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Figure 1-1. Flow of glycolysis (A), citric acid cycle (B), and electron transport chain (C).
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Figure 1-2. Chemical structure of BLM.
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Figure 1-3. Proposal reaction pathway for ABLM.
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Figure 1-4. Structures of Anthracycline antibiotics.
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Figure 1-5. Structures of intercalator and complexes having intercalator.
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ARED 1-2-1 TR X i, EFEMIEL D 3 28AMAE T pH 23K <, ROS X X
PURB AR 2@ WU NRBE DS E LT 5. FLAAFI o BITERESR % B L, Aid
DEBEZ N & T 2PIBAR DTS 2 TN TP KR, ROS 24K T 2 /N E
TH5HILav ) TEENE T LKA RSBEEARPAKI N TR L, 3
Fav R Y To EEIL, SLEOIMEE X v o BEELRNEA ORI TED,
3% B I HIE L, BYORAZWTW S 729, (LAY O RTEIZREETH 5140,
:@&Héﬂfn%@ﬁ#%ﬁmttmﬁﬁ%ﬁomA%f%D,;@mA%ik%m
WLCIPavy P TIRHMEISRATLIZEAMEIN TR, 72, RAMKED
Ihav FU 7220 mV)IZIEFEMEDO I b3 v B Y 7160 mV) & A CHE s
LCW2 70, IEEMEZHROZACEVEIAAMIEO I bay P 7REEMICSELST
WL I P ay FY TEEEDE LTRD KR IATw kAR, PV T
:»$x$:7A4ﬁﬂH®f%5m@mme.Hmﬁ,Eﬁntﬁf&< BRIK
o I bavy P Y 7HKE O EERICEN RBUKERE D ffeFio7o, Ihav )
V7 ~DRTEzRET 5 2 L TE 5. HIIAEND TPP 4 4 v DR Mgt DF 5-10
5, T bav P T7TH~OERIIMITE DK 100-500 fFeHMEINTWBW, F 7,
mitochondria-penetrating peptides (MPPs) & L T Szeto-Schiller (SS)~= 7' F N7z & 341 &
N TH Y (Figure 1-6 (b)), BUKEDFmWERE L TAF = VRV ¥ V(KD X 5 7o IEEN
AT ORESLAEICS LR TH 209, ZoX S A RIra v F YT %
B & T2 aPBHEEINTEY, INHEZEAL SEHEOEEINTH S, f
2, Ihav FIYTERE LT TPP &AL 7% terpyridine BLf7F(ttpy)IC tetraphenyl
phosphonium F(tpp) % # A& X & 72 B (1D 5 R [ Cu(ttpy-tpp)Br2]Br (Figure 1-6 (c)) (%
Fa vy FUT7ENLETEF - RICX o THAMBBICH L CEVWMlilast2 Ry 2
&L TN T BW [Cu(ttpy-tpp)Bra]Br D 23 AMALEIRN I E M 1E, & WY
ABEI PV FYTREMRICK o TERIN TS ZEHHL N LR ST S,

(a)

(b) ()
HNYNHZ NH,
NH
H,N H NH, Br\c /
i+ R = Small molecules, Br’ N
Conventional drugs \

S

TPP SS peptide [Cu(ttpy-tpp)Br2]Br

i

Figure 1-6. Chemical Structures of TPP (a), and SS peptide (b), and Cu complex (c).



1-3-3. ER 2R & 3 2 &R

AREED 1-2-2 TIRR7Z X 51T, ER CIEHBEL A P L AR LIC X ) UPRDG|E R Z S 1,
WD R b L ROGEICIIHIIEE2SFHE & 2 U819 SRS I3 PIRRILA & o KIt*
HMRHIC KD ROS 2T 2 L3RR D DA H 5. X D72, ZD X5 e
A% ER ICJRE I ¥ 2 2 L i, SIRNBYIBALRICZZ L FE 2D,

INETIC, B4 @@ ER ICRTET 2 2 & CTHIIISEZ FE 3 % © L 23 &
NTE DS BEATEEZRY 7 0 A Z LR Y v Y P Ir A2 ER A P L A% 5| &
T EPMETINTWE, ZDx4 70D Ir #KiZ, ROS AR ZEA & 2 ¢HE
wEEZET 5. £ OREHITH 5 [Ir(ppy)(bpy)]” (Figure 1-7 (a))l, Jea ER R b L&
FEHITHY, HEFIC XY 10, 2 R—X—F XV A FOMTEERT 2 &G X
NTWwaW, X512 ik, KFEETRELZANF—(REOWM T EZNLT, X
VR BE R NEER NIRRT 2 BHL 2 Lo TE D, MIlENORRAL s v X
R E LT, 7z, [Itpy)(pbpz)Cl]" (Figure 1-7 (b))i%, HHAFHIC X Y ER X+ L
AEFHT L EBME TN T LW, Z 0RO MIIIFCFE SRS 13, JElSZ i
B CaLNAD FEPHERI N LS, TOKIC X o THAEL 72 ROS 25, ER D
Ca' A 2 TEEE L CWwb e EZ b TWw5, Pd #5{AR[Pd(acac),]d, Fhill 7o kL%
ZBATEIC 72 > T a2, BER 226 Ca? Z 35 2 & TER A P L A%ZFHEEL, HiH
ATETERFET 2 2 LB RE T T v B0,

[Ir(ppy)2(bpy)l* [ir(tpy)(pbpz)CI]* [Pd(acac),]

Figure 1-7. Chemical Structures of Ir complex ((a), (b)) and Pd complex (c).



1-3-4. Golgi Bz BHI L T 2 EHE

ARED 1-2-3 Tih72 X 91T, Golgi (KiZ & v 7 B oW ICBb 3 BE/NRE 72
23, RIS D %\, Golgi RDOBEEE~ DI % % 5 72 ®1C, Golgi RICHTEL,
HHE AT 2 BB BAFE & T & 7208, Policar & 13, FICHHM: & ARAMRINERE % 41
AEDEIARA=Y VTR v I vaT<wLFE—ZL 78 —7(SCoMPI) & LT, Re
D b U RSV ZIVFFEIR[ReCl(CO);-pyta-C1aN3] % B FE L (Figure 1-8 (a)), Golgi (A IC)5
T3P L0 72, Millics T EEAKEELZIHS Golgi fRick T 2
FEE I ZFE T 2 ¢ Z 2615, Lo b, IRy 7 v 22t ()R Y vV
VBRI {Ir(NAC) }s(bpy-8)]** & [ {Ir(N~C) }s(bpy-8)]** % B FE L (Figure 1-8 (b)), i 6 Dl
A2 Golgi MRICIHTE L, BIERRAIH 2T v 2 AEHAD I AFITH % Cisplatin &
Db ECHIfEEE A RS L B L 2T L2,

(a) (b) -~ O o
C\//N 04
N L35 o Neld
C\”N g HN H

N; §
Noe ‘a o J . |‘“>\';,<~C
11 . N\/ AN r\/ \AHJK/\N/\/"\/T"\/\N/\)LH/\, A ‘
N\ (c>li<~ X /Q j\ x
’ //N ) ;4 0P NH
SN ; b
/N\ /CI Ufl j:f) N f\ i A 1 X
oc/Rle\co ||N’r NH B L. ;j‘("() N)_ N7 N#
co {:T D X __‘F;N> Q,i c 7 | 7 j
[ReCI(CO);-pyta-C1,N3] ¢, A/‘" v N N
3-PY 12N3 LA [{Ir(NAC)}s(bpy-8)1** [{Ir(N~C)}s(pe-8)]%*

Figure 1-8. Chemical Structures of Re complex (a) and Ir complex (b).



1-4. SEEE

1-331ICdRT LI, Pt, Au, Ir, Ru, CuZz &Hi4 g%z v =SB R IA
Al LRI T 25, BTZEERRFIH X 41C\w» 3 Cisplatin (Figure 1-9) (3 & #5{A D
PHRAEITH Y, FUAEDRE G &2 oA R AMEMOBEIC R TWwE, L
2L, WEM: B fEE 7 & oRIER %2 5] &2 2 3765459, Cisplatin @ &ITE BRI BT <H
¥ X N7/-DH Carboplatin (Figure 1-9)TH % 23, {kIAe L CRIFAVMELE 7> T 3
57, F 7z, BRBFNE, BWERZ T o<, BRI X BAMRES OeRAmEZ S b
LTV ER, PRARARCOMEHRIN TS, ALK E LTI, Pt AR
TAEEREECTH Y, EEME L BAMIBOmE ICRSFICERT 2 2 L%, EENIC
FHELEVWRETH Y, EET L LT 5056555,

Z D, WEEDOEETH Y, LENICEEE TR L, Mg T oEE 2 B
RN TV S Cu 2 A wz@ BRI X 2 5T AR, IEFMACN L CatEnK <,
FEHEARDIIER I LI wWeEZONS., Lo L, ERNOHFEROME X TR I
TERICHD b LT, EBRICHIBAF L L TR ST 2 iR II R IC kv,
T 7z, SR RBLRICEE RSB TH Y, Z OEEAEY EIEEIC D o IcBE S
LTWw3 ZeaimdEInTwa by ? @gikiE, £EENF A4 — 1 TdH 2 Glutathione
(GSH)-* Dithiothreitol (DTT), Thioredoxin (Trx)7x & DHTHEALA & (A% TERL L 7214,
Cu(I2> 5 Cu(DITHEEILE NS, £ LT, Fenton BUKIGIC L Y ROS AT 2 Z & 23H]
HETd 51000 Z D JIGIC X 2 MIlEN GSH 7 & D fhigIx ROS L~ v DB, DTl
ML A P L RAZFET L L0305 TC0 b, 20X 5 ICLETIHE R AL, 23
AR OMUNERBEICIGE L, 23 AMIREIRI ic il #1E 2 7R 3 rlBEED & 5.

(a) (b)

0
CL, t@\NHz HZN\Pt _O
cl” “NH HoNT

o)

Figure 1-9. Chemical Structures of Pt complexes.
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1-5. YUHF9EE O efTHisE

WL = T, p-cresol D 2,6 fi£1C 2 D D 1,4,7,10-tetraazacyclododecane (cyclen) % amide
tether T& A L 7z Z & L Bd A2 ¥ HLI1 (Figure 1-10) & % © — % 8 #& & [Cua(p-
OH)(L1)](ClO4)2 (1) (Figure 1-10)ZFdF L, % ® DNA YIlr-eMiidamt 2 s L 20, 1
1%, HOy & G L CHEERE & L T p-1,1-hydroperoxodicopper(IN#E A [ Cua(u-0H)(L1)]* (2)
(Figure 1-10)% 4K 3 5. 72 HO, f#{E [ T DNA OE{LUIWT 2 ik L, % o UIWiG 1k
1T O, IBE S ORI % Z & % B L 72 (Figure 1-11 (a)). —75, b M FESE M
faT»H % HeLa M i3 2 1 OMAEHENE 50%FHEERE(Cs)1x 1740 uM T, BEFOPT
HAF & el U CfifgEE M 131K D> - 7z (Figure 1-11 (b)). Z DJEEK & LT, DNA Y H:
BEICiEE K v L, SEHADBUKME D &SI XY BUK P o MR 2 i L
<K, MBENBUAER DR nwZ LR EZOLND. Lzi> T, ko DNA BEEE
Jiom Ric X 5 DNA YJrE o 1) ELBUKED I Fic X 2 #IRgNEBGA SR o [ 1A
BlEom EICEHTHI EEZLND,

Me Me _|2+ Me _|2"'
0] 8] o 0 (o] o]
U N Ly HN((\N N £
HN ’>NH HNL N _NH HN= —NH
QN NK @-—Cu Cuzy ANZCA_ SN
N N N Do NS S 8 =
<H H~ H BB H o H
HL1 1 2

Figure 1-10. Structures of HL1, [Cux(u-OH)(L1)]** (1), and [Cua(p-O-H)(L1)]** (2).

(a) DNA cleavage activity . (b) Cytotoxicity for HeLa cells (24 h)
dependent on H,O, concentration
100

-0 M
100 uM Complex  1Cao (1M (Mean £ SD)
8o 200 uM HeLa (cancer)
g 300 pM
— 60! —o— 400 uM +
E - 500 uM 1 1740 = 110
[N
% 40f
=
[a]
20+
OI 1 1
0 100 200 300

Time (min)

Figure 1-11. (a) H,O: concentration-dependent (0-500 uM) profile for DNA cleavage
promoted by 1 (50 pM). Time courses for the decrease of % of Form I at pH 6.0. (b)
Cytotoxicity of 1 against HeLa cells by means of MTT assay (24 h).
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X HIT, YFFE=ETlE, 2,6-bis(amide-tether dpa)-p-cresol (HL3) (Figure 1-12) & % ® %
HEEAR[Cua(p-1,1-0Ac)(pn-1,3-OAc)(L3)](OAc) (3) (Figure 1-12) % BHFE L, 3 28 H,021C X %
DNA FRILYIWT 2 I L, 28 AMREIR A 2R3 2 & & B L 72 (Figure 1-13)1%4, L
2 L, 3 OfffiiaEEtE I Cisplatin & le_X TR, PLosAFI & L CORFIFICIZIR 0725 7.
¥ 72 3 OMfEEEFR B X oI w2 2T, 3 offilgEtkom b

LR EE O MR ORI D 720 121x, 3 OHIENZEEI 2L 2 icT 2 HER DY,

W57 CH 5 Bodipy % E A L 7z 3-Bodipy i & 4(Figure 1-14)% A L, % Offiig
WNZEH) % L SBAEE CER L 72, 2 OFER, 3-Bodipy f&AIZ I P v F U 7 LN
RICHHiT 5 &b b - 7=(Figure 1-14). L2 L, T3 3-Bodipy &S AOEEITH
D, 3 OMEAZEENIAHTH 5. £z, %D DNA UIWHEM:LHilgEN: X, BEFEOH
BAFITH 2 BLM &L T T/EKL, ZEORMDED 2.

Me e _l +

o o o 0
z N O N R
N OH N - el e\
= / \o/’ =
o — Me
3

Figure 1-12. Structures of HL3 and [Cux(p-1,1-OAc)(u-1,3-OAc)(L3)]" (3).

(a) DNA cleavage activity (b) Cytotoxicity for cancer and normal cells (24 h)

dependent on H,O, concentration

100 !

S ‘ ICs, (uM) (Mean * SD)

80} 10 pM :
& H Complex Cervical Lung
= 60 A549 WI-38
g HeLa (cancer) (Cancer) (Normal) =
L 40
Z 3 728+21 927+ 14 121+11 13
[a]

| Cisplatin  233£023 5354082 6332013 12

% 100 200 300

Time (min)

Figure 1-13. (a) H,O: concentration-dependent (0—50 uM) profile for DNA cleavage
promoted by 3 (30 uM). Time courses for the increase of % of Form III at pH 6.0. (b)
Cytotoxicity of 3 and Cisplatin against cancer and normal cells by means of MTT assay (24

h).
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(a) oMo,
@ 12%% \Jﬁ@
S s ~a~ \ - =
SRS

Me

(b) Bright Field Hoechst 33342 Mito Tracker 3-Bodipy Merge

Y - —
.\ﬁ. . 4
: 4—."."5'\ : V.
- 5
: — i —

Figure 1-14. (a) Structure of 3-Bodipy. (b) Confocal luminescence microscopy images of

HeLa cells with treatments of 3-Bodipy (100 uM) (green) for 24 h, stained with Hoechst

33342 (blue) and Mito Tracker (red), as well as merged images. Scale bars represent 20 pum.
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1-6. e

KEHX T, p-cresol 2> HFHE XN B8R4 7 “IALECHL 70 IS A Z S L, <
hoEBEEAED DNA VINEE-CHIRLEE 72 & D2 ATEEE IO W CRE I RET L 7-.
ZZCRonAAER, BIWEH DY il AR DFRAFEICT T TSt 22t Tt & 2
FiimdbDThHhsLE2 5. LTI, SEOWMELLBXS

ZETIE, HWFFEE TR L 72 p-cresol D 2,6 fLlic v Z v ML LTERIRT T v
1,4,7,10-tetraazacyclododecane (cyclen) % #5# > amide-tether BN T D AL 8 #54 [ Cua(u-
OH)(L1)](ClO4)2 (1)® 4 fiz. A F - H: % -CONH(CH,CH,0),CH,CH,NHCO-phenanthrene &
ffa L 72 DNA BERYERAT % FF 2 AL R [Cua(u-OH)(L172)](Cl04): (1) & Hi 72 I BAFE L 7=
SHEFHED S, 17213 1 & FERIC H0, & OIS TLIE 7 p-1,1-hydroperoxodicopper(IT)
ERQEERT 2 2 LB E Nz, £ L C, DNAFEARES], DNA UIWmEME, HMifcs
A DWNE %38 L C, phenanthrene DEAIC X B2%EEZHOL 2L L7z, 51T, FACS ¥
HE SR Z W2 IEABEL T, 17 OMISEREA I P a vy FY TREO 7R b
— Y A THY, DNA ERENL & LT phenanthrene Z3E A 35 Z & 23 % OMAIILAL K %
fREL, »AMIGERNMREEZzR EXE2 22 AHL 7.

T, TR X7 phenanthrene IC & % DNA R O P03 A G TERERE D
fRBH & Z o1 % HiE L, -CONH(CH>CH,0),CH.CH,NHCO-phenanthrene (P- J ¥ /1 —)D
R % 2L & 4 72 IR EE AR [ Cua(u-OH)(L1™)](C104)2 (1P (n=1, 3)) & phenanthrenyl %&£ %
methyl CEHE L 72-CONH(CH,CH,0),CH,CH,NHCO-methyl (M- Y v 4 —)ZE A L 72 &%
HEEAR[Cua(u-OH)(LIM™)](Cl04), (1M (n =1, 2, 3)) & H 7= ICFAFE L 72. DNA #EAHET), DNA
UIrE I, MAeEEE, MAENEL D AR B OWEIEIC K Y, P-Y v A — mﬂﬁlﬂ@v\] BN TYH
FEEAIC DNA ICf5A L CilamtE 2 K& (k32 523, M-V v 77 —(3 DNA Fr81E
BNl Bl EXERNC LRSI o727, AEZEL T, DNA EERAOE
ANICEBT 2 ERBHAE S N7z,

HPYEE TlE, p-cresol D 2,6 fric~= v X v b & L T dipyridylmethylamine (dpa) % & 3
% amide-tether 8 “ LSS AR [Cua(p-1,1-OAc)(p-1,3-0Ac)(L3)](0Ac) (3)D dpa D 4 fLICiE
FaIL(E 75 MeO £ X OV 13K 51 ClLEE) &8 A L 72 LD EEA[Cua(p-1,1-OAc)(u-
1,3-0Ac)(L3*M©)][Y] [Y = PFs (32*M¢°), OAc (3b*M¢0)], [Cun(u-1,3-OAc)(L3*N][Y][Y =
Cl04 (3a*"), OAc 3b* N Z A L 7. F3C2ARIHIE & b MRS T O f5 8, B o®E
TRIRCHOBNIENZT 5 LR EN. ZOBTFHRICID, AscNa & DK
JGTHERT 5 ROS OFEFEDS 3b4MC T3 H,0, B TH Y, 3b+C Tlid HOHEEATH
o7 T2, MlEZHAWEHEIES S, 3b*MO, 3p*+C I ER, Golgi {RICHER L T ROS %
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AL CHIIESE %2 8T 2 C e AL o7z, X B, AAMIEFTL 2 ROS &
FLETERRCE 7o 72 3 & 3b*MO (IR A MIREIR e flifa il iE 2 R Lz 2 a5, #
NSRRI 13 28 AN & IR D BREGICIGE L 72 ROS A HEECTH 5 2 L A3
R T.

BRAETIE, 325, ZAT, 7RI ViEF b ) 7 L(AscNa)ic X 3 CHEE AT
{tC supercoiled plasmid pUCI9DNA @ 26%% 1 s3] CESIR DNA IC£#3 25, 3 ©
DNA ZARFHYIMWT(dsb)D burst D SKSHEME % fi#HH L 72. Robson & — % (1IN FE A Cua(p-
OH)(bpmp)](Cl04)> (4), BLM D & J@ i A E AL ORMMECAL T TH 5 N4Py D FR(D)EE 4
[Fe(MeCN)(N4Py)](Cl04), (5)% Lbik & L, DNA YIWiGEME° DNA fEAEET], HOZAE K HE
N ExRBEST 5 LT, 3DH HOERK & DNA #5484, DNAdsb @ burst % 1]
REICT 2 EHEERFHACTH 2 Z L BHL L o 7.

FNETIE, 3b*MeO, 3p*+C1 D AscNa 777E [ D DNA VIWE % §Hii L <, FHET
R L 72312 X 3 DNAdsb @ burst DEEREMEIH & B DEAF T %17 > 72. DNAdsb i&1E
12 3b+C<3<3p*MO TH D, Z DRIRIZFIRER T D HO-D iR & 3L, BRI
RS2 Z Lo h o7, DNA HiGREN DHIED S, 3p*MO |3 DNA I HHE
DD EIRETH A L TE Y, ZOAIREIMKIRE T DNAdsb © burst % A HE
T B EBRBINT.

FLETIE, {KHEETD DNA dsb O burst IC1X DNA & OFRWIESPEETH L Z &
BHEZ, 3D ALLICP-Y v h—, M-U VI — %0 RN EHA[Cua(p-1,1-OAc)(u-
1,3-0Ac)(L3%)](0OAc) (3X (X =P,M)) % FAF L 7=. AscNa 7#1E [ C DNA YJWriGt: % 5740 L
7oL 25,3033 XD bEV DNAdsh iEMEZ R L7228, 3V 13 3 X 0 b iEHEMED 5 72,
X 5 IZ, DNA #EERESI DWE D &, 3P 13 phenanthrene H{i, T DNA I L Tz v XL e
—WECREAT I EBHL A ERo7z. LEDOKER XD, DNAdsh i A Fic %2
75 A HOAERK & DNA fiatkalcd 3 2 L BEFTT bz,

FAE T, AEERICE T 2RERIRR 5.

15



1-7. ZE R

[1] (a) C. Martel, D. Georges, F. Bray, J. Ferlay, and M. G. Clifford, Lancet Glob. Health. 2020,
8,e180—190. (b) L. Lin, L. Yan, Y. Liu, F. Yuan, H. Li, and J. Ni, J. Hematol. Oncol. 2019, 12:96.
(c) Bray, F.; Ferlay, J.; Soerjomataram, I.; Siefel, R. L.; Torre, L. A.; Jemal, A. CA Cancer J. Clin.
2018, 68, 394-424.

[2] (a) T. Kato, H. Wakiyama, A. Furusawa, P. L. Choyke, and H. Kobayashi, Cancer, 2021, 13,
2535. (b) H. Kobayashi, and P. L. Choyke, Acc. Chem. Res. 2019, 52, 2332-2339

[3] A. L. Fothergill-Gilmore, and A. M. P. Michels, Prog. Biophys. Mol. Biol. 1993, 59, 105-235.
[4] (a) A. Marin-Hernandez, C. J. Gallardo-Pérez, S. Rodriguez-Enriquez, R. Encalada, R.
Moreno-Sanchez, and E. Saavedra, Biochim Biophys Acta Bioenerg 2011, 1807, 755-767. (b) A.
R. Gatenby, and J. R. Gillies, Int. J. Biochem. Cell Biol. 2007, 39, 1358-1366.

[5] I. Martinez-Reyes, P. L. Diebold, H. Kong, M. Schieber, H. Huang, T. C. Hensley, M. M.
Mehta, T. Wang, H. J. Santos, R. Woychik, E. Dufour, J. N. Spelbrink, E. S. Weinberg, Y. Zhao,
J. R. DeBerardinis, and S. N. Chandel, Mol. Cell 2016, 61, 199-209.

[6] (a) A. Boveris, Adv. Exp. Med. Biol. 1977, 78, 67-82. (b) B. Chance, H. Sies, and A. Boveris,
Physiol. Rev. 1979, 59, 527-605. (c) H. J. Forman, and J. A. Kennedy, Biochem. Biophys. Res.
Commun. 1974, 60, 1044-1050. (d) H. J. Forman, and J. A. Kennedy, J. Biol. Chem. 1975, 250,
4322-4326. (e) 1. Fridovich, Science 1978, 201, 875-880. (f) S. R. Balaban, S. Nemoto, and T.
Finkel, Cell 2005, 120, 483—495. (g) T. Finkel, and N. J. Holbrook, Nature 2000, 408, 239-247.

[7] (a) J.-W. Kim, and C. V. Dang, Cancer Res. 2006, 66, 8927-8930. (b) O. Warburg, Science
1956, 123, 309-314.

[8] (a) A. G. Maynard, and N. Kanarek, Cell Metab 2020, 31(4), 660-662. (b) L. Yang, J. C. G.
Canaveras, Z. Chen, L. Wang, L. Liang, C. Jang, J. A. Mayr, Z. Zhang, J. M. Ghergurovich, L.
Zhan, S. Joshi, Z. Hu, M. R. McReynolds, X. Su, E. White, R. J. Morscher, and J. D. Rabinowitz,
Cell Metab 2020, 31, 809-821.

[9] (a) Y. Kato, S. Ozawa, C. Miyamoto, Y. Maehata, A. Suzuki, T. Maeba, and Y. Baba Y. Cancer
Cell Int. 2013, 13:89. (b) H.-J. Lin, P. Herman, and J. R. Lakowicz, Cytometry 4 2003, 52, 77—
89. (c) R. J. Gillies, N. Raghunand, G. S. Karczmar and Z. M. Bhujwalla, J. Magn. Reson. Imaging
2002, /6, 430-450.

[10] N. Aykin-Burns, I. M. Ahmad, Y. Zhu, L. W. Oberley, and D. R. Spitz, Biochem. J. 2009, 418,
29-37.

16



[11] (a) I. M. Ahmad, N. Aykin-Burns, J. E. Sim, S. A. Walsh, R. Higashikubo, G. R. Buettner, S.
Venkataraman, M. A. Mackey, S. W. Flanagana, L. W. Oberley, and D. R. Spitz, J. Biol. Chem.
2005, 280, 4254-4263. (b) A. Boveris, and E. Cadenas, CRC Press, Boca Raton, 1982, 15-30. (¢)
A. Boveris, Adv. Exp. Med. Biol. 1977, 78, 67-82.

[12] (a) K. Umezawa, M. Yoshida, M. Kamiya, T. Yamasoba, and Y. Urano, Nat. Chem. 2017, 9.
279-286. (b) M. Schieber, and N. S. Chandel, Curr. Biol. 2014, 24, R453—R462. (¢) 1. Harris, S.
McCracken, and T. W. Mak, Cell Res. 2012, 22, 447-449. (d) Foyer, C. H.; Halliwell, B. Planta
1976, 133, 21-25.

[13] (a) K. M. Owens, N. Aykin-Burns, D. Dayal, M. C. Coleman, F. E. Domann, and D. R. Spitz,
Free Radic. Biol. Med. 2012, 52, 160—166. (b) N. Aykin-Burns, B. G. Slane, A.T. Liu, K. M.
Owens, M. S. O’Malley, B.J. Smith, F. E. Domann, and D. R. Spitz, Radiat. Res. 2011, 175, 150—
158. (¢) B. G. Slane, N. Aykin-Burns, B. J. Smith, A. L. Kalen, P. C. Goswami, F. E. Domann,
and D. R. Spitz, Cancer Res. 2006, 66, 7615-7620. (d) N. Ishii, M. Fujii, P. S. Hart-man, M.
Tsuda, K. Yasuda, N. Senoo-Matsuda, S. Yanase, D. Ayusawa, and K. Suzuki, Nature 1998, 394,
694-697.

[14] S. Wang, and R. J. Kaufman, J Cell Biol. 2012, 197, 857-867.

[15] A. J. Dorner, L. C. Wasley, and R. J. Kaufman, J. Biol. Chem. 1989, 264, 20602-7.

[16] M. J. Gething, and J. Sambrook, Nature 1992, 355, 35-45.

[17] K. Zhang, and R. J. Kaufman, Nature 2008, 454(7203), 455-62.

[18] M. Schroder, and R. J. Kaufman, Mutation research 2005, 569, 29—-63.

[19] A. P. King, and J. J. Wilson, Chem. Soc. Rev. 2020, 49, 8113-8136

[20] S. Cao, J. Tang, Y. Huang, G. Li, Z. Li, W. Cai, Y. Yuan, J. Liu, X. Huang, and H. Zhang,
Front. Mol. Biosci. 2021, 8, 620514.

[21] H. Zinszner, M. Kuroda X. Wang, N. Batchvarova, R. T. Lightfoot, H. Remotti, J. L. Stevens,
and D. Ron, Genes Dev. 1998, 12, 982-95.

[22] W. A. Denny, Lancet 2000, 1, 25-29.

[23] M. Bi, C. Naczki, M. Koritzinsky, D. Fels, J. Blais, N. Hu, H. Harding, I. Novoa, M. Varia,
J. Raleigh, D. Scheuner, R. J. Kaufman, J. Bell, D. Ron, B. G. Wouters, and C. Koumenis, Embo
J. 2005; 24, 3470-3481.

[24] C. Koumenis, and B. G. Wouters, Mol Cancer Res. 2006, 4, 423-36.

[25] K. Kurokawa, H. Osakada, T. Kojidani, M. Waga, Y. Suda, H. Asakawa, T. Haraguchi, and
A. Nakano, J. Cell Biol. 2019, 218(5), 1602—-1618.

17



[26] K. J. Day, L. A. Staehelin, and B. S. Glick, Histochem Cell Biol 2013, 140, 239-249.

[27] H. Yoshino, Seikagaku 2017, 89(2), 154—-163.

[28] (a) H. Umezawa, K. Maeda, T. Takeuchi, and Y. Okami, J. Antibiot. 1966, 19, 200-209. (b)
A. Decker, M. S. Chow, J. N. Kemsley, N. Lehnert, and E. I. Solomon, J. Am. Chem. Soc. 2006,
128,4719-4733. (c) L. V. Liu, C. B. Bel II1, S. D. Wong, S. A. Wilson, Y. Kwak, M. S. Chow, J.
Zhao, K. O. Hodgson, B. Hedman, E. I. Solomon, Proc. Natl. Acad. Sci. U.S.A. 2010, 107,22419—
22424,

[29] Q. Li, T. A. van den Berg, B. L. Feringa, and G. Roelfes, Dalton Trans. 2010, 39, 8012.
[30] (a) S.-X. Huang, Z. Feng, L. Wang, U. Galm, E. Wendt-Pienkowski, D. Yang, M. Tao, J. M.
Coughlin, Y. Duan, and B. Shen, J. Am. Chem. Soc. 2012, 134, 13501-13509. (b) J. Chen, and J.
Stubbe, Nat. Rev. Cancer 2005, 5, 102—112. (c) U. Galm, M. H. Hager, S. G. V. Lanen, J. Ju, J. S.
Thorson, and B. Shen, Chem. Rev. 2005, 105, 739-758.

[31] (a) F. E. Niaki, V. T. Acker, L. Imre, P. Nanasi Jr., S. Tarapcsak, Z. Bacso, F. Vanhaecke, G.
Szabo, Sci. Rep. 2020, 10, 1107. (b) F. C. Thorn, C. Oshiro, S. Marsh, T. Hernandez-Boussard, H.
McLeod, E. T. Klein, B. R. Altman, Pharmacogenet. Genomics 2011, 21, 440-446. (c) A.
DiMarco, Antineoplastic and Immunosuppressive Agents 11 1975, 593-614.

[32] (a) J. B. Pages, L. D. Ang, P. E. Wright, and R. J. Aldrich-Wright, Dalton Trans., 2015, 44,
3505-3526. (b) J. M. Hannon, Chem. Soc., 2007, 36, 280-295. (¢) E. K. Erkkila, T. D. Odom, and
K. J. Barton, Chem. Rev. 1999, 99, 2777-279.

[33] (a) B. Peng, X. Chena, K.-J. Du, B.-L. Yu, H. Chao, L.-N. Ji, Spectrochim. Acta A Mol.
Biomol. Spectrosc. 2009, 896-901. (b) K. Radhakrishnan, T. Khamrang, K. Sambantham, K. V.
Sali, C. Chitgupi, F. J. Lovell, A. A. Mohammade, R. Venugopal, Polyhedron 2021, 194, 114886.
[34] S. Dhar, M. Nethaji, and R. A. Chakravarty, Inorg. Chem. 2006, 45, 11043—-11050.

[35] (a) H.-K. Liu, and J. P. Sadler, Acc. Chem. Res. 2011, 44, 349-359. (b) S. R. Ratnayake, L.
Chang, L. N. Tumey, F. Loganzo, A. J. Chemler, M. Wagenaar, S. Musto, F. Li, E. J. Janso, T. E.
Ballard, B. Rago, L. G. Steele, D. W. Ding, X. Feng, C. Hosselet, V. Buklan, J. Lucas, E. F. Koehn,
J. C. O’Donnell, and E. 1. Graziani, Bioconjugate Chem. 2019, 30, 200-209. (¢) M. K. Deo, J. B.
Pages, L. D. Ang, P. C. Gordon, and R. J. Aldrich-Wright, Int. J. Mol. Sci. 2016, 17, 1818. (d) P.
Kumar, S. Tomar, K. Kumar, and S. Kumar, Dalton Trans. 2023, 52, 6961.

[36] A. K. Singh, A. Kumar, H. Singh, P. Sonawane, P. Pathak, M. Grishina, J. P. Yadav, A. Verma,
and P. Kumar, Chem. Biodiversity 2023, 20, €202300061.

18



[37] R. Paprocka, M. Wiese-Szadkowsk, S. Janciauskiene, T. Kosmalski, M. Kulik, and A.
Helmin-Basa, Coord Chem Rev. 2021, 452, 214307.

[38] (a) K. Qiu, Y. Chen, T. W. Rees, L. Ji, and H. Chao, Coord Chem Rev. 2019, 378, 66—86. (b)
C. Caporale, and M. Massi, Coord Chem Rev. 2018, 363, 71-91.

[39] M. T. Jeena, S. Kim, S. Jin, and J-H. Ryu, Cancers 2020, 12, 4.

[40] C. A. Mannella, Biochim. Biophys. Acta 2006, 1763, 542-548.

[41] M. Millard, D. Pathania, Y. Shabaik, L. Taheri, J. Deng, and N. Neamati, PLoS ONE 2010,
5,el3131.

[42] L. D. Zorova, V. A. Popkov, E. Y. Plotnikov, D. N. Silachev, I. B. Pevzner, S. S. Jankauskas,
V. A. Babenko, S. D. Zorov, A. V. Balakireva, M. Juhaszova, S. J. Sollott, and D. B. Zorov, Anal.
Biochem. 2018, 552, 50-59.

[43] S. E. Weinberg, and N. S. Chandel, Nat. Chem. Biol. 2015, 11, 9-15.

[44] H. H. Szeto, The AAPS Journal, 2006, 8, E227-E283.

[45] D. Liu, F. Jin, G. Shu, X. Xu, J. Qi, X. Kang, H. Yu, K. Lu, S. Jiang, F. Han, J. You, Y. Du,
and J. Ji, Biomaterials 2019, 211, 57-67.

[46] K. L. Horton, K. M. Stewart, S. B. Fonseca, Q. Guo, and S. O. Kelley, Chem. Biol. 2008, 15,
375-382.

[47] W. Zhou, X. Wang, M. Hu, C. Zhua, and Z. Guo, Chem. Sci. 2014, 5, 2761-2770.

[48]J. S. Nam, M.-G. Kang, J. Kang, S.-Y. Park, S. J. C. Lee, H.-T. Kim, J. K. Seo, O-H. Kwon,
M. H. Lim, H-W Rhee, and T.-H. Kwon, J. Am. Chem. Soc. 2016, 138(34), 10968-10977.

[49] B. Yuan, J. Liu, R. Guan, C. Jin, L. Jia, and H. Chao, Dalton Trans. 2019, 48, 6408-6415.
[50] (a) T. J. Carneiro, A. S. Martins, M. P. M. Marques, and A. M. Gil, Sec. Cancer Metabolism
2020, /0, 590970. (b) Y. Wang, J. Hu, Y. Cai, S. Xu, B. Weng, K. Peng, X. Wei, T. Wei, H. Zhou,
X. Li, and G. Liang, J. Med. Chem. 2013, 56, 9601-9611.

[51] S Clede, F. Lambert, C. Sandt, Z. Gueroui, M. Refregiers, M.-A. Plamont, P. Dumas, A.
Vessieres, and C. Policar, Chem. Commun. 2012, 48, 7729-7731.

[52] K. Y. Zhang, H.-W. Liu, T. T.-H. Fong, X.-G. Chen, and K. K.-W. Lo, Inorg. Chem. 2010,
49, 5432-5443.

[53] U. Jungwirth, C. R. Kowol, B. K. Keppler, C. G. Hartinger, W. Berger, and P. Heffeter,
Antioxid Redox Signal, 2011, 15, 1085-1127.

[54] (a) U. Ndagi, N. Mhlongo, and E. S. Soliman, Drug Des. Devel. Ther. Rev. 2017, 11, 599—
616. (b) T. C. Johnstone, and K. Suntharalingam, Chem. Rev. 2016, 116, 3436-3486.

19



[55] S. Yokoo, A. Yonezawa, S. Masuda, A. Fukatsu, T. Katsura, and K.-I. Inui, Biochem.
Pharmacol. 2007, 74, 477-487.

[56] A.-M. Florea, and D. Busselberg, Cancers 2011, 3(1), 1351-1371.

[57] A. J. Di Pasqua, J. Goodisman, and J. C. Dabrowiak, Inorg Chim Acta, 2012, 389, 29-35.
[58] R. W. Byrnes, W. E. Antholine, and D. H. Petering, Free Radic Biol Med. 1992, 13,469—-478.
[59] M. McCann, M. Geraghty, M. Devereux, D. O’Shea, J. Mason, and L. O’Sullivan, Met Based
Drugs. 2000, 7, 185-193.

[60] R. W. Byrnes, M. Mohan, W. E. Antholine, R. X. Xu, and D. H. Petering, Biochemistry. 1990,
29, 7046-7053.

[61] Z. Q. Liu, Chem Rev. 2010, 110, 5675-5691.

[62] L. A. Saryan, K. Mailer, C. Krishnamurti, W. Antholine, and D. H. Petering, Biochem
Pharmacol. 1981, 30, 1595-1604.

[63] Y. Kadoya, K. Fukui, M. Hata, R. Miyano, Y. Hitomi, R. Yanagisawa, M. Kubo, and M.
Kodera, Inorg. Chem. 2019, 58, 14294-14298.

[64] Y. Kadoya, M. Hata, Y. Tanaka, A. Hirohata, Y. Hitomi, and M. Kodera, /norg. Chem. 2021,
60, 5474.

20



#5 —%8 : Enhancement of Cancer-cell-selective Cytotoxicity by a Dicopper Complex with a
Phenanthrene Amide-tether Ligand Conjugate via Mitochondrial Apoptosis

2-1. EE

2,6-bis(amide-tether cyclen)-p-cresol FEefiz F-(HL1)& DNA FRIUERLZ & L T phenanthrene
A L 72 HHEN. FHLIP)Z SR L, % O ZBLH(DES AR [Cux(u-OH)(Ln)](Cl04), [n =1
(1) and 172 (17%)] % #57-. phenanthrene DE A T 1723 1 & [b~T DNA #E&HES 2 9 5]
U, @Eg{t/K3EH,0)FE7E T T D supercoiled plasmid pUC19 DNA @ — K5 Y] i (double-
strand breaks, dsb)J& £ 2% 9.3 5\ _E L 7z. 1°% & Hy0, D )G T p-1,1-hydroperoxodicopper(Il)
BEMR 2P D3R L, 22t DNA BE(LYIMT oG HERECH 2 2 & 2Bl b 2 ic L
7o, fili & g D 23 A RIS X 37 % 1Cs fil i 17228 23.8, 18.4uM, 1723284, 241 uM TH
D, 172 OffifidEEEIX 1 L H~THY 12 f5m B U 72, B UBEpEE 2 v 22 e Bl £
fluorescence-activated cell sorting (FACS)IC & % ffEAEALEE D [FIE 2> b, T H=SH AL T
»% HeLa MifZIcf LTI A Pa vy FYTHRHDO TR —v 2255855 2 L 2H
DT L7z, T DFRIC phenanthrene H7 (X DNA £E1 & LCTERIL, 1”0 I Fav P
TRHRHONRET &R b —v 220 L BAMIGERPHEEZ K&K mEXEs 2 &H
HH S 22T 72 o 7=

Machi Hata, Itsuki Saito, Yuki Kadoya, Yoshiki Tanaka, Yutaka Hitomi, and Masahito Kodera
“Enhancement of cancer-cell-selective cytotoxicity by a dicopper complex with a phenanthrene
amide-tether ligand conjugate via mitochondrial apoptosis” Dalton Trans., 2022, 51, 4720-
4727.
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2-2. ¥

Cisplatin2%° Bleomycin (BLM)34i%, DNA ~®D &% DNA YIWT 2/ L CHIKESE % 55
B 2PBARITH Y, BEBKKANH I TW3, LiAL, 2Hs3AAMINEE IEFM
MO ICFRICIE T % 720, RAGEWER Z51 2 3. 22T, BAMIZICHL
CERWICHIIEEE 2 R TR AR ORI E TN T 550, HilgRIL Cisplatin 7z &
O H{EHH & R TIEFEMIIC T 2 FEME <, 28 AMBLER N ICHIlE % FE 5 2
RITEH O e E 2 b Tw a0 F 7288 AT B BmER VI L Chshiikad 5
DT, AEMFNIRDIPBAFE LTHFEhTnaE,

BAMETIE, Ihav ) ToRERAEED Y, BEDTOEITHAEALTIT HO,
BEPEWI EPHIONTHBE0 LzR3oT, I bav VY7 DNAZENT &L
i H0, i TE 2 & BIEREZRFEcENE, Zo8BEAKRIIIIa VY FY T
DNA OYIRMIZBELCI Fa vy FY 7TRAHADT R = RMEFHFETCE 3 LE LN
5. T, 2 AMITGERE 2 e 2 nlREIC 3 28T L WIS AR DFFEIC D 7228 5.

UIHREOMABLIER VXY M % amide TEV 72 amide-tether 4D 2,6-bis(amide-
tether cyclen)-p-cresol BCZF-(HL1)ZFFE L, % O R HIAD) A [Cu(u-OH)YLD]* (1)
(Scheme 2-1)%% H,O, % &1t L € DNA O LM 2 {23 2 c & 2 R L 7=, #5(k1
IZ Hy0, & O G T p-1,1-hydroperoxo #A(u-1,1-OH $54) 2 JERK L 7213, H,O, F77E T C
DL DNA YUIlr <%, 1 13B8#EF 2 2 v £  E % methylene $H{ TH¥\ > 72 methylene-
tether 8 Robson BCALF O ZAHHANDEEA L 0 X 2 »lcmuwiEtExz R & dhic, 2o
PRI L = O 2 AMIREEIR S 2 R L7209 L L, 1 offilast: 3B 0§
ARTE D DKL, WET 2 LELH 572, £ I THIFEEDMHA S X HLI D cyclen %
di(2-pyridylmethyl)amine 1 &4 L 7z 7L D “ZALECHT T HL3 % B L 72, HL3 © %8
(IDFEAR 3 13 11T~ T DNA UJWrG 1 & MHRE R 23 RIS IS eE L 72 23, 28 AR ZE IR 1%
ICDWTIHRT L 7209,

ARETIX, 1 © DNA YIBHEE & 23 AMLERNEE o E% HEE L < BLMPS 70
DNA 5 &L D B % 54 L T HL1 IC phenanthrene 58z ZF L v 7Y I — L 2= —
B — CHEE L 72974 amide-tether ZBUFCHT - HL1™ % A3 L 7= (Figure 2-1). HL1™ (3 k% 8H
(IDFEAR[Cua(u-OH)(L1F?)](Cl04), (1P % JEHK L 7. phenanthrene (3K % 7n 7 R 2 FF O &
AL AYITH Y DNA HHEREICA v 2 — AL — % — & LCHEAT 20822, £ 7-filgi
AL D7z oE 7w — 7R0L LT HRES 5. MIlaWN A LE X OV R o¥— gk
ToveAZMLT, I?HBIFav ) TREADOT K+ —v X%/ L T AMALERD
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Bl E 2 RIET 2 LSO A o 72, HLL & HLIP B X U2 Ok 1 & 17
DAL & % Figure 2-1 IR,

g

) 0 o) o)
HN(\FN o, NAJ H@N /o N/?H
HN=c( \cU%NH HN=C{ cuzg,
</’N/ ~o <£N/ ~o” W $
$<H H H <H H\)

1 1P2

Figure 2-1. Chemical structures of HL1, HL1%, 1, and 172
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2-3. WRLER
2-3-1. BALF & ZESHAADEEE DB

HL1 & “ARIDEEA 1 1%, BER O CNCHE > THEK L 72, HL1™ (X HL1 @ p-cresol
ERALD X F- v F% DNA FETH 5 triethylene glycol-amide tether-phenanthrene (C{E# L
7B CTH Y, £ DABFEEE % Scheme 2-1 ISR T, £F 3,5-diformyl-4-hydroxybenzoic
acid IC triethylene glycol % 7 I F#5& CE AL, triethylene glycol D A4 I phenanthrenyl
HEP) %27 I FiEATHEALE., CoRL IAEAEULL THLEF S HICE L 212,
tri-Boc-cyclen %Z Wi/KifiA CHEA L 72, R cyclen ERICHiA L 72 Boc & FE1EY v
RY T RICKVFRE L, HLIP*6HCI %1537, TN % IM D NaOH /KW T pH 8.0 IZH
L2, Cu(ClOy), &G & 2 T AL ANEEAR[Cuy(p-OH)(L17)](Cl0s): (1P % &L
7z, HEES N7 B R IE, MeOH/ELO 2> 6 FfG A, L CTRE L 72, HL1™+6HCl 5 X M 172 D
a2 B BUE, TTHEINT, IR B X WESIMS O F — X % 2-5-3 DERIHICR T
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Scheme 2-1. Synthetic Route of HL1"?*6HCI.
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2-3-2. SRS OREE

THEHAEER 1 OGRS S N TH D), DNA FEREE A L 72 172 O L
MOMEIT 1 OZNEFAMRTH 2 EFEZLND. 17 OFERTF ORGE XK ICR T4
FEIE I & 0 [FE & Iz, BFIRINA <27 P L ClE, 380nm & 640 nm (Z PhO %> & Cu(Il)
~® LMCT & d-d EFiICIRE I N2 zh e nBlillEnz. Zabl, 10 390
nm (PhO 2> 5 Cu(Il)~D LMCT) & 640 nm (d-d B DWRILHF & 13152 L 7= (Figure 2-
2). ESIMS A2 b i (Figure 2-3)TlE, 172{3 m/z 1109.3 IZ[L1P2+ 2Cu(Il) + OH + Cl04]*
KRB EN BN TAA Y —2 %527, THLDOEDLL, 172 13KEHR T T p-OPh-
w-OH EERE 2RI LT3 2 L s 2 e TR o 72,

1.0

0.8
0.6
0.4
38
0.2 640 nm

Absorbance

0.0k

600 800
Wavelength (nm)

400

Figure 2-2. Electronic absorption spectra of 1 (0.25 mM) (red) and 1%2 (0.25 mM) (blue) in

H>O at room temperature.
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W /\ A 4\? N A
N=Cu U= ,;E‘;Cu
G o e
$H H~" VH H H\)
a
b
C
4“36 458 5(‘)0 504 566 5(‘)8 5“] 0 1110 1115 1120
label m/=
a [L1P2 —H + 2Cu(ID)]** = 496.17
b [L1P2 + 2Cu(Il) + OH]*" = 505.18
c [L1P2 +2Cu(Il) + OH + ClO,]"= 1109.30
T l T = T T h ll el T 1
200 400 600 800 1000 1200 1400
m/z

Figure 2-3. ESI MS spectrum of 172 measured in H>O at room temperature at orifice 1: 10V,

orifice 2: 10V, ring lens voltage: 10 V.
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2-3-3. 15X 17D DNA #EABEN

15 X172 L {77 R DNA (ct-DNA) DA G TE L Koy M) % BAL T F 2 7 L (EtBr)
FBICXDRELAERCY B 5200 L% ct-DNA & EtBr ZiEA S ¥ /KB 2 L=, C
T 1 2T 1P OE Z T % & EtBr 25 ct-DNA 20 5 U & U CHUE IR 238 L
72. TORKT % Figure2-4 (A)B X UB)ICRT. 72, 1 BX W IR OKIREICH T 3 601
nm DHNFHEED 7 1 v + % Figure 2-4 (C)IC/~" 3. Figure 2-3 225, 15X 172D K,y
MDY, ZNZFN@E3+£02)x 10°F X B9 +0.2) x 10° L BEEDH & 472 (Table 2-1). &
DFEFR XY, DNAFEGRESIZ 12231 D95 TH Y, phenanthrene 234 ¥ X — A L —
£—L LTEZE 1”0 DNA G ZIEHET 2 2 LRI,

(A) (B) ©,
2500 2500+
-1
L L 2000f P2
2000 2000 E —o— 1
> > )
2 1500 £ 1500 @ 1500
c c [v]
o a >
£ 1000+ £ 1000~ s 1000
2
(=4
500+ 500+ = 500
ol v 0= 0 Lo
550 600 650 700 750 550 600 650 700 750 0 100 200 300
Wavelength (nm) Wavelength (nm) [Complex] (uM)

Figure 2-3. Fluorescence spectral changes upon the addition of 172 (A) and 1 (B) to the
ethidium bromide-bound ct-DNA. For each measurement, 1 and 1°? increased by 2 uM. (C)
Plot of the fluorescence emission intensity at 601 nm vs. concentrations of 1 (red) and 1%
(blue). Experimental conditions: [EtBr] = 3.3 uM, [ct-DNA] =20 uM bp, [complex] = 0-300

uM, [buffer] = 10 mM (pH 6.0 (MES)), [NaCl] = 10 mM, and Aex = 510 nm at 37°C.

Table 2-1. Kapp of 1 and 172 (Mean + SD)

Complex K.,, M)
1 (43+0.2)x10°
172 (3.9+0.2) x 10°
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2-3-4. 1B X172 OER{LE DNA UIBTEH:

15 X171 X % H,0, % i\ 7 Supercoiled plasmid pUC19 DNA (Form 1) D Y& 4%
% pH6.0, 37°C DM FTHIE L 72. 1 5B X 17213 H0, 777E F T DNA Yl % K & <
JE L 7z, Z OJIGT Form I 1% Form I Z#%C Form I ICZ#i X 17z, Form I, 11, III
TZNENA——a [ LV OPHEK, —AHEHUIKOEIR, —AHYIM O EHIR DNA T
H 5 Forml, I, Il D&EIX, 7Hw—RAT7 VERKEETHN - E&L 7=

1°2(0-50 uM) & H0, (0-500 uM) % > 72K D Form 1 DA & Form 111 D ¥4 H1 o K]
L% Z NZ I Figure 2-5, 2-6 I/ d. 72, TNODOEEBRICE T 27 VEE LMl
Bfii 7 — &% % Figure S2-1, S2-2 3 X OF Table S2-1 IC/R$. 1723 1 & FAIRRIC, H,0, DTF
7E T C Form I DA & Form I DAk % K & < L 7z, Figure 2-4 D IRAR TR X 7z
L9 IO, AFETTH FormI 1Zww - < 9 LA L7z, T 17212 X %2 DNA Dfivksr
fiic X 2YUIHTCH Y, DNA B T % phenanthrene D i & T AL HIGRNAL A3 DNA ICTHz
L72Zh R Cehikoarfig b g I nizeFzoh b,

(A) (B)
100 100
o —— 0 uM
80 80 50 uM
: S 100 uM
= 0 = co- —e— 500 uM
E £
O —
" 40f f 40+
F< =z
o [l
20 20
0 ‘ ‘ : 0: ‘ T
0 100 200 300 0 100 200 300
Time (min) Time (min)
Figure 2-5. H,O, concentration-dependent profile for DNA cleavage promoted by 172 Time

courses for the decrease of % of Form I (A) and increase of % of Form III (B) at pH 6.0.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] = 50 uM, [H20,] = 0-500 uM at 37°C for 0, 10, 20, 30, 40, 60, 120,

180, and 300 min. Experiments were carried out at least three times.
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(A) (B)

100 1 100 0 UM
12.5 yM

_ = 80 25 uM
3 = —e— 50 uyM
= = 60}
E £
e g
< <
=
a &

0 h I o —L L 0_ T 1 L L L
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Figure 2-6. Complex concentration-dependent profile for DNA cleavage promoted by 172,
Time courses for the decrease of % of Form I (A) and increase of % of Form III (B) at pH 6.0.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] = 0-50 uM, [H20,] = 500 uM at 37°C for 0, 10, 20, 30, 40, 60, 120,

180, and 300 min. Experiments were carried out at least three times.

1 (50 pM) % 72 1% 172(50 uM) & H,0, (500 uM)D KIG I B 1) % Form I OJF4* & Form 111
DI DIRFIZEAL D ik % Figure 2-7 IS 3. T H DIGICH T % Form I DA # L
DE—XR 71 v b % Figure 2-8 IO T, 135 X O 17 OFEE—TH L TEEL kovs (min ) 1X Z 41
ZN23x102B LV 7.1 x102TH o7, RICHHE 5 K& IC 31T 5 Form I O 4K
i, 1BXP IR TENENS3I%B LV 493%TH o7, TNOHLORRID, 17131 X
D % Form I DYIWF T34 3 f5mViGtE &2 /R L, Form [T DK T3 9.3 fi5 @itk %
RTZEBHL LR o7, 2D 1P X % Form I AEK DK 9.3 50 ME X 172281 X
D B 9% DNAFEEREN D E R &L —33 5. Z 411 supercoiled plasmid DNA & —
EH FH I WT(double-strand breaks, dsb)2s 172 @ DNA & IC X VI b Z & Z/R LT
5. 1P D ZRZHEAL 1% phenanthrene DAV RZR—=HL—aVIiZXh DNA OFFEDNIE
KCEEINS., ZD7dIic—[HD DNA VIBHZE D51 5 2 HSHICN 32 Z [ H
DDNAYIMIBSEZ VLT o/ FHE2 N5, DNADAsh IZT7HF—v X% L7
MRS ZR T ERHMMONTWEDT, ZOMELL 172131 XY b EwillladsE
MERT e HfFE B
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Figure 2-7. Time courses for the percent decrease of Form I (A), and the percent increase of
Form III (B) upon the reaction of the pUC19 DNA (50 uM bp) with 1 (red) and 1% (blue) (50
uM) in the presence of H,O; (0.5 mM) at pH 6.0 (MES, 10 mM) at 37°C. Experiments were

carried out at least three times.
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Figure 2-8. Pseudo-first-order plot of the decrease of Form I in the reaction of 1 (50 pM) (A)
or 172 (50 uM) (B) with H>O, (500 uM).
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2-3-5. 15X 17 ¢ H,0, DRIG
DNA Y)W o iEERE % 5 A ARICEE L2/ R 2R 9. 1 3L 1713 H0, &
D K& T p-1,1-hydroperoxodicopper(IN#5 A& [Cua(p-1,1-0.H)(Ln) > (n=1 (2);3 X V172 (27%))
(Figure 2-N% TP T 5 Z & 3 IR S vz, B—E bRz X 51, AL
DRHFIT — 2 25 L T3 22 0BFEFPINA~Z b L LU CSIMS A2
kL% Figure 2-8, 2-9, 2-10 IC/R 3. 2P |E MeCN H1C 340 nm (¢ = 5600 M ' cm ™) & 400
nm (e =3200 M~ cm™") IC BAAfE 72 WA % 71 L 7z (Figure 2-10).  Z 4L1E 2 @ 340 nm (¢ = 5600
M'em )& 398 nm (6 =4800 M em DRI & K —E L 7. 7z, 2P D CSIMS R
~ 7 b ATlE, [L1P2+2Cu(Il) + OHJ? & [L172 + 2Cu(Il) + O,H + ClO ] IC Y 3 2 H @ v
— 703 m/z 513, 1125 ICHERR & 7= (Figure 2-11). H,'%0, Db 0 I H,'%0, Z# W % &,
RO v — 2713 4 HEHA 7T 7 b LEEE Y — 27 2888 & 7z (Figure 2-12). Z
DL, 22D 220D OJFFA H0, ICHRT 22 2R LTwns, Ebic, 2BXY
2P2 L ct-DNA & DRIEZE B TIRINA 2 PV TBEIRL 72. % DfEHE % Figure 2-13 IC/R
T, 2B XU 2P OEORRFEE Z N2 390nm & 380nm CTHE L 7. 22 0%
TR X ct-DNA DFETRKELNMEI N, 2 DWEEFS T OIEINR»ro72. 2
DGR, 272 & DNA @ KG Tl phenanthrene Hi{7 2% DNA 2L & L T C DNA
LOMEGEEL CHICHIE I N 2 & ZRTEBEN AL TS 3.

RIC,

Figure 2-9. Chemical structures of 2 and 2%,
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Figure 2-10. (A)Electronic absorption spectra of 1°% (0.25 mM) (red) and hydroperoxo species
2P2 (purple) generated upon reaction with H,O» (10 eq) in MeCN at —30°C. (B)Time courses
for the formation of 2P with H,O» (1-50 eq) in MeCN at —30°C, monitored at 340 nm.

HN=Cu u=<NH
v N/ Ysg” N cio,
/& “ﬁ HY

label m/z

a [L1P +2Cu(ll) + O,H]* =513.17

[LI72 + 2Cu(Il) + 150,H + ClO,]" = 1125.29

400 600 800 1000 1200
m/z

Figure 2-11. CSI MS spectrum of 2% formed upon reaction of 172 with H,'°O, in H,O at 0°C.

The orifice 1: 20 V, orifice 2: 5V, ring lens voltage: 10 V. Experimental conditions: [17%] =

0.50 mM, [H>'°0,] = 100 mM.
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Figure 2-12. CSI MS spectrum of 2%? formed upon reaction of 1¥? with H,'*0, in H,O at 0°C.
The orifice 1: 20 V, orifice 2: 5V, ring lens voltage: 10 V. Experimental conditions: [1¥] =
0.50 mM, [H,'*0,] = 100 mM.
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Figure 2-13. (A) Time courses for the decay of 2 monitored at 390 nm at room temperature in
the absence (green) and presence (orange) of ct-DNA. (B) Time courses for the decay of 2F2
monitored at 380 nm at room temperature in the absence (green) and presence (orange) of ct-

DNA. All experiments were carried out at least three times.
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2-3-6. 1 BX 17 OfifnEME:

HL1, HLI®, 13X 12 ofifddEt:% & % &% 2MlE% v T MTT assay?® 2 CgF
fifi L 7z. Ee# & L C Cisplatin O MifEEE b 574 L 7. MNEIE5E 50%FH F i B (50%
Inhibition Concentration, ICso fl) 1%, MM EFH (%) vs log [X] (X=HL1, HLI™, 1, 1%
7y b7 pOEM L Ty b LT 7B X OEB L IC 6% Figure
S2-3 X U Table 2-2, 2-3 1R T. ¥, 4WREHZ 2L %, 1 X013 HLI
BLXUHLI? XD 1322 ICEWEEZ R L 72(Table 2-2). L7223- T, fil@RICEH W
T1HIWIRO - HIEEREE I TE Y, chilEEEtEzREL Wb &2
b d, 7z, Table2-3 IR T X 91T, MiAAMNE AS49 B X OERK 2 A ML PK-59 i<
WL C 48 RFEIEF & 272 & & D ICs i1, 17Tl 23.8, 18.4uM, 1 Tl 284, 241 uM
THY, 17T 1 L0 K 2 fEmeillemEEz R L7z, Z Ofi% 2> 5 phenanthrene (€ X
% DNA FERZNE S 1P offifustEz KRE QM bEd 722 51 5. MlioEHHIE WI-38
B X OBl o IEHF AR 26 100t L€ 48 I[EIMEFH €72 L 2 D ICs f 1%, 172 Tl 218,
104 yM TH Y, 12HAIEFMIEE Y b2 AMBICH LT 9.2 535 L %) 5.7 f sl
fagmrEznm L, 123 AMBLERE 2R T2 AL 2 L o7z, 1 2 AMBLERY
L, Jifi& D 23 AMIN N L CIEFMIE X D ) 2.9 {53 X O 4.7 i elia
AR L7z, 3 AMBEEIR M & v 5 fTld, 17 13 p-cresol-amide-tether-dpa BofizF HL3
RO AN EER 3 X 0 Y 7 EEIRMED S A o 7204 1 & 172 D 23 A M REE R 1 23
B DL, A AMBEER B AN 7 & AL O DN IS ICIRTF S5 2 L R L
T3, 7z, 17 CldMifiEmEtE & 28 AMILERME g m | L7, Z #1id phenanthrene
75 DNA #Z[j & LT DNA YIli# g+ 2 2 & ¢, BSAMERNEE2m s 3 C
LERRTRERE L CEETH S,

35



Table 2-2. Cytotoxicity of 1, 172, HL1, HL1*2, and Cisplatin

against various cancer and normal cells by means of MTT assay (24 h)

Complex

1

1P2

HL1

HL1??

Cisplatin

ICso (uM) (Mean + SD)
Cervical Lung Pancreas
HeLa A549 WI-38 PK-59 2C6
(cancer) (cancer) (normal) (cancer) (normal)
1,740 £ 110 1,430 £40 2,960 + 30 1,060 £ 10 3,340 £ 10
156 £1 91.6 £10.0 269 £5 110+ 3 238+8
> 10,000 > 10,000 4,000 = 30 > 10,000 > 10,000
> 1,000 > 1,000 > 1,000 > 1,000 > 1,000
2.33+£0.23 535+0.82 6.33+0.13 2.66 £ 0.85 3.16+0.12

Table 2-3. Cytotoxicity of 1, 172, and Cisplatin

against various cancer and normal cells by means of MTT assay (48 h)

Complex

11’2

Cisplatin

ICso (uM) (Mean + SD)

Cervical Lung Pancreas

HeLa A549 WI-38 PK-59 2C6
(cancer) (cancer) (normal) (cancer) (normal)
660 + 28 284+ 16 838 £ 82 241 x4 1140 £ 50
56.6+1.8 23.8+24 2183 18.4+1.6 104 £8

0.925 +

0.004 1.83 +0.03 4.55+£0.03 2.01 +£0.02 1.15+£0.08
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2-3-7. 1 BX 1?2 OMBEA~DELY AH

L& DB EIE AN ~DEL Y JASR R ITIKTEST 5 728, 24 FiftilE X UF 48 KeffE
Fit% D HeLa Mifc(2.5 x 10° cells/mL)IZ XT3 % 1 35 X O 172 (25 uM) DO AMIAE NER 0 A A& %
ICPMS CTHEE L 72PN, #53 % Figure 2-14 35 X Uf Table 2-4 IC77 3. 1 35 X U 172 (25 uM)
D SCu H(fg/cell)iF, 24 FFEIC 28.7 53X 18402 TH Y, 48 Kiflil#2IC 31.0 B X U 54.0
THhotz. LizpdioT, 1P OMIIENILY AL, 24 Kl L O 48 Il T 1 XV
1A B LU0 1.7 5% 05 72,

80
60. 48 h |
3 24 h |
2 40t | .|
mS
20+
0 o 1 1 L

None 1 1?2 1 |P2

Figure 2-14. Cellular uptake of 1 (red) and 1%? (blue) (25 uM) in HeLa cells (2.5 x 103
cells/mL) after incubation for 24 h and 48 h.

Table 2-4. Cellular uptake of 1 and 1% against HeLa cells

Time 5Cu [Cu in the cell]/[Cu in the medium during treatment]
Complex
(h) (fg/cell) (%)
None - 2.72 -
24 28.7 0.16
1
48 31.0 2.04
24 40.2 0.31
1P2
48 54.0 4.38
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Z DY AH RO LA OBAKESBRL T L EZ, 7 7 2 REIEIC
L9, 15X 172D l-octanol/H0 73 BLfREL log PP % kD 72, % O % Table 2-5 IC
AT, 1 BXP 1P D log Pow 13238 3 X U~1.14 TH Y, phenanthrene D721 1723 1
X0 HBkETCHD EE X5, —J7, 172D phenanthrene 1< X 2 MlifgE A _EiX 12 f5C
HY, MILE Y ALED 1.7 (5OHEMNC L~ TIX % 2>ICH DT, phenanthrene ® DNA
R L COMBABMMEHEE TN L TRV EEAREHZRZL T LRI nt.

Table 2-5. Partition coefficient of 1 and 12 (Mean + SD)

Complex log Pow
1 —-2.38+0.04
17 -1.14 £ 0.06

2-3-8. 1”2 DM/

17”2 DA/ E ~DJETEZ TR 5 7=, HEE fiBAMEE %2 H > T phenanthrene #5147
DHEEZBIE L 72, 172200 uM) % & L5 C© HeLa ez 1 FfffI A v F 2 _x—F L 7
#%, I bav Y TYREHITH S Mito Tracker Deep Red (50 nM) TULEE L, MENTD
JRTERLTE % G~ 72, R UBAREE O L 72 iR % Figure 2-15 1R 9. REAIFHRE I
7Itav Py 7Tchh, FRIFIZoEETH 5. MIEEND? O FEOHEE1HERE T
% 7z (Figure 2-15(B)) 2 & 2 6, 1P AN ICE D AT N TV B T L L 2 & e o 7,
¥ 72 17 & Mito Tracker Deep Red D H % HAH b4 72 H{RITE G TH Y (Figure 2-15
D)), I2HBEGNCI Pa vy FITIKREELTWE Z enbrs, EoTIP?iZI b=
YEYTHEEZEC LTHEZFEL T EZLNS.

Bright ﬁeld Mito Tracker Merge

Figure 2-15. (A)f(D) Confocal microscopic images of 172 (200 puM) (blue) in HeLa cells on

1 h incubation in the dark. (A) Bright-field images. (B) Blue fluorescence indicates the
fluorescence of 172 (lex = 405 nm). (C) Red fluorescence indicates mitochondrial staining of
Mitotracker Deep Red FM (50 nM) (Thermofisher) (red) (Aex = 638 nm). (D) Overlay images
of (A)—(C). Scale bar is 20 um.
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2-3-9. Apoptosis assay

1 BXO 17”2 OIS FHEERHE % R4 2 72912, FITC ZH#E#e LTHT 3
Annexin V (Annexin V-FITC) & 2 V1t 7' 1 v' 7 L (Propidium iodide, PI)®31% Jeta il & L
THIVy, FACS Tt L CHIRESEIERE DIfRE % 1T > 72, Annexin V (37 K b — > Z#ifig
OISO HNICE R L TWbF A7 7 F YL+ Y v (Phosphotidylserine, PS) & #&#&3
ZZlicky, TR - RMIEOMIBAFIREIC 72 5. —T7, PLIZIEAEENE D FEHNT
RatFERchy, SMEOmE S TRETH 5. FEE % Figure 2-16 F X UF Table 2-6 1T/
. 1B X172 (800 uM) % & U5 Hirh © HeLa Mg % 1 BEfH & 12 RS & L 7. 2 @
%, Annexin V-FITC & PI B¢ttt Flvs THb 1T\, FACS TT K F — ¥ RifllgoE &
ZiTo7 IPFEETICEIT 5 1Rl e 12 RO EL T 2 &, 1R/HL D D 12K
DO EE 1T B\ CHEIRAIAE A 15.8%I8M L, Z D 95 B 85%IXWIHAT K b — o A flifal9c
Holz, TOMPIY, IR BFFCTRF—VZRENLTCHIIEZFEL TWE 2 LD
HO» e o7, 72 1 THHIIERAED 46% 00T F -2 XX 2dDTH -
7. L7edoT, 1 BXWIRPRFEET LZMIAEIZT R =2 A THBEE VR B,

None 1 1P2

Propidium iodide

12h

Annexin V-FITC

Figure 2-16. Induction of apoptosis by 1 and 1*2. Annexin V-FITC and PI fluorescence were
measured by flow cytometry. Representative dot plots of dose-dependent effect of 1 and 1%2
(800 uM) on apoptosis of HeLa cells treated for 1 h and 12 h. A total of 10,000 cells were

collected per sample. Experiments were carried out at least three times.

39



Table 2-6. Induction of apoptosis by 1 and 172 against HeLa cells

. Rate of cells (%)
. : Time
(Annexin—/PI+) | (Annexin+/PI+) | (Annexin+/PI-) | (Annexin—/PI-)

None 12 1.1 1.2 10.6 87.1

1 0.7 1.2 8.2 89.9
1
12 1.9 5.5 11.0 81.6
1 4.4 7.2 5.0 83.4
1P2

12 5.0 8.9 18.5 67.6

2-3-10. B ANX—EIERT v A4

L2k 5, 1P Itav I T7EREL, 1BLPI?EFLEDICTHRF—T X
FFETLLAHL L E R0z, ZTT, 1 BLW I OFET ML Fa v
FUTZENLET R A THS Z L 2ffEil T 57201C, FACS ZfHlWTHRAAN—+
WEHDOWEE Z T o 72, B AAN—RIIT R b — 2 R RKIEDHIEHICEI G4 2 & v o3 7 Yk
METHE. TEF— RICHEHb B I A= I[ = T — & — + /; 23— & (Caspase-
2, -8, 9L )L L7 27 X — - J A,8—F(Caspase-3, -6, -7 7z &)ICT/rHH X 41 B B5:36],
TR =V RDORBY 7 F VI XV HEHEHUL A =0 2 =% = A A=K HR LT
2 R— A A= RYMW L CGEELT 5. i, zoiEHltaniz 77 2 —-
HNAN—ERHIEND X v X7 HZYW L, THRF - ARG ERIING, ZD0,
ITT7 2R = AAN—EREHE N T 0 ETARZFICLD TH = 2DORHK
BREPSEZ o Twa 22l T& 5. ML X L7z Caspase-3/7 X &5 & b FrZER L
& L T Asp-Glu-Val-Asp (DEVD)PN % 32583 5. 2@z, DEVD L, =75 F 1Y)
Wr X 72% DNA IKHEE T2 2 L Tilwi % 4 U % CellEvent® Caspase-3/7 Green
Detection Reagent®® 7% Il & 1< F W i AL & 4172 Caspase-3/7 D E & % 1T - 7z. HeLa #ffl
fa% 1 (1740 pM) & 172 (156 pM)DFF{E T C 1 R & 12 B A v F 2 _—F L7z, 1K
[ 70\ Ui 12 IR, Mifg % 1325 L CIaIL L, CellEvent® Caspase-3/7 Green Detection
Reagent fF7E F C& HIC 25 57fH]l4 v ¥ 2 _— b} L7z, ZD%, FACS TEE L 721Gt
I N7 Caspase-3/7 Ditifk % Figure 2-17 1Z/R 3. 1 B X O 17213 12 FfEl o /F I CilitEAb
X N7z Caspase-3/7 DSEARIFFEAET L HLEE L THI 4 fi5 & 6 3L 7=,
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Figure 2-17. Caspase-3/7 activity in HeLa cells measured using a caspase fluorometric assay
kit when treated with 1 (red) and 1%? (blue) (ICso value of 24 h) for 1 and 12 h. Results are
shown as the mean £ SD from five independent experiments. (**p < 0.001; two-tailed

Student's t-test)

X 51T, % d Caspase-3/7 ZiEMH L L Twid 4= T —%— « HAAN—KDIFELH
~7z. Caspase-3 % Caspase-8, -9 L AN T 2 Z LA LT 5, Caspase-8 [Eiffifid
KECH DT AL T X =% LIHREREED T K F — > ZFHEIC, Caspase-9 1 3
Favy P T7ENLIEAREEREO T R = ZAFEICEHS LT3, 5lh, 2-3-8 I
L 72 R AR I X 2 HIIENREORIEIC XY, 1 BLXO IR Ira vy FYTIC
JTELTWB Z ERRENT WS, Z 2 Cilitkt & vz Caspase-9 DFFFER 7=, 1f
AL X 317 Caspase-9 13 BRI & L T Leu-Glu-His-Asp (LEHD)B % 285#% 3% . £ £ T,
MR E B cIEEE T H 0, WL & 1172 Caspase-9 I AR IC A% &9 % FITC-LEHD-
FMKEIZ B, 36 L & 4172 Caspase-9 # E&E L 7z. HeLa filg% 1 (1740 uM) & 17
(156 uM)DTFIE T T 1 Kiff & 12 BER A4 v F 2~ —F L7z, 1 BER 70w Ui 12 Rt
%, MfE% X285 L CEYXL, FITC-LEHD-FMK f#7E FC& 51 30 /0fii4 v F 2 ~—}
L7z. FACS TiE®R L 723EMAL &7z Caspase-9 DfEH % Figure 2-13 5 X O 2-14 TR
. 1 BIC120T 12 K O ER TIEPE(L Caspase-9 D E2EEAIEFET & LB L T 3
fELA s L f:(Figure 2-18). ¥ bic, T DiEMALIZ, Caspase FHEHITH % Z-VAD-FMKH“-
IFEHE T TIRIRITTERICILE X L7z (Figure 2-19). 2o DFEHRIE, 1 X O 172 8
Caspase-9 ZiEMEL L7222 & Z/RL T35,
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Figure 2-18. Caspase-9 activity in HeLa cells measured using a caspase fluorometric assay

kit when treated with 1 (red) and 1% (blue) (ICso value of 24 h) for 1 and 12 h. Results are

o

Caspase-9 activity (Fold-increase)

shown as the mean = SD from five independent experiments. (**p < 0.001; two-tailed

Student's t-test)
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Caspase-9 activity (Fold-increase)

Figure 2-19. Caspase-9 activity in HeLa cells measured using a caspase fluorometric assay
kit when treated with 1 (red) and 1%? (blue) (ICso value of 24 h) for 12 h in the absence and the
presence of Z-VAD-FMK. Results are shown as the mean + SD from five independent

experiments. (**p < 0.001; two-tailed Student's t-test)
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INLDOMERIE, 1 BIFIREAf =T —%— - H R = TH 3 Caspase-9 % ik
fEL, RICZ D Caspase-9 L7 =7 X —+« ) AX—XTH % Caspase-3/7 Gt L 7=
TeZRLTn3,

L7z23oC, 1 BLOCI?E I Fay P Y THEHAOAREMET &+ — o R0 40 81% 358
THLHERTE L. BAMBETIEI P2y F ) 7TOBREARICX Y, H0, B EH
ek v d 100 fFFRELEFL, ¥ 7 uM iZZR> T3, 15X IR IZRFICBAMEF
THMLTW2 H0, EIGL, IFa Y FYTO DNA YW LTItay
FUTIEA=V a5 2, BAMBEZERMICT K P — v A~NEFEEL TR EE XD
N3, ZoZed1BXC IO E VA AMBERNEEZ TREIC L T2 & #
Zois., LaL, MlEHND H0: i I3FEH 1Tk 72 9, p-1,1-hydroperoxodicopper(Il)
R 22 BX U 22 2 ilEN ot T 5 2 L IXREECH 5.
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2-4. K&

AREETIE, phenanthrene % DNA FEHVHERAL & L CE A L 72 %18 amide-tether A7
(HL1%) & Z @ D) FE AR [Cux(n-OH)(L172)](Cl04)2 (1P % &K L 72. T D phenanthrene
HALIZ 1?04 v 2 —hL—%—& LTDNA IKHiAE L, HO, I X% DNA AFHYIH
EREOBET 2L 2R L7 X510, 17 Dfflis X OB D 23 AR I N 3~ 2
Fad %2/ 12 5 L X e/ 2, 17225 DNA AU 24 93 fSfedE L 7z &
ERWHBEZR L Cw s, HESBEMET R W 2 N T SRR O R 2 5, 172 D L
Fav R YT ~DREIREI NS, FACS ZBH VT F =2 AT v A Rh A —%
EHOHIEDLS, 1 BLXR I EFwFhd I ray F) 7REONKET R —> 2%
BHETHIEAREN, ZOIL AV FITRHDOTH =222, 1 5XT 170
ey & o 23 A MBI FE OB Tch 2 L E X b D, AR TR LR,
GRZN 70 BIE F 0 B30 100 72 FRL T 03 A R D BRFE I L T 7= et i 2 4Rt ¢ %
LAREMED B 5.
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2-5. EBRITE
2-5-1. AE

AEICoOnTIE, ARPHEECEEZIRE, SMERSZHDEMEE TR, FRUAL,
Y= T AR Yy FHEDOERL AL BEICOWTE, ARICHC2 b}
MBS U CHZBEZKEE L 72, supercoiled plasmid pUCI9DNA X, = v Ry ¥ —vnb
AL f:%f@?”é%@iﬁﬁ L7z, fFo v Bk 74 %+ ) R + U v A4 (type [,
fibers) I¥ Sigma-Aldrich 7> & [ A L 72. Apoptosis assay (¥, eBioscience™ Annexin V
Apoptosis Detection Kit FITC (Invitrogen) % f | L C#IE L 7z. Caspase-3/7 #fi ¥ (%
CellEvent™ Caspase-3/7 Green Flow Cytometry Assay Kit %, Caspase-9 314 1Z CaspGLOW™
Fluorescein Active Caspase Staining Kit Z i/ L CTHIE L 72, ZESRADEEA 1 1355 30k
BB 2t o THK L 7.

2-5-2. HEHE

TJCRHT(C, H, N)iZ, Perkin-Elmer #1:# Elemental Analyzer 2400 II % F\»CHIZE L 7z.
UV-vis UL R <7 + id, Agilent #18 8454 S84\ Al {43 S EE 2 F W CHIZE L 72, pH
HI7E 1%, HORIBA %! LAQUA electrode % FEEHERRATIR CHIE L 7242 I1CHIE L 7. Electron
spray ionization MS (ESI MS) 3 X Uf Cold spray ionization MS (CSIMS) A~ 2 b+ v id, HA
1% IMS-T100CSRX the AccuTOF CS ZfI\>T, MeOH, MeCN ¥ 7z (3 H,O % iA# &
LCHIE L7z, ARIMBRIR) A~ 2 b v iE, SHIMADZU Single Reflection HATR IR Affinity-
1 MIRacle 10 THIE L 7. '"H NMR A~ 7 bk, HAHFH ECA-500RX 7 — J =4
PR iE A AL I8 2418 (500 MH2) 2 L, FEHEY)E & L T tetramethylsilane (TMS) % 7z 1%
sodium 3-(trimethylsilyl)propionate-2,2,3,3-ds (TSP) % FH\» THIE L 72, #HHE A= 7 b LI,
HITACHI Spectral fluorometer F-7000 T#Hl%E L 7=. MM #{d 7€ & 1, SHIMADZU
Inductively Coupled Plasma Mass Spectrometer ICP MS-2030 % F\» CHIE L 7z. MTT assay
l%, Thermo Scientific™ Multiskan™ FC % F\ > CHITE 217> 7z, L SBAMBE X, Nikon
Instech fEBUFLEE L — 0 —BEMERE A1 ZH w7z, 7 —3%4 b X P U —(F, Invitrogen
#1:#4 Attune NxT Focusing Cytometer % F\» CHIE % 17 - 7=.

45



2-5-3. BEALTF(HL1P)® X 8% 0 S aDEEEa) D4R
Phenanthrene-9-carboxylic acid (7) D &K

500mL =07 FAICERBIL - L—VED=Hay 7 280 (1, JFRC
% % 9-Bromophenanthrene (6) (5.18 g,20.1 mmol) % A4, 7' X LB X UVEREZZNZ
DINTHLY fF1F, BB L CERFEATIC L7z, v ) v Y2 HWTER T T dry ERO
(200 mL) % fil 2, EtOH &% W T-30°C £ TWHIL 7z, -30°C ICiREZHRH, vV vy
ZHAWT 1.6 M n-BuLi ~F % ViAHR(15 mL)Z Nz 72, 1 B L TG & 27214,
BEFRANN—VE CO,HANN—V T AT, 1 FEE 30 23 L SR L TS S ¢
2. 20, KIEEREZKIBICEL, HO0 (90 mL)Z Mz, —WEkxe/. Bzl
%, RICIEAYIC 1MNaOH # il 2 C pH 11 IZFH% L 7214, EtOAc(2x200mL)& hexane
(2 X200 mL) CoOr e L 722, /KEZELY, Z#IC IMHCI /1A CpH1 ICHHET 5
L, BOEERSFHL 2. 2z lk5] 28 T8y, BEGHRT 2 L AtERsSL -
(3.87 g, Yield 86%). '"H NMR (500 MHz, DMSO-ds): é/ppm = 13.3 (brs, 1H, COOH), 8.89 (dd,
J=8.6, 1.4 Hz, 1H, Phen5), 8.85 (d, J= 8.3, 1.4 Hz, 1H, Phen8), 8.84 (dd, /= 7.9, 1.3 Hz, 1H,
Phen4), 8.49 (s, 1H, Phen10), 8.12 (dd, J = 7.7, 0.96 Hz, 1H, Phenl), 7.79 (ddd, J = 7.0, 8.3, 1.4
Hz, 1H, Phen7), 7.69-7.79 (m, 2H, Phen3, Phen6), 7.72 (ddd, J= 7.7, 7.4, 1.3 Hz, 1H, Phen2).

Phenanthrene-9-carbonyl chloride (8) D& X

30mL + R 7 7 X2 Z\lfiz¥, 7(200mg, 89.9 mmol), SOCL (3.5mL), % L C DMF %
SNAY =T 2 HMA TR, Yan—1t, Bt e v LEZIY T, 60°C DA A
NoSZTEFR L 72, 3SR L 2212, S|RICRL, TAYL—X—%H\»T SOCL %
MEST 2 L EEEEIER L2, ZOREBICPEDORVEYEZMZ S &, NEEIAK
L72DT, filille — bk &RGHRZ W TRGIEEL, iz o —2 ) -2 KL — 2 —
T L, BT 5 LN GO E RS 5 172206 mg, Yield 95%). 'H NMR (500
MHz, CDCl;3): é/ppm = 8.93 (s, 1H, Phen10), 8.80 (m, 1H, Phen5), 8.76 (m, 1H, Phen4), 8.71 (d,
J=8.4 Hz, 1H, Pheng), 8.08 (dd, J = 7.6, 0.76 Hz, 1H, Phenl), 7.86 (ddd, /= 7.1, 8.4, 1.3 Hz,
1H, Phen7), 7.71-7.79 (m, 2H, Phen2, Phen6), 7.71 (ddd, J = 8.0, 6.9, 0.76 Hz, 1H, Phen3).

N,N’,N”-4,7,10-Tris(tert-butoxycarbonyl)-1,4,7,10-tetraazacyclododecane (10)D & %

500 mL =17 7 A2l 2 AN, ZFHa vy, ~b—vE2ED A CEEzE
L 7z. CHCI; (20 mL)IC ¥Afi# X & 72 1,4,7,10-Tetraazacyclododecane (9) (1.80 g, 10.4 mmol) %
FOGAERIC AN, EtN (4.0 mL, 28.7 mmol)Z Al 2.7z,  Z 4LIC 200 mL £ T - % HY
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b £F1F, di-tert-butyl decarbonate (Boc,0) (6.35 g, 29.1 mmol) % CHCl3 (30 mL)IC i fif & 4 72
B EMZ, 1HPF TR Wil F L. TLC(> Y A7 N, JERVARE : CHCl:MeOH
=100:1) T I 237 7m0/ T L ZMER L 722, v —X Y —T VKL — X —CiEii L 7.
INELIVATAN T L7a~= b 257 4 —(CHCl:MeOH = 100:1) THHL L, 44 2
& HEFER2EF 5 72(4.53 g, Yield 99%). 'H NMR (500 MHz, CDCls); §/ppm: 3.54-3.73
(m, 4H, CH,), 3.17-3.48 (m, 8H, CH>), 2.76-2.93 (m, 4H, CH,), 1.47 (s, 9H, CH3), 1.45 (s, 18H,
CH3).

1,10-Ditosyl-1,4,7,10-tetraoxadecane (12 (n = 2)) D &K

2000 mL = O RIGA #0857, Triethylene glycol (11 (n =2)) (31.0 mL, 0.233 mol), p-
toluenesulfonyl chloride (87.0 g, 0.456 mol), CH,Cl, (750 mL)Z 1 2. 72. TN %EIKIHITIR L
T EE, ZZITPIRICL72 KOH (110g, 1.96 mo) %/ L2l z2, Ny ZHEH AL 723
N— v Y AHT, 0°C ICfRo 72 £ 3 RFREIHEFE L 72, ROCARIC H.0 (450 mL) % Al
%, T3 % CHxCly (3 x 200 mL) TR L, HHEEIC Na,SOs i 2 THiK L 7214, X v
F = T L THYED CHCL THVIARJERZEO T, @REZ v —X ) — T KL —
X — TS % L HEEIKRZ7-. % hot acetone ICAMR I CHEMI TS LH
BER DT D 1172(92.5 g, Yield 88%). 'H NMR (500 MHz, CDCls): 8/ppm = 7.79 (d, J= 8.0
Hz, 4H, Ph), 7.34 (d, J = 8.0 Hz, 4H, Ph), 4.12-4.16 (m, 4H, CH,), 3.64-3.68 (m, 4H, CH,), 3.53
(s, 4H, CH,), 2.45 (s, 6H, CHs).

1,8-Diazido-3,6-dioxaoctane (13 (n = 2)) D &K

500mL A7 7 A2 2 [\lfi¥, 12(n=2)(104g,0.228 mol), tetrabutylammonium iodide
(TBAI, 4.33 g, 11.7 mmol), sodium azide (60.1 g, 0.925 mol), DMF (300 mL)% AL T
L, Bk K O EREW L 72, 80°C T 24 WA L 72, RICHEZ & EifICR L 721,
DMF # 10 —% ) —T KR L —Z—TERE L. EtO (600 mL)% Iz CAREEZ X v F
= CIEE L, JER % H0 (3 x200mL) T/l L, FAHEEIC NaSOs 2 2 THiK L 7212,
Xy F zTlEELTHED Eb0 THVIAL, JEREZ R —X ) —T VKL — X — TR
T3 L EEAOMRYIE 25 b 172(42.6 g, Yield 93%). 'H NMR (500 MHz, CDCls): ¢/ppm
=3.70 (t,J = 4.9 Hz, 4H, CH>), 3.69 (s, 4H, CH), 3.40 (t, J = 4.9 Hz, 4H, CH>).
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1-Amino-8-azido-3,6-dioxaoctane (14 (n = 2)) DK,

1000 mL 7~ A 7 7 Z 2 (C[Al#ET-, 13 (n=2) (42.6 g, 0.213 mol), EtOAc (300 mL), 1M
HCl (400 mL) % fil 2 7. T Hic 300 mL FEM FiR} 280 0, 2 i
triphenylphosphine (PPhs, 55.0 g, 0.210 mol)% EtOAc (300 mL)IZAf# X & 7218 % AL,
MUK I 225w L VT L7 12 B, EtOAc JE LV BRE, o 72/KE
% EtOAc (3 x 200 mL) T/ L 7z. EtOAc JEZHLV fr%, Z D/KJED pH % 1 M NaOH
IKVRTR T 14 12 L7214, CHaCly (4 x 200 mL) T L, AHEREIC NaySO, 2 AL TRk L
eth, Xy FrTHEBL, B—2 ) —TANFL — X —CERZIEMT 2 L EEOiRY)
H 535 5 4172(33.0 g, Yield 90%). "H NMR (500 MHz, CDCls): é/ppm = 3.70 (t, J = 5.2 Hz,
2H, CH>), 3.62-3.68 (m, 4H, CH>), 3.52 (t, J = 5.2 Hz, 2H, CH.), 3.40 (t, J = 5.2 Hz, 2H, CH.),
2.88 (t,J= 5.2 Hz, 2H, CH,), 1.28 (brs, 2H, NH,).

3,5-Diformyl-4-hydroxybenzoic acid (16) D&%

1000 mL = O RIGA &R I [0#57-, CF;COOH (TFA, 180 mL), p-Hydroxybenzoic acid (15)
(10.1 g, 73.1 mmol), hexamethylenetetramine (HMT, 84.1 g, 0.600 mol) Z il 2, 110°C DA
THE L C2 HERI L 72, =IMICE L 722, 4 M HCI (450 mL)% fill 2. C 30°C T—Hf
BIEL, O THH L 2230 X v F = Tl L 7z, EZEET 2 L G oEFEBE 6N
7z (9.88 g, Yield 70%). 'HNMR (500 MHz, DMSO-d;): é/ppm = 10.3 (s, 2H, CH), 8.54 (s, 2H,
CHO).

N-(8-Azido-3,6-dioxaoctyl)-3,5-diformyl-4-hydroxybenzamide (17 (n = 2)) D& X,
500mL FR7 IR =ay z, S—v &R0 AT, 16(11.9 g, 61.1 mmol), CHCls
(200 mL)% il Z 7. 14 (n = 2) (33.0 g, 189 mmol)% CHCl; (100 mL)IC¥AD L CThl .,
EDC-HCI(35.1 g, 183 mmol), Et;:N (26 mL, 187 mmol)Z Il 2 7=. Wiks L VEREWL 7=
, BRI L 2. 2 0%, 4MHCI(150mL)Z MM A CTEL <@L 7. TLC( V) A7
v, Eﬁﬁfaﬁ EtOAc/MeOH 10/1) CTHUCIBHF L TRIZERMIA T L A L7\ 2 & 2R
7%, 2000 mL 73R L CHEE 2 LY H L 72, Na;SOs Z il 2 THK L 72, X
v = T L CHOEO CHCL THEWIAR, @R ED T —X ) —ZANFL —X—T
JENE, HEZEWMEL 72, 2% CHCL (200 mL)ICEMR & 2, H,0 (4 x 50 mL) ToOlidkid L
. BRI NaySOs Z A TR L7212, Xy F=CHEBLZ., EHEe—%)—x
AR L — X — TR, BT 5 LR EOERSSE ST (21.7 g, Yield 93%). 'H
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NMR (500 MHz, CDCls): 8/ppm = 11.9 (s, H, OH), 10.3 (s, 2H, CHO), 8.46 (s, 2H, CH), 6.84 (s,
H, NH), 3.73 (t, J = 5.2 Hz, 2H, CH,), 3.69-3.72 (m, 8H, CH,), 3.41 (t, J = 5.2 Hz, 2H, CH,).

5-(8-Azido-3,6-dioxaoctyl)carbamoyl)-2-hydroxyisophthalic acid (18 (n = 2)) D &

300mL A7 7 22 iC[A#5F, AgO (10.5g, 453 mmol), 17 (n=2)(5.21g, 14.9 mmol)
A, T I Hy0 (104 mL)IC7AfE X 272 NaOH (5.03 g, 126 mmol) % Jill 2 T 60°C T—
BRpEIR L7, S ak R/NE D hot H,O (20 mL) THEd L 72 28 & MLm= < L, Ik %
KBITR L7230 2MHCI ZHWCpH %Z 1 I 5 &, HBOMEAHELNZ, Th
Z M 1L = Clgt, B2 5 & HEREIRDLE 5 1L72(5.21 g, Yield 91%). 'HNMR (500
MHz, DMSO-de): 6/ppm = 8.53 (s, H, NH), 8.47 (s, 2H, CH), 3.60 (t, J= 5.2 Hz, 2H, CH>), 3.54—
3.58 (m, 4H, CHy), 3.52 (t, J = 6.3 Hz, 2H, CH,), 3.39 (t, J = 6.3 Hz, 2H, CH,), 3.37 (t, J= 6.3
Hz, 2H, CH,).

5-(8-Azido-3,6-dioxaoctyl)carbamoyl)-1,3-di((V,V’,N”’-4,7,10-tris(tert-butoxycarbonyl)-
1,4,7,10-tetraazacyclododecanyl)-1-carbamoyl)-2-hydroxybenzene (19 (n = 2)) D &K

100 mL =17 7 23 Z\lfs -2 A, =J7ay 7, »v—v 2R 1 CHEZEE S
L7z, KISEERIC 10 (1.09 g, 2.30 mmol), N,N-diisopropylethylamine (DIPEA, 1.5 mL, 8.61
mmol), DMF (30 mL) % il 2 CTiAME X ¥ 7. 18 (n = 2) (408 mg, 1.07 mmol), 1-
[Bis(dimethylamino) methylene]-1H-benzotriazolium 3-Oxide Tetrafluoroborate (TBTU, 1.01 g,
3.14mmol)% DMF (30 mL)ICi{A2 L GRS 2 72, BiRis X N & L 728, =il
G LTI X 72, m— & Y — TSR L — & — Gl B L B S L
7z. THIC HO (100 mL)Z iz, CHCL: (3 x 100 mL) T4riiif%, HHEE IC NaySO, % il 2
THKL7z. Xy F = CHEL, BEEEET 2 L REOWREGFEIF LN, Thi v
VAT NhTLrua~ b 7T 7 4 —(gradient from EtOAc to EtOAc/MeOH 10/1) THiHL L
7. BB A-> T3 777 v aviEDTuo—2 ) —TNFRL —2—TilEffiL, B
e MRS 2 L B EER DS S 1172(671 mg, Yield 49%). 'H NMR (500 MHz, CDCls): §/ppm
=17.85 (s, 2H, Ph), 3.40-3.74 (m, 42H, CH>), 3.38 (t, J = 5.2 Hz, 2H, CH,), 1.28-1.52 (m, 54H,
CHj;). ESI MS (MeOH m/z, positive mode). Calcd for [19 (n=2) +2Na]*": 668.36. Found: 668.06.
Calcd for [19 (n=2) + Na]*: 1313.7. Found: 1313.1.
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5-(8-amino-3,6-dioxaoctyl)carbamoyl)-1,3-di((V, V',V ’-4,7,10-tris(fert-butoxycarbonyl)-
1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (20 (n = 2)) D& K

100mL F 27 5 2R 2ICHEEBHL 2 Vv —VHED=ay 27 %20 {F1T 19 @m=2)
(498 mg, 0.399 mmol), 10% Pd/C (450 mg)% A4l, MeOH (50 mL)% fill 2. 7z. KIGH#E
fhE X CBAEREN L 721&, BiXUKFREHR L, KGRFFHA T TR L 72, IR A<
7 b EHCTRRID e L 2R L7218, 74 MEEZITY, BRET—X Y —
INKRL =X —CiRifi L7z, ThE BT 2 & HEERIT SN 72462 mg, Yield
95%). ESIMS (MeOH m/z, positive mode). Calcd for [20 (n =2) + H]": 1265.8. Found: 1265.8.

5-(9-Phenanthrene-8-carbamoyl-3,6-dioxaoctyl)carbamoyl)-1,3-di((NV,N’,N”-4,7,10-tris
(tert-butoxycarbonyl)-1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (21
(n=2))DE K

100 mL 7R 7 7 XA 2 IC[H#LT-, 20 (n = 2) (341 mg, 0.269 mmol)Z A#L, THF (25
mL)ICIED L 722, EtN (0.1 mL, 0.717 mmol)Jil 2 % L G MG EICE L L7, Z DR
I, KT, L CIEERL 2285, 8(62.6mg, 0.260 mmol)% THF (SmL)ICiAD L7 %
DENRY = VTS LY EINZTz, X D%, EREMLIAAV—VFED=07ay 7
IO AT, PBSAERERE, KRR L A8 L 72, 1| ISR, FiRICREL
TR L7z, n— %) —x KL — & —T THF 8% L 72, CHCl;(30 mL) & H,0
(15 mL)ICIEfE X2, CHCl (2 x 30 mL)T/ME L, AHEIEIC NaxSOs & il 2 THEK L 7z,
Xy F 2 HeTBRGIEE L, BT 2 LEtEEsGo k. chzs A7
717 L7 wva~< k277 4 —(gradient from CHCI; to CHCl:/MeOH 10/1) TSI L 7. HIY)
BASTWET7T77vaviEDTa—R ) —I AR —X— Tl L, BREGHRT 2
& HGER S 5 1172258 mg, Yield 63%). "H NMR (500 MHz, CDCl3): §/ppm = 8.70 (d, J
= 8.0 Hz, 1H, PhenY), 8.67 (d, J = 8.4 Hz, 1H, Phen4), 8.36 (d, /= 8.4 Hz, 1H, Phenl), 7.91 (s,
1H, Phen10), 7.89 (d, /= 7.3 Hz, 1H, Phen8), 7.79 (s, 2H, Ph), 7.57-7.71 (m, 4H, Phen2, Phen3,
Phen6, Phen7), 3.22-3.81 (m, 44H, CHz>), 1.26-1.52 (m, 54H, CH3). ESIMS (MeOH m/z, positive
mode). Calcd for [21 (n = 2) + 2Na]*": 757.4. Found: 757.1. Calcd for [21 (n = 2) + Na]*: 1491.8.
Found: 1491.2.
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[3,5-di(1,4,7,10-tetraazacyclododecane-1-carboxyamide)-4-hydroxybenzenecarboxy]-
(phenanthrene-9-carboxy)-3,6-dioxaoctane-1,8-N,N’-diamides6 HCI (HL1"?+6HC1) D & F{,

100mL A 7 7 22 Z[A#sf, 21 (n=2) (249 mg, 0.17 mmol)% A#l, EtOH (10 mL)IC
W L7z, KIBITRLZARD S 12MHCIB.5mL) 2> b LAz, —WeEil 2.
H— XY —IANKL—X—CEiMiT 2% & HEEEG S 172 (181 mg, Yield 98%). 'H
NMR (500 MHz, D,0): 6/ppm = 8.88 (d, J= 8.2 Hz, 1H, Phen5), 8.84 (d, /= 8.2 Hz, 1H, Phen4),
8.18 (d, J=8.2 Hz, 1H, Phen8), 8.05 (d, /= 8.2 Hz, 1H, Phenl), 8.02 (s, 1H, Phen10) 7.71-7.88
(m, 4H, Phen2, Phen3, Phen6, Phen7), 7.58 (s, 2H, Ph), 2.82-3.90 (m, 44H, CH). ESI MS (H.O
m/z, positive mode). Caled for [HL1?? + 2H]*": 435.3. Found: 435.1. Caled for [HL1??+ H +
Na]*": 446.3. Found: 446.1. Calcd for [HL1% + 2Na]**: 457.2. Found: 457.0. Caled for [HL1%? +
H]*: 869.5. Found: 869.0.

ZRES DA [Cux(n-OH)(L1%)](C104): A7) D &K

100 mL F A 7 7 Z 21T HL1P%6HCI (43.0 mg, 39.6 umol) % AL, 1M NaOH (237 uL)%
MATpH 8LALTH 5 Z L 2R L 7212, | IFRIEZEWME L 72, Z D% % 8 D CH.CL
ZMA 7z, NaxSOs M A THIK L 72%%, €74 MEBE L7z, EREr—£% ) —T KL
— X — TR, BT 5 L B EER HLIP 235 5 3172(24.2 mg, 70%).

XIT, 100 mL —HF R 7 7 X 2 Zm¥z+ % A4, HO (200 pL)IZ A G X & 72
Cu(ClO4)2*6H,0 (20.8 mg, 56.1 pmol) & M 2 7z. % ZIT N, 7 78— L 7248 5 H,0 (200 pL)Ic
RS B 72D HLIP B XA Y — LT 5 D &I, X 51T 1 M NaOH (237 uL)T
pH % 8 IC L7z, ESIMS A7 b VTR T Ko T2 & 2R L 728, v —X&
Y — T NKRL — X — Tilfi L 72. MeOH (200 pL) % il 2 TIAA L 7214, % 8D ELO %
25 LRROEEINTH L 72, 2z gt L, BRI 5 & kO ER S 5 72 (25.6 mg,
73%). Anal. Calcd for [Cua(pu-OH)(L172)](ClO4)223H,0: C, 43.67; H, 5.58; N, 11.07. Found: C,
43.74; H, 5.66; N, 10.85. ESI MS (H,O m/z, positive mode). Caled for [17* — OH — 2C10s — H]*":
496.17. Found: 496.17. [172 — 2C104]**: 505.17. Found: 505.18. Calcd for [172 — C104]*: 1109.29.
Found: 1109.30. IR (KBr): #/cm™ =2918, 1628, 1591, 1541, 1460, 1433, 1356, 1271, 1179, 1096,
995, 937, 835, 752, 660, 615.
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2-5-4, EtBrik

EtBr (3.3 uM), ct-DNA (20 uM bp), NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM) & 72
LWL /2. Z oIKIC, NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM) I A f# & &
21 BXC1P2% 400 uM 12725 T2 pM ORI T A 72, 37°C, 510 nm THIE L 7=
;AT b lE, 520-800 nm DHFIFH CEHF L 7z, FHEEER Ky ML, LAFICRT
R(D)ZHWTER L 72, [complex]id EtBr O #EHREE DS 50% 84 L 72K D D 1

LI DREE, Keg=1.1x 10" M, [EtBr]=1.65uM % 7=,
Kggr[EtBr] = Kypp[complex] (1)

2-5-5. DNA YJBi B

172 D DNA YIWriE 1%, pUC19 DNA % vy, 7H v — 27 LVELKEIEIC X - TEF
fliL7z. 1.5mL T ¥ ~<YF =2 — 7 NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM), pUC19
DNA (50 uM bp), 172 (050 pM), H,0, (0500 pM) & 72 % X 5 ICFAEL L 7= ¥ % n .,
37°C DWEFTCA v ¥ 2= a v L7 0,10,20,30,40, 60, 120, 180, 300 73 #FIC v 7
L& ERELL, loading buffer (0.025% bromophenol blue, 0.025% xylene cyanol FF, 1.0 mM
EDTA and 30% glycero) % FH W C )&% 7 = v F L7z, % ¥ v 7% TAE buffer
(Tris/acetate/EDTA) % FH W CHERK L 72 1% 7 v — R vica—7 4 v 7 L, 100 V T
1 FFERKE 2T > 7. % D%, EtBr (0.5 ng pL HHet % 1 FFfE{Tv>, VILBER
LOURMAT E-BOX-CX5.TS Edge-20M ZFIWWTHZ AN Y FEIFEH L2, ELEZAAVF
%, Form I DYHHIEAE 1.06 Z VY, Image] ¥V 7 b7 = TIC X o T &2 {To72. &
OHE IR 3 HfTV, FHER & - 7.

2-5-6. p-1,1-hydroperoxodicopper(INF&fA& 2, 272 & ct-DNA O R)E

ct-DNA (0.25 mM bp) DTFETE T £ 72 IZIFFFAE T ICHB VT, 1, 1P OKEW(0.25 mM) % 2
i AT AL, 23 + 0.2°C 1T o 72, % 21T HaOp KW (FEA I L T 20 eq) & Sl 2.,
290-850 nm DHiIFH TR 7 PV EIBEFL /2. % LT, p-1,1-hydroperoxodicopper(IN)FH A
2, 22 DJEERA R CHERR L 72,
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2-5-7. MfEEk & = DFEEEH
HeLa (b b & 8H2 AMINE) X RIS RS ALREMEEEH, B2 oY T 7-.

A549 (b I 2t AAliie), WI-38 (b R AfIEH ), PK-59 (& bR Afid) 3 K T 2C6
(& b BN ) (T BRAC 2ERFSE AT N4 A ) Y — e+ v 2 —(BRCO)GKIR, HA)2
O A L7z, HeLa i, A549 i, WI-38 fifidis X OF PK-59 MHfEIZ, 4R V25 (fetal
bovine serum, FBS) (10%), penicillin (100 units mL™"), streptomycin (100 pg mL™") % fill 2 7=
Dulbecco’s Modified Eagle’s Medium (DMEM, high glucose), Dulbecco’s modified Eagle’s
medium (DMEM, low glucose), Minimum Essential Medium Eagle (MEM) ¥ 7z (% Roswell Park
Memorial Institute 1640 Medium (RPMI 1640)55 51/ % Z L2 1LV T, 5% COLiBfE, 37°C
DM CTREE L 72, 2C6 Mifdix, #AEAF ¥ > K (newborn calf serum) (10%), 2A VI
iH (fetal bovine serum, FBS) (5%), 5 Ifli& (horse serum) (2.5%), penicillin (100 units mL™"),
streptomycin (100 ug mL ") % il 2 7z Mixture F-10 Ham (HamF10)55## % H\»C, 5% CO,
WML, 37°C DT TR L.

2-5-8. 3-(4,5-dimethylthiazole)-2,5-diphenyltetrazolium bromide (MTT) assay

9, 96well 7L — M blank & L TEHLD 7% 14L&, EiHLIC 10 x 10* cells/mL IC
75 &9 IR X - MIHEZ 1 well 122 % 100 uL 32 control & $EAD v TG D
FNCHEE, 5%CO R, 37°C D&M T TA v Fa_—v 3 v L7z, HeLaffiiz& A549
MR BE L <l 24 B5REIEE, WI-38 flifid & PK-59 MifE, 2C6 MIAEIcBA L it 48 Wiftlt%,
Bl % B € PBS(—)T 2 I L 72, 20k, ¥ v FAdicizznF o ici
L 721, 17, HLI1, HL1™ ¥ X U Cisplatin ® ¥ ¥ 7 (1-10,000 uM) %, blank & control
FNT IR D A% 1 well ICD & 100 uL 3200z, 4 vFax—vav L 24Kftls
X O 48 FFfEf%, BEHbZBR\C PBS(—)T 2 [BIPEH L, MTT reagent (5 mg mL ™) & Hiih %
1:9 DEIATRAIEZEBRE Lwell ITDOF 100uL TOMAFHEA v Far—2a vl
7. 3R, TAY L —X —TiREWG| L7, M DMSO % 1well IZ2 % 100
uL 3o 72, 30y =24 7 LT L e v~ v B ERICER & 72, 570nm
DWRSEE 2 WOLEHIE S THIE L7z, TORE LY, 1, 172, HL1, HL1™ I X U Cisplatin
DHHAEIETE 50%FH 2 (50% Inhibition Concentration, ICso fif) Z HH L 7z, & OHITE I3
i 3 [TV, HEEZ & o 7.
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2-5-9. ICPMS IZ X % HeLa MilaN DA A v iREDER

BT 4 v ¥ 2(960 mm)IT 2.5 x 10° cells/mL (ZFH%L L 7z HeLa Ml D &K % 4 mL
Mz, 5%CO iR, 37°C DM T T4 WA v F ax—va v L BizireC,
PBS(—) T2 [E¥EH L, 170\ LIid 17 2 g & & 72 55 M (25 uM, 4 mL) 2 i 2. 72, 5%
CO RJE, 37°C DT T 24 KB L N 48 Wil A4 v ¥ a2 _—v 3 v L7z, Bz BR
W PBS(-)T 2 [P L 7214, trypsin (0.25%) CHIlAE % 1325 L T 15mL D@miE I L
7o EODHEL, W E T AL —X—TWH| L7z, PBS(-) (1 mL)% il 2 TR & &,
FERODOEEL 72, Wil E T AL — 2 — TG L 72, PBS(-) (500 uL)% il 2 C &
X7, Ay 2 —CHIIEEEE A T, 1 x 10° cells 3 DAMAIIAR Z#HT L \» 15 mL
DIEE T L CHASHZIEE L 72, Mg % &EHE 7T H 70% HNO; ZKIEW (250 pL) s 5
LTA—27 1V v V0% Teflon® FEP (10 mL)ICK L 72, 60°C T 3 FREIMBVLELZ L
72. 2D, ZITITHO0 Q50 uL)Z A 7=, Z DHIIZAERI2 x 10° cells/L, 35% HNO:) %
ICP MS-2030 CHIE L, MIlEAN O % ER L7z, ICP MS-2030 i< X 2 HI5E 1%, HEHE
FricZ&Et L 7=,

2-5-10. 7 7 R aIRGIEIT X B2 5 ERE (log Pow) DHIFE

1, 172 DAL E(log Po) % 7 7 A afRERIC K o CEHli L 7. 37, HIE ICfEH S
% H,0 & X U l-octanol 1Zj# Z A L C—HfEHRE L, BUAMRREICL 72, 1 2w LT 17
DKW (0.1 mM, 3 mL)IC 1-octanol 3 mL) % fl 2 C, 4 KffE#EIEL /2. % D%, 1-octanol
B E HO ICoTHEL, ZNZENDERDEF AL PAZIEL 2. ZNENDOEIR
AR L 7235 RIRE ORI IIAR D ¢ 2 Z N W72, B L Z8EIEE G,
CoxHlwT, X)XV ZNENDFRD log Pow ZHH L 72.

Co
log Fow = loga (2)

2-5-11. HESEHSEC L 2MANA A -V v 7

BIEMT 4 v ¥ 2 (e14mm)IC 6 x 10* cells/mL (CFHHL L 7= HeLa #llfi o #&# % 600 pL
Mz, 5% COrIREE, 37°C DEAF T T 24 WA v F 2=y a v L7z, KHizRwC
PBS(—)T 2 [HIPEH L, 172 % 3 & & 72 FEHANR (200 uM, 600 uL) % Al 2 7z. 5%CO0, =,
37°C DEMET T 24 BfIA v ¥ a_—2 g v L2k, BHZIRV-T PBS(-)T 2 [mFkHE
L7z, 2Zic, I hav FYT7oRERF L LT Mito Tracker™ Deep Red FM (Thermo
Fisher) (50 nM, 600 pL) Z 55 HbiC Nz 72, X 51T, 5% CO2E, 37°C DM T 10 4
AvFax—yvav Lk BiEROCTPBS(-)T2EMEEHL . 2 2z inz,

54



S L — Y — B CHfE 2 8% L 7. Mito Tracker™ Deep Red FM D#I%2IC 1% 638
nm, 17 OBIEITIL 405 nm DL —F — % 7z,

2-5-12. Apoptosis assay

96 well 'L — FIT 10 x 10* cells/mL IZFA% L 72 HeLa MIE D &I % 1 well 12D
100 uL 372, ¥ v 7S D well IChZ, 5% CO i, 37°C DM T < 24 Bt 4 v
Fa—vav Lz FEHZBRWTPBS()T2 BIPEE L, 1 72w L 172 O R5HIAN (800
uM)% 1 well IZD & 100 uL §2MZ 72, 5% COEME, 37°C DT T1 B XU 12
WA v Fax—vav Lk EiZRGTPBS(-)T2 HBEHL, trypsin (0.25%) Tl
ez ix2s Lz, BALME%E 1.5mL DTy vy Fa—7ifL, @05HE1200 rpm,
2min) L 721, B %Z T AL —x =Tkl L7, D 7HMlEic PBS(-) (1mL)Z Mz <
M S, HEEODEEL 2. WA T AL —2 — TG L7, 1xBBIRK%Z N
THRB XS, BONHEEL, BET AL — 2 —TKI[ L7, 1 xBB&ERZMAT
1 x 10° cells/mL ICFHELL 72, % OMIFLIANR 100 uL I Annexin V-FITC #3(5 puL) & iR &
LT, ERTI00MA vFax—1& @BOOHEL, TAYL—X—TCEBEWRTIL
72, Z 21T, 1 xBBBWR(S00 uL) 2 il 2 TR S &, HO0HEL, 7TAYL —X — T
WaWs L7, 1 x BBIAWKQ00 uL) ZMifgichii 2 CE I &, PI(SuL)ZEA L. Z

DHMAIIANE % Attune NxT Acoustic Focusing Cytometer Z W CHIZ L7z, 7 — F N
feZiZ 10,000 cells & L 7z. Annexin V-FITC IC (% blue (488 nm)L — ¥ —® channel BL1
(Filter 530/30, Filter Range 515/545), PI IC | blue (488 nm)L — ¥ — @ channel BL2 (Filter
574/26, Filter Range 561/587)% FH > 7=.

2-5-13. Caspase-3/7 i& 1

96 well 7'L— FIZ 10 x 10* cells/mL (CFH% L 7= HeLa M D &% 1 well 12D &
100 puL 370, H ¥ T AEST D well IKhN X, 5% CO2IERE, 37°C DEEMFT T 24 FfE 4 v
FaR— g vl BEHERWTPBS(-)T2 HITEH L, 178\ LI 172 ORI R (%
ICso f: 1740, 156 uM) % 1 well IZD & 100 uL $OMZ 7. 5% CO. #EEE, 37°C DT
T1FHIPREHAVvFax—va v Lk BHZRWT PBS(-)T 2 HyE#L,
trypsin (0.25%) CAllldZ 1323 L7z, I8 L Zzflifldz 1.5 mL oy <XV Fa—7ICHEL,

0 BE(1200 rpm, 2 min) L 7294, B2 7 AL — & —CTHEL7-. ED-#ifdic
PBS()Z M x TR & &, FEE LML . BWR%E T AL — % —TRE| L 214,
PBS(-) %I AT 1 x 10° cells/mL ICFHH L 72z, % OMIAEARIC CellEvent™ Caspase-3/7
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Green Detection Reagen (1 pL/#HACE IR 1 mL, AR 500 nM)ZEA L, W=, 37°C
T300A v F 2=t L7z, &wEO 50, £ OHEIIC SYTOX™ AADvance™ 4L
g ZEH D 1| mM DMSO BHR(1 pL/A IR EE 1 mL, SR 1 uM)DEAL TA v
Fax—F L7 ZOMAIAIK % Attune NXT Acoustic Focusing Cytometer % F V> TH%5E
L7z. 7 — M NOMAEEIE 10,000 cells & L 7z. CellEvent™ Caspase-3/7 Green Detection
Reagen IC /3 blue (488 nm) L — % — @ channel BL1 (Filter 530/30, Filter Range 515/545),
SYTOX™ AADvance™ FEAHAE S 571 1C (X blue (488 nm)L — ¥ — D channel BL3 (Filter
595/40, Filter Range 675-715)% Fl\: 7=,  Z OMIE X R 5 BTV, FHHREZE S 72,

2-5-14. Caspase-9 75

96 well 'L — FIT 10 x 10* cells/mL ICFA% L 72 HeLa MIE DO &I % 1 well 12D
100 uL 372, ¥ v TAE D well ICHIZ, 5% CO ¥R, 37°C DT T 24 Refi] 4 v
FaR—a v L7 BHZRRGTPBS(-)T 2 BIZEE L, 1, 172 OEHIAR (4% 1Cso: 486,
1740 pM)% 1 well 122 % 100 pL $2OMA 7z, A H T4 73 bua—nicid, Z-VAD-
FMK & $8A 0 R AR IR (RAKIEE: Z-VAD-FMK: 1 uL/mL, $5A: (% ICso) 1740, 156
uM)%Z 1 well ICDZ 100 pL 320272, ZNb% 5% CO IR, 37°C D&M T Tl kB
JUONRKHEA vFax—va v LzBAHTT4 73y e =i 12 BEOR), K5
ZFR\T PBS(-)T 2 [IZEH L, trypsin (0.25%)CHIAEZ X285 L 7=, 1323 L =M@ % 1.5
mLDOITyRVYFa—TIBL, @EOEE1200pm, 2 min)% L 728, WRE T AL —
£ —TWEI L7z, o 7-Mfdic itz nz CRE X &, HER0OHEL - RilE T A
vl — X — TG L7, REHbZINA T 1 x 109 cellsmL (CFRBLL 7. % OMIEAR I
FITC-LEHD-FK (1 pL/AfiAc % 300 uL) 2 A L, BEZE, 37°C T 60 74 v F 2~ —
b L7z, @050 EE(3000 rppm, S5min) L 7214, T AL — X —CiElE WG L7, %= ZIC,
Wash Buffer (500 L) % Jll 2. CHR&# < &, FEEOOHEL 72, B E T AL — X —TIk
51 L 7214, Wash Buffer (500 uL)% fill 2 C & X &7z, & OMINEIAR % Attune NxT Acoustic
Focusing Cytometer Z I\ CTEI% L 7=, 7" — F N OMEEIE 10,000 cells & L 7z. FITC-
LEHD-FK (C (% blue (488 nm) L — % — @ channel BL1 (Filter 530/30, Filter Range 515/545) %
A7z, 2 OWE TR S [T, FHREEZR S 7.
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2-7. Supporting Information

(a) Lane 1 2 3 4 5 6 7 8 9 10 11
Form II
Form III
FormI

() Lane 1 2 3 4 5 6 7 8 9 10 11
Form II
Form III
FormI

() Lane 1 2 3 4 5 6 7 8 9 10 11
Form II
Form III
FormI

(d Lane 1 2 3 4 5 6 7 88 9 10 11

Form II
Form III
FormI

Figure S2-1. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 172 (50 uM) and H,O at pH 6.0. (a)—(d) corresponded to H>O, concentration of 0, 50, 100,
and 500 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12:
corresponded to the time of 0, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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(@ Lane 1 2 3 4 5 6 7 8 9 10 11

Form II
Form III

FormI

() Lane 1 2 3 4 5 6 7 88 9 10 11

Form II
Form III

FormI

(¢ Lane 1 2 3 4 5 6 7 8 9 10 11

Form II
Form III

FormI

Figure S2-2. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 172 and H,05 (500 uM) at pH 6.0. (a)—(c) corresponded to complex concentration of 0, 12.5,
and 25 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12:
corresponded to the time of 0, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S2-1. Fraction of Form I, Form II, and Form III formed with 1°? at pH 6.0

Complex HO0; Time Form I Form I1 Form III
(M) (uM) (min) (%) (%) (%)
0 933+1.5 6.7+1.5 -
10 91.7+ 1.1 83=+1.1 -
20 90.0 + 0.1 10.0 £ 0.1 -
30 87.0+0.4 13.0+0.4 -
50 0 40 853+0.2 14.7+0.2 -
60 82.1+1.3 17.9+1.3 -
120 69.6 + 1.6 304+1.6 -
180 59.9+3.6 40.1+£3.6 -
300 46.4+3.0 53.6+3.0 -
0 91.4+0.0 8.6+0.0 -
10 89.3+0.4 10.7+0.4 -
20 87.5+04 12.5+04 -
30 86.4+0.1 13.6 £0.1 -
50 50 40 83.5+0.6 16.5+0.6 -
60 76.5+1.3 23.5+1.3 -
120 52.6+0.9 474+09 -
180 322+24 67.8+2.4 -
300 8.8+2.6 90.5+2.6 0.7+0.0
0 90.8 £0.3 9.6+0.8 -
10 88.8 £ 0.1 11.2+0.1 -
20 83.2+0.6 16.8 +0.6 -
30 80.4+0.0 19.6 +£0.0 -
50 100 40 75.9+0.0 24.1+£0.0 -
60 63.6+0.9 36.4+0.9 -
120 304+0.7 69.2+ 1.1 04+04
180 114+22 87.2+2.5 14+03
300 0.0+0.0 93.9+0.8 6.1+0.8
0 92.2+0.7 7.8+0.7 -
10 61.9+2.1 38.1+£2.1 -
20 25.6+3.8 744 +3.8 -
30 92+3.1 90.8 + 3.1 -
50 500 40 4.7+1.7 942+ 1.1 1.1£0.6
60 0.0+0.0 96.3+0.2 37+02
120 0.0+0.0 90.2+3.8 9.8+3.8
180 0.0+£0.0 77.1+4.4 229+4.4
300 0.0+£0.0 50.7+2.2 493+22
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0 93.9+0.2 6.1+£0.2

10 93.3+0.0 6.7+0.0

20 93.2+0.1 6.8+0.1

30 93.1+0.1 6.9+0.1

0 500 40 92.9+0.2 7.1+0.2
60 92.7+0.2 73+0.2

120 923+0.3 7.7+0.3

180 913+1.0 87+1.0

300 90.1+1.9 99+1.9

0 914+13 8.6+13

10 89.0+1.3 11.0+1.3

20 86.0+3.1 14.0+3.1

30 84.9+39 15.1+3.9

12.5 500 40 83.3+3.8 16.7+£3.8
60 82.3+4.0 17.7+4.0

120 77.2+43 22.8+43
180 71.1+£2.2 289+£22

300 58.0+4.1 42.0+4.1

0 92.2+0.1 7.8+0.1

10 89.3+0.3 10.7+0.3
20 82.4+0.2 17.6 £0.2
30 79.4+£0.0 20.6 £0.0
25 500 40 76.3 +£0.6 23.7+0.6
60 71.2+0.1 28.8+0.1
120 649 +0.2 35.1+£0.2

180 58.7+0.5 413£0.5

300 449 +0.5 55.1+0.5
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Figure S2-3. (A) Plots of cell viability vs log[X] (X = 1 (red), 1*? (blue), HL1 (orange), and

HL1" (light green)) in the MTT assay of HeLa cells treated for 24 h. (B) Plots of cell viability

vs log[X] (X =1 (red) and 1% (blue)) in the MTT assay of HeLa cells treated for 48 h. (C),

(G), (K), (M) Plots of cell viability vs log[X] (X =1, 172, HL1, and HL1%?) in the MTT assay

of A549 (red) and WI-38 (blue) cells treated for 24 h. (D), (H) Plots of cell viability vs log[X]

(X =1 and 1®?) in the MTT assay of A549 (red) and WI-38 (blue) cells treated for 48 h. (E),

(1), (L), (N) Plots of cell viability vs log[X] (X = 1, 1?2, HL1, and HL1"?) in the MTT assay
of PK-59 (red) and 2C6 (blue) cells treated 24 h. (F), (J) Plots of cell viability vs log[X] (X =
1 and 1%?) in the MTT assay of PK-59 (red) and 2C6 (blue) cells treated for 48 h. All

experiments were carried out at least three times.
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% =3 : Roles of DNA Target in Cancer Cell-Selective Cytotoxicity by Dicopper Complexes
with DNA Target/Ligand Conjugates

3-1. #EE

5 ETlX, DNA R DOE A CEEE (/KR H0)FE T D DNA VIS g L, 254
AR B B35 2 & 2RI L7, RETIX, DNA BN ORhE % LS 2
728, 2.6-di(amide-tether cyclen)-p-cresol BCfiz F-(HL1)?D A F V3% 9-phenanthrenyl (P) %
72 1% methyl (M) % 5 3 % 4 7 K & D-CONH(CH,CH,0),CH,CH,NHCO-Y ¥ 7 — 1T
B L 72 DNA R/ LB F#5 & R MHL1X, X =Pn and Mn (n = 1-3)) & % @ % Hil(1D)
FEAR[Cua(n-OH)(L1¥)](ClO4) (1% % &L, 1¥XD DNA #5i&HET1, DNA YIlEYE, #Hife
NEGAR, MIEEYE % [Cuy(u-OH)(L1)](ClO4), (1) & L L 72, 1¥ & H,0, D JKJET DNA
Y D35 ERECTH 5 p-1,1-hydroperoxodicopper(INFE AR AR L 72, 171, 172, 173 H,0,
FHETDA—r—a 4175 Z I F DNA (DNA Form ))DFE{LYIHIIC X % Form Il D4
BGREEDS, 1 X0 dbZhEn 22, 11, 3fEmEmd o7, P-U VY A—RER, —AHEAT
23  HEFEEN O HIPH 23 < 72 B 728, Form I D AERK IS A F 7 10 HEEH T D DNA —
AFHY)WT(DNA double-strand breaks, dsb)icxf L THFIC R 5 LEZ 6N 5. 17, 172, 1P
IZ, HeLa fificicx3 2 M0 A 1 X 0 30, 12, 9.9 f5&i2> > 7=. DNAdsb & fllfida 1%
DEARIZ, 1712 Tld 44%DENE THBIL 7228, IMS3 T 5% L2 MBI L o7z, Th
AN C P-Y v — 2YFRFERIYIC DNA ICHEE T 5 DI L, M-V v 5 —(3 DNA ICFF
HICIEA Lo eEzZ o b, 133 A, BEEEH AR L CH A MAEER
W2 R L, P-Y v =23 8 AMIGER S &2 o 72, —T77, 1M D23 A
FEOEIRIE L 1 LR CH o 72, MM AIEL, Apoptosis assay, 77 A X—XEWT v
AWK, IP3 BRI bPa vy F Y TREADOT R = 2 2FET 22 e RHL o
7. 1M SRS E LS AMIIGER 2R L 228 HE, 2SAMIIED 2 F = v B ) 7 ERER
FIWIC X5 THML 72 0, & 1M B3IGL, BWwP-) v A—icXh I b3 v FJ 7 DNA
DOYUIMIBIEI N7 EZ N5,

Machi Hata, Jin Ueno, Yutaka Hitomi, and Masahito Kodera “Roles of DNA Target in Cancer
Cell-Selective Cytotoxicity by Dicopper Complexes with DNA Target/Ligand Conjugates”
ACS Omega, 2023, 8, 28690-28701.
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3-2. #8

DATEHREDE KB TH Y, BPAICXZTRIIMWMLEE T T3, 2nE T
BRA e PIB AR S, ZohThEBBEHAETH S Cisplatin B X UB# T 2 04
FEIRL2 Bleomycin (BLM)™ 47z E23SEEIRFIH S T 5. BLM 3% 54%, RN O
ZHLY AR, $EEEAR(Fe-BLM)ZEK T 3. 2nbizvnFnd ilgEEEoisAFcd
D, HeEEAIL DNA EfEA L CTEBL%HE L C, Fe-BLM i3 DNA A4 Y] 7 (DNA dsb)
EMEL CTZNZ M2 FHET 2. SO 3L RBAKRBICN L CEWaERES
N —J7C, BAMINE L IEFEMEOmE N L CRBRICFR 3 2 729, @V RIfEH 2R
FRse Zz ¢, BER ORI, 2 AMBLERN #2738 E ISR 0BT A EE
EEILNS.

DNA i/ NERE ZIEM 3 2 @A 13, 25 AMBLEIREN: % R P00 A FIBAFE
DEEPLHELETH Y, {LFEEPCEFEZDLEZED TR0 23 IR I I H
fo & 1387 2 FERNMUNREE 2 G 5. flziE, BAMETIRI Fav F) 7 ok
sk L @O RBENEE O 20 ICIEHME X Y 3 HO0 IBESE WL 2 2T, BARE
D7D b ay N Y T7#IERET M4 REBIMASFE SN, I bav P 7R
DT R =V R%EFHFET L LMEINTHBE B flz1E, Cu, Ru™, Irl7&h Ayl
ZHWR I P ay P TENSEHEASZET 5%, tetraphenyl phosphonium 7% I b
av F)TERE L TCEALZEN T2V 72 Cu #5481 DNA 2V LCI ba v F
VT7REAOT R = 2 EFEL 20 I b a v Y TEREZRO Ru & Ir #HRI30O6H
TR DN IEEAN L L CHMTH - 72004, Boktky 7o 2 2l Ir #5181, 1G1ERE
FHROS)DEE % FRH X &, MIEN ATP OFi#8, I bay KU TEEICL 2 H R -
YIKEEET R b= ABX ORI ba v FY THEHERFI R LM, F72, BFR
BoREMDOE O AuFRLT7 4 U VEEAIE, Itav R T7ovryuvEERNLTZ
OIHEEEHEL 2. b oREEERUAMC D, B0 iGN % 75 DNA B L U
Iba v NYTERENE T 28EEARIE, I FY 7 DNAZYIBISSZ LTI
IV ) TREDOT R =y 2 %FHEET 2 LEZ LN, HAMBLER ZMias:% &
5T & HRETE B4,

¥ 7z Cu #ifRIL, IEHEMIICN 3 2 #ilgdEE MR B AR DD - IEH T h
TEZUS19 Cu BNEMSBTH Y 25, TIBAERZRTC 20, AT X
2 3 AAIERNBFEE ORISR S NS, S5, PIBSAEERZE® %729, DNA 2
WIERHL 2 F5D Cu R D FHFE S LT 319, L2 L, DNA I % £70 s R D i 5t
BiliE A7 <, DAMIRGER I HEEEIC 351 2 DNA B O &E b G ST,
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BTl 7z X 51, AN DT 2,6-di(amide-tether cyclen)-p-cresol BLfiz F(HL1)D —
RS (D EE A [ Cua(u-OH)(L1)](Cl04)2 (1)75 Hy0, & KIS L, p-1,1-hydroperoxodicopper(I1)§#i
K& L, DNA ORBLIUIBi 2 {edEd 2 2 &2 BRI L 207 LA L, 1 offifastix
P Al LTS 2 ICiMET 72, 2 2T, HFE T, FKIHIC 9-phenanthrenyl %
% 2 -CONH(CH,CH,0),CH,CH,NHCO-V v 77 —(P-V ¥ /1 —)% HL1 D 4- XA F L FL L &
4 L 7z phenanthrene/HL1 f&54&T& %5 HL1™ Z &5 L 72181, phenanthrene (3 4 v % — 7
L —&—& LT DNA IZHi&h L, DNA UIMEMEZ M Ex €2 & E 272, FEFRIC P-J v
71— 1% HL1? @ A% (D #E AR [ Cua(u-OH)(L17)](C104)> (172)D DNA YIWriGH: & fifa 1t
FEIICA B X7, &b, 17 R E A AMIRGERG#HEZ R L2 77,
phenanthrenyl & % 406G & 3 2 172 OMIEANRTE D BIZE L 7 A3 —BIEHEDHITE D 5,
172X 2 2 AMBEIRNEEICI P2y FYU T TR = 225 L Tw5 2 & 530
L Elno7-U8 L L, HEClE, 25AMIGERNESEZRE{LT % 729D DNA
BRI AL BCAL TR A R O R = T 1 Th T e,

AEFFETIE, DSAMBLERNFEMEICE 1T 5 DNA ERO&E %S 2010 L CRai{t 3
% 7=, —H D DNA B/ AL F#5 A7 HL1X (X = Pn, Mn (n = 1-3))Z &K L
7z. HL1X 1%, HLl @ 4-X F A ¥% P-V v 71 —(-CONH(CH,CH,0),CH,CH,NHCO-9-
phenanthrenyl (P)) % 7z 1% M-V ¥ 77 —(-CONH(CH,CH,0),CH,CH,NHCO-methyl (M)) Ci&
fu L 7o 2 F52. HLIX I R ADFE R [Cua(u-OH)(L1¥)](Cl04), (1¥) (X = Pn, Mn (n =
1-3NE TR L 7z, AWFE TR W 72 BUf7 1 & A H(ID$EA % Figure 3-1 IR 3. 1X D DNA
fEAHE, H.0.fF(E FIC 31 % supercoiled plasmid pUC19 DNA @ DNA Form III 4 i{(DNA
dsb)if i, HIFENBGARE, B4 R IEHEME & S AMR I 4 2 Mifadrta & 23, 1 &
WL CDNARE E LCOP-BXUM-V v 1 —oHEZHL2IC L, 1M 0
Itav P T ~DREE R EREMECHEL, 1"k 2 7 K — v 2ARHofig
BEl%, fluorescence-activated cell sorting (FACS)IC X WHHSIC L7z, £72, 1 A=K ENE
ZHEL, 1IXICX 2T R — v APNRURIETHE L ZHLIC L. b DfE
B, 1XOBAMIGEIRNFELEICE T 5 DNA FER OEEIHHH S 2217t - 7=,
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N NH
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[Cu(u-OH)(L1)]2* (1) [Cu(u-OH)(L1PM]2* (177 (n = 1-3)) [Cuy(u-OH)(L1MM)])Z* (1M (n = 1-3))

Figure 3-1. Chemical Structures of HL1, HL1%, 1, and 1¥ (X = Pn, Mn (n = 1-3)).
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33 MRLEE
3-3-1. BeOLF & SN EEE O AR

HL1 & DNA 2R/ ZRALBLAL 745 &K T3 % HL1X (X = Pn, Mn (n = 1-3))D{b AiE
% Figure 3-1 I&/R 3. HLI & HLIP? & X OCESAADES AR 1 & 1721F, DARToR>C720%
X OB E O A HIE 3-5-3 I/ > THR L 72. HL1X (X = Pn, Mn (n = 1-3))D & A FR S %
Scheme 3-1 I/ 3. (ZL®IC, 3 DD5ERL 5K I D PEG-Y ¥ 7 —(n=1-3)% 3,5-diformyl-
4-hydroxybenzoic acid IZ7 I Fii&GEZ ML TEHAL ., Ric, ZoFRLVINEZELL
THNKRF IHICEW L 721, tri-Boc-cyclen % Fi/Kifa & CTEA L 72, PEG-J v /1 — D
A4 1 phenanthrenyl (P)E 7z I3 methyl (M) % EBZFEIICE A L 72, |12 IC Boc 3 % [# 1%
YR Y v RATRE LT 5572 HL1X %, 1M NaOH /K&K C pH 8.0 ICFH#E L 7214,
Cu(ClOy), & Rt X 8 T AL AN EEAR [ Cua(n-OH)(L1%)](C104), (X = P1 (1PY), P2 (17?), P3
(173, M1 (1M, M2 (1M2), M3 (IM)) 2 1§72, HEE X 728K 1L, MeOH/ERLO 7> & fHfik il &
N7z, HLIX B X O 11X 0FEli &K, JTHESHT, IR, ESIMS 7 — &%, BE#® HL1™
BXPI?%2RE, 3-5-3 OFERIHICRT.
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Scheme 3-1. Synthetic Route of HL1* (X = Pn, Mn (n = 1-3)).
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3-3-2. ZEESHADEEE OREE

TR AN FEA[Cua(u-OH)L1¥)](Cl04), (1X) D EE FIKUL A~ 7 + v % Figure 3-2 12, ESI
MS A~ 727 } L% Figure 3-3-3-7 IR T, IXOEFWINALZ FLTld, 380 nm & 640
nm {Z PhO 2> & Cu(ID~D LMCT & d-d B ICIwlE X 11 2 WA 23 2 L2 Bl X 41,
BERD 1 35 X O 172 CEEH & 72 W & L L T 7207 181 KR, PhO 2> 5 Cu(Il)~
D LMCT 1%, p-OH-p-OPh ZEHEREE % 82 SN EE A IC L 5 415 340400 nm D WY
e B L 72071821221 qPL qP L ML M2 qM3 ) EQT MS 227 R L TIE, ZREN
m/z 1065.17, 1153.32, 903.28, 947.32, 991.38 IC[L1¥X+ 2Cu(Il) + OH + ClO " I X &3 %
FFAA V= BEElE N, NS D AR T — 2%, 1XICHE D p-OH-p-OPh
ARG RS & o RSN D HEE DS MeCN & KIRIRT CRFEFE T3 2 & 2R L 72,

(A) (B)
2.0

2.0

-

(&)
-
3

Absorbance
—
o
Absorbance
o

o

()
e
[3)

1 I 1 OO C | I | L L
300 350 400 450 500 400 600 800
Wavelength (nm) Wavelength (nm)

0.0t

Figure 3-2. Electronic absorption spectra of 17! (light green), 17* (light blue), 1% (purple),
M (green), 1™M? (blue), and 1™ (pink) (0.1 mM (A), 0.25 mM (B)) in H,O at room

temperature.
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o S %7( o \8 (NP \Ng cio,
H HY H H H “H H H
a
b
. : L
T T T T T T T T T T
474 476 478 484 486 488 1088 1068 1070 1072 1074
label miz
a [LIP —H + 2Cu(D = 474.16
b [LIPE+ 2Cu(ll) + OHJP = 483.16
¢ [LIF1+2Cu(ID) + OH + ClO,|" = 1065.17
1 |
400 600 800 1000 1200 1400 1600
miz

Figure 3-3. ESI MS spectrum of complex 17! measured in H>O at room temperature at orifice

1: 10 V, orifice 2: 10V, ring lens voltage: 10 V.
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] N x/\n n;\] L N/\J
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b N SO = o N s '
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C
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label miz
a [L1P 111 2Cu(ID] = 51819
b [L1% + 2Cu(ll) + OHJ* = 527.19
[ [L1F3 + 2Cu(IT) + OH + ClO,]" = 1153.32
r ¥ . T T T T T d
200 400 600 800 1000 1200 1400 1600
mz

Figure 3-4. ESI MS spectrum of complex 1** measured in H>O at room temperature at orifice

1: 10V, orifice 2: 10V, ring lens voltage: 10 V.
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a [LIM! —H + 2Cu(I] = 393.14

l b LD+ 20D + OH + CIO,J" = 903.28
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miz
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Figure 3-5. ESI MS spectrum of complex measured in H>O at room temperature at orifice

1: 10V, orifice 2: 10 V, ring lens voltage: 10 V.
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Figure 3-6. ESI MS spectrum of complex 12

1: 10 V, orifice 2: 10 V, ring lens voltage: 10 V.

measured in H,O at room temperature at orifice
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Figure 3-7. ESI MS spectrum of complex 1™ measured in H>O at room temperature at orifice

1: 10 V, orifice 2: 10 V, ring lens voltage: 10 V.
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3-3-3. 15X 1¥D DNA ~DFEAEES

{77  Hifik DNA (ct-DNA)~®D 1X D B2 1F EDFES TR Kopy MY %, BALZF D
L (EtBr)iEIC X D HGE L 72, ct-DNA & EtBr ORAERIC 1 7213 1X ORI E RN
% & ct-DNA ICHE & L 72 BtBr 23U S L CHNBE N E L 72, Z DR % Figure 3-8
(A~G)ITRT. /2, 1 LI DBEEICH T2 601 nm TOHERED 7 vy b %
Figure 3-8 (H)IC, 1 3 X 1X DFEAETEE Kapp % Table3-1 7797, 1713 35 L 1M-2 D DNA
EATERIL, ZNZN 1D DNAFATERD 6591 5L 3546 THY, P-V v
A= M-V v —XDb DNAEWE LC2/EEITH 7. 1XD DNA FEEHE
PEG-Y v A=l XoThbI Il h, fvx—hL—2—L L THKIET?
phenanthrenyl 312 X - T X HICiEL T 7z, PEG-Y v 1 —(n=2)2H$ 2% 1 5 L O 12
TlX, PEG-V ¥ #—® transoid D ZARECPEIC X o T & HE7 3 L O phenanthrenyl &
%7213 methyl 2237 v FHREAI & 72 % 729, DNAMSAREN b bELzEE 2D
nas.

(A) (B) © (D)
2500 2500+ 2500 2500
2000 2000 2000
>
Z 1500 Z 1500/ 2 Z 1500
e e 2 e
2 2 2 2
£ 1000 < 1000} = < 1000
500+ 500!
0% O bmuef? 0 - [l .
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Intensity

0 L L 0 L L .
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05 . 0 N
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[Complex (uM)]
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Figure 3-8. Fluorescence spectral changes upon the addition of 1 (A), 171 (B), 1*% (C), 17 (D),
1M (E), 12 (F), and 1™ (G) to the ethidium bromide-bound ct-DNA. For each measurement,
1 and 1%? increased by 2 uM. (H) Plot of the fluorescence emission intensity at 601 nm vs.
concentrations of 1 (red), 17 (light green), 17* (light blue), and 1** (purple). Experimental
conditions: [EtBr] = 3.3 uM, [ct-DNA] = 20 uM bp, [complex] = 0-300 uM (1) or 0-200 uM
(1%), [buffer] = 10 mM (pH 6.0 (MES)), [NaCl] = 10 mM, and Jex = 510 nm at 37°C.
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Table 3-1. K,pp of 1 and 1X (Mean = SD)

Complex Kapp MY
1 (0.43 % 0.02) x 10°
1" (2.8 +0.4) x 10°
17 (3.9+0.2) x 10°
173 (3.0+0.1) x 10°
M (1.5+0.3) x 10°
™ (2.0 %0.1) x 10°
™ (1.8 +0.4) x 10°
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3-3-4. p-1,1-hydroperoxodicopper(ID)#{4 D 536 F I HIE

HEBXUOHE R TIiR72 X 51, DNA VI 2 {8 T 2 72 01C H,0, & KL X+ %
&, 1 & 17 |3 p-1,1-hydroperoxodicopper(Il) # 4 [Cux(u-OH)L1)J** (2) & [Cux(p-
OH)LIP)P 2P %K T 5 2 L 23, HIEZ <Y, CSIMS, EFWINARZ Fric k-
THER I N T B8 K& T, p-1,1-hydroperoxodicopper(IN)#5 A [Cua(u-O.H)(L1%)])**
(2%, X ="P1 and P3) (Figure 3-9) % WU A<= 27 F LB LW CSIMS A< b ic X Y[
E L7z Z DGR % Figure 3-10-3-15 177 9. 23°CD MeCN HiC 1T 2 2 & 2P D
UL A~ 2+ v (Figure 3-10, 3-11)I%, Z 4% 21 340 nm (¢ =5800 M cm ™) & 400 nm (¢ =
3100 M ' ecm™), X U340 nm (¢=5600 M cm ™) & 400 nm (¢ =3200 M em ™ )IC 2 DD
W 2R L7z, 2biE, 2D 340nm (e=5600M"'cm )& 398 nm (¢=4800 M ' cm™)
ORI L IZIEFRICTH 5. 2P & 2P D 0°CD H,0 H1TD CSIMS A= 27 + L(Figure 3-
12, 3-14)i%, [L1°'+ 2Cu(Il) + O.H** & [L1P' + 2Cu(Il) + O.H + CIO4] I XTI 3™ % m/z 491
& 1081 12, [L17+2Cu(Il)+ O.H]* & [L17 + 2Cu(Il) + O,H + ClOJ I XIS 3% m/z 535 &
1169 12, ZNZN2 2D FEE LY — 2 %/ L7z, H'%0, Db b ic %0 5% H.'%0, %
WA, T DY — 2713 4 R[5 77 0> 7 b L(Figure 3-13, 3-15), 2P1 & 2P 0
2200 0 FEFAH0 ICHKT 2 LRI Nz, TNbDI b, DNAYIWO 29
D H0, & DIIGT, 1 BXU 1XH 5D p-1,1-hydroperoxodicopper(INEE A 23 Z R X
nNaZ BRI NT.

R 2+
(o) o]
(\ /ﬁ R= NHCH,CH,(OCH,CH,),NHCO—
N O N
HN/CU CU\NH
N N N
<H o) H" n=1(2"") and 3 (2P
H

Figure 3-9. Chemical Structures of 2% (X = P1 and P3).
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Figure 3-10. Electronic absorption spectra of 1°! (0.25 mM) (red) and hydroperoxo species
2P! (purple) generated upon reaction with H>O, (20 eq) in MeCN at —30°C. (inset: time courses
for the formation and decay of 1°! monitored at 340 nm at room temperature (green) and at

—30°C (orange)).
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Figure 3-11. Electronic absorption spectra of 1% (0.25 mM) (red) and hydroperoxo species
2P3 (purple) generated upon reaction with H>O, (20 eq) in MeCN at —30°C. (inset: time courses
for the formation and decay of 1** monitored at 340 nm at room temperature (green) and at

—30°C (orange)).
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Figure 3-12. CSI MS spectrum of 2%! formed upon reaction of 17! with H,'%0, in H>O at 0°C.
The orifice 1: 20 V, orifice 2: 5V, ring lens voltage: 10 V. Experimental conditions: [1¥1] =
0.50 mM, [H2'90,] = 100 mM.

, e .k
a 0 ®
(m)‘\/ °, n{/\b}\/n ‘
1 ° ‘
=]
| (‘“N N’X (\FN 0. N/j
\J ‘ Q R “§ N 3
s 496 1084 f108s 1088 1080 1092
label m/z
a [LP" + 2Cu(ll) + 'SQ'SOH]* = 493.15
b [LP* + 2Cu(dIT) + #0'"SOH + C10,]* = 1085.07
400 600 800 1000 1200 1400
m/z

Figure 3-13. CSI MS spectrum of 2*! formed upon reaction of 17! with H,'30, in H,O at 0°C.
The orifice 1: 20 V, orifice 2: 5V, ring lens voltage: 10 V. Experimental conditions: [1°'] =
0.50 mM, [H,'80,] = 100 mM.
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Figure 3-14. CSI MS spectrum of 2% formed upon reaction of 17 with H,'%0, in H>O at 0°C.
The orifice 1: 20 V, orifice 2: 5V, ring lens voltage: 10 V. Experimental conditions: [1%3] =
0.50 mM, [H2'90,] = 100 mM.

a
—|2+
H{/\D)‘\/H ‘
O, N N
3 [} O
° °
HN(\(—-N c\ NZ\\HH
HN=CU Cu=HH
Q.u/ i ‘N>>
53 A 538 540 542 H e WV
label m'=
a [L1F3 + 2Cu(Il) + **0O*OH]** = 537.09

400 600 800 1000 1200 1400

Figure 3-15. CSI MS spectrum of 2% formed upon reaction of 173 with H,'30, in H,O at 0°C.
The orifice 1: 20 V, orifice 2: 5 V, ring lens voltage: 10 V. Experimental conditions: [1%%] =
0.50 mM, [H,'*0,] = 100 mM.
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3-3-5. 1¥iC X 2 ER{LHY DNA YIBriEE

Supercoiled plasmid pUC19 DNA (Form )% 38 & L €, H,0,IC & % 1X D DNA YIkiE
% pH 6.0, 37°CTi#{~7. DNAERIDKEIZI S 2 F 272010, AN EEAE 1
D DNA YIWriG i & e L 72, Form1 205, —AFHYIWTIC X 2 BRIK DNA (Form I) & =K
SHYIWIIC X 2 [E IR —AEE DNA (Form IID2SERK T 224, 2 b2 7 e — A7 VER
KENECTOHNT - TR L. Y AEHEB XU Form 1, I, 1 OE|E (%)% % L% 1L Figure
S3-1, TableS3-1 IZ/nd. 1P3 B X IM3 T X %2 DNA YIHTIC B % FormI DIEEE X
OF Form IIT O ¥EIMEN (%) O REE#R#E % % 412 4 Figure 3-14 ISR 9.
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g % -1 e O |—e— 1
o ° 5
< 40 1 ‘e 40r —o—1
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Figure 3-16. Time courses for the decrease of percent of Form I (A), (C), and the increase of
percent of Form IIT (B), (D) upon reaction of pUC19 DNA (50 uM bp) with 1 (red), 17!, 1™
(light green), 1¥2, 1M2 (light blue), and 173, 1™3 (purple) (50 uM) in the presence of H,O» (0.5

mM) at pH 6.0 (MES, 10 mM) at 37°C. Experiments were carried out at least three times.
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Figure 3-16 (A), (C)IC/R 3 Form I DIFE X, Ht—JOREGmICHE - 72, % DF5R % Figure
317 0CR . 1P, 1R, ML M o IGHRBEERNE, FhE N 3.2, 7.1, 3.5, 2.5%x107
min' G, 1D 23x102min"' X Vb FICKZT 02, 1P E 1M D23 & 1.5%x 102min™
NS o7z, 2o OFERIE, FormI 2> 5 Form I ~DZ8 1, %6\ PEG-) ¥ 1 —T
EHhILIEI NS, B v —TiEI w2 LTS, —7,
Figure 3-16 (B), (D)IC/R"3 & 91, FormIll 4RI, 1XD PEG-Y v h—%%< T %1%
ERECMEEIND ZEDBHL L 0T, A—2¥—=a A LD Form | 3EAZHE%
FiH Form I ~OZEHTEH L, EA DR VEIRD Form 11 2> 5 Form III ~ D286 |
ZERMONT WS, SHOFERLS, ) v —I{3 Form II 2> & Form III ~DE\»
A FRRIICET 2 2 L 2SS 201078 5 72,

lMl

(A) (© (D)
4F ' 1.4F
12 L i, =0.032 20 Kaps = 0.071 15l Kope=0.023
10 R2=0.982 R2=0.983 R?=0.982
s, ° ] 815 I "o
< [= 08 ; < |=< <|=< 08
1| 1140l 11
5 DG.S o = 91'0 o| <08
<[ 04 pis <D =L 04t
= £ 05+ E
0.2 : 02
%% 10 20 30 40 s 6o 0% 40 20 w0 40 005 10 15 20 5 w0 0040 2 s 40
Time (min) Time (min) Time (min) Time (min)
(E) (F) (&)
30 k= 0.035 30 ke = 0.024 1o Kae=0015
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Figure 3-17. Pseudo-first-order plot of the decrease of Form I in the reaction of 1 (A), 1%
(B), 172 (C), 173 (D), 1M (E), 1™? (F) and 1™ (G) (50 uM) with H,O, (500 uM).
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Form III i% Form 1 @ ZAFHYIMTIC X VBT 5. Form T EAKIC X, FormII AERKIC &5
F 2 —[EH O VIR EAT 2 & 10 HE AN OERSE 2 VM3 2 L3823 H 215, 2 Z T,
Form Il 22K IC 3 1F 52 DNABER DIREIZ 52105 5729, HiO, & 1 £72131¥8 D3
K o SIS B % Form 1T DAEKE &%) &, b OfEir SR L 72 [ H oY)k
DIEEEIAAX1)% Table3-2 1/R T, [E L PEG-Y v —DEI TOWIRT, P-V v /1 —
I M-U v — X0 2 e HYUIM O3 % 7R L 72 (Figure 3-18). Z#uiE, 1730
DNA FEAEMA M D2z X ) b 2fFERE W & & —3L Tk, A HYK 2 DNA
BATIEINZ L EZRLTWS, 51T, 173 3 FE D K6 T 47%D Form 1l %
AL TEY, i Xoh TR EREIGRE? o7, £, HHEUIEORES]
AA¥1)E PEG-V v A= b ic oMLz, L7z2->T, 1M DWW P-Y v
71— 1% Form Il AEfKIC B\ T 7s DNAERICTH 2 L2 5. T DOfRIE, 1Mo
F6\» P-U ¥ — 2 phenanthrenyl 2D 4 v 2 —Hh L —> g v & L C ALSHERAL 2 6%
CHEE L, —[E H o I ERT 2 & X 0 D 7R P o M $E T o L [E H D Y & g
LTWw3sZeZz/RLTWnE,

Table 3-2. Yield of Form 111 (%) in the 3 h reaction by 1* or 1
and enhancement rates (1%*/1) in the DNA dsb

Form III (%) Enhancement rate Form III (%) Enhancement rate
Complex . Complex .
in3h (1%/1) in DNA dsb in3h (1*/1) in DNA dsb
1" 47 £ 1 22 ™M 23+3 11
17 23+4 11 M2 9+2 4
1P 7x1 3 ™3 4+1 2
1 2+1 1 1 2+1 1
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Figure 3-18. Time courses for the decrease of percent of Form I ((A), (C), (E)), and the

increase of percent of Form III ((B), (D), (F)) upon reaction of pUC19 DNA (50 uM bp) with

17123 with phenanthrene (red) (50 uM), and 1'% with methyl group (purple) in the presence

of H,O, (0.5 mM) at pH 6.0 (MES, 10 mM) at 37°C. Experiments were carried out at least

three times.
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X H i, DNA VIl o iR IC B - 2 [EH 2 15 5 728012, KI(H,0, FHFAl & DMSO (&
Fu s 59 (HO)HER)Z VT 17 i1C X %2 DNA VK OHEEERZIT-72. %
DR % Figure 3-19, S3-2 ¥ X Uf Table $3-2 IC/~ 3. DMSO (1.0, 5.0, 10 mM){F-7E [T
lZ, FormI DA b Form Il DM HEF S Neh o7, L7zv3o T, HLEUED HO-IX
DNA UIRTICB G L Cwiawn e wz 5. —7F, KI(1.0,5.0, 10 mM)!¥ FormI OJ§4* & Form
I OEMEHE L 72, $5ATE T Tl Ho0, Z 12 TH FormI DJEA & Form I DN
iz A LB TN T, ZOFERIT KI 2° p-1,1-hydroperoxodicopper(I)#5 14 % 12
TCE L7z %R LTWwWb, L7zA - T, p-1,1-hydroperoxodicopper(ID#i {423 DNA ]
WrOMEAIERECH 2 Z L AR I LTz,

(A) (B)
100; 100 —e— None
DMSO 1 mM
_ O ~ 80r DMSO 5 mM
2 2 DMSO 10 mM
— 60 = 60~ Kl 1 mM
E £ ) —o— KI5 mM
4ol £ 400 ' —e— KI 10 mM
< <
=z Z /
o =
20f 20+ /
oL Q 0 ' :
0 100 200 300 0 100 200 300
Time (min) Time (min)

Figure 3-19. Time courses for the decrease of percent of Form I (A), and the increase of
percent of Form III (B) upon reaction of pUC19 DNA (50 uM bp) with 17! (50 uM) in the
absence (red) and the presence of DMSO (1 mM (orange), 5 mM (light green), 10 mM
(green)) or KI (1 mM (light blue), 5 mM (blue), 10 mM (purple)), and in the presence of H,O»
(0.5 mM) at pH 6.0 (MES, 10 mM) at 37°C. Experiments were carried out at least three times.
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3-3-6. 1X DMIfAAEGAR & Bl

X offifaEE TN~ BUARICIKFET 2 L E 2 bbb, % 2T, HelLafilg(2.5
x 10° cells/mL)ICxf L T 1X (25 uM) % 48 FefElfEH & & 72ROl NEGARE %, ICP MS
ZHWCHilat o SCu EAEZME L TRED o 7200 7, 1Xoffilasmtticns 2
DNA BE OB ZH O 2T 272010 1 &R L 72, 1, 171, 172, 173, M1 M2, ™3
DHIfEH D 5Cu (mol))/(BEEHF D Cu (mol)) DEIA X, ZNZ N 2.04, 492, 438,
3.70, 3.55, 1.72, 125%TH Y, 1P3HI W IM3 % 1 LB L 72 & 2 OMIfaNEGALL
RKAX)IL, FNREFN 241, 215 181, 1.74, 0.84, 0.61 TH - 7=(Table3-3). THL5HD
BRI, 1" OMIENEBUARIZ M3 XD b @ ol 2D v A—23K< %3 Ll
FEBUAE KT L7z, MIEBUAE D VU v h —RMKEME T, 1773 13 phenanthrenyl 2 D
RPN 72728, Vv =% KA LTH 15%E TL2EA Lawvw, M3 clidy
VA=A XBLEHTHY, Vv h—%RFT5L35%FTIRALE Hic, #
HPEITRN~DE Y AR ICHET 2 A[eER D 5 720, 1X OELHME% 1-octanol/H,0
% TONTRE(log Pow)?1 2> HHEE L 72, 1, 17, 172, 1%, 1M IM2) M3 0D og P, fiE
X, FNEFN-238, —122, —1.14, —0.98, —1.39, —1.22, —1.11 TH Y (Table 3-3), 1XD
BUBMEIX P-2» MU vAh—2c ko T, RV vA—%ELTZLICLoTHhTH
Kr kL7, 2abnZ ers, 173 Ol ~DE Y iAHIL, BiltETidz <, P
[ ERH#IE T & % phenanthrenyl ZE D JZEE M IC & o TIREI N TW B T L RKBR I N7z,

Table 3-3. Hydrophobicity (log Pow) and [Cu in cells]/[Cu in culture medium]

Y Hydrophobicity | [Cu in cells]/[Cu in culture medium] | Enhancement rate (1%/1)
(o2 For) (%0) in cellular uptake
1" -1.22 4.92 2.4
17 ~1.14 4.38 21
17 -0.98 3.70 18
™ 139 3.55 17
™ -1.22 1.72 0.8
" -1.11 1.25 06
1 ~2.38 2.04 1.0
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3-3-7. X offifamEt:

R4 7Aoot 3 2 1X o izt % MTT assay®300c X 0 3 L 7z, AHAEHESE 50%
PH 2 82 (50% Inhibition Concentration, ICso fE) 1%, 24 Bffil7e > Uit 48 BfEfEH < ¥ 72 1%
DI AEFEZE (%) vs log [1X]D 7wy MICX DIRIE L7z, 1XD ICsofiiz, % 41% 21 Table
3-4, 351, LI, 4 vFax— FEETTCOZEMIDIEER I I 1M D%
EWZEETRINAR 7 P I X > TGBRIFL 72, % OFEE % Figure S3-3 1IC/8d. 72 I
BTHIME MDRART PVIFRESELL D o722 850, TN DKOME
FEA Vv F 2= PR TEEICRIFEINT VS LRI N,

KAz 1-CH % HLIX DML ERM: 1Z, Table 3-4 1/R 9 X 912, & TOMIEKRICH I % 1Cs
fiEi(24 WE[ED A3 1000 uM X D K ¥ <, ZRHIADEEA L 0 13 2 2 c s MEn 2 &
PRI Nz, F7z, HLIP' & Cu(ClOy), % [FIRFICHN 2 72 77 T CFfT o 72 MTT assay D
B, ICs fEQ24 W13 4 T OMIfarR I LT 1000 uM BA_E 77 - 72(Table 3-4). L 7=
235 T, HLIP & Cu(IDA # v 2 HfF X ¢ 2720 ¢, Ml AN A X v b
13 % 2 ITfE v, HeLa M@ 42 171, 172, 1%, B X U1 D ICsfl (48 KiliDix, *h
ZFh 218, 56.6, 66.4F X660 uM T, 17, 172, 1P offifadEttm ERaX)ix, Zh
Zi 30, 12, 99 TH o 7. MilasErEm E30%, MEN~DOBUAMEER L Y 11X 2 2
RK&Dpolz, UEOHEIY, XofilamtEit p-) v i1 —DFEICK > T, 72 PEG-
Yy =%k T2 LICEoTRELMETEEBHAL 2L o7z, T, I
H® DNA VIl DR 1%1)28 PEG-Y v A — %L T2 ik oTimy sz & &
MEAL T3, L2 L, HeLafAZIicxts 2 1M, 1M2, 1M o [Cs fil(48 FEFE)IX, Z N2
199, 257, 283 yM T, PEG-V v /1 —H 4 XiTiFF & A EKFE S, 1D 660 pM X
D 23 fERERMLELZZTCTHho . Lo T, M-U v —idfilasmt:s s E 0
M EXdRna Eaibdorz.
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Table 3-4. In vitro cytotoxicity of 1%, Cisplatin, HL1%, and HL1™ put with Cu(CIlO.),

against various cancer and normal cells by means of MTT assay (24 h) (Mean + SD)

Complex

1

lPl

1P2
1P3
lMl
1M2
1M3
Cisplatin
HLI
HL1"
HL1??
HL1"
HL1M!
HL1M?

HL1M3

HL1P'+
Cu(ClO4)2

ICso (nM) (Mean = SD)
Cervical Lung Pancreas
HeLa A549 WI-38 PK-59 2C6
SF SF
(Cancer) (Cancer) (Normal) (Cancer) (Normal)
1,740 £ 110 1,430+ 40 2,960 + 30 2.1 1,060 +0 3,340+ 10 32
97.3+0.4 94 +5 2311 2.5 122+1 238+ 4 2.0
156 1 91.6+10 269 £5 29 110+3 238 +8 22
216 £ 2 227+1 325+9 1.4 219+3 3071 1.4
5012 3914 665 +3 1.7 208 +1 557+ 18 2.7
650+ 8 427 %1 680 7 1.6 242 +12 665 +3 2.7
1140+ 70 448 + 2 702 +2 1.6 294 +2 7554 2.6
233+023 535+082 6.33+0.13 1.2 266+085 3.16+0.12 1.2
>10,000 >10,000 > 10,000 - > 10,000 > 10,000 -
> 1,000 > 1,000 > 1,000 - > 1,000 > 1,000 -
> 1,000 > 1,000 > 1,000 - > 1,000 > 1,000 -
> 1,000 > 1,000 > 1,000 - > 1,000 > 1,000 -
> 1,000 > 1,000 > 1,000 - > 1,000 > 1,000 -
> 1,000 > 1,000 > 1,000 - > 1,000 > 1,000 -
> 1,000 > 1,000 > 1,000 - > 1,000 > 1,000 -
> 1,000 > 1,000 > 1,000 - > 1,000 > 1,000 -
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Complex

lPl

1P2
1P3
lMl
1M2

1M3

Cisplatin

Table 3-5. In vitro cytotoxicity of 1, 1%, and Cisplatin against

various cancer and normal cells by mean of MTT assay (48 h) (Mean + SD)

ICso (uM) (Mean + SD)

Cervical Lung Pancreas

HeLa A549 WI-38 PK-59 2C6
SF SF

(Cancer) (Cancer) (Normal) (Cancer) (Normal)

660 + 28 284 + 16 838 £ 82 3.0 241 +4 1140 + 50 4.7
21.8+6.5 20.9+0.6 215+ 20 10.3 11.8+25 90.4+28 7.7
56.6 +1.8 23.8+24 218+3 9.2 184+1.6 104+ 38 5.7
66.4+2.7 71714 2683 3.8 57420 1281 2.2
199 £11 2067 431+ 32 2.1 1471 552+5 3.8
257%1 247+ 18 527+9 2.1 152+9 657 +12 4.3
283 £22 279+8 636 + 16 2.3 161 +4 675+5 4.2
0.93 £0.01 1.834+0.03  4.55+0.03 2.5 201+0.02 1.15+0.08 0.6
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1X @ HeLa Ml T DNA VWD P-B5 X M-V v /1 —DIEEIZH L 20T 5 720,
Table 3-6 i7" 3 X 51, Z[01H ® DNA YJWT(DNA Form III & 4R DIEHEZH1¥/1) (A) &
HeLa #ifE~ DM@ NEBOAMEEFA¥/1) (C)D* 5, HeLa MlEANIC I W CTHAfF X 115 DNA
W DIRHEZK1X/1) (A)(C) % HEE L 72, Figure 3-20 i, 13 B XN IM3 2o,
HeLa fAEPNIC 3 THARE & 11 5 DNA YT o 23 (1%1) (A)x(C) & HeLa Ao xf 3%
Mfa#EED 1 Bk 7uy P L, IS BI0IMS 07wy M, ZRFNMEE
23044 B XU0.053 DEME LG 272, b fEidr s, MidsEE s Mg ciiffans
DNA YIWr 1%, 1712 Tl 44%DFHBE S 2 23, 1M Tidb 32 5%DHEA L 227 5 - 7.
P-VU v 71— ZHHAEA T D DNA YJiT & fifgE: z el icm X720 L, M-Y v

— ISt < DNA VIl 2 1) B X 27223, #ilgmEzize A mbE3dhwn, Zo%H
Fix, P-V v Ah—I3MAEN TH phenanthrenyl 234 v X — AL — % —& L T DNA ICFF
RICH S L C DNA Ul 2 e L Ciiflastt 2 m L3 ¢ 525, M-Y v 71 — 3R
fi ey D 7= D ICHINEN TIE DNAYIMT 2L w2 & 2R LT 5,

Table 3-6. Data for plot of expected enhancement rates (1¥/1) in DNA dsb in HeLa cells
(A)*(C) vs. enhancement rates (1*/1) in cytotoxicity against HeLa cells (B). Enhancement
rates (1¥/1) in DNA dsb (A) and enhancement rates (1*/1) in cellular uptake (C) are used

to estimate (A)x(C)

(B) Enhancement rate | (C) Enhancement rate
(A) Enhancement rate

Complex (1¥/1) in DNA dsb (1*/1) in cytotoxicity (1*/1) in cellular (A)X(C)
against HeLa cells uptake
1 1 1 1 1
1™ 22 30 2.4 52.8
172 11 12 2.1 23.1
17 3 9.9 1.8 54
M 11 33 1.7 18.7
™2 4 2.6 0.84 3.36
M3 2 2.3 0.61 1.22
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Figure 3-20. Plots of expected enhancement rates in DNA dsb in HeLa cells (A)x(C) shown
in Table 3-6 vs. enhancement rates in cytotoxicity against HeLa cells (B) for 171 (red line)

and 1™ (purple line). The slopes of the red and blue lines are 0.44 and 0.053, respectively.

RIS AMIBLEIR B IC O W Tl 2. A549 (iliASA), WI-38 (il #H), PK-59 (i
23 A, 2C6 (WEREIE #)HILIC /T 3 1X D 1Cs fiE(48 i) % Table 3-5 1789, A549 #l
ficRtg 2 1, 17, 172, 17 0 1Cs fiEi(48 IRFff) 1, % %4284, 20.9, 23.8, 71.7uM T
by, MrAMIECHT 2 172 ofife#EtEix, P-V vAh—DEASB XU PEG-Y v 71—
ELTRCLICIY, KEmbETacedRani. LaLl, WISl s 3
171, 172, 173 D ICs fil(48 KRN IX, ZiZ 4215, 218, 268uM TH Y, P-U v H —I3fifi
DIEFMIC 2 173 ofifgsEtE 213 & A YA Eed, PEG-Y v 1 —DH 4 XITHK
LW ERbhb., Lo, P-V v h—ixpAMdERNFEEZm X3 e
Wz B, BAMBLEIRIEENE %, Table 3-5 107~ 353 IRE K F(selectivity factor, SF) = (IE
HHIIL D ICso)/(AXAMILD 1Cs0) TEFM L 72. A549 & WI-38 Ixf9° % 17, 172, 1P D SF
fililx, ZNZN 103, 9.2, 3.8 THYH, M3 D 23-2.1 % Cisplatin D 2.5 X Y 133 »
Ko7z, 2o X5, 1P IR AMIGLERNFEEZ 728, 1M Cisplatin 113
EACEREZRE R o7, £72, B\ P-U v —i3 172 028 A MR T %
RELMEXE720, IM3TIEIPEG-Y v —% A4 XOMBIE o7, £72, 1P31%
R D A3 A PK-59 & IEH 206 123 LT b 28 AMIRLEIRINEEE 2 /R L7228, 1M (3% IR
PE% 7R X 72 > o 72 (Table 3-5). filids X Ol D 23 A MHAE & IEHF AT Cxf3-% 1”1 @ SF fE
X, FNFN103FBLUL7T7THY, 1A 1XICHEWTRD &0 MR A%
AT TR Loz, UEDOKREI D, FwP-U vh—iT, 23AMISERNEHE
It T 7z DNAERTH 5 Lz 5,
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3-3-8. 1" OMIfENRE

17123 D 23 UMRELEIR A B D A 7 = X L% RIS 5 7290, JLEE s BRiER & F o Gl
NI C D JRTE Z §f -~ 7281, 1713 (200 uM) % & 5 © HeLa Ml % 1 RFfE A v F 2 X
— ML, Ibav Y T7HREHRTHS Mito Tracker Deep Red (50 nM) THLHE L 7=,
Z Dk, WIREMNIETE % L S PEMET CHIER L /2. SHE SUBEMEE i L 72 IEi{R % Figure
3-19 WRT. AR HHEtirEh T h, RaInzIba v P T EHilENO
PP OEFEMNEBEZRLTWS, BERAbEZERO%EOL S, 1323 ba vy FY T
JHEL TWwW3 Z ibpr 5, Table3-7 133 X 91T, Imagel & W 72 lGLHIC X Y,
TPV FYTOHBED 7% 1MPThHOONT WL LRGN L o7z,

X 5T, 4°CE 37°COEMH T2 NE N T 1P 2 /EM & ¥ 728D HeLa Mllfc % £ f A
S CHIMIL 7-. %= OfE% % Figure 3-21 IC/R$. 37°CEMF F D HeLa Mg 2 b2 v ¥
U7 CBIEI N IS OFEAOES, 4°CHRHETOI Pavy FITThBEINL,
DOFER I, 1M DM~ Y IARITT Y FH 4 b =2 2 Tld7a <, FICHEBEREE
WKLo TR BT ERRBLT WS, Tz, ZOREIT 17 OMIEA~DHEL Y JAA D
P-V VA —DEEEEIC L > CTREI NS &) EidoffRe —E3 5. b, g
IO LT, =V P34 P —v R XD S EEEERO T BAENTH L LEZLND,

Table 3-7. Each area (%) in the image of 17-* against HeLa cells

Area (%)
Mitochondria Complex Co-localization
Complex Complex
in the image in the image in the image
in Mitochondria
(red) (blue) (purple)

17 4.0 2.3 0.7 17.5
17 10.6 2.3 1.7 16.0
17 8.5 4.2 1.5 17.6
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Bright field Complex Mito Tracker Merge
©) ’

1P1

1P2

1P3

Figure 3-21. Confocal microscopic images of 171 (200 uM) in HeLa cells on 1 h incubation
in the dark. Bright field images (A), (E), and (I). Blue fluorescence indicates the fluorescence
of 171 (B), 172 (F), and 1** (J) (Jex = 405 nm). Red fluorescence indicates mitochondrial
staining of Mitotracker Deep Red FM (50 nM) (Thermofisher) (C), (G), and (K) (4ex = 638
nm). (D) Overlay images of (A)—(C). (H) Overlay images of (E)—(G). (L) Overlay images of
(D—(K). Scale bar is 20 um.
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37°C

Complex

Complex

1P1

1P2

1P3

Figure 3-22. Confocal microscopic images of HeLa cells. (A, B, E, F, 1, J) 171 (200 uM), 1%2
(500 uM), and 1% (800 uM) were added and then incubated 1 h in the dark 37°C condition.
(C, D, G, H, K, L) After preincubation for 1 h in the dark 4°C condition, 17! (200 uM), 1%
(500 uM), and 1% (800 uM) were added and then incubated 1 h in the dark 4°C condition.
Blue fluorescence indicates the fluorescence of 17!, 172, and 1%* (J) (Aex = 405 nm) Scale bar

is 20 um.
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3-3-9. Apoptosis assay

MRS RE % E 3 % 72012, Yetaf| & LT FITC % #¢iE# & L CH T % Annexin
V (Annexin V-FITC) & 2 vt 7' 1 &' 7 L (Propidium iodide, PI)B?% F\>, fluorescence-
activated cell sorting (FACS)IC X Y #ild D&ER| #1To 7. TH P —v Afildz EET 5 7=
DIT, 1P, 1P F 7213 13 (24 IR EITE IR D & 1Cs0 fil) % & L5 C HeLa Al % 1 Iy
Mz Ll 12 BEREE L2, 55172 Q1-Q4 D Fy b7 ey b X UCHIEOE & %
Figure 3-21, Table3-8, 3-9, 3-10 IT/nd. HH BTl 7= X 9 ic, 1IRFEET TR, 1-12
R O K58 T 15.8%DMIIE T L, 85% B HIHAT A b= XA TH - 7233, 17, 1P T
1, 12 Rl o5 © 1R X D S IEHEMINE Y 2 L2 4L 271, 18.8% ML, WIHAT A b
— YA 100%E 89% TH o7, ZDXHIC, 13 I TR - RFERRE L, T
b T AP =T RAFFEEK 100%D 1M Tz dEmMilgEE AR Lz, —4AT, 13 XD D
MR EDME S IMS3 (X, Table 3-10 ISR T Q1-Q4 DEIADL LB AL L HICT R b —
v RFFER MK o Tz,

(A) (B)
None i 11 ) None . 1P
) 1 Ty Ih o Ih
= U =
E TR £
2 e
2 2
=% f=3
£ g
ih 12h 12h
Annexin V-FITC Annexin V-FITC
©)
None M 12 1M

Ih

[T A e

. oy .
. wi i . |
e PR . 3 i - -~
g ¢ Tl 1. g : gl
b “ b “ b s o
A B TR
o

Propidium iodide

12h

Annexin V-FITC
Figure 3-23. Induction of apoptosis by 1*! (A), 17 (B), and 1M'-? (C). Annexin V-FITC and
PI fluorescence were measured by flow cytometry. Representative dot plots of dose-
dependent effect of 171, 17, and 1M!-3 (each ICso value at 24 h) on apoptosis of HeLa cells

treated for 1 h and 12 h. A total of 10,000 cells were collected per sample.

95



Table 3-8. Induction of apoptosis by 17! against HeLa cells

None (12 h) 1.2 0.0 0.1 98.7
l1h 0.7 0.1 1.1 98.2

1P1
12h 0.4 0.1 28.5 71.1

Table 3-9. Induction of apoptosis by 17 against HeLa cells

None (12 h) 1.1 1.2 10.6 87.1
l1h 3.6 3.5 3.9 89.0

1P3
12h 2.4 6.8 20.6 70.2

Table 3-10. Induction of apoptosis by 1™'-* against HeLa cells

None (12 h) 2.5 0.3 73 89.9
1h 1.1 0.3 7.1 91.6
1M1
12h 0.7 0.8 14.3 84.2
lh 53 0.8 7.7 86.2
1M2
12h 0.4 1.3 18.4 79.9
1h 0.4 0.9 9.9 88.8
1M3
12h 4.2 0.7 11.4 83.7




3-3-10. W R AN—EEHET v A

AR DFEHER LY, 1M3E I b a vy P TIKREL TP R b — v R #lifast 2 85
B5ZENRHLDPE IR oT. T T, TRV ADPNKREREZNL CGETT 2085
DEFRDIZDIC, =T —R— - HRAN—ETH S Caspase-9+¥ b L7 27 % — -
5 A= TH % Caspase-3/7T0+ SN L TIXDH Z =T v 24 2fTo7-. &
AL & 17- Caspase-9 1ZFHZ AL & L T Leu-Glu-His-Asp (LEHD) % §%3#% 4~ 2 B¢, % = ©,
MifElE e 26 L, EEx, LS 7z Caspase-9 I AAWICKE &3 % FITC-
LEHD-FMK % >, Casopase-9 D& % 5 L 7257, HeLa Mg % 1 % 72 1% 1X(97.3 uM,
24 WEEFHIED 171 D 1Cso fil) % & o © 1 Ffffl s X N 12 KffEA v F 2 _—F L /=
%, MIMEZIE23L CPEH L, FITC-LEHD-FMK f#7E FC 30 /3[4 v F a2 ~— b L 7.
FACS TEE L 7ziHMEAL X 7172 Caspase-9 DFER % Figure 3-22 I/~ 7.

X 5T, Caspase-3/7 ihitEx T~ 5 720 1c, WEMEAL X N7z Caspase-3/7 23R AL L L
Tilik 3 % Asp-Glu-Val-Asp (DEVD)D ~ 7'F FEH|B8% 453 % CellEvent® Caspase-3/7
Green Detection Reagent™ % > THIE 217 o 72, & OiEEIL, FCHI0s UM T 115 & DNA
EDEEENL THWEHEZFHT S, L7220 > 7T, Casopase-3/7 itk 13 % D d1 658 5
OHEE TN D, Capsase-9 DHEE & [FIFRIC, HeLa MifdZ 1 F721% 1X (97.3 uM, 24 Kef]
TEHFED 1P D 1Cso ) % & T < 1 Frffl s X O° 12 FffEl A4 v F 2 x—F L 214, #
fi7% 1323 L CPEHF L, CellEvent® Caspase-3/7 Green Detection Reagent f7-7E [ C 25 3] 4
Y¥a~xX—} L7, FACS TiER L 723G ML & N7z Caspase-3/7 Dt % Figure 3-22 (T
R 124 v F 2= T, 1P E IS X D D Caspase-9 B X O Caspase-3/7
EHEZRL, 2O LI 1M RD Er o7z, Lo T, 1P fhofik X b (K8
JECRIFRIICNEE ff HAREICE > CIba vy FUT TR = R%2FHET 5 2 LA
Do & Tn o 72344041

AR X 50, 1°11E Ho02 1T X % DNAdsb Tl d = \Widith 2R L, 28 A I#EIR =
bbb @Erorz., LedoT, 1MDEW P-Y vh—i, AHAMAOI bavy FY 7
PRREREEIC X o THIINL 72 Hy0, L DKIGT I b2 F U7 DNA VI 2 e+ 5 C &
T, DBAMIERNHEZR L2 eE2x b5, Thbb, 1M IZBAMIETIE
Fay FYUTDNAYIBIICK D I bavy FPUTTRE = RZ2FHET 25, EFEMET
1% Ho02 IREE DS LR 72 0 ICFFE T2 7, S AMBLERNFEEIC O35 LFEZH
na.
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Figure 3-24. Caspase-3/7 activity (A) or Caspase-9 activity (B) in HeLa cells measured using
a caspase fluorometric assay kit when treated with 1 (red), 1°* (light green), 172 (light blue),
173 (purple), 1M (green), 1M? (blue), and 1M (pink) (97.3 uM (ICso of 17! at 24 h)) for 1 h and
12 h. Results are shown as the mean £ SD from five independent experiments. (**p < 0.001;

two-tailed Student's t-test)
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3-3-11. 17 & 2t a v Y 7TEREZEADIEEE D 5 AMIGER I O B

Iba v FY 7R L LT terpyridine BLfiZ-(ttpy)(C triphenyl phosphonium F(tpp) % #ii
& & & 72 AL E (D FE R [Cu(ttpy-tpp)Bra]Br (Figure 3-25)i%, I Fa v FU T %N LT K
P =Y R X o THAMBICH L CEuHllgmE 2R3 2 L BfE I T 30
[Cu(ttpy-tpp)Br2]Br 1%, IGMERERFEROS)DFA % i L 72H&{LH) DNA VIl <, 23A MM
Wt U CHlifgEEtE % 7~ L 7z, [Cu(ttpy-tpp)Bra]Br @ 23 AMAEEIR I EE M 1, & W HAE A EL
DirHm L I bav F) TREMICE > GERI LTV, —F, 173 H0, ZiGMHE(L 3
% L THAMBLERMEFEEZ R L, SREPAMETIZI bay P 7 olaeREC
L0 O BEREFEMEL Y beeEW E2FALEZbDOTH S, ERE, 1P 1A
AATRE(AS49) T3 LT, BIEFMAEWI-38) X b b 103 fFEuwiildstEs Rl 7z 20
X 91T, 1™ Mg EME X [Cu(ttpy-tpp)Bra]Br & ) K128, B 28 AMIIGERMEZ R L
7z, 51T, 17 @ DNA UIKnEME & il %, PEG-Y v — %R <55 2 & THHI
iz L, 108 AMBLERPFES M ELZ, 2o bid, 17 02 AMBLERE
BMEIX PEG-) v A —DRICL-oTHIITEL L ZRL TV, - T, A HH
U 72 RSN SR O 28 AMIBEE IR EE 1R, 5%, PEG-V v 71— DR X% DNA £
WA s b2 2 bick b, i bd2rRElnd 5.

Figure 3-25. Chemical Structures of [Cu(ttpy-tpp)Br:]Br.
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3-4. #iw

ARETIE, —HD DNA B/ ZACEN FAE SR TH % HL1X (X = Pn, Mn (n = 1-3))
& % O DR [Cua(u-OH)(L1)](Cl04), 1% % A5 L, DNA #i&rfHES), DNA YW
M, AMREANBCAR, MIREEEICE T 5 DNA BERERA O BE % 5l L 7z, 1Xo [0 H
D DNA YJWiiZ X % Form II 2> & Form I ~DZ 1%, DH o HHS P I AL ()R A7
ZEET ST EPARERE W PEG-) v I — It X o TRELGE I N2, 1X DflfigsEHE
|2, DNA BERJERAZE LCP-) v i —% w3 Z LR PEG-Y v hH—%FHL T3 LTk
S>THELZ2, M-Y v —Tldif bk LAas-7-. —[HoD DNA YIWGEH: & et
1%, 1712 Tl 4% DR D - 7225, M3 TlE LT 2 5%DOHBE L 2 7%do7-. 2D
L5, P-V v —XMIEN TOREMN 7 DNA &%/ LT[l DNA YT % (it
LCifesttzm X ¢ 2208, M-V v — 3 JERFRN 2SS D 7=, HlgNTo DNA
TIT & e 3T, MifREE 2 EX e n 2 AR I N, 1P, Ml X OO

AfIREE X CIEFEMAZICN L, X TR b M S AMIBGERNEEZ R L. 2 51T,
HREAATEAL, Apoptosis assay, /1 A N—EVEHET v 1LY, 1IP3 R Itav Y
TTHRM=VREFET LI ERHL2IC R o7, Lo T, IMOHE W P-Y v —
X, SPa v FUT7T7HRF=V R0 L TCHAMBLERGEEZ M X ¢ 2 & iEmaT o
LN, TNEBEELL, HOP-) v A—28, BAMIIED I b3y Y THEREREIC X
STHMU7z HoO, EMGT 22 ETIhavy F U7 DNA Ui # iS22 7-0TdH 3
LEZ NG, KW TIT o T\ 5 DNA BEERAL o EI D A X, ZEA 7 RITEH %
W B HTRIBSAKIOBIFICHZ S5 2 5200 Lo,
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3-5. KB
3-5-1. AK

AEICoOnTIE, ARPHEECEEZIRE, SMERSZHDEMEE TR, FRUAL,
Y= T AR Yy FHEDOERL AL BEICOWTE, ARICHC2 b0}
BTG U CHEJEZAEE L 72, supercoiled plasmidpUC19 DNA 1E, = v KV ¥ —vtknrbH
AL a2 L7z, 7o SRk D 74 F o U KiklgF + ) 7 L fi(type 1,
fibers) I¥ Sigma-Aldrich 7> & [ A L 72. Apoptosis assay (¥, eBioscience™ Annexin V
Apoptosis Detection Kit FITC (Invitrogen) % f | L C#IE L 7z. Caspase-3/7 #fi ¥ (%
CellEvent™ Caspase-3/7 Green Flow Cytometry Assay Kit %, Caspase-9 314 1Z CaspGLOW™
Fluorescein Active Caspase Staining Kit Z i /H L CTHIE L 72, ZESRADEEA 1 1355 30k
078§ - T, TALERADEER 1721355 B 0 A IE 2-5-3 12t > TEA L 7=.

3-5-2. HIEEE

TJCRHT(C, H, N)iZ, Perkin-Elmer #1:# Elemental Analyzer 2400 II % F\»CHIZE L 7z.
UV-vis BN A~ 2 b i, Agilent #181 8454 S84 RIHR R 2 W CHIE L 72, pH
HIZE (X, HORIBA #! LAQUA electrode % EEMERRMTIK CHIE L 7242 I1CHIE L 7z, Electron
spray ionization MS (ESI MS) 3 X Uf Cold spray ionization MS (CSIMS) A~ 2 b+ v id, HA
7 1% JMS-T100CSRX the AccuTOF CS % I\ > T, MeOH, MeCN % 7z 13 H,O Z AR L L
THIE L7z, SRIMRAR) A~ 2 b v id, SHIMADZU Single Reflection HATR IRAffinity-1
MIRacle 10 THIE L 7z, 'HNMR A~ 72 iz, HABFH ECA-500RX 7 — U T
i SR AL G 25 (500 MHz) 2 fEF L, FRHEY)H & L T tetramethylsilane (TMS) ¥ 7z 1%
sodium 3-(trimethylsilyl)propionate-2,3-3,3-ds (TSP) % FH\WCHIE L 72, HE A <27 b (g,
HITACHI Spectral fluorometer F-7000 T#Hl%E L 7=. MM #{d 7€ & 1, SHIMADZU
Inductively Coupled Plasma Mass Spectrometer ICP MS-2030 % F\» CHIE L 7z. MTT assay
l%, Thermo Scientific™ Multiskan™ FC % F\ > CHITE 217> 7z, L SBAMSE X, Nikon
Instech fEBUFLEE L — 0 —BEMERE A1 ZH w7z, 7 —3%4 b X P U —(F, Invitrogen
#1:#4 Attune NxT Focusing Cytometer % F\» CHIE % 17 - 7=.

101



3-5-3. ECAZF(HL1Y) & Z O AN H1Y) (X =Pn and Mn (n = 1-3)) D&)X
1,7-Ditosyl-1,4,7-trioxaheptane (12 (n = 1)) D &K

2000 mL = IS% %5 I [Al#5F, Diethylene glycol (11 (n = 1)) (31.0 mL, 0.233 mol), p-
toluenesulfonyl chloride (87.0 g, 0.456 mol), CH,Cl, (750 mL)% il 2. 72. T ZIKIpICiRL
T X, ZZIChIRIC L7z KOH(110g, 1.96 mol) 2 Loz, NoZE AL 723
N— v REY AT, 0°C ICfRo72F £ 3 RFEIHEFE L 72, ROCEERIC H.0 (450 mL) % Al
Z, % CHCly (3 x 200 mL) T/ L 72, HHEIE I Na,SOs I 2 THK L 724, X
yFxCHEBLT, BiEr—4 ) —T AR — 2 —TCilEd % & HOERI S L.
Z 1% hot acetone IC A X & CHAHM X & 5 & HEFEAIS 5 1172(92.5 g, Yield 88%).
'H NMR (500 MHz, CDCls): 6/ppm = 7.78 (d, J = 8.0 Hz, 4H, Ph), 7.35 (d, J = 8.0 Hz, 4H, Ph),
4.09 (t,J=4.6, 4.2 Hz, 4H, CH>), 3.61 (t, J= 4.6, 4.2 Hz, 4H, CH,), 2.45 (s, 6H, CH3).

1,13-Ditosyl-1,4,7,10,13-pentaoxatridecane (12 (n = 3)) D& Ak

500mL R 7 7 R 2 IC[MELT- % AfL, RIS ERIC Tetraethylene glycol (11 (n=3)) (19.6
g,0.10 mol), p-toluenesulfonyl chloride (40.5 g, 0.21 mol), CH,CL (300 mL)Z iz 7=. Z#
FKIBITIR LD LS, Z ZIhikic L7z KOH (43.1 g, 0.77 mol) %7 L 42
Z, BREBLIAV—VTEO= 3y 720 13, BKAERELRE, 0°C 1o
2% ¥ 3R L 72, MIGAESIC H,0 (160 mL) % i 2 72, CHaCly (3 x 100 mL) T4y
WL, BHEIC NaySOs Z N2 THIK L 7248, X v F = Tiiitd L TP ED CH.ClL T
AR, EEEED T, A —% ) =T KL — % — Tl 3 L EaoMRYE»
o N72(56.6 g, Yield quant.). "HNMR (500 MHz, CDCl;): 6/ppm = 7.78 (d, J= 8.0 Hz, 4H,
Ph), 7.33 (d, J = 8.0 Hz, 4H, Ph), 4.15 (t, J = 4.9 Hz, 4H, CH.), 3.67 (t, J = 4.9 Hz, 4H, CH,),
3.52-3.61 (m, 8H, CHa), 2.44 (s, 6H, CHs).

1,7-Diazido-4-oxaoctane (13 (n = 1)) D &K

M#EF % A7 300 mL F 27 F X 2iC 12 (n = 1) (56.9 g, 0.137 mol),
tetrabutylammonium iodide (2.56 g, 6.93 mmol), sodium azide (37.8 g, 0.581 mol)% < D Z,
X HIC N FEHSA T TDMFQ00mLYE M A2, =J7a vy 7, »b— v 2R T Chis ik
DEFRERZ L7tk 80°C T 24 I L /2. KISHHRZ EIMMICKE L7z, DMF %
TR LILA TR Z 1572, 2 ELO B00 mL)IN 2 CTARAEE 2 X v F = TiEE L,
B % H.O (3 x 100 mL) THrE L 72, AH%E I NapxSOs % il 2 THEIK L 724, =)<
L CTAHED ELO THWVIAA, ERE P —X ) —T VKL — X — T % Lt
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DIIRYE 353 5 1172(18.3 g, Yield 85%). 'H NMR (500 MHz, CDCls): §/ppm = 3.70 (t, J =
5.2,5.2 Hz, 4H, CH,), 3.4 (t,J = 5.2, 5.2 Hz, 4H, CH,).

1,11-Diazido-3,6,9-trioxaundecane (13 (n = 3)) DA K

13(n=3)iF, 13(n=1)EFAOTIET 12 (n=3)%Fk & LTAKL, Etoilky
H & LTH S N7z (Yield 85%). 'HNMR (500 MHz, CDCl;): 6/ppm = 3.59-3.74 (m, 12H, CH,),
3.40 (t,J= 5.2 Hz, 4H, CH,).

1-Amino-7-azido-4-oxaoctane (14 (n = 1)) D A%

[B]#57- % A4L72 1000mL 7~ A 7 7 2 212 13(n=1) (18.3 g, 117 mmol), EtOAc (165 mL),
IMHCI (208 mL)Z fll 2 7z. 200mL %43/ T im=<} Z HL Y fH1F, % ZIC triphenylphosphine
(29.5 g, 112 mmol) % EtOAc (165 mL)ICiAfE & B 7218 % A, ML KB L AR LW o
SO T L7z, 12 R, 1000 mL 3= OGS 2% L, EtOAc JE Z LY FR ¥,
¥ o 727KJE % EtOAc (3 x 115 mL) T/ L 7z. EtOAc JEZHL Y fr %, Z O/KfED pH
% 1 M NaOH /KiFi# T 14 12 L 72%%, CHCl; (3 x 280 mL) % Jill 2 CT43#E L 7=. CHCL; J& i<
Na;SOs Z A THK L 7242, X v F = ClE#E L THE®D CHCl; THEVIASL, JER%Z v
— XY —IANKL—X—TiEfEdT % L EHBOREIELNZ5.1 g, Yield 99%). 'H
NMR (500 MHz, CDCls): 6/ppm = 3.67 (t,J= 5.2, 5.2 Hz, 2H, CH»), 3.54 (t,J= 5.2, 5.2 Hz, 2H,
CH.), 3.40 (t,J= 5.2, 4.6 Hz, 2H, CH,), 2.90 (t,J = 5.2, 4.6 Hz, 2H, CH,).

1-Amino-11-azido-3,6,9-trioxaundecane (14 (n = 3)) D &K

14 (n=3)F, M4 (n=D)LFEKOFIETI3I(n=3)%Fk L LTAKL, EEoilkY
B L LTS5 L7z (Yield 82%). 'HNMR (500 MHz, CDCls): ¢/ppm = 3.66-3.71 (m, 8H, CH>),
3.61-3.66 (m, 2H, CH,), 3.51 (t, J = 5.2 Hz, 2H, CH,), 3.40 (t, J= 5.2 Hz, 2H, CH,), 2.87 (t, J =
5.2 Hz, 2H, CHy).

N-(5-Azido-3-oxaoctyl)-3,5-diformyl-4-hydroxybenzamide (17 (n = 1)) D &K

1000mL R 7 7 X2 &Kz L, 16(2.95 g, 15.2 mmol), CHCI; (100 mL) % fill 2. 7=.
14 (n=1) (6.6 g, 50.7 mmol) % CHCl;(100 mL)IC# A L CTHM 2 72%%, EDC<HCI (9.75 g, 50.8
mmol) & EGN (7.2mL, 51.6 mmo) Z Ml 2. 72. WikZERiEL L, —MEHRL 2. Zo%, 1
M HCl 300 mL)Z il 2 CEIM T L S L 2. TLC (v V A7 v, REAEE :
EtOAc/MeOH 10/1) THGIBHR L TIHREIZNE & A X\ 2 & 2SR L 724, 2000 mL 4318
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WSHC L CHEBEAZILD L 72, AREEIC Na,SO, Z A CTHK L 721, X v F =T
TR L 72, B A D Tr — X ) — T NF L — & — i, LWL 72, 2% CHCL
(90 mL)ICiAfF & &, HoO (3 x 30 mL) THMlieis L7z, AHEEIC NaxSOs 2 THIK L
7214, Xy FoTCEBEBL. EREe—2) —T oKL — X —Cila, BT 58
RGO DEE2E S 72(3.37 g, Yield 72%). 'H NMR (500 MHz, CDCls): §/ppm = 11.9 (s,
H, OH), 10.3 (brs, 2H, CHO), 8.52 (s, 2H, Ph), 3.68-3.74 (m, 6H, CH>), 3.42 (t,J = 5.1 Hz, 2H,
CH>).

N-(11-Azido-3,6,9-trioxaundecanyl)-3,5-diformyl-4-hydroxybenzamide (17 (n = 3)) D &5

17(m=3), 17(n=0)L ERDOTIETI16 & 14m=3)%Fk & LTAKL, XELD
Gk & L CTIF 5 L72(Yield 67%). 'HNMR (500 MHz, CDCls): §/ppm = 11.9 (s, H, OH), 10.3
(brs, 2H, CHO), 8.52 (s, 2H, Ph), 3.62-3.75 (m, 14H, CH>), 3.37 (t, J= 5.0 Hz, 2H, CH,).

5-((5-Azido-3-oxaoctyl)carbamoyl)-2-hydroxyisophthalic Acid (18 (n = 1)) D& X

300mL 727 7 A2 ic[AfizT, 17(m=1)(3.37 g, 11.0mmol), Ag,0 (7.89 g, 34.1 mmol)
A, Z ZICH0 (70 mL) A X & 72 NaOH (3.64 g, 90.9 mmol) % /il 2 T 60°C CT—
MeddHE L 72, 2z im/NE D hotH,O THEd L 7223 S MlILE =} 2 v TG EE L, I8
WAKIRITIR LRSS 2MHCl #EHWCpH 2 112§ 3 &, HOB GOz &
N LR s s L, BEZEigd 2 & HOER 2S5 72(3.23 g, Yield 87%). 'H
NMR (500 MHz, DMSO-ds): 6/ppm = 8.56 (t, J = 5.2 Hz, H, NH), 8.48 (s, 2H, CH), 3.62 (t, J =
4.6, 5.2 Hz, 2H, CH,), 3.56 (t, J = 6.3 Hz, 2H, CH>), 3.40 (t, J = 4.6, 5.2 Hz, 4H, CH)).

5-((11-Azido-3,6,9-trioxaoctyl)carbamoyl)-2-hydroxyisophthalic Acid (18 (n = 3))D &K

18(m=3)%, 18(n=1L FAKOFIETITm=3)%FR & LTAHML, ATEEE L
THF b N 7z(Yield 69%). 'HNMR (500 MHz, DMSO-ds): 6/ppm = 8.44 (s, 2H, Ph), 3.56-3.80
(m, 14H, CH>), 3.38 (t, /= 4.8 Hz, 2H, CH>).

5-((5-Azido-3-oxaoctyl)carbamoyl)-1,3-di((V,N’,N”-4,7,10-tris(tert-butoxycarbonyl)-
1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (19 (n = 1)) D &K
200mLF A7 FRAIICEHay 7, N)— v ERY AT CEZEEGEL 72, KGRI
18 (n=1)(2.40 g, 5.08 mmol), N,N-diisopropylethylamine (DIPEA, 1.7 mL, 9.90 mmol), DMF
Q0 mL)%Z M 2 T L7z, % ZICTDMF (10 mL)IC A 2> L 72 N,N',N "-4,7,10-Tris(tert-
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butoxycarbonyl)-1.,4,7,10-tetraazacyclododecane  (10) (530 mg, 1.57 mmol) , 1-
[bis(dimethylamino)methylene]-1H-benzotriazolium 3-oxide tetrafluoroborate (TBTU, 1.50 g,
4.67mmol)Z Ml 2 7z, MK OEFREMHL 7212, FERCTEN L TP/, v—
2 Y —INKRL—X—TiRfET % L EERIERSEL 7. ZHICH0 (60 mL)% fil 2,
CHCl3 (4 x 60 mL) T/ L 7=. BHEE ICNa,SO. 2 M 2 Tk L, X v F = TR L 7214,
BB T 5 L R oEERBIEL Nz ChES YV ATAAT LI ST T 4 —
(gradient from EtOAc to EtOAc/MeOH 10/1) THE#I L 72. HIWWIDBA->TWwWB 777> =
vEEOTr -2 ) - oNKL — X —TiRifi L, BEXEEERT 2 LaaEiErFons
(1.39 g, Yield 71%). 'H NMR (500 MHz, CDCls): 6/ppm = 7.86 (s, 2H, Ph), 3.33-3.70 (m, 38H,
CHy), 3.36 (t,J =5.2, 4.6 Hz, 2H, CHy), 1.28-1.52 (m, 54H, CH3). ESI MS (MeOH m/z, positive
mode). Calcd for [19 (n = 1) + 2Na]*": 646.4. Found: 646.1. Calcd for [19 (n =1) + Na]": 1269.7.
Found: 1269.1.

5-((11-Azido-3,6,9-trioxaundecanyl)carbamoyl)-1,3-di((V,/V’,N’-4,7,10-tris(tert-
butoxycarbonyl)-1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (19 (n =
3)DERK

19m=3)I%, 19(n=1)EFAOFIET10 & 18(m=3)%JFE & LTHMKL, BEHEIEK
& L% 5 172(Yield 49%). 'HNMR (500 MHz, CDCls): §/ppm = 7.87 (s, 2H, Ph), 3.21-3.83
(m, 48H, CH»), 1.26—-1.53 (m, 54H, CH3). ESI MS (MeOH m/z, positive mode). Calcd for [19 (n
=3) +2Na]*": 690.4. Found: 690.2. Calcd for [19 (n = 3) + Na]": 1357.8. Found: 1357 4.

5-((2-(2-Aminoethoxy)ethyl)carbamoyl)-1,3-di((V,/V’,N’-4,7,10-tris(zert-butoxycarbonyl)-
1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (20 (n = 1)) D &K

200 mL F A7 7 A CEREML NV —vNfED=J7ay 7 2]Y 1T, [T
& 19 (n=1) (301 mg, 0.241 mmol), 10% Pd-C (275 mg)% AL, MeOH (15 mL)% /il 2 7=.
JOCHE ez X BRERELR L 7218, BAUKREDRL, KRFERG T B L
7z. RIGDEEIT% ESI-MS 27 bV TIEBFL TIHBD W 2 & ZRERE L 7218, & 7 4
FEEEZITD, ERE T2 ) — T AR — X —CRffiL 7. ThEABEEGET LA
B E R 23 5 4172(266 mg, Yield 90%). ESIMS (MeOH m/z, positive mode). Caled for [20 (n
=1)+ H]": 1221.7. Found: 1221.1.
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5-(11-Amino-3,6,9-trioxaundecanyl)carbamoyl)-1,3-di((V,N’,N”-4,7,10-tris(tert-
butoxycarbonyl)-1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (20 (n =
3)DER

20m=3)%, 20(N=D) L FEHKDOFIETI9Im=3)%FR & LTAKL, AGEEL L
T 5 N7z (Yield 93%). ESI MS (MeOH m/z, positive mode). Calcd for [20 (n = 1) + H]":
1309.8. Found: 1309.8.

5-((2-(2-(Carbamoyl-9-phenanthrene)ethoxy)ethyl)carbamoyl)-1,3-di((N,N’,N-4,7,10-
tris(zert-butoxycarbonyl)-1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene
21 (n=1)DERK

100 mL [ F R 7 7 A2 [H#ET-, 20 (n=1) (169 mg, 0.138 mmol)% AL, THF (10
mL)ICIE D L 72, EtN (86 pL)Z Mz 7z, 1%, KBHFCTHMLAERL AL S
Phenanthrene-9-carbonyl chloride (8) (34.0 mg, 0.141 mmol)% THF (10 mL)ICiADL72H @
ZANAY =TS KD ATz, AEREIRRE, KBIRL 2P OW|AE L2, 1
[P, ERC—MHHR L7z, =% ) -z KL —X—T THF 2#@ET 5L, B
BoEEIE SN2, % DA% CHClL(100mL)ICES L HO (3 x30mL) TH#w L, A
PRI NaxSOy 2 2 THK L 72, iR, To3K L — 2 — Tl i3 5 & g ]
TR/ onz, chzv VAT VAT L= 2T 7 4 —(gradient from CHCl; to
CHCl/MeOH 10/1) THE#L L 72. HIIDB A>T 3b 757 v aviEEHTr—& ) —x
NEL— X — TR L, BREGERET 5L AEEE2E S 72115 mg, Yield 58%). 'H
NMR (500 MHz, CDClz): /ppm = 8.71 (d, J = 8.0 Hz, 1H, Phen5), 8.67 (d, J = 8.4 Hz, 1H,
Phen4), 8.35 (d, J = 8.4 Hz, 1H, Phenl), 7.90 (s, 1H, Phen10), 7.89 (d, /= 7.3 Hz, 1H, Phen8),
7.82 (s, 2H, Ph), 7.60—7.72 (m, 4H, Phen2, Phen3, Phen6, Phen7), 3.30-3.81 (m, 40H, CH>),
1.26—1.52 (m, 54H, CH3). ESI MS (MeOH m/z, positive mode). Calcd for [21 (n = 1) + 2Na]*":
735.4. Found: 735.1. Calcd for [21 (n = 1) + Na]*: 1447.8. Found: 1447.2.
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5-(9-phenanthrene-11-carbamoyl-3,6,9-trioxaundecanyl)carbamoyl)-1,3-di((2V, V',V -
4,7,10-tris(zert-butoxycarbonyl)-1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-
hydroxybenzene (21 (n = 3)) D& K

21m=3)i%, 21 (n=D) L FKDOTFIET8 £ 20 m=3)% ikl LTAKL, HATEEK
& L CiF 5 7z(Yield 81%). 'H NMR (500 MHz, CDCls): 6/ppm = 8.71 (d, J = 8.6 Hz, 1H,
Phen4), 8.68 (d, J = 8.0 Hz, 1H, Phen5), 8.36 (d, J = 8.0 Hz, 1H, Pheng), 7.92 (s, 1H, Phen10),
7.90 (d,J=8.0 Hz, 1H, Phenl), 7.83 (s, 2H, Ph), 7.58-7.74 (m, 4H, Phen2, Phen3, Phen6, Phen7),
3.06-3.87 (m, 48H, CH), 1.26-1.53 (m, 54H, CH3). ESI MS (MeOH m/z, positive mode). Calcd
for [21 (n=3) +2Na]*": 779.4. Found: 779.0. Calcd for [21 (n=3) + Na]": 1535.8. Found: 1535.5.

[3,5-di(1,4,7,10-tetraazacyclododecane-1-carboxyamide)-4-hydroxybenzenecarboxy]-
(phenanthrene-9-carboxy)-3-oxapentane -1,5-N,N’-diamides6 HCI (HL1"'«6 HC1) D & X,

100 mL A7 7 2321 21 (n = 1) (699 mg, 0.490 mmol) % A#l, EtOH (6 mL)ICiEA L
7. 12MHCI2mL)ZW > < Y einx 7%, —WERL 7~ L -aaEExzbED
EtOH CTHEW a2 6 B L, BEZEwET 2 & A OEE S D 1172(449 mg, Yield 88%). 'H
NMR (500 MHz, D,0): 6/ppm = 8.88 (d, J= 8.0 Hz, 1H, Phen4), 8.84 (d, /= 8.0 Hz, 1H, Phen)),
8.11 (d, J = 8.0 Hz, 1H, Phen8), 8.08 (d, J= 8.0 Hz, 1H, Phenl), 7.93 (s, 1H, Phen10), 7.90 (s,
2H, Ph), 7.64—7.86 (m, 4H, Phen2, Phen3, Phen6, Phen7), 2.65-3.93 (m, 40H, CH,). ESI MS
(H20 m/z, positive mode). Calcd for [HL1?! + 2H]*": 413.2. Found: 413.0. Calcd for [HL1"' +
H]*: 825.5. Found: 825.1.

[3,5-di(1,4,7,10-tetraazacyclododecane-1-carboxyamide)-4-hydroxybenzenecarboxy]-
(phenanthrene-9-carboxy)-3,6,9-trioxaundecane-1,11-N,N’-diamides6 HC1 (HL1*+6HCI) D
=10

HL1%+6HCI (X, HLI1?6HCI & [FEkDOFNET 21 (n =3)Z ikl & L CHAKL, HEH
k& L1557z (Yield 85%). 'H NMR (500 MHz, D,0): é/ppm = 8.87 (d, J = 8.0 Hz, 1H,
Phen4), 8.82 (d, J = 8.0 Hz, 1H, Phen5), 8.17 (d, /= 8.0 Hz, 1H, Pheng), 8.05 (d, /= 8.0 Hz, 1H,
Phenl), 8.02 (s, 1H, Phen10), 7.75 (s, 2H, Ph), 7.69—7.83 (m, 4H, Phen2, Phen3, Phen6, Phen7),
2.90-3.90 (m, 48H, CH»). ESI MS (H,O m/z, positive mode). Caled for [HL1®® + 2H]**: 457.3.
Found: 457.2. Caled for [HL1%* + 2H]*": 457.3. Found: 457.3. [HL1™ + H]": 913.5. Found: 913.5.
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5-((Me-5-carbamoyl-3-oxaoctyl)carbamoyl)-1,3-di((2V,N’,N”-4,7,10-tris(tert-
butoxycarbonyl)-1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (22 (n =
1)).

100 mL +& 7 7 2=21iC 20 (n = 1) (200 mg, 0.164 mmol) & K,CO3 (70.0 mg, 0.506 mol)
% AN, CH.Cly (5 mML)ICIEDL7=. % 21T, CH.Cly (5 mL)ICiAfE X 7= acetyl chloride
(35.0 L, 0.493 mmol) %Iz, EHRELL 72, —WefHBEL 2%, EHEL 7~ JEiK%E HO
(3x 10 mL) T/ L, HAHEIEIC Na,SOs Z M A Tk L 72, @, T KL —%X—T
B Z RT3 L BOERI SN, B VAT AT LU~ T T 4 —
(gradient from EtOAC to EtOAC /MeOH 10/1) THEHLL 72, HIIR A>T w5777 v 3
VEED T -2 ) —ToNF L — X —CiRii L, EZEFREET 2 & HEEEIEL N
(103 mg, Yield 50%). *H NMR (500 MHz, CDCls): é/ppm = 7.86 (s, 2H, Ph), 3.41-3.56 (m,
40H, CH,), 2.01 (s, 3H, CHa), 1.26-1.67 (m, 54H, CHs). ESI MS (MeOH m/z, positive mode).
Calcd for [22 (n = 1) + 2Na]?*: 654.3. Found: 654.0. Calcd for [22 (n = 1) + Na]*: 1285.7. Found:
1285.5.

5-((Me-9-carbamoyl-3,6-dioxaoctyl)carbamoyl)-1,3-di((V,N’,N”-4,7,10-tris(tert-
butoxycarbonyl)-1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (22 (n =
2)).

22(N=2)1%, 2(n=)LFEAKDOFIET20m=1)ZFEEE LTARL, AGEEL L
T1H 5 N 7=(Yield 45%). H NMR (500 MHz, CDCls): 6/ppm = 7.88 (s, 2H, Ph), 3.35-3.66 (m,
44H, CHy), 1.95 (s, 3H, CHs), 1.30-1.54 (m, 54H, CHs). ESI MS (MeOH m/z, positive mode).
Calcd for [22 (n = 2) + 2Na]?*: 676.4. Found: 676.0. Calcd for [22 (n = 2) + Na]*: 1329.7. Found:
1329.5.

5-((Me-11-carbamoyl-3,6,9-trioxaoctyl)carbamoyl)-1,3-di((2V,N’,N”-4,7,10-tris(tert-
butoxycarbonyl)-1,4,7,10-tetraazacyclododecanyl)carbamoyl)-2-hydroxybenzene (22 (n =
3)).

22(n=3)IF, 2(n=1EFAKOFIET20m=3)%JF7r & LTAHKL, HEFEAKE L
T1§ 5 172 (Yield 48%). *H NMR (500 MHz, CDCls): 8/ppm = 7.86 (s, 2H, Ph), 3.36-3.63 (m,
48H, CHy), 1.95 (s, 3H, CHs), 1.25-1.49 (m, 54H, CH3;). ESI MS (MeOH m/z, positive mode).
Calcd for [22 (n = 3) + 2Na]?": 698.4. Found: 698.0. Calcd for [22 (n = 3)+ Na]*: 1373.8. Found:
1373.5.
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[3,5-di(1,4,7,10-tetraazacyclododecane-1-carboxyamide)-4-hydroxybenzenecarboxy]-(Me-
carboxy)-3-oxapentane-1,5-N,N’-diamides6 HCl (HL1™'«6HC1) D £

HLI1M'6HCI (X, HL1™6HCIl & [AkDOFNHET 22 m=1)Z)FZk e L CTHAKL, HERE
Re L TH 5 N7z (Yield 90%). *H NMR (500 MHz, D,0): é/ppm = 7.86 (s, 2H, Ph), 3.07—
3.90 (m, 40H, CHy), 1.96 (s, 3H, CHs). ESI MS (H.0O m/z, positive mode). Calcd for [HL1M! +
2H]?": 332.2. Found: 332.0. [HL1M! + H]*: 663.4. Found: 663.2.

[3,5-di(1,4,7,10-tetraazacyclododecane-1-carboxyamide)-4-hydroxybenzenecarboxy]-(Me-
carboxy)-3,6-dioxaoctane-1,9-N,N’-diamide*6 HCl (HL1M26HCI) D & X

HL1M26HCI (X, HL1"e6HCIl & [FIEkDOFNET 22 m=2)ZJHkt L L CTHAKL, HEE
A& L <18 b N7z(Yield 95%). H NMR (500 MHz, D,0): é/ppm = 7.96 (s, 2H, Ph), 3.04—
3.94 (m, 44H, CHy), 1.99 (s, 3H, CHs). ESI MS (H.O m/z, positive mode). Calcd for [HL1M? +
2H]?*: 354.2. Found: 354.0. [HL1M? + H]*: 707.5. Found: 707.3.

[3,5-di(1,4,7,10-tetraazacyclododecane-1-carboxyamide)-4-hydroxybenzenecarboxy]-(Me-
carboxy)-3,6,9-trioxaundecane-1,11-N,V’-diamides6 HCI (HL1"3«6HCI) D & %

HL1™%6HCI (X, HL1"e6HCIl & [FIEkDFNET 22 m=3)ZJiklL L THKL, HEEH
AL LT 5 N7z (Yield 98%). H NMR (500 MHz, D,0): s/ppm = 7.90 (s, 2H, Ph), 3.09—
3.95 (m, 48H, CH,), 1.99 (s, 3H, CHs). ESI MS (H2O m/z, positive mode). Calcd for [HL1M? +
2H]?*: 376.2. Found: 376.0. [HL1M? + H]*: 751.5. Found: 751.3.

(D EER 17 DA

100 mL F 2 7 7 Z 21 HL1P'«6HCI (103 mg, 99.0 umol)% AL, 1 M NaOH % Jill 2 T
pH 238 LA LTH 2 L MR L7tk | RFHEZEIEL 72, ZD%%ED CH.CL Z N
A7z, NapSOs Z N2 THIAK L7214, €74 PE#EL 7z, @iKEzr—X ) —Z KL —X
— Cisf, BT 2 L AEEERSE 5 1 72(57.2 mg, 70%).

XIT, 100 mL —HF A7 7 XA 2 \iz+ % A4, H0 (200 pL)IC A X & 72
Cu(Cl04)2*6H,0 (36.4 mg, 139 pmol)Z MM X 7z. Z ZIT N, 7 & — L 72255 H,0 (200 pL)ic
iR 2RO HBEEKE Ry =L TWw S Y X, ¥ 51T 1 MNaOH %/l x T
pH % 8 iC L7z. ESIMS A7 F VTR F2Ko T L 2R L 7212, v —X&
Y — T ANKRL — X — Tilffi L 72. MeOH (200 pL)% il 2 TIAA L 7214, %8 D ELO %
2% LAREERBITH L7, Sz dElE L, AT 2 L@ ERE S5 1 72(65.5 mg,
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81%). Anal. Caled for [Cux(u-OH)(L1P)](Cl04)2*NaClO44H;0: C, 38.82; H, 5.03; N, 10.29.
Found: C, 38.96; H, 4.96; N, 9.81. ESI MS (H,O m/z, positive mode). Calcd for [1?! — OH —
2Cl04 —H]*": 474.2. Found: 474.0. Calcd for [17! — 2C104]?**: 483.2. Found: 483.1. Calcd for [17!
— ClO4]": 1065.3. Found: 1065.0. IR (KBr): wem™ = 2870, 1628, 1533, 1443, 1362, 1300, 1273,
1090, 953, 932, 837, 810, 781, 756, 729, 691, 654, 623.

—RSAD G 17 OB

1703, 1P L [FABRD FIET HL1P6HC 25kt e LTAamMKL, fkElike LcRHon
7z(Yield 75%). Anal. caled for [Cua(pu-OH)(L1%)](Cl04),28H,0: C, 41.20; H, 6.05; N, 10.01.
Found: C, 41.39; H, 5.59; N, 10.2. ESI MS (H,O m/z, positive mode). Calcd for [17* — 2C104]*":
527.2. Found: 527.1. [17 — ClO4]": 1153.31. Found: 1153.32. IR (KBr): v/cm™' = 3744-3134,
2928, 2878, 2020, 1726, 1632, 1537, 1443, 1360, 1300, 1273, 1246, 1076, 1001, 988, 953, 930,
839, 812, 786, 756, 731, 700, 656, 623.

ZRSAADERE 1M DK

MU, 1P L [FERR D FIET HLIM6HCI Z 5kt & L CHM L, fktalllke LTiRon
7=(Yield 90%). Anal. Calcd for [Cuz(u-OH)(L1MY)](CIO4)2+6H20: C, 33.46; H, 5.98; N, 12.59.
Found: C, 33.70; H, 6.23; N, 12.85. ESI MS (H,0 m/z, positive mode). Calcd for [1M? — 2CI04]?*:
402.1. Found: 402.0. Calcd for [1M! — ClO4]*: 903.2. Found: 903.0. IR (KBr): v/cm™ = 2908, 2029,
1624, 1539, 1437, 1364, 1302, 1271, 1082, 988, 930, 880, 850, 837, 812, 790, 766, 692, 667, 648,
625.

RS ADEEE 1M DGR

M2, 17 & ERED FIEC HLIM6HCI Z 5k e L TAKL, fEEke L TiHon
7z(Yield 73%). Anal. Calcd for [Cua(u-OH)(L1M%)](Cl04)224H20: C, 35.36; H, 5.93; N, 12.50.
Found: C, 35.08; H, 6.00; N, 12.25. ESI MS (H,O m/z, positive mode). Calcd for [1™* — OH —
2Cl04 — H]*": 415.1. Found: 414.9. Calcd for [1M? — 2C104)*": 424.2. Found: 424.0. Calcd for
[1M2 - ClO4]": 947.3. Found: 947.0. IR (KBr): v/cm™ = 2875, 2054, 1628, 1547, 1445, 1368, 1302,
1275, 1083, 950, 932, 840, 810, 785, 772, 690, 654, 620.
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“EESADEEE 1V DA

M3, 17 LRI T HLIM6HCI Z 5kt & L CTAMK L, fkElifke L TRon
7z(Yield 80%). Anal. Calcd for [Cux(u-OH)(L1M%)](C104)223H,0: C, 36.65; H, 5.98; N, 12.21.
Found: C, 36.55; H, 6.02; N, 12.30. ESI MS (H,O m/z, positive mode). Calcd for [1™® — OH —
2Cl04 — HJ*": 437.2. Found: 437.0. Calcd for [1M3 — 2C104]*": 446.2. Found: 446.0. Calcd for
[1™3 —Cl104]*: 991.3. Found: 991.0. IR (KBr): wecm™ =2905, 2054, 1628, 1553, 1445, 1360, 1275,
1085, 935, 885, 850, 805, 700, 654, 613.

3-5-4. EtBr ik

EtBr (3.3 pM), ct-DNA (20 pM bp), NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM) & 72 % X
IICHHEE L 7=, Z OVEIRIZ, NaCl (10 mM), buffer (pH 6.0 (MES (10 mM))IZ A fi# & 4 7z 1%
%400 uM 1272 % £ T2 uM DREIFRTIN A 72, 37°C, 510 nm THIE L 72862~ b v
1, 520-800nm DHIFH TEP L 72, FEETEE Ky ML, AT IR FTH(D)E AW CEE
5L 72, [complex]iZ EtBr D H TR AS 50%I84 L 72 IRt DR D 1X DIREE, Kewe=1.1
x 10’M™, [EtBr]=1.65uM % H\ 7=,

Kgpr[EtBr] = K,pp[complex] (1)

3-5-5. DNA JH7sEER

1X ® DNA YIWiiEH: %, pUC19 DNA % vy, 7H v — 27 AVELRREEIC X - T
flil7z. 1.5mL =T v <Y F =2 —7IC NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM), pUC19
DNA (50 uM bp), 1¥(0-50 uM), H,0, (0-500 uM) & 72 % X 5 ICFHBL L 7230 & Iz, 37°C
DEEFFCA vF¥ax—v a3 v L7 0,10, 20,30,40, 60, 120, 180, 300 53 HICH v T L%
RHL L, loading buffer (0.025% bromophenol blue, 0.025% xylene cyanol FF, 1.0 mM EDTA
and 30% glycero) # W TR IE% 7 = v F L 7. &% v 7% TAE buffer
(Tris/acetate/EDTA) % FH W CHERK L 72 1% 7 v — R vica—7 4 v 27 L, 100 V T
1 RIS kE % T > 72. % D%, EtBr (0.5 pg pL )Pt % 1 KffT\>, VILBER
LOURMAT E-BOX-CX5.TS Edge-20M Z W THZ AN Y FEIFEH L -, ELEZAV
%, Form I OYEHHIESE 1.06 Z >, Image] ¥ 7 bV = TICX > T 217072, Z
DHE (LA 3 \IfTV, FEMEZ & 5 7.

FHERGFE TIcE T % 1M © DNA UIWHEEE, 1.5 mL =y < v F 2 — 7 NaCl (10
mM), buffer (pH 6.0 (MES), 10 mM), pUC19 DNA (50 uM bp), 1*! (50 uM), H>O, (500 uM),
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FHEFI(DMSO F 7213 KI, 1-10mM) & 72 % X 5 8L L 720 & v <, B o FHEA
IEFTET L Rk OEE 21T 5 2 & TR L 7.
3-5-6. p-1,1-hydroperoxodicopper(INFEE X DHEZR
171, 17 D MeCN A (0.25 mM) % 2 [+ 12 AL, —30+0.2°C ICff > 72, % 21 Hy0,
D MeCN AR EEA I L T 10 eq) % il %, 290-850 nm D #iFH T2~ 27 F L ZBHFL 72,
F 7z, 17, 1P OKIFIRIC Hy'°0, £ 72 13 HoSO. IKVE % N 2 72 D 2L % CSI MS T
B L 72,

3-5-7. MHREER & % OREESERMF
HeLa (b b &2 AMINE) X RIS RS LR EEHE, B2 o) % 7-.

A549 (& b Hii2s AAHAE), WI-38 (b b AfIERE ML), PK-59 (& b HEh&2s A M) & X O 2C6
(& b B ) XA LA IE T N4 A Y v — AFE R v 2 —(BRC) (ZK, HA)D
LEEA L7-. HeLaffift, A549#flifc, WI-38 fifitlds X O PK-59 MAE (%, ZFAR LI (fetal
bovine serum, FBS) (10%), penicillin (100 units mL™"), streptomycin (100 pg mL™") % fill 2 7=
Dulbecco’s Modified Eagle’s Medium (DMEM, high glucose), Dulbecco’s modified Eagle’s
medium (DMEM, low glucose), Minimum Essential Medium Eagle (MEM) ¥ 7z (% Roswell Park
Memorial Institute 1640 Medium (RPMI 1640)55#5i8 % = 112 W T, 5% CO» #=EE, 37°C
DT CREE L 72, 2C6 Mifidix, HAEAF Y > iE (newborn calf serum) (10%), 2 A VI
iH (fetal bovine serum, FBS) (5%), 5 Ifli& (horse serum) (2.5%), penicillin (100 units mL™"),
streptomycin (100 ug mL™") % il 2 7z Mixture F-10 Ham (HamF10)55#&# % F\»C, 5% CO,
WREE, 37°C DRMET THEL ..

3-5-8. 3-(4,5-dimethylthiazole)-2,5-diphenyltetrazolium bromide (MTT) assay

96 well 7L — M IC blank & L CHMiD A% 151, K5HIC 10 x 10* cells/mL 1272 % X
I IR X R 72 MIBE % 1 well ICD ¥ 100 uL 32 control & A DI v T Ky DI iR
&, 5%COE, 37°C DEMHFFTA vFa~— a3 v L7z HeLaffiid & A549 fificic
B L Cld 24 Wf#%, WI-38 #ilfE & PK-59 #ifE, 2C6 AMALICBI L T i 48 eftifs, K5z
BT PBS(H) T2 Mg L7-. 2D, v 7ASciZZNENOEEICHELL 72 1¥
L HLIX D ¥ v 7 (1-1,000 uM) %, blank & control FIC (ZK5HED B % 1 well ICD
T 100uL T2z, 4 v Fa—va v L7z 24 Bs X 048 Weflltg, BiHb 2R\ C
PBS(—)T 2 [H¥Ei% L, MTT reagent (5 mg mL ') & 55ih% 1.9 D EIS TRA I ¥ 72 AK %
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Iwell ICDZ 100uL $OMAFHEAL v Fax—va v L 3K, TAEL—%—
TR Z W] L 72, E4RH DMSO % 1 well iIC2 % 100 uL $ 2z 7. 3 43y = 4
7 LTI L7z~ v & TERICAMRE & 721, 570 nm DOWLEEE % W EEHIE 87 ©
HE L7z, ZofER X0, 1XOMAaiEhE 50%FH 5L (50% Inhibition Concentration, 1Cso
)2 HH L7, 2 OWE TRl 3 BT, HEERZ & o7,

3-5-9. ICPMS T X % HeLa fil@N DA A viREDER

BT 4 v ¥ 2(p60 mm)iT 2.5 x 10° cells/mL 1 FH%L L 7= HeLa Ml © BT % 4 mL
MZ, 5%CO R, 37°C DFEMFET T2 A v ¥ ar—va v L FHizlrv,
PBS(-)T 2 [P L, 1X ZiAfE X 4 72 B R (25 uM, 4 mL) 2 Il 2. 7z, 5% CO» IR/,
37°C DEAET T 24 BB X N 48 4 v ¥ 2 —v = v L7z, B %Ry C PBS(-)
T2 [\ L7214, trypsin (0.25%) CHllIEZ 1323 L T 15 mL O@ELEICHE L 2. @O0
BEL, Wil E T AL —2 =TS L7-. PBS(-)(1mL)% Nz C#E X &, HEELY
BEL 7z, W T AL —x—TW5| L7=%, PBS(-)(500puL)Z M CRE X 72, *
AT v 2 —CTHIIEEZ B A T, 1 x 106 cells 77 DHIIZAR % HT L > 15 mL DmiLE I
U Cliflazid U7z, MBS 2 a4 70% HNO; KEERR (250 pL)ICiED» L CA— 2
Y v Vi Teflon® FEP (10 mL)ICF% L 7212, 60°C T 3 IRefEINEILIE % L 72, % D14,
Z ZITH0 250 pL)Z Mz 72, Z OAAEARL(2 > 10° cells/L, 35% HNO3) % ICP MS-2030
THIE L, MAZN O % E & L 7. ICPMS-2030 1 X % HI5E 1%, EEEIERTICRIEL 7-.

3-5-10. BUKME7 7 X aIRBIRIC X 553 BfREL (log Pow) D HIE

1X D BefR B (log Pow) % 7 7 A afREIRIC X o CEHli L 7z, £ 37, WIE I3 % H,0
B X U 1-octanol IFMH Z A LTI L, BIFMRREIC L 2. 1X D/KIEW (0.1 mM, 3
mL)IC 1-octanol 3 mL)Z 2 T, 4 WL 72, % D%, l-octanol VAR & H,O 157 HfE
L, TNZNDERDEF AR PVERHIGE L7z, 0L NOERICIEMR L 7- S5
DEHNCIEARL D e 2 TN W72, Bl L Z285FRE Co, G 2 VT, (2L Y
ZFNEFNDHARD log Pow ZHH L 7-.

Co
log Pyyy = logC— 2
w
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3-5-11. HESEMEC X 3MaN, A -2 v 2

BT 4 v ¥ 2 (pl4mm)IC 6 x 10* cells/mL (CFHHL L 72 HeLa fMilfc o ##&# % 600 pL
Mz, 5% COIREE, 37°C DFEMFT T 24 W4 v Fax—v 3 v L7 FEHizlRwC
PBS(—)T 2 [HIPEH L, 17173 % AR X & 72 B (200 uM, 600 uL) Z il 2 7z, 5%CO; i
FE, 37°C DEMTF T4 MMA v F 2 x—2 3 v L7tk BHiZERT PBS(-)T 2 ¥k
L7z, 22, I hav P 7oA L LT Mito Tracker™ Deep Red FM (Thermo
Fisher) (50 nM, 600 pL) % 5 HbiC I 2. 72, & 51, 5% COy iE, 37°C DM T 10 471
AvFa—vav L BHZERWTPBS(-)T2 MMk L 72, £ 2t inz,
HEL L —F —PEMEE CHII 2 815 L /2. Mito Tracker™ Deep Red FM DB 1% 638
nm, 1P OEIZITIE 405 nm DFIRE L — ¥ — % F\w 7=,

3-5-12. Apoptosis assay

6 well 7L — }IZ HeLa M@ % 1 well iICD Z1Z 3x10°cells 32, v 7 ILE 5 D well
A, 5% CO ¥R, 37°C DT T 24 Ffffl4 v ¥ a—v a2 v L7, EHizlRwy
T PBS(—)T 2 [mIFH L, 1X OEFHIAW (24 WFEIEHRE D 1Cso fiE) % 1 well IC2 % 2mL
TOMATz. 5% COBEE, 37°C LT TI BL P 12 KA v Fa—va vk
%, RHA R T PBS(—)T 2 [IZEE L, trypsin (0.25%) THIIEZ 1325 L 7=, 1328 L 7=#
fiZz 1.5mL DTy <y Fa—71cBL, &EOHE(1200 rpm, 2 min) L 7212, #ER%E 7 A
V'L — X —TWRKG| L7, £ 7-Mgic PBS(-) (1 mL)Z N2 C8E & &, FEE OO
L7z, WiRZT7T AL —Z—CWlK5[ L7z, 1xBBAR(mL)ZMA CEEI 27, &
DATHEL, WRE T AL — 2 —ClE[L72%, 1 xBB &R %M A T 1x10°cells/mL i<
FHELL 72, % OMIBEIATR 100 pL 1< Annexin V-FITC A5 pL) 2 RA L T, EHET 10
M4 vFax—1tg, BOODEEL, TRAEYL—X—TIRREZWEI L7, #21C, 1xBB
VATR(500 uL) & N 2 C R X 2, mO0HEEL, T AL — X —CIRREWSI L 7=, 1xBB
TATR(200 pL) Z I 2 TR & 4, PIGuL)ZiRA L72. Z ORI % Attune NxT
Acoustic Focusing Cytometer % Fi\» CTBIZE L 7z, 7 — P N OMIAEEIE 10,000 cells & L 7z.
Annexin V-FITC IZ % blue (488 nm)L — % — D channel BL1 (Filter 530/30, Filter Range
515/545), PI (T blue (488 nm)L — % — D channel BL2 (Filter 574/26, Filter Range 561/587)
7z,
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3-5-13. Caspase-9 351

6well 7L — MIZ HeLa Mlf@% 1 well iICDEIZ 3 x10%cells 2, ¥ v 7 LE 55D well
SN Z, 5% CO 2%, 37°C DT T 24 B4 v F 2 N— a2 v L7z, Kz
T PBS(-)T 2 [\IFEH L, 1X ORFHIAWE(97.3 uM, 24 BFEITEFEFD 171 @ ICs fiE) % 1 well
D& 2mL 3 OMATZ. ZND% 5% COIRE, 37°C DEMAT T 1 B LU 12 FEfEA
VE¥FaR—va v LK EHiEZFRWTPBS(-)T 2 MPEH L, trypsin (0.25%) TRl %
AL 72 BB LMEEZ 1S mL DTy v Fa— 7KL, &0 8E(1200 rpm, 2 min)
L7t BWET AL —2 =Tl L7, Eo7-Mlgicii(1 mL) %z <k X
¥, HEEODEEL-. AiE 7 AL —Z2—CWl3I L%, Bz inz< 1x10°
cells/mL ICFAR L 72, % OMIAEIANRIC FITC-LEHD-FK (1 pL/AAcf& & 300 ul) % EA&
L, B2, 37°C T60 M4 v ¥ 2 ~_—bF L7z &00HE(3000 rpm, 5min) L 721, 7 &
L — X — TR ZEWSI L7, % 212, WashBuffer (500 uL)% fill 2 CHR&E X &, FEE
DL 7z, W% T A L — X —TWk5[ L 7=, WashBuffer (500 uL) % fill 2. C % X
7. Z OMINEATR % Attune NxT Acoustic Focusing Cytometer % W T L 7. 7 —
N O #MIfEEE 10,000 cells & L 7z. FITC-LEHD-FK (C I3 blue (488 nm) L — ¥ — @ channel
BL1 (Filter 530/30, Filter Range 515/545)% Fi\»7z. Z OHIE XK 5 [IfTV, B2

77,

3-5-14. Caspase-3/7 i& 1k

6 well 7'L — M IC HeLa Mg % 1 well ICD Z1Z 3% 10°cells 32, ¥ v 7 AH53 D well
I Z, 5% COL#RFE, 37°C DT T 24 BEEIA v F aN—v 3 v L7z, Kbz R
T PBS(-)T 2 [\IFEH L, 1X ORFHIATE(97.3 uM, 24 BEEIEFREFD 171 @ 1Cs fiE) % 1 well
D& 2mL T 2Mx 7. 5%CO IR, 37°C DEMF T Tl B LU 12 KA v Fax—
va v Lk, K ZFRW T PBS(—)T 2 [MIFEH L, trypsin (0.25%) CHlAEZ (325 L 7=.
B L7ZMEZ 1S mL Oy Ry Fa—T7 1B L, &O0508E1200 rpm, 2 min) L 72%4,
B ET AL —2 =Tl L7, ED7-HMIfEIC PBS(-) (1 mL)%Z 2 CT#E X2,
FERE O EEL 72, B ET AL —& —TWKE| L 72%, PBS(—)%MIZ T 1x10°cells/mL
ICEHEL L 72, 2 OMIBYATRIC CellEvent™ Caspase-3/7 Green Detection Reagen (1 pL/Affiel
TR 1 mL, BOfCERE 500 nMZRA L, BEE, 37°C T30 A4 v ¥ 2 _— b+ L 7%,
Z OMMAEIAEW % Attune NxT Acoustic Focusing Cytometer # W CEIZE L 72, 7 — FAD
MAEELIE 10,000 cells & L 7z. CellEvent™ Caspase-3/7 Green Detection Reagen I 13 blue
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(488 nm) L — ¥ —® channel BL1 (Filter 530/30, Filter Range 515/545)% f\»7=. Z O#IE
TR AR S BTV, FEEER S 7.
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3-7. Supporting Information
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Figure S3-1. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 171 (a), 172 (b), 1M (¢), 1M2 (d), 1™ (e) (50 uM) and H,O, (500 uM) at pH 6.0. Lane 1:
DNA control; lane 2: DNA with Hind III; lane 3—11: corresponded to the time of 0, 10, 20, 30,
40, 60, 120, 180, and 300 min, respectively.
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Table S3-1. Rates (%) of Form L, II, and III in the reaction of complexes at pH 6.0

Complex H,0; Time Form I Form II Form III
B Y AV N 7 S S S
0 953+£02 4702 -
10 742+20 258%20 -
20 574+13 426+13 -
30 470+£22 53022 -
1 50 500 40 38.0£3.6 62.0+3.6 -
60 253+41 747141 -
120 99+36 89.0+x32 1004
180 46+26 932+15 22+11
300 2020 927+10 53%30
0 90.2+0.1 9.8+0.1 -
10 77.8+02 222+0.2 -
20 56.5+0.0 43.5+0.0 -
30 347+0.1 653+0.1 -
17 50 500 40 21.8+0.0 782+0.0 -
60 43+0.5 950+0.5 0.7+0.0
120 0.0+00 873+0.1 12.7+0.1
180 0.0+£00 52.6+1.0 474£1.0
300 n.d.* n.d.* n.d.*
0 922+0.7 7.8+0.7 -
10 61.9+2.1 381=+2.1 -
20 25.6+3.8 744438 -
30 92+3.1 90.8+3.1 -
17 50 500 40 47+1.7 942+1.1 1.1+£0.6
60 0.0+£00 963+02 3.7+0.2
120 0.0+£00 902+38 9.8+38
180 0.0+00 77.1+44 229+44
300 0.0+£00 50.7+22 493£22
0 89.9+1.1 10.1+1.1 -
10 842+1.0 158+1.0 -
20 748+0.5 252+0.5 -
30 642+1.6 358=+1.6 -
17 50 500 40 525+0.8 475+0.8 -
60 284+0.8 71.6+0.8 -
120 37£08 940+05 22+03
180 0.0+£00 934+09 6.6+09
300 0.0+£00 63.0+14 37014
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0 912+03 88+03 -
10 753+02 24.7+0.2 -
20 56.7+0.6 433=+0.6 -
30 387+£0.5 61.3+0.5 -
™M 50 500 40 243+£02 757+0.2 -
60 90+04 89.8+04 1.2+0.0
120 0.0£00 918+1.1 82=+1.1
180 0.0£00 76.6+29 234+29
300 0.0+£00 19.1+44 809+44
0 913+09 8709 -
10 81.1+04 18.9+04 -
20 659+3.5 34.1+£35 -
30 554+32 44.6+3.2 -
™M 50 500 40 453+28 547+28 -
60 27.8+3.7 722+3.7 -
120 35405 932+1.1 34+0.6
180 0.0£0.0 908+20 92£20
300 0.0£00 646+06 354=+0.6
0 912+0.1 8.8=%0.1 -
10 87.5+1.8 125+1.8 -
20 76.1+£1.6 239+1.6 -
30 69.1+14 309+1.4 -
| R 50 500 40 55.7+4.0 443+4.0 -
60 387+44 613+44 -
120 149+21 845+14 07+£0.7
180 54+£27 905+£32 42+£05
300 0.0+£00 78.6+34 21.4+34

*n.d. means cannot determine.
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Figure S3-2. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 172 (50 uM), H,05 (500 uM), and inhibitor (DMSO 1 mM (a), DMSO 5 mM (b), DMSO
10 mM (c), KI 1 mM (d), KI 5 mM (e), and KI 10 mM (f)) at pH 6.0. Lane 1: DNA control;
lane 2: DNA with Hind III; lane 3—11: corresponded to the time of 0, 10, 20, 30, 40, 60, 120,
180, and 300 min, respectively.
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Table S3-2. Rates (%) of Form I, II, and III formed with 1*! in the presence of inhibitor at

pH 6.0
Conc. Time Form I Form II Form IIT
Inhibitor
(mM) (min) (%) (%) (%)
0 953+14 47+14 -
10 71.8+2.2 282+22 -
20 484 +2.6 51.6£2.6 -
30 260+ 1.8 740+ 1.8 -
DMSO 1 40 124+ 1.1 87.6+1.1 -
60 1.3+0.1 96.8+1.0 2+1.1
120 0.0+£0.0 79.5+0.1 20.5+0.1
180 0.0+£0.0 53.6+14 464+14
300 n.d.* n.d.* n.d.*
0 93.3+0.6 6.7+ 0.6 -
10 75.0+£0.3 25.0+0.3 -
20 49.8+0.4 502+04 -
30 283+1.2 71.7+1.2 -
DMSO 5 40 154+£0.2 84.6+0.2 -
60 1.9+0.3 96.7+0.4 14+0.8
120 0.0+£0.0 84.0+0.3 16.0+0.3
180 0.0+£0.0 66.4+1.6 33.6+1.6
300 n.d.* n.d.* n.d.*
0 939+1.1 6.1+£1.1 -
10 70.0 £ 1.7 30.0+1.7 -
20 48.6 0.0 51.4+0.0 -
30 26.3+0.1 73.7+0.1 -
DMSO 10 40 140+1.3 86.0+1.3 -
60 2.5+0.5 96.5+0.0 0.9+0.5
120 0.0+£0.0 83.7+04 16.3+04
180 0.0+£0.0 62.2+25 37.8+2.5
300 n.d.* n.d.* n.d.*
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0 91.0+0.2 9.0+0.2 -

10 47.8+3.1 52.2+3.1 -

20 42.6+2.3 574+£23 -

30 40.5+1.3 595+1.3 -

KI 1 40 38.2+0.6 61.8+0.6 -
60 33.6+14 664+ 1.4 -

120 26.0+0.5 74.0£0.5 -

180 21.7+ 1.1 783+ 1.1 -

300 13.3+0.4 86.7+0.4 -

0 86.7+0.1 13.3+0.1 -

10 67.4+25 326+2.5 -

20 66.1 £2.7 33.9+2.7 -

30 63.61.8 364+ 1.8 -

KI 5 40 62.5+0.9 37.5+0.9 -
60 60.7+1.3 393+13 -

120 57.1+04 429+04 -

180 52.6+04 474+04 -

300 499+23 50.1+£23 -

0 89.9+0.2 10.1+0.2 -

10 82.8+3.1 17.2+3.1 -

20 80.2+1.9 19.8+1.9 -

30 79.6 £1.3 204+ 1.3 -

KI 10 40 76.9+0.7 23.1+£0.7 -
60 73.3+0.2 26.7+0.2 -

120 69.3+0.7 30.7+0.7 -

180 65.8+1.3 342+13 -

300 579+1.3 42.1+1.3 -

*n.d. means cannot determine.
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Figure S3-3. (A) Electronic absorption spectra of 1°! (0.2 mM) in pH 7.4 (MOPS, 10 mM),
NaCl (10 mM) at 37°C. (B) Electronic absorption spectra of 1™ (0.2 mM) in pH 7.4 (MOPS,
10 mM), NaCl (10 mM) at 37°C. (C) Electronic absorption spectra of 171 (0.2 mM) and 10%
FBS in PBS (-) at 37°C. (D) Electronic absorption spectra of 1! (0.2 mM) and 10% FBS in
PBS (—) at 37°C. (E) Electronic absorption spectra of 10% FBS in PBS (—) at 37°C.
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#EPYEE : Synthesis, Structures, and Cytotoxicity of Dicopper Complexes with p-Cresol-2,6-
Bis(Amide-Tether-dpa*X) Ligands (X = MeO and Cl): Electronic and Hydrophobic Effects

of MeO and Cl on Selective ROS Generation and Cytotoxicity Enhancement.

4-1. BB

KRBT, BAFOBEBEIC X 2 EFR L BUKMR T, s ic X 2 Ml
DE L i%?ﬂﬁ@tc%ﬁ’l@;ﬁzﬂﬁ(ROS)éﬁkﬁ R 7. dpa #ffiov ) Do 4 firic
MeO %, Cl %% £FD 2,6-bis(amide-tether dpa*X)-p-cresol (HL3**, X = MeO, C1)® #i# {4
[Cua(p-1,1-0Ac)(u-1,3-OAc)(L3*M0)]Y [Y = PFs (3a*M0) OAc (3b*MO)], [Cua(p-1,3-
OAC)(L3*N]Y [Y =ClO,4 (32*"), OAc (3b*)F X WNEIEIL % 572 72 \» 2,6-bis(amide-tether
dpa)-p-cresol (HL3) D #i #E{A[Cua(p-1,1-OAc)(p-1,3-OAc)(L3)](OAc) 3) % LLik L, MeO %,

Cl OB TR EBUKNRZHO 22T L7z, 3a*™MeO, 3240 it iED) &, BRED

B ORISR AN R 2 2 LRI NI, 3a%™MO (3 P F — DK p-
1,L1-OAc &% b B, 3a* 3 F F =MD E 0 p-1,3-0Ac ZUE 72 W 2 TR L 72 KTl
n-1,1-OAc 1¥ H,O TESGICEE S 1, p-1,3-0Ac 3R FF & iz, BEILEITENLIE 3p+™Meo
<3<3DIETH O, BTRNRICHE S 72, 3a*MeO, 3a+C (T 3 & [FERIC AscNa T <
212 Cu()Cu(D)ICIEIT X 4, ERITHY 0, iEME(L T ROS & L T Hy0, & HOZ AR L 7.
ROS A& IZTE IR ICKFE L TEL L7z, 2oL &, 3b*MO 13 H,0, it %, 3b+Y i
HOE K % fiEiE L 72 (H20, (3b*Me0 > 3p4+Chy, HO» (3b*Me0 <3b*CY)). HeLa HHE, i< e
D HAMRE & IEHF RIS 32 3b*+M0, 3p+C DHfifuEEE % MTT assay Tail-X7z. Hela
MRG0 3 2 RO EEE 1 3b* M0, 3+ 233 XD b ZhZ 7 HE, 5 EEd o 7z, 3p*Meo
I8 ARIRELEIR# 2 R L, 3b* N TIEFEMIGERN#FE 2R L7z, 3b*™M0, 3p* D
RN/ N E ~DJRTEZ TR % 7%, ROS Offifa @ efitiii3i<b 2 DCFDA %
T 3p*MeO, 3p*+CA 3RS 5 ROS & AIHRAE U CHL B R BARMER CHIZE L 72. 3p+Me0, 3p*
A% MeO, Cl D BUk &R chgaEt 3 & <, /MEAR(ER) & Golgi (R ICRTE L 72, 3b*Me0,
3b* offifEE s E L 2Dk ER & Golgi RTD ROS ARICL 2 EEZ LN,
DCFDA % fl\»7z ROS £ DL T, 3b*MO FIEFMALL 0 b 2AAMIETE <, 3p*@

IEHEMIE L BAAMIECRIBETH 2 LRI NIz, 2 OFERE) ROS 4K 23 3p+Me0
D3 AMIRER P EY:, 3049 O IEFMALERNFEEOFEcH v, hiFIEFMTE

AR D TTUREALYVE DIREE DiE 52 3b*MO, 3p+C DIRITEEI NPT I DEVICL D &
EzobNb. ZoOWEL,S, ZIEEERIC X 2 2 AMBGER MRS %, AT icE
AL T-ERIECHIETE 2 2 2R Sz,
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4-2. &S
BAERERFI 2 0T 3 —E o hias A AL BREBCRHHIGHR L, MIaH CibE ik RE
(ROS)Z AL L, DNA O ARFHYIHI(DNA double-strand breaks, dsb)CHE{L & b L X % 5|
R L, Ml EFHET 2 2 LB IRE S TR, $HERITEITAl & O K6 T ROS %
BT 57280, 7z P ARIOBRFSIC T TR A e B B B SR BT & T & 7212,
4 1%, 2,6-bis(amide-tether dpa)-p-cresol (HL3) & % D % Hil#5 K [Cua(u-1,1-OAc)(p-1,3-
OAc)(L3)](OAc) 3)ZBHFE L, 3 2% H,0, I X % DNA BE{LYIWr 2 i L, 28 A ISR
a2 R e 2 R LAB La L, 3 offildstt i Cisplatin & le~TK L, P
AR LCORAICIIAR T o7z, F72, 3 OMBEEEFRIEAE X0 1 I3 fRIA &
hTwiw, 2T, 3ofifdEtorm k& MlaEsEREEE OO =91, 30
AN B Z B & 2 ICF 2 HEDH D, 3 ITHDEITTH % Bodipy ZE A L 72 3-Bodipy
O E AL, Z OMINZEE) % B BRI CBIR L 72, % DFER, 3-Bodipy fi&
RIEI Py FY T eBMRICOHT 22 bbb otz. LaL, 2t 3-Bodipy
GROEFEITH Y, 3 OMINEENIIFHTD 5.
AMVEEYE OGRS L, BREOEALZHVO NS, BT Z L Z I EH
A OSARNE, BUKE, EFRIHELRD, BIEIEC S EER~0E AT, (L&Y D
ABEN AT E LA TE S, 20X S ATEC iof%Lﬁ@m%%@ﬁLf
Wi 9 ZT, A GREBREANICESWTAERAB I N-I58 D EET 2, flz 1T
BREMED ClEDOEAIC X - THHEEMET L 256, EFH51ED MeO D& A 2
HREIND, CcoXHic, BREOE A X > CEMIGHEYE OEEMEED 2 2 &
X, 422 HIE L T 2 SR AROEITH 0, LI X 2 ROS A RCeMilaa o /F
W CiEEm Lo AR 2 5 X CTHETH 5.
KEE-ClE, HL3 Bih7 1@ dpa B0 v ) O BRICESIL 2 E A L, % OB FR)RECBE
KEEC 3 ofifgEtEom EE HIEL 2. HL3 o v ) YD 4 (LI E T 54D MeO
LBETKFIMED ClEEAEEA L 72 HL3*MO & HL3*Y, % LT, % O ISR [Cup-
1,1-0Ac)(p-1,3-OAc)(L3*MO)Y [Y = PFs (3a*M0), OAc (3b*M0)], [Cua(u-1,3-OAc)y(L3*
HY [Y = ClO4 (32*C"), OAc Bb*N]Z AR L 72. KA 4 IC PFs < ClO4 % D 3a*MeO,
32t DG RREE R E L, BUAMECRAEEREE 3 LR L 2. X6, AP 0%
ﬁ%%&ét@m,mm%#%w%Mmaswﬂ%%m,:na@mm%ﬁ%ﬁ,mm
, MAZN T ROS A pkZE), MifumtEa % 3 LRl 7z, Znb iR, &

BT X 2B HIFR L BUKMIR T, A D ER ® Golgi A~DRTEIC X Y g
23w L, JFERM ROS % L <o AMALERWEE o m LR R Sz, Fric
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MeO F:DE A X b fifgEtE & 23 AMIRGEIR 2 e B L 7. AECHWw7z HL3,
HL3*X, 3, 3b*M0, 3p*+T Dl 2f4iE % Figure 4-1 IS,

Me
Me

(o) o

N OH N

’6 b\ ¢ ‘N —"‘JCU/O\C’\:J—--NI b

N N N N S 7 / \o/ —
N\ 1 W /—~x |

N\ \\ // V N Me’go N

X X

HL3 (X = H)
HL3*X (X = MeO, CI)

Me Me

MeO g N (0} N X —OMe Cl g N (o) N X!
~ Me’glN\ g ‘O\I/ON\
MeO—\, / 04 \__/~ome ci \/o\|v||}o\/ cl
Me (Y) Me (Y)
3a*Me0 (y = PFy) 3a*C (Y = C10y)
3p*+Me0 (y = 0Ac) 3b*+C¢1 (Y = 0A¢)

Figure 4-1. Chemical Structures of HL3, HL3** (X = MeO and Cl), [Cux(u-1,1-OAc)(p-1,3-
OACc)(L3)](0Ac) (3), [Cua(p-1,1-OAc)(p-1,3-OAc)(L3*M9)|(Y) (Y = PFs (3a*M0), OAc
(3b*M<9)) and [Cua(p-1,3-OAc)2(L3*N](Y) (Y = ClO4 (32*"), OAc (3b* ).
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4-3. FRLEE
4-3-1. BEALF & ZRSAADFEEF D E K

HL3 & Z D8k 3 1%, #mxPUcito TAM L7z, v U YAHED 4% MeO, ClHET
B L 72 dpa #5EAK di(4-X-2-pyridylmethyl)amine (dpa*X)% p-cresol D 2, 6 f7iC 7 I Mk
A CE A L 72 2,6-bis(amide-tether dpa*X)-p-cresol (HL3*X, X = MeO, CYZ &KL 72, ZD
A AR 1%, Scheme 4-1 1278 3. HL3*X % MeCN HY, Cu(OAc), & )G & 4, $ER[Cua(u-
1,1-OAc)(p-1,3-OAc)(L3*M)|(0Ac) (3b*Me0) & [Cus(p-1,3-OAc)»(L3*N](OAc) (3b*") % 15
7z, 3b*MeO. 3p4Cl b HIEER: 2 Z 1D MeCN JARIC NH4PFs, NaClOs % Il 2 TR A
F VR L T2, T % MeCN/ELO 2 O PRt L, X BRAEE AT 138 L 72 [Cua(p-1,1-
OAc)(p-1,3-OAc)(L3*MO)|(PFs) (3a*M<C) & [Cun(p-1,3-OAc)x(L3*N](ClO4) (3a*<") D i
72, HL3*X, 3a*X, 3b*X OFEMl A RE, JTHEIHT, IR, ESIMS 7 — X 75 &1 4-5-3
D FEERIHIC/R T
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1)SOCh NaBHd,CaCb Mn02 RS
OH 2)MeOHIt0Mene MeOH THF OH CHCQ | N/ H

25 26
Mn02
" cHel,

_soch, ﬁj\, NaN3 Elj\/

MeOH

Ow
h\/ __NaOMe

25 or 27
Toacl,
(X = Meo, Cl) (X = MeO, (ol)) (X = Meo, )
26 or 28 AN N
+ 1) NaBH, / MeOH 1 T _12MHCl
(x:;;:o, cyy 2)BoczO, EtNJ CHoCly x/ o¢ x/ T EoH
32 33
(X = MeO, CI) (X = MeO, Cl)

1) SOCI,
HO OH

2) 33 (X = MeO, CI), K,CO3 / CH,Cl,

O OH O X ,db dbx
34 HL34X
(X = MeO, Cl)

Scheme 4-1. Synthetic Route of HL3** (X = MeO, CI).
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4-3-2. SRS DR RiEE

3a*Me0, 3940l DREYE % LGS X BREERTIC X W IRIEL 2. 285D ORTEP X%
Figure 4-2, #&f M X7 X — & —% Table 4-1, AXHJE O K5 G RAHE L 45 A A % Table
42 IC/RF. 3a*MOTlx 2 DD Cu(ll)iF L3*MO A L, L3*MOICEE NS dpa*™MO D
2200 Y Y VvERET, NEMED u-OPh &AEED p-1,1-0Ac, p-1,3-0OAc THAE X
Nz s G & 2. 3a* 9 DA D 2 oD Cu(DiF L3 ichEA L, FfED 5 Bihig
Ex L DD, 220D u-13-0Ac BEZFORBEZ - Tn5, ZhbOfifE Y Offic
OB L7 ofild, 3a*MeO T 10,1)=0.295, tcue =0.613, 3a* T ¢,y =0.580, 7cu2) =
0390 TH 2. ofHiix 0 D& TPUMHMERFGE, 1 0L & = HiE#ETH VB, Zh b D
DOELARGE X W b DM & =Gl PRI AEALEETH L LB b2 D

3a*MeO D Cu—Ooac FEEHEEE L, p-1,1-OAc Tl 2.261(13) & 2.089(14) A, p-1,3-OAc T
12 1.978(11) & 1.944(12) A TH Y, p-1,1-0Ac DHBEV. T 5D p-OAc DEEMEREE
X, 3 LHFBILTHDY, 3D CuOon. i triEffE(u-1,1-OAc Tl 2.210(4) & 2.122(4) A, p-
1,3-OAc TlZ 1.962(4) & 1.936(4) A)iIc D W T HIL WL -7z, £72, 3, 3b*™MOD p-1,1-
OAc IR TEGITAKIGF LA T 2 FiTH —EL T3, —77, 3a*“ITlE, 2D
&b p-1,3-0Ac ZUEREER & > Tz, Thud, BTkt 1 & X b SCRlehr 7
DFF—PEMET L2z icdilon 4 AR EL %Y, FF—HEDEe p-1,3-0Ac
BRENLENINTZZ ERRLTVE, TRHD Cu—Ooxc DFHEIHEE i 3 &
3a*91(2.013 A)<3(2.058 A)<3a*M© (2,068 A)TH v, 3a* TIFE TGO E > p-1,3-
ZEDHICEAFEA L TW B 2 e 83b2 s, 2D, 3b*9 D pu-1,3-0Ac 224G 1%, 7k
BT TYh, KT LR, REICHEEEZREL 2.

3, 3a*M0, 39+C1 > Cyu—Np, D FIHE G ERHE T 32a*M0(2.022 A) <3 (2.024 A)<3a*“(2.075
A), Cu—Opno DG ATEREIZ 3a%C(2.09 A)<3 (2.093 A)<3a*M<0 (2,146 A)TH - 7=.
Z DERIC Cu—Npy 1 3a*MO 2 b FE <, 3a* I b R\, —77, Cu—Opo, Cu—Ooac IF
320 SR DAL, 3atMO BRLEV. b REBREOETMRECH Y, ETRkIIM
DCETEEY) P VERDO FF—EMET LT CuNyfi&G2ELRD, CuhdrA
AWMEDSE < T2 2 7290721 Cu—Opno, Cu—Ooaciti 3034 K 72 2 T 5. A5 D MeO
FETUE Cu—Np AL 2 D, 2 D4372 1 Cu—Opno, Cu—Ooac fi AR o T3,
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Figure 4-2. ORTEP diagrams of the cationic parts of 3a*Me© (left) and 3a**' (right).

Table 4-1. Crystallographic data for 3a*™<0 and 3a*“!
complex 3a*MeO 3a*c!
Empirical formula Ca7H49CU2FsN6O11P C39H36ClsCu2NgO11.5
Formula weight 1145.97 1077.07
Temperature (K) 103 103
Wavelength CuKo. (1.54187 A) CuKo, (1.54187 A)
Crystal system Monoclinic Triclinic
Crystal size (mm?) 0.14 x 0.12 x 0.10 0.20 x 0.10 x 0.10
Space group P2, P-1
a () 12.0084(8) 11.7317(5)
b (A) 16.7164(11) 18.6324(9)
c(A) 12.5107(8) 21.0367(10)
a (deg) 90 97.009(7)
B (deg) 105.573(7) 96.475(7)
v (deg) 90 91.130(6)
Volume (A ?) 2419.2(3) 4532.3(4)
Z value 2 4
Density (calculated) 1.573 g/lcm?® 1.578 g/cm?
Absorption coefficient 2.186 mm™ 4.431 mm™
F(000) 1176.0 2188.0
R1%, wR2Y 0.0872, 0.1917 0.0765, 0.1595
GOF index 0.989 0.996

a) R1 = X|[Fo| — |Fc|/Z|Fo|, b) wR2 = [Z(w(Fo* — Fc?)*)/Zw(Fo0?)*]"?
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Table 4-2. Selected bond distances (A) and angles (deg) for 3a*<© and 3a**!

3 a4-Me0

3 a4-Cl

Cu(1) === Cu(2) : 3.081(4)
Cu(1) - N(1) :
Cu(1) - N(2) :
Cu(2) - N(4) :
Cu(2) - N(5) :
Cu(1) - O(1) :
Cu(1) - 0(2) :
Cu(1) - O(4) :
Cu(2) - O(1) :
Cu(2) - 0(3) :
Cu(2) - O(4) :

2.005(13)
2.064(15)
2.039(14)
1.978(14)
1.982(10)
1.978(11)
2.261(13)
2.311(11)
1.944(12)
2.089(14)

Cu(1) - N(1)
Cu(1) - N(2)
Cu(2) - N@3)
Cu(2) - N(4)
Cu(1) - O(1)
Cu(l) - 0(3)
Cu(l) - O(5)
Cu(2) - 0(2)
Cu(2) - O(4)
Cu(2) - O(5)

Cu(1) =+ Cu(2) : 3.006(4)

1 2.00(1)
1 2.09(1)
1 2.01(1)
1 2.20(1)
1 2.09(1)
£ 1.95(1)
1 2.05(1)
1 2.07(1)
1 1.94(1)
1 2.13(1)

Cu(L) - O(1) — Cu(2) : 91.4(4)
Cu(L) — O(4) — Cu(2) : 90.1(5)
O(1) — Cu(1) — O(2) : 88.4(5)
O(1) — Cu(1) — O(4) : 89.8(5)
0(2) — Cu(1) — O(4) : 88.0(5)
O(1) - Cu(1) — N(1) : 158.1(5)
O(1) — Cu(1) — N(2) : 87.9(5)
0(2) — Cu(1) — N(1) : 89.2(5)
0(2) — Cu(1) — N(2) : 175.8(5)
O(4) — Cu(1) — N(1) : 111.9(5)
O(4) — Cu(1) — N(2) : 90.1(5)
N(L) - Cu(L) - N(2) : 95.0(5)
O(1) — Cu(2) — O(3) : 83.3(5)
O(1) — Cu(2) — O(4) : 85.8(4)
0(3) — Cu(2) — O(4) : 91.3(5)
O(1) — Cu(2) — N(4) : 135.7(5)
O(1) — Cu(2) — N(5) : 91.3(5)
0(3) — Cu(2) — N(4) : 86.9(6)
0(3) — Cu(2) — N(5) : 174.5(6)
O(4) — Cu(2) — N(4) : 137.7(6)
O(4) — Cu(2) — N(5) : 89.1(5)
N(4) — Cu(2) — N(5) : 96.5(6)
1Cu(1) = 0.295, 1Cu(2) = 0.613

Cu(L) - O(5) — Cu(2) : 92.0(4)
0(3) - Cu(1) — O(1) : 90.7(5)
0(5) — Cu(l) — O(1) : 115.4(5)
0(5) - Cu(l) - O(3) : 87.1(4)
0(3) — Cu(l) — N(1) : 178.0(5)
0(3) - Cu(l) — N(2) : 87.3(5)
0(5) - Cu(1) — N(1) : 91.1(5)
0(5) — Cu(1) — N(2) : 150.3(5)
N(L) — Cu(L) — O(1) : 90.9(5)
N(2) — Cu(L) — O(1) : 93.8(5)
N(1) - Cu(l) — N(2) : 93.7(5)
0(5) — Cu(2) — O(2) : 129.0(4)
O(4) — Cu(2) — O(2) : 91.6(5)
O(4) — Cu(2) — O(5) : 85.7(4)
0(2) - Cu(2) — N(3) : 93.9(5)
0(2) - Cu(2) — N(4) : 86.1(5)
O(4) — Cu(2) — N(3) : 172.6(5)
O(4) — Cu(2) — N(4) : 88.5(5)
0(5) — Cu(2) — N(3) : 87.0(5)
0(5) — Cu(2) — N(4) : 144.4(4)
N(3) — Cu(2) - N(4) : 96.8(5)

1Cu(1) = 0.462, 1Cu(2) = 0.47
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4-3-3. ZBZSRIDEEHE OB+ OEE

3atMeO | 3+l G IKICHEIE 72 72 8, KIS OWFFE 1L 3b*™Me0, 3+ 2 v 72, KD
3b+MeO 3p+Cl DREIE (35 A RHIHIE CTHH D 21T L 72, KH @ 3p*™Me0 (0.5 mM)D & T A
~ 7 b, 312(5200), 432nm (730 M em™)IC % #LF L Cu(Il)-OAc/-OPh @ LMCT I
Il © & 2 WRINHTR 6 % IR L 72 (Figure 4-2). U5 I38EARE S 50 pM £ THRT 3
L 340 (4600), 448 nm (460 M~'ecm™)iC & 7 b L 72 (Figure 4-3 (A), (B)). T D 3b*Me0 o ik
Rix, 3 LFAETHY, KFTIE p-1,1-0Ac BESICKS T L B L T p-1,1-OH, IT&
fEL7zZ2 2 %RL T3, KB MeCN FOEE X, 3b*™M0 (3 317 (5900), 439 nm
(650 M em H)IZTWRINH AR L, L TH > 7 b LAad o 72 (Figure 4-3 (C), (D). —H,
KHF D 3b*H (0.5 mM)DE T A7 Fvld, 335(5700), 457 nm (1100 M ecm™)iC Z %
AL Cu(I)-OAc/-OPh @ LMCT (CIG)E T & 2 WD & 1% 7R L (Figure 4-4), 3b*C' DAL
%50 uM ECTHRLTHIZ L A LY 7 b+ 2 (Figure 4-4 (A), (B)), MeCN H T3, 321
(5200), 469 (530 M em ") DWIFF IZ AL Td > 7 b L 72 d> 5 7=(Figure 4-4 (C), (D)).
3b+NITIE 2 DD p-1,3-0Ac BiERH Y, FF—PEDE p-1,3-0Ac [HHiICH < Behiz L
TV 720DIKPTHOKRGTFEBERL W2 EARB I T,

3b*Me0, 3p+Cl ) ESIMS & CSIMS Dt % Figure 4-5-4-8 (T3 3. 3b*Me0, 3p*Cl
MeCN H1dD ESIMS A7 b Lid, 2 Z 1 m/z921.08, 937.00 IZ[L3*X + 2Cu(Il) + 20Ac]*
NG 20T A4 v e—2 %R L7, KFTIE, 3b*™MO 3772 1C m/z879.15 IC[L3+M©
+2Cu(Il) + OH + OAc] DM E T 2 EE v — 7 Ml X . —75, 3b*“ Tl MeCN
Lkl CHIZ 2 oD OAc ZHEOEB Y — 27 FFABIHIE N, KOFICERI Y
Br—238 s nir o7z, BFAZ b, ESIMS, CSIMS iR X 0, /KT
12 3b*MO D 1-1,1-0Ac ZRIG XA T 1K T L IR L 7223, 3b*C D 2 DD p-1,3-0Ac &
BRERI RN LR INT.
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Figure 4-3. (A) Electronic absorption spectra of 3b*M¢© (0.05-0.5 mM) in H;0. (B) An
enlarged view of the graph of (A). (C) Electronic absorption spectra of 3b*M<° (0.05-0.5 mM)
in MeCN. (D) An enlarged view of the graph of (C).
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Figure 4-4. (A) Electronic absorption spectra of 3b*! (0.05-0.5 mM) in H;O. (B) An enlarged
view of the graph of (A). (C) Electronic absorption spectra of 3b*<! (0.05-0.5 mM) in MeCN.
(D) An enlarged view of the graph of (C).
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Figure 4-5. ESI MS spectrum of complex 3b*™¢© measured in MeCN at room temperature at

orifice 1: 10 V, orifice 2: 10 V, ring lens voltage: 10 V.
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label m/=
a [L34Me0 + 2Cy(Il) + OAc +OH]" = 879.15
b [L3#Me0 + 2Cu(Il) + 20Ac]* =921.11
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Figure 4-6. CSI MS spectrum of complex 3b*M¢© measured in H,O at room temperature at

orifice 1: 0 V, orifice 2: 10 V, ring lens voltage: 10 V.
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Figure 4-7. ESI MS spectrum of complex 3b*C! measured in MeCN at room temperature at

orifice 1: 10 V, orifice 2: 10 V, ring lens voltage: 10 V.
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Figure 4-8. CSI MS spectrum of complex 3b*!' measured in H,O at room temperature at orifice
1: 10 V, orifice 2: 10 V, ring lens voltage: 10 V.
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4-3-4. ZEESRAADEEE O Bt

3, 3b*Me0 35 X 1N 3p*+ DI % 1-octanol/H,0 5% T D S ELFR R (log Pow) 17> & HETE L
72. 3, 3b*MeO 35 X Uf 3b+ D log Poy fil 1L, % 12 41-0.55, 0.18, 1.94 T&H - 7=(Table 4-
3). BUKIZREIEOEAIC XY, $EFoBimtERM L35 2 e BHL L o7z,

Table 4-3. Hydrophobicity (log Pow)

Hydrophobicity
Complex
(log Pow)
3 —0.55+0.09
3p+Me0 0.18+0.05
3p*+c 1.94 £ 0.09

4-3-5. BZSRD S OR{LETTEE)

Ber 7B A L 72 EfIE OB 73R % R 5 729, pH 6.0 DR+ (MES Buffer, 200
mM), 3, 3b*MeO 5 X 18 3p*C (0.5 mM)DIE{LEITCEMEZHIE L 72, TN d D cyclic
voltammogram (CV) & Square Wave Voltammetry (SWV)% Figure 4-9 /"3, T35 DFE
f&D CV TIL, —0.10+0.10V OHICEZ: Y A5 72 2 D D redox couple 237 H 7z, 3 1T,
Eipn = —0.05 V (4E, = 0.06 V)i Cu(D)Cu(Il)/Cu(l)Cu(l) i<} J& = v % HEW[ ¥ 72 redox
couple & Epe = 0.0, Ep = 0.1 V IZ Cu(ID)Cu(Il)/Cu(l)Cu(ID)IC W8 X 41 5 Al 7 redox
couple Z7/8 L 7281, 3b*Me0 (3 E,. = —0.09V, E,=0.11V I, 3b*%, E,. = 0.02V,
Ep = 0.155 VICW LD Cu(Il)Cu(Il)/Cu(T)Cu(l) i< JFE & 41 % A Al 75 redox couple % 7~
L 7z. Figure 4-8 (D)IC, SWV THIE I N/-HLETEY -2 %R, TNLHD
Cu(DCu(Ily/Cu(hCu( T IG T 5 ELERITTEN X, 3b+MeO (—0.04 V)<3 (-0.02 V) <3p*¢
0.02 VYOIETIEMlicy 7 b L7z, Zhid, BEREOBFIRELZAMICRL T iRt
INCLT IDNEIT 3p*MO<I<Ib* I TH B, L7zh > T, 3B mdEILINCLT L,
BHFRIIMED CLEIE Cu) 2 LENT 5. —77, Ip*™MOnRbEITLINICL L, EFHE
5D MeO Bt Cul)ZALENT S, Lz T, BILEN-HEARORTTOMmE 1%
3b+C<3<3b* MO DJEHIC 7 B .

AscNa fE{E T T?D 3b*™Me0, 3p+C DFEITLE BT A2 P e CSI MS TEPFL 72 #55H
% Figure 4-10—4-12 IZ7R 3", AscNa D FSHIC, 3b*Me0 0 330, 430 nm & & U 3b*F D 315,
460 nm D W IXTE H I L 72 (Figure 4-10). CSIMS Tld, 3b*M0, 3p*C (%, AscNa
DFMT, ZNZFH m/iz 802.95 & 819.00 IZ[L3*X + 2Cu(D)]" (Cu()Cu(l))IC B VVE B v —
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2 %~ L 7z(Figure 4-11, 12). T35 OFERD S, 3b*MeO, 3p+C1 28 AscNa THF ICIETT
INBZLBbh b,
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Figure 4-9. Cyclic voltammograms of 3 (A), 3b*™<© (B), and 3b*“' (C) at pH6.0, respectively.
The measurements were made at 23°C + 0.2°C under N,. Experimental conditions: [Complex]
= 0.5 mM, Glassy carbon working electrode, Pt wire counter electrode, Ag/AgCl reference
electrode, Scan rate: 10 mV s™!, Sensitivity: 10 pA/V. (D) SWV traces of 3 (red), 3b*™0 (light

green) and 3b*“! (purple) (0.5 mM) at pH 6.0.
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Figure 4-10. Absorption spectral changes (red to purple lines, 0.5 sec at every interval) of 3b*
MO (A) and 3b*+C' (B) (0.05 mM) upon addition of AscNa (0.5 mM) in pH 6.0 (MES, 200 mM)
and NaOAc (1.5 mM) with 3%MeCN at rt under N> (inset: time courses monitored at 330 nm
(A) and 315 nm (B)).
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N hllj | e l.

200 400 600 800 1000 1200 1400
m/z

Figure 4-11. CSI MS spectra obtained upon reaction of 3b*M¢° (0.5 mM) with AscNa (20 eq)
in the presence of NaOAc (20 eq) in H2O at 5°C under N, at orifice 1: 10 V, orifice 2: 0 V,

ring lens voltage: 10 V.
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Figure 4-12. CSI MS spectra obtained upon reaction of 3b*¢' (0.5 mM) with AscNa (20 eq)
in the presence of NaOAc (20 eq) in H2O at 5°C under N, at orifice 1: 10 V, orifice 2: 0 V,
ring lens voltage: 10 V.
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4-3-6. —ZSRIN)EEHE DERITTHT 0. TEHEAL

3 13 AscNa & G L T Cu(I)Cu(Il) & Cu(Cu(DITiEICE 4, O Gkl Ce Fe %
VIV ANHONEERT S EMEINT VS, ELA T TD, 3b*MO, 3p+C & AscNa D
)it % coumarin & pentafluorobenzenesulfonyl fluoresce (PFBS) % F\W» CTH{E A~ 7 b LT
BERL, HO& HoO KT 5 2 L /ML 7. 37°C, pH6.0 2\ LiZpH74 TDZ
NoDHH AR b DORRKFE(L % Figure 4-13, 4-14 133, MIEA CIZPTEEILAI 255k
mM CTHEET 5729, 5[, AscNa % 1500 uM ML 7. coumarin & HO+D K& Tl
umbelliferone 234 U C 332 nm THIE 3 % & 452 nm I, %72 PFBS & H,0, D KJG Tl
fluorescein 34 U C 385 nm TEd % & 513 nm ICHEN v F 2733019, Figure 4-13
(A)IC/RT coumarin % W7z BERD 452 nm DAFRFA(L L 0, HOARE I, 3b+MO<
3b+* DI T% 2> o 7z. Figure 4-13 (B)IC/R S PFBS % W 7238 @ 513 nm DFFRFZL X
D, M0, ER R L, 3b+C<3p*MO DIETS Ao 72, $RD 2 B TR ITHR Cu(D)Cu(l) & D
FOGT O 232 BFREILIND &4 F VN EL, 511 EHELINS L HO.
BELDEEZOLNS. 3b*™MO D §-1,1-OAc DIKFTEBICK T L EIRT 5 Z & Hh
b, TNLBLELEZ_AAF VTS | EFEITINIHANCED IC H0, ZHH T
%L Pl N, Figure4-13 B)DFER & X —57 3.

—77, Figure 4-13 (B)IC/R T & 51T 3b* ' D G Tl HoOy ZEFKE 2D 70\, Fidb o &
912 3% D u-1,3-0OAc 137K T L BEEETRETH 5. COHEEDLD, 32541
L0 ¥ VREICK D HO, LBV EEZONE., TDE®IC, TO_VIFVHE
12 H0, Z T 2 HTIC 1 EFEIL I N T HODE L 2 IR ERIGIC IR 072 b EZ D
nz., 72, BTKBIMED Cl HiZ Cul)D A4 ZAEVER B 3 D TRAF F VDR
TCEBRZICT LT THY, HOAERZ AR LT eHEZLND,

¥ 72, Figure4-13 (B)IZ/RT X 91T, 3b*Me0 5 X (X 3b+C (3 & b I IEH MG I W BRI
TH2pHTA4TH HOHEL 22 &, pH6.0 &[EERIC HOERE X, 3b*MO<3p*CI
EC W L HL L T o Tz,
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Figure 4-13. Time courses of the normalized emission intensity monitored at 452 nm (A) and
513 nm (B) for 3b*M¢0 (light green) and 3b**' (purple). Experimental conditions: [NaCl] = 10
mM, [buffer] = 10 mM (MES, pH 6.0), [complex] = 30 uM, [AscNa] = 1500 uM, [coumarin]
=500 uM (A) or [PFBS]= 25 uM (B), under air at 37°C.
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Figure 4-14. Time courses of the normalized emission intensity monitored at 452 nm for 3b*™e0

(light green) and 3b*“' (purple). Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM
(MOPS, pH 7.4), [complex] = 30 uM, [AscNa] = 1500 uM, [coumarin] = 500 uM, under air at
37°C.

144



4-3-7. ZRZSRDEEHE DM fa

3, 3b*M0 5 X U 3b*+C oMl EENEE & F & F AMIlEE AT MTT assay!!'¥1CEFfi L
7=, HIAERETE 50%RH 28 (50% Inhibition Concentration, ICso fE) 1%, MIAEET (%) vs log
[X](X=3, 3b4MeO, 3p*% T ay L7227 708 L7z, EHL 72 ICs % Table
4-4 1T, T3, 24 RERWER & & 72 [FF, 3b*Me0, 3p*+Cl i CoMiflatkicx LT3 X b
bW EEE 2R L 72 (Table 4-3). EFERIC, TEEPAMAM HeLa, Mfizs AAMAE AS49, M
fig 2 A MIAE PK-59 1CXt3 % 1Cso i 1X, 3 Tid 72.8, 92.7, 66.5 uM, 3b*Me© it 10.0,
20.0, 14.7 pM, 3b*C' Tl 142, 21.3, 18.1 pM T, 3 X D b 3b*MeC [3#) 4-7 £5, 3p*C
13K 4-5 fEm el FEEZ R L7z, 2 ofR B =T s URETED 25 ig A
ABDOHAFICKELSFG LT ARr o722 &2 b, BEEDBUKE R C A D IEIATE DS
B 7 D HIIE C O REHA DB AL L 72 2 L S HlifeE A Lo B s vz 5. fiolE
HHIE WI-38, O IEF ML 2C6 1I2xf 3% 1Cs {1, 3 Tl 121, 88.2uM, 3b*Me0 T
1 22.0, 23.7uM T, 3 & 3p*MO L IEHF ML L 0 b AAMILICH L TZRE K 1.3 5,
L1-1.6 fEEilifasEE 2 Rm L, 3 & 3b*MO IR AMIBEEIRM %R L7, —JT, 3p*C
AN X 0 B IEFEMAICH LT 1.97.1 fEEwiiladtE 2R L, IEE ISR
TN L7z,

Table 4-4. In vitro cytotoxicity of 3, 3b*M¢0, and 3b*“' against various cancer and normal
cells by means of MTT assay (24 h) (Mean £ SD)

ICso (uM) (Mean = SD)
Complex Cervical Lung Pancreas
HeLa A549 WI-38 s PK-59 2C6 -
(Cancer) (Cancer) (Normal) (Cancer) (Normal)
3 728+21 927+14 121+11 1.3 66.5+3.1 88.2+8.9 1.3

3p+Meo 10.0+2.38 200%1.6 22.0+23 11 14.7+0.9 23.7+1.7 1.6

3p*+c 142+23 21.3+15 294+028 0.14 18.1+15 9.53+0.64 0.53
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4-3-8. “ESRADFEE DA TD ROS 45X

3, 3b*M0, 3p+I DTN TD ROS EfK % 2°,7’-dichlorofluorescin diacetate (DCFH-DA)
% F o IR SRS OB L /2. DCFH-DA IIflifldN =R 7 7 —KIc X 27w F v
L CIEHFERL D 2’,7 -dichlorodihydrofluorescin (DCFH) & 72, & 51C ROS IC X 2t T
HEA D 2’ 7'-dichlorodihydrofluorescein (DCF) & 72 % 114161 HeLa MlifZIC 3, 3b*M0 %5 X
O 3049 % 4 FEEIER & 272 & & OfE R % Figure 4-154-17 1IR3, $ 72, #HiRofig
INGRE AR R FEE T % 729, ER 48] ER-Tracker™ Red (BODIPY™ TR Glibenclamide),
Golgi A%t #] BODIPY™ TR Ceramide complexed to BSA, I F 2 v F U 74t
MitoTracker™ Deep Red FM Z W CTHEE 21T 572, 3, 3b*MO0 I L U 3p+C DfER] IC
X v, HIfEN T DCF Ok nBig sz &2, ERITMICEA T, i
T ROS M L7722 LB ICR -7z, 3 Tld, DCF OFFHEA I ba v N
THREFOREEN EEixo CTHBICERINZZ 2D, I ravy P TICHFEL,
ROS %4 L 7z &\ 2 % (Figure 4-15 (C)). 3b*M<O, 3p+CCl¥, DCF DfktaHi A% ER
e, Golgi R EAIOREAE L Hx > THEICBEINZZ L b, THHITER,
Golgi RICFLE L, ROS 24 L 72 & \» 2 % (Figure 4-16, 4-17(A), (B)). 3b*Me0, 3p+Cl
DIBRAKI 72 % 2> & 72 5 ER % Golgi RICSHTE L 72D 1E, MeO, Cl HEDBKZNS T oA
DIEAMNESHE K L2720 FE 2 b5, ER ° Golgi (RICiE, fiax A L RICHT 2
A b L RAILEEERED > TE Y, MIELAFEE S LS. 3b*M0, 347 (X, ER % Golgi
RIC/HTEL T ROS L CTIIEL A P L AZFFET 2 2 2ick Y, IPav P TIicFEL
RfES$ 23 L0 dmueiiidsFtEz Lzt Ex b0 5.

IO BGARR RS 2~ 5 728, 4°C, 37°C &fFC, 3, 3b*MeC 35 X UF 3b*C (100 uM) %
HeLa Mfic ot UC 1 REFEI/ER & €72, 5 5 % Figure 4-18, 4-19 179, 4°C = (Figure
4-18) T, 37°C Z&ff(Figure 4-19) & Rk OfREH AL BEHE I Nz L 22D, 3, 3p*MeO
B L O3 I ERGEIRIC X o THIIGICHGAE LT 2 e R I iz, [ARREE D
3, 3b*MeO, 3p+C1(100 uM) % HeLa MAZICIEH & & 728D DCF D th #E58 R % i3
%L 3p+MO<I<3Ip A TH Y, T 4-3-6 ICBWTHIE 21T - 72K BT 2 HOD
4 & D JIE(Figure 4-13(A)) & —3K L 7.
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(A) Bright Field DCF

(B) Bright Field DCF

(C)  Bright Field DCF

Figure 4-15. Confocal microscopic images of 3 (70 uM) in HeLa cells on 4 h incubation in
the dark. Green fluorescence indicates the fluorescence of DCF (Aex = 488 nm). Red
fluorescence indicates ER staining of ER-Tracker™ Red (BODIPY™ TR Glibenclamide) (1
uM) (Aex = 561 nm) (A), Golgi apparatus staining of BODIPY™ TR Ceramide complexed to
BSA (1 uM) (Aex = 561 nm) (B), and mitochondrial staining of MitoTracker™ Deep Red FM
(50 nM) (Thermofisher) (Aex = 638 nm) (C). Scale bar is 50 pm.
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(A) Bright Field DCF

(B)  Bright Field DCF

(C) Bright Field DCF Mitochondria

Figure 4-16. Confocal microscopic images of 3b*™¢© (10 uM) in HeLa cells on 4 h incubation
in the dark. Green fluorescence indicates the fluorescence of DCF (Aex = 488 nm). Red
fluorescence indicates ER staining of ER-Tracker™ Red (BODIPY™ TR Glibenclamide) (1
UM) (Aex = 561 nm) (A), Golgi apparatus staining of BODIPY™ TR Ceramide complexed to
BSA (1 uM) (Aex = 561 nm) (B), and mitochondrial staining of MitoTracker™ Deep Red FM
(50 nM) (Thermofisher) (Aex = 638 nm) (C). Scale bar is 50 pm.
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(A) Bright Field DCF

(B) Bright Field DCF

(C) Bright Field DCF

Figure 4-17. Confocal microscopic images of 3b*“' (10 uM) in HeLa cells on 4 h incubation
in the dark. Green fluorescence indicates the fluorescence of DCF (Aex = 488 nm). Red
fluorescence indicates ER staining of ER-Tracker™ Red (BODIPY™ TR Glibenclamide) (1
uM) (Aex = 561 nm) (A), Golgi apparatus staining of BODIPY™ TR Ceramide complexed to
BSA (1 uM) (Aex = 561 nm) (B), and mitochondrial staining of MitoTracker™ Deep Red FM
(50 nM) (Thermofisher) (Aex = 638 nm) (C). Scale bar is 50 pm.
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Bright Field DCF Merge

(A)

Blank

(B)

(©)

3b4-MeO

(D)

3p4-C1

Figure 4-18. Confocal microscopic images of HeLa cells. After preincubation for 30 min in
the dark 4°C condition, none (A), 3 (B), 3b*M° (C), and 3b*" (D) (100 uM) with DCF (20
uM) were added and then incubated 1 h in the dark 4°C condition. Green fluorescence

indicates the fluorescence of DCFDA (Aex = 488 nm). Scale bar is 50 pm.
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Bright Field

(A)

Blank

(B)

©)

3 b4-Me0

(D)

3b4-Cl

Figure 4-19. Confocal microscopic images of HeLa cells. None (A), 3 (B), 3b*™¢0 (C), and
3b*“! (D) (100 uM) with DCF (20 uM) were added and then incubated 1 h in the dark 37°C
condition. Green fluorescence indicates the fluorescence of DCF (Aex = 488 nm). Scale bar is

50 um.
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3b* & 3, 3b*MO DT AMILERN A SRR 2BHZ A 2L 35720, i
B X O D 23 A MY & IEFE LN © ROS A RiE B L 72, LSS 0 mE% o
Stb T i 2 THIE L 72455 % Figure 4-20-4-24 12783, 3 & 3b*Me0 3, 28 AMME A549,
PK-59 N Tl DCF O R H G2 B & 7z 28, IEHFMIIE WI-38, 2C6 Tz A Y
BRI N b o T (Figure 4-21, 4-22). —77, 3b* I3 AMNE AS49, PK-59 T b IEH
it WI-38, 2C6 T DCF D i\ ks e % & 7z (Figure 4-23). L EDFER DS,
23 AMIIE X 0 b HUERALATRE DXV IER ML O BREE T T, 3, 3p*M0 | ROS A& 28
Yl iz I IEFEME~OMAEHEEME T Lz wx 5. 3b¥E, 3 & 3p*M0 X b 3
FELRTCENL 2N W O T, P LATRE MK IEHEMIEORE T Th A ITRITEINT
ROS B A HEZ 0, BE(b R b L RiHED 22 WIEF AL ICH L CmeiifgsEz s L,
N XY IEFEMIGEREEZ R L2 E Ao 5.

4-3-6 TR L7 X 51, /KT PFBS Z MW7z HoO, B DHIEIC L D, 3, 3p+MeO %
AscNa & DS T H0, AR L 72285, 3b* 1E HyOy EKE D e o 72, % & CHllE
N H0, D3 TH 5 BES-H0,-Ac!'” 8% > T HeLa TN T D H,0, AL % FH~
7z. BES-H,0>-Ac FAMENICE Y A, #IlENZ X T 7 —FIC X o THLT £ F L X
Niztg, IHICHO0, LDRIGTHNME b, Z DR % Figure 4-24 1C/RF. 3, 3b*
AZEREE 2L, MRNICEWTREEOEIZ L A EBI% L7k d> o 72 (Figure 4-24
(B), (D)%%, 3b*MeO ZAfEH X % &, MR dE2 B & 7z (Figure 4-24 (C)). 3b*™Me©
1Z, BICHIC 0, L DIE T E NS b Fu =t Y hENRLERZDIC, 38
THDRITIC X 5 HOAEKA K Z 2 HIIC H0, ZHT % DT H0, EMENE L & 5
tEZLNS.
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Bright Field DCF Merge

(A)

A549

(B)

WI-38

©

PK-59

(D)

2C6

Figure 4-20. Confocal microscopic images in A549 cells (A), WI-38 cells (B), PK-59 cells
(C), and 2C6 cells (D). Green fluorescence indicates the fluorescence of DCF (Aex = 488 nm).
Scale bar is 50 um.
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Bright Field DCF Merge

(A)

A549

(B)

WI-38

©)

PK-59

(D)

2C6

Figure 4-21. Confocal microscopic images of 3 (70 uM) in A549 cells (A), WI-38 cells (B),
PK-59 cells (C), and 2C6 cells (D) on 4 h incubation in the dark. Green fluorescence indicates
the fluorescence of DCF (Aex = 488 nm). Scale bar is 50 um.
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Bright Field DCF Merge
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2C6

Figure 4-22. Confocal microscopic images of 3b*™¢© (10 uM) in in A549 cells (A), WI-38
cells (B), PK-59 cells (C), and 2C6 cells (D) on 4 h incubation in the dark. Green fluorescence

indicates the fluorescence of DCF (1ex = 488 nm). Scale bar is 50 um.
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Bright Field DCF Merge

(A)

A549

(B)

WI-38

©

PK-59
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2C6

Figure 4-23. Confocal microscopic images of 3b*“! (10 uM) in A549 cells (A), WI-38 cells
(B), PK-59 cells (C), and 2C6 cells (D) on 4 h incubation in the dark. Green fluorescence
indicates the fluorescence of DCF (1ex = 488 nm). Scale bar is 50 um.
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Bright Field BES-H,0,-Ac Merge

(A)

Blank

(B)

©)

3b4-MeO

(D)

3b4-Cl

Figure 4-24. Confocal microscopic images of HeLa cells. None (A), 3 (B), 3b*M¢0 (C), and
3b*“! (D) (100 uM) with BES-H,0,-Ac (5 uM) were added and then incubated 1 h in the
dark 37°C condition. Green fluorescence indicates the fluorescence of BES-H20:-Ac (Aex =

488 nm). Scale bar is 50 pm.
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4-4, FEEM

AETIE, 2,6-bis(amide-tether dpa)-p-cresol FLfZF(HL3) & % D AL (IN)FE A [Cua(p-
1,1-OAc)(p-1,3-OAc)(L3)](0Ac) )D& Y P AFED 4 (7 E T 51D MeO % 13K
FIED Cl &% 5 HL3*MO & HL3* D #5{A[Cuy(p-1,1-OAc)(p-1,3-OAc)(L3*MO)]Y [Y =
PFs (32*M0), OAc (3b*M©)], [Cua(p-1,3-0Ac)(L3*N]Y [Y = ClOs (32*C"), OAc (3b+)] %

L CIE#EIC X 2 SR MHEIE, ROS A /kRET), MIAEEEIE IC ST 3 E 7205 & BUKZI A % i
N7z BTG D MeO %13 3a*Me0 T u-1,1-OAc Z84E, T K5 [1ED Cl it 32+ T
F =MD E p-1,3-0Ac 2446 % ZEAL L 72, /KIS H Tl 3b*M0 @ u-1,1-0OAc 1E H,0
TEMR I N2, 3049 D p-13-OAc 1% D F KX N2, BLEICER T 3p*Meo<
3<3b*DIETH Y, BETEICHE 5 /2. 3b+MO, 3p+Cl T 3 L [AERIC AscNa T2
12 Cu(Cu()ITIETC & 4, IRITI 0276 EL T ROS & L T Hy0;, & HO=% L L 72. ROS
AR (Hy0; (3b*Me0>3p+Clh L HOe (3b*™Me0 < 3p*+N) |3 FE TR ICTIKTFE L, MeO % i3iE
TLIRIC 0 EDIETIME NS b Fu =A%y hERRLE R 72912 H0, DL
HAEMEL, ClLEETRIC 0, L DG TR E NS <+ F YRR LETH %
720, $95 1 EBFEXZITH->T HOZAEKTHZ RN TEREEZLNS., I b,
3b*Me0) 3p+Cli3, 3 X 0 ) HeLafific LTz z N T7f5L 5EEWMlasEEEZ R L
72, 3b*MeO) Ip4C BN D E WSR2 5 72 B ER, Golgi fRIC/H7E L T ROS 4R L
72, TN, MeO, ClEDBUKZIRIC X % 3b+MeO, 3p+C D fiFAME D KICKIN T % &
E2bN, AFLRIGEEELHET % ER, Golgi KR TD ROS LA 3b+MeO L 3p+C )
fifadEtEzZ EXe-eEz20N5,. 72, 3bMO I AMIBLEIRNTH - 7228, 3b*
CHUIIEHARLERN TH o 72, 3b*Me0 » ROS FEIFIEFMAE L v b 28AMET% 2
> 7223, 3b*A9 D ROS AR & I IEHF ML T AAMAE D RBETH - 7. Z D ROS 4
FE DE L, IEF ML L 23 A MR 3510 2 PR ATRE 0 & » & G o B2 R o
EWICX o THIER I IR TEH Y, FERAIC 3b4M0 0 28 ALHIFGEIRYE & 3b+ o [EH Al
NLEREICEDR o7 EZONS. ZOWEDL DL, “IEEEERIC X 2 23 AMIGER A
Pz, BCfFIC8AL R ERESR Chlfflc & 2 2 LRI,
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5. BTk
4-5-1. AE
AT oW, GRPEECHEEZIRE, ARG ZHDEMEE TR, FAEK,
Y= T AR Yy FHEDOERL AL BEICOWTE, ARICHC2 b
FACTIS U CHMEZE R L 7=, BR H: (a7l iC I ER-Tracker™ Red (BODIPY™ TR
Glibenclamide) (invitrogen), Golgi A% A< |12 BODIPY™ TR Ceramide complexed to BSA
(invitrogen), I b 2 v F U 7HMAEAFICIE MitoTracker™ Deep Red FM (invitrogen) % F \»
7-. MM © ROS #l%¢iC 3 H.DCFDA (DCFH-DA, 2',7'-Dichlorodihydrofluorescein
diacetate) (Selleck Chemicals)!'" 151 F >, #idN @ H,0, B2 1C 1% BES-H,0,-Ac (Wako)!'"
Bz vz, 3 3B OGmENTHE > THM L 7.

4-5-2. HIEHE

TCRHT(C, H, N)iZ, Perkin-Elmer #1:# Elemental Analyzer 2400 II % F\»CHIZE L 7z.
UV-vis LA~ 27 b v i3, Agilent f1:84 8454 SEA AT L REGTH 2 -V CHlIE L 72, pH
HI7E 1%, HORIBA #! LAQUA electrode % EEHERRAR CRIE L 7242 1CHI%E L 7. Electron
spray ionization MS (ESI MS) }¢ ¥ Cold spray ionization MS (CSIMS) A< 2 } v ix, HARTE
T8 JMS-T100CSRX the AccuTOF CS % > T, MeOH, MeCN % 7213 H,O Z AL LT
HIE L 72, FRIMEAR) A <=2 b v iX, SHIMADZU Single Reflection HATR IRAffinity-1
MIRacle 10 THIZE L 7z. 'H NMR A2 b i, HAE TS ECA-500RX 7 — V) T
g SR AL 24 (500 MHz) 2 fEFH L, FEHEY)E L L T tetramethylsilane (TMS) ¥ 7z 1%
sodium 3-(trimethylsilyl)propionate-2,2,3,3-ds (TSP) % F\ > CHIE L 72, R~ 27 P Lig,
HITACHI Spectral fluorometer F-7000 THIE L 7z. ®#HEA <2 b vk, HITACHI Spectral
fluorometer F-7000 CHIE L 7z. MTTassay (¥, Thermo Scientific™ Multiskan™ FC % F >
THIE %17 o 72, HHESPEMETIL, Nikon Instech #EBIILEE S L — ¥ — BAMEE A1 Z v
7z.

4-5-3. BEATF(HL3*X) & % O ZESRAADIEREGYY) (X = MeO, CYDE K
Methyl 4-chloropicolinate (24) DA 20!

Picolinic acid (23) (48.2 g, 0.391 mol)% SOCI, (150 mL)ICi&fi# & &, DMF (5 mL)% il 2
T 75°C T3 HREIMBGEIR L 7z. SOCL % » 22 7 L 72%%, toluene (100 mL)% il X
TIHICHh T 7, RISAESRZKBIGRL, MAEREWLL 7212, toluene (100 mL),
MeOH (13 mL)iMz, ZDE F 2 KR L7z, i L 72[BE2 X v 57 = Tl L
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Zep L7, 2 OREE% 500 mL ¥ — A —IC AR, JKIBICE L, B Na,COs /KRR %
HWHAMEIC R 2 T A 2%, CHCl; (3 x200mL) T/ L 72, HHEEIC Na,SOs % il 2 C
KL%, Xy F=ClEBL, BlEo—%Y) —T AR — % — Tl 2 L REE
DIHIRPE GO N7z, TIIT hexane ZMZ, EZEFIET 2 LRGEOERLE LN
72. T DEKRIC hexane Z 12, 80°C TENKHEMHE T % & HAGOMIE S LD T,
Z % V&8 D hexane T, ELZZ571 L 72(35.4 g, Yield: 53%). 'H NMR (500 MHz, CDCls):
d/ppm = 8.67 (dd, J=0.57, 5.2 Hz, 1H, Py), 8.15 (dd, J=0.57, 2.0 Hz, 1H, Py), 7.52 (dd, J=2.0,
5.2 Hz, 1H, Py), 4.05 (s, 3H, CH3).

4-Chloro-2-hydroxymethylpyridine (25)D & "

24 (20.0 g,0.117 mol) % MeOH-THF (120/70 mL)IC/Af#E X &, JKiBICIE L, CaCl(52.0g,
0.469 mol) & [HEE IC N 2 CTHIAERBERL L 7214, i T 20 oL 72, KoERZK
IR L, NaBH4(8.80g,0.233 mol) %l 2 TR EREL L 721, ZIL T 2 Wit
L 7. TLC (silica gel, EtOAc/hexane 1/1) TIREIDIHKR 2 ERE L 7212, NICH & % IKIRIC
=L, HO(00mL)Z MA CTER T 2 R L 72, oz e — & Y —Z KL —
& —CiEfE L, EtOAc (3 x 200 mL) T/ L 7. G HEE I Nay,SO, % Il 2 THiK L 7244,
Xy FzTEBL, BEREe -2 ) —TNFL -2 —CEEL, BEREZET 2 EHED
(R 255% 5 1172(16.3 g, Yield 97%). 'HNMR (500 MHz, CDCls): 6/ppm = 8.46 (d, J=5.7 Hz,
1H, Py), 7.31 (d, J= 1.7 Hz, 1H, Py), 7.23 (dd, J= 1.7, 5.7 Hz, 1H, Py), 4.75 (s, 2H, CH>), 3.40
(brs, 1H, OH).

4-Chloro-2-formylpyridine (26)D & &

100 mL A 7 7 2 212 MnO, (90.0 g)% A, ¥ 2m— FEZID 1, BHEGZEL
BB e—bH VY TKGERELZ. 23T 25(8.00 g, 55.7mmol) % il 2, CHCl; (96 mL)
SRR S R 7214, 80°C T 36 RFNBGEFL L 72. '"HNMR A~ 727 F L CTHREID K > T
BN ERMERL 2, RICHEMSMEERICE L. MnO, 2+t 74 MEBATREAEL, I
WhEr—2) —T KL — % —CiElE, BT 5 e EBORERIELNT6.55 ¢,
Yield 83%). 'H NMR (500 MHz, CDCl3): §/ppm = 10.1 (s, IH, CHO), 8.70 (d, J = 5.2 Hz, 1H,
Py), 7.96 (d, J = 2.3 Hz, 1H, Py), 7.54 (dd, J= 2.3, 5.2 Hz, 1H, Py).
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2-Hydroxymethyl-4-methoxypyridine (27) D & X% 2!

25 (3.00 g, 20.9 mmol) % MeOH (60 mL)IC /i & &, NaOMe (24.0 g, 444 mmol) % fll 2.,
i E R B L 7212, 120°C T—HEhNEER L 7z, 'THNMR 22 F VTR & - C
WhRWT L BERL 2%, MIOABREERICKL, 12MHCl Z W< pH #EHEIC 7-
gICL7-. MM E €74 FEBETHR V0L, EREe—%) —T KL —% —TiE
ML, BT 2 L EEOOREKRIESN(2.24 g, Yield 77%). 'H NMR (500 MHz,
CDCLy): 8/ppm =8.34 (d, J= 5.7 Hz, 1H, Py), 6.77 (d, J= 2.3 Hz, 1H, Py), 6.74 (dd, J=2.3, 5.7
Hz, 1H, Py), 4.71 (d, J= 4.6 Hz, 2H, CH.,), 3.86 (s, 3H, OCH3), 3.78 (t, J = 4.6 Hz, 1H, OH).

2-Folmyl-4-methoxypyridine (28) D5 X'

100 mL A7 7 2212 MnO, (23.1 g% A, Y Lm— FEZRDO 1, BEEGZEL
BHRLe—bH VY TKGERELR., 2HIC 27214, 15.4mmol) %l 2, CHCl3 (25 mL)
ISR X 2721, 80°C T 24 IFEIMBVEIT L 72. '"HNMR A~ 2 b L CEIDE > T
RN EERMERL 2, KIGEBREZFERICELZ, MnO, %t 7 4 MEATREAEL, 1§
Whew—2) —ToNKL — & —ClgiE, BEZET 2 L REOMRYEI SO N/(1.87
g, Yield 89%). '"H NMR (500 MHz, CDCls): §/ppm = 10.1 (s, 1H, CHO), 8.60 (d, J = 5.5 Hz,
1H, Py), 7.48 (d, J= 2.9 Hz, 1H, Py), 7.03 (dd, J=2.9, 5.5 Hz, 1H, Py), 3.93 (s, 3H, OCH3).

2-Chloromethyl-4-methoxypyridine (29 (X = MeO))D &[]

25 (2.19 g, 15.7 mmol) % CH,Cl, (12 mL)IC¥&f# X 4, SOCI, (10 mL) % il X 72, 50°C
T 4 RRINBVEFT L 72. SOCL Z B K3 % L Bt DA G b 7z, Z L%z fdH] NaHCO;
IKIEW (50 mL) ICVAfR X 2, CHCl; (3 x 150 mL) CT/rilR L 72, AHEJEI1C Na,SO, % fill 2 Tt
KU, Xy FoCHEBEL, BREOT—2 ) —T KL — % —CiElE, BXEGET 5

& R DR YE 35 5 1 72(2.43 g, Yield 98%). 'HNMR (500 MHz, CDCls): ¢/ppm = 8.39
(d, J=5.7 Hz, 1H, Py), 7.00 (d, J = 2.6 Hz, 1H, Py), 6.76 (dd, J = 2.6, 5.7 Hz, 1H, Py), 4.63 (s,
2H, CH,), 3.88 (s, 3H, OCHj).

4-Chloro-2-chloromethylpyridine (29 (X = Cl)) D &-B&"

29 (X=CDlZ, 29(X=MeO) & [FfEDOTFNET 27 2k & LCTHKL, EEOMRYE
& LTS N7z (Yield 98%). 'H NMR (500 MHz, CDCls): §/ppm = 8.48 (d, J = 5.2 Hz, 1H,
Py), 7.52 (d, J=2.0 Hz, 1H, Py), 7.26 (dd, J=2.0, 5.2 Hz, 1H, Py), 4.65 (s, 2H, CH>).
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2-Azidomethyl-4-methoxypyridine (30 (X = MeQO)) D &

29 (X =MeO) (2.43 g, 15.4 mmol), NaN; (3.10 g, 47.7 mmol) % DMF (50 mL)IC & fF X 4,
i RE S L 725, 50°C Tt L7z, MICASR % ERICE L 2%, A1 NaHCO;
FKIEHR (100 mL) Z il 2., EtOAc (3 x 30 mL) T/ L 7=. %8 2 B Y H L 7-%%, A NaCl
IKIBH(2 * 300 mL) T L 7=, AHEJEIC NaySOs Z M2 THK L 7214, X v F = Tl
L, i@z o —2Y) - SR — X —TiRfii, BT 2 L REOIMRMEIF LN
72(2.37 g, Yield 94%). 'H NMR (500 MHz, CDCls): ¢/ppm = 8.41 (d, J = 5.7 Hz, 1H, Py), 6.88
(d,J=2.3 Hz, 1H, Py), 6.77 (dd, J = 2.3, 5.7 Hz, 1H, Py), 4.45 (s, 2H, CH,), 3.88 (s, 3H, OCH3).

2-Azidomethyl-4-chloropyridine (30 (X = Cl)) D &)

30 X=CDiE, 30 X=MeO) L [FAEDFIET29X=C)%JiklE L THKL, KRED
HARPIE & L T 5 1172 (Yield 94%). 'H NMR (500 MHz, CDCls): ¢/ppm = 8.49 (d, J=5.2
Hz, 1H, Py), 7.39 (d, J = 1.7 Hz, 1H, Py), 7.27 (dd, J = 1.7, 5.2 Hz, 1H, Py), 4.50 (s, 2H, CH),).

2-Aminomethyl-4-methoxypyridine (31 (X = MeO)) D& X!

30 (X = MeO) (2.37 g, 14.4 mmol)% THF (18 mL)IC{AEfE & &, JKIRICIR L 7214, PPh;
(5.89 g, 22.5mmol) 2 M 2, WiRZEREBEL 72, 0°C T 1 KL=, T 5icER T
2 IEf#EHE L, DARTMS CHRIE > T nwZ & 2R L 724, H,O2mL)Zhlz.,
PR EREL L 72, 30°C T—HufEIE L7z, m—% ) —TZ N FL — 2 — i L, B2
2R 3 EEOOFERSES N, ThE CHCL (50 mL)ICAfE X 4, 1 M HCI (3 x 50
mL) T L7z, KEZEY L 721%, 4 M NaOH KRR T pH % 11 ICL7z. 2%
CHCl; (3 x 200 mL) T/ L 72, AHEEIC Na,SO, N2 Tk L 7214, X v F = TlEi#
L, =&Y =T R —%—Cigffi, BEGET 2 L RBEOHIRYIE S 5 1L72(1.84
g, Yield 92%). 'H NMR (500 MHz, CDCls): §/ppm = 8.38 (d, J = 5.7 Hz, 1H, Py), 6.83 (d, J =
2.6 Hz, 1H, Py), 6.70 (dd, J=2.6, 5.7 Hz, 1H, Py), 3.93 (s, 2H, CH>), 3.86 (s, 3H, OCH3).

2-Aminomethyl-4-chloropyridine (31 (X = Cl)) D &pZ!")

3 (X=CDiF, 31 X=MeO) L [AkDFIETI0 X=C)%ZJiklL L THKL, BED
HARPE & L T 5 172 (Yield 90%). 'H NMR (500 MHz, CDCls): ¢/ppm = 8.67 (dd, J =
0.57,5.2 Hz, 1H, Py), 8.15 (dd, J=0.57, 2.0 Hz, 1H, Py), 7.52 (dd, J= 2.0, 5.2 Hz, 1H, Py), 4.05
(s, 2H, CH,).
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1-tert-Butoxycarbonyl-bis(2-(4-methoxypyridyl)methyl)amine) (32 (X = MeO)) D & F!!)

28 (1.72 g, 12.5 mmol), 31 (X = MeO) (1.59 g, 11.5 mmol)% MeOH (13.5 mL)IC{Af# X 4,
iR ERBELL 7214, 0°C T 1 BB L 72, 'THNMR 2<2 b L TA I VO KAT
31 X=MeO)H2FE > T7a\ C & %R L 72#, NaBH4(1.03 g,27.2mmol) % Ml z, FFE
fAEEHEL L 7214, 0°C T2 BREHERE L7z, 'HNMR 2227 F L TA I VAo T
RN L BRER L7214, 0°C ZHEFRFL72% ¥ 6 M HCI KA T pH % 112 L 72. MeOH
Zu—2 Y —ToNKL— X —TiRfd L 7242, 81 K,COs KIS & v CHa kR ic L 7=,
CHaCly (3 x 200 mL) T/ L, HAHEEIC NaySOs Z MM A THIK L7214, X v F = Tl
L, i@z o —2Y) - SR — X —TiRfii, BT 2 LEEOMRMEIF LN
7z.

Z DMIRYIE % CHyCly (24 mL)IC AR X 4, JKIBICE L 7214, EtN (3.26 mL, 23.4 mmol)
Mz 7=. ZZIZ, CHyCly (40 mL)ICIAfE X 72 BocO (5.09 g, 23.3 mmol) % No HEFHS T
TMZ, BREREWRL 7212, 0°C T L 72, & ORISHEWIC CHLCL (36 mL) %
fnz, BEA] NaHCO; 7KIEW(3 x 30 mL) T/ L 7z, AHESEIC Na,SOs Z il 2 TR L 72
%, Xy FoCEBEL, BEEr—2 ) - oNRL — & — T, BEZRT S ERA
DIMRVE GO Nz, ThERDVED CHCL ICARE Y, Y VAT VAT L7a~ b
7" 7 7 4 —(gradient EtOAc/MeOH 100/0 to 20/) THELL, HWIBNEENL T35 7T 7
aviEEDE, Ihku—2) —T KL —X—CilEfEL, BEEGET  LEAO
RYVE 535 5 1172(2.80 g, Yield 68%). 'H NMR (500 MHz, CDCls): §/ppm = 8.33 (d, J=5.7
Hz, 2H, Py), 6.84 (s, 1H, Py), 6.73 (s, 1H, Py), 6.69 (d, J = 5.7 Hz, 1H, Py), 6.68 (d, J= 5.7 Hz,
1H, Py), 4.64 (s, 2H, CH,), 4.55 (s, 2H, CH.), 3.83 (s, 3H, OCH3), 3.82 (s, 3H, OCH3), 1.44 (s,
9H, CH3).

1-tert-Butoxycarbonyl-bis((2-(4-chloropyridyl)methyl)amine) (32 (X = Cl)) D& B!

32(X=CDiE, 32(X=MeO) & [FAEED FIET 26 & 31 X=CD)ZJFkIE LTHRL, &
L oMIRYE & L TE 57z (Yield 60%). 'H NMR (500 MHz, CDCls): §/ppm = 8.42 (d, J
=5.2 Hz, 2H, Py), 7.33 (s, 1H, Py), 7.23 (s, 1H, Py), 7.19 (d, /= 5.2 Hz, 1H, Py), 7.18 (d, J=5.2
Hz, 1H, Py), 4.67 (s, 2H, CH,), 4.57 (s, 2H, CH.), 1.44 (s, 9H CHs).

Di((2-(4-methoxypyridyl)methyl)amine) (33 (X = MeO)) D &)

32 (X =MeO) (150 mg, 0.417 mmol)% EtOH (12 mL), 12 M HCI (4 mL)IC &R & 2, ik
HRERL 2%, BT BRI L 2 ROCERE e — 2 ) — oKL — X — TR L,
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BT 3 LR ODOERAE LN, T R BIH KoCOs /KIAT(20 mL)IC AR X 4,
CHaCly (3 x 60 mL) T3 L 7z, AHEJEIC NaxSOs Z MM A THIK L 7214, X v F = Tl
L, i@z o —2Y) - SR — X —CTiRfii, BXEEEHET 2 LEEOIMRMEIF LN
72(84.2 mg, Yield 78%). 'H NMR (500 MHz, CDCls): é/ppm = 8.37 (d, J = 5.6 Hz, 2H, Py),
6.91 (d, J = 2.9 Hz, 2H, Py), 6.69 (dd, J = 2.9, 5.6 Hz, 2H, Py), 3.92 (s, 4H, CH,), 3.84 (s, 6H,
OCHs).

Di((2-(4-chloropyridyl)methyl)amine) (33 (X = Cl)) D &K

33X=CHlE, 33(X=MeO)L FRkDOFIHT 32 X=ChZ kL L THEL, HED
HRE L LSz (Yield 88%). 'HNMR (500 MHz, CDCls): 6/ppm = 8.46 (d, J=5.2
Hz, 2H, Py), 7.40 (d, J = 1.7 Hz, 2H, Py), 7.19 (dd, J = 1.7, 5.2 Hz, 2H, Py), 3.96 (s, 4H, CH,).

HL3*M° O &K,

4-methylphenol-2,6-dicaroboxylic acid (34) (25.5 mg, 0.130 mmol)% SOCI, (1.5 mL)IZ /Af#
X, 60°C T4 I L 72, SOCL & ¥ £ L 72, HZEWMET 2 L E GO R E »
Boiiz, ZOMRYEIIEHREZITOTICROKIGICH W, 33 (X = MeO) (84.2 mg,
0.325 mmol), K,CO; (158 mg, 1.14 mmol)% CH,Cl, 2 mL)IC/AfRE X ¥ 72, T OEIRIC, it
FEDHIRYIE % CH.ClL 2 mL)ICIAME X & 72981 % Noflow LA 6w o< Y &z, B
REREWLL 721, BT WL 72, ROSER Z LR} clidt L 725, Kz A
— 2 ) —IANFRL—X—TEMT 2 L EOQOBEERIE LN ChERDED CHCL I
BREE, TAMIFHTL2u~ b 27T 7 4 —(gradient CHCly/MeOH 1/0 to 50/1) THsHL
L, BIYIDREENTWE 7 I 7 v avifEwiz, chknr—X ) —TNKL—X—T
EiE L, BEZERT 5 & OO BRI S 1172(46.2 mg, Yield 53%). "H NMR (500 MHz,
CDCLs): ¢/ppm = 12.1 (s, 1H, OH), 8.36 (d, J= 5.7 Hz, 2H, Py), 8.31 (d, J= 6.0 Hz, 2H, Py), 7.18
(s,2H, Ph), 7.10 (d, J= 1.7 Hz, 2H, Py), 6.74 (dd, J= 1.7, 6.0 Hz, 2H, Py), 6.68 (m, 4H, Py), 4.92
(s, 4H, CHy), 4.59 (s, 4H, CH,), 3.88 (s, 6H, OCH3), 3.81 (s, 6H, OCH3), 2.22 (s, 3H, CH;). ESI
MS (MeOH m/z, positive mode). Calcd for [HL3*M<0 + H]*: 679.29. Found: 679.29.

HL3*“ D&k

HL3*C' %, HL3*MO L FEIMED FIET34 X33 X=C)ZJEEIE LTARL, #Hn
DER E LTS 4L72(Yield 65%). 'H NMR (500 MHz, CDCls): 6/ppm = 10.9 (s, 1H, OH),
8.50 (d, J = 5.2 Hz, 2H, Py), 8.42 (d, J = 5.2 Hz, 2H, Py), 7.66 (s, 2H, Ph), 7.52 (d, J = 4.3 Hz,
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2H, Py), 7.42 (d, J = 4.3 Hz, 2H, Py), 7.31 (s, 2H, Py), 6.97 (s, 2H, Py), 4.83 (s, 4H, CH>), 4.60
(s, 4H, CH>), 2.09 (s, 3H, CH3). ESI MS (MeOH m/z, positive mode). Calcd for [HL3*“' + H]":
695.09. Found: 695.09.

SR (D EEA 3b* MO DER

MeCN (3 mL)IZ Cu(OAc): (27.5 mg, 0.151 mmol) Z & fF X & 723531, MeCN (2 mL)IC
HL3*M0 (43.4 mg, 0.0757 mmol) % iAfif & 2 721K E W - < W Il Z2, =T 30 ok
L= G Zn —2 ) — 2 KL — 2 — il L, iR 2 40 I mL BRE I L7-.
Z DRI ELO Nz % BRI L0 T, ZhziEil, EEET 3 &kE
D [EA DT B 3172 (66.6 mg, Yield 80%). Anal. caled for [Cux(p-1,1-OAc)(p-1,3-OAc)(L3*
MeOY1(OAc)+4H,0: C, 49.00; H, 5.16; N, 7.97. Found: C, 49.03; H, 4.77; N, 7.80. ESI MS (H,O
m/z, positive mode). Caled for [3b*™M¢© — OAc]": 921.16. Found: 921.10. IR (KBr): /cm ! =3514,
3433,2924, 2849, 1614, 1566, 1497, 1424, 1393, 1325, 1304, 1265, 1244, 1190, 1159, 1038, 964,
910, 829, 789, 772, 745, 681, 619.

RSN SEE 3a*M0 DAL

MeCN (1 mL)ICAf# X 72 3b*™Me0 (8.7 mg, 7.94 umol) AW IZ, 1 M NH4PFs MeCN &
#7(8.9 uL, 8.9 umol)Z Mz, ZEImT 10 /7 [EHEFEL 72, & OIAEWKIC benzene % V&N %,
ELO & RURIEHNT % C LI X o T, HAG S XS AT 108 L 72 ik o B2 6 h
7z.

AN EER 3b4C DA

MeCN (2 mL)IZ Cu(OAc): (72.0 mg, 0.396 mmol) % {Afif & ¥ 72 7A#RIC, MeCN (2 mL)IC
HL3*“ (138 mg, 0.198 mmol) % {&fi# X & 7278 % W - < Y il &, EiR T 30 EE L 7.
FIGHERZn —2 ) =T AR L — X — T L, SAEEEZH ImLBEEICLE 20
BT EO ZINZ 3 LEESHE L 720T, ZhziEil, HEEGHRT 2 e
K235 & 72 (142 mg, Yield 67%). Anal. caled for [Cua(p-1,3-OAc)2(L3*)](OAc)+2.5H,0:
C,44.84; H, 3.76; N, 8.04. Found: C, 44.49; H, 3.33; N, 7.82. ESI MS (H,O m/z, positive mode).
Calcd for [3b*“' — OAc]": 936.96. Found: 936.95. IR (KBr): #cm™! = 3694-3237, 3152-2812,
1622, 1591, 1576, 1557, 1422, 1344, 1302, 1242, 1200, 1112, 1047, 1026, 993, 949, 876, 827,
787, 741, 719, 700, 681, 619.
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“ (DA 32+ DEEX

MeCN (0.2 mL)IC A fif & & 72 3b*Y (7.8 mg, 7.29 pmol) DIAEHKIC, 1 M NaClO4H,O MeCN
IR(7.8 ul, 7.8 umol)Z M 2, il T 10 fEEE L /2. 2 DI % ELO & KURILEL S
5 EIC ko T, HEE X BEERT IOE L 7o ik 0BRSS L7z,

4-5-4, 3, 3b*M0, 3p*CI D Cyclic Voltammetry (CV)HIE

200 mM Buffer {5 (pH 6.0 (MES), 10 mL), 2 mM NaOAc (T 3, 3b*Me©, 3p*C1 53 0.5mM
b X ICIHERERAML 72, 2 OBRWICKESHEMmAg/ALC), FRHEME LT
glassy carbon, Xffi& LT Ptwire ZiZ L, EHXR % 10 o7V v 7 L2t CVHIEZ
fTo7. Znd, BERKEIX 10 pA/V, RIEEIZ 10mVs! TfTo 72,

4-5-5, 3, 3b*M0, 3p*Cl D Square Wave Voltammetry (SWV) D HIE

200 mM Buffer /A% (pH 6.0 (MES), 10 mL), 2mM NaOAc (T 3, 3b*M¢©  3p+C1 23 0.5 mM
b XD ER L 7. T OWIRICKERSREM(Ag/AgCl), FHEME LT
glassy carbon, X & L T Ptwire #iZ L, EF % 10 7/ 7Y v 7 L7z, SWV HIE
ZiTo7z. 7od, MERKELIL 10 nA/V TITo 72,

4-5-6. 3b*M©, 3p*C' % AscNa & G T ®7ROEF A7 P VEIE

200 mM Buffer & (pH6.0, MES), 1.5 mM NaOAc, 3%MeCN IZ 3b*Me0, 3h+C1 5 0,05
mM & 723 X5 I 2 72 % 2 ik M IC AL, 233 7214, 23+0.2°C ICff - 7=,
AscNa DIKIEREEARITHT LT 10 eq)Z %, 300-900 nm DHiFH TR~ 27 b L ZBER L
Too AT PAORERMERL 7=

4-5-7. coumarin % F\>7 3b*M0, 3b*C1iC X 3 HOAE K OREH

3b*Me0 3p+C1 (30 uM), coumarin (0.5 mM), NaCl (10 mM)®D Buffer {57 (pH 6.0 (MES),
pH 7.4 (MOPS)) (10 mM)% 4 [ VICHIZ, 37+0.2°C ICffo 72, & DIEWIC AscNa 7K
W% 1500 uM 1272 5 X 9 Iz, R 332 nm T 452 nm O HEHE % 60 5
M, =2V v MiE5.0nm THIE L 7.

4-5-8. PFBS Z fH\>7z 3b*MeO, 3p+Ciz X 3 H,0, R DKH

3b*Me0 3p*+C1(30 uM), PFBS (25 uM), NaCl (10 mM)® Buffer 74 (pH 6.0 (MES)) (10
mM)% 4 T /VICHTZ, 37+£0.2°C ICfRo 72, & DIEIRIC AscNa KIEWE % 1500 uM 1< 7z
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5 X5z, FhEEEERE 485 nm TD 513 nm DHIEGHRE % 60 70, RV v FiE 5.0 nm
THIE L 7=,

4-5-9. HMfEk & Z DFEEEH
HeLa (b b &2 AMINE) X RIS RS ALREMEEEH, HAR)2» oY % 7-.

A549 (b Fii2s AAliie), WI-38 (b R AfIEH ), PK-59 (& b gD Afiid) 3 K O 2C6
(b b BN ) XL 2E R ZERT S A A Y Y — ZAfSE & v £ —(BRC) (G, HA)2
O A L7z, HeLa i, A549ffifid, WI-38 fifidis X OF PK-59 MHfEIZ, 4R VM5 (fetal
bovine serum, FBS) (10%), penicillin (100 units mL™"), streptomycin (100 pg mL™") % fill 2 7=
Dulbecco’s Modified Eagle’s Medium (DMEM, high glucose), Dulbecco’s modified Eagle’s
medium (DMEM, low glucose), Minimum Essential Medium Eagle (MEM) ¥ 7z (% Roswell Park
Memorial Institute 1640 Medium (RPMI 1640)55#518 % 2 112 W W T, 5% CO,» #=EE, 37°C
DT CTREE L 72, 2C6 Mifdix, #AEAF ¥ > K (newborn calf serum) (10%), Zf VI
iH (fetal bovine serum, FBS) (5%), 5 Ifli& (horse serum) (2.5%), penicillin (100 units mL™"),
streptomycin (100 ug mL ") % il 2 7z Mixture F-10 Ham (HamF10)55## % H\»C, 5% CO,
WML, 37°C DT CHEE L.

4-5-10. 3-(4,5-dimethylthiazole)-2,5-diphenyltetrazolium bromide (MTT) assay

96 well 7L — M IC blank & L CHio A% 1511 L, K5HIC 10 x 10* cells/mL 1272 % X
I IR X R 72 MIBE % 1 well ICD ¥ 100 uL 32 control & 1A D I v T Ky DI iR
%, 5%COE, 37°C DEMHFFTA vFa~_— a3 v L7z HelLaffild & A549 fificic
B L C i 24 WFffE:, WI-38 #HifE & PK-59 AT, 2C6 MIAICBI L <l 48 Kiftltk, Hihz
BT PBS()T 2 Ik L 7=, 2Dk, H v Z7AFICiZFNFNOEEICHIL 72 3,
3b*MeO, 3p+Cl HL3, HL3*MO, HL3*C' D+ ¥ 7' (1-1,000 uM) %, blank & control %1[iC
RO B % T well ICDF 100 L TOHA, 4 v Fax—vav i 24 F#HE 5
M1 % B\ T PBS(-)T 2 [mlPE# L, MTT reagent (5 mg mL™") & 55 % 1:9 DE| & TRA X
72 E Twell ICDF 100Ul TOMAHEA V¥ a—v a v L7z 3EHE 72X
YL — X —CIHERE WA L 721, 44RH DMSO % 1 well IZ2 & 100 pL 3 2/1%x 7. 3
Y 2 A 7 LT L 7z v~ v R SRR X 2725, 570 nm ORI % I
FEHERCTHE L 72, ZofER XD, 3, 3b*MeO, 3p*C, HL3, HL3*MO, HL3*“ Diffifig
B8 50%BH S 2 (50% Inhibition Concentration, ICs ) 2 B H L 72. & O HIE I3 R (K 3 [A]
v, HmEEZ & 572,
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4-5-11, L SEEMERIC X 2 MIBEA ROS DHER

BEHT 4 v > 2(pl4 mm)iC 2 x 10° cells/mL 1IZFH%L L 72 HeLa M £ 7213 A549 #ll
i, WI-38 #HAE, PK-59 #HAtd, 2C6 AL D B&#EK % 400 uL 32z, 5% CO» IR, 37°C
DG T 24 Wrftl(HeLa AHAE, AS549 #ifd) % 7= 1% 48 WReft(WI-38 #lifE, PK-59 #HAd, 2C6
M)A v Fax—vavli 4AvFax—vavig BEHZERGTPBS(H)T 2 Hk
H L, 3, 3b*MeO, 3p+Cl 2 5 fift X & 72 BEHUIAHR(70 uM (3), 10 uM (3b+Me0, 3b*+C1)) (400 uL)
ZMA, 5%CO IR, 37°C DR T TA4RRHA v Fax—va v Lz, &ED307IC
IZ, ROS DH 7' v —7CH 2% DCFDA (20 uM, 400 uL)Z AN L, FHEA v F 2 —
av L7 AvFdax—vavik EHEZRCTPBS(-)T2 HEHL”. 21, ER
Pt F|CH % ER-Tracker™ Red (BODIPY™ TR Glibenclamide) (1 pM, 400 pL) ¥ 7z i,
Golgi A4 (a <% % BODIPY™ TR Ceramide complexed to BSA (1 uM, 400 uL), I k=
v F ) 7 REHFITH B MitoTracker™ Deep Red FM (50 nM, 400 pL)% % #LZ 11D dish i
Mz, 5%CO;#REE, 37°C DT T 30 74 vFax—vav iz FEHzRwT

F X U Golgi R EA|OBIZICIE 561 nm, I F =3 v F U 7REHOBIZICIE 640 nm,
DCFDA # ¢ ¢ % DCF OEIZZIC 1% 488 nm DJiffc L —HF — Z F 7=,

4-5-12. FLEEBEMERIC X 2 MIFEBUARRRE DHERR

BIEMT 4 v ¥ 2 (14 mm)iT 2 x 103 cells/mL (CFHHL L 7= HeLa #llfi o #7&# % 400 pL
FOMZ, 5%CO 2, 37°C DM T T 24 KA v F 2 _—3 3 v L7z 4°C THHEK
FERE 2274 vy ald, RE30H5DAHL4LC T,V Fax—vavliiz, AVFa
R—va vk, FEHZFRWC PBS(-)T 2 BIFEH L, 3, 3b*MeO, 3p* (100 uM) & ROS
DHH T v — 7 TH % DCFDA (20 uM) % {5 X & 7z B HIA W (400 uL) Z Il 2, 5%CO; =
B, 37°C OF&MFF 21t 4°C DT TcENZN LA v Fa =Y av L FE
DRI, FHbZFRvC PBS(—)T 2 [y L 721, Bz, HLESL —3 B
SECHIlE A #1% L 7-. DCFDA #0¢MC¢% % DCF D% (3 488 nm DL — % — %
7=,
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4-5-13. L RIEMEEIC X 3 I H0, DHER

BIEHAT 4 v ¥ 2 (e14mm)iT 2 x 103 cells/mL (CFHHL L 7= HeLa Al o #&# % 400 pL
TOMA, 5% COiE, 37°C DT T 24 Kl v ¥ a—va vk 4v¥a
R—y g vk, ARG T PBS(-)T 2 BIZEHE L, 3, 3b*MeO, 3b+C (100 uM) & H,0,
DN T v —T7TH 25 BES-H:0:-Ac (5 pM) % AR & 2 72 K HIVAWE (400 L) %l Z,
5%COL IRIE, 37°C DT T 1A v ¥ ax—v a3 v L7 FiE0RHE, Ktz
Fr\C PBS(—)T 2 [mIgEE L 714, iz inz, HESL - —BaMEE cfildz8ig L
7z. BES-H;0,-Ac DH A DOEIEITIT 488 nm D L —F — %\ 72,
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% AEE : Burst of DNA Double-Strand Breaks by Dicopper(IT) Complex with a p-Cresol-2,6-
Bis(amide-tether-dpa) Ligand via Reductive O;-Activation

5-1. BB

AREETIE, 2,6-bis(amide-tether dpa)-p-cresol BCAZ T (HL3) D &% 8l AN EE A [Cua(p-1,1-
OAc)(p-1,3-OAc)(L3)](OAc) 3)S 7 Za A ViiEF b U v L (AscNa)DIFE F T O, 701
iR TCINICIEMEIL L, supercoiled plasmid pUC19 DNA (Form I)®D 26%7%% 1 43 CESHIR
DNA (Form IIN)ICZ8 2 X 415 DNA A $HY) Wi (double-strand breaks, dsb)® burst Z FLH L
7-. TOFEH%, Robson B " ALHH(IDEE AR [Cua(u-OH)(bpmp)](ClO4), (4)F5 X UF N4Py BLfir
T DEADFEIA[Fe(MeCN)(N4Py)](Cl04)2 (5) & DL 2> LHH S 21 L 72, 4901, BR
LR, EERPIFZEIC XY, 313 AscNa & DG T Cu()Cu(ll) & Cu(I)Cu(l)IT3EIT X
n, NS OEITHED 0, % 3 ETEILL T DNA Ui {LisfEch e FaF
Z Y HNMHONE LR L 72, HODAERMITT L 7 ZAFER(TA)DH R =7 b AELIT X
DEIIL7-. x50, FREES e ) A+ Y —ATC), BEFWINALZ F v, IR A7
FIc kb, 3, 5D DNAEABEN ZT72. Z DGR, 3 D@ HOERL, DNA ~D
AR D% X, DNA ~DMBEZFEA 25, 312X %2 DNAdsb @ burst % AJREIC S 2B ©
DT DL DI ST,

Machi Hata, Yuki Kadoya, Yutaka Hitomi, and Masahito Kodera “Burst of DNA Double-Strand
Breaks by Dicopper(Il) Complex with a p-Cresol-2,5-Bis(amide-tether-dpa) Ligand via
Reductive Os-Activation” Bull. Chem. Soc. Jpn. 2022, 95, 1546—1552.
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5-2. #¥#8

DNA ZAFHYIWT(double-strand breaks, dsb) 1%, 1E{n T EIL 23 A 72 & D BERIEH D IR
BA~DIGHP OB S 2 HLEETH 5. Bleomycin (BLM)PULEFRFIF & LT\ 2 1238 A
TH Y, BEEHA Fe-BLM i\ DNA YIBNEHE %2R L, DNA —AEHYIHi(single-strand
breaks, ssb) & AFHYIW(dsb) % i L T ssb & dsb DRI 1:3 225 1:20 TH % L
I T 2H, Fe-BLM @ DNAdsb i, iP5 5F T CHEfT L, B3RS T H % 5°-GTAC-
3HFALICHEE L C—FIH D DNA $HOYIM % 42 C %2 0iffF <o [ H D DNA HHf#f#H D
UIWTICc X D EK X 1L 54, 72 Fe-BLM 28&JTAI T % Dithiothreitol (DTT)D{FEE [T
O FZiEMHAL L, supercoiled plasmid DNA (Form 1) % [E #{k DNA (Form III)ICZ #4135 2
dsb DI D3 [ )G (burst) % filt# L T, 20 #5T ssb & dsb 2% 80:20 DEE THEKT 2 &
W X720 Fe-BLM (3 O, Z i@ uiIciEME L L, & PERE & L CiEPE(L BLM-Fe(111)O.H
EEET 5 EREINT WSO, LA L, DNAdsh Dl A h =X 23 E-EHI N
Twiawll, ZZ-C, DNAdsb D burst Z fiH T & 2 RIRIHEAOHAENEETH 3.

Fe-BLM I X 2 £{LI") DNA VWi % i3 % 7= o, B4 @RSt s h & -
527 La L, AEEEARD DNA UIBHEHE X Fe-BLM X 0 32210, 1478
WIC KB T 35 X 9 72 DNAdsb @ burst D E5H11E 7z v >, Cowan & 1, I ICHI AscNa
(250 uM)TEFE T C b U =7 F FENL T O FIFEARQRS uM)IC X 232 TTH O iEME(L 2@ L <
LB R # > DNAdsb 23173 5 & $t5 L 72181, Roelfes & 1%, N4Py & Z O B#EALF D
PREER ALY DNA YT CEWiGtE%2 R L, #ITH DTT (1 mM)EE ik WA &
DER(1 uM) Z F W 723820 02 35 1L C, supercoiled plasmid DNA (Form 1) % 60 57 C 8—
32%DEHIR DNA (Form III)ICZ #5292 DNA dsb 25179 2 2 & i L 722429,

UL, UL E DA DI 2,6-bis(amide-tether dpa)-p-cresol FLAZT-(HL3) & Z O %l
(IDEEAR[Cua(u-1,1-OAc)(u-1,30Ac)(L3)[(OAc) B)EBAFE L, 3 2SEER{L/KFE(H0)TFHE T
T DNA O ZAKHEZBBLNcYIli$2 2 & 2 JRHE L 2P 330 uM)id, H,0, (50 pM)TF
¥£ T T supercoiled plasmid pUC19 DNA (Form I)®D 42% % 60 47 CE$4k DNA (Form III)IZ
YL 7z, T NITA BB O TIT R E v DNA YIWHEY: 7223, Fe-BLM X Y
1313 % DT,

AREETIE, IHMEREEFEROS)REE O &S AN I EF M % (RO 72 & ICETTHIE
ERE N LIIciER L, EITH AscNa (150 uM)TFTE F T 3 (30 uM)IiC X % DNA Yl
BR%AT o 72, 3 1R ITTHIC O, ZiETEIL L, 1 236 T 26%D supercoiled plasmid DNA (Form
)% EHR DNA (Form III)ICZE a3 2 DNA dsb @ burst ZEfT X223 2 &2 RHL 72,
B ARSI % 72 )6 T 2 g EEVy DNAdsb 13385512372 v». % Z T Robson 4
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TSR (I $E A [ Cua(p-OH) (bpmp)[(ClO4)2 (4)2 & BLM @ 4 D FALAL 7T & % N4Py
D FRADFE R [Fe(MeCN)(N4Py)](Cl04), (5)12* 3% LEICH vy, 3 1T X % DNA dsb @ burst
DAHEITT B RN DR 23 & 7. 3-5 © DNA YIBHEME, BERACFEIIEE, HO4: BHE
&, DNA #E&ER7n &2 U L 226558, HOAEK D & & DNA ~DFEE D% & 723,
312K % DNA dsb @ burst Z A[REICT 2 EHE LRI TH 2 T L BHL DIk o7z, KE
THIV:7z HL3, 3, 4, 5 DfL¥EHE % Figure 5-1 IC/R T,

Figure 5-1. Chemical Structures of HL3, 3, 4, and 5.
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53. MRLER
5-3-1. AscNa ZH\W7232TTHY O, iEHEEALIC X % 3-5 DER{LAY DNA YIHIE

MES Buffer (10 mM, pH 6.0), NaCl (10 mM), pUC19 DNA (50 uM bp), 3, 4 £721% 5
DIREGRREER L7z, THITZEST 37°CT AscNa Z A2, KIGEBHio7zoic—ER
DY v I EREEFICERIL 72, ZORKIGICE T % Forml, 11, Mk, 7Ha—27 L
BRIKENCTHNT L7z, Forml, 11, M IZZNZNR—3—a 4 LVORABRK, —AREHYIM
DER, AN OEHRIK DNA TH 2P, 3 ORKIED FormI, 1, T O EHIE (%) DE
il & 7 )V E H % Figure 5-2 178 3. Figure 5-2 1783 & 518, 3 (30 uM) & AscNa (150
uM)fzﬁHb\f:}iFE“G FHEHIIFEAEE T 1 2T Form1 D 26%75 Form 11, 74%7% Form

[ICZ eI N7z, %72 Form III 1% 10 43FE1C 50% LA ETER S L CH 0, 30 LA o Kt
TR TV ZLYMIC X 2 AA T N2 =y BB L7, ROSHIAD 15, 30, 45 BTl
ZNZEN 15, 20, 25%D Form I 284K L 72, AKEBESAIC X % Form 111 ~? DNA
dsb T, ZD X5 mBECRIGIE, ZHE TITIRERID 7R,

100
—e— Form |
Form Il
80 —e— Form Il
9
c 60
S
[
< 40
zZ
[m]
20
G . e Py 1
0 5 10 15 20
Time (min)

Lame 1 2 3 4 5 6 7 8 9 10 11 12 13

FormII
Form ITI
FormI

Figure 5-2. Time courses of Form I (red), II (light green), and III (purple) in the reaction of

3 under typical reaction conditions described in the text and the agarose gel electrophoresis
profile lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—13: data at 0, 0.25, 0.5, 0.75,
1,2,3,4,5, 10, and 20 min.
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3 & AscNa ICBH3 2 REMKAFEDRER %, ZNZ 1 Figure 5-3, 5-4 1IR3, Z OEER
CBIF 27 VEER LM 72 7 — % 1% Figure S5-1, Table S5-1, S5-2 IC/R"3. Z4Lb Dff
B 5, DNA UIKTIZ[3] L [AscNaicik{F3 25 & & 230> 72, 3 % AscNa DIEFFIE | T
X, 60 73T 80%LA LD Form 1 ARG o 72, F 72, 3, AscNa DTETE F THHST
T, 60 536 Form1 1% 32% L 2 Form II ICZ5#4 X 317 %> - 7= (Figure 5-5, Figure S5-2,
Table S5-3). L722357T, 3, AscNa, O,(X DNA dsb @ burst iICAR]XTdH 5. Figure 5-
3 (C)DAER D5, [AscNa] % I & 4T iFEMIZ 2 < A543 DNA dsb @ burst 235
1322 e8bn%. Lo L, Figure5-4 (C)DFEERDL S, 10uM D 3 & AscNa (150 uM)
W 5E, Form I A B IXRFEHIAFZE L, DNAdsb @ burst (3Bl Sz, L
727235 TC, DNAdsb @ burst [Z[3|ICKELKIKFET D2 L5,

(A) (B) (©)
100 100 100
—o— 0 puM
801 80 __ 8o} 50 yM
S 9 S 100 yM
= 60| = 6o} ‘ = 60l e 150 uM
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Figure 5-3. Time courses for Form I (A), Form II (B), and Form I1I (C) dependent on [AscNa]
in the DNA cleavage by 3. Experimental conditions: [pUC19 DNA] = 50 uM bp, [3] = 30
UM, [AscNa] = 0-150 uM, [Cu(OAc),] = 70 uM, [NaCl] = 10 mM, [MES buffer] = 10 mM

(pH 6.0) at 37°C. Experiments were carried out at least three times.
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Figure 5-4. Time courses for Form I (A), Form II (B), and Form III (C) dependent on [3] in
the DNA cleavage by 3. Experimental conditions: [pUC19 DNA] = 50 uM bp, [3] = 0-10
uM, [AscNa] = 150 uM, [Cu(OAc),] = 70 uM, [NaCl] = 10 mM, [MES buffer] = 10 mM (pH

6.0) at 37°C. Experiments were carried out at least three times.
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Figure 5-5. Time courses for Form I (red), II (light green), and III (purple) in the reaction of
3 under N». Experimental conditions: [pUC19 DNA] = 50 uM bp, [3] = 30 uM, [AscNa] =
150 uM, [Cu(OAc)2] = 70 uM, [NaCl] = 10 mM, [MES buffer] = 10 mM (pH 6.0) at 37°C.

Experiments were carried out at least three times.
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312 X % DNA FEALYIWT O HHE % T~ 3 72, 3(0-8uM)& AscNa (0-150 pM) % F T
Form I DEEHE 2 HIE L, #—IERERNT 21T 572, Z DR % Figure 5-6, 5-7, S5-
3, S5-4, TableS5-4, S5-51Z7/83. Figure5-6 (E), 5-7 (BTN, $5E— 8 TE L kobs Vs
[3]18 & U kops vs [AscNa]D 7' 8 » b 225, [BIICH L Tl R OMEEFIE, [AscNa]ic it L T
TR DMK R S N7z, ZORER LY, 328 AscNa I L > TEIGE N, EBIATh
% Cu(D)Cu(ll) & Cu(I)Cu(I)2* DNA UJrDALE & 72 5 O WG HEALICBAG 35 Z L 2Rk &
N7z, L72» 5T, Figure5-4 DEARIREMKEDMIE IC 351> T[3]IC DNAdsb 23 ik 12 4%
FL7-8HE, 312X 2 DNA dsb 2331 L C R GEERICHE S o TH Db L&
ZAbhd,

(A) (B) ©
1.0 12
0.25- k=0.00715 k=10.0247 ’ k=0.0621
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Figure 5-6. Pseudo-first-order plots for the decrease of Form I in the reactions of 3 ((A) 2,
(B) 4, (C) 6, and (D) 8 uM) with AscNa (50 uM) at pH 6.0 under air at 37°C. (E) A plot of
the pseudo-first-order rate constant vs concentration of 3 (0—-8 pM). (F) Time courses of Form
I upon reaction of 3 (red 0, yellow 2, light green 4, blue 6, and purple 8 uM) with AscNa 50

pM). Experiments were carried out at least three times.
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Figure 5-7. Pseudo-first-order plots for the decrease of Form I in the reactions of 3 (5 uM)
with AscNa ((A) 10, (B) 30, (C) 50, and (D) 100 uM) at pH 6.0 under air at 37°C. (E) A plot

of the pseudo-first-order constant vs concentration of AscNa (0—150 uM). (F) Time courses

of Form I upon reaction of 3 (5 uM) with AscNa (red 0, yellow 10, light green 30, light blue

50, blue 100, and purple 150 uM).
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Figure 5-8 I, 3-5 DIGIC 1T % Form I DJ#A & Form I DIEID K, 4, 5 DK
GO T NVERE RS, £z, T ORSE T — X % Table S5-6 IC/R 3. Figure 5-8 (A)IC
T DNA UIWHEE oL X v, 3L 513wFnd 1 2/ T Forml % 11 IC 584 83
%73, 41X Form I @ 70%7% Form II \CZEHa3 2 DI 60 7302025 T L bbb, TDZ
Ehb, 3L 5134 X0 HIEs0ICE DNA VIBEEZ RS & w2 5. —75, Figure5-
8 (B)D LKA &, 313 DNAdsb @ burst L Z 3234 51313 & A £ DNAdsb # 2 & &
T, 35345 L0 DIEE2ICE DNADsh iGHEAR R T Z EBHL 2 ICR o7, 2D X
71T, 3 DEITH 0, 7ML T DNA dsb 23S FFRMICIE S 2 & & A E vz,

(A) (B)
100 100
8oh""~ 80 :
s - g —0— 4
— 60} - = g0+ —e— 5
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FormI

Figure 5-8. Comparison of time courses of Form I (A) and III (B) among 3 (red), 4 (green),
and 5 (purple) in the reactionsunder reaction conditions described in the text and the agarose
gel electrophoresis profiles of 4 (a) and 5 (b). Lane 1: DNA control; lane 2: DNA with Hind
III; lanes 3—12: data at 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60min.
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5-3-2. 3, 4 BXU 5 OB{LBRITTEE)

DNA YIBHEHE OB OB 2 5 221 5 728, 3-5 @ redox property % AscNa & O
IGe Y4270y 7R VEET T L(CV)DHRITE TR, THIC, 3D V7 ERTE
BRI AT PAELTERL 72, Figure 5-9 2*5H, 3 1% AscNa & G T 2 L A5 ICE
TCENDD, 43RBT INEVT EARDA S, 24083 1F AscNa & DKIGT 0,57
THRENEAT 225, 41 3EH L2 VEBHTH 5. 3 DIEE 440 nm & 700 nm TEHR
L& 22, BRUIOBRERIDLTPREREY 7 P2 DT, ZOHED - D ik
By 3L w) EBoXE AR L. 2DR<27 PAZ(iE, 3 25 Cu()Cu(ll) &
Cu(D)Cu(ITBFEMITEIC X 25 2 L 2R LT 50, 23, 440 nm TEPR L 72 AscNa
TIEIC X % 3 DIRICT b BIEE X N7z (Figure 5-10). 3 1 1 eq D AscNa iC X - T Cu(I)Cu(ll)
ICIRITE N, BIID 1 eq i & > T Cu(Cu(DITEITLENTEH Y, 3 2FERITEILT S IC
I3 2eq LA LD AscNa 230872 - 7=,

(A) (B)
0.30 7 0.30 7
0.25r 80 0.25¢- pof e it
g 0.20F . g 0.20- .
c - I\V“M c 420 “
S 0.5} ok S 0.15¢
o %0 200 400 600 800 1000 o %0 200 400 600 800 1000
g O 10_ Time (sec) B 0 10 | 700 Time (sec)
<< Y- << Y-
700
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Figure 5-9. Absorption spectral changes (red to blue lines, 5 sec at every interval) of 3 (0.50
mM) (A) and 4 (0.50 mM) (B) upon addition of AscNa (1.0 mM) in MES buffer (10 mM, pH
6.0) at rt under N (inset: time courses monitored at 700 nm). NaOAc (1.5 mM) is present in

the reaction of 3.
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Figure 5-10. (A) Electronic absorption spectral change upon addition of AscNa (0 (red), 0.5
(orange), 1.0 (yellow green), 1.5 (light green), 2.0 (light blue), 3.0 (blue), 4.0 (purple) eq) to
a solution of 3 (0.5 mM) in the presence of NaOAc (1.5 mM) in MES buffer (10 mM, pH 6.0)
under N,. (B) Plot of absorbance at 440 nm vs. equivalent of AscNa added.
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RIT, H,O 1 TD AscNa iC & % 3 DEITTRIGICE T 5 CSIMS A= 2 F L% Figure 5-
11 1T T, miz682.95 & 741.93 1% NLZE N[L3 +2Cu(D)]" (Cu(I)Cu(I)) & [L3 + Cu(I) + Cu(Il)
+OAc]" (Cu(DCu(ID) I MG T RV — 7 N7z, ©— 7 TSR & & b IcE
EL, 1 2/0<T CuhCu()2SE v — 72 & 72 b (Figure 5-11 (A)), 2 53[ET Cu()Cu(l)ic &1L

L 7z(Figure 5-11 (B)). T D#EHR XV, 3 1% Cu()Cu(ll) % £ T Cu()Cu(l)~ & BFEM I TT
INBLI PO LIRS,

(A)

[L3 +2Cu(D]" = 682.94
[L3 + Cu(ll) + Cu(l) + OAc] = 74192

[L3 +2Cuil) + OAc + Na]" = 764 .93
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[L3 + 2Cu(D)]” = 682.95
[L3 + Cu(Il) + Cu(l) + OAc]" = 741.93

[L.3 +2Cu(l) + OAc + Na]* = 764.95

e
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m/z

Figure 5-11. CSI MS spectra obtained after 1 min (A) or 2 min (B) upon reaction of 1 (0.5

mM) with AscNa (20 eq) in the presence of NaOAc (20 eq) in H20 at 5°C under N2, at
orifice 1: 10 V, orifice 2: 0 V, ring lens voltage: 10 V.
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3-5 (0.5 mM)D pH 6.0 D/KIEH(MES Buffer, 200 mM)% H\wT CV ZHlIE L, BRI
HEEE 72, 3-5 D CV % Figure 5-12 IC/R 3. Figure 5-12 (A)ICRT 3 D CV 13,
—0.10—+0.10V vs Ag/AgCl DEICE R Y & o 72 2 DDE{LEITTA v 7 v %5 %, Figure 5-
12 B)B X NO)ITRT X H 1T, 22D redox couple IC7rHfEX 172, Figure 5-12 (B)D Ein
= —0.05V (4E, = 0.06 V)DHEN[H [ 7 redox couple (¥ Cu(I)Cu(Il)/Cu(I)Cu(I)C, Figure
5-12 (C)D Epe = 0.0, Ep=0.1V OAA[HRY 72 redox couple 1, Cu(II)Cu(1l)/Cu(I)Cu(ll)
WWIRIE X415, OAc ZRM& & TTRFICfEE S 2 {EHM23H 0, 3 ORI 7 redox couple
DRI EEZLND., 3DV TEME-0.003V £-0.12V TIT\, ThZileq bk
N 2eq DEFICHEBT2ERELEONE. 2O Lh b, TNbid Cul)Cu(l) s
Cu(HCu(D DT XHIGT 2 T & AR S inrz.
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Figure 5-12. Cyclic voltammograms of 3 (A, B, C), 4 (D), and 5 (E). The measurements were
made at 23°C = 0.2°C under N». Glassy carbon, Pt wire, and Ag/AgCl are used as working,
counter, and reference electrodes, respectively. Scan rate was 10 mV s (3) or 100 mV

s1 (4, 5) and sensitivity was 10 HA/V.
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T 51T, —0.003V B XU-0.12V vs Ag/AgCl TD 3 DiEIt%E, BTWINA~Z b LT
BERL 72, % OFER % Z N Z N Figure 5-13 (A), (B)IZ/RY. 3 D 440 nm & 700 nm DK
A DIIERE 1, —0.003 V D 3L 27 FEC IR L C Cu(DHCu)iZXG L, —0.12 V T

2 E S LT Cu(DCu(DD3ER L 72, —0.12V DAL 7 BRICE T 3 2= 7 b AEAL
i%, Figure 5-10 (A)IC/RL 72 AscNa IC & % 3 0 Rl I N/zd DL IZIEFRI L TH -
7o, THLORERIE, 3 ANV B AscNa & DG T Cu(T)Cu(Il) 2> & Cu(I)Cu(l)ic
BYFERICRILIN B L ZR LTV 3,

(A) (B)
0.14 ; 0.14 "
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Figure 5-13. Electronic absorption spectral change of 3 during the bulk electrolysis at —0.003
(A) or —0.12V (B) vs. Ag/AgCl using a Pt mesh working electrode and a Pt wire counter
electrode at 23°C =+ 0.2°C under N.. The time courses of the decrease of 3 monitored at 440

and 700 nm are shown in the inset.

¥ 72, Figure 5-12(D)ICRT X 51T, 41T Epe=—046V, En=-030V TARA[HET 7
{L&EITH Y V%R L7 T, Cu(H)Cu(H)/Cu(I)Cu(H)a:%ﬂ D BT 5N BB Figure
5-9(B)ICB VT, 4 2% AscNa TIRICI N o - DIECEMPMETE 2720 Th o &
FEzbivd. 51%, Figure5-12(E)ICRT X 51, Eip = 020V (4E, = 0.10 V) TH[#
7% redox couple Z7~ L, Z i Fe(ll)/Fe()iCxfns 5 &E 2 b5, i, Roelfes
R L 2R, BICAIEE T, 5 23225 T 0, ZiEME(L L T Fe(IlNO.H #&{4 % 2K
TEHLWIFFEL KL T3,
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5-3-3. 3B XU 5 DBEITTH 0, 7EHAL
5-3-2 Tib<_72 X 51C, 3 1F AscNa & )G L T Cu(DCu(l) & Cu(Cu()IiETTE 115,
DNA YW CI[3ixf L € 2 ROMEMKFEESL R & 7 0T, Cu()Cu(ll) & Cu()Cu(l)D
ME 2 O iEHALICBISE 3 2 C L 2R I iz, T d D&EICIAIE, Scheme 5-1 IC/R T
oI, % 3EEITL, 7u b AL I N T Cu()Cu()O-H FEEZ KT 5 & 2 5
5. T, 310K 2 DNAdsbiEMED pH 7.4 X 0 D pH 6.0 DT E W & 0 ) fE R 2
5# 2 CHEYTH 5 (Figure 5-14 I X 1 S$5-5, Table $5-7). Cu(ICu()O:H IIAREE TH
, ONERCTIIE T E R o7z, HODERICHE R Cu()O.H FEDOFEY 7 4 v
7 75 0-0 A VIWT T = 4 v F —iICE R 22 ST H Y B3, Cu(I)Cu()O-H 2> & HO23 4
Y52 IAENTH D,

Me

; AscNa 62 I%j dNC“' \\;%j
\_z

Cu(lCu(ll)
Cu(I)Cu(II) cu(l)Cu(l)
0 N N \ a T;P\Nf AN
2 ——Cu\o>C' -L{/ — E.-7Cul0>(:u"--l\|i 2+ HO.
H* on N\ p N P N

Cu(ll)Cu(1)O,H

Scheme 5-1. Reductive Oz-activation of 3.

186



100

—e— pH6.0
—e—pH74

[0.2)
o
T

()]
o
T

DNA Form 1l (%)
S
o

N
(=

OO 5 10 15 20

Time (min)

Figure 5-14. Time courses of Form III dependent on pH (pH 6.0 (red) and 7.4 (purple)) in the
DNA cleavage of 3. Experimental conditions: [pUC19 DNA] = 50 uM bp, [3] = 30 uM,
[AscNa] =150 uM, [Cu(OAc),] =70 uM, [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)

or pH 7.4 (MOPS)) at 37°C. Experiments were carried out at least three times.

RIZ, HLRZPTD3, 5L AscNa DIBIC K B HOAE %, 7L 7 X FE(TA)DH
A7 P BRI X D RER L 7285 & Figure 5-15, 5-16 12783, TA 1 HO«& G L T
-t FeF o7 L7 ZUEEHTA) R AR L, 310 nm THIFEE T % & 425 nm ICHHE NV F
ZRTBES FRkD 227 P AZEA{LD TA & Fenton i3k & O G T b B & 4172 (Figure 5-
16 (A)). Figure 5-15 (A)IT/RT & 51T, 225 T CTTA & 3/AscNa Z S ¢ 5 &, dokmm
FEDSEM L 72, ROGTHL L 72 HTA DIREEIL, d0t-N v oz ts o 5 43T 1.5
UM, 9043 T 3.6 uM EHEE I N B, T D DfEIE DNA dsb 12147 7% HO-LE ICAH Y 5
%. 420nm TiBPR L 72 HOCIEE OREZ L2 5, 3135 X0 D2 5% < D HO % 4K
L 7z (Figure 5-15 (B)). L 72235 T, 3 1% AscNa & DG T Oy 0 F 2 AR MICHHHL L,
550382 5 HCEHGEE CHO 2B L Tnwd L \wz 3,
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Figure 5-15. (A) Emission spectral change (5min in beginning two then 10min at every
interval) excited at 310 nm in the reaction of TA with 3/AscNa under air. (B) Time courses
of the emission intensity monitored at 420 nm for 3 (red) and 5 (purple). Reaction conditions:
3 or5 (30 uM), AscNa (150 uM), TA (0.5 mM), and NaCl (10mM) in MES buffer (10 mM,
pH 6.0) under air at 37°C.
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Figure 5-16. (A) Emission spectral change (gray to black) excited at 310 nm in the reaction

of TA with Fenton reagent. Reaction conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0
(MES)), [TA] = 0.5 mM, [FeSO4] = 10 uM, [H202] = 0.1 mM, [EDTA] = 10 uM, [AscNa] =
0.1 mM at 37°C. (B) Emission spectral change (gray to black, 5 min in the beginning then 10
min at every interval) at 310 nm in the reaction of TA with 5 and AscNa under air. Reaction
conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [TA] = 0.5 mM, [5] = 30
uM, [AscNa] = 150 uM at 37°C.
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X 51T, HO 2 DNAYIWTIC 351 2GR TH % & & ZLELHO-D BHEFHITH 5 DMSO
FRW7ZBHEFERIC X W #EZE L 72, 312 X % Form III A RICx 9" 5 DMSOBS ¥ fHES
% Figure 5-17 7/~ L, Z3ICBH#E 3 % 7 — X % Figure S5-6 35 X U Table S5-8 I/~ 9.
DMSO 137891 Form I AR 2 FHE LU, FHEZHIZ[DMSO]=1-10 mM O FEIE CHEAI L
7. TOZEhH, 3I1EDNA LEEREZIZKL, ZOHTHEML 72 HO*1Z DMSO X V) 3
MW DNA L RIGT 579, DMSO IC X Vil v eF 2z o5, 2 DEf, DMSO
FHET TH DNA & DA T dsb 25617 L, [DMSOICEAfR7x  —E & D Form III 23E
KT 5., 2L C, —HDOILELL 72 HO»% DMSO 234#i#E L, Form IIT d 4B % &3 191 BH
FELLwz s, Lo T, DMSO DIHEMHIL, 3 23 DNA & OHfRDOTEMKIC X -
T DNAdsb 2T 2 2 L ZREL T3,

100
—o— None
B 1mM
’\; 80 5mM
S —-— 10 mM
= 60}
£
T
< 40+
prd
)
20
O | 1 1 I
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Time (min)

Figure 5-17. Inhibition effect of DMSO (0 (red), 1 (light green), 5 (light blue), 10 (purple)
mM) on Form III production by 3. Reaction conditions: DMSO (0-10 mM), pUC19 DNA (50
uM bp), 3 (30 uM), AscNa (150 uM), NaCl (10 mM), and Cu(OAc). (70 pM) in MES buffer
(10 mM, pH 6.0) under air at 37°C.
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5-3-4. 3B X U5 D DNA FEAREN

33 mer A4 U =" ds-DNA & 3, 5 Ofi&HAAEH % %R0 E A& M1 E (Isothermal titration
calorimetry, ITC)IC X 0 Fi~7z08 31 fEEL % Table 5-1, Figure S5-7 IC/RT. 5 DfEHEE
BKIZ8EIXICM!' THY, 30131 x10°M L0 7ERE» -7 LaL, sk
JREE(30 uM)F X UF DNA #EEE(50 uM bp) D ST, 3, 5 D DNA ~DFE A 13131 REAI 3
2 72%, KDKE XX DNAdsb D burst IZ & > TEHEALRKF-TIERV. —F, EEBRW)
BTN T A — 2 —(AH° B X N 48°)7> 5, 3, 5 D DNA fEARRIZR L3 2 L 2D
29, DNA Ak DNA dsb @ burst ICEEREE 2R L TCwb e RmBEIh
7z.

Table 5-1. Thermodynamic parameters determined by I'TC
for binding of 3 and 5 with a linear 33 mer ds-DNA

Complex 3 5
N (sites) 3.81+0.11 1.80 £ 0.07
K (x105M™) 131 £0.21 8.69 = 2.69
AH® (kcalemol ™) -2.25+0.10 —-1.64 £0.06
AS° (calemol 'eK'") 16.1 21.9

Tabe 5-1 IC/R X 51, 3BXVS DHEEEUL 33 mer A Y = ds-DNA IZXf L TENZ
N3ZFLXU180THBZZ Enb, 3BIUSIFZNLh oINS X 018 D
MR CHET 2 2 L ic/%. DNAdsb IC X % Form I AERLICIZ, —[alH @ DNA S5t
DALE D 10 HEX AN T O [ H O DNA HHHHSE O VM2 EE ¢ dH 2149, 9 HHE o [H]
T DNA IZfEE T 2 3 3% T 2 2 Doifik2S DNA © A% RIR Ul g
Form I 4K D burst 23A[AE7Z 23, 18 HEHX OMfETHIG T 5 5 TIEIAAEETH 5. C
D X 9 1C, Form I AKX D burst 113, 2 2 DKM OIERN ORI EETH 3.

3D AH°, ASClIF N FI—2.25kecalemol™!, 16.1calemol K ' TH Y, 5D AH°, AS°I%
Z N ZN—1.64 kcalemol™!, 21.9 calemol "K' TH »7z. Z DFfERIX, 3 © DNA fEiéix
AHPERE), 5 O DNA fEi 1Z ASCHEI CTH L Z LR L T35, 3D ARfEIZ 1 225 2
DOKFAEEICIET 5. 61T, 3D DNAFMEHKERXE ct-DNAFETTO IR LW
BTWINAR7 P AT X VR, 30T I FAHALR=AFEDOKBEEZHS I
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T 572012, 3 & 3/ct-DNA O IR A2 V% Figure 5-18 IC/R 3. 3 D 1622cm™ D veo
NV FIE, 3/ct-DNA TIRHAE L. Zhid, 307 I FAALR=ZLEE ct-DNA DKFE
A X 2AKBEE S 7 2R d. ETRINA~Y P AOZAL T, Figure5-19 1IR3 X
71, ct-DNA DFIMICE Y 3 D7 LY —ABRORVE ) 4 KNV EREAP L. Zh
LDFERPOFEZ DS 3 & DNA & OFARDIE % Figure 5-20 ISR 3. 3 1%, amide-
tether D 2 DDA NFKRZNFLDKFEREE L 7L Y —ABRDOA v X —H L — bDliHIC X
> T DNA ICHEICHEAL TWb EEXbNE. —J7T, 5IKERMAETICA v & —
HL— FEREEREEZ . 2N, 5 D DNA FEE 2 ASERENRICH D, 575 DNA L H
HEOEWEGEZIEKT 2B EEZOLNS. L7223 >T, 3D DNA dsb D burst I,
Ea e BEREAIC L > TRIEI NS Z L BRBI NI,
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Figure 5-18. IR spectrum of 3 (red), ct-DNA (black), 3 (1 eq) + ct-DNA (10 eq) (purple).
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Figure 5-19. Electronic absorption spectral change of benzenoid band of a cresol ring of 3
upon addition of ct-DNA (0 (black), 30 (red), 60 (blue), 90 (yellow), 120 (green), and 150
(purple) uM bp) to a solution of 3 (30 uM) in MES buffer (10 mM, pH 6.0), Cu(OAc), (70
uM) and NaCl (10 mM). The absorption band of DNA is subtracted from each absorption

spectrum obtained upon addition of DNA to 3.
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Figure 5-20. A plausible structure of DNA binding complex of 3.
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5-4. fEaw

ARETIE, 3PS T T AscNa & DJGIC X 0 IEITH 0215 L%/~ L T DNAdsb %
K fglEETE2Z 2R L7, 24X DNAdsh D burst TH 5. RSB AICL 2
DNA dsb @ burst 1 Z 1L E TICHE T LT, HEERM, 2006, BRALFER,
PR, HOAERK, B X O ITCHIED S, 3 DiF v HO-A L & DNA fE& 725, DNA
dsb @ burst ZR[EEIC T 2 EHBE LR TH 2 Z L BHALITR o7z, T DFERIL, &
(LML~ OIS HICH FH 7 DNA —ARSHUIWTAI 0 BRFS I HT 72 e ik & 1t - 2
ATREMEDS B B .
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5-5. KB
5-5-1. HAE

AT oW, GRPEECHEEZIRE, ARG ZHDEMEE TR, FAEK,
I T AR Yy TS GFEIR L CTHAL 72, IcOWTiE, ARICHV2 b DI
MBS CHERE L7z, A—X—=af L N7 Z X2 I F pUCI9DNA IF, = v Ry
— v L EEA Lf:%fﬁ%%{%ﬁﬁ L7z AF v Y HIfRER O 74 F 2 ) KRBT+ ) v 238
(typel, fibers) (ct-DNA)IZ Sigma-Aldrich 2> 58§ A L 7z. 33 mer oligo DNA 5°-d(GAC TCC
ACA GTG CAT ACG TGG GCT CCA ACA GGT)-3’ & # D H#fi#i % Thermo Fisher Scientific
POAL, T=—=V v 7 352LT33 mer A DNAIC L. 3, 4 XU 5 3B
D FmCE 303Nt o THML 7.

5-5-2. HERE

TCRHT(C, H, N)iZ, Perkin-Elmer #1:# Elemental Analyzer 2400 II % F\»CHIZE L 7z.
UV-vis IR~ 27 b v, Agilent #1:8 8454 SAL AT L EERH A F W CHIE L 7z,
HI7E 1%, HORIBA #! LAQUA electrode % EEHERRAR CRIE L 7242 1CHI%E L 7. Electron
spray ionization MS (ESI MS) }¢ ¥ Cold spray ionization MS (CSIMS) A< 2 } v ix, HARTE
F-# JMS-T100CSRX the AccuTOF CS % FH\>C, MeOH, MeCN ¥ 713 H.O % &ML L
THIFE L 72, FRIMRAR) A~ 27 + v, SHIMADZU Single Reflection HATR IRA ffinity-1
MIRacle 10 THITE L 7z. '"HNMR A= 72 Fvld, HATEFH ECA-500RX 7 — U =254
LG S L IS 25 (500 MHz) 2 fEFH L, ZEHEY)E & L T tetramethylsilane (TMS) % 7z 1%
sodium 3-(trimethylsilyl)propionate-2,2,3,3-ds (TSP) % F\ > CHIE L 72, R~ 27 P Lig,
HITACHI Spectral fluorometer F-7000 CHIE L 7. SFiaif & M BVEJATC)HIE 1X, Malvern
#1:#4 MicroCal Isothermal Titration Calorimeter VP-ITC % FH\»CT{T - 7z,

5-5-3. DNA YJBiEER

3, 4 $721% 5 © DNA UJWiGEIx, pUCI9 DNA ZH V>, 74w — 7 VERkEE
KXo TRHliL 7. 1.5mL = v =¥ F 22— 7 NaCl (10 mM), buffer (pH 6.0 (MES) % 7=
IZ pH 7.4 (MOPS)), 10 mM), pUC19 DNA (50 uM bp), Cu(OAc), (70 uM), 3, 4 72115
(0-50 pM), AscNa (0-150 uM) & 72 % X 9 o:élﬁ_i% L7zl Nz, 37°C OBEFTTA v %
2=y avl. 0,1,23,5,10,20, 30,40, 60 I v T EFILL, loading buffer
(0.025% bromophenol blue, 0.025% xylene cyanol FF, 1.0 mM EDTA and 30% glycerol) % F\»
TRIb%E 7 T v F Liz. &Y% 7% TAE buffer (Tris/acetate/EDTA) % F\> TERL L 72
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1% 7 ia—2x7rica—54 2L, 100V T 1 REEXKEIZ{T-72. %D,
EtBr (0.5 pg pL HH % 1 K117V, VILBER LOURMAT E-BOX-CX5.TS Edge-20.M %
FWTTZ ARy R L7, P L72NY F%, Form I OYREHIEME 1.06 % v,
Image] V7 bV = 7Tk o CTET 21T o 72, 2 OWIE IFFRAK 3 BTV, HREELZ & -
7z.

FHEAIFAETICE T 5 3 O DNA UIBNEHE T, 1.5mL = v =¥ F 2 — 7 NaCl (10
mM), buffer (pH 6.0 (MES), 10 mM), pUC19 DNA (50 uM bp), Cu(OAc), (70 uM), 3 (30
uM), AscNa (150 uM), FHZEA] DMSO (1-10 mM) & 72 % X 9 ISR L 7270 % v ¢,
AR o [HEFIFEAE T & R OERIEE 1T 5 & & CRHi L 7.

B T ICE T % 3 O DNA UIBHEH:<IE, 1.5 mL T v <*¥F 22— 71 NaCl (10 mM),
buffer (pH 6.0 (MES), 10 mM), pUC19 DNA (50 uM bp), Cu(OAc), (70 uM), 3 (30 uM),
AscNa (150 uM) & 72 % X S I L 72382 FlWC, 7m—7K v 7 ANICE W THTA
DR & FRROEAE AT S T & TR L 7=.

5-5-4. 3BXV4% AscNa & RIS I B BROBETF X =7 FLHllE

EHR T3 L4 (0.5mM), NaOAc (1.5 mM 3)% 7213 0 mM (4))D Buffer A#(pH
6.0 (MES), 10 mM)% 2 i /LI Adl, 25+0.2°C IZfR > 72, AscNa DKM EE R I L
T2eq)® M4, 300-1100 nm DHFHTA =27 b ZEHL 72,

¥ 72, £HTT3(0.5mM), NaOAc (1.5 mM)®D Buffer & (pH 6.0 (MES), 10 mM)% 2
A& IZ A, 25+0.2°C IRk > 72, AscNa D/KIEE % $EAIC R L T 04 eq T TIEICHN
%, 300-1000 nm DOHiH THK R =7 P L FIBIFL 72,

5-5-5. 3, 4% X U5 D Cyclic Voltammetry (CV)HIE

200 mM Buffer {5 (pH 6.0 (MES), 10mL), 2mMNaOAc I 3, 4 53X U5230.5mM &
25 X0 IR B L 72, 2 OEIICOKASIEMR (Ag/AgC), {FHEM E L T glassy
carbon, Xffk& LT Pt wire 2L, %% 10 o7V v 7 L2, CcVIHIEETIT-
7. Tk, HIEREIX 10pA/Y, F5LEEIE 10mVs'3)E 721F 100mVs' (4, 5)Tiro
7z.

5-5-6. 3D NI BREPICBITEIBFRLZ FEIE

200 mM Buffer 7 (pH 6.0 (MES), 10 mL), 2 mM NaOAc I 3 2505mM & 7% X 9 iC
WL 72, Z ORIRICK RS IREM(Ag/AgCl), {EFEM & L T Ptmesh, S &
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LT Ptwire 212 L, EF% 10 0[E X7V v 27 L7=%, —0.003 X f-0.12V T2
BfREZITo7-. ZDOF, [FIRFIC 300-900 nm DHiPH T UV-vis A7 L ZBIRL 7=,

5-5-7. 7L 7 ZABE(TA) % AV 72 HOZE R DR HY

3, 530 uM), TA(0.5mM), NaCl (10 mM)®D Buffer /A& (pH 6.0 (MES), 10 mM) % 4 [
M Z, 37+02°C IZfR> 72, Z DIFIKIT AscNa ZKIEH Z 150 uM 172 % X 512
Z, JEHEE 310nm I B F 2 HH AT P A% 0,5, 10,20, 30, 40, 50, 60, 70, 80, 90 734
IZ 350-550 nm D&, AV v Mg 5.0 nm THIE L 7-.

5-5-8. FiRMERABATC)HE

£ VIC, 33 mer A U T EHHH DNA (18.75 uM (3) % 72 1 40 uM (5)), Buffer (pH6.0 (MES),
10mM), NaCl(10mM)& 722 X S ICHAB L 2z iz 7z, vV voiclx, 37034
(1.0 mM), Buffer (pH6.0 (MES), 10 mM), NaCl (10 mM)DiAR % iz 7=. 37°C iICBWT
DNA RIS KA % 28 [Bl(10 uL/EDIN %, Z ORRICRET 28 E&ZHE L 2. 15
bz T — 2 bAREVEE %, ORIGIN YV 7 + v = 7 % T L 7=,

5-5-9, ct-DNATEEEFTD 3D IR A7 F LVHIE
3 DIKIAIRIC 0 £721F 10 eq D ct-DNA KA Z M 2 TR L 7. S EE 1T - 72
#%, IR A7 FAZRHIEL 7.

5-5-10. ct-DNAFHE T TD 3 DBEF R <7 F AHIE

3 (30 pM), Cu(OAc) (70 pM), NaCl (10 mM)® Buffer i&i(pH 6.0 (MES), 10 mM)% 2
A2 VICHIZ, 37+0.2°C ICfRo 7z, T DIERKIC ct-DNA KIEHK % 30 uM bp 1 150 pM
bp £ TEAML, 300-1000 nm DHFIFHTHE A =7 A ZHEIE L 7=,
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5-7. Supporting Information
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Figure S5-1. (A) Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM
bp) with 3 (0-10 uM) and AscNa (150 uM) at pH 6.0. (a)—(d) correspond to [3] of 0, 2, 5, and
10 uM, respectively. (B) Agarose gel electrophoresis profiles upon reaction of pUC19 DNA
(50 uM) with 3 (30 uM) and AscNa at pH 6.0. (a) and (b) correspond to [AscNa] of 50 and
100 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3-12:
corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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Table S5-1. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3 (0-30 pnM)

and AscNa (150 uM).
Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)
0 92.7+0.1 7.3+0.1 -
1 92.6+0.0 7.4+0.0 -
2 91.4+0.4 8.6+0.4 -
3 91.3+0.5 8.7+0.5 -
0 150 5 91.0+04 9.0+04 -
10 88.8+ 1.5 11.2+1.5 -
20 87.2+1.0 12.8 £1.0 -
30 86.2+ 1.8 13.8+1.8 -
40 852+ 1.0 14.8+1.0 -
60 77.1+1.0 229+1.0 -
0 90.1 £0.6 9.9+0.6 -
1 89.1+0.6 10.9 £ 0.6 -
2 88.4+0.7 11.6 £0.7 -
3 85.7+0.7 14.3+0.7 -
5 150 5 83.8+0.6 16.2 £ 0.6 -
10 79.2+2.1 20.8 £2.1 -
20 68.4+438 31.6 £4.8 -
30 56.1+5.0 439+5.0 -
40 432+49 56.8+4.9 -
60 17.1+49 82.9+49 -
0 90.4+0.7 9.6+0.7 -
1 89.0+ 0.5 11.0+0.5 -
2 87.7+0.5 12.3+0.5 -
3 85.5+1.0 145+1.0 -
s 150 5 82.2+0.6 17.8 £0.6 -
10 74.0+ 1.6 26.0+1.6 -
20 51.5+2.7 48.5+£2.7 -
30 325+43 67.5+4.3 -
40 93+4.6 88.9+3.5 1.8+1.0
60 0.0+£0.0 95.6+0.9 44+0.9
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0 90.3+1.2 97+12 -
1 773+4.2 227+42 -
2 64.0+3.9 36.0+3.9 -
3 50.7+2.1 493+2.1 -
0 150 5 27.9+2.7 72.1+£2.7 -
10 43+1.9 93.5+2.6 22+0.8
20 0.0+£0.0 93.7+1.4 63+14
30 0.0£0.0 81.5+£3.6 18.5+3.6
40 0.0+£0.0 63.8+4.6 36.2+4.6
60 0.0£0.0 352+44 64.8 £4.4
0 89.4+1.3 105+1.3 -
1 0.0+0.0 74.1+£2.0 259+2.0
2 0.0£0.0 69.6 1.9 304+1.9
3 0.0£0.0 64.8+2.3 352+23
30 150 5 0.0£0.0 57.1+2.38 429+28
10 0.0+0.0 454+5.0 54.6+5.0
20 0.0£0.0 30.0£2.0 70.0£2.0
30 n.d.* n.d.* n.d.*
40 n.d.* n.d.* n.d.*
60 n.d.* n.d.* n.d.*

*n.d. means cannot determine.
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Table S5-2. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3 (30 nM)

and AscNa (50 and 100 pM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (Y0) (%0) (o)
0 93.0+1.0 7.0+ 1.0 -

1 1.7+0.3 95.8+0.6 2.5+03

2 0.0+0.0 96.6 £ 0.4 34+04

3 0.0+0.0 95.1+0.2 49+0.2

30 50 5 0.0+0.0 94.0+0.2 6.0+0.2
10 0.0+0.0 89.2+£0.5 10.8+0.5

20 0.0+0.0 82.9+2.1 17.1+£2.1

30 0.0+0.0 79.5+1.9 20.5+1.9

40 0.0+0.0 77.3+24 227+24

60 0.0+0.0 72.7+2.5 273+2.5

0 92.6+1.2 74+1.2 -

1 0.0+0.0 88.4+0.0 11.6 £0.0
2 0.0+0.0 84.7+0.7 153+0.7
3 0.0+0.0 829+1.8 17.1+1.8

30 100 5 0.0+0.0 77.6+2.5 224+25
10 0.0+0.0 75.1+£2.5 249+2.5
20 0.0+0.0 66.2+3.6 33.8+3.6
30 0.0+0.0 59.2+29 40.8+2.9
40 0.0+0.0 53.4+2.8 46.6 +£2.8
60 0.0+0.0 47.7+3.8 523+3.8
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Lane 1 2 3 4 5

7

8 9

11 12

Form I
Form III

Form I

Figure S5-2. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)

with 3 (30 uM) and AscNa (150 uM) at pH 6.0 under N2. Lane 1: DNA control; lane 2: DNA
with Hind I11; lanes 3-12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min,

respectively.

Table S5-3. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3 (30 nM)

and AscNa (150 pM) under N».

Complex AscNa Time

(M) (nM) (min)

0

whn W N =

30 150

20
30
40
60

Form I
(%)
88.3+0.2
87.6 0.1
87.2+04
86.7+0.3
86.4+0.2
852+0.8
83.1+£2.5
80.6 3.0
773 +£3.1
68.3+1.6

Form II
(%)
11.7+0.2
12.4+0.1
12.8+04
13.3+0.3
13.6 £0.2
14.8 £0.8
169+2.5
19.4+£3.0
22.7+3.1
31.7+ 1.6

Form III
(%)
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(a) Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

Form I

() Lane 1 2 3 4 5 6 7 8 9 10 11 12

©) Lame 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

Form I

(d Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

Form I

(e) Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

Form I

Figure S5-3. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) with 3 (0-8 uM)
and AscNa (50 uM) at pH 6.0. (a)—(e) corresponded to complex concentration of 0, 2, 4, 6,
and 8 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind IlI; lanes 3-12:
corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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(@ Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form ITI

FormI

(b)y Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form IT
Form III

FormI

(c) Lane I 2 3 4 5 6 7 8 9 10 11 12
Form II
Form III
FormI

(d Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form IT
Form III

FormI

(e) Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

FormI

Figure S5-4. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3 (5 uM) and AscNa (0—100 uM) at pH 6.0. (a)—(e) corresponded to AscNa concentration
of 0, 10, 30, 50, and 100 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III;
lanes 3—12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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Table S5-4. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3 (0-8 uM)
and AscNa (50 nM) at pH 6.0.

Complex Time Form I Form I Form III
(uM) (min) (Y0) (Y0) (Y0)
0 92.1+0.7 7.9+0.7 -
1 90.6 £1.1 94+1.1 -
2 90.0+1.5 10.0+1.5 -
3 89.6 1.5 104+1.5 -
5 88.9+1.6 11.1+1.6 -
0 10 85.4+0.5 14.6+0.5 -
20 82.5+0.5 17.5+0.5 -
30 759+1.5 241+1.5 -
40 68.8+1.5 312+£1.5 -
60 45410 54.6+1.0 -
0 90.4+04 9.6+04 -
1 88.7+0.1 11.7+0.1 -
2 87.8+1.0 119+1.0 -
3 87.2+0.3 12.8+£0.3 -
5 85.4+1.2 146 £1.2 -
2 10 80.8 £0.1 19.2+£0.1 -
20 68.6+0.3 314+0.3 -
30 532+14 46.8 1.4 -
40 352+2.7 64.8+2.7 -
60 8.0+1.5 91.2+0.7 0.8+0.8
0 88.0+0.8 12.0+£0.8 -
1 86.4+1.1 13.6£1.1 -
2 85.1+0.3 152+0.3 -
3 83.5+1.7 164 +£1.7 -
5 799 +£1.7 20.1 £1.7 -
¥ 10 69.2+04 30.8+04 -
20 404+09 59.6+0.9 -
30 193+1.2 80.7+1.2 -
40 75+£1.0 922+1.3 0.3+0.3
60 0.0£0.0 96.9+0.7 3.1+0.7
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0 89.3+0.9 10.7+0.9 -

1 852 +1.1 14.8+1.1 -

2 81.2+1.3 18.8+1.3 -

3 754+0.0 246 +£0.0 -

5 64.0+3.4 36.0+3.4 -

10 345+0.1 65.5+0.1 -
20 49+0.3 94.1+0.9 1.0+0.6
30 0.0+0.0 97.8+0.5 22+0.5
40 0.0+0.0 97.0+0.2 3.0+0.2
60 0.0+0.0 93.2+0.1 6.8+0.1
0 89.3+0.6 10.7£0.6 -

1 81.9+1.4 18.1+1.4 -

2 74.9+3.2 251+3.2 -

3 64.4+4.9 35.6+4.9 -

5 51.2+4.1 488 +4.1 -

10 19.4+33 80.6+3.3 -

20 1.9+03 95.7+1.9 24+1.8
30 0.0+0.0 96.0+1.8 40+1.8
40 0.0+0.0 93.4+25 6.6+2.5
60 0.0+0.0 86.7+2.1 13.3+£2.1
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Table S5-5. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3 (5 pnM) and
AscNa (0-100 pM).

AscNa Time Form I Form I Form III
(uM) (min) (Y0) (Y0) (Y0)

0 92.8+0.0 7.2+0.0 -

1 91.7+0.3 83+0.3 -

2 91.6+0.4 84+04 -

3 91.4+0.2 8.6=+0.2 -

5 91.4+0.2 8.6=+0.2 -

0 10 91.2+0.0 8.8+0.0 -
20 91.1+0.0 89+0.0 -

30 90.9 + 0.1 9.1+0.1 -

40 90.9 + 0.1 9.1+0.1 -

60 90.3+0.1 9.7+0.1 -

0 92.8+0.4 72+04 -

1 90.5+0.0 9.5+0.0 -

2 89.9+0.2 10.1+£0.2 -

3 89.2+0.5 10.8+0.5 -

5 87.8+£0.6 122+ 0.6 -

10 10 85.7+04 143+0.4 -
20 78.7+£2.5 213425 -

30 748 +1.7 252+ 1.7 -

40 69.0+1.5 31.0£1.5 -

60 574+1.0 42.6+1.0 -

0 92.5+0.5 7.5+0.5 -

1 89.6+0.2 10.4+0.2 -

2 89.4+0.3 10.6 £0.3 -

3 88.6 0.7 11.4+0.7 -

5 88.2+0.5 11.8+£0.5 -

30 10 852+1.5 148+1.5 -
20 755+ 1.5 245+1.5 -

30 62.7+1.6 37.3+£1.6 -

40 50.5+2.8 495+2.8 -

60 264 +2.1 73.6+2.1 -
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0 93.7+0.2 6.3+0.2 -

1 90.1+0.3 9.9+0.3 -

2 89.6+0.2 10.4+£0.2 -

3 89.0+0.6 11.0+£0.6 -

5 88.5+0.1 11.5+0.1 -

% 10 85.6+0.3 14.4+0.3 -
20 75.1+0.4 249+ 0.4 -

30 62.4+0.3 37.6£0.3 -

40 48.0+ 1.8 52.0=+1.8 -

60 21.6 0.9 78.4+0.9 -

0 93.9+04 6.1+04 -

1 90.1 £0.1 9.9+0.1 -

2 89.7+0.1 10.3£0.1 -

3 88.2+0.1 11.8 £0.1 -

5 86.8+0.2 13.2+0.2 -

100 10 833+0.3 16.7+0.3 -
20 702+ 14 298+ 1.4 -

30 54.1+1.8 459+ 1.8 -

40 38.1+2.0 61.9+2.0 -

60 148+1.2 852+1.2 -
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Table S5-6. Fraction of Form I, Form II, and Form III in the DNA cleavage of 4 (30 uM) or
5 (30 pM) and AscNa (150 uM).

Time Form I Form I Form III
Complex
(min) (%) (“o0) (“o0)
0 92.0+0.1 8.0+0.1 -
1 89.1+£0.1 10.9£0.1 -
2 88.5+04 11.5+04 -
3 87.7+0.9 12.3+0.9 -
5 86.7+0.2 13.3+0.2 -
N 10 82.2+0.7 17.8+0.7 -
20 72.3+0.6 27.7+0.6 -
30 58.6+0.7 41.4+0.7 -
40 46.9 +0.8 53.1+£0.8 -
60 24.4+0.9 75.6+0.9 -
0 92.6+0.4 74+04 -
1 0.0+£0.0 99.7+0.0 0.3+0.0
2 0.0+£0.0 99.4+0.0 0.6+0.0
3 0.0+£0.0 99.2£0.1 0.8+0.1
5 0.0+£0.0 99.0+0.0 1.0+ 0.0
> 10 0.0+£0.0 98.9+0.1 1.1+0.1
20 0.0+£0.0 98.8+0.0 1.2+£0.0
30 0.0+£0.0 98.5+0.3 1.5+0.3
40 0.0+£0.0 97.9+0.1 2.1+0.1
60 0.0+£0.0 942+0.6 5.8+0.6
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Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

Form I

Figure S5-5. Agarose gel electrophoresis profile upon reaction of pUC19 DNA (50 uM bp)
with 3 (30 pM) and AscNa (150 uM) at pH 7.4 (MOPS, 10 mM). Lane 1: DNA control; lane
2: DNA with Hind III; lanes 3—12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and

60 min, respectively.

Table S5-7. Fraction of Form I, Form II, and Form III in the DNA cleavage with 3 (30 uM)
and AscNa (150 uM) at pH 7.4 (MOPS, 10 mM).

Time Form I Form I Form III
(min) (%) (%) (%)
0 91.1+0.5 89+0.5 -
1 0.0+0.0 90.7+0.5 9.3+0.5
2 0.0+0.0 86.1+0.9 13.9+0.9
3 0.0+0.0 82.5+0.5 17.5+0.5
5 0.0+0.0 74.5+0.7 25.5+0.7
10 0.0+0.0 57.1+£0.5 429+0.5
20 0.0+0.0 38.0£1.0 62.0+1.0
30 0.0+0.0 283+1.5 71.7+1.5
40 0.0+0.0 21.5+3.6 78.5+3.6
60 0.0+0.0 157+1.4 843+14
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(@ Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form IT
Form III

FormI

(b) Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

FormI

(¢) Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

FormI

Figure S5-6. Agarose gel electrophoresis profile upon reaction of pUC19 DNA (50 uM bp)
with 3 (30 uM) and AscNa (150 uM) in the presence of DMSO ((a) 1, (b) 5, and (c) 10 mM)
at pH 6.0. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12: corresponded to the
time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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Table S5-8. Fraction of Form I, Form II, and Form III in the DNA cleavage with 3 (30 uM)
and AscNa (150 uM) in the presence of DMSO (1-10 mM) at pH 6.0.

DMSO Time Form I Form I Form III

(mM) (min) (%) (%) (%)
0 922+0.5 7.8+0.5 -

1 0.0+£0.0 859+2.9 141+29

2 0.0+£0.0 852+3.6 183+3.6

3 0.0+£0.0 80.4+34 23.0+34

5 0.0+£0.0 75.0+4.8 30.2+4.8

: 10 0.0+£0.0 65.9+3.2 41.0+£3.2

20 0.0+£0.0 51.1+4.6 48.9+4.6

30 0.0+£0.0 42.6 +4.1 574 +4.1

40 0.0+£0.0 36.1+£3.3 63.9+3.3

60 0.0+£0.0 30.0+3.3 70.0+3.3

0 922+0.2 7.8+0.2 -

1 0.0£0.0 83.7+1.2 16.3£1.2
2 0.0£0.0 79.1+1.2 209+1.2
3 0.0£0.0 76.2+0.1 23.8+£0.1
5 0.0£0.0 70.5+0.2 29.5+0.2

> 10 0.0+ 0.0 632+0.7  368+0.7
20 0.0+ 0.0 53.9+£0.0  46.1+0.0
30 0.0 £ 0.0 477402  523+02
40 0.0+ 0.0 414+03  58.6+03
60 0.0+ 0.0 353+£37  647+37
0 92.2+0.5 78+0.5 -
1 0.0+ 0.0 85.9+0.9 14.1£0.9
2 0.0 £ 0.0 81.3+0.9 18.7+0.9
3 0.0+ 0.0 784406  21.6+0.6
5 0.0+ 0.0 739+1.7 26117

10 10 0.0+ 0.0 682+2.0  31.8+20
20 0.0+ 0.0 581+1.0  41.9+1.0
30 0.0+ 0.0 528422 472422
40 0.0+ 0.0 482+16  51.8+1.6
60 0.0+ 0.0 415+ 1.1 585+ 1.1
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Figure S5-7. Isothermal calorimetric titration curves: 3 (A) or 5 (B) at pH 6.0. Experimental
conditions: A solution of 3 or 5 (1 mM) in a syringe was added, in an equal interval 26 times,
to a solution of the linear 33 mer ds-DNA (18.75 uM (A), or 40 puM (B)) in the cell in the
presence of NaCl (10 mM) in pH 6.0 (MES, 10 mM) at 37°C.
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#5/5E : Burst of DNA Double-Strand Breaks by Dicopper(IT) Complexes

6-1. E§

RETIE, SR IC X % supercoiled plasmid pUC19 DNA @ — AR Y] Wi (DNA
double-strand breaks, dsb)% #% % Form IIT 2E K D #IHH D5\ [ G (burst) % BCAZ T ICE A L
72 MeO ZETHIET & 2 2 & AR X N7z, BARIYICIE, 2,6-bis(amide-tether dpa)-p-cresol
AL F(HL3)D & Y Y AIED 4 fTicEF I GH D MeO 5, B K5O Cl %2 H Ol
{7 F HL3*Me0, HL3* @ $E{AR[Cun(p-1,1-OAc)(u-1,3-OAc)(L3*MC)](OAc) (3b*M<0), [Cus(p-
1,3-0Ac)(L3*](0Ac) Bb*NZ vy, 7 A VigEF b U v L(AscNa) % EICH| & 3
% 0 i tic X % supercoiled plasmid pUC19 DNA DY 21T o7z, Z DRICD
Form ITT D 4 BGH S % HL3 D #EA[Cua(p-1,1-OAc)(p-1,3-OAc)(L3)](OAc) (3) & H > 72 Kt
L, Form III A2EK D burst 23 3b*I<3<3b* MO DT KT 2 Z & AR S 7z,
3b+MeO [ J{KIEECTH KX L burst Z/R L72. TDOKZX 72 burst DJRERZFHRZ 720, 2h
5 3 DODEHARDEICH O iEH LIk 2 e Fu ¥ 72 A HON)EK DY, Form
I AEBICHT 32 DMSO OBAE#NE, 33 mer DNA & OHANEHAOERFEE A 2 ) X b
Y —(TC), f¥7 vl DNA (ct-DNA) & DHAMEHIC BT 2 E T A<27 P23t e CD
ARy AT ERHE L 72, Z OFER, 3b*M0 X MeO H D & 75445 T HO-
AR DWIHLEE ZE T2 2 &, X512 DNA & DHENER %2 = v & v v —BRE) o 5[
BAEAICT B T & THE L 72 HODMEEL & U3 ICAIR I I DNA BE(L YT icfiE S h s ©
& D2 ODEKT Form I KD burst ZIE KI5 Z &AL IR o272, 2L D
WFgeh 6, “ALSAEEARIC X 5 DNA dsb %, BehrFICEA L &R chlilicz 2
BRI NT.
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6-2. &S

CRISPR/Cas9 A 7 17 DNA @ — AR #HYJH(DNA double-strand breaks, dsb) % J i &
TLEIETHEY —ATH Y, BIZT LOFEDIEIC dsb ZFHES 2 Z L THEFHIC/
VIT O MBDLWIE v I A VT EILNARETH S, £z, MIEA DNA KB 5
DNA dsb 1%, DNA f8{5I0& %83 224, DNA BEICEICIE, DNA BEOZRHE, F
v 7R A v boiEl, MEFEEOEIE, 2 L CRBIICIIEER, 7TRF—v 2748
BEEND. 2D/, DNA dsb @ burst % 5| i & THIADOFIF LB G T-HREL-e 2
ARIESR DB DBE A S EETH . ZNE TIC, PIBAFIRLEREBEHRIC X >
AT 2 iE R FEFH(ROS)2Y DNA dsb 25| 2§ 2 EAME TN T ET, FHkiT
BICHI & DRIGIC X Y ROS AR T 2 2 L AAA[EETH 5 72, DNA dsb I THEA
REREEHEBESHEE I N TE LB 72, 2 odkic X 3 ROS EKAEN 1, BT
~OEHILDEANIC L > TELT 2 e AMEINTVBII, UL, Z0bEMERE
BERIC X % DNAdsb 13 7ZIEH ITE .,

A TIE, 2,6-bis(amide-tether dpa)-p-cresol Bz T-(HL3)D —A%Hi(ID)EFA[Cua(p-1,1-
OAc)(p-1,3-0OAc)(L3)](0Ac) (3)23, ZEAXT, T Aar v Vg b U v L(AscNa)fifE [ C
0, Z 1@ TTHICTEME(L L T supercoiled plasmid pUC19 DNA (Form 1)® 26%% 1 47 [t] CE
K DNA (Form HI)ICZEH#2 3 2 WO E WS (burss) Z L 72 L R LM, kT
IR SN TE KO0 DHERIC X 2 DNA YIMTOH T, 3 @ Form T 242K D burst (3%
DREDo7z, 3IFAvE—AL—2 3 v &KEMEGTDNA & rigid RS ZIEEL,
RITH) O (b Te Fr %2 7V H L (HO)Z AR L 72. 3 2 rigid 7= DNA f&& % K
$ % 721 10 HFHEX OHFIPHN T DNA DAHARY 72 —A$H % [FIF I BRAL YWl RE < H 2
Z L2, FormIIl AEFK D burst 235873 2B CTH 5 T e sm Iz, Lo L, BfFOH
D AENTH % Bleomycin D EEER(Fe-BLM)IZ, 3 X U b 122 2115 > DNAdsb iM% 7R
¥, 7, Fe-BLM EZhic XV muilildsttzndeExons. LieroT, &K
BIESER T Fe-BLM ORRICE WlilREE L EH T 21CiE, X 510 DNA dsb iM%
N AR ERRE T 208D 5.

FPUEETIE, HL3 o v Y YVED 4 fLCE PG D MeO B E TR MED C1 %
%38 A L 7z HL3*MO & HL3*C' & = % §iil (I1) #& 14 [Cux(p-1,1-OAc)(u-1,3-OAc)(L3*
Me0)[(OAC) (3b*Me0) & [Cua(p-1,3-OAc)2 (L3N] (OAc) (3b* ) % EE D FE 7 1 HL3 D —f%
i (I FEA[Cua(pu-1,1-0Ac)(p-1,3-0OAc)(L3)](OAc) (3) & LR L, b otk offifga1E
CRIE T EIRESN R AR L7z, 3b*Me0 2 3p+C (F, MeO -0 Cl I D BN R CHli
MR L, BUKK 2B % £ 2 /NI (ER)® Golgi fRIC/HTET % C & ic X v Mllfaastt:

216



W kL7, £7z, BEITH) O iG T L TIREHEL O B 2R T 3p+M0 & 3p+C D ELS7H
ECRLRICENICHHIER B WAL L2, D01, 3p4M0o L 3p+0 Tk RAT 5
ROS DA R 2 2 &b o7z, 3b4M0 X, B 5D MeO % Ff0 720 Ik
LEIcEMAAMICy 7 L, Cu(I)Cu(D> 5 Cu(l)Cu()~DEITLHHETLICL K& o
7o, TD7dDIT, Ib*MO [ IHIRRCATIRIE 2 R e s AMIid T ld ROS 2384 L,
PUREL AR 2% O © & 5 IEHFMALT <1k ROS F 4230 3 2 %8R ROS F 4 %
L7 Zhicky, PAMILERNSEEZRHALZEF 2 b5, 3p+M0 P 3p+d
Ti¥, MeO %2 ClEDE TAIERIC X 0 ERM ROS AEDER S Lz,

ARETIE, m\> DNA dsb iEMEZ R TEEROMAEZ HIN & L CHNEICR L 72 Bk
IR DOMFE L HRFED 31T X 5 DNA BELUIW Ot 2 B £ 2, 3b*™Me0, 3p+C1 % Hv 72
AscNa IZ X 2 3=TTHY O, iEME L 248 % supercoiled plasmid pUC19 DNA D FE{L Y] % 1T -
7z, Z DOFER, 3b*™MO 23 Form I A K DA D3 R G(burst) Z R X & 5 & & % L
L7, $65k% 30 uM DR CTH W 72D 1 72[E D Form I O 4E 1L 3b* ! (11.6%) <3
(26.4%) <3b*M<0 (28.1%), $HE{A% 20 uM DIREETH 72K D 1 77D Form 1T D A il
1 3b*C1 (9.4%)~3 (8.2%) <3b*Me0 (222%)TH > 7=. T DX H IKE LMD MeO %
£ 3b*MO D Form I AEBGEED TR D E <, KE 7 burst 5 2, $EADRE MK <
bEEEEZ R L7, £ 2T, 3, 3b*Me0, 3p+C > DNA YIWEH:, BRALEME, HO-
A RGHEEE, DNA FEERRZ L, HOAERDE & & DNA ~D5ifE ik 423, KIRE
D 3b*Me0 (T X % DNA dsb D burst Z AJREICT 2B CHE L AL AIC L. AE
TH 72 HL3, HL3*M®©, HL3*C, 3, 3p*MeO  3p+Cl DL fi&E % Figure 6-1 IC/RT.
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(o) o]
N OH N
X = = X
HL3 (X = H)
HL3*X (X = MeO, CI)

Me

3b4-MeO

Figure 6-1. Chemical Structures of HL3, HL3** (X = MeO, Cl), [Cux(p-1,1-OAc)(u-1,3-
OAC)(L3)](0OAC) (3), [Cux(n-1,1-OAC)(pi-1,3-OAc)(L3*M0)J(OAC) (3b+M0). and [Cus(p-
1,3-0A¢)x(L3*M)](OAC) (3b+CY),
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6-3. MRLER
6-3-1. AscNa FFEFTD 3, 3b*M0, 3b*C' > DNA A FHYTHT

Supercoiled plasmid pUC19 DNA (Form )% 5LE & L THVy, 3b*M0, 3p+C1 > DNA V]
Wi Pk % 3~ 7z. MES buffer (10mM, pH6.0), NaCl(10mM), pUC19 DNA (50 uM bp),
SIEIERORATRIIC, AscNa 22X N 37°CTM 2 72%%, —ERBOY v 7' & WlEH
WKCERIL 72, Zod v Ik, 7THa—R7 VEKXWKEICHoMr L, Forml, II, I %JE
Bl hboi3zhfnr—~"—af LoBK, —ARHEUIBOBIR, —AHEYIKO
[EFRIR DNA TH 212, SOCHAT O FE 13 52 BRIEICR 3,

Z DIJED 3b*MeO, 3p*+Cl - AscNa DIRFEIC I3 2k Z T/, =D L D Form
I, I, I OENE%)DRERGE & 7 VB E % Figure 6-2-6-5, S6-1-S6-4, Table S6-1-S6-

IC/RT. 3b*MeO, 3p+Cl 2 AscNa DATE FTld, 60 77 fE T 80%LA LD Form I 234 Kt
TH Y, E\> DNA VJIKTIC i 3b+Me0, 3p*+C & AscNa (FAF[KTH 5. Form I LKD)
WD )G (burst) (£ 3b*™Me0, 3p+N DR IC K Z {KFEL 72, Figure 6-4 (B), 6-5(B)iC
MK DT, 3p*MO, 3p*+ % 30 uM DIRETHV 2 &, AscNa DIREE % 50-150 uM D
T2t & ¢ T FHFEM 7 LIC Form I LD burst 2SR S vz, S id, $ERRE
30uM TlE, $HAD DNA ~DFEAEA% D T DNA O “AFHA 10 HFHExt o i P ¢
FIRFUIMT X 41, EH ICEBKRO DNA ICEfRI L5720 Th 513,

X 51T, AscNa JEJE 150 pM T, 3b*MeO, 3p+CUREE% 40 yM LA EIC 3% &, burst I
AEFI L 7z (Figure 6-2 (B), 6-3 (B)). Z D5{5 DNA ICXf 3 % 3b*MeO, 3p+C D ff &4 031
T 10 YRS X 0 b Pe#iPH N T DNA dsb 2582 Z 2 2%, 10 HEFNAF LA @ DNA dsb i3\
TNOEED FormIll 224 L, burst DKE XX —FEICRd eEZLNS, —T, 3b*
MO JH+CHRFEDS 10 uM D & Z(E, WD burst (FAEZ O FTICEFHEAEM < 172,
10 HEHT DL R#fE 72 f#T © DNA O AR 72 Z A 23 YIWT < ¢ b [E# 72 Form 1T 4E
I C 53, Form [ 225 1T ~DZEHatk, W o< Y & Form 11 2> 5 11 ~DZEHAHE Z
% B P& 75 DNA YIWTC Form I 2363 5. Z DA TDH, 3b*MC Tl 60 47[E T Form
I 23 50%LA FAERC L, 3b*CTld 60 77 E] T DNA 2358 4IC A X T iC /e 5 7.
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Figure 6-2. Time courses for Form I (A) and Form III (B) dependent on [3b*™¢©] in the DNA
cleavage by 3b*™¢©_Experimental conditions: [pUC19 DNA] = 50 uM bp, [3b*M<0] = 0-50
UM, [AscNa] = 150 uM, [Cu(OAc)2] = 90 M, [NaCl] = 10 mM, [MES buffer] = 10 mM (pH

6.0) at 37°C. Experiments were carried out at least three times.
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Figure 6-3. Time courses for Form I (A) and Form III (B) dependent on [3b*€'"] in the DNA
cleavage by 3b*". Experimental conditions: [pUC19 DNA] = 50 uM bp, [3b*€"] = 0-50 uM,
[AscNa] = 150 uM, [Cu(OAc):] = 90 uM, [NaCl] = 10 mM, [MES buffer] = 10 mM (pH 6.0)

at 37°C. Experiments were carried out at least three times.
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Figure 6-4. Time courses for Form I (A) and Form III (B) dependent on [AscNa] in the DNA
cleavage by 3b*M¢0, Experimental conditions: [pUC19 DNA] = 50 uM bp, [3b*M¢0] = 30
uM, [AscNa] = 0-150 pM, [Cu(OAc)2] = 90 uM, [NaCl] = 10 mM, [MES buffer] = 10 mM

(pH 6.0) at 37°C. Experiments were carried out at least three times.
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Figure 6-5. Time courses for Form [ (A) and Form III (B) dependent on [AscNa] in the DNA
cleavage by 3b**!. Experimental conditions: [pUC19 DNA] = 50 uM bp, [3b*“'] = 30 uM,
[AscNa] = 0-150 uM, [Cu(OAc):] = 90 uM, [NaCl] = 10 mM, [MES buffer] = 10 mM (pH

6.0) at 37°C. Experiments were carried out at least three times.
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3b*Me0, 3p*+Clic I 5 DNA M LUIMT OREMEMFIH Z B L, 3b*™M©, 3p*C1(0-10 uM) &
AscNa (0-150 uM) % F V> T Form I OJEEEEE 2 HIE L 72, K5 % Figure 6-6-6-9, S6-5-
S6-8, Table S6-5-S6-8 IC7/"d . Form I DIFEME 1T\ F 4 R UGICHE 5 72, 3b*
MeO " 3h+CHIC B3 B3 —HEER IR D 7' 8 v b kops vs [3b*X] & kops vs [AscNa] %
Figure 6-6 (F), 6-7(E), 6-8(D), 6-9 (E)IC/R3. [3b*XITxf LTI R DKIFM:, [AscNa]
R L TREEFI DARTFEZ 7R L 72, [3b*XICxf L € R DOKFER R L 72D T, DNA %
LOIWicit 2 0 T OERAREE T2 L w25, bk 3 EFREETH D, 3b*M0, 3p*
T8 AseNa IC X o TRIC I N, IRmIC X L7z 2 2 R (Cu()Cu(ll) & Cu(I)Cu(l))2s DNA
Ui ofE & 72 5 O i L 2 TR o T2 EEX LIS,

(A) (B) ©
k=10.00827 08 k=10.0262 20l k=0.108
. 04 R2=0.985 — R2=0.984 ~ 1 RZ=0.990
8| 8 8| 806 S
< |< 03 < [T ‘l’i ! 15
11 |11
- w| 04 holl B
<|<< 10-
<I< 02 << ch
= = ==}
04 - 02 05
0040 20 30 40 s0 60 005 10 15 20 25 a0 0 s 10 15 20
Time (min) Time (min) Time (min)
()] (E) - (F)
5ol k=0201 | k=0.550 05
I R2=0976 . *% R2=0.989
04f
8| 815 8| 8 2.0f
< |< < |< —
[ I {1 15 g 0.3
< ©10 | o =
‘Cvﬂi . T\;ﬁ 10 <02
= = B
0.5f i 08 0.1
% 2 4 & 8 10 % 1 2 3 4 s % 2 4 & 8 10
Time (min) Time (min) 136 (um)

Figure 6-6. Pscudo-first-order plots for the decrease of Form I in the reactions of 3b*™M¢0 ((A)
2,(B)4,(C)6, (D)8, and (E) 10 uM) with AscNa (50 uM) at pH 6.0 under air at 37°C. (F) A
plot of the pseudo-first-order rate constant vs concentration of 3b*M¢® (0-10 pM).

Experiments were carried out at least three times.
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Figure 6-7. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 3b*

MeO (5 uM) in the presence of AscNa ((A) 10, (B) 30, (C) 50, (D) 100 uM). (E) A plot of the
u p u p

pseudo-first-order constant vs concentration of AscNa (0—150 uM). Experiments were carried

out at least three times.
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Figure 6-8. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 3b*

1 ((A)2,(B) 5, and (C) 10 uM) in the presence of AscNa (150 uM). (D) A plot of the pseudo-

first-order constant vs concentration of 3b*<! (0-10 uM). Experiments were carried out at

least three times.
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Figure 6-9. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 3b*
€1 (5 uM) in the presence of AscNa ((A) 10, (B) 30, (C) 50, (D) 100 uM). (E) A plot of the
pseudo-first-order constant vs concentration of AscNa (0—150 uM). Experiments were carried

out at least three times.

150 uM @ AscNa DFFFE T, 3, 3b*MeO, 3p*+C1 % 20 yM £ 721F 30 yM V72 & 2 D
Form I11 D% Figure 6-10 (A), (B)ICLLEL L TR, 30 uM @ 3, 3b*Me0, 3p*+C1 > DNA
UIMriEtE(Figure 6-10 (B)DL#L X 0, 1 53T Form I DAL X 3b+ (11.6%)<3
(26.4%) <3b*M0 (281%)TH v, BT 52 H 3 2 #5{AIL Form I £ 520> - 7=,
U, HET, 3, 3b*MO) 3p+CI T D AscNa TR ITEILI N D T AR I N
T\ 2% DT, DNA YIB o FE B 13E T & 7z #AR(Cu)Cu(ll) & Cu()Cu(D)iC X % 0,
DIEBETIRILTH D E V2D, X 5HIT20uM D 3, 3b*MC, 3p+C D DNA YIWiiE M (Figure
6-10 (A)) D LLHL T, 1 77 fE1C Form 1T @ £ il 13 3b* (9.4%)~3 (8.2%) <3b*™MC (22.2%)
T®H - 7z. 3b*MO D Form I ZE K (Z 3, 3b+' @ 2 5L LT, 3b*MeO KRS T3 DNA
TIWEEEDS = 2 & D3 Do 72,
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Figure 6-10. DNA cleavage profile promoted by 3 (red), 3b*M¢© (green), and 3b*! (purple)
(20 uM (A), 30 uM (B)) in the presence of AscNa (150 pM) after 1 min reaction.

6-3-2. 3, 3b*MeO, 3p*+Cl DEITTH O, iE AL

3, 3b*MeO 3p*+CliF AscNa & D G T, Cu(l)Cu(ll) & Cu(Cu(D)ITEITTE D & & 25,
HPU, HEICRL7ZCV, CSIMS, UV-vis =27 F L OFER I VAL D& o T3,
M LR ITEE AL 1 3b* MO <3 <3 DIIETH 5. 3L, Eip = —0.05V (4E, = 0.06 V)IC
Cu(D)Cu(ITy/Cu()Cu() I fit g X 1L % HER[3i 72 redox couple & Ep = 0.0, En=0.1V I
Cu(IDCu(IT)/Cu()Cu(IT) IZ J7H & X 415 A [ 78 redox couple %/~ L7z, F 7=, &HH{ks
HzdD3p+MO 3, E = —0.09V, Epn=0.11V i< Cu(I)Cu(Il)/Cu(hHCu(l)iCFE XN 3
A 75 redox couple 7R L, B\ RKGIFEZFFD 3b+N L, E,e = 002V, E,=0.155V
I Cu(IDCu(IT)/Cu(I)Cu(I) I W& X 415 Al 7z redox couple /R L7z, T4 b DFEHE D
5, TN DEARDRERITTATIE, 3b+I<3<3b*™MO DJFIC O, ICETZIETEITIAE
WeWnz b,

X 5 IC DNA YIWHE L ISR D 2 KITHKRFE L 72 2 & 226, Cu(l)Cu(Il) & Cu(D)Cu(l)
Dl BEIEERE D 0, G LICBIS LT\ 3. 3 L[EERIC 3b*Me0 (T X % Form III 4K
HEA pH7.4 X 0 b pH 6.0 D5 A5E (Figure 6-11 (A), S6-9, Table S6-9)D T, Scheme
6-1 1R T LI, TORIGTIZ O, DIEFERILVEI o72DbIC, HBMERE PR
~OVF & VB Cu(I)Cu(DO.H 23 ER T 2 & HEE S NS, —F, 3b* 9 Tld pH 6.0 LV
b pH 7.4 T DNA dsb 36123 E 2> - 72 (Figure 6-11 (B), S6-9, Table $6-9). Z i1l 3b*C
2ol 7m b AL Z bt VEHE Cu(I)Cu()0: 2MEKT 2 2 & 2B L
T\ 5. pH 7.4 TlE, 3b*9 D CV (Figure 6-12)1% Epe = —0.085V, Ep=0.1, 0.18 V vs
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Ag/AgCl IZ AR 72 redox couple % 5- 2 72. 26 1%, % %3 Cu()Cu(II)/Cu(l)Cu(l)

& Cu(IDCu(Ily/Cu()Cu(I) D EELER TTH IC I IE X 41 5. 3b+™Me0 T X 2% TTi O 3G HAL <
BT 5L EZ L5 Cu(IDCu(l)OH IEALIE R 720, I HFNCFEMS T2 2 23T
Ehotz. —J7, HODEKICHE T Cu()OH DFEY 7 4 v 7 7% 0-0 fE &
IALF—WICERTH 3 2 L idMmHE ORETs Y 4, Cu()Cu()O.H 2> 5 HO-
DERT 2 EEERE W EEZ LN,

34X AscNa 20Nl or hep NI
(X = MeO, Cl) é ! »
Cu(ICu(ll)

Me Me Me

X N O N X O,H+ X N _O_ N X X N,DN" X
%-\—/cnl \c{;%\i)/ 2 L \C\l(-\ICuLO)%‘\@, —_— %Cu{o>cu/~&0, + HO.
N N \

ey " J~ e (Cu(l)Cu(ll)) N

i
x4 OH X X

Cu(l)Cu(l) Cu(ll)Cu(l)O,H

Scheme 6-1. Reductive Oz-activation of 3b*X (X = MeO, CI).

(A) (B)
100 100
—e—pH 6.0
_. 80 __ 80 —o—pH7.4
= x
= 60 = 60f
£ £
(o] (o]
L [T L
L 40 L 40
=z P
(] o
20 20
% 20 40 60 % 20 40 60
Time (min) Time (min)

Figure 6-11. pH-dependent profile for DNA cleavage promoted by 3b*M¢© (A) and 3b*<!(B),
respectively. Time courses for Form III at pH 6.0 (red) and pH 7.4 (purple). Experimental
conditions: [pUC19 DNA] =50 uM bp, [complex] =30 uM, [AscNa] = 150 uM, [Cu(OAc):]
=90 uM, [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES) and pH 7.4 (MOPS)) at 37°C.

Experiments were carried out at least three times.
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Figure 6-12. Cyclic voltammograms of 3b*“!, The measurements were made at 23°C £ 0.2°C
under N». Glassy carbon, Pt wire, and Ag/AgCl are used as working, counter, and reference

electrodes, respectively. Scan rate was 10 mVs™!, and sensitivity was 10 pA/V.

KIT, 25 P TD 3, 3p+MeO, 3p+Cl L AscNa DG IC I 5 HOA L%, coumarin D
WA ALY P AEAIC X > TGEBFL 72, coumarin (X HO« & )& L T umbelliferone % 4=
JX L, 332nm THI&E S % & 452 nm ICHOE N Y V&2 5 2 20519, 452 nm CTHEPR L 72 #0048
G JE D IR ZEAL % Figure 6-13 1783, 225U T C coumarin & 3, 3b*™M©, 3p*CY/AscNa %
MIGE a2 L, #HNEMEIEML 72D T, 3, 3b*M0, 3p*C 3 AscNa & DIET O, %
WML L, HOZRAEML7ZEWx 5., T/, HODERMKIL 3b+I<3<3p*™M0 TH b,
Form III AEBGHEE DR E —EL T3, L7=2->T, 3, 3b*MO, 3p*T 0 Form III 4
JROBLE T O LD RIETH 5 L V2 B,

X 51T, HO% DNA VIl ic 1 235 MAE©H 5 2 & % HO-DHEHTH % DMSO %
w72 BHESERIC X D ER L 72, 3b*XIC X % Form I ZERKIC KT 2 DMSOUS 181 [ 2
%% Figure 6-14 IC7R L, Z NICBEH S % 7 — X % Figure S6-10 35 X U Table S6-10 !
T, DMSO I BIIC Form T ARk % FHE L, FHEIZ[DMSO] = 1-10 mM DI T
fIMIL7z. 2o, 3b*XIZDNA EFEALTHY, ZOARHNTERL 72 HOZ
EHICDNA L IGT 5729, DMSO IC X W ffifle s nav&F 2 53, 10mM DMSO
I &% 3, 3p*MeO, 3p+Clic L 5 DNA VIl o FHEH L 20 7rfIcE L2 40%, 11%,
19%T®H Y, 3b*™MO D )G THEFRD & D KV, ZHiE 3b*™M0 23 DNA I b B < fhier
L CHRERT % HO23 AP L T 2 ATREME 2RI T 2 iR & L CTHETH 5.
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Figure 6-13. Time courses of the normalized emission intensity monitored at 452 nm for 3
(red), 3b*MeO (green), and 3b*' (purple). Experimental conditions: [NaCl] = 10 mM, [buffer]
=10 mM (MES, pH 6.0), [complex] =30 uM, [AscNa] =150 uM, [coumarin]= 0.5 mM, under
air at 37°C.
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Figure 6-14. Inhibition effect of DMSO (0 (red), 1 (light green), 5 (light blue), 10 (purple)
mM) on Form III production by 3b*™¢© (A) and 3b**! (B). Reaction conditions: DMSO (0-10
mM), pUC19 DNA (50 uM bp), 3b*M¢0 or 3b*<! (30 uM), AscNa (150 uM), NaCl (10 mM),
and Cu(OAc): (90 uM) in MES buffer (10 mM, pH 6.0) under air at 37°C.
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6-3-3. 3, 3b*M0, 3p+Cl > DNA BEAEEN

DNA Yl D FHEEER T, #ik L DNA DFEEARE X 172D T 33 mer 4 VU = ds-DNA
& 3, 3b*MeO, 3p+Ct D AH A 1 7% 25 R0 € A (Isothermal titration calorimetry, ITC), CD
AT b, UV-vis A7 P ZHEIE L 720920 37°C, pH 6.0 TD ITC HIE DGR %
Table 6-1, Figure S6-10 iC/R9". 3, 3b*MeO, 3p*T DFELTER K 1T ZF NZF N 1.31 x 105,
0.44 x 10°, 0.96 x 10°M™' G, 3b*MO<3p*<3 TH 7. L2 L, EEEREEGOuM)EB
X O DNA (50 uM bp) DEE T TlE, 3, 3b*MeO, 3p+C' D DNA ~DFEA 1T IZIZAIF]
LTCW372%, KDKE X Form I AL D burst 12 & > TEHETIIZR\WE W2 5, Table
6-1 ICRT X 51T, 3D AH, ASCIE % NZ N-2.25kcalsmol™!, 16.1 calemol 'eK!, 3b*Me0
D AH®°, AS°lE % 1% 1-20.34 kcalemol™!, —44.3 calemol 'sK™!, 3b*' D AH°, AS°l¥ %
Z 538 kcalemol™!, 5.4 calemol s K' TH o 7=. Z DFERIE, 3b*MO, 3p*C1 D DNA #i
B AHPEREITH 2 2 L R LT3, 72 AHDfEIL 34M0< <3p*<3 TH V), 3b*
MeO 238 b GH[E I DNA ICAEA L TWb T e nibh 5.

Table 6-1. Thermodynamic parameters determined by ITC
for binding of 3, 3b*M°_ and 3b**! with a linear 33 mer ds-DNA

Complex 3 3p#Meo 3p*+c
N (sites) 3.81+0.11 4.02+025 3.88+0.13
K (x10°M™ 1.31 £0.21 0.44 +0.09 0.96+0.16
AHP (kcalemol ™) —-2.25+0.10 -20.34 +£1.79 —=5.38 £0.26
AS° (calemol '*K™") 16.1 —44.3 5.4

RIT CD A7+ ADFER% Figure 6-15 I8 3. 37°C, pH 6.0 5/ T T ct-DNA &
WCEEATRIR AR L 72, 8513 7 ) 74 — % b e\ iz o, #{AD & (black line) Tl CD
NV FERNE D272, ct-DNA D H(red line) Tl, XD A% v ¥ v 7iIchHEk T 5
276 nm DIED NV P&, BRI DNA DLHEZ L AICHNKT 5 247 nm DE DNV F A3
B o, Fwviz ct-DNA 1 B D DNA TH 5 2 L 0305 - 7221, 3, 3p*Me0) 3p+Cl o
WINC XY, EoATDH 276nm B X U247 nm DNV FHLE IZELE T, WE O A
DY D5EZR X M7= (Figure 6-15 (A)(C)). TD T & 55, ct-DNA [34% % @ B RlfE
ZiRo7-% £ DNA O _H OB AMEI RS, REEB DN TS L FEZ L5225
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ZD7z®, 3, 3b*MeO, 3p*+A D EAFRIIT groove binding TlE7Zz\» & W2 5. —77, Figure
6-15 D)IC/R" 3 & 5 1C, BLM D& @EH .0 %2 BT L 72 NaPy BLAL T o kD) 85 i
[Fe(MeCN)(N4Py)|(ClO4)> (5) T, $EAEDOWMNIC L Y, 276 nm 5 XL U 247 nm DY F
DRBEEMICS 7 P L AB 0O BEEINL., 2D &h b, ct-DNA I BH
225 CRIGEWREE~LZL L T B e EX LM, 2D/, 3, 3p*M0O, 3p*C
LizEAL Y, 5 DfEAHERIT groovebinding TH 5. E 72, 3, 3b+MeO, 3p*+CI T, 290-
340 nm ICHAE CD B3R & DNA Lt DA I X Wik oE&EIcx 7 ) 74 =34 F
NTW3 T EIREINT, fl%w: MO BT EDELEDBRE 7. 51T, 3
& 3b*C I IFEARIELL 70 uM T DNA ~DFEEHEIM L 7223, 3b+MeO T % 40 uM THIFI 23
KON, TNHLD T EH D, 3bMOHRREICEH VT D DNA LI =G 2B L

TWndEnz s,

(A) (B)
: 8
6,
4
® B 2
kel o
g g o
8 8 -2f
4 ’:‘
-6/
$40 280 320 360 400 $i0 280 320 360 400
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Figure 6-15. CD spectra of varying concentrations of 3 (A), 3b*™¢0 (B), 3b*+¢! (C), and 5 (D)
(0-100 uM (A)~(C), 0-60 wM (D)) with ct-DNA (50 uM bp) in MES buffer (10 mM, pH 6.0)

under air at 37°C.
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CD A7 P ITHEWT, 3, 3b+MO, 3p*+A D fEAEER 2% groove binding TlI7Za\Z &
DR ENT T2, UV-vis IT X D FERIEIRIC ct-DNA R Z AN L 72D 2~ 7 b 251
B L. Z DR % Figure 6-16 ISR S, ct-DNA ISR DOEINIC X Y, 220270 nm I
% % benzenoid band DS DA BIMER X iz, Z D78, 3, 3b+MeO, 3p+C1 T p-cresol
AT DNA ORI, v 2 —AL—2 a vy LTnw3 I ERRBINT.

DEotERz2E&DE S L&, 3, 3b*MO, 3+ 3 p-cresol HHZ T DNA DHEFENEIC A
VR—=AL—vav$T LT LT, DNA I L CHHEDEOLHESGZERL TWw5 L n»
Z 5. 3, 3b*MO 3p+C 53 DNA ICHREICHE ST 2 2 & THEMT 2 HO-DfsmEs & &
h, 3, 3b*MeO, 3p*+CZ X B Form III £ ICHT 3% DMSO FHEE Ko7z FE 2 bh
5. 7z, 3bMO oA L D HEREIC DNA EfEALTWE L RBE . %
D7z, 3b*MO REGRIE T D &\ Form T AEBGEEZ R L7 E xS,
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Figure 6-16. Electronic absorption spectral change of 3 (A), 3b*M¢© (B), and 3b**' (C) upon
addition of ct-DNA (0 (red)-50 (purple) eq) to a solution of complex (10 uM) in MES buffer
(10 mM, pH 6.0), and NaCl (10 mM). The absorption band of DNA is subtracted from each

absorption spectrum obtained upon addition of ct-DNA to 3, 3b*™¢© and 3b*¢!,
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6-4. A

AREEClE, AscNa 777 T, 3, 3b*Me0 5 X 1 3b*C D =TT 02 1ML % /i L 7= supercoiled
plasmid pUC19 DNA @ —AFHYJWi(DNA double-strand breaks, dsb)iC & % Form III 4= i
P& FEICR 72, BTG R TH 2 MeO H % FfD 3b*MeC (3 DNAdsb O burst % 3,
3O iR B T e R R L2 HERD, otEn, BRI, FHE,
HOEfH X U DNA & OFEGHEIED &, 3b*MO D\ HO L H X UF DNA fE &k
23, Form III A D burst % AJREIC T 2 HELFHITH 5 Z L L 21T 572, MeO
BEoBFRRICL Y, 3pFM0 [35RITHY O G AL IC B 1T 5 HO- DI o Al B 2% <,
F72 DNA L X0 AP HEICKE WA ZIT 2720, SBHRKEZICE LT E:
Form Il A AiGHE AR L7z, S b offRIL, s TiRE-CiR R~ DIGH I H Fl 72 DNA
TRHYIWTAI OB T 7 I TT iR SRt I 2 AlREME A B B .
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5. BTk

6-5-1. HAE

AT oW, GRPEECHEEZIRE, ARG ZHDEMEE TR, FAEK,
I T AR Yy TS GFEIR L CTHAL 72, IcOWTiE, ARICHV2 b DI
MBS CHERE L7z, A—X—=af L N7 Z X2 I F pUCI9DNA IF, = v Ry
— Vit B A Lf:%fﬁ%%{%ﬁﬁ L7z fFo iRk 74 F > U F%lES + U v L3
(typel, fibers) (ct-DNA)IZ Sigma-Aldrich 2> 58§ A L 7z. 33 mer oligo DNA 5°-d(GAC TCC
ACA GTG CAT ACG TGG GCT CCA ACA GGT)-3’ & % D HH##i# % Thermo Fisher Scientific
POWAL, T=—V v 2795 Z&T33mer A DNA I L7z, 3 RO/ L>NC,
3b*Me0 5 I TN 3p*C T PYTE 4-5-3 ICiE o THMK L 7z.

6-5-2. HIEHE

TCRHT(C, H, N)iZ, Perkin-Elmer #1:# Elemental Analyzer 2400 II % F\»CHIZE L 7z.
UV-vis TN A~ 7 b vid, Agilent #18 8454 AL AT HEFEGTH 2 F W CHIE L 72,
HI7E 1%, HORIBA #! LAQUA electrode % EEHERRAR CRIE L 7242 1CHI%E L 7. Electron
spray ionization MS (ESI MS) }¢ ¥ Cold spray ionization MS (CSIMS) A< 2 } v ix, HARTE
T8 JMS-T100CSRX the AccuTOF CS % > T, MeOH, MeCN % 7213 H,O Z AL LT
HIE L 72, FRIMEAR) A <=2 b v iX, SHIMADZU Single Reflection HATR IRAffinity-1
MIRacle 10 THIZE L 72. '"HNMR ZA~<=7 b ¥, HAETH ECA-500RX 7 — Y T2
LG S L IS 25 (500 MHz) 2 fEFH L, ZEHEY)E & L T tetramethylsilane (TMS) % 7z 1%
sodium 3-(trimethylsilyl)propionate-2,2,3,3-ds (TSP) % F\ > CHIE L 72, R~ 27 P Lig,
HITACHI Spectral fluorometer F-7000 THIE L 7z, #HEA <2 b i, HITACHI Spectral
fluorometer F-7000 CTHIE L 7z, & imiE & B2 EJATC)MIE 1X, Malvern tL# MicroCal
Isothermal Titration Calorimeter VP-ITC %\ CT{T>7z. CD A7 bulx, HA EEL
J-820 FHRE B O EEEE 2 AT CHIDE L 7=,

6-5-3. DNA YJB7 Bk

3b*Me0 I L OF 3b+“' D DNA YIWETE (L, pUCIODNA Z vy, 74\ — X7 LRk
BRAIC X o CRHiliL 72, 1.5mL = v =¥ F 2 — 7T NaCl(10mM), buffer (pH 6.0 (MES)
% 7213 pH 7.4 (MOPS)), 10 mM), pUC19 DNA (50 uM bp), Cu(OAc) (70 uM), 3b*MeC %
7213 3b*C (050 pM), AscNa (0-150 pM) & 72 % X 5 ICFABL L 727 W & N %, 37°C DR
FicAvF¥Fax—vavliz 01,235 10,20,30,40, 60 53 v 72 EILL,
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loading buffer (0.025% bromophenol blue, 0.025% xylene cyanol FF, 1.0 mM EDTA and 30%
glycero)Z FHWCRIG%E 7 = v F L7z, &% v 7V % TAE buffer (Tris/acetate/EDTA) % H
WCERK L 72 1% 7 A —2 7 ica—74 v 27 L, 100V T 1 Rl EXkBI %17 -
7=. Z D%, EtBr (0.5 ug pL H%t % 1 KffEfT\v>, VILBER LOURMAT E-BOX-CX5.TS
Edge-20M ZH W T v Faifig Lz g L 72-Y Y N %, Form I D Y4l IE{E 1.06
ZH, Image] V7 bV = T I X o TENT 24T o 7. & OMIE X R 3 BIfTV, FEEE
Lot

FHERITFE FICE 1T 2 3b4M0 5 X 1F 3b*' © DNA YIWiEME<TIE, 1.5mL =y =V F
=2 — 712 NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM), pUC19 DNA (50 uM bp), Cu(OAc),
(70 uM), 3b*Me0 % 7- % 3b*+“' (30 uM), AscNa (150 uM), FHEA] DMSO (1-10 mM) & 7x
5 X9 ISR L 727 e F <, iR D HEAFIFFFE T & RRO#EE2 1T 5 2 & TRkl
L 7.

6-5-4. 3b*'® Cyclic Voltammetry (CV)HIE

200 mM Buffer /A% (pH 7.4 (MOPS), 10 mL), 2 mM NaOAc i€ 3b*“' 23 0.5mM & 72 % X
IR A B L 7. 2 OEIRITKRZSIREM (Ag/AgCl), fEEM & L T glassy carbon,
XHR & LT Ptwire iz L, EHR % 10 0N TY v 7 L7z, CVIIERTT- 72, 7 ds,
HITERREE I 10 pA/V, FRTEEELT 10 mV s TiT o 7.

6-5-5. coumarin % F\»7z HOAE K DB H

3, 3b*MeO 35 I UF 3p*C' (30 uM), coumarin (0.5 mM), NaCl (10 mM)® Buffer i&#Z(pH
6.0 (MES), 10 mM)% 4 & A IChlZ, 37+0.2°C ICff > 72, T DIEWIC AscNa /KA %
150pM 72 % X 5 iz, PhHEEE 332nm TD 452 nm D HETRE % 60 0, 2V v
Mg 5.0 nm CHIE L 7=.

6-5-6. FiRMERNEBEATC)HE

£ VIZ, 33mer A U 2 " EH$H DNA (18.75 uM), Buffer (pH6.0 (MES), 10 mM), NaCl (10
mM)& 722 X O ICHHELL 2RI RN A 72, ¥ ) v PITiE, 3b4Me0 I X U 3b*C (1.0 mM),
Buffer (pH6.0 (MES), 10 mM), NaCl (10 mM)D&ER % Il 2 7=. 37°C I35\ T DNA iF
ICKEEARAIE % 28 MlA0pL/BIN 2, ZDBRICHRET 2HBEZHEL 2. BohizT —
2o HAEWREEF &, ORIGIN V 7 b v = 7 % T L 7=,
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6-5-7. ct-DNA 72%E T CT®D Circular Dichroism (CD)R2 = 7 F LHIE

ct-DNA (50 uM bp), NaCl (10 mM)® Buffer ¥5i#% (pH 6.0 (MES), 10 mM)% 2 [k /L IC
Iz, 37£02°C I > 72, Z DIEIKIC 3, 3b*MeC, 3p*+C I X N5 DI/KIAH % 0-100 pM
FCIEIC Z, SEEEETO CD 227 FAZHIE L 7=

6-5-8. ct-DNA FFETFT®D 3, 3b*MO B X UL 3b* N DEBETF AR F AVHEIE

3, 3b*Me0 5 X 1F 3p*C (10 uM), NaCl (10 mM)® Buffer {&i(pH 6.0 (MES), 10 mM) %
2MH-EMITHIZ, 37 +£02°C ICfRo 72, & DIAIRIC ct-DNA /KA % 30 uM bp 1T 150
uMbp £ THML, 300-1000 nm DOHFH TH AR 7 FLERE L 72,
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6-7. Supporting Information
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Figure S6-1. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3b*Me© (10-50 uM) and AscNa (150 pM) at pH 6.0. (a)—(f) correspond to [3b*Me©] of
10, 20, 30, 30, 40, and 50 uM, respectively. (a)—(c), (e)—(f) Lane 1: DNA control; lane 2: DNA
with Hind I11; lanes 3-12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min,
respectively. (d) Lane 1: DNA control; lane 2: DNA with Hind I1l; lanes 3-11: corresponded
to the time of 0, 0.25, 0.5, 0.75, 1, 2, 3, 5, and 10 min, respectively.
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Figure S6-2. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3b*¢! (10-50 pM) and AscNa (150 uM) at pH 6.0. (a)—(f) correspond to [3b**'] of 10,
20, 30, 30, 40, and 50 uM, respectively. (a)—(c), (¢)—(f) Lane 1: DNA control; lane 2: DNA
with Hind I11; lanes 3—12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min,
respectively. (d) Lane 1: DNA control; lane 2: DNA with Hind I11; lanes 3-11: corresponded
to the time of 0, 0.25, 0.5, 0.75, 1, 2, 3, 5, and 10 min, respectively.
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Table S6-1. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3b*™¢ (050
uM) and AscNa (150 pM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)
0 92.7+0.1 7.3+0.1 -
1 92.6+0.0 7.4+0.0 -
2 91.4+0.4 8.6+0.4 -
3 91.3+0.5 8.7+0.5 -
0 150 5 91.0+04 9.0+04 -
10 88.8+ 1.5 11.2+1.5 -
20 87.2+1.0 12.8 £1.0 -
30 86.2+ 1.8 13.8+1.8 -
40 852+ 1.0 14.8+1.0 -
60 77.1+1.0 229+1.0 -
0 91.7+0.4 8.3+04 -
1 72.1+1.1 279+1.1 -
2 56.7+3.3 433+33 -
3 41.0+£3.6 59.0+3.6 -
0 150 5 13.7+2.4 86.3+24 -
10 0.0+£0.0 98.4+0.8 1.6+£0.8
20 0.0+£0.0 87.9+4.5 12.1+4.5
30 0.0+0.0 69.6 £4.3 304+43
40 0.0£0.0 549+29 45.1+2.9
60 0.0+0.0 41.0+04 59.0+0.4
0 87.8+3.2 122+3.2 -
1 0.0£0.0 77.8+4.0 22.2+4.0
2 0.0+0.0 72.1+4.5 279+45
3 0.0+£0.0 68.5+34 31.5+34
20 150 5 0.0£0.0 64.5+3.7 355+3.7
10 0.0+£0.0 559+2.2 441+£22
20 0.0+0.0 485+1.5 51.5+1.5
30 0.0+0.0 453+£2.0 547+2.0
40 0.0£0.0 40.0£2.6 60.0 2.6
60 0.0£0.0 34.0+2.3 66.0 2.3
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0 92.8+4.2 72+42 -
0.25 0.0+£0.0 83.7+49 16.3+4.9
0.5 0.0+0.0 78.4+3.5 21.6+3.5
0.75 0.0+0.0 74222 25.8+2.2
1 0.0+0.0 71.9+4.5 28.1+4.5
2 0.0+0.0 68.1+3.9 31.9+3.9
30 150 3 0.0+0.0 64.4+3.6 35.6+3.6
5 0.0+0.0 587+29 413+29
10 0.0+0.0 50.8+4.1 492 +4.1
20 0.0+0.0 454+3.6 54.6+£3.6
30 0.0+0.0 42,6 £3.5 57.4+3.5
40 0.0+0.0 38.4+3.8 61.6+3.8
60 0.0+0.0 349+4.6 65.5+4.2

0 96.1+1.2 39+1.2 -
1 0.0+0.0 62.4+2.7 37.6+2.7
2 0.0+0.0 593+29 40.7+2.9
3 0.0+0.0 544+1.6 456+ 1.6
40 150 5 0.0+0.0 479+2.7 52.1+2.7
10 0.0+0.0 43.0+1.3 57.0+£1.3
20 0.0+0.0 349+1.9 65.1+1.9
30 0.0+0.0 345+1.1 655+ 1.1
40 0.0+0.0 344+23 65.6+2.3
60 0.0+0.0 334+3.6 66.6 +3.6

0 96.8 0.8 32+0.8 -
1 0.0+0.0 64.6+1.9 354+1.9
2 0.0+0.0 59.7+2.8 40.3+2.8
3 0.0+0.0 543+0.9 45709
50 150 5 0.0+0.0 482+1.4 51.8+1.4
10 0.0+0.0 424+25 57.6+£2.5
20 0.0+0.0 359+28 64.1+£2.8
30 0.0+0.0 334+34 66.6 3.4
40 0.0+0.0 30.7+2.8 69.3+2.8
60 0.0+0.0 29.0+0.9 71.0+0.9
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Table S6-2. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3b**! (0-50
uM) and AscNa (150 pM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)
0 92.3+0.3 7.7+£0.3 -
1 61.2+0.2 38.8+0.2 -
2 454+0.8 54.6 £0.8 -
3 31.5+03 68.5+0.3 -
10 150 5 124+3.9 87.6+3.9 -
10 03+0.5 98.1+£0.3 1.6+0.2
20 0.0+£0.0 85.7+1.3 143+1.3
30 0.0+£0.0 632+3.3 36.8+3.3
40 0.0+0.0 41.9+49 58.1+49
60 n. d.* n. d.* n. d.*
0 953+2.0 47+2.0 -
1 0.0+£0.0 90.6 +3.7 94+37
2 0.0+0.0 81.1+4.1 18.9+4.1
3 0.0+0.0 75.4+2.2 24.6+2.2
20 150 5 0.0+0.0 66.3+2.9 33.7+2.9
10 0.0+0.0 48.7+4.5 51.3+4.5
20 0.0+0.0 36.6+0.2 63.4+0.2
30 n. d.* n. d.* n. d.*
40 n. d.* n. d.* n. d.*
60 n. d.* n. d.* n. d.*
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0 95.0+24 50+24 -
0.25 38+14 941+1.3 2.1+04
0.5 0.0+£0.0 955+ 1.1 45+1.1
0.75 0.0£0.0 92.8 +1.8 72+18

1 0.0+£0.0 88.4+49 11.6+4.9

2 0.0+£0.0 79.1 £4.6 209+4.6

30 150 3 0.0+0.0 73.7+3.7 263 +3.7

5 0.0+£0.0 63.7+3.2 36.3+3.2

10 0.0+0.0 47.7+3.6 523+3.6
20 0.0£0.0 359+1.5 64.1£1.5
30 n. d.* n. d.* n. d.*
40 n. d.* n. d.* n. d.*
60 n. d.* n. d.* n. d.*

0 97.8+0.6 22+0.6 -

1 0.0£0.0 87.7+34 123+34

2 0.0£0.0 79.4£4.0 20.6 4.0

3 0.0£0.0 72.1+4.0 27.9+4.0

40 150 5 0.0£0.0 58.6+1.9 414+19

10 0.0£0.0 448+1.9 552+1.9

20 n. d.* n. d.* n. d.*

30 n. d.* n. d.* n. d.*
40 n. d.* n. d.* n. d.*

60 n. d.* n. d.* n. d.*

0 93.5+3.5 6.5+3.5 -

1 0.0£0.0 83.0+ 1.1 17.0+ 1.1

2 0.0£0.0 75.7+3.0 243+3.0

3 0.0£0.0 63.8+4.2 36.2+4.2

50 150 5 0.0£0.0 56.5+1.4 435+14

10 0.0£0.0 412+44 58.8+4.4

20 n. d.* n. d.* n. d.*

30 n. d.* n. d.* n. d.*

40 n. d.* n. d.* n. d.*

60 n. d.* n. d.* n. d.*

*n. d. means cannot determine.
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Figure S6-3. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3b*Me0 (30 uM) and AscNa (0-100 uM) at pH 6.0. (a)—(c) correspond to [AscNa] of 0,
50, and 100 uM, respectively. (a) Lane 1: DNA control; lane 2: DNA with Hind I11; lanes 3—
9: corresponded to the time of 0, 5, 10, 20, 30, 40, and 60 min, respectively. (b)—(c) Lane 1:
DNA control; lane 2: DNA with Hind I11I; lanes 3-12: corresponded to the time of 0, 1, 2, 3,
5, 10, 20, 30, 40, and 60 min, respectively.
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Figure S6-4. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3b*¢! (30 uM) and AscNa (0-100 uM) at pH 6.0. (a)—(c) correspond to [AscNa] of 0, 50,
and 100 uM, respectively. (a) Lane 1: DNA control; lane 2: DNA with Hind I1I; lanes 3-9:
corresponded to the time of 0, 5, 10, 20, 30, 40, and 60 min, respectively. (b)—(c) Lane 1: DNA
control; lane 2: DNA with Hind I11; lanes 3-12: corresponded to the time of 0, 1, 2, 3, 5, 10,
20, 30, 40, and 60 min, respectively.
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Table S6-3. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3b*™<° (30
pM) and AscNa (0-100 pnM).

Complex AscNa Time Form I Form II Form III
(uM) (uMD) (min) (%) (%) (%)
0 922+04 7.8+04 -
5 91.7+0.3 83+0.3 -
10 91.2=+0.1 8.8+0.1 -
30 0 20 90.7+0.3 93+0.3 -
30 90.6 0.3 9.4+0.3 -
40 90.3+0.4 9.7+04 -
60 90.0+ 0.6 10.0+0.6 -
0 87.7+1.3 123+1.3 -
1 0.0+0.0 99.3+0.1 0.7+0.1
2 0.0+0.0 98.7+0.2 1.3+0.2
3 0.0+0.0 96.8+0.7 32+0.7
30 50 5 0.0+0.0 96.1+0.9 39+09
10 0.0+0.0 93.6+1.5 64+1.5
20 0.0+0.0 89.6+1.7 104+ 1.7
30 0.0+0.0 892+ 1.5 10.8+1.5
40 0.0+0.0 88.8+1.8 11.2+1.8
60 0.0+0.0 88.2+1.8 11.8+1.8
0 89.3+0.8 10.7+0.8 -
1 0.0+0.0 91.3+0.5 87+0.5
2 0.0+0.0 87.4+1.7 12.6 £1.7
3 0.0+0.0 855+1.3 145+13
30 100 5 0.0+0.0 82.7+1.5 17.3+1.5
10 0.0+0.0 75.5+2.2 245+22
20 0.0+0.0 739+1.5 26.1+1.5
30 0.0+0.0 72.7+1.1 273+1.1
40 0.0+£0.0 703+1.3 297+1.3
60 0.0+£0.0 69.0 £ 0.6 31.0+£0.6
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Table S6-4. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3b**! (30 uM)
and AscNa (0-100 uM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)
0 93.3+0.3 6.7+0.3 -
5 92.7+0.1 7.3+0.1 -
10 92.3+0.3 7.7+0.3 -
30 0 20 91.9+0.2 8.1+0.2 -
30 91.7+04 83+04 -
40 91.6+0.3 84+0.3 -
60 90.8 +0.7 9.2+0.7 -
0 96.1 0.6 3.9+0.6 0+£0
1 24.0+2.3 76.0+2.3 0+£0
2 12.7+2.8 873+2.38 0+0
3 82+19 91.8+1.9 0+£0
30 50 5 4.6+0.6 95.4+0.6 0+0
10 0+0 98.5+04 1.5+04
20 0+0 955+ 1.1 45+1.1
30 0+0 925+1 75+1.0
40 0+0 89.2+1.3 10.8+1.3
60 0+0 799+ 1.1 20.1+1.1
0 92.8+0.6 72+0.6 -
1 0.0+0.0 944+1.9 56+19
2 0.0+0.0 89.8 +3.1 10.2+3.1
3 0.0+£0.0 84.7+22 153+2.2
30 100 5 0.0£0.0 76.6+£3.3 23.4+33
10 0.0+0.0 63.3+04 36.7+0.4
20 0.0+£0.0 43.6+14 564+14
30 0.0£0.0 27.0£3.2 73.0+£3.2
40 n. d.* n. d.* n. d.*
60 n. d.* n. d.* n. d.*

*n. d. means cannot determine.
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Figure S6-5. Agarose gel electrophoresis profiles upon reaction of puC19 DNA (50 uM bp)
with 3b*Me0 (0-10 uM) and AscNa (50 uM) at pH 6.0. (a)—(f) correspond to [3b*™M¢°] of 0, 2,
4,6, 8, and 10 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—
12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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Figure S6-6. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3b*M© (5 uM) and AscNa (0-150 uM) at pH 6.0. (a)—(e) correspond to [AscNa] of 0,
10, 30 50, 100, and 150 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III;
lanes 3-12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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Figure S6-7. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3b*¢! (0-10 uM) and AscNa (150 pM) at pH 6.0. (a)—(c) correspond to [3b*“'] of 0, 2,
5, and 10 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3-12:
corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.

249



(a)

(b)

(d)

(e)

Lane

Lane

Lane

Lane

Lane

Form II
Form III

Form1

Form II
Form III

Forml

-
7 8 9

FormII
Form I1I

FormI

Form II
Form III

FormI

1 2 3 4 5 6 7 8 9 10 11 12
Form II
Form III
FormI
6 7

Figure S6-8. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3b*¢! (5 uM) and AscNa (0-150 uM) at pH 6.0. (a)—(e) correspond to [AscNa] of 0, 10,
3050, 100, and 150 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes
3-12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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Table S6-5. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3b*™ (0-10
uM) and AscNa (50 puM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)

0 90.6 + 0.7 9.4+0.7 -
1 89.9+ 1.1 10.1+1.1 -
2 89.4+1.5 10.6 £1.5 -
3 88.8+1.5 11.2+1.5 -

0 50 5 87.7+ 1.6 123+1.6 -
10 87.2+0.5 12.8 £0.5 -
20 87.1+0.5 12.9+0.5 -
30 86.7+ 1.5 13.3+£1.5 -
40 842+1.5 15.8+1.5 -
60 78.1+1.0 21.9+1.0 -
0 89.3+0.6 10.7 £ 0.6 -
1 88.9+0.6 11.1+0.6 -
2 88.4+0.5 11.6 0.5 -
3 87.8+0.6 12.2+0.6 -

5 50 5 87.7+0.5 12.3+0.5 -
10 84.8+ 1.8 152+1.8 -
20 79.0 +£0.7 21.0+£0.7 -
30 70.8+0.7 29.2+£0.7 -
40 61.3+0.9 38.7+0.9 -
60 34.0+39 66.0+3.9 -
0 90.7+ 1.1 93+1.1 -
1 89.3+0.5 10.7+0.5 -
2 874+14 126 1.4 -
3 872+14 12.8+1.4 -

A 50 5 85.1+0.7 149+ 0.7 -
10 76.9+2.3 23.1+2.3 -
20 57.6+4.5 424+45 -
30 374+39 62.6 +3.9 -
40 20.2+4.3 79.8+4.3 -
60 23+2.7 96.8 £2 09+09
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0 872+3.2 12.8+3.2 -
1 84.2+4.1 15.8+4.1 -
2 82.7+0.9 17.3+0.9 -
3 78.7+1.8 213+ 1.8 -
6 50 5 66.9=+3.0 33.1£3.0 -
10 334+£28 66.6 £2.8 -
20 83+4.7 91.1 4.1 0.6+0.8
30 1.0+1.4 946+14 44+£25
40 0.0+0.0 93.3+2.7 6.7+2.7
60 0.0+£0.0 87.9+2.6 12.1+2.6
0 90.7+0.9 9.3+0.9 -
1 81.7+£2.7 183 +2.7 -
2 745+14 255+ 1.4 -
3 65.6+1.3 344+13 -
g 50 5 452+2.0 54.8+2.0 -
10 9.2+0.1 90.8 0.1 -
20 0.0+0.0 97.5+0.2 25+0.2
30 0.0+£0.0 93.4+0.7 6.6 +0.7
40 0.0+£0.0 90.5+0.1 9.5+0.1
60 0.0+0.0 83.4+13 16.6+1.3
0 88.1+0.8 11.9+0.8 -
1 60.4+0.7 39.6 0.7 -
2 37.3+1.9 62.7+1.9 -
3 20.6 + 0.4 79.4+0.4 -
10 50 5 44+0.1 95.6+0.1 -
10 0.0+£0.0 97.5+04 25+04
20 0.0+£0.0 93.3+0.1 6.7+0.1
30 0.0+0.0 89.5+04 105+ 0.4
40 0.0+£0.0 87.1+£1.0 129+ 1.0
60 0.0+0.0 83.8+2.2 16.2+2.2
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Table S6-6. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3b*™ (5
pM) and AscNa (0150 pM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)

0 922+04 7.8+04 -
1 91.6+0.2 8.4+0.2 -
2 91.4+0.2 8.6+0.2 -
3 91.1+0.0 8.9+0.0 -
5 90.9 + 0.1 9.1+0.1 -
: 0 10 90.7+0.0 9.3+0.0 -
20 90.5+0.0 9.5+0.0 -
30 90.5+0.0 9.5+0.0 -
40 90.4+0.1 9.6 +0.1 -
60 89.2+0.7 10.8 £0.7 -
0 92.7+0.3 73+0.3 -
1 90.6 +0.0 9.4+0.0 -
2 90.3+0.1 9.7+0.1 -
3 90.1+0.3 9.9+0.3 -
5 89.6 +£0.2 10.4+0.2 -
° 10 10 87.1+0.4 12.9+04 -
20 81.6+0.5 18.4+0.5 -
30 74.8 1.1 252+1.1 -
40 68.4+0.7 31.6 £0.7 -
60 56.0+1.1 440+1.1 -
0 92.5+0.3 7.5+£0.3 -
1 90.0+0.0 10.0 £ 0.0 -
2 89.4+0.2 10.6 £0.2 -
3 89.0+0.2 11.0+0.2 -
s 30 5 87.6+ 1.1 124+1.1 -
10 824+1.6 17.6 £1.6 -
20 67.2+3.5 32.8+34 -
30 50.0+4.2 50.0+4.2 -
40 352+5.0 64.8+5.0 -

60 143 +4.7 85.5+4.7 02+0.0
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0 93.1+£0.5 6.9+0.5 -
1 90.7+ 0.4 93+04 -
2 90.5+0.6 9.5+0.6 -
3 89.8+0.0 10.2 £ 0.0 -
5 86.1£0.0 13.9+0.0 -
>0 10 79.0+0.0 21.0+0.0 -
20 57.7+0.9 423+0.9 -
30 382+1.8 61.8+1.8 -
40 242 +0.8 75.8+0.8 -
60 59+0.3 93.8+0.3 0.3+0.0
0 93.2+04 6.8+0.4 -
1 91.4+0.1 8.6+0.1 -
2 90.9+£0.3 9.1+£0.3 -
3 88.7+1.1 11.3+£1.1 -
100 5 85.6+1.0 144+ 1.0 -
10 76.6 +1.8 234+ 1.8 -
20 55.0+2.6 45.0+2.6 -
30 33.4+3.7 66.6 3.7 -
40 21.1+3.6 78.9+3.6 -
60 48+1.2 94.6+1.0 0.6+0.2
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Table S6-7. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3b*“! (0-10
uM) and AscNa (50 puM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)
0 92.8+0.3 72+0.3 -
1 90.8 +0.3 9.2+0.3 -
2 90.6 +0.3 9.4+0.3 -
3 90.3+0.2 9.7+0.2 -
5 150 5 89.5+0.2 10.5+0.2 -
10 87.2+0.4 12.8 £0.4 -
20 81.0+14 19.0+14 -
30 71.8+3.2 282+3.2 -
40 60.4+3.9 39.6+3.9 -
60 372+2.6 62.8+2.6 -
0 92.6 +0.7 7.4+0.7 -
1 92.0+1.6 80+1.6 -
2 91.0+0.3 9.0+0.3 -
3 88.9+0.5 11.1+£0.5 -
5 150 5 86.1+0.3 13.9+0.3 -
10 69.9+1.8 30.1+1.8 -
20 55.1+1.6 449+1.6 -
30 32.6+0.9 67.4+0.9 -
40 177+ 0.5 82.3+0.5 -
60 4.1+0.0 95.5+0.0 04+0.0
0 92.3+0.3 7.7+£0.3 -
1 61.2+0.2 38.8+0.2 -
2 454+0.8 54.6 +0.8 -
3 31.5+0.3 68.5+0.3 -
0 150 5 124+3.9 87.6+3.9 -
10 03+0.5 98.1+£0.3 1.6+0.2
20 0.0+£0.0 85.7+1.3 143+1.3
30 0.0+£0.0 63.2+33 36.8+3.3
40 0.0+0.0 41.9+49 58.1£4.9
60 n.d.* n.d.* n.d.*
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Table S6-8. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3b*“! (5 uM)
and AscNa (0-150 uM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)

0 93.3+0.0 6.7+0.0 -
1 92.4+0.2 7.6+0.2 -
2 92.0+0.4 8.0+0.4 -
3 90.8 +0.2 9.2+0.2 -
5 90.7+0.2 93+0.2 -
: 0 10 90.4+0.1 9.6 +0.1 -
20 90.3+0.1 9.7+0.1 -
30 90.2 +0.0 9.8+0.0 -
40 89.9+0.2 10.1+£0.2 -
60 89.7+0.3 10.3+£0.3 -
0 92.5+0.1 7.5+0.1 -
1 90.6 +0.3 9.4+0.3 -
2 90.4+04 9.6+04 -
3 89.8+0.2 10.2+0.2 -
5 88.4+0.6 11.6 £ 0.6 -
° 10 10 86.2+0.4 13.8+0.4 -
20 81.4+1.6 18.6£1.6 -
30 77.9+1.2 22.1+£1.2 -
40 729+ 1.8 27.1+1.8 -
60 63.8+2.5 36.2+2.5 -
0 92.6+0.2 74+0.2 -
1 90.8 +0.5 9.2+0.5 -
2 90.3+0.6 9.7+0.6 -
3 89.8+0.3 10.2+0.3 -
s 30 5 88.8+1.2. 11.2+1.2 -
10 833+1.8 16.7+1.8 -
20 69.5+4.8 30.6 4.8 -
30 504+4.7 49.6 £4.7 -
40 33.9+49 66.1 4.9 -

60 12.1£3.3 87.7+3.4 0.2+0.0
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0 93.4+0.1 6.6+0.1 -
1 91.2+0.1 8.8+0.1 -
2 90.4+04 9.6+0.4 -
3 89.4+1.0 10.6 £ 1.0 -
5 87.7+0.2 123+0.2 -
>0 10 81.3+0.1 18.7+0.1 -
20 59.9+0.8 40.1+0.8 -
30 386 +£1.5 61.4+£1.5 -
40 23.1+0.7 76.9 £0.7 -
60 52+0.6 94.1£0.7 0.7+0.0
0 93.5+£0.5 6.5+£0.5 -
1 92.3+0.7 7.7+0.7 -
2 91.5+0.9 8.5+0.9 -
3 90.4+0.1 9.6+0.1 -
100 5 85.8+£0.8 142 +0.8 -
10 75.6+2.0 244 +2.0 -
20 48.2+5.0 51.9+£5.0 -
30 259+5.0 74.1£5.0 -
40 12.1£3.6 87.4+3.1 0.5+0.5
60 1.3+1.3 97.1+0.7 1.6+ 0.6
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Figure S6-9. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with complex (3b*Me© (a) and 3b*' (b)) (30 uM) and AscNa (150 uM) at pH 7.4, respectively.
Lane 1: DNA control; lane 2: DNA with Hind Il1; lanes 3-12: corresponded to the time of 0O,
1,2,3,5, 10, 20, 30, 40, and 60 min, respectively.

Table S6-9. Fraction of Form I, Form II, and Form III in the DNA cleavage of complex (30
uM) and AscNa (150 nM) at pH 7.4.

Time Form I Form I Form III
Complex
(min) (%) (%) (%)
0 98.1+0.4 1.9+04 -
1 1.6+ 1.1 953+1.7 3.1+£23
2 0.0+0.0 93.3+£0.6 6.7+0.6
3 0.0+0.0 89.8+ 1.8 102 +£1.8
3pMe0 5 0.0+0.0 86.6+2.3 13.4+£23
10 0.0+0.0 79.7+1.9 203+1.9
20 0.0+0.0 73.4+23 26.6£2.3
30 0.0+0.0 705+ 1.4 295+1.4
40 0.0+0.0 68.8+1.9 31.2+1.9
60 0.0+0.0 65.9+2.9 341+29
0 97.7+0.8 23+0.8 -
1 0.0+0.0 77.4+0.7 22.6+0.7
2 0.0+0.0 64.0+24 36.0+2.4
3 0.0+0.0 52.8+1.5 472=+1.5
3 5 0.0+0.0 39.1+£2.7 60.9+2.7
10 n. d.* n. d.* n. d.*
20 n. d.* n. d.* n. d.*
30 n. d.* n. d.* n. d.*
40 n. d.* n. d.* n. d.*
60 n. d.* n. d.* n. d.*

*n. d. means cannot determine.
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Figure S6-10. Isothermal calorimetric titration curves:
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3b*Me0 (A) or 3b*C' (B) at pH 6.0.

Experimental conditions: A solution of 3b*™¢© or 3b**! (1 mM) in a syringe was added, in an

equal interval 28 times, to a solution of the linear 33 mer ds-DNA (18.75 uM) in the cell in
the presence of NaCl (10 mM) in pH 6.0 (MES, 10 mM) at 37°C.
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% £ EF : Enhancement of DNA double-strand breaks by a dicopper complex with a

phenanthrene amide-tether ligand conjugate

. ®B

ARETIE, DNA FFENZZENTAEAIC XY, ZHFAIC X 5 supercoiled plasmid
pUC19DNA @ — A Y)W (DNA double-strand breaks, dsb) % #% % Form 111 42 X D YJH D 1#
WG (burs) SR X 5 2 & 2 B L7z, BRI, SEFAE TR L7z 2,6-bis(amide-
tether dpa)-p-cresol FCfZF(HL3)D p-cresol D A F-)LH% 9-phenanthrenyl (P) % 7z (X methyl
(M) % 2 -CONH(CH.CH,0),CH,CH,NHCO- U ¥ 77 —IC &4 L 72 DNA 21y At
BeAZ TS A AR HL3X, X = P and M) & % DEA[Cua(p-1,1-OAc)(u-1,3-OAc)(L3¥)](OAc) (3%)
TR ChRAFE L 72, 3X Z >, AscNa #7E T DR ITTHY 021G AL IC X % supercoiled plasmid
pUCI9DNA D (LYW % 4T - 72. DNA dsb T4 U % Form III DA FGEE % HL3 O A
[Cua(p-1,1-OAc)(p-1,3-OAc)(L3)](OAc) (3) & FH V> 72 Kt & FLEE L 7245 5, DNAdsb @ burst
23 IM<3<IPDIETHEK L 7. FFiC 37 D Form 11 DAL D burst (3 FEAERE 1 BEE 1<K
L7, CORKZFRE720, b 3 208ADERITCH O &M Lick 2 e Fux
¥ 7 ¥ AV (HO)E K D WIHHHEE, Form T A IS K 3% DMSO D FHERE, 33 mer DNA
LOMAEROHERMEE 7Y X+ Y —ITC), ¥ > ik DNA (ct-DNA) & DH A EH
BT 2ETFARY PAECZIE L7z, HOAER O WIS X 3M=3P<3 TH Y, T
I MEAEANC K 2EFRFMEOE T IO Cu) L ENL I NZ720I13 X ) b HO.
BRGREDEL ol bFEZOLNS. ITCHEDH RS S, 3P 1Z3 3L Y b DNA &
IV AN —REOEE RFEA L T3 2 L3S 2078 o 72, 371, DMSO I
X % Form I £ DOAES R IZ LA ERLNENZ & H 5, Z D DNA & D& 7 i
HD=®, FERL 72 HOIIEEUT 2 /I DNA UIWTICfi S 3 2 &R iz, L
723> T, DNA dsb DK% 7x burst IZ X HOAEBGHEE XV & DNA & O5fi[#E il & 23 &
WThDL, b DS S, DNAdsh DiEH:A I 385K L DNA DS % jiE I
LLDNEBETHY, ZOEDICIE[IvE—HhL—Y a3 vIiCk) DNA a%i%ﬂ@a:fn &
3 % phenanthrenyl ZZ e, FICEAT 2 Z LRI TH B & BRI LT,
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7-2. #&S

WEEDPL AUFICTH 5 Bleomycin O #kE {4 (Fe-BLM) X DNA BERERAL % 55, DNA —
A Y] BT (DNA double-strand breaks, dsb) Z €3~ 5. L 72235TC, DNAdsb D burst % 5]
FE 2 FEEAR DO BT EIR TR R P D AR BRI OFHFE DBl 2 b EETH Y, DNAdsb
FERITEEHESICNETCREBERLINTER., L2L, b ARESEHE KD
DNA dsb JEMEIZIK S, BIETHRESC B ABRE~OMM & EOBR2 L A0 TH
%. Z OiEMER i) C Fe-BLM Off&E 2L, DNA % E AT 3 Fikrwl
IhTw3, HFo, ZBmTh_7/7zXHIC, DNAENOEAT, 17?131 X Y DNA A
REJI D 9 f%, H.0. FE7E T IC BT % supercoiled plasmid pUC19DNA @ — AR EHY] W (double-
strand breaks, dsb)i& P23 9.3 f51C Z L2 4Ll L L 7z12),

HT, NETIE, HL3 3 X U8 HL3 X BUfZT(X = MeO, Cl)D —FZHi#HA[Cua(u-1,1-
OAc)(u-1,3-0Ac)(L3)](0Ac) (3)P], [Cux(u-1,1-OAc)(p-1,3-OAc)(L3*MO)|(0Ac) (3b+MeC) 5 &
U [Cux(p-1,3-0Ac)(L3*N](0OAc) (3*N23, 22T, TARAarve ViEd + U v L(AscNa)fF
TE T DIRETTH O iEPEILIC X - T, supercoiled plasmid pUCI9DNA (Form I)% A §HY7)
L CIEH#HIR DNA (Form ) ~Z#13 2 SOGCHIHAIC burst 2 ZF 2 2 2R L7, T
FCICMEINTE & O DEHAIC X 2 DNA VIO ¢, 3, 3b*M0 35 L I 3p+
D Form I KD burst (T KE o7z, b DEEAIL DNA & rigid Zris& 2L,
BRITH O it T F e ¥v 7Y A (HO) %A L T DNA BB{LUIWr 2 (e L 7. %
LT, 215D rigid 72 DNA fEAIC X 0 10 HHK O HPHN T DNA DA 22 48K
DEIFFYIM S Z 5 Z & 28 Form T £ D burst DR TH 2 Z E RS 21T o 7.
IO DOWFEDOF CTEFHEGHED MeO HEFFD 3b*MO O Form I EBIEME & D &
{, K& burst 25 2, BERDOBEIMEL TOEEEZ /R L 72, 3b*MC (I MeO F:DE
TR, BICH O iEELIC B 1T 2 HO-DHIHAD LK EDN S {, AICKE W AH %R
3 DNA L DG ZTEKT %5 Z & T, 21317 Form I £ ZAIREIC L T 5. LA L,
Fe-BLM [Z, 3b*Me0 X 0 & 3% 2T\ DNAdsb ifitE%# 7R3, £72, Z DiEHE, Fe-BLM
T XY EifaEE 2R 9. L7285 T, Fe-BLM D RRIC B Wl ig#E M % B 3 % 123,
T HICHE N DNAdsh ifitE 2 n T A B Z AT 2 0 %0 H 5.

AREETIE, B\ DNAdsh it % R85 AR DFAF % HIs L, HL3 @ p-cresol D A F L%k
% 9-phenanthrenyl (P) % 7z 1% methyl (M)A % $3F 2 -CONH(CH.CH,0),CH,CH,NHCO- Y
v 71— CTEHE L 72 DNA R/ ZBALBLA. F-#5 &R HL3Y, X = P, M) & % O FHHA[Cua(p-1,1-
OAc)(p-1,3-OAc)(L3%)](0OAc) BN Z#H 7z 1AL L, 372 Form I 4K D burst Z K X &
22 ERBLZ SEBHREEA3 T 20uM, 3PBEXU3MIT 18uM OFE, 5 43[E D Form
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IIT 2B 1T 3M (5.9%) <3 (25.3%)<3° (71.8%)TH Y, DNA FEHELL % 72 3° © Form
I AEBGEEDS R D &<, EEROREMES TH RKE R burst Z/n L7z, 72, BEE
RIEERFEZ /R L7, 22T, 3, 3%, 3D DNA UIWHEH:, BRLE0HE, HO4:
HGHE, DNA #E5AHENE i L, rigid 72 DNA ~DfEA& 2, KIBE D 3P X 2 @0
Form III K Z FIREIC T Bl CTH 5 2 L AL IC L7z, ARECTHW /2 HL3, HL3%,
3, 3X(X=P,M)D{t¥ & % Figure 7-1 IC/R T

QWi
‘ NHCH,CH,(OCH,CH,),NHCHOH— (P)

N

u
N\ R=
o\/

e (OAc) NHCH,CH,(OCH,CH,),NHCHOH— (M)

HL3X (X =P, M) I X=P,M)

Figure 7-1. Chemical Structures of HL3* and 3% (X =P, M).
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7-3. MRLER
7-3-1. BCALF & ZESHAADEEE DB K

HL3" & X &Y HL3M i, HL3 @ p-cresol #ifzd A F L% DNA N TH % 9-
phenanthrenyl (P) ¥ 7z I% methyl (M)K¥i % -2 -CONH(CH>CH,0),CH,CH,NHCO- Y ¥ 71 —
WCERL L 72BN FCH D, ARG X Scheme 7-1 IS8 3. £ 3 triethylene glycol D A
 NH# & Ny R Gl L 723582 A L, N % 3,5-diformyl-4-hydroxybenzoic acid

IMHATEALKL, ZOFRL IR L THALRF o FICEH L 72, SOCL,

TEEIEALI L L, dpa 27 2 FHEATEALZ. X 51T, Kind N3 FEA2&EIC L T NH, 4
IS L 72%, 9-phenanthrenyl (P) £ 72 (X methylM)% 7 I FAE& CEAL, HL3 B X O
HL3M % f%7-. 23 % MeCN 1, Cu(OAc) & It & ¥ T %8 (I1) # 74 [Cua(p-
OAC)(L3")](0Ac) (3% F & U[Cua(u-OAc)(L3M)](0Ac) M) % 7=, Hiflff & 7= #51K 1%
MeCN/Et,O 2 & Pt L TR L 7z, HL3X, 3X(X=P, M)@aﬁﬂi e L, mﬁ‘éﬁﬂﬁz
X OESIMS O 7T — X % 7-5-3 DERIAICR T,

H
H G/\ }\/Nz Q Né/\o}\/NH:
o, N'{/\o)'\/m 2

n 1) SOCI; / CH,Cl, 10% Pd-C, H2
HO. H
2) dpa, KzCO3/ CH:Cl; MEOH
O OH O
\f/”"\\/ \f/""\\/

18 (n=2)
H H H
B ﬁi“f’* :
o. o 8, Et:N N o o
N OH N THF - N OH N
36 HL3?

acetyl chloride, Et;N

5 Jzi” o

v

THF

HL3M
Scheme 7-1. Synthetlc Route of HL3* (X =P, M).
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7-3-2. ZEESRADSE A OREE

DNA fERVERAZZE AL 72 3P & 3M o "I Ol 3 0 Z N LAk TH 5 & F
Z b5, XOEEP OGN FEEIC X Y FE SN, EFRINA~S PLT
1%, 313 430nm & 730 nm, 3™I% 425 nm & 700 nm (C PhO %> & Cu(I)~D LMCT & d-
d BBRICRE SN RIGHE Iz, 2nbid, 3 @ 441 nm (PhO 2> 5 Cu(I)~D
LMCT) & 700 nm (d-d 2ZBF%) D W & 1313 —3X L 7= (Figure 7-2). ESI-MS (Figure 7-3, 7-4)
TlE, 3P & 3N ZNEF N, mkz1165.26 1T [L3P+2Cu(ll) +20Ac]", m/z1003.2 1T [L3Y+
2Cu(ll) + 20Ac] iCIRBINBZ D FA AV E—2 %527, ZNbDFERLES, 3P L M
(ZKIEHH T p-OPh p-OAc DEEERE Z RFF L T3 2 LRI e,

1.4
1.2
1.0
0.8

Absorbance

04~
0.2}
0.0t

| L L 1
400 600 800
Wavelength (nm)
Figure 7-2. Electronic absorption spectra of 3* (0.5 mM) (red), and 3™ (0.5 mM) (blue) in

H>O at room temperature.
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label m/=
a [L3® + 2Cu(Il) + 20Ac]” = 1165.26 =]
1165 1170 1175
500 1000 1500 2000

m/z
Figure 7-3. ESI MS spectrum of 3 measured in MeCN at room temperature at orifice 1: 10

V, orifice 2: 10 V, ring lens voltage: 10 V.

a
label m/z
a [L3M + 2Cu(Il) + 20Ac]” = 1003.2 1000 1005 1010
T l Al T A 1
500 1000 1500 2000
m/z

Figure 7-4. ESI MS spectrum of 3" measured in MeCN at room temperature at orifice 1: 10

V, orifice 2: 10 V, ring lens voltage: 10 V.
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7-3-3. AscNa ##E FCOD 3° 5 X UF 3M © DNA ERL YT i

Supercoiled plasmid DNA (Form D% F£E & L T 3, 3% X U 3V @ DNA YIlE M % i
N7z RICSE & RN T FRERIEICR 3. 3P AscNa DIREZ(LICN T % Form 1, 11,
1T D ENE (%) D KRS & 7 VBB % Figure 7-5-7-6, Figure S7-1-S7-2, Table S7-1-S7-2
ICRT. 3P D DNA YIS 1L, 3 & [FERIC[3X] & [AscNa]lc K & {KFFEL 7z, 3P AscNa
AHET T, 60 57T 80%LAED FormI 28R KIEZ 572, L7235 T, 3P & AscNa It
EB 5 HEV DNAds ICH4ZHTH 5. DNAdsb D burst 1Z[3PIC K& {AKIFEL 72, 7=,
AscNa (150 pM)TEZE T, 3 (20 pM) F 7213 37 B X U8 3M (18 uM) i X 238 ICi O, il AL %
#& % RIGIC BT % Form I DA D Lk % Figure 7-7 ISR~ 3. TOEMFETTo 3 & 3M
D Form 1, 1, III DEIA(%)D KEEEE & 7 V5 E % Figure S7-3-S7-4, Table S7-3 IZ/R
T, 547D Form I A B3R 1 3M (5.9%) <3 (25.3%) <3F (71.8%)TH b, 3° D DNA g1l
LIk C 1 DNA ££/CT& % phenanthrene DAL T Form I A2k 3M D [ ST H~ T 12
ELL BRI U 72, F72, 31X LTid, 3PDEEN 10% Vit b BEb LS, 3Pick 3
Form Il ZEKE K E W I & 25, 3713 phenanthrene & DNA D& % 8 L T DNA dsb
EHELCTWB Z LS IR o 72,

11

(A) (B)
100gme== = = 100
] -~ —o— 0 uM
2 UM
~ 80 < 801 5 uM
g z 8 L
£ 60 E 60+ 10 uM
S S —o— 15 uM
< 40 Y- 40+ —o— 18 UM
= <
o a
201 20
) ; ‘ |
00 20 40 60 00 20 40 60
Time (min) Time (min)

Figure 7-5. Time courses for Form I (A) and Form III (B) dependent on [3"] in the DNA
cleavage by 3*. Experimental conditions: [pUC19 DNA] = 50 uM bp, [3?] = 0-18 uM,
[AscNa] = 150 uM, [Cu(OAc)2] =90 uM, [NaCl] = 10 mM, [MES buffer] = 10 mM (pH 6.0)

at 37°C. Experiments were carried out at least three times.
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(A) (B)

50 uM

80 __80r 100 uM
9 R —o— 150 uM
= 601 = 60- —o— 200 pM
E £
& S
= Z
o a

20 20

OHLQ ¢ - - - Déesso—s & o - -
0 20 40 60 0 20 40 60
Time (min) Time (min)

Figure 7-6. Time courses for Form I (A) and Form III (B) dependent on [AscNa] in the DNA
cleavage by 3*. Experimental conditions: [pUC19 DNA] = 50 uM bp, [3%] = 18 uM, [AscNa]
= 0-200 puM, [Cu(OAc):] = 90 uM, [NaCl] = 10 mM, [MES buffer] = 10 mM (pH 6.0) at

37°C. Experiments were carried out at least three times.

(A) (B)
100 80
£
% 80 % sol
= 60 S
2 4 : “
Z B I
2 20f < 2
i ——
% 2 40 60 0 3 3p  3m

Time (min)

Figure 7-7. (A) Time courses for Form III in the DNA cleavage by 3 (red) (20 uM), 3¥ (green)
(18 uM), and 3™ (purple) (18 pM) in the presence of AscNa (150 uM). (B) DNA cleavage
profile promoted by 3 (red) (20 uM), 3¥ (green) (18 uM), and 3™ (purple) (18 uM) in the
presence of AscNa (150 uM) after 5 min reaction.
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7-3-4. 3, 3* B XU M OBLBRITTEE)

HAHIETIE, 313 AscNa & DG T Cu(I)Cu(ll) & Cu(l)Cu()ITHL A ITEITT I L5
EDPIREI NI, ARETIE, DNA UIBHEHOECOBEZHL2ICT 5720, 3P BLV
M ORERILETCEE 2 F 72, £, Figure 7-8 1T AscNa FMEFDFEHAD UVevis 2= 27
FAZA LR, 3P B X U3MIL, 3 LIFAIBRIC 2eq D AscNa TH ) ICERIT X L7,

(A) (B)
1.0 020 1.0 0.30
0.25-
0.8+ g 01 0.8+ £ o2
o é - & § 0.15
2 0.6F P 2 0.6+ R
S E XY R ————— S 0.05}
§ 04} 0.005 4 K 6 § 0.4} 425 nmo'ooo 10 Timez?min) 30 40
< Time (min) <C 725 nm
0.21 725 nm 0.2+
0.0 I i s, I 0.0 I , I , I
400 600 800 400 600 800
Wavelength (nm) Wavelength (nm)

Figure 7-8. Absorption spectral changes (red to blue lines, 0.1 min at every interval) of 3°
(A) and 3™ (B) (0.50 mM) upon addition of AscNa (1.0 mM) in MES buffer (200 mM, pH
6.0) and NaOAc (2 mM) at rt under N; (inset: time courses monitored at 725 nm (A) and 700

nm (B)).
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3B XU 3MD pH 6.0 D MES FEE (200 mM)FTDH A4 2V v 7KL X E T L(CV)
% Figure 7-9 IR 3. 3P1%, Ex = 0.015, E,=0.13V I Cu(I)Cu(Il)/Cu(l)Cu(l) D #E 1] i
ML, Ee = 0015 Ep=021VIZ Cu(Il)Cu(Il)/Cu(I)Cu()D A ¥ % 5z 7. 3M(Z,
Eyn = —0.003V (4E, = 0.076 V, v = 10 mV s7)iC Cu(I)Cu(I)/Cu(I)Cu(I) D Al#iH &,
Epc = 0.02, En=0.17V IC Cu(H)Cu(H)/Cu(H)Cu(I)@Kﬂuﬂz%5 Az, FBBIVIMOD

TRITCIRFIC OAc ZEKE D R % 1 5 72 ® 12 Cu(IT)Cu(I1)/Cu(I)Cu(l)® redox couple 234~ AJ ¥
KhhbeEz20oN5, 3PHXUIMNIT3 LY bBLETTEMPIEMicy 7 P LAZ LD
5, 3P X U 3M Tl phenoxo %k 4 LD ETFKEIMED T I FED Cu) 2 LEL T 5
EEzbN5, LaL, AscNa ISHIKED UV-vis A7 FAVEALCIIEITHEEICK E 7
A oNT, WIS 5 7.

Current (PA)

-0.2 0.0 0.2 04
Potential, V (vs Ag/AgCl)

Figure 7-9. Cyclic voltammograms of 3 (red), 3" (green), and 3™ (purple). The measurements
were made at 23°C % 0.2°C under N.. Glassy carbon, Pt wire, and Ag/AgCl are used as
working, counter, and reference electrodes, respectively. Scan rate was 10mVs™, and

sensitivity was 10 pA/V.
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7-3-5. 3, 3" B XU 3M DBRITH O, iE AL

3 2% AscNa & O G T Cu(DCu(ll), Cu(DCu(D)ITEICET N, N5 BHEEED 0,15
MALICBAS T 3 L 2 EhECcHR L2, ThoDRITHEIE, 0, 3 BHEITERE
L, 7v b vLE T Cu(Cu)O.H AT T 5. Ziid, 3P CTHFEETH D, DNA
dsb 612 pH 7.4 £ 0 D pH 6.0 DA & W 5 FF & —3T % (Figure 7-10, Figure
S7-5, Table S7-4). Cu(DOH O+ EYV 7 4 v 77 0-0 A= ALF—WICEFTH
H Cu(IDCu()O:H 72> 5 HOHER T 2 DI 3 DG & RRICHMARKIGETH 5 & vz
%,

(A) (B)
1004 100
—e— pH 6.0
80} —e—pH74 __80F
S 3
E 60| z 60
o —
L e}
< 40} ::L 40
- Z
o )
201 20
0 oso—o +* . + L 0¢ . | L 1 .
0 20 40 60 0 20 40 60
Time (min) Time (min)

Figure 7-10. pH-dependent profile for DNA cleavage promoted by 3¥. Time courses for Form
IIT at pH 6.0 (red) and pH 7.4 (purple). Experimental conditions: [pUC19 DNA] = 50 uM bp,
[complex] = 18 uM, [AscNa] = 150 uM, [Cu(OAc).] = 90 uM, [NaCl] = 10 mM, [buffer] =
10 mM (pH 6.0 (MES) and pH 7.4 (MOPS)) at 37°C. Experiments were carried out at least

three times.
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RIT, AscNa & V272 3, 3P 35 X UF3M DR TTH) O 3G (L IC 35 1F 2 HO4E K 13 coumarin,
H,0, £/ 1% PBSF Z W CH AR~ P AZ(LTHEBRL 72, coumarin (& HO& )G L
T umbelliferone Z £ L, 332nm THij#e3 % & 452 nm (CHd5E4r, PBSF I3 H0, & K6
L T fluorescein Z £ L, 485 nm THIEL T 2 & 513 nm ICHDEAHT 2R TS, Zb o
452, 513 nm TIEHF L 7z HOCm A O RFHZ8{E % Figure 7-11 1R 9. 3, 3P 5 X U8 3M/AscNa
DRIGT, ZNENDOHINHRELEIML 72, YIOKIGTIE, 31E3FPHIOIMED D
Oy /3 F LB IS L, HO %% S KL 7228, ZDtki3 3B XU 3N DJ28 HO% % <
AR L7 £, HODERTHE, 3EFPHELIEIMIDDLERD H0, 24K L 7.

(A) (B)
g | g 2500
o o™
© 4000 o 2000
© ©
2 3000 2 1500
w w
o G
£ 2000 £ 1000
el o
N 8
= T 500
g 1000 g
(e} [®]
Z 0 1 1 1 | | Z O | 1 1 1 |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (min) Time (min)

Figure 7-11. Time courses of the normalized emission intensity monitored at 452 nm
(A) and 513 nm (B) for 3 (red), 3" (green), and 3M (purple). Experimental conditions:
[NaCl] = 10 mM, [buffer] = 10 mM (MES, pH 6.0), [complex] = 30 uM, [AscNa] =
150 uM, [coumarin] = 0.5 mM or [PBSF] =25 uM, under air at 37°C.
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7-3-6. 3, 3*FB X U3V D DNA #A

33 mer & Y = ds-DNA & 3% 35 X O 3M o #EGHH A EH % S5 € 24 817E (Isothermal
titration calorimetry, ITC)& UV-vis A= 7Z7 FLIC X Y F~72 39 £9°, 37°C, pH6.0 T
D ITC DFER % Table 7-1, Figure S7-6 ISR, 3, P B LU MOBEAERK ITZh T
131 x 105 0.79 x 10°, 1.67 x 10°M™' T, 3P<3<3MTH 3. L2 L, EEARREED 10
uM BLE, DNA #EE2S 50 M bp % F\» 3 DNA YIBrEER O &M4ETiE, 3, 3P X U3V D
DNA fEEIIZITARIM L T 5728, K DK E X (X DNA dsb D burst ICIFEETIT 2
Lz 3. Tabe 7-1 IC/RT X 51T, 3° D AH°, AS°I1Z% % 11-3.85 kealemol™, 10.0
cal'mol s K ' TH v, 3°D AH°, ASCIEZ N % N~1.79 kcalsmol !, 18.1 calsmol '*K! TH
o7, U EDRERELS, 3B X0 3D DNA fEdi 3 L FRIRIC ARPERBICH 2. 2 C
T AHCfiEIX 3M<3P<3 TH % DT, 3% |k DNA #EHYTH 2 phenanthrene 2% DNA 14 v/
Z—=AL—vavTiILickoT 32 3MICHETL DY DNA G EZEL T
LEZLND,

Table 7-1. Thermodynamic parameters determined by ITC
for binding of 3, 3¥, and 3™ with a linear 33 mer ds-DNA

Complex 3 3° M
N (sites) 3.81+£021 6.91 =028 6.09 % 0.09
K (x10°M™ 1.31 £0.21 0.79 £0.17 1.67 £0.16
AHP (kcalemol™") —225+0.10 ~3.85+0.23 ~1.79+ 0.04
AS° (calemol e K1) 16.1 10.0 18.1
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BRI ct-DNA W Z i L 72 FR D&+ A= 27 P V2L % Figure 7-12 IC/R T, ct-
DNA %M 2 % &, 220-270 nm D benzenoid band DWLIEEE DS IR L7z, Z i 3P 28
phenanthrene F{, TDNA ICA Y X —HhH L —> a v L7zl &t 2 XFT5HERTH 5.

DL EDFEER X Y, 3P 1% phenanthrene #ifi7 T DNA ICf v X —AhL—F LT3 3VE

D b ERENIC DNA ICREE T2 L vz 5. 2 OFEE, 3713 3 2 3Y X b {KIRE TE V> DNA
dsbiFEx R L7z E 2 N5,

—— None
— 1eq
2eq
3eq
4 eq
5eq
6 eq
7eq
8eq
9eq
10 eq
— 11eq
— 12 eq
— 13 eq
— 14 eq
— 15eq

Absorbance

250 360 SéO 4(50
Wavelength (nm)

Figure 7-12. Electronic absorption spectral change of 3* upon addition of ct-DNA (0 (red)-15

(purple) eq) to a solution of complex (10 uM) in MES buffer (10 mM, pH 6.0), and NaCl (10

mM). The absorption band of DNA is subtracted from each absorption spectrum obtained upon

addition of DNA to 3P.
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7-4. KEiw
AR TlE 9-phenanthrenyl (P)%° methyl (M)% $§2-CONH(CH,CH,0),CH,CH,NHCO- V

v —%E A L 78R [Cua(p-1,1-OAc)(p-1,3-0Ac)(L37)](0Ac) (3%) 5 X U [Cux(p-1,1-
OAc)(p-1,3-OAc) (L3M)](OAc) BMZFHIFE L, 3% 2% AscNa 17{E F DEITH O, ikt T
DNA dsb Z# K& it d 2 2 & 2 R L7z, SRR, 06, E5UbEn, fHE,
HO-4 /%, DNA A& HlIE2 &, 37 D DNA #iA k2% DNA dsb @ burst % AIREIC T 5 H
WM TH 2 EBHL IR 72, 2o OFERIL, BT RESLIHE~DIGHIC
A H 72 DNA ZARSHYIWTRI O B 18T 7= e /7 ikim 2 SRt 3~ 2 vl RetE 3 2.
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7-5. KERTIE
7-5-1. HAE

AT oW, GRPEECHEEZIRE, ARG ZHDEMEE TR, FAEK,
I T AR Yy TS GFEIR L CTHAL 72, IcOWTiE, ARICHV2 b DI
MBS CHERE L7z, A—X—=af L N7 Z X2 I F pUCI9DNA IF, = v Ry
— v L EEA Lf:%fﬁ%%@ﬁﬁ L7z AF v Y HIfRER O 74 F 2 ) KRBT+ ) v 238
(typel, fibers) (ct-DNA)IZ Sigma-Aldrich 2> 58§ A L 7z. 33 mer oligo DNA 5°-d(GAC TCC
ACA GTG CAT ACG TGG GCT CCA ACA GGT)-3’ & # D H#fi#i % Thermo Fisher Scientific
POAL, T=—=V v 7 35%Z&T33mer ~ AR DNA IC L7z, 3 ZBEROGHSCICHE
D (l/fl\ﬁk L f:[?’].

7-5-2. HEKE

TCRHT(C, H, N)iZ, Perkin-Elmer #1:# Elemental Analyzer 2400 II % F\»CHIZE L 7z.
UV-vis LA~ 27 b v i3, Agilent f1:84 8454 SEA AT L REGTH 2 -V CHlIE L 72, pH
HI7E 1%, HORIBA #! LAQUA electrode % EEHERRAR CRIE L 7242 1CHI%E L 7. Electron
spray ionization MS (ESI MS) }¢ ¥ Cold spray ionization MS (CSIMS) A< 2 } v ix, HARTE
F-# JMS-T100CSRX the AccuTOF CS % i\ > T, MeOH,MeCN ¥ 7z (% H,O & & L T
HIE L 72, FRIMEAR) A <=2 b v iX, SHIMADZU Single Reflection HATR IRAffinity-1
MIRacle 10 THIZE L7z, 'HNMR A7 bovld, HARETFHE ECA-500RX 7 — U T2
LG S L IS 25 (500 MHz) 2 fEFH L, ZEHEY)E & L T tetramethylsilane (TMS) % 7z 1%
sodium 3-(trimethylsilyl)propionate-2,2,3,3-ds (TSP) % F\ > CHIE L 72, R~ 27 P Lig,
HITACHI Spectral fluorometer F-7000 CHIE L 7z. S & M2 ETC)HIE IX, Malvern
#1:#4 MicroCal Isothermal Titration Calorimeter VP-ITC % FH\»CT{T - 7z,

7-5-3. BAZF (HL3N® X 0% o ZE#AN#EHE 3D &K
N-(8-azido-3,6-dioxaoctyl)-2,6-bis(V,/N-bis(2-pyridylmethyl)carbamoyl)-1-hydroxy-4-benz
amide (35)D &K

100 mL @ "1 F 27 7 23 icfblinf# A, Yoau—re=0jay 72l {7
%, BEGEEL, e—FH VY THo7 100mLDF A7 7 Z22iC18(m=2)(1.01 g, 1.35
mmol) & CH.Cl (5 mL), SOCI, (445 uL)% Ml 2 721%, 60°CDHiA T T 2 Wi L 7=,
dart-MS IC CRIGIBIF 21T - 72, SOCLZHEE L, BEZEHMEL 72, K.CO3(2.30g, 16.6
mmol), DPA (1.18 g, 5.94 mmol), CH.Cl, (10 mL)% £ R FEH 5T T/ 100 mL & [
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FR7 T2, BHAKVERBLRL T I CEE L 2% B L 72, ESI-MS
TIRIGIBE, £ 7 4 b EET KCOs ZHUY fR< L IBWEH B OJER GO L7z, Bk %
100 mL 73R L, H,0 (3 x 15 mL) TP L 72. CH.CL JE 1T NaxSO4 % Ml 2. C
KLU 72t%, Xy F o CHBL, BlREe—% ) —T KR — % —Cilff, H2EiZET
5 LIRWEEDOIMRYE 21572, T ORI E % f/NE D CHCL ISR &, T I+
N7 Lrwva~ k7T 7 4 —(gradient CHCl:/MeOH from 100/0 to 30/1)% T* HPLC THE#L L
7. BEYIO A > Cw 20 EED, B -2 ) —T KL — & — TR, BEXGET 2
ERE D ERDF 5 1172(1.46 g, Yield 72 %). 'HNMR (500 MHz, CDCls); 8/ppm: 8.50 (d,
J=4.6Hz, 4H, CH), 7.97 (s, 2H, CH), 7.74 (t, J = 6.9 Hz, 2H, CH), 7.65 (t, J = 6.9 Hz, 2H, CH),
7.54 (d, J = 6.9 Hz, 2H, CH), 7.23 — 7.26 (m, 2H, CH), 7.19 — 7.23 (m, 4H, CH), 6.71 (s, 1H,
NH), 4.96 (s, 4H, CH.), 4.63 (s, 4H, CH,), 3.60 — 3.69 (m, 10H, CH,), 3.38 (t, J = 5.7 Hz, 2H,
CH>).

5-((2-(2-(2-Aminoethoxy)ethoxy)ethyl)carbamoyl)-1,3-di(bis(2-pyridylmethyl)carbamoyl)-
2-hydroxybenzene (36) D&)X

50mL > A7 7R CEHETF 2 AN, =Fay 7, Su—v 2N CHEZEL
7. RIGERERIC 35 (204 mg, 274 mM), Pd-C (230 mg), dry MeOH (3 mL)JIl 2 C H, &2
L300 AWLCEEIELE RTN; D=2 0380 ERERLE T A4 M, n—2%
Y —T oKL — &% — Gl L B2 T 2 &R aEARS S N 72(178 mg, Yield 90%).
ESI MS (MeOH m/z, positive mode). Calcd for [36 + H]": 719.3. Found: 719.2.

5-((2-(2-(2-(Carbamoyl-9-phenanthrene)ethoxy)ethoxy)ethyl)carbamoyl)-1,3-di(bis(2-
pyridylmethyl)carbamoyl)-2-hydroxybenzene (HL3") D & X,

100mL — 1027 7 23 icalfiit, 36 (178 mg, 0.247 mmol)% A4, THF (17 mL)ICi&
2> L721%, BN(158 ULz % LSRR EICEL L7z, 22K oL <L
7273 b, Phenanthrene-9-carbonyl chloride (8) (54.2 mg, 0.225 mmol) % THF (15 mL)IC{A 2>
L72bDHENAY =L TW- L D EMAz, RAEREREL, KRR LAEDSOEEL
72, 1 R, EHECEL MR L2 v =% ) = N FL — % — T THF % ¥
£33 L, HEDOBERPAERK L 72. % DEAZ CHCL; (20 mL)ICHAEfF & ¥, H,0(3x5mL)
THRL, AHEEIC NaSOs Z A THIK L, Xy Fo2AGCTRIEAL, H2EH
B9 5 L HEERI RN, ZOREER/NED CHCL KBRS, TV IFh T 4
s v~ + 27 7 4 —(gradient CHCl3/MeOH from 100/0 to 30/1) THE#L L 72, HIID A -
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TWwW3777vaviiED, u—2Y) —T KL —x—CiElE BEZETLEHAD
EAR 23S 5 1172(128 mg, Yield 62%). ESIMS (MeCN m/z, positive mode). Caled for [HL3?
+ H]": 922.4. Found: 922.6.

5-(((Me-9-carbamoyl-3,6-dioxaoctyl)carbamoyl)-1,3-di(bis(2-pyridylmethyl)carbamoyl)-2-
hydroxybenzene (HL3™)D & X

100 mL A 7 7 X 21Z 36 (200 mg, 0.278 mmol) & K,CO; (77.0 mg, 0.557 mol) % A %1,
CHaCly (5 mL)ICIR2 L7z, % 21T, CHaCly (5 mL)ICVAMR & 2 7z acetyl chloride (21.0 pL,
0296 mmol) Z Mz, FEFREWLL 7=, —IIEHEL 726, EE L 7. 8K % H0 (3 % 10mL)
THIL, AHEEIC NaSOs 1A THIK L 72, JEEE, T SRL — % — CRET % i
T2 L BEEERE SN, ZOEEZR/NED CHCL KA X, TLIF AT LY
o~ bt 27 7 4 —(gradient CHCl3/MeOH from 100/0 to 30/1) CHESLL 72. HWHID A - T
W37 aviED, u—x ) —T oKL — & —TiElf, BT3GR
RH34F 5 N 72(131 mg, Yield 62%). ESIMS (MeCN m/z, positive mode). Calcd for [HL3™ +
H]*: 760.3. Found: 760.5.

“ DS 3° DA

MeCN (3 mL)IC Cu(OAc), (27.5 mg, 0.151 mmol) % &/ X 2 725K 1IC, MeCN (2 mL)IC
HL3" (47.0 mg, 0.0757 mmol) % A fif & & 738 &2 W > < Y iz, =ik < 30 /s L 7.
RIGHERZn —2 ) —Z AR L — X —Ciifa L, SAEEEZH ImLBEEICLE 20
BIIC EbO M2 2 EEEAHE L 20T, ChziEBlL, HEZEWwET 3 &k old
23153 5 172(50.0 mg, Yield: 80%). ESI MS (MeCN m/z, positive mode). Calcd for [37 —
OAc]": 1165.3. Found: 1165.2.

A (D #ER 3N D AR

MeCN (3 mL)IZ Cu(OAc): (24.2 mg, 0.151 mmol) % {&fif & ¥ 72 7A#RIC, MeCN (2 mL)IC
HL3M (50.0 mg, 0.0657 mmol) % {&fE X & 77K E W - < Wiz, Z=iRT 30 o PL
7o, MG AT — 2 ) — T NFL — 2 — G L, B2 1 mL R L7,
ZDEWIC BLO MM 5 LEAEAHHEL-0T, chzii@El, BEGET 3 Lt
D [ER 255 5 172(57.3 mg, Yield: 82%). ESIMS (MeCN m/z, positive mode). Calcd for [3¥
—OAc]": 1005.0. Found: 1004.8.
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7-5-4. DNA YW EER

3%, 3M @ DNA YIWiEMEIE, pUCI9 DNA ZH\y, 7H v —X 7 AESKENEIC X -
THFHii L7z, 1.5mL = v ~<¥F = — 7 NaCl (10 mM), buffer (pH 6.0 (MES) % 7= ¥ pH
7.4 (MOPS)), 10 mM), pUC19 DNA (50 uM bp), Cu(OAc), (90 uM), 3%, 3™ (0-18 uM),
AscNa (0200 uM) & 72 % X 9 ISR L 7238 2 N 2, 37°C DIEFITA v FaxX—v =
v L7, 0,1,2, 3,5, 10, 20, 30, 40, 60 73 IC Y~ T A% EHLL, loading buffer (0.025%
bromophenol blue, 0.025% xylene cyanol FF, 1.0 mM EDTA and 30% glycerol) % F \» T
T vF L7z, &Y v 7% TAE buffer (Tris/acetate/EDTA) % W CTERK L 72 1% 7 77
H—2X7nica—74 v 7L, 100V TH 1 KEEXIKEI 21T o 7. %D, EtBr (0.5
ng uLHH¥ % 1 K17V, VILBER LOURMAT E-BOX-CXS5.TS Edge-20M % T
NNV Vafsg LTz, o L7z F %, Form 1 DR HHIEE 1.06 % >, Imagel V
7P 2Tk o TN RIT - 72, Z OWEIZRAL 3 [FfTV, FERMEEZ & 5 7.

7-5-5. 3%, 3M D Cyclic Voltammetry (CV)HIE

200 mM Buffer #{#%(pH 6.0 (MES), 10 mL), 2mM NaOAc IC 3¥230.5mM & 7% X 9 I
W2 L 72, T OWIRICK ARSI EMR(Ag/AgCl), FRHEM & L T glassy carbon, Xf
fie LCPtwire 2L, EF% 100MANT ) v LItk CVIIER{To72. &b,
HITERREE I 10 pA/V, FRTEEELT 10 mV s TiT o 7.

7-5-6. coumarin % F\»7z HOAE K DB H

3, 3%, 3 (30 uM), coumarin (0.5 mM), NaCl (10 mM)® Buffer /&% (pH 6.0 (MES), 10
mM)% 4 [HiL VI Z, 37+02°C IZfRo 72, Z DIFIRIC AscNa /KB % 150 uM 1T 7x
2 X5z, BIEHEE 332 nm T 452 nm DHERE % 60 4, RV v MiE 5.0 nm
THIE L 7.

7-5-7. Pentafluorobenzenesulfonyl Fluorescein (PFBS)% V> 7z H,0, £ ORI

3, 3% 3M(30uM), PFBS (25uM), NaCl (10 mM)®D Buffer {5 (pH 6.0 (MES), 10 mM)
Z AT Z, 37+02°C ICff > 72, T DIEIC AscNa /KA % 150 pM 1IC72 % X
SITHIZ, AR 485nm T?D 513 nm DHEIEE % 60 77, AU v M 5.0nm TH|
iE L7
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7-5-8. FiRMERABRJATC)HE

£ IC, 33mer A Y T EHHH DNA(18.75 uM), Buffer (pH6.0 (MES), 10 mM), NaCl (10
mM)& 73 X ICHBLL 2R AN A, ) vYiKiE, 3, 3%, 3Y (1.0 mM), Buffer
(pH6.0 (MES), 10 mM), NaCl (10 mM) D& % Mz 72, 37°C IC 35> T DNA IR IC &5
RIRT % 28 [I(10 pL/E)IN 2, % OERICHRAET 2BEZMEL 72, BoNT— 225
FMEEZF &, ORIGIN ¥V 7 b7 = 7 %\ T L 7.

7-5-9. ct-DNAFET TD P DEF A7 FVEIE

3% (10 uM), NaCl (10 mM)® Buffer #A#E(pH 6.0 (MES), 10 mM)% 2 [Hi-z M ICHTZ, 37
+0.2°C IR o 7z, T DIEWKIT ct-DNA KIAW % 30 uM bp T 150 uM bp L TR L,
300-1000 nm DHIFH THE A= 7 b A ZHIE L 7=,
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7-7. Supporting Information
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Figure S7-1. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3P (2-18 pM) and AscNa (150 puM) at pH 6.0. (a)—(f) correspond to [37] of 2, 5, 8, 10,
15, and 18 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind IIT; lanes 3-12:
corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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Table S7-1. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3" (0-18 uM)

and AscNa (150 uM).
Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)
0 99.6 +0.2 04+0.2 -
1 99.3+0.3 0.7+0.3 -
2 99 +0.3 1+0.3 -
3 98.8+0.5 1.2+0.5 -
0 150 5 98.7+0.5 1.3+£0.5 -
10 98.3+0.7 1.7+0.7 -
20 98.1+0.7 1.9+0.7 -
30 97.9+0.8 2.1+0.8 -
40 97.6+1.0 24+1.0 -
60 972+1.3 28+13 -
0 97.8+0.5 22405 -
1 97.7+0.5 23+0.5 -
2 97.4+0.7 2.6+0.7 -
3 97.2+0.9 2.8+0.9 -
5 150 5 96.8 + 1.1 32+1.1 -
10 96.2+1.0 3.8+1.0 -
20 96.1+1.0 39+1.0 -
30 94.1+0.3 59+03 -
40 89.6+ 1.8 104+1.8 -
60 76.3+2.3 23.7+£23 -
0 95.7+3.9 43+39 -
1 91.1+4.4 89+44 -
2 88.5+4.4 11.5+44 -
3 85.9+2.0 141+£2.0 -
s 150 5 79.7+£2.0 20.3£2.0 -
10 68.4+3.5 31,6 £3.5 -
20 42.1+3.9 57.9+3.9 -
30 22.5+£3.6 77.3+3.6 03+04
40 12.9+4.1 86.6 £ 3.7 0.6+0.8
60 4.4+2.7 93.7+£2.7 19+23
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0 97.4+0.3 26+03 -
1 89.2+1.1 10.8 £ 1.1 -
2 84.5+2 15.5+2 -
3 78.7+3.8 21.3+3.8 -
o 150 5 70.1 +3.1 299+3.1 -
10 48.8+6.7 51.2+6.7 -
20 18.5+7.9 81.5+79 -
30 8+4.1 91.6+3.6 05+0.5
40 1.6+1.6 95+3.4 34+18
60 0.0£0.0 92.6 0.1 7.4+0.1
0 98.2+0.8 1.8+£0.8 -
1 83.1+4.1 16.9 £ 4.1 -
2 71.6+4.2 28.4+42 -
3 552+39 448+3.9 -
0 150 5 33.1+£3.5 66.9+3.5 -
10 7.8+3.7 91.3+3.1 09+1.0
20 2.0£3.0 93.9+2.1 41+1.9
30 0.0£0.0 88.4+3.5 11.6+3.5
40 0.0£0.0 82.5+44 17.5+4.4
60 0.0£0.0 68.6 +4.2 314+42
0 96.5+£2.3 35+£23 -
1 0.8+1.9 97+ 1.6 21+1.6
2 0.0£0.0 93.7+2.9 63+29
3 0.0£0.0 86.1 £3.6 13.9+£3.6
s 150 5 0.0£0.0 67.0£2.6 33.0+£2.6
10 0.0£0.0 42.5+4.2 57.5+4.2
20 0.0£0.0 245+3.0 75.5+3.0
30 n. d.* n. d.* n. d.*
40 n. d.* n. d.* n. d.*
60 n. d.* n. d.* n. d.*
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18 150

hn W D = O

20
30
40
60

94.4+3.1

0.0+£0.0
0.0+£0.0
0.0+£0.0
0.0+£0.0
n. d.*
n. d.*
n. d.*
n. d.*

n. d.*

56+3.1
71.9+3.5
54.0+4.9
348+3.3
282+3.0
n. d.*
n. d.*
n. d.*
n. d.*

n. d.*

28.1+£3.5
46.0+4.9
652+33
71.8£3.0
n. d.*
n. d.*
n. d.*
n. d.*

n. d.*

*n. d. means cannot determine.
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Figure S7-2. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 37 (18 uM) and AscNa (0-150 uM) at pH 6.0. (a)—(f) correspond to [AscNa] of 0, 50,
100, and 200 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind Il1; lanes 3-12:
corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min, respectively.
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Table S7-2. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3" (18 uM)
and AscNa (0-200 uM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (Y0) (%0) (o)
0 98.6 £ 0.6 1.4+0.6 -
1 98.1+1.0 19+1.0 -
2 97.8+1.0 22+1.0 -
3 96.3+0.1 3.7+0.1 -
18 0 5 95.1+0.2 49+0.2 -
10 94.0+0.1 6.0+0.1 -
20 92.4+0.6 7.6+0.6 -
30 90.0+0.3 10.0+0.3 -
40 87.9+0.6 12.1+0.6 -
60 85.7+0.8 143+0.8 -
0 97.0+2.0 3.0£2.0 -
1 0.0+£0.0 95.1+1.9 49+1.9
2 0.0+0.0 89.4+34 10.6 =3.4
3 0.0£0.0 84.0+2.2 16.0+2.2
5 0.0+0.0 753+3.5 24.7+3.5
8 >0 10 0.0+0.0 54.1+3.5 459+3.5
20 0.0£0.0 249+4.6 75.1+4.6
30 n. d.* n. d.* n. d.*
40 n. d.* n. d.* n. d.*
60 n. d.* n. d.* n. d.*
0 94.9 +3.7 5.1+£3.7 -
1 0.0+£0.0 90.9+3.6 9.1+3.6
2 0.0+£0.0 73.7+2.8 26.3+2.8
3 0.0+0.0 65.6+3.5 344+35
12 100 5 0.0£0.0 42.8+3.7 57.2+3.7
10 0.0+0.0 244+33 75.6 +3.3
20 n. d.* n. d.* n. d.*
30 n. d.* n. d.* n. d.*
40 n. d.* n. d.* n. d.*
60 n. d.* n. d.* n. d.*
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18 200

whn W NN = O

20
30
40
60

94.0+3.9
0.0+0.0
0.0+0.0
0.0+0.0
n.d.*
n.d.*
n.d.*
n.d.*
n. d.*

n. d.*

6.0+3.9

61.7+4.6
33.3+4.7
25.8+4.0

n.d.*
n.d.*
n.d.*
n.d.*
n. d.*

n. d.*

383+4.6

66.7+4.7

742 +4.0
n. d.*
n. d.*
n. d.*
n. d.*
n. d.*

n. d.*

*n. d. means cannot determine.
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Figure S7-3. Time courses for Form I (red), II (green), and III (purple) in the reaction of 3 (20
uM) (A) and 3™ (18 uM) (B). Experimental conditions: [pUC19 DNA] = 50 uM bp, [3] =20
uM or [3M] = 18 uM, [AscNa] = 150 puM, [Cu(OAc),] = 90 uM, [NaCl] = 10 mM, [MES

buffer] = 10 mM (pH 6.0) at 37°C. Experiments were carried out at least three times.

(@ Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
Form III

Form1I

() Lane 1 2 3 4 5 6 7 8 9 10 11 12

Form II
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Figure S7-4. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3 (20 uM) (a) or 3™ (18 uM) (b), and AscNa (150 uM) at pH 6.0. Lane 1: DNA control;
lane 2: DNA with Hind I1; lanes 3-12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30,

40, and 60 min, respectively.

288



Table S7-3. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3 (20 nM)

or 3™ (18 uM), and AscNa (150 pM).

Complex AscNa Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (“o)
0 969+ 1.2 3.1+£1.2 -
1 0.0+0.0 91.8+2.0 82+2.0
2 0.0+£0.0 86.0+1.9 14+1.9
3 0.0+£0.0 823+25 17.7+2.5
320 M) 150 5 0.0+0.0 74.7+2.5 253+2.5
10 0.0+£0.0 64.5+2.8 355+2.8
20 0.0+£0.0 39.1+£22 60.9+2.2
30 0.0+0.0 31.0+£24 69.0+2.4
40 n. d.* n.d.* n. d.*
60 n. d.* n. d.* n. d.*
0 96.6 2.6 34+2.0 -
1 32+3.2 96.1 £3.6 0.7+04
2 0.0+£0.0 98.5+1.0 1.5+1.0
3 0.0+0.0 96.8 +1.7 32+1.7
3 (18 1M) 150 5 0.0+0.0 94.1+2.2 59+22
10 0.0+£0.0 86.0+0.8 14.0+£0.8
20 0.0+0.0 72.0+0.7 28.0+£0.7
30 0.0+0.0 61.7+4.1 38.3+4.1
40 0.0+0.0 492422 50.8+2.2
60 0.0+0.0 39.7+2.2 60.3+2.2

*n. d. means cannot determine.
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FormII
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Figure S7-5. Agarose gel electrophoresis profiles upon reaction of pUC19 DNA (50 uM bp)
with 3® (18 uM) and AscNa (150 pM) at pH 6.0. Lane 1: DNA control; lane 2: DNA with
Hind I11; lanes 3-12: corresponded to the time of 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min,

respectively.

Table S7-4. Fraction of Form I, Form II, and Form III in the DNA cleavage of 3" (18 pM)
and AscNa (150 nM) at pH 7.4.

Complex AscNa Time Form I Form II Form III
(uM) (uMD) (min) (%) (%) (%)
0 98.3+1.0 1.7+£1.0 -
1 0.0+0.0 99.4+0.1 0.6+0.1
2 0.0+0.0 98.6 0.2 14+£02
3 0.0+0.0 98.2+0.4 1.8+04
8 150 5 0.0+0.0 97.1+0.7 2.9+0.7
10 0.0+0.0 90.9+2.5 9.1+£2.5
20 0.0+0.0 63.4+4.4 36.6 4.4
30 0.0+0.0 423+37 57.7+3.7
40 0.0+0.0 329+5.0 67.1+5.0
60 n. d.* n. d.* n. d.*

*n. d. means cannot determine.
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Figure S7-6. Isothermal calorimetric titration curves: 3% (A) or 3™ (B) at pH 6.0. Experimental
conditions: A solution of 3® or 3" (1 mM) in a syringe was added, in an equal interval 28
times, to a solution of the linear 33 mer ds-DNA (18.75 pM) in the cell in the presence of NaCl
(10 mM) in pH 6.0 (MES, 10 mM) at 37°C.
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ARELFRSCT, M ARIOEIERERE B L <, [EHMEE 1384 2 08 AMIdo
PUNEREE © D AR EEE % 7R 3 KRS R D BIR 2 1T 5 72, LRSS A o RSB REAH BE
DRI, BWEFRAOA R IR AR ORGTE LU EZIT) L TEHEETHL L WR D,
LITIC, £ECHONZHR & K5 CHIFE L 7= ALk % Bl ic leiis s 2 2 & ©of%
ODNTHRAEZE L O, KX OBIEL 5.

BB TIE, YIFIEE CHRIFE L 72 p-cresol D 2.6 fric =y Xy MEEE LCERKRT T v
1,4,7,10-tetraazacyclododecane (cyclen) % #7 > amide-tether B BCAZ 1 D AL #5148 [ Cua(p-
OH)(L1)](CIOs): (1)® 4 i X F L 3 % -CONH(CH,CH,0),CH,CH,;NHCO-phenanthrene G &
161 L 72 DNA AL % £ 2 A% 5 A [ Cua(u-OH)(L172)](Cl04), (172 % Hi 7= 1T BAFE L 7=.
SHFRED S, 1P1T 1 & FERIC H0, & D RIGTHIE 7 u-1,1-hydroperoxodicopper(Il)
FHHRQPYZTE T 5 Z & 23R X 172, Phenanthrene DE A T 1723 1 & [t ~XT DNA #&
RES128 9 M B L, @FE(LKRMH0)FE FTD DNA UIWHE DS 9.3 M L7, &
5, 12 OMEEMER 1 LT 1265 EL 72, £72, MIRSEREROFRIES 5, 172
BRIV F)TREOT R -2 2 2FET 32 b 2Ponic Lz, BEXY,
phenanthrene &7 1X DNA #ERUEBAZ & L CERIL, 1”0 I b2 v FY THREHONKET
B E =Y 22N LEBAMIGERNHEEZ KRE KM EIE 5 2 EBHL2ICR o2,

FEE T, TR X7 phenanthrene IC & % DNA R D P13 AiETERERE D
figiH &z o[ L% HE L, -CONH(CH.CH,0),CH,CH,NHCO-phenanthrene (P- Y ¥ 1 —)D
R 2 2L & 2 72 AR EE AR [ Cun(n-OH)(L17)](C104), (17" (n=1, 3)) & phenanthrenyl & %
methyl CEE L 72-CONH(CH,CH,0),CH,CH,NHCO-methyl (M- Y v 4 —)Z3E A L 7z &%
SBR[ Cua(u-OH)(LIMM](ClOs), (1M (n = 1, 2, 3) 2 72 ICFAFE L 72. DNA —AFHYIIriE
e MilEEE IR TS, P-Y v Ah—id M-V v A=k W &L, P-U Vv I—DRIH
FHOWREEDL» - 72, HESRDE WV n=10 P-VU v 71— &0z g Aot
LCYRT I F VICEHT 3 muilildsEE 2z n 3 L iciz AMgicd L <z 27
7F v TiREL RN 10 FU Eo e AMBLEIRMEN: %~ L 72, DNA ZAKHH
CIWTEYE & HeLa MRE N3 2 MmO MBI 2 3~ 72 & 2 5, 171313 44%HBA L 72 23,
M3 T 5% TH o7z, TOREE»S, MIICHY ATNAL ZICP-U v i —I3FFED
IZ DNA If5& L CllamtEs K& Cm b a2 228, M-V v 74— DNA FrEPED 7o
72O LIS WERHL LIS o7z, o T, P-Y VA= RO 1P I ra vk
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U7 DNA O AU A @B L CTEF—2 A2FHET 22 L RETF S5, DNA &
e LToP-Y v i —OKEI2HEE IR X Nz,

HPUEETIE, p-cresol D 2,6 fLic =¥ & v bHE L T dipyridylmethylamine (dpa) % A 3
% amide-tether T A% S EE A [Cun(u-1,1-OAc)(pu-1,3-OAc)(L3)](OAc) (3)D dpa D 4 fifiC &
L (B 75 MeO £k X OV 13K 51 ClLEE) &8 A L 72 LD EE A [ Cua(p-1,1-OAc)(p-
1,3-0Ac)(L3*MO)][Y] [Y = PFs (32*M©) OAc (3b*M0)], [Cus(u-1,3-OAc)(L3*NH][Y] [Y =
ClO4 (3a*“), OAc Bb* N Z G L 7. 43 HARVHIE & #f ST O AR, B0 E
TR T OBAELENZ T 2 2 LRI N, ZOBEBTHMRICLY, BILHITH 5
TAanre vigEF b Y v L(AscNa) & O GTHEE T 5 ROS OFFEA A 3b+Me0 Tl H0,
PERATH D, 3b*C TIE HOPEEATH o 72, T 7z, MIlEEHGZHIES S, 3+,
3b*Y % ER, Golgi RICER L T ROS 24 LTI %3583 2 C L 3 L 2 & 7 o
7. 51, PAMBEHTL 2> ROS AR % #ERE T & 720> 5 72 3b+MeO |33 A AR FE IR
Al EEZ R Lz L, AAMIME L IEFMAEOME IC 5T ROS ZARK L T
72 3b4CUFIEFE MR 2R L2 2 & 2 5, AIGERENE 1323 MRS & IE# i
DEIRICIEE L7 ROS BB EETH 5 T L AREI Nz,

BARETIE, 328, ZEXAT, TRAarE VEF Y 7 L(AscNa)lC & 2= TCHIBE R IE 1
{tC supercoiled plasmid pUCI9DNA @ 26%7% 1 7r[H CHEFHIK DNA ICZH3 5, 3 D5
D DNA “ARFHYIW(dsb) D JRICHEREZ fEBA L 7. & & TlE, 3 ©iEM:% Robson B "%
i (I #E A Cua(n-OH)(bpmp)](ClO4): (4), N4Py D k(DA [Fe(MeCN)(N4Py)](Cl04), (5) %
FAWTHIESL 72, 31%, 4 572D, AscNa TEZITEICI N, EIC I - LA

DTBR 0% 3BETREILL T FrF 2 TV hN(HO)ZEK L CTE# T DNA %%
CUIT L 72, £72CRIGICHE T, 31%, 5 8% Y DNA KK LT v &L e —EiE)
THMAT 2L REINT. ZOFE, 3 0w HOA K E DNA fEiGatER2s, &
D DNAdsb Z A[REIC T 2 EHELRKHECTH 2 T LWL ML ko Tz,

FNETIE, 3b*MO, 3b+C D AscNa fE7E F D DNA VIWGHEZ 5 L <, FAFET
R U7z 312 X 2 E5HD DNA dsb OREREFIA & SO FAT T 21T - 72, DNA dsb i&1E
12 3b+C<3<3p*MO TH D, Z DOBIRIZFIRER T D HO-D LR & —F(L, BRI
BRI 5 o hbZrote. 7, HHRIKIRESANTD 3p*MO D DNA dsb itk %
3+, 3 D) 2 fELAETH o7, BB N T XA — X —DHIED D 3p+MO iR T v
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AN —EREITH o572, £72 CD A7 b ALHIED b 3b+Me0 23 & KRS C DNA © -
BOHARKGEZREOAZERHL o7, LEDHE LD, DNA CHHEMEWL
REETHRL BT 2 2 & MEIEE CHEED DNAdsh ZA[REIC T 3 Z &R 7z,

FHLETIE, KIEETOERD DNAdsh 1213 DNA & DIRWIESPEETH L L%
BEZ, 304G P-Y v Hh—, M-U ¥ 71— %2 RN EEAR[Cua(u-1,1-OAc)(u-1,3-
OACc)(L3%](0Ac) BX(X=P, M) % FAF L 7=. AscNa fF7E FCT3%1x 3 X b 3 &\ DNAdsb
EEZR L7228, 3V 33 X0 b ihHE2ME2 - 72, ITC #HIE 2> 5 3 1 phenanthrene Hif7
TDNAICKH LT, 3°3MIVDT VALY —BEICHRATEZERHALILE o7,
IO ORI S, DNA KX LTl fiard s 2 id, £ U7 HOMRILE T 5 2 &
7z { [EHEHYIC DNA 2 VI © % % 72 % DNAdsbiGtE DA LICHMTH 2 2 L 3RE I N
7z.

oD D PUE T 72 TSR O Fl 2 08 LT, RN C o XSRS AR D 25 H)
OB BAEEENTH 2 v X v FEOWE L @ K HEEDBUKEI K E < BH5
LTWw3Zenbntrotz, £3, ORBEHAGTITH L~ X v oG ICE
TOHAZIRRZ, ~v &y P oG AR T 2 IEEO AR L 3 X
2L IR B T L ARET D B 72, ML EHREICEEE LTS, 12 it LT
Ry Xy bEE LTEIRT I v 1,4,7,10-tetraazacyclododecane (cyclen)Z 5, PEPE
BCAL 2> & D BLAL 23 B8 1 PUSE C & 5 L0E 7 AR 1, MfLETEM S AT L,
EIC & N { W (Figure 8-1(A)). £ D72, HAMIIENICE mM T3 2 JiRILAIGR
TEA) & KIS T, 7 uM THET 2 H0, L RIGT 5 2 EAARETH 5. Z L C, H,0,
& DRIGTIERL E L5 MM, &MWL TE 7 p-1,1-hydroperoxodicopper(11) & {4 fH
TH 5729, DNA O CADRFEZFFRICH ZHE, T ha v P TRADOHNREET R
F—vRZFELZLEZONSG, —/HT, 3 23LDETERVvEXVIMHLELT
dipyridylmethylamine (dpa)% A L, WRPERLALT-2> & DBCAL A3 EHRIC =T H 5 %8
R, BB{LEICEMZL0 fHEICAE LTk Y, BITE e 3\ (Figure 8-1 (B)«(D)). %
D7, MIENTHESICEITE Nk, B3R ZEITICIEMLS 5 2 & T, HO-Z Gk
e LTHKT 5. HOIZRIGTED BV 728, Ml CHEME2 I SOG L, BELA P LR
EHERLIZLEZAONS., £, MIGHEDEWIEEMECTH 2 HOZ AT 5 dpa 2 H S
5 ZIGHEE R O F 53 X 0 m MRS EEE % R U 72 23, 03 A REEE B ((selectivity factor, SF)
= (IEHMAE D 1Cs0)/(H3 AL D ICs0)) 13K D> o 72(Table 8-1). T K5 FEEA L 72, M
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LRITCEM ZIEICH T 2R b EICE LT 0 AEEREHA 3p+C IcBI L T3, 23 AMIE X
D HEELA b L RTMEDAR WV IEFR ML IS L€ X b & ililgEE: % /R L 72(Table 8-1).
PLED#ERD O, RISTEDIRCLZIE REEZIE L, BHEAR TH 2MllENICB T
FrRMNCFR S22 2 & 28, DAMIGERMEO R LIcEETh 2 2 2RI i, I
2T, DAMIEH D B0, IRE I IEFEMAEH O] 100 SR L AmEINTEY, &
HHICEWTHE mM THTES 2 FIRELAIGEITHD) & ik 5 &, X Y B AMIEEREE <
ERINTIEERETER S 5 B0, & DRIGD 50353 AMREIRE o 7 Eic iz FRhcd
28Ez260%. ZoXdic, MENRECEZ 2 )G R DI ERTTEM I

KIET 2720, B L 2 WiGHEEIcAbE T2y Xy P A2 3¢5 2 L ZEETH
%,

(A) ®), (© (D)
4- 1 1
0
2- of ol
=5 s A = <
2 0+ 2 Ea =
g 5 2 5 g
£ 2 £ g 2 s
[&] o -3 o o -2 /
-4+ -3+
4 -3
-67\ I 1 1 L 5 L 1 L -4 L
05 -04 -03 -02 -01 ) 0.2 0.0 0.2 -0.2 0.0 0.2 0.4 01 00 01 02 03
Potential, V (vs Ag/AgCl) Potential, V (vs Ag/AgCl) Potential, V (vs Ag/AgCl) Potential, V (vs Ag/AgCI)
Me Me Me
Me
(o] Q 0, (o] (o] 4]
o 0 MeO o_ N OMe cl 0. ci
N /MN/\c ,f\ /k /\ N,\ /NN/\N'J\
HN(-N 0\ N’\/\[ =~ "_70“\0/ U=N - =~ “O/\ = "7C\'" /c{“‘ =
mCu Cu;‘"NH ~ N »&‘N\ - ’ /N\o ON\
3ﬁ, g7 \N”\Q/ Meo—y_/ °Mi|/°° \_/~oMe Wi \I/ eI OJIA/E/O \_/~ci
1 H Me OAc Me OAc Me OAc
3b4-Me0 3 3b4-CI

Figure 8-1. Cyclic voltammograms of 1 (A), 3b*™¢© (B), 3 (C), and 3b*“' (D). The
measurements were made at 23 + 0.2°C under N,. Glassy carbon, Pt wire, and Ag/AgCl are

used as working, counter, and reference electrodes, respectively. Scan rate was 10mVs?, and
sensitivity was 10 pA/V.
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Table 8-1. In vitro cytotoxicity of 1, 171, 3, 3b*M¢0_ and 3b**! against

various cancer and normal cells by mean of MTT assay (24 h) (Mean + SD)

ICso (uM) (Mean + SD)

Complex Rune

A549 WI-38
SF

(Cancer) (Normal)

1 1,430 £40 2,960 = 30 2.1
1™ 94.0+50 2311 2.5
3 92714 121+11 1.3
3p4Meo 20.0+1.6 22.0+23 11
3b*+c! 21.3+15 2.94 +0.28 0.14

RIT, QLA DOBKIEICRT 2 IR 2R~ 5. R Hss A 0Bk E IR
TERLIEIC, O TR HIIESERE SRS IC 8 % KIT 3. ER < Golgi D X 5 ZAfiia i
F OMINGEE ZBUKED S LEYBER L P AR NIRRT ¢ 5 X F 2
YEUTEBUKEE AT A VEOmEEZ AT A2LEMPERL LTI L rAlRE I N
TWwWa, KffFEEZELT, 1 23L& TV Xy FEEE L Tcyclen % #5204 i#E
fhe~vxy e LTdpa ZF2 AR I Pa vy Y 7IiC, 3oy AV
5 dpa ICBUKPEBEE 28 A L 72 R HFE (R 3p4M0 35 X O 3b*C 1% ER ¥ X U Golgi 1k
CEICRET L EBHL 2 E R o572, cyclen ZH T % iS4 Ix, Bk
phenanthren UV ¥ 7 — D& AT X Y Bk A L L 723 DD, phenanthren V ¥ /1 —DH
IICB D 5 F log Pow BEIDME L 72 2 BUKIEDILAYICTH o 7. 72, WRIERLAL T 2>
b DENIED S T DI LA SR L LTOF v =V 2+ TH Y, hFA VD
. 3L TD, dpa DBUKMEIC K 5T, 1 X0 BBUKEARELZD DD, log Pow
BADEL 7 2BUKEDILEYITH o7z, Z D720, T b O KHSEARIZBUKE L
FAUVHOMEEET LAY PERL LTI ta vy FITRECEELEZLEEZ
bivd. —HT, 3DV X v M dpa ICHUKMEEIAEL ZE A L 72 3b*M0 35 X OF 3p*¢
1%, log Pow 2XIEDfH & 72 2 BKEDILEYI TH o 72, Z D720, BUKMEOEWLEY
ERLLTVER ® Golgi (RICHRTEELZZEx b5, ULoffRr o6, (LEWDBIK
M X v, MIENEEMEZHETETH 2 EXHL Loz, T b, BUkET
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HIE AT RE e Ml N R EEA B (I Mife oM EicEEch 2 2 e b R iz, H0, &
RIS % & & il % B K3 5 AR AL, H0, 24T 2 CTHY, DNA &
TE2ILavFITICRESRLILPAETHL L2 5. FFE, DNA FHIVRE L B
KM% Pf2 15D phenanthren Z#E A L7z 17 TlX, 1 X v & 10 5L EMilgEE2 R E L
2. Z LT, BIAlE ORIGE AL T ROS 2iEMERE & L CARKRT 3 iR, B
LA b L REEHREEZ A LT3 ER ® Golgi (KIC/FTEX 2 2 ERFMTH D L vz
%. KB, ER % Golgi (RICEIC/HIET 2 3b*MO B XU 3p* %, Itav FIYTIiCE
CRITET % 3 X0 b 450 EifastE s E 572, 2o OFfER D S, Bkt o HlfH i
L0, TSR DR ICE o M NGB ICJRTE X/ 5 2 & ASlilaEE o 1A I H R
THbHI LRI NT.

Table 8-2. Hydrophobicity (log P,w) and Intracellular localization

Hydrophobicity
Complex Intracellular localization
(log Pov)

1 —2.38+0.04 Mitochondria

17 -1.22+0.02 Mitochondria

3 —-0.55+0.09 Mitochondria
3p#Meo 0.18 +0.05 ER, Golgi body
3b*+! 1.94 £0.09 ER, Golgi body

FHRED O LE CH 7z A D i % @ L T, supercoiled plasmid DNA (Form
)% EFIKDNA (Form III)IC 22453 %2 DNA A Y] W7 (double-strand breaks, dsb)ifiih: o [A]
L,%K,dem@@%®ﬁm&m®mm@ﬁLci DNA & DFEAIREDTEE CTH
52 EBHL DL TR o7, JICEBAELCDNAERENL 2 B L 72455, DNA & DG 23,
BUCKRERAHETH 5 = v 2 v —WRE)TH 2 “ixishikiz &, KEEAIRE CTDDNA
dsbZ R L7z, = v 2 v —BRBC X 2DNA~DHA IZFHBEE K WA TH L, iF
TERECH 2L T VHO ODNA~DIFFAED M E L 72720 TH B EZX NS,
DNARAERK M) FT v b e v —BE<H 2513 &M L7z, DNAVIKIEE D%
fECIE S AR O DNA~ DG I IZITEIM L T 37289, KO K E X |ZDNA dsbdD
burstiC IFEE Tld 72\, DNAE TV F v v —ERER oA %2 3 2 sk ik o b
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03, BIL T RESCDH ABEEOHI OB L 2 5 HEDNAdsbiGED 7] FIcHZhTH
3T LRRBINT.

AL THEONMAIL, 28 AMIEOMUNEREE 218/ & L 7= 508 A o BEFE

SEE A7 DI AHI DR C 5 3 BIEF OEIIC 50 CALEREG L OTH Y, BT
RISEHE 2B L2 B,
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EAF

RWFFEDZAT R ORET IR DOMEICH 72V, #IG#EY) 220 T S 158 - HHiHE %
B0 £ L FERFERF B BETAEIRERE DS BN BRSO XY JE CHEFLE L k
FET. AEZED 21CH72 Y, BIREYRETEE - HBE 2B Y £ LRSS
KRG HTEMER AR B 8%, B = RO X W ECHRLAL BT s s,

AR LERICE VT, #HI%Coh, e L CAREREEEZ L Wk EELE
ISR FREDE B TR Ky | BRao CIClE Bz o X0 #H
L EgES.

A 2 B S E BAHNE 2 AT D 1Ic B 72 0, MR EiES - HE2H Y L4
FIEHRRYDE BTAZER bR e BIRICL XY EEP L B3, F=an
STEGHCORE DRI, HfEE - #HIE 2Mh Y % L 2REHRERF B BT AT ER
vkt 2 BB XD R L BT S MR ORE, i - s 20 £
L 2 RIEHRE AR DG BT AR HIE RE EEdc 0 X B3R L BT s 5.
FACS & I\ 7= Ml ER DBR, 55 - #HBhE 25V £ L 2RISR ERFAGE A
FEARTZERE BP0 di %, R R EERRICL X D EHP L BT

PR oM EAHHRRICE T, EROVWSEF2HATLEZI Y, hOFEICHICH%Z
T T Z S o7z B RICOXVEHBPL EF L3 B _EoMRICETAK
DIEZFENTL I o gmiE B KA XL D L3258 ICEHHL LiFEd. 7,
WHFECIFYIBERRIE L, H5ebibcdb % K o Bz S Lz R o 22/ Jled 1, Hd 55
B, Hb 3 K, NH —C RICECEHF L BT 3. 2 LT, HReEEE
DEFICRAL, MIE 2B L TH2AR 25 2 T hemih &6 K, RE £ K,
B U K, UK AN K, BRE BE K, WA thz K2R Uo e 3 REEICL
KO L RS

BRRICRY L7, HIChoBEhE2M L Tin, BEMICEZ T MR ICHEE
moHEERLET.

[FIER KRR B LA I0 LAE
DA LA E
B



