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Schema 1. Wnt/B-catenin signaling pathway
Ub: ubiquitination, P: phosphorylation

Whnt/B-catenin #%#&IE, MFEAE, ERMIa M LAHER, BIEAL. MIGHEGE R S G52 o 7 R
HCTHDHE, U RTHD Wnt ¥ /37 EOI(FEFTIEL, APC (adenomatous polyposis coli) ',
GSK-3B (glycogen synthase kinase-3p) !'. CKlow (casein kinase o) '2, Axin® 72 & DB-catenin D U iE
BB 500 T AR Z TR L CB-catenin %V VIt L, =X F U I —ETHHB-TRCP (B-
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transducin repeat containing protein) ' 73U U li#{lB-catenin 7RV X F ALL, BT T V— LR T
Doy f~EL B, ZOFRER, MRS IRRE-OILIE A2 B 2 M itE s F OB IIH S b, —7,
Wit & 2787 BAFE T T Wt & 277 EDSHIB AFET % 7 [RIBEEASZ A CTdo % Frizzeled

(Fz) K10 BION [BIE RS 2R4KD LRP5/6 (low-density lipoprotein receptor-related protein) 3t
SRR TGS L, Disheveled'® DV b #5%89 % Z & T GSK-3p% A1 L7=B-catenin D U LAk
ZWhT . B-catenin 1350 SIVTITZEL UHIWEN THERET 5. 0%, HAICBATL., 85K+ T
&5 TCF/LEF (T cell factor/Lymphocyte enhancing factor) &#&A L. HEAER -T2 CCNDIY X2 c-
MYC ? FEDBIL OG-t % (Schema 1), B-catenin (I E-cadherin DIEHTH X /37 L LT
DOHNSHEEI BT DHERE S A L TV D 03 2 HIIEN TERT 5 2 & THAR~BAT LR GRIRR A& NE
T 277 Z—0r 1L LTORELRE LA E TN D 2,

Colorectal cancer, Stomach cancer, Breast cancer,
Lung cancer, Head and neck cancer, Prostate cancer,
Melanoma

Colorectal cancer, Stomach cancer, Breast cancer,
Lung cancer, Prostate cancer, Leukemia, Myeloma

Breast cancer, Lung cancer, Bladder cancer,
Prostate cancer, Myeloma, Leukemia

- Colorectal cancer, Stomach cancer,

Breast cancer, Myeloma, Leukemia

- Colorectal cancer
Colorectal cancer, Stomach cancer, Liver cancer,
Hepatoblastoma,
Ovarian cancer, Wilms' tumor

Schema 2. Relationship between Wnt/B-catenin signaling pathway and various cancer types

20 30 T Wnt ¥ 7 FURED A T = XA LRI SI-00H D | Z ORIRO BT 727EA VIR,
S F SEREMEEREORREAEBNELS B LTl Y 83, AICK L CTHRAZRIBFRERINC/RY 55 2
EDVRNIR XFLTE T2 (Schema 2), F7-Z @ Wnt/B-catenin RE&I L2 AR DI « HEERIZESI> -~ T
WD Z EMELEBILTN D, FRCHIMpEHlE (Leukemicstem cell: LSC) 1Z351F 5 Wnt/B-catenin #%
BEOEENZRE T DU BEANA TN T & 7o, FIMIRIEEIZIW CREFOTI AFNIHRT DIPE LR,
FFRERDPMEINEN &N D & DRIRES CIIEERE L 72> T D, ZOFKRO—>2L LTHITH
ALDDHLSC DIFAETEH S -2, LSC ITHIEIOE LIRABIZH 0 | Fis AFNT3 T DS DMK
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W), LSC OAREZ IS /NZ L, LSC HERFOSEL 72 D53 T HHER & LTIRRIEZ T 2 803, |

IR ZARNBNE ARPEDWMENLZ D723 D LR ST D Z, LSC DRt - B ORI C BB 5

ERIZLTND V7 Fm—o L LT WntB-catenin & 7 /LN 8 5 B, ZiVE TONBECAME

BEME F M7 (acute myelogenous leukemia: AML) 1M E-H6M: 1 75 (chronic myelogenous leukemia: CML)
(Z331F % LSC A - HERF & Wnt/B-catenin K ORI D X, Wnt/B-catenin A-4%EHY & 9-2 Z & 28 A Iffpse

AR L CTERTH D Z EAVRIB S LT D B30

F I HER DAL PSR 69 DS Wnt/B-catenin BRES3BE - TN D Z & ARG &
TEY 3 AR A BHET 2 34| OBRF T L 0 BRRBIC1T 5 & £ S E R ik S b
Z IR S NS,

ABFFED BRNE, K0 2IRD @Y Wnt/B-catenin #RHKFHE A BAFE URSIRBIG 87 21BN
EaRET 2 2 & Th D, DT DITHEER R PO T B CH S ik AV Tl
PSR DIRFAFIE AT o TN 2 & LT,

%5 1 FCIE. Wnt/B-catenin BSIHES A PRI T 5720, & MAVEESIIL HEK293 #fEIZ Super TOP
flash 7"7 A X RZEA L7 TOP MilaZz/Ef L, TCF (Tcell factor) /L7 =T —FLHR—H—7T vt
A TP TCF-Luciferase (Luc) IHMEAFRIE L LIcA Y U —= 0 7 2O L BEAIOBAESL 1ICG001 & D
BRI S IR LT AR LA % V- Wnt/B-catenin #RFKFHETEM: 2 AT D LA OBER
WZOWCa U7,

552 FCIL, AR CHMEA GRS LI bE4 4 FIV T Wit/B-catenin #REE DR AHZ < it S 4L
T D AML 72 5TNTHI 80%Z APC DZEFAFESD HiL, Wnt/B-catenin #EHE D B 5 721E A LoD B -3
2% < ST D KRGS AR k3 D HUBE IR OREHI W G U,



%1% Wnt/B-catenin PREEFHE R LA DTRR
F1HE S

Wnt/B-catenin FRHKIEL S F S F RN AFETEDIEFHRE S, Fil-RIBEER & LT IIVE TR
BRA AR & 5 HANDOBHFE DI T T TE 72 # (Schema 3)

OMP-54F28 [~~—_ F2 ) s 1

XAV939 VV_VJ U tRes/6 N
& CWP232291

N

- ﬂutonm
*B-catenm
® /
-TRCP

W nucleug ;? i
P-catenin >
prote'ysytem CBP Tcf \( Target Genes OM
h \

ICG001
PRI724

Schema 3. Drugs that have been developed targeting Wnt/B-catenin pathway

REAMEEW & LT Bmami K. Ho 512 X > THFE S 72 ICG001 3% Hivd ¥, 1CGO01 13#x
Bay g F_—H—T&5 CBP (c-AMP response element binding protein - binding protein) EFEAT 2
Z & T CBP & B-catenin DfEAZPHE L, B-catenin/TCF > 7 F /L4045, HIAE ICGO01 5 2 HHAX;
O PRIT24 H3KER KO RATHARBOE TH Th 5, 72 XAVI39 1 Axin D EFF AL
HTH5 %7 —BEHETHZ LT Axin OIEMH(E L, Wnt/B-catenin > 7 F /L &35 34,
CWP232291 (3 TCF-1 DERIIA T T A 22 7 2 ififiid % RNA fliG & 737 ' Sam68 (Src associated
inmitosis, 68 kDa) * (ZfEAT 5 Z & T Wnt/B-catenin * 7 /L EPIHIT DALEW TH 5 %, ESRHUE
ORISR AT U CHUBEZR 27 L ¥, BIEKIECH RIS T AR b1 ThivTnb, £
7= OMP-54F28 |3 Wnt & > /37 B & Fz K L Of & ZBARICIEE T 21EM &Fr 5 8, BUEKIE
CEFIEG 52 BRARER DD 53TV D ¥, Z 0D K 95 12 Wnt/B-catenin #8851 & LTokkx 73
TSNS H TR SN TV D, Lo LEIEE TR Z @i LERR CHEAE ST 23854
IZFEL TR, £ 2 C Wnt/B-catenin FAEFR L UC LD RN 2817 723K O B3 % B B hfF
FeEEF L



£t MEEEHI HEK293 Hl Super TOP flash 77 A X R&ZEA L7 AER L7 CLF
TOP #Hfd) . = TOP iz FIVWC TCF /Ly 7 = 7 —B LR —% —7 v A TD TCF-Luc &% +5
L L= A 7 ) —= 7 %uEL Lz,

TR RO LB CERR S NIALA O H )5, Wnt/B-catenin FREEFHESLAZRTR LT,
BEA7> Wnt/B-catenin FRFEFHESL & LT ICG001% LABESALIED & 5 SARS 3CLP° BHEAIA B HHIA
WA EZHNCAY V== T % 7o T,



28 FERITE
1. TOP/FOP i ffii

N7 =T —EOD LT TCFLEF #§&HMZZ &1 TOP flash LaAR—H —ZBANIHEL L7Z, M50
Super TOPFlash (Addgene, Cambridge, MA, U.S.A) & pGLA.32 [luc2P/NF - kB-RE/Hygr (Hygromycin) ]
Vector (Promega, Madison, WI, U.S.A) 76, iR (BamHI & Sall) (¥ 07 /34 4, FHL,
HA) % HV T, p.M50 Super 8 x TOP Flash - Hygr - Resistance vector Z4fiA L. Super TOP flash plasmid
2R U7z, [AEkDJF1ET TCF binding site (Z285273% % M51 Super FOP Flash (Addgene) % FVNT
Super FOP flush plasimd Z1/Ef L7=, ¥&iZ, Opti-MEM (Thermo Fisher Scientific, Waltham, MA. U.S.
A) & FuGENE® HD Transfection Reagent (Promega, Madison, WI, U. S.A) % M\ T HEK293 #fific

(American Type Culture Collection; ATCC, Manasass, VA, U.S.A) |Z Super TOP flash plasmid 3 T
Super FOP flash plasimd % 7 > A7 =27 > a > Lz (TOP b7 A7 =7 ¥ 3 Uildds LOVFOP
TUAT =7 v a i), TOPIBLUFOP D hT A7 =7 v a Uififia% Hygr (FUIFILM Fotfh
3K, KPR, AA) AV D-MEMLow-Glucose (L-2/V% I, 7=/ —/LL v REA) (FUIFILM i
JEHE) THEEEL, ¥l arw2fTole, INLD NI U ART =7 v a Uik 96 U =T L—
k' (Coming, NY, U.S.A) (Z1celVV =/WZ72D KHITHFEL, 7 n—= 0%, ZEHRBIAlE
BRI LT,

2. Wnt3A Hifa/ERL

L-Wnt-3A #ifE (ATCC) 13X, &M Wnt-3A & 2 X7 G %533 HEHOFTIRIC A L7z, L-Wnt-3A
HRIE. 10%FEEY L S RYAMIE  (fetal bovine serum: FBS; Sigma-Aldrich, St. Louis, MO, U.S.A). 1%
NR=V Y A MU b A 2 (100 unitsmL <=2V B LT 100 pgmL A S LT b A T
) (FUITFILM FytHiEEs) | 36 0004 mg/mL G418 (FUJIFILM Fythli) %57 » D-MEM Low - Glucose
THE L, HEIILITOFETHTEE L2, L-Wnt-3A #lli 1.25x 10° cells/dish TIEFEL., G418 %
EERVEITER L2, a7 @y MO AR5 3 I, 558 HEZ2 02um > U > U7 41
% — (Merck Millipore, Burlington, MA, U.S.A) Tl L, FHT2%E TR0 CTHRIF LT,

3. N7 2T7—FPLR—F—T vt A

TCF-Luc #55Y5MIEL, W7 =T —BUR—F—7 v A Z2#H L THIE L7z, PBS (phosphate
buffered saline) "CTHEIEfE L T TOP #ifiis L UONFOP flifa A [FUY L, iz 0508k, Wit 7 X7 BOER
OEEERE BIG AR U=, iz 96 7 =/ L— |k (Thermo Fisher Scientific) (Z 5 x 10* cells/well TH&
L7z, 24 BRRSEALEMETINL, IBEWME 24 A % o— | Lz, WIS, Mt

(Table 1) 7' L— bOEK T = /UL, 7' L— F % 30 EFEONITIRE 9 L, MRz AR Lz,
FERfE) (100 uL) ZARY AF 1L 96 7 /L L— |k (Thermo Fisher Scientific) (2B L7-, 3
3 (Table2) 7 /UL, ~1 77 L— KU —%— (GloMax®, Promega) Z{#H L CHN
ZRE LTz,



Reagent name

Concentration

Tris-HCI (pH7.8) (Thermo Fisher Scientific)

DTT (FUJIFILM Wako Pure Chemical Industries)
CDTA (FUIJIFILM Wako Pure Chemical Industries)
Glycerin (FUJIFILM Wako Pure Chemical Industries)
Triton X (NACALAI TESQUE, INC., Kyoto, Japan)

25mM

2mM

2mM
10%
1%

Table 1. Composition of cell lysing reagent used in this study

Reagent name

Concentration (mM)

Tricine-NaOH (pH 7.8) (FUJIFILM Wako Pure Chemical Industries)
Magnesium carbonate hydroxide penta-hydrate (Sigma-Aldrich)
Magnesium sulfate (FUJIFILM Wako Pure Chemical Industries)
0.5M EDTA (FUJIFILM Wako Pure Chemical Industries)

DTT (FUJIFILM Wako Pure Chemical Industries)

Acetyl-CoA (FUJIFILM Wako Pure Chemical Industries)
D-luciferin K (FUJIFILM Wako Pure Chemical Industries)

ATP (FUJIFILM Wako Pure Chemical Industries)

143
0.8
19
0.1

238
0.2
0.3
04

Table 2. Composition of luminescence reagent used in this study



4. R mOERK
Comp. 123 IZLIRTOHEINES TERL L. Comp. 25-31 [TH7IZARL L7z 4, Comp. 24 | 3JE4L,
FLEMASE (K&, BA) BEEA L, SEUNEDFERIL. 7Y AL MIGEHE L T\ o,

Lo "
MeO” N
M g HNT N
— —
BnO. COOEt — 3 —_—
2 H N

L o}
R A f Total 22 steps®
B MeO:/I/O N\
Fmoc-AA-OH  BOP, NMM _ HN 1) 20% E,NH/MeCN__ N N=Trt
HCI-H-His(Trt)-OMe™ 2) R-COCI, pyridine N
A r:/ \:]3*0 DMAP I,;x \DAO
e N Fmoc B Fe NP ¢

Y

TO i<

o< AT

1) BOP, NMM :’ :]\//\AO HN ",
HCI-HN(Me)OMe s\ N 20 1) DIBAL-H, -78°C ’:“]:))

Fmoc-AA-OH  2)20% Et,NH/MeCN 2) HCI- H-His(Trt)-OMe™

A 3) COMU, NMM then NaBH3(CN)
4-t-butylbenzoic acid

Schema 4. Synthetic routes for inhibitors. (A) Outline of synthetic route for intermediates of decahydroisoquinoline
type SARS 3CLP® inhibitors (Comp. 1-23). (B) Synthetic routes for dipeptide type inhibitors (Comp. 25-31).
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o
part A [(::(,\r(&o] SARS 3CLPr
A -

| EERAS EehER
\

I
[ r!

|
|\ , partC

Figure 1. Structure of ICG001 and synthetic intermediates of SARS 3CLP® inhibitors.

TAE RaAYx /U A SARS 3CLP° [HEAIG R PR OMHEE & X7 ) —= 7R % Table 3
& 4R LTz, BHEAMICOWTC TCEF Ve 7 27—V UIR—4—T v A 2{7o72 L 2 A, 12bA
W73 ICG001 % 1-[nl % BAf7aiEt %7~ LTz, Table3 33X U Table4 (234517 % Inhibitory activity DOEAEIT
IHT 4T ar ba—& 100 & LI EDONY T =T =P LR—F—T vt A OREHREH, 2R

j‘O

Meo” meo”N
/l\/N R? Br /‘\/N e
H | H H
AN_O A _N_O R* A_COOH N_.O
% % g H \f
R R’ R
6, 22,232 7-9 10, 11°
1-5,12, 14, 16, 18, 19, 21 13,15,17, 20
Inhibitory activity (%)
Compound R R? R3 R*
10 pM 30 uM
1 = Trt¢ 16.1 0.01
2 >. H 114 120

Table 3. Structure of test compounds (Comp. 1 and 2) and screening results of the luciferase assay using TOP
cells. Inhibitory activity represents the luminescence intensity ratio of the luciferase reporter assay when the

negative control is 100%.



Inhibitory activity (%)

Compound R’ R? R® R4
10 uM 30 uM
3 Trte 137 176
AN
4 —@—F H 101 11
5 — H 103 115
0
~N
7 AN 0H H)K©\ 129 99
Br

8 NOACU —OH 87 90

9 “~OH —OTBDPS® 81 68

10 121 174

112 105 120

13 Trte 19 0.21

14 /N-@ Trte 44 0.2
Bod

15 O Tre 59 0.07
Bod

16 — ) Tre 60 05

17 —@—Br Tre 41 0.01

18 —)—€ Trte 36 0.02

19 —@ Tre 9 14

20 —@ Trte 60 07

21 —CHs Trte 85 0.03

22 .{ 146 109

23° /N—© 68 35
Bod

aComp. 11 is enantiomer of Comp. 10; PComp. 23 is racemate; “triphenylmethyl (trityl); “acetyl;
et-butyldiphenylsilyl; ft-butoxycarbonyl
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Table 4. Structure of test compounds (Comp. 3-23) and screening results of the luciferase assay using TOP cells.
TOP cells were treated with compounds (10 uM, 30 uM) for 24 h, and then TCF-Luc activity was measured.
Inhibitory activity represents the luminescence intensity ratio of the luciferase reporter assay when the negative

control is 100%.
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LA LRG, ZRHOT e RaA V& 7 U A SARS 3CLP° FLEA AR LA R R 22
HOTREEEL Y ALEMIEOmE TOMED H D (SchemadA), ZD7-D, BIIEHECTH Y Lhk
7RIERVE ORI ATRE R U7 T REIRHESE % SARS 3CL [HEAIG A R A Z FR BT I Z3%a T L
7o (Figure2), AMEl, BXat L7 o7 F RERIBHES IR 3 B, R TH 5 B CARMTRETH Y
AR TRED KR 7258452 FZHL L 7= (Schema4B), ZiL5 DA & AW T~ TF RRIHER DA
AT, B LTALEMORHIZ TS Z & & Lz,

. TARIF FHEEER
art C SARS SA(::LP"’ (R = 4-t-butylphenyl,
P [ Py P 7 S 4-biphenyl, 3-biphenyl)

ICG001

Figure 2. Design of the dipeptide type inhibitor via synthetic intermediates of SARS 3CLP® inhibitors.

8 FRIHD VT F RUHESK ST TCE VY7 =T —VBULiR—F—T v A Zf7o72& 25,
Comp. 31 73 ICG001 % Fa|% BAF7aiEMEA 7R L= (Table 5), & 512 Comp. 31 I XEEEMKAFHIC TCE-
Luc DIEMEABAET 2 2 & b8 s/ (Figure 3), E 728D TCF binding site % -2 Super FOP
plasmid % HEK293 il EA L CYERE L7z FOP M W C, e 7 = F—B L R—Z—7T v A
Z I 7o & Z A, TCF-Luc OVEPEIHEFRIE TOP MifuiZ b L TIRVWER Th o 72,
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MeOTO N MeO O |
N=Trt N=Trt
N 1 HN A

ooy X o
@i/\l\lr\ N\?O N\I//o N O N O

Fmoc?

24 R! R'
25,26, 27 28,29 30 31
Inhibitory activity (%)
Compound R’ R? RS R* Y 30

24 154 156

N (2
/O 58 61
26 .< 56 64
27 —)< 50 52
29 —)—€ 103 108
30 80 68
31 59 14

8fluorenylmethoxycarbonyl

Table 5. Structure of test compounds (Comp. 24-31) and screening results of the luciferase assay using TOP cells.
TOP cells were treated with compounds (10 pM, 30 uM) for 24 h, and then TCF-Luc activity was measured.
Inhibitory activity represents the luminescence intensity ratio of the luciferase reporter assay when the negative

control is 100%.
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0 4 8 10 12 15 30
NoTx Comp. 31

Relative TCF transcription activity
in TOP cells & FOP cells (%)

Concentrations (pM)

Figure 3. Comp. 31 diminished TCF-Luc activity in a dose-dependent manner. FOP cells have a mutant TCF
binding region. No Tx indicates treatment with DMSO as a solvent control. Wakabayashi R. et al., Biochem.
Biophys. Res. Commun. 2021, 535, 73-79, Fig. 1D. The figure was partially modified.
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AR B

Wnt/B-catenin F&EN IHTHAANDOIE IR & U CRRR ST T2, ORI AR ET5 &
F I FRBAFIEDBIE SN TE 3328 UL, BIfEE Tl Wnt/B-catenin FREE A AZ1 & LTI
T, HGRENTZ B DIFHE L7V,

BEX10> Wnt/B-catenin #RESSHEIE CTH 5 ICGO01 & OREEIALIEIZFE ST, sREER IR L
D CARSNIALEREO T BT H e RaA V% 7 U LA SARS 3CLP° FHEAIA R A 04 %
fEffi & LTI LT, Figure 1 \ORT X912, THE RaA VF% /7 U LA SARS 3CLP° BHESIA R
WAL, ICGO01 & [FRRICHEERARIDOHLVERS (part A) ZAT 5, Fiz. ICGO01 [TH.LEHE B2 2 o
DOBKMSEFESIL (part B B L W part C) ZFF->TWDR, TN HOEMEEITT e FaA Y
¥/ U LA SARS 3CLP° FLEAIA R IRD & ATy (part B) &7 X REHUL (part C) TfR
BAfBE L B 2 72, 1CG001 O LTy (partD) (X7 4k KA V¥ /7 U L SARS 3CLP SHEAIG
FRHIREIARD Weinreb 7 X REBMIFA4 T 523, part D 13 Emami K. H. 5 O 3 2> HIEMREIC B
TlHA Sl Lz,

Table 3 35X U Table 4 |/RL7Zi0Y . Tk RuA V% 7 U LA SARS 3CL [HEAIG ALK
A7) == THRERN S HEEEMAERIC OV COBE MG b, £, partA & part C DHDE;
G50 part A 23 HfliZe TEHAY 7 a s UBRD Comp. 6-11 & 22, 23 1IRIEMETH D, I, HUlvE
F&D part A (2331 D EAMEA TEMEI I /R B8 2 R S 72> 72 (Comp. 12 & 14, 16, 19 vs Comp.
13 L 15, 17, 20), £DO—F5, partB O Trt FE T, IEEREBUIAAIRTHY  (Comp. 1vs Comp.
2), part C D7 X REHIEDEDS> THEEETHS (Comp. 4 £ 5), F7z, pat C DT I NiEfk L
LC ATNVHED XS I/ N7 005 “ DD AT LA L7z Boc (R 7 = U 07T/ 7 =
= BT 2o VEE TIEIEFFRSNAD, BT 2= VEN S BICEB S NS EIREEEN D
ZEZEABMZ LT, (Comp.3vs Comp.1 & 12-21),

ZNHOHRAIZICG001 % Ela15 BAF7eEME% R L7223, Schema 4A [ Z7R U728 D S AUICE VT
AL, GRRER - AR TGRENH 5 9, BLRIZBW T, HULvEHEO part A |ZHE
BRSNS MNEL)E D 00 part B DT 2/ BEHERADORGEEEIIRHR T ETH D, 207, 57
DAEERGE LI CTH DM, Jobk Dl ) G LR A7 V—= TRERER LT=T e KA VX /)
LA SARS 3CLP FHEAA AL A LA RIREEC b 2 7= O Ffi 2 OB A FRIC AR & THh D, 16> T,
TS DI E RIS D T2 DI, BRI E S TERRRT X BERER AR rTRe e 7 F Ml LE
)% SARS 3CLP° BHEAIG AR ENAZ LB TG L Ak & Hil 21T - 72 (Figure 2 38 U8 Schema
4B),

8 FMHOD V7T RABHESRAGHE L7452, T RaoA v/ U L SARS 3CLP FHEAG AL
HRIRICH - & bILVEEZ AT 27 T8 Raa V7 U URICIHRERTFIEDR R O /e -7

(Comp.24-29), £/, XV T I AFVRED L ERY 0T I IO HFNRVEREEZ R L
7= (Comp.30vs Comp.31), Comp.31 /d 30 uM (2 T ICGO01 LV &5\ > TCF-Luc FHEEMEZ R L
7o FET-ZEHFD TCF binding site % > Super FOP plasmid 2 HEK293 #2338 A L CERL L 72 FOP
HifaZ W b G E Tt o 7o, BEEDILEW Th 786G, FOP MilldTd TCF-Luc 14
Pk L, FEFERAZBREIR A AT 5 L HESND 4, TOP filfid & FOP Afad> TCF-Luc I&PEDRHE
Fore PUBARAT L 725, FOP il T TCF-Luc iEEDIL IS Wb DO TH o7z, Z OFEFHE Comp.
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31 2VREERAIIZ Wnt/B-catenin ¢ TCF-Luc {EPEZHIH LTV D Z & VRIB ST,

INHDORERNS, T RuA V& 7 ) L7 SARS 3CLr BHEFIA R FRIAZ AV CTE S A%
EEMARENC BT DB HICINZ T, FvERS (part A) ITHEEREEI IV TIIARL . L0 Bl HAER
ROFHECEEAECH D Z L2 A LT, Fo, XU DU T I ATFABIEY R V07 R

RO ANME LIAE T D 2 E BB LT,

U bDZ Lint, ABOMERBINES V7T FRBLESKRTH D Comp. 31 &gt s L,

S SIEEMTEMERBIA ) = XM AT H 2 & & L=,
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F2E DM D HUEE RO
BHET AME R R A HUEER
B S

Wht/B-catenin FREE O FL A3 A MR OFRREIZES O > TV . HIpAlIEIZ 51T % B-catenin DFEELEI X
AML BEDOTRIZBRE L TWD Z ENHREIN TS ¥, F7- Wnt BIEX 78 L L Wnt/B-
catenin FEEE DTEMERHETZB4> % SFRP  (secreted frizzled-related protein) * <> DKK (dickkopt) ¥ Z5i&fs
FDOTBE—F—D CpG T A T ROAFME, AML BETIXT v 7L Fab— S TnbH 2
EPHERSNTEY, THRAREOEEHHE SN TND ®, Zib Wit BEES L7 EIZEIT S
EBEEED A F/AKIZ K- C SFRP & DKK OFEBIAIH S, Wt # 27 BIZEHSEE L, Wat &
Fz SZRARORE S 2 HE HRRER 550y Wnt/B-catenin > 7 F/LNEM LS5, FD728 AML (230
THHRERIBEENTH L EEZXBNTND S,

UTHE, AML OTRFERGE & ME i om b, 72278027 b I¥A 7 U RO
AN AU G OET- LA FREIC L TAERIIME SN TETWD P, UL, BfFOHH
AFNTKET DI LB, FRENBETHEWE WD BIED RSN TN D 90, BIROTRE
R LS 5700, BUEOHERZRIRREE L 13800 | AML F3 A BEEREKICER 53
Do T EAFH & T D RHIERN AP T D Z L NEETH D,

ARETIE AML OFFIREIROBIRDI-0OICA Y U —=2 7% TR L= Comp. 31 ® AML Hijiz
(ZXI9% in vitro TOHHESZAROBEI AT 72, BARRIZIE, WST8 7 v A Z W ALE M
JatEgEpHph R, 7 a—YA b A N U —3EE O E RIS E, 7R b= AOFHE, X
2T yT 4 U TIERB L OVEREM Y 7V A A RT-PCR  (quantitative reverse transcription-polymerase
chain reaction: qRT-PCR) {52 X % Wnt Bh&#iE (=T C-MYC, CCNDI, SURVIVIN OF$BZA At L
7eo C-MYC 1 Td < I OIEFUICERD L BIE - LD, /S— M —E&FThd MAX LFHALEH
T5Z L THRBIRT-& UTHERET 2 ' . E7-epiifaiERRC B3 - T v | iPS HIlFHED MY KR
FLLTLTHEIBND #, CCNDI |% CDK4  (Cyclin-dependent kinase 4) F72i% CDK6 (Cyclin-
dependent kinase 6) OFfiitr7 1= & UTHAKRELIZ L, b aiEM LT 2 2 & Chllia)s ]
Gl #i5 S WI~OBAT AT 5 ¥, SURVIVIN | caspase 3 <° caspase 7 #[HETHZ & T, 7R

b= 22 LA AT 20 1 Ch D Z ENHBLND ¥, SHIZ, AMLIAFRIEE LT
RCHER &SN TWDA ZLE T > & Comp. 31 DHFFZIRIZOW T HRRET LT,
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F2IH ERIE
07 e S
AML #Hfakk (U937, KGla 3 OVHL-60) 1X ATCC 7B AT L7, Zius D AML L, 10%FBS
(Sigma-Aldrich) & HTEA (100 units/mL <=V > L TN00 pg/mL A k L7 k<A 2>) (FUIFILM
FDEHER) Z5Te RPMII640 (FUJIFILM FYEHIZE) T 37 °C, 5 % CO, DEREE [ T4 L7z, Wnt/B-
catenin FREEPHEZE ICGO01® 1%, 7F = I#RAGtt OROt, BA) MoiEALT,

2. AML a9 2 HEfHERI R (WST-8 7 >t 1)

HOIHEEIE, Cell CountKit-8 (DOJINDO LABORATORIES, feA, HA) Z{HA LiHfiL7=, AML
Rk (U937, KGla 3L OVHL-60) % 96 7 =/L 7 L— k (Thermo Fisher Scientific) (2. 47 =/L'd
720 3.0 ~ 8.0 x 10° cells/well DFEETHIMHERE L, Comp. 31 F£721%L ICGO01 DEPEAIIZ L & HIT 72
KA > F 2 ~X— K L7z, Cell CountKit-8 KA 4 well (IZ 10 uL TOEL, v 7 L— KU —
#— (GloMax®, Promega) A1/ L TG (FRINGER 450 nm) ZHIE L7z, BIRETD 4D
DY T NDNEE 7 LTz, 50%DBREIRE (ICs0) DA%, FERIENF "= 27Z 2\ CaleuSyn (Biosoft,
Cambridge, UK) Zffif L CHEH LT,

3. HOREfET

R EAfTI L = b7 e e A (Propidium Todide: PI) Yefaic kv 7 o—HA b A R —ik%
U CREfi L7-, AML #liik U937, KGla % 3.0~8.0x 10*cells/mL ODIEFET 70mL 7 7 A 2 Hk
Fl L C 3 BEEA v 2X— kL, Comp.31 BLTVICGO01 ZAuE L7=, 24 FFEEEHIEZ R L, 1=l
#% PBS THfr L7z, 6O L HEZETIE, 20CTHREIL 72 70% =%/ —/L CllfalEE L.
20 CHHE CIRAF LT, =&/ — /L& TR BRU21% P120 pg/mL (7 F-=13) RNase 100 pg/mL (Sigma-
Aldrich) %&¢e PBS |2 CYxtat%, BDFACSDivaTM 7 k7 =7 (Becton Dickinson, Franklin Lakes,
NJ.U.S.A) Z{#H LT FACS Fortessa % JHU NTH#AT L7 fi&i 5% Flowlo ¥ 7 b 7 =7 (Becton Dickinson)
ERWTT =454 Lz,

4, TR b— AT
LA L VFFESND TR b — ADfMTIE, Annexin-V-FITC 77" h— AfH% > ~ (Thermo

Fisher Scientific) A/ L CA#TZ1T>72, AML Mk U937, KGla % 3.0~8.0x 10* cells/mL CHEfdE
#%. Comp.31 721X ICGO01 AALiE L 72 WA > F a~— kL7, MlaZEIZ L PBS CTHask.
Annexin V Binding Buffer Z/l:Z., AnnexinV, PI 20 pg/mL) (ZCTHA L, 15 /BN FTA 22—
kU, 1 RFELAPIC FACS Fortessa % JHUWNTRfT 24T > 72, Mildid, Hifa S S1figt 4% BD FACS Diva
™™ V7 b =7 (Becton Dickinson) % {#H L C FACS Fortessa CZ3#T L. FlowJo 7 ~ 7 =7 (Becton
Dickinson) % FH\W\CT—4 &8 LT=,
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5. ROS PEAEDRIE

AIAEN ROS  (reactive oxygen species) D pEE% . CM-H2DCF-DA  (5-(and-6)-chloromethyl-2',7-
dichlorodihydrofluorescein diacetate, acetyl ester) (Thermo Fisher Scientific) ZFIH L7z 7 2—H4A K X K
U —EIC X 0 IE LT, U937 M4 70mL 7 A 21| 5.0x 10*cells/mL CHEFE L, ¥XIZ Comp.31 £
721X ICGO01 ZALE L 48 I A 3 22—k L7z,  ZOMEMIaA RN L PBS T _[mafr L7,
10 uM CM-H2DCF-DA C 37°C, 45 53[5 cleta L7z, 7-AAD (7-Aminoactinomycin D) (FUJIFILM
FIYEAMZET ) C 10 Ytk iiiaz g L, DCF (2°,7’-dichlorodihydrofluorescein:) %% FACS
Fortessa 7 20—+ ks A—%— (BD Biosciences) T/ L7z,

6. NAC BFHIC L5 Comp. 31 (2381 DAMIIZE A A = X L OFES
6.1. A EsHAET

PR EAINAC (N-acetyl cysteine) & Comp. 31 OUFFHALEIZ & D AIFEEFEAIHIZIR OREHI DT
WST-8 7 v A ZHW -7, AML ARk U937 % 5.0x 10° cells/well 9296 7 = /L7 L— KMIHE
L, OFEMAUERE (2% DMSO &4 RPMI1640) ., @NAC HMALERE, GComp. 31 HMALERE,
@NAC + Comp. 31 {fFIAVEREZERLL 72, NAC [ TAIIFRREE L ICALE L, 3 WA > Fa— L
721% Comp.31 F£7213% 2% DMSO &4 RPMI1640 Z4LE L7z, 24 FHEA > % 23— b 4% Cell Count Kit-
SEANBLL, v~/ 17 L— VU —%— (GloMax®, Promega) Zflif] L CWIERE (MR R
450 nm) ZRIE L7,

6.2. FEAMRA=RAEAT

PUA(EAI NAC & Comp. 31 OOFFIAVEIZ X D 5EHIIESROMMT 2 K U o T —YtalZ X AL
7 NCHEH L=, AML ARk U937 % 6 well 7’L— k (Thermo Fisher Scientific) (Z 5.0x 10° cells/well
FORFREL . 6.1 & [RERIC OFMAAERE (2% DMSO 54 RPMI1640) . @NAC HHALERE, @Comp.
31 HUMRLERE, @NAC+ Comp. 31 JFFHUEREAZ T 5, NAC ITMi0 A FEFE L7 BANUE L, 3 K
A 2% 22— h L7=1% Comp. 31 £ 7213 2% DMSO &4 RPMI1640 20U L7z, 12 B 4[]
WL, mL7ztk PBS TRRBAL TR USRI N—m LT, FUSRUTA—ZHHL, FUSU T
SV Y SRV AR, B Y S0 7RI CTE et S A 2 35/ & L, &
NAIT L NS LT, FEARER ORI GERIRRED) / GEMREcERIlE) X 100 TR L,

7. QRT-PCR fiitfr

AML Hfakk U937, KGla % 70mL 7 7 A [ ZHEFR L C 3 IffElA > F =~— K L, Comp.31 E72i%
ICGO01 ZAUE 7=, 4 RifIc%Ic ezl L RNA 2l L7, RNA T Nucleo Spin RNAKit (%
H T3 ) TS L7, Nano Drop2000 (Thermo Fisher Scientific) THEH RNA DI ZHIE L7z,
2 RNA (200 ng/uL) %, PCR Thermal Cycler MP (% 717751 ) C Rever Tra Ace gPCR RT ¥ b

HPERG, KB, BAS) ZAH L TG L cDNA Z &k L7zt b eMYC, CCNDI. SURVIVIN, %
FJTNGAPDH (glyceraldehyde 3-phosphate dehydrogenase) (Cell Signaling Technology, Danvers, MA, U.
S.A) D¥HL%E qRT-PCR CHIE L7z, U 7L A A PCR SINEAIZIX, 20 pL ¢ Tagman master
mix (Roche Diagnostics, Mannheim, Germany). cDNA, 771 ~—, 3J U Tagmanprobe (Universal
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Probe Library, Roche Diagnostics) 737 £41CV 5, cDNA % Thermal Cycler Dice system (4 717 731
7)) CHAME L7-, mRNA 8L GAPDH i85 1% WNEEEHEIZ AV T AACHTAIZ X 0 KB B 103881
EAANCER LT, O TSN 7 T A ~—I%. LLT Table 6 (2”7,

) Length Probe Accession
primers Sequences
(bp) Number Numbers
Fw 20 5-GAGTCCACTGGCGTCTTCAC-3’ 45 NM_001256799.2
GAPDH
Rv 20 5-GTTCACACCCATGACGAACA-3’
c Fw 20 5-GCTTTCAGTTGAGCTGACCA-3' 21 NM_001098209.1
TNNB1
Rv 22 5-CAAGTCCAAGATCAGCAGTCTC-3'
Fw 20 5-AGAACTGGCCCTTCTTGGA-3' 86 NM001168.2.
SURVIVIN
Rv 20 5-CAAGTCTGGCTCGTTCTCAGT-3'
CMYC Fw 20 5-GCTGCTTAGACGCTGGATTT-3' 66 NM_002467.4
-MY
Rv 19 5-TAACGTTGAGGGGCATCG-3

Table 6. Primer sequences and probe numbers for qRT-PCR used in this study

Fw: forward Rv:reverse bp: base pair

8. UIAXLT T T A IR

AML ik U937, KGla % 70mL 7 7 A = ZHEfE L C 3 IFftlf&1Z, Comp. 31 £ 72/ ICG001 A4L
B L7z, 48 BT E 723 72 Bififgic, &4 v 37 Bzl L7z, B L7-#la% RIPA (radioimmuno
precipitation assay) buffer (FUJIFILM FGHiZE) 4 HIVNT 1.0 x 10 cells/100 pL LA 1272 2 &9 15
L7z ki 2043) L. ZDOMIC4 BT v 7 A2 HWTHIEE L, HdiBfLTe, 20, i

(12000rpm, 20 47, 4°C) L, =D KEEY 7L LTI LT, B L7232 7711, Qubit Protein
Assay kit (Thermo Fisher Scientific) . Quantus Fluorometer (Promega) % FVVCTEREAZTTV), 4 pg/ul IZ
72 % & 51T Sample Buffer Solution (FUJIFILM FIDGATSE T36) | JREEMK LIRE L, 5 & d LT
YU TN AP LT,

TR L= T E I, & X7 BED3BL % SDS-PAGE  (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) &1 TV AT L7=, BE5WKE)  (12.5 % polyacrylamide gel, 200 V) L. PVDF (poly vinylidene
difluoride) % (Merck Millipore) {Z 100V, 90 43 CHEE L7z, FEFRRARES 219 572, PVDF &
% 1%NFDM (non-fat dry milk) 333 TUV5%BSA (Albumin, from Bovine Serum) (FUJIFILM Fis/Giliz)
HC 1 IRERISUG STz, 47 1 v % 2 7l Tween 20 Z 50 tris-buffered saline (TBS; 20 mM tris, 500
mM NaCl, pH8.0) THfiF L7-, EDtk, —Ik$ifk L LT, HL CTNNBI (Becton Dickinson) . #t c-MYC,
HLCCNDI, #tSURVIVIN, FJLU%tT GAPDH ffAZfiH L7-, HRP (Horseradish peroxidase) 15kiiL
7 1gG FrAFB L OPL~ 7 A 1gG HUUA  (Cell Signaling Technology) % —IRHUARE U CTHER L, %
FOEES X7 BTk %73 K% ECL Western Blotting Detection Kit (GE Healthcare, ~Chicago,
IL, US.A) ZHNTXMHZ Vb (57 AR —2GtE, Bl BA) ICROtSED Z &Ik
IR Uiz, EF L7-PiRE 7' e o % 0 74l Table 7 1R T,
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Primary Primary Ab Secondary Secondary Ab

Ab concentrations Ab concentrations Blocking agents
GAPDH 1:1000 anti-mouse IgG 1:1000 1% NFDM
CTNNB1 1:500 anti-mouse IgG 1:1000 1% NFDM
C-MYC 1:1000 anti-rabbit IgG 1:1000 5% BSA
CCND1 1:1000 anti-rabbit IgG 1:1000 5% BSA

SURVIVIN 1:1000 anti-rabbit IgG 1:1000 1% NFDM

Table 7. Antibodies and blocking agents
Ab: antibody, NFDM: non-fat dry milk, BSA: albumin, from bovine serum

9. A XL DORRROWKGE

Comp. 31 & A #/LE T (Selleck Chemicals, Houston, Texas, U.S.A) D[FRIRALEIZ X 50D
Bix, WST8 7 vt A %17\, CI (combinationindex) Z{#H L CiHfi L7z, CI{XChou.T.C 2LV
S ST RER UG 7 /L0 B H ST B B EF OERI O JFER 2 IS\ TR O MR ER A
FIERZERILT 2 HETHD =%, ZOFEL, SUEEAIOME/ER Z25Hlid 5 729012 A <
SNTWD T -9 A 72 B, SEEMD 6 SOEE (ICs? 025, 0.5, 075, 1.0, 1.5, F7=
132015 FITW G ZHAG DT, —EOHEOMAEHOETRE LA > FaX—F L, KA
FRTOCI & Fa (fraction affected) (fFZ1E, 0.25 O Fa l& 75%DAEMIRSRIZEE LYY 1E, LIETNCHE
ENTZEDTEHAE LT, ZoECEY, SESERHAERBIOWETOMBENE CI<1),
FEAA (Cl=1), BEIUHEHFUER (CI1>1) OEEbAFREE 725 %, Cl OFHRIL, FHii <7z
FEHNOVEFF D AICHHA TR E W I RGED T TV, MAE DO ERIROBEE L, I
#PElR~"2 277 2 CaleuSyn  (Biosoft) Z{#H L TiT-72,

10. T
3 FELL B D CORGEFHIFRMTIL, — IS8T % IV /- Bonferroni #E 281 L Tt L
7o NAC & Comp. 31 HFHIC X % 2 B L Cld Dunnet #E 2 FIVCTHENT L=, SiaHi#T Y — &
I3 GraphPad Prism5 (GraphPad, USA) Zf/H L7z, 56N 7FERERICOVWTIL, P EHEER
(standard error of the mean ; SEM) TFEI/R L7z, fGIRSE S%LL Pl HG P A B3 H 5 &
E LT,
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F3IH RS
1. Comp.31 (281 % AML MR 5xd 2 ABRaIETEFS L OSHfa s i~ 52

Figure 4A (2R3 & 912, Comp. 31 1%, 3 50 AML Mgk (U937, KGla, HL-60) Offifasiz
FEMAFRICIE L2 (Figure 4A), Comp. 31 (Z331) % 1Cso 1241241 U937 Aifids L OV KGla Al
T7uM, HL-60 filiCTOuM T o7, ICGO01 {Z331F 5 ICs 13 U937 LT 5 uM., KGla HifaT 10
uM, & LT HL-60 Al C 8 uM Tl o7z, ZHLIREOIFHRIT U937 Mk & KGla Mz VYT ICs x
1.5 DFMISETIT 272,

2 SORFERE, U937 Alifuds LTV KGla MEIZRF% Comp. 31 38X TN ICGO01 DhR%E, 7 m—
A RA Y —ECE > THT L7z (Figure4B, C), Comp.31 38X TNICGO01 TRUER X 4172 U937 iifie
D Gy L OERIE, ZHEI 58.5+5.36%F L OV 58 4+1.76% CTdH—7-, Comp. 31 33 L TNICGO01 THL
H X7 KGla iR G EOEE X, Z2H 684+4.71%5 LN 68.126.98% CTh 7=, ZiHD
fiikdd, Comp. 31 38 L UVICGO01 Z3FAERIC G 3B COFIEDHIINE & $1Z AML Hifla A= 52
BEREEF > UEIES D Z L ERR LT,
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Figure 4. Inhibitory effects of Comp. 31 on AML cell lines. (A) WST-8 assay for detecting the effects of Comp. 31
on cell proliferation. Data represent the mean + standard error of the mean (SEM) of three independent experiments,
each with test conditions replicated four times. (B) WST-8 assay for detecting the effects of ICG001 on cell
proliferation. (C) Cell cycle status of U937 and KG1a AML cells after treatment with Comp. 31 or ICG001. Comp.
31 arrested the cell cycle of AML cells, with an increase in the proportion in G; phase. Data represent the mean +
SEM of three independent experiments. Black, white, dark gray, and light gray bars indicate subGi, GO/Gy, S, and
G»/M phases of the cell cycle, respectively. Means + SEM were analyzed using a one-way ANOVA, and multiple
comparisons of means were performed with Bonferroni’s correction. p<0.05 was considered significant. *p<0.05
v. 8. No Tx. (D) Cell cycle analysis by flow cytometry. U937 and KGla cells were incubated with Comp. 31 or
ICGO01 at the indicated concentrations for 24 h. No Tx indicates treatment with DMSO as a solvent control.
Wakabayashi R. et al., Biochem. Biophys. Res. Commun. 2021, 535, 73-79, Fig. 2A, 2B, 2C. The figure was
partially modified.
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2. Comp.31 28T 5 AML MIEUZKTT 57 AR h— A~DF %

Annexin-V / PI YtazfHH LC, Comp. 31 TR L7z U937 Alifiis KOV KGla Mifaicdsis 27 4R b
— LV ADFHE LRI LT (Figure 5A, B), FIHI7 AR b— AHiE (Annexin-V+/Pl—) OFIGIE, 3K
MIARAFROHINE T 6.58+1.49% (U937 i) L 003.20£0.80% (KGla #if) T, Comp. 31 THEEL
7RI CIE 66.649.19% (U937 i) 38K TN 21.243.52% (KGla fifi) TdhH-o7=, H“IT R h— =2
HfE (Annexin-V+/PI+) OFIATE, AKEEIIEC 6.40£1.03% (U937 flfc) 35X 1N 1.89+0.31% (KGla
) THY . Comp. 31 LLEHILCTOEIATE 13.9+6.48% (U937 flll) 3L UN21.242.95% (KGla #l
Ja) ToHo7m, H-T, Comp. 31 1%, ICGO01 & L7=35E4. LYV AEIZ AML #ifldz 7R h—
ANTFHE LT,

A U937 KG1a
NoTx | | .l } 5
| | e

Comp. 31

AnnexinV
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Figure 5. Induction of apoptosis in U937 and KGla cells treated with Comp. 31 (10 uM) or ICG001 (U937: 7.5
uM; KGla: 15 uM) for 72 h. (A) Dot plots showing apoptosis detected by Annexin-V/PI using flow cytometry.
Results shown are representative of three independent experiments. (B) Analysis of the proportion of cells in early
and late apoptosis. Data represent the mean + SEM of three independent experiments. White, gray, and black bars
indicate the percentage of cells after treatment with solvent, [CG001, and Comp. 31, respectively. Means + SEM
were analyzed using a one-way ANOVA, and multiple comparisons of means were performed with Bonferroni’s
correction. p<0.05 was considered significant. *p<0.05, ***p<0.001 v. s. No Tx. No Tx indicates treatment with
DMSO as a solvent control. Wakabayashi R. et al., Biochem. Biophys. Res. Commun. 2021, 535, 73-79, Fig. 2D,
2E. The figure was partially modified.
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3. Comp.31 (ZBIFHT AR F— A AT =K LOfMT

Comp. 31 [ZXDT R b= ADA D =X LEHOENTT D720, TR b—3 A & OBLERHIE X
LTS ROS 12DV TR L7z, Comp. 31 ZALIE L 7-FFD AML fifakk U937 (23517 5 ROS DpEAE
Z7Za—HA AR —ECEVEE LT (Figure6A), ROS FitHEt3k CM-H2DCFDA [ il 2B v
IAENTB, MIEPICERE L7 ROS & SUS LEE CTéd % DCF L 725, %0 DCF Oat A
L CROS DEZWET 5, DCF Db A b 7T DAEAERT DL, 7-AAD TYAaZATV VERITEO S5
ZHH LT 572, Comp. 31 AUERE CIIFMAMUERE & 1ICGO01 LV b E R N T A~ T |k
LTk, ROS DFEABNZOMO 2 FEL Y HHIML TWD Z EAVRENT,

& 5(Z Comp. 31 (2 K 2 AMIHSFEANHINRIZ ROS MBI L WD 0 ERGEET 57280, FUR{LAITH
% NAC & Comp. 31 Zf}fH L C WST-8 assay &1 7\ WHlllaHFH OB A fFt L 7= (Figure 6B), % ik
R NAC ALEIC LY Comp. 31 (2 & AAMIHEFEOIIGINA B e Az Ff o TR I vz, S HITH
JRAERAE L ROS DORLEZHERT 572, NAC & Comp. 31 ZHFFH LT KU /S0 70—t L 0 3E
HRRAIE L= & Z A, NAC AUEIZ K > T Comp. 31 1 & B SEHIIR O B s ff > CT—
Mgk snrz (Figure 6C), ZHHDZ Lnh, Comp. 31 1L DT R h— ZAFHED A B =X LD—
12 ROS DFEAMNEIS- L TS Z E AL E LT,
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Figure 6. Evaluation of ROS production and verification of combined use of Comp. 31 and NAC. (A) U937 cells
treated with Comp. 31 (10 uM) or ICGO001 (7.5 uM) for 48 h. The production of ROS was measured by CM-
H2DCFDA using flow cytometry. The DCF histogram is displayed as a 7-AAD negative live cell fraction. No Tx
indicates treatment with DMSO as a solvent control. (B) WST8-assay. U937 cells were treated with Comp. 31 (10
uM) and NAC (SmM) for 24 h. Results shown are the mean = SEM of three independent experiments. Means =+
SEM were analyzed using a one-way ANOVA, and multiple comparisons of means were performed with Dunnet’s
correction. p<0.05 was considered significant. ***p<0.001. (C) Measurement of dead cell rate by trypan blue
staining, U937 cells were treated with Comp. 31 (14 uM) and NAC (10 mM) for 12 h. Results shown are the mean
+ SEM of three independent experiments. Means + SEM were analyzed using a one-way ANOVA, and multiple

comparisons of means were performed with Dunnett’s correction. p<0.05 was considered significant. *p<0.05.
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4. Comp.31 |28 %5 AML HIlZkI35 Wnt o 27 )/ LBHE 138 EL A~ DR

AML HfEIZ351F % Wnt/B-catenin 37 F/VERE - DFELDZ V% | QR-PCR BL U =A% 7
2y ZEERWCEHE L, Comp. 31 12 K HHIME S (136 L OSBBERE A 7 = X A& HGEE
L7z,

qRT-PCR |Z X Zf#HTIX, Comp. 31 73 CTNNBI, c-MYC, 35X TNSURVIVIN @ mRNA FHl &%z AR
> x5 Z L &R L2 (Figure 7A, B), £7- CTNNBI (B-catenin) D4 737 B8 EAS, Comp.
31 AUEIZ X > T L=, (Figure 7C. D), Comp. 31 (%, ¢-MYC, CCNDI, SURVIVIN # > /37 '&
7280 Wnt BE S L7 B D5 E I L 72 (Figure 7C. D),

A B
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Figure 7. Effect of Comp. 31 on the expression of Wnt/B-catenin signaling-related molecules. U937 (A) and KGla
(B) cells were incubated with Comp. 31 or ICGO001 at the indicated concentrations for 4 h, and then mRNA levels

of the indicated Wnt/B-catenin signaling-related molecules were detected by qRT-PCR. Results shown are the

mean + SEM of three independent experiments. Means = SEM were analyzed using a one-way ANOVA, and

multiple comparisons of means were performed with Bonferroni’s correction. p<0.05 was considered significant.
*p<0.05, **p<0.01 v. s. No Tx. U937 (C) and KGla (D) cells were treated with Comp. 31 or ICGOO01 at the
indicated concentrations for 72 h (U937) or 48 h (KG1a), and then protein levels of the indicated Wnt/-catenin

signaling-related molecules were detected by western blotting. Results shown are representative of two or three

independent experiments. No Tx indicates treatment with DMSO as a solvent control. Wakabayashi R. et al.,
Biochem. Biophys. Res. Commun. 2021, 535, 73-79, Fig. 3.
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5. Comp. 31 ® AML HIZEIT 51 X e v EflAA T OO IR

KGla #ifids LTV U937 > AML A3 %A Z /1 e & Comp. 31 ZAG O ET-HFHZ)
REWF LIz, A XV E VU 1E, AML OEAFRETHEH SNV TS EERIERTHL Y, K LEW
FITZDOMITD 6 SDPEEE (IC5 P 025, 0.5, 0.75, 1.0, 1.5, 2.01%) & —EDHRTHF L, WST-
87 vl A ZF L=, KA TO Cl I LV Fafild, BERIZHE CalcuSyn V¥ 7 b7 = 7 AR L C
AR LT, U937 Ml e KGla flalZxf3 251 Zves v & Comp. 31 ORESNMR T vy M &%
ZH Figure 8A & 8B IZ/R L, U937 Alad KGla Mi@IZkt32 Comp. 31 &+ Z e O
K% R"7 Cl-Fa 7’1 v % Figure 8C 33 LN 8D IZENZEAUR LT, A X /LT & Comp. 31 DFHA
AT OFAALEIL, AML AR 5 & LS EIROIRE L 0 L0 58 TSR A R LT

(Figure 8A. B), CIEIE CI< 1 THFEZE., Cl=1 THINR, BIOCI> 1 THEPUER & HE S
b, Comp.31 & A ZNET UPAICE D CHEIZR T OWREET 1 X VIR MEZHER L TE Y . Comp.
31 LA XNE T O, U937 Ml & KGla AIZ%T L TR A B L Cnb 2
EDVRS IV,
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Figure. 8 Evaluation of the combined effects of Comp. 31 and idarubicin (idarubicin) treatment on AML cells.
Cells were incubated for 72 h with six concentrations of each agent or both in combination. The ICsy values of
Comp. 31 for U937 cells and KGla cells were 7 uM and 9 uM, respectively, and those of IDR were 5 nM and 7
nM, respectively. (A, B) The cytotoxic effect of treatment with Comp. 31 or IDR, alone or in combination, on U937
cells (A) and KGla cells (B). (C, D) Combination index (CI) -fraction affected (Fa) plots of U937 cells (C) and
KGla cells (D). CIs were determined with the nonlinear regression program CalcuSyn. Wakabayashi R. et al.,
Biochem. Biophys. Res. Commun. 2021, 535, 73-79, Fig. 4.
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HaT EEE

Invitro TO AML A 2% D HUEEN R 2 M3 5 72 9DI1Z, AML ARFERROARIEEEFE, AmAwE .
TR b= UK S Comp. 31 12361) % 528 % BEA7-0D Wnt/B-catenin #RFEFHESE ICG001 & bz LT
I L7z, WST-8 7 v A OfEFI%, Comp.31 75 U937 M, KGla M, 33K OVHL-60 Mo HE5E
(T3 DIREERAFMERAE 2R L7z, ICG001 (Z45\ T d AML ABFERIZ kT U CREBIIESE 2] LTy
TS, EREEIZ R ABAERIE Comp. 31 LV HIKWMETH -7, M A 5.2 5 AlRetEo
i DR 2R 5728, Comp.31 721X ICG001 1L » THI & Z S o HaE D2 iz oW T
T—HA b A M) —EE RO THE LR, Comp. 31 & ICGO01 1 HHMIEHAICRT 5 G #HiE
EMFRREICEIML THBY . mbEmIcisT 2HIEI~OENE LN EAVRESNT, IHIC
Comp. 31 /& AML #fEIZx LT, ICG001 £V 58 TR b= ADFFEEE b 726 LTz, T bR
5 Comp. 31 & ICGO01 [ ZAMARE A5 11 23538 U RIS 2 419~ 2 2h 2 L Cund,
L7 L AML Al 2 Mgt 2 58 520343 1CG001 (ZH L C Comp. 31 D MEIL TV D EHEEL S
%y ZOBENIPLT R b= AR 0BT D SURVIVIN OFEHIALOZENEEE L TS Z &N
Ez s, Comp. 31 12330 T SURVIVIN D4 237 3B 358 < Jifl ST B dzxf LCLICG001
TIIFROZALD RO o T, Ko TIis 2 AIZISIF % SURVIVN FEBLOZASHRIZEIZ 532
WEIZB D> QWD 2 ENBZ LD,

F 72 Comp. 31 (23651 T D AMEFEORE TN Z & ORE 72783 HIRd > 773, 1CG001 (235
UWNTISHIIERE = & ICHIRI LB ORE R ZEN A DI, £V RE T a T 4 VTR LB 2
XY EFEBIENTCIE, U937 Al & KGla M CEZe DFERA R S 47, U937 Ml Tl C-MYC 3
L OYCCNDI1 D ¥ 237 BHEIZIZ OV TIL, Comp. 31 38 L ONICGO01 ClRIFREEFELAHH] LT
LDk L, KGla AETIE ICGO01 (2 K 2 FBUHHIMMER SR o T, ZAUTZEN LM
FUF DB-catenin DFEFIDFENFEL L T D AIREMENE 2 HILD, Ysebaert L. 553 T>72 AML Hifakk
ERWEZUZ 2T vy T ¢ o THHIC LY KGla #ifans U937 Mifa X v & B |2 p-catenin D4 >
PR FEHN EFR L TND Z EDGERD B ICG001 [3B-catenin DFEHLEAH I 0 TLEE L TV % KGla
AR L CIETE4T Wnt/B-catenin #REE AT 2 Z L 3 TERUWeDIZ, Ml L OZENFEDH
NI RTREMD 8 5, EAUTKE L C Comp. 31 [dB-catenin DIEFUFLEA T 5 T L7 AR A BHE
L. PUEBZNRZ SRS 5 2 LAV ST,

Comp. 31 IZ X DT AR M= ZFHED A T = X LD 8720 . ROS DEAEIZFER L7z, ROS 23
TR M=V ABEICRH L COD Z L iE, ZRETICHESHIES TN D 061 F ks 72312
EDT AR M= ZAFHEIZ ROS DEEAIILD Z ENHESITND 28, Yang X. Bkt MMk
Hep G2 flifiaz V- Ehc X v hECEfasiRm & LT S Qs S /& R 23ROS Z41
L C Wnt/B-catenin #5820 L, Hf&iOIZ caspase 9 DIEMALZFED TR b—L A &FFE L2 L %
ARLTWD 2 WuS. BIFHINRAAZHWZFERICE Y, a7 A X —8 CHEEREF
Wy b U CIRE S RIRT Vv A R Chelerythrine 73 ROS OEfEZ I L UIMAA F L A &5 &
B LTAR NV RZHFET L E2WE LTS 8, S HIZI3B-catenin FAFEIZ L Y ROS NFEAS
D Z LG SN TS 2% FOXO (Forkheadbox O) I 3:Mi)E i 4 Al e 4 D EEEIKFTdh v
19 Essers M. A. G. 513 FOXO OifftiialE DR ZB-catenin 23BHi>-> T2 Z & A% L, HEK293
ez A= IS EREfRATIZ 38U T HoOp ALEZ LV FOXO & B-catenin D& A7 387 UAIRE D
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EIZEIBIEET A Z E2R L% 20X 912 Wnt/B-catenin #EFE7AS ROS DFEAEIZEIE- LT 5
WENHR SN TS, £ZTComp.31 (IZL DT R b— ADFFEN ROS 2 L TRE D &V I
AT, Zr—HA b A RU—EIT LD ROS i3 CM-H2DCFDA % VT ROS DpEA % fiF
L7z, EORER, Comp. 31 [T HAVERERS L OVNICG001 AUEREIZHbEE LC ROS DOFEANTTIHE L
TV, FEPIREAITHD NAC OFEFHIZE Y Comp. 31 (2 X 2 AMIEEEFESIH] & AIREDFHE A —
EfRR SN2, NAC (X7 NVE T AL ORIEE THY . RN T NALZ F A AERINHZ ET
ROS AAR Ty —& UTHMEIE 23835 S, NAC ZRHLET S Z LT, Comp. 31 (L5
ROS FEAEAMHNH] S 41, AFHEFEANE]FS K OSIIFEOFHE I Sz & B 2 Hivd, SEIORECIX
ROS DHEINAY Wnt/B-catenin #5HE Z-HH| L7207 L < 1% Wnt/B-catenin OIS Y ROS 73
INUT=DMNCAONTIS BRDEFIDPVETH D, ZAHDORER LY Comp. 31 12 L HHIFBEDTFHE
(2. —HB ROS 23B5-LT\D Z EAVRIE STz, ZDMOKIILIEIZ BT 5 BRI 7EAHTH Y |
S S ORDBGEENE T 5,

JILAK T T 4 ZETIE, Comp. 31 THLER L 7-HHDB-catenin D & 77 EHREELM, *HHf
BEE i LT LTV D Z EDB NI /e oT2, 5, Comp. 31 (% CTNNBI mRNA FEELE %)
H &7z, Comp.31 7% CTNNBI mRNA OFBLZHIHIT 2 Z & T, ROS DA% Ttk S Uit Z 75
L CWDHDD Eive d Comp.31 B3FE T ROS ZpEA L, CTNNBI OFELAJH LT HDHNZD
WIS CIIRATH S, el Lz X 212, Yang X. HOBFETIEF /& R 23 ROS %47
Wnt/B-catenin FEEE A HIH] L. k&S caspase 9 DIEMALZLED TR h— A&FFE L2 & 732/1‘ L
TV 2, —J5 Laphanuwat P. 5 OHFFE Tld MDA-MB-175 fifia7s £ OFLAS AMIEIZ % L C shRNA 75:
FHNT Wnt/B-catenin OFER &G T-CTdh D CyclinD1 OFEELZHHI L= & Z A, 58\ ROS DOEFEN
SN EZHEL TS Y, 2oL HIZ, ZIETD ROS DREA & B-catenin FEELDOERE TIEL, W
PTHOFHHE SN TERY 1926 Comp. 31 DIEFIZOWTIEE SR D MEENSLETH 5,

Wnt/B-catenin %1% LSC OFEAIZRRHE LTIV | Wnt/B-catenin FEEEI L3 A BRSO EEEL/04%
T D 2 ENIE SN TN D 29, Z LTIERDHIR AAI L Wnt/B-catenin FEESSLESR O A S
I DAARIRIZBWTHHTH A RTREMENE 2 HIL T A 3, % 2T Comp.31 & AML D5# /)72 -5
HHNITHDHA X O AT LTz, CalcuSyn ZAFH L 7= OFHREED /34T F %, Comp.
31 LA XNE T ONFHDIIRAII RN TH D Z AR LTS, ZOHKE LT X LEY
VRUEIZ I 0 B-catenin DFEBL EH2BEE LTS RTEEMENE 2 LD, Zhou Y. HIZLHFERT, A
N ERILT VN THA 7 ) CRBURAKITEH D RV Ve &b M UK (HuH-
7. HepG2, SNU-387) |ZHUE L7=& Z A, B-catenin DFEHN EFH L TND Z EAVREN TV, 4
[FIORREClEA 2V E S AAEIZ &% B-catenin DFETIN EH- L CD Z LITHERTE TR, L
L7 b THA 7Y RO RV LE Y L Chcatenin DIETUZELRBIND Z EDV/RENTNDH D
EMB[RT Y N THA 7V U ROA Z e T OUUEIZ LV B-catenin DFEELA 5L, Comp.31 23
FOTEMEZ R LT WD b 72 b SNVTW D FTREMEDN B 2 HiD, £72 ZhouY. HOHETIE, A
A 7 THAEWE THDHY Y ) ~A 22 FOXO %91 L CB-catenin/ TCF DEAIREFHEE L CIFN
AHIBETO R LB DML AR T SB722 2R LT D B, ZOHED 5§ Wnt/B-catenin
BEENT v ST A 7 U U RIBAKI TOMMAIC A 53 5 EBERRIRY —7 v b THDHZ L AR
LCW%, ZOfE5E, Comp. 31 23252 & TLSC ZBEATE 52 LN TE D REMZTE L
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THY., AML FlfEe LSC IZ%F3 % Comp. 31 OHUEEZNIFAZEET D HREIS HITUETHDH LB X
Do

PLEDFER I | <7 F oD Wnt/B-catenin FAFEHE Comp. 31 1%, AML AIRROHERAFHE L, Gy
HICORMEDIEIL L TR h— ZAZFHE LT, ZOHIEAEIC 5 ROS 2575 = L AVE
B SA7z, Comp. 31 1 AML FfIC3V T, CTNNBI 3 K OBLEE 51D mRNA OFEH &) S
oo BT, AXNAETEDOHRIZE Y AML MfEOHEEAAEFIIZIEE L7, Comp.31 |3BELF
@ Wnt/B-catenin FREEPHFESE ICGO01 (Zhk LC L v MifasEZ R < FHEAERT 23082 H L Tz,
Wht/B-catenin #EHEIE IR 1- T2 SURVIVIN (ZBWTHRBEZMICEN RO Z Enh, AR
2T A DR OE ISR DEZ S [ Z 2 L CWA RREM 5, 7= Comp. 31 73 Wnt/B-
catenin IS A FLEST HERICINA T, 7R b= ACBO AR 5~ L F e X —47 > b ok
T AW TH L AR DB 2 DAL A% S DIGGHEIZBGEES UE TH D, IS DOFERILZ D Comp.
31 1T AML (T3 28671197 Wnt/B-catenin [HEZE L U THER Y — MEEMIZ/2 5 Z & 22 LT
AV

37



H2E E2H KBS ANIKTT D HUEEhE
CAREE =

KIGDBADIECERITTFIN LTIV, 2018 FOFXCHII T LAbEHER S TATHY, &6
NERIC2AANLE T DA TH D |, MEFAERERTH DN X7 @ 70 8 Ooy TARINZROX
A I AEFIIHER L QDD 00, AT —VIVICEBIT 5 5 AR 2 B0, Lo
T E B2 HIRER DR K ANREEE OB IR EEREH 5 L& X D,

CTNNBI1 O EHE 20y T D APC DOEE KGNS AVIEE D 5 BRI 80% THOM > THY
0, Wnt/B-catenin FREEDILE 72TEMA LA 2 < HE ST D 7, APC IXFEIEMERIGAMIERE DR K& =
TELTRESNIZLOTH Y | BAMHRE S T-& LTHEBILD 73, 2% L7z APC (3B-catenin &
DFEEREZ A LTINS DD, Axin & DFEAETIIAKIB L TN D b DONREL Bbivd, EDTZDHB-
catenin % U UL L. TD%RITKL 70T TV — LR TORRIRAREL 720 . ABIE PN CB-catenin
WER A TATT D2 & L7 ™, RIS AR ZI1T 2N T DB-catenin DFEFEDY 80%LL =Tl
HENTWHIELH Y P, N TOB-catenin DEF UL TH AR LBIES L Z LA RE SN TND
%, LT Wnt/B-catenin FREEIFIKRIGD AN & > THERIGES —7 > N THY . KIGRAIZKT 5
Wnt/B-catenin FXE&FHESLDBIFE DM TN TE T2, Loy UARTZHRIR O S 40T 2 AR A &

L7=3FN 372\, 7 2T Wt 3 7 F L OTEMEDS VORI AT 35\ VT b 72 728500 Wnt/B-
catenin FRFKIHESR A BT 5726, 551 5, 52 T 1 HiC Wnt/B-catenin #2382 #71] L. AML il
FRIZ®T U CHZMEZ 7~ L7z Comp. 31 DRAGDN AR5 2 FUlEE R OBR 21T 72,
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F2IH ERIE
1 KIS AARaRRRSE ik

b MRIBDSAMIIEER HT29, RKO, SW480 1%, ATCC 7O ATFLiz, ZHHOHEIE 10%FBS, #i
B3 (100 units/mL <=3V >3 L1100 pg/mL A L7 k<A >) (FUIIFILM FDGHES) %5
D-MEM High-Glucose (L-Z V% 3>, 7= /=Ly FER) (FHTAT A7) T37°C, 5%CO,
DEREE FCHEE LT,

2. Luc-SW480 k74

Luc-SW480 /% TOP il & [FIkEIZ SuperTOPflush plasmid 23 A L7Z#ii CH 5, 7T A3 ROEA
|21 Lipofectamine®2000 (Thermo Fisher Scientific) 2 L7z, Luc-SW480 % 10%FBS, HLHFZE (100
uniymL ~=3U 3B X100 pg/mL A S L7 b= 2) . Hygr (150 mg/mL) (FUJIFILM Rt
3) %1 D-MEM High-Glucose (L-Z/V# | 7= /—/L Ly REA) (FUIIFILM FotHiss) (o
T37°C. 5%CO, DERHE F T LT,

3. RIBDS AABRGLT 3 2 HaGH 25 S

KIGHS AR RS 2 HETRETHIEN AT L 55 2 T8 1 i & [FIERIC Cell Count Kit-8 % FVNT
Sl L7, B RRAEDS AUHIRaRE A 96 ™7 = /L7 L— | (Thermo Fisher Scientific) (2, ¥ =/L&%7-= 10 3.0
x 10° cells/well DEEE CHIKFERE L. Comp. 31 £ 7213 ICG001 DEPEAIIEE & HIZ 72 BEfA v F =
~— | L7z, Cell Count Kit-8 53 A4 well |Z 10 uL ™ DULE L, ~ A 7 17 L— kU —#—(GloMax®,
Promega) L TR (BRI K 450nm) ZHIE L7z, SIRETOD 4 SOH 7 VD)
Rl L7z, 50%DMAFIRE (ICs) OfEld, FEHIEENFE T 127 L CaleuSyn (Biosoft, Cambridge,
UK) ZfiH L CHUS L7z,

4, N7 T7—BULHR—F—T kA

b NI AR Luc-SW480 % FIV V7= TCF-Luc #sBIEMEZ, VT = F7—EBLAR—4—7 vk
A A U CHIE Lz, KEGDS AFRIEEE Tt Wit OFEMENEFE L (HEK293 #ifd) L0 &t LT
WAHT2sD, Wnt HIE A3 ISl L CREfE L 72, Wnt EOATET Luciferase OIEMHEIZEA
72N S IIRRRER A2 CTd Do Luc-SW480 iz 96 7 = /L7 L— I (Thermo Fisher Scientific) (Z 5x 10*
cells/well THERE L 7=, 1558 24 RFEIFAIC Comp. 31 ZAUE L, X 512 24 IfERGE L=, RISHIaiz
RIE (Table 1) 27 L— hOF Y = /MIIRINIL, 7'L— b 30 HTEEECNTIRE 5 U CHlla A 47
U7 HMlaiafiinz R 1) AF 1296 7 =)L 7 L— K (Thermo Fisher Scientific) |Zf% L7-, Faddk

(Table2) Z#IRML, vA 27 a7'L— kY —4— (GloMax®, Promega) Z{#H L CTHILEHIE LT,

5. qRT-PCR fi#tr
52 B 1 H & [FRED 1A TRIGAS AAIIER HT29 0 mRNA Z£RH L, gRT-PCR T % 32k L 7=,
HT29 % 10cm B/ F ¥ —F « v = (Thermo Fisher Scientific) (ZHIARFEEE 3.0 x10* cells/mL THE
i L, 24 FFfE% Comp. 31 £ 721X ICGO01 A AUE L7z, 24 IFf##% NucleoSpinRNAKit (% 1 /3A )
% FV T mRNA 2858 U 72, ZHLIRED cDNA ~DiflisE. & qRT-PCR CTOMTILE 2 B4 1 ik [
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KTHD,

6. VAKX LT T T 4 2 TRRT

052 BEE 1 N & [FRED ITIECTRIGAS AAIIRE HT29 DX R BRIt D= AR T v T 4
VRS TRT Z2A T > 720 HT29 iz 10 cm HVTF v —F o w3 = (SHIREES 3.0 x 10 cells/mL T
FEFE L, 24 % Comp. 31 £721XICG001 ZALE L7z, 72 Ktz es "7 B & EI L7z, [FIY
L7-Hila% RIPAbuffer (FUJIFILM FIYGHES) 2 VT 1.0 x 100 cells/100 uL LA EVZ72 % K 5 I2IEfiE L
oo K 2043) L, ZORNZ 4 [BIRVT v 7 A% FAWTHRE LB LTz, 0%, 0 (12000
mpm, 2047, 4°C) L, 2O EEEY 7 e LTI LT, [BULL7=% 27U, Qubit Protein Assay
kit (Thermo Fisher Scientific) . Quantus Fluorometer (Promega) % HW\\TEREZITVY, 2pg/ul 12725 XL
9 1Z Sample Buffer Solution (FUJIFILM FDGAISE T38) | JREGEMK LIRE L, 5 ofEdL T
N LTz, ZHLIRED SDS-PAGE % FAVNRHTIENS 2 355 1 & & RRRIcAT o 7=, L7ohufk
L7 X JHIL Table 8 1277,

Primary Primary Ab Secondary Secondary Ab .
Ab concentrations Ab concentrations Blocking agents
B-actin 1:1000 anti-mouse 19G 1:1000 5% NFDM
CTNNB1 1:2000 anti-mouse IgG 1:1000 5% NFDM
MYC 1:1000 anti- mouse 1gG 1:5000 5% BSA
SURVIVIN 1:1000 anti-rabbit IgG 1:1000 5% NFDM
cleaved caspase-3 1:1000 anti-rabbit 1gG 1:1000 5% BSA
caspase-3 1:1000 anti-rabbit IgG 1:1000 5% NFDM

Table 8. Antibodies and blocking agents
Ab: antibody, NFDM: non-fat dry milk, BSA: albumin, from bovine serum
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H3IH JHREER
1. Comp. 31 (23T 5 KD AABRIRIZHRT 4% TCF-Luc 1EPEFS J OSBRSS~ 2

TOP Hifaz Wy 7 =7 —BLAR—F—7 vEA BT TCF-Luc OIEMEZHNH L Tz
Comp. 31 IZF T RGO AAREE SW480 HEilZ Super-TOPflush plasmid %5 A L 7= Luc-SW480
M Z ANy 7 27— B LAR—2—7 v A Z{To72, Luc-SW480 MfEIZIs\ T H IR TR
|Z TCF-Luc OiEMEZ40 L7z (Figure 9A)

F 7 HIFEEESIEL 235\ Y C Wint/B-catenin SRS T b 5 HT29 Hla & IHEATHICTH D RKO MifEicks
UNT Comp. 31 AUEIZ 35T 2 ABRHEREHIHIZNR 2 Lol URiat 217> 72 (Figure 9B), Comp. 31 DALE T
HT29 Hifa Tl ICs : 9 pM 125kt L, RKO FIECIEICs : 18 uM TH Y, HT29 FlfEiZ*kt LT X v 58
PRI R 2R LT,
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Figure 9. Inhibitory effects of TCF-Luc activity and cell viability on colorectal cancer (A) Luciferase reporter assay
using Luc-SW480. Luc-SW480 cells were treated with Comp. 31 for 24 h. Results shown represent the means +
SEM of three independent experiments. (B) WST-8 assay for detecting the effects of Comp. 31 on cell proliferation
for 72 h (HT29 and RKO).
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2. Comp.31Z31F % h KRGS AR 692 Wit BRERE (R OFEBL~ DR
Comp. 31 ZuEf%D CTNNB1 OISV A KIGDS AL HT29 CTHEFT L7c & 2 A, 24 FFfEIT
CTNNBI mRNA DOFERD D80 Hivi= (Figure 10A), L7>L Comp. 31 (252 CTNNB1 D # /X
BRI =R Z T v T 4 o TIETIEERD Hiviriro7c (Figure 10B) , & 512D Wnt
BEHGE 5 -0 SURVIVIN, C-MYC 1% AML MR CORER: & RIRRIZ &7 o X7 B BLOWD D /B S -
(Figure 10C), FE7z, 7R h— ABHHEX L /7B T % cleaved caspase 3 DIEHLN LH- LT\ A2

LR ST (Figure 10D)
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Figure 10. Effect of Comp. 31 against colorectal cancer (HT29) on the expression of Wnt/B-catenin signaling-
related molecules. (A) HT29 were incubated with Comp. 31 or ICG0O01 at the indicated concentrations for 24 h,
and then mRNA levels of CTNNBI1 (B-catenin) were detected by gRT-PCR. (B), (C) and (D) HT29 cells were
treated with Comp. 31 or ICGO001 at the indicated concentrations for 72 h, and then protein levels of the indicated

Wnt/B-catenin signaling-related molecules were detected by western blotting. No Tx indicates treatment with
DMSO as a solvent control.
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FaTH BE

ZIVE TIZKRIGN ABFEOA 7RI & LT Wnt/B-catenin #RFKITEH S, BRkA ZeBHESEDBAFE
SNTETCWS 7, Emami K. H. 51255 TICG001 23 KIS AR Zx U CRMRZ T T 2 2 &
RENTND B, i T AML HIE TR A 7R L7z Comp. 31 (22T, DA AFECORNFED AlReN:
IRRIET D728, & MRIBD AMIBEIERIZ T2 in vitro TOHUEEZN R A2 REt LTz,

b KRGS AABRERE SW480 (Z Super TOP flash plasmid 235 A L7-ffE (Luc-SW480 i) % {EHd
L. TCF-Luc {EMEIRIT TR Z MG LR, Comp. 31 13RI AMIIEREIZx LC % TCF-Luc 1%
PEOW L ZFHE LT=, T OFERIT, Comp. 31 2MEFIIIZ Wnt/B-catenin + 7 F/LNEEL LTV DK
RE7S AR Z 6 LRI S 7 F VORI &R L, AR A PRS2 LA Ch 5 2 L &nd LTl
RATRE B 2 %, F£7- SWA80 AL APC IZAERAH T LMK THY 7, Wnt & 237 HOHHEC
BIRZR ST FANEME L T D £ B 2 Hid, EERED AMNE WLy 7 =7 —B LR—
H—7 A T, Wnt BEZRIETE S, TCF-Lue DiFEZR LTS, Ko T APC ([ZEHEN
& DRI H /AT b TCF-Luc DIEMEZHIFIT 2 &5 Z &%, Comp. 31 A3 APC LV Tt T Wnt/B-

catenin FREEZHNHI LTV D &V D T EMHEE IS, 2D LI, Comp. 31 DFHEEH A 1= A
FRATIZ RV CEE R D LB 2 D,

RIZE RGOS AAIIERIZIB T WST8 7 v &1 % FVW CHIKHESEITHI R A el Uiz, i
HEFEIZ 45V YT Wnt/B-catenin FRREEIKAAEORITEL (HT29 Aifw) & HIFHEEEIZ 350 v Tl Wnt/B-catenin Jf:
IRIFP RO (RKO i) CHBHRFZ1T -7, HT29 AfaiIZE B4 APC %4 L Cp-catenin 3/
FELL TV D DITKE L, RKO Ml XA APC %A UITEPNB-catenin ZEELAMEN 7S, WST-8 7 v &
A OFER, HT29 flifclL RKO MRt LT, & AR R EE CHIF TSR A7~ 2 & 235 B2
Erpolz, THHOREEL Y Comp. 31 A3 Wnt/B-catenin #8252 = & CHEHZ PG5 = L3
NS,

qRT-PCR (Z &% CTNNBI mRNA OFH T AML M 2351 T DA HE L [FERIZ, Comp. 31 V&I
DI LTz, LInLU A T ayT 4 ZIRIZE D 2 23 BRI C CTNNBL DX 2737 ”%%
BUZ Comp. 31 LLEIZ > TEALHHERE S 4T AML Mifa & 13572 DHERDFED ALz, KIS A

fRlT1FT 5 CTNNB1 OFEBLEAD AML ML D s W2 ENERTH D LRSS, KIS A
fa & AML #lifieC D Wnt/B-catenin 550D < 7 F /WIEMEDIE 35 J UB-catenin OFEHLEODEY NIEBLKR
AENTE TUVRUAS, B-catenin | THIIEHEAETR -0 E-cadherin DEFTH & X7 /E L U THREZ A L T
WD Z LD M SR E-cadherin OFEBLE L | B-catenin DFEELEDN T2 Z & AMHESR
ND, FTZRED B EORO EEHlECH D Z &5 LT B-cadherin [LE5BL L, 41
(2o TB-catenin DFEENEL 725 Z ENBEZ HND P, —HFHEMID E-cadherin (ZBI L TIiE, Rao
Q. HiE. AML ik (U937 8L OVHL-60) % VT E-cadherin (2% 95 siRNA L& 21TV, iy
HRE DI A fRHT LT, EORERIE E-cadherin OIEFEELAS ISP AEIZ TG L TND Z AR LT
% %, Lo TMECROHINETH 5 HIMJFHIETIL, E-cadherin OFELA KRG AN L TIRNZ &3
TSI, ZHUTHA, B-catenin DFEBLH KIS AMIE L VIR CTH D Z LR B 2 DNLDH, T
DFT RN KNGHS AR TlEB-catenin OFFLEN E L SREIOTTRAZ 70y METIEIA LA
L5 B BOIA LRI TE A -T2 L B89 5, Loy LESEE S T ORBL F 278807
Z &5, B-catenin AN TIC OV TORRGHII T T2V )3, B-catenin/TCF #55YEME A 2L S H7-
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EHEZZT 5, Comp. 31 ALEZ K % Wnt/B-catenin FRIEOIFHHEL T-0D & 27X 7 BBV LR T,
HIMHSEICBID D C-MYC BLOPLT R h— A% LR BT D SURVIVIN OFEELHIH S5
T L HMER LTz, UK LT ICGO01 TS 2 H5 1 THOD AML A CoOfigtT & [FARIZ SURVIVIN
DFBEATIRD IR o T, ETT R b= ZAOBHES /37 B T % cleaved caspase 3% DFE
BB EH L CODREERNS S KBRS AMEIZIBWTE Comp. 31 (X7 AR h— RAEFHELTWDH D
EOVRENTZ, KBBMTBNTH TR b= AFFEIZD 55y T O3B D7EDS Comp. 31 &
ICGO01 & DIFIZFRD B AML Al CORERA AT DL L 72 o7z,

PLEX Y Comp. 31 L AML HEAIZINZ CTHRAGH AR T3 L CH Wnt/B-catenin AR 2 il L.
PUEEN R A S L T D ATREMEE - BN LTz,
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TS

1 E T, £, b MEEBSHIIN HEK293 HifilC Super TOPflash 75 A X RZEA L, ZEEFRH
Z e L7z TOP fifuzF L7=, Z o TOP iz AT TCF V7 = 7 —EB LR—&—7 vt A
TP TCF-Luc {EMEAEIEEE S LIc A7 U —= 0 VREMESL LTz, IRWVT, FHlikgbaw & LCREA
7> Wnt/B-catenin FHEFK TH 5 1CGO01 & OREESFHLINED b FEHETHERI T B TR ST
(LAY 5 SARS 3CLP° BREAIG AR FREAZ SR LTz, Jolcher LTz A7 U —=2 7 5% % -V Gl
Lz & 2A, HHOALEMtEDE RE Lz, L LR L, 2160 SARS 3CLP BHEAA L]
(RTINS 22 S & 72 DHEERBIIAS Tldev, T2 T, AMMEETH Y, ST I 1k
B A RS AR e U 7T RAUHESL A SARS 3CLr° FHEAIE R A Z BB 12 akst
L. Bk EFHNZATo 7, TOREE, 1CG001 LY b EiE7s Comp. 31 & AH L7,

| Trt
H M0 N Trt Trt
@\,N\FU @G MeO T/[/) MeO O MeO O _\f
e T Lp T Lp
j/\N HN” ™" =N HNT ™" "N
N =N
Xp © L _N_O 0o 0
0 X ¥ Ul 4N 0 N._.0
A e
OH R R R
ICG001 SARS 3CLPOIZERIS FrP Rk IRTF RRER Comp. 31 (R? = 4--butylphenyl)

Figure 11. Structure of Comp. 31 and its outline of development history

552 T CIE, Comp.31 (238517 5 AML Mifakk & KIS AAIRIRIZ IS T DHUEEZMR A ET Lz & 2
A, ORI B CHITEEFEIIGIIR 278 Uiz, AML AR 2RO Crdfifa @i o ks Lt
TR M=V AOFHE, IOIZTIA XN E T OIS L > THFSIRZFRET 5 2 L 2 MER LT,
% 7= Comp. 31 OAMFIHEFEINHFS K OSHIIEIEAFELD A A7 = X 12 ROS A3 BEE L Cu 5 AT RENE
DVRER X7, gRT-PCR (2 X DT C CTNNBI mRNA OFEELAIIH S5 Z 73, AML FlfEk & K
573 AR & BITHER STz, L L, RIEAEEOFERIRE A 7 = X DT3B BN
IETETVRY, SFAERY T2 RE L, s b a3 L, K RO FAIZRRET L Tl
ZENRETH D,

Wht/B-catenin FRE&IX, Z DREDIFD, DS AEHIRAOF AR, FLOSAHI~OMIEIZEEH S 2 &
DA BNE 705 TN D BRI ANBIEITNI T 5, DT DA 2 FHE S 5 3AN B F OB AK
(2T DM LSCRE 72 & OREIRIZ 301 2 R Z R 2 RIREME 2 RUNTRD TNV D, F T AR
DFEFIISEIERDBAFETIE I TND Z 05 b, AR AHEN) &+ 23K 2 B35 Z &
ZRRTR DN AR U TR A~ AIREME A B LTV D,

AMFZETITE OIFERNT T DLEOBIFE 21TV, Wnt/B-catenin #RF&AFHFE L, AML #ifa & K
DIPTSR U TR A 3855 Comp. 31 % FLH L7z, AlfusEZ 5 < F5E3 5 M0 ROS OFEAENENZ
&72 L Comp.31 & ICGO01 1342725 56 8V | WEAF0D Wnt/B-catenin #RFEPHESK & 135472 2587 706%
FafH LTS REE L Z 2 bd, £U07F RMUHERCTH S Comp. 31 1THEEHECTOARN
ARETH Y . SRR T X R SADEG I ARE CH D L W ORI A b0, ZIUTSRITHI T
ZRIE L & 572 Db EMOREERGEL 21TV, invitro, invivo W% T QO ETREAIE TH D
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EEZBND,

ARFFEDREFN L, BN AN OB NI T2 £ TORERMEL /20 2 E CHERMIEE L &
AT 72 Wnt/B-catenin FETEMEVIEIE I3 UC, 1R A I C & DIRHEEAIHIC D72 DN,
Th D,
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AREEIEZ DD | I TIREE /2 D THRE L THHEZ IV £ U7 i R R A By B
FRSEH] Bd7e DONTHIRH, #EBd, PG BiBICR R a2 R LET,

AFFEDOZATIC ST 0 . ALEWORRGT - BRCOIRE) T B OB S0M8 L I & 15 0 £ L7
HHERII LRI IR 2 o & —JIREBARIH GRAM, USRI b B e, HEd, o
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S
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NIRRT IR — BdI LR L R ETS
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F U0, WEAHEA i, aiEE S, #ERE b eREa e
L L B ET,

4AERIOBFFEAIRICRO T, HLDRFLR LV IE LXK X TS o7, WEEE ik, B
feF M AT B NHEE JeE BREEE R KEEE e AERA L
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DOEG L, EEILE L B ET
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Comp. 3
(9)-2~((((3S,4aR 8aS)-2-(3"-ethynyl-[ 1,1'-biphenyl]-4-carbonyl)decahydroisoquinolin-3-yl)methyl)amino)-/N-
methoxy-N-methyl-3-(1-trityl- 1 H-imidazol-4-yl)propenamide

'H NMR (60:40 mixture of two amide rotamers): & = 7.70 (br d, J = 6.9 Hz, 1.2H), 7.61-7.30 (m, 17.8H), 7.13-
7.08 (m, 6H), 6.62 (s, 0.6H), 6.56 (s, 0.4H), 4.93 (br s, 0.6H), 4.43-4.40 (m, 0.4H), 4.16-4.11 (m, 0.6H), 3.91 (m,
1H), 3.77-3.76 (m, 0.4H), 3.68 (s, 1.8H), 3.50 (s, 1.2H), 3.39-3.35 (m, 0.6H), 3.14 (s, 1.8H), 3.08 (s, 1.2H), 2.83-
2.81 (m, 2.4H),2.71-2.69 (m, 1.6H), 2.49-2.42 (m, 0.4H), 2.31-2.29 (m, 0.4H), 2.05-2.01 (m, 1.6H), 1.79-1.54 (m,
3H), 1.39-1.26 (m, 6H), 1.07-0.83 (m, 2H); BCNMR: 5=171.2,170.5, 142.44, 142.41, 140.9, 140.8, 140.7, 140.6,
138.2, 136.4, 136.2, 131.2, 130.8, 129.8, 129.7, 128.8, 128.0, 127.6, 127.5, 127.4, 127.1, 127.0, 122.63, 122.60,
119.3,83.4,75.1, 61.7,57.6, 55.6, 49.5, 48.3,47.2, 46.7, 43.1,42.6, 42.1, 36.5, 36.3, 34.5, 33.0, 32.9, 32.8, 32.0,
31.9, 30.0, 29.7, 29.3, 26.2, 26.1, 25.9, 25.7, HRMS (ESI) Calcd. For Csx>H4sNsOs [M+H]": 796.4221. Found:
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Comp. 18
(9)-2-((((3S,4aR,8aS)-2-(4(tert-butyl)benzoyl)decahydroisoquinolin-3-yl)methyl)amino)-N-methoxy-N-methyl-
3-(1-trityl-1 H-imidazol-4-yl)propenamide

'H NMR (60:40 mixture of two amide rotamers): 6 = 7.36-7.24 (m, 15H), 7.14-7.11 (m, 6H), 6.61 (s, 0.6H), 6.56
(s, 0.4H), 4.86 (m, 0.6H), 4.39 (dd, /= 12.9, 3.9 Hz, 0.4H), 4.11 (m, 0.6H), 3.94-3.91 (m, 0.8H), 3.71 (s, 1.8H),
3.50 (s, 1.2H), 3.50-3.37 (m, 0.6H), 3.13 (s, 1.8H), 3.08 (s, 1.2H), 2.88-2.81 (m, 3.4H), 2.75-2.68 (m, 1.6H), 1.79-
1.52 (m, 4H), 1.31 (s, 5.4H), 1.29 (s, 4.6H), 1.40-1.25 (m, 6H), 1.09-0.80 (m, 2H); *C NMR: & = 171.6, 152.2,
152.1,142.5,138.2,134.2,129.8,129.7,128.0,127.9, 126.6, 125.3,125.2,119.3,75.1,61.5,57.5,55.4,52.9,49.5,
48.1,47.1, 46.6,45.7,43.0, 42.6,42.1, 36.5, 36.2, 34.7, 34.6, 33.1, 33.0, 32.1, 31.2, 30.0, 29.7, 26.2, 26.1, 25.9,
25.7; HRMS (ESI) Calcd. For C47HssNsOs [M+H]": 752.4534. Found: 752.4542.

Comp. 20
(8)-2-((((3R 4aS,8aR)-2-benzoyldecahydroisoquinolin-3-yl)methyl)amino)-N-methoxy-N-methyl-3-(1-trityl-1 H-
imidazol-4-yl)propenamide

'H NMR (50:50 mixture of two amide rotamers): § = 7.41-7.30 (m, 15H), 7.11 (br s, 7H), 6.57 (br s, 0.5H), 6.54
(s, 0.5H),4.99 (m, 0.5H), 4.44 (dd, J=13.8, 2.7 Hz, 0.5H), 4.15 (br s, 0.5H), 3.85-3.69 (m, 0.5H), 3.65 (s, 1.5H),
3.52 (s, 1.5H), 3.39-3.34 (m, 1H), 3.13 (s, 1.5H), 3.10 (s, 1.5H), 3.06-2.88 (m, 1.5H), 2.80-2.63 (m, 1.5H), 2.51-
2.32 (m, 2H), 1.6-1.58 (m, 4H), 1.45-1.26 (m, 6H), 1.01-0.81 (m, 2H); B.C NMR: 6 =171.3, 171.1, 142.4, 138.1,
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137.2,136.9, 136.8, 129.73, 129.70, 129.1, 129.0, 128.5, 128.29, 128.25, 127.9, 126.9, 126.8, 119.5, 119.3, 75.1,
61.5,57.6,55.4,50.5,49.2,48.3,474,472,42.9, 42,7, 42.0, 36.6, 36.5, 34.5, 33.5, 33.0, 32.9, 32.2, 29.9, 29.6,
26.2,26.0,25.8,25.7; HRMS (ESI) Calcd. For C4HsoNsOs [M+H]": 696.3908. Found: 696.3902.
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Comp. 21
(9)-2-((((3S,4aR,8aS)-2-acetyldecahydroisoquinolin-3-yl)methyl)amino)-N-methoxy-N-methyl-3-(1-trityl-1 H-
imidazol-4-yl)propanamide

'H NMR (50:50 mixture of two amide rotamers): 8 = 7.34-7.31 (m, 10H), 7.14-7.11 (m, 6H), 6.59 (s, 0.5H), 6.58
(s, 0.5H), 4.76-4.75 (m, 0.5H), 4.37 (dd, /= 13.4, 3.5 Hz, 0.5H), 4.00 (br s, 0.5H), 3.89 (m, 0.5H), 3.66 (s, 1.5H),
3.61 (d,J=3.0 Hz, 0.5H), 3.58 (s, 1.5H), 3.35 (dd, /= 12.6, 2.7 Hz, 0.5H), 3.12 (s, 3H), 2.84-2.49 (m, 3H), 2.21-
2.13 (m, 1H), 2.08 (s, 1.5H), 2.00 (s, 1.5H), 1.95 (br s, 1H), 1.72-1.53 (m, 4H), 1.25-1.09 (m, 6H), 1.00-0.82 (m,
2H); 3C NMR: & = 169.6, 169.3, 142.54, 142.48, 138.3, 138.1, 137.3, 129.80, 128.75, 128.0, 119.4, 119.3, 61.6,
57.6,54.7,48.3,47.7,47.2,42.5,42.4,41.7, 36.1, 36.0, 34.2, 33.0, 32.5, 32.2, 30.0, 29.9, 29.7, 26.2, 26.1, 25.8,
22.0,21.8; HRMS (ESI) Calcd. For C39H4sNsO3 [M+H]": 634.3752. Found: 634.3757.

Comp. 24 [Tiiifldn (LT3 ZHV-, Comp. 25-28 & 31 [ILL FOHIETHIZIZAERK LT
(Schema 4B) ,
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Comp. 25
(9H-fluoren-9-yl)methyl (S)-3-(((S)-1-methoxy-1-ox0-3-(1-trityl- 1 H-imidazol-4-yl)propan-2-yl)carbamoyl)-3,4-
dihydroisoquinoline-2(1H)-carboxylate

Yield, 97%: '"HNMR (55:45 mixture of two amide rotamers): 8= 8.50 (br d,.J= 7.2 Hz, 0.55H), 8.11 (brd,J="7.2
Hz, 0.45H), 7.72 (br d, J = 6.0 Hz, 2H), 7.59-7.51 (m, 2H), 7.35-7.14 (m, 17H), 7.07-7.01 (m, 7H), 6.50 (br s,
0.45H), 6.44 (br s, 0.55H), 5.06-5.00 (m, 1H), 4.86 (br t, /= 16.1 Hz, 1H), 4.74-4.62 (m, 2H), 4.51-4.41 (m, 1H),
4.32-421 (m, 2H), 3.49 (br s, 1.35H), 3.43 (s, 1.65H), 3.43-3.35 (m, 1H), 3.17-3.07 (m, 1H), 2.95-2.90 (m, 1H),
2.78-2.62 (m, 1H); BCNMR: 6=171.2,171.0,170.5, 170.3,156.0, 155.5, 144.2, 143.8, 143.5, 142.0, 141.1, 140.9,
138.5, 136.3, 133.1, 132.8, 132.6, 129.5, 128.5, 128.1, 127.89, 127.87, 127.5, 127.1, 126.9, 126.5, 126.4, 126.1,
125.8, 1254, 125.2, 125.0, 119.7, 119.3, 75.1, 68.3, 67.8, 55.4, 54.4, 52.5, 52.3, 51.8, 47.0, 44.6, 31.3, 30.4, 29.3;
HRMS (ESI) Calcd. For CsiHasN4Os [M+H]": 793.3384. Found: 793.3391.
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Comp. 26
Methyl M*-((S)-2~([1,1"-biphenyl]-3-carbonyl)-1,2,3,4-tetrahydroisoquinoline-3-carbonyl)-V'-trityl-L-histidinate

Yield, 78% (3 steps): 'H NMR (55:45 mixture of two amide rotamers): 6 = 8.48 (br d,J= 7.5 Hz, 0.55H), 8.09 (br
d,J=7.5Hz,0.45H), 7.76-7.72 (m, 2H), 7.60-7.51 (m, 2H), 7.41-7.30 (m, 3H), 7.28-7.23 (m, 12H), 7.21-7.11 (m,
3H), 7.07-7.01 (m, 7H), 6.50 (br s, 0.45H), 6.43 (br s, 0.55H), 5.05-4.97 (m, 1H), 4.86 (brt,J = 15.6 Hz, 1H), 4.73-
4.60 (m, 1H), 4.46-4.41 (m, 1H), 4.31-4.18 (m, 1H), 3.50 (s, 1.35H), 3.43 (s, 1.65H), 3.11 (dt, /=152, 5.9 Hz,
1H), 2.95 (dt,J=13.9,4.5 Hz, 1H), 2.76 (dd, /= 13.5, 4.2 Hz, 0.4H), 2.65 (dd, J= 14.7, 4.2 Hz, 0.6H); *C NMR:
6=171.3,171.1,170.6, 170.4, 156.1, 155.6, 144.25, 143.9, 143.7, 143.6, 142.1, 141.2, 141.0, 138.5, 1364, 133.2,
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1329, 132.7, 129.6, 128.6, 128.2, 127.98, 127.95, 127.6, 127.2, 127.0, 126.6, 126.2, 125.9, 125.5, 125.2, 125.1,
119.8, 1194, 75.2, 68.4, 67.9, 55.5, 54.5, 52.6, 52.4, 51.9, 47.1, 44.7, 31.4, 30.5, 29.4; HRMS (ESI) Calcd. For
Ca9H43N4O4 [M'FHTZ 751.3279. Found: 751.3270.
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Comp. 27
Methyl N*~((S)-2-(4-(tert-butyl)benzoyl)-1,2,3 4-tetrahydroisoquinoline-3-carbonyl)-NV'-trityl-L-histidinate

Yield, 58% (3 steps): 'H NMR (60:40 mixture of two amide rotamers): 5 = 8.96 (br d, /= 7.2 Hz, 0.6H), 8.21 (br
d,J=72Hz,04H),7.62 (brd,J=7.5 Hz, 0.8H), 7.52 (br d, /= 8.1 Hz, 1.2H), 7.43-7.37 (m, 2H), 7.31 (br s, 9H),
7.19-7.06 (m, 10.6H), 6.87-6.84 (m, 0.4H), 6.57 (br s, 0.4H), 6.50 (br s, 0.6H), 5.55 (br s, 0.4H), 5.30-5.24 (m,
0.6H), 4.88-4.78 (m, 2H), 4.71-4.41 (m, 0.4H), 4.54-4.18 (m, 0.6H), 3.56 (s, 1.8H), 3.54 (s, 1.2H), 3.43-3.38 (m,
1H), 3.20-3.04 (m, 1H), 2.97-2.92 (m, 1.4H), 2.61-2.56 (m, 0.6H), 1.29 (s, 9H); *C NMR: § =172.2, 171.2, 170.0,
153.0,144.2,138.9,136.2,133.3,132.4,132.2,129.7,128.7,128.1,127.7,126.9, 126.7, 126.3, 125.5,125.2,119.8,
119.3,75.3,58.3,52.7,52.1,43.9,34.8,31.9,31.6,31.2,29.7,29.5,29.3, 28.9, 24.8, 22.7; HRMS (ESI) Calcd. For
C47HuN4O4 [M+H]': 731.3592. Found: 731.3589.
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Comp. 28
Methyl M*-((S)-2~([1,1"-biphenyl]-4-carbonyl)-1,2,3,4-tetrahydroisoquinoline-3-carbonyl)-V'-trityl-L-histidinate

Yield, 75% (3 steps): '"H NMR (55:45 mixture of two amide rotamers): 8 =9.04 (br d,.J= 7.2 Hz, 0.55H), 8.35 (br
d,/J=7.5Hz, 045H), 7.80 (br d, /= 7.5 Hz, 0.9H), 7.68 (br d, /= 7.8 Hz, 1.1H), 7.61-7.35 (m, 8.55H), 7.34-7.28
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(m, 8.45H), 7.23-7.07 (m, 9.45H), 6.87 (br d, /= 6.9 Hz, 0.55H), 6.57 (br s, 0.45H), 6.51 (br s, 0.55H), 5.62 (br s,
0.45H), 5.29 (br d, J = 17.4 Hz, 0.55H), 4.954.70 (m, 2.45H), 4.56-4.54 (m, 0.55H), 3.57-3.41 (m, 1H), 3.55 (s,
3H),3.11-2.88 (m, 2.45H), 2.61-2.54 (m, 0.55H); 3C NMR: 5 = 166.6, 164.8, 146.0, 141.8, 140.0, 138.4,135.0, 132.4,
131.3,130.6,129.7,129.6, 128.9, 128.7, 128 2, 128.1, 127.3, 127.0, 126.3, 120.2, 75.8, 55.4, 55.2, 53.4,44.4,34.0, 31 4,
29.7, HRMS (ESI) Calcd. For C4oHssNsO4 [M+H]": 751.3274. Found: 751.3279.

Comp. 31
Methyl A*~((S)-1-(4-(tert-butyl)benzoyl)piperidine-2-carbonyl)-N*-trityl-L-histidinate

Yield, 54% (3 steps): "H NMR (60:40 mixture of two amide rotamers): 8 = 8.76 (br d, /= 6.6 Hz, 0.4H), 8.05 (br
d,J=7.5Hz 0.6H), 7.51 (br d, /= 8.1 Hz, 1.2H), 7.43 (br d, /= 7.5 Hz, 0.8H), 7.32-7.30 (m, 12H), 7.08 (br s,
6H), 6.572 (br s, 0.4H), 6.570 (br s, 0.6H), 5.47 (br s, 0.6H), 4.85 (m, 1H), 4.76 (br s, 0.4H), 4.53 (br s, 0.4H), 3.77
(br s, 0.4H), 3.73-3.67 (m, 0.4H), 3.63 (s, 1.2H), 3.58 (s, 1.8H), 3.46 (d, J= 4.2 Hz, 0.4H), 3.25-3.22 (m, 1.2H),
3.13(dd,/J=14.6,4.7 Hz, 1H), 3.03-2.98 (m, 1H), 2.43 (br d, /= 7.5 Hz, 0.6H), 2.35 (br d,/=9.0 Hz, 0.6H), 1.97
(brs, 1H), 1.68-1.49 (m, 5H), 1.29 (s, 6H), 1.27 (s, 3H); *C NMR: § = 172.0, 171.4, 171.0, 152.8, 142.1, 138.9,
138.6, 136.5, 136.1, 132.6, 129.6, 128.0, 127.2, 126.6, 125.3, 125.0, 119.5,75.2,59.7, 53.4, 52.8, 52.0, 46.2,40.2,
34.6,31.1,29.7, 29.1, 26.7, 25.8, 25.6, 24.8, 20.8; HRMS (EI) Calcd. For C43HssN4O4 [M]": 682.3519. Found:
682.3523.

Comp. 29 & 30 [ZLL FOHIETHT-IZER L7 (Schema 4B),

KEHHE T, HCI'HN(Me)OMe (1.1 Z&) & NMM (5.0 %), BOP (12 %&) O 7 un A X %

IR T 2 A 2N, IR T 16 B L, ffE(LT e = 0 2K E N2 Tt %

ik U, HEg=T VGt Lo, AR & ffn ik COed L, File - b U o A CHIR LT, Aifd

L CARAE N Uiz, 78 a S U B 7V h T by a~ b 7T 7 ¢ —IhF AR L CHAR®

wAGT, MR Z 20% ELNH 0O MeCN HHRIHSR L 20 Z0fiiHR L7k, JBIE TiRiE L, 7E %

Trun AL AL, NMM B0 %8) L 47 FNVERER 11%8), (.07 /22T %y
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Comp. 29
Methyl A*~(((S)-2-(4-(tert-butyl)benzoyl)-1,2,3 4-tetrahydroisoquinolin-3-yl)methyl)-NV'-trityl-L-histidinate

Yield, 6.4% (5 steps): 'HNMR: = 7.77 (br d, J= 1.8 Hz, 1H), 7.43-7.33 (m, 10H), 7.25-7.22 (m, 6H), 7.11-7.04
(m, 8H), 6.84 (br d,J= 1.5 Hz, 1H), 3.74 (d,J= 5.4 Hz, 1H), 3.67 (s, 3H), 3.64 (dd, J= 17.7, 5.7 Hz, 2H), 3.55 (d,
J=12.6Hz, 1H), 3.15 (dd,J= 15.6, 5.1 Hz, 1H), 3.01 (dd, /= 15.6, 8.1 Hz, 1H), 2.37-2.28 (m, 1H), 1.29 (s, 9H);
3CNMR: § = 174.2, 150.0, 140.3, 138.0, 136.4, 134.8, 129.6, 128.9, 128.6, 127.8, 1252, 121.9, 59.1, 52.1, 51.6,
34.4,31.9,313,29.7,29.3,29.1,28.5,27.2, 22.7.
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Comp. 30
Methyl N*-(((S)-1-(4-(tert-butyl)benzoyl)piperidin-2-yl)methyl)-N--trityl-L-histidinate

Yield, 2.2% (5 steps): 'HNMR: §="7.79 (br d,J= 1.5 Hz, 0.5H), 7.43-7.28 (m, 13H), 7.14-7.08 (m, 7H), 6.79 (br
d,J=1.8 Hz, 0.5H), 6.55 (brs, 1H), 3.85 (dd, J="7.7, 5.9 Hz, 1H), 3.67-3.48 (m, 2H), 3.48 (s, 3H), 3.22 (dd, J =
15.8, 5.6 Hz, 0.5H), 2.95 (dd, J= 16.2, 4.7 Hz, 0.5H), 2.89 (br d, /= 7.2 Hz, 2H), 2.80 (br d, /= 6.9 Hz, 2H), 1.78
(br's, 2H), 1.60 (m, 4H), 1.30 (s, 9H); *C NMR: 5= 174.8, 152.2, 153.9, 142.4, 140.3, 138.4, 138.3, 137.1, 134.7,
134.0, 129.8, 129.6, 129.0, 128.6, 127.99, 127.97, 126.5, 125.3, 122.0, 119.2, 77.6, 75.1, 61.6, 53.1, 52.3, 51.5,
46.6,34.7,32.0,31.9,31.2,30.3,21.0, 19.4; HRMS (EI) Caled. For C;sHisN4O3 [M]'": 668.3726. Found: 663.3728.
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