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Ac : Acetyl

ACD : Advanced Chemistry Development

AUC : Area Under the Blood Concentration-Time Curve

BA : Bioavailability

BBB : Blood-Brain Barrier

Boc : +-Butoxycarbonyl

Bn : Benzyl

b/p : Brain/Plasma

Bu : Butyl

cAMP : Cyclic Adenosinemonophosphate

CAN : Ceric Ammonium Nitrate

CHO : Chinese Hamster Ovarian

CL : Clearance

Cs : Caesium

DCE : 1,2-Dichloroethane

DIPEA : Disopropylethylamine

DMF : N,N-Dimethylformamide

DMSO : Dimethyl Sulfoxide

Dppf: 1,1°-Bis(diphenylphosphino)ferrocene

ECso : Half Maximal Effective Concentration

EDso : Half Maximal Effective Dose

ESI : Electrospray lonization

Et : Ethyl

GPCR : G Protein-Coupled Receptor

GTP : Guanosine Triphosphate

HATU : 1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
Hexafluorophosphate

His : Histidine

ICR : Institute of Cancer Research

L.p. : Intrapertoneal Administration

1.v. : Intravenous

KOR : k-Opioid Receptor

LAH : Lithium Aluminum Hydride

LC/MS : Liquid Chromatography-Mass Spectrometry



Leu : Leucine

Me : Methyl

Met : Methionine

MOR : p-Opioid Receptor

MRT : Mean Residence Time

Ms : Methanesulfonyl

NA : Noradrenaline

NBS : N-Bromosuccinimide

NMR : Nuclear Magnetic Resonance
Pd : Palladium

Ph : Phenyl

PK : Pharmacokinetics

PMB : p-Methoxybenzyl

p.o. : Per Os (oral)

PPTS : Pyridinium p-Toluenesulfonate
Pr : Propyl

Pt : Platinum

S. D. : Standard Deviation

Tf : Trifluoromethanesulfonyl

TFA : Trifluoroacetic Acid

THEF : Tetrahydrofuran

THP : Tetrahydropyran

Ti : Titanium

TLC : Thin Layer Chromatography
TM : Transmembrane

TMS : Trimethylsilyl

TosMIC : Tosylmethyl Isocyanide
Ts : p-Toluenesulfonyl

Tyr : Tyrosine

Zn : Zinc
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~T O E IR G X N IR RIS R R(GPCR)IE, MR E SMEN 35 2 & Thix
IRAEFIEMEZ R 2D, ZVE TE L OEEKER & L TFER Tl TE 72, GPCR IZITA
EA A RZEERST RUTF U U F 7 Efkx REENGFIE L, B EICB N THER
FDENNOEEDOY 7 2 A4 FIZHEINTWD, 6T, TNHIZE > THERIEEHN R
B0, EIMFFICBNCTY T XA TR ) o ROBRIIEFICEERETH
ol

FEAA RZRET, BORERIERZRTEALE XBERT2ZREE LT, H<n
BAFFEDM T I T E 7= (Fig. 1),

Morphine

Figure 1. Structure of morphine

ENLEREOAYIETr V2RI E T DT~ (AT L) DHELNDTZD, D
FETLMIHRATAHET— R EBRENT2, T LGS RN T F 2 B %1
BALTLARA = — FEHWEERIZE D, 200 R RAHES T 2 5L AR
RIHFET D Z PR EN, AT — FAEREMA SN, TD%, £ < OWNERIHES
TF ROA T — NZRE~OERBFESN, = RV 7 0 U, =777 U U,
BAJNVT 4 VENERENTZY, Thbia4A 44 F (e v WE) Ll 2h
SNRFBRINHER T A X VXV %, VAL RZRIREMATDHZ EBEESN, 5 H
B> TWND, EBICAESA FRFEDFENHA SN2 > ThHH T Z A FIZHONT

DOFER 72 BB TR DM Tt {RFEW 72 U 4 > K Th 5, Morphine, Ketocyclazocine, SKF10047

DX TFHEXY ¥ LTFRL LTu, x, oD =D ¥E S 7= (Fig. 2)°,

Y
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Figure 2. Structures of Ketocyclazocine and SKF10047



Z Dk, ~ U AEE (Mouse Vas Deferens)IZfA(E L. WIKIMEA A A Koo r7 7 ) v
BRI EZ AT 2B E L CSZARERBIRE SN Y, BIEITA A A RZEEE LT,
8, kD =FEDY T H A SIS, o HFERITIFEA A A RELTHEINTND 59,

wWEBNERIXTR ) 72 R E 2 A 5720, R CERIEE L USRI TS, L
L7208 & pfFED SIS, Wk, PERINHIEORIER ., & DICEMIKFEIEEZ R~ 2 &0 b,
B EIERSEIFED 2 W EERE OB N EENTVD D, — 5, BRI ufEEN I 4
LNDRIWERORBIZIZLE A LG LARNWEEZEZ LN TND Y, £z, KZARKIL. WM. F
B, — KB RO PR L OSSR, 725 NCREMlar E2FITFELTEBY, M)
RPRIE L 220 155 L HIRF S TR, EURIER & SO R 2R E o RIER & o4y
MR TH -T2 0, W, RMITHET D BRI, $EF-0 AR & ORIEM & BE)
72 AIETHEIC Z 0 SR IER 289 2 & Vs Sdu7e 101,

ZOXD KRBT, WA K D RMAFEZE OB TOR TV, TAT7 7 4 1T
of FENEE & LT, BRI KE TINEIENR & BSAMEERIC KT 28w EE (FHEK) & L TARS
NTNDHEDOD, pZ BRI T D EAMEN B (Fig. 3)19, & SIZHE TR 36% D BHE T
PERAERPRE SN TBY . PRMEORIERREE /2o Tnd 19, 7o = FU e
b T BT RVVMES LA TH Y . BUE, BEEZEIGIC Y = — X0 2 FE it T
»5Fig. 3), L UFAzds & LiziRaBRa2 Fr L TRk, ZORKEIT >~ RN &~
DA ERMEA 73 (0/p L 073N L2 THRMERITERIZ L 2 b O TR LRI S5 19,
F =TT KD CR-845 | IpS AR T D IRMEN 8 < | Z OREIED B FHEA~D A 3R
DAV RKMEIRIED SV Th D 2 & B3 HER 42 (Fig. 3)', Lo L., ERREBR T FF R
HAC X 2055, ARIEREEE ORI L TREITL TR Y . O&EGIC L5884
BOBETHDLEZEZ LD,

‘r 6 Hzmrﬁﬁrﬁ;@

Nalbuphine Asimadoline

CR-845

ECsq (k) : 27 nM ECs(x) : 0.14 nM ECs(x) : 0.012 nM
ECso(1) : 5,500 nM ECso(1t) : >30,000 nM
w/x ratio : 39,000 w/x ratio : >2,500,000
B/P ratio : 0.73

Figure 3. Structures of Nalbuphine, Asimadoline, and CR-845

FAOFT RS 202 CTld, MRS EE I L OMEME R EEE I 710 = AN
FPLT Vb — IR A 7R T REEEE ﬁ%&@ﬁ%ﬁ@%:%»7774/ﬁ@ﬁ
(TRK-820)% Al L TV 5 (Fig. 4)!82), TRK-820 [LHHX D AR &I L CUEEEER 24 7=



B, T —EOBFIZBW THEFEFC AP EORERORBINHRE S T\WD, T2 T
FAIX TRK-820 OFFERIZ LV | RMERAIEEMEZTIGT 22 R TENEX Zhbh
WXPEREIER D7 W EFHESAIE TE D LB 2, RIHEIRARAFEIEEIC X 5% 0 BRI OBH %
% H IR & Bils L7z,

TRK-820

ECso(x) : 0.0082 nM
ECSO(“’) 1.7 nM
w/x ratio : 210

B/P :0.41

Figure 4. Structure of TRK-820

—H. TRV URBERIE DIREIEINICAAE L < 0B FEEMER OBFER T i
TW5 2, 7 R U oS RIEFEC A LR IRIGHEIC B 532 o SR 2, #fx 7
RRAEMICBS T2 o AW, LI ONHEICEET 5 B /K, KUEUHEIZREET 2 B
SR, MR NAE IS B 59 5 B L ARIC I D, S HIT, o AL aias ais.
op DY T Z A FITHFES I, 7 F A TFRIRAY R RIS OB R M THOIL TN D 29, 72
ITH ona SEARITRE BRI AEAE U FESEITIRIE Z I3 5 2 & 2 B MR 2R D
BREICRDEDLEEZLNTWD 2, JGEMRRIEEL X, B, WEE O £ 721X HFE
BOBRBIEDH ORI LV REZFHFOMFTHIIMET L, < LeAEIZ LY PREDIETE
MMIND Z & TARMERRIFNDE Z 2B TH D 2, TNETIZ ana X/ KL Z—7 > b
& LT JEEME R R ERIG IR ORI RN I O REARZE TIT O TE 2B W E ZITKGRITITE
S TNRN262D, 1 2 240 R4A50 1E oua SEBARDE 3 FENRE & U CRIRBASE 21T > 72 b D
D, 7x—AN THRPELATHE L THY, b FTOEDBHNRETH 7= (Fig. 5)
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Figure 5. Structure of R450



ZDOE D RB T, & FORENGHETIE o ZAEBE L LTV D &y 9 BRIV D
W S AT 3030, L AT o FEILED T T VL ATK DB DME  Low) 720
BUFOMED EVO (High) i (aiay ais. aip) AR E KBS IVTWN D 3239, o ERRIE aia THF
KEFA—BIZTFNDRDbOD MM X RV B L OMAEMIZLY aaZBIRE TR D
FEILL UTIAEL T D EHEI STV DAY 3530 . Z O EIEi#m STV 5, Bl o
SRR ETRE L CODHIRESEEdZ~De 7V v 7 %179 Z & T T BHRIFED Al et %
L. o IFEIEEIC K 2 I EMEIR RGO BASE 2 H WA SR 2 BidG L 72,

B R CIIRIE I 7o EEN SR O S [0 T 7o e NI OV CEHT CRefi 2 7R 97, 28
— B CIIRIE BRI DO BRI KT D@ IRAY 72 U T ROBUFERISIZ OV T, 5 T Hi
& I CIERRGET LT LB M OGRS DWW T, FBIUE TII A L72ALE D in vitro 3R
FAZTHOWT, BT in virro WBRIZIB WV THROKAIFEIE F 72 i3 @ BRI 2 78 L7 ba
Y OFEERERIR I OV T, FARET CIIBERIEMN 2 #3895 in vivo BAERICOWTERN
ey,

5 = Tl (FEIEEO BRSNS 72 RN R OW TEFE TR 27t . 2 — 8 Cld o
TEENFE D BAFEEIZ 2 DWW T, B _HITIMEAEM DO ERITHOWT, H =M TIXER LTS
YD in vitro FRFERIZOW T, BB IUHET CITRE NG & #ER T 5~ 7 X ARG RIZ O T
TnENRLT,



R A A A FEE3E

H—Hi TRK-820 ZiLic L7V Ao Rik:

FLOFTET DB TIL, THOCZERRIEMNT 25 2 & TIFEER 2R3, HaTERE
JEVAEHE I D TRK-820 ZAIH LT\ 2, 4], TRK-820 [T#UEH L L TORREZ HIEL T
7208, BERARBRICB WO CTHR O BRERE I LT EEHER & OSBER R 1453 Th o 12720
SLEREN DD, T2 T, ZNETOFELA RHIZED 7 U0 Z15H L, TPK-820~~
PEIZEA U CRIEEIRYEO M E L7 b & A2 UG 5 2 LA T&iud, FRMERITER O
RWBEIRIENBINTE D B X, —BIITLEMIX, BT OmERE VI E, E TR
7' v ORFEREE R —) OB T E MBI (BBB) % @i LIz < < 72 0 KHYEER
PEA A B35 3738, 2 2 Chikm B ETEMET B R 2 A7 12 TRK-820 ~/KEEFEDE
ANEATO, KEBIR b A ORGSR A D Z L & Ui, — T, KEEEOEASIEIL
TRK-820 D el FEE 2 HERF (E721TM E) T57DIIIERICHEHERER TH D, £2
T TRK-820 LB (7o Z T=A h7 4 —24) O X #HfmiEiEPBDId : 4DJH) 0 K>
XU TETNEAER L, KRG AR ORMELZIToT, Ry XU TETAND
TRK-820 @ 10a it & 17 L7 v 7w BV A FVIEERDI KR FSBE AN Al e/ 22/ 3 8 D & HE
i (BAHR) (Fig. 6).

Figure 6. Docking models of crystal structure of KOR with 10a-hydroxy TRK-820 (1) (Left) and
17-hydroxy-cyclopropylmethyl TRK-820 (2) (Right)



F 72, TRK-820 1T FIRIT k3 2B 200052 E CTH V| pfFEIE ECso=1.7nM %
RY (Fig. ), TO70, WEBIMEZ RS ROGRIR LA M Z BIET 5 2 LB TE R,
WEBIEE CRRE SN D BER O W EFHEP RN TE D LB R T, AEAA R T P
FRYEIZONWT, BT XA @R A v =V L, BRI FET 5T R L RESIC
DT TEZDAyE—Y =T RL A7 EREEESNTND 99, Zoarv7
4,5-TARF VBN E T UERICEIE LTCSE . TUUERR A v — Vo, 6 fLOMSNT
BLRENCHIS T D720, $7 54 FBRMEIT 6 (L0T LA E LT 5 2 & Tl
HARETH D LBEZBND, TDTd, KEBEFEARD 6 MIHOFKELEZIT 5 Z & Tl
R fb e e 52 & & Lz (Fig. 7).
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message : address

SRBEH

Figure 7. Message-address concept
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Fig. 6 D Ny X VBT NESEIZ LTKBEEDOBAL 6 (IEHOZEHIZ LY | RKAER
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B 100 NKERILEEEIR DAY,

ZHE TICRAOFR T 58525 T TRK-820 ORI 4 & LT 10a (L2 AREH %4
THARAELTND (ERHORFCL VML LML TND), ZZT1OFE
AA REEEZ Rl L7 & 2 Al ECso = 0.025 nM, pfFEIE ECso = 1,100 nM T&
TRK-820 & FLiz i/ FEIEITH 3 fHE T2 b 00, «#RWE M L5 2 L350k
- 72 (Table 1),

Table 1. In vitro KOR and MOR agonist activities of TRK-820 and 1

No. structure ECso(x) nM | ECso (1) nM p/x
NO/H\V

TRK-820 H§:§§f€ o 0.0082 1.7 210
HO' N:H\v

1 P ST 0.025 1,100 44,000

22T, A OV I NAGEATO R RBIWERM & invivo S A1T 5 & L bIZ, b7
LDBEPFWER a2 B LTCFERERAEIT) 2 & & L,

ZIVETIZ, 100 MKBRIEGE ER 1 & 10p MK SR OREM 2 B L L= Akik
WZONWTHEINTWD P, REL— FTIE, W~ T U o L& HNT 1060 h
WR=NEZEHA L, L%, 6 MANEHOMEZ ZTe 10 TRRZ 2T TI0B A3 2H TV 5,
EHIZEDE, 3 TEMNT OLR L2 KRS 100 (A~EZH LT, 217 TRT
{bEW 1 =5  L T D (Scheme 1), ZD720, WEDERNL— & HW=H o 74
FHERARITAFE L a0 Sl L7z,



_Boc

NH Ethylene glycol Boc,0
OH  TsOH NaHCO; aq
Toluene CH,Cl,
MeG o\\" Y O quant. (2 steps)
e
KMnOy4 ,Boc
MgSO0, O N Kl
NaOH aq HCl aq K,COs
t-BuOH Dioxane DME
96% o) 79% (2 steps)
MeO Y o\) MeO o) o
BnNHMe n-PrSH
Benzoic acid NaBH3CN NaH
Benzene MeOH DMF
MeG O“‘. S 66% (2 steps) 91%
e
Hp
10% Pd/C
o N &epgﬁa“c acid
OH CH.CI NaOH aq
2 MeOH
o 81% (3 steps)
HO N*Bn
Me
Boc,O
Na,CO;
o N N n-BugNI
OH CHClj NaBH,
Hz0 MeOH
CY‘. O quant. quant.
HO )ﬂ o
Me
NGHO) 5O
HO N/\q MsClI
oH Et;N NaOAc
CH,Cl AcOH
) (0]
SN 69% (2 steps) o
BocO © N BocO o N
Me Mé —
s N KO N0

NH; aq

NaOH aq
MeOH

THF

81% (2 steps)

Scheme 1. Previous synthesis route



izl B oL — FEHEET 5 9 2 TO100 fL~OFFHE/2KEBEOEAN, @/L— hMEY-T6
NAH DM, @Y TNV EOMEO =FBRA o e LTHIT oD, BEOELE T
CVHBERAFFEICIBW T, CAN ZHWTENLE T U BHO 100 (IS KEREE 2 A L 7251258
H I TS (Scheme 2y, CANIZ X5 —EFE{LIZ LD Z VAN AET, i —EF#L
WKV BTFHNEL D, ZOAFA TR L, SIERIIZZEVN T 5 bicyelo[3,3,11 B D14
(o) MDOAPMIMNT A ETC2MmT AT —NABNERT D, AR LT%E w7 a—
DR D NANLNINARINCIEF IR AE > TWD T2, Ll EOB L ES T35 7T v
a—ARFEAEFEME L THELND,

MeO (O

Scheme 2. Oxidation with CAN

FUIARREIZEH L, 100 (OB CAN Z WD Z L & Uiz, E-HEWE T L — b
%AT ONLDOFENTIAD D 6 L 1 #kT X /DT XA I RIE#EKRTH 5 TRK-130 %
B L7z 4540, TRK-130 (ZFRLOFTET HMEEICE T 2HBLAEMTHY, I u T T LR
TV DB FIEDHEL SV TE D MIREICKEDOY VTN GFET D7D, 7 fikds
DEBLEN O BRI AIRETH D LB X T,

TRK-130 @ 3 fiKEEHZ X P VL TIRGE L, KtV T CAN Z W b RIS 21T o 72 &
25 49% THMD 100 KEREEF TR 4 21572, FEHIIHEA L TV D DD, EEOMER!
AR DFAER, BUSE D CAN DFREDEIC, —H B AR TE o727z, Pk
EOWHETH T, WIZE KTV - —KFERNTT XA I ROBR#ELITO, &
CTeti—T I B IR AT AT R, i B LT AT e Ra vz ZBEREORITTH
7 X AUBRIEEATUV, N, O -U R DK 6 21372, £ Dk, MKESRRISICE Y Z20
R VN D RiRHE ATV IE TP R 7 245372 (Scheme 3),



BnBr (1.8 eq)
K,CO3 (2.2 eq)
DMF

rt, 16 h

N/\v
OH
" (0] S
o N 76%
0 o

TRK-130 3

N/\V
OH

HQ,
/ NoH,4 - HyO (3.0 eq)

EtOH
70°C,3h
\“. O
BnO © N quant. \
o BnO o NH,
4 5
Pd/C (1.0 eq)
H>
N HCI-MeOH
MeOH .
it 9 h 2HCI
R quant
BnO o NBn
Me
6 7

Scheme 3. Synthesis of intermediate 7

H@HER 7 LFEX DDVR U EL IR o) REDT
FEiA IR 8 DA E1T > 72(Scheme 4), WEDAFIENDS 6 (il D7 7 —~a 737 L LT
n-n AHAEAERANHEE SN TWeed 2D FHREROEANE, 72
EL LT, ETEMCEERA VB UICEEL, 7T N DR RS
JRFH0~3 OFERA G Lz, S HITRFEE 2 D 8¢ M b iV wlFEIEZ R L7722 &
5 (%R, Tabled), %A 2 IZEHEL, =—7/1(8e), A L7 1 (8f), 7 /L% (89)#

ThF 21795 2

R % Ak L 7= (Table 2),

R-CO,H
HATU
DIPEA
DMF

B 1)r-cocl
Et;N
2) NaOH
MeOH, H,0

Scheme 4. Amidation reactions of 7

10

CAN (3.3 eq)
MeCN, H,0
rt, 4 h

49%

1) Benzaldehyde (1.1 eq)

MeOH

rt, 3.5h

then

NaBH4 (1.5 eq)
rt, 35 min

2) Formalin (2.0 eq)
NaBH(OAc); (2.0 eq)

rt, 40 min 67%

RV AT K0 100 (KR

R & BB DO BB IZ O



Table 2. Synthesis of 10a-hydroxy derivatives 8

No. R Yield

8a \© 91%"

8b \/@ 91%"

. \/\@ 41%32)

8d \/\/@ 56%3)
~_©

8e \© 74%P)
=

of \/\@ 40¢%3)
X

8g 9%32)

a) Synthesized by method A
b) Synthesized by method B

WIZ, Table 2 Thx blEEIMED I~ 72 8F 2 I FER FEHRL, HFHEROMEIC OV
THFEIT>72, K7 v 7T WA L OEETH D Topliss tree IZHEVY, XBL D 4 (0127
mr AFNVIEOEAZITo ), ETRMBRIREL BB L. AV ML, A XL, NTAL
ZNZEIUTKBIEDEANZITV, FEFHFROFEIZ OV T, RUB A BEO &
WEY Yy FAET 2 7T DEANEITo T (Table 3), £ K EFERONEEMHRTHH
Ty andh U EROGKET T2, TNHFEKITTXT HATU 27 2 R
{EBOSIZ X0 ARl L7z 49,



Table 3. Synthesis of 10a-hydroxy derivatives 9

No. R Yield ! No. R Yield
5 N
9a 40% | 9g | 6%
Me . =
f Ny
9b 19% !  9h | 69%
cl ! _
; s
9c 43% ¢ 9 \D 50%
OH '
OH 5 _
ad \©/ 3% 1 9] \CS 70%
OH 5
! 0
9% 45% | 9k \@ 28%
X :
of | 13% 9l 55%
_N .

All compounds were synthesized by method A

12



B 17 NKBR LR ER D AR

17 MEKERFGEHEIR 2 1%, 17 AL kT 2 > &P T 5 7 S ALAI O SO £ D ARk AT RE
LEZ TIFRIMUIZ L DB BT 21T - 72(Scheme 5),

OH
OH X
N/\ﬁ
OH X : leaving group
P——
\\‘. O\\‘.
RO o) NR{R, RO NR4R,

Scheme 5. Alkylation route

T NV IALFIORITEMAE & 72 % V4 —/LiX, Kulinkovich G Z#EE T 50— F THRK LT
O, FF, 7Y a— BT L(10)DKEE I A THP AT L 11 2157, &KIZ, Kulinkovich
FOSIZE D 7 a7 a v REaBEL 12 257, RIEZTFAS 7 X T LADY =F /Lo —
TR E V) VR T HWLT 2 BT TR L7223, =T VEREA SN bE
WA REBI 12 &5 2:1 D TAR Lz, &%, PPTS filtfi 2 flu T THP SEDOFREZ1T
WHBET D U4 — L 14 %1577 (Scheme 6),

(o}

@ (2.0 eq) Ti(OiPr), (0.66 eq.)

PPTS (0.1 eq.) EtMgBIr/Et,0 (2.5 eq.)

CH,Cl, THF

\)?\ rt, 16 h o rt, 14 h
HO — ~ THPO
OEt 79% OFEt 57%
10 1

PPTS (0.1 eq.)
MeOH

rt, 17 h

OH OH
THPO\/b — HO\/b
88%

12 14

OH
< THPO\)vEt>
Et

13

Scheme 6. Synthesis of diol 14

Wi, A= 14 DA AR Z R R T=08 30, /oD M5 v 7/ ern
BT L3 — Vi3 A L SRR 16 DIREM Th -7, ZHNHIREMNE LT
HEELT, M7 va—nAFzids e a7 a—LOEEIUTK L CEEE
AL LT LTz (Scheme 7 EBY), & L<IE, BUSHEDREWE—HJT L —/L~D A

13



JALDIELT U7, HEHEMESME T, Baldwin HIIZHEW A 2 LK 15’13 5-exo LD ISIZ LD
SFNRERIGIZE D FEE A ZRTAI K 160~ L6 LA REMENEZ BN S
(Scheme 7 FE%),

MsCI (1.0 eq)
Et;N (2.0 eq)
AcOEt

rt

OH
/ MSO\/b +

AcOEt
OH 15 16

HO MsCI (1.0 eq)

Et3N (2.0 eq)
AcOEt

\ rt @/Me o O\?,Me Osq'. OMs
\/v O_§\_/O <= 0=S-0 = 0 0 =— HO\/b
15

14

AcOEt

16
15' A 16’

Scheme 7. Synthesis of Mesylate 15 and 16

feW TSI EDORA T 2 E /M E T U HEE AT Z N TT A F AL DORE 21T 2 72,
17 LIREET U 7 5D DMF IEIRIZ . A VUK 15 & 16 DIREW % I 2 CTEIR THEE L7223,
T VX AGITHEST L 72 D> > 72(Scheme 8), SR AN F AL T D T2 O SARBEE K
&<, REAE ORISHEITIRWEEBZ b d, £z, EEMEEE T TIEE —HR T Lva—L
Ly a7V a— VBT HREEDEI I FEHENR AT IR 167D Z & T
(Scheme 7 TEf), 7 /WX MU ET Lo T A[REMENR B 2 B b, D707 LF L
EIC K D ERIEFW L, Bl — NOMFEITH 2 & & L,

NH 2TFA
OH
17
MeO 0" \Mebn
K,CO5 (4.0 eq) OH
DMF N/\ﬁ
OH OMs rt
MSO\/V + HO\/b
15 16 DMF
MeO Y NMeBn

18

Scheme 8. Alkylation trial

WIZ 1-8 Faxo v rzaraX-1-hVR g7 2 NMe, <7 2 REOETHIG
L VBT D — b ORES 21T > 72(Scheme 9),

14



(0]

o W
OH OH

N amidation

OH
p—

A RGO \RR
o N 1Rz
RO NR/R, rd 0 \Rir,

Scheme 9. Amidation and reduction route

T NMMEDOEETHAE T I 2013 oY U AHEME L LS, 7= ) — LK
BRIl 2 D UR# L. Wilkinson itz AN A 2 o — = F 3 U~ EMAL, Fi< AKDOFT
BRI &0 ARk L 72(Scheme 10),

BnBr (1.1 eq)
A~ KyC03 (3.0 eq)
DMF
rt,2 h

~ (Ph3P)3RhCI (0.1 eq)
N MeCN, H,0

OH 80°C,10h

zZ

OH

37% (2 steps)

\“. \“. O\\‘.
HO 0 o) BnO 0 o) BnO o

Naloxone 19 20

Scheme 10. Synthesis of amine 20

T HATU ZHAW=T 2 FMEE{To72 8 2 A, 46%DIETT 2 K 21 #4572 (Scheme

1%, FEHIHEK L TS OO TLC TRIZARM BRI S =720, FREDOIETH -
776

(0]

Lo
"B (11 eq)

HATU (1.2 eq)
DIPEA (1.2 eq)

DMF
rt, 16 h
R 46%
BnO o o)
20 BnO 0 o)

Scheme 11. Amidation reaction

BEEBEET. TIR21 EX_XUDAAFAT IV ERWEBRITHT 2 LIS ET0
22 # 5L 9D, i< LAH ZHWETISIC LD HROMIBHA~EEB L=, =Dk,

fREOGIZ KD ZDDR DNVFEDEREZITV, (E)3-(7 73477 U rnml)
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RZ&2HAW=7 2 MEKIGIZ LY 2 #1572 (Scheme 12),

o 1) BnMeNH (2.0 eq) o
OH PhCO,H (1.0 eq) OH LiAlH4 (4.0 eq)
N Benzene N THF
OH reflux, 17 h OH reflux, 2 h
2) NaBH;CN (1.3 eq) 82%
A MeOH R O‘\‘l
BnG o 0 0°Cthenrt, 0.5h g g o NMeBn BnO NMeBn
55%
21 ’ 22 23
o}

o NF o
Phthalic acid (2.0 eq) =
H, (1 atm) (1.0 eq)
10% Pd/C (0.2 eq) OH Na,CO; (4.0 eq)
MeOH N THF, H,0
rt, 17 h rt, 0.5 h

_— =

o
78% (2 steps) 1O N
o Me
HO 0 NHMe _
24 2 O

Scheme 12. Synthesis of 2
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EIUER  In vitro SRELFEAMAL IR & 552

t h KOR Efxf% CHO-KI MiflliZEA L, & b KOR ZERBML A ER L7z, £/,
t h MOR #{51% CHO-dhfr(-)ffalZ3E A L, B N MOR ZEFEMIa A R L7, #5r
BEDt bA A A FZREESEOFMEIL, EfLot M EA4 A RZRIRZ ERBHN %
FWNT, Forskolin #%& cAMP PEAEIT %S 2 HIHIVEH 2 F815E121T - 72 (Fig. 8),

v KOREE %

~

FTHI®05—€

AP AP | CCOMBREME

7O74 > FF—HAER

\ 2

BONVED) B
A g
WREB (Hh )

Figure 8. cAMP regulation mechanism with KOR agonist

BRI E OFNIL, Ak 10 ORETHIREIZOE N =2 THEM L7, #BRWEIERN
7 /LD cAMP IR A HIHIER 0% & L7z, £72. B b KOR {F#EiERERICISVCIE, B F KOR
TE&Eh A 77" U-69593(Sigma, #U103 (RALIREE 10 umol/L) ZHBRME O v I L
7oL & D cAMP HEEEZ IR 100% & L=, & b MOR {EEMEBRICRB WV TIL, & b MOR
EEIMEZ "9 DAMGO (Sigma, #E7384 (FA&UREE 10 umol/L) Z #¢BRE O 0 1T
L72 & & D cAMP B ZHHIEE 100% & Lz, SR D Forskolin #%8 cAMP PEAEIZ %
T2 PN (%) & KD | IR 50% 2 8ede 2 R L0 | BHERE D ECso & FLH L 7=
H% Table 4, 5. Fig. 9 2”7,

FLWZHEER (T I=RA 7 4 —2) O X HiEMmEEPBDI : Sclm) P L{LEWO Ky ¥
YTRTIV, & HICWRERO X B EE L R /RO T 2 BRI HAERL L o m IR
BT NEBEICELEEIT > 72(Fig. 9).

7 X R EBFBROBEBEZOWTHRE 21T > 725 RAZ- DUV T Table 4 12777, 100 KR
EFERICBOT, 72 FBES 7 = =/1(8a) £ 7215 ¥ /1(8b) Tld/EEIE 2 7R & 72
D, T2 RFBCNITDH I & TECs 23 1 nM OxfEEMEZ R L, 7 = =/1L7 1 £ /1(8d)
NEWRT D2 ETIEEEDME T Lc, kZBR Ny X BT NINGIRFEHE T 1 L F
THIET Z L TIREBA~Y v 7 X TM2 ENLRBEFIC/R 5720 C2HIHA R W EHEHITX 5
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(Fig. 9), RIZ 8¢ LRKRICH N AR=/NEHEHRE DM %A 27+ & LIFERICOWN T L
Teo 7/ FVAFL(Be)TIEA 5 MiclFEWENME T L7z, —FH CREFFFERTH 5
trans-A V7 4 (8F). TV AREB) I IAFEMMER Z N E R 45 £i5, 13 fFm B L7z, (IS
OHBEMIET L EICEVZREOR 7 v b ERBEAERBNERNC /572 2 & TefEd)
PERM EL7eEEBX NS, T O AREFFHER Cll/FBIE & FkICEBIE S 7 B35
AR H BT,

Table 4. In vitro KOR and MOR agonist activities

R 0
o
HO N
Me R
KOR MOR
No. R EC50 nM EC50 :nM
(Emax : %) (Emax : %)
. >100 >30,000
a
(23) (44)
>100 >30,000
8 \/@ (18) (43)
1.04 18,300
8c \/\© (100) (57)
7.51 12,900
o \/\/© (96) (99)
8 ~.0 5.04 >30,000
(97) (17)
o = 0.0222 209
(101) (107)
g X 0.0799 904
9 (102) (95)

KOR, k-opioid receptor, MOR, p-opioid receptor

RIZ, Table 4 T brfFEIMEOTRU 8f 2, FFHFER L~OBEMRIEAN, FI138 05
BRR D FH AR OIS SRIZ DUV T Table 5114, NUBUEROD/NTALIZ A F/V(9a), Hidk
9Ob), /ST, AZfL, F MIFAENICE FEF(9c, 9d, 9e)Z AT % = L Tkl
PRI 1.3~43 FKF L7z, —J7 CufE@EhPEi: 9a, 9b, 9d, 9e TH+~%E nM TH - 7=
3, INTALITAKERIE 2B A L7z 9¢ 13>30,000 nM & TIEEMEZ RS 72 o7z, wZBFIED X
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s A IE N D TMIL @ Tyr75 & TM7 @ His319 23 /KFEREA (Fig. 9 FOMRAMR) 562 LT
SREOaRA—va UREEINTWD IS, £72, 9¢c LD Ry X T7ET
Vinb, 9¢ DT = /) — L& His319 FHAEAEH L, Tyr75 & OKFEREE DFEHE S 41, TML 23
SMTIEMM DEEE R & 5 2 & TulFEEEZ /R S 7o T2 ATEMED E 2 B 4L D (Fig. 9), A ENIAE
EERHE O TH Y ALEWOT 2 T=2 MNEWE FEATEME) 135> Thenps, 7
2 RO R VBN TALITKIBRE NS 5 Z & T, WZBROEBIEC VNI R 3 VR A —
Va VAN Bl R0 EEMERNE T Lt E A bNRD, Tk EZERETTAND
I u R D His319 OALE T Tyrd34 DNELE ST Y . Tyr BIOFEA/ER B S vz
7o DB OFERIT L0 Z R EROMEEZ b Z 5720 EHER < 415 (Fig. 9).

Table 5. In vitro KOR and MOR agonist activities

KOR MOR : KOR MOR
ECso:nM ECgo:nM ! No. R ECs0:nM  ECgp:nM
(Emax : %) (Emax: %). (Emax: %) (Emax: %)

R
9a \©\ 0.0494 308 % |\N 0.291 3,760
101 72) | 101 86
Me (101) (72) : _— (101) (86)
! N
ob 0.0288 488 | o9h | =~ 0.0283 2,880
o (99) ©2) P (99) (89)

No.

% \©\ 0.0953  >30,000 ' 9i \LS) 0.00466 4,870
o (98) (49) / (101) (58)
od OH 0.0204 177 1 9] Ng 0.028 110
(101) (103) ! — (101) (96)

OH
% 0.0325 540 1 9Kk 0 0.122 14,200
(102) @1 | (102) (55)
of | X 0.0257 12100 | o 0.0592 921
_N (99) (62) i (101) (90)

KOR, k-opioid receptor, MOR, p-opioid receptor
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™1

His319 —
d (Tyr434 in hKOR) gt J

, A IS S ,
Figure 9. Docking model of 9¢ and MOR (green ribbon) or KOR (gray ribbon). Ligand binding

pocket viewed from the extracellurar side (up). Side view of the ligand binding pocket (down).
NRUBUEE Y VUCET S 2 L TRTAL), AV MO/ EEMED 1.1~1.3 K

T U, AZAL9g) TITA 13 % « fFEMMEDME T L7z, — 7 CuEEMEI 5L R T L, A

PWEIRTZETCUZRREMEER LIS hoTe B2z bND, XUEBLE2T7 T F2X
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FA T = N EWR LT 3-F == LR 9f, 2-7 T = )UK 9K TlIkfEEPENME T L7223, 2-F =
= VIR Qi TIIAY 5 {5 £ L, TRK-820 & [AIFRED x fEEIEZ R LTz, 9i TIEITF A7 =D
C-So*fJliE & k2 IR D Tyrd34 O/KERFEOM EAVERIC X 0 VEEhME A B L2 aTREME N B 2 5
N5, 691 TIEZHFEITKHT AuEEMENME T L2720, @B RER M ELEZ, 77
PR L F AT = UFHER T3 MBI 2 A E R T EEME DM R 9 D A 28 A
SN, INLETHOMEREETCHLEEZ LN, XvEBUrE v 7 a~FdH i
B L7 7 %2 UK Ol OkfFEIE, WFEMPEIZE IR T Lz, 7 rafdhooa
VIRA =T a r B, ZREEERIC T OA ABICHIE S b e BRI AR RIS 7 B
ZEBETFOEEMR FIc RN o= HERI SN D,

170> 7 v 7' eL A FIVILITKEEH 238N L 7= 2 13 TRK-820 & [FlZE DO fEEINEZ R L
30,000 nM & TpfEEE A2 7R S 727> 72 (Fig. 10),

O

ECsp(x) : 0.0058 NM, Epay : 99%
ECsp(1) : >30,000 nM, E oy : 29%
Wi ratio : >5,200,000

Figure 10. In vitro KOR and MOR agonist activity

WERE (TI=2 F 7 3 —24) O X BFES#EEPBDId : 5clm)®E 2D Ry F o 715
NEERR L, ZRRE VB REOHMAEERICONTELREIT- = (Fig. 11), A5
Bl v 7 A TM2 @ Leul2l O LD | TMT7 O Tyr326 NNANZFF - 7o E & 5 2
ET, VB REEEORT v RS IeoTND, TDT 2 OKERIEN SRS &
2B, WMEBIEZ RIS o e EHERISND, — 7T wHFIRTIEZ OALED Metl12
ThoIed, Ry EROTNIREL 2D, KBEEOBEANRTEINTLEEZOND,
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' Leul21
- 4 i R
w et112 in hKO

s %\\ Tyr326

TM2

Figure 11. Docking model of 2 and MOR (green ribbon).
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FAET BRI R & B

IRV T, fBmUOlFEE 72 i@V GBI PEZ R L2 9¢, 9i, 2 IZOW T~ T A%
AW Te IR ORE 21T o 7o, < U AAbEW & BIRNE G- L 7ot o i i K oY
MR e 2 0 U IR T 2 Rl L 7z, F2BRICIE, 7 B Crl:CD1(ICR)% X3 Crlj:CD1
(ICR)A MM E~ 7 A 2 LT,

WHWE X 3 EOLEME 1| DO NV—T L L, ZnZh 033 mgkeg (KHBRME DT
N—TZOEEF 1.0 mgkg) OHETHREI A v MRIRNEES LTz, §RIRNER S 15 5%
2, =7 ADBKENRUT OIS A Y 7T R T TRIL LT, 725, BEHRmED
TN—TZD&E ZEOF T ARG Lz, Flo, MiLEAK 2T~ U A &l 23t S i
%, A Uiz, BRECL 2SR L, IME RO 2~3 G RO KE M2, ©— A=k
WRSERE (RSN A A 2T 4 VYA = 2 Shake Master Neo) % UV TIMAE V%
— AR Uiz, 55070 KA LOMS/MS 7304 Lz, SEBRmEIZ W T, &5
U 7o #5003 i S (ng/mL) B OV th i FE (ng/g #LAK)  CTAMEHARVERZE, N = 3) %
BH LT, Eio. SEBRWE O PIRE MR IR E K, v 2R L7z, ZORRE T
able 6 (2”7,

Table 6. Brain-Plasma concentration ratio (Kp, prain) of compounds at 15 min after i.v. administration

to male ICR mice and calculated LogP values.

No. structure Kpprain | Calculated LogP

TRK-820 Qg‘&i} P 0.41 24
Ho, N;H\v

1 ;:§03 2 0.065 1.7
HO, iN;H\v

9¢ wd o 0.063 1.8

Ho, NO/H\V
9i QOQ 4 0.17 21
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TRK-820 & bb#Z L. 100 fL/KEEIEFAER 1 1340 6.3 s AR EINMED [ B LT, F2, X
BURANTANKIEEZEAN LT 9¢ 131 L RRREORMERIEAZ R Lz, 107 I Mg
BT TUMBT AT = AU O ITRMRIREDME T L7, —5 T, 17 fkKigiahE
& 2 13 TRK-820 & bz U, 49 3.7 5 ARAHER A M) | L 7=, ACD/Percepta (13T A —%
—TFHMIET /L : Fujitsu Japan) % VW CTILAE# D calculated LogP (ClogP)Z st Liz& 2 A
(Table 6), /K&t A L7-#%EMAIL TRK-820 & L LT ClogP fEME T L7z, 4y Db
PEREL 72 EDIIEET 2 B L7 2 & CHE MBI 2 @il Lic< <720,
RERPER M L7z BZ b D, ZOREF. TRK-820 DEEARFHICK L, 100 fr FE 721
17 fL~DOKEEFEOBARLT I RISHOZEHIC X 0 KB OwEBEIEOAIH N AIRETH 2 &
BEZohb,

RIZ 100 MEAKBEEFF G 1 0 PK RBRA1To7-, H&EGAT 16 FFHMER T, 6 WHilimo
Crlj:CD1(ICR)A&IEME~ ™7 212, 1.0 mg/kg (GREE: DMSO : Tween CRiniE Al - 288K =1:
1:8) DR TEHIRKSE. 2.0 mg/kg (AL 0.5% A F/LtELn—/ViEiR) ORETRO®%S
L. #5654 0.25, 05, 1, 4, 8 B LN 24 FEEICER M ATV, ME R BE 2 I E L 7= (Fig. 12),
ARG L0 b1k 1~2 &I s M IR EE TR L AUC N — 2 T-H4) 7R EE A 81
gENTz, AWEHIF 2R (Bioavailability : BA)IX 98% & &< . BAF/RRR D WIN D SHERR S 4.
FRAH L U CORBEMEDRIE I LT,
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—o—i.v., Img/kg
10

o
=

—a—p.0., 2mg/kg

Concentration (ng/mL)
—

o
]
—

0 4 8 12 16 20 24
Time (h)
Pharmacokinetic parameters (i.v.) Pharmacokinetic parameters (p.0.)

Parameters  Unit Parameters  Unit
Csmin (ng/mL) 275 Crax (ng/mL) 67.9
AUCy 4 (h-ng/mL) 149 T max (h) 1.00
AUC,., (h-ng/mL) 147 AUCq 24 (h-ng/mL) 283
MRT,_, (h) 0.792 AUC,.,, (h-ng/mL) 288
Vs (mL/kg) 5398 MRT.., (h) 3.90
CLyt  (mL/n/kg) 6814 tip (h) 3.87
tin (h) 1.28 BA* (%) 98.0

*:BA=(AUCq., po/D0s€y,)/(AUC.,. i /DOSE},)

Figure 12. Plasma concentrations of unchanged form after i.v. and p.o. administration of 1 to male

mouse. Each point and bar is represented as mean + S.D. (n = 3)
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FONET  In vivo SRERFEAM S 5

FEfE 7 A Vv 7T N~ A& AV CTEMIZE T 28R IERA ORI 21T - 72, EBRIZIX
5-6 EEROHEME ddy ~ 7 R B L1z, ~ 7 ACHBRIL AR b L < 138 % 5 mL/kg O
B 5RBECREIRN (v.) #5 L, TOEKIZ 0.6%EEREERK % 10 mLkg O 528 & ClEIE
N (Gp) #5 L7, FERIAROES% 10 o2 B L, 0% 10 0EICELL T4V
TR (BREME X, BiksMESES, Basn s E) obEEi L,
FERD T A 2 2 7RISR & A FEDOAIE & AFHERRZE | 36 KL OB G- O )i %
100% & L7258 OEEERORICHE (%) ZHEH L7z(Fig. 13), & bIZHERILA D 508 K
DS Z DT BB EYR 48225 EDso 5 MM L7z, 1 & 2 @ ED50 fEIZZ 24 0.31
mg/kg.0.12 mg/kg TH Y FEEHREL I L GRICT A T 7 RISZ I L TH Y | 1.0 mgkg
VLR O & CHUR AR DR ST, ITEMBLEIT, BRIL AW LvaR S E %D B 20 43T
B A T L. BRI IEALE (E R & Ll L CH IS R 21TEI RO L= A1
ArE LGtk L=, TN ORBAEICBW CTHRIERIC LA T,

N
o
N
o

[N
ul
—

i
g

—

T
o

Number of writhes / 10 min
=
>(.

Number of writhes / 10 min
=
o

0 0
vehicle  0.03 0.1 0.3 1 vehicle  0.03 0.1 0.3
mg/Kg, i.v. ma/kg, i.v.

Figure 13. Anti-allodynic effects of 1 (Left) and 2 (Right) in Acetic acid-induced writhing in mice
*: P<0.025 versus vehicle-treated group (Williams’ test)
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FOE MG

R BRIRANAFEN IR L D88 N BRIEDOBRFE & H IR 21T o 7o, RAEEIRER E4 H
A, TRK-820 & kZFRD Ky F o VT NEMER L, KEEHEG A AR/ 22 ORE 1T
S 72, TRK-820 D<E/L b F B4 100 (L F 7215 17 AT KERIL A8 A L7-3F8E R 1 B L0 2
AU, ZHOFHEMRIIHIFEY TRK-820 & i LZN24 6.3 1%, 3.7 (5 AR &I
2 U7, Elop BRI T 2@ R0 m B2 BrZ, 6 IS o KkiEb 21T -7, %
DOFER, 30,000 nM F TufEEMMEZ RS2V T7 = ) — VB8RS A 9¢ 2 R L=, S5,
100 KFRIGHEAR 1 & 17 MOKBEFER 21X, ~VAFRT A 20 7T A~OFRE 5T
BWT 1.0 mgkg UL FORETEREEMR 2R Lz, AFZEIC L0, FPAXPERIVEF & [58E L 7=
PURIE L L CHIFFC X Dl FEIE D BUS 2 2Rk L 72,
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B a7 KLU AEEEK

i MKO17 L7V B Ri%s

L ZRRDFEIC O TR SN TS 720, fFRFEFIZSLS bTrTthsd, /v
T RLFUUNANET R U UZBERONKMEY Ho RO—2>TH DN, a FEEIEMEN
<, SHIEPRBEWCHIENT 2720, GRERADOEREEME LTIHELIR2NESE
Roid, ME—, BV T RE LT, BAY I 7 7 thORFHEEY MKO17 3 ai EEE
R 2 &R STV S (Fig. 14)%,

OH Me Me H
HO NH, Me i N
1
HO
cl
NA MKO017

Figure 14. Structure of NA and MKO017

L2x L7228 B MKO17 DFFEEALAFZEIZ SN T OBMERIL 2 < . H LA D ar VEETENE
WZOWNTIEELS Do TV, ﬂiwmm7%%:\jmmﬁ%lﬁﬁézk?i@ﬁﬁ
72 o (FEME 2 R ITAEE O BUS B ATRE TIE W E & 2, 2L 1, 3, 3"OENLND
ME?EmLt4/5/kiUTb7)/m%%%mﬁbtmgﬁ)

i *Me Mey ' Me / Me
E 3 M2 H i
 Me” 3 1 !
i 1 \ :
i L :

25: n—1 27 n=1
Cl ; 26:n=2 28:n=2

..........................

Figure 15. Designed compounds. Various indane and tetraline derivatives were designed to serve as

a1 -adrenoceptor agonists.
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M CERMEFERO G

2L 1, 3 3DENENTERIC LIFFEEIRIL, 7T ueAf ¥ ) 34 F72i37vET b
Z > 35 g iR L LCERK L7=(Scheme 13), ZH O HRIAIX, 7 iy ATkt s
AIFT Vo~ BEIFA Y TRENEL AT LA IZ Y e ZNENEHRATRET
bbH, VR W30, 3L ISk LAMESED AuC 17/ T, NBS Z/HVWCTRELZEAL S, %
D%, 4y Friedel-Crafts 7 > /MALEUGIC L 0 FRIA 34 & 35 24572, RINROFIN E L
T, BEORFZONEREERNER LI EBBHITF NS,

o ) 0 ) ),
n n
OH a OH B b O Br
cl Cl Cl
30:n=1 32:n=1 34:n=1
31:n=2 33:n=2 35:n=2

Reagents and conditions: (a) NBS, AuCl3, DCE, 80 °C, 96-99%;
(b) 1) SOCI,, CH,Cl,, 30 °C, 2) AICI3, CH,Cly, reflux, 2 steps 6-14%.

Scheme 13. Synthesis of intermediates 34 and 35

2 & 1 CERAL L 7235384k 25, 26 DA Z1T > 7-(Scheme 14), 34 £721%35 & H U 7 A
AV TaxX=/ ) 7rtaRb— &KWz Suzuki-Miyaura 77 7Y 2 RS EATOA
V7a =V EE AL, TosMIC ZHWT=hY /L3888 LN39 ~E AWML=, TDik,
= MU NEMBEEO TR Y VFET, ZF LT IVERNTA IZ Y L2
L, BbA&ZE AW KERMSCEY 25 (T11K) L 26 (TR 2ZhTh
Ak LTz,
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B ( o ﬁ/B%K ( oMe “ CN
G TN

Cl Cl Cl
34:n=1 36:n=1 38:n=1
35:n=2 37:n=2 39:n=2

= =
Y W
—_— N —_— N

- HCI

Cl Cl

40:n=1 25:n=1

41:n=2 26:n=2

Reagents and conditions: (a) Pd(OAc),, Cs,CO3, PPh3, THF, H,O, 70 °C, 79-
89%; (b) KOtBu, THF, -78°C, then MeOH, 60 °C, 31-56%; (c) P,S5 (cat.),
ethylenediamine, 100 °C, 28-76%; (d) 1) PtO,, H,, MeOH, rt, 2) HCI-MeOH,
MeOH, rt, 50-64%

Scheme 14. Synthesis of indane 25 and tetraline 26

2 & 3CERAL L7235 MK 27,28 D& KA 1T - 72 (Scheme 15), 34 £721X 35 D7 b %,
WA LT 7 AFAEAL, A F LM E AN TOAFNEE~EEWL O Y F 54 —)1
R 7 KA Az Suzuki-Miyaura 7 v 7Y U T RS EATVDNR Y VL= R U LK 44 35 T
45 ~L LU T2 9N, KRS, EUTA VA F Y — KO I DT b E T vET =
FUNgl &KL ZETHRERL, 20K, RV INVEONKSREIGICE Y BN A L S
EHEESIND, A A X — VORGP HET LIZ W ORIEEThH o 72, T D,
= MU NVEMBEEO ALY UAFEF, ZF LTIV EANWTA IF YY) b g
Hal 27 L 28 TN ENE LT,
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Cl Cl Cl Cl
34:n=1 42 :n=1 44 :n=1 27 :n=1
35:n=2 43:n=2 45:n=2 28:n=2

2 )o °
Me nlhy N Me n
Me H) _ = Me \\N
Cl © Cl

Reagents and conditions: (a) dimethylzinc, TiCly, CH,Cl,, -78 to 0 °C, 83-88%; (b) PdCl,(dppf), KF, DMSO, H,0,
3-11%; (c) 1) P,S5 (cat.), ethylenediamine, 100 °C, 2) HCI-MeOH, MeOH, rt, 87%-quant.

Scheme 15. Synthesis of indane 27 and tetraline 28

207 & 3 TERAL L7 AR 29 DA AL Z1T - 7=(Scheme 16), 35 % Wittig /il L W =%
YAFLAR46 L L, BbEeE MOWTOKBIRIMBUSIZ LY 47 2157, £0%k, AV F
X — VR 7 VA O 2 Suzuki-Miyaura v ) VTS EITWA T L= R UL
RA8 ~LZBH L, = MY VEMIEROIHL Y SEEF, = F LT I 2N TA
REVYNEEBTHIET29 (TRIKR) BEMLT,

)%é
o L B % me Br o
Cl Cl Cl
35 46 47
N
Me CN d Me \\)
N
Cl Cl - HCI
48 29

Reagents and conditions: (a) MePPh3Br, tBuOK, THF, rt, 97%; (b) PtO,, Ho,
MeOH, rt, 88%; (c) PdCl,(dppf), KF, DMSO, H,0, 130 °C, 3%; (d) 1) P,S5
(cat.), ethylenediamine, 100°C, 2) HCI-MeOH, MeOH, rt, quant.

Scheme 16. Synthesis of tetraline 29



RIT, Table 7 (#%iR) Theb iRV o IEEIMEA R L7z 26 2 B 2 frlc~T mJiF A8 A
LICHHEIRER AR LT ~T e RFZE8AT 52 L Tan /KR E ORERHEIT L DM
Ttk B2 Lz, 7o~ B8k 54 (T n~ v 49 EHEME L LTARLE
(Scheme 17), 7m~/ > 49 LWV v Ahf Y TaX=)L ) 7LrtaRlb— sEHNz
Suzuki-Miyaura 77 > 7"V Z OGS EATWA Y T _X= )L AEH A L, Wilkinson il 2 >
ToRFEWRMBRIZ L0 81 47, Z Dk, TMSCN & Wiz 7 7 v U UbiG, fe< B
PERETFTOBL T ) =i X 0 A fafn= bk VL 62 215372, Afafn= kUL 52 Z/K3#E
bARTHRERF PV T LEZPANTI4ETL L, = M) VRO LMiE ) SfFE T, =F L
YUTIVEHAWTAIF YV U EHBT 5L T54 (T8I 28 LT

GG
LA S

Reagents and conditions: (a) Pd(OAc) o, PPh3, Cs,COg3, THF, H20, 70 °C, 91%;
(b) (PPh3)3RhCI, Hy, CHLCly, rt, 96%; (c) 1) TMSCN, Znl,, CH,Cls, reflux,

2) Amberlyst 15, toluene, reflux, 39%; (d) NaBH,4, EtOH, rt, 97%; (e) 1) P,S5 (cat.),
ethylenediamine, 100 °C, 2) HCI-MeOH, MeOH, rt, 94%.

Scheme 17. Synthesis of chromane 54

FhT7e Rox /) @5EK64 37 =1 55 % HBEWE L L TARK L7 (Scheme 18),
T=U585L3-TuESuN A ral REfAWET I MG, fit< 727 % MM, s
MEOSIZ RV e FaXx U 268 ~ELBH LT, KIZ, BV T LAY Tr_=/L Y

7oA r R b — k& AWz Suzuki-Miyaura 7 v 7Y U T RO EATOA Y TR = LA E
A L. Wilkinson filtif 2 FHUN2 KB UINBOSIZ L 0 60 21572, £ D%, BRI T % PMB X
TER#EL, TosMIC ZHWVCH b Z2=F UL 62 ~E W L7, = b U L& flEE o ki
{EZV UAFET, ZF LT IVEANWTA IZ Y U o~ L B8% VT PMB
DORifREEITV 64 (T 1K) 2GR LT

32



Cl Cl
55 (¢]] Cl
56 57 58
PMB ¥ pus
S N*
HN HN > e >
N el N
e f g
0 o _ . o . CN
(¢]] (¢]] Cl Cl
59 60 61 62
PMB\N HN
H H
h N i N
N N
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63 64

Reagents and conditions: (a) 3-bromopropanoyl chloride, K,CO3, CH,Cly, rt, (b) NaOtBu, DMF, rt, 2 steps
72%;(c) TfOH, DCE, rt, 34%; (d) Pd(OAc),, PPh3, Cs,CO3, 70 °C, 85%; (e) (PPh3)3RhCI, Hy, CH,Cly, rt, 99%; (f)
PMBCI, K,CO3, Nal, DMF, 50 °C, 47%; (g) KOtBu, THF, -78 °C, then MeOH, 60 °C, 60%; (h) P,S5 (cat.),
ethylenediamine, 100 °C, 91%; (i) 1) TFA, CH,Cl,, rt, 2) HCI-MeOH, MeOH, rt, quant..

Scheme 18. Synthesis of tetrahydroquinoline 64
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S In vitro SEERGERAE B L B ER

b b o ARIFEIMEGFGIZ (X, CHO MIMEIZ aia i85 1K O CRELD Lo R 1 & 22 E I 4658
BPEEDZET o ZRREEMICER S EMIEZ AWz, (LAEWREHMRIL, wa ZBERZN
TAHMERZ MW 272012, 100M 77 YV 2 NS K ARTER 24TV IR T LS 7 A i
FE ([Ca?']i) ZAEIEICHIRIL B D o T A RIEBY M 2 354 L 7, fERIT, FEBRHRA AL BE L,
ROT 47 arbua—Le LT/LT7 RLFUr (NA) 10 pM OFJSEZ 100% & 3% E L, #5k
YVE % 0.3 nM-10 uM DR FEFIPH CIrEMH S H 72RO Ca JRE % triplicate THIE L7-FHEE . NA
DRI HTT DEIE %) E L TR LTE, £72 NA O 100%SU&SI%T 5 50% % fkde 3 52>
SO D EMENFIZ LY ECsoffiz RD7z, 72BFHEBRT L — MEREEZ B[ L NA O ECs ffi bt
& LT o fFEEMEZ 7T

A F v T b ) UHERORHIRE R A Table 7 12t 200 & 1'E 721 3 TERIE L2 A
Y UFRER 25 & 27 13 MKOL7 SR L, & BT o AEEMEDME N L7e, I8A HEBRT
BELZZETLALE 3 OMMHRMEN TN & TRREEMAEEALIZI 2o
TRREENE 2 bND, —FH T2 E VEIE 3 CBRIL L7727 b7 U UikEk 26 & 28
X MKO17 LB L, & B a fEEMEDS A B LT, A 24V D U EidA Y 7 a eniko
Bl 2 B ET 5 2 & TR E O EMERITE U750 F DFEEMER I A b U o RerE R %
A BND, 20LE 3"TERILLIZT BTV URFEIK 29 13 MKO17 L HERE L, o FEEDPEDME T
TOMEMNH NI, A Y TR ENVIEO—FDOATFIVENERED A TF L A HITHAAE T
WD, ZERE OBUKMEHBEERMET L2 Z EDNERTH D EHERIS D,
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Table 7. In vitro ai-adorenoceptor agonist activity of indane and tetraline derivatives

Compound Ratio of NA ECsq

Me Me

H
Me N
MKO017 |
N j 0.043
cl
H
Me N
J
25 Me N 0.08
cl

Me H
N
Me
26 ! 0.024
N
Cl
Me H
" N
27 e !
N J 0.12
cl
H
Me N
28 M | )
e . J 0.028

Cl
N
Me
\
29 N/ 0.063
cl

*NA ECsq = 1019 + 247 nM

wic, zu~r, 7RI FaXk ) UFFEROFNRE R % Table 8 [Z”7, 7 v~ ViFEAEK
54 L7 FZ b RaXx /) UiFEk 64137 T Y AR 26 LR L, & BIT o fFEIMEDN W
L7y AT UREFEEALEZ L TRUP U OBEBTFEEN L, al ZRIKE OMELE
FIZERNBN - AREERE 2 b D, SBICT T Fax/ Y Uik ed ik, EFHE LD
Fa bW e FHREEKRBRHEETH 2L TRVMEBIEEZ R LA L EZ BN D,



Table 8. In vitro oL -adorenoceptor agonist activity of chromane and tetrahydroqunoline derivatives

Compound Ratio of NA ECgq
0
H
N
|
54 N j 0.014
cl
HN
H
N
|
64 \ ) 0.0028
cl

*NA ECgo = 1029 + 247 nM
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EUET  ~ 7 X ARG R

7 v MM SEER O U SO O R 24T - 72, BEYE Wistar 7 k2 BfgH U 72 BEREsH
O E~ 7 X AEIT, IR 03 g &# B L LTI LT, fEHEIE L LT NAO.I
mmol/L Z I L, NA O KIS Z MR LTz, D%, 7 X A ENOREIK % & #
T 52 L TNAZHRWT L, EANTHICE L%, WBRWE 2 2RES Lz, % -fiTH
W FEIMEZ R L727 b8 R ¥/ U U FFEK 64 [XNA & Ihle L, KR CUUHETEA
DML S U7 (Fig. 16),

1004

"B NA
- Compound 64

Contractility as a % of
Maximum NA Response

¥ e

1 1 1 1 1 1
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Concentration (Log[mol/L])

Figure 16. Log concentration-response curve in isolated rat bladder neck. Compound 64 induced

contraction of isolated rat bladder neck dose-dependently and showed stronger potency than NA.
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GPCR Ik~ 22 B ER &2 R 3 e ORI RIEIL Y — 7> b Th D, — 7 CRITEAOBLA
WD, T XA TEIRER Y Y ROBEHIEIMICICB W CIER ICHERFFETH D,
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EHRDOAIHSS GPCR ZHEf) & LT-EHZED Y — L e LTHHATH S, 5%, Zhbikd
WELIZES LR DFBEARNERE LTREICES 2 2LV,
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FEROES

"H Nuclear magnetic resonance spectra were determined on JEOL JNM-ECZ400 and JEOL
JNM-ECS400 instrument. Chemical shifts for 'H NMR were reported in part per million (ppm)
downfield from tetramethylsilane (8) as the internal standard and coupling constants are in hertz
(Hz). The following abbreviations are used for spin multiplicity : s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet, br = broad. Mass spectra (MS) were obtained on a Agilent Technologies
6130 Quadrupole LC/MS (ESI).

Analytical thin layer chromatography (TLC) and preparative TLC were performed on Merck
60F254 analytical plates. Flash chromatography separations were performed on Yamazen Smart
Flash W-Prep 2XY, Hi-Flash Column silicagel 40um 60A.

Reagents and solvents were used commercial grades.

All reactions sentitive to oxygen or moisture were conducted under an argon atmosphere.

Synthesis of Benzyl Ether 3

To a solution of TRK-130 (10 g, 21 mmol) in DMF (100 mL) were added K,COs3 (6.4 g, 47 mmol)
and benzyl bromide (4.5 mL, 38 mmol), and the reaction mixture was stirred at room temperature for
16 h. H,O was added to the reaction mixture, and aqueous layer was extracted with EtOAc. The
combined organic layers were washed with brine, dried over anhydrous Na,;SO4 and concentrated
under reduced pressure. The residue was washed with MeOH to afford 3 (9.1 g, 79% vyield) as a
white solid and used the next reaction without futher purification.

'H-NMR (CDCls) &: 7.84 (2H, dd, J = 5.4, 3.2 Hz), 7.71 (2H, dd, J = 5.4, 2.7 Hz), 7.43 (2H, d, J =
7.2 Hz), 7.34 (2H, t, J = 7.2 Hz), 7.29-7.25 (1H, m), 6.76 (1H, d, J = 8.2 Hz), 6.61 (1H, d, J = 8.2
Hz), 5.28 (1H, d, J = 8.2 Hz), 5.20-5.08 (3H, m), 4.20-4.13 (1H, m), 3.12 (1H, d, J = 5.4 Hz), 3.05
(1H, d, J = 18.6 Hz), 2.84-2.73 (1H, m), 2.69-2.61 (2H, m), 2.40-2.32 (3H, m), 2.11 (1H, td, J = 12.1,
3.9 Hz), 1.74-1.69 (1H, m), 1.57 (1H, dd, J = 13.1, 3.2 Hz), 1.52-1.46 (2H, m), 0.89-0.81 (1H, m),
0.56-0.51 (2H, m), 0.15-0.11 (2H, m).

LC/MS (ESI): m/z 563 ((M+H]").

40



Synthesis of Alcohol 4

BnO 0" N

To a solution of benzyl ether 3 (8.9 g, 16 mmol) in MeCN (500 mL) and water (42 mL) at 0 °C
was added CAN (29 g, 52 mmol), and the reaction mixture was stirred at room temperature for 4 h.
H>0O and saturated aqueous NaHCO3 were added to the reaction mixture, and aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried over anhydrous
Na;SOs and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (n-hexane : EtOAc =4 : 1to 1 : 2) to afford pure 4 (4.5 g, 49% yield)
as a pale yellow solid.

'H-NMR (CDCls) &: 7.85 (2H, dd, J = 5.4, 2.7 Hz), 7.72 (2H, dd, J = 5.4, 3.2 Hz), 7.44 (2H, d, J =
6.8 Hz), 7.35 (2H, t, J = 7.2 Hz), 7.30-7.27 (1H, m), 6.92 (1H, d, J = 8.2 Hz), 6.88 (1H, d, J = 8.6
Hz), 5.30 (1H, d, J = 8.2 Hz), 5.22 (1H, d, J = 11.8 Hz), 5.14 (1H, d, J = 11.8 Hz), 5.02-4.99 (2H, m),
4.21-4.14 (1H, m), 3.17 (1H, s), 2.78 (1H, ddd, J = 24.8, 13.3, 4.6 Hz), 2.66 (1H, dd, J = 12.2, 5.0
Hz), 2.56 (1H, dd, J =12.7, 6.8 Hz), 2.48 (1H, dd, J = 12.7, 6.3 Hz), 2.36 (1H, td, J = 12.7, 5.4 Hz),
2.06-1.99 (1H, m), 1.90-1.80 (2H, m), 1.62 (1H, m), 1.53-1.46 (2H, m), 0.96-0.87 (1H, m), 0.63-0.53
(2H, m), 0.24-0.12 (2H, m).

LC/MS (ESI): m/z 579 ((M+H]").

Synthesis of Amine 5

BnO 0"\,

To a solution of alcohol 4 (4.4 g, 7.6 mmol) in EtOH (60 mL) was added hydrazine monohydrate
(0.72 mL, 23 mmol), and the reaction mixture was stirred at 70 °C for 3 h. The reaction mixture was
filtered through a pad of Celite and filtrate was added to water. Aqueous layer was extracted with
EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na>SO4 and
concentrated under reduced pressure to afford the crude product 5, which was used in the next
reaction without futher purification.

'H-NMR (CDCls) &: 7.44-7.41 (2H, m), 7.36 (2H, t, J = 7.2 Hz), 7.32-7.28 (1H, m), 6.88-6.83 (2H,
m), 5.23 (1H, d, J = 12.2 Hz), 5.18 (1H, d, J = 12.2 Hz), 4.94 (1H, s), 4.31 (1H, d, J = 7.2 Hz), 3.10
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(1H, s), 2.63-2.51 (3H, m), 2.43 (1H, dd, J = 12.7, 6.3 Hz), 2.20 (1H, td, J = 12.7, 5.4 Hz), 1.98 (1H,
td, J = 12.1, 3.9 Hz), 1.82-1.74 (1H, m), 1.68-1.64 (2H, m), 1.56-1.50 (1H, m), 1.44 (1H, dd, J =
12.7, 2.7 Hz), 0.94-0.84 (1H, m), 0.60-0.51 (2H, m), 0.21-0.10 (2H, m).

LC/MS (ESI): m/z 449 ([M+HT").

Synthesis of Amine 6

BnG o NBn

To a solution of the crude material including 5 (3.4 g) in MeOH (15 mL) was added benzaldehyde
(0.89 g, 8.3 mmol), and the reaction mixture was stirred at room temperature for 4 h. Then NaBH4
(0.43 g, 11 mmol) was added to the reaction mixture, and the reaction mixture was stirred at room
tempareture for 0.5 h. Water was added to the reaction mixture, and aqueous layer was extracted
with EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na,;SO4
and concentrated under reduced pressure. To the residue in CH>Cl, (20 mL) were added 35%
formalin (1.3 mL, 15 mmol) and NaBH(OAc); (3.2 g, 15 mmol), and the reaction mixture was
stirred at room temperature for 0.67 h. Water was added to the reaction mixture, and the aqueous
layer was extracted with CHCls. The combined organic layers were washed with brine, dried over
anhydrous Na,;SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography on amino silica gel (CHCI3 to CHCl3 : MeOH =20 : 1) to afford pure 6 (2.8 g, 67%
yield over 2 steps) as a white amorphous.

'H-NMR (CDCls) 8: 7.45 (2H, d, J = 6.8 Hz), 7.40-7.29 (5H, m), 7.27-7.23 (2H, m), 7.21-7.16 (1H,
m), 6.87-6.82 (2H, m), 5.27-5.21 (2H, m), 4.96 (1H, s), 4.94 (1H, d, J=5.4 Hz), 4.78 (1H, d, J = 8.2
Hz), 3.81 (1H, d, J = 13.6 Hz), 3.71 (1H, d, J = 13.6 Hz), 3.11 (1H, s), 2.67-2.59 (2H, m), 2.53 (1H,
dd, J =12.7, 6.8 Hz), 2.46 (1H, dd, J = 12.7, 6.8 Hz), 2.35 (3H, s), 2.23 (1H, td, J = 12.7, 5.4 Hz),
2.07-1.96 (2H, m), 1.76-1.70 (1H, m), 1.65-1.59 (2H, m), 1.53 (1H, d, J=5.4 Hz), 1.49 (1H, dd, J =
13.1, 2.7 Hz), 0.95-0.85 (1H, m), 0.62-0.52 (2H, m), 0.23-0.11 (2H, m).

LC/MS (ESI): m/z 553 ((M+H]").
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Synthesis of Amine 7

To a solution of amine 6 (2.8 g, 5.1 mmol) in MeOH (25 mL) and 10% HCI1-MeOH (5.0 mL) was
added 10% Pd/C, 50% wet (0.54 g) under Ar atmosphere, and the reaction mixture was stirred under
1 atm of hydrogen for 9 h. The reaction mixture was filtered through a pad of Celite and the filtrate
was concentrated under reduced pressure to afford the crude product 7, which was used in the next
reaction without futher purification.

'H-NMR (CD30D) &: 7.03 (1H, d, J = 8.6 Hz), 6.88 (1H, d, J = 8.2 Hz), 5.49 (1H, s), 5.29 (1H, s),
4.81 (1H, d, J = 7.2 Hz), 3.86 (1H, s), 3.49-3.42 (1H, m), 3.34 (2H, s), 3.08-3.02 (2H, m), 2.95 (1H,
dd, J = 13.8, 7.5 Hz), 2.82 (3H, s), 2.66-2.55 (2H, m), 2.06-1.98 (2H, m), 1.94-1.83 (2H, m),
1.69-1.63 (1H, m), 1.23-1.16 (1H, m), 0.91-0.74 (2H, m), 0.62-0.53 (2H, m).

LC/MS (ESI): m/z 373 ((M+H]").

Synthesis of Amide 8a

To a solution of amine 7 (60 mg, 0.13 mmol) in CH,Cl, (1.5 mL) were added Et:N (0.082 mL,
0.59 mmol) and benzoyl chloride (0.034 mL, 0.30 mmol), and the reaction mixture was stirred at
room temperature for 17 h. Water was added to the reaction mixture, and thr aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried over anhydrous
NaSO4 and concentrated under reduced pressure. To the residue in MeOH (1.0 mL) was added 1N
NaOH solution (0.27 mL, 0.27 mmol), and the reaction mixture was stirred at room temperature for
4 h. Water was added to the reaction mixture, and the aqueous layer was extracted with EtOAc. The
combined organic layers were washed with brine, dried over anhydrous Na,SO4 and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel (CHCI; to
CHCI; : MeOH = 20 : 1) to afford pure 8a (58 mg, 91% yield) as a white solid.

'H-NMR (CDCls) &: 7.43-7.33 (3.2H, m), 7.29-7.21 (2H, m), 6.92-6.86 (0.8H, m), 6.75 (0.5H, d, J =
8.2 Hz), 6.69 (0.5H, d, J = 8.2 Hz), 5.02-4.88 (2H, m), 4.73-4.62 (1.4H, m), 3.61-3.55 (0.6H, m),
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3.15-3.12 (2H, m), 3.04 (0.6H, s), 2.96 (1.4H, s), 2.68-2.40 (3H, m), 2.32-2.17 (2H, m), 2.13-1.91
(1H, m), 1.86-1.75 (1H, m), 1.61-1.51 (2H, m), 1.47-1.40 (1H, m), 0.92-0.84 (1H, m), 0.61-0.53 (2H,
m), 0.24-0.10 (2H, m).

LC/MS (ESI): m/z 477 ([M+HT").

Synthesis of Amide 8b

The title compound (100 mg) was prepared in 91% yield as a white solid according to the same
procedure as 8a by using 2-phenylacetyl chloride (78 mg, 0.50 mmol) as the carboxylic acid
chloride.

'H-NMR (CDCls) &: 7.36-7.27 (2.4H, m), 7.16-7.12 (1.6H, m), 6.99-6.93 (1.2H, m), 6.87 (0.7H, s),
6.84-6.81 (1.1H, m), 4.98-4.88 (1.8H, m), 4.61-4.54 (1.5H, m), 3.77-3.72 (1.4H, m), 3.64-3.58 (0.7H,
m), 3.55-3.51 (0.7H, m), 3.11 (0.5H, s), 3.05 (0.6H, s), 2.96 (1.2H, s), 2.93 (1.6H, s), 2.63 (1H, dd, J
=11.8, 4.5 Hz), 2.56-2.44 (2H, m), 2.22 (1H, td, J = 12.6, 5.3 Hz), 2.10-1.92 (2H, m), 1.77-1.69 (1H,
m), 1.54-1.46 (2H, m), 1.38-1.23 (1H, m), 0.94-0.82 (1H, m), 0.62-0.52 (2H, m), 0.24-0.10 (2H, m).
LC/MS (ESI): m/z 491 ([M+H]").

Synthesis of Amide 8¢

To a solution of amine 7 (48 mg, 0.11 mmol) and 3-phenylpropanoic acid (22 mg, 0.14 mmol) in
DMF (1 mL) were added DIPEA (0.075 mL, 0.43 mmol) and HATU (69 mg, 0.18 mmol), and the
reaction mixture was stirred at room temperature for 13 h. Water was added to the reaction mixture,
and aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine,
dried over anhydrous Na;SO4 and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (CHCl3; to CHCl; : MeOH = 10 : 1) to afford pure 8¢ (22 mg,
41% yield) as a white solid.

'H-NMR (CDCls) &: 7.31-7.27 (1.2H, m), 7.24-7.17 (2.6H, m), 7.15-7.11 (0.5H, m), 7.09-7.07 (0.8H,
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m), 6.92 (0.4H, d, J = 8.6 Hz), 6.86 (0.4H, d, J = 8.2 Hz), 6.80-6.75 (1.1H, m), 4.97-4.95 (1H, m),
4.68-4.62 (0.5H, m), 4.55 (1H, d, J = 8.2 Hz), 3.51-3.44 (0.5H, m), 3.10 (1H, d, J = 4.5 Hz),
3.01-2.94 (1.5H, m), 2.92-2.91 (3H, m), 2.88-2.79 (0.5H, m), 2.74-2.58 (3H, m), 2.56-2.40 (2H, m),
2.24-2.16 (1H, m), 2.13-1.97 (2H, m), 1.91-1.84 (1H, m), 1.78-1.36 (4H, m), 0.94-0.84 (1H, m),
0.63-0.51 (2H, m), 0.23-0.10 (2H, m).

LC/MS (ESI): m/z 505 ([M+HT").

Synthesis of Amide 8d

The title compound (31 mg) was prepared in 56% yield as a white solid according to the same
procedure as 8¢ by using 4-phenylbutanoic acid (27 mg, 0.16 mmol) as the carboxylic acid.
'H-NMR (DMSO-ds) &: 9.46 (0.7H, s), 9.17 (0.3H, s), 7.30-7.09 (5H, m), 6.84 (0.7H, d, J = 8.2 Hz),
6.77 (0.3H, d, J = 8.2 Hz), 6.74 (0.7H, d, J = 8.2 Hz), 6.64 (0.3H, d, J = 8.2 Hz), 5.29 (0.7H, d, J =
4.5 Hz), 5.20 (0.3H, d, J = 4.5 Hz), 4.83-4.72 (2H, m), 4.64 (0.3H, d, J = 8.2 Hz), 4.56 (0.7H, d, J =
7.7 Hz), 3.51-3.44 (1H, m), 3.41-3.37 (0.6H, m), 3.32 (0.6H, s), 2.92-2.87 (1.8H, m), 2.76 (2.4H, s),
2.61-2.46 (2.6H, m), 2.39-2.28 (2H, m), 2.20-2.00 (3H, m), 1.93-1.85 (1H, m), 1.80-1.61 (3H, m),
1.49-1.40 (1H, m), 1.33-1.23 (2H, m), 0.95-0.85 (1H, m), 0.53-0.44 (2H, m), 0.23-0.09 (2H, m).
LC/MS (ESI): m/z 519 ((M+H]").

Synthesis of Amide 8e

The title compound (30 mg) was prepared in 74% yield as a white solid according to the same
procedure as 8a by using 2-phenoxyacetyl chloride (30 mg, 0.18 mmol) as the carboxylic acid
chloride.

'H-NMR (CDCls) &: 7.32-7.28 (1H, m), 7.22-7.18 (1H, m), 7.02-6.78 (5H, m), 4.95 (1.1H, dd, J =
10.6, 4.8 Hz), 4.74 (0.8H, s), 4.63-4.58 (2.1H, m), 4.49-4.42 (0.5H, m), 3.64-3.58 (0.5H, m),

45



3.12-3.08 (2.3H, m), 2.98 (1.7H, s), 2.63 (1H, dd, J = 12.0, 4.8 Hz), 2.57-2.44 (2H, m), 2.27-1.96
(3H, m), 1.80-1.73 (1H, m), 1.65-1.58 (2H, m), 1.52-1.42 (2H, m), 0.94-0.85 (1H, m), 0.63-0.53 (2H,
m), 0.24-0.11 (2H, m).

LC/MS (ESI): m/z 507 ([M+HT").

Synthesis of Amide 8f

The title compound (19 mg) was prepared in 40% yield as a white solid according to the same
procedure as 8¢ by using cinnamic acid (18 mg, 0.12 mmol) as the carboxylic acid.
'H-NMR (CDCls) &: 7.69 (0.4H, d, J = 15.4 Hz), 7.52 (0.7H, dd, J = 7.2, 1.8 Hz), 7.43 (0.6H, d, J =
15.4 Hz), 7.38-7.36 (1H, m), 7.33-7.30 (1.3H, m), 7.23-7.21 (2H, m), 6.98-6.93 (1.4H, m), 6.89
(0.4H, d, J = 15.4 Hz), 6.85-6.83 (0.6H, m), 6.62 (0.6H, d, J = 15.4 Hz), 4.99 (1H, t, J = 5.4 Hz),
4.71-4.64 (0.4H, m), 4.60 (1H, t, J = 7.9 Hz), 3.83-3.77 (0.6H, m), 3.16-3.12 (2H, m), 3.04 (2H, s),
2.64 (1H, td, J = 12.1, 4.7 Hz), 2.58-2.44 (2H, m), 2.30-2.18 (2H, m), 2.14-2.02 (1H, m), 1.86-1.72
(3H, m), 1.53-1.42 (2H, m), 0.94-0.86 (1H, m), 0.62-0.53 (2H, m), 0.24-0.12 (2H, m).
LC/MS (ESI): m/z 503 ((M+H]").

Synthesis of Amide 89

The title compound (5.0 mg) was prepared in 9% yield as a white solid according to the same
procedure as 8¢ by using 3-phenylpropiolic acid (20 mg, 0.14 mmol) as the carboxylic acid.
'H-NMR (CDCls) &: 7.58-7.53 (0.6H, m), 7.46-7.36 (1.5H, m), 7.31-7.25 (3H, m), 6.91-6.87 (1.2H,
m), 6.64 (0.7H, d, J = 8.2 Hz), 5.01-4.98 (2.3H, m), 4.66-4.62 (1H, m), 4.57-4.50 (0.3H, m),
4.35-4.27 (0.7H, m), 3.30 (0.8H, s), 3.15-3.14 (0.9H, m), 3.03 (2H, s), 2.66 (1H, dd, J = 11.8, 4.5
Hz), 2.56 (1H, dd, J = 12.7, 6.8 Hz), 2.48 (1H, dd, J = 12.7, 6.8 Hz), 2.32-1.99 (3H, m), 1.86-1.78
(2H, m), 1.69 (1H, d, J = 5.0 Hz), 1.57-1.46 (2H, m), 0.95-0.87 (1H, m), 0.64-0.54 (2H, m),
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0.24-0.12 (2H, m).
LC/MS (ESD): m/z 501 ([M+H]").

Synthesis of Amide 9a

The title compound (22 mg) was prepared in 40% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-(p-tolyl)acrylic acid (23 mg, 0.14 mmol) as the carboxylic acid.
'H-NMR (CDCls) &: 7.66 (0.4H, d, J = 15.4 Hz), 7.40 (1.4H, dd, J = 11.8, 3.6 Hz), 7.19 (2H, dd, J =
12.9, 7.9 Hz), 7.01 (1.3H, d, J = 7.7 Hz), 6.97 (0.6H, d, J = 8.2 Hz), 6.93 (0.6H, d, J = 8.2 Hz),
6.85-6.81 (1H, m), 6.57 (0.7H, d, J = 15.4 Hz), 5.00-4.96 (1H, m), 4.73-4.65 (0.4H, m), 4.58 (1H, t,
J = 8.6 Hz), 3.83-3.76 (0.6H, m), 3.16-3.11 (2H, m), 3.02 (2H, s), 2.67-2.44 (3H, m), 2.37 (1.5H, s),
2.29 (1.5H, s), 2.28-2.00 (3H, m), 1.95-1.71 (3H, m), 1.53-1.39 (2H, m), 0.96-0.87 (1H, m),
0.64-0.55 (2H, m), 0.24-0.14 (2H, m).

LC/MS (ESI): m/z 517 ((M+H]").

Synthesis of Amide 9b

Cl

The title compound (11 mg) was prepared in 19% yield as a white solid according to the same
procedure as 8¢ by using (£)-3-(4-chlorophenyl)acrylic acid (26 mg, 0.14 mmol) as the carboxylic
acid.

'H-NMR (CDCls) &: 7.63 (0.5H, d, J = 15.4 Hz), 7.46 (0.7H, d, J = 8.6 Hz), 7.41-7.34 (1.4H, m),
7.25-7.19 (2.5H, m), 6.96 (1.4H, s), 6.89-6.85 (0.8H, m), 6.57 (0.7H, d, J = 15.4 Hz), 5.01-4.97
(1.7H, m), 4.68-4.58 (1.5H, m), 3.81-3.72 (0.8H, m), 3.17-3.13 (2H, m), 3.05 (2H, s), 2.66 (1H, dd, J
= 12.0, 4.8 Hz), 2.58-2.46 (2H, m), 2.33-2.02 (3H, m), 1.85-1.77 (2H, m), 1.68-1.65 (1H, m),
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1.55-1.42 (2H, m), 0.95-0.87 (1H, m), 0.64-0.55 (2H, m), 0.24-0.13 (2H, m).
LC/MS (ESD): m/z 538 ([M+H]").

Synthesis of Amide 9¢

OH

The title compound (24 mg) was prepared in 43% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-(4-hydroxyphenyl)acrylic acid (23 mg, 0.14 mmol) as the carboxylic
acid.

'H-NMR (DMSO-ds) &: 9.86 (0.4H, s), 9.80 (0.6H, s), 9.66 (0.6H, s), 9.21 (0.4H, s), 7.54 (0.6H, d, J
= 8.6 Hz), 7.38-7.32 (1.7H, m), 7.20 (0.7H, d, J = 15.4 Hz), 6.94 (0.4H, d, J = 15.4 Hz), 6.87-6.75
(3.7H, m), 6.65 (0.3H, d, J = 8.2 Hz), 6.49 (0.6H, d, J = 15.9 Hz), 5.26-5.22 (1.1H, m), 4.81-4.70
(2.5H, m), 4.63 (0.8H, d, J = 8.2 Hz), 4.28-4.19 (0.6H, m), 3.66-3.56 (1H, m), 3.09 (1H, s), 2.92 (1H,
s), 2.84 (2H, s), 2.61-2.53 (1H, m), 2.40-2.32 (1H, m), 2.22-1.99 (2H, m), 1.94-1.84 (1H, m),
1.82-1.73 (1H, m), 1.49-1.43 (1H, m), 1.32-1.19 (2H, m), 0.95-0.87 (1H, m), 0.54-0.44 (2H, m),
0.24-0.10 (2H, m).

LC/MS (ESI): m/z 519 ((M+H]").

Synthesis of Amide 9d

OH

The title compound (17 mg) was prepared in 31% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-(3-hydroxyphenyl)acrylic acid (23 mg, 0.14 mmol) as the carboxylic
acid.

'H-NMR (DMSO-dg) &: 9.60-9.46 (1.6H, m), 9.22 (0.4H, bs), 7.35 (0.4H, d, J = 15.0 Hz), 7.22-7.05
(2.9H, m), 6.98 (0.6H, d, J = 8.2 Hz), 6.85-6.78 (2.5H, m), 6.74 (0.6H, dd, J = 7.9, 2.0 Hz),
6.66-6.60 (1H, m), 5.24 (1.1H, s), 4.80-4.71 (2.5H, m), 4.64 (0.7H, d, J = 8.2 Hz), 4.25-4.18 (0.7H,
m), 3.64-3.55 (1H, m), 3.10 (1.1H, s), 2.92 (1.2H, s), 2.86 (1.7H, s), 2.61-2.55 (1H, m), 2.41-2.32
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(1H, m), 2.23-2.00 (2H, m), 1.96-1.72 (2H, m), 1.50-1.43 (1H, m), 1.34-1.18 (2H, m), 0.95-0.86 (1H,
m), 0.53-0.45 (2H, m), 0.22-0.10 (2H, m).
LC/MS (ESI): m/z 519 ([M+H]")

Synthesis of Amide 9e

HO

The title compound (25 mg) was prepared in 45% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-(2-hydroxyphenyl)acrylic acid (23 mg, 0.14 mmol) as the carboxylic
acid.

'H-NMR (DMSO-ds) &: 10.04-9.63 (1.6H, m), 9.22 (0.4H, bs), 7.72 (0.4H, d, J = 15.4 Hz),
7.66-7.62 (1H, m), 7.45 (0.6H, d, J = 7.7 Hz), 7.21-7.09 (1.4H, m), 6.89-6.78 (3.6H, m), 6.66 (0.4H,
d, J=8.6 Hz), 6.59 (0.6H, d, J = 15.9 Hz), 5.23 (1.1H, s), 4.81-4.70 (2.5H, m), 4.65 (0.8H,d, J=8.2
Hz), 4.26-4.20 (0.6H, m), 3.67-3.59 (1H, m), 3.09 (1.1H, s), 2.92 (1H, s), 2.86 (1.9H, s), 2.61-2.53
(1H, m), 2.40-2.33 (1H, m), 2.23-2.01 (2H, m), 1.94-1.84 (1H, m), 1.82-1.74 (1H, m), 1.50-1.44 (1H,
m), 1.33-1.20 (2H, m), 0.95-0.88 (1H, m), 0.53-0.44 (2H, m), 0.22-0.09 (2H, m).

LC/MS (ESI): m/z 519 ((M+H]").

Synthesis of Amide 9f

The title compound (7 mg) was prepared in 13% yield as a white solid according to the same
procedure as 8¢ by using (F)-3-(pyridin-4-yl)acrylic acid (21 mg, 0.11 mmol) as the carboxylic acid.
'H-NMR (DMSO-dg) 6: 9.71 (0.7H, s), 9.23 (0.3H, s), 8.61 (0.6H, d, J = 5.9 Hz), 8.56 (1.4H, d, J =
5.9 Hz), 7.69 (0.6H, d, J = 5.9 Hz), 7.45-7.39 (2H, m), 7.23 (0.7H, d, J = 15.9 Hz), 6.92 (0.7H, d, J =
15.9 Hz), 6.87-6.78 (1.7H, m), 6.66 (0.3H, d, J = 8.2 Hz), 5.27 (0.7H, d, J = 4.5 Hz), 5.23 (0.3H, d, J
= 4.5 Hz), 4.82-4.73 (2H, m), 4.65 (0.7H, d, J = 7.7 Hz), 4.26-4.06 (0.6H, m), 3.63-3.56 (0.7H, m),
3.33 (0.8H, s), 3.17 (0.5H, d, J = 5.0 Hz), 3.13 (0.7H, s), 2.92 (1H, s), 2.88 (2H, s), 2.60-2.52 (1H,
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m), 2.37 (1H, dd, J = 12.7, 6.8 Hz), 2.23-2.03 (2H, m), 1.94-1.85 (1H, m), 1.82-1.73 (1H, m),
1.49-1.44 (1H, m), 1.37-1.21 (2H, m), 0.96-0.87 (1H, m), 0.53-0.44 (2H, m), 0.23-0.09 (2H, m).
LC/MS (ESI): m/z 504 ([M+H]").

Synthesis of Amide 99

The title compound (3 mg) was prepared in 6% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-(pyridin-3-yl)acrylic acid (21 mg, 0.11 mmol) as the carboxylic acid.
'H-NMR (CDCls) &: 8.81-8.76 (0.7H, m), 8.69-8.64 (0.3H, m), 8.60-8.56 (0.3H, m), 8.41 (0.7H, d, J
= 5.0 Hz), 7.83-7.78 (0.4H, m), 7.68 (0.7H, d, J = 7.7 Hz), 7.61 (0.3H, d, J = 16.3 Hz), 7.54 (0.3H, d,
J=10.0 Hz), 7.46 (0.7H, d, J = 15.9 Hz), 7.35-7.31 (0.3H, m), 6.99-6.87 (3H, m), 6.54 (0.3H, d, J =
15.9 Hz), 5.03-4.99 (0.9H, m), 4.67-4.63 (1H, m), 3.84-3.76 (0.7H, m), 3.18-3.14 (1.4H, m), 3.05
(2H, s), 2.69-2.63 (1H, m), 2.58-2.47 (2H, m), 2.39-2.24 (2H, m), 2.14-2.02 (1H, m), 1.88-1.45 (5H,
m), 0.94-0.84 (1H, m), 0.63-0.55 (2H, m), 0.26-0.13 (2H, m).

LC/MS (ESI): m/z 504 ((M+H]").

Synthesis of Amide 9h

The title compound (37 mg) was prepared in 69% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-(pyridin-2-yl)acrylic acid (21 mg, 0.11 mmol) as the carboxylic acid.
'H-NMR (CDClIs) 8: 8.70 (1H, dd, J = 4.8, 1.1 Hz), 7.78 (1H, td, J = 7.7, 1.4 Hz), 7.52 (1H, d, J =
15.4 Hz), 7.36-7.30 (3H, m), 7.07 (1H, d, J = 8.2 Hz), 6.93 (1H, d, J = 8.2 Hz), 5.01 (1H, d, J = 5.0
Hz), 4.94 (1H, s), 4.65 (1H, d, J = 8.2 Hz), 3.81-3.74 (1H, m), 3.13 (1H, s), 3.05 (3H, s), 2.68 (1H,
dd, J = 12.2, 5.0 Hz), 2.57-2.48 (2H, m), 2.32-2.24 (2H, m), 2.09 (1H, td, J = 12.1, 3.8 Hz),
1.78-1.71 (2H, m), 1.67-1.61 (2H, m), 1.49-1.41 (1H, m), 0.95-0.87 (1H, m), 0.65-0.54 (2H, m),
0.23-0.13 (2H, m).
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LC/MS (ESI): m/z 504 ((M+H]").

Synthesis of Amide 9i

The title compound (27 mg) was prepared in 50% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-(thiophen-2-yl)acrylic acid (22 mg, 0.14 mmol) as the carboxylic
acid.

'H-NMR (CDClIs) é: 7.82 (0.5H, d, J = 15.0 Hz), 7.65 (0.5H, d, J = 15.4 Hz), 7.33 (0.5H, d, J = 5.0
Hz), 7.28-7.27 (1H, m), 7.22-7.16 (0.8H, m), 7.10 (0.6H, d, J = 3.6 Hz), 7.04 (0.6H, t, J = 4.3 Hz),
6.96-6.93 (1.5H, m), 6.83 (1H, s), 6.68 (0.5H, d, J = 15.4 Hz), 6.39 (0.5H, d, J = 15.0 Hz), 5.02-4.97
(1H, m), 4.71-4.64 (0.5H, m), 4.59 (1H, dd, J = 8.2, 4.5 Hz), 3.79-3.72 (0.5H, m), 3.15-3.13 (2.4H,
m), 3.03 (1.6H, s), 2.64 (1H, td, J = 11.2, 4.7 Hz), 2.58-2.45 (2H, m), 2.32-2.18 (2H, m), 2.15-2.00
(2H, m), 1.90-1.72 (2H, m), 1.53-1.42 (2H, m), 0.95-0.86 (1H, m), 0.65-0.53 (2H, m), 0.25-0.12 (2H,
m).

LC/MS (ESI): m/z 509 ((M+H]").

Synthesis of Amide 9j

XS

The title compound (38 mg) was prepared in 70% yield as a white solid according to the same
procedure as 8c by using (£)-3-(thiophen-3-yl)acrylic acid (22 mg, 0.14 mmol) as the carboxylic
acid.

'H-NMR (DMSO-dg) 8: 9.65 (0.6H, s), 9.18 (0.4H, s), 7.84 (0.3H, t, J = 1.8 Hz), 7.69 (0.7H, d, J =
2.7 Hz), 7.58 (0.7H, d, J = 2.3 Hz), 7.51 (0.7H, dd, J = 5.0, 3.2 Hz), 7.43 (0.4H, d, J = 15.4 Hz),
7.30-7.26 (1.3H, m), 6.98 (0.4H, d, J = 15.4 Hz), 6.84-6.75 (1.6H, m), 6.62 (0.3H, d, J = 8.2 Hz),
6.49 (0.6H, d, J = 15.4 Hz), 5.24-5.19 (1H, m), 4.80-4.68 (2.3H, m), 4.62 (0.7H, d, J = 7.7 Hz),
3.61-3.52 (1H, m), 3.07 (1H, s), 2.90 (1H, s), 2.82 (2H, s), 2.58-2.52 (2H, m), 2.38-2.30 (1H, m),
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2.21-1.97 (2H, m), 1.92-1.82 (1H, m), 1.79-1.70 (1H, m), 1.46-1.40 (1H, m), 1.30-1.19 (2H, m),
0.93-0.83 (1H, m), 0.50-0.41 (2H, m), 0.21-0.06 (2H, m).
LC/MS (ESI): m/z 509 ([M+H]").

Synthesis of Amide 9k

The title compound (15 mg) was prepared in 28% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-(furan-2-yl)acrylic acid (19 mg, 0.11 mmol) as the carboxylic acid.
'H-NMR (CDCls) 8: 7.47-7.43 (1.2H, m), 7.39 (0.4H, s), 7.35 (0.5H, d, J = 15.4 Hz), 6.93 (0.8H, q,
J=7.9 Hz), 6.82 (1H, s), 6.79 (0.6H, d, J = 15.0 Hz), 6.55 (0.8H, d, J = 3.6 Hz), 6.51 (0.6H, t, J =
3.2 Hz), 6.46 (0.7H, dd, J = 3.2, 1.8 Hz), 6.39 (0.4H, dd, J = 3.6, 1.8 Hz), 5.01-4.97 (1H, m),
4.73-4.67 (0.6H, m), 4.59 (1H, d, J = 8.2 Hz), 3.86-3.78 (0.4H, m), 3.15-3.12 (2.6H, m), 3.02 (1.4H,
s), 2.67-2.60 (1H, m), 2.59-2.44 (2H, m), 2.32-2.01 (4H, m), 1.91-1.72 (4H, m), 1.52-1.42 (2H, m),
0.95-0.86 (1H, m), 0.64-0.53 (2H, m), 0.24-0.12 (2H, m).

LC/MS (ESI): m/z 493 ((M+H]").

Synthesis of Amide 9l

The title compound (30 mg) was prepared in 55% yield as a white solid according to the same
procedure as 8¢ by using (E)-3-cyclohexylacrylic acid (22 mg, 0.14 mmol) as the carboxylic acid.
'H-NMR (CDCls) &: 6.95-6.73 (2.9H, m), 6.20 (0.5H, d, J = 15.0 Hz), 5.90 (0.6H, d, J = 15.4 Hz),
5.01 (0.6H, d, J =4.5Hz), 4.97 (0.6H, s), 4.67-4.57 (1.6H, m), 3.78-3.71 (0.5H, m), 3.12-3.08 (2.6H,
m), 2.97 (1.1H, s), 2.68-2.44 (3H, m), 2.28-1.96 (5H, m), 1.88-1.62 (7H, m), 1.51-1.42 (2H, m),
1.32-1.02 (7H, m), 0.92-0.85 (1H, m), 0.63-0.53 (2H, m), 0.24-0.11 (2H, m).

LC/MS (ESI): m/z 509 ((M+H]").
Synthesis of Ester 11
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O
THPO\V/M\OEt

To a solution of ethyl 2-hydroxyacetate 10 (14 g, 130 mmol) and 3,4-dihydro-2H-pyran (23 g, 270
mmol) in CH2Cl, (280 mL) was added PPTS (3.4 g, 14 mmol), and the reaction mixture was stirred
at room temperature for 16 h. Saturated aqueous NaHCO; was added to the reaction mixture, and the
aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine,
dried over anhydrous Na;SO4 and concentrated under reduced pressure. The residue (20 g / 35 g)
was purified by column chromatography on silica gel (n-hexane : EtOAc =4 :1to 3 : 1) to afford
pure 11 (12 g, 79% yield in total quantity) as a colorless oil.

'"H NMR (CDCls, 400 MHz): 4 4.75 (t, J = 3.2 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 4.21 (s, 2H),
3.90-3.83 (m, 1H), 3.56-3.49 (m, 1H), 1.93-1.68 (m, 3H), 1.67-1.48 (m, 3H),1.28 (t, J= 7.2 Hz, 3H).

Synthesis of Alcohol 12
OH

THPO

To a solution of ester 11 (4.0 g, 21 mmol) and Ti(OiPr)s (4.1 mL, 14 mmol) in THF (72 mL) at
under 20 °C was added 3.1 M EtMgBr/ether (17 mL, 53 mmol) with a syringe pump for 2 h, and the
reaction mixture was stirred at room temperature for 14 h. Saturated aqueous NH4Cl was added to
the reaction mixture, and the aqueous layer was extracted with EtOAc. The combined organic layers
were washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (n-hexane : EtOAc=4:1t03: 1) to
afford pure 12 (2.1 g, 57% yield) as a colorless oil.

"H NMR (CDCls, 400 MHz): & 4.66 (dd, J = 2.8, 5.2 Hz, 1H), 4.02-3.95 (m, 1H), 3.85 (d, J=11.6
Hz, 1H), 3.81 (s, 1H), 3.60-3.53 (m, 1H), 3.53 (d, /= 11.6 Hz, 1H), 1.93-1.75 (m, 2H), 1.72-1.50 (m,
4H), 0.89-0.77 (m, 2H), 0.70-0.60 (m, 1H), 0.59-0.50 (m, 1H).

Synthesis of Diol 14
OH

Ho\)v

To a solution of ester 12 (2.1 g, 12 mmol) in MeOH (150 mL) was added PPTS (0.30 g, 1.2

mmol), and the reaction mixture was stirred at room temperature for 17 h. Raction mixture was
concentrated under reduced pressure. The residue was purified by column chromatography on silica
gel (n-hexane to n-hexane : EtOAc =2 : 1) to afford pure 14 (0.94 g, 88% yield) as a colorless oil.
'"H NMR (CDCls, 400 MHz): & 3.93 (brs, 1H), 3.62 (s, 2H), 3.30 (brs, 1H), 0.86-0.81 (m, 2H),
0.60-0.55 (m, 2H).

Synthesis of Benzyl Ether 19
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Bnd O 0

To a solution of Naloxone (8.2 g, 25 mmol) and K,COs3 (10 g, 75 mmol) in DMF (40 mL) was
added benzyl bromide (3.3 mL, 28 mmol), and the reaction mixture was stirred at room temperature
for 2 h. Water was added to the reaction mixture, and aqueous layer was extracted with EtOAc. The
combined organic layers were washed with brine, dried over anhydrous Na,SO4 and concentrated
under reduced pressure to afford the crude product 19, which was used in the next reaction without
futher purification.
'H NMR (CDCls, 400 MHz): & 7.45 (d, J = 7.2 Hz, 1H), 7.35 (dd, J = 7.2, 7.2 Hz, 2H), 7.29 (d, J =
7.2 Hz, 1H), 6.72 (d, J= 8.0 Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H), 5.82 (ddt, /=104, 17.2, 6.4Hz, 1H),
5.29 (d,J=12.0 Hz, 1H), 5.21 (d, J=17.2 Hz, 1H), 5.21 (d, J= 12.0 Hz, 1H), 5.19 (d, /= 10.4 Hz,
1H), 5.04 (brs, 1H), 4.69 (s, 1H), 3.15 (d, J = 6.4 Hz, 2H), 3.08 (d, J = 18.4 Hz, 1H), 3.08-2.97 (m,
2H), 2.62-2.52 (m, 2H), 2.44-2.34 (m, 1H), 2.34-2.27 (m, 1H), 2.18-2.09 (m, 1H), 1.91-1.83 (m,
1H),1.69-1.53 (m, 2H).
LC/MS (ESI): m/z 418 ((M+H]").

Synthesis of Amine 20

Bd O b

To a solution of the crude material including 19 (8.2 g) in MeCN (250 mL) and water (50 mL)
was added tris(triphenylphosphine)rhodium(I) chloride (2.3 g, 2.5 mmol), and the reaction mixture
was stirred at 80 °C for 10 h. Water was added to the reaction mixture, and aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried over anhydrous
NaySOs4 and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (CHCl; : MeOH = 20 : 1 to CHCI3 : 10%NH3-MeOH = 10 : 1) to
afford pure 20 (3.5 g, 37% yield over 2 steps) as a colorless oil.
'"H NMR (CDCls, 400 MHz): & 7.44 (d, J = 7.2 Hz, 2H), 7.35 (dd, J = 7.2, 7.6 Hz, 2H), 7.29 (d, J =
7.6 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H), 5.28 (d, J=12.0 Hz, 1H), 5.21 (d, J
= 12.0 Hz, 1H), 4.75 (s, 1H), 3.78-3.66 (m, 1H), 3.29 (d, J = 18.8 Hz, 1H), 3.16-2.99 (m, 3H),
2.82-2.73 (m, 1H), 2.67-2.56 (m, 1H), 2.35-2.27 (m, 1H), 2.11-2.00 (m, 1H), 1.70-1.58 (m, 2H).
LC/MS (ESI): m/z 378 ((M+H]").
Synthesis of Amide 21
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OH
N

BnO " o

To a solution of amine 20 (6.8 g, 18 mmol) and 1-hydroxy-1-cyclopropanecarboxylic acid (2.0 g,
20 mmol) in DMF (16 mL) were added DIPEA (3.8 mL, 22 mmol) and HATU (8.2 g, 22 mmol), and
the reaction mixture was stirred at room temperature for 16 h. Water was added to the reaction
mixture, and the aqueous layer was extracted with EtOAc. The combined organic layers were
washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (CHCI; : EtOAc=10:1t02: 1) to
afford pure 21 (3.8 g, 46% yield) as a white amorphous.

'"H NMR (CDCls, 400 MHz): & 7.46 (d, J = 7.6 Hz, 2H), 7.36 (dd, J = 7.2, 7.6 Hz, 1H), 7.31 (d, J =
7.2 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 5.31 (d, /= 12.0 Hz, 1H), 5.23 (d, J
= 12.0 Hz, 1H), 4.90 (d, J = 6.0 Hz, 1H), 4.71 (s, 1H), 4.60-4.30 (m, 1H), 4.00-3.85 (m, 1H),
3.20-3.09 (m, 1H), 3.09-2.96 (m, 1H), 2.96-2.81 (m, 1H), 2.70-2.50 (m, 1H), 2.36-2.28 (m, 1H),
1.98-1.90 (m, 2H), 1.80-1.70 (m, 1H), 1.66-1.59 (m, 1H), 1.30-0.80 (m, 4H).

LC/MS (ESI): m/z 462 ((M+H]").

Synthesis of Amine 22

OH
N

OH

BnO 0" 'NMeBn

To a solution of amide 21 (3.7 g, 8.0 mmol) and benzoic acid (0.97 g, 8.0 mmol) in benzene (100
mL) was added N-benzyl-N-methyamine (2.1 mL, 16 mmol), and the reaction mixture was stirred
under reflux for 17 h. Then, to the reaction mixture was added sodium cyanoborohydride (0.65 g, 10
mmol) in MeOH (14 mL), and the reaction mixture was stirred at room temperature for 0.5 h. Water
and saturated aqueous NaHCO;3; was added to the reaction mixture, and the aqueous layer was
extracted with EtOAc. The combined organic layers were washed with brine, dried over anhydrous
NaySOs4 and concentrated under reduced pressure. The residue was purified by column
chromatography on amino silica gel (CHCl3; to CHCl3 : MeOH = 10 : 1) to afford pure 22 (2.5 g,
55% yield) as a white amorphous.

"H NMR (CDCls, 400 MHz): § 7.44 (d, J = 6.4 Hz, 2H), 7.40-7.15 (m, 8H), 6.80 (d, /= 8.0 Hz, 1H),
6.57 (d, J = 8.0 Hz, 1H), 5.24-5.10 (m, 2H), 5.00-4.65 (m, 2H), 4.45-4.20 (m, 1H), 3.90-3.60 (m,
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2H), 3.30-3.02 (m, 1H), 3.02-2.68 (m, 2H), 2.68-2.60 (m, 1H), 2.55-2.30 (m, 1H), 2.30 (s, 3H),
2.02-1.84 (m, 1H), 1.75-1.60 (m, 1H), 1.60-1.35 (m, 3H), 1.35-0.60 (m, 4H).
LC/MS (ESI): m/z 567 ((M+H]").

Synthesis of Amine 23
OH

v B

OH

BnO 0" NMeBn

To a solution of LAH (0.67 g, 18 mmol) in THF (75 mL) at 0 °C was added amine 22 (2.5 g, 4.4
mmol) in THF (75 mL), and the reaction mixture was stirred under reflux for 2 h. Water (0.7 mL),
20% NaOH solution (0.70 mL) and water (2.1 mL) was added to the reaction mixture. The reaction
mixture was filtered through a pad of Celite and the filtrate was concentrated under reduced pressure.
The residue was purified by column chromatography on amino silica gel (CHCIs; to CHCl; : MeOH
=10: 1) to afford pure 23 (2.0 g, 82% yield) as a white amorphous.
'"H NMR (CDCl3, 400 MHz): § 7.50-7.15 (m, 10H), 6.74 (d, J = 8.0 Hz, 1H), 6.53 (d, J = 8.0 Hz,
1H), 5.20 (s, 2H), 4.77 (d, J = 7.6 Hz, 1H), 3.81 (d, J = 13.6 Hz, 1H), 3.72 (d, J = 13.6 Hz, 1H),
3.08-2.97 (m, 2H), 2.82-2.72 (m,.1H), 2.75 (d, J = 12.8 Hz, 1H), 2.70-2.60 (m, 2H), 2.53 (d, J=12.8
Hz, 1H), 2.35 (s, 3H), 2.32-2.15 (m, 2H), 2.08-1.95 (m, 1H), 1.70-1.30 (m, 4H), 0.87-0.82 (m, 2H),
0.48-0.43 (m, 2H).
LC/MS (ESI): m/z 553 ((M+H]").

Synthesis of Amine 24
OH

v D

OH

Ho O Hue

To a solution of amine 23 (2.0 g, 3.6 mmol) and phthalic acid (1.2 g, 7.2 mmol) in MeOH (200
mL) was added 10% Pd/C, 50% wet (1.5 g, 0.72 mmol) under Ar atmosphere, and the reaction
mixture was stirred under 1 atm of hydrogen gas for 17 h. The reaction mixture was filtered through
a pad of Celite and the filtrate was concentrated under reduced pressure to afford the crude product

24, which was used in the next reaction without futher purification.

Synthesis of Amide 2
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\_-O

To a solution of the crude material including 24 (1.4 g) and Na,CO; (1.5 g, 15 mmol) in THF (35
mL) and water (20 mL) was added (E)-3-(furan-3-yl)acryloyl chloride (0.57 g, 3.6 mmol) in THF
(20 mL), and the reaction mixture was stirred at room temperature for 0.5 h. 2N NaOH solution (5.5
mL) and MeOH (13 mL) was added to the reaction mixture, and stirred for 0.5 h. Water and
saturated aqueous NaHCO; was added to the reaction mixture, and the aqueous layer was extracted
with EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na,;SO4
and concentrated under reduced pressure. The residue was purified by column chromatography on
amino silica gel (CHCI3 to CHCI3 : MeOH = 10 : 1) to afford pure 2 (1.3 g, 78% yield over 2 steps)
as a white solid.
'"H NMR (DMSO-ds, 400 MHz): § 9.39 (brs, 0.65H), 8.98 (brs, 0.35H), 8.03 (s, 0.35H), 7.92 (s,
0.65H), 7.72 (s, 0.35H), 7.66 (s, 0.65H), 7.36 (d, J=14.8 Hz, 0.35H), 7.21 (d, J = 15.6 Hz, 0.65H),
7.00 (s, 0.35H), 6.90 (d, J= 14.8 Hz, 0.35H), 6.71 (d, J= 8.0 Hz, 0.65H), 6.65 (d, J= 8.0 Hz, 0.65H),
6.58 (d, J = 8.0 Hz, 0.65H), 6.57 (d, J = 8.0 Hz, 0.35H), 6.51 (d, J = 8.0 Hz, 0.35H), 6.41 (d, J =
15.6 Hz, 0.65H), 5.25 (s, 1H), 5.15 (s, 0.65H), 5.12 (s, 0.35H), 4.72 (d, /= 7.6 Hz, 0.35H), 4.63 (d, J
= 7.6 Hz, 0.65H), 4.10-4.25 (m, 0.35H), 3.52-3.67 (m, 0.65H), 3.09 (s, 1.05H), 2.86 (s, 1.95H),
2.85-3.00 (m, 1.65H), 2.65-2.80 (m, 2H), 2.45-2.60(m, 1.35H), 1.90-2.35 (m, 4H), 1.15-1.53 (m, 4H),
0.48-0.53 (m, 2H), 0.27-0.42 (m, 2H).
LC/MS (ESI): m/z 493 ((M+H]").

Synthesis of Indanone 34

Cl

To a solution of 3-(4-chlorophenyl)propanoic acid 30 (3.0 g, 16 mmol) in 1,2-dichloroethane (50
mL) were added NBS (2.9 g, 16 mmol) and AuCl (0.16 g, 0.54 mmol), and the reaction mixture was
stirred at 80°C for 24 h. Water was added to the reaction mixture, and aqueous layer was extracted
with EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na>SO4
and concentrated under reduced pressure. To a solution of crude material including 32 in CH,Cl, (30

mL) was added SOCl> (3.9 g, 32 mmol), and the reaction mixture was stirred at room temperature
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for 23 h. Solution was concentrated under reduced pressure. To a solution of crude material in
CH>Cl; (30 mL) was added AICI3 (2.2 g, 16 mmol), and the reaction mixture was stirred reflux for 2
h. Ice and cool water were added to the reaction mixture, and aqueous layer was extracted with
CHCl,. The combined organic layers were washed with brine, dried over anhydrous Na,SO4 and
concentrated under reduced pressure. The residue was prified by column chromatography on silica
gel (n-hexane to n-hexane : EtOAc = 3 : 1) to afford pure 34 (0.54 g, 14% yield over 2 steps) as a
white solid.

"H NMR (400MHz, CDCI3) : 8 7.76 (d, 1H, J = 1.7 Hz), 7.68 (d, 1H, J = 2.0 Hz), 3.05 (t, 2H, J = 6.0 Hz),
2.76-2.79 (m, 2H).

Synthesis of Tetralone 35

Br

Cl

The title compound (74 mg) was prepared in 6% yield as a pale yellow solid according to the
same procedure as 34 by using 4-(4-chlorophenyl)butanoic acid (1000 mg, 5.2 mmol) as the
carboxylic acid.

'H NMR (400MHz, CDCL3) : § 7.99 (d, 1H, ] = 2.2 Hz), 7.74 (d, 1H, J = 2.4 Hz), 2.98 (t, 2H, J = 6.2 Hz),
2.65 (t, 2H, J = 6.7 Hz), 2.19-2.13 (m, 2H).

Synthesis of Indanone 36

Cl

To a solution of indanone 34 (100 mg, 0.41 mmol) and potassium isopropenyltrifluoroborate (130
mg, 0.90 mmol) in THF (4.0 mL) and water (0.40 mL) were added Pd(OAc), (14 mg, 0.061 mmol)
and PPh; (32 mg, 0.12 mmol) and Cs>COj3 (360 mg, 1.1 mmol), and the reaction mixture was stirred
at 70°C for 17 h. Water was added to the reaction mixture, and aqueous layer was extracted with
EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na>SO4 and
concentrated under reduced pressure. The residue was prified by column chromatography on amino
silica gel (n-hexane to n-hexane : EtOAc = 3 : 1) to afford pure 36 (75 mg, 89% yield) as a yellow
oil.

'H NMR (400MHz, CDCls) : 8 7.64 (d, 1H, J = 2.0 Hz), 7.45 (d, 1H, J = 2.0 Hz), 5.35-5.33 (m, 1H), 5.13
(dd, 1H, J = 1.3, 0.9 Hz), 3.13 (t, 2H, ] = 5.9 Hz), 2.72 (t, 2H, ] = 5.9 Hz), 2.13 (dd, 3H, J = 1.5, 1.0 Hz).

58



Synthesis of Tetralone 37

Cl

The title compound (27 mg) was prepared in 79% yield as a yellow oil according to the same
procedure as 36 by using tetralone 35 (40 mg, 0.15 mmol) as the substrate.
'H NMR (400MHz, CDCL3) : § 7.95 (d, 1H, J = 2.4 Hz), 7.30 (d, 1H, J = 2.4 Hz), 5.28-5.27 (m, 1H), 4.90
(dd, 1H, T = 1.7, 1.0 Hz), 2.88 (t, 2H, J = 6.1 Hz), 2.65 (t, 2H, J = 6.6 Hz), 2.12-2.05 (m, 2H), 2.03 (dd,
3H,J=1.5,1.0 Hz).

Synthesis of Nitrile 38

CN

Cl

To a solution of KO#Bu (42 mg, 0.38 mmol) in THF (1.0 mL) was added TosMIC (48 mg, 0.25
mmol) at -78 °C, and the reaction mixture was stirred at -78 °C for 25 min. Then indanone 36 (30
mg, 0.15 mmol) was added to the reaction mixture at -78 °C, and the reaction mixture was stirred at
-78 °C for 80 min. Next, MeOH (0.18 mL) was added to the reaction mixture at -78 °C, and the
reaction mixture was stirred at 60 °C for 80 min. Water was added to the reaction mixture, and
aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine,
dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue was prified by
column chromatography on amino silica gel (rn-hexane to n-hexane : EtOAc = 10 : 1) to afford pure
38 (18 mg, 56% yield) as a brown oil.

'"H NMR (400MHz, CDCI3) : 8 7.33 (s, 1H), 7.19 (s, 1H), 5.26-5.25 (m, 1H), 5.02-5.01 (m, 1H), 4.10 (,
1H, J = 8.0 Hz), 3.14-3.04 (m, 1H), 2.97-2.89 (m, 1H), 2.62-2.53 (m, 1H), 2.40-2.30 (m, 1H), 2.07-2.07
(m, 3H).

Synthesis of Nitrile 39

CN

Cl

The title compound (8.7 mg) was prepared in 31% yield as a pale yellow oil according to the same
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procedure as 38 by using tetralone 37 (27 mg, 0.12 mmol) as the substrate.

"H NMR (400MHz, CDCls) : § 7.28 (d, 1H, J = 2.2 Hz), 7.06 (d, 1H, J = 2.4 Hz), 5.22-5.21 (m, 1H), 4.83
(dd, 1H, T =2.0, 1.0 Hz), 3.97 (t, 1H, J = 6.2 Hz), 2.77-2.68 (m, 2H), 2.15-2.05 (m, 4H), 1.98 (dd, 3H, J =
1.6, 0.9 Hz).

Synthesis of Indane 40

To a solution of nitrile 38 (17 mg, 0.078 mmol) in ethylenediamine (1.0 mL) was added P»Ss (8.7

mg, 0.039 mmol), and the reaction mixture was stirred at 100 °C for 50 min. H,O was added to the
reaction mixture, and aqueous layer was extracted with CHCls. The combined organic layers were
washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (ASC to ACS: MeOH =10 : 1) to
afford pure 40 (15 mg, 76% yield) as a white solid.

'H NMR (400MHz, CDCls) : & 7.16 (s, 1H), 7.11 (d, 1H, J = 2.0 Hz), 5.22 (t, 1H, J = 1.6 Hz), 5.02 (s,
1H), 4.09 (t, 1H, J = 8.2 Hz), 3.62 (bs, 4H), 3.03 (dq, 1H, ] = 16.1, 4.4 Hz), 2.94-2.86 (m, 1H), 2.49-2.40
(m, 1H), 2.27-2.18 (m, 1H), 2.07 (s, 3H).

LC/MS (ESI): m/z 261 ([M+H]").

Synthesis of Indane 25

H
N
J
N
+ HCI
Cl

To a solution of indane 40 (14 mg, 0.054 mmol) in MeOH (1.0 mL) was added PtO; (2.4 mg,

0.011 mmol), and the reaction mixture was stirred under 1 atm of hydrogen gas for 20 min. The
reaction mixture was filtered through a pad of Celite and the filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (ASC to ACS : MeOH =
10 : 1) to afford pure indane (9.0 mg) as a white solid. To a solution of indane in MeOH (1.0 mL)
was added 10% HCI-MeOH (0.035 mL), and concentrated under reduced pressure to afford the
indane 25 (8.1 mg, 64% yield) as a white solid

'H NMR (400MHz, DMSO-de) : & 10.05 (2H, bs), 7.23 (2H, s), 4,36 (1H, t, J = 8.2 Hz), 3.86 (4H, s),
3.10-2.87 (3H, m), 2.25-2.16 (1H, m), 1.20 (3H, d, J = 6.8 Hz), 1.18 (3H, d, J = 7.1 Hz).

LC/MS (ESI): m/z 263 ((M+H]").
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Synthesis of Tetralin 26

Cl

The title compound (1.0 mg) was prepared in 14% yield in 2 steps as a white solid according to
the same procedure as 40 and 25 by using nitrile 39 (6.0 mg, 0.026 mmol) as the substrate.
'H NMR (400MHz, CDCL3) : § 7.16 (1H, d, ] = 2.2 Hz), 6.94 (1H, d, J = 2.0 Hz), 4.24 (1H, t, ] = 6.1 Hz),
3.83-3.76 (6H, m), 3.15-3.08 (1H, m), 2.76-2.72 (1H, m), 2.15-2.12 (2H, m), 1.88-1.82 (2H, m),1.20 (6H,
dd,J=6.7,5.2 Hz).
LC/MS (ESI): m/z 277 ((M+H]").

Synthesis of Indane 42

Me
Me

Br

Cl

To a solution of TiCls (460 mg, 2.4 mmol) in CH>Cl, (2.4 mL) was added 1.0 M Me»Zn hexane
solution (230 mg, 2.4 mmol) at -78 °C, and the reaction mixture was stirred at -78 °C for 15 min.
Then indanone 34 (100 mg, 0.41 mmol) in CH,Cl, (2.0 mL) was added to the reaction mixture at
-78 °C, and the reaction mixture was stirred at -20 °C for 3 h. Water was added to the reaction
mixture, and aqueous layer was extracted with CH,Cl,. The combined organic layers were washed
with brine, dried over anhydrous Na,;SO4 and concentrated under reduced pressure. The residue was
prified by column chromatography on amino silica gel (n-hexane to n-hexane : EtOAc =3 : 1) to
afford pure 42 (88 mg, 83% yield) as a clear oil.

'"H NMR (400MHz, CDCl3) : 8 7.31 (d, 1H, J = 2.0 Hz), 7.02 (d, 1H, J = 1.7 Hz), 2.86 (t, 2H, J = 7.3 Hz),
1.95 (t, 2H, ] = 7.3 Hz), 1.24 (s, 6H).

Synthesis of Tetralin 43

Me Br
Me

Cl

The title compound (74 mg) was prepared in 88% yield as a clear oil according to the same
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procedure as 42 by using tetralone 35 (80 mg, 0.31 mmol) as the substrate.
'H NMR (400MHz, CDCl3) : § 7.37 (1H, d, J = 2.2 Hz), 7.27-7.26 (1H, m), 2.70 (2H, t, J = 6.5 H2),
1.84-1.78 (2H, m), 1.63-1.60 (2H, m), 1.27 (6H, s).

Synthesis of Nitrile 44
Me
Me CN
Cl

To a solution of indane 42 (85 mg, 0.33 mmol) and isoxazole-4-boronic acid pinacol ester (77 mg,
0.39 mmol) in DMSO (3.2 mL) and water (0.98 mL) were added KF (57 mg, 0.98 mmol) and
PdClLdppf* CH2Cl> (24 mg, 0.033 mmol), and the reaction mixture was stirred at 130°C for 13 h.
The reaction mixture was filtered through a pad of Celite and filtrate was added to water. Aqueous
layer was extracted with EtOAc. The combined organic layers were washed with brine, dried over
anhydrous Na,SO4 and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (n-hexane to n-hexane : EtOAc = 3 : 1) to afford pure 44 (1.9 mg, 3%
yield) as a clear oil.

'H NMR (400MHz, CDCL3) : § 7.16 (d, 1H, J = 1.7 Hz), 7.08 (d, 1H, J = 1.7 Hz), 3.61 (s, 2H), 2.82 (t, 2H
J=7.2Hz), 1.98 (t, 2H, J = 7.2 Hz), 1.25 (s, 6H).

i

Synthesis of Nitrile 45
Me
Me CN
Cl

The title compound (7.0 mg) was prepared in 11% yield as a clear oil according to the same
procedure as 44 by using tetralin 43 (73 mg, 0.27 mmol) as the substrate.
'H NMR (400MHz, CDCl3) : 6 7.32 (1H, d, J = 2.0 Hz), 7.19 (1H, d, J = 2.2 Hz), 3.59 (2H, s), 2.60
(2H, t, = 6.5 Hz), 1.89-1.82 (2H, m), 1.66-1.63 (2H, m), 1.28 (6H, s).

Synthesis of Indane 27

Me H
N
SRy
N
cl + HCI

To a solution of nitrile 44 (1.5 mg, 0.0068 mmol) in ethylenediamine (1.0 mL) was added P»Ss

(1.5 mg, 0.0068 mmol), and the reaction mixture was stirred at 100 °C for 2 h. H>O was added to the

reaction mixture, and aqueous layer was extracted with CHCl3. The combined organic layers were
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washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (ASC to ASC: MeOH = 10 : 1) to
afford pure imidazoline (2.5 mg) as a clear oil. To a solution of imidazoline in MeOH (1.0 mL) was
added 10% HCI-MeOH (0.010 mL), and concentrated under reduced pressure to afford the indane
27 (3.7 mg, quant.) as a white solid

"H NMR (400MHz, DMSO-ds) : & 7.23 (1H, d, J = 2.0 Hz), 7.21 (1H, d, J = 2.0 Hz), 3.83 (4H, m), 3.82
(2H, s), 2.80 (2H, t, J = 7.2 Hz), 1.90 (2H, t, ] = 7.3 Hz), 1.22 (6H, s).

LC/MS (ESI): m/z 263 ((M+H]").

Synthesis of Tetralin 28

H
Me N
Me \\)
N
- HCI
Cl

The title compound (11 mg) was prepared in 87% yield as a white solid according to the same
procedure as 27 by using nitrile 45 (13 mg, 0.056 mmol) as the substrate.
'H NMR (400MHz, DMSO-ds) : 6 9.90 (2H, s), 7.44 (1H, d, J=2.2 Hz), 7.19 (1H, d, ] = 2.0 Hz), 3.86
(2H, s), 3.83 (4H, s), 2.55-2.51 (2H, m), 1.78-1.73 (2H, m), 1.60-1.57 (2H, m), 1.25 (6H, s).
LC/MS (ESI): m/z 277 ((M+H]").

Synthesis of Olefin 46

Br

Cl

To a solution of MePPh;Br (910 mg, 2.5 mmol) in THF (8.0 mL) was added KO7Bu (290 mg, 2.5
mmol) at 0 °C, and the reaction mixture was stirred at room temperature for 30 min. Then tetralone
35 (220 mg, 0.85 mmol) in THF (3.0 mL) was added to the reaction mixture at 0 °C, and the
reaction mixture was stirred at room temperature for 50 min. Water was added to the reaction
mixture, and aqueous layer was extracted with EtOAc. The combined organic layers were washed
with brine, dried over anhydrous Na;SO4 and concentrated under reduced pressure. The residue was
prified by column chromatography on silica gel (n-hexane to n-hexane : EtOAc = 10 : 1) to afford
pure 46 (210 mg, 97% yield) as a clear oil.

'H NMR (400MHz, CDCls) : & 7.55 (d, 1H, J = 2.2 Hz), 7.46 (d, 1H, J = 2.2 Hz), 5.45 (s, 1H), 5.04 (s,
1H), 2.79 (t, 2H, J = 6.5 Hz), 2.46 (t, 2H, J = 6.2 Hz), 1.86-1.93 (m, 2H).
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Synthesis of Tetralin 47

Br

Cl

To a solution of olefin 46 (90 mg, 0.35 mmol) in MeOH (3.0 mL) and CHCl; (1.0 mL) was added
PtO; (7.9 mg, 0.035 mmol), and the reaction mixture was stirred under 1 atm of hydrogen gas for 20
min. The reaction mixture was filtered through a pad of Celite and the filtrate was concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel (n-hexane
to n-hexane : EtOAc = 10 : 1) to afford pure 47 (80 mg, 88% yield) as a clear oil.

'H NMR (400MHz, CDCLs) : § 7.38 (d, 1H, J = 2.0 Hz), 7.14 (d, 1H, J = 2.0 Hz), 2.84-2.92 (m, 1H),
2.60-2.77 (m, 2H), 1.73-1.90 (m, 3H), 1.49-1.55 (m, 1H), 1.27 (d, 3H, J=7.1 Hz).

Synthesis of Nitrile 48

Cl

The title compound (2.2 mg) was prepared in 3% yield as a brown oil according to the same
procedure as 44 by using tetralin 47 (80 mg, 0.31 mmol) as the substrate.
'H NMR (400MHz, CDCly) : & 7.20 (bs, 2H), 3.59 (s, 2H), 2.87-2.94 (m, 1H), 2.55-2.66 (m, 2H),
1.77-1.96 (m, 3H), 1.52-1.58 (m, 1H), 1.28 (d, 3H, J = 7.1 Hz).

Synthesis of Tetralin 29

§
& )
N
- HCI
Cl

The title compound (2.7 mg) was prepared quantitively as a white solid according to the same
procedure as 27 by using nitrile 48 (2.2 mg, 0.010 mmol) as the substrate.
'H NMR (400MHz, CD;0D) : § 7.27 (d, 1H, J = 2.0 Hz), 7.14 (d, 1H, J = 2.2 Hz), 3.93 (s, 4H), 3.87 (s,
2H), 2.89-2.97 (m, 1H), 2.51-2.65 (m, 2H), 1.86-1.95 (m, 2H), 1.75-1.84 (m, 1H), 1.53-1.62 (m, 1H),
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1.29 (d, 3H, J = 7.1 Hz).
LC/MS (ESI): m/z 263 (IM+H]").

Synthesis of Chromanone 50

O

Cl

The title compound (370 mg) was prepared in 91% yield as a pale yellow oil according to the
same procedure as 36 by using chromanone 49 (480 mg, 1.8 mmol) as the substrate.
'H NMR (400MHz, CDCL) : § 7.80 (1H, d, J = 2.7 Hz), 7.35 (1H, d, J = 2.7 Hz), 5.24-5.22 (1H, m), 5.13
(1H, dd, J=1.7,0.7 Hz ), 4.56 (2H, t, J = 6.5 Hz), 2.82 (2H, t, J = 6.5 Hz), 2.10 (3H, dd, J = 1.3, 0.9 Hz).

Synthesis of Chromanone 51

O

Cl

To a solution of chromanone 50 (340 mg, 1.5 mmol) in CH,Cl, (15 mL) was added Wilkinson’s
reagent (140 mg, 0.15 mmol), and the reaction mixture was stirred under 1 atm of hydrogen gas for 5
h. Water was added to the reaction mixture, and aqueous layer was extracted with CH>Cl,. The
combined organic layers were washed with brine, dried over anhydrous Na,;SO4 and concentrated
under reduced pressure. The residue was prified by column chromatography on silica gel (n-hexane
to n-hexane : EtOAc = 10 : 1) to afford pure 51 (370 mg, 96% yield) as a pale yellow solid.

'H NMR (400MHz, CDCL3) : § 7.72 (1H, d, J = 2.7 Hz), 7.33 (1H, d, J = 2.7 Hz), 4.55 (2H, t, J = 6.5 Hz),
3.30-3.24 (1H, m), 2.81 2H, t, J = 6.5 Hz), 1.22 (6H, d, J= 7.1 Hz).

Synthesis of Nitrile 52

o

CN

Cl

To a solution of chromanone 51 (200 mg, 0.89 mmol) in CH,Cl, (9.0 mL) were added Znl, (57
mg, 0.18 mmol) and TMSCN (120 mg, 1.2 mmol), and the reaction mixture was stirred at 40 °C for

7 h. The reaction mixture was concentrated under reduced pressure to afford crude. To a solution of
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crude in toluene (9.0 ml) was added Amberlyst 15(H) (200 mg), and the reaction mixture was stirred
reflux for 90 min. The reaction mixture was filtered through a pad of Celite and filtrate was added to
water. Aqueous layer was extracted with EtOAc. The combined organic layers were washed with
brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue was
prified by column chromatography on silica gel (n-hexane to n-hexane : EtOAc = 3 : 1) to afford
pure 52 (81 mg, 39% yield) as a white solid.

'H NMR (400MHz, CDCL;) : § 7.18 (1H, d, J = 2.4 Hz), 7.14 (1H, d, J = 2.4 Hz), 6.61 (1H, t, J = 4.0 Hz),
4.9 2H, d, J= 3.9 Hz), 3.22-3.15 (1H, m), 1.18 (6H, d, J = 6.8 Hz).

Synthesis of Nitrile 53

(0]
CN

Cl

To a solution of nitrile 52 (76 mg, 0.33 mmol) in EtOH (3.5 mL) was added NaBH4 (12 mg, 0.33
mmol), and the reaction mixture was stirred at room temperature for 20 min. Water was added to the
reaction mixture, and the aqueous layer was extracted with EtOAc. The combined organic layers
were washed with brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (n-hexane to n-hexane : EtOAc =3 : 1)
to afford pure 53 (75 mg, 97% yield) as a clear oil.

"H NMR (400MHz, CDCl;) : § 7.12-7.10 (2H, m), 4.37-4.31 (1H, m), 4.29-4.24 (1H, m), 3.99 (1H, t, J=
6.0 Hz), 3.25-3.18 (1H, m), 2.34-2.30 (2H, m), 1.19-1.16 (6H, m).

Synthesis of Chromane 54

O
H
N
w
N
+ HCI
Cl

The title compound (90 mg) was prepared in 94% yield as a white solid according to the same
procedure as 27 by using nitrile 53 (75 mg, 0.32 mmol) as the substrate.
'H NMR (400MHz, DMSO-ds) : & 10.04 (2H, s), 7.18 (1H, d, J = 2.4 Hz), 7.04 (1H, d, J = 2.4 Hz),
4.27-4.20 (3H, m), 3.87 (4H, s), 3.22-3.15 (1H, m), 2.30-2.22 (1H, m), 2.20-2.12 (1H, m), 1.17-1.14 (6H,
m).

LC/MS (ESI): m/z 279 ((M+HT").
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Synthesis of Amide 56

H‘N)K/\Br

Br

Cl
To a solution of aniline 85 (3.6 g, 18 mmol) in CH>Cl, (20 mL) were added K,CO3 (2.9 g, 21

mmol) and 3-bromopropanoyl chloride (2.1 mL, 21 mmol) , and the reaction mixture was stirred at
room temperature for 1 h. H,O and saturated aqueous NH4Cl were added to the reaction mixture, and
aqueous layer was extracted with CH,Cl,. The combined organic layers were washed with brine,
dried over anhydrous Na;SO4 and concentrated under reduced pressure to afford the crude product
56, which was used in the next reaction without futher purification.

'H NMR (400 MHz, CDCL): & 8.36-8.26 (m, 2H), 7.69-7.59 (m, 1H), 7.56-7.54 (m, 1H), 3.71 (t, J = 6.6
Hz, 1H), 3.02 (t, J = 6.6 Hz, 1H).

LC/MS (ESI): m/z 342 ((M+H]").

Synthesis of Lactam 57

o=>

N

Br

Cl
To a solution of crude product 56 (6.2 g) in DMF (3.0 mL) was added KO¢Bu (2.0 g, 21 mmol) at

0 °C, and the reaction mixture was stirred at room temperature for 5 h. Saturated aqueous NH4Cl
was added to the reaction mixture, and aqueous layer was extracted with EtOAc. The combined
organic layers were washed with brine, dried over anhydrous Na,SO4 and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (n-hexane :
EtOAc =3 : 2) to afford pure 57 (3.3 g, 72% yield over 2 steps) as a white solid.

'H NMR (400 MHz, CDCL3): & 7.81 (m, 1H), 7.54 (m, 1H), 7.32-7.22 (m, 1H), 4.05 (t, J = 4.6 Hz, 2H),
3.15 (t, J = 4.6 Hz, 2H).

LC/MS (ESI): m/z 259 ([M+H]").

Synthesis of Dihydroquinolinone 58
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HN
Br.

Cl

To a solution of lactam 57 (3.2 g) in DCE (20 mL) was added triflic acid (2.2 mL, 25 mmol) at
0 °C, and the reaction mixture was stirred at room temperature for 6 h. Saturated aqueous NaHCO3
was added to the reaction mixture at 0 °C, and aqueous layer was extracted with CH,Cl,. The
combined organic layers were washed with brine, dried over anhydrous Na,SO4 and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel
(n-hexane : EtOAc =3 : 2) to afford pure 58 (0.72 g, 34%) as a yellow solid.
'H NMR (400 MHz, CDCls): 5 7.64 (s, 1H), 7.43 (s, 1H), 4.84 (brs, 1H), 3.63 (t, J = 6.7 Hz, 2H), 2.24 (t,
J=6.7 Hz, 2H).
LC/MS (ESI): m/z 259 ((M+H]").

Synthesis of Dihydroquinolinone 59

HN

Cl

The title compound (430 mg) was prepared in 85% yield as a yellow solid according to the same
procedure as 36 by using dihydroquinolinone 58 (630 mg, 2.4 mmol) as the substrate.
'H NMR (400 MHz, CDCls): & 7.75 (d, J = 2.7 Hz, 1H), 7.12 (d, J = 2.7 Hz, 1H),5.40-5.38 (m, 1H),
5.12-5.10 (m, 1H), 4.84 (brs, 1H), 3.55 (dt, J = 7.1, 4.0 Hz, 2H), 2.69 (t, J = 7.1 Hz, 2H), 2.07-2.04 (m,
3H).
LC/MS (ESI): m/z 222 ((M+H]").

Synthesis of Dihydroquinolinone 60

HN

Cl

The title compound (450 mg) was prepared in 99% yield as a yellow solid according to the same
procedure as 51 by using dihydroquinolinone 59 (450 mg, 2.0 mmol) as the substrate.
'"H NMR (400 MHz, CDCl5): § 7.74 (d, J = 2.7 Hz, 1H), 7.20 (d, J = 2.7 Hz, 1H), 4.48 (brs, 1H), 3.61 (dt,
J=1.0,3.0 Hz, 2H), 2.81-2.75 (m, 2H), 2.70 (t, /= 7.0 Hz, 2H), 1.27 (d, /= 6.8 Hz, 6H).
LC/MS (ESI): m/z 224 ((M+H]").
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Synthesis of Dihydroquinolinone 61

PMB.
N

C

To a solution of dihydroquinolinone 60 (20 mg) in DMF (0.20 mL) were added K»CO3 (25 mg,
0.18 mmol), PMBCI (0.018 mL, 0.13 mmol) and Nal (13 mg, 0.089 mmol), and the reaction mixture
was stirred at 50 °C for 4 h. H,O was added to the reaction mixture, and aqueous layer was extracted
with EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na,;SO4
and concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (n-hexane : EtOAc = 7 : 3) to afford pure 61 (14 mg, 47%) as a yellow oil.

'H NMR (400 MHz, CDCl3): & 7.81 (d, J=2.7 Hz, 1H), 7.41 (d, J=2.7 Hz, 1H), 7.33 (d, /= 8.5 Hz, 2H),
6.93 (d, J = 8.5 Hz, 2H), 4.14 (s, 2H), 3.83 (s, 3H), 3.52-3.45 (m, 1H), 3.40 (t, J = 6.3 Hz, 2H), 2.61 (t, J
= 6.3 Hz, 2H), 1.25 (d, J = 6.8 Hz, 6H).

Synthesis of Nitrile 62
PMB\N
CN
(o}

The title compound (150 mg) was prepared in 60% yield as a yellow oil according to the same
procedure as 38 by using dihydroquinolinone 61 (250 mg, 0.72 mmol) as the substrate.
'H NMR (400 MHz, CDCls): & 7.32 (d, J = 8.8 Hz, 2H), 7.20-7.18 (m, 2H), 6.93 (d, J = 8.8 Hz, 2H),
4.00-3.97 (m, 3H), 3.83 (s, 3H), 3.46-3.39 (m, 1H), 3.16-3.10 (m, 1H), 3.01-2.95 (m, 1H), 2.14-2.09 (m,
2H), 1.23-1.19 (m, 6H).

Synthesis of Tetrahydroquinoline 63

PMB.
N

s
)

C
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The title compound (140 mg) was prepared in 91% yield as a white solid according to the same
procedure as 40 by using nitrile 62 (140 mg, 0.39 mmol) as the substrate.
'H NMR (400 MHz, CDCls): § 7.34 (d, J = 8.8 Hz, 2H), 7.13 (d, J= 2.7 Hz, 1H), 6.99 (d, J = 2.7 Hz, 1H),
6.92 (d, J = 8.8 Hz, 2H), 3.98 (2H, s), 3.90 (3H, s), 3.83 (s, 4H), 3.08-3.02 (m, 1H), 2.97-2.90 (m, 1H),
2.07-1.94 (m, 1H), 2.07-1.94 (m, 2H), 1.24-1.19 (m, 6H).
Synthesis of Tetrahydroquinoline 64

HN
H
N
-/
N
Cl 2HCI

To a solution of tetrahydroquinoline 63 (140 mg, 0.35 mmol) in CH>Cl, (2.0 mL) was added TFA
(1.0 mL), and the reaction mixture was stirred at room temperature for 90 min. H,O and ASC were
added to the reaction mixture at 0 °C, and aqueous layer was extracted with CHCls;. The combined
organic layers were washed with brine, dried over anhydrous Na;SO4 and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (ASC to ASC:
MeOH = 10 : 1) to afford pure tetrahydroquinoline (99 mg) as a white solid. To a solution of
tetrahydroquinoline in MeOH (3.0 mL) was added 10% HCI-MeOH (0.70 mL), and concentrated
under reduced pressure to afford the 64 (120 mg, quant.) as a white solid
'H NMR (400 MHz, DMSO-d6): § 9.92 (s, 1H), 6.97 (d, J = 2.3 H, 1H), 6.81 (d, J = 2.3 Hz, 1H), 4.14
(dd, J = 2.3, 2.3 Hz, 1 H), 3.85 (brs, 4H), 3.31-3.25 (m, 1H), 3.19-3.13 (m, 1H), 2.95-2.88 (m, 1H),
2.08-2.00 (m,1H), 1.16-2.00 (m, 6H).

LC/MS (ESI): m/z 278 ((M+H]").
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