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1-1. IXT®IZ

BUE, BABEITRARKENICE £ & FHFURRE THIMARICH 50720, HLas AHID
BFZE - BIREAEANTATOR TV D, L LA S, 0% IXIERMNE L A3 AN
Rz Rz 22 Te s, NMEICRZAVRRIER 25 S 23 Z LR L LTET 6T
Wh. D7D, A ZERENCHIEA~SE S IR AR OBRFEN B STV 5.

1-2. BAKER
D3 AU Z SR AN AR FE ~E < FLAS AKIDOBIFEITIE, S AR A 1FBREE 2 PRAR 3
HUENGHD. LLTIC, A7 0 AR OEIFEREIZ DWW TS,

1-2-1. 23 VKRR DRV INRERE

A OMNREEIE, ERMIEE i L TE L B S, NAMIE, BRFEO.)H
TR HHRETHI Fay R TOMRIZE D =RV X—(ATP)AFE(FRLr) U g
{k, oxidative phosphorylation, OXPHOS)IZt7", fi#HERIZCEL > TATP Z4AEL TEY, Z
LT — TN TR EFREN T D (Figure 1-1)E. ZOHRIZ LY, fiEHER CEES
NIV E VRN 7 = U FREIRICAD Z &7 < FLEIKFREER IC L - THRIZE L S
VTSN R S D728, 3 AMIRR)E L @ pH IFFIEREIC PR T2 TV 5B

Normal Cells Cancer Cells

Glucose Glucose

| Il

—_
Glycolysis — ATP Glycolysis =% ATP

" ¥

Respiration Respiration
v l
ATP ATP

Figure 1-1. Metabolism differences between normal and cancer cells.

Fex OMIIZFET DI bar FU 71X, 2 b=z R 78 A5 % (mitochondrial
electron transport, ETC) 41 U C OXPHOS 1T 5 72, HROHEENZ V. I ha v
RU7®ETC L, #ONBEIZHFEET S 4 SOBEA K (complex I-IV) HARL S0, ZiL
IMERERS 7 = VBRI B O L EFZFIH L, OXPHOS Oifd % ff o R/L¥



— R E T TWAEL ERMICEIT D Z0\RETIE, 2 hary R 7 THESND
D 9 HHI 99%73 complex IV IZ L > T 4 EFEILSIT HO0 ZAEKT 523, BBED
0.1-1.0%% complex L, I, Il T 1 EFEILIH, O (A—R_—FF L KT =4 T30
IVICEB SN AHE0, F72, O 1L SOD (A—/X—FF L RT 4 ALX—BYCH X T—
B LI Lo TRk Eh, @iRbkFEMH0)E O ICEmIND. O il kKkFE L
1% PERA 35 (reactive oxygen species, ROS)D—FETH 5. ROS %, EH 2RO EMRE
Ik L CTHEERER AR L THY, KRED ROS [THOHER R EICnETHL Z &
REPMOENTND, 20— T, ROSIRENE L 25 LMIMOTIE, ok, B0
TRV RAEFETHZ LSl o THIlRZTERET 2729, MlRIZEBIT 5 ROS @
BEEIIFEICHE SN TWAUL L LN G, AR O ROS EEITIE ML &
L TELS BB LTWDZ ERHEINTNAEL oo fffseic kb &, NAMEAN
? ETC IZHBWT, complex 1 DH 7 a2=y FThHDH CRDICEENEZ>THY, &
THNREVLT L o TN D720, RN 1 ERILEZIT D I & T O il bk
DAERDBEENIN L, BT ORREL OO N ALK L TREREFHEEZ LKIEL T
DT EDHE I TV HEL

IR L7z X D12 MR TIL ROS 23R < FEBLL TW D72, MR oo 14 - fEFF 9
LI OICH b EGRITANIEE S £72, EFME S i L TR B LTINS Z LR
HMHNTWBHIN 2o, ITHETIE, NAFMEANO ROS BEZIKT ETHIEE %
HINSHE 5, £72, ROS IREZIN,ECARE AR T S5 2 & THAMALOTEF
AL, A URIRRIE IR K OSIRAE 2 5538 4 D A8 03 S AT T oL T A 10l

1-2-2. BAMRED/NaER vz

NIRRT, AN THRROMI/NEE CTh 5. /MR ER &M 2 78
HEITH Y, < ONIEMENESZ R 7GR OKIRE Y V5 X0 B G 202 /MM
KTERINT=Z 37 BTN AERRBECE L, U2 Icfckh, B N
7T ENENORBITHAGA F I, M v Z R 7 IR e B s S 5.
LnLen s, LIZUIEZ R EREENCIT 0 Il ey, E3BEE LN &
Rl HU%, ZD XSy LRI, 1 3E AL DOYE SELIL-HRDI & U /37 BEEAE
ko THEITfFTFEN, TaTT Y — A X o THfiESiL5. ERAD (endoplasmic retic-
ulum-associated degradation) & FEIZAL D & OFREEIX, /MaRD & o7 B IEFEHHEEIC
JAEER T THY, IEFETIE, 7Y A~ — B M4 EOFRBIZIBWTHE
HEhTWwd., 2o "7EBICEAT2&EEILSMNS S, /MaRiZAR 7 7Fora) ), b
V77Vt R, abvZx7a—xEOMIEEOGM, KON LD 5o
7 OFRENEE S BG- LT p i),

2D XD AR OREEN TR EIITRER R EOGEICL o THEEND &, /)
PR A RN L ARA T A0 MR A R LA Bl U7z/NMafR o 3 SO EERERETH 5



Z XY E DY Y Tl B0k, fEE OER, AT KR OFRENS S 2 & 7o,
Z O, UPR (unfolded protein response)<> ISR (integrated stress response)’ &' A k Lo
AISENET, LIELIET A b= R ERgl&Ei snsl. Zokd, EFETidb
TR L o TEMANMAEA P L AZA T SE, TR M=V AZ5&RIT L%
HEY & LB A OMFFED B A ZAT i T 500

1-3. FLBAH L L TCHEBEEERIS

EEOHBHTI O TRBIAIE, BAMREHIEA Y IR RRER O - BRI
*F U CHEBERBE 2 5 LT 0 2, &RSERDINEIHIZ 7 DEAIE K OV
s, B LRIOIRAE, BU) R R ONEEERR R DS, 2 O RIGHEIC SRk A 5 2 T
WAHMNHLTHD. LLTFIZ, FIBRARIORMEZ B E LI-&BEEOR 2 .08  Z L i
R

1-3-1. DNA OBEHAEZ 5| B 32 & THAAEHEEZ R THEA

BUE, A TERINTWVD HEN—2DHNAAANTE, cisplatin', carboplatin”, oxal-
iplatin®!1> 3 FH T & % (Chart 1-1). £7z, §#[E T3 heptaplatint'®l, F1[ET/J lobaplatin®,
H A ClE miriplatin®®! & nedaplatin4723 Z 1L Z L HIA A & LTI AGR STV D
(Chart 1-1). T 6O HBHEANTFIRER ZB LTRSS, N7 AR—F—%i@
L CHIAICER D IAE N2 FIRICIRV IAEN T HEeEAL, 207 aullE T
R¥ LT MERT 7 TILEH, EICENDNA O7 7 = NTLEAREEL, ZoOf
&, DNA &S, HELRERZYT5 2 TTr R =225 SR 2T, A
AR R M & e U CRIRIC AT D728, mVWREBLZERT L. 2ok, Ha
FANIDAMIIZIR Y IAENLT WD, B, Mg, B, BORERE2Et, SURICHE
T 2O IEF NS S RFEICED A ENLT WL F 72, AFEANTE &L O b
IV AEA, B CITRIC X D8R, i CIISEY O MR 28 L C3A 2 EE L X O
ETDH. ZTNHDZ LD, AAFANTERMINE 23 MR L CERMEZ < FERIC
TEMRT 5720, BiE, WM, BEEREOWRAZBIEN 20l SE S 2 LML o
TW5.



Chart 1-1. Chemical structures of platinum(II) anticancer drugs

0 H,

H:N_ NH; H;N_ O N, o0 P
Pt Pt Pt
cl” ¢ H;N" O N’ ©
o} H, o
cisplatin carboplatin oxaliplatin
0]

O, nz /0 N'\.lzlo 0
— N-FE Pt :/(
o) H, © NH, O

(o]
heptaplatin lobaplatin

N
5 0 H;N, 0 °
Pt P{
N H:;N™ ‘O

o miriplatin nedaplatin

1-3-2. DNA Z 80l L TR ATEE 2 R T & RS
1-3-2-1. SkehiA

T VA~ A 2 (Chart 1-2)I%, 1966 £EIZ R S AL72 Streptomyces verticillus (Z X - TPE
HEENDPEWED 1 > THEH, T Lt~ 2%, BRI G%, TO&RMEAHE
N CERADSEAR & TR L= t%, BRFR 1 F 7213l bk & SUS L C Fe(1l)-OOH species
% £ %7 5 (activated bleomycin, ABLM)?". = @ ABLM % DNA —ARE{EIK OTEMEDS &
<, WM AIEMEZ T, ABLM @ DNA YW B L TR A ZefiffsEin ST b
DS, OEIWHEREI I A 22 3. £DHTH, Solomon 51X, ABLM @ 0-O D7RE
VT4 v Z7BETELDE REaxy 7 UH /L HO DNA B8O £(\id 7o ko &5 &
P, Fe(IV)=O species & H,O DA AV, DNA YIS #7925 2 & k2 72528 F
EHEEZ LTV 5D (Scheme 1-1)P7, BifE, BLM X B8N A, BRBARE, Hixle
DA R L CHRRRIF ST s, L L7 5, BLM ITIEF M & 238 AMIE O
BPMED 722D, RHIEMIC X 2 i ZePM#pMEE 72 & ORWER 2 5] & 292 & 23
BE o TN DR,

BIEFR DL 72 IR AFI~DIE A 2 B8 L, 23 AFMIEIR A & O WP AT 2 7R
7 BLM E 7 /LS BEHADII RN ANATON TV AR 20T, BLM OJEMHH
D DOAEE 2 R L 72 NAPy BEENL T ORFFEFI 35S 541 5 (Chart 1-3)2%). N4Py |3 N5 .
JEF L— MENLTCTH Y, 2 OHEEEADSR[Fe(N4Py)(MeCN)](ClO.), 1L LHIFFE T
TERFE D T 2L L, B Ra~Urd o RELIINEEA Fe(1ll)-OOH % 4:5% L C DNA Y]
WG 2 7~ d, BAF72 Fe-BLM B 7 /LEEA L 5 ST BB LasL, B3 AHIEIER
BV DNA BIWHEM: 2759 BLM £ 7 /L& @SR OFZE I3 s 52372 <, T DBI%



MNRD HILTND.

Chart 1-2. Chemical structure of bleomycin (likely metal ligating atoms indicated in blue

(equatorial) and red (axial))

metal binding domain
A

4 H \
H 2

HzN ,,,N NH; & cH
3} R=HNN B M A2
CH;
ﬁ T e
o R=HN 2 " BLM B2
?\i .
OH DNA binding domain
HzN/gO
\ J
Y

carbohydrate domain

Scheme 1-1. Proposal reaction pathway for ABLM

o H-O OOH } (0]
(BLM)Fe' 27" [ R-H > |l + H,0 + R
(BLM)Fe" FelV(BLM)
Active BLM (ABLM) direct H-atom abstraction

Chart 1-3. Chemical structures of N4Py ligand (left) and [Fe(N4Py)(MeCN)|(ClOy4); (right)

S
= | = | 3 N/\:—)
>N >N ( \/ L
N N—/Fe\ N=——
I > I > N /N\ (CIO4)2
~.N N~ / S =
N4Py [Fe(N4Py)(MeCN)](ClO,),



1-3-2-2. $gEHA

X, 2 < DIFEKNEAEY DGR L O 7o iR 7 & LT L TV a0 IEE T
BV, Bx RAEERNBISRIZE D > TW BB fiE- T, BNACMOEBIZE T 8D
BEITZT T <, SOWINE, 3R RE-CHRMB OB I B3 2 IR B AT T
NTE. 7V —OHiA & NTBAERICEEEZ R > TW D720, RNICKIT 2 8RE I
FEEICHIE STV DB LU s, ZHEON AHERRIZI VDT, Sk 23 EH g
&L U CGRBNZIRBL L TV D 2 & AV DAL TV 280 23 A MR B L 7= 81 4 o
FE DN D FEM72 0 TR TR S U T nas, g g A, EEIE5EEN, 1214
M OMERBENC R L CEA PO RREIZ R L TNDEEZALN TS, 2D X1,
A AT A DERITIHE L T2 REBEEREF Z R LTV OLEBA A TH D
7o, D AR & bR U CIE RIS T B MR & E 2 i, iR AR D7 D
WFZ2 I SABE R NE S VWS N TE 72, Z0Hh T, Montagner 513, p-cresol @ 2,6 firl
BRIk 7 X > @ tacn (1,4,7-triazacyclononane) Z methylene-tether T A L 7= Hbcmp Bz
D (1) S A [Cuz(n-OH) (bemp)(NOs), A3HNK 3 iEH) DNA BIBHEMEAZ G352 & %
WA L Qv 5 (Figure 1-2)B9,

(A) (B)

Form II

Form I

1 2 3 4

Figure 1-2. (A) Chemical structure of [Cu(-OH)(bcmp)](NOs).. (B) The results of DNA cleav-
age by the complex. Agarose gel electrophoresis patterns of SC pUC19 DNA incubated with the
complex in Tris buffer at 37°C for 3 h. Lane 1: DNA control; lane 2: DNA + 5 uM complex; lane
3: DNA + 25 uM complex; lane 4: DNA + 50 uM complex.

7 = ) —/L? 2,6 fi£lT di(2-pyridylmethyl)amine % $F-> Robson A7 F-(Chart 1-4 (A))
OB EIRITY) B ATV ERGITHAEL, FDY VBT AT EOMT 5 2 b
MOBERBET VEBERE L TREREFEREZHED TEX M, Glaser HiX, Z D
Robson R T2 B L, Hi-SifEEZ K< LCBET 2250 VBT 2T /L L
BT D T & TR R DNA SIS M 2 h) F S 70 AN ES K[ (tom™®) {Cu(OAC)} 2]
(Chart 1-4 (B) &5 L T\ BB Z o “EERADSEAIX, HeLa MEiZk L Ty illias
MERL, 2O cisplatin KV W ERRHIN TN,



Chart 1-4. Chemical structures of Robson-type ligand (A) and [(tom™¢){Cu(OAc)}.] (B)

(A) ; (B)
N

SRSEIARIL, /KRR DNA YIWHEMEZ 1 T <, B EAICIE THIEE T ICB T 8
{LH) DNA BIBr OFFFEIC Rk L TH R EREB Z2HED TE 72, ZOFHO—H % Table 1-1 K&
O® Chart 1-5 12779,

Table 1-1. Copper(II) complexes which have cleavage ability of plasmid DNA

plasmid DNA DNA scission activators im-

Complex Reference
cleavage plicated
[CuL!Cly] Oxidative Hydroxyl radical 42
[Cu(Gly-Gly)(TBZ)(C1)]*4H,O Oxidative Hydroxyl radical 43
[Cu(phen)L](NO3), Oxidative Singlet oxygen 44

Chart 1-5. Chemical structures of copper(Il) complexes described in Table 1-1

(A) N, (B) ©)
: H s i ]
N ¢l N: (\ ]
/TN —
N HN © \OCI 4H,0 (NOsJe
NO,

Raman (3, [CuL'Cl:](L1; Knoevenagel condensate B-diketimine Schiff base ligand) (Chart
1-5(A)DNBERL K BAFAE FICB W CTHR{EA) DNA BIFHEMEZ R L, B Refv I Vbl
7% DNA Bl OFR(LIEHRECH D L AbimfI T T 582, &7, HeLa, Hep-2, HepG-2 & O
MCF-7 fiflafkiz%} L C, cisplatin & [RFREOMIEEEEZ RTZ PN LTV D, Le
5%, [Cu(Gly-Gly)(TBZ)(Cl)]*4H,O (TBZ = 2-(4’-thiazolyl)benzimidazole) (Chart 1-5(B))i,
TAAVEVEET N U AFETICBWCE ReXxr I P vaedml, 77 A K



DNA Z Yl 5 2 & 2 /LH L72W. Z OH(DEERIZA — S—FF %A FHERE LT
@< 72, HeLa, A549, HepG-2 FlAREIZ %} L CTId ICso A3 33 uM—-100 uM & KV HlIE E
PELDVR S 7202 E B B 00272 5 T 5. Tabassum 5 1%, [Cu(phen)L](NO), (L; derived
from pharmacophore scaffold barbituric acid and pyrazole) (Chart 1-5(C))73, #EEFHA/ERIZ
Lo TDNA &fE L, —EHHEMBBEZBRLIEMFE LS LT DNA Uz 5 &2 8%
WELTWAML Z oFINEERIE Topoisomerase-1 21X E CILET 26812 HF LT
O, ETokE2 2D MIRERRIT S L TEmWMREEZ BB 2 Z b RSN TWD.
D E DI, FEEHARIIER % T biEERE 2 A3 2 Z & C DNA BI-om ORI e 2 56
BT Z EMRAHEINTEL. L Laens, 2 AMESRIICHII M 2 7~ 3 Hilgs A
OFEFNIRD TH 72, BIETHZ ORI TN D.

1-3-3. 2 bav RY 7 E2ERIZ L= &REEE

PR AFNZ X2 M AIREOEMZRBERIZ LY, A AMRRIEZE R U Ttk 4 85832
72, FIBAKIDR N2 725 Z ENBERIZR > TWD. ZORMBESICK LT, EF
TIE, ATP°X 7 LA TF FOAER, REhEEOFHE, Mias 71, Bl sl v o
AT e R EARRI R hay R 7 BRI L7 ABI OB 3k A
IZATHOIL TV AL ZoH|zix, HiAME ® doxycycline®, ROS #5:E 47 elesclomol™,
Yutn ) & LTl TV % rhodamine 123 (R123)148], MKT-077149%> N- 2 F /1L B ) &0
VA EIRD F1659 (Chart 1-6)72 ERE £ TV A, BIEASCIRORN )1 & o 7= )
5, EAMLIZIZE STV,

Chart 1-6. The candidates of mitochondria-target anticancer drugs
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IETHE, AROEFEREN DI hary R T &2 —5 v M LTS RIEEROBR K

IZAThI T 5. Keyes B, W7 =T AR EY DAEHRIZI F 2> U 7 S
~7"F K(mitochondria penetrating peptide, MPP) &3 A L 7= $&{A&(Chart 1-7(A))28 2 k=2 >
RUTIZRERL, SERFHT 52L& T b= KU 7 DNA U L TR M 2 7~ 9
ZEEWE LTV AB FE 72, Mokhir 51X, IEFMIEE 23 AMEORIRMEA R 5 72
W, I bz FU 7 F+ Y7 —& L T N-carbonyloxymethylphenylboronic acid pinacol ester
ZEALZ7 xut  BFEART 0 KT w7 (Chart 1-7(B) 2 &k L7252, fifa N a1k 5=
BREAToTofER, Zo7m K7 v 713 bay R TICREL L%, BAMRA T
BRI < FEBLL TV DI b /KSR & ST 2 2 & TIEMERICELT 5 Z LB 5T
7polm. Fim, A2780 HEIZ Rk L CiX cisplatin & [FIFERE OfAREEE %, £ 7= cisplatin i
PEHERE A2780cis (Zxt LTl cisplatin £ 0 b @EmWMifuEtEZ =~ L, ERMIZITEmE%
REIBNT EZHREL TS, 2oy, A U LEEKRRES I hay R TR
DR AAIE L TREANIHFEDN T T 558,

Chart 1-7. Chemical structures of mitochondria-target metal complexes

(A)

1-3-4. /NEER DRI NVOEEZEIIZ LT AR OB 5
MR E T2 IZ IV DIRICRIE LT 28BS RIE, EICT v —7 & L TOMEFRZ.
ZOHRTHA V) VT AUDEAER LS OO TEY, EEW 2R O8RS AT/ M Mak
FAT AN VRIZFBE L TEWIRREEZ RS, —F, PO RERIIEREM O A
VX aNR—T g UETOTETHIERWHIRENE LIRS RN E W) FREBE LT
BHEI LIS, AV Yy ADSHEDORIZEE] 2=

1-3-4-1. /MEEIZREAT 514 U DU AMDSEES

Lo HIZ X o> THE ENToA v R—=VENEBCNL LA U 2w ADSEIRIE, /Naik~
n—7 ¢t L THWHITWDEBEERO R OFIT & 5 (Chart 1-8(A)PL A & R—/LA3
HAOWOLNTWDEBEE LTE, 6 DORFEDRERAMZ2AT2MET VT I vy
DEURIBEEORFERREEEET LML TH L. 25 D&KL A ML D
HeLa fiIZxf L CEWiaEEZ R L, £ 0 ICs fElE 48 R 1.1-6.3 pM TH 5
ZEAIREN, FZ[Ir(NAC)a(bpy-C6-ind)](PFe) ()l FEZELIC & IEALT 5 Z & 3 5 h»



272> TV AP Lo 5%, 1,10-phenanthroline 238N L72A U ¥ w7 AAIDEERDS, ©
M7 N7 IR NIET VT I VR EDE NI HEEANA Far Vol — N TX
6”&*037 0—7Tohb I EERE L7 (Chart 1-8(B). Zi 54 EEEARD HeLa HifE
MWIZBIT DI TRICTH Y, AR T X 5 12HL) VIS D Z &0
Eﬂjém F 72, ICsfEIL 48 BFH#£IZ 1.042 uM TH Y, EWHIlaEEL B35 2
LRI TNHB,

Chart 1-8. Chemical structures of Iridium(III) complexes proposed for localizing in endo-

plasmic reticulum

®
/«N PFG
VRN
U N ONH(CH,),—& NH CONH(CHZ)5CONH(CH2)Z W NH

[Ir(NAC)s(bpy-ind)I(PFg) (a-c)  [Ir(NAC),(bpy-C6-ind)](PFe) (

® @7
\|/ g:rum hg:rN_ =S h%jr
OO

[Ir(bsn),(phen-X)](PFg) [X = NH, (a), NCS (b), and TU-Bt (c)]

1-3-4-2. IAVEKIZRIET B4 U D0 AAIDEEE

Zhang 51X, BPMRA U U AMDARY BV UK EASKR L, & OMEEZ MR
L 7z(Chart 1-9(A)P8. ZD#fER, HeLa MR D340 TITELJEIL K O =L ARIZ /TR L
LTS ZERHILMNTARY, £z, ICsofflE 48 Kifil#£1Z 1.4-2.1 pM TH Y, =V
fadmtEZz B LD Z EARENT. Lo i, BN FIZ PEGEHAEA LAY VT A
(IIDEERZBR%E L, PEG SO E S 2B S5 Z & CTHilEMEZ & O EM Rt %2 3R
HiCTx 5 &AW L7 (Chart 1-9(B))™. [Ir(N*C)(bpy-CONH-PEG1)](PFs)iZ, HeLa if
JRIZ %92 1Cso A 565.9 uM (48 FERNTH 0, IRWHIIREMEZ R 2 s, /Malk
FrF IR TE T e —T L LTHEHATHA Z ENAHINA TS
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Chart 1-9. Chemical structures of Iridium(III) complexes proposed for localizing in Golgi

apparatus

(A)

\I/

C / \N o N/I\C
f l P o o ‘
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i
- N —]8+ 8PF,
;'u o o h':i ih\:rr)c | =
o o H o H N7 N #
N # N~N N\/\NJ\/\N/\/N N\/\N/\)LN/\,N 2 N NC
e LAY N J:o ¥ %
NS HN NH |
N & N
N HN_O
o lfo L
NH HN L - [{Ir(N"C)}s(bpy-8)1(PFs)s
HNI 1NH S (N\Ilr,N\ \
(N 'y R i N c/é\N
I ol
bN LA LA
(B)
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1-4. FFZEHEE

AR SLTIE, p-cresol 2 HFFE I LDk~ 72 " BALBUL O _BHAINEE AR 2 BHFE L
T 5B D DNA BIWHEMECHIRFENE 7 & DOHUA ATEMEIZ DUV CREMIC IR L 72,
ZZCHELNIERE, BER O 72U AKIOBFS I AT TR 2 2t T& 5
B bOTHDEEXD. LLTIL, FEOWMELZ RS,

% FTIL, p-cresol @ 2,6 fiflZ tacn (1,4,7-triazacyclononane), Mestacn (1,4,7-triaza-4,7-
dimethylcyclononane), cyclen (1,4,7,10-tetraazacyclododecane) % methylene-tether T A L 7=
3 FEFHO “BZACEIAL T 2,6-bis(1,4,7-triazacyclononylmethyl)-4-methylphenol (Hbemp), 2,6-
bis(1,4,7-triaza-4,7-dimethylcyclononylmethyl)-4-methylphenol (HMesbcmp), 2,6-bis(1,4,7,10-
tetraazacyclododecylmethyl)-4-methylphenol (Hbcc) @ — &% §il $8 14 [Cua(u-X)(bemp)](C104),
[X = OH (1a) and CI (1b)], [Cuz(pu-OH)(Mesbemp)](ClO4)2 (2), M TN [Cua(bee)](ClOs)s 3) & A
L, TOMEZREL R FRIEIC L > THLNI Lz, £, ZhbeEkn
N7 53 ) DNA BIWHEPED pH KAFEIE 2 5 HRET L7z, S 512, DNA A RellE,
DNA binder % V7= DNA GIKrFHE F8R 722 & OfE F 2 (0FC pH K771 DNA Yo #E
ERR AR L.

H=ETlX, p-cresol 7L FEE I LA H7-7 amide-tether BIFENT 1 2,6-bis(1,4,7,10-
tetraazacyclododecyl-1-carboxyamide)-p-cresol (Hbcamide) &z TN D — 4% il (I1) # {4 [ Cua(p-
OH)(bcamide)|*" ()&= AL L, & DHEIEZ Rk 2 o I EIZ L > T BN L. &
7o, R LAKFIAE TICBIT D 4 OFE{ERY DNA GIWHEMEIZ DWW TEEICRET L7z, 4

TR b KT & ST 5 Z & T p-l,1-hydroperoxo species (5)& Ak L, ZiV3ER{LRY

DNA Bl DN RTEMFETH D Z L 2B EMIT Lz, BSAMLO HeLa AR
ZffaTENE A MTT assay (& & o Tabfli L7255, 4133 & Hl UTR 1.6 5 il s
MERLIZZ &G, p-cresol D 2,6 fLIZ~_ 2 b % amide-tether TE AT 5 FiAIC
PO N RS SR AT RIAYE o g0l

U TIL, p-cresol D 2,6 ALIZ di(2-pyridylmethyl)amine (dpa) —EBL - % amide-tether
TEA L7728l AR 7 HL1#H (2,6-bis[ N, N-di(2-pyridylmethylcarboxyamido)]-p-cre-
sol) 2 DN D —KZ (D) $54 [Cua(u-OHa)(u-1,3-OAc)(L14%)](C104)2 (6), [Cua(p-1,1-OAc)(u-
1,3-OAc)(L14")]X [X = ClO4 (7a) and OAc (7b)] & Ak L, kA 723 W FHRIEIC L » T2
NODOHEEZHONC Lz, Th 1%, Ao pH Tilfeibok 3 2 iE (b L Tl bRy
DNA BIWHEMEZ K& <IET 5 & & Hig, BEET D8R0 Tidm il stz R L,
D3 AKIREIERIRPI /st 2 5 < 2 E M A S vz, 2406 OFEELE, %7 % methylene-
tether &5 1A [Cua(u-OH)(bpmp)]** (8) (Hbpmp = 2,6-bis[di(2-pyridylmethylaminomethyl)]-p-
cresol) & this L CREEMEToH o 72, MiluNZ@ 2 ridi{k3 % 72®, 7b % boron dipyrro-
methene (Bodipy) CERf L 72 8l (D EEHA[Cua(u-OAc)(L24M)(OAc) (9% &k L,
Z OHIfANZE) 2 LB GBS TR Lc. ZORER, 9I1T/MERLI ha R TI
JFAET 2 Z LR BN oTz. Fiz, 7ur—%A FA M) —ORIERRND, Tb X
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HeLa Mz 7 78 b — 3 AR CHIFIEIZE S Z RSNz, ZIHORERNG, Tb
TN TEIMESRL S ha v KU TIZREL, ZEo RNA ° DNA #Y)k L7
REh—L RAZFE L EZOND. £72 70 1%, EET 58K 0 dTlrdm il
AL, DA A E S Z LR A sz,

BHIETIE, Tb OHIHE ) VIO 4 (LICE 53 L LT OMe &%, E1oRk515E
& LT ClHEAEE A L-HTH —EEAL T HL1X [X = OMe and Cl] & & O — 81184 A
[Cux(p-1,1-0Ac)(p-1,3-OAc)(L14°Me)]X [X = PFs (10a) and OAc (10b)] } OF[Cux(u-1,3-
OACc)(L1*“)]X [X =ClO4 (11a) and OAc (11b)] & Ak L, HifE S X A& EMAT-CRE & 720y
FFIIPNEN L > THEEZ R E L7-. HeLa Mk a7 E A MTT assay (2 & -
TiHMliL72& 2 A, 10b LN (X 7b & Hl U TR 7 5RO S MmOl s e 2 R L
7o Fio, v M- BRI A 7o EE 2 B L 72RE 2R, 10b KON 11b 1323 AUH
He R BT M 2 M E T 2 LB ST R o 72, TAL S OSSR a2 E) £ w4
T %572, 10b O 11b % Bodipy TIESf L 72871l ISR Cua(u-OAc)(L24¥)]" [X
=OMe (12) and C1(13)] & & Ak L, & DM 2 8h 2 LR S BEMEE CRIZE L. 2 DOfER,
12 O3 (30 hay KU 7T, I URS/MaRIZRET 2 2 &L
2772, ZHHOFEE, 10b° 11b 1T TV DE/NAICBWT, R ML ASE %2
L CHREEEZBH L TS Z VR SNz,

FNEETIL, Tb,10b KON 11b &2 HW T, g bk S8 Kk QSR ICHIfA/E T T DNA Yl
IEVEZRHE L=, 2000 O8ERIZHMERT D pH CTilfg{b/AKE 2L L CA—s3—2a
AV R7Z A3 K DNA ORRLOIliZ K& < InEd 5 Z ERRH S, BRI E R
D1b B b EVEEE R LTz, £70, BEILHAFE F T DNA G EBR TIL, oo
PERITERR LA FE 2B LA & T D6 £ 0 HIXH DN E DNA YNGR EZ2 R L. §F
(2, WIEBALE 1 5371215 DNA Form I 23 E 40240 30, 57, 21%ER3 2% 2 L B3 5 M2
720, BTG ELAFFO 10b b EWVIEEZ R Lz, ZOWEEIE, b IZxiT 5
methylene-tether 51K 8 °, 7 LA~ A T OIEMEHL Z A5 L 7= N4Py (N,N-bis(2-pyri-
dylmethyl)-N-bis(2-pyridyl)methylamine) Bt {37 - D Bk #% (11) § {4 [Fe(N4Py)(MeCN)|** (14)
g L CIEFICEWZ EN R E .

FBLETE, UEORREZRIEL L TELYD, SHROBEHEIIHOVWTEK L.
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EEF : p-cresol HhoFEIN=ZRILEBRAFO-RZEFADEEKIZ &
S 55ERM pH fHIS THE S h 50K 5 280 DNA YIBF & £ DOHEERE

2-1. EHy

p-cresol i EAREL L 7 T & 5 2,6-bis(1,4,7-triazacyclononylmethyl)-4-methylphenol
(Hbcmp), 2,6-bis(1,4,7-triaza-4,7-dimethylcyclononylmethyl)-4-methylphenol (HMesbemp),
2,6-bis(1,4,7,10-tetraazacyclododecylmethyl)-4-methylphenol (Hbce)?® k% Hil(11) & A [Cua(u-
X)(bemp)](ClO4), [X = OH (1a) and X = CI (1b)], [Cux(u-OH)(Mesbemp)](ClOs), (2), KT}
[Cua(bce)](ClO4); (3) & F L F AL L, DNA OIIZKRIC K 2 UIWriENEZ 845 L7=. 1a,
1b, 2 Je U8 3 OfanfEIE, Hikdh X SRESEARITIC K > TIRIE L. EEH O 1a, 1b, 2
SR 3 D ZRZHHDMEIE DS pH 5-9 DOKIEIEFICIH W THEFF STV 5 Z & DNSRLT-
& YR SEIEER(IT) & DOSETERIERED pH i E M OV EFHIREIZ L - TH Sz o 7z,
1a, 2 U3 @ DNA fif & HE 2 SR E A BEATC)MIEIZ & » THIE L7z, DNA HIHrsE
Brik, A—/X—aA /)L R7F A3 K pUCI9 DNA %\ T{T->7=. 1alL, pH 5-6 DO#i
DR THNK 73 M%) DNA Bl 2 K& < IE$ 25 7%, pH 7-8 O#ilH TIXUIWHENEZ 7R S 727>
Sfc. REFFEIE, TEEAADEERIZ X D pH EAFER) DNA SIEHIZ DWW TOfID TORITH
% . R H) 72 DNAbinder T % 4°,6-diamidino-2-phenylindole } Tf methyl green % H\ 7=
PR FEER)N D, 1a ld GC FFEAYHE A %18 L T DNA Ul &2 K& <IdE3 % Z & 23R
Sz, pH IKAFH DNA I OHEERME %, 1a,1b,2 L O3 O E S, KR O
i, DNAfEAET /L, KU DNA BIBTEMIC ISV TR L 72,

Masahito Kodera, Yuki Kadoya, Kenta Aso, Katsuki Fukui, Akiko Nomura, Yutaka Hitomi,
and Hiroaki Kitagishi “Acceleration of Hydrolytic DNA Cleavage by Dicopper(Il) Complexes
with p-Cresol-Derived Dinucleating Ligands at Slightly Acidic pH and the Mechanistic In-
sights” (Selected Paper) Bull. Chem. Soc. Jpn., 2019, 92, 729-747.
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2-2. WS

TR, DNA EREAE L TIhatlr L, ERE20T5eREADBRBENER ST
B cisplatin? e O FFE(R T &H 5 oxaliplatin®!, lobaplatin!®l, nedaplatin® > X 9 7akk % 73
HAMDSEENTIA AR E LTHEHA SN TWD D, b 0P AFNIIEZ ZRBIVER %
PES T EREANMMENRMEE 72> TN D, 22T, BRI AMAZO DNA EfEA L
THIWT T & 5@ BIEROBRENRD N TN D.

DS AKIIE OB NERBEIZ IE M & i L TR O DR TR D Z EDNMLN TV D
©, ZD 1252 LT, BNAFIELO pH BNBIETH D Z BT 550, ZoFR
RN RMERERECH D, ZD—T7T, BAKIENO pH X MED SIEEVEOHPAIZH 5
7. /K3 fEe) DNA SIWHEYEZ B 3 D8k % 72 @ RESEN, B LWZ A TOHNR A
ORI E B E L TERR ST & 7208 Montagner © 13, Hbemp Bz~ —FZEH(1I)
BEIR[Cua(n-OH)(bemp)](NOs), (1¢) (Figure 2-1(A))28 pH 8.2 IZBW T A— 8= A )L R
7 A 3 K pUC19DNA % /K53 fRC BT (Figure 2-1(B)) L, 778 b — 3 A FEHE T\ Al
JamttE a3 2 EEWME LEZL. L L, 1e 2 X 200K 55f#r) DNA YJ#ro pH
IRAFPEITIRE ST TWRVY, SJESEAD pH KIFRY DNA BIETNZ > THs AiaigERn
IZT R b=V R/ 2T 2 801, BDAMRREFENTH Y, BITERDR0WEI AHIOB
FEITxE LT E L. NIRRT DNA BIWAS, 23 A DNA (EMERESRIC &L - TH
W) TH D & LTh, pHITIKIET DK fRA) DNA X, H25 AAIOBSE & RIS
DNA I o#i 7722 v 7 M Z2igt T 2 e N H 5.

(A) (B)
(NO3)2
Form II
(\N\ o\ N>
I-}N-/Cu\ /cl/r@ Form I
CN o7 WO 1 2 3 4
H H H

Figure 2-1. (A) Chemical structure of 1c. (B) The results of DNA cleavage by 1c. Agarose gel
electrophoresis patterns of SC pUC19 DNA incubated with 1c in Tris buffer at 37°C for 3 h. Lane
1: DNA control; lane 2: DNA + 5 uM 1¢; lane 3: DNA + 25 uM 1¢; lane 4: DNA + 50 uM 1le.
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AHFGET, F & 1E[Cuz(u-OH)(bemp)](ClO4), (1a), [Cuz(n-Cl)(bemp)](Cl1O04)2 (1b), [Cuz(p-
OH)(Mesbemp)](ClO4)2 (2), [Cua(bee)](ClO4)s (3) (Chart 2-1)0 4 DD —EZERAINEEA % A Bk
L, NN7K73##H) DNA G D pHAKAFIEZ T2, 2 OF5R, 1a 7% pH 5.0-6.0 (28T
A== A )L RT7Z A K pUCI9DNA O8Ii&2 K& <35 2 RAHL, £/
ZOYIEHIE pH 7.0-8.0 IZBWTIHR Z 522 L2 R L-. —#%MIZ, DNA Ok
ORI EIE I A E SR FIC B W T S N5 728, pH 5-6 DS TFIZEBIT 5 K& 72
I IZFIA A 72Ny, TEPE L8k %2 FF purple acid phosphatase X2 pH fEIIZ 50
TY VBT AT VONKSREENEET 2 Z E0NMbN TS, &%IZ, Fxid 1a O
KAy iR DNA 1K > pH KAEMEIC FE-SU T DNA Ui 2122 L 7=,

Chart 2-1. Chemical structures of 1a, 1b, 2, and 3, respectively

<N N> N o N N

\\ \/N& <\ \/N& Me"}Né/\C/'N;Me HN(_\\/ \leH
el xu? % el ou] 3 SN o’ X @m CI.{-.N\Q>
R oW N me P g N
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2-3. fER LB
2-3-1. ZEESR(IDEEERDERL

2,6-bis(1,4,7-triazacyclononylmethyl)-4-methylphenol (Hbcmp), 2,6-bis(1,4,7-triaza-4,7-di-
methylcyclononylmethyl)-4-methylphenol (HMesbemp), 2,6-bis(1,4,7,10-tetraazacyclododecyl-
methtyl)-4-methylphenol (Hbcc) Db ZFA#1&E % Chart 2-2 (27579, Hbemp & Hbee (3, p-cresol
D 2,6 (LIZ~_ & v ML L TEILZ L triazacyclononane (tacn) & U tetraazacyclododecane
(cyclen)ZH LTk, ZBRITHE> THAEKL L2 HMesbemp 1%, Hbemp D 4 DD

BIR NH 8L 2 2T A F AL LIZHTE “AERAL T 5. HMesbemp DB AR 2
Scheme 2-1 (127”7, 2L B O AR 713, A ZE 1 [Cux(p-X)(bemp)](ClO4): [X = OH
(1a) and X = CI (1b)], [Cuz(p-OH)(Mesbemp)](Cl04) (2), [Cua(bee)](ClO4)s (3)D —KZ4ERI B
KK T 5. 2 EIVL D OFERMIEE, B X SRS L > TRIE L, R0
Bz 22 P INE I Ko TR 72, U TRICREER 32 X 512, 2 b o A kid(z
+1% pH 5-9 o)mmz HIZBIT 5 S ZElT 5.

Chart 2-2. Chemical structures of supporting ligands

CH;

on N -
R—N j E N N N
i S N S ST,
R R N\) \\/NH
Hbemp (R =H)
HMe,bemp (R = CH,) Hbee
Scheme 2-1. Synthetic scheme of HMesbemp
Ts\N/_\N,Ts H N/_\ H  HCHO 3c\N/_\N _CH, H3C\N/_\N,CH3
HBr _HCOOH _Hy80,
Co e GO s G 2= OO
Ts H
15 16 17 18
CH; CH;3
Hyeo /[ \ _CH, e 5HCI
<N’ \"7 . Et;N 12 M HCI
N MeCN ™. o1 N EtOH N_ on N o
H Cl OH CI k/NJ [N\) e k/NJ [N\) )
18 19
HMe4bcmp 20
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Figure 2-2 {Z 1a, 1b, 2 2 O'3 @ ORTEP [X|, Table 2-1 |Z#% & & O FERM, Table 2-2 (2
TR OFEAEEE L AE A A AR, 1alE, 2 DDA A 2 HBANRAPED p-OPh-p-
OH ® 2 SDDZERE L & H1Z bemp BN FITHAIAETN TR Y, SHADA A 2 1XENF D 3
DOEFF S L p-OPh-u-OH @ 2 DOEEFF 112 X - TEA LV MAHEREE % Blo T\
%. 1b OfEEIT 1a LIFEA LRI U TIEH 523, p-OH 2 p-Cl IZEZHbo T, 2
IZDOWTIE, 2 DOHIINA A4 253 p-OPh-pu-OH @D 2 D DZERE L & 612 Mesbemp BELAL 1
ICHHZAAEN TV D, 1a & 2 OREKRARMEEIL 2 OBRIRT I VENLD 4 DD A F /LK
ERE, EEALFRILTHD. 3120 TE, 2 OOHANA A2 u-OPh ZEFE & & 1
bee BN FITHAIAENTE Y, TNENOHANA A L NIENLF D 4 SDDEFEFA, M
Y u-OPh ORI 12 L - T A HEfEE 2 B> T\ 5. 1a & 2 @D CueesCu [HHEHEIT,
ZNEI2.9985(7) A, 3.033(1) A TRIFEETH DM, 3D 3.878(1) A Ll L T/HhE L,
2, 1a & 2 1% p-OPh-p-OH @ “ZEFEH#%1E T CueeeCu M3 <, 3 1L u-OPh D HAZLHE
HE T CueesCu MIDAR S TNDH T EERBEL TS, 2 b ORI A A > JE
D OMTHREEIE AP SHH L t IS X > TIRE L. Tl 0 ThiuT s
i, | ThIuX = m#EEE oo LRETE 5. 1a @ 1 EIT tCu(1)=0.243,1Cu(2)
=0.228,2 Tl tCu(1) =0.217, TCu(2) = 0.206, 3 TiZ tCu(1) = 0.038, 1Cu(2) = 0.066 T >
. ZTHDOZ b, 1a b 2 IFTEAZNAHRIEZ, 3 1TIEF UMM WS L
BoTWDZENHEALMNTR-T-.

la & 2 1XFC &9 A28 EEZ LTV DICHEED 59, n-OH OAERILE ~DHET L
RT SNTFBEE R ZEZRH D, 1a 28T 5 p-OH OFERIR 11X, BRIRT I D 450 NH
FEONJFEALNOERZIND EWE DD 0.842 A 28 & H T b (Figure 2-3(A)). £ D—JF
T, 212815 u-OH ORFIR 1L, BT I VENLO 4 5D NCH; 5D C i1 D E
FENDEHEDD 0.001 A LNZEE H TV Z & 3B 522 72 - 7=(Figure 2-3(B)).
P> T, 20450 NCH; IV KREE L LT u-OH ~DT7 7 B AZHAETDHEEZL
b, £, 1alZB1F 2 Cu-Oupon i DEEEEIE 1.971(2),1.9803)A TH Y, ZiLiL2iZ
BT 5 1.9303),1.925(H A LHEE L TELLEWV. ZNHDOREHRIE, 1a® p-OH (X2 &
LT 2 SOOI A A2 EFHLFEA L TVDH I EEZBEWRLTWD. 2D X ) 7eiiE
OFFMENE, 1a D p-OH 232 @O u-OH &l LT YU UMD L 9 Z4MNREE Tk 2 R
BED RSN L EZRIB LTV D,
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(A) (B)

Figure 2-2. ORTEP diagrams of the cationic parts of (A) 1a, (B) 1b, (C) 2, and (D) 3 (ORTEP

plot; unlabeled open ellipsoids represent carbon atoms).
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Complex
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Crystal size

(mm’)
Space group
a(A)

b (A)
c(A)

a (deg)

P (deg)

v (deg)
Volume (A 3)
Z value

Density (calcu-
lated)

Absorption coeffi-
cient

F(000)
R19, wR2Y

GOF index

Table 2-1. Crystallographic data for 1a, 1b, 2, and 3

lasMeCN
C23H40Cl2Cu2N7010
772.61
113(2)K
CuKa (1.54187 A)
trigonal
0.30 x 0.10 x 0.06
R-3
35.2508(10)
35.2508(10)
12.9703(4)
90.0000
90.0000
120.0000
13957.9(7)
18

1.654 g/cm?®

3.839 mm™

7182
0.0402, 0.1245
1.062

1b*MeCN
Ca23H10Cl3CuzN709
792.06
113(2)K
CuKao (1.54187 A)
trigonal
0.20 x 0.10 x 0.10
R-3
35.5390(10)
35.5390(10)
13.0787(4)
90.0000
90.0000
120.0000
14305.6(7)
18

1.655 g/cm?®

4.493 mm

7344
0.0472,0.1134
1.045

2¢3MeCN+H:0
Ca25H45C12Cu2N6O010
787.66
93(2)K
CuKa (1.54187 A)

hexagonal
0.10 x 0.10 x 0.10

P63/m
23.1740(6)
23.1740(6)
24.1454(6)

90.0000
90.0000
120.0000
11229.6(5)
12

1.398 g/cm?®

3.183mm™!

4908
0.0665, 0.2063
1.107

(320.5MeOH*H:0):
C265H43Cl3Cu2N8 50135
930.13
113(2)K
CuKao (1.54187 A)

monoclinic
0.25 x 0.24 x 0.05

P2i/n
15.5543(2)
15.6847(2)
31.2218(5)

90.0000
93.6893(8)
90.0000
7601.23(18)
8

1.625 g/cm?®

3.963mm™1!

3828
0.0761, 0.2390
1.029

a) R1 = 3||Fo| — |Fe|/ £[Fo|, b) WR2 = [Z(w(Fo? — F¢?))/ Tw(Fo?)?]"?
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Table 2-2. Selected bond distances (A) and angles (deg) for 1a, 1b, 2, and 3

Bond distances (A)

1a

Cu(1) **+ Cu(2) : 2.9985(7)

1b
Cu(1) *++ Cu(2) : 3.1383(8)

2

Cu(1) *** Cu(2) : 3.033(1)

3

Cu(1) *+* Cu(2) : 3.878(1)

Cu(1) - N(1) : 2.034(3) Cu(1) - N(1) : 2.031(5) Cu(1) - N(1) : 2.019(4) Cu(1) - N(1) : 2.017(5)
Cu(1) - N(2) : 2.007(3) Cu(1) - N(2) : 2.216(3) Cu(1) - N(2) : 2.026(5) Cu(1) - N(2) : 2.025(5)
Cu(1) - N(3) : 2.233(2) Cu(1) - N(3) : 2.000(4) Cu(1) - N(3) : 2.222(4) Cu(1) - N(3) : 2.053(5)
Cu(2) - N(4) : 2.026(3) Cu(2) - N(4) : 2.032(4) Cu(2) - N(4) : 2.022(4) Cu(1) — N(4) : 2.044(5)
Cu(2) - N(5) : 2.250(2) Cu(2) - N(5) : 2.001(5) Cu(2) - N(5) : 2.219(4) Cu(2) — N(5) : 2.035(4)
Cu(2) - N(6) : 2.002(3) Cu(2) - N(6) : 2.176(3) Cu(2) — N(6) : 2.039(5) Cu(2) — N(6) : 2.041(5)
Cu(1) - O(1) : 1.928(3) Cu(1) - O(1) : 1.945(3) Cu(1) - O(1) : 1.963(4) Cu(2) - N(7) : 2.018(5)
Cu(1) - 0(2) : 1.971(2) Cu(1) - CI(1) : 2.3210(15) Cu(1) - 0(2) : 1.930(3) Cu(2) — N(8) : 2.055(4)
Cu(2) - 0(1) : 1.931(2) Cu(2) - O(1) : 1.948(4) Cu(2) - O(1) : 1.960(3) Cu(1) - O(1) : 2.103(4)
Cu(2) - 0(2) : 1.980(3) Cu(2) - CI(1) : 2.3090(13) Cu(2) - 0(2) : 1.925(4) Cu(2) - O(1) : 2.113(4)

Bond angles (deg)

Cu(1) - O(1) — Cu(2) : Cu(1) - O(1) — Cu(2) : Cu(1) - O(1) — Cu(2) : Cu(1) - O(1) — Cu(2) :

101.96(14) 107.44(18) 101.30(17) 133.84(19)
Cu(1) - O(2) — Cu(2) : Cu(1) - CI(1) - Cu(2) : Cu(1) - O(2) — Cu(2) : O(1) — Cu(1) — N(2) :
98.75(11) 85.35(5) 103.78(18) 96.48(17)

O(1) — Cu(1) - N(1) : O(1) — Cu(1) - N(1): O(1) — Cu(1) - N(1) : O(1) - Cu(1) - N(2):
92.86(12) 94.01(15) 92.08(16) 105.35(16)

0(1) - Cu(1) - N() :

175.25(9)

0(1) - Cu(1) - N(3) :

102.00(11)

0(2) - Cu(2) - N(4) :

164.19(9)

0(2) - Cu(2) - N(5) :

110.01(10)

0(2) - Cu(2) - N(6) :

101.22(12)

O(1) - Cu(2) - N(4) :

92.60(12)

0(1) - Cu(2) - N(5) :

98.42(9)

0(1) - Cu(1) - N(2) :
100.47(12)

O(1) - Cu(1) - N@3) :
175.42(11)
CI(1) - Cu(2) - N(4) :
156.81(9)

CI(1) - Cu(2) - N(5) :
94.06(12)

CI(1) - Cu(2) — N(6) :
117.44(9)

0(1) - Cu(2) - N(4) :
94.02(15)

0(1) - Cu(2) - N(5) :
174.48(12)
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0(1) - Cu(1) - N() :
177.10(14)
0(1) - Cu(1) - N(3) :
98.15(14)

0(2) - Cu(2) - N(4) :
164.49(13)
0(2) - Cu(2) - N(5) :
108.86(14)
0(2) - Cu(2) - N(6) :
102.20(18)
0(1) - Cu(2) - N(4) :
92.19(15)

O(1) - Cu(2) - N(5) :
99.09(15)

O(1) - Cu(1) - N(3) :
113.34(18)

O(1) - Cu(1) - N(4) :
106.55(17)

0(1) - Cu(2) - N(5) :
94.46(16)

O(1) - Cu(2) - N(6) :
107.71(17)
0(1) - Cu(2) - N(7) :
113.87(17)
0(1) - Cu(2) - N(8) :
104.02(16)

N(1) - Cu(1) - N(2) :
84.9(2)



O(1) - Cu(2) - N(6) :

177.87(10)

0(2) - Cu(1) - NQ) :

160.69(8)

0(2) - Cu(1) - NQ) :

99.60(11)

0(2) - Cu(1) - N@3) :

115.01(8)

0(1) - Cu(1) - 0Q) :

79.72(10)

0(1) — Cu(2) - 0(2) :

79.44(11)

N(1) — Cu(l) - N(2) :

86.32(12)

N(1) - Cu(l) - N(3) :

84.87(9)

N(2) - Cu(l) - N(3) :

82.58(11)

N(4) - Cu(2) - N(5) :

84.52(11)

N(4) — Cu(2) — N(6) :

86.27(13)

N(5) — Cu(2) — N(6) :

83.27(9)
tCu(1) = 0.243,
Cu(2) = 0.228

O(1) - Cu(2) - N(6) :
102.22(14)

CI(1) - Cu(l) — N(1) :

164.70(8)

CI(1) - Cu(l) — N(2) :

110.37(11)

CI(1) - Cu(1) — N(3) :

95.33(14)

0(1) - Cu(l) - CI(1) :

83.31(12)

0(1) — Cu(2) - CI(1) :

83.58(10)

N(1) - Cu(1) - N(2) :
84.93(13)

N(1) - Cu(1) - N@3) :
86.15(17)

N(2) - Cu(1) - N@3) :
84.10(12)

N(4) - Cu(2) - N(5) :
86.19(16)

N(4) — Cu(2) - N(6) :
85.66(12)

N(5) — Cu(2) — N(6) :
83.30(14)
wCu(1)=0.179,
1Cu(2) =0.295

O(1) - Cu(2) - N(6) :

176.82(14)

0(2) - Cu(l) - N(1) :

164.06(17)

0(2) - Cu(l) - N(2) :

102.80(17)

0(2) - Cu(l) - N(3) :

108.44(15)

0(1) - Cu(l) - O(2) :

77.38(15)

0(1) — Cu(2) - 0(2) :

77.55(15)

N(1) - Cu(l) - N(2) :

87.13(18)

N(1) — Cu(l) - N3) :

84.64(16)

N(2) - Cu(l) - N@3) :

84.56(15)

N(4) - Cu(2) - N(5) :

84.02(15)

N(4) — Cu(2) — N(6) :

87.40(18)

N(5) — Cu(2) — N(6) :

84.01(17)
wCu(1)=0.217,
tCu(2) =0.206

N(1) - Cu(l) — N3) :
150.1(2)
N(1) - Cu(l) - N(4) :
87.5(2)
N(2) - Cu(l) — N(3) :
85.2(2)
N(2) - Cu(l) - N(4) :
147.82(19)
N(3) - Cu(l) - N(4) :
86.1(2)
N(5) - Cu(2) — N(6) :
86.05(19)
N(5) - Cu(2) — N(7) :
151.64(19)
N(5) - Cu(2) — N(8) :
85.50(18)
N(6) - Cu(2) — N(7) :
86.51(19)
N(6) - Cu(2) — N(8) :
147.67(19)
N(7) - Cu(2) — N(8) :
86.30(18)

tCu(1) =0.038,
tCu(2) =0.066
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(B)

Figure 2-3. (A) Distance of the O-atom of the p-OH bridge from the mean plane defined by four
N-atoms of macrocyclic NH groups (N2, N3, N5, N6) in 1a. (B) Distance of the O-atom of the p-
OH bridge from the mean plane defined by four C-atoms of NCH3 groups (C7, C8, C21, C22) in
2.

2-3-2. KERIK T (pH 5-9)2 31T 5 R h. L R

7J<?§if‘52 i (pH 5-9)D i L OfEE 25720, B O GERE %2 pH JHIlE

O HEFIRIEIC £ - TEEF L7z, BUZ - & Cu(ClO4)*6H0 DIRFELLD 1 : 2 DK

?ﬁzi NaOH /KA Z Mz CTW&, ZOEED pH 24k, KO O pH (2B 5 sk otk
AT b, ESIMS A7 ML > THIE L7z, pH O bizx LT 7=
NaOH O¥ &% 7' 12y s L7227 7 % Figure 2-4 (Z/R"9. £fkA 72 pH IZBIT HE A
7 "V ONESIMS A7 kL% Figure 2-5, 2-6 |27~

Hbcmp & HMesbemp DEEE AR T, Figure 2-4(A), (ORI X 912, 2 4 & OH
25 pH 5.0 DFFRCTHE S L. UL, BENLFO7 =/ —n7m b o RO/
HLCEUNL L72 Ky T 07 1 b U MEEEL 72 Z EAVRIB S, ZOERGTIZBOT p-
OPh-p-OH ZEREMWN R L7 E & 2 B A . T iU, Montagner & 23345 LT\ 5 X 912,
le O FZSRAIN NI ZEHE L7 Ky T D pKai 469 THDH Z & & —EH L T\ 5P, Hbemp
& HMesbemp @ pH 5-9 125 1T 2 EEEAGEFEDE T A2 hUIE, pHIZ X > TE(LIT
<, ZENZEIKFEHICBIT 585K 1a L2 OFEFAXT ML EIFEEAERITTH-
7= (Figure 2-5(A)~(D)). 1la & O¥2 D A7 hLiZiE, 340-380 nm {112 2 DD E— 27 A3
Bns. fEENEEL L7 T ERADEERD UVavis A7 M EZEET L E, Zhb 2o
DE—7 L7 =/ FV-Cu(ll) & & R F Y -Cu(Ill)® LMCT (ligand-to-metal charge transfer)
RETE A 51T, 1a KTV 2 OZEREEIT Figure 2-6(A), (B)IZ/R T ESIMS A
7 MZ K> TR L7z, pH 5-9 OKEETICK T H 1a & 2 D ESIMS 1L, ZHZi
BEEM 631 & 68712 AL L E—BHEBLL, Zi5iE[bpmp +2Cu(Il) + OH + Cl04]"
% O [Mesbemp + 2Cu(Il) + OH + CIOL" IZIRETE 5. 2O ORI, 1a KTVV2 D p-
OH-p-OPh ZEFEHE & X pH 59 ICB W THERF SN TWVWAH Z L AR LT 5.

30



(A)

(B)

12

12

8 8
L8 L s
4 4
2 2
0\ 1 1 1 OI
0 12 3 4 0 1 3
[OH/[Ligand] [OH/ [Ligand]
© (D)
12 12
'.’,...m“
10 10

1 L 1 1
0 1 2 3 00
[OH7/ [Ligand]

1 2
[OH]/ [Ligand]

Figure 2-4. pH change of an aqueous solution containing each ligand (0.5 mM), (A) Hbemp, (C)
HMesbcemp, or (D) Hbec, and Cu(ClO4)26H,0 (1.0 mM) upon titration with an aqueous NaOH
solution (0.05 M) at 25°C. In the case of (B), 1b was used instead of the ligand, and the pH change

was monitored in the same way.

1b D/KIRIKIZ NaOH KIFiEZ MMz 5 L&, pH 5.0 DA T 1 48D OH WHE SN D
(Figure 2-4(B)). Z OfEFRIE, 1b @ p-Cl 23 p-OH 2L TWDHZ L 2R LTEY, it
S TKEEFIZEBNT b T 1a ITEB SN TND Z ENH LI o 7.

Hbce DOFEERIEFE T, 1420 OH 7S pH 5.0 O 5 THE &4 5 (Figure 2-4(D)).
pH 5-9 |Z81F % Hbee DEEFERGBIEDE AT MVIX, KHFTHIE LT 3 DEF AN
7 RV ERICTH Y (Figure 2-5(E)), 410 nm |27 = / & Y -Cu(I)® LMCT IZJ#)E T 5
FIWVE— 7 DBl S =8, Kz 381F 5 pH 5-9 @ ESI MS A7 RLiX, B &
799 A A U E— 7 BHBLL, Ziuid[bee + 2Cu(Il) + 2CI104] 12 )& T & 5 (Figure 2-
6(C)). ZILHDOFERIX, 3 @ p-OPh ZEEHEIEIL pH 5-9 OKERFIZIB W THERF ST
WHZEZRLTWD.

- T, 1la kU2 @ p-OPh-p-OH ZE4GH#EIE, 3 @ pu-OPh Z4EHEE T pH 5-9 DKHIC
BOWTHERF SN TWD Z ERBH LT/~ 72, p-cresol FHEIRD 7 JE AV TH
% 2,6-bis(dipyridylmethylaminomethyl)-4-methyl-phenol ® —£ZSH(IDEEIAIL, pH5-12 123
VT p-OPh-p-OH ZEABHEE MR STV D Z EMIEE STV A4, 2o = 2,
i VN pH SESRIZ 36U T pu-OPh-pu-OH ZEAEHSE 23 MERF S 41D 2 &1, p-cresol FHEILD 7
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Figure 2-5. Electronic absorption spectra of (A) 1a, (C) 2, and (E) 3 (0.5 mM) at different pH at

room temperature. The enlarged views around 310—420 nm (B) and (D) corresponding to (A) and

(C), respectively. The electronic absorption spectra of 1a, 2, and 3 in aqueous solutions, shown

by purple lines, were measured in the absence of buffer.
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(C) —|+ —|+

CIO
cio, (\ (ClO4)2
a
(\ N o N/ﬁ
N O N b HNF ’\NH
R Y N bsde” b
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™ N N< H H
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Figure 2-6. ESI MS spectrum of (A) 1a, (B) 2, and (C) 3 at different pH conditions at room
temperature at orifice 1: 10V, orifice 2: 10 V, ring lens voltage: 10 V.
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2-3-3. “EESRADEEA D DNA fE &858

1a,2,3 ® DNA F5AI281T 5 pH K UOMEEDO RN AT 5720, iR FRUEGE (Iso-
thermal Titration Calorimetry, ITC)JH|7E 1T >7=. ITC HIE TiX, fEH = X /L E—(AH®)
AEEMOICHEL, =2 brE—(AS)KOREAEREK)IZMBEO 7 4 v 7 1 7 L HHE
TARNAF—ORRN BRI, ITC HJIETIX, EHHO 33 mer 4 Y 2 FHH DNA %
L7z, ZhZ, B84 DNA [Zxd2 KRS D INK 45 i) DNA SIS M MR 72
D, DNA B OBRICHAET HAEZBHTHZ LN TEX L6 TH 5. ITC HFRIE, 1a
DKW % 33 mer AV = " HH DNA BRI F LTV Z & TE72. 1a KO 33 mer
4V 2 DNA " EHKEIKIL, T pHS.0,5.5,6.0 [IZFH%L L 72 MES buffer (10 mM),
FoA A UHBREE —EICT 572D NaCl (10 mM)NE A L= KiEik & vz, 2,3 Ol
ENZIBWTIE, pH6.0 DKIEIEY, [FEEOSEE TICB W THIEZIT o7, 2177
A—H =T 25 AH°, AS°, K % Table 2-3 |77 T, B TORIEICIBVT AHCITA DHE, AS°
IZIEDOETHE L. 2L, 1a,2,3 D DNAFEANT U AL E—KRONT b o B —Hy
AR THLZLER LTS, ITCHIET 7 7 7 A VR OYRER T v > % Figure 2-
TR

Table 2-3. Thermodynamic parameters of the calorimetric titrations for the binding of 1a,
2, and 3 with the linear 33 mer ds-DNA

Complex la 2 3
pH 5.0 5.5 6.0 6.0 6.0
N (sites) 1.29+0.13 0.652+0.12 0.617+0.07 1.14+0.10 1.63 £0.06
Kx10°M™ 1.81+0.84 1.23+0.43 1.05+0.20 2.64+0.97 2.63+£0.53
AHP (kcalemol ™) —0.57 +0.08 -1.08 £0.24 -1.39+0.19 —-0.48 £0.06 —2.26£0.11
AS° (calsmol 'sK") 222 19.8 18.5 232 17.5

pH5.0,5.5,6.0 (Z¥1F % 1a @ DNA fiG EEUE, EHZ11(1.81+0.84) x 10, (1.23 +£0.43)
x 10%, (1.05 £ 0.20) x 10° M~' T& ¥ (Table 2-3), pH 2MEL 2B I2 5N THEAEE T H T
MZEL 72D Z EDRH LMo T2, UL, 1a & DNA OBEERD, 7va b Abic &
STREREND ZEEZBERL TS, pH 5.0-9.0 DFIPHIZIU T 1a O IXHERE S
NEEFETHLE0, 1alc7m b AbiTEZ S0 EEZx 6D, (6~ T, 7u hik
X 1a & DNA OEERIZE Z 5 2 EAVRBE 72, pHS.0,5.5,6.0 (2811 D AH®, ASPD
X, THZEN-0.57 +0.08, —1.08 + 0.24, —1.39 + 0.19 (kcalemol ™), }1*22.2,19.8, 18.5
(calemol 'sK™ ") Td - 7=(Table 2-3). AH°, AS°D EH HDfEE pH MMEL 72 B2 THY
M2 ERHBMERSTZ. ZHUE, 1a & DNA OEAIAIZEIT D DNA F8ic 7 o
M AEBNEZ Y, BAKRMNFEINTWNDZ EEREBL TS, (6> T, 1a & DNA D
FEA ER IR pH fEI CEIINT 2 DI, => hua B —ER#ITh b Z &0 5027
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Figure 2-7. Isothermal calorimetric titration curves: 1a at pH 5.0 (A), 5.5 (B), 6.0 (C), 2 at pH
6.0 (D), and 3 at pH 6.0 (E). Experimental conditions: A solution of 1a (1 uM) in a syringe was
added, in an equal interval 25 times, to a solution of the linear 33 mer ds-DNA (25 pM) in the cell
in the presence of NaCl (10 mM) in an aqueous buffer solution at pH 5.0, 5.5, and 6.0 (MES, 10

mM) at 37°C. In the case of 2 and 3, titrations were conducted in the same manner at pH 6.0
(MES, 10 mM).

>77.

I HIZ, 2 XD'3 @ DNA FEEREI, EAE B BA/EH LK OFERIME A/ERIC &
LZHOEEHAT L ENTES. 2 O3 O DNA FEETEEIL, TNEI(2.64+0.97)
x 10%,(2.63 £0.53) x 10° M™' T& Y (Table 2-3), ZHHDEITIFEA LR U TH-7Z. L
MUZRDE, BV 12, AHP,ASPOfEIZEI LT, 2 ™-0.48+0.06 (kcalemol '), 23.2
(calemol 'K ™) &, 3 ®—2.26+0.11 (kcalemol ™), 17.5 (calemol K )& Lbi#z 3% &, K& <
BRI DHZEnbrol-. = bubE—0 KL, FOHBEDHKERT. ZT0DD),
BHRKERASCOMTH D 23.2 (calemol sK )%, 2 & DNA DR/KFNZ£E 5 B/KFE A
AN EARIRICEE R EE Z R LD 2R L TS, 213 1a,1b,2,3 DT
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ROBKTHL720, BKHEEERITIEETHS. ADZ U X VE—HIE, KEES
RHEIHE AR Z GO TR RSN 2 & 2R T. KROS5 E, 2 & DNA
DEA WA S iz fe b A 7 W I BV AHP = —0.48 (kcalemol ), FiAZM L7
WEW%iﬁgf&w EERRIE LTS, 2 IFKBREATERATREZ NH 2 H LT
RN, ZOFERITEICE > TV D, RUBERER—RZLTEXLDE, 3LEDNAD
@é%ﬂmwﬁ_ﬁwéMK AH° =226 (kcalemol ™), AS° = 17.5 (calemol 'sK )%, /K3
FEA M OEEAMEERANRKRE 2ES52 L TRY, BKMEEERANREE TRV E08b
N5, 3IFKERBAREZ2NHEEZ 6 >F L TEBY, EROBHIZI+THY, KbHBIK
BITHDHD, ZORESE-HICE->TWS. pH6.0 12T 5 1a,2,3 D AHIX, %
NZEH-1.39,-0.48,-2.26 (kcal'mol ) TH 5. 1a KNI 1%, 2 LI L TL VBN TH
LT EMbND. UL, NH EOKFEREEZI LI EER DNA fE&Icxt L THE
BRKEIZ R L TWAZEEZRLTWD. - T, DNA FEAREDLFRY 2R FEfRIX
B2 RT A —H —TdH 2D AH°, ASCIZ L » THERI SN D, &5 ,_ngmﬁ%
1a,2,3 & DNA & OFEMERE, 2 & v METH LIRS F 2 ERiTD Z L1 ;of
HETEHZ EERLTNAS.

2-3-4. §5ERME pH FHIRICB WV CZESIADSEESMEET D A— 1\ —af NV FTSTFRAIF
pUC19 DNA DK s H 8T

2015 41 Montagner 13 1¢ 2% 37°C, pH 8.2 DFRFIAIKHIZHB N T A—/3—a A L R
7'Z A 3 K pUCI19 DNA (SC-DNA, Form D) DN/ S5 fR gl 2 etk 4- 2 = & 2 #is L7z
O, 72, ZOMIGITSEREERTTH Y, 1c DR 50 uM OFF, 3 FEMZIZIXIE L
v £ @ supercoiled DNA (Form I)7%° nicked DNA (Form I)IZ 282 S 417228, 5uM O T
2B W T Form IHEEH S upn E A L=, ABFFECIE, 37°C, pH 5.0, 5.5, 5.9, 6.0,
7.4, 8.2 DFEFEIRIETIZIVT, SC-DNA & D% 10 uM O AN EE A 2 FVTfT
o7, ZORER% Figure2-8 12, 7 NVEERE K UGEM72 T —# % Figure S2-1 & T Table S2-

1 1R, *#ﬁmW%#ffT"iéf§y7£%fiImA@miA<ﬁMé
ﬁ/bfcﬁﬁ‘o 7= (Figure 2-8(A)). 1a Z# W \/=KFdD, pH5.0-8.2 |IZF51F % DNAForm 1 O/ %
IRF T ﬁbf7m/hbtﬁ77%F@m2&m_rﬁ pH5.0-6.0 (233 T, DNA 4]
Wrid K& <M E N7z, pH5.0 IZB W, 10uM LW HDED 1all k> T, 5 E#EIC
1% 80%® DNA Form I 78 DNA Form I [IZE# SN TWAD Z E N B MNnIT/e o7, Ll
G, HBRENZ LI, pH 7.4 & 82 DM T Tl DNA GIWr B S e o 7.
pH 7.4 OZMTHEH LTV Tris SEEITHAANA A NAENLT D Z ERNmbN TV D
40178, 1a OKIEHH, MES KIEEH, Tris-HCl KIEEH, TAPS KIFE+H DOZNEh
IZBWTC, BTAXY MUEIELFE—THDHZ LD, 1la OREEIIEEIROFEIZIX
WEINRNZ ERDDo T 5 (Figure 2-9). Figure 2-8(C)IZR L TWAH L H 1T, 1b i
la & &< [AEEO DNA UIEEMEZ R L2, 2, pH 5-9 OKERTIZEBWT, 1b A3
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Figure 2-8. pH-dependent profile for DNA cleavage promoted by (A) Blank, (B) 1a, (C) 1b,
respectively. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 5.0, 5.5, 5.9, 6.0
(MES), 7.4 (Tris-HCl), and 8.2 (TAPS)), [pUC19 DNA] = 50 uM bp, [complex] =10 uM at 37°C

for 0, 1, 2, 5, and 10 h. Experiments were carried out at least three times.

o
)

Absorbance
o

©
N

0.0

»

©
~

—— in water

in MES (pH 6.0)
in Tris-HCI (pH 7.4)
—— in TAPS (pH 8.2)

|
400

Wavelength (nm)

|
600

800

Figure 2-9. Electronic absorption spectra of 1a (0.5 mM) at different pH (6.0 (MES), 7.4 (Tris-
HCl), 8.2 (TAPS), 10 mM) at room temperature shown by green line, light blue line, and purple

line, respectively. The spectra in Milli-Q water, shown by red line, was measured in the absence

of buffer.
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(A) (B)

100, 100
—— 1a
80+ 80k . 1a + NaN,
;\? ;\? —e— 1a + DMSO
E 60 o 0 pM E 60
5 100 uM S
M
= ol —e— 400 pM gl
—e— 500 pM
O 1 1 1 1 OJ 1 1 1 1 1
0 1 2 3 4 5 0 2 4 6 8 10
Time (h) Time (h)

Figure 2-10. DNA cleavage by 1a in the presence of (A) H,O» at pH 6.0 (MES) and (B) NaNj3
and DMSO at pH 5.0 (MES). Experimental conditions: (A) [NaCl] = 10 mM, [buffer] = 10 mM
(MES), [pUC19 DNA] = 50 uM bp, [1a] = 50 pM, and [H20,] = 100-500 uM at 37°C for 0, 1,
2,3, and 5 h. (B) [NaCl] = 10 mM, [buffer] = 10 mM (MES), [pUC19 DNA] = 50 uM bp, [1a] =
10 uM, and [NaN3] = [DMSO] = 100 uM at 37°C for 0, 1, 2, 5, and 10 h.. Experiments were

carried out at least three times.

1a |2 X 2L DNA SIr O "JREME 2 TR 5 72, @bk 8 (100-500 uM) % Il 2. T
FOSZAT > 7275, DNA B4 <R S 7eh o 72 (Figure 2-10(A)). & BT, —HIHR
FIHFEH O NaNs, & R a7 D0 VLEAIO DMSO Z(E M2 W TG 21T 2 72723,
1a (2 X 5 DNA YIKF XL S 472> 7=(Figure 2-10(B)). fit> T, 1a (2 X 5 DNA HJkF
IXERLAIEIE TIE AW 2 E N FEIEENT-. ZOERICBIT X NVEERKROFEMT — 4
% Figure S2-2 J U Table S2-2, S2-3 (27”7

o> T, la DEUNE, SRS NIRRT X 2K EE DNA G1Kr2s pH (K FHY
IR ENT=O TOFETH L. DAMMROFHERIZ2MEED 1 2& LT, JEUEED
pHU<2 73 AR PN O TE M % 3 Fi(reactive oxygen species, ROS) D2 FEISIZN [E H Al & kb
L CEHELL AR ENMLNTVD., L, Fexdd pH X° ROS EEKRFIICERE
PEIR D DNA GBS A ST 5 2 L A TE U, EFMRIITSEEL KIZST, BA
AR S D KO BT LWE A T OB AR OBRIZEH ST HZ LR T
Db LV, 20728, 1all X DK fFEE) DNA SIS pHARAFRIZINES 2 2
EE, BIER DD 22 WEIA AKIDBIZE AT B O R R 2 b5 2 27008 Livieu.

2-3-5. DNA (28 BRI 4E T 5 DNA binder % iV 72 DNA HIWTFHEEE
la O DNA 5 EH G RS S 5 &, DNA IR 38R O RS SEZ BV T 1a 2RO

80-90%73 DNA LFEA L TWA Z ENHL M LR o2, 65T, 1a DIIKSFEE) DNA
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GIkr o K& 22000873, DNA EHFRMICHES T2 L2 M L TRZISEERZDHZLNT
5.

WIEHHA & ds-DNA & OIEIAREEIEDORBITIE, TICA »Z =T b— 2, DNA
FHA~OFHBEIMAEIEA, K& O minor groove F721% major groove ~DfEA L o72, 4
OORANFET D, TREOS TEEZAT LE&BEERIE, £0O groove A X LS
9% 7%, minor groove binder |2 L T\ 5 Z & 3 STV H08. —f%A9IZ, minor
groovebinder (I =H AMDOHELA L TEY, TOWMKRGIIVFA L 2HTH. Znb
OREEDRHEIE, 1a ORIRRY72HE & R <EITUW 5. major groove ~DFEH D FIHENE S
FIEEIZE 2 HILD D, 1a D431 A X203 major groove &V HIEFHIT/NS W & &EE
THE, FREEHRETITRWEEZ HBND. 1a © DNA ERKAZFEHT 57290,
F& 4 1% minor groove binder T& % 4°,6-diamidino-2-phenylindole (DAPI)!'”), major groove
binder T& % methyl green"® % F]V /2 BHE FBR 21T - 72. DAPI X U methyl green Db
& % Figure 2-11 (2R,

HaC_+ CH4

vt/

Il cr

NH
oW, (]
HN N NH I
H

2

oo
Ha,c\r?I N-CHs

-1t
CH;3 cl CH;

DAPI Methyl green

Figure 2-11. Chemical structures of 4’,6-diamidino-2-phenylindole (DAPI) and methyl green.

40



(A) (B)

100 100

=3 - 1a
‘n. 1a + DAPI 5 uM
[ & - 1a + DAPI 10 pM

——1a
1a + methyl green 5 uyM
1a + methyl green 10 uM
—#— 1a + methyl green 20 uM
—e— 1a + methyl green 50 uM

o]
o
T

. +— 1a + DAP| 20 pM
e —e— 1a + DAP| 50 uM

D
o

60+

Ea
o

40+
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N
(=]
T

20+

o

Figure 2-12. DNA cleavage by 1a in the presence of (A) DAPI and (B) methyl green at pH 5.0.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (MES), [pUC19 DNA] = 50 uM
bp, [1a] = 10 uM, and [DAPI] = [methyl green] =5, 10, 20, and 50 uM at 37°C for 0, 1, 2, 5, and

10 h. Experiments were carried out at least three times.

1a % A\ 7= pH 5.0 I281F % DAPI (5.0-50 uM)E/E T T DNA S 325k DR ZE AL,
% Figure 2-12(A0Z 9. Fio, FVEEKROGEMRT — 4 % Figure S2-3(A) X T Table
S2-4 IR 7. INHOT —HBEH L7z 10 Rtk OBLEEIA X, DAPI ORREN 10,
20,50 uM DZEILEIUTINT, 19,50,87% CTdH ¥, DAPI OFEFENIEINT 5223 TR
EEIG GBS 5 2 ERA LN -T2, - T, DAPIIL 1a @ DNA YK 2 [LET 2
EERD. LML D, 25°C OEFFEFEETAI T, pH5.0 IZB W THE TV % DAPI
& ct-DNA OFEEER(4.7 £0.3) x 10° M &, ARAFFE THRIE L7z 37°C & MES FREVRIE
1, pH5.0 (¥ % 1a & 33mer 4V = DNA & OFEAEH(1.81+0.84) x 10°M ™! & & &
T5HE, TOREEIGEFIIEFIT/NHI N E03H051 DAPI O DNA FEAEEIL 1a D
25 fFLVMEZ LD . 24U, 1a &R UIREE D DAPL 2AMFTET 5 54 TlE, 1a @ DNA 4]
BHIIZ L AL ERICHESNDMETHS. L LARRD, 1a & [[ UHEE D DAPI 3 F(E
THRM(EL L 10uM) T, ZDREEIE LT 0> 19% T LA/ 7H > 72. DAPI | minor
groove (% < fFAET % AT-rich 72 < fEA T 5H—FH T, GC-rich Z2¥EA0IZx LT
T5WA v F—DL—F— L LTI 2 ENE LTV AR GC-DNA (Zx9° % DAPI
DFEAEEEIT 123 10°M ! E NS HERH VR, Ziid1ad 181 x 10°M ! & bl LT
DOENTNEW. 55T, T 5D DAPI & DNA OFEEEROWE1 D, DAPLIZL D
DNA il DRV BHEEIA 1L, DAPI 23 GC-site ([ZfEA9 5 Z &2k - T 1a & DNA Ok
HEHELTCVWDZENFEETHDLI EEZDND. £D2H, 1alZ X% DAN HIE DN
HiX, BF5< GCssite ~DA L H— N1 —2arZELTRIAZBLDEEEZBND.
major groove binder T#& % methyl green Z H\ 7= BHE IR ORRRFL (L% Figure 2-12(B)
9. £, FAVEBEROGEMZe T — X % Figure S2-3(B) 2 ON Table S2-4 (2777, 10
BRI 128 1T 2B EEIA1E, methyl green 73 10, 20, 50 uM F7E FIZHBWT, £NEIL 12,
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26,64% ToH Y, ZiT DAPI Z FHW - BRE EBRORE (19, 50, 87%) & il L ThH 37T
V. 7> T, DAPI L methyl green £ ¥ HBWHERITH S Z & 23072 % . methyl green
I% major groove binder C& % —J7 U™ deoxyribonuclease I ?® DNA G2 [HE 3 2 BRI
/% minor groove binder & L T)< Z & A STV DU £S5 T, methyl green | X 1a
?® DNA YJ¥r% major groove TFHET 2% & & H1Z, minor groove (23T % [FAIERICPHE
THEBEZLND. ZiUH, methyl green 2% DAPI & bl L CThH T MIZ55< 1a O DNA
U ET 2B TH 5.

la @ cresol FHLAA o H—H L —2—L L TH Z L%, BELLHIZE > TWAD.
L7273 5, 1a O cresol BRiX DAPI O FEER LV /&, DNA #EAERLY,
1a O NH &3 DNA T8O U U EREML L KERER Z TR T D 2 LVRSN TS, -
T, 1a ® DNA fE&REIE cresol #fLDA v Z—H L—3 a U217 T/<, NH EDKH
FEEERICE>Thm ET52 08 EZILNS.

2-3-6. 1a DAN/K S EK) DNA BT D pH KTFROTE RIS OHe EE

purple acid phosphatases |Z/EARICIIT DR ICKT L TRIKWEHEZ L TEBY, 59
P pH Stk TN T Y U= 27 LV O 2 fil i3~ 521, Z i3 p-OH 446 2 Ff> —
EaRIEERLEZ L TEY, p-OH ZUENERE Y VBT 27 VISR EEZIT, K
IR EARRES B2 5T, u-OH ZRAG 1T 1a DINK S fiRA) DNA Bl & k& < k4%
ZEIZOWT, #ERIEEEEEZOND. £ 2T, BaIIIMAKERY DNA YK %
IS DA HEE T 2729012, 1a ERROSME FIZBWT, p-OH 2G4 FH 1a &
FEHIZ LS Bl 2~ 7= 2 2 VT DNA Y5282 217 > 7=. DNAForm I O %
7'a oy b LR b % Figure 2-13(ANCRT . F£72, FOVEE K OGEM72 T — # % Fig-
ure S2-4(A)&% O Table S2-5 1277, TARICK LC, pH 5-8 128\ T, 2134 < DNA Y]
WS A2 RS W Z ERAL N2, ZOZ e, 1a & 2 XFEEORHEZ LT
WAIZHBED LT, 6 OMKSEE) DNA GIBHZ SOWTIISERICE R D Z &b
STo. ZOBHFELEWVE, 1a 281 5 p-OH ZEE O REEME L OF O BEEALIZ H 5 NH
IZE->THBTESD. 1a K2 OHFEEEEICHRLIZE 1T, 1a © p-OH 28451 4
OO NH S EHES NS EHENS 0.842 A 2 HTWDH—JT, 2 D u-OH 2861
4 50D NCH; B HEFR SO EHE NS 0.001 A LnZEEHTW NI E3H 50002
2o TS, 65T, 1la X DNA OV VBT AT NENLICRBIZT 7 B ATE D0, 2
12% D NCH; D NAKFEEDT-DICT 7 B ARNEETHHEEZBND. 2D XK H 73 p-
OH ZEfE D REZME DD, 1a & 2 OINK3iFER) DNA BIWHEMEDEWIZEE A > T b
EEZBND. WE-T, 1a DIKSREN) DNA UIKTE, p-OH 28K D sKREZ K8 %% C it
TLTCWDZEnEZLND.

la DEART I ERAZAS DNA U CEBERERIZRI-T 2 LNBEZ N5, 2hidl1a
& DNA OFEATRLIZE 91T, 1a & DNA & OFEAS TIE 1a DBIRT 2 U EBAL & DNA
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Figure 2-13. pH-dependent profile for DNA cleavage promoted by (A) 2 and (B) 3, respectively.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 5.0, 5.5, 5.9, 6.0 (MES), 7.4
(Tris-HCl), and 8.2 (TAPS)), [pUC19 DNA] = 50 uM bp, [complex] =10 uM at 37°C for 0, 1, 2,
5,and 10 h.

DIKFREADEG L TWADTHD. o, EEERICE DY VT X T L OIIKS
fRAGEIWTI 4 8 TP O DOUTHERIC H D NH ZEC KV RSN D Z L A IESh TV A

ZITC, BRT I UL OEEIZ LT 5720, NH £% 6 o595 3 i
DNA Il EBR 21T ->72. 312X % pH5.0-8.2 123517 5 DNA Form I Db OREEZE(L %
Figure 2-13BNZ/RT. F£7z, FAVFBEKUFEMLT — & % Figure S2-4(B) )% U* Table S2-
51T, 1a O K(Figure 2-8(B)) & 3 D#ERFAK(Figure 2-13(B)) A Ll §™% &, 1a
X3 0 B EERENZ ERDND . 3 OEERWEIGENE, p-OH 2R TFEAE L
TWRNWZ ERRK LB Z HD. 2L, MK iER DNA GIEHZ 38T, u-OH 22
BOREECTHLZEOFERLFHLTH D, L Lens, BERENT &2, 3 1% u-OH
ZRIG DML L TV ZRWIT S B B 3NK 3 iR DNA B2 i L7=. 24U, NH A&
73 DNA E8 & OKREREGZ I L TU VIR AT VI AR L, Z 22Ky 703K
BB AT O 2 L1 X > TR R DNA SIS L = 272 Tl BEx bivbd.
— T, 2 IZBWTIE, NCH; #iXV VIR AT L EKFBREG ETE TE 0. 2Ok
B, 2 TR RE) DNA BIEHEH 2 2 RERNEBZHND. ZTIHOFROD 1a,2,
3 OISR DNA GIWHEME DO LS 6, p-OH 4248 K& OV NH JE 2317k 53 fi#) DNA 4]
WHZ B W CHEEARERZ LT Z 0L M E R o7,

DNA FE A EBRNSHEH SN OHERED 1 21%, 1a & DNA OBEASIKICBIT D U U ERES
MAZT T ALY, BABRZIDE NI bDOTHSH. MOHEE SN DML, 1a
D NH %73 DNA 8DV Vg 27 VL L KFAEE TR At L CHESEM L, DNA
Gl 2Rt 2 7 DI DEMLEIEEAL T D V) LD TH D, 2 b ORI EE SV
THE] L 72 1a OINK iR DNA O BIWEHE 4 Figure 2-14 (279, 7K 53 f#H) DNA )
WrDIRHID AT~ 71, 1a A GC-site |TA ' F—HL—X—L LTHAEL, DNA &£ D
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BEERERT HEMETHS. DNA & OEAMKRIL, 1a @ NH 228 DNA E#HO U
AL L KBREAERT H 2 & CREMIND. ZOERET, BEEITH< 7 e hvk
Sh, BAKIZE->Ty e —miZLEfbsh, £ B A7 VENE 7 v ko
Bz L > THEMHE SN D. v hoAmblE, p-OH ZHED Y VT AT VAL~ REZK
BB AEHRIE= AL X=X TFSHELILTTHDH. 22T, pH5-6IZETH 1adD
7K 53 fiE ) DNA B DK & 2 indix, UV VBT / = AT VD pKa lZ X > Tl Tx 5.
TAXVVR—=ADY VEEE ) T AT )LD pKay O pKa; DN, ThEh 1-2,5-6 &
WE SN TNDE, pKa, DIETH D 5-6 1%, 1a DIKSEA] DNA B IE S 5
pH fHIK & SERIC—ET 5. M- T, AT DE /) AT NVOLEENIL, pHS5-6 28T
% 1a OIKEE) DNA YIBrOBREN 72 E 2 b b, &%IZ, la BNERKRLEZE )/ =
AT NANBEEND. 16T, 1alZ L DK MET) DNA GIENE, BLFD3 SDART v
L THEITT 5. (1) DNA & OfES, (2) 7'v b ARIC K 2 EBIREBOZEMICL D
U e ) = AT V04, (3)1a D DNA 225 OfFEED 3 BT 5.
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Figure 2-14. Proposed mechanism of the hydrolytic DNA cleavage by 1a.
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2-4. FEF

AWFFRIZITBNT, Fox X p-cresol F BB T & VT2 (D SER 1a, 1b, 2, 3 %
ARk Uiz, HAES X BREEMAT NS, 1a & 2 OSKREEEIXAWVIZEEL L TWA R, p-

H ZEAG DN IEE ~DICEIT R 5 Z E PR STz, B LSRN A A > DIRETE
%12 NaOH /KIRIE &2 M2 TV < 2 8T & » TEITRAGETE 2 pH i & M OV e 2RI E 2
Ko BB LRER, 2o “ESANESARIZI T, Fdh T o R LS X pH 5—
9 DKIFIRFIZB W THERFSILD Z EH BT o 72, 1a @ DNA fEAREEIZ 1TC #l
& J2 OV DNA binder T & % DAPI, methyl green % V7= BLEFEERIC X - THIEZ1T - 7.
ZDFER, 1a 1 DNA T8O VU VEREAL & NH O KFERAEERIC L > TT VA M 2%
i}, DNA @ GC-site |24 V' H—H L —X—L LTHAETLZERHLNIR-T2. &5
2, B RT A =2 —Th 5D AH°, AS°, K ZHI7E LT-fE %, DNA fE&IEm ho
— RO Z L E—ICARTH Y, £7- 1a O DNA FEAHEIL pH 5-6 [2BW\W T 1 b
MEPERZDHZ LI o ThTMZm ET 52 &2 /R L7, 1a X, 95 pH 8K T
&% pH 5-6 IZBWT, A—s3—aA /L RFF A3 K pUCI9 DNA (Form I)% DNA Form

YW % sz 35 Z & 3y 7. purple acid phosphatases 7385 pH fEl

TU VT AT IVONKG R RET D 2 L RS SN TV D, RIFEIE, AkEh
f:AEﬁ*ﬁ: 2 K 2Ky fiR) DNA SIS pH ARAFHNZ IR SN 72RO TOBITH 5.
1a, 2, 3 (2351F D II/K SRR DNA BIMHENE & i U7 #55, u-OH ZEFE 3 REEAI & LT
DNA @Jm%buﬁé L, NH EA /K53 f#R) DNA BIETIC LRI R Th 5 Z & B 5
2o 7. 1alZ X% DNA Y OFERIRREIX DNA A L OZ OB A KR~D 7 1 ko AkiC
LoTREbSND. HEE LIHEL ZbDERFEFEIZESNTNS. 1a ® DNA
GIMEEPED pH AARTFROICHI T & 72 2 1%, BIWERA O 7208 LUWHLS AFI O BRI %t
LT OO A ZEZ D078 LItz

46



2-5. RRRGE
2-5-1. RERVCRIEEE

AREENTONTE, AR RACEHA AR E, mifl RS 2 FOCE T2, B bR,
IR TRY y FHEDNGRIR L TIHEA L7z, ISV T, ARUICHN D DI
VBN U TR Lz, A—_—aA( )L 7 Z A3 KpUCIIDNA I%, = v R
— AN BREAN L7-i 3K A L7=. 33mer 4~V = DNA (%, Thermo Fisher Scientific £
MHEEA L7 5°-d(GAC TCC ACA GTG CAT ACG TGG GCT CCA ACA GGT)-3’ K Y2 D
FERSHZEM L, 95°C T 1 oMMEALT-#, Do< VW EEBEETTIFLZLI2L-T
7 =—VU v/ ZH 7. 14,7 -triazacyclononane tritosylate (15) 2,6-bis(chloromethyl)-4-
methylphenol (19), p-cresol #% & K Bl fiZ ¥ @ 2,6-bis(1,4,7-triazacyclononylmethyl)-4-
methylphenol hexahydrochloride (Hbemp*6HCI) & OF 2,6-bis(1,4,7,10-tetraazacyclododecylme-
thyl)-4-methylphenol octahydrochloride (Hbcce8HCI)E 275 SCERINZAE > CTEHRL L 7-.

JLHRHT(C, H, N)IX, Perkin-Elmer 1% Elemental Analyzer 2400 II % F\CTHIE L 7=,
'THNMR A7 huE, AARBAH ECA-500RX 7 — U T2 HARZ G HHnE 44 (500 MHz)
L, HEYEME L LT tetramethylsilane (TMS) ¥ 721 sodium 3-(trimethylsilyl)propio-
nate-2,2,3,3-ds (TSP)% iV CHHIE L 7=. Electron spray ionization MS (ESI MS) A7 | /L
1%, AAE 78 IMS-T100CSRX the AccuTOF CS % iV T, MeOH F 721 MeCN % I
& LCHIE L7z, pH 1%, HORIBA #l LAQUA electrode % V>, HEVEREE A %
WTHERR L 722 ICHE 21T o 7. UVevis 287 bLid, Agilent 45 8453 4844 AI1R45
R 2 AW CHIE L7z, SR e R EEJTCO)MIE 1%, Malvern 1% MicroCal Isothermal
Titration Calorimeter VP-ITC Z W\ CHIEEZ1T>72. IR A~XZ F/LX, Shimadzu Single
Reflection HATR IR Affinity-1 MIRacle 10 & W CTHIE L7z, HAES X GEEmimix, v
77 77 184 R-AXIS RAPID I/RAPID AUTO X #it B il X SAEE AT 25 & CRpbr 7 — 2 &
BEL, BEEEICL OO HEZRE LR, 7— ) ZGRIC & 0 EE LT L,
Yadokari |2 & 2582 TAR /N ZFIEIZ X D REEL LT,

2-5-2. BLF R O ZESRADSEE AR
1-Tosyl-1,4,7-triazacyclononane (16) D& EZ!"

300mL 7 A7 7 A 2 |Z[nlfisf-%& AL, 15(7.84 g, 13.2 mmol), phenol (9.43 g, 100 mmol),
30% solution of HBr in AcOH (110 mL)Z /1%, 30°C ORIz L, BAiCR TER Les
SEOG ST, B OIREZE 90 /3T T 90°C iZ L, 2 HIM S W72, 2 B, Nt
REAEERICE L, EbO THRW I AN L X v F = Tl L, 5517 A~ AR A
ZEZERE LT, Z O[ERZ 1.5 M NaOH /KE R (100 mL)IZHf# S H, CHCl3 (4 x 15mL)
THR Uiz, AFEJEIC NaySOs M THiAK L7-t%, Mlildm=tclim L, JEikza—%
U —T R L& — CEfE, BZEEET 5 & AaO BRI S IZ(2.70 g, Yield: 72%).
'H NMR (500 MHz, CDCls); 6/ppm: 7.69 (d, J = 8.0 Hz, 2H, Ph), 7.31 (d, J = 8.0 Hz, 2H, Ph),
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3.16-3.21 (m, 4H, CH,), 3.05-3.11 (m, 4H, CH,), 2.89 (s, 4H, CH>), 2.43 (s, 3H, CHs).

1,4-Dimethyl-7-tosyl-1,4,7-triazacyclononane (17) D& Eg!!

50 mL A7 F 2 2 |Z[Al#s 1% Af, 16 (2.62 g, 9.25 mmol), HO 3 mL)Z M % 7-. X
ISR 2 KIRIZIR L, HCHO (10 mL)%Z 10 Z7LA L2 T~ L7z, ¥&iZ, HCOOH (10
mL)Z 10 43 LL BT TR T L, 0°C T 30 20 US S ¥ 7. OSSR & iR L7214,
110°C C 15 BEfAINEGERE L=, SR eE EIRICRE L721%, 12 M HCl (6 mL)% /Il 2. T
5OMBSSE-%, n—F ) —2 /R L—F — T, B2 L. S on- Bk
% 1.5 M NaOH /K¥&#Z(20 mL) (2 fi# <8, CHCl; (4 x 20 mL) TH3iik L 7. A F%JE 12 NaxSO4
A TR U724, MLRSFClEL, BiRE e —% U —z R L — & — i, =
2SI D L A D E IR S 7-(2.83 g, Yield: 98%). 'H NMR (500 MHz, CDCl);
S/ppm: 7.67 (d, J= 8.0 Hz, 2H, Ph), 7.30 (d, J = 8.0 Hz, 2H, Ph), 3.21-3.29 (m, 4H, CH,), 2.87-
2.94 (m, 4H, CH,), 2.69 (s, 4H, CH>), 2.42 (s, 3H, CH3), 2.40 (s, 6H, CHs).

1,4-Dimethyl-1,4,7-triazacyclononane (18) D& !
100 mL A 7 7 A aZ[@dlfiz{% A, 17 (3.24 g 10.4 mmol)& Nz, JKIBIZR L.

Z DRSTEHRIT cone. HaSOs (15 mL) 2 N2, i ZEFE#L L7, 120°C T 36 REfHIINEL
B L7, ROGAgaex |iIRICRE L2, K2R L, 12 M NaOH /KR Z i B2 2 72
235 pH % 1012 L7z, #HTH L72 NapSOs & X v F = Tl L7212, & ® Na,SO4 % CHCl3
(5x40mL) THEVVIAATS., & 5H1Z, JEK%Z CHCL (1 x40mL) T L, AHEEIC NaxSOy
EMZTWAK LT, Xy F =Tl L. Eikeze—% ) — /KR L—% —CifE L,
HZEH R 5 & A MIRYE 23S 5 72(0.933 g, Yield: 57%). 'H NMR (500 MHz,
CDCls); 6/ppm: 2.65-2.71 (m, 4H, CH.), 2.50-2.57 (m, 8H, CH,), 2.41 (s, 6H, CH3).

2,6-Bis(V,N’-4,7-dimethyl-1,4,7-triazacyclonon-1-ylmethyl)-4-methylphenol  pentahydro-
chloride (HMesbcmp+SHCI, 20) DAk

300 mL 7 A7 7 A 2 |Z[als{ % AfL, 18(0.365 g, 2.32 mmol), 19 (0.215 g, 1.05 mmol),
EtN (0.34 mL, 2.44 mmol)Z il %, WiKEREHL L 7-%, 90°C CT—BuhlEGRIE L7z, X
SIS IR LIctk, Otsike n—4 ) —o 8K b— 7 — TR, B2 5
EHEDEENE L. ZNEFDED CHCLICHEFSE, 7VIF T L7 m~ b
27'Z 7 4 —(gradient CHCls/MeOH from 100/0 to 0/100) CHRLL, HIMINE L T D
7T varEfEbl. Iikn—F2 Y - oKL — 2 — TR L, BT 5 L
& O R Y E DS D AL T2 (2,6-Bis(N,N -4,7-dimethyl-1,4,7-triazacyclonon-1-ylmethyl)-4-
methylphenol (HMesbemp), 0.330 g, Yield: 70%). 'H NMR (500 MHz, CDCl3); &/ppm: 6.87 (s,
2H, Ph), 3.72 (s, 4H, CH), 2.84-2.89 (m, 8H, CH3), 2.63-2.69 (m, 16H, CH2>), 2.35 (s, 12H, CH3),
2.23 (s, 3H, CHs).
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FRRA SN FEAOIRME (.19 g, 2.67 mmol) % EtOH (27 mL), 12 M HCI (9 mL)IZ¥&
fR S, BAKERER L%, ERTEREE L. ROPETT 5 L, RGASTA
WL T\, KRiK A 0 —& ) —T 8K L— & — T, B2l 5 & Ao Ek
DS 5 H72(1.41 g, Yield: 84%). 'H NMR (500 MHz, D;0); 6/ppm: 7.39 (s, 2H, Ph), 4.21 (s,
4H, CH»), 3.10-3.79 (m, 24H, CH,), 2.94 (s, 12H, CH3), 2.34 (s, 3H, CH:;). Anal. Calcd. for
20+5H,0: C, 41.76; H, 8.55; N, 11.69. Found: C, 41.69; H, 8.83; N, 12.22.

THRESRNEER 1a DERR

20mL F A 7 Z A ={Z Hbemp6HCI (100 mg, 0.165 mmol) & A4L, Milli-Q /K(4 mL)IZIR
fif XH7=. conc. NaOH /KIS T pH % 12 IZ L72%%, CHCL(3*x5mL) Tk L7=. AHk
JEIZ NaxSO4 Z M2 THIAK L7214, XvTF=2HTETA MEBL, Erze—%1
— T NR L—Z — TR, BZEEENT 5 & AR E DS S 472 (Hbemp, 56.8 mg,
Yield: 88%). Z DOHIRHE %2 Milli-Q /K(10 mL)IZVEME &, Cu(Cl04)26H,0 (127 mg, 0.342
mmol)Z Milli-Q 7K(4 mL)IZIEME S S 7o KSR AN A 1o, WKREREH L%, 0.1 M
NaOH /KiA{R(4.36 mL, 0.436 mmol)Z Mz, LIZHLEH L. KSEKEn—4 ) —
TR b —Z2 —Z VTR L7ctg, B2 5 L RkEOEERIG LN, ZOFEIK
B a—7Ry 7 AZAI, MeCN (10 mL)IZIAfR S, f5 080 L7=%, EtO &k~
PEHCT 2 2 LI Lo THIfE SR X BSEMREAT IC 8 U 72 ik D R 2 1572(34.8 mg, Yield:
30%). ESIMS (H.O/MeCN m/z, positive mode). calcd for [1a — ClO4]": 633.11. Found: 632.93.
Anal. Calcd for [Cux(p-OH)bemp](ClO4)22MeCN<0.5 H,O: C, 35.30; H, 5.41; N, 12.53. Found:
C, 35.48; 5.50; 12.21. IR (KBr); ¥/em™": 35862864, 1613, 1479, 1458, 1375, 1082.

“HEESRDEEE 1b DARR

30mL A7 Z A 3Z[mlfii¥-, Hbemp+6HCI (32.3 mg, 0.0530 mmol)% Afl, Milli-
Q KQ mL)IZIEME S 7. Z OEIRIZ 1.5 M NaOH KA Z M2 W&, pHZ 71CL
7. ZOWRE, Milli-Q /K2 mL)IZIEfE X H72 Cu(ClO4)2*6H,0 (50.1 mg, 0.135 mmol) D
WA, 5y L. A U7z BER 28 L= Cidod L, =284 5 Lk
DEEZET-. Z DE{A%Z MeCN/EtOH = 1/1 DIEHR (4 mL)IZIRME S8, ELO & RIRHLAHL
T 52 EICE o C, B XA SERETICHE L 72k O B K 2 15 7-(11.9 mg, Yield: 31%).
ESI MS (H:O/MeCN m/z, positive mode). calcd for [1b — Cl1O4]": 651.08. Found: 650.89. Anal.
Calcd. for [Cua(pn-Cl)becmp](ClO4)2eMeCN: C, 34.88; H, 5.09; N, 12.38. Found: C, 35.00; H, 5.14;
N, 12.20. IR (KBr): #/cm™! = 3620-2872, 1614, 1476, 1446, 1354, 1103.
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TRESADSEER 2 DA R

20 mL A7 7 A =2 20 (99.0 mg, 0.222 mmol)& AL, Milli-Q /K(2 mL)I\ZIEfME &+
72. 1 M NaOH /KI&E# Z FIVWC pH % 12 {2 L72%%, CH.CL (3 x 5SmL) Tk L7=. Hi
JEIZ NaxSOs M2 THAK L=, XvF=TEIA MEBL, Bkt o—4% 1) —xN
L — X — TR, BT 5 RGO E 235 5 L7z (HMesbemp, 34.6 mg,
Yield: 80%). = OHARYE % Milli-Q /K/MeCN =25/1 DIFIE(10 mL)IZIAfR S E, Z O
#Z1Z Cu(Cl04)2*6H,0 (68.5 mg, 0.185 mmol) % Milli-Q 7K (2 mL)IZ ¥ i S 7= KRR % I 2.
7. WiAEEFRER L7-1%, 0.1 MNaOH /KA (2.32 mL, 0.232mmol) & %, LIEH <18
L7z OGEkEa—42 ) —x R b— 2 — Tl L, BEZEME S8 5 Lk fER
Gz, ZOBEEE 7 a—T7 Ry 7 AZAIL, MeCN (5 mL)IZiaEffE <&, &5 iE L7z
%, EtO SHRAHLECT 2 2 L2k - T, HfSeh X BEIEMATIO6E L - fkE o B 215
72(94.3 mg, 52%). ESI MS (H,O/MeCN m/z, positive mode). calcd for [2 — ClO4]": 689.17.
Found: 689.04. Anal. Calcd for [Cux(p-OH)Mesbemp](ClO4)2*MeCN2H,O: C, 37.46; H, 6.17;
N, 11.33. Found: C, 37.72; H, 6.26; N, 11.08. IR (KBr): #/cm ™' = 3613-2868, 1614, 1481, 1472,
1431, 1366, 1082.

T EESIADSEER 3 DA R

20 mL " A 7 F A 22{Z Hbee*8HCI (0.200 g, 0.260 mmol)Z AL, Milli-Q 7K(6 mL)IZIR
fif SH7-. 1 M NaOH /KiEiE % VT pH % 712 L=, Milli-Q /K(2 mL)IZiAfE <87
Cu(Cl04)2*6H,0 (0.241 g, 0.650 mmol) DK HE & %, 1 M NaOH /K&K % VTR pH
TSI LT, ZOWHRIZDEDO NaClos =Nz, v—# U —x /3R L —& — ClRkE
L7z, Bon=Faom K% 0ED MeOH (ZIEfE S, ELO ERIRIERT 5 Z &1C &
o CTHfE M X MEEMITICHE L7-F aOEKR 24720119 g, Yield: 50%). ESI MS
(H,O/MeCN m/z, positive mode). calcd for [3 — ClO4]*: 801.14. Found: 801.12. calcd for [3 —
2Cl104]**: 351.10. Found: 351.08. Anal. Caled for [Cuzbec](ClO4);*MeOH<H,0: C, 32.52; H,
5.67; N, 11.67. Found: C, 32.46; H, 5.41, N; 11.81. IR (KBr): W/cm™' = 3620-2938, 1616, 1470,
1441, 1381-1306, 1099.

2-5-3. Hbemp, HMesbemp, Hbee DESTERIBRRIZISIT 5 pH Bk & 53 FHIRIE

BBCNET-(0.5 mM) B2 OF Cu(ClO4)226H,0 (1.0 mM) % Milli-Q 7K (2.0 mL)IZIfifE S8, 2 i
BT ANTZ. ZOEKROIRE % 25°C 12 H7223 5 NaOH (0.05 M)A F LT\ &,
ZDOBED pH Zfb% pH A —% —T, £7E AT MV KONESI MS A7 hLE %
NEHIE LT,
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2-5-4. IR EHNBAEJATCO)HIE

ITC M1, Malvern £1:84 MicroCal Isothermal Titration Calorimeter VP-ITC % F\V 7-.
Bz, 33mer AU = HEHH DNA (25 uM), FEEIFIE(MES, 10mM), NaCl (10 mM) & 722
HEDICHRB Umsik 2 N A2 1=, 20 220, A8EA(1.0 mM), FEEETIR(MES, 10 mM),
NaCl (10 mM)DIEHE 2 Nz 7=. 37°C 123\ T DNA IRIK I &SRR A 25 [B](10 pL/[E])
Mz, ZOBRIRETHEEZRE L. BFohleT =21 baREVEZ 5%, ORIGIN
V7N =T & W THRT LT,

2-5-5. DNA BIir 528k

BEERDOINIKSEH) DNA BIBENEIEL, pUCL9 DNA Z vy, 74 o — R F LEATK
EEIC K > CRMEE L 72, 1.5mL = » X2 F = —7|Z NaCl (10 mM), buffer (pH 5.0, 5.5, 5.9,
6.0 (MES), 7.4 (Tris-HCI), 8.2 (TAPS), 10 mM), pUC19 DNA (0.05 mM bp), complex (10 pM)
LD X IR L2 R E Nz, 37°C OREFTCA v FaX— a3 L7 0,1,2,5,10
RFfR IS > 7L 28 L, loading buffer (0.025% bromophenol blue, 0.025% xylene cyanol
FF, 1.0 mM EDTA and 30% glycero)Z W TS Z 7 = F L. &Y 7% TAE
buffer (Tris/acetate/EDTA) & AWV TIERL L72 1% 7 e —R 7 vize—7 47 L, 100V
THI 1 BB S IKEN 21T o 72, £ D&, EtBr Yt % 1 BEEfTV>, Vilber Lourmat ECX-20-
M ZHAWTH AN RERE Lz, )5 L7230 K%, Form [ OYAiEEA 1.06 %
vy, Image] Y7 b7 =TI X o THT 21T 72,

2-5-6. 1a ™ DNA HIMTFHEER

1.5 mL = v~ F = — 72 NaCl (10 mM), buffer (pH 5.0, 5.5 (MES), 10 mM), pUC19
DNA (0.05 mM bp), DAPI or methyl green (5, 10, 50 uM) & 72 % X 5 IZFHEL L 7= iRk &2 0 %,
37°C DRI C IR 7 LA v F ax_X— g v Lin. 2 OWIKIC 1a DR 10 uM
2B L DTN, 37°C DIFFTICA v FaX—Ta v Lz, ZO#%OFIEIL DNA Yl
FERICGEH LB O LRETH D.
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Figure S2-1. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) (A) in the ab-

sence of complex, (B) in the presence of 1a, and (C) in the presence of 1b, respectively. (a)
pH 5.0 (MES), (b) pH 5.5 (MES), (c) pH 5.9 (MES), (d) pH 6.0 (MES), (e) pH 7.4 (Tris- HCI),
and (f) pH 8.2 (TAPS). Lane 1: DNA control; lane 2: DNA with Hind III; lane 3—7: corre-

sponding to the time of 0, 1, 2, 5, and 10 h, respectively.
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Table S2-1. Fraction of Form I, Form II, and Form III formed without dicopper complex,

and in the presence of 1a and 1b

Complex None la 1b
Time Form I Form II Form III Form I Form II Form IIT Form I Form II Form III
pH () (%) (%) (%) (%) (%) (%) (%) (%) (%)
0 98.1+0.3 19+0.3 - 97.3+£0.6 2706 - 97.6£0.5 24+05 -
1 97.3+0.2 27+0.2 - 83.6+09 16.4+0.9 - 81.3+1.1 18711 -
5.0 2 97.1+0.3 29+03 - 61.5+0.2 385+0.2 - 57.9+0.1 421+0.1 -
5 96.1+0.3 3.9+03 - 23.6+1.6 764+16 - 236+14 76.4+1.4 -
10 94.2+0.5 58+05 - 8419 91.6+19 - 85%0.7 91.5+£0.7 -
0 97.5+0.4 2504 - 975+£0.3 2503 - 97.7+£0.1 23%0.1 -
1 97.2+0.1 28+0.1 - 929+0.3 7103 - 91.5+£0.3 85+0.3 -
5.5 2 96.7+0.2 3.3+0.2 - 84.6+£0.2 154+0.2 - 81.9+0.2 18.1+0.2 -
5 96.1+0.7 39+0.7 - 58.4+0.8 41.6+0.8 - 58.4+19 416+19 -
10 95.4+0.0 4.6+0.0 - 35315 64.7+15 - 37.0+3.6 63.0+3.6 -
0 98.5+0.3 15+0.3 - 98.2+1.3 1.8+13 - 97.7+1.0 2310 -
1 98.3+0.2 1.7+£0.2 - 95.7+0.2 43+0.2 - 94.8+£0.7 52+0.7 -
5.9 2 97.8+0.6 22+06 - 91.4+0.3 8.6+0.3 - 91.1+£1.0 89+1.0 -
5 97.1+£0.2 29+0.2 - 76.7+1.6 233+16 - 785+1.8 215+18 -
10 96.7+0.6 3.3+0.6 - 575+4.2 425+4.2 - 57.5+13 425+13 -
0 97.9+0.6 21+0.6 - 97.6+0.4 24+04 - 97.2+0.1 28+0.1 -
1 97.6+0.4 2404 - 96.4+£0.3 3603 - 95.6 £0.5 44+05 -
6.0 2 97.0+0.4 3.0+04 - 94.0+0.2 6.0+0.2 - 92.1+£0.5 79+05 -
5 96.8+0.3 32+03 - 83403 16.6 £0.3 - 83.2+£0.9 16.8+0.9 -
10 95.3+0.5 4.7+05 - 67.0+2.2 33.0+22 - 65.1+1.9 34919 -
0 98.6 0.6 14+0.6 - 98.3+0.0 1.7+0.0 - 97.8+0.1 22+01 -
1 98.2+0.7 1.8+0.7 - 98.0+0.2 20+0.2 - 97.3+0.2 27+0.2 -
7.4 2 98.0+0.8 2008 - 97.7+0.4 2304 - 96.9+0.1 31+01 -
5 97.8+0.8 22+08 - 97.0+£0.2 3.0x0.2 - 96.9+0.1 31+01 -
10 97.3+0.9 2709 - 96.3+£0.2 3702 - 96.6 £0.1 3401 -
0 98.5+0.6 15+0.6 - 97.8+0.2 2202 - 98.2+0.3 18+0.3 -
1 98.3+0.5 1.7+05 - 97.6+0.2 2402 - 97.8+0.4 22+04 -
8.2 2 97.9+0.6 21+0.6 - 97.6+0.2 2402 - 97.2+0.0 28+0.0 -
5 97.6 £0.5 2405 - 97.0+£0.2 3.0x0.2 - 97.1+£0.0 29+0.0 -
10 96.6 £0.7 3407 - 96.4 £0.6 3606 - 95.8 £0.6 42+0.6 -
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Figure S2-2. (A) Agarose gel electrophoresis of pUC19 DNA (50 uM bp) in the presence of
1a (50 uM) and H,O.. (a)—(f) corresponded to H>O, concentrations of 0, 100, 200, 300, 400,
and 500 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lane 3—7: corre-
sponding to the time of 0, 1, 2, 3, and 5 h, respectively. (B) Agarose gel electrophoresis profile
of pUC19 DNA (50 uM bp) in the presence of 1a (10 uM) and NaNs3 or DMSO. (a) NaN3 (100
uM), (b) DMSO (100 uM). Lane 1: DNA control; lane 2: DNA with Hind III; lane 3—7: cor-
responding to the time of 0, 1, 2, 5, and 10 h, respectively.
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Table S2-2. Fraction of Form I, Form II, and Form III formed with 1a (50 pM) in the pres-

ence of H,O; at pH 6.0
H,0, Conc. (pM) Time (h) Form I (%) Form II (%) Form III (%)

0 97.7+0.4 23+04 -

1 945+05 55+05 -

0 2 90.1+0.9 9.9+09 -
3 86.1+0.6 139+0.6 -

5 77.9+09 221+09 -

0 96.6 +0.3 34+03 -

1 94.0+0.5 6.0+05 -

100 2 89.3+0.8 10.7+0.8 -
3 85.2+0.9 148+0.9 -

5 76.6+1.1 23411 -

0 96.9+0.5 3.1+£05 -

1 93.9+0.9 6.1+09 -

200 2 89.9+17 10.1£1.7 -
3 84.1+23 159+23 -

5 744 +4.1 25.6+4.1 -

0 96.8+0.4 32+x04 -

1 939+0.4 6.1+04 -

300 2 89.3+04 10.7+0.4 -
3 84.0+17 16.0+1.7 -

5 73.9+46 26.1+4.6 -

0 96.8+0.3 32+03 -

1 95.1+0.3 49+0.3 -

400 2 89.5+04 105+0.4 -
3 86.2+1.2 138+1.2 -

5 780+22 22.0+22 -

0 97.4+0.1 26+0.1 -

1 94.6 +0.4 54+04 -

500 2 90.3+0.2 9.7+0.2 -
3 85.6+29 144+29 -

5 76.5+35 235+35 -
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Table S2-3. Fraction of Form I, Form II, and Form III formed with 1a in the presence of

NaN; or DMSO at pH 5.0
Compound Conc. (pM) Time (h) Form I (%) Form II (%) Form III (%)
0 95.7+04 43+04 -
1 84.2+0.6 158+0.6 -
NaNj; 100 2 63.3+0.8 36.7+0.8 -
5 26.2+04 73.8+0.4 -
10 9.2+05 90.8+0.5 -
0 954+0.3 46+0.3 -
1 83.1+0.3 16.9+0.3 -
DMSO 100 2 60.8+0.7 39.2+0.7 -
5 24011 76.0+1.1 -
10 76+06 92.4+0.6 -
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Figure S2-3. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 1a (10 uM) and (A) DAPI, and (B) methyl green, respectively. (a)—(d) corresponded to
DAPI or methyl green concentration of 5, 10, 20, and 50 uM, respectively. Lane 1: DNA

control; lane 2: DNA with Hind III; lane 3—7: corresponding to the time of 0, 1, 2, 5, and 10

h, respectively.
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Table S2-4. Fraction of Form I, Form II, and Form III formed with 1a in the presence of

DAPI and methyl green at pH 5.0

Compound DAPI Methyl green
Conc. Time Form I Form II Form III Form I Form II Form III
(M) (h) (%) (%) (%) (%) (%) (%)
0 98.5+0.0 15+0.0 - 96.6 £0.5 3405 -
1 79.8+£0.5 20.2+0.5 - 759+16 241+16 -
5 2 60.1+1.4 399+14 - 57.4+23 426+23 -
5 31.8+0.8 68.2+0.8 - 29.4+3.0 70.6 £3.0 -
10 11.8+0.2 88.2+0.2 - 125+1.1 87511 -
0 97.8+0.2 22%0.2 - 96.8 0.3 3203 -
1 85.6+1.7 14.4+1.7 - 87.6+1.2 124+12 -
10 2 69.7+1.3 30.3+1.3 - 73.7+£23 26.3+23 -
5 447+0.1 55.3+0.1 - 46.2+1.6 538+16 -
10 25.4+0.2 746+0.2 - 255+1.0 745+1.0 -
0 97.6+0.9 2409 - 97.3+£0.2 2702 -
1 94001 6.0+0.1 - 94.1+0.1 59+0.1 -
20 2 86.8 0.3 13.2+£0.3 - 87.1+0.2 129+0.2 -
5 68.6+2.2 31422 - 66.8+0.0 33.2+0.0 -
10 526+1.6 474+16 - 49.0+0.2 51.0+£0.2 -
0 97.2+0.6 28+0.6 - 98.2+0.2 1.8+0.2 -
1 97.0+04 30+04 - 96.6 £0.3 3403 -
50 2 95.1+0.1 49+0.1 - 94.7+0.1 5301 -
5 89.6+0.2 10.4£0.2 - 84.0+0.9 16.0£0.9 -
10 855+1.2 145+12 - 62.4+0.5 376+05 -
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Figure S2-4. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of (A) 2 and (B) 3, respectively. (a) pH 5.0 (MES), (b) pH 5.5 (MES), (c) pH 5.9 (MES), (d)
pH 6.0 (MES), (e) pH 7.4 (Tris-HCI), and (f) pH 8.2 (TAPS). Lane 1: DNA control; lane 2:
DNA with Hind III; lane 3—7: corresponding to the time of 0, 1, 2, 5, and 10 h, respectively.
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Table S2-5. Fraction of Form I, Form II, and Form III formed in the presence of 2 and 3

Complex 2 3
Time Form I Form II Form IIT Form I Form II Form III
W %) %) %) %) %) %)
0 97.7+0.5 2305 - 96.9+0.3 31+03 -
1 97.4+0.5 2605 - 94.1+0.6 59+0.6 -
5.0 2 96.9+0.1 31+01 - 88.0+0.4 12.0+04 -
5 95.6 0.3 44+0.3 - 56.8+1.8 43218 -
10 92.7+0.7 7307 - 18.3+0.9 81.7+0.9 -
0 98.5+0.1 15+£0.1 - 98.0+0.2 20+0.2 -
1 97.9+0.3 2103 - 96.2+0.5 3.8+05 -
5.5 2 97.2+0.1 28+0.1 - 94.1+0.3 59+0.3 -
5 96.6 £0.3 34+03 - 79.0+3.4 21.0+34 -
10 946+0.3 54+03 - 489+3.2 51.1+3.2 -
0 98.4+0.0 1.6+0.0 - 97.3+0.7 27+0.7 -
1 97.7+0.4 2304 - 96.8 £0.6 32%0.6 -
5.9 2 97.3+£0.2 27+02 - 95.4+1.0 4610 -
5 97.3+0.3 27+03 - 86.2+0.2 13.8+0.2 -
10 96.0+0.3 40+0.3 - 69.0+£0.7 31.0+£0.7 -
0 98.1+0.0 1.9+0.0 - 98.5+0.1 15+01 -
1 97.2+0.3 2803 - 96.5+0.2 35%0.2 -
6.0 2 96.9+0.2 31+02 - 96.4+£0.2 36%0.2 -
5 96.6 £0.4 3404 - 89.7+£0.6 10.3+0.6 -
10 949+15 51+15 - 749+0.3 251+0.3 -
0 97.8+0.2 22+02 - 97.7+0.5 23+05 -
1 97.6+0.2 24+0.2 - 97.6 £0.6 24+0.6 -
7.4 2 97.5+0.1 2501 - 97.2+0.2 28%0.2 -
5 97.5+0.1 2501 - 96.7£0.1 33%0.1 -
10 96.6 £0.1 3401 - 95.2+0.2 48+0.2 -
0 97.8+0.4 2204 - 98.2+0.1 18+0.1 -
1 97.8+0.3 22+03 - 97.8+0.4 22+04 -
8.2 2 97.5+0.4 25+04 - 975+0.3 25+0.3 -
5 97.3+0.4 2704 - 97.3+£0.3 27%03 -
10 97.0+0.3 3.0+03 - 96.3+0.1 3701 -
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E=EF : p-cresol H5FE S 1= amide-tether BERHIFD R
$E{A(- &k 5B 1EAY DNA Y18, n-1,1-hydroperoxo species D4R, K
Uil =

3-1. B

UTAE, ERL/KSRIC L D ERLA) DNA Gl 2 (et~ 25 4 mEs A3 DNA Z i L T2
AR % TR R = A~NE IR AAIE LTI STV D, F E Tk 91,
4 1% p-cresol FHEARTH 5 methylene-tether B 1 Hbee O _EZ#AINEEA[Cua(bee)**
Q)R L AKFEIZ L D DNA UM 2 L7anw 2 & 2 L Lo, RIF9E T, Fx i3 p-
cresol 7> B FHE X 415 Hi7- 72 amide-tether HUELZ 1~ 2,6-bis(1,4,7,10-tetraazacyclododecyl-1-
carboxyamide)-p-cresol (Hbcamide) % &3k L7=. & D _#ZH(IN)EE AR [Cua(u-OH)(bcamide)]**
@DEARL, B X BEEMATO 2 220 0 EIC K-> THEEZ I B 2T L.
PR 4 1%, pH 6.0-8.2 DT, I LK FF(E R TA—/3—a (/L 7T XX FpUC19
DNA (Form 1) DO E&{LAIEIT 2 (£ L, nicked DNA (Form II), linear DNA (Form III){Z 25 4
L7z, &7z, ZOUKBISIE pH 8@ W EEICRE <IMES Tz, B 2250t ilE
IZX Y, 413EEREKSE & DKEGT p-1,1-hydroperoxo species 4% L, Z 4125 DNA @
FRLUIMNC B T D EEOIEMFTH L Z L 2B 6T Lz, & 51T, amide-tether §5{4 4
7% methylene-tether & 3 & bbfk L C HeLa MifRicxt LT L0 @mWillamtt s LX4 2
Ex LT,

Yuki Kadoya, Katsuki Fukui, Machi Hata, Risa Miyano, Yutaka Hitomi, Sachiko Yanagisawa,
Minoru Kubo, and Masahito Kodera “Oxidative DNA Cleavage, Formation of p-1,1-Hydrop-
eroxo Species, and Cytotoxicity of Dicopper(Il) Complex Supported by a p-Cresol-Derived
Amide-Tether Ligand” Inorg. Chem., 2019, 58, 14294—14298.
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3-2. WS

DNA EHEALZY, ZhzEULED LT, ZOEMEYIFDHBAAR E L TR
7R BEEIRD AT ST E 2L KR, BRIRFIH STV S cisplatin? 0% OFFERTH
% oxaliplatin®®!, lobaplatin®!, nedaplatin®73 & ® [H4(I)#&K X DNA &5 < #5545 L C DNA
BRE LS, WAMIE 7 R b= AELS Z LI XV IR AEEEZ R T Z LA b
TNDEL UL, ZoXA TOHENAANE, T, B L Vo 734 72 BIER
R BTN A DOFBL: EOBLE) L, HEGIROMESENMHEL D0 Zhs &
IXER B2 A TOHDRAKID 1 DT VAL LD, TLA~A 0%, EH
DNA (ds-DNA)Z GJlr L THLAS ANEME A2 7r 7 Bl Z 4%, amide donor % & e 1LJH D 4R
FEAMMER L TND., T Ld~A ¥ OSKADEEARIZER S 5 -l bk 5 2 15T L
L T Fe(Il)-OOH (activated bleomycin, ABLM) % fE 79" 5. Z @ ABLM MEMHFEL 720,
DNA DOFERAL DK 2 BEEES| Z P C HEH DNA Z(br0ictilr L, i AdEtE%
R EHRESNTODOL LLans, Trd~A v rbEi, EMCE-s CTEHAT
% & iz g A AR gL

DA ORUINEREE X, IEF MM & bl L CRREIC R 5 Z E R T A0, 23
ARSI DRFED 15 & LT, mERfb/KkE % & Tl (reactive oxygen species, ROS)
DPLEEMIEH AN O & il L TEWZ ENET 5500, Zhid, FITAAMK
WO Fary RUTREICL> TEIEEZ SN THBWL 65T, AAMIEAN TR
B L TV 5l b KR 2 TEMEAL T 2 @RS R 0BT 2 TE U, BITER O 720 Hihs A
FIOBRICENR D AREMERH SH. 2k T, g, gk, Zhn o4 mieez fuv
722 < OEJESEIRN (L) DNA G &2 (2t 2 & v 9 #E2 & 5 (Chart 3-1). L L,
NSO, 3-ANIT N u AR L T e DR LA R —
JLIseA 57 2 L B gty DR LA A S BICKELE 5. 20T, EmiR{bk
DI THEALE DNA BIK 2 ik 4~ 5 & mESR OB RN HEm < RO LTV 5.

Chart 3-1. Metal complexes which promote oxidative DNA cleavage
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BTN X 91T, Fxld p-cresol 7538 4A methylene-tether B 1 Hbee O 144
(IDEER[Cua(bee)](Cl04)s (3) (Chart 3-2) K OB 9~ 2 “IZSRAIDEEAAY, pH 5-6 (2B T
K3 fR) DNA S0l 2 e~ 2%, (b k3R 2 bl & 9% DNA DOER{biilrid4
SHME LT & 23 L7, ARBFSE T, 32 1387212 p-cresol #FEARBUL - Th
% 2,6-bis(1,4,7,10-tetraazacyclododecyl-1-carboxamide)-p-cresol (Hbcamide)Z Ak L, % @
TRZSRD) SR [Cuz(p-OH)(beamide)](Cl04): (4) (Chart 3-2)2NZ ITHIZEFE FIZHWT, 1
FRbKSRIT & - THe(ki) DNA Bl 2 K& <ImE+ 2 2 & &2 i L7z,

Chart 3-2. Chemical structures of 3 and 4

_|3+ _|2+

0 0
’d
(\(‘N o. NAJ (\(~N o. nNATJ
HNE A 7\ _NH HNE 7\ _NH
HN=Cd Culy <H’N—Cu Culy
ON N g N No” N §
$<H H $<H H H "
3 4
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3-3. fRLEL
3-3-1. ZEESRAADSEERDERR

RS CTHER U7z BB Hbee & Hbcamide 1%, p-cresol D 2,6 iLlZ~_> & > |
H: & LT 2 DD tetraazacyclododecane (cyclen)%, % #U% 4L methylene tether (~CH>—) ¥ 72
I% amide tether (-CO-) T A L 741 % Ff->(Chart 3-3). Hbec B 1 & OV O I8R5
{R[Cua(bee)|(Cl04); BT, & _E TIRAR7=HF1ETHAL L7217, Hbcamide Bz 1 & OV D
R HEE R Cua(n-OH)(bcamide)|(ClOs), (ITFHULAEM TH U, KREHF S H THEDHE
BRFNEICE> TR LTz,

Chart 3-3. Chemical Structures of Hbce and Hbcamide

(o) o]
HN(<:N OH N’/v\N,H H€N\N OH N—-/QH
N
Hbcc Hbcamide

amide-tether _EZHI(IDEEETH 5 4 1%, HEME X FAEEHEITIC X VG Z R E L.
Figure 3-1 |Z 3, 4 ® ORTEP [X], Table 3-1 |[ZfERIEEOFEM, Table 3-2 (2 %8R D
T EERE & KA A AR

(A) (B)

Figure 3-1. ORTEP diagrams of each cationic part of 3 (A) and 4 (B). Hydrogen atoms are omitted
for clarity.
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Table 3-1. Crystallographic data for 4

Empirical formula C27H37.33Cl1.33CU1.33N5 3309 32
Formula weight 717.73
Temperature (K) 93

Wavelength CuKa (1.54187 A)
Crystal system Triclinic
Crystal size (mm?) 0.20 x 0.10 x 0.10
Space group P-1
a(A) 15.8538(3)
b (A) 18.0557(3)
¢ (R) 20.2809(4)
o (deg) 97.232(7)
B (deg) 100.374(8)
v (deg) 115.625(8)
Volume (A?) 4683.9(4)
Z value 6
Density (calculated) 1.527 g/lcm?®
Absorption coefficient 2.795 mm™
F(000) 2235.0
R19, wR2Y 0.0729, 0.1816
GOF index 1.041

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

Cu(1) *** Cu(2) :
Cu(1l) - N(2):
Cu(l) - N@3):
Cu(l) - N(4):
Cu(2) — N(6) :
Cu(2) - N():
Cu(2) - N(8):
Cu(l)-0(1):
Cu(1)-0(2):
Cu(2) - 0(1) : 2.012(4)
Cu(2) - 0(2) : 1.934(4)

3.0471(11)
2.031(5)
2.030(5)
2.333(5)
2.359(5)
2.038(5)
2.014(4)
1.985(4)
1.929(4)

Cu(3) *+* Cu(4) : 3.065(1)
Cu(3) - N(10) : 2.021(4)
Cu(3) - N(11) : 2.060(5)
Cu(3) - N(12) : 2.310(5)
Cu(4) - N(14) : 2.371(5)
Cu(4) — N(15) : 2.046(5)
Cu(4) - N(16) : 2.012(5)
Cu(3) - O(5) : 2.016(4)
Cu(3) - O(6) : 1.907(4)
Cu(4) - O(5) : 2.025(4)
Cu(4) - O(6) : 1.914(4)

Cu(L) - O(1) — Cu(2) : 99.36(16)
Cu(L) - O(2) - Cu(2) : 104.15(18)
O(1) — Cu(1) — N(2) : 95.86(17)
O(1) — Cu(l) — N(3) : 161.45(18)
O(1) — Cu(l) — N(4) : 114.29(16)
0(2) — Cu(2) — N(6) : 84.73(17)
0(2) — Cu(2) — N(7) : 92.31(18)
0(2) — Cu(2) — N(8) : 166.50(18)
O(1) — Cu(2) — N(6) : 109.64(16)
O(1) — Cu(2) — N(7) : 164.20(18)
O(1) — Cu(2) — N(8) : 100.37(17)
0(2) — Cu(1) — N(2) : 158.05(18)
0(2) — Cu(1) — N(3) : 92.47(18)
0(2) — Cu(1) — N(4) : 90.70(17)
O(1) — Cu(l) — O(2) : 78.55(15)
O(1) - Cu(2) — O(2) : 77.80(15)
N(2) — Cu(L) — N(3) : 86.42(19)
N(2) — Cu(L) — N(4) : 110.77(18)
N(3) — Cu(L) — N(4) : 81.69(17)
N(6) — Cu(2) — N(7) : 81.27(18)
N(6) — Cu(2) — N(8) : 108.29(18)
N(7) — Cu(2) — N(8) : 86.35(19)
wCu(1) = 0.057
wCu(2) = 0.038

Cu(3) — O(5) — Cu(4) : 98.65(16)
Cu(3) — O(6) — Cu(4) : 106.63(18)
O(5) — Cu(3) — N(10) : 96.42(17)
0(5) — Cu(3) — N(11) : 162.29(17)
0(5) — Cu(3) — N(12) : 113.64(16)
0(6) — Cu(4) — N(14) : 86.62(17)
0(6) — Cu(4) — N(15) : 92.90(18)
0(6) — Cu(4) — N(16) : 164.12(18)
O(5) — Cu(4) — N(14) : 110.81(16)
O(5) — Cu(4) — N(15) : 163.62(18)
O(5) — Cu(4) — N(16) : 99.53(17)
0(6) — Cu(3) — N(10) : 156.61(18)
0(6) — Cu(3) — N(11) : 93.17(17)
0(6) — Cu(3) — N(12) : 91.95(16)
0(5) — Cu(3) — O(6) : 77.52(15)
O(5) — Cu(4) — O(6) : 77.14(15)
N(10) — Cu(3) — N(11) : 86.16(18)
N(10) — Cu(3) — N(12) : 111.00(17)
N(11) — Cu(3) — N(12) : 81.35(17)
N(14) — Cu(4) — N(15) : 81.11(18)
N(14) — Cu(4) — N(16) : 108.91(18)
N(L5) — Cu(4) — N(16) : 86.48(19)
Cu(3) = 0.095
tCu(4) = 0.008




BEIR 4 TIL, 2 DOHIANA A 23 1 DORNEMED u-OPh Z244E & 1 DDA E D u-OH
K& & L (T beamide BN FIZHLAGAENTE Y, TNENOHA A 13X F 2 M
? cyclen @ 3 DDZEFHEJFF KT u-OPh-u-OH % ﬁ@ 2 DOMERIFE AT L - T HEfE
EEEHR L TWD Z ERALNT -T2, — 5, BETHIRARZ L H1T, 3 TiE~»
Z NEED cyclen D 4 SDDOEFF 1L W.@@ u-OPh ZEA& 12 & - T 5 Bl 2 T Ak
L CEMNZAEFN & 72 0, FMRIPE D pu-OH ZEAGIZAFAE L 72\ . 4 D CueseCu REIHRHEIT 3.047(11)
ATHY, 3D3878(1) A L L THW. Ziuk, 4 725 p-OPh-u-OH O " HEE
BICERT D, b0 Z 0, tether DFJEIC L > TZ DXL 5723 & 4 OEM IS
DPEFEIENNBIND Z NS,

3-3-2. AKBEEHFITEIT 2 ZRE#H L oES

KEEEFIZHBT D 4 OWEIT, 2EFRIRNEIC LV IRE Sz, KIEKRPIZRITS 4
? ESIMS A7 kL% Figure 3-2 |27~ H &ML 745 ICHBL L 72 ' — 7 1, [bcamide
+2Cu(I) +OH+ CIOs] IZIRBTE 5. ZHUE, KHIZEWT 4 73 p-OPh-p-OH Z84E % e
FELTWHZEERLTWA. 4 DFEF ALY b(Figure 3-3) T, HO & O OPh /5
AN A A > ~D LMCT N> RIZIRETE % 326 nm, 390 nm OFHEAI 23 RERL
oo ZHONRY RIE, ZivE TICHlds S-BiEd % p-OPh-u-OH - HZE4E D k%4
(IDFEAR TR S 72 340-400 nm @ LMCT 23> R EHERLL TWAITBL F 7= 4 OKIRIK

L A9
PeS N

a HNQN o\ M \ln HNQN / N W
@—fm\ /C‘{w'q <2N—/Cu P qﬁ
SR N b G Y

A 1[&&
322 324 326 745 750

label m/z
a [beamide + 2Cu(Il) + OH]**=323.02

l b [beamide + 2Cu(Il) + OH + ClO4]" = 744.97

200 400 600 800 1000 1200 1400
m/z

Figure 3-2. ESI MS spectrum of 4 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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14 —— in Milli-Q

in MES  (pH 6.0)
1.2 in Tris-HCI (pH 7.4)
—— inTAPS  (pH 8.2)

1.0
0.8
0.6
0.4
0.2
0.0~

326 nm

Absorbance

643 nm

| | L
400 600 800
Wavelength (nm)
Figure 3-3. Electronic absorption spectra of 4 in aqueous solutions at pH 6.0 (MES) (green), pH
7.4 (Tris-HCI) (pale blue), and pH 8.2 (TAPS) (purple) at room temperature. [4] = 0.25 mM.

1, MES Ki&EHES, Tris-HCl K&+, TAPS 7ki*irfitlﬂ@%h%“2m ZBWT, UV-vis A
A7 MVEELKFE—ThD Z LD, 4 OREEITREROFEIZITEIN NI RN
7~ S A7z (Figure 3-3).

3-3-3. ZEESRANSER DER{LAY DNA BIETIE M

BEIK 3,4 7 U 72 DNA G 9EBRI%, A —/3—=a AL R7*Z 23 K pUC19 DNA (DNA
Form)Z®E & L THEMH L, pH6.0-8.2 DEMHT, 37°C Tfi-7. FormL I I 1%, %
NENA—R—a3A L NIR, | REEIErOBRIR, 2 RO EFIL DNA 27577, 2
O OAEREIT, T — AT )VEKKENEIZ X > Toth - & Lz, if2{b/K3E (0.5 mM)
FET, pH6.0 12T % 3 & 4(50 uM)?D DNA B £ER (23U T, Form1 DE|A % B
2L C7m w b L2 % Figure 3-4 (2”9, F£72, ZhbHDERIC Téff/wéﬁ\&

W DOFEM 727 — & % Figure S3-1, S3-2 & O Table S3-1, S3-2 (2~ d~. 1@EA{L/KFRIFE T
(23T % methylene-tether 54 3 12 X %5 Form 1 OUIErEIA I, ﬁﬁﬁﬂﬂk%#ﬁf? Sl B3
EAEFRLThoTo. 1E-TC, 31%, WEb/KFEIC K 2E{bAY DNA Bl 4 4 < Ak L

RN ERB LMo T, ﬁ%ﬁi 312K % Form I oYL, B THR~7HED,

K53 f#H) DNA Bl ¢ 207, —J5, MRt /KFEFFE T, amide-tether $51K 4 | Form
I DY & K& < JE U 7= (Figure 3-4). Z @ 412 X % DNA UIWr I Lrur <& v,
IR RGN TIL v, Ail7e H1F, MRS fRR) DNA BIWEEIL, 3 & 4 TIEE A LT
U T® Y (Figure 3-5), 72, B {bL/KFEAFAE T T 4 ORISTHARL L7 Form Il % T4 DNA
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100,

80 ]
2 —e-3
< 80r —o—4
S
< 401
Z
a)
20+
0 , I . \ ‘ ]
0 100 200 300

Time (min)
Figure 3-4. Time courses for the decrease of percent of Form I upon reaction of pUC19 DNA (50
uM bp) with 3 (red) or 4 (purple; 50 uM) in the presence of H,O, (0.5 mM) at pH 6.0 (10 mM
MES, 10 mM NaCl) at 37°C.

100‘%
80+
S
= anl -3
£ 60 -4
T
< 40_
pd
&)
20+
0 I | L | L
0 100 200 300

Time (min)
Figure 3-5. Time courses for the decrease of % of Form I upon reaction of pUC19 DNA (50 uM

bp) with 3 (red) or 4 (purple) (50 pM) in the absence of H>O, at pH 6.0 (10 mM MES, NaCl) at
37 °C.

74



Lane 1 2 3 4

Form I
Form IIT
Form I
Form 1 Form II Form III
Lane
(%) (%) (%)
3 0.0+0.0 63.8+0.6 36.2+0.6

0.0+0.0 66.3 +1.5 33.7+15

Figure 3-6. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) for the reaction with
4 in the presence of H>O, (300 uM) at pH 8.2, and after treatment of the reaction mixture with a
ligase. Lane 1: DNA control; lane 2: DNA with Hind III; lane 3: the reaction for 300 min; lane 4:

after treatment of the reaction mixture with T4 DNA ligase.

ligase THLEE L T % Form Il (LA S 722> 7206 T 5 (Figure 3-6). 6> T, 4 13
FefbkFE 2B & L CTHWSEREA) DNA Y1 28 BA IS 5 Z LR &Sz,
PR 2N 2 IR LK FE DI TN T= 7 T > 7 EBR Tld DNA U342 < 1T L73
Mol Z LD, 4 DT HELAY DNA I L@ bk FEOEMAL 2/ T T+ 5
LOEBEZLND. 5T, L) DNA UIWHEMEL, 4 OFRE LR bKFE DR N
BT 525N TEL 225 Z L vbdyo 7=(Figure 3-7, 3-8). 15 OfERIL, BILAY
DNA G2 4 LR {b/k FE P0G U TARR L72iEMREIZ L > THEIT L TnWD Z & 20R
L TW5b. BUFIZ, ZOIEMERO A 72/t @ I X5 REZ 7R

3-3-4. ZEZESIADSEEDER{LHY DNA SIlr 0 pH &

amide-tether $&5(K 4 % FVT, FR(LAY DNA YKo pH A7 2 5 FH<7=. pH 6.0,
7.4, 82 DT, BERLAKFZIRED 0.3 mM DOFFD Form I & Form I OZEAL & % FEfH]
WZxf LT m» b L7 % Figure 3-9 127”9 Figure 3-9(ANZ/R L7 X 91T, Form I ®
B IE pH 28E < 72 B2 o Tl 72 o 7=, F7=, Form I EGEE L, @V pH fHIK T
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FLLIEE D Z & D BT = (Figure 3-9(B)). Z® & & pH8.2 T, 5 KM%
12 50%0 Form I ° Form I [ZZE# S n7-. —7F5, pH 6.0 TIZEHTX 51T L DEED
Form Il L72~AERK L7 o 7o, T OFERIZ, & pH I CEE{LAY DNA Bl O E MR A Bl s
MEENDZ EERLTWAD. Form 1T 1L, —HEH DNA 0T+ 2% 2 2DV VigT R
TOVENE S EINT S LD Z ElC ko TAERT 5. KB, ER{LH) DNA Y1z W T, B
AT S A7z AN SE RN & bl U C 4 (X@mWEEZ2 /R LTz, 165 T, 4 AhifEig{b
KFEE IS UTAERT DIEERY, 7 LA ~A v O8N B AT D Fe(lll)-OOH
EIRERIZ, —HHH DNA OFEWEIREE N2~ 3 2 E R 6o 7.

(A) (8)100 (C) 100

—o— 0 uM
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Time (min) Time (min) Time (min)

Figure 3-7. Complex concentration-dependent profile for DNA cleavage promoted by 4. Time
courses for decrease of % of (A) Form I, increase of % of (B) Form II, and (C) Form III, respec-
tively. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19
DNA] = 50 uM bp, [complex] = 0-50.0 uM, [H202] = 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) ©)
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—o— 0 puM
801§, __ 80 __ 80 100 uM
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— 60 = 60 = 60
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< 40 < 40 < 401 —e— 500 uM
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o a fa)
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0 - 0 : il — - ::t
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Figure 3-8. H,O» concentration-dependent profile for DNA cleavage promoted by 4. (A)—(C);
Time courses for the decrease of % of Form I, increase of % of Form II, and Form III at pH 6.0.
(D)—(F); Time courses for the decrease of % of Form I, increase of % of Form II, and Form III at
pH 7.4. (G)—(I); Time courses for the decrease of % of Form I, increase of % of Form II, and
Form III at pH 8.2. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES),
7.4 (Tris-HCI), 8.2 (TAPS)), [pUC19 DNA] = 50 uM bp, [complex] = 50 uM, [H,O>] = 0-500
uM at 37°C for o, 10, 20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least

three times.
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(A) (B)

100 100
—— pHB.0
80 80- pH7.4
s g —e—pHB8.2
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Figure 3-9. pH dependence on the oxidative DNA cleavage by 4: time courses for the decrease
of % of Form I (A) and the increase of Form III (B) at pH 6.0 (red), 7.4 (green), and 8.2 (purple).
Experimental conditions: [4] = 50 uM, [pUC19 DNA] = 50 uM bp, [H20,] = 0.3 mM, [buffer] =
10 mM (pH 6.0 (MES), 7.4 (Tris-HC1), 8.2 (TAPS)), [NaCl] = 10 mM at 37°C.

3-3-5. KRx 22 FHLERITFLE T TORR{LE DNA SIBEHE

PEIR 4 LR bR OFUG TR T DIFHERIZ OV T OIER A 1G5 72912, NaNs(—
EIHFEFELEA]), DMSO (b Fu %7 DAL EAD, KIGRERL/KEZLERNGFIE T T
DI LR DNA IR EER 21T 72, ZORR % Figure 3-10 1R ¥, £/, T b DFER

100
L —e— KI (500 uM)
NaN, (500 pM)
80 =B
<
E 60
e
< 40
pd
(=)
20
0 L | L i =
0 100 200 300

Time (min)
Figure 3-10. Time courses for the decrease of % of Form I in the reaction of 4 with inhibitors.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] =
50 uM bp, [complex] = 50 uM, [H20,] = 500 uM, [inhibitor] = 500 pM 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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2B D FNVERE L OE OFEM 72T — 4 % Figure S3-3 K O Table $3-3 (27573, NaNj3 (0.5
mM)}% OY DMSO (0.5 mM){FAE FIZE1T 5 4 O DNA YIKHEMEE, T hicm k
L, EDREIE AN oT-. Zhid, —HEBELOE Kax IV h Lol
H 5 b ERLAY DNA GBI OIFMERE CId72n 2 & 278 LT 5. BR{EA) DNA SIr&E T,
KI (0.5 mM){FE FIZB W TOTNICHEFE SN, KUTETCH E LTEH< 720, migfk
KEFEZDHDNH LI 4 LlafR{b/KFEDORUETH L 285147 DNA Yl o B OTENE
HThoEEXLND. L, WEg{b/AKFEDOAL TIEER{LA) DNA BIFHIE Z 572002
END, WELKRFENIEERETH D ATREMEIIRE TE 5. - T, (L DNA ik
X 4 LBBIEKREBOB G NMLERFTRKTHY, 4 LiBRILKFEOKIST, BELH) DNA
OO EHEOIEHRENET D EE 2 5.

3-3-6. SHFEHBIEIC L 5 ZEMADSERE L RBRIL AR B KIS U TERT 2IEEREOR
H

BEIR 3 L 4 MEBERLKFE ESUG L TAE L 85K HRET 5728, UV-vis A7 hL
TIBHFL7-. methylene-tether $514& 3 ¢ MeCN IRIRICBE L KEZ M A TH ALY b L
T2 2 b Lo T (Figure 3-11). ZA4UE, @E{LKRIX 3 IR LN & &R L
TW5D. ZHUE 3 2NEEb/AkFEEZ N Z TEH DNA OYIETZ2 N L nFRE 5T 5.
—7J7, amide-tether $514 4 O MeCN {EIR IR L KFEZMZ 5 &, 340 (¢ = 5600 M
cm )2 Y 398 (6=4800 M ! em ™) nm (ZHT 7= 22 WU 23 HHEBL L 72 (Figure 3-12(A)). 398 nm
DN RiX, #kx 72 p-1,1-hydroperoxodicopper(Il) species (233U THE 41TV 5 390
400 nm £7UT D HOy 7> BERAN) A 4> ~D LMCT 23> K EHEEL L T 509,

1.6
1.0
0.8
1.2+ &
o 0.6
8 S
S o4l
o.
2 0.8r £
o 0.2
D
Q 00 1 1 1
< 04" "0 500 1000 1500 2000
. Wavelength (nm)
|
0.0t

300 400 500 600 700
Wavelength (nm)

Figure 3-11. Electronic absorption spectral changes upon addition of H>O- (10 eq) to 3 (0.25 mM)
in MeCN at —30°C (inset: time trace of absorbance at 400 nm).
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Figure 3-12. (A) Electronic absorption spectra of 4 (0.25 mM) (red) and hydroperoxo species 5
(purple) generated upon addition of H,O» (10 eq) in MeCN at —30°C (inset: time courses for the
formation and decay of 5§ monitored at 340 nm at room temperature (green) and at —30°C (or-
ange)), (B) electronic absorption spectra of 4 (0.25 mM) and 5 in the absence (green) and the
presence (purple) of EtzN (2.5 mM, 10 eq) at —30°C, (C) electronic absorption spectra of 4 (0.25
mM) in the absence (red) and presence (green) of tetra-n-butylammnonium azide (TBAN3, 0.50
mM) and 5 in the absence (purple) and presence (pale blue) of tetra-n-butylammnonium azide
(TBAN3, 0.50 mM) in MeCN at —30°C, (D) electronic absorption spectra of 4 (0.25 mM) in the
absence (red) and presence (green) of diphenyl phosphinic acid (DPPA, 0.25 mM)/EtsN (0.25
mM) and 5 in the absence (purple) and presence (pale blue) of diphenyl phosphinic acid (DPPA,
0.25 mM)/Et3N (0.25 mM) in MeCN at —30°C, (E) electronic absorption spectra of 4 (0.25 mM)
in the absence (red) and presence (green) of diphenyl phosphate (DPP, 0.25 mM) /Et;N (0.25 mM)
and 5 in the absence (purple) and presence (pale blue) of diphenyl phosphate (DPP, 0.25 mM)
/EtsN (0.25 mM) in MeCN at —30°C.

ZDOfER, 4 775 p-1,1-hydroperoxodicopper(Il) species T & % [Cua(u-O.H)(bcamide)]**
G)WER LIz L HEE STz, £705 OAERIE, EsN, V7 =42, KONy A 4
NIAFE L TH L BEBE 2T 20> I=(Figure 3-12(B)~(E)). HE{A 5 ® MeCN H1¢ CSI
MS A7 VT m/z: 331, 761 I —727 & 5.2, 1 [bcamide + 2Cu(Il) + OH*' &
U[bcamide + 2Cu(Il) + O.H + ClO4]* DE f#&IZAH Y L 7z (Figure 3-13). £72 B0 7~ L L7
R KFEH B0 E ANV D L, ZNHDOE—71XZF NI 333,7651C2 A, 4~ ALY
7 k L7z(Figure 3-14)Z &2 5, 5 O ZEHHIDICHE G L7z 2 DOBERRFITmmRb kR
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HkThoZ ENFEA SN, E£7KPTe LiRIbKFEDKIEE CSIMS A7 kL
TIBHFL, MeCN H & FIERIC m/z: 331, 761 (2 & — 27 S HEBL L 7= (Figure 3-15). 24U,
KPTITONTZERLFI DNA U T8 S BVERTHZ L ZRL TS, 61, KFT
D 5 OAERIE UV-vis A7 FLTHIER I 41, p-1,1-hydroperoxodicopper(Il) species (2
JHECTE S E—27 28 390 nm (ZBLL 7= (Figure 3-16).

—|2+ —|+

N 160 N 160
$H 168 N <H 163 N>
330 335 760 765 770
label m/z
a [beamide + 2Cu(Il) + *0,H]**=331.10
m b [beamide + 2Cu(II) + *O,H+ ClO,]* = 761.15
. J

200 400 600 800 1000 1200 1400
m/z

Figure 3-13. CSI MS spectrum of complex 5 measured in MeCN at —30°C at orifice 1: 0 V, orifice
2: 10V, ring lens voltage: 10 V. Experimental conditions: [4] = 0.25 mM, [H>'°0,] = 2.5 mM.
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o 0] [o) (o]
f/\\N o) N’/\7 f/\\N 0 N’I\Y
a HNC N\ ;\NH HNQ N DNH
HN=Cu_ Culy HN=Cu_ Culy
v N~ 180/ \N Q b /N/ 180/ \N Q
<H 188 N $<H 188 H <~
. l A llll A L l '\k A
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label m/z
a [beamide + 2Cu(II) + *0,H]**=333.10
b [beamide + 2Cu(Il) + ¥0,H + ClO,]” = 765.15

N s 1
200 400 600 800 1000 1200 1400
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Figure 3-14. CSI MS spectrum of complex S measured in MeCN at —30°C at orifice 1: 0 V, orifice
2: 10V, ring lens voltage: 10 V. Experimental conditions: [4] = 0.25 mM, [H>'*0,] = 2.5 mM.
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a [beamide + 2Cu(Il) + O,H]**=331.12

[beamide + 2Cu(Il) + O,H + ClO,]™ = 761.20
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Figure 3-15. CSI MS spectrum of 5 formed upon reaction 4 with H,O» in H,O at 0°C. The orifice
1: 20 V, orifice 2: 5V, ring lens voltage: 10 V. Experimental conditions: [4] = 0.50 mM, [H,O:] =
100 mM.
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Figure 3-16. Electronic absorption spectra of 4 (red) and 5 (purple) formed upon reaction of 4
(0.25 mM) with H>O, (200 eq) in H>O at 0°C (inset: time course monitored at 328 nm).

RS DHIE T <~ 227 ML OFER % Figure 3-17 (277, 4 LilER{b/k 3 (H,'°0,)
DEJETIE, 897 em M IZHRER 7~ 3y RSB, 180 TT UL Lzl kg
(H20)Z V5 &, voo N RiZ 842 em™ 2y 7 b L, [FNLIART 7 MiE 55 em™ TH
ST, ZHHIEBEE O p-1,1-hydroperoxodicopper(Il) species T S 4172 892ecm™ D vo.
o/ N REFMLRT 7 F 52 em™ & K< —E L7z PLEDERIZ UV-vis, CSIMS, L5
T~ AT MV D, 5 1F Figure 3-18 (27”77 p-1,1-hydroperoxodicopper(IT) species T &>
L EfEmSnD.

(A) (B)
_ H21 502
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Figure 3-17. (A) Resonance Raman spectra of 5 prepared from 4 and excess amounts of H»'°0O,
(red) or H>'*O, (blue) in MeOH at —30°C with excitation at 405 nm. (B) A difference specrtrum

of A. S and * mean solvent and H;0O..
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Me

Figure 3-18. A proposed chemical structure of the p-1,1-hydroperoxodicopper(Il) complex 5.

KIZ, 5 7 DNA YO EZEOTEHFETH 50 E2 15728, guaiacol (7.5 mM)& 5
(0.25 mM)D )% UV-vis A7 ~LTIEH L7 & 25, guaiacol DL THRKT %
tetraguaiacol |ZJf & T & 2RI 72 /32 REUAS 412,470 nm (2 HYEL L 7= (Figure 3-19). 470
nm (¢=26.6 mM ' cm ")P122217 5 B H L 7= tetraguaiacol DR X 0.05 mM T - 7= (Figure
3-19(B)). tetraguaiacol DAERIZIE 4 Y ED S PULETHDH720, 02 mM D 5032 DK
JCTHBE SN2 Enbod. 6> T, 51Zx7 5D tetraguaiacol DULRITHKI 80% TH -
7o ZORRIZ, SHZORICOIEHFETH H Z & ZBffElC L7z, tetraguaiacol DOHEN%
500 nm TiEBF L, Z O —RIGHEEESIE, 2.93 x 102 min! &R E S 4172 (Figure 3-
19(C)). guaiacol [TiEFE(L/KFETZNT TIEBR L S 4172 D T(Figure 3-20), LA EDOFERN B

5 23R{LR) DNA YW O EH:OTEMEFE T 5 nIREMED E .
(A) (B) ©)
1.6
1.4 0.8
340 nm 15
1.2
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c : c o
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§ ' 392 nm g T 04}
o 0.6 =] @
< < ]
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Figure 3-19. (A) Electronic absorption spectra changes in the formation of 5 upon addition of
H>0: (10 eq) to 4 (0.25 mM) in MeCN at room temperature. (B) Electronic absorption spectra
changes after guaiacol (30 eq) was added to the solution of 5 in MeCN at room temperature. (C)

Time trace of absorbance at 500 nm (inset: First-order plot based on the absorbance change at 500

nm).
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Figure 3-20. Electronic absorption spectra changes after H>O, (2.5 mM) was added to a solution

of guaiacol (7.5 mM) in MeCN at room temperature (inset: time trace of absorbance at 500 nm).

3-3-7. MTT assay % FV 7z HeLa fAIZ %3 5 MR 214 O FHAMm

%12, methylene-tether $51K CTd % 3 & amide-tether S5 TH 5 4 Z T, HeLa iff
2t o a2 MTT assay® 2 &> TRkl L72. HeLa fffifid Henrietta Lacks 2>
Lgbnzt hFESENAMBTSH DS, = OfER%E Table 3-3 2 O Figure 3-21 12777,
methylene-tether $5{4< 3 O 1Cso fE7S 2710 pM Td> 2 DIZXF L, amide-tether {4 4 ¢ ICso
EIX 1740 pM Th o 72, ZOFERIL, 4 OMBEENED 3 & bl L TRIERIICHI L T
HZEERBLTEY, £723 LR L T4 OEmOERLH) DNA SIFTEEORE R E & —
BLTWD.

Table 3-3. In vitro cytotoxicity for complexes 3 and 4 against the HeLa cell measured by
MTT assay after 24 h

Complex ICso values for HeLa cell (uM)
3 2710 +230
4 1740 + 114

ICso: concentration of the drug required to inhibit growth of 50% of the cells.
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Figure 3-21. Cell viability data for HeLa cells treated with complexes 3 and 4 analyzed by MTT

assay. Experiments were carried out at least three times.
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3-4. FEW

ARWFZEIZFRB N T, Fx 1T H amide-tether BELAL 1 K ONE O k% # (ID) #8 4 [Cua(u-
OH)(bcamide)](ClO4), () AR L, 4 D3 IEER{L/KFIEE T2\ THR{LAY DNA Bl 4 K
EIMETHZEERH L. S6IT, 413088 LRSS &G U TIEERZ AT 5 2
L, FETbEx 2 FRIEIC X o T, FOIEMERED p-1,1-hydroperoxodicopper(Il) spe-
cies(5)TH L L EZHOLMZ L. ZNHORERIE, BWEROD 20 EH LWELR AKID
BAFICR L T2 b 72 b RN H 5.

87



3-5. ERFE
3-5-1. REROHIELEE

REIZHONTIE, ARPRECHER L RE, w2 i3 T3, Bk,
VI TN RY y FHENGIEIR L THA L. BBV T, GRICHW S b0l
VBN U TR Lz, A—_—aA( )L 7 Z A3 KpUCIIDNA I%, = v R
— AN BIEA L7 REE A L7z, 2,6-Bis(hydroxymethyl)-p-cresol (21)% 8 NN’ N -
4,7,10-tris(tert-butoxycarbonyl)-1,4,7,10-tetraazacyclododecane (25)I%, £3& SCHRINZHE - T
ARk L7z,

JLHRHT(C, H, N)IX, Perkin-Elmer 1% Elemental Analyzer 2400 II % F\CTHIE L 7=,
IJHNMR A7 huid, HAE - ECA-500RX 7 — U w28 Ml 1o A Heng i i (500 MHz)
L, HEYEWE & LT tetramethylsilane (TMS) ¥ 721 sodium 3-(trimethylsilyl)propio-
nate-2,2,3,3-ds (TSP)% W CHIE L7=. Electron spray ionization MS (ESI MS)& O¥ Cold
spray ionization MS (CSI MS)A~<7 h/LE, HARFE 1 JMS-TI00CSRX the AccuTOF CS
Z AWV T, MeOH, MeCN £721% H,O 2 e UTHIZE L7z, pH #IElEX, HORIBA £
LAQUA electrode % FV>, IEVERRMEANR 2 FCTHERK L 72 ICHIE AT > 7. UV-vis A
7 bV, Agilent #1:5Y 8453 SRAN R O E G 2 AW THIE L7z, IR A2 Fb
I%, Shimadzu Single Reflection HATR IR Affinity-1 MIRacle 10 % FVNTHIE L7-.  Hifs 5
X WA ST X, U A 7 48 R-AXIS RAPID II/RAPID AUTO X #i B &t X R & it
NG CRTT — 2 ZRE L, EEEIC K VPN ZRE L%, 7— Y = 8aIC kY
W& Z AT L, Yadokari |2 X 2528178/ N RIEIC L 0 EHEL LTz, BT~ A8
2 hJViE, EKSPLANT242-SH/SFG-2U L —H—IZ L A hEL#E K 405 nm 2 W CHIE %
1T-o7-. 727 Miindene Z# HWV TR IEZITV, T~ 3 ROLEMEYEZ+ 1 cm™!
DOHEIPHIZERE L7z, MTT assay (%, Thermo Scientific Multiskan FC % VN CHIEZ1T -
7.
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3-5-2. BAALF RO EERADEER SRR
Scheme 3-1 {Z Hbcamide BN7+ D AR K & k7.

Scheme 3-1. Synthetic route to Hbcamide

(CH30);80, KMnO,
HO OH —— ¥ Ho OH —m/——— Ho OH
NaOHaq KOHaq
OH OMe O OMeO
21 22 23
o 0
30% HBr / AcOH 1) sOCl, (\
> Ho OH > N OH /v
2) 25, K,CO; / CH,Cl, oc— N<,:Boc BoDN Boc
O OH O <§/7N NN\\/
1
24 Boc éoc
26
o o
12 M HCI (\ /j 6HCI
E——
EtOH N OH N
HNH<N\ ’>NH
<//N NNQ
<H H<
27

1,3-Dihydroxymethyl-2-methoxy-5-methylbenzene (22) D& k>4

H,0 (33 mL)IZ¥Af# & 87 NaOH (3.57 g, 89.3 mmol) /K IZ 21 (10.3 g, 61.2 mmol) & ¥R
fif X+, dimethyl sulfate (6.0 mL, 63.3 mmol) % I X 721, =i C 30 /B L7=. Hrit
U 7= B & 80 L TR N2 %%, TR dimethyl sulfate (3.0 mL, 31.6 mmol)Z Il %, =il
T 90 ZyfAift#R L7, it L7z [ 2 i L, H22scid™ % & QGO BIRATE b7 (4.33
g, Yield: 39%). '"H NMR (500 MHz, acetone-ds): é/ppm = 7.18 (s, 2H, Ph), 4.64 (s, 4H, CH>),
3.74 (s, 3H, CH3), 2.28 (s, 3H, CH3).

2-Methoxy-5-methylbenzene-1,3-dicarboxylic acid (23) D &5k

H,0 (95 mL)IZ¥Af# &87- KOH (0.420 g, 7.49 mmol)/KIFiFIZ 22 (3.72 g, 20.4 mmol) %
AR S, KIIZIR L7=. KMnO4 (8.86 g, 56.1 mmol) A HE |2 TV &, 0°°C 30 40
PR L7z, SIEICE LT 1 KRR L721%, HCHO (68 pL, 1.85 mmol) % SUSIEHRIZIN .
T 30 iR Lic. BSOS A2 7 A MEE L=, RS ImLf2EIC/hbETr—
ZY—TNRL—Z—TilEfE L7z, 2212 12 MHClI #0125 & EIERHTH L0 T,
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Ml (L =F Cidal L, HZEEET 5 & AEaOBEIRDE Hiio(2.24 g, Yield: 52%). 'HNMR
(500 MHz, DMSO-ds): d/ppm = 7.62 (s, 2H, Ph), 3.76 (s, 3H, CH3), 2.31 (s, 3H, CHa).

4-Methylphenol-2,6-dicarboxylic acid (24) D& f%>)

23(2.57 g, 12.2 mmol) % 30% HBr FEEATAIR(12 mL)\ZIAfE S 72, & ORSEIR % 50°C
THEE L, HBr WA 725 Z LR LTk, R~ IZ 120°C £ CHEZ LR &
7o 2 RERHHRER L 72 t%, FIRICR Lc. ROSEEIRIC Ho0 2Nz 2 & BRI L7z DT,
Ml (L= Ciidal L, HZEEET 5 &S AaDBEIRDE Hi72(1.93 g, Yield: 80%). 'HNMR
(500 MHz, acetone-ds): o/ppm = 7.77 (s, 2H, Ph), 2.25 (s, 3H, CH3).

2,6-Di((V,N’,N ’-4,7,10-tris(tert-butoxycarbonyl)-1,4,7,10-tetraaza-cyclodo-decan-1-yl)car-
bamoyl-4-methylphenol (26) D & 5%

24 (2.26 g, 11.5 mmol) % SOCL (50 mL)IZ#%f# S &, 60°C T 4 Kefilfft#h L7z. SOCL %
WE LIk, B2 2 L AaoME» S onic. ZoMRE IR E1THT
(ZIR DSV, 25 (11.8 g, 25.0 mmol) & T KoCOs (13.8 g, 99.8 mmol) % CH2Cl, (200
mL) IS, ZOmKIC, SROMRYE %2 CHCL (200 mL)IZ A S B2k &
Ny flow LR B ) LNz, MAEREHR LK, BR B LZ. JOSE
% 2 MRl LIRS B L 7= 1%, T8I % HoO (3 x 100 mL) T4y L7=. AHEJEIC NaxSO, &
ZTCHAKLIR, XvyF=THEBL, BREzr—% U —T /3R b—F —TlEfE, BZ2EH
B2 EHAOBRERGE L. ZNERDEO CHCLIZEM S, VBTNV T A
sua~< 777 4 —(EtOA) THR L, BN EENTWDL 7T 7 a2 HEDT-.
Ihzr—4Z Y —x /R L —2 —CEfi L, BZEHEERT 5 L EEaoEERN EFLnT
(10.7 g, Yield: 84%). 'HNMR (500 MHz, CDCls): 6/ppm = 7.12 (s, 2H, Ph), 3.23-3.86 (m, 32H,
CH>), 2.28 (s, 3H, CH3), 1.31-1.52 (m, 54H, CH,).

2,6-Di(1,4,7,10-tetraazacyclododecan-1-yl)carbamoyl-4-methylphenol hexahydrochloride
QRNDAERK

26 (1.08 g, 0.977 mmol)% EtOH/12 M HCI = 3/1 (4 mL)IZ{&EfiE S8, iAEHER LI
%, SR CT—BefeHR L7z, At U7z B Z Ml (LR =f Tl L, H228289 % &L B O[HE
IRDME 5 2172(0.687 g, Yield: 97%). 'HNMR (500 MHz, D>0): §/ppm = 7.36 (s, 2H, Ph), 3.72—
3.88 (m, 8H, CHa), 3.26-3.41 (m, 16H, CH>), 3.09-3.25 (m, 8H, CH>), 2.35 (s, 3H, CHs).

TRESRDSEA 4 DA R

27(99.9 mg, 0.138 mmol)% 1.0 M NaOH 7K¥&Z (843 uL)IZIEfiR S B 7-1%, BHEL, HZE
WL D L EEAOBANESTZ. CHCL (10 mL)ICIAfR &8, NaxSO4 &1z THiK
L%, B9 FMEB L. kAo —% ) —= NRL—X — TG L, EZmipd 5
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& 0,00 Hbcamide ENZ - 2315 5 4172(69.5 mg).  Cu(ClO4)226H,0 (113 mg, 0.304 mmol)
% Milli-Q /K(1 mL)IZIEME L, Z OEEHRIC Milli-Q 7K(2 mL)IZ & i# & 7= Hbcamide Al
F% Noflow L7223 H 272, 1.0 M NaOH /K % pH 723 8 1272 5 £ TMA721%, K&
WiRar—4 ) —x /K b— 2 —ClRif, B22id 5 LRkEOBEERNG L. 20
K% MeOH (IR S8, DEONVP U ZMA 7%, EnO LRIt 5 Z ik
ST, Hiffeh X B E AT 1208 L 7o fk o o [ER 2 15 72(43.6 mg, Yield: 34%). Anal. caled
for [Cux(pn-OH)(bcamide)](ClO4),°4H,0: C, 32.68; H, 5.70; N, 12.20. Found: C, 32.78; H, 5.52;
N, 11.90. ESI MS (H,O m/z, positive mode). Caled for [4 — 2C104]*": 323.10. Found: 323.02. [4
— ClO4]": 745.16. Found: 744.97. IR (KBr): #/ecm™ = 3586, 3291, 2922, 2876, 1614, 1472, 1443,
1362, 1265, 1250, 1219, 1194, 1165, 1072, 986, 949, 930, 883, 837, 808, 737, 714, 644, 621.

3-5-3. DNA Sl 528

%8R D DNA GIWHEYEIL, pUCI9 DNA % vy, 74 a— A7 VELRIKENEIZ L -
TaMiL7=. 1.5 mL =X F =—7Z NaCl (10 mM), buffer (pH 6.0 (MES), 7.4 (Tris-
HCI), 8.2 (TAPS), 10 mM), pUC19 DNA (50 uM bp), complex (0-50 uM), H,0, (0-500 pM) &
25 LD LICER AN %, 37°C ORGP CA »Fa~x— 3 L7z, 0,10, 20, 30,
40, 60, 120, 180, 300 73> 7 /L 28 HL L, loading buffer (0.025% bromophenol blue,
0.025% xylene cyanol FF, 1.0 mM EDTA and 30% glycerol)Z W CRnZx 7 = F L=,
%4 > 7 V% TAE buffer (Tris/acetate/EDTA) & FIVWCTIERR L7z 1% 7 T — R 7 iz e —
T4 L, 100V TK | ReESIKEIZ1T>72. £ D%, EtBr Yetaz 1 FFEITV,
VILBER LOURMAT E-BOX-CXS5.TS Edge-20.M % W T/ /Ly REfg Lz, gL
732 F%, Form 1 DYLEAHIEZIK 1.06 Z MV, Image] ¥ 7 F v =7 |2 K-> TgtTr 2
1T-7-.

3-5-4. 4 @ DNA I E SRR

1.5 mL = v~ F 2 —7Z NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM), pUC19 DNA
(50 uM bp), 4 (50 uM), H20, (500 pM), inhibitor (500 uM)IZ 72 % X 5 ICFHEL L 7= 1A % N
Z, 37°C DEFFFCA ¥ a— a2 Lz, ZO%OFIEIL DNA U ERICFEH L=
HbDOELFEKRTHD.

3-5-5. u-1,1-hydroperoxodicopper(Il) species @ UV-vis AXZ7 ~)VHIE

3 K14 @ MeCN A#%(0.25 mM) % 2 /WAL, =30 + 0.2°C ([Zf£ - 72, H,0, D
MeCN ¥EIREEARIZ KT LT 10 eq) &2z, 290-850 nm DHIPH T ALY kL ZBHR L 7=,
F72, 4 OKEH0.25 mM)%E 2 HE/VIZAIL, 0°C IZER - 72tk, HoOn KRR (BEIAIZ 3
LT 200eq)Z Mz, 290-850 nm DOFiH TALY kLB L 7.
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3-5-6. u-1,1-hydroperoxodicopper(Il) species @ CSI MS A-~X7 ~VHIE

4 O MeCN {A#7(0.25 mM)% 20 mL [+ A7 7 A 22 A%, —30+0.2°C IZfR-7-.
H,0, ® MeCN EIREEEIZRT LT 10 eq)Z Mz, AT MAERIE L. £/, 4 DK
H7(0.50 mM)Z 20 mL A7 F 2 2T A, 30 + 0.2°C (2R o7z, H0x KR (SH IR
2% LT 200 eq)Z Mz, A7 hLaHIE L.

3-5-7. /T < AT MILVORIE

MeOH T 4 Z1EfiF S, I mM ORI mL)Z 8 L, -30+£0.2°C IZff->7=. Z Z1Z,
H,'%0, % 7213 H,'%0, ™ MeCN ¥&i% (30 or 10 eq)Z Nz, 420 nm OFhEKE % BE LT
AT NV ERIE LT,

3-5-8. MTT assay (T & 5 Mz D AT

96 well 7'L— KZ blank & L CEDO A% 1 4 &, BEHIZ 10 x 10* cells/mL (2725 &
I NZIRE SR A 1 well |22 % 100 uL 972 control & 85 (KD T 7 NE 7y DFNIZ
X, A Fa2X—H—(37°C,5%CO,)TA > Fa— g LIz 24 Ff#]#%, PBS(H)T
W Lic. 20tk 7 NAANITENENOREICTRE L 72 g85R 05 2 7 1(10-1000
uM)%, blank & control FNZITEEHID % 1 well (IZ-DX 100 uL T2 Z, A ¥ F 2X—
H—TArFaX—T g L. 24 Rfi]#, PBS(-) CTHES L, Smg/mL (2% L7 MTT
reagent & 351 1:9 OHIG TERA SE2EK A 1 well IZ2F 100 pL T2 2 A
FarX—H—TA FaX—Tagr i 3G, TAEL—Z—CRIEE%S L7
%, AEBH DMSO % 1well IZD& 100pL 2N % 72, Z D%, 570nm O E A AT
WO FE I E s TG EE 2 U, Al R st 4 54l L 72,
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3-8. Supporting Information
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Figure S3-1. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 4 and H,0, (500 uM) at pH 6.0. (a)—(d) corresponded to complex concentrations of 0, 12.5,
25.0, and 37.5 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lane 3—11:
corresponding to the time of 0, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S3-1. Fraction of Form I, Form II, and Form III formed with 4 at pH 6.0

Complex H;O, Time Form I Form II Form III
(uM) (uM) (min) (%) (%) (%)
0 98.2+0.2 1.8+0.2 -
10 97.5+0.3 25+03 -
20 97.1+0.0 29+0.0 -
30 97.1+0.0 29+0.0 -
0 500 40 97.0+0.0 3.0+0.0 -
60 96.8+0.1 3201 -
120 96.5+0.0 3500 -
180 95.5+0.7 45+0.7 -
300 955+0.4 45+04 -
0 95.7+0.2 43+0.2 -
10 92.1+0.4 79+04 -
20 90.2+0.8 9.8+0.8 -
30 89.1+0.9 10.9+0.9 -
12.5 500 40 87.8+1.1 12211 -
60 86.3+14 13714 -
120 81415 18.6£15 -
180 77512 225+1.2 -
300 71.2+11 288+1.1 -
0 95.9+0.0 4.1+0.0 -
10 85.8+2.8 14228 -
20 77.7+4.1 223+4.1 -
30 73.8+£3.6 26236 -
25.0 500 40 71324 28724 -
60 64.7+2.5 353+25 -
120 56.3£0.6 43.7+0.6 -
180 52617 474 +1.7 -
300 476+24 524+24 -
0 953+0.4 4.7+04 -
10 81511 185+11 -
20 69.1£0.0 30.9+0.0 -
30 59.9+0.6 40.1£0.6 -
375 500 40 53.6+0.0 46.4+0.0 -
60 45003 55.0+0.3 -
120 33.7+£0.2 66.3 +0.2 -
180 29504 705+0.4 -
300 23.7+13 76.3+13 -

99



(A)
@

(b)

©

(d)

(e)

Lame 1 2 3 4 5 6 7 8 9 101
FormII
FormIII
FormI

Lame 1 2 3 4 5 6 7 8

FormII
FormIII
FormI
FormII
Form ITI
FormI

8§ 9 10 11

FormII
Form III
FormI

FormII
Form III

FormI

FormIT
Form III

FormI

(B)
@

(b)

©

d

(@)

Lame 1 2 3 4 5 6 7 8 9 1011

FormII
FormIII
FormI
FormII
Form ITI
FormI
FormII
Form III
FormI

§ 9 10 11

FormII
Form III
FormI

FormII
Form ITT

FormI

Form IT
Form I

FormI

©

(b)

©

d

(®)

FormII
FormIIT
FormI
Form II
FormIII
FormI
Form II
Form IIT
FormI
Form II
Form III
FormI

Form II
Form III

FormI

FormIT
Form III

FormI

Figure S3-2. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 4 (50 uM) and H,O» at (A) pH 6.0, (B) pH 7.4, and (C) pH 8.2, respectively. (a)—(f) corre-
sponded to H>O, concentrations of 0, 100, 200, 300, 400, and 500 uM, respectively. Lane 1:
DNA control; lane 2: DNA with Hind III; lane 3—11: corresponding to the time of 0, 10, 20,
30, 40, 60, 120, 180, and 300 min, respectively.
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Table S3-2. Fraction of Form I, Form II, and Form III formed with 4 (50 pM) at pH 6.0, 7.4,

and 8.2
pH 6.0 7.4 8.2
H:0: Time Form I Form II Form III Form I Form II Form III Form I Form II Form III
(M) (h) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0 95.0+0.1 5.0+0.1 - 954+0.1 46+0.1 - 95.8+0.1 42+01 -
10 94.4+0.3 5.6+0.3 - 953+0.1 47+0.1 - 95.7+0.1 43+0.1 -
20 94.0+0.2 6.0+0.2 - 952+0.1 48+0.1 - 95.6+0.1 44+01 -
30 93.8+0.3 6.2+0.3 - 95.1+0.1 49+0.1 - 955+0.1 45+0.1 -
0 40 933+0.2 6.7+0.2 - 949+0.1 51+01 - 954+0.1 46%0.1 -
60 92.4+0.0 7.6+0.0 - 94.8+0.0 5200 - 95.2+0.2 48+0.2 -
120 89.2+05 10.8+0.5 - 94.7+0.0 53+0.0 - 94.9+0.2 51+£0.2 -
180 87.0+0.3 13.0+0.3 - 94.6+0.0 5400 - 94.6+0.2 54+£0.2 -
300 82.7+0.8 17.3+0.8 - 93.8+0.2 6.2+0.2 - 94.2+04 58+04 -
0 94.8 £0.0 5200 - 953+0.4 47+04 - 95.1+0.1 49+0.1 -
10 89.5+0.6 10.5+0.6 - 93.0+0.3 7.0£0.3 - 92.8+04 72+04 -
20 85.5+0.9 145+0.9 - 90.8+0.7 9207 - 89.1+0.7 109 £0.7 -
30 81314 18714 - 88.8+0.9 112+0.9 - 85.9+0.7 14.1£0.7 -
100 40 77118 22918 - 87.4+04 126 +04 - 81.5+0.4 18.5+£04 -
60 70.7 1.7 29317 - 818+14 182+14 - 69.6 + 2.0 30420 -
120 57.0+0.8 43.0+0.8 - 62.9+3.6 37.1+£36 - 36.7+0.0 63.3+0.0 -
180 47110 529+1.0 - 47.1+43 529+4.3 - 175+1.4 822+13 03+0.1
300 34420 65.6 +2.0 - 22436 77.6+3.6 - 21%03 95.8+0.1 2.1+03
0 95.8+0.5 42+05 - 95.7+0.2 43%0.2 - 95.8+0.2 42+0.2 -
10 84.5+0.2 15.5+0.2 - 89.5+1.1 10511 - 88.1 £0.6 11.9+0.6 -
20 773+0.2 22.7+0.2 - 834+11 166 1.1 - 78.6 £0.7 21.4+0.7 -
30 71.1+£0.0 28.9+0.0 - 78.1+18 219+18 - 66.7+0.7 33307 -
200 40 63.7+0.3 36.3+0.3 - 71.0+22 29.0+2.2 - 54117 45917 -
60 53.9+05 46.1+05 - 55.8+2.2 44222 - 329+32 67.1+3.2 -
120 359+11 641+1.1 - 21421 786+2.1 - 3.3+09 94.4+0.8 22+08
180 259+0.2 741+0.2 - 7216 923+1.6 0.5+0.1 0.0+0.0 93.1+18 69+18
300 16.1+0.5 83.5+0.2 04+04 0.7+0.5 94.7+0.6 4.6+0.9 0.0+0.0 75.0+4.8 25.0+4.8
0 95.6+0.1 4401 - 95204 4.8+04 - 95.4+0.1 4.6+0.1 -
10 80.9+2.0 19.1£20 - 86.0+1.1 140+1.1 - 85.6+0.7 14.4£0.7 -
20 70.4+29 29.6+29 - 77.0+1.8 23.0+138 - 70.3+0.4 29.7+04 -
30 65111 34911 - 66.4+34 33.6+34 - 57.6+23 42.4+23 -
300 40 55.6+3.1 444+31 - 57.5+3.7 42.5+£37 - 43.6+2.4 56.4+24 -
60 442+40 55.8+4.0 - 39.2+34 60.8+34 - 22122 77.9+22 -
120 26.3+3.7 73.7+37 - 83+24 91.0+27 0.7+0.6 03+04 95.9+23 39+12
180 17.9+3.2 81.9+31 02+£0.2 19+03 94.6+0.3 3.5+06 0.0+0.0 84.0+23 16.0+£2.3
300 9.7+22 89.6+24 0.7+0.2 0.0+0.0 87.2+21 128+21 0.0+0.0 545+ 4.0 455+4.0
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0 952+0.3 4.8+0.3 - 955+0.1 45+01 - 955+0.3 45+03 -
10 783 +3.1 21.7£31 - 82.7+13 17.3+13 - 824+0.7 17.6 £0.7 -
20 65.0+24 35.0+24 - 69.7+35 30.3+35 - 66.0+1.4 340+14 -
30 55.1+1.9 449+£19 - 57.9+4.0 42.1+£4.0 - 51.3+3.0 48.7+£3.0 -
400 40 48.0+£3.2 52.0+3.2 - 44.0£29 56.0+29 - 353+23 64.7+23 -
60 35.6+35 64.4+35 - 26127 73.9+27 - 129+2.0 86.8+25 03+04
120 18.0+3.6 82.0+3.6 - 3.0£0.38 942+04 27+£04 0.0+0.0 91.4+0.1 8.6+0.1
180 109+3.1 88.3+28 0.8+0.3 0.0+0.0 92.3+1.0 7.7+1.0 0.0+0.0 76.6 2.9 234+29
300 48+20 93.7+13 1.6 £0.7 0.0+0.0 77626 224+26 n.d.* n.d.* n. d.*
0 953+0.2 4.7+0.2 - 95.7+0.1 43+0.1 - 95.1+0.3 49+0.3 -
10 742+20 25.8+2.0 - 79.9+0.3 20.1+0.3 - 80.6 £ 1.6 19.4+16 -
20 574+13 42.6+1.3 - 64.4+04 35.6+04 - 623 +3.2 37.7+3.2 -
30 47.0+2.2 53.0+22 - 51.1+0.7 489+0.7 - 43.7+£2.9 56.3+29 -
500 40 38.0+3.6 62.0+3.6 - 37.8+24 622+24 - 27.7+23 723+23 -
60 25341 747+4.1 - 180%23 81.6+21 0.4+05 86+15 90.1+13 1.2£03
120 9.9+36 89.0+3.2 1.0+£04 05+0.8 95.2+0.3 43+04 0.0+0.0 86.7+12 133£1.2
180 46+26 93.2+15 2211 0.0+0.0 88.3+12 11.7+1.2 0.0+0.0 673+14 327+1.4
300 20+20 92.7+1.0 53+3.0 0.0+0.0 71721 283+21 n.d>* n.d* n.d*

*n. d. means cannot determine.
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Figure S3-3. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 4 (50 uM) and H>0, (500 uM) at pH 6.0. (a)—(c) corresponded to KI, NaNs, and DMSO,
respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lane 3—11: corresponding to
the time of 0, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S3-3. Fraction of Form I, Form 11, and Form III formed with 4 (50 uM) in the presence
of inhibitor at pH 6.0

Conc. Time Form I Form II Form III
Inhibitor
(uM) (min) (%) (%) (%)
0 95.4+0.2 4.6+0.2 -
10 85.7+1.8 143+18 -
20 78.0+2.0 22.0+20 -
30 704 £2.7 29.6 £2.7 -
KI 500 40 62.5+3.7 37.5+37 -
60 50.0+2.3 50.0+2.3 -
120 27017 73.0+17 -
180 16.0+0.5 84.0+05 -
300 57+0.1 93.5+0.2 0.8+0.3
0 95.0+0.2 5.0%02 -
10 745+0.1 255+0.1 -
20 542+04 45804 -
30 40.6+0.8 59.4+08 -
NaNj3 500 40 30.0£0.7 70.0 £0.7 -
60 18.6 £0.9 81409 -
120 45+04 93.8+04 1.7+0.0
180 15+£0.3 95.6 £0.2 3.0x0.1
300 0.0+0.0 933+0.8 6.7+0.8
0 95.1+0.1 49+0.1 -
10 74515 255+15 -
20 56.5+24 435+24 -
30 41.7+3.2 583+3.2 -
DMSO 500 40 33.1+37 66.9 £3.7 -
60 20.2+34 79.8+34 -
120 5216 92813 2003
180 20£0.7 95.0+0.1 3.0+£05
300 0.0+0.0 93310 6.7+1.0
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SEINE : p-cresol-2,6-bis(dpa) amide-tether BR{IF D Z B ERADEEA(Z
LY KEL ALEShT- DNA BR{LUIlhr, HfastE, R UHARATRRIE
(2 & SIS R D HERIE

4-1. BEHY

FoETIE, R MEE LT N4 BURERIRY < cyclen % amide-tether THE A L
72 Bz ¥~ Hbcamide (2,6-bis(1,4,7,10-tetraazacyclododecyl-1-carboxyamide)-p-cresol) > 1%
FDEE AR Cua(u-OH)(bcamide)]*" (4)iF %It~ % methylene-tether D EEARIZ L ~"T DNA
LIS TE &M mEDS RE M ET 22 2 RAM L. LarL, 4 OflaEEE, B
IRFIA SN TV D HR A & bl LTS, EROBLENGRIEN & - 7o, A58 T
DNA FILOIWiTEME & Ml g rEom E2 BigL, X # v MEE LT diQ2-pyridylme-
thyl)amine (dpa) = JEELNL - % & DFTHENL 7+ HL1*H (2,6-bis[ N, N-di(2-pyridylmethylcar-
boxyamido)]-p-cresol) = &k L7=. F£7=, Z O _KBEEHIDEEA[Cux(u-OHr)(u-1,3-0OAc)(L1%
H)(CI04): (6), [Cuz(p-1,1- OAC)(p-1,3-OAc)(L1*H)]X [X = ClO4 (7a) and OAc (Th)] & &k L,
BRE L X BB SR O & 72 0 B RE I L » TR EZ T E L=, T iX, FMEAFro
pH TlE{LAKFEZTEMAL L TA—/X"—a3 ()L F7Z 2 I K DNA OBBR{LYIK 2 K& <
INES 2 & & bI, BAMIBICK L TEmWHilaErtEz R Lz, 2613, 4 X methylene-
tether C dpa % A L 72EAZ 1 Hbpmp (2,6-bis[di(2-pyridylmethylaminomethyl)]-p-cresol) D
TRESRAAD S5 AR [ Cu(u-OH)(bpmp) 1> Q)W LE R TEIEMETH - 72, F 72 7Tb O EEILA
A7 HLIH ORIRRFEEE L D W2, Tb OESHIEAICE TR SN TN D Z
ENVIRIB S LT, & BT, NS 2 " L35 728, 7Tb % boron dipyrromethene (Bod-
ipy) CIEA L 72 3 AN AR [Cua(p-OAc)AL2*M)](0ACc) (9) & &Rk L, < DfapN=E
B LRSI TR L. TR, 9IIB/NMERCI Far FUTICRETHZ &
D BT o 72, cometassay DFEF D, Tb 138% DNA ZHIHT L T 7eu 2 & A3 kER
Ihic. 7a—HA 8 AU —ORENS, Tb X HeLa fifldz 7 AR ~— 2 THIRISEIC
W ZEPREN. ZNOOERND, To TN TR/MER I v KU 7L
T 5 EHEESN, Z4END RNA ° DNA 28I L CT7 A h—v RAZ2HE L5
26D, IHIZ, Tb FE FOIEFMIE & 2 AMIZO MTT assay CTHRIE S L72 ICs fE
DEEZ S, To 1T AR SR IS 238 < 2 L AR STz,

Yuki Kadoya, Machi Hata, Yoshiki Tanaka, Atsuhiro Hirohata, Yutaka Hitomi, and Masahito
Kodera “Dicopper(Il) Complexes of p-Cresol-2,6-Bis(dpa) Amide-Tether Ligands: Large En-
hancement of Oxidative DNA Cleavage, Cytotoxicity, and Mechanistic Insight by Intracellular

Visualization” Inorg. Chem., in press.
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4-2. WS

VAT TFURIT LD ET AL IR ASADNEERNSC T LA~ A BT, DNA & O
fEA=<e, ZOUENZ LY, ERZYIT 2 HEEEOTRARTH Y, Hix 7203 i
HIns., Lol b, ZHHE0 Al & BRIk U CRERICER L sk
ARSI, RAREWERZESB. 22T, BWEHAZBRBSE 572012, 2AM
Ji % SR A AR AL 8 < TS ALK D BHFE N L EETH 5.

DS AHERIN O R B BR R & LT, R b KRR EE AN IEH A & Eie LT 2 &35
HNTWDE, i, BAMEAO I =2 KU 7 ORSEER 4K OREHEE O HIN
LR 5B 207z, WER{bAKEZTEEL L TER{LAY DNA B2 g4 5 4 @ e
1, 23 KRR B A\ SHERE FEE A FE BT D RTREMED B 5

FBoE TR XK 91T, F Al p-cresol-2,6-bis(cyclen) amide-tether Ef7f-(Hbcamide)
D KSR SR [ Cua(u-OH)(bcamide) 1> (4) 23 iEEE (LK SE & SO LT p-1,1-O:H species %
AR L, Ziu) DNA Z Uil 281 b Z L 2 @G LD, L L s, 40
HeLa fiaIZx3 2 ICso I 1740 uM & &<, FIBAAAIE L TOEMAOBLE B RN
b5, FIZ T, RETIT ESADEHEDTEMZ W) - S5 72O IH 72 2Bl 1 O B s
ZHE L.

Di(2-pyridylmethyl)amide (dpa)l, ZER@BIL L G2 5 = EF L — MRS F & LT
EMIEREAL T B TR N BTN D BL § 21X, p-cresol-2,6-bis(dpa) methylene-tether
BCAZ - (Hbpmp) D —KZ4REE A [Cua(u-OH)(bpmp) > (8)1%, EIRPIIAAET 5 &JREERE DIE
PEHFOD AR Lo E T VSR & LT, fe eEFNH 20, Fi-, BET HENL O
THEERBEIR L BER L KB DO SIE T p-1,1-00H 2T 5 Z EAAHE S Tnh pie

7€~ T, amide-tether T dpa X2 & hEE L TEA L _ESANEE AR, @Bk
KFEIEMALT DREIIDE W EHIFESND. £ 2T, AFEDOMFIE Tl amide-tether & dpa
% FFD p-cresol-2,6-bis(dpa) amide-tether Ao\ (HL1*+M) % 7= 1Z5% 5t - &k L7=. HL1*H
X T B% B ) $5 K [Cua(u-OHa)(p-1,3-OAc)(L14M)](Cl04)2 (6), [Cua(p-1,1-OAc)(u-1,3-
OAC)(L1*")]X [X = ClO4 (7a) and OAc (7Tb)] Z AR L7z, AU 5 OSERIT RS S X figis
FRMT K OV YOI E LS & - TR 2 IR E L 72, Tb 1T, iR bk & 2 BB 1Al & 95 DNA
DELOIBICIBNT 4, 8 DZENEIL & LB LT 24 KN 72 5BV EMZ 7~ L, HeLa
Jaizxt UCid 24 KON 8 {5 Wil Z2 R Z E B L Z e o 72 £72 b 1E, BifL
T HLI*M (ZHe_CTHIREMEDY 7 (58 <, BRI 0 & 23 AR L CEv e s
ME LTz,

E BT Tb DN TOMETMFEZH S NI T2 2B E LT, MlaN itz
#AJx72. boron dipyrromethene (Bodipy)i%, ORI T 5 Z L2 < @0V E IR
R ZED, Ml gE E TRt e — T L CAEHTH A2 £ Z T, Bodipy
TIEA L 7= Hrll LB 7 HL24M OF —SRINEE A 9 25k L=, 9 & Hv 7=/
faN AT L FERRIE, Tb OMRNZFEEZH 5L, Z OO M L% 5 2 7=, Chart 4-
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112, AETENT DR OIS L RT.

Chart 4- 1 Chemical structures of HLl“'H HL2*Y, Hbpmp, and Hbcamide

Y@Y «@ Y@*
S o &S

HL1+4 Hbpmp Hbcamide

(o]

o \/\0/\/0\/\N
0 o]
3 N OH N N
N N
Y/ \_/
HL24H
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4-3. FEREEBZE
4-3-1. BALF R O ZEESRAADSEER DB RR

HL1*H & OV HL24H O A ik %, 4241 Scheme 4-1,4-2 2759, HL1*H, HL2*", 6,
Ta,7b S N9 DFEMI7R A R K OV P RHBIIAR TS 5 HilCFE#T 5 . 4-methylphenol-
2,6-dicarboxylic acid (24), 1-amino-8-azido-3,6-dioxaoctane (33), Hbpmp, Hbcamide, 4 & T* 8
1%, SCER-BNZHE > CTARL L7=. HLI*ML, 24 & SOCL E DONIGTHRYZ v F A RIZE
7%, di(2-pyridylmethyl)amine (dpa) & St SHTHERK L7z, ZOFE, 7 vV R
G FICZ O EROKISITA W, £z, BB/ vV K& dpa & OKIGTIE K.COs &
WELELTHWE, 20L& & R E L TESN 205 RN EE L < Lz, HL1*
H L Cu(OAc), DRGE K TIT S &, u-OHr-p-OAc 2846 % A 3 5 [Cux(p-OHa)(p-1,3-
OAC)(L1*M)](Cl04), (6) 234 L, MeCN H Tid(u-OAc), 2448 % 9 5 [Cua(p-1,1-OAc)(u-
1,3-OAc)(L1*%)]X [X = ClO4 (7a) and OAc (TH)]3ERL L7=. 6 O 7a (X HERE &L X fE
FEMTIZHE L7 fE a3 G i, MmiE 2 RE L. OO W TiE%ib ¥ 5.

Scheme 4-1. Synthesis of HL1+"

O o]
1) socl,
- N OH N
HO OH 2) N N
(o] OH O
P P KOs icHcl, (N N NN
24 HL141

HL2*" X HL1*" & Bodipy % PEG-amide tether % U 5 —C 272 WEERN T TH Y,
Z DA & Scheme 4-2 (27737151, HL2*M [ MeCN #1, Cu(OAc), & 5Jis LT k%46
(IDFEAR[Cua(u-OAC)A(L2*M)(OAC) (9) & Rk L7z, 9 OfEEIT D EFHIRIEIZ L - TH S
PN LT (ARES 5 iz ).
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Scheme 4-2. Synthesis of HL24H

o] H 05 0. 1) 2, 4-dimethylpyrrole / TFA
\ﬁ 2) DDA/ CH,Cl,
DCC, tert-BuOH, DMAP 3) EtN, BF3*0Et, ! CH,Cl,
-— > >
CH,CI;
HO HO

0. _OH

~g-
FF
28 29 30
o N 0 o N
o Oy, o,
_ 33 EGN EDCHCI | _ Ao
—p
CHCI NaOHaq HO H
H
35
o N 0 o N
Ay, \»/“g/\/o‘\/\mni
35 1) 50Cl; _ PdCH,

MeDH

2)
U ,K,CO,4 1 CH,Cl, - NN
\f/\i\\/ \n'/\r\\/

Et;N, EDC=HCI

30 + 37

CHCly

4-3-2. 6, 7a L O} 7b DIEE

CEHIDEER 6 & Ta OFEIEIL, S X BUEEMENTIC L o CTHRE L. Figure 4-1
IZ6 & 7a ® ORTEP [X], Table 4-1 (ZHEfbHEE DOFERM, Table 4-2 (2 &Z8JE D5 AR
BELfEAAEZRT. 6 TiE, 2 DOINA A > LIH AR F i, WNIKMED p-OPh
K OBMNAPED p-OH, & p-1,3-OAc TG S NTEEEZTL> TV 5. 6 DFI(INA A Y
DRl FAEEIL, EEAPOEH L tEIC L > TRE L2, tfE2 0 ThiI M i
HiE, | ThIUT=AM#EECThH D LIRETE D00 6 O 1 HIK tcun) = 0.250, Taue) =
0308 TH D7, TNENDOHANA A 1% dpa @ 2 DDOEFRJF T & u-OPh-p-OHr-p-
1,3-OAc ZEG D 3 DDOEEFRIF -1 K o THIUNL S AL7- A SEEIE 2 LD 2 & A DI 7
STz, Ta D tEIE teuy=0.378, tcuey = 0471 TH DT, 6 & Ta OFEAEEITIELEL L T
WA, Ta TIE 6 O p-OH ZRIE A u-1,1-0OAc ZEIGICE S b > T\ 5. fimiEEos
—X L0, ZREND Cu-O MFEEEA LE L=, 6 @ Cu & p-OH, & DERHREIR - &
ORI 22 2.3410(19), 2.376(2) A, F£727a @ Cu & p-1,1-OAc ﬁ”%ﬁ@ﬁéé’%ﬁ +
EDOREEEBEXENZI2210(4),2.122(4) A ThH o7z, ZIHOfEIE, 6 & Tallkif 5
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Cu & p-1,3-OAc G DIEFEIR T & DREAIERETH 5 1.9244(18)-1.962(4) A & bl LT
FW. 2O X5 ICHEAHBENE VD &Y u-OH, & p-1,1-0Ac 28 W ZE L L9 WV EL R
ThorEBEZLND.

Figure 4-1. ORTEP diagrams of cationic part of 6 (left) and 7a (right), respectively. Hydrogen

atoms and disordered atoms are omitted for clarity.
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Table 4-1. Crystallographic data for 6 and 7a

complex 6 7a
Empirical formula C35H32Cl2Cu2NgO19.39 CsgH3sCICU2N7011
Formula weight 1053.88 939.26
Temperature (K) 93.0 113(2)
Wavelength CuKa (1.54187 A) CuKo (1.54187 A)
Crystal system Triclinic Trigonal
Crystal size (mm?®) 0.3x0.2x0.2 1.13 x 0.135 x 0.12
Space group P-1 R-3
a (A) 11.0304(4) 43.604(6)
b (A) 11.4189(4) 43.604(6)
c(A) 18.1207(6) 12.7631(9)
a (deg) 74.470(5) 90
B (deg) 89.129(6) 90
v (deg) 77.342(5) 120
Volume (A ?) 2143.32(14) 21016(6)
Z value 2 18
Density (calculated) 1.633 g/cm? 1.336 g/cm?®
Absorption coefficient 3.128 mm? 2.164 mm™
F(000) 1080.0 8640.0
R1%, wR2" 0.0426, 0.1109 0.0749, 0.1937
GOF index 1.035 1.068

a) R1 = 3|[Fo| — [Fc|/Z|Fo|, b) WR2 = [Z(w(Fo? — Fc?)?)/Zw(Fo?)]"2
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Table 4-2. Selected bond distances (A) and angles (deg) for 6 and 7a

6

Ta

Cu(1) *»+ Cu(2) : 3.0366(6)
Cu(1) - N(1) : 2.012(2)
Cu(1) - N(2) : 2.045(2)
Cu(2) - N(4) : 2.007(2)
Cu(2) - N(5) : 1.997(2)

Cu(1) - O(1) : 1.9885(19)

Cu(1) - O(2) : 1.9591(18)

Cu(1) - O(4) : 2.3410(19)

Cu(2) — O(1) : 2.0456(18)

Cu(2) - O(3) : 1.9244(18)
Cu(2) - O(4) : 2.376(2)

Cu(1) *== Cu(2) : 3.0239(12)
Cu(1) - N(1) : 2.014(5)
Cu(1) - N(2) : 2.041(5)
Cu(2) — N(4) : 2.066(5)
Cu(2) - N(5) : 1.976(5)
Cu(1) - O(1) : 2.020(4)
Cu(1) - O(2) : 1.962(4)
Cu(1) — O(4) : 2.210(4)
Cu(2) - O(1) : 2.166(4)
Cu(2) - O(3) : 1.936(4)
Cu(2) - O(4) : 2.122(4)

Cu(1) - O(1) - Cu(2) : 97.64(8)
Cu(1) - O(4) — Cu(2) : 80.15(6)
O(1) - Cu(1) — O(2) : 89.36(8)
O(1) - Cu(1) — O4) : 91.43(7)
0(2) - Cu(1) — O4) : 82.74(7)
O(1) - Cu(1) - N(1) : 161.53(9)
O(1) - Cu(1) — N(2) : 88.87(8)
0(2) — Cu(1) — N(1) : 88.33(9)
0(2) - Cu(1) — N(2) : 176.50(9)
0(4) - Cu(1) — N(1) : 106.43(8)
0(4) - Cu(1) — N(2) : 94.29(8)
N(1) — Cu(1) — N(2) : 94.30(9)
0O(1) - Cu(2) — O(3) : 89.10(8)
0O(1) — Cu(2) — O(4) : 89.05(7)
0(3) — Cu(2) — O(4) : 85.24(8)
0(1) - Cu(2) - N(4) : 155.07(9)
O(1) - Cu(2) — N(5) : 93.60(8)
0(3) - Cu(2) — N(4) : 88.15(9)
0(3) - Cu(2) - N(5) : 173.54(9)
0(4) - Cu(2) — N(4) : 115.37(8)
0(4) — Cu(2) - N(5) : 88.93(8)
N(4) — Cu(2) — N(5) : 91.84(9)
Cu(1) = 0.250, 1Cu(2) = 0.308

Cu(l) - O(1) - Cu(2) : 92.42(15)
Cu(1) - O(4) — Cu(2) : 88.49(14)
0(1) - Cu(l) - O(2) : 88.37(16)
0(1) - Cu(l) — O(4) : 88.95(15)
0(2) — Cu(l) — O(4) : 86.54(15)
O(1) - Cu(L) — N(1) : 152.06(19)
O(1) - Cu(L) - N(2) : 90.94(17)
0(2) - Cu(L) - N(1) : 87.23(18)
0(2) - Cu(1) - N(2) : 174.74(17)
0(4) - Cu(1) - N(1) : 118.27(18)
0(4) — Cu(1) — N(2) : 88.23(16)
N(1) — Cu(1) — N(2) : 95.78(19)
0(1) - Cu(2) - O(3) : 87.08(15)
0(1) - Cu(2) — O(4) : 87.54(15)
0(3) - Cu(2) — O(4) : 90.26(16)
O(1) - Cu(2) — N(4) : 147.07(18)
0(1) - Cu(2) - N(5) : 88.31(17)
0(3) - Cu(2) - N(4) : 89.41(18)
0(3) - Cu(2) - N(5) : 175.30(19)
0(4) - Cu(2) — N(4) : 125.23(18)
0(4) — Cu(2) - N(5) : 90.50(17)
N(4) — Cu(2) - N(5) : 93.9(2)
Cu(1) = 0.378, 1Cu(2) = 0.471
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6 & 7a [T/KICEEA T2, DNA G325 OSSR E ORHMIZIL 7b 2 o, K
TR D Tb OREEIL 7 EFHIREIC L > TH LI Lz, KBTS 7b (0.5 mM)D
A AT RV, 320(e=4000 M~ ecm™), 441 nm (=500 M em )T, A4 Cu(ll)-
OAc/-OPh ® LMCT |ZJft g C& 2 WU/ RUTIIZ SR U7z (Figure 4-2). 24U 5 1385
JE% 50 uM £ CTHIRT D & 336 (6=4200M 'em ™), 448 nm (e =500 M 'ecm HIZ> 7 F L
7= (Figure 4-2). —J, MeCN H CE A7 MMEZHETH &, 322(e=5000M'cm™),
457 nm (¢ = 500 M ' em HNZWI S RSB, ZHOIFEHNLTH 7 M Lol
(Figure 4-3). 7b @ ESIMS A7 kL1, MeCN #1 L AKFClxB 228 ®mY —7 &5 2,
MeCN H1TIL[L1*H + 2Cu(1) + 20Ac] ICAHY ¢ 5 HE Y — 7 # m/z: 801.12 125 %, K
TIE, [L1*H+2Cu(Il) + OH + OAc] ICH Y T 2 & ' — 7 2% m/z: 759.11 |ZBLiL 7= (Figure
4-4,4-5). ZHSHDOHEFEL, Tb D p-1,1-0Ac ZEIT /K T pn-OH, ZEE I B X b 5 & i
EIEEAL CHDH Z B R LTS, 2L, 6,7a D nﬁtaa%a_fménf:ﬁ% |Z p-OH, &
p-1,1-0Ac BHWICEBRL L LT NI L & < —H L TW5D. {E- T, #igbkFEL DK
JETIE, I OBEBIEEAL TR u-1,1-0H B S D EHER S S.

(A) (B)

25 25

—5 11320 nm
2.0 — 0.4mM 2.0f
0.3 mM

8 02 mM 3 336 nm
€15 —0.1mM € 1.5)
Eel — 0.05 mM 2
(=} (]
210 810
< <

0.5F 0.5

0. = : :

900 400 600 800 1000 0.0 300 350 400 450 500
Wavelength (nm) Wavelength (nm)

Figure 4-2. (A) Electronic absorption spectra of 7b (0.05-0.5 mM) in H>O. (B) An enlarged view
of the graph of (A).

3.0

&322 nm
2.5k
2.0+

(0]
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215
(o]
2
<10
457 nm
o.sk 7

0. L ;
800 400 600 800 1000 %0 300 350 400 450 500
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-

o o

7

S
(&)}
T

Figure 4-3. (A) Electronic absorption spectra of 7b (0.05-0.5 mM) in MeCN. (B) An enlarged
view of the graph of (A)
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800 805 810

label m/z

a [L1+H + 2Cu(Il) + 20Ac]* = 801.12

200 400 600 800 1000 1200 1400
m/z

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

~
2t '/C"“i: I =
N
Y/ Y \
T T E— T T T L T
760 765 770 800 805 810
label m/z
a [L1*H + 2Cu(Il) + OAc + OHJ = 759.11

[L1%E + 2Cu(l) + 20Ac]* = 801.12

m/z
Figure 4-5. CSI MS spectrum of complex 7b measured in H>O at 0°C at orifice 1: 0 V, orifice 2:

5V, ring lens voltage: 10 V.
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4-3-3. DNA SIMrE LA

4,7b KT 8 @ DNA b8l Tl%, A—/3—a (/L F7FF %3 F pUCI9 DNA
(Form)Z JE & L CHW =, DNA OR2{LEIEr T4 U5 Form L I DA EILT T 02—
AT NVERKENEIZ L > TOMr « E& L7, FormLILIT L, TNENA— S—a4 L
Rk, 1 ARGEIEr OB, 2 REEIET OE LK DNA Th 21,

pH 6.0, 37°C IZ351F % 7b (0-30 pM) & ik /K 3 (0-50 pM) D BUGRIZ & % DNA Bl %E
BR Ok B % Figure 4-6, 4-7 121, £72, ZNLDOERICKIT 7 IVEEKRE DM
727 — X % Figure S4-1, S4-2 2 (¥ Table S4-1, S4-2 (27”7, 7Tb 1L, D EOEERL/KELT
£ FC Form I ® Form II, Il ~DOYJiA K& <M L7, UL, WEBILKFEIEFET
TIX DNA X< i sz oz,

100 100 100
—%
—o— 0 M
80 8o _. 80 10 uM
3 8 s —e— 30 uM
— 60 = 60 = 60+
£ £ £
G S} 5]
L g
< 40 < 40 ;:'- 40+
z = z
(a] (=] (a]
201 20 20
rsses— oo —————4
0\ 1 O " 1 " L " 0 I
0 100 200 300 0 100 200 300 0 100 200 300
Time (min) Time (min) Time (min)

Figure 4-6. Complex concentration-dependent profile for DNA cleavage promoted by 7b. Time
courses for the decrease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH
6.0. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] = 0-30 uM, [H20,] = 50 uM, [Cu(OAc)2] = 70 uM at 37°C for 0, 5, 10,
20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three times.

100 100 ] 100
—e— 0 uyM
80 80 _ 80 10 uM
g S g 30 uM
= 60 = 60 = gol |—@— 50 uM
E E £
5} 5] 5
40 “ 40p L 400
2 2 2
o o fa
20 20 20+
0\ - L I 0\ L 1 0 L 4
0 100 200 300 0 100 200 300 0 100 200 300
Time (min) Time (min) Time (min)

Figure 4-7. H,O, concentration-dependent profile for DNA cleavage promoted by 7b. Time
courses for the decrease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH
6.0. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] = 30 uM, [H20,] = 0-50 uM, [Cu(OAc),] = 70 uM at 37°C for 0, 5, 10,
20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three times.
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DNA B D BFUSIEEENE, Tb M O b /K R EE IS 2 (2240 TIE S 417z Form
I O EREE T — KOS o T2, T IRBOUSHE ERBIL T f ONEEE KR OfEE
(B LTI L 7228, Tb LS bk RIREE IS L CThOT 0 2 RO AR LT
(Figure 4-8,4-9). ZAUlE, 7b 2MEA{L/AKSE & BUG LT, I /S —A % v $EEN R
KT B, ZILE Y BIEEO RO USRS — 4% VRN D BT AR T D 2 L 2R
LTW5.

(A) (B)
12 0.30
10 k=00421 0.25)
R2=0.995
— 8+ 0.20
<< e
11 L £
q:j:o 6 g 0.15
= 4 0.10
2k 0.05F .
0 1 Il X L 1 1 1 L
0 100_ _200 300 0 000 5 10 15 20 25 30
Time (min) [complex] (UM)

Figure 4-8. (A) A pseudo-first-order plot for the decrease of % of Form I in the reaction with 7b
(10 uM) in the presence of H,O» (50 uM). (B) A plot of the pseudo-first-order constant vs con-
centration of 7b (0-30 pM).

(A) (B)
10 30
k=0.0312 251 k=0.112
8 R2=0.999 R2 =0.998
20
? 2 67 ?¢8
DI FIT 15
{bfﬁ 4t <:v<t
= £ 10
2r 5t
% 100 200 300 % 100 200 300
Time (min) Time (min)
(©) (D)
80 0.30
k= 0.269 025l :
60 R2=0.999
_ 020
88 i
< | < ‘e
400 € 0.15
<ls s
] 0.10
20+
0.05/
% 16(; ‘2(‘10 300 0000 20 30 40 50
Time (min) [H,0,] (uM)

Figure 4-9. Pseudo-first-order plots for the decrease of % of Form I in the reactions with 7b (10
uM) in the presence of H,O, ((A)10 uM, (B) 30 uM, and (C) 50 uM). (D) A plot of the pseudo-

first-order constant vs concentration of H,O, (0-50 pM).
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pH 6.0, 7.4 12BIT 5, 4, 7b KO8 (30 pM)IZ X 2R (L /KFE(50 uM)TFELE T TD DNA
FRL BB SEBR DGR % Figure 4-10 IZR" T, F£72, ZTOSEMHETTO 4,8 O DNA G F5R
FER, TNVEBRERKOGEMZRT — X % Figure S4-3, S4-4 & T Table S4-3 12753 7b (blue),
4 (green) 2 O 8 (yellow)77E F Cld Form I OGN K E <M Sz, UL, $ERIE
{74E T (red) Ti% DNA ORI S 72 - 72, Figure4-10 75 Form I O35 & 5
H3 2 &, 7Tb,4 XUN8 T, ZNE425,60,180 3 TH2HZ Enbnotz. #-7T, 7b
@ DNA ER({LOIWENELE, 4, 8 LG L CTENEN 24, 2 fEEWZ ENAH I, &S
51T, Form Il OARKEIE TIiE, Zi0 DR TR E #0172 (Figure 4-10(B)).
pH 6.0 (23T 5 120 7 DOKIET, Tb, 4 X812 X 5 Form I OARKEIAIE, EivE
135,1,0% ToHo>7-. ZOERIZ Tb 13 DNA BR{LEIWEMED N fe & i <, amide-tether & dpa
AT D HLIHENL 1L b OiEMEZ R&E <M E&¥72 & F 4 5. Figure 4-10(B, purple)
IR L TWAD KL 9IZ, Tb @ Form I OARKEIA L pH 7.4 T HITHE S, 30 43D
ST 40% Form I 234 Rk L7z, Figure 4-11 121, Z @ pH {EAFMEIZ DV T FormI @
)82, Form Il DN & i, Form Il O¥EMOREHFRH A AL TR L. ZhbOfk
BIL, 7o EEERILAKENIET D Z LISk o TERT 2IEMRIE, &V pH fEIK T
0 M ALSITAERPINES NS Z L 2R LT\ 5. ZOEBRO 7 IVEE K OGH7
7 — % % Figure S4-5 K& X Table S4-4 |27~ 7.

(A) (B)
100 100
) 8
80+ —e— Blank 80+ 4
~ 8 3 —e— 7b (pH 6.0, MES)
2 4 < —e— 7b (pH 7.4, MOPS)
= 60 ——7b = gol
£ £
o 5]
L
< 40 : 40
2
a &
20 20
O L | L | I O| L 1 0 | ' |
0 100 200 300 0 100 200 300

Time (min) Time (min)
Figure 4-10. Time courses for decrease of percent of Form I (A) and increase of percent of Form
IIT (B) upon reaction of pUC19 DNA (50 uM bp) with 7b (blue), 4 (green), 8 (yellow) (30 uM),
and no complex (red) in the presence of H>O> (50 uM), NaCl (10 mM), and Cu(OAc), (70 uM)
at pH 6.0 (MES 10 mM) at 37°C. Purple line in (B) is the reaction with 7b at pH 7.4 (MOPS 10
mM). The reactions were analyzed at 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min.
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(A) (B) (©)
100 100 100
—e— pHB.0
80} —e—pH74/ _ 80 _ 80~
S S S
g 6 E 60 S 60-
o o =
% 40 “ a0 E 40"
= = =
[a) o (m]
20 & 20 20

% 100 200 0 % 10 200 a0 % 100 200 300
Time (min) Time (min) Time (min)

Figure 4-11. pH-dependent profile for DNA cleavage promoted by 7b. Time courses for the de-
crease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH 6.0 and 7.4.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES) and 7.4 (MOPY)),
[pUC19 DNA] =50 uM bp, [complex] = 30 uM, [H20:] = 50 uM, [Cu(OAc),] =70 uM at 37°C
for 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three

times.

4-3-4. BR{LH) DNA BIWTFHE 28

7b OEELEY DNA IR %, WL AKREATH 5 KIP2EE T L Fe
> T U IVIHERITH H DMSOP22FEAE T C1T o 7o (Figure 4-12,4-13). Z DOFEERD 7L
G H N O 725 — # % Figure S4-6 K O Table S4-5 (2779, DMSO (1.0, 5.0, 10 mM){F
ETICBIT ARG TIE, FormI OJEE & Form [T O L CREZNRIZFRD b7
MoT=72, 7Tb ® DNA BR{LYIKTIC e Ra %o T A WEEE L TnZenZ &R S
7o 7=, —J7, Kiago KI (5.0 and 10 mM)FE(E F Tl Form I OAERGITEE S,
Form I OWEGRIFES N2> 72. ZhiE, KIIZK Y D - < 0 LRk kHEH
BT RS N TIREMET 3272012, WIHIORWKIETH % Form 1 OJRIFHE S
T, ZO®%ICEZ DEBWIGTH D Form [T DERZTNLESNTZEEZ2BND.
INHORERIE, b Refxs T UhL RONEEELKEIZER{LH) DNA SIE O BN e Tk
PERECld7e <, $5IRH SO "R R — A % VR EOTEMREN LR L TND Z L AR
LT,
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(A) (B) (©)
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= 60 = 60} . = 60 m
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Figure 4-12. Time courses for the decrease of % of Form I (A), increase of % of Form II (B), and
Form III (C) in the reaction of 7b with inhibitors. Experimental conditions: [NaCl] = 10 mM,
[buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] = 50 uM bp, [complex] =30 uM, [H20,] = 50
uM, [Cu(OAc),] = 70 uM, [KI] = 0-10 mM at 37°C for 0, 5, 10, 20, 30, 40, 60, 120, 180, and

300 min. Experiments were carried out at least three times.

(A) (B) (©)

100, 100 100
—e— None
80 80} 80! DMSO 1 mM
g | & < DMSO 5 mM
= 60 = ol = g0, |—®—DMSO 10 mM
E E | E 1
g 3 5 ;
< 40 < 40 L 40 ii/
z z z
o o | a /
20 20 20+ r
D 1 1 DT 1 1 D 1 1
0 100 200 300 0 100 200 300 0 100 200 300
Time (min) Time (min) Time (min)

Figure 4-13. Time courses for the decrease of % of Form I (A), increase of % of Form II (B), and
Form III (C) in the reaction of 7b with inhibitors. Experimental conditions: [NaCl] = 10 mM,
[buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] = 50 uM bp, [complex] = 30 uM, [H,O,] = 50
uM, [Cu(OAc).] = 70 uM, [DMSO] = 0-10 mM at 37°C for 0, 5, 10, 20, 30, 40, 60, 120, 180,

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

119



4-3-5. S HFRREIC L D IEHERE OB

IEMFEOR 21T 2 728, Tb L kKR & ORI EZ B A7 MLV K CSIMS A
N7 MVTIEBR LTS, TEMHHEOSUSYER mWT2IT, BRI LT RRELEZ 1525 Z
LIXTERoTc. L LR G, BBREWZ &2, MeCN 1, —40°C T 7b &ifg(k
KFE L DORUGZ CSIMS A7 RV TIBBT 5 &, MeCN 23 FRRICA#HL I T 7b IZHE
NLZEEZONDERY — 778 m/z:773.08,787.10 IZBIHI S, 2 HIXF N Z L1+
H 4+ 2Cu(Il) + 2HCO,]" & [L1#1 + 2Cu(1I) + AcO + HCO,]" 1284 ¥ 5 (Figure 4-14).

1IN
770 775 780

787 789 791 793

774 776 778 780 782 788 790 792 794

label m/z
a [L1#H + 2Cu(II) + 2HCOO]* = 773.08
b

[L14-H + ZCu(H) + OAc + HCOOT =787.10

200 400 600 800 1000 1200 1400
m/z

Figure 4-14. CSI MS spectrum of complex 7b (0.5 mM) reaction with H,O, (100 eq) measured
in MeCN at —40°C at orifice 1: 0V, orifice 2: 5V, ring lens voltage: 10 V.

F72 80 7L LTZBE LK EMH20) & H WD &, 773.08 (L1411 +2Cu(1l) + 2HCO,]Y)
& 787.10 ([L1*H + 2Cu(II) + AcO + HCO,]) D v*— 7 X ZF N2 777.10 ([L14H + 2Cu(Il) +
2HC'°0"0T"), 789.11 ([L1*" + 2Cu(Il) + AcO + HC'OBOT NI 4 v A R2 <~ AL 7 kL
=27 L LTSN, REFEOE—27IXE LI ETES 52 791.11 ([L1+41+ 2Cu(1D)
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+AcO+HCBOBOINZ4~AY 7 b LT —7 & LTEMIE N Z & H B (Figure 4-15),
HCO, @ 2 D OERIR I bk E L RS FHRTH D Z RIS, 20
BT MeCN I3IEMREIC L D b SN TY 7 / & R U (HOCHCN)IZ 28 H#a S 7= 1%,
HCHO & HCN 234R% L, HCHO 2225 b S 2 2> —EEMEREIC K D BBk S v CF 2
EERTHEZEZLND. ZDDRIGHEKE % Scheme 4-3 |Z7779". Karlin & 1%, L
7z p-cresol-2,6-bis(dpa) MELAL - D “AZEHSEAR D B AT 5 p-1,1-O.H species 25, MeCN
EALTAHZEZMELTWADL FRL7ZX 91T, 4 & 8 1Tk E L FIG LT p-
1,1-O:H species &A% L, Z 41705 DNA ZBR{LANZ O 2 2 & 23 ST e,
T D DEFEE L DNA LU O EERRIIARITRE 2 5, Tb Ll b /K3 & DS T p-
1,1-OH species AR L, ZHUNEEOBRILIEHFECHY, Fl-—3 B L TEHIZ
EESEZ R LSRN NICBE S35 Z ERHE IR D.

| | Ha b mc
1

777 779 781 783 785 789 791 793 795 797

C
aJEJS,Jd&JS!L&;: M
778 780 782 784 790 792 794 796

label m/z
a [L14H + 2Cu(ID) + 2HC!80#0] = 777.10
b [L14H + 2Cu(Il) + OAc + HC'®0Q®0]*=789.11
¢ [L14H + 2Cu(Il) + OAc + HC'30¥0]*=791.11
d d [L1#H + 2Cu(Il) + 20Ac]* = 801.12
e

ol
200 400 600 800 1000 1200 1400
m/z

Figure 4-15. CSI MS spectrum of complex 7b (0.5 mM) reaction with H>'*0, (100 eq) measured
in MeCN at —40°C at orifice 1: 0V, orifice 2: 5V, ring lens voltage: 10 V.
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Scheme 4-3. A propose reaction pathway in the formation of HCOOH from acetonitrile

active species vy (‘
CH3CN > HO—CHz'CN
o
>
~ A
H*, CN-
o) (0
I
H OH

4-3-6. MTT assay (2 X 5 K3 DA

HL1*", 4, 7b 2 ON 8 OFLN AIEMEE D728, HeLa Mlaicxt3 2@ rE%4 MTT
assay (2 & > TR L 72 B42) 1Cso B I LAEH 2 MR A (728, FE#HIZ log[X] (X = HL1*H, 4,
7b,and 8)&% 7'y R L= T 7B EM LT-. ZiLH % Table 4-3, Figure 4-16 (27”7,
ICsofEL Y, 7b 1L HLI*M & bl U T 7 fFm Wl s 2 B84 2 Z LB 6T -
7. Tb 7 uy MIAZE THY, HLI 7 1 v MIFELHR B8 TdH - 7= (Figure 4-
16). 7Tb N % — T 7RIREERIFIEZ R T O, TN T R EZHERF L TRV
MIREEEZ RS TS EBEZLND. SHIZ, ThiX4,8 LLEL T, ZhTh 24,
§fEm WM E 2 R LTZ. £/, 208 RoMadEt i bE M OMIa~DHE Y A
HORRERGFT D EEZ LD, EE, 8134 LV H DNA UIWHEMHEIZIEW Y, 4 X0
HAIREEILE V. 2, 8OV NETH D dpa DBUKYEN & < BEEEE 23 7]
ELTWA72HEEZLND. 2L DORRDG, Tb b m ORI R 2 R3O,
amide-tether & dpa (2 & > TE® H 1172 DNA BR{LYIWEME & & 62, ZDBUKMEIZ L -
TR b ifaEEEIEIc LD LB D,

HL1*" 4,7b & I8 D & I il & OWEN# D 23 A(A549 and PK-59) } ONIE & (WI-38 and 2C6)
IR RT3 2 MR T E A2 572, HL1*Y, 4 K OY 8 IFIEF A & 23 AU A O3 INM: 2 7R
L7228, 2D ICso ML Tb & el L TIHEHITE W Z EN R ENT. Tb Db Fiias A
il AS49, & bR AR PK-59 (256595 ICs 1L, & F4 92.7,66.5 uM TH Y,
ZAHOMEIFE MEF M WI-38, & RN EE ML 2C6 12335 ICs ED 121, 88.2
uM & FhER LTIV, fiEo T, Th IXIER ML & b U Cas AR iF L TR 1.3 i
MR EZ RBT D Z EnbhoTz. UL, EWRMEL Y bEViERIbkFRRELH
T oD AMIEPNIZIVNT, T 2N EER kK ZFIH L T DNA X° RNA 2 ) L 7oA ]2
EEZDOND. - T, KEFTFDRAFOBRNEM RN TE L LRi2E FR 5.

X512, Tb OMIEEENEE L9 5728, Hela MIIRIZKT 25 cisplatin o iR #EE 2 H
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EL, £7o, MEIN TV LHILSNO e R R [CoL.)* (L = NN ”-bis[(1E)-1-(2-
pyridyl)ethylidene]propanedihydrazide)® &z O [Nio(EGTB)(MeCN)]** (EGTB = ethylene gly-
col-bis(B-aminoethyl ether) N,N,N’, N -tetrakis(2-benzimidazoyl))??"1 & 2 i L 7= (Table 4-3). cis-
platin X 5 DOMIFEERIZ T L TRVl EEZ R L2y, @IRPETR SN2 &85
T2 572, Tb, [Corla]™, [Ni2(EGTB)(MeCN)[* DAt Z thls 92 &, Tb b
INDHDREERDD, T 1TA ALK L TRl
BHEZ R IET TR, IEFEMRE OIS RT 2 LSRR b,

W E 2 "9 2 L R R E T

Table 4-3. In vitro cytotoxicity for HL1, 4, 7b, 8, 9, cisplatin, and other dimetal complexes

against HelLa, A549, WI-38, PK-59, and 2C6 cells by means of MTT assay (24 h)

Compound

HLI
4

7b
8
9

cisplatin
[CosL,]?126]
[Ni2(EGTB)(MeCN) #1271

ICs0 (uM)

Cervical Lung Pancreas

HeLa A549 WI-38 PK-59 2C6
539 +123 5515 282+ 10 205 1 615+ 18
1740 £ 114 1270 £ 10 2660 + 190 1060 + 0 3340+ 10
72.8+2.1 927+14 121 £11 66.5+3.1 88.2+89
580 +13 402 + 13 1070 + 50 364+ 10 566 + 23
11.3+£0.5 29.8+24 10.2+0.3 39.7+£1.5 21.9+2.8
2.33+0.23 5.35+0.82 6.33 +£0.13 2.66 +0.85 3.16+0.12

> 100 - - - -

> 100 - - - -
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1

Cell viability (%)

00%

©
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20f

(D) log(X (M))
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o
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Cell viability (%)

Figure 4-16. (A) Plots of cell viability vs log[ X] (X =4 (light green), 7b (blue), 8 (red), 9 (orange),
and cisplatin (purple)) in the MTT assay of HeLa cells. (B), (D), (F), (H), and (J) are the plots of
cell viability vs log[4], log[7b], log[8], log[9], and log[cisplatin] in the MTT assay of A549 (red)
and WI-38 (blue) cells treated with 4, 7b, 8, 9, and cisplatin, respectively. (C), (E), (G), (I), and
(K) are the plots of cell viability vs log[4], log[7b], log[8], log[9], and log[cisplatin] in the MTT
assay of PK-59 (red) and 2C6 (blue) cells treated with 4, 7b, 8, 9, and cisplatin, respectively. All
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experiments were carried out at least three times.
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4-3-7. KNEREZ AT D ERERDOERENZNE AV ZE8 ofiEH

Tb OB 2 5 ST 5720120, T oM S &2 i k4 5 8
WD, =T, Bodipy & HLI* Z (LG To 7072 HL2* M B 1 (Scheme 4-2) & %
D "SR EEAR[Cua(u-OAc)(L2*M](0AC) (9 & Ak L 7=. 9 OREIEITm EF IR E IS
STHLMNI LT, AL H NMR A7 MLOZEMITARES 5 iz 3R] _aE%ZL
TW5. MeCN HIZEIT 5 9 D ESIMS A7 "LV TlE, m/z: 13113418 —27 %5z,
[L24H+2Cu(Il) + 20Ac] DB A Y U 7= (Figure 4-17). Z OFERIT, WHFIZBWTH
9 N EERIDEE ZHERF L TWA Z L EZ R L TWND.

label m/z

a [L2*H + 2Cu(ll) + 20Ac]* = 1311.34

1310 1315 1320

N\

L

200 400 600 800 1000120014001600
m/z

Figure 4-17. ESI MS spectrum of 9 measured in MeCN at room temperature at orifice 1: 10 V,

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

EBER LK EIFAETICRIT D 9 OE{LA) DNA BIBHEMEIE, 7b L EEE L TEW 2 &R,
Hi ZAL7z (Figure 4-18, S4-7, Table S4-6).  ZAuld, ERHIM & 25 AU AR OZ IR 1T ) >
=23, 9 Th L L ThI MmOV ilagtE A R~ 2 & & —F L TV % (Table 4-3).
IS OFERIE, Bodipy SAZAGHIAIEL VY IAZ KL T DNA fEAREZ M LSETWH 2 &%
R LT 58,
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(A) (B) ©

100 100 100
—e-7b
80f o9 __ 80 __ 80
g £ g
= 60 = 60 = 60-
E £ £
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w w w L
< 40 < 40 p 40
2 = P4
a [a] [a)
20& 20 20
0 . . 0 . \ 0 . \
0 100 200 300 0 100 200 300 0 100 200 300
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Figure 4-18. Comparison of DNA cleavage activity between 7b and 9. Time courses for the de-
crease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH 6.0. Experimental
conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] = 50 uM bp,
[complex] = 30 uM, [H202] = 50 uM, [Cu(OAc),] = 70 uM at 37°C for 0, 5, 10, 20, 30, 40, 60,

120, 180, and 300 min. Experiments were carried out at least three times.

AN A A — 0 7 F2BRIZIT HeLa M2 Y, 9 ZEFHIICHR W, 1, 12, 24 FER]
A Fa— kL7 9 OHMIINELY AR KL Ol S E, EA L —F —BMEi %
FWCHIE L 7= (Figure 4-19). B &Y b2 KU 7 44(4|Z Hoechst 33342 (8.1 uM), Mito
Tracker Deep Red (50 nM) % FV N CHEE 2 AL L 7= 655, 9 (100 uM) DHEREN J{TELDS 12
FOR 24 BRHR IS S Tz, 24 B[RS O HOGEIE & Figure 4-20 1R T. H M URE
X, TNENELOR hay R T7E2EGLEATH L. OEOEIE, 9 25 ENIcTT
ETDHZLHRLTVWD. 2D OHRZ G oY -l (Figure 4-20, Merge) TlX, #Hf
FOKBOENZWRTHZENTED. 2L, IR har FY 7HRICEE
kLo, Hlikth, RAaLBFENENETNEDES oo B LS. BHRENC
L, KEOHEIEI/NS VAR Yy M LTEMITE S, 2, 9 08B/MRIZREIEEL
TWLHZEERLTWVA.
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Bright field Hoechst 33342 Mito Tracker

Figure 4-19. Confocal luminescence microscopy images of HelLa cells with treatments of 100
uM of 9 (green) for 1, 12, and 24 h, stained with Hoechst 33342 (blue) and Mito Tracker (red) as

well as merged images. Scale bars represent 20 um.

Bright Field Hoechst 33342  Mito Tracker Merge

. I‘I”‘ ..-

Figure 4-20. Confocal luminescence microscopy images of HelLa cells with treatments of 100
UM of 9 (green) for 24 h, stained with Hoechst 33342 (blue) and Mito Tracker (red) as well as

merged images. Scale bars represent 20 um.
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4-3-8. Comet assay IZ & 5% DNA H{EDRH

7b 23E%N DNA (ZE)zE L CEBLRYBIET 2 2 L TV, comet assay (2 & o> THERR
TEHLIENTED., £ZT, FxlT T ZHZ comet assay Z1T o 7=(Figure 4-21). %
DOFER, comettail ZHERT D Z LITTERM o7z, 16T, Tb I3EZD DNA %I L T
WRWZ LAVRENT, ZORERIE, EROMBASMOR R E —BH LTS, Thb
DFERNEG, T IEI Fa B U7 RUOB/IMED DNA KT RNA ZZ 2l LT
HEBZOLND.

(A) (B) (©)

Figure 4-21. Comet assay of SYBR® Gold-stained HeLa cells. (A) HeLa cells (untreated), (B)
HeLa cells treated with HO, (100 pM) at 20 min incubation at 4°C, and (C) HeLa cells treated
with ICyo concentration of 7b (45 pM) at 24 h incubation.

4-39. 7 —Y A FA Y —

FREDTEREZ 570, 7r—Hh A A MU —IZX > T fluorochrome-conjugated
annexin V (Annexin V-FITC)/propidium iodide (PI) assay #1T->7=. 7b (100 uM)% HeLa #
RADREHITMZ, 1 KON 12 BFEA v Fax—Ta Lz, ZOREE, 7r—3%A b
AR —=ZEoTT R b= 2O ERELEZITH Z & HAYE L, Annexin V-FITC &
OYPI OY IR Z IO CHIE L7z, 2 OfER% Figure 4-22 [ORT. 12 Bl A % =
N—a RIS, 32%DMIEER L TEBY, £D I 5 13.6%BHIH T AN h— X,
182% BT RN b=V ATHDH Z ENRAMEN, X7 =Y AT 01% -T2, 22
TR LTE T, M{ka) DNA GIRHENE, X ha RUT EBUME~DJRTE, 7R F—
¥ AR T ORI EDFERIZIESNTHE 2 5 &, Tb Tl amide-tether & dpa FHALH
HEREEZRT-L, I b2 FUTNO DNA E723/MEN O RNA GIli% i@ L C
AIFEZFHE L TV D EfEmfTiT 2 2 &R TE S,

128



(A) (B)
All Events - 1h All 10000 All Events - 12h All 10000

10 10

10° 10°

Figure 4-22. Induction of apoptosis by 7b. Annexin V-FITC and PI fluorescence were measured
by flow cytometry. Representative dot plots of dose-dependent effect of 7b on apoptosis in HeLa
cells treated for 1 h (A) and 12 h (B). A total of 10,000 events were collected per sample.
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4-4. HEwR
ARG TIE, Bl p-cresol-2,6-bis(dpa) amide-tether 7 HL14H J OV D k4RI EE
A [Cua(u-OH,)(p-1,3-0Ac)(L14M)](Cl04), (6), [Cua(p-1,1-OAc)(u-1,3-OAc)(L1*H)X [X =
ClO4 (7a) and OAc (TH)|ZAHLL, O OMEEZH G Lz, Tb IXBERL/KEAFAE
TIZBWTERLAY DNA Gl &2 k& < Imf U, £728E4 25 RIS A & i L ¢
WHIR M E 2R 2 E AR S v7s. MR B 2 B ST D 72w, wOtHl &
L T Bodipy % K¥mlZE A L7=BAL - HL2*H L O O " EZSRIDSEA[Cua(u-OAc)(L2*+
M](0Ac) 9 Z AL, 9 &AW TN AL EREZIT 7. ZORER, 91FI b=
RU T RO/ MENIZRET 2 Z EMBHLMNI o T-. ZORERELY, T (ZI b=z
KU 7HNO DNA F 7213/ MENO DNA 28Il 5 2 & CHilgEEZ BB L T D &
EZ OIS, ABETHE LAV AR, WRAI7ZRRIER Z 8 L 728 LW AKI OB
2kt U CHFZE R 2 1R T & D AR B 5.
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4-5. ERFGE
4-5-1. REROHIELEE

REIZHONTIE, ARPRECHER L RE, w2 i3 T3, Bk,
VI TN RY y FHENGIEIR L THA L. BBV T, GRICHW S b0l
MBS U TR Lz, A——aA( )L 7 Z A3 KpUCIIDNA I%, = v R
—UAED BN U723 2 A L7=. 4-methylphenol-2,6-dicarboxylic acid (24), 1-amino-8-
azido-3,6-dioxaoctane (33) & OB 8 13575 LR3I E > TR L 7=,

JLHRHT(C, H, N)IX, Perkin-Elmer 1% Elemental Analyzer 2400 II % F\CTHIE L 7=,
IJHNMR A7 buid, HAE - ECA-500RX 7 — U w28 Ml 1o A Heng A i (500 MHz)
AL, HYEYE L LT tetramethylsilane (TMS) % 7213 sodium 3-(trimethylsilyl)propio-
nate-2,2,3,3-ds (TSP)% VN CHIE L7=. Electron spray ionization MS (ESI MS) & O¥ Cold
spray ionization MS (CSI MS)A~<7 kUL, HARFE L JMS-TI00CSRX the AccuTOF CS
Z AV T, MeOH, MeCN £721% H,O 2 e UTHIZE L7-. pH #IElEX, HORIBA £
LAQUA electrode % FV, IEVERRMEIANR 2 FCTHERK L 72 ICHIE AT > 7. UV-vis A
7 bV, Agilent #1:5Y 8453 SRAN R O E G 2 AW THIE L7z, IR A2 Fb
I%, Shimadzu Single Reflection HATR IR Affinity-1 MIRacle 10 % VN THIE L7=.  Hifs 5,
X WA ST X, U A 7 48 R-AXIS RAPID II/RAPID AUTO X #i B &t X R & it
HEECTT — 2 ZJE L, Olex2 Y 7 b7 =7 & AW TN 24T > 72. MTT assay 13,
Thermo Scientific Multiskan FC % VN CHIE 217 - 7=, HEE SUBAMEEIE, Nikon Instech
AL S L — P —BRISEE Al Z W2, 7 —H 1 A R U —|Z, Invitrogen f15 Attune
NxT Focusing Cytometer & VN THIE 21T 72,

131



4-5-2. BNLF RO TESERODEEER SRR
HL14-H @/E'\EE[B]

24 (1.00 g, 5.10 mmol) % SOCL (50 mL)IZ#%f# S, 60°C T 4 Kefilffi#: L7z. SOCL %
BE LTk, BEZE0ET 5 L HA0MRBEN GO, ZOMRYEIIRELITHT
WZIRDFISIZ AV 2. Di(2-pyridylmethyl)amine (2.10 g, 10.5 mmol), K,CO; (4.50 g, 32.6
mmol) % CHCl, (50 mL) R S W=, Z ORI, JREOMIRYE % CHLCl (50 mL)
(IR IR ST IR E Na flow LR BH o< 0 LNz, BiKEHREN L%, BET—
WodEER U7z, BOSTAR &2l IR Ol L7=#%, I8 % H0 (3 x 100 mL) THyik L7=.
ATHEIEIC NaxSOs ZMA THIAK LR, X v F =Tl L, Jfikz e —2 ) -z \F L
— X — CIRME, BT 5 EHOOBENE L. 2N E R ED CHCL I S
&, TAVIFT AT A7~ T T 7 ¢ —(gradient CHCl/MeOH from 100/0 to 50/1) Tr HL
L, BHIDREENTWAE T T v a8, Thvicue—Z ) —= KL —FX—T
fE L, BEZEiid 5 LA OB RS 5 I72(2.64 g, Yield: 93%). 'H NMR (500 MHz,
CDCl:): 6/ppm = 11.6 (s, 1H, OH), 8.49 (d, J= 5.2 Hz, 4H, Py), 7.73 (t, J=5.7, 7.5 Hz, 2H, Py),
7.64 (t,J=1.5 Hz, 2H, Py), 7.56 (d, J= 7.5 Hz, 2H, Ph), 7.24-7.26 (m, 2H, Py), 7.18 (s, 2H, Ph),
7.15-7.19 (m, 4H, Py), 4.95 (s, 4H, CH>), 4.66 (s, 4H, CH>), 2.21 (s, 3H, CHs).

tert-Butyl 4-formylbenzoate (29) D& k!

4-Formylbenzoic acid (28, 3.01 g, 20.0 mmol), DCC (5.35 g, 25.9 mmol), fert-BuOH (20.0 mL,
210 mmol), DMAP (20.2 g, 166 mmol)% CH,Cl, (200 mL)IZ¥fifE S+, PR ER L7
#%, 30°C CBEftrE L7z, RIS Er—% UV —x /K L — & —ClgfiE L7-%, CHCL
[ZIR iR &, HoO (3 x40 mL), 4 M HCI (3 x 40 mL) T/ L7=. AHEIEIZ NaySO4 & 1N 2
THALZE, Xy F=THEBL, Bz a—4% U —x/ R L—Z — T, BE28al
T2 EHAOEEIELNT-. ZhERDEO CHCLIZIEMR S, YU B TPV T KT
v~ k77 7 ¢ —(gradient CHCls/hexane from 2/1 to 4/1) TR L, BRI E EN T
5777 varEED. Ihen—2 ) —T /KL —X—TiEfE L, BE0ET 5 &
F O E IR S A72(1.25 g, Yield: 30%). 'HNMR (500 MHz, CDCls): 8/ppm = 10.1 (s, 1H,
CHO), 8.14 (d, J= 8.3 Hz, 2H, Ph), 7.93 (d, J = 8.3 Hz, 2H, Ph), 1.61 (s, 9H, CH>).

4,4-Difluoro-8-(4-carboxyphenyl)-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene (30) D
AR

29 (368 mg, 1.78 mmol), 2,4-dimethylpyrrole (425 mg, 4.47 mmol)% CH,Cl, (55 mL)IZ¥fiF
SH, BMREREMR LK, BRTIRMBELL. ZORISHHRIZ TFA(0.5 mL)Z I
Z, VIR TIHIC ISR L7z, T ORIGNAIKIZ CH.Cl (50 mL)IZ#fi# < & 72 DDQ
(414 mg, 1.83 mmol /A Z i F L, RILT20 /ML=, Z 212, EsN(1.61mL, 11.6
mmol) 5 (¥ BF3*OEt, (2.42 mL, 19.1 mmol) DR A2 M1 2, =R C 3 el fEdr L7, UG
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Wro—42 ) —Z KL —%—CTRET 2 EHEAOBRERELNE. ZhERDED
CH.CL (\ZIEfiE s, YU Vh T L a~ 7T 7 4 —(gradient CH,Cl/EtOAc from
31t/ D)THRL, BN EENTWDE 7T 7 v a v aEDi-. Zhzn—4%)—=x
NI L—2 — TR L, BZEEd 5 L REOEERITE 572308 mg, Yield: 47%). 'H
NMR (500 MHz, DMSO-ds): d/ppm = 13.2 (brs, 1H, COOH), 8.10 (d, J = 8.5 Hz, 2H, Ph), 7.54
(d, J=8.5 Hz, 2H, Ph), 6.20 (s, 2H, CH), 2.46 (s, 6H, CH3), 1.33 (s, 6H, CHs).

3,5-Diformyl-4-hydroxybenzoic acid (32) D&k

4-Hydroxy benzoic acid (31, 10.1 g, 0.731 mol), hexamethylenetetramine (84.1 g, 0.600 mol)
% TFA (ZIAfR &4, 110°C T2 B Lz, SOSER & EIRICK L%, 4 MHCI (450
mL)Z Nz, 30°C T—Eefsk L7z, AT L7cfEiRE X v F = Tl L, BE4&84 5 &
H A DE KD 5 472(9.88 g, Yield: 70%). 'HNMR (500 MHz, DMSO-ds): 6/ppm = 10.3 (s,
2H, Ph), 8.54 (s, 2H, CHO).

N-(8-Azido-3,6-dioxaoctyl)-2,6-diformyl-1-hydroxy-4-benzamide (34) D& 5%

32 (4.19 g, 21.6 mmol), 33 (16.7 g, 71.4 mmol), EDC+HCI (13.7 g, 71.5 mmol), Et:N (10.0
mL, 71.7 mmol)% CHCl; (400 mL)IZ¥fif S, BiE R @ L%, 0°C T—BufdfhL
72, BOSIANRIZ 1 M HCI (270 mL)Z %z, 30°C TE S B L7z, KEZIY R
X, AREEZHED, NaSOs 2 MMA THKLEE, XvF=THEBL, BiRze—% U —
TR L— 2 —TRifET 5 &L BEADEKRIG Oz, Zita CHCL (90 mL)IZEEME S,
H,O (3 x30mL) T/ L7=. FAH%E 2 Na,SOs 2 I 2 THK L721%, X v F = CHE®E L,
iR AZ v —& ) —T /R L— 2 — T, B2EERET 5 L AaDEIRRSLNT-(5.74 g,
Yield: 67%). 'H NMR (500 MHz, CDCls); 6/ppm: 11.9 (s, H, OH), 10.3 (s, 2H, CHO), 8.46 (s,
2H, Ph), 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,).

4-(N-(8-Azido-3,6-dioxaoctyl)carbamoyl)-2-hydroxyisophthalic acid (35) D&k

NaOH (5.54 g, 139 mmol)% H,O (110 mL)IZIAfR & ¥ 72 RIC, 34 (5.74 g, 14.6 mmol),
Ag:0 (10.6 g, 45.6 mmol) A N X, 60°C T—Wpi#E L7z, USSR & fie b D BUK TUeib
U723 B LRS- Cuad L7, I8 2 KRR L, 12MHClI % pH 28 1 (2725 & CIEE
[Nz 7o, A U7 B & Ml LR S Ol L, BEZ8iie 45 & HEOBIARE LT
(4.30 g, Yield: 69%). 'HNMR (500 MHz, DMSO-dj); 5/ppm: 8.53 (s, H, NH), 8.47 (s, 2H, Ph),
3.60 (t,J = 5.2 Hz, 2H, CH>), 3.54-3.58 (m, 4H, CH>), 3.52 (t,J = 6.3 Hz, 2H, CH,) , 3.39 (t, J =
6.3 Hz, 2H, CH,) , 3.37 (t,J = 5.2 Hz, 2H, CH>).
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N-(8-Azido-3,6-dioxaoctyl)-2,6-di(V, N-bis(2-pyridylmethyl)carbamoyl)-1-hydroxy-4-ben-
zamide (36)DHE L

35(0.201 g, 0.525 mmol)% CH,Cl, (5 mL)IZ#fiE <, SOCI, (120 uL)% il 2T 60°C T
1 FEffREE L7z, SOCL # R £ Lct, BT 2 L EaomEanftonz. =
ORI E I TER AT DO TITR OIS AV =, Di(2-pyridylmethyl)amine (0.284 g, 1.42
mmol), K2COs (0.659 g, 4.76 mmol)% CH,Cly (10 mL) VA S W7, Z OIRIRIZ, Jofao
HRE 2 CHCL (10 mL)ICER i S B2l % Ny flow L@ o< 0 &Nz, M
EREW L%, BIR TR Lo, ROSEIRZ fi LR Clail L 7%, k% H0
B x 15 mL) T L7=. AEEIZ Na,SOs Z M2 TR L721%, XvF = THEimL, I8
Warr—4 ) =2/ R L—% — T, BEZEiRT 5 L HaoEERIMGONZ. vk
KV ED CHCLIZES®, 7AIFH T L7 v~ N7 T 7 ¢ —(gradient CHCly/MeOH
from 100/0to 30/1) TH L, BN GEENTWEL 7T 7 v a vy zHEdle. Znadr—
Z ) —T/NR L— & — T L, BZ2505 T 5 & e aDBER13 S 5472(0.163 g, Yield:
42%). '"HNMR (500 MHz, DMSO-ds); d/ppm: 8.51 (d, J = 3.4 Hz, 2H, Py), 8.44 (d, J=3.4 Hz,
2H, Py), 7.92 (t, J = 7.5 Hz, 2H, Py), 7.83 (s, 2H, Ph), 7.72 (t, J = 7.5 Hz, 2H, Py), 7.58 (d, J =
7.5 Hz, 2H, Py), 7.39 (t, J= 3.4, 7.5 Hz, 2H, Py), 7.22-7.25 (m, 4H, Py), 4.81 (s, 4H, CH,), 4.54
(s, 4H, CH,), 3.47-3.60 (m, 10H, CH,).

N-(8-Amino-3,6-dioxaoctyl)-2,6-di(V,/V-bis(2-pyridylmethyl)carbamoyl)-1-hydroxy-4-ben-
zamide (37)D &L

36 (375 mg, 0.503 mmol), 10% Pd/C (418 mg)% MeOH (5 mL)ZZIAME &8, Bis/KEE
L7=t%, IR T30 ek Lz, KINEREE 74 MER L%, BiRdzr—% U —
TNR b— 2 —TiRifET 5 & BmEADE KD 5 72(301 mg, Yield: 83%). 'H NMR (500
MHz, DMSO-ds); d/ppm: 8.47 (d, J = 4.6 Hz, 2H, Py), 8.37 (d, J= 4.6 Hz, 2H, Py), 7.95 (d, J =
7.5 Hz, 2H, Py), 7.84 (m, 2H, Py), 7.66 (m, 2H, Py), 7.61 (s, 2H, Ph), 7.25-7.32 (m, 4H, Py), 7.19
(ddd, J= 4.6 Hz, 6.3, 7.5 Hz, 2H, Py), 4.50-4.80 (m, 8H, CH.), 3.44-3.56 (m, 8H, CH>), 2.80 (t,
2H, CH»).

HL2“H D&%

CHCl; (3 mL)(ZYAfR & H-7- 37 (44.8 mg, 0.0623 mmol)iA#K 2, CHCI; (2 mL)IZIRfiF S8
72 30 (45.5 mg, 0.124 mmol), EDC+HCI (25.0 mg, 0.130 mmol) DIEHE 2 M 2 7=. T O G
#IZ BN (0.10 mL, 0.711 mmol) Z M %, Wi ZEHZEHL L7, 30°C OR5ET Btk L
72, BUOSEKIZ CHCL (10 mL) 2 N2 72%%, H,O(3x3mL) Tk L7=. HHEEIZ Na,SO,
AT L7=t%, Mgk CheiE L, Wiksr—% Y —x KL —&% —CRHiET 5
EEREDBEIRNE DTz, ZHUTHR/NED MeCN 201 %, R 2 8 CHLY bR, JE
arr—2 ) —Z /KL — 2 —TRIET 5 LEEOBKRNE LN, Tk RkDED
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CHCL\ZVEfiR S, TV F T L7 v~ 7T 7 4 —(gradient CHCl3/MeOH from 1/0 to
10/)THRL, BIIREENTWL 7T 7 va a8z, Zhkue—% 1) —T/NR
L — X —CEfET 5 LA GOBIRA S5 7=. Zh %, GL Science £-8 InetSustain C18
WA A Z 2 (920 mm x 250 mm, HoO/MeCN)% FH\ T HPLC #17\>, BN & £ T
WAHT S gy EED, B —2 ) —T R L—Z —ClE, E2eiT 5 bR
B OERNE 5 7-(8.2 mg, Yield: 12%). 'HNMR (500 MHz, CDCls); §/ppm: 8.47-8.50 (m,
4H, Py), 7.97 (d, J = 8.0 Hz, 2H, Ph), 7.96 (s, 2H, Ph), 7.72 (m, 2H, Py), 7.65 (t, J = 5.7 Hz, 1H,
NH), 7.62 (m, 2H, Py), 7.51 (d, J = 8.0 Hz, 2H, Py), 7.22-7.26 (m, 2H, Py), 7.18 (d, J= 8.0 Hz,
2H, Ph), 7.14-7.18 (m, 4H, Py), 6.89 (t, J= 5.2 Hz, 1H, NH), 5.95 (s, 2H, CH), 4.94 (s, 4H, CH>),
4.62 (s, 4H, CH,), 3.58-3.72 (m, 12H, CH>), 2.56 (s, 6H, CH3), 1.27 (s, 6H, CH3).

EESIADSEER 6 DA R

Milli-Q 7K (4 mL)iZ Cu(OAc): (48.0 mg, 0.264 mmol) % IAfR X H 7RI, Milli-Q /K(4
mL)(Z HL1*" (48.5 mg, 0.0868 mmol) & ¥ S 7wt 2> < Wz, =Kk T 10 4rMH
B LT, WU A — AT EEZ D0, BUSEIRIZ Milli-Q /K(Q2 mL)ZIEE S H 7
NaClO4*H,0 (64.1 mg, 0.456 mmol) DK Z %, iR T 10 L L7-. 2 ORIGE
RAERBEST 2 &, HfEd X SEEARITICHE U 72 ik O BIR13 5 5 4172(43.1 mg, Yield:
51%). Anal. calcd for [Cux(u-OH,)(u-OAc)(L141)](C104)222H,0: C, 42.18; H, 3.84; N, 8.43.
Found: C, 42.50; H, 3.65; N, 8.43. IR (KBr): #/cm ™' = 3451, 1645, 1609, 1535, 1489, 1443, 1362,
1300, 1287, 1267, 1240, 1200, 1165, 1092, 1063, 1030, 972, 955, 939, 905, 883, 812, 762, 733,
698, 679, 650, 621.

—HEESRDEER T DA

MeCN (7 mL)IZ Cu(OAc); (67.9 mg, 0.374 mmol) % IAfi# S B 7-¥KiEIZ, MeCN (1.5 mL)
(Z HL1*" (104 mg, 0.186 mmol) & /& fif S W7 imik 2 - < W Nz, =R T30 oRfEEL
To. ROSERAR —Z ) —2 /R L —2 — TR L, B EREEZH I mLREIC L.
Z OIRIRIC ELO ZINZ D EEESHH L0 T, ZHalEe L, H28iEd 5 Like
DEIRDMGF 5 4172(131 mg, Yield: 81%). Anal. calcd for [Cux(u-OAc)(L14H)](OAc)2.5H,0:
C, 51.65; H, 4.78; N, 9.27. Found: C, 51.67; H, 5.19; N, 9.33. CSI MS (H>0 m/z, positive mode).
Calcd for [7b — OAc]": 801.12. Found: 801.12. IR (KBr): ¥/em ™" = 3613, 2374, 2347, 2320, 1641,
1609, 1587, 1568, 1543, 1489, 1435, 1370, 1339, 1319, 1269, 1246, 1202, 1161, 1084, 1030, 972,
951, 903, 881, 814, 764, 733, 702, 677, 621.

ZRESRNEEIR Ta DERR
MeCN (Z¥EfiE 72 Tb OEHRIZ, NaClOsH.0 (1 eq)z Mz, =R T 10 sy L
7o, ZORIGEIRE EbO & RIRIERCT 5 Z L2k » T, HfESh X ST L7
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TR OERNTF S 407, Anal. caled for [Cux(u-OAc)(L141)](Cl04)3.5H,020.5MeCN: C,
46.04; H, 4.39; N, 8.71. Found: C, 45.74; H, 4.0; N, 8.99. IR (KBr): #/cm ' = 3418, 2928, 1607,
1589, 1568, 1427, 1310, 1242, 1200, 1188, 1159, 1107, 1049, 1026, 995, 974, 945, 880, 829, 766,
733,679, 617.

T RZSADSEER 9 DA R

MeCN (1 mL)IZ Cu(OAc), (14.3 mg, 78.7 pmol) & & fif B 721 1IZ, MeCN (1 mL)IZ
HL2*H (41.8 mg, 39.1 umol) Z &M S 7k 2 P> < W NZ, =R T 30 /R L.
FOSE Rz v —2 ) —x /N R L —Z —TiRifs L, &&EREZR 02 mL RBEICLE. 2
DYEEIZ EbO Z M2 5 EEEBPH LZoT, ZhzaiEEl, BEEwET s B0
K 2343 & 41 72 (40.8 mg, Yield: 70%). Anal. calcd for [Cux(u-OAc)(u-1,3-OAc)(L2*
0]1(0A)+6.5H,0: C, 52.42; H, 5.41; N, 9.40. Found: C, 51.97; H, 5.20; N, 8.98. IR (KBr): #/cm™!
= 37693285, 3132-2756, 2372, 2355, 2324, 1631, 1607, 1549, 1508, 1489, 1472, 1433, 1373,
1339, 1306, 1195, 1157, 1107, 1090, 1055, 1022, 980, 934, 887, 843, 820, 799, 766, 737, 683,
673, 648, 625, 610. ESI MS (MeCN m/z, positive mode). Calcd for [9 — OAc]": 1311.34. Found:
1311.34. UV-vis spectra (MeCN at room temperature, 25 uM): 232 nm (¢ = 50000 M ' cm ™), 281
nm (¢ =20000 M 'cm™), 312 nm (¢ = 9400 M 'cm ™), 388 nm (¢ = 3200 M ' cm™!), and 499 nm
(6=64000 M 'cm™).

4-5-3. DNA ST EER

%4ERD DNA GIWHEYEIL, pUCI9 DNA % vy, 74— VERIKENEIZ L -
TRl L7=. 1.5mL = v X2 F =—7|Z NaCl (10 mM), buffer (pH 6.0 (MES), 7.4 (MOPS),
10 mM), pUC19 DNA (50 uM bp), Cu(OAc), (70 uM), complex (0-30 uM), HO (0-50 uM) &
25 XD LI ER AN %, 37°C OB CA »Fax— 3 L7z, 0,5 10, 20,
30, 40, 60, 120, 180, 300 4342V > 7V A2 AL L, loading buffer (0.025% bromophenol blue,
0.025% xylene cyanol FF, 1.0 mM EDTA and 30% glycerol)Z W TG Zx 7 = F LTz,
%4 > 7L % TAE buffer (Tris/acetate/EDTA) & W CTIERR L7z 1% 7 A a— R 7 iz m —
T4 L, 100V TR | RHESIKEIZ1T>72. £D%, EtBr Yetaz 1 FEEITV,
VILBER LOURMAT E-BOX-CX5.TS Edge-20.M % W T/ /Ly REfg Lz, gL
7232 R%, Form I OYEHFIEZER 1.06 2 AV, Image] Y 7 b7 =TI k- T &
1T-7-.

4-5-4.7b O DNA HIWTRHE =R

1.5 mL = v~ F =— 7T NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM), pUC19 DNA
(50 uM bp), 7b (30 uM), H,0; (50 uM), inhibitor (1-10 mM)(Z 72 % & 5 (ZFHEL U 7= 18 & N
Z, 37°C DRI CA ¥ a_X— g0 L. ZO%OFNEIL DNA Ik E8RICi# Lz
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HOLFARTHD.

4-5-5.7b LBBALKR DRI & o THEKRT 2 XK EHED CSIMS A7 M VEIE
7b @ MeCN ¥i%(0.5 mM)Z 20 mL —HF A7 7 A2 3|2 A, —40 + 0.2°C (2> 7=,
H,0, ® MeCN IRIEEERIZx LT 100 eq)Z Mz, A7 hLVAEHEIE L.

4-5-6. MTT assay (T & 2 HIfEEME O A6

96 well 7'L— NZ blank & L CTE IO L% 1 41 &, H5HUZ 10 x 10* cells/mL (272 5 &
5 IR S H - M(HeLa (B R TESHAA), AS49 (B RMiindA), WI-38 (b iEH),
PK-59 (b MEE&2IA), 2C6 (b MENRIER))Z 1 well I2-2% 100 pL 972 control & #&{A
DY FAESDOINCHEEE, A 2 F 2_X—F—(37°C, 5% CO)TA »FaX— gL
7=. 24 Wi, PBS(-) T L7z, 2Dk, o 7 ABNITEN TN OREICHHR L 72
SR DY > 7 1(10-1000 uM) %, blank & control FIZ (X EFHID 72 % 1 well (122 & 100 pL
PFOME, AV Fa—F—TArFa— 3 Uiz 24 K, PBS(-)THEML,
5 mg/mL |ZFAHL L7 MTT reagent & 55ii% 1:9 OE|IA CIRA S BRI E 1 well IO &
100 uL FOMAFFEA > FaN—F —TA FaX— gL 3HRHEK, 7AEL
— X — TR EWS| LT=t%, A& DMSO % 1 well IZ-2& 100 pL DMz 7=. £ D%,
570 nm O R & AWV TRSEERIE S CRIEARIE L, M2 6 L7z,

4-5-7. MRENA A —T v TER

BEHAT 4 v 2(pl4 mm)iZ 6 x 10* cells/mL [ ZFH%L L 7= HeLa flliE O RRETE %2 600
uL %, 37°C, 5% CO, 54 FC 24 BEfl A > F 2_X—3 3 > L. §43% L7= HeLa g
MOEFHIABRE L, PBS(—)T 2 [EEHL, #5149 (10-100 uM)D D10 E5HEA#R (600 pL)
%, 37°C, 5% CO & FT 1, 12, 24 K] f % o _"—T g L7z, HHAFREL,
PBS(-) T2 ¥ L, &I b= R U 744th & LT Hoechst 33342 (600 uL, 8.1 uM)
K O Mito Tracker™ Deep Red FM (Thermo Fisher) (600 uL, 50 nM) % 55 HIlZ Nz, 37°C, 5%
CO, RMETFTI10 A v F aX—2 g Liz. Bz PBS(-) T2 [P L=, L&
RL—F—BAMEE cila 2 #8g2 L.

4-5-8. 7a—H% A FAFY—

BEHT + v = (960 mm)iZ 1 x 10° cells/mL {ZFHH L 7= HeLa fliiE DK % 4 mL
Nz, 37°C, 5% COy 5 F T 24 Bl A % 2 _"— 3 > L7z, K53 L7- HeLa Ml
ORI ZBRE L, PBS(—)T 2 [ L, SfEIREEDY 100 uM (2725 K 5 ITE5R T 18K
Z 4mL Mz, 37°C,5% CO S FC 1,12 A U F 2 _X— 3 > LTz, 5% PBS(-)
T2MEBEE L, N U7 (025%) CHIIEZ 132 LT, 2 ORI 2 13 Lo BERR IS 0T, IR
a7 AL —2—TWl5| L7z, ED7MilElc PBS-) (1 mL)ZMx, BESH, HE
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DB I T T TR E T A L— 2 —TWE| L7=1%, 1 xBB (1 mL)Z Mgz z,
R S E 7. ZOWR AR OSBRSS, Wik ET AL —2 =TS L7, 1 x
BB 1A 2 N 2. C 1 x 10° cells/mL (100 pL) % 785 L7=. Annexin V-FITC IA#4 (5 uL) % ik
[ZIN%, =R T 10 /e L7, @EOoBHE ST, WikET A L—&% —Tlkg|
L7z, AAEIZ 1 x BB (500 pL) Z N3 Tl S &, OO0 BERIZ )T, 7 AV L —#
— TR Z W5 L7, 1 x BB (200 uL) % Mfaioin z T <+, PI(SuL)&Z Mz T
S5 S, 2 OMIBEIEIR(10,000 cells) %, channel BL1 (Filter 530/30, Filter Range
515/545) J OF channel BL2 (Filter 574/26, Filter Range 561/587) % H T, Attune NxT Acoustic
Focusing Cytometer |Z > T#IZZ L7-.

4-5-9. Comet assay |Z X 21N DNA £ DR H

Comet assay (%, Trevigen f:% CometAssay® Electrophoresis System II % H VN CHIE # 1T
~7=. lysis solution I%, i 20 43AiIZ 4°C THRAF L7=. LMAgarose (31 FATIZ#BIE L
TR TIERITH R S 721, 20 43[H] 37°C THEFF L 72. 1 x 10° cells/mL D 2 Ffif &
72 LMAgarose & 1:10 (v/V)D LR TIRA S E, EHICENy T 4 72> THREEL
2%, o TNH T RIRT T, ZHBD AT A R 1 ], 4°C ORGFT CIRFT 5 &,
0.5 mm F&/E Dg7s CometSlide™ IZBIEZZ S Lz, T H D AT A K% 4°C O lysis solution
230 MR L, WiRERE, pH> 13 OT7 0 UIAIRIZ 20 451, FEIROKFT CRIFEL
7. FI850mL DT VA U ESIKENATK % CometAssay® ESunit (2%, AT A FZ&HE
L7c. Z0t%, 3050 21 V CERKEIZ1To7-. BRKEWIKARE, 5 0MAEK
[CIRIHIEREA 2 B VR LTk, 50 10%=% 7 —AEIRICE Liz. A7 4 R4 37°C
T 10-15 SRz S ¥ 7%, TE buffer |23 <72 SYBR® Gold #&#% (100 pL)Z ANz,
MFETC 30 r Mt S /2. SYBRIFIKZBRE, ZREUK THBICY L721&, 37°C THZ
o, BRI, TNVHDRAT A REa e cHlgE L.
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4-7. Supporting Information

(@ Lanme 1 2 3 4 5 6 7 8 9 10 11 12

Form II
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 S4-1. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 7b and H»O, (50 uM) at pH 6.0. (a)—(c) corresponded to complex concentration of 0, 10,
and 30 puM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12: corre-
sponded to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S4-1. Fraction of Form I, Form II, and Form III formed with 7b at pH 6.0

Complex H;O, Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 95.7+0.4 4304 -
5 954+0.3 4.6+0.3 -
10 952+0.1 48+0.1 -
20 95.1+0.1 49+0.1 -
30 95.0+0.1 5.0+01 -
0 50
40 94.8+0.2 52+02 -
60 945+0.1 55+0.1 -
120 943+0.2 57+0.2 -
180 94.0+0.4 6.0+0.4 -
300 929+11 7111 -
0 944 +0.1 5.6+0.1 -
5 762+ 1.4 23.8+14 -
10 70.6 £0.6 29.4+0.6 -
20 46.5+0.7 53.5+0.7 -
30 31.1£0.5 68.9+0.5 -
10 50
40 18.1+1.0 81.4+14 0505
60 6.4+05 91.6+0.3 20+0.2
120 0.0+0.0 92.3+0.1 7.7+0.1
180 0.0+0.0 858+15 142+15
300 0.0+0.0 729+25 27.1+£25
0 948 +0.1 52+01 -
5 254+20 74.6£2.0 -
10 74+09 91.7+05 09+0.7
20 04+0.6 952+0.1 44+0.6
30 0.0+0.0 92.1+1.0 79+10
30 50
40 0.0+0.0 87.1+£0.9 129+0.9
60 0.0+0.0 799+14 20.1+14
120 0.0+0.0 65.1+18 349+18
180 0.0+0.0 55.6+4.1 444+41
300 0.0+0.0 452+35 548 +35
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Figure S4-2. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 7b (30 uM) and H»0O, at pH 6.0. (a)—(d) corresponded to H>O, concentration of 0, 10, 30,
and 50 puM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12: corre-
sponded to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S4-2. Fraction of Form I, Form II, and Form III formed with 7b at pH 6.0

Complex H;O, Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 948+04 52+04 -
5 942+0.4 5.8+04 -
10 93.6+0.3 6.4+0.3 -
20 93.5+0.3 6.5+0.3 -
30 93.5+0.2 6.5+0.2 -
30 0
40 93.1+0.1 69+0.1 -
60 92.5+04 75+04 -
120 91.3+04 87+04 -
180 85.7+19 143+19 -
300 73.7+x1.7 263+17 -
0 94.1+1.2 59+12 -
5 81.7+0.6 18.3+0.6 -
10 71.6+1.2 284+12 -
20 49.4+0.6 50.6 £0.6 -
30 354+0.8 64.6+0.8 -
30 10
40 26.1£0.7 73.9+0.7 -
60 15.0+0.5 84.0+0.3 09+0.7
120 47+05 93.6+1.0 1.7+0.6
180 3.2+05 94.2+0.7 26+05
300 1.9+0.6 949+13 32+08
0 95.0+0.1 5.0+01 -
5 547+1.0 453+1.0 -
10 326+22 67.4+22 -
20 104 +0.7 89.6+0.7 -
30 40+0.2 93.8+0.3 2301
30 30
40 09+0.9 94.6 £0.7 4.5+0.2
60 0.0+0.0 90.7+0.9 93+09
120 0.0+0.0 80.8+0.1 19.2+0.1
180 0.0+0.0 74201 25.8+0.1
300 0.0+0.0 69.7+1.2 303+12
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Figure S4-3. DNA cleavage profile promoted by (A) 4 and (B) 8, respectively. Time courses
for the decrease of % of Form I (red), increase of % of Form II (green), and Form III (purple)
at pH 6.0. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)),
[pUC19 DNA] = 50 uM bp, [complex] = 30 uM, [H,O,] = 50 uM, [Cu(OAc):] = 70 uM at
37°C for 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least

three times.
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Figure S4-4. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of (A) 4 and (B) 8 (30 uM) and H»O, (50 uM) at pH 6.0, respectively. Lane 1: DNA control;
lane 2: DNA with Hind III; lanes 3—12: corresponded to the time of 0, 5, 10, 20, 30, 40, 60,
120, 180, and 300 min, respectively.
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Table S4-3. Fraction of Form I, Form II, and Form III formed with 4 and 8 (30 pM) in the
presence of H,O; (50 nM) at pH 6.0

4 ‘ 8

Complex
Time ‘ Form I Form II Form III ‘ Form I Form II Form III
(min) (%) (%) (%) (%) (%) (%)
0 91.9+0.2 8.1%0.2 - 94.5+0.2 55+0.2
5 89.7+0.4 103+0.4 - 91.4+0.2 8.6+0.2
10 87.1+0.9 129+0.9 - 88.8+0.5 11.2+05
20 81.4+1.2 18.6+1.2 - 849+1.0 15.1+1.0
30 74025 26025 - 84.1+1.2 159+1.2
40 66.6+4.3 33.4+£43 - 792+2.2 20.8+2.2
60 48.7 4.7 51347 - 74.1+1.6 25916
120 150+0.8 84.2+0.1 09+09 623+15 37.7+15
180 45+0.1 923+11 3213 49.2+20 50.8+2.0
300 0.0+0.0 89.6+2.9 104+29 333+19 66.7+1.9
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Figure S4-5. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 7b (30 uM) and H»O; (50 uM) at pH 6.0 (MES) and 7.4 (MOPS). (a), (b) corresponded to
pH 6.0 and 7.4, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12:
corresponded to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S4-4. Fraction of Form I, Form II, and Form III formed with 7b (30 pM) in the pres-
ence of H,O; (50 pM) at pH 6.0, and 7.4

Time Form I Form I1 Form III
Pl (min) (%) (%) (%)
0 948+0.1 52+01 -
5 25.4+2.0 74.6 £ 2.0 -
10 74+09 91.7£05 09407
20 04+0.6 952+0.1 44406
30 0.0+0.0 92.1£1.0 79 +1.0
o0 40 0.0+0.0 871409 12.9+0.9
60 0.0+0.0 799+ 1.4 20114
120 0.0+0.0 65.1+18 349418
180 0.0+0.0 55.6+ 4.1 444+41
300 0.0+0.0 452435 548+35
0 94.7+03 53+03 ,
5 0.0£0.0 932+11 6.8+0.1
10 0.0£0.0 80.0+13 200+ 1.8
20 0.0£0.0 678+13 322413
30 0.0£0.0 63.4+13 36.6+16
i 40 0.0£0.0 61.6+23 384+ 14
60 0.0£0.0 573+07 4£27+15
120 0.0£0.0 52117 479427
180 0.0£0.0 49333 50.7435
300 0.0£0.0 464 +3.4 53.6+4.2
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Figure S4-6. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 7b (30 uM) and H,O, (50 uM) at pH 6.0. (a)—(c) corresponded to (A) KI and (B) DMSO
concentrations of 1, 5, and 10 mM, respectively. Lane 1: DNA control; lane 2: DNA with Hind
III; lane 3—12: corresponding to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min,

respectively.
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Table S4-5. Fraction of Form I, Form II, and Form III formed with 7b (30 pM) in the pres-
ence of H,O; (50 pM) and inhibitors at pH 6.0

Inhibitor KI DMSO
Conc. Time Form I Form II Form III Form I Form II Form III
(mM) (min) (%) (%) (%) (%) (%) (%)
0 929£0.7 7.1+0.7 - 92.7+£0.7 7307 -
5 345+0.9 65.5+0.9 - 44.0+2.0 56.0+2.0 -
10 11.9+15 87317 0.8+0.2 26.0+3.4 74.0+3.4 -
20 20+0.7 945+18 35+1.2 7.4+1.6 913+11 1.3+0.6
30 0.0+0.0 922+17 7817 27+14 93.1+0.7 42+19
: 40 0.0+0.0 86.7£2.2 133+£22 0.0+0.0 91.8+2.7 82+27
60 0.0+0.0 75.8+26 24226 0.0+0.0 83.8+£3.4 16234
120 0.0+0.0 629+11 37.1+11 0.0+0.0 652+3.2 348+3.2
180 0.0+0.0 55.8+0.9 44209 0.0+0.0 57.1+£27 42927
300 0.0+0.0 528+14 472+14 0.0+0.0 48.0+0.8 520+0.8
0 934+11 6.6+1.1 - 93.6+0.4 64+04 -
5 38.6+1.4 61414 - 555+1.9 44519 -
10 22.8+09 77209 - 323+15 67.7+15 -
20 10.9+0.8 87.9 £1.0 1.1+£0.2 125+14 875+14 -
30 59+0.6 92.7+0.8 14+0.2 37+11 939+12 25+13
: 40 29+0.7 946+11 25+0.7 1.6 0.3 932+03 52+05
60 24+0.2 929+05 48+04 0.0+0.0 90.0+14 10014
120 0.0+0.0 91.7+0.7 83+0.7 0.0+0.0 73.9+09 26.1+0.9
180 0.0+0.0 90.8 0.6 92+0.6 0.0+0.0 65.6+1.6 34416
300 0.0+0.0 90.3+0.4 9.7+0.4 0.0+0.0 542+31 458+3.1
0 93.0+0.6 7.0+0.6 - 92.4+0.6 7.6+0.6 -
5 457+0.1 543+0.1 - 563+1.4 43.7+14 -
10 31.6 £0.5 68.4%0.5 - 33.0+£0.8 67.0+0.8 -
20 22321 77.7+21 - 128+0.1 872+0.1 -
30 17315 822+17 0.5+0.3 44+0.2 93.8+0.9 1.7+£0.8
10 40 13.6+0.9 85.7+1.0 0.7+0.2 1.8+0.2 940+14 42+13
60 99+13 89.1+1.4 09+0.3 0.0+0.0 91.0+11 9.0+11
120 7411 91511 1.1£0.2 0.0+0.0 78.1£0.9 21.9+09
180 7.0+1.7 91.6 £1.7 1402 0.0+0.0 68.6 £0.2 31402
300 71+1.2 91.2+0.9 1.8+04 0.0+0.0 58.6 1.7 41417
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Figure S4-7. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence of
9 (30 uM) and H»0O, (50 uM) at pH 6.0. Lane 1: DNA control; lane 2: DNA with Hind III; lanes
3—12: corresponded to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.

Table S4-6. Fraction of Form I, Form II, and Form III formed with 9 at pH 6.0

Complex H:0; Time Form I Form IT Form III
(uM) (uM) (min) (%) (%) (%)
0 91.7+0.3 8.3+0.3 -
5 36.2+4.8 63.8+4.8 -
10 13.5+2.1 852+1.6 1.3+0.6
20 0.0£0.0 94.8+0.7 52+0.7
30 0.0+£0.0 882+1.5 11.8+1.5
30 50
40 0.0+£0.0 79.3+3.2 20.7+£3.2
60 0.0+£0.0 56.4+2.5 43.6+£2.5
120 n.d.* n.d.* n.d.*
180 n.d.* n.d.* n.d.*
300 n.d.* n.d.* n. d.*

*n. d. means cannot determine.
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BEARE : p-cresol-2,6-bis(dpa*X) amide-tether B fIFD R EHADEE A
DOHRSEICREFEIEFIRRUHERARTRILIC L s ERR
Dt EHE

5-1. B

HIETIL, X2 hkE LT di(2-pyridylmethyl)amine (dpa)% amide-tether CTHE A
L 7= B HL1*" (2,6-bis[ N, N-di(2-pyridylmethylcarboxyamido)]-p-cresol) © — #% il (1) &5
{R[Cux(p-1,1-OAc)(p-1,3-OAc)(L1*M)](OAc) (7b)i, *1i9 % methylene-tether S&{A & Lh#ik
L TRV ERL) DNA OGS & filamtE 2R3 2 &, O, M, BERGMARI s LT
AHIREEEIRME 2 RT Z E 2O L. £, 7o 133 har KU 7 KOE/IMERN O
DNA 721X RNA #0452 & THlREEEZ R T LW O HENGE L. L LR
5, 7b @ HeLa fAEIZx3 2 ICs fEIL 72.8 uM TH ¥, BERKFIH SN TV D H8A
FlE i L CTHIKARE LTEWI EBMERTHD. Fxld, ZHET p-cresol D 2,6
MATEANT B H v NEZEF S5 2 & THIREENEE LB LT 23R E2E T
L. RETIE, b O F 0 MNEOHELZ LS5 2 L CllagEtzm E3¥ 5 2
EMRTEDLOTIEARWVDEE 2, HLIMMENL ORI E Y D ED 4 (L8 50
ARG F A EA U725 R BRI+ HL1*X [X = OMe and Cl] & % O " #EERINSE A
[Cux(p-1,1-OAc)(u-1,3-OAc)(L1+°M)]X [X = PFs (10a) and OAc (10b)] K& O [Cuy(p-1,3-
OACc)(L1*“)]X [X =ClO4 (11a) and OAc (11b)] & Ak L, HfE S X B EMATCRE & 725y
FFREIC L > THEIE A E L7z, HeLa MifRlCx 7 2 MifaEi 2 MTT assay (2L - T
Pl L7z & 24,100 TN 1b 1L 7b & Hlg U TR 7 5 KO85 s O il e 2 R L7z,
£/, b M IR & O TR B A R L 7RSS, 10b 2 ON b 1328 A R
RN EEZ KIET 2 EBRH LN o 72, 2D OHRORIfaN 28 & AT b9
572, 10b &N 11b % boron dipyrromethene (Bodipy) CIEfifi L 7= #H _&Z8H (1D EE K
[Cua(p-OAc)(L24¥)]" [X = OMe (12) and Cl (13)]| &= &k L, Z DOFMIEN 28 & H A PaMK
BEOBIZE L. ZORE, 12 KO 1313 har R 7 Tidk<, G/ M
RICRTET D Z &N BN 72 > 7=, Cometassay %17 - 72fE 5, 10b 2 Y 11b (35 DNA
ZUIKI L TN Z ERFER I L. 2D OFER2 G, 10b LT 11b 1271 VR
JRKICA ML RAZEZHZ L TCT R b=V AEHEL-EEZOND.
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5-2. %5

A, NIRRTV RIS U Cila M &2 B3 5 W) < e OfbEWE, 23 A
& EFMIOEIRIEZ RT 2 L0, MRS TV RBTB AR ORI Z—7 > |k
ELTHEAZED THHU /MNAEIZEZHRANIC IS W TR RKOMILNNEFE TH Y,
RINCIX % v 37 G OFRR&GES, 10 72722, IRER VAT A KOERK, KK{ED
DR, T T AORFESCTL R E Offx % E E o TV AR 2o X5 Ze/Malk
DIEREZIHT D &, /KR A RV AIRENAEL, S har RUITENLETHR F—V A
DEZDZERMBITNWABL /PR EFRI U<, TS F 725 WEREE O HULy 72
MR/ E TH Y, MK TER SN2 v 237 B OREIE 2@ B 5 L T\ 51,
TV IR OREE K ORERED AL, /R—F 0V LIRRT VY A ~—Jp 78 & OIRFLERY
R E LTHBIL TV OIS 2 E T, AEILEWIVNAEL IV IIRIZA L A%
5z 2{bBWE LTHIES N CE R, ITETIHERISRICEENEZ > TV a1
VYT LRNT =y LR EDE 2 ERERYIRE 3 BRI OEE L ORI O
R PAESL IV IIRICFEL, A NV AZ 52252 & CHIRELZFHET 5 &0 ) HE
Bl HU. LasL, #08kE R oe BEA O WA BT 72\ (Chart 5-D)IYL R 134
RS ETITR L, REIAREEE VO RBERH 570, H08k7r & OAEKRNIZIEE
THEBBOEEREZHNTNMUESLC TV IRIZA ML AZ 525 Z LR TEUL, BIFEH
DB IRNFIS AR 72 EOBIFICIIR G A 52 5 2 LIS,

Chart 5-1. Metal complexes proposed for the staining of the endoplasmic and the Golgi ap-
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HINFETIE, p-cresol-2,6-bis(dpa*™)BELNL 1-(HL1*M) D —&ZER D) EE A Cua(p-1,1-OAc)(p-
1,3-OAc)(L1*M)](OAc) (Tb) 3Pk & & BSOS U CIEMRE A AR L, 24725 DNA A1k
UWr 280035 2 a2 Lz, 72, i, 2 b2 U 7 ROE/IMENIZ BEL
L, Z£® DNA X RNA ZHJHiLT\5HZ & zmnﬁém:. ARETIE, Tb DX F |k
OB FHBRESBKEBK AT VA2 EE 5 2 & TMlagEExm E3E2 2 &n
TELHOTIERVWNEZE X, HLI*F OJIBHE Y DD 4 (2B i 550/ 7R A 5
ZB N U723 “KABELNL 7 HL1%X [X = OMe and Cl] & % O " EZSRIDSE AR [Cua(u-1,1-
OAc)(p-1,3-OAc)(L14°M¢)]X [X = PFs (10a) and OAc (10b)] % UV [Cua(p-1,3-OAc)»(L1+)]X
[X = ClO4 (11a) and OAc (11b)]Z &AL L7=. U5 OSERIT IR T X B S /T & 0%y
HFRPEI K> THEIEZ R E L7, HeLa Mifdicxt L CiE, 10b, 11b DZFLZE4UA% Tb
BT 7.3 KOV S5 fEmW il st 2~ 2 L 2 R L, £72, 10b, 11b (FIEFHE
fa X0 &2 AFIII R L Crvwiiia M2 s L.

10b, 11b OHIIEAN COMERAEFZH LN T 52 L 2B E LT, MlaN ik zi
Frie. HUFETHAEH L7z Bodipy (boron dipyrromethene) % 5¢ 7 m—=7"& L CTHW,
Bodipy® TEAf L 72 BT RERSEA 12 RO 13 28R L7Z. ZOFSE, 10b O 11b (%
TNV ETNTPERIZREL TS Z ERNREINTE. 2D DOREE L comet assay D
FER LD, 10b X 11b X2V ViR E - ixbﬂ@ﬁi@x NURISEEFHBLSETT R b—
VAEHFELTCWND ZEDIRBENT. Chart 5-2 12, AFETHY % 5 BN HL1YX [X
=H, OMe, and Cl], HL2** [X = OMe and C1]"1 l:ﬂ%m%m@“.

Chart 5-2. Chemical structures of HL14X [X = H, OMe, and Cl] and HL2*X [X = OMe and

e Y% 3%
G~ o By R

HL1 4-H HL1 4-OMe

O, (o}
N OH N
Meo% &D\OM(;
MeO OMe

HIL24-0Me HL24c!
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53. REREEBZE
5-3-1. BALF K OCZEESRAADSEER DB RR

HL1+OMe J OY HL1* DA RARIET%, £ 241 Scheme 5-1, 5-2 (2R, HL1+OMe
HL1%C, 10a, 10b, 11a }2 OY 11b OFER 72 A R K OV e A RFEUIAR FSS 5 HilCFesi T
% . 4-methylphenol-2,6-dicarboxylic acid (24)IXCHRPNZHE > TH AL L72. HLI1*Me KN
HL14Z, 24 % SOCL & ORGTEEYZ v U RIZZEHE L7214, di(2-pyridylmethyl)amine 7%
ER(dpa*¥) [X = OMe (46) and C1 (52)]|% T NENESHETHEE LT, OB, Br o
U RIIHEHETICZEOEERINCHWE, £z, 7 2V FE dpa iFEKE OGS THX
K,COs i dk & L CTHW=. HLI*OMe & Cu(OAc), D irm MeCN 1 CF79 &, p-1,1-
OAc-p-1,3-OAc Z81E % AT 2 "D A [Cuz(p-1,1-OAc)(p-1,3-OAc)(L1+M)X [X =
PFs(10a) and OAc (10b)]3 4k L7=. D — T, HL1*Y & Cu(OAc), D i % MeCN H
TITH &, (u-1,3-0Ac): Z224E 2 A7 5 “BZHIDEEIA[Cuz(p-1,3-OAc)(L1+N]X [X = ClO4
(11a) and OAc (11b)]723 4% L7=. 10a J O 1a [T ELfRS & X B it (20 U 7= s st 2315
S, FERHEERGE L2, ZOHIC W TIIH%ER T 5.

Scheme 5-1. Synthesis of HL1+°M¢

Cl OMe

B cl OMe
@\’(OH 1) SOCl, | BN o NaBH,, CaCl, A NaOMe | N MnO, | B )
I 2) MeOH / toluene N e MeOH, THF | 7 oy MeOH > on CHCls NG
o o
41

40 —50% _ soch, _ NN __PPhy, HO
CH,Cl, ~ owF BT
N N
1) NaBH, / MeOH 12 M HCl [ N [
41 + 44 Boc = Z
2) Boc,0, Et;N / CH20|2 ~ Eon
OMe OMe
46

1) socl, Y©Y
HO OH ) 46, K,CO5 / CH,CI,
0 OH O MeO\// \\/OMe

24 HL14'OMe
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Scheme 5-2. Synthesis of HL1+¢
ci cl

B cl
| _ on ) Socl - EN NaBH,, CaCl, A MnO, | B
N 2) MeOH / toluene P OMe  MeOH, THF | CHCl;4 H
o N _\_ _OH N
N
o o

47

\§

Cl Cl

38
cl
SOClz NaN3 PPh3, Hzo
39 > | AN — " » | AN — = | AN
CH,CI, 1 e DMF A N, THF N
N N N
N N
1) NaBH, / MeOH 12 M Hcl = N =
I Ho |l
47 + 50 % %
2) Boc,0, Et;N / CHzclz EtOH
cl cl
52

1) SOCl,

HO OH " 2) 52, K,€04 / CH,Cl,
O OH O Y/ 4 M 7 c

24 HL1“'Cl

5-3-2. 10a KO 11a DiEE

AN 10a & 11a OREIEIE, Hihs X SREEREITIC L > TIRIE L7z, Figure
5-1 12 10a & 11a @ ORTEP [X|, Table 5-1 (Zf& it & D ZEM, Table 5-2 (2 KZ48RJED D
TEOIERE L fEA M AR, 10a T, 2 DDA A2 A L14OMe (TR AA £, PR
® u-OPh L OFMAPED p-1,1-0OAc & p-1,3-OAc CLEFG I N-MBEZ > T\ 5. 10a D
AN A A 2 D O EREE L, FMAAPDEH L tEIC L TIRIELZ. 20
ThHUXUAHRESE, | THIUX = Fm#EEE CTH D L RETE 509 10a D 1 EIE teu
=0.295, tcuy=0.613 TH D728, TNEINOHANA A 1L dpa*OMe D 2 DD EHRJF T &
u-OPh-p-1,1-OAc-p-1,3-OAc ZE1ED 3 DDOREFEIFE T K - THUNL S 4U7- 78 A 720U £ $ERE
EHEID Z EMNH LN o7, 1a O tHIE teua) = 0.580, Teue) = 0.390 THH 728
10a & 11a OFERFEEEIZEELL L TV 523, 11a TiE 10a @ p-1,1-0OAc ZRAEHS p-1,3-OAc 28
BICEE D> TN D, ZORRIZ 1la TIXMHBIENL T Th H AcO BWETHEGEDFE W
n-1,3-0OAc ZEEREE 2 & > TV 5. ZhiE 7 n o EoEARIIMEIC X 0 KRR+ L1+
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AORF—UENMEF LIzl B2 N5, EFRIZS, THEND Cu-Oxo 55 HEEE L
B L7=& 2 A, 10a @ Cu(1)-0(4) L CuR)-0@)DiEAEEL, T 2.261(13),
2.089(14) A TH Y, 11a ® Cu(1)-0(4) & Cu(2)-O(5)DiEA HHEfE 2.058(10),20128(11) A X
DHEPST. 2T la TE, AcO BE FHEGHEO R p-1,3-2868 O fE SRR T
FVESENMNLTWDHZ EEZRLTWD, £, ZNHOfEIE, 10a & 1a 28T D
Cu(1)-0(2) & Cu(2)-0(3)® Cu—Oanco fiti & FEEfE 1.940(9)-1.978(11) A & Lb#EE L TR, U
BETRLIZE DT, Ta THE, CuOaco fti B BHREA RV p-1,1-0Ac ZRFE DS K T THEIT p-
OH, ZEBICZE L LT-. fE> T, 10a, 11a IZB W T HFEAHERENE < 22> T 5 p-1,1-0Ac
KON p-1,3-0Ac ZEFG(Cu(1)-0(4), CuR)-O)IIA/MEMEDEEREH L B LT W EBE XD
nos.

Figure 5-1. ORTEP diagrams of cationic part of 10a (left) and 11a (right), respectively. Hydrogen

atoms are omitted for clarity.
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Table 5-1. Crystallographic data for 10a and 11a

complex 10a lla
Empirical formula Ca7Ha9CuzFsN6sO11P C3gH36ClsCu2NgO115
Formula weight 1145.97 1077.07
Temperature (K) 103 103
Wavelength CuKa (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 (A) 12.0084(8) 11.7339(5)
b (A) 16.7164(11) 18.6301(8)
c(A) 12.5107(8) 21.0371(9)
a (deg) 90 97.014(7)
B (deg) 105.573(7) 96.503(7)
v (deg) 90 91.138(6)
Volume (A ?) 2419.2(3) 4532.4(3)
Z value 2 4
Density (calculated) 1.573 g/cm? 1.578 g/cm?®
Absorption coefficient 2.186 mm™ 4.431 mm™*
F(000) 1176.0 2188.0
R1%, wR2" 0.0872, 0.1917 0.0907, 0.1462
GOF index 0.989 0.864

a) R1 = X||Fo| — [Fc|/S[Fol, b) wR2 = [S(w(Fo? — Fc?)2)/Sw(Fo?)*] 2
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Table 5-2. Selected bond distances (A) and angles (deg) for 10a and 11a

10a

11a

Cu(1) *»+ Cu(2) : 3.081(4)
Cu(1) — N(1) : 2.005(13)
Cu(1) — N(2) : 2.064(15)
Cu(2) — N(4) : 2.039(14)
Cu(2) — N(5) : 1.978(14)
Cu(1) — O(1) : 1.982(10)
Cu(1) - O(2) : 1.978(11)
Cu(1) — O(4) : 2.261(13)
Cu(2) - O(1) : 2.311(11)
Cu(2) - O(3) : 1.944(12)
Cu(2) — O(4) : 2.089(14)

Cu(1) *»+ Cu(2) : 2.966(3)
Cu(1) — N(1) : 2.166(11)
Cu(1) - N(2) : 2.037(12)
Cu(2) — N(4) : 2.086(11)
Cu(2) — N(5) : 2.045(13)
Cu(1) - O(1) : 2.100(9)
Cu(1) - O(2) : 1.940(9)
Cu(1) — O(4) : 2.058(10)
Cu(2) — O(1) : 2.095(9)
Cu(2) - 0(3) : 1.951(9)
Cu(2) - O(5) : 2.128(11)

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

Cu(1) - O(1) - Cu(2) : 90.0(4)
0(1) - Cu(1) - O(2) : 86.4(4)
O(1) - Cu(1) - O(4) : 128.9(4)
0(2) - Cu(1) — O(4) : 90.5(4)
O(1) - Cu(L) - N(1) : 143.4(4)
0(1) - Cu(1) - N(2) : 92.1(5)
0(2) - Cu(1) - N(1) : 84.4(5)
0(2) - Cu(L) - N(2) : 178.2(6)
0(4) — Cu(1) — N(1) : 86.5(5)
0(4) - Cu(1) - N(2) : 91.2(6)
N(1) - Cu(1) — N(2) : 96.3(4)
0(1) - Cu(2) - O(3) : 87.5(4)
O(1) - Cu(2) - O(5) : 119.1(4)
0(3) - Cu(2) - O(5) : 89.3(4)
O(1) - Cu(2) - N(4) : 151.2(5)
0(1) - Cu(2) - N(5) : 87.5(4)
0(3) - Cu(2) — N(4) : 86.9(4)
0(3) - Cu(2) - N(5) : 174.6(5)
0(5) - Cu(2) — N(4) : 89.1(5)
0(5) - Cu(2) — N(5) : 95.1(6)
N(4) — Cu(2) — N(5) : 96.3(4)

tCu(1) = 0.580, TCu(2) = 0.390
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10a & 1a [ JKICEES 27260, MIREMEOFAMIZIL 10b LT 11b 2 7z, KEHK T
® 10b & 11b OREE I/ HFIREIZ L > THBNZ L2, KFIZET 5 10b (0.5 mM)
DFEA AL bILIE, 312 (¢ = 5000 M~ em™), 432 nm (e = 800 M~' em )i, = ETh
Cu(I)-OAc/-OPh @ LMCT (2@ )& T & W/ > RINA IR U7z (Figure 5-2). 24U 5 138
RIRFE % 50 uM & THAIRT 2 & 340 (6=5000 M em™), 440 nm (6 =500 M' cm ) (2> 7

k U7z (Figure 5-2(A), (B)). —J7, MeCN I CE A7 MZHET 5 &, 317 (e=6000
Mt em™), 439 nm (e = 800 M! ecm NI N Y RAELIL, ZHABIEEMIRLTHT 7 ML
7273 T2 (Figure 5-2(C), (D). F£7=, KHIZHBITF D 11b (0.5 mM)DE T A~7 UL, 335
nm (¢ = 6000 M cm ) ZWEIARK & 460 nm {F3/T1Z shoulder 238141, Cu(I)-OAc/-OPh ™
LMCT (2@ B T& WU > RN IR U= (Figure 5-3). ZHUHITEEAIRE % 50 uM %
THART 5 & 339 nm (e = 5000 M~ e ) ZWRINAE K & 460 nm f~1VT 12 shoulder 23814,

10b & HHE LT 7 ROV NS WD &3 ho T2 (Figure 5-3(A), (B)). —J, MeCN HT&E
F AT MVERIET D E, 321 (6=5000 M cm™), 469 nm (¢ = 500 M™! em )T WYL
Y RREI, ZRBHIEHARLTH Y7 b L2k o 7= (Figure 5-3(C), (D). Z @ 10b DR
1%, FHUE TR 70 ERBEOMEMZRLTEY, BEENREEL DI EERL
TW5. #-T, 10a OFEREEE CTRENTZ p-1,1-0Ac Z24E X, KH D 10b Tl pu-OH,
ZARBICER L TV DA, AKHFO 11b Tk p-1,3-0Ac ZBBIIEH SN2 nWEE2 6N 5.

— 0.5mM
— 0.4 mM
0.3mM
) 0.2mM 3
e — 0.4 mM e
2 — 0.05 mM 2
o [o]
17} 1%}
Yol o
< <<
!
0.0 0.0 !
200 400 600 800 1000 300 350 400 450 500
Wavelength (nm) Wavelength (nm)
(D)
3.0 L—M
250" |7~ 317 1m
g g 20¢
= c
[ ®
e} 215
o o
38 8
< < 1.0
\/ 439 nm
O]
0.0 el 0.0 I h
200 400 600 800 1000 300 350 400 450 500
Wavelength (nm) Wavelength (nm)

Figure 5-2. Electronic absorption spectra of 10b in H,O (A) and MeCN (C). (B) and (D) are
enlarged views of the graph of (A) and (C), respectively.
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Figure 5-3. Electronic absorption spectra of 11b in H,O (A) and MeCN (C). (B) and (D) are
enlarged views of the graph of (A) and (C), respectively.

10b ® ESI MS A7 kUL, MeCN F1 & /KF T3R5 HEY —7 25 %, MeCN
HCIE[L1+OMe + 2Cu(IT) + 20Ac] IS T 2 B B — 2 & m/z: 921.08 IZ5- %, /KH Ti,
[L149Me + 2Cu + OAc + OH]'IZHH Y T A & B — 2 25 879.15 | ZBLiL 7= (Figure 5-4, 5-5).
—J7, 11b @ ESI MS AXZ7 hLiX MeCN H1 L K CRICEEY —7 %5 %, [L149 +
2Cu(I) + 20Ac] IZFIY T D E B B — 7 % m/z: 937.02 |Z 5 % 7=(Figure 5-6,5-7). ZiLHD
HFIFEE, 10b LY 11b [TKFIZBNTH “EHFIDEE LR L TWD 2 2R L TE
D, E7210b 1T 7a DFEAEHEIE TR SRR p-1,1-0Ac & p-OHy A WIZEHL L 07
WZ EEREBL TS, —J7, 11b ® p-1,3-OAc IF p-OH, & EHANE Z Vi< W &%
ARLTEY, ZUHITKFIZBIT HEF AT MVOZALD/NE ol & & —F LT
W5 ZHUE, SEROKEMEE BB LTS EB X BN, EEE, Tb < 10b Ik
L CRWAfEZ R 928, 11b 13K % U TRV IR 2 7R,
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920 925 930

label m/z

a [L1#0Me + 2Cu(ll) + 20Ac]* = 921.08

200 400 600 800 1000 1200 1400
m/z

Figure 5-4. ESI MS spectrum of 10b measured in MeCN at room temperature at orifice 1: 10V,
orifice 2: 10V, ring lens voltage: 10 V.

e

920 922 924 926 928

878 880 882 884 886
label m/z
a [L13-0Me + 2Cu(Il) + OAc +OH]™ = 879.15
b [L1#OMe + 2Cu(Il) + 20Ac]™ =921.11
ol l h N

200 400 600 800 100012001400
m/z

Figure 5-5. CSI MS spectrum of 10b measured in H>O at room temperature at orifice 1: 5V,

orifice 2: 5V, ring lens voltage: 10 V.
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label m/z
a [L1*C+ 2Cu(l) + 20Ac]” = 937.02
r T T T h T = T T
200 400 600 800 1000 1200 1400
m/z

Figure 5-6. ESI MS spectrum of 11b measured in MeCN at room temperature at orifice 1: 10 V,
orifice 2: 10V, ring lens voltage: 10 V.

936 938 940 942 944 946 948

label m/z

a [L1%C1 + 2Cu(Il) + 20Ac]* = 936.95

200 400 600 800 10001200 1400
m/z
Figure 5-7. CSI MS spectrum of 11b measured in H>O at room temperature at orifice 1: 0 V,

orifice 2: 5V, ring lens voltage: 10 V.
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5-3-3. MTT assay (T & 2 KR EME O -6

HL14Me HL1+Y, 10b K& TY 11b DOHLA ATEMEZ 7~ 2 72, HeLa AIREIZ 33 2 Hifu7E
% MTT assay (2 & > TRl L 720213, HL1#OMe b HL1*CHIKIZHEEE TH H 728, ICs
fEZHHT 2 Z LIXTE o7z, 10b KO 11b O ICso IR I AR AR, Rifihc
log[X](X=10band 11b)Z 7' 2> N L7277 7nbH ML, Zvb %, Tb D ICs &
& 12 Table 5-3, Figure 5-8 (2779, HeLa fif@iZxl3"% 10b X T 11b @ ICso fEHIL, Zi
Z1 100, 142 yM Tholz. ZhbD7ry MIWTNHRAR TH Y, FHUETH
7 Tb OME & FIERIS, MIFINIZEBWT SR L TnWb Z EmmeEhiz. £
72, ICsofE% 7b @ 72.8 uM & bifs9-% &, 10b &2 O 11b (% HeLa @it L CENET
73,51 fEEWHIIEEZ R T Z EDRHL NIRRTz, RO OFERND, dpa ~DBK
PEE AL DA CTERDO BRI EAY Y FIFOE Y IAENCT I M E LR E L
TRERWAIIEER BB LI EZ 2 HLD.

10b & 11b O A UMl & EF MO BIRMEE, & ML O S EHE O 23 A
o & BRI 2 D CRIMEE L 7=, B NS AMIE AS49, b NN AMIAE PK-59 (2%t
T 5 ICs fEl, 10b TiX 20.0, 14.7 uM, 11b TiX 21.3, 18.1 uM Th 7. & MHEH
i WI-38, b RN IE FHIAE 2C6 (2xh3 % ICs fiEi, 10b TiX 22.1, 23.7 uM, 11b TiZ
294,95uM Tholo. ZIHDOfE% Tb L Higd 25 &, 10b X O 11b (3Af & gD 12
XL CEW I ESEZ R L, 10b i3t M - BEIHIR ISR L TERERL 1.1, 1.6 f5H

BEDEWVDY, b X M & ORI 2 of U CGEIRME A R S 70 2 E AR S vz,
IO ORE izt om b & BIRMEDORBLUL, /IMafRD A b U ZREIC X 0 Hifase
DHEEINTWDAREENRB 2 HLD. U, dpallZ maoX b7 EOBUKM
ERRILZEA L2 Z S X 0RO BUKMENRE E LT, 25 OEN/ Nk LY
RIZRELRLTL 2D, ARNVARE TT R b=V RAZFIEEILTND I EEREL
Tn5.

Table 5-3. In vitro cytotoxicity for 7b, 10b, and 11b against HeLa, A549, WI-38, PK-59, and
2C6 cells by means of MTT assay (24 h)

| ICso (uM)
Compound Cervical Lung Pancreas
HeLa A549 WI-38 PK-59 2Ce6
7b 72.8+2.1 927+14 121 £11 66.5+3.1 88.2+8.9
10b 10.0+2.8 20.0+2.7 22.1+£1.2 147+£09 23717
11b 142+23 21315 294+0.3 18.1 15 9.5+0.6
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Figure 5-8. (A) Plots of cell viability vs log[X] (X = 7b (red), 10b (green), and 11b (blue)) in the
MTT assay of HeLa cells. (B), (C) Plots of cell viability vs log[10b] and log[11b] in the MTT
assay of A549 (red) and WI-38 (blue) cells treated with 10b and 11b. (D), (E) Plots of cell viability
vs log[10b] and log[11b] in the MTT assay of PK-59 (red) and 2C6 (blue) cells treated with 10b

and 11b. All experiments were carried out at least three times.
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5-3-4. HOLEERE A T 5@ RBED AL NZEN b & AV 7o MlaN 2B DfFH

10b K2 U8 11b DA FME T BUERE 2 1 5 02T 5 72 9121E, T OMIRRN %S 2 Al ik
THUENRD S, FHIUFETIE, Bodipy & HLI*H Z{LEFHEA TORWEENLF D %80
(INEEARZ W CTHIIEN BN Z B S/ Lz, £ 2T, AETHIAEEKIZ, Bodipy & HL1*
OMe J7 I8 HL1+C Z{bFAE A T2 HL2YOMe b HL24C R OV 4L 5 O 4RSS {A
[Cua(pn-OAc)2(L2+OM)(OAc) (12) & [Cua(u-OAc)»(L2+N](0Ac) (13) % A%k L 7=. HL2+OMe J¢
N HL24 DA ik %, Scheme 5-3 (27”5, 4,4-difluoro-8-(4-carboxyphenyl)-1,3,5,7-tet-
ramethyl-4-bora-3a,4a-diaza-s-indacene (30) &% U® 4-(N-(8-azido-3,6-dioxaoctyl)carbamoyl)-2-
hydroxyisophthalic acid (35)ILH MU E DA RIHIZHE> THAM L7z, 12 LM 13 Off1EITS)
HEFRIEIC L > THLMT Lz, &N 'H NMR A7 MLV OFEITIARTES 5 Hi
ZZMRICFLHE LTV D, MeCN HIZEIT 5 12 LTV 13 @ ESI MS AX7 hL T, m/z
1431.10 KO 1447.10 ICv°— 27 & 5.2, ZHE[L24Me + 2Cu(Il) + 20Ac]" & [L2+¢! +
2Cu(Il) + 20Ac] D'E BIZFEY L 7= (Figure 5-9, 5-10). Z OFEHIE, WRHPIZBWTH 12
KO3 BN EHI(IDEEZHERF L TN D 2 2R LTV D.

Scheme 5-3. Synthesis of HL2+°M¢ and HL24“

H
o N\/\o/\/o\/\N3
H
o N\/\O/\/O\/\N3 o o
1) SOCl,

HO oH 2) 46 or 52, K,CO; / CH,Cl,
O OH O R /r@ N W I~
35 R = = R
53 (R = OMe)
55 (R =Cl)
H H
O N0 ™0 n, O N g™ O~y
H
Pd/C, H, o. o 30, EDC-HCI, Et;N o o
_—
MeOH N OH N CHCly N OH N
R = = R R = = R
54 (R = OMe) HL2*%Me¢ (R = OMe)
56 (R =Cl) HL2*“' (R =C])
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label m/z

a [L24-OMe 4 2Cu(IT) + 20Ac]* = 1431.10

1430 1432 1434 1436 1438 1440

\

300 600 900 1200 1500
m/z

Figure 5-9. ESI MS spectrum of 12 measured in MeCN at room temperature at orifice 1: 10V,
orifice 2: 10 V, ring lens voltage: 10 V.

iy
label m/z
a [L2%C1 + 2Cu(II) + 20Ac]" = 1447.10
(1
14:46 14:48 14I50 14I52 14I54 14I56 14I58
300 600 900 1200 1500

m/z
Figure 5-10. ESI MS spectrum of 13 measured in MeCN at room temperature at orifice 1: 10V,
orifice 2: 10V, ring lens voltage: 10 V.
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AN A A — 0 7 FBRIZIT HeLa M Z VY, 12 XN 13 ZEFHUCI W25, 24 IKf
A ¥ a_X— kL7 12 XON3 OFMBEANELY AL K ORI AL, R —F
—WARREE A AW TEIZ LTz, MO b KU 7 4(412 Hoechst 33342 (8.1 uM), Mito
Tracker Deep Red (50 nM) %z F VN Clifa 2 LB L7245 58, 12 X TV 13 (10 pM) DO AR N EL Y
IAB DB S LTz (Figure 5-11). Hfa L RElX, ThZhEE I har R T7TE2REL
Tt Th D, fReadtx, 12 KO3 BN ET S22 2R LTS, ZRbo0
g % Aot 7=l (Figure 5-11, Merge) Tl, T HDOANEDLE > T T HKAOLH
BOENITFHERTE 0o, ZhUE, 12 KO3 I EIEI har R TIZREL
LTWRWNWZ EZRLTWD.

(A)

Bright Field Hoechst 33342 Mito Tracker

..

(B) Bright Field Hoechst 33342 Mito Tracker

Figure 5-11. Confocal luminescence microscopy images of HeLa cells with treatments of 10 uM
of 12 (A) and 13 (B) for 24 h, stained with Hoechst 33342 (blue) and Mito Tracker (red) as well

as merged images. Scale bars represent 20 um.

Merge

Z 2T, AR NV ARG Z AL FL ER-Tracker™ Red (1 uM), Bodipy™ TR
Ceramide (10 pM)Z W CHIFEZ LB L7, 12 OV 13 2 W AR5 R %2 Z 4L Figure
5-12,5-13 (27”9, Figure 5-12(A), 5-13(A)IZ/R LTV DR E K DNk IE, v/ Maik
DYt} OBEIR 12,13 D& 78 LT 5. Figure 5-12(B), 5-13(B)IZ/R LTV DR A K
Ok, TNEN AN DIKROYE K OSHADE A2 /R L TWD. Zh b OEfg 4 ER
Aot D L (Figure 5-12, 5-13, Merge), 2L D DR GO S - TTE D HANHR INT-.
ZhUE, 12 ROV IMaRE T URIZBEIL L TWDS Z AR LTWA. ZOfk
END, 12 L3 1T/MMafk s G DERO A VR SE 2 3B SOl 27558 L <
WBHEEBEZLID. AT IES ML & i U CTREDEH S, Z X7 SR
ITONTNADT®D, MMIKIZA LV RARELRZ LT WIRBIZH D, - T, 12,13
I/ MEERIZA P VRSB ZRE Z ST TEWVMaEEZ BT 5 & & big, 28 AAMIEEER
BN TV D EEZBND.
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(A)

Bright Field ER-Tracker™ Red

(B) Bright Field Bodipy™ TR Ceramide Merge

Figure 5-12. Confocal luminescence microscopy images of HeLa cells with treatments of 10 pM
of 12 for 24 h, stained with (A) ER-Tracker™ Red (red) and (B) Bodipy™ TR Ceramide (red) as

well as merged images. Scale bars represent 20 um.

Bright Field ER-Tracker™ Red
(B) Bright Field Bodipy™ TR Ceramide Merge

Figure 5-13. Confocal luminescence microscopy images of HeLa cells with treatments of 10 uM
of 13 for 24 h, stained with (A) ER-Tracker™ Red (red) and (B) Bodipy™ TR Ceramide (red) as

well as merged images. Scale bars represent 20 um.
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5-3-5. Comet assay IZ & 5% DNA H{EDRH

EWR USRS, 10b L b (3 E 7213 h 2> KUY 7NO DNA O RNA O
Ol &l U CIRmtEZ2 BB L TV A DO TIERWEE X bND. ZNERMIT 570,
N DNA OBEEER&T 5 Z LA TE % comet assay & 10b XN 11b ZHWTITo 72
(Figure 5-14). ZDO#fE%, comet tail R T 5 Z LIXTE A2 o7, E->T, 10b K}
11b [ IEZD DNA Z I L T\ Z LR aive. ZoRRIE, Bl Lo/l o7n
DFEFE—FL TN 5.

(A) (B) ©) (D)
Figure 5-14. Comet assay of SYBR® Gold-stained HeLa cells. (A) HeLa cells (untreated), (B)

HeLa cells treated with H>O, (100 pM) at 20 min incubation at 4°C, and HeLa cells treated with
IC1o concentration of 10b (C, 1 uM) and 11b (D, 3 uM) at 24 h incubation.
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5-4. FE

ARG TIE, HH p-cresol-2,6-bis(dpa*™) amide-tether BAZ 1~ HL1#X [X = OMe and C1] &2
O D RN EER[Cua(p-1,1-0Ac)(p-1,3-OAc)(L1°M9)]X [X = PF¢ (10a) and OAc (11b)],
[Cux(p-1,3-OAc)x(L1+]X [X = ClO4 (11a) and OAc (11b)] = AR L, ZH 6 OEZH 5
2T L7z. 10b, 11b @ HeLa AT XT 3 2 MmN E A MTT assay Calfli L72fER, &6
5H 7b LHE L CEWHIIENEZ R 2 AR S £, b Ml RO
THEM SRS 2 5 L7255, 10b X 8B o offiaicxt LTH, 11b it Mififiaicxs
LCBRIRMEAZAT D2 ENHLMNCR . 2O OIS EMEZH S M T 5
72, W & LT Bodipy & R¥lZE A L7ZEML 1 HL2*X [X = OMe and CI] % V% D
T REHEE IR Cua(n-OAc)(L2*X)](OAc) [X = OMe (12) and Cl (13)] 2 &k L, Zi 5 D&
O THIRN TR 21T o7, ZORER, 12,130 86060 I ha v R T
IZRTET H D TIE/e <, FAVERS/MURICBIEIL L TS Z ERH LN oT2. 2
DOFER LV, 10b, 11b 1T TV IR/ BIEI L, A ML RAREEZFIEEIFTZ &
2LV, MlaEEERIL WL EZEZLND.
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5-5. RRRGiE
5-5-1. RERVCRIEEE

RIKIZONWTIE, BT HECHEELZRE, R 2 FOGME T3, HAUBRL,
IR TRY y FHEDNGRIR L TIHEA L7z, ISV T, ARUICHN D DI
VBN U TR Lz, A—_—aA( )L 7 Z A3 KpUCIIDNA I%, = v R
— N BIEA L7 32 H L7z, 4-methylphenol-2,6-dicaroboxylic acid (24)(32:%5 3
BRPHZ e » TH K L, 4,4-difluoro-8-(4-carboxyphenyl)-1,3,5,7-tetramethyl-4-bora-3a,4a-
diaza-s-indacene (30) &% T8 4-(N-(8-azido-3,6-dioxaoctyl)carbamoyl)-2-hydroxyisophthalic acid
GH)ITFHENEDO SR> TER L.

JLHRHT(C, H, N)IX, Perkin-Elmer 1% Elemental Analyzer 2400 II % F\CTHIE L 7-.
'THNMR A7 huE, AARBAH ECA-500RX 7 — U T2 HARZ G HHnE 44 (500 MHz)
L, HEYEWE & LT tetramethylsilane (TMS) ¥ 721 sodium 3-(trimethylsilyl)propio-
nate-2,2,3,3-ds (TSP)% VN CHIE L7=. Electron spray ionization MS (ESI MS) & O¥ Cold
spray ionization MS (CSI MS)A~<7 kUL, HARFE - JMS-TI00CSRX the AccuTOF CS
Z AV T, MeOH, MeCN F7213 HO Ziafit s L CTHIE L7, pH MIEX, HORIBA
LAQUA electrode % FV, IEVERRMEIANR 2 F\CTHERK L 72 ICHIE AT > 72, UV-vis A
7 MV, Agilent fH8 8453 AN AT RI A HWTHIE L7Z. IR A7 fb
I%, Shimadzu Single Reflection HATR IR Affinity-1 MIRacle 10 % AV CHIE L7z, Bk
X M IERATIX, U 7 7 418 R-AXIS RAPID II/RAPID AUTO X #RHLAE i X Mg
HEECTT — 2 ZJE L, Olex2 Y 7 b7 =7 & AW TN 24T > 72. MTT assay 13,
Thermo Scientific Multiskan FC % IV CHRIE 217 - 7=, FE S BARSEIL, Nikon Instech 1
UL S L — P —BRISEE A1 Z Wz, 7 —H A A R U —|Z, Invitrogen f-H4 Attune
NxT Focusing Cytometer & VN THIE Z1T > 72,
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5-5-2. BANLF RO TRSRODEEER SRR
Methyl 4-chloropicolinate (38) D& X"

Picolinic acid (48.2 g, 0.391 mol)% SOCL (150 mL)IZ{Af# &, DMF (5 mL)& 1z C
75°C T3 HEINEGRE L7z, SOCL % & HFRER £ L7214, toluene (100mL)Z X T
DIZHPh S W7z, G A# 2 KR L, PR EHREW L2, toluene (100 mL), MeOH
(I3mLyMzx, ZOFFE 2 FFEHL L. T LZEEREZ X v F o Cliiil L, HEZ2H0g
L7c. ZOMEEKAE 500 mL B — 7 —IZ A, KIBIZIR L, B30 Na,COs /KIEHK 2 Ha 5
2725 £ TMA =%, CHCl; (3 x200mL) Tk L7z, AHEJEIZ NaxSOs 2 2 THEAK L
7o, Xy FoTHBL, BikEe—& ) —x /0K L —F — TilEfiEd 5 & A8 a0k
WERG O, AU hexane %, BEEWEET 2 L RBAOEENRGELNTE. 2
D ERIZ hexane Z Nz, 80°C THEMRHEIE T 2 & EAAORENGFONTDT, ik
/LB hexane CTEIE, HZ2H M L7-(35.4 g, Yield: 53%). '"HNMR (500 MHz, CDCl;): §/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, CHs).

4-Chloro-2-hydroxymethylpyridine (39) D& k")

38(20.0 g, 0.117 mol)Z MeOH-THF (120/70 mL)\Z¥&fiE S, JKISIZIR L, CaCl(52.0g,
0.469 mol) & {HE TN % THLAUEFRERL L7214, IR T 20 ML L. RSHa %K
WIZiR L, NaBH4(8.80 g, 0.233 mol) & M 2 THLAEEHEHL L=, IR T 2 By
L7z. TLC (silica gel, EtOAc/hexane 1/1) CHUBFOTE R 2 il L7218, DSOS # 2 KIFIZ
2L, HoO(200mL)Z N x TR T2 Rt L. KNk EZn—4 ) —= R L—
X —THE L, EtOAc (3 x 200 mL) Tk L7=. FAHEE 2 NaxSOs & I 2 THiAK L7274,
Xy FrTIREL, Bz —F ) —T R L— & —ClfE L, By 5L aan
ER DS 5 4172(16.3 g, Yield: 97%). 'H NMR (500 MHz, CDCl;): 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).

2-Hydroxymethyl-4-methoxypyridine (40)D &k

39 (3.00 g, 20.9 mmol)%Z MeOH (60 mL)IZ{#fi# <&, NaOMe (24.0 g, 444 mmol)Z fIN %,
i EE R B L=k, 120°C T—BIIEGER L7-. 'THNMR A7 RV CEEDFE - T
WRWZ L EZER LT, e E=RICRE L, 12 M HCl ZfWT pH ZEEIC 7-
8ICLz. Hitav 74 MEBTHRWEZ0L, Bkt n—% ) —T /KL —X — T
fia L, BEZEHnd 25 L EEAOERNE S N7(2.24 g, Yield: 77%). 'H NMR (500 MHz,
CDCl): 6/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, /= 4.6 Hz, 1H, OH).
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2-Folmyl-4-methoxypyridine (41)D &5k

100 mL A7 7 X 3|2 MnOs (23.1 g)&Z AfL, YiAu— MNEEZRY ), BZErE L
RN HE— N TAKRDERE L. ZHIZ 40(2.14 g, 15.4 mmol) & il 2., CHCl; (25 mL)
(ZVAfR S 72, 80°C T 24 RFIMBGEIE L7=. 'HNMR A2 MLV TEERE > T
PN EERMERR LT, NGRS ZBIEIZRE L. MnO, 274 MEBTHREL, JE
Warr—4 Y —x2 /R b—& —CiiE, BRGNS 2 & R0 R E RS Hi72(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, OCHa).

2-Chloromethyl-4-methoxypyridine (42) D& K"

40 (2.19 g, 15.7 mmol)% CH:CL (12 mL)IZ#f# &, SOCL (10 mL)Z 1% 7=, 50°C
T 4 RERINEGEDE L 7=, SOCL Z R £T % L A BEERNS b7, L% fafn NaHCO;
IKIEHE (50 mL)IZVEME S, CHCL (3 x 150 mL) T4k L7=. AHEEIC NaySO4 %12 T
KU, Xy F=CHEBL, Bz —% ) —x R L—X —CiglE, B2 5
&R DO MR E D35 5 41 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, OCHs).

2-Azidomethyl-4-methoxypyridine (43) D& 5k

42 (2.43 g, 15.4 mmol), NaN; (3.10 g, 47.7 mmol)% DMF (50 mL)IZI&fiE S, BA=ESR
B L 721%, 50°C TBuigfh Uiz, RISA L BRICE L7z, ffl NaHCOs KR
(100 mL)Z /%, EtOAc (3 x 30 mL) Corik L7=. AHEAEY 1 L7=%, fafi NaCl K
VA2 x 300 mL) THrifE L7=. AHEIE 12 NapSOs 2N 2 THIK L7, X » F = Tl L,
Bk Zn—4% U —T /R b— 2 — T, B2EHRT 2 LR GOMRMEN S L
(2.37 g, Yield: 94%). '"HNMR (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, OCH:).

2-Aminomethyl-4-methoxypyridine (44) D& pX")

43 (2.37 g, 14.4 mmol)% THF (18 mL)IZIEME S, JKIFIZIR L721%, PPhs (5.89 g, 22.5
mmol)Z ANz, WiZERER L2, 0°C T 1 RFEHEHELZ. S HITER T 2 ReFfHHE
L, DART MS TJRENFE - TWRWZ & 2R L%, H0 @ mL)ZMx, BKESE
B L 7o1%, 30°C CTHRiEPE L7z, v —& U —o R L—% —Cigffi L, B2EET 2
EEEOEENE SN, 2 A CHCL (50 mL)IZHAR S H, 1 MHCI(3 % 50 mL) T/
L7z, K20 L7, 4 MNaOH K¥E#E T pH 4 1112 L7z, Zi1u% CHCI3 (3 x 200
mL) Tk L7, AREJEIZ Na,SOs Z M2 TR L7, Xy F=THERL, n—X 1V —
TN b— 2 — TG, B2E T D LR RO 1S ST (1.84 g, Yield: 92%).
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'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, OCHj).

1-tert-Butoxycarbonyl-bis(2-(4-methoxypyridyl)methyl)amine) (45) D& X[

41 (1.72 g, 12.5 mmol), 44 (1.59 g, 11.5 mmol)% MeOH (13.5 mL)IZ&fiE S, BiA=ESR
EHLL 727, 0°C T 1 BR#BH#R L7, 'H NMR AX7 FLTA 2 VDB KLD 44 735
STWRWET & &R L7, NaBHs(1.03g,27.2mmol)Z %, FEMKEREL L -
#%, 0°C T2 HFlfE#HE L7z, 'HNMR AXJ ML TA I U0 > TN T & 2R L
Tet%, 0°C ZffEFFL7cEE 6 MHCI KIEIK CpH % 112 L72. MeOH & m—% J —x
WL — & —Tifis L721%, fafl KoCOs KIEHR 2 -V THEMEIZ L7z, CHLCL (3 x 200
mL) T L, AHEEIZ NaxSOs 2 N2 THIAK L72tk, X F = CHE®L, iRz n—%
U —x R b— & — TR, BZERRT 5 & EaOnRmE N b .

Z OIRYE % CHyCly (24 mL)IZVAME S, KIRIZIR L7, EtN (3.26 mL, 23.4 mmol)
ATz, Z 212, CH:Cl (40 mL)IZ¥Ef#E < H72 BocoO (5.09 g, 23.3 mmol) Z N» RS T
TNz, BREREL LR, 0°C T L7z, Z OKISEIRIZ CHClL (36 mL)%
Nz, faFn NaHCO; /KIAHK(3 x 30 mL) T/ L7z, AHEIEIZ NaxSOs Z 2 THEK L7z
%, Xy FoTIREL, WikEe—&% ) —x R L — & —TilsfE, BE2eiid 5 LK 6
DIRBENELNTZ. ZNERDVED CHCL IS, VXAV T L7 < b
7' 7 4 —(gradient EtOAc/MeOH 100/0 to 20/1) T L, BN EGENTWDE T T 7
varvEHEDE, IhEra—F ) —T R L— X —TCEfE L, BEZEMET D L EAD
KRG 115 5 72(2.80 g, Yield: 68%). 'H NMR (500 MHz, CDCls): 6/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, OCHj3), 1.44 (s,
9H, CHa).

Di((2-(4-methoxypyridyl)methyl)amine) (46) D& k"

45 (150 mg, 0.417 mmol)% EtOH (12 mL), 12 M HCI (4 mL)IZIAfif S, iKZEHREH L
7otk, IR T BB Lz, ]IERKREZ e —4 ) —o /R L— % —CIEfE L, HEZEr
T 5 EEODOEERNESNTZ. A K,COs KIEHE (20 mL)I MR SH, CHCL (3
x 60 mL) Tk L7z, AHEEIC NaxSOs Z 2 TR L7-1%, Xy F =T\ L, V8K
Ar—H Y —TNR L — & — T, BT 5 & HEOMRMENS b2 (84.2
mg, Yield: 78%). '"H NMR (500 MHz, CDCls): §/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, OCH:).
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HL14-OMe @%&[9]

24 (25.5mg, 0.130 mmol) % SOCL (1.5 mL)IZ¥Af# X, 60°C T 4 FEfE#E#: L7=. SOCI,
RE L%, BEGET D EEAOMRWEIG N, ZOMRYEITERAITD
FTAZIRDIGIZHZ. 46 (84.2 mg, 0.325 mmol), K,CO; (158 mg, 1.14 mmol) % CH,Cl, (2
mL)IZEMRE ST, ZOWKRIZ, SERROMMKYE %2 CHCL (2 mL)ICEEME S 721l % N,
flow L2 B ->< 0 &Nz, MkERER L%, SR L. SR %
MRS Gl L7=7%, kA o — & U — T Nl L—Z — T 5 & 50 ER35
bz, ZNE RV ED CHCLIZIEM S, TV I FTH T A7 a~ v 7T 7 4 —(gradient
CHCI3/MeOH 1/0 to 50/1) TR L, BN EENTWDL 7T 7 a v EEDT-. Th
Au—F ) —xNRL— X —TRfE L, BT 5 L A0 BRI 6 72(46.2 mg,
Yield: 53%). 'H NMR (500 MHz, CDCls): 6/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, CH>), 4.59 (s, 4H, CH>), 3.88 (s, 6H, OCH3), 3.81
(s, 6H, OCH3), 2.22 (s, 3H, CH3). ESI MS (MeOH m/z, positive mode). Calcd for [HL14°Me +
H]*: 679.29. Found: 679.29.

4-Chloro-2-formylpyridine (47) D&k

100 mL 7~ A 7 7 2 2{Z MnO> (90.0 g) & AtL, ¥Anu— MEZID T, BEZEilE L
RN BHE— N TAKREERE L2, 242 39(8.00 g, 55.7 mmol)% il 2., CHCl; (96 mL)
(VMR S 7%, 80°C T 36 REEIMNEGENE L7z, 'HNMR A7 KL TEER > T
PN LA LTt ISR ZREIZRE L. MnO, 7 A MEBRTHREL, &
e m—2 ) —x /R b— 2 — T, HAZHERT 5 L ADEIRIGHNT72(6.55 ¢,
Yield: 83%). 'HNMR (500 MHz, CDCl;): 6/ppm = 10.1 (s, 1H, 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).

4-Chloro-2-chloromethylpyridine (48) D& k!

39 (8.00 g, 55.7 mmol)% CH,Cl: (40 mL)IZ¥fE S, SOCL (30 mL)Z % 721%, 50°C
T 3 RFEINEGEDT L7z, SOCL ¥ ET 5 L B ADEIRN G bz, T Z fafl NaHCO;
KRR (100 mL)IZ¥f# S, CHCL (3 x 100 mL) T4 L7=. AHEJEIZ Na,SOy & iz T
BiAKL72%, Xy F=THEBL, Eikza—4% U —x/NR L —¥ —TCEiE, BE28aipd
% & DI E 035 5 172(9.17 g, Yield: 98%). 'H NMR (500 MHz, CDCl;): ¢/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, CHy).
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2-Azidomethyl-4-chloropyridine (49) D& fk!”

48 (8.93 g, 55.1 mmol), NaN; (10.1 g, 155 mmol)% DMF (180 mL)IZI&fiE S, Bk z=EHR
EHLL 721, 50°C T—BRigfh Lz, RISAwZ BRICKE L7z, fafl NaHCO; KR
(100mL)%Z iM%, EtOAc-hexane (1/1,3x300mL) C/iik L7-. HHEEZHY H L7-%, fia
1 NaCl ZK¥EHE(2 x 300 mL) o3k L7z, AHEIC NapSOs N2 THiAK L7212, X v F
TR L, EKEZr—% U —T/ VR L — & —CigfE, BT 5 &8 0a0ikyE
2353 5 172(8.70 g, Yield: 94%). "HNMR (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-chloropyridine (50) D& fX”

49 (8.54 g, 50.7 mmol)% THF (73 mL)IIZEME S, JKIRIZIR L721%, PPhs (20.0 g, 76.3
mmol)Z %, MREZREH L=, 0°C T 1 KB LZ. & 5 ICEE T 2 Kifi#i
L, DART MS THEEDFE > TW W2 L 2GR L721%, H0 4 mL) &Nz, BixER
B L 7-1%, 30°C T—BpiEHR Lz, m—& U —x= R L—& — Tl L, B2t 5
EEADERNE Sz, 2% CHCL (100 mL)Z % &4, 1 MHCI(3 x 100 mL) T4y
LT, K@z it L7z%, 2MNaOH KE#R CpH # 1112 L7=. Zi%a CHCl; (3 %
100 mL) T/ L7z, AHEJEIZ NaxSOs 2 MM THIAK L7, Xy F=TClEEL, n—%
U —T KR b— % —TigfE, BT 5 EEa0iiRmE N1 572650 g, Yield:
90%). 'H NMR (500 MHz, CDCl3): 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, 2H, CH,).

1-tert-Butoxycarbonyl-bis((2-(4-chloropyridyl)methyl)amine) (51)D &5k

47 (6.55 g, 46.5 mmol), 50 (6.28 g, 44.2 mmol)% MeOH (50 mL)IZIRfiE S8, BiREHRE
Bal7-7%, 0°C T 1 BR#8#: L7=. 'H NMR A7 FLTA I VDB 50 235% -
TWRWZ & &R L 7=, NaBH, (4.18 g, 110 mmol) & Iz, FHE MR ZE R EH L=,
0°C T2HFEHFE L7=. 'THNMR A7 ML TA 2 U MR- TWRWZ & iR L1,
0°C MR L7cEE 6 MHCI KIEK CpH Z 112 L72. MeOH #2—% J —T /N/R L —
X — CRfiE L7121k, f3F0 KoCOs KA & IV CHEEEMELZ L=, CHoCly (3 x 300 mL) T4y
WL, AHIEIC NaxSOs 2 MA TH/K L7, Xy F=TREBL, EKzn—2 ) —x
NI L— 2 — TR, BZEHnT 5 & HAOMRMER S b,

Z OIHIRYE % CHLCly (90 mL)Z AR S, K IZIR L721%, EN (10.5 mL, 75.1 mmol)
ZMZT-. 2212, CHClL (90 mL)IZ¥&fiE S 72 BocO (16.4 g, 75.1 mmol) & N, RHH A T
Tz, BiREREL L7-1%, 0°C T L. 2 OKISEIRIZ CHCl (100 mL) %
Iz, #aF1 NaHCO; KIEHE(3 x 60 mL) THriiR L7z, AH%EIZ NaxSOs 2 M 2 THIK L7
%, XoF - TEBL, BKEo—F ) —T R L— X — T, BT 5 L KE
DRWENELNT-. ZhE kD EO CHCLIZIEBES Y, S U BA VI T s~ b
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77 7 4 —(CHCl/MeOH 50/ ) THELL, BN EENTWDT7 T 7 v a v EHEDT-.
Ihzazn—42 Y —x /R L— 2 — Tl L, 28RS 5 L EAOMRMER G LT
(9.76 g, Yield: 60%). "HNMR (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, J= 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-chloropyridyl)methyl)amine) (52) D& F&”

51 (6.38 g, 16.5 mmol)% EtOH (90 mL), 12 M HCI (30 mL)IZiAff S, Pl aHE#h L
7ot%, IR TBUBEE Lz, ]IERKREZ e —& ) —T /R L— % —CIRfE L, H2ers
T 5 EEOOEERNESNTZ. AR K,COs KIEHR(30 mL)IZIEfE SH, CHCL (3
x 90 mL) TR L7, AHEEIC NaxSOs Z M2 TR L72%, X F=THEBL, JHK
Fu—H U —TNR L— & —CRfE, B2EET 5 LR AOMIRME R3S 57391 g,
Yield: 88%). '"H NMR (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).

HL14-CI @éﬁk[%

24 (43.9 mg, 0.224 mmol)% SOCI, (3 mL)IZ¥&Ef#E X, 60°C T 4 FFfH###: L7=. SOCI,
EE L%, BEVET L EEAOMRWEIGONT. ZOMRYEITRERAZITD
FUZR DS A=, 52 (150 mg, 0.560 mmol), K2COs (255 mg, 1.85 mmol)% CH,Cl, (5
mL)IZEMRE ST, ZOWKRIZ, SERROMMKYE %2 CHCLy (5 mL)ICEEME S 72 ik % N,
flow L2 B - ) LNz, MREREM L%, SR TBREE L. OSSR %
FA LR S CUam L7=1%, kA v — & U —x R L— % — TR 5 & o BE» 5
bz, ThERDVED CHCL IZEMEE, TAI T T ara~w T T77 4 —
(CHCI:/MeOH 50/1) THRLL, AN G ENTWE 7T 7 va vz, Thitn
— & U =T/ NR L — & — T U, B2E T 5 L O ERD S 5 4172(102 mg, Yield:
65%). "HNMR (500 MHz, CDCls): §/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, 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). Caled for [HL1+<' + H]*: 695.09. Found: 695.09.

N-(8-Azido-3,6-dioxaoctyl)-2,6-di(/V,/N-bis(2-(4-methoxypyridyl)methyl)carbamoyl)-1-hy-
droxy-4-benzamide (53) D&%

35 (159 mg, 0.416 mmol) % CH,Cl, (4 mL)IZ¥AfiE &, SOCL (75 uL)Z 12T 60°C T 1
REfEIBEFE L7=. SOCL # R & Lictk, HZEHMET 5 L EAOBIKAE L. ORI
TR 24T OISR DO ISV, 46 (216 mg, 0.833 mmol), K2CO;3 (403 mg, 2.92 mmol)
% CHyCly (5 mL) IR S B 7=, Z OWIRIC, SRR %Z CHCL (5 mL)IZHER S E7-
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Wiz Noflow L3 bwpo< D &R, BKEREWR L721%, =T B,
PSR 2 T A Mig# Lok, iRz e —4 U —x /K b— 2 — T, 225087
D LA DEENF LN, T ARV ED CHCL IS, 7VvIFhT 60
~ h 7' Z 7 4 —(CHCl/MeOH 20/) THRLL, HMMINEENTWDE 7T v a a2t
Wiz, Thaen—4 ) —T AR —2 =T L, BEEERT 5 LkaOBENE L
72(199 mg, Yield: 55%). '"HNMR (500 MHz, CDCls); é/ppm: 8.37 (d, /= 5.7 Hz, 2H, Py), 8.32
(d, J=5.7 Hz, 2H, Py), 7.93 (s, 2H, Ph), 7.02-7.11 (m, 2H, Py), 6.81-6.86 (m, 1H, NH), 6.73—
6.78 (m, 2H, Py), 6.63-6.72 (m, 4H, Py), 4.91 (s, 4H, CH>), 4.56 (s, 4H, CH>), 3.89 (s, 6H, OCH3),
3.82 (s, 6H, OCH3), 3.47-3.70 (m, 10H, CH>), 3.39 (t, /=5.2 Hz, 2H, CH,). ESIMS (MeOH m/z,
positive mode). Calcd for [53 + H]": 865.36. Found: 865.20.

N-(8-Amino-3,6-dioxaoctyl)-2,6-di(V,/V-bis(2-(4-methoxypyridyl)methyl)carbamoyl)-1-hy-
droxy-4-benzamide (54) D& K

53 (199 mg, 0.230 mmol), 10% Pd/C (54.0 mg)% MeOH (10 mL)IZiAff X, PiAkKHEE
BT, | TSRS Lz, PJUSHERZ T A MEa L7k, Ekzn—2 U —
TR — & —TRMET 5 & HEOMRME DS 5 4172(180 mg, Yield: 94%). ESI MS
(MeOH m/z, positive mode). Calcd for [54 + H]": 839.37. Found: 839.15.

HL2Me DA R,

CHCl; (5 mL)IZIaf# S H-7- 54 (180 mg, 0.215 mmol )i, CHCly (10 mL)IZ R S
72 30 (113 mg, 0.307 mmol), EDC+HCI (61.7 mg, 0.307 mmol) DI 2 M2 7=. T O G
12 EtN (120 pL, 0.860 mmol)& 1z, MR ZEREM L7-1k, =IEOBGHTC Btk L
7o OB E e —2 ) — TN L— & — TigfET 5 LB a0 BEEIME LN Zh
% CHCls (70 mL)IZ ¥ S, fidfn NaHCO; 3 x 10 mL) T/ L7z, A% IZ NaxSOs &
A TR LI, Xy TF=TIBL, BiREzr—% U —= R L —2 —CRfET5 &
FREDOBEENE SN, ZNZRDED CHCL IR S, TV ST hosrsa< b7
Z 7 4 —(CHCI;/MeOH 20/1) THHEI L, AN G ENTWDE 7T 7 v a v &HDi-.
InEr—2 ) =2 R L —Z —CRiET 2 L REOEERRSG L. Zivgk, GLSci-
ence fL# InertSustain C18 W AH 7 7 (920 mm x 250 mm, H,O/MeCN)% T HPLC
2T, BHIIREGENTNWDE 7T 7 g 248D, Bikrn—% ) —o KL —2 —
TIEME, BEZEEIRT D LR OEIRIE 5 7-(26.2 mg, Yield: 10%). "HNMR (500 MHz,
CDCls); 6/ppm: 8.36 (d, J= 5.7 Hz, 2H, Py), 8.30 (d, J= 5.7 Hz, 2H, Py), 7.98 (d, /= 8.3 Hz, 2H,
Ph), 7.91 (s, 2H, Ph), 7.88-7.90 (m, 1H, NH), 7.19 (d, J = 8.3 Hz, 2H, Ph), 7.05-7.09 (m, 2H,
Py), 6.98-7.03 (m, 1H, NH), 6.69-6.73 (m, 2H, Py), 6.65-6.68 (m, 2H, Py), 6.61-6.64 (m, 2H,
Py), 5.93 (s, 2H, CH), 4.90 (s, 4H, CH,), 4.55 (s, 4H, CH,), 3.82 (s, 6H, OCHz), 3.79 (s, 6H,
OCH3), 3.62-3.70 (m, 8H, CH,), 3.45-3.61 (m, 4H, CH,), 2.55 (s, 6H, CH3), 1.26 (s, 6H, CH3).
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ESI MS (MeCN m/z, positive mode). Calcd for [HL24°Me + Na]*: 1211.49. Found: 1211.42.

N-(8-Azido-3,6-dioxaoctyl)-2,6-di(/V, N-bis(2-(4-chloropyridyl)methyl)carbamoyl)-1-hy-
droxy-4-benzamide (55)D &A%,

35 (500 mg, 1.31 mmol)% CHCl, (7 mL)IZ#f#E S, SOCL, (240 pL)A A2 T 60°C T 1
RpfEIfEdE L7=. SOCL # R £ Lictk, BT 5 L AaOBEM GO, ZOREIE
IR AT DO TR OIS IZ AV =, 52 (720 mg, 2.68 mmol), KoCOs (1.46 g, 10.6 mmol)
%Z CHCl, (20 mL)IZIAfR S W7, Z ORI, RO ER%Z CHCL (10 mL)IZiAffE S
ToVHE 7 Noflow L2 H o< 0 ENZ, BAAEFRER L-#%, iR C Bt L.
FOGEWR %2 7 A Mgl L=k, iRz e —4 U —x /R b — & — T, B2y
% EEFEOOEIRNE SN, e EO CHCL IS Y, TAVIF T 670
~ k7' Z 7 4 —(CHCl/MeOH 20/) THRLL, HMMINEENTWDE 7T v a a2t
Wiz, Tk —4 U —T/NRLb—2 =Tl L, B2E0RT 5 LRk OBIRRE 5
72(0.490 g, Yield: 42%). 'H NMR (500 MHz, CDCLs); ¢/ppm: 12.1 (s, 1H, OH), 8.39-8.52 (m,
4H, Py), 7.95 (s, 2H, Ph), 7.48-7.60 (m, 2H, Py), 7.10-7.31 (m, 7H, Py, NH), 6.69-6.79 (m, 1H,
NH), 4.92 (s, 4H, CH,), 4.62 (s, 4H, CH,), 3.60-3.70 (m, 10H, CH,), 3.39 (t, J = 5.2 Hz, 2H,
CHb). ESI MS (MeOH m/z, positive mode). Calcd for [55 + Na]": 903.15. Found: 903.19.

N-(8-Amino-3,6-dioxaoctyl)-2,6-di(V,/V-bis(2-(4-chloropyridyl)methyl)carbamoyl)-1-hy-
droxy-4-benzamide (56) D& hX

55 (44.5 mg, 0.0504 mmol), 10% Pd/C (0.200 mg) % MeOH (2 mL)|ZI&fR S, BigKk#E
B L7, EIRTSKRHMBEE L. SRR EE T4 MR L%, Bikzr—4 Y
— TR — & — TR T 5 & EHEADOMIRWE 23S 5 4172(25.7 mg, Yield: 60%). ESIMS
(MeOH m/z, positive mode). Calcd for [56 + H]": 855.17. Found: 855.19.

HL2+C' D& R

CHCl; (1.5 mL)IZ¥Ef#R & E7= 56 (25.7 mg, 0.0300 mmol)¥&i#%(Z, CHCls (2.5 mL)IZIAf#
&7 30 (52.4 mg, 0.142 mmol), EDC+HCI (30.0 mg, 0.156 mmol) DA Z Mz 7-. T DX
JEVEWRIZ EtsN (120 uL, 0.860 mmol) & %, PikiaE R E#L L7=%, EIROKH C— Bz
L SRR EZe—2 ) —T oK L— % —CIEfET 5 L R aoBENE O N7,
INERVED CHCL [ SY, TAI T T L7 a~ 7T 7 4 —(CHCl:/MeOH
10/ D) THEL, BN EGEEN TWDE 7T 7 v a v aEb. Zhezun—X U —T /R
L — X —TRMET 2 L REODOEIR1E BT, ZiE, GL Science £ InertSustain
C18 ¥t # 7 (920 mm x 250 mm, HoO/MeCN)% VT HPLC 217\, HAMNE £
NTNWE 777 arw$ED, BiREn—4% U —x /3K b— ¥ —TlRfE, B28iid 5
EABEDER S S A72(11.1 mg, Yield: 31%). "HNMR (500 MHz, CDCls); 6/ppm: 12.2 (s,
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1H, OH), 8.40-8.48 (m, 4H, Py), 7.95-7.99 (m, 2H, Ph), 7.94 (s, 2H, Ph), 7.49-7.52 (m, 2H, Py),
7.34-7.41 (m, 1H, NH), 7.15-7.30 (m, 4H, Ph, Py), 6.76-6.80 (m, 1H, NH), 5.96 (s, 2H, CH),
491 (s, 4H, CH), 4.61 (s, 4H, CH,), 3.57-3.75 (m, 12H, CH,), 2.55 (s, 6H, CHs), 1.29 (s, 6H,
CH;). 'H NMR (500 MHz, acetone-ds); d/ppm: 8.40-8.60 (m, 4H, Py), 8.05-8.15 (m, 3H, Ph,
NH), 7.97 (s, 2H, Ph), 7.65-7.80 (m, 3H, Ph, NH), 7.29-7.50 (m, 8H, Py), 6.10 (s, 2H, CH), 4.96
(s, 4H, CHy), 4.76 (s, 4H, CH,), 3.47-3.69 (m, 12H, CH,), 2.50 (s, 6H, CHs), 1.35 (s, 6H, CH).
ESI MS (MeCN m/z, positive mode). Calcd for [HL2*! + Na]™: 1227.30. Found: 1227.29.

—EZSRADEEE 10b DERR

MeCN (3 mL){Z Cu(OAc), (27.5 mg, 0.151 mmol) % V& & B 7212, MeCN (2 mL)IZ
HL14°Me (43.4 mg, 0.0757 mmol) & & S ¥ 7-imik %2} - < Wz, =R T30 /et
Uiz, OB Z v — 5 ) — T NR L— & — TG L, &S 25 1 mL RIS L7z,
ZDEHIZ EbO 2Nz 5 EEEMHHE LT, Zhaifill, B2 5 Lk
DERRTF 5 4172(66.6 mg, Yield: 80%). Anal. caled for [Cua(p-1,1-OAc)(u-1,3-OAc)(L1*
OMey](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,0
m/z, positive mode). Caled for [10b — OAc]": 921.16. Found: 921.10. IR (KBr): v/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.

—EZSRAIDSEE 10a DERK

MeCN (1 mL)IZ¥Af# SH72 10b (8.7 mg, 7.94 umol) DIENRIZ, 1 M NH4PFs MeCN VAR
(8.9 uL, 8.9 pmol) & M1 %, =i T 10 /B L7=. T OEWEIZ benzene Z/V &z, EL,O
ERIIER T 5 2 LI ko T, B XERHEEARAT I8 L 7o RO IR DS B vz,

“EESRDSEE 11b DA

MeCN (2 mL)iZ Cu(OAc), (72.0 mg, 0.396 mmol) % ¥ & B 72 1A# (2, MeCN (2 mL)iZ
HL1+ (138 mg, 0.198 mmol) % ¥ if S 7wk 2 @ > < Iz, iR T 30 /L L.
BOSE W 2z v — 2 ) —x N R L — 2 —Tiife L, B2/ I mL REIC L. 20
TEIRIZ ELO 2N 5 LEEREMHTH L2 T, Tzl L, BT 25 &fkEaolE
R3S B 72 (142 mg, Yield: 67%). Anal. caled for [Cua(p-1,3-OAc)(L1+¢)](0OAc)*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 [11b — OAc]™: 936.96. Found: 936.95. IR (KBr): #/cm™' = 3694-3237, 31522812,
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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ZEZSIIDSEER 11a DERKL

MeCN (0.2 mL)IZ¥&fi# S H7- 11b (7.8 mg, 7.29 umol) DIFFEIZ, 1 M NaClO4H,O MeCN
FIR(7.8 uL, 7.8 pmo)Z MR, =8 T 10 oM L7z, Z 0K % ELO & <URILHCT
52 EIZE T, WS X M EREAT IS8 L7k O BRI G b7,

TRESRANEER 12 DARR

MeCN (1 mL)(Z Cu(OAc), (5.5 mg, 30.4 pmol) & & fif S B 72 A #ZIZ, MeCN (1 mL)IZ HL2*
OMe (18.1 mg, 15.2 umol) {8 SV mik A P> < D INZ, =i T30 o L7z, K
ISR 0 — 2 ) —T NR L — X —TiRfE L, BEAEEZ0 02 mL 2L, Z ORIK
IZ B0 2Nz 25 EEEBHTH LIZ0T, ZnaiEilL, BT 5 &R 00 BERS
3+ 54 72(19.6 mg, Yield: 79%). Anal. caled for [Cux(u-OAc)(L24°M¢)])(0Ac)*7.5H,0: C,
50.92; H, 5.57; N, 8.61. Found: C, 50.65; H, 5.09; N, 8.40. ESI MS (MeCN m/z, positive mode).
Calced for [12 — OAc]*: 1431.38. Found: 1431.10. IR (KBr): Wcm™ = 36863447, 3001-2789,
2374,2349,2313, 1613, 1547, 1508, 1456, 1435, 1417, 1306, 1196, 1157, 1121, 1086, 1040, 982,
908, 853, 839, 773, 735, 679, 646, 637, 604. UV-vis spectra (MeCN at room temperature, 25 uM):
228 nm (¢ = 73000 M~' ecm™), 278 nm (& = 19000 M~ cm™), 310 nm (¢ = 11000 M~ cm™), 388
nm (¢ = 3000 M 'cm™), and 499 nm (¢ = 60000 M 'cm™).

—ESRADSEE 13 DAL

MeCN (1 mL)(Z Cu(OAc), (3.4 mg, 18.4 umol) % V& fif S 7= &K IZ, MeCN (1 mL)(Z HL2*
“I(11.1 mg, 9.20 pmol) Z A fif S ¥ 7=l 2 b > < W INA, =R T30 otk L7z, [U&
Wik —2 ) =T /AR L —2 —TRH#E L, B REAR 02 mL (2 L7, ZO%IRIC
EtO Z A5 LEEPHTH LT, 2zl L, BT 2 L RADOFEENEH
AU72(10.6 mg, Yield: 70%). Anal. calcd for [Cux(u-OAc)(L24")](0Ac)*5H,0: C, 48.79; H,
4.60; N, 8.75. Found: C, 48.81; H, 4.36; N, 8.88. ESI MS (MeCN m/z, positive mode). Calcd for
[13 — OAc]": 1447.19. Found: 1447.10. IR (KBr): #/cm ™' =3690-3161, 3138-3009, 2982-2830,
1640, 1597, 1547, 1508, 1464, 1443, 1410, 1306, 1258, 1194, 1157, 1113, 1086, 1047, 1024, 982,
872,829, 758,737,718, 706,677, 638, 617. UV-vis spectra (MeCN at room temperature, 25 uM):
228 nm (¢ = 62000 M 'cm™), 281 nm (¢ = 21000 M 'ecm™), 308 nm (¢ = 13000 M 'cm ™), 388
nm (¢ = 3400 M 'cm™), and 499 nm (¢ = 69000 M 'cm ™).

5-5-3. MTT assay (2 & % #lfaztE D

96 well 7'L— ~iZ blank & LT Az 1 4L, BEHIZ 10 x 10* cells/mL (2725 X
IR S E - flE(HeLa (B b ESHI A), AS49 (B MiASA), WI-38 (b MHIEH),
PK-59 (b MY A), 2C6 (B M RERRIES)MAL)Z 1 well IZ-2% 100 pL 9> control &
BERDY T NE DFNTHEE, A F a2 X—F—(37°C, 5% CO) TA ' FaX— 3
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v L7-. 24 BifE#%, PBS() T L=, Z 0%, ¥ ZASNZITFNEN R E 2
L 72885 (R D% 7" 1(10-1000 uM) %, blank & control FZIFEGHID A% 1 well (2D X
100 pL oMMz, A2 FaX—F—TA v FaX— g L. 24 B4, PBS(—)T
Bevg L, Smg/mL (ZFHHL L 72 MTTreagent & 55Hi% 1:9 OEIA TIRA S 72K % 1 well
129 100 pL TOMAFFEAS o F 2 _X—F—TA v Fa_— 5 L7, 3 K,
TAE L —Z — TR aE W Lz, 4A4EH DMSO % 1 well IZ-2& 100 pL 2001 %
. ED%, 570 nm DR A AW TR ERR T ZHIE L, MiagrE 2 57m L
7.

a@

5-5-4. MREANA A —T v TEBR

BIEHT 4 v ¥ =2(pl4 mm)iZ 6 x 10* cells/mL [ZFH5L L 7= HeLa #llfi DR % 600
uL Nz, 37°C, 5% CO, 55/ FC 24 BEfil A > F 2 _—3 3 > L7z, £5%% L7- HeLa il
MOEEHAFRE L, PBS(—)T 2 BV L, #5K 12 LTV 13 (10-100 pM)D D10 5 HifA#K
(600 pL)Z Nz, 37°C, 5% CO 5 FT 1, 12,24 FEfilA v a_X—Ta v L. Bha
BREL, PBS(H)T 2 mI¥EHL, &, 2 b= U7, /MMaEkE ORI L DRYetm E LTC
Hoechst 33342 (600 uL, 8.1 uM), Mito Tracker™ Deep Red FM (Thermo Fisher) (600 uL, 50
nM), ER-Tracker™ Red (600 pL, 1 uM) &% O Bodipy™ TR Ceramide (600 pL, 10 uM) % 55t
Mz 7z, ¥, X har R 7 ROVINIRGAIZOWTIE, 37°C, 5% CO & F T
ZH 10,20 KOV 30 3 A v F 2 X— 3 L, HiHA PBS(-) T2 [mIES L7=1%, JhiE
S — B TR 2 BEE LT, LUK OW TR, 4°C, 5% CO S&ETF T
303 A vk a— 3 v L, Bl A PBS(-) T 2 [mIPEis L7-1%, FFEERS A N 2. C 37°C,
5% CO, SEF T30 A v Fa_X— g L, KA PBS(-)T 2 [P Li-1%, 4t
ER L — B cMla L 8lgg L.

55-5. 7a—H% A P A Y —

BEHT + v ¥ = (960 mm)iZ 1 x 10° cells/mL [ZFHH L 7= HeLa fliiE DK % 4 mL
Iz, 37°C, 5% CO, 55 FC 24 BFfi A > F 2_X—3 3 > L=, §£# L7= HeLa s>
ORI ZFRE L, PBS(—)T 2 FIVEH L, HAEIEED 100 uM (272 5 & 5 ITEERTR IR % 4
mL Nz, 37°C, 5% CO 5 FC 1, 12 A v F =2_X—T a3 > Lz, Kiha PBS(—-)T
2[EIPEH L, BV 73 (025%) TR Z 1325 LTz, 2 ORIR 2 im DAy BERS I ), IR
T AL —Z—TWg| L=, £ 7=/ PBSC) (1 mL)Z %, BB, HEE
D BERIC N T e, Wi E T A L —Z —TCWlEI L7, 1 xBB (I mL)ZHilaichnz,
B S, ZOWREZE OSBRI NT, WRE T A L—% —TWR5I LIz, 1 x
BB & 2 M1 2T 1 x 10 cells/mL (100 uL) Z 7% L 7=. Annexin V-FITC ¥i&(5 uL) % ¥R
[ZN%, =T 10 /s L7, @EOoBHEIC) T, WikET A L—& —Tlkq|
L7, HEBEIZ 1 x BB #A#R(500 pL) & i %2 TR S, mO 0BT, 7 A L—#
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— TR Z W5 L7, 1 x BB (200 uL) % Mlaioinz T <+, PI(SuL)&Z Mz T
S5 S, 2 OMIBEIEIR(10,000 cells) %, channel BL1 (Filter 530/30, Filter Range
515/545) J O channel BL2 (Filter 574/26, Filter Range 561/587) % H T, Attune NxT Acoustic
Focusing Cytometer |Z > CT#IZE L7-.

5-5-6. Comet assay IZ & 5% DNA H{EDRH

Comet assay %, Trevigen #1:# CometAssay® Electrophoresis System II % F V> CHIE & 1T
S 72. lysis solution I%, i 20 43AiIZ 4°C THRAF L7=. LMAgarose (3 FATIZ#BiE L
TR CIEITI MR S 1242, 20 43 37°C THERF L 7. 1% 10° cells/mL DR 2 Ffif =
72 LMAgarose & 1:10 (v/V)D R TIRA S Y, EHICEXNy T 4 72X o THEL
T4, o TNH T RIRT T2, TR D AT A R 1 ], 4°C ORGFT CIRAFT 5 &,
0.5 mm F&E Dg7s CometSlide™ IZBIEZZ S L7z, ZTHUH D AT A K% 4°C O lysis solution
230 MR L, WRERE, pH> 13 OT7 0 U IAIRIZ 20 431, F|IROKTFT CRIFEL
7. FI850mL DT VA U EBEKIKENATK % CometAssay® ESunit [IZH1%, AT A FZ&HE
L7c. Z0t%, 3050 21 V CERKBEIZ1To7-. BRKEEIKARE, 5 oMAEK
(CIRIIEREA 2 BEIfR VR LTtk 501 10%=% 7 —AEIRICIE LTz, A7 4 R4 37°C
T 10-15 43 [HRafE S 72, TE buffer [ZH M S 72 SYBR® Gold ##%(100 pL) & 1%,
WEFTC 30 MYt S /2. SYBRIFIKZBRE, ZARIK TRBICYS L2, 37°C THL
BXETz. BRI, ZThWBDORAT A REedtiamss calg L.
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BRE : p-cresol-2,6-bis(dpa*™) amide-tether E2fIF D Z &% (IDEEE
[Z& % DNA BR{EHIlT

6-1. ZH

B OVFEHFETIE, N & L LT diQ2-pyridylmethyl)amine (dpa) & & D5 E
{K% amide-tether CE A L 72BN HL1*X[X = H, OMe, and Cl] & Z @ &SI EE K
[Cux(p-1,1-0Ac)(p-1,3-OAc)(L14M)](OAc) (7b), [Cua(p-1,1-OAc)(p-1,3-OAc)(L1+°M)](OAc)
(10b), [Cuz(p-1,3-OAc)(L14N)](OAc) (11b) Z AR L, ZiL b OFARDIEE M OFFE A ZE A
ICHA BT Lz, RS, MIgHE Y D SRICEREL A E A L7 10b <° 11b (X, 7b & Fhig
LCEWHIR S 2 RS2 2 2 A Lz, 72, Zhboskiunnt, RNAM
IR TH D Z L b LN T,

AKETIE, $5(K 7b, 10b, 11b & JHCTA—/8%—2 A )L K5 2 3 K DNA OfE{LAIY)
WrZAT o 7o RAFLIR T 5. W b/KFE AL & 32 DNA BIEAS 7b 12 L0 e =
NDZEFHENE TR L, AETHE, EritGie LTA MU, ErRkalie
LCZ uufzZnEnRo8kR 10b, 11b 2 AW TR S ZIT o 72, T OFER,
11b 2 b mWEEZ R Lz, B0 T OEICAIIEMLIZ X % DNA B Lol 2175 7=
WIZ, BILAlE LTT 2Aar e gt MU 7 A(AseNa) & FHUWTZE5% T T DNA BB 217
ole b TA, WMBLKFEBRLA & T DHRIGL D HIED 0T EV DNA BIFHEMEZ R L
7. $5K 7b, 10b, 11b |X, AscNa (150 uyM)FTE T, ZER FDOKIST, KL% 1 55T
DNA Form Il % Z#LZ40 30, 57, 21%4mk L, B U5 E2FF2 10b 23 b @O IE %
~ L7z, $51K 7b,10b, 11b @ DNA BIErEMEIX, BE 9 2% methylene-tether Bz - Hbpmp
(2,6-bis[di(2-pyridylmethylaminomethyl)-p-cresol]) > —EZ (1) &5 A [Cua(u-OH)(bpmp)]** (8)
L0 bIXDICE N7z, I HIT, ZIVE TICHEV DNA YIETEHEZ2 R~ @S5 Sh T
VY% N4Py B2 1 (N,N-bis(2-pyridylmethyl)-N-bis(2-pyridyl)methylamine) 0 Hie%Z #k (1) {4
[Fe(N4Py)(MeCN)** (14) & LG L T H XA 0 CmiEtETh o 72,
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6-2. %S

D3 AMIREIE, IEE AR & bl U Cfg bk S8 2 5 TolE MERER 3R Fli(reactive oxygen species
(ROS))@(;;%Wb:mw ERFMBNTWBI 22T, NAMIEN CIXEFEEZ MR 5

(ZHIRR b E (ETANDOIRE S £/, EFMRA LKL TEHWZ LA LT

%. ﬁﬁ@rj:/u(ﬁfﬁf IXTHT TR —FOHRT, BAMIIND ROS BEZEHZY,
FRTAREZ®mDTZVTDZ LI X > THRAMBANOE 28 L, filnsdds s
1ESH, BAMRAMIRIEIZE S & WO FENEAIZITDI TN HH

PIBAKE LTHER SN TWAS 7 LA~ A 2 (Chart 6-1)BIIF, TQ%’% RN CEEA
A EREAE L CERANEEARZ IR T 5. & OSSR ERSE F 7213l me b Ak SR & SO LT
R (o vﬁv4 v (Fe(Il)-O0H) Z 4k L, DNA & " KEHAZYIK L COAMIEEZ 7
AN BE =T RZELS ZERPA LN STV D (Scheme 6-D. T LA~ A v idkkx 72
DY AUABREIZ KT U CRh R 2 R T 208, AR & EFMROBIRMEEZ =72 0nWe), K
HERIZ L o ThlistEZ2 "3 2 E RN & 72> TV BB

Chart 6-1. Chemical structure of bleomycin (likely metal ligating atoms indicated in blue

(equatorial) and red (axial))

metal binding domain
A

4 \

H NH

HN N NH,

R=HNE B M A2

&H,

BLM B2

%
?"fi ¢ ‘Y/\ R= HN/\/\/NzH

OH DNA blndlng domain
HZN‘J*O

\ J

Y
carbohydrate domain

Scheme 6-1. Proposal reaction pathway for ABLM

0, or H,0 OOH . o
(BLM)Fe' 222 |, R-H > |l + H,0 + 'R
(BLM)Fe Fe'V(BLM)

Active BLM (ABLM) direct H-atom abstraction
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Roelfes &%, N4Py (N,N-bis(2-pyridylmethyl)-N-bis(2-pyridyl)methylamine)E 7 1 D Bk
BRI FEIAR[Fe(N4Py)(MeCN)** (14)2338 54 & L C dithiothreitol (DTT)D1FE T, DNA U]
WHEMEZ K& INET 52 L 2ME L0 ZoORKISTIE, 4IF@BELKISL, & e
AL RER(IDES R Fe(II)-OOH Z BT 5. £ D%, O-O fEGNRHREY T 4 v 7

B L TAF ¥ FERAV)EER Fe(IV)=0 Lt Ru %74 /L«0H 4L L, *OH 2°
LEONE@@& 72> T DNA ZYIWiT 25 LB 0D, ZOMKRNITLA~A D
DNA Uit S LI L CnvD. L L7edd s, 851K 14 1X, DNA Ylliz it = 372012
IEREDETLH(I mM O DTT)ZLEE L, ZO5KMETO 1 KOG T DNA @ Form
I % 6%F2FE L2MERL L7 & s ST 40l

HEIUEE N OV T ClE, v & 2 b LT diQ2-pyridylmethyl)amine (dpa) & % D %5
K% amide-tether TE A L72ffZ 7 HLI*X[X = H, OMe, and Cl] & & O " EZHID A
[Cux(p-1,1-0Ac)(p-1,3-OAc)(L14M)](OAc) (7b), [Cua(u-1,1-OAc)(u-1,3-OAc)(L1+°M)](OAc)
(10b), [Cus(p-1,3-OAc)2(L14)](OAC) (11b) A3, M3 AMAEIZ® L TV it 2 ~d 2 &
ERH L. ZoHfT, T iXI b= FU 7O /MEN® DNA %7213 RNA Z 8 L
CHIBRFEME 2 FBL L7223, 10b ° b (3/MafE A L 2251 &E 232 & TllErE%
BT HZLRENTZ. ZORFRIE, 10b <° 11b OFMENEIC DNA UIKFHIXE 5 L7
WZ L ZRTD, DNA 24 —7 v b T 2P0 AHNTNHE L < BAMEZ SR S 5
TENHBENTWS. ZZ T, H L 10b<° 11b 23F V> DNA WG 2R3 O THiL,
2 OFERIC DNA FZERIERAL 238 A9 401E DNA BIWTC X 0 BLos ATEME 2 R 38R o
BAFEDSFIREIC 0 5. ARETIX, £O LD R 2T 22 2 HWE LT, b,
10b, 11b %:ﬂ%v\f_ BRIk R I OSE TLHITFAE T CTORRILAY DNA GIWHENE 2 554 L 7.

BN, B bk FE 2 BREH & LCHWT 7b, 10b, 11b @ DNA SIKHEM: 2 574 L 7.
ZDOFES, 10b & 11b (X 7b & [FIERIZ, HFYEMHED pH TilEg bk B 2 1E b LT A—X
—aA /L R7Z A2 K DNA (DMI:@JU?%:jt% SIS 2 Z LM LN~ T2,
6.0,37°C, 1A 30 uM, EER{L/KFE 50 uM DA T TIE, 7b 1% 120 53 D )& T DNA Form
I % 35%408 L7 (55 UEE). 454 10b, 11b (2 X 5 FE{LAY DNA Ik 326k 2 Rt O &4 ©
1To72& 25, 10b TiE 29%, 11b Tl 73%® Form I 234 L, ETK5|F A2 8> 11b
Db EWVEEZ R Lz, 2R S OIEMEDEVNZE, 7b, 10b, 11b 2EER{LAKSE & D K&
THART DIEMFEOSPEICERT 2 B2 61 5.

wIZ, BIAE LTT RAaLe gl Y ?A(AscNa)%ﬁﬁb\tW/——F BIFD b,
10b, 11b @ DNA i 24T > 7. ZOFER, 7b,10b, 11b 1%, SIS 1 3HZICIXFhE
A1 30, 57, 21%% DNA Form III Z4 % L, AscNa & V72 5 iaﬂ%b}w\\ Z R b &
THRIEED BT DT E Y DNA GRS A2 R4 Z &2 A L. —7F, BET %
methylene-tether B2 7~ Hbpmp (2,6-bis[di(2-pyridylmethylaminomethyl)-p-cresol]) > —£% 4
(IDEEA[Cua(u-OH)(bpmp)]** (8) & MW T RIS THIE 21T > T2 #E R, 60 2 DORISTH
DNA Form III OAERKEIRIL 0% Th o7z, iz, T Ld~A OIS ZE B L7
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N4Py BN+ D B SRS A [Fe(N4Py)(MeCN) > (14)7> DNA HIWHEM: & REE D 5T
HIE LIRS 3, Jiﬁi\%ﬁﬁ%& 60 43 3 L CH DNA Form III O RREIAIE 6%FLE TH
Sfe. TNHOFEEND, BEILHATFIE FOEGTIE, amide-tether T & 2 kA A
L7c ZEHFERToH 5 Th, 10b, 11b 23FFEAYIZE VO DNA BIEHEMEZ R 3 2 & 23 5 20
272 o7z, S LK EFIREDOREF LV, Tb, 10b 1%, D EOREITAITHESLHIC
CuITEILEND Z ERbholz. 65T, T O EHEEAIT, “EH0)sEEDE
i % % T 225 DORE SR 4y 1 2 32 eI CTEPE (L LTV DNA BIWHENE 2 7~ 3 iR L i PEFE
EELDHEZEZLND. RETHEM L7-EAL T HL1*X [X=H, OMe, and Cl], Hbpmp, N4Py
DG % Chart 6-2 [ 27K

Chart 6-2. Chemical structures of HL14X [X = H, OMe, and Cl], Hbpmp, and N4Py

Y@ Y@i Y@

HL14H HL]“'OM'3 HI 14-C!

Z =

N OH N N
— — RS N
\/N/':IT\N\/ l/N N~

Hbpmp N4Py
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6-3. FERLEELE

6-3-1. EBER{LKRBFEETIZE

i7 % DNA SI¥riE o FEH

B4 10b, 11b @ DNA ER{L I TI%, A—/3—=A )L F7Z Z I K pUC19 DNA (Form

D&HE E L THW:.

JVERKENEIC L > THHT » EE LT~
1 AREHGIWr DBk,

=N

WrofE % Figure 6-1, 6-2, 6-3, 6-4 (9. F72, T HDEBRIZE

DNA OER{LYIWr ¢4 C % Form II, Il AR EIZT Ha—R 47
ZZCaRY FormLILIIL L, FHEIA—/3—

2 ARG O EHK DNA T 51
pH 6.0,37°C 123517 % 10b, 11b (0-30 uM) Z VM /=il B2 LK 6 (0-50 uM)IZ & % DNA b))

BFAa7rVEHEEZ

DM 72T — & % Figure S6-1, S6-2, S6-3, S6-4 }2 X Table S6-1, S6-2, S6-3, S6-4 (2737,

DEOEBILKFEZMA S Z LI28D,

EREIMEL. —5,
(A)
100
8o —o— 0uM
£ 10 uM
g9 —e— 30 uM
o
% 40
b4
[=]
20
0
0 100 200 300
Time (min)

DNA Form Il (%)
o [+2] [
o o o

0

100 200 300
Time (min)

©)

100

DNA Form Il (%)
B [«2] o]
(=] (=] o

n
o

0

10b, 11b %, 7b & [FAEIZ, FormIL IIT ~D LI
WEER K ZEIEEE T TIL DNA XL U S o 7=,

0

— . 4
100 200 300
Time (min)

Figure 6-1. Complex concentration-dependent profile for DNA cleavage promoted by 10b. Time
courses for the decrease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH
6.0. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] = 0-30 uM, [H20,] = 50 uM, [Cu(OAc)2] =70 uM at 37°C for 0, 5, 10,
20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three times.

(A) (B) ©
100 100 100
b’«ﬁ.x‘\‘ Y
8o} 80} _ 80 10 uM
g g g
— 60 = 60 = 60
£ £ E
5] 5 S
w w w
< 407] < 40 L 40
4 =z =2
&8 a a
20 20 20+
0 : — 0 : : e e R |
0 100 200 300 0 100 200 300 0 100 200 300

Time (min)

Time (min)

Time (min)

Figure 6-2. H,O, concentration-dependent profile for DNA cleavage promoted by 10b. Time
courses for the decrease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH
6.0. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] = 30 uM, [H20,] = 0-50 uM, [Cu(OAc),] = 70 uM at 37°C for 0, 5, 10,
20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three times.
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(A) (B) ©

100 100 100
P’“—C—o—o\,
_ 80 o— 0 uM 80 =
) 10 uM g g
% —e— 30 uM e 80 ;
51 5 S
it e s
<Z,: 40 % 40 <
8 8 g
20 20
boooe—o——— o o4
0 . . ) . 0 | | 0 . .
0 100 200 300 0 100 200 300 0 100 200 300
Time (min) Time (min) Time (min)

Figure 6-3. Complex concentration-dependent profile for DNA cleavage promoted by 11b. Time
courses for the decrease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH
6.0. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] = 0-30 uM, [H20,] = 50 uM, [Cu(OAc):] = 70 uM at 37°C for 0, 5, 10,
20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three times.

(A) (B) ©
100 100 | 100
aot“%\‘\‘ ) ‘ 80
9 —o— 0 uM 3 S
= 60 10uM = 60 = 60
£ 30 uM E £
o
< a0 ——50uM 40 £ 40
=z 4 p=4
[a] [a] o
20 20} 20
o — 0 . ‘ NP ‘ l
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Figure 6-4. H,O, concentration-dependent profile for DNA cleavage promoted by 11b. Time
courses for the decrease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH
6.0. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] = 30 uM, [H20,] = 0-50 uM, [Cu(OAc),] = 70 uM at 37°C for 0, 5, 10,
20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three times.

$E1A 10b, 11b 12 X 5 DNA BB SIS IEEE 1S, S5 & EER LK R ORENHIINT 512
SN TKREL I o72. Forml OB, B REUSIZHE -T2, 2 O — IR SOt EE
TEEIT 10b OPRFE LEER L /K FEOREIZHA L CTHIML, TNZIICH LT 1 ROK
17 % 7R LT=(Figure 6-5, 6-6). —J7, 11b O — R SUGEE EEKIT 10b & [FEEIC 11b &
ALK SE DRG] L CTHIN L7228, 11b OFEEE L@ b KEDEED &5 5 12x%t
L TH DTN 2 ROEFNEE 7~ U= (Figure 6-7, 6-8). Z iU 5H1%, 10b [ZidER bk &
BOG U T RS — A% VAR A5 2 L 2R LCW05D. £, b LBk HE
&S U T EIC RS —A % VSR EZ AT 275, Tb & FREIERIZ, TEMED R IUEZEH
N X VRV ETTART A EEREL TN,
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Figure 6-5. (A) A pseudo-first-order plot for the decrease of % of Form I in the reaction with 10b
(10 uM) in the presence of H>O> (50 uM). (B) A plot of the pseudo-first-order constant vs con-
centration of 10b (0-30 uM).
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Figure 6-6. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 10b ((A)
10 uM, (B) 30 uM, and (C) 50 uM). (D) A plot of the pseudo-first-order constant vs concentration
of HxO (050 uM).
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Figure 6-7. (A) A pseudo-first-order plot for the decrease of % of Form I in the reaction with 11b
(10 uM) in the presence of H,O> (50 uM). (B) A plot of the pseudo-first-order constant vs con-

centration of 11b (0-30 uM).
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Figure 6-8. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 11b
((A)10 uM, (B) 30 uM, and (C) 50 uM). (D) A plot of the pseudo-first-order constant vs concen-
tration of H,O, (0-50 uM).
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pH 6.0, 37°C IZ331F % b, 10b, 11b (30 uM)Z W 721l EE LK 56 (50 uM)IZ L % DNA 2
{LYIMRE B o Ll & Figure 6-9 (275737, 7b (green), 10b (light blue), 11b (purple)id, 120 43
BAZZIEI 35%, 29%, 73%D Form Il A ZER% L7, 2415 OTEMEDE N LER LG MEFE
D EDECZ L D EE 2 HND. 10b D OMe EITEFHEMETH Y, (A 4D
A AMEEIER T SES. Z07=DIZ, 10b 2254 U 5 BILIEEREOKEFERTTO S
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Figure 6-9. Time courses for decrease of percent of Form I (A), increase of percent of Form II
(B) and Form III (C) upon reaction of pUC19 DNA (50 uM bp) with 7b (green), 10b (light blue),
11b (purple) (30 uM), and no complex (red) in the presence of H,O, (50 uM), NaCl (10 mM),
and Cu(OAc); (70 uM) at pH 6.0 (MES, 10 mM) at 37°C. The reactions were analyzed at 0, 5,
10, 20, 30, 40, 60, 120, 180, and 300 min.

pH 6.0,7.4 I235(F %, 10b, 11b (30 puM) % U 7= i8Rk 38 (50 pM)IZ & % DNA 1k )
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FEEETC, Form Il OAAEIF L TEY, SHADMENE Z > TWD A[REHERE 2 B i
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Figure 6-10. pH-dependent profile for DNA cleavage promoted by 10b. Time courses for the
decrease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH 6.0 and 7.4.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES) and 7.4 (MOPY)),
[pUC19 DNA] =50 uM bp, [complex] = 30 uM, [H20:] = 50 uM, [Cu(OAc),] =70 uM at 37°C
for 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three

times.
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Figure 6-11. pH-dependent profile for DNA cleavage promoted by 11b. Time courses for the
decrease of % of Form I (A), increase of % of Form II (B), and Form III (C) at pH 6.0 and 7.4.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES) and 7.4 (MOPY)),
[pUC19 DNA] =50 uM bp, [complex] = 30 uM, [H20:] = 50 uM, [Cu(OAc),] =70 uM at 37°C
for 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least three

times.
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6-3-2. EBLKFBHFEETITEIT 5 DNA GIMrREERER

S b U s KIBNE (T A F /L 2R F S K DMSOBYIDIEET T, 10b, 11b
12 & 2 DNA DOER{LAGYIRT % 5~ 7= (Figure 6-12, 6-13). KI 1Xi@fe{t/kFEDETTAIE LT
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IEAE T ORSTIE, FormI O & Form I DN 6k L CPLERNRIZZRD B R h -
72. #€-7C, 10b, 11b @ DNA B{LUIKrIC e Ra X2 7 UHMEEE L Tnnbk vz
5. —J, KiFE o KI (5.0 and 10 mM)AF(E FTlE, Form I OWEIFLE S 27z
2%, FormIII OAERIIPHE SNz, Zhid, KIAkEmd - <0 LilmibkFEE2E T
L1280, HIHOENKIETH D Form 1 OWRILIAE INT, TORICEZ HEVS
ToH D Formlll OERNHEINZEZZOND. ZROOMER, B FaxI7T0
I LR bk IXER (L) DNA Bl O BEE e BRI ERE ClI e <, RS S —F %
PR DR 72 SBR B SR OBRLIEMEREN AR L TWDH Z 2 RB L TERY, Tb LIEEEOHK
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Figure 6-12. Time courses for the decrease of % of Form I (A), (D), increase of % of Form II (B),
(E), and Form III (C), (F) in the reaction of 10b with KI (upper) and DMSO (bottom), respectively.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] =
50 uM bp, [10b] = 30 uM, [H,0,] = 50 uM, [Cu(OAc).] = 70 uM, [KI] = [DMSO] = 0-10 mM
at 37°C for 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least

three times.
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Figure 6-13. Time courses for the decrease of % of Form [ (A), (D), increase of % of Form II (B),
(E), and Form III (C), (F) in the reaction of 11b with KI (upper) and DMSO (bottom), respectively.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] =
50 uM bp, [11b] = 30 uM, [H20:] = 50 uM, [Cu(OAc).] = 70 uM, [KI] = [DMSO] = 0-10 mM
at 37°C for 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min. Experiments were carried out at least

three times.
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6-3-3. S HFRREIC L DIEHERE OB

IEMEFE ORI Z B & LT, 10b, 11b &Rk FE DKL Z B A7 VO CSI
MS A7 MVTIEBBFLZ. LML b, AT AIEMREOKGENE <, BRI
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922.87 |ZBLH X dL 7z (Figure 6-14, 6-16). F7=, 80 T-UL L7zi@fR{b/KFEMH*0:) % A
THNENT-EEE—271%, Z1E1 909.05 ([L149Me + 2Cu(Il) + HC'*O"®0]") & 924.86
([L1+C"+ 2Cu(Il) + HC'°O®OTHZ 2 ~ A7 b L= (Figure 6-15, 6-17) 2 L v B XD 1D
DEAFIF 1T B0, Rk TH D L E2 5. ZORIGETIE, MeCN 185K & @R b k)
HAEUDBILEMRIC L > TR FBFELINTYT /& R (HOCH.CN)IZZAEH#H L S
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L, THNEEOBRLIEMERE S LT DNA 2842 LHEESD.
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label m/z

a [L149Me + 2Cu(IT) + OAc + HCOOJ* = 907.01

[L14-9Me 4+ 2Cu(Il) + 20Ac]* = 921.08

200 400 600 800 100012001400
m/z
Figure 6-14. CSI MS spectrum of complex 10b (0.5 mM) reaction with H>O (100 eq) measured

in MeCN at —40°C at orifice 1: 0V, orifice 2: 5V, ring lens voltage: 10 V.
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label m/z

[L.14-0Me + 2Cu(Il) + OAc + HC®01B0O] =909.05

[L14OMe + 2Cu(IT) + 20Ac]™ = 921.07

2

l
200 400 600 800100012001400
m/z
Figure 6-15. CSIMS spectrum of complex 10b (0.5 mM) reaction with H>'*0» (100 eq) measured

in MeCN at —40°C at orifice 1: 0V, orifice 2: 5V, ring lens voltage: 10 V.
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a [L1%¢ + 2Cu(II) + OAc + HCOO]™ = 922.87
b [L1+C+2Cu(II) + 20Ac]" = 936.87

Y N
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Figure 6-16. CSI MS spectrum of complex 11b (0.5 mM) reaction with H>O (100 eq) measured

in MeCN at —40°C at orifice 1: 0V, orifice 2: 5V, ring lens voltage: 10 V.
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label m/z
a [L1+C! + 2Cu(Il) + OAc + HC'60¥0]* =924.86
b [L1+C! + 2Cu(Il) + 20Ac]* = 936.89
1o
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Figure 6-17. CSIMS spectrum of complex 11b (0.5 mM) reaction with H>'*0, (100 eq) measured
in MeCN at —40°C at orifice 1: 0 V, orifice 2: 5V, ring lens voltage: 10 V.
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JE DN 6 L T Bfn g 2 5. % 7= (Figure 6-21, 6-23, 6-25). $&{4 7b, 10b J2 O} 11b 7>
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Figure 6-18. Complex concentration-dependent profile for DNA cleavage promoted by 7b (A)-
(C), 10b (D)—(F), and 11b (G)—(I). Time courses for the decrease of % of Form I ((A), (D), and
(G)), increase of Form II ((B), (E), and (H)), and Form III ((C), (F), and (I)) at pH 6.0. Experi-
mental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] =50 uM
bp, [complex] = 0-30 uM, [AscNa] = 150 uM, [Cu(OAc),] =70 uM at 37°C for 0, 1, 2, 3, 5, 10,

20, 30, 40, and 60 min. Experiments were carried out at least three times.
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Figure 6-19. AscNa concentration-dependent profile for DNA cleavage promoted by 7b (A)—(C),
10b (D)—(F), and 11b (G)—(I). Time courses for the decrease of % of Form I ((A), (D), and (G)),
increase of % of Form II ((B), (E), and (H)), and Form III ((C), (F), and (I)) at pH 6.0. Experi-
mental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] =50 uM
bp, [complex] =30 uM, [AscNa] = 0-150 uM, [Cu(OAc),] =70 uM at 37°C for 0, 1, 2, 3, 5, 10,

20, 30, 40, and 60 min. Experiments were carried out at least three times.
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Figure 6-20. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 7b ((A)
2,(B) 5, and (C) 10 uM) in the presence of AscNa (150 pM). (D) A plot of the pseudo-first-order

constant vs concentration of 7b (0—10 uM).

(A)
05
k=0.0078
4" R2=0.9953
<8A<8 0.3f ‘
| I
<‘:\E/<E 027 L]
0.1}
P ‘ ‘
09 20 40 60
Time (min)
(D)
1.0
,q F=0.0169
I R2=0.9819
<§‘{s 06l .
| I
“\; 0.4}
0.2f
0'00 20 40 60
Time (min)

(B)

0.8

k=0.0136

06- R2=0.9779 *

=)

-A
—-A

0.4F

- e

A
A,

In(

0 20 40 60
Time (min)

0 40 80 120
[AscNa] (uM)

(©)
08- k=0.0147
R2=10.9746 -
T 06r
FIT
<<€ 04f .
=
0.2
D‘GU Zb 4|0
Time (min)

60

Figure 6-21. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 7b (5
uM) in the presence of AscNa ((A) 10, (B) 30, (C) 50, and (D) 100 uM). (E) A plot of the pseudo-

first-order constant vs concentration of AscNa (0—150 uM).
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Figure 6-22. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 10b
((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 10b (0—10 uM).
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Figure 6-23. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 10b (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).
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Figure 6-24. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 11b
((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 11b (0-10 pM).
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Figure 6-25. Pseudo-first-order plots for the decrease of % of Form I in the reaction with 11b (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).
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pH 6.0, 37°C TiTH417z, AscNa (150 uM)TF(E FIZ331F 5 7b, 10b, 11b (30 uM)IZ XL 5
DNA GIWrifE 5 D Lbiik 2 Figure 6-26 (2777, 7b (green), 10b (light blue), 11b (purple)l¥, <
JSBRAE 1 3 I2 2 30, 57, 21%0 Form I Z 4% L7=. $&(K 7b, 10b, 11b O s
DIEVE, AscNa & S U THERMRT 2 EHIOEHAD RISHEICERER T 5 L E X 6 5.
BEIR 10b T, B 520D OMe FEIZ LV A Ao DA AFERMEK T L, 11b TIF,
EWARFIFED ClL HEiz kv A AN LR LD, 207, 10b HAEL D Tk
SADEHARIL, b B AT L8R LY SRS F LIS LT NEB I HND. 16> T,
7b,10b, 11b O TIL, BAZRIEVE(LAEIZ 10b N bE <, TOME, &b &V DNA Yk
EMEZRLIZEEZ DD,

100

B [*)] o
o (@) O
T T T

DNA Form IIl (%)

N
(=)
\

%

7b 10b 11b

Figure 6-26. DNA cleavage profile promoted by 7b (green), 10b (light blue), and 11b (purple)

after 1 min reaction.

pH 6.0, 7.4 TiToi 7z, AscNa (150 pM)FFAE [T 7b, 10b, 11b (30 pM)IZ & % DNA
I D& R D I & Figure 6-27 IR T. £/, 5O DNA YO 7 VEE L ZDqf
#7257 —# % Figure S6-13, S6-14, Table S6-15 (27779, $&{K 7b, 10b, 11b O UGBHAA 1 53
# 0 DNAForm IIl ®ARKEIGIL pH 7.4 TIXEA L, Z1£19,17,21%D Form 11 A3 4
B L72. 24U, pH 7.4 128V T AscNa & OGS TAERKT 2 RS A M BRSE 7y 1
ESOB UTHEL B RKRDIEBGHE £ 721X REENER D Z L 2B L TN 5D,
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Figure 6-27. pH-dependent profile for DNA cleavage promoted by 7b, 10b, and 11b, respectively.
Time courses for the Form III (A), (C), and (E) at pH 6.0 (red line) and 7.4 (purple line). (B), (D),
and (F) are the plot of DNA Form III after 1 min reaction. Experimental conditions: [NaCl] = 10
mM, [buffer] = 10 mM (pH 6.0 (MES) and 7.4 (MOPS)), [pUC19 DNA] =50 uM bp, [complex]
=30 uM, [AscNa] = 150 pM, [Cu(OAc),] =70 uM at 37°C for 0, 1, 2, 3, 5, 10, 20, 30, 40, and

60 min. Experiments were carried out at least three times.

DNA CIEHEMED LEE 24T 9 728, Tb 12k d % methylene-tether Bfi7 - Hbpmp D
R (1D EH AR [Cua(u-OH)(bpmp)|(ClO4), (8)% VN CTLLEG R A 1T > 72. pH 6.0, 37°C TAT
b7z, AscNa (150 uM)TELE F T 7b, 8 (30 uM)IZ & % DNA Ul #& FL o il 2 Figure
6-28 IR T. Flo, TNHLOERICBIT L7 NVERLZOHMAT —4 % Figure S6-
15(A), S6-16(A) B U Table S6-16 {2779, iR L7= X 512, 7biE AscNa fF1E FIZBW T
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FOGBAAR 1 53712 DNA Form 1T % 31%ERK L7273, 8 # W RUG T, ISB4E 60

431% TX 2 b DNA Form I IZEB SN2 ovo 72, ZHH DR S, amide-tether T2
VH L N IAE N LT 85K Th, 10b, 11b 1%, FR(LIEISCENM A E < 72D AscNa THEHIC
JC ST ISR RS D 7o O IR RIEMEAL 23 1T 5 2%, methylene-tether T
VH Y NI EE A LT BER 81X AscNa TIHIRIT ST EERIEMEL S EIT Lsn 2 &3
N X7

T VA~ A L OTEME OO RS 2 5 U7z R Td 5 N4Py O BLEZEE(1D)
BE(R[Fe(N4Py)(MeCN)|(ClO4): (14)% &k L, AscNa fF(E FT® DNA Uir% 7b & bk
L7z, ZO/EFR% Figure 6-28 |2, F7z, TNDHOEBRIZBIT D7 NVER L ZOFEMET
— X % Figure S6-15(B), S6-16(B)} " Table S6-16 127853 SR 7b (XHIEBRLE 1 /021
DNA Form III OARKEIE N ZNEN 31% TH-7=DITK L, FEEOMIGSRMETIE, 14
I% Form I 2>5 Form II OEIWHINNET 523, KISBALA 1 43% Tl Form 1T (% 0.3%F2/%
UVER L7eWZ ERA LMo T2, F72, KISBE 60 /3% TEX 2 b, FormlIll D4
AL 6% AR E TH 72, Z OIS, Th ik, EITHRBBEFEMLIC XA K0T, 17
KO ENEME7RPERIZEE T H EE - m2)3 T DNA 2895 Z &R &,

40

w
o
T

.

DNA Form 11l (%)
N
o

—
o
T

O 7
7b 8 14

Figure 6-28. DNA cleavage profile of 7b (red), 8 (green), and 14 (purple) after 1 min reaction.

6-3-5. DMSO TFAETIZH31T 5 DNA HIRHE R

$514 7b, 10b, 11b @ DNA BIWi R %2, & K %7 P B L OHERSCTH 5 DMSO
fF#{E T T1T o 7=(Figure 6-29). ZiALHDKILD T IVEE L3727 — 4 % Figure S6-17,
S6-18 K TN Table S6-16 (279", Figure 6-29 (2783 4£(Z DMSO (1.0, 5.0, 10 mM){F(E F D
SO ClE, Form I AEREASPHE Sz, ZHHORIGD 1 531%I12351F 5 Form T ARk
%45 DMSO (2 X 2 BHEEIGIX, 7b, 10b, 11b (2% L CZ LT 55, 63, 44% T -
7o, ZOMFEEIGIX, DNA BIWTEME &S @V 10b 23 b o T2, S5 10b 754

D RESRAMSEERIE, BTG OMe KA FFo7-8, BFE L ORIEERRLE L,

E@‘?%?& DIGEBFETE Fax v 7 PN EAR LT VONS L7, 72 Bk
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RN Z LI, DMSO (T & - THEBRICHE SN Dt &iE, KEfE ChE v 23—
ETHY, DMSO OIREIZHFEEIRIE LieoT2. 2 b OfAIE, 7b, 10b, 11b T
HWTHY, RISORFHFIES DMSO OE IR FETIC—EDEIE T Form I DR
NILE S, ZOFE LY, 7b,10b, 11b @O DNA Yl O SISHIHIZ BT —EDEIE
Tb Faxy I O ANERL, TS DNA Y217 9 2%, 0% OGS Tidssikn
KD VARLHR /N — A% GER F 721X i S — A3 Y $5K 7 EANEYERE & LT DNA Bl
AT TCWVWAAREENRE XL HILD.

100 100 100
None None None
1 mM 1mM 1mM
80+ 5 mM 80+ 5 mM 80" 5mM
10 mM . 10 mM . 10 mM
S S S
= 60" = 60- = 60}
E E 13
(=} o O 1
w w w
< 40r < 40- < 40- m [
z z z &
o o o m o
1 H ﬂﬁ B & i ( E i | | / 
0_ u E‘, ﬂ g i u i u 0.- L a5 | 7' L - 0 P -.A . 7¢Q _71 L 7§
0 1 2 3 5 10 20 30 40 60 0 1 2 3 5§ 10 20 30 0 1 2 3 5 10
Time (min) Time (min) Time (min)

Figure 6-29. Time courses for the formation of Form III in the reactions of 7b (A), 10b (B), and
11b (C) in the presence of DMSO (0, 1, 5, and 10 mM). Reaction conditions: [NaCl] = 10 mM,
[buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA] = 50 uM bp, [complex] = 30 uM, [AscNa] =
150 uM, [Cu(OAc),] =70 uM, [DMSO] =0, 1, 5, and 10 mM at 37°C for 0, 1, 2, 3, 5, 10, 20, 30,

40, and 60 min. Experiments were carried out at least three times.

6-3-6. BILHITFIETIZIT 5 T, 10b, 11b DZEE)

K1, ZEIR T 7b,10b, 11b & AscNa & DS & 53 EFHNTBEF L7z, KFIZIHEIT 5 T
(0.1 mMM)DEF AT kUL, 458 (=200 M cm™), 740 nm (¢ = 100 M em ™ )IZ, TH
Z# Cu(Il)-OAc @ LMCT, d-d BRIZ)FE TE 2NN R &R L7z (Figure 6-30(A)).

Z 2T, AseNaQQ0eq)Z Nz 5 &, 26 DRI RIZE HIZIH LT (Figure 6-30(A)).
F£72, 10b (0.1 mM)DEF A7 FLIE, 447 (6=300M'cm™), 750 nm (=100 M ' cm™)
(2, £ Cu(ll)-OAc @ LMCT, d-d BEIZIwE TE 2WINN RZ7R L, AscNa (20
eq)ZMZ D & Tb ERERITWI N RONE BIZIESR L7z (Figure 6-30(B)). Z41 5 MDA
7 RViE, Karlin 523855 LTV 5 p-cresol-2,6-bis(dpa) R ELN D —FZER()SE AR D A~
7 MV EFEBRIL T BN 55T, b, 10b 1% AscNa & i L C REDSE IR & £k 9
HEWVWZD. —H, 11b (0.1 mM)iL AscNa (20 eq) & D iis THUL S RAHE K L 7= (Figure
6-30(C)). 11b DKIAHRIZ AscNa A 7o OIARITEE L TR Y, T k> THRIY
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Figure 6-30. Electronic absorption spectra of 7b, 10b, 11b (0.10 mM, red) (A)—~(C) and after
AscNa (20 eq) was added to the complex solution (purple) in H>O at room temperature (insets:

time courses for spectrum changes at 740 (A), 447 (B), and 339 nm (C), respectively).

AscNa & OIS Z IR 5729, KFIZET 5 8(0.1 mM)DE T AT ML ERIE
L7z, TORER, 813 AscNa 2 INA THRIN Y FIFEE T, 1F& A EZELAR-
7=(Figure 6-31). Z OfEF 25, amide-tether $5/KTd 5 7b IX, methylene-tether $&{A &
PR U THFEICE L SN T K RoTND EFEX B D.
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Figure 6-31. Electronic absorption spectra of 8 (0.10 mM, red) (A)—(C) and after AscNa (20 eq)
was added to the complex solution (purple) in H>O at room temperature (insets: time courses for

spectrum changes at 670 nm).

6-3-7. —#ESRN)EEK b, 8, 10b 2T} 11b @ Cyeclic voltammetry (CV)
HL1*XBf7 1 [X = H, OMe, C1] } O Hbpmp Bz 23 RAE T8 72 h R A TR 5729
MeCN H1C 7b, 8, 10b & U* 11b OESXALFHIE T, Wik cBAL 2 HE Lz, Flgure 6-

ZZ 5 D cyclic voltammogram (CV)Z7~9". 7b @ CV Tid Cu''Cu/Cu'Cu' |1Z)F 8 &
ﬂéiﬁﬁ?ﬂiﬁ-O]%V WLl S 7z, dpa 2 # > ML LT 8 D methylene-tether
& 8 TiX, Cu"Cu"/Cu"Cu'lZJF)E S5 ILA-1.03 V ICBLHI S 41, #9320 mV AfHlIC
T L. ZOZEND, ThIE8 LV HEITLINLT K, AscNa & DISED UV-vis
AT MVIBBFOFER L —FH L T\ 5.

BHEGIA $ 2 10b @ Cu'Cul/Cu''Cu 1278 &4 238tk 13-0.838 V ITELH = 41,
BRE1H%EZ H D 11b O Cu''Cu/Cu"'Cu IZJF B S 4 58T 13-0.607 V IZEIH S 4u7z.
B DfEEE AscNa OER{LEENL A 2% & 7b, 10b, 11b (i HEI HED AscNa TH7IliE
TLEINDZ ENbND. Fi-, #ITEMIL 10b 23 7b LV AMNZ, 11b A3 7b LV ENIC
BATEY, 7o LHEL T, 10b /3R IE ST <, b IFETLENRT NI &b
L. ZORERIX, AscNa {F1E FIZEIT 5 DNA YIKFOfE Rk L TR 7=E 8% R L
TWb. 77205, AscNa lZ &V iEIL S KFIZAE U SR ILIR 74, 10b™, 11b™¢ DT
JI1E, 10b™ > 7bd > 11b™ DJETE W EF X DAL, #ILHID R D EV 10b~ [ XEEE 77 1
BT 25 2 TIEMLT 2 BE )23 EV D T DNA B LUIBNEE N K& S ol b2 5.
o T, ZHOEERDIETLHIEERTGIEIZ L 5 DNA ER{LYIHE o Hus B RS 13R ok &
BB T DORISDFIREMENE 2 b d.

Figure 6-33 12, #iefilll 2% 50 BEAL(Cu"Cu"/Cu"Cu") (V, vs Fc/Fe*), HE#Z 7b, 10b J O 11b
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WA LB O AN A Y NEF MR T oy N LERERT. ZOKT, Th,10b, 11b
DIRTCENLE NA v MEFITRWEMRMBEZ R L2 Z 0D, B+ OE 2 Cligsh
EHLEHIECcE D EEZLND.

— T7b
—38

— 10b
—11b

16 42 08 -04

Potential, V (vs Fc/Fc*)
Figure 6-32. Cyclic voltammograms of 7b (red), 8 (blue), 10b (green), and 11b (purple), respec-
tively. Experimental conditions: [complex] = 0.5 mM, glassy carbon working electrode, Pt wire
counter electrode, Ag/AgNO; reference electrode, Scan rate: 50 mV s™!, Sensitivity: 10 pA/V,
TBAP (0.1 M) as a supporting electrode.

-0.60

—

-0.65r 11b

-0.70 7b

-0.751

-0.80

Potential, V (vs Fc/Fc*)

/10b
-0.85

-03 -02 -0.1 00 01 0.2
o

Figure 6-33. Plots of potential (V) (Cu""Cu'/Cu''Cu') of 7b (red), 10b (green), and 11b (purple)

vs Hammett constants c.
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6-3-8. KK FITRIT D AscNa FET COEEHE

UV-vis A7 MVBBFORERZ AT T 572912, b, 10b & AscNa O/KH, =iRIZH
% iz CSIMS A7 kL CiBER L 7= (Figure 6-34,35). ZD#FER, AscNa /x5
& 7b i, [L1*M+2CuD)]", [L1*"+ Cu(ll) + Cu(l) + OAc]" IZFIY T 2 EEY —7 2 h
ZAm/z: 693, 742 |2 5- 2 7= (Figure 6-34). F£7=, 10b %, [L1#Me+2Cu(D)]"ITAHYS T HE
B Y —7 % m/z: 801 (25 Z 7= (Figure 6-35). ZiLHDFEEN D, b, 10b 1%, AscNa & X
i U C BEREE R 2 AT D 2 E AT Bz, —JF, 11b X AscNa 2Nz 5 L ik
DT L7728, CSIMS ZHliET 5 2 LIXTE ol

PLEDOFER LV, amide-tether $HAIX, —IZHIDFEAZ A pk L9 <, methylene-tether
PR T LA~ A T DORSHE AR L 7o B SR(DEE R & i L TH miEETH D Z
EDRPA LN o7, TS TESRAOESRIIIEERE 51 & ORUST EH(IDE Rr~L
FXVHEEZAERL, RISPEICIZE Raxo LT P hLOER A1~ T DNA 9B
HBLTWbhEEZLND.

NN b C\«g—, \Iﬂj

=~ \ = = l N T
- N T X \_/
rouuiel
740 745 750 682 684 686 688 690
label m/z

[L14H + 2Cu(T)]* = 682.95

=

b [L1+H + Cu(Il) + Cu(l) + OAc]* = 741.93

200 400 600 800 1000 1200
m/z
Figure 6-34. CSI MS spectrum of complex 7b (0.5 mM) reaction with AscNa (20 eq) measured

in H,O at room temperature at orifice 1: 0 V, orifice 2: 5V, ring lens voltage: 10 V.
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MeO Vi N (o) N RN OMe
g:Cu'/ \CUI/-D/
— N/ \
MeO—\ / \_/—OMe
802 804 806 808 810 812
label m/z
a [L14-OMe 4+ 2Cu(D)]" = 801.13
IJ_IhIlJ | s | . , .
200 400 600 800 100012001400

m/z
Figure 6-35. CSI MS spectrum of complex 10b (0.5 mM) reaction with AscNa (20 eq) measured

in H,O at room temperature at orifice 1: 0 V, orifice 2: 5V, ring lens voltage: 10 V.
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6-4. FE

RS TIE, p-cresol-2,6-bis(dpa) amide-tether Bz HL1*X (X = H, OMe, and Cl) & %
D T K% i (IT) $& 1K [Cua(p-1,1-OAc)(p-1,3-OAc)(L14H)J(OAc) (7b), [Cua(p-1,1-OAc)(u-1,3-
OAc)(L1+9M)](OAc) (10b), [Cua(p-1,3-OAc)2(L14N](OAc) (11b) Z VT, ifR bk 35 %
LA & U CTHWEE LR RTEMALIZ L D, KO, BAlE LTT RAare v igr by
7 L (AscNa) & FW - IR BIEME(LIC K D DNA UIWHEM 2 36 IcRa L=, SBIUET b
DR LK FEIZ LD DNA UIWHEMEORE R 27~ L7272y, Tb & [FERIZ 10b, 11b (TR kK
FIZL 25 DNA YK CRWIEMEZ RT 2 E RO N T2, ZOIEME, B RIIE
ZFEFO b b <, BTG EAFFD 10b DN bR - 72, 2, EfefbkE L
DS TH T DBBLIEMFE D SOSHEDEWNZ LD LE2 bD.

F72, 7b, 10b, 11b D AscNa I K HWEFE 7+ DR TTHITEMEIL IS T 5 DNA BIHETE
PEIE, W KB 2B EA & T DRI R D IXDNITEWIEEZ R Z LR Sz,
ZOIEME, WE LK ZE AW ROR & 13, B G5 EREZFF > 10b b E <, &
TREIFEZFFO 11b B b o 72, T, AT D SRS DIESE Y 1 & DK
JEPEDEWNNC L D EEZBND. EBIT, T DO8EAD DNA B L EIWHENEIL, B
7% methylene-tether $514K 8 °7 LA~ A ¥ > O RGN Z R U 72 AZER(DEEA 14 O
B ELERTIEEICE N -T2, AR TIE, XX MNEICEREZEATDHZ LT
DNA UIWHEMEZ I T 2 &N TE DL L WO HANGELNTZ. ZOFAIX, DNA &%
—7y M UTEHTH T ABI OB 33 2 R A 42T~ 2 rREtER 5 % .
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6-5. ERFGE
6-5-1. 1BER{L/KRTFTE TITIB1T % DNA UIBrER

FEEIR D DNA YIBHEMEIE, pUCI9 DNA % vy, 74 a— R VERIKENEIZ L -
TaMi L7z, 1.5mL = v X F =—7|Z NaCl (10 mM), buffer (pH 6.0 (MES), 7.4 (MOPS),
10 mM), pUC19 DNA (50 uM bp), Cu(OAc), (70 uM), complex (0-30 uM), H,0, (0-50 uM) &
725 LN LR AN 2, 37°C ORFFTCA ¥ aX—r g Lz 0,5, 10, 20,
30, 40, 60, 120, 180, 300 57 f 2 Y > 7 /L ZEHL L, loading buffer (0.025% bromophenol blue,
0.025% xylene cyanol FF, 1.0 mM EDTA and 30% glycerol)Z W\ CReZx 7 = F L=,
- 7"/ % TAE buffer (Tris/acetate/EDTA) Z W TIERL L 72 1% 7 T — A7 il —
T4 7L, 100V THK | ReflERIKEIV 21T o 72, £ D%, EtBr Yetaz 1 RefITV,
VILBER LOURMAT E-BOX-CXS5.TS Edge-20.M Z W CTH# /Ly REfRE Lz, fRE L
7e/30 K%, Form I DY IEZER 1.06 2 V>, Image] Y 7 bV = 72 Ko TEdT %
1T-7-.

6-5-2. AscNa f77E FIZ331) % DNA SIBrsEER

KEEIRD DNA GIWrETEX, pUCI9 DNA Z#H\V, 7 41— A7 VERIKENEIC X -
TRHMHEi L7z, 1.5mL = X2 F = —7|Z NaCl (10 mM), buffer (pH 6.0 (MES), 7.4 (MOPS),
10 mM), pUC19 DNA (50 pM bp), Cu(OAc), (70 pM), complex (0-30 pM), AscNa (0—150 pM)
DI DI LIS Z N A, 37°C ORI CA »FaX— a3 L. 0,1,2,3,5,
10, 20, 30, 40, 60 73 f: 2 W > 7 L & HL L, loading buffer (0.025% bromophenol blue, 0.025%
xylene cyanol FF, 1.0 mM EDTA and 30% glycerol) = W\ T a7 = F L1z, ZDHED
TJEIL DNA EIFr B8R ICFEH L2 b D LR TH 5.

6-5-3. BRIV KFFETICIIT S 10b KUY 11b @ DNA HIFHLE R

1.5 mL = v ~<F = — 7|2 NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM), pUC19 DNA
(50 uM bp), 10b or 11b (30 uM), H>0, (50 uM), Cu(OAc); (70 uM), inhibitor (1, 5, and 10 mM)
2722 X ORI L7 iR &2 Nz, 37°C ORI TA v F aX— 3 L7z, 0,5,10,20,
30, 40, 60, 120, 180, 300 4342V > 7V 2 EHL L, loading buffer (0.025% bromophenol blue,
0.025% xylene cyanol FF, 1.0 mM EDTA and 30% glycerol)Z W CeZa 7 = F L=,
Z D% DFIAIL DNA GIKrZ5RICEEE L7 b O LR TH 5.

6-5-4. WEAL/KFE & DRISIZ & > TERT D RSFREED CSIMS 27 FVEIE

10b, 11b ® MeCN #A#(0.5 mM)% 20 mL [ A7 T A 2T A, —40 + 0.2°C (2%
>72. H0: D MeCN IRIEEE A LT 100 eq)Z Mz, A7 L aRIE L.

218



6-5-5. AscNa FF7E FIZH1) 5 7b, 10b KUt 11b ® DNA SIEFEERER

1.5 mL = v~ F 2 — 7|2 NaCl (10 mM), buffer (pH 6.0 (MES), 10 mM), pUC19 DNA
(50 M bp), 7b, 10b or 11b (30 M), AscNa (150 uM), Cu(OAc): (70 uM), DMSO (1, 5, and 10
mM)IZ72 5 X 9 IR L 72 8aiR 2 Nz, 37°C ORSFFCA »F aX— 3 L=, 0,1,2,
3, 5, 10, 20, 30, 40, 60 s3fEIZ Y > 7V AEEEL L, loading buffer (0.025% bromophenol blue,
0.025% xylene cyanol FF, 1.0 mM EDTA and 30% glycerol)Z W\ CRe%x 7 = F LTz,
Z DOHDOFINEIT DNA ST RBRICFH L 72 b D LR TH 5.

6-5-6. _EZESDEEED UV-vis A7 M NVHIE
7b, 10b } O 11b @ Milli-Q /KIF (0.1 mM)% 2 & /VIZ AL, =EIRIZIR->72. AscNa
? Milli-Q KIFIEEEARIZHT LT 20 eq)Z Mz, UV-vis A7 FL&IBHLT-.

6-5-7. 7b, 10b, 11b @ cyclic voltammetry (CV)#|E

MeCN ¥&if%(10 mL)(Z 7b, 10b J2 TN 11b 23 0.5 mM, TBAP 23 0.1 M & 725 LK 95 I2N&x 7=
TR 2R LTz, 2 OFRIRIZIEAK RS BB (Ag/AgNO;), {ERHEM & L T glassy carbon,
k& LT Ptwire 212 L, BHR % 10 2TV 7 Ltk CVIRIEZ T2, 725,
BIE RS X 10 A/, FRB1IEEIT S0mV s TITo 72, 57 Ag/AgNO; JEHED T — X
725, 1.0mM 7 = 12 & > (Fc)®D MeCN HIZ BT B g bR AL 2 75 L 51 < Z & T, Fe/Fe*
DR LETEM AR L.

6-5-8. “HEEA(EEIR D CSIMS A7 MVHIE

7b K OV 10b @ Milli-Q 7K¥FIR(0.5mM)% 20mL 1 A7 7 A2 A, =iiicHEo
72. AscNa @ Milli-Q KIAH(EEIAIZK LT 20eq)Z Mz, =L T CSIMS A7 kL%
HE L7
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Figure S6-1. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 10b and H>O, (50 uM) at pH 6.0. (a)—(c) corresponded to complex concentration of 0, 10,
and 30 pM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12: corre-
sponded to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S6-1. Fraction of Form I, Form II, and Form III formed with 10b at pH 6.0

Complex H;O, Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 95.7+0.4 43+04 -
5 954+0.3 4.6+0.3 -
10 952+0.1 48+0.1 -
20 95.1+0.1 49+0.1 -
30 95.0+0.1 5.0+01 -
0 50
40 94.8+0.2 52+02 -
60 945+0.1 55+0.1 -
120 943+0.2 57+0.2 -
180 94.0+0.4 6.0+0.4 -
300 929+11 7111 -
0 93.3+0.5 6.7+0.5 -
5 84.5+1.6 15516 -
10 78221 21.8+x21 -
20 62.7+2.2 373+22 -
30 470+34 53.0+£34 -
10 50
40 35.6+3.5 64.4+35 -
60 18.6 3.3 81.4+33 -
120 31+10 94.6+0.4 2207
180 0.0+0.0 95.4+04 4.6+04
300 0.0+0.0 90.4+0.9 9.6+09
0 933+0.9 6.7+0.9 -
5 548+1.6 452+16 -
10 352+0.2 64.8+0.2 -
20 123+1.0 86.0£0.0 1.8+1.0
30 47+04 91.8+14 3517
30 50
40 25+0.3 90.6+1.2 7.0+15
60 0.0+0.0 86.4+1.3 13.6+13
120 0.0+0.0 71.3+0.6 28.7+0.6
180 0.0+0.0 61.2+46 38.8+4.6
300 0.0+0.0 483+34 51.7+34
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Figure S6-2. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 10b (30 uM) and H,O: at pH 6.0. (a)—(c) corresponded to H,O» concentration of 0, 10, and
30 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3-12: corre-
sponded to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S6-2. Fraction of Form I, Form II, and Form III formed with 10b at pH 6.0

Complex H;O, Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 922+04 7.8+0.4 -
5 91.7+0.3 83+0.3 -
10 91.2+0.1 8.8+0.1 -
20 90.7+0.3 93+03 -
30 90.6+0.3 94+0.3 -
30 0
40 90.3+0.4 9.7+0.4 -
60 90.0+0.6 10.0+0.6 -
120 89.3+0.4 10.7+£0.4 -
180 87.7+0.6 123 +0.6 -
300 81.4+0.6 18.6 £0.6 -
0 92.6+0.2 74+0.2 -
5 84.0+1.1 16.0£1.1 -
10 75.6+1.1 24411 -
20 59.5+0.4 40.5+04 -
30 448+25 552+25 -
30 10
40 36.5+2.3 635+23 -
60 23320 762+13 0.5+0.7
120 8.6+14 88.6+1.1 28+04
180 47+14 90.9+0.7 44+09
300 1.8+1.3 922+0.8 6.0+0.8
0 92.4+0.6 7.6+0.6 -
5 67.6+3.1 324+31 -
10 492+16 50.8+1.6 -
20 22.7+24 77.0+29 0305
30 123+11 86.3+1.6 14+£10
30 30
40 62+1.0 90.6+1.0 3206
60 2.1+£0.1 91.0+04 6905
120 0.0+0.0 82417 17.6 £1.7
180 0.0+0.0 749+28 25.1+£28
300 0.0+0.0 673+48 32748
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Figure S6-3. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 11b and H»O, (50 uM) at pH 6.0. (a)—(c) corresponded to complex concentration of 0, 10,
and 30 puM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12: corre-
sponded to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S6-3. Fraction of Form I, Form II, and Form III formed with 11b at pH 6.0

Complex H;O, Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 95.7+0.4 43+04 -
5 954+0.3 4.6+0.3 -
10 952+0.1 4.8+0.1 -
20 95.1+0.1 49+0.1 -
30 95.0+0.1 5.0+01 -
0 50
40 94.8+0.2 52+02 -
60 945+0.1 55+0.1 -
120 943+0.2 57+0.2 -
180 94.0+0.4 6.0+0.4 -
300 929+11 7111 -
0 92.1+1.0 79+1.0 -
5 77.5+13 225+13 -
10 645+2.4 355+24 -
20 341+41 659+4.1 -
30 19.7+1.8 79.7+1.8 0.5+0.0
10 50
40 85+04 90.1£0.2 14+05
60 2.1+0.1 95.0+0.3 29+04
120 0.0+0.0 77.6+12 224+12
180 0.0+0.0 59.1+15 409+15
300 0.0+0.0 33.1+05 66.9+0.5
0 93.4+0.1 6.6+0.1 -
5 32.6+0.3 67.4+0.3 -
10 9.6+22 89.7+1.9 0.7+0.3
20 0.0+0.0 91.6+16 84+16
30 0.0+0.0 80.8 1.6 192+16
30 50
40 0.0+0.0 69.7+1.0 303+1.0
60 0.0+0.0 532+28 46.8+2.8
120 0.0+0.0 27.1+£0.0 72.9+0.0
180 nd.>* n.d.* nd.*
300 nd.>* n.d.* n.d.*

*n. d. means cannot determine.
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Figure S6-4. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 11b (30 uM) and H,O at pH 6.0. (a)—~(d) corresponded to H»O, concentration of 0, 10, 30,
and 50 uM, respectively. Lane 1: DNA control; lane 2: DNA with Hind III; lanes 3—12: corre-
sponded to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min, respectively.
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Table S6-4. Fraction of Form I, Form II, and Form III formed with 11b at pH 6.0

Complex H;O, Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 93.3+0.3 6.7+0.3 -
5 92.7+0.1 7301 -
10 923+0.3 7.7+0.3 -
20 91.9+0.2 8.1+0.2 -
30 91.7+0.4 83+04 -
30 0
40 91.6+0.3 8.4+0.3 -
60 90.8+0.7 92+0.7 -
120 90.7+0.7 9307 -
180 89.1+0.3 10.9+0.3 -
300 83.6+15 164+15 -
0 92.0+0.1 8.0+0.1 -
5 85.6+1.9 144+19 -
10 704 +2.8 29.6+2.8 -
20 56.0+1.1 440+1.1 -
30 39.7+2.0 59.9+17 04+04
30 10
40 27.1%£27 72.1+£24 0.8+0.2
60 126 £3.2 853+24 2.1+0.8
120 6.0+0.5 90.7+0.9 33+04
180 2.6+0.7 92.5+0.6 49+0.1
300 0.0+0.0 92.8+0.3 72+03
0 92.1+1.0 79+1.0 -
5 63.6+1.6 364+16 -
10 294+17 70.6 £1.7 -
20 17.1+15 81.8+1.8 12+£03
30 45+18 924+15 30+04
30 30
40 0.5+05 92.8+1.6 6711
60 0.0+0.0 87.9+0.3 12.1£0.3
120 0.0+0.0 774+0.2 22.6+0.2
180 0.0+0.0 73.7+£12 263+12
300 0.0+0.0 724+12 27612
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Figure S6-5. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of (A) 10b and (B) 11b (30 uM) and H>O, (50 uM) at pH 7.4, respectively. Lane 1: DNA
control; lane 2: DNA with Hind III; lanes 3—12: corresponded to the time of 0, 5, 10, 20, 30,
40, 60, 120, 180, and 300 min, respectively.

Table S6-5. Fraction of Form I, Form II, and Form III formed with 2b and 3b (30 pM) in
the presence of H,O; (50 pM) at pH 7.4

10b ‘ 11b

Complex
Time ‘ Form I Form II Form III Form I Form II Form III
(min) (%) (%) (%) (%) (%) (%)
0 93.1+£16 69+16 - 93.5+0.2 6.5+0.2
5 0.0+0.0 98.1+£0.3 1.9+03 45+0.9 942+16 1.3£0.7
10 0.0+0.0 92.1%12 79+12 0.0+0.0 95.6+1.7 4417
20 0.0+0.0 849+11 15111 0.0+0.0 89.7+1.4 103+14
30 0.0+0.0 822+12 17812 0.0+0.0 86.2+2.6 13.8+£2.6
40 0.0+0.0 81.6+0.7 18.4+0.7 0.0+0.0 85.5+26 145+26
60 0.0+0.0 80.9+0.4 19.1£04 0.0+0.0 84.0+14 16.0+14
120 0.0+0.0 79.2+0.7 20.8+0.7 0.0+0.0 81.0+0.9 19.0+0.9
180 0.0+0.0 77.7+0.6 223+06 0.0+0.0 79.2+1.0 20.8+1.0
300 0.0+0.0 76.9+1.3 23113 0.0+0.0 752+0.1 248+0.1
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Figure S6-6. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 10b (30 uM) and H,O» (50 uM) at pH 6.0. (a)—(c) corresponded to (A) KI and (B) DMSO
concentrations of 1, 5, and 10 mM, respectively. Lane 1: DNA control; lane 2: DNA with Hind
III; lane 3—12: corresponding to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min,

respectively.
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Figure S6-7. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of 11b (30 uM) and H»O, (50 uM) at pH 6.0. (a)—(c) corresponded to (A) KI and (B) DMSO
concentrations of 1, 5, and 10 mM, respectively. Lane 1: DNA control; lane 2: DNA with Hind
III; lane 3—12: corresponding to the time of 0, 5, 10, 20, 30, 40, 60, 120, 180, and 300 min,

respectively.
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Table S6-6. Fraction of Form I, Form II, and Form III formed with 10b (30 uM) in the
presence of H,O; (50 nM) and inhibitors at pH 6.0

Inhibitor KI DMSO
Conc. Time Form I Form II Form III Form I Form II Form III
(mM) (min) (%) (%) (%) (%) (%) (%)
0 92.5+0.6 7506 - 927+0.4 7304 -
5 38.1+0.9 61.9+0.9 - 53.1+0.9 46.9+0.9 -
10 14.8+0.7 852+0.7 - 274+19 726+19 -
20 32+04 95.1+0.6 1.7+£0.1 7.4 +0.6 91.3+0.9 12+03
30 1.0£0.0 93.8+0.6 52+05 28+04 929+15 4312
: 40 0.0+0.0 91.4+0.0 8.6 0.0 1.0+0.1 91215 78+16
60 0.0+0.0 824+£15 17.6 £1.5 0.0+0.0 84.4+0.0 15.6 0.0
120 0.0+0.0 69.6+2.1 304+21 0.0+0.0 61.5+3.1 385+3.1
180 0.0+0.0 63.0+3.3 37.0+3.3 0.0+0.0 533+26 46.7+2.6
300 0.0+0.0 57.9+3.0 42.1+3.0 0.0+0.0 42.0+3.2 58.0+3.2
0 93.4+0.7 6.6+0.7 - 933+0.1 6.7+0.1 -
5 39.2+£0.6 60.8 £0.6 - 61.5+1.8 385+18 -
10 26.8+0.1 73.2+0.1 - 383+1.2 61.7+1.2 -
20 16.7+0.0 83.1+£0.2 02+0.2 16.4+0.0 83.0+0.3 0.6+0.3
30 10.6 £0.5 88.6 0.3 0.8+0.2 8.7+0.9 89.9£0.6 14+£04
’ 40 8.1+0.8 91.1+05 0.8+0.2 53+0.7 91.5+0.3 33+04
60 54+04 932+0.0 1404 1.1+11 90.6 £0.7 83+0.4
120 34+06 943+0.2 23+04 0.0+0.0 76.6 £0.7 23407
180 2.6+0.3 94.6 0.1 28+0.1 0.0+0.0 65.8+18 342+18
300 3.0+0.6 93.7+14 32+08 0.0+0.0 52715 473+15
0 93.0+0.6 7.0+0.6 - 92.5+0.2 75+0.2 -
5 46.7+0.9 533+09 - 61.1+0.3 389+0.3 -
10 36.0+£2.2 64022 - 405+14 595+14 -
20 26.0+2.7 74027 - 19.9+£0.0 80.1£0.0 -
30 23318 76.7+1.8 - 93+0.7 88.5+0.6 2.1+0.0
1 40 219+11 78.1+1.1 - 46+05 91.6+0.3 39+09
60 17.5+1.9 82.5+19 - 1.6 £0.5 90.2+0.4 82+09
120 142+0.2 85.8+0.2 - 0.0+0.0 78.8+£3.7 21.2+£37
180 13.0+0.6 87.0 £0.6 - 0.0+0.0 69.6 £3.0 304 3.0
300 114+0.8 88.6 £0.8 - 0.0+0.0 54.6+3.2 45432
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Table S6-7. Fraction of Form I, Form II, and Form III formed with 11b (30 pM) in the
presence of H,O; (50 nM) and inhibitors at pH 6.0

Inhibitor KI DMSO
Conc. Time Form I Form II Form III Form I Form II Form III
(mM) (min) (%) (%) (%) (%) (%) (%)
0 91.9+0.4 8.1+£0.4 - 93.5+0.3 6.5+0.3 -
5 439+16 56.1+1.6 - 383+3.1 61.7+3.1 -
10 18.0+0.9 81.0+1.2 1.0+0.4 10.6+1.6 87.8+1.2 1.5+04
20 2.1+04 944+0.1 35+0.2 1.8+18 94.0+0.9 43+0.8
30 0.0+0.0 91.9+0.8 8.1+0.8 0.0+0.0 86.0£0.4 14004
: 40 0.0+0.0 87.8+0.1 122+0.1 0.0+0.0 77.7+0.1 223+0.1
60 0.0+0.0 78.8+1.3 21.2+13 0.0+0.0 62210 37.8+1.0
120 0.0+0.0 63.6+1.0 36.4+1.0 0.0+0.0 37314 62.7+14
180 0.0+0.0 58.8+0.5 41205 0.0+0.0 34.1+0.0 65.9+0.0
300 0.0+0.0 573+24 42724 n.d.* n.d.* n.d.*
0 91.8+0.3 82+0.3 - 924+0.4 7.6+04 -
5 40.8+1.0 59.2+1.0 - 41422 58.6%£2.2 -
10 23.1+0.8 76.9+0.8 - 13.7+2.0 853+1.6 1.0+04
20 9.4+0.8 89.1+11 1.5+£0.3 20+04 93.7+£0.3 44+0.1
30 55+08 923+13 22+05 0.0+0.0 89.6+0.2 104 +0.2
’ 40 3112 939+13 3.0+0.2 0.0+0.0 81.5+0.4 18.5+04
60 2510 939+16 3.6+0.6 0.0+0.0 65.8+3.0 342+30
120 04+04 952+0.1 44+05 0.0+0.0 37.0£5.0 63.0+5.0
180 03+0.3 945+05 53+0.8 0.0+0.0 29.7+0.0 703 0.0
300 0.0+0.0 944+11 56+11 n.d.* n.d.* n.d.*
0 93.0+0.5 7.0+05 - 93.8+0.3 6203 -
5 50.4+0.4 49.6+04 - 44.6+4.1 554+41 -
10 35.1+£0.9 64.6 0.5 03+0.3 16.2+3.8 83.8+£0.0 -
20 24603 74.7+0.1 0.6+0.2 3.7+05 93.1+38 3213
30 183+1.8 80.7 1.7 1.0+0.1 0.0+0.0 91.5+18 85+1.6
10 40 16.1+15 829+14 1.0+0.1 0.0+0.0 852+24 148+24
60 147+1.6 84.1+1.7 1.2+0.1 0.0+0.0 71.6+3.1 284+3.1
120 11.7+05 87.1+0.6 12£0.1 0.0+0.0 47147 52947
180 89+1.0 89.7+£1.0 1.4+0.0 0.0+0.0 35041 65.0x4.1
300 7.8+2.0 90.7+1.9 1.5+0.0 0.0+0.0 26.4+0.0 73.6 0.0

*n. d. means cannot determine.
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Figure S6-8. (A) Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the pres-
ence of 7b and AscNa (150 uM) at pH 6.0. (a)—(e) corresponded to complex concentration of
0, 2, 5, 10, and 30 puM, respectively. (B) Agarose gel electrophoresis profile of pUC19 DNA
(50 uM bp) in the presence of 7b (30 uM) at pH 6.0. (a) and (b) corresponded to AscNa
concentration of 50 and 100 pM, 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, respec-

tively.
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Figure S6-9. (A) Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the pres-
ence of 10b and AscNa (150 uM) at pH 6.0. (a)—(d) corresponded to complex concentration
of 2, 5, 10, and 30 uM, respectively. (B) Agarose gel electrophoresis profile of pUC19 DNA
(50 uM bp) in the presence of 10b (30 uM) at pH 6.0. (a) and (b) corresponded to AscNa
concentration 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, respec-

tively.
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Figure S6-10. (A) Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the pres-
ence of 11b and AscNa (150 uM) at pH 6.0. (a)—(d) corresponded to complex concentration
of 2, 5, 10, and 30 uM, respectively. (B) Agarose gel electrophoresis profile of pUC19 DNA
(50 uM bp) in the presence of 11b (30 uM) at pH 6.0. (a) and (b) corresponded to AscNa
concentration 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, respec-

tively.
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Table S6-8. Fraction of Form I, Form II, and Form III formed with 7b at pH 6.0

Complex AscNa Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)

0 92.7+0.1 73+0.1 -
1 92.6+£0.0 7.4+0.0 -
2 91.4+04 8.6+0.4 -
3 91.3+0.5 87+0.5 -
5 91.0+£0.4 9.0+04 -

0 150
10 888+ 1.5 112+1.5 -
20 87.2+1.0 12.8+1.0 -
30 862+ 1.8 13.8+1.8 -
40 852+1.0 14.8+1.0 -
60 77.1+1.0 229+1.0 -
0 93.0+0.3 7.0+0.3 -
1 90.5+0.5 9.5+0.5 -
2 90.2+0.4 9.8+0.4 -
3 89.8+£0.1 10.2+0.1 -
5 88.6 £0.6 11.4+0.6 -

2 150
10 86.5+0.2 13.5+0.2 -
20 77.6 £0.6 22.4+0.6 -
30 66.1 +1.0 339+1.0 -
40 52.5+0.1 47.5+0.1 -
60 28.7+1.8 713+1.8 -
0 93.7+£0.2 63+0.2 -
1 89.8+0.1 10.2+0.1 -
2 89.2+0.5 10.8+0.5 -
3 87.7+£0.0 12.3+£0.0 -
5 86.7+0.4 13.3+£0.4 -

5 150
10 80.4+0.4 19.6 £0.4 -
20 63.6£1.8 364+1.8 -
30 459423 54.1+£23 -
40 28.9+2.0 71.1+£2.0 -
60 9.6+2.1 90.2+2.0 03+0.1
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0 93.1+£0.2 6.9+0.3 -
1 62.2+4.7 37.8+4.7 -
2 50.1+4.7 499+4.7 -
3 40.5+3.8 59.5+£3.8 -
5 25.8+49 742 +49 -
10 150
10 6.1+0.8 93.6+£0.5 03+0.3
20 0.0£0.0 96.9+0.1 3.1+0.1
30 0.0£0.0 85.8£0.8 14.2+0.8
40 0.0+0.0 712+1.5 28.8+1.5
60 0.0+0.0 49.6+£3.1 50.4+3.1
0 92.7+0.7 73+0.7 -
1 0.0+0.0 689+24 31.1+£24
2 0.0+0.0 65.1+£2.2 349+£22
3 0.0+0.0 62.7+2.1 373+2.1
5 0.0+0.0 55.8+£2.3 442+23
30 150
10 0.0+0.0 44.5+0.7 55.5+0.7
20 0.0+0.0 382+1.5 61.8+1.5
30 0.0+0.0 304+1.4 69.6+14
40 0.0+0.0 264+1.5 73.6+1.5
60 0.0+0.0 22.1+£19 77.9+19
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Table S6-9. Fraction of Form I, Form II, and Form III formed with 7b at pH 6.0

Complex AscNa Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)

0 93.0+1.0 7.0+1.0 -
1 1.7+£0.3 95.8+0.6 2.5+0.3
2 0.0+0.0 96.6 £ 0.4 34+04
3 0.0+0.0 95.1+£0.2 49+0.2
5 0.0+0.0 94.0+0.2 6.0+0.2

30 50

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+£19 205+1.9
40 0.0+0.0 773+£2.4 22.7+2.4
60 0.0+0.0 72.7+£2.5 273425

0 92.6+12 74+12 -
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
5 0.0+0.0 77.6+£2.5 224+£25

30 100

10 0.0+0.0 75.1+£25 249+25
20 0.0+0.0 66.2+3.6 33.8+3.6
30 0.0+£0.0 592429 40.8+2.9
40 0.0+£0.0 534+£28 46.6+2.8
60 0.0+0.0 47.7+3.8 523+3.8
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Table S6-10. Fraction of Form I, Form II, and Form III formed with 10b at pH 6.0

Complex AscNa Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 93.0+£0.0 7.0+0.0 -
1 91.2+£09 8.8+0.9 -
2 90.2+£0.5 9.8+0.5 -
3 89.8+£0.2 102+0.2 -
5 89.0+0.7 11.0+0.7 -
2 150
10 86.5+0.4 13.5+0.4 -
20 78.9+0.4 21.1+04 -
30 704+ 1.0 29.6+1.0 -
40 609+1.2 39.1+£1.2 -
60 41.6£0.8 584 +0.8 -
0 91.9+0.6 8.1+£0.6 -
1 89.9+0.5 10.1£0.5 -
2 89.2+0.1 10.8 0.1 -
3 88.8+1.2 11.2+1.2 -
5 83.1£0.7 16.9+£0.7 -
5 150
10 71.4£0.6 28.6 £0.6 -
20 42.7+£0.5 57.3+0.5 -
30 20.6+0.8 79.4+0.8 -
40 102+1.2 89.8+£1.2 -
60 0.7+0.7 98.1+£0.2 12+04
0 948+1.9 52+19 -
1 742£2.7 25.8+2.7 -
2 553£0.8 447+0.8 -
3 37.3£0.6 62.7+0.6 -
5 94+1.4 90.6 1.4 -
10 150
10 0.0 +0.0 98.7+0.1 1.3+0.1
20 0.0 +0.0 87.9+1.6 12.1£1.6
30 0.0 +0.0 584+1.8 41.6+1.8
40 0.0 +0.0 43.5+2.8 56.5+2.8
60 0.0 +0.0 28.6+£1.2 714+£1.2
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30 150

20

30

40

60

93.1+0.3

0.0£0.0

0.0£0.0

0.0£0.0

0.0£0.0

0.0£0.0

0.0£0.0

0.0£0.0

n.d.*

n.d.*

69+0.3

42.8+0.5

39.9+0.6

36.2+0.8

31.3+£0.2

235+1.2

19319

17.2+0.1

n.d.*

n.d.*

572+0.5
60.1£0.6
63.8+0.8
68.7+0.2
76.5+1.2
80.7+t1.9
82.8 £0.1
n.d.*

n.d.*

*n. d. means cannot determine.
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Table S6-11. Fraction of Form I, Form II, and Form III formed with 10b at pH 6.0

Complex AscNa Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 91.4+0.6 8.6£0.6 -
1 74+£22 904+23 2.1+0.1
2 42+0.7 932+0.5 2.6+02
3 23+0.5 94.1+£0.2 3.6+0.3
5 1.1+0.0 95.0+£0.7 38+0.7
30 50
10 0.5+£0.5 93.8+0.1 57+04
20 0.0+£0.0 93.8+0.8 62+0.8
30 0.0+£0.0 93.4+0.7 6.6+0.7
40 0.0+0.0 92.8+0.6 72406
60 0.0+0.0 92.3+0.6 7.7+0.6
0 92.7+0.1 73+0.1 -
1 0.0+£0.0 90.7+1.5 93+1.5
2 0.0+£0.0 853+1.0 147+£1.0
3 0.0+£0.0 839+14 16.1+1.4
5 0.0+£0.0 78.1+1.4 219+1.4
30 100

10 0.0+£0.0 752+0.2 24.8+0.2
20 0.0+0.0 64.5+£0.7 355+£0.7
30 0.0+0.0 61.0+£1.2 39.0+1.2
40 0.0+0.0 573402 42.7+0.2
60 0.0+0.0 53.0+£2.6 47.0+2.6
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Table S6-12. Fraction of Form I, Form II, and Form III formed with 11b at pH 6.0

Complex AscNa Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)

0 92.8+0.3 72403 -
1 90.8 +£0.3 92403 -
2 90.6 +0.3 9.4+03 -
3 90.3+£0.2 9.7+0.2 -
5 89.5+0.2 10.5+£0.2 -

2 150
10 87.2+£0.4 12.8+0.4 -
20 81.0+1.4 19.0+1.4 -
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 8.0+1.6 -
2 91.0+0.3 9.0+0.3 -
3 88.9+0.5 11.1+0.5 -
5 86.1+£0.3 13.9+0.3 -

5 150
10 69.9+1.8 30.1+£1.8 -
20 55.1+1.6 449+1.6 -
30 32.6+0.9 674+09 -
40 17.7£0.5 823+0.5 -
60 4.1+0.0 95.5+£0.0 0.4+0.0
0 923+£0.3 7.7+03 -
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 -
5 124+3.9 87.6+3.9 -

10 150
10 03+0.5 98.1£0.3 1.6+0.2
20 0.0 +0.0 85.7+1.3 143+13
30 0.0 +0.0 632+33 36.8+3.3
40 0.0 +0.0 419+49 58.1+4.9
60 n.d.* n.d.* n.d.*
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30 150

20

30

40

60

93.1+0.5

0.0£0.0

0.0£0.0

0.0£0.0

0.0£0.0

0.0£0.0

n.d.*

n.d.*

n.d.*

n.d.*

6.9+0.5

78.8+1.7

73.3+£2.0

68.5+2.1

60.0+2.5

464+24

n.d.*

n.d.*

n.d.*

n.d.*

212+ 1.7

26.7+£2.0

31.5+2.1

40.0+2.5

53.6+£2.4

n.d.*

n.d.*

n.d.*

n.d.*

*n. d. means cannot determine.
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Table S6-13. Fraction of Form I, Form II, and Form III formed with 11b at pH 6.0

Complex AscNa Time Form I Form I Form III
(M) (M) (min) (%) (%) (%)
0 932+£13 6.8+1.3 -
1 89.5+0.1 10.5+0.1 -
2 89.0+0.5 11.0+0.5 -
3 882+ 1.1 11.8+1.1 -
5 83.8+1.3 16.2+1.3 -
30 50
10 72.6£1.1 274+1.1 -
20 451+1.8 549+1.8 -
30 274+0.6 72.6 £0.6 -
40 163+1.1 83.7+1.1 -
60 22+1.5 96.6 £ 1.1 12+03
0 92.8+0.6 72+0.6 -
1 0.0+0.0 944+19 56+1.9
2 0.0+0.0 89.8+3.1 10.2+£3.1
3 0.0+0.0 84.7+2.2 153+£22
5 0.0+0.0 76.6+3.3 234+33
30 100
10 0.0+0.0 63.3+0.4 36.7+0.4
20 0.0+0.0 43.6+14 56.4+1.4
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 S6-11. AscNa concentration-dependent profile for DNA cleavage promoted by 7b (A)—
(C), 10b (D)—(F), and 11b (G)—(I). Time courses for the decrease of % of Form I ((A), (D),
and (QG)), increase of Form II ((B), (E), and (H)), and Form III ((C), (F), and (I)) at pH 6.0.
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)), [pUC19 DNA]
=50 uM bp, [complex] =5 uM, [AscNa] = 0-150 uM, [Cu(OAc),] =70 uM at 37°C for 0, 1,

2,3,5,10,20, 30, 40, and 60 min. Experiments were carried out at least three times.
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Figure S6-12. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of (A) 7b, (B) 10b, and (C) 11b (5 uM) and AscNa at pH 6.0. (a)—(d) corresponded to AscNa
concentration of 0, 10, 30, 50, 100, and 150 pM, 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 S6-14. Fraction of Form I, Form II, and Form III formed with 7b, 10b, and 11b (5

pM) in the presence of AscNa at pH 6.0

Complex 7b 10b 11b
AscNa Time Form I Form II Form III Form I Form II Form III Form I Form II Form III
(M) (min) (%) (%) (%) (%) (%) (%) (%) (%) (%)

0 92.8+0.0 7.2+0.0 - 922+0.4 7.8+04 - 933+0.0 6.7+0.0 -
1 91.7+0.3 83+03 - 91.6+0.2 8.4+0.2 - 92.4+0.2 7.6+0.2 -
2 91.6+0.4 84+04 - 91.4+0.2 8.6+0.2 - 92.0+04 8.0+0.4 -
3 91.4+0.2 8.6+0.2 - 91.1+0.0 8.9+0.0 - 90.8+0.2 9.2+0.2 -

0 5 91.4+0.2 8.6+0.2 - 90.9£0.1 9.1+0.1 - 90.7+0.2 93+0.2 -
10 91.2+0.0 8.8+0.0 - 90.7 £ 0.0 9.3+0.0 - 90.4 +0.1 9.6+0.1 -
20 91.1+0.0 8.9+0.0 - 90.5+0.0 9.5+0.0 - 90.3+0.1 9.7+0.1 -
30 90.9+0.1 9.1+0.1 - 90.5+0.0 9.5+0.0 - 90.2+0.0 9.8+0.0 -
40 90.9+0.1 9.1+0.1 - 90.4 £0.1 9.6+0.1 - 89.9+£0.2 10.1+0.2 -
60 90.3+0.1 9.7+0.1 - 89.2+0.7 10.8 £ 0.7 - 89.7+0.3 10.3+0.3 -
0 92.8+0.4 72+04 - 92.7+0.3 73403 - 92.5+0.1 7.5+0.1 -
1 90.5 + 0.0 9.5+0.0 - 90.6 0.0 9.4+0.0 - 90.6 +0.3 9.4+03 -
2 89.9+£0.2 10.1+0.2 - 90.3+0.1 9.7+0.1 - 90.4+0.4 9.6+04 -
3 89.2+0.5 10.8 +£0.5 - 90.1+0.3 9.9+0.3 - 89.8+£0.2 10.2+0.2 -

10 5 87.8£0.6 122+0.6 - 89.6+0.2 10.4+0.2 - 88.4+0.6 11.6 £ 0.6 -
10 85.7+0.4 143+04 - 87.1+0.4 129+04 - 86.2+0.4 13.8+04 -
20 78.7+2.5 213+25 - 81.6+0.5 18.4+0.5 - 814=1.6 18.6£1.6 -
30 748+ 1.7 252+1.7 - 748+ 1.1 252+ 1.1 - 779+1.2 22.1+1.2 -
40 69.0+ 1.5 31015 - 68.4+0.7 31.6 0.7 - 729+1.8 27.1+1.8 -
60 57.4+1.0 42.6+1.0 - 56.0+ 1.1 440+1.1 - 63.8+2.5 36.2+2.5 -
0 92.5+0.5 7.5+05 - 92.5+0.3 7503 - 92.6+0.2 7.4£02 -
1 89.6+0.2 10.4+0.2 - 90.0+0.0 10.0£0.0 - 90.8+0.5 92+£0.5 -
2 89.4+0.3 10.6 £ 0.3 - 89.4+0.2 10.6 £0.2 - 90.3+0.6 9.7+0.6 -
3 88.6+0.7 11.4+0.7 - 89.0+0.2 11.0+0.2 - 89.8+0.3 10.2+0.3 -

20 5 88.2+0.5 11.8+0.5 - 87.6+1.1 124+1.1 - 88.8 £ 1.2. 11.2+1.2 -
10 852+1.5 148+15 - 82416 17.6 £ 1.6 - 833=1.8 16.7+1.8 -
20 755+1.5 245+15 - 67.2+3.5 328+3.4 - 69.5+48 30.6+4.8 -
30 62.7+ 1.6 373+ 1.6 - 50.0+4.2 50.0+4.2 - 50.4 +4.7 49.6 +4.7 -
40 50.5+2.8 49.5+2.8 - 352+5.0 64.8 5.0 - 33.9+49 66.1+4.9 -
60 26.4+2.1 73.6+2.1 - 143 +4.7 85.5+4.7 0.2+0.0 12.1+£3.3 87.7+3.4 0.2+0.0
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0 93.7+0.2 63+0.2 93.1+0.5 6.9+0.5 - 93.4+0.1 6.6+0.1 -

1 90.1+0.3 9.9+0.3 90.7+ 0.4 93+04 - 91.2+0.1 8.8+0.1 -

2 89.6£0.2 10.4+0.2 90.5+0.6 9.5+0.6 - 90.4+0.4 9.6+0.4 -

3 89.0£0.6 11.0£ 0.6 89.8+0.0 10.2+0.0 - 89.4+1.0 10.6 + 1.0 -
50 5 88.5+0.1 11.5+0.1 86.1 £0.0 13.9+0.0 - 87.7+0.2 123+0.2 -

10 85.6+0.3 14.4+0.3 79.0+0.0 21.0+0.0 - 81.3+0.1 18.7+0.1 -

20 75.1+0.4 249+0.4 57.7+£0.9 423 +0.9 - 59.9+0.8 40.1+0.8 -

30 62.4+0.3 37.6+0.3 382+1.8 61.8+1.8 - 38.6+1.5 61.4+15 -

40 48.0+ 1.8 520+1.8 242+0.8 75.8+0.8 - 23.1+0.7 76.9 +0.7 -

60 21.6+0.9 78.4+0.9 59+0.3 93.8+0.3 0.3+0.0 52+0.6 94.1+0.7 0.7+0.0

0 93.9+04 6.1+04 93.2+04 6.8+0.4 - 93.5+0.5 6.5+0.5 -

1 90.1+0.1 9.9+0.1 91.4+0.1 8.6+0.1 - 923+0.7 7.7+0.7 -

2 89.7+0.1 10.3+0.1 90.9+0.3 9.1+0.3 - 91.5+0.9 8.5+0.9 -

3 88.2+0.1 11.8+0.1 88.7+1.1 11.3+1.1 - 90.4+0.1 9.6+0.1 -
100 5 86.8 0.2 13.2+0.2 85.6+1.0 14.4+1.0 - 85.8+0.8 142+0.8 -

10 83.3+0.3 16.7+0.3 76.6+1.8 234+18 - 75.6 2.0 24420 -

20 702+ 1.4 29.8+ 1.4 55.0+2.6 45.0£2.6 - 482+5.0 51.9+£5.0 -

30 541+1.8 459+1.8 33.4+3.7 66.6 +3.7 - 259+5.0 74.1£5.0 -

40 38.1+2.0 61.9£2.0 21.1+£3.6 78.9+3.6 - 12.1£3.6 87.4+3.1 0.5+0.5

60 148+1.2 852+1.2 48+1.2 94.6 + 1.0 0.6+0.2 1.3+1.3 97.1+£0.7 1.6 0.6
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Figure S6-13. pH-dependent profile for DNA cleavage promoted by 7b (A)—(C), 10b (D)—
(F), and 11b (G)—(I). Time courses for the decrease of % of Form I ((A), (D), and (Q)), increase
of Form II ((B), (E), and (H)), and Form III ((C), (F), and (1)) at pH 6.0 (red) and 7.4 (purple).
Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES), 7.4 (MOPY)),
[pUC19 DNA] = 50 uM bp, [complex] = 30 uM, [AscNa] = 150 uM, [Cu(OAc),] = 70 uM at
37°C for 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min. Experiments were carried out at least three
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Figure S6-14. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of (A) 7b, (B) 10b, and (C) 11b (5 uM) and AscNa at pH 7.4. 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 S6-15. Fraction of Form I, Form II, and Form III formed with 7b, 10b, and 11b (30
uM) at pH 7.4

AscNa Time Form I Form II Form III
Complex
(M) (min) (%) (%) (%)

0 91.1+0.5 89+0.5 -
1 0.0+0.0 90.7+0.5 93+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+0.7 255+0.7

7b 150
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+1.4
0 933403 6.7+0.3 -
1 0.0+£0.0 849+ 14 151+1.4
2 0.0+0.0 79.6+£0.2 204+0.2
3 0.0+0.0 775+ 1.4 225+1.4
5 0.0+0.0 71.6+£22 284+22

10b 150
10 0.0+0.0 63.1+2.4 369+2.4
20 0.0+0.0 539+1.7 46.1+1.7
30 0.0+0.0 492+1.2 50.8+£1.2
40 0.0+0.0 45.6+2.8 544+28
60 0.0+0.0 414+3.1 58.6+3.1
0 93.1£0.2 6.9+0.2 -
1 0.0 +0.0 88.8+1.6 11.2+1.6
2 0.0+0.0 77.0+3.1 23.0+3.1
3 0.0 +0.0 67.5+3.2 325+32
5 0.0 +0.0 52.5+3.0 47.5+3.0

11b 150
10 0.0 +0.0 28.5+£2.7 71.5+£2.7
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 S6-15. DNA cleavage profile promoted by (A) 8 and (B) 14, respectively. Time courses
for the decrease of % of Form I (red), increase of % of Form II (green), and Form III (purple)
at pH 6.0. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)),
[pUC19 DNA] =50 uM bp, [complex] = 30 uM, [AscNa] = 150 uM, [Cu(OAc),] =70 uM at
37°C for 0, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min. Experiments were carried out at least three

times.
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Figure S6-16. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of (A) 8 and (B) 14 (30 uM) and AscNa (150 uM) at pH 6.0, 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 S6-16. Fraction of Form I, Form II, and Form III formed with 8 and 14 (30 pM) in
the presence of H,O; (50 pM) at pH 6.0

Complex 8 14
Time Form I Form II Form III Form I Form II Form III
(min) (%) (%) (%) (%) (%) (%)
0 92.0+0.1 8.0+0.1 - 92.6+0.4 7.4+0.4 -
1 89.1+£0.1 10.9+0.1 - 0.0+0.0 99.7+0.0 0.3+0.0
2 88.5+0.4 11.5+0.4 - 0.0+0.0 99.4£0.0 0.6 +0.0
3 87.7£0.9 123+£0.9 - 0.0+0.0 99.2+0.1 0.8 +0.1
5 86.7+0.2 13.3+0.2 - 0.0+0.0 99.0+0.0 1.0+£0.0
10 822+0.7 17.8+0.7 - 0.0+£0.0 98.9+0.1 1.1+£0.1
20 72.3+0.6 27.7+0.6 - 0.0+0.0 98.8+0.0 1.2+£0.0
30 58.6+£0.7 41.4+0.7 - 0.0+£0.0 98.5+0.3 1.5+0.3
40 46.9+0.8 53.1+0.8 - 0.0+£0.0 97.9+0.1 2.1+0.1
60 244+09 75.6+0.9 - 0.0+0.0 94.2+0.6 58+0.6
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Figure S6-17. DNA cleavage profile promoted by 7b (A)—~(C), 10b (D)—(F), and 11b (G)—(]),
respectively. Time courses for the decrease of % of Form I ((A), (D), and (G)), increase of %
of Form II ((B), (E), and (H)), and Form III ((C), (F), and (I)) in the presence of DMSO,
respectively. Experimental conditions: [NaCl] = 10 mM, [buffer] = 10 mM (pH 6.0 (MES)),
[pUC19 DNA] = 50 uM bp, [complex] = 30 uM, [AscNa] = 150 uM, [Cu(OAc):] = 70 uM,
and [DMSO] =0, 1, 5, and 10 mM at 37°C for O, 1, 2, 3, 5, 10, 20, 30, 40, and 60 min.

Experiments were carried out at least three times.
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Figure S6-18. Agarose gel electrophoresis profile of pUC19 DNA (50 uM bp) in the presence
of (A) 7b and (B) 10b, and (C) 11b (30 uM), AscNa (150 uM), and DMSO at pH 6.0, respec-
tively. (a)—(c) corresponded to DMSO concentration of 1, 5, and 10 mM, 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 S6-16. Fraction of Form I, Form II, and Form III formed with 7b, 10b, and 11b (5
uM) in the presence of AscNa (150 pM) and DMSO at pH 6.0

Complex 7b 10b 11b
DMSO Time Form I Form II Form III Form I Form II Form III Form I Form II Form III
(mM) (min) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0 922+0.5 7.8+0.5 - 924+0.3 7.6+0.3 - 92.6+0.7 7.4+0.7 -
1 0.0+0.0 859+29 14.1+29 0.0+0.0 79.1+£2.8 209+2.8 0.0+0.0 88.1 +3.0. 11.9+3.0
2 0.0+0.0 852+3.6 183+3.6 0.0+0.0 73.4+1.8 26.6+1.8 0.0+0.0 83.7+24 163+24
3 0.0+0.0 80.4+3.4 23.0+3.4 0.0+0.0 70.6 £2.8 29.4+2.8 0.0+0.0 79.7+43 20.3+4.3
| 5 0.0+0.0 75.0+4.8 30.2+4.8 0.0+0.0 64.1+3.4 359+34 0.0+0.0 71.9+£2.6 28.1 +£2.6
10 0.0+0.0 65.9+3.2 41.0+3.2 0.0+0.0 53.7+1.2 46.3+1.2 0.0+0.0 56.5+2.3 435+23
20 0.0+0.0 51.1+4.6 489+ 4.6 0.0+0.0 48.7+3.1 51.3+3.1 0.0+0.0 395+ 1.1 60.5+1.1
30 0.0+0.0 42.6 £4.1 57.4+4.1 0.0+0.0 439+3.9 56.1+3.9 0.0+0.0 27.8+4.7 72.2+4.7
40 0.0+0.0 36.1+3.3 63.9+3.3 0.0+0.0 40.8 £3.0 59.2+3.0 n.d.* n.d.* n.d.*
60 0.0+0.0 30.0+3.3 70.0+3.3 0.0+0.0 354+2.1 64.6 +2.1 n.d.* n.d.* n.d.*
0 92.2+0.2 7.8+0.2 - 91.5+0.7 8.5+0.7 - 92.5+0.2 7.5+0.2 -
1 0.0+0.0 83.7+1.2 163+1.2 0.0+0.0 75.9 +£0.9 24.1+0.9 0.0+0.0 83.9+2.1 16.1 +£2.1
2 0.0+0.0 79.1+1.2 209+1.2 0.0+0.0 746+ 1.4 254+14 0.0+0.0 79.0£2.3 21.0+23
3 0.0+0.0 76.2+0.1 23.8+0.1 0.0+0.0 719+1.8 28.1+1.8 0.0+0.0 758+ 1.4 242+ 14
5 5 0.0+0.0 70.5+0.2 29.5+0.2 0.0+0.0 68.7 £2.7 31.3+2.7 0.0+0.0 70.4 £ 1.0 29.6 + 1.0
10 0.0+0.0 63.2+0.7 36.8+0.7 0.0£0.0 62.3+2.6 37.7+2.6 0.0£0.0 56.8+2.1 43221
20 0.0+0.0 53.9+0.0 46.1+0.0 0.0£0.0 543+2.8 45728 0.0£0.0 46.8£0.6 53.2+0.6
30 0.0+0.0 47.7£0.2 523+0.2 0.0£0.0 50.7+1.6 493+1.6 0.0£0.0 34.0+4.7 66.0+4.7
40 0.0+0.0 41.4£03 58.6+0.3 0.0£0.0 47.6+£42 524+42 n.d.* n.d.* n.d.*
60 0.0=£0.0 353+37 64.7+3.7 0.0£0.0 36.8+4.1 63.2+4.1 n.d.* n.d.* n.d.*
0 922+0.5 7.8+0.5 - 91.6+0.2 84+0.2 - 923+0.3 7.7+0.3 -
1 0.0+0.0 85.9+0.9 14.1+£09 0.0£0.0 743+0.2 257+0.2 0.0£0.0 852+0.6 14.8+£0.6
2 0.0+0.0 81.3+0.9 18.7+0.9 0.0£0.0 71.0+0.3 29.0+0.3 0.0£0.0 79.8+1.0 202+£1.0
3 0.0+0.0 78.4+0.6 21.6+0.6 0.0£0.0 67.6+0.3 32403 0.0£0.0 77.2+2.1 228+2.1
10 5 0.0+0.0 73.9+1.7 26.1+1.7 0.0£0.0 64.1£0.0 359+0.0 0.0£0.0 72.9+0.6 27.1£0.6
10 0.0+0.0 68.2+2.0 31.8+2.0 0.0£0.0 57.7+0.5 423£0.5 0.0£0.0 63.6+1.7 364+1.7
20 0.0+0.0 58.1+1.0 419+1.0 0.0£0.0 51.7+1.4 483+14 0.0£0.0 483+ 1.7 51.7+1.7
30 0.0+0.0 528422 472422 0.0+0.0 478+ 1.8 522+1.8 0.0+0.0 40.5+1.2 59.5+1.2
40 0.0+0.0 482+ 1.6 51.8+1.6 0.0+0.0 455+1.9 545+19 0.0+0.0 34.0+04 66.0 +0.4
60 0.0+0.0 415+ 1.1 585+ 1.1 0.0+0.0 41.8+2.2 582422 n.d.* n.d.* n.d.*

*n. d. means cannot determine.
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Z B AR ORI L CileN B 2 nI Ak L7c. Z0fER, 91T/ MAR I h=a v
RUTIZRAET A Z EDBA LN 572, S HIZTb X, cometassay DR & U % DNA
ZHIRI L TN Z ERFER S, 77— A A MY —OfERD 51X HeLa iz 7
N ATHIIEIZHEEST S Z ENRPA LN o7, LEDORERL D, 7o ITHEN
TE/MERLI har RYUTIZRIEL, EAED RNA X° DNA 28I L TP R h—
AEFELIZEEZDND. SHIT, Tb TN AHIIEIRICHIIE 28 < 2 LR
SEhi-. REOBIZETIE, p-cresol D 2,6 NDR_ X MEAELSE D Z & Tkl
RFBIEHACRE I ZHEI &, muWiileEtEz BBl TE 2 &2 onic L.

BHFETIE, HLIYMOMBHE Y Do 4 (LB it 53 L LT OMe %, ETK
FIEE LTl A28 A LBl LB T HL14X [X = OMe and Cl] & & 0 fZ#Hi(11)
PEIAR[Cun(p-1,1-OAc)(p-1,3-OAc)(L14°Me) X [X = PFs (10a) and OAc (10b)] &% ON[Cua(p-1,3-
OAC)(L1+Y)]X [X = ClOy4 (11a) and OAc (11b)]Z &Rk L, T OMazEME: %2 ZE T ~7.
AN, K& 7253 WA E M OVERE B XS SRR 2~ D SR DR E A R E L 7=, 10b
& 11b @ HeLa #IEIZ %9 2 Mgt %4 MTTassay (k> CaHMli L7= & 2 A, Tb & il
LTENZENRTRELE SEEWHIlaEEZ R L., £72, & O OO M % H
WM T, B GMETH D MeO A FFD 10b (X, FRERAYE O DS A A ERR
PRI E 2 " 2 ER R SN2, 2D OSADMRNZEE 2 AT 5720
HL14OMe & HL14' % Bodipy CEffi L7=BfL 25 L, O _ZHsEK 12 & 13 215
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7o, EABEMEIEZ AW T I o 0RO EE 2 Bl52 L. ZORE. 12 13
X9 LIFEZR Y, P hay KU 7Tl SAPKER/MIRIZRET S Z EAH 5
T2 572, Cometassay 1T o725, 10b & 11b [Z8% DNA A I L TV 722 &3
R sz, DLEOFER LD, 10b & 11b (X TV PR/ NMEARD A b L ARE % 5] X i
T LICR VB ARG LB DD, REOHSTIL, HLIM O &0 |
B OIS EBRE A E AL CHINEIEA LS 2 N TE L L0 ) AL AT
7.

FRE T, FHEONIE TERK L7Z EZSADSER 7b, 10b, 11b % T, @z {kK
FIcks, RO, Bl LTTAaLsbe ) U v A(AseNa)Z N2 722253 FIc ks
(7% DNA UIWHENEZ S FH <7, i@le{b/kFEIZ L 5 DNA BIlrE, EFRolEExfr
Db B b EWIEEEZ R L, B EZEEO 10b TIEEITIK T L. Zhud, 88
& & BER LK FE O IS T U 2 BRAETE MR O SO E N B IE OB T RIc L v &1L
Tl eE2 5. £72, AscNa ZIIN L 7285 FIZEIT % DNA BIEr ¢, @izt
IKFEZBALA L T HRGE Y BIEDDICEWIEEZ T Z e N A Sh, EFit55%
FFo 100 b mVEMEZ R L, BREIEAFD 1Ib OIEENMET T 52 L5
Mo T2, 512, 10b, 11b (XBIHE$ % methylene-tether $£{& 8 °Z & TIZEIENET
o5 &WE STV NPy Bifz 1O BEZEK(IDFE 1A [Fe(N4Py)(MeCN)](C104), (14) & k.
L CHIEANITEWIEEZ R Z &R A S,

PLE, REmSCTIE, 2 AHIGRIRIIZHID ATEE 2 R T I AR OB Z B L, p-
cresol 7> HAFE I 5Bk 4 7o “EEH(INES AR 23T 5 DNA SIS ME K OHIa @ EIZ D0
TREMICRRE L7, ARFRSCTIL, p-cresol @ 2,6 (LIZkk~ 72~ % b H% methylene-
tether & 7213 amide-tether T A3 5 Z & T DNA GIHHEMECHIIE B OIS 2 "I REIC 3
DFRIREAFT. ZOMRIL, BAMIORREREEZ 2 — 7 > M LTHEE A A OB
FITK L TRAEBRENSOTHY, BERESHIRDTHAS.
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BHEE

AWFFEDZIT R OAGH SLOPET HIH 20, KAbE) o T8 EFE - e s
B0 F LIFEBERFRFRE B LAER S BN Zdzion X0 EEHLFE L E
FET. AFREZED DTS20, KA RS - #BhE 2150 £ LRS- KRT
RFPe BTP0R AR B B0z, Wi =7 FRRICD XV EHEILBE L BiFET.

PNRSUEEICBWTC, HEICoH, B L CRERERREL2Z L CnWEEEELE
FEARFRERE B LEER KR ] ZdR72 o NI BT B0 L 0 &
L EFET.

HG T~ A7 MVAEICEE L E LT, RSB EZ T TSN E L REIRNT
R IAR Fo #d2, MR B WERRISD L0 EEE U B 9. SR a2 E )
ECEELE LT, RS BIEZIT T & W E LRGBS BT8R b
FE 5 BEFRIL LV R L B ET. EES X SR R W TR AR el S
2D F LIRS Y A7 ek SR RICEEILR L EFEd. KR EZiED 5
B0, FRETHERHS 20 £ LRS- 7-R% P AR & 0
(ZE L HALH L B E T

SEE, ORI ICR L, BIEEES AR L TR nis BRE /R K, B st
KEITI LD ETHELESFTOI VR L BT ET. S ol LR z2 @B U T
UIEEREE LA o 1 RAZETH 0 o TAMILERSERREE B B K, BAR EiR K,
N THE K, BOR B K, SO B K, BB #3% KK, Zaoputra Antonius Andre FX
RGP L BT 9. £, B EREEEO 3EMEVIRME AL, X2 TL
NewE e E B FE K, AR b eastE £ AN KIS0 K E <
B L EFET. AU DNABIO#KIEL L Ttk £ TONTE T o HAEMBENTE
AL TERE B, B B0E K, BE A K, gl gk RO X 0GR L
EFET. F, BHEBRIEREORICKR L, Hix A0S L OCHEEE SO, S
SICITMAEERBR O S IFICR D LT iz M Ba K, [REEZ 0 RS R A 5 &
faN AT EBICR LT e B 5t K, Brllss IR e Ic i e & & B 1T
DNA BE2ARDBEBSILFAIE Z1T-> TNz @k el K, KW EZZEA LBk
BN D DNA G, MifudBrz i L Chkx 2Rz 5 2 T<inve BR £ Kb
FOREEAILHB L EFET. mEARERICH L THiHFD D Z &2 < BEANTHEY M A TS
N-Z B0 IcBnET.

BB E LN, BICE - OHEMETH Y, BEIICK X2 T NI FRICEE:
LHMEERLET.

[FASAE RS KB BT 2eRl T8 L8k
ML E
A B
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