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IPE diisopropyl ether

iPr isopropyl

LCMS liquid chromatography mass spectrometry
Me methyl

MeCN acetonitrile
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e AN ST RAY I IV

U ATEFEPICEFICEEN, 1| HOEBREIL 1200mg 1X EI0#ET 5, #RS
N2V DK 80%D /B BRI S Au, BIRENT= Y o DIF L A EDRENEDI 5
JREF~EHE SN D, AENO Y NI EITHEICEHBRSNTRBY . MIEsMNRIAF
ETDHVNIBED 1 %L T EBEZ BN TS, /MMEDLD ORI, Bl o D
PEfE, B DO ADNT 22X | AERAO Y > OEFEESHERF ST
VW5 (Figurel) Y,

food
1200 mg/day

bone formation bone resorption
300 mg/day 300 mg/day

BIOOd <1% — )

Phosphorus
secretion Pool
150 mg/day j

Urinary excretion
800 mg/day

fecal excretion
400 mg/day

Figure 1. Phosphorus balance in normal physiology (SCHR 1 &2 —#BckZy)

U DOREFEITBIBIC X 2 RPIRMHICKAFE L T D72, BEEMET LS
BATIZERNIZY OB T 5, BEOBEMEE T ChitiX, Fibroblast growth
factor 23 (FGF23) & %\ 4 Parathyroid hormone (PTH) 7¢ & d U »HIJRIE 53
REWICEIML, ROV PRt &2 MR T2 2 & T, BHRIK T2 X 5 il
VRED FREZMEIT L2 N TESL, —FH T, BERIMEIIKT L2
PEBF R4 (Chronic kidney disease, CKD) <CEHERE N L =BT 1B W
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Tix, UV RRRFICEAREER BEFEL, &Y VIIERRIEST 5 2, B
REDFERIZ L0 FIE L7z Y v MfiElX, FGF23 <° PTH D43 Tite & b B L |
BREEE ., ZPtEaKb 82605, 20X 957, CKD IZHHFEL Tl Z
LEHMEOR - I X T RETERECMAE 4K LA & TeRiglL, CKD-Mineral and
Bone Disorder (CKD-MBD) &t EFEIND ), HRBIEFZZOHA KT A
MM IR ICE D B - IR T AR OZRATA R4 ) TlE, CKD-
MBD DR T#HOBRFHIESE, @Y VIEZESL L TRIET 5 2 & 23 HEE
SN TS (Figure2) Y,
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LY i"""-’vr
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=Y i Yt
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N A i W =% 'fixi
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S UVMFEERER : 12678 A
(BITABERENFA S bR77.5%7S 1 v M AE)

B [CKDICHESIBIFRTILRBEEDZENA R T4 ] DIRE
MmsY vEE+EBEEEARNICOY Fa—LT 32 ¢ (3.5~6.0 mg/dL)
mEFY VEEODEEBINEHGTFRICRDEE

Figure 2. & U »ILJE

HREEDSBEM L TV D BITRE OLE . BITIC LD U v OBRERThILD D3,
PrETEZ 2V O/mIT+HTiEe <, BFRIEICLD Y SEEHIIRHE Hi
5. LL, BENLERSND U VITEREAERE L EOMBEEZTRT I &0
B, U UHIREIXEEORBIRELZ BN, VIZTERARERDAREEND
5. ZOXIIT, BITROCBFERIROALTIIY O R T7 o X afR T&
FomU CMEREDTZDD Y CWAESEE AT EMIRRENLE L e D D, ff
FTTREZ2 U VIS SIXEEFEHH V. &RV VIRER E MR R U RS SRIC



KTED, WTNOEFHLELENTY v 2REL, #EL LHITY V2K
APt S ELEATH L2, ML TREENZ W E WS RERLIZ TWD
O, MRIFEED L ZIIHKHIRO H 2B HTRE BV TITEELRBETHY . U
VWEREIEICBIT ORI T Ne 7T T o AOE(NEEET S D, £, &FR
DOWELTITEBN BRI S, KNI 52 & T, RMZEtE0BREN
bHD, Frlo, BT AEHEBAITIII N T LIEEGHERA L g LT, 25
CERMAHEMT 5 ERHREIN TS Y, BIC, &%, BEREAE BICT
i DO IR L & T DAL ESR ORIWER S HE STV 5D, FRICHIIER
AL, HLEWNOKS ZWI UM T 272D, IR & O EER
WAETRT W 9, 20, FillE Y CIEBRERICIE, Zattm, FIEM D
NESNZ, T ReT7T 7 ZA0RWEYNEEN TS (Figure 3),
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Figure 3. U W5 3K

T bV T AELEME YV EREGE Z 28 ' 2b (SLC34A2: NaPi2b)

WE B DY ORIGRIIISZEIEHUIC L DRI E TV AR—=F—%r L
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EF MU T NIRRT T D, T b U AMRTEE Y Rl 2 o8
78 2b 1%, WHIEETOVU VEERINIZEWTEERERHZHTnHEEXL




nNTBL, /v IT7TU MR (BERENaT a7 T T h)
ZHRWZIED D BETO Y VBRI OK 40%%H 5> T LG STy
% 10 5t T, BEICE VLT NaPi2b Z [HET AL, MILENSD U
VIRINAELET A ETCE Y VIEA RIETE LA RENRH S, FoAhd L
Folz, VUBAERKITITIS LI ERRBIFEMARREO BTS2, NaPi2b [LEY
BiX) BB ENTERDHRA D =X LD FHERIRTH L Z b, Vv
WAEIDORIWER ZEE L S>>, IREELEHL T, BEAREEORIET Fe 7T
TUAZWETEDLAREEND D (Figured),

-y R - NaPi2bfE &
e UL rEERAL. o UVIRINEZ Y RKR—%—
BEFICHEH TH HNaPi2bDEEIC LY
l U > BRIN % 0
ﬁ%y/ Na* nm;‘,j ﬁ%@/ o 57
D )
- O=I=)
JD HPO,2 ) HPO, 3
%M BE O
:: 9 | R—) W— >\J WE ‘ > J
U | 5 >
wE l

/) Y R DYy 4 NaPi2bmE#)

Figure 4. U W53 & NaPi2b FEWE O1E KT

L72r L., NaPi2b IZHE DA THRBLDHER SN TER Y . FFIMicB W T
NaPi2b OFERE N RRIZE B & fifaffca e & OF#E N R SN TV D 12)13)0 EJ/e
FEEMU A IRAVSE B ClE, NaPi2zb O~7 25 ﬁﬁ#%%énfw 9,
UbDZ & n | AR A RIE TR IREE 2 AlRe 2R R S &, HBEICRT
% NaPi2b Z @RI E T 2LEMNEE LV EEZbND,

INETIZE S DILEWH NaPi2b ZHET H2{LEWE L THE I LT
% (Figure 5), Ardelyx @7/ —7 1%, SHBEFE OV 72 W IGEZRNF 72 NaPi2b
PR Z 84S LTV D5 D %0 log half-maximal inhibitory concentration (pICso)



fEIZK 6 THD (ke 1), 7 A7 T ZARIEK T REO Pharma D 27 /L— 7%,
NaPi2b fHEHR & L TEAEW 2a, 2b KOMEEW 3 ZHELTWEHER, Zhb o0
IEEMDIGE IR TH D Z LIRS TR 19D ASP3325 (7 X7 F
2RO 2 g igE R NaPi2b FHEH], HiEARB) OERHER CIX, @& AR,
U UISED CKD BE DWW T IICE N T H A EREIRENG LN IR0 o T2
oI 9, BIERARRHE CIL B2 RA GO TWEIC BB 5T,
ASP3325 DERRNENG SN2 > TZEH I LIS TN 20, ERRR
BT A DOER, FEE, BEMEMESOIRBEARNE. B ~OIREOZE, M
B0 U VIO ENRE 2 bb, Flil T, Wfx V> (1K)
D IRIA) 72 4,5,6,7-tetrahydrobenzo[b]thiophene 53R D Fij i R 12 35 1T 2 Fast

FERAEREL WD 290 =X IO DILEBBRET STV DM,
Eﬁﬁb@ﬂbmiﬁﬁ&ﬂ BN ([RW2FREE) 2W L T A {EEY
T2 U<, IHEEIRA NaPi2b (HEME OE ) U IJEREIK & L CorRFerEl

+%:&ﬁéhfw@wo

RS G et o M

fVWOH s NH S
"o *@m ph TR

N °
Ardelyx
2a
Astellas Astellas
CFg
Ot e
N AN ASP3325
=N Astellas
NH 0] (structure unknown)
0 S/\AOH

Figure 5. NaPi2b [H#E#)E

AHFFED H 1 & B
U BRI R DERAKF O Y IEREER A AT~ BiF72
NaPi2b [HEVEVE & GE SR E S L7 LB ORIt 2 B L TRt %2 5506 L
7= (Figure 6), BLEID NaPi2b [AEME 2~ SEIZ, KFEMRERE D FHNIHA
EMZAT a7 HEIZOWTERERRT S Z & T, ke Tohr T4~
VIRER, B DUFER, A R AFBEERE RN L, 2o& Y v iER
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P L U COREEMEIC W TRIRT L 7=,

EEM =iaE
- o
': O o CFs O OH
ERS cl o) O
N -
o s~ on O%\C’AN/\/ N 7,/\)%
3 (LEO OH
: ! l)\) 2a (?\stellas)
{ el BiEaY
K NH © b
%Eg o%\@/\sﬁyoﬁ/\o(OH 2> =
Eg 1 (Ardelyx)

BEAINaPi2bEFEEYE (—2BiH)

Figure 6. B L EM DA A —

F 1 B TIET A7 = EEOLE ORERE RIZ OV T %, NaPi2b A
G 2 AR IS TE MR B 2 B8 L. B L7z NaPi2b [HEIEM 2~ ka8 5t
EEAS LT, WICEROWNMEZ IS TS 5720, mEREAE (topological Polar
Surface Area, tPSA) DOH{INZ HIE L., @MMEEHRILOZEAZKRE Lz, — &1
IZ tPSA EREOWIMEICIZTADOHEBENRH 5 Z ENRHEIN TS, ZOREE,
LA 5t DF VR EEEAIZ B\ ThRk & 72 BB MEEHIL OB ANTFR SN D Z
Ex ML, BAf7e NaPi2b [HEIEMELZ A L. Sprague-Dawley 7 > & (SD 7 v
B BT A TXAZ 8T ¢ (F) DMEARRINEZ R T (LAY 36at
KN36bt ZHUfSG L=, LU, L& 36at, 36bt (L SD 7 - k% H\ 7= in vivo
HEPRBRIIB N T Y VIR R 2R S 72 o T, LB O ESCYNE
EREA LIZFER, mOBUkM (EV CLogP H) 23RIK TR 3 i Ur s o JEfE
KIEDOFBWYEPME T2 Z LEICLY, IBE FEAIREBEAIZAFET D NaPi2b
~OT 7V E YT 4 MR T T D AEEEN K E LTEZ b,

H 2 ETIIE Y PUBOEMOBRERERIZONWTEND, F 1 EOBL
IZHDNT, BKMER R LB a7 iE AR L, CUV YV UBKERET
L EARE R L7z, NaPi2b PLETEMEZ e (SR MEMAB 2 R L, Bif7e
NaPi2b PHETEMEZ R 3LEW Sp Z RH Lic, WRICRABINMEAZIRT S E 572
DHIZ, PSA Z NS5 @l EHIL OB A Z R LR, BV YUK
EEIZONTH BIVAR U FETNLIZ B TR 4 72 MM E E L OB AN TR S
nasZEERHL, LAY 200p ZAIH L7z, 1£E% 20bp D SD 7 v MIHIT
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%) W INHIVE A & R L2 S, 10 mg/kg O ABEICBW T, FEICE
BNOOY CRINEIEI Lz, ZOMENG, (LEWOBIKYED in vivo FEZNIT
L KX T RREMES R ST,

% 3 ETIEA v F= A BROICEMOBEHERIZOWTERND, 5 2 BT,
7w MZBWTY VIRIEHWER 2" 8 D UoasolkamaE R Lz, K
BT, X VARWRE ORI T in vivo &2 R bSO BS % B L TREt
LIciiR, A ¥ F—VEZ AT 55804 R L7z, NaPi2b BLEEME & et
ICHESEMEFARE 2 R L, BAf72 NaPi2b [LEFEMZR3(LEW 51 & R L=,
NGB S OWRINIEZ (K T S8 572012, tPSA &8N S H 2 Efi: E Lo
BANERE LT R, A =BG WIZONT S VR CERENLIZE
WTER 2 72 @R E L OB ANTR SN DL Z 2 /AL, (bE&Y 271 ZAIH
L7z, 1LE® 271 © SD 7 v MZEBIT 2 U WIEmHEA 2 580 L7285 5. 10
mgkg ORAFLGIZBWT, ARICEE»D Y VRINEZIEI L, L&Y 27
T, MBIBENAAFTT XA TV T 4 2R L2 D, FEFITURWE ORI
PETT » MZBWTY VRIHITER 2~ ke Th b B2 b,



W1E F2 7= B O NaPi2b fREWE OHIZE

F1H Koy rT7Ha s

NIy 7T HA T 5HICH20 . BEA NaPi2b [HEA] 2a O =2 7 HEEIZ-DOW
T, density functional theory (DFT) IZLVBEH LR EEILS T+ A—T a3
ABEIC L, BHENERZED L 7+ A— a BT 5RO fi#
Bront, a7 &I O-HN OKFRES & O-SHELEM O 2 FFE O 4 1N AAE
MZBELTWD Z BRI 2, S FWHAEERICZ Y o 7 EES EE
fEETW5D Z &Y NaPi2b [HEEMEDORIUCEE TH 5 AlHEtEIVURIE S Lz
72, FOHEFRFNHIFF T 2 27 B4 (core structure of 15at) Z 7 V1 > L7,
ZOaATFRIZONTEH, DFT ICEVERLERZEEZ S 7+ A—a T 2
OGN AEERAEZER L TWD Z RN RBRENTZ2D, ZOaT7EkE
RIS EE B G A x BB L7z (Figure 1t) ,

2784

core structure of 2a core structure of 15at
Figure 1t. The most stable conformations of core structures of these compounds based
on DFT calculations in a water environment.>*?* The calculated O---H and O---S
interatomic distances of these conformations are also shown. The estimated

intramolecular hydrogen bond and O---S interaction are shown by the dotted lines.

FHERDOE RS % Figure 2t [Z759°, core structure @ R, R* & N X ERALIC
DUNT, NaPi2b PHETENEZ FRIFICHEETEMEABEI A PR L, 1&MEM A2V 2D,
tPSA Z HEAN & TR O WM AR 23 W17 T & S @ E L (highly polar



functional group) AVEAFREZRERALZERER LTc, —MRIT, tPSA DY 140 A2 &2 %
DHIEPNIENR ORI A T T Z ERMEINTND Z &b P20 FHERE
FAZIRBWNT, BEARINEE TR /37 2A—2 & LT LTz,

0]
R [
X q ,, Optimization of X, R", and R* ) Z N/@/C
= - i
a _NN R based on inhibitory activity S ‘ w N CF, o
S”>NH |
o R2( fo) N/\/NNOH

h 0

4t 5t
novel core structure of novel and potent NaPi2b inhibitor
NaPi2b inhibitor

u Reduction of absorbability by introduction

of highly polar functional group
4 ‘N’N CF
S NH 3 o}

\
N
Om/\/ M highly polar functional group )
o
6t

novel, potent and gut-selective NaPi2b inhibitor

Figure 2t. 555K D & B ERIE



F2Hi TAT = ALEY (15at-36¢t) DAL

FA 7 = ML EW DA% Scheme 1t-8t (2753, L&Y Tt % tert-butyl [2-
(methylamino)ethyl]carbamate & fi& L72%&., tert-7 F V1V =/ (Boc) %
Wi ChifRE L TR O T I VIR % pentan-3-one & W TIEITAY T X/
fbL. {b&W 8t 2437-, {b&4 8t % tert-butyl 3-(chloromethyl)benzoate T7" /L
FoAb Lictk, R EZMZA T tert-7 F NI EFREL, K ot 2457

(Scheme 1t),

0] 0]

o) | o}
. /\/NN
HO ab,c \j\ /\/,\‘j de  Ho N OBn
OBn N OBn (0]
H 0 HCI
9t

o
7t 8t
Scheme 1t. Preparation of benzoic acid 9t. Reagents and conditions: (a) tert-butyl [2-
(methylamino)ethyl]carbamate, EDC, HOBt, MeCN, rt; (b) 4M-HCl/dioxane, rt; (c)
pentan-3-one, AcOH, NaBH(OAc);, rt, 31% in 3 steps; (d) tert-butyl 3-
(chloromethyl)benzoate, DIPEA, Nal, MeCN, 85 °C; (e) 4M-HCl/dioxane, rt, 89% in 2

steps.

7 h= kKUl pButyllithium (n-BuLi) OB L7=V F v AREIT/E
HE 10t 22 TEEY 11t 21572, (L&Y 13at-13ft |, 11t I[ZHiE & LEW
Rat-12ft Z VTS SHEDL Z LITX VA LTz, ZEEKE 9t (b TF A=

(SOCL) TEEZ vl RizL, Z0O%(LEYW 13at-13ft &7 I NMuT 25 2 & Tk
B 14at-14ft 2’M537-, T D%, KERELT N U A (NaOH) ZKIEIE CTHNAK Sy iR
THZEICED, LAWY 15at-15ft 2 5% L 7= (Scheme 2t),
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o

1 2at 12ft

E'°*@@u~%@ - Qf%@ -

NH,
10t 11t 13at-13ft

o] Cl 0] Cl 1 X= >§ b:X=0Q
Qe Q@™ e
S o . Q. 7
1X=§ d:X= N
A@“”“ Ay e T IS
2k 03 b
o .

14at-14ft 15at-15ft

Scheme 2t. Preparation of 15at-15ft. Reagents and conditions: (a) MeCN, n-BuLi, THF,
-78 °C, 76%; (b) 12at-12ft sulfur, morpholine, EtOH, 80 °C, 53%-84%; (c) 9t, SOCl.,
CHCI3, 60 °C -75 °C, then 13at-13ft, DIPEA, CHCI3, rt, 50%-quantitative yield; (d)
1M-4M-NaOH agq., THF, rt-60 °C, 33%-84%.

IbEY 13at DA E RO TIET, LAY 16t 25 17t &5 plitE 44-
dimethylcyclohexan-1-one, High & Kb S5 Z LIZ X VLAY 18t ZER LTz,
{b&% 18t % 3-(chloromethyl)benzoyl chloride T7 X KL L., L& 19t 2457,
BT, LEY 8t LAWY 19t TT LT B Z &K VIbEY 20t 215 T,
FD%., T 7 Rt 7 & THRELT21t 24572 (Scheme 3t)

o o 7 N/THP
EtO —a> N\\ = N/THP
~ N-THP N -THP
\Nr %\@/\ |
16t 17t 18t 19t

0]

(0]
/| =N
d S e

20t 21t

Scheme 3t. Preparation of 21t. Reagents and conditions: (a) MeCN, n-BuLi, THF, -

67 °C, 84%; (b) 4,4-dimethylcyclohexan-1-one, sulfur, ethylenediamine, EtOH, 80 °C,

70%; (c) 3-(chloromethyl)benzoyl chloride, pyridine, CHCI3, rt, 70%; (d) 8t, DIPEA,
Nal, MeCN, reflux, 51%:; (¢)TFA, 1,4-dioxane, H>O, 60 °C, 59%.

L& 21t & 22at22dt ZFHWTH > 7Y v VRIS & FEfitg, N ULV AT
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WEMKGIRT % 2 L TLEY 23at-23dt %215 72, (L&Y 21t LAY 24at-
2ct & DT NI ALK, X PN T ATV ENKSHET D 2 L2k vibd
¥y 25at-25ct & 13 7-, L& W 21t % 2-iodoacetonitrile T 7 /L % L L |
hydrazinecarboxaldehyde TERILS I S D Z LIZED MU TV — VEREMEZE L,
EDHNDNVTZ AT N ENIKRDIEST H T L2 K VLAY 26t 24572 (Scheme
4t)

N a: R¥=p-Cl
/©R3‘ o b : R%=m-CF;
(OH),B or | P . dpet C: R%=p-COOH
22at-22dt 7 *N/N d : R*=m-COOH
e 20 S NH | 0
a: R3‘=p-CI 0)\©/\N/\/NWLOH
b : R3=m-CF; ﬁ 0
¢ : R¥=p-COOMe
d : R%*=m-COOMe 23at-23dt
XN a:R®%=H
| R 0
Br P b : R®=p-COOH o]
Z "N RSt 6t i
24at-24ct 7 =N J X ¢ : R”=m-COOH & ~ N ~NH
2t . ©d S” O NH = 0 efg 3 N N\N/>

21t — > NH o)

! \
a: Ro%=H 0}\©/\N/\/NNOH o N/\/NNOH
b : R%=p-COOMe h 0 ﬁ 0

¢ : R%=m-COOMe
25at-25ct 26t

Scheme 4t. Preparation of 23at-23dt, 25at-25¢ct and 26t. Reagents and conditions: (a)
22at-22ct (boronic acids), pyridine, Cu(OAc),, CHCl;, rt or 22dt (methyl-3-
iodobenzoate), (1R,2R)-N1,N2-dimethylcyclohexane-1,2-diamine, cuprous iodide,
Cs2C03, DMF, 60 °C; (b) NaOH agq., THF, rt-60 °C, 10%-55% in 2 steps; (c) 24at-24ct,
Cs2CO;3 or DIPEA, MeCN, rt; (d) 1IM-NaOH agq., THF, rt, 28%-52% in 2 steps; (e) 2-
iodoacetonitrile, DIPEA, MeCN, 100 °C; (f) Cs2COs, MeOH, rt, then
hydrazinecarboxaldehyde, n-BuOH, 120 °C; (g) 2M-NaOH aq., THF, 60 °C, 10% in 3

steps.
{b&%) 27t & 1-chloro-4-iodo-2-(trifluoromethyl)benzene D 71~ 7° U > 7 [T
L0k 28t 1572, TDO%. {LEW 15at &L FER DG ITIE T, 4,4-

dimethylcyclohexan-1-one % W TG4 5t 5 L7z (Scheme 5t),

Scheme 5t. Preparation of 5t. Reagents and conditions: (a) 1-chloro-4-iodo-

12



0
0 0] 0]
a EtO = b N\\ Cl c = cl
EtO” =\ ——— N o — N — a _N
= H N =N s N CF,

N CF, CF; NH,
27t 28t 29t 30t
0 cl
7N
a =N CFj

S
O)‘\@/\N/\/ NOBH
o}

2-(trifluoromethyl)benzene, (1R,2R)-N1,N2-dimethylcyclohexane-1,2-diamine, cuprous
iodide, sodium ascorbate, Na,CO3, DMSO, 150 °C, 50%; (b) MeCN, n-BuLi, THF, -
40 °C, 89%; (c) 4,4-dimethylcyclohexan-1-one, sulfur, morpholine, EtOH, 70 °C, 73%;
(d) 9t, SOCl,, CHCI3, 60 °C, then 30t, DIPEA, CHCl;, rt, 63%); (¢) 4M-NaOH aq., THF,
rt, 62%.

BEmAib &% C & 5 3-{ethyl[(1r,4r)-4-(methoxycarbonyl)cyclohexyl]sulfamoyl}
benzoic acid"Z (LA ¥V LTI el NiZL, {b&W 30t &7 I MEL7Z
%, AT NVZ AT N2 NUKGHEL TILEY 32t 2157, L&Y 30t & 3-
(chlorosulfonyl)benzoyl chloride T7 X F{L L721&, oz AR =/L7 1l
Rzt G 8t LIRS TALR T I REaFleth, NPz 27 &K
R LG 33t 1572, {bA%) 30t % 3-(chlorocarbonyl)phenyl acetate T7 X
KAb# . NaOH /KiEWK CT7 & F W E % £ L. 17-hydroxy-3,6,9,12,15-
pentaoxaheptadecyl 4-methylbenzenesulfonate T7 /LFX /W LT 5 Z L1280 34t 3
#37= (Scheme 6t)
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7\ =N CF
ab 7 N 0 cde N 3
0t ——» o N T I st —~ STNH Q0 | 0
NH O\/O ' OH \\S// N
s. o N NOH
sA A
32t 33t
o cl
Z N
fg.h 2R =\ CFs
0t —— S”ONH

O%‘\@O\/\O/\/O\/\O/\/O\/\O/\/OH

34t

Scheme 6t. Preparation of 32t, 33t and 34t. Reagents and conditions: (a) 3-
{ethyl[(1r,4r)-4-(methoxycarbonyl)cyclohexyl]sulfamoyl}benzoic acid, oxalyl chloride,
CHCI3, 70 °C, then 30t, pyridine, CHCI;, rt; (b) 4M-NaOH aq., THF, MeOH, rt, 82% in
2 steps; (¢) 3-(chlorosulfonyl)benzoyl chloride, Ets3N, CHCIs, rt; (d) 8t, EtsN, CHCI;, rt;
(e) 2M-NaOH agq., THF, rt, 6.2% in 3 steps; (f) 3-(chlorocarbonyl)phenyl acetate, SOCl,
CHCI3, 70 °C, then 30t, Pyridine, CHCI3, rt, 98%; (g)IM-NaOH aq., MeOH, THF, rt;
(h) 17-hydroxy-3,6,9,12,15-pentaoxaheptadecyl 4-methylbenzenesulfonate, Cs2COs3,
DMEF, 100 °C, 63% in 2 steps.

{bE% 36at-36ct X, [{LEW 5t LALEW 35at-35¢t DT I R{LIZ LV ARk L7=

(Scheme 7t) ,
R7l_H o o
35at-35¢ct 72 N/@ a: R7t = rrf<N/\/O\/\O/\/O\/\OH
a =N CF,
5§ — NH

7\ H
S lll o b:R't= ;‘(N%(H\/\N/
O)\©/\N/\/ NRH H 0 \
h © OH OH
c:R= KN/\/K/VOH

36at-36ct ' OH OH
Scheme 7t. Preparation of 36at-36¢ct. Reagents and conditions: (a) 35at-35ct, HATU,
DIPEA, MeCN, rt, 39%-58%.
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I FA T = AbEY (15at-36¢t) D NaPi2b [HETEM:

DFT (2 LV HH L7 ZEMEIZBW T, o FNHEAEERICL Y a 7EEN
BELESN TS ZENBESNTZF A7 = Bk E2HT LAY 15at 2 A1k
L7z & Z A, NaPi2b [HEIEENEO HiL, ZOaTERBENTHH Z LIR
ST, WIS, XENLOREETEMEARBI 2 M5t Lo, EOREER, (LA 23at (298
VN NaPi2b [HETEPENGRD HiLlz, L& 151t 1T 23at & bl L CToR0TE A
35 L. (LAY 15bt-15et TIEPLEFEMED KIEZRBEI NGB O bz, Zh b Ok
R, BEOREWEREIT X S TIEFFAI NN LR R I

(Table 1t),

Table 1t. Human NaPi2b inhibitory activities of compounds 15at-15ft and 23at

7 ‘ _N,N
ST NH ‘ 0
o N/\/NNOH
ol

human NaPi2b ICsg
Compound X (nM)?
H
15at 118
H
"
15bt % 437
s
S
15ct . 713
O ™
N
15dt } N >1000
Q S
0-&
15et /s—% 2486
e
15ft %l:ly 80

23at >§ 36

? The ICso values for human NaPi2b activity represent the mean values of at least two

experiments (with the exception of that for 15dt, which represents the value of one

experiment)
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WIALEY) 23at [IZ DWW T R S OREETE AR 2 M5F L7 (Table 2t), %
DOFER. LAWY 23bt & 5t IZHENT- NaPi2b [LEFMENRD S-, MmolbEY
TIIBAFTEMEDOWFI DGR H AL, FRZ @M RSCE R 74 5T 23ct, 23dt,
25bt, 25ct, 26t CTIXRIRITIEMEIZRTI L7c, O OREENSL, R EALTIX
ERRIEEE N R SNRN D E R STz,

Table 2t. Human NaPi2b inhibitory activities of compounds St, 23at-23dt, 25at-25ct

and 26t
o)
N\ -R1
S NH | (0]
NS ON G
ik
human NaPi2b
Compound R! ICso (NM)*

Cl
5t \/@ 38
CF,4
23bt \/©\0F3 46

o)
23ct HO, >1000

23dt \/Qwoo“ >1000

25at /\/[j 179
0]
25bt ’@@4% >1000

25ct OH >1000

N
26t JRN >1000

? The ICso values for human NaPi2b activity represent the mean values of at least two

experiments.
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WIZ, ALEW StIZDONT R EMLOREIEIE AR 2 M5+ L 72 (Table 3t), L&
Yy 32t & 33t OFEEIEMIL, (LAWY 5t ERIRE CH -T2, £LEW 34t 13
REOHEEEZ R LIz, ZHUOO/REND, R EALICITAE 4 72 @t L 238
ANTEXHZ Enmaiz,

Table 3t. Human NaPi2b inhibitory activities of compounds 32t, 33t, and 34t

o CF,
p NOC'
a —N
STONH
RZt
Y
human NaPi2b
2t
Compound R ICso (NM)*
(0]
7.0
32t - P 42
N\w ca
N
OSO \ o
33t \{%N WOH 39
34t \%{ o O 170

? The 1Cso values for human NaPi2b activity represent the mean values of at least two

experiments.

WIZHE 2 DR e LT, LA 5t D R™ALIC OV TRiE L7 (Table 4t), {b
A% 36at-36¢t O human NaPi2b FLETEMEL, (LAY St LRRE CTH -T2, Fi-,
{b&# 36at & U 36bt I X rat NaPi2b (Zxf L CHENZHEEEEZ R LT, L&Y
5t, 36at, 36bt D tPSA fEIT\V T 140A% DL T, (RWE O WIRME S S h
oo 22T, L& 5t, 36at TN 36bt (ST SD 7 v h&EHW
pharmacokinetics (PK) 7R CHEMEhRE 2 314 L 7=,
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Table 4t. In vitro activity and tPSA of compounds 5t and 36at-36c¢t

CF;
o e
S7TONH | o)
O%\QAN/\/NNR“
h o

human/rat NaPi2b tPSAP

Compound R"

ICs0 (nM)? (A?)
5t AoH 38/ND* 153
(0]
36at T oy 15/2.1 193
HO ™
H
36bt %HX(Nw.‘« 48/7.6 177
(0]
H OH
36ct ANy OH 87/NT¢ 237
' OH OH

? The 1Cso values for human/rat NaPi2b activity represent the mean values of at least
two experiments

® The tPSA value was calculated using software from ACD/Percepta, version 2019,
Advanced Chemistry Development, Inc.

¢ Not determined.

4 Not tested.
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B4R FAT7 = MAbEW (5t, 36at, 36bt) DIKWHENHE

&4 5t. 36at J U 36bt O PK 5Bk D% % Table 5t (27”7, L& 5t D
AFTRXATEY T I X FPRIMCEVVETH -7, — ). {LEW 36at KO
36bt @ F %, FHEMEY WD TR o T2, 3 FINKERES OFERIALAE W ORE N
N HEZ R LS Z e ndh b L OWMENH D 2D, Figure 1t 12T K 91T,
{b&% 5t, 36at KON 36bt O = 7 Xy FINFEAER 2T 5 2 & HRIE
SINTWD, ZOREBIZIY, BOWNEALIKT S5 72D — KA HE R
tPSA i TH 2D 140A% L 0 HEV, >170A2 D tPSA ENMEE & 70 o T2 [ REME N &
X BTz, FT2 Table 6t [ZR"3 K 51, LA 36at T 36bt (3% A 5-1%
I N 2 L CRER Y MR B IR L U CHEEMPICEt SN D 2 &R S
7o, HEPEhREREROME R, B v 7 v A VAR LTZALEY 36at KON 36bt 12
DWNWT SD T v & HAWE Y RIINHIVEH 2 554 L 7=,

Table 5t. Pharmacokinetic parameters after a single intravenous (i.v.) or oral (p.o.)

administration of compounds 5t, 36at, or 36bt to fasted male SD rats.

iv.d p.o.b
Compound Dose AUC.¢ Dose Cimax” AUC.¢ F
(mg/kg)  (h*ng/mL) (mg/kg) (ng/mL) (h*ng/mL) (%)
5t 1 3070 £330 10 625 + 160 2190+ 550 7.1
36at 1 1570 + 160 10 28.1+£12.0 323+12.0 0.2
36bt 1 2580 + 280 10 153+7.9 163 £ 57 0.6

? Dosing vehicle was PEG400.
® Dosing vehicle was 0.5% MC400.

¢ Results are presented as the mean + standard deviation (S.D.) of three animals.

Table 6t. Cumulative excretion of unchanged forms into feces within 24 hours after

oral administration of compounds 36at or 36bt to fasted male SD rats

.0.2
Compound P - 5
Dose (mg/kg) Fecal excretion (%)
36at 10 61.7
36bt 10 76.8

? Dosing vehicle was 0.5% MC400.

® Results are presented as the mean of three animals.
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ESET FA T = ALEW (36at, 36bt) DV L WRININHIVE

{bE¥36atk U36btD Vo WIAMHIE M O % Figure 3t127~ 77, LG %36at

K O36btiE. 10 mg/kgDFE ARG NT, U W Z A BZISHH Lo 7=,
7 v NOGERBEE GO0V SEBICENT 5 £205-51.7TmLE R D, ZOBE
BREZHAWT, 7 v FOKEA300 gL L T10 mgkght 0855 OHEEE L
AR AR T 5 L 58~146 pg/mL & 72 0 | LA 36at & '36btDrat NaPi2b
ICsofEx REL ERl-oTWH EE X BT, £o. REEKRDOIEF ~D P
EIFENICBIT D RE(MEDFEREME L THIEL TH, {LEW36atl Y
36bt DHEE N NI IEI1XE N E136-90 pg/mL (58-146 ng/mLx0.617) , 45-112
ng/mL (58-146 pg/mLx0.768) TH Y . WT I HICsof %+ 2 Tz, F
7=Table 7t!Z/7 3 &L 912, (LA P36atf U36btd A\ TG H (FaSSIF, fasted
state simulated intestinal fluid. & %\ /ZFeSSIF. fed state simulated intestinal fluid)
DRI, ZTNENDICsofE % +3 B2 Tz, £D—J5 T, {bE¥36at
o O36bt D ClogPE 1L IEF Iy - T2, BUKMEOEWMEAWIL, I £ w0
IR E 2 @i LD 2 E RS S Tn a3, 7o, EICHPERIZ L VI
WEND I B EOBMEORELZ T, AL S 72 % aTREN:
L SN TV D3, LA W36at X U36bt)S U RIMHIEH 2 7R S 2o 7=
DIE, BKPEDmWTZ O, FEHERKE OB I B A ~OB RO 2%
752 &2 &k o T, WE LRI PN AFET D NaP2b~D 7 72 B U 7
A PMETTHZ R —RELTEZONT,
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Mean £ S.E. (n=6)

- 4000
)
¢ [ n.s
= 3000 | I :
a,
: 1
Z 2000 ¢
@)
=
< 1000
£
0
Vehicle 36at
o~ 3000 Mean * S.E. (n=6)
a
= T 8.
= |
o 2000 1
\-:‘ l
S 1000 |
<
&
0
Vehicle 36bt

Figure 3t. 3P phosphate was administered to SD rats 5 minutes after oral dosing with
36at or 36bt hydrochloride salt (10 mg/kg, respectively). The radioactivity in the
plasma was then measured for 0.5 hours (the approximate time it takes for phosphate to

reach the maximum concentration in the plasma - data not shown).

Table 7t. Solubility (FaSSIF, FeSSIF) and ClogP values of compounds 36at and 36bt

Solubility (ug/mL)  Solubility (ug/mL)
Compound ClogP?
FaSSIF (pH 6.6) FeSSIF (pH 5.1)
36at 107° >384° 9.28
36bt 242b >434P 10.6

* The ClogP value was calculated using ChemDraw Professional, ver.19.1.1.21,

PerkinElmer Informatics, Inc.

® Hydrochloride salt data.

21



FoeHi Lo

AT, BEFN NaPi2b [HEWE Th 2{LE5H 2at O 27 FHKIZE T % DFT
AR LD REEMEEHRESZIC LT, o rNAREERICX Y EELS T
a7 EICER L, AROSFHHEERNEZGETL2LEZAONT A7 = U
EBRKETY A - B FHML L7, TOFEE, {LEWY 15at (2 B 472 human
NaPi2b PHEIEENR O v, ZO5 TR EEHEZAE T2 a7 BERBIANTH
5 ENREINTE, RHEREEORVIGERIRVMLEMORS L HIEL T, F
F7 2 AbEWO X, R, RO E#E T L& Z A, XEAIZ OV TIX
LG 23at DY A FIUAEED e b BAF 2 HEEMEZ R L, it 5L o8N ELFF
BEhiehotz, RUMZOWTH, (LAY 5t O XS ICBKEERLEHTH 7
= =V CRFZREREEZ R L, @EEEOENTIFTFR SN2 hoTo, —H,
R* LIS DWW TR R DB AN TFA S v, BAF7RLETEME & &V (PSA B
Z7~7 36at, 36bt A 157-, HWEHRERROFER, 36at, 36bt (331 47 XA 7
EUT 4 MELS ) ELEREDDBREARE LTERET LIS D Z 006,
ERUEE IR CREE BRI ZRER s CE A kA CTh o 7=, & Z T 36at,
36bt OV RININHITER 25N L7223, FE2NIRD bivehroTo, (LB om
PERAE LI A, BUKIENIEFIZTE W Z &M L, (L&Y 36at, 36bt
IS WRIINHIVEF 2 R S22 o o DI, BUKMERE W=D, FEEERKED
WO I B L~OBFMEORBELZZITH Z LICX - T, IBE ERGHARE IS
fFET 25 NaPi2b ~OT7 7 BV T A BETFTLHZEN—KHELTEZDLN
7=
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i U PUEKO NaPi2b [REWE O

F1E Ko7y r7T7HA

B 1EOTA 7 = EEORGT TR LIZIEY | NaPi2b FLETEEORBLUZIT S
FTHNEAEERCEEL SN aTERNERETHDL Z ENRBEINTNWEZ L
R L. BEFn NaPi2b [HEME OMEFEMEZEBIC LT, FA7 = FikE
[FERIC 2 DD FRMHEAEN OKFEHE) [CXDEEIIfFTELE Y P
‘B #% (core structure of 1lap) Z7 ¥ A > L7z, DFTICLVEREH LK EZEa
TH A= a VERITLTZE 2 A, 2 OO FRKEREETER LTS Z L
DRIB ENT-72% (Figure 1p). Z O 2 7EH A I ER A L2 B L 7=,
Flo, THT 2 ALEMR Y CRIIMEHWER 2R S 7einole—KE LT, Bk
HERENZ ENRBZONTZZ 0D, TAT7 =2 VEKEEY VUFKICEZD
AT KD BKMEON A R LT,

core structure of 11ap

Figure 1p. The most stable conformations of core structures of 11ap based on DFT
calculations in a water environment. The calculated O---H and N---H interatomic
distances of these conformations are also shown. The estimated intramolecular

hydrogen bonds are shown by the dotted lines.

AR DA B % Figure 2p (27877, core structure @ RP. R? & O R*P L
(2D T, NaPi2b PREIEME 2 FRtE I CHEETE B 2 R L. 1&MEM &2 XY >
O, tPSA ZHEIN & TRE HRIME OARIBN 1% T & 2 mitE Ak O E A ATRE 72
MR LT,
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e

2
0 /©/ R Optimization of R, R2, and R® o
R? ‘ Ny H based on inhibitory activity G\‘\i\‘fN O o
Z \ H

NH 3 & NH Q0 OH

o] R .

° 1§

4p Sp

novel core structure
of NaPi2b inhibitor

Figure 2p. 758K D & B ERME

novel and potent NaPi2b inhibitor

Reduction of absorbability by introduction
of highly polar functional group

0]
O highly polar functional group}
Chon 2, L0
NNy o
| I H : .
NH o O)k{hlghlypolarfuncuonalgroup}
0] S\N“'

6p

novel, potent and gut-selective NaPi2b inhibitor
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Paraxd Vv

F2HT BUTALEY (10ap-20bp) DEL

v AL A DAL % Scheme 1p-5p (2”9, HILRUER Tp LD T
=V UVHEEMEG LICE, T4 7 = B EEROEGRTHEMN L T aiifbr Y
ANEHNTILEY) 8ap-8dp DT X NMbZ1TW, LB 9ap-9dp Z=157=, £ D
%, KERET U U LKEHR TIKGET 2 2 & TIEEY 10ap-10dp %75 T
D, BIZENY DU THBFBRREERKST 5 2 & TREY 11ap-11dp % A Ak
L72 (Scheme 1p),

8ap, 9ap : R?P = 4-methoxycarbonylphenethyl 9ap-9dp 10ap-10dp
8bp, 9bp : R?P = 4-(methoxycarbonyl)phenoxy

8cp, 9cp : R?P = 3-(ethoxycarbonyl)pyridine-6-hydroxy

8dp, 9dp : R?P = 3-(4-methoxycarbonyl)pyridine-6-methyl hydroxy

2|
eV Nen
N._N
7N
R Kf |
o N/\/NNOH 10ap,11ap : R?" = 4-carboxylphenethyl
i 10bp,11bp : R? = 4-carboxylphenoxy
ﬁ 10cp,11cp : R = 3-carboxylpyridine-6-hydroxy
11ap-11dp 10dp,11dp : R? = 3-carboxylpyridine-6-methyl hydroxy

Scheme 1p. Preparation of 1lap-11dp. Reagents and conditions: (a) aniline, EDC,
HOBt* H0, rt-100 °C, 40%-77%:; (b) benzyl 4-[2-[(3-chlorocarbonylphenyl)methyl-(1-
ethylpropyl) amino]ethyl-methyl-amino]-4-oxo-butanoate, pyridine, CHCIl3, rt-85 °C;
(c) IM-NaOH aq., THF or THF/MeOH, rt, 24%-40% in 2 steps; (d) piperidine,
microwave, 100 °C-160 °C, 28%-78%.

L&Y 9ap ZTHIRDOT Va2 — 1V ETXT I Eh v 7V TR SE T,
NaOH /K& CTMAK S g L TIEE 9 12ap-12¢p 21572 (Scheme 2)
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0]

O OH
2
1
ab REN A

9ap — || H
Z > NH 0

\
O}\@/\N/\/NNOH
O
h 12ap : R'P = methoxy
12bp : R'P = 2-methoxyethoxy
12¢p : R'P = dimethylamino
Scheme 2p. Preparation of 12ap-12cp. Reagents and conditions: (a) alcohol or
dimethylamine, (1R,2R)-N,N'-dimethyl-1,2-cyclohexanediamine, sodium carbonate,
cuprous iodide, DMSO, rt-150 °C; (b) 1M-NaOH aq., THF, MeOH, rt, 17%-57% in 2

steps.

&% 13ap J 0" 13bp 1%, Scheme 3p (233 X 912, L&Y 10ap & il T
UL DOFEFBEREEISOSZ LD G LT,

0]

OH
o)
a RN O
>N

10ap—— | H
=
NH o]

O&L\QAKNW/\/NE(\AOH

13ap : R'P = morpholino
13bp : R'P = 4-methylpiperazin-1-yl

Scheme 3p. Preparation of 13ap-13bp. Reagents and conditions: (a) amine, microwave,
160 °C, 34%-38%.

&%) Tp % 4-(4-aminophenethyl)benzoate fert-butyl & #i& L7z, 1LE4 9ap
DA LIz by A v 2 ANTEEY 14p O T 2 RIEEITO, LA
W 15p =157, {LEW 15p L BV VU 0 FEFEREER )G, TFAIZX D
tert-butyl OifRGE, ALK T I REDOHEE., NPV X T VO ANKG I
X 0 1tE¥ 16ap & O 16bp %757- (Scheme 4p)
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(0]

o O Ot-Bu
S ON
Cl_N a 0 O b \erH
\LfLOH _ " L N - Z“NH o
=
NH, H o
7p

N
N \
| /\/NN
\LINLHZ N I OBn
1 8

Rép 15p
O (0] g
cd.ef N Ny N
B B
NH [ (0]
o N/\/NNOH
N

16ap : R* = (methylsulfonyl)carbamoyl
16bp : R* = (N-methylsulfamoyl)carbamoyl

Scheme 4p. Preparation of 16ap and 16bp. Reagents and conditions: (a) fert-butyl 4-(4-
aminophenethyl)benzoate, EDC, HOBt * H O, rt, DMF, 60%; (b) benzyl 4-[2-[(3-
chlorocarbonylphenyl)methyl-(1-ethylpropyl)amino]ethyl-methyl-amino]-4-oxo-
butanoate, pyridine, CHClI3, rt, 58%. (c) piperidine, microwave, 150 °C, 34%; (d) TFA,
CHCls, tt; (e) sulfonamides, EDC, DMAP, CHCI3, rt-60 °C; (f) IM-NaOH aq., THF, rt,
23%-25% in 3 steps.

FTAE 7z rFEEOEKTHMEH L T W 72 3-{ethyl[(Ir,4r)-4-
(methoxycarbonyl)cyclohexyl]sulfamoyl} benzoyl chloride % FH\WTILEW) 14p %
T NMEL, ERY LD FEBREEBRSICED . LG 17p BE 6
Teo ALEW1Tp DATF N ZT VONKGEE TFAIZ K D tert-7 F )V EED i fx
HIZLY | AbEY 18p A 1572, {LEW 1Tp D tert-7 F /LM% TFA TR L,
(sulfamoylamino)methane & e L, MAKS#ET 252 L ICEVLEY 19p Ak
L7z, IbEW 17p DA F L AT VONNKS i, (sulfamoylamino)methane & 7=
IL 2-{2-[2-(2-aminoethoxy)ethoxy]ethoxy}ethanol & D#EE, &K TFA IZ X 5 tert-
7 F DO RIREIZ LV ALEY) 20ap 2 TY 20bp %157~ (Scheme 5)
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N :
14p — \LrLH - | N
NH 00 OMe NH Q0 OH
S 0 SN
R Oa
17p 18p
9 00 i
NS N O OH
H H o
efg NN i O 17p ML O\l Ng O
=
A SN 00 O)LOH NH Qép O’
\S/\ - O%\©/ \N\v
o N L
19p

20ap : R® = (N-methylsulfamoyl)carbamoyl
20bp : RS = (2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl)carbamoyl

Scheme Sp. Preparation of 18p-20bp. Reagents and conditions: (a) methyl (1r,4r)-4-
{[3-(chlorocarbonyl)benzene-1-sulfonyl](ethyl)amino} cyclohexane-1-carboxylate,
pyridine, CHCI;, 1t ; (b) piperidine, microwave, 140 °C, 53% in 2 steps; (¢) 1IM-NaOH
aq., THF, MeOH, rt, (d) TFA, CHCls, rt, 24% in 2 steps; (e¢) TFA, CHCIs, rt; (f)
(sulfamoylamino)methane, EDC, DMAP, CHCI;, DMF, 60 °C; (g) IM-NaOH aq., THF,
MeOH, rt, 30% in 3 steps. (h) IM-NaOH aq., THF, MeOH, rt; (i) for 20ap,
(sulfamoylamino)methane, EDC, DMAP, CHCl;, DMF, rt; for 20bp, 2-{2-[2-(2-
aminoethoxy)ethoxyJethoxy}ethanol, DIPEA, HATU, DMF, rt; (j) TFA, CHCIs, rt,
20%-quant. in 3 steps.
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B3 vV Y ALAY (10ap-20bp) @ NaPi2b BHEHRM:

DFT |2 & 0 BEH L 7- R ZEREICB N T, D FPIKEFBAICE Y a 7 HEEN
EENLESNTWAZENBESNEZE Y DU EREZAT 5LEY 1lap 24
R s Al L72 & 2 A, NaPi2b [HEEEARD O, ZOaT7BERBENTH D
LRSI, RIT, R EALOREETEMEA B A MG L7z (Table 1p), £ @
fii ey ENU D URFEKR 1ap 2N bENZHEEEZ R Lz, LW 1ap &
i LC. LA 10ap. 12ap-12cp. 13ap. 13bp OPHEIEMEIXEI L TRV |
R WA 2K S/ 2 72 O O @ BERE OB NTHFR I NN ERNRER I
77

Table 1p. Human NaPi2b inhibitory activities of compounds 10ap, 11ap, 12ap-12cp,

13ap, and 13bp
o)
OH
o
iy
\
= | o
O%‘\@/\N/\/NNOH
N ¢
human NaPi2b
Ip
Compound R ICso (NM)?
10ap Chy 271
12ap O/ 107
12bp o Oy 201
\
12¢cp /NV 161
11ap G\j?ﬂ 36
o
13ap Q\J?f 205
N
13bp Oqf 1342

? The ICso values for the human NaPi2b activities represent the mean values of at least

two experiments.
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WAL E 11ap (2O T, RPEMALICIS 1T DS ETE AR 2 /a5t L 7= (Table
2p), ~T - EEA LAY 11bp-11dp (ML EEMEIME T3 B EH A2 K
i, HELL RN ERRBINT,

Table 2p. Human NaPi2b inhibitory activities of compounds 11bp-11dp

NH | 0
N
human NaPi2b
2p
Compound R ICso (nM)?
O
11bp N Q(OH 162
(0]
x{O _N
11cp T\Jﬁ(OH 715
o)
(@]
11dp o LU oH 744
O

# The ICso values for the human NaPi2b activities represent the mean values of at least

two experiments.

KIZ, ALEY 11ap O RP KO R* F A O ETE AR RS 2 M5 L 7= (Table 3p).
R® AL TlX, VR B, BWIIZF DAY R EMETH D ALK T IR
FHERE 2V T 7 A NGHERT, WIS BAFREEMEZ R 257 0
Sz, RPEMLTIE., =F - 4-HIARFT LT a~Fi) RA)LVT 7E
A JVIHELR 19p KON 18p MEN /- b NaPi2b FLEFEMEZ /R L2, RPENLOR
I ClL, ANVT 7 EA VFFER 20ap, =F LU a—/LFHEK 20bp TH R
7o BETEMERRD DIV, ZHHOFEEN G, RP LY RP AL~ Sk 5L
OENTHFRIND Z EDRER I 72, human NaPi2b BHETEMEN B & 5V A L
77 EAINGHER 19p &, BEOICENRE TR R XA T TF LY a—
JVFHEAR 20bp (2DUNT, rat NaPi2b PHETEMEZFHMII L7z L 2 A, EH 66 RAT
PR ETEME AR LT, F72, 19p & 20bp (VT L BV tPSA EE /R LTz, &
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ZC. 19p & 20bp 22V T SD 7 v k& v 7z PK &Rk CREAl L 7=,

Table 3p. In vitro activities and tPSA of compounds 16ap-16bp, and 18p-20bp

| H
Z>NH
o%\©/R3P
human /
t
Compound R3P R¥ e tPSA®(A2)
NaPi2b
ICs0 (nM)*
‘ i 00
16ap “‘?”WNNTO(\AO“ ANS< 237/NT® 206
H
[ O
N Q.0
16bp A WOAAOH AvSn- 192/NT® 219
H H
(0]
0.0
19p P \\_Oxo” AvSys 21710 241
X "L H H
(6]
18p @é?N\\.OAOH Aoy TT/NT 195
-
9 o0
.S, ,~
20ap \ESONO)L” N Aoy 147/NT® 241
N
(0]
~_0
20bp \SSONOA” o Aoy 1417121 234
K O\/\OH

? The ICso values for the human/rat NaPi2b activities represent the mean values of at
least two experiments.

® The tPSA value was calculated using software from ACD/Percepta, version 2019,
Advanced Chemistry Development, Inc.

¢ Not tested.
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FA4HT U AbEY (19p. 20bp) DOIEYHE)RE

{EE % 19p. 20bp @ PK RERDFEF % Table 4p (27”77, LA 19p 1T tPSA
EREVIZHEDL LT 10%EBA XA AT A F7 V7 &R LT, — 5T,
tE 19p L1ZIFF U (PSA fEA FF (LAY 20b 1X, HEAVIRU NN A A7 A
Z ¥ VT 4%~ L7z, Figure 1p ("9 X 9 I2/LEH 19p & 20bp D 2 7 E#&IX

FTIRKFRHEAELTWVDZENRBINTED, ZORBIZL > T, BRI
HERTSE572012, £V mb\ tPSA NEL L IS T AIREMEN B 2 b7,
F7o. EHEATRERE GO L 2 0 FOFPEOE T, XA AT XA T
)—74 KT SELMHARH D Z &ﬁﬁ%&iéﬂﬂ % 2, A& 20bp D[RR

BERE e 8T 25, L&Y 19p OEEEFIREREGENL 16 TH VY, ZOENMEILE
%@A4ﬁ7«47tjv4@aw@ K72 &5 2 57z, Table 5p |Z/"9 X

. AEE 20bp OKRE T, BAOEG%, BENEZ @R L TREEE L
'Cﬁ%EP«_EFmtéﬁmf;o Table 6p (27”9 & 912, (LB 20bp DN T F O%
fRFEIE rat NaPi2b (Zxf9° % ICso fEZ I T\, £72/E 20bp O
ClogP fiEix. V > WUIMHEHWER 2R & oo lcF A7 = ViFEIK (ClogP>9) &
el U CTIRVMEZ R L2, LA 20b 1355 B RAG 2 E M 235388 H i, DB
KYEIZOWTHEB SN TW=72H, SD 7 v M & AWTY U IRIHIVER %2
R L 72,

Table 4p. Pharmacokinetic parameters after a single intravenous (i.v.) or oral (p.o.)

administration of compound 19p or 20bp to fasted male SD rats

iv.@ p.o.°
Compound Dose AUC.¢ Dose Crnax® AUCo. F
(mg/kg) (h*ng/mL) (mg/kg) (ng/mL) (h*ng/mL) (%)
19p 1 1200 + 130 11.9 1540+ 570 1480 £+ 450 10.4
20bp 1 319 +£52 10 70.6 £30.9 84.5+88.9 2.7

? Dosing vehicle was PEG400.
® Dosing vehicle was 0.5% MC400.

¢ Results are presented as the mean + standard deviation (S.D.) of three animals.
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Table 5p. Cumulative excretion of unchanged forms into feces within 24 hours after
oral administration of compound 20bp to fasted male SD rats

p.o.?
Dose (mg/kg) Fecal excretion (%)°

20bp 10 99.1
? Dosing vehicle was 0.5% MC400.

Compound

® Results are presented as the mean of three animals.

Table 6p. Solubility (FaSSIF, FeSSIF) and ClogP of compound 20bp
Solubility (ug/mL)  Solubility (pg/mL)
FaSSIF FeSSIF

20bp 20.5 (pH 6.6) 15.9 (pH 4.9) 6.50

Compound ClogP?

* The ClogP value was calculated using ChemDraw Professional ver.19.1.1.21,

PerkinElmer Informatics, Inc.
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BSHI U Y ALEY 20bp) DV L WRUINHIEH

SD 7 v b EHAWALEY 20bp DV L WRUINHIEH OFEAMRE % Figure 3p
(ZRT, fEEH 20bp 1E 10 mgkg OO EHIZ X - T, BERY RIHNHIE
MzERLUIc, FA7 = UFFEEROBLE (56 1 EOK 4 ) Tit#lL TW\»WbH Lo
(2 10 mg/kg DO A G% OHEENE NIREIX 58-146 pg/mL LB X 65 DT,
{tA%) 20bp O rat NaPi2b 1CsofiE % 143 ﬁszé &@mméhéo_@m
3T A7 = UFFERL Y O UFFERS M LThb, Tlo, Ok
BN fb&molz e Ll ﬁ>ﬁ%%1t1ﬁif,ﬁé@qﬂ7b%ﬁkrﬁéhé & KOMEA
W) DVEFREE N EINZEND ICso B % T A TV DR D EMIXIZIERR E B 2
biLd, —H TILEMOBKMEICE L T, 47 = 5 %%(amgw)k
bt LT e Y VR (CLogP<7) TSN TR, ZoZ tnv vy

FHEAETY VIRIIHER RO b —REBx bz, Thbb, BV Y
NG TIFBUKIENMER L2 2 Sk v, FEBEKEoGRENm E, 5D
WM R BV E OBIFIEAMEI L TG B RCHIIRAE RN AFET D NaPi2b ~?
T EY T 4 BNHELIERREENRE 2 b, EARIOMRE T, LAY
20bp O 10mg/kg #&HFEGREOMAET E— 7 IR (Cnax) 1 NaPi2b FAETEMED
ICsofELL F T o7 Z &0nh | RHIREEICIE D NaPi2b FREOFZEIT/NEL ., B
B D NaPi2b Z BRI ETHZ LT UIRIREMIHITE 5 2 LS,

Mean £ S.E. (n=6)

6000 **:p<0.01 vs Vehicle (Student’s t test)

5000

——

* %k

4000 |

3000 (]

2000 |

32P AUC, 4 s, (cpm +0.5h)

1000

Vehicle 20bp

Figure 3p. 3P phosphate was administered to SD rats 5 minutes after oral dosing with
compound 20bp (10 mg/kg), and radioactivity in the plasma was measured for 0.5 hours
(the approximate time it takes for phosphate to reach the maximum concentration in the
plasma - data not shown).
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FoeHi Lo

ARETIL SD 7 v MZEWT Y CRIINSEHER Z2 R~ bG ¥ 2 G 9~ <,
VU UK ERT DBEROT A 2 - Bk - FEli 21T > 72, NaPi2b FLES
PEDOFRBUTIL, TN EERICEVEELSNZ a7 BB EETHLZ &
PRIBENTWEZDT, BUPUFERICONTS, FEEDSFHNKERS DO
N TEDLEIICT A Lz, ZOE, {LEY 10ap (Z B 472 human
NaPi2b BHETEENEO HiL, ZOaTEEBENTHDL Z LRS-, &8
W% DRV E IR b B OS2 B L T, RIP, R, RP KT R FB{7
DEHZE IR LT 2 A, RP KO RPEALIZ OV TIXmA kI OB A TTFA &
N o 728, RP O RPEFNAICOWTEEME OB AN A RETH-7-, B
A 7R PR TEME & =y tPSA fEZ R L72/EEY) 19p. 20bp @D PK iRBR DS R,
20bp IHERWER O RINMEDSZRD HALT223, 19p 1E 10% % 8 2 D % 0 WU 23 78
S, RO MEOFRNCB VLTI PSA 721 T <, iR REREE KL &S
JET D MEMENRE S e, BUKMESMER S (LAY 20bp 1. 7 v MNZE
WT 10mgkg ORFAKEGTY UIRIMHEHWER 2R LIz Z &0 (LM DBIK
MRS 5 Z L NI RBUCHE D T D RN RSN, £/, 10mgkg
O G DILEY) 20bp D Comax 13 NaPi2b BLETEMED ICsfHELL F TH o722 &
B, EHIREIZME D NaPi2b [HEOHEII/ NS VRN TH -T2 LB B,
I @ NaPi2b ZiBIRWIZILET S 2 & TU VIR EIH TE 5 Z ENREN
776
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E3IE A F—/UEHO NaPi2b FREWE O

F1E Ko7y r7T7HA

B2 BmOE Y VUBEKOMETIE, 7y MIBWTY UIRIUNHENER 2”9
fbEmERIH Lz, RETITLY mOBEERRE (L0 IRWEFIgRE) TV v
WINNHENER 2 Rt & 2RI T~ A R=VEEOILEWIZ OV TR
L7z, NaPi2b [HEVEMEOFBUIT 0 FHHEAAEH TEE/ S e 2 751
BHETHDLZENRBIN TN, A2 F—VERTHIULFRERD 51N
HAERZ#FFc& 5 & %& 2 7= (core structure of 5i), DFTIZ L VWA LI-HRZE
AT F A= aERITLIEEZA, BELIZEBY 2 SO FHNKBEHEE
ZIEAR L TS Z BRI iz/o® (Figure 1), Z O %k mIZFHEES
Rz B Lo, U o RINHIER 2 38483 5 720113, BKMEEZ KT 5 2 &
MANTHDLZENROINT LN, A2 R—IVEKIZ XK > THEZR D BUK
PRI BIFF L7,

core structure of 5i

Figure 1i. The most stable conformations of core structures of 5i based on DFT
calculations in a water environment. The calculated O---H and N---H interatomic
distances of these conformations are also shown. The estimated intramolecular

hydrogen bonds are shown by the dotted lines.

FEAR DA RIS & Figure 2i IR T, T4 7 = VEKEOE Y U B ORE
ERARIZ, core structure @ RYJZ TN REERALIZ DOV T, NaPi2b PHETEM: 2 FEH21Z
REXETE AR 2 2R 3R L, IEMEM EA2 XU DD tPSA Z BN & & Tk ORI D
IS IR C & 2 i FE oA AT E 2R 2 RS LT,
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4i
novel core structure
of NaPi2b inhibitor

based on inhibitory activity

Optimization of R, and R? 0 OH
Qfﬁ °

H NH | 0
o N/\/NNOH
™ °

5i
novel and potent NaPi2b inhibitor

of highly polar functional group

o oH
N o}
o
N” NH |
OZ\QAN/\/NTK[ highly polar functional group J
N °

6i
novel, potent and gut-selective NaPi2b inhibitor

M Reduction of absorbability by introduction

Figure 1i. 555K D5 pHEIE
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F2®i A2 F—bEW (5i-31i) DB

A v R—IUbEM DA R%IE % Scheme 1i-5i (IS~ T, 7=V > 7ai-Tei & 2-27
J g EHEES L, D7z 8ai-8¢i & NN-V A F VAL AT 2 K (DMF) HT
KFLTF RV 7L (NaH) &GS HEE, -7 04 v2-= ha B okt
L TR S FEERS 21700 92i-9¢i 21572, WRICHE (Zn) ZHVW-=
1 DB ITCS AT VMEE ) 10ai-10ci 25 L 72,

1

R R
Q/Rn a O /@/Rﬁ LN ONQ/—C> HN/©/
HoN o \\)LH —>02N H %o
7ai-7ci 8ai-8ci PN NH,

9ai-9ci 10ai-10ci

a:R'=H
b : R' = 4-ethoxycarbonylbenzyl
¢ : R' = 3-(4-methoxycarbonylphenyl)-1-propyl

Scheme 1. Preparation of 10ai-10ci. Reagents and conditions: (a) 2-Cyanoacetic acid,
EDC-HCI, DMF, rt, 77%-94%; (b) NaH, DMF, 0 °C-rt, then 1-Fluoro-2-nitrobenzene,
rt, 51%-71%:; (c) Zn, AcOH, toluene, 90 °C, 13%-59%.

LA 10ci DA LD B % Scheme 2i (Z/RT, 7=V 2 Tei &A1 > K—/L-3-
ANVRABOMEITEIO T I F i 25z, 41 F—1AVD 2% N-Z7 a7
A4 XK (NCS) THFLLIth, RXUUNT v b FERRIEELNGT
L2 LR ALE 12i 2157, KFEFHKT., NI VUL =R 2N
Te KBRS LD RV EEERE L T 10ci 2GR LT,

O O oM HNome
a HN °c b o
OMe E——— (0]
HzN 0
. 0 0
HN

4
HN

‘ :PW‘rVWOYW
O
/’ (0]
HN

11i NHBn
Nz qoci

Tci 12i

Scheme 2i. Preparation of 10ci. Reagents and conditions: (a) indole-3-carboxylic acid,
HATU, DIPEA, MeCN, rt, 78%; (b) NCS, Et;N, CHCI3, 0 °C, then benzylamine, 0 °C,
88%:; (c) Pd/C, Hz, MeOH, rt, quantitative yield.
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A > R—)VEEEIK 51, 14i, 16i XN 17i D& RkiE% Scheme 3i 1277, ZEFE
B Bi it A=zl REL, 732 10ci £ 7 I NMb, AF
NV AT VKR T B Y T DK TR iR L C VR ik 141 2157,
ZEEFBS AT A=V E AT e &L, (LAY 10ci, 10ai LT
10bi &7 X Fb, AF L= 2T V2Kt U o LKERE TR fE L T
{EE® 51, 161 KON 17i 222 aifl Lz,

0 HNOH

!
o QP ,O-“kOMe ab QI/% o ©
st g |
T e O
o)\Q/S\N

13i K

R1| )
/©/ 5i :R'i= 3-(4-carboxylphenyl)-1-propyl
16i: R=H

Q \ Q "l iR
HOJKQAN/\/NNOBH c.d a 17i : R" = 4-carboxylbenzyl
h ° HCI " \ "

o}\@/\N/\/NNOH
N

5i,16i,17i

Scheme 3i. Preparation of 14i, 5i, 16i, and 17i. Reagents and conditions: (a) SOCl,,
CHCIl3, reflux, then 10ci, DIPEA, CHCI3, rt-reflux; (b) 1M-NaOH aq., THF, MeOH,
80 °C, 34% in 2 steps; (¢) SOCl, CHCI3, 60 °C-85 °C, then 10ai-10ci, DIPEA or
pyridine, CHCI3, rt-70 °C, 8.0%-58%; (d) 1M-NaOH aq. or 2M-NaOH aq., THF or
MeOH or THF/MeOH, rt-60 °C, 36%-56%.

A v F—/VFFEMA 20i D5 K% Schem 4i (2737, LG 10ci % 3-
(chloromethyl)benzoyl chloride T7 X Kb L., {bE¥ 18i Z G Rk L7, tert-butyl
N-methyl-N-{2-[ (pentane-3-yl) amino]ethyl}carbamate Z{t. &%) 18i T7 /L /1L,
% D% Boc A BiMREL T, (LEW 19 2157, LEM 192 A YT F—h
WEfg—F /)L & B S8, KT N U O LK TR L T, VAR
20i #1457z, tert-butyl N-methyl-N-(2-aminoethyl)carbamate % {t. 5% 18i T7 /L%
ME LT, oz 27 I 27 FTEILT I LU T3IH/KT I N
B/Bonic, BoNT-3HT IO Boc K% bV 7 A kg (TFA) CHLIRH#
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L7-%., EARKa 7 TT 2 L. NaOH KIEIR CTIASEL T, {69 21
Z 1537~ (Scheme 5i)

. a bc 4 de /I (¢}
10ci — /I © H;NI’ — > HN

18i 19i 20i

18i,19i: R' = 3-(4-methoxycarbonylphenyl)-1-propyl
20i : R" = 3-(4-carboxylphenyl)-1-propyl

Scheme 4i. Preparation of 20i. Reagents and conditions: (a) 3-(chloromethyl)benzoyl
chloride, Pyridine, CHCl3, rt, 72%; (b) tert-butyl N-methyl-N-{2-[ (pentane-3-yl)

amino ethyl}carbamate, DIPEA, Nal, toluene, 95-100 °C, 64 %; (c¢) TFA, CHCI;, rt,
99%; (d) ethyl isocyanatoacetate, THF, rt; (¢) 2M-NaOH aq., MeOH, 65 °C, 73% in 2

steps.

HNOMe HNOH
%o o a,bcde %o o)
HN HN

NH NH [
o%\(jﬂm O)\(jﬁ)l\l\/\/Nj.(\)kOH
18i 21i
Scheme 5i. Preparation of 21i. Reagents and conditions: (a) tert-butyl N-methyl-N-(2-
aminoethyl)carbamate, DIPEA, Nal, toluene, rt-50 °C, 40%; (b) acetone, AcOH, 1,2-
dichloroethane, 75 °C, then NaBH(OAc)3, rt, 54%; (c) TFA, CHCIs, rt, 98%; (d)
succinic anhydride, THF, rt; (¢) 2M-NaOH aq., MeOH, 65 °C, 58% in 2 steps.

A ¥ R VEHER 221 LT 231 DG RREEE %2 Scheme 6i ([Z7~7, ilkDT I
LA 18i TT X AL L. RYU 7 A a il T Boc A TiRE, BSonT-
B 2T I EEAKaNTBETT I MEL7Z%,. NaOH KK T A7 L1
KoL, W (HCD TRELL TEEY 22i XD 23i ORI 257, L&YW
24i % ethylsuccinylchloride T7 X Nk L7=%. Boc Z & CHiR##E L T{L&W 25i
157, LAY 251 AW 181 TT VXML L, = AT /L% NaOH /KIFIE T
KGR LT, {b&W 261 24K L7- (Scheme 7i)
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HNOMe HNOH o
0 o \
J 0 a,b,cd %O s D2 NN
:HN I — S 220 1 RP= A\ Sy oH

NH /\)\/\O

-
o%\@/\m OAQ/R ' HCI
/
. : pos . i N N
18i 22i, 23i 23i : R%= \ﬁ Q/ o)
I

OH

Scheme 6i. Preparation of 22i and 23i. Reagents and conditions: (a) for 22i, tert-butyl
N-methyl-N-{2-[(heptane-4-yl)amino]ethyl}carbamate, DIPEA, Nal, toluene, 95 °C,
64%:; for 23i, 3-(tert-butoxycarbonylamino)pyrrolidine, DIPEA, Nal, toluene, 50 °C -
100 °C, 94%; (b) TFA, CHCIs, rt-45 °C; (c) succinic anhydride, THF, rt; (d)IM-NaOH
ag., MeOH, 65 °C, then 2M-HCIl aq. THF, rt, 67%-78% in 3 steps.

Woaasl

0
Boc. a b c.d %
oc ,\‘/C\NH — H’\I/C\NTO(\)LOH _ A@ﬁ //:\/NT{JL

24i 25i

Scheme 7i. Preparation of 26i. Reagents and conditions: (a) ethylsuccinylchloride,
DIPEA, THEF, rt, 98%; (b)TFA, CHCl;, 1t, 77%; (c) DIPEA, Nal, Toluene, 18i, 80 °C,
97%:; (d) IM-NaOH aq., THF, MeOH, 60 °C, then 2M-HCI aq. THF, rt, 66%.

A v R— VB8R 27i-31i DG k% Scheme 8i (2779, (LAY 191 % K =
NIETT I NME L7, 2-{2-[2-(2-aminoethoxy)ethoxy]ethoxy}ethanol T7 X R
b, = AT V% NaOH /KIEHE TG L CTHIVR 1 270 2457, ALEaY) 19i
KA NTEETT I ME LT, tert-butyl 3-{2-[2-(2-
aminoethoxy)ethoxy]ethoxy}propanoate T7 X R{t. L, TFA T tert-7 F /LI % it
PR, T AT /L% NaOH KIEHE TR fE L TILa W) 28i 21572, 1LEaw 19
% 2-(5-carbamoyl-1h-pyrrole-3-sulfonamido)acetic acid T7 X N{k L7 . NaOH
IKEEHE TR 73 L THEE 9 291 24572, (LA 19i & (2,5-dioxo-hexahydro-
imidazo[4,5-d]-imidazol-1-yl)-acetic acid Z VT, L& 291 & [k 5L TH
NWARVEE30 A SR LT, 2-8 FeXxUEHRX Ut s AR =uA Y
VT X FORINREIRIZ 2T I 19 2 IRINL, XS T 2 ALT 7EA L
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HNNRRA— R EB/T-, ZO%, HOENTZANLVT 7EBA NI NAIRA— KD
UV AT )V % NaOH /KIS TR 3 fi#E LT, vk U fig 310 2157,

[ 0]
O O 27i: R? = Y\N/\/NNN/\/O\/\O/\/O\/\OH
OH ) H
HN h 0
/o °

19i — | o}
HN NN o o OH
NH i . \\/\N/\/ ”/\/ \/\o/\/ W
o%\©/ 28i: R% = h 0 )
27i,28i
| O\\/,O 0
N S
OH 29i:RZ= X\ N ) N
" o} h o " WNHz
) % o
19 —— I
HN" N l 0
J A
o R NNy
30i: R% = h 0 )\(
. HN
NH
29i,30i 7f
0
HNOH
o}
191 ——— QN
NH [ H (0]
0 N Nog NYOQkOH
N e
31i

Scheme 8i. Preparation of 27i-31i. Reagents and conditions: (a) succinic anhydride,
DIPEA, THF,  t, quantitative  yield; (b) for  27i, 2-{2-[2-(2-
aminoethoxy)ethoxyJethoxy}ethanol, HATU, DIPEA, MeCN, rt; for 28i, tert-butyl 3-
{2-[2-(2-aminoethoxy)ethoxy]ethoxy } propanoate, HATU, DIPEA, MeCN, rt; (c) for 27i,
4M-NaOH aq., MeOH, THF, 60 °C, 51% in 2 steps; for 28i, TFA, rt then 4M-NaOH agq.,
MeOH, THF, 60 °C, 80% in 3 steps; (d) for 29i, 2-(5-carbamoyl-1h-pyrrole-3-
sulfonamido)acetic acid, HATU, DIPEA, DMF, rt; for 30i, (2,5-dioxo-hexahydro-
imidazo[4,5-d]-imidazol-1-yl)-acetic acid, HATU, DIPEA, DMF, rt; (¢) 4M-NaOH aq.,
MeOH, THF, rt-60 °C, 16%-22% in 2 steps; (f) benzyl 2-hydroxyacetate, chlorosulfonyl
isocyanate, 1,2-dichloroethane, -15 °C-rt, then 19i, EtzN, -15 °C-rt, 44%; (g) 2M-NaOH
aq., MeOH, THF, 65 °C, 75%.
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F3HI A2 F—bE® (5i-31i) @ NaPi2b PHETEM:

DFT (Z X 0 EH L xR ZERBEICB W T, o FAKERESICE D a7 #iEn
BELSN TS Z ENBESNTA » F—VEBREGT LAY 5i 268k -
R L7= & 2 A, NaPi2b BHEIEEDSRO LIV, ZOaT7EEPIEHTHH &
PR ST, WIS, RV OREIETEPEFARI 2 5T L7 (Table 1i), & DfER,
b&aW 5i i bENTZEEEZ R L, (LAY 16i, 171 TIXPAFTEMEDOREA
WO bz, REEMLTIE, ¥ LT REEA 200 &1 Y 7w VR 210 (HLE
P 5i L0 BIRWIEEEZ R LT, —J7, -7 B AT FOVEREIR 221 OFREIGM
XL LB 5i ERBRETHoTo, THHDRENS, N-AFAE LT LT K
DHET I ROFDENTEEEZ R T2 ENREB I, 3 %7 I IS
EWEILO T PENTCAEEEZ R TEmM RS 5 2 E R I nT, £,
BRAGIZ X0 SEARREE 2 B8 S bEW 231 KO 260 1%, FHEIEENE L <K
FLTWe, IO DOREREZENE X, LAY 51 2 PO R 28R 2 5%
i L7,
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Table 1i. Human NaPi2b inhibitory activities of compounds 5i, 14i, 16i, 17i, 20i-23i,
and 26

R
5 JJ
N
Qf”
N

H NH "

R |

O%\©/

human
Compound R R? NaPi2b ICso
(nM)*
Q0 o
14i %r\/ﬁw[:lﬁfOH VSMM<:>H4 257
| 4 OH
5i OH N NN OH 71
o] A ©
| 0
16i ™ N Aoy 538
NGNS«
| (0]
17i V\@(OH \?N/\/NW/\)LOH 448
o] A ©
N% e T
20i OH N> OH 369
o] A 0O
| 0
21 %f\“”w[:lwaH o 356
o] PN o
[ (o]
22i WQ(OH \ANNNNOH 78
o A~ Ao~ O HCl
[ O
23i ‘%/\//\[i:lT(OH a{\N::fNj;/\“J\OH 1015
(6] HCI
0
26i W\Q(OH ' N OH 2582
o} ;\I/C T(g\)LHCI

? The 1Cso values for human NaPi2b activity represent the mean values of at least two
experiments.

BIF7RIEVEE @ (PSA 2 H 354 0 R—ILiBEAOAIEZ HfE LT, {bE
¥y 5i O RIERNLD SAR st L1z, #FOHEHE-% Table 2i (2”1, =F L7V
o — VIRIEHEIR 271 1%, L&YW Si LR L CIRMEIZO0S 2 b 00, Bt/
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EIGVEE R LTz, BRx 2 mistEE gL 28 A L7o{bad 28i-31i 13, TREED
NaPi2b PLETEMEZ R Lz, {LAW 5i & 27i @D rat NaPi2b ([Zxf9 5 BLETR M 4 5F
fliL7z & Z A, human NaPi2b (2%} A [HEWEME L IZIEFRIETH -T2, £, 1k
AW 51 KON 271 D tPSA EIZZENE 17242 KO 211A2 THH-7-, £Z T, 1k
AW 51 KL 27i & SD T v N & V7o PKERER CREMG L 7=,

Table 2i. /n vitro activities and tPSAs of compounds Si and 27i-31i

%Q o
NH

NH

human/rat (PSAD
Compound R3 NaPi2b (A2)
ICs0 (nM)?
(0]
i A~ Hon 71/28 172
(0]
o}
27 WH/\/O\/\O/\/O\/\OH 166/98 212
(e}
(0]
28i O I 535/NT® 229
O 0
00
29i A 401/NT® 248
o NH NH;
(0]
/SWANJ(NH
30i o 401/NT® 208
HN NH
r
(0]
H (0]
31i AN O Hon 267/ND? 234
00 o

? The 1Cso values for human/rat NaPi2b activity represent the mean values of at least
two experiments

® The tPSA value was calculated using a software from ACD/Percepta, version 2019,
Advanced Chemistry Development, Inc.

“Not tested.

4Not determined.
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Fadi A2 F—bE® (5i, 271) O3EhEE

L&Y 5i. 27i @ PK iRBRODOFE R A Table 3i (Z/kd, SD 7 v MBI HLE
¥ 51 (tPSA=172A%) DXL FT AT EV T 412 13.1%TH-7-, — I TS5i &
D HEW tPSA (=211A2) ZFFOLEW 27i ONRAFT ATV T 11 1.1%
ERVMEZ R LTz, T4 7 = MALEW RO Y ¥ AbE Y & FIEEIZ, Figure 1i
IR LT L D R TIRBEREEIC L DB LD, WIMEZIK T S E 572012
HE LD B EW (PSA BLETH o 7o M 23780 b7z, Table 4i 277 X 912,
A& G%, (LS 51 KO 271 OREBDIIRZEARE UTERPIZHRES U,
F 72, Table 5i (2T X 22, {LEW 51 KO 271 O N TG T OVEMEEIL, rat
NaPi2b (2% 9% ICsofE % +4312 B> Tz, 55 2 FITERW THUKME A LT
vy (CLogP<7) MBE BRI Y U U FFEERN T v MIBWT U VBRINFEE
ERZRTZ 2R LD, (LAWY 5i L 271 O ClogP fHIZE ) ¥ U BERTY
RINENHEIVE R 2330 S bAY 20bp (ClogP=6.50) X 0 & B IZEWMETH
ST NAFTTRAZEY T 4 KOBRFIRFEITENRH L0, Tnlitora
7 7 A VRZIERIEDLEY 5i L 27i ZEASTEX 0T, ®{LAEWITONT,
SD 7 v & W U RIEMHIE R 2 5 L 72,

Table 3i. Pharmacokinetic parameters after a single intravenous (i.v.) or oral (p.o.)

administration of 5i or 27i to fasted male SD rats

iv.@ p.o.°
Compound  Dose AUCy-¢ Dose Crnax” AUC.¢ F
(mg/kg) (h*ng/mL) (mg/kg) (ng/mL) (h*ng/mL) (%)
5i 1 834 + 353 10 568 £261 1090+430  13.1
27i 1.17 170 £ 4 10 15565 154+5.7 1.1

? Dosing vehicle was PEG400.
® Dosing vehicle was 0.5%MC400.

¢ Results are presented as the means + standard deviation (S.D.) of three animals.
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Table 4i. Cumulative excretion of unchanged forms into feces within 24 hours after oral

administration of 5i or 27i to fasted male SD rats

.0.%
Compound P - 5
Dose (mg/kg)  Fecal excretion (%)
5 10 68.1
27i 10 58.8

 Dosing vehicle was 0.5%MC400.

b Results are presented as the mean of three animals.

Table 5i. Solubility (FaSSIF, FeSSIF) and ClogP of 5i and 27i

Solubility (ug/mL) Solubility (ug/mL)
Compound ClogP?
FaSSIF (pH 6.5) FeSSIF (pH 5.0)

5i 103° 264 6.09

27i >482° >479b 4.99

? The ClogP value was calculated using ChemDraw Professional ver.19.1.1.21,
PerkinElmer Informatics, Inc.
® Hydrochloride salt data.
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BSEI A2 F—ALEW (5i, 27i) OV W UHNHI1E

L&MW 51, 278 D SD 7 v b &AW U o IRIEMHIVER % 554 L 7265 R &
Figure 3i |27, SCHRA S BIZHEH L7z 10 mg/kg #% 1% 54 OHEE NG NI E
1% 58-146 ug/mL TH Y | 5 1 FEXR O 2 B TOmMmF &[RRI, L&Y S kD
27i @ rat NaPi2b ICsofli %2 K& < B> TWAS Tz FEfa L=, F7-. £
ALK D FEF~DOPEIER (LAY 5i=68.1%, LAY 27i=58.8%) % A CTHiE
LThH, (LAWY S KO 27i OHEENGE NIREEILEIVETL 39-99 pg/mL (58-146
ng/mLx0.681) . 34-86 ug/mL (58-146 pg/mLx0.588 ) & 720, TN D ICs i
oI ERloTWD EEZX BN, ZORMET T, LAY 5 LD 271 1TV
NHEERY CRINISEWERN 2R Lz, 5 18T, @Bk (CLogP>9) 72
GE IR 72 T4 7 = AMEEMIE SD 7 v MZEBIT D U R E I L7225
Too FTH 2R TR, BUKMZIRE L 72BEEIRL e Y U ba
(ClogP<7) 3V VWININHIER 277 Lz, Al BIZBUKEOR WA o F—
JVERER 5 L ON 271 it L7oiE R, M G IE SD 7 v MZBWT U I
e 2R L, AL OBUKIE AR T 5 Z & 23 Y WINENHIER OF BT
AN THDHZ EDRFMER SN, LEW S & 27115, 285E (AUCKL) 73 50
ELL LRI 208, A% invivo AIMERFEO b= 2 Einb . U U RIEmEIE
MITEHBREICRBINLWI RSN, ZORENLELETH L, in
vitro COBLEIENE, Wtk QRMEVE, BUKME) . R OSRZBLIR D F~ o Pt
MRIZEOLEWIX, EFREEICH D LT, FEO Y WIS 2 5469
LZENHHFTELZENRBRON, — ., EFFRECILEWERY 27 %
KT 28BS0 DERT S & LAY 271 13 NaPi2b BLETE D ICs E % Flal %
Cmax CHEZR Y UIRIIIHIER 2R L TE Y | IBFEERIRAYIC NaPi2b Z#HET 5
ZETinvivo ¥ aRmTRE LWMEAEMTH D B2 L, RFTORR, &
DETHM LYY DUiFEER (ka9 20bp) LV & HITENASA F T XA Z
BT EIRWEHREE R L, o U CIRIINEITER 2 R b & 271 D EY
HFEER LT,
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Figure 3i. P phosphate was administered to SD rats 5 minutes after oral dosing with of
compound 5i hydrochloride salt or compound 27i (10 mg/kg, respectively), and then the
radioactivity in the plasma was measured for 0.5 hours (the approximate time it takes

for phosphate to reach the maximum concentration in the plasma - data not shown).
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FoeHi Lo

AETITLVIRWEEREFE TSD 7 v MW T RINSEIER 2 ~3 15
BRI MEEMERGT X, 4V R—VEKEET 558 K0T A -
%« Bl &2 4T o 72, NaPi2b FHEIEMEDOIHUZIL, /- FRHEAAFERIZ L0 FEE
IESNTca 7 ENERETHDL I EDRRBEINTNZDT, £ F—/VFIIC
DNTH, RO FRKREREORMDBTEDLXICTIA L, ZORE
B, ALEY 51 12 B4 72 human NaPi2b [HETEHE RO Hiv, ZOa 7 HENE
THDHZENRENT, R RN OBEFEHMHBEEZER L Z A, 1k
B 51 S PLEEME O TEAIL TV 2, REENZOREGE /7 IS 35 RIVEMALIC
DOWTIEEBEEDOEANFRETH Y . BAFREEEME, @ (PSAELZ R~
bW 27i 2B L=, L&Y 51 KON 27i © PKRBROFE R, (LAY 5113 10%
B DR ORIENGRD B, (LA 271 IHRWER O FE O BT,
{EE® 51 L TR27i 1L SD 7 v MZBWT U VIRINHEERZ R LI Z &b,
ICEDBKIE AR T 5 2 & PEDRBUALR TH D 2 L PR TE T,
Fo. LG S K27 BRIFED Y CRIINEWER 2R LT/ RN 6B %
& invitro TORREEME. Yt M. BOKYE) . K OSRELIKDFEF ~D
PR P RIFEOIEH ThIUX, EHREIZHND LT, [FEFED Y RIS
ERZRET 52 ERMFFCE 5 2 LRSIz, 1LaW 271 1 3IGE =R
LA T, BB AT A T T ¢ & RHREGE TR I
HER %2R LT,

P 2
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BB ARERECHENTBEFILE Y VIEZFIE L, BERE, RAEaIR
b7 260+ 5, MEEBREHRICIEYE - IXTAMRBBEOBDIFETA KT
AV T, @Y VIEZBE L CRIET D Z EN RSN TS, LL,
B Y METRREIE L L TR ) VAESR & W S O IEAI L2 < BaMER
HAMHOE CTHEZIZ TRBY ., 20 O ENSGE S8 LUWIEEEN Y
FhTnb,

IBEICRIBLLCWD b T AR —F—@ NaPi2b 1, BFHKDO U > &Y
THHREEZHSTWD ZERREINTND, - T, TOHEWEIZY v
BIEITERDHHA N =X LD FIERHEICR VL EEZ BN, U URE
HORWEM ZENEE L 2o, IREZEGEBL T, BARBEORET Fe 77 v
A WETLHAMEMER DD EE X BN D, L L NaPi2b [T ERIZ H FEL
LTEY, EN6ZHETAHAZEICEIPEWEHOY 27 n@gEINTWNWDHZ &
MO, EVHBOERME A AT D EAORIHEALEE LW EE R BT, £Z T,
{EEB OB ORI % FTREZ2BR VK F &8, & RINMICIER 95 NaPi2b FH
EWE ORI AT -T2,

B ETIE, o rAMAEERICELY a7 EERBEELEINTWD Z &N
NaPi2b PHETEMHEORBUCEE TH L AREMEN R I TW -2 L2 E 2, £
Dy TNHAEEROHFEEN G CTCEX 2T 47 = Bk ET YA L, FEKE
B EBA L 72, NaPi2b FHETGME 2 5 IS ETEMEMBEZ R L, Bk
NaPi2b [HFEEMEZ R LEW 5t 2 UG L7, IRICHE EIRN LS 0BG
ZHFEL, BOWNMEAKR T ESE 5720 tPSA Z 4RI Em M E L oE A %
MEt Uiz, FORE. LAY 5t O ILR AT I\ THE & 72 i ik & L
DEANTFEEIND Z L2 R LT, £ OREEEHEMEBIC RS W CRFE R R
FER L. RAF7R NaPi2b [HEEMELZ AL, 7 v MZBWTRWAAL 7 XA
FEUT 4 ERTLAEY 36at LN 36bt ZAIHL7-, L2rL. L&Y 36at,
36bt (3 SD 7 v h & AW/ in vivo FEENFEAMIZ W T U WIS 2 7R S 72
molz, ALEYOIEYERESCYINME 2 KA LR, mUOWBKENRIK T, BE
KL OIFBIKEDOFZBEMENKR T T 22 L, HOWIHBENTIELED
BUFEN E->TLED Z 2180, B ERMREEANZAZET S NaPi2b
~DOT 7V T 4 MR T T HAEEMEN—HE LTE X BT,
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F2ETIE, B 1 BOBRIZESNT, o FWHAEERICE Y a 7HEENE
ELENTEY, DOBKMEDIRBA R TE Do harfEs LT, B
TSI OWTRRF L7, NaPi2b PHETER M & fe i (SR A B 2 SR L,
B 478 NaPi2b JLEIEME 2~ 3bAY 18p % A L7, WIS O RIYE 2K T
S DH70IT, PSA ZHIN S 5 @iBMEE L OB AN ZRE LR, IvR
VERERALIZ B WD TR ERIE OB ANTFR INDZ EERH L, N AT
A4 70T 1 DIEVMEEY 20bp ZAIH L=, (L&Y 20bp DT > MZEITH Y
>R VR & 34 L7255 . 10 mg/kg O AHFGIZB W T, AE2E 0N
BOOLNTZ, ZOFEENS ., ALEMOBKMED in vivo NI B A KIF T Al HE
MR STz,

%3 BT, X IRWER O WRIYE T Y IRININEIER 2 Rn T b S OB &
HIgL. 0 FAHAERICE Y a 7HEENRBEEL SN TE D, HoBUKEDLK
BWORHIFFCX 54 v R— VB OILEWIZ OV TRET L 72, NaPi2b BHETE %
FERR A ETEEAR B 2 B 5R L. BAF72 NaPi2b FAEIEME A RILAEY Si % R
L7z WRITHHE DS OWIEZ IR T SE 572012, tPSA ZHIN S & 2 St &
BILDOB AR Lz, TOME, 4 v R—=LEKROILEWIZHONTH LR
VR BV TR & e E L OB ANTFR SN Z LR R L, LA
W 27 R LT, (LG 271 ©F > NMZEBIT 5 Y WIENHIVE 2 59 L 7=
fid, 10 mg/kg OFFAFEGITHBNT, AEICHEND Y SRINZIH L, 1k
G 27 1L, RBIBDNAALFT XA TETT 0T, Ty MIBWTY IR
FWERZ R LTAbEWMTHY . RHFEFRIZLLZBERO Y 27 BZh7nE Y v~
FRMIETERIEOBAM & L TR TE 5,
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Chemistry

All the solvents and reagents were obtained from commercial suppliers and were used
without further purification or were prepared according to published procedures. The 'H
NMR and *C NMR spectra were recorded using a JOEL JNM-ECA 600 or BRUKER
AVANCE III HD 400, and all the chemical shifts were reported in parts per million
(ppm) relative to tetramethylsilane (TMS) as an internal standard. Mass spectra were
recorded using a Shimadzu LCMS 2010 EV spectrometer. High-resolution mass
spectral data were acquired using a Shimadzu LCMS-IT-TOF equipped with an
electrospray ionization (ESI)/atmospheric pressure chemical ionization (APCI) dual ion
source. ESI mass spectra, the retention time (Rt) and Purity of high-performance liquid
chromatography mass spectra (LCMS) were recorded using an Agilent 6130 or 6150
Quadrupole LC/MS connected to an Agilent 1290 Infinity HPLC instrument under the
following conditions: column, Waters Acquity CSH C18 (1.7 um, 2.1x50 mm); mobile
phase A, H20 containing 0.1% formic acid; mobile phase B, CH3CN containing 0.1%
formic acid; gradient (NM mode), 20% B to 99% over 1.2 min followed by 99% B over
0.2 min; gradient (HP mode), 5% B to 40% over 0.8 min then 40% B to 99% over 0.28
min followed by 99% B over 0.3 min; gradient (LP mode), 30% B to 99% over 0.8 min
followed by 99% B over 0.6 min; flow rate, 0.8 mL/min. The wavelengths of detection

were 210 nm and 254 nm.

H1E

Benzyl 4-(methyl{2-[(pentan-3-yl)amino]ethyl}amino)-4-oxobutanoate (8t)
4-benzyloxy-4-oxo-butanoic acid (15.0 g, 72.0 mmol), 1,2,3-benzotriazol-1-ol

monohydrate (HOBt - H>O) (13.2 g, 86.5 mmol) and 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (EDC -+ HCI) (16.6 g, 86.5 mmol) were added to a

solution of tert-butyl [2-(methylamino)ethyl]carbamate (12.6 g, 72.0 mmol) in MeCN

(50 mL). The mixture was stirred overnight at room temperature and concentrated. The

residue was diluted with CHCls and washed with saturated ammonium chloride
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(NH4Cl) aqueous solution and saturated sodium hydrogen carbonate (NaHCO3) aqueous
solution. The aqueous layer was separated and extracted with CHCI; using a phase
separator. The combined organic layer was concentrated to yield benzyl 4-[{2-[(tert-
butoxycarbonyl)amino]ethyl} (methyl)amino]-4-oxobutanoate (26.1 g) as a crude
product, which was used without further purification. The product (26.1 g) was taken up
in 1,4-dioxane (100 mL). Then, 4M 1,4-dioxane solution of hydrochloric acid (HCI)
(53.8 mL, 215 mmol) was added to this solution, and the reaction mixture was stirred
overnight at room temperature. The resulting precipitates were collected by filtration,
washed with IPE, and dried to yield benzyl benzyl 4-[(2-aminoethyl)(methyl)amino]-4-
oxobutanoate hydrochloride (26.0 g) as a crude product, which was used without further
purification. The product (30.5 g) was taken up in CHCI; (330 mL). Then, 3-pentanone
(12.2 mL, 115 mmol) and AcOH (19.8 mL, 346 mmol) were added to the solution, and
the reaction mixture was stirred at room temperature for 2.5 h. Sodium
triacetoxyborohydride (NaBH(OAc)3) (48.9 g, 231 mmol) was added and the reaction
mixture was stirred at room temperature for 18 h. The reaction mixture was quenched
with saturated NaHCOs; aqueous solution. The aqueous layer was separated and
extracted with CHCI3 using a phase separator. The combined organic layer was
concentrated. The residue was purified using column chromatography on an NH-silica
gel and eluted with 5-15% EtOAc/n-hexane to yield 8t as a colorless oil (11.8 g, 31%
over 3 steps). 'H NMR (400 MHz, CDCls) 6 0.86 (td, J = 7.5, 1.7 Hz, 6H) 1.36 - 1.43
(m, 4H), 2.31 — 2.39 (m, 1H), 2.60 - 2.67 (m, 1H), 2.69 - 2.79 (m, 5H), 2.92 - 3.07 (m,
3H), 3.36 - 3.50 (m, 2H), 5.13 (s, 2H), 7.28 - 7.38 (m, 5H). LCMS (ESI) m/z 335
[M+H]". Rt 0.528 min (NM mode).

3-{[(2-{[4-(Benzyloxy)-4-oxobutanoyl](methyl)amino}ethyl)(pentan-3-
y)amino]|methyl}benzoic acid hydrochloride (9t)

Compound 8t (8.11 g, 24.3 mmol), N,N-diisopropylethylamine (DIPEA) (5.76 mL,
33.1 mmol) and sodium iodide (Nal) (3.31 g, 22.1 mmol) were added to a solution of
tert-butyl 3-(chloromethyl)benzoate (5.00 g, 22.1 mmol) in MeCN (150 mL). After
stirring at 85 °C for 4 h, the reaction mixture was cooled to room temperature and water

was added. After concentrating the MeCN, the aqueous layer was separated and
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extracted with CHCl3 using a phase separator. The combined organic layer was then
concentrated. The residue was purified using column chromatography on silica gel and
eluted with 5%-15% EtOAc/n-hexane to yield tert-butyl 3-{[(2-{[4-(benzyloxy)-4-
oxobutanoyl](methyl)amino} ethyl)(pentan-3-yl)amino]methyl} benzoate as a colorless
oil. Next, 4M 1,4-dioxane solution of HCI (10 mL) was added to the product (5.00 g),
and the mixture was stirred at room temperature for 3 h. After concentration, the residue
was added to Et,0, then the mixture was concentrated and dried to yield 9t (4.70 g, 89%
over 2 steps) as a colorless amorphous substance. 'H NMR (400 MHz, CDCls) 6 0.81 -
1.10 (m, 6H), 1.48 - 1.72 (m, 2H), 2.61 - 2.76 (m, 4H), 2.84 - 2.92 (m, 1H), 3.12 —3.40
(m, 4H), 3.71 (s, 2H), 4.07 (br s, 2H), 4.52 (br s, 2H), 5.14 (s, 2H), 7.27 - 7.41 (m, 5H),
7.51 - 7.60 (m, 1H), 8.03 - 8.12 (m, 1H), 8.24 - 8.33 (m, 2H), 11.29 - 11.53 (m, 1H).
LCMS (ESI) m/z 469 [M+H]", 467 [M-H]". Rt 0.655 min (NM mode).

3-[1-(4-Chlorophenyl)-1H-pyrazol-4-yl]-3-oxopropanenitrile (11t)

A 2.6M n-butyllithium (n-BuLi) solution in n-hexane (47.0 mL, 121 mmol) was
added dropwise to a THF (250 mL) solution of MeCN (5.80 mL, 110 mmol) at =78 °C
in a nitrogen atmosphere, and the mixture was stirred for 15 min at the same
temperature. Then, a THF (100 mL) solution of ethyl 1-(4-chlorophenyl)-1H-pyrazole-
4-carboxylate 10t (13.8 g, 55.1 mmol) was added dropwise over 30 min, and the
mixture was stirred for 1 h at the same temperature. The reaction mixture was quenched
with saturated NH4Cl aqueous solution. The aqueous layer was extracted with EtOAc,
and the combined organic layer was concentrated. The resulting solid was washed with
EtOAc to yield 11t as a pink solid (10.3 g, 76%). '"H NMR (400 MHz, DMSO-ds) &
4.54 (brs, 2H), 7.64 (d, J = 8.8 Hz, 2H), 7.94 (d, J = 8.8 Hz, 2H), 8.29 (s, 1H), 9.31 (br
s, 1H). LCMS (ESI) m/z 246 [M+H]", 244 [M-H]". Rt 0.896 min (NM mode).

(2-Amino-4,5,6,7-tetrahydro-1-benzothiophene-3-yl)[1-(4-chlorophenyl)-1H-
pyrazol-4-yljmethanone (13at)

To a suspension of 11t (3.00 g, 12.2 mmol) in EtOH (20 mL) was added
cyclohexanone 12at (1.26 mL, 12.2 mmol), morpholine (1.06 mL, 12.2 mmol) and
sulfur (0.189 g, 12.2 mmol). The reaction mixture was stirred at 80 °C for 2 h. The
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solvent was distilled off under reduced pressure, and the residue was purified using
column chromatography on a silica gel and eluted with 33% EtOAc/n-hexane to yield
13at (2.34 g, 53%) as a yellow powder. 'H NMR (400 MHz, CDCl3) 6 1.58 - 1.65 (m,
2H), 1.77 - 1.86 (m, 2H), 2.19 - 2.29 (m, 2H), 2.48 - 2.65 (m, 2H), 6.30 (br s, 2H), 7.44
- 7.52 (m, 2H), 7.65 - 7.69 (m, 2H), 7.91 (s, 1H), 8.20 (s, 1H). LCMS (ESI) m/z 358
[M+H]", 356 [M-H]". Rt 1.214 min (NM mode).

(2-Amino-4,7-dihydro-5H-thieno[2,3-c|pyran-3-yl)[1-(4-chlorophenyl)-1H-pyrazol-
4-yllmethanone (13bt)

Compound 13bt (74%) was prepared from tetrahydropyran-4-one 12bt in a manner
similar to that described for compound 13at. 'H NMR (400 MHz, CDCls) § 2.29 - 2.47
(m, 2H), 3.76 (t, J = 5.3 Hz, 2H), 4.58 - 4.68 (m, 2H), 6.47 (br s, 2H), 7.40 - 7.49 (m,
2H), 7.67 (d, J = 8.8 Hz, 2H), 7.94 (s, 1H), 8.21 (s, 1H). LCMS (ESI) m/z 360 [M+H]",
358 [M-HJ". Rt 0.753 min (LP mode).

(2-Amino-4,7-dihydro-5H-thieno|2,3-c|thiopyran-3-yl)[1-(4-chlorophenyl)-1H-
pyrazol-4-yljmethanone (13ct)

Compound 13ct (65%) was prepared from tetrahydrothiopyran-4-one 12¢ in a
manner similar to that described for compound 13at. 'H NMR (400 MHz, CDCls) 6
2.57 - 2.65 (m, 2H), 2.66 - 2.72 (m, 2H), 2.87 - 2.94 (m, 1H), 3.69 - 3.76 (m, 1H), 6.19
(brs, 2H), 7.46 (d, J= 8.6 Hz, 2H), 7.67 (d, J = 8.6 Hz, 2H), 7.86 - 7.99 (m, 1H), 8.17 -
8.29 (m, 1H). LCMS (ESI) m/z 376 [M+H]", 374 [M-H]". Rt 0.856 min (LP mode).

1-{2-Amino-3-[1-(4-chlorophenyl)-1H-pyrazole-4-carbonyl]-4,7-dihydrothieno|[2,3-
c]pyridin-6(5H)-yl}ethan-1-one (13dt)

Compound 13dt (77%) was prepared from 1-acetyl-4-piperidone 12dt in a manner
similar to that described for compound 13at. 'H NMR (400 MHz, CDCl3) 6 2.06 - 2.19
(m, 3H), 2.37 - 2.50 (m, 2H), 3.51 - 3.73 (m, 2H), 4.42 - 4.61 (m, 2H), 6.37 - 6.51 (m,
2H), 7.40 - 7.51 (m, 2H), 7.60 - 7.73 (m, 2H), 7.89 (s, 1H), 8.10 - 8.27 (m, 1H). LCMS
(ESI) m/z 401 [M+H]", 399 [M-H]". Rt 0.863 min (NM mode).
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[2-Amino-6-(methanesulfonyl)-4,5,6,7-tetrahydrothieno[2,3-c]pyridin-3-yl][1-(4-
chlorophenyl)-1H-pyrazol-4-yllmethanone (13et)

Compound 13et (84%) was prepared from 1-methylsulfonylpiperidin-4-one 12et in a
manner similar to that described for compound 13at. 'H NMR (400 MHz, CDCl3) ¢
2.44 - 2.58 (m, 2H), 2.87 (s, 3H), 3.32 - 3.45 (m, 2H), 4.24 - 4.36 (m, 2H), 6.40 (s, 2H),
7.42 - 7.51 (m, 2H), 7.67 (d, J = 8.8 Hz, 2H), 7.87 - 7.94 (m, 1H), 8.16 - 8.25 (m, 1H).
LCMS (ESI) m/z 437 [M+H]", 435 [M-H]". Rt 0.939 min (NM mode).

(2-Amino-6-cyclopropyl-4,5,6,7-tetrahydrothieno|2,3-c|pyridin-3-yl)[1-(4-
chlorophenyl)-1H-pyrazol-4-yllmethanone (13ft)

Compound 13ft (77%) was prepared from cyclopropylpiperidin-4-one 12ft in a
manner similar to that described for compound 13at. 'H NMR (400 MHz, CDCl3) ¢
0.43 - 0.58 (m, 4H), 1.78 - 1.88 (m, 1H), 2.31 - 2.43 (m, 2H), 2.76 (t, J = 5.6 Hz, 2H),
3.61 - 3.66 (m, 2H), 6.46 (s, 2H), 7.45 (d, J = 8.8 Hz, 2H), 7.62 - 7.72 (m, 2H), 7.88 -
7.97 (m, 1H), 8.15 - 8.22 (m, 1H). LCMS (ESI) m/z 399 [M+H]", 397 [M-H]". Rt 0.569
min (NM mode).

Benzyl 4-[{2-[{[3-({3-[1-(4-chlorophenyl)-1H-pyrazole-4-carbonyl]|-4,5,6,7-
tetrahydro-1-benzothiophene-2-yl}carbamoyl)phenyljmethyl} (pentan-3-
yl)amino]ethyl}(methyl)amino]-4-oxobutanoate (14at)

Thionyl chloride (SOCI) (1.23 mL, 16.8 mmol) was added to a solution of 9t (1.31 g,
2.80 mmol) in CHCI3 (5.0 mL) and the mixture was stirred at 75 °C for 1 h. The
reaction mixture was concentrated under reduced pressure, and the residue was
azeotroped twice with CHCI; to yield the corresponding carboxylic acid chloride as a
crude product, which was used without further purification. The resulting carboxylic
acid chloride in CHCI3 (5.0mL) was then added to a solution of 13at (500 mg, 1.40
mmol) and pyridine (0.680 mL, 8.38 mmol) in CHCI3 (5.0 mL). The reaction mixture
was stirred overnight at room temperature, then quenched with saturated NH4Cl
aqueous solution. The aqueous layer was extracted with CHCls, and the combined
organic layer was then concentrated under reduced pressure. The residue was purified

using column chromatography on a silica gel and eluted with 50% EtOAc/n-hexane to
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yield 14at (952 mg, 84%) as a yellow amorphous substance. 'H NMR (400 MHz,
CDCI3) 6 0.86 - 1.03 (m, 6H), 1.30 - 1.53 (m, 4H), 1.63 - 1.72 (m, 2H), 1.83 - 1.93 (m,
2H), 2.22 - 2.45 (m, 4H), 2.51 - 2.69 (m, 5H), 2.74 - 2.94 (m, 5H), 3.14 - 3.22 (m, 1H),
3.36 (brt,J=7.1 Hz, 1H), 3.71 (s, 2H), 5.02 - 5.14 (m, 2H), 7.28 - 7.50 (m, 7H), 7.53 -
7.72 (m, 3H), 7.81 - 8.19 (m, 4H), 8.26 - 8.33 (m, 1H), 12.06 - 12.19 (m, 1H). LCMS
(ESI) m/z 808 [M+H]", 806 [M-H]". Rt 1.149 min (NM mode).

Benzyl 4-[{2-[{[3-({3-[1-(4-chlorophenyl)-1H-pyrazole-4-carbonyl]|-4,7-dihydro-5H-
thieno[2,3-c]pyran-2-yl}carbamoyl)phenyl|methyl}(pentan-3-
y)amino]ethyl}(methyl)amino]-4-oxobutanoate (14bt)

Compound 14bt (62%) was prepared from 13bt in a manner similar to that described
for compound 14at. "H NMR (400 MHz, CDCl3) 6 0.89 - 0.98 (m, 6H), 1.34 - 1.52 (m,
4H), 1.58 - 1.68 (m, 2H), 2.24 - 2.39 (m, 2H), 2.52 - 2.69 (m, 5H), 2.78 - 2.90 (m, 3H),
3.14 - 3.24 (m, 1H), 3.33 - 3.41 (m, 1H), 3.66 - 3.74 (m, 2H), 3.77 - 3.87 (m, 2H), 4.82
(s, 2H), 5.05 - 5.15 (m, 2H), 7.30 - 7.37 (m, 5H), 7.43 - 7.61 (m, 4H), 7.66 - 7.72 (m,
2H), 7.82 - 7.95 (m, 1H), 7.98 - 8.05 (m, 2H), 8.31 (d, J=9.8 Hz, 1H), 12.20 - 12.34 (m,
1H). LCMS (ESI) m/z 810 [M+H]", 808 [M-H]". Rt 0.771 min (LP mode).

Benzyl 4-[{2-[{[3-({3-[1-(4-chlorophenyl)-1H-pyrazole-4-carbonyl]-4,7-dihydro-5H-
thieno[2,3-c]thiopyran-2-yl}carbamoyl)phenyl]methyl} (pentan-3-
yDamino]ethyl}(methyl)amino]-4-oxobutanoate (14ct)

Compound 14ct (50%) was prepared from 13ct in a manner similar to that described
for compound 14at. '"H NMR (400 MHz, CDCls) § 0.88 - 0.98 (m, 6H), 1.30 - 1.51 (m,
4H), 2.25 - 2.39 (m, 2H), 2.52 - 2.76 (m, 9H), 2.78 - 2.91 (m, 3H), 3.16 - 3.22 (m, 1H),
3.32 -3.39 (m, 1H), 3.67 - 3.74 (m, 2H), 3.86 (s, 2H), 5.04 - 5.13 (m, 2H), 7.30 - 7.38
(m, 5H), 7.41 - 7.51 (m, 3H), 7.54 - 7.59 (m, 1H), 7.66 - 7.72 (m, 2H), 7.80 - 7.86 (m,
1H), 7.94 - 8.03 (m, 2H), 8.32 (d, J=9.5 Hz, 1H), 11.87 - 12.01 (m, 1H). LCMS (ESI)
m/z 826 [M+H]", 824 [M-H]". Rt 0.821 min (LP mode).
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Benzyl 4-[{2-[{[3-({6-acetyl-3-[1-(4-chlorophenyl)-1H-pyrazole-4-carbonyl]-4,5,6,7-
tetrahydrothieno[2,3-c]pyridin-2-yl}carbamoyl)phenyl]methyl} (pentan-3-
y)amino]ethyl}(methyl)amino]-4-oxobutanoate (14dt)

Compound 14dt (94%) was prepared from 13dt in a manner similar to that described
for compound 14at. '"H NMR (400 MHz, CDCls) § 0.83 - 1.08 (m, 6H), 1.25 - 1.42 (m,
4H), 2.00 - 2.26 (m, 5H), 2.47 - 2.72 (m, 7H), 2.77 - 3.40 (m, 5H), 3.53 - 3.98 (m, 4H),
4.62 - 4.83 (m, 2H), 5.07 - 5.15 (m, 2H), 7.27 - 7.39 (m, SH), 7.43 - 7.75 (m, 4H), 7.82 -
8.45 (m, 6H), 12.13 - 12.35 (m, 1H). LCMS (ESI) m/z 851 [M+H]", 849 [M-H]. Rt
0.932 min (NM mode).

Benzyl 4-[{2-[{[3-({3-[1-(4-chlorophenyl)-1H-pyrazole-4-carbonyl]-6-
(methanesulfonyl)-4,5,6,7-tetrahydrothieno[2,3-c]pyridin-2-
yl}carbamoyl)phenyl]methyl}(pentan-3-yl)amino]ethyl}(methyl)amino]-4-
oxobutanoate (14et)

Compound 14et (quantitative yield) was prepared from 13et in a manner similar to
that described for compound 14at. 'H NMR (400 MHz, CDCl3) 6 0.93 - 1.09 (m, 6H),
1.33 - 1.47 (m, 4H), 2.30 - 2.81 (m, 9H), 2.91 (s, 3H), 3.04 - 3.25 (m, 5H), 3.38 - 3.53
(m, 2H), 3.86 - 3.94 (m, 2H), 4.45 - 4.56 (m, 2H), 5.08 - 5.15 (m, 2H), 7.30 - 7.40 (m,
5H), 7.43 - 7.90 (m, 4H), 7.96 - 8.13 (m, 3H), 8.16 - 8.43 (m, 3H), 11.81 - 12.25 (m,
1H). LCMS (ESI) m/z 887 [M+H]", 885 [M-H]". Rt 0.977 min (NM mode).

Benzyl 4-[{2-[{[3-({3-[1-(4-chlorophenyl)-1H-pyrazole-4-carbonyl]-6-cyclopropyl-
4,5,6,7-tetrahydrothieno[2,3-c]pyridin-2-yl} carbamoyl)phenyl]methyl}(pentan-3-
yDamino]ethyl}(methyl)amino]-4-oxobutanoate (14ft)

Compound 14ft (quantitative yield) was prepared from 13ft in a manner similar to
that described for compound 14at. 'H NMR (400 MHz, CDCl3) 6 0.86 - 1.13 (m, 10H),
1.37-1.59 (m, 5H), 1.94 - 2.15 (m, 4H), 2.53 - 2.98 (m, 7H), 3.05 - 3.31 (m, 4H), 3.47 -
3.53 (m, 2H), 3.98 - 4.12 (m, 2H), 4.38 - 4.49 (m, 1H), 5.06 - 5.23 (m, 2H), 7.29 - 7.42
(m, 5H), 7.45 - 7.72 (m, 4H), 7.96 - 8.75 (m, 6H), 11.52 - 11.87 (m, 1H). LCMS (ESI)
m/z 849 [M+H]", 847 [M-H]". Rt 0.976 min (NM mode).
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4-[1{2-[{[3-({3-[1-(4-Chlorophenyl)-1H-pyrazole-4-carbonyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-yl}carbamoyl)phenyl]methyl}(pentan-3-
yDamino]ethyl}(methyl)amino]-4-oxobutanoic acid (15at)

A IM sodium hydroxide (NaOH) aqueous solution (5.00 mL, 5.00 mmol) was added
to a solution of 14at (952 mg, 1.18 mmol) in THF (10 mL) and the resulting mixture
was stirred at room temperature for 2 h. The reaction mixture was concentrated under
reduced pressure, and the residue was purified using column chromatography on a silica
gel and eluted with 10% MeOH/CHCI; to yield 15at (707 mg, 84%) as a yellow
amorphous substance. 'H NMR (400 MHz, CDCl3) 6 0.89 - 1.02 (m, 6H), 1.30 - 1.49
(m, 4H), 1.63 - 1.72 (m, 2H), 1.85 - 1.93 (m, 2H), 2.27 - 2.44 (m, 4H), 2.51 - 2.67 (m,
4H), 2.75 - 2.92 (m, 5H), 3.12 - 3.21 (m, 1H), 3.36 - 3.43 (m, 1H), 3.65 - 3.74 (m, 2H),
3.98-4.07 (m, 1H), 7.41 - 7.57 (m, 4H), 7.67 - 7.74 (m, 2H), 7.83 (br d, /= 7.8 Hz, 1H),
7.96 - 8.02 (m, 2H), 8.33 (d, J = 5.9 Hz, 1H), 12.07 (s, 1H). LCMS (ESI) m/z 718
[M+H]", 716 [M-H]". Rt 0.958 min (NM mode). HRMS (ESI/APCI dual) m/z calcd for
C3s8H44CINsOsS [M+H]" 718.2824, found 718.2815.

4-[{2-[{[3-({3-[1-(4-Chlorophenyl)-1H-pyrazole-4-carbonyl]-4,7-dihydro-5H-
thieno[2,3-c]pyran-2-yl}carbamoyl)phenyl]methyl}(pentan-3-
y)amino]ethyl}(methyl)amino]-4-oxobutanoic acid (15bt)

Compound 15bt (64%) was prepared from 14bt in a manner similar to that described
for compound 15at. 'H NMR (400 MHz, DMSO-d6) 6 0.68 - 0.89 (m, 6H), 1.07 - 1.34
(m, 4H), 2.04 - 2.13 (m, 1H), 2.23 - 2.43 (m, 6H), 2.61 - 2.81 (m, 5H), 2.99 - 3.40 (m,
4H), 3.81 (brt, J= 5.5 Hz, 2H), 4.62 (br s, 2H), 7.13 - 7.33 (m, 2H), 7.46 - 7.64 (m, 4H),
7.86 - 7.96 (m, 2H), 8.07 (d, J=2.4 Hz, 1H), 8.96 - 9.03 (m, 1H). LCMS (ESI) m/z 720
[M+H]", 718 [M-H]". Rt 0.827 min (NM mode). HRMS (ESI/APCI dual) m/z calcd for
C37H4CINsO6S [M+H]" 720.2617, found. 720.2614.

4-[{2-[{[3-({3-[1-(4-Chlorophenyl)-1H-pyrazole-4-carbonyl]-4,7-dihydro-5H-

thieno[2,3-c]thiopyran-2-yl}carbamoyl)phenyl]methyl} (pentan-3-
yD)amino]ethyl}(methyl)amino]-4-oxobutanoic acid (15ct)
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Compound 15ct (76%) was prepared from 14ct in a manner similar to that described
for compound 15at. '"H NMR (400 MHz, DMSO-ds) J 0.69 - 0.90 (m, 6H), 1.09 - 1.39
(m, 4H), 2.07 - 2.43 (m, 6H), 2.61 - 2.90 (m, 6H), 3.01 - 3.44 (m, 6H), 3.80 (br s, 2H),
7.14 - 7.67 (m, 6H), 7.86 - 7.99 (m, 2H), 8.06 (s, 1H), 9.01 (d, J= 2.2 Hz, 1H). LCMS
(ESI) m/z 736 [M+H]", 734 [M-H]". Rt 0.671 min (LP mode). HRMS (ESI/APCI dual)
m/z calcd for C37H42CINsOsS, [M+H]" 736. 2389, found. 736.2358.

4-[{2-[{[3-({6-Acetyl-3-[1-(4-chlorophenyl)-1H-pyrazole-4-carbonyl]-4,5,6,7-
tetrahydrothieno|2,3-c|pyridin-2-yl}carbamoyl)phenyl|methyl}(pentan-3-
y)amino]ethyl}(methyl)amino]-4-oxobutanoic acid (15dt)

Compound 15dt (33%) was prepared from 14dt in a manner similar to that described
for compound 15at. '"H NMR (400 MHz, DMSO-de) J 0.71 - 0.90 (m, 6H), 1.16 - 1.42
(m, 5H), 2.07 - 2.43 (m, 10H), 2.63 - 2.86 (m, 4H), 3.09 - 3.24 (m, 2H), 3.44 - 3.56 (m,
2H), 3.60 - 3.70 (m, 2H), 4.61 - 4.73 (m, 2H), 7.34 - 7.63 (m, 6H), 7.86 - 8.01 (m, 2H),
8.07 - 8.16 (m, 1H), 9.07 (d, J = 2.4 Hz, 1H), 11.34 (br s, 1H), 11.80 - 11.99 (m, 1H).
LCMS (ESI) m/z 761 [M+H]", 759 [M-H]. Rt 0.744 min (NM mode). HRMS
(ESI/APCI dual) m/z calcd for C30HasCINgOsS [M+H]" 761. 2883, found. 761.288]1.

4-1{2-[{[3-({3-[1-(4-Chlorophenyl)-1H-pyrazole-4-carbonyl]-6-(methanesulfonyl)-
4,5,6,7-tetrahydrothieno[2,3-c]pyridin-2-yl}carbamoyl)phenyl|methyl}(pentan-3-
yDamino]ethyl}(methyl)amino]-4-oxobutanoic acid (15et)

Compound 15et (34%) was prepared from 14et in a manner similar to that described
for compound 15at. '"H NMR (400 MHz, CDCls) 6 0.81 - 1.04 (m, 6H), 1.34 - 1.56 (m,
6H), 2.26 - 2.38 (m, 2H), 2.52 (br d, J = 6.4 Hz, 1H), 2.58 - 2.83 (m, 7H), 2.91 (s, 3H),
3.14 - 3.25 (m, 1H), 3.33 - 3.48 (m, 3H), 3.71 (br d, /= 4.9 Hz, 2H), 4.52 (s, 2H), 7.44 -
7.60 (m, 3H), 7.66 - 7.75 (m, 2H), 7.81 - 8.04 (m, 4H), 8.33 (d, /= 3.9 Hz, 1H), 12.01 -
12.15 (m, 1H). LCMS (ESI) m/z 797 [M+H]", 795 [M-H]". Rt 0.795 min (NM mode).
HRMS (ESI/APCI dual) m/z caled for CsgHasCINsO7S, [M+H]" 797.2552, found.
797.2566.
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4-[{2-[{[3-({3-[1-(4-Chlorophenyl)-1H-pyrazole-4-carbonyl]-6-cyclopropyl-4,5,6,7-
tetrahydrothieno[2,3-c]pyridin-2-yl}carbamoyl)phenyl]methyl} (pentan-3-
yl)amino]ethyl}(methyl)amino]-4-oxobutanoic acid (15ft)

Compound 15ft (33%) was prepared from 14ft in a manner similar to that described
for compound 15at. '"H NMR (400 MHz, DMSO-de)  0.37 - 0.53 (m, 4H), 0.75 - 0.90
(m, 6H), 1.13 - 1.44 (m, 5H), 1.87 - 1.94 (m, 1H), 2.10 - 2.19 (m, 1H), 2.24 - 2.43 (m,
6H), 2.63 - 2.86 (m, 5H), 3.06 - 3.23 (m, 3H), 3.46 - 3.53 (m, 2H), 3.73 (s, 2H), 7.33 -
7.61 (m, 6H), 7.91 - 7.98 (m, 2H), 8.06 - 8.13 (m, 1H), 9.04 (s, 1H), 11.28 - 11.36 (m,
1H), 11.90 - 12.02 (m, 1H). LCMS (ESI) m/z 759 [M+H]*, 757 [M-H]". Rt 0.630 min
(NM mode). HRMS (ESI/APCI dual) m/z calcd for C4oHa7CIN6OsS [M+H]" 759.3090,
found. 759.3069.

3-[1-(Oxan-2-yl)-1H-pyrazol-4-yl]-3-oxopropanenitrile (17t)

Compound 17t (84%) was prepared from ethyl 1-(oxan-2-yl)-1H-pyrazole-4-
carboxylate 16t in a manner similar to that described for compound 11t. 'H NMR (600
MHz, CDClL3) 6 1.64 - 1.75 (m, 3H), 1.97 - 2.06 (m, 2H), 2.12 - 2.19 (m, 1H), 3.70 -
3.76 (m, 1H), 3.81 (s, 2H), 4.06 - 4.12 (m, 1H), 5.42 (dd, J = 9.3, 2.7 Hz, 1H), 7.99 (s,
1H), 8.25 (s, 1H).

(2-Amino-6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophene-3-yl)[1-(oxan-2-yl)-
1H-pyrazol-4-yljmethanone (18t)

Compound 18t (70%) was prepared from 17t and 4,4-dimethylcyclohexan-1-one in a
manner similar to that described for compound 13at. 'H NMR (400 MHz, CDCls) &
1.00 (s, 6H), 1.36 (t, J = 6.2 Hz, 2H), 1.59 - 1.75 (m, 3H), 1.99 - 2.13 (m, 3H), 2.21 -
2.27 (m, 2H), 2.32 (t, J = 1.6 Hz, 2H), 3.67 - 3.76 (m, 1H), 4.03 - 4.11 (m, 1H), 5.38 -
5.44 (m, 1H), 6.06 (br s, 2H), 7.74 (s, 1H), 7.95 (s, 1H). LCMS (ESI) m/z 360 [M+H]".
Rt 0.718 min (LP mode).

3-(Chloromethyl)-N-{6,6-dimethyl-3-[1-(oxan-2-yl)-1H-pyrazole-4-carbonyl]-
4,5,6,7-tetrahydro-1-benzothiophene-2-yl}benzamide (19t)

Pyridine (1.10 mL, 14.2 mmol) and 3-(chloromethyl)benzoyl chloride (2.02 mL, 14.2
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mmol) were added to a solution of 18t (5.00 g, 13.9 mmol) in CHCl3 (25 mL) at 0 °C.
After stirring at room temperature for 1 h, the reaction mixture was washed with water.
The aqueous layer was separated and extracted with CHCI3 using a phase separator. The
combined organic layer was concentrated. The resulting residue was washed with n-
hexane and then purified using column chromatography on a silica gel and eluted with
5%-20% EtOAc/n-hexane and 0%-20% MeOH/CHCI; to yield 19t as a yellow powder
(5.00 g, 70%). '"H NMR (400 MHz, CDCl3) § 1.04 (s, 6H), 1.44 (t, J = 6.2 Hz, 2H), 1.62
- 1.79 (m, 3H), 2.01 - 2.17 (m, 3H), 2.39 (br t, J = 6.4 Hz, 2H), 2.52 (s, 2H), 3.69 - 3.78
(m, 1H), 4.04 - 4.13 (m, 1H), 4.63 - 4.69 (m, 2H), 5.44 (dd, J= 8.9, 3.1 Hz, 1H), 7.46 -
7.54 (m, 1H), 7.62 (d, J = 8.1 Hz, 1H), 7.81 (s, 1H), 7.89 - 7.93 (m, 1H), 7.98 - 8.02 (m,
1H), 8.05 (s, 1H), 11.94 - 12.05 (m, 1H). LCMS (ESI) m/z 510 [M-H]J". Rt 0.904 min
(LP mode).

Benzyl 4-[{2-[{[3-({6,6-dimethyl-3-[1-(0oxan-2-yl)-1H-pyrazole-4-carbonyl]-4,5,6,7-
tetrahydro-1-benzothiophene-2-yl}carbamoyl)phenyljmethyl} (pentan-3-
yDamino]ethyl}(methyl)amino]-4-oxobutanoate (20t)

Compound 8t (3.92 g, 11.7 mol), Nal (2.20 g, 14.7 mmol) and DIPEA (4.25 mL,
24.4 mmol) were added to a solution of 19t (5.00 g, 9.76 mmol) in MeCN (50 mL). The
mixture was stirred under reflux for 1 h, then quenched with water. The aqueous layer
was separated and extracted with CHCI3 using a phase separator, and the combined
organic layer was concentrated. The resulting residue was washed with n-hexane and
then purified using column chromatography on a silica gel and eluted with 3%
MeOH/CHCI; to yield 20t as a yellow amorphous substance (4.00 g, 51%). '"H NMR
(400 MHz, CDCl3) 6 0.88 - 0.98 (m, 6H), 1.04 (s, 6H), 1.25 - 1.78 (m, 11H), 2.00 - 2.16
(m, 3H), 2.24 - 2.41 (m, 4H), 2.48 - 2.69 (m, 5H), 2.75 - 2.90 (m, 3H), 3.14 - 3.22 (m,
1H), 3.35 (t, /= 7.1 Hz, 1H), 3.67 - 3.77 (m, 3H), 4.07 (br d, J = 12.2 Hz, 1H), 5.04 -
5.12 (m, 2H), 5.42 (dd, J = 8.7, 2.1 Hz, 1H), 7.27 - 7.37 (m, 5H), 7.38 - 7.45 (m, 1H),
7.52 - 7.59 (m, 1H), 7.78 - 7.85 (m, 2H), 7.94 - 8.05 (m, 2H), 11.93 (s, 1H). LCMS
(ESI) m/z 810 [M+H]", 808 [M-H]". Rt 1.083 min (NM mode).
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Benzyl 4-[(2-{[(3-{[6,6-dimethyl-3-(1H-pyrazole-4-carbonyl)-4,5,6,7-tetrahydro-1-
benzothiophene-2-yl]carbamoyl}phenyl)methyl](pentan-3-
y)amino}ethyl)(methyl)amino]-4-oxobutanoate (21t)

Trifluoroacetic acid (TFA) (6.70 mL, 87.1 mmol) was added to a solution of 20t
(4.00 g, 4.90 mmol) in 1,4-dioxane (40 mL) and water (6.7 mL). The mixture was
stirred at 60 °C for 2 h, then quenched with saturated NaHCO3 aqueous solution at 0 °C.
The aqueous layer was extracted with EtOAc, and the combined organic layer was dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified using column chromatography on a silica gel and eluted with 5%
MeOH/CHCI; to yield 21t as a yellow amorphous substance (2.10 g, 59%). '"H NMR
(400 MHz, CDCI3) ¢ 0.88 - 0.98 (m, 6H), 1.04 (s, 6H), 1.29 - 1.51 (m, 6H), 2.25 - 2.45
(m, 4H), 2.51 - 2.69 (m, 7H), 2.78 - 2.88 (m, 3H), 3.17 - 3.23 (m, 1H), 3.34 - 3.40 (m,
1H), 3.70 (d, J = 6.6 Hz, 2H), 5.07 - 5.13 (m, 2H), 7.28 - 7.38 (m, 5H), 7.39 - 7.46 (m,
1H), 7.50 - 7.56 (m, 1H), 7.80 - 8.00 (m, 4H), 10.66 - 10.82 (m, 1H), 11.57 - 12.03 (m,
1H). LCMS (ESI) m/z 726 [M+H]", 724 [M-H]". Rt 0.929 min (NM mode).

4-[{2-[{[3-({3-[1-(4-Chlorophenyl)-1H-pyrazole-4-carbonyl]-6,6-dimethyl-4,5,6,7-
tetrahydro-1-benzothiophene-2-yl}carbamoyl)phenyljmethyl} (pentan-3-
yl)amino]ethyl}(methyl)amino]-4-oxobutanoic acid (23at)

4-Chlorophenylboronic acid 22at (6.00 mg, 38.4 pumol), pyridine (3.30 uL, 41.3
umol), and Cu(OAc), (8.00 mg, 40 umol) were added to a solution of 21t (10.0 mg,
13.7 pmol) in CHCI; (0.10 mL). The mixture was stirred at room temperature for 5 h,
then concentrated under reduced pressure. THF (0.10 mL) and 1M NaOH aqueous
solution (0.10 mL, 0.10 mmol) were then added to the resulting residue, and the mixture
was stirred at 50 °C for 25 min. The mixture was quenched by acetic acid (AcOH) and
diluted with THF and DMSO, and the resulting precipitate was filtered. The resulting
filtrate was purified using reverse-phase preparative HPLC (column, YMC-Actus Triart
5 pm C18 50x30 mm; mobile phase, 0.1% formic acid in H20:0.1% formic acid in
MeCN=80:20 — 5:95 — 1:99, 40 mL/min) to yield 23at (3.50 mg, 35%) as a yellow
powder. 'TH NMR (600 MHz, CDCl3) 6 0.92 (t, J = 7.4 Hz, 3H), 0.98 (t, J= 7.4 Hz, 3H),
1.06 (s, 6H), 1.32 - 1.56 (m, 6H), 2.28 - 2.37 (m, 2H), 2.40 - 2.45 (m, 2H), 2.52 - 2.66
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(m, 7H), 2.81 - 2.92 (m, 3H), 3.14 - 3.19 (m, 1H), 3.37 - 3.41 (m, 1H), 3.68 - 3.73 (m,
2H), 7.42 - 7.56 (m, 4H), 7.70 (dd, J = 8.9, 1.0 Hz, 2H), 7.82 (br d, J = 7.8 Hz, 1H),
7.94 - 8.00 (m, 2H), 8.34 (d, J = 8.7 Hz, 1H), 11.94 - 12.02 (m, 1H). LCMS (ESI) m/z
746 [M+H]", 744 [M-H]". Rt 1.080 min (NM mode). HRMS (ESI/APCI dual) m/z caled
for C4oHasCINsOsS [M+H]" 746. 3137, found 746.3156.

4-1{2-[({3-[(6,6-Dimethyl-3-{1-[3-(trifluoromethyl)phenyl]-1H-pyrazole-4-
carbonyl}-4,5,6,7-tetrahydro-1-benzothiophene-2-
yDcarbamoyl]phenyl}methyl)(pentan-3-yl)amino]ethyl}(methyl)amino]-4-
oxobutanoic acid (23bt)

Compound 23bt (55% over 2 steps) was prepared from 21t and 22bt in a manner
similar to that described for compound 23at. 'H NMR (400 MHz, CDCl3) J 0.90 - 1.00
(m, 6H), 1.06 (s, 6H), 1.32 - 1.56 (m, 6H), 2.28 - 2.45 (m, 4H), 2.52 - 2.66 (m, 7H),
2.80-2.91 (m, 3H), 3.14 - 3.20 (m, 1H), 3.39 (br t, /= 6.6 Hz, 1H), 3.68 - 3.73 (m, 2H),
7.41 - 7.57 (m, 2H), 7.62 - 7.68 (m, 2H), 7.81 - 7.86 (m, 1H), 7.91 - 8.01 (m, 3H), 8.07
(s, 1H), 8.41 - 8.45 (m, 1H), 11.98 - 12.06 (m, 1H). LCMS (ESI) m/z 780 [M+H]", 778
[M-H]. Rt 1.103 min (NM mode). HRMS (ESI/APCI dual) m/z calcd for
C41HasF3Ns0sS [M+H]" 780.3401, found 780.3423.

4-{4-[2-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl} (pentan-3-
yDamino]methyl}benzamido)-6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophene-3-
carbonyl]-1H-pyrazol-1-yl}benzoic acid (23ct)

Compound 23ct (27% over 2 steps) was prepared from 21t and 22¢t in a manner
similar to that described for compound 23at. 'H NMR (400 MHz, CDCl3) 6 0.88 - 1.03
(m, 6H), 1.06 (s, 6H), 1.32 - 1.59 (m, 6H), 2.28 - 2.47 (m, 5H), 2.51 - 2.69 (m, 6H),
2.81-2.93 (m, 3H), 3.15 - 3.21 (m, 1H), 3.37 - 3.43 (m, 1H), 3.68 - 3.74 (m, 2H), 7.40 -
7.59 (m, 3H), 7.82 - 7.89 (m, 2H), 7.94 - 8.03 (m, 2H), 8.15 - 8.24 (m, 2H), 8.41 - 8.46
(m, 1H), 12.02 - 12.09 (m, 1H). LCMS (ESI) m/z 756 [M+H]", 754 [M-H]". Rt 0.880
min (NM mode). HRMS (ESI/APCI dual) m/z calcd for C41H4oNsO7S [M+H]" 756.3425,
found 756.3442.
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3-{4-[2-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yD)amino]|methyl}benzamido)-6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophene-3-
carbonyl]-1H-pyrazol-1-yl}benzoic acid (23dt)

Ethyl 3-iodobenzoate (38.0 mg, 138 umol), cuprous iodide (2.62 mg, 13.8 pumol),
(1R,2R)-N1,N2-dimethylcyclohexane-1,2-diamine (3.92 mg, 27.6 umol), and cesium
carbonate (Cs2CO3) (48.9 mg, 138 umol) were added to a solution of 21t (50.0 mg, 68.9
umol) in DMF (0.50 mL). The mixture was stirred at 60 °C for 6 h and filtered, then the
resulting filtrate was purified using column chromatography on a silica gel and eluted
with 2%-10% MeOH/CHCls. THF (0.20 mL), MeOH (0.20 mL) and a 4M NaOH
aqueous solution (0.10 mL, 0.40 mmol) were added to the resulting product. The
mixture was stirred at 60 °C for 30 min and then concentrated under reduced pressure.
The residue was purified using reverse-phase preparative HPLC (column, YMC-Actus
Triart 5 pm C18 50%30 mm; mobile phase, 0.1% formic acid in H>0:0.1% formic acid
in MeCN=80:20—5:95—1:99, 40 mL/min) to yield 23dt (5.00 mg, 10% over 2 steps)
as a yellow amorphous substance. 'H NMR (400 MHz, CD;0D) 6 0.86 - 0.99 (m, 6H),
1.07 (s, 6H), 1.34 - 1.64 (m, 6H), 2.24 - 2.32 (m, 1H), 2.40 - 2.45 (m, 1H), 2.49 - 2.60
(m, 7H), 2.68 - 2.95 (m, 4H), 3.14 - 3.21 (m, 1H), 3.35 - 3.43 (m, 2H), 3.63 (s, 1H),
3.91 (br s, 1H), 7.38 - 7.82 (m, 6H), 7.96 - 8.08 (m, 3H), 8.39 - 8.46 (m, 1H), 8.73 -
8.79 (m, 1H). LCMS (ESI) m/z 756 [M+H]", 754 [M-H]. Rt 0.880 min (NM mode).
HRMS (ESI/APCI dual) m/z caled for C41HsoNsO7S [M+H]" 756.3425, found 756.3454.

4-12-{[(3-{[3-(1-Benzyl-1H-pyrazole-4-carbonyl)-6,6-dimethyl-4,5,6,7-tetrahydro-
1-benzothiophen-2-yl]carbamoyl} phenyl)methyl](pentan-3-
yDamino}ethyl)(methyl)amino]-4-oxobutanoic acid (25at)

Cs2CO0s3 (18.0 mg, 55.1 umol) and benzyl bromide (6.60 pL, 55.1 mmol) were added
to a solution of 21t (40.0 mg, 55.1 umol) in MeCN (0.20 mL) at 0 °C. The mixture was
stirred at room temperature for 12 h and then purified using column chromatography on
a silica gel and eluted with 0%-100% EtOAc/hexane. The resulting product was taken
up in THF (0.50 mL), and 1M NaOH aqueous solution (0.50 mL, 0.50 mmol) was
added to the solution. The mixture was stirred at room temperature for 2 h and filtered

to remove the insoluble material. The filtrate was purified using reverse-phase
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preparative HPLC (column, YMC-Actus Triart 5 pum C18 50x30 mm; mobile phase,
0.1% formic acid in H>0:0.1% formic acid in MeCN=90:10 — 20:80 — 5:95, 40
mL/min) to yield 25at (21 mg, 52% over 2 steps) as a pale yellow amorphous substance.
"H NMR (600 MHz,CDCls) § 0.88 - 1.02 (m, 12H), 1.32 - 1.57 (m, 6H), 2.27 - 2.35 (m,
4H), 2.46 - 2.54 (m, 3H), 2.56 - 2.69 (m, 4H), 2.80 - 2.91 (m, 3H), 3.13 - 3.18 (m, 1H),
3.38 - 3.43 (m, 1H), 3.69 - 3.73 (m, 2H), 5.34 (s, 2H), 7.28 - 7.45 (m, 6H), 7.50 - 7.55
(m, 1H), 7.70 - 7.73 (m, 1H), 7.77 - 7.81 (m, 1H), 7.82 - 7.84 (m, 1H), 7.93 - 7.98 (m,
1H), 11.82 - 11.92 (m, 1H). LCMS (ESI) m/z 726 [M+H]", 724 [M-H]". Rt 0.920 min
(NM mode). HRMS (ESI/APCI dual) m/z calcd for C41Hsi1NsOsS [M+H]" 726.3684,
found 726.3689.

4-({4-12-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl} (pentan-3-
yDamino]methyl}benzamido)-6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophene-3-
carbonyl]-1H-pyrazol-1-yl}methyl)benzoic acid (25bt)

Compound 25bt (28% over 2 steps) was prepared from 21t in a manner similar to
that described for compound 25at. 'H NMR (600 MHz, CDCl3) 6 0.83 - 1.03 (m, 12H),
1.27 - 1.53 (m, 6H), 2.24 - 2.38 (m, 4H), 2.45 - 2.65 (m, 7H), 2.75 - 2.90 (m, 3H), 3.14 -
3.21 (m, 1H), 3.34 - 3.42 (m, 1H), 3.70 (br s, 2H), 5.41 (br s, 2H), 7.29 - 7.33 (m, 2H),
7.37-7.45 (m, 1H), 7.49 - 7.55 (m, 1H), 7.76 - 7.85 (m, 3H), 7.91 - 7.97 (m, 1H), 7.99 -
8.05 (m, 2H), 11.79 - 11.90 (m, 1H). LCMS (ESI) m/z 770 [M+H]", 768 [M-H]". Rt
0.823 min (NM mode). HRMS (ESI/APCI dual) m/z caled for C42Hs1NsO7S [M+H]"
770.3582, found 770.3601.

3-({4-[2-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino|ethyl}(pentan-3-
yDamino]methyl}benzamido)-6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophene-3-
carbonyl]-1H-pyrazol-1-yl}methyl)benzoic acid (25ct)

Compound 25ct (42% over 2 steps) was prepared from 21t in a manner similar to
that described for compound 25at. 'H NMR (600 MHz, CDCl3) 6 0.87 - 1.03 (m, 12H),
1.30 - 1.58 (m, 6H), 2.27 - 2.40 (m, 4H), 2.47 - 2.66 (m, 7H), 2.76 - 2.88 (m, 3H), 3.12 -
3.17 (m, 1H), 3.30 - 3.36 (m, 1H), 3.69 - 3.73 (m, 2H), 5.42 (d, J = 6.2 Hz, 2H), 7.38 -
7.59 (m, 4H), 7.65 - 7.92 (m, 5H), 7.99 - 8.04 (m, 1H), 11.72 - 11.77 (m, 1H). LCMS
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(ESI) m/z 770 [M+H]", 768 [M-H]". Rt 0.830 min (NM mode). HRMS (ESIAPCI dual)
m/z caled for C42Hs1NsO7S [M+H]" 770.3582, found 770.3605.

4-[{2-[({3-[(6,6-Dimethyl-3-{1-[(4H-1,2,4-triazol-3-yl)methyl]-1 H-pyrazole-4-
carbonyl}-4,5,6,7-tetrahydro-1-benzothiophen-2-
yl)carbamoyl]phenyl}methyl)(pentan-3-yl)amino]ethyl}(methyl)amino]-4-
oxobutanoic acid (26t)

2-lodoacetonitrile (1.24 g, 7.44 mmol) and DIPEA (424 pL, 2.48 mmol) were added
to a solution of 21t (180 mg, 248 umol) in MeCN (4.5 mL). The mixture was stirred at
100 °C for 3 h and concentrated, and the resulting residue was purified using column
chromatography on a silica gel and eluted with 0%-95% EtOAc/n-hexane to yield the
corresponding nitrile (150 mg, 78%) as a brown amorphous substance. Cs2CO3 (1.20
mg, 3.53 umol) was added to a solution of the nitrile (13.5 mg, 17.7 pmol) in MeOH
(0.50 mL), and the mixture was stirred at room temperature for 10 h. The solvent was
removed under reduced pressure, and #-BuOH (0.50 mL) and hydrazinecarboxaldehyde
(1.30 mg, 21.2 umol) were added to the residue; the mixture was then stirred at 120 °C
for 3 h. The solvent was removed under reduced pressure, and THF (0.50 mL) and 2M
NaOH aqueous solution (0.10 pL, 200 umol) were added to the residue; the mixture was
then stirred at 60 °C for 2 h. The solvent was removed under reduced pressure, and the
residue was purified using reverse-phase preparative HPLC (column, YMC-Actus Triart
5 pm C18 50x30 mm; mobile phase, 0.1% formic acid in H20:0.1% formic acid in
MeCN=90:10 — 20:80 — 5:95, 40 mL/min) to yield 26t (1.70 mg, 13% over 2 steps) as
a pale yellow amorphous substance. 'H NMR (600 MHz, CDCls) 6 0.87 - 0.91 (m, 3H),
0.95-0.99 (m, 3H), 1.01 - 1.05 (m, 6H), 1.36 - 1.57 (m, 6H), 2.26 - 2.46 (m, 5H), 2.49 -
2.66 (m, SH), 2.77 - 3.00 (m, 4H), 3.22 - 3.25 (m, 1H), 3.49 - 3.52 (m, 1H), 3.70 - 3.83
(m, 2H), 5.55 (br d, J = 7.0 Hz, 2H), 7.37 - 7.44 (m, 1H), 7.46 - 7.51 (m, 1H), 7.78 -
7.83 (m, 2H), 7.90 - 7.97 (m, 1H), 8.02 - 8.09 (m, 2H), 8.14 - 8.20 (m, 1H), 11.52 -
11.74 (m, 1H). LCMS (ESI) m/z 717[M+H]", 715 [M-H]. Rt 0.701 min (NM mode).
HRMS (ESI/APCI dual) m/z caled for C37HasNgOsS [M+H]" 717.3541, found 717.3547.

Ethyl 1-[4-chloro-3-(trifluoromethyl)phenyl]-1H-pyrazole-4-carboxylate (28t)

70



1-Chloro-4-iodo-2-(trifluoromethyl)benzene (43.7 g, 142 mmol), (1R,2R)-N1,N2-
dimethylcyclohexane-1,2-diamine (3.05 g, 21.4 mmol), cuprous iodide (2.72 g, 14.3
mmol), sodium ascorbate (2.83 g, 14.3 mmol), and sodium carbonate (Na,CO3) (30.3 g,
285 mmol) were added to a solution of 27t (20.0 g, 142 mmol) in DMSO (80 mL) and
the mixture was stirred at 150 °C for 6 h. Next, 10% NaCl aqueous solution and toluene
were added, and the resulting mixture was filtered to remove the insoluble material. The
filtrate was filtered again to remove the insoluble material. The filtrate was extracted
with toluene, and the combined organic layer was washed with 10% NaCl aqueous
solution; then, the organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified using column
chromatography on a silica gel and eluted with 10%-25% EtOAc/n-hexane to yield 28t
as a pale red solid (22.6 g, 50%). 'H NMR (400 MHz, CDCls) 6 1.39 (t, J = 7.1 Hz, 3H),
4.31 - 4.40 (m, 2H), 7.60 - 7.66 (m, 1H), 7.81 - 7.87 (m, 1H), 8.09 (d, J = 2.7 Hz, 1H),
8.12 (s, 1H), 8.43 (s, 1H). LCMS (ESI) m/z 319 [M+H]". Rt 0.786 min (LP mode).

3-{1-[4-Chloro-3-(trifluoromethyl)phenyl|-1H-pyrazol-4-yl}-3-oxopropanenitrile
(29t)

Compound 29t (89%) was prepared from 28t in a manner similar to that described
for compound 11t. '"H NMR (400 MHz, CDCl;) 6 3.88 (s, 2H), 7.67 (d, J = 8.8 Hz, 1H),
7.86 (dd, J = 8.7, 2.6 Hz, 1H), 8.10 (d, J = 2.4 Hz, 1H), 8.19 (s, 1H), 8.57 (s, 1H).
LCMS (ESI) m/z 312 [M+H]". Rt 0.673 min (LP mode).

3-{1-[4-Chloro-3-(trifluoromethyl)phenyl]-1H-pyrazol-4-yl}-3-oxopropanenitrile
(30¢)

Compound 30t (73%) was prepared from 29t and 4,4-dimethylcyclohexan-1-one in a
manner similar to that described for compound 13at. 'H NMR (400 MHz, CDCls) &
1.02 (s, 6H), 1.38 (t,J = 6.4 Hz, 2H), 2.21 - 2.27 (m, 2H), 2.34 (t, /= 1.6 Hz, 2H), 6.33
- 6.39 (m, 2H), 7.59 - 7.65 (m, 1H), 7.80 - 7.85 (m, 1H), 7.90 (s, 1H), 8.10 (d, /=2.4
Hz, 1H), 8.25 (s, 1H). LCMS (ESI) m/z 454 [M+H]". Rt 0.916 min (LP mode).
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Benzyl 4-[{2-[({3-[(3-{1-[4-chloro-3-(trifluoromethyl)phenyl]-1H-pyrazole-4-
carbonyl}-6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-
yl)carbamoyl]phenyl}methyl)(pentan-3-yl)amino]ethyl}(methyl)amino]-4-
oxobutanoate (31t)

Compound 31t (63%) was prepared from 30t in a manner similar to that described
for compound 14at. 'H NMR (400 MHz, CDCls) 6 0.86 - 0.99 (m, 6H), 1.05 (s, 6H),
1.30 - 1.53 (m, 6H), 2.24 - 2.45 (m, 4H), 2.51 - 2.69 (m, 7H), 2.77 - 2.90 (m, 3H), 3.16 -
3.22 (m, 1H), 3.36 (t, J/ = 7.0 Hz, 1H), 3.68 - 3.74 (m, 2H), 5.03 - 5.12 (m, 2H), 7.28 -
7.36 (m, 5H), 7.40 - 7.47 (m, 1H), 7.54 - 7.58 (m, 1H), 7.62 - 7.66 (m, 1H), 7.82 - 7.88
(m, 2H), 7.95 - 8.02 (m, 2H), 8.13 (d, /=2.4 Hz, 1H), 8.36 (d, /= 10.0 Hz, 1H), 12.04 -
12.17 (m, 1H). LCMS (ESI) m/z 904 [M+H]". Rt 0.832 min (LP mode).

4-[{2-1({3-[(3-{1-[4-Chloro-3-(trifluoromethyl)phenyl]-1H-pyrazole-4-carbonyl}-
6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-
yl)carbamoyl]phenyl}methyl)(pentan-3-yl)amino]ethyl}(methyl)amino]-4-
oxobutanoic acid (5t)

Compound 5t (62% over 2 steps) was prepared from 30t in a manner similar to that
described for compound 15at. 'H NMR (400 MHz, CDCl;3) 6 0.89 - 1.00 (m, 6H), 1.06
(s, 6H), 1.30 - 1.55 (m, 6H), 2.29 - 2.44 (m, 4H), 2.48 - 2.66 (m, 7H), 2.79 - 2.92 (m,
3H), 3.13-3.19 (m, 1H), 3.38 (br t, J= 6.6 Hz, 1H), 3.67 - 3.73 (m, 2H), 7.43 - 7.56 (m,
2H), 7.65 (d, J= 8.8 Hz, 1H), 7.80 - 7.85 (m, 1H), 7.88 (dd, J= 8.8, 2.7 Hz, 1H), 7.94 -
8.00 (m, 2H), 8.15 (d, J = 2.7 Hz, 1H), 8.40 - 8.44 (m, 1H), 11.98 - 12.05 (m, 1H).
LCMS (ESI) m/z 814 [M+H]". Rt 0.726 min (LP mode). HRMS (ESI/APCI dual) m/z
caled for C41H47CIF3NsOsS [M+H]" 814. 3011, found 814.3035.

(1r,4r)-4-[{3-[(3-{1-[4-Chloro-3-(trifluoromethyl)phenyl|-1H-pyrazole-4-carbonyl}-
6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-yl)carbamoyl]benzene-1-
sulfonyl}(ethyl)amino]cyclohexane-1-carboxylic acid (32t)

Oxalyl chloride (0.224 mL, 2.64 mmol) was added to a solution of 3-{ethyl[(1r,4r)-4-
(methoxycarbonyl)cyclohexyl]sulfamoyl}benzoic acid (0.489 g, 1.32 mmol) in CHCI3

(5.0 mL), and the mixture was stirred at room temperature for 2 h; then, oxalyl chloride
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(0.224 mL, 2.64 mmol) was again added, and the mixture was stirred at 70 °C for 1 h.
The reaction mixture was concentrated under reduced pressure. Pyridine (0.430 mL,
5.29 mmol) and 30t (400 mg, 0.881 mmol) were then added to a solution of the
resulting residue in CHCI3 (5.0 mL). The reaction mixture was stirred overnight at room
temperature, then concentrated under reduced pressure. The residue was washed with n-
hexane to yield the corresponding methyl ester. Next, 1M NaOH aqueous solution (15.0
mL, 15.0 mmol) was added to a solution of the methyl ester in THF (15 mL) and MeOH
(15 mL), and the mixture was stirred at room temperature for 2 h. The organic solvents
were removed under reduced pressure, and the resulting precipitate was collected by
filtration and washed with isopropyl ether to yield 32t (700 mg, 82%) as a yellow solid.
'H NMR (400 MHz, CDCl3) 6 1.06 (s, 6H), 1.26 (t,J = 7.1 Hz, 3H), 1.47 - 1.68 (m, 7H),
1.77 - 1.83 (m, 2H), 2.02 - 2.10 (m, 2H), 2.18 - 2.27 (m, 1H), 2.40 - 2.46 (m, 2H), 2.53 -
2.57 (m, 2H), 3.25 - 3.32 (m, 2H), 7.63 - 7.68 (m, 2H), 7.87 - 7.91 (m, 1H), 7.94 - 7.97
(m, 1H), 8.04 - 8.08 (m, 1H), 8.14 - 8.18 (m, 2H), 8.43 - 8.45 (m, 1H), 8.46 (s, 1H),
12.31 - 12.34 (m, 1H). LCMS (ESI) m/z 791 [M+H]", 789 [M-H]. Rt 1.038 min (LP
mode). HRMS (ESI/APCI dual) m/z calcd for C37H33CIF3sN4O6S> [M+H]™ 791.1946,
found 791.1957.

4-[{2-[{3-[(3-{1-[|4-Chloro-3-(trifluoromethyl)phenyl]-1H-pyrazole-4-carbonyl}-6,6-
dimethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-yl)carbamoyl]benzene-1-
sulfonyl}(pentan-3-yl)amino]ethyl}(methyl)amino]-4-oxobutanoic acid (33t)
Triethylamine (34.0 pL, 225 pmol) and 3-(chlorosulfonyl)benzoyl chloride (53.0 mg,
223 pmol) in CHCI3 (1.0 mL) were added to a solution of 30t (101 mg, 223 pmol) in
CHCI; (2.0 mL), and the mixture was stirred overnight at room temperature.
Triethylamine (68.0 puL, 450 pmol) and 8t (89.0 mg, 267 umol) in CHCl3 (1.0 mL) were
then added to the resulting mixture. The mixture was stirred at room temperature for 7 h
and concentrated under reduced pressure. The residue was purified using column
chromatography on a silica gel and eluted with 10%-60% EtOAc/n-hexane to yield the
corresponding benzyl ester as a pale yellow amorphous substance (15.0 g, 7.0% over 2
steps). Compound 33t (88%) was then prepared from the benzyl ester in a manner

similar to that described for compound 15at. 'H NMR (400 MHz, CDCls) ¢ 0.73 - 0.81
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(m, 6H), 1.06 (s, 6H), 1.22 - 1.54 (m, 6H), 2.39 - 2.45 (m, 2H), 2.55 (s, 2H), 2.63 - 2.68
(m, 2H), 2.75 - 2.90 (m, 2H), 2.99 - 3.18 (m, 3H), 3.19 - 3.31 (m, 2H), 3.47 - 3.53 (m,
1H), 3.63 - 3.74 (m, 2H), 7.64 - 7.69 (m, 2H), 7.85 - 8.06 (m, 3H), 8.11 - 8.15 (m, 1H),
8.20 - 8.25 (m, 1H), 8.40 (s, 2H), 12.21 (s, 1H). LCMS (ESI) m/z 864 [M+H]", 862 [M-
H]". Rt 1.156 min (LP mode). HRMS (ESI/APCI dual) m/z calcd for C40H4sCIF3NsO7S>
[M+H]" 864. 2474, found 864.2479.

N-(3-{1-|4-Chloro-3-(trifluoromethyl)phenyl]-1H-pyrazole-4-carbonyl}-6,6-
dimethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-yl)-3-[(17-hydroxy-3,6,9,12,15-
pentaoxaheptadecan-1-yl)oxy|benzamide (34t)

SOCl; (43.0 uL, 590 umol) was added to a solution of 3-acetoxybenzoic acid (36.0
mg, 200 pmol) in CHCI3 (1.0 mL). The mixture was then stirred at 70 °C for 2 h and
concentrated under reduced pressure. CHCIz (1.0 mL) and 30t (45.0 mg, 100 umol)
were then added to the resulting residue. The mixture was stirred overnight at room
temperature and concentrated under reduced pressure. The residue was purified using
preparative TLC on a silica gel and eluted with 33% EtOAc/n-hexane to yield the
corresponding acetate as a yellow amorphous substance (60.0 mg, 98%). A 1M NaOH
aqueous solution (500 pL, 500 umol) was then added to a solution of the acetate (60.0
mg, 100 pmol) in THF (0.25 mL) and MeOH (0.25 mL). The mixture was stirred at
room temperature for 10 min. The mixture was concentrated under reduced pressure and
quenched with 1M HCI aqueous solution. The aqueous layer was separated and
extracted with CHCI3; using a phase separator. The combined organic layer was
concentrated under reduced pressure. To a solution of the resulting residue in DMF (2.0
mL) was added Cs2CO3z (95.0 mg, 290 pmol) and 17-hydroxy-3,6,9,12,15-
pentaoxaheptadecyl 4-methylbenzenesulfonate (128 mg, 290 umol). The mixture was
stirred at 100 °C for 2 h and purified using reverse-phase preparative HPLC (column,
YMC-Actus Triart 5 um C18 50x30 mm; mobile phase, 0.1% formic acid in H>0:0.1%
formic acid in MeCN=80:20 — 5:95 — 1:99, 40 mL/min) to yield 34t (52.0 mg, 64%
over 2 steps) as a yellow amorphous substance. 'H NMR (400 MHz, CDCls) 6 1.06 (s,
6H), 1.46 (t, J = 6.4 Hz, 3H), 2.38 - 2.44 (m, 2H), 2.52 - 2.56 (m, 2H), 2.65 - 2.72 (m,
1H), 3.57 - 3.62 (m, 2H), 3.63 - 3.75 (m, 17H), 3.86 - 3.91 (m, 2H), 4.18 - 4.24 (m, 2H),
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7.12 - 7.17 (m, 1H), 7.40 (t, J = 7.9 Hz, 1H), 7.52 - 7.58 (m, 2H), 7.66 (d, J = 8.8 Hz,
1H), 7.86 (dd, J = 8.8, 2.7 Hz, 1H), 7.97 (s, 1H), 8.11 - 8.14 (m, 1H), 8.36 (s, 1H), 12.06
- 12.13 (m, 1H). LCMS (ESI) m/z 838 [M+H]". Rt 1.446 min (NM mode). HRMS
(ESI/APCI dual) m/z caled for C4oHa7CIF3N300S [M+H]* 838. 2746, found 838.2775.

N1-{2-[({3-[(3-{1-[4-Chloro-3-(trifluoromethyl)phenyl]-1H-pyrazole-4-carbonyl}-
6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-

yDcarbamoyl]phenyl} methyl)(pentan-3-yl)amino]ethyl}-N*-(2-{2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy}ethyl)-N!-methylbutanediamide (36at and 36at
hydrochloride)

DIPEA (128 uL, 0.737 mmol), 35at (854 mg, 0.442 mmol) and 1-
[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (HATU) (210 mg, 0.553 mmol) were added to a solution of 5t
(300 mg, 0.368 mmol) in MeCN (1.2 mL). The mixture was stirred at room temperature
for 30 min. The reaction mixture was concentrated under reduced pressure, and the
residue was purified using column chromatography on an NH-silica gel and eluted with
5%-90% EtOH/n-hexane to yield 36at (250 mg, 58%) as a yellow amorphous substance.
'"H NMR (400 MHz, CDCl3) 6 0.85 - 0.98 (m, 6H), 1.00 - 1.09 (m, 6H), 1.27 - 1.55 (m,
7H), 2.27 (td, J= 6.7, 3.8 Hz, 1H), 2.40 - 2.50 (m, 5H), 2.52 - 2.67 (m, 5H), 2.76 - 2.92
(m, 3H), 3.21 - 3.27 (m, 1H), 3.32 - 3.44 (m, 3H), 3.49 - 3.55 (m, 2H), 3.58 - 3.67 (m,
8H), 3.67 - 3.75 (m, 5H), 7.41 - 7.48 (m, 1H), 7.54 - 7.59 (m, 1H), 7.65 (d, J = 8.8 Hz,
1H), 7.81 - 7.90 (m, 2H), 7.95 - 7.99 (m, 2H), 8.12 - 8.17 (m, 1H), 8.40 - 8.45 (m, 1H),
12.02 - 12.09 (m, 1H). LCMS (ESI) m/z 989 [M+H]",987[M-H]". Rt 0.796 min (LP
mode). HRMS (ESI/APCI dual) m/z calcd for CsHesCIF3NcOsS [M+H]"™ 989.4220,
found 989.4232. 4M Hydrogen chloride in 1,4-dioxane (27.8 puL, 111 pmol) was added
to a solution of 36at (100 mg, 97.5 pumol) in 1,4-dioxane (0.40 mL), and the mixture
was stirred at room temperature for 2 h. The mixture was concentrated under reduced
pressure to yield 36at hydrochloride (100 mg, 96%) as a yellow amorphous substance.
"H NMR (400 MHz, CDCls) § 12.04 (s, 1H), 11.73 - 11.81 (m, 1H), 8.39 - 8.44 (m, 2H),
8.11 - 8.14 (m, 1H), 7.98 - 8.05 (m, 3H), 7.85 - 7.89 (m, 1H), 7.62 - 7.67 (m, 2H), 4.38 -
4.45 (m, 1H), 4.21 - 4.28 (m, 1H), 3.99 - 4.08 (m, 1H), 3.83 - 3.92 (m, 1H), 3.71 - 3.76
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(m, 3H), 3.60 - 3.67 (m, 7H), 3.51 - 3.55 (m, 2H), 3.41 (br d, J = 3.9 Hz, 2H), 3.16 -
3.29 (m, 2H), 3.08 (s, 3H), 2.93 - 3.00 (m, 1H), 2.58 - 2.64 (m, 2H), 2.41 - 2.55 (m, SH),
1.87 - 2.15 (m, 5H), 1.67 (td, J = 14.4, 7.1 Hz, 2H), 1.47 (br t, J = 6.2 Hz, 2H), 0.95 -
1.18 (m, 12H). LCMS (ESI) m/z 989 [M+H]",987[M-HJ". Rt 0.798 min (LP mode).

2.44. N1-£2-[({3-[(3-{1-[4-Chloro-3-(trifluoromethyl)phenyl]-1H-pyrazole-4-
carbonyl}-6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-
yDcarbamoyl]phenyl} methyl)(pentan-3-yl)amino]ethyl}-N*-(1-{[2-
(dimethylamino)ethyl]amino}-2-methyl-1-oxopropan-2-yl)-N'-
methylbutanediamide (36bt and 36bt hydrochloride)

Compound 36bt (48%) (36bt hydrochloride [quantitative yield]) was prepared from
5t and 35bt in a manner similar to that described for compound 36at (36at
hydrochloride). "H NMR (400 MHz, CDCl3) 6 0.84 (t, J = 7.3 Hz, 3H), 0.96 (t, J = 7.3
Hz, 3H), 1.02 - 1.09 (m, 6H), 1.34 - 1.51 (m, 12H), 2.16 - 2.25 (m, 8H), 2.38 - 2.48 (m,
5H), 2.51 - 2.66 (m, 5H), 2.74 - 2.94 (m, 4H), 3.23 - 3.27 (m, 1H), 3.38 - 3.44 (m, 1H),
3.69 - 3.76 (m, 4H), 7.31 - 7.56 (m, 3H), 7.63 - 7.69 (m, 1H), 7.77 - 7.91 (m, 2H), 7.98
(s, 1H), 8.11 - 8.17 (m, 1H), 8.38 - 8.45 (m, 1H), 12.04 - 12.14 (m, 1H). LCMS (ESI)
m/z 969 [M+H]" . Rt 0.719 min (LP mode). HRMS (ESI/APCI dual) m/z caled for
Ca9HesCIF3NsOsS [M+H]" 969.4434, found 969.4457. 36bt hydrochloride : 'H NMR
(400 MHz, CDCIl3) 6 11.95 (s, 1H), 10.92 - 11.52 (m, 1H), 8.41 - 8.48 (m, 1H), 8.12 -
8.28 (m, 3H), 7.86 - 8.02 (m, 3H), 7.56 - 7.68 (m, 2H), 4.66 - 4.77 (m, 1H), 4.42 - 4.52
(m, 1H), 4.29 - 437 (m, 1H), 3.72 - 3.77 (m, 1H), 3.62 - 3.69 (m, 2H), 3.34 - 3.48 (m,
2H), 3.20 - 3.30 (m, 2H), 2.90 - 3.12 (m, 4H), 2.68 - 2.87 (m, 7H), 2.41 - 2.57 (m, 5H),
2.05 - 2.26 (m, 2H), 1.62 - 1.67 (m, 6H), 1.46 - 1.55 (m, 6H), 0.81 - 1.08 (m, 12H).
LCMS (ESI) m/z 969 [M+H]" . Rt 0.979 min (NM mode).

1-[{4-[{2-[({3-[(3-{1-[4-Chloro-3-(trifluoromethyl)phenyl]-1H-pyrazole-4-
carbonyl}-6,6-dimethyl-4,5,6,7-tetrahydro-1-benzothiophen-2-
yDcarbamoyl]phenyl}methyl)(pentan-3-yl)amino]ethyl}(methyl)amino]-4-
oxobutanoyl}(methyl)amino]-1-deoxy-D-glucitol (36¢t)
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Compound 36c¢t (39%) was prepared from 5t and 35ct in a manner similar to that
described for compound 36at. 'H NMR (400 MHz, CDCl3) 6 0.84 - 1.11 (m, 12H), 1.33
- 1.68 (m, 6H), 2.00 (s, 1H), 2.38 - 2.55 (m, 5H), 2.64 - 2.78 (m, 3H), 2.96 - 3.21 (m,
5H), 3.52 - 4.11 (m, 15H), 7.43 - 7.67 (m, 3H), 7.81 - 8.03 (m, 4H), 8.11 - 8.18 (m, 1H),
8.39 - 8.48 (m, 1H),11.98 - 12.10 (m, 1H). LCMS (ESI) m/z 991 [M+H]",989[M-H]". Rt
1.009 min (NM mode). HRMS (ESI/APCI dual) m/z calcd for CasHe2CIF3NgO9S
[M+H]" 991.4012, found 991.3993.

H2E

Methyl 4-(2-{4-[(3-amino-6-chloropyridine-2-carbonyl)amino]phenyl}ethyl)
benzoate (8ap)

Methyl 4-[2-(4-aminophenyl)ethyl]benzoate (124 mg, 487 pumol), EDC+-HCI (117

mg, 608 pmol) and HOBt-H>O (93.2 mg, 608 pmol) were added to a solution of 7p

(70.0 mg, 406 pmol) in DMF (2.0 mL). The mixture was stirred at room temperature for
2 d and then at 100 °C for 14 h. The reaction mixture was washed with water and
extracted with EtOAc. The combined organic layer was dried over anhydrous
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was
purified using column chromatography on silica gel and eluted with 50% EtOAc/n-
hexane to yield 8ap (100 mg, 60%) as a yellow amorphous substance. 'H NMR (400
MHz, CDCl3) ¢ 2.87 - 3.02 (m, 4H), 3.90 (s, 3H), 6.09 (br s, 2H), 7.04 (d, J = 8.6 Hz,
1H), 7.14 (d, J = 8.3 Hz, 2H), 7.18 - 7.24 (m, 3H), 7.55 - 7.63 (m, 2H), 7.94 (d, J = 8.1
Hz, 2H), 9.61 - 9.71 (m, 1H). LCMS (ESI) m/z 410 [M+H]". Rt 1.295 min (LP mode).

Methyl 4-{4-[(3-amino-6-chloropyridine-2-carbonyl)amino]phenoxy}benzoate
(8bp)

Compound 8bp (77%) was prepared from 7p and methyl 4-(4-
aminophenoxy)benzoate in a manner similar to that described for compound 8ap. 'H

NMR (400 MHz, CDCl3) 6 ppm 3.90 (s, 3H), 6.01 - 6.17 (m, 2H), 6.94 - 7.02 (m, 2H),
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7.04 - 7.12 (m, 3H), 7.22 (d, J = 8.6 Hz, 1H), 7.69 - 7.75 (m, 2H), 7.97 - 8.04 (m, 2H),
9.70 - 9.76 (m, 1H). LCMS (ESI) m/z 398 [M+H]". Rt 1.231 min (NM mode).

Ethyl 6-{4-[(3-amino-6-chloro-pyridine-2-carbonyl)amino|phenoxy}pyridine-3-
carboxylate (8cp)

Compound 8cp (62%) was prepared from 7p and ethyl 6-(4-aminophenoxy)pyridine-
3-carboxylate in a manner similar to that described for compound 8ap. 'H NMR (400
MHz, CDCI3) 6 1.34 - 1.43 (m, 3H), 4.38 (q, /= 7.2 Hz, 2H), 6.09 (br s, 2H), 6.93 (d, J
= 8.7 Hz, 1H), 7.03 - 7.08 (m, 1H), 7.14 - 7.23 (m, 3H), 7.77 (d, J = 8.7 Hz, 2H), 8.28
(dd, J=8.7,2.2 Hz, 1H), 8.84 (d, /= 2.2 Hz, 1H), 9.70 - 9.80 (m, 1H). LCMS (ESI) m/z
413 [M+H]". Rt 1.182 min (NM mode).

Methyl 6-[[4-[(3-amino-6-chloro-pyridine-2-carbonyl)amino]phenoxy]
methyl]pyridine-3-carboxylate (8dp)

Compound 8dp (40%) was prepared from 7p and methyl 6-[(4-
aminophenoxy)methyl]pyridine-3-carboxylate in a manner similar to that described for
compound 8ap. "H NMR (400 MHz, CDCls) 6 3.97 (s, 3H), 5.27 (s, 2H), 6.04 - 6.12 (m,
2H), 6.97 - 7.06 (m, 3H), 7.17 - 7.22 (m, 1H), 7.59 - 7.67 (m, 3H), 8.30 - 8.35 (m, 1H),
9.20 (d, J = 1.5 Hz, 1H), 9.58 - 9.64 (m, 1H). LCMS (ESI) m/z 413 [M+H]". Rt 1.182
min (NM mode).

Methyl 4-12-(4-{|3-(3-{[(2-{[4-(benzyloxy)-4-oxobutanoyl](methyl)
amino}ethyl)(pentan-3-yl)amino]methyl}benzamido)-6-chloropyridine-2-
carbonyl]amino}phenyl)ethyl]benzoate (9ap)

Pyridine (180 pL, 2.21 mmol) and benzyl 4-[2-[(3-chlorocarbonylphenyl)methyl-(1-
ethylpropyl)amino] ethyl-methyl-amino]-4-oxo-butanoate (647 mg, 1.33 mmol) were
added to a solution of 8ap (200 mg, 443 pumol) in CHCI3 (2.0 mL). The mixture was
stirred overnight at room temperature, then washed with a saturated NaHCO3; aqueous
solution, a saturated ammonium chloride (NH4Cl) aqueous solution and extracted with
CHCIs. The combined organic layer was concentrated under reduced pressure, and the

residue was purified using column chromatography on silica gel and eluted with 50%
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EtOAc/n-hexane to yield 9ap (230 mg, 58%) as a pale brown amorphous substance. 'H
NMR (400 MHz, CDCl3) 0 0.83 - 1.07 (m, 6H), 1.28 - 1.55 (m, 4H), 2.21 - 2.71 (m, 7H),
2.76 - 2.89 (m, 3H), 2.92 - 3.02 (m, 4H), 3.15 - 3.25 (m, 1H), 3.39 (t, J = 7.1 Hz, 1H),
3.74 (d, J = 3.4 Hz, 2H), 3.90 (s, 3H), 5.09 (d, J = 17.1 Hz, 2H), 7.11 - 7.37 (m, 9H),
7.42 - 7.69 (m, 5H), 7.95 (d, J = 8.3 Hz, 3H), 8.06 (br d, J = 11.7 Hz, 1H), 9.33 - 9.45
(m, 1H), 9.98 (s, 1H), 12.85 - 13.02 (m, 1H). LCMS (ESI) m/z 860 [M+H]". Rt 1.169
min (NM mode).

Ethyl 6-(4-{[3-(3-{[(2-{[4-(benzyloxy)-4-0xobutanoyl](methyl)amino}ethyl)
(pentan-3-yl)amino]methyl}benzamido)-6-chloropyridine-2-carbonyl]amino}
phenoxy)pyridine-3-carboxylate (9cp)

Compound 9c¢p (75%) was prepared from 8cp in a manner similar to that described
for compound 9ap. 'H NMR (400 MHz, CDCl3) ¢ 0.91 - 1.00 (m, 6H), 1.34 - 1.53 (m,
7H), 2.27 - 2.67 (m, 7H), 2.79 - 2.89 (m, 3H), 3.15 - 3.23 (m, 1H), 3.37 - 3.43 (m, 1H),
3.72 - 3.77 (m, 2H), 4.33 - 4.44 (m, 2H), 5.05 - 5.11 (m, 2H), 6.96 (d, J = 8.6 Hz, 1H),
7.19 - 7.24 (m, 2H), 7.30 - 7.35 (m, 5H), 7.45 - 7.58 (m, 3H), 7.78 - 7.84 (m, 2H), 7.91 -
7.97 (m, 1H), 8.05 - 8.13 (m, 1H), 8.26 - 8.32 (m, 1H), 8.83 (d, /= 2.2 Hz, 1H), 9.41
(dd, J = 8.9, 4.8 Hz, 1H), 10.06 (s, 1H), 12.90 - 12.96 (m, 1H). LCMS (ESI) m/z 863
[M+H]". Rt 1.134 min (NM mode).

4-12-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yl)amino]methyl}benzamido)-6-chloropyridine-2-
carbonyl]amino}phenyl)ethyl]benzoic acid (10ap)

A 1M NaOH aqueous solution (3.00 mL, 3.00 mmol) was added to a solution of 9ap
(85.0 mg, 98.8 umol) in THF (6.0 mL). The mixture was stirred overnight at room
temperature and purified using reverse-phase preparative HPLC (column, YMC-Actus
Triart 5 um C18 50%30 mm; mobile phase, 0.1% formic acid in H20:0.1% formic acid
in MeCN=90:10 — 20:80 — 5:95, 40 mL/min) to yield 10ap (30.0 mg, 40%) as a
colorless solid. 'H NMR (400 MHz, CDCls) 6 0.83 - 0.98 (m, 6H), 1.25 - 1.55 (m, 4H),
2.23-2.31 (m, 2H), 2.45 - 2.50 (m, 1H), 2.57 - 2.72 (m, 5H), 2.82 - 3.01 (m, 6H), 3.20 -
3.26 (m, 1H), 3.37 - 3.44 (m, 1H), 3.72 - 3.78 (m, 2H), 6.91 - 7.01 (m, 2H), 7.08 (br d, J
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= 8.1 Hz, 2H), 7.43 - 7.66 (m, SH), 7.89 - 8.03 (m, 4H), 9.34 - 9.40 (m, 1H), 9.92 - 9.95
(m, 1H), 12.96 (s, 1H). LCMS (ESI) m/z 756 [M+H]". Rt 0.925 min (NM mode).
HRMS (ESUAPCI dual) m/z caled for CaiHaCINsO; [M+H]® 756.3159, found
756.3165.

Methyl 6-1(4-{[3-(3-{[(2-{[4-(benzyloxy)-4-oxobutanoyl](methyl)amino}ethyl)
(pentan-3-yl)amino]methyl}benzamido)-6-chloropyridine-2-
carbonyl]amino}phenoxy) methyl]pyridine-3-carboxylate (10bp)

Compound 10bp (36% over 2 steps) was prepared from 8bp in a manner similar to
that described for compounds 9ap and 10ap. LCMS (ESI) m/z 744 [M+H]". Rt 0.890
min (NM mode).

6-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl} (pentan-3-
yl)amino]methyl}benzamido)-6-chloropyridine-2-
carbonyl]amino}phenoxy)pyridine-3-carboxylic acid (10cp)

Compound 10cp (53%) was prepared from 9cp in a manner similar to that described
for compound 10ap. 'H NMR (400 MHz, CDCl3) 6 0.88 - 1.06 (m, 6H), 1.34 - 1.58 (m,
4H), 2.29 - 2.38 (m, 2H), 2.50 - 2.74 (m, 5H), 2.80 - 2.91 (m, 3H), 3.16 - 3.21 (m, 1H),
3.42 -3.47 (m, 1H), 3.73 - 3.79 (m, 2H), 6.96 - 7.02 (m, 1H), 7.21 - 7.24 (m, 1H), 7.46 -
7.83 (m, 5H), 7.92 - 7.99 (m, 1H), 8.01 - 8.09 (m, 2H), 8.24 - 8.35 (m, 1H), 8.79 - 8.87
(m, 1H), 9.36 - 9.43 (m, 1H), 10.01 - 10.10 (m, 1H), 12.90 - 12.96 (m, 1H). LCMS
(ESI) m/z 745 [M+H]", 743 [M-H]". Rt 0.825 min (NM mode).

Methyl 6-[(4-{[3-(3-{[(2-{[4-(benzyloxy)-4-0xobutanoyl](methyl)amino}ethyl)
(pentan-3-yl)amino]methyl}benzamido)-6-chloropyridine-2-
carbonyl]amino}phenoxy) methyl|pyridine-3-carboxylate (10dp)

Compound 10dp (34% over 2 steps) was prepared from 8dp in a manner similar to
that described for compounds 9ap and 10ap. 'H NMR (400 MHz, CDCls) § 0.75 - 1.01
(m, 6H), 1.25 - 1.58 (m, 4H), 2.29 - 2.77 (m, 7H), 2.80 - 2.99 (m, 3H), 3.25 - 3.34 (m,
1H), 3.49 - 3.57 (m, 1H), 3.72 - 3.85 (m, 2H), 5.30 - 5.40 (m, 2H), 6.94 - 7.04 (m, 2H),
7.43 -7.71 (m, 5H), 7.87 - 8.00 (m, 2H), 8.30 - 8.39 (m, 1H), 9.17 - 9.24 (m, 1H), 9.34 -
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9.40 (m, 1H), 9.86 - 9.95 (m, 1H), 12.91 - 13.06 (m, 1H). LCMS (ESI) m/z 759 [M+H]",
757 [M-HJ". Rt 0.816 min (NM mode).

4-12-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yDamino]methyl}benzamido)-6-(piperidin-1-yl)pyridine-2-carbonyl]amino}phenyl)
ethyl]benzoic acid (11ap)

A solution of 10ap (30.0 mg, 39.7 umol) in piperidine (1.0 mL) was stirred at 100 °C
under microwave irradiation for 30 min and then at 120 °C for 3 h. The mixture was
purified using reverse-phase preparative HPLC (column, YMC-Actus Triart 5 um C18
50%30 mm; mobile phase, 0.1% formic acid in H>0:0.1% formic acid in MeCN = 90:10
— 20:80 — 5:95, 40 mL/min) to yield 11ap (23.0 mg, 72%) as a yellow solid. 'H NMR
(400 MHz, CDCl3) 0 0.83 - 1.00 (m, 6H), 1.25 - 1.57 (m, 6H), 1.70 (br s, 4H), 2.38 -
2.45 (m, 3H), 2.57 - 2.61 (m, 2H), 2.64 - 2.71 (m, 3H), 2.82 - 3.02 (m, 7H), 3.18 - 3.25
(m, 1H), 3.41 - 3.46 (m, 1H), 3.53 - 3.59 (m, 3H), 3.71 - 3.80 (m, 2H), 6.95 - 7.16 (m,
4H), 7.42 - 7.61 (m, 4H), 7.90 - 8.06 (m, 5H), 9.08 - 9.14 (m, 1H), 10.14 (s, 1H),12.56 -
12.65 (m, 1H). LCMS (ESI) m/z 805 [M+H]". Rt 1.037 min (NM mode). HRMS
(ESI/APCI dual) m/z caled for C4sHssNeO7 [M+H]™ 805.4283, found 805.4290.

4-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yDamino]methyl}benzamido)-6-(piperidin-1-yl)pyridine-2-
carbonyl]amino}phenoxy) benzoic acid (11bp)

Compound 11bp (78%) was prepared from 10bp in a manner similar to that
described for compound 11ap. '"H NMR (400 MHz, CDCls) 6 0.88 - 1.04 (m, 6H), 1.30
- 1.61 (m, 6H), 1.71 (br s, 4H), 2.29 - 2.36 (m, 2H), 2.54 - 2.68 (m, 5H), 2.80 - 2.91 (m,
3H), 3.12 - 3.20 (m, 1H), 3.39 - 3.45 (m, 1H), 3.54 - 3.59 (m, 3H), 3.71 - 3.77 (m, 3H),
6.95 - 7.16 (m, 5H), 7.38 - 7.59 (m, 2H), 7.72 (t, J = 8.8 Hz, 2H), 7.89 - 8.09 (m, 4H),
9.14 (d,J=9.3 Hz, 1H), 10.21 - 10.29 (m, 1H), 12.53 - 12.61 (m, 1H). LCMS (ESI) m/z
793 [M+H]". Rt 1.014 min (NM mode). HRMS (ESI/APCI dual) m/z caled for
C44H5:N6Os [M+H]" 793.3919, found 793.3924.
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6-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl} (pentan-3-
yD)amino]|methyl}benzamido)-6-(piperidin-1-yl)pyridine-2-
carbonyl]amino}phenoxy) pyridine-3-carboxylic acid (11cp)

Compound 11cp (38%) was prepared from 10cp in a manner similar to that described
for compound 11ap. '"H NMR (400 MHz, CDCl3) § 0.88 - 1.05 (m, 6H), 1.28 - 1.58 (m,
6H), 1.71 (br s, 4H), 2.31 - 2.35 (m, 2H), 2.51 - 2.70 (m, 6H), 2.79 - 2.90 (m, 3H), 3.14
- 3.21 (m, 1H), 3.40 - 3.46 (m, 1H), 3.56 (br s, 3H), 3.74 (s, 2H), 6.94 - 7.04 (m, 2H),
7.16 - 7.23 (m, 1H), 7.44 - 7.55 (m, 2H), 7.70 - 7.79 (m, 2H), 7.90 - 7.97 (m, 1H), 8.01 -
8.08 (m, 2H), 8.25 - 8.34 (m, 1H), 8.80 - 8.86 (m, 1H), 9.08 - 9.18 (m, 1H), 10.22 -
10.30 (m, 1H), 12.54 - 12.63 (m, 1H). LCMS (ESI) m/z 794 [M+H]". Rt 0.945 min (N\M
mode). HRMS (ESI/APCI dual) m/z caled for C43Hsi1N7Og [M+H]" 794.3872, found
794.3872.

6-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yD)amino]|methyl}benzamido)-6-(piperidin-1-yl)pyridine-2-
carbonyl]amino}phenoxy) pyridine-3-carboxylic acid (11dp)

Compound 11dp (28%) was prepared from 10dp in a manner similar to that
described for compound 11ap. 'H NMR (400 MHz, DMSO-de) J 0.71 - 0.96 (m, 6 H),
1.20 - 1.54 (m, 6H), 1.56 - 1.67 (m, 4H), 2.18 - 2.43 (m, 6H), 2.60 - 2.67 (m, 2H), 2.69 -
2.89 (m, 3H), 3.10 - 3.19 (m, 2H), 3.55 - 3.64 (m, 3H), 3.69 - 3.78 (m, 2H), 5.23 (s, 2H),
7.01 -7.07 (m, 1H), 7.21 - 7.26 (m, 1H), 7.45 - 7.68 (m, 4H), 7.77 - 7.82 (m, 1H), 7.91 -
8.00 (m, 1H), 8.24 (s, 3H), 8.89 - 9.00 (m, 2H), 10.31 (s, 1H), 12.44 - 12.51 (m, 1H).
LCMS (ESI) m/z 808 [M+H]', 806 [M-H]. Rt 0.931 min (NM mode). HRMS
(ESI/APCI dual) m/z caled for C44Hs3N7Og [M+H]™ 808.4028, found 808.4033.

4-12-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
y)amino]methyl}benzamido)-6-methoxypyridine-2-carbonyl]amino}phenyl)ethyl]
benzoic acid (12ap)

MeOH (0.3 mL), (1R,2R)-N,N'-dimethyl-1,2-cyclohexanediamine (1.86 mg, 13.1
umol), NaxCOs (3.70 mg, 34.9 umol) and cuprous iodide (1.66 mg, 8.72 umol) were
added to a solution of 9ap (15.0 mg, 17.4 pmol) in DMSO (1.0 mL). The mixture was
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stirred at 150 °C for 2.5 h, then washed with a saturated NH4Cl aqueous solution and
brine and extracted with EtOAc. The combined organic layer was dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified using column chromatography on an NH-silica gel and eluted with 50%
EtOAc/n-hexane to yield methyl 4-[2-(4-{[6-methoxy-3-(3-{[{2-[(4-methoxy-4-
oxobutanoyl)(methyl)amino]ethyl} (pentan-3-yl)amino]methyl} benzamido)pyridine-2-

carbonyl]amino} phenyl)ethyl]benzoate (9.90 mg, 73%) as a colorless oil. LCMS (ESI)
m/z 780 [M+H]', 778 [M-H]. Rt 1.026 min (NM mode). Next, a solution of the
resulting methoxypyridine (9.90 mg, 13.0 umol) in THF (1.0 mL) and MeOH (0.3 mL)
was prepared and a 1M NaOH aqueous solution (300 pL, 300 umol) was added. The
mixture was stirred overnight at room temperature and concentrated under reduced
pressure. The residue was purified using reverse-phase preparative HPLC (column,
YMC-Actus Triart 5 pum C18 50%30 mm; mobile phase, 0.1% formic acid in H20:0.1%
formic acid in MeCN=90:10 — 20:80 — 5:95, 40 mL/min) to yield 12ap (7.4 mg, 78%)
as a colorless solid. "H NMR (400 MHz, DMSO-ds) ¢ 0.80 - 0.97 (m, 6H), 1.24 - 1.35
(m, 2H), 1.45 - 1.55 (m, 2H), 2.19 - 2.42 (m, 8H), 2.69 - 3.00 (m, 8H), 3.69 - 3.79 (m,
2H), 4.05 (s, 3H), 7.19 - 7.38 (m, 5H), 7.51 - 7.72 (m, 4H), 7.81 - 7.87 (m, 2H), 7.97 -
8.05 (m, 1H), 8.15 - 8.19 (m, 1H), 9.08 - 9.15 (m, 1H), 10.36 - 10.44 (m, 1H), 12.53 -
12.60 (m, 1H). LCMS (ESI) m/z 752 [M+H]", 750 [M-H]". Rt 0.871 min (NM mode).
HRMS (ESI/APCI dual) m/z caled for C42HsoNsOg [M+H]" 752.3654, found 752.3653.

4-12-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yl)amino]methyl}benzamido)-6-(2-methoxyethoxy)pyridine-2-carbonyl]amino}
phenyl)ethyl]benzoic acid (12bp)

Compound 12bp (25% over 2 steps) was prepared from 9ap and 2-methoxyethanol
in a manner similar to that described for compound 12ap. '"H NMR (400 MHz, CD;0D)
0 0.89 - 1.06 (m, 6H), 1.39 - 1.49 (m, 2H), 1.58 - 1.69 (m, 2H), 2.32 - 2.53 (m, 5H),
2.72 - 3.15 (m, 9H), 3.36 - 3.52 (m, 6H), 3.79 - 3.92 (m, 3H), 4.57 - 4.63 (m, 2H), 7.15 -
7.32 (m, 4H), 7.48 - 7.69 (m, 4H), 7.88 - 7.98 (m, 3H), 8.09 - 8.15 (m, 1H), 8.33 (s, 1H),
9.19 - 9.24 (m, 1H). LCMS (ESI) m/z 796 [M+H]", 794 [M-H]". Rt 0.849 min (NM
mode). HRMS (ESI/APCI dual) m/z caled for C44Hs3NsOo [M+H]" 796.3916, found.

83



4-12-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yl)amino]methyl}benzamido)-6-(dimethylamino)pyridine-2-
carbonyl]amino}phenyl) ethyl]benzoic acid (12¢p)

Compound 12¢p (17% over 2 steps) was prepared from 9ap and dimethylamine in a
manner similar to that described for compound 12ap. 'H NMR (400 MHz, CD;0D) &
0.89 - 1.07 (m, 6H), 1.40 - 1.51 (m, 2H), 1.58 - 1.72 (m, 2H), 2.51 (s, 5H), 2.72 - 2.80
(m, 2H), 2.88 - 3.05 (m, 7H), 3.17 (s, 6H), 3.44 - 3.55 (m, 2H), 3.81 (s, 1H), 3.94 - 4.01
(m, 1H), 7.00 (d, J =9.5 Hz, 1H), 7.13 - 7.30 (m, 4H), 7.55 - 7.68 (m, 3H), 7.87 - 7.99
(m, 3H), 8.07 - 8.15 (m, 1H), 8.24 (s, 1H), 8.97 - 9.03 (m, 1H). LCMS (ESI) m/z 765
[M+H]", 763 [M-H]". Rt 0.898 min (NM mode). HRMS (ESI/APCI dual) m/z calcd for
C43H5:N6O7 [M+H]" 765.3970, found 765.3979.

4-12-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
y)amino]|methyl}benzamido)-6-(morpholin-4-yl)pyridine-2-
carbonyl]amino}phenyl) ethyl]benzoic acid (13ap)

Compound 13ap (34%) was prepared from 10ap and morpholine in a manner similar
to that described for compound 11ap. 'H NMR (400 MHz, CDCl3) 6 0.84 - 1.01 (m,
6H), 1.29 - 1.44 (m, 2H), 1.47 - 1.60 (m, 2H), 2.31 - 2.35 (m, 1H), 2.42 - 2.45 (m, 1H),
2.58 -2.72 (m, 5H), 2.77 - 3.02 (m, 6H), 3.18 - 3.29 (m, 1H), 3.37 - 3.46 (m, 2H), 3.48 -
3.56 (m, 3H), 3.57 - 3.69 (m, 2H), 3.70 - 3.81 (m, 2H), 3.86 - 3.95 (m, 3H), 6.89 - 7.22
(m, SH), 7.41 - 7.63 (m, 4H), 7.90 - 8.07 (m, 4H), 9.17 - 9.25 (m, 1H), 10.01 - 10.07 (m,
1H), 12.62 - 12.73 (m, 1H). LCMS (ESI) m/z 807 [M+H]", 805 [M-H]". Rt 0.877 min
(NM mode). HRMS (ESI/APCI dual) m/z calcd for CssHssNe¢Og [M+H]" 807.4076,
found 807.4104.

4-12-(4-{[3-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yDamino]methyl}benzamido)-6-(4-methylpiperazin-1-yl)pyridine-2-
carbonyl]amino}phenyl)ethyl]benzoic acid (13bp)

Compound 13bp (38%) was prepared from 10ap and 1-methylpiperazine in a
manner similar to that described for compound 11ap. '"H NMR (400 MHz, CDCls) &
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0.73 - 1.10 (m, 6H), 1.29 - 1.59 (m, 4H), 2.38 - 2.40 (m, 1H), 2.54 (s, 8H), 2.75 - 3.05
(m, 8H), 3.16 - 3.24 (m, 1H), 3.49 (s, 6H), 3.59 - 3.81 (m, SH), 6.84 - 7.18 (m, SH),
7.35 - 7.63 (m, 4H), 7.86 - 8.02 (m, 3H), 8.15 (s, 1H), 9.18 (br dd, J= 9.2, 2.1 Hz, 1H),
9.97 (s, 1H), 12.65 (s, 1H). LCMS (ESI) m/z 807 [M+H]", 805 [M-HJ". Rt 0.877 min
(NM mode). HRMS (ESIAPCI dual) m/z caled for CaHs7N,O; [M+H]™ 820.4392,
found 820.4378.

tert-Butyl 4-(2-{4-[(3-amino-6-chloropyridine-2-carbonyl)amino]phenyl}ethyl)
benzoate (14p)

Compound 14p (60%) was prepared from 7 and fert-butyl 4-(4-
aminophenethyl)benzoate in a manner similar to that described for compound 8ap. 'H
NMR (400 MHz, CDCl3) 6 1.52 (s, 9H), 2.35 - 3.00 (m, 4H), 6.08 (br s, 2H), 7.00 - 7.25
(m, 6H), 7.55 - 7.65 (m, 2H), 7.85 - 7.95 (m, 2H), 9.69 (s, 1H).

tert-Butyl 4-12-(4-{[3-(3-{[(2-{|4-(benzyloxy)-4-oxobutanoyl](methyl)amino}
ethyl)(pentan-3-yl)amino]methyl}benzamido)-6-chloropyridine-2-carbonyl]amino}
phenyl)ethyl]benzoate (15p)

Compound 15p (58%) was prepared from 14p in a manner similar to that described
for compound 9ap. 'H NMR (400 MHz, CDCls) 6 0.90 - 1.00 (m, 6H), 1.30 - 1.51 (m,
4H), 1.59 (s, 9H), 2.26 - 2.41 (m, 2H), 2.54 - 2.68 (m, 5H), 2.78 - 2.89 (m, 3H), 2.91 -
3.00 (m, 4H), 3.12 - 3.24 (m, 1H), 3.32 - 3.43 (m, 1H), 3.66 - 3.78 (m, 2H), 5.05 - 5.15
(m, 2H), 7.15 - 7.23 (m, 4H), 7.28 - 7.37 (m, 5H), 7.45 - 7.67 (m, 5SH), 7.86 - 7.97 (m,
3H), 8.02 - 8.16 (m, 1H), 9.40 (dd, J = 8.9, 4.5 Hz, 1H), 9.89 - 10.03 (m, 1H), 12.97 (br
d, J=9.8 Hz, 1H). LCMS (ESI) m/z 902 [M+H]". Rt 0.992 min (LP mode).

4-12-{[(3-{[2-{[4-(2-{4-[(Methanesulfonyl)carbamoyl|phenyl}ethyl)phenyl]
carbamoyl}-6-(piperidin-1-yl)pyridin-3-yljcarbamoyl}phenyl)methyl](pentan-3-
yDamino}ethyl)(methyl)amino]-4-oxobutanoic acid (16ap)

Tert-butyl 4-[2-(4-{[3-(3-{[(2-{[4-(benzyloxy)-4-oxobutanoyl](methyl)amino}ethyl)
(pentan-3-yl)amino]methyl} benzamido)-6-(piperidin-1-yl)pyridine-2-carbonyl]amino}
phenyl)ethyl]benzoate (34%) was prepared from 15p in a manner similar to that
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described for compound 11ap. LCMS (ESI) m/z 951 [M+H]". Rt 1.319 min (NM mode).
The resulting intermediate (232 mg, 244 umol) in CHCI; (3.0 mL) was then used. TFA
(2.0 mL) was added, and the mixture was stirred at room temperature for 1 h and
concentrated under reduced pressure; then, the residue was azeotroped twice with
toluene and 3 times with IPE to yield a mono-carboxylic acid intermediate (306 mg) as
a yellow amorphous substance, which was used without further purification. LCMS
(ESI) m/z 895 [M+H]", 893 [M-H]. Rt 1.141 min (NM mode). The resulting
intermediate (30.0 mg, 33.5 umol) in CHCI3 (170 pL) was used in the next step.
Methanesulfonamide (6.38 mg, 67.0 umol), EDC-HCI (15.4 mg, 80.4 umol) and N,N-
dimethyl-4-aminopyridine (DMAP) (9.83 mg, 80.4 umol) were added, and the mixture
was stirred overnight at room temperature and at 60 °C for 30 min. Next,
methanesulfonamide (6.38 mg, 67.0 umol), EDC-HCI (15.4 mg, 80.4 umol) and N,N-
dimethyl-4-aminopyridine (DMAP) (9.83 mg, 80.4 umol) were added to the reaction
mixture. The mixture was stirred at 60 °C for 20 min and washed with a saturated
NH4Cl aqueous solution and extracted with CHCl;. The combined organic layer was
concentrated under reduced pressure to yield a methanesulfonyl amide intermediate,
which was used without further purification. 16ap (25% over 3 steps) was prepared
from the resulting methanesulfonyl amide intermediate in a manner similar to that
described for compound 10ap. 'H NMR (400 MHz, CDCls) 6 0.85 - 1.06 (m, 6 H), 1.29
- 1.77 (m, 10H), 2.25 - 2.47 (m, 3H), 2.50 - 2.72 (m, 4H), 2.76 - 2.89 (m, 3H), 2.92 -
3.04 (m, 4H), 3.17 - 3.25 (m, 1H), 3.34 - 3.46 (m, 4H), 3.55 (br s, 4H), 3.69 - 3.78 (m,
2H), 6.92 - 7.12 (m, 3H), 7.13 - 7.23 (m, 2H), 7.36 - 7.66 (m, 4H), 7.71 - 7.82 (m, 2H),
7.87 - 7.97 (m, 1H), 8.04 (br d, J = 6.6 Hz, 1H), 9.04 - 9.17 (m, 1H), 10.17 (s, 1H),
12.45 - 12.65 (m, 1H). LCMS (ESI) m/z 882 [M+H]", 880 [M-H]. Rt 0.953 min (NM
mode). HRMS (ESI/APCI dual) m/z calcd for C47HsoN70sS [M+H]" 882.4219, found
882.4204.

4-[Methyl(2-{[(3-{[2-{[4-(2-{4-[(methylsulfamoyl)carbamoyl]phenyl}ethyl)
phenyl]carbamoyl}-6-(piperidin-1-yl)pyridin-3-
ylJcarbamoyl}phenyl)methyl](pentan-3-yl)amino}ethyl)amino]-4-oxobutanoic acid
(16bp)
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Compound 16bp (7.8% over 4 steps) was prepared from 15p and
(sulfamoylamino)methane in a manner similar to that described for compound 16ap. 'H
NMR (400 MHz, CDCI3) 0 0.88 - 1.04 (m, 6H), 1.37 - 1.74 (m, 10H), 2.33 - 2.75 (m,
10H), 2.78 - 2.89 (m, 3H), 2.91 - 3.03 (m, 4H), 3.16 - 3.24 (m, 1H), 3.43 (brt, J = 6.5
Hz, 1H), 3.55 (br s, 4H), 3.68 - 3.78 (m, 2H), 6.94 - 7.23 (m, 5H), 7.39 - 7.62 (m, 4H),
7.72 - 7.80 (m, 2H), 7.87 - 7.96 (m, 1H), 8.03 (br d, /= 8.6 Hz, 1H), 9.05 - 9.16 (m, 1H),
10.17 (s, 1H), 12.49 - 12.64 (m, 1H). LCMS (ESI) m/z 897 [M+H]", 895 [M-H]". Rt
0.944 min (NM mode). HRMS (ESI/APCI dual) m/z caled for C47HeoNsOsS [M+H]"
897.4328, found 897.4314.

tert-Butyl 4-12-(4-{[3-(3-{ethyl[(1r,4r)-4-(methoxycarbonyl)cyclohexyl]
sulfamoyl}benzamido)-6-(piperidin-1-yl)pyridine-2-carbonyl]amino}phenyl)
ethyl]benzoate (17p)

Compound 17p (53% over 2 steps) was prepared from 14p and methyl (1r,4r)-4-{[3-
(chlorocarbonyl)benzene-1-sulfonyl](ethyl)amino}cyclohexane-1-carboxylate in a
manner similar to that described for compounds 9ap and 11ap. '"H NMR (400 MHz,
CDCl3) 6 1.19 - 1.34 (m, 4H), 1.42 - 1.53 (m, 4H), 1.57 - 1.62 (m, 9H), 1.67 - 1.77 (m,
7H), 1.96 - 2.02 (m, 2H), 2.11 - 2.20 (m, 1H), 2.91 - 3.01 (m, 4H), 3.29 - 3.38 (m, 2H),
3.54 - 3.72 (m, 7H), 7.00 (d, J = 9.5 Hz, 1H), 7.14 - 7.23 (m, 4H), 7.53 - 7.69 (m, 3H),
7.89 (d, J = 8.3 Hz, 2H), 7.98 - 8.28 (m, 3H), 8.53 (s, 1H), 9.11 (d, J = 9.3 Hz, 1H),
10.14 - 10.22 (m, 1H), 12.83 - 12.92 (m, 1H). LCMS (ESI) m/z 874 [M+Na]". Rt 1.308
min (LP mode).

4-12-(4-{[3-{3-[(4-Carboxycyclohexyl)(ethyl)sulfamoyl]|benzamido}-6-(piperidin-1-
yDpyridine-2-carbonyl]amino}phenyl)ethyl]benzoic acid (18p)

A mono-carboxylic acid intermediate was prepared from 17p in a manner similar to
that described for compound 10ap. LCMS (ESI) m/z 860 [M+Na]’, 836 [M-H]. Rt
1.253 min (LP mode). The resulting intermediate (30.0 mg, 35.8 umol) in CHCI3 (1.0
mL) was used in the next step. TFA (500 puL) was added, and the mixture was stirred at
room temperature for 30 min and concentrated under reduced pressure; then, the residue

was purified using reverse-phase preparative HPLC (column, YMC-Actus Triart 5 um
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C18 50x30 mm; mobile phase, 0.1% formic acid in H20:0.1% formic acid in
MeCN=80:20 — 5:95 — 1:99, 40 mL/min) to yield 18p (6.70 mg, 24% over 2 steps) as
a yellow solid. 'H NMR (400 MHz, DMSO-de) 6 1.11 - 1.21 (m, 3H), 1.25 - 1.68 (m,
11H), 1.79 - 1.95 (m, 2H), 2.05 - 2.17 (m, 1H), 2.85 - 3.04 (m, 4H), 3.24 - 3.28 (m, 4H),
3.62 (br s, 4H), 7.14 - 7.39 (m, 5H), 7.59 - 7.70 (m, 2H), 7.78 - 7.89 (m, 3H), 8.03 -
8.13 (m, 1H), 8.15 - 8.21 (m, 1H), 8.29 - 8.37 (m, 1H), 8.85 (d, /= 9.3 Hz, 1H), 10.36
(s, 1H), 12.49 - 12.59 (m, 1H). LCMS (ESI) m/z 782 [M+H]", 780 [M-H]". Rt 1.077 min
(LP mode). HRMS (ESI/APCI dual) m/z caled for C4Hs7NsOgS [M+H]"™ 782.3218,
found 782.3219.

4-|Ethyl(3-{[2-{[4-(2-{4-[(methylsulfamoyl)carbamoyl|phenyl} ethyl)phenyl]
carbamoyl}-6-(piperidin-1-yl)pyridin-3-ylJcarbamoyl}benzene-1-sulfonyl)amino]
cyclohexane-1-carboxylic acid (19p)

Compound 19p (30%, over 3 steps) was prepared from 17p in a manner similar to
that described for compound 16bp (steps b, ¢, d). 'H NMR (400 MHz, DMSO-ds) 6
1.11 - 1.24 (m, 3H), 1.25 - 1.71 (m, 10H), 1.80 - 1.94 (m, 2H), 2.03 - 2.17 (m, 1H), 2.86
-3.02 (m, 3H), 3.23 - 3.32 (m, 9H), 3.54 - 3.70 (m, 4H), 7.18 - 7.44 (m, 5H), 7.61 - 7.73
(m, 2H), 7.76 - 7.91 (m, 3H), 8.05 - 8.21 (m, 2H), 8.29 - 8.40 (m, 1H), 8.81 - 8.91 (m,
1H), 10.33 - 10.43 (m, 1H), 11.59 - 11.74 (m, 1H), 11.98 - 12.11 (m, 1H), 12.48 - 12.59
(m, 1H). LCMS (ESI) m/z 874 [M+H]", 872 [M-H] . Rt 1.004 min (LP mode). HRMS
(ESI/APCI dual) m/z calcd for C43HsiN7OoS, [M+H]" 874.3262, found 874.3258.

4-{2-14-({3-[3-(Ethyl{4-[(methylsulfamoyl)carbamoyl]|cyclohexyl}sulfamoyl)
benzamido]-6-(piperidin-1-yl)pyridine-2-carbonyl}amino)phenyl]ethyl}benzoic
acid (20ap)

Compound 20ap (20%, over 3 steps) was prepared from 17p in a manner similar to
that described for compounds 10ap, 16bp (step c), and 18p (step d). 'H NMR (400
MHz, DMSO-de) 6 1.07 - 1.23 (m, 3H), 1.34 - 1.83 (m, 11H), 2.04 - 2.19 (m, 2H), 2.33
-2.44 (m, 3H), 2.88 - 3.02 (m, 3H), 3.20 - 3.30 (m, 6H), 3.52 - 3.71 (m, 4H), 7.14 - 7.42
(m, 5H), 7.60 - 7.72 (m, 2H), 7.75 - 7.93 (m, 3H), 8.04 - 8.12 (m, 1H), 8.13 - 8.22 (m,
1H), 8.30 - 8.39 (m, 1H), 8.81 - 8.92 (m, 1H), 10.37 (s, 1H), 12.55 (s, 1H). LCMS (ESI)
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m/z 874 [M+H]", 872 [M-H] . Rt 1.036 min (LP mode). HRMS (ESI/APCI dual) m/z
calcd for C43Hs1N700S> [M+H]" 874.3262, found 874.3258.

4-{2-|4-({3-[3-(ethyl{4-[(2-{2-[2-(2-hydroxyethoxy)ethoxy]ethoxy}ethyl)
carbamoyl]cyclohexyl}sulfamoyl)benzamido]-6-(piperidin-1-yl)pyridine-2-
carbonyl}amino)phenyl]ethyl}benzoic acid (20bp)

A 1M NaOH aqueous solution (1.00 mL, 1.00 mmol) was added to a solution of 17p
(100 mg, 117 pmol) in THF (2.0 mL) and MeOH (1.0 mL). The mixture was stirred
overnight at room temperature and quenched with a 2M HCI aqueous solution. The
aqueous layer was extracted with CHCl; using a phase separator. The combined organic
layer was concentrated to yield a mono-carboxylic acid intermediate, which was used
without further purification. 2-{2-[2-(2-Aminoethoxy)ethoxy]ethoxy}ethan-1-ol (34.0
mg, 176 pmol), 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium
3-oxide hexafluorophosphate (HATU) (66.9 mg, 176 umol) and DIPEA (61.3 pL, 352
umol) were then added to the mono-carboxylic acid intermediate (resulting from the
previous step) in DMF (1.0 mL). The mixture was stirred overnight at room temperature
and washed with a saturated NaHCO3 aqueous solution and a saturated NH4Cl aqueous
solution and extracted with EtOAc. The combined organic layer was concentrated under
reduced pressure to yield an amide intermediate, which was used without further
purification. 20bp (quantitative yield over 3 steps) was prepared from the resulting
amide intermediate in a manner similar to that described for compound 18p (step d). 'H
NMR (400 MHz, DMSO-ds) 6 1.12 - 1.23 (m, 3H), 1.32 - 1.75 (m, 13H), 1.93 - 2.07 (m,
1H), 2.87 - 3.02 (m, 4H), 3.10 - 3.20 (m, 2H), 3.24 - 3.51 (m, 20H), 3.62 (br s, 4H), 7.21
- 7.38 (m, 4H), 7.63 - 7.74 (m, 3H), 7.77 - 7.89 (m, 3H), 8.06 - 8.12 (m, 1H), 8.17 (br d,
J=17.8 Hz, 1H), 8.33 (s, 1H), 8.86 (d, J = 9.5 Hz, 1H), 10.37 (s, 1H), 12.55 (s, 1H). 1*C
NMR (126 MHz, DMSO-ds) 0 17.5, 24.1, 25.0, 28.6, 29.9, 36.0, 36.9, 38.4, 38.5, 42.6,
45.9, 57.1, 60.2, 69.0, 69.5, 69.7, 69.7, 69.8, 72.3, 112.5, 121.2, 124.8, 128.2, 128.6,
128.6, 129.3, 129.7, 130.5, 130.6, 131.5, 135.1, 135.4, 137.6, 142.1, 146.6, 153.8, 162.6,
165.6, 167.3, 174.4. LCMS (ESI) m/z 957 [M+H]", 955 [M-H]. Rt 0.995 min (LP
mode). HRMS (ESI/APCI dual) m/z caled for CsoHeaNe¢O11S [M+H]" 957.4427, found
957.4421.

89



B3
2-Cyano-N-phenylacetamide (8ai)
To a solution of aniline (5.00 g, 53.7 mmol) in DMF (40 mL) was added 2-

cyanoacetic acid (4.57 g, 53.7 mmol) and EDC-HCI (12.4 g, 64.4 mmol). The mixture

was stirred at room temperature for 30 min, followed by the addition of water, and the
resulting precipitate was collected by filtration to obtain 8ai (7.70g, 90%) as a colorless
solid. '"H NMR (400 MHz, CDCl3) 6 3.56 (s, 2H), 7.16 - 7.24 (m, 1H), 7.34 - 7.40 (m,
2H), 7.50 (d, J = 7.8 Hz, 2H), 7.66 (br s, 1H). LCMS (ESI) m/z 159 [M-H]". Rt 0.560
min (NM mode).

Ethyl 4-{[4-(2-cyanoacetamido)phenyl]methyl}benzoate (8bi)

Compound 8bi (77%) was prepared from 7bi in a manner similar to that described for
8ai. 'H NMR (400 MHz, CDCls) 6 1.38 (t, J = 7.2 Hz, 3H), 3.55 (s, 2H), 4.01 (s, 2H),
4.36 (q,J=17.1 Hz, 2H), 7.17 (d, J = 8.3 Hz, 2H), 7.23 (d, J= 8.6 Hz, 2H), 7.43 (d, J =
8.6 Hz, 2H), 7.66 (br s, 1H), 7.96 (d, J = 8.3 Hz, 2H). LCMS (ESI) m/z 321 [M-H]". Rt
0.997 min (NM mode).

Methyl 4-{3-[4-(2-cyanoacetamido)phenyl]propyl}benzoate (8ci)

Compound 8ci (94%) was prepared from 7¢i in a manner similar to that described for
8ai. 'H NMR (400 MHz, CDCl3) 6 1.91 - 2.00 (m, 2H), 2.60 - 2.72 (m, 4H), 3.55 (s,
2H), 3.90 (s, 3H), 7.16 (d, J= 8.3 Hz, 2H), 7.23 (d, /= 8.3 Hz, 2H), 7.41 (d, /= 8.3 Hz,
2H), 7.72 (br s, 1H), 7.95 (d, J = 8.3 Hz, 2H). LCMS (ESI) m/z 337 [M+H]", 335 [M-
HJ". Rt 0.781 min (LP mode).

2-Cyano-2-(2-nitrophenyl)-N-phenylacetamide (9ai)

To a solution of 8ai (834 mg, 5.21 mmol) in DMF (10 mL) was added sodium
hydride (208 mg) under ice cooling and the mixture was stirred at room temperature for
30 min. Then, 1-fluoro-2-nitrobenzene (565 mg, 5.21 mmol) was added and the mixture

was stirred at the same temperature for 2 h. IM HCI aqueous solution was added, and
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the mixture was extracted with EtOAc. The combined organic layer was dried over
anhydrous magnesium sulfate, and filtered and concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel and eluted with 0-
50% EtOAc/n-hexane to afford 9ai (795 mg, 71%) as a yellow solid. '"H NMR (400
MHz, CDCl3) 6 5.71 (s, 1H), 7.13 - 7.21 (m, 1H), 7.33 (t, J = 7.8 Hz, 2H), 7.48 (d, J =
7.8 Hz, 2H), 7.60 - 7.67 (m, 1H), 7.79 (td, J = 7.8, 1.0 Hz, 1H), 7.92 (dd, /= 7.8, 1.0 Hz,
1H), 8.14 - 8.24 (m, 2H). LCMS (ESI) m/z 280 [M-H]". Rt 0.904 min (NM mode).

Ethyl 4-({4-|2-cyano(2-nitrophenyl)acetamido]|phenyl} methyl)benzoate (9bi)
Compound 9bi (51%) was prepared from 8bi in a manner similar to that described for
9ai. '"H NMR (400 MHz, CDCl3) 6 1.37 (t,J = 7.1 Hz, 3H), 3.99 (s, 2H), 4.35 (q, J= 7.1
Hz, 2H), 5.69 (s, 1H), 7.14 (d, /= 8.3 Hz, 2H), 7.20 (d, J= 8.3 Hz, 2H), 7.41 (d, /= 8.3
Hz, 2H), 7.60 - 7.67 (m, 1H), 7.75 - 7.82 (m, 1H), 7.89 - 7.97 (m, 3H), 8.06 (br s, 1H),
8.15 - 8.20 (m, 1H). LCMS (ESI) m/z 444 [M+H]", 442 [M-H]. Rt 1.166 min (NM

mode).

Methyl 4-(3-{4-[2-cyano(2-nitrophenyl)acetamido|phenyl} propyl)benzoate (9ci)

Compound 9ci (53%) was prepared from 8ci in a manner similar to that described for
9ai. 'H NMR (400 MHz, CDCl3) 6 1.88 - 1.99 (m, 2H), 2.57 - 2.70 (m, 4H), 3.90 (s,
3H), 5.70 (s, 1H), 7.13 (d, J = 8.3 Hz, 2H), 7.22 (d, /= 8.3 Hz, 2H), 7.40 (d, /= 8.3 Hz,
2H), 7.60 - 7.67 (m, 1H), 7.79 (td, J= 7.6, 1.2 Hz, 1H), 7.89 - 7.97 (m, 3H), 8.05 (s, 1H),
8.15 - 8.20 (m, 1H). LCMS (ESI) m/z 458 [M+H]". Rt 1.281 min (NM mode).

2-Amino-N-phenyl-1H-indole-3-carboxamide (10ai)

To a solution of 9ai (795 mg, 2.83 mmol) in toluene (2.0 mL) and AcOH (2.0 mL)
was added zinc (739 mg, 11.3 mmol), and the mixture was stirred at 90 °C for 1h. it was
then cooled to room temperature, followed by addition of EtOAc and filtration through
a pad of Celite®, and the filtrate was concentrated under reduced pressure. The resulting
solid was washed with acetone to obtain 10ai (95.0 mg, 13%) as a light purple solid. 'H
NMR (400 MHz, CDCl3) 0 5.96 - 6.05 (m, 2H), 7.05 - 7.14 (m, 2H), 7.18 - 7.22 (m, 2H),
7.34 - 7.40 (m, 2H), 7.49 (d, J = 8.1 Hz, 1H), 7.55 (br s, 1H), 7.59 - 7.64 (m, 2H), 7.75
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(br's, 1H). LCMS (ESI) m/z 252 [M+H]", 250 [M-HJ". Rt 0.873 min (NM mode).

Ethyl 4-({4-[(2-amino-1H-indole-3-carbonyl)amino]phenyl} methyl)benzoate (10bi)

Compound 10bi (46%) was prepared from 9bi in a manner similar to that described
for 10ai. "H NMR (400 MHz, CDCls) § 1.38 (t, J = 7.1 Hz, 3H), 4.02 (s, 2H), 4.36 (q, J
=7.1 Hz, 2H), 5.96 - 6.03 (m, 2H), 7.05 - 7.10 (m, 1H), 7.15-7.29 (m, 6H), 7.46 (d, J =
7.6 Hz, 1H), 7.49 - 7.55 (m, 3H), 7.76 - 7.81 (br, s, 1H), 7.94 - 7.99 (m, 2H). LCMS
(ESI) m/z 414 [M+H]" ,412 [M-H]". Rt 1.161 min (NM mode).

Methyl 4-(3-{4-|(2-amino-1H-indole-3-carbonyl)amino|phenyl}propyl)benzoate
(10ci)

Compound 10ci (59%) was prepared from 9eci in a manner similar to that described
for 10ai. '"H NMR (400 MHz, CDCl3) 6 1.97 (s, 2H), 2.61 - 2.75 (m, 4H), 3.90 (s, 3H),
5.97 - 6.03 (m, 2H), 7.05 - 7.10 (m, 1H), 7.15 - 7.26 (m, 6H), 7.44 - 7.54 (m, 4H), 7.83
(brs, 1H), 7.96 (d, J = 8.3 Hz, 2H). LCMS (ESI) m/z 428 [M+H]". Rt 1.305 min (N\M

mode).

Methyl 4-(3-{4-[(1H-indole-3-carbonyl)amino]phenyl}propyl)benzoate (11i)

To a solution of 1H-indole-3-carboxylic acid (250 mg, 1.55 mmol) in MeCN (5.2
mL) was added DIPEA (811 pL, 4.65 mmol), methyl 4-[3-(4-aminophenyl)
propyl]benzoate (501 mg, 1.86 mmol), and 1-[Bis(dimethylamino)methylene]-1H-1,2,3-
triazolo[4,5-b]pyridinium 3-Oxide Hexafluorophosphate (HATU) (885 mg, 2.33 mmol).
The mixture was stirred at room temperature for 18 h. The reaction mixture was washed
with saturated NaHCO3 aqueous solution. The aqueous layer was extracted with EtOAc
using a phase separator. The combined organic layer was concentrated, then the residue
was purified by column chromatography on silica gel and eluted with 10-100%
EtOAc/n-Hexane to obtain 11i (500 mg, 78%) as a brown solid. 'H NMR (400 MHz,
CDCl3) 0 1.92 - 2.02 (m, 2H), 2.61 - 2.73 (m, 4H), 3.90 (s, 3H), 7.17 (d, /= 8.3 Hz, 2H),
7.23 - 7.33 (m, 4H), 7.42 - 7.48 (m, 1H), 7.55 - 7.60 (m, 2H), 7.71 (s, 1H), 7.83 (d, J =
2.9 Hz, 1H), 7.93 - 7.99 (m, 2H), 8.03 - 8.08 (m, 1H), 8.92 (br, s, 1H). LCMS (ESI) m/z
413 [M+H]". Rt 1.161 min (NM mode).
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Methyl 4-|3-(4-{|2-(benzylamino)-1H-indole-3-carbonyl]amino}phenyl)propyl]
benzoate (12i)

To a solution of 11i (100mg, 242umol) in CHCIl; (1.0 mL) was added N-
chlorosuccinimide (35.6 mg, 267 pumol) and triethylamine (33.8 pL, 242 umol) under
ice cooling. The mixture was stirred at the same temperature for 30 min, followed by
the addition of benzylamine (53.0 puL, 485 pmol). The mixture was stirred at the same
temperature for 30 min. The reaction mixture was washed with saturated aqueous
ammonium chloride (NH4Cl) solution. The aqueous layer was extracted with CHCI3
using a phase separator. The combined organic layer was concentrated, then the residue
was purified by column chromatography on silica gel and eluted with 5-40% EtOAc/n-
Hexane to obtain 12i (110 mg, 88%) as a white solid. 'H NMR (400 MHz, CDCls) §
1.92 - 2.01 (m, 2H), 2.61 - 2.74 (m, 4H), 3.90 (s, 3H), 4.57 (d, J = 5.9 Hz, 2H), 6.98 -
7.04 (m, 1H), 7.10 (d, J = 7.6 Hz, 1H), 7.15 - 7.25 (m, 4H), 7.31 - 7.48 (m, 8H), 7.49 -
7.54 (m, 2H), 7.62 (br s, 1H), 7.94 - 7.98 (m, 2H), 8.43 (br t, / = 5.9 Hz, 1H). LCMS
(ESI) m/z 518 [M+H]", 516 [M+H]". Rt 1.369 min (NM mode).

Methyl 4-(3-{4-|(2-amino-1H-indole-3-carbonyl)amino|phenyl}propyl)benzoate
(10ci) (alternative method)

To a solution of 12i (110 mg, 213 pmol) in MeOH (1.0 mL) was added 10%
palladium on activated carbon (110 mg) and the mixture was stirred at room
temperature for 1h under hydrogen atmosphere. The mixture was filtered through a pad
of Celite®, and the filtrate was concentrated under reduced pressure to obtain 10c¢i (95
mg, quantitative yield) as a white powder. '"H NMR (400 MHz, CDCls) 6 1.97 (s, 2H),
2.61 - 2.75 (m, 4H), 3.90 (s, 3H), 5.97 - 6.03 (m, 2H), 7.05 - 7.10 (m, 1H), 7.15 - 7.26
(m, 6H), 7.44 - 7.54 (m, 4H), 7.83 (br s, 1H), 7.96 (d, J = 8.3 Hz, 2H). LCMS (ESI) m/z
428 [M+H]". Rt 1.305 min (NM mode).

4-[3-(4-{[2-(3-{[(1r,4r)-4-Carboxycyclohexyl](ethyl)sulfamoyl}benzamido)-1H-
indole-3-carbonyl]amino}phenyl)propyl]benzoic acid (14i)
To a solution of 13i (108 mg, 292 umol) in CHCI3 (5.0 mL) was added thionyl
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chloride (SOCIly) (127 pL, 1.75 mmol). The mixture was stirred under reflux for 1 h and
concentrated under reduced pressure. To a solution of the residue in CHCl3 (5.0 mL)
was added 10ci (25.0 mg, 58.4 umol) and DIPEA (51.0 pL, 293 umol). The mixture was
stirred overnight at room temperature and for 4 h under reflux, then washed with
saturated NaHCO3 aqueous solution and extracted with CHCls. The organic layer was
washed with saturated aqueous NH4Cl solution and concentrated under reduced
pressure. To the residue was added MeOH (1.0 mL), THF (2.0 mL) and 1M sodium
hydroxide (NaOH) aqueous solution (2.00 mL, 2.00 mmol). The mixture was stirred at
80 °C for 2 h and concentrated under reduced pressure, then the residue was purified by
reversed-phase preparative HPLC (column, YMC-Actus Triart 5 pm C18 50x30 mm;
mobile phase, 0.1% formic acid in H>0:0.1% formic acid in MeCN=80:20 — 5:95 —
1:99, 40 mL/min) to obtain the 14i (15.0 mg, 34% over 2 steps) as a yellow oil. 'H
NMR (400 MHz, DMSO-ds) J 1.15 (br t, J = 6.8 Hz, 3H), 1.21 - 1.55 (m, 6H), 1.80 -
1.97 (m, 4H), 2.57 - 2.73 (m, 4H), 3.14 - 3.27 (m, 3H), 3.55 - 3.70 (m, 1H), 7.07 - 7.22
(m, 3H), 7.32 - 7.47 (m, 3H), 7.64 - 7.82 (m, 3H), 7.85 - 7.90 (m, 2H), 7.93 - 8.52 (m,
5H), 12.26 - 12.53 (m, 2H). '3C NMR (126 MHz, DMSO-de) § 17.4, 28.1, 29.5, 32.4,
34.1,34.6, 38.3,41.1,56.4,112.5, 119.0, 121.4, 125.0, 128.2, 128.3, 128.5, 129.4, 130.4,
130.6, 130.8, 132.7, 133.6, 136.5, 137.1, 140. 5, 147.3, 162.1, 164.7, 167.3,176.1.
LCMS (ESI) m/z 428 [M+H]". Rt 1.305 min (NM mode). Purity 100%. HRMS
(ESI/APCI dual) m/z calcd for C41H4N4OsS [M+H]" 751.2796, found 751.2805.

4-[3-(4-{[2-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(pentan-3-
yDamino]methyl}benzamido)-1H-indole-3-carbonyl]amino}phenyl)propyl]benzoic
acid (5i and 5i hydrochloride)

To a solution of 15i (619 mg, 1.32 mmol) in CHCI; (2.0 mL) was added SOCI.
(949 L, 13.0 mmol) and the mixture was stirred at 80 °C for 1 h. The reaction mixture
was concentrated under reduced pressure to obtain the corresponding acid chloride as a
crude product, which was used without further purification. To a solution of the
resulting acid chloride in CHCl3 (2.0 mL) was added 10ci (100 mg, 234 pmol) and
DIPEA (407 pL, 302 umol). The reaction mixture was stirred overnight at room

temperature, then concentrated under reduced pressure. The residue was purified by
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reversed-phase preparative HPLC (column, YMC-Actus Triart 5 um C18 50%30 mm;
mobile phase, 0.1% formic acid in H>0:0.1% formic acid in MeCN=80:20 — 5:95 —
1:99, 40 mL/min) to obtain the corresponding amide (120mg, 58%) as a brown oil.
LCMS (ESI) m/z 774 [M+H]". Rt 0.936 min (NM mode). To a solution of the resulting
amide (120 mg, 137 umol) in THF (3.0 mL) was added 1M NaOH aqueous solution
(1.00 mL, 1.00 mmol) and the mixture was stirred overnight at room temperature, and
then at 60 °C for 2 h. The reaction mixture was concentrated under reduced pressure,
then the residue was purified by reversed-phase preparative HPLC (column, YMC-
Actus Triart 5 pm C18 50%30 mm; mobile phase, 0.1% formic acid in H20:0.1% formic
acid in MeCN=90:10 — 20:80 — 5:95, 40 mL/min) to obtain 5i (40 mg, 38%) as a pale
yellow amorphous substance. 'H NMR (400 MHz, CDCls) § 0.87 - 1.05 (m, 6H), 1.31 -
1.60 (m, 4H), 1.95 - 2.05 (m, 2H), 2.27 - 2.37 (m, 2H), 2.51 - 2.77 (m, 9H), 2.81 - 2.93
(m, 3H), 3.15 - 3.22 (m, 1H), 3.40 - 3.47 (m, 1H), 3.74 (s, 2H), 7.16 - 7.35 (m, 6H),
7.45 -7.62 (m, 4H), 7.62 - 7.69 (m, 1H), 7.72 - 7.77 (m, 1H), 7.88 - 8.07 (m, 4H), 11.24
(br s, 1H), 12.23 - 12.35 (m, 1 H). '3C NMR (126 MHz, DMSO-ds) 6 11.9, 22.2, 22.6,
22.8, 26.7, 27.7, 28.9, 32.3, 33.3, 34.2, 34.6, 35.3, 46.5, 47.7, 48.9, 53.8, 54.1, 62.8,
63.7, 67.2, 92.7, 115.6, 118.7, 120.9, 125.4, 127.2, 128.2, 128.4, 128.3, 128.9, 129.4,
132.4, 136.7, 147.4, 162.9, 165.5, 167.2, 170.3, 170.5, 173.8,173.9. LCMS (ESI) m/z
774 [M+H]". Rt 0.936 min (NM mode). Purity 100%. HRMS (ESI/APCI dual) m/z
calcd for C4sHsNsO7 [M+H]" 774.3861, found 774.3828. To a solution of 5 (40.0 mg,
51.7 umol) in 1,4-dioxane (1.0 mL) was added 4M HCI in 1,4-dioxane (25.8 uL, 103
pmol) and the mixture was stirred at room temperature for 15 min. The mixture was
concentrated under reduced pressure, and IPE was added to the residue. The mixture
was stirred at room temperature for 10 min and concentrated under reduced pressure to
obtain 5i hydrochloride (40.0 mg, 96%) as a yellow amorphous substance. 'H NMR
(500 MHz, DMSO-ds) 6 0.84 - 1.01 (m, 6H), 1.60 - 2.07 (m, 6H), 2.41 - 2.46 (m, 2H),
2.51-2.55 (m, 2H), 2.59 - 2.71 (m, 4H), 2.77 - 3.03 (m, 4H), 3.13 - 3.23 (m, 1H), 3.33 -
3.83 (m, 3H), 4.47 - 4.70 (m, 2H), 7.14 - 7.40 (m, 6H), 7.60 - 8.08 (m, 9H), 8.22 - 8.31
(m, 1H), 9.34 (s, 1H), 9.76 (br s, 1H), 12.29 - 12.44 (m, 2H). *C NMR (126 MHz,
DMSO-d6) 0 11.1, 21.2, 21.6, 27.6 , 28.7, 32.4, 34.1, 34.6, 35.7, 44.1, 48.6, 54.0, 66.1,
93.4,112.6, 119.0, 121.2, 121.5, 121.7, 122.4, 128.0, 128.2, 128.4, 128.5, 129.3, 129.8,
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130.4, 131.6, 132.7, 133.3, 135.4, 136.5, 137.1, 140.8, 147.4, 163.7, 165.4, 167.3, 173.3,
173.8. LCMS (ESI) m/z 774 [M+H]". Rt 0.926 min (NM mode). Purity 97.8%. HRMS
(ESI/APCI dual) m/z caled for C4sHs1NsO7 [M+H]" 774.3861, found 774.3872.

4-[Methyl(2-{(pentan-3-yl)[(3-{[3-(phenylcarbamoyl)-1H-indol-2-
ylJcarbamoyl}phenyl)methyl]amino}ethyl)amino]-4-oxobutanoic acid (16i)

Compound 16i (4.5% over 2 steps) was prepared from 15i and 10ai in a manner
similar to that described for 5i. "H NMR (400 MHz, DMSO-ds) ¢ 0.80 - 0.90 (m, 6H),
1.22 - 1.36 (m, 2H), 1.43 - 1.57 (m, 2H), 2.21 - 2.48 (m, 6H), 2.57 - 2.67 (m, 1H), 2.68 -
2.88 (m, 3H), 3.15 - 3.40 (m, 2H), 3.70 - 3.78 (m, 2H), 6.90 - 7.00 (m, 2H), 7.31 (s, 6H),
7.77 (br d, J = 8.1 Hz, 1H), 8.00 - 8.31 (m, 4H), 8.56 - 8.65 (m, 1H), 12.25 (br s, 1H).
BC NMR (126 MHz, DMSO-d6) § 11.9, 22.3, 22.6, 26.9, 27.7, 28.9, 33.4, 35.3, 46.5,
47.6, 48.7, 53.8, 54.1, 62.8, 63.7, 92.7, 112.6, 118.9, 121.2, 122.3, 123.4, 125.5, 127.3,
128.4, 128.9, 132.7, 132.9, 138.8, 142.0, 165.6, 170.4,173.8. LCMS (ESI) m/z 612
[M+H]", 610 [M+H]". Rt 0.811 min (NM mode). Purity 100%. HRMS (ESI/APCI dual)
m/z caled for C3sH41NsOs [M+H]" 612.3180, found 612.318]1.

4-|Methyl(2-{(pentan-3-yl)[(3-{[3-(phenylcarbamoyl)-1H-indol-2-
ylJcarbamoyl}phenyl)methyl]amino}ethyl)amino]-4-oxobutanoic acid (17i)
Compound 17i (12% over 2 steps) was prepared from 15i and 10bi in a manner similar
to that described for 5. '"H NMR (400 MHz, CDs0D) 6 0.86 - 1.05 (m, 6H), 1.31 - 1.47
(m, 2H), 1.51 - 1.65 (m, 2H), 2.29 - 2.54 (m, 6H), 2.65 - 2.93 (m, 4H), 3.39 - 3.51 (m,
2H), 3.82 (br d, J=7.1 Hz, 2H), 3.95 - 4.08 (m, 2H), 7.09 - 7.35 (m, 6H), 7.49 - 7.66 (m,
5H), 7.83 - 7.97 (m, 4H), 8.07 - 8.14 (m, 1H). *C NMR (126 MHz, DMSO-d6) 6 11.9,
22.3, 22.6, 26.9, 27.7, 28.9, 28.9, 33.4, 35.3, 40.4, 46.5, 47.6, 48.7, 53.8, 54.1, 62.8,
63.7,92.7, 118.8, 121.3, 125.5, 127.3, 128.5, 128.7, 128.8, 129.5, 132.6, 146.8, 163.0,
165.5,167.2,170.4, 170.5, 173.8, 173.9. LCMS (ESI) m/z 746 [M+H]", 744 [M+H]". Rt
0.842 min (NM mode). Purity 100%. HRMS (ESI/APCI dual) m/z calcd for C43H47NsO7
[M+H]" 746.3548, found 746.3541.
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Methyl 4-{3-[4-({2-[3-(chloromethyl)benzamido]-1H-indole-3-
carbonyl}amino)phenyl]propyl}benzoate (18i)

To a solution of 10ci (113 mg, 264 pmol) in CHCl3 (5.0 mL) was added 3-
(chloromethyl)benzoyl chloride (100 mg, 529 umol) and pyridine (42.6 uL, 529 umol).
The mixture was stirred overnight at room temperature, then concentrated under
reduced pressure. Water was added to the residue, and the mixture was extracted with
EtOAc. The combined organic layer was dried over anhydrous magnesium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel and eluted with 0%-30% EtOAc/n-hexane to obtain 18i
(111 mg, 72%) as a yellow solid. 'H NMR (400 MHz, CDCl3) § 1.94 - 2.05 (m, 2H),
2.63 - 2.77 (m, 4H), 3.91 (s, 3H), 4.69 (s, 2H), 7.21 - 7.37 (m, 5H), 7.46 - 7.59 (m, 4H),
7.67 (d, J = 7.6 Hz, 2H), 7.74 (s, 1H), 7.93 - 8.11 (m, 4H), 11.17 (br s, 1H), 12.37 (s,
1H). LCMS (ESI) m/z 580 [M+H]", 578 [M-H]". Rt 1.115 min (LP mode).

Methyl 4-{3-[4-({2-[3-({|2-(methylamino)ethyl] (pentan-3-
yDamino}methyl)benzamido]-1H-indole-3-
carbonyl}amino)phenyl]propyl}benzoate (19i)

To a suspension of 18i (500 mg, 862 umol) in toluene (8.2 mL) was added zers-butyl
N-[2-(1-ethylpropylamino)ethyl]-N-methyl-carbamate (527 mg, 2.16 mmol), Nal (775
mg, 5.17 mmol), and DIPEA (601 pL, 3.45 mmol). The mixture was stirred at 95 °C for
1 h, and then at 100 °C for 14 h. The reaction mixture was cooled to room temperature,
then washed with brine and extracted with EtOAc. The combined organic layer was
dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel and eluted
with 0%-70% EtOAc/n-hexane to obtain the corresponding tertiary amine (437 mg,
64%) as a yellow amorphous substance. LCMS (ESI) m/z 788 [M+H]", 786 [M-H]". Rt
0.965 min (LP mode). To a solution of the resulting tertiary amine (473 mg, 555 pmol)
in CHCI3 (2.0 mL) was added TFA (5.0 mL) and the mixture was stirred at room
temperature for 2 h. The reaction mixture was washed with saturated NaHCO3 aqueous
solution. The aqueous layer was extracted with CHCI3; using a phase separator. The

combined organic layer was concentrated to obtain 19i (379 mg, 99%) as a yellow
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amorphous substance. 'H NMR (400 MHz, CDCIs) ¢ 0.99 (t, J = 7.3 Hz, 6H), 1.36 -
1.48 (m, 2H), 1.52 - 1.64 (m, 2H), 1.96 - 2.03 (m, 2H), 2.26 (s, 3H), 2.31 - 2.37 (m, 1H),
2.64 - 2.82 (m, 8H), 3.71 (s, 2H), 3.91 (s, 3H), 7.21 - 7.36 (m, 5H), 7.46 - 7.57 (m, 5H),
7.63 - 7.68 (m, 1H), 7.75 (s, 1H), 7.94 - 7.99 (m, 3H), 8.04 (s, 1H), 11.12 - 11.20 (m,
1H), 12.30 - 12.40 (m, 1H). LCMS (ESI) m/z 688 [M+H]". Rt 0.833 min (LP mode).

4-13-(4-{[2-(3-{[(2-{[(Carboxymethyl)carbamoyl](methyl)amino}ethyl)(pentan-3-
yDamino]methyl}benzamido)-1H-indole-3-carbonyl]amino}phenyl)propyl]benzoic
acid (20i)

To a solution of 19i (22.0 mg, 32.0 umol) in THF (0.50 mL) was added ethyl
isocyanatoacetate (12.4 mg, 95.9 pmol), and the mixture was stirred at room
temperature for 5 min. To the mixture was added ethyl isocyanatoacetate (12.4 mg, 95.9
umol) and the mixture was stirred at room temperature for 2 min. 2M aqueous NaOH
solution (0.50 mL) and MeOH (0.50 mL) were added to the mixture, and the resulting
mixture was stirred at room temperature for 5 min, and then at 65 °C for 30 min. The
reaction mixture was cooled to room temperature and quenched with 2M HCI aqueous
solution. The aqueous layer was extracted with a mixture solvent of EtOAc and THF
using a phase separator, and the combined organic layer was concentrated under
reduced pressure. The residue was purified by reversed-phase preparative HPLC
(column, YMC-Actus Triart 5 um C18 50x30 mm; mobile phase, 0.1% formic acid in
H>0:0.1% formic acid in MeCN=80:20 — 5:95 — 1:99, 40 mL/min) to obtain 20i
(18.0mg, 73% over 2 steps) as a yellow amorphous substance. 'H NMR (500 MHz,
DMSO-ds) 6 0.83 (t, J = 7.3 Hz, 6H), 1.18 - 1.28 (m, 2H), 1.41 - 1.51 (m, 2H), 1.85 -
1.92 (m, 2H), 2.15 - 2.21 (m, 1H), 2.49 - 2.53 (m, 2H), 2.57 (t, J = 7.6 Hz, 2H), 2.65 (s,
2H), 2.71 (s, 3H), 3.19 - 3.24 (m, 2H), 3.58 (d, /= 5.7 Hz, 2H), 3.72 (s, 2H), 6.43 (t, J =
5.7 Hz, 1H), 7.10 - 7.19 (m, 4H), 7.31 (d, J = 8.4 Hz, 2H), 7.51 - 7.56 (m, 1H), 7.58 -
7.65 (m, 4H), 7.84 (d, J = 8.4 Hz, 3H), 7.88 - 7.92 (m, 1H), 8.02 - 8.05 (m, 1H), 9.24 -
9.32 (m, 1H), 12.28 (s, 1H). 3C NMR (126 MHz, DMSO-ds) J 11.9, 22.4, 32.3, 34.2,
344, 34.6, 42.1, 47.1, 47.6, 54.0, 63.0, 92.7, 112.5, 118.8, 121.1, 121.2, 121.4, 122.3,
125.3, 127.3, 128.2, 128.4, 128.5, 128.8, 129.4, 132.4, 132.7, 132.9, 136.6, 136.9, 141.6,
142.3, 147.4, 157.6, 163.0, 164.3, 165.5, 167.3,172.5. LCMS (ESI) m/z 775 [M+H]",
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773 [M-H]. Rt 0.689 (LP mode). Purity 100%. HRMS (ESI/APCI dual) m/z calcd for
C44Hs50NsO7 [M+H]" 775.3814, found 775.3832.

4-[3-(4-{[2-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(propan-2-
yDamino]methyl}benzamido)-1H-indole-3-carbonyl]amino}phenyl)propyl]benzoic
acid (21i)

To a suspension of 18i (100 mg, 172 umol) in toluene (1.7 mL) was added ethyl zerz-
butyl N-methyl-N-(2-aminoethyl)carbamate (111 mg, 637 umol), Nal (115 mg, 1.03
mmol), and DIPEA (120 pL, 690 umol). The mixture was stirred at room temperature
for 2 h 20 min, and then at 50 °C for 1 h. The reaction mixture was cooled to room
temperature, washed with water, and extracted with EtOAc using a phase separator, and
then the combined organic layer was concentrated under reduced pressure. The residue
was purified by reversed-phase preparative HPLC (column, YMC-Actus Triart 5 um
C18 50x30 mm; mobile phase, 0.1% formic acid in H20:0.1% formic acid in
MeCN=90:10 — 20:80 — 5:95, 40 mL/min) and column chromatography on silica gel
and eluted with 0%-100% EtOAc/n-hexane and 15% MeOH/CHCI; to obtain the
corresponding secondary amine (20.0 mg, 40%) as a yellow powder. LCMS (ESI) m/z
744 [M+H]", 742 [M-H]". Rt 0.826 (LP mode). To a solution of the resulting secondary
amine (35.0 mg, 48.8 umol) in 1,2-dichloroethane (1.8 mL) was added acetone (0.75
mL, 10.0 mmol) and AcOH (175 uL, 3.06 mmol). The mixture was stirred at 75 °C for
45 min. After cooling to room temperature, NaBH(OAc); (51.7 mg, 244 umol) was
added and the mixture was stirred at room temperature for 5 h, then quenched with
saturated NaHCO3 aqueous solution. The aqueous layer was extracted with CHCl3, then
the combined organic layer was dried over anhydrous magnesium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel and eluted with 1%-50% EtOAc/n-hexane and reversed-
phase preparative HPLC (column, YMC-Actus Triart 5 pm C18 50%30 mm; mobile
phase, 0.1% formic acid in H>0:0.1% formic acid in MeCN=90:10 — 20:80 — 5:95, 40
mL/min) to obtain the corresponding tertiary amine (20.0 mg, 54%) as a yellow oil.
LCMS (ESI) m/z 760 [M+H]", 758 [M-H]". Rt 0.863 (LP mode). To a solution of the
resulting tertiary amine (20 mg, 26.3 mmol) in CHCI; (1.0 mL) was added TFA (3.0
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mL) and the mixture was stirred at room temperature for 1 h, and quenched with
saturated aqueous NaHCO3 solution. The aqueous layer was extracted with CHCIl3, and
the combined organic layer was dried over anhydrous magnesium sulfate, filtered, and
concentrated under reduced pressure to obtain the corresponding secondary amine (17.0
mg, 98%) as a yellow amorphous substance. LCMS (ESI) m/z 658 [M+H]". Rt 0.953
min (LP mode). To a solution of the resulting secondary amine (16.0 mg, 24.3 umol) in
THF (1.2 mL) was added succinic anhydride (5.5 mg, 55 pumol) and the mixture was
stirred at room temperature for 5 min. Then, to the mixture was added 2M NaOH
aqueous solution (500 pL, 1.00 mmol) and MeOH (1.0 mL). After stirring at 65 °C for
45 min, the mixture was cooled to room temperature and the organic solvent was
removed under reduced pressure. The resulting aqueous layer was washed 2M HCI
aqueous solution and brine, and then extracted with EtOAc. The combined organic layer
was dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced
pressure to obtain 21i (10.5 mg, 58% over 2 steps) as a yellow amorphous substance. 'H
NMR (500 MHz, DMSO-ds) 6 1.25 - 1.32 (m, 3H), 1.35 - 1.40 (m, 3H), 1.88 - 1.96 (m,
2H), 2.39 - 2.45 (m, 6H), 2.58 - 2.64 (m, 2H), 2.69 (t, J = 7.6 Hz, 2H), 2.75 - 2.96 (m,
3H), 3.06 - 3.16 (m, 1H), 3.41 - 3.47 (m, 1H), 3.56 - 3.65 (m, 1H), 3.67 - 3.76 (m, 1H),
4.48 - 4.61 (m, 1H), 7.16 - 7.24 (m, 4H), 7.35 (d, J = 8.4 Hz, 2H), 7.63 - 7.68 (m, 3H),
7.77 (brt, J= 7.5 Hz, 1H), 7.85 - 7.90 (m, 2H), 7.94 (br d, J = 7.6 Hz, 2H), 8.01 - 8.08
(m, 1H), 8.20 - 8.28 (m, 1H), 9.26 - 9.34 (m, 1H), 9.55 - 10.13 (m, 1H), 12.20 - 12.31
(m, 2H), 12.35 (br s, 1H). *C NMR (126 MHz, DMSO-ds) 6 15.6, 16.4,27.7, 28.7, 29.0,
29.2,30.4,32.3,34.1, 34.6, 35.4, 43.6, 46.8, 53.3, 55.0, 93.2, 112.6, 119.0, 121.2, 121 .4,
121.6, 122.2, 128.0, 128.5, 129.4, 129.9, 130.3, 132.7, 133.4, 136.5, 137.0, 141.0, 147.3,
163.6, 165.4, 167.2, 173.0, 173.5, 173.8. LCMS (ESI) m/z 746 [M+H]", 744 [M-H]". Rt
0.653 (LP mode). Purity 98.2%. HRMS (ESI/APCI dual) m/z calcd for C43H47Ns507
[M+H]" 746.3548, found 746.3546.

4-[3-(4-{[2-(3-{[{2-[(3-Carboxypropanoyl)(methyl)amino]ethyl}(heptan-4-
yDamino]methyl}benzamido)-1H-indole-3-carbonyl]amino}phenyl)propyl]benzoic
acid hydrochloride (22i)

To a suspension of 18i (66.0 mg, 114 umol) in toluene (3.0 mL) was added zert-butyl
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N-methyl-N-{2-[(heptane-4-yl)amino]ethyl}carbamate (124 mg, 455 pumol), Nal (136
mg, 910 umol) and DIPEA (159 pL, 910 umol). The mixture was stirred at 95 °C for 50
min. Then, to the mixture was added tert-butyl N-methyl-N-{2-[(heptane-4-
yl)amino]ethyl}carbamate (124 mg, 455 umol), Nal (136 mg, 910 umol), and DIPEA
(159 pL, 910 pmol). The mixture was stirred at 95 °C for 4 h, cooled to room
temperature, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel and eluted with 5%-50% EtOAc/n-hexane to
obtain the corresponding tertiary amine (60.0 mg, 64%) as a pale yellow oil. LCMS
(ESI) m/z 816 [M+H], 814 [M-H]". Rt 1.022 (LP mode). To a solution of the resulting
tertiary amine (60.0 mg, 73.5 mmol) in CHCI3 (1.0 mL) was added TFA (3.0 mL) and
the mixture was stirred at room temperature for 12 h, and then quenched with saturated
aqueous NaHCOs solution. The aqueous layer was extracted with CHCI3 using a phase
separator. The combined organic layer was concentrated to obtain the corresponding
secondary amine (60.0 mg, quantitative yield) as a yellow oil. LCMS (ESI) m/z 714 [M-
H]". Rt 0.949 min (LP mode). To a solution of the resulting secondary amine (60.0 mg,
83.8 umol) in THF (1.3 mL) was added succinic anhydride (16.8 mg, 16.8 umol) and
the mixture was stirred at room temperature for 15 min. Then, to the mixture was added
2M NaOH aqueous solution (1.3 mL) and MeOH (1.3 mL). After stirring at 65 °C for
80 min, the mixture was cooled to room temperature and concentrated under reduced
pressure. The residue was washed with THF and dissolved 2M HCI aqueous solution
and THF. The mixture was concentrated under reduced pressure and the residue was
washed with water to obtain 22i (55.0 mg, 78% over 3 steps) as a yellow amorphous
substance. 'H NMR (400 MHz, DMSO-ds) 6 0.76 - 0.93 (m, 6H), 1.14 - 1.68 (m, 8H),
1.71 - 1.98 (m, 4H), 2.43 (br d, /= 4.6 Hz, 2H), 2.58 - 2.72 (m, 4H), 2.76 - 3.00 (m, 3H),
3.05 - 3.40 (m, 4H), 3.72 - 3.87 (m, 1H), 4.52 - 4.65 (m, 2H), 7.13 - 7.26 (m, 4H), 7.35
(d, J = 8.1 Hz, 2H), 7.61 - 7.70 (m, 3H), 7.77 (t, J = 7.7 Hz, 1H), 7.88 (d, J = 8.1 Hz,
2H), 7.92 - 8.19 (m, 3H), 8.23 - 8.33 (m, 1H), 9.33 (s, 1H), 9.72 (br s, 1H), 12.31 (br d,
J=5.9 Hz, 2H). *C NMR (126 MHz, DMSO-ds) 6 13.6, 13.8, 19.4, 27.6, 28.7, 30.3,
31.1, 32.3, 34.1, 34.6, 35.7, 44.0, 48.4, 54.0, 62.6, 93.4, 112.6, 119.0, 121.1, 121.4,
121.6, 122.3,127.9, 128.2, 128.4, 128.5, 129.4, 129.8, 130.4, 131.6, 132.7, 133.3, 135.3,
136.5, 137.1, 140.7, 147.3, 163.7, 165.4, 167.2, 173.2, 173.5,173.7. LCMS (ESI) m/z
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802 [M+H]", 800 [M-H]". Rt 0.760 (LP mode). Purity 100%. HRMS (ESI/APCI dual)
m/z caled for C47HssNsO7 [M+H]" 802.4174, found 802.4193.

4-{3-[4-({2-[3-({3-[(3-Carboxypropanoyl)(methyl)amino]|pyrrolidin-1-
yl}methyl)benzamido]-1H-indole-3-carbonyl}amino)phenyl|propyl}benzoic  acid
hydrochloride (23i)

Compound 23i (63% over 4 steps) was prepared from 18i and 3-(tert-
butoxycarbonylamino)pyrrolidine in a manner similar to that described for 22i. 'H
NMR (500 MHz, DMSO-ds) 6 1.78 - 2.21 (m, 5H), 2.38 - 2.46 (m, 5H), 2.58 - 2.72 (m,
6H), 3.60 - 3.81 (m, 1H), 2.93 (s, 4H), 4.58 - 5.09 (m, 1H), 7.15 - 7.23 (m, 5H), 7.33 -
7.37 (m, 2H), 7.62 - 7.68 (m, 4H), 7.86 - 8.08 (m, 5H), 9.30 (br s, 1H), 12.25 - 12.34 (m,
3H). 13C NMR (126 MHz, DMSO-ds) 6 27.4, 27.6, 28.2, 28.7, 28.9, 29.1, 30.7, 32.3,
34.1, 34.6, 51.7, 93.0, 112.6, 118.9, 121.2, 121.4, 121.7, 122.3, 128.2, 128.3, 128.5,
129.2, 1294, 132.7, 136.5, 137.1, 141.1, 147.4, 163.9, 165.5, 167.2, 173.5,173.9.
LCMS (ESI) m/z 730 [M+H]", 728 [M+H]". Rt 0.869 min (NM mode). Purity 100%.
HRMS (ESI/APCI dual) m/z caled for C42HasNsO7 [M+H]" 730.3235, found 730.3231.

Ethyl 4-[3-(methylamino)pyrrolidin-1-yl]-4-oxobutanoate (251)

To a solution of 24i (1.02 g, 5.90 mmol) in THF (12 mL) was added ethyl succinyl
chloride (1.01 g, 6.11 mmol) and DIPEA (1.33 mL, 7.64 mmol). The mixture was
stirred at room temperature for 12 h, then washed with 1M aqueous NaOH solution. The
aqueous layer was extracted with EtOAc, and then the combined organic layer was
dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced
pressure to obtain the corresponding amide (1.63 g, 98%) as a light brown oil. LCMS
(ESI) m/z 329 [M+H]". Rt 0.823 min (NM mode). To a solution of the resulting amide
(0.86 g, 2.6 mmol) in CHCI3 (5.0 mL) was added TFA (35 mL) and the mixture was
stirred at room temperature for 2 h, and then concentrated under reduced pressure. The
residue was washed with saturated NaHCO3 aqueous solution. The aqueous layer was
extracted with CHClz, and the combined organic layer was dried over anhydrous
magnesium sulfate, filtered, and concentrated under reduced pressure to obtain 25i (460

mg, 77%) as a brown oil. 'H NMR (400 MHz, CDCls) 6 1.26 (t, J= 7.1 Hz, 3H), 1.65 -
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2.20 (m, 2H), 2.40 - 2.50 (m, 3H), 2.52 - 2.75 (m, 4H), 3.18 - 3.38 (m, 2H), 3.43 - 3.71
(m, 3H), 4.09 - 4.20 (m, 2H). LCMS (ESI) m/z 229 [M+H]". Rt 0.234 min (HP mode).

4-{3-[4-({2-[3-({[1-(3-Carboxypropanoyl)pyrrolidin-3-yl](methyl)amino}
methyl)benzamido]-1H-indole-3-carbonyl}amino)phenyl]|propyl}benzoic acid
hydrochloride (26i)

To a suspension of 18i (66.0 mg, 114 pmol) in toluene (2.5 mL) was added 25i (240
mg, 526 umol), Nal (240 mg, 1.60 mmol), and DIPEA (120 pL, 689 umol). The mixture
was stirred at 80 °C for 9 h, and then cooled to room temperature. Brine and n-hexane
were added to the mixture and the resulting precipitate was collected by filtration to
obtain the corresponding tertiary amine (85.0 mg, 97%) as a pale yellow powder. LCMS
(ESI) m/z 772 [M+H]", 770 [M-H]". Rt 0.774 min (LP mode). To a solution of the
resulting tertiary amine (85.0 mg, 110 umol) in THF (4.0 mL) and MeOH (4.0 mL) was
added 1M aqueous NaOH solution (2.0 mL). After stirring at 60 °C for 3 h, the mixture
was cooled to room temperature, and the mixture was concentrated under reduced
pressure. 2M HCI was added to the residue, and the resulting precipitate was collected
by filtration and washed with water. The resulting powder was purified by reversed-
phase preparative HPLC (column, YMC-Actus Triart 5 um C18 50x30 mm; mobile
phase, 0.1% formic acid in H20:0.1% formic acid in MeCN=90:10 — 20:80 — 5:95, 40
mL/min). To the resulting product was added 2M HCI aqueous solution and THF, and
then the mixture was concentrated under reduced pressure to obtain 26i (56.0 mg, 66%)
as a yellow amorphous substance. 'H NMR (500 MHz, DMSO-ds) 6 1.92 (quin, J = 7.6
Hz, 2H), 2.27 - 2.48 (m, 5H), 2.58 - 2.66 (m, 5H), 2.69 (t, J = 7.5 Hz, 2H), 3.19 - 3.27
(m, 1H), 3.43 - 3.81 (m, 3H), 3.84 - 4.08 (m, 2H), 4.33 - 4.44 (m, 1H), 4.58 - 4.70 (m,
1H), 7.16 - 7.24 (m, 4H), 7.35 (d, J = 8.4 Hz, 2H), 7.62 - 7.68 (m, 3H), 7.72 - 7.79 (m,
1H), 7.88 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 7.6 Hz, 1H), 7.98 - 8.07 (m, 2H), 8.20 - 8.27
(m, 1H), 9.32 (s, 1H), 11.27 - 11.43 (m, 1H), 12.25 - 12.33 (m, 2H). '3C NMR (126
MHz, DMSO-ds) 6 28.2, 28.5, 28.6, 28.8, 29.2, 30.4, 32.3, 34.1, 34.6, 36.5, 37.0, 61.8,
93.3, 112.6, 119.0, 121.2, 121.4, 121.6, 122.3, 128.2, 128.4, 128.5, 129.4, 129.7, 132.7,
133.2, 135.8, 136.5, 137.1, 140.9, 147.4, 163.8, 165.4, 167.2, 169.4, 169.6, 173.5, 173.8.
LCMS (ESI) m/z 730 [M+H]", 728 [M-H]". Rt 0.631 (LP mode). Purity 100%. HRMS
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(ESI/APCI dual) m/z caled for C42H43NsO7 [M+H]" 730.3235, found 730.3253.

4-(3-{4-[(2-{3-[21-Hydroxy-5-methyl-6,9-dioxo-2-(pentan-3-yl)-13,16,19-trioxa-
2,5,10-triazahenicosan-1-yl|benzamido}-1H-indole-3-
carbonyl)amino]phenyl}propyl) benzoic acid (27i and 27i hydrochloride)

To a solution of 19i (809 mg, 1.18 mmol) in THF (20 mL) was added succinic
anhydride (235 mg, 2.35 mmol) and DIPEA (2.05 mL, 11.8 mmol). The mixture was
stirred at room temperature for 1.5 h and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel and eluted with 1-12%
MeOH/CHCI; to afford a corresponding carboxylic acid to obtain (1.02g, quantitative
yield) as a pale yellow amorphous substance. LCMS (ESI) m/z 788 [M+H]", 786 [M-H]".
Rt 0.778 (LP mode). To a solution of the resulting carboxylic acid (60.0 mg, 76.2 pmol)
in MeCN (3.0 mL) was added DIPEA (53.1 pL, 305 pmol), 2-{2-[2-(2-
aminoethoxy)ethoxyJethoxy}ethan-1-ol (22.1 mg, 154 umol) and HATU (43.4 mg, 114
pmol). The mixture was stirred at room temperature for 2 h. Then, to the mixture was
added DIPEA (53.1 pL, 305 pumol), 2-{2-[2-(2-aminoethoxy)ethoxy]ethoxy } ethan-1-o0l
(22.1 mg, 154 umol) and HATU (43.4 mg, 114 pmol). The mixture was stirred at room
temperature for 1 h and concentrated under reduced pressure. The residue was washed
with water and the aqueous layer was extracted with EtOAc , and then the combined
organic layer was dried over anhydrous magnesium sulfate, filtered, and concentrated
under reduced pressure to obtain the corresponding amide as a colorless amorphous
substance, which was used in the next step without further purification. LCMS (ESI)
m/z 963 [M+H]", 961 [M-H]". Rt 0.989 (NM mode). To a solution of the resulting amide
in THF (1.0 mL) and MeOH (1.0 mL) was added 4M NaOH aqueous solution (190 pL,
758 umol). After stirring at 60 °C for 1 h, the mixture was purified by reversed-phase
preparative HPLC (column, YMC-Actus Triart 5 um C18 50%x30 mm; mobile phase,
0.1% formic acid in H>0:0.1% formic acid in MeCN=90:10 — 20:80 — 5:95, 40
mL/min) to obtain 27i (36.6 mg, 51% over 2 steps) as a colorless amorphous substance.
"H NMR (400 MHz, CDCl3) 6 0.83 - 1.00 (m, 6H), 1.29 - 1.42 (m, 2H), 1.47 - 1.58 (m,
2H), 1.98 - 2.04 (m, 2H), 2.24 - 2.33 (m, 2H), 2.44 - 2.76 (m, 11H), 2.79 - 2.92 (m, 3H),
3.27 - 3.46 (m, 5H), 3.48 - 3.56 (m, 2H), 3.57 - 3.78 (m, 11H), 7.17 - 7.35 (m, 6H), 7.44
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- 7.69 (m, 5H), 7.73 (s, 1H), 7.90 - 8.06 (m, 4H), 11.21 - 11.29 (m, 1H), 12.34 - 12.39
(m, 1H). 3C NMR (126 MHz, DMSO-ds) 6 11.9, 22.3, 22.6, 27.2, 28.2, 30.3, 32.4, 33 .4,
34.2, 34.6, 35.4, 38.5, 46.5, 47.7, 48.8, 53.8, 54.1, 60.2, 62.7, 63.7, 69.1, 69.5, 69.7,
69.8, 72.3, 92.7, 112.6, 118.9, 121.2, 121.3, 121.5, 122.2, 125.5, 127.3, 128.2, 128.4,
128.5, 128.9, 129.4, 132.3, 132.7, 133.0, 136.5, 137.0, 147.4, 164.1, 165.5, 167.3, 170.7,
170.9, 171.4, 171.6. LCMS (ESI) m/z 949 [M+H]", 947 [M-H]". Rt 0.894 (NM mode).
Purity 100%. HRMS (ESI/APCI dual) m/z calcd for CssHssNeO10 [M+H]" 949.5070,
found 949.5076. To a solution of 27i (20.0mg, 21.1 umol) in 1,4-dioxane (2.0 mL) was
added 4M HCI in 1,4-dioxane solution. The mixture was stirred at room temperature for
1 h and concentrated under reduced pressure. To the resulting residue was added 4M
HCI in 1,4-dioxane solution and the mixture was stirred at room temperature for 1 h,
and concentrated under reduced pressure. To the resulting residue was added water and
the solution was lyophilized to obtain 27i hydrochloride (21.1 mg, quantitative yield) as
a colorless amorphous substance. 'H NMR (500 MHz, DMSO-d6) § 0.86 - 1.02 (m, 6H),
1.54 -2.01 (m, 6H), 2.33 - 2.41 (m, 2H), 2.52 - 2.55 (m, 2H), 2.58 - 2.72 (m, 4H), 2.75 -
3.02 (m, 3H), 2.91 - 3.03 (m, 1H), 3.09 - 3.55 (m, 18H), 3.73 - 3.86 (m, 1H), 4.40 - 4.65
(m, 2H), 7.15 - 7.37 (m, 6H), 7.63 - 8.07 (m, 9H), 8.20 - 8.28 (m, 1H), 9.22 - 9.53 (m,
2H), 12.26 - 12.84 (m, 2H). '3C NMR (126 MHz, DMSO-ds) 6 11.0, 21.1, 21.5 , 27.8,
30.0, 32.4, 34.0, 34.7, 35.9, 38.5, 44.1, 49.2, 53.8, 60.2 , 66.0, 67.6, 69.1, 69.5, 69.8,
72.3,93.3, 112.6, 119.0, 121.2 , 121.5, 121.7, 122.3, 128.0, 128.2, 128.5, 129.4, 129.9,
130.4 , 131.6, 132.7, 133.4, 136.4, 137.1, 140.9, 147.4, 163.6, 165.5, 167.3, 171.3,
174.1. HRMS (ESI/APCI dual) m/z caled for Cs3HesN6O1o [M+H]" 949.5070, found
949.5062.

21-[(3-{[3-({4-[3-(4-Carboxyphenyl)propyl|phenyl} carbamoyl)-1 H-indol-2-
ylJcarbamoyl}phenyl)methyl]-22-ethyl-18-methyl-14,17-dioxo-4,7,10-trioxa-
13,18,21-triazatetracosan-1-oic acid (28i)

Compound 28i (80% over 3 steps) was prepared from 19i and tert-butyl 3-{2-[2-(2-
aminoethoxy)ethoxy]ethoxy}propanoate in a manner similar to that described for 27i.
'"H NMR (400 MHz, DMSO-ds) 6 0.82 - 0.93 (m, 6H), 1.22 - 1.36 (m, 2H), 1.44 - 1.57
(m, 2H), 1.75 - 1.95 (m 3H), 2.20 - 2.28 (m, 3H), 2.32 - 2.35 (m, 2H), 2.40 - 2.45 (m,
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3H), 2.57 - 2.64 (m, 4H), 2.65 - 2.72 (m, 5H), 2.86 (s, 2H), 3.09 - 3.19 (m, 3H), 3.43 -
3.50 (m, 7H), 3.50 - 3.60 (m, 2H), 3.72 - 3.79 (m, 2H), 7.08 - 7.25 (m, 3H), 7.35 (d, J =
8.3 Hz, 2H), 7.66 (br d, J = 8.3 Hz, 5H), 7.73 - 8.00 (m, 5H), 8.03 - 8.13 (m, 1H), 9.17 -
9.38 (m, 2H), 12.28 - 12.57 (m, 3H). '*C NMR (126 MHz, DMSO-ds) 6 11.9, 22.3, 22.7,
27.1, 28.1, 30.3, 32.3, 33.4, 34.1, 34.6, 34.7, 35.4, 38.5, 46.5, 46.6, 47.6, 48.7, 53.8,
54.1, 62.7, 63.7, 66.2, 69.1, 69.5, 69.6, 69.6, 92.7, 118.8, 121.2, 125.4, 127.2, 128.2,
128.4, 128.5, 128.9, 129.4, 132.6, 136.5, 147.4, 165.5, 167.3, 170.7, 170.9, 171.3, 171.5,
172.5. LCMS (ESI) m/z 977 [M+H]", 975 [M+H]". Rt 0.912 min (NM mode). Purity
100%. HRMS (ESI/APCI dual) m/z caled for CssHesNeO11 [M+H]* 977.5019, found
977.5042.

4-[3-(4-{[2-(3-{[(2-{IN-(5-Carbamoyl-1H-pyrrole-3-sulfonyl)glycyl] (methyl)
amino}ethyl)(pentan-3-yl)amino]methyl}benzamido)-1H-indole-3-carbonyl]
amino}phenyl)propyl]benzoic acid (29i)

To a solution of 19i (20.0 mg, 29.1 pmol) in DMF (1.0 mL) was added DIPEA (20.3
puL, 15.0 pumol), 2-(5-carbamoyl-1h-pyrrole-3-sulfonamido)acetic acid (14.4 mg, 58.2
umol) and HATU (22.1 mg, 58.2 umol). The mixture was stirred at room temperature
for 30 min, then quenched with water and extracted with EtOAc. The organic layer was
washed with brine and extracted with EtOAc, and the combined organic layer was dried
over anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure to
obtain the corresponding amide as a colorless amorphous substance, which was used in
the next step without further purification. LCMS (ESI) m/z 917 [M+H]", 915 [M-H]". Rt
0.766 (LP mode). To a solution of the resulting amide in THF (1.0 mL) and MeOH
(1.0mL) was added 4M NaOH aqueous solution (73.6 puL, 294 umol). After stirring at
room temperature for 30 min then at 60 °C for 4 h, the mixture was purified by
reversed-phase preparative HPLC (column, YMC-Actus Triart 5 pm C18 50x30 mm;
mobile phase, 0.1% formic acid in H20:0.1% formic acid in MeCN=90:10 — 20:80 —
5:95, 40 mL/min) to obtain 29i (4.3 mg, 16% over 2 steps) as a colorless amorphous
substance. 'H NMR (400 MHz, CDsOD) 6 0.75 - 0.95 (m, 6H), 1.27 - 1.39 (m, 2H),
1.44 - 1.56 (m, 2H), 1.92 - 2.02 (m, 2H), 2.20 - 2.30 (m, 1H), 2.55 - 2.88 (m, 9H), 3.19 -
3.25 (m, 1H), 3.41 - 3.48 (m, 1H), 3.59 - 3.89 (m, 4H), 6.97 - 7.39 (m, 8H), 7.43 - 7.63
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(m, 5H), 7.81 - 7.99 (m, 4H), 8.15 (s, 3H). '3C NMR (126 MHz, DMSO-ds) 6 11.9, 22.3,
22.5, 32.4, 33.6, 34.1, 34.4, 34.6, 43.6, 44.0, 46.3, 46.9, 47.3, 48.1, 53.8, 62.8, 63.2,
109.4, 112.5, 118.8, 121.6, 122.2, 122.8, 123.4, 123.6, 127.5, 128.2, 128.4, 128.5, 128.7,
129.4, 132.6, 136.6, 137.0, 141.4, 147.4, 161.3, 165.5, 166.7, 166.8, 167.3. LCMS (ESI)
m/z 903 [M+H]", 901 [M-HJ". Rt 0.902 (NM mode). Purity 100%. HRMS (ESI/APCI
dual) m/z caled for C4sHssNgOgS [M+H]™ 903.3858, found 903.3860.

4-[3-(4-{12-(3-{[(2-{[(2,5-Dioxohexahydroimidazo[4,5-d]imidazol-1(2H)-
yDacetyl](methyl)amino}ethyl)(pentan-3-yl)amino]methyl}benzamido)-1H-indole-
3-carbonyl]amino}phenyl)propyl]benzoic acid (30i)

Compound 30i (22% over 2 steps) was prepared from 19i and (2,5-
dioxohexahydroimidazo[4,5-d]imidazol-1(2H)-yl)acetic acid in a manner similar to that
described for 29i. "H NMR (400 MHz, DMSO-ds) 6 0.74 - 0.94 (m, 6H), 1.23 - 1.35 (m,
2H), 1.44 - 1.57 (m, 2H), 1.88 - 1.97 (m, 2H), 2.19 - 2.38 (m, 3H), 2.53 - 2.91 (m, 9H),
3.61-3.69 (m, 1H), 3.73 - 3.84 (m, 2H), 4.07 - 4.16 (m, 1H), 5.19 - 5.27 (m, 2H), 7.10 -
7.46 (m, 7H), 7.52 - 7.70 (m, 4H), 7.82 - 8.15 (m, 5H), 9.19 - 9.35 (m, 1H), 12.25 -
12.43 (m, 2H), 12.66 - 12.87 (m, 2H). *C NMR (126 MHz, DMSO-ds) § 11.9, 22.4,
32.3, 33.6, 34.1, 34.4, 34.6, 40.9, 41.4, 46.4, 46.9, 47.4, 48.1, 54.0, 62.2, 63.1, 63.6,
68.1, 68.3, 92.7, 118.9, 121.5, 122.2, 125.4, 127.3, 128.2, 128.3, 128.5, 129.0, 129.4,
132.6, 147.4, 159.3, 161.0, 161.1, 163.0, 165.5, 167.3, 167.4, 167.5. LCMS (ESI) m/z
856 [M+H]", 854 [M+H]". Rt 0.869 min (NM mode). Purity 100%. HRMS (ESI/APCI
dual) m/z caled for C47Hs3NoO7 [M+H]" 856.4141, found 856.4171.

4-[3-(4-{[2-(3-{[{2-[{[(Carboxymethoxy)carbonyl]sulfamoyl}(methyl)amino]
ethyl}(pentan-3-yl)amino]methyl}benzamido)-1H-indole-3-carbonyl]amino}
phenyl)propyl]benzoic acid (31i and 31i hydrochloride)

To a solution of benzyl 2-hydroxyacetate (13.2 mg, 79.4 umol) in 1,2-dichloroethane
(0.60 mL) was added chlorosulfonyl isocyanate (5.8 pL, 67.0 umol) at -15 °C, and the
mixture was stirred at room temperature for 5 min. To the mixture was added 19i (49.0
mg, 71.2 umol) and triethylamine (15.0 pL, 108 umol) at -15 °C, and the mixture was

stirred at room temperature for 10 min. Then, the mixture was concentrated under
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reduced pressure and the residue was purified by column chromatography on silica gel
and eluted with 0%-85% EtOAc/n-hexane to obtain the corresponding benzyl ester
(30.0 mg, 44%) as a pale yellow amorphous substance. LCMS (ESI) m/z 859 [M+H]".
Rt 1.326 min (NM mode). To a solution of the resulting benzyl ester in THF (1.0 mL)
and MeOH (1.0 mL) was added a 2M aqueous NaOH solution (1.00 mL, 2.00 mmol).
After stirring at room temperature at 65 °C for 45 min, the mixture was quenched with
IM HCI aqueous solution and extracted with EtOAc. The organic layer was washed
with brine and extracted with EtOAc, and the combined organic layer was dried over
anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure. The
residue was washed with a mixture solvent of EtOAc and n-Hexane, and purified by
reversed-phase preparative HPLC (column, YMC-Actus Triart 5 pm C18 50%30 mm;
mobile phase, 0.1% formic acid in H20:0.1% formic acid in MeCN=90:10 — 20:80 —
5:95, 40 mL/min) to obtain 31i (20.0 mg, 75%) as a pale yellow powder. LCMS (ESI)
m/z 855 [M+H]". Rt 1.040 (NM mode). Purity 100%. The structure was checked in
detail with the following hydrochloride. To a solution of 31i (100 mg, 117 umol) in
THF (1.5 mL) was added 2M HCI aqueous solution (117 pL). The mixture was
concentrated under reduced pressure to obtain 31i hydrochloride (97.0 mg, 93%) as a
yellow amorphous substance. 'H NMR (500 MHz, DMSO-ds) 6 0.94 - 1.02 (m, 6H),
1.63 - 1.77 (m, 2H), 1.89 - 1.95 (m, 3H), 2.02 (s, 1H), 2.60 - 2.65 (m, 5H), 2.69 (t, J =
7.6 Hz, 2H), 3.10 - 3.23 (m, 3H), 3.42 - 3.46 (m, 2H), 3.89 - 3.95 (m, 2H), 4.44 - 4.51
(m, 1H), 4.55 - 4.61 (m, 1H), 6.98 (s, 2H), 7.18 - 7.24 (m, 4H), 7.33 - 7.37 (m, 2H),
7.62 - 7.68 (m, 3H), 7.74 - 7.79 (m, 1H), 7.85 - 7.90 (m, 2H), 7.94 (d, J = 7.6 Hz, 1H),
7.99 (d,J=7.6 Hz, 1H), 8.05 (d, J= 7.6 Hz, 1H), 8.23 - 8.27 (m, 1H), 9.32 (s, 1H), 9.43
- 9.49 (m, 1H), 12.30 (s, 1H), 12.33 - 12.36 (m, 1H). 3C NMR (126 MHz, DMSO-d;) J
11.0, 11.3, 21.6, 21.7, 30.4, 32.3, 34.1, 34.6, 36.0, 45.9, 47.8, 53.6, 59.5, 64.9, 65.5,
93.2,112.6, 119.0, 121.2, 121.4, 121.7, 122.3, 124.9, 128.0, 128.2, 128.4, 128.5, 129.4,
129.8, 130.6, 131.4, 132.7, 133.2, 135.7, 136.5, 137.1, 141.0, 147.3, 163.6, 165.5, 167.2,
174.0. LCMS (ESI) m/z 855 [M+H]". Rt 1.047 (NM mode). Purity 95.1%. HRMS
(ESI/APCI dual) m/z caled for C44HsoN6O10S [M+H]" 855.3382, found 855.3383.
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Assay of NaPi2b Inhibition: Phosphate uptake assay by CHO-K1 cells stably
expressing human or rat NaPi2b

Assays of human or rat NaPi2b were performed as described below. Phosphate
uptake was measured in Chinese Hamster Ovary -K1 (CHO-K1) cells stably expressing
human or rat NaPi2b or non-expressing (mock) cells. The cells were seeded in 96-well
plates at a density of 3x10* cells/well and grown overnight in a CO» incubator. The cells
were washed with buffer A (137 mM NaCl, 5.4 mM KCI, 2.8 mM CaCly, 1.2 mM
MgSO4, 10 mM HEPES-Tris, pH 7.4), which was then replaced with buffer A
containing the test compound or DMSO. After 30 minutes, the same amount of buffer A
containing **PO4 and 20 uM KH>PO4 was added and the cells were allowed to react at
25 °C for 30 minutes (human NaPi2b) or 10 minutes (rat NaPi2b). After washing with
ice-cold buffer B (137 mM NaCl, 10 mM HEPES-Tris, pH 7.4), the cells were lysed
with 0.25 M NaOH. A portion of the lysed cell fluid and the liquid scintillator were
mixed, and the P radioactivity was measured using the TopCount system. The

inhibition rate was determined using the following equation: Inhibition rate (%) = (1
— (radioactivity of added test compound in cells expressing human or rat NaPi2b —
radioactivity of added test compound in mock cells) / (radioactivity of added DMSO in
cells expressing human or rat NaPi2b —radioactivity of added DMSO in mock cells))

%100. In addition, the 50% inhibitory concentration (ICso) of the test compound was
also calculated. Assays were run in duplicate, and compounds of interest were tested

multiple times.

Rat Acute Uptake Pharmacodynamic Studies

Eight-week-old male Sprague-Dawley rats (Japan SLC, Inc.) were used as the
laboratory animals. Each test compound was suspended or dissolved at a concentration
of 2 mg/mL in 0.5w/v% methyl cellulose 400 solution (0.5% MC) (manufactured by
Wako Pure Chemical Industries) and orally administered to each rat at the dose of 5
mL/kg body weight. 0.5%MC was administered at the same dose to the control group.
Five minutes after administration of the test compound or 0.5% MC, a phosphate

solution (12 mM NaH,POi) containing >?P-phosphate (PerkinElmer Inc.) was
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administered at the dose of 5 mL/kg. Fifteen and thirty minutes after administration of
the phosphate solution, blood samples were collected from the tail vein, and
immediately mixed with EDTA-2K (manufactured by Dojindo Laboratories). Then, the
mixtures were centrifuged at 3000 rpm at 4 °C. for 10 minutes to recover plasma. The
radioactivity in 100 puL of plasma was measured using a liquid scintillation counter. The
AUCo.05n calculated from the measured counts was considered as the phosphate

absorption amount.

Pharmacokinetic study

The plasma concentration—time profiles of the test compounds were investigated in
fasted male SD rats. After a single intravenous or oral administration of each test
compound, blood was obtained from the tail vein into a tube containing EDTA-2K at
each sampling time point and then centrifuged to prepare the plasma samples. The
cumulative excretion of the unchanged form in the feces was investigated in fasted male
SD rats. After a single oral administration of the test compounds, fecal samples were
collected for a 24-hour time period. The quantitative analysis of the target analytes was
performed using liquid chromatography-tandem mass spectrometry. The
pharmacokinetic parameters were calculated using a non-compartmental analysis
software, Phoenix WinNonlin 6.2 (Certara). Excel 2016 (Microsoft Corp.) was used to

calculate excretion (% of dose) in feces.

Solubility in fasted-state simulated intestinal fluid (FaSSIF) or fed-state simulated
intestinal fluid (FeSSIF)

An excess amount of each compound was added to FaSSIF (pH 6.5) or FeSSIF (pH
5.0) and shaken on a shaker (model SR-2DS; TAITEC) at 25 °C for 2 h, then kept at
37 °C for 22 h in a water bath (model LT-10F; TAITEC). The suspensions were
centrifuged at 3,000 and 11,000 rpm for 10 min, and the resulting supernatant was
diluted with 50% aqueous acetonitrile solution or an acetonitrile and methanol mixture
(1:1). The concentrations were measured using HPLC. The HPLC analysis was
performed using a Shimadzu HPLC system composed of a LC-20AD, SPD-20A and
SIL-20AC. The conditions for HPLC were as follows: mobile phase, 0.1% phosphoric
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acid aqueous solution/acetonitrile; flow rate, 0.8 mL/min; column, reversed-phase
(Shimpack XR-ODS, 2.2 um, 3.0x75 mm; SHIMADZU) at 40 °C; and detection

wavelength, 210 nm.

Conformational stability calculations

The conformational stability calculations of these core structures were performed on
all the generated conformers using the functional B3LYP with 6-311G(d,p) basis set
and polarizable continuum model (PCM) of solvent. The most stable conformation was
considered to be the lowest energy one among generated conformers. The initial
conformers were generated using MOE software and then optimized using the
B3LYP/6-311G(d,p) level theory in vacuum. All the DFT calculations were performed
using the Gaussian09 package. Molecular modeling and visualization in this study were

also performed with MOE.
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