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ARERTIZLAT OBgEEZ v 72,

CKD: chronic kidney disease

DMA: N,N-dimethylacetamide

ESRD: end-stage renal disease

FGF23: fibroblast growth factor 23

HBA: H-bond acceptor

HBD: H-bond donor

HEPES: 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid
HMDS: 1,1,1,3,3,3-hexamethyldisilazane

HPLC: high-performance liquid chromatography

IPA: isopropyl alcohol

IS: internal standard

LC: lanthanum carbonate

MES: 2-(N-morpholino)ethanesulfonic acid

Ms: methanesulfonyl

MW: molecular weight

NaH: sodium hydride

Nal: sodium iodide

NaPi2b: sodium-dependent phosphate transport protein 2b
nROT: number of rotatable bonds

PAMPA: parallel artificial membrane permeability assay
PBS: phosphate-buffered saline

PEG: polyethylene glycol



PTH: parathyroid hormone

Ro5: rule of 5

SD: Sprague-Dawley

SH: sevelamer hydrochloride
SLC: solute carrier

TEA: triethylamine

TFA: trifluoroacetic acid
TFAA: trifluoroacetic anhydride

tPSA: topological polar surface area
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U VBRI ERN TR D BERLEEO 1 oTh 0, B, R M S X OO %
R R I E L CTH 5, AT, MlEN Y 7 F im0, Hikics )2 41 ¥—
FEA. 2 L CHERN pH OHEFFICARRI R TH B, 13 Lz o T, MY BN Y v R
JEDMERE I, HEMO -0 ICIERICETETH 5, ERNY VvIBEEE ., RFICHkT 3
WEE Y VIR OBE 2> & OELY AL, H & WERAHAKRE T oK, BE T o FIRIN & HEH.
BLOHE > L DL A L72HRic X > C—ED#HPFHICR7zN T2, 43

BED» DY VBB ORI ICE L Tl fEHI AT Zand oD, o0l
LR AN LTV S LA EH#HINTY S, —D3F P Y 7 MM RIS T
D, WEF+ )T (solutecarrier, SLC) F 7V AKR—X—TH2F ) v LKEFEHED Vb
7 v AR —2%—2b (sodium-dependent phosphate transport protein 2b, NaPi2b; SLC34A2). Pitl
(SLC20A1), % LT Pit2 (SLC20A2) #AL7zHVAADBKI LN TS, b5 —DixF b
U v ZIERAE I e AR & A L 7= 2Bk C©h %, © — /T, NaPi2b 2 v 7 4 v aFu
J v 7T ey RICENTIE, Pitl BXU PR Z2NL7EZBEEI»LDY VEEEORINLIZ
LAERVEREINTE Y, AEBIENXICIE, NaPi2b 22K E KBIG LT3 LRI T
Wb, 7

NaPi2 77 3 ) — %N L7z Y VEREOEFEEOFIHEICS T, Figure 1 IZ/83, NaPi2 7
7 3 U —I%, NaPi2a (SLC34A1). NaPi2b & X Uf NaPi2c (SLC34A3) @ 3 fEE TR I 1L C
B wInd ) ViEEOEEREOMFICERE R Z R LTV, 25D 5 B NaPi2a
I L O NaPi2e 1&. FICEEOEALFRANE O TEHEREEANCHEBL L T 0. RERKIER D b O ik
) B OFERINEH > T3, —J, NaPi2b (Z/MEOTEREHICHKIHL <0, BF
PEEERE Y VB OWINEH > T2, 8ZNHD P T VY AR—Z—DHBT I WL 29D+
VE VDD 5T, NaPi2a I X UF NaPi2e 13, #RAEEFMACHESER - 23 (fibroblast growth

factor 23, FGF23) i X U'EIFRIR AL € ' (parathyroid hormone, PTH) 1C X - T FIIMIHI X

1



L R RAE (S35 1) 2 HERE Y o B o PRI fE ., IR~ D SRR ) v FRIE D 53
BhnEe 3, %10 —J5C, NaPi2b I3 1,25(0H),-¥ % 2 ¥ Dy IC X » THEUEI W, BHrd

DOEEMEER ) VIR OTINZ N X ¢ 5, 10

Dietary phosphate |

U

PTH

il

NaP|2a/2c

Shr s Absorption Serum \ Serum
NaPi2b phosphate FGF23
level
Gut \ Reducing
G reabsorption G Excretion
1,25(0H),D; |}
Fecal phosphate Urinary phosphate

Figure 1. Diagram of phosphate homeostasis. The secretion of FGF23 and PTH is increased in
response to high serum phosphate levels, and renal phosphate excretion is increased due to the
downregulated expression of NaPi2a and NaPi2c. On the other hand, 1,25(OH),Ds is increased at low
phosphate serum levels, which upregulates NaPi2b expression and increases intestinal phosphate
absorption.”> ' Reprinted with permission from reference.’* Copyright 2022 American Chemical
Society.

12 LB (Chronic kidney disease, CKD) 25175 2 L - I 4 7LV OREEFE R
. % DfFEfEIX CKD-mineral and bone disorder & FEIEIL TV 5, 12 % < OWFFEICE T,

CKD BHFICH T 21ME Y vIBERED ERE, LMEEES XU TE Y 227 0 ERICE
BB EHRRBEINT WD, T 2wz | CKD B, FrICRKPE A2 8% (end-stage renal
disease, ESRD) (BTl U Vll[IREFEECENTIC X VER 72 ) YRR 2K L, 1
B VIBERE A EE IO EAEETH B, 8 C iz <, BE»LELNLIE
Tl 7 AL ) VIR O E BT 2R L LC, BRI~ —RRE T v 2 Vi &R
) vEBERERIARABA SR ICMEHI A TH S, 92 LarLAaAs, fOY Vg
WoEHIE 1 HOREER S W b (RET v £ v 105—-45g/day, gL _F~— 104
—9.6 g/day). CKD HH FUT I T 3 HABB L MERE B 2 L6, IRIET Fe

TI7VADKTZHWT WS, 22z, 0V YEIEWERNIC X 2 THRERZ &
2



DB IS T 2RI K& 2ifflich s, 37

INOOFEICH L, FHIINE DO ORFHEEY v FRIE OWIN % 1 E 3 2 (K57 13
DRFEEEIE L. Thbb, MAROMEA L, /&0 vBREREHOH T % H
TER %2R S e WK T Y v IEREEE O RIEICH Y #HA 72, Feddi@ b | IBEICHEBIL C
V> % NaPi2b |3 BEFHME Y VIO BINICKZ CBIG L CTw3 2 L h b BHE D NaPi2b %
PR 2 iBHEE T, RO ) vEREIGEA L 0 D EAE CIE ) v BIERE O T2 85T
2 LHE X7, 78 —J7T, NaPi2b 138 720 T i RS D FIL L T Y . NaPi2b &
G OZE BRI NER RS/ NMUECBEL Tw 3 E MG I N T3, 23 2hwz, Il
HEER A2 D NaPi2b HEHR 2 v 2B i3, BFtEakbo X 5 a4 v 2 =7 v + oEIEM
BRI ND, M

I ETIT, NaPi2a b L < 1F NaPi2b fHEHR L L LAY 1,2 i ST\ % (Figure
2), 3235 NaPi2a FHESE 1 (ICso =380 nM) &, NaPi2b (x5 2 BUAIE & i L < 65 fi5 LAk
? NaPi2a JEFPEZ R L CE D, Z 08 e MEMREMIZICEWTY vEEEOR Y
AHRPAEZRLTW5, —J T, invivo BT 5 ) VIEREILD AABHEEE IFRE S Tv
78\, NaPi2b FHEZE 2 (ICso = 120 nM) 1k, 7 v FicBwT, +HEENES (10 mgke)
<. FIIRIC 31T 2 BFHERE Y v BEOWINGE %2 R L 7z&yobaEW<cd 5, L L

5. ALEY) 2 DREEEPER R ORI I DWW TR E S Ty,

CF3
4
e N A \
3 |\ N
TN HO/QN s~ N
=
NC i t-Bu
N
cl
.
N O Cl
1 2
PF-06869206 JTP-59557

Figure 2. Chemical structures of the reported NaPi inhibitors.

Reprinted with permission from reference.'* Copyright 2022 American Chemical Society.
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&) VIMERESE O BIF % HiE L 7281381 3 W CREBIiE IR O BHE S T H 5 ASP3325
(&) % EOS789. Bk fRikOHEI L CTH % Tenapanor &\ 72 & 5 b D &%
PEMERE Y o IR RN BH 538 o R REABR 23375 & T % (Figure3), 332 ASP3325 1%, IfiH
BEZER NaPi2b fHERTH Y, 77 = vFRUEBLA2ETT A7 v bBXUE Y vBiERE S
ZTIEH 7 v Mok 2 RO%5RBRICE T, MG Y) vIBRREOEKRICENTH 5 C
L ERRWNTERINT WS, Ll 7235, ESRD BFICE W T, HHIREIC X 21MiF Y
VIR O T IIFERR T & 720> o 72, BEOST89 (X, (KRINEZRT Y Vg 7 v AR —
Z—MEETHY, BOKGICE o THERAR T v 7 4 75 X CIREN BH OFEFEH Y
VBRI 2 B B IS X ¢ 72, ¥ Tenapanor (3. FHE A 513 & A ERIN & hixwIEMmH
BEFZ D Na*/H 2Kk (& 3 (sodium-hydrogen exchanger 3, NHE3) FHETHH, B
52 X - T ESRD EHFOIMIF Y vERRE Z AR T X872, ¥ foliom ) v IERE
O FRFAFERNA 2> &, NaPi2b FHEZEMUANAOERBEF O b EiT N TE T oD,
IR LCRO ) v EEHRGE A & Y v MER S & L CHE— o BRI F T RE 2 b3k <

BH%,
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Figure 3. Chemical structures of phosphate absorption inhibitors.
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M3 258717 V) v ERIEHCY JA B FHETEY: 278 9 NaPi2b FHEZIC X Y EHTE 20 Tldkw
ez BRI FE L 72, Kfick T, 22 ) —=v ey MLEMI O DY
— MEaw ORI, BIERIGZ HEY & U 72T AR 72 0 ot .,  IfEH 25%
R[RINBT e TV REEREEC T 7FFEAER. B X in vive TD Y v IRIEILIR

PHEMER B L Tl 3%,



F1E ) — ML oflh & saE Lt
1.1 {KEGEEM: NaPizb fHESRE LCoT e FueFo/ vl ¥ viFEk 7
D [A]7E

NaPi2b (Z5E O TEIEHNIC FIcRRL w5, 2wz, JEMFIRER LAY TH -
THIHE D NaPi2b I/EHT 2 2 L Asa[ReCTH V. 07k ) VIRIERINHEFEEZ R 2 &
DHEETH A 5 L HEMI L 720 78 3 IERR ORI % 7R 358 © NaPi2b s RIIPHE S o
BfFicmid7zFEe LT, BEEAEZRY A TF 2280 X 04 FTRAFEY 7 4
AR T & 2 E IS 2 L & L7, U — FMEAYEIRICH T T, & b NaPi2b FH
KIMGERS #ffificd 4 Z E8L L, ¥p-7 VAR Y VB OM VIABHEIC L Z R 7 ) —=v 7
{707z WMF Y vl AEWMZ 4 77 ) —ohh o, (LAY 3 (ICs5=87nM) * 233EH IC
B ) VBRI SASHEEM AR T e v Mea e L CHfS S iz, & T NaPi2b JEFEE]
KIMGERS fMlfEIc 5Tl (LAY 31T X 2 U VIR 0 A B FHEVS R I B S Tk
v, LAY 3 OFRE L LAY (0.1 yMinPBSatpH7.4) 285 2 Z & 5 b, infEtkm L
LAY ICBIE B2 EAT L e L AT, BRZET 2 EREZEAT S
2l T, IREEE e OFRIED KM RETH 0 | R & L EBGEEIEICS D722 5 D
Tl WL, EML %,

KESE R 2 O RO LA OBIFZ HIE L. (LAY 3 D 456,7-7 F 7 Frxv
SFFT7 2 VENE (X))~ a7 a7 I ) HREEAL, KN X7 I FD m i (R)
ICBRIRD 2 VIR T I EEAR B L. invitro ICF 1T 5 NaPi2b FHEGM:, Bfi#tE. 2 L <
BOEEMEZFE L 720 AR L7z 6-> 7m0 EN4567-FFF e FuFr/v) vl
TR EEHIE (U v BRIEH Y A BBEEREE, SR, AN LOEENE) #55ICBI L C Table1 1R

I, WS TN T3 NaPi2b [HESRCH 2{bEW 2 ZHMERE E LTHW 2,



Table 1. Structure-activity relationship of 6-cyclopropyl-4,5,6,7-tetrahydrothieno[2,3-c]pyridine
and 6-hydroxy-6-methyl-4,5,6,7-tetrahydrobenzo[b]thiophene derivatives by introducing a

basic functional group at the m-position of benzamide

cl
(Q\c& NCN @
it HO/QN»\S N

o t-Bu
0
Cl

CF3

Compound X . NaPi2b 1Csp? Sol . Pe¢
(nM) (uM) (105 cm/s)
20 838 1.9 2.1
3 CH; O 87 0.1 ND?
4 > “ﬁo 455 7.9 0.12
5 > %NCLT/ 404 17 0.068
6 > %'U\A,‘( 249 45 0.068
7 > YT 354 66 0.051
8 o RS 997 82 0.26

%50% inhibitory concentration against H>[**P]O4 uptake in human NaPi2b-transfected KIMGERS cells.
The values are shown as a mean of three determinations. ”Solubility in PBS at pH 7.4. “Passive
permeability from the apical to basolateral direction was measured using PAMPA. “Compound 2 was
synthesized according to the literature.® *Not determined. Reprinted with permission from reference.*

Copyright 2022 American Chemical Society.

RIEFHDLICN-AFALY TEENAFAEEZEANL LAY 4 (IC5=455nM) 1%, b v +E
EBY) 3 LR L TY R GARPHEENES 5 SRR L 72, — T, EEmE Lk
L7z (79 uM in PBS), ¥~V ¥ ViR ZE AL 72{LAY S, X7V ViFEkzEAL

tEY 6 13, iz ) VIR 0 A A FHEG MDY 3-5 SFEEIRET L 72 (5,1Cs50=404 nM;
7



6,1C50=249nM), T N5 FHERDAMMEIZE A L 72 (5,17 uM in PBS; 6,45 uM in PBS) ,
TNy T IVHEEALACAEY 7 3. U VR A RBAEIGES 4 SEREREE L

(ICso=354 nM) . &L 66 WM TH o 72, (LA DEMMEICBIL T, BiktEds X U pka
G5 (calculated pKa,cpKa) Z B L7z, (LEW 4 5 X V7 OBUKMEX., WMHEER A 7
n~ bt 277 4— (HPLC) DORFFRE 0 HFREECTH o7, —F7 Tl cpKa LA T D J5F
DEfEEZ R L7 (4,cpKa=891;7,cpKa=10.39), fmicpKaflix/R L7270 v Y7 I vikT
FHEEMETA A Lo 3K, iR b 2o Lz EFEZLN S,

W7 B ERER AT, 4,56,7- T F e Fuxy Y F A7 v0 XEfZice Fr¥y
HEEALZ, L2rLAa2ib, Table 1IR3 X O IC, (LAY 8 DY v EEEE Y A HBHEE
Pt (IC5o=997nM) (Z, (LEWT L0 BEIL 720 L7zA o T, 4567-T F T e Faxyy
FA 7 = v D XF~DKFEF A (H-bond donor, HBD) DEAIFFFA I IC W
HIWT L 7=,

TS DLEVDIEROWIEZ RT 2L 5 »OfEL L T, parallel artificial membrane
permeability assay (PAMPA) % H\» 7z JEE @R 2 Ehi L 72z, chE<ic, v gk
J 2RO & PAMPA % W 7z @t I HHBEIBE (R 25 B % & DfFEA i S hhTw 3,
B 2O OWFEHER T, PAMPA BGEEMED 0.1 x 106 cm/s Kiio L& 7 v Mick i
LVIGNAFTRAZEY T 413 13%TH Y. 0.1 x10°cm/s Zi#EZ LAV DO VI N4 F
TRAZEY T 41E35%ERINT 5, FHE, RREORNEZ R SEfEE LTo.1x10
Sem/s ZFE L7z, T DL K L AN EREL G T2V T7 I /7B XM 73 /K47

(PeP <0.12x 10%cm/s) &, & FRED L 3EVEE#EEEZ R L2, hTd TrSy
CT I VHERIBEICE T 2LEY T (Pe=0.051x10%cm/s) (%, FEH IR WEEEN:E R L
720

R LT, (AT o nE CltiRE IR TV tEY 2 (ICso=838nM) &tk LT

b PAMPA % F 7= g i 1 5 1 35 1F % apical 2» & basolateral -~ o i i@ {7 5L
8



NaPi2b FHEIGHEAS 2 AR b L, BEE @M (Pe =2.1x10 cm/s) (3 40 fEFREEARIL L 72,
720 by MEA 3 LKL T 660 R o i@ &R L 72,

Jeik i b | NaPi2a %° NaPi2e (X BMRICH T 2 U VIR OFHRIICE G L T2, EHD
FERER L Cv 3 EERNAYIER OBINECcH b, MPgEEEIZE A LR 7%
L& EHIEL T3, NaPi % 74 4 7CTH % NaPi2a ¥ X U8 NaPi2c (3 Biic I L <
VW5 h DD, FHHEHIETEEINE LAY A ER T L, BIR~O A2 L A LRV ET
I3, Lo T, AMEBLEELERIKIC BV TIE, NaPi % 7 &% 4 718 0 #iR P 13 R
THILRTEZEZEZTND

L& 2 & iz in vive RERICE W T, F iR~ OLEYRE% 7 v FRIRICE T 2
U VIEIREAR T MR I N2 2 e h 0 2 LAY 2 LA D NaPi2b FHEEEZ G5
EMTHIUL, invivo TD Y VB Y IABHE SR T & 2 L& 2 7o, RFEARERH
ICH1F % NaPi2b FAFEM 5 X OBSE @O RIE. vy MLEY 3 2 55 7 2 MG R#E L

Z RS 272001 REMNT Lo T

1.2 Jili~ DA LG ATRIEICT 0]V 7 e B AR vl

2 OWFFEHE R o A LAY X, I, TR, Bla o) v v — 288 i~ %
THERENZ EBHbNT WD, ¥4 el L7z X 95 ic, Mliicid NaPi2b 35H L <H 0, fb
EYBRAPIRE e i 2 L icoRWERIC %23 2 EHH 5, % 2T, Hkk
AL AV O b Tl b KBSEEME %2 R L 72 LAY 7 ORI T & &I % 34 L 72,
Table2 IR T X 5, (LAY T (10mgkg) DT v MTBITF B AL AT A4 )7 4 139

I L. 096% & B X N7,



Table 2. Pharmacokinetic properties of compound 7 following 10 mg/kg oral administration in

rats

Crax” AUCo—" Fab

Compound
(ng/mL)  (ng-h/mL) (%)

7 3.59 10.4 0.96

“The values are shown as a mean of three determinations. “The compound was administered at a dose
of 10 mg/kg (po) and 1 mg/kg (iv). Reprinted with permission from reference.!! Copyright 2022

American Chemical Society.

—J7°C. Table3 IZ/RT X 5 ic, {LEW 7 B0mgkg) DRSS 6 FEM D MAE I 1X
1.86ng/mL T v il 1 6350 ng/g TH - 72 % DEZDAL A D fiti — I8 i e (Ko jung)
°l 4180 LEH I, G O B 2 k4 LAY OB T & L L sfE% R L 7=,
45,46

Table 3. Plasma and lung pharmacokinetic properties of compound 7 following 30 mg/kg oral

administration in rats

Plasma Lung

Compound conc” conc” Kp ung™?

(ng/mL) (ng/g)

7 1.86 6350 4180

“The values are shown as a mean of three determinations, and were measured 6 hours after oral
administration. The values were calculated using the ratio of plasma concentration to lung
concentration. Reprinted with permission from reference.!* Copyright 2022 American Chemical

Society

—ARANCHTREATIE L AL AP DIEHEEDS BT 2 2 L IZHI N TV 5 2 LA b, FEIL, il

BATIEDMIR 2 H5 L CEREMROIEEME T I 7 K2l o LoD, NaPi2b [HEEGME & KGE

¢ 7y Mok TaROKG®ROME MEETOAEYREL L OFH L 2 H, {LEY) o IniEd 2
o fifi~DREATIEREIC I 72,
10



EEEMERFL X5 L F X, AT, BAZEEAEOKT 2 HIG L 2O EML 7=, V)
v v 2 ¥ — DAl (Lipinski’s rule of 5,R05) 13, — AR OEDO N T v 7' I74 7 2 2 %R
TR L L UGE 2 O ORIRCEGEERE O FHICIA S b Tw b, 47 flc s —fikil &
LT, 10 H L < I1EZ LU D [EERATRERS G 44 (number of rotatable bonds,nROT) 3 X UF 140A
LIFD b Fud mabilhEkE (topological polar surface area, tPSA) DOMWHE %63 32L&
. RIFRAAFTTRA ) 7 4 R 3 aRetEds @, 4 8 (REE R oL &4
BEHEL, o0 MMNEROEL LTORN T v 774732 0EBKNICHAT %
LA BT LM ETHFA Vv LERT 22 L e L, bbb, 57 F&E (molecular
weight, MW) 725500 X 9 K& <, tPSA 28 140A X W K& <. nROT 28 10 Z#E 2. KEHEE
Z AR (H-bond acceptor, HBA) 7% 10 il % 2 2 (L& OAI# % Hig L 7=,

¥ 9135 tPSA fL & nROT DM X 2K E &L ZfEM L, 7o e FrFz /)
VVEKroY T T I EEREST S 2L CIREEEREE L, IHEEMD PEG
PHE REMZICEA L 72, AL 72{LEW & 2 0 b oL E X OIS % Tabled IC

NERS

11



Table 4. Structure-activity relationship of basicity-reduced derivatives of compound 7 with a

PEG side chain at the m-position of the benzamide moiety

Cl

S NH
aes
NePi2o - Pe
ol.
Compd. X R ICso? ) (10°  MW! tPSA® nROT! HBD! HBAC
(nM) : cm/s)
7 SRS DA & 354 66 0051 703 10852 15 2 6
9 > weemer <1000 33 NDF 682 14672 15 3 7
10 > oo t, <100 8 056 754 17302 19 3 9
1 e 40 55 <0025 737 12973 18 2 7
12 SRS 315 82 023 750 13296 19 2 8
13 > ey 33 94 <0025 811 15919 22 3 9
14 S e 83 76 NDt 843 19964 24 5 11
5 o0 T T 6 12 <0025 943 20395 31 3 13

OH

%50% inhibitory concentration against H>[**P]O4 uptake in human NaPi2b-transfected KIMGERS cells.

The values are shown as a mean of three determinations. *Solubility in PBS at pH 7.4. “Passive
permeability from the apical to basolateral direction was measured using PAMPA. “Calculated value
using BIOVIA, Dassault Systémes, BIOVIA Pipeline Pilot, 2019.1.0.1964, San Diego: Dassault
Systémes, 2019. “Not determined. Reprinted with permission from reference.!* Copyright 2022
American Chemical Society

&7 L, Tra—nfko, AALFRVEEEK10, SZFAT I K11 & HIC 3-9

BREDM IR ) VEREI D AAARBHEEHZ /R L7z (9 and 10, ICso < 100 nM; 11, ICso = 40
12



nM), 73— Ak 9 IHMEEMAYE 33 uMin PBS) THh o7=—J7 T, AAKRVEEKL10 &Y
IFAT IR TRIFREREEZ R L7 (10,81 upM in PBS; 11, 55 uM in PBS) . B 1k
ICBIL T, AR VEEA 10 (Pe=0.56 x 100cm/s) 1355 DFXIE L 7= (KEE @M O B X 0
RERfEERL7Z—FHT, YZFALT I 711 (Pe <0.025 x 10°cm/s) 1XERE % 72 LK
EE Y% 7R L7z, tPSA. nROT. HBA Z IS 2 L. ALK VK 10 D J7 HMEIGE @Y
ICHM & WIFF S 7225, PAMPA % F v 7= B @B SR 2> o (M Lach s v =T
VT IR 1 DS 20 SRS OMRBGEEE AR L, T a =k 9 B XA LRV E
101358172 Y v BRI D AR BAEEEZ R L b 0o, M-S ®EED fTiFE L
{ Zxdro 7z, REBAL~D PEG $HOEAIC X Y isiEE IR IRF S —TiT, v 7 urmen
72 HEXFICET 2LAY 12 (1C5=315nM) X, YTF AT I /{11 L L T
Y VRO AR PAEEM D 18 ITIK T L7z, L7225 T, 456,7-T e Faxvy
FAT7 = VEWHD X EA~DRRAEEREE OB AL, NaPi2b EAHEOMRICHRN L % 2
bz, TNLOEREZT. LAY 1 2 bF A piEERELEERT 22 &L Lz,
513, cpKa HIREEL L, LAY 11 (cpKa=9.72) &L THEM ORI L 72{LEY
74 v L7, PEG RGO Y 50T I/ Hosn1rN 7w + v{LxfER L <. PEG
fIgEICB-T I/ TAra— Lz BALL, ALY ZFAT I/ 227 —1{K13 (cpKa=
9.66) (X, (LAY 11 L EREED®ET) 72 ) VIEEHY AH AN (ICs = 33 nM) %R L.
JZ M (X IEH I D 5 72 (Pe < 0.025 x 100 cm/s), W 7x 2 HEIEEDKIH & tPSA. HBD,
HBA O¥iM%Z$5m L, PEG fll#RiGIce Pe ¥ o 2 EALL, AL X/ —0
7 2 ViR 1413 cpKa 25 7.59 L& o 72b DD LAY 11 & R L T 2 {5 ) VERIEELY
ABPHE DS (ICs50=83nM) L7z, (LAY 13 & 14 ZHIEKT 2 & PEG ISR~
Db FrF HoBE ALY VI A HEE R ICEH S 5 v RE R X iz,
Z Wz, PEGISHANRIC A b ¥ L HAFAL 7, Hic, IFE _&EK e oM AFRERE X

OMRHEME DA & fi515 L C. PEG $HZ PR L, MItEA A v 2B AL 72, WtEA A4 1k 15

13



(cpka=8.37) 1358172 U VB AAARHEEEZ R L (ICso=64nM). (T & A L EERE
PEaRIah o7k (Pe<0.025x10%cm/s), AERZFEML 72 45,6,7-7 F 7k FaFx/
Y Yy ELN4567-T e Fuaxy Y Fd 7 viEEKRoMEEEHBEoz Lo %
Figure4 IC/"$,4,56,7-7 F e FuxXv Y F4 7z v~y r7u7aer7 i) fe
LU0 Fr*oHOBA RVAT I F mii~0BKkE LUK T I 7 E 0B AL, NaPi2b
PHERE 2RI S 27z, — T 6,6-F AFN4567-T 7 Faxv Yy F+7 o /g~
DZEHTILIES) 7 NaPi2b FHEFWEEZ /R L. TRAEERERE D E A A NaPi2b FHE GO 1A L
WCEHG T AR RIB I Tz, RV XTI F mli bR L7 PEG O KIKIZ, £ Fr

FOHIDBAFAECA P F RO B EN DM TS 572,

and chargeable moieties

Cl
Q\Cﬁ Q\C&
,\N Introduction of polar functional groups \N
HN HN’
Qfo > %NQfO
S” "NH phosphate uptake inhibitory activity + S7 UNH
OZO/\O\ O%\@/\N/\/\N/\
OH |
3 7
NaPi2b IC5, 87 nM NaPi2b IC5y 354 nM

Introduction of lipophilic group
and conversion of chargeable moieties

phosphate uptake inhibitory activity 1

Cl Cl
Conversion to basicity reduced
CF3 chargeable moieties CF3
\ and increase in MW, tPSA, nROT, \
N HBD and HBA N
HN HN
o —— ¢
X X
S NH phosphate uptake inhibitory activity — S NH
(o} (o)
O%\©/\O4\/O>\/\N/\/O\ O%\©/ N D S TN
5
kCOZH K
15 11
NaPi2b IC5y 64 nM NaPi2b IC5y 40 nM

Figure 4. Structure-activity relationships of 4,5,6,7-tetrahydrothieno[2,3-c]pyridine and 4,5,6,7-
tetrahydrobenzo[b]thiophene derivatives for the in vitro phosphate uptake inhibitory effect.
Reprinted with permission from reference.'* Copyright 2022 American Chemical Society
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FRED ) v G Y A S PAE G TR, B, (RESEEN 2R L7 baY 11 5 X0 13-15
@_[ﬂlﬂﬁ_}jﬁ*%f:f‘l\i (Kp,lung) %gilzﬁfﬁ [/ f:o CpKa é: Kp,lung O)'fﬁ %f Table 5 I ZTTj_o

Table 5. Comparison between the calculated pKa and K, jung values for the basicity-reduced

derivatives of compound 7

Compound Calculated pKa? Kp,lung®
7 10.39 4180°
11 9.72 130
13 9.66 428
14 7.59 44
15 8.37 -

“The highest value of each compound calculated using ACD/Percepta, version 2017, Advanced
Chemistry Development, Inc., Toronto, On, Canada, www.acdlabs.com, 2021. *The values were
calculated using the ratio of plasma concentration to lung concentration. The values were measured 7
hours after oral administration in rats (30 mg/kg). “The values were measured 6 hours after oral
administration in rats (30 mg/kg). “Incalculable. Reprinted with permission from reference.!!
Copyright 2022 American Chemical Society

HfraEY . LAY 11 (Kp,lung = 130)\ 13 (Kp,lung = 428) . 14 (Kp,lung = 44) DRt 5% 7
RFED Kppung 13+ (LA T (Kpuung=4180) & LB L TIKfEZ /R L 72, (L& 1513, FO#

54 7 KRl o AR (<0.3ng/mL) K OHRE (<1.5ng/g) PEHRALAT TH - 7=,

1.3 Witk A A vk 15 o EYEhTE

bk O FFERER OFE R 5. 5817 NaPi2b FHEEM 2RI 720 TR, &K Kpiung

R L7=mitEA v iR 15 2T, 7y MoEiF 3 PR RERZ FEft L 72, Table6 I/ s X

15



512, 30 mg/kg FROKGHORRMPFEFEE (Cue) 120444 ngmL TH Y| NAFT A
ZEVT41301%EEH I, MEA A VIR15 13, 138 A CROBINMEEZ R S v & i

HAIN, LHROFET 0 7 7 A L 2R TIEVORIRICE > 72,

Table 6. Pharmacokinetic properties of compound 15 following 30 mg/kg oral administration in

rats

Plasma Lung
Crmax® Tin® AUCo" AUCo-* MRT¢  F%°

(ng/mL) (h) (ng-h/mL)  (ng-h/mL)  (h) (%)

Compound  conc®’  conc®?

(ng/mL)  (ng/g)

15 <0.3 <L.5 0.444 3.53 0.665 2.62 5.25 0.1

“The values are shown as a mean of two determinations. *The values were measured 7 hours after oral
administration. “The compound was administered at a dose of 30 mg/kg (po) and 0.5 mg/kg (iv).
Reprinted with permission from reference.!* Copyright 2022 American Chemical Society

14 WtEA A4 vk 15 OB L — 7R

EOEMEYE 23T & A ETER S R ORI 2 7R & A wilitk 4 F vk 15 28, in vive T
NaPi2b FHEIC X 2 V VIRIERINHEEH 2R 328 5 4, 7 v MEELr— 73lBRE v C
BGEL 7z, * BR RO Y vBBERER & LEHIhCw 2t ~7~— (SH) %
Mrige LCHWZ, Vv o1 HOEEEIX 700—2000mg & fiianTEsh, U Vigfe
L CHERERE 2@ L <t s h T3 GlmgLitk) v = 1mM ) Vi), 5 22T,
BB — 7HRBRIC BT 2 ) VIBIEIRE R ARSI S T 2 2 E A b0 125 mM L%
ELTee 7y FOREIEL CUEBE R 7~ — 0 5% | HORKESHY & (5.8 mg)
LR (7.8 mg) @2 BEICEE L7z, AR % Figure SA, B IC/R"d, WifEA 4 VK15
(0.1 mg) Z/NEGHIT NaPi2b 2AEFHIHL T3 L S NBE[HIG Lz A, =20
FEE L T ) vIRIEOWIER 2 17%HE L 72 ARER I, BR M 2 h T 2 17#R

tRIv—% G L7ZB0 ) vIBETINEEFER 13 L A EFRBETH > 7= (16%, 5.8 mg;

16



19%, 7.8 mg), (KMELZEE M CIER OINE% /R 9- NaPi2b FHEHZ H W& IcB T2 ) v

FEtERINEED 2 v+ 7 M ERICE 5 77,
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(A)

iy a1 [e2] ~l
o o o o
T T T 1

N
o
T

Absorption of Pi (%)
w
o

=
o
T

I *
I 1

Vehicle Compound 15

0.1 mg
60 r
#
I #H#
0 I .
Vehicle SH SH

5.8 mg 7.8 mg

o

(B)

a1
o
T

LN
o
T

Absorption of Pi (%)
N w
(@) (@)

[EEN
o
T

Figure 5. Inhibition of phosphate uptake in the small intestine of rats using an in situ closed-loop
method after the intrajejunal administration of the 12.5 mM phosphate buffer solution (pH 6.5) with
(A) compound 15 at a dose of 0.1 mg, and (B) sevelamer hydrochloride (SH) at the doses of 5.8 mg
or 7.8 mg. Each value represents the mean + S.E.M. of six rats. “p < 0.05 comparison of the vehicle
and compound 15 (Student’s #-test). *p < 0.05, #p < 0.01 comparison of the vehicle and SH (Dunnett
test). Reprinted with permission from reference.* Copyright 2022 American Chemical Society
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B2% Tiar PTG S ORH]

21 Tk NIV UREE R AR L 72 3R A B RS

MEA A VRIS IET oA F 7Y viEEEZA L TE Y, BBk fEEZZTT e
NIV NEERTAREEWERH D, T F IV FIE, 370y —L0EERICX Y FEHNE
DY RZHTL %5 KICHEREIEERKL 9 2, © Z2hw x| KEGEEED 72 o2 I
HERIFLALEHETZ 213D neE LTh, MHicHsfi L2 B0 KICHER#YIC X 2
BHEOBEN D 5, MEA A VK15 (F=01%) 123 A EROBINEEZ RS RVD DD,
YR 7 OERICET, 7ok ¥ 7Y viiEE EEE L 2 AP oREE BIEL 72, EE0E
fiti L C & 7o ARIEE 1 & FR i L 72 SRR RIS 5 1 2 &G EAHBI O MEEE 1, LAT i@ b
TH b, D 6,6-F AFN-4567-7F T Faxy Y547« vgigs L EEICh
BT 2 4-7uu3 )7t XFA7 2 2 VI RE SN BIEAMNBELIL, Wik
VBRI HEEE 2 RS R/ B ETH L EZXONDE, RVAT IF mlirbET 2
PEG I~ DB EREECEM 2 AT 2 BReEOE AL, KEEE&ELIcESTH L, T I
EEEE ., BICHZVFLERD 2-T I FA 7 v T I T e KTV
DANKZ NG & OMBERZBRMLIC XV RFFT 2 2L, TA3EMoERILZEA
LCHERE9 2 C &3 ) vIBETINAEE 2 RS A/ BB E 2, 794 v Liz, T Vv
b N7V VG T NaPi2b FHEEM: % 78 355 8RS (1) 1T 7-ffF S5 8% % Figure 6 10783,
WtEA AR 15 T e VIV VEEEZ RS2 2- 73/ 5472V 3-ANVFe VI
FEffix., Fo /43 3V vaty GRUE) X273/ F47 2 V3 HIAFFH 3

F (T=Y k) ~Zfig el
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Figure 6. Synthetic strategies to obtain the derivatives of non-acylhydrazone structures.

22 FETIAe FIVUEETH BT =Y FiEERORS

Table 7 \[C=BRMEF = /) AFH L v 4-F v BIOT =) FHFERORLEE MM 2R,
=ZBRIECAY 16 (ICso = 2881 nM) (X, WPEA A vk 15 LR L TV VIR D JA A FHE
WEEDSEES L7z i Ty 7ok BV VIBEORE L LTT7 =) MG~ D% %
L7ze 7 2=01K17 (IC5o=14040M) B XU A P ¥ 7 2 =K 18 (ICso=1140nM) Tl
U VB D AR PAEEEREH L., 72 AT T IFBLOA M F U 72T %
b7 I F~OBHFREIEEEZ b0, —/ T, TFAT =R 19, RV ULT
= =K 20 13587178 Y VERIEIR D IABPAFIEEEZ R L7z (ICso < 100 nM) . BA L DGR A
5. NaPi2b & DfEiAZIEMET 21CiZ, 7=V FEFEAKRD R~ v ¥ VEREM 2 bR L 72

fEIFTIC, FERD & 5 RIGEEERIE S LETH 5 2 L BRR I Nz,
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Table 7. Structure-activity relationship of tricyclic thieno[2,3-d][1,3]oxazin-4-one (A) and

anilide conversion of 2-aminothiophene-3-carboxamide (B) derivatives

B: Ar

HN

A
[e]
o
>Q/1WU\O </\/O‘>/\ >Qf
57N o OH 87 "NH
)\@ﬁ 5 0A©AONOMOH

NaPi2b
Sol.
Compound Structure Ar I1Cs0?
(1M)
(nM)
16 A 2881 36
17 B O 1404 81
N
18 B I 1140 2.3

19 B <100 0.39

L
20 B L0 <0 048

“Half-maximal (50%) inhibitory concentration against Ho[**P]O4 uptake in human NaPi2b-transfected

KJIMGERS cells. The data are presented as the mean value of three determinations. ?Solubility in

phosphate-buffered saline at pH 7.4.

e, 7=V FiE 2 3 2 #EED EEi~ v ¥ VERHIEHZ iR L 72, Table 8 ICHfiE
MR EZ RS, WFRRED . ATFL 47 22 F ARV IA ME2 BIURAF L 4-2- X
FAT 2 A FMNRY YT A ME221E, 87 Y R AL BAE S 2R L7z (ICs <
100nM), LA Lo, b DbAYIIKERETH -7 (19—22,<1.6 yM in PBS at pH
74), Tz, EE~R V¥ VRORIG I BRI ZEA L, AR E2ilAirz, 4-7
A F AR VAR 23 (1Cso<100nM) (3587172 Y v EEHEEL 0 AL HEEEZ G L, WIFE
Y ICERAEER R L2 (115uMinPBS), 7=V FREEICE W T, MRIEEREIE OEA A

fRE DUGEICH RN T H B A[REMESRIE X LT,
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Table 8. Structure—activity relationship of anilide derivatives with elongated side chains

NaPi2b
Sol.P
Compound Ar R I1C50?
(1M)
(nM)

21 N <100 1.6
L

22 0/ K/\O%\/O\%AOH <100 0.72
e

23 M ofooH <100 115
]

“Half-maximal (50%) inhibitory concentration against H2[**P]O4 uptake in human NaPi2b-transfected

KIJMGERS cells. The data are presented as the mean value of three determinations. ?Solubility in

phosphate-buffered saline at pH 7.4.

23 EHRvEVERA~O~T uBREAC X B SR

7 =Y FEAL (Ar) ORIGNVE VERICIZATARB I UO~TFulE, XV X7 I mfi
IC PEG I (R) %A 3 2 FHEAROMEGEMHEIZ Table 9 1IR3, (LAY 23 DM
FofiRER 0T, MUEERE % PEG MISHORImICEA L7z, WIFHEY Ic, PEG HIgHDOR
ICAHNRVIBEEET 52 A F AT AT AR 24 ZERFEEZ7R L (116 pM in PBS). 581 7%
Y VIR AR HE G %R L7z (ICs=71nM), 5817 Y v I Y A A FHE G50
EARTE 2R SEAEAR D BUS IC M) T, PEG IO Kig~D A VK Vv EEOEBEABHZNTH
LAREMEDRB I NIz A FNIZATNMRDNAFT A Y AR =L LT, FT V=K 25,
T F G —NAK 26, 134-FFHTT VK 27T AL, —EOLAPIE AT LT R
TAAR24 LR L T, FIRRED S 4 (R OEMEREI 2R L7z (25: 1Cs =288 nM; 26: ICso

=43nM; and 27: ICso=103nM), MA FDOFER S, 7=V FHFEAED FERICHE T 5 K~
22



VEVBOAF AT AT AR L RE RS FT 4 Y AR —~OBBFHFE S Iz,

Table 9. Structure-activity relationship of derivatives with a heterocyclic ring and a PEG-

carboxylic acid side chain at the m-position of the benzamide moiety

NaPi2b
Sol.p
Compound Ar R I1Cs0?
(1M)
GO
o]
22 A 77 robmo <100 0.72
]
24 > 5T <oy ™ 71 116
”‘a
N
S H
25 <oy 288 87
o
N
o H
26 %OMOWO 43 79
o

< N o
27 W IS 103 62
ye

“Half-maximal (50%) inhibitory concentration against Ho[**P]O4 uptake in human NaPi2b-transfected

KIJMGERS cells. The data are presented as the mean value of three determinations. *Solubility in

phosphate-buffered saline at pH 7.4.

2.4 WA A R 30 DA

AFNIRTAREBL AL T T A Y AR —~OEBBPFRINZZ LD, 1,34
FEFIT Y =ME2T EHCTR Y XT I F m i bR 2 PEG fllfH (R) &% &
ML 7z, Table10 I 1,34-4 %37 V' — ViEEAOREE MBI 2R 9, PEG fll#Hz iR
L 71L& 28 (ICso=24nM). #ifi L 72L& 29 (ICso=61nM) BT, LAY 27 (ICs
=103nM) &ML T 1.5-4 fFRE D U VR Y AR HEEE oM LR I N, Th
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b OfERIZ, ¥ 2 PEGHIBHOZLHZHIPL T2 b DL ko,

FHORATHRDORER D S WEA 4 K15 (Cso=64nM) (35807170 V v EEIEHL D JA A
PR 2> D IEF IR DR ORINGE (F=0.1%) 2R L Cwi, 1 20z, 57 ) v
I Y SA BB F T L ARBLEETE O Wiz 2 BARF L, L&Y 27 © PEG HIBIC it A A v K%
BA L7z, LA 27 B LT, WA A K30 (ICso=14nM) 13, 7 f5FEEE Y v ERHEHL
DIABBHEEMES B E L, 2 omiafErE (96 yMinPBS) %78 L 72, Mz T, HARRE Y I
JEEE %R L7z (Pe<0.090 x 10 cm/s)

FET e BTV REE TR 7 NaPi2b FAEWE M 2 R 5 F 8RS % Big L 72t &k
FlOFE D% UTIORT, ZREF T/ 4 %92 v-4-74 v 13 NaPi2b [HEEME 2 KIS IC TS
L7ze 7=V FRFEATIE, 72=AT R T I FERPAPF 722072 FT 1 MEIC
F1> T NaPi2b FHE G ARG ICHES L7z —77 T, EHR v 2 VEROMEHZ RS 52 L T
787772 NaPi2b [HEEME 2R L7z, SO DRIREZIEE 2 5 &, NaPi2b & Offier 2 iS5
Ik, FERED XS RIREEEREE L~ v ¥ VEREME L ZETNCEAT 2 2 L8 Y
FLVEHERINT, LRV EVIRORIGZATAED A AT AV AR = XV AT
I mAlih bR S %5 PEG S#HOFAEMEIIHIAAL <. EEOFHEMA T 7% NaPi2b [HE
EHERRRRL 72,

W81 7% Y v R D GA B BHENE T A ARG M 2 R U 72tk A 4 v 4 30 T, PK
HBAEML 72, Ty b ~OROBEICEOTEAN AT RL S5 ) 7 4 %R L (FaFg =
5.9%. Table1l), | & A EREOWIRNED LA TH o7, U LR L, FEFHDOHIS
THERTOATEBERAZRTa v 7 VAT 77 7 A2 GT 5T

N7V viBiEOFERERG T 5ICE> 2,
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Table 10. Structure-activity relationship of 1,3,4-oxadiazole derivatives

A,
o8
(J
X
s
S NH
aes
NaPi2b
Sol.b
Compound R I1C50? M
uM
(nM)
27 oboi i 103 62
28 st 24 91
29 VY W 61 156
30 oy 96

(]

“Half-maximal (50%) inhibitory concentration against H2[**P]O4 uptake in human NaPi2b-transfected
KJIMGERS cells. The data are presented as the mean value of three determinations. ?Solubility in

phosphate-buffered saline at pH 7.4.

Table 11. Intestinal availability (FaFg) of compound 30 following oral administration in rats

Compound Dose AUC)_2 FaFg

(mg/kg)  (ng-h/mL) (%)

30 3 30.0 5.85°
Antipyrine 1 171

AUC, area under the curve
aValues are presented as the mean value of three determinations by oral cassette dosing. ®Values were

calculated by comparing with the Fa value of antipyrine as 100%.
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25 MtEA A VERI0 Ty Mok 5 Y v BRI EE R

0178 ) v BRI D IA B BHEEE D O SR AE 2R L, REORIE S AT 213 UK
WHEITEA F VR 30 2T, Ty Mgk T 3 ) v EREWINHEER % L 72, R CH
MEERTRO) VEBERERITH 2 RKIE T v & v R GHIEE LCER L2, ARRERIC
Bk, U VEBERE 10 mM 2B ) vEBERE S LT, Y VIERERE 100 mM %
EREAIEERE LTI L 72, REET v & v OG5 RIZT v b OREIE D S ZORE
L7zo —DERHLEGETH S 10 mgkg, DO —2FEKGED 20 mgkg & L7, &K
W7 v 2 v ORGREESAIETH 20089 RIS 2720, REET v & v L fithA +
vk 30 DHFHIRG b K L 72,

WA LAY RO 5%, 7 v b OREIR? & MR & BN L. I 100 uL 5 o BeiE
P& 3Pl L 72, SFAfifS 5 % Figure 7A, B, C IOR 3, 10mM Y VG T Tk, v—2 1
BEL LT, LAY 30 13 44% (3mg/kg, p.o.). 37% (10 mg/kg, p.o.) 55% (30 mg/kg, p.o.)
DY vEEEWIHEER %R L 72 (Figure 7A), —/ T, 100 mM V VEEHESM N Cld, v
— AR B L T, 11% (3mgkg, p.o.). 14% (10 mg/kg, p.o.) &MitEA A+ v K301ck 3
Y v RN P E VR AMEIR L 72 (Figure 7B) .

AREEFRD B WA A vk 30 13, BBE O NaPi2b FHEIC X 2 V v BEWRIBHEER %77
THLOD, EEED Y VEBESMT T NaPi2b FLEERMER T 2 AlREIEARIE & 17z,
Witz 2L U VEEHIRE 10 mM SfF T Tl NaPi2b %0 L 7z ffifEfX S EATH 5
EEZHLNZ T, V) VEBRIRE 100 mM §MF T Clk ARk o BB T h B LR
Nz, TN ORERIE, &Y v RS T < I HIaRE 23 ) v BRI O K5y % o
D5 EVIHEE —EL Tz, 052

BT, RIEZ v 2 v LB XU, KET v &2 v LlEA 4 v 7k 30 DOF B % &
fiti L 7= (Figure7c). 10mM V YEEHESMETFIcBWC, v — 2 AR L T, WitkA A+ v

30 (10 mg/kg,p.o.) 1ZREET v %~ (10mg/kg,p.0o.) LEED Y v EEERINHEER (i
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PEA A V1K 30: 23%, REET v & v:20%) % Lic, WitEA 4 vk 30 1F, BRRCEA
T\ B IR & A4 O SEPRME T 2 8 3 2 AIREtE SRR S e, IR DRI T v % v #%
5 (20mg/kg, p.o.) ICHBWTIE, Hxd Y vEBERIHEER (62%) %R L. AR§HIR I
B BKET v & v OFBIKEESRE S -, Witk4 4 1830 (10 mg/kg, po.) & KEE 7
v & v (10mg/kg,p.o.) DHFFSHT ClE, ©— 2 AREE IR L T 51%D U v IR
TERDER I NTze TNDO DK O, WA A K30 LIKEET v &2 v EDPfFHICL 2 Y

VRSN EE ] @ LRSI RIRR I N, 53
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©

10 mM Phosphate
8000
7000 |
6000 |
23%
_— 20%
E
E s000
L
=
2 4000 f
Q
3 91%
- 0
T 3000 + 62%
14
2000 |
1000
0
Vehicle Compound 30 LC Compound 30 LC
10 mg/kg 10 mg/kg 10 mgrkg 20 mg/kg
+LC
10 mgrkg
Groups

Figure 7. Measurement of [*’P]-phosphate in the phosphate absorption inhibition assay in rats after
oral administration of 10 mM and 100 mM phosphate buffer solution (pH 6.4) with (A) compound 30
(doses of 3, 10, and 30 mg/kg), (B) compound 30 at doses of 3 and 10 mg/kg, and (C) compound 30
(10 mg/kg), lanthanum carbonate (LC; doses of 10 and 20 mg/kg), and the combination of compound
30 (10 mg/kg) and LC (10 mg/kg). For (A) and (B), the data are presented as mean =+ standard error
of the mean (SEM) measurement from five rats. For (C), the data are presented as mean = SEM
measurement from four rats, and the test was conducted twice independently. The number at the top
of each bar indicates the reduction percentage of phosphate absorption when compared with the

vehicle group.
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31 fLat 4-15 DAL

LEP4-8 13, m-7 0o XA F Ny X7 I FEEMK S4a 5 XU S4b & HIGT 25 7
IvEHWTENENABK LT (Schemes1,2),

L&Y 9-11,13 XU 14 13, m-e FuF oV X7 I FEHEK S5 2 WTEKL 7=
(Schemes 3,4), 7A 2=k 9 |3, 2-2-2- 7B BT FFINTFFINTX/) —LE p-t
FerFo_y X7 I FFEERSS ZHCTER L, TAra—A o iMtaEM 1,13 3L O
14 OEHHREE LThRHVZ, I vRESS iZ, Tra—fk9o A vkl ay
FERTEL, YIFATIVERIGEEZI LTIV FAT I /RN 2572, 7T
IR 9 E(S)-Tr/urE FY YORIBICE Y ZTRFY RS R L, 73 /kic
It 13 BL V14 ZAK LTz, 7=/ =K S5 & PEG 1K ST #H\WC. tert-7F v
T RATARSI0 ZHUS L. TFA CULFES 2 & & THA R VEEER 10 ZEUS L 72,

fbEW 1213, 2-7 2 /7-4567-7FZe FuFx)/ ) Y viFdks3a LG T 3 LR
VIR S12 % WV CTARL L 72 (Schemes 5, 6) .

{CEWI15 13, m-Z7 v v AF ARV XT I FiFER Sde 2> H A L 72 (Schemes7,8), S4c
EnFHIFLYZ Y a—n, NaH EDRIGICE D Tra—fk S15 ZHE L., A Ptk
S16 ~ L7z, MiEA A VK15 13, A TR S16 ~D 7 ) & v EEER S14 D SN2 BT

W, FE < KR XY BV L 72,
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Scheme 1. Synthesis of m-chloromethyl benzamide and m-hydroxy benzamide derivatives (S4a—

S4c¢, and S5)2

Cl
c\)OL 2 c\)OL ik
N NH, —— > N _N _—
N2 NS CF,
H H
S1 S2
Cl Cl
QCF:; QCF:i
\ \
N N
HN HN
(0] 4“ )
X X
/] /|
S” "NH, S” NH
S3a-S3c O%\©/\C|
S4a-S4c
e, f V}”"
a:X= N\
o7
Cl /"
wx- X
HO »
\ T
N c:X= ><
HN >
o)
/|
S °NH
OH
X
S5

@Reagents and conditions: (a) 4-chloro-3-(trifluoromethyl)benzaldehyde, EtOAc, 50 °C, 96%; (b) 1-
cyclopropylpiperidin-4-one (for S3a), 4-hydroxy-4-methylcyclohexanone (for S3b) or 4,4-
dimethylcyclohexan-1-one (for S3c), HMDS, AcOH, THF, rt; (c) sulfur, TEA, THF, rt, 19-53% over
2 steps; (d) 3-(chloromethyl)benzoyl chloride, py., DCE (for S4a) or DCM (for S4b and S4c), rt,
84-91%; (e) (i) 3-acetoxybenzoic acid, SOCl;, DMF, DCM, rt; (ii) S3c, py., DCM, rt; (f) K.COs3,
MeOH, reflux, 87% over 2 steps.
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Scheme 2. Synthesis of 6-cyclopropyl-4,5,6,7-tetrahydrothieno[2,3-c]pyridine and 6-hydroxy-6-
methyl-4,5,6,7-tetrahydrobenzo[b]thiophene derivatives with a substituent at the m-position of

benzamide”
Cl Cl
Q\Cﬁ Q\Cﬁ
\ \
, N
HN HN
a
(0] _— > X (0]
2 959
S NH S” >NH
O%‘\@/\CI O%\©/R
s
X= %N\
T &

“Reagents and conditions: (a) corresponding secondary amine, TEA, THF, rt, 49-94%.

Scheme 3. Synthesis of S72

o a O
HO\/\O/\/O\/\O/\)'LOFBU TsO \/\O/\/O\/\O/\)kOt-Bu

S6 S7

aReagents and conditions: (a) p-TsCl, TEA, DCM, rt, 98%.
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Scheme 4. Synthesis of 6,6-dimethyl-4,5,6,7-tetrahydrobenzo[b]thiophen derivatives with a

\
N

HN'

o
cl Cl >Qf
CF CF b 5
| ' | ’ / ‘%\@/0\/\0/\/0\/\
N
s8

substituent at the m-position of benzamide”

Cl
NH d
o OH o O\/\o/\/o\/\OH \ (@C%
\
N
HN

9

S5
[¢]
X

Cl S NH

Q O%\©/O\/\ O/\/O\/\ O/\<‘
CF3 (0]
\

s9

(0] 0.
o)\@/ ~ o T \/\,\(\

o O\/\o/\/o\/\O/Y\N/\R
OH k
R
13: R= Me
14: R= CH,0OH
Cl Cl Cl
(©/\0F3 (@Cﬁ (©/\0F3
\ \ \
N N N
HN HN HN
o 9 o) h o
7 2 - /1
S7 NH S” O NH o] S” °NH
0}\©/OH O}\©/O\/\O/\/O\/\o/\)LOt_Bu O)\©/O\/\O/\/O\/\o/\/COOH
$10 10

“Reagents and conditions: (a) 2-(2-(2-chloroethoxy)ethoxy)ethanol, KoCOs, DMF, 100 °C, 54%; (b)
(i) MsCl, TEA, DMF, rt; (i7) Nal, 100 °C, 74%; (c) diethylamine, K,COs3, DMF, 100 °C, 87%; (d) NaH,
(S)-epichlorohydrin, DMF, rt, 29%; (e) diethylamine, THF, rt, 18% (for 13); (f) 2,2’-
azanediyldiethanol, IPA, 70 °C, 50% (for 14); (g) tert-butyl 3-(2-(2-(2-
(tosyloxy)ethoxy)ethoxy)ethoxy)propanoate (S7), K.CO3, Nal, DMF, 100 °C, 64%; (h) TFA, DCM,
rt, 32%.
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Scheme 5. Synthesis of S122

OMe OH

O&LT::]/OH a, b,cd O%*T::j/o\//\o/\\/o\y/\T:T\

S11 S§12
@Reagents and conditions: (a) potassium carbonate, 2-(2-(2-chloroethoxy)ethoxy)ethanol, DMF,
100 °C; (b) (i) MsCI, TEA, DMF, rt,; (ii) Nal, 100 °C, 42% over 2 steps; (c) K2COs, diethylamine,
DMF, 100 °C; (d) lithium hydroxide monohydrate, 50% aqueous EtOH, rt, 74% over 2 steps.

Scheme 6. Synthesis of 6-cyclopropyl-4,5,6,7-tetrahydrothieno[2,3-c]pyridine derivative with a
PEG side chain?®

cl cl
(Q\CFS (@ca
\N \
HN’ HN
a
o) _— o
0y 0y
S” “NH, S NH

S3a o)\©/0\/\o/\/0\/\,\(\

12

aReagents and conditions: (a) (i) 3-(2-(2-(2-(diethylamino)ethoxy)ethoxy)ethoxy)benzoic acid (S12),
SOCIy, DMF, DCM, rt,; (ii) py., DCM, rt, 20%.

Scheme 7. Synthesis of S142

0]
a HN/\/ ~N
H2N /\/o\ — >
COan
S13
S14

@Reagents and conditions: (a) benzyl 2-bromoacetate, DCM, 0 °C, 90%.
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Scheme 8. Synthesis of zwitterionic compound 152

Cl ]
(©/\ CF3 (©/\CF3
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$16
cl
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N
HN
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/|
S”NH
O%\Q/\O/\/o\/\o/\/o\/\o/\/o\/\,\l/\/o\
‘\002H
15

“Reagents and conditions: (a) hexaethylene glycol, NaH, DMF, rt, 79%; (b) MsCl, TEA, DCM, rt,
79%; (c) benzyl (2-methoxyethyl)glycinate (S14), DMA, 120 °C, microwave; (d) 1M NaOH aqueous
solution, EtOH, 1t, 23% over 2 steps.

32 fbE&EY) 16-30 DAL
=SB LAY 16 13, m-r7rua AF ARV XTI FFEEMA S BLUOTHRO~F T L
vZ ) a—nd NaH & DG, $:< TFAA & TFA L DRIGICE VB L=, 7=V FifE

1720 5 X 0022 13, ZBRELEW 16 LXICT 57 =Y /R e O KIS THIE L 72 (Schemes
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9-11),

LAY 21 X O 23 13, LAY S25 Z v TARLL 72(Schemes 12-14), A F LT AT L
k21 1%, {LEYS25 & 3-T & b oL EEK., HLFA=1, BLXVUDMF 27T 32
b, Bt MK EIC XY 7 = 7 = ALEY &2 IS, PEG 1K 827 LKkt & v L & G
T2 2L THR7, AVEYEER23IZ. A F AT RTFAAK 21 OHIKSRIC X BEUSG L 72,

L&Y 24-26 12, =ZBRMWFFEMAR S31 LXET 27 =V 7R DRIGIC X D AL 7=
(Schemes 15-17),

1,34-AX 5T V= ViFEK27-30 X, m-7 ma A F Ay XTI FFHEK S42 W
THUS L 72 (Schemes 13, 18-20), {49 S42 & PEG 14 829 35 X (X PEG {4k S44 & NaH & @
RIGIC X 0 L& 27 & 29 22 2 S L 72, L& 28 12, (L&Y S42 & AR IC A v
AT EBL IR VEERZHE T 2 HIRD PEG (AF X WREE€ > 7 L2 WTH L 72,
WPEA A R 30 12, LAY S42 ETERRICT I/ BB X P tert-7F N AT AEEFT 2
HRD PEG A, 7 F 72 F AT vE=ZV LT IF, BLXUO7v{th YV v L EZHNTT 3
JERERIRFL. AV LT AT e FEHWRERITNT 2 7fbick b X F b L7zD b, TFA &

KIGEd2Z L THEKLTE,

Scheme 9. Synthesis of compound S192

e 3
) >Qfo
b, —oaf
0 o®/\0|
s17

“Reagents and conditions: (a) fert-butyl 2-cyanoacetate, sulfur, ethylenediamine, AcOH, DMF, rt,
quant.; (b) 3-(chloromethyl)benzoyl chloride, py., DCM, rt, 86%.
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Scheme 10. Synthesis of compound S22@

(0]
o o}
= o~
o — ¢ : $
R — R ——
HoN HoN H2N
S20 S21

S22

“Reagents and conditions: (a) PdClx(PPhs),, Cul, PPh3, methyl 4-ethynylbenzoate, diethylamine, DMF,
120 °C, 50%; (b) H2, Pd(OH)»/C, EtOH, 40 °C, 94%.

Scheme 11. Synthesis of tricyclic compound 16 and anilide compounds 17-20 and 222

(0]
a,b
N 7 o
SN w o] 0 Y
)‘\@/\ S N)\©/\O/\/ 0T NN o
¢} Cl
16

17:Ar= /© 20:Ar=
Ar: s r s
o Q _
18:Ar= ﬂ/©/ O (0]
HNfAf 22:Ar= O
o A e
>Qf 19:Ar= %/©/\

- S
Oﬁi@/\o/\/o\/\o/\/o\/\o/\/o\/\w
17-20 and 22

“Reagents and conditions: (a) hexaethylene glycol, NaH, DMF, rt; (b) TFAA, TFA, rt, 27% over 2
steps; (c) (i) corresponding aniline derivative, pivalic acid, 120 °C, 47% (for compound 22); (ii) 1 M
NaOH aqueous solution, MeOH, 50 °C, 67% (for compound 17), 70 °C, 49% (for compound 18); (d)
4-ethylaniline, sodium acetate, AcOH, 90 °C, 43% (for compound 19); (e) (7) 4-benzylaniline, sodium
acetate, AcOH, 90 °C; (i) potassium carbonate, MeOH, tt, 21% (for compound 20).
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Scheme 12. Synthesis of compound S252

(0]
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EtO OEt > HN
0 HoN 0
S24

S7 NH,

LN
S23

“Reagents and conditions: (a) 28% sodium methoxide-MeOH solution, methyl 4-formylbenzoate,
MeOH, rt; (b) H», Pd/C, THF, DMF, 35 °C, 94% over 2 steps; (c) 2-cyanoacetic acid, HOBt
monohydrate, WSC -+ HCI, DMF, rt; (d) AcOH, HMDS, 4,4-dimethylcyclohexanone, THF, rt; (e)
morpholine, sulfur, EtOH, reflux, 34% over 3 steps.

Scheme 13. Synthesis of compounds S27-5292

TsO \/\O/\/O\/\o/\/o\/\o/\/OH
a
/ s27

o
b, c
HO g O g O g OH — 10 \/\O/\/O\/\O/\/O\/\o/\/OQkOk

“Reagents and conditions: (a) TsCl, Ag,0, potassium iodide, DCM, 0 °C, 85%; (b) tert-butyl 2-
bromoacetate, potassium carbonate, NaOH, THF, rt; (c) TsCl, TEA, DCM, rt, 32% over 2 steps; (d)
TFA, DCM, rt, 50% over 2 steps.

S28

(e]
HO\/\O/\/O\/\O/\/O\/\O/\/O\AOH

S$29
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Scheme 14. Synthesis of phenethylphenyl acetamide compounds 21 and 23?2

] o/ o O/
O f’)L

X

I S” O NH

S” "NH, o)\©/0\/\o/\/o\/\o/\/o\/\o/\/OH
S25

21

OH

o%‘\©/0\/\o/\/o\/\o/\/o\/\o/\/OH

23
“Reagents and conditions: (a) (i) 3-acetoxybenzoic acid, thionyl chloride, DMF, CHCls, 50 °C; (ii)
S25, py., CHCIs, rt; (b) 1 M NaOH aqueous solution, MeOH, 0 °C; (c¢) 17-hydroxy-3,6,9,12,15-
pentaoxaheptadecyl 4-methylbenzenesulfonate (S27), cesium carbonate, DMF, 70 °C, 92% over 3
steps; (d) 1 M NaOH aqueous solution, MeOH, 70 °C, quant..

39



Scheme 15. Synthesis of compound S312
v L
3 @fo
>Qfo —a> S” °NH
S” "NH, O%\©/OH
S18

S30

>Q\£°m

7 ‘ O 0]

S N//‘\©/O\/\O/\/O\/\O/\/O\/\O/\/O\)kOH
S31

“Reagents and conditions: (a) (7) 3-hydroxybenzoic acid, thionyl chloride, DMF, DCM, 45 °C; (ii) S18,
py., DCM, rt; (iii) 1 M NaOH aqueous solution, MeOH, rt, 66%; (b) tert-butyl 20-(tosyloxy)-
3,6,9,12,15,18-hexaoxaicosanoate (S28), cesium carbonate, DMF, 85 °C; (¢c) TFA, TFAA, 1t, 68% over
2 steps.

Scheme 16. Synthesis of compounds S34 and S352

N
gz
S32 833

S34:X=8
§35:X=0

“Reagents and conditions: (a) PACIlz(PPhs)., Cul, TEA, trimethylsilylacetylene, DMF, rt; (b) potassium
carbonate, DCM, MeOH, rt, 97% over 2 steps; (¢) PdCIly(PPhs);, Cul, TEA, PPhs, 2-(4-
bromophenyl)thiazole, DMF, 120 °C; (d) H», Pd/C, THF, rt, 25% over 2 steps; (e) PdCl2(PPhsz)z, Cul,
TEA, PPh3, 2-(4-bromophenyl)oxazole, DMF, 70 °C; (f) H», PA(OH)»/C, THF, 40 °C, 15% over 2 steps.
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Scheme 17. Synthesis of phenethylphenyl acetamide derivatives (compounds 24-26) with a
poly(ethylene glycol) carboxylic acid side chain?
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o}\©/o\/\o/\/o\/\o/\/o\/\o/\/o\)kOH

24-26

“Reagents and conditions: (a) pivalic acid, corresponding aniline derivative, 120 °C, 16—57%.
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Scheme 18. Synthesis of compound S422
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S42

“Reagents and conditions: (a) (Boc).0, DIPEA, THF, rt, 73%; (b) hydrazine monohydrate, EtOH, THF,
reflux, 95%; (c) AcCl, py., DCM, rt, quant.; (d) thionyl chloride, toluene, reflux; (¢) TFA, DCM, rt,

g.h

71% over 2 steps; (f) 2-cyanoacetic acid, HOBt monohydrate, WSC+HCI, DMF, rt, 64%; (g) 4,4-
dimethylcyclohexanone, AcOH, HMDS, THF, reflux; (h) sulfur, morpholine, EtOH, reflux, 62% over
2 steps; (i) 3-(chloromethyl)benzoyl chloride, py., DCM, rt, 93%.

Scheme 19. Synthesis of compound S442

a, b
’ HO (0] OH
HO L~ Oy —————— ~ o TN \/\O/}(

S$43 S44

“Reagents and conditions: (a) tert-butyl 2-bromoacetate, potassium carbonate, NaOH, THF, rt; (b) TFA,
DCM, rt, 17% over 2 steps.
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Scheme 20. Synthesis of 1,3,4-oxadiazole phenethylphenyl acetamide compounds 27-30?2
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S42

(0] OH
30:R= »H_L/\T%\/ W
27-30

(¢]

“Reagents and conditions: (a) NaH, 20-hydroxy-3,6,9,12,15,18-hexaoxaicosanoic acid (S29) (for
compound 27) or 2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)acetic acid (S44) (for compound 29),
DMF, 1t, 20—62%; (b) cesium carbonate, 1-mercapto-3,6,9,12,15,18,21,24-octaoxaheptacosan-27-oic
acid, DMF, 70 °C, 40% (for compound 28); (c) tetracthylammonium bromide, potassium fluoride on
celite, fert-butyl 3-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)propanoate, propionitrile, reflux; (d) 37%
formaldehyde solution, NaBH(OAc)3, DCM, and MeOH, rt; (¢) TFA, DCM, rt, 14% over 3 steps (for
compound 30).
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Phosphate uptake measurements in human NaPi2b-transfected KIMGERS cells.

The assay cells were established by transfecting human NaPi2b into KIMGERS cells.*’ The
transfected cells were maintained in a serum-free RPMI 1640-ITPSG medium as previously
described.>* The RPMI 1640-ITPSG medium was prepared by adding 0.188% NaHCO3, 6 mmol/L I-
glutamine, 10 mmol/L HEPES (pH 7.0), 3 mg/L insulin, 5 mg/L transferrin, 5 mmol/L sodium pyruvate,
125 nmol/L sodium selenite, 1 mg/ml galactose, 100 U/mL penicillin—streptomycin, and 2 ug/mL
blasticidin S to RPMI 1640 medium. After treatment with 10 nmol/L 17p-estradiol for 24 hours in
phosphate-free DMEM-ITPSG medium, the cells were seeded in 96-well plates with the following
assay buffer: 115 mmol/L NaCl, 5.4 mmol/L KCl, 0.8 mmol/L MgCl, 6H,0, 1.8 mmol/L CaCl,, and
10 mmol/L HEPES pH 7.0. The test compounds were treated for 60 minutes at room temperature. The
uptake reaction was performed by adding 5 uCi/mL H,[**P]O4 for 30 min at room temperature and
stopped by washing three times with ice-cold assay buffer through a Whatman GF/B unifilter. The
radioactivity was measured by TopCount (Perkin-Elmer Japan).

PAMPA method and analysis.

The assay was carried out using a BD Gentest™ Pre-coated PAMPA Plate System, as previously
described.® In brief, the compound solutions were prepared by diluting 50 mM MES (pH 6.0), to

afford a final concentration of 100 uM. The compound solutions were added to the wells (350 pnL/well)
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of the donor plate, and 50 mM HEPES (pH 7.4) was added to the wells (200 puL/well) of the acceptor

plate. The acceptor plate was then coupled with the donor plate, and the plate assembly was incubated

at 37°C for 5 h. At the end of the incubation, the plates were separated and the solution from each well

was collected. The concentration of the compounds was measured by LC-UV.

Method for measuring the solubility of compounds.

Solubility was measured in PBS (pH 7.4) in the presence of 1% DMSO solvent.

Animals.

All animal studies were performed in accordance with the Standards for Proper Conduct of Animal

Experiments at Kyowa Kirin Co., Ltd. under the approval of the company’s Institutional Animal Care

and Use Commiittee.

Prediction of distribution of compounds in the lungs.

The test compounds were suspended with 0.5 w/v% methyl cellulose 400 to afford a 6 mg/mL

administration solution. Male Crl:CD (SD) rats at 8 weeks of age (Charles River Laboratories Japan,

Inc., Kanagawa, Japan) were orally administered with 5 mL/kg of the test compounds. Under

isoflurane anesthesia, blood was collected from the portal vein and inferior vena cava after 6 or 7 hours

dosing. The rats were sacrificed, and their lungs were collected. The homogenate lung samples were

prepared by homogenizing the collected lungs with water. The blood and homogenate lung samples

were centrifuged and used as analysis samples. The concentration of analysis samples was determined
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by LC/MS/MS compared to IS. The K e values were calculated as a ratio of plasma concertation to

lung concentration.

Pharmacokinetics analysis of compound 15 in rats.

Male Crl:CD (SD) rats at 7 or 8 weeks of age (Charles River Laboratories Japan, Inc., Kanagawa,

Japan) were used. The test compounds were administered orally (10 or 30 mg/kg, suspension in 0.5%

methyl cellulose 400) or intravenously (0.5 or 1 mg/kg in DMA) to rats under fed conditions. After

administration, blood samples were collected and centrifuged to obtain the plasma fraction. The

plasma samples were deproteinized with ice-cold acetonitrile containing IS. The pretreated samples

were analyzed with the calibration curve sample by LC/MS/MS. The compound concentrations were

determined from the peak area ratios of the test compounds to the IS using the calibration curve.

Rat intestinal loop assay of compound 15.

Male Crl:CD (SD) rats at 7 weeks of age (Charles River Laboratories Japan, Inc., Kanagawa, Japan)

were used. The rats were kept at 19-25°C and 30-70% humidity under a 12-h light-dark cycle and

given free access to tap water and commercial chow (FR-2; Funabashi Farm, Chiba, Japan) before the

experiments. Intestinal closed loop procedures were performed, as previously described.® In brief,

male Crl:CD (SD) rats fasted for 24 hours were anesthetized with pentobarbital sodium (50 mg/kg,

1.p.). An abdominal incision was carefully made to expose the 10 cm length of the jejunum. The

intestinal segment was injected with 1 mL of a prewarmed (37°C) injection solution of compound 15
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or sevelamer hydrochloride (SH) in 0.5 w/v% methyl cellulose and 12.5 mmol/L phosphate solution

(pH 6.5), and the ends of the segment were ligated. The intestinal segment was held inside the body

for 30 minutes during the absorption experiments using a heating plate (37°C). After 30 min, the

luminal solution in the loop was collected, and the loop was rinsed with saline. The concentration of

phosphate in the luminal solution was measured, and the absorption rate of phosphate was calculated

by the following formula:

Absorption of Pi (%) = (administered amount—remaining amount)/administered amount x100

Statistical analysis was performed using Statistical Analysis Software (SAS, release 9.4; SAS

Institute Japan Ltd.). The difference between the vehicle group and the compound 15 group (Figure

5A) was assessed by Student’s #-test, and the difference between the vehicle group and SH group

(Figure 5B) was assessed by the Dunnett test. A difference was considered statistically significant at

p <0.05.

Intestinal availability of compound 30 in rats.

Intestinal availability (FaFg) of compound 30 in rats was determined according to the modified

Hoffman method.”” Compound 30 (3 mg/kg) was orally administered concomitantly with reference

compounds (antipyrine, atenolol, and nadolol at 1 mg/kg) by cassette dosing to rats. Blood samples

were simultaneously collected from portal and postcaval veins at 10, 20, 30, 45, 60, 90, and 120 min

after oral administration. The compounds of interest were determined using LC/MS/MS. The area
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under the curve (AUCy.) values of the compounds were calculated using differential concentrations

between plasma from the portal and postcaval veins. A ratio of the dose-corrected AUCy.. value of

compound 30 to that of antipyrine, which was completely absorbed from the gastrointestinal tract and

whose Fa was considered 100%, was obtained as the FaFg of compound 30.

Phosphate absorption inhibition assay of compound 30 and LC in rats.

Six-week-old male Crl:CD (Sprague-Dawley [SD]) rats (Charles River Laboratories Japan, Inc.,

Kanagawa, Japan) were used for this assay. The rats were kept at 19°C-25°C and 30%—70% humidity

under a 12-h light—dark cycle and were given free access to tap water and 0.2% phosphate-containing

feed before the experiments. Briefly, male Crl:CD (SD) rats were maintained under fasting for 24 h.

Compound 30 or LC was suspended in 0.5 w/v% methyl cellulose solution and orally administered at

a dose of 5 mL/kg. After 5 min, 10 mL/kg of 10 or 100 mmol/L phosphate buffer solution (pH 6.4)

containing [*?P]-phosphate (H3[*?P]O4) was orally administered to the rats. After 15 min, a 400 pL

blood sample was collected from the tail vein of the treated rats, and radioactivity was measured in

100 pL of serum. [3*P]-phosphate concentration and [*?P]-phosphate absorption inhibition rate were

calculated.
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General methods.

Unless otherwise indicated, all reagents and solvents were purchased from commercial sources and
used without further purification. Moisture- or oxygen-sensitive reactions were conducted under an
atmosphere of argon or nitrogen gas. Microwave reactions were conducted using Biotage Initiator 2.5.
"H NMR and '3C NMR spectra were recorded at 300 or 400 MHz using INM-AL300, JNM-AL400,
Bruker Ascend 400 or instruments operating at the indicated frequencies. Chemical shifts were
reported in J values (ppm) relative to trimethylsilane. The following abbreviations are used: br = broad
signal, s = singlet, d = doublet, dd = double doublet, t = triplet, q = quartet, m = multiplet. Purification
by silica gel column chromatography was carried out using MORITEX systems (MORITEX
Corporation) with prepacked cartridges (Yamazen Hi-Flash Column Silica gel or Wako Presep Silica
Gel). Liquid chromatography with tandem mass spectrometry (LC-MS) analyses were carried out
using Waters Micromass ZQ (electrospray ionization [ESI]) (Nihon Waters K.K., Japan). High-
resolution (HR)-LC-MS was conducted using SYNAPT G2 (ESI) (Nihon Waters K.K., Japan).
Chemical purities were assessed by high-performance liquid chromatography (HPLC) at an ultraviolet
wavelength of 254 nm.

HPLC analyses of compounds 4 to 15 were performed under the following conditions, and the purity

of the final compounds was confirmed to be >95% unless otherwise stated.
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Method A: Waters ACQUITY UPLC BEH C18 column (1.7 pm, 2.1 X 50 mm); linear mobile

phase gradient of 10%—90% B over 7 min, hold for 4 min at 90% B (mobile phase A, 0.1% TFA in

water; mobile phase B, acetonitrile); 40 °C column temperature; 0.4 mL/min flow rate; photodiode

array detection (254 nm).

Method B: Waters ACQUITY UPLC BEH C18 column (1.7 pm, 2.1x75 mm); linear mobile

phase gradient of 10%—90% B over 7 min, hold for 4 min at 90% B (mobile phase A, 0.1% TFA in

water; mobile phase B, acetonitrile); 40 °C column temperature; 0.4 mL/min flow rate; photodiode

array detection (254 nm).

Method C: Waters ACQUITY UPLC BEH C18 column (1.7 um, 2.1x75 mm); linear mobile

phase gradient of 50%—90% B over 7 min, hold for 4 min at 90% B (mobile phase A, 0.1% TFA in

water; mobile phase B, acetonitrile); 40 °C column temperature; 0.4 mL/min flow rate; photodiode

array detection (254 nm).

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine- 1-carbonyl)-6-cyclopropyl-

4,5,6,7-tetrahydrothieno[2,3-c[pyridin-2-yl)-3-((4-methyl-1,4-diazepan-1-yl) methyl)benzamide (4).

To a solution of S4a (0.047 g, 0.079 mmol) in THF (0.79 mL) were added 1-methyl-1,4-diazepane

(0.029 mL, 0.237 mmol) and TEA (0.017 mL, 0.118 mmol), and the solution was stirred at room

temperature overnight. A saturated aqueous NaHCO3 solution was added to the reaction mixture and
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extracted twice with CHCIls;. The combined organic layer was washed with the saturated aqueous

NaHCO:s solution, dried over MgSQs, filtered, and concentrated in vacuo. The residue was purified

by amino silica gel column chromatography (100:0 to 90:10 CHCl3/MeOH) to afford 4 (0.026 g, 49%)

as an amorphous compound. '"H NMR (300 MHz, CDCls): § 0.55-0.60 (m, 4H), 1.79-1.87 (m, 2H),

1.89-1.96 (m, 1H), 2.36 (s, 3H), 2.63-2.76 (m, 8H), 2.98-3.05 (m, 4H), 3.73 (s, 2H), 3.81 (s, 2H),

7.45 (t,J = 7.5 Hz, 1H), 7.56-7.60 (m, 2H), 7.91 (d, J = 7.5 Hz, 1H), 7.95 (dd, J = 8.4, 1.8 Hz, 1H),

8.01 (s, 1H), 8.04 (d, J= 1.8 Hz, 1H), 8.20 (s, 1H). The protons of amide were not observed. '3C NMR

(100 MHz, CDCl3): 6 6.4, 27.5,29.7,37.5,46.7, 50.3, 51.5, 54.3, 56.5, 58.1, 62.4, 112.1, 122.5 (q, J

=272.0 Hz), 124.9, 126.1, 126.5, 126.8 (q, J = 5.1 Hz), 128.0, 128.9, 129.1 (q, J = 31.4 Hz), 131.2,

132.1, 132.4, 133.1, 134.4, 140.8, 145.3, 149.0, 164.0. HR-LC-MS (ESI, [M + H]", m/z) calcd,

673.2339; found, 673.2383. HPLC: purity 96%. Rt: 4.69 min (method A).

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine- 1-carbonyl)-6-cyclopropyl-

4,5,6,7-tetrahydrothieno[2,3-c[pyridin-2-yl)-3-((4-(dimethylamino)piperidin-1-

yl)methyl)benzamide (5). To a solution of S4a (0.050 g, 0.084 mmol) in THF (0.84 mL) were added

N,N-dimethylpiperidin-4-amine (0.032 g, 0.251 mmol) and TEA (0.017 mL, 0.125 mmol), and the

solution was stirred at room temperature overnight. A saturated aqueous NaHCOj3 solution was added

to the reaction mixture and extracted twice with CHCl;. The combined organic layer was washed with

the saturated aqueous NaHCOj3 solution, dried over MgSOQsa, filtered, and concentrated in vacuo. The
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residue was purified by amino silica gel column chromatography (100:0 to 90:10 CHCI3/MeOH) to

afford 5 (0.035 g, 60%) as an amorphous compound. '"H NMR (300 MHz, CDCls): 6 0.55-0.59 (m,

4H), 1.50-1.61 (m, 2H), 1.76-1.80 (m, 2H), 1.92-2.00 (m, 3H), 2.10-2.18 (m, 1H), 2.27 (s, 6H), 2.90—

3.05 (m, 6H), 3.57 (s, 2H), 3.81 (s, 2H), 7.45 (t, J = 7.5 Hz, 1H), 7.56-7.58 (m, 2H), 7.91-7.97 (m,

3H), 8.04 (s, 1H), 8.18 (s, 1H). The protons of amide were not observed. *C NMR (100 MHz, CDCls):

06.4,27.5,282,375,41.6,50.3, 51.6, 53.0, 62.3, 62.5, 112.0, 122.5 (q, J = 271.2 Hz), 124.8, 126.0,

126.5, 126.8 (q, J=5.1 Hz), 128.4, 128.8, 129.1 (q, J=31.4 Hz), 131.2, 132.0, 132.1, 132.4, 133.3,

134.4,139.9,145.3,149.0, 163.0,164.0. HR-LC-MS (ESL, [M+H]", m/z) calcd, 687.2496; found,

687.2507. HPLC: purity 98%. Rt: 4.78 min (method B).

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine- 1-carbonyl)-6-cyclopropyl-

4,5,6,7-tetrahydrothieno[2,3-c[pyridin-2-yl)-3-((4-(2-(dimethylamino)ethyl)piperazin-1-

yl)methyl)benzamide (6). To a solution of S4a (0.054 g, 0.090 mmol) in THF (0.90 mL) were added

N,N-dimethy-2-(piperazin-1-yl)ethanamine (0.042 g, 0.270 mmol) and TEA (0.019 mL, 0.135 mmol),

and the solution was stirred at room temperature for 4 h. A saturated aqueous NaHCOj; solution was

added to the reaction mixture and extracted twice with CHCl;. The combined organic layer was

washed with the saturated aqueous NaHCOj3 solution, dried over MgSOQu, filtered, and concentrated in

vacuo. The residue was purified by amino silica gel column chromatography (100:0 to 80:20

CHCI3/MeOH) to afford 6 (0.034 g, 54%) as an amorphous compound. 'H NMR (300 MHz, CDCl;):
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5 0.54-0.59 (m, 4H), 1.88-1.95 (m, 1H), 2.27 (s, 6H), 2.45-2.51 (m, 12H), 2.98-3.04 (m, 4H), 3.59

(s, 2H), 3.80 (s, 2H), 7.45 (t, J=7.7THz, 1H), 7.55-7.58 (m, 2H), 7.91 (d, J= 7.7 Hz, 1H), 7.95 (dd, J

=84, 1.8 Hz, 1H), 7.99 (s, 1H), 8.03 (d, J= 1.8 Hz, 1H), 8.21 (s, 1H). The protons of amide were not

observed. *C NMR (100 MHz, CDCls): § 6.4,27.5,37.5,45.8,50.3,51.6, 53.0, 53.6, 56.6, 56.8, 62.5,

112.0, 122.5 (q, J = 272.0 Hz), 124.8, 126.1, 126.6, 126.8 (q, J = 5.1 Hz), 128.5, 128.8, 129.1 (q, J =

314 Hz), 131.2,132.10, 132.12, 132.4, 133 .4, 134.4, 139.5, 145.3, 149.0, 163.0, 164.0. HR-LC-MS

(ESI, [M + HJ", m/z) caled, 716.2761; found, 716.2820. HPLC: purity 95%. Rr: 4.93 min (method

B).

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine- 1-carbonyl)-6-cyclopropyl-

4,5,6,7-tetrahydrothieno[2,3-c[pyridin-2-yl)-3-(((3-

(diethylamino)propyl)(methyl)amino)methyl)benzamide (7). To a solution of S4a (1.15 g, 1.93

mmol) in THF (20 mL) were added N,N-diethyl-N’-methyl-1,3-propanediamine (0.33 g, 2.32 mmol)

and TEA (0.40 mL, 2.90 mmol), and the solution was stirred at room temperature overnight. The

residue was concentrated and purified by silica gel column chromatography (100:0 to 80:20

CHCI3/MeOH) to afford 7 (0.707 g, 52%) as an amorphous compound. 'H NMR (300 MHz, CDCl;):

§ 0.55-0.60 (m, 4H), 1.02 (t, J = 7.1 Hz, 6H), 1.64-1.74 (m, 2H), 1.91-1.95 (m, 1H), 2.19 (s, 3H),

2.38-2.57 (m, 8H), 2.98-3.07 (m, 4H), 3.57 (s, 2H), 3.82 (s, 2H), 7.45 (t, J = 7.7 Hz, 1H), 7.55-7.60

(m, 2H), 7.90-7.97 (m, 3H), 8.04 (d, J = 1.8 Hz, 1H), 8.20 (s, 1H). The protons of amide were not
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observed. *C NMR (100 MHz, CDClz): 6 6.4, 11.4,27.5,29.7,37.5,42.1,46.8, 50.3,50.7, 51.6, 55.7,

62.0,112.0,122.5 (q,J=272.7 Hz), 124.9,126.0, 126.5, 126.8 (q,J=5.1 Hz), 128.3, 128.8, 129.1 (q,

J=32.0Hz),131.2,132.1, 132.4,133.2, 134.4, 140.5, 145.3, 149.0, 163.1, 164.0. HR—LC-MS (ES]I,

[M +H]*, m/z) caled, 703.2809; found, 703.2857. HPLC: purity 96%. Rt: 4.72 min (method A).

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene)hydrazine-1-carbonyl)-6-hydroxy-6-

methyl-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-(((3-

(diethylamino)propyl)(methyl)amino)methyl)benzamide (8). To a solution of S4b (0.177 g, 0.303

mmol) in THF (3.03 mL) were added N,N-diethyl-N’-methyl-1,3-propanediamine (0.219 g, 1.52

mmol) and TEA (0.085 mL, 0.606 mmol), and the solution was stirred at room temperature overnight.

The resulting mixture was washed with a saturated aqueous NaHCO3 solution, extracted twice with

ethyl acetate, dried over MgSOs, and concentrated in vacuo. The residue was purified by silica gel

column chromatography (0:100 to 30:70 ca.4% ammonia in MeOH/CHCIs) to afford 8 (0.198 g, 94%)

as an amorphous compound. *H NMR (270 MHz, CDCls): 6 1.03 (t, J = 7.1 Hz, 6H), 1.45 (s, 3H),

1.67-1.75 (m, 4H), 1.79-2.07 (m, 2H), 2.20 (s, 3H), 2.39-2.56 (m, 8H), 2.77-2.92 (m, 2H), 3.57 (s,

2H), 7.46 (t, J = 7.7 Hz, 1H), 7.56-7.59 (m, 2H), 7.90-7.97 (m, 3H), 8.05 (d, J = 1.8 Hz, 1H), 8.21 (s,

1H). The protons of amide and alcohol were not observed. 13C NMR (100 MHz, CDCls): 6 11.6, 24.4,

24.8,29.1,35.3,38.7,42.2, 46.9, 50.8, 55.8, 62.0, 68.7, 112.3, 122.5 (q, J = 271.2 Hz), 125.5, 126.0,

126.2,126.8 (q,J = 5.1 Hz), 128.3, 128.8, 129.1 (q, J = 31.4 Hz), 131.2, 132.06, 132.12, 1325, 133.2,
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134.3, 140.6, 145.3, 149.0, 163.2, 164.0. HR—-LC—MS (ESL, [M + H]*, m/z) calcd, 692.2649; found,

692.2720. HPLC: purity 98%. Rt: 5.42 min (method B).

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[bJthiophen-2-yl)-3-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)benzamide (9).

To a solution of S5 (3.0 g, 5.45 mmol) in DMF (30 mL) were added potassium carbonate (1.81 g, 13.1

mmol) and 2-(2-(2-chloroethoxy)ethoxy)ethanol (2.38 mL, 16.4 mmol), and the solution was stirred

at 100°C for 6 h. After cooling to room temperature, the reaction mixture was poured into water and

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

concentrated in vacuo. After stirring for 1 h in MeOH, the precipitate was collected by filtration to

afford 9 (2.01 g, 54%) as a yellow solid. "H NMR (300 MHz, DMSO-ds): 6 1.02 (s, 6H), 1.54 (t, J =

6.0 Hz, 2H), 2.74 (d, J = 6.0 Hz, 2H), 3.42-3.62 (m, 10H), 3.75 (t, J= 4.8 Hz, 2H), 4.16 (t, J = 4.8 Hz,

2H), 4.24 (br s, 1H), 7.17-7.21 (m, 1H), 7.42-7.45 (m, 3H), 7.76 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.4,

1.5 Hz, 1H), 8.10 (d, J= 1.5 Hz, 1H), 8.41 (s, 1H), 11.22 (br s, 1H), 11.42 (br s, 1H). *C NMR (100

MHz, DMSO-dp): 6 23.0, 28.0, 30.4, 35.6, 37.8, 60.7, 67.8, 69.3,70.2, 70.4, 72.8, 113.9, 118.8, 120.1,

123.1 (q,J=271.2 Hz), 126.0, 127.4,127.6 (q,J=32.1 Hz), 128.9, 130.5, 132.1, 132.7,132.8, 134.5,

141.9, 145.2, 159.0, 162.3, 163.5. HR-LC-MS (ESIL, [M + H]*, m/z) calcd, 682.1965; found,

682.2020. HPLC: purity 92%. Rt: 6.77 min (method C).

(E)-3-(2-(2-(2-(3-((3-(2-(4-Chloro-3-(trifluoromethyl) benzylidene) hydrazine-1-carbonyl)-6,6-

57



dimethyl-4,5,6,7-tetrahydrobenzo[b[thiophen-2-

yl)carbamoyl)phenoxy)ethoxy)ethoxy)ethoxy)propanoic acid (10). To a solution of S10 (0.80 g,

0.987 mmol) in DCM (3.0 mL) was added TFA (1.5 mL, 19.5 mmol), and the solution was stirred at

room temperature for 0.5 h. The reaction mixture was concentrated in vacuo. The residue was purified

by silica gel column chromatography (99:1 to 95:5 CHCl3/MeOH) to afford 10 (0.235 g, 32%) as an

amorphous compound. '"H NMR (400 MHz, DMSO-ds): 6 1.03 (s, 6H), 1.54 (t, J = 6.3 Hz, 2H), 2.42

(t, J= 6.3 Hz, 2H), 2.74 (br s, 2H), 3.66-3.81 (m, 12H), 3.75 (t, J = 4.9 Hz, 2H), 4.15 (t, J= 4.9 Hz,

2H), 7.17-7.20 (m, 1H), 7.43-7.47 (m, 3H), 7.75-7.78 (m, 1H), 7.96 (d, J= 7.8 Hz, 1H), 8.10 (s, 1H),

8.41 (s, 1H), 11.2 (br's, 1H), 11.4 (br s, 1H). The proton of carboxylic acid was not observed. 3C NMR

(100 MHz, DMSO-d): 6 23.0, 28.0, 30.4, 35.2, 35.6, 37.8, 66.7, 67.8, 69.3, 70.1, 70.17, 70.23, 70.3,

113.9,118.9,120.0, 123.1 (q, J =271.2 Hz), 126.0, 127.4, 127.6 (q, J=29.9 Hz), 128.9, 130.5, 132.1,

132.7, 132.8, 134.5, 1419, 145.2, 159.0, 162.3, 163.5, 173.1. HR-LC-MS (ESI, [M + HJ",

m/z) caled, 754.2177; found, 754.2175. HPLC: purity 97%. Rt: 6.85 min (method C).

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-(2-(2-(2-

(diethylamino)ethoxy)ethoxy)ethoxy)benzamide (11). To a solution of S8 (0.80 g, 1.01 mmol) in

DMF (15 mL) were added diethylamine (3.17 mL, 30.3 mmol) and potassium carbonate (0.698 g, 5.05

mmol), and the solution was stirred at 100°C for 5 h. After cooling to room temperature, the reaction
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mixture was poured into water and extracted with ethyl acetate. The organic layer was washed with

brine, dried over MgSOsa, filtered, and concentrated in vacuo. The residue was purified by silica gel

column chromatography (10% MeOH in CHCIs) to afford 11 (0.648 g, 87%) as an amorphous

compound. 'H NMR (400 MHz, CDCls): d 1.02 (t, J = 6.8 Hz, 6H), 1.08 (s, 6H), 1.69 (t, J = 6.3 Hz,

2H), 2.54-2.58 (m, 6H), 2.68 (t, J = 6.3 Hz, 2H), 2.88 (t, J = 6.3 Hz, 2H), 3.58 (t, J = 6.3 Hz, 2H),

3.64-3.67 (m, 2H), 3.71-3.75 (m, 2H), 3.89 (t, J = 4.4 Hz, 2H), 421 (t, J= 4.4 Hz, 2H), 7.14 (dd, J =

7.8,2.9 Hz, 1H), 7.40 (t, /= 7.8 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.62 (m, 2H), 7.98 (dd, /= 8.4,2.0

Hz, 1H), 8.05 (d, J = 2.0 Hz, 1H), 8.24 (s, 1H). The protons of amide were not observed. *°C NMR

(100 MHz, CDCls): 6 11.4, 24.8, 27.6,29.9, 35.7,37.9,47.6,52.0, 67.7,69.4, 69.7, 70.5, 70.9, 112 4,

113.5, 119.4, 119.6, 122.5 (q, J = 272.0 Hz), 125.0, 126.7 (q, J = 5.1 Hz), 1282, 129.0 (q, J = 32.1

Hz), 129.9, 131.2, 132.0, 132.5, 133.7, 134.2 (d, J = 1.4 Hz), 145.3, 148.5, 159.3, 163.3, 163.6.

HR-LC-MS (ESI, [M + H]*, m/z) calcd, 737.2751; found, 737.2760. HPLC: purity 97%. Rr: 5.48

min (method C).

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene)hydrazine-1-carbonyl)-6-cyclopropyl-

4,5,6,7-tetrahydrothieno[2,3-c]pyridin-2-yl)-3-(2-(2-(2-

(diethylamino)ethoxy)ethoxy)ethoxy)benzamide (12). To a solution of S12 (0.15 g, 0.461 mmol) in

DCM (5.0 mL) were added thionyl chloride (0.135 mL, 1.84 mmol) and DMF (0.024 mL, 0.307 mmol),

which was stirred at room temperature overnight. The reaction mixture was azeotropically evaporated
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with toluene. The residue was dissolved in DCM (5.0 mL), and pyridine (0.037 mL, 0.461 mmol) and

S3a (0.136 g, 0.307 mmol) were added. The reaction mixture was stirred at room temperature

overnight. To the reaction mixture was added a saturated aqueous NaHCO3 solution, and it was

extracted twice with CHCIs. The combined organic layer was washed with the saturated aqueous

NaHCOs solution, dried over MgSOg, filtered, and concentrated in vacuo. The residue was purified

by amino silica gel column chromatography (100:0 to 80:20 CHCIs/MeOH) to afford 12 (0.045 g,

20%) as an amorphous compound. *H NMR (270 MHz, CDCls): 6 0.55-0.59 (m, 4H), 1.02 (t, J=7.2

Hz, 6H ), 1.89-1.94 (m,1H), 2.57 (q, J = 7.2 Hz, 4H), 2.67 (t, J = 6.4 Hz, 2H), 2.97-3.05 (m, 4H),

3.58 (t, J = 6.4 Hz, 2H), 3.63-3.67 (m, 2H), 3.72-3.81 (m, 2H), 3.81 (s, 2H), 3.87-3.91 (m, 2H), 4.19—

4.23 (m, 2H), 7.11-7.15 (m, 1H), 7.39 (t, J = 8.1 Hz, 1H), 7.55-7.61 (m, 3H), 7.95 (dd, J = 8.6, 2.0

Hz, 1H),8.03 (d, J=2.0 Hz, 1H), 8.20 (s, 1H). The protons of amide were not observed. LC—MS (ES],

[M + H]*, m/z) 750. HPLC: purity 96%. Rt: 5.44 min (method B).

(R,E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[bJthiophen-2-yl)-3-((13-ethyl-11-hydroxy-3,6,9-trioxa-13-

azapentadecyl)oxy)benzamide (13). To a solution of S9 (0.020 g, 0.027 mmol) in THF (1.0 mL) was

added diethylamine (0.028 mL, 0.271 mmol), which was stirred at room temperature overnight. The

reaction mixture was concentrated in vacuo. The residue was purified by silica gel column

chromatography (20% MeOH in CHCls) to afford 13 (0.004 g, 18%) as an amorphous compound. 'H
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NMR (400 MHz, CDCl3): 6 0.99 (t, J=7.3 Hz, 6H), 1.05 (s, 6H), 1.66 (t, J = 6.0 Hz, 2H), 2.36-2.65

(m, 8H), 2.86 (t, J = 6.0 Hz, 2H), 3.43-3.52 (m, 2H), 3.66-3.74 (m, 8H), 3.79 (dd, J = 9.8, 4.9 Hz,

1H), 3.88 (t, /=4.8 Hz, 2H), 4.19 (t, /= 4.8 Hz, 2H), 7.11 (dd, /= 8.4, 2.4 Hz, 1H), 7.38 (t, /= 8.4

Hz, 1H), 7.55 (d, J = 8.4 Hz, 1H), 7.59-7.60 (m, 2H), 7.94 (dd, J = 8.4, 1.5 Hz, 1H), 8.02 (d, J= 1.5

Hz, 1H), 8.23 (s, 1H). The protons of amide and alcohol were not observed. '*C NMR (100 MHz,

CDCl3): 611.9,24.9,27.6,29.9,35.7,37.9,47.2,55.9,66.6,67.7,69.7,70.63, 70.65,70.9,74.1, 112.2,

113.5, 119.5, 119.6, 122.5 (q, J = 272.0 Hz), 124.8, 126.8 (q, J = 5.1 Hz), 128.3, 129.1 (q, J = 32.1

Hz), 1299, 131.2, 132.1, 132.5, 133.7, 1343 (d, J = 2.1 Hz), 145.2, 148.6, 159.3, 163.3, 163.6.

HR-LC-MS (ESI, [M + H]", m/z) caled, 811.3119; found, 811.3102. HPLC: purity 96%. Rt: 5.27

min (method C).

(R,E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[bJthiophen-2-yl)-3-((11,15-dihydroxy-13-(2-hydroxyethyl)-3,6,9-trioxa-

13-azapentadecyl)oxy)benzamide (14). To a solution of S9 (0.272 g, 0.368 mmol) in I[PA (1.8 mL)

was added 2,2’-azanediyldiethanol (0.177 mL, 1.84 mmol) and stirred at 70°C for 3 h. The reaction

mixture was concentrated in vacuo. The residue was purified by silica gel column chromatography

(100:0 to 80:20 CHCI3/MeOH) to afford 14 (0.184 g, 50%) as an amorphous compound. 'H NMR

(300 MHz, CDCLs): & 1.06 (s, 6H), 1.67 (t, J = 6.0 Hz, 2H), 2.57-2.64 (m, 6H), 2.77-2.83 (m, 4H),

3.40-3.75 (m, 17H), 3.86-3.93 (m, 3H), 4.20 (t, /= 4.6 Hz, 2H), 7.11 (dd, /= 7.8, 2.2 Hz, 1H), 7.39
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(t,J = 7.8 Hz, 1H), 7.56-7.60 (m, 3H), 7.95 (dd, J = 8.4, 1.6 Hz, 1H), 8.03 (d, /= 1.6 Hz, 1H), 8.24

(s, 1H), 9.37 (br s, 1H), 12.8 (br s, 1H). 3C NMR (100 MHz, CDCls): § 24.8, 27.6, 29.9, 35.7, 37.9,

57.5,57.8, 57.9, 59.7, 67.7, 68.40, 68.43, 69.6, 70.6, 70.65, 70.71, 70.8, 73.7, 112.4, 113.5, 119.5,

119.6, 122.5 (q,J=272.0 Hz), 124.9, 126.8 (q,J= 5.1 Hz), 128.3, 129.1 (q,/=31.3 Hz), 129.9, 1312,

132.1, 132.5, 133.7, 134.3, 145.3, 148.4, 159.2, 163.3, 163.7. HR-LC-MS (ESI, [M + HJ",

m/z) caled, 843.3017; found, 843.2972. HPLC: purity 97%. Rr: 4.86 min (method C).

(E)-1-(3-((3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)phenyl)-20-(2-methoxyethyl)-2,5,8,11,14,17-

hexaoxa-20-azadocosan-22-oic acid (15). To a solution of S16 (0.20 g, 0.221 mmol) in DMA (0.5

mL) was added S14 (0.246 g, 1.10 mmol) and irradiated with a microwave at 120°C for 2 h. The

reaction mixture was quenched with 1M HCI aqueous solution and extracted twice with 20% MeOH

in CHCI;. The combined organic layer was washed with brine, dried over MgSQs, filtered, and

concentrated in vacuo. The residue was dissolved in EtOH (2.0 mL), and 1M NaOH aqueous solution

was added (0.884 mL, 0.884 mmol). The reaction mixture was stirred at room temperature overnight.

The reaction mixture was quenched with a 2M HCI aqueous solution and extracted twice with 20%

MeOH in CHCl;. The combined organic layer was washed with brine, dried over MgSOs, filtered, and

concentrated in vacuo. The residue was purified by silica gel column chromatography (100/0 to 80/20

CHCI3/MeOH) to afford 15 (0.049 g, 23%) as an amorphous compound. '"H NMR (300 MHz, CDCl;):
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5 1.05 (s, 6H), 1.64 (t, J = 6.4 Hz, 2H), 2.50 (s, 2H), 2.89-2.91 (m, 6H), 3.29-3.32 (m, SH), 3.53-3.64

(m, 24H), 4.63 (s, 2H), 7.47 (t, J = 7.4 Hz, 1H), 7.54-7.57 (m, 2H), 7.94-7.97 (m, 3H), 8.06 (s, 1H),

8.40 (s, 1H), 10.00 (br s, 1H), 12.71 (br s, 1H). The proton of carboxylic acid was not observed. '3C

NMR (100 MHz, CDCls): ¢ 24.6, 27.6, 30.0, 35.7, 37.9, 55.1, 55.2, 58.1, 58.8, 68.3, 69.76, 69.84,

70.39,70.43,70.46,70.49,70.52, 70.6,70.7, 72.6, 122.6 (q, J=271.3 Hz), 124.4, 125.5, 126.7, 126.8,

127.8,128.1, 129.01, 129.03 (q, J = 32.1 Hz), 131.2, 131.5, 131.7, 132.0, 132.5, 132.7, 134.1, 139.4,

145.5, 163.4, 163.7, 172.3. HR—-LC-MS (ESI, [M + H]*, m/z) calcd, 943.3542; found, 943.3586.

HPLC: purity 97%. R1: 5.32 min (method C).

2-(3-(19-Hydroxy-2,5,8,11,14,17-hexaoxanonadecyl)phenyl)-7,7-dimethyl-5,6,7,8-tetrahydro-

4H-benzo[4,5]thieno[2,3-d[[1,3]oxazin-4-one (16). To a solution of hexaethylene glycol (14.6 g, 51.8

mmol) in DMF (40 mL), NaH (2.28 g, 57.0 mmol) was added at 0°C, and the solution was stirred at

room temperature for 1.5 h. A solution of S19 (9.00 g, 20.7 mmol) dissolved in DMF (50 mL) was

added to the reaction mixture, and the solution was stirred for 3 h at room temperature. Saturated

aqueous NH4Cl solution was added, and the reaction mixture was extracted with CHCI3. The organic

layer was washed with brine and water, dried over Na;SOs, filtered, and concentrated in vacuo. The

resultant residue was purified by silica gel column chromatography (CHCl3/MeOH 100:0-94:6). To a

stirred solution of the obtained residue in TFA (24 mL), TFAA (10.1 mL, 71.4 mmol) was added, and

the solution was stirred for 2 h at room temperature. The reaction mixture was azeotropically

63



evaporated with toluene. The residue was purified by silica gel column chromatography

(CHCI3/MeOH 100:0-96:4) to obtain 16 (3.44 g, 27%) as an amorphous compound. '"H NMR (300

MHz, CDCls): 6 1.06 (s, 6H), 1.63 (t, J = 6.8 Hz, 2H), 2.58 (s, 2H), 2.97 (t, J = 6.8 Hz, 2H), 3.60-3.80

(m, 24H), 4.64 (s, 2H), 7.48 (t,J=7.8Hz, 1H), 7.58 (d, J=7.8 Hz, 1H), 8.18 (d, /= 7.8 Hz, 1H), 8.22

(s, 1H). The proton of hydroxide was not observed. LC—MS (ESI, [M + H]*, m/z) 606. HR—-LC—-MS

(ESL [M + H]", m/z) caled, 606.2737; found, 606.2748. HPLC: 99% purity.

2-(3-(19-Hydroxy-2,5,8,11,14,17-hexaoxanonadecyl)benzamido)-6,6-dimethyl-N-phenyl-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carboxamide (17). To a solution of 16 (0.071 g, 0.117 mmol) in

pivalic acid (0.70 mL), aniline (0.016 mL, 0.176 mmol) was added, and the solution was stirred for 9

h at 120°C. After cooling to room temperature, the resulting mixture was washed with saturated

aqueous NaHCOs solution and extracted with ethyl acetate. The organic layer was washed with brine,

dried over MgSQy, filtered, and concentrated in vacuo. The residue was dissolved in MeOH (1.5 mL),

and 4 M NaOH solution (0.293 mL, 1.17 mmol) was added to this solution. The reaction mixture was

stirred for 3 h at 50°C. The reaction mixture was quenched with 1 M HCI solution and extracted with

ethyl acetate. The organic layer was washed with brine, dried over MgSOs, filtered, and concentrated

in vacuo. The residue was purified by silica gel column chromatography (CHCl3/MeOH 95:5) to

obtain 17 (0.055 g, 67%) as an oil. "H NMR (300 MHz, CDCls): 6 1.08 (s, 6H), 1.70 (t, J = 6.2 Hz,

2H), 2.55 (s, 2H), 2.91 (t, J = 6.0 Hz, 2H), 3.58-3.73 (m, 25H), 4.66 (s, 2H), 7.19 (t, J = 7.5 Hz, 1H),
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7.41 (t,J=8.1 Hz, 2H), 749 (t, J="7.5 Hz, 1H), 7.58-7.62 (m, 3H), 7.78 (s, 1H), 7.92 (d, J=7.7 Hz,

1H), 8.00 (s, 1H), 13.05 (s, 1H). LC-MS (ESL [M + H]*, m/z) 699. HR-LC-MS (ESL, [M + H]*, m/2)

calcd, 699.3315; found, 699.3360. HPLC: 93% purity.

2-(3-(19-Hydroxy-2,5,8,11,14,17-hexaoxanonadecyl)benzamido)-N-(4-methoxyphenyl)-6,6-

dimethyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxamide (18). To a solution of 16 (0.074 g,

0.122 mmol) in pivalic acid (0.74 mL), 4-methoxyaniline (0.023 g, 0.183 mmol) was added, and the

solution was stirred for 9 h at 120°C. After cooling to room temperature, the resulting mixture was

washed with saturated aqueous NaHCOj3 solution and extracted with ethyl acetate. The organic layer

was washed with brine, dried over MgSOQ,, filtered, and concentrated in vacuo. The residue was

dissolved in MeOH (1.5 mL), after which 4 M NaOH solution (0.306 mL, 1.22 mmol) was added. The

solution was stirred for 1 h at 70°C. The reaction mixture was quenched with 1 M HCI solution and

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

concentrated in vacuo. The residue was purified by silica gel column chromatography (CHCl3/MeOH

95:5) to obtain 18 (0.044 g, 49%) as an oil. 'H NMR (300 MHz, CDCls): 6 1.08 (s, 6H), 1.69 (t, J =

6.2 Hz, 2H), 2.54 (s, 2H), 2.90 (t, J = 6.4 Hz, 2H), 3.58-3.73 (m, 25H), 3.83 (s, 3H), 4.65 (s, 2H), 6.94

(dd, J= 6.6, 2.2 Hz, 2H), 7.49 (d, J = 8.8 Hz, 3H), 7.58 (d, J = 7.7 Hz, 1H), 7.67 (s, 1H), 7.91 (d, J =

7.7 Hz, 1H), 7.99 (s, 1H), 13.09 (s, 1H). LC-MS (ESL [M + HJ*, m/z) 729. HR-LC-MS (ESL, [M +

H]*, m/z) caled, 729.3421; found, 729.3409. HPLC: 95% purity.
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N-(4-Ethylphenyl)-2-(3-(19-hydroxy-2,5,8,11,14,17-hexaoxanonadecyl)benzamido)-6,6-

dimethyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxamide (19). To a solution of 16 (0.100 g,

0.165 mmol) in AcOH (1.0 mL), sodium acetate (0.068 g, 0.825 mmol) and 4-ethylaniline (0.103 mL,

0.825 mmol) were added, and the solution was stirred for 2 h at 90°C. After cooling to room

temperature, saturated aqueous NaHCOj3 solution was added, and the reaction mixture was extracted

with ethyl acetate. The organic layer was washed with brine, dried over Na,SOs, filtered, and

concentrated in vacuo. The residue was purified by preparative HPLC to obtain 19 (0.051 g, 43%) as

an oil. "H NMR (300 MHz, CDCL:): 6 1.09 (s, 6H), 1.26 (t, /= 7.8 Hz, 3H), 1.70 (t, J = 5.9 Hz, 2H),

2.56 (s, 2H), 2.67 (q, J= 7.5 Hz, 2H), 2.74 (t, J= 6.3 Hz, 1H), 2.91 (t, J = 6.3 Hz, 2H), 3.59-3.71 (m,

24H), 4.66 (s, 2H), 7.24 (d, J = 7.8 Hz, 3H), 7.50 (d, J = 8.8 Hz, 2H), 7.59 (d, J = 7.8 Hz, 1H), 7.73

S, , 7. ,J=T. Z, , 8. S, , 13. S, . - s + , m/z .
1H), 7.93 (d, J = 7.8 Hz, 1H), 8.00 1H), 13.09 1H). LC-MS (ESI, [M + H]*, m/z) 727

HR-LC-MS (ESL [M + HJ", m/z) caled, 727.3628; found, 727.3690. HPLC: 99% purity.

N-(4-Benzylphenyl)-2-(3-(19-hydroxy-2,5,8,11,14,17-hexaoxanonadecyl)benzamido)-6,6-

dimethyl-4,5,6,7-tetrahydrobenzo[b[thiophene-3-carboxamide (20). To a solution of 16 (0.100 g,

0.165 mmol) in AcOH (1.0 mL), sodium acetate (0.163 g, 1.98 mmol) and 4-benzylaniline (0.303 g,

1.65 mmol) were added, and the solution was stirred overnight at 90°C. After cooling to room

temperature, the reaction mixture was quenched with saturated aqueous NaHCO; solution and

extracted with ethyl acetate. The organic layer was washed with brine, dried over MgSOys, filtered, and
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concentrated in vacuo. The residue was dissolved in MeOH (1.0 mL), and potassium carbonate (0.100

g, 0.724 mmol) was added. The solution was stirred for 0.5 h at room temperature. The resulting

mixture was purified by amino silica gel column chromatography (CHCls/MeOH 100:0-95:5) to

obtain 20 (0.027 g, 21%) as an oil. "H NMR (300 MHz, CDCl3): 6 1.07 (s, 6H), 1.68 (t, J = 6.2 Hz,

2H), 2.53 (s, 2H), 2.88 (t, J = 6.2 Hz, 2H), 3.05 (br s, 1H), 3.56-3.73 (m, 24H), 3.99 (s, 2H), 4.65 (s,

2H), 7.18-7.33 (m, 7H), 7.44-7.53 (m, 3H), 7.58 (t, /= 7.8 Hz, 2H), 7.73 (s, 1H), 7.91 (t, /= 7.8 Hz,

1H), 13.04 (brs, 1H). LC-MS (ESL [M + H]", m/z) 789. HR-LC-MS (ESL, [M + H]", m/z) caled,

789.3785; found, 789.3841. HPLC: 91% purity.

Methyl 4-(4-(2-(3-((17-hydroxy-3,6,9,12,15-pentaoxaheptadecyl)oxy)benzamido)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[bJthiophene-3-carboxamido)phenethyl)benzoate (21). To a solution of 3-

acetoxybenzoic acid (1.95 g, 10.8 mmol) in CHCI3 (36 mL), thionyl chloride (2.37 mL, 32.4 mmol)

and DMF (0.042 mL, 0.540 mmol) were added at 0°C, and the solution was stirred for 1 h at 50°C.

The reaction mixture was azeotropically evaporated with toluene. The residue was dissolved in CHCI3

(30 mL), and S25 (2.50 g, 5.40 mmol) and pyridine (2.62 mL, 32.4 mmol) were added at 0°C. The

reaction mixture was stirred for 1.5 h at room temperature, followed by addition of saturated aqueous

NaHCO;s solution and extraction with ethyl acetate. The organic layer was washed with brine, dried

over MgSQy, filtered, and concentrated in vacuo. Diisopropyl ether (40 mL) was added to the residue,

and the solution was stirred for 1 h before filtration. To a stirred solution of the obtained residue in
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MeOH (103 mL), 2 M NaOH solution (2.59 mL, 5.17 mmol) was added, and the solution was stirred

for 0.5 h at 0°C. The reaction mixture was quenched with 1 M HCI solution and then filtered. To a

stirred solution of the obtained residue in DMF (25 mL), cesium carbonate (3.23 g, 9.92 mmol) and

17-hydroxy-3,6,9,12,15-pentaoxaheptadecyl 4-methylbenzenesulfonate (S27) (4.33 g, 9.92 mmol)

were added; the solution was stirred for 1 h at 70°C. After cooling to room temperature, the reaction

mixture was poured into water and extracted with ethyl acetate. The organic layer was washed with

brine, dried over MgSOQs, filtered, and concentrated in vacuo. The residue was purified by silica gel

column chromatography (ethyl acetate/MeOH 100:0-80:20) to obtain 21 (4.20 g, 92%) as a yellow

solid. 'H NMR (400 MHz, DMSO-ds): 5 1.03 (s, 6H), 1.56 (s, 2H), 2.81 (s, 2H), 2.93-2.98 (m, 6H),

3.45-3.57 (m, 21H), 3.76 (s, 2H), 3.83 (s, 3H), 4.16 (s, 2H), 7.15-7.18 (m, 3H), 7.34 (d, J= 7.8 Hz,

2H), 7.43 (s, 3H), 7.56 (d, J = 7.8 Hz, 2H), 7.85 (d, J = 8.8 Hz, 2H), 9.18 (s, 1H), 11.60 (s, 1H).

LC-MS (ESL [M + HJ', m/z) 847. HR-LC-MS (ESL [M + HJ", m/z) calcd, 847.3840; found,

847.3895. HPLC: 99% purity.

Methyl 4-(4-(2-(3-(19-hydroxy-2,5,8,11,14,17-hexaoxanonadecyl)benzamido)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxamido)-2-methylphenethyl)benzoate (22). To a

solution of 16 (0.073 g, 0.121 mmol) in pivalic acid (1.0 mL), methyl 4-(4-amino-2-

methylphenethyl)benzoate (S22) (0.065 g, 0.241 mmol) was added, and the solution was stirred

overnight at 120°C. After cooling to room temperature, the reaction mixture was quenched with 1 M
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NaOH solution and extracted with ethyl acetate. The organic layer was washed with brine, dried over

MgSOs,, filtered, and concentrated in vacuo. The residue was purified by preparative HPLC to obtain

22 (0.049 g, 47%) as an oil. 'H NMR (300 MHz, CDCls): 6 1.07 (s, 6H), 1.69 (t, J = 6.0 Hz, 2H), 2.30

(s, 3H), 2.54 (s, 2H), 2.87-2.95 (m, 6H), 3.56-3.72 (m, 25H), 3.91 (s, 3H), 4.65 (s, 2H), 7.10 (d, J =

8.1 Hz, 1H), 7.24 (d, J= 8.4 Hz, 2H), 7.33-7.39 (m, 2H), 7.48 (d, J=7.7 Hz, 1H), 7.58 (d, J=7.7 Hz,

1H), 7.70 (s, 1H), 7.90-8.01 (m, 4H), 13.05 (s, 1H). LC-MS (ESL [M + H]", m/z) 875. HR-LC-MS

(ESL, [M + H]", m/z) calcd, 875.4153; found, 875.4213. HPLC: 95% purity.

4-(4-(2-(3-((17-Hydroxy-3,6,9,12,15-pentaoxaheptadecyl)oxy)benzamido)-6,6-dimethyl-4,5,6, 7-

tetrahydrobenzo[bJthiophene-3-carboxamido)phenethyl)benzoic acid (23). To a solution of 21

(0.033 g, 0.039 mmol) in MeOH (1.0 mL), 1 M NaOH solution (0.156 mL, 0.156 mmol) was added,

and the solution was stirred for 8 h at 70°C. After cooling to room temperature, the reaction mixture

was quenched with 2 M HCI solution and extracted with CHCl3/MeOH. The organic layer was washed

with brine and water, dried over MgSQOs, filtered, and concentrated in vacuo to obtain 23 (0.032 g,

quant.) as an amorphous compound. 'H NMR (400 MHz, CDCl3): 6 1.07 (s, 6H), 1.68 (t, J = 6.0 Hz,

2H),2.53 (s, 2H), 2.92-2.99 (m, 6H), 3.58-3.70 (m, 21H), 3.88-3.89 (m, 2H), 4.21 (t, /= 4.6 Hz, 2H),

7.10-7.15 (m, 3H), 7.23 (d, J = 8.3 Hz, 2H), 7.33-7.41 (m, 2H), 7.49 (d, J = 8.5 Hz, 2H), 7.57-7.58

(m, 2H), 7.74 (s, 1H), 7.99 (d, J = 8.1 Hz, 2H). The proton of carboxylic acid was not observed.
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LC-MS (ESL [M + HJ", m/) 833. HR-LC-MS (ESL [M + HJ*, m/) calcd, 833.3683; found,

833.3741. HPLC: 98% purity.

20-(3-((3-((4-(4-(Methoxycarbonyl)phenethyl)-3-methylphenyl)carbamoyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)phenoxy)-3,6,9,12,15,18-hexaoxaicosanoic

acid (24). To a solution of S31 (0.050 g, 0.077 mmol) in pivalic acid (0.50 mL), methyl 4-(4-amino-

2-methylphenethyl)benzoate (S22) (0.062 g, 0.231 mmol) was added, and the solution was stirred for

1 h at 120°C. After cooling to room temperature, the reaction mixture was purified by preparative

HPLC to obtain 24 (0.012 g, 17%) as an oil. 'H NMR (300 MHz, CDCls): 6 1.08 (s, 6H), 1.70 (t, J =

6.0 Hz, 2H), 2.30 (s, 3H), 2.54 (s, 2H), 2.85-2.94 (m, 6H), 3.55-3.76 (m, 20H), 3.87-3.94 (m, 7H),

4.22 (t,J = 4.6 Hz, 2H), 7.07-7.14 (m, 2H), 7.23 (d, J = 8.4 Hz, 2H), 7.34 (s, 1H), 7.37-7.44 (m, 2H),

7.56-7.63 (m, 2H), 7.74 (s, 1H), 7.96 (d, J = 8.4 Hz, 2H), 13.04 (s, 1H). The proton of carboxylic acid

was not observed. LC—MS (ESI, [M + NH4]*, m/z) 937. HR-LC-MS (ESI, [M + H]", m/z) calcd,

919.4051; found, 919.4052. HPLC: 99% purity.

20-(3-((6,6-Dimethyl-3-((3-methyl-4-(4-(thiazol-2-yl)phenethyl)phenyl)carbamoyl)-4,5,6,7-

tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)phenoxy)-3,6,9,12,15,18-hexaoxaicosanoic acid (25).

To a solution of S31 (0.180 g, 0.277 mmol) in pivalic acid (2.0 mL), 3-methyl-4-(4-(thiazol-2-

yl)phenethyl)aniline (S34) (0.163 g, 0.554 mmol) was added, and the solution was stirred for 1 h at

120°C. After cooling to room temperature, the reaction mixture was diluted with CHCl; and purified
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by silica gel column chromatography (ethyl acetate/MeOH 90:10—-60:40) to obtain 25 (0.150 g, 57%)

as an oil. '"H NMR (300 MHz, CDCl3): § 1.08 (s, 6H), 1.69 (t, J = 6.0 Hz, 2H), 2.33 (s, 3H), 2.54 (s,

2H), 2.87-2.95 (m, 6H), 3.60-3.78 (m, 20H), 3.88 (t, /= 4.6 Hz, 2H), 4.09-4.13 (m, 2H), 4.21 (t, J =

4.6 Hz, 2H), 7.10-7.14 (m, 2H), 7.24 (s, 1H), 7.27 (s, 1H), 7.32 (d, J = 3.3 Hz, 1H), 7.34-7.41 (m,

3H), 7.58 (d, J= 7.8 Hz, 1H), 7.60-7.62 (m, 1H), 7.72 (s, 1H), 7.85-7.91 (m, 3H), 13.05 (s, IH). The

proton of carboxylic acid was not observed. LC—-MS (ESI, [M + H]*, m/z) 944. HR-LC-MS (ESI, [M

+ H]*, m/z) calcd, 944.3826; found, 944.3812. HPLC: 90% purity.

20-(3-((6,6-Dimethyl-3-((3-methyl-4-(4-(oxazol-2-yl)phenethyl)phenyl)carbamoyl)-4,5,6,7-

tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)phenoxy)-3,6,9,12,15,18-hexaoxaicosanoic acid (26).

To a solution of S31 (0.100 g, 0.154 mmol) in pivalic acid (1.0 mL), 3-methyl-4-(4-(oxazol-2-

yl)phenethyl)aniline (S35) (0.089 g, 0.320 mmol) was added, and the solution was stirred for 1 h at

120°C. After cooling to room temperature, the reaction mixture was purified by preparative HPLC to

obtain 26 (0.023 g, 16%) as an oil. "H NMR (400 MHz, CDCls): 6 1.07 (s, 6H), 1.69 (t, J = 5.8 Hz,

2H), 2.31 (s, 3H), 2.53 (s, 2H), 2.86-2.98 (m, 6H), 3.56-3.75 (m, 20H), 3.86-3.93 (m, 4H), 4.21 (br

s, 2H), 7.09-7.13 (m, 2H), 7.22 (s, 1H), 7.25 (s, 1H), 7.34-7.42 (m, 3H), 7.57 (d, /= 7.8 Hz, 1H), 7.61

(s, 1H), 7.70 (s, 1H), 7.77 (s, 1H), 7.96 (d, J = 7.8 Hz, 2H), 13.04 (s, 1H). The protons of amide and

carboxylic acid were not observed. LC-MS (ESI, [M + H]*, m/z) 928. HR—LC-MS (ESIL, [M + H]*,

m/z) calcd, 928.4054; found, 928.4086. HPLC: 99% purity.
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1-(3-((6,6-Dimethyl-3-((4-(4-(5-methyl-1,3,4-oxadiazol-2-yl)phenethyl)phenyl)carbamoyl)-

4,5,6,7-tetrahydrobenzo[bJthiophen-2-yl)carbamoyl)phenyl)-2,5,8,11,14,17,20-heptaoxadocosan-

22-oic acid (27). To a solution of 20-hydroxy-3,6,9,12,15,18-hexaoxaicosanoic acid (S29) (0.527 g,

1.55 mmol) in DMF (5.0 mL), NaH (0.206 g, 5.16 mmol) was added at 0°C, and the solution was

stirred for 0.5 h at 0°C. Next, S42 (0.330 g, 0.516 mmol) and NaH (0.206 g, 5.16 mmol) were added

to the reaction mixture at 0°C, and the solution was stirred for 5 h at room temperature. The reaction

mixture was quenched with 2 M HCI solution and extracted with ethyl acetate. The organic layer was

washed with brine, dried over MgSOQs, filtered, and concentrated in vacuo. The residue was purified

by silica gel column chromatography (ethyl acetate/MeOH 93:7) to obtain 27 (0.304 g, 62%) as an oil.

'H NMR (300 MHz, CDCL3): § 1.07 (s, 6H), 1.68 (t, J = 6.2 Hz, 2H), 2.53 (br s, 2H), 2.60 (s, 3H),

2.86-2.92 (m, 2H), 2.94-3.00 (m, 4H), 3.53-3.75 (m, 24H), 4.14 (s, 2H), 4.64 (s, 2H), 7.16 (d, J= 8.4

Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.45-7.57 (m, 4H), 7.82-8.01 (m, 5H), 13.02 (br s, 1H). The proton

of carboxylic acid was not observed. LC—MS (ESI, [M + H]*, m/z) 943. HR—LC-MS (ESI, [M + H]*,

m/z) calcd, 943.4163; found, 943.4133. HPLC: 97% purity.

1-(3-((6,6-Dimethyl-3-((4-(4-(5-methyl-1,3,4-oxadiazol-2-yl)phenethyl)phenyl)carbamoyl)-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)phenyl)-5,8,11,14,17,20,23,26-octaoxa-2-

thianonacosan-29-oic acid (28). To a solution of S42 (0.032 g, 0.050 mmol) in DMF (1.0 mL), 1-

mercapto-3,6,9,12,15,18,21,24-octaoxaheptacosan-27-oic acid (0.023 g, 0.050 mmol) and cesium
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carbonate (0.049 g, 0.150 mmol) were added, and the solution was stirred for 3 h at 70°C. The reaction

mixture was quenched with 1 M HCI solution and extracted with ethyl acetate. The organic layer was

washed with brine, dried over MgSOQsa, filtered, and concentrated in vacuo. The residue was then

purified by preparative thin-layer chromatography (CHCl3/MeOH 90:10) to obtain 28 (0.021 g, 40%)

as an oil. "H NMR (300 MHz, CDCl3): 6 1.08 (s, 6H), 1.69 (t,J = 6.0 Hz, 2H), 2.53 (s, 2H), 2.57-2.63

(m, 7H), 2.89 (t, J = 5.9 Hz, 2H), 2.95-2.98 (m, 4H), 3.58-3.61 (m, 30H), 3.75 (t, J = 6.0 Hz, 2H),

3.83 (s, 2H), 7.16 (d, J = 8.4 Hz, 2H), 7.28 (d, J= 8.1 Hz, 2H), 7.42-7.56 (m, 4H), 7.75 (s, 1H), 7.86

(d,J=7.7Hz, 1H), 7.92 (d, J= 8.4 Hz, 2H), 7.97 (s, 1H), 13.04 (s, 1H). The proton of carboxylic acid

was not observed. LC-MS (ESI, [M + H]*, m/z) 1061. HR—-LC-MS (ESI, [M + H]", m/z) calcd,

1061.4616; found, 1061.4709. HPLC: 99% purity.

1-(3-((6,6-Dimethyl-3-((4-(4-(5-methyl-1,3,4-oxadiazol-2-yl)phenethyl)phhenyl)carbamoyl)-

4,5,6,7-tetrahydrobenzo[bJthiophen-2-yl)carbamoyl)phenyl)-2,5,8,11-tetraoxatridecan-13-oic acid

(29). To a solution of 2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)acetic acid (S44) (0.177 g, 0.849

mmol) in DMF (5.0 mL), NaH (0.227 g, 5.66 mmol) was added at 0°C, and the solution was stirred

for 0.5 h at 0°C. Next, S42 (0.362 g, 0.566 mmol) and NaH (0.227 g, 5.66 mmol) were added to the

reaction mixture at 0°C, and the solution was stirred for 4.5 h at room temperature. The reaction

mixture was quenched with 2 M HCI solution and extracted with ethyl acetate. The organic layer was

washed with brine, dried over MgSQy, filtered, and concentrated in vacuo. The residue was purified
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by silica gel column chromatography (ethyl acetate/MeOH 93:7) to obtain 29 (0.090 g, 20%) as a

white solid. "H NMR (300 MHz, CDCl3): 6 1.03 (s, 6H), 1.55 (t, J = 6.2 Hz, 2H), 2.48 (s, 2H), 2.56

(s, 3H), 2.82 (t, J = 6.2 Hz, 2H), 2.94-2.99 (m, 4H), 3.54-3.56 (m, 8H), 3.60 (s, 4H), 3.98 (s, 2H),

4.58 (s, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 7.51 (t, J = 7.3 Hz, 2H), 7.59 (d, J =

8.4 Hz, 2H), 7.79 (d, J= 7.0 Hz, 1H), 7.86 (d, J= 8.1 Hz, 3H), 9.61 (s, 1H), 11.80 (s, 1H). The proton

of carboxylic acid was not observed. LC-MS (ESI, [M + H]*, m/z) 811. HR—LC-MS (ESI, [M + H]",

m/z) calcd, 811.3377; found, 811.3422. HPLC: 94% purity.

1-(3-((6,6-Dimethyl-3-((4-(4-(5-methyl-1,3,4-oxadiazol-2-yl)phenethyl)phenyl)carbamoyl)-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)phenyl)-2-methyl-5,8,11-trioxa-2-

azatetradecan-14-oic acid (30). To a solution of S42 (0.729 g, 1.14 mmol) in propionitrile (5.7 mL),

tetracthylammonium bromide (0.240 g, 1.14 mmol), potassium fluoride on celite (0.265 g, 2.28 mmol),

and tert-butyl 3-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)propanoate (0.791 g, 2.28 mmol) were added,

and the solution was refluxed for 1 h. After cooling to room temperature, the reaction mixture was

filtered through a celite pad, and the filtrate was concentrated in vacuo. The residue was purified by

silica gel column chromatography (CHCl3/MeOH 97:3-93:7). To a stirred solution of the obtained

residue in DCM (2.0 mL) and MeOH (2.0 mL), 37% formaldehyde solution (0.356 mL, 4.78 mmol)

and NaBH(OAc); (0.507 g, 2.39 mmol) were added to the solution; the solution was stirred again

overnight at room temperature. The reaction mixture was quenched with saturated aqueous NaHCO3
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solution and extracted with ethyl acetate. The organic layer was washed with aqueous NaHCO3

solution and brine, dried over MgSOQs, filtered, and concentrated in vacuo. The residue was purified

by silica gel column chromatography (CHCI3/MeOH 94:6). To a stirred solution of the obtained

residue in DCM (3.0 mL), TFA (0.773 mL, 10.0 mmol) was added, and the solution was stirred again

for 2 h at room temperature. The reaction mixture was azeotropically evaporated with toluene. The

residue was dissolved in ethyl acetate and washed with saturated aqueous NaHCO3 solution and brine,

dried over Na,SOys, filtered, and concentrated in vacuo. The residue was purified by silica gel column

chromatography (CHCl3/MeOH 94:6) to obtain 30 (0.130 g, 14%) as an amorphous compound. 'H

NMR (400 MHz, CDCL): & 1.08 (s, 6H), 1.69 (t, J = 6.3 Hz, 2H), 2.40 (s, 3H), 2.50-2.54 (m, 4H),

2.61 (s, 3H), 2.82 (t, J = 6.3 Hz, 2H), 2.88-2.92 (m, 2H), 2.98 (m, 4H), 3.63-3.68 (m, 8H), 3.77 (t, J

= 5.4 Hz, 2H), 3.82 (t, J = 5.4 Hz, 2H), 3.94 (s, 2H), 7.17 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 7.8 Hz, 2H),

7.50-7.52 (m, 3H), 7.67 (d, J = 7.8 Hz, 1H), 7.77 (s, 1H), 7.91-7.95 (m, 3H), 7.99 (s, 1H), 13.0 (s,

1H). The proton of carboxylic acid was not observed. LC—MS (ESI, [M + H]", m/z) 838. HR-LC-MS

(ESL [M + HJ", m/z) caled, 838.3850; found, 838.3834. HPLC: 99% purity.

(E)-N’-(4-Chloro-3-(trifluoromethyl)benzylidene)-2-cyanoacetohydrazide (S2). To a stirred

solution of 2-cyanoacetohydrazide (S1) (2.0 g, 20.2 mmol) in ethyl acetate (70 mL) was added 4-

chloro-3-(trifluoromethyl)benzaldehyde (5.05 g, 24.2 mmol), and the solution was stirred at 50°C for

3 h. After cooling to room temperature, the resulting mixture was concentrated in vacuo. Diethyl ether
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(60 mL) was added to the residue and stirred for 1 h, and then filtered to afford S2 (5.64 g, 96%) as a

white solid. "H NMR (300 MHz, CDCls): 6 3.94 (s, 2H), 7.58 (d, J = 8.4 Hz, 1H), 7.80 (dd, J = 8.4,

1.6 Hz, 1H), 7.93 (s, 1H), 7.98 (d, J = 1.6 Hz, 1H), 9.89 (br s, 1H). LC-MS (ESL [M + HJ*, m/z) 290.

(E)-2-Amino-N'-(4-chloro-3-(trifluoromethyl)benzylidene)-6-cyclopropyl-4,5,6,7-

tetrahydrothieno[2,3-c]pyridine-3-carbohydrazide (S3a). To a solution of S2 (5.0 g, 17.3 mmol) in

THF (57.5 mL) were added AcOH (3.95 mL, 69.1 mmol), HMDS (7.24 mL, 34.5 mmol), and 1-

cyclopropylpiperidin-4-one (2.88 g, 20.7 mmol) in THF (10 mL), and the solution was stirred at room

temperature overnight. The reaction mixture was poured into water and extracted with ethyl acetate.

The organic layer was washed with brine, dried over MgSOsa, filtered, and concentrated in vacuo. To

the residue was added MeOH and stirred for 1 h, and then filtered. To a stirred solution of obtained

residue in THF (20 mL) was added sulfur (0.195 g, 6.09 mmol) and TEA (1.7 mL, 12.2 mmol), and

the solution was stirred at room temperature overnight. The reaction mixture was poured into water

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

and concentrated in vacuo. The residue was added to 15 mL of 1:1 n-hexane/ethyl acetate solution and

stirred for 1 h, and then filtered to afford S3a (1.44 g, 19%) as an orange solid. *H NMR (400 MHz,

CDCls): 6 0.53-0.58 (m, 4H), 1.88-1.93 (m, 1H), 2.85-2.86 (m, 2H), 2.99 (t, J = 5.9 Hz, 2H), 3.65

(s, 2H), 6.11 (br s, 2H), 7.53 (d, J = 8.8 Hz, 1H), 7.90 (dd, J = 8.8, 1.6 Hz, 1H), 7.99 (d, J = 1.6 Hz,

1H), 8.14 (s, 1H), 8.89 (s, 1H). LC-MS (ESL, [M + H]*, m/z) 443.
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(E)-2-Amino-N"-(4-chloro-3-(trifluoromethyl)benzylidene)-6-hydroxy-6-methyl-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carbohydrazide (S3b) To a solution of S2 (1.25 g, 4.32 mmol) in THF

(30 mL) were added AcOH (0.989 mL, 17.3 mmol), HMDS (1.81 mL, 8.63 mmol), and 4-hydroxy-4-

methylcyclohexanone (0.664 g, 5.18 mmol) in THF (4.0 mL), and the solution was stirred for 3h at

room temperature. The reaction mixture was poured into water and extracted with ethyl acetate. The

organic layer was washed with brine, dried over MgSQy, filtered, and concentrated in vacuo. To the

residue was added MeOH and stirred for 1h, and then filtered. To a stirred solution of obtained residue

in THF (20 mL) were added sulfur (0.128 g, 4.00 mmol) and TEA (0.588 mL, 4.00 mmol), and the

solution was stirred at room temperature overnight. The reaction mixture was poured into water and

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

concentrated in vacuo. The residue was added diethyl ether and stirred for 1h, and then filtered to

afford S3b (0.983 g, 53%) as a white solid. "H NMR (270 MHz, DMSO-de): 6 1.21 (s, 3H), 1.53-1.69

(m, 2H), 2.47 (s, 2H), 2.59-2.76 (m, 2H), 4.51 (s, 1H), 6.66 (br s, 2H), 7.79 (d, J = 8.2 Hz, 1H), 7.95

(dd, J=8.2, 1.3 Hz, 1H), 8.10 (s, 1H), 8.30 (s, 1H), 10.79 (s, 1H). LC-MS (ESL [M + HJ*, m/z) 432.

(E)-2-Amino-N'-(4-chloro-3-(trifluoromethyl)benzylidene)-6,6-dimethyl-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carbohydrazide (S3c). To a solution of S2 (4.4 g, 15.2 mmol) in THF

(44 mL) were added AcOH (3.48 mL, 60.8 mmol), HMDS (6.37 mL, 30.4 mmol), and 4,4-

dimethylcyclohexan-1-one (2.3 g, 18.2 mmol) in THF (10 mL), and the solution was stirred at room
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temperature overnight. The reaction mixture was poured into water and extracted with ethyl acetate.

The organic layer was washed with brine, dried over Na,SOs, filtered, and concentrated in vacuo.

MeOH was added to the residue and stirred for 1 h, and then filtered. To a stirred solution of obtained

residue in THF (30 mL) were added sulfur (0.403 g, 12.6 mmol) and TEA (3.5 mL, 25.1 mmol), and

the solution was stirred at room temperature overnight. The reaction mixture was poured into water

and extracted with ethyl acetate. The organic layer was washed with brine, dried over Na;SQg, filtered,

and concentrated in vacuo. The residue was purified by silica gel column chromatography (100:0 to

90:10 CHCIls/MeOH) to afford S3c (2.92 g, 44%) as a yellow solid. 'H NMR (300 MHz, DMSO-de):

50.99 (s, 6H), 1.17 (t, J = 6.0 Hz, 2H) , 2.27 (s, 2H), 2.60 (¢, J = 6.0 Hz, 2H), 6.68 (br s, 2H), 7.79 (d,

J=82Hz, 1H),7.95 (dd, J=8.2, 2.0 Hz, 1H), 8.11 (d, J=2.0 Hz, 1H), 8.30 (s, 1H), 10.77 (br s, 1 H).

LC-MS (ESL [M + HJ*, m/z) 430.

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene)hydrazine-1-carbonyl)-6-cyclopropyl-

4,5,6,7-tetrahydrothieno[2,3-c]pyridin-2-yl)-3-(chloromethyl)benzamide (S4a). To a solution of S3a

(0.21 g, 0.483 mmol) in 1,2-dichloroethane (4.8 mL) was added 3-(chloromethyl)benzoyl chloride

(0.103 mL, 0.725 mmol) and pyridine (0.078 mL, 0.966 mmol), and the solution was stirred at room

temperature for 2 h. To the reaction mixture was added 1M HCI aqueous solution and extracted twice

with CHCls. The combined organic layer was washed with saturated aqueous NaHCOj3 solution, dried

over MgSQy, filtered, and concentrated in vacuo. The residue was purified by silica gel column
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chromatography (5% MeOH in CHCIs) to afford S4a (0.24 g, 84%) as a yellow solid. '"H NMR (300

MHz, CDCl): 6 0.56-0.63 (m, 4H), 1.90-1.97 (m, 1H), 2.99-3.09 (m, 4H), 3.83 (s, 2H), 4.67 (s, 2H),

7.49-7.65 (m, 3H), 7.97-8.04 (m, 4H), 8.19 (s, 1H), 9.11 (br s, 1H), 12.86 (br s, 1H). LC-MS (ESL,

[M + H]*, m/z) 595.

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene)hydrazine-1-carbonyl)-6-hydroxy-6-

methyl-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-(chloromethyl)benzamide (S4b). To a solution

of S3b (0.15 g, 0.347 mmol) in DCM (3.16 mL) were added 3-(chloromethyl)benzoyl chloride (0.074

mL, 0.521 mmol) and pyridine (0.042 mL, 0.521 mmol), and the solution was stirred at room

temperature for 1h. The reaction mixture was added 1M HCl solution and extracted twice with CHCl;.

The combined organic layer was washed with saturated aqueous NaHCO3 solution, dried over MgSOQOs,

filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography

(7% MeOH in CHCIs) to afford S4b (0.177 g, 87%) as a yellow solid. "H NMR (270 MHz, CDCl;): 6

1.46 (s, 3H), 1.80-2.08 (m, 2H), 2.77-3.08 (m, 4H), 4.68 (s, 2H), 7.49-7.65 (m, 3H), 7.96-8.07 (m,

4H), 8.18 (s, 1H), 9.19 (s, 1H), 12.91 (s, 1H). The proton of alcohol was not observed. LC—MS (ES]I,

[M - HT, m/z) 582.

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[bJthiophen-2-yl)-3-(chloromethyl)benzamide (S4c). To a solution of S3c

(0.843 g, 1.96 mmol) in DCM (20 mL) was added 3-(chloromethyl)benzoyl chloride (0.418 mL, 2.94
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mmol) and pyridine (0.238 mL, 2.94 mmol), and stirred at room temperature for 2 h. The reaction

mixture was washed with saturated aqueous NaHCO3 solution and extracted twice with CHCl;. The

combined organic layer was dried over MgSOs, filtered, and concentrated in vacuo. MeOH was added

to the residue and stirred for 1 h, then filtered to afford S4c (1.04 g, 91%) as a yellow solid. *H NMR

(400 MHz, CDCl3): 51.08 (s, 6H), 1.71 (t, J = 5.9 Hz, 2H), 1.89 (t, J = 5.9 Hz, 2H), 2.55 (s, 2H), 4.68

(s, 2H), 7.51-7.65 (m, 3H), 7.98-8.03 (m, 4H), 8.23 (s, 1H), 9.24 (br s, 1H), 13.0 (br s, 1H). LC-MS

(ESI, [M + H]*, m/z) 582.

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-hydroxybenzamide (S5). To a solution of 3-

acetoxybenzoic acid (0.629 g, 3.49 mmol) in DCM (15 mL) were added thionyl chloride (1.02 mL,

14.0 mmol) and DMF (0.18 mL, 2.33 mmol), and the solution was stirred at room temperature

overnight. The reaction mixture was azeotropically evaporated with toluene. The residue was

dissolved in DCM (15 mL) and followed by addition of pyridine (0.282 mL, 3.49 mmol) and S3c (1.0

g, 2.33 mmol). The reaction mixture was stirred at room temperature for 3 h. Saturated aqueous

NaHCOs solution was added to the reaction mixture and extracted twice with ethyl acetate. The

combined organic layer was washed with saturated aqueous NaHCOj3 solution and brine, dried over

MgSOs, filtered, and concentrated in vacuo. The residue was dissolved in MeOH (50 mL) followed

by addition of potassium carbonate (1.52 g, 11.0 mmol), and the solution was refluxed for 2 h. After
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cooling to room temperature, the reaction mixture was quenched with 1M HCI aqueous solution and

extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over

MgSOs, filtered, and concentrated in vacuo. After stirring for 1 h in MeOH, the precipitate was filtered

off to afford S5 (1.11 g, 87%) as a yellow solid. 'H NMR (300 MHz, DMSO-dé): 6 1.03 (s, 6H), 1.53

(t, J=6.0 Hz, 2H), 2.76 (t, J = 6.0 Hz, 2H), 3.18-3.19 (m, 2H), 3.81 (br s, 1H), 6.99-7.01 (m, 1H),

7.30-7.36 (m, 3H), 7.76 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H), 8.10 (s, 1H), 8.43 (s,1H), 9.64

(brs, 1H), 11.12 (br s, 1H). LC-MS (ESL [M + HJ*, m/z) 550.

tert-Butyl 3-(2-(2-(2-(tosyloxy)ethoxy)ethoxy)ethoxy)propanoate (S7). To a solution of S6 (2.76

mL, 10.4 mmol) in DCM (30 mL) were added p-toluenesulfonyl chloride (2.98 g, 15.6 mmol) and

TEA (8.42 mL, 60.4 mmol), and the solution was stirred at room temperature overnight. The reaction

mixture was washed with 10% HCI aqueous solution and extracted twice with ethyl acetate. The

combined organic layer was washed with brine, dried over MgSQOsu, filtered, and concentrated in vacuo.

The residue was purified by silica gel column chromatography (80:20 to 50:50 n-hexane/ethy| acetate)

to afford S7 (4.4 g, 98%) as an oil. ‘H NMR (300 MHz, CDCls): 6 1.44 (s, 9H), 2.45 (s, 3H), 2.50 (t,

J = 6.4 Hz, 2H), 3.58-3.60 (m, 8H), 3.67-3.72 (m, 4H), 4.16 (t, J = 4.8 Hz, 2H), 7.34 (d, J = 8.2 Hz,

2H), 7.80 (d, J = 8.2 Hz, 2H). LC-MS (ESL, [M + H + 18]*, m/z) 451.

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-(2-(2-(2-iodoethoxy)ethoxy)ethoxy)benzamide (S8). To
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a solution of 9 (1.5 g, 2.20 mmol) in DMF (15 mL) was added methanesulfonyl chloride (0.257 mL,

3.30 mmol) and TEA (0.460 mL, 3.30 mmol), and the solution was stirred at room temperature

overnight. Nal (0.659 g, 4.40 mmol) was added to the reaction mixture and stirred at 100°C for 2 h.

The reaction mixture was poured into water and extracted with ethyl acetate. The organic layer was

washed with brine, dried over MgSOQs, filtered, and concentrated in vacuo. The residue was purified

by silica gel column chromatography (50% ethyl acetate in n-hexane) to afford S8 (1.29 g, 74%) as a

yellow solid. "H NMR (400 MHz, DMSO-ds): § 1.02 (s, 6H), 1.53 (t, J= 6.3 Hz, 2H), 2.74 (br s, 2H),

3.00 (s, 2H), 3.58-3.62 (m, 4H), 3.65-3.69 (m, 4H), 3.76 (t, J = 4.9 Hz, 2H), 4.16 (t, J = 4.9 Hz, 2H),

7.17-7.19 (m, 1H), 7.44 (m, 3H), 7.75 (d, J = 8.8 Hz, 1H), 7.95 (d, /= 8.8, 1.5 Hz, 1H), 8.09 (d, J =

1.5 Hz, 1H), 8.41 (s, 1H), 11.18 (brs, 1H), 11.42 (br s, 1H). LC-MS (ESL, [M - H", m/z) 790.

(R,E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-(2-(2-(2-(oxiran-2-

ylmethoxy)ethoxy)ethoxy)ethoxy)benzamide (S9). To a solution of 9 (0.050 g, 0.073 mmol) in DMF

(1.5 mL) were added NaH (60% in mineral oil, 0.0044 g, 0.11 mmol) and (S)-epichlorohydrin (0.011

mL, 0.147 mmol), and the solution was stirred at room temperature overnight. The reaction mixture

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

over MgSQOsq, filtered, and concentrated in vacuo. The residue was purified by silica gel column

chromatography (10% ethyl acetate in heptane) to afford S9 (0.016 g, 29%) as an amorphous

82



compound. "H NMR (300 MHz, CDCls): 6 1.07 (s, 6H), 1.69 (t, J= 6.0 Hz, 2H), 2.53 (br s, 2H), 2.60

(dd, J=5.0,2.9 Hz, 1H), 2.78 (dd, J = 5.0, 4.2 Hz, 1H), 2.87 (t, /= 6.0 Hz, 2H), 3.13-3.19 (m, 1H),

343 (dd,J=114,59 Hz, 1H), 3.61-3.82 (m, 9H), 3.89 (t, /=4.8 Hz, 2H), 4.21 (t,J = 4.8 Hz, 2H),

7.13 (dd, J = 8.0, 2.0 Hz, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.55-7.63 (m, 3H), 7.97 (dd, J = 8.0, 1.8 Hz,

1H), 8.04 (d, J= 1.8 Hz, 1H), 8.23 (s, 1H), 9.24 (br s, 1H), 12.89 (br s, 1H). LC-MS (ESL [M + HJ",

m/z) 738.

tert-Butyl (E)-3-(2-(2-(2-(3-((3-(2-(4-chloro-3-(trifluoromethyl) benzylidene) hydrazine-1-

carbonyl)-6,6-dimethyl-4,5,6,7-tetrahydrobenzo[b]thiophen-2-

yl)carbamoyl)phenoxy)ethoxy)ethoxy)ethoxy)propanoate (S10). To a solution of S5 (1.76 g, 3.20

mmol) in DMF (15 mL) were added S7 (4.15 g, 9.60 mmol), potassium carbonate (1.77g, 12.8 mmol),

and Nal (0.24 g, 1.6 mmol), and the solution was stirred at 100°C for 2 h. After cooling to room

temperature, the reaction mixture was poured into water and extracted with ethyl acetate. The organic

layer was washed with brine, dried over MgSQOsu, filtered, and concentrated in vacuo. The residue was

purified by silica gel column chromatography (99:1 to 95:5 CHCl3/MeOH) to afford S10 (1.65 g, 64%)

as an oil. 'H NMR (300 MHz, CDCLs): 6 1.08 (s, 6H), 1.45 (s, 9H), 1.69 (t, J = 5.7 Hz, 2H), 2.49-2.55

(m, 2H), 3.46-3.51 (m, 2H), 3.60-3.76 (m, 12H), 3.89 (t, J = 4.8 Hz, 2H), 4.21 (t, J = 4.8 Hz, 2H),

7.12-7.15 (m, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.56-7.64 (m, 3H), 7.99-8.06 (m, 2H), 8.24 (s, 1 H), 9.24

(brs, 1H), 12.9 (br s, 1H). LC-MS (ESL [M - H]", m/z) 808.
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3-(2-(2-(2-(Diethylamino)ethoxy)ethoxy)ethoxy)benzoic acid (S12). To a solution of S11 (3.0 g,

19.7 mmol) in DMF (30 mL) were added potassium carbonate (6.54 g, 47.3 mmol) and 2-(2-(2-

chloroethoxy)ethoxy)ethanol (8.60 mL, 59.2 mmol), and the solution was stirred at 100°C for 3 h.

After cooling to room temperature, the resulting mixture was poured into water and extracted with

ethyl acetate. The organic layer was washed with brine, dried over MgSOsa, filtered, and concentrated

in vacuo. The residue in DMF (100 mL) were added TEA (8.25 mL, 59.2 mmol) and methanesulfony!l

chloride (4.61 mL, 59.2 mmol), and stirred at room temperature overnight. The reaction mixture was

added sodium iodide (5.91 g, 39.4 mmol) and stirred at 100°C for 2h. After cooling to room

temperature, the resulting mixture was poured into water and extracted with ethyl acetate. The organic

layer was washed with brine, dried over MgSOsa, filtered, and concentrated in vacuo. The residue was

purified by silica gel column chromatography (100:0 to 90:10 CHCI3/MeOH) to afford methyl 3-(2-

(2-(2-iodoethoxy)ethoxy)ethoxy)benzoate (3.25 g, 42%). To the solution of methyl 3-(2-(2-(2-

iodoethoxy)ethoxy)ethoxy)benzoate (3.25 g, 8.24 mmol) in DMF (60 mL) were added potassium

carbonate (5.7 g, 41.2 mmol) and diethylamine (25.8 mL, 247 mmol), and stirred at 100°C overnight.

After cooling to room temperature, the resulting mixture was poured into water and extracted with

ethyl acetate. The organic layer was washed with brine, dried over MgSOy, filtered, and concentrated

in vacuo. The residue was dissolved in 50% aqueous EtOH solutioin (60 mL). To this solution was

added lithium hydroxide monohydrate (0.685 g, 16.3 mmol) and stirred at room temperature for 1h.
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The resulting mixture was quenched with 3M HCI solution and extracted twice with 17% 2-propanol

in CHCIs. The combined organic layer was dried over MgSOQsu, filtered, and concentrated in vacuo.

The residue was purified by silica gel column chromatography (10% MeOH in CHCls) to afford S12

(1.97 g, 74%) as a colorless oil. *H NMR (270 MHz, CDCls): 6 1.37 (t, J = 7.2 Hz, 6H), 3.21-3.26

(m, 6H), 3.65-3.72 (m, 4H), 3.83-3.85 (M, 2H), 3.99-4.02 (m, 2H), 4.18-4.21(m, 2H), 7.11-7.15 (m,

1H), 7.36 (t, J = 7.9 Hz, 1H), 7.64-7.71(m, 2H). The proton of carboxylic acid was not observed.

LC-MS (ESL, [M + HJ*, m/z) 326.

Benzyl (2-methoxyethyl)glycinate (S14). To a solution of S13 (22.8 mL, 262 mmol) in DCM (50

mL) was added benzyl 2-bromoacetate (2.77 mL, 17.5 mmol) at 0°C and stirred for 0.5 h. Saturated

aqueous NaHCOs solution was added to the reaction mixture and extracted twice with ethyl acetate.

The combined organic layer was dried over MgSOQy, filtered, and concentrated in vacuo. The residue

was purified by silica gel column chromatography (100/0 to 80/20 CHCIs/MeOH) to afford S14 (3.5

g, 90%) as a colorless oil. *H NMR (300 MHz, CDCl3): § 1.91 (br s, 1H), 2.78-2.82 (m, 2H), 3.34 (s,

3H), 3.46-3.49 (m, 4H), 5.16 (s, 2H), 7.31-7.37 (m, 5H). LC-MS (ESL [M + H]*, m/z) 224.

(E)-N-(3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-3-(19-hydroxy-2,5,8,11,14,17-

hexaoxanonadecyl)benzamide (S15). To a solution of hexaethylene glycol (6.09 mL, 31.6 mmol) in

DMF (40 mL) was added NaH (60% in mineral oil, 1.26 g, 31.6 mmol) at 0°C and stirred for 0.5 h.
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To the reaction mixture was added S4c (4.6 g, 7.90 mmol), which was then stirred at room temperature

for 3 h. The reaction mixture was quenched with a saturated aqueous NH4Cl solution and extracted

twice with CHCIls. The combined organic layer was washed with brine, dried over MgSQOg, filtered,

and concentrated in vacuo. The residue was purified by silica gel column chromatography (100/0 to

80/20 CHCI3/MeOH) to afford S15 (5.16 g, 79%) as an amorphous compound. 'H NMR (300 MHz,

CDCls): 6 1.07 (s, 6H), 1.69 (t, J = 6.0 Hz, 2H), 1.84 (br s, 1H), 2.53 (s, 2H), 2.88 (br s, 2H), 3.58—

3.73 (m, 24H), 4.65 (s, 2H), 7.49 (t, J = 7.8 Hz, 1H), 7.57-7.60 (m, 2H), 7.95-8.04 (m, 4H), 8.24 (s,

1H), 9.29 (brs, 1H), 12.89 (br s, 1H). LC-MS (ESL, [M + H + 17]*, m/z) 845.

(E)-1-(3-((3-(2-(4-Chloro-3-(trifluoromethyl)benzylidene) hydrazine-1-carbonyl)-6,6-dimethyl-

4,5,6,7-tetrahydrobenzo[bJthiophen-2-yl)carbamoyl)phenyl)-2,5,8,11,14,17-hexaoxanonadecan-

19-yl methanesulfonate (S16). To a solution of S15 (1.96 g, 2.37 mmol) in DCM (12 mL) were added

methanesulfonyl chloride (0.277 mL, 3.55 mmol) and TEA (0.66 mL, 4.73 mmol) at 0°C, and the

solution was stirred at room temperature for 1 h. The reaction mixture was poured into water and

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

concentrated in vacuo. The residue was purified by silica gel column chromatography (100/0 to 80/20

CHCI3/MeOH) to afford S16 (2.16 g, 79%) as an amorphous compound. '"H NMR (300 MHz, CDCl;):

5 1.04 (s, 6H), 1.65 (br s, 2H), 2.48 (br s, 2H), 2.87 (br s, 2H), 3.06 (s, 3H), 3.61-3.75 (m, 22H), 4.34—

4.37 (m, 2H), 4.64 (s, 2H), 7.49-7.55 (m, 3H), 7.94-8.01 (m, 4H), 8.26 (s, 1H), 9.40 (brs, 1H) , 12.88
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(br's, 1H). LC-MS (ESI, [M + H + 17]", m/z) 923.

tert-Butyl 2-amino-6,6-dimethyl-4,5,6,7-tetrahydrobenzo[bJthiophene-3-carboxylate (S18). To a

solution of 4,4-dimethylcyclohexanone (S17) (10.0 g, 79.0 mmol) in DMF (80 mL), tert-butyl 2-

cyanoacetate (11.3 mL, 79.0 mmol), sulfur (2.53 g, 79.0 mmol), and a solution of ethylenediamine

(2.64 mL, 40.0 mmol) dissolved in DMF (10 mL) and AcOH (4.5 mL) were added, and the solution

was stirred for 23 h at room temperature. The reaction mixture was poured into water and extracted

with ethyl acetate. The organic layer was washed with brine and water, dried over Na.SO4, filtered,

and concentrated in vacuo to obtain S18 (24.0 g, quant.). This compound was used for the next reaction

without further purification. *H NMR (270 MHz, CDCls): 6 0.99 (s, 6H), 1.47 (t, J = 6.4 Hz, 2H), 1.55

(s, 9H), 2.27 (s, 2H), 2.67 (t, J = 6.4 Hz, 2H), 5.86 (br s, 2H).

tert-Butyl 2-(3-(chloromethyl)benzamido)-6,6-dimethyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-

carboxylate (S19). To a solution of S18 (24.0 g, 85.0 mmol) in DCM (130 mL), 3-

(chloromethyl)benzoyl chloride (12.4 mL, 87.0 mmol) and pyridine (7.00 mL, 87.0 mmol) were added,

and the solution was stirred for 0.5 h at room temperature. The reaction mixture was poured into water

and extracted with CHCls. The organic layer was washed with brine and water, dried over Na>SOs,

filtered, and concentrated in vacuo. The residue was washed with n-hexane to obtain S19 (29.5 g,

86%), which was a yellow solid. 'H NMR (270 MHz, CDCls): 6 1.02 (s, 6H), 1.54 (t, J = 6.4 Hz, 2H),
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1.62 (s, 9H), 2.46 (s, 2H), 2.77 (t, J = 6.4 Hz, 2H), 4.67 (s, 2H), 7.54 (t, J = 7.8 Hz, 1H), 7.62 (d, J =

7.8 Hz, 1H), 7.93 (d, J = 7.8 Hz, 1H), 8.05 (s, 1H), 12.43 (br s, 1 H).

Methyl 4-((4-amino-2-methylphenyl)ethynyl)benzoate (S21). To a solution of 4-iodo-3-

methylaniline (S20) (0.500 g, 2.15 mmol) in DMF (0.90 mL), PdCly(PPhs), (0.075 g, 0.107 mmol),

Cul (0.020 g, 0.107 mmol), triphenylphosphine (0.113 g, 0.429 mmol), methyl 4-ethynylbenzoate

(0.412 g,2.57 mmol), and diethylamine (3.36 mL, 32.2 mmol) were added; this solution was irradiated

in a microwave at 120°C for 1 h. After cooling to room temperature, the reaction mixture was poured

into water and extracted with ethyl acetate. The organic layer was washed with aqueous ammonia

solution and brine, dried over MgSOQs, filtered, and concentrated in vacuo. The residue was purified

by silica gel column chromatography (95:5 to 50:50 n-heptane/ethyl acetate) to obtain S21 (0.282 g,

50%), which was a brown solid. "H NMR (300 MHz, CDCl3): 6 2.43 (s, 3H), 3.80 (s, 2H), 3.92 (s,

3H), 6.49 (dd, J = 8.1,2.2 Hz, 1H), 6.55 (d, J= 2.2 Hz, 1H), 7.31 (d, J= 8.1 Hz, 1H), 7.53 (d, J= 8.4

Hz, 2H), 7.99 (d, J = 8.4 Hz, 2H). LC-MS (ESI, [M + H]*, m/z) 266.

Methyl 4-(4-amino-2-methylphenethyl)benzoate (S22). A solution of S21 (0.295 g, 1.11 mmol) in

EtOH (22.2 mL) was pumped through the H-Cube® Pro (THALESNano) flow hydrogenerator using

10% Pd(OH),/C cartridges at 40°C. The residue was concentrated in vacuo to obtain S22 (0.282 g,

94%), and this was used for the subsequent reaction without further purification. LC—MS (ESI, [M +

H]*, m/z) 270.
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Methyl 4-(4-aminophenethyl)benzoate (S24). To a solution of diethyl(4-nitrobenzyl)phosphonate

(823) (10.3 g, 37.7 mmol) in MeOH (94 mL), 28% sodium methoxide MeOH solution (14.6 mL, 75.0

mmol) was added at 0°C and stirred for 0.5 h at 0°C. Methyl 4-formylbenzoate (6.50 g, 39.6 mmol)

was added, and the reaction mixture was stirred overnight at room temperature and then filtered. A

stirred solution of the obtained residue in THF (450 mL) and DMF (150 mL) was pumped through the

H-Cube® Pro flow hydrogenerator using 10% Pd/C cartridges at 35°C. The residue was concentrated

in vacuo. Water was subsequently added to the residue, and the solution was then filtered to obtain

S24 (9.00 g, 94%), which was a white solid. "H NMR (400 MHz, CDCL;): 5 2.84-2.89 (m, 4H), 3.90

(s, 3H), 6.61 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 7.21 (d, J = 7.8 Hz, 2H), 7.93 (d, /= 7.8

Hz, 2H). The protons of amine were not observed. LC—MS (ESI, [M + H]*, m/z) 256.

Methyl 4-(4-(2-amino-6,6-dimethyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-

carboxamido)phenethyl)benzoate (S25). To a solution of S24 (7.66 g, 30.0 mmol) in DMF (60 mL),

2-cyanoacetic acid (3.32 g, 39.0 mmol), HOBt monohydrate (13.8 g, 90.0 mmol), and WSC-HCI (17.3

g, 90.0 mmol) were added at 0°C, and the solution was stirred at room temperature for 2 h. Saturated

aqueous NaHCOs solution was added, and the reaction mixture was extracted twice with ethyl acetate.

The combined organic layer was washed with brine, dried over MgSOQy, filtered, and concentrated in

vacuo. To a stirred solution of the obtained residue in THF (90 mL), AcOH (5.14 mL, 90.0 mmol),

HMDS (11.8 mL, 56.1 mmol), and 4,4-dimethylcyclohexanone (4.25 g, 33.7 mmol) were added, and
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the solution was stirred for 2 h at room temperature. The reaction mixture was poured into water and

extracted twice with ethyl acetate. The combined organic layer was washed with brine, dried over

MgSOs, filtered, and concentrated in vacuo. The residue was purified by silica gel column

chromatography (50% n-heptane in ethyl acetate). To a stirred solution of the obtained residue in EtOH

(43 mL), morpholine (1.59 mL, 18.2 mmol) and sulfur (0.583 g, 18.2 mmol) were added, and the

solution was refluxed for 2 h. After cooling to room temperature, the reaction mixture was filtered to

obtain S25 (4.67 g, 34%) as a yellow solid. '"H NMR (400 MHz, DMSO-ds): 6 0.99 (s, 6H), 1.44 (t,J

= 6.3 Hz, 2H), 2.27 (s, 2H), 2.64 (1, J = 6.3 Hz, 2H), 2.84-2.88 (m, 2H), 2.93-2.96 (m, 2H), 3.83 (s,

3H), 6.55 (s, 2H), 7.12 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 7.87 (d,

J=28.8 Hz, 2H), 8.85 (s, 1H). LC-MS (ESL [M + H]", m/z) 463.

17-Hydroxy-3,6,9,12,15-pentaoxaheptadecyl 4-methylbenzenesulfonate (S27). To a solution of

hexaethylene glycol (S26) (15.0 g, 53.1 mmol) in DCM (150 mL), Ag>O (18.5 g, 80.0 mmol), p-

toluenesulfonyl chloride (11.1 g, 58.4 mmol), and potassium iodide (1.76 g, 10.6 mmol) were added

at 0°C, and the solution was stirred for 0.4 h at 0°C. The reaction mixture was filtered through a celite

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

filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography

(CHCl3/MeOH 100:0-80:20) to obtain S27 (19.7 g, 85%) as an oil. 'H NMR (300 MHz, CDCls): 6
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2.45 (s, 3H), 2.75-2.77 (m, 1H), 3.62-3.66 (m, 22H), 4.15-4.17 (m, 2H), 7.35 (d, J = 8.1 Hz, 2H),

7.79 (d,J = 8.1 Hz, 2H).

tert-Butyl 20-(tosyloxy)-3,6,9,12,15,18-hexaoxaicosanoate (S28). To a solution of hexaethylene

glycol (S26) (4.88 mL, 19.5 mmol) in THF (100 mL), NaOH (1.17 g, 29.2 mmol), potassium carbonate

(5.38 g, 39.0 mmol), and tert-butyl 2-bromoacetate (3.17 mL, 21.4 mmol) were added, and the solution

was stirred overnight at room temperature. The reaction mixture was washed with saturated aqueous

NH4CI solution and extracted twice with ethyl acetate. The combined organic layer was washed with

brine, dried over MgSOQy, filtered, and concentrated in vacuo. The residue was purified by silica gel

column chromatography (ethyl acetate/MeOH 90:10). To a stirred solution of the obtained residue in

DCM (39 mL), TEA (2.90 mL, 20.8 mmol) and p-toluenesulfonyl chloride (2.64 g, 13.9 mmol) were

added at 0°C, and the solution was stirred for 3 h at room temperature. The reaction mixture was

washed with 1 M HCI solution, extracted with CHCls, dried over MgSQsa, filtered, and concentrated

in vacuo. The residue was purified by silica gel column chromatography (CHCIls/MeOH 90:10) to

obtain S28 (3.46 g, 32%) as an oil. '"H NMR (300 MHz, CDCls): d 1.50 (s, 9H), 2.48 (s, 3H), 3.61 (s,

4H), 3.64-3.76 (m, 18H), 4.05 (s, 2H), 4.19 (t, J= 4.8 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 7.83 (d, J =

8.1 Hz, 2H).

20-Hydroxy-3,6,9,12,15,18-hexaoxaicosanoic acid (S29). To a solution of hexaethylene glycol

(S26) (6.39 mL, 25.5 mmol) in THF (110 mL), NaOH (1.53 g, 38.3 mmol), potassium carbonate (7.05
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g, 51.0 mmol), and fert-butyl 2-bromoacetate (4.15 mL, 28.1 mmol) were added, and the solution was

stirred overnight at room temperature. The reaction mixture was washed with saturated aqueous NH4Cl

solution and extracted twice with ethyl acetate. The combined organic layer was washed with brine,

dried over MgSOs, filtered, and concentrated in vacuo. The residue was purified by silica gel column

chromatography (ethyl acetate/MeOH 95:5-75:25). To a stirred solution of the obtained residue in

DCM (30 mL), TFA (10.0 mL, 130 mmol) was added at 0°C, and the solution was stirred for 1 h at

room temperature. The reaction mixture was azeotropically evaporated with toluene to obtain S29

(4.38 g, 50%) as an oil. "H NMR (300 MHz, CDCls): d 3.68-3.70 (m, 18H), 3.76-3.80 (m, 4H), 4.18

(s, 2H), 4.48-4.51 (m, 2H), 6.22 (s, 1H). The proton of carboxylic acid was not observed. LC—MS

(ESI, [M-H]~, m/z) 339.

tert-Butyl 2-(3-hydroxybenzamido)-6,6-dimethyl-4,5,6, 7-tetrahydrobenzo[b]thiophene-3-

carboxylate (S30). To a solution of 3-hydroxybenzoic acid (5.10 g, 37.0 mmol) in DCM (80 mL),

thionyl chloride (6.22 mL, 85.0 mmol) and DMF (0.440 mL, 5.69 mmol) were added, and the solution

was stirred for 4 h at 45°C. The reaction mixture was azeotropically evaporated with toluene. The

residue was dissolved in DCM (80 mL), followed by addition of pyridine (3.45 mL, 42.6 mmol) and

S18 (8.00 g, 2.84 mmol). The reaction mixture was stirred overnight at room temperature. Saturated

aqueous NaHCOs solution was added, and the reaction mixture was extracted with CHCls. The organic

layer was washed with 1 M HCI solution, water, and brine; dried over MgSQO.; filtered; and
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concentrated in vacuo. The residue was dissolved in MeOH (100 mL), followed by addition of 4 M

NaOH solution (14.2 mL, 56.9 mmol), and the solution was stirred for 2 h at room temperature. The

reaction mixture was quenched with 5 M HCI solution and then filtered to obtain S30 (7.49 g, 66%)

as a white solid. 'H NMR (300 MHz, CDCLy): d 1.01 (s, 6H), 1.47-1.55 (m, 2H), 1.62 (s, 9H), 2.46 (s,

2H), 2.77 (t, J = 7.0 Hz, 2H), 7.07 (d, J = 7.0 Hz, 1H), 7.40 (t, J = 7.9 Hz, 1H), 7.53 (d, J = 7.3 Hz,

1H), 7.60 (s, 1H), 12.39 (s, 1H). The proton of alcohol was not observed. LC—MS (ESI, [M + H]*,

m/z) 402.

20-(3-(7,7-Dimethyl-4-o0xo0-5,6,7,8-tetrahydro-4H-benzo[4,5]thieno[2,3-d][1,3]oxazin-2-

yl)phenoxy)-3,6,9,12,15,18-hexaoxaicosanoic acid (S31). To a solution of S30 (2.00 g, 4.98 mmol)

in DMF (25 mL), tert-butyl 20-(tosyloxy)-3,6,9,12,15,18-hexaoxaicosanoate (S28) (3.29 g, 5.98

mmol) and cesium carbonate (2.43 g, 7.47 mmol) were added, and the solution was stirred for 0.5 h at

85°C. After cooling to room temperature, the reaction mixture was washed with brine, extracted with

ethyl acetate, dried over MgSQys, filtered, and concentrated in vacuo. The residue was purified by silica

gel column chromatography (CHCIl3/MeOH 93:7). To a stirred solution of the obtained residue in TFA

(20 mL), TFAA (3.44 mL, 24.4 mmol) was added at 0°C, and the solution was stirred for 2 h at room

temperature. The reaction mixture was azeotropically evaporated with toluene. The residue was

purified by silica gel column chromatography (CHCIs/MeOH 94:6) to obtain S31 (2.20 g, 68%) as an

oil. "H NMR (400 MHz, CDCL): d 1.05 (s, 6H), 1.63 (t, J = 6.3 Hz, 2H), 2.57 (s, 2H), 2.97 (t, J= 6.3

93



Hz, 2H), 3.65-3.76 (m, 20H), 3.89-3.91 (m, 2H), 4.15 (s, 2H), 4.23 (t, J = 4.9 Hz, 2H), 7.11-7.13 (m,

1H), 7.39 (t, /= 7.8 Hz, 1H), 7.77 (s, 1H), 7.86 (d, J = 7.8 Hz, 1H). The proton of carboxylic acid was

not observed. LC-MS (ESI, [M + H]*, m/z) 650.

1-Ethynyl-2-methyl-4-nitrobenzene (S33). To a solution of 1-bromo-2-methyl-4-nitrobenzene

(S32) (2.00 g, 9.26 mmol) in DMF (5.0 mL), PdCI,(PPhs), (0.195 g, 0.278 mmol), Cul (0.053 g, 0.278

mmol), TEA (19.4 mL, 139 mmol), and trimethylsilylacetylene (2.56 mL, 18.5 mmol) were added,

and the solution was stirred for 2 h at room temperature. The reaction mixture was washed with

saturated aqueous ammonia solution and brine, extracted with ethyl acetate, dried over MgSQOa,

filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (n-

heptane/ethyl acetate 95:5-60:40). To a stirred solution of the obtained residue in DCM (10 mL) and

MeOH (10 mL), potassium carbonate (2.49 g, 18.0 mmol) was added, and the solution was stirred for

0.2 h at room temperature. The reaction mixture was filtered and concentrated in vacuo to obtain S33

(1.45 g, 97%) as a brown solid, and this was used for the next reaction without further purification.

3-Methyl-4-(4-(thiazol-2-yl)phenethyl)aniline (S34). To a solution of 2-(4-bromophenyl)thiazole

(0.350 g, 1.46 mmol) in DMF (1.0 mL), PdCl»(PPhs); (0.031 g, 0.044 mmol), Cul (0.0083 g, 0.044

mmol), TEA (3.05 mL, 21.9 mmol), triphenylphosphine (0.057 g, 0.219 mmol), and S33 (0.329 g,

2.04 mmol) were added, and the solution was irradiated in a microwave for 0.5 h at 120°C. After

cooling to room temperature, the reaction mixture was poured into water and extracted with ethyl
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acetate. The organic layer was washed with agueous ammonia solution and brine, dried over MgSOQOa,

filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography

(100% CHCIs). To a stirred solution of the obtained residue in THF (18 mL), Pd/C (0.096 g, 0.905

mmol) was added, and the solution was filled with H, gas. The reaction mixture was stirred overnight

at room temperature. The residue was filtered through a celite pad and concentrated in vacuo to obtain

S34 (0.150 g, 25%) as an orange solid, and this was used for the next reaction without further

purification. 'H NMR (300 MHz, CDCls): 6 2.20 (s, 3H), 2.77-2.89 (m, 4H), 3.51 (br s, 2H), 6.47—

6.49 (M, 2H), 6.89 (d, J = 7.7 Hz, 1H), 7.23 (d, J = 7.7 Hz, 2H), 7.28 (d, J = 3.3 Hz, 1H), 7.84 (d, J =

3.3 Hz, 1H), 7.87 (d, J = 8.1 Hz, 2H). LC-MS (ESI, [M + H]*, m/z) 295.

3-Methyl-4-(4-(oxazol-2-yl)phenethyl)aniline (S35). To a solution of S33 (0.350 g, 2.17 mmol) in

DMF (3.0 mL), PdCI,(PPhs), (0.046 g, 0.065 mmol), Cul (0.012 g, 0.065 mmol), TEA (4.54 mL, 32.6

mmol), and 2-(4-bromophenyl)oxazole (0.584 g, 2.61 mmol) were added, and the solution was stirred

for 0.5 h at 70°C. The reaction mixture was washed with saturated aqueous ammonia solution and

brine, extracted with ethyl acetate, dried over MgSQOy, filtered, and concentrated in vacuo. The residue

was purified by silica gel column chromatography (n-heptane/ethyl acetate 95:5-60:40). A stirred

solution of the obtained residue in THF (6.6 mL) was pumped through the H-Cube® Pro flow

hydrogenerator using 10% Pd(OH),/C cartridges at 40°C. The residue was concentrated in vacuo to

obtain S35 (0.0899 g, 15%) as an oil, and this was used for the next reaction without further
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purification. *H NMR (300 MHz, CDCls): 6 2.22 (s, 3H), 2.80-2.92 (m, 4H), 3.44 (br s, 2H), 6.48—

6.53 (m, 2H), 6.91 (d, J = 7.7 Hz, 1H), 7.25-7.28 (m, 3H), 7.71 (s, 1H), 7.98 (d, J = 8.4 Hz, 2H).

LC-MS (ESI, [M + HJ*, m/z) 279.

Methyl 4-(4-((tert-butoxycarbonyl)amino)phenethyl) benzoate (S36). To a solution of S24 (19.7 g,

77.0 mmol) in THF (386 mL), (Boc),0 (26.9 mL, 116 mmol) and DIPEA (20.2 mL, 116 mmol) were

added, and the solution was stirred overnight at room temperature. The reaction mixture was quenched

with 1 M HCI solution and extracted with ethyl acetate. The organic layer was washed with saturated

aqueous NaHCOs solution and brine, dried over Na;SOs, filtered, and concentrated in vacuo.

Diisopropyl ether (200 mL) was added to the residue, and the resulting solution was stirred for 1 h and

then filtered to obtain S36 (20.1 g, 73%) as a white solid. "H NMR (300 MHz, DMSO-de): J 1.44 (s,

9H), 2.81 (dd, J = 8.8, 5.9 Hz, 2H), 2.90 (dd, J = 8.8, 5.9 Hz, 2H), 3.81 (s, 3H), 7.05 (d, J = 8.4 Hz,

2H), 7.30-7.33 (m, 4H), 7.84 (d, J = 8.1 Hz, 2H), 9.18 (s, LH). LC-MS (ESI, [M-H]", m/z) 354.

tert-Butyl (4-(4-(hydrazinecarbonyl)phenethyl)phenyl)carbamate (S37). To a solution of S36

(10.0 g, 28.1 mmol) in EtOH (100 mL) and THF (100 mL), hydrazine monohydrate (40.9 mL, 844

mmol) was added, and the solution was refluxed overnight. After cooling to room temperature, the

reaction mixture was concentrated to a quarter of its volume. The solution was poured into water and

stirred for 1 h and then filtered to obtain S37 (9.54 g, 95%) as a white solid. "H NMR (300 MHz,
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DMSO-dg): 6 1.45 (s, 9H), 2.81-2.85 (m, 4H), 4.43 (s, 2H), 7.08 (t, J = 9.5 Hz, 2H), 7.23-7.32 (m,

4H), 7.70 (d, J = 8.1 Hz, 2H), 9.18 (s, 1H), 9.65 (s, 1H).

tert-Butyl (4-(4-(2-acetylhydrazine-1-carbonyl)phenethyl)phenyl)carbamate (S38). To a solution

of 837 (19.1 g, 53.7 mmol) in DCM (269 mL), pyridine (4.56 mL, 56.4 mmol) and acetyl chloride

(4.01 mL, 56.4 mmol) were added at 0°C, and the solution was stirred for 1 h at room temperature.

The reaction mixture was concentrated. The residue was poured into water and stirred for 1 h and then

filtered to obtain S38 (21.3 g, quant.) as a white solid. '"H NMR (300 MHz, DMSO-dg): 5 1.45 (s, 9H),

1.89 (s, 3H), 2.81-2.88 (m, 4H), 7.06 (d, J= 8.4 Hz, 2H), 7.25-7.35 (m, 4H), 7.75 (d, J = 8.1 Hz, 2H),

9.18 (s, 1H), 9.80 (s, 1H), 10.2 (s, 1H). LC-MS (ESI, [M + H]*, m/z) 398.

4-(4-(5-Methyl-1,3,4-oxadiazol-2-yl) phenethyl)aniline (S39). To a solution of S38 (10.0 g, 25.2

mmol) in toluene (150 mL), thionyl chloride (9.18 mL, 126 mmol) was added, and the solution was

refluxed for 1 h. After cooling to room temperature, the reaction mixture was concentrated in vacuo.

To a stirred solution of the obtained residue in DCM (100 mL), TFA (38.8 mL, 503 mmol) was added

at 0°C, and the solution was stirred for 1 h at room temperature. The reaction mixture was

azeotropically evaporated with toluene. Saturated aqueous NaHCOs; solution was added, and the

reaction mixture was extracted with CHCIs. The organic layer was washed with brine, dried over

Na,SO0q, filtered, and concentrated in vacuo. Diisopropyl ether was added to the residue and stirred for

1 h and then filtered to obtain S39 (4.97 g, 71%) as a tan solid. '"H NMR (400 MHz, DMSO-ds): 6 2.57
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(s, 3H), 2.73 (t, J = 7.8 Hz, 2H), 2.87 (t, J = 7.8 Hz, 2H), 4.82 (s, 2H), 6.47 (d, J = 7.8 Hz, 2H), 6.86

(d, J=17.8 Hz, 2H), 7.40 (d, J = 7.8 Hz, 2H), 7.85 (d, J = 7.8 Hz, 2H). LC-MS (ESI, [M + H]*,

m/z) 280.

2-Cyano-N-(4-(4-(5-methyl-1,3,4-oxadiazol-2-yl)phenethyl)phenyl)acetamide  (S40). To a

solution of S39 (4.57 g, 16.4 mmol) in DMF (82 mL), 2-cyanoacetic acid (1.81 g, 21.3 mmol), HOBt

monohydrate (5.01 g, 32.7 mmol), and WSC-HCI (6.27 g, 32.7 mmol) were added at 0°C, and the

solution was stirred for 1 h at room temperature. The reaction mixture was poured into water, stirred

for 1 h, and then filtered to obtain S40 (3.65 g, 64%) as a white solid. "H NMR (400 MHz, DMSO-

de): 62.57 (s, 3H), 2.87-2.88 (m, 2H), 2.94-2.95 (m, 2H), 3.87 (s, 2H), 7.18 (d, J = 8.8 Hz, 2H), 7.40—

7.44 (m, 4H), 7.86 (d, J = 8.8 Hz, 2H), 10.2 (s, 1H). LC-MS (ESI, [M + H]*, m/z) 347.

2-Amino-6,6-dimethyl-N-(4-(4-(5-methyl-1,3,4-oxadiazol-2-yl)phenethyl)phenyl)-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carboxamide (S41). To a solution of S40 (3.65 g, 10.5 mmol) in THF

(53 mL), 4,4-dimethylcyclohexanone (2.00 g, 15.8 mmol), AcOH (2.41 mL, 42.1 mmol), and HMDS

(6.63 mL, 31.6 mmol) were added, and the solution was refluxed for 2 h. After cooling to room

temperature, the reaction mixture was poured into water and extracted with ethyl acetate. The organic

layer was washed with brine, dried over Na;SQs, filtered, and concentrated in vacuo. MeOH was added

to the residue and stirred overnight and then filtered. To a stirred solution of the obtained residue in

EtOH (36 mL), morpholine (1.24 mL, 14.2 mmol) and sulfur (0.456 g, 14.2 mmol) were added, and
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the solution was refluxed for 2 h. After cooling to room temperature, the residue was concentrated in

vacuo. MeOH (8.0 mL) was added to the residue and stirred for 1 h and then filtered to obtain S41

(3.17 g, 62%) as a brown solid. "H NMR (300 MHz, CDCls): 6 1.04 (s, 6H), 1.61 (t, J = 6.4 Hz, 2H),

2.36 (s, 2H), 2.61 (s, 3H), 2.77 (t, J = 6.4 Hz, 2H), 2.92-2.97 (m, 4H), 6.00 (s, 2H), 7.11 (d, J = 8.4

Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.44 (dd, J = 6.6, 1.8 Hz, 2H), 7.52 (s, 1H), 7.92 (dd, J = 6.6, 1.8

Hz, 2H). LC-MS (ESI, [M + H]*, m/z) 487.

2-(3-(Chloromethyl)benzamido)-6,6-dimethyl-N-(4-(4-(5-methyl-1,3,4-0xadiazol-2-

yl)phenethyl)phenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxamide (S42). To a solution of

S41(0.617 g, 1.27 mmol) in DCM (5.0 mL), 3-(chloromethyl)benzoyl chloride (0.270 mL, 1.90 mmol)

and pyridine (0.154 mL, 1.90 mmol) were added, and the solution was stirred for 1 h at room

temperature. The reaction mixture was quenched with 10% HCI solution and extracted with ethyl

acetate. The organic layer was washed with saturated aqueous NaHCOj solution and brine, dried over

MgSOsu, filtered, and concentrated in vacuo to obtain S42 (0.750 g, 93%) as a yellow solid. '"H NMR

(400 MHz, CDCls): § 1.09 (s, 6H), 1.70 (t, J = 5.9 Hz, 2H), 2.56 (s, 2H), 2.62 (s, 3H), 2.92 (t, J = 6.3

Hz, 2H), 2.99-3.03 (m, 4H), 4.68 (s, 2H), 7.19 (d, J = 8.8 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H), 7.50-7.55

(m, 3H), 7.62-7.66 (m, 1H), 7.75 (s, 1H), 7.95-7.96 (m, 3H), 8.07 (s, 1H), 13.14 (s, 1H). LC-MS

(ESI, [M + HJ*, m/z) 639.
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2-(2-(2-(2-Hydroxyethoxy)ethoxy)ethoxy)acetic acid (S44). To a solution of triethylene glycol
(S43) (5.00 g, 33.3 mmol) in THF (100 mL), NaOH (2.00 g, 49.9 mmol), potassium carbonate (9.20
g, 66.6 mmol), and ferz-butyl 2-bromoacetate (5.41 mL, 36.6 mmol) were added, and the solution was
stirred overnight at room temperature. The reaction mixture was washed with saturated aqueous NH4Cl
solution and extracted twice with ethyl acetate. The combined organic layer was washed with brine,
dried over MgSOQs, filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (ethyl acetate/MeOH 90:10). To a stirred solution of the obtained residue in DCM
(47 mL), TFA (11.0 mL, 142 mmol) was added at 0°C, and the solution was stirred for 2 h at room
temperature. The reaction mixture was azeotropically evaporated with toluene to obtain S44 (1.16 g,
17%) as an oil. '"H NMR (300 MHz, CDCls): d 3.61-3.77 (m, 12H), 4.17-4.20 (m, 2H), 4.30-4.35 (m,

1H). The proton of carboxylic acid was not observed.
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