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WIEBEIERE (Overactive Bladder, OAB) 1% 2002 4| [EBSAAHI PN E R LT E B Th 5, MmiEShEE Dt
TlE, FBICERFECRBEEAITER2E 9 2 YRR IR 8N L 0 EF 2 ZRNVEEC R Y | 2RRE
ZhbrBL, HETERWEIEDORETEK, S OITHER (BREBER, &FEER) <CulhatERESE (R
WAL) R EDOEIERPBDO O D, T OEEBEMOERITEEIZE s TEWA ML R ERD . £ L
TAEFOEZREL T 5, P

ANAZER=REL LI S E (WTFH, SAY, AZVT, Avz—FT 2, A XV R) IZHBITHHEEIC
£% &L 18 WL EDK 2% 0N BIRBEMOEREZ A LTS EEX LN TS, BlEr, Bk e ko
BRI KRE A3 | o B EITBEME X HBEMN D D, £, BARICEIT D BARPERBERE
FRDPATTZHEIZ LD & 40 UL EORIEEEPEO AR HRIT 124% TH Y . AHEL 810 H AN LHEES
nTng, @

BUE, IRTEENEEOEROFE —RINE TH L) VIR (AAB Y /KT o2 A= F) 1%,
REF, REVBEAZEI L2000, O, E, SRS, KRR EORIERBHRE S TWD,
Blzn e oRWERIZ LA S ) VZRIKT v 2 T=A FOMEH A = X235 5, P70bh | iy
DT THDLLANY ZRETEMOMICHERIRCLREA L TRBY, ZOT7 2 A=A MInEz5&
2T, o, fi= U UEIBRIIGE A M 2@E 235700, FRIRBAETLT VY, T, BEhtsEiRm:
EEmoleiia ) VEBHBE I TV DL, BWEM. FFCHBEZERICERET 5 E TITIEE > Thw,

ITEEOREICL D &L Pia U 3% 12 2 Mk dx 5 C & 72 i@iE gt o A 13 35% L FTH | it
2 Y VEOBWERTEEERE T EE ORMBERESRETCH L2 2R LTEY, TO/REE L TR
PR R EE DK FIc 2R’ > T 5, [

RRRTRR S A S A7, IBISEIEIE RO FEAEN & LT, T RV AR

(adrenergic receptor, AR) D—>TdH 5 Bs-AR 231EH SN TV, 7 F LT U U258 K To-AR, 0,-AR .
B-AR D 3 DOV 777 IV —IZHHEINTEY, ZD B-AR IR B B3 D 3 2DV T XA T RHGLT
W5, B7 RLF U UKD ERRNY B RIZ7 RLF Uy, JAT RLF e Thsb, B

G & ™7 RN RAR T o 5 B3-AR 13X, 1980 FFARICE R T AEHTIC K D R I 4L72B-AR 7 & A
TD1OThD, BIB-AR IZNEMHIRO RSB A, S ICIHEE, §. /ME. RIZIR. FEi5s. B
MAEIZ B> T D 2 E BTV, T, b MBI 3T HB-AR © mRNA Z 4T L =5
B 97%703B-AR ThH D Z EnHEENTH VI b N OBERAZEICIB W TR-AR DY 7 X A4 7D 5 b,
Bs-AR 2N b EEAHAE A Ff o TV A Z EVRIBEN TV, E512, Bs-AR 7 T=A MIT v MIH
FrEREZM ESEEPIZ L5, B-AR 7= R NI ) VIR SN FEWER 2R S WA
7 =2 L OBIEBIEMAREEK & U TR s Tuh s,

WEENEEDE ORI & U CHIRRBR A I S 72 Bs-AR 7 F =& ME 1 (T 7327 1>, mirabegron,
YM-178)%1 2 (Y 5~ 1 solabegron, GW427353)' 3 (U X2 | ritobegron, KUC-7483)7
4 (71 vibegron, MK-4618)!"728 5T % (Figure 1), X 7271y (1) (T@IEBEENE OB
PRIEL L CEGREN TRV B-AR 7TA=A R L WIFMA N =X L TH L0, fia U 3L il
L CRBEDORIERAN D22 & AR TH DT,
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Figure 1. Chemical structures of 1, 2, 3, and 4.

L LA, 2 I7 8 U 3lE EF-0m EF e & nE Rk 2REM 2SI &R 242 &
DEbLENTWS, NZzoFREIZHFEEESNLTVARVEOD, 2T 7o o0 ERERICEL T
BI-ARIZHT 5T T=2 MEMRFKRDO —~o L LTEZLND, PIEBlz, 257143 CYP2D6 (2
ST HBLEERA S D720, CYP2D6 TR#F SN B EHK L ORYBHAIEANGESh S, P

ERo@EY . BELEHENTHS I FRZ a o tiin onBasinbsd, 20377050
BT IRIREE A B5 L. Br-AR ICKT D m\ BIRME 2 B | M 525 Teo 0 48 R O BIE A 2 88080 L 7=
P LA ERIN T 52 LT, RA M V7 T ZAORIEBEPIERIEIC /2D EF 2, AFRICETFL
776
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F1E BRI XY —VEREAT HB-AR 7 A= MEEW 11 ORI
F1H by MEEWEUS OIS

AR DEERNY T R THLT FLF U v B-AR ERIRT I=X N Thoi41 Y TuTrL /) —1 K
FHI2Ps-AR 7T A=A M THDH I T_RT 0 AN Y TR 0 2@ 8 0#EE 7 ) — >z g )
— AT IVTHY B-AR 7 T=A MNEMERTIZET UV — N> ) — T I UBRMEMETH D EE X
7= (Figure 2, WREEY), —H. AV F 0T L /) —LEB-AR 7 3= X O LoEW T, 7 U —Lx
B )—=NTIVOEMNZT ) FT = AoeT V= A DVR e 25352 Thb (Figure 2,
SRR . TE> T, Bs-AR 7 A= MEWZ AT 588l v MEawORSGLZHME LT, 7 —1=x
B ) =T I DEMICP-AR L AKEMANYHETEX 5L D 2 BEA~T R 2= —F 1) o —ThE
HLTETA 77U =% L Bs-AR 7 2 =& MEMFEMN A FhiE L 7= (Figure 2, HEL) . & OFEAN /7 1513B5-AR
Z 388l X ¥ 72 Chinese Hamster Ovary (CHO) #ifdz VT, MRAND cAMP ZE & L7c, £ Db E,
TV—=NT B ) =T I DOEMICA 2 —VEREATDIbEW S b v MeamE LTRIE L
(Figure 2. FE%), Table 1 [Z/bAM S D AR 7 o= 2 FMEM: ECso' & Z DWNTEEME (intrinsic activity, 1A)
YR, 6B 51358V Bs-AR 7 = X MEME (ECso=21nM) . I TNTB-AR & Bo-ARNT KT L Tl \Bs-AR
BERIE (B1/Bs. Bo/Ps >476-fold) 24 LT\, LAY S ITTE THRES LTV Aot v Meaip™
(Figure 3) &LEEZ L. By &Br-AR 7 =R MEMNIEFIZTI < Bs-AR ITXF L THReD T iR 1Y 72 R
EHELTWDTCH, S OIZFHEMRE 707 7 A VAT Lz,

B1-AR & Br-AR I[ZHERN 70 B IR AUBs-AR 7 2 = A M ASMLE LIS G 2 5 BB A MR T 572012, FRlE T
DZ v MIx L TEE 5 IR G- LTz, £ DOfER % Table 2 12737, (L&YW S 5%, —lmiy7ze =
FEPED SR IME  (mean blood pressure, MBP) D2k (B 57372 B LFFOKRT) @Sz, £OE
biF 5% 5 ZUATERE, ZOHBX—AT A VIZRE 72, MBP OFK EAHRIT 24.2%, HAE FRIT
8.5% T o7z, £7-, MJE (heart rate, HR) X854 1-5 53 DT 7.9% LF L7, 708, E®RIREY72B;-AR
TA=A N CTHHEEWM S PIE LR EFIEEZI LIZONEELRT L0, B-ARDOY T 77 ) —T
B %o-AR” L op-ARTT D7 T = 2 MEMEZ T L7, DR EA Table 1125737, LAY S 1Zoua-AR (T
KL TN T=2 MEM (ECso =219 nM) (T 252 N30 o7, a-ARIFIAS BHIZHMLTE
D BROIE SRR, EIEAS. ISR L TV, BlE D o-AR 7 = 2 MEORRY O M A UL A2 A
LTEZE FFEEZERNMLATNS, PIs i, (AW S5 OME EFiTa-AR 7 ¥ T =2 h T
boHvn R Plesi b5 2 LIk, BRI SN, WIS, (LAY 5 OIfE 5 iTa,-AR
T A=A MEMEICHRT D &R sivlc, L7eh o> T, ER ITaa-AR 7 3 =X MEMEZJHES S 72B5-AR
SRR 2L E A A BfE L. by MEAY 5 OWEE N — 2 LB Wici b 98 2 Sk L 7=,

CAUET = AYF )V IH-ET Y RBADIE TV, RV A VXY RUYFT Y RV A X
St L
T NEETEYED 50%0 cAMP % R S8 5 L & Dbk
PHIFENO cAMP & ER-SHS T A= MEHOREZ R LT\ 5, B4 & L CIERIRIB-AR 7 T =2 hDA Y F 1
7L/ —/L (isoproterenol) 23759 cAMP IREEZ 100% & L, {LEMONTEEHEEZHT L7z,
S Bi-AR & L < 1EBr-AR 7 F =2 FMEMODOFAMIZB-AR 7 == & MEVEFHE & FEEIZ B-AR b L < 13B,-AR 2R S/
CHO #ifid % AT, MIEN D cAMP ZEf& L, (LEWDB-AR b L 1XB,-AR 7 3 = A MEMZFAM L 7=,
™ o-AR Toa op ap P 3 DDFT XA TRMBNTNBE
T AR 1dons O 0o D 3 DDH T X A TR BTN B
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Figure 2. Hit identification strategy

Table 1. Human adrenergic receptor agonist activity of 5°

AR ECs (nM)? 1A (%) Selectivity
Bs 21 +0.67 82"
B >10000 6.0° Bi/ B3> 476
B> >10000 4.0° B,/ B3 > 476
oA 219£6.9 71° oa/ P3=10

®Data are shown as means = SEM (n=3). Compound 5 exhibited insignificant agonistic activity for o, olip, 24,
oz or ayc (ECso >10000 nM). °rA (intrinsic activity): maximum response induced by isoproterenol was defined as

100%. “TA: maximum response induced by noradrenaline was defined as 100%.
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Figure 3. Chemical structure of phenylethanolamine-based hit compounds

Table 2. Effect of 5 on HR and MBP in anesthetized rats®

HR MBP
Dose (mg/kg) n Increase (%) Decrease (%) Increase (%) Decrease (%)
Saline 5 1.8+0.9 45+0.8 1.0£0.5 54+19
1 3 42+23 1.3+£0.7 75+£0.2 9.9+0.2
3 4 79+29 8.8+4.)5 242 +7.7 85+1.1
1° 1 1.7 ND ND 20.6

4Compound 5 was administered intravenously to rats, and, thereafter, HR and MBP were recorded for 30 min.
Maximum increase or decrease of HR or MBP is shown as a value (%) relative to the baseline. Data are shown as
means + SEM. "Silodosin, a selective a;5-AR antagonist, was administered intravenously at a dose of 0.01 mg/kg

before administration of compound 5. n: number, ND: not detected.

F2H oa-AR ITKFT 2 RIEN E 72 DA WEkEE 5 #t
RO ALEW SIET v MZBWTIIE ERZR L2 06 (LAY S Do-AR ISR 2 3R
FHIZMZ ., ALEY 5 T > M XA BN IE ER A5 SR L EEL, Fisry—2A
2 K DRI E MR & A RS RRT AT o 72 LB S I F I 7 1Y — ATk LT in vitro %
TEME (CLig) 1ZBAFTH o722, T v b7 1Y — ATk L TREMZ EMEIZE A > 72 (human CLiy, < 10
mL/min/kg, rat CLiy, = 103 mL/min/kg), & 512, 7 v b7 1Y — A X 5@ OREERIT 21T > 72
FER. Ty MBS EREHME L TA & =)L 3D A F VIR SN T-bEW 6 Z#RIE LT
(Figure 4), # DKEE(LAK 6 1ZB3-AR & aa-AR DT T =2 FMEMZ R L (Bs-AR ECso = 111 nM. a4-AR
ECso=33nM)., FFlZ. ap-AR 7 T = MEMEIFLAW S LV biliroTc, —H, (bEMmSiTe hIom
V= LD EMEN B2 720 B FOREHZB W CTRBER 6 1T E A AR LN EEZ NS,
T v b RGBT O [FE SN2 KBRER 6 DBs-AR Loap-AR OF T = MEMHFHEL Y . LAY
SOALES—VIMNDATNIEEE Rax v AFNVIRITERT HZ LITRE < ap-AR 7 T =& MMEHE
EELESED LWV IHEREILOE ST 2O LR TERE, Thbb, £ &Y —L 3 fiDE#H

CHERKE VI ERBNCH L TREETHE T EEARLTND
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HiToa-AR 7 I = A MEVEICEELRZ L2 KT T E TR LI, 2T, EBHIIA XV —)L 3NLDEH#
FEE AT D Z LT, aa-AR 7 T =2 MEMEI U GBIRIEZ 1) E S 725-AR 7 2 =& F ZAIH T
HEBZ, BAREIToTZ,

3 3 OH changein R
OH H N N /@( selectivity?
N~ N — ) I — N
O H g’j\o H ;\O

Ir=z_

O . L 7-16
HN_ 7 major metabolite in rat
O//S ~ 5 6
B3-AR EC5qg = 21 nM B3-AR EC59 = 111 nM
(llA-AR EC5O =219 nM (X]_A-AR EC5O = 33nM

Figure 4. Design of indazole derivatives

F3H A H Y 3O K DHEE —B-AR W TN aya-AR 7 =& MEVEFERS

(1) HE—Bs-AR 7 = =& MEMARR

Table 3 1214 &V — /L 3L BH LIALEMDBs-AR 7 T = A MEMZ RS, AFNLESE A FFv
HTITEH LT RER, B-AR 7 I =& MEMEILA ELZed o7z (5, ECso=21 nM vs. 7, ECso= 40 nM), —
Fio AFNEES 2 bR UK 8ITAEM LR, TEMEDNEES L7z (5, ECso=21 nM vs. 8, ECso=71 nM) ,
Fro ATFAESEZ o9 = F 10, A VY e eV, 7 a BV 13 IS8R LT R
TEMEIZIEE A EZB0IE 7202 72 (5, ECso=21 nM vs. 9, ECso=43 nM; 10, ECso= 14 nM; 11, ECs,= 13 nM; 13,
ECso=17nM), L2 L, AFTNESZ ¢ - 7F 12 LT 7 ==V H 16 ([TEHR U7/ R, RN
KZLPEI L7z (5, ECso=21 nM vs. 12, ECso= 338 nM, 16, EC5o=>10000 nM), > 7 127 F /L 14, KV
TNFaAFNHNSIIA TS TV HIEENLR0MRES L7z (14, ECso= 66 nM, 15, ECso= 64 nM vs. 5,
ECso=21nM), L baF LD L, B-AR 7 I =X MNEEOEIDJEIZS,7,9,10,11,13 > 8,14, 15> 12>
16 Th-o7-,

AV Ta e LD REVEBRETHD ¢ - 7T LK 127 ==K 16 13B3-AR 7 T =R Mk
PERWEITT D EMD, A Y T a EAELLTOV A XRP3-AR L OFEGIZH L TWH EEXHBND, £D
JRRNTEHIEDR A Y 7T e BV D b REWEE, B-AR OT X BIRIL L KT 5 2 L nHEE S b,



Table 3. Human B3- and a;5-AR agonistic activity of indazole derivatives®

3 R
N\/\O N
H
N
//S\
Compound R B3 oA Selectivity
ECso (nM) IA (%)° ECso (nM) IA (%)° aia/ Bs

5 Me 21 +£0.67 82 219+6.9 71 10

7 OMe 40+1.9 70 252 60 6.3

8 OEt 71 +£6.1 69 277 59 3.9

9 Cl 43+29 89 61 91 1.4
10 Et 14 +£0.58 78 857+ 164 31 61
11 i-Pr 13+1.5 69 >10000 9.1 >769
12 t-Bu 338 £159 62 >10000 19 >30
13 g 17+3.8 72 1548 £ 419 19 91
14 ? 66 68 >10000 4 >151
15 CF; 64+11 86 812+ 179 31 13
16 Ph >10000 29 >10000 6

isoproterenol* 86 +3.7 100 NT
noradrenaline’ NT 9.1+£0.52 100

®Data are shown as means == SEM (n=3) or are presented as the average of two experiments. °1A (intrinsic
activity): maximum response induced by isoproterenol was defined as 100%. ‘IA: maximum response induced by

noradrenaline was defined as 100%. NT: not tested.

JEIRAIB-AR 7 T=Z R TH Y, B-AR 7 T =2 FEER ORISR & LTV s s, 19
VERNDOY T RTHY | a-AR 7 =R FiHliROBIERS L L LT HRICHW SRS,
8



(2) & —aa-AR 7 2= A FEMEFR
Table 3 (24 V&V — L 3N &2 LTALAM Daa-AR 7 T =& MEZRT, £, A FFIERTH
HWNET FFR AR 8IE, aja-AR 7 T =& MEMIZE(RITE) > T2 (5, ECs9=219 nM vs. 7, ECso= 252 nM,
8,EC50=277n0M), £7-, 70 2{K9FATFNIKS LV boya-AR 7 T =X MEMEN [ E L7 (9, ECs= 61
nMvs. 5, EC50=219nM), —J5, =F /K10, 7 a7 a k13, MY 74 m XA F LR 15 ~ & L
L7oAER, KRE < opa-AR 7 =R MEMENEEI L7z (5, ECso= 219 nM vs. 10, ECso= 857 nM; 13, ECsy=
1548 nM; 15, ECso=812nM), S HI2, A VY 7k 11, ¢ - 7F VK12, 7 a7F k14 HH 0
137 ==K 161X, aya-AR 7 T =R MEMEZ RS o7z, lbExFEE DD L, aa-AR 72 =R ME
PEDOIR X DNEIL 9>5,7,8>10,13,15>>11,12,14,16 TH 7=,
A RF AR TN Figure 4 Db R A F )UK 6 3581 aa-AR 7 = =& MMEM (aa-AR ECso =33
nM) ERLIZZEMNDAUE =V 3 e Rad v A TR A MU Hidaa-AR OT X/ BRFEHE &K
FEEEOHAERZ L TWAARENREZE X 6D, —FH, A V7B EK 1L O X 5 eyl 7 ¥k
:iml—K BOKPEDRE WO ERUKFREEEZERT 5 ENTET, aya-AR 7 T =R MEMZ /R I/
W2 ERHERI SN D,

(3) oua/Bs BIRPEDAEIEFARS

B-AR 7 A=A MEME L ajpa-AR 7 2 = A MEMEZ HLIZ, aia-AR (2% L TRs-AR O@EIRPEDNEIL 11 > 14
>13>10>12>15>5>7>8>9 Tho7z, WP zIZ, B3-AR 7 T =& FMEMEDIEE L aa-AR (253 53R
P DALAEY 10, LG 11 N LA 13 2R L, 572 5 FRBERHAM 2 F26E L 7=,

(4) Bi-AR L B,-AR DT 2= A FEME

Table 4 IZB5. Bav Biv WRNZoya-AR IZXFT 57 T =R MEMEZ T, {LEW 10, (L& 11, NS
A 13 1EB1-AR & B-AR (K L TT7 T =& MEM:Z R S 7275 72 (B1-AR ECso=>10000 nM; B,-AR ECs
=>10000nM), L7=R->T, Z4bH 3{LEWIIB-AR EBIRKT T =X N THDH Z EREB STz,

Table 4. Summary of human B and o,;4-AR agonistic activity of indazole derivatives 10, 11 and 13*

Compound Bs B B, i
ECs 1A ECs 1A ECs 1A ECs 1A
@M )" @M ) @M (%) (nM) (%)°
10 14+0.58 78 >10000 5.4 >10000 1.9 857 + 164 31
11 13+1.5 69 >10000 11.9 >10000 5.6 >10000 9.1
13 17+3.8 72 >10000 10.3 >10000 6.3 1548 +419 19
isoproterenol 86 +3.7 100 3.2+0.29 100 13£3.0 100 NT
noradrenaline NT NT NT 9.1 +£0.52 100

®Data are shown as means = SEM (n=3). b1A (intrinsic activity): maximum response induced by isoproterenol

was defined as 100%. “TA: maximum response induced by noradrenaline was defined as 100%. NT: not tested.



FAH Ty FOLMERICE z DB

oy . ALEW 10, LAY 11 N LAY 13 13Ps-AR EBIRIITH D Z L WRENTDT, T
v M HWTLMERICEZ D2EELFTML, by MEEW SN T m (1) &g L7, Table
SICRERZTRT LIS, AU — L 3 REL ST 3{EEWITT X TMBP O ERZ5[ &I &7
Motz, —Ji. By MEAW 5 1IKkEL MBP O L5 (242%) %5z Lz, REEOFHmICT, 27
N7y (1) TMBP ORERIET (383%) Z5l&EZ Lz, £7-. (LAY 11 (T HR IZEH L TREL
Hx2mol-, —J, 3771y (1) ITHR ® EH (10.0%) %5/ L7z, MBP & HR OfER X
V. ka1, bam N IEITEEY 131X 77y (1) e v MeE® 5 Lk L, MBP
L HRIZH 2 5BV 7L< ZOERITIP-AR IEERIRWTH D Z EWNRIBEINT,

Table 5. Effects of intravenous administration of indazole derivatives on HR and MBP in anaesthetized rats®

HR MBP
Compound N Increase (%) Decrease (%) Increase (%) Decrease (%)

Saline 5 1.8+£09 45+0.8 1.0£0.5 54+19
mirabegron (1) 3 10.0£2.5 ND 35+35 383+34
5 4 79+29 8.8+4.5 242477 85+1.1

10 6 9.6+1.3 1.6+2.0 3.1+0.2 10.8 £ 1.1

11 6 33+£0.6 1.8+£0.5 4.7+0.9 7.6+1.7

13 3 57+15 3.3+£0.7 2.7+0.3 11.0+3.0

4Compounds were administered intravenously to rats (3 mg/kg), and, thereafter, HR and MBP were recorded for 30
min. Maximum increase or decrease of HR or MBP is shown as a value (%) relative to the baseline. Data are shown

as means = SEM. N: Numbers of rats used. ND: Not detected.

FOHT LA 11 OHRRMMARIERIZEI L

I, ALEW 11 OIENCEEHIS T 2R EM 25 il L7z, ZHE TIZT v M & AW TR I
XD EMEN SN TWAIR, (LA 1T FE T v FTR-AR ICK T HIEMEICHEERH Y, T v
N DBs-AR 7 T = A MEMNEGN - 72 (ECso =535 nM, IA=95%) , Fix OEMIZxIT HB3-AR 7 =& h
IEPEZ R U725 53%, (ba 111X~ —F & > MR LU THUVB-AR 7 A= MNEWEZAETDH T Engh
~72 (ECso = 15 nM, IA = 75%), WxiZ, LA 11 1Z~—F% v k& CENERH I3 2 kR lE
MR Llc, AT, ~—F&y FOBEMAR L L, FaNcEib s V o L% A CTHER 5 & 10
W7tk LA E RN L TR, ObfE A HIE L7z, Figure 51289 X 512, (L&D 11 XA =K
TFNSIARIER 278 U, 2 O KRR TG R OIERINWB-AR T T =X N THLHA VY TrT L ) —
NWERIETH T, ZOMENL~—F 1y hOFEMMFEILEIERB-AR 7 F =2 M 11 DIEH T4
RIS FTZENTEDEEZLN, TOMBIEITEREEOBEMHEDEKIZ SRR D LHEE S
Do
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Figure 5. Relaxation of marmoset urinary bladder smooth muscle by 11. Each point represents the mean £ SD (n =
3). The marmoset urinary bladder was cut by a midline incision and 6 muscle strips of the bladder body were
prepared. The strips were pre-contracted with 40 mmol/L KCl, and, after the tension had stabilized, test compounds
were cumulatively added. When the relaxation response at the maximum concentration of the test compound was
completed, papaverine was added at a final concentration of 10" mol/L, and the maximum relaxation response of

each strip was determined. See Experimental Section for further details.

F6HT A XY —LEHEK 5~16 DAL

(1) #—%> MEEW 5~16 DERRL— b

A U H T —VEHERTH LAY 5~16 DA AT LT Scheme 11273, Tba— Lk 17 &1 >
& — LR 18~28 (2% L ORIER G &2 W T—T AFEA 2R L, iV CTHEREZ AV CiR#EE %
brRET D2 LKV ILEw S NITILEY T~16 Z G LT-, FEROHFIEICT, 7Tra— k17 &
A B =N AT VYA 29 & SUERSIC TRIG S 2 2 & T30 21572, 30 D=F /LT X7 L%
KGIRIZE D DIVR U~ LFEE, TODNVR U BERT o —THEFEZHAWTT L a—L~L
Bor, fe < IR L D NREIZ T, ka6 2157,



Scheme 1. Synthesis of targets 5-16%

R
Et3Si
N ~
_N. //O
Boc”™ S //
o 18: R = Me 24: R=tBu
17 19: R=0OMe 25: R = cyclopropyl 5,716
20: R = OEt 26: R = cyclobutyl
21:R=Cl 27: R=CF;
0 22: R = Et 28: R = phenyl
OFEt 23:R=-Pr
\N c
HO N
THP
29 \J
@)
OEt oH
Et;Si
3o~ IIBOC \N
N
~"0 N N/N
THP H
O
N.
Boc” //S//\
@) //
30 O 6

®Reagents and conditions: (a) TMAD, PPhs, toluene, rt; (b) 4 M HCI in EtOAc or 4 M HCl in 1,4-dioxane, tt; (c)
TMAD, PPh;, THF, rt; (d) 2 M NaOH, MeOH, 40 °C; (e) BH;-THF, THEF, rt; (f) conc. HCI aq, EtOH, rt.

(2) A &Y —/LHIHIK 18-28 DAL
A H =V 3PS T VTNV I E AT D IR 18, 22-26 DAV — k% Scheme 2 (ZR" Y, 7= /) —
IV 31 OKEEH A TBS B CHRGE L, KV T Grignard i3EZ W T 7 FAO RIS & #ie < ik
IR X0 b 33233 ~E AW LT, A Y TR BV ¢ — T F VD K9 72 & Grignard AR D
BAIZIE CuBr DR BRI TH -7, BoNT-7 by 33a33F Ik L, NPk RTIP A
WA U H Y — VR EHEEE (34a-34f) L7z, fe\ T, REEZEH L, 1 XY — /LK 18, 22-26
AR LT,
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Scheme 2. Preparation of indazole intermediates (18 and 22-26)*

CN 0 ¢ |
b C d, e, f,
s e E e
HO F Bn Boc
31:R'=H 33 34
a |:> 32:R'=TBS 33a: R=Me 34a: R = Me 18, 22:26

33b: R = Et 34b: R = Et
33c: R=i-Pr 34c: R = j-Pr
33d: R=¢Bu 34d: R = t-Bu
33e: R = cyclopropyl 34e: R = cyclopropyl
33f: R = cyclobutyl 34f: R = cyclobutyl

®Reagents and conditions: (a) TBSCI, imidazole, DMF, rt; (b) 33b,e: RMgBr, THF, reflux, then 5 M HCl aq, reflux;
34c,d,f: RMgBr or RMgCl, CuBr, THF, reflux, then 5 M HCI aq, reflux; (c) NH,-NHBn-2HCI, AcONa, xylene,
reflux; (d) H,, Pd/C, conc. HCI, EtOH, 60 °C; (e)TBDPSCI, imidazole, DMF, rt; (f) Boc,O, Et;N, DMAP, THF or
CH;CN, tt; (g) TBAF, THE, rt.

AHE =37 arkt L7 == VEE RO HEIK 21, 28 D& /L — b % Scheme 3 1278
To 6 =T I/ AHEY—VISITHIERT N U LITOT Y =T L E L, BIRIC T B F A RE S
N7z ) — VR~ N TC, TEF AR EZER L, TBDPS A CR#EINTZ6 —E Fafi g
2= 36 fgic, WEMSEMET, A U F =N 3O a7 AT, 7 rea{k37a, 3 7F#EK 37
NEBHL T, A XY —/LD NH % Boc A TIRi#& L. TBDPS EOMifRi#EZ1T 5 Z & THHIL 21 215
7oo Fio. 38b BT VT AMBLC X 8K - B 0w A TV T EAT O T L THIRMEK 28 1572,
B, AKrvzxh 7Y 7S TFICT TBDPS ££DORE S RUGHRH CHEfT L7,
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Scheme 3. Preparation of 21 and 28°

R
a,b,c d
@ o TR o UBSINS &
N N N
H,N N TBDPSO N TBDPSO N
35 36 37
37a:R=Cl
37b:R=1
R Cl
————  TBDPSO N HO N
Boc Boc
38 /j/// 21
38a: R=Cl Ph
38b: R =| \\\\g\\‘ {
N
HO N
Boc
28

®Reagents and conditions: (a) NaNO, HBF, aq, H,0, 0 °C, then AcOH, 130 °C; (b) 2 M NaOH agq, EtOH; (c)
TBDPSCI, imidazole, DMF, rt; (d) tert-BuOK, THF, then NCS or L,; (¢) Boc,O, Et;N, DMAP, THF, rt; (f) TBAF,
THEF, rt; (g) PhB(OH),, (0-Tol);P, Pd,(dba);, KsPO4, DMF/H,0, 80 °C.

A=V 3N T 3 ® VI AEFFOFRIKR 19, 20 D&%V — k% Scheme 4 (I”d, 7=/ —/b
39 OKEEFEZ R UNEITTHRE L, © RT UV UIKFMFET., ~A 70y =—7 % AW IERIG %
EMi L, A Y =K 40 2457, Patel ©DFEPEBE1Z, 40 (2% LT di-Boc (R &AT o772, 7
VEZT — AL ) — /L THERT 5 Z & T 0-Boc A& BRE L, N-Boc K 41 21572, il CERIE A HV -1
FIFFIBIRA 227 VX PN C T 42a, 42b 2757214, RUPVEERET S Z L THEE 19, 20 &

&7,
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Scheme 4. Preparation of 19 and 20°

0 0 0
a,b (o]
OMe NH —~ N/NH
BnO N BnO \
HO F H Boc
39 40 41
o-R o-R
d e
R Os Ee
BnO N HO N
42 Boc Boc
42a: R= Me 19: R =Me
42b; R = Et 20: R=FEt

®Reagents and conditions: (a) BnBr, K,COs3;, DMF, 50 °C; (b) NH,-NH,-H,0, n-BuOH, MW, 160 °C; (c) Boc,O,
Et;N, DMAP, CH,Cl,, rt, then 7 M NH3/MeOH, MeOH, rt; (d) R-I, Ag,COs, toluene, MW, 60 °C or 90 °C; (e) Ha,
Pd/C, THF, rt.

A HE =V IAT MY T e AFOREFFORMIR 27 DG L — k% Scheme 5 12777, = ke
RVT L 431Zxt L, T VIR T TR UL E RFET D 2 & TILEY 44 157, SAfEAFE T
FSO,CF,COOMe % HIW 7= kU 7 v A A FALPNc T (LAW 45 2157=, 45 D=z @ ok, 7
R EOTEF L EHEHEEET I MBI A A U Y VBRIEEIZED N T AF R AT A U H Y —
I 46 372, 46 1T EALKERKIAEK ZHNWTA UL T FVEROBREZIT, 47 ~LEH N

%, PREEREZEH L, K27 2157,

Scheme 5. Preparation of 27°

MeO NO, MeO NO, MeO NO,

43 44 45
FFs CFs CFs
@ﬁ e @ﬁ teh Qﬁ
MeO N)\ HO N HO N’
o H Boc
46 47 27

®Reagents and conditions: (a) NBS, (PhCOOQ),, CCly, reflux; (b) FSO,CF,COOMe, Cul, DMF, 100 °C; (c) H,, Pd/C,
MeOH, rt; (d) Ac,O, AcOK, PhClI, rt, then isoamyl nitrite, 80 °C, (e) 48% HBr aq, 110 °C; (f) TBDPSCI, imidazole,
DMEF, rt; (g) Boc,0, Et;N, DMAP, THF, rt; (h) TBAF, THF, rt.

15



A B =)V 3N =TIV AT )V A FE O RIIA 29 DA% /L— R & Scheme 6 (233, A XY —
JVHIVIR TR 48 DIRERE AT L . = AT VK49 2157-, 49 DA %' —/LD NH % THP B CTHREL
T 50 ~&EW-1%. TBDPS EA%REL., THEIIA29 257~

Scheme 6. Preparation of 29°

0
OH

a,b,c
—_—

MeO ” TBDPSO

®Reagents and conditions: (a) 48% HBr agq, reflux; (b) EtOH, SOCl,, 60 °C; (c) TBDPSCI, imidazole, DMF, rt; (d)
DHP, TsOH H,O0, toluene, 60 °C; (¢) TBAF, THF, rt.

(3) Tova— L HREHK 17T DEK
RUUATIVRNOT I EP AW SIBYICT X AL EIT O, ALE 53 ~LFHEE LT, HFUVTK

FHRM LR NVEEREE, Boc E~EEHL, 73— LHRIA 17 21572 (Scheme 7).

Scheme 7. Preparation of the alcohol intermediate 17°

Et;Si Et3Si Et3Si
¥™0 ™0 ?n ™0 ?oc
| N N
Bn a ~"Y0H ¢ ~">0oH
+ HI{I R —_—
" 0H
N 7 _N. /9 _N. /9
B 28RS 52 Bn //S\ Boc //S\
O
51 53 17

®Reagents and conditions: (a) neat. 100 °C; (b) H,, 20% Pd(OH),/C, MeOH/THF, 50 °C; (c) Boc,0, Et;N, DMAP,
THE, rt.
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BTHI OB1EELD

TIV—=NxZ ) —=ANT IV ITAT7 7V —=nbiifLizey MEEW S OA XY —)V 3 [ aEHT 5
ZEIZE Y B-AR ICEREIRA LAY 11 2 A L, L& 11 13~—F & v Moxt L CHEKREMIC
PERDMAEER 2R Lz, 612, (kA 11 13177 mr (1) L, 7 v bEHAunizii/Eim
DRI B W TEELE 52 /evo T2, LIz -> T, LEW 11 13B5-AR EIATH 0 | DfiE R Ik
LEMWERD D IRV A A L TWD Z LRI,
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2 ARV T I REWIZ X HEMENRE S 0 T 7 A L OREL
F1HE ALE 11 RNE ORERRIEOIRMENE T 0 7 7 A )V

TG BB ORI TBE DB S ICRATE 2R OBNLEE Lo, 5§ 1 BRI ENZR 4 1L
BB G AHED E D D EMENRE 7 1 7 7 A LV OREM & i L 72, in vitro SR ENE DS R % Table 6
IR, F1EOE 2H TR L)1, LA S iTinvitro b F I 27 1 Y — AR EN (Cliw) VB
WCThoTehn, ba N EW 14 13 bEW S L L, B b7y —ANZT v IR
YV — DT AR ETEDMED o 72, E 72 in vivo OFWENRE T 1 7 7 A I OV EE . KM
D717 7 A )% Table 7 12773, LA 111X in vivo DIEPEIRE T 1 7 7 £ )L (Cpax and AUC) MBS
WS L L TN T, — ., LAY WITHRE OB FRYE, RGZKEEEZRLIEZ b, bE
11 DR Cogx & AUC IR LR EMEPMERNZ L ICHkT 5 LRz ST,

B 1ETHRRIZL I, A F Y =D 3 OEBILDB-AR BIRMEICEZE TH D | B:-AR IZxIT 5k
FHEDEWIEFRIZA Y T a K8 > 7 a7 F kT >F ke >AF LS ThHDH, —FH., b b
KL EENEDIEFIZA T NERS SZF K6 >A VTr L8 > /a7 F KT Tholz,
ZAZ B AR B @mWMEEMIE E IR ZETH Y BRAAIE L TH I RN &R S L7,
Thebb, RO ATRERIBISEIREDE AR BT B 12iE, (A 11 ORBIRL ENEZ T 5 %
ERDDH, LIzhoT, ZOHEEIRT 27201 bR ka2 3 LT,

Table 6. AR agonist activity and in vitro metabolic stability

R
N\/\O N
H
HN. O
//S ~N
hp;* hotiA? Selectivity Metabolic Stability®
ECso IA® ECso IA° hCLin rCLincy
Compound R oia/ B3 ] }
(nM) (%) (nM) (%) (mL/min/kg) (mL/min/kg)
5 Me 21+0.67 82 219+6.9 71 10 <10 103
10 Et 14+ 0.58 78 857 £ 164 31 61 42 113
11 i-Pr 13+1.5 69 >10000 9.1 >769 193 211

14 ? 66 68 >10000 4 >151 463 641

®The results are shown as the mean = SEM (n = 3) or are presented as the average of two experiments. b1A (intrinsic
activity): maximum response induced by isoproterenol was defined as 100%. ‘IA: maximum response induced by

noradrenaline was defined as 100%.

CHERREDEERBNRLETHE I EERLTNS
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Table 7. In vitro ADME and in vivo pharmacokinetics in rats

R
N \/\O N
H
HN_
//S ~N
Compound 5 11
R Me i-Pr

Physicochemical properties and in vitro ADME profiles
Metabolic stability®

hCLi,, (mL/min/kg) <10 193
rCLiytn (mL/min/kg) 103 211
Permeability®
MDCK (x10°® cm/s) 2.4 4.1
Solubility®
pH 1.2 solution (uM) 285 295
pH 6.8 solution (M) 273 267

Pharmacokinetics parameters in rats®

5 mg/kg”
Conax (ug/mL) 0.107 + 0.034 0.0452
AUC (ug-hr/mL) 0.542 + 0.065 0.200

®The results are shown as the mean + SD (n = 3) or are presented as the average of two experiments. bCompounds

were administered orally to rats in solution with saline or water.

B2 mVOB-AR BRPUE & b MRETREM A WL T B I b o )7 Ef

Altenbach 5%, ALK L T 2 REFEDoua-AR 7 2 =2 b 54 OEEMHEZ #E LT 5, Pl
B, Figure 6 (/R T L2, LA SA DANE LT I REOT VX NANRKELRDHITOI, aa-AR T
=2 MEMENETI L, 510, FEREZFOANARL T I FRICEHT 5 L, oa-AR 7 3= X MEM
DL Tpo 7o EIRRTW D, —J5, Sawa HIL, 7 XLV ALK LT 2 K 55a L HFHEEANLK LT I K 55b
ZLHE L, 55a K0 b 55b DFD3Bs-AR 7 T =A MEWAIRNZ E2WE L TWD, Plon s 2 2ok
WEEZBEIZ LT, EHILoa/B-AR BIRMEIZEL VA, b ML EESEVMEEH S DANLE T IR
HEOBBRIEOKRE SEEMHMTHE—F v MEAW 56 kGt Lz, BB, B 1 ETA X —/LAF LK
5 DT v MUEHWIRNT BRI 6 ZFE L, LA S BiRO e M EHIIRGTHDH Z &0
b, Z—7 v MEAW 56 13t MUZENM & oya/Bs-AR BERIEO N AR S D,
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Altenbach et al. Sawa et al.

\ \ //O
o~
NH h
54 55
a;-AR agonistic activity a;4-AR agonistic activity
R! = Me > i-Pr >> 2-naphtyl not reported
(inactive)
Bs-AR agonistic activity Bs-AR agonistic activity
not reported 55a; R? = ethyl, EC5o = 18 nM

S
55b; R? = D ECsp= 1.7 NM

R® = branched alkyl, cycloalkyl, and aryl
Selective for B3-AR over a;4-AR and metabolically stable?

Figure 6. Design strategy of the sulfonamide moiety modified analogues.

H3HT AR T I NE ORI X HHEE —Bs-AR W NZoya-AR 7 = =& MEMEAE B

(1) HiE—B5-AR 7 2= MEMHAHES

Table 8 [Z ALK T I REEZEW L T-ALEMDP-AR 7 I =& MNEMEEZRT, AF VIS En—T 1
B VI 56a |28 LTS R, TEMEDE Al B L7 (5, ECso=21nM vs. 56a, ECso=6.5nM), L2>L, A Y
7'a EVHLE 56b ~DZEWI A FHES &l U JEYEAME T L7 (5, ECso =21 nM vs. 56b, ECso = 70 nM) .
WIZ 7 a T VR~ E BB UT-RER, 7 a7 et S6e &7 a7 T 56d 131 Y T a e
H:56b & Lbie U CiEREM M E L7z (56b, ECsy =70 nM vs. 56¢, ECso = 43 nM; 56d, EC5o= 18 nM), L7>L.
ruRUFEES6e LA Y T r EVHES6b KLV bR E TEMEDMET L7z (56b, ECso =70 nM vs. 56e, ECs
=309nM), —F., 7 ==/ S56f ~DEHIL ECsp=3.9n0M Zor L, TSR0 HiEEN M L,
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UbZzElLHsd &, B-AR 7 =& MEMEDIE S OJEIL 56f > 56a > 56d, 5 > 56¢ > 56b > 56e T o7z,

ZIVRUT I ROT VR LVEOBERIZ T n—F Vi 56a &7 a7 F L 56d 1A Y 7o L5
56c 0T 7 m XTIV S6e LG L, Bs-AR T I = A MEMERIRWZ LD, n— 7R ENLESY B
TINIEDY A XDP3-AR £ DFERIZRWVHIEZRL TS EELE LT, —F., 7==/LH56f BT /LF
JUHE L el U CORIEICTEER b U7 fE RIEBs-AR O T 2 ViR L CH-n b L En-n DX 5 M EAE
HzEZLTWD EHEE L,

(2) & —aa-AR 7 2= A FEMEAHR

Table 8 ICANVKR LT I REZEWH LI-LEYDaA-AR 7 = A MEMWZ T, n—7 1 LK 56a I
AFIARS L HEE L aa-AR 7 = =& MEPEIZZEAITEED > 72 (5, ECso = 219 nM vs. 56a, ECso = 163 nM) ,
—J. AT aEESeb b L IEv 7 a7 m B R S6c (X, AT RS LI L, oja-AR 7 =& K
TETEDEES L7z (5, ECso =219 nM vs. 56b, ECso = 1757 nM; 56¢, ECsp = 1250 nM), X B2, 7 a7 F )L
K 56d, 7 mXUF R S6e b L <X T = = /U1K 56f [Zaya-AR 7 T =R MEEEZRE 202272 (ECso
>10000 M), VA EEZF L DD L, oya -AR 7 A= MEMO TR E DJIEIT 5, 56a > 56¢, 56b >> 56d, 56e, 56f
Tholz,

n—71E)ER 56a 1A Y 7 EILK S6b LD b 10 fFoa-AR 7 T = A MEERROWO T, BHEHOT
NF VI Toa-AR EDOFRERIZHE L TWDH EBE LI, £/, v/ r 7 Fuised, > 7 a2 F L 56e
HLIET7 ==V S6f 132 < ya-AR 7 T =X MEMZ RIS RN 2 LD Em W E#I I Toa-AR
EDOFEEIIARITHD LHEE LT,

(3) oua/Bs BHUEOHEEAFH RS

Bs-AR 7 T =& MEME L aa-AR 7 T = A MEMEZ T, aia-AR IZxF L TRs-AR OIBRMEDNEIZL 56f >
56d >> 56a, 56b, 56¢, 56e >5 TH>7=, WZIT, aa-AR (2% 5 Bs-AR FRMEEZEE L, {LEW 56f &1k
Ay 56d IR L, By & Bo-AR D EERMEZEAM 2 206 L 7=,

(4) Bi-AR L B,-AR OT 2= MEME

Table 9 (/R T X 912, (LAY 56d EALEW 56f 1XB; & B-AR IZXF L TT T =R MEMEEZ RS 2o 7z

(ECsp >10000 nM), W ziZ, LAY 56d & LA 56f 13Bs-AR IZEEIRMLEM TH D Z L DVRIE X
niz,
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Table 8. Human B;- and a;4-AR agonistic activities of sulfonamide derivatives®

OH H \/N
H
HN. 2
/y \Rl
Compound R! B3b o4 Ab Selectivity

ECso(nM)  IA(%)° ECso(nM) 1A (%) aia/ Bs

5 -Me 21 £0.67 82 219+ 6.9 71 10

56a -n-Pr 6.5+0.94 79 163 84 25
56b -i-Pr 70 £ 6.4 90 1757 27 25
56c¢ ?W 43 +423 72 1250 26 29
56d (;‘m 18+2.6 105 >10000 0 >556
56¢ js\o 309 + 69 58 >10000 0 >32
56f -Ph 3.9+£0.067 85 >10000 0 >2564

isoproterenol 86 £3.7 100 NT

noradrenaline NT 9.1+£0.52 100

®The results are shown as the mean + SEM (n = 3) or are presented as the average of two experiments. *Human Bs-
or ax-AR agonist assay, see Experimental Section for further details. IA (intrinsic activity): maximum response
induced by isoproterenol was defined as 100%. [A: maximum response induced by noradrenaline was defined as

100%. NT: not tested.
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Table 9. Summary of human B- and a,;-ARs agonistic activities®

Compound Bs’ B’ By ot

ECs 1A ECs 1A ECs IA ECs 1A
(nM) (%)° (nM) (%)° (nM) (%)° (nM) (%)’

11 13£1.5 69 >10000 11.9 >10000 5.6 >10000 9.1

56d° 18+2.6 105 >10000 4 >10000 4 >10000 0

56f 3.9+ 0.067 85 >10000 10 >10000 0 >10000 0

isoproterenol 86 +3.7 100 3.2+0.29 100 13+£3.0 100 NT

noradrenaline NT NT NT 9.1£0.52 100

®The results are shown as the mean = SEM (n = 3) or are presented as the average of two experiments. *Human Bi-,
Ba-, P3- or aja-AR agonist assay, see Experimental Section for further details.. “IA (intrinsic activity): maximum
response induced by isoproterenol was defined as 100%. “IA: maximum response induced by noradrenaline was
defined as 100%. *Compound 56d exhibited insignificant agonistic activity for o,;g-AR and a;p-AR (ECsp >10000
nM). NT: not tested.

FAf LAWY 56d EALEW S6f DIEMENRE T 1 T 7 A )L

Table 10 (Z invitro FEWEHE Y 7 7 7 A LIETNT T v MR OS2 in vivo ffE i e 2 1E L
e R AR, LAY S6d 1ZLAW 11 Lk L, B b7 vy — AR ENES [ Ls (11, hCLyy, =
193 mL/min/kg vs. 56d, hCLy, = 57 mL/min/kg), —J7. (L& S6f iXfbEW 11 LV e I 7 vy —Aq_
B EVENPME T L7z (11, hCLijy, = 193 mL/min/kg vs. 56f, hCLjy, = 464 mL/min/’kg), 7 v b7 1Y —A
R ErEICB L Ch AR 278 L, (LAY 56d 1X{LAY 11 & Ll LT 4 % Tz (11, rCLiy,
=211 mL/min/kg vs. 56d, rCLjy, = 52 mL/min/kg) , £7=, (LAY 56d LALAY S6f IXHFLE OELE M % 7R
L. pH 12 & pH 6.8 DIRIHIZxT DM ITEN TV e, 51T, R EER M E LAY S6d 1%
LAY 11 LR L TT v MBI 2RO (Cuaxe AUC SEONZ D) 377 B L7z,

LG 56d I ZALE IR 10 M 1ZF1F 5 CYP BREMEH 25k L 725 5%, 7 FiEH o CYP (CYP1A2,2B6,
2C19, 2C8. 2C9, 2D6, 3A4) \Zxf L CHEEMZ RS oo Te B4%A0) . —J7. [FHREIZHBIT 5
FX7ry (1) O CYP PHEMEHRHGZ 5 L7 f5 %, CYP2D6 (Zxt LT 87%DHEEH AR LTZ, @
ZA AEE s6d X 77 (1) LV b CYP2D6 IZ TR SN D3RI LT, EYWBEHAERD Y
A7 RN T LRI ST,
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Table 10. In vitro ADME and in vivo pharmacokinetics of 11, 56d, and 56f in rats

HN N
//S > R1
Compound 11 56d 56f
R! Me ; m Ph
R’ i-Pr Me Me

Physicochemical and in vitro ADMET profiles
Metabolic stability®

hCLjpty (mL/min/kg) 193 57 464
rCLiyt (mL/min/kg) 211 52 NT

Permeability®
MDCK (x10 cm/s) 4.1 5.0 5.1

Solubility®
pH 1.2 solution (uM) 295 299 300
pH 6.8 solution (LM) 267 278 229
Pharmacokinetics parameters in rat®
5 mg/kg”

Cinax (ng/mL) 0.0452 0.119+£0.077 NT
AUC (pg-hr/mL) 0.200 0.312+0.100 NT
Half-life (hr) 1.62 3.01 +1.51 NT

®The results are shown as the mean + SD (n = 3) or are presented as the average of two experiments. bCompounds

were administered orally to rats in solution with saline or water. NT: not tested.
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FH5H LAY s56d DT v NLMNE R A~DIER & BER bz E R

B:-AR [Z BRI TEMENRE T 0 7 7 A VDR LE LTALEWS6d & X T X7 (1) OLILERDOZE
ST 7 s A VO EITo72 (Table 6), X 77y (1) 25 LT > MIOHEAEML,
EHMENRRKE KT Lz, —FH, kAW Ssed 25 L7 v MIITXr7mr (1) &S T
SEEMEDEE N DI hrolz, ZOT—ZIHMbEWS6d N T~ (1) L0 bOiMER~DRIEH
7| B-ARIZEEBIRIITHDL Z EDRZOHERTHDH Z L 2R L TWD,

Wz, v~—Ft vy A HWTLEY 56d ORENCEIE 1% 2 stifg /RN 2 3256 L7z, Figure 7 IZ7R
T, ALEY S6d IZFERNTHEALA U ¥ L CUGHE S B 72 BEDE -8 ) 2 ] BRI taE S . £ D
KIEGNIIGERI GO IERIB-AR 7 T =R N ThH LA VYT a7 L/ — N ER%ETH T, ZORBEND
Figure 5 TR L7ALEW 11 L FERIC~ —F& v N OREPEIAR X &R IRAIB;-AR 7 F =2 k 56d DIEH T
FATBIEE T ZENTED LB LI, ZOMEBIERILERRFOBENH EOKIZ O 5 L H#HEE
Ihb,

LLED X 91T, B-AR ICHEBRITH Y | BOKLGAIRET, EWRMHAIER DY 27 0307 HEK
TFRNZ BN 7 DR IER 278 L7 T, LAY 56d 13001058 R ~D RIVEH 2 8398 L 7=\ IS Bt o
BRIEIC 0 2 DHLELEMTH D,

Table 11. Effects of intravenous administration of 56d on HR and MBP in anaesthetized rats®

HR MBP
Compound N Increase (%) Decrease (%) Increase (%) Decrease (%)
Saline 5 1.8+£09 45+0.8 1.0£0.5 54+19
1 3 10.0+2.5 ND 35+35 383+34
56d 3 5.8+04 09+04 2.0+0.9 12.9+0.9

4Compounds were administered intravenously to rats (3 mg/kg) and HR and MBP recorded for 30 min. Maximum
increase or decrease of HR or MBP is shown as the percentage change relative to baseline. The results are shown as

the mean + SEM. See Experimental Section for further details. N: Number of rats used. ND: Not detected.
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Figure 7. Relaxation of marmoset urinary bladder smooth muscle by 56d. Each point represents the mean of two

experiments. See Experimental Section for further details.
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Boc R, FOVKFEMDRIC T O— U PVEOBR#EZITH Z & T 61 24372, 61 & 18 Z DMEADP
ERNV T 2= VR AT 4 EAWTIERISIC TRESEDL 2 & T 62 2187, 7=V 62 LA DX
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Scheme 8. Synthesis of target compounds 56a-56f"

o OH Bn
I?n a N\/\OBn b
T HN — —
~"0Bn
NO, NO,
57 58 59
Et;Si Et,Si
tSSI\O ?n tgsl\o ?OC
N N
\/\OBn C, d, e \/\OH + N
HO N
Boc
N02 NH2
60 61 18
Et,Si
NG Boc N OH N
f N\/\O N\/ g, h N\/\O N
Boc H
NH, HN. 2
/S\
62 g R
56a: R= n-Pr
56b: R = i-Pr

56¢: R = cyclopropyl
56d: R = cyclobutyl
56e: R = cyclopentyl
56f. R = phenyl

®Reagents and conditions: (a) 2-PrOH, reflux; (b) TESCI, imidazole, DMF, rt; (c) H,, 10% Pd/C, EtOH, 50 °C; (d)
Boc,0, THF, tt; (e) Hy, 20% Pd(OH),/C, THF, MeOH, 50 °C; (f) DMEAD, PPh;, toluene, rt; (g) R-SO,CI1 (R = n-Pr,
cyclopropyl, cyclobutyl, or phenyl), pyridine, CH,Cl, or R-SO,CI (R = i-Pr or cyclopentyl), DBU, CH,Cl,, rt; (h)

for 56a-56¢, 56e, and 56f: 4 M HCI in dioxane, rt, for 56d": 1 M TBAF in THF, THF, rt then 4 M HCI in dioxane,
rt.

T BB 56d F BUST B 20T R E O BURE ORI R Y 2 FA LY AEEREL, BT Ls v RS
74— 5 2 ERSRNTH o T,
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B-AR DRER TV —ET /VOWELIT O MENH D, TILETIZ, B-AR D7 X A 7 Th HB-AR DT
YH A=A NS LLTIA N AT A=A B L OEGRORE L 2 BT B-AR BE R U —E T LA
L, LB ORE SRR O NS QSAR fEHT 24T - 72 kS s ST 5, M e 305 s
B-AR DT T =& h & DEARDOFEREE N ME SN2, B-AR DREBR UV —FT /L EB-AR 7 I =
2k OHEEREAERE TR 2 REN LA SN S, Pl xic, FAEIBr-AR OT T=2 k &L DAL
DO it & (PDB entry 3P0G) % 512 B5-AR /R E 10 ¥ —F 5 LA HESS 5 Z & & 5] L 7=, Figure 8 1ZB5-AR
FERY—ETNVOBEND RyX U T AT 4 FTORNERT, IZUHIZ, Bi-AR, B-AR, B3-AR
W NZoua-AR D7 X BERANIEIMOE 2015 DY 7 U =T H#HWTT A4 A e FERf LTz, S HITHR
FRT—FEF LD L2 BB-AR DT X EEFNC K L TlE Roy HOXLEPN L FM—07 514 2 biC
L7- (Figure 9), Bs-AR &B,-AR O7 3/ BRECHIOFARIMEILE < . 56% Th -7, P

FENT, A XY=L —ZXDOHTP-AR 7 = A MEMENF S @V MEA Y 56f & B3-AR RE 1 V—
ETIVOBEBEREMEE LTZ, KRIZ, TOETNLEHANT 8ILEWDA & — v ) — R L KUC-7322,
EEW 55 O 2 SDOHRIR, WA YT aT L /) —LOEH RILEMERANT Ry XU T AXT 4 %
Fehi LTz, FERD Ky X2 7 22T 4 OFINEIXLHFREICIS N TE A X I 2 Hy ZEE ORGSR T
WL TWD, BTy %o 27237 (Glide XP) “& pECso OFABIf#EMT % Figure 10 12739, £/, Ry ¥
VAT L pECso D% Table 12 (2779, Figure 10 (/R L7z Y, Ky F 27 2 a7 & pECsy DI IE
OFIREN A S, ZOMEREL (R) 1XR=0.67 THY (Figure 10A), 8 DDA &V — VHHZIKIZIRE
T %5 & R=0.90 Th o7 (Figure 10B), W22, Ry F 7 Aa7 & pECsy DHITITFRWHBEN®H 5 Z &
ZRLTWS, ZOBWHBIEP-AR FERV—FET NNV E VT RO Ry XU VR —RIZKVB-AR 72
= A MEMEOREIETEMEFR 2 & BRI T & 5,

T UH L RER-AR OMEMER L LTKERE . BEMEER. 770U — 2, 7—ar ), BUKMEHELERIC
L CTAaT%ZsE L, TOEFPL IV Fy ROBELZEMLEE VT OB K= R LF—2 LT ¢ & LTI\ fE
BAEKIA Ry X/ 2a 7 e LTERLTWS
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Figure 8. Flow chart of the docking procedure.

--------------------- MAPWPHENSSLAP -WPDLPTLAPNTANTSGLPGVPWEAA
-------------------------------- MVFLSGNASDSSNCTQPPAPVNIS - -KA
MGAGVLVLGASEPGNLSSAAPLPDGAATAARL LVPASPPASLLPPASESPEPLSQQ-WTA
--------- MGQPGN- - - - - - - - -GSAF - - - LLAPNGSHA - - - - PDHDVTQERDEV -WVV

LA-GALLALAVLATVGGNLLVIVAIAWTPRLQTMTNVFVTSLAAADLVMGLLVVPPAATL
ILLGVILGGLILFGVLGNILVILSVACHRHLHSVTHYYIVNLAVADLLLTSTVLPFSAIF
GM-GLLMALIVLLIVAGNVLVIVAIAKTPRLQTLTNLFIMSLASADLVMGLLVVPFGATI
GM-GIVMSLIVLAIVFGNVLVITAIAKFERLQTVTNYFITSLACADLVMGLAVVPFGAAH

ALTGHWPLGATGCELWTSVDVLCVTASIETLCALAVDRYLAVTNPLRYGALVTKRCARTA
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ADA1A_HUMAN EVLGYWAFGRVFCNIWAAVDVLCCTASIMGLCIISIDRYIGVSYPLRYPTIVTQRRGLMA 146
ADRB1_HUMAN VVWGRWEYGSFFCELWTSVDVLCVTASIETLCVIALDRYLAITSPFRYQSLLTRARARGL 178
ADRB2_HUMAN ILMKMWTFGNFWCEFWTSIDVLCVTASIETLCVIAVDRYFAITSPFKYQSLLTKNKARVI 153
ADRB3_HUMAN VVLVWVVSAAVSFAPIMSQWWRVGADAEAQRCHSNPRCCAFASNMPYVLLSSSVSFYLPL 217
ADA1A_HUMAN LLCVWALSLVISIGPLF - -GWRQPAP------- EDETICQINEEPGYVLFSALGSFYLPL 197
ADRB1_HUMAN VCTVWAISALVSFLPILMHWWRAESD - EARRCYNDPKCCDFVTNRAYAIASSVVSFYVPL 237
ADRB2_HUMAN ILMVWIVSGLTSFLPIQMHWYRA-THQEAINCYANETCCDFFTNQAYAIASSIVSFYVPL 212
ADRB3_HUMAN LVMLFVYARVFVVATRQLRLLRGELGRF -PPEESPPAPSRSLAPAPVGTCAPPEGVP- - - 273
ADA1A_HUMAN AIILVMYCRVYVVAKRESRGLKSGL - KTDKSDSEQVTLRIHRKNAPAGGSGM- - - - - - - - 248
ADRB1_HUMAN CIMAFVYLRVFREAQKQVKKIDSCERRFLGGPARPPSPSPSPVPAPAPPPGPPRPAAAAA 297
ADRB2_HUMAN VIMVFVYSRVFQEAKRQLQKIDKSEGRF - - - - - - - HVQNLSQVEQDG------------- 252
ADRB3_HUMAN ----ACG- - - -RRPARLLPL-REHRALCTLGLIMGTFTLCWLPFFLANVLRALGGPSLVP 324
ADA1A_HUMAN - - - -ASAKTKTHFSVRLLKFSREKKAAKTLGIVVGCFVLCWLPFFLVMPIGSFFPDFKPS 304
ADRB1_HUMAN TAPLANGRAGKRRPSRLVAL -REQKALKTLGI IMGVFTLCWLPFFLANVVKAF -HRELVP 355
ADRB2_HUMAN - - - -RTGH-GLRRSSKF-CL -KEHKALKTLGIIMGTFTLCWLPFFIVNIVHVI-QDNLIR 304
ADRB3_HUMAN GPAFLALNWLGYANSAFNPLIY -CRSPDFRSAFRRLL-CRCGRRLPPEPCAAARPALFPS 382
ADA1A_HUMAN ETVFKIVFWLGYLNSCINPIIYPCSSQEFKKAFQNVLRIQCLCRKQSSKHALGYTLHPPS 364
ADRB1_HUMAN DRLFVFFNWLGYANSAFNPIIY -CRSPDFRKAFQRLL -C-CARRAARRRHATHGDRPRAS 412
ADRB2_HUMAN KEVYILLNWIGYVNSGFNPLIY-CRSPDFRIAFQELL- - -CLRRSSLK- - -AYGNGYSSN 357
ADRB3_HUMAN GVPAARSSPAQP -RLCQRLDGASWGVYS- - - - === - - m e e e e e e - - 408
ADA1A_HUMAN QAVEGQHKDMVRIPVGSRETFYRISKTDGVCEWKFFSSMPRGSARITVSKDQSSCTTARV 424
ADRB1_HUMAN GCLARPGPPPSPGAASDDDDDDVVGATPPARLLEPWAGCNGGAAADSDSSLDEPCRPGFA 472
ADRB2_HUMAN G---NTG-EQSGYHVEQEKENKLLCEDLPGT - - EDFVGHQGTVPSDNIDSQGRNCS- - -T 408

ADRB3_HUMAN
ADA1A_HUMAN
ADRB1_HUMAN
ADRB2_HUMAN

Figure 9. Multiple sequence alignment of human [;-AR (ADRB3 _HUMAN), human a;4-AR (ADA1A_HUMAN),
human B;-AR (ADRB1_HUMAN), and human [3,-AR (ADRB2_HUMAN) using MOE 2015 software (Chemical
Computing Group). Sequences were drawn from UniProt (B3;-AR, P13945; a,a-AR, P35348; B;-AR, P0858S;
B>-AR, P07550).
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(A) All 12 compounds (B) Eight indazole analogues
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Figure 10. (A) Plot of docking score calculated by Glide extra precision (XP) based on the compound 56f 3;-AR
model versus experimental B;-AR agonistic activity (pECsp) for all 12 compounds. The coefficient of determination,
R?, was 0.45 for the docking scores and pECs, values of all 12 compounds. (B) Plot of docking score calculated by
Glide extra precision (XP) based on the compound 56f B;-AR model versus B;-AR agonistic activity (pECs) for
eight indazole analogues. The coefficient of determination, Rz, was 0.82 for the docking scores and pECs, values of

eight indazole analogues. See Table 12 for individual pECs, values and docking scores.
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Table 12. Summary of pECs, values for B;-AR and docking scores (Glide XP?)

HNO\,/S//\R1
Compound R! R2 Bs-AR  Docking Score
PECso (Glide XP)
S Me Me 7.7 -14.5
6 Me CH,OH 7.0 132
1 Me i-Pr 7.9 -14.4
12 Me t-Bu 6.5 -13.0
56a n-Pr Me 8.2 143

56d ?j\Q Me 7.7 -14.7
56e ;&O Me 6.5 -12.4

56f Ph Me 8.4 -16.6
OH H
isoproterenol Y 7.1 -10.8
HO
OH

OH H

KUC-7322 (active N
_ b OH 7.1 -12.5

form of ritobegron) HO oﬁ(
O

OH H\/\(@
N
S1° Q/k/ \ NH 7.7 -11.6
| A\
N 9
_S—
$2° L o s 7.7 135

®XP, Extra precision. PReference compound"'”**., “Reference compounds®*.
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WIT, AL HE =) = XOHFTR-AR KT 57 3= & MEM:, M, HySite~ o 7 7 A LN
b BUVMEEY) 56d £ B3-AR D Ry % o 7R — XTxF L Thr 81 /)% (Molecular Dynamics, MD) /X =
L—ya VK BT T2, RERDIE, RyX v 7 2a7RNEHFICLMPDLT, RyF o7
THBNEHK—KE MD ¥ 3 2 L= a2 VIR BI K= RICk & < Tl & B Bl ShTu g
B9 6 Td %, Figure 111220 ns IO MD &3 = L—3 a3 > LAY 56d & Bs-AR D F84 Cad 3
%){@7% (Root Mean Square Deviation, RMSD) ~DH#ER %759, £ DfEH. Ps-AR DOFE, W NTLA Y 56d
DOALED RMSD (3 1~3ALINTH Y, S 51T 5ns~20 ns DREIZEWTZ OEICEALATES | ZERFEE
R R EHINRE S TND ZEWRERENTZ, WZIZ, 20ns D MD ¥ 2 2 L—3 2 Y HOLAY 56d
b Bs-AR ORFAHEUCH LT, BRI LR FIRNT 217 > 72,

Protein-Ligand RMSD
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(V) ASInY puebi

0.4 0.4

0 5 10 15 20
Time (nsec)

[ Ca mmLig fit Prot]

Figure 11. The plot showed the Root Mean Square Deviation (RMSD) evolution of B3;-AR (left Y-axis) and
compound 56d (right Y-axis). The RMSD was used to measure the average change in displacement of a selection of
atoms for a particular frame with respect to a reference frame (the first frame was used as the reference and it is
regarded as time t=0). 'C,' shows the RMSD of C, in 35-AR backbone. 'Lig fit Prot' shows the RMSD of a ligand
(56d) when the B;-AR-56d complex is first aligned on the protein backbone of the reference and then the RMSD of

the 56d heavy atoms is measured. It was calculated for all frames in the trajectory.

" B-AR EALAMS6d D R XL VS R— RS L LMD Y R 2 Lb—y g VHOKF T O TREHFAELRD Z & T,
WHIREEN S & D < HB;-AR OREERLEH) 56d NENNTZ VR Z LR TE D,
34



Fi 28 Bs-AR LA LAY 56d DOFHAAERMRNT & Bs-AR BERMEDE 2

Figure 12 (2 20ns MD ¥ X = L — 3 3 % O(LAEY) 56d & Bi-AR OHEERE XA /RT, {LEW 56d D
T X T3 —/UEBs-AR D Aspll7, Asn332 LKFERAVHERINTZ, £, LA S6d D ANE LT
2 R NH % Ser208 & AKEFEADHER S iz, 26D 35D KFEREAILBI-167107-p,-AR #4514 (PDB entry
3P0G) DfEfEEICB VW THHERINTEBY, TRV UZFRET A=A Y > ROBICEE
FHHEEHTHDL EBEZ LN TS, &I, {LEW 56d DA 4> —/L NH & Cys196 O EH /LK =)L
DORNZKRFREENRE LN, A X —)VEEOJEIIE Leud7, Leud29, Trp333 & OB/ AAEH Tl
SNz, Fo. AW S6d DAVER T I REDOERFE & Asn312 DRIIKFERAENEE I, 7 = =/VE
& Phe309 & ORIC T RO n-n #HEMERN TRIS -, (LEW 56d D7 v 7 X T Valll8, 1lel73,
Tyr204 SRS DBKYER 7 v b2 T\ D EHEE S L7z,

VT, aya-AR/B3-AR OFRPEIZEI L T, {LEW 56d & Bs-AR OHEERE A A FLIZR;-AR L aja-AR
DT I ) BEFEFEDENNDELL LTz, Figure 4 & Table 31 Z/RL7ZIEY . A VXY —)b 3 [LEHIL A AL
L7 aua-AR (X7 5 Bs-ARGEIRIEDINEF 1T A Y T e 11> /a7 F 14> =F /10> AT
VE> BERRFURATFIL6 Tholo, I OMHIETGMEHBIXBUKMAE AVEM A oya-AR 12X T % Bs-AR IR
WaEEDDHZEETELTND, IR L 1T A U F Y — )V IB;-AR D BKMEFR I TH 5 Leu97,
Leu329, Trp333 LHHAIEA LTS, —JH. aja-AR IZEBWTB3-AR @D Leud29 (2t 5 78 M T 7%
FETHD Lys309 TH D, LMo T, aa-AR IZEBWTA U F Y — VBB EEA L TWD R 7 v b OB
BElIBs-AR £V b KR E N EHERI SN D, DI, aa-AR/P;-AR BEHRIE OHEETE MBI I LA
56d & B3-AR DHEEREG R — A DR ONTRREIFFLTWD, —JF, ANFR T I NEOBEHRLE L
Z T2 Doy a-AR (6 5 B3-AR GERMEDNEF 1L 7 = =)L 56f> 7 07 F )L 56d>> n— 71t/ 56a>
AF N5 THoT= (Table 8), = OIEIETEMEARBIIL L U & @O EHAEE 2 o o-AR/B3-AR B 2 [6] | X8 T
WA Z L ERT, LAY 56d D7 v 7 FILEITP-AR @ Valll8, Tlel73. Tyr204 {RISH & B/K AR A 1E
HAzLTW5S, —FH., aa-AR IZEBWVTR-AR @D llel 73 (ZHkHET D55 K1L Leul62 TH D, I HIT, ALK
7 2 RED AR DI IZIEPs-AR OFfESE 2 —7 (Extracellular Loop 2, ECL2) (Z&END
Phel98, Alal99, Ser200 23&% ¥ | aya-AR (ZF1T D 5HGT 25 HILZZE 1 el 78, Asnl79, Glul80 T
Do LIENR-T, ¥/ uT7 2 AR T I REOBEBILEIDIToa-AR & Bs-AR TxbiG$ 57 EOFSE
D2V Ry FOY A ZAKERAEITEHT HMEEDE S 72D, EOMALEMITaa-AR & B3-AR DfH]
TRELERDLETREIND, PRIT, THHDEND, ANKRCT I FEOBEBIZ & & < LIZRIZ
aia-AR/B3-AR BHRMEN K E <[] E§25 Z LIZER LTV D EHEI S D,

512, Bi-AR & By-AR %9 5 B3-AR BERIEIZES L THILAW 56d & B3-AR DHEEFEA R — X2 FITH
%272, Edmondon HiXbEM 4 DT =V ROV =I/L3Bs-AR @ Alal97 OITFFIZH Y . Z D Alal97
IZB1-AR & Br-AR (ZH31T D Asp FREE & kP L, BEAMEE & WA X372 58 TILA W 4 73B5-AR 12
BN CTH 2 LS LT 5, M A 56d A o 4 —/L NH 1ZBs-AR D Cys196 DFEFLD I LR =L
EIKRFREG L TEBY, Alal97 1341 & =V EOREIT/FEL TW 5, Edmondon & D & [AERIC
B3-AR @ Alal97 IEB1-AR & Br-AR IZEIT D Asp 5L & xf )59 % (Asp217 in B1-AR, Asp192 in B-AR) 728D
Z D Asp FEIEOMSITHBEAINEE & A AW Alal97 E K& Ep s, wxiz, {LEWS6d DA X —
JVIEIEB-AR A TNZB,-AR & AKBREGTERIZB W TAFNE S LHERI SN D, LIz >T, 2O FY
— LIEIIBI-AR & Br-AR IZXF L CTHEIVB-AR I UMEAZ F T H7-DICEHBERERETHDL LB DD,
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Leul62 in 0,,-AR ;
B Glu180 in a44-AR A 1 11178 in ay4-AR
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Figure 12. (A-1 and A-2) Proposed model of compound 56d binding to the homology model of B;-AR after MD

Ph309

refinement. Receptor residues within 4.0 A of compound 56d are represented by lines. Compound 56d is shown as
a ball and stick model. All nonpolar hydrogen atoms of the receptor residues are omitted for clarity. Hydrogen
bonding and salt bridges to side chains of Aspl17, Ser208, Asn312, and Asn332 are depicted by blue dots.
Hydrogen bonding to the backbone of Cys196 is also depicted by blue dots. (B) Schematic representation of the
interactions between compound 56d and ;-AR residues using the Maestro Ligand Interaction Diagram module
(Schrodinger, LLC). Hydrogen bonding is indicated with dashed arrows, salt bridge with purple lines, cation-wt

interactions with red lines, and m-w interactions with green lines.
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B-AR DFREW T—FEF L AR L, 12 FEOP;-AR 7 A=A MIxtT 25 Ry X 72527 ¢ %%l
L7z, ZOfES, pECs & Ry ¥ 7 2 a7 @ AR TE -, & 51T, Bs-AR (LA 56d
DBEARIZH LT MD ¥R a2 b—y 3 &2 FEh LR, B-AR LA 56d (T4 EITHEA LTV
HIZENTBENT, BONTALEY 56d & Bs-AR DOHETHE AR Z FIH HAE T AT %2 556 L |
FEOICHERT I/ IR OHEE & B-AR EIRIMEICB L TEL Lc, ZHOMITIZELY | B-ARIZH
BRI LA S6d DREIERICEE R T </ BRI 2 O 000 LIgiiE, 4%, BIRIE-AR
T A=A FOFRFHIAHRERIZRVIED,

A-1 "

K /i
e lle173 \,{_:_ /

TM5

Bs-AR LALEW) 56d DOHEEHEAREX

40



FER DR
General Methods

All reagents and solvents were purchased from commercial sources and were used as received. Anhydrous
solvents were obtained from commercial sources. Thin layer chromatography (TLC) was carried out using the
Merck GmbH Precoated silica gel 60 F254. Compounds were visualized by irradiation under a 254 nm UV light.
Chromatography on silica gel was carried out using pre-packed silica gel cartridges (Yamazen Hi-Flash Column
Silicagel or Purifpack-Si series) and the indicated solvent system on either a Yamazen Multi Prep YFLC or a
Moritex Purif-a2 (50F). '"H NMR spectra were recorded on either a JEOL AL-300 (300 MHz) or a Bruker BIOPIN
AVANCE3HD (400 MHz), with chemical shifts reported in & values (ppm) relative to trimethylsilane. The
following abbreviations are used to describe peak patterns where appropriate: s; singlet, d; doublet, t; triplet, q;
quartet, qu; quintet, dd; doublet doublet, td; triplet doublet, qd; quartet doublet, qud; quintet doublet, m; multiplet,
and brs; broad singlet. Electrospray ionization (ESI) high-resolution mass spectra were recorded using a Thermo
Fisher Orbitrap Velos Pro. Liquid chromatography-mass spectrometry (LC/MS) data were recorded using either a
Micromass platform-LC type mass spectrometer or a Waters single quadrupole type mass spectrometer, the
UPLC/SQD system, by an electrospray ionization (ESI) method. HPLC analyses were performed following
conditions: (Method A) Shiseido CAPCELL CORE ADME column (2.7 um, 2.1 x 50 mm), 40 °C column
temperature, 1.0 mL/min flow rate, photodiode array detection (254 nm), linear mobile phase gradient of 10-95% B
over 2 min, holding 1.5 min at 95% B, holding 1.5 min at 10% B (mobile phase A: 10 mM ammonium acetate in
water; mobile phase B: acetonitrile), (Method B) YMC Meteoric Core C18 column (2.7 um, 3.0 x 50 mm), 40 °C
column temperature, 1.0 mL/min flow rate, photodiode array detection (254 nm), linear mobile phase gradient of
10-95% B over 2 min, holding 2 min at 95% B, holding 2 min at 10% B (mobile phase A: 10 mM ammonium
acetate in water; mobile phase B: acetonitrile). All animal experiments were approved by the Committee on Ethics

in Animal Experiments of Asahi Kasei Pharma Corporation.

Chemistry

N-(3-((1R)-1-Hydroxy-2-(2-((3-methyl-1H-indazol-6-yl)oxy)ethylamino)ethyl)phenyl)methanesulfonamide (5).
To a stirred solution of 18 (128 mg, 0.52 mmol), 17 (2 mL, 1.0 mmol, 0.5 M toluene solution), and
triphenylphosphine (261 mg, 1.0 mmol) in anhydrous toluene (5 mL) was added N,N,N’,N’-tetramethylazodi-
carboxamide (195 mg, 1.1 mmol) at room temperature, and the solution was stirred for 4 days. The reaction
solution was then purified by flash column chromatography on silica gel (74:26 to 53:47 n-hexane/ethyl acetate) to
give 371 mg (90% yield) of the coupling product. 'H-NMR (400 MHz, CDClI;, 1:1 rotamers): 6 0.54 (6H, q, J =
8.0), 0.89 (9H, t, J = 8.0), 1.44 (9H, s), 1.48 and 1.52 (9H, each s), 1.69 and 1.70 (9H, each s), 2.52 and 2.53 (3H,
each s), 3.24-3.26 (7H, m), 4.03-4.11 (2H, m), 4.94-4.97 and 5.10-5.13 (1H, each m), 6.86 (1H, dd, J = 1.7, 8.6),
7.12-7.16 (1H, m), 7.21-7.47 (4H, m), 7.54 (1H, s); LC/MS (ESI, [M+H]", m/z) 819. To the solution of the obtained
product (287 mg, 0.35 mmol) in 1,4-dioxane (0.4 mL) was added 4 M HCl in 1,4-dioxane (4 mL), and the mixture
was stirred at room temperature for 6.5 h. The resultant solid was collected by suction filtration and dried. The
crude solid (170 mg) was treated with water (0.5 mL) and ethanol (2.0 mL) to promote crystallization. The crystals
were filtered, and washed with ethanol to afford 61 mg (37% yield) of the title compound as dihydrochloride salt.
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'H-NMR (400 MHz, DMSO-dg): & 2.46 (3H, s), 3.00 (3H, s), 3.04-3.10 (1H, m), 3.24-3.28 (1H, m), 3.44-3.47 (2H,
m), 4.34-4.41 (2H, m), 5.02 (1H, dd, J = 2.1, 10.1), 6.80 (1H, dd, J=2.1, 8.8), 6.92 (1H, d, J = 2.1), 7.12-7.17 (2H,
m), 7.31 (1H, s), 7.35 (1H, t, J = 7.8), 7.63 (1H, d, J = 8.8), 9.05 (1H, brs), 9.38 (1H, brs), 9.86 (1H, brs); *C-NMR
(100 MHz, DMSO-dg): & 11.3, 39.1, 45.9, 53.6, 63.4, 67.9, 92.1, 111.9, 116.9, 117.0, 118.9, 121.0, 121.1, 129.3,
138.5, 140.7, 141.6, 143.0, 157.4; HRMS calculated for C;oH»N,0,S + H' 405.1591, found (ESI, [M+H]")
405.1588; LC/MS (ESI, [M+H]+, m/z) 405; HPLC (Method A): purity 100% Rt 1.7 min.

N-(3-((1R)-1-Hydroxy-2-(2-((3-(hydroxymethyl)-1H-indazol-6-yl)oxy)ethylamino)ethyl)phenyl)methane-
sulfonamide (6). To a stirred solution of 30 (139 mg, 0.16 mmol) in THF (1.2 mL) and methanol (2.0 mL) was
added 2 M NaOH (1.6 mL, 3.2 mmol) at 40 °C, and the solution was stirred for 5 h. The reaction mixture was
poured into water (50 mL) and washed twice with diethyl ether. The aqueous layer was added 5 M HCI (5 mL) and
extracted three times with ethyl acetate. The combined organic layers were dried over magnesium sulfate and
filtered. The solution was concentrated to give carboxylic acid (95 mg), which was used without further
purification. This material (77 mg, 0.11 mmol) was dissolved in anhydrous THF (4.3 mL) under nitrogen and the
solution was added borane tetrahydrofuran complex (0.5 mL, 0.6 mmol, 1.2 M in THF) at 0 °C. The resulting
solution was allowed to warm to room temperature and was then stirred overnight. The reaction mixture was added
methanol (0.5 mL) at 0 °C. The solution was poured into water and extracted twice with ethyl acetate. The
combined organic layers were washed twice with water, dried over sodium sulfate, and filtered. The organic layer
was concentrated to give alcohol (95 mg), which was used without further purification. This material (68 mg, 0.1
mmol) was dissolved in ethanol (0.5 mL), hydrochloric acid (0.17 mL) was then added at room temperature and the
mixture was stirred for 24 h. The resultant solid was collected by filtration and dried to give 39 mg (80% yield) of
the title compound as dihydrochloride salt. '"H-NMR (400 MHz, DMSO-dg): & 3.00 (3H, s), 3.04-3.11 (1H, m),
3.24-3.28 (1H, m), 3.41-3.46 (2H, m), 4.32-4.41 (2H, m), 4.73 (2H, s), 5.02 (1H, dd, J = 2.1, 10.2), 6.79 (1H, dd, J
=2.1,8.8),6.93 (1H, d, J=2.1), 7.12-7.17 (2H, m), 7.31 (1H, s), 7.35 (1H, t, J =7.8), 7.74 (1H, d, J = 8.8), 9.02
(1H, brs), 9.32 (1H, brs), 9.86 (1H, s), 12.65 (1H, brs); *C-NMR (100 MHz, DMSO-de): & 39.1, 45.9, 53.6, 56.6,
63.3, 67.9, 92.1, 111.6, 116.5, 116.9, 118.9, 121.2, 121.5, 129.3, 138.5, 141.9, 143.0, 145.4, 156.9; HRMS
calculated for C9H,4N4OsS + H' 421.1540, found (ESI, [M+H]") 421.1537; LC/MS (ESI, [M+H]", m/z) 421;
HPLC (Method A): purity 100% Ry 1.5 min.

N-(3-((1R)-1-Hydroxy-2-(2-((3-methoxy-1H-indazol-6-yl)oxy)ethylamino)ethyl)phenyl)methanesulfonamide

(7). To a stirred solution of 19 (215 mg, 0.8 mmol), 17 (942 mg, 1.6 mmol), and triphenylphosphine (448 mg, 1.7
mmol) in anhydrous toluene (12 mL) was added N,N,N’,N’-tetramethylazodicarboxamide (288 mg, 1.7 mmol) at
room temperature, and the solution was stirred overnight. The reaction solution was then purified by flash column
chromatography on silica gel (100:0 to 74:26 n-hexane/ethyl acetate) to give 587 mg (87% yield) of the coupling
product. '"H-NMR (300 MHz, CDCL, 1:1 rotamers): 8 0.53 (6H, q, J = 7.9), 0.87 (9H, t, J = 7.9), 1.42 (9H, s), 1.46
and 1.51 (9H, each s), 1.67 (9H, s), 3.20-3.60 (7H, m), 3.99-4.04 (m, 2H), 4.12 (3H, s), 4.92-4.96 and 5.08-5.12
(1H, each m), 6.80 (1H, dd, J = 2.1, 8.7), 7.11-7.47 (6H, m); LC/MS (ESI, [M+H]", m/z) 835. To the solution of the
obtained product (580 mg, 0.7 mmol) in tert-butyl methyl ether (1 mL) was added 4 M HCl in 1,4-dioxane (7 mL),
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and the mixture was stirred overnight at room temperature. The resultant solid was collected by suction filtration,
washed with tert-butyl methyl ether, and dried to afford 321 mg (93% yield) of the title compound as
dihydrochloride salt. '"H-NMR (400 MHz, DMSO-d¢): §3.00 (3H, s), 3.03-3.10 (1H, m), 3.23-3.27 (1H, m),
3.44-3.46 (2H, m), 3.96 (3H, s), 4.33-4.41 (2H, m), 5.04 (1H, dd, J = 2.1, 10.2), 6.70 (1H, dd, J = 2.0, 8.8), 6.81
(1H,d,J=2.0),7.13 (1H,d, J=7.8), 7.16 (1H, dd, J=1.3, 7.8), 7.30 (1H, s), 7.35 (1H, t, J=7.8), 7.48 (1H, d, J =
8.8), 9.09 (1H, brs), 9.47 (1H, brs), 9.87 (1H, s), 11.83 (1H, brs); *C-NMR (100 MHz, DMSO-d¢): & 39.7, 46.4,
54.2, 56.1, 63.9, 66.8, 92.8, 106.5, 111.4, 117.5, 119.5, 120.5, 121.8, 129.8, 139.1, 143.5, 143.6, 156.7, 158.4;
HRMS calculated for C;oHyN4OsS + H' 421.1540, found (ESI, [M+H]") 421.1538; LC/MS (ESIL, [M+H]", m/z)
421; HPLC (Method A): purity 100% Rt 1.8 min.

N-(3-((1R)-2-(2-((3-Ethoxy-1H-indazol-6-yl)oxy)ethylamino)-1-hydroxy-ethyl)phenyl)methanesulfonamide
(8). To a stirred solution of 20 (51 mg, 0.18 mmol), 17 (212 mg, 0.36 mmol), and triphenylphosphine (94 mg, 0.36
mmol) in anhydrous toluene (2.7 mL) was added N,N,N’,N’-tetramethylazodicarboxamide (62 mg, 0.36 mmol) at
room temperature, and the solution was stirred overnight. The reaction solution was then purified by flash column
chromatography on silica gel (88:12 to 67:33 n-hexane/ethyl acetate) to give 137 mg (89% yield) of the coupling
product. "H-NMR (300 MHz, CDCls, 1:1 rotamers): & 0.54 (6H, t, J = 7.9), 0.89 (9H, q, J = 7.9), 1.44-1.47 (12H,
m), 1.48 and 1.52 (9H, each s), 1.68 (9H, s), 3.22-3.61 (7H, m), 4.01-4.11 (2H, m), 4.51 (2H, q, J =7.0), 4.93-4.98
and 5.09-5.13 (1H, each m), 6.80 (1H, dd, J = 2.1, 8.7), 7.13-7.50 (6H, m); LC/MS (ESI, [M+H]", m/z) 849. To the
solution of the obtained product (130 mg, 0.15 mmol) in tert-butyl methyl ether (0.2 mL) was added 4 M HCI in
1,4-dioxane (1.5 mL), and the mixture was shaken (600 min'l) for overnight at room temperature. Nitrogen gas was
blown into the reaction solution to evaporate the solvent. Subsequently, water was added to dissolve the residue and
the solution was freeze-dried to give 76 mg (98 % yield) of the title compound as dihydrochloride salt. 'H-NMR
(400 MHz, DMSO-dy): 6 1.39 (3H, t, J = 7.0), 3.00 (3H, s), 3.03-3.10 (1H, m), 3.23-3.27 (1H, m), 3.43-3.49 (2H,
m), 4.33 (2H, q, J=7.0), 4.34-4.41 (2H, m), 5.03 (1H, dd, J = 2.1, 10.2), 6.70 (1H, dd, J = 2.0, 8.8), 6.81 (1H, d, J
=2.0), 7.13 (1H, d, J=7.7), 7.15-7.18 (1H, m), 7.30 (1H, s), 7.35 (1H, t, J = 7.8), 7.47 (1H, d, J = 8.8), 9.07 (1H,
brs), 9.42 (1H, brs), 9.87 (1H, s), 11.78 (1H, s); *C-NMR (100 MHz, DMSO-de): & 14.7, 39.1, 45.8, 53.6, 63.3,
63.8, 67.9, 92.2, 106.1, 110.8, 117.0, 119.0, 120.0, 121.2, 129.2, 138.5, 142.7, 143.0, 155.5, 157.7, HRMS
calculated for C,oHy¢N4OsS + H' 435.1967, found (ESI, [M+H]+) 435.1696; LC/MS (ESI, [M+H]+, m/z) 435;
HPLC (Method A): purity 100% Ry 1.9 min.

N-(3-((1R)-2-(2-((3-Chloro-1H-indazol-6-yl)oxy)ethylamino)-1-hydroxy-ethyl)phenyl)methanesulfonamide

(9). To a stirred solution of 21 (26 mg, 0.1 mmol), 17 (118 mg, 0.2 mmol), and triphenylphosphine (55 mg, 0.2
mmol) in anhydrous toluene (1.5 mL) was added N,N,N’,N’-tetramethylazodicarboxamide (35 mg, 0.2 mmol) at
room temperature, and the solution was stirred overnight. Then the reaction solution was then purified by flash
column chromatography on silica gel (81:19 to 60:40 n-hexane/ethyl acetate) to give 71 mg (85% yield) of the
coupling product. '"H-NMR (300 MHz, CDCls, 1:1 rotamers): 8 0.54 (6H, q, J = 7.9), 0.89 (9H, t, J = 7.9), 1.44 (9H,
s), 1.49 and 1.52 (9H, each s), 1.69 (9H, s), 3.25-3.63 (7H, m), 4.03-4.11 (2H, m), 4.94-4.98 and 5.10-5.14 (1H,
each m), 6.93 (1H, dd, J = 2.0, 8.8), 7.12-7.44 (4H, m), 7.50 (1H, dd, J = 3.6, 8.8), 7.57 (1H, d, J = 1.5); LC/MS
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(ESI, [M+H]", m/z) 839. To the solution of the obtained product (71 mg, 0.085 mmol) in tert-butyl methyl ether
(0.2 mL) was added 4 M HCl in 1,4-dioxane (1.2 mL), and the mixture was shaken (600 min'l) overnight at room
temperature. The resultant solid was collected by suction filtration, washed with tert-butyl methyl ether, and dried
to afford 41 mg (96% yield) of the title compound as dihydrochloride salt. 'H-NMR (400 MHz, DMSO-de): & 3.00
(3H, s), 3.04-3.10 (1H, m), 3.24-3.28 (1H, m), 3.46-3.48 (2H, m), 4.38-4.43 (2H, m), 5.03 (1H, dd, J = 2.1, 10.2),
6.91 (1H, dd, J=2.0, 8.9), 7.01 (1H, d, J =2.0), 7.12-7.17 (2H, m), 7.31 (1H, s), 7.35 (1H, t, J = 7.8), 7.56 (1H, d,
J=8.9),9.08 (1H, brs), 9.43 (1H, brs), 9.86 (1H, s), 13.21 (1H, brs); *C-NMR (100 MHz, DMSO-dy): & 39.1, 45.8,
53.6, 63.5, 67.9, 92.6, 113.8, 114.4, 116.9, 118.9, 119.5, 121.2, 129.2, 132.0, 138.5, 142.1, 143.0, 157.9; HRMS
calculated for CigH, CIN,O,4S + H' 425.1045, found (ESI, [M+H]") 425.1045; LC/MS (ESI, [M+H]", m/z) 425;
HPLC (Method A): purity 100% Ry 1.9 min.

N-(3-((1R)-2-(2-((3-Ethyl-1H-indazol-6-yl)oxy)ethylamino)-1-hydroxy-ethyl)phenyl)methanesulfonamide (10).
To a stirred solution of 22 (1.326 g, 5 mmol), 17 (10 mL, 10 mmol, 1 M toluene solution), and triphenylphosphine
(2.905 g, 11 mmol) in anhydrous toluene (15 mL) was added N,N,N’,N’-tetramethylazodicarboxamide (1.953 g, 11
mmol) at room temperature, and the solution was stirred overnight. Triphenylphosphine (1.344 g) and
N,N,N’,N’-tetramethylazodicarboxamide (0.973 g) were further added to the reaction solution, and the mixture was
stirred for 2 h at room temperature. Triphenylphosphine (1.24 g) and N,N,N’,N’-tetramethylazodicarboxamide
(0.923 g) were further added to the reaction solution, and the mixture was stirred for 0.5 h at room temperature. The
reaction solution was then purified by flash column chromatography on silica gel (88:12 to 67:33 n-hexane/ethyl
acetate) to give 3.71 g (88% yield) of the coupling product. 'H-NMR (300 MHz, CDCls, 1:1 rotamers): & 0.54 (6H,
q,J=179),0.89 9H,t,J=79), 138 3H, t,J =7.6), 1.43 (9H, s), 1.48 and 1.52 (9H, each s), 1.70 (9H, s), 2.95
(2H, q,J=17.6), 3.22-3.62 (7H, m), 4.02-4.11 (2H, m), 4.93-4.97 and 5.09-5.13 (1H, each m), 6.77 (1H, dd, J = 2.0,
8.7), 7.13-7.60 (6H, m); LC/MS (ESI, [M+H]", m/z) 833. The obtained product (3.56 g, 4.3 mmol) and 4 M HCl in
ethyl acetate (70 mL) were stirred overnight at room temperature. The resultant solid was collected by suction
filtration, washed with diethyl ether, and dried to afford 2.056 g (97% yield) of the title compound as
dihydrochloride salt. "H-NMR (400 MHz, DMSO-d): 8 1.31 (3H, t, J = 7.6), 2.93 (2H, q, J = 7.6), 3.00 (3H, s),
3.04-3.11 (1H, m), 3.23-3.27 (1H, m), 3.43-3.48 (2H, m), 4.37-4.43 (2H, m), 5.05 (1H, dd, J = 2.1, 10.2), 6.83 (1H,
dd,J=2.1,8.38),695(1H,d, J=2.1),7.13 (1H, d, J =7.8), 7.16-7.18 (1H, m), 7.31 (1H, s), 7.35 (1H, t, J = 7.8),
7.70 (1H, d, J = 8.8), 9.13 (1H, brs), 9.54 (1H, brs), 9.88 (1H, s); >*C-NMR (100 MHz, DMSO-dq): & 13.3, 19.2,
39.1,45.8,53.7,63.4,67.9,92.1, 1124, 115.8, 117.0, 119.0, 121.2, 121.3, 129.2, 138.5, 141.6, 143.0, 145.9, 157.8;
HRMS calculated for Cp0Hy¢N4O4S + H' 419.1748, found (ESI, [M+H]") 419.1747; LC/MS (ESL, [M+H]", m/z)
419; HPLC (Method A): purity 100% Rt 1.8 min.

N-(3-((1R)-1-Hydroxy-2-(2-((3-isopropyl-1H-indazol-6-yl)oxy)ethylamino)ethyl)phenyl)methanesulfonamide

(11). To a stirred solution of 23 (146 mg, 0.5 mmol), 17 (1.19 g, 2.0 mmol), and triphenylphosphine (574 mg, 2.2
mmol) in anhydrous toluene (5 mL) was added N,N,N’,N’-tetramethylazodicarboxamide (371 mg, 2.1 mmol) at
room temperature and the solution was stirred overnight. The reaction solution was then purified by flash column

chromatography on silica gel (100:0 to 67:33 n-hexane/ethyl acetate) to give 400 mg (95% yield) of the coupling

44



product. "H-NMR (300 MHz, CHCls, 1:1 rotamers): & 0.54 (6H, q, J = 7.9), 0.89 (9H, t, J = 7.9), 1.43-1.45 (15H,
m), 1.47 and 1.52 (9H, each s), 1.70 (9H, s), 3.22-3.62 (8H, m), 4.02-4.11 (2H, m), 4.94-4.98 and 5.10-5.14 (1H,
each m), 6.85 (1H, dd, J = 1.6, 8.8), 7.12-7.44 (4H, m), 7.51 (1H, s), 7.57 (1H, dd, J = 2.4, 8.8); LC/MS (ESI,
[M+H]", m/z) 847. To the solution of the obtained product (400 mg, 0.47 mmol) in THF (2.4 mL) was added 4 M
HCI in 1,4-dioxane (1.5 mL) and the mixture was stirred overnight at room temperature. The resultant solid was
collected by suction filtration, washed with diethyl ether, and dried under reduced pressure. The solid was dissolved
with water, and the solution was freeze-dried to give 191 mg (93 % yield) of the title compound as dihydrochloride
salt. "H-NMR (400 MHz, DMSO-dg): 6 1.38 (6H, d, J = 7.0), 3.00 (3H, s), 3.05-3.12 (1H, m), 3.24-3.28 (1H, m),
3.40 (1H, septet, J =7.0), 3.45-3.49 (2H, m), 4.37-4.47 (2H, m), 5.07 (1H, dd, J = 2.0, 10.1), 6.86 (1H, dd, J = 2.0,
8.9),6.97 (1H,d, J=2.0), 7.15 (1H, d, J="7.8), 7.17-7.19 (1H, m), 7.32 (1H, s), 7.35 (1H, t,J=7.8), 7.78 (1H, d, J
=8.9), 9.20 (1H, brs), 9.62 (1H, brs), 9.90 (1H, s); *C-NMR (100 MHz, DMSO-dq): & 22.1, 26.6, 39.3, 45.9, 53.9,
63.6, 68.1, 92.4, 113.0, 115.0, 117.2, 119.2, 121.4, 121.9, 129.4, 138.7, 141.9, 143.2, 149.8, 158.1; HRMS
calculated for CyHysN404S + H' 433.1904, found (ESI, [M+H]") 433.1903; LC/MS (ESI, [M+H]", m/z) 433;
HPLC (Method A): purity 100% Ry 1.9 min.

N-(3-((1R)-2-(2-((3-tert-Butyl-1H-indazol-6-yl)oxy)ethylamino)-1-hydroxy-ethyl)phenyl)methanesulfonamide

(12). To a stirred solution of 24 (141 mg, 0.5 mmol), 17 (0.92 mL, 0.9 mmol, 1 M toluene solution), and
triphenylphosphine (401 mg, 1.5 mmol) in anhydrous toluene (5 mL) was added N,N,N’,N’-tetramethylazodi-
carboxamide (284 mg, 1.6 mmol) at room temperature, and the solution was stirred overnight. The reaction solution
was then purified by flash column chromatography on silica gel (95:5 to 74:26 n-hexane/ethyl acetate) to give 354
mg (82% yield) of the coupling product. 'H-NMR (300 MHz, CDCls, 1:1 rotamers): & 0.54 (6H, t, J = 7.9), 0.89
(9H, t, J=7.9), 1.43 (9H, s), 1.47 and 1.51 (9H, each s), 1.50 (9H, s), 1.69 (9H, s), 3.22-3.62 (7H, m), 4.01-4.10
(2H, m), 4.93-4.97 and 5.1-5.13 (1H, each m), 6.83 (1H, d, J = 8.8), 7.13-7.44 (4H, m), 7.51 (1H, d, J=1.7), 7.67
(1H, dd, J = 2.4, 8.8); LC/MS (ESL [M+H]", m/z) 861. To the solution of the obtained product (232 mg, 0.27
mmol) in 1,4-dioxane (0.45 mL) was added 4 M HCl in 1,4-dioxane (1.5 mL), and the mixture was shaken (600
min'l) overnight at room temperature. The reaction mixture was added ethanol and was shaken (600 min'l) for 4 h
at room temperature. Nitrogen gas was blown into the reaction solution to evaporate the solvent. Subsequently,
water was added to dissolve the residue and the solution was freeze-dried to give 140 mg (quantitative yield) of the
title compound as dihydrochloride salt. 'H-NMR (400 MHz, DMSO-dq): & 1.44 (9H, s), 3.00 (3H, s), 3.06-3.08 (1H,
m), 3.24-3.28 (1H, m), 3.45-3.49 (2H, m), 4.36-4.39 (2H, m), 5.03 (1H, dd, J = 2.0, 10.1), 6.77 (1H, dd, J = 2.0,
8.9),6.93 (1H,d,J=2.0),7.13 (1H, d, J=7.8), 7.15-7.17 (1H, m), 7.31 (1H, s), 7.35 (1H, t,J=7.8), 7.80 (1H, d, J
=8.9), 9.08 (1H, brs), 9.45 (1H, brs), 9.87 (1H, s); *C-NMR (100 MHz, DMSO-dq): & 29.9, 33.1, 39.1, 45.8, 53.6,
63.4, 67.9, 924, 111.3, 114.7, 117.0, 119.0, 121.2, 122.4, 129.2, 138.5, 142.5, 143.0, 152.1, 156.6; HRMS
calculated for C»H30N404S + H' 447.2061, found (ESI, [M+H]") 447.2061; LC/MS (ESI, [M+H]", m/z) 447;
HPLC (Method A): purity 100% Ry 2.0 min.

N-(3-((1R)-2-(2-((3-Cyclopropyl-1H-indazol-6-yl)oxy)ethylamino)-1-hydroxy-ethyl)phenyl)methanesulfon-
amide (13). To a stirred solution of 25 (1.415 g, 5 mmol), 17 (10 mL, 10 mmol, 1 M toluene solution), and
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triphenylphosphine (2.910 g, 11 mmol) in anhydrous toluene (50 mL) was added N,N,N’,N’-tetramethylazodi-
carboxamide (1.915 g, 11 mmol) at room temperature, and the solution was stirred overnight. The reaction solution
was purified by flash column chromatography on silica gel (95:5 to 74:26 n-hexane/ethyl acetate) to give 3.779 g
(89% yield) of the coupling product. '"H-NMR (300 MHz, CDCls, 1:1 rotamers): & 0.54 (6H, q, J = 7.9), 0.89 (9H, t,
J=7.9),1.03-1.05 (2H, m), 1.15-1.20 (2H, m), 1.44 (9H, s), 1.48 and 1.52 (9H, each s), 1.68 (9H, s), 2.13-2.21 (1H,
m), 3.22-3.63 (7H, m), 4.02-4.13 (2H, m), 4.94-4.98 and 5.10-5.14 (1H, each m), 6.84 (1H, dd, J = 2.0, 8.7),
7.13-7.53 (6H, m); LC/MS (ESI, [M+H]", m/z) 845. To the solution of the obtained product (3.770 g, 4.5 mmol) in
1,4-dioxane (9 mL) was added 4 M HCI in 1,4-dioxane (20 mL), and the mixture was stirred overnight at room
temperature. Then, 4 M HCl in 1,4-dioxane (14 mL) was further added to the reaction solution, and the mixture was
stirred for 2 h at room temperature. The resultant solid was collected by suction filtration, washed with diethyl ether,
and dried under reduced pressure. The solid was dissolved with water, and the solution was freeze-dried to give
2.033 g (90 % yield) of the title compound as dihydrochloride salt. "H-NMR (400 MHz, DMSO-dg): & 0.96-1.02
(4H, m), 2.23-2.30 (1H, m), 3.00 (3H, s), 3.04-3.10 (1H, m), 3.24-3.28 (1H, m), 3.44-3.47 (2H, m), 4.34-4.42 (2H,
m), 5.04 (1H, dd, J=2.1, 10.2), 6.80 (1H, dd, J=2.1, 8.8), 6.91 (1H, d, J=2.1), 7.13 (1H, d, J=8.0), 7.17 (1H, dd,
J=1.3,8.0), 7.31 (1H, s), 7.34 (1H, t, J = 8.0), 7.70 (1H, d, J = 8.8), 9.11 (1H, brs), 9.50 (1H, brs), 9.87 (1H, s);
BC-NMR (100 MHz, DMSO-dq): & 7.6, 7.7, 39.1, 45.8, 53.7, 63.4, 67.9, 92.2, 112.1, 116.2, 117.0, 119.0, 121.0,
121.2, 129.2, 138.5, 141.7, 143.0, 146.1, 157.6; HRMS calculated for CHyN404S + H™ 431.1748, found (ESI,
[M+H]") 431.1743; LC/MS (ESI, [M+H]", m/z) 431; HPLC (Method B): purity 96% Ry 1.9 min.

N-(3-((1R)-2-(2-((3-Cyclobutyl-1H-indazol-6-yl)oxy)ethylamino)-1-hydroxy-ethyl)phenyl)methanesulfon-
amide (14). To a stirred solution of 26 (1.426 g, 5 mmol), 17 (10 mL, 10 mmol, 1 M toluene solution), and
triphenylphosphine (2.914 g, 11 mmol) in anhydrous toluene (25 mL) was added N,N,N’,N’-tetramethylazodi-
carboxamide (1.911 g, 11 mmol) at room temperature, and the solution was stirred overnight. The reaction solution
was purified by flash column chromatography on silica gel (88:12 to 67:33 n-hexane/ethyl acetate) to give 3.848 g
(90% yield) of the coupling product. '"H-NMR (300 MHz, CDCls, 1:1 rotamers): & 0.54 (6H, q, J = 7.9), 0.89 (9H, t,
J=7.9),1.44 (9H, s), 1.48 and 1.52 (9H, each s), 1.70 (9H, s), 1.95-2.02 (1H, m), 2.11-2.20 (1H, m), 2.39-2.59 (4H,
m), 3.22-3.63 (7H, m), 3.87 (1H, qu, J = 8.8), 4.02-4.08 (2H, m), 4.94-4.98 and 5.10-5.14 (1H, each m), 6.84 (1H,
dd, J=1.7, 8.6), 7.13-7.54 (6H, m); LC/MS (ESI, [M+H]", m/z) 859. The obtained product (3.840 g, 4.3 mmol) and
4 M HCI in ethyl acetate (80 mL) were stirred overnight at room temperature. The resultant solid was collected by
suction filtration, washed with diethyl ether, and dried to afford 2.166 g (93% yield) of the title compound as
dihydrochloride salt. 'H-NMR (400 MHz, DMSO-dg): 8 1.90-1.98 (1H, m), 2.02-2.13 (1H, m), 2.35-2.43 (4H, m),
3.00 (3H, s), 3.04-3.11 (1H, m), 3.23-3.28 (1H, m), 3.45-3.48 (2H, m), 3.90 (1H, qu, J = 8.7), 4.37-4.44 (2H, m),
5.05 (1H, dd, J=2.0, 10.2), 6.82 (1H, dd, J=2.1, 8.8), 6.95 (1H, d, J =2.1), 7.14 (1H, d, J = 7.8), 7.16-7.18 (1H,
m), 7.31 (1H, s), 7.35 (1H, t, J = 7.8), 7.69 (1H, d, J = 8.8), 9.15 (1H, brs), 9.56 (1H, brs), 9.89 (1H, s); *C-NMR
(100 MHz, DMSO-dy): 6 18.4,27.9, 32.0, 39.1, 45.8, 53.7, 63.4, 67.9,92.2, 112.4, 115.3, 117.0, 119.0, 121.2, 121.3,
129.2, 138.5, 141.8, 143.0, 147.6, 157.7; HRMS calculated for CoH,sN,04S + H' 445.1904, found (ESI, [M+H]")
445.1897; LC/MS (ESI, [M+H]", m/z) 445; HPLC (Method A): purity 96% Ry 2.0 min.
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N-(3-((1R)-1-Hydroxy-2-(2-((3-(trifluoromethyl)-1H-indazol-6-yl)oxy)ethylamino)ethyl)phenyl)methane-

sulfonamide (15). To a stirred solution of 27 (1.511 g, 5 mmol), 17 (10 mL, 10 mmol, 1 M toluene solution), and
triphenylphosphine (2.600 g, 9.9 mmol) in anhydrous toluene (15 mL) was added N,N,N’,N’-tetramethylazodi-
carboxamide (1.733 g, 10 mmol) at room temperature, and the solution was stirred overnight. The reaction solution
was then purified by flash column chromatography on silica gel (82:18 to 61:39 n-hexane/ethyl acetate) to give
3.544 g (81% yield) of the coupling product. 'H-NMR (300 MHz, CDCls, 1:1 rotamers): & 0.54 (6H, q, J = 8.1),
0.89 (9H, t, J =8.1), 1.44 (9H, s), 1.49 and 1.53 (9H,each s), 1.71 (9H, s), 3.22-3.64 (7H, m), 4.04-4.13 (2H, m),
4.94-4.99 and 5.10-5.14 (1H, each m), 6.98 (1H, dd, J=2.2, 8.8), 7.14-7.45 (4H, m) 7.59 (1H, d, J = 1.8), 7.64(1H,
dd, J = 4.0, 8.8); LC/MS (ESI, [M+H]", m/z) 873. The obtained product (3.514 g, 4 mmol) and 4 M HCI in ethyl
acetate (80 mL) were stirred overnight at room temperature. The resultant solid was collected by suction filtration,
washed with tert-butyl methyl ether, and dried to afford 1.930 g (93% vyield) of the title compound as
dihydrochloride salt. '"H-NMR (400 MHz, DMSO-dq): & 3.00 (3H, s), 3.05-3.12 (1H, m), 3.24-3.28 (1H, m), 3.49
(2H, brs), 4.40-4.47 (2H, m), 5.02 (1H, d, J = 9.8), 6.28 (1H, brs), 7.03 (1H, dd, J = 2.1, 8.8), 7.13-7.18 (3H, m)
7.31 (1H, s), 7.35 (1H, t, J =7.8), 7.71 (1H, d, J = 8.8), 9.11 (1H, brs), 9.46 (1H, brs), 9.87 (1H, s), 13.96 (1H, s);
BC-NMR (100 MHz, DMSO-dg): & 39.2, 45.8, 53.6, 63.6, 67.9, 92.8, 113.7, 115.4, 117.0, 119.0, 119.6, 121.2,
122.2 (q, J = 268), 129.2, 133.0 (q, J = 36), 138.5, 141.9, 143.0, 157.7; HRMS calculated for C;oH, F3N40,S + H"
459.1308, found (ESIL [M+H]") 459.1307; LC/MS (ESI, [M+H]", m/z) 459; HPLC (Method A): purity 99% Ry 2.0

min.

N-(3-((1R)-1-Hydroxy-2-(2-((3-phenyl-1H-indazol-6-yl)oxy)ethylamino)ethyl)phenyl)methanesulfonamide
(16). To a stirred solution of 28 (34 mg, 0.13 mmol), 17 (0.5 mL, 0.20 mmol, 0.4 M toluene solution), and
triphenylphosphine (56 mg, 0.21 mmol) in anhydrous toluene (I mL) was added N,N,N’,N’-tetramethylazodi-
carboxamide (40 mg, 0.23 mmol) at room temperature, and the solution was stirred overnight. The reaction solution
was then purified by flash column chromatography on silica gel (88:12 to 67:33 n-hexane/ethyl acetate) to give 77
mg (87% yield) of the coupling product. "H-NMR (300 MHz, CDCls, 1:1 rotamers): 8 0.55 (6H, q, J = 7.9), 0.89
(9H, t, J =7.9), 1.44 (9H, s), 1.46 and 1.49 (9H, each s), 1.73 (9H, s), 3.24-3.64 (7H, m), 4.06-4.15 (2H, m),
4.95-4.99 and 5.10-5.15 (1H, each m), 6.93 (1H, dd, J = 1.9, 8.8), 7.13-7.52 (7H, m), 7.64 (1H, d, J =1.9), 7.79
(1H, dd, J = 3.0, 8.8), 7.96 (2H, dd, J = 1.5, 8.0); LC/MS (ESIL, [M+H]", m/z) 881. To the solution of the obtained
product (75 mg, 0.09 mmol) in tert-butyl methyl ether (0.2 mL) was added 4 M HCl in 1,4-dioxane (1 mL) and the
mixture was stirred overnight at room temperature. The resultant solid was collected by suction filtration, washed
with tert-butyl methyl ether, and dried to afford 48 mg (quantitative yield) of the title compound as dihydrochloride
salt. "H-NMR (400 MHz, DMSO-dg): & 3.00 (s, 3H), 3.08-3.12 (1H, m), 3.25-3.30 (1H, m), 3.47-3.50 (2H, m),
4.42-4.44 (2H, m), 5.04 (1H, dd, J =2.0, 10.2), 6.91 (1H, dd, J = 2.0, 8.9), 7.05 (1H, d, J = 2.0), 7.13-7.18 (2H, m),
7.32 (1H, s), 7.35 (1H, t, J = 7.9), 7.38-7.42 (1H, m), 7.49-7.53 (2H, m), 7.96-7.99 (3H, m), 9.08 (1H, brs), 9.41
(1H, brs), 9.87 (1H, s); >C-NMR (100 MHz, DMSO-dq): & 39.1, 45.9, 53.6, 63.4, 67.9, 92.5, 113.0, 115.1, 116.9,
118.9, 121.2, 121.5, 126.5, 127.6, 128.7, 129.2, 133.6, 138.5, 142.6, 142.9, 143.0, 156.9; HRMS calculated for
Co4Ho6N404S + H™ 467.1748, found (ESI, [M+H]") 467.1746; LC/MS (ESI, [M+H]", m/z) 467; HPLC (Method A):
purity 99% Ry 2.0 min.
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tert-Butyl N-(3-((1R)-2-(tert-butoxycarbonyl(2-hydroxyethyl)amino)-1-triethylsilyloxy-ethyl)phenyl)-N-
methylsulfonyl-carbamate (17). A stirred mixture of 53 (494 mg, 0.88 mmol) and 20% palladium hydroxide on
carbon (103 mg) in THF (1.8 mL) and methanol (1.8 mL) was evacuated, placed under a hydrogen atmosphere, and
stirred overnight at 50 °C. The reaction mixture was passed through a membrane filter, and the solvent was
concentrated under reduced pressure to give N-(3-((1R)-2-(2-hydroxyethylamino)-1-triethylsilyloxy-ethyl)phenyl)-
methanesulfonamide (364 mg), which was used without further purification. 'H-NMR (300 MHz, CDCls): §
0.50-0.58 (6H, m), 0.81-0.91 (9H, t, J =7.9), 2.71-2.86 (4H, m), 2.99 (3H, s), 3.59 (2H, t, J =5.2), 4.79 (1H, dd, J
= 45, 72), 7.11-723 (3H, m), 731 (1H, t, J = 7.8); LC/MS (ESL, [M+H]", m/z) 291. The
N-(3-((1R)-2-(2-hydroxyethylamino)- I -triethylsilyloxy-ethyl)phenyl)methanesulfonamide (337 mg, 0.86 mmol)
was dissolved in anhydrous THF (4 mL). The solution was added triethylamine (0.12 mL, 0.86 mmol), Boc,0 (0.44
mL, 1.9 mmol) and 4-N,N-dimethylaminopyridine (21 mg, 0.17 mmol) at room temperature under a nitrogen
atmosphere, and was stirred overnight. The reaction mixture was added ethyl acetate, was washed twice with water,
washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue (524 mg) was purified by flash
column chromatography (71:29 to 50:50 n-hexane/ethyl acetate) to give the title compound (254 mg, 50% yield).
'H-NMR (300 MHz, CDCls, 1:1 rotamers): & 0.49-0.58 (6H, m), 0.85-0.91 (9H, m), 1.44 (9H, s), 1.49 and 1.53 (9H,
each s), 3.03-3.72 (9H, m), 5.00-5.04 and 5.27-5.29 (1H, each m), 7.12-7.16 (1H, m), 7.20-7.42 (3H, m); LC/MS
(ESL [M+H]", m/z) 589.

tert-Butyl 6-hydroxy-3-methyl-1H-indazole-1-carboxylate (18). To a stirred mixture of 34a (16.74 g, 70 mmol)
and 10% palladium on activated charcoal (5.12 g, PE-type, N.E.Chemcat.) in ethanol (166 mL) was added
concentrated hydrochloric acid (5.83 mL, 70 mmol). The reaction was evacuated, placed under a hydrogen
atmosphere and stirred for 10 h at 60 °C. The reaction mixture was added 10% palladium on activated charcoal
(1.51 g, PE-type, N.E.Chemcat.). The mixture was evacuated, placed under a hydrogen atmosphere and stirred for 5
h at 60 °C. The reaction mixture was cooled to room temperature, passed through a membrane filter, and the
solvent was concentrated under reduced pressure. The residue was partitioned between ethyl acetate and saturated
aq NaHCOs;. The organic layer was dried over Na,SO4 and concentrated under reduced pressure to give
3-methyl-1H-indazol-6-o01 (10.816 g). "H-NMR (300 MHz, DMSO-dy): & 2.38 (3H, s), 6.58 (1H, dd, J = 2.0, 8.6),
6.67 (1H, d, J = 2.0), 7.44 (1H, d, J = 8.6), 9.47 (1H, brs), 12.10 (1H, brs). LC/MS (ESI, [M+H]", m/z) 149. To a
stirred solution of 3-methyl-1H-indazol-6-ol (10.72 g, 70 mmol) and imidazole (9.55 g, 140 mmol) in anhydrous
DMF (140 mL) was added TBDPSCI (38.53 g, 140 mmol) at room temperature, and the mixture was stirred
overnight. The reaction mixture was poured into water and the aqueous layer was extracted twice with ethyl acetate.
The combined organic layers were washed twice with water, washed with brine, dried over Na,SO4, and
concentrated in vacuo. The residue (41.36 g) was dissolved in dichloromethane (350 mL). The solution was added
triethylamine (8.55 g, 84 mmol), Boc,O (18.36 g, 84 mmol) and 4-N,N-dimethylaminopyridine (0.85 g, 7 mmol) at
room temperature, and the mixture was stirred overnight. The reaction solution was washed twice with 1 M HCI
and washed with brine. The organic layer was dried over Na,SO,4 and concentrated under reduced pressure. The

residue (52.57 g) was dissolved in anhydrous THF (350 mL). The solution was added 1 mol/L TBAF-THF solution
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(140 mL, 140 mmol) at room temperature, and the mixture was stirred for 1 h. The reaction mixture was added
ethyl acetate, and the organic layer was washed with brine and water. The organic layer was dried over MgSO,4 and
concentrated under reduced pressure. The residue was purified by flash column chromatography (74:26 to 47:53
n-hexane/ethyl acetate) to afford the product (10.934 g, 63% yield). 'H-NMR (300 MHz, CDCl;): & 1.66 (9H, s),
2.52 (3H, s), 6.42 (1H, brs), 6.88 (1H, dd, J = 2.2, 8.6), 7.48 (1H, d, J = 8.6), 7.57 (1H, d, J = 2.2); LC/MS (ES]I,
[M+H]", m/z) 249.

tert-Butyl 6-hydroxy-3-methoxy-1H-indazole-1-carboxylate (19). A stirred mixture of 42a (206 mg, 0.58 mmol)
and 5% palladium on activated charcoal (113 mg, STD-type, N.E.Chemcat.) in THF (5.8 mL) was evacuated,
placed under a hydrogen atmosphere, and stirred overnight at room temperature. The reaction mixture was passed
through a membrane filter, and the solvent was concentrated under reduced pressure to give the title compound
(164 mg, quantitative yield). "H-NMR (300 MHz, CDCl3): 8 1.65 (9H, s), 4.11 (3H, s), 6.48 (1H, brs), 6.83 (1H, dd,
J=2.1,8.6), 7.43 (1H, brs), 7.47 (1H, d, J = 8.6); LC/MS (ESI, [M+H]", m/z) 265.

tert-Butyl 3-ethoxy-6-hydroxy-1H-indazole-1-carboxylate (20). A stirred mixture of 42b (67 mg, 0.18 mmol)
and 5% palladium on activated charcoal (35 mg, STD-type, N.E.Chemcat.) in THF (2 mL) was evacuated, placed
under a hydrogen atmosphere, and stirred overnight at room temperature. The reaction mixture was passed through
a membrane filter, and the solvent was concentrated under reduced pressure to give the title compound (54 mg,
quantitative yield). 'H-NMR (300 MHz, CDCls,3:2 rotamers): & 1.42 and 1.42 (3H, each t, J = 7.0), 1.62 and 1.63
(9H, each s), 4.47 and 4.47 (2H, each q, J=7.1), 6.84 (1H, dd, J = 1.5, 8.6), 7.43 (1H, brs), 7.48 (1H, d, J = 8.6);
LC/MS (ESI, [M+H]", m/z) 279.

tert-Butyl 3-chloro-6-hydroxy-1H-indazole-1-carboxylate (21). 38a (17.42 g, 34 mmol) was dissolved in
anhydrous THF (150 mL). The solution was added 1 mol/L TBAF-THF solution (42 mL, 42 mmol) at room
temperature, and the mixture was stirred overnight. The reaction mixture was added ethyl acetate, washed with
brine, washed with water, washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was added
n-hexane (150 mL), and the precipitates were collected by suction filtration to give the product (6.38 g, 70% yield).
'H-NMR (300 MHz, CDCls): 8 1.69 (9H, s), 6.03 (1H, s), 6.95 (1H, dd, J = 2.0, 8.7), 7.53 (1H, d, J = 8.7), 7.60
(1H, d, J = 2.0). LC/MS (ESI, [M+H]", m/z) 269.

tert-Butyl 3-ethyl-6-hydroxy-1H-indazole-1-carboxylate (22). To a stirred mixture of 34b (4.78 g, 19 mmol) and
10% palladium on activated charcoal (1.953 g, PE-type, N.E.Chemcat.) in ethanol (189 mL) was added
concentrated hydrochloric acid (1.58 mL, 19 mmol). The mixture was evacuated, placed under a hydrogen
atmosphere and stirred for 1.2 h at 60 °C. The reaction mixture was cooled to room temperature, passed through a
membrane filter, and the solvent was concentrated under reduced pressure to give 3-ethyl-1H-indazol-6-ol
hydrochloride (3.918 g). "H-NMR (300 MHz, DMSO-dq): & 1.31 (3H, t, J = 7.6), 2.94 (2H, q, J = 7.6), 6.73 (1H, dd,
J=1.7,8.7),6.78 (1H, d, J = 1.7), 7.65 (1H, d, J = 8.7); LC/MS (ESI, [M+H]", m/z) 163. To a stirred solution of
3-ethyl-1H-indazol-6-ol hydrochloride (3.76 g, 19 mmol) and imidazole (4.51 g, 66 mmol) in anhydrous DMF (100
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mL) was added TBDPSCI (17.01 mL, 66 mmol) at 0 °C. The mixture was allowed to warm to room temperature
and was then stirred overnight. The reaction mixture was added imidazole (1.29 g, 19 mmol) and TBDPSCI (4.86
mL, 19 mmol) at 30 °C, and the mixture was stirred for 2.5 h at 30 °C. The reaction mixture was poured into water,
and the aqueous layer was extracted twice with ethyl acetate. The combined organic layers were washed twice with
water, washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue (28.72 g) was purified by
flash column chromatography (88:12 to 67:33 n-hexane/ethyl acetate) to afford 6-((tert-butyldiphenyl-
silyl)oxy)-3-ethyl-1H-indazole (5.98 g, 74% yield). "H-NMR (300 MHz, CDCls): & 1.11 (9H, s), 1.35 (3H, t, J =
7.6),2.90 (2H, q, J=7.6), 6.61 (1H, d, J =2.0), 6.74 (1H, dd, J = 2.0, 8.7), 7.33-7.45 (7TH, m), 7.72-7.76 (4H, m);
LC/MS (ESL, [M+H]", m/z) 401. The 6-((tert-butyldiphenylsilyl)oxy)-3-ethyl-1H-indazole (5.98 g, 15 mmol) was
dissolved in THF (150 mL). The solution was added triethylamine (2.5 mL, 18 mmol), Boc,O (4.1 mL, 18 mmol),
and 4-N,N-dimethylaminopyridine (1.01 g, 8 mmol) at room temperature, and the mixture was stirred overnight.
The reaction mixture was concentrated under reduced pressure, and remaining oil was partitioned between ethyl
acetate and water. The aqueous layer was extracted twice with ethyl acetate. The combined organic layers were
washed twice with water, washed with brine, and dried over Na,SO,4. The organic solution was concentrated under
reduced pressure to give tert-butyl 6-((tert-butyldiphenylsilyl)oxy)-3-ethyl-1H-indazole-1-carboxylate (8.02 g,
89%). LC/MS (ESI, [M+H]", m/z) 501. The residue (8.02 g, 16 mmol) was dissolved in anhydrous THF (53 mL).
The solution was added 1 mol/L TBAF-THF solution (31.5 mL, 32 mmol) at room temperature, and the mixture
was stirred for 0.5 h. The reaction mixture was concentrated under reduced pressure, and remaining oil was
partitioned between ethyl acetate and water. The aqueous layer was extracted twice with ethyl acetate. The
combined organic layers were washed twice with water, washed with brine, dried over Na,SO,, and concentrated in
vacuo. The residue (10.0 g) was purified by flash column chromatography (95:5 to 74:26 n-hexane/ethyl acetate) to
afford the product (3.27 g, 78%). 'H-NMR (300 MHz, CDCls): & 1.37 (3H, t, J = 7.6), 1.63 (9H, s), 2.94 (2H, g, J
=7.6), 6.89 (1H, dd, J = 2.1, 8.6), 6.93 (1H, brs) 7.52 (1H, d, J = 8.6), 7.57 (1H, s); LC/MS (ESL [M+H]", m/z)
263.

tert-Butyl 6-hydroxy-3-isopropyl-1H-indazole-1-carboxylate (23). To a stirred mixture of 34¢ (6.51 g, 24 mmol)
and 10% palladium on activated charcoal (2.69 g, PE-type, N.E.Chemcat.) in ethanol (244 mL) was added
concentrated hydrochloric acid (2.0 mL, 24 mmol). The reaction was evacuated and placed under a hydrogen
atmosphere, and stirred for 1.5 h at 60 °C. The reaction mixture was cooled to room temperature, passed through a
membrane filter, and the solvent was concentrated under reduced pressure to give 3-isopropyl-1H-indazol-6-ol
hydrochloride (6.17 g). "H-NMR (300 MHz, DMSO-d¢): § 1.35 (6H, d, J = 7.0), 3.33 (1H, septet, J = 7.0), 6.67
(1H, dd, J = 2.0, 8.8), 6.75 (1H, d, J = 1.8), 7.64 (1H, d, J = 8.8); LC/MS (ESI, [M+H]’, m/z) 177. To a stirred
solution of 3-isopropyl-1H-indazol-6-ol hydrochloride (6.17 g) and imidazole (4.15 g, 61 mmol) in anhydrous
DMF (122 mL) was added TBDPSCI (16.77 g, 61 mmol) at 0 °C. The mixture was allowed to warm to room
temperature and was then stirred overnight. The reaction mixture was added imidazole (2.47 g, 36 mmol) and
TBDPSCI (9.4 mL, 36 mmol) at 20 °C, and the mixture was stirred for 3 h at 30 °C. The reaction mixture was
poured into water, and the aqueous layer was extracted twice with ethyl acetate. The combined organic layers were

washed twice with water, washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue (33.17 g)
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was purified by flash column chromatography (95:5 to 74:26 n-hexane/ethyl acetate) to afford
6-((tert-butyldiphenylsilyl)oxy)-3-isopropyl-1H-indazole (6.65 g, 67% yield). 'H-NMR (300 MHz, CDCl;):  1.07
(9H, s), 1.39 (6H, d, J = 7.0), 3.30 (1H, septet, J =7.0), 6.61 (1H, d, J=1.8), 6.73 (1H, dd, J = 2.0, 8.7), 7.33-7.50
(7H, m), 7.72-7.76 (4H, m); LC/MS (ESI, [M+H]", m/z) 415. The 6-((tert-butyldiphenyl-silyl)oxy)-3-
isopropyl-1H-indazole (6.65 g, 16 mmol) was dissolved in CH3CN (160 mL). The solution was added triethylamine
(2.68 mL, 19 mmol), Boc,O (4.4 mL, 19 mmol) and 4-N,N-dimethylaminopyridine (0.98 g, 8 mmol) at room
temperature, and the mixture was stirred overnight. The reaction mixture was concentrated under reduced pressure.
The residue was purified by flash column chromatography (100:0 to 90:10 n-hexane/ethyl acetate) to afford
tert-butyl 6-((tert-butyldiphenylsilyl)oxy)-3-isopropyl-1H-indazole-1-carboxylate (8.12 g, 98%). 'H-NMR (300
MHz, CDCL): 8 1.11 (9H, s), 1.40 (9H, s), 1.41 (6H, d, J = 7.0), 3.30 (1H, septet, J = 7.0), 6.79 (1H, dd, J = 2.1,
8.6), 7.33-7.46 (8H, m), 7.71-7.74 (4H, m); LC/MS (ESI, [M+H]", m/z) 515. The tert-butyl 6-((tert-butyl-
diphenylsilyl)oxy)-3-isopropyl-1H-indazole-1-carboxylate (8.12 g, 16 mmol) was dissolved in anhydrous THF (56
mL). The solution was added 1 mol/L TBAF-THF solution (31.5 mL, 32 mmol) at 0 °C, and the mixture was
allowed to warm to room temperature. After the reaction mixture was stirred for 1 h, the mixture was added water
and brine. The aqueous layer was extracted three times with ethyl acetate. The combined organic layers were
washed with water, washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by
flash column chromatography (95:5 to 74:26 n-hexane/ethyl acetate) to afford the product (3.39 g, 78%). 'H-NMR
(300 MHz, CDCl;): 6 1.43 (6H, d, J = 7.0), 1.64 (9H, s), 3.35 (1H, septet, J =7.0), 6.22 (1H, brs), 6.85 (1H, dd, J =
2.2,8.6),7.53 (1H, s), 7.59 (1H, d, J = 8.6); LC/MS (ESI, [M+H]", m/z) 277.

tert-Butyl 3-(tert-butyl)-6-hydroxy-1H-indazole-1-carboxylate (24). To a stirred mixture of 34d (1.51 g, 5.4
mmol) and 10% palladium on activated charcoal (0.30 g, PE-type, N.E.Chemcat.) in ethanol (54 mL) was added
concentrated hydrochloric acid (0.45 mL, 5.4 mmol). The reaction was evacuated, placed under a hydrogen
atmosphere, and stirred for 1.5 h at 60 °C. The reaction mixture was cooled to room temperature, passed through a
membrane filter, and the solvent was concentrated under reduced pressure to give 3-(tert-butyl)-1H-indazol-6-ol
hydrochloride (1.27 g). LC/MS (ESIL, [M+H]", m/z) 191. To a stirred solution of 3-(tert-butyl)-1H-indazol-6-ol
hydrochloride (1.22 g) and imidazole (1.29 g, 19 mmol) in anhydrous DMF (27 mL) was added TBDPSCI (4.85
mL, 19 mmol) at room temperature, and the mixture was stirred overnight. The reaction mixture was poured into
water, and the aqueous layer was extracted twice with ethyl acetate. The combined organic layers were washed
twice with water, washed with brine, dried over Na,SO,4, and concentrated in vacuo. The residue (7.8 g) was
purified by flash column chromatography (100:0 to 87:13 n-hexane/ethyl acetate) to afford
3-(tert-butyl)-6-((tert-butyldiphenylsilyl)oxy)-1H-indazole (1.35 g, 58% yield). LC/MS (ESI, [M+H]", m/z) 429.
The 3-(tert-butyl)-6-((tert-butyldiphenylsilyl)oxy)-1H-indazole (1.35 g, 3.1 mmol) was dissolved in CH;CN (31
mL). The solution was added triethylamine (0.53 mL, 3.8 mmol), Boc,O (0.87 mL, 3.8 mmol) and
4-N,N-dimethylaminopyridine (0.22 g, 0.18 mmol) at room temperature, and the mixture was stirred for 4 h. The
reaction mixture was added water, concentrated under reduced pressure, and the remaining oil was partitioned
between ethyl acetate and water. The aqueous layer was extracted twice with ethyl acetate. The combined organic

layers were washed twice with water, washed with brine. The organic layer was dried over Na,SO,4, and
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concentrated under reduced pressure to give tert-butyl 3-(tert-butyl)-6-((tert-butyldiphenylsilyl)oxy)-
1H-indazole- 1-carboxylate (1.71 g). LC/MS (ESI, [M+H]", m/z) 529. The residue (1.66 g, 3.1 mmol) was dissolved
in anhydrous THF (11.2 mL). The solution was added 1 mol/L TBAF-THF solution (6.3 mL, 6.3 mmol) at room
temperature, and the mixture was stirred for 2 h. The reaction mixture was added water and brine. The aqueous
layer was extracted three times with ethyl acetate. The combined organic layers were washed with water, washed
with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by flash column
chromatography (95:5 to 74:26 n-hexane/ethyl acetate) to afford the product (0.73 g, 79%). 'H-NMR (300 MHz,
CDCl3): 8 1.50 (9H, s), 1.67 (9H, s), 5.79 (1H, brs), 6.82 (1H, dd, J =2.0, 8.7), 7.51 (1H, d, J = 2.0), 7.70 (1H, d, J
=8.7); LC/MS (ESI, [M-H]", m/z) 289.

tert-Butyl 3-cyclopropyl-6-hydroxy-1H-indazole-1-carboxylate (25). To a stirred mixture of 34e (6.68 g, 25
mmol) and 10% palladium on activated charcoal (2.68 g, PE-type, N.E.Chemcat.) in ethanol (246 mL) was added
concentrated hydrochloric acid (2.0 mL, 24 mmol). The reaction was evacuated, placed under a hydrogen
atmosphere, and stirred for 2.5 h at 60 °C. The reaction mixture was cooled to room temperature, passed through a
membrane filter, and the solvent was concentrated under reduced pressure to give 3-cyclopropyl-1H-indazol-6-ol
hydrochloride (5.82 g). LC/MS (ESI, [M+H]", m/z) 175. To a stirred solution of 3-cyclopropyl-1H-indazol-6-ol
hydrochloride (5.18 g) and imidazole (4.21 g, 61 mmol) in anhydrous DMF (122 mL) was added TBDPSCI (15.67
mL, 61 mmol) at room temperature, and the mixture was stirred overnight. The reaction mixture was added
imidazole (1.8 g, 26 mmol) and TBDPSCI (6.3 mL, 24 mmol) at room temperature, and the mixture was stirred for
1.5 h. The reaction mixture was then poured into water, and the aqueous layer was extracted twice with ethyl
acetate. The combined organic layers were washed twice with water, washed with brine, dried over Na,SOy4, and
concentrated in vacuo. The residue (31.38 g) was purified by flash column chromatography (95:5 to 74:26
n-hexane/ethyl acetate) to afford 6-((tert-butyldiphenylsilyl)oxy)-3-cyclopropyl-1H-indazole (4.71 g, 47% yield).
'H-NMR (300 MHz, CDCls): 8 0.95-1.00 (4H, m), 1.11 (9H, s), 2.04-2.14 (1H, m), 6.59 (1H, d, J = 2.0), 6.73 (1H,
dd, J = 2.0, 8.7), 7.33-7.49 (7H, m), 7.72-7.75 (4H, m); LC/MS (ESI, [M+H]", m/z) 413. The
6-((tert-butyldiphenylsilyl)oxy)-3- cyclopropyl-1H-indazole (4.70 g, 11 mmol) was dissolved in THF (120 mL).
The solution was added triethylamine (1.9 mL, 14 mmol), Boc,O (3.1 mL, 14 mmol) and 4-N,N-dimethylamino-
pyridine (0.69 g, 5.7 mmol) at room temperature, and the mixture was stirred overnight. The reaction mixture was
concentrated under reduced pressure. The residue was purified by flash column chromatography (100:0 to 90:10
n-hexane/ethyl acetate) to afford tert-butyl 6-((tert-butyldiphenylsilyl)oxy)-3-cyclopropyl-1H-indazole-
1-carboxylate (5.08 g, 87%). 'H-NMR (300 MHz, CDCly): & 0.97-1.28 (13H, m), 1.41 (9H, s), 2.07-2.15 (1H, m),
6.78 (1H, dd, J = 2.0, 8.7), 7.33-7.45 (8H, m), 7.66-7.74 (4H, m); LC/MS (ESI, [M+H]", m/z) 513. The tert-butyl
6-((tert-butyldiphenylsilyl)oxy)-3-cyclopropyl-1H-indazole-1-carboxylate (5.08 g, 9.9 mmol) was dissolved in
anhydrous THF (35 mL). The solution was added 1 mol/L TBAF-THF solution (19.8 mL, 20 mmol) at room
temperature, and the mixture was stirred for 0.5 h. The reaction mixture was added water and brine. The aqueous
layer was extracted three times with ethyl acetate. The combined organic layers were washed with water, washed
with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by flash column

chromatography (95:5 to 74:26 n-hexane/ethyl acetate) to afford the product (2.54 g, 93% yield). 'H-NMR (300

52



MHz, CDCLy): § 0.99-1.06 (2H, m), 1.16-1.21 (2H, m), 1.64 (9H, s), 2.12-2.21 (1H, m), 6.25 (1H, brs), 6.86 (1H,
dd, J=2.0, 8.7), 7.52 (1H, brs), 7.53 (1H, d, J = 8.7); LC/MS (ESL [M+H]", m/z) 275.

tert-Butyl 3-cyclobutyl-6-hydroxy-1H-indazole-1-carboxylate (26). To a stirred mixture of 34f (8.00 g, 29 mmol)
and 10% palladium on activated charcoal (3.22 g, PE-type, N.E.Chemcat.) in ethanol (287 mL) was added
concentrated hydrochloric acid (2.4 mL, 29 mmol). The reaction was evacuated, placed under a hydrogen
atmosphere, and stirred for 1.5 h at 60 °C. The reaction mixture was cooled to room temperature, passed through a
membrane filter, and the solvent was concentrated under reduced pressure to give 3-cyclobutyl-1H-indazol-6-ol
hydrochloride (6.50 g). 'H-NMR (300 MHz, DMSO-dq): & 1.84-2.14 (2H, m), 2.25-2.42 (4H, m), 3.89 (1H, q, J =
8.7), 6.66 (1H, dd, J = 1.9, 8.7), 6.73 (1H, d, J = 1.9), 7.56 (1H, d, J = 8.7); LC/MS (ESIL, [M+H]", m/z) 189. To a
stirred solution of 3-cyclobutyl-1H-indazol-6-0l hydrochloride (6.45 g) and imidazole (5.04 g, 74 mmol) in
anhydrous DMF (100 mL) was added TBDPSCI (18.4 mL, 72 mmol) at room temperature, and the mixture was
stirred overnight. The reaction mixture was poured into water, and the aqueous layer was extracted twice with ethyl
acetate. The combined organic layers were washed twice with water, washed with brine, dried over Na,SOy4, and
concentrated in vacuo. The residue (27.90 g) was purified by flash column chromatography (95:5 to 74:26
n-hexane/ethyl acetate) to afford 6-((tert-butyldiphenylsilyl)oxy)-3-cyclobutyl-1H-indazole (9.93 g, 83% yield).
'H-NMR (300 MHz, CDCls): & 1.10 (9H, s), 1.94-2.18 (2H, m), 2.39-2.49 (4H, m), 3.82 (1H, q, J = 8.8), 6.61 (1H,
d, J=2.0), 6.72 (1H, dd, J = 2.0, 8.8), 7.33-7.47 (7H, m), 7.72-7.75 (4H, m); LC/MS (ESI, [M+H]", m/z) 427. The
6-((tert-butyldiphenylsilyl)oxy)-3-cyclobutyl-1H-indazole (9.93 g, 23 mmol) was dissolved in anhydrous THF (233
mL). The solution was added triethylamine (3.9 mL, 28 mmol), Boc,O (6.4 mL, 28 mmol) and
4-N,N-dimethylaminopyridine (1.51 g, 12 mmol) at room temperature, and the mixture was stirred for 4 h. The
reaction mixture was concentrated under reduced pressure, and the residue was partitioned between ethyl acetate
and 1 M HCI. The aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with
water, washed with brine, and dried over Na,SO, The organic layer was concentrated in vacuo to give tert-butyl
6-((tert-butyldiphenylsilyl)oxy)-3-cyclobutyl-1H-indazole-1-carboxylate (12.92 g). "H-NMR (300 MHz, CDCl;): &
1.11 (9H, s), 1.42 (9H, s), 1.94-2.20 (2H, m), 2.34-2.60 (4H, m), 3.82 (1H, q, J = 8.8), 6.77 (1H, dd, J = 2.0, 8.8),
7.32-744 (8H, m), 7.70-7.74 (4H, m); LC/MS (ESI, [M+H], m/z) 527. The tert-butyl
6-((tert-butyldiphenylsilyl)oxy)-3-cyclobutyl-1H-indazole-1-carboxylate (12.26 g, 23 mmol) was dissolved in THF
(80 mL). The solution was added 1 mol/L TBAF-THF solution (46 mL, 46 mmol) at room temperature, and the
mixture was stirred for 1 h. The reaction mixture was added water and brine. The aqueous layer was extracted twice
with ethyl acetate. The combined organic layers were washed with water, washed with brine, dried over Na,SO,,
and concentrated in vacuo. The residue (15.1 g) was purified by flash column chromatography (95:5 to 74:26
n-hexane/ethyl acetate) to afford the product (6.45 g, 96% yield). 'H-NMR (300 MHz, CDCls): & 1.63 (9H, s),
1.91-2.02 (1H, m), 2.06-2.21 (1H, m), 2.38-2.63 (4H, m), 3.87 (1H, q, J =8.8), 6.86 (1H, dd, J =2.1, 8.6), 7.54 (1H,
d, J=8.6), 7.55 (1H, brs); LC/MS (ESI, [M+H]", m/z) 289.

tert-Butyl 6-hydroxy-3-(trifluoromethyl)-1H-indazole-1-carboxylate (27). To a stirred mixture of 47 (1.82 g, 9.1
mmol) and imidazole (1.36 g, 20 mmol) in anhydrous DMF (22 mL) was added TBDPSCI (5.14 mL, 20 mmol) at
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room temperature, and the mixture was stirred overnight. The reaction mixture was added ethyl acetate. The
organic layer was washed twice with water, washed with brine, dried over MgSQy,, and concentrated in vacuo. The
residue (22.86 g) was purified by flash column chromatography (97:3 to 76:24 n-hexane/ethyl acetate) to afford
6-((tert-butyldiphenylsilyl)oxy)-3-(trifluoromethyl)-1H-indazole (3.37 g, 83% yield). 'H-NMR (300 MHz,
DMSO-dg): 8 1.06 (9H, s), 6.76 (1H, d, J =2.0), 6.93 (1H, dd, J = 2.0, 8.9), 7.37-7.54 (6H, m), 7.62 (1H, d, J = 8.9),
7.69-7.73 (4H, m), 13.49 (1H, brs). To a solution of 6-((tert-butyldiphenylsilyl)oxy)-3-(trifluoromethyl)-
1H-indazole (3.35 g, 7.6 mmol), triethylamine (1.3 mL, 9.1 mmol) and Boc,O (2.1 mL, 9.1 mmol) in anhydrous
THF (35 mL) was added 4-N,N-dimethylaminopyridine (93 mg, 0.76 mmol) at room temperature, and the mixture
was stirred overnight. The reaction mixture was added ethyl acetate, washed twice with 1 M HCI, washed with
brine, dried over Na,SO4, and concentrated in vacuo. The residue (4.48 g) was dissolved in THF (40 mL). The
solution was added 1 mol/L TBAF-THF solution (12 mL, 12 mmol) at room temperature, and the mixture was
stirred for 20 min. The reaction mixture was poured into brine and extracted with ethyl acetate. The organic layer
was washed twice with water, washed with brine, dried over MgSQ,, and concentrated in vacuo. The residue (4.30
g) was purified by flash column chromatography (86:24 to 65:35 n-hexane/ethyl acetate) to afford the product (1.65
g, 72%). "H-NMR (300 MHz, CDCls): & 1.72 (9H, s), 5.39 (1H, s), 6.98 (1H, dd, J =2.2, 8.8), 7.63 (1H, d, J = 2.2),
7.69 (1H, d, J = 8.8); LC/MS (ESI, [M-H]", m/z) 301.

tert-Butyl 6-hydroxy-3-phenyl-1H-indazole-1-carboxylate (28). 38b (183 mg, 0.3 mmol), phenylboronic acid
(78 mg, 0.6 mmol), Pd,(dba); (28 mg, 0.03 mmol), P(o-Tol); (48 mg, 0.15 mmol) and K5PO4 (128 mg) were
dissolved in DMF (1.4 mL) and water (0.14 mL) under a nitrogen atmosphere. The mixture was stirred for 2 h at
80 °C, and was then cooled at room temperature. The mixture was added ethyl acetate. The organic layer was
washed with water, washed with brine, dried over MgSQy,, and concentrated in vacuo. The residue was purified by
flash column chromatography (88:12 to 67:33 n-hexane/ethyl acetate) to give the product (79 mg, 83% yield).
'H-NMR (300 MHz, CDCls): & 1.69 (9H, s), 6.92 (1H, dd, J = 2.2, 8.7), 7.40-7.50 (3H, m), 7.63 (1H, d, J = 2.0),
7.77 (1H, d, J = 8.7), 7.90-7.94 (2H, m). LC/MS (ESL, [M+H]", m/z) 311.

Ethyl 6-hydroxy-1-(tetrahydro-2H-pyran-2-yl)-1H-indazole-3-carboxylate (29). To a solution of ethyl 50 (1.30
g, 2.5 mmol) in THF (12 mL) was added 1 mol/L TBAF-THF solution (3.7 mL, 3.7 mmol) at room temperature
under a nitrogen atmosphere, and the mixture was stirred for 2 h. The reaction mixture was added ethyl acetate,
washed three times with brine, dried over MgSQy,, and concentrated in vacuo. The residue (2.95 g) was purified by
flash column chromatography (100:0 to 81:19 n-hexane/ethyl acetate) to give the title compound (0.66 g, 92%
yield). "H-NMR (300 MHz, CDCls): 8 1.46 (3H, t, J = 7.1), 1.63-1.76 (3H, m), 2.03-2.11 (2H, m), 2.42-2.53 (1H,
m), 3.67-3.75 (1H, m), 4.01-4.05 (1H, m), 4.49 (2H, q, J =7.1), 5.40 (1H, brs), 5.69-5.74 (1H, m), 6.88 (1H, dd, J
=2.1,8.8),7.07 (1H,d, J=2.1), 8.04 (1H, d, J = 8.8); LC/MS (ESI, [M+H]", m/z) 291.

Ethyl 6-(2-(tert-butoxycarbonyl-((2R)-2-(3-(tert-butoxycarbonyl(methylsulfonyl)amino)phenyl)-2-triethyl-
silyloxy-ethyl)amino)ethoxy)-1-tetrahydropyran-2-yl-indazole-3-carboxylate (30). To a stirred solution of 17
(506 mg, 0.86 mmol), 29 (124 mg, 0.43 mmol), and triphenylphosphine (229 mg, 0.87 mmol) in anhydrous THF
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(4.3 mL) under nitrogen was added diethyl azodicarboxylate (0.39 mL, 0.86 mmol, 2.2 M toluene solution) at 0 °C.
The resulting solution was allowed to warm to room temperature and was then stirred overnight. The solution was
concentrated and purified by flash column chromatography on silica gel (85:15 to 64:36 n-hexane/ethyl acetate) to
afford 238 mg (64% yield) of the title compound. "H-NMR (300 MHz, CDCls, 2:3 rotamers): & 0.48-0.61 (6H, m),
0.87-0.97 (12H, m), 1.22-1.33 (2H, m), 1.43-1.52 (18H, m), 1.64-1.78 (3H, m), 2.04-2.14 (2H, m), 2.47-2.59 (1H,
m), 3.22-3.62 (6H, m), 3.71-3.78 (1H, m), 4.01-4.07 (2H, m), 4.48 (2H, q, J =7.1), 4.95-4.99 and 5.10-5.15 (1H,
each m), 5.72-5.77 (1H, m), 6.89-7.00 (2H, m), 7.12-7.44 (4H, m), 7.98-8.04 (1H, m); LC/MS (ESI, [M+H]", m/z)
861.

4-(tert-Butyldimethylsilyloxy)-2-fluorobenzonitrile (32). To a stirred mixture of 2-fluoro-4-hydroxybenzonitrile
31 (30.13 g, 220 mmol) and imidazole (18.37 g, 270 mmol) in anhydrous DMF (436 mL) was added TBSCI (48.32
g, 320 mmol) at 0 °C. The resulting solution was allowed to warm to room temperature, and the mixture was stirred
for 1 h. The mixture was concentrated under reduced pressure and remaining oil was partitioned between ethyl
acetate and water. The aqueous layer was extracted twice with ethyl acetate. The combined organic layers were
washed twice with water, washed with brine, dried over Na,SQ,, filtered, and concentrated under reduced pressure.
The residue was purified by flash column chromatography (100:0 to 94:6 n-hexane/ethyl acetate) to give the
product (40.36 g, 73% yield). "H-NMR (300 MHz, CDCls): & 0.25 (6H, s), 0.98 (9H, s), 6.64 (1H, dd, J =2.2, 10.5),
6.69 (1H, dd, J=2.2,8.4), 7.47 (1H, t, J=8.4).

1-(2-Fluoro-4-hydroxyphenyl)propan-1-one (33b). 32 (10.06 g, 40 mmol) was dissolved in anhydrous diethyl
ether (100 mL) under an argon atmosphere, and the solution was added 3 mol/L ethylmagnesium bromide-diethyl
ether solution (35 mL, 105 mmol) at room temperature. The reaction mixture was stirred for 20 min at room
temperature, and the mixture was stirred for 1.5 h at reflux. The mixture was added water (36 mL) and 5 M HCI (36
mL) at 0 °C. The mixture was stirred overnight at reflux. The aqueous layer was extracted three times with ethyl
acetate. The combined organic layers were washed with water, washed with brine, dried over Na,SO,, and
concentrated under reduced pressure. The residue was dissolved in anhydrous THF (100 mL), and the solution was
added 1 mol/L TBAF-THF solution (31.5 mL, 31.5 mmol) at room temperature. The reaction mixture was stirred
for 20 min, and the mixture was added brine. The aqueous layer was extracted three times with ethyl acetate. The
combined organic layers were washed with water, washed with brine, dried over Na,SOy, and concentrated under
reduced pressure. The residue was dissolved in diethyl ether, and the solution was extracted with 2 M NaOH. The
aqueous layer was washed three times with diethyl ether and added 2 M HCIL. The aqueous layer was extracted
twice with ethyl acetate. The combined organic layers were washed with water, washed with brine, and dried over
Na,SOy4. The solvent was evaporated under reduced pressure to give the title compound (5.63 g, 84 %). 'H-NMR
(300 MHz, CDCI;+DMSO-d¢): 4 1.14 (3H, t, J = 7.2), 2.90 (2H, qd, J = 3.3, 7.2), 6.55 (1H, dd, J = 2.2, 13.3), 6.67
(1H, dd, J = 2.2, 8.8), 7.74 (1H, d, J = 8.8), 10.22 (1H, brs); LC/MS (ESI, [M-H]", m/z) 167.

1-(2-Fluoro-4-hydroxyphenyl)-2-methylpropan-1-one (33c). 32 (14.02 g, 56 mmol) was dissolved in anhydrous

THF (5 mL) under an argon atmosphere, and the solution was added 0.78 mol/L isopropylmagnesium
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bromide-THF solution (89 mL, 70 mmol) at room temperature. The reaction mixture was stirred for 20 min at room
temperature. The mixture was added CuBr (140 mg), and stirred for 1.5 h at 60 °C. The reaction mixture was
cooled to 0 °C, and added water (21 mL) and 5 M HCI (21 mL). The mixture was stirred for 6 h at 60 °C. The
reaction mixture was then added 5 M HCI (21 mL), and stirred for 13 h at 60 °C. The reaction mixture was cooled
at room temperature. The aqueous layer was extracted three times with ethyl acetate. The combined organic layers
were washed with water, washed with brine, dried over Na,SOy, and concentrated under reduced pressure. The
residue was added n-hexane, and the precipitates were collected by suction filtration to afford the product (7.91 g,
79% yield). '"H-NMR (300 MHz, DMSO-dg): 8 1.07 (6H, d, J = 6.8), 3.31 (1H, septetdoublet, J = 0.8, 6.8), 6.62
(1H, dd, J=2.3, 13.6), 6.71 (1H, dd, J = 2.3, 8.7), 7.70 (1H, d, J = 8.7); LC/MS (ESL, [M-H]", m/z) 181.

1-(2-Fluoro-4-hydroxyphenyl)-2,2-dimethylpropan-1-one (33d). 32 (1.60 g, 6.2 mmol) was added 1.01 mol/L
tert-butylmagnesium chloride-THF solution (15.6 mL, 15 mmol) at room temperature under an argon atmosphere.
The reaction mixture was stirred for 15 min at room temperature. The mixture was added CuBr (16 mg), and stirred
for 1.5 h at 60 °C. The reaction mixture was cooled to room temperature, and added water (6 mL) and 5 M HCI (9
mL). The mixture was stirred overnight at 60 °C. The reaction mixture was then cooled at room temperature. The
aqueous layer was extracted twice with ethyl acetate. The combined organic layers were washed with water,
washed with brine, dried over Na,SO,, and concentrated under reduced pressure. The residue was dissolved in
anhydrous THF (22 mL), and the solution was added 1 mol/L TBAF-THF solution (6.2 mL, 6.2 mmol) at room
temperature. The mixture was stirred for 1 h, and then added brine. The aqueous layer was extracted twice with
ethyl acetate. The combined organic layers were washed with water, washed with brine, dried over Na,SO,, and
concentrated under reduced pressure. The residue was purified by column chromatography (15:1 to 5:1
n-hexane/ethyl acetate) to afford the product (1.13 g, 92% yield). 'H-NMR (300 MHz, CDCLy): & 1.25 (9H, d, J =
0.7), 6.55 (1H, dd, J=2.2, 11.1), 6.59 (1H, dd, J = 2.2, 8.1), 7.11 (1H, t, J = 8.1); LC/MS (ESL [M—H]", m/z) 195.

Cyclopropyl(2-fluoro-4-hydroxyphenyl)methanone (33e). 32 (10.00 g, 40 mmol) was dissolved in anhydrous
THF (5 mL) under an argon atmosphere, and the solution was added 1 mol/L cyclopropylmagnesium bromide-THF
solution (80 mL, 80 mmol) at 0 °C. The reaction mixture was stirred for 15 min at room temperature. The mixture
was then stirred for 1.5 h at 60 °C. The reaction mixture was cooled to 0 °C, and added water (50 mL) and 5 M HCl
(50 mL). After the reaction mixture was stirred overnight at 60 °C, the mixture was cooled at room temperature.
The aqueous layer was extracted three times with ethyl acetate. The combined organic layers were washed with
water, washed with brine, dried over Na,SO,, and concentrated under reduced pressure. The residue was added
n-hexane, and the precipitates were collected by suction filtration to afford the product (6.52 g, 90% yield).
'H-NMR (300 MHz, DMSO-dg): & 0.97-1.04 (4H, m), 2.56-2.65 (1H, m), 6.63 (1H, dd, J =2.2, 13.5), 6.70 (1H, dd,
J=22,8.6),7.67 (1H, t,J = 8.6); LC/MS (ESI, [M-H]", m/z) 179.

Cyclobutyl(2-fluoro-4-hydroxyphenyl)methanone (33f). Preparation of a cyclobutylmagnesium bromide-diethyl
ether solution: To a stirred mixture of magnesium (9.18 g, 378 mmol) in anhydrous diethyl ether (20 mL) was

added a catalytic amount of iodine and anhydrous diethyl ether (10 mL). The mixture was stirred for 15 min at
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room temperature. The mixture was then added a catalytic amount of dibromoethane and anhydrous diethyl ether
(20 mL). The mixture was stirred for 15 min at room temperature. The reaction mixture was added
bromocyclobutane (7.0 mL, 74 mmol) dissolved in anhydrous diethyl ether (30 mL). The mixture was stirred for 15
min and was then used directly in the next step. 32 (9.49 g, 38 mmol) was dissolved in anhydrous THF (30 mL)
under an argon atmosphere, and the solution was added cyclobutylmagnesium bromide-diethyl ether solution (60
mL) at room temperature. The reaction mixture was stirred for 15 min at room temperature. The mixture was added
CuBr (140 mg), and was stirred for 0.5 h at 60 °C. The reaction mixture was cooled to 0 °C, and added water (30
mL) and 5 M HCI (30 mL). After the reaction mixture was stirred for 1 h at 60 °C, the mixture was cooled at room
temperature. The aqueous layer was extracted three times with ethyl acetate. The combined organic layers were
washed with water, washed with brine, dried over Na,SOy, and concentrated under reduced pressure. The residue
was dissolved in anhydrous THF (76 mL), and the solution was added 1 mol/L TBAF-THF solution (38 mL, 38
mmol) at room temperature. The mixture was stirred for 5 min, and was added water and brine. The aqueous layer
was extracted twice with ethyl acetate. The combined organic layers were washed with water, washed with brine,
dried over Na,SO,, and concentrated under reduced pressure. The residue was dissolved in diethyl ether, and the
solution was extracted with 2 M NaOH. The aqueous layer was washed six times with diethyl ether, and was added
2 M HCI. The aqueous layer was extracted twice with ethyl acetate. The combined organic layers were washed with
water, washed with brine, and dried over Na,SO,4. The solvent was evaporated under reduced pressure to give the
title compound (6.97 g, 95% yield). 'H-NMR (300 MHz, DMSO-dg): & 1.71-1.82 (1H, m), 1.89-2.04 (1H, m),
2.15-2.23 (4H, m), 3.76-3.88 (1H, m), 6.61 (1H, dd, J=2.2, 13.5), 6.72 (1H, dd, J=2.2, 8.9), 7.73 (1H, t, ] = 8.9),
10.80 (1H, brs); LC/MS (ESI, [M+H]", m/z) 195.

1-Benzyl-3-methyl-1H-indazol-6-0l (34a). To a stirred mixture of 1-(2-Fluoro-4-hydroxyphenyl)ethanone 33a
(771 mg, 5 mmol) and sodium acetate (1.23 g, 15 mmol) in anhydrous xylene (35 mL) was added benzylhydrazine
dihydrochloride (1.19 g, 7.5 mmol). The mixture was stirred overnight at 160 °C. The reaction mixture was cooled
to room temperature and added water (15 mL) and n-hexane (15 mL). The resultant solid was collected by suction
filtration and washed with toluene and n-hexane to afford 1.125 g (94% yield) of the title compound. 'H-NMR (400
MHz, CDCL): ¢ 2.52 (3H, s), 5.39 (2H, s), 5.77 (1H, brs), 6.59 (1H, d, J = 2.0), 6.68 (1H, dd, J = 2.0, 8.6),
7.13-7.15 (2H, m), 7.19-7.28 (m, 3H), 7.49 (1H, d, J = 8.6); LC/MS (ESL, [M+H]", m/z) 239.

1-Benzyl-3-ethyl-1H-indazol-6-0l (34b). To a stirred mixture of 33b (5.37 g, 32 mmol) and sodium acetate (2.75 g,
155 mmol) in anhydrous xylene (76 mL) was added benzylhydrazine dihydrochloride (9.45 g, 48 mmol). The
mixture was stirred overnight at reflux using a Dean-Stark apparatus. The reaction mixture was cooled to room
temperature, and added water (50 mL). The aqueous layer was extracted twice with ethyl acetate. The combined
organic layers were washed twice with water, washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. Before completely evaporating the solvent, the precipitates were filtered, and the solids
were washed with n-hexane to give the title compound (4.76 g, 59% yield). '"H-NMR (300 MHz, DMSO-d,): & 1.28
(3H,t,J=17.6),2.84 (2H, q, J = 7.6), 5.42 (2H, s), 6.62 (1H, dd, J =1.9, 8.7), 6.72 (1H, d, J=1.9) 7.14-7.17 (2H,
m), 7.21-7.40 (3H, m), 7.51 (1H, d, J = 8.7), 9.58 (1H, brs); LC/MS (ESI, [M+H]", m/z) 253.
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1-Benzyl-3-isopropyl-1H-indazol-6-0l (34c). To a stirred mixture of 33¢ (0.76 g, 4.3 mmol) and sodium acetate
(1.72 g, 21 mmol) in anhydrous xylene (43 mL) was added benzylhydrazine dihydrochloride (1.25 g, 48 mmol).
The mixture was stirred overnight at reflux. The reaction mixture was cooled to room temperature and added water.
The aqueous layer was extracted twice with ethyl acetate. The combined organic layers were washed twice with
water, washed with brine, and dried over anhydrous Na,SO,4. The organic layer was concentrated under reduced
pressure. The residue was added n-hexane, and the precipitates were collected by suction filtration to afford the
product (0.91 g, 80% yield). "H-NMR (300 MHz, DMSO-de): & 1.35 (6H, d, J = 6.9), 3.26 (1H, septet, J = 6.9),
5.42 (2H, s), 6.61 (1H, dd, J=1.9, 8.7), 6.70 (1H, d, J = 1.7), 7.12-7.14 (2H, m), 7.20-7.32 (3H, m), 7.56 (1H, d, J
=8.7),9.57 (1H, brs); LC/MS (ESL [M+H]", m/z) 267.

1-Benzyl-3-(tert-butyl)-1H-indazol-6-ol (34d). To a stirred mixture of 33d (1.13 g, 5.9 mmol) and sodium acetate
(2.31 g, 28 mmol) in anhydrous xylene (29 mL) was added benzylhydrazine dihydrochloride (1.72 g, 8.8 mmol).
The mixture was stirred overnight at reflux using a Dean-Stark apparatus. The reaction mixture was cooled to room
temperature, and added water. The aqueous layer was extracted twice with ethyl acetate. The combined organic
layers were washed twice with water, washed with brine, and dried over anhydrous Na,SO,4. The organic layer was
concentrated under reduced pressure. The residue was added n-hexane, and the precipitates were collected by
suction filtration to afford the product (1.51 g, 91% yield). "H-NMR (300 MHz, DMSO-dg): 8 0.69 (9H, s), 4.62
(2H, s), 5.79-5.80 (1H, m), 5.84 (1H, dd, J = 2.0, 8.8), 6.27-6.29 (2H, m), 6.33-6.55 (5H, m), 6.90 (1H, d, J = 8.8);
LC/MS (ESI, [M-H]", m/z) 279.

1-Benzyl-3-cyclopropyl-1H-indazol-6-ol (34e). To a stirred mixture of 33e (1.20 g, 6.7 mmol) and sodium acetate
(2.62 g, 32 mmol) in anhydrous xylene (61 mL) was added benzylhydrazine dihydrochloride (1.95 g, 10 mmol).
The mixture was stirred overnight at reflux using a Dean-Stark apparatus. The reaction mixture was cooled to room
temperature, and added water. The aqueous layer was extracted twice with ethyl acetate. The combined organic
layers were washed with water, washed with brine, and dried over anhydrous Na,SO,4. The organic layer was
concentrated under reduced pressure. The residue was added n-hexane/ethyl acetate=10/1, and the precipitates were
collected by suction filtration to afford the product (0.89 g, 51% yield). 'H-NMR (300 MHz, DMSO-dq): &
0.87-0.99 (4H, m), 2.14-2.26 (1H, m), 5.38 (2H, s), 6.61 (1H, dd, J=1.8, 8.7), 6.69 (1H, d, J=1.8), 7.11-7.13 (2H,
m), 7.20-7.31 (3H, m), 7.53 (1H, d, J = 8.7), 9.57 (1H, brs); LC/MS (ESI, [M-H]", m/z) 263.

1-Benzyl-3-cyclobutyl-1H-indazol-6-0l (34f). To a stirred mixture of 33f (6.97 g, 36 mmol) and sodium acetate
(14.16 g, 172 mmol) in anhydrous xylene (85 mL) was added benzylhydrazine dihydrochloride (10.55 g, 54 mmol).
The mixture was stirred overnight at reflux using a Dean-Stark apparatus. The reaction mixture was cooled to room
temperature, and the precipitates were collected by suction filtration. The solid was dissolved in ethyl acetate. The
organic layer was washed with water, washed with brine, and was dried over Na,SO,. The solvent was evaporated
under reduced pressure to give the title compound to afford the product (8.00 g, 80% yield). 'H-NMR (300 MHz,
DMSO-dg): 6 1.89-2.12 (2H, m), 2.32-2.41 (4H, m), 3.81 (1H, q, J =8.7), 5.44 (2H, s), 6.62 (1H, dd, J = 1.9, 8.7),
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6.72 (1H, d, J = 1.9), 7.14-7.17 (2H, m), 7.21-7.32 (3H, m), 7.51 (1H, d, J = 8.7), 9.59 (1H, brs); LC/MS (ESI,
[M+H]", m/z) 279.

6-((tert-Butyldiphenylsilyl)oxy)-1H-indazole (36). 1H-indazol-6-amine 35 (24.33 g, 181 mmol) and 48% HBF,
solution (242 mL) were dissolved in water (100 mL) and cooled to 0 °C. A solution of sodium nitrite (13.87 g, 201
mmol) in water (20 mL) was added dropwise to the reaction mixture at 0 °C. The mixture was stirred for 30 min at
0 °C. The precipitates were collected by suction filtration, and washed with chloroform. The solid was dissolved in
acetic acid (250 mL) and was stirred for 10 min at 50 °C, 10 min at 110 °C, and then 10 min at 130 °C. The
solution was cooled at room temperature, and added saturated Na,COs solution. The aqueous layer was extracted
with ethyl acetate. The organic layer was washed with brine, dried over MgSQO,, and concentrated in vacuo. The
residue was dissolved in ethanol (240 mL). The solution was added 2 M NaOH (365 mL) at room temperature, and
the mixture was stirred for 1 h. The mixture was concentrated under reduced pressure. After neutralization with 2
M HCI (200 mL) and NH4CI solution until pH 7, the mixture was extracted with ethyl acetate. The organic layer
was washed with brine, dried over MgSQ,, and concentrated in vacuo. The residue was added chloroform, and the
precipitates were collected by suction filtration to give 1H-indazol-6-ol (13.54 g, 56% yield). 'H-NMR (400 MHz,
DMSO-dg): 8 6.64 (1H, dd, J = 2.0, 8.6), 6.77 (1H, s), 7.52 (1H, d, J = 8.6), 7.85 (1H, d, J = 0.5), 9.67 (1H, s),
12.56 (1H, s); LC/MS (ESI, [M+H]", m/z) 135. To a stirred mixture of 1H-indazol-6-o0l (4.03 g, 30 mmol) and
imidazole (4.49 g, 66 mmol) in anhydrous DMF (60 mL) was added TBDPSCI (17.1 mL, 66 mmol) at room
temperature, and the mixture was stirred overnight. The reaction mixture was poured into water, and the aqueous
layer was extracted twice with ethyl acetate. The combined organic layers were washed three times with water,
dried over MgSOs, and concentrated in vacuo. The residue (22.86 g) was purified by flash column chromatography
(92:8 to 71:29 n-hexane/ethyl acetate) to afford the title compound (9.21 g, 82% yield). 'H-NMR (300 MHz,
CDCl3): 8 1.11 (9H, s), 6.66-6.67 (1H, m), 6.78 (1H, dd, J = 2.0, 8.7), 7.33-7.45 (6H, m), 7.49 (1H, dd, J = 0.4, 8.7),
7.71-7.74 (4H, m), 7.88 (1H, s); LC/MS (ESI, [M+H]", m/z) 373.

6-((tert-Butyldiphenylsilyl)oxy)-3-chloro-1H-indazole (37a). 36 (29.25 g, 79 mmol) was dissolved in anhydrous
THF (200 mL) under a nitrogen atmosphere, and was cooled to 0 °C. The solution was added potassium
tert-butoxide (18.22 g, 162 mmol) and N-chlorosuccinimide (17.05 g, 128 mmol) at 0 °C. The mixture was allowed
to warm to room temperature, and was stirred for 4 h. The reaction mixture was added a saturated NH4Cl solution,
and the aqueous layer was extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried over MgSOs, and concentrated in vacuo. The residue (22.86 g) was purified by flash column chromatography
(88:12 to 67:33 n-hexane/ethyl acetate) to afford the product (18.59 g, 57% yield). 'H-NMR (300 MHz, CDCl;):
5 1.11 (9H, s), 6.60 (1H, d, J = 2.0), 6.83 (1H, dd, J = 2.0, 8.8), 7.33-7.47 (7TH, m), 7.70-7.74 (4H, m), 9.54 (1H,
brs); LC/MS (ESI, [M+H]", m/z) 407.

6-((tert-Butyldiphenylsilyl)oxy)-3-iodo-1H-indazole (37b). 36 (9.21 g, 25 mmol) was dissolved in anhydrous
THF (247 mL) under a nitrogen atmosphere and was cooled to 0 °C. The solution was added potassium

tert-butoxide (5.56 g, 50 mmol) and iodine (12.62 g, 50 mmol) at 0 °C. The mixture was allowed to warm to room
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temperature, and was stirred for 40 min. The reaction mixture was added a solution of sodium thiosulfate, and the
aqueous layer was extracted twice with ethyl acetate. The combined organic layers were washed twice with brine,
dried over MgSOs, and concentrated in vacuo. The residue was purified by flash column chromatography (88:12 to
67:33 n-hexane/ethyl acetate) to afford the product (11.05 g, 90% yield). 'H-NMR (300 MHz, CDCls): & 1.10 (9H,
s), 6.71-6.72 (1H, m), 6.84 (1H, dd, J = 1.9, 8.8), 7.24 (1H, d, J = 9.3), 7.32-7.45 (6H, m), 7.70-7.73 (4H, m), 10.69
(1H, brs); LC/MS (ESI, [M+H]", m/z) 499.

tert-Butyl 6-((tert-butyldiphenylsilyl)oxy)-3-chloro-1H-indazole-1-carboxylate (38a). To a solution of 37a
(18.46 g, 46 mmol), triethylamine (7.7 mL, 55 mmol) and Boc,0O (12.56 g, 58 mmol) in anhydrous THF (200 mL)
was added 4-N,N-dimethylaminopyridine (0.55 g, 4.6 mmol) at room temperature, and the mixture was stirred
overnight. The reaction mixture was added ethyl acetate. The organic layer was washed twice with 1 M HCI,
washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was purified by flash column
chromatography (97:3 to 80:20 n-hexane/ethyl acetate) to give the product (17.51 g, 75% yield). 'H-NMR (300
MHz, CDCl3): 6 1.12 (9H, s), 1.48 (9H, s), 6.83 (1H, dd, J = 1.9, 8.6), 7.34-7.43 (7TH, m), 7.70-7.73 (5H, m).

tert-Butyl 6-((tert-butyldiphenylsilyl)oxy)-3-iodo-1H-indazole-1-carboxylate (38b). To a solution of 37b (2.43 g,
5 mmol), triethylamine (0.77 mL, 6 mmol) and Boc,O (1.37 mL, 6 mmol) in anhydrous acetonitrile (25 mL) was
added 4-N,N-dimethylaminopyridine (0.61 g, 5 mmol) at room temperature, and the mixture was stirred overnight.
The reaction mixture was concentrated under reduced pressure. The residue was purified by flash column
chromatography (100:0 to 87:13 n-hexane/ethyl acetate) to give the product (2.30 g, 76% yield). 'H-NMR (300
MHz, CDCls): 6 1.11 (9H, s), 1.47 (9H, s), 6.83 (1H, dd, J = 2.1, 8.7), 7.17 (1H, d, J = 8.7), 7.32-7.45 (6H, m),
7.69-7.72 (5H, m).

6-(Benzyloxy)-1H-indazol-3-0l (40). To a stirred mixture of methyl 2-fluoro-4-hydroxybenzoate 39 (1.47 g, 8.6
mmol) and K,CO; powder (3.69 g, 27 mmol) in anhydrous DMF (21 mL) was added benzyl bromide (1.2 mL 10
mmol) at room temperature under a nitrogen atmosphere, and the mixture was stirred overnight at 50 °C. The
reaction mixture was poured into water, and the aqueous layer was extracted twice with ethyl acetate. The
combined organic layers were washed twice with water, washed with brine, dried over Na,SO,, and concentrated in
vacuo. The residue (2.42 g) was purified by flash column chromatography (97:3 to 77:23 n-hexane/ethyl acetate) to
afford methyl 4-(benzyloxy)-2-fluorobenzoate (2.20 g, 98% yield). 'H-NMR (300 MHz, CDCl;): & 3.89 (3H, s),
5.09 (2H, s), 6.70 (1H, dd, J = 2.4, 12.6), 6.79 (1H, dd, J = 2.4, 8.8), 7.33-7.41 (5H, m), 7.89 (1H, t, J = 8.8). The
methyl 4-(benzyloxy)-2-fluorobenzoate (1.72 g, 6.6 mmol) was dissolved in n-butanol (32.5 mL). The solution was
added hydrazine monohydrate (3.14 mL, 65 mmol) and was irradiated in a microwave for 1 h at 160 °C. The
reaction mixture was cooled and the precipitates were collected by suction filtration to give the product (1.25 g,
79% yield). 'H-NMR (300 MHz, DMSO-de): 6 5.13 (2H, s), 6.67 (1H, dd, J = 2.0, 8.7), 6.75 (1H, d, J = 2.0),
7.30-7.49 (6H, m); LC/MS (ESL [M+H]", m/z) 241.

tert-Butyl 6-(benzyloxy)-3-hydroxy-1H-indazole-1-carboxylate (41). To a solution of 40 (1.92 g, 8 mmol),
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triethylamine (2.8 mL, 20 mmol) and Boc,O (4.6 mL, 20 mmol) in dichloromethane (80 mL) was added
4-N,N-dimethylaminopyridine (0.49 g, 4 mmol) at room temperature under a nitrogen atmosphere, and the mixture
was stirred overnight. The reaction mixture was washed twice with 1 M HCI, washed with water, dried over MgSQ,,
and concentrated in vacuo. The residue (3.65 g) was dissolved in methanol (64 mL). The solution was added 7 M
NH3;-MeOH (16 mL) at room temperature, and was stirred for 4 h. The reaction mixture was concentrated under
reduced pressure. The residue was added ethanol, and the precipitates were collected by suction filtration to give
the product (1.58 g, 58% yield). 'H-NMR (300 MHz, CDCLy): & 1.70 (9H, s), 5.15 (2H, s), 6.96 (1H, dd, J = 2.1,
8.7),7.33-7.47 (6H, m), 7.69 (1H, d, J = 8.7); LC/MS (ESI, [M+H]", m/z) 341.

tert-Butyl 6-(benzyloxy)-3-methoxy-1H-indazole-1-carboxylate (42a). A mixture of 41 (207 mg, 0.6 mmol),
Agr,CO; (509 mg, 1.8 mmol) and methyl iodide (0.37 mL, 6 mmol) in anhydrous toluene (6 mL) was irradiated in a
microwave for 2 h at 60 °C. The reaction mixture was filtered and concentrated in vacuo. The residue (226 mg) was
purified by flash column chromatography (99:1 to 78:22 n-hexane/ethyl acetate) to afford the title compound (153
mg, 72% yield). '"H-NMR (300 MHz, CDCls): & 1.68 (9H, s), 4.14 (3H, s), 5.13 (2H, s), 6.94 (1H, dd, J =2.2, 8.7),
7.31-7.47 (5H, m), 7.51 (1H, d, J = 8.7), 7.57 (1H, brs); LC/MS (ESL [M+H]", m/z) 355.

tert-Butyl 6-(benzyloxy)-3-ethoxy-1H-indazole-1-carboxylate (42b). A mixture of 41 (69 mg, 0.2 mmol),
Agr,CO; (168 mg, 0.6 mmol) and ethyl iodide (0.16 mL, 2 mmol) in anhydrous toluene (2 mL) was irradiated in a
microwave for 2 h at 90 °C. The reaction mixture was purified by flash column chromatography (99:1 to 78:22
n-hexane/ethyl acetate) to afford the title compound (68 mg, 90% yield). 'H-NMR (300 MHz, CDCls): & 1.47 (3H, t,
J=7.1),1.70 9H, s), 4.52 (2H, q, J =7.1), 5.13 (2H, s), 6.94 (1H, dd, J = 2.2, 8.7), 7.31-7.46 (5H, m), 7.53 (1H, d,
J=8.7), 7.56 (1H, brs); LC/MS (ESL [M+H]", m/z) 369.

1-(Bromomethyl)-4-methoxy-2-nitrobenzene (44). To a stirred mixture of 4-methoxy-1-methyl-2-nitrobenzene 43
(2.7 mL, 20 mmol) and N-bromosuccinimide (4.05 g, 23 mmol) in CCl, (20 mL) was added 70% benzoyl peroxide
(348 mg, 1 mmol) at room temperature under a nitrogen atmosphere, and the mixture was stirred for 3 h at reflux.
The reaction mixture was filtered and the reaction solution was washed with saturated ag NaHCO;, washed with
water, dried over Na,SO,, and concentrated in vacuo. The residue was purified by flash column chromatography
(94:6 to 74:27 n-hexane/ethyl acetate) to give the title compound (3.25 g, 66% yield). "H-NMR (300 MHz, CDCl;):
5 3.88 (3H, s), 4.80 (2H, s), 7.13 (1H, dd, J=2.7, 8.6), 7.46 (1H, d, J = 8.6), 7.56 (1H, d, J = 2.7).

4-Methoxy-2-nitro-1-(2,2,2-trifluoroethyl)benzene (45). To a stirred mixture of 44 (2.71 g, 11 mmol) and
2,2-difluoro-2-(fluorosulfonyl)acetate (3.1 mL, 24 mmol) in DMF (22 mL) was added Cul (0.52 g, 2.8 mmol) at
room temperature under a nitrogen atmosphere, and the mixture was stirred for 4 h at 100 °C. The reaction mixture
was added ethyl acetate, and the organic layer was washed with 28% NHj solution, brine and water. The organic
layer was dried over MgSQy, and concentrated in vacuo. The residue (2.95 g) was purified by flash column
chromatography (97:3 to 77:23 n-hexane/ethyl acetate) to give the title compound (1.58 g, 61% yield). 'H-NMR
(300 MHz, CDCl;): & 3.83 (2H, q, J =10.4), 3.89 (3H, s), 7.14 (1H, dd, J = 2.7, 8.6), 7.35 (1H, d, J = 8.6), 7.52
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(1H,d,J=2.7).

1-(6-Methoxy-3-(trifluoromethyl)-1H-indazol-1-yl)ethan-1-one (46). A stirred mixture of 45 (1.81 g, 7.7 mmol)
and 5% palladium on activated charcoal (0.93 g, STD-type, N.E.Chemcat.) in methanol (30 mL) was evacuated,
placed under a hydrogen atmosphere, and stirred overnight at room temperature. The reaction mixture was added
5% palladium on activated charcoal (2.30 g, STD-type, N.E.Chemcat.), and was then evacuated and placed under a
hydrogen atmosphere, and stirred for 9 h at room temperature. The reaction mixture was passed through a
membrane filter, and the solvent was concentrated under reduced pressure to give S5-methoxy-2-(2,2,2-
trifluoroethyl)benzenamine (1.41 g, 90% yield). LC/MS (ESI, [M+H]", m/z) 206. To a stirred mixture of
5-methoxy-2-(2,2,2-trifluoroethyl)benzenamine (1.40 g, 6.9 mmol) and potassium acetate (1.70 g, 17 mmol) in
chlorobenzene (23 mL) was added acetic anhydride (3.26 mL, 35 mmol) at room temperature, and the mixture was
stirred for 20 min at 80 °C. The reaction mixture was added isoamy] nitrite (2.8 mL, 21 mmol), and was stirred for
15 h at 80 °C. This mixture was added isoamyl nitrite (1 mL, 7.5 mmol), and was stirred for 4 h at 80 °C. The
reaction mixture was partitioned between saturated ag NaHCOj; and ethyl acetate. The organic layer was washed
with brine, dried over MgSQOy, and concentrated in vacuo. The residue (1.96 g) was purified by flash column
chromatography (100:0 to 80:20 n-hexane/ethyl acetate) to give the title compound (1.61 g, 90% yield). 'H-NMR
(300 MHz, CDCls): & 2.81 (3H, s), 3.93 (3H, s), 7.06 (1H, dd, J=2.2, 8.9), 7.67 (1H, d, J =8.9), 791 (1H, d, J =
2.2); LC/MS (ESI, [M+H]", m/z) 259.

3-(Trifluoromethyl)-1H-indazol-6-ol (47). A mixture of 46 (2.58 g, 10 mmol) in 48% hydrobromic acid (100 mL)
was stirred overnight at 110 °C. After neutralization with 2 M NaOH until pH 7 the mixture was extracted with
ethyl acetate. The organic layer was washed with brine, dried over MgSQO,, and concentrated in vacuo to give the
product (1.86 g, 92% yield). "H-NMR (300 MHz, DMSO-dq): & 6.85 (1H, dd, J = 2.0, 8.8), 6.88 (1H, d, J = 2.0),
7.57 (1H, d, J = 8.8), 9.98 (1H, brs), 13.46 (1H, brs); LC/MS (ESI, [M+H]", m/z) 203.

Ethyl 6-((tert-butyldiphenylsilyl)oxy)-1H-indazole-3-carboxylate (49). A mixture of 6-methoxy-1H-indazole-3-
carboxylic acid 48 (1.01 g, 5.2 mmol) in 48% hydrobromic acid (52 mL) was stirred overnight at reflux. The
reaction mixture was concentrated in vacuo to give 6-methoxy-1H-indazole-3-carboxylic acid (1.50 g) which was
used without further purification; LC/MS (ESI, [M+H]", m/z) 179. The 6-methoxy-1H-indazole-3-carboxylic acid
(1.50 g) was dissolved in ethanol (52 mL). The solution was added dropwise thionyl chloride (7.6 mL, 104 mmol)
at 0 °C, and the mixture was stirred overnight at 60 °C. The reaction mixture was concentrated under reduced
pressure to give ethyl 6-hydroxy-1H-indazole-3-carboxylate (1.46 g) which was used without further purification;
LC/MS (ESI, [M+H]", m/z) 207. The ethyl 6-hydroxy-1H-indazole-3-carboxylate (1.46 g) was dissolved in
anhydrous DMF (16 mL). The solution was added imidazole (1.43 g, 21 mmol) and TBDPSCI (4.06 mL, 16 mmol)
at room temperature, and was stirred overnight. The reaction mixture was poured into saturated aqg NaHCO; and
extracted twice with ethyl acetate. The combined organic layers were washed with brine, washed twice with water,
dried over MgSQO,, and concentrated in vacuo. The residue (5.51 g) was purified by flash column chromatography

(81:19 to 60:40 n-hexane/ethyl acetate) to afford the title compound (1.47 g, 63% yield). 'H-NMR (300 MHz,
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CDCly): § 1.12 (9H, s), 1.32 (3H, t, J = 7.1), 4.30 (2H, q, J = 7.1), 6.88-6.94 (2H, m), 7.29-7.38 (6H, m), 7.70-7.75
(4H, m), 7.91 (1H, d, J = 8.8), 11.99 (1H, brs); LC/MS (ESL, [M+H]", m/z) 445.

Ethyl 6-((tert-butyldiphenylsilyl)oxy)-1-(tetrahydro-2H-pyran-2-yl)-1H-indazole-3-carboxylate (50). To a
stirred mixture of 49 (1.46 g, 3.3 mmol) and 3,4-dihydro-2H-pyrane (0.6 mL, 6.6 mmol) in toluene (17 mL) was
added p-toluenesulfonic acid monohydrate (0.13 g, 0.7 mmol) at room temperature under a nitrogen atmosphere,
and the mixture was stirred overnight at 60 °C. The reaction mixture was poured into saturated aq NaHCO; and
extracted with ethyl acetate. The organic layer was washed with water, washed with brine, dried over MgSO,, and
concentrated in vacuo. The residue was purified by flash column chromatography (96:4 to 75:25 n-hexane/ethyl
acetate) to afford the title compound (1.33 g, 76%). '"H-NMR (300 MHz, CDCl3): & 1.14 (9H, s), 1.42 (3H, t, J =
7.1), 1.47-1.57 (2H, m), 1.82-2.18 (3H, m), 3.46-3.54 (1H, m), 3.84-3.87 (1H, m), 4.45 (2H, q, J=7.1), 5.48 (1H,
dd, J = 2.7, 9.8), 6.86-6.91 (2H, m), 7.33-7.46 (6H, m), 7.72-7.77 (4H, m), 7.91 (1H, d, J = 8.7); LC/MS (ES]I,
[M+H]", m/z) 529.

N-Benzyl-N-(3-((1R)-2-(benzyl(2-hydroxyethyl)amino)-1-triethylsilyloxy-ethyl)phenyl)methanesulfonamide
(53). A mixture of N-benzyl-N-(3-((1R)-2-iodo-1-triethylsilyloxy-ethyl)phenyl)methanesulfonamide®®”! 51 (77.99 g,
143 mmol) and 2-(benzylamino)ethanol 52 (119 mL, 795 mmol) was stirred overnight at 100 °C under a nitrogen
atmosphere. The reaction mixture was added toluene (100 mL) and diethyl ether (500 mL), was washed three times
with water, dried over MgSQ,, and concentrated in vacuo. The residue (2.95 g) was purified by column
chromatography (2:1 to 81:19 n-hexane/ethyl acetate) to give the title compound (80.40 g, 99% yield). 'H-NMR
(300 MHz, CDCl;): 6 0.36-0.44 (6H, m), 0.79 (9H, t, J =7.9), 2.49-2.80 (4H, m), 2.93 (3H, s), 3.37 (2H, brs), 3.58
(1H, d, J=13.6),3.66 (1H, d, J=13.6), 3.82 (1H, d, J=2.3), 4.49 (1H, d, J=6.2), 4.80 (1H, d, J = 14.5), 4.89 (1H,
d, J=14.5), 7.11-7.34 (14H, m); LC/MS (ESI, [M+H]", m/z) 569.

(R)-N-(3-(1-Hydroxy-2-((2-((3-methyl-1H-indazol-6-yl)oxy)ethyl)amino)ethyl)phenyl)propane-1-sulfonamide

(56a). To a solution of 62 (95 mg, 0.15 mmol) and pyridine (75 pL, 0.9 mmol) in anhydrous CH,Cl, (1 mL) was
added propane-1-sulfonyl chloride (86 mg, 0.6 mmol) at room temperature, and the solution was shaken (600
min'l) overnight. The mixture was purified by flash column chromatography (4:3 n-hexane/ethyl acetate). The
sulfonamide product was diluted with MTBE (100 uL) and 4 M HCl in 1,4-dioxane (1.5 mL, 6.0 mmol) was added
at room temperature. The mixture was shaken (600 min‘l) overnight and nitrogen gas was blown into the reaction
solution to evaporate the solvent. The residue was dried to give compound 56a (40.9 mg, 0.095 mmol, 63% yield)
as dihydrochloride salt. "H-NMR (400 MHz, DMSO-ds) § 0.93 (3H, t, J = 7.6), 1.68 (2H, quin, J = 7.6), 2.44 (3H,
s), 3.03-3.09 (1H, m), 3.07 (2H, t, J = 7.6), 3.23-3.27 (1H, m), 3.46 (2H, t, J=5.1), 4.33-4.37 (2H, m), 4.99 (1H, dd,
J=22,10.2), 6.21 (1H, brs), 6.77 (1H, dd, J = 1.8, 8.7), 6.90 (1H, d, J = 1.8), 7.11 (1H, d, J=7.8), 7.15 (1H, dd, J
=1.3, 7.8), 7.30 (1H, s), 7.33 (1H, t, J = 7.8), 7.60 (1H, d, J = 8.7), 8.97 (1H, brs), 9.22 (1H, brs), 9.88 (1H, s);
BC-NMR (100 MHz, DMSO-dg) & 11.4, 12.5, 16.7, 45.9, 52.2, 53.6, 63.4, 67.9, 92.1, 111.6, 116.6, 117.1, 118.6,
120.9, 121.0, 129.3, 138.5, 140.7, 141.7, 143.0, 157.2; HRMS calculated for C5;H,sN40,S + H', 433.1904, found
ESI: [M+H]", 443.1897; LC/MS-ESI (m/z): [M+H]", 433; HPLC: purity 100%, Rt 2.0 min.
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(R)-N-(3-(1-Hydroxy-2-((2-((3-methyl-1H-indazol-6-yl)oxy)ethyl)amino)ethyl)phenyl)propane-2-sulfonamide
(56b). Step 1. To a solution of 62 (96 mg, 0.15 mmol) and pyridine (18 pL, 0.23 mmol) in anhydrous CH,Cl, (2
mL) was added propane-2-sulfonyl chloride (26 mg, 0.18 mmol) at room temperature, and the solution was stirred
overnight. To the mixture was added DBU (134 uL, 0.9 mmol) and propane-2-sulfonyl chloride (20 pL, 0.18
mmol) at room temperature. The mixture was stirred overnight and DBU (33.5 uL, 0.23 mmol) and
propane-2-sulfonyl chloride (20 pL, 0.18 mmol) were added at room temperature. The mixture was stirred for 4
days and DBU (33.5 uL, 0.23 mmol) and propane-2-sulfonyl chloride (30 uL, 0.26 mmol) were added at room
temperature. The mixture was stirred overnight and purified by flash column chromatography (81:19 to 60:40
n-hexane/ethyl acetate) to give a mixture of 62 and sulfonamide product (41.5 mg). The mixture was diluted with
CH,Cl, (1.5 mL) and 1.7 mmol/g MP-Isocyanate (118 mg, 0.2 mmol) was added at room temperature. The mixture
was stirred overnight, filtered, and concentrated to give tert-butyl (R)-6-(2-((tert-butoxycarbonyl)(2-(3-((1-
methylethyl)sulfonamido)phenyl)-2-((triethylsilyl)oxy)ethyl)amino)ethoxy)-3-methyl-1H-indazole-1-carboxylate
(40 mg). LC/MS-ESI (m/z): [M+H]", 747.

Step 2. To tert-butyl (R)-6-(2-((tert-butoxycarbonyl)(2-(3-((1-methylethyl)sulfonamido)phenyl)-2-((triethylsilyl)-
oxy)ethyl)amino)ethoxy)-3-methyl-1H-indazole-1-carboxylate (40 mg) was added 4 M HCl in 1,4-dioxane (1.5 mL,
6.0 mmol) at room temperature. The mixture was shaken (600 min’l) overnight and nitrogen gas was blown into the
reaction solution to evaporate the solvent. The residue was dried to give compound 56b (28 mg, 0.055 mmol, 36%
yield) as dihydrochloride salt. 'H-NMR (400 MHz, DMSO-d¢) 8 1.24 (6H, d, J = 6.8), 2.44 (3H, s), 3.02-3.09 (1H,
m), 3.23 (1H, septet, J = 6.8), 3.24-3.26 (1H, m), 3.44-3.47 (2H, m), 4.31-4.40 (2H, m), 4.98 (1H, dd, J=2.2, 10.3),
6.22 (1H, brs), 6.77 (1H, dd, J = 2.1, 8.7), 6.90 (1H, d, J=2.1), 7.09 (1H, d, J=7.7), 7.17 (1H, dd, J = 1.3, 8.1),
7.30-7.34 (2H, m), 7.60 (1H, d, J = 8.7), 8.95 (1H, brs), 9.20 (1H, brs), 9.85 (1H, s); *C-NMR (100 MHz,
DMSO-dg) & 11.4, 16.0, 45.9, 51.2, 53.6, 63.4, 68.0, 92.1, 111.6, 116.5, 117.1, 118.5, 120.8, 120.9, 129.3, 138.8,
140.8, 141.6, 143.0, 157.0; HRMS calculated for CyH,sN4O4S + H', 433.1904, found ESI: [M+H]+, 433.1895;
LC/MS-ESI (m/z): [M+H]", 433; HPLC: purity 100%, Ry 1.9 min.

(R)-N-(3-(1-Hydroxy-2-((2-((3-methyl-1H-indazol-6-yl)oxy)ethyl)amino)ethyl)phenyl)cyclopropanesulfon-

amide (56¢). To a solution of 62 (96 mg, 0.15 mmol) and pyridine (18 uL, 0.23 mmol) in anhydrous CH,Cl, (2
mL) was added cyclopropanesulfonyl chloride (25 mg, 0.18 mmol) at room temperature, and the solution was
stirred overnight. To the mixture was added pyridine (24 uL, 0.3 mmol) and cyclopropanesulfonyl chloride (42 mg,
0.3 mmol) at room temperature. The mixture was stirred overnight and purified by flash column chromatography
(4/3 n-hexane/ethyl acetate). The sulfonamide product was diluted with 1,4-dioxane (0.2 mL) to which was added 4
M HCl in 1,4-dioxane (1.6 mL, 6.4 mmol) at room temperature. The mixture was shaken (600 min'l) overnight and
nitrogen gas was blown into the reaction solution to evaporate the solvent. The residue was dried to give compound
56¢ (63 mg, 0.12 mmol, 83% yield) as dihydrochloride salt. 'H-NMR (400 MHz, DMSO-d) & 0.90-0.97 (4H, m),
2.44 (3H, s), 2.58-2.64 (1H, m), 3.03-3.10 (1H, m), 3.23-3.28 (1H, m), 3.46 (2H, t, J = 5.0), 4.32-4.44 (2H, m),
5.01 (1H, dd, J=2.2, 10.3), 6.25 (1H, brs), 6.77 (1H, dd, J = 2.1, 8.8), 6.91 (1H, d, J=2.1), 7.12 (1H, d, J = 7.8),
7.18 (1H, dd, J = 1.3, 7.8), 7.32-7.36 (2H, m), 7.60 (1H, d, J = 8.8), 8.99 (1H, brs), 9.26 (1H, brs), 9.82 (1H, s);
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3C-NMR (100 MHz, DMSO-dg) 5 4.9, 11.5, 29.5, 45.9, 53.6, 63.4, 67.9, 92.1, 111.5, 117.2, 117.4, 119.4, 120.8,
121.1, 129.1, 138.5, 140.8, 141.7, 142.9, 157.1; HRMS calculated for Cy1HgN4O4S + H', 431.1748, found ESI:
[M+H]", 431.1754; LC/MS-ESI (m/z): [M+H]", 431; HPLC: purity 100%, Ry 1.9 min.

(R)-N-(3-(1-Hydroxy-2-((2-((3-methyl-1H-indazol-6-yl)oxy)ethyl)amino)ethyl)phenyl)cyclobutanesulfon-
amide (56d). Step 1. To a solution of 62 (14.95 g, 23.4 mmol) and pyridine (13.2 mL, 164 mmol) in anhydrous
CH,Cl, (100 mL) was added cyclobutanesulfonyl chloride (12.73 g, 81.9 mmol) at room temperature, and the
solution was stirred overnight. The mixture was diluted with ethyl acetate, washed twice with 0.5 M HCI, washed
with brine, dried over Mg,SO4, and concentrated in vacuo. The residue (28.72 g) was purified by flash column
chromatography (73:27 to 52:48 n-hexane/ethyl acetate) to afford the sulfonamide product (11.14 g, 14.7 mmol,
63% yield). '"H-NMR (300 MHz, CDCls, 1:1 rotamers) & 0.54 (6H, g, J = 7.8), 0.88 (9H, t, J = 7.8), 1.23-1.31 (2H,
m), 1.47 (9H, s), 1.71 (9H, s), 1.88-2.02 (2H, m), 2.19-2.23 (2H, m), 2.47-2.60 (5H, m), 3.21-4.16 (5H, m),
4.88-4.93 and 5.02-5.06 (1H, each m), 6.03 and 6.44 (1H, each s), 6.86 (1H, d, J = 8.7), 7.09-7.12 (1H, m),
7.15-7.30 (2H, m), 7.47 (1H, dd, J = 1.6, 8.7), 7.54 (1H, s); LC/MS-ESI (m/z): [M+H]", 759.

Step 2. To a solution of sulfonamide (11.14 g, 14.7 mmol) in anhydrous THF (100 mL) was added 1 M TBAF in
THF (30 mL, 30 mmol) at room temperature, and the mixture was stirred for 2 h. The mixture was diluted with
ethyl acetate and the organic layer was washed with brine, water, and brine. The organic layer was dried over
Na,SO4 and concentrated in vacuo. The residue was purified by flash column chromatography (39:61 to 18:82
n-hexane/ethyl acetate) to give the alcohol product (8.99 g, 13.9 mmol, 95% yield). LC/MS-ESI (m/z): [M+H]",
645.

Step 3. To a solution of the alcohol (8.99 g, 13.9 mmol) in anhydrous 1,4-dioxane (13.9 mL) was added 4 M HCl in
1,4-dioxane (139 mL, 556 mmol) at room temperature, and the mixture was stirred for 2 h. The sticky precipitate
was allowed to settle to the bottom of the flask, and the supernatant solution was decanted. The residue was diluted
with ethanol (150 mL) and water (15 mL). The solution was concentrated under reduced pressure. To the residue
was added ethanol, and the precipitate was collected by suction filtration to give compound 56d (5.15 g, 10 mmol,
72% vyield) as dihydrochloride salt. "H-NMR (400 MHz, DMSO-d¢) & 1.81-1.93 (2H, m), 2.11-2.19 (2H, m),
2.27-2.36 (2H, m), 2.48 (3H, s), 3.02-3.09 (1H, m), 3.22-3.25 (1H, m), 3.46 (2H, t, J = 5.0), 3.86-3.94 (1H, quintet,
J=28.2), 4.34-4.43 (2H, m), 5.81 (1H, brs), 5.02 (1H, dd, J = 1.9, 10.2), 6.82 (1H, dd, J = 2.0, 8.8), 6.93 (1H, dd, J
=2.0),7.11(1H,d,J=7.8),7.14 (1H, d, J=7.8), 7.29 (1H, s), 7.31 (1H, t, J = 7.8), 7.65 (1H, d, J = 8.8), 9.09 (1H,
brs), 9.47 (1H, brs), 9.80 (1H, s); >C-NMR (100 MHz, DMSO-d¢) & 11.2, 16.2, 23.2, 45.8, 53.1, 53.7, 63.4, 67.9,
92.1, 112.2, 116.8, 117.2, 119.1, 121.1, 121.2, 129.1, 138.5, 140.7, 141.5, 142.9, 157.6; HRMS calculated for
CyHosN404S + H' 445.1904, found ESI: [M+H]", 445.1895; LC/MS-ESI (m/z): [M+H]", 445; HPLC: purity 100%,
Rt 2.0 min.

(R)-N-(3-(1-Hydroxy-2-((2-((3-methyl-1H-indazol-6-yl)oxy)ethyl)amino)ethyl)phenyl)cyclopentanesulfon-
amide (56e). Step 1. To a solution of 62 (95 mg, 0.15 mmol) and DBU (134 pL, 0.9 mmol) in anhydrous CH,Cl, (1
mL) was added cyclopentanesulfonyl chloride (111 mg, 0.6 mmol) in CH,ClI, (1 mL) at room temperature, and the

mixture was stirred for 2 days. Nitrogen gas was blown into the reaction solution to evaporate the solvent. The
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residue was diluted with methanol (2 mL) and 5 M NaOH (200 pL, 1 mmol) was added at room temperature. The
mixture was stirred for 3 days and poured into saturated aq NH4Cl. The aqueous layer was extracted twice with
ethyl acetate. The organic layers were washed twice with 2 M HCI, washed with brine, dried over Na,SO,4, and
concentrated in vacuo. The residue was purified by flash column chromatography (47:53 to 20:80 n-hexane/ethyl
acetate) and preparative TLC (10:1 CH3Cl/MeOH) to give tert-butyl (R)-(2-(3-(cyclopentanesulfonamido)phenyl)-
2-hydroxyethyl)(2-((3-methyl-1H-indazol-6-yl)oxy)ethyl)carbamate (35 mg, 0.063 mmol, 42% yield). LC/MS-ESI
(m/z): [M+H]", 559.

Step 2. To the tert-butyl (R)-(2-(3-(cyclopentanesulfonamido)phenyl)-2-hydroxyethyl)(2-((3-methyl-1H-indazol-
6-yl)oxy)ethyl)carbamate (35 mg, 0.063 mmol) was added 4 M HCl in 1,4-dioxane (1.5 mL) at room temperature.
The mixture was shaken (600 min'l) overnight and nitrogen gas was blown into the reaction solution to evaporate
the solvent. The residue was dried to provide the product (34 mg, 0.064 mmol, quant.) as dihydrochloride salt.
'H-NMR (400 MHz, DMSO-d) & 1.48-1.57 (2H, m), 1.61-1.70 (2H, m), 1.79-1.95 (4H, m), 2.43 (3H, s), 3.02-3.09
(1H, m), 3.22-3.28 (1H, m), 3.46 (2H, t, J =4.7), 3.50-3.56 (1H, m), 4.32-4.40 (2H, m), 4.98 (1H, dd, J =2.0, 10.1),
6.23 (1H, brs), 6.76 (1H, dd, J = 2.1, 8.7), 6.90 (1H, d, J =2.1), 7.10 (1H, d, J = 7.8), 7.17 (1H, dd, J = 1.4, 7.8),
7.31 (1H, s), 7.33 (1H, t, J = 7.8), 7.59 (1H, d, J = 8.7), 8.94 (1H, brs), 9.16 (1H, brs), 9.82 (1H, s); *C-NMR (100
MHz, DMSO-dg) 6 11.5, 25.3, 27.2, 45.9, 53.6, 59.6, 63.4, 67.9, 92.1, 111.5, 116.9, 117.2, 118.9, 120.9, 121.0,
129.2, 138.7, 140.1, 141.6, 143.0, 157.1; HRMS calculated for Co3H3,N404S + H', 459.2061, found ESI: [M+H]",
459.2068; LC/MS-ESI (m/z): [M+H]", 459; HPLC: purity 100%, Ry 2.0 min.

(R)-N-(3-(1-Hydroxy-2-((2-((3-methyl-1H-indazol-6-yl)oxy)ethyl)amino)ethyl)phenyl)benzenesulfonamide
(56f). To a solution of 62 (96 mg, 0.15 mmol) and pyridine (18 pL, 0.23 mmol) in anhydrous CH,Cl, (2 mL) was
added benzenesulfonyl chloride (32 mg, 0.18 mmol) at room temperature, and the solution was stirred overnight.
The mixture was purified by flash column chromatography (4:3 n-hexane/ethyl acetate). The sulfonamide product
was diluted with 1,4-dioxane (0.2 mL) and 4 M HCI in 1,4-dioxane (1.6 mL, 6.4 mmol) was added at room
temperature. The mixture was shaken (600 min'l) overnight and nitrogen gas was blown into the reaction solution
to evaporate the solvent. The residue was dried to provide the product (67 mg, 0.12 mmol, 83% yield) as
dihydrochloride salt. '"H-NMR (400 MHz, DMSO-dg) & 2.44 (3H, s), 2.88-2.99 (1H, m), 3.14-3.17 (1H, m), 3.43
(2H,t,J=4.9),4.29-4.38 (2H, m), 4.92 (1H, dd, J = 2.0, 10.4), 6.20 (1H, brs), 6.76 (1H, dd, J = 2.1, 8.8), 6.90 (1H,
d, J=2.1), 7.02 (1H, d, J = 8.0), 7.05 (1H, d, J = 8.0), 7.22 (1H, s), 7.23 (1H, t, J = 8.0), 7.52-7.56 (2H, m),
7.58-7.62 (2H, m), 7.77-7.79 (2H, m), 8.93 (1H, brs), 9.17 (1H, brs), 10.41 (1H, s); C-NMR (100 MHz,
DMSO-dg) 6 11.4,45.9, 53.5, 63.4,67.8,92.1, 111.6, 117.1, 117.2, 119.0, 120.9, 121.4, 126.6, 129.1, 132.8, 137.8,
139.4, 140.8, 141.6, 142.9, 157.2; HRMS calculated for C,4H,sN4O4S + H', 467.1748, found ESI: [M+H]",
467.1735; LC/MS-ESI (m/z): [M+H]", 467; HPLC: purity 95% Ry 2.0 min.

(R)-2-(Benzyl(2-(benzyloxy)ethyl)amino)-1-(3-nitrophenyl)ethan-1-ol (59). Step 1. A mixture of
2-(benzyloxy)ethan-1-amine (12.31 g, 81 mmol), benzaldehyde (8.72 g, 82 mmol), and Na,SO,4 (67.79 g, 477
mmol) in CH,Cl, (150 mL) was stirred overnight at ambient temperature. The mixture was filtered and

concentrated under reduced pressure. The residue was diluted with methanol (150 mL) and sodium borohydride
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(3.41 g, 90 mmol) was added at 0 °C. The mixture was allowed to warm to ambient temperature and was stirred for
2 h. The mixture was concentrated under reduced pressure, quenched with water, and diluted with ethyl acetate.
The layers were separated, and the aqueous layer was extracted twice with ethyl acetate. The combined organic
layers were washed twice with water, washed with brine, dried over Na,SOy, filtered, and concentrated. The crude
N-benzyl-2-(benzyloxy)ethan-1-amine 58 (20.19 g, >100% yield) was carried forward without further purification.
'H-NMR (300 MHz, CDCls) & 1.72 (1H, brs), 2.84 (2H, t, J = 5.2), 3.62 (2H, t, J = 5.2), 3.80 (2H, s), 4.52 (2H, s),
7.20-7.37 (10H, m).

Step 2. A mixture of (R)-2-(3-nitrophenyl)oxirane®®! 57 (13.65 g, 83 mmol) and 58 (20.21 g, 84 mmol) in
2-propanol (205 mL) was stirred for 36 h at reflux. The mixture was concentrated under reduced pressure. The
residue was diluted with toluene (100 mL) and concentrated under reduced pressure. The residue was purified by
flash column chromatography (85:15 to 80:20 n-hexane/ethyl acetate) to give compound 59 (30.76 g, 76 mmol,
92% yield). "H-NMR (300 MHz, CDCl3) & 2.62 (1H, dd, J = 10.2, 13.1), 2.75-2.87 (2H, m), 2.92-3.01 (1H, m),
3.51-3.64 (2H, m), 3.78 (2H, dd, J = 13.6, 69.1), 4.54 (2H, s), 4.70 (1H, dd, J = 3.3, 10.2), 7.27-7.39 (10H, m), 7.45
(1H, t, 3 =17.9), 7.59 (1H, d, J = 7.9), 8.09 (1H, dd, J = 1.1, 2.3, 7.9), 8.16 (1H, d, J = 2.3); LC/MS-ESI
(m/z):[M+H]", 407.

(R)-N-Benzyl-N-(2-(benzyloxy)ethyl)-2-(3-nitrophenyl)-2-((triethylsilyl)oxy)ethan-1-amine (60). To a solution
of 59 (30.37 g, 75 mmol) and imidazole (6.13 g, 90 mmol) in anhydrous DMF (150 mL) was added
chlorotriethylsilane (15.1 mL, 90 mmol) at room temperature, and the solution was stirred overnight. The mixture
was quenched with water and extracted twice with ethyl acetate. The combined organic layers were washed twice
with water, washed with brine, dried over anhydrous MgSQO,, and concentrated under reduced pressure. The residue
was purified by flash column chromatography (100:0 to 87:13 n-hexane/ethyl acetate) to give compound 60 (36.66
g, 70 mmol, 93% yield). "H-NMR (300 MHz, CDCl3) & 0.42-0.56 (6H, m), 0.85 (9H, t, J = 7.9), 2.65-2.85 (4H, m),
3.37-3.47 (2H, m), 3.62 (2H, dd, J = 13.6, 42.9), 4.43 (2H, s), 4.68 (1H, dd, J = 5.4, 7.4), 7.06-7.11 (2H, m),
7.16-7.20 (3H, m), 7.26-7.37 (6H, m), 7.56 (1H, d, J =7.7), 8.05 (1H, dd, J=1.1, 2.3, 7.7), 8.12 (1H, dd, J = 2.3,
2.3); LC/MS-ESI (m/z): [M+H]", 521.

tert-Butyl (R)-(2-(3-aminophenyl)-2-((triethylsilyl)oxy)ethyl)(2-hydroxyethyl)carbamate (61). Step 1. A
mixture of 60 (36.46 g, 70 mmol) and 10% palladium on activated charcoal (15.12 g, PE-type, NE Chemcat) in
ethanol (175 mL) was evacuated, placed under a hydrogen atmosphere, and stirred for 9 h at 50 °C. The mixture
was evacuated, placed under a hydrogen atmosphere, and stirred for 4 h at 50 °C. The reaction mixture was cooled
to room temperature, passed through a membrane filter, and the solvent was concentrated under reduced pressure to
give (R)-3-(2-(2-benzyloxyethylamino)- 1-triethylsilyloxy-ethyl)aniline (25.08 g). LC/MS-ESI (m/z): [M+H]", 401.

Step 2. To a solution of (R)-3-(2-(2-benzyloxyethylamino)-1-triethylsilyloxy-ethyl)aniline (25.08 g, 70 mmol) in
THF (175 mL) was added Boc,O (14.60 g, 67 mmol) at room temperature, and the solution was stirred for 1.5 h.
The mixture was concentrated under reduced pressure. The residue was added to Pd(OH), on activated charcoal
(15.02 g, NE Chemcat), THF (80 mL), and MeOH (80 mL). The mixture was evacuated, placed under a hydrogen

atmosphere, and stirred for 8 h at 50 °C. The reaction mixture was cooled to room temperature, passed through a
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membrane filter, and the solvent was concentrated under reduced pressure. The residue was purified by flash
column chromatography (75:25 to 54:46 n-hexane/ethyl acetate) to give compound 61 (17.94 g, 44 mmol, 62%
yield). "H-NMR (300 MHz, CDCl, 3:2 rotamers) & 0.44-0.63 (6H, m), 0.88 (9H, t, J = 7.9), 1.49 and 1.51 (9H,
each s), 2.95-3.87 (8H, m), 4.90-4.95 and 5.17-5.21 (1H, each m), 6.57-6.78 (3H, m), 7.09 (1H, t, J = 7.7);
LC/MS-ESI (m/z): [M+H]", 411.

tert-Butyl (R)-6-(2-((2-(3-Aminophenyl)-2-((triethylsilyl)oxy)ethyl)(tert-butoxycarbonyl)amino)ethoxy)-3-
methyl-1H-indazole-1-carboxylate (62). To a solution of 61 (2.51 g, 6.1 mmol), 18 (1.99 g, 8.0 mmol), and
triphenylphosphine (1.61 g, 6.1 mmol) in anhydrous toluene (25 mL) was added DMEAD® (1.43 g, 6.1 mmol) at
room temperature, and the solution was stirred overnight at 50 °C under a nitrogen atmosphere. The reaction
mixture was cooled to room temperature and washed three times with water. The organic layer was dried over
Na,SOq,, filtered, and concentrated. The residue was purified by flash column chromatography (74:26 to 53:47
n-hexane/ethyl acetate) to give a mixture of 18 and 62 (2.29 g). The mixture was diluted with CH,Cl, (25 mL), to
which 2.91 mmol/g MP-Carbonate (3.4 g, 9.9 mmol) was added at room temperature. The mixture was stirred
overnight and 2.91 mmol/g MP-Carbonate (2.0 g, 5.8 mmol) was added at room temperature. The mixture was
stirred for 5 h and filtered to give compound 62 (1.52 g, 2.4 mmol, 47% yield). '"H-NMR (300 MHz, CDCl;, 3:2
rotamers) 6 0.53 (6H, t, J = 7.9), 0.89 (9H, q, J = 7.9), 1.48 (9H, s), 1.70 (9H, s), 2.53 (3H, s), 3.16-3.78 (6H, m),
4.02-4.14 (2H, m), 4.80-4.84 and 4.96-5.00 (1H, each m), 6.57-6.60 (1H, m), 6.66 (1H, d, J = 2.3), 6.70 and 6.78
(1H, each d, J=8.7 and 7.6), 6.87 (1H, dt, J = 2.3, 8.7), 7.09 (1H, t, J=7.6), 7.46 (1H, dd, J = 1.8, 8.7), 7.55 (1H,
s); LC/MS-ESI (m/z): [M+H]", 641.

Results of ion chromatography.

Regarding compounds 5 to 16, ion chromatographic analyses were performed using the following conditions;
(Anion) ICS-1000 (Dionex), Dionex IonPac AS14 (Dionex or Thermo Scientific), 30 °C column temperature, 1.2
mL/min flow rate, electrical conductivity detection, mobile phase of 1.0 mmol/L sodium hydrogen carbonate and
3.5 mmol/L sodium carbonate in water and standard solution of Mixed Anion Standard Solution IV (Kanto
Chemical Industry Co., Ltd.); (Cation) DX500 (Dionex), Dionex IonPac CS14 (Dionex), 30 °C column temperature,
1.0 mL/min flow rate, electrical conductivity detection, mobile phase of 10 mmol/L methanesulfonic acid in water,

standard solution of Mixed Cation Standard Solution II (Kanto Chemical Industry Co., Ltd.).

Compound CI content rate (%) Salt

5 15.52 2.1 HCI
6 13.77 1.9 HCI
7 14.46 2.0 HCI
8 11.04 1.5 HCI
9 14.01 2.0 HC1
10 14.26 2.0 HC1
1 14.37 2.1 HCI
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12 11.70 1.7 HCI1
13 14.56 2.1 HCI
14 13.12 1.9 HCI
15 9.77 1.4 HCI
16 11.25 1.7 HCI

Regarding compounds 56a to 56f, ion chromatographic analyses were performed using the following conditions:
(Anion) ICS-5000+ (Thermo Scientific, Waltham, MA, USA), lonPac AS18-4um (Thermo Scientific), 30 °C; 1.0
mL/min flow rate; electrical conductivity detection; mobile phase of 23 to 40 mM KOH in water; standard solution
of Mixed Anion Standard Solution IV (Kanto Chemical Industry Co., Ltd., Tokyo, Japan); (Cation) ICS-1100
(Thermo Scientific), IonPac CS12A (Thermo Scientific), 30 °C; 1.0 mL/min flow rate; electrical conductivity
detection; mobile phase of 20 mmol/L methanesulfonic acid in water; standard solution of Mixed Cation Standard

Solution II (Kanto Chemical Industry Co., Ltd.).

Compound CI” Content Rate (%) Salt

56a 12.44 1.7 HC1
56b 11.28 1.6 HCI
56¢ 11.27 1.5 HCI
56d 12.86 1.9 HCI1
56e 11.31 1.7 HC1
56f 10.53 1.6 HCI

Biology

Human -, B2-, B3 or marmoset B3-AR Agonist Assay. The measurement of human f;-, -, B3-, or marmoset
B3-AR agonist activity was carried out using stably transfected Chinese Hamster Ovary (CHO) cells expressing
recombinant human f;-, 3,-, or B3-AR. The cells were cultured in Ham's F-12 medium containing 10% fetal bovine
serum, 400 png/mL geneticin (Invitrogen, Waltham, MA, USA), 100 U/mL penicillin, and 100 pg/mL streptomycin.
Cells were seeded on a 96-well plate at a density of 2 x 10* cells/well and cultured for approximately 20 h. The
medium was then aspirated from each well and replaced with 80 pL of serum-free Ham's F-12 medium, in which
the cells were incubated for a further 15 min. The compound to be tested was initially dissolved in DMSO and then
diluted with Ham's F-12 medium containing 100 mmol/L HEPES and 1 mmol/L isobutylmethylxanthine. The
diluted compound (20 puL) was added to the cells and the cells were incubated with it for 30 min. The medium was
removed and 0.1 mL of the Assay/Lysis Buffer from the cAMP-Screen kit (Applied Biosystems, Waltham, MA,
USA) was added, and the cells were then incubated at 37 °C for 30 min. The cAMP level in the resulting cell lysate
was quantified using the cAMP-Screen kit. The maximum response to the positive control, isoproterenol, was
defined as 100%. The maximum response of each test compound was calculated as a percentage of this maximum
response; this was defined as each compound’s Intrinsic Activity [IA (%)]. The concentration of the compound that

induced a response that was 50% of the maximum (ECs) was also determined.

69



Rat B;-AR Agonist Assay. The measurement of rat B; adrenergic receptor agonist activity was carried out using
stably transfected Chinese Hamster Ovary (CHO) cells expressing recombinant rat 5 adrenergic receptor. The cells
were cultured in Ham's F-12 medium containing 10% fetal bovine serum, 400 pg/ml geneticin (Invitrogen), 100
U/ml penicillin and 100 pg/ml streptomycin. These cells were transfected with a cAMP-response element /
luciferase reporter gene plasmid using the FuGENE 6 Tranfection Reagent (Roche). Transfected cells were seeded
on a 96-well white plate at a density of 3x10* cells/well and were cultured for 20 hours. Following test compound
addition to the cells and culture for a further 6 hours, the medium was removed. The PicaGene LT2.0 Luciferase
Assay System solution (30 1 L, Wako) was added to the cells, and chemiluminescence was analyzed using ARVOsx
plate reader (PerkinElmer). The maximum response to the positive control isoproterenol was taken as 100%. The
maximum response to each test compound was calculated as a percentage of the response of isoproterenol, and is
termed the Intrinsic Activity [IA (%)]. The concentration of the compound solution that results in a response that

was 50% of the maximum for that compound (ECs) was determined.

Human o;,-AR Agonist Assay. Human o,4-AR agonist activity was measured using stably transfected HEK293
cells expressing recombinant human o;5-AR. The cells were cultured in DMEM containing 10% fetal bovine
serum, 400 pg/mL hygromycin B (Gibco BRL, Waltham, MA, USA), 100 U/mL penicillin, and 100 pg/mL
streptomycin. Subsequently, the cells were prepared at a density of 5 x 10° cells/mL in a solution of Assay Buffer
[20 mmol/L. HEPES-KOH (pH 7.4), 115 mmol/L NaCl, 5.4 mmol/L. KCI, 0.8 mmol/L MgCl,, 1.8 mmol/L CaCl,,
13.8 mmol/L D-glucose, and 0.1% bovine serum albumin] containing 0.2% Pluronic F-127 (Invitrogen) and 20
umol/L Fura-2AM (Dojindo Laboratories, Kumamoto, Japan). The cells were incubated in a CO, incubator for 30
min, washed twice with the Assay Buffer to remove excess Fura-2AM, and resuspended at a density of 5 x 10°
cells/mL with the Assay Buffer. Subsequently, the cells were dispensed into a 96-well plate at a volume of 80
puL/well. In addition to the cell plate, a sample plate was provided in which wells contained a test compound that
had been diluted 10 times with the Assay Buffer to concentrations ranging from 107 to 102 M. The plates were
loaded into an FDSS4000 kinetic plate reader (Hamamatsu Photonics K.K., Shizuoka, Japan), and were
pre-incubated for 180 s at 37 °C. Fluorescence intensity (excitation wavelengths 340 nm and 380 nm, measurement
wavelength 500 nm) was measured at intervals of 2 s. After baseline measurements were taken for approximately
30 s, 20 pL of the test sample from the sample plate was added to the cell plate, and measurements were collected
for a further 270 s. The Ca®" flux caused by the test compound was calculated as the peak height, which represented
the difference between the maximum value of the fluorescence intensity ratio at wavelengths 340 nm and 380 nm
after addition of the test compound, and the fluorescence intensity ratio at baseline. Maximum response to the
positive control, noradrenaline, was defined as 100%. The maximum response to each test compound was
calculated as a percentage of the maximum response to noradrenaline, and is termed the Intrinsic Activity [IA (%)].

The compound’s ECsy was also determined.

Human oy or a;p-AR Agonist Assay. Human o5 or a;p-AR agonist activity was measured using transiently

transfected HEK293 cells expressing recombinant human o or a;p-AR, and NFAT-Luciferase reporter gene
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(Stratagene, CA, USA). Cells were cultured in DMEM containing 10% fetal bovine serum, 100 U/mL penicillin
and 100 pg/mL streptomycin. Cells were transfected using Lipofectamine 3000 Transfection Reagent (Life
Technologies, CA, USA) according to the manufacture’s protocol. Transfected cells were seeded on a 96-well white
plate at a density of 1x10° cells/well and were cultured for 20 hours. Following test compound addition to the cells
and culture for a further 6 hours, the medium was removed. The PicaGene LT2.0 Luciferase Assay System solution
(30 puL, Wako, Osaka, Japan) was added to the cells, and chemiluminescence was analyzed using ARVOsx plate
reader (PerkinElmer, MA, USA). The maximum response to the positive control noradrenaline was taken as 100%.
The maximum response to each test compound was calculated as a percentage of the response of noradrenaline, and
is termed the Intrinsic Activity [IA (%)]. The concentration of the compound solution that results in a response that
was 50% of the maximum for that compound (ECsy) was determined The ECsy of noradrenaline for a;z-AR and

o1 p-AR was 359 nM and 101 nM, respectively.

Effects on Blood Pressure and HR in Rats. Male Sprague-Dawley rats (Japan SLC, Inc., Shizuoka, Japan)
weighing 200-300 g were used. Rats were housed in an air-conditioned room (20-26 °C and 30-75% relative
humidity with a 12-h light-dark cycle), fed a standard laboratory diet (CRF-1; Oriental Yeast, Tokyo, Japan), and
given water ad libitum. Rats were anesthetized with sodium pentobarbital (50 mg/kg, i.p., and 25 mg/kg, s.c.). The
left femoral vein and artery were exposed by a small incision. A polyethylene tube (SP10; Natsume Seisakusyo Co.,
Ltd., Tokyo, Japan) was inserted into the vein for injection of the compound. A polyethylene tube (SP31; Natsume
Seisakusyo Co., Ltd.) was inserted into the artery and connected to a pressure transducer. Blood pressure was
measured from the pressure transducer through a pressure amplifier (AP-641G; Nihon Koden Corp., Tokyo, Japan).
HR was measured by the Heart Rate Counter (AT-601G; Nihon Koden Corp.), using the pulse wave of the blood
pressure as the trigger. The blood pressure, MBP, and HR were recorded. Once the blood pressure and HR were
almost constant, the test compound was administered through the left femoral vein and the parameters were
recorded for 30 min. The maximum increase or decrease of HR and MBP is shown as a percentage change (%)

relative to baseline.

Relaxant Activity on Isolated Marmoset Urinary Bladder Smooth Muscle. Three female common marmosets
(Callithrix jacchus) aged 11-14 months were purchased from CLEA Japan Inc. (Tokyo, Japan) and were used
between the ages of 19 and 20 months. Marmosets were housed in an air-conditioned room (27 + 3 °C, 45 £ 15%
humidity, 12-h light-dark cycle), fed 30 g daily of balanced marmoset food pellets (CMS-1; CLEA Japan), and
given water ad libitum. Marmosets were anesthetized with an intramuscular injection of ketamine hydrochloride
(15 mg/kg), and were sacrificed by exsanguination. The urinary bladder was carefully isolated and immersed in
ice-cold Krebs—Henseleit solution that was gassed with 95% O, and 5% CO,. The bladder was opened with a
midline incision and six muscle strips of the bladder body, approximately 10-15 mm long and 2-5 mm wide, were
prepared. The strips were suspended in a 10 mL glass organ bath filled with Krebs—Henseleit solution that was
aerated with 95% O, and 5% CO, at 37 °C, and were allowed to equilibrate for over 30 min under a resting tension
of 1 g. Strip tension was measured isometrically using a TB-612T force displacement transducer (Nihon Koden

Corp.). Following the equilibration period, the strips were pre-contracted with KCI (40 mmol/L) three times and
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strips that exhibited three equivalent contractions were used. These strips were again pre-contracted with 40
mmol/L KCI and, after the tension had stabilized, a test compound was added cumulatively at intervals of 20 min.
When the relaxation response at the maximum concentration of the test compound was achieved, papaverine at a

final concentration of 10 mol/L was added, and the maximum relaxation response of each strip was determined.

Solubility Assay. Stock solutions (10 mM) of each compound were prepared in DMSO, and 5 uL/well of the 10
mM stock solution was transferred into a 96-well plate. The plate was freeze-dried overnight, and to each well was
added a pH 1.2 buffer solution (167 pL of Dissolution Test Solution 1, 11500-76; Kanto Chemical Co., Inc., Tokyo,
Japan) or a pH 6.8 buffer solution (167 pL, Dissolution Test Solution 2 11499-76; Kanto Chemical Co., Inc.). The
plate was sealed and shaken for over 18 h at 37 °C. Samples were filtered through a 0.4-um multiscreen HTS-PCF
filter plate (Millipore/Merck, Darmstadt, Germany) mounted on 96-well plate by centrifugation at 2000 rpm for 1
min at room temperature. Standards were created by initially preparing a 5 puL solution from the combination of the
10 mM stock solution and aqueous acetonitrile (162 pL, acetonitrile/water = 95:5) in a 96-well plate. The sample
was then analyzed by HPLC. Water solubility was calculated according to the equation: Solubility (uM) = peak
areagmple/ peak areagandara X 300.

The HPLC analysis was performed with the following conditions: Waters ACQUITY UPLC BEH C18 column (1.7
um, 2.1 x 50 mm), 40 °C; 0.6 mL/min flow rate; photodiode array detection (254 nm); solvent A consisting of 10
mM ammonium acetate in water; solvent B consisting of acetonitrile; a linear gradient of 5-98% B (2.5 min), 98%

B (0.5 min), 5% B (1.5 min).

Madin-Darby Canine Kidney (MDCK) Permeability Assay. In vitro membrane permeability was determined
using the MDCK cell monolayer system. The MDCK cell line (CCL-34™) was obtained from ATCC (Manassas,
VA, USA). The cells were seeded on 24-well cell culture insert plates (Transwell, #3495; Corning, NY, USA) at a
density of 3.32 x 10° cells/cm® and cultured for 4 days in Modified Eagle’s Medium (MEM; Gibco, Waltham, MA,
USA) to form monolayers. The MEM was changed once every 2-3 days. A buffer of Hanks’ Balanced Salt Solution
(HBSS), pH 7.4, with 25 mM HEPES and 10 mM glucose at 37 °C was used as the medium in the permeability
study. The monolayers were rinsed twice with HBSS in both the donor (upper) and receiver (lower) compartments,
and incubated in HBSS with 0.005% HCO 60 for 10 min to stabilize physiological parameters. During the
transmembrane permeability experiments, the integrity of cell monolayers was assessed by transepithelial electrical
resistance (TEER) measurements at fixed times using a tissue resistance measurement chamber (EVOM; World
Precision Instruments, Sarasota, FL, USA). MDCK cell monolayers (TEER > 600 Q-cmz) were washed in HBSS
with 0.005% HCO60, and then a solution containing the test compound (50 pM) was added to the donor
compartment, followed by an incubation at 37 °C for 60 min. The flux of test compound into the receiver
compartment was measured with LC-MS/MS (Sciex, Foster City, CA, USA), and the apparent permeability
coefficient (P,p,) was calculated with the following equation: Py, (cm/s) = (dQ/dt) x 1/A x 1/Cy, where dQ/dt is the
increase in the amount of drug in the receiver chamber per time interval, Cy is the initial concentration in the donor
compartment, and A is the permeability area of the cell culture insert. Three reference compounds were also

screened: atenolol to represent paracellular transport; propranolol to represent efficient passive transcellular
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transport; and methotrexate to represent poor passive transcellular transport. Atenolol and propranolol have a
known human absorption of 50% and 90%, respectively, and can be used for ranking compounds with unknown
characteristics.

LC-MS/MS Analysis. The LC-MS/MS system consisted of an Agilent 1100 series gradient HPLC pump (Agilent
Technologies, Palo Alto, CA, USA), a CTC HTS PAL Autosampler (AMR, Inc., Tokyo, Japan) and a Sciex API
3200 triple quadrupole mass spectrometer (Sciex) equipped with a turbo ionspray interface. The samples were
separated by reverse phase HPLC using a Capcell Pak MG III RP C18 50 x 2.1 mm column (Shiseido Inc., Tokyo,
Japan). The compounds were analyzed with an optimized protocol within the following range of conditions: flow
rate of 0.4mL/min [range: 0-0.7 min]; injection volume of 20 pL; solvent A consisting of 0.1% formic acid in
water; solvent B consisting of acetonitrile; a linear gradient of 5%-90% B, 90% B (1.3 min), a return to initial

conditions, and equilibration (1.5 min).

Human and Rat Unbound Microsomal Intrinsic Clearance Determination.

Human Microsomal Stability Assay. The incubation mixtures were prepared in 96-well cluster tubes (1.4 mL PP;
Micronic, Aston, PA, USA). The metabolic stability of the test compounds was determined with pooled,
mixed-gender human microsomes (pool of n = 50; XenoTech, Kansas City, KS, USA). Each reaction mixture
consisted of 100 mM potassium phosphate buffer (pH 7.4), liver microsomes (final concentration, 0.5 mg/mL),
NADPH regenerating mix (final concentration, 1.0 mM NADP+, 4.0 mM glucose-6-phosphate, 3.0 mM MgCl,, 0.4
U/mL of glucose-6-phosphate dehydrogenase, 5.0 mM UDP-GA, and 0.165 mM B-NAD), and the test compound
(1 uM) in a total volume of 100 pL. The incubation mixture was prewarmed for 5 min. Liver microsomes were
added to the mixture, and kept in a shaking water bath for 15 min at 37 °C. To the mixture was added chilled
acetonitrile (200 pL) containing an internal standard to stop the reaction. The samples were centrifuged at 3500 rpm
for 15 min at 4 °C. The supernatants were analyzed by LC-MS/MS. Controls were prepared by omitting NADPH
regenerating mix from the reaction mixture, and adding microsomes after the reaction was terminated.

Human Liver Microsomal Binding Assay. Microsomal binding of the test compounds was determined by
equilibrium dialysis. Dialysis mixtures contained the test compound (I puM), microsomal solution (final
concentration of microsomes, 0.5 mg/mL; ratio of components = 1 : 1 : 8 [microsomes at 5 mg/mL : PBS, pH 7.4 :
125 mM phosphate buffer, pH 7.4]), in a final volume of 150 puL. Duplicate mixtures were subjected to equilibrium
dialysis against 150 puL of 100 mM potassium phosphate buffer (pH 7.4) using 96-well Micro-Equilibrium Dialysis
Devices (HT Dialysis LLC, Gales Ferry, CT, USA). The dialyzing unit consisted of two chambers separated by an
ultrathin membrane with a molecular weight cut-off of 12-14 kDa. The plate was rotated at 300 rpm for 6 h at
37 °C in the plate shaker (Taitec Inc., Japan). Upon completion of the dialysis, 50 uL samples were obtained from
the microsome and buffer sides. For a matrix composition match, 50 pL. of 100 mM phosphate buffer (pH 7.4) was
added to the microsome side sample and the microsome mixture was added to the buffer side sample. To the
mixture was added chilled acetonitrile (300 puL) containing an internal standard to stop the reaction; the samples
were then analyzed by LC-MS/MS. Results are expressed as the area ratio of each sample versus control: human
microsome fu = peak areagmpie / peak areaconirol-

Rat Microsomal Stability Assay. The incubation mixtures were prepared in Corning 96-well cluster plates. The
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metabolic stability of the test compounds was determined in pooled liver microsomes from male Sprague-Dawley
rats (XenoTech). The reaction mixture consisted of 100 mM Tris-HCI buffer (pH 7.4), liver microsomes (5 mg/mL),
NADPH regenerating mix (final concentrations of 0.165 mM NADP+, 4 mM glucose-6-phosphate, 3.0 mM MgCl,,
0.1 U/mL of glucose-6-phosphate dehydrogenase, 5.0 mM UDP-GA, and 0.165 mM B-NAD), and the test
compound (0.5 uM) in a total volume of 100 uL. Reactions were initiated by the addition of liver microsomes
(final concentration, 0.5 mg/mL) and incubated in a shaking water bath for 20 min at 37 °C. To the mixture was
added chilled acetonitrile (200 pL) containing an internal standard to stop the reaction. A control sample was
prepared by adding acetonitrile to a reaction mixture lacking microsomes, and then adding microsomes after the
reaction was terminated. The samples were centrifuged at 3500 rpm for 15 min at 4 °C. The supernatants were
analyzed by LC-MS/MS.

Rat Liver Microsomal Binding Assay. Microsomal binding of the test compounds was determined by
ultracentrifugation. Each ultracentrifugation mixture contained the test compound (0.5 uM), microsomal solution
(final concentration, 0.5 mg/mL; ratio of components = 1 : 9 [microsomes at 5 mg/mL : 100 mM Tris-HCI buffer,
pH 7.4]), in a final volume of 100 pL. Aliquots of 100 uL were placed in polyallomer ultracentrifuge tubes (8 mm
x 34 mm; Beckman Coulter, Fullerton, CA, USA) and centrifuged at 160,000g for 16 h at 37 °C in an Optima TL
ultracentrifuge (Beckman Coulter). Upon completion of the ultracentrifugation, 50 pL of the supernatant was
obtained. To the supernatant was added chilled acetonitrile (50 pL) containing an internal standard to stop the
reaction; the samples were then analyzed by LC-MS/MS. Controls were prepared by adding the test compound to
the ultracentrifugal supernatant of the microsomal solution. Results are expressed as the area ratio of sample versus
control: rat microsome fu = peak areasmpie / peak areaconirol-

LC-MS/MS Analysis. The LC-MS/MS system consisted of an Agilent 1100 series gradient HPLC pump (Agilent
Technologies, Palo Alto, CA, USA), a CTC HTS PAL Autosampler (AMR, Inc., Tokyo, Japan), and a Sciex API
3200 triple quadrupole mass spectrometer (Sciex, Foster City, CA, USA) equipped with a turbo ionspray interface.
The samples were separated by reverse phase HPLC using an Inert Sustain RP C18 50 x 2.1 mm column (GL
Science Inc., Tokyo, Japan) or Capcell Pak RP C18 50 x 2.1 mm column (Shiseido Inc., Tokyo, Japan). The
compounds were eluted with an optimized gradient, which fell within the following method conditions: flow rate of
0.4 mL/min (range: 0-0.7 min); injection volume of 20 uL; solvent A consisting of 0.1% formic acid in water;
solvent B consisting of acetonitrile or 0.1% formic acid in acetonitrile; the percentage of B was linearly increased
from 5% to 90%, 90% B (1.3 min), returned to initial conditions, equilibrated (1.5 or 1.6 min). The area ratio of
each test compound was calculated by comparing the peak area of the compound to the peak area of an internal
standard.

Calculation of Human and Rat Unbound Microsomal Intrinsic Clearance (hCL;n;, and rCL;x;,). Metabolic stability
was determined by plotting the natural logarithm of the concentration of unchanged test compound as a function of
time. The first-order rate constant was calculated using the equation k = [Ln(Cy) — Ln(C)]/incubation time, where
Co was the initial concentration of the test compound, C was the concentration of the test compound remaining after
incubation (C = Cy X remaining ratio), and the incubation time was 15 min (human) or 20 min (rat). The half-life
(ti2) was estimated using the equation t;, = 0.693/k. The hCL;,, was estimated using the equation hCLjy, =

k/(microsomal protein concentration) X (microsomal protein per gram of liver) x (liver mass per kilogram of body
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mass) / (human microsome fu), where k was the first-order rate constant, the microsomal protein concentration was
0.5 mg/mL, the microsomal protein per gram of liver was 48.8 mg, the liver mass per kilogram of body mass was
25.7 g, and the human microsome fu was determined experimentally from the human liver microsomal binding
assay.[40] The rCLiy, was estimated using the equation rCLiy, = k / (microsomal protein concentration) X
(microsomal protein per gram of liver) x (liver mass per kilogram of body mass) / (rat microsome fu), where k was
the first-order rate constant, the microsomal protein concentration was 0.5 mg/mL, the microsomal protein per
gram of liver was 44.8 mg, liver mass per kilogram of body mass was 40.0 g, and the rat microsome fu was

determined experimentally from the rat liver microsomal binding assay.[40]

PK Study. Compounds 5, 11, and 56d were subjected to PK studies in male Sprague-Dawley rats. Test compounds
were administered orally to rats (n = 2 or 3) at a dose of 5 mg/kg in saline or water (dose volume 5 mL/kg). Blood
samples were collected via the subclavian vein at 0.5, 1, 2, 4, 6, and 8 h post dose. Plasma was separated by
centrifugation and stored frozen at -20 °C until analysis. Plasma compound concentrations were determined using
LC-MS/MS. PK parameters were calculated using the non-compartmental analysis tool provided with WinNonlin®

Enterprise software v6.4.0.768 (Certara, Princeton, NJ, USA).

Cytochrome P450 Inhibition Assay. CYP inhibition assays (CYP1A2, 2B6, 2C19, 2C8, 2C9, 2D6, and 3A4) were
performed with Promega assay kits (P450-Glo™ Assays; Madison, WI, USA) according to the manufacturer’s

instructions.

In silico

Homology Modeling of the B;-AR. The Bi;-AR sequence was aligned with the human 3,-AR sequence.”™® A
three-dimensional model of the B3-AR was constructed using Prime in the Maestro software (Schrédinger, LLC).
Because it is very long and was predicted to be disordered, the third intracellular loop was truncated by five

residues leading into TM6.

Docking Study. Energy minimization and protonation of all compounds was performed with LigPrep in the
Maestro software (Schrodinger, LLC). Docking of the compounds into the 3-AR model utilized three main steps
that take into account several levels of structural flexibility and scoring criteria: (1) molecular modeling of
compound-bound B;-AR by docking compound 56f, with consideration of both ligand and receptor flexibility; (2)
rigid receptor docking of eight indazole analogues and four other series into the active site of the compound
56f-bound Bs-AR model generated in the previous step; (3) rescoring according to the calculated binding score
(Glide extra precision, XP; Schrodinger, LLC).

In order to account for both compound and receptor flexibility in the first step, the Glide “Induced Fit Docking
(IFD)” protocol (Schrodinger, LLC) was utilized, followed by iteratively combining rigid receptor docking (Glide)
and protein remodeling by side chain searching and minimization (Prime) techniques. Hydrogen-bonding
constraints between the side chain COO™ group of Aspll7 and the side chain C=0 group of Asn332 were

introduced, because this hydrogen-bonding formation is highly conserved in almost all known complexes formed
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between members of the B-AR family bound to isoproterenol and a wide variety of agonists. In the protein
remodeling stage, all residues within a 5 A radius of each initial docked compound were refined using Prime. The
compound was then redocked into the refined receptor structure using Glide in the standard precision (SP) mode.
All the docked structures were then ranked according to Glide score. After modeling the compound-p3;-AR complex
using the IFD protocol, grid generation and rigid receptor docking of the eight indazole analogues and four other
series using Glide (SP mode) was conducted, using hydrogen-bonding constraint to connect the side chain oxygen
atom of Ser208. The best orientation for each docked compound was rescored according to its binding score (Glide
XP; Schrodinger, LLC).

MD simulation. The compound 56d-bound structure of human B;-AR was subjected to 20 ns MD simulations
using Desmond version 2.3*" with OPLS3 force field*?!. The initial model structure was placed into a large
palmitoyloleoylphosphatidylcholine (POPC) bilayer at a depth consistent with the structure of human B,-AR with
BI-167107 (PDB entry 3P0G) from the Orientation of Proteins in Membranes (OPM) database'*! and TIP3P water
molecules solvated with 0.15 M NaCl. After minimization and relaxation of the model, the production MD phase
was performed for 20 ns in the isothermal-isobaric (NPT) ensemble at 300 K and 1 bar using Langevin dynamics.

Long-range electrostatic setups were performed using Maestro (Schrédinger, LLC).
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Glide XP
hCLiyt
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IA

IFD
MBP
MD
MDCK
NBS
NCS
OAB
PDB
PK
QSAR
rCLinty
RMSD
SD
SEM
TBAF
TBDPS
TBS
TES
THF
THP
TMAD

absorption, distribution, metabolism and excretion

adrenergic receptor

area under the curve
tert-butoxycarbonyl

chinese hamster ovary

cytochrome P
1,8-diazabicyclo[5.4.0]Jundec-7-ene
3,4-dihydro-2H-pyran
4-(N,N-dimethylamino)pyridine
di-2-methoxyethylazodicarboxylate
dimethylformamide

extracellular loop

Glide extra precision

human unbound microsomal intrinsic clearance
heart rate

intrinsic activity

induced fit docking

mean blood pressure

molecular dynamics

madin-darby canine kidney
N-bromosuccinimide
N-chlorosuccinimide

overactive bladder

Protein Data Bank
pharmacokinetics

quantitative structure—activity relationship
rat unbound microsomal intrinsic clearance
root mean square deviation
standard deviation

standard error of mean
tetrabutylammonium fluoride
tert-butyldiphenylsilyl
tert-butyldimethylsilyl

triethylsilyl

tetrahydrofuran
tetrahydropyran-2-yl

N,N,N'N'-tetramethylazodicarboxamide
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