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stete & 13t H5& oplske vddt TR oS AR 9 AnyoeRA 7 g ARRHa .
71E #eta ] FAoNA dvEhe ddAlel digt g SAETE HAE kel digh o] 7] #te] o) vt
71 gk, whebA kA7 A2 e hAlEeS] DNA H- oAl 2 AlE 571 A AR (Cell cycle checkpoint )&
23Sk DNA &4 whg2 oyt stt ool gk xS g EAE AVIstL dEd dvs A2 F
At

std, EFezaevide] FAEAS E5278d(2'-deoxy-5-fluorouridine ¥ FUDR) 2 <& ¢t
Al o] A&

’ =
W ool DNA Bl oAl W DNA £4E frEshs Aem deld vk el GRS wol Axye
54 F9 U@ Fele] B4 AN 5 A,

T3, Ad/Eded oA Gikst @A 2A(protein phosphatase 2A, PP2A)= The 7]1%5S 7FAWHA Ay
o] WA E¥xstE wwA=z AE DNAVE £4E A9 &4 BE3ay) %%F A 9bgs wiste 9E2s
stoh, 53] 3oy T WA ddamoz st GAE DNA &4 Aol DNA 48 Hske d F549
&S o). uwEld FF EolF uA AN FAE = FEHAEA A %% AREEe] DNA &4 B45 T H
Sl AL GdAEe A WS S5 st F83 degko] & 5 Q).

HAdk 7)42 a At B LA 2ELS PP2A7) FUDR A glell wk$-3le] ATR-p53-p2l Wizl oF ME B4 A=ES
st AM S golstar, o]3sl HAE Fa] A FUDRY PP2A A Al (PP2A inhibitor) % HEE=4E]
o} A3} F+%< TPP(triphenylphosphonium)”’} A% FZ5 zt= Al4F IFEWMD) S Ao, A 3}
gHEo] HEFZEgoloA EolXl #BAsE Holn M Ee mEZ=gol U 3 DNA &8 FUSAIA GA
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ste MET71 G1/S HEAR BAY 1S
WS =de=2d dAAsH Fd Aok adE 23E e FY SgFgE AT 5 A

E R oumel (e 112 BASE SEE M) TEE veh gola, B MEZE 0 9 u)
A AZARE fEals] Qe PPAc) elAleh S DV BT ARE Awkshs Mol WAUEES e Aolth,

T 29 A GSHY #=A ol HgwE = oF&(parent drugs) ® ¥ H(fluorophores)S WESH=E M1 =& M3
o] &43 WMAYUSEES YeRd Zolal, B)v= 1A 2 4AZE Bk GSH(ImM, pH 7.4, 37C)9] FA F &4 slel
FUDR(50 uM) %2 M1(50 uM)©] RP-HPLC traceE YERd Zeo|™, C)& PBS(37C, A.=368 nm, slit width: 5/5)
ol A GSH(ImM) 9} 7 Qlifwlo] A Al M3(10 uM) 9] Alztell m& FF Z= Wsts Yeld Zlola, D)= vt
59 GSH (0-4pM) et S15Fdold Al 496 nmell Al M3(10 uM, PBS &9, 37C)9 &3 Z%= 34H(fluorescence
intensity enhancement)S YEMH AHolt}. B GSHE H7FsE A 1A17F 3 ZF AZof] s 7|1Z3FAT, Ao

>

= 368 nm.

= 39 A thge oF AMEF(ATL, Hela, LoVo, HT29, SWA80, Caco2, HCT116, A549 % 11299)°14 PP2A
A HE o E daE BFE B4 A9E yehd Aolar, B), 0), D) E) 37TAIA 2443 Et o
(1% DMSO), FUDR(20 % 40p)D), DNC(20 2 40uM) % MI(5, 10, 20, 40 % 60uM) *2lA] B) HeLa, C) HT29,
D) 4T1 % E) HCT116 A2 AZ A&l A= 93 dehd Aot WST-1 24& AREste] Al A&
S WrhetolaL, dlelE= B £SER FASISITE. F)= 37°CelA thzat (1% DMSO), FUDR, DNC % M1(ZHZ} 40n
W A Astwlel st 109 Foll HCT116 AEe] FRY FAS 54T A7 v lolx, 6) % e
oz (1% DMSO), FUDR, DNC 3 MI(ZH2h 40uM)=h g 37°CollA 24713t gt Qlitwlold § ) AZANE 57
& AT fFrAIE A B HCTLIE Al2e] & AlZ (& 547 das debd Aoln.

s
*

ST

4= M19] HCT116 AEe wEZ=gol w7 AEAE X 235 vehd Zelth. A& HCT116 Al EoA M3
AZY 94 #4S 93 324 v ov A& vERd Aolth. M3(40 pM) (I = A 2w HCT116 Al
HEZ= ol G4 A TOM20-647(E7H) 2 &5 AME AL, AEZZ 22 FITCphalloidin(F4) o2 &
AN A, e 466nm = 3 (emission wavelength) ©.E  390nmol| 4] 7] (Excitation); ®W-7+-AY:

oft rir 1o

1

DMSO), FUDR, DMC 2 M1(ZFz: 40 uM)E &) Al HCT116 AE Y mlEZE=goloA] ROS 43 =S 93+ DCF-DA

AA A¥E veld Bojar, O B D& ZhzF 24417 B 48AIZke) dl sl ROS S YERA Zolth(x p<0.05
7

and ##* p<0.005 relative to the corresponding FUDR-treated group). E) @ F)= ZZ; 24A17F & 4847+ &
QF, txw-(1% DMSO), FUDR, DMC % M1(ZHZ} 40 ul)3 3 Aol d £ HCT116 Al3EelA wEFZ =g o} DNA
£2F W (DNA damage lesions) AES 93+ Long-range qPCR (3723 bp targets) #41 A3 veld Aotk

nj

|olE] = H+SEZ FASFATH(+xx p<0.005 relative to the corresponding FUDR-treated group. mtDNA:
mitochondrial DNA). G)i= M1(40 pM)o] HCT116 A2 mEFZ=glol e 9@ AxTAde] nxs JFS 1}
Bl Aow, AR thE AR A0, 24, 36 B 48A1RD)ell A k2t TOM20-647 A 7F A () 8l FITC-
Phalloidin(Z2)o 2 <AAste] A]ZF3}lelIth[White arrows=Amplified swelling of mitochondria. Scale
bar=20 um]. D& VEZ=goldA AokE M9 w43t 2 43 WAYUSS vEkd Aoltt.

T 59 AE 24A1%F 2 48417 HoF thERa(1% DMSO), FUDR, DMC 2 ML(ZHzZF 40 uM)d} A Ad5wo) st ¥
HCT116 Az HSEHF(IF) A4 ZA3E Yebd Heolth(scale bars=50 um). 3} 3 &

(Z4A) 2 anti- yH2AX A (HA) = A}, B)= HCT116 AlE2] QHIER DNA £4-2 8-0HdG <&
4% A5 vehd Aolth. O) UlX] K& DNA &4 5 F=29 #d A AdlA] mRNA 7359 AP
2 PR ¥4 A3=2 Ykl ZAoltd: HCT116 AlEA thzt (1% DMSO), FUDR, DMC 2 M1(Zz; 40 puM)3k &)
24X 7 olH|olAdE & ZA3s o, g 4= C) ATR, D) PP2A, E) MDM2, F) p53, G) p21, H) Chkl,
1) CDK2, J) cyclin D1, 2 K) cyclin E1°]th. L)€ DNA &4 f3&t= Mo #HAYUES e Aol

% 62 FF olFol4 malold Mol A E3E ehd Aotk e sheieAel FF o] 4 (HCT116) R o)
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Z(1% DNSO), FUDR, DMC 2 NM1(ZHZ} 5 mg/kg )& ZE& thadt A A4S v Zoli, B 2499 A
gl 717k Sk 4 F9 WEE Yedie, OF % AAS JEhia, DE 2494 T4 oW A E YERY Flo]
o BE Y E§ v$xe ™ AF %5}—% Yehla, BE % AddMe HE |94 Ans
Yelde, G T4 AXA Y IF 94 A7E Yepdch, vl g 20x, & DAPI(ﬂJr%““ of o3 A=A,
anti-AlEAF C AN [EPRIZ27T]IGEEA) el o3 W EZ=gol2RE A EAEF C7F WEHAon, AEAIE nhA
cleaved-caspase-3(=A)ol ol3] MIEAE MEZ}F HEEHJAG. DHE (ol YER U]E:”:E]O]-Oﬂfﬂ 29 A E
A7 Coll 838t 8% AEE vk Aolx, D= Gl Yebd MXEAE mFA cleaved-caspase-3°l &-§3h=
g3 ZF=E e

M2(reference compound without DMC) ¥ gt X 2H 3}3ME 39] G4
s5hE Mo 4 A25 vEhd Aol
315HE M2 §4 AEE ekl Aot
%= 102 SHRHE M3e] @A ARE uERd Aot

= 118 31EHE M19 <A T 23dS veRd Aolth. 0, 12 2 24417kl A M1(50 p M) 9] RP-HPLC =Alol= W
3}7} §ltHincubation in phosphate-buffered saline (PBS) (containing DMSO), pH = 7.4 at 37TC].

=7

e 2ol

flo
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rlo
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rr

T o128 M1o] A3 wFAUSE, 2 GSHY EA] 3F(ImM, pH = 7.4 at 37°C)ol Mo 2RE FAHE ASste= 44
E9] ESI-MS ~#HEHo| Mo A& ¥3 S veld Ao,

T 139 A) 2 B) 241 Bk GSH #H7F ¥ GSHEl FAl 2 EA(ImM GSH)3FlA M3(10uM)el 3%
(Absorbance) (A) ¥ &34 ~HEHB)S veld Aok, C)= 1mM GSHY &A] StollA M3(110 pM)2 833 H %

£ e AolHHHE (SIS WM A 142 F Z7he] 5%H AZo] tal 7158tk A, = 368 ).

% 14% GSHE| EAstell A g DMC H 7-olv|e-4-EEF o 2vd Fnldd FJohg WEshe, M39] 243}
WAYSFS Yeld Folt},

T 15% HCT116 Al3EoA] BAX 4= whade] digh M1el &35 vebdl Holvl. thx=+(1% DMSO), FUDR, DMC %
MI(ZZ 40pu) = A2 HCT116 MEE FlEZ=gol A A TOM20-647(H )2 F5 A4, -2 DAPI
(A Z % AR, BAX F=(FM)L 37204 12417 @ 24417+ S¢F BA418199t). (Scale bars =20 p

m).

F

T 162 247z thx+, FUDR, DNC 2 M1 A 2]® HCT116 A2 BrdU @Al <3k F4] 24 Axtz, 2443 <t
%+ (1% DMSO), FUDR, DMC 2 M1(Zz} 40 pM)3} 3HA| Qlfwo]da 5 BrdU A A (2A)E HCT116 A%
9] FxHA oz @ AS3E BrdU I HMEG)E L}E}HJ 740]11}(scale bars = 50 pm). I AFEFALLS
Z+z} DAPT(3}ehAl) oF FITC-Z2o|d (FA) o7 g},

T 178 242 gz, M2 2 ML A Eld HCT116 A3E<] BrdU fAlo] o3 F2 B4 Axtz | 24417k 59t ﬂ%ii
(1% DMSO), M2 2 M1(ZHZF 40 uM) @ &7 Afwlolde 5, BrdU A A (A A)g HCT116 A< %1
v x] 2 AS5HE Brdl A AE(%)E UERd Aot (scale bars = 50 pm). 3} NEFAGS Z7)
A9} FITC-Z 2ol (54) 02 JAE A},

U }"N’

T 18L& HCT116 &% B m}9-29] Fok Ao tfs FUDR, DMC 2 M1¢] AA W 3= vebd Aol A) of
Z7+(1% DMSO), B) FUDR, C) DMC, D) M1 (Z}Z} 5mg/kg).

g e AA] et FAH Wg
2 Hom AouA gt @, B GAAelA As

[€)
wokell A s AEZTel osiA FRH oz o]y
e Ve okl & dYA da SAHoR AREEE Aot

2 g AES PP2A7F FUDR A elel whg-ate] ATR-p53-p21 w7 ¢F A% 55 A=
i, olgsl HAE Es U FUDRZ PP2A 9} A AI(PP2A inhibitor) 2 H]E%an x4t +
TPP(triphenylphosphonium)7} 44€ x5 zt= A4t SFEUD S FA3IGL =

_6_
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Zg Edo Hiud HAe| uwpgl 3}gE 1(D. Baraniak, D. Baranowski, P. Ruszkowski, J. Boryski,
Nucleosides Nucleotides Nucleic Acids, 2016, 35,178-194), 3}gE 2(S.-Y. Lim, M -J. Na, H.-J. Kim,
Sens. Actuators B Chem. 2013, 185, 720-724), 3}3t& 3(X. Tan, X. Lu, F. Jia, X. Liu, Y. Sun, J. K.
Logan, K. Zhang, J. Am. Chem. Soc. 2016, 138, 1083410837) % 3}t 8(T. Tokunaga, B. Watanabe, S.
Sato, J. Kawamoto, T. Kurihara, Bioconjug. Chem. 2017, 28, 20772085)% ¥4d3&}3ic}.

g:zﬂ—ﬂ 49] 3FA)

7-Oxabicyclo[2.2.1]heptane-2,3-dicarboxylic anhydride(:=EZZFe}2]¥)(1.00g, 5.95mmol)E A20A olAE
UEZ (L) % 3= 2(1.60g, 5.95mmol)9t Eg]ol&o}w1(0.83uL, 5.95mmol)e] nlHk f-ofo] H7lsldct. 4
AlZE Bt kgl & Rkg EES WFAA sFsta AdE AFRES AP 2 Ay ZA2etE 2 9(0-5%
MeOH/DCM) & A A3k T2 oMA o] 3135 4(2.47g, 95%) S F5313ict.

1H NMR (500 MHz, CDCls) & 4.97 (d, J = 4.3 Hz, 1H), 4.88 (d, J = 4.6 Hz, 1H), 4.39-4.27 (m, 2H), 3.92-

3.81 (m, 2H), 3.02 (dd, J = 30.4, 9.5 Hz, 2H), 2.93-2.87 (m, 2H), 2.87-2.75 (m, 2H), 1.88-1.78 (m,
2H), 1.59-1.48 (m, 2H), 0.89 (s, 9H), 0.09 (s, 6H).

ESI-MS: m/z calcd for CigHs06S:Si 436.14; found 459.20 [M + Na]+.

o EF<9nl) T 3HehE 4(1.46g, 3.35mmol)e] wRbE ool Et,N(1.95mL, 13.95mmol) % 2,4,6-E2|E %
W o wptelTh. £ RiEe
3}etE 3(0.50g, 2.79mmol)
%?;f}%% 220l A 6/\]7& %OJ E‘%}o}i’iu}. HO0E #H7bste] whg-& A3k Et0Ac(3 x 10mL)

2 FEY. st 77174S 23 NallC0;(10mL) 2 A (10mL) = M &S F4 Nap,S0,2 A338tar 7h¢kslell
55 A9 aEnEady (dast A, 100-200 #H41, 10-20% EtOAc/hexane) & A A8}

g, 60%) 5 45313t

H MR (500 MHz, CDCls) & 4.94-4.89 (m, 2H), 4.39-4.28 (m, 4H), 3.85 (t, J = 6.7 Hz, 2H), 3.59 (t, J =

6.8 Hz, 2H), 3.02-2.96 (m, 2H), 2.93 (dt, J = 6.5, 1.5 Hz, 1H), 2.90 (t, J =5.9 Hz, 1), 2.84 (dt, J
= 18.4, 6.7 Hz, 4H), 1.85-1.78 (m, 2H), 1.55-1.49 (m, 2H), 0.89 (s, 9H), 0.07 (s, 6H).
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“CONIR (125 MHz, CDCl;) & 170.78, 170.75, 78.57, 78.53, 62.84, 62.63, 61.74, 52.05, 51.96, 49.96,

41.45, 37.48, 36.99, 36.95, 29.07, 29.05, 25.87, 18.31, -5.26.

ESI-MS: m/z caled for CoHsNsOsS:Si 597.15; found 620.25 [M + Nal .

‘0‘1—‘:’ 62 SFA)
3% 5(0.80g, 1.34mmol)E MeOH(10mL)oll &3JA|7]3L amberlyst 155 H7lslz ¥he E3ES A
_]

WHkeITE, REE ke F amberlist 165 AFstn &ulE 7Ststol A A A AT, wAGA A
A A2ntEa#8 9] (30-50% EtOAc/hexane) 2 A AI3te] HaA A 335 6(0.60g, 93%)S +5

o
Jl\
ol

ol

' NMR (500 MHz, CDCls) & 4.97-4.85 (m, 2H), 4.42-4.26 (m, 4H), 3.86 (dd, J = 10.9, 5.4 Hz, 2H), 3.59
(t, J=6.8 Hz, 2H), 3.05-2.96 (m, 2H), 2.95-2.89 (m, 4H), 2.87 (dt, J = 11.9, 3.8 Hz, 4H), 2.34 (t, J
= 5.6 Hz, 1H), 1.84-1.77 (m, 2H), 1.56-1.49 (m, 2H). MR (500 MHz, CDCl3) & 4.97-4.85 (m, 1H),
4.42-4.26 (m, 2H), 3.86 (dd, J = 10.9, 5.4 Hz, 1H), 3.59 (t, J = 6.8 Hz, 1H), 3.05-2.96 (m, 1H), 2.95-

2.89 (m, 2H), 2.87 (dt, J = 11.9, 3.8 Hz, 2H), 2.34 (t, J =5.6 Hz, 1H), 1.84-1.77 (m, 1H), 1.56-1.49
(m, 1H).

PCONR (125 MHz, CDCls) & 170.80, 170.75, 78.50, 78.45, 62.64, 62.60, 60.33, 52.04, 51.85, 49.84,
41.34, 37.40, 36.87, 36.79, 28.93.

ESI_MS m/z calcd for C16H25N30684 483.06; found 506.50 [M + Na]+.

3} 32 79] 3A]

Carbonyl-di-(1,2,4-triazole)(80mg, 0.49mmol)S
ayr golo] Arbenh we EAEL WA wu

gul

g2 2 v eHDCM) (10nL) F 3FgE 6(200mg, 0.41mmol)<]
3k & ¥3} NaHCO; &% (10mL)S 7Fakar DCM(2 x 10mL)2

2 FZ390h. 712 S 235 NalHC0; £4(3 x 10 mL) o2 A AT 5 Na,S0, &2 AZEAZ & 719 533}
I F7F AGA §lol the wAlel auE ARgsisltl. StE 1(148mg, 0.41mmol) T flolA L FAE F
DCM(10mL) ol &&AIHTE. EtN(85uL, 0.6lmmol) ¥ 1,4-diazabicyclo[2.2.2]octane (DABCO)(67 uL, 0.61lmmo
DS ¥HS E3Eo HUbelar Ao A 24)7F FoF wwkeldth. WS 28 3 (indicated by TLC), A-FolA =
Z3lal, AAE ARES Ayt A A9 F2ebE 29 (50-80% EtOAc/hexane) & A A5+ ﬂ%%7@%ng
80%)S F53tsitt.

Hy
[«0

' NMR (500 MHz, CDCl3) & 7.67 (d, J = 6.3 Hz, 1H), 6.27 (t, J = 5.8 Hz, 1H), 4.90 (s, 2H), 4.44-4.25

(m, 10H), 4.05 (dd, J = 6.5, 3.1 Hz, 1H), 3.57 (t, J = 6.8 Hz, 2H), 3.03-2.97 (m, 2H), 2.96-2.88 (m,
6H), 2.85 (t, J = 6.8 Hz, 2H), 2.36-2.27 (m, 1H), 2.15-2.06 (m, 1H), 1.85-1.74 (m, 2H), 1.52 (q, J =
6.2 Hz, 2H), 0.87 (s, 9H), 0.07 (s, 6H).
13C NMR (125 MHz, CDCl;) & 170.76, 156.88, 156.67, 154.42, 148.74, 141.47, 139.58, 124.02, 123.74,
85.42, 84.73, 78.51, 78.49, 71.46, 66.42, 66.04, 62.61, 51.93, 49.88, 40.91, 37.42, 36.93, 36.80,
36.58, 28.99, 25.59, 17.83, -4.76, -4.98.

ESI-MS: m/z caled for CsHugFNs0125:S1 869.19; found 892.25 [M + Nal'.



[0067]

[0068]

[0069]

[0070]

[0072]

[0073]

[0074]

[0075]

[0076]

[0078]

[0079]

ZIHSdl 10-2024-0124131

DCM/MeOH(1:1, total = 10 mL) & = 3}3& 7(50mg, 0.057mmol) % 3}HE 8(23mg, 0.065mmol)e] nlwk &3
o of~FEZBAUEEF(10mol%) S H7FstAch. A& wRkstaA Ar 7k2E #Aste] vbe E3ES 308 5
VA1 A Y. %<, CuS04 - 5H,0(5mol%) S MeOH(0.5 mL)ol =91 % Eppendorf FHo| @il Ar 7}2E ¥ A 3}]

27T 308 5, 27]9 CuS0, - 5H0 &S Whg EgEo)| Hrleta F7) 6417 B AL wwreith, o
< 9% F(indicated by TLC), &UWZ HFoA FHA 7|, PAHE vAAES % N7k AY g RntE
125 (MeOH/DCM = 2:98 to 5:95)e] 244 FIAIA Slo]EF(white foam) 224 313= 9(64 mg, 870)E F5
A=

>

H MR (500 MHz, CDCl;) & 9.12 (brs, 1H), 8.69 (s, 1H), 7.89-7.77 (m, 9H), 7.74-7.67 (m, 7H), 6.26 (t,

J=16.4Hz, 1H), 4.87 (dd, J = 8.8, 4.1 Hz, 2H), 4.63 (t, J = 7.1 Hz, 2H), 4.45-4.36 (m, 4H), 4.35-
4.22 (m, 5H), 4.10-4.00 (m, 3H), 3.24-3.14 (m, 4H), 3.02 (dt, J = 9.4, 8.1 Hz, 2H), 2.97-2.86 (m, 6H),
2.31 (ddd, J = 13.0, 5.9, 3.7 Hz, 1H), 2.13 (dtd, J = 8.9, 6.5, 2.4 Hz, 1H), 1.80-1.74 (m, 2H), 1.59-
1.49 (m, 2H), 0.88 (s, 9H), 0.08 (d, J = 1.0 Hz, 6H).

13C NMR (125 MHz, CDCl;) & 170.88, 156.93, 156.72, 154.38, 148.68, 142.82, 141.41, 139.52, 135.15,

133.65, 133.57, 130.55, 130.45, 128.54, 125.86, 124.06, 123.79, 117.92, 117.23, 85.41, 84.72, 78.57,
78.45, 71.53, 66.47, 66.00, 62.55, 62.44, 51.83, 51.74, 48.92, 45.98, 40.79, 37.40, 36.95, 36.74,
36.58, 29.57, 28.94, 25.58, 22.21, 17.79, -4.76, -4.99.

ESI-MS: m/z calced for CslegFN:01,PS,Si 1184.32; found 1184.35 '

33E M1 3

MeCN(10mL) = 3}gE 9(50mg, 0.040mmol)e] & oﬂ M 44 HCL(ImL)E 0ColA H7bskgic); W

UE Sl ZFES A4 uRkect, vs 948 F(6A17H) EFES 44 NallCO;(5mL) 2 F3}skal DCM(2
S der AHS FF NaSO,E AFRAZTH 20E =24A7 &

AFES #e A9 a=vlE 1809 (MeOH/DOM = 5:959014] 10:90)& AA|ste] 3o]| EZ(yhite foam) o Z=A 313}
& M1(38mg, 95%)S 5319,

>
=)
=]
)
o
fru
N
i
p‘h
¥
oo
s
<t
o
N,
o
e
u

I NIR (500 MHz, CDCl;) & 8.64 (S, 1H), 7.92-7.76 (m, 9H), 7.76-7.64 (m, 7H), 6.24 (s, 1H), 4.88 (s,

2H), 4.63 (dd, J = 14.7, 7.3 Hz, 2H), 4.49 (s, 1H), 4.46-4.22 (m, 9H), 4.04 (m, 2H), 3.22-3.14 (m,
4aH), 3.02 (q, J = 9.5 Hz, 2H), 2.98-2.87 (m, 6H), 2.44-2.39 (m, 1H), 2.15-2.06 (m, 1H), 1.80-1.75 (m,
2H), 1.54 (d, J=7.0 Hz, 2H).

PCONMR (125 MHz, CDCI3) & 170.91, 170.89, 157.41, 156.19, 154.43, 149.01, 144.18, 141.37, 139.50,
135.13, 133.63, 133.56, 130.51, 130.41, 128.89, 128.08, 124.19, 123.89, 117.96, 117.28, 85.28, 84.29,
78.55, 78.43, 70.41, 67.30, 65.76, 62.57, 62.41, 53.37, 51.77, 51.65, 48.81, 37.38, 37.02, 36.85,
36.79. 29.54, 28.91, 22.54.

ESI-MS: m/Z calcd for (:48H54FN5012PS/1Jr 1070.24; found 1070.20 [M]Jr

[t

32 109

EW

Hd

Carbonyl-di-(1,2,4-triazole)(56mg, 0.34mmol)<S TlEZ=2ZwWEH(DCM, 10mL) = 3% 3(50mg, 0.28mmol)e] L
b gdlof] H7istdh. v EEES Al mHkek & 3} NaHC0; -89 (10mL)S 7Fskal DCM(2 x 10mL) o=

FEAUT. 7715 E8 NaH0, S9(3 x 100L) 0.2 A AL 4 Na,S0,2 7233 79t sl sF3ke]

AA glo] v dA aE AF&stF k. 33E 1(10Img, 0.28mmol)¥ oA & E7HAES F<4= DCM(10m
o}, EtN(58uL, 0.42mmol)3} 1,4-diazabicyclo[2.2.2]octane(DABCO)(46 uL, 0.42mmol)E A7) ®¥H&
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Zbeta Ao A 2A17F FoF wRkskith. vhS b= $(indicated by TLC), XFdlA w53t A
A7 4 A9 3 2vtE 283 (50-80% EtOAc/hexane) 2 A Asle] 3}gHE 10(128 mg, 81%)S 5

%
d
2
o

HONR (500 MHz, CDCly) & 9.24 (s, 1H), 7.70 (dd, J = 6.4, 0.8 Hz, 1), 6.27 (t, J = 5.6 Hz, 1),
4.50-4.17 (m, 6H), 4.05 (dd, J = 5.9, 2.8 Hz, 1H), 3.55-3.45 (m, 1H), 3.42 (t, J = 6.5 Hz, 2H), 2.34
(ddd, J = 13.2, 5.8, 4.5 Hz, 1H), 2.18-2.06 (m, 1H), 1.99-1.89 (m, 2H), 0.88 (d, J = 0.9 Hz, 8H), 0.07
(d, J=1.1Hz, 5H).

“C MR (125 MHz, CDCly) & 157.09, 156.88, 154.53, 148.85, 141.51, 139.63, 124.04, 123.76, 85.43,
84.68. 71.23. 66.22. 65.42, 47.71, 41.01, 27.98. 25.59. 17.84, -4.77. —-5.01. ESI-MS: m/z caled for
CoolloFN;0;S,S1 565.15; found 604.15 [M + K] .

sHetE M2o] $HA

(
—

DCM/MeOH(1:1, total = 6 mL) &% % 3}¥% 10(30mg, 0.053mmol) 2 3}¢E 8(21mg, 0.053mmol)e] uh
=] OFAFAEHAGEF (10mol%) & H7Fskalet. A% antetiM Ar 7has SAAste] v EES 308
IR, 25eF, CuSOs - 5H0(5mol%) S MeOH(0.5 mL)oll *5¢1 3 Eppendorf FHO| @i Ar 7}AE H Al
GBI AH 308 5, 2719 CuS0, - SH0 NS whg EZEO] Hylstar FUF 6417 Fob A nwkedch, Wk
S 98 F(indicated by TLC) |UviZS X-golAd FEAHT, Y IFES e AEsr 24 29 q2nEa
23] (MeOH/DCM = 2:98 to 5:95)¢ A THAAH glo]EE(yhite foam) 224 TBDMS-REH 33E M2E

3FdTh. MeCN(5mL) % “7] TBDMS-RE.Z % 3}§HE M29] 9o 3M aq HCI(ImL)& 0Tl H7hsladrh; ks
gS wUE sl ZIES ALoA maetgrl. w3 9w F(5-6h) EFES 4 NaHC0;(5mL) = = 3}a}
DCM(2 x 10mL) o2 FE3IATt. &3 f7] FE2ES IF2 A 554 NaS0,2 AXAZH Y. 92 S5
7 3 AFES Fo A9 2 2ulE 7133 (MeOH/DCM = 5:95 to 10:90) 2 AAI8te] 3lo|EZ(white foam)2ZA]
=43 3}3HE- M2(37 mg, 83% (over two-steps)]& F53FATt.

offt rlot

2 o

Rl i

1P

HNR (500 MHz, CDCl;) & 9.08 (s, 1H), 8.72 (s, 1H), 7.91 (d, J = 6.6 Hz, 1H), 7.87-7.79 (m, 9H),

7.70 (td, J= 7.6, 3.4 Hz, 6H), 6.21-6.16 (m, 1H), 4.73 (q, J = 7.6 Hz, 1H), 4.60 (dd, J = 11.6, 1.8
Hz, 1H), 4.49-4.41 (m, 2H), 4.40-4.29 (m, 2H), 4.09-4.04 (m, 2H), 4.02-3.94 (m, 1H), 3.54-3.45 (m,
1H), 3.23-3.12 (m, 2H), 2.48 (dt, J = 14.2, 7.2 Hz, 1H), 2.30-2.23 (m, 2H), 2.16-2.06 (m, 1H), 2.06-
1.83 (m, 2H).

13C NMR (125 MHz, CDCl;) & 156.91, 156.69, 154.38, 148.53, 141.26, 139.39, 135.20, 135.18, 133.78,

133.70, 130.61, 130.56, 130.51, 130.46, 124.90, 124.62, 118.11, 117.42, 85.18, 83.81, 67.88, 65.68,
63.83, 53.40, 46.32, 40.13, 29.66, 28.84, 25.66.

ESI-MS: m/z calced for CssllsgBrFNsOPS, 845.11; found 846.00 [M + '

=

EFAN(5 nl) F 7-amino—4-(trifluoromethyl)coumarin) -&-<Jol DMAP(30mg, 0.249 mmol)E X7}s+ &

WA 58 ok 70-80CE 7Fdsta E@E 27 (49mg, 0.166mmol)S 718tk 1@ oS EFES 5A7H

AFAAT. Lo A3 T et oA &S AATAT. o]ojA] ¥HE EFES T DOM(SmL) ol &
TollX §<4= DOM(5nL) % 3}3HE 6(40mg, 0.083mmol) 2 TEA(23uL, 0.166mmol)2] &<ho] #7}al%

oh A2dA A wdkgl 0 ZulE AT AGE ARES AYT A A20tE 29 (EtOAc/hexane:

/DR AAst] 38E 11(39mg, 64%)S 53Tt
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' NMR (500 MHz, CDCl3) & 8.04 (s, 1H), 7.75 (d, J=2.1Hz, 1H), 7.63 (dd, J = 8.9, 1.7 Hz, 1H), 7.46

(dd, J = 8.9, 2.1 Hz, 1H), 6.65 (s, 1H), 4.97 (dd, J = 5.0, 1.9 Hz, 2H), 4.46 (td, J = 5.6, 3.3 Hz,
2H), 4.44-4.26 (m, 4H), 3.56 (t, J = 6.8 Hz, 2H), 3.04 (s, 2H), 3.01 (t, J = 5.9 Hz, 2H), 3.00-2.86
(m, 4H), 2.83 (t, J = 6.8 Hz, 2H), 1.87-1.80 (m, 2H), 1.59-1.53 (m, 2H).

13C NMR (126 MHz, CDCl;) & 171.46, 170.87, 159.32, 155.43, 152.59, 143.02, 125.88, 125.86, 115.46,
113.26 (q, Jor = 5.8 Hz), 108.64, 106.26, 78.58, 78.52, 63.56, 62.74, 62.30, 52.14, 52.03, 49.90,
37.87, 37.47, 36.90, 35.99, 29.09, 29.01.

ESI-MS: m/z calcd for CyHagFsN,0oS, 738.08; found 761.00 [M + Na]ﬂ

§].6‘1— =) MBJ ‘61—/H

DCM/MeOH(1:1, total = 8mL) &9 = 3}gE 11(36mg, 0.049mmol) 2 3}&HE 8(19mg, 0.049mmol)e] wHF &3t
Ed ofAFE2BAUEE(10mol%) S H7FFATh. Ald wRkeliaA Ar 712E HAste] vk £3ES 308 &
G, 25k, CuS0, - 5H,0(5m01%) S MeOH(0.5 mL)o] *5¢1 3 Eppendorf HHo| Yil Ar 71AE HA s}

27N, 302 F-, 271E CuS0, - 50 &9 WS Tq=ol Hrbstal F7F 6417 &t Al anbegivy. wk

< 9k Z(indicated by TLC), |1E R ZA Z9A7|1 AAE vAAES B Ags1a A48 32087
23] (MeOH/DCM = 5:95 to 10:90)° A ZHA|A H3AEZ(pale-yellow foam) 0. 2ZA 3}gE M3(47mg, 86%)=
TESAT.

'H MR (500 MHz, CDCl3) & 9.02 (s, 1H), 8.56 (s, 1H), 7.85-7.77 (m, 10H), 7.70 (td, J = 7.8, 3.4 Hz,

6H), 7.61 (dd, J = 8.9, 2.0 Hz, 1H), 7.55 (dd, J = 8.8, 1.4 Hz, 1H), 6.60 (s, 1H), 4.90 (dd, J = 11.5,
3.7 Hz, 21), 4.62 (t, J=7.0 Hz, 2H), 4.42 (¢, J=6.2 Hz, 2H), 4.39-4.24 (m, 4H), 4.03-3.94 (m, 2H),
3.27-3.10 (m, 4H), 3.05 (g, J = 9.5 Hz, 2H), 2.99 (t, J = 6.2 Hz, 2H), 2.97-2.86 (m, 4H), 1.83-1.74
(m, 2H), 1.55 (q, J =7.1Hz, 2H).

PCONR (126 MHz, CDCly) & 171.27, 171.03, 159.41, 155.25, 153.06, 143.67, 135.25, 135.23, 133.66,
133.58. 130.60, 130.50, 130.41, 125.59. 117.90, 117.22. 115.79, 112.79 (q. Jer = 5.6 Hz). 108.21,

106.17, 78.61, 78.51, 63.09, 62.71, 62.52, 53.39, 51.91, 51.79, 48.96, 37.43, 36.97, 36.49, 29.61,
28.99, 28.95.

ESI-MS: m/Z calcd for C49H49F3N409PS4 1053.21; found 1053.15 [M ]Jr.

RE &) EQ A k& TCI Korea, Alfa Aesar, SigmaAldrich B Merck® %33 ol 3322 FFYAZRY
Tulg 3 A flol(until specified) AF&3FHTh. Jasco V-750 % Shimadzu RF5301PC 334 =AS AFE5lo
27y W-Vis 55 % FL 2F9EHHS 753130, H“1(HWR*ﬂEQS3445%WZ§1HWMBmmr%ﬁ

Al(solvent: CDCI13 with TMS as a reference solvent)& AF&3Fe] 7|53}ttt ESI-NMS ~HERS A7) 93]
LC/MS2020 Al2]=(Shimadzu) 71715 AR&SFITH. QIRF Ag7d -k A EF HeLa(ATCC®CCL-2™), Q13+ H] A ¢k
A3 (NSCLC) AB49(ATCC®CCL-185™) 2 H1299(ATCC®CRL-5803), 17+ A7t AT HCT116(ATCC®CCL-247™),
SWAB0(ATCC®CCL-228™), LoVo(ATCC®CCL-229™), Caco2(ATCC®HTB-37™) 2 HT29(ATCC®HTB-38™) 2 w}g-2
Y AZEF ATI(ATCC®CRL-2539™)2 ATCCEH-E] Sisrebdint. 12k &Al: AxF Alexa Fluor ®647 Anti-
TOMM20 3&+A] [EPR15581-54]-n|EE=2]o} ul# (Cat#ab209606), cytochrome C ¥FA|[EPR1327](Cat#abl133504),
BrdU &A(Cat#ab6326) = PP2A  &A]  (Cat#ah32104)=  Abcamol A ATk, B-AE(Cat#4967),
GAPDH(Cat#5174), cleaved-caspase3(Cat#9664), Bax(Cat#89477) % Phospho-Histone H2AX(Ser139)(Cat#8031
2) CSTollAl F43Fqith. CLSM Aol A8 o]z &A= Alexa Fluor 488 Goat-anti Rabbit IgG(Thermo,

_12_



[0104]

[0105]

[0107]

[0108]

[0110]

[0111]

[0113]

[0114]

[0116]

[0117]

ZIHSd 10-2024-0124131

catalog no. A-11034) 2 Alexa Fluor 647 Goat-anti Mouse IgG(Thermo, catalog no. A-28181)7} =E3dtH T},
Alexa Fluor 488®Phalloidin(catalog no. A-11034)2 InvitrogenolA T3+ aL, BrdU, thymidine
analog(ab142567) %= Abcamol| Al 43} tt.

UV-Visible, FL =#E& 9 HPLC

M

mlo 4

AFE M = M3(ImM) 2 GSH(M Q] 25 £98 Z+zF DMSO 2 PBS &£ (pH = 7.4, 37CollA A2,
W-Vis &4 2 FL 29 EHS 93 110 pMo z}og {AS 1% DMSOZ EgH38li= PBS €9 (Ph = 7.4, 37T)olA
dn] AFE A3 AxsIUT. 7] 3ES FL 2F9E-(EY F: ex/em = 5/5 mw)ell il 368 mm=
AR E Tt HPLC 48 93] WW-Vis 74%’571(370nm)7}

(C18-E, 5um, Waters)= AF&3Ftt. H,0-CHsCN gradien

of thal] 1.0mL/++¢] F&o= AFE3HRIT.

m

3tEl YLO9101S(YL-Clarity) 71717} Z&g 94 A
22 M (035 min; CH3CN from 0% to 60%)<S ZF H-A]

X
t

AE W

Hela Al¥+ EMEM(Eagle's Minimum Essential Medium)ollA] wjFs}Sdar A549, H1299 2 4T1 A ¥:+= Rosewell
Park Memorial Institute(RPMI 1640)ol A wj<F3tgdch. HCT116, HT29, LoVo % Caco2+= McCoy's HAC A wf<ks}
Atk wiAol = ~E Sty HUdd @ 10% Blol & FH (FBS)(catalog no. 184590, Australia)©] X

HAk, AEE 37T AulelEellA 95% 7] B 5% CO.8tl A Qlsaloldstivt. 17F A9 AxF SW480~

37T, 5% C0.9l &= =4 wdr]|E o] &3t 10% o} & EH(FBS) 2 1% A4 (100 Units mL-1 penicillin
and 100 pg mL-1 streptomycin)”’} ¥38Fg Leibovitze] L-15 vi=]o| A v FstSiTt.

Alamar Blue™ ¥4

Adolak satE Aeld AT METEAS Alanar Blue™EAS 3] ZAalgivy. e, AE(5-8x10°

Ils/wel)E 96~ ZEe|o]Eo| A 24A17F B 48417 &< oz (1% DMSO), FUDR, DMC 2 M1z} A AFeldt
SeFo g AFuelAsgitt. 7IE wixE AAT F, 1/10 ¥709 Alamar Blue Al9fS Al vl =9} g
HA7retgdtt. 29 e AEE F71E 1A B Aol e th(37C; dark). mlo]AERZHO|E AEIE
AHgste] Aol FF #7153kt (ex/em: 570/585 nm).

F2Y A 4 (Colony formation assay)

A4 s ZF=ZY FA 4 (soft agar colony formation assay)% B3 AE T4 THE SA4EY. AEE
%<4, FUDR, DMC % M1e® AHg3statt. 19 ts AlEE 2bd viX](complete medium)ol 3]4% 0.36% o}7}
Z 2 (Invitrogen)el dEstar, 0.75% wg A= 0]-7}ii =& Z3slE AUE(~1000 cells per well)olA
6-4 E#olEd] thA] Adeta 109 FF IFtHlelAs it AXE WvhE2 agstal FRU7E §etow B
o wf 0.1% A2E Hpol &Moo AT, 1A ohE oS 3] Al A B=E M™sEa s F2Y
E Al

JHER AEAME HE

z2yt]E ofo]erlo]=(PI) A¥ FITC Annexin V A|EAFE ZZ 7]E(BD Biosciences)S ARE3lo] A E ] A
M}““ Azt A, AE(x10)E 6-9 Selol=o] Agsta WA PHE F &, FUDR, DIC
2 Mo 244 3F Bt AHEalgivt. F28 e Alxs wjAe] Ffste AlEs)t 34 shul~"skal, PRBSE 23]
];(“]O}‘_J_ 1X 43 &5 g FAA AT, 5uL9 FITC Amnexin V9F 5ulLe] PIE 100pLe] MXE dgd &
Fatatt. EFES HA2Gt)dA 168 Bk FAelA QlFwolAdstar, FACS Calibur Flow Cytometer (BD
Biosystems)& AR&3le] 45 F3I3UTt.

|

I

NE,
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o] & 354
AAYE HNE e vk 23S A2 A 158 5 g2t EE< 5| =(Electron Microscopy Sciences)® il
A% F . 0.2% Triton X-100-PBSolA 108 &<t

F3}3}(permeabilization) A| AT, AES E=27 ©Hy
)

(blocking buffer)[containing normal goat serum (2%), BSA (2%), and gelatin (0.2%)13} 7 7} v

A 1AZHrt) Bt FHR wgsisit. 2 3, AES B2 WA 13 A9 dA4 AF 1 o] dsfal th 1
A ZE ot AAM(rt)o A QAdFulo] AT, Triton X-100(0.15%)S 338l PBS=Z Aﬂ%ﬂ , AEE B2
HH (rt)oll 3A1(1:20008 33 ez A2 A 1A B¢ <FHolAE oS, DAPI(Molecular

Probes-Invitrogen, 1:20000 dilution in PBS)ollA 2087 QdFfH|o] A3t 1A ‘:]'O AZS Prolong Gold
antifade mounting medium(Life Technologies)S& A}-&38Fe] &Elo]l=o] A&}, TOM20, yAEAE C 2 A
el A9 A|-3(1:2000. 2 S|AE)ol] gk 1xk FAVF 2 AP AFREHAT. WY FF HE] AHEE oA
Aol = Alexa Fluor ®488 Goat-anti Rabbit IgG 2 Alexa Fluor ®647 Goat-anti Mouse IgG7} EZE = Att. F-
NE)-S- FITC-Phalloidin(Invitrogen) &2 AA3}% ).

n:

-2
F3

o,

A4 (Reactive oxygen species, ROS) H=

ROS #We] A3 W &L 2,7-dichlorodihydrofluorescein diacetate(H2DCF-DA)E AM&3le] =3alsitt.

=79 sh3hE<d H2DCF-DAE Ao Eoiit § AXE o zHetolAle] JaFs wol vFF 2 v vERd 54 3
FHE(H2DCR) 2 AsE 4= o). Aok Al ROS9F A& 2h-g-38tH, vl3d H2DCF= FCMel Al A8k 33 ¢

SFRZEZFYAJNDCR) o2 A3tett, A3 ] ROS el ke DCFY &3 Zko n|# 3},

U EF =20} DNA &4 Aeks)

MEZEZoL DNA &d AFEE fle] longrange oPCR 7lES ol&siitt. 1 wEFZEeol B
3723bp(accession no: NC_012920; 11492-15214bp)E #E2]F(amplicon) B2 HAsta, &S UF U=
2o oig A gyF zafolm e AA S THNCBD)

Mitochondrial large forward 5 -3° : CGCCTCACACTCATTCTCAA

Mitochondrial large reverse 5 -3 . AATGTATGGGATGGCGGATA

Mitochondrial small reverse 5 -3 : CAAGGAAGGGGTAGGCTATG

SYBR Green % E(Qiagen, Rotor-Gene SYBR Green PCR Kit)ZE A}&3}e] 2 A1zF PCR A& #¥](Qiagen, Rotor-
Gene Q Al#]Z)ol A long-range qPCRS F33FH ). 50ng DNA Bl=Z3 1M Zglolw 3Aa = 10puLe 2x
Roter-Gene SYBR Green PCR Master MixE E3tsl= &3E 20ulES ZF PCR WHSo A3, &3 AlsE 50
AbelE FQ A Afe]E9] endpointdl M 7]ESEATE. SEE G A4, Ak 24 AWHS ARESo]
(Nucleic Acids Res. 2014 Apr;42(6):e4l) 10kb" 7ZE% DNA &4 H]&(lesion rate)S AT

8-0hdG DNA =4F A=ks)

8-OHdG= AF3tA DNA &4 HES 93t wA =2 4y AFg¥th. 8-0HdG DNA Damage Quantification Direct
Kit(EpiQuik™Colorimetric, USA)Q] AZHA X x| we} 8-0HdG(Img)E #HF s 100ng/ pLZ 2 &qo
2 Frjstdoh. 2% ok anti-8-0HdG 2 oA} Alexa 488 AE Eol 3 Aslltt. HCT116 AEE 2443t T
48X Fot kel AlE gid sibEE AAHPSY. 2 F, Genomic DNA Extraction Kit(Promega
Corporation, Madison, USA)E o]&3dto] A EZHE genomic DNAS FE3&ct. 2¥ ofg onlE 4o]#
(500rpm, rt)ollAl 1A17F <k anti—8—OHdG Ao} A Aol Astgitt. o g, £3 &9 23 IdAE
A71e 3 eujE HolAoNA 147 ¢ Mol Attt ool & A, A3 &9 (enhancer solution)
2 ubal goll(color developing solut1on)a: H71e & vmlo]AREHOE EFFLEAE ALESI 2NEE AHE

2 ggsiagl.
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gRT-PCR(Quantitative real-time polymerase chain reaction)

Trizol(Invitrogen, USA)S A}&sle] AE = X2 RNAE FE389tl. SuperScript@ II1 Reverse
Transcriptase Kit(Invitrogen, USA)Z A}g3le] 1ug RNAZ cDNAE AHAbslgdth. 28 th2 SYBR Green @8
(Ambion, Carlsbad, CA, USA)E AM&-3le] Bio-Rad CFX96 A12~¥l(Bio-Rad, USA) 2.2 gRT-PCRE F=3stlch (L
gl &7 pre-denatured for 15s at 95C, 40 cycles of denatured for 5s at 95C, and re-natured for 30s
at 60C). zF W32 10puL A=gelA 3= Ak, vhgo] Sass W F7] A%k (cycle threshold, CT)
Holg & ZAAs7] Y3 A AR A (fixed threshold setting)o] AFEE AT, B CT WH (comparative
CT method)& AF&3te] 719 4 (copy number)E A8 2A ACt WHHS AFR3Ee] E 2 mRNAY A ThZ &
(relative levels)S ALttt FAAY Bd +3& 253317] 93 GAPDHE WF gl F3A2 AH-83)
TH. aRT-PCR #41& 918 Zefolme vh&3t At

¥ 1
Gene Forward primer 5-3’ Reverse primer 5-3'
ATR GGAGATTTCCTGAGCATGTTCGG GGCTTCTTTACTCCAGACCAATC
PP2A GGTGGTCTCTCGCCATCTATAG CTGGATCTGACCACAGCAAGTC
MDM2 TGTTTGGCGTGCCAAGCTTCTC CACAGATGTACCTGAGTCCGATG
p53 CCTCAGCATCTTATCCGAGTGG TGGATGGTGGTACAGTCAGAGC
p21 AGGTGGACCTGGAGACTCTCAG TCCTCTTGGAGAAGATCAGCCG
CHK1 GTGTCAGAGTCTCCCAGTGGAT GTTCTGGCTGAGAACTGGAGTAC
CDK2 CCAGGAGTTACTTCTATGCC ATAGTGCAGCATTTGCGA
CyclinD1 GCGGAGGAGAACAAACAGAT TGAACTTCACATCTGTGGCA
CyclinE1 TGTGTCCTGGATGTTGACTGCC CTCTATGTCGCACCACTGATACC
GAPDH GCCTCAAGATCATCAGCAAT TTCAGCTCAGGGATGACCTT

el B 2 A

MES] Z WA (total proteins)S 1 mMe] phenylmethylsulfonyl fluoride (PMSF)¢F 1 mMe] phosphatase
inhibitor& X338l lysis bufferE Ab&ste] FEth. dd sxE FAL, 20uge] TS 8%-12%
Tris-Tricine Ready Gel SDS-PAGE(Bio-Bad)Z #2]8l3ith. WH=E Zn|dzldl SF 20| =(PVDF) Yoz &

71 & 527 ©@Al(blocking step)E& 3T, 28 121 © 23 &A) SAA] F7t2 AFule] st W
= A AEFEE 95 Image) 1.62(Image], RRID: SCR_003070) 2 Z2E wjmz2d] 93 33 dx o
2 FA4HYon, g dlde FU%k AZo] X3gol s A fsEAC).

olv) K 3=£3F g% X (In vivo anti-tumor efficacy assay)

55739 3 FE vkl HCT1I6 A 1310718 318} o)% ol 4stalch. %<l 2717F ~80 m'ol =2ae
o, v AE FAYE ) 25 (n = 3)e® Y, thERTA(1% DMSO), FUDR, DMC % M1S Z+7F 5 mg/kgﬁfi =]
gttt mhg-2o 3dwnith F 4 TSI FAEIE, Y A71E 3Yvid EUEYSEINE T, T By e o
L9 F2S o]&3t] AAEETH: 4w /3 X (tumor length/2) X (tumor width/2)'. 52 Zagze Brigham
and Women 's Hospital¥} Harvard Medical School®] 7]% & #g 2 AME9U3 e $AS Wt RE A
A W A5+ National Institutes of Health & ¥ XX wlzgl 3R, 55 AF3+=
Women's Hospital®]l & AlAddA A A WAoo §lv A FIPHYeH T

(2020N000055) S wakth, FFEA 7 ¥ vl (4~653 )= Charles River Laboratoriesol Al

I=EF
sl

>
o d
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M
J

GraphPad Prism 8% B4 &4 F3sle] 4= HA(two-tailed t-test)S FHct. G| HAHA &=
3 BE dATE Hojx A H Y. o F WilE ¥F #X(SD)E Yebdtk(standard deviation, SD).

b
X
S,
ki
(-1

i)
ol
o =
>
s

AAHES] DNA &4 WS 4o 2 A& HAAE AEE trs 72 3FE e A
WA GSHell oJs] Aet 7ls3t o]3sl YA (disulfide linkers)E B3| FUDR(floxuridine)¥}F PP2A

] DMC(Demethyl cantharidin)7} 2% Fx& 71xH, EgudEAZ 5 (TPP) ®olojge] F71&e 7
Aolde Mol mEFZE=gol GSHAA HolAom SAstE s stal, dAxe] nEZEgol 3 3 DNA &4
o8t AlA GAE AES o 5 QtH(E 1), ®3, PP2AY dAE =L FF D2 BHS o),
p53-p217F wiAstE AEF719 G1/S HEAFA AA(check point arrest) i1ZS F&3ste] DNA 5+ HA2E A
TEkal A ] FUDR/5-EF 252k (5-FU) Sxol digh mizkbgds =Avh(: 1B).

to 9N 12 ox rf
2, N
N

H-oFE (prodrug) M1, M2(DMC7F §le =z 33E) 2 M(7-olv|=—4-EgEFezrd Fuid JFJds 2t
FE)(E e 44 571 & 8 WA = 100 vERd [ A= wE sbdsidh. s, MeCN 5 EtaN

EA) stoll d3:E SFHE 29 DMCY F-FE 1E] Ateld WS ZE %= 45 AT, e, M
2 M3 S e 71 HAJD FFE 69 S A, EFA F 2.4,6-EFFERa2xd F2ol=, EtN
9l DMAPS] ZA] 5}01] *3E SFHE 37 252} 345HE 49 Yamaguchi-o ~H 23} WHg-& Fa3131 a1, MeOH
%= Amberlyst 155 A}&3le] TBDMS © X3 (deprotection)E Z3stdct. tLo =2, DM % carbonyl-di-
(1,2,4-triazol e)JJr B3E 65 vHEA7 vk, DCM = EtN 2 DABCOY &4 stol 3H3E 13 w3 AA 33E

7% ARG, gLeoew ) 3gE 79 FIgE 8 Atole] & 38 whE-(CuSO; ® sodium ascorbate)S 33k

T, MeCN 5 2 ZZ(3M HC)olAl TBDMS BRI E 33t MS 5399, =3, DM 5 carbonyl-di-

(1,2,4-triazole)¥} 3}gHE 35 WFSAIZ] U, DCM 5 EtsN 2 DABCOS] &4 &lol 3}gE 13 ¥-A]A I3hE
105 A stet. 2oz 33tE 73 33tE 8 Atolel ¥ 3FeF whE(CuSO: ¥ sodium ascorbate)S 43
T, MeCN & AMd ZZA(3M HCL)ollA] TBDMS BHEE 33t W28 53t 3, 7-ojn|w=-4-EZF
We folds EFQ F A 2 DMAPS expd oz Wk A|7|aL, o]o]A DOM = EtNe| EA| bl 33
S H7bete EEE 118 XSS Y. 2oz, DOM/MeOH E3HEoA 335 113 33E 8 Alolo] & 35

e - _ . 1
HES-(CuS0, ¥ sodium ascorbate)S &3t M3E 53T, A4 sgE9 &4 92 EALS AHE4AA,

Lo
2

o

-

3]
<&

0 fo o
o

4

=

NIR/“C MRS B3 Flstleh(Ed mEA]),

At npe) o], B AWM= M1, M2, M3olA, ¥ FHdAY a7 s HES 98 GSH-713A3 4
& 753k o33l YAS AlEsle] EoFE-(parent drugs)/® FH(fluorophores)E Hest . AokE &413}
(prodrug activation)E &<135}7] 93, WA, PBS &N (pH 7.4, 37C)olA AT HA AZvlE e (HPL
OF &3 M9 A4 H2=EE 3330, M2 GSHoll :=FE wj7hx] PBSollA]l dddt tAHdS HATH(=
11). GSHE A XA 7p4 FX ?—E} Bl o] &llgatr] wjEo] thioredoxin (Trx), cysteine (Cys), %
homocysteine (Hey)& X33 Aoz A 2 L] ofd, GSHTHS &-&3to] Mle &438t AsS =
AF3FSITE.

B 274 slol A HPLColA] M1e] 27.2%-9] WEE AlZt(retention time)ol A-53l= 54 I3+, 4A43F &<t
GSH(1ImM) ] Q15fulo] 3} A Alebxich. A2e 93E 8.28 2 16.2% ¢ FAEA5YUH(free FUDR drug and
byproduct, respectively)(&= 2B). T3, GSH7} F7F%l ESI-MS 2~ EHoA M19 Tz A 93[186.05,
247.10 % 417.95, 247} free DMC, FUDR % FAbEo] sid (X 12)]1= %= 2A04 9k zFo] GSHOl o8 s ML
o] &Aslol| g F7F FAHE AFe.

M1o] EA43t AsS ol S9st] S, FEH 549 WsE o], 7o -4-EEF o evd Fuid
P AdE, M1 dEAHE A #HHEE fARAQl zER SFE M3l GSH EfA A sH(GSH-triggered
activation) S ZAFSFQITE. 345nmell A M39] F4= W= GSH(ImD < 37 Q1Flo]d F 359nm= o] &at3ivh (=
130). e, GSH(ImDOl =3A] 447nmoll A MLe] ofak 3 W& Mev) 404mol A 2@ WE MeER Aggow
# o Fuld A AEE o] IEHJAEY, o|F free 7-amino—4-trifluoromethyl Fvtdl FJoe] 54
Al FFolvh( 13B). B Asfule]d AIRE(0-2h) (%= 20), GSH F:=(0-4puM) (%= 2D), M1 F:=(1-10 ud) (=
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130)7F Z7 kel wel 494nmell A M19l H3 ZA% Z77F YElgth. EF3E ez HPLC ABRvEIR(E 2B),
ESI-MS #241(% 12) 2 &3 @A (%= 20, D 2 = 13)olA & AFES T3, Mol WA GSHe| -SHell o3
El& alEa, Uz P49 EHE SAE 88ty wES A 338 (free form) o] & #AE WEstE
I 2A9 M1 &3t MAYUSI dATS Gk,

A3l mpe) o], B oubyo] FGokE M1-S FUDR(DNA damaging drug)® DMC(PP2A inhibitor)® A% ™, <F
Aze] A7) ol MAYZDN 24 ) S EHoz FEs AAEAT PP2AE FekAlel tg gk Az W
Zrsloll gk AAA FAolB R, PP2A T o] oF Ao DNA B TS HAE ¢ via At
o5 H7talr] 918, Mlo] PP2A ol AX 54 45 FEsteA 55 thdks pr2A o BdS 7l
02 ot AlEFE ARESt] Alx AEY E45 Fdsgih. PP2A @i whgo] vhe M E(S, Hela 3 HT29
A % 30)0lA] M1, FUDR B DMC x%ﬂ/\] ifi?ﬂ‘& AE =4 a9 e k(= 3B, C). W3, PP2A

\/ ,
=2
_>|:
o

o] =& AEL(Z, 4T1 2 HCTIL6, = o] FUDR A2l AIE Ao 93-S v A gkokt); e,
DMC A& 4T1 2 HCT116 Ao FAS %{P ZHAANATHE 3D, BE). gixAo=z A= 4T1 2 HCT116 Al
3 (high PP2A expression)olA] M1 A 2]& FUDR H& DMC Aol Hlal AE AEHE A ZAAZATHE 3D-
F). w3k, &3 &2 A A 2 M1y PP2A & Aolo] ko] A7l Bz Uct.

A

dob 1%

HCT116 M E AbE HAEZ &elslr] Y8, FITC(fluorescein isothiocyanate) 418 o83+
gstlet. 1 A, M1 A AFulo]HE Mol AE Feko] thef 38% B 12.8%7F 27 27 %
ARG dAel sl e #elEden, FUR Aeld AES] 4 7.6 R 3.4%, DMC A=]d Axe
16.2% R 7.7%] E3}shlth(= 3G,H). ol2fg A= Fai, FUDRY}F DMC7F # e d-ef&<l M1 FUDR &=
DMC ©=of vlal ME AFES dASA FEAE F s Il

EF, W gl dAgokE N2 MEIZ=ol GSH stelA 54 ZAstE S vMEIZ=golEs: RHoR G
TPP Rolol¥] & xgete] el F&(free drugs)S WEIH. Mlo] mEZE=gote] At A& &8t
A, 7-opve-4-EiERemrd Frkd dS WESES AAE, My 2ASHA dEE FARAIS M39
TxA oA 24 FHSAT(E 14). = Ao yERd wiel o], M3l WEE T-olim-4-EREFo R
Aol FEiets A 33 TOM20-647 (M EZ=gol-a4 &A= RE o] A Fgo] B3t
A godo] <ditlold AIZH(0-36A1ZD)ell whEt SrbekglTh. HERE HCT116 Alazofl A M3e] =g Ao
GSHe] 71emg #Hlaty] 9l&l], GSH #4191 NEM(N-ethylmaleimide)& AM&3te] &% dAvE F% 91X
T-(confocal microscopic co-localization study)E e3s3ict. HCT116 Ao v &34 32 NEM A
T TA a3 THE 4A). o3t A= HCT116 MXEAA mEZ=gol wast 9 GSHY o] 2% M3
g4 stE Fxl8k= TPPoll 7]9l8k= A oltt.

R

|

A

=

7]
%
T

i Ho = 4

_|-1

014

T

R )

o

o2, Me] vEZE=Zel DNA 45 Fd vEZ=g ol vl7] M >AFE (mitochondria—mediated apoptosi
A ARE ZAREIITE. o2 FatAl Ee sFtay ofEo] ¥hgAd AFAF(ROS) AAH O lE] w
&S dogE Aew dHAUT. whEbA, HCT116 Al EoA ROS AAte] gk M12] A3FS xALs)
4 ARl 719k Akt ~E# 2~ AFZ(DCF-DA)E AHE3IGITE. & 4Bell A|H uf9} o], A
2 A" MEANA dEE DCF-DA H4 3go] TFEATH(24A |z A 43.4 F 48X 2F
JEH G nEZ=gotolA F7FE ROS Aatel 7)1 th(= 4C, D). tiEH o=, FUDR
2 ROS Aoz <13 DCF-DA 333 o] tf WATH(FUDRS] 78 24A17ke] 14.8, 484
24X 7kl 24.6, 48*417Foll 32.5%) (%= 4B-D). ©]AL FUDR T DMC ©&59] nEZ=g
7Y 4 A}, v o=, long-range gPCR (3723 bp targets) £4& E3), M9
}3}035} M1& nEZ=g]o} DNA &4 W (DNA damage lesions)®] AJ7F ¢]&%
FUDR 2 DMCE A3 mEZ=go} DNA &4 YehA &UtH( = 4E, F).

hul ’ =
Mie) PlEZEeo} v AZAES U A58 s, WA pro-apoptotic FAA] VIEZE o} v 814
24791 BAXS] 2 Fredl digk Mol a3E AT, & 159 yERd upe} Zro] ) HCT116 Al2Ee] M1S
1S BAX SR o] Aol wel Frheh dhul, FUR E DIC HEOR ASd A B4 24
o A1 BAX W] wtobith. TheO®, Mie] HCT16 AEe] PlESEeol W AL A o] FFE vAEA
oIE A4S AT AYE 2ol
Azt

3y }Oﬂﬂ} vEZEeor JE B AEZEFARE 747 TOM20-647 R FITC-2
Hom st . 3= 4Gl wrehd wRe} gro], HCT116 Aol A M1l <lsfwle]d2 wEFZE=e]of
2 AE=AY] eddE ﬂ%é}‘;’it}; of &¥= WF Azl AojdaE o Frepo(dd sdE=
FAE). ol Mel o3 WEZ=gel Edom A wEIE=ore] A B&(gradual swelling)
oltt. MEZEZ ol FEL vEZE=go} ool 3 B AEAPE X dwd Alo]ESE o] BES F

£
A
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ek, FESE, A7) w49 E 159 AnE e, ¥ odgel AvehE e vEZsedel 9Hstn, %
AHOR FRW GSIV} o) BT RS £EL FAA VIEZSIo} D E4S R AL Hod

of YL MAEA oNF EALSTH y-HAXDNA &
4 ) E AFEske] & d) DNA 55” SFES Gotow s F) d49s Fsiolct. 1 2
, HCT116 AMl3EelA M1o] A7t v o Hug Hds fFedles <ls) 1

3 bR DNA £ FFel o B 93 vAe 3 :
P HCT116 AlZolld vhe y@de fEegivh. 3 A8t DNA
deoxyguanosine(8-0HdG)& Ah&3ake]l HCT116 Al3EellA] 3] DNA &35 Felakqivt. = 5Bol yehd nupel o],
sl Azl somdisl BAsA ge wRE AN, o
Aelth. Ao, FUDR i DNCO] ©5% A= 8-0HIG o] W FEom vhebdul, DNA &4 dis) e

=

=

rr
)
off
=)
=
=
2
2
ot
=
—
1o
o>
N
ot
o2
o -
o
N
2
e}

ok,
e :

S vHS Felsksith. @ DNA %;*Joﬂ gt M1e] J&F2 f2l B ozl A (translocation) E 5-
FUl ©]3F Al DNA B RNA &4 A 29 &A% fjiEd &= 9 3k DMCE PP2AE 9 AISte] DNA &7 whE-
S AN 4 e, o= HCT16 AXEE 5-FUol s e N1o &35 ¢S =3 4 it}

5oz fe o FUDR 2 DMCSF Hladle] HCT116 AlES] F2Ao] ek M1o] d&FS F7st
g3t a3S AgHow FHES]) s =24 AXEol &l BrdUZ ARESte] IF 9 EA&
Az}, Mo AHE7p @& 39 BrdU 94 AE9 A AE FAo HMd JEFS

Aol FUDRTF DMCx= FA1&eret a#tE Bk (= 16). TS, HCT116 Mxe] T4 fhrael
oS Hrkshy] 98, M1z M2(DNC7E Sl Fx 3HE )l 9

179 Yepd uwpel o], M2 MU HCT116 Al Z4d 9

Mo A= g T3 AT TIPS st

3l
P A s 98 49e S
g 2

& =2
e 9

DNA €4 FoF AlE= Gl, S 2 G2/ 28 AxE F7)
SHASHA BAHAY &4E AAA A
FEdt y&A3to] whE DNA 4ol W =
Aol HAEdeh, DNA &4 kol A p53 FF JAQIAY 7)5e & FHE o %E}. DNA é*& Edo g ®kE
O & ATRES p53& QAkslsltl. p53e AR CIREA p21(p53e] &9 ®7F HAxH)S &A3ksle] (DK2/cyclin
E(cyclindependent kinase2/cyclin E) B&AS Al ME F7] APS AJdsta &=

iﬂa>

Cyclin EX= CDK29l 75&6}3 Gl 2 G1/S @A HBA F8d 9 3 HMXE 7] JPS Brp a&Fo=
A= oQdrk, ATRS T3 BAF AR 24 Chkl 425 B8 AX 7] AE 458 4 givh. 2 dyxiss
FUDR % DMC9 A&a u Chkl A& FolA DNA E7 Asjad Aolglar =349k, PP2A A4 DMCE

PP2AC A MDM2 SJAIS siAsto] p53& el = Utt.

M1o] PP2AE ojAlste] DNA €48 FXdtes HAUSES 7937 18, RT-PCR 418 &3, DNA &4 27 7
2ot #AE FHAe] FAd mRNA S H7FSIGItE. FUDR @5 A 2® HCT116 M3Ee 4] FUDR %I DNA <&
o] ik Bh-e o @ ATR, p53, p2l, Chkl 2 cyclin E19] Z7Fd mRNA &L (DK2/cyclin Elel 98 G1/S A
AXJEANA Y ME F7] X} A ATR-pb3-p2l w7l 55 A=2E W (X 5C, F, G, H, ¥ K). =3, &
ZE =O Pp2A £F W Uk MDM2 mRNA $23- PP2A7F HCT116 MO A p53 5 Z7HA 1o 2x o] B3 4
2§58 £ v Aeks AYelA 3T (E 5D, E). R o & MiolA DMCe] PP2A oA EAL
PP2AZE-E MDM2 A& siAIste] MDM2e] e 35S T7HAZ o9& ph3 E p2l1o] FFS fAaA7E Fe=
DS ATHE 5D-G). M1 ATR 2 Chkl 28 FFox 93-S v HT (= 5C, H). ﬁi}ﬂ © = CDK2/cyclin E1
Az B3A e Fde ®stE Qs G1/S AAXJNE ZA7F nZAHATH(E 51-K). A o2 DNA &4 H5- 4
= fF AE APES S7RAXITE. FUDR A 2lE Aol A DNA &4 57 d=oF ##d Fd7ke] A2 nRNA
o MF AR oM (% 5L), o]= Mle] HEE DMC7F ¢ AEE FUDR Lo wizslA wrEThE 7PE S

a=
oo g, Mol &a4AQI AA f o]Fola RERIA oAFE H7IHIth. HCT116 A o]Fo]A mig-2e thx
(1% DMSO), FUDR, DMC 2 ML(ZHzF 0, 3, 6 2 9ol 5mgkg )02 AZatgla, TS udsd 478t}
T 6A). 1 AF, MoZ AR kA et 4 43 F&o] sy v, dixa, FUDR- % DMC A
gl A= FE o] AUl om ozt 3 ATHE 6B, C & 18). I3h, orfale wlg-or A

ol
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