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51 BN FRIEMIEICH T REE F7-2REIZN E L TD RNA

BUE, AR RIS A2 23D —2 & LT K8 L 72 3 2 v S 2B OREHET 5
N2, 277 LCBFE2R2y B2 a— T8 1.5%3ELr»al, ZOHTDH
FERMGPEENE T2 DTEL XY N7 ITbTh 0.15%RELEbNTWw5, BHET
LEHMMPENE T2 DTELZ VA2 EIRE LR, 20T 0.05%IC b7z
v (Figure 1-1), ' —J7, BY DG L AL DMEIZ X v 5278 % a2 — F L7\ RNA 1T
HINb, TOXI XV AN7E~FIERE N RNA 13/ v a—7 4 » 2 RNA(ncRNA)
LI TE Y, =4 71 RNAmIRNA) R R#H /) v 2 —7 1 v 7 RNA(IncRNA) 72 £ 235
END, TLFEDOWIES O, ncRNA [LEETFRBEEOHECRE 25 2 L, kA %R
BICEboTW BT ERHL Ao TET WS, 28 L7235 T, ncRNA % &% RNA %
2 & T EAUT, K5 TRIZERFZE CRIER & T 2 2 o flig i3t 3 2 i ic D 7 23 %
ATREMED B %, F 72, ncRNA OHICIZBEEEDS RIEIHZR D Db % . 25 OHEAER fiRIH 3
27 IANY—LOBFLIM KD LN T WD Z L5, ncRNA 2 & T 2{LAP DA
#13 ncRNA O 7 I HAANL Fuy —WROFKEICH D515,

Protein coding region (~1.5%)

| “Undruggable”
proteins (~1.35%)

Non-coding RNAs
(ncRNAs)
~70%

—— } “Druggab|8”

Human genome proteins (~0.15%)

Approved drugs targeting proteins (~0.05%)

Figure 1-1. RNAs are “Next-generation drug discovery targets”.



25 2 £ IR % A5 RNA
118 RNA O
KIRD Y RS (ribonucleic acid, RNA) 12, V VBBV T 2 FA%ESIC X vl I N Y R
—RAEEAEKE L, 20 VLKl (T77=v, v oo, 7=V, £izv v y)
% &t (Figure 1-2),

| NH, o] o NH,
O—I';’:O
) N N N
O—5 Base _ NN NH NH N
o Base = <’ | /) | /& </ | //]\ | /&
& 4
N
Y~ T e Y e e
(o] OH AANNN ey AAARF AAAAA
......Im Adenine Uracil Guanine Cytosine

Figure 1-2. Elements of ribonucleic acids.

20 FMEHDORIKRT I VMo ORI N 2 v kB L <, B oRnR % 2 4 fE
DIVKRXZLAFFICXoTHERENS RNARBEEOSHENENEEZLNS, L
L. EBICIEE S DORNA R, S THNICE T 2EREROKEHECL VTV -Ehs
ETCTRMEER L B, EHICEFHDORNAZ, A F bR L OkA B2 T 5 7=,
TREEOLIRIEIIIRI NS, 4 WE R —XiE % & 584 RN A2, NMR £ X i)
FHGEL(SAXS) 72 &0 X D RE TN T 72, 58 FRIC, FolL CIIEHRRS & . XS5 2 YiEfE
RGBS EIC X o T ZRE R THlT 2 FES BRI N CE Y | flifHIic RiEx
REFT L LDAREL o T/, "RNABIETIZ, RNAD " XIEEZ RN & 3 28k~ 7«
EFLY T APREI N, BAICHZEINTE 72, RNA © Kifad & LT, ~7 v v R,
AVE—=FANL—=TREE, v a—F/ v MEECT T = vIUEHGH R ERH LN TEY
(Figure 1-3), T b Offil &EHEEY 2583 LG T 2180 7~ 7F F. RNA #H 4
v 7E(RBPs) R ARG I Twn b, 10

A

) 1 3

Hairpin Internal loop Pseudoknot G-guadruplex (G4)

Figure 1-3. Common secondary structures of cellular RNAs.



25 218 RNA O3 & Hae
A DEEIEHRIZ"DNA 225 X v &Y % —RNAMRNA) ICEE X, &y osrg~&
MIRENTEEINDE L WS "V F TN NI DE XS R FAEYFOHEARFI L LT
Hb, D=, RNA BEYOBGRERELAZER LN ELE LTELLN TV, L
2 L. EEREIZEAEEE RS, EGaBRoGfEic POl a&ElzHo T2 8 Ex b3
X 51c7 > T &7 (Figure 1-4),

Central Dogma
{ transcription g-s-‘ translation
DNA mRNA Protein

transcription

—— Housekeeping ncRNA (tRNA, rRNA, efc.)

miRNA
rJ~ o —— small ncRNA pPiRNA

ncRNA (<200 nt)

L Regulatory ncRNA — tsRNA
etc.

long ncRNA
(>200 nt)

Figure 1 -4. Central dogma. The variety and roles of RNAs.

AR L7k 51, e b7 2Dig & A EDOFEFIE ncRNA ICHEF X LT 523, B4 7o
BEZHT 2 ncRNA 2RI NLTwd, ZohchERTFRABMEOGIHICED 2
ncRNA (regulatory RNA)ICBH 3 2 15213 H 2O T3, X 51T regulatory RNA (3,
miRNA 7z & @ 200 A D small ncRNA & 200 L E D long ncRNA(IncRNA) i< 4y
xnb, Small ncRNA o H T3, miRNA (LB TFRIAEEOSIHESC R E 25 2/ L,
A7 EDHEAMIRBICEAD > TV b DOBHFAET 2 2 L BRBINT WS 72H, miRNA
DOREREICBI T 2B NIICIER S T & 72, miIRNA D13 & A &k, RNA T s 3
miRNA #EH& (k) 24 L. B L 72 2 mRNA ICfEA T2 2 & T 2 v o5 2 BRI %
mRNA 53 x5 ZE T LFEZ 5N TV 5, —J7, IncRNA (X DNA & FrRICHEET 2 7
DE—X =TV AV —LoIE R, v X/ ERizfTH> LSD1 oy
AT 47 ABE R VAN H EFE L, AR FEOA Y P -7 ORICEHELE S5 2 L
T, BETREBECEELZ G2 T eEZLNTWS, L L, EBRICITRMBHRED
% &, W7n HEREMRI SR - B, 1M12 2o X 51, ncRNA #&% RNA )& 42 %
£V 7 4 OAIELE, RNA 23353 2 RBICH T 2872 A E 5 720 T <. AmR
BT B8 -2 —DX5hTFHETH S ncRNA OEEREFRIHICIAN T 727 I ALY — LD
BAFE~ L DS B AHEEDS B



B3 RNA BIZE - /7 S HILANA F 02 —FFFROIR®
F1E FBEXK

RNA Z#E e T X ) 74 D—D2& LT, BEEELET LN, ZoREHIE, 7TV
Fr v ZAY TR 7L FF F(ASOs) & siRNA TH %, ASOs 1Z, 1) RNA i<xf L CHI
WA 2 R0 X 9 ICTH A4 v IN0TTH 0, BN RNA O RFFIF R I A 7Y
KA X435 LT RNA-DNA “EHEHZEE L, o EHEHZZ#HT 2 RNA R0 —
D TdH% RNase H2 ) 7 v— b i, #219 RNA 283 X 5 (Figure 1-5), ZhbUsto
FRAA =X LT, RNA-Z v 7 ERIHAFHOHED RO TnE, B

Antisense oligonucleotide
(ASO)

Target RNA

'\"\

-

ot

RNase H

DNA-RNA ~_ ~_s %  RNA
duplex / degradation

Figure 1-5. Mechanism of ASO-mediated degradation of target RNA.

b 9 —DODREWNAEKIEEITH 5 siRNA 13, EFNRNADGEFECH 2 RNA T
(RNAD) ZF|H L T3, RNAi Z, RISC(RNA-induced silencing complex) & ME{E L % & v/
NIEEEERIFLOE LTE S, RNA 34 L vy v 7 C, o mRNA %503 %
RNAi £ & . D mRNA OFER % [HE 3 % miRNA #2177 E T 5 (Figure 1-6),
N D miRNA —E#HiZ, 7/ 255 DEY)TH % Primary miRNA (pri-miRNA) 2> &
WM EF % Drosha-DGCRS i< X 2 UJWT, #ic < MAE <D Dicer IZ X 2 UIWi2> & 72 % 5#ific
L7z B DYl 7o v R 2R TEABEINSG, 2D X 5 72 20~30 HHEFLE © small RNA
23, Argonaute (Ago) & MEEN D £ v X7 E EMHAERA L., ftl>T—A#ED RNA (F4 F
RNA $) &72% 2 & RISC A s, Zotk, HiD mRNA & RISC HD 474 F
RNA S{ORHIAIRITTERIC < v 3 515, BRI O RNA 13U 2 5 (RNALFER) . —77.
EER) RNA & OMHiTED & < 72 WIGE FEREINICH & L UMzt D 2 WEIRRIN S 23555



I N5 (miRNA £8%), siRNA 3%, 21 & 72 2 mRNA O % BT %Gt & 1172 siRNA —-
HEAHWT, 2o oREE NBRICHIET2d D Th %,

Drosha-
RNA
%%% polymerase || DGCRS8
> —— [
pri-miRNA pre-miRNA

miRNA gene
Nucleus

Cytoplasm

Iginding

pre-miRNA

Dicer

Einn T T

Synthetic siRNA duplex mMiRNA/miRNA* duplex

Argonaute
(Ago)

T

)))' T Translation
inhibition
Target RNA RISC
degradation (RNA-induced Z;A
silencing complex)
Mismatch
T ARIARY
Target RNA Target RNA
| ] | I
RNAI pathway miRNA pathway

Figure 1-6.Mechanism of RNAi pathway and miRNA pathway mediated by synthetic siRNA

or endogenous miRNA.



EiR L 72 ASOs ®° siRNA 3Tl dH 22, A7 4—7 v MEHICX 2F M. X7Lv 7T
— I3 2 LEE LR O HIEELESE N, #EY) R N Ty 77 ) N Y — 0B RO G 23
WHTH 2 L VoMM’ HZ, ® T/, 4V ITX7 AT FEHOHEEE SN & 3
%2 RNA OREEIC b B A ZF . ~T v v (Figure 1-3)D X 5 72— Xkii&E%# B % RNA
BeHicxf L CIIHEEEMET T2 2 e 28 6N T3, b RYIOKBERTH LT v F
+ v 23K Vitravene 2% 1998 4EIC 7 A V) /1 TR I N, siRNA Z & T\ L D DEIRIE S
BLCHEKZR I N T3, D% L IHERitLEE % Biy il soA b Fik . 7v7mﬁﬂyﬂﬁg
ZREICERMICHEAT 28 GalNAc L a vy oy — T 3FEREZHET 3 2 & CiF
ENTW3, 178 Bl D X Sic, ASOs % siRNA 7z & DIXEEES o —Hd, BT EIE M,
ELTCHIAE R, R RNABIERREX ) T4 0—2L LTHEHINT VB2, Mk i
AIZTWE 2 EBBIRTH B,

FE21E EHoFhED
— R . ARSI AR AR 2R T R M R B i 1 7 & o SR B RE R D3 KX e 5 R T
DESTEHBLTENLTE Y, ROKSOMREED mv, v
RNA %FE0y & § 2K TR I A ofTbTs Y, 77 7V a v FRYUFE
T MV ANZRETH D24~ A L v X VIV ) vEREETL VAV Y PR Y
DEIS T 5 (Figure 1-7), 2 b DLEWIZY K Y — L RNA ICHAE L. 2 v o327 BRl
RefHEFTLeHE2ZLNTN S, 202

fj Oy
G@“ og
HgNl F Me
\_«'NH
NH;
neomycin linezolid
(Aminoglycosides) (Oxazolidinones)

Figure 1 -7.Examples of RNA-binding small molecules aminoglycosides and oxazolidinones.

RNA ZHEH) L 3 2K FiRRE L LTid, VKRR A4 v FLIFigh 3 RNA BAICH &S
VKR B SMNmRNA ICEHT 2 Y A7 7 40 225 70 &A% ST 5 (Figure

~Me
HN —

N\N

LA o

ribocil risdiplam

Figure 1 -8. Examples of RNA-binding small molecules with drug applications.
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1-8), U AY 77 LITHBEV:AHZEMAE (spinal muscular atrophy: SMA) DT % 1] 3 % #]
DREMGEIETH b, 2020 FIT7 A Y A EAEEDLFFDA)IC X VAR I N LT, K
DA X 5 RNABIEERRARKECEHINS 1 2D Z ohlF & oz,

RNA Z 51 & 3 2 B0 LA OEFE L, B4 BITEmIC L > TITb T 5, fUERW
FEE LTI, HAEERT v e[ 080w A 7U7’1/4%£29’30i)§2550 ¥ 7z, Nakatani &
135K 77 X v HIG(SPR) L GH R Faxelic X Y R L 7D G-G I R~w v T %
uwﬁiéNCD(RB1ﬁw%mUGGAA)tp—rRNA HEAT BT, RNA-&x v 828
MHER® RNA BEERIEEZHEL, v avYa v AzEFLRICEWTY ©—F RNA
BT 2 2 2Tl L, U e—F RNA 21819 L 4 3 RNA $A KD AR A]
REEZ R L7z, 3 261, iCidavta—x—ftHE2HAEDLELT 7T r—F HidAn
5Tk Y, Disney 51 Inforna LFEEN2Z 7A=Y XL %ZFAF L, miRNA ST 2
RB-5 Z i3 2 LTI L T 5, 34380 T —EfCldd 553, T FE TICERA 7277 5w IC
X o TH b7z RNA #E& EA?WA%@@%F@me19;TLt 28,37-39

NHZ
Me /\
e s O
Me™ TNT ONTONT O N—N m{‘/—/
(0]
RB-2 RB-4
HN
LSS
Me \N \N uJLO

NCD (RB-1)

Figure 1-9. Examples of small molecule RNA-binders (RBs) discovered by various approaches.
RNA #E ARG TLEDIL. BRRESE & L CHEYBECa X PO TENL TV L E
Z 505, R RNA 3 2 BRI @# i W CHlEr b 2 L E2x b b, T2, B
RNA 23t L TSNS RS &3 % 72 90 0 RNA O T OlE % e IciFIE & ¢ 2 2 & %,
HHEEZFEO T LI LY, BIETIE, RNA KR L CHERAT 2LEmERAV 27 2
ANANAFu Y —RBPER I N T 2610 H 525, B RNA Z (K5 FLEP O AIC X -
THIEIT 5 2 LITRERNETH 5, 104

B3H RNADREZFET 5F X LAY
R & 4% RNA O3, BRI U Crldify & 7o 13 a0 E T 5 % BHE A X
b4 DREZARL T, Hiffi cib~7z RNA 221 & 3 2 Ko FLayiE. 219 RNA
CHEE L KRR RNA & 2 v o8 2 Hig E Ok + L O AENZHE T2 2 ik -
THIRZRT, LAl 20X EAOREIIFEN RNA 2 LEL3 2 nlREEd %, N



AT, —2D RNA 23EED BRI T L EERZTE L THREZ R 32 5t RE % 7> RNA
LHFIET %, # HlziX, IncRNA ®—>Th 2% HOTAIR iZ DNA LA L, ¥t T
47 ABE R N2 TH B EZH2 2 LSD1 % ) 7 v — + L, Bin T FEBER % I L <
W3, M 2L, B RNA KA T 2 IECRDOHERIO AT, 0 X 9 7 RNA Of&RE
HlHls 2 Z 3LV, 20720, {EROMHEFA L X2 L 2EXY) 7 1 ORFEbED LN T
W5, i3 5 F X FLAEYIC X 5 RNA i3, #5789 RNA Z[RE35 2729, 519 RNA
DHEREX TERICIHET 2 2 L 23A[HETH U | {2k D RNA #EAHER CI3Em L 325 2 L2
WEETH > 72 B ORBICHBEHTE 2 LRI LTV 5, T HIC, AF X Z{LAEY DR
P RIC X B O R IE, FLER & L GERMES M ET 2 2 8L Tw3, 5K
I, BERY D RNA Z# RIS RS 2 0 o alEIE, RIEROBEELY: - 7 I v 4 41
VoRICE T A RHICEELARED DL F R b,

(D Ribonuclease targeting chimeras (RIBOTACs)

Disney b lZ, RNA i34 v & — L AN D RNA 73fEl43 RNaseL % Y 7 v— 93
o3 %A X 272 % X ZLAEYI(RIBOTAC) % v 2519 RNA Zfigik % #ids L 7= (Figure
1-10), * Z o RIBOTAC . #E# RNA & RNA 5fififitk %7~ 9 RNase L ~&{f& 0=

RNase L Recruiter o-P=0

Target RNA binder

Targeted RNA .\ff\J
RIBOTAC

Degradation

/ RNase L
—_— )’ Dimer
RNA-RIBOTAC
Ternary
Complex
Local Activation
of RNase L ’ ' Inactive
% RNase L
Monomers

Figure 1 -10. Mechanism of targeting RNA degradation via active RNase L dimer recruitment by RIBOTAC.
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FHEARIE 2R L, AT ~TEE RNase L —8B{A% JHEL X ¢ 3 2 & C. 1) RNA
% PRI D REEE T 2 L EZ DT 5, BRI RNA ISR B3 284 v X — L % 5
A5 T LT, KR MBI EREIFIE L T % pre-miRNA-210 2 b U T 47 4 7H
D3 ACBEE S B pre-miRNA-21 72 & ORI L -CGEATEETH o 72, 4 KF3kid, &
Ro AR GIER % H 5 RNase L OIGHELZFIH L T, L7285 T, %@ RNA s fifE 1
IALERE SR & FRR I OBREE IR TF 2 2 L SREA L LCE P 5N 5, RNase L 1%
MR ICRTE L TH Y AT ETIIEAN D pri-miR-17-92 @ X 5 AR L < iZ@EmA ]
RETH o7, % 72, RNase L O 7 iHHALIZEEBICEG T 2 L woiEfb H 5, o

@ b2 7: RNA 7% 58S % 5 X LAY

R RNA O3 % AL EROGIC X > THET 2 G * A Z{LaPi3. RNA 5fflERe &
DAERSYT L 3T L T EREICEER RNA 2 R C % %, % OB, #EEESE S RIBOTAC
& o 2 MIENBRIR IR T 52 RNA SRk e 3R R 22 RE 20Tl ALE X
bNbd, TOXDHERD L, N RNA R ELZ HIE L 72 % X LAY ORFE1 BT £
TIThbILTE 7z,

LRI RNA 0 fid % 5583 5 72010, BB SR E-CHTRIBICE LM R &k 7
I H AR A& &, BBLHICEER) RNA 2 0 fR5 3 HEARE I T 72,

1988 4, Chen & (3% RNA & M 7By % & > DNA 4 Y o~ —icxf L <, 1,10-7
zFviu) v —§EkEraryyar— LA ILEMER VS & T, BT
) RNA 233 fRCE 22 L 2 L7z, L2 Lads, DNA oL n@biis v,
RNA/DNA DALHERME LK 2> 5 72 (Figure 1-11), %

cu' Complex

DNA oligomers Xy---Cu

as sequence-recognizing moieteies

o}
O—FI’—NH HN

Og \—« Oxidative RNA cleavage
RNA/DNA no-selectivity

Figure 1-11. Oxidative cleavage of target RNA by Cu(II)-complex conjugated with DNA oligomer.

u u u N
c GcleclGc G wit C GC[GC|GC G )2’&?‘2’:&'5:;‘?’“"“"“”
0 . . . . ' . 0 _> . . " . . : : .

C GC GC GC G C GC, GC GC, G
TR VR TRaT TRV TRad?

Figure 1-12. Photo-induced formation of hydroxy radical mediated target RNA degradation.



Disney H ¥, UV BH TFIcEBWwCTe Fr* v I VW% R 4T 551 HPT #{K01
RNA ~ A Vﬁ“—mi@%é%f’#)l FLEPIC X 1R CUG VU v— MY ZH T 5 RNA
DOfREHE LT3, B I X 2508530 C RNA O3 AIRETH % 23, Ay 72 E
Tn 3, IR (Figure 1-12),

7Y axTF RRRIND—2OTH BT L A~A >V AS BBES T EDRIGICE Y, T
AN E R T &, DNA © RNA Z{LAVIC RS 2 2 e b Tw5, M 7L A=
ALV AS X, ZVANEDFEICE D B Fe(D 2 it 32 ¥ L — MO, BOE@ICHE 4
WSO, = L CIBRS AL DK & L5, Disney b3 7 LA~ 4 ¥ v A5 OB
B AR T RNA AN A v X — L X 272 % 2 7 LAY % Vv 72481 RNA oL 5y
% 5 LT\ 5 (Figure 1-13), %0955 LA Lo, ZOFEDIEERI 7 DNA 55
X 2EWEH OB ERH %,

NH;
Metal binding part Conjugate with

/H/K( & RNA binder
=

HoN NN /"lt

Me HN 6\ /\/L j)l\ N

Ho“
HN-J
WOH
Carbohydrate part

RNA/DNA binding part

Figure 1 -13. Bleomycin A5 conjugated to RNA binder.

—J7, Wang 513, 7=+ v el v —#IDEKEEKST RNA N4 v X —LtDF T
L& % o 72121 mRNA O % Wi L < 228, fofifasrEe. BILric/Emd 2
7z % RNA/DNA D IEZEIR 72 73 i 358 T & 1178 (Figure 1-14), 7

N=—
Me{sthl Cu Complex

Oxidative RNA cleavage

Figure 1 -14. Oxidative cleavage of target RNA by Cu(II)-complex conjugated with small
molecule RNA binder.
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T, Bernardes 5% SARS-CoV-2 DY 2 —F /v MESICHET 5 RNA N4 v X —
ELAIXY AR Y v —CEfE L% 2 7{LAY(PINAD)IC X Y | #5219 RNA % 43
HET 5 FEEWE L7z, SARS-CoV-2 VA NAZREPI LT RET AKX L T,
PINAD # &5 L7 2 A MICBIT 2V ANV ZABOWD BMER I NIz Lo LA 6,
RNA S fEBEREIC DO W TREH A R D V. PINAD D&M & oMl ER B - 7-
(Figure 1-15), BRNA 3t e LCld. L F v 27 2iGMED H 3 @53 3 i1 H
T (ROS) DFeEIC X 2 WML 72 RNA DR o mfREE D Z 2 b 3,

Me
N=N

S
\NT\/{RNA binder KQ"NK
(¢} o]

- NH
P A 4
g Ir RNA degrader{rll
. \
.

PINAD
» RNA degradation

via imidazole (general base)

SARS-CoV-2 mediated mechanism ?
pseudoknot

via ROS mediated mechanism ?
Figure 1 -15. Proximity-induced nucleic acid degrader (PINAD) approach to target RNA degradation.

LED X 51, BRI RNA % BR(LINCOES 5 % 2 ZLamsi e oG shTs b,
RIF 70 iEE 2 m 30 d & o 72, FFic, Figure 1-13 1R L72& %7 LA~ v A5
ARG RNA AN A v X —% i 272 A 7baWiE, BNICETET 2 X 5 7% pri-miR-
17-92 cluster Z &R DB/ EL 72, B L7z & 5 1c, RNase L OiFHALICKE
$ % RIBOTAC Tl pri-miR-17-92 cluster ~DEEEFHH & h$ B AR 25 2 72,
0 20X ) AMIENEREICKTE T 5 2 L DAL FE N RNA %584 2 % 2 7{Lh
VoOFAF X, RNABIBEEX ) 74 DI LR 5L RICEBAL TW5, L2LAarb, 2ib
D F X FAAYEEVIICVEF T 3 72 . I8N 72 DNA D405 0 5 B 4 i
eI LEYD 2Kk EORELRD 5,

LI RNA 290 fF3 2D 59 —D2 Dk e LT, RNA ZhKkanfgs 2 &gk ofH
BETF o5, FAEHICTHRBT 2208, BFEA 4 v LRBEHARIC X 5T RNA 237K s fif &
N5ZEIE 1960 FE A HHILILT Wz, RNA OMKSETIZY) F—Z2D 2’ffoe F o
FORDPHECHY, V) VRT AT ARAHHHHAT S 2 LT RNA DRSS 5720, &
LB 72 RNA 73f#Cl3NEE < H - 72 RNA/DNA O AEREZ R 32 & BAfFT& 5,

Komiyama & (¥, RNA % ik fif3 2 ZHgh(ID#ER & DNA A4 Y I~v—L ¥ X 71k
B EHRE LT b (Figure 1-16), ° 2o F X 7{LEW1E. R RNA % BT e (7 EER
HECUMT2 2R TE R, BEED X X F{LEV AR S LB H Y, RNA ofiicx 3

11



LIEEDR I BRETH 572, 72, 2N b DF X F7{LEWIE DNA A ) o'~ — ZFE#) RNA
iz & LTHW T 3 72 FANCICIIALIRESR S & Rk OFERH 5, < Dfofhic
b, T v 2 7 A FEMERSLHELHEE AL DNA LY I=— L D F X F{LEWFHFE I LT
WB 2, 21D D RNA pIEENME KA o 72, 00!

DNA oligomers N
as sequence-recognizing moieteies
0 IZ\n\N /4 \
" ,I \\ -
N' ‘\

Dinuclear Zn' Complex

Figure 1 -16. Hydrolysis of target RNA by dinuclear Zn(II)-complex conjugated to DNA oligomer.

DX 51T, RNA MK ES 3 @@ RO 12 DNA ~OIEERT) 72 5 fif % Al
EZAEEMEDS D Y . MIENERESICKF T 5 2 L e RNA 290 Cc 22 L iffT& 5,
L2 L. Ik R o @ik o RNA S RETEIZRZ 15 & 135 23, RNA 2fgi#RIc
Vg 3 X 5 ZiEtE 2 B3 2 £ B AR RNA DRFEH OBFER KD b T3, £7-,
ARG i J@eE AR © RNA/DNA O L2E R D T icnd Tt vwosBiiktd 5,
4 HiTld. RNA ZHUKS RS 2 &EA A v 8@ I B 9 2 JeB e fF 7 il BUIR i

DN Tk s b,
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254 H RNA D2 DB~ R 7o £ T LR
F2HiTHIBRZLIICRNA IR 7 LAF FEERBEE L, 2hb%2 ) VY T AT
MBS THEE S -ERES T TH L, CokmitBiz Xz @ TR RS ) Vg
I ZATFAEES RN S TH B, DNA © pH6.8,25 °Cic 1) 5 L34 3000 /74
2, IHLICRNA D pH 6, 25 ClcB T 2FWINIFH 4 FE S THL L O, V VRIS I AT
IAGEE NI —E DZMFE T CIIFFICLE Rl A . (LN RRZIZEL v THTE 2,
(L2897 RNA O RGIE. ) K — 2D 2-v Fu F o238 <5 2 (Scheme
1-1), iz i3, 7v v 27 v Fifid(Base)ic X o CTifitk b I iz 2-e Fr o 528 ) VR
TR T 5 2 L ic X > C, HARKRAK 7 v hEESERT 5, 2 odhiiker s T
X FAMEEL, 23 -BRR Y vIRT R T v 525, o, 202 3-BRY VIR X
TN RZ I, 2-F 7213 3-V VBT AT ARERT B, 407

Scheme 1 -1. Cleavage of RNA via general base-catalyzed intramolecular transesterification

and hydrolysis.
RNA' RNA'
(I) B | R'l‘w RliJA1 Rriw
O B
o o o B o] B o] B
. . o O
2 Base 3 2 o hydrolysis
—_ 3 2 -5 3 2 + 3 2
oQf /N T LS Y
N\ N\ HO O O OH
_P& — Pi¥o RNA2-OH o, 0 \//o O\\ /
? © ®B —H O/k o ) /P\\ CILEN ~PL @
I ase . o” Yo 0 OH HO o
RNA , ©
RNA: 2', 3'-cyclic 2'-phosphate 3'-phosphate

phosphorane phosphate

intermediate

F11H SBAAVICLEDRNAZIELDET DY VBRI RTIILFED DR

Cu*, Zn*>*° P> O fliJg A A v 870 2 La3*C Eu %23 Lo L3574/ 4
FAAY T2 X), RNARED ) VBT X T VEDNIKDREEZ D Z L1 X Al
bNTWw3, 7L Y27y FE/HEEIC X 2 RNA ©43f#(Scheme 1-1)& 138720, &FEA
F v BEE T IGTIR. REA A v L EEOEEWEKIC X 2 iEMEL 23 SOSIEHE D § &
2B, HERLERBEBA A VBN A RFEE LTHEET 2720 TRl ZDEFHICEWT
B % e iEMAL SHEIEICER 32 2 & T Y YIBZ A T VDMK R IR X 1L 5, il 2
12, Figure 1-17 ® X5 RiEMHEABEI T E 2 e RBEEIN TS, () UV VBT L
DEFLEIF/ICHNIT 2 2L IC Lo T, FAAF Y AHEOKRE TR ET 2, (1) &8k
fil7ze Fe*o MR 7Ly R7y PR LCfi< 2 & T, 2-e Fu ¥ o B2 gt
T2, (1) W32 7rax o EEwEELT 2, (V) SBICENLL 2K TR T LY AT
vy Flige LTERT 2 2 ©, 7rafx s ol {tEs 2, CoX)ic&E@i vz
HICTHCAT L 72K F- 23S I fER 3 2 L ic X o T, UG DIETE LS 2 3, % DfEHE.
EAAVIFFEET LI L T, ST VBB X T VEO SRR 5, 8081
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D X 51 RNA LT RS 3 7-o i, RNA O IEEN iGN 2 lGgic 3 3
RNA SR ER DR Iy ket BB & 7 %,

VWV AN VWVW AN WV AN P
‘3' z'( \3' z'( \‘3. 2./ \ 3 2.,
o O OH o O ,OH
\\P/ \\P/ (/ ﬁ f O\P/O ;f‘ O\P/E-
e, © ‘e, ©
\O/ \OO \O/ \OG 'OH \O/V'O \o/\"O
‘| I' ,' O ¢’Y) O
M . e ’ e
M M H
N L.-M
() () () o (V)
M = Metal ion H

Figure 1-17. Metal ion promoted cleavage of RNA phosphodiester bonds.

B 218 LE#EEAEAND RNA - RNA 7L DN
1990 i Stern HIT X o T, HLEEAIC X 32 RNA 4V o'~ —HE DMK a7 B
JOSH3) 8 T X 2172 (Scheme 1-2), 7

Scheme 1 -2. First example of metal complex-catalyzed RNA-oligomer degradation.

RNA'
I RNA'
o} o A |
o) A
CuCIz [e)
terpy
o O OH >
W o 20 mM HEPES SN
~Px H7.1,37°C
p ’ %, N\
? (e) o’ O@
RNA? +
2
Poly(A)12.18 RNA OH

Cu(Il), Ni(ID)% Zn(I) D H#%ES k2 #ET L 72 & 2 A, Cu(lD)-terpy $E{A 28 RAF 72 7 R v
R LTz. T2, RO KICEH T I WT, DNA 4V o~ —FE 1 L <, Cu(ID)-terpy
HEARZER S Th, REONRIZBRH I N o722 20, Z OHRIEE #BR{LIIC
SRS 5 DT L \Figure 1-17 @ X 5 ZrifEL % N L 720k
Sy AT D #RE (Scheme 1-1)TRNA ZfRL 7= E 2 b5,
—7. AR L7 & 9 7% Cu(l)-phen $5k%° 7 0 K 1L, B
FNT L ORIGTHEmELY % FE L. Scheme 1-2 & [AlfkD 4t
T CEELIIC RNA  DNA + ) o~ —SE 2 03 2 & L A3
HEnTw, 282 L BILIc/ER S 2 &R 2 w2 &

Cu(ll)-phen

Yz D, RNA- or DNA-oligomers
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X 0 Bl & O RNA £ 7 L&Y % 7GR k. [ 2 b 23l gE T, X 51
RNA D F M A =X n7x &% WiET 2 ECHERATH 5, %8 [9]aneN; °[12]aneNs
EVo 2BRAY T I VREN TR AT S HEHERADEEARIC X 2 RNA £ 7 {LEY
ApUp D53 fififithd¥ i 23 Morrow & 12 X - TRFNCHE & 1172 (Scheme 1-3), 8 Z D5fF
TicswTid, B F2IEFEIEFIC@BEE Zn(NOsy), D AR FH 27255, BALT
[9]aneN; & D#EfA & Ll L T, ISHIERED 2 fFlg ERE o7z, LA LAELEL, @EE
DA 2 L HE ApUp . Z Do) & DT X 2 Y O £ AR E
oo TOXI KRNI FEZILFETIRTIC, RBEORZH V2 & | il KiELHEMLEL Vv
7ZEEIC LIZLITERT %, % X518 )Eic 4 BENL T 2 Eif71-[14]aneNy # w3 &
[9]aneN; 7 &' 3 JERCAL 3 5 Bohr 1 & DESfAR & ol U CliEgE2s 10 513 8K L7z, Z
WIREHAIE ML -2 b ic Xk 290 08B A4 RABEDOK T, RNA DV Vg X7 v
FLL PN AIRE R EAL T I VI FIc K o ThHY bR TWwWE 0 tEZLNE, 2D XD
ICENL T & DEMATER L, @it o2 Etm e 5l 2z 10, v A RO T e EF
O JEI B o Z2 eI 7 BEIRNIC X 2 iy B E DK I 28E 2 5

Scheme 1 -3. Examples of Zn(II)-complexes with cyclic-polyamine-type ligands for

simple RNA model cleavage.
HO A

o)
%L O znoy, j /\7
PL @ Ligand ', X o ; NH HN
o” "o y ——————> ? © NH HN
5 mM buff :
\;O?/ oH 7.6,64°C HO . Nv E/ \J NH HN
o\/O OH ' '
\ 0 O OH .
e /p\ o N/ : [9]aneN; [12]aneN, [14]aneN,
[¢] 0 e.Pno . (tacn) (cyclam)
ApUp 0" O ‘
o X Hic, RNAZIZL® L 32 VBT AT VEHOBEIERIC X 20MF X, €FD

VA RGYE, FE R, TV v ATy Mg - R LCf< %EEF‘ DITEL L 72 K50 F-
7 EEBOERBPHmENICE it ks Tt NG, 20 X5 RiGE(Lz, EEti%
12 L?J)%f:ﬁb\%’l‘i%@“(ﬁ5 DIFWEETH 2 Z L BEBRTE D, — /7. 4 DFKRAT 7
2 —X 7 EDNKGREEE L, IEET LI 2200 LIE320&EA A Vv 2HLTEY, %
o BHHIEANICE) < 2 & TIRINITTE 2 UKD iES 5, 88 BJEEERIC & 2 RNA 077
CBWTH, TR R COBEKEERE T4 2 &L THEIER LD b@r ICEOIEEEZ R T
ZEBBHLAE RS T WS, Chin b3, 22D[9]aneNs #F 7 X L v TO & \WERSI T
O AL (D 5K 2 % A K L  .RNA £ 7 WL EY) ApA D 53RO W THE L T % (Scheme
1-4), 0 “IEEEMR 2 Ot Z. HAEEAR 1 & B L TR 500 £5 D @it o 7o, RIBRICERIR AR
V7 v EREY) R Y v A= TOR RN T & V72 8 RIC X 5 RNA ©° RNA €7 v
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AV DRIES B EERE T T b, 0%

Scheme 1 -4. Comparison of the activities of mononuclear complex 1 and dinuclear

complex 2 on the degradation of RNA model ApA.

HO

\ :o: (
4+
Q0 O 4mM , ! /w | NH HN{\,l |4C"
/ 201

R\ 2 mM ' HN~C:J J L (;,u NH
OIP\Oe O : [ Cu--NH Q/N N\>
> .
A : HN
fo) 10 mM buffer + !
pH6.0-7.3,50°C HO o A Oe
. 1
HO OH :
ApA ' 2
0.050 mM HO  OH :

v )Y VER%H T % dipycolylamine (dpa) d fil-CHifiZn & K KEL L. X HICHKD A
BTHDHECHBE P LENLRNMN T THELEEZ TS, ZD dpa #HIC L Z[Ehi T &
DEZEEARIC X 5 RNA T UELEVI D FRICO BT H WL DmEI N TS, 91

Scheme 1 -5. Dinuclear complex with dpa-based ligand bpmx mediated RNA model cleavage.

HO By

\;O?/ HO \ o ,B1 E dpa moiety | x>
' T S ~N
Vo N
o\/O OH Zn(NO3), (5.0 mM) o, o I | .
\ bpmx (2.5 mM) Sp? v NF N\
P\ (] P, . [ ] N
i) N O . ' I
o 5 > o’ o - y
o. |2 50 mM HEPES + N
pH 7.0, 50 °C HO Y :
o - | < ,
HO OH w H H Z 4 bpmx
o o |

Komiyama & 1%, 2-2® dpa {7 %6 3 % N1 bpmx & o —fZHi#H (1) #4272 RNA £
THMEEYIY X 7 LA F F NpN ZEBERMICHEST 2 2 & 2 L T 5 (Scheme 1-5),
9 X biC, pH-IGHEEE AT 0 B2 E T 78 & OFER 2 & | Figure 1-18 1R 3 X 9 7
GO G2RR I N, Thbb, $HEFD 2 O0HWIE4EET 5 - P e ¥ Vi

Zny(bpmx)

Figure 1-18. Proposed mechanism for cleavage of RNA model NpN by Zn,(bpmx).
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Uy ATy Pk LCliiE ) FE—20 2Ho e Fu % o AL, S 2K v
RHAD AR ST 2, 72 B L =KD TR 7 Ly 257y Flige LCERT 3 2
Lerraxy Foliliz gL, RNA OSEZIES ¢ 2, 20k RNA 2%
SRS 2 700, @i ic OH i e H.O AR ICHEE S 5 2 L g L # 1
bNb, THIF, BAED/NE WEIBRD S 72 2 PSSR CHIET 2 0138 L <. Ruwiftt
NS DI IIEE RO B INTH 5 2 L H35rh %,

Williams & (%, U ¢ VERD 6 f1icT I 7 BAEA L 72 dpa BN T & o k& gn (1D
fkic X % RNA % 7 ALY HPNPP O53fif % 45 L T\» % (Scheme 1-6), #fk 3127 2
I IEFE I OHER 4 L IR L T, PSS 1000 5 A o 7z, BA LT I HAUKFERS
BFF—r LC, LAY 5 200 LSRNz L E2 bhs, 05100 B
FTOL IS, 3 1Z RNA E 7 MLAM % RS 2 “ABIA L L iR b IEEAE
Ve X, BEE3IEY R LAF F UpU @ & 5 AEE D MIRIICHRCE 5, 100107

Scheme 1 -6. Efficient degradation of RNA model HPNPP by dinuclear Zn(II)-complex with
hydrogen bond donor-functionalized dpa-based ligand.

=
' X

Zinc

O/ <x Complex OH : =

(o] ' aes -

W/ (0.20 mM) : XN\ Nz Ny Jf X
. SR VARN

P © > o_ O .
7N @ . .- S
OZ“‘@“’ © ®  50mMHEPES P et TNy & A TN
Na pH 7.4,25 °C ON ¥ 1 N'\)\,‘N =~
HPNPP :
1.0 mM . X =NH, (3)

b Morrow HIC X o> THiE I, #{K 3 L wiGEtE% s L 72 (Scheme 1-7), 108
Scheme 1 -7. Dinuclear Eu(IlI)-complex 5 mediated cleavage of RNA model UpU.

u :
HO o HO o Vo HaN NH, | 6+
g_? : NHz HoN /s 6TfO"
' o o”
' o. z\- Oz EO\ : e

O OH ' S~ S~INS .
Y, 5 (1.0 mM) OO 1 A Ny COl=7 Ny
e > e 1 N‘E“";N) QN"E.”"N ?

o O g N N
u 20 mM HEPES + ~ ~/
0 0.1 MNaNO;  HO U
pH 7.6, 25 °C o
HO OH :

UpU HO OH 5

0.040 mM

ITNE T, AEYERICEE LML EE L L o T, REA A VO RERKRIC L 21E
FH 7 RNA O fRIcBE 3 29803 THhN T X 72, Figure 1-16 12, B %Z H W25
RNA 53 ffE~[m\F 72 Je i 72 5l T B % 23, RNA 3G oK & A4 ) I % v 5 3
BH DLV T EYE D o T,
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558 R DEE

BEE COEDFRIZEMITIE. 2 Vv 0 BEZENETE2H0RITLAETH 57208, ZD
7 b 2y N7 HIIMEBLTWS, —H T, b b7 LAOKED % \5® 2, HHRE
TIN5 ncRNA [HEEFRBIEEZHIE L, B4 2W5UcBEG 32 2 e RHL ML o TR
Tw3, ZOXI%BERIO, RNA ZENE T 2A13E - 7 I A4 oy =5, 5
CHEHIN TV EHEEBO—DTH 5, MBEFKITREN: RNAGIFEEXY 74 TH Y, B
WCESER e LTRSS TW 2010 5 %208, EENTOARRERE, K EEtd, ROgks
DAJREME DR D TR 70 E OFED K & RfEEEL 7o o TV 5, AEHILY: - 227 ) —= v
TEREDFREIC L o T, RNA IKHAT 2R FHLE b X4 L Hon o Tk b, 2020 4
I RNA ICfEE T 2 RO Gl RE R BRI AR I Nz, 2D & 2 ZHEIC, RNA %1%
&3 2K LAY O FTREE D F 2 4, B4 2RI 3~ 5 RNA fE &K L &Y 038R
HINTWE P, BERE L TCERALIN TV AHITRZIRS N T3, HEE. RNA K5
TR, EARAHOREICH 2 LE X T,

Bolf. B RNA %5&E R IR 3 Fiko—>TdHh % RIBOTACs 2385 & . &
T > TEM RNA %0322 ) 74 FEHEAED T35, ZOFERIFERITHL T
il R ICET 3 % 72 k@ RNA &80 FL AV L L <. &5 8 0K HfF T
%%, £/, BREESRICH LT, RIBOTACs (#E LAY WEYEE2H 45 2 &
DSEARE X AL 5 A3, % D RNA 3G T IZ X IRIE SR & RIRRICHIIE N BR SR IR 75 2 © & 23[R
ML LTEITbN,

DX BRBERPO. EFITER RNA 2L EWIC oS 2 {85781 RNA S fifaK8 4] %
W= EeXY) T4 8 LTIREL 72 (Figure 1-19), 2D * X 745113, RNA ZALFERYICHr
i3~ % RNA 5347 (RNA degradation inducer), #2f7® RNA i} L CTHEA 3 5 RNA Y
AV E=EhL, Z LT, ZNHE2DRS) vh =D 3 DDA, LRERE S, KTk
DEAFICIZ, 1 DHD R T v 7L LT, RNA 6L LCH N kalin 1% R+ 4%
B 5, AL 72 RNA 73y fiflie ffie @ RNA N[ v X =L 2firtibed 52 & T,
B4 e BERICN U CEIATRE TS 6 2 S IFFC & 5, T X 9 ICRFED T T i,
FRAY RNA (50T B & DS EHERNICER L, R D J7 5 TGRS REECH o 72 Bk L
T AL T e —F ¢ &% 2 X RBERS O~ E £ 2, L7do T, Ky
T8 RNA R ERI OBIFE L. 2440 - EEOMTICHE W TEELH 5,

Small molecule binder

of a targeted RNA Linker

RNA degradation
inducer

Figure 1-19. RNA degradation-targeting chimeras which consist of

an RNA degradation inducer and a small molecule RNA binder.
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FH1T, KT RNA SEFERIOFFICEWT, RNA 2 T2 ) Vg T 270
WEAEZMKSRT 2B AICER Lz, L2LAaPS, B 1E3, 4fiicRnLzL 5 Ici
75 5 &EHAE O RNA HEFHEAIZ, RNA SR icd 2itEsnf+ochds e, &
HNEH Nics T 28ke LCoREE., #tod s28E2HVTw2 2 & AENEFT

EIREEVWE D ARG BT A L o EEERH D BIEE - 7 I AN F oY -5
~DISHDE E A EHA LN T,

Z ZTAWIRIC B T, B OB AN RNA o faA 84 & 135 70 2 FH 7290 1 OB
FEHELZ, BRIz, EERNICE T 2 8 BIKER DO RNA %% RNase H <
Ribozyme ® RNA 7rfiEtt L . &EA A v o4 Rgx EofEicEH L, e EsE
RE el - AR E T2 72, B L = e EHARD RNA S EEEICOWT, 2200247
DIGIEE T VB Z Wi i 2T o 72 & & A, EFNSEAET T, @Y RNA s £
' RNA/DNA GEIRM: AR e 2~ 2D A% R L 72 (Scheme 1-8), X 51,
RNA ZfEPEICOWT, Fv 27 4 FPRBBREA A v el Lz T A, Y RATAAF
v @ RNA 7RI 3 2 Fp 2 R U 720 F 70, HfG e X AR AT <0 B am g 1
T e A= REERD RNA 7O Z 5 b Sl h 7z,

Scheme 1 -8. This work: Development of novel dinuclear metal complexes as

RNA degradation inducers.

Me RO base o m @ o

O
AT coc o
and
OZN_Q_O/ P O\\IO X Dinuclear Metal Complexes
R'O’P‘oe as RNA degradation inducers N
X = OH: RNA model X = OH: RNA model o
X =H: DNA model X = H: DNA model @ = Metal ion o = Ligand
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258 e X(INEAHLE RNA 2N F ORI 8 &R

18 RNA D22 Z & RNA SR F DERET

F1EAFHTHBRNTEZ X ST, RNA T 7213 RNA 7 VEE 2K RS 2 SEisik
DR T & 72, RNA R I B EE R & EIR L C BRI D B X D @i % Rm L7z,
90.98,99.102,104108109 = (3 RNA MfRICEEIC X 2 Y vIEY = 27 v il L, 7L v 27y
N - 33 e UCER S 2K T 2GR OISO S 2 2 ENAEABSSE T, Zhbo
FRZREZERO BT LORENREECTH 5729 Th % (Figure 1-17), F 7=,
Williams & (Z “RXHREREEAR O M EIC, YV VvIBY T AT AR T 57 I 2 HEEA
T 52 LIk oT, B RNA 70f# %32 L 72 (Scheme 1-6), 196 L L7235, BEE
DEEH AR D RNASMEEE X2 L 3 AT Hh oL Fy 7 RGO » 2 BREEC.
AFIVL KR SoEEOEVERBEEHCCW AL H Y I 7 I AL F
0 Y=~ DIGH - R DB I 1Z13 LiE v, 0v00110-117

AR BT, EH ZEER R0 TR IS W 7291351 72 RNA @50 7 2 BAF S 2
=i, H4 O@EKF RNA SRR OEEROICE T 2 illEfEICER L. 2hb o
RNA it # Hic TGt 2175 2 & & L7z, AN D RNA DEEED —>TH 3 Y
A X271 7 —+ H(RNase H) 12, RNA-DNA £ 7'V v FEE @D RNA % Ko iRy i v
Wi 2, 2D RNaseHicld, 7RI FVEED) L A2 I vBE)EEL» O 2 REIN
7-fcyleF—>7 (DEDD ®F—7) » b 7% 2O ETE L, G Ic B R e 358 %
HI= Ao rfAFdveerAvAtvivok2i&l@i 4y LRI LT b, 118120
RNase H 239~ 2 RNA 43 1%. ZENE X OCBEERM 2 RICE D W2k X 5 i »
JEZFFENT W B, WEEFLD 200 2{liBEA A v ) vEEY = 27V EMHEIFR L.
Y VBT AT ANDOREFEOH EB LT, e Fuxy P44 voffimc X v EL 2EBIK
REOLEPRI Z, THICHMLZE FeF L FAFVICLB Y VBB T AT A~DR
BB X KD FIC X BB OIS HEL 2B 53 % © & TV VIEY = AT G 23U
Ih, ¥—eFm¥ofle 57—V vBERELER L A% 5 x 5 (Figure 2-1), ' il

2
/RNA _RNA!
fo) O
HO, o Bi
o —of HO o
\g—o RNase H RI}IA* ,\P’O
B, |6\, HO M2*: Mg2t Mn?* o B4 0=\ B
HOe 0 H\ @] > © © o} :
A BN - +
g OH O‘l«’\ RNA cleavage
%o @ &
o--T&w W Glu * HO ~ OH O OH
s d “O 3'-hydroxyl termini RNAz/

product
Asp \i EO 5'-phosphate termini
Asp product
Asp ;!5 AJJ

DEDD motif of active site

Figure 2 -1. Proposed mechanism of RNA cleavage in the active site of RNase H.
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DR BRI & 5 & FHEROEO T =4 VT 3 BBESTL Y 27 |
W MR e LCERIL, KD TF2NT 3 70 b vBEIEEICOBES L Twa 2 LA RB IR
T3z, 12

X 51T, RNA fililltcHh %~ v~ —~v FAI Ribozyme!'? < & X } )L Ribozyme!** IZ &1
2 RNA SMEIE. A4 ZEEE LTl 2 00~ 2% ® A4 d v FHbic. < 2% ¥ LA
B LA TR AT BT L, 2, 3 BHRY VERAERIIL 5k Kk
B HAL 5, v = —~~v P Ribozyme & ¥ X | L Ribozyme @ RNA 73 fiifi 13
200~ 7 AT LAY LR LIRS THBEGT 5 EABEL T2, 5—t F
X UMD ERT B A H = R LHER B, ~v~—~v FE Ribozyme Tit. K5 T %
AFB T8 L VBT < /A Y A Y A 5-OH OBEIRT IR 5 <
v i % {2 L < 2 (Figure 2-2, A), 125129 —J5 E % b Ribozyme Tk~ 2% > v
DAV R LIS FH T Y R Ty KR E LCIRRT 5 < & T il D L <L
% (Figure 2-2, B), 130131

A) B,
RNA\
o]
o] [_\eOH
O—H . Hammerhead
\ Y, : Ribozyme
cleavage site O"":P-.. Q.--‘@u.RNA base
Dy " +.
o? ' *RNA base MZ*: Mg?*
RNA? .@ .
\O o . RNA base R(I\IJJA .
By . ! HO B,
HO RNA base © S
RNA cleavage '—— +
B B o, ©
(B) oyar 1 o7 o o
oL 0% P RNA?
FGOH Pistol 2', 3-cyclicphosphate 5'-hydroxyl termini
o O H ' } Isto termini product product
| ’ \ ) @ Ribozyme
Cleavage siie O:::P-...Oe K 4
T N t v 2+. 2+
é—l 47" RNA base M*": Mg
M

RNA?
oA o om
BZ ‘!

HO @ - “RNA base

Figure 2-2. (A) Proposed mechanism of RNA cleavage in the active site of hammerhead

ribozyme. (B) Proposed mechanism of RNA cleavage in the active site of pistol ribozyme.

bl U 72 RNA il (340l U Ol tEh i 2 flioefg 4 A v 2 2 o/GLTEH v A
AL LHER S 2 &g e, ®EICiii$ 2 K025 L Tws, 2D X5 7% RNA
DIEMALDBEETH 5 2 Lk, REHEEZ TR Z20E G5 1 % 4 i) 20560
AR E S —E L T3,
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% & T, RNA 7fEER O filiiisiE 2> o BERR 2 57 SRRz H-icT ¥4 v 352
& & L7 (Figure 2-3), 2D, ¥ X F{LEY~DISHZEZER L. SHERE L. 2004%
JEHF LR T 270 OGN BEAL B TFREE L WEFE R, 2008F 22
BB FE LT, 7=/ —AEERNFRE T o5, COERFKLE L7/ -0
RRGEAL DAV b NIRRT H O | D F 2 —=V 7D AEZHIITH Z
EMNTE D, Figure 2-30 L X ICHYT2HMIce) Vv 28 A LRI X<
HoNFA+TH Y HERIC L > TofdEz & 2 & fthoy+ & M AR ATHE 7 22/
(opensite) N T&E %, 72, BEA A v EBIIRT 2R TEE2HhLRFL— D
Yo7 oA v ESMNAEA DRI L, 20k AT A VRN TIIEFIt5Ic L 3
HFLBEOHF A VDK T 25X I 720, FOBBIEEVLVA AL E T 2 45
BB, MAT, VYRS T RT NV EEBDIKGFZIEHLT 5720, @ECALIREED &,
BCAL FASHADH N & o 2R R H T 2R EAEL TW 3D TiE VW2 EILNLS, &
BRiciz, RNA =7 AEEEHWESERAZ ) —= v Zic X b, &EHL o Hl % 17 -
7= (55 2 % 2 i),

Open site

Anionic site for substrate recognition and

for stabilizing complex water molecules coordination

and accelerating
proton transfer ™ X / \ X
T o Metal centers with
High Lewis acidity
High coordination number
P Rapid ligand exchange
Low toxicit
Neutral site = 4

L-phenoxide /

bridged ligand

Tunable

R <« Linker for chimera conjugates
with RNA binder

Figure 2 -3. Design of dinuclear metal complexes as RNA degradation inducers.
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B2 H RNA EFILEB RO DNA ETFLEE DHEET - AR
RNA 53 FAEio A 7 ) — = v 7% G IC(T 5 7= ®ic, 7 VRE % o 72 5Hi % %
Vb EFaz e Lz, RNA 7 VEEE E LTEX KAWL T WS 2-hydroxypropyl-4-
nitrophenyl phosphate (HPNPP) i, RNA 4373 ¥ 23EfH 3 2 L 0 FHBRML 2R T, U ViR
VI AT IEEG DR L, FEHITH % p-nitrophenol (PNP) 234K T %, & DRFDEAHL-H]
PO DWINZE L 2 B 2 2 & ©, BHICHENHEZ{TS 2 &8 C& %, ¥ 2 LT, DNA
DI MEE ML 72 2 ffice FuaF o K227\ DNA T AVREE A AT 4 7a v
Fa—n & L7z (Figure 2-4), BARIYICIZ, 96 7 = v 7L — b ECRIGEITV, 7L —F
Y —X—%MH\wT, 415 nm fhEDA[ELERINZ L E=2 ) v 7' L 72, H. HPNPP 0 &
RIS D W CIZBERIE 2 2% 10T - 72, 13213 HPNPP & DNA 7 VEEIZATAES R H ¥

WED»HOER L. ZNZENOHEKAF — L% Scheme 2-1 1R L7z,

R H Me

: c Me Me'

: 0 o, base RNA OH o

: i { : o9 X degrader / ( ® /—/

E : ,\\P/\ ) g—)- + O\P/O Na@ or Nan,P\—o

o‘vo X 5 |:> OgN-@-O oNa© A0 L

iR ofP~09 H 2ob derived from derived from

' X=OH: RNA | X = OH: RNA model (HPNPP) p-nitrophenol HPNPP DNA model
X=H:DNA : X = H: DNA model (PNP)

Me

—~

o2
RNA model (HPNPP) Cleavage v )
via intramolecular cyclization ©aN 0 S

phosphorane intermediate

The absorbance at 415 nm
was monitored

96 well plate Plate Reader
(reaction vessel)

Figure 2 -4. Design of the evaluation system on RNA and DNA model degradation.
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Scheme 2 -1. Synthetic route of RNA model HPNPP (A) and DNA model (B).

A Me
o) Me o) Me Me o /_<
a) b) ©) o2 Ui
S < —_— B — —_— ® p=0 OR
MeO OH quant, MeO OTBDPS guane  HO OTBDPS  gso, X o
1 2 3
NO,
—— 4 (R=TBDPS, X = Et;NH)
d), e)
38% (2 steps) HPNPP
— (R=H, X = Na)
B Me
0
NS
Me f.e) ey
p— r————
HO 89%
5
NO,
DNA model

a) TBDPSCI (1.1 eq.), imidazole (1.5 eq.), DCM, 0 °C to r.t.; b) BHs*THF (2.0 eq.), THF, reflux; ¢) p-nitrophenyl
phosphorodichloridate (1.2 eq.), TEA (1.0 eq.), THF, r.t,; d) TEA-3HF ( 10 eq.), neet, r.t.; €) DOWEX; f) p-
nitrophenyl phosphorodichloridate (1.0 eq.), pyridine (1.0 eq.), Et,0, 0 °C, then pyridine (1.0 eq.), H,0.
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25 3E0

EEAF VDRI ) —=

WIS e L <. RNA IR BEECHAHTOEBOR 7Y —= v I %{To 7=,
RNA = FAHE HPNPP iIcxf LT, fiA DEFEA A v Z{EH X 272 & % D/l % 27
L7e AHT 472 v ua—1d DNAEFAEEICH LT REEDSEMC, dHiziT-> 7=

(Scheme 2-2),

Scheme 2 -2. Screening of metal ions (RNA degraders) by evaluation systems using RNA
model HPNPP and DNA model.
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RNA & 7 VI HPNPP 1k 9 2 i HERH Dt 2 % Figure 2-5 183, 3. BERIOR

fizf L1834 L eHsn (1) 2> SR8 L 72 =

TRETEER Zno(L1) Z2ERH & 272 & 2 A,

ﬁf%‘l‘i

BALR s %23 2 & 23905 72, RNA D ffl#EE D —>TdH % RNase H DiEH: .0 T

bhd~ra2vvr(DAFve~vAv(IDAF v EREI L7, ~ 732> v L(IDA4 F v
DHTIHIFEAEFREEEEZ RS T, v~ v v ADA A4 v Th SfEEE R Er > 72, T,
(D A A v e L <, HERAD A A v IZR WA EEEZ R L7z, £ 2T, 5o A4 2
X2 ) VBT AT AOEMEAABFcCE 2 v A~AUDA A v E2EFHERLE A

HPNPP D 55 fif 7358

TH 5,

=

RPIHET L7z, ¥ A~ AHIFESK
FT, BEILETH Y RO FENMEN & B EREEE LT, i
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3
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= 0.4 A
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0 Yeremme——xt—— —————
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background

Zn,-L1 (0.50 mM) NS
<

ZnCl, (1.0 mM)

MgCl, (1.0 mM)

3CI

Mn(OAc);, (1.0 mM) Q
' CK;.-Zn Zn~

Me
Zn,(L1)

2

CuCl, (1.0 mM)

Bi(OAc); (1.0 mM)

Figure 2 -5.Degradation of HPNPP catalyzed by various metal ions or Zn(II)-complex Znz(L1).
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—77C.DNA & 7 VFE I L CRIBRD S T etttk aE@A A v 2 EH 2 Th,
DNA & 7 NV EE O R 72 0 fE 13 BLHT X 7037, RNA/DNA DAL FEIRESRIE X 17z
(Figure 2-6),

>95% conv.
—— background

S T | ? Q

Zny-L1 (0.50 mM)

£ 038
9
2 ZnCl, (1.0 mM) :
< 06 :
2 DN W
N L1
= -e— MgCl, (1.0 mM) :
0.4
E
[«
Z oo . — Mn(OAc), 10mM) Q
. No degradation Q; FANDEL \D
0 DE—m—= —_—— -~ CuClp(1.0mM) !
0 100 200 300
Ti / min. i : Me
ime /min 4 Bi(OAc); (1.0mM) | Zn,(L1)

Figure 2-6. No degradation of DNA model in the presence of any RNA degraders.

PLEDoR27 ) —=v 7fiReb, eASA[DA 4 v OFHERRE I Nz, EATR
(D) A4 A+ v iz A4 ZBEHEIC X 3 RNAD Y VBT 27 A D fIc X 3 KE D L,
HOFAL 7 ARHRIC X 2 I IG D B\ & — v A — N =R BHEF TR, 7T 25 10 Lo X
I I E AL, &SI L 727k pKa fHEA KT ¢ 3 2 & T RNA SR o
WEERLICR NS L) heE-v Fe® Y ROSEEEO KR Lz Lick b 5 {fE
HLZEEZOND, $72, ERAT R, 304 A Vv BRETH Y, BILETKICEZ T
K Wiz, BEhWETFBENCET 2EIRICZE T 5 2 L3 0ETh b L HIFRFTE 5,
140-143

Kb e 2~ % Bi(OH);3 I X 3 RNA DO fEDPHE T T w323, KL v 2~ ZH3K
BRI L CHEAYECTH 2 2 &2 il 56t (pH 4, #9100 °C) %l 5> LR H V. 57ff
DK, M A, xR 4 v ik 3 RNA MEOIRE L LT, EHDHIS
[BY Zo—f 14 ORTHo7z, S, @A A DAZ ) —=> 2 (Scheme 2-2)THWw
7-WElE © 2~ % Bi(OAc); 1Z. & &2 L@ DMSO ICiEfg & ¢, X3 23 DMSO #
We LTRIGERNMA S 2L TH ELRICDHETL 72, KIGtk, xRk EALND
HEATEA B H R CiERE T & 72,

22 ZA(IDA & VTR LY R B2 v 5 & 818 X o TRKRBBICH 3 2 15
MR OZEEERR>7-F . RNA ORI 3 2 e 2~ 2D A 4 v BN iEEE2 RS
TEDAREIC R 2 DT R L FFL T, ke XA~ A[D RO 21T o 7,
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548 TRERT RNEERDOEET & A

BROEGN L X A LA ~DICHEZZE L., 7 =/ —AREHRL e va )T IV
AL % AT R & 3 B R o Ewlidii+ L1, L2, 38X L3 #& L 72(Scheme 2-3),
BOAZ - L1 35 X OF L2 (TR (*%K%Eﬁl&“) ICHEWEKR L7z, &k, BT L2 B XD

FEARDOLEED T o5 E2ZWRFL T, HBO LR F L — FEZEALZ,
Scheme 2 -3. Preparation of ligands L1, L2, and L3.

S A S

6 (2.0eq.)

=z | b)
eO \N OMe —_— \N \
74% 82%
o 0 o

N 8% N 84%
12 13 14
AN | AN
N N &
OH
N N
N N
M
86% Z © F
L1
o OMe MeO (o] o ONa NaO o)
/Vl/ \I\: ONa T
N ) N N
-
N N N
64% quant. - | 70% | = - |
NS P Me NS
15 16 L2
k)
\ OMe OMe ONa ONa
61%
| A (¢} [¢) | X | A (¢} [e) | ~
=N N 2 PA N =2
OH ) ONa
N N > N N
N N 74% N N
| A | S | S | A
. Me 2 S Me 2
18 L3

a) DIPEA (3.0 eq.), THF, r.t., 18 h; b) NaBH, (1.0 eq.), MeOH/DCM (2/1), 0 °C to r.t., 17 h; ¢) SOCIy, rt., 1 h; d) 0-NsCI (1.1 eq.), TEA (3.0 eq.), THF, rt.,
3 h;e)11 (1.0 eq.), K,CO3 (3.0 eq.), MeCN, 60 °C, 5 h; f) p-mercaptobenzoic acid (2.0 eq.), K,CO3 (3.0 eq.), DMF, 60 °C, 12 h; g) conc. HCI, r.t., 12 h; h)
bpma (2.0 eq.), TEA (4.0 eq.), THF, r.t., 12 h; i) 8 (2.0 eq.), TEA (4.0 eq.), THF, r.t., 18 h;: j) NaOH (3.0 eq.), MeOH/THF(4/1), r.t., 14 h; k) 14 (2.0 eq.) TEA

(4.0 eq.), THF, r.t., 18 h; 1) NaOH (5.0 eq.), MeOH(2% H,0), r.t., 17 h.
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RNase H OiEWFLICTFEET 2 2 DDB/A X VI T AT X Ve /N & I VBRIED
ToAvHEALRF L= PRICIVEFFEN TS, REDWHIERICL 2L, 2hbodE
HFOHED AR F L L — PRI E A F 3 v 7 AT & LT, RNA Sk ic 52K
DTENTEH70 b vBEIERET S 2 ERBINT S, 2 1L RO h R F
vL— bREEEEP OS24 IR LCoiEs, 7L v R Ty NI/ E L
TORED HfF I N2,

THRERT ARG ERE L, 2 NENORNIFE THF TR C2 Ym0 L A~ X
FY 77 —1b Bi(OT)s & IGE €3 2 & T, e x= 2k Biz(L1), Biz(L2), BX
Bi2(L3) # &% L 72(Scheme 2-4), # L F D v < 2K owC, T DMSO Althic
T 'H NMR % #l5€ L 7= (Figure 2-7), ZOfEHR, Bi(L1) Tl —2 0% e 70
— ML @l X 7z (Figure 2-7, A)o BT L1 B R~ AA A VI LCH S ELL T
WA IS B W TEBORESESTFEL T3 EE 2 TWwb, $7-.Bi(L2) & Bix(L3)
TR Y — 27 D> 7 bR AN & L7z (Figure 2-7,B-C) fitfzi 1 L1 & e L T,
IV 7= v ORI FTHIL2EL VL3I A~ A A Vi LT Ll TE Y,
ORI T OB DR ER L T b EEZLND,
Scheme 2 -4. Syntheses of dinuclear bismuth(IIT) complexes Biz(L1), Biz(L2) and Bi2(L3).
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2 N ONa 1 =
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N N o »
| . THF
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Figure 2-7.'H NMR [DMSO-ds, 25 °C] of (A) Bi-complex Biy(L1) and ligand L1,
(B) Bi-complex Biy(L2) and ligand L2, (C) Bi-complex Biy(L3) and ligand L3.
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85 RNA/DNA EFIILEB Z A= 2 E X~ Z (1) $E1E D &1 2

AL 7= 2% v 2= 28K BiL(1), Biz(L2), Bio(L3) & U i Ml sh$E A Zna(L1) I DT
FEER30 RNA £ 7 VHE HPNPP 7% v 72 i PR TR % 520 L 72 (Figure 2-8), % OfifH,
Zny(L1) & Heiiz L T, BisL(1), Bi2(L2)  UF Bip(L3) & & i BAF A filiflitdE 2R 4 2 & 2500 &5
& 72 o 7z (Figure 2-9, A), & &~ 2k Bi,L(1) 28 Bi2(L2) % Bio(L3) & [k L T4 L3k
D39 2 X HICHZ B0, THIFHEROLERITER T 2bDEEZXTWE, — 7, Tb
DFERIZFLLD DNA £ 7 VB I3 2 G IR S o 72 2 L 2o AL 72851
D RNAGEIR 2R X 7z (Figure 2-9,B), & 5, ZiZHEREER Zna(L1) & 0 KIS
P (0.1520.02 pM/min) Z I L 72 & 2 5, Z# v 2~ Xk Bia(L3) I D W T O KIG
FIHEE 13 8.5+0.6 utM/min TH V. Zna(L1) & LRTHI 57 5D R D - 7=,

Me
2\/ RNA
Me
d % degrader OH Me
o) 0
N, . (0.10 mM) o/ <o . @ ) O/_/
or —

om—@—o’ ~o 50 mM HEPES * Spf &~

P Na

Na® (5% DMSO) N 7 No® OH
1.0 mM pH 7.4,37°C PNP derived from derived from
X = OH: RNA model (HPNPP) HPNPP DNA model
X=H.DNAmodel
RNA degraders
3+ 5+
I X 7 | | 3Cr i N 7 \ | 5TfO"
—N_ NS .-
A\ S Zn Zn-.._ [/ 72
Q‘; S® <Q
Zn,(L1)
3+ 3+
i N 7 | | 3TfO" 3TfO"
~N_ NS
o-7-""" @\ /@ """" 0
- o} w—
(o] (o]
Biy(L2) Biy(L3)

Figure 2-8. RNA model (HPNPP) and DNA model degradation assay for the screening of
RNA degraders.
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Figure 2 -9. Time-course study. (A) HPNPP degradation by RNA degraders.
(B) No degradation of DNA model by RNA degraders.

723, DNA €7 VEE ORI — 82 ) v L(AV)EEER W 2 v 5 2 & T, (R iFaER
TlEdH 2 b DDBLHIT 2 Z & 23T %72 (Figure S7), & 512, HPNPP o fRic X 54 L 283
R VT AT VARY)IE P NMR ZHIE 35 C L X Y 8L & 77z (Figure S9),

DEDWERDLS, 72/ —ABUEGHRALE v ) ¥ v % FEAREK & T 2 Iic kT
5 e A< AEEAD RNA €7 VB OIS L C R ARG e 2 /R L2721 C 7
(. OH X% #f7-7\» DNA & 7 VEEICIIEHE I, & RNAERMER "R I Nz, Z
T, AV IO TNVIEEZHWEER IR ) —= v I RfTHo 2L e L,
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25 6 ff # U IR RNA/DNA £ 7T ILVEE % B 7o &M ST

W DD RNA S5 TEffiic o w T, JEBR RNA £ 7 V38 HPNPP % Fi v 72 fif# b
XY RBFEenTER, L LA S, HPNPP it D PNP ot & <. K
JIEHEAE G, ThbL, XV HEEIheT wizn, KIAD RNA & Hilk L TG R
%, 8 22T, KAD RNAFIGEWKIEEEZ b oFEIC X 27l 21T75 2 & & L7z, EEE
I, ¥ ¥ 7 Aidd o RNA & DNA TR & L5 o U X8 O i AR I 316 & ek %
BT2XF A 7MORERTHFA v L, REPMREEINDANL, FF— GNE) »57 72
v 72— (HAE) ~odHAT A F —FH) (Fluorescence Resonance Energy Transfer;
FRET) 22 % 720, #¢3MH E mv, RNA 435112 X > THE © RNA 2350 &
N5 &, FRET MR 72 ), #E%2 KT 2, C DR ENEL 28T 2 & & CilMERT
Mz fEEICT) 2 enTESE, KT v 241396 72 A 7L —F ETiiw, ZL—F ) =%
—Z W, 495nm DEHICE T S 520nm fHoHNEELYE=2 ) v 7 LT, ki,
DNA DA THKINLHEE%Z DNA €7 VEEH AT 4 7avitr—) e LTHWE
(Figure 2-10), #E{tldo RNA €7 AKE 12, DNAzyme 7z & OiETEFHM i D VS5 Tw
50 148
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-------------- uorescence
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.................................................
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96 well plate Plate Reader
(reaction vessel)

Figure 2 -10. Evaluation of RNA degraders using oligonucleotide-type RNA/DNA model
with FRET moiety.



4V TR RNA/DNA B % w7zl T o 72 & & A, Znp(L) Tk, AV =
IR RNA =FAEONEPIE L A EHEIT LR 572Dk L, e 2= 28k
Bi(L3) % F\» 3 & RAf 72 RNA 43t %7~ L 7z (Figure 2-11,A,B), %7z, Bi(L1)iZ+
FREOWEE%TR L. B(L2) KO THEWEEICHE E o7, b0 SRR T,
Y T DNA £ 7 VRS % 4 i 3 (Figure 2-11,C, D), #4172 RNA &R H
T3 EAREINS, Bi(L1)iz 'HNMR O #HIERE 2L FETEZ X5, Lloy

: RNA degraders
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Figure 2 -11. Oligonucleotide RNA and DNA model assay. (A) Degradation of RNA
model oligo. (B) The time course study for the RNA model oligo degradation. (C) No
degradation of DNA model oligo. (D) The time course study for the DNA model oligo

degradation.
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A= AN A A V2T 2 AT 72D, KT ICE T 2 HEDLEMEAE . RNA
DEEEDR T IO 0 D TldR WL EZLN D, E7iE, HED X 5 BlRhfHET
WAl ORNEESE L CW B ARELE D E 2 b D, b, ’ibdT %2 Bi(OTH); DA%
Fs % & RNA itk o LK T 2380 £ 72 (Figure 2 -13, Figure 2-17), —J7 T,
Biz(L2) Tlx RNA fRiGMEIIZ L A ER&E e o7z, TRIEFRHICT, Bi(L2) 23 EED —
BiE % RT3, RNA 3R I L MG R OSSR S b -0 Tl d
2z bNb, EEIT, Scheme 2-4 TH L 72 Bio(L2) 1B U CEEll Zn it 2 3 2 729,
WEDOKEZEE T 2 b= ) AEEEZ SR IC X 22T, B X RS
EfET &2 1T o 72 & & A, Figure S3 ® X 9 7 ii&E D #{k Bia(L2) 235 bz, 72, Bia(L2),
IZDWT ESI-MS I X 2 @m0t %#1T-7- & & A (Figure S6), bV v A4 A VL
7= 71 F 4 v 1D Bia(L2)2+Na: 1363.3137(caled for CsoHs0BiaNsNaOqot: m/21363.3150) 2345
Hanzz eno, KegHics T 3 Bia(L2): DIFERRE I Nz, X 51T, Bia(L2)21c2
W T, RNA €7 V3 HPNPP % v 72 i HEFHi (Figure S4) 21T o 7- & 5. RNA 7
WHEEECRE Ao 2o, KISFHFICET S Biz(L2), ~DREEZL B IEHET 0
JRRD—D Tl & FEE L 7z, Bio(L3) TIXENL O “RAIBICHFIEST 2 7 =4 v
DAHNEF L — FEBSERORER D FIcFS L, RNA S Ic B A G2
ROV TELME., ROSHEEZ R L DTl EZTW 5,

F U SR DNA £ F A REONRICO VT, Zt ) v 2a(AV)EitkE Vw3 2 & T
fife32 < & 7= (Figure S8),
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Figure 2 -12. Investigation of the amount of Bi-complex Biz(L3).

PIARMET C I3 % v A~ 2§k Bi(L3) 2 A V) %Al 7 A FE et LT 10 YEH
2o 22T, X0 AR VCYBROMETZ1T 5 72 (Figure 2-12), Bi(L3)% 10 YEH 5 524
H, 3 BE~LESTICONT, RNA DEEEOK T8Il 7z, T Hic 1 ¥EFET
Biz(L3) Zid 5 3 & . RNA RHEEEAZE L KT L7z, ARISA M E D Bip(L3) Ti#EfTL
mOHEBE LTid, v RERE LCREA 4 v EMEEARE A KIEER ) VBT X
TATIC X ZHEREZONDE, LALADSL, 206 BEEEEARD RNA G ICw
BrbE5z 5l t%ndT—23 36070 72 (FigureS1,S2), 2o X Hic, ALK
v 2= A Bip(L3) 12 RNA 40 f#f%% RNase A L L T~ A AV FaiEtEw2 s L7z, L
L7235, Figure 2-12 DT ICEH VT, MBIEEIZEN X e o 72, BIK. RNase A
D X 5 g L Hik L <. Bio(L3)§iJh > RNA SMAE M IR 23, JF2A71C 1F Bia(L3) @ X
5 7 RNA 3585 &4 RNA N4 v X —LifEx 42 2 L 24E LTk Y (Figure
1-19), SEEEREIC X o THMEER) 72451 RNA 2 AREIC R 2 D CTld e h E I L Tw
%, 51T, Bi(L3)D X 5 7= A4 A F 72 RNA DEFER % Fv 3 15535, JEEIRIY 72 RNA
PR X A7 27y P OEFEDIAFCTE 2 LE X TS, b, 10 YHOEEZ W
B iR & L C AR D 2T % FEE L 7=,
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BT, 2B/ BL(L3) &, £B Y 75— L Bi(OTH); & @ RNA 4M@iE ko Heilk 2
Fhti L 7z (Figure 2-13), Z OfER, Bi(OTHs DA % v % & RNA S fiGtEld K& KF
L7z. Bi(OTh); A THETOFEMEFRT S DD, #Y) AR T & OFZARIC X ». RNA
PR OWEEF.LICA O NS X 9 e EEIC X 2 RNA O HFER) 2 iG (b 23
EREINEEEZLND,

. - d | L - denyl
F)-aore=09 o /™ BiyL3)[1.0 M) Fi-pohp=0= , pdeny
or
Bi(OTf; [2.0 uM]

o\f() OH 0,0
) —_— P,
P %N e
ppa=0" 50 mM HEPES oo
(5% DMSO)
RNA model pH 7.4, 37°C ©-n—or
100 nM
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-+ Biy(L3) (1.0 M)
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- BIi(OTf); (2.0 uM)
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Figure 2 -13. Comparison of RNA cleavage activities between complex Bi2(L3) and free Bi(III) ion.

Kic, BT L3 D% —E (1.0 uM) & L, Bi(OT); DIEEE % & X ¥ 7-F DGt D
ZALIC DWW CHE L 72 (Figure 2-14), % OfER B F L3 i3 L € 2 B &R E o Bi(OTD)s
(20 uM F72124.0 pM)ZMMZ 3 & IHic ke 2~ 2#EE Bi(L3) & 7% 0 BT 72 RNA
IIRIEEER R Lz, — T, BT L3R LTO05 uM D Bi(OTH; HEF F TRz AL

F )-ApAp-0 o adenyl F - ApAp—0 o adeny!
ﬁ ? L3 [1.0 uM] s ?
Bi(OTf)s [X uM]

0.0 OH
Y] - 5

b
b e
Q—ApA—o’ Nex 50 mM HEPES oo
(5% DMSO)
RNA model pH 7.4,37 °C Q’APA‘OH
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Figure 2 -14. The effect of ligand L3 to Bi(OTf); ratio.
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RNA MG IR S a0 72, S, BRNICHFET RN F e A~ 2D 4 4 v IcH
BECHLL . © AT AL DA ARG T ., FE L AR T % % MBI IC X -
ThHo bR L IERLTWwWS EFE b5, $7-, i1 L3 & Bi(OTh); DA L3:
Bi(OTf)3=1:1 ¢4 35 FicknwTd, L3:Bi(OT)s;=1:2 7213 1:4 DEfFicizs
%5 b DD, Bif7 RNA s 2R L7z,

Fifiz - L3 : Bi(OTf); = 1: 1 DHRICEH T H BEF 74 RNA G TE 2R L 72 B8 % 4
T 5 72®I, BN T L3 & Bi(OTf); % 72 NMR i€ £ % 17 - 7= (Figure 2-15), Z D
fid, L3:Bi(OThs =1:1¢7%2 X5 REHTicE0T, FEROBTO v — 27 (A)IXH
F L=, MR Y — 2 %5272, 2D b, HEE & IZ R 2 0FRE DR W ECAAEE D
AR, HE O FHEITIEL T b DTk & & z2 72 (Figure 2-15, B), X 51,
Bi(OTf)s ZZ ML T, L3:Bi(OTf)s;=1:2 DHRICHET 2 &, 13& A CH—-DRNHMED
FWAEBRVICHER T2 0L Ao v— 272/ 517 (Figure 2-15,C), 2@ NMR i34
pkEE{A Bip(L3) & —3X L 7= (Figure 2-16, C), % LT, L3:Bi(OTf); =1:4 O lLE~LE{L
X3 é, Bi(L)icHks 3 44 vor— 2 oftuc, FEHIZRITH 2 238800 RE Db
RICHKT b FHENE~ A4 F—v— 27 2887 ( Figure 2-15, D), 2D~ 4 F—

— 7 XE»TH B L3:Bi(OTh);=1:2 oltKIcE TSk, LrL, 2oZ
&% RNA st icid 2 g B L v e E 2 515 (Figure 2-14),

[0} [e] 3
o o |3Tf0'
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? BI(OTN); (X eq) Q¥ - I - B
—_— N, L TN

z L3 Biy(L3) ‘J\ I’!

= ) |1 “ u L3 only iy i |

] ) LD, \ Pl LN W .
| |

= (B) 3:

o 1A f._uJJl%_f.Jn'»uph,n'uu..,-"‘-_,"uq‘rl i ‘ LA A ST ,\J\J\ﬁvl‘ Lf‘\-u.fﬂ-w” WJWI L\h—m—a-»_,.\_.z -.,-‘IUVL-».
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X : parts per Millien : Proton

Figure 2-15. 'H NMR titration of the Bi(OTf); and L3 (10 mM) system at 25 °C in DMSO-ds.
(A) [L3] : [Bi(OTf)3] = 1:0 ratio. (B) [L3] : [Bi(OTf)s] =1:1 ratio. (C) [L3] : [Bi(OTf)s] =1
2 ratio. (D) [L3] : [Bi(OTf)3] = 1: 4 ratio.
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HIHOHE1HETHBRAZXHiC, T &7 4 F, Fic La®% Eu¥*iZ RNA &7 i
IR 2 RS2 R T 2 ERHMONT WS, 2D b, VX I A4 F%EKET 2
& D HEZ#EHAS, Scheme 1-7 TR L 72 & 9 KA D FHFE S T 5, 1041081497151 &
DX SRR, RIFADMEENEZ TR L 72 e 2= 2 (I #&4k Bi,(L3) & . L3 % Eifii 1
ET BT v R A VR ORIGER RS 5 L b Lz BRI T BCA L3 &
Bi(OTf)s3, La(OTf)3 F 721% Eu(OTf)3 & DMSO A CTIRA T % 2 & THEE L 72 kX35 (K
IC X 54 ) TLER RNA £ 7 VB O R % iE L7z, Z O, &7 v 2 v D&
Pz v vy AMDEARCIRIEER K E KT L 72 (Figure 2-16),

F )-ApAp—0 o adenyl

F —ApAp—0O adenyl
Metal salt (2.0 uM) 0

o o on L3 (1.0 pM) R
\\P/ 50 mM HEPES i Ospe®
< © m P,
ApA—0" 7O (5% DMSO) 0’ o®
RNA model pH 7.4, 37 °C +
100 "M @‘APA—OH
— background
1
0.8 - RNase A

o - L3 (1.0 pM) + Bi(OTf)3 (2.0 uM)

0.4

Normalized Intensity

" L3 (1.0 uM) + La(OT#); (2.0 uM)

) 100 200 300 400 L3 (1.0 uM) + Eu(OTf); (2.0 uM)
Time / min.

Figure 2 -16. Comparison of RNA cleavage activities between Bi(III)-

complex and lanthanide(IIT) complexes.
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BUIRR N Z LI, TNETNORE L V) 77— MEDH %A ) T RNA £ 7 VA IC
fER &2 &, La(OTH); ® Eu(OTHs DX 5% 7V X2/ 4 F P Y 77— RO,
Bi(OTf); & lk_XTE WG Z R $ 2 & 2SS 2 & 7n o 72 (Figure 2-17), HiH, © 2~
RFEEEIEN S 5 2 L TR VBN 7 RNADMHEE 2 ERCTEZ 28ETHY, 20X I 7%
TEE 53 RNA S fifmg i o BRGNS BRI TH % &5 2 61 2. FERAVIC A RN DI RNA
HEATAEEMRIC KL o THfEHFET 2L 0 22 FEX B, coksickotEzav b
0 — )L CE S Ld, BRI D RNA ~DIEEIRN 0 (A 7 2 — 7y ) % BT % 7
DOEEZHATH Y, fhoBE L ITEM L 7z C A~ ZADFFRERARMIEIC L > TIRE N
7EEZTNn D,

F )-ApAp=0 adenyl
0 F '—ApAp—0 o adenyl
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o O OH

W 50 mM HEPES Ospr©
) m P,
ApA—0” O (5% DMSO) & V@
RNA model pH7.4,37 °C +
ApA—OH
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1 — background
2
‘®
S - RNase A
£
H
N - Bi(OTf)3 (2.0 uM) only
(]
£
o
=z La(OTf); (2.0 uM) only
0 @8 * ——
0 100 200 300 400 Eu(OTf);3 (2.0 uM) only
Time / min.

Figure 2 -17. Comparison of RNA cleavage activities of Bi(OTf)3, La(OTf)3 and Eu(OTf)s.
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57 "R ER T Z(INFEROBELIRIC &L D RNA DBREIEA~ DR E

=

i

e, Befiy L3 2@ & L 2By v OREAHRIC X 5 RNA Df#iEtE~ D8 2 A L

=0 BARIVICIE, BESER ORI ARF X N, L3 0 oih&EIcHY 32001 L4, 4 oD
ANRF L= EEETIEMT L5, 2L T, 2200V VNV AFNEE X FLIE~L
¥ /-l L6 ket - Ak L 7=, Bifi T L4, L5, 53X L6 oA/ — + % Scheme

2-51CmL7,

Scheme 2 -5. Preparation of ligands L4, L5, and L6.

OMe ONa
0 ~ 0 X
OH i) OH | |
N N
a) /N b) OH Z ©) ONa Z
quant. NS 43% N 34% N
N N
Me Me AN ~
19 20 Me 21 = Me L4 =
d) n e) 0 o}
1 N N
—> MeO N A OMe —> MeO N A OMe
n
58% | — 22% | —
22 23
_Me
f i 9 9), h) 0 HN
—_— N —_— N
5 MeO A H MeO | N
80% ant
’ p i Z
24 25
OMe OMe ONa ONa
| X o O | X | X o o | >
i) orj) _N N .2 k) or ) ~ZN N F
OH OH
16 —— —_—
63% (for 26) \ \ 44% (for L5) \ ’il
0, 0,
71% (for 27) R R 94% (for L6) R R
Me Me
o o
N N L5
R= '?,* | B OMe 2 R = ‘z,__ | Q ONa
= Z
Qe 27 e L6

a) 6 (1.0 eq.), NaBH, (1.0 eq.), MeOH, 0 °C, 10 min.; b) 11 (1.0 eq.), Nal (0.50 eq.), K,COj3 (2.0 eq.), MeCN, 50 °C, 12 h.; c)
NaOH (2.0 eq.), MeOH (2% H,0), r.t., 14 h.; d) 11 (2.1 eq.), KI (0.50 eq.), Ko,CO3 (3.3 eq.), MeCN, 60 °C, 12 h.; e) 10% Pd on
carbon, Hy, EtOH, r.t., 48 h.; f) Dess—Martin periodinane (2.0 eq.) DCM, r.t., 12 h.; g) Na,SO, (5.0 eq.), Methylamine (1.2 eq.),
DCM, r.t,, 3 h.; h) 10% Pd on carbon, H,, EtOH, r.t., 12 h.; i) 23 (2.0 eq.), TEA (4.0 eq.), THF, r.t,, 12 h.; j) 25 (2.0 eq.), TEA (4.0
eq.), THF, rt., 12 h.; k) NaOH (5.0 eq.), MeOH (2% H,0), r.t., 15 h.; 1) NaOH (3.0 eq.), MeOH (2% H,0), r.t., 15 h.
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TSR Bip(L3) & HiKEE R Bi(L4) © RNA st % ik L 7= & © 5 HldsAk Bi(L4)
Tl A ) TKEER RNA £ 7 VB IS 23603 E L (KT L 7 (Figure 2-18), RNA 43
fROIGHEALIC ZEB _EESHETH V., Bi(L3) ik F % 2 00 v 2~ A LOHER
RIEMEL M T B 2 & RRIEL T W B,

F )-ApAp=0 adenyl F —ApAp—0 adeny! E
RNA o) . RNA degraders
degrader !
o O OH H
W/ - 0.0 : o o 3+
_Peo 50 mM HEPES o” o® . 3TfO"
ApA—0" O (5% DMSO) . : 1 N o o 7 \
RNA model pH7.4,37°C Q—ApA—OH ; =N NI
100 nM H T Ny - - A7 I\
------------------------------------------------------------------- ' 0T~
— ——
— background KQJ
Biy(L3)
-=— RNase A

Normalized Intensity

——
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Time / min.

1500

Biy(L3) (1.0 uM)
Bi(L4) (1.0 uM)

O)(OO _‘ +Tfo-
Wasy

Bi(L4) (2.0 uM) Bi(L4)

Figure 2 -18. Dinuclear complex Bi>(L3) vs. mononuclear complex Bi(L4).

BfZ T L6 B X L6 & DA< AFREDOIERHTI 21T o7& &5, &5 o dilEsKE
AR U 72 (Figure 2-19), BfZ¥ L3 &ML C. X0 7 =F viko @A+ Ls 1346

Normalized Intensity
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Bi(OTf); (2.0 uM) :
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Qs 0.0 ONa ONa
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: ¥
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+L5 N
X "11 N ONa L5
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o _).——l—"././. = + L6
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Figure 2-19. Ligand effect on the RNA model degradation.
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2 8 HiEER X BB G
$514 Bip(L3) IC D\ T HLHE S, X BHEARNT 217 5 7200 FflifhIC X 2 Hika o FHE 2 3
BTz 3, SER DRI OFEIC X 0 | Kb U REECH o720 % 2 C, A DM
Wom xR 270N h T V2 =T =FvDF a—=v 7 %REt Lz,
Scheme 2 -6. Synthesis of ligand L7.

OMe OMe ONa ONa
A o O = A o O X
OH Br  OH Br | | | [
~N N .~ ~N N £
a) b) OH c) ONa
R e ——-
N N N N
35% 95% N N 72% N N
By By | A | X | \ | AN
28 29 > Bu > > Bu >
30 L7

a) paraformaldehyde (2.5 eq.), HBr-AcOH, 0 °C, 1 htor.t,, 2 h.; b) 14 (2.0 eq.), DIPEA (4.0 eq.), THF, r.t., 12 h; c) NaOH (3.0 eq.),
MeOH (2% H,0), r.t., 24 h.

Z2C, BT ORAREHRTHE 7 =2 ) —AEMDANT % tert-T F NIE~THL 72 i
fiif L7 Z &K L 72 (Scheme 2-6), fli4x DRRaOfEH. KA T L7 85X VOAh v v x—7 =
FvELTTRTr—F2HET 5 e 2~ 2§k Bi(L7)-acetate % MeCN ICIAfEL . ¥ =
FAT =TV AL X ) B 215 2 L ICI L 72, TG 3 (Figure
2-2001CRL72X 51 DDENLTICH L, 20D AR AR u—T T —bBL W u—7
/) X VEEREERA T E N L CTRFE I Cn iz, Flo L3 ICE W THHED K e 2~ 2
BRI INT BRI LR L TR EEZ TS, IHIC, ZNENDO L R~7 AL
SELAEZ L o THD, T T — P LDOEAIFRIBIC K o THRED ) VEEY T AT 12,
TLYATy Flg-3GE L L TE SEBOKD T2 A= ZAF0ICEAL T 5 2 & T RNA A
RN HfEIND EEZOLNG,

Crystal system: orthorhombic
Space group: Pbca
a:16.96870(10) A

b :22.0639(2) A
€:25.9495(2) A

a :90°

B:90°

y :90°

Cell Volume: 9715.38(13) A3
R,=0.0469

wR,=0.1052

Goodness of fit: 1.055

00000

Figure 2 -20. X-ray structure of Biy(L7)-acetate.
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98 TR R REEIC L D RNA DR D ZEM AR fRAT

TR A~ A #HA Bia(L3) I & B RNA S Ic oW, EE w2 %72, RNA €75
VI HPNPP %ZfHwC. pH L RICHIEEDORFREZ 7oy + Lz & 25, RICHHEE D
pH 7 i CHURE % & 3 & 5 e~ A o235 & 7= (Figure 2 -21),

OH
o O OH Bi,(L3) (0.050 mM)
\\P/ .
o
02N o7 o @ 50 mM buffer
a
(5% DMSO) O.N
0.50 mM 37 °C PNP
HPNPP

® Dbackground

- * ¢  Biy(L3
= 2(L3)
€ *
. 8
=
3.
—~ &
[0} 6
*é 2
& a4 ¢
E
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2
0o e e ° ° ®
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Figure 2 -21. pH-initial rate profile for HPNPP cleavage catalyzed by Bi-compelx Biz(L3).
pH 6.6-8.2: HEPES; pH 8.8-10: CHES.

Bfi 1 L7 DK E | ) IKEER RNA & 7 A 0RIC B 5 RSHIEEE O BER % 3
T L7L A, Figure 2-22 0 X 5 i S bz, £A0%K X(L7) = 0.333... DK,
s, Wf7F L7 & Bi(OT)s & DR 1:2 o, KIGHHIEE BB & -7 2 &2
b, KRIGICHE T BIEEEIZ e 2~ A TH 3 2 L RB I NI,

Ioic, FL—IAlTHhLFL v YT IV NERE(EDTA) 2 @Al & L 72B%o RNA £
TN R~ D B R X T- (Figure 2-23), Z DfER, Tk e 2~ R A Bi(L3)icxt L T
2 480 EDTA %2 725:F Mic B\ Tld, Biz(L3)® RNA G123 ITTE 4 I fHE &
N7z, 145D EDTA L T Cid. EDTA JEFTE T D&M L H~T, D Lo EE MK T
L7z, ZHIZEDTA IC X T EDTA 2 $fkD v 2= 2 4 4+ v ZHite L. &EsHA» AiE M
fbL7z & 2 b, RNA O3 I IE ISR OBEHOAUHETH 5 2 L ARKRI NI,
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Figure 2 -22. Dependence of the initial rate of RNA model cleavage on
the mole fraction X(L7). X(L7) = [L7]/([L7]+[Bi(OTf)s])
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Figure 2 -23. The effect of EDTA on RNA cleavage mediated by Bi-complex Biz(L3).
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“Hie 2= Z$ERD RNA OV VIES T ZTF AL HAEERA L TW2 089 2ilET 57
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WSS ICHY 3 5, Williams & 1Z. Scheme 1-6 T L 7> #HEEAkic X 2 HPNPP
MEIZ 2T DMP Z w725 A PHEEEBR 217\ RNA 70 PE 2 DMP I X o CTiRER
FRICPHEZNZ 2 2R LT3, 6 220G, e 2= 2D Bi(L3)ic X 2
HPNPP 4312 DT DMP % H\» 7= B & FHE F2 8% % E i L 72 . Bio(L3) 234 3~ 2 HPNPP
53fg @ DMP(0.10, 0.50, 1.0, 5.0, 10 mM)fF{E FiC 31 2 ISHHEREE v & DMP JEFE T
CB T2 RICHIEE vok DILFE v/ vy DMP IR & OBfR%Z 7' v v + L 7z (Figure 2-24),
Z OFEHR. DMP i Biz(L3) © HPNPP 5l & IR EERAF I A D IR T S €72 2 &
b, Sl AT AR ) vEEY T 2TV e O o RN CHEER AR X vz, B
b, YRS AR RNA 0V VEEY T 27V OBFIMERMEL . 20 2 L 28 Figure
2-12 1BV T A< A 85K Bia(L3) 0 Y4 BEDKIRICHE 5 RNA G DK T IR
EL-DTERVHILEZONS, 27 L. 20X ) vEY T AT T 3 EMMED
KX id, BRI RNA o0fiE (X724 =7 v b) oEIZORES 2 L BAfFTE 5,
7. Hezx~ 2K E F 2 LAY (Figure 1-19)~ L33 2 & TR RNA ~D
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Figure 2 -24. Variation in the ratio of the initial rate for HPNPP degradation catalyzed by
0.10 mM Bi2(L3) in the presence of DMP (¥) to the initial rate in the absence of DMP (vy).
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INETORECARMETH ZIBONLME 2, e X< A[D#HEEKICX 2
RNA 5 fEDHEE SICHREZ LA @ X 5 10 2 7= (Figure 2-25), EERFER2 O, TiZEE A
D2oDER2 APLRRIEFA Z VIS L. FNORNEATH DT R0 oTnE,
v R ZAFLDICIFEE DK F BN L T B A[REN DR E 2 b, RIGH A4 7 vicks
WTWL DDKGFHBEG L T3 HEETOLIAELICR>TELT, bk
WREEAI L BT B B . Bio(L7)-acetate D X ML IC X 5 & 8 ENL D & 2~ ZAHLLMEIH & 41,
T T — b DRI X o TEHBDOKDF DR ARETH 5 Z L BRBRI N, C
G, FNENDOE R ZAHICKS TR 1 OF O LT3 ERET 2, 3. 29
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KGFRTVL VAT Yy Flige LTI 2 & T, Taraxy FolEEzimnEs sV — VI,
RV L 72 27, 3 -5k Y VR X T v LK F 3L T 283 % Z & T monohydroxo
A 24T %, pH-7 1 7 7 4 L OfER (Figure 2 -21) 1%, monohydroxo ff(III) 28 RNA
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Figure 2 -25. Proposed RNA degradation mechanism mediated by dinuclear Bi(III)-complex.
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OE RNA AESAERME 2 R 38 i e A< 2D EEOFRF I L7z, Z0HThH,
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+ Experimental section
General Information

1H-, 13C-, and 3!P spectra were recorded with JEOL JMN ECS400 FT NMR, JNM ECA600 FT NMR
(*H-NMR 400 or 600 MHz, **C-NMR 100 or 151 MHz, 3P-NMR 243 MHz). *H-NMR spectra are
reported as follows: chemical shift in ppm relative to the chemical shift of tetramethylsilane (TMS) at
0 ppm or relative to the chemical shift of CH3OH at 3.31 ppm, (CH3).SO at 2.50 ppm, CH3CN at 1.94
ppm, H2O at 4.79 ppm, integration, multiplicities (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), and coupling constants (Hz). **C-NMR spectra are reported in ppm relative to the chemical
shift of CDCls at 77 ppm, (CD3)2CO at 29.84 ppm, and CD3OD at 49.00 ppm, CD3CN at 1.32 ppm.
3IP-NMR spectra are reported in ppm relative to the chemical shift of HsPO4 (in D20) at 0 ppm. ESI-
MS spectra were obtained with JMS-T100LC (JEOL). HPLC was performed with a Shimadzu
instrument equipped with a COSMOSIL packed column (5C18-AR-I11, 4.6 ID x 150 mm, Nacalai) for
analysis and the eluents were water containing 0.1% TFA (A) and MeCN containing 0.1% TFA (B).
The conditions for analytical HPLC were as follows; flow rate 1.0 mL/min, detection wavelength 254
nm, gradient A/B 0 to 20 min (90/10 to 10/90), 20 to 30 min (10/90), 30 to 40 min (10/90 to 90/10).

Reagents and solvents were purchased from Aldrich, Tokyo Kasei Kogyo, Kishida Kagaku, Kanto
Kagaku, Wako Pure Chemical Industries, Nacalai Tesque or BLD pharm. Commercially available
organic and inorganic compounds were used without further purification.

All reactions involving air- or moisture-sensitive reagents or intermediates were performed under an
argon atmosphere.

No unexpected or unusually high safety hazards were encountered.
Abbreviations for chemicals used are as follows: DCM, dichloromethane; DMF, N, V-
dimethylformamide; DMP, Dess-Martin Periodinane; Ns, 2-nitrobenzenesulfonyl; Pd-C,
palladium on carbon; TBDPS, tert-butyldiphenylsilyl;, TEA, triethylamine; THEF,
tetrahydrofuran; pMBA; 4-mercaptobenzoic acid. Abbreviations for buffers used are as follows:
HEPES, N-(2-hydroxyethyl)piperazine-N-ethanesulfonic acid; Tris,

tris(hydroxymethyl)aminomethane.
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Procedure for preparation of RNA model substrate (HPNPP) and DNA model substrate.
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e

prepared by the similar procedure as that described in literature (lyer, S.; Hengge,

Mo OTBDPS A. C. J. Org. Chem. 2008, 73, 4819-4829). To a solution of methyl rac-lactate
(2.08 g, 20 mmol) in 50 mL of DCM at 0 °C, TBDPSCI (6.05 g, 22 mmol, 1.1 eq.) and imidazole (2.04
g, 30 mmol, 1.5 eq.) were added. After the addition was complete the reaction was stirred at room
temperature for 24 h. The reaction was quenched by adding sat. NaHCOj3 aqueous solution. The crude
was extracted with DCM, washed with brine. The organic layer was separated, dried over Na,SO4 and
concentrated in vacuo to give the crude. The crude product was purified by silica gel column with
hexane and ethyl acetate gradient (0-5% ethyl acetate) to obtain the desired compound 2 (1.57 g, 99%)
as a pale-yellow oil. *H NMR (600 MHz, CDCls) 6 7.67 (t, J = 8.2 Hz, 4H), 7.45-7.35 (m, 6H), 4.28

(0, J = 6.6 Hz, 1H), 3.56 (s, 3H), 1.37 (d, J = 6.9 Hz, 3H), 1.09 (s, 9H).
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Me 2-((tert-butyldiphenylsilyl)oxy)propan-1-ol (S2). This compound was prepared by
HO/_<OTBDPS the similar procedure as that described in literature (lyer, S.; Hengge, A. C. J. Org.
Chem. 2008, 73, 4819-4829). To a solution of S1 (1.71 g, 5.0 mmol) in 30 mL of
THF at 0 °C, BH3-THF complex (11 mL, 10 mmol, 2.0 eq.) was added dropwise. After the addition
was complete the reaction was allowed to attain room temperature. The reaction mixture was then
refluxed for 2 h. The reaction was cooled and quenched by adding methanol and sat. NaHCOs ag. To
achieve pH 7. The crude was extracted by DCM, washed with brine. The organic layer was separated,
dried over Na,SO. and concentrated in vacuo to give the crude. The crude product was purified by
silica gel column with hexane and ethyl acetate gradient (0-10% ethyl acetate) to obtain the desired
compound 2 (1.57 g, 99%) as a pale-yellow oil. *H NMR (400 MHz, CDCls) & 7.69 (dq, J=7.9, 1.5
Hz, 4H), 7.46-7.37 (m, 6H), 3.99-3.92 (m, 1H), 3.54-3.40 (m, 2H), 1.93 (t, J = 6.6 Hz, 1H), 1.07 (t, J
= 2.7 Hz, 9H), 1.05 (d, J = 6.4 Hz, 3H).

2-((tert-butyldiphenylsilyl)oxy)propyl 4-nitrophenyl phosphate,

Me

HO\F?,O/_%TBDPS triethylamine salt (S3). This compound was prepared by the similar procedure

"N g as that described in literature (Pezzato, C.; Chen, J. L.-Y.; Galzerano, P.; Salvi,
M.; Prins, L. J. Org. Biomol. Chem. 2016, 14, 6811-6820). To a stirred solution
of 4-nitrophenyldi-chlorophosphate (614 mg, 2.4 mmol, 1.2 eq.) in anhydrous

THF (15 mL) at 0 °C under argon, TEA (280 uL, 2.0 mmol, 1.0 eg.) and a solution of S2 (629 mg, 2.0

mmol) in anhydrous THF (5.0 mL) was added dropwise. After the complete addition, the mixture was

NO,

stirred at room temperature for 2 h. Then, TEA/water (2.0 mL/5.0 mL) was added to hydrolyze the
intermediate monochloride and the resulting solution was stirred for 30 min. The reaction mixture was
extracted with dichloromethane (5% MeOH) and the organic layer was dried over Na;SO4 and
concentrated under reduced pressure. The crude product was purified by silica gel column with a
chloroform and methanol gradient (0-5% methanol) to obtain the desired compound 3 (1.05 g, 85%)
as a pale-yellow oil. *H NMR (400 MHz, CDCl3) 6 11.96 (s, 1H), 8.08 (d, J = 8.7 Hz, 2H), 7.63 (m,
4H), 7.36 (m, 8H), 3.93 (m, 2H), 3.77 (m, 1H), 3.03 (M, 6H), 1.29 (t, J = 7.3 Hz, 9H), 1.06 (d, J = 6.0
Hz, 3H), 1.01 (s, 9H); HRMS (ESI) calcd for C31HN4sNaO7PSi: m/z ([M+Na]*) 639.2631, found
639.2613.

Ve 2-hydroxypropyl-4-nitrophenyl phosphate, sodium salt (HPNPP). This

NaO‘Ff?_D/_%H compound was prepared by the similar procedure as that described in literature

° (Pezzato, C.; Chen, J. L.-Y.; Galzerano, P.; Salvi, M.; Prins, L. J. Org. Biomol. Chem.
Q 2016, 14, 6811-6820). The mixture of S3 (616 mg, 1.0 mmol) and TEA-3HF complex
NC2 (1.6 mL, 10 mmol, 10 eq.) was stirred at room temperature for 48 h. The crude

product was purified by triethylamine-treated-silica gel column with a chloroform and methanol
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gradient (0-25% methanol) to obtain HPNPP triethylamine salt as a pale-yellow oil. The excess
amount of TEA-3HF complex was removed by DIOL column with a chloroform and methanol
gradient (0-10% methanol). Then, the triethylamine salt was passed through an ion exchange resin
(DOWEX, Na*). The water was removed by freeze dryer to afford HPNPP (113 mg, 38%) as a white
solid. *H NMR (400 MHz, D-0) & 8.32-8.28 (m, 2H), 7.41-7.38 (m, 2H), 4.08-4.02 (m, 1H), 34.01-
3.95 (m, 1H), 3.88-3.82 (m, 1H), 1.18 (d, J = 6.4 Hz, 3H); 3P NMR (243 MHz, None) & -4.66; Anal.
Calcd.: C, 36.14; H, 3.71; N, 4.68. Found: C, 35.94; H, 3.98; N, 4.51.

me 4-nitrophenyl propyl phosphate, sodium salt (DNA model). To a solution of 4-
Naoj,s’io/_/ nitrophenyldi-chlorophosphate (512 mg, 2.0 mmol) in diethyl ether (3.0 mL) at
° 0 °C under argon, a solution of pyridine (160 pL, 2.0 mmol, 1.0 eq.) in diethyl
@ ether (1.0 mL) and a solution of 1-propanol (120 mg, 2.0 mmol, 1.0 eq.) in
Noz anhydrous THF (1.0 mL) were added dropwise. After the complete addition, the
mixture was stirred for 20 min. Then, a solution of pyridine (160 uL, 2.0 mmol, 1.0 eq.) in water (3.0
mL) was added to hydrolyze the intermediate monochloride and the resulting solution was stirred for
10 min. An excess of 4 M HCI ag. was added to the reaction mixture, which was then extracted with
diethyl ether and the organic layer was dried over Na>SO4 and concentrated under reduced pressure.
The crude was passed through an ion exchange resin (DOWEX, Na*). The water was removed by
freeze dryer to afford the desired product as a white solid (502 mg, 89%). *H NMR (600 MHz, D,0)
§8.13(d, J = 8.9 Hz, 2H), 7.22 (d, J = 8.9 Hz, 2H), 3.82 (q, J = 6.9 Hz, 2H), 1.51 (td, J = 14.1, 7.1 Hz,
2H), 0.76 (t, J = 7.6 Hz, 3H) *C NMR (100 MHz, D,0) 157.5, 143.4, 125.8, 120.4, 68.9, 23.2, 9.48;
3P NMR (243 MHz, D20) & -4.58; HRMS (ESI) calcd for CsH11NNa2OsP: m/z ([M+Na]*) 306.0119,

found 306.0111.
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Procedure for preparation of Ligands L3-L7.
Compounds S4, S7, S11, S17, S22 and S25 were commercially available.
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methyl 6-(hydroxymethyl) picolinate (S5): This compound was prepared by

=
veo. L om the similar procedure as that described in literature (Koay, H.; Haskali, M. B.;

o " Roselt, P. D.; White, J. M.; Donnelly, P. S. Eur. J. Inorg. Chem. 2020, 35,
3378-3386). To S4 (3.9 g, 20 mmol) in dry methanol (20 mL) and dichloromethane (10 mL) at 0 °C
under argon atmosphere, sodium borohydride (0.76 g, 20 mmol, 1.0 eq.) was added slowly. The
reaction mixture was stirred for 18 h at room temperature. The reaction mixture was cooled to 0 °C,
guenched with saturated NH4Cl ag. The aqueous and organic layers were separated. The aqueous layer
was extracted with dichloromethane. The combined organic layers were washed with brine, dried with
NazSOq, filtered, and the solvents were removed under reduced pressure. The crude was recrystallized
with dichloromethane and hexane to obtain the colorless crystal (2.37 g, 72%). 'H NMR (400 MHz,
CDCls) § 10.48 (s, 1H), 7.64 (s, 1H), 7.34 (d, J = 7.8 Hz, 1H), 7.12 (d, J = 7.8 Hz, 1H), 5.27 (s, 2H),
3.52 (s, 3H), 2.32 (s, 3H).

Pz methyl 6-(chloromethyl)picolinate (S6): This compound was prepared by the
MeO. N " similar procedure as that described in literature (Gracia, S.; Arrachart, G.;
Marie, C.; Chapron, S.; Miguirditchian, M.; Pellet-Rostaing, S.
Tetrahedron, 2015, 71, 5321-5336). S5 (836 mg, 5.0 mmol) was slowly added to Thionyl chloride
(3.0 mL) at 0 °C, under argon and stirred for 1 h. The reaction mixture is concentrated under vacuum.
The obtained residue was diluted in toluene and washed with saturated NaHCO3 aqueous solution.
The combined organic layers were dried on Na SO, filtered, and concentrated by evaporation in a
vacuum. The residue was purified by silica-gel column with hexane and ethyl acetate gradient (ethyl
acetate 10-30%) affording the desired product as a colorless solid (873 mg, 94%). *H NMR (400 MHz,
CDCls) 5 10.48 (s, 1H), 7.64 (s, 1H), 7.34 (d, J = 7.8 Hz, 1H), 7.12 (d, J = 7.8 Hz, 1H), 5.27 (s, 2H),
3.52 (s, 3H), 2.32 (s, 3H).

2-nitro-N-(pyridin-2-ylmethyl)benzenesulfonamide (S8): To a solution of S7
o | NHNs (3.1 mL, 30 mmol) and in THF (30 mL) and water (30 mL), NaHCOs (7.6 g, 90
mmol, 3.0 eq.) was added. The resulting mixture was stirred for 30 min at room

temperature, then 0-NsClI (6.6 g, 30 mmol, 1.0 eq.) was added. The mixture was stirred for 18 h at
room temperature. The precipitates were collected by filtration. The crude was purified by amino-
silica-gel column with hexane and chloroform gradient (chloroform 50-100%), the obtained solid was
washed with MeOH and Hexane. The desired product was afforded as a yellow solid (7.8 g, 86%). *H
NMR (400 MHz, CDCls) 6 8.41 (d, J = 4.8 Hz, 1H), 8.07 (dd, J= 7.6, 2.1 Hz, 1H), 7.86 (dd, J = 7.6,
1.4 Hz, 1H), 7.70-7.64 (m, 2H), 7.61 (td, J = 7.6, 1.4 Hz, 1H), 7.25 (d, J = 7.6 Hz, 1H), 7.14 (dd, J =
7.6, 4.1 Hz, 1H), 6.63 (s, 1H), 4.44 (s, 2H), *3C NMR (100 MHz, DMSO-ds) & 156.7, 148.8, 147.5,
136.7, 133.9, 133.0, 132.6, 129.6, 124.4, 1225, 121.5, 47.9; HRMS (ESI) (m/z): calcd for
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C12H11N304S [M+Na]* 316.0362, found 316.0358.

. ~ methyl 6-(((2-nitro-N-(pyridin-2-
@w“b@wwe ylmethyl)phenyl)sulfonamido)methyl)picolinate (S9): To a solution of
© S6 (8.2 mmol) and S8 (8.2 mmol, 1.0 eq.) in MeCN (25 mL), KI (0.680
g, 4.1 mmol, 0.50 eq.) and K>CO3 (3.46 g, 24.6 mmol, 3.0 eq.) were added. The resulting mixture was
stirred for 5 h at 65 °C. The reaction mixture was cooled to room temperature and filtered. The filtrate
was evaporated under reduced pressure. The residue was purified by amino-silica-gel column with
hexane and chloroform gradient (chloroform 25-50%) affording the desired product as an orange oil
(3.31 g, 91%). *H NMR (400 MHz, CDCls) 6 8.35-8.38 (m, 1H), 8.13 (d, J = 7.3 Hz, 1H), 7.95 (d, J =
7.3 Hz, 1H), 7.74 (t, J = 7.8 Hz, 1H), 7.64-7.69 (m, 2H), 7.53-7.62 (m, 3H), 7.33 (d, J = 7.8 Hz, 1H),
7.08-7.14 (m, 1H), 4.88 (s, 2H), 4.76 (s, 2H), 3.97 (s, 3H); 1*C NMR (100 MHz, Methanol-ds) & 166.5,
157.9,157.1, 149.9, 149.5, 148.4, 139.3, 138.6, 135.3, 134.0, 133.1, 132.1, 127.0, 125.4, 124.9, 124.1,
124.0,54.7,54.0,53.1; HRMS (ESI, positive) (m/z): calcd for C2oH1sN4OsS [M+Na]* 465.0839, found
465.0836.

methyl 6-(((pyridin-2-ylmethyl)amino)methyl)picolinate (S10): To a

~~_0ome solution of S9 (1.06 g, 2.4 mmol) in DMF (15 mL), p-mercaptobenzoic acid
© (0.74 g, 4.8 mmol, 2.0 eq.) and K»CO3 (1.33 g, 9.6 mmol, 4.0 eq.) were
added. The reaction mixture was stirred for 14 h at 70 °C. The reaction mixture was cooled to room

N N

temperature and filtered. The filtrate was washed with sat. NaHCOs3 aq. dried with Na;SQO4 and filtered.
The solvents were evaporated under reduced pressure. The residue was purified by amino-silica-gel
column with hexane and chloroform gradient (chloroform 20-40%) affording the desired product as
an orange oil (436 mg, 84%). 'H NMR (400 MHz, CDCls) & 8.55-8.58 (m, 1H), 8.02 (d, J = 7.8 Hz,
1H), 7.82 (t, J = 7.8 Hz, 1H), 7.63-7.68 (m, 2H), 7.35 (d, J = 7.8 Hz, 1H), 7.17 (d, J = 14.2 Hz, 1H),
4.09 (s, 2H), 4.00 (s, 3H), 3.99 (s, 2H); *C NMR (100 MHz, Methanol-ds) & 166.9, 161.0, 160.0,
149.8, 148.4, 139.4, 138.7, 127.5, 124.8, 124.1, 123.8, 54.8, 54.5, 53.2; HRMS (ESI) (m/z): [M+Na]*
calcd for C14H1sN3NaO; 280.1056, found 280.1051.

dimethyl 6,6"-((((4-
WQ \&OME nitrophenyl)sulfonyl)azanediyl)bis(methylene))dipicolinate (S12):
© To asolution of S6 (111 mg, 0.60 mmol, 2.0 eq.) and S11 (61 mg, 0.30

mmol) in MeCN (3.0 mL), KI (25mg, 0.15 mmol, 0.50 eq.) and K>COs3 (152 mg, 1.1 mmol, 3.5 eq.)
were added. The resulting mixture was stirred for 19 h at 60 °C. The reaction mixture was cooled to
room temperature and quenched with water. The aqueous and organic layers were separated. The

aqueous layer was extracted with dichloromethane. The combined organic layers were washed with
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brine, dried with Na,SOs, filtered, and the solvents were removed under reduced pressure, affording
the desired product as a yellow oil. *H NMR (400 MHz, CDCls) & 8.02-7.98 (m, 2H), 7.85-7.80 (m,
4H), 7.41 (d, J = 7.3 Hz, 2H), 7.32 (t, J = 7.3 Hz, 2H), 7.24 (t, J = 7.3 Hz, 1H), 3.99 (s, 6H), 3.94 (s,
4H), 3.70 (s, 2H). The product was used in the next step without further purification.

“ “ dimethyl 6,6'-(azanediylbis(methylene))dipicolinate (S13):
MeO AN “._OMe To a solution of S12 (150 mg, 0.30 mmol) in DMF (1.2 mL), p-
© © mercaptobenzoic acid (92 mg, 0.60 mmol, 2.0 eq.) and K2CO3

(166 mg, 1.2 mmol, 4.0 eq.) were added. The reaction mixture was stirred for 16 h at 70 °C. The
reaction mixture was cooled to room temperature and filtered. The filtrates were evaporated under
reduced pressure, affording the desired product as a yellow solid (62 mg, 66%, 2 steps). *H NMR (400
MHz, CDCls) § 8.02 (d, J = 7.8 Hz, 2H), 7.82 (t, J = 7.8 Hz, 2H), 7.64 (d, J = 7.8 Hz, 2H), 4.09 (s,

4H), 4.00 (s, 6H), 2.20 (s, 2H). The product was used in the next step without further purification.

methyl 6-formylpicolinate (S14): This compound was prepared by the
Ny similar procedure as that described in literature (Zhang, L.; Tang, Y.; Han,
Z Z.; Ding, K. Angew. Chem. Int. Ed. 2019, 58, 4973-4977). To a stirred
solution of S5 (320 mg, 1.9 mmol) in dichloromethane (4.0 mL), Dess—Martin
periodinane (1.61 g, 3.8 mmol, 2.0 eq.) was added at 0 °C. The reaction mixture was allowed to reach
to room temperature and stirred for 24 h. The mixture of sat. NaHCO3 ag. and sat. Na»S»03 aq. (1:1
ratio) was added at 0 °C. The organic phase was separated, and the aqueous phase was extracted twice
with dichloromethane. The combined organic phase was washed with brine, dried over anhydrous
Na»SO.4 and concentrated under reduced pressure. The residue was purified by silica-gel column with
hexane and ethyl acetate gradient (ethyl acetate 30-50%) affording a colorless solid (251 mg, 80%).
H NMR (400 MHz, CDCl3) 6 10.20 (d, J = 0.9 Hz, 1H), 8.37 (dd, ] = 7.8, 1.4 Hz, 1H), 8.17 (dd, ] =
7.8, 1.4 Hz, 1H), 8.07 (td, J = 7.8, 0.9 Hz, 1H), 4.08 (s, 3H).

methyl 6-((methylamino)methyl)picolinate (S16): To a solution of S14 (33

Me

Q . HN™"" mg, 0.20 mmol) in 2.0 mL of DCM, 2 M of methylamine in methanol (120 pL,
M‘*Ow 0.24 mmol, 1.2 eq.) and Na;SO. (142 mg, 1.0 mmol, 5.0 eq.) were added. The

reaction mixture was stirred for 3 h at room temperature, filtered and the filtrate
was evapotated to afford imine S15, which was used in the next step without purification.

To a solution of methyl 6-((methylimino)methyl)picolinate, S15 (36 mg, 0.20 mmol) in 2.0 mL of
ethanol, 5 mg of palladium on activated carbon (10%) was added. The reaction mixture was stirred for
5 h under hydrogen and then through a Celite pad. The solvent was evaporated to obtain the desired
product as a yellow oil (39 mg, 99%, 2 steps). *H NMR (400 MHz, CDCls) 6 8.02 (d, J = 7.8 Hz, 1H),
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7.82 (t, = 7.8 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H), 4.01 (s, 3H), 3.98 (s, 2H), 2.49 (s, 3H). The product
was used in the next step without further purification.

OH 2,6-bis(chloromethyl)-4-methylphenol (S18): This compound was prepared by
c ¢ the similar procedure as that described in literature (Lee, B. L.; Kaerkaes, M. D.;
Me Johnston, E. V.; Inge, A. K.; Tran, L. H.; Xu, Y.; Hansson, O.; Zou, X.; Aakermark,

B. Eur. J. Inorg. Chem. 2010, 5462-5470). To a solution of concentrated hydrochloric acid (40 mL),
S17 (1.68 g, 10 mmol) was added slowly. The reaction mixture was stirred for 15 h at room
temperature. The crude was extracted with dichloromethane, the organic layers were combined and
washed with brine, dried with Na;SOy, filtered, and the solvents were removed under reduced pressure.
The crude was recrystallized with petroleum ether to obtain a yellow solid (1.31 g, 64%). *H NMR
(400 MHz, CDCls) § 7.09 (s, 2H), 5.54 (s, 1H), 4.66 (s, 4H), 2.27 (s, 3H).

ove  ome dimethyl 6,6'-((((2-hydroxy-5-methyl-1,3-phenylene)bis(methylene))bis((pyridin-
[“:TJ“\'O O4L\N(j 2-ylmethyl)azanediyl))bis(methylene))dipicolinate (S19): To a solution of S10 (162
TN/\ /OH /\N;T mg, 0.63 mmol, 2.0 eq.) in tetrahydrofuran (3.0 mL) at 0 °C, triethylamine (180 puL, 1.3
Cj) i; L\[Nj mmol, 4.0 eq.) and a solution of compound S18 (0.32 mmol) in tetrahydrofuran (3.0
~ mL) were added. The resulting mixture was stirred for 3 h at room temperature. After

stirring, the suspended mixture was filtered off, the filtrate was evaporated under reduced pressure.

The residue was purified by amino-silica-gel column with hexane and chloroform gradient
(chloroform 30-50%) affording the desired product as colorless oil (183 mg, 88%). 'H NMR (400

MHz, CDCls) & 10.67 (s, 1H), 8.56-8.53 (m, 2H), 7.92 (d, J = 7.3 Hz, 2H), 7.81 (d, J = 6.9 Hz, 2H),

7.72 (t, J = 7.6 Hz, 2H), 7.61 (dt, J = 7.6, 1.7 Hz, 2H), 7.41 (d, J = 7.8 Hz, 2H), 7.16-7.13 (m, 2H),

6.95 (s, 2H), 3.96 (s, 6H), 3.95 (s, 4H), 3.85 (s, 4H), 3.76 (s, 4H), 2.20 (s, 3H); *C NMR (100 MHz,

CDCIls) 6 165.7, 160.4, 158.7, 153.5, 148.9, 146.9, 137.4, 136.5, 130.0, 127.2, 126.1, 123.5, 123.4,

122.7, 122.0, 59.5, 59.5, 54.7, 52.7, 20.5; HRMS (ESI) (m/z): calcd for Ca;HzsNsOs [M+Na]*

669.2796, found 669.2793.

CQ”E jf”e tetramethyl 6,6',6",6""-((((2-hydroxy-5-methyl-1,3-
E[,\Nr OOHO \N/P phenylene)bis(methylene))bis(azanetriyl))tetrakis(methylene))tetrapicolinate
MeO«DKLN\ IJN/\V\:JE/\T N\]/SDLOME (S20): To a solution of S13 (62 mg, 0.19 mmol, 2.0 eq.) in tetrahydrofuran (2.0

» TT\/ mL) at 0 °C, triethylamine (53 uL, 0.38 mmol, 4.0 eq.) and S18 (19 mg, 0.095

mmol) were added. The resulting mixture was stirred for 4 h at room temperature. After stirring, the

Me

suspended mixture was filtered off, the filtrate was evaporated under reduced pressure. The residue
was purified by amino-silica-gel column with chloroform and methanol gradient (methanol 0-1%)
affording the desired product as a yellow oil (66 mg, 92%). *H NMR (400 MHz, CDCls) & 9.99 (s,
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1H),7.98 (d, J=6.9 Hz, 4H), 7.81-7.74 (m, 8H), 6.95 (s, 2H), 3.98 (s, 12H), 3.96 (s, 8H), 3.79 (s, 4H),
2.22 (s, 3H); *C NMR (100 MHz, CDCls) 6 165.9, 159.7, 153.6, 147.5, 137.6, 130.1, 128.1, 126.5,
123.8, 123.3, 59.8, 55.2, 53.0, 20.7; HRMS (ESI, positive) (m/z): calcd for Ca1H42NsOg [M+Na]*
785.2905, found 785.2894.; HPLC tr = 12.1 min, purity 99.9%.

OMe OMe Dimethyl 6,6'-((((2-hydroxy-5-methyl-1,3-

S0 o7y phenylene)bis(methylene))bis(methylazanediyl))bis(methylene))dipicolinate

on M (S21): To a solution of S16 (36 mg, 0.20 mmol, 2.0 eq.) in tetrahydrofuran (1.0
E?@fme mL) at 0 °C, triethylamine (55 pL, 0.40 mmol, 4.0 eq.) and a solution of compound

Me S18 (20 mg, 0.10 mmol) in tetrahydrofuran (1.0 mL) were added. The resulting
mixture was stirred for 12 h at room temperature. After stirring, the suspended mixture was filtered
off, the filtrate was evaporated under reduced pressure. The residue was purified by amino-silica-gel
column with hexane and chloroform gradient (chloroform 20-40%) affording the colorless oil (35 mg,
71%, 3 steps from compound S14). *H NMR (400 MHz, CDCls) & 8.02 (d, J = 7.8 Hz, 2H), 7.83 (t, J
= 7.8 Hz, 2H), 7.71 (t, J = 8.5 Hz, 2H), 6.93 (s, 2H), 4.00 (s, 6H), 3.88 (s, 4H), 3.72 (s, 4H), 2.30 (s,
6H), 2.25 (s, 3H); 3C NMR (100 MHz, CDCls) & 165.9, 159.8, 153.8, 147.4, 137.7, 129.6, 127.9,
126.4, 123.9, 123.1, 63.1, 58.6, 53.0, 42.3, 20.6; HRMS (ESI) (m/z): calcd for C27HzN4Os [M+H]*
493.2445, found 493.2433.

oNa ONa sodium 6,6'-((((5-methyl-2-oxido-1,3-phenylene)bis(methylene))bis((pyridin-

o 04\? 2-ylmethyl)azanediyl))bis(methylene))dipicolinate (L3): To a solution of S19
ONa N (133 mg, 0.21 mmol) in methanol (5.0 mL) and water (100 uL) at 0 °C, a solution
ﬁ“‘ N of NaOH in methanol (1.3 M, 480 uL, 0.62 mmol, 3.0 eq.) was added. The resulting
Me U mixture was stirred for 12 h at room temperature. After stirring, the solvent was
evaporated under reduced pressure. The residue was washed with diethylether
affording the desired product as pale-yellow powder (115 mg, 80%). *H NMR (400 MHz, Methanol-
ds) 5 8.53 (d, J = 5.0 Hz, 2H), 7.88 (d, J = 7.8 Hz, 2H), 7.71 (t, J = 7.8 Hz, 2H), 7.64 (dt, J = 7.8, 1.8
Hz, 2H), 7.32 (d, J = 7.8 Hz, 2H), 7.26 (d, J = 7.8 Hz, 2H), 7.18 (dd, J = 7.3, 5.0 Hz, 2H), 6.77 (s, 2H),
3.74 (s, 4H), 3.69 (s, 4H), 3.60 (s, 4H), 2.12 (s, 3H); 2*C NMR (100 MHz, Methanol-ds) 5 173.0, 160.5,
158.9, 155.3, 150.8, 150.8, 138.8, 138.4, 138.4, 133.6, 126.0, 125.4, 125.3, 123.5, 123.4, 61.1, 60.8,
59.0, 20.4; HRMS (ESI) (m/z): calcd for C3sHs1NsNazOs [M+Na]* 685.2122, found 685.2110; HPLC
tr = 9.45 min, purity 95.8%.
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sodium 6,6',6",6""-((((5-methyl-2-oxido-1,3-
ONa ONa
¢() Ok? phenylene)bis(methylene))bis(azanetriyl))tetrakis(methylene))tetrapicolinate

\ »
oo " (L5): To a solution of S20 (66 mg, 0.087 mmol) in methanol (2.5 mL) and water
(o} N N O
NaOJKEN;') /\©/‘ K[Nj)LOMa
P> Me Z

(150 pL) at 0 °C, a solution of 1.3 M NaOH in methanol (340 pL, 0.44 mmol, 5.0

eq.) was added. The resulting mixture was stirred for 14 h at room temperature.
After stirring, the solvent was evaporated, and the residue was washed with ether and methanol,
affording the desired product as a pale-yellow powder (51 mg, 72%). 'H NMR (600 MHz, Methanol-
ds) & 7.91 (dd, T = 7.6, 2.1 Hz, 4H), 7.74 (td, J = 7.6, 2.1 Hz, 4H), 7.25 (d, J = 7.6 Hz, 4H), 6.58 (s,
2H), 3.81 (d, J = 6.2 Hz, 8H), 3.56 (s, 4H), 2.06 (s, 3H); 13C NMR (151 MHz, Methanol-ds) § 171.5,
157.7,157.3, 153.7, 137.5, 131.4, 124.9, 123.9, 122.2, 59.2, 57.0, 19.1; HRMS (ESI, positive) (m/z):
calcd for Cs7H29NsNasOg [M+H]*817.1557, found 817.1550. The product was used for the formation
of metal complex without further purification.

o on sodium 6,6"-((((5-methyl-2-oxido-1,3-
/\/L\O O//H? phenylene)bis(methylene))bis(methylazanediyl))bis(methylene))dipicolinate

I
~N N (L6): To a solution of S21 (30 mg, 0.061 mmol) in methanol (900 uL) and water

ONa

N \/\ . -
YT (60 pL) at 0 °C, a solution of 1.3 M NaOH in methanol (140 pL, 0.18 mmol, 3.0
\NL eq.) was added. The resulting mixture was stirred for 14 h at room temperature.

After stirring, the solvent was evaporated under reduced pressure, affording the desired product as
pale-yellow powder (30 mg, 94%). *H NMR (400 MHz, methanol-ds) & 7.96 (d, J = 7.8 Hz, 2H), 7.82
(d, J = 15.6 Hz, 2H), 7.38 (d, J = 7.8 Hz, 2H), 6.79 (s, 2H), 3.75 (s, 4H), 3.59 (s, 4H), 2.16 (s, 3H),
2.13 (s, 6H); *C NMR (100 MHz, methanol-ds) § 172.6, 158.6, 155.7, 138.8, 133.0, 132.9, 126.3,
125.6, 125.6, 123.8, 64.2, 61.3, 42.0, 20.5; HRMS (ESI) (m/z): calcd for CasHasNsNazOs [M+H]*
531.1591, found 531.1572; HPLC tgr = 7.40 min, purity 96.0%.

oH 4-methyl-2-(((pyridin-2-ylmethyl)amino)methyl)phenol (523): This
©/“NH compound was prepared by the similar procedure as that described in literature

" 7] (Peralta, R. A,; Bortoluzzi, A. J.; De Souza, B.; Jovito, R.; Xavier, F. R.; Couto,

R. A. A, Casellato, A.; Nome, F.; Dick, A.; Gahan, L. R.; Schenk, G.; Hanson,

G.R.; De Paula, F. C. S.; Pereira-Maia, E. C.; De P. Machado, S.; Severino, P. C.; Pich, C.; Bortolotto,
T.; Terenzi, H.; Castellano, E. E.; Neves, A.; Riley, M. J. Inorg. Chem. 2010, 49, 11421-11438). To a
solution of S22 (272 mg, 2.0 mmol) in MeOH (6.0 mL) at room temperature, S7 (202 pL, 2.0 mmol,

Me -

1.0 eq.) was added. The resulting solution was stirred at room temperature for 1h. Then NaBH4 (76
mg, 2.0 mmol, 1.0 eq.) was added slowly at 0 °C. The reaction mixture was stirred for 10 min. at 0 °C.
After stirring, 4 M HCI ag. was added to adjust pH 6 to 7 at 0 °C. The crude was extracted with

dichloromethane. The combined organic layers were washed with sat. NaHCO3 ag. (3 times), dried
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with Na SO, filtered, and the solvents were removed under reduced pressure to obtain the desired
product as a pale-yellow oil (1.39 g, 99%). 'H NMR (400 MHz, CDCls) 8.59 (dd, J =5.5, 1.8 Hz, 1H),
7.67 (td, J = 7.8, 1.8 Hz, 1H), 7.23-7.20 (m, 2H), 6.98 (dd, J = 8.2, 1.8 Hz, 1H), 6.79-6.75 (m, 2H),
3.98 (s, 2H), 3.92 (s, 2H), 2.24 (s, 3H). The product was used in the next step without further

purification.

OMe methyl 6-(((2-hydroxy-5-methylbenzyl)(pyridin-2-
o7 S ylmethyl)amino)methyl)picolinate (S24): To a solution of S23 (114 mg, 0.50
f mmol) in tetrahydrofuran (2.5 mL) at room temperature, triethylamine (140 uL, 1.0
N, mmol, 2.0 eq.) was added, then a solution of S6 (93 mg, 0.50 mmol) in

Me #  tetrahydrofuran (2.5 mL) was added. The resulting mixture was stirred for 3 h at
room temperature. After stirring, water (5.0 mL) was added. The crude was extracted with ethyl acetate.
The combined organic layers were washed with brine, dried with Na,SOs, filtered, and the solvents
were removed under reduced pressure. The residue was purified by amino-silica-gel column with
hexane and ethyl acetate gradient (ethyl acetate 5-50%) affording the desired product as a pale-yellow
solid (82 mg, 43%). *H NMR (400 MHz, CDCls) § 10.70 (s, 1H), 8.65-8.63 (m, 1H), 7.96 (dd, J = 6.6,
2.1 Hz, 1H), 7.77-7.71 (m, 2H), 7.67-7.62 (m, 1H), 7.25-7.19 (m, 2H), 6.97 (dd, J = 8.0, 1.6 Hz, 1H),
6.86 (d, J = 1.8 Hz, 1H), 6.80 (d, J = 8.2 Hz, 1H), 3.99 (s, 3H), 3.97 (s, 2H), 3.88 (s, 2H), 3.77 (s, 2H),
2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) § 165.9, 159.8, 157.7, 155.2, 149.2, 147.2, 137.8, 137.0,
130.9,129.7,128.1,126.7,123.8,123.3, 122.5, 122.4, 116.4, 59.3, 59.0, 57.2, 53.0, 20.5; HRMS (ESI)
(m/z): calcd for C2H23N303 [M+H]* 378.1812, found 378.1810; HPLC tg = 12.0 min, purity 99.2%.

o sodium 6-(((5-methyl-2-oxidobenzyl)(pyridin-2-
0%\(\ ylmethyl)amino)methyl)picolinate (L4): To asolution of S24 (276 mg, 0.73 mmol)
NJ’) in methanol (4.0 mL) and water (100 pL) at 0 °C, a solution of 1.3 M NaOH in

NK[NJ methanol (1.1 mL, 1.5 mmol, 2.0 eq.) was added. The resulting mixture was stirred
‘ T
Me >

ONa

for 14 h at room temperature. After stirring, the solvent was evaporated under
reduced pressure, affording the desired product as a pale-yellow powder (101 mg, 34%). 'H NMR
(600 MHz, Methanol-ds) & 8.49 (d, J = 4.1 Hz, 1H), 7.88 (dd, J = 7.6, 1.4 Hz, 1H), 7.75 (td, J = 7.6,
2.7 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.36 (dd, J = 7.6, 2.1 Hz, 1H), 7.25 (d, J = 7.6 Hz, 1H), 7.12 (s,
1H), 6.92 (s, 1H), 6.81 (d, J = 7.6 Hz, 1H), 6.66-6.63 (m, 1H), 3.82 (s, 2H), 3.72 (s, 2H), 3.66 (s, 2H),
2.18 (s, 3H); 13C NMR (151 MHz, Methanol-ds) & 172.9, 159.9, 159.3, 156.8, 155.3, 150.6, 138.7,
138.1, 133.2, 130.4, 128.3, 125.4, 125.0, 124.8, 123.4, 123.2, 117.0, 61.3, 61.0, 58.4, 20.4; HRMS
(ESI) (m/z): calcd for Ca1H19N3Na03 [M+Na]* 430.1114, found 430.1110; HPLC tz = 12.5 min,
purity 99.5%.
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2,6-bis(bromomethyl)-4-(tert-butyl)phenol (S26): This compound was
Brbﬁar prepared by the similar procedure as that described in literature (Baker, M. V_;

Bosnich, M. J.; Brown, D. H.; Byrne, L. T.; Hesler, V. J.; Skelton, B. W_;
White, A. H.; Williams, C. C. J. Org. Chem. 2004, 69, 7640-7652). Toan
ice-cold solution of paraformaldehyde (150 mg, 5.0 mmol, 2.5 eq.) in hydrobromic acid in acetic acid
(25% wi/v), S25 (300 mg, 2.0 mmol) was added portionwise. The reaction mixture was stirred for 1 h
at 0 °C and then 2 h at room temperature. The solution was poured onto ice. The crude was extracted
with dichloromethane. The combined organic layers were washed with brine, dried with Na,SOa4,
filtered, and the solvents were removed under reduced pressure. The crude was recrystallized with

petroleum ether to obtain a colorless solid (354 mg, 53%). 'H NMR (400 MHz, CDCl3) 6 7.25 (s, 2H),
5.49 (s, 1H), 4.56 (s, 4H), 1.28 (s, 9H).

oMe  Oe dimethyl 6,6"-((((5-(tert-butyl)-2-hydroxy-1,3-
@o 04© phenylene)bis(methylene))bis((pyridin-2-
OH ylmethyl)azanediyl))bis(methylene))dipicolinate (S27): To a solution of
N, NK@'“ Ny S10 (322 mg, 1.25 mmol, 2.0 eq.) in tetrahydrofuran (5.0 mL) at 0 °C, N,N-
J ‘Bu b diisopropylethylamine (450 uL, 2.60 mmol, 4.0 eq.) and a solution of S26
(222 mg, 0.66 mmol) in tetrahydrofuran (5.0 mL) were added. The resulting mixture was stirred for 2
h at room temperature. The reaction was quenched by adding water. The aqueous and organic layers
were separated. The aqueous layer was extracted with ethyl acetate. The combined organic layers were
washed with brine, dried with NazSOy, filtered, and the solvents were removed under reduced pressure.
The residue was purified by amino-silica-gel column with hexane and 2-propanol gradient (2-propanol
3-10%) affording the pale-yellow oil (327 mg, 76%).'H NMR (400 MHz, CDCl3) & 10.70 (s, br, 1H),
8.56 (d, J=5.0 Hz, 2H), 7.94 (d, J = 7.3 Hz, 2H), 7.83 (d, J = 7.3 Hz, 2H), 7.73 (t, J = 7.8 Hz, 2H),
7.62 (td, J=7.3, 1.8 Hz, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.17-7.13 (m, 4H), 3.99 (s, 4H), 3.97 (s, 6H),
3.89 (s, 4H), 3.82 (s, 4H), 1.24 (s, 9H); *C NMR (100 MHz, Methanol-ds) & 166.6, 161.4, 160.0,
154.5, 149.5, 148.0, 142.3, 138.9, 138.4, 127.7, 127.7, 124.7, 124.5, 124.2, 123.6, 60.9, 60.3, 56.4,
53.1, 34.7, 32.0; HRMS (ESI) (m/z): calcd for CaoHasNeOs [M+Na]* 711.3265, found 711.3256.

sodium 6,6"-((((5-(tert-butyl)-2-oxido-1,3-

ONa ONa
| SN0 o phenylene)bis(methylene))bis((pyridin-2-
_N ona N~ ylmethyl)azanediyl))bis(methylene))dipicolinate (L7): To a solution

N/\@/*N of S27 (209 mg, 0.30 mmol) in methanol (7.0 mL) and water (0.30 mL)
N N+ at0°C, a solution of NaOH in methanol (1.3 M, 700 pL, 0.90 mmol)

was added. The resulting mixture was stirred for 3 h at room

temperature. After stirring, the solvent was evaporated under reduced pressure. The residue was
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washed with diethylether affording the desired product as pale-yellow powder (177 mg, 81%). ‘H
NMR (400 MHz, Methanol-ds) & 8.43-8.39 (m, 2H), 7.89 (d, J = 7.8 Hz, 2H), 7.71 (t, = 7.8 Hz, 2H),
7.64-7.59 (m, 2H), 7.30-7.24 (m, 4H), 7.16-7.10 (m, 2H), 6.95 (s, 2H), 3.73 (s, 4H), 3.66 (s, 4H), 3.59
(s, 4H), 1.21 (s, 9H); 3C NMR (100 MHz, Methanol-ds) & 171.5, 158.3, 157.3, 154.2, 149.2, 137.4,
137.0,127.6,124.4,123.9,123.1, 122.3, 122.2, 60.0, 59.3, 57.2, 33.3, 30.7.; HRMS (ESI) (m/z): calcd
for CzgH3a7NsNazOs [M+K]* 743.2331, found 743.2237; HPLC tr = 11.1 min, purity 95.7%.

Preparation of Zn(l1)-complex Zny(L1).

Zny(L1): L1 (53 mg, 0.10 mmol) was dissolved in MeCN (4.0 mL). Then, triethylamine (14 pL, 0.10
mmol, 1.0 eq.) and ZnCl, (27 mg, 0.20 mmol, 2.0 eq.) were added, and the resulting mixture was
stirred for 16 h. The reaction mixture was poured into excess amount of Et,O. The precipitates were
collected and washed with Et,O. The crude was purified by recrystallization with MeCN and Et,0 at
-20 °C, affording the desired zinc complex as pale-brown solid (31 mg, 40%). *H NMR (600 MHz,
DMSO-ds) & 8.89 (br, 4H), 7.96 (br, 4H), 7.49 (br, 4H), 7.39 (br, 4H), 6.51 (s, 2H), 4.14 (br, 8H), 3.68
(br, 4H), 1.86 (s, 3H); 3C NMR (151 MHz, DMSO-dg) & 159.3, 155.3, 148.3, 140.3, 131.0, 124.9,
124.2,123.8, 123.1, 59.0, 58.7, 19.7.

Preparation of dinuclear or mononuclear Bi(ll1)-complexes.

Biy(L1): Bi(OTf)s (131 mg, 0.20 mmol, 2.0 eq.) was dissolved in THF (10 mL). Then, L1 (53 mg,
0.10 mmol) was added, and the mixture was stirred during 1 h. The precipitates were collected, and
the crude was washed with THF and ether, dried under vacuo to afford the corresponding Bi-complex

as a yellow-orange powder (143 mg, 97%).

Bix(L2): Bi(OTf)s (131 mg, 0.20 mmol, 2.0 eq.) was dissolved in THF (10 mL). Then, L2 (53 mg,
0.10 mmol) was added, and the mixture was stirred during 1 h. The precipitates were collected, and
the crude was washed with THF and ether, dried under vacuo to afford the corresponding Bi-complex
as a pale-yellow powder (108 mg, 81%). *H NMR (600 MHz, DMSO-ds) 6 8.41 (d, J = 4.8 Hz, 2H),
7.50 (t, J=7.6 Hz, 2H), 6.99 (t, J = 6.2 Hz, 2H), 6.84 (d, J = 7.6 Hz, 2H), 6.53 (s, 2H), 4.34-5.27 (m,
4H), 4.22-4.10 (m, 6H), 3.75 (d, J = 15.1 Hz, 2H), 2.03 (s, 3H); 3C NMR (151 MHz, DMSO-ds) &
174.2,157.9, 154.1, 147.0, 138.1, 131.9, 129.0, 126.0, 122.6, 122.3, 120.1, 63.0, 60.6, 58.4, 19.8.

Bix(L3): Bi(OTf)s (66 mg, 0.10 mmol, 2.0 eq.) was dissolved in THF (5.0 mL). Then, L3 (34 mg,
0.050 mmol) was added, and the mixture was stirred during 1 h. The precipitates were collected, and

the crude was washed with THF and ether, dried under vacuo to afford the corresponding Bi-complex
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as a pale-yellow powder (59 mg, 80%). H NMR (400 MHz, DMSO-ds) 6 9.43 (d, J = 4.6 Hz, 2H),
8.14-8.10 (m, 2H), 7.71-7.63 (m, 6H), 7.28 (d, J = 7.8 Hz, 2H), 7.03 (d, J = 7.3 Hz, 2H), 6.50 (s, 2H),
458 (d, J = 14.2 Hz, 2H), 4.36 (d, J = 14.2 Hz, 2H), 4.32(d, J = 16.0 Hz, 2H), 4.04 (d, J = 16.0 Hz,
2H), 3.99 (d, J = 11.0 Hz, 2H), 2.88 (d, J = 11.0 Hz, 2H), 2.04 (s, 3H); 3C NMR (151 MHz, DMSO-
ds) 6 167.8, 155.0, 154.9, 151.1, 148.5, 140.4, 140.1, 132.2, 126.9, 124.6, 124.1, 124.0, 123.7, 122.3,
120.1, 63.8, 61.0, 56.5, 19.7.

Bi(L4): Bi(OTf); (33 mg, 0.050 mmol, 1.0 eq.) was dissolved in THF (3.0 mL). Then, L4 (20 mg,
0.050 mmol) was added, and the mixture was stirred for 21 h. The precipitates were collected, and the
crude was washed with THF and ether, dried under vacuo to afford the corresponding Bi-complex. *H
NMR (400 MHz, Methanol-ds) & 9.06 (s, 1H), 7.97-7.38 (m, 9H), 6.63 (s, 1H), 6.55 (d, J = 8.2 Hz,
2H), 4.59-4.39 (m, 3H), 2.09 (s, 3H).

Biy(L7)-acetate: To a solution of L7 (145 mg, 0.20 mmol) in water (3.0 mL), a solution of Bi(NO3)s-
5H,0 (194 mg, 0.40 mmol, 2.0 eq.) in 2 M HNOs ag. (2.0 mL) was added dropwise. The resulting
mixture was stirred for 24 h at room temperature. The precipitates were collected, and washed with
water and ether, dried under vacuo to afford the Bi-complex with nitrate anion as white-yellow powder
(215 mg, 85%). The obtained complex with nitrate anion (38 mg, 0.030 mmol) was suspended in water
(3.0 mL). Then, KOAc (73 mg, 0.75 mmol, 25 eq.) was added, and the mixture was stirred for 12 h.
The solvent was evaporated. The crude was dissolved in MeCN, filtered to remove the insoluble salts.
The filtrate was evaporated, and the residue was dried under vacuo to afford the corresponding Bi-
complex with acetate as counter anion (24 mg, 63%). The single crystal was grown by the vapor
diffusion method (MeCN-ether, -20 °C, 7 days). *H NMR (600 MHz, Acetonitrile-ds)  9.05 (d, ] =
4.1Hz, 2H),7.98 (t,J=7.6 Hz, 2H), 7.57 (t, J=7.6 Hz, 5H), 7.51 (d, J = 7.6 Hz, 2H), 7.29(d, J = 7.6
Hz, 2H), 6.91 (d, J = 7.6 Hz, 2H), 6.61 (s, 2H), 4.81 (d, J = 14.4 Hz, 2H), 4.48 (m, 4H, two protons
overlapped), 4.09 (d, J = 15.8 Hz, 2H), 4.03 (d, J = 11.7 Hz, 2H), 2.80 (d, J = 11.7 Hz, 2H), 1.09 (s,
9H); HRMS (ESI) (m/z): calcd for CaH4sBi2NeO11 [M-OAc]* 1193.2694, found 1193.2689, [M-
20Ac]?* 567.1278, found 567.1271.

HPNPP and DNA model Assay

The assay was performed in standard 100 pL of reaction mixture (50 mM HEPES buffer, 5% DMSO,
pH 7.4) containing an RNA degrader, 1.0 mM model substrate. The reaction was monitored by the
changes in UV/Vis absorbance at 400 nm using EnSight™ with a 96 clear well plate. Reactions were
initiated by the addition of small volume (10 uL) of a stock solution (50% DMSO-buffer) of the

catalyst to 90 pL of buffer solution containing model substrate. Time-dependent absorbance changes
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were recorded at a fixed wavelength of 410 nm.

HPNPP Kinetic Assay (Initial rate)

The HPNPP assay was performed in standard 100 pL of reaction mixture (50 mM buffer, 5% DMSO)
containing an RNA degrader, 0.50 mM HPNPP. The reaction was monitored by the changes in UV/Vis
absorbance at 400 nm using EnSight™ with a 96 clear well plate. Reactions were initiated by the
addition of 10 pL of a stock solution of HPNPP to 85 puL of buffer and 5 pL. of DMSO mixed solution
containing RNA degrader. Time-dependent absorbance changes were recorded at a fixed wavelength
of 400 nm.

Oligonucleotide model Assay

The assay was performed in standard 100 pL of reaction mixture (50 mM HEPES bufter, 5% DMSO,
pH 7.4) containing an RNA degrader, 100 nM model substrate. The reaction was monitored by the
fluorescence changes at 520 nm under the 495 nm excitation using EnSight™ with a 96 black half-
well plate. Reactions were initiated by the addition of small volume (10 pL) of a stock solution (50%
DMSO-buffer) of the catalyst to 90 uL of buffer solution containing model substrate. The time-

dependent fluorescence changes were recorded at 520 nm under the 495 nm excitation.

X-ray Crystal Structure Determination

The crystal was immersed in Fluorolube®, mounted in a MicroMount, and measured at 103(2) K.
The X-ray diffraction data were collected with a XtaLAB PRO diffractometer (Rigaku) using Cu (40
kV, 30 mA) X-ray source. The structure was solved and refined by ShelXT program. All hydrogens

were placed in idealized positions and constrained to ride on their parent atom.
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check CIF/PLATON report

Structure factors have been supplied for datablock(s) exp_323

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR
PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE

No syntax errors found. CIF dictionary Interpreting this report

Datablock: exp_323

Bond precision: C-C = 0.0114 A Wavelength=1.54184
Cell: a=16.9687 (1) b=22.0639(2) c=25.9495(2)
alpha=90 beta=90 gamma=90

Temperature: 103 K
Calculated Reported

Volume 9715.38(13) 9715.38(13)

Space group Pbca P bca

Hall group —-P 2ac Zab -P 2ac Z2ab

Moiety formula C44 H46 Bi2 N6 011, H2 O [+0.889(C44 H46 Bi2 N6 0O11),
solvent] 0.889(H2 0)

Sum formula C44 48 Biz N6 012 [+ C44 H46 Bi2 N6 011
solvent]

Mr 1270.85 1252.83

Dx,g cm-3 1.738 1.927

Z 8 9

Mu (mm-1) 14.597 16.394

FO0O0O0 4928.0 5454.0

FOO0O0’ 4877.38

h, k, lmax 21,27,32 21,27,32

Nref 10153 10102

Tmin, Tmax 0.156,0.380 0.155,0.584

Tmin’ 0.043

Correction method= # Reported T Limits: Tmin=0.155 Tmax=0.584
AbsCorr = GAUSSIAN

Data completeness= 0.995 Theta (max)= 76.167
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wR2 (reflections)=

R(reflections)= 0.0469( 9539) 0.1052( 10102)

S = 1.055 Npar= 590

The following ALERTS were generated. Each ALERT has the format
test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

@ Alert level B

PLAT241 ALERT_2_B High 'MainMol’ Ueq as Compared to Neighbors of O01E Check
PLAT242_ALERT_2_B Low 'MainMol’ Ueq as Compared to Neighbors of CO0Z Check
PLAT242_ALERT_2_B Low 'MainMol’ Ueq as Compared to Neighbors of C016 Check
PLAT420_ALERT_2_B D-H Bond Without Acceptor 01 ——H1A . Please Check
PLAT971_ALERT_2_ B Check Calcd Resid. Dens. 0.72Ang From Bi(2 2.88 ehA-3
PLAT972_ALERT_2_ B Check Calcd Resid. Dens. 0.82Ang From Bi(2 -2.64 eh-3
PLAT972_ALERT_2_B Check Calcd Resid. Dens. 0.76Ang From Bi(2 -2.60 enA-3

« Alert level C

PLAT213_ALERT_2_C Atom OQ01E has ADP max/min Ratio ..... 3.1 prolat
PLAT213_ALERT_2_C Atom CO01S8 has ADP max/min Ratio ..... 3.4 prolat
PLAT213_ALERT_2_C Atom CO1T has ADP max/min Ratio ..... 3.4 prolat
PLAT220_ALERT_Z2_C NonSolvent Resd 1 C Ueqg(max) /Ueqg(min) Range 5.5 Ratio
PLAT220_ALERT_Z2_C NonSolvent Resd 1 O Ueqg(max) /Ueqg(min) Range 4.8 Ratio
PLAT222_ALERT_3_C NonSolvent Resd 1 H Uiso (max) /Uiso(min) Range 6.0 Ratio
PLAT234_ALERT_4_C Large Hirshfeld Difference 0008 --C01M . 0.17 Ang.
PLAT234_ALERT_4_C Large Hirshfeld Difference 0Q01E --C002 . 0.17 Ang.
PLAT234_ALERT_4_C Large Hirshfeld Difference C9 --C016 . 0.19 Ang.
PLAT234_ALERT_4_C Large Hirshfeld Difference CO1C --C010Q . 0.19 Ang.
PLAT241 ALERT_2_C High 'MainMol’ Ueq as Compared to Neighbors of O00A Check
PLAT241 ALERT_2_C High 'MainMol’ Ueq as Compared to Neighbors of 000C Check
PLAT241 ALERT_2_C High 'MainMol’ Ueq as Compared to Neighbors of 0O00M Check
PLAT241 ALERT_2_C High 'MainMol’ Ueq as Compared to Neighbors of C01Q Check
PLAT242_ALERT_2_C Low 'MainMol’ Ueq as Compared to Neighbors of Bi02 Check
PLAT242_ALERT_2_C Low 'MainMol’ Ueq as Compared to Neighbors of C01M Check
PLAT260_ALERT_2_C Large Average Ueq of Residue Including 01 0.126 Check
PLAT342_ALERT_3_C Low Bond Precision on C-C BOndS . .eeeeeneeeennns 0.01135 Ang.
PLAT369_ALERT_Z2_C Long C(sp2)-C(sp2) Bond CO0O0T - Cc018 . 1.53 Ang.
PLAT906_ALERT_3_C Large K Value in the Analysis of Variance ...... 3.418 Check
PLAT971_ALERT_2_C Check Calcd Resid. Dens. 0.76Ang From Bi(2 2.30 eA-3
PLAT976_ALERT_2_C Check Calcd Resid. Dens. 1.06Ang From 0003 . -0.53 eA-3

¥ Alert level G
FORMUO1_ALERT_1_G There is a discrepancy between the atom counts in the
_chemical_formula_sum and _chemical_formula_moiety. This is
usually due to the moiety formula being in the wrong format.
Atom count from _chemical_ formula_ sum: Cd44 H46 Bi2 N6 011
Atom count from _chemical_formula_moiety:C39.11600 H42.67200 Bil.778 N
FORMUO1_ALERT_Z2_G There is a discrepancy between the atom counts in the
_chemical_formula_sum and the formula from the _atom_site* data.
Atom count from _chemical_ formula_sum:C44 H46 Bi2 N6 011
Atom count from the _atom_site data: ©€639.11111 H42.66666 Bil.777777 N
CELLZO01_ALERT_1_G Difference between formula and atom_site contents detected.
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CELLZ01_ALERT 1 G
symmet

From th

From th

TEST:

atom

PLAT002_ALERT_2_G
PLAT007_ALERT_5_G
PLAT041_ALERT_1_G
PLAT045_ALERT_1_G
PLAT051_ALERT_1_G
PLATO83_ALERT_2_G
PLAT142_ALERT_4_G
PLAT143_ALERT_4_G
PLAT171_ALERT_4_G
PLAT172_ALERT_4_G
PLAT232_ALERT_2_G
PLAT232_ALERT_2_G
PLAT301_ALERT_3_G
PLAT605_ALERT_4_G
PLAT720_ALERT_4_G
PLAT794_ALERT_5_G
PLAT860_ALERT_3_G
PLATB68_ALERT_4_G
PLAT912_ALERT_4_G
PLAT978_ALERT_2_G

ALERT: Large difference may be due to a

ry error - see SYMMG tests
e CIF: _cell_formula units_2Z 9
e CIF: _chemical_formula_sum C44 H46 Bi2 N6 011

Compare cell contents of formula and atom_site data

Z*formula cif sites diff
396.00 352.00 44.00
414.00 384.00 30.00
18.00 16.00 2.00
54.00 48.00 6.00
99.00 96.00 3.00
Number of Distance or Angle Restraints on AtSite
Number of Unrefined Donor-H AtOmMS .....cuvuuennnn
Calc. and Reported SumFormula Strings Differ

Calculated and Reported Z Differ by a Factor ...
Mu(calc) and Mu (CIF) Ratio Differs from 1.0 by .
SHELXL Second Parameter in WGHT Unusually Large

s.u. on b - Axis Small or MiSSing ..............
S.u. on ¢ — Axis Small or Missing .......ccceeeas
The CIF-Embedded .res File Contains EADP Records

The CIF-Embedded .res File Contains DFIX Records
Hirshfeld Test Diff (M-X) Bi02 ——NOON .
Hirshfeld Test Diff (M-X) Bi --0008 .
Main Residue Disorder .......eeeee.. (Resd 1 )

Largest Sclvent Accessible VOID in the Structure
Number of Unusual/Non-Standard Labels
Tentative Bond Valency for Bi02

Number of Least-Squares Restraints
ALERTS Due to the Use of _smtbx_masks Suppressed
Missing # of FCF Reflections Above STh/L= 0.600
Number C-C Bonds with Positive Residual Density.

2

2
Please
0.889
10.96
79.42
0.00020
0.00020
1

1

8.2

5.3

2%

279

104
2.47

51

Note
Report
Check
Check

Why ?
Ang.
Ang.
Report
Report
s.u.
s.u.
Note
A**3
Note
Info
Note
Info
Note
Info

0 ALERT level A = Most likely a serious problem - resolve or explain
7 ALERT level B = A potentially serious problem, consider carefully
22 ALERT level C = Check. Ensure it is not caused by an omission or oversight
24 ALERT level G = General information/check it is not something unexpected
6 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
28 ALERT type 2 Indicator that the structure model may be wrong or deficient
5 ALERT type 3 Indicator that the structure quality may be low
12 ALERT type 4 Improvement, methodology, query or suggestion
2 ALERT type 5 Informative message, check
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It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious problems
it may be necessary to carry out additional measurements or structure refinements. However, the
purpose of your study may justify the reported deviations and the more serious of these should
normally be commented upon in the discussion or experimental section of a paper or in the
"special_details" fields of the CIF. checkCIF was carefully designed to identify outliers and unusual
parameters, but every test has its limitations and alerts that are not important in a particular case may
appear. Conversely, the absence of alerts does not guarantee there are no aspects of the results needing
attention. It is up to the individual to critically assess their own results and, if necessary, seek expert
advice.

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E or [lUCrData, you should make sure that full publication checks are
run on the final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF
submission.

PLATON version of 06/07/2023; check.def file version of 30/06/2023
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Datablock exp_323 - ellipsoid plot
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