, 1589, 1514, 1489, 1346, 1245, 1200, 1168 cm'; MS (FABY) m/z 476

((M+H)").

(© 1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carbox
ylic acid (8b)

According to a similar procedure to 5-2-24 (c), 8b (0.15 g, 0. 33 mmol, 86%) was prepared from methyl

1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
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(0.18 g, 0.39 mmol), NaOH (1.0 M in water, 1.2 mL, 1.2 mmol), 1,4-dioxane (3.0 mL) and acetic acid
(68 uL, 1.2 mmol). The final purification by washing the precipitation gave a white crystalline solid.
'H NMR (400 MHz, CD3CO:D) §: 8.17 (d, 2H, J= 9.0 Hz), 7.45 (t, 2H, J= 7.4 Hz), 7.32 (s, 1H), 7.24 (t,
1H, J=17.4 Hz), 7.15 (d, 4H, J= 9.0 Hz), 4.68 (s, 2H), 4.57—4.45 (m, 2H), 4.45-4.33 (m, 2H), 3.87-3.76
(m, 1H), 3.09 (q, 2H, J=7.4 Hz), 1.30 (t, 3H, J = 7.4 Hz); 13C NMR (125 MHz, CDsCO:D) §: 176.3,
175.9, 165.6, 163.2, 156.5, 149.1, 135.0, 134.0, 131.3, 131.2, 126.3, 125.9, 121.2, 119.2, 119.0, 56.3,
52.9, 33.9, 24.2, 14.7; IR (KBr): 3422, 1613, 1592, 1557, 1517, 1489, 1347, 1249, 1167 cm'*. MS (FAB)
ml 7z 462 (M+H)+); HRMS (ESD): m/z caled for C2sH24N304S, 462.1488 [M+H]+; found 462.1487.

5-2-39.
1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-propylthiophen-2-yl}methyl)azetidine-3-carboxylic
acid 1/2 oxalate (8c)

O—N n-Pr
\
NS
O

/
S
COLH
Ny 2 0.5 (CO2H):

(a) {5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-propylthiophen-2-ylimethanol

According to a similar procedure to 5-2-27 (b), the title compound (0.13 g, 0.34 mmol, 75% in 2 steps)
was prepared from 3f (0.15 g, 0.45 mmol), 4-phenoxybenzoic acid (0.10 g, 0.47 mmol),
1-hydroxybenzotriazole (68 mg, 0.50 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (96 mg, 0.50 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 0.90 mL, 0.90 mmol) and THF (5.0 mL). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc 3:1) gave a light yellow solid. 'H NMR (400 MHz,
CDCls) &: 8.14 (d, 2H, J=9.0 Hz), 7.42 (dd, 2H, J= 8.6, 7.4 Hz), 7.22 (t, 1H, J= 7.4 Hz), 7.12-7.08 (m,
4H), 6.95 (s, 1H), 4.84 (d, 2H, J=5.9 Hz), 3.02 (t, 2H, J= 7.4 Hz), 1.87 (t, 1H, J=5.9 Hz), 1.71 (tq, 2H,
J=17.4,7.4Hz), 1.00 (t, 3H, J= 7.4 Hz); IR (KBr): 3432, 2957, 1588, 1490, 761 cm'; MS (FAB*) m/z
393 (M+H)*).

(b) Methyl
1-({5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-propylthiophen-2-ylimethyl)azetidine-3-carbox
ylate

According to a similar procedure to 5-2-24 (b), the title compound (0.11 g, 0.22 mmol, 68%) was

prepared from {5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-propylthiophen-2-ylimethanol (0.13 g,

0.33 mmol), carbon tetrabromide (0.14 g, 0.43 mmol), triphenylphosphine (0.11 g, 0.43 mmol), methyl

3-azetidinecarboxylate hydrochloride (75 mg, 0.50 mmol), N, N-diisopropylethylamine (0.17 mL, 0.99

mmol) and CH2Clz (6.0 mL). The final purification by flash column chromatography (silica gel,
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nhexane/EtOAc 3:1 to 2:1) gave a white solid. 1H NMR (400 MHz, CDCls) §: 8.13 (d, 2H, J= 8.6 Hz),
7.42 (dd, 2H, J= 8.2, 7.4 Hz), 7.22 (t, 1H, J= 7.4 Hz), 7.13-7.06 (m, 4H), 6.84 (s, 1H), 3.78 (s, 2H),
3.72 (s, 3H), 3.66-3.60 (m, 2H), 3.40-3.32 (m, 3H), 2.99 (t, 2H, J = 7.4 Hz), 1.70 (tq, 2H, J= 7.4, 7.4
Hz), 0.99 (t, 3H, J= 7.4 Hz); IR (KBr): 2958, 1737, 1489, 1246, 764, 731 cm'; MS (FAB*) m/Z 490
((M+H)").

(¢) 1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-propylthiophen-2-yl}methyl)azetidine-3-carbox
ylic acid 1/2 oxalate (8c)

To a solution of methyl
1-({5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-propylthiophen-2-yljmethyl)azetidine-3-carboxylat
e (0.11 g, 0.22 mmol) in 1,4-dioxane (3.0 mL) was added NaOH (1.0 M in water, 0.66 mL, 0.66 mmol),
and the resulting mixture was stirred at room temperature for 1.5 h. The reaction was quenched
with acetic acid (38 pL, 0.66 mmol) and the resulting mixture was concentrated.

To a solution of the residue in MeOH (3.0 mL) and water (1.0 mL) was added oxalic acid (10 mg, 0.11
mmol) and the resulting mixture was concentrated. The mixture was recrystallized from MeOH (3.0
mL) and water (2.0 mL) to afford the title compound 8¢ (63 mg, 0.12 mmol, 55%) as a white solid. 'H
NMR (400 MHz, CDsCO:=D) 6: 8.17 (d, 2H, J= 8.2 Hz), 7.45 (t, 2H, J= 7.8 Hz), 7.30 (s, 1H), 7.24 (t, 1H,
J="1.4Hz), 7.18-7.12 (m, 4H), 4.67 (s, 2H), 4.57-4.49 (m, 2H), 4.44-4.35 (m, 2H), 3.87-3.76 (m, 1H),
3.06 (t, 2H, J= 7.6 Hz), 1.73 (tq, 2H, J= 7.6, 7.6 Hz), 1.00 (t, 3H, J= 7.6 Hz); IR (KBr): 3429, 2958,
1589, 1489, 1245, 763 cm'; MS (FAB*) m/z 476 (M+H)").

5-2-40.
1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-4-(propan-2-yDthiophen-2-yl}methyl)azetidine-3-car
boxylic acid (8d)

(a) {5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-(propan-2-yl)thiophen-2-yl}methanol

According to a similar procedure to 5-2-27 (b), the title compound (0.15 g, 0.39 mmol, 78% in 2 steps)
was prepared from 38g (0.16 g, 0.50 mmol), 4-phenoxybenzoic acid (0.11 g, 0.53 mmol),
1-hydroxybenzotriazole (74 mg, 0.55 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.11 g, 0.55 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.0 mL, 1.0 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, mhexane/EtOAc 7:2) gave a light yellow solid. '"H NMR (400 MHz,
CDCls) 6: 8.14 (d, 2H, J=9.0 Hz), 7.42 (dd, 2H, J= 8.2, 7.4 Hz), 7.22 (t, 1H, J= 7.4 Hz), 7.12-7.08 (m,
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4H), 7.05 (s, 1H), 4.85 (d, 2H, J= 6.3 Hz), 3.90 (sept, 1H, J= 7.0 Hz), 1.89 (t, 1H, J=6.3 Hz), 1.29 (d,
6H, J = 7.0 Hz); IR (KBr): 3362, 2963, 1587, 1489, 1247, 1168, 762 cm'l; MS (FAB+) m/z 393
(M+H)+).

(b) Methyl
1-({5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-4-(propan-2-yl)thiophen-2-yl}methyl)azetidine-3-
carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.17 g, 0.34 mmol, 90%) was

prepared from {5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-4-(propan-2-yDthiophen-2-ylimethanol

(0.15 g, 0.38 mmol), carbon tetrabromide (0.19 g, 0.57 mmol), triphenylphosphine (0.15 g, 0.57 mmol),

methyl 3-azetidinecarboxylate hydrochloride (86 mg, 0.57 mmol), NV, N-diisopropylethylamine (0.20

mL, 1.1 mmol) and CH2Cl: (8.0 mL). The final purification by flash column chromatography (silica

gel, mhexane/EtOAc 3:1) gave a colorless oil. 1H NMR (400 MHz, CDCls) §: 8.11 (d, 2H, J= 8.6 Hz),

7.39 (t, 2H, J=17.4 Hz), 7.20 (t, 1H, J= 7.4 Hz), 7.11-7.05 (m, 4H), 6.91 (s, 1H), 3.85 (sept, 1H, J=17.0

Hz), 3.78 (s, 2H), 3.71 (s, 3H), 3.66-3.59 (m, 2H), 3.39-3.34 (m, 3H), 1.27 (d, 6H, /= 7.0 Hz); IR (KBr):

2962, 1738, 1488, 1244, 764, 693 cm'l; MS (FAB*) m/z 490 (M+H)*).

(¢) 1-({5-[5-(4-Phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-(propan-2-yDthiophen-2-ylmethyl)azetidine-3
-carboxylic acid (8d)

According to a similar procedure to 5-2-24 (c), 8d (0.14 g, 0.29 mmol, 87%) was prepared from methyl
1-({5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-4-(propan-2-yl)thiophen-2-yl}methyl)azetidine-3-car
boxylate (0.16 g, 0.33 mmol), NaOH (1.0 M in water, 0.99 mL, 0.99 mmol), 1,4-dioxane (3.0 mL) and
acetic acid (57 pL, 1.0 mmol). The final purification by recrystallization (MeOH/water 3.0 mL/2.0
mL) gave a white solid. "H NMR (400 MHz, CDsCO:2D) &: 8.17 (d, 2H, J= 8.6 Hz), 7.45 (t, 2H, J=17.4
Hz), 7.41 (s, 1H), 7.24 (t, 1H, J = 7.4 Hz), 7.15 (d, 4H, J = 8.6 Hz), 4.68 (s, 2H), 4.58-4.49 (m, 2H),
4.45-4.35 (m, 2H), 3.98-3.88 (m, 1H), 3.86-3.76 (m, 1H), 1.31 (d, 6H, J = 6.6 Hz); IR (KBr): 3422,
2963, 1591, 1489, 1245, 765 cm'; MS (FAB*) m/z 476 (M+H)").

5-2-41.

1-({3-Methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxyli
c acid (8e)

O-N
\
Me
@Q**Q
s
NO/COZH

(a) {3-Methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol
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According to a similar procedure to 5-2-27 (b), the title compound (0.21 g, 0.56 mmol, 94% in 2 steps)
was prepared from 8h (0.18 g, 0.60 mmol), 4-phenoxybenzoic acid (0.14 g, 0.63 mmol),
1-hydroxybenzotriazole (89 mg, 0.66 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.2 mL, 1.2 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, mhexane/EtOAc 3:1) gave a white solid. 'H NMR (400 MHz, CDCls) &:
8.14 (d, 2H, J=9.0 Hz), 7.60 (s, 1H), 7.42 (dd, 2H, J= 8.6, 7.4 Hz), 7.22 (t, 1H, J= 7.4 Hz), 7.12-7.08
(m, 4H), 4.83 (d, 2H, J= 5.7 Hz), 2.29 (s, 3H), 1.76 (t, 1H, J = 5.7 Hz); IR (KBr): 3457, 2925, 1614,
1590, 1487, 1231, 760 cm'; MS (FAB*) ni/z 365 (M+H)*).

(b) Methyl
1-({3-methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carbo
xylate

According to a similar procedure to 5-2-24 (b), the title compound (0.24 g, 0.51 mmol, 93%) was

prepared from {3-methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methanol (0.20 g,

0.55 mmol), carbon tetrabromide (0.24 g, 0.72 mmol), triphenylphosphine (0.19 g, 0.72 mmol), methyl

3-azetidinecarboxylate hydrochloride (0.13 g, 0.83 mmol), NV, N-diisopropylethylamine (0.29 mL, 1.7

mmol) and CH2Cl: (10 mL). The final purification by flash column chromatography (silica gel,

mhexane/EtOAc 3:2 to 1:1) gave a white solid. 1TH NMR (400 MHz, CDCls) &: 8.13 (d, 2H, J= 8.8 Hz),

7.56 (s, 1H), 7.42 (t, 2H, J= 7.8 Hz), 7.22 (t, 1H, J= 7.8 Hz), 7.12-7.06 (m, 4H), 3.75 (s, 2H), 3.72 (s,

3H), 3.68-3.63 (m, 2H), 3.40-3.33 (m, 3H), 2.23 (s, 3H); IR (iquid film): 2952, 2845, 1737, 1589, 1489,

1246, 1200, 761 cm’; MS (FAB*) m/z 462 (M+H)*).

() 1-({3-Methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carbo
xylic acid (8e)

According to a similar procedure to 5-2-24 (c), 8e (0.19 g, 0.41 mmol, 83%) was prepared from methyl
1-({3-methyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxyla
te (0.23 g, 0.50 mmol), NaOH (1.0 M in water, 1.5 mL, 1.5 mmol), 1,4-dioxane (3.0 mL) and acetic acid
(86 pL, 1.5 mmol). The final purification by recrystallization (MeOH/water 3.0 mL/2.0 mL) gave a
white solid. 'H NMR (400 MHz, CDsCO:D) &: 8.17 (d, 2H, J= 8.6 Hz), 7.71 (s, 1H), 7.45 (t, 2H, J= 7.4
Hz), 7.25 (t, 1H, J= 7.4 Hz), 7.14 (d, 4H, J = 8.6 Hz), 4.68 (s, 2H), 4.58-4.50 (m, 2H), 4.43-4.33 (m,
2H), 3.84-3.75 (m, 1H), 2.38 (s, 3H); IR (KBr): 3429, 1591, 1488, 1367, 1242, 761 cm'; MS (FAB*)
mlz 448 (M+H)").

5-2-42.

1-({3-Ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylic
acid (8f)
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(a) 3-{4-Ethyl-5-[(tetrahydro-2 H-pyran-2-yloxy)methyllthiophen-2-yl}-5-(4-phenoxyphenyl)-1,2,4-0xa
diazole

According to a similar procedure to 5-2-27 (b), the title compound (0.25 g, 0.54 mmol, 78% in 2 steps)
was prepared from 3i (0.17 g, 0.69 mmol), 4-phenoxybenzoic acid (0.16 g, 0.73 mmol),
1-hydroxybenzotriazole (0.12 g, 0.76 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.15 g, 0.76 mmol), acetonitrile (5.0 mL), and tetrabutylammonium fluoride (1.0 M in
THF, 1.4 mL, 1.4 mmol) and THF (5.0 mL). The final purification by flash column chromatography
(silica gel, n-hexane/EtOAc 10:0 to 8:2) gave a colorless oil. H NMR (400 MHz, CDCls) §: 8.15 (d, 2H,
J=9.0 Hz), 7.66 (s, 1H), 7.43 (d, 1H, J= 7.4 Hz), 7.41 (d, 1H, J= 7.4 Hz), 7.25-7.20 (m, 1H), 7.12—
7.07 (m, 4H), 4.88 (d, 1H, J=12.9 Hz), 4.77 (t, 1H, J= 3.5 Hz), 4.69 (d, 1H, J= 12.9 Hz), 3,96-3.89 (m,
1H), 3.61-3.55 (m, 1H), 2.65 (q, 2H, J= 7.6 Hz), 1.93-1.50 (m, 6H), 1.26 (t, 3H, J= 7.6 Hz); IR (liquid
film): 2940, 2872, 1613, 1589, 1488, 1245, 1167, 1022, 761 cm'’; MS (FAB*) mi/z 463 (M+H)*).

(b) {3-Ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

To a solution of
3-14-ethyl-5-[(tetrahydro-2 H-pyran-2-yloxy)methyllthiophen-2-yl}-5-(4-phenoxyphenyl)-1,2,4-oxadiaz
ole (0.25 g, 0.54 mmol) in EtOH (5.0 mL) was added pyridinium p-toluenesulfonate (0.14 g, 0.54
mmol), and the resulting mixture was stirred at 60 °C for 4 h. The reaction mixture was poured into
water and extracted with EtOAc. The extract was washed with brine, dried over MgSOs, filtered and
concentrated to afford the title compound (0.19 g, 0.50 mmol, 92%) as a crystalline white solid. 'H
NMR (400 MHz, CDCls) 6: 8.15 (d, 2H, /= 8.6 Hz), 7.67 (s, 1H), 7.43 (d, 1H, J= 7.4 Hz), 7.41 (d, 1H,
=17.4 Hz), 7.25-7.20 (m, 1H), 7.12-7.07 (m, 4H), 4.83 (d, 2H, J=5.9 Hz), 2.67 (q, 2H, J= 7.6 Hz), 1.79
(t, 1H, J=5.9 Hz), 1.27 (t, 3H, /= 7.6 Hz); IR (KBr): 3452, 2964, 1615, 1591, 1579, 1487, 1422, 1232,
998, 760 cm'; MS (FAB*) m/z 379 (M+H)*).

(c) Methyl
1-({3-ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxy
late

According to a similar procedure to 5-2-24 (b), the title compound (0.17 g, 0.36 mmol, 72%) was

prepared from {3-ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol (0.19 g,

0.50 mmol), carbon tetrabromide (0.33 g, 0.99 mmol), triphenylphosphine (0.26 g, 0.99 mmol), methyl

3-azetidinecarboxylate hydrochloride (0.11 g, 0.75 mmol), N, N-diisopropylethylamine (0.22 mL, 1.2

mmol) and CH2Clz (5.0 mL). The final purification by flash column chromatography (silica gel,
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mhexane/EtOAc 8:2 to 6:4) gave a pale yellow crystalline solid. 1H NMR (500 MHz, CDCls) &: 8.14 (d,
2H, J = 8.8 Hz), 7.62 (s, 1H), 7.43-7.38 (m, 2H), 7.24-7.20 (m, 1H), 7.12-7.06 (m, 4H), 3.77 (s, 2H),
3.72 (s, 3H), 3.70-3.62 (m, 2H), 3.41-3.33 (m, 3H), 2.61 (q, 2H, J/= 7.6 Hz), 1.23 (t, 3H, J= 7.6 Hz); IR
(KBr): 2963, 1736, 1589, 1490, 1367, 1249, 1167 cm':; MS (FAB*) m/z 476 (M+H)*).

(d) 1-({3-Ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-carbox
ylic acid (8f)

According to a similar procedure to 5-2-24 (c), 8f (0.16 g, 0. 34 mmol, 95%) was prepared from methyl
1-({3-ethyl-5-[5-(4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
(0.17 g, 0.36 mmol), NaOH (1.0 M in water, 1.1 mL, 1.1 mmol), 1,4-dioxane (3.0 mL), methanol (3.0
mL) and acetic acid (62 pL, 1.1 mmol). The final purification by washing the precipitation gave a
white crystalline solid. "H NMR (400 MHz, CD3CO2D) &: 8.21-8.15 (m, 2H), 7.80 (s, 1H), 7.48-7.41 (m,
2H), 7.27-7.22 (m, 1H), 7.11-7.17 (m, 4H), 4.71 (s, 2H), 4.60—4.45 (m, 2H), 4.45-4.30 (m, 2H), 3.86—
3.75 (m, 1H), 2.78 (q, 2H, J= 7.5 Hz), 1.29 (t, 3H, J= 7.5 Hz); IR (KBr): 3536, 2969, 1614, 1591, 1487,
1368, 1241, 1170, 761 cm'; MS (FAB*) m/z 462 (M+H)").

5-2-43.
1-[(4-Ethyl-5-{5-[4-(2-fluorophenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-c
arboxylic acid 1/2 oxalate (8g)

Et

O—N
\
N
@ W
(@]
F

Y/
S
CO,H
N0 0.5 (COsH)s

(a) 4-(2-Fluorophenoxy)benzoic acid

To a solution of 4-fluorobenzaldehyde (1.2 g, 10 mmol) and 2-fluorophenol (1.3 g, 12 mmol) in DMF
(10 mL) was added potassium carbonate (2.8 g, 20 mmol) and the resulting mixture was stirred at
100 °C for 16 h. After cooling to room temperature, the reaction mixture was poured into water and
extracted with Et20. The extract was washed with brine, dried over MgSQ,, filtered and
concentrated.

To a solution of the residue in THF (5.0 mL), tertbutanol (10 mL) and water (5.0 mL) were
successively added 2-methyl-2-butene (5.3 mL, 50 mmol), potassium dihydrogenphosphate (3.4 g, 25
mmol) and sodium chlorite (2.7 g, 30 mmol) and the resulting mixture was stirred at room
temperature for 2 h. The reaction mixture was diluted with Et20 and extracted with NaOH (1.0 M in
water, 20 mL). The aqueous layer was acidified with HC1 (10 M in water, 2.0 mL) and extracted with
Et20. The extract was washed with brine, dried over MgSOQyu, filtered and concentrated to afford the
crude product of the title compound (2.0 g, 8.7 mmol, 87% in 2 steps) as a white crystalline solid. 'H
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NMR (400 MHz, CDCls) §: 8.07 (d, 2H, J = 8.6 Hz), 7.24-7.15 (m, 4H), 6.98 (d, 2H, J = 8.6 Hz); IR
(KBr): 2990, 2884, 2672, 2544, 1682, 1594, 1498, 1428, 1290, 1266 cm'L; MS (EI*) m/z 232 (MH*).

(b) (4-Ethyl-5-15-[4-(2-fluorophenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol

To a solution of 3e (0.16 g, 0.50 mmol) and 4-(2-fluorophenoxy)benzoic acid (0.13 g, 0.55 mmol) in
CH2Clz (1.5 mL) was added dicyclohexylcarbodiimide (0.11 g, 0.55 mmol), and the resulting mixture
was stirred at room temperature for 30 min. The reaction mixture was diluted with n-hexane and
insoluble materials were removed by filtration, and the filtrate was concentrated.

To a solution of the residue in THF (1.0 mL) was added tetrabutylammonium fluoride (1.0 M in THF,
0.75 mL, 0.75 mmol), and the resulting mixture was stirred at 60 °C for 1 h. After cooling to room
temperature, the reaction mixture was poured into water and extracted with Et20. The extract was
washed with brine, dried over MgSOQy, filtered and concentrated. The residue was purified by flash
column chromatography (silica gel, n-hexane/EtOAc 7:3 to 5:5) to afford the title compound (0.18 g,
0.45 mmol, 89% in 2 steps) as a white crystalline solid. 1H NMR (400 MHz, CDCls) §: 8.15 (d, 2H, J=
8.6 Hz), 7.25-7.17 (m, 4H), 7.07 (d, 2H, J/= 8.6 Hz), 6.98 (s, 1H), 4.83 (s, 2H), 3.05 (q, 2H, J/= 7.8 Hz),
1.29 (t, 3H, J= 7.8 Hz); IR (KBr): 3340, 1602, 1497, 1353, 1270 cm''; MS (FAB*) m/z 397 (M+H)*).

(c) Methyl
1-[(4-ethyl-5-15-[4-(2-fluorophenoxy)phenyll-1,2,4-oxadiazol-3-yljthiophen-2-yl)methyl]azetidine-
3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.19 g, 0.39 mmol, 90%) was

prepared from (4-ethyl-5-{5-[4-(2-fluorophenoxy)phenyl]-1,2,4-oxadiazol-3-ylithiophen-2-yl)methanol

(0.17 g, 0.43 mmol), carbon tetrabromide (0.17 g, 0.51 mmol), triphenylphosphine (0.13 g, 0.51 mmol),

methyl 3-azetidinecarboxylate hydrochloride (0.10 g, 0.65 mmol), N, N-diisopropylethylamine (0.23

mL, 1.3 mmol). The final purification by flash column chromatography (silica gel, n-hexane/EtOAc

5:5) gave a white crystalline solid. 'H NMR (500 MHz, CDCls) &: 8.13 (d, 2H, J= 8.8 Hz), 7.25-7.17

(m, 4H), 7.07 (d, 2H, J= 8.8 Hz), 6.86 (s, 1H), 3.79 (s, 2H), 3.72 (s, 3H), 3.66-3.60 (m, 1H), 3.40-3.32

(m, 4H), 3.03 (q, 2H, J= 7.8 Hz), 1.28 (t, 3H, J = 7.8 Hz); IR (liquid film): 1737, 1604, 1557, 1514,

1497 cm'l; MS (FABY) m/z 494 (M+H)*).

(d) 1-[(4-Ethyl-5-15-[4-(2-fluorophenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyl]azetidine-
3-carboxylic acid 1/2 oxalate (8g)
According to a similar procedure to 5-2-39 (c), 8g (77 mg, 0.15 mmol, 39%) was prepared from methyl
1-[(4-ethyl-5-15-[4-(2-fluorophenoxy)phenyl]-1,2,4-oxadiazol-3-yljthiophen-2-yl)methyllazetidine-3-ca
rboxylate (0.19 g, 0.38 mmol), lithium hydroxide monohydrate (36 mg, 0.85 mmol), acetic acid (46 nL,,
0.85 mmol) and oxalic acid (17 mg, 0.19 mmol). The final purification by recrystallization
(acetonitrile/water) gave a white crystalline solid. 'TH NMR (400 MHz, CDsOD) &: 8.16 (d, 2H, J= 9.0
Hz), 7.33-7.25 (m, 4H), 7.12 (d, 2H, J=9.0 Hz), 6.98 (s, 1H), 3.82 (s, 2H), 3.62 (t, 2H, J= 7.0 Hz), 3.37
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(t, 2H, J= 8.2 Hz), 3.22 (quint, 1H, J= 8.6 Hz), 3.03 (q, 2H, J= 7.4 Hz), 1.26 (t, 3H, J= 7.4 Hz); IR
(KBr): 3413, 1659, 1601, 1497, 1420 cm'; MS (FAB*) m/z 480 (M+H)+).

5-2-44,
1-[(5-{5-[4-(2-Chlorophenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methyllazetidine-3-c
arboxylic acid 1/2 oxalate (8h)

Et

O—N
\
N
@4 LW
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S
Cl CO,H
Ny 2 0.5 (CO2H)z

(a) 4-(2-Chlorophenoxy)benzoic acid

According to a similar procedure to 5-2-43 (a), the title compound (15 g, 61 mmol, 61% in 2 steps) was
prepared from 4-fluorobenzaldehyde (12 g, 0.10 mol), 2-chlorophenol (15 g, 0.12 mol), potassium
carbonate (28 g, 0.20 mol), DMF (100 mL), 2-methyl-2-butene (50 mL, 0.50 mol), potassium
dihydrogenphosphate (34 g, 0.25 mol), sodium chlorite (27 g, 0.30 mol), tert-butanol (50 mL) and
water (50 mL). The final purification was conducted by recrystallization (z-hexane/EtOAc 9:1). 'H
NMR (400 MHz, CDCls) &: 8.08 (d, 2H, /= 8.9 Hz), 7.50 (dd, 1H, J=17.8, 1.5 Hz), 7.31 (td, 1H, J= 7.8,
1.5 Hz), 7.20 (td, 1H, J=17.8, 1.5 Hz), 7.13 (dd, 1H, J= 7.8, 1.5 Hz), 6.95 (d, 2H, J= 8.9 Hz).

(b) (5-{5-[4-(2-Chlorophenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methanol

According to a similar procedure to 5-2-43 (b), the title compound (0.19 g, 0.46 mmol, 92%) was
prepared from 8e (0.16 g, 0.50 mmol), 4-(2-chlorophenoxy)benzoic acid (0.14 g, 0.55 mmol),
dicyclohexylcarbodiimide (0.11 g, 0.55 mmol) and CH:Cl: (1.5 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 0.75 mL, 0.75 mmol) and THF (1.0 mL). The final purification by flash
column chromatography (silica gel, m-hexane/EtOAc 7:3 to 5:5) gave a white crystalline solid. H
NMR (400 MHz, CDCls) §: 8.12 (d, 2H, /= 9.0 Hz), 7.49 (dd, 1H, J= 7.8, 1.2 Hz), 7.30 (td, 1H, J= 7.8,
1.2 Hz), 7.19 (td, 1H, J= 7.8, 1.2 Hz), 7.13 (dd, 1H, J= 7.8, 1.2 Hz), 7.01 (d, 2H, J= 9.0 Hz), 6.96 (s,
1H), 4.83 (s, 2H), 3.04 (q, 2H, J= 7.4 Hz), 1.29 (t, 3H, J= 7.4 Hz); IR (KBr): 3329, 1612, 1556, 1517,
1498, 1473, 1353, 1259, 1245 cm'l; MS (FABY) m/z 413 (M+H)*).

(c) Methyl
1-[(5-{5-[4-(2-chlorophenoxy)phenyl]-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methyllazetidine-
3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.21 g, 0.42 mmol, 91%) was

prepared from (5-{5-[4-(2-chlorophenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methanol

(0.19 g, 0.46 mmol), carbon tetrabromide (0.18 g, 0.55 mmol), triphenylphosphine (0.14 g, 0.55 mmol),
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methyl 3-azetidinecarboxylate hydrochloride (0.10 g, 0.69 mmol), N, N-diisopropylethylamine (0.16
mL, 0.92 mmol) and CH2Cle. The final purification by flash column chromatography (silica gel,
nhexane/EtOAc 5:5) gave a pale yellow oil. 1H NMR (400 MHz, CDCls) &: 8.14 (d, 2H, J= 9.0 Hz),
7.51 (dd, 1H, J=17.8, 1.6 Hz), 7.32 (td, 1H, J= 7.8, 1.6 Hz), 7.21 (td, 1H, J= 7.8, 1.6 Hz), 7.15 (dd, 1H,
J =128, 1.6 Hz), 7.03 (d, 2H, J= 9.0 Hz), 6.86 (s, 1H), 3.78 (s, 2H), 3.72 (s, 3H), 3.66-3.58 (m, 1H),
3.40-3.32 (m, 4H), 3.03 (q, 2H, J= 7.4 Hz), 1.28 (t, 3H, J= 7.4 Hz); IR (liquid film): 1737, 1613, 1581,
1557, 1514, 1475 cm; MS (FAB) m/z 510 (M+H)*).

(d) 1-[(5-{5-[4-(2-Chlorophenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methyllazetidine
-3-carboxylic acid 1/2 oxalate (8h)

According to a similar procedure to 5-2-39 (c), 8h (0.14 g, 0.27 mmol, 67%) was prepared from methyl
1-[(5-15-[4-(2-chlorophenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methyl]azetidine-3-ca
rboxylate (0.21 g, 0.41 mmol), lithium hydroxide monohydrate (38 mg, 0.90 mmol), acetic acid (49 nL,
0.90 mmol) and oxalic acid (18 mg, 0.20 mmol). A white crystalline solid was collected by filtration.
'H NMR (400 MHz, CD30D+CD3CO:D (5 : 1)) : 8.17 (d, 2H, J=9.0 Hz), 7.57 (dd, 1H, J= 8.0, 1.6 Hz),
7.42 (td, 1H, J= 8.0, 1.6 Hz), 7.30 (td, 1H, J= 8.0, 1.6 Hz), 7.29 (s, 1H), 7.24 (dd, 1H, J= 8.0, 1.6 H2),
7.08 (d, 2H, J= 9.0 Hz), 4.58 (s, 2H), 4.32—4.21 (m, 4H), 3.60-3.50 (m, 1H), 3.08 (q, 2H, J= 7.4 Hz),
1.29 (t, 3H, J = 7.4 Hz); IR (KBr): 3418, 1665, 1613, 1515, 1497, 1475 cm';; MS (FAB*) m/z 496
((M+H)").

5-2-45.
1-[(4-Ethyl-5-{5-[4-(2-methoxyphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-
3-carboxylic acid 1/2 oxalate (8i)

Et

O—N
\
N\
@ LW
O

//
S
MeO CO5H
¢ N oo 0.5 (CO=H)s

(a) 4-(2-Methoxyphenoxy)benzoic acid

According to a similar procedure to 5-2-43 (a), the title compound (1.6 g, 6.6 mmol, 89% in 2 steps)
was prepared from 4-fluorobenzaldehyde (1.2 g, 10 mmol), 2-methoxyphenol (1.7 g, 14 mmol),
potassium carbonate (3.5 g, 25 mmol), DMF (10 mL), 2-methyl-2-butene (3.9 mL, 37 mmol),
potassium dihydrogenphosphate (2.5 g, 19 mmol), sodium chlorite (2.0 g, 22 mmol), THF (5.0 mL),
tert-butanol (10 mL) and water (5.0 mL). The final purification by extraction gave a light yellow solid.
'H NMR (400 MHz, CDCls) §: 8.04 (dd, 2H, J= 8.6, 2.0 Hz), 7.23 (td, 1H, /= 7.4, 1.6 Hz), 7.09 (dd, 1H,
J=8.2,1.6 Hz), 7.04 (dd, 1H, J=8.2, 1.6 Hz), 6.99 (td, 1H, /= 7.4, 1.6 Hz), 6.93 (dd, 2H, J= 8.6, 2.0
Hz), 3.80 (s, 3H).
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(b) (4-Ethyl-5-15-[4-(2-methoxyphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol
According to a similar procedure to 5-2-27 (b), the title compound (0.15 g, 0.36 mmol, 72% in 2 steps)
was prepared from 3e (0.16 g, 0.50 mmol), 4-(2-methoxyphenoxy)benzoic acid (0.13 g, 0.53 mmol),
1-hydroxybenzotriazole (74 mg, 0.55 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.11 g, 0.55 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.0 mL, 1.0 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, m-hexane/EtOAc 5:2) gave a yellowish white crystalline solid. TH NMR
(400 MHz, CDCls) 6: 8.11 (dd, 2H, J= 9.0, 2.0 Hz), 7.24 (dt, 1H, /= 7.8, 1.6 Hz), 7.11 (dd, 1H, J=17.8,
1.6 Hz), 7.07-6.99 (m, 4H), 6.98 (s, 1H), 4.85 (d, 2H, J/= 6.3 Hz), 3.81 (s, 3H), 3.06 (q, 2H, J= 7.4 Hz),
1.85 (t, 1H, J= 6.3 Hz), 1.29 (t, 3H, J= 7.4 Hz); IR (KBr): 3379, 3316, 1612, 1513, 1497, 1354, 1262,
1228 cm'l; MS (FABY) m/z 409 (M+H)*).

(¢) Methyl
1-[(4-ethyl-5-15-[4-(2-methoxyphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidi
ne-3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (89 mg, 0.18 mmol, 50%) was

prepared from

(4-ethyl-5-{5-[4-(2-methoxyphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol (0.14 g, 0.35

mmol), carbon tetrabromide (0.17 g, 0.53 mmol), triphenylphosphine (0.14 g, 0.53 mmol), methyl

3-azetidinecarboxylate hydrochloride (80 mg, 0.53 mmol), N, N-diisopropylethylamine (0.18 mL, 1.1

mmol) and CH2Cle (8.0 mL). The final purification by flash column chromatography (silica gel,

mhexane/EtOAc 5:2 to 2:1) gave a colorless oil. 'H NMR (400 MHz, CDCls) &: 8.10 (dd, 2H, J = 9.0,

2.2 Hz), 7.24 (td, 1H, J= 7.4, 1.6 Hz), 7.11 (dd, 1H, J= 8.2, 1.6 Hz), 7.07-6.97 (m, 4H), 6.86 (s, 1H),

3.81 (s, 3H), 3.78 (s, 2H), 3.72 (s, 3H), 3.68-3.59 (m, 2H), 3.41-3.31 (m, 3H), 3.03 (q, 2H, J= 7.4 Hz),

1.27 (t, 8H, J= 7.4 Hz); IR (thin film): 1737, 1613, 1513, 1496, 1455, 1346, 1265, 1201, 1176, 1168

cm'; MS (FAB*Y) m/z 506 (M+H)*).

(d) 1-[(4-Ethyl-5-{5-[4-(2-methoxyphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyl]azetidi
ne-3-carboxylic acid 1/2 oxalate
According to a similar procedure to 5-2-39 (c), 81 (63 mg, 0. 12 mmol, 69%) was prepared from methyl
1-[(4-ethyl-5-15-[4-(2-methoxyphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3
-carboxylate (86 mg, 0.17 mmol), NaOH (1.0 M in water, 0.51 mL, 0.51 mmol), 1,4-dioxane (3.0 mL),
acetic acid (29 nL, 0.51 mmol) and oxalic acid (8.0 mg, 0.09 mmol). The final purification by washing
the precipitation with water and methanol (3:7) gave a white crystalline solid. 'H NMR (400 MHz,
CDsCO:D) 6: 8.12 (d, 2H, J= 8.6 Hz), 7.34 (s, 1H), 7.27 (t, 1H, J= 6.6 Hz), 7.18-7.10 (m, 2H), 7.07-
6.98 (m, 3H), 4.68 (s, 2H), 4.61-4.50 (m, 2H), 4.43-4.33 (m, 2H), 3.89-3.76 (m, 1H), 3.78 (s, 3H), 3.09
(q, 2H, J= 6.8 Hz), 1.30 (t, 3H, J= 6.8 Hz); IR (KBr): 3422, 1614, 1515, 1497, 1346, 1265, 1233 cm'};
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MS (FAB*) m/z 492 ((M+H)+).

5-2-46.
1-[(4-Ethyl-5-{5-[4-(2-methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-
carboxylic acid (8j)

Et

O-N
\
NS
UN 7
o

4 /
Md NO/COQH

(a) 4-(2-Methylphenoxy)benzoyl chloride

According to a similar procedure to 5-2-28 (a), the crude product of the title compound was prepared
from 4-(2-methylphenoxy)benzoic acid (0.48 g, 2.1 mmol), thionyl chloride (0.31 mL, 4.2 mmol), a
catalytic amount of DMF and toluene (5.0 mL). This crude product was used to the next step without

further purification.

(b) (4-Ethyl-5-15-[4-(2-methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol
According to a similar procedure to 5-2-24 (a), the title compound (0.72 g, 1.8 mmol, 97% in 2 steps)
was prepared from 8e (0.60 g, 1.9 mmol), 4-(2-methylphenoxy)benzoyl chloride (2.1 mmol),
triethylamine (0.53 mL, 3.8 mmol) and CH2Clz (3.0 mL) and tetrabutylammonium fluoride (1.0 M in
THF, 2.3 mL, 2.3 mmol) and THF (5.0 mL). The final purification was conducted by flash column
chromatography (silica gel, n-hexane/EtOAc 1:1). 'TH NMR (400 MHz, CDCls) &: 8.12 (d, 2H, J = 8.6
Hz), 7.31 (d, 1H, J= 7.4 Hz), 7.28-7.22 (m, 1H), 7.20-7.15 (m, 1H), 7.05-6.96 (m, 4H), 4.85 (s, 2H),
3.05 (q, 2H, J= 7.4 Hz), 2.21 (s, 3H), 1.91 (br s, 1H), 1.29 (t, 3H, J= 7.4 Hz); IR (KBr): 3348, 2965,
1612, 1497, 1352, 1248, 843, 761 cm'; MS (FAB*) m/z 393 (M+H)").

(¢) Methyl
1-[(4-ethyl-5-15-[4-(2-methylphenoxy)phenyll-1,2,4-oxadiazol-3-yljthiophen-2-yl)methyl]azetidine
-3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.82 g, 1.7 mmol, 92%) was

prepared from

(4-ethyl-5-{5-[4-(2-methylphenoxy)phenyl]-1,2,4-oxadiazol-3-yljthiophen-2-yl)methanol (0.72 g, 1.8

mmol), carbon tetrabromide (0.73 g, 2.2 mmol), triphenylphosphine (0.58 g, 2.2 mmol), methyl

3-azetidinecarboxylate hydrochloride (0.41 g, 2.7 mmol), NV, N-diisopropylethylamine (0.94 mL, 5.4

mmol) and CH2Cls. The final purification was conducted by flash column chromatography (silica gel,

mhexane/EtOAc). 'H NMR (400 MHz, CDCls) &: 8.11 (d, 2H, J = 9.0 Hz), 7.30 (d, 1H, J = 7.4 Hz),

7.27-7.22 (m, 1H), 7.19-7.14 (m, 1H), 7.04-6.96 (m, 3H), 6.86 (s, 1H), 3.78 (s, 2H), 3.72 (s, 3H), 3.67—
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3.59 (m, 2H), 3.41-3.33 (m, 3H), 3.03 (q, 2H, J = 7.4 Hz), 2.21 (s, 3H), 1.28 (t, 3H, J = 7.4 Hz); IR
(liquid film): 2965, 2845, 1738, 1613, 1514, 1490, 1346, 1246, 1180, 765 cm'; MS (FAB*) m/z 490
(M+H)4).

(d) 1-[(4-Ethyl-5-{5-[4-(2-methylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidin
e-3-carboxylic acid (8j)
According to a similar procedure to 5-2-24 (c), 8 (25 mg, 0.053 mmol, 3.2%) was prepared from
methyl
1-[(4-ethyl-5-15-[4-(2-methylphenoxy)phenyll-1,2,4-oxadiazol-3-yljthiophen-2-yl)methyl]azetidine-3-c
arboxylate (0.81 g, 1.7 mmol), NaOH (1.0 M in water, 3.3 mL, 3.3 mmol), ethanol (3.0 mL) instead of
1,4-dioxane and acetic acid (0.18 mL, 3.3 mmol). The final purification by washing the precipitation
with acetone gave a white solid. 'H NMR (400 MHz, DMSO-ds) &: 8.12 (d, 2H, J= 8.6 Hz), 7.40 (d, 1H,
J=17.4Hz), 7.32 (dd, 1H, J= 7.4, 7.4 Hz), 7.23 (dd, 1H, J= 7.4, 7.4 Hz), 7.12-7.05 (m, 3H), 7.00 (s,
1H), 3.72 (s, 2H), 3.45-3.38 (m, 2H), 3.25-3.17 (m, 2H), 3.17-3.08 (m, 1H), 2.95 (q, 2H, J= 7.0 Hz),
2.15 (s, 3H), 1.20 (t, 3H, J = 7.0 Hz); IR (KBr): 3433, 2968, 1613, 1495, 1346, 1245, 764 cm'l; MS
(FABY) miz 476 (M+H)").

5-2-47.
1-[(4-Ethyl-5-{5-[4-(2-ethylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyl]lazetidine-3-ca
rboxylic acid (8k)

Et

O—N
\
\
@ LW
O

s/
Et NO/COQH

(a) 4-(2-Ethylphenoxy)benzoic acid

According to a similar procedure to 5-2-43 (a), the title compound (1.6 g, 6.5 mmol, 68% in 2 steps)
was prepared from 4-fluorobenzaldehyde (1.2 g, 10 mmol), 2-ethylphenol (1.7 g, 14 mmol), potassium
carbonate (3.5 g, 25 mmol), DMF (10 mL), 2-methyl-2-butene (5.1 mL, 48 mmol), potassium
dihydrogenphosphate (3.3 g, 24 mmol), sodium chlorite (2.6 g, 29 mmol), THF (5.0 mL), tertbutanol
(10 mL) and water (5.0 mL). The final purification by recrystallization (z-hexane/EtOAc 14 mL/1.0
mL) gave a light yellow solid. 'H NMR (400 MHz, CDCls) §: 8.04 (d, 2H, /= 9.0 Hz), 7.32 (dd, 1H, J=
7.0, 2.0 Hz), 7.25-7.17 (m, 2H), 6.98 (dd, 1H, J= 7.8, 1.6 Hz), 6.92 (d, 2H, J= 9.0 Hz), 2.58 (q, 2H, J=
7.8 Hz), 1.17 (t, 3H, J= 7.8 Hz).

(b) (4-Ethyl-5-{5-[4-(2-ethylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol
According to a similar procedure to 5-2-27 (b), the title compound (0.10 g, 0.26 mmol, 43% in 2 steps)
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was prepared from 3e (0.19 g, 0.60 mmol), 4-(2-ethylphenoxy)benzoic acid (0.15 g, 0.63 mmol),
1-hydroxybenzotriazole (89 mg, 0.66 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 0.78 mL, 0.78 mmol) and THF (4.0 mL). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc 4:1 to 3:1) gave a pink solid. 1H NMR (400 MHz,
CDCls) 6:8.12 (d, 2H, J= 8.6 Hz), 7.33 (dd, 1H, J= 7.4, 2.0 Hz), 7.25-7.17 (m, 2H), 7.03-6.96 (m, 4H),
4.85 (d, 2H, J= 6.3 Hz), 3.05 (q, 2H, J= 7.4 Hz), 2.60 (q, 2H, J= 7.4 Hz), 1.86 (t, 1H, J=6.3 Hz), 1.29
(t, 3H, J= 7.4 Hz), 1.19 (¢, 3H, J= 7.4 Hz); IR (KBr): 3392, 2967, 1514, 1348, 1245, 847, 762 cm'; MS
(FABY) m/z 407 (M+H)*).

(c) Methyl
1-[(4-ethyl-5-15-[4-(2-ethylphenoxy)phenyll-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyllazetidine-3
-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.11 g, 0.22 mmol, 89%) was

prepared from (4-ethyl-5-{5-[4-(2-ethylphenoxy)phenyl]-1,2,4-oxadiazol-3-ylithiophen-2-yl)methanol

(0.10 g, 0.25 mmol), carbon tetrabromide (0.13 g, 0.38 mmol), triphenylphosphine (0.10 g, 0.38 mmol),

methyl 3-azetidinecarboxylate hydrochloride (58 mg, 0.38 mmol), N, N-diisopropylethylamine (0.20

mL, 1.1 mmol) and CH2Cl: (5.0 mL). The final purification by flash column chromatography (silica

gel, n-hexane/EtOAc 2:1) gave a light yellow oil. 1H NMR (400 MHz, CDCls) §:8.11 (d, 2H, J= 8.6 Hz),

7.34 (dd, 1H, J= 7.0, 1.8 Hz), 7.25-7.18 (m, 2H), 7.03-6.98 (m, 3H), 6.86 (s, 1H), 3.79 (s, 2H), 3.72 (s,

3H), 3.68-3.59 (m, 2H), 3.40-3.32 (m, 3H), 3.03 (q, 2H, J= 7.6 Hz), 2.60 (q, 2H, J= 7.6 Hz), 1.27 (t,

3H, J=17.6 Hz), 1.19 (t, 3H, J= 7.6 Hz); IR (liquid film): 2967, 1738, 1613, 1514, 1346, 1245, 765 cm'%;

MS (FAB*) ni/z 504 (M+H)*).

(d) 1-[(4-Ethyl-5-{5-[4-(2-ethylphenoxy)phenyl]-1,2,4-oxadiazol-3-ylithiophen-2-yl)methyllazetidine-
3-carboxylic acid (8k)

According to a similar procedure to 5-2-24 (c), 8k (89 mg, 0.18 mmol, 83%) was prepared from methyl
1-[(4-ethyl-5-15-[4-(2-ethylphenoxy)phenyll-1,2,4-oxadiazol-3-yljthiophen-2-yl)methyllazetidine-3-car
boxylate (0.11 g, 0.22 mmol), NaOH (1.0 M in water, 0.33 mL, 0.33 mmol), methanol (1.0 mL), THF
(1.0 mL) instead of 1,4-dioxane and acetic acid (19 ulL, 0.33 mmol). The final purification by
recrystallization (MeOH/water 1.0 mL/2.0 mL) gave a white solid. 'H NMR (400 MHz, DMSO-ds) &:
8.13 (d, 2H, J= 8.6 Hz), 7.42 (d, 1H, J= 7.4 Hz), 7.36-7.23 (m, 2H), 7.12-7.06 (m, 3H), 7.02 (s, 1H),
3.75 (s, 2H), 3.49-3.40 (m, 2H), 3.30-3.14 (m, 3H), 2.96 (q, 2H, J= 7.4 Hz), 2.54 (q, 2H, J= 7.4 Hz),
1.21 (t, 3H, J= 7.4 Hz), 1.12 (t, 3H, J = 7.4 Hz); IR (KBr): 3424, 2968, 1613, 1497, 1345, 1248, 763
cm'; MS (FAB*) m/z 490 (M+H)+).

5-2-48.
1-[(4-Ethyl-5-{5-[4-(2-propylphenoxy)phenyl]-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-c
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arboxylic acid (8])

(a) 4-(2-Propylphenoxy)benzoic acid

To a solution of 4-fluorobenzaldehyde (1.2 g, 10 mmol) and 2-propylphenol (1.8 g, 13 mmol) in DMF
(10 mL) was added potassium carbonate (3.5 g, 25 mmol) and the resulting mixture was stirred at
100 °C for 4 h. To this was added cesium carbonate (3.3 g, 10 mmol) and the resulting mixture was
stirred at 100 °C for 1.5 h. After cooling to room temperature, the reaction mixture was poured into
water and extracted with Et20. The extract was washed with 1.0 M NaOH aqueous solution, brine,
dried over NasSOQy, filtered and concentrated.

To a solution of the residue in THF (5.0 mL), fertbutanol (10 mL) and water (5.0 mL) were
successively added 2-methyl-2-butene (5.3 mL, 50 mmol), potassium dihydrogenphosphate (3.4 g, 25
mmol) and sodium chlorite (2.7 g, 30 mmol) and the resulting mixture was stirred at room
temperature for 1 h. The reaction mixture was diluted with Et20 and extracted with NaOH (1.0 M in
water, 20 mL). The aqueous layer was acidified with HC1 (10 M in water) and extracted with CHzCl..
The extract was washed with brine, dried over Na2SOs4, filtered and concentrated. The residue was
purified by recrystallization (m-hexane/EtOAc 8.0 mL/1.0 mL) to afford the title compound (0.85 g,
3.3 mmol, 33% in 2 steps) as a light brown solid. 'H NMR (400 MHz, CDCls) 6: 8.05 (d, 2H, J= 9.0 Hz),
7.30 (dd, 1H, J= 7.4, 1.6 Hz), 7.26-7.21 (m, 1H), 7.20-7.15 (m, 1H), 6.98 (dd, 1H, J=7.8, 1.2 Hz), 6.93
(d, 2H, J/=9.0 Hz), 2.53 (t, 2H, J= 7.8 Hz), 1.60 (tq, 2H, J= 7.8, 7.4 Hz), 0.90 (t, 3H, J= 7.4 Hz).

(b) (4-Ethyl-5-15-[4-(2-propylphenoxy)phenyl]-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methanol

According to a similar procedure to 5-2-25 (b), the title compound (0.20 g, 0.47 mmol, 78% in 2 steps)
was prepared from 3e (0.19 g, 0.60 mmol), 4-(2-propylphenoxy)benzoic acid (0.16 g, 0.63 mmol),
1-hydroxybenzotriazole (89 mg, 0.66 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 0.78 mL, 0.78 mmol) and THF (5.0 mL). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc 4:1 to 3:1) gave a light orange solid. 'H NMR
(400 MHz, CDCl3) 6:8.12 (d, 2H, J= 9.0 Hz), 7.31 (dd, 1H, J= 7.4, 1.6 Hz), 7.25-7.16 (m, 2H), 7.04—
6.97 (m, 4H), 4.85 (dd, 2H, J= 6.3, 0.8 Hz), 3.06 (q, 2H, J= 7.4 Hz), 2.55 (t, 2H, J= 7.4 Hz), 1.87 (¢, 1H,
J=6.3 Hz), 1.61 (tq, 2H, J= 7.4, 7.4 Hz), 1.29 (t, 3H, J= 7.4 Hz), 0.91 (t, 3H, J= 7.4 Hz); IR (KBv):
3395, 2965, 1514, 1498, 1348, 1246, 846, 762 cm'; MS (FAB*) m/z 421 (M+H)*).

(c) Methyl

112



1-[(4-ethyl-5-15-[4-(2-propylphenoxy)phenyl]-1,2,4-oxadiazol-3-yljthiophen-2-yl)methyl]azetidine-

3-carboxylate
According to a similar procedure to 5-2-24 (b), the title compound (0.22 g, 0.43 mmol, 93%) was
prepared from
(4-ethyl-5-{5-[4-(2-propylphenoxy)phenyll-1,2,4-oxadiazol-3-yljthiophen-2-yl)methanol (0.19 g, 0.46
mmol), carbon tetrabromide (0.23 g, 0.69 mmol), triphenylphosphine (0.18 g, 0.69 mmol), methyl
3-azetidinecarboxylate hydrochloride (0.11 g, 0.69 mmol), N, N-diisopropylethylamine (0.24 mL, 1.4
mmol) and CH2Cl: (8.0 mL). The final purification by flash column chromatography (silica gel,
nhexane/EtOAc 3:1 to 2:1) gave a colorless oil. tH NMR (400 MHz, CDCls) 6:8.11 (d, 2H, J= 8.6 Hz),
7.31(dd, 1H, J=17.4, 2.0 Hz), 7.23 (dd, 1H, J= 7.8, 2.0 Hz), 7.18 (ddd, 1H, J= 7.8, 7.4, 1.2 Hz), 7.04—
6.98 (m, 3H), 6.86 (s, 1H), 3.79 (s, 2H), 3.72 (s, 3H), 3.68-3.59 (m, 2H), 3.41-3.32 (m, 3H), 3.03 (q, 2H,
J=17.4Hz), 2.55 (t, 2H, J="7.8 Hz), 1.61 (tq, 2H, J=17.4, 7.4 Hz), 1.28 (t, 3H, J= 7.4 Hz), 0.91 (t, 3H, J
= 7.4 Hz); IR (liquid film): 2961, 1738, 1613, 1514, 1487, 1244, 764 cm'l; MS (FAB*) m/z 518
((M+H)").

(d) 1-[(4-Ethyl-5-{15-[4-(2-propylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine
-3-carboxylic acid (81)

According to a similar procedure to 5-2-24 (c), 81 (0.18 g, 0.35 mmol, 93%) was prepared from methyl
1-[(4-ethyl-5-15-[4-(2-propylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}thiophen-2-yl)methyllazetidine-3-c

arboxylate (0.20 g, 0.38 mmol), NaOH (1.0 M in water, 0.57 mL, 0.57 mmol), methanol (2.0 mL), THF
(2.0 mL) instead of 1,4-dioxane and acetic acid (32 uL, 0.56 mmol). The final purification by
recrystallization (acetonitrile/MeOH/water 1.0 mL/2.0 mL/2.0 mL) gave a white solid. 'H NMR (400
MHz, DMSO-de) §:8.13 (d, 2H, J= 7.4 Hz), 7.45-7.21 (m, 3H), 7.14-7.04 (m, 3H), 7.02 (s, 1H), 3.75 (s,
2H), 3.55-3.13 (m, 5H), 3.02-2.90 (m, 2H), 2.59-2.41 (m, 2H), 1.61-1.46 (m, 2H), 1.27-1.16 (m, 3H),
0.90-0.79 (m, 3H); IR (KBr): 3424, 2962, 2932, 1613, 1246, 763 cm''; MS (FAB*) m/z 504 ((M+H)*).

5-2-49.
1-[(5-{5-[4-(2-Butylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methyllazetidine-3-ca
rboxylic acid (8m)

O—N
\
N
W
(@]

5 /)
n-Bu NycozH

(a) 2-[(1£)-But-1-en-1-yllphenol
To a solution of triphenyl(propyl)phosphonium bromide (9.3 g, 24 mmol) in DMF (30 mL) was added
a solution of potassium tert-butoxide (2.7 g, 24 mmol) in DMF (10 mL) at 0 °C and the resulting
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mixture was stirred at 0 °C for 30 min. To this was added a solution of salicylaldehyde (1.2 g, 10
mmol) in DMF (10 mL) and the resulting mixture was stirred at room temperature overnight. The
reaction was quenched with sat. NH4Cl at 0 °C and the reaction mixture was extracted with Etz20.
The extract was washed with brine and dried over MgSOys, filtered and concentrated. The residue
was purified by flash column chromatography (silica gel, z-hexane/EtOAc 95:5 to 90:10) to afford the
title compound quantitatively as a yellow oil. 1H NMR (400 MHz, CDCls) &: 7.20-7.15 (m, 1H), 7.11—
7.08 (m, 1H), 6.92-6.87 (m, 2H), 6.33 (dt, 1H, J/=11.3, 1.6 Hz), 5.92 (dt, 1H, J/=11.3, 7.4 Hz), 4.98 (s,
1H), 2.12 (ddq, 2H, J= 7.4, 7.4, 1.6 Hz), 1.01 (t, 3H, J= 7.4 Hz); IR (liquid film): 3430, 2965, 1484,
1451, 1203, 841, 754 cm'; MS (EI*) m/z 148 (M>).

(b) 2-Butylphenol

A mixture of 2-[(1E)-but-1-en-1-yllphenol (1.6 g, 10 mmol) and 10% Pd-C (50% wet, 0.30 g) in ethanol
(30 mL) was degassed and saturated with hydrogen gas, and the mixture was stirred at room
temperature for 3 h. The reaction mixture was filtered with Celite pad and the filtrate was
concentrated to afford the title compound quantitatively as a yellow oil. 1H NMR (400 MHz, CDCls)
6:7.12 (dd, 1H, J= 7.4, 1.6 Hz), 7.08 (ddd, 1H, J= 7.8, 7.4, 1.6 Hz), 6.87 (ddd, 1H, J="7.8, 7.4, 1.0 Hz),
6.76 (dd, 1H, J= 7.4, 1.0 Hz), 4.65 (s, 1H), 2.61 (t, 2H, J= 7.8 Hz), 1.65-1.55 (m, 2H), 1.39 (tq, 2H, J=
7.4, 7.4 Hz), 0.94 (t, 3H, J= 7.4 Hz); IR (liquid film): 3414, 2956, 2930, 1455, 1233, 1117, 752 cm'1; MS
(EI) m/z: 150 (M¥).

() 4-(2-Butylphenoxy)benzoic acid

According to a similar procedure to 5-2-43 (a), the title compound (1.8 g, 6.7 mmol, 85% in 2 steps)
was prepared from 4-fluorobenzaldehyde (0.96 g, 7.7 mmol), 2-butylphenol (1.6 g, 10 mmol), cesium
carbonate (6.3 g, 19 mmol), DMF (10 mL), 2-methyl-2-butene (4.0 mL, 37 mmol), potassium
dihydrogenphosphate (2.5 g, 19 mmol), sodium chlorite (2.0 g, 22 mmol), THF (5.0 mL), tertbutanol
(10 mL) and water (5.0 mL). The final purification by extraction gave a light yellow solid. 'H NMR
(400 MHz, CDCls) 6:8.05 (d, 2H, J=9.0 Hz), 7.30 (dd, 1H, J= 7.4, 1.8 Hz), 7.23 (ddd, 1H, J=7.8, 7.8,
1.8 Hz), 7.17 (ddd, 1H, J=17.8, 7.4, 1.4 Hz), 6.98 (dd, 1H, J= 7.8, 1.4 Hz), 6.92 (d, 2H, J= 9.0 Hz), 2.55
(t, 2H, J=17.8 Hz), 1.59-1.49 (m, 2H), 1.31 (tq, 2H, J= 7.4, 7.4 Hz), 0.87 (t, 3H, J= 7.4 Hz); IR (KBr):
2959, 2929, 1674, 1603, 1244, 1168, 747 cm'; MS (EI*) ni/z 270 (M*).

(d) (5-{5-[4-(2-Butylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methanol

According to a similar procedure to 5-2-25 (b), the title compound (0.19 g, 0.43 mmol, 79% in 2 steps)
was prepared from 38e (0.18 g, 0.57 mmol), 4-(2-butylphenoxy)benzoic acid (0.16 g, 0.60 mmol),
1-hydroxybenzotriazole (96 mg, 0.63 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.12 g, 0.63 mmol), acetonitrile (4.0 mL), and tetrabutylammonium fluoride (1.0 M in
THF, 1.1 mL, 1.1 mmol) and THF (4.0 mL). The final purification by flash column chromatography

(silica gel, mhexane/EtOAc 9:1 to 2:1) gave a light yellow oil. 'H NMR (400 MHz, CDCls) §:8.12 (d,
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2H, J=9.0 Hz), 7.31 (dd, 1H, J= 7.4, 2.0 Hz), 7.24 (ddd, 1H, J= 7.4, 7.4, 2.0 Hz), 7.18 (ddd, 1H, J=
7.4, 7.4, 1.2 Hz), 7.04-6.97 (m, 4H), 4.85 (d, 2H, J= 6.3 Hz), 3.06 (q, 2H, J= 7.4 Hz), 2.57 (t, 2H, J=
7.4 Hz), 1.89 (t, 1H, J = 6.3 Hz), 1.61-1.51 (m, 2H), 1.37-1.23 (m, 5H), 0.87 (t, 3H, J = 7.4 Hz); IR
(KBr): 3371, 2955, 2933, 1613, 1513, 1347, 1245, 846, 762 cm™; MS (FABY) m/z 435 (M+H)+).

(e) Methyl
1-[(5-15-[4-(2-butylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methyl]azetidine-3
-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.19 g, 0.35 mmol, 82%) was

prepared from (5-15-[4-(2-butylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methanol

(0.19 g, 0.43 mmol), carbon tetrabromide (0.29 g, 0.87 mmol), triphenylphosphine (0.23 g, 0.87 mmol),

methyl 3-azetidinecarboxylate hydrochloride (98 mg, 0.65 mmol), N, N-diisopropylethylamine (0.19

mL, 1.1 mmol) and CH2Cl: (4.0 mL). The final purification by flash column chromatography (silica

gel, mhexane/EtOAc 3:1 to 2:3) gave a colorless oil. 'TH NMR (400 MHz, CDCls) §: 8.11 (d, 2H, J= 8.6

Hz), 7.31 (dd, 1H, J=17.4, 2.0 Hz), 7.24 (ddd, 1H, J= 7.4, 7.4, 2.0 Hz), 7.18 (ddd, 1H, J=17.4, 7.4, 1.6

Hz), 7.03-6.98 (m, 3H), 6.86 (s, 1H), 3.78 (s, 2H), 3.72 (s, 3H), 3.67-3.60 (m, 2H), 3.41-3.32 (m, 3H),

3.03 (q, 2H, J=17.4 Hz), 2.57 (t, 2H, J= 7.8 Hz), 1.61-1.51 (m, 2H), 1.37-1.22 (m, 5H), 0.87 (t, 3H, J=

7.4 Hz); IR (liquid film): 2956, 2931, 2859, 1738, 1613, 1514, 1487, 1346, 1245, 765 cm''; MS (FAB*)

mlz: 532 (M+H)*).

® 1-[(5-{5-[4-(2-Butylphenoxy)phenyl]-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methyllazetidine-
3-carboxylic acid (8m)

According to a similar procedure to 5-2-24 (c), 8m (0.13 g, 0.24 mmol, 69%) was prepared from methyl
1-[(5-15-[4-(2-butylphenoxy)phenyll-1,2,4-oxadiazol-3-yl}-4-ethylthiophen-2-yl)methyl]lazetidine-3-car
boxylate (0.19 g, 0.35 mmol), NaOH (1.0 M in water, 0.70 mL, 0.70 mmol), methanol (2.0 mL), THF
(2.0 mL) instead of 1,4-dioxane and acetic acid (50 ulL, 0.87 mmol). The final purification by
recrystallization (MeOH/water) gave a white solid. 'H NMR (400 MHz, CDsCO:2D) §: 8.16 (d, 2H, J=
9.0 Hz), 7.36 (dd, 1H, J=17.5, 1.6 Hz), 7.33 (s, 1H), 7.28 (ddd, 1H, J=17.5, 7.5, 1.8 Hz), 7.21 (ddd, 1H,
=17.5,7.5,1.6 Hz), 7.10-7.03 (m, 3H), 4.68 (s, 2H), 4.59-4.48 (m, 2H), 4.46-4.33 (m, 2H), 3.87-3.76 (m,
1H), 3.09 (q, 2H, J= 7.5 Hz), 2.59 (t, 2H, J= 7.7 Hz), 1.62-1.53 (m, 2H), 1.37-1.26 (m, 2H), 1.30 (t, 3H,
J=17.5Hz), 0.87 (t, 3H, J= 7.3 Hz); IR (KBr): 3420, 2959, 2931, 1613, 1497, 1487, 1246, 844, 762 cm'};
MS (FAB*) m/z 518 (M+H)*).

5-2-50.

1-{[4-Ethyl-5-(5-{4-[2-(propan-2-yl)phenoxylphenyl}-1,2,4-oxadiazol-3-yl)thiophen-2-yllmethyl}azetid

ine-8-carboxylic acid (8n)
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(a) 4-[2-(Propan-2-yl)phenoxyl|benzoic acid

According to a similar procedure to 5-2-43 (a), the title compound (2.5 g, 9.8 mmol, 97% in 2 steps)
was prepared from 4-fluorobenzaldehyde (1.2 g, 10 mmol), 2-(propan-2-yl)phenol (1.9 g, 14 mmol),
potassium carbonate (3.5 g, 25 mmol), DMF (10 mL), 2-methyl-2-butene (5.3 mL, 50 mmol),
potassium dihydrogenphosphate (3.4 g, 25 mmol), sodium chlorite (2.7 g, 30 mmol), THF (5.0 mL),
tert-butanol (10 mL) and water (5.0 mL). The final purification by extraction gave a brown solid. 'H
NMR (400 MHz, CDCls) &: 8.05 (d, 2H, J= 9.0 Hz), 7.61 (dd, 1H, J=5.9, 3.9 Hz), 7.25-7.20 (m, 2H),
6.99-6.90 (m, 3H), 3.16 (sept, 1H, /= 7.0 Hz), 1.20 (d, 6H, J= 7.0 Hz).

(b) [4-Ethyl-5-(5-14-[2-(propan-2-yl)phenoxylphenyl}-1,2,4-oxadiazol-3-yl)thiophen-2-yllmethanol
According to a similar procedure to 5-2-27 (b), the title compound (0.10 g, 0.24 mmol, 40% in 2 steps)
was prepared from e (0.19 g, 0.60 mmol), 4-[2-(propan-2-yl)phenoxylbenzoic acid (0.16 g, 0.63 mmol),
1-hydroxybenzotriazole (89 mg, 0.66 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.13 g, 0.66 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 0.78 mL, 0.78 mmol) and THF (4.0 mL). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc 4:1 to 3:1) gave a pink solid. 1H NMR (400 MHz,
CDCls) §: 8.12 (d, 2H, J=9.0 Hz), 7.39 (dd, 1H, J=5.9, 3.5 Hz), 7.25-7.20 (m, 2H), 7.01 (d, 2H, J=9.0
Hz), 7.00-6.96 (m, 2H), 4.85 (d, 2H, J= 5.9 Hz), 3.19 (sept, 1H, J= 7.0 Hz), 3.05 (q, 2H, J= 7.4 H2),
1.88 (t, 1H, J= 5.9 Hz), 1.29 (t, 3H, J= 7.4 Hz), 1.21 (d, 6H, J= 7.0 Hz); IR (KBr): 3419, 2965, 1612,
1515, 1346, 1245, 847, 764 cm''; MS (FAB*) m/z 421 (M+H)*).

(¢) Methyl
1-{[4-ethyl-5-(5-{4-[2-(propan-2-yl)phenoxylphenyl}-1,2,4-oxadiazol-3-yDthiophen-2-yllmethyl}aze
tidine-3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.10 g, 0.19 mmol, 84%) was

prepared from

[4-ethyl-5-(5-{4-[2-(propan-2-yl)phenoxylphenyl}-1,2,4-oxadiazol-3-yDthiophen-2-yllmethanol (97 mg,

0.23 mmol), carbon tetrabromide (0.12 g, 0.35 mmol), triphenylphosphine (92 mg, 0.35 mmol), methyl

3-azetidinecarboxylate hydrochloride (53 mg, 0.35 mmol), N, N-diisopropylethylamine (0.12 mL, 0.69

mmol) and CH2Clz (5.0 mL). The final purification by flash column chromatography (silica gel,

mhexane/EtOAc 2:1) gave a light yellow oil. 'TH NMR (400 MHz, CDCls) &: 8.11 (d, 2H, /= 9.0 Hz),

7.40 (dd, 1H, J= 5.9, 3.5 Hz), 7.25-7.21 (m, 2H), 7.01 (d, 2H, J= 9.0 Hz), 7.00-6.97 (m, 1H), 6.86 (s,

1H), 3.79 (s, 2H), 3.72 (s, 3H), 3.67-3.61 (m, 2H), 3.40-3.34 (m, 3H), 3.19 (sept, 1H, J= 7.0 Hz), 3.03
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(q, 2H, J=17.4 Hz), 1.28 (t, 3H, J= 7.4 Hz), 1.21 (d, 6H, J= 7.0 Hz); IR (liquid film): 2964, 1738, 1613,
1514, 1346, 1243, 765 cm™; MS (FAB*) m/z 518 (M+H)+*).

(d) 1-{[4-Ethyl-5-(5-{4-[2-(propan-2-yl)phenoxylphenyl}-1,2,4-oxadiazol-3-yl)thiophen-2-yllmethyl}az
etidine-3-carboxylic acid (8n)

According to a similar procedure to 5-2-24 (c), 8n (76 mg, 0.15 mmol, 79%) was prepared from methyl
1-{[4-ethyl-5-(5-{4-[2-(propan-2-yl)phenoxylphenyl}-1,2,4-oxadiazol-3-yDthiophen-2-yllmethyl}tazetidi
ne-3-carboxylate (97 mg, 0.19 mmol), NaOH (1.0 M in water, 0.29 mL, 0.29 mmol), methanol (1.0 mL),
THF (1.0 mL) instead of 1,4-dioxane and acetic acid (16 pL, 0.29 mmol). The final purification by
recrystallization (MeOH/water 1.0 mL/2.0 mL) gave a white solid. 'H NMR (400 MHz, DMSO-ds) §:
8.13 (d, 2H, J= 8.6 Hz), 7.52-7.45 (m, 1H), 7.35-7.27 (m, 2H), 7.09 (d, 2H, J= 8.6 Hz), 7.10-7.04 (m,
1H), 7.01 (s, 1H), 3.75 (s, 2H), 3.49-3.42 (m, 2H), 3.30-3.18 (m, 3H), 3.09 (sept, 1H, J= 6.6 Hz), 2.96
(q, 2H, J="7.8 Hz), 1.21 (t, 3H, J= 7.8 Hz), 1.16 (d, 6H, J= 6.6 Hz); IR (KBr): 3416, 2965, 1611, 1486,
1345, 1245, 764 cm'’; MS (FAB*) m/z 504 (M+H)*).

5-2-51.
1-({4-Ethyl-5-[5-(3-fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-ca
rboxylic acid (80)

o-n Et
\
NS
@ N
© S NO/COZH
F

(a) 3-Fluoro-4-phenoxybenzoic acid

According to a similar procedure to 5-2-43 (a), the title compound (3.1 g, 13 mmol, 88% in 2 steps)
was prepared from 3,4-difluorobenzaldehyde (1.4 g, 10 mmol), phenol (1.3 g, 14 mmol), potassium
carbonate (3.5 g, 25 mmol), DMF (10 mL), 2-methyl-2-butene (8.0 mL, 75 mmol), potassium
dihydrogenphosphate (5.1 g, 38 mmol), sodium chlorite (4.1 g, 45 mmol), THF (5.0 mL), tert-butanol
(10 mL) and water (5.0 mL). The final purification by extraction gave a white crystalline solid. 'H
NMR (400 MHz, CDCls) §: 7.89 (dd, 1H, = 11.0, 2.0 Hz), 7.83-7.80 (m, 1H), 7.39 (d, 1H, J= 7.4 Hz),
7.37(d, 1H, J= 7.4 Hz), 7.19 (t, 1H, J= 7.4 Hz), 7.07-7.04 (m, 2H), 6.96 (t, 1H, J= 8.2 Hz); IR (KBr):
3065, 2983, 2673, 2596, 1692, 1492, 1444, 1275, 1025 cm'; MS (EI*) m/z 232 (M*).

(b) {4-Ethyl-5-[5-(3-fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol

According to a similar procedure to 5-2-27 (b), the title compound (0.16 g, 0.41 mmol, 85% in 2 steps)
was prepared from 38e (0.15 g, 0.48 mmol), 3-fluoro-4-phenoxybenzoic acid (0.12 g, 0.50 mmol),
1-hydroxybenzotriazole (72 mg, 0.53 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
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hydrochloride (0.10 g, 0.53 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 0.96 mL, 0.96 mmol) and THF (5.0 mL). The final purification by flash
column chromatography (silica gel, m-hexane/EtOAc 3:1) gave a pale yellowish crystalline solid. H
NMR (400 MHz, CDCls) §: 7.99 (dd, 1H, J= 10.6, 2.0 Hz), 7.88 (dd, 1H, J=8.4, 1.4 Hz), 7.39 (t, 2H,
=17.4Hz),7.19 (t, 1H, J= 7.4 Hz), 7.09-7.02 (m, 3H), 6.96 (s, 1H), 4.84 (d, 2H, J= 5.9 Hz), 3.05 (q, 2H,
J=17.4Hz), 191 (t, 1H, J= 5.9 Hz), 1.29 (t, 3H, J= 7.4 Hz); IR (KBr): 3433, 1595, 1576, 1513, 1492,
1456, 1436, 1342, 1283, 1270, 1207 cm''; MS (FAB*) m/z 397 (M+H)").

(c) Methyl
1-({4-ethyl-5-[5-(3-fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3
-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.15 g, 0.31 mmol, 77%) was

prepared from {4-ethyl-5-[5-(3-fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methanol

(0.16 g, 0.40 mmol), carbon tetrabromide (0.17 g, 0.52 mmol), triphenylphosphine (0.14 g, 0.52 mmol),

methyl 3-azetidinecarboxylate hydrochloride (91 mg, 0.60 mmol), NV, N-diisopropylethylamine (0.21

mL, 1.2 mmol) and CH2Cl: (6.0 mL). The final purification by flash column chromatography (silica

gel, mhexane/EtOAc 3:1 to 2:1) gave a pale yellow oil. 1H NMR (400 MHz, CDCls) &: 7.98 (dd, 1H, J=

10.8, 2.2 Hz), 7.87 (dt, 1H, J=9.0, 1.7 Hz), 7.38 (t, 2H, J= 7.4 Hz), 7.19 (t, 1H, J= 7.4 Hz), 7.09-7.02

(m, 3H), 6.85 (s, 1H), 3.78 (s, 2H), 3.71 (s, 3H), 3.67-3.58 (m, 2H), 3.40-3.31 (m, 3H), 3.02 (q, 2H, J=

7.4 Hz), 1.28 (t, 3H, J = 7.4 Hz); IR (liquid film) : 1737, 1590, 1559, 1523, 1454, 1489, 1348, 1272,

1204 cm'l; MS (FABY) m/z 494 (M+H)*).

(d 1-({4-Ethyl-5-[5-(3-fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yljmethyl)azetidine-
3-carboxylic acid (80)

According to a similar procedure to 5-2-24 (c), 80 (0.11 g, 0.23 mmol, 77%) was prepared from methyl
1-({4-ethyl-5-[5-(3-fluoro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-car
boxylate (0.15 g, 0.30 mmol), NaOH (1.0 M in water, 0.90 mL, 0.90 mmol), 1,4-dioxane (3.0 mL) and
acetic acid (52 pL, 0.90 mmol). The final purification by recrystallization (MeOH/water 3.0 mL/2.0
mL) gave a white crystalline solid. 'H NMR (400 MHz, CD3CO:2D) §: 8.04 (d, 1H, J/=10.6 Hz), 7.97 (d,
1H, J=9.0 Hz), 7.44 (t, 2H, J= 7.6 Hz), 7.33 (s, 1H), 7.23 (t, 1H, J= 7.6 Hz), 7.20-7.09 (m, 3H), 4.68
(s, 2H), 4.58-4.44 (m, 2H), 4.44—4.33 (m, 2H), 3.87-3.75 (m, 1H), 3.09 (q, 2H, J= 7.4 Hz), 1.31 (t, 3H,
J = 7.4 Hz); IR (KBr): 3427, 1591, 1556, 1515, 1491, 1349, 1275, 1201 cm'; MS (FAB*) m/z 480
((M+H)").

5-2-52.
1-({5-[5-(3-Chloro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-4-ethylthiophen-2-yl}methyl)azetidine-3-ca
rboxylic acid (8p)
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(a) 3-Chloro-4-phenoxybenzoic acid

According to a similar procedure to 5-2-43 (a), the title compound (0.95 g, 3.9 mmol, 77% in 2 steps)
was prepared from 3-chloro-4-fluorobenzaldehyde (0.80 g, 5.0 mmol), phenol (0.66 g, 7.0 mmol),
potassium carbonate (1.7 g, 13 mmol), DMF (10 mL), 2-methyl-2-butene (2.7 mL, 25 mmol),
potassium dihydrogenphosphate (1.7 g, 13 mmol), sodium chlorite (1.4 g, 15 mmol), THF (2.5 mL),
tert-butanol (5.0 mL) and water (2.5 mL). The final purification by extraction gave a white
crystalline solid. 'TH NMR (400 MHz, CDCls) §: 8.19 (d, 1H, J= 2.0 Hz), 7.88 (dd, 1H, /= 8.6, 2.0 Hz),
7.39 (t, 2H, J= 7.4 Hz), 7.21 (¢, 1H, J= 7.4 Hz), 7.05 (dd, 2H, J= 7.4, 1.2 Hz), 6.87 (d, 1H, J= 8.6 Hz).

(b) {5-[5-(3-Chloro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-4-ethylthiophen-2-ylimethanol

According to a similar procedure to 5-2-27 (b), the title compound (0.17 g, 0.42 mmol, 87% in 2 steps)
was prepared from 3e (0.15 g, 0.48 mmol), 3-chloro-4-phenoxybenzoic acid (0.12 g, 0.50 mmol),
1-hydroxybenzotriazole (72 mg, 0.53 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.10 g, 0.53 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 0.96 mL, 0.96 mmol) and THF (5.0 mL). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc 3:1) gave a pale yellowish crystalline solid. 'H
NMR (400 MHz, CDCls) &: 8.31 (d, 1H, J= 2.1 Hz), 7.99 (dd, 1H, J= 8.6, 2.1 Hz), 7.43 (t, 2H, J= 7.4
Hz), 7.23 (t, 1H, J= 7.4 Hz), 7.09 (d, 2H, J= 8.6 Hz), 6.99 (s, 1H), 6.98 (d, 1H, J= 8.6 Hz), 4.85 (d, 2H,
J=5.8Hz), 3.06 (q, 2H, J= 7.4 Hz), 1.90 (t, 1H, J= 5.8 Hz), 1.30 (t, 3H, J= 7.4 Hz); IR (KBr): 3335,
3250, 1591, 1480, 1393, 1265, 1242cm™; MS (FAB*) m/z 413 (M+H)*).

(¢) Methyl
1-({5-[5-(3-chloro-4-phenoxyphenyl-1,2,4-oxadiazol-3-yll-4-ethylthiophen-2-yl}methyl)azetidine-3
-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.15 g, 0.30 mmol, 73%) was

prepared from 15-[5-(3-chloro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-4-ethylthiophen-2-yl}methanol

(0.17 g, 0.41 mmol), carbon tetrabromide (0.18 g, 0.53 mmol), triphenylphosphine (0.14 g, 0.53 mmol),

methyl 3-azetidinecarboxylate hydrochloride (93 mg, 0.62 mmol), N, N-diisopropylethylamine (0.21

mL, 1.2 mmol) and CH2Cl2 (7.0 mL). The final purification by flash column chromatography (silica

gel, m-hexane/EtOAc 3:1) gave a pale yellow oil. 'H NMR (400 MHz, CDCls) &: 8.30 (d, 1H, J= 2.2 Hz),

7.98 (dd, 1H, J=8.6, 2.2 Hz), 7.43 (t, 2H, J= 7.4 Hz), 7.24 (t, 1H, J= 7.4 Hz), 7.09 (d, 2H, J= 7.4 Hz),

6.98 (d, 1H, J= 8.6 Hz), 6.87 (s, 1H), 3.84 (s, 2H), 3.79 (s, 3H), 3.43-3.32 (m, 3H), 3.69-3.59 (m, 2H),
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3.03 (q, 2H, J= 7.8 Hz), 1.28 (t, 3H, J= 7.8 Hz); IR (thin film): 1737, 1513, 1483, 1343, 1266, 1245,
1198 cm';; MS (FABY) m/z 510 (M+H)*).

(d) 1-({5-[5-(3-Chloro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yll-4-ethylthiophen-2-yl}methyl)azetidine-
3-carboxylic acid (8p)

According to a similar procedure to 5-2-24 (c), 8p (0.13 g, 0.26 mmol, 88%) was prepared from methyl
1-({5-[5-(3-chloro-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yl]-4-ethylthiophen-2-ylimethyl)azetidine-3-ca

rboxylate (0.15 g, 0.29 mmol), NaOH (1.0 M in water, 0.87 mL, 0.87 mmol), 1,4-dioxane (3.0 mL) and
acetic acid (50 pL, 0.87 mmol). The final purification by recrystallization (MeOH/water 3.0 mL/2.0
mL) gave a white crystalline solid. zH NMR (400 MHz, CDsCO:D) §: 8.31 (s, 1H), 8.06 (dd, 1H, J=
8.6,2.2 Hz), 7.45 (t, 2H, J= 7.8 Hz), 7.33 (s, 1H), 7.25 (t, 1H, J/= 7.8 Hz), 7.13 (d, 2H, J= 7.8 Hz), 7.07
(d, 1H, J= 8.6 Hz), 4.68 (s, 2H), 4.59-4.48 (m, 2H), 4.44-4.33 (m, 2H), 3.87-3.75 (m, 1H), 3.09 (q, 2H,
J=17.6 Hz), 1.31 (t, 3H, J= 7.6 Hz); IR (KBr): 3414, 1609, 1591, 1514, 1484, 1392, 1344, 1265 cm;
MS (FABY) m/z 496 (M+H)*).

5-2-53.
1-({4-Ethyl-5-[5-(3-methoxy-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3
-carboxylic acid (8q)
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(a) 3-Methoxy-4-phenoxybenzoic acid

According to a similar procedure to 5-2-43 (a), the title compound (1.2 g, 4.9 mmol, 94% in 2 steps)
was prepared from 4-fluoro-3-methoxybenzaldehyde (1.5 g, 10 mmol), phenol (1.1 g, 12 mmol),
potassium carbonate (2.8 g, 20 mmol), DMF (10 mL), 2-methyl-2-butene (2.7 mL, 25 mmol),
potassium dihydrogenphosphate (1.7 g, 13 mmol), sodium chlorite (1.4 g, 15 mmol), THF (2.5 mL),
tert-butanol (5.0 mL) and water (2.5 mL). The final purification by extraction gave a white solid. 'H
NMR (400 MHz, CDCls) 6: 7.73 (d, 1H, /= 2.0 Hz), 7.69 (dd, 1H, J= 8.2, 2.0 Hz), 7.37 (dd, 2H, J= 8.2,
7.4 Hz), 7.16 (t, 1H, J= 7.4 Hz), 7.05 (d, 2H, J= 8.2 Hz), 6.89 (d, 1H, J= 8.2 Hz), 3.96 (s, 3H).

(b) {4-Ethyl-5-[5-(3-methoxy-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methanol

According to a similar procedure to 5-2-25 (b), the title compound (0.18 g, 0.44 mmol, 77% in 2 steps)
was prepared from 3e (0.18 g, 0.57 mmol), 3-methoxy-4-phenoxybenzoic acid (0.15 g, 0.60 mmol),
1-hydroxybenzotriazole (96 mg, 0.63 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.12 g, 0.63 mmol) and acetonitrile (4.0 mL), and tetrabutylammonium fluoride (1.0
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M in THF, 1.1 mL, 1.1 mmol) and THF (4.0 mL). The final purification by flash column
chromatography (silica gel, m-hexane/EtOAc 3:1 to 3:2) gave an orange solid. 'H NMR (400 MHz,
CDCls) 6: 7.78 (d, 1H, J= 2.0 Hz), 7.74 (dd, 1H, J= 8.6, 2.0 Hz), 7.40-7.35 (m, 2H), 7.19-7.14 (m, 1H),
7.08-7.04 (m, 2H), 7.00—-6.96 (m, 2H), 4.85 (d, 2H, J = 6.3 Hz), 4.00 (s, 3H), 3.06 (q, 2H, J= 7.4 Hz),
1.94-1.88 (m, 1H), 1.30 (t, 3H, J= 7.4 Hz); IR (KBr): 3447, 2970, 1594, 1554, 1492, 1341, 1228, 1027,
743 cm'l; MS (FAB*) m/z 409 (M+H)+).

(c) Methyl
1-({4-ethyl-5-[5-(3-methoxy-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidin
e-3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.14 g, 0.27 mmol, 61%) was

prepared from

{4-ethyl-5-[5-(3-methoxy-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethanol (0.18 g, 0.44

mmol), carbon tetrabromide (0.32 g, 0.88 mmol), triphenylphosphine (0.25 g, 0.88 mmol), methyl

3-azetidinecarboxylate hydrochloride (0.11 g, 0.67 mmol), NV, N-diisopropylethylamine (0.21 mL, 1.1

mmol) and CH2Cle (4.0 mL). The final purification by flash column chromatography (silica gel,

hexane/EtOAc 2:1 to 1:3) gave a colorless oil. 1TH NMR (400 MHz, CDCls) &: 7.78 (d, 1H, J= 2.0 Hz),

7.73 (dd, 1H, J= 8.2, 2.0 Hz), 7.41-7.35 (m, 2H), 7.19-7.14 (m, 1H), 7.08-7.03 (m, 2H), 6.97 (d, 1H, J

= 8.2 Hz), 6.87 (s, 1H), 4.00 (s, 3H), 3.80 (s, 2H), 3.72 (s, 3H), 3.67-3.61 (m, 2H), 3.41-3.32 (m, 3H),

3.03 (q, 2H, J= 7.4 Hz), 1.28 (t, 3H, J= 7.4 Hz); IR (thin film): 2965, 1737, 1513, 1489, 1349, 1220,

761 cm; MS (FABY) m/z 506 (M+H)*).

(d) 1-({4-Ethyl-5-[5-(3-methoxy-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidin
e-3-carboxylic acid (8q)

According to a similar procedure to 5-2-24 (c), 8q (0.12 g, 0.25 mmol, 91%) was prepared from methyl
1-(14-ethyl-5-[5-(3-methoxy-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine-3-
carboxylate (0.14 g, 0.27 mmol), NaOH (1.0 M in water, 0.54 mL, 0.54 mmol), methanol (2.0 mL),
THF (2.0 mL) instead of 1,4-dioxane and acetic acid (39 pL, 0.68 mmol). The final purification by
filtration with water and methanol gave a white solid. *H NMR (400 MHz, CD3sCO:2D) &: 7.82 (d, 1H,
J=2.0Hz), 7.79 (dd, 1H, J= 8.2, 2.0 Hz), 7.40-7.34 (m, 2H), 7.33 (s, 1H), 7.17-7.12 (m, 1H), 7.07 (d,
1H, J= 8.2 Hz), 7.06-7.01 (m, 2H), 4.68 (s, 2H), 4.60-4.49 (m, 2H), 4.47-4.33 (m, 2H), 3.96 (s, 3H),
3.87-3.76 (m, 1H), 3.09 (q, 2H, J= 7.5 Hz), 1.31 (t, 3H, J= 7.5 Hz); IR (KBr): 3431, 2970, 1590, 1514,
1350, 1272, 1250, 1217, 1033, 760, 745 cm'l; MS (FAB*) m/z 492 (M+H)*).

5-2-54.

1-({4-Ethyl-5-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-c
arboxylic acid (8r)
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(a) {4-Ethyl-5-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methanol
According to a similar procedure to 5-2-27 (b), the title compound (0.16 g, 0.41 mmol, 82% in 2 steps)
was prepared from 3e (0.16 g, 0.50 mmol), 3-methyl-4-phenoxybenzoic acid (0.12 g, 0.53 mmol),
1-hydroxybenzotriazole (74 mg, 0.55 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.11 g, 0.55 mmol), acetonitrile (4.0 mL) and THF (2.0 mL), and tetrabutylammonium
fluoride (1.0 M in THF, 1.0 mL, 1.0 mmol) and THF (5.0 mL). The final purification by flash column
chromatography (silica gel, mhexane/EtOAc 3:1) gave a yellow solid. 'H NMR (400 MHz, CDCls) &:
8.09(d, 1H, J=1.6 Hz), 7.94 (dd, 1H, J= 8.6, 2.0 Hz), 7.41-7.36 (m, 2H), 7.20-7.14 (m, 1H), 7.04-7.00
(m, 2H), 6.98 (s, 1H), 6.90 (d, 1H, J=8.2 Hz), 4.85 (d, 2H, J= 5.9 Hz), 3.06 (q, 2H, J= 7.4 Hz), 2.40 (s,
3H), 1.90 (t, 1H, J=5.9 Hz), 1.30 (t, 3H, J= 7.4 Hz); IR (KBr): 3387, 2930, 1592, 1483, 1242, 762 cm'};
MS (FAB*) m/z 393 (M+H)*).

(b) Methyl
1-({4-ethyl-5-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-
3-carboxylate

According to a similar procedure to 5-2-24 (b), the title compound (0.14 g, 0.28 mmol, 69%) was

prepared from {4-ethyl-5-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yljmethanol

(0.16 g, 0.40 mmol), carbon tetrabromide (0.17 g, 0.52 mmol), triphenylphosphine (0.14 g, 0.52 mmol),

methyl 3-azetidinecarboxylate hydrochloride (91 mg, 0.60 mmol), NV, N-diisopropylethylamine (0.21

mL, 1.2 mmol) and CH2Clz (6.0 mL). The final purification by flush column chromatography (silica

gel, mhexane/EtOAc 3:1 to 2:1) gave a white solid. 'H NMR (400 MHz, CDCls) &: 8.09-8.07 (m, 1H),

7.93 (dd, 1H, J= 8.6, 2.1 Hz), 7.41-7.36 (m, 2H), 7.19-7.15 (m, 1H), 7.04-7.00 (m, 2H), 6.90 (d, 1H, J

=8.6 Hz), 6.87 (s, 1H), 3.79 (s, 2H), 3.72 (s, 3H), 3.67-3.61 (m, 2H), 3.40-3.32 (m, 3H), 3.04 (q, 2H, J=

7.4 Hz), 2.40 (s, 3H), 1.28 (t, 3H, J = 7.4 Hz); IR (liquid film): 2965, 1738, 1514, 1486, 1345, 1241,

1203, 764, 693 cm''; MS (FAB*) m/z 490 (M+H)").

() 1-({4-Ethyl-5-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-ylimethyl)azetidine
-3-carboxylic acid (8r)

According to a similar procedure to 5-2-24 (c), 8r (0.11 g, 0.24 mmol, 89%) was prepared from methyl

1-({4-ethyl-5-[5-(3-methyl-4-phenoxyphenyl)-1,2,4-oxadiazol-3-yllthiophen-2-yl}methyl)azetidine-3-c

arboxylate (0.13 g, 0.27 mmol), NaOH (1.0 M in water, 0.81 mL, 0.81 mmol), 1,4-dioxane (3.0 mL)

and acetic acid (47 pL, 0.82 mmol). The final purification by recrystallization (MeOH/water 3.0

mL/2.0 mL) gave a white solid. 'TH NMR (400 MHz, CD3CO:D) §: 8.13-8.08 (m, 1H), 8.00-7.95 (m,
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1H), 7.41 (dd, 2H, J= 8.0, 7.4 Hz), 7.32 (s, 1H), 7.19 (t, 1H, J= 7.4 Hz), 7.07 (d, 2H, J= 8.0 Hz), 6.95
(d, 1H, J= 8.6 Hz), 4.68 (s, 2H), 4.57-4.48 (m, 2H), 4.45-4.35 (m, 2H), 3.85-3.76 (m, 1H), 3.09 (q, 2H,
J="1.8 Hz), 2.41 (s, 3H), 1.30 (t, 3H, J= 7.8 Hz); IR (KBr): 3414, 2967, 1589, 1488, 1243, 747 cm'1; MS
(FAB*) m/z 476 (M+H)*).

5-3. % 3 EICET 2R

5-3-1.  1-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]- hydroxymethanimine
(20)

HO® N\QZ&\/OTBS

To a suspension of 5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophene-2-carbaldehyde (0.80 g,
2.8 mmol, prepared by the procedure 5-2-11 (a)) and hydroxylamine hydrochloride (0.22 g, 3.1 mmol)
in CH2Cl2 (10 mL) and MeOH (1.0 mL) was added EtsN (0.78 mL, 5.6 mmol) at room temperature,
and the resulting mixture was stirred at room temperature for 16 h. The reaction mixture was
poured into water and extracted with Et20. The extract was washed with brine, dried over MgSQO4,
filtered and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 7:3) to afford both regioisomers of the title compound 20 (the less polar product 0.23
g, 0.76 mmol, 27% and the more polar product 0.57 g, 1.9 mmol, 68%). Both regioisomers were
combined and used to the next step. Less polar product: 'H NMR (400 MHz, CDCls) §: 8.31 (s, 1H),
7.12-7.08 (m, 1H), 6.73-6.72 (m, 1H), 4.80 (d, 2H, J= 0.8 Hz), 2.63 (q, 2H, J=17.4 Hz), 1.19 (t, 3H, J=
7.4 Hz), 0.93 (s, 9H), 0.11 (s, 6H); MS (ESI) m/z: 300 ((M+H)*); More polar product: 'H NMR (400
MHz, CDCls) &: 7.72 (s, 1H), 6.81 (s, 1H), 4.87 (d, 2H, J= 0.8 Hz), 2.74 (q, 2H, J= 7.4 Hz), 1.24 (¢, 3H,
J="17.4Hz), 0.93 (s, 9H), 0.11 (s, 6H); MS (ESD m/z 300 (M+H)").

5-3-2. tert-Butyll[(4-ethyl-5-ethynylthiophen-2-yl)methoxyldimethylsilane (24)

= s

(a) tert-Butyl[(4-ethyl-5-iodothiophen-2-yl)methoxyldimethylsilane
To a solution of tert-butyl[(4-ethylthiophen-2-yl)methoxyldimethylsilane (18b) (5.0 g, 22 mmol,
prepared by the procedure 5-2-10) in THF (30 mL) was slowly added »-BulLi (1.6 M in hexane, 15 mL,
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24 mmol) at -78 °C, and the resulting mixture was stirred at 0 °C for 20 min. The reaction mixture
was cooled to -78 °C again and iodine (6.6 g, 26 mmol) was added. After stirring at 0 °C for 30 min,
the reaction was quenched with sat. Na2S20s. The resulting biphasic mixture was poured into water
and extracted with m-hexane. The extract was washed with brine, dried over MgSOy, filtered and
concentrated. The residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc)
to afford the title compound (5.6 g, 15 mmol, 72%). 1H NMR (400 MHz, CDCls) &: 6.59 (s, 1H), 4.79 (s,
2H), 2.50 (q, 2H, J= 7.4 Hz), 1.15 (t, 3H, J= 7.4 Hz), 0.92 (s, 9H), 0.10 (s, 6H); IR (liquid film): 2955,
2929, 2856, 1462, 1255, 1149, 1080, 838, 778 cm''; MS (FAB*) m/z 381 ((M-H)*).

(b) tert-Butyl({4-ethyl-5-[(trimethylsilyl)ethynyllthiophen-2-yl}methoxy)dimethylsilane

To a solution of tert-butyl[(4-ethyl-5-iodothiophen-2-yl)methoxyldimethylsilane (0.72 g, 2.0 mmol) in
benzene (5.0 mL) were added EtsN (0.55 mL, 4.0 mmol), trimethylsilylacetylene (0.43 mL, 3.0 mmol),
Pd(PPhs)s (0.23 g, 0.20 mmol) and Cul (57 mg, 0.30 mmol) and the resulting mixture was stirred at
room temperature for 3 h. The reaction was quenched with water and the resulting biphasic mixture
was extracted with Et20. The extract was washed with brine, dried over MgSQ4, filtered and
concentrated. The residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc
95:5) to afford the title compound (0.53 g, 1.5 mmol, 75%). 'H NMR (400 MHz, CDCls) &: 6.66 (s, 1H),
4.78 (s, 2H), 2.65 (q, 2H, J= 7.3 Hz), 1.19 (t, 3H, J= 7.3 Hz), 0.92 (s, 9H), 0.24 (s, 9H), 0.09 (s, 6H).

(c) tert-Butyl[(4-ethyl-5-ethynylthiophen-2-yl)methoxyldimethylsilane (24)

To a solution of tert-butyl({4-ethyl-5-[(trimethylsilyl)ethynyllthiophen-2-yl}methoxy)dimethylsilane
(0.53 g, 1.5 mmol) in methanol (5.0 mL) was added potassium carbonate (0.41 g, 3.0 mmol) and the
resulting mixture was stirred at room temperature. After the reaction completed, the reaction
mixture was poured into water and extracted with Et20. The extract was washed with brine, dried
over MgSOy, filtered and concentrated. The residue was purified by flash column chromatography
(silica gel, n-hexane/EtOAc 90:10) to afford the title compound (0.34 g, 1.2 mmol, 81%). 'H NMR (400
MHz, CDCls) &: 6.68 (s, 1H), 4.79 (s, 2H), 3.42 (s, 1H), 2.67 (q, 2H, J= 7.3 Hz), 1.20 (t, 3H, /= 7.3 Hz),
0.92 (s, 9H), 0.10 (s, 6H); IR (ATR): 2929, 2856, 2098, 1254, 1142, 1074, 833, 775 cm''; MS (ESD) nv/z
281 (M+H)*).

5-3-3. 5-({[ tert-Butyl(dimethylsilylloxy}methyl)-3-ethylthiophene-2-carboxylic acid (28)

I _ores
HO,C™ g

To a solution of tert-butyl[(4-ethylthiophen-2-yl)methoxyldimethylsilane (13b) (76 g, 0.29 mol) in
THF (0.30 L) was slowly added z-Buli (1.6 M in hexane, 0.20 L, 0.32 mol) at -78 °C and the mixture
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was stirred at 0 °C for 30 min. After cooling to -78 °C again, carbon dioxide (dry ice, 70 g, 1.6 mol)
was added and the resulting mixture was stirred for 1 h. The reaction was quenched with sat. NH4Cl
and the reaction mixture was extracted with Et20. The extract was washed with agq. citric acid, dried
over MgSQy, filtered and concentrated. The residue was recrystallized from mhexane to afford the
title compound (70 g, 0.23 mol, 79%) as a white solid. 1H NMR (400 MHz, CDCls) 6: 6.82 (s, 1H), 4.85
(s, 2H), 2.98 (q, 2H, J = 7.4 Hz), 1.22 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.12 (s, 6H); IR (KBr): 2929,
2858, 1643, 1454, 1107, 839, 780 cm'; MS (FAB*) m/z 301 (M+H)*).

5-3-4. 2-Amino-1-[3-ethyl-5-(hydroxymethyl)thiophen-2-yllethanone hydrochloride (39)

H,N / \\_ OH

S
O HCI

(a) 1-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yllethanone

To a mixture of 5-({[tert-Butyl(dimethylsilylloxy}methyl)-3-ethylthiophene-2-carboxylic acid (28) (5.4
g, 18 mmol) and N, O-dimethylhydroxylamine hydrochloride (2.2 g, 23 mmol) in CH2Clz (50 mL) were
successively added N, N-diisopropylethylamine 4.0 mlL, 23 mmol) and
1-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride (4.4 g, 23 mmol) and the resulting
mixture was stirred at room temperature for 13 h. The reaction mixture was poured into water and
extracted with Et20. The extract was washed with water and brine, dried over MgSOQy, filtered and
concentrated. The residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc
1:0 to 7:3) to afford
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-methoxy- N-methylthiophene-2-carboxamide (3.5
g, 10 mmol).

To a solution of
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-methoxy- N-methylthiophene-2-carboxamide (3.5
g, 10 mmol) in Et20 (20 mL) was slowly added methyllithium (1.1 M in Et20, 14 mL, 15 mmol) at
-78 °C and the resulting mixture was stirred at -78 °C for 1 h. The reaction was quenched with sat.
NH4Cl and the reaction mixture was extracted with Et20. The extract was washed with brine, dried
over MgSOy, filtered and concentrated. The residue was purified by flash column chromatography
(silica gel, n-hexane/EtOAc) to afford the title compound (2.7 g, 9.1 mmol, 51% in 2 steps). 'H NMR
(400 MHz, CDCls) &: 6.83 (s, 1H), 4.85 (s, 2H), 2.97 (q, 2H, J= 7.4 Hz), 2.51 (s, 3H), 1.21 (t, 3H, J=17.4
Hz), 0.95 (s, 9H), 0.13 (s, 6H).

(b) 2-Bromo-1-[5-({[£ert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]ethanone
To a diluted solution of NaHMDS (1.0 M in THF, 18 mL, 18 mmol) in THF (20 mL) was slowly added
a solution of thiophenone (2.7 g, 9.1 mmol) in THF at -78 °C. After stirring at -78 °C for 10 min,
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chlorotrimethylsilane (3.0 mL, 24 mmol) was added and the resulting mixture was stirred at -78 °C
for 30 min. The reaction was quenched with sat. NH4Cl and the reaction mixture was poured into
water and extracted with Et20. The extract was concentrated and co-evaporated with benzene to
afford the crude product of
tert-butyl[(4-ethyl-5-{1-[(trimethylsilyl)oxylethenylithiophen-2-yl)methoxyldimethylsilane.

To a solution of the crude product of
tert-butyl[(4-ethyl-5-{1-[(trimethylsilyl)oxylethenylithiophen-2-yl)methoxyldimethylsilane in THF
(20 mL) was added N-bromosuccinimide (2.1 g, 12 mmol) at 0 °C and the resulting mixture was
stirred for 30 min. The reaction mixture was poured into water and extracted with Et20. The extract
was washed with brine, dried over MgSQy4, filtered and concentrated. The residue was purified by
flash column chromatography (silica gel, m-hexane/EtOAc 1:0 to 85:15) to afford the title compound
(2.9 g, 7.6 mmol, 83% in 2 steps). 'H NMR (400 MHz, CDCls) &: 6.87 (s, 1H), 4.87 (s, 2H), 4.32 (s, 2H),
2.99 (q, 2H, J=17.4 Hz), 1.22 (t, 3H, J= 7.4 Hz), 0.95 (s, 9H), 0.13 (s, 6H); IR (ATR): 2929, 2856, 1656,
1438, 1254, 1080, 833, 776 cm'l; MS (FAB*) m/z 377 (M+H)*).

() 2-Amino-1-[3-ethyl-5-(hydroxymethyl)thiophen-2-yllethanone hydrochloride (39)

To a solution of 2-bromo-1-[5-([tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yllethanone
(2.0 g, 5.3 mmol) in acetonitrile (20 mL) was added sodium diformylamide (0.82 g, 8.6 mmol) and the
resulting mixture was stirred at 70 °C for 2.5 h. After cooling to room temperature, the reaction
mixture was poured into water and extracted with Et20. The extract was washed with brine, dried
over MgSOy, filtered and concentrated. The residue was purified by flash column chromatography
(-hexane/EtOAc 91 to 7:3) to afford
N-2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-oxoethyl}- N-formylformamid
e (1.5 g, 4.1 mmol).

To a solution of
N-2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-oxoethyl}- N-formylformamid
e (1.5 g, 4.1 mmol) in ethanol (10 mL) was added HCI (12 M in water, 0.84 mL, 10 mol) and the
resulting mixture was stirred at 70 °C for 2 h. After cooling to room temperature, the reaction
mixture was concentrated and co-evaporated with toluene. The residue was purified by
recrystallization (Et2O/MeOH 9:1) to afford the title compound (0.78 g, 2.2 mmol, 42% in 2 steps). 1H
NMR (400 MHz, CDsOD) §: 7.06 (s, 1H), 4.79 (s, 2H), 4.34 (s, 2H), 3.01 (q, 2H, J= 7.4 Hz), 1.24 (t, 3H,
J=17.4 Hz); IR (KCD): 3228, 2875, 1650, 1444, 1309, 1147, 1044, 969; MS (EI*) m/z 199 (M*).

5-3-5.

1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,2-oxazol-3-yl]thiophen-2-yl}methyl)azetidine-3-carboxylic acid
1/2 oxalate (23)
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PhO

N CO,H
y 0.5 (CO2H):

(a) 3-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-(4-phenoxyphenyl)-1,2-oxaz
ole (22)

To a solution of
1-[5-({[ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yll- A-hydroxymethanimine (20) (0.30
g, 1.0 mmol) in chloroform (2.0 mL) were successively added N-chlorosuccinimide (0.16 g, 1.0 mmol)
and a catalytic amount of pyridine and the resulting mixture was stirred at room temperature for 2 h.
To this were successively added 1-ethynyl-4-phenoxybenzene (0.22 mL, 1.2 mmol) and EtsN (0.17 mL,
1.2 mmol) and the resulting mixture was stirred at 50 °C for 2 h. After cooling to room temperature,
the reaction mixture was poured into water and extracted with Et20. The extract was washed with
brine, dried over MgSO4, filtered and concentrated. The residue was purified by flash column
chromatography (silica gel, n-hexane/EtOAc 90:10) to afford the title compound (0.36 g, 0.73 mmol,
73%). TH NMR (400 MHz, CDCls) §: 7.77 (d, 2H, J= 9.0 Hz), 7.39 (dd, 2H, J= 8.2, 7.4 Hz), 7.17 (t, 1H,
J=17.4 Hz), 7.09-7.05 (m, 4H), 6.84 (s, 1H), 6.59 (s, 1H), 4.86 (s, 2H), 2.90 (q, 2H, J= 7.4 Hz), 1.27 (¢,
3H, J=17.4 Hz), 0.95 (s, 9H), 0.13 (s, 6H); IR (liquid film): 2955, 2929, 1508, 1489, 1244, 1084, 839,
780 cm; MS (FABY) m/z 492 (M+H)*).

(b) Methyl
1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,2-oxazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
To a solution of
3-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-(4-phenoxyphenyl)-1,2-oxazole
(0.36 g, 0.73 mmol) in THF (1.0 mL) was added tetrabutylammonium fluoride (1.0 M in THF, 0.88
mL, 0.88 mmol) and the resulting mixture was stirred at room temperature for 2 h. The reaction
mixture was poured into water and extracted with EtOAc. The extract was washed with brine, dried
over Na2S0y, filtered and concentrated.
To a solution of the residue in toluene (2.0 mL) were successively added thionyl chloride (71 pnL, 0.95
mmol) and a catalytic amount of DMF and the resulting mixture was stirred at room temperature for
2 h. The reaction mixture was diluted with toluene and azeotropically evaporated. The residue was
poured into water and extracted with Et20. The extract was washed with brine, dried over MgSQOs,
filtered and concentrated. The residue was purified by flash column chromatography
(mhexane/EtOAc).
To a solution of the product in acetonitrile (2.0 mL) were successively added methyl
3-azetidinecarboxylate hydrochloride (0.14 g, 0.95 mmol) and N, N-diisopropylethylamine (0.33 mL,

1.9 mmol) and the resulting mixture was stirred at 65 °C for 2 h. After cooling to room temperature,
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the reaction mixture was poured into water and extracted with EtOAc. The extract was washed with
brine, dried over MgSOs, filtered and concentrated. The residue was purified by flash column
chromatography (silica gel, m-hexane/EtOAc 1:1) to afford the title compound (0.27 g, 0.57 mmol,
90%). 'H NMR (400 MHz, CDCls) §: 7.77 (d, 2H, J= 8.6 Hz), 7.39 (dd, 2H, J=8.2, 8.2 Hz), 7.17 (t, 1H,
J=17.4 Hz), 7.09-7.05 (m, 4H), 6.84 (s, 1H), 6.57 (s, 1H), 3.77 (s, 2H), 3.72 (s, 3H), 3.66-3.59 (m, 2H),
3.41-3.32 (m, 3H), 2.89 (q, 2H, J= 7.4 Hz), 1.27 (t, 3H, J= 7.4 Hz); IR (liquid film): 2966, 1736, 1508,
1489, 1243, 1201, 1171, 756, 732 cm'; MS (FAB*) m/z 475 (M+H)*).

() 1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,2-oxazol-3-yllthiophen-2-yl}methyl)azetidine-3-carboxylic
acid 1/2 oxalate (23)
To a solution of methyl
1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,2-oxazol-3-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
(0.27 g, 0.57 mmol) in ethanol (1.0 mL) was added NaOH (1.0 M in water, 0.85 mL, 0.85 mmol) and
the resulting mixture was stirred at room temperature for 40 min. The reaction was quenched with
acetic acid (47 pL, 0.85 mmol) and the resulting mixture was concentrated.
To a solution of the residue in ethanol and water (1:1) was added oxalic acid (26 mg, 0.29 mmol) and
the resulting mixture was kept at room temperature for 1 day. The white solid precipitated was
collected by filtration using a Kiriyama funnel and dried in vacuo to afford the title compound 23
(0.22 g, 0.17 mmol, 76%) as a white solid. 'H NMR (400 MHz, DMSO-de) &: 7.96 (d, 2H, J = 9.0 Hz),
7.46 (dd, 2H, J= 8.2, 8.2 Hz), 7.25 (s, 1H), 7.23 (t, 1H, J = 7.4 Hz), 7.17-7.10 (m, 4H), 6.96 (s, 1H),
3.73 (s, 2H), 3.49-3.36 (m, 2H), 3.29-3.17 (m, 3H), 2.83 (q, 2H, /= 7.4 Hz), 1.20 (t, 3H, J= 7.4 Hz); IR
(KBr): 3424, 2967, 1615, 1596, 1245, 755, 693 cm'; MS (FAB) m/z 461 (M+H)*).

5-3-6.

1-({4-Ethyl-5-[3-(4-phenoxyphenyl)-1,2-oxazol-5-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
1/2 oxalate (27)

PhO

N D—COH
O/ 0.5 (CO2H):

(a) NM-Hydroxy-1-(4-phenoxyphenyl)methanimine

To a solution of hydroxylammonium chloride (0.77 g, 11 mmol) in water (10 mL) were added sodium
hydrogen carbonate (0.93 g, 11 mmol) and a suspension of 4-phenoxybenzaldehyde (2.0 g, 10 mmol)
in methanol (30 mL) at 0 °C and the resulting mixture was stirred at room temperature for 30 min.
The reaction was quenched with sat. NH4Cl and the reaction mixture was extracted with EtOAc. The

extract was washed with brine, dried over MgSQs, filtered and concentrated. The residue was
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purified by flash column chromatography (silica gel, n-hexane/EtOAc 90:10 to 60:40) to afford the
title compound (2.1 g, 10 mmol, 99%) as a white solid. zH NMR (400 MHz, CDCls) &: 8.11 (s, 1H), 7.54
(d, 2H, J=8.8 Hz), 7.47 (br s, 1H), 7.37 (dd, 2H, J= 7.8, 7.3 Hz), 7.15 (dt, 1H, J= 7.3, 1.0 Hz), 7.04 (dd,
2H, J=17.8, 1.0 Hz), 6.99 (d, 2H, J= 8.8 Hz); IR (KBr): 3360, 1587, 1510, 1489, 1246, 881, 694 cm};
MS (EIY) m/z 213 (M¥).

() 5-[5-({[tertButyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-3-(4-phenoxyphenyl)-1,2-oxaz
ole (26)

To a solution of N-hydroxy-1-(4-phenoxyphenyl)methanimine (0.30 g, 1.4 mmol) in chloroform (2.0
mL) were successively added N-chlorosuccinimide (0.19 g, 1.4 mmol) and a catalytic amount of
pyridine and the resulting mixture was stirred at room temperature for 1 h and at 45 °C for 1 h. To
this were successively added tert-butyl[(4-ethyl-5-ethynylthiophen-2-yl)methoxyldimethylsilane (24)
(0.34 g, 1.2 mmol) and EtsN (0.17 mL, 1.2 mmol) and the resulting mixture was stirred at 50 °C for 2
h. After cooling to room temperature, the reaction mixture was poured into water and extracted with
Et20. The extract was washed with brine, dried over MgSOQy, filtered and concentrated. The residue
was purified by flash column chromatography (silica gel, n-hexane/EtOAc 90:10) to afford the title
compound (0.35 g, 0.71 mmol, 59%). 'H NMR (400 MHz, CDCls) §: 7.81 (d, 2H, J= 8.2 Hz), 7.38 (dd,
2H, J=17.4, 7.4 Hz), 7.16 (t, 1H, J= 7.4 Hz), 7.10-7.05 (m, 4H), 6.82 (s, 1H), 6.54 (s, 1H), 4.86 (s, 2H),
2.87 (q, 2H, J="7.4 Hz), 1.29 (t, 3H, J= 7.4 Hz), 0.95 (s, 9H), 0.13 (s, 6H); IR (liquid film): 2955, 2929,
2856, 1590, 1490, 1243, 839, 779, 693 cm';; MS (FAB*) m/z 492 (M+H)*).

(c) Methyl

1-({4-ethyl-5-[3-(4-phenoxyphenyl)-1,2-oxazol-5-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
According to a similar procedure to 5-3-5 (b), the title compound (0.27 g, 0.56 mmol, 84% in 3 steps)
was prepared from
5-[5-({[ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-3-(4-phenoxyphenyl)-1,2-oxazole
(0.34 g, 0.69 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.83 mL, 0.83 mmol), THF (2.0
mL), thionyl chloride (74 pL, 1.0 mmol), a catalytic amount of DMF, toluene (2.0 mL), methyl
3-azetidinecarboxylate hydrochloride (0.14 g, 0.91 mmol), NV, N-diisopropylethylamine (0.31 mL, 1.8
mmol) and acetonitrile (2.0 mL). The final purification was conducted by flash column
chromatography (silica gel, n-hexane/EtOAc 1:1). 'TH NMR (400 MHz, CDCls) &: 7.80 (d, 2H, J = 8.6
Hz), 7.38 (dd, 2H, J= 8.2, 7.4 Hz), 7.16 (t, 1H, J= 7.4 Hz), 7.11-7.05 (m, 4H), 6.82 (s, 1H), 6.52 (s, 1H),
3.78 (s, 2H), 3.72 (s, 3H), 3.67-3.59 (m, 2H), 3.41-3.33 (m, 3H), 2.86 (q, 2H, J= 7.4 Hz), 1.29 (t, 3H, J
=7.4 Hz); IR (liquid film): 2966, 2845, 1736, 1589, 1523, 1489, 1433, 1240, 1200, 1170, 755, 693 cm'1;
MS (FAB*) m/z 475 (M+H)*).

(d) 1-({4-Ethyl-5-[3-(4-phenoxyphenyl)-1,2-0xazol-5-yllthiophen-2-ylimethyl)azetidine-3-carboxylic
acid 1/2 oxalate (27)
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According to a similar procedure to 5-3-5 (c), the title compound (0.21 g, 0.42 mmol, 76%) was
prepared from methyl
1-({4-ethyl-5-[3-(4-phenoxyphenyl)-1,2-oxazol-5-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
(0.26 g, 0.55 mmol), NaOH (1.0 M in water, 0.82 mL, 0.82 mmol), ethanol (1.0 mL), THF (1.0 mL),
acetic acid (45 L, 0.82 mmol) and oxalic acid (24 mg, 0.27 mmol). The final purification by
recrystallization (ethanol/water 1:1) gave a white solid. 1H NMR (400 MHz, DMSO-de) §: 7.97 (d, 2H,
J=8.6 Hz), 7.45 (dd, 2H, J= 8.6, 7.8 Hz), 7.21 (t, 1H, J= 7.4 Hz), 7.19 (s, 1H), 7.15-7.09 (m, 4H), 7.00
(s, 1H), 3.75 (s, 2H), 3.49-3.39 (m, 2H), 3.30-3.18 (m, 3H), 2.82 (q, 2H, J= 7.4 Hz), 1.23 (t, 3H, J= 7.4
Hz); IR (KBr): 3423, 2968, 1665, 1640, 1589, 1490, 1432, 1322, 1246, 776, 517 cm'l; MS (FAB*Y) m/z
461 (M+H)").

5-3-7.
1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,3,4-oxadiazol-2-yllthiophen-2-yl}methyl)azetidine-3-carboxylic
acid (32)

—N
\

N
/
o 4
PhO

Y /)
NO/COZH

(a) 4-Phenoxybenzohydrazide (29)

To a solution of hydrazine hydrate (11 g, 230 mmol) in methanol (50 mL) was added a solution of
4-phenoxybenzoyl chloride (23 mmol, prepared by the procedure 5-2-29 (a)) in CH2Cl2 (10 mL) at 0 °C
and the resulting mixture was stirred at 0 °C for 2 h. The reaction mixture was concentrated and
recrystallized from n-hexane and EtOAc to afford the title compound (4.9 g, 21 mmol, 94%). 'H NMR
(400 MHz, CDCls) 6: 7.73 (d, 2H, J= 8.6 Hz), 7.46 (br s, 1H), 7.39 (dd, 2H, J= 8.6, 7.4 Hz), 7.19 (t, 1H,
J="7.4 Hz), 7.09-6.98 (m, 4H), 4.09 (br s, 2H).

(b) 5-([tert-Butyl(dimethylsilylloxy}methyl)-3-ethyl- N*(4-phenoxybenzoyl)thiophene-2-carbohydra
zide
To a solution of 5-({[fert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophene-2-carboxylic acid (28) (1.0
g, 3.6 mmol) in CH2Clz (10 mL) were successively added 4-phenoxybenzohydrazide (0.82 g, 3.6 mmol)
and dicyclohexylcarbodiimide (0.74 g, 3.6 mmol), and the resulting mixture was stirred at room
temperature for 2 h. The reaction mixture was filtered and washed with Et20. The filtrate was
poured into sat. NaHCO3 and extracted with Et20. The extract was washed with brine, dried over
MgSOy, filtered and concentrated. The residue was purified by flash column chromatography (silica
gel, n-hexane/EtOAc 7:3) to afford the title compound (0.85 g, 1.7 mmol, 46%). 'H NMR (400 MHz,
CDCls) 6: 9.42 (d, 1H, J= 5.1 Hz), 8.69 (d, 1H, J= 5.1 Hz), 7.84 (d, 2H, J= 8.6 Hz), 7.39 (dd, 2H, J=
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7.8, 7.4 Hz), 7.19 (tt, 1H, J= 7.4, 1.2 Hz), 7.05 (dd, 2H, J=17.8, 1.2 Hz), 6.99 (d, 2H, J= 8.6 Hz), 6.81 (s,
1H), 4.84 (s, 2H), 2.94 (q, 2H, J= 7.4 Hz), 1.25 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.12 (s, 6H).

(0 2-[5-({[tert-Butyl(dimethyl)silylloxyimethyl)-3-ethylthiophen-2-yll-5-(4-phenoxyphenyl)-1,3,4-oxa
diazole (30)

To a solution of
5-([tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N*(4-phenoxybenzoyl)thiophene-2-carbohydrazide
(0.85 g, 1.7 mmol) in acetonitrile (10 mL) were successively added EtsN (0.31 mL, 2.2 mmol) and
Burgess reagent (0.60 g, 2.5 mmol), and the resulting mixture was stirred at 80 °C for 4 h. After
cooling to room temperature, the reaction mixture was poured into water and extracted with Et20.
The extract was washed with brine, dried over MgSOQOs, filtered and concentrated. The residue was
purified by flash column chromatography (silica gel, mhexane/EtOAc 7:3) to afford the title
compound (0.78 g, 1.6 mmol, 94%). 'H NMR (400 MHz, CDCls) §: 8.06 (d, 2H, J = 8.6 Hz), 7.41 (dd,
2H, J=8.6, 7.4 Hz), 7.21 (tt, 1H, J= 7.4, 1.2 Hz), 7.13-7.08 (m, 4H), 6.87 (s, 1H), 4.89 (s, 2H), 3.08 (q,
2H, J= 7.4 Hz), 1.31 (t, 3H, J= 7.4 Hz), 0.95 (s, 9H), 0.14 (s, 6H); IR (thin film): 2955, 2929, 2856,
1588, 1488, 1245, 839, 757, 693 cm'; MS (FAB*) m/z 493 (M+H)*).

(d) Methyl
1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,3,4-oxadiazol-2-yllthiophen-2-ylimethyl)azetidine-3-carboxy
late

According to a similar procedure to 5-3-5 (b), the title compound (0.84 g, 1.8 mmol, 93% in 3 steps)

was prepared from

2-[5-({[ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-(4-phenoxyphenyl)-1,3,4-oxadiaz

ole (0.95 g, 1.9 mmol), tetrabutylammonium fluoride (1.0 M in THF, 2.3 mL, 2.3 mmol), THF (5.0 mL),

and thionyl chloride (0.17 mL, 2.3 mmol), toluene, a catalytic amount of DMF, methyl

3-azetidinecarboxylate hydrochloride (0.44 g, 2.9 mmol), N, N-diisopropylethylamine (1.0 mL, 5.8

mmol) and acetonitrile. The final purification was conducted by flash column chromatography

(mhexane/EtOAc 1:1). 'H NMR (400 MHz, CDCls) 6: 8.04 (d, 2H, /= 9.0 Hz), 7.41 (dd, 2H, J= 8.2, 8.2

Hz), 7.23-7.18 (m, 1H), 7.12-7.08 (m, 4H), 6.87 (s, 1H), 3.80 (s, 2H), 3.73 (s, 3H), 3.67-3.61 (m, 2H),

3.44-3.33 (m, 3H), 3.07 (q, 2H, J= 7.4 Hz), 1.30 (t, 3H, J= 7.4 Hz); IR (liquid film): 2966, 2846, 1736,

1588, 1488, 1243, 1200, 1168, 741, 693 cm''; MS (FAB*) m/z 476 (M+H)*).

(e) 1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,3,4-oxadiazol-2-yllthiophen-2-yl}methyl)azetidine-3-carbox
ylic acid (32)

To a solution of methyl

1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,3,4-oxadiazol-2-yllthiophen-2-yl}methyl)azetidine-3-carboxylate

(0.86 g, 1.8 mmol) in ethanol (3.0 mL) was added NaOH (1.0 M in water, 2.7 mL, 2.7 mmol), and the

resulting mixture was stirred at room temperature for 30 min. The reaction was quenched with
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acetic acid (0.15 mL, 2.7 mmol) and the resulting mixture was concentrated. The residue was
recrystallized from a mixed solvent of acetonitrile and water (4:6) to afford the title compound 32
(0.59 g, 1.3 mmol, 71%) as a white solid. "H NMR (400 MHz, DMSO-d¢) 6: 8.04 (d, 2H, J= 9.0 Hz),
7.48 (dd, 2H, J= 7.4, 7.4 Hz), 7.26 (t, 1H, J= 7.0 Hz), 7.21-7.14 (m, 4H), 7.06 (s, 1H), 3.78 (s, 2H),
3.53-3.41 (m, 2H), 3.31-3.19 (m, 3H), 2.99 (q, 2H, J= 7.4 Hz), 1.24 (t, 3H, J= 7.4 Hz); IR (KBr): 3428,
2972, 1612, 1590, 1489, 1244, 743 cm'l; MS (FAB*) m/z 462 (M+H)*).

5-3-8.
1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,3,4-thiadiazol-2-yllthiophen-2-yl}methyl)azetidine-3-carboxylic
acid (33)

—N
\

N
/
s 4
PhO

Y /)
NO/COZH

(a) 2-[5-({[tert-Butyl(dimethylsilylloxyimethyl)-3-ethylthiophen-2-yll-5-(4-phenoxyphenyl)-1,3,4-thi
adiazole (81)

To a solution of
5-([tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N*(4-phenoxybenzoyl)thiophene-2-carbohydrazide

(0.55 g, 1.1 mmol, prepared by the procedure 5-3-7 (b)) in toluene (5.0 mL) were successively added
pyridine (0.18 mL, 2.2 mmol) and Lawesson’s reagent (0.57 g, 1.4 mmol) and the resulting mixture
was stirred at 100 °C for 1 h. After cooling to room temperature, the reaction mixture was poured
into water and extracted with Et20. The extract was washed with brine, dried over MgSQOs, filtered
and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc 9:1) to afford the title compound (0.39 g, 0.77 mmol, 70%). 'H NMR (400 MHz,
CDCls) 8: 7.95 (d, 2H, J= 9.0 Hz), 7.40 (dd, 2H, J= 7.8, 7.4 Hz), 7.22-7.16 (m, 1H), 7.11-7.06 (m, 4H),
6.86 (s, 1H), 4.87 (s, 2H), 2.94 (q, 2H, J=17.4 Hz), 1.31 (t, 3H, J= 7.4 Hz), 0.95 (s, 9H), 0.14 (s, 6H); IR
(KBr): 2954, 2927, 2855, 1589, 1489, 1233, 1098, 838, 753, 692 cm'l; MS (FAB*) ni/z 509 (M+H)*).

(b) Methyl
1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,3,4-thiadiazol-2-yllthiophen-2-ylimethyl)azetidine-3-carbox
ylate

According to a similar procedure to 5-3-5 (b), the title compound was prepared quantitatively in 3

steps from

2-[5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-(4-phenoxyphenyl)-1,3,4-thiadia
zole (0.39 g, 0.77 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.92 mL, 0.92 mmol) and THF

(3.0 mL), and thionyl chloride (89 pL, 1.2 mmol), toluene and a catalytic amount of DMF, and methyl
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3-azetidinecarboxylate hydrochloride (0.18 g, 1.2 mmol), NV, N-diisopropylethylamine (0.68 mL, 3.9
mmol) and acetonitrile. The final purification was conducted by flash column chromatography
(m-hexane/EtOAc 1:1). TH NMR (400 MHz, CDCls) &: 7.95 (d, 2H, J= 9.0 Hz), 7.40 (dd, 2H, /= 8.6, 7.4
Hz), 7.19 (t, 1H, J= 7.4 Hz), 7.11-7.06 (m, 4H), 6.85 (s, 1H), 3.78 (s, 2H), 3.72 (s, 3H), 3.68-3.61 (m,
2H), 3.41-3.33 (m, 3H), 2.94 (q, 2H, J= 7.4 Hz), 1.31 (t, 3H, J= 7.4 Hz); IR (liquid film): 2962, 2845,
1735, 1587, 1485, 1442, 1240, 841, 754 cm'; MS (FAB*) m/z 492 (M+H)").

() 1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,3,4-thiadiazol-2-yllthiophen-2-yl}methyl)azetidine-3-carbox
ylic acid (33)

According to a similar procedure to 5-3-7 (e), the title compound (0.26 g, 0.55 mmol, 71%) was
prepared from methyl
1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,3,4-thiadiazol-2-yllthiophen-2-ylimethyl)azetidine-3-carboxylat
e (0.38 g, 0.77 mmol), NaOH (1.0 M in water, 1.2 mL, 1.2 mmol), ethanol (1.0 mL), THF (1.0 mL) and
acetic acid (65 pL, 1.2 mmol). The final purification by recrystallization (MeOH/water 1:1) gave a
white solid. 'H NMR (400 MHz, DMSO-de) &: 8.03 (d, 2H, J= 8.6 Hz), 7.47 (dd, 2H, J= 7.8, 7.4 Hz),
7.25 (t, 1H, J= 7.4 Hz), 7.17-7.12 (m, 4H), 7.03 (s, 1H), 3.75 (s, 2H), 3.51-3.41 (m, 2H), 3.31-3.18 (m,
3H), 2.87 (q, 2H, J= 7.4 Hz), 1.25 (t, 3H, J= 7.4 Hz); IR (KBr): 3435, 2960, 2930, 1729, 1588, 1490,
1249, 1072, 749 cm;; MS (FAB*) m/z 478 (M+H)*).

5-3-9.
1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,3-oxazol-2-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
(87

N
/A p
o)
PhO

4 /
NO/COZH

(a) 2-Bromo-1-(4-phenoxyphenyl)ethanone

To a solution of 1-(4-phenoxyphenyl)ethanone (4.3 g, 19 mmol) in Et20 (50 mL) were successively
added aluminum chloride (0.13 g, 0.95 mmol) and bromine (1.1 mL, 21 mmol) at 0 °C and the
resulting mixture was stirred for 3 h. The reaction mixture was poured into water and extracted with
Et20. The extract was washed with brine, dried over MgSOQy, filtered and concentrated. The residue
was purified by flash column chromatography (silica gel, z-hexane/EtOAc 90:10) to afford the title
compound (5.0 g, 16 mmol, 86%). 'TH NMR (400 MHz, CDCls) &: 7.97 (d, 2H, J= 8.6 Hz), 7.42 (dd, 2H,
J=8.2,7.4Hz), 723 (t, 1H, J= 7.4 Hz), 7.09 (d, 2H, J= 8.2 Hz), 7.02 (d, 2H, J= 8.6 Hz), 4.41 (s, 2H).

(b) 2-Amino-1-(4-phenoxyphenyl)ethanone hydrochloride (34a)

133



A mixture of 2-bromo-1-(4-phenoxyphenyl)ethanone (2.0 g, 6.6 mmol) and hexamethylenetetramine
(1.0 g, 7.2 mmol) in chloroform (20 mL) was stirred at room temperature for 1 h. The white solid
precipitated was collected by filtration and washed with chloroform.

To a solution of this intermediate in ethanol (20 mL) was added HC1 (4.0 M in 1,4-dioxane, 5.0 mL,
20 mmol) and the resulting mixture was stirred at 80 °C for 2.5 h. After cooling to room temperature,
the reaction mixture was filtered with ethanol and the filtrate was concentrated and co-evaporated
with toluene. The residue was suspended in isopropyl alcohol and the white powder was collected by
filtration and washed with EtOAc to afford the title compound (0.79 g, 46%). 1H NMR (400 MHz,
CD30D) &: 8.04 (d, 2H, J= 9.0 Hz), 7.45 (dd, 2H, J= 8.6, 7.4 Hz), 7.26 (t, 1H, J= 7.4 Hz), 7.10 (d, 2H,
J=8.6 Hz), 7.07 (d, 2H, J= 9.0 Hz), 4.55 (s, 2H); IR (KC1): 3136, 3042, 1681, 1589, 1491, 1407, 1254,
1170, 838, 692 cm''; MS (FAB*) m/z 228 (M+H)").

(©) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-[2-0x0-2-(4-phenoxyphenyl)ethyllthiophene-
2-carboxamide

To a solution of 5-({[tert-butyl(dimethylsilylloxy}methyl)-3-ethylthiophene-2-carboxylic acid (28)
(0.66 g, 2.4 mmol) in THF (10 mL) were successively added 2-chloro-4,6-dimethoxy-1,3,5-triazine
(0.51 g, 2.9 mmol) and Nmethylmorpholine (0.79 mL, 7.2 mmol). After stirring at room temperature
for 30 min, 2-amino-1-(4-phenoxyphenyl)ethanone hydrochloride (34a) (0.70 g, 2.7 mmol) was added
and the resulting mixture was stirred at room temperature for 2 h. The reaction was quenched with
water and the reaction mixture was extracted with Et20. The extract was washed with brine, dried
over MgSOy, filtered and concentrated. The residue was purified by flash column chromatography
(mhexane/EtOAc 70:30) to afford the title compound (0.99 g, 0.19 mmol, 81%). 'H NMR (400 MHz,
CDCls) 8: 7.99 (d, 2H, J= 9.0 Hz), 7.45-7.40 (m, 2H), 7.26-7.21 (m, 1H), 7.12-7.08 (m, 2H), 7.07-7.02
(m, 2H), 6.80 (s, 1H), 4.87 (s, 2H), 4.84 (s, 2H), 2.97 (q, 2H, J= 7.4 Hz), 1.28 (t, 3H, J= 7.4 Hz), 0.94 (s,
9H), 0.12 (s, 6H); IR (liquid film): 3397, 2955, 2929, 2856, 1645, 1586, 1490, 1361, 1244, 838 cm'1; MS
(FAB*) m/z 510 (M+H)*).

(d 2-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-(4-phenoxyphenyl)-1,3-oxaz
ole (35)

To a solution of
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-[2-0x0-2-(4-phenoxyphenyl)ethyllthiophene-2-ca

rboxamide (0.30 g, 0.59 mmol) in acetonitrile (2.0 mL) were successively added EtsN (0.11 mL, 0.77
mmol) and Burgess reagent (0.21 g, 0.88 mmol), and the resulting mixture was stirred at 80 °C for
2.5 h. After cooling to room temperature, the reaction mixture was poured into water and extracted
with ether. The extract was washed with brine, dried over MgSQy, filtered and concentrated. The
residue was purified by flash column chromatography (silica gel, m-hexane/EtOAc 9:1) to afford the
title compound (0.19 g, 0.39 mmol, 66%). 1H NMR (400 MHz, CDCls) §: 7.63 (d, 2H, J= 9.0 Hz), 7.39—
7.34 (m, 2H), 7.32 (s, 1H), 7.17-7.12 (m, 1H), 7.09-7.03 (m, 4H), 6.82 (s, 1H), 4.86 (s, 2H), 3.06 (q, 2H,
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J=17.4Hz),1.31 (t, 3H, J="7.4 Hz), 0.95 (s, 9H), 0.13 (s, 6H); IR (liquid film): 2929, 2856, 1587, 1489,
1241, 1080, 837 cm''; MS (FAB*) m/z 492 (M+H)*).

(e) Methyl

1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,3-oxazol-2-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
According to a similar procedure to 5-3-5 (b), the title compound (0.24 g, 0.52 mmol, 92% in 3 steps)
was prepared
2-[5-( tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-(4-phenoxyphenyl)-1,3-oxazole
(0.28 g, 0.56 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.67 mL, 0.67 mmol) and THF (2.0
mL), and thionyl chloride (62 pL, 0.84 mmol), toluene (2.0 mL) and a catalytic amount of DMF, and
methyl 3-azetidinecarboxylate hydrochloride (0.13 g, 0.84 mmol), N, N-diisopropylethylamine (0.30
mL, 1.7 mmol) and acetonitrile (3.0 mL). The final purification was conducted by flash column
chromatography (n2-hexane/EtOAc 1:1). 1H NMR (400 MHz, CDCls) 6: 7.62 (d, 2H, J= 9.0 Hz), 7.40—
7.34 (m, 2H), 7.32 (s, 1H), 7.18-7.12 (m, 1H), 7.10-7.04 (m, 4H), 6.81 (s, 1H), 3.77 (s, 2H), 3.72 (s, 3H),
3.67-3.60 (m, 2H), 3.41-3.32 (m, 3H), 3.05 (q, 2H, J= 7.4 Hz), 1.31 (t, 3H, J= 7.4 Hz); IR (thin film):
2965, 2846, 1736, 1586, 1489, 1241, 755 cm'; MS (FAB*) m/z 475 (M+H)").

() 1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,3-oxazol-2-yllthiophen-2-yl}methyl)azetidine-3-carboxylic
acid (37)
According to a similar procedure to 5-3-7 (e), the title compound (0.15 g, 0.32 mmol, 65%) was
prepared from methyl
1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,3-oxazol-2-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
(0.24 g, 0.50 mmol), NaOH (1.0 M in water, 0.75 mL, 0.75 mmol), ethanol and acetic acid (41 pL, 0.75
mmol). The final purification by recrystallization (acetonitrile/water 1:1) gave a white solid. 'H NMR
(400 MHz, DMSO-d¢) &: 7.75 (d, 2H, J= 8.6 Hz), 7.71 (s, 1H), 7.43 (dd, 2H, J= 8.2, 7.8 Hz), 7.19 (t, 1H,
J=17.8 Hz), 7.12 (d, 2H, J= 8.6 Hz), 7.08 (d, 2H, J= 8.2 Hz), 6.96 (s, 1H), 3.73 (s, 2H), 3.49-3.40 (m,
2H), 3.27-3.18 (m, 3H), 2.99 (q, 2H, J= 7.4 Hz), 1.23 (t, 3H, J= 7.4 Hz); IR (KBr): 3432, 2975, 1615,
1588, 1491, 1250, 757 cm''; MS (FAB*) m/z 461 (M+H)*).

5-3-10.

1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,3-thiazol-2-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
(38a)

N
/R
Q/(S <
PhO S

NO/COZH
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(a) 2-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-(4-phenoxyphenyl)-1,3-thiaz
ole (36a)

To a solution of
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-[2-0x0-2-(4-phenoxyphenyl)ethyllthiophene-2-ca

rboxamide (0.48 g, 0.94 mmol, prepared by the procedure 5.3.9 (c)) in toluene (5.0 mL) were
successively added pyridine (0.15 mL, 1.9 mmol) and Lawesson’s reagent (0.49 g, 1.2 mmol), and the
resulting mixture was stirred at 80 °C for 2 h. After cooling to room temperature, the reaction
mixture was poured into water and extracted with Et20. The extract was washed with brine, dried
over MgSOy, filtered and concentrated. The residue was purified by flash column chromatography
(silica gel, mhexane/EtOAc 9:1) to afford the title compound (0.46 g, 0.91 mmol, 97%). 1H NMR (400
MHz, CDCls) 6: 7.88 (s, 1H), 7.55 (d, 2H, J= 9.0 Hz), 7.40-7.35 (m, 2H), 7.14 (tt, 1H, J= 7.4, 1.2 Ha),
7.09-7.03 (m, 4H), 6.83 (s, 1H), 4.85 (s, 2H), 2.93 (q, 2H, J= 7.4 Hz), 1.32 (t, 3H, J/= 7.4 Hz), 0.95 (s,
9H), 0.13 (s, 6H); IR (liquid film): 2955, 2929, 2856, 1588, 1489, 1242, 1077, 837 cm'!; MS (FAB*) m/z
508 (M+H)*).

(b) Methyl

1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,3-thiazol-2-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
According to a similar procedure to 5-3-5 (b), the title compound (0.37 g, 0.76 mmol, 69% in 3 steps)
was prepared
2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-(4-phenoxyphenyl)-1,3-thiazole
(0.46 g, 1.1 mmol), tetrabutylammonium fluoride (1.0 M in THF, 1.3 mL, 1.3 mmol) and THF, and
thionyl chloride (0.12 mL, 1.7 mmol), toluene (5.0 mL) and a catalytic amount of DMF, and methyl
3-azetidinecarboxylate hydrochloride (0.26 g, 1.7 mmol), N, N-diisopropylethylamine (0.61 mL, 3.3
mmol) and acetonitrile. The final purification was conducted by flash column chromatography
(rrhexane/EtOAc 1:1). 'H NMR (400 MHz, CDCls) &: 7.87 (s, 1H), 7.54 (d, 2H, J= 8.6 Hz), 7.36 (dd,
2H, J=8.6, 7.4 Hz), 7.14 (tt, 1H, J= 7.4, 1.2 Hz), 7.08-7.02 (m, 4H), 6.81 (s, 1H), 3.75 (s, 2H), 3.71 (s,
3H), 3.66-3.58 (m, 2H), 3.42-3.31 (m, 3H), 2.92 (q, 2H, J= 7.4 Hz), 1.32 (t, 3H, J= 7.4 Hz); IR (KBr):
2961, 2850, 1734, 1589, 1489, 1246, 754 cm'; MS (FAB*) m/z 491 (M+H)").

() 1-({4-Ethyl-5-[5-(4-phenoxyphenyl)-1,3-thiazol-2-yllthiophen-2-ylimethyl)azetidine-3-carboxylic
acid (38a)

According to a similar procedure to 5-3-7 (e), the title compound (0.30 g, 0.63 mmol, 83%) was
prepared from methyl
1-({4-ethyl-5-[5-(4-phenoxyphenyl)-1,3-thiazol-2-yllthiophen-2-yl}methyl)azetidine-3-carboxylate
(0.37 g, 0.75 mmol), NaOH (1.0 M in water, 1.1 mL, 1.1 mmol), ethanol and acetic acid (60 pL, 1.1
mmol). The final purification by recrystallization (acetonitrile/water 1:1) gave a white solid. 'TH NMR
(400 MHz, DMSO-ds) §: 8.18 (s, 1H), 7.72 (d, 2H, J= 8.6 Hz), 7.43 (dd, 2H, J= 8.6, 7.4 Hz), 7.19 (t, 1H,
J=17.4Hz), 7.10-7.05 (m, 4H), 6.95 (s, 1H), 3.71 (s, 2H), 3.49-3.39 (m, 2H), 3.27-3.19 (m, 3H), 2.88 (q,
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2H, J=17.4 Hz), 1.26 (t, 3H, J= 7.4 Hz); IR (KBr): 3428, 2963, 1588, 1489, 1249, 843, 749 cm'l; MS
(FAB*) m/z 477 ((M+H)*).

5-3-11.
1-[(4-Ethyl-5-{5-[4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyl]azetidine-3-carbox
ylic acid (38b)

NO/COZH

(a) 4-(Propan-2-yloxy)benzonitrile

To a solution of 4-fluorobenzonitrile (1.2 g, 10 mmol) and 2-propanol (1.1 mL, 15 mmol) in THF (20
mL) was added sodium hydride (55wt% dispersion form in mineral oil, 0.65 g, 15 mmol) and the
resulting mixture was stirred at 50 °C for 4 h. After cooling to room temperature, the reaction
mixture was poured into water and extracted with Et20. The extract was washed with brine, dried
over MgSOy, filtered and concentrated. The residue was purified by flash column chromatography
(silica gel, mhexane/EtOAc 1:1) to afford the title compound (0.71 g, 4.4 mmol, 44%) as a crystalline
solid. 1TH NMR (400 MHz, CDCls) &: 7.56 (d, 2H, J=9.0 Hz), 6.91 (d, 2H, J= 9.0 Hz), 4.61 (sept, 1H, J
=5.9 Hz), 1.36 (d, 6H, J= 5.9 Hz); IR (thin film): 2980, 2225, 1605, 1506, 1299, 1259, 1178, 1120, 950,
836, 551 cm';; MS (EI*) m/z 161 (M¥).

(b) 1-[4-(Propan-2-yloxy)phenyllethanone

To a solution of 4-(propan-2-yloxy)benzonitrile (0.38 g, 2.4 mmol) in THF (5.0 mL) was added
methyllithium (1.1 M in ether, 4.3 mL, 4.8 mmol) at 0 °C and the resulting mixture was stirred at
room temperature for 30 min. The reaction was quenched with HC1 (1.0 M in water) and the reaction
mixture was extracted with Et20. The extract was washed with brine, dried over MgSQy, filtered and
concentrated. The residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc
90:10) to afford the title compound (0.30 g, 1.7 mmol, 70%). 'H NMR (400 MHz, CDCls) §: 7.92 (d, 2H,
J=9.0 Hz), 6.90 (d, 2H, J= 9.0 Hz), 4.65 (sept, 1H, J=6.3 Hz), 2.55 (s, 3H), 1.37 (d, 6H, /= 6.3 Hz);
IR (ATR): 2978, 1672, 1597, 1505, 1247, 1105, 948, 833, 582 cm'1; MS (EI*) m/z 178 (M*).

() 2-Bromo-1-[4-(propan-2-yloxy)phenyllethanone
To a solution of 1-[4-(propan-2-yloxy)phenyllethanone (0.28 g, 1.6 mmol) in THF (4.0 mL) was added
phenyltrimethylammonium tribromide (0.59 g, 1.6 mmol) and the resulting mixture was stirred at

room temperature for 1 h. The reaction mixture was poured into water and extracted with Et20. The
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extract was washed with brine, dried over Na2SOs, filtered and concentrated. The residue was
purified by flash column chromatography (z-hexane/EtOAc 88:12 to 82:18) to afford the title
compound (0.25 g, 0.98 mmol, 63%) as a light yellow oil. 1H NMR (400 MHz, CDCls) 6: 7.95 (d, 2H, J
=9.0 Hz), 6.92 (d, 2H, J= 9.0 Hz), 4.66 (sept, 1H, J= 6.3 Hz), 4.39 (s, 2H), 1.38 (d, 6H, J= 6.3 Hz).

(d) 2-Amino-1-[4-(propan-2-yloxy)phenyllethanone hydrochloride (34b)

To a solution of 2-bromo-1-[4-(propan-2-yloxy)phenyllethanone (0.25 g, 0.97 mmol) in acetonitrile (2.0
mL) was added sodium diformylamide (0.11 g, 1.2 mmol) and the resulting mixture was stirred at
70 °C for 1 h. After cooling to room temperature, the reaction mixture was concentrated.

To a solution of the residue in ethanol (3.0 mL) was added HC1 (12 M in water, 0.50 mL) and the
resulting mixture was stirred at reflux temperature for 30 min. After cooling to room temperature,
the reaction mixture was filtered and the filtrate was concentrated, co-evaporated with toluene and
dried to afford the crude product of the title compound as a green solid, which was used to the next

reaction without further purification.

(e) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-0x0-2-[4-(propan-2-yloxy)phenyllethyl}thi
ophene-2-carboxamide

To a solution of 5-({[tert-butyl(dimethylsilylloxy}methyl)-3-ethylthiophene-2-carboxylic acid (28)
(0.27 g, 0.90 mmol) in CH2Cl2 (8.0 mL) were successively added 1-hydroxybenzotriazole (0.13 g, 0.96
mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.18 g, 0.96 mmol) and EtsN
(0.33 mL, 2.4 mmol). After stirring at room temperature for 30 min,
2-amino-1-[4-(propan-2-yloxy)phenyllethanone hydrochloride (34b) (0.20 g, 0.88 mmol) was added
and the resulting mixture was stirred at room temperature for 1 h. The reaction was quenched with
water and the resulting biphasic mixture was poured into water and extracted with EtOAc. The
extract was washed successively with HC1 (0.1 M in water), sat. NaHCO3 and brine, and dried over
Naa2S0y4, filtered and concentrated. The residue was purified by flash column chromatography
(mhexane/EtOAc 10:1 to 4:1) to afford the title compound (0.28 g, 0.59 mmol, 74%) as a light yellow
solid. 'H NMR (400 MHz, CDCls) §: 7.97 (d, 2H, J= 9.0 Hz), 6.99 (t, 1H, J= 4.3 Hz), 6.95 (d, 2H, J=
9.0 Hz), 6.80 (s, 1H), 4.86 (d, 2H, J= 4.3 Hz), 4.83 (s, 2H), 4.67 (sept, 1H, /= 6.3 Hz), 2.97 (q, 2H, J=
7.4 Hz), 1.38 (d, 6H, J = 6.3 Hz), 1.29 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.12 (s, 6H); IR (KBr): 3414,
2932, 2857, 1672, 1634, 1601, 1515, 1255, 1183, 1071, 838, 777, 575 cm'l; MS (FABY) m/Zz 476
((M+H)").

() 2-[5-({[tert:Butyl(dimethyDsilylloxy/methyl)-3-ethylthiophen-2-yl]-5-[4-(propan-2-yloxy)phenyl]-
1,3-thiazole (36b)

According to a similar procedure to 5-3-10 (a), the title compound (0.25 g, 0.52 mmol, 88%) was

prepared from

5-([tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-0x0-2-[4-(propan-2-yloxy)phenyllethyl}thiophe
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ne-2-carboxamide (0.28 g, 0.59 mmol), pyridine (95 pL, 1.2 mmol), Lawesson’s reagent (0.31 g, 0.77
mmol) and toluene (6.0 mL). The final purification by flash column chromatography (silica gel,
mhexane/EtOAc 30:1) gave a brown solid. 'H NMR (400 MHz, CDCls) §: 7.84 (s, 1H), 7.49 (d, 2H, J=
9.0 Hz), 6.92 (d, 2H, J= 9.0 Hz), 6.82 (s, 1H), 4.85 (s, 2H), 4.59 (sept, 1H, J=5.9 Hz), 2.92 (q, 2H, J =
7.4 Hz), 1.36 (d, 6H, J= 5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.13 (s, 6H); IR (KBr): 2975,
2930, 1605, 1495, 1247, 1088, 838, 780 cm'; MS (FAB*) m/z 474 (M+H)").

(g) (4-Ethyl-5-15-[4-(propan-2-yloxy)phenyll-1,3-thiazol-2-ylithiophen-2-yl)methanol

To a solution of
2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[4-(propan-2-yloxy)phenyl]-1,3-t

hiazole (0.24 g, 0.52 mmol) in THF (5.0 mL) was added tetrabutylammonium fluoride (1.0 M in THF,
0.62 mL, 0.62 mmol) and the resulting mixture was stirred at room temperature for 1 h. The reaction
mixture was poured into water and extracted with EtOAc. The extract was washed with brine, dried
over Na2S0y, filtered and concentrated. The residue was purified by flash column chromatography
(mhexane/EtOAc 3:1 to 2:1) to afford the title compound (0.16 g, 0.45 mmol, 87%) as a light yellow oil.
1H NMR (400 MHz, CDCls) &: 7.84 (s, 1H), 7.49 (d, 2H, J= 9.0 Hz), 6.92 (s, 1H), 6.92 (d, 2H, J= 9.0
Hz), 4.81 (d, 2H, J= 5.5 Hz), 4.59 (sept, 1H, J= 5.9 Hz), 2.93 (q, 2H, J= 7.4 Hz), 1.94 (t, 1H, J= 5.3
Hz), 1.36 (d, 6H, J= 5.9 Hz), 1.33 (t, 3H, J= 7.4 Hz); IR (KBr): 3370, 2973, 1605, 1492, 1256, 1136,
953, 830 cm''; MS (FAB*) m/z 360 (M+H)*).

(h) Methyl
1-[(4-ethyl-5-15-[4-(propan-2-yloxy)phenyll-1,3-thiazol-2-ylithiophen-2-yl)methyllazetidine-3-carb
oxylate

To a solution of (4-ethyl-5-{5-[4-(propan-2-yloxy)phenyll-1,3-thiazol-2-ylithiophen-2-yl)methanol

(0.16 g, 0.45 mmol) in CH2Cl2 (8.0 mL) were added triphenylphosphine (0.21 g, 0.81 mmol) and

carbon tetrabromide (0.27 g, 0.81 mmol) at 0 °C. After stirring at 0 °C for 30 min, methyl

3-azetidinecarboxylate hydrochloride (0.12 g, 0.81 mmol) and N, N-diisopropylethylamine (0.24 mL,

1.4 mmol) were successively added at 0 °C and the resulting mixture was stirred at room

temperature for 16 h. The reaction mixture was poured into water and extracted with EtOAc. The

extract was washed with sat. NaHCOs3 and brine, dried over Na2SOy, filtered and concentrated. The
residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc 2:1 to 3:2) to afford
the title compound (0.16 g, 0.37 mmol, 79% in 2 steps) as a yellow oil. 'H NMR (400 MHz, CDCls) &:

7.83 (s, 1H), 7.49 (d, 2H, J= 8.6 Hz), 6.91 (d, 2H, J= 8.6 Hz), 6.81 (s, 1H), 4.58 (sept, 1H, J= 6.3 Hz),

3.75 (s, 2H), 3.71 (s, 3H), 3.67-3.58 (m, 2H), 3.40-3.31 (m, 3H), 2.91 (q, 2H, J/= 7.4 Hz), 1.36 (d, 6H, /

= 6.3 Hz), 1.31 (t, 3H, J= 7.4 Hz); IR (ATR): 2970, 1733, 1605, 1492, 1245, 1179, 949, 828, 617 cm'};

MS (FAB*) m/z 457 (M+H)*).

() 1-[(4-Ethyl-5-{5-[4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidine-3-car
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boxylic acid (38b)

According to a similar procedure to 5-3-7 (e), the title compound (0.12 g, 0.27 mmol, 77%) was
prepared from methyl
1-[(4-ethyl-5-15-[4-(propan-2-yloxy)phenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidine-3-carboxy
late (0.16 g, 0.35 mmol), NaOH (1.0 M in water, 0.53 mL, 0.53 mmol), methanol (2.0 mL), THF (1.0
mL) and acetic acid (30 pL, 0.53 mmol). The final purification by recrystallization (methanol/water
1.0 mL : 2.0 mL) gave a light yellow solid. 1H NMR (400 MHz, DMSO-de) §:8.10 (s, 1H), 7.60 (d, 2H, J
= 8.6 Hz), 6.99 (d, 2H, J= 8.6 Hz), 6.94 (s, 1H), 4.67 (sept, 1H, J= 5.9 Hz), 3.71 (s, 2H), 3.50-3.39 (m,
2H), 3.29-3.18 (m, 3H), 2.87 (q, 2H, J= 7.4 Hz), 1.28 (d, 6H, J=5.9 Hz), 1.25 (t, 3H, J= 7.4 Hz); IR
(KBr): 3429, 2970, 1738, 1605, 1494, 1251, 952, 828 cm''; MS (FAB*) m/z 443 (M+H)").

5-3-12.
1-[(4-Ethyl-5-{5-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyl]lazetidine
-3-carboxylic acid (38¢c)

NO/COZH

(a) 3-Methyl-4-(propan-2-yloxy)benzonitrile

According to a similar procedure to 5-3-11 (a), the title compound (3.1 g, 16 mmol, 86%) was prepared
from 4-fluoro-3-methylbenzonitrile (2.5 g, 19 mmol), 2-propanol (2.1 mL, 28 mmol), sodium hydride
(55wt% dispersion form in mineral oil, 1.2 g, 28 mmol) and THF (50 mL). The final purification was
conducted by flash column chromatography (silica gel, n-hexane/EtOAc 9:1). '"H NMR (400 MHz,
CDCls) &: 7.45 (dd, 1H, J/= 8.6, 2.3 Hz), 7.40 (d, 1H, J= 2.3 Hz), 6.83 (d, 1H, J= 8.6 Hz), 4.61 (sept,
1H, J=5.9 Hz), 2.19 (s, 3H), 1.37 (d, 6H, J= 5.9 Hz).

(b) 1-[3-Methyl-4-(propan-2-yloxy)phenyllethanone

According to a similar procedure to 5-3-11 (b), the title compound was quantitatively prepared from
3-methyl-4-(propan-2-yloxy)benzonitrile (2.0 g, 10 mmol), methyllithium (1.0 M in Et20, 15 mL, 15
mmol) and THF (20 mL). The final purification was conducted by flash column chromatography
(silica gel, mhexane/EtOAc). 'H NMR (400 MHz, CDCls) &: 7.81-7.77 (m, 2H), 6.84 (d, 1H, J= 8.2 Hz),
4.64 (sept, 1H, J= 6.3 Hz), 2.54 (s, 3H), 2.23 (s, 3H), 1.37 (d, 6H, /= 6.3 Hz); IR (ATR): 2978, 1672,
1599, 1497, 1255, 1128, 1109, 954, 816, 595 cm'l; MS (EI*) m/z 192 (M*).

(¢) 2-Bromo-1-[3-methyl-4-(propan-2-yloxy)phenyllethanone
According to a similar procedure to 5-3-11 (c), the title compound (1.6 g, 5.8 mmol, 56%) was
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prepared  from 1-[3-methyl-4-(propan-2-yloxy)phenyllethanone (2.0 g, 10 mmol),
phenyltrimethylammonium tribromide (3.9 g, 10 mmol) and THF (20 mL). The final purification by
flash column chromatography (z-hexane/EtOAc 1:0 to 4:1) gave a yellow oil. 1H NMR (400 MHz,
CDCls) §: 7.82 (dd, 1H, J= 8.6, 2.3 Hz), 7.80 (d, 1H, J= 2.3 Hz), 6.85 (d, 1H, J= 8.6 Hz), 4.66 (sept,
1H, J=5.9 Hz), 4.40 (s, 2H), 2.23 (s, 3H), 1.38 (d, 6H, J= 5.9 Hz).

(d) 2-Amino-1-[3-methyl-4-(propan-2-yloxy)phenyllethanone hydrochloride (34c)

According to a similar procedure to 5-3-11 (d), the title compound (1.2 g, 4.9 mmol, 85%) was
prepared from 2-bromo-1-[3-methyl-4-(propan-2-yloxy)phenyllethanone (1.6 g, 5.8 mmol), sodium
diformylamide (0.66 g, 7.0 mmol), acetonitrile (12 mL), HC1 (12 M in water, 3.0 mL, 36 mmol) and
ethanol (18 mL). 'H NMR (400 MHz, CDs0OD) &: 7.88 (dd, 1H, J= 8.6, 2.3 Hz), 7.84 (d, 1H, J= 2.3 H2),
7.06 (d, 1H, /= 8.6 Hz), 4.77 (sept, 1H, J= 6.3 Hz), 4.52 (s, 2H), 2.23 (s, 3H), 1.37 (d, 6H, J= 6.3 Hz);
IR (KCD): 3450, 3034, 2979, 1677, 1603, 1259, 1146, 830 cm'; MS (FAB*) m/z 208 (M+H)*).

(e) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-[3-methyl-4-(propan-2-yloxy)phenyl]-2-ox
oethyljthiophene-2-carboxamide

According to a similar procedure to 5-3-11 (e), the title compound (0.32 g, 0.64 mmol, 80%) was
prepared from 5-({[tert-butyl(dimethyl)silylloxytmethyl)-3-ethylthiophene-2-carboxylic acid (28)
(0.24 g, 0.80 mmol), 1-hydroxybenzotriazole (0.13 g, 0.96 mmol),
1-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride (0.18 g, 0.96 mmol), triethylamine
(0.33 mL, 2.4 mmol), 2-amino-1-[3-methyl-4-(propan-2-yloxy)phenyllethanone hydrochloride (34c)
(0.21 g, 0.88 mmol) and CH:Clz (8.0 mL). The final purification by flash column chromatography
(mrhexane/EtOAc 15:1 to 5:1) gave a light yellow solid. 'H NMR (400 MHz, CDCls) §: 7.89—7.82 (m,
2H), 7.01 (t, 1H, J=3.9 Hz), 6.88 (d, 1H, /= 8.2 Hz), 6.80 (s, 1H), 4.87-4.83 (m, 4H), 4.67 (sept, 1H, J
=5.9 Hz), 2.97 (q, 2H, J= 7.4 Hz), 2.24 (s, 3H), 1.39 (d, 6H, J= 5.9 Hz), 1.29 (t, 3H, J= 7.4 Hz), 0.94 (s,
9H), 0.12 (s, 6H); IR (KBr): 3414, 2931, 1634, 1600, 1514, 1255, 1134, 1070, 904, 537 cm'}; MS (FAB*)
mlz: 490 (M+H)*).

® 2-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[3-methyl-4-(propan-2-yloxy
)phenyl]-1,3-thiazole (36¢c)

According to a similar procedure to 5-3-10 (a), the title compound (0.28 g, 0.58 mmol, 91%) was
prepared from
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-[3-methyl-4-(propan-2-yloxy)phenyll-2-oxoeth

ylithiophene-2-carboxamide (0.31 g, 0.64 mmol), pyridine (0.10 mL, 1.3 mmol), Lawesson’s reagent
(0.34 g, 0.83 mmol) and toluene (7.0 mL). The final purification by flash column chromatography
(rhexane/EtOAc 30:1) gave a brown oil. 1TH NMR (400 MHz, CDCls) &: 7.83 (s, 1H), 7.38-7.33 (m, 2H),
6.85 (d, 1H, J=9.0 Hz), 6.82 (s, 1H), 4.84 (s, 2H), 4.56 (sept, 1H, /= 5.9 Hz), 2.92 (q, 2H, J= 7.4 Hz),
2.25 (s, 3H), 1.36 (d, 6H, J=5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 0.95 (s, 9H), 0.14 (s, 6H); IR (KBr): 2961,
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2929, 1605, 1493, 1250, 1089, 852, 838, 781 cm'l; MS (FAB*) m/z 488 (M+H)").

(g) (4-Ethyl-5-15-[3-methyl-4-(propan-2-yloxy)phenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methanol
According to a similar procedure to 5-3-11 (g), the title compound (0.17 g, 0.46 mmol, 81%) was
prepared from
2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[3-methyl-4-(propan-2-yloxy)phe
nyl]-1,3-thiazole (0.28 g, 0.57 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.68 mL, 0.68
mmol) and THF (6.0 mL). The final purification by flash column chromatography (z-hexane/EtOAc
5:1 to 2:1) gave a yellow solid. 1H NMR (400 MHz, CDCls) §: 7.83 (s, 1H), 7.38-7.34 (m, 2H), 6.92 (s,
1H), 6.85 (d, 1H, J=9.0 Hz), 4.81 (d, 2H, J= 5.5 Hz), 4.56 (sept, 1H, J= 6.3 Hz), 2.94 (q, 2H, J=17.4
Hz), 2.25 (s, 3H), 1.91 (t, 1H, J= 5.5 Hz), 1.36 (d, 6H, J= 6.3 Hz), 1.33 (t, 3H, J= 7.4 Hz); IR (KBr):
3349, 2970, 2929, 1606, 1495, 1282, 1252, 1138, 955, 836 cm''; MS (FAB*) m/z 374 (M+H)*).

(h) Methyl
1-[(4-ethyl-5-15-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yljthiophen-2-yl)methyllazetid
ine-3-carboxylate

According to a similar procedure to 5-3-11 (h), the title compound (0.17 g, 0.36 mmol, 78% in 2 steps)

was prepared from

(4-ethyl-5-{5-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-ylithiophen-2-yl)methanol (0.17 g,

0.46 mmol), triphenylphosphine (0.22 g, 0.83 mmol), carbon tetrabromide (0.28 g, 0.83 mmol),

CH2Clz (8.0 mL), methyl 3-azetidinecarboxylate hydrochloride (0.11 g, 0.69 mmol),

N, N-diisopropylethylamine (0.24 mlL, 1.4 mmol). The final purification by flash column

chromatography (m-hexane/EtOAc 2:1 to 3:2) gave an orange oil. 'TH NMR (400 MHz, CDCls) &: 7.82 (s,

1H), 7.38-7.33 (m, 2H), 6.85 (d, 1H, /= 9.0 Hz), 6.81 (s, 1H), 4.56 (sept, 1H, J= 6.3 Hz), 3.75 (s, 2H),

3.72 (s, 3H), 3.65-3.59 (m, 2H), 3.40-3.33 (m, 3H), 2.92 (q, 2H, J= 7.4 Hz), 2.24 (s, 3H), 1.36 (d, 6H, J

= 6.3 Hz), 1.32 (t, 3H, J= 7.4 Hz); IR (KBr): 2971, 1733, 1491, 1248, 1130, 952, 809 cm'’; MS (FAB*)

mlz 471 (M+H)*).

(i) 1-[(4-Ethyl-5-{5-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}{thiophen-2-yl)methyllazeti
dine-3-carboxylic acid (38¢)

According to a similar procedure to 5-3-7 (e), the title compound (0.12 g, 0.27 mmol, 77%) was
prepared from methyl
1-[(4-ethyl-5-15-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidine-
3-carboxylate (0.17 g, 0.35 mmol), NaOH (1.0 M in water, 0.53 mL, 0.53 mmol), methanol (2.0 mL),
THF (1.0 mL) and acetic acid (0.12 mL, 2.1 mmol). The final purification by recrystallization
(methanol/water 1.0 mL / 2.0 mL) gave a yellow solid. H NMR (400 MHz, DMSO-de¢) &: 8.08 (s, 1H),
7.54-17.49 (m, 2H), 7.02 (d, 1H, J= 8.2 Hz), 6.94 (s, 1H), 4.64 (sept, 1H, J= 5.9 Hz), 3.70 (s, 2H), 3.53—
3.37 (m, 2H), 3.30-3.17 (m, 3H), 2.87 (q, 2H, J= 7.4 Hz), 2.09 (s, 3H), 1.29 (d, 6H, J=5.9 Hz), 1.26 (t,

142



3H, J = 7.4 Hz); 13C NMR (125 MHz, DMSO-de) §: 174.1, 157.6, 155.8, 142.7, 142.5, 138.0, 137.3,
129.6, 128.5, 128.0, 127.6, 125.0, 122.4, 113.4, 69.7, 56.9, 56.2, 33.3, 22.7, 21.9, 16.0, 14.1; IR (KBp):
3421, 2972, 1637, 1606, 1255, 1137, 954, 815, 538 cm'l; MS (FABY) m/z 457 (M+H)*); HRMS (ESD:
m/z caled for C2aH20N203S2, 457.1620 [M+H]+; found 457.1632.

5-3-13.

1-[(4-Ethyl-5-{5-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidine-3
-carboxylic acid (38d)

Et

i-PrO

NO/COZH

(a) 2-Ethylphenyl propan-2-yl ether

To a solution of 2-ethylphenol (1.2 g, 10 mmol) in DMF (20 mL) were successively added isopropyl
iodide (6.0 mL, 60 mmol) and cesium carbonate (6.5 g, 20 mmol) and the resulting mixture was
stirred at 60 °C for 5 h. The reaction mixture was poured into water and extracted with Et20. The
extract was washed with water and brine, dried over MgSQy, filtered and concentrated. The residue
was purified by flash column chromatography (silica gel, m-hexane/EtOAc 1:0 to 96:4) to afford the
title compound (1.5 g, 8.9 mmol, 89%) as a colorless oil. 'H NMR (400 MHz, CDCls) &: 7.19—7.10 (m,
2H), 6.90—6.83 (m, 2H), 4.54 (sept, 1H, J= 5.9 Hz), 2.63 (q, 2H, J= 7.4 Hz), 1.34 (d, 6H, J= 5.9 Hz),
1.19 (t, 3H, J = 7.4 Hz); IR (ATR): 2975, 1489, 1453, 1236, 1127, 956, 747 cm'’; MS (EI*) m/z 164
(M.

(b) 1-[3-Ethyl-4-(propan-2-yloxy)phenyllethanone

To a suspension of aluminum chloride (1.1 g, 8.3 mmol) in 1,2-dichloroethane (25 mL) was slowly
added acetyl chloride (0.54 mL, 7.6 mmol) at 0 °C. After stirring at 0 °C for 10 min, a solution of
2-ethylphenyl propan-2-yl ether (1.1 g, 6.9 mmol) in 1,2-dichloroethane was added and the resulting
mixture was stirred at 0 °C for 1 h. The reaction was quenched with water and the mixture was
stirred at room temperature for 20 min. The reaction mixture was extracted with CHz2Clz and the
extract was washed with water and brine, dried over MgSQy, filtered and concentrated. The residue
was purified by flash column chromatography (silica gel, n-hexane/EtOAc 95:5 to 70:30) to afford the
title compound (0.98 g, 4.7 mmol, 68%) as a colorless oil. 1H NMR (400 MHz, CDCls) §: 7.82—7.77 (m,
2H), 6.87-6.83 (m, 1H), 4.66 (sept, 1H, /= 5.9 Hz), 2.65 (q, 2H, J= 7.4 Hz), 2.55 (s, 3H), 1.37 (d, 6H, J
=5.9 Hz), 1.20 (t, 3H, J= 7.4 Hz); IR (ATR): 2976, 1672, 1597, 1494, 1249, 1132, 1110, 952, 816, 594
cm'l; MS (EI*) m/z 206 (M*).
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() 2-Bromo-1-[3-ethyl-4-(propan-2-yloxy)phenyllethanone

According to a similar procedure to 5-3-11 (c), the crude product of the title compound was prepared
from 1-[3-ethyl-4-(propan-2-yloxy)phenyllethanone (1.2 g, 6.0 mmol), phenyltrimethylammonium
tribromide (2.2 g, 6.0 mmol) and THF (15 mL). This crude product was used to the next step without

purification by flash column chromatography.

(d) 2-Amino-1-[3-ethyl-4-(propan-2-yloxy)phenyllethanone hydrochloride (34d)

According to a similar procedure to 5-3-11 (d), the title compound (1.1 g, 4.2 mmol, 70% in 3 steps)
was prepared from the crude product of 2-bromo-1-[3-ethyl-4-(propan-2-yloxy)phenyllethanone,
sodium diformylamide (1.1 g, 11 mmol), acetonitrile (12 mL), HC1 (12 M in water, 1.0 mL, 12 mmol)
and ethanol (12 mL). The product was obtained as a yellow solid. 1H NMR (400 MHz, CDsOD) &: 7.88
(dd, 1H, J= 8.6, 2.3 Hz), 7.83 (d, 1H, J= 2.3 Hz), 7.07 (d, 1H, J= 8.6 Hz), 4.79 (sept, 1H, J/=5.9 Hz),
4.52 (s, 2H), 2.66 (q, 2H, J= 7.4 Hz), 1.38 (d, 6H, J= 5.9 Hz), 1.20 (t, 3H, J= 7.4 Hz); IR (KC): 3400,
2976, 2934, 1682, 1601, 1497, 1260, 1148, 1110, 952, 833, 818 cm'; MS (FAB*) m/z 222 (M+H)*).

(e) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-[3-ethyl-4-(propan-2-yloxy)phenyl]-2-oxoe
thyljthiophene-2-carboxamide

According to a similar procedure to 5-3-11 (e), the title compound (0.29 g, 0.57 mmol, 64%) was
prepared from 5-({[tert-butyl(dimethyl)silylloxytmethyl)-3-ethylthiophene-2-carboxylic acid (28)
0.27 g, 0.90 mmol), 1-hydroxybenzotriazole (0.15 g, 0.99 mmol),
1-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride (0.19 g, 0.99 mmol), triethylamine
(0.38 mL, 2.7 mmol), 2-amino-1-[3-ethyl-4-(propan-2-yloxy)phenyllethanone hydrochloride (84d)
(0.30 g, 1.2 mmol) and CH2Clz (6.0 mL). The final purification by flash column chromatography
(silica gel, m-hexane/EtOAc 95:5 to 75:25) gave a light yellow solid. 'H NMR (400 MHz, CDCls) &:
7.87-7.83 (m, 2H), 7.03 (t, 1H, J= 3.9 Hz), 6.89 (d, 1H, J= 8.6 Hz), 6.80 (s, 1H), 4.86 (d, 2H, J= 3.9
Hz), 4.84 (s, 2H), 4.69 (sept, 1H, J= 5.9 Hz), 2.97 (q, 2H, J= 7.4 Hz), 2.66 (q, 2H, J= 7.4 Hz), 1.39 (d,
6H, J=5.9 Hz), 1.29 (t, 3H, J= 7.4 Hz), 1.21 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.12 (s, 6H); IR (KBr):
3412, 2960, 2931, 1638, 1598, 1515, 1255, 1138, 1076, 849, 770 cm''; MS (FAB*) m/z 504 (M+H)*).

® 2-[5-({[tertButyl(dimethyl)silylloxyimethyl)-3-ethylthiophen-2-yll-5-[3-ethyl-4-(propan-2-yloxy)p
henyl]-1,3-thiazole (36d)
According to a similar procedure to 5-3-10 (a), the title compound (0.22 g, 0.44 mmol, 78%) was
prepared from
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-[3-ethyl-4-(propan-2-yloxy)phenyl]-2-oxoethyl
jthiophene-2-carboxamide (0.29 g, 0.57 mmol), pyridine (92 pL, 1.1 mmol), Lawesson’s reagent (0.30
g, 0.74 mmol) and toluene (6.0 mL). The final purification by flash column chromatography (silica gel,
mhexane/EtOAc 97:3) gave a light brown solid. 'H NMR (400 MHz, CDCls) &: 7.83 (s, 1H), 7.39-7.34
(m, 2H), 6.86 (d, 1H, J=9.0 Hz), 6.82 (s, 1H), 4.85 (s, 2H), 4.59 (sept, 1H, J=5.9 Hz), 2.93 (q, 2H, J=
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7.4 Hz), 2.66 (q, 2H, J= 7.4 Hz), 1.36 (d, 6H, J= 5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 1.23 (t, 3H, J= 7.4
Hz), 0.94 (s, 9H), 0.13 (s, 6H); IR (KBr): 2958, 2928, 2855, 1492, 1251, 1140, 1053, 836 cm'l; MS
(FAB*) m/z 502 ((M+H)*).

(g) Methyl
1-[(4-ethyl-5-15-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-ylithiophen-2-yl)methyllazetidin
e-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.16 g, 0.41 mmol, 92% in 3 steps)

was prepared from

2-[5-({[ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[3-ethyl-4-(propan-2-yloxy)phen

yll-1,3-thiazole (0.22 g, 0.44 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.53 mL, 0.53

mmol) and THF (4.0 mL), and thionyl chloride (45 pL, 0.61 mmol), toluene (5.0 mL) and a catalytic

amount of DMF, and methyl 3-azetidinecarboxylate hydrochloride (93 mg, 0.61 mmol),

N, N-diisopropylethylamine (0.25 mL, 1.4 mmol) and acetonitrile (4.0 mL). The final purification by

flash column chromatography (silica gel, n-hexane/EtOAc 65:35 to 45:55) gave a yellow oil. 'H NMR

(400 MHz, CDCls) &: 7.82 (s, 1H), 7.37—7.33 (m, 2H), 6.85 (d, 1H, J= 9.0 Hz), 6.81 (s, 1H), 4.58 (sept,

1H, J= 5.9 Hz), 3.75 (s, 2H), 3.71 (s, 3H), 3.67-3.58 (m, 2H), 3.40-3.31 (m, 3H), 2.92 (q, 2H, J= 7.4

Hz), 2.66 (q, 2H, J= 7.4 Hz), 1.36 (d, 6H, J=5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 1.22 (t, 3H, J= 7.4 Hz);

IR (ATR): 2967, 2932, 1734, 1488, 1245, 1135, 951, 810, 624 cm';; MS (FAB*Y) m/z 485 (M+H)*).

(h) 1-[(4-Ethyl-5-{5-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yljthiophen-2-yl)methyllazetidi
ne-3-carboxylic acid (38d)

According to a similar procedure to 5-3-7 (e), the title compound (0.14 g, 0.31 mmol, 89%) was
prepared from methyl
1-[(4-ethyl-5-15-[3-ethyl-4-(propan-2-yloxy)phenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methyl]azetidine-3-
carboxylate (0.17 g, 0.35 mmol), NaOH (1.0 M in water, 0.69 mL, 0.69 mmol), methanol (2.0 mL),
THF (2.0 mL) and acetic acid (50 pL, 0.86 mmol). The final purification by recrystallization
(acetonitrile/water/methanol 1.0 mL/3.0 mIL/2.0 mL) gave a yellow solid. 'H NMR (400 MHz,
CD3CO2D) 6: 8.04 (s, 1H), 7.47-7.42 (m, 2H), 7.29 (s, 1H), 6.96 (d, 1H, /= 9.3 Hz), 4.65 (sept, 1H, J=
6.0 Hz), 4.65 (s, 2H), 4.58-4.48 (m, 2H), 4.45-4.34 (m, 2H), 3.82 (quint, 1H, J/= 8.2 Hz), 2.95 (q, 2H, J
=17.5Hz), 2.67 (q, 2H, J= 7.5 Hz), 1.36 (d, 6H, J= 6.0 Hz), 1.35 (t, 3H, J= 7.5 Hz), 1.22 (t, 3H, J= 7.5
Hz); IR (KBr): 3424, 2970, 2932, 1639, 1605, 1493, 1254, 1141, 953 cm; MS (FAB*) m/z 471
((M+H)").

5-3-14.

1-[(4-Ethyl-5-{5-[4-(propan-2-yloxy)-3-propylphenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methyl]azetidine-
3-carboxylic acid (38e)
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NO/COZH

(a) 1-(Propan-2-yloxy)-2-propylbenzene

To a solution of 2-propylphenol (2.0 g, 15 mmol) in DMF (30 mL) was slowly added sodium hydride
(55wt% dispersion form in mineral oil, 1.3 g, 30 mmol) at 0 °C and the mixture was stirred at room
temperature for 10 min. After cooling to 0 °C, isopropyl iodide (6.0 mL, 60 mmol) was added and the
resulting mixture was stirred at room temperature for 1 h. The reaction was quenched with sat.
NaHCOs at 0 °C and the mixture was extracted with EtOAc. The extract was washed with water and
brine, dried over Na2SOs, filtered and concentrated. The residue was purified by flash column
chromatography (z-hexane/EtOAc 1:0 to 95:5) to afford the title compound (2.5 g, 14 mmol, 94%) as a
colorless oil. tH NMR (400 MHz, CDCls) 6: 7.13-7.06 (m, 2H), 6.85-6.78 (m, 2H), 4.49 (sept, 1H, J=
6.3 Hz), 2.53 (t, 2H, J= 7.4 Hz), 1.57 (tq, 2H, J= 7.4 Hz), 1.29 (d, 6H, J= 6.3 Hz), 0.90 (t, 3H, J="7.4
Hz); IR (ATR): 2960, 1600, 1488, 1452, 1236, 1126, 958, 746 cm''; MS (EI*) ni/z 178 (M*).

(b) 1-[4-(Propan-2-yloxy)-3-propylphenyllethanone

To a suspension of aluminum chloride (1.5 g, 8.4 mmol) in 1,2-dichloroethane (34 mL) was slowly
added acetyl chloride (0.66 mL, 9.3 mmol) at 0 °C. After stirring at 0 °C for 10 min, a solution of
1-(propan-2-yloxy)-2-propylbenzene (1.5 g, 8.4 mmol) in 1,2-dichloroethane (7.0 mL) was added and
the resulting mixture was stirred at 0 °C for 1.5 h. The reaction was quenched with water and the
mixture was stirred at room temperature for 20 min. The reaction mixture was extracted with
CH2Clz2 and the extract was washed with brine, dried over MgSQy, filtered and concentrated. The
residue was purified by flash column chromatography (mz-hexane/EtOAc 1:0 to 7:3) to afford
4-acetyl-2-propylphenyl  acetate (0.60 g, 2.7 mmol) as a colorless oil and
1-(4-hydroxy-3-propylphenyl)ethanone (0.50 g, 2.8 mmol) as a white solid.

To a solution of 4-acetyl-2-propylphenyl acetate (0.60 g, 2.7 mmol) in methanol (6.0 mL) was added
NaOH (1.0 M in water, 4.1 mL, 4.1 mmol) and the resulting mixture was stirred at room temperature
for 30 min. After removal of the organic solvent in vacuo, the reaction mixture was acidified with HCI
(1.0 M in water) at 0 °C and extracted with CH2Cls. The extract was dried over Na2SQy, filtered and
concentrated to afford 1-(4-hydroxy-3-propylphenyl)ethanone (0.40 g, 2.2 mmol) as a white solid,
which was combined with the already-obtained one and used for the next reaction.

To a solution of 1-(4-hydroxy-3-propylphenyl)ethanone (0.90 g, 5.0 mmol) in DMF (15 mL) was slowly
added sodium hydride (55wt% dispersion form in mineral oil, 0.33 g, 7.5 mmol) at 0 °C and the
resulting mixture was stirred at room temperature for 10 min. After cooling to 0 °C again, isopropyl
iodide (1.5 mL, 15 mmol) was added and the resulting mixture was stirred at room temperature for

1.5 h. To this were added sodium hydride (55wt% dispersion form in mineral oil, 0.11 g, 2.5 mmol)
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and isopropyl iodide (0.50 mL, 5.0 mmol) and the resulting mixture was stirred at room temperature
for 30 min. The reaction was quenched with sat. NaHCOs3s and the reaction mixture was extracted
with EtOAc. The extract was washed with water and brine, dried over Na2SOs, filtered and
concentrated. The residue was purified by flash column chromatography (mhexane/EtOAc 1:0 to
80:20) to afford the title compound (1.0 g, 4.7 mmol, 56% in 3 steps) as a yellow oil. 1H NMR (400
MHz, CDCls) §: 7.80 (d, 1H, J= 2.3 Hz), 7.77 (dd, 1H, J= 6.8, 2.3 Hz), 6.84 (d, 1H, J= 6.8 Hz), 4.65
(sept, 1H, J= 6.3 Hz), 2.60 (t, 2H, J= 7.4 Hz), 2.55 (s, 3H), 1.61 (tq, 2H, J= 7.4, 7.4 Hz), 1.37 (d, 6H, J
= 6.3 Hz), 0.94 (t, 3H, J= 7.4 Hz); IR (ATR): 2962, 1674, 1598, 1260, 1133, 1111, 958, 818, 600 cm};
MS (EI*) m/z 220 (M*).

() 2-Bromo-1-[4-(propan-2-yloxy)-3-propylphenyllethanone

According to a similar procedure to 5-3-11 (c), the title compound (1.1 g, 3.6 mmol, 77%) was
prepared from 1-[4-(propan-2-yloxy)-3-propylphenyllethanone (1.0 g, 4.7 mmol),
phenyltrimethylammonium tribromide (1.8 g, 4.7 mmol) and THF (10 mL). The final purification by
flash column chromatography (m-hexane/EtOAc 1:0 to 83:17) gave a yellow oil. 'TH NMR (400 MHz,
CDCls) &: 7.83 (dd, 1H, J/= 8.6, 2.3 Hz), 7.79 (d, 1H, J= 2.3 Hz), 6.86 (d, 1H, /= 8.6 Hz), 4.67 (sept,
1H, J=5.9 Hz), 4.40 (s, 2H), 2.60 (t, 2H, J= 7.4 Hz), 1.61 (tq, 2H, J= 7.4, 7.4 Hz), 1.38 (d, 6H, J=5.9
Hz), 0.94 (t, 3H, J= 7.4 Hz); IR, (ATR): 2960, 1668, 1595, 1495, 1252, 1105, 953, 816, 618 cm'l; MS
(EI*) m/z 298 (M*).

(d) 2-Amino-1-[4-(propan-2-yloxy)-3-propylphenyllethanone hydrochloride (34e)

According to a similar procedure to 5-3-11 (d), the title compound was quantitatively prepared from
2-bromo-1-[4-(propan-2-yloxy)-3-propylphenyllethanone (1.1 g, 3.6 mmol), sodium diformylamide
(0.45 g, 4.7 mmol), acetonitrile (8.0 mL), HC1 (12 M in water, 1.8 mL, 22 mmol) and ethanol (11 mL).
'H NMR (400 MHz, CDs0D) &: 7.89 (dd, 1H, J= 9.0, 2.3 Hz), 7.82 (d, 1H, J= 2.3 Hz), 7.07 (d, 1H, J=
9.0 Hz), 4.78 (sept, 1H, J=5.9 Hz), 4.53 (s, 2H), 2.62 (t, 2H, J= 7.4 Hz), 1.62 (tq, 2H, J= 7.4, 7.4 Hz),
1.37 (d, 6H, J=5.9 Hz), 0.94 (t, 3H, J= 7.4 Hz).

(e) 5-([tert-Butyl(dimethyDsilylloxymethyl)-3-ethyl- N-{2-0x0-2-[4-(propan-2-yloxy)-3-propylphenyll
ethyljthiophene-2-carboxamide
According to a similar procedure to 5-3-11 (e), the title compound (0.41 g, 0.79 mmol, 79%) was
prepared from 5-({[tert-butyl(dimethyl)silylloxylmethyl)-3-ethylthiophene-2-carboxylic acid (28)
(0.30 g, 1.0 mmol), 1-hydroxybenzotriazole (0.16 g, 1.2 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.23 g, 1.2 mmol), triethylamine (0.42
mL, 3.0 mmol), 2-amino-1-[4-(propan-2-yloxy)-3-propylphenyllethanone hydrochloride (34e) (0.30 g,
1.1 mmol) and CH:Clz (5.0 mL). The final purification by flash column chromatography
(rhexane/EtOAc 1:0 to 7:3) gave a light yellow solid. TH NMR (400 MHz, CDCls) 6: 7.85 (dd, 1H, J/=
8.6, 2.3 Hz), 7.81 (d, 1H, J= 2.3 Hz), 7.03 (br s, 1H), 6.89 (d, 1H, J= 8.6 Hz), 6.80 (s, 1H), 4.88-4.82
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(m, 4H), 4.68 (sept, 1H, J=6.3 Hz), 2.97 (q, 2H, J=7.4 Hz), 2.61 (t, 2H, J= 7.4 Hz), 1.62 (tq, 2H, J=
7.4,7.4 Hz), 1.38 (d, 6H, J= 6.3 Hz), 1.29 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.94 (t, 3H, J= 7.4 Hz), 0.12
(s, 6H); IR (KBr): 3411, 2958, 2931, 1669, 1638, 1598, 1514, 1255, 1140, 1077, 838, 772 cm'}; MS
(FAB*) m/z 518 (M+H)*).

® 2-[5-([tertButyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[4-(propan-2-yloxy)-3-propyl
phenyl]-1,3-thiazole (36e)

According to a similar procedure to 5-3-10 (a), the title compound (0.34 g, 0.66 mmol, 84%) was
prepared from
5-([tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-0x0-2-[4-(propan-2-yloxy)-3-propylphenyllethy
ljthiophene-2-carboxamide (0.41 g, 0.78 mmol), pyridine (0.13 mL, 1.6 mmol), Lawesson’s reagent
(0.41 g, 1.0 mmol) and toluene (8.0 mL). The final purification by flash column chromatography
(mhexane/EtOAc 30:1 to 20:1) gave a brown oil. 'H NMR (400 MHz, CDCls) §: 7.82 (s, 1H), 7.35 (dd,
1H, J=8.2, 2.3 Hz), 7.33 (d, 1H, J= 2.3 Hz), 6.85 (d, 1H, J= 8.2 Hz), 6.82 (s, 1H), 4.84 (s, 2H), 4.58
(sept, 1H, J=5.9 Hz), 2.93 (q, 2H, J= 7.4 Hz), 2.60 (t, 2H, J= 7.4 Hz), 1.64 (tq, 2H, J= 7.4, 7.4 Hz),
1.36 (d, 6H, J=5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 0.97 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.13 (s, 6H); IR
(ATR): 2928, 1491, 1247, 1047, 833, 778 cm'; MS (FAB*) m/z 516 (M+H)").

(g) Methyl
1-[(4-ethyl-5-15-[4-(propan-2-yloxy)-3-propylphenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidi
ne-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.25 g, 0.49 mmol, 76% in 3 steps)

was prepared from

2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yll-5-[4-(propan-2-yloxy)-3-propylphe

nyll-1,3-thiazole (0.34 g, 0.65 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.85 mL, 0.85

mmol), THF (6.0 mL), and thionyl chloride (0.11 mL, 1.5 mmol), toluene (6.0 mL) and CH2Cls (3.0

mL), a catalytic amount of DMF, methyl 3-azetidinecarboxylate hydrochloride (0.14 g, 0.9 mmol),

N, N-diisopropylethylamine (0.37 mL, 2.1 mmol) and acetonitrile (6.0 mL). The final purification by

flash column chromatography (mhexane/EtOAc 2:1 to 1:1) gave a yellow oil. 'H NMR (400 MHz,

CDCly) &: 7.82 (s, 1H), 7.37-7.32 (m, 2H), 6.85 (d, 1H, J= 8.2 Hz), 6.81 (s, 1H), 4.58 (sept, 1H, J=5.9

Hz), 3.75 (s, 2H), 3.71 (s, 3H), 3.65—3.59 (m, 2H), 3.40-3.33 (m, 3H), 2.92 (q, 2H, J= 7.4 Hz), 2.60 (t,

2H, J=17.4 Hz), 1.64 (tq, 2H, J= 7.4, 7.4 Hz), 1.36 (d, 6H, J= 5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 0.97 (t,

3H, J= 7.4 Hz); IR (ATR): 2960, 1735, 1488, 1245, 1135, 1111, 953, 810 cm'; MS (FAB*) m/z 499

((M+H)").

(h) 1-[(4-Ethyl-5-{5-[4-(propan-2-yloxy)-3-propylphenyll-1,3-thiazol-2-ylithiophen-2-yl)methyllazetid
ine-3-carboxylic acid (38e)

According to a similar procedure to 5-3-7 (e), the title compound (0.20 g, 0.41 mmol, 83%) was
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prepared from methyl
1-[(4-ethyl-5-15-[4-(propan-2-yloxy)-3-propylphenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methyl]azetidine-
3-carboxylate (0.24 g, 0.49 mmol), NaOH (1.0 M in water, 0.73 mL, 0.73 mmol), THF (2.0 mL),
methanol (4.0 mL) and acetic acid (0.16 mL, 2.9 mmol). The final purification by recrystallization
(acetonitrile/water) gave a light yellow solid. 'H NMR (400 MHz, DMSO-de) &: 8.08 (s, 1H), 7.49-7.44
(m, 2H), 7.02 (d, 1H, J= 8.2 Hz), 6.94 (s, 1H), 4.66 (sept, 1H, J= 5.9 Hz), 3.70 (s, 2H), 3.50-3.40 (m,
2H), 3.28-3.18 (m, 3H), 2.87 (q, 2H, J= 7.4 Hz), 2.55 (t, 2H, J= 7.4 Hz), 1.58 (tq, 2H, J= 7.4, 7.4 Hz),
1.29 (d, 6H, J= 5.9 Hz), 1.26 (t, 3H, J= 7.4 Hz), 0.91 (t, 3H, J= 7.4 Hz); IR (KBr): 3425, 2969, 1605,
1492, 1251, 1139, 1113, 955, 814, 536 cm';; MS (FAB*) m/z 485 (M+H)*).

5-3-15.
1-[(4-Ethyl-5-{5-[3-(propan-2-yl)-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyl]l aze
tidine-3-carboxylic acid (38f)

NO/COZH

(a) 1-(Propan-2-yl)-2-(propan-2-yloxy)benzene

According to a similar procedure to 5-3-14 (a), the title compound (2.5 g, 14 mmol, 94%) was prepared
from 2-isopropylphenol (2.0 g, 15 mmol), isopropyl iodide (6.0 mL, 60 mmol), sodium hydride (55wt%
dispersion form in mineral oil, 1.3 g, 30 mmol) and DMF (40 mL). The final purification by flash
column chromatography (m-hexane/EtOAc = 1:0 to 4:1) gave a colorless oil. TH NMR (400 MHz,
CDCly) §: 7.23-7.19 (m, 1H), 7.15-7.09 (m, 1H), 6.93-6.83 (m, 2H), 4.54 (sept, 1H, J= 5.9 Hz), 3.32
(sept, 1H, J= 7.0 Hz), 1.34 (4, 6H, J= 5.9 Hz), 1.20 (d, 6H, J= 7.0 Hz); IR (ATR): 2961, 1600, 1584,
1488, 1233, 1117, 957, 743 cm''; MS (EI*) m/z 178 (M*).

(b) 1-[3-(Propan-2-yl)-4-(propan-2-yloxy)phenyllethanone

To a suspension of aluminum chloride (1.5 g, 8.4 mmol) in 1,2-dichloroethane (34 mL) was dropwise
added acetyl chloride (0.66 mL, 9.3 mmol) at 0 °C. After stirring at 0 °C for 10 min, a solution of
1-(propan-2-yl)-2-(propan-2-yloxy)benzene (1.5 g, 8.4 mmol) in 1,2-dichloroethane (7.0 mL) was
added and the resulting mixture was stirred at 0 °C for 1.5 h. The reaction was quenched with water
and the mixture was stirred at room temperature for 20 min. The reaction mixture was extracted
with CH2Cl2 and the extract was washed with brine, dried over MgSQys, filtered and concentrated.
The residue was purified by flash column chromatography (mrhexane/EtOAc 1:0 to 7:3) to afford
4-acetyl-2-(propan-2-yl)phenyl acetate (0.67 g 3.1 mmol) as a colorless oil and
1-[4-hydroxy-3-(propan-2-yl)phenyllethanone (0.47 g, 2.6 mmol) as a white solid.
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To a solution of 4-acetyl-2-(propan-2-yl)phenyl acetate (0.67 g, 3.1 mmol) in methanol (6.0 mL) was
added NaOH (1.0 M in water, 4.6 mL, 4.6 mmol) and the resulting mixture was stirred at room
temperature for 30 min. After removal of the organic solvent in vacuo, the reaction mixture was
acidified with HCI (1.0 M in water) at 0 °C and extracted with CH2Clz. The extract was dried over
Na2SO0y4, filtered and concentrated to afford 1-[4-hydroxy-3-(propan-2-yl)phenyllethanone (0.47 g, 2.7
mmol) as a white solid, which was combined with the already-obtained one and used for the next
reaction.

To a solution of 1-[4-hydroxy-3-(propan-2-yl)phenyllethanone (0.95 g, 5.3 mmol) in DMF (15 mL) was
slowly added sodium hydride (55wt% dispersion form in mineral oil, 0.35 g, 8.0 mmol) at 0 °C and the
resulting mixture was stirred at room temperature for 10 min. After cooling to 0 °C again, isopropyl
iodide (1.6 mL, 16 mmol) was added and the resulting mixture was stirred at room temperature for
1.5 h. To this were added sodium hydride (55wt% dispersion form in mineral oil, 0.12 g, 2.7 mmol)
and isopropyl iodide (0.53 mL, 5.3 mmol) and the resulting mixture was stirred at room temperature
for 30 min. The reaction was quenched with sat. NaHCOs3 and the reaction mixture was extracted
with EtOAc. The extract was washed with water and brine, dried over Na2SOs, filtered and
concentrated. The residue was purified by flash column chromatography (m-hexane/EtOAc 1:0 to
80:20) to afford the title compound (1.2 g, 5.2 mmol, 62% in 3 steps) as a yellow oil. 'H NMR (400
MHz, CDCls) &: 7.85 (d, 1H, J= 2.3 Hz), 7.78 (dd, 1H, J= 8.6, 2.3 Hz), 6.85 (d, 1H, J= 8.6 Hz), 4.67
(sept, 1H, J=5.9 Hz), 3.30 (sept, 1H, J= 7.0 Hz), 2.55 (s, 3H), 1.38 (d, 6H, J=5.9 Hz), 1.23 (d, 6H, J=
7.0 Hz); IR (ATR): 2975, 1674, 1599, 1493, 1251, 1113, 957, 817 cm'; MS (EI*) ni/z 220 (M*).

() 2-Bromo-1-[3-(propan-2-yl)-4-(propan-2-yloxy)phenyllethanone

According to a similar procedure to 5-3-11 (c), the title compound (1.3 g, 4.3 mmol, 83%) was
prepared from 1-[3-(propan-2-yD-4-(propan-2-yloxy)phenyllethanone (1.2 g, 5.2 mmol),
phenyltrimethylammonium tribromide (2.0 g, 5.2 mmol) and THF (10 mL). The final purification by
flash column chromatography (m-hexane/EtOAc 1:0 to 83:17) gave a yellow oil. 'TH NMR (400 MHz,
CDCls) 6: 7.88 (d, 1H, J= 2.3 Hz), 7.82 (dd, 1H, J= 8.6, 2.3 Hz), 6.87 (d, 1H, /= 8.6 Hz), 4.68 (sept,
1H, J= 5.9 Hz), 4.40 (s, 2H), 3.30 (sept, 1H, J= 7.0 Hz), 1.39 (d, 6H, J= 5.9 Hz), 1.23 (d, 6H, J= 7.0
Hz); IR (ATR): 2967, 1682, 1594, 1487, 1251, 1169, 1110, 956, 812, 626 cm''; MS (EI*) m/z 298 (M*).

(d) 2-Amino-1-[3-(propan-2-yl)-4-(propan-2-yloxy)phenyllethanone hydrochloride (34f)

According to a similar procedure to 5-3-11 (d), the title compound was quantitatively prepared from
2-bromo-1-[3-(propan-2-yl)-4-(propan-2-yloxy)phenyllethanone (1.3 g, 4.3 mmol), sodium
diformylamide (0.54 g, 5.7 mmol), acetonitrile (9.0 mL), HCI (12 M in water, 2.2 mL, 26 mmol) and
ethanol (13 mL). 'H NMR (400 MHz, CDs0D) 6: 7.89-7.86 (m, 2H), 7.07 (d, 1H, J= 9.4 Hz), 4.80 (sept,
1H, J= 5.9 Hz), 4.54 (s, 2H), 3.32 (sept, 1H, J= 7.0 Hz), 1.38 (d, 6H, J= 5.9 Hz), 1.24 (d, 6H, J= 7.0
Hz).

150



(e) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-0x0-2-[3-(propan-2-yl)-4-(propan-2-yloxy)p
henyllethylithiophene-2-carboxamide

According to a similar procedure to 5-3-11 (e), the title compound (0.37 g, 0.70 mmol, 71%) was
prepared from 5-({[tert-butyl(dimethyl)silylloxytmethyl)-3-ethylthiophene-2-carboxylic acid (28)
(0.30 g, 1.0 mmol), 1-hydroxybenzotriazole (0.16 g, 1.2 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.23 g, 1.2 mmol), triethylamine (0.42
mL, 3.0 mmol), 2-amino-1-[3-(propan-2-yl)-4-(propan-2-yloxy)phenyllethanone hydrochloride (34f)
(0.30 g, 1.0 mmol) and CH2Clz (5.0 mL). The final purification by flash column chromatography
(hexane/EtOAc 1:0 to 6:1) gave a light yellow solid. 1H NMR (400 MHz, CDCls) 6: 7.89 (d, 1H, J=
2.3 Hz), 7.84 (dd, 1H, J= 8.6, 2.3 Hz), 7.04 (t, 1H, J= 3.9 Hz), 6.90 (d, 1H, J= 8.6 Hz), 6.80 (s, 1H),
4.87 (d, 2H, J= 3.9 Hz), 4.84 (s, 2H), 4.70 (sept, 1H, J= 6.3 Hz), 3.32 (sept, 1H, J= 6.6 Hz), 2.97 (q,
2H, J=17.8 Hz), 1.39 (d, 6H, J= 6.3 Hz), 1.29 (t, 3H, J= 7.8 Hz), 1.23 (d, 6H, J= 6.6 Hz), 0.94 (s, 9H),
0.13 (s, 6H); IR (KBr): 3411, 2960, 2933, 1640, 1597, 1514, 1255, 1078, 838, 771 cm''; MS (FAB*) m/z
518 (M+H)").

® 2-[5-([tertButyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[3-(propan-2-yl)-4-(propan-2
-yloxy)phenyl]-1,3-thiazole (36f)

According to a similar procedure to 5-3-10 (a), the title compound (0.32 g, 0.61 mmol, 88%) was
prepared from
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-0x0-2-[3-(propan-2-yl)-4-(propan-2-yloxy)phen
yllethylithiophene-2-carboxamide (0.37 g, 0.70 mmol), pyridine (0.11 mL, 1.4 mmol), Lawesson’s
reagent (0.37 g, 0.91 mmol) and toluene (7.0 mL). The final purification by flash column
chromatography (z-hexane/EtOAc 30:1 to 20:1) gave a brown solid. 'H NMR (400 MHz, CDCls) §&:
7.83 (s, 1H), 7.38 (d, 1H, J= 2.3 Hz), 7.35 (dd, 1H, J= 8.2, 2.3 Hz), 6.86 (d, 1H, J= 8.2 Hz), 6.82 (s,
1H), 4.85 (s, 2H), 4.60 (sept, 1H, J= 5.9 Hz), 3.33 (sept, 1H, J= 7.0 Hz), 2.93 (q, 2H, J= 7.4 Hz), 1.37
(d, 6H, J= 5.9 Hz), 1.33 (t, 3H, J = 7.4 Hz), 1.26 (d, 6H, J= 7.0 Hz), 0.95 (s, 9H), 0.13 (s, 6H); IR
(KBr): 2958, 2930, 1489, 1246, 1052, 835, 782 cm'; MS (FAB) m/z 516 (M+H)*).

(g) Methyl
1-[(4-ethyl-5-15-[3-(propan-2-yl)-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyl]
azetidine-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.26 g, 0.51 mmol, 86% in 3 steps)

was prepared from

2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[3-(propan-2-yl)-4-(propan-2-ylo

xy)phenyll-1,3-thiazole (0.32 g, 0.61 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.79 mL,

0.79 mmol), THF (6.0 mL), and thionyl chloride (0.10 mL, 1.4 mmol), toluene (9.0 mL), a catalytic

amount of DMF, methyl 3-azetidinecarboxylate hydrochloride (0.12 g, 0.79 mmol),

N, N-diisopropylethylamine (0.33 mL, 1.9 mmol) and acetonitrile (6.0 mL). The final purification was
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conducted by flash column chromatography (z-hexane/EtOAc 2:1 to 1:1). '"H NMR (400 MHz, CDCls)
§:7.82 (s, 1H), 7.37 (d, 1H, J= 2.3 Hz), 7.34 (dd, 1H, J= 8.4, 2.3 Hz), 6.86 (d, 1H, J= 8.4 Hz), 6.81 (s,
1H), 4.59 (sept, 1H, J=5.9 Hz), 3.75 (s, 2H), 3.72 (s, 3H), 3.66-3.60 (m, 2H), 3.40-3.30 (m, 4H), 2.92
(q, 2H, J="7.4 Hz), 1.37 (d, 6H, J=5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 1.25 (d, 6H, J= 6.6 Hz); IR (ATR):
2963, 1735, 1487, 1244, 1112, 952, 811, 624 cm'}; MS (FAB*) m/z 499 (M+H)").

(h) 1-[(4-Ethyl-5-{5-[3-(propan-2-yl)-4-(propan-2-yloxy)phenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methyl]
azetidine-3-carboxylic acid (38f)

According to a similar procedure to 5-3-7 (e), the title compound (0.20 g, 0.41 mmol, 81%) was
prepared from methyl
1-[(4-ethyl-5-15-[3-(propan-2-yl)-4-(propan-2-yloxy)phenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methyllazet
idine-3-carboxylate (0.25 g, 0.51 mmol), NaOH (1.0 M in water, 0.77 mL, 0.77 mmol), THF (2.0 mL),
methanol (4.0 mL) and acetic acid (0.18 mL, 3.1 mmol). The final purification by recrystallization
(acetonitrile/water) gave a yellow solid. 1H NMR (400 MHz, DMSO-de¢) §: 8.10 (s, 1H), 7.47—7.43 (m,
2H), 7.03 (d, 1H, J= 8.6 Hz), 6.94 (s, 1H), 4.68 (sept, 1H, J/=5.9 Hz), 3.70 (s, 2H), 3.48-3.17 (m, 6H),
2.88 (q, 2H, J= 7.4 Hz), 1.30 (d, 6H, J= 5.9 Hz), 1.26 (t, 3H, J= 7.4 Hz), 1.21 (d, 6H, J= 7.0 Hz); IR
(KBr): 3424, 2969, 1604, 1491, 1251, 1115, 955, 540 cm''; MS (FAB*) m/z 485 (M+H)").

5-3-16.
1-[(4-Ethyl-5-{5-[3-fluoro-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidine-
3-carboxylic acid (38g)

NO/COZH

(a) 3-Fluoro-4-(propan-2-yloxy)benzonitrile

According to a similar procedure to 5-3-11 (a), the title compound was quantitatively prepared from
3,4-difluorobenzonitrile (2.0 g, 14 mmol), 2-propanol (1.5 mL, 20 mmol), sodium hydride (55wt%
dispersion form in mineral oil, 0.88 g, 20 mmol) and THF (28 mL). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc 1:0 to 1:1) gave a colorless oil. 'H NMR (400
MHz, CDCls) &: 7.39 (ddd, 1H, J= 8.2, 2.0, 1.2 Hz), 7.36 (dd, 1H, J= 10.6, 2.0 Hz), 7.00 (dd, 1H, J=
8.2, 8.2 Hz), 4.66 (sept, 1H, J= 5.9 Hz), 1.40 (d, 6H, J= 5.9 Hz).

(b) 1-[3-Fluoro-4-(propan-2-yloxy)phenyllethanone
According to a similar procedure to 5-3-11 (b), the title compound (1.0 g, 5.3 mmol, 75%) was
prepared from 3-fluoro-4-(propan-2-yloxy)benzonitrile (1.3 g, 7.1 mmol), methyllithium (1.1 M in
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ether, 13 mL, 14 mmol) and THF (10 mL). The final purification by flash column chromatography
(silica gel, mhexane/EtOAc 1:0 to 4:1) gave an orange oil. 'H NMR (400 MHz, CDCls) §: 7.75—7.67 (m,
2H), 6.99 (dd, 1H, J= 8.2, 8.2 Hz), 4.68 (sept, 1H, J=5.9 Hz), 2.55 (s, 3H), 1.41 (d, 6H, J=5.9 Hz); IR
(ATR) 2980, 1678, 1607, 1274, 1107, 951 cm';; MS (EI*) m/z 196 (M*).

() 2-Bromo-1-[3-fluoro-4-(propan-2-yloxy)phenyllethanone

According to a similar procedure to 5-3-11 (c), the title compound (1.0 g, 3.7 mmol, 70%) was
prepared from 1-[3-fluoro-4-(propan-2-yloxy)phenyllethanone (1.0 g, 5.3 mmol),
phenyltrimethylammonium tribromide (2.0 g, 5.3 mmol) and THF (11 mL). The final purification by
flash column chromatography (m-hexane/EtOAc 1:0 to 80:20) gave a red oil. 1H NMR (400 MHz,
CDCls) &: 7.77-7.70 (m, 2H), 7.01 (dd, 1H, J= 8.6, 8.2 Hz), 4.70 (sept, 1H, J= 5.9 Hz), 4.36 (s, 2H),
1.42 (d, 6H, J= 5.9 Hz); IR (ATR): 2980, 1674, 1606, 1511, 1438, 1277, 1094, 948, 617 cm'; MS (EI*)
mlz 274 (MY).

(d) 2-Amino-1-[3-fluoro-4-(propan-2-yloxy)phenyllethanone hydrochloride (34g)

According to a similar procedure to 5-3-11 (d), the title compound (0.32 g, 1.3 mmol, 34%) was
prepared from 2-bromo-1-[3-fluoro-4-(propan-2-yloxy)phenyllethanone (1.0 g, 3.7 mmol), sodium
diformylamide (0.42 g, 4.5 mmol), acetonitrile (8.0 mL), HC1 (12 M in water, 1.9 mL, 23 mmol) and
ethanol (11 mL). 'H NMR (400 MHz, CDs0D) &: 7.84 (ddd, 1H, J= 8.6, 2.3, 1.2 Hz), 7.77 (dd, 1H, J=
11.7, 2.3 Hz), 7.26 (dd, 1H, J= 8.6, 8.2 Hz), 4.81 (sept, 1H, J= 5.9 Hz), 4.53 (s, 2H), 1.39 (d, 6H, J=
5.9 Hz); IR (KCD: 3135, 3047, 2987, 1684, 1610, 1517, 1274, 1103, 878 cm'; MS (FABY) m/z 212
(M+H)").

(e) 5-([tert-Butyl(dimethylsilylloxy}methyl)-3-ethyl- N-{2-[3-fluoro-4-(propan-2-yloxy)phenyl]-2-oxo
ethyljthiophene-2-carboxamide

According to a similar procedure to 5-3-11 (e), the title compound (0.26 g, 0.52 mmol, 65%) was
prepared from 5-({[tert-butyl(dimethyl)silylloxylmethyl)-3-ethylthiophene-2-carboxylic acid (28)
0.27 g, 0.90 mmol), 1-hydroxybenzotriazole (0.13 g, 0.96 mmol),
1-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride (0.18 g, 0.96 mmol), triethylamine
(0.33 mL, 2.4 mmol), 2-amino-1-[3-fluoro-4-(propan-2-yloxy)phenyllethanone hydrochloride (34g)
(0.22 g, 0.88 mmol) and CH:Cl: (8.0 mL). The final purification by flash column chromatography
(mhexane/EtOAc 6:1 to 4:1) gave a light yellow solid. 'H NMR (400 MHz, CDCls) §: 7.78-7.73 (m, 2H),
7.03 (dd, 1H, J/=8.6, 8.2 Hz), 6.92 (br s, 1H), 6.80 (s, 1H), 4.85 (s, 2H), 4.84 (s, 2H), 4.71 (sept, 1H, J=
5.9 Hz), 2.96 (q, 2H, J= 7.4 Hz), 1.42 (d, 6H, J= 5.9 Hz), 1.28 (t, 3H, /= 7.4 Hz), 0.94 (s, 9H), 0.12 (s,
6H); IR (KBr): 3415, 2934, 1676, 1632, 1514, 1434, 1277, 1133, 1073, 838 cm''; MS (FAB*) m/z 494
((M+H)").

® 2-[5-([tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[3-fluoro-4-(propan-2-yloxy)
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phenyl]-1,3-thiazole (36g)

According to a similar procedure to 5-3-10 (a), the title compound (0.23 g, 0.46 mmol, 90%) was
prepared from
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-[3-fluoro-4-(propan-2-yloxy)phenyll-2-oxoethy
ljthiophene-2-carboxamide (0.25 g, 0.51 mmol), pyridine (82 pL, 1.0 mmol), Lawesson’s reagent (0.27
g, 0.66 mmol) and toluene (5.0 mL). The final purification by flash column chromatography
(m-hexane/EtOAc 20:1 to 15:1) gave a light green oil. tH NMR (400 MHz, CDCls) 6: 7.84 (s, 1H), 7.34—
7.25 (m, 2H), 7.00 (dd, 1H, J= 8.6, 8.2 Hz), 6.83 (s, 1H), 4.85 (s, 2H), 4.58 (sept, 1H, J= 5.9 Hz), 2.92
(q, 2H, J= 7.4 Hz), 1.39 (d, 6H, J= 5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.13 (s, 6H); IR
(ATR): 2928, 2855, 1496, 1273, 1255, 1129, 1074, 832, 774, 620 cm'l; MS (FAB*) m/z 492 (M+H)*).

(g) Methyl
1-[(4-ethyl-5-15-[3-fluoro-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-ylithiophen-2-yl)methyllazetidi
ne-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.17 g, 0.35 mmol, 80% in 3 steps)

was prepared from

2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[3-fluoro-4-(propan-2-yloxy)phe

nyll-1,3-thiazole (0.22 g, 0.45 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.54 mL, 0.54

mmol), THF (5.0 mL), and thionyl chloride (39 nL, 0.52 mmol), toluene (4.0 mL), a catalytic amount

of DMF, methyl 3-azetidinecarboxylate = hydrochloride (91 mg, 0.60 mmol),

N, N-diisopropylethylamine (0.24 mL, 1.4 mmol) and acetonitrile (4.0 mL). The final purification was

conducted by flash column chromatography (2-hexane/EtOAc 3:1 to 1:1). 'H NMR (400 MHz, CDCls)

§: 7.84 (s, 1H), 7.33-7.24 (m, 2H), 7.00 (dd, 1H, J= 8.6, 8.2 Hz), 6.81 (s, 1H), 4.58 (sept, 1H, J=5.9

Hz), 3.76 (s, 2H), 3.72 (s, 3H), 3.66—3.59 (m, 2H), 3.41-3.31 (m, 3H), 2.91 (q, 2H, J/= 7.4 Hz), 1.39 (d,

6H, J=5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz); IR (ATR): 2972, 2842, 1733, 1494, 1272, 1200, 1174, 1127,

1106, 949, 841, 620 cm'; MS (FAB*) m/z 475 (M+H)").

(h) 1-[(4-Ethyl-5-{5-[3-fluoro-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidi
ne-3-carboxylic acid (38g)
According to a similar procedure to 5-3-7 (e), the title compound (0.14 g, 0.30 mmol, 84%) was
prepared from methyl
1-[(4-ethyl-5-15-[3-fluoro-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidine-3
-carboxylate (0.17 g, 0.35 mmol), NaOH (1.0 M in water, 0.53 mL, 0.53 mmol), THF (1.0 mL),
methanol (2.0 mL) and acetic acid (90 pL, 1.6 mmol). The final purification by recrystallization
(acetonitrile/water) gave a light yellow solid. 'H NMR (400 MHz, DMSO-de) &: 8.18 (s, 1H), 7.69-7.63
(m, 1H), 7.45-7.40 (m, 1H), 7.24 (dd, 1H, J= 9.0, 9.0 Hz), 6.95 (s, 1H), 4.70 (sept, 1H, J=5.9 Hz), 3.71
(s, 2H), 3.53-3.37 (m, 2H), 3.29-3.19 (m, 3H), 2.87 (q, 2H, /= 7.4 Hz), 1.31 (d, 6H, /= 5.9 Hz), 1.25 (t,
3H, J= 7.4 Hz); IR (ATR): 3423, 2975, 1624, 1535, 1496, 1385, 1269, 1130, 953, 811, 494 cm'l; MS
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(FAB*) m/z 461 ((M+H)+).

5-3-17.
1-[(5-{5-[3-Chloro-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}-4-ethylthiophen-2-yl)methyl]azetidine-
3-carboxylic acid (38h)

Cl

i-PrO

NO/COZH

(a) 3-Chloro-4-(propan-2-yloxy)benzonitrile

According to a similar procedure to 5-3-11 (a), the title compound was quantitatively prepared from
3-chloro-4-fluorobenzonitrile (2.0 g, 13 mmol), 2-propanol (1.4 mL, 18 mmol), sodium hydride (55wt%
dispersion form in mineral oil, 0.79 g, 18 mmol) and THF (26 mL). The final purification by flash
column chromatography (silica gel, n-hexane/EtOAc 1:0 to 3:2) gave a colorless oil. 'H NMR (400
MHz, CDCls) &: 7.65 (d, 1H, J= 2.3 Hz), 7.51 (dd, 1H, J= 8.6, 2.3 Hz), 6.96 (d, 1H, J= 8.6 Hz), 4.66
(sept, 1H, J=5.9 Hz), 1.42 (d, 6H, J= 5.9 Hz).

(b) 1-[3-Chloro-4-(propan-2-yloxy)phenyllethanone

According to a similar procedure to 5-3-11 (b), the title compound (1.2 g, 5.7 mmol, 91%) was
prepared from 3-chloro-4-(propan-2-yloxy)benzonitrile (1.2 g, 6.3 mmol), methyllithium (1.1 M in
ether, 11 mL, 13 mmol) and THF (10 mL). The final purification by flash column chromatography
(silica gel, mhexane/EtOAc 1:0 to 7:3) gave a yellow oil. 1H NMR (400 MHz, CDCls) 6: 7.99 (d, 1H, J=
2.3 Hz), 7.83 (dd, 1H, J= 8.6, 2.3 Hz), 6.96 (d, 1H, J= 8.6 Hz), 4.68 (sept, 1H, J= 5.9 Hz), 2.55 (s, 3H),
1.42 (d, 6H, J= 5.9 Hz); IR (ATR): 2987, 1674, 1591, 1493, 1266, 1112, 952, 823, 598 cm'l; MS (EI*)
mlz 212 (M*).

() 2-Bromo-1-[3-chloro-4-(propan-2-yloxy)phenyllethanone

According to a similar procedure to 5-3-11 (c), the title compound (1.4 g, 4.7 mmol, 81%) was
prepared from 1-[3-chloro-4-(propan-2-yloxy)phenyllethanone (1.2 g, 5.7 mmol),
phenyltrimethylammonium tribromide (2.2 g, 5.7 mmol) and THF (12 mL). The final purification by
flash column chromatography (mhexane/EtOAc 1:0 to 80:20) gave a light yellow oil. 'H NMR (400
MHz, CDCls) &: 8.02 (d, 1H, J= 2.3 Hz), 7.87 (dd, 1H, J= 8.6, 2.3 Hz), 6.97 (d, 1H, J/= 8.6 Hz), 4.71
(sept, 1H, J= 6.3 Hz), 4.37 (s, 2H), 1.43 (d, 6H, J= 6.3 Hz); IR (ATR): 2980, 1673, 1589, 1495, 1269,
1189, 1103, 1055, 1055, 947, 814, 615 cm™; MS (EI*) m/z 290 (MY).

(d) 2-Amino-1-[3-chloro-4-(propan-2-yloxy)phenyllethanone hydrochloride (34h)
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According to a similar procedure to 5-3-11 (d), the title compound (0.70 g, 2.7 mmol, 57%) was
prepared from 2-bromo-1-[3-chloro-4-(propan-2-yloxy)phenyllethanone (1.4 g, 4.7 mmol), sodium
diformylamide (0.53 g, 5.6 mmol), acetonitrile (9.0 mL), HCI (12 M in water, 2.4 mL, 29 mmol) and
ethanol (15 mL). 'H NMR (400 MHz, CDs0D) &: 8.06 (d, 1H, J= 2.3 Hz), 7.96 (dd, 1H, J= 8.6, 2.3 Hz),
7.24 (d, 1H, J = 8.6 Hz), 4.84 (sept, 1H, J= 6.3 Hz), 4.53 (s, 2H), 1.40 (d, 6H, J = 6.3 Hz); IR (KCD):
2980, 2931, 1687, 1593, 1498, 1265, 1222, 1102, 950, 807 cm'; MS (FAB*) m/z 228 (M+H)*).

(e) 5-({[tert-Butyl(dimethyl)silylloxy}methyl)- N-{2-[3-chloro-4-(propan-2-yloxy)phenyll-2-oxoethyl}-3
-ethylthiophene-2-carboxamide

According to a similar procedure to 5-3-11 (e), the title compound (0.31 g, 0.60 mmol, 75%) was
prepared from 5-({[tert-butyl(dimethyl)silylloxytmethyl)-3-ethylthiophene-2-carboxylic acid (28)
0.27 g, 0.90 mmol), 1-hydroxybenzotriazole (0.13 g, 0.96 mmol),
1-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride (0.18 g, 0.96 mmol), triethylamine
(0.33 mL, 2.4 mmol), 2-amino-1-[3-chloro-4-(propan-2-yloxy)phenyllethanone hydrochloride (34h)
(0.23 g, 0.88 mmol) and CH:Clz (8.0 mL). The final purification by flash column chromatography
(mhexane/EtOAc 6:1 to 4:1) gave a light yellow solid. *H NMR (400 MHz, CDCls) 6: 8.06 (d, 1H, J=
2.3 Hz), 7.88 (dd, 1H, J= 8.6, 2.3 Hz), 6.99 (d, 1H, J= 8.6 Hz), 6.92 (br s, 1H), 6.80 (s, 1H), 4.85 (s, 2H),
4.84 (s, 2H), 4.71 (sept, 1H, J=5.9 Hz), 2.96 (q, 2H, J= 7.4 Hz), 1.44 (d, 6H, J=5.9 Hz), 1.28 (t, 3H, J
= 7.4 Hz), 0.94 (s, 9H), 0.12 (s, 6H); IR (KBr): 3414, 2931, 1678, 1632, 1513, 1258, 1211, 1073, 838,
777 cm; MS (FABY) m/z 510 (M+H)*).

® 2-[5-([tertButyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yll-5-[3-chloro-4-(propan-2-yloxy)
phenyll-1,3-thiazole (36h)

According to a similar procedure to 5-3-10 (a), the title compound (0.25 g, 0.50 mmol, 84%) was
prepared from
5-([tert-butyl(dimethyl)silylloxy}methyl)- N-{2-[3-chloro-4-(propan-2-yloxy)phenyll-2-oxoethyl}-3-eth
ylthiophene-2-carboxamide (0.30 g, 0.59 mmol), pyridine (95 pL, 1.2 mmol), Lawesson’s reagent (0.31
g, 0.77 mmol) and toluene (6.0 mL). The final purification by flash column chromatography
(mhexane/EtOAc 20:1 to 15:1) gave a light green solid. 'H NMR (400 MHz, CDCls) &: 7.84 (s, 1H),
7.59 (d, 1H, J= 2.3 Hz), 7.41 (dd, 1H, J= 8.6, 2.3 Hz), 6.97 (d, 1H, J/= 8.6 Hz), 6.83 (s, 1H), 4.85 (s,
2H), 4.60 (sept, 1H, J= 5.9 Hz), 2.92 (q, 2H, J= 7.4 Hz), 1.41 (d, 6H, J=5.9 Hz), 1.32 (t, 3H, J= 7.4
Hz), 0.94 (s, 9H), 0.13 (s, 6H); IR (KBr): 2929, 1491, 1282, 1256, 1143, 1057, 840, 778 cm''; MS (FAB*)
m/z 508 (M+H)*).

(g) Methyl
1-[(5-{5-[3-chloro-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}-4-ethylthiophen-2-yl)methyllazetidi
ne-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.19 g, 0.38 mmol, 79% in 3 steps)
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was prepared from
2-[5-([ tert-butyl(dimethyl)silylloxy} methyl)-3-ethylthiophen-2-yl]-5-[3-chloro-4-(propan-2-yloxy)phe
nyl]-1,3-thiazole (0.25 g, 0.49 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.59 mL, 0.59
mmol), THF (5.0 mL), and thionyl chloride (41 uL, 0.55 mmol), toluene (4.0 mL), a catalytic amount
of DMF, methyl  3-azetidinecarboxylate  hydrochloride (96 mg, 0.63  mmol),
N, N-diisopropylethylamine (0.26 mL, 1.5 mmol) and acetonitrile (4.0 mL). The final purification was
conducted by flash column chromatography (m-hexane/EtOAc 2:1 to 1:1). 'H NMR (400 MHz, CDCls)
5:7.84 (s, 1H), 7.59 (d, 1H, J= 2.3 Hz), 7.40 (dd, 1H, J= 8.6, 2.3 Hz), 6.97 (d, 1H, J= 8.6 Hz), 6.81 (s,
1H), 4.60 (sept, 1H, J=5.9 Hz), 3.76 (s, 2H), 3.72 (s, 3H), 3.66-3.59 (m, 2H), 3.41-3.31 (m, 3H), 2.91
(q, 2H, J="7.4 Hz), 1.41 (d, 6H, J=5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz); IR (KBr): 2968, 1728, 1493, 1282,
1110, 953 cm''; MS (FAB*) m/z 491 (M+H)").

(h) 1-[(5-{5-[3-Chloro-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}-4-ethylthiophen-2-yl)methyllazetidi
ne-3-carboxylic acid (38h)

According to a similar procedure to 5-3-7 (e), the title compound (0.15 g, 0.31 mmol, 85%) was
prepared from methyl
1-[(5-{5-[3-chloro-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}-4-ethylthiophen-2-yl)methyl]lazetidine-3
-carboxylate (0.18 g, 0.37 mmol), NaOH (1.0 M in water, 0.56 mL, 0.56 mmol), THF (1.0 mL),
methanol (2.0 mL) and acetic acid (64 pL, 1.1 mmol). The final purification by recrystallization
(acetonitrile/water) gave a light yellow solid. 1H NMR (400 MHz, DMSO-ds) §: 8.20 (s, 1H), 7.81 (d,
1H, J=2.3 Hz), 7.59 (dd, 1H, J= 8.6, 2.3 Hz), 7.24 (d, 1H, J= 8.6 Hz), 6.95 (s, 1H), 4.74 (sept, 1H, J=
5.9 Hz), 3.71 (s, 2H), 3.51-3.39 (m, 2H), 3.29-3.11 (m, 3H), 2.88 (q, 2H, J= 7.4 Hz), 1.32 (d, 6H, J=
5.9 Hz), 1.26 (t, 3H, J = 7.4 Hz); IR (KBr): 3408, 2974, 1600, 1493, 1288, 1109, 950, 814 cm'l; MS
(FABY) miz 477 (M+H)").

5-3-18.
1-[(4-Ethyl-5-{5-[3-methyl-4-(propan-2-yl)phenyll-1,3-thiazol-2-yl}thiophen-2-yl)methyl]lazetidine-3-c
arboxylic acid (381)

N
Me /\ y
S

/
i-P
i-Pr S NO(COzH

(a) 1-[3-Methyl-4-(propan-2-yl)phenyllethanone

To a mixture of 4-bromo-2-methylbenzoic acid (15 g, 70 mmol), N,O-dimethylhydroxylamine
hydrochloride (8.2 g, 84 mmol) and triethylamine (23 mL, 170 mmol) in CH2Clz (250 mL) were added
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide = hydrochloride (16 g, 84 mmol) and
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1-hydroxybenzotriazole (13 g, 84 mmol) at 0 °C and the resulting mixture was stirred at room
temperature for 18 h. The reaction mixture was poured into water and extracted with CH2Clz. The
extract was washed with water and brine, dried over Na2SQy, filtered and concentrated. The residue
was purified by flash column chromatography (mhexane/EtOAc 10:1 to 3:1) to afford
4-bromo-N-methoxy-NV,2-dimethylbenzamide (18 g, 68 mmol, 97%) as a colorless oil.

To a solution of 4-bromo- N-methoxy-N,2-dimethylbenzamide (5.0 g, 25 mmol) in THF (75 mL) was
slowly added methylmagnesium bromide (1.1 M in ether, 25 mL, 26 mmol) at -78 °C and the
resulting mixture was stirred at room temperature for 7 h. The reaction was quenched with sat.
NH4Cl and the reaction mixture was extracted with EtOAc. The extract was washed with water and
brine, dried over Na2SOs, filtered and concentrated. The residue was purified by flash column
chromatography (silica gel, mhexane/EtOAc 10:1 to 3:1) to afford
1-(4-bromo-2-methylphenyl)ethanone (2.4 g, 11 mmol, 45%).

To a solution of methyl(triphenyl)phosphonium iodide (6.0 g, 15 mmol) in THF was added n-BuLi (1.6
M in hexane, 9.4 mL, 15 mmol) at -78 °C and the mixture was stirred at 0 °C for 30 min. After cooling
to -78 °C again, 1-(4-bromo-2-methylphenyl)ethanone (2.4 g, 11 mmol) in THF was added and the
resulting mixture was stirred at room temperature for 6 h. The reaction was quenched with water
and the reaction mixture was extracted with EtOAc. The extract was washed with water and brine,
dried over Na2SQ4, filtered and concentrated. The residue was purified by flash column
chromatography (silica gel, mhexane/EtOAc 20:1 to 8:1) to afford the
4-bromo-2-methyl-1-(prop-1-en-2-yDbenzene (1.4 g, 6.5 mmol, 58 %) as a yellow oil.

To a solution of 4-bromo-2-methyl-1-(prop-1-en-2-yl)benzene (1.4 g, 6.5 mmol) in THF (27 mL) was
slowly added n-BuLi (1.6 M in hexane, 6.0 mL, 9.7 mmol) at -78 °C. After stirring at -78 °C for 2 h,
N-methoxy- N-methylacetamide (1.2 g, 12 mmol) in THF was slowly added and the resulting mixture
was stirred at -40 °C. The reaction was quenched with aqueous potassium hydrogen sulfate solution
and the reaction mixture was extracted with EtOAc. The extract was washed with brine, dried over
Na2S0y, filtered and concentrated. The residue was purified by flash column chromatography (silica
gel, mhexane/EtOAc 1:0 to 10:1) to afford 1-[3-methyl-4-(prop-1-en-2-yl)phenyllethanone (0.66 g, 3.8
mmol, 58%) as a colorless oil.

To a solution of 1-[3-methyl-4-(prop-1-en-2-yl)phenyllethanone (0.66 g, 3.8 mmol) in ethanol (13 mL)
was added rhodium(I) tris-(triphenylphosphine) chloride (0.18 g, 0.19 mmol) and the resulting
mixture was degassed and saturated with hydrogen gas. After stirring at room temperature for 3 h,
the reaction mixture was diluted with n-hexane (50 mL), filtered and concentrated. The residue was
purified by flash column chromatography (silica gel, n-hexane/EtOAc 1:0 to 9:1) to afford the title
compound (0.60 g, 3.40 mmol, 90%) as a colorless oil. 'H NMR (400 MHz, CDCls) 6: 7.77 (dd, 1H, J=
8.2,1.6 Hz), 7.74 (d, 1H, J=1.6 Hz), 7.33 (d, 1H, J= 8.2 Hz), 3.18 (sept, 1H, J= 6.6 Hz), 2.57 (s, 3H),
2.39 (s, 3H), 1.24 (d, 6H, J= 6.6 Hz).

(b) 2-Bromo-1-[3-methyl-4-(propan-2-yl)phenyllethanone
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According to a similar procedure to 5-3-11 (c), the crude product of the title compound was prepared
from 1-[3-methyl-4-(propan-2-yl)phenyllethanone (0.60 g, 3.4 mmol), phenyltrimethylammonium
tribromide (1.3 g, 3.4 mmol) and THF (12 mL). This crude product was used to the next step without

purification by flash column chromatography.

() 2-Amino-1-[3-methyl-4-(propan-2-yl)phenyllethanone hydrochloride (34i)

According to a similar procedure to 5-3-11 (d), the title compound (0.43 g, 1.9 mmol, 55% in 3 steps)
was prepared from 2-bromo-1-[3-methyl-4-(propan-2-yl)phenyllethanone, sodium diformylamide
(0.42 g, 4.4 mmol), acetonitrile (8.0 mL), HCI (12 M in water, 0.70 mL, 2.0 mmol) and ethanol (7.0
mL). The final purification by washing the crude product with n-hexane gave a white solid. 1H NMR
(400 MHz, CDCls) 6: 8.78-8.65 (m, 3H), 7.72-7.64 (m, 2H), 7.16 (d, 1H, /= 8.2 Hz), 4.83 (q, 2H, /=
5.5 Hz), 3.07 (sept, 1H, /= 6.6 Hz), 2.20 (s, 3H), 1.14 (d, 6H, /= 6.6 Hz); MS (ESI) m/z 191 (M").

(d 5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-[3-methyl-4-(propan-2-yl)phenyl]-2-oxoet
hylithiophene-2-carboxamide

According to a similar procedure to 5-3-11 (e), the title compound (0.38 g, 0.80 mmol, 66%) was
prepared from 5-({[tert-butyl(dimethyl)silylloxylmethyl)-3-ethylthiophene-2-carboxylic acid (28)
(0.36 g, 1.2 mmol), 1-hydroxybenzotriazole (0.22 g, 1.5 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.28 g, 1.5 mmol), triethylamine (0.51
mL, 3.6 mmol), 2-amino-1-[3-methyl-4-(propan-2-yl)phenyllethanone hydrochloride (34i) (0.30 g, 1.2
mmol) and CH2Cl: (10 mL). The final purification by flash column chromatography (silica gel,
mhexane/EtOAc 20:1 to 6:1) gave a pale yellow solid. 1H NMR (400 MHz, CDCls) §: 7.86—-7.77 (m, 2H),
7.38 (d, 1H, J= 8.2 Hz), 6.98 (t, 1H, J= 3.9 Hz), 6.80 (s, 1H), 4.89 (d, 2H, J= 3.9 Hz), 4.84 (s, 2H), 3.20
(sept, 1H, J= 6.6 Hz), 2.97 (q, 2H, J= 7.4 Hz), 2.41 (s, 3H), 1.29 (t, 3H, J= 7.4 Hz), 1.25 (d, 6H, J=6.6
Hz), 0.94 (s, 9H), 0.12 (s, 6H); MS (ESD m/z 473 (M*).

(e) 2-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yll-5-[3-methyl-4-(propan-2-yl)ph
enyl]-1,3-thiazole (861)

According to a similar procedure to 5-3-10 (a), the title compound (0.32 g, 0.68 mmol, 86%) was
prepared from
5-({[tert-butyl(dimethyl)silylloxy}methyl)-3-ethyl- N-{2-[3-methyl-4-(propan-2-yl)phenyl]-2-oxoethyl}t
hiophene-2-carboxamide (0.37 g, 0.79 mmol), pyridine (0.13 mL, 1.6 mmol), Lawesson’s reagent (0.42
g, 1.0 mmol) and toluene (6.0 mL). The final purification was conducted by flash column
chromatography (mhexane/EtOAc 1:0 to 12:1). 'TH NMR (400 MHz, CDCls) &: 7.90 (s, 1H), 7.41 (dd,
1H, J= 8.2, 2.0 Hz), 7.35 (d, 1H, J= 2.0 Hz), 7.28 (d, 1H, J= 8.2 Hz), 6.83 (s, 1H), 4.85 (s, 2H), 3.16
(sept, 1H, J=6.6 Hz), 2.93 (q, 2H, J= 7.4 Hz), 2.39 (s, 3H), 1.33 (t, 3H, J= 7.4 Hz), 1.25 (d, 6H, J=6.6
Hz), 0.94 (s, 9H), 0.13 (s, 6H); MS (FAB") m/z 472 (M+H)*).
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(f) Methyl
1-[(4-ethyl-5-15-[3-methyl-4-(propan-2-yl)phenyl]-1,3-thiazol-2-yl}thiophen-2-yl)methyllazetidine-
3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.30 g, 0.66 mmol, 97% in 3 steps)

was prepared from

2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-5-[3-methyl-4-(propan-2-yl)phenyl

]-1,3-thiazole (0.32 g, 0.68 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.81 mL, 0.81 mmol),

THF (6.0 mL), and thionyl chloride (0.1 mL, 1.4 mmol), toluene (5.0 mL), a catalytic amount of DMF,

methyl 3-azetidinecarboxylate hydrochloride (0.15 g, 1.0 mmol), N, N-diisopropylethylamine (0.35 mL,,

2.0 mmol) and acetonitrile (5.0 mL). The final purification by flash column chromatography

(m-hexane/EtOAc 10:1 to 2:3) gave a yellow oil. 1H NMR (400 MHz, CDCls) §: 7.90 (s, 1H), 7.40 (dd,

1H, J=17.8,2.0 Hz), 7.35 (d, 1H, J= 2.0 Hz), 7.27 (d, 1H, J= 7.8 Hz), 6.81 (s, 1H), 3.76 (s, 2H), 3.72 (s,

3H), 3.68-3.58 (m, 2H), 3.41-3.31 (m, 3H), 3.15 (sept, 1H, J= 6.6 Hz), 2.92 (q, 2H, J= 7.4 Hz), 2.39 (s,

3H), 1.32 (t, 3H, J= 7.4 Hz), 1.25 (d, 6H, J= 6.6 Hz); MS (ESI) m/z 454 (M*).

(2) 1-[(4-Ethyl-5-15-[3-methyl-4-(propan-2-yl)phenyl]-1,3-thiazol-2-ylithiophen-2-yl)methyllazetidine
-3-carboxylic acid (381)

According to a similar procedure to 5-3-7 (e), the title compound (0.18 g, 0.41 mmol, 64%) was
prepared from methyl
1-[(4-ethyl-5-{5-[3-methyl-4-(propan-2-yl)phenyll-1,3-thiazol-2-yljthiophen-2-yl)methyllazetidine-3-c

arboxylate (0.29 g, 0.64 mmol), NaOH (1.0 M in water, 0.96 mL, 0.96 mmol), methanol (1.5 mL) and
acetic acid (55 pL, 0.96 mmol). The final purification by recrystallization (acetonitrile/water) gave a
pale yellow solid. 'H NMR (400 MHz, DMSO-de) &: 8.16 (s, 1H), 7.53-7.47 (m, 2H), 7.31 (d, 1H, J=17.8
Hz), 6.95 (s, 1H), 3.71 (s, 2H), 3.51-3.38 (m, 2H), 3.31-3.19 (m, 3H), 3.12 (sept, 1H, J= 6.6 Hz), 2.88
(q, 2H, J=17.4 Hz), 2.35 (s, 3H), 1.26 (t, 3H, J= 7.4 Hz), 1.19 (d, 6H, J= 6.6 Hz); IR (KBr): 3410, 2960,
1593, 1490, 1378, 1147, 819, 514 cm''; MS (ESD m/z 440 (M¥).

5-3-19.
1-{[5-(5-{4-[(29-Butan-2-yloxyl-3-methylphenyl}-1,3-thiazol-2-yl)-4-ethylthiophen-2-yllmethyl}azetid
ine-3-carboxylic acid (38;)

M N
S

(a) 4-[(29-Butan-2-yloxyl-3-methylbenzonitrile

/ NO/COZH
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According to a similar procedure to 5-3-11 (a), the title compound (0.69 g, 3.7 mmol, 91%) was
prepared from 4-fluoro-3-methylbenzonitrile (0.54 g, 4.0 mmol), (9-(+)-2-butanol (0.62 mL, 6.8
mmol), sodium hydride (55wt% dispersion form in mineral oil, 0.30 g, 6.8 mmol) and THF (8.0 mL).
The final purification by flash column chromatography (silica gel, z-hexane/EtOAc 1:0 to 7:3) gave a
colorless oil. tH NMR (400 MHz, CDCls) §: 7.45 (dd, 1H, = 8.2, 2.0 Hz), 7.42-7.40 (m, 1H), 6.80 (d,
1H, J= 8.2 Hz), 4.38 (tq, 1H, J=5.9, 5.9 Hz), 2.20 (s, 3H), 1.77 (ddq, 1H, J=14.9, 7.4, 5.9 Hz), 1.67
(ddq, 1H, J=14.9, 7.4, 5.9 Hz), 1.32 (d, 3H, J= 5.9 Hz), 0.98 (t, 3H, J= 7.4 Hz).

(b) 1-{4-[(29-Butan-2-yloxyl-3-methylphenyl}ethanone

According to a similar procedure to 5-3-11 (b), the title compound (0.72 g, 3.5 mmol, 95%) was
prepared from 4-[(2.9-butan-2-yloxyl-3-methylbenzonitrile (0.69 g, 3.7 mmol), methyllithium (1.1 M
in ether, 6.6 mL, 7.3 mmol) and THF (6.0 mL). The final purification by flash column
chromatography (silica gel, n-hexane/EtOAc 1:0 to 7:3) gave a colorless oil. 'H NMR (400 MHz,
CDCls) 6: 7.84-7.77 (m, 2H), 6.82 (d, 1H, J=9.0 Hz), 4.41 (tq, 1H, J=5.9, 5.9 Hz), 2.54 (s, 3H), 2.24 (s,
3H), 1.78 (ddq, 1H, J=14.5, 7.4, 5.9 Hz), 1.68 (ddq, 1H, J=14.5, 7.4, 5.9 Hz), 1.33 (d, 3H, J=5.9 H2),
0.99 (t, 3H, J= 7.4 Ha).

() 2-Bromo-1-{4-[(2.9-butan-2-yloxyl-3-methylphenyljethanone

According to a similar procedure to 5-3-11 (c), the title compound (0.90 g, 3.1 mmol, 91%) was
prepared from 1-{4-[(29-butan-2-yloxyl-3-methylphenyliethanone (0.71 g, 3.5 mmol),
phenyltrimethylammonium tribromide (1.3 g, 3.5 mmol) and THF (7.0 mL). The final purification by
flash column chromatography (n-hexane/EtOAc 1:0 to 83:17) gave a colorless oil. '1H NMR (400 MHz,
CDCls) 6: 7.82 (dd, 1H, J= 8.6, 2.3 Hz), 7.80 (d, 1H, J= 2.3 Hz), 6.84 (d, 1H, J= 8.6 Hz), 4.43 (tq, 1H,
J=15.9,5.9 Hz), 4.39 (s, 2H), 2.24 (s, 3H), 1.79 (ddq, 1H, J=14.9, 7.4, 5.9 Hz), 1.69 (ddq, 1H, J= 14.9,
7.4, 5.9 Hz), 1.34 (d, 8H, J= 5.9 Hz), 0.99 (t, 3H, J= 7.4 Hz).

(d) 2-Amino-1-{4-[(2,9-butan-2-yloxyl-3-methylphenyliethanone hydrochloride (34j)

According to a similar procedure to 5-3-11 (d), the title compound was quantitatively prepared from
2-bromo-1-{4-[(2.9-butan-2-yloxyl-3-methylphenyljethanone (0.89 g, 3.1 mmol), sodium
diformylamide (0.39 g, 4.1 mmol), acetonitrile (6.0 mL), HC1 (12 M in water, 1.6 mL, 19 mmol) and
ethanol (10 mL). 'H NMR (400 MHz, CD30D) §: 7.88 (dd, 1H, J/= 8.6, 2.3 Hz), 7.86-7.83 (m, 1H), 7.05
(d, 1H, J=8.6 Hz), 4.56 (tq, 1H, J=5.9, 5.9 Hz), 4.52 (s, 2H), 2.24 (s, 3H), 1.78 (ddq, 1H, J=14.9, 7.4,
5.9 Hz), 1.71 (ddq, 1H, J=14.9, 7.4, 5.9 Hz), 1.33 (d, 3H, J= 5.9 Hz), 1.00 (t, 3H, J= 7.4 Hz).

(e) N-(2-14-[(29-Butan-2-yloxyl-3-methylphenyl}-2-oxoethyl)-5-({[ert-butyl(dimethyl)silylloxylmeth
yD)-3-ethylthiophene-2-carboxamide

According to a similar procedure to 5-3-11 (e), the title compound (0.26 g, 0.51 mmol, 57%) was

prepared from 5-({{zert-butyl(dimethyl)silylJoxylmethyl)-3-ethylthiophene-2-carboxylic acid (28)
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0.27 g, 0.90 mmol), 1-hydroxybenzotriazole 0.15 g, 1.1 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.21 g, 1.1 mmol), triethylamine (0.38
mL, 2.7 mmol), 2-amino-1-{4-[(2,9)-butan-2-yloxyl-3-methylphenyljethanone hydrochloride (34j) (0.26
g, 0.99 mmol) and CH2Cl: (5.0 mL). The final purification by flash column chromatography
(hexane/EtOAc 10:1 to 8:1) gave a yellow solid. tH NMR (400 MHz, CDCls) &: 7.86—7.82 (m, 2H),
7.02 (t, 1H, J= 3.9 Hz), 6.86 (d, 1H, J= 8.6 Hz), 6.80 (s, 1H), 4.85 (d, 2H, J= 3.9 Hz), 4.84 (s, 2H), 4.44
(tq, 1H, J=5.9, 5.9 Hz), 2.97 (q, 2H, J= 7.4 Hz), 2.25 (s, 3H), 1.79 (ddq, 1H, J=14.9, 7.4, 5.9 Hz), 1.69
(ddq, 1H, J=14.9, 7.4, 5.9 Hz), 1.34 (d, 3H, J= 5.9 Hz), 1.29 (t, 3H, J= 7.4 Hz), 1.00 (t, 3H, J= 7.4
Hz), 0.94 (s, 9H), 0.12 (s, 6H).

® 5-{4-[(29-Butan-2-yloxyl-3-methylphenyl}-2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylth
iophen-2-yl]-1,3-thiazole (36j)

According to a similar procedure to 5-3-10 (a), the title compound (0.21 g, 0.41 mmol, 85%) was
prepared from
N-(2-{4-[(2.9-butan-2-yloxyl-3-methylphenyl}-2-oxoethyl)-5-({[ tert-butyl(dimethylsilylloxy}methyl)-3

-ethylthiophene-2-carboxamide (0.26 g, 0.49 mmol), pyridine (79 pL, 0.98 mmol), Lawesson’s reagent
(0.26 g, 0.64 mmol) and toluene (5.0 mL). The final purification by flash column chromatography
(mrhexane/EtOAc 30:1) gave a brown solid. 'H NMR (400 MHz, CDCls) &: 7.82 (s, 1H), 7.37-7.33 (m,
2H), 6.85-6.81 (m, 2H), 4.85 (s, 2H), 4.34 (tq, 1H, J=5.9, 5.9 Hz), 2.93 (q, 2H, J= 7.4 Hz), 2.25 (s, 3H),
1.77 (ddq, 1H, J=14.5, 7.4, 5.9 Hz), 1.67 (ddq, 1H, J=14.5, 7.4, 5.9 Hz), 1.32 (t, 3H, J= 7.4 Hz), 1.32
(d, 8H, J=5.9 Hz), 0.99 (t, 3H, J= 7.4 Hz), 0.94 (s, 9H), 0.13 (s, 6H).

(g) Methyl
1-{[5-(5-{4-[(2.9-butan-2-yloxyl-3-methylphenyl}-1,3-thiazol-2-yl)-4-ethylthiophen-2-yllmethyl}az
etidine-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.16 g, 0.33 mmol, 80% in 3 steps)

was prepared from

5-14-[(2.9-butan-2-yloxyl-3-methylphenyl}-2-[5-({[ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthioph

en-2-yl]-1,3-thiazole (0.21 g, 0.42 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.50 mL, 0.50

mmol), THF (5.0 mL), and thionyl chloride (71 nL, 0.95 mmol), toluene (6.0 mL), a catalytic amount

of  DMTF, methyl 3-azetidinecarboxylate = hydrochloride (86 mg, 0.57 mmol),

N, N-diisopropylethylamine (0.20 mL, 1.1 mmol) and acetonitrile (4.0 mL). The final purification by

flash column chromatography (z-hexane/EtOAc 2:1 to 3:2) gave a yellow oil. 'H NMR (400 MHz,

CDCls) &: 7.82 (s, 1H), 7.40-7.33 (m, 2H), 6.83 (d, 1H, J= 9.0 Hz), 6.81 (s, 1H), 4.34 (tq, 1H, J= 5.9,

5.9 Hz), 3.75 (s, 2H), 3.71 (s, 3H), 3.66-3.60 (m, 2H), 3.40-3.32 (m, 3H), 2.92 (q, 2H, J= 7.4 Hz), 2.25

(s, 3H), 1.77 (ddq, 1H, J=14.9, 7.4, 5.9 Hz), 1.66 (ddq, 1H, J= 14.9, 7.4, 5.9 Hz), 1.32 (t, 3H, J= 7.4

Hz), 1.32 (d, 3H, J=5.9 Hz), 1.00 (t, 3H, J= 7.4 Hz).
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(h) 1-{[5-(5-14-[(29)-Butan-2-yloxyl-3-methylphenyl}-1,3-thiazol-2-y1)-4-ethylthiophen-2-yllmethyl}az
etidine-3-carboxylic acid (38;)

According to a similar procedure to 5-3-7 (e), the title compound (0.12 g, 0.26 mmol, 82%) was
prepared from methyl
1-1[5-(5-14-[(2.9-butan-2-yloxyl-3-methylphenyl}-1,3-thiazol-2-y1)-4-ethylthiophen-2-yllmethyl}azetid
ine-3-carboxylate (0.16 g, 0.32 mmol), NaOH (1.0 M in water, 0.48 mL, 0.48 mmol), THF (1.0 mL),
methanol (2.0 mL) and acetic acid (0.14 mL, 2.4 mmol). The final purification by recrystallization
(acetonitrile/water) gave a light yellow solid. 1TH NMR (400 MHz, DMSO-de) &: 8.07 (s, 1H), 7.49 (d,
1H, J=2.3 Hz), 7.46 (dd, 1H, J= 8.6, 2.3 Hz), 7.00 (d, 1H, J= 8.6 Hz), 6.94 (s, 1H), 4.44 (tq, 1H, J=
5.9, 5.9 Hz), 3.70 (s, 2H), 3.54-3.37 (m, 2H), 3.29-3.17 (m, 3H), 2.87 (q, 2H, J= 7.4 Hz), 2.18 (s, 3H),
1.74-1.56 (m, 2H), 1.26 (t, 3H, J= 7.4 Hz), 1.25 (d, 3H, J= 5.9 Hz), 0.94 (t, 3H, J= 7.4 Hz); IR (KBp):
3422, 2969, 1632, 1606, 1496, 1254, 1135, 987, 814, 535 cm'; MS (FAB*) m/z 471 (M+H)").

5-3-20.

1-{[5-(5-{4-[(2 R)-Butan-2-yloxyl-3-methylphenyl}-1,3-thiazol-2-yl)-4-ethylthiophen-2-yllmethyl}azeti
dine-3-carboxylic acid (38k)

Me / ':l
s 74
0O S

‘7

/ NO/COZH

(a) 4-[(2R)-Butan-2-yloxyl-3-methylbenzonitrile

According to a similar procedure to 5-3-11 (a), the title compound (0.71 g, 3.7 mmol, 93%) was
prepared from 4-fluoro-3-methylbenzonitrile (0.54 g, 4.0 mmol), (£)-(-)-2-butanol (0.62 mL, 6.8 mmol),
sodium hydride (55wt% dispersion form in mineral oil, 0.30 g, 6.8 mmol) and THF (8.0 mL). The final
purification by flash column chromatography (silica gel, n-hexane/EtOAc 1:0 to 7:3) gave a colorless

oil. '"H NMR is identical to its enantiomer which was prepared in 5-3-19 (a).

(b) 1-{4-[(2R)-Butan-2-yloxyl-3-methylphenyljethanone

According to a similar procedure to 5-3-11 (b), the title compound (0.76 g, 3.7 mmol, 99%) was
prepared from 4-[(2R)-butan-2-yloxyl-3-methylbenzonitrile (0.70 g, 3.7 mmol), methyllithium (1.1 M
in ether, 6.8 mL, 7.4 mmol) and THF (6.0 mL). The final purification by flash column
chromatography (silica gel, n-hexane/EtOAc 1:0 to 7:3) gave a light yellow oil. 'TH NMR is identical to

its enantiomer which was prepared in 5-3-19 (b).

() 2-Bromo-1-{4-[(2R)-butan-2-yloxyl-3-methylphenyliethanone
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According to a similar procedure to 5-3-11 (c), the title compound (0.89 g, 3.1 mmol, 85%) was
prepared from 1-14-[(2R)-butan-2-yloxyl-3-methylphenyl}ethanone (0.75 g, 3.7 mmol),
phenyltrimethylammonium tribromide (1.4 g, 3.7 mmol) and THF (8.0 mL). The final purification by
flash column chromatography (z-hexane/EtOAc 1:0 to 83:17) gave a light yellow oil. 1TH NMR is

identical to its enantiomer which was prepared in 5-3-19 (c).

(d) 2-Amino-1-{4-[(2R)-butan-2-yloxyl-3-methylphenyljethanone hydrochloride (84k)

According to a similar procedure to 5-3-11 (d), the title compound was quantitatively prepared from
2-bromo-1-{4-[(2R)-butan-2-yloxyl-3-methylphenyliethanone (0.89 g, 3.1 mmol), sodium
diformylamide (0.38 g, 4.0 mmol), acetonitrile (6.0 mL), HCI (12 M in water, 1.6 mL, 19 mmol) and
ethanol (10 mL). 1H NMR is identical to its enantiomer which was prepared in 5-3-19 (d).

(e) N-(2-14-[(2R)-Butan-2-yloxyl-3-methylphenyl}-2-oxoethyl)-5-({[ ert-butyl(dimethyl)silylloxy}meth
yD)-3-ethylthiophene-2-carboxamide

According to a similar procedure to 5-3-11 (e), the title compound (0.27 g, 0.53 mmol, 58%) was
prepared from 5-({[tert-butyl(dimethyl)silylloxytmethyl)-3-ethylthiophene-2-carboxylic acid (28)
0.27 g, 0.90 mmol), 1-hydroxybenzotriazole 0.15 g, 1.1 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.21 g, 1.1 mmol), triethylamine (0.38
mL, 2.7 mmol), 2-amino-1-{4-[(2R)-butan-2-yloxyl-3-methylphenyliethanone hydrochloride (34k)
(0.26 g, 0.99 mmol) and CH:Clz (5.0 mL). The final purification by flash column chromatography
(mhexane/EtOAc 10:1 to 8:1) gave a yellow solid. 'H NMR is identical to its enantiomer which was
prepared in 5-3-19 (e).

(®) 5-{4-[(2R)-Butan-2-yloxyl-3-methylphenyl}-2-[5-({[ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylth
iophen-2-yl]-1,3-thiazole (36k)
According to a similar procedure to 5-3-10 (a), the title compound (0.22 g, 0.43 mmol, 84%) was
prepared from
N-(2-{4-[(2R)-butan-2-yloxyl-3-methylphenyl}-2-oxoethyl)-5-({[ ert-butyl(dimethylsilylloxy}methyl)-3
-ethylthiophene-2-carboxamide (0.26 g, 0.51 mmol), pyridine (82 uL, 1.0 mmol), Lawesson’s reagent
(0.27 g, 0.66 mmol) and toluene (5.0 mL). The final purification by flash column chromatography
(mhexane/EtOAc 30:1) gave a brown solid. 'TH NMR is identical to its enantiomer which was

prepared in 5-3-19 (f).

(g) Methyl
1-[5-(5-{4-[(2 R)-butan-2-yloxyl-3-methylphenyl}-1,3-thiazol-2-yl)-4-ethylthiophen-2-yllmethyl}az
etidine-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.14 g, 0.29 mmol, 75% in 3 steps)

was prepared from
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5-14-[(2 R)-butan-2-yloxyl-3-methylphenyl}-2-[5-([tert-butyl(dimethyl)silylloxylmethyl)-3-ethylthioph
en-2-yll-1,3-thiazole (0.20 g, 0.39 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.47 mL, 0.47
mmol), THF (4.0 mL), and thionyl chloride (73 uL, 0.98 mmol), toluene (6.0 mL), a catalytic amount
of DMF, methyl  3-azetidinecarboxylate  hydrochloride (89 mg, 0.59  mmol),
N, N-diisopropylethylamine (0.20 mL, 1.2 mmol) and acetonitrile (4.0 mL). The final purification by
flash column chromatography (z-hexane/EtOAc 2:1 to 3:2) gave a yellow oil. 1H NMR is identical to

its enantiomer which was prepared in 5-3-19 (g).

(h) 1-{[5-(5-{4-[(2A)-Butan-2-yloxyl-3-methylphenyl}-1,3-thiazol-2-yl)-4-ethylthiophen-2-yllmethyl}az
etidine-3-carboxylic acid (38k)
According to a similar procedure to 5-3-7 (e), the title compound (0.11 g, 0.24 mmol, 83%) was
prepared from methyl
1-1[5-(5-{4-[(2 R)-butan-2-yloxyl-3-methylphenyl}-1,3-thiazol-2-yl)-4-ethylthiophen-2-yllmethyl}azetid
ine-3-carboxylate (0.14 g, 0.29 mmol), NaOH (1.0 M in water, 0.44 mL, 0.44 mmol), THF (1.0 mL),
methanol (2.0 mL) and acetic acid (0.13 mL, 2.2 mmol). The final purification by recrystallization
(acetonitrile/water) gave a light yellow solid. 'H NMR, IR and MS are identical to its enantiomer
which was prepared in 5-3-19 (h).

5-3-21.
1-({4-Ethyl-5-[2-(4-phenoxyphenyl)-1,3-oxazol-5-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
(42)

N

1\
o~
PhO

Y /)
NO/COZH

(a) NH2-[5-({[tert-Butyl(dimethyl)silylloxy}lmethyl)-3-ethylthiophen-2-yl]-2-oxoethyl}-4-phenoxybenz
amide

To a solution of 4-phenoxybenzoic acid (0.21 g, 1.0 mmol) and 1-hydroxybenzotriazole (0.16 g, 1.2
mmol) in CH2Clz (5.0 mL) were successively added 1-ethyl-3-(3-dimethylaminopropylcarbodiimide
hydrochloride (0.23 g, 1.2 mmol), EtsN (0.42 mlL, 3.0 mmol) and
2-amino-1-[3-ethyl-5-(hydroxymethyl)thiophen-2-yllethanone hydrochloride (39) (0.24 g, 1.0 mmol)
and the resulting mixture was stirred at room temperature for 1 h. The reaction mixture was poured
into water and extracted with EtOAc. The extract was washed with brine, dried over MgSOQs, filtered
and concentrated.

To the residue in DMF (5.0 mL) were added imidazole (0.20 g, 3.0 mmol) and TBSC1 (0.18 g, 1.2

mmol) and the resulting mixture was stirred at room temperature for 2.5 h. The reaction mixture
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was poured into water and extracted with Et20. The extract was washed with brine, dried over
MgSO,, filtered and concentrated. The residue was purified with flash column chromatography
(n-hexane/EtOAc 70:30) to afford the title compound (0.39 g, 0.77 mmol, 76%). 'H NMR (400 MHz,
CDCl») &: 7.85 (d, 2H, J = 8.6 Hz), 7.41-7.36 (m, 2H), 7.20-7.16 (m, 2H), 7.08-7.05 (m, 2H), 7.03 (d,
2H, J=8.6 Hz), 6.88 (s, 1H), 4.88 (s, 2H), 4.75 (d, 2H, J=4.3 Hz), 3.02 (q, 2H, J= 7.4 Hz), 1.25 (t, 3H,
J=17.4 Hz), 0.96 (s, 9H), 0.14 (s, 6H); IR (KBr): 3275, 2928, 1677, 1634, 1490, 1241, 1128, 850, 777,
667 cm'; MS (FAB*) m/z 510 (M+H)*).

() 5-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-(4-phenoxyphenyl)-1,3-oxaz
ole (40)

According to a similar procedure to 5-3-9 (d), the title compound (0.25 g, 0.51 mmol, 64%) was
prepared from
N-2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-oxoethyl}-4-phenoxybenzami
de (0.33 g, 0.65 mmol), EtsN (0.12 mL, 0.84 mmol), Burgess reagent (0.24 g, 1.0 mmol) and
acetonitrile (3.0 mL). The final purification was conducted by flash column chromatography
(n-hexane/EtOAc 97:3 to 90:10). *H NMR (400 MHz, CDCls) 8: 8.02 (d, 2H, J= 9.0 Hz), 7.42-7.36 (m,
2H), 7.20-7.15 (m, 2H), 7.12-7.06 (m, 4H), 6.80 (s, 1H), 4.85 (s, 2H), 2.76 (q, 2H, J= 7.4 Hz), 1.28 (t,
3H, J= 7.4 Hz), 0.95 (s, 9H), 0.13 (s, 6H); IR (ATR): 2927, 1588, 1486, 1237, 1069, 834, 776 cm'l; MS
(FABY) m/z 492 (M+H)").

(¢) Methyl

1-({4-ethyl-5-[2-(4-phenoxyphenyl)-1,3-oxazol-5-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
According to a similar procedure to 5-3-5 (b), the title compound (0.22 g, 0.47 mmol, 93% in 3 steps)
was prepared from
5-[5-({[ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-(4-phenoxyphenyl)-1,3-oxazole
(0.25 g, 0.51 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.61 mL, 0.61 mmol) and THF (2.0
mL), and thionyl chloride (57 pL, 0.77 mmol), toluene (3.0 mL) and a catalytic amount of DMF, and
methyl 3-azetidinecarboxylate hydrochloride (0.12 g, 0.77 mmol), N, N-diisopropylethylamine (0.26
mL, 1.5 mmol) and acetonitrile. The final purification was conducted by flash column
chromatography (n-hexane/EtOAc 85:15 to 65:35). 1H NMR (400 MHz, CDCls) &: 8.01 (d, 2H, J= 8.6
Hz), 7.43-7.37 (m, 2H), 7.21-7.15 (m, 2H), 7.12-7.05 (m, 4H), 6.79 (s, 1H), 3.77 (s, 2H), 3.72 (s, 3H),
3.67-3.58 (m, 2H), 3.41-3.32 (m, 3H), 2.75 (q, 2H, J= 7.4 Hz), 1.28 (t, 3H, J= 7.4 Hz); IR (ATR): 2963,
2842, 1733, 1587, 1485, 1234, 1165, 841, 691, 490 cm'l; MS (FAB*) m/z 475 (M+H)*).

(d) 1-({4-Ethyl-5-[2-(4-phenoxyphenyl)-1,3-0xazol-5-yllthiophen-2-ylimethyl)azetidine-3-carboxylic
acid (42)

According to a similar procedure to 5-3-7 (e), the title compound (0.13 g, 0.28 mmol, 60%) was

prepared from methyl
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1-({4-ethyl-5-[2-(4-phenoxyphenyl)-1,3-oxazol-5-yllthiophen-2-ylimethyl)azetidine-3-carboxylate

(0.22 g, 0.46 mmol), NaOH (1.0 M in water, 0.70 mL, 0.70 mmol), ethanol (1.0 mL) and acetic acid (38
pL, 0.70 mmol). The final purification by recrystallization (acetonitrile/water 1:1) gave a white solid.
'H NMR (400 MHz, DMSO-de) §: 7.99 (d, 2H, J= 8.2 Hz), 7.46 (dd, 2H, J= 7.4, 7.0 Hz), 7.41 (s, 1H),
7.23 (t, 1H, J= 7.4 Hz), 7.19-7.11 (m, 4H), 6.92 (s, 1H), 3.70 (s, 2H), 3.47-3.36 (m, 2H), 3.26-3.11 (m,
3H), 2.72 (q, 2H, J= 7.4 Hz), 1.22 (t, 3H, J= 7.4 Hz); IR (KBr): 3431, 2966, 1588, 1487, 1241, 1165,
845, 754 cm'; MS (FABY) m/z 461 (M+H)").

5-3-22.
1-({4-Ethyl-5-[2-(4-phenoxyphenyl)-1,3-thiazol-5-yllthiophen-2-yl}methyl)azetidine-3-carboxylic acid
(43a)

N

7\
S 7
PhO

4 /)
NO/COZH

(a) 5-[5-({[tert-Butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-(4-phenoxyphenyl)-1,3-thiaz
ole (41a)

According to a similar procedure to 5-3-10 (a), the title compound (0.29 g, 0.58 mmol, 75%) was
prepared from
N-2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-oxoethyl}-4-phenoxybenzami
de (0.39 g, 0.77 mmol, prepared in 5-3-21 (a)), pyridine (0.12 mL, 1.5 mmol), Lawesson’s reagent (0.40
g, 1.0 mmol) and toluene. The final purification was conducted by flash column chromatography
(n-hexane/EtOAc 97:3 to 90:10). tH NMR (400 MHz, CDCl) &: 7.91 (d, 2H, J= 9.0 Hz), 7.76 (s, 1H),
7.43-7.36 (m, 2H), 7.20-7.14 (m, 1H), 7.11-7.04 (m, 4H), 6.81 (s, 1H), 4.84 (s, 2H), 2.72 (q, 2H, J="7.4
Hz), 1.24 (t, 3H, J= 7.4 Hz), 0.95 (s, 9H), 0.13 (s, 6H); IR (ATR): 2927, 1587, 1488, 1235, 1070, 833,
491 em’; MS (FAB*) m/z 508 (M+H)").

(b) Methyl
1-({4-ethyl-5-[2-(4-phenoxyphenyl)-1,3-thiazol-5-yllthiophen-2-ylimethyl)azetidine-3-carboxylate
According to a similar procedure to 5-3-5 (b), the title compound (0.22 g, 0.44 mmol, 78% in 3 steps)
was prepared from
5-[5-({[ tert-butyl(dimethylsilylloxylmethyl)-3-ethylthiophen-2-yl]-2-(4-phenoxyphenyl)-1,3-thiazole
(0.29 g, 0.57 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.69 mL, 0.69 mmol) and THF (2.0
mL), and thionyl chloride (64 pnL, 0.86 mmol), toluene (3.0 mL) and a catalytic amount of DMF, and
methyl 3-azetidinecarboxylate hydrochloride (0.13 g, 0.86 mmol), N, N-diisopropylethylamine (0.30

mL, 1.7 mmol) and acetonitrile. The final purification was conducted by flash column
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chromatography (mhexane/EtOAc 85:15 to 65:35). TH NMR (400 MHz, CDCls) 6: 7.91 (d, 2H, J= 9.0
Hz), 7.76 (s, 1H), 7.41-7.35 (m, 2H), 7.16 (t, 1H, J= 7.4 Hz), 7.10-7.03 (m, 4H), 6.79 (s, 1H), 3.75 (s,
2H), 3.72 (s, 3H), 3.67—3.60 (m, 2H), 3.41-3.33 (m, 3H), 2.72 (q, 2H, J= 7.4 Hz), 1.25 (t, 3H, J=17.4
Hz); IR (ATR): 2963, 2841, 1733, 1586, 1488, 1234, 1198, 1166, 838, 728, 691 cm'l; MS (FAB*) m/z
491 (M+H)").

() 1-({4-Ethyl-5-[2-(4-phenoxyphenyl)-1,3-thiazol-5-yllthiophen-2-ylimethyl)azetidine-3-carboxylic
acid (43a)
According to a similar procedure to 5-3-7 (e), the title compound (0.20 g, 0.41 mmol, 92%) was
prepared from methyl
1-({4-ethyl-5-[2-(4-phenoxyphenyl)-1,3-thiazol-5-yllthiophen-2-yl}methyl)azetidine-3-carboxylate
(0.22 g, 0.45 mmol), NaOH (1.0 M in water, 0.68 mL, 0.68 mmol), ethanol (1.0 mL) and acetic acid (37
pL, 0.68 mmol). The final purification by recrystallization (acetonitrile/water 1:1) gave a white solid.
'H NMR (400 MHz, DMSO-de) §: 7.96 (d, 2H, J= 9.0 Hz), 7.89 (s, 1H), 7.46 (dd, 2H, J="7.8, 7.4 Hz),
7.23 (t, 1H, J= 7.4 Hz), 7.17-7.08 (m, 4H), 6.93 (s, 1H), 3.70 (s, 2H), 3.48-3.40 (m, 2H), 3.28-3.15 (m,
3H), 2.69 (q, 2H, J= 7.4 Hz), 1.19 (t, 3H, J= 7.4 Hz); IR (KBr): 3417, 2964, 1588, 1490, 1247, 1165,
749 cm'; MS (FAB*Y) m/z 477 (M+H)").

5-3-23.
1-[(4-Ethyl-5-{2-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-5-yl}thiophen-2-yl)methyl]lazetidine
-3-carboxylic acid (43b)

Me N\

/
O
i-PrO

4 /
NG/COZH

(a) 3-Methyl-4-(propan-2-yloxy)benzoic acid (19b)

To a solution of 3-methyl-4-(propan-2-yloxy)benzonitrile (0.60 g, 3.4 mmol, prepared in 5-3-12 (a)) in
ethanol (8.0 mL) was added NaOH (6.3 M in water, 5.5 mL, 34 mmol) and the resulting mixture was
stirred at reflux temperature for 12 h. After removal of the organic solvent, the reaction mixture was
poured into water and washed with Et20. The aqueous phase was acidified at 0 °C with HC1 (12 M in
water) and extracted with CH2Cla. The extract was dried over Na2SQs, filtered and concentrated. The
residue was purified by recrystallization (mhexane/EtOAc 10 mL/3.0 mL) to afford the title
compound (0.50 g, 2.5 mmol, 75%) as a white solid. 'H NMR (400 MHz, CDsOD) &: 7.83 (dd, 1H, J=
8.6, 2.3 Hz), 7.78 (d, 1H, J= 2.3 Hz), 6.95 (d, 1H, J= 8.6 Hz), 4.70 (sept, 1H, J=5.9 Hz), 2.19 (s, 3H),
1.35 (d, 6H, J=5.9 Hz); IR (KBr): 2980, 1672, 1604, 1262, 1113, 956, 778, 646 cm'; MS (EI*) m/z 194
(M),
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(b) NH2-[5-({[tert-Butyl(dimethyl)silylloxylmethyl)-3-ethylthiophen-2-yl]-2-oxoethyl}-3-methyl-4-(pr
opan-2-yloxy)benzamide

According to a similar procedure to 5-3-21 (a), the crude product of the title compound was prepared
from 3-methyl-4-(propan-2-yloxy)benzoic acid (0.29 g, 1.5 mmol), 1-hydroxybenzotriazole (0.24 g, 1.8
mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.35 g, 1.8 mmol), EtsN (0.63
mL, 4.5 mmol), 2-amino-1-[3-ethyl-5-(hydroxymethyl)thiophen-2-yllethanone hydrochloride (39)
(0.39 g, 1.7 mmol) and CH2Cl: (7.0 mL), and imidazole (0.20 g, 3.0 mmol), TBSC1 (0.45 g, 3.0 mmol)
and DMF (5.0 mL). The final purification by flash column chromatography (silica gel,
nhexane/EtOAc 1:0 to 4:1) gave an orange oil. 1H NMR (400 MHz, CDCls) &: 7.69 (dd, 1H, J= 8.6, 2.3
Hz), 7.66 (d, 1H, J=2.3 Hz), 7.14 (t, 1H, J= 3.9 Hz), 6.88 (s, 1H), 6.85 (d, 1H, /= 8.6 Hz), 4.88 (s, 2H),
4.74 (d, 2H, J= 3.9 Hz), 4.61 (sept, 1H, J=5.9 Hz), 3.02 (q, 2H, J= 7.4 Hz), 2.24 (s, 3H), 1.36 (d, 6H, J
= 5.9 Hz), 1.25 (t, 3H, J= 7.4 Hz), 0.96 (s, 9H), 0.14 (s, 6H); IR (ATR); 2928, 1639, 1606, 1490, 1253,
1125, 1081, 834, 776 cm'; MS (FAB*) m/z 490 (M+H)*).

(e 5-[5-({[tertButyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-[3-methyl-4-(propan-2-yloxy
)phenyl]-1,3-thiazole (41b)

According to a similar procedure to 5-3-10 (a), the title compound (0.54 g, 1.1 mmol, 80%) was
prepared from
N-2-[5-([ tert-butyl(dimethyl)silylloxy}methyl)-3-ethylthiophen-2-yl]-2-oxoethyl}-3-methyl-4-(propan
-2-yloxy)benzamide (0.67 g, 1.4 mmol), pyridine (0.22 mL, 2.7 mmol), Lawesson’s reagent (0.72 g, 1.8
mmol) and toluene (10 mL). The final purification by flash column chromatography (silica gel,
mhexane/EtOAc 30:1 to 20:1) gave a yellow oil. 'H NMR (400 MHz, CDCls) §: 7.75-7.70 (m, 3H), 6.87
(d, 1H, J= 8.2 Hz), 6.80 (s, 1H), 4.83 (s, 2H), 4.60 (sept, 1H, J=5.9 Hz), 2.72 (q, 2H, J= 7.4 Hz), 2.26
(s, 3H), 1.37 (d, 6H, J= 5.9 Hz), 1.24 (t, 3H, J= 7.4 Hz), 0.95 (s, 9H), 0.13 (s, 6H); IR (ATR): 2927,
1605, 1499, 14663, 1257, 1242, 1122, 1072, 833, 775, 638 cm'l; MS (FAB*) m/z 488 (M+H)*).

(d) Methyl
1-[(4-ethyl-5-12-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-5-yljthiophen-2-yl)methyllazetid
ine-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.34 g, 0.72 mmol, 65% in 3 steps)

was prepared from

5-[5-({[tert-butyl(dimethyDsilylloxy}methyl)-3-ethylthiophen-2-yl]-2-[3-methyl-4-(propan-2-yloxy)phe
nyll-1,3-thiazole (0.54 g, 1.1 mmol), tetrabutylammonium fluoride (1.0 M in THF, 1.3 mL, 1.3 mmol)
and THF (5.0 mL), and thionyl chloride (0.17 mL, 2.3 mmol), toluene (13 mL) and a catalytic amount
of DMF, and methyl 3-azetidinecarboxylate hydrochloride (0.21 g 1.4 mmol),
N, N-diisopropylethylamine (0.48 mL, 2.8 mmol) and acetonitrile (9.0 mL). The final purification by
flash column chromatography (neutralized silica gel, n-hexane/EtOAc 3:1 to 3:2) gave a yellow oil. 'H
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NMR (400 MHz, CDCls) §: 7.76-7.69 (m, 3H), 6.87 (d, 1H, /= 8.6 Hz), 6.78 (s, 1H), 4.60 (sept, 1H, J=
5.9 Hz), 3.74 (s, 2H), 3.72 (s, 3H), 3.66—3.59 (m, 2H), 3.39-3.33 (m, 3H), 2.72 (q, 2H, J= 7.4 Hz), 2.26
(s, 3H), 1.37 (d, 6H, J=5.9 Hz), 1.24 (t, 3H, J= 7.4 H2); IR (ATR): 2969, 1735, 1604, 1258, 1121, 953,
840, 638 cm'; MS (FAB*) m/z 471 (M+H)").

(e) 1-[(4-Ethyl-5-{2-[3-methyl-4-(propan-2-yloxy)phenyl]-1,3-thiazol-5-yl}thiophen-2-yl)methyllazeti
dine-3-carboxylic acid (43b)

According to a similar procedure to 5-3-7 (e), the title compound (0.28 g, 0.62 mmol, 88%) was
prepared from methyl
1-[(4-ethyl-5-12-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-5-yljthiophen-2-yl)methyllazetidine-
3-carboxylate (0.34 g, 0.71 mmol), NaOH (1.0 M in water, 1.1 mL, 1.1 mmol), methanol (4.0 mL),
THF (2.0 mL) and acetic acid (0.31 mL, 5.4 mmol). The final purification by recrystallization
(methanol/water 2:1) gave a light yellow solid. TH NMR (400 MHz, DMSO-de) &: 7.82 (s, 1H), 7.78—
7.70 (m, 2H), 7.10-7.04 (m, 1H), 6.92 (s, 1H), 4.69 (sept, 1H, J= 5.9 Hz), 3.69 (s, 2H), 3.51-3.37 (m,
2H), 3.33-3.13 (m, 3H), 2.68 (q, 2H, J= 7.4 Hz), 2.19 (s, 3H), 1.31 (d, 6H, J=5.9 Hz), 1.19 (t, 3H, J=
7.4 Hz); IR (KBr): 3414, 2973, 1605, 1592, 1499, 1390, 1266, 1247, 1126, 955 cm'’; MS (FAB*) m/z
457 (M+H)*).

5-3-24. 2-Ethyl-6-({[tri(propan-2-yD)silylloxy}methyl)pyridine-3-carbaldehyde (49)

OHC

A
=z

N OTIPS

(a) 6-(Dimethoxymethyl)-2-(methylsulfanyl)pyridine-3-carbonitrile (46)

To a solution of methylglyoxal 1,1-dimethyl acetal (44) (33 mL, 0.28 mol) in acetonitrile (200 mL) was
added N, N-dimethylformamide dimethyl acetal (100 mL, 0.75 mol) and the resulting mixture was
stirred at reflux temperature for 9 h. After cooling to room temperature, the reaction mixture was
concentrated in vacuo.

To a solution of the residue in DMF (200 mL) were successively added 2-cyanothioacetamide (25 g,
0.25 mol) and sodium methoxide (30 g, 0.56 mol) and the resulting mixture was stirred at 100 °C for
5 h. After cooling to 0 °C, iodomethane (46 mL, 0.75 mol) was added dropwisely and the mixture was
stirred at room temperature for 30 min. The reaction mixture was poured into water and extracted
with Et20. The extract was washed with water and brine, dried over MgSQ4, filtered and
concentrated. The residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc
9:1 to 7:3) to afford the title compound (28 g, 0.12 mol, 50%). 'H NMR (400 MHz, CDCls) &: 7.82 (d,
1H, J= 7.8 Hz), 7.32 (d, 1H, J= 7.8 Hz), 5.30 (s, 1H), 3.43 (s, 6H), 2.65 (s, 3H); IR (liquid film): 2932,
2225, 1576, 1555, 1365, 1112, 1074, 841, 689 cm'; MS (FAB*) m/z 225 (M+H)").
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(b) 2-(Methylsulfanyl)-6-({[tri(propan-2-yDsilylloxy}methyl)pyridine-3-carbonitrile (47)

To a solution of 6-(dimethoxymethyl)-2-(methylsulfanyl)pyridine-3-carbonitrile (46) (28 g, 0.12 mol)
in acetonitrile (150 mL) and water (30 mL) was added 2,3-dichloro-5,6-dicyano-p-benzoquinone (2.8 g,
12 mmol) and the resulting mixture was stirred at 80 °C for 3 h. After cooling to room temperature,
the reaction mixture was concentrated. The residue was recrystallized from ethanol and n-hexane to
afford 6-formyl-2-(methylsulfanyl)pyridine-3-carbonitrile (17 g, 98 mmol, 79%). The mother liquid
was concentrated and purified by flash column chromatography (silica gel, n-hexane/EtOAc 9:1 to
7:3) to afford 6-formyl-2-(methylsulfanyl)pyridine-3-carbonitrile (0.87 g, 5.4 mmol, 4%). Total 18 g,
83% yield.

To a solution of 6-formyl-2-(methylsulfanyl)pyridine-3-carbonitrile (18 g, 0.10 mol) in methanol (100
mL) was slowly added sodium borohydride (1.9 g, 51 mmol) at 0 °C and the resulting mixture was
stirred at 0 °C for 30 min. The reaction mixture was concentrated and the residue was poured into
water and extracted with EtOAc. The extract was washed with brine, dried over MgSOs, filtered and
concentrated.

To a solution of the residue in DMF (100 mL) were successively added imidazole (14 g, 0.20 mol) and
triisopropylsilyl chloride (24 mL, 0.11 mol) and the resulting mixture was stirred at room
temperature for 1.5 h. The reaction mixture was poured into water and extracted with Et20. The
extract was washed with brine, dried over MgSQ4, filtered and concentrated. The residue was
purified by flash column chromatography (silica gel, mhexane/EtOAc 1:0 to 97:3) to afford the title
compound quantitatively as a colorless oil. '1H NMR (400 MHz, CDCls) 6: 7.80 (d, 1H, J= 7.8 Hz), 7.34
(d, 1H, J= 7.8 Hz), 4.89 (s, 2H), 2.60 (s, 3H), 1.18-1.25 (m, 3H), 1.10 (d, 18H, J= 6.6 Hz); IR (KBr):
2220, 1573, 1552, 1423, 1372 cm'; MS (FAB*) m/z 337 (M+H)").

(©) 2-(Methylsulfonyl)-6-({[tri(propan-2-yl)silylloxy}methyl)pyridine-3-carbonitrile (48)

To a solution of 2-(methylsulfanyl)-6-({[tri(propan-2-yDsilylloxy}methyl)pyridine-3-carbonitrile (47)
(36 g, 0.11 mol) in ethanol (200 mL) was slowly added m-chloroperoxybenzoic acid (52 g, 0.30 mol)
and the resulting mixture was stirred at 50 °C for 5 h. The reaction mixture was concentrated and
co-evaporated with toluene. To a solution of the residue in Et20 (200 mL) was added sat. NaHCOs3
(200 mL) and the resulting mixture was stirred at room temperature for 1 h. The reaction mixture
was poured into water and extracted with Et20. The extract was washed with aqueous Na2S203
solution and brine, dried over MgSQs, filtered and concentrated. The residue was purified by
recrystallization (n2-hexane/EtOAc 98:2) to afford the title compound (33 g, 89 mmol, 83%) as a white
crystalline solid. The mother liquid was concentrated and purified by flash column chromatography
(silica gel, mhexane/EtOAc 1:0 to 7:3) to afford the title compound (2.2 g, 5.9 mmol, 6%). Total 35 g,
89% yield. TH NMR (400 MHz, CDCls) &: 8.26 (d, 1H, J= 7.8 Hz), 7.99 (d, 1H, J= 7.8 Hz), 5.02 (s, 2H),
3.36 (s, 3H), 1.19-1.28 (m, 3H), 1.12 (d, 18H, J= 6.8 Hz); IR (KBr): 2237, 1585, 1463, 1384, 1317 cm';
MS (FAB*) m/z 369 (M+H)*).
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(d 2-Ethyl-6-({[tri(propan-2-yDsilylloxyimethyl)pyridine-3-carbaldehyde (49)

To a solution of 2-(methylsulfonyl)-6-{[(triisopropylsilyloxylmethylinicotinonitrile (48) (33 g, 89
mmol) in THF (200 mL) was slowly added ethylmagnesium bromide (3.0 M in ether, 40 mL, 120
mmol) at -78 °C and the resulting mixture was stirred at -78 °C for 1 h. The reaction was quenched
with sat. NH4Cl and the reaction mixture was poured into water and extracted with Et20. The
extract was washed with brine, dried over MgSQ4, filtered and concentrated. The residue was
purified by flash column chromatography (silica gel, mhexane/EtOAc 1:0 to 85:15) to afford
2-ethyl-6-({[tri(propan-2-yl)silylloxy}methyl)pyridine-3-carbonitrile (28 g, 88 mmol, 98%).

To a solution of 2-ethyl-6-([tri(propan-2-yDsilylloxy}methyl)pyridine-3-carbonitrile (28 g, 88 mmol)
in toluene (100 mL) was slowly added DIBAL-H (0.98 M in hexane, 107 mL, 105 mmol) at -78 °C and
the resulting mixture was stirred at -78 °C for 1 h. The reaction was quenched with sat. NH4CI (19
mL) and the reaction mixture was filtered with Celite pad. The filtrate was concentrated and the
residue was diluted with HC1 (1.0 M in water, 88 mL) at 0 °C. After stirring at room temperature for
15 min, the mixture was extracted with Et20. The extract was washed with brine, dried over MgSQy4,
filtered and concentrated. The residue was purified by flash column chromatography (silica gel,
mhexane/EtOAc) to afford the title compound (26 g, 82 mmol, 93%). 'H NMR (400 MHz, CDCls) &:
10.3 (s, 1H), 8.15 (d, 1H, J= 7.8 Hz), 7.62 (d, 1H, J= 7.8 Hz), 4.96 (s, 2H), 3.19 (q, 2H, J= 7.4 Hz),
1.32 (t, 3H, /= 7.4 Hz), 1.28-1.15 (m, 3H), 1.11 (d, 18H, J= 7.0 Hz); IR (ATR): 2942, 2866, 1707, 1692,
1586, 1462, 1120, 882, 801, 684 cm'; MS (FAB*) m/z 322 (M+H)*).

5-3-25. 2-Ethyl-6-({[tri(propan-2-yD)silylloxy}methyl)pyridin-3-carboxylic acid (50)

HO.C A\

AN OTIPS

To a solution of 2-ethyl-6-({[tri(propan-2-yDsilylloxy}methyl)pyridin-3-carbaldehyde (49) (7.0 g, 22
mmol) in tert-butanol (40 mL), and water (40 ml) were successively added 2-methyl-2-butene (12 ml,
0.11 mol), potassium dihydrogenphosphate (7.4 g, 55 mmol) and sodium chlorite (5.9 g, 65 mmol) and
the resulting mixture was stirred at room temperature for 1.5 h. The reaction mixture was poured
into water and extracted with Et20. The extract was washed with brine, dried over MgSQOs4, filtered
and concentrated. The crude product was washed with acetonitrile to afford the title compound (6.8 g,
20 mmol, 92%). 'H NMR (400 MHz, CDCls) 6: 8.36 (d, 1H, J= 8.2 Hz), 7.55 (d, 1H, /= 8.2 Hz), 4.97 (s,
2H), 3.22 (q, 2H, J= 7.4 Hz), 1.31 (t, 3H, J= 7.4 Hz), 1.27-1.16 (m, 3H), 1.11 (d, 18H, J= 7.0 Hz); IR
(KBr): 2944, 2867, 1712, 1593, 1463, 1252, 1124, 1093, 767, 683 cm''; MS (FAB*) m/z 338 (M+H)*).

5-3-26. 2-Amino-1-[2-ethyl-6-(hydroxymethyl)pyridin-3-yllethanone dihydrochloride (54)
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2HCI
AN OH

(a) 1-[2-Ethyl-6-({[tri(propan-2-yDsilylloxy}methyl)pyridin-3-yllethanone (53)

To a solution of 2-ethyl-6-({[tri(propan-2-yDsilylloxy}methyl)pyridin-3-carbaldehyde (49) (20 g, 61
mmol) in Et20 (100 mL) was added methylmagnesium iodide (3.0 M in ether, 27 mL, 80 mmol) at
-78 °C and the resulting mixture was stirred at -78 °C for 1.5 h. The reaction was quenched with sat.
NH4Cl and the reaction mixture was extracted with Et20. The extract was washed with brine, dried
over MgSOy, filtered and concentrated. The residue was purified by flash column chromatography
(silica gel, mhexane/EtOAc 1:0 to 7:3) to afford
1-[2-ethyl-6-({[tri(propan-2-yDsilylloxy}methyl)pyridin-3-yllethanol (18 g, 54 mmol, 88%).

To a mixture of 1-[2-ethyl-6-({[tri(propan-2-yDsilylloxy}methyl)pyridin-3-yllethanol (18 g, 54 mmol)
and Celite (30 g) in CH2Clz (200 mL) was added pyridinium dichromate (31 g, 81 mmol) and the
resulting mixture was stirred at room temperature for 20 h. The reaction mixture was filtered with
silica gel and the filtrate was concentrated. The residue was purified by flash column
chromatography (silica gel, m-hexane/EtOAc 1:0 to 7:3) to afford the title compound (17 g, 51 mmol,
96%). 1H NMR (400 MHz, CDCl) §: 7.99 (d, 1H, /= 7.8 Hz), 7.52 (d, 1H, J/= 7.8 Hz), 4.94 (s, 2H), 3.03
(q, 2H, J= 7.4 Hz), 2.59 (s, 3H), 1.26 (t, 3H, J= 7.4 Hz), 1.24-1.16 (m, 3H), 1.11 (d, 18H, J= 7.0 Hz);
IR (ATR): 2942, 2866, 1687, 1584, 1462, 1248, 1118, 881, 810, 681 cm'l; MS (FABY) m/z 336
((M+H)").

(b) 2-Amino-1-[2-ethyl-6-(hydroxymethyl)pyridin-3-yllethanone hydrochloride (54)

To a diluted solution of NaHMDS (1.0 M in THF, 77 mL, 77 mmol) in THF (50 mL) was slowly added
a solution of 1-[2-ethyl-6-({[tri(propan-2-yD)silylloxy}methyl)pyridin-3-yllethanone (17 g, 51 mmol) in
THF at -78 °C. After stirring at -78 °C for 30 min, chlorotrimethylsilane (13 mL, 0.10 mol) was added
and the resulting mixture was stirred at -78 °C for 30 min. The reaction was quenched with sat.
NH4Cl and the reaction mixture was poured into water and extracted with Et20. The extract was
concentrated and co-evaporated with benzene to afford the crude product of
2-ethyl-3-{1-[(trimethylsilyl)oxylethenyl}-6-({[tri(propan-2-yl)silylloxy}methyl)pyridine, which was
used to the next reaction without further purification.

To a solution of the residue in THF (100 mL) was added N-bromosuccinimide (9.1 g, 51 mmol) at 0 °C
and the resulting mixture was stirred for 1 h. The reaction mixture was poured into water and
extracted with Et20. The extract was washed with brine, dried over MgSQ4, filtered and
concentrated to afford the crude product of

2-bromo-1-[2-ethyl-6-({[tri(propan-2-yl)silylloxy}methyl)pyridin-3-yllethanone, which was used to the
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next step without further purification.

To the residue in acetonitrile (100 mL) was added sodium diformylamide (7.3 g, 77 mmol) and the
resulting mixture was stirred at 70 °C for 2.5 h. After cooling to room temperature, the reaction
mixture was poured into water and extracted with Et20. The extract was washed with brine, dried
over MgSOy, filtered and concentrated. The residue was purified by flash column chromatography
(-hexane/EtOAc 91 to 6:4) to afford
NH{2-[2-ethyl-6-({[tri(propan-2-yDsilylloxy'methyl)pyridin-3-yl]-2-oxoethyl}- N-formylformamide (17 g,
41 mmol).

To a solution of
NH{2-[2-ethyl-6-({[tri(propan-2-yDsilylloxy/methyl)pyridin-3-yl]-2-oxoethyl}- N-formylformamide  in
ethanol (100 mL) was added HC1 (12 M in water, 20 mL, 0.24 mol) and the resulting mixture was
stirred at 70 °C for 2 h. After cooling to room temperature, the reaction mixture was concentrated,
co-evaporated with toluene and dried. The residue was purified by recrystallization (Et2O/methanol
9:1) to afford the title compound (5.9 g, 22 mmol, 54% in 4 steps). 'H NMR (400 MHz, CDsOD) &: 8.99
(d, 1H, J= 8.4 Hz), 8.09 (d, 1H, J= 8.4 Hz), 5.00 (s, 2H), 4.71 (s, 2H), 3.32 (q, 2H, J= 7.4 Hz), 1.41 (t,
3H, J= 7.4 Hz); IR (KCD): 3256, 2881, 1713, 1643, 1598, 1270, 1037, 860 cm'}; MS (FAB*) m/z 195
((M+H)").

5-3-27.
1-[(6-Ethyl-5-{5-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}pyridin-2-yl)methyllazetidine-3
-carboxylic acid 1/2 oxalate (52a)

N CO5H
oA A
] S \/ N
i-Pro 0.5 (CO2H)2

(a) 2-Ethyl- N-{2-[3-methyl-4-(propan-2-yloxy)phenyll-2-oxoethyl}-6-({[tri(propan-2-yDsilylloxy}meth
yDpyridine-3-carboxamide
According to a similar procedure to 5-3-11 (e), the title compound (0.29 g, 0.54 mmol, 60%) was
prepared from 2-ethyl-6-({[tri(propan-2-yl)silylloxy}methyl)pyridine-3-carboxylic acid (50) (0.30 g,
0.90 mmol), 1-hydroxybenzotriazole 0.15 g, 1.1 mmol),
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.21 g, 1.1 mmol), EtsN (0.38 mL, 2.7
mmol), 2-amino-1-[3-methyl-4-(propan-2-yloxy)phenyllethanone hydrochloride (34c) (0.21 g, 0.99
mmol, prepared in 5-3-12 (d)) and CH2Cl: (6.0 mL). The final purification by flash column
chromatography (m-hexane/EtOAc 5:1 to 3:1) gave a light yellow oil. 'H NMR (400 MHz, CDCls) &:
7.88-7.82 (m, 2H), 7.81 (d, 1H, J= 8.2 Hz), 7.49 (d, 1H, J= 7.8 Hz), 6.96 (t, 1H, J= 4.3 Hz), 6.89 (d,
1H, J= 8.2 Hz), 4.94 (s, 2H), 4.90 (d, 2H, J= 4.3 Hz), 4.68 (sept, 1H, J= 5.9 Hz), 2.98 (q, 2H, J= 7.4
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Hz), 2.24 (s, 3H), 1.39 (d, 6H, J=5.9 Hz), 1.31 (t, 3H, J= 7.4 Hz), 1.28-1.16 (m, 3H), 1.11 (d, 18H, J=
7.0 Hz); IR (ATR): 2941, 2865, 1653, 1600, 1254, 1112, 881, 809 cm'; MS (ESI*) m/z 527 (M+H)").

(b) 2-Ethyl-3-{5-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}-6-({[tri(propan-2-yD)silylloxy/m
ethyl)pyridine

According to a similar procedure to 5-3-10 (a), the title compound (0.27 g, 0.51 mmol, 95%) was
prepared from
2-ethyl- N-{2-[3-methyl-4-(propan-2-yloxy)phenyl]-2-oxoethyl}-6-({[tri(propan-2-yl)silylloxy}methyl)py
ridine-3-carboxamide (0.28 g, 0.54 mmol), pyridine (87 pL, 1.1 mmol), Lawesson’s reagent (0.28 g,
0.70 mmol) and toluene (5.0 mL). The final purification by flash column chromatography
(m-hexane/EtOAc 20:1 to 15:1) gave a yellow oil. 1H NMR (400 MHz, CDCls) §: 7.98 (d, 1H, J= 7.8 Hz),
7.95 (s, 1H), 7.55—7.50 (m, 1H), 7.42-7.34 (m, 2H), 6.87 (d, 1H, J=8.6 Hz), 4.97 (s, 2H), 4.58 (sept, 1H,
J=5.9 Hz), 3.17 (q, 2H, J= 7.4 Hz), 2.26 (s, 3H), 1.37 (d, 6H, J= 5.9 Hz), 1.29 (t, 3H, J= 7.4 Hz),
1.28-1.17 (m, 3H), 1.12 (d, 18H, J/= 6.6 Hz); IR (ATR): 2940, 2865, 1493, 1463, 1249, 1111, 807, 682
cml; MS (ESTY) m/z 525 (M+H)*).

(¢) (6-Ethyl-5-15-[3-methyl-4-(propan-2-yloxy)phenyl]-1,3-thiazol-2-yl}pyridin-2-yl)methanol
According to a similar procedure to 5-3-11 (g), the title compound was quantitatively prepared from
2-ethyl-3-{5-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}-6-({[tri(propan-2-yDsilylloxy}meth
yDpyridine (0.27 g, 0.51 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.61 mL, 0.61 mol) and
THF (5.0 mL). The final purification by flash column chromatography (;-hexane/EtOAc 2:1 to 1:1)
gave a light yellow oil. 1H NMR (400 MHz, CDCls) &: 7.99 (d, 1H, J= 7.8 Hz), 7.96 (s, 1H), 7.41-7.35
(m, 2H), 7.14 (4, 1H, J= 8.2 Hz), 6.87 (d, 1H, J= 9.0 Hz), 4.79 (d, 2H, J= 4.3 Hz), 4.58 (sept, 1H, J=
5.9 Hz), 4.13 (t, 1H, J= 4.3 Hz), 3.22 (q, 2H, J= 7.4 Hz), 2.26 (s, 3H), 1.37 (d, 6H, J= 5.9 Hz), 1.35 (t,
3H, J= 7.4 Hz); IR (ATR): 3287, 2974, 1493, 1249, 1132, 955, 808 cm'l; MS (ESI*) m/z 369 (M+H)*).

(d) Methyl
1-[(6-ethyl-5-15-[3-methyl-4-(propan-2-yloxy)phenyl]-1,3-thiazol-2-ylipyridin-2-yl)methyllazetidin
e-3-carboxylate

According to a similar procedure to 5-3-11 (h), the title compound (0.16 g, 0.35 mmol, 70% in 2 steps)

was prepared from

(6-ethyl-5-{5-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}pyridin-2-yl)methanol (0.18 g, 0.50

mmol), triphenylphosphine (0.24 g, 0.90 mmol), carbon tetrabromide (0.30 g, 0.90 mmol), CH2Cls (5.0

mL), methyl 3-azetidinecarboxylate hydrochloride (0.11 g, 0.75 mmol), N, N-diisopropylethylamine

(0.26 mL, 1.5 mmol) and CH2Clz (7.0 mL). The final purification by flash column chromatography

(rhexane/EtOAc 2:1 to CH2Cloe/MeOH 3:2) gave a yellow oil. 'TH NMR (400 MHz, CDCls) &: 7.95 (s,

1H), 7.92 (d, 1H, J= 8.2 Hz), 7.40-7.34 (m, 2H), 7.22 (d, 1H, J= 8.2 Hz), 6.87 (d, 1H, J= 9.0 Hz), 4.58

(sept, 1H, J=5.9 Hz), 3.82 (s, 2H), 3.73 (s, 3H), 3.69-3.62 (m, 2H), 3.51-3.45 (m, 2H), 3.44-3.34 (m,
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1H), 3.18 (q, 2H, J= 7.4 Hz), 2.25 (s, 3H), 1.37 (d, 6H, J= 5.9 Hz), 1.30 (t, 3H, J= 7.4 Hz); IR (ATR):
2973, 1735, 1493, 1433, 1249, 1132, 954, 810 cm'L; MS (ESI*) m/z 466 (M+H)+).

(e) 1-[(6-Ethyl-5-{5-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}pyridin-2-yl)methyl]azetidi
ne-3-carboxylic acid 1/2 oxalate (52a)

According to a similar procedure to 5-3-5 (c), the title compound (0.13 g, 0.27 mmol, 79%) was
prepared from methyl
1-[(6-ethyl-5-15-[3-methyl-4-(propan-2-yloxy)phenyl]-1,3-thiazol-2-yl}pyridin-2-yl)methyllazetidine-3-
carboxylate (0.16 g, 0.34 mmol), NaOH (1.0 M in water, 0.51 mL, 0.51 mmol), methanol (2.0 mL),
THF (1.0 mL), acetic acid (87 pL, 1.5 mmol) and oxalic acid (15 mg, 0.17 mmol). The product was
obtained as a yellow amorphous after co-evaporated with toluene and dried sufficiently. 1H NMR
(400 MHz, DMSO-de) §: 8.23 (s, 1H), 8.03 (d, 1H, J= 7.8 Hz), 7.56-7.48 (m, 2H), 7.31 (d, 1H, J=17.8
Hz), 7.04 (d, 1H, J= 8.6 Hz), 4.66 (sept, 1H, J=5.9 Hz), 3.73 (s, 2H), 3.56-3.47 (m, 2H), 3.40-3.32 (m,
2H), 3.31-3.21 (m, 1H), 3.11 (q, 2H, J= 7.4 Hz), 2.18 (s, 3H), 1.30 (d, 6H, J=5.9 Hz), 1.23 (t, 3H, J=
7.4 Hz); IR (KBr): 2973, 1735, 1493, 1433, 1249, 1132, 954, 810 cm':; MS (ESI¥) m/z 452 (M+H)*).

5-3-28.
1-[(6-Ethyl-5-{5-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}pyridin-2-yl)methyllazetidine-3-c
arboxylic acid oxalate (52b)

Et N CO,H
\ =N
i-PrO % (CO=H)s

(a) 2-Ethyl- N-{2-[3-ethyl-4-(propan-2-yloxy)phenyll-2-oxoethyl}-6-({[tri(propan-2-yl)silylloxy}methyl)
pyridine-3-carboxamide
According to a similar procedure to 5-3-11 (e), the title compound (0.43 g, 0.80 mmol, 79%) was
prepared from 2-ethyl-6-({[tri(propan-2-yl)silylloxy}methyl)pyridin-3-carboxylic acid (50) (0.34 g, 1.0
mmol), 1-hydroxybenzotriazole (0.16 g, 1.1 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.20 g, 1.1 mmol), EtsN (0.42 mL, 3.0 mmol),
2-amino-1-[3-ethyl-4-(propan-2-yloxy)phenyllethanone hydrochloride (34d) (0.29 g, 1.1 mmol,
prepared in 5-3-13 (d)) and CH2Clz (8.0 mL). The final purification by flash column chromatography
(silica gel, mhexane/EtOAc 9:1 to 7:3) gave a yellow oil. 1H NMR (400 MHz, CDCls) §: 7.88-7.83 (m,
2H), 7.81 (d, 1H, J= 7.8 Hz), 7.49 (d, 1H, J= 7.8 Hz), 6.97 (t, 1H, J= 3.9 Hz), 6.90 (d, 1H, J= 8.6 Hz),
4.94 (s, 2H), 4.91 (d, 2H, J= 3.9 Hz), 4.69 (sept, 1H, J= 5.9 Hz), 2.98 (q, 2H, J= 7.4 Hz), 2.66 (q, 2H, J
=7.4Hz), 1.39 (d, 6H, J= 5.9 Hz), 1.31 (t, 3H, J= 7.4 Hz), 1.28-1.16 (m, 3H), 1.21 (t, 3H, J= 7.4 Ha),
1.11 (d, 18H, J = 6.6 Hz); IR (ATR): 2940, 2866, 1655, 1598, 1496, 1463, 1251, 1112, 881, 810, 682
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cm'l; MS (FABY) m/z 541 (M+H)").

(b) 2-Ethyl-3-15-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-y1}-6-({[tri(propan-2-yDsilylloxylmet
hyDpyridine

According to a similar procedure to 5-3-10 (a), the title compound (0.39 g, 0.72 mmol, 91%) was
prepared from
2-ethyl- N-{12-[3-ethyl-4-(propan-2-yloxy)phenyll-2-oxoethyl}-6-({[tri(propan-2-yl)silylloxy}methyl) pyri
dine-3-carboxamide (0.43 g, 0.80 mmol), pyridine (0.13 mL, 1.6 mmol), Lawesson’s reagent (0.39 g,
0.96 mmol) and toluene (8.0 mL). The final purification by flash column chromatography (silica gel,
nhexane/EtOAc 97:3 to 93:7) gave a colorless oil. 1H NMR (400 MHz, CDCls) §: 7.98 (d, 1H, J= 8.2
Hz), 7.95 (s, 1H), 7.52 (d, 1H, J = 7.8 Hz), 7.40-7.36 (m, 2H), 6.90-6.86 (m, 1H), 4.97 (s, 2H), 4.60
(sept, 1H, J=5.9 Hz), 3.17 (q, 2H, J= 7.4 Hz), 2.67 (q, 2H, J= 7.4 Hz), 1.37 (d, 6H, J= 5.9 Hz), 1.29 (¢,
3H, J=17.4 Hz), 1.23 (t, 3H, J= 7.4 Hz), 1.28-1.17 (m, 3H), 1.12 (d, 18H, J/= 6.6 Hz); IR (ATR): 2939,
1463, 1246, 1111, 956, 881, 808, 682, 657 cm'; MS (FAB*) m/z 539 (M+H)*).

(¢) Methyl
1-[(6-ethyl-5-15-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}pyridin-2-yl)methyl]azetidine-
3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.26 g, 0.55 mmol, 77% in 3 steps)

was prepared from

2-ethyl-3-{5-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}-6-({[tri(propan-2-yDsilylloxy}methyl)
pyridine (0.39 g, 0.72 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.87 mL, 0.87 mmol) and

THF (7.0 mL), and thionyl chloride (0.14 mL, 1.9 mmol), toluene (5.0 mL), CH2Cl2 (4.0 mL) and a

catalytic amount of DMF, and methyl 3-azetidinecarboxylate hydrochloride (0.15 g, 0.97 mmol),

N, N-diisopropylethylamine (0.34 mL, 1.9 mmol) and acetonitrile (5.0 mL). The final purification by

flash column chromatography (neutralized silica gel, n-hexane/EtOAc 1:1 to 0:1) gave a colorless oil.

H NMR (400 MHz, CDCls) &: 7.95 (s, 1H), 7.92 (d, 1H, J= 7.8 Hz), 7.40-7.36 (m, 2H), 7.22 (d, 1H, J=

7.8 Hz), 6.88 (d, 1H, J= 9.0 Hz), 4.60 (sept, 1H, J= 6.3 Hz), 3.82 (s, 2H), 3.73 (s, 3H), 3.68—3.64 (m,

2H), 3.50-3.46 (m, 2H), 3.43-3.37 (m, 1H), 3.18 (q, 2H, J= 7.4 Hz), 2.67 (q, 2H, J= 7.4 Hz), 1.37 (d,

6H, J= 6.3 Hz), 1.30 (t, 3H, J= 7.4 Hz), 1.23 (t, 3H, J= 7.4 Hz); IR (ATR): 2971, 1735, 1489, 1434,

1246, 1135, 954, 810 cm'; MS (FAB*) m/z 480 (M+H)*).

(d) 1-[(6-Ethyl-5-{5-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}pyridin-2-yl)methyllazetidine
-3-carboxylic acid oxalate (52b)

According to a similar procedure to 5-3-5 (c), the title compound (0.25 g, 0.46 mmol, 83%) was

prepared from methyl

1-[(6-ethyl-5-15-[3-ethyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-2-yl}pyridin-2-yl)methyllazetidine-3-c

arboxylate (0.26 g, 0.55 mmol), NaOH (1.0 M in water, 1.1 mL, 1.1 mmol), methanol (2.0 mL), THF
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(2.0 mL), acetic acid (0.11 mL, 1.9 mmol) and oxalic acid (50 mg, 0.55 mmol). The final purification by
recrystallization from acetonitrile gave a light yellow solid. 1H NMR (400 MHz, CDsOD) §: 8.10 (d,
1H, J=8.0 Hz), 8.08 (s, 1H), 7.49-7.44 (m, 2H), 7.37 (d, 1H, J= 7.8 Hz), 6.99 (d, 1H, J=8.0 Hz), 4.73—
4.62 (m, 3H), 4.57—4.40 (m, 4H), 3.80-3.67 (m, 1H), 3.20 (q, 2H, J= 7.4 Hz), 2.66 (q, 2H, J= 7.4 Hz),
1.36 (d, 6H, J=6.0 Hz), 1.33 (t, 3H, J= 7.4 Hz), 1.21 (t, 3H, J= 7.4 Hz); IR (KBr): 3434, 3048, 2974,
1742, 1606, 1407, 1249, 1226, 708 cm'; MS (FAB*) m/z 466 ((M+H)*).

5-3-29.
1-[(6-Ethyl-5-{2-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-5-yl}pyridin-2-yl)methyl]lazetidine-3

-carboxylic acid oxalate (56a)

Me N CO,H

7\ '~
, Us \ N H
i-PrO Z (COzH):

(a) 3-Methyl-4-(propan-2-yloxy)benzoyl chloride

To a solution of 3-methyl-4-(propan-2-yloxy)benzoic acid (19b) (0.19 g, 0.98 mmol, prepared in 5-3-23
(a)) in toluene (4.0 mL) were successively added a catalytic amount of DMF and thionyl chloride (0.14
mL, 2.0 mmol). After stirring at 80 °C for 1 h, the mixture was concentrated to afford the crude

product of the title compound, which was used to the next step without further purification.

(b) N-12-[6-({[tert-Butyl(dimethyl)silylloxy}methyl)-2-ethylpyridin-3-yl]-2-oxoethyl}-3-methyl-4-(prop
an-2-yloxy)benzamide

To a solution of 2-amino-1-[2-ethyl-6-(hydroxymethyl)pyridin-3-yllethanone hydrochloride (54) (0.21
g, 0.79 mmol) in EtOAc (4.0 mL) and water (4.0 mL) were successively added sodium hydrogen
carbonate (0.23 g, 2.7 mmol) and 3-methyl-4-(propan-2-yloxy)benzoyl chloride (0.98 mmol) and the
resulting mixture was stirred at room temperature for 2 h. The reaction mixture was extracted with
EtOAc and the extract was washed with sat. NaHCOs and brine, dried over MgSOQy, filtered and
concentrated.

To a solution of the residue in DMF (4.0 mL) were successively added imidazole (0.11 g, 1.6 mmol)
and TBSCI (0.18 g, 1.2 mmol) and the resulting mixture was stirred at room temperature. After the
reaction was completed, the reaction mixture was poured into water and extracted with EtOAc. The
extract was washed with water and brine, dried over MgSQy, filtered and concentrated. The residue
was purified by flash column chromatography (silica gel, m-hexane/EtOAc 85:15 to 60:40) to afford
the title compound (0.29 g, 0.59 mmol, 75% in 2 steps) as a colorless oil. 'TH NMR (400 MHz, CDCls) &:
8.12 (d, 1H, J= 8.2 Hz), 7.73-7.67 (m, 2H), 7.50 (d, 1H, J= 8.2 Hz), 7.11 (t, 1H, J= 4.3 Hz), 6.87 (d,
1H, J= 8.6 Hz), 4.86 (s, 2H), 4.84 (d, 2H, J= 4.3 Hz), 4.62 (sept, 1H, J= 5.9 Hz), 3.08 (g, 2H, J= 7.4
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Hz), 2.25 (s, 3H), 1.37 (d, 6H, J= 5.9 Hz), 1.29 (t, 3H, J= 7.4 Hz), 0.98 (s, 9H), 0.15 (s, 6H); IR (ATR):
2929, 1703, 1637, 1491, 1254, 1111, 835, 776 cm'; MS (FAB*) m/z 485 (M+H)*).

(©) 6-({[tert-Butyl(dimethyl)silylloxy}methyl)-2-ethyl-3-12-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-t
hiazol-5-ylipyridine

According to a similar procedure to 5-3-10 (a), the title compound (0.26 g, 0.53 mmol, 90%) was
prepared from
N-2-[6-([ tert-butyl(dimethyl)silylloxy}methyl)-2-ethylpyridin-3-yl]-2-oxoethyl}-3-methyl-4-(propan-
2-yloxy)benzamide (0.29 g, 0.59 mmol), pyridine (95 pL, 1.2 mmol), Lawesson’s reagent (0.31 g, 0.59
mmol) and toluene (6.0 mL). The final purification by flash column chromatography (silica gel,
nhexane/EtOAc 95:5 to 88:12) gave a white solid. 1H NMR (400 MHz, CDCls) &: 7.78-7.73 (m, 2H),
7.69 (s, 1H), 7.68 (d, 1H, J= 7.8 Hz), 7.41 (d, 1H, J= 7.8 Hz), 6.89 (d, 1H, /= 8.6 Hz), 4.87 (s, 2H),
4.62 (sept, 1H, J=5.9 Hz), 2.92 (q, 2H, J= 7.4 Hz), 2.27 (s, 3H), 1.38 (d, 6H, J= 5.9 Hz), 1.26 (t, 3H, J
= 7.4 Hz), 0.98 (s, 9H), 0.15 (s, 6H); IR (KBr): 2929, 2853, 1604, 1450, 1257, 1238, 1135, 1120, 846
cm'l; MS (FABY) m/z 483 (M+H)Y).

(d) Methyl
1-[(6-ethyl-5-12-[3-methyl-4-(propan-2-yloxy)phenyl]-1,3-thiazol-5-ylipyridin-2-yl)methyllazetidin
e-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.20 g, 0.43 mmol, 82% in 3 steps)

was prepared from

6-({[tert-butyl(dimethyl)silylloxy}methyl)-2-ethyl-3-12-[3-methyl-4-(propan-2-yloxy)phenyl]-1,3-thiaz

ol-5-ylipyridine (0.26 g, 0.53 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.64 mL, 0.64

mmol) and THF (5.0 mL), and thionyl chloride (0.11 mL, 1.5 mmol), toluene (3.0 mL), CH2Cls (1.0

mL) and a catalytic amount of DMF, and methyl 3-azetidinecarboxylate hydrochloride (0.11 g, 0.74

mmol), N,N-diisopropylethylamine (0.26 mL, 1.5 mmol) and acetonitrile (4.0 mL). The final

purification by flash column chromatography (neutralized silica gel, m-hexane/EtOAc 1:1 to 0:1) gave

a colorless oil. 'H NMR (400 MHz, CDCls) §: 7.78-7.72 (m, 2H), 7.68 (s, 1H), 7.62 (d, 1H, J= 7.8 Ha),

7.19(d, 1H, J="7.8 Hz), 6.88 (d, 1H, J= 8.2 Hz), 4.62 (sept, 1H, J=5.9 Hz), 3.80 (s, 2H), 3.73 (s, 3H),

3.69-3.63 (m, 2H), 3.51-3.45 (m, 2H), 3.44-3.35 (m, 1H), 2.93 (q, 2H, J= 7.4 Hz), 2.27 (s, 3H), 1.38 (d,

6H, J=5.9 Hz), 1.26 (t, 3H, J= 7.4 Hz); IR (ATR): 2975, 1734, 1453, 1434, 1258, 1241, 1120, 953, 837,

812, 640 cm'; MS (FAB*) m/z 466 (M+H)*).

(e) 1-[(6-Ethyl-5-{2-[3-methyl-4-(propan-2-yloxy)phenyl]-1,3-thiazol-5-yl}pyridin-2-yl)methyl]azetidi
ne-3-carboxylic acid oxalate (56a)

According to a similar procedure to 5-3-5 (c), the title compound (0.18 g, 0.32 mmol, 75%) was

prepared from methyl

1-[(6-ethyl-5-12-[3-methyl-4-(propan-2-yloxy)phenyll-1,3-thiazol-5-yl}pyridin-2-yl)methyl]lazetidine-3-
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carboxylate (0.20 g, 0.43 mmol), NaOH (1.0 M in water, 1.3 mL, 1.3 mmol), methanol (2.5 mL), THF
(2.5 mL), acetic acid (87 pL, 1.5 mmol) and oxalic acid (39 mg, 0.43 mmol). The final purification by
recrystallization (acetonitrile/diisopropyl ether 0.40 mL/12 mL) gave a white solid. H NMR (400
MHz, CDs0D) &: 7.87 (d, 1H, = 8.0 Hz), 7.78 (s, 1H), 7.78-7.74 (m, 2H), 7.34 (d, 1H, J= 8.0 Hz), 7.02
(d, 1H, J=9.3 Hz), 4.71 (sept, 1H, J= 6.0 Hz), 4.67 (s, 2H), 4.56-4.40 (m, 4H), 3.81-3.66 (m, 1H), 3.00
(q, 2H, J=17.5Hz), 2.24 (s, 3H), 1.37 (d, 6H, J= 6.0 Hz), 1.33 (t, 3H, J= 7.5 Hz); IR (KBr): 3427, 2978,
2597, 1701, 1605, 1260, 1240, 1135, 955, 697 cm'; MS (FAB*) m/z 452 (M+H)").

5-3-30.
1-[(6-Ethyl-5-{2-[3-methyl-4-(2-methylpropyl)phenyll-1,3-thiazol-5-yl}pyridin-2-yl)methyllazetidine-
3-carboxylic acid (56b)

Me N CO,H

7\ <
. U s ) g
i-Bu 7 0.5 (COzH):

(a) 3-Methyl-4-(2-methylpropyl)benzoic acid (19¢)

To a solution of 4-bromo-2-methylbenzoic acid (5.0 g, 23 mmol) in THF (20 mL) was added borane
tetrahydrofuran complex solution (1.0 M in THF, 28 mL, 28 mmol) at 0 °C and the resulting mixture
was stirred at 0 °C for 1.5 h. The reaction was quenched with water (5.0 mL) and the reaction
mixture was poured into water and extracted with EtOAc. The extract was washed with brine, dried
over MgSOy, filtered and concentrated.

To a mixture of the residue and MgSQ4 (13 g) in CH2Cl2 (50 mL) was added pyridinium dichromate
(13 g, 35 mmol) and the resulting mixture was stirred at room temperature for 2 h. The reaction
mixture was filtered and the filtrate was concentrated. The residue was purified by flash column
chromatography (silica gel, n-hexane/EtOAc 9:1) to afford 4-bromo-2-methylbenzaldehyde (4.2 g, 21
mmol).

To a solution of triphenyl(propan-2-yl)phosphonium iodide (11 g, 25 mmol) in DMF (30 mL) was
added potassium tert-butoxide (3.1 g, 27 mmol) at 0 °C. After stirring at 0 °C for 10 min, a solution of
4-bromo-2-methylbenzaldehyde (4.2 g, 21 mmol) in DMF was added and the resulting mixture was
stirred for 1 h. The reaction was quenched with sat. NH4Cl and the reaction mixture was extracted
with m-hexane. The extract was washed with brine, dried over MgSQy, filtered and concentrated. The
residue was purified by flash column chromatography (silica gel, mhexane/EtOAc 9:1) to afford
4-bromo-2-methyl-1-(2-methylprop-1-en-1-yl)benzene (3.4 g, 15 mmol).

To a solution of 4-bromo-2-methyl-1-(2-methylprop-1-en-1-yl)benzene (3.4 g, 15 mmol) in THF (30
mL) was added n-BuLi (1.7 M in hexane, 11 mL, 18 mmol) at -78 °C. After stirring at -78 °C for 10

min, DMF (1.6 mL, 21 mmol) was added and the resulting mixture was stirred for 1 h. The reaction
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was quenched with sat. NH4Cl and the reaction mixture was poured into water and extracted with
Et20. The extract was washed with brine, dried over MgSOQy, filtered and concentrated. The residue
was purified by flash column chromatography (silica gel, mhexane/EtOAc 9:1) to afford
3-methyl-4-(2-methylprop-1-en-1-yl)benzaldehyde (2.4 g, 14 mmol).

To a mixture of 3-methyl-4-(2-methylprop-1-en-1-yl)benzaldehyde (2.4 g, 14 mmol), potassium
dihydrogenphosphate (4.8 g, 35 mmol), 2-methyl-2-butene (7.3 ml, 69 mmol) in tert-butanol (20 mL)
and water (20 mL) was added sodium chlorite (2.5 g, 28 mmol) and the resulting mixture was stirred
for 3 h. The reaction mixture was poured into water and extracted with Et20. The extract was
washed with NaOH (1.0 M in water, 50 mL) and the aqueous phase was acidified with HCI (12 M in
water) and extracted with Et20. The extract was washed with brine, dried over MgSOy4, filtered and
concentrated to afford 3-methyl-4-(2-methylprop-1-en-1-ylbenzoic acid (2.3 g, 12 mmol).

A mixture of 3-methyl-4-(2-methylprop-1-en-1-yl)benzoic acid (2.3 g, 12 mmol) and 10% Pd-C (50%
wet, 0.23 g) in EtOAc (30 mL) was degassed and saturated with hydrogen gas and the mixture was
stirred at room temperature. After the reaction was completed, the reaction mixture was filtered
through Celite pad and the filtrate was concentrated. The residue was purified by recrystallization
from mhexane to afford the title compound (1.9 g, 9.7 mmol, 42% in 6 steps). '1H NMR (400 MHz,
CDCls) 6: 7.90 (s, 1H), 7.86 (d, 1H, J= 7.8 Hz), 7.19 (d, 1H, J= 7.8 Hz), 2.55 (d, 2H, J= 7.0 Hz), 2.36 (s,
3H), 1.96-1.84 (m, 1H), 0.94 (d, 6H, J= 6.6 Hz).

(b) N-{2-[2-Ethyl-6-(hydroxymethyl)pyridin-3-yll-2-oxoethyl}-3-methyl-4-(2-methylpropyl)benzamide
According to a similar procedure to 5-3-11 (e), the crude product of the title compound was prepared
from 3-methyl-4-(2-methylpropyl)benzoic acid (19¢) (0.19 g, 1.0 mmol), 1-hydroxybenzotriazole (0.16
g, 1.2 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.23 g, 1.2 mmol),
triethylamine (0.42 mL, 3.0 mmol), 2-amino-1-[2-ethyl-6-(hydroxymethyl)pyridin-3-yllethanone
hydrochloride (54) (0.23 g, 1.0 mmol) and CH2Clz (3.0 mL). The crude product was used to the next

step without further purification.

() NH2-[6-({[tert-Butyl(dimethylD)silylloxy}methyl)-2-ethylpyridin-3-yll-2-oxoethyl}-3-methyl-4-(2-m
ethylpropyl)benzamide

To a solution of the crude product of
N-12-[2-ethyl-6-(hydroxymethyl)pyridin-3-yl]-2-oxoethyl}-3-methyl-4-(2-methylpropylDbenzamide in
DMF (5.0 mL) were successively added imidazole (0.14 g, 2.0 mmol) and TBSCI (0.18 g, 1.2 mmol).
After the reaction was completed, the reaction mixture was poured into water and extracted with
Et20. The extract was washed with brine, dried over MgSOQy, filtered and concentrated. The residue
was purified by flash column chromatography (silica gel, n-hexane/EtOAc 95:5 to 85:15) to afford the
title compound (0.29 g, 0.61 mmol, 61% in 2 steps). 1H NMR (400 MHz, CDCls) 6: 8.11 (d, 1H, J/= 8.2
Hz), 7.67 (d, 1H, J=2.0 Hz), 7.62 (dd, 1H, /= 7.8, 2.0 Hz), 7.50 (d, 1H, J=8.2 Hz), 7.18 (d, 1H, J=7.8
Hz), 7.21-7.17 (m, 1H), 4.86 (s, 2H), 4.84 (d, 2H, J= 4.3 Hz), 3.08 (q, 2H, J= 7.4 Hz), 2.53 (d, 2H, J=
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7.0 Hz), 2.37 (s, 3H), 1.96-1.82 (m, 1H), 1.29 (t, 3H, J= 7.4 Hz), 0.98 (s, 9H), 0.94 (d, 6H, J= 6.6 Hz),
0.15 (s, 6H); IR (ATR): 2953, 2857, 1643, 1534, 1463, 1254, 1116, 837, 777 cm'l; MS (FAB*) m/z 483
(M+H)*).

(d) 6-({[tert-Butyl(dimethyl)silylloxy}methyl)-2-ethyl-3-12-[3-methyl-4-(2-methylpropyl)phenyl]-1,3-t
hiazol-5-ylipyridine

According to a similar procedure to 5-3-10 (a), the title compound (0.21 g, 0.44 mmol, 73%) was
prepared from
N-2-[6-([ tert-butyl(dimethyl)silylloxy}methyl)-2-ethylpyridin-3-yl]-2-oxoethyl}-3-methyl-4-(2-methy
lIpropyl)benzamide (0.29 g, 0.60 mmol), pyridine (0.10 mL, 1.2 mmol), Lawesson’s reagent (0.32 g,
0.78 mmol) and toluene (5.0 mL). The final purification was conducted by flash column
chromatography (mhexane/EtOAc 95:5 to 85:15). 1H NMR (400 MHz, CDCls) &: 7.77 (d, 1H, J= 2.0
Hz), 7.73 (s, 1H), 7.70 (dd, 1H, J= 7.8, 2.0 Hz), 7.69 (d, 1H, J= 7.8 Hz), 7.42 (d, 1H, J= 7.8 Hz), 7.18
(d, 1H, J= 7.8 Hz), 4.87 (s, 2H), 2.92 (q, 2H, J= 7.4 Hz), 2.53 (d, 2H, J= 7.0 Hz), 2.38 (s, 3H), 1.98—
1.83 (m, 1H), 1.26 (t, 3H, J= 7.4 Hz), 0.98 (s, 9H), 0.95 (d, 6H, J = 6.6 Hz), 0.15 (s, 6H); IR (ATR):
2953, 2856, 1462, 1255, 1112, 833, 775, 641 cm';; MS (FAB*) m/z 481 (M+H)*).

(e) Methyl
1-[(6-ethyl-5-12-[3-methyl-4-(2-methylpropyl)phenyll-1,3-thiazol-5-yl}pyridin-2-yl)methyll azetidi
ne-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.17 g, 0.37 mmol, 85% in 3 steps)

was prepared from

6-({[tert-butyl(dimethyl)silylloxy}methyl)-2-ethyl-3-12-[3-methyl-4-(2-methylpropyl)phenyl]-1,3-thiaz

ol-5-ylipyridine (0.21 g, 0.44 mmol), tetrabutylammonium fluoride (1.0 M in THF, 0.52 mL, 0.52

mmol) and THF (2.0 mL), and thionyl chloride (50 pL, 0.66 mmol), toluene (3.0 mL) and a catalytic

amount of DMF, and methyl 3-azetidinecarboxylate hydrochloride (0.10 g, 0.66 mmol),

N, N-diisopropylethylamine (0.23 mL, 1.3 mmol) and acetonitrile. The final purification was

conducted by flash column chromatography (amino silica gel, n-hexane/EtOAc). 'TH NMR (400 MHz,

CDCls) §: 7.80-7.69 (m, 3H), 7.62 (d, 1H, = 7.8 Hz), 7.23-7.16 (m, 2H), 3.81 (s, 2H), 3.73 (s, 3H),

3.70-3.64 (m, 2H), 3.52-3.45 (m, 2H), 3.44-3.35 (m, 1H), 2.93 (q, 2H, J= 7.4 Hz), 2.53 (d, 2H, J=7.0

Hz), 2.38 (s, 3H), 1.97-1.83 (m, 1H), 1.26 (t, 3H, J= 7.4 Hz), 0.95 (d, 6H, /= 6.6 Hz); IR (ATR): 2953,

2866, 1736, 1457, 1435, 1199, 1174, 837, 642 cm'; MS (FAB*) m/z 464 (M+H)").

() 1-[(6-Ethyl-5-{2-[3-methyl-4-(2-methylpropyl)phenyl]-1,3-thiazol-5-yl}pyridin-2-yl)methyl]azetidi
ne-3-carboxylic acid 1/2 oxalate (56b)

According to a similar procedure to 5-3-5 (c), the title compound (0.13 g, 0.25 mmol, 69%) was

prepared from methyl

1-[(6-ethyl-5-12-[3-methyl-4-(2-methylpropyl)phenyll-1,3-thiazol-5-yl}pyridin-2-yl)methyl]azetidine-3
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-carboxylate (0.17 g, 0.37 mmol), NaOH (1.0 M in water, 0.55 mL, 0.55 mmol), ethanol (0.60 mL),
acetic acid (30 uL, 0.55 mmol) and oxalic acid (16 mg, 0.18 mmol). The product was obtained as an
amorphous after dried sufficiently. 1H NMR (400 MHz, DMSO-ds) &: 7.94 (s, 1H), 7.85-7.69 (m, 3H),
7.32-7.21 (m, 2H), 3.70 (s, 2H), 3.54-3.46 (m, 2H), 3.36-3.29 (m, 2H), 3.28-3.19 (m, 1H), 2.87 (q, 2H,
J=17.4Hz), 2.51(d, 2H, J=6.6 Hz), 2.35 (s, 3H), 1.86 (tsept, 1H, J= 6.6, 6.6 Hz), 1.20 (t, 3H, J=17.4
Hz), 0.91 (d, 6H, J= 6.6 Hz); IR (KBr): 3393, 2954, 1608, 1462, 1384, 836, 513 cm''; MS (FAB*) m/z
450 (M+H)).

5-3-31.
1-[(6-Ethyl-5-{2-[3-ethyl-4-(2-methylpropyl)phenyll-1,3-thiazol-5-yl}pyridin-2-yl)methyllazetidine-3-c

arboxylic acid oxalate (56¢)

CO,H

Et N
7\ < ,j
, U SEEA\ N
i-Bu 2 (COzH)2

(a) 3-Ethyl-4-(2-methylpropyl)benzoic acid (19d)

To a mixture of 4-(2-methylpropyl)benzoic acid (3.0 g, 17 mmol) and nitric acid (70 wt% in water, 11
mL, 0.17 mol) in acetic acid (50 mL) and water (8.4 mL) were successively added bromine (0.95 mL,
19 mmol) and a solution of silver(I) nitrate (2.9 g, 17 mmol) in water (8.4 mL) and the resulting
mixture was stirred at room temperature for 2.5 h. The reaction mixture was filtered and washed
with water and n-hexane. The filtrate was concentrated and co-evaporated with toluene for removal
of the organic solvent and water. The residue was filtered and washed with n-hexane and the filtrate
was concentrated.

To a solution of the residue in methanol (30 mL) and toluene (30 mL) was added sulfuric acid (96 wt%
in water, 93 puL, 1.7 mmol) and the resulting mixture was stirred at 100 °C. After the reaction was
completed, the reaction mixture was concentrated, poured into water and extracted with mhexane.
The extract was washed with water and brine, dried over Na2SOs, filtered and concentrated. The
residue was purified by flash column chromatography (silica gel, nm-hexane/toluene 1:0 to 0:1) to
afford methyl 3-bromo-4-(2-methylpropyl)benzoate (1.3 g, 4.9 mmol).

A mixture of methyl 3-bromo-4-(2-methylpropyl)benzoate (1.3 g, 4.9 mmol), Pd(PPhs)s (0.20 g, 0.17
mmol), 2,4,6-trivinylcyclotriboroxane pyridine complex (0.36 g, 1.5 mmol) and aq. Na2COs (2.0 M in
water, 67 mL, 0.13 mol) in 1,4-dioxane (67 mL) was heated at 80 °C for 2 h. After cooling to room
temperature, the reaction mixture was poured into water and extracted with Et20. The extract was
washed with brine, dried over Na2SQy, filtered and concentrated. The residue was purified by flash
column chromatography (silica gel, mhexane/EtOAc) to afford methyl
3-ethenyl-4-(2-methylpropyl)benzoate (0.58 g, 2.6 mmol) as a colorless oil.
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A mixture of methyl 3-ethenyl-4-(2-methylpropyl)benzoate (0.58 g, 2.6 mmol) and 10% Pd-C (50% wet,
0.36 g) in methanol (26 mL) was degassed and saturated with hydrogen gas, and the mixture was
stirred at room temperature for 30 min. The reaction mixture was filtered through Celite pad and
the filtrate was concentrated to afford methyl 3-ethyl-4-(2-methylpropyl)benzoate (0.54 g, 2.5 mmol)
as a colorless oil.

To a solution of methyl 3-ethyl-4-(2-methylpropyl)benzoate (0.54 g, 2.5 mmol) in methanol (6.0 mL)
and water (6.0 mL) was added NaOH (0.60 g, 15 mmol) and the reaction mixture was stirred at 50 °C
for 1 h. The reaction mixture was acidified with HCI (12 M in water) and extracted with Et20. The
extract was dried over Na2SOy, filtered and concentrated to afford the title compound (0.47 g, 2.3
mmol, 13% in 5 steps) as a white powder. 1H NMR (400 MHz, CDCls) 6:7.93 (s, 1H), 7.86 (d, 1H, J=
7.8 Hz), 7.20 (d, 1H, J= 7.8 Hz), 2.71 (q, 2H, J= 7.4 Hz), 2.56 (g, 2H, J= 7.0 Hz), 1.96-1.82 (m, 1H),
1.25 (t, 3H, J= 7.4 Hz), 0.94 (d, 6H, J= 6.6 Hz).

(b) 3-Ethyl- N-{2-[2-ethyl-6-(hydroxymethyl)pyridin-3-yl]-2-oxoethyl}-4-(2-methylpropyl)benzamide

According to a similar procedure to 5-3-11 (e), the crude product of the title compound was prepared
from 3-ethyl-4-(2-methylpropyl)benzoic acid (19d) (0.47 g, 2.3 mmol), 1-hydroxybenzotriazole (0.42 g,
2.7 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.55 g, 2.9 mmol),
triethylamine (1.4 mL, 10 mmol), 2-amino-1-[2-ethyl-6-(hydroxymethyl)pyridin-3-yllethanone
hydrochloride (54) (0.73 g, 2.7 mmol) and CH2Clz (10 mL). The crude product was used to the next

step without further purification.

() NH2-[6-({[tert-Butyl(dimethylD)silylloxylmethyl)-2-ethylpyridin-3-yll-2-oxoethyl}-3-ethyl-4-(2-met
hylpropyl)benzamide

According to a similar procedure to 5-3-30 (c), the title compound (0.90 g, 1.8 mmol, 80% in 2 steps)
was prepared from the crude product of the amide, imidazole (0.31 g, 4.5 mmol) and TBSC1 (0.41 g,
2.7 mmol) and DMF (6.5 mL). The final purification by flash column chromatography (silica gel,
mhexane/EtOAc 3:1) gave a yellow oil. 'H NMR (400 MHz, CDCls) §:8.12 (d, 1H, J= 7.8 Hz), 7.71 (s,
1H), 7.61 (d, 1H, J= 8.2 Hz), 7.51 (d, 1H, J= 7.8 Hz), 7.23-7.18 (m, 2H), 4.86 (s, 2H), 4.85 (s, 2H),
3.08 (q, 2H, J= 7.4 Hz), 2.71 (q, 2H, J= 7.4 Hz), 2.55 (d, 2H, J= 7.0 Hz), 1.95-1.81 (m, 1H), 1.29 (t,
3H, J=7.4 Hz), 1.26 (t, 3H, J= 7.4 Hz), 0.98 (s, 9H), 0.94 (d, 6H, J= 6.6 Hz), 0.15 (s, 6H); MS (FAB")
mlz 497 (M+H)*).

(d) 6-Qltert-Butyl(dimethyl)silylloxy}methyl)-2-ethyl-3-{2-[3-ethyl-4-(2-methylpropyl)phenyl]-1,3-thi
azol-5-ylipyridine

According to a similar procedure to 5-3-10 (a), the title compound (0.71 g, 1.4 mmol, 79%) was

prepared from

N-2-[6-({[ tert-butyl(dimethyl)silylloxy}methyl)-2-ethylpyridin-3-yll-2-oxoethyl}-3-ethyl-4-(2-methylp

ropyl)benzamide (0.90 g, 1.8 mmol), pyridine (0.29 mL, 3.6 mmol), Lawesson’s reagent (0.96 g, 2.4
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mmol) and toluene (18 mL). The final purification by flash column chromatography (amino silica gel,
nhexane/EtOAc 95:5) gave a red oil. tH NMR (400 MHz, CDCls) &:7.82—7.81 (m, 1H), 7.74 (s, 1H),
7.70 (s, 1H), 7.68 (s, 1H), 7.42 (d, 1H, J="7.8 Hz), 7.19 (d, 1H, J= 7.8 Hz), 4.87 (s, 2H), 2.92 (q, 2H, J=
7.8 Hz), 2.72 (q, 2H, J= 7.8 Hz), 2.55 (d, 2H, J= 7.4 Hz), 1.95-1.84 (m, 1H), 1.28 (t, 3H, J= 7.8 Hz),
1.26 (t, 3H, J= 7.8 Hz), 0.98 (s, 9H), 0.96 (d, 6H, J= 6.6 Hz), 0.15 (s, 6H).

(e) Methyl
1-[(6-ethyl-5-12-[3-ethyl-4-(2-methylpropyl)phenyl]-1,3-thiazol-5-yl}pyridin-2-yl)methyllazetidine
-3-carboxylate

According to a similar procedure to 5-3-5 (b), the title compound (0.48 g, 1.0 mmol, 70% in 3 steps)

was prepared from

6-({[tert-butyl(dimethyl)silylloxy}methyl)-2-ethyl-3-12-[3-ethyl-4-(2-methylpropyl) phenyl]-1,3-thiazol

-5-yl}pyridine (0.71 g, 1.4 mmol), tetrabutylammonium fluoride (1.0 M in THF, 1.7 mL, 1.7 mmol)

and THF (15 mL), and thionyl chloride (0.27 mL, 3.8 mmol), toluene (12 mL) and a catalytic amount

of DMF, and methyl 3-azetidinecarboxylate hydrochloride (0.28 g 1.9 mmol),

N, N-diisopropylethylamine (0.87 mL, 5.0 mmol) and acetonitrile (12 mL). The final purification by

flash column chromatography (amino silica gel, mhexane/EtOAc 1:1) gave a colorless oil. TH NMR

(400 MHz, CDCls) &: 7.85-7.80 (m, 1H), 7.77-7.73 (m, 1H), 7.73-7.67 (m, 1H), 7.67-7.61 (m, 1H),

7.24-7.17 (m, 2H), 3.81 (s, 2H), 3.73 (s, 3H), 3.71-3.64 (m, 2H), 3.52-3.45 (m, 2H), 3.45-3.37 (m, 1H),

2.94 (q, 2H, J= 7.4 Hz), 2.72 (q, 2H, J= 7.0 Hz), 2.55 (d, 2H, J=7.0 Hz), 1.95-1.85 (m, 1H), 1.33-1.23

(m, 6H), 0.96 (d, 6H, /= 7.0 Hz); MS (FAB*) m/z 478 (M+H)*).

(® 1-[(6-Ethyl-5-12-[3-ethyl-4-(2-methylpropyl)phenyll-1,3-thiazol-5-yl}pyridin-2-yl)methyl]azetidine
-3-carboxylic acid oxalate (56¢)

According to a similar procedure to 5-3-5 (c), the title compound (0.30 g, 0.54 mmol, 54%) was
prepared from methyl
1-[(6-ethyl-5-12-[3-ethyl-4-(2-methylpropyl)phenyll-1,3-thiazol-5-yl}pyridin-2-yl)methyllazetidine-3-c

arboxylate (0.48 g, 1.0 mmol), NaOH (1.0 M in water, 3.0 mL, 3.0 mmol), methanol (5.5 mL), THF
(5.5 mL), acetic acid (0.20 mL, 3.5 mmol) and oxalic acid (90 mg, 1.0 mmol). The final purification by
recrystallization (77Pr20/Et20) gave a yellow powder. 1H NMR (400 MHz, DMSO-de) §: 8.03—8.00 (m,
1H), 7.96-7.92 (m, 1H), 7.82-7.78 (m, 1H), 7.76-7.70 (m, 1H), 7.42-7.36 (m, 1H), 7.31-7.25 (m, 1H),
4.56 (s, 2H), 4.35-4.19 (m, 4H), 3.72-3.63 (m, 1H), 2.94 (q, 2H, J= 7.4 Hz), 2.70 (q, 2H, J= 7.4 H2),
2.54 (d, 2H, J= 7.4 Hz), 1.90-1.82 (m, 1H), 1.26 (t, 3H, /= 7.4 Hz), 1.21 (t, 3H, J= 7.4 Hz), 0.92 (d, 6H,
J= 6.6 Hz); MS (FAB*) m/z 464 (M+H)*).

5-4. % 4 EICET 5 R
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5-4-1. ()-3-(tert-Butyldimethylsilyloxy)methylcyclopentan-1-one [(x)-61]

To a suspension of LiAlH4 (15 g, 0.40 mol) in THF (300 mL) was slowly added a solution of methyl
cyclopent-3-ene-1-carboxylate 69 (50 g, 0.40 mol) in THF (200 mL) at 0 °C. After stirring for 30 min
at 0 °C, the reaction mixture was quenched by the addition of water (15 mL), aqueous 15% NaOH
solution (15 mL) and water (40 mL). To this was added Et20 (100 mL) and the suspension was stirred
for 1 h. Then, the resulting solid was filtered and the filtrate was concentrated in vacuo.

To a mixture of the residue and imidazole (40 g, 0.59 mol) in DMF (300 mL) was added TBSCI (66 g,
0.44 mol) at room temperature. After completion of the reaction by adding further TBSCI (13 g, 88
mmol) in two portion within 1 h, the mixture was poured into water (300 mL) and extracted with
nhexane. The combined organic layers were washed with brine, dried over MgSQOy, filtered and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
nhexane/EtOAc 1:0 to 95:5) to afford 79.4 g of the colorless oil product 70.

To a solution of 70 in THF (300 mL) was added BHs-THF (205 mL, 1.09 M in THF, 224 mmol) at 0 °C
over 15 min and the mixture was stirred for 1 h at 0 °C. To the resulting mixture was slowly added aq.
NaOH (2.0 M, 0.11 L, 0.22 mol) over 30 min and successively added aqueous 30% H202 (34 mL, 300
mmol) over 20 min. After evaporating to 2/3 volume, the mixture was poured into water (300 mL)
and extracted with Et20. The combined organic layers were washed with brine, dried over MgSOy4,
filtered and concentrated in vacuo.

The residue was dissolved in CH2Cls (300 mL) and to this were added sat. NaHCOs (100 mL),
TEMPO (1.2 g, 7.5 mmol) and KBr (4.4 g, 37 mmol). To the mixture was added aqueous NaOC]1 (0.46
L, > 5.0% as available chlorine) at 0 °C. After stirring at 0 °C for 1 h, the mixture was poured into
water and extracted with Et20. The combined organic layers were washed with brine, dried over
MgSO,, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, n-hexane/EtOAc 97:3 to 92:8) to afford the title compound (+)-61 (77.0 g,
337 mmol, 85% from 69) as a yellow oil. 'H NMR (400 MHz, CDCls) &: 3.63 (d, 2H, J= 5.1 Hz), 2.46—
2.25 (m, 3H), 2.22-2.00 (m, 3H), 1.82-1.70 (m, 1H), 0.89 (s, 9H), 0.05 (s, 6H); 13C NMR (125 MHz,
CDCls) &6: 219.6, 65.8, 41.5, 38.9, 38.0, 25.8, 18.2, -5.5; IR (ATR): 2953, 2929, 2856, 1742, 1254, 1097,
833, 774 cm™; MS (CI*) m/z 229 (M+H)*); HRMS (CI+): m/z caled for C12H25028i, 229.1624 [M+H]*;
found 229.1621.

5-4-2. tert-Butyl(dimethyl){[1-(phenylsulfonyl)cyclopent-3-en-1-yllmethoxy}silane (73)
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PhO,S

TBSO

To a solution of ethyl phenylsulfonylacetate 71 (76 g, 0.33 mol) in DMF (400 mL) was added LiH (6.6
g, 0.83 mol) at 0 °C, and warmed to room temperature. After stirring for 0.5 h, the reaction mixture
was cooled to 0 °C again and was added cis-1,4-dichloro-2-butene (42 mL, 400 mmol). Then the
reaction mixture was warmed to room temperature. After stirring for 4 h, the reaction was quenched
with sat. NH4Cl (50 mL). The resulting mixture was poured into water (300 mL) and extracted with
Et20. The combined organic layers were washed with water, brine, dried over MgSOs, filtered and
concentrated in vacuo.

To a suspension of LiAlH4 (13 g, 0.33 mol) in THF (300 mL) at 0 °C was slowly added a solution of the
crude product in THF (200 mL) dropwise over 0.5 h. After stirring for 1 h at 0 °C, the reaction was
quenched with water (13 mL), aqueous NaOH (5.0 M, 13 mL, 63 mmol) and water (38 mL). To the
resulting mixture was added Et20 (200 mL) and the mixture was stirred for several hours. The
resulting mixture was filtered through Celite and the filtrate was evaporated in vacuo. The residue
was diluted with toluene (100 mL) and azeotropically evaporated in vacuo.

To a solution of the obtained crude product and imidazole (34 g, 0.50 mol) in DMF (300 mL) was
added TBSCI (50 g, 0.33 mol) at room temperature. After stirring for 15 h, the reaction was quenched
with water (30 mL). The reaction mixture was poured into water (300 mL) and extracted with Et2O.
The extract was washed with water and brine, dried over MgSQy, filtered and concentrated in vacuo.
The residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc 19:1 to 17:3)
to afford the title compound 73 (102 g, 0.29 mol, 87%) as a colorless oil. 'TH NMR (500 MHz, CDCls) &:
7.94-7.89 (m, 2H), 7.61 (t, 2H, J= 7.7 Hz), 7.50 (t, 1H, J= 7.7 Hz), 5.57 (s, 2H), 3.84 (s, 2H), 3.13 (d,
2H, J=15.1 Hz), 2.46 (d, 2H, J= 15.1 Hz), 0.76 (s, 9H), -0.08 (s, 6H); MS (EI*) m/z 285 (M*).

5-4-3. 3-(tert-Butyldimethylsilyloxy)methylcyclopent-2-en-1-one (75)

To a solution of 78 (103 g, 0.29 mol) in THF (300 mL) was added BHs*THF (0.16 L, 1.0 M in THF, 160
mmol) at 0 °C over 25 min and the mixture was stirred for 1 h at 0 °C. To the resulting mixture was
slowly added aqueous NaOH (2.0 M, 85 mL, 0.17 mol) and successively added aqueous 35% H202 (29
mL, 0.30 mol). After stirring for 1 h, the mixture was poured into water (300 mL) and extracted with
Et20. The combined organic layers were washed with brine, dried over MgSOQy, filtered and
concentrated in vacuo.

The residue was diluted with CH2Cl2 (300 mL) and to this were added sat. NaHCOs (100 mL), KBr
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(3.5 g, 29 mmol) and TEMPO (0.91 g, 5.8 mmol). To the mixture was added aqueous NaOCl (0.35 L, >
5.0% as available chlorine) at 0 °C. After stirring at 0 °C for 1 h, the mixture was poured into water
(100 mL) and extracted with Et20. The combined organic layers were washed with brine, dried over
MgSOy, filtered and concentrated in vacuo.

A mixture of the residue and EtsN (81 mL, 0.59 mol) in THF (300 mL) was heated at 50 °C for 2 h.
After cooling to room temperature, the mixture was poured into water (300 mL). The mixture was
extracted with Et20 and the combined organic layers were washed with water and brine, dried over
MgSOs,, filtered and concentrated in vacuo. The residue was recrystallized from cold hexane to give
the title compound 75 (41 g, 0.18 mol, 62%) as white solid. The filtrate was evaporated and purified
by flash column chromatography (silica gel, n-hexane/EtOAc 20:1 to 2:1) to afford the title compound
75 (10 g, 44 mmol, 15%). Total 51 g, 77% yield. Mp 68.7—69.0 °C; H NMR (400 MHz, CDCls) &: 6.19—
6.15 (m, 1H), 4.47 (s, 2H), 2.59-2.53 (m, 2H), 2.47-2.42 (m, 2H), 0.93 (s, 9H), 0.10 (s, 6H); 13C NMR
(125 MHz, CDCls) §: 209.2, 181.4, 128.3, 63.2, 35.0, 27.8, 25.7, 18.2, -5.5; IR (KBr): 2957, 2929, 1699,
1626, 1432, 1265, 1142, 1077, 852, 843, 777 cm'™; MS (CI*) m/z 227 (M+H)*); HRMS (CI*): m/z caled
for C12H230281, 227.1467 [M+HI*; found 227.1470.

5-4-4. (3.9)-3-(tert-Butyldimethylsilyloxy)methylcyclopentan-1-one [(S)-61]

TBSO™ "’«Q&O

A mixture of Cu(OAc)2* H20 (8.8 mg, 0.044 mmol, Kanto Chemical) and (9-DTBM-SEGPHOS (52 mg,
0.044 mmol, STREM CHEMICALS) in degassed toluene (5.0 mL) was purged with Ar thoroughly,
and stirred at room temperature for 2 h under Ar atomosphere. To this was added PMHS (0.53 mL,
8.8 mmol, Alfa Aesar) and the resulting mixture was stirred at room temperature for 1 h. Separately,
a solution of 75 (1.0 g, 4.4 mmol) in degassed toluene (6.0 mL) was purged with Ar thoroughly and
this substrate solution was added to the above solution of reagents by cannula. The resulting
mixture was stirred at room temperature for 3 h. The reaction was diluted with THF (5.0 mL) and
quenched by adding aqueous NaOH solution (3.0 M, 5.0 mL). After stirring at room temperature for 2
h, the reaction mixture was poured into water (5.0 mL) and extracted with Etz0. The combined
organic layers were washed with brine, dried over Na2SOy, filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc 1:0 to 4:1) to afford
the title compound (8)-61 (0.97 g, 4.2 mmol, 96% yield, 95.2% ee) as a colorless oil. [a]25p=-37.3 (¢
1.06, CHCls); 1H NMR, 13C NMR and IR are same as (+)-61. MS (ESI) m/z 229 (M+H)+; HRMS (ESD):
ml/zcaled for C12H250281, 229.1624 [M+H]+; found 229.1621.

The enantiopurity was determined after conversion of the obtained 61 into its benzoyl ester as
follows.

To a solution of 61 (0.30 g, 1.3 mmol) in THF (4.0 mL) was added TBAF (1.0 M in THF, 1.6 mL, 1.6
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mmol) and the mixture was stirred at room temperature for 1 h. To the resulting mixture were
successively added DMAP (19 mg, 0.16 mmol), EtsN (0.95 mL, 6.8 mmol) and BzCl (0.46 mL, 3.9
mmol) and the mixture was stirred at room temperature overnight. The reaction mixture was poured
into water and extracted with Et20. The combined organic layers were washed with brine, dried over
Na2S04, filtered and concentrated in wvacuo. The residue was purified by flash column
chromatography (silica gel, n-hexane/CH2Clz 1:1 to 0:1 to CH2Clo/EtOAc 95:5) to afford the benzoyl
ester (0.27 g, 1.3 mmol, 96%) as a colorless oil. tTH NMR (400 MHz, CDCls) &: 8.03 (d, 2H, /= 6.6 Hz),
7.62-7.54 (m, 1H), 7.51-7.41 (m, 2H), 4.48-4.22 (m, 2H), 2.82-2.65 (m, 1H), 2.55-2.18 (m, 4H), 2.12
(dd, 1H, J=17.8, 10.0 Hz), 1.89-1.75 (m, 1H). The enantiopurity was determined by HPLC with a
Chiralpak OJ column (4.6¢ x 150 mm); eluent, 80 : 20 mhexane-ethanol mixture; flow rate, 1.5
mL/min; & of (S-isomer, 8.1 min; £ of (B)-isomer, 7.2 min), 25 °C, UV 210 nm.

5-4-5. (3 B)-3-(tert-Butyldimethylsilyloxy)methylcyclopentan-1-one [(R)-61]

The title compound (£)-61 (0.93 g, 4.1 mmol, 92% yield, 95.3% ee) as a colorless oil was synthesized
by conducting a reaction similar to the one mentioned in 4.5 using Cu(OAc)2*H20 (8.8 mg, 0.044
mmol), (£)-DTBM-SEGPHOS (52 mg, 0.044 mmol) and PMHS (0.53 mL, 8.8 mmol) in toluene (5 mL)
and 75 (1.0 g, 4.42 mmol) in toluene (6 mL). [al25p=+36.8 (¢ 1.07, CHCls); 'TH NMR, 13C NMR and IR
are the same as (R9)-61. MS (CI*) m/z 229 (M+H)*); HRMS (CI*): m/zcalcd for C12H2502Si, 229.1624
[M+H]*; found 229.1617.

5-4-6. A mixture of (3.9)-3-[(¢ert-butyldimethylsilyloxy)methyllcyclopent-1-en-1-yl
trifluoromethanesulfonate and (4.9)-4-[(¢ert-butyldimethylsilyloxy)methyllcyclopent-1-en-1-yl

trifluoromethanesulfonate (76)

TBSO//I,Q/OTf

To a solution of NaHMDS (1.0 M in THF, 122 mL, 122 mmol) in THF (60 mL) was dropwise added a
solution of (9-61 (23 g, 0.10 mmol, >95% ee) in THF (40 mL) at -78 °C. After stirring for 30 min at
-78 °C, PhNTf: (38 g, 0.11 mol) was added. The resulting mixture was warmed to 0 °C and stirred for
1 h. The reaction was quenched by addition of sat. NH4Cl (20 mL) at 0 °C. The mixture was poured
into water (200 mL) and extracted with n-hexane. The combined organic layers were washed with
brine, dried over MgSOy, filtered and concentrated in vacuo. The residue was purified by flash

column chromatography (neutralized silica gel, n-hexane/EtOAc 50:1 to 20:1) to afford the title
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compound 76 (33 g, 91 mmol, 91%). 'H NMR (400 MHz, CDCls) §: 5.65-5.59 (m, 0.7H), 5.59-5.53 (m,
0.3H), 3.68-3.39 (m, 2H), 2.98-2.86 (m, 0.7H), 2.70-2.35 (m, 2.6H), 2.22-2.04 (m, 1H), 1.78-1.66 (m,
0.7H), 0.89 (s, 9H), 0.05 (s, 6H).

5-4-7. A mixture of
[(1.9-3-{1-[(4-methylphenyl)sulfonyll-1 H-pyrrol-2-yl}cyclopent-2-en-1-yllmethanol and
[(1.9-3-{1-[(4-methylphenyl)sulfonyll-1 H-pyrrol-2-yl}cyclopent-3-en-1-yllmethanol (77)

, / \
HO/ - N

Ts

A mixture of 76 (19 g, 52 mmol), 1-(p-toluenesulfonyl)pyrrole-2-boronic acid pinacol ester (20 g, 58
mmol), Pd(PPhs)s (1.8 g, 1.6 mmol) and K2COs (15 g, 0.11 mmol) in water (50 mL) and 1,4-dioxane
(100 mL) was heated at 50 °C for 1 h. After cooling to room temperature, the reaction mixture was
poured into water and extracted with Et20. The combined organic layers were washed with brine,
dried over Na2SQy, filtered with Celite pad and concentrated in vacuo. The residue was purified by
flash column chromatography (neutralized silica gel, n-hexane/EtOAc 50:1 to 10:1) and concentrated
in vacuo to afford the TBS-protected precursor of 77 quantitatively as a light yellow oil. TH NMR (400
MHz, CDCls) 6: 7.55 (d, 2H, J= 8.2 Hz), 7.37-7.33 (m, 1H), 7.22 (dd, 2H, J= 8.2, 2.5 Hz), 6.22 (t, 1H,
J=3.3 Hz), 6.11-6.05 (m, 1H), 5.84-5.80 (m, 0.7H), 5.80-5.77 (m, 0.3H), 3.57-3.45 (m, 2H), 2.98-2.88
(m, 0.7H), 2.60-2.40 (m, 2.3H), 2.38 (s, 3H), 2.28-2.17 (m, 0.6H), 2.04-1.94 (m, 0.7H), 1.65-1.55 (m,
0.7H), 0.91 (s, 6.3H), 0.89 (s, 2.7H), 0.07 (s, 2.1H), 0.06 (s, 2.1H), 0.05 (s, 0.9H), 0.04 (s, 0.9H); MS
(FAB*) m/z 432 (M+H)*).

Deprotection of the TBS group into 77 was conducted as follows.

To a solution of the obtained product in THF (200 mL) was added tetrabutylammonium fluoride (1.0
M in THF, 100 mL, 100 mmol), and the resulting mixture was stirred at room temperature for 1 h.
The reaction mixture was poured into water (100 mL) and extracted with EtOAc. The combined
organic layers were washed with water and brine, dried over NasSOy, filtered and concentrated in
vacuo. The residue was purified by flash column chromatography (neutralized silica gel,
n-hexane/EtOAc 4:1 to 1:1) to afford the title compound 77 (16 g, 51 mmol, 98%) as a light yellow oil.
'H NMR (400 MHz, CDCl) &: 7.54 (d, 2H, J= 8.2 Hz), 7.40-7.35 (m, 0.7H), 7.35-7.30 (m, 0.3H), 7.24
(d, 2H, J= 8.2 Hz), 6.25 (t, 0.7H, J= 3.3 Hz), 6.23 (t, 0.3H, = 3.3 Hz), 6.15-6.11 (m, 0.7H), 6.09-6.05
(m, 0.3H), 5.82-5.78 (m, 0.7H), 5.76-5.72 (m, 0.3H), 3.69-3.50 (m, 2H), 3.06-2.96 (m, 0.7H), 2.70—
2.40 (m, 2.6H), 2.39 (s, 3H), 2.33-2.22 (m, 0.3H), 2.12-2.00 (m, 0.7H), 1.80-1.69 (m, 0.7H), 1.51 (br s,
1H); MS (FAB*) m/z 318 (M+H)*).
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5-4-8. [(1.5,3.9-3-{1-[(4-Methylphenyl)sulfonyll-1 A-pyrrol-2-yl}cyclopentyllmethanol (78)

/ \
HO™ N

|
Ts

A solution of 77 (16 g, 51 mmol) and Crabtree’s catalyst (1.3 g, 1.5 mmol) in CH2Clz (1000 mL) was
degassed and saturated with hydrogen gas, and the mixture was stirred at room temperature for 7.5
h. The solvent was removed 1n vacuo and the residue was purified by flash column chromatography
(neutralized silica gel, nhexane/EtOAc 2:1 to 1:1) to afford the title compound 78 (16 g, 49 mmol,
95%) as an orange oil in the diastereomeric ratio of 15 to 1. 'H NMR (400 MHz, CDCls) §: 7.60 (dd,
2H, J= 8.6, 2.0 Hz), 7.28 (dd, 2H, J= 8.6, 2.2 Hz), 7.28-7.25 (m, 1H), 6.21 (t, 1H, J= 3.3 Hz), 6.09-
6.03 (m, 1H), 3.57-3.46 (m, 2H), 3.38 (quint, 1H, J= 8.2 Hz), 2.41 (s, 3H), 2.33-2.05 (m, 1H), 1.98-
1.85 (m, 2H), 1.75-1.46 (m, 4H), 1.37-1.27 (m, 1H); MS (FAB*) m/z: 320 (M+H)*).

5-4-9. [(1.5,3.9-3-{1-[(4-Methylphenyl)sulfonyll-1 A-pyrrol-2-yl}cyclopentyllmethyl carbamate (79)

To a solution of 78 (16 g, 49 mmol) in CH2Cl2 (200 mL) was added trichloroacetyl isocyanate (7.0 mL,
59 mmol) at 0 °C. After stirring for 30 min at 0 °C, the mixture was concentrated in vacuo. The
residue was diluted with MeOH (300 mL) and THF (100 mL). To this were added water (50 mL) and
K2COs (34 g, 0.24 mol) at 0 °C and the mixture was warmed to room temperature. After stirring for 2
h, the mixture was filtered with Celite pad and the filtrate was concentrated in vacuo. The residue
was poured into water (100 mL) and the mixture was extracted with EtOAc. The combined organic
layers were washed with water and brine, dried over Na2SOy4, filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (neutralized silica gel, n-hexane/EtOAc 2:1 to
1:1) to afford the title compound 79 quantitatively as a light yellow oil in the diastereomeric ratio of
15 to 1. 1H NMR (400 MHz, CDCls) &: 7.61 (d, 2H, J= 8.6 Hz), 7.32-7.23 (m, 3H), 6.20 (t, 1H, J= 3.3
Hz), 6.08-6.02 (m, 1H), 4.59 (br s, 2H), 3.94 (d, 2H, J= 6.6 Hz), 3.45 (quint, 1H, J= 8.2 Hz), 2.42-2.15
(m, 1H), 2.41 (s, 3H), 1.98-1.86 (m, 2H), 1.73-1.45 (m, 3H), 1.37-1.25 (m, 1H); MS (FAB*) m/z: 363
(M+H)*).

5-4-10. (5R,7.9-7-{1-[(4-Methylphenyl)sulfonyl]-1 H-pyrrol-2-yl}-3-oxa-1-azaspiro[4.4]lnonan-2-one
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(80)

A mixture of 79 (18 g, 49 mmol), PhI(OAc): (20 g, 63 mmol), MgO (4.5 g, 0.11 mol) and Rha(esp)2 (1.9 g,
2.4 mmol) in anhydrous benzene (500 mL) was heated at 60 °C for 1 h. After cooling to room
temperature, the reaction mixture was filtered with Celite pad. The filtrate was poured into water
(100 mL) and extracted with EtOAc. The organic layer was washed with brine, dried over Na2SOs4,
filtered and concentrated in vacuo. The residue was suspended in EtOH-n-hexane = 1:1 (100 mL) and
the resulting brown solid was filtered off to afford the crude product of the title compound 80 (9.7 g).
The filtrate was concentrated in vacuo and purified by flash column chromatography (neutralized
silica gel, CH2Clo/EtOAc 5:1 to 3:1) to afford the title compound 80 (3.0 g) as a white solid. Total 13 g,
72% yield in the diastereomeric ratio of 15 to 1. tTH NMR (400 MHz, CDCls) &: 7.56 (dd, 2H, J = 8.6,
2.0 Hz), 7.33-7.24 (m, 3H), 6.24 (t, 1H, J = 3.5 Hz), 6.12-6.02 (m, 1H), 5.21 (br s, 1H), 4.22 (s, 2H),
3.59-3.36 (m, 1H), 2.42 (s, 3H), 2.17 (dd, 1H, J=13.5, 7.6 Hz), 2.10-1.99 (m, 2H), 1.92-1.64 (m, 3H);
MS (FAB*) m/z 361 ((M+H)*). Recrystallization of the obtained product (0.50 g) from ethanol (22 mL)
provided a single crystal of 80 (0.31 mg, 62% recovery rate). Crystal data: C1sH20N204S, monoclinic,
space group P21, a=9.2722(3) A, b="7.6497(2) A, = 12.4878(4) A, 8=106.365(2)°, V= 849.86(4) A3, Z
=2, Dc=1.408 g/cms3, p(Cu-Ka) = 19.219 cm'. The number of reflections collected at 93 K was 9155,
of which 3025 were independent and used for structure refinement with £1= 0.0339, w2 = 0.0864,
and Flack parameter = -0.015(15).

5-4-11. tert-Butyl
(5R,79-7-{1-[(4-methylphenyl)sulfonyll-1 H-pyrrol-2-yl}-2-oxo-3-oxa-1-azaspiro[4.4Ilnonane-1-carboxy
late (81)

0]
}rNBoc /AR
O N

Ts

To a solution of 80 (13 g, 35 mmol) in CH2Cl: (350 mL) were added EtsN (12 mL, 88 mmol), Boc2O (14
g, 63 mmol) and DMAP (0.43 g, 3.5 mmol). The mixture was stirred at room temperature for 1 h and
the reaction was quenched by the addition of water (10 mL). The resulting mixture was poured into
water (100 mL) and extracted with CH2Cls. The combined organic layers were washed with brine,
dried over Na2SOy, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (neutralized silica gel, n-hexane/EtOAc 5:1 to 2:1) to afford the title compound 81
(12 g, 25 mmol, 71%) as a white solid in the diastereomeric ratio of 15 to 1. 'H NMR (400 MHz,
CDCl») 8: 7.55 (d, 2H, J= 8.5 Hz), 7.33-7.24 (m, 3H), 6.27-6.23 (m, 1H), 6.22-6.16 (m, 1H), 4.09 (d,
1H, J=8.3 Hz), 3.99 (d, 1H, J= 8.3 Hz), 3.32-3.21 (m, 1H), 2.60-2.52 (m, 1H), 2.42 (s, 3H), 2.18 (t, 1H,
J=12.5 Hz), 2.00-1.88 (m, 3H), 1.70-1.60 (m, 1H), 1.55 (s, 9H).
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5-4-12. tert-Butyl
[(1R,3.9-1-(hydroxymethyl)-3-{1-[(4-methylphenyDsulfonyll-1 H-pyrrol-2-yl}cyclopentyllcarbamate
(82)

BocHN 7\
HO\\“‘ l}l

Ts

To a solution of 81 (12 g, 25 mmol) in MeOH (150 mL), THF (50 mL) and water (25 mL) was added
K2COs (17 g, 0.13 mol) and the mixture was stirred at room temperature for 2 h and 15 min. The
reaction mixture was filtered with Celite pad. The filtrate was concentrated in vacuo and the residue
was diluted with Et20. The mixture was poured into water (100 mL) and extracted with Et20. The
combined organic layers were washed with water and brine, dried over Na2SOy, filtered and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
nhexane/EtOAc 10:0 to 1:1) to afford the title compound 82 (10 g, 24 mmol, 94%) as a white solid in
the diastereomeric ratio of 15 to 1. 1H NMR (400 MHz, CDCls) 6: 7.59 (d, 2H, J= 8.2 Hz), 7.30-7.27
(m, 3H), 6.22 (t, 1H, J= 3.3 Hz), 6.13-6.10 (m, 1H), 4.84-4.74 (br s, 1H), 3.75-3.56 (m, 3H), 3.43-3.35
(m, 1H), 2.41 (s, 3H), 2.24 (dd, 1H, J=13.3, 7.8 Hz), 2.02-1.92 (m, 1H), 1.92-1.81 (m, 2H), 1.80-1.72
(m, 1H), 1.60-1.55 (m, 1H), 1.43 (s, 9H); MS (FAB*) m/z: 435 (M+H)*).

5-4-13. tert-Butyl
(5R,79-2,2-dimethyl-7-{1-[(4-methylphenyl)sulfonyll-1 H-pyrrol-2-yl}-3-oxa-1-azaspiro[4.4Inonane-1-
carboxylate (83)

#’NBOC ]\
O\\‘\‘ 'Tl
Ts

To a solution of 82 (10 g, 24 mmol) in CH2Cls (240 ml) were successively added
2,2-dimethoxypropane (29 mL, 240 mmol) and BF3-Et20 (0.30 mL , 2.4 mmol) at 0 °C. The resulting
mixture was warmed to room temperature and stirred at room temperature for 45 min. After cooling
to 0 °C again, the reaction was quenched with sat. NaHCOs (50 mL). The resulting mixture was
poured into water (50 mL) and extracted with CH2Clz. The combined organic layers were washed
with brine, dried over Na2SOy, filtered and concentrated in vacuo. The residue was purified by flash
column chromatography (neutralized silica gel, mhexane/EtOAc 10:1 to 5:1). A diasteomerically

impure part was purified by additional column chromatography, repeatedly (total of three times).
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Those obtained were combined to afford the title compound 83 (10 g, 21 mmol, 90%) as a white solid.
TH NMR (400 MHz, CDCls) 6: 7.60-7.54 (m, 2H), 7.31-7.24 (m, 3H), 6.27-6.07 (m, 2H), 3.76-3.71 (m,
1H), 3.67-3.63 (m, 1H), 3.18-3.07 (m, 1H), 2.48-2.30 (m, 1H), 2.40 (s, 3H), 2.12-1.66 (m, 4H), 1.53—
1.41 (m, 16H); MS (FAB*) m/z: 474 (M*).

5-4-14. tert-Butyl
(5R,7.9-2,2-dimethyl-7-(1-methyl-1H-pyrrol-2-yl)-3-oxa-1-azaspiro[4.4lnonane-1-carboxylate (60)

#’NBOC [\
O\\‘\‘ 'Tl
Me

To a solution of 83 (10 g, 21 mmol) in EtOH (250 mL) and 1,4-dioxane (150 mL) was added aqueous
NaOH solution (5.0 M, 0.17 L, 0.85 mol). The mixture was stirred at reflux for 48 h. After cooling to
room temperature, the organic solvent was removed in vacuo and the mixture was extracted with
Et20. The combined organic layers were washed with water and brine, dried over Na2SOy, filtered
and concentrated in vacuo. The residue was purified by flash column chromatography (neutralized
silica gel, n-hexane/EtOAc 8:1 to 4:1) to afford the detosylated precursor (6.6 g, 21 mmol, 98%) as a

white solid.

1H NMR (400 MHz, CDCls) &: 9.37 (br s, 1H), 6.70 (br s, 1H), 6.17-6.06 (m, 1H), 5.97-5.87 (m, 1H),
3.87-3.69 (m, 2H), 3.22-2.77 (m, 1H), 2.61-2.31 (m, 2H), 2.21-1.82 (m, 3H), 1.67-1.44 (m, 16H); MS
(FAB*) m/z: 320 (M™).

To a solution of KHMDS (0.50 M in toluene, 46 mL, 23 mmol) in THF (70 mL) was dropwise added a
solution of the obtained precursor (6.6 g, 21 mmol) in THF (30 mL) at -78 °C. After stirring for 25 min
at -78 °C, Mel (2.2 mL, 35 mmol) was added and the mixture was stirred for 25 min. The resulting
mixture was warmed to room temperature and stirred for 1 h. After cooling to 0 °C, the reaction was
quenched with sat. NH4Cl (30 mL). The resulting mixture was poured into water (70 mL) and
extracted with EtOAc. The combined organic layers were washed with brine, dried over Na2SOq,
filtered and concentrated in vacuo. The residue was purified by flash column chromatography
(neutralized silica gel, n-hexane/EtOAc 10:1 to 5:1) to afford the title compound 60 (6.8 g, 20 mmol,
98%) as a white solid. Mp 97.3-98.9 °C; [a]25p = -52.2 (¢ 1.05, CHCls); H NMR (500 MHz, CDCls) &:
6.54 (br s, 1H), 6.10-5.93 (m, 2H), 3.88-3.70 (m, 2H), 3.56 (m, 3H), 2.83-2.73 (m, 1H), 2.61-1.90 (m,
5H), 1.69-1.43 (m, 16H); IR (KBr): 2969, 2869, 1681, 1387, 1091, 1063, 853, 727 cm'}; MS (ESI) m/z:
335 (M+H)*); HRMS (ESI): m/z caled for C19Hz1N20s, 335.2335 [M+H]*; found 335.2328.

5-4-15. tert-Butyl
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(5R,79-2,2-dimethyl-7-{1-methyl-5-[5-(4-methylphenyl)pentanoyll-1 H-pyrrol-2-yl}-3-oxa-1-azaspiro[
4.4]nonane-1-carboxylate (85)

Me
#‘NBOC 7\
O\\\v 'Tl
Me O

Preparation of 5-(p-tolyl)pentanoyl chloride

To a mixture of ptolualdehyde (4.0 g, 33 mmol) and (3-carboxypropyltriphenylphosphonium
bromide (17 g, 40 mmol) in CH2Clz (41 mL) was dropwise added a solution of #BuOK (9.3 g, 83 mmol)
in THF (83 mL) at 0 °C. The resulting mixture was warmed to room temperature and stirred for 20 h.
After cooling to 0 °C, the reaction was quenched with water (300 mL) and washed with CH2Cls. The
aqueous phase was acidified with conc. HCI and extracted with Et20. The combined organic layers
were washed with water and brine, dried over MgSOs, filtered and concentrated in vacuo to afford
5-(p-tolyl)pent-4-enoic acid (5.8 g, 31 mmol, 92%) as a light yellow solid, which was used for the next

step without further purification.

A solution of the 5-(p-tolyl)pent-4-enoic acid (5.8 g, 31 mmol) and 10% Pd-C (0.58 g, 50% wet) in
EtOH (120 mL) was degassed and saturated with hydrogen gas and the mixture was stirred at 50 °C
for 6 h. The reaction mixture was filtered with Celite pad and concentrated in vacuo to afford

5-(p-tolyl)pentanoic acid (5.6 g, 29 mmol, 96%).

To a mixture of 5-(p-tolyl)pentanoic acid (1.7 g, 9.0 mmol) in toluene (18 mL) were successively added
SOCl: (1.3 mL, 18 mmol) and DMF (0.090 mL). After stirring at 80 °C for 2 h, the reaction mixture
was azeotropically evaporated Iin vacuo with toluene twice to afford the crude product of

5-(p-tolyl)pentanoyl chloride which was used for the next step without further purification.
Preparation of 85

To a solution of 60 (1.0 g, 3.0 mmol) in toluene (6.0 mL) and acetonitrile (6.0 mL) was added
1-Me-imidazole (0.73 mL, 9.3 mmol). The mixture was stirred and warmed to 80 °C. To this was
dropwise added a solution of the crude 5-(p-tolyl)pentanoyl chloride (9.0 mmol) in acetonitrile (3.0
mL) and toluene (3.0 mL) at 80 °C. The resulting mixture was stirred at 80 °C for 17 h. After cooling
to room temperature, the reaction mixture was poured into water and extracted with Et20. The
combined organic layers were washed with sat. NaHCOs and brine, dried over Na2SOy, filtered and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
nhexane/EtOAc 100:0 to 60:40) to afford 2.37 g of the enol ester 84 as a brown oil.

To a solution of the obtained 84 in THF (18 mL) and MeOH (18 mL) was added 5.0 M NaOH (6.0 mL,
30 mmol). The mixture was stirred at 60 °C for 2 h. The organic solvent was removed in vacuo and

the resulting mixture was extracted with Et20. The combined organic layers were washed with
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aqueous 1 M NaOH, water and brine, dried over MgSQs, filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, n-hexane/EtOAc 100:0 to 65:35) to
afford the title compound 85 (1.3 g, 0.26 mmol, 88% in 2 steps) as a colorless oil. zH NMR (500 MHz,
CDCly) &: 7.23 (s, 2H), 7.09-7.05 (m, 1H), 7.07 (s, 2H), 6.93-6.90 (m, 1H), 6.11 (br s, 0.5H), 5.99 (br s,
0.5H), 3.88 (s, 3H), 3.87-3.81 (m, 1H), 3.78-3.72 (m, 1H), 2.86-2.76 (m, 1H), 2.74 (t, 2H, J= 7.3 Hz),
2.60 (t, 2H, J= 7.6 Hz), 2.77-2.27 (m, 2H), 2.30 (s, 3H), 2.20-1.94 (m, 4H), 1.78-1.47 (m, 18H).

5-4-16.
1-{5-[(1.5,3 B)-3-Amino-3-(hydroxymethyl)cyclopentyl]-1-methyl-1 H-pyrrol-2-yl}-5-(4-methylphenyl)p

entan-1-one hemifumarate (59)

Me
H2N / \

HO\\\\- N

|
Me O  1/2 fumaric acid

To a solution of 85 (1.3 g, 2.6 mmol) in CH2Clz (26 mL) was added TFA (6.1 mL, 79 mmol) at 0 °C.
The mixture was stirred at 0 °C for 1 h. To this was added water (13 mL) and the mixture was stirred
at room temperature for 23 h. The reaction mixture was azeotropically evaporated in vacuo with
toluene. The residue was diluted with CH2Clz and basified with aqueous 1.0 M NaOH. The resulting
mixture was extracted with CH2Clz. The combined organic layers were washed with brine, dried over
Na2S04, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (neutralized silica gel, CH2Clo/MeOH/EtsN 20:1:0 to 10:1:0 to 10:1:0.05) to afford
the free amine of 59 (0.59 g, 1.6 mmol, 60%).

To a solution of the free amine (0.59 g, 1.6 mmol) in EtOAc (4.0 mL) and MeOH (4.0 mL) was added
fumaric acid (92 mg, 0.80 mmol). To this was added EtOAc (12 mL) and the mixture was stirred for
30 min. The precipitated powder was filtered off to give 59 (0.65 g, 1.5 mmol, 95%). Mp (dec.)
190.7 °C; [al25p=-36.1 (¢ 1.07, AcOH); *H NMR (500 MHz, CD3CO:D) 8: 7.07 (d, 1H, /= 4.3 Hz), 7.04
(s, 4H), 6.89 (s, 1H), 6.13 (d, 1H, J= 4.3 Hz), 3.87 (s, 3H), 3.84 (br s, 2H), 3.26-3.17 (m, 1H), 2.79 (¢,
2H, J=7.4 Hz), 2.58 (t, 2H, J= 7.4 Hz), 2.50 (dd, 1H, J= 13.6, 7.1 Hz), 2.26 (s, 3H), 2.22-2.12 (m, 2H),
2.02-1.90 (m, 3H), 1.74-1.61 (m, 4H); 13C NMR (125 MHz, CD3CO:D) &: 193.7, 169.9, 146.5, 140.2,
136.0, 135.4, 131.7, 129.9, 129.2, 121.9, 106.7, 66.0, 65.6, 40.1, 39.8, 36.8, 36.0, 33.8, 33.6, 32.2, 31.6,
26.9, 21.1; IR (KBr): 3370, 3271, 2957, 2937, 2872, 1643, 1563, 1548, 1485, 1451, 1373, 1070, 1053,
814, 757, 666 cm;; MS (ESI) m/z 369 (M+H)*); HRMS (ESI): m/z caled for C2sH33N202, 369.2542
[M+H]*; found 369.2536.
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5-5. FKBELFHM

5-5-1. In VitroAgonist-evoked GTPy-S Binding assay

To measure the functional activation of the S1P receptors, an agonist stimulation of in vitro [35S]
GTPy-S binding assay was performed as follows. The membrane was homogenized from CHO cells
expressing rat S1Pi1, rat S1P3, human S1P: or human S1Ps, respectively, with assay buffer (5 mM
Tris-HCI, pH7.4, 0.25 M sucrose, 1 mM EDTA, 1 mM EGTA) and centrifuged at 100,000 x g for 60
min at 4 °C. For in vitro [35S] GTPy-S binding assay, serial dilutions of test compounds were added to

aliquots (1 to 10 pg protein/well) of the membrane and assayed as described in reference [67].

5-5-2. Counting of peripheral lymphocytes

Lewis rats (male, 5 weeks of age, Charles River Japan Inc.) were used. Five rats/ group were used.
The compound was suspended in 1% (w/v) methyl cellulose #400 solution (vehicle). Suspended
solution of the compound was orally administered to rats at a volume of 5 ml/kg. In control rats,
vehicle instead of the suspended solution of the compound was orally administered. Blood was
collected from the postcaval vein of the rats under ether anesthesia at the indicated time in Figure
2.5. Then, the collected blood was placed into a tube containing EDTA. The absolute number of

lymphocytes in the blood collected was counted using a full blood count analyzer.

5-5-3. Evaluation of inhibitory activities against Host versus Graft Reaction in rats (HvGR)
Two strains of rats [Lewis rats (male, 6 weeks of age, Charles River Japan Inc.) and WKAH/Hkm

rats (male, 7 weeks of age, Japan SLC Inc.) were used. Five rats per group were used.

Induction of HvGR

Splenocytes were isolated from the spleens of WKAH/Hkm and Lewis rats and suspended in
RPMI1640 medium (Life Technologies Inc.) at a concentration of 1x108 cells/mL. A 0.1 mL of the
medium which contains the free-floating spleen cells (1x107 of cells) of WKAH/Hkm rats or Lewis

rats was then intracutaneously injected into the bilateral foot-pads of hindlimbs of Lewis rats.

Administration of test compound

Test compounds were suspended in 0.5% tragacanth solution. The suspended compounds were orally
administred to rats in ‘the drug-treated group’ (Lewis rats injected with spleen cells of WKAH/Hkm
rats and treated with the compound) at a volume of 5 mL/kg once daily for 4 successive days starting
on the day of spleen cell injection. Furthermore, the tragacanth solution (0.5%), instead of the test
compound, was orally administered to rats in ‘the syngeneic group’ (Lewis rats injected with spleen
cells of Lewis rats) and ‘the control group’ (Lewis rats injected with spleen cells of WKAH/Hkm rats

and not treated with the compound).
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Determination of inhibitory activity against HvGR

The average weight of the popliteal lymph nodes of ‘the syngeneic group’ was subtracted from
individual weights of the popliteal lymph nodes of individual rats (HvGR-induced changes in weight
of the popliteal lymph nodes).

The inhibitory activities of compounds were calculated from the ‘HvGR-induced changes in weight
of the popliteal lymph nodes’ of individual rats in the drug-treated group versus the average
‘HvGR-induced changes in weight of the popliteal lymph nodes’ in the control group.

The inhibitory activities of compounds were expressed as IDso values (mg/kg) as caluculated by the
least squares method based on the doses of compounds administered and inhibitory activities at

these doses.

5-5-4. Evaluation of antiarthritic activity

Lewis rats aged 8 weeks were used for the study. Heat-killed dried Mycobacterium butyricum were
ground on an agate mortar and then suspended in dry-sterilized liquid paraffin to make a 2 mg/mL
suspension. The resulting suspended solution was then sonicated and used as adjuvant. Arthritis
was induced by intradermal injection of the prepared adjuvant (0.05 mL) into the foot pad of the
right hindlimb of rats in the compound-treated group and in the control group. Rats that were not
treated with adjuvant were separately used as normal control group. The compound was suspended
in 1% (w/v) methyl cellulose #400 solution and orally administered to rats in the compound-treated
group at a volume of 5 ml/kg once daily from the injection day of the adjuvant (Day 0) for 18
successive days. To rats in the control groups 1% (w/v) methyl cellulose #400 solution alone was
similarly administered. The right foot volume of each rat was measured by customized apparatus for
determination of the volume at the indicated time in Figure 2.6. The mean swelled volume of each
group was thus calculated. Percent inhibition of swelling of the injected foot of treated animals as

compared with that of the control animals was calculated according to the following equation:

Percentage inhibition of swollen foot volume (%) = {1 - [(swollen foot volume of animals treated with a
compound) — (foot volume of normal control animals)] / [(swollen foot volume of control animals) -

(foot volume of normal control animals)]} x 100

5-5-5. Evaluation of the suppressive effect on EAE in mice

M. tuberculosis H37 RA (Difco Laboratories) suspension (8 mg/mL) in incomplete Freund’s adjuvant
(Difco Laboratories) was mixed with myelin oligodendrocyte glycoproteinssss (MOGss5s5, Peptide
Institute, Inc.) (4 mg/mL solution) in physiological saline at equal volumes, and the mixture was
emulsified with a sonicator on ice. C57BL16J mice (female, 6 weeks of age, Japan SLC, Inc.) were
immunized by subcutaneous injection of 50 pl of emulsion into each of the right and left axillas. After
immunization on Day 0, 200 pl of pertussis toxin, Bordetella pertussis (PT, Calbiochem, 1 pg/ml

solution) in physiological saline was injected via the tail vein. On Day 2, the same volume of PT
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solution (1 pg/mL) was injected. Vehicle (1% (w/v) methyl cellulose #400 solution) or 0.1, 0.3 or 1
mg/kg compound was administered orally once daily from Day 0 to Day 23. The EAE score was
evaluated daily from Day 7 to 24 using the following criteria: 0, normal; 1, flaccid tail; 2, hindlimb
weakness; 3, paralysis of both hindlimbs; 4, quadriplegia; 5, dead (Mendel et al., 1995). The

cumulative EAE score was calculated by summing up daily scores (Days 7 to 24).

5-6. FKYEhE%E

5-6-1. Pharmacokinetis of CS-2100 (8b) in rats

Pharmacokinetics of CS-2100 (8b) in male Lewis rats was evaluated using an aliquot of blood
collected at each time point in the blood lymphocyte count evaluation study (section 5-5-2). The blood
was centrifuged to prepare plasma and the plasma concentration was measured using liquid
chromatography-tandem mass spectrometry (LC-MS/MS) system after solid phase extraction. The
LC-MS/MS system consisted of a Prominence LC-20A system (Shimadzu Corp., Japan) and an API
5000 (Applied Biosystems/MDS SCIEX). The column used was a Capcell pak Cis ACR (column size:
3.0 mm I.D. X 150 mm, particle size: 5 pm, Shiseido Co., Japan). Analysis was performed using
WinNonlin™ (Pharsight, Palo Alto, CA) and parameters were estimated by noncompartmental

analysis using mean concentration data from five animals for each time point.

5-6-2. Pharmacokinetics of CS-2100 (8b) in Mice

Male C57BL16J mice were orally dosed with CS-2100 (8b) as a solution in an independent
experiment. CS-2100 (8b) was solubilized in dimethyl acetamide/25% (w/v) Purebright™ (NOF Corp.,
Japan) solution/ distilled water (1/8/1, v/v/v). Suspended solution of the compound was orally
administered to mice at a volume of 5 mL/kg. Blood was collected from the inferior vena cava of the
mice under ether anesthesia at the indicated time in Figure 2.8. All the other procedures were the

same as aforementioned study in rats (section 5-6-1).

5-6-3. Evaluation of compound stabilities against enterobacterial decomposition
The stabilies were evaluated by the method of the reference [68], with some modifications. PYF broth
was used instead of PYG. The cecal contents and feces were placed into the prereduced PYF broth

instead of prereduced VPI buffer in the reference.
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