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miRNA microRNA

pri-mRNA primary miRNA

pre-mRNA precursor miRNA

Ago2 argonaute protein 2

RISC miRNA-induced silencing complex
mRNA messenger RNA

3'UTR 3’-untranslated-region

AMO anti-miRNA oligonucleotide
MOE methoxy ethyl

BNA briged nucleic acid

LNA locked nucleic acid

S-cEt S-constrained 2'-O-ethyl

PS phosphorothioate

GuNA guanidine-bridged nucleic acid
ALNA 2'-amino-LNA

miRNA-21 microRNA-21

PEM post elongation modification
Ac acetyl

Bz benzoyl

iPr isopropyl

Ph phenyl

DNA deoxyribonucleic acid

RNA ribonucleic acid

HPLC high performance liquid chromatography
MS mass spectrometry

rt room temperature

TBAF tetrabutyl ammonium fluoride
TMS trimethylsilyl

DMF N,N-dimethylformamide
DMAP N,N-dimethylaminopyridine
BSA N,O-bis (trimethylsilyl) acetamide
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Figure 1. Overview of miRNA biogenesis and its regulation



MIRNA (23T 5 HEx T 2 % H~8 3% H OHEILALS] (—MXAYIZ Seed EEK & FEITAL D)
N B EETH Y, A mRNA OR8IZIIC Seed fEIKIC L - TfTdN D (Figure 2), Seed 78
WO RFESNTE—B L TOIUEZN SO miRNA (Z miRNA 7 7 I U — & L TLEST 5
HUF— mRNA BEAHIEIT 5 Z & 235500 > T D, —20 miRNA 2% DEERES 2 F 4 518
D mRNA Z 42 Z LR BN TV D, lH, EAERFO 3FERREE 3'UTR) (24
mMiRNA @ Seed fEIEk & FAAHAY 72 B FIAMFEAE L. Seed FEI A /i L THERY mRNA IZRSERITHES
L. FERBAIMGELPREOILE . MR OME. T 7 =/ bLOEFE. A mRNA O fiF, FARY
NTF ROBEABEFEEFIC L VERELET 2, 39 T, A&, MlaE a6, Mk,
Al == — v IR, RIS . ROV IRNE 72 £ Offild 7 v 2 20T H e b
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Supplemental
Seed pairing
, nt2-8  nt~13-16 )
’ TTTTT TmiRNA
? ITarget mRNA

Figure 2. Target mRNA recognition on seed region 2

Anti-miRNA 4 U X7 LFF K (AMO) (% miRNA OREAZTHEST 24 I X7 LAF R
TH Y. mRNA OIREZIT L TRBIZED D EERORFZFRFICHEI TE 5 2 L b, iR
EHICBITDHHIEE T & LTHEEZED TN D, 630 X 5|TEF TIEEED AMO IZB W0
THRIRBIZE M T TV 5, 39 miRNA-92 DORREZ FAE T2 AMO 1%, Alff (MRG-110) %
BIEE LT, 5 1R FER STV D, —H DMK ABE 255812, miRNA-155 %
FER) &35 AMO O | FHRRER 23 5EHE S ATV % (MRG-106), 33 Regulus Therapeutics o3&
LA RG-012 1X miRNA-21 BEBEZ i35 2 & TT VR — MEMRREBE OFELEZ B
LTV, BUES | MK Z Ehih ch o, %9

INETIZNL 20D NTHERIZE D AMO DL EMiNHE ST s, 2 2004 45,
Meister © & Hutvagner 532240 AZH) miRNA & 58 2R 7R 2-0- A F L4 ) X7
LAF R (2-OMe) 78 AMO & L THERE L7z 2 & 23t L 723739 (Figure 3A, 2'-OMe), Kritzfeldt
5iE. miRNA (Zxf LTI 7R 2-OMe Efifi 2 L AT m—/b a2 7 — F—AEH RNA 77
07 uEREFL, INHOA4 Y IX7 AT K% Tantagomir) &4 L7- (Figure 4), 3940 %
NHiFTx Y X7 L7 —RIZ K D02 i3 2 72120 F OmM KRR AEROR AR F 4
77—k (PS) #itrEA L1z, Esau Hl%, 2-A ¥ =F /L (MOE) & PS CEffisn/-4V =



X7 LA F K (Figure 3A, 2-MOE) 22\ T, £ D AMO i&EME A LT, 4D —fXiIC 2'-MOE
EfEX 7 L7 — B & DR RNA ~OfSE B2 8GE S5 2 nmbiTngd, 2
Esau & O IZI\T 2'-MOE EfififAI% 2'-OMe EfifR L 0 & @ W& R Lz, 77—
\Z. 2',4-Briged Nucleic Acid/Locked Nucleic Acid (Figure 3A, 2',4-BNA/LNA, L F LNA L E29)
DB AIAIRREA ~DFE A 22 EL L, miRNA ILETEE 2T 5 Z LG Sh TV 5,
43-44) Davis 5%, DNA., 2-OMe, 2-MOE, LNA (Z/lz.. 2'-F Zfv 7= AMO % {EHRL L 7= (Figure
3A, 2'-F), 49 Lennox K (" Behlke &% miRNA-21 LiR—% — 3 AT A %& FWTHER S AMO
Z HEESEEM L. 2-OMe/LNA DOfiAEbHE (2 5D 2-OMe & 150 LNA OFEVIRL) (2 X -
TS 7z AMO 23EV miRNA-21 BRETEMEZ 7R3 2 & Z#E L7z, 49 Elmen 513, DNA/
LNA f&£fi> 16-mer AMO %% in vivo T~ 7 A2V TmIRNA-122 Z[HET 5 2 L 2 Lz,
IHHERETS2O50ODNA £ 150 LNAEF—7NHE- Tz, 89 Z b Of%ED%
<IE. (1) AMO O&fRIZIR CALFHEfi &2 M9, (2) 2 DI L7 EDRFED /N Z — - DEff
T, (3) 3MASANC & &b TR UALHER 2 fi s & W o B XN EThH o7z, —F T,
JT4F Tl Santaris Pharma 23 JERSIRERBR D —EE & LT, 7 D DNA & 8 {H D LNA 7 Ak S+
% 15-mer @ mMIRNA-122 AMO (28T LNA OEA(E % ik L, #EE D miRNA
(MiRNA-122, miRNA-19b, miRNA-155) (2@ L7= LNA O4F £ LWMESRRAL N H D Z & % F
HL7, 9 Zhso AMO X, AT < miRNA-122 221 & LT 7z 2'-OMe-PS-21 L A7 11—
V¥ A Z (Tantagomir] ) LV A EICEVEMEEZ/ R LT, & 512, Regulus Therapeutics i,
T VIR — MEERE A IGE & L7 RER T miRNA-21 12519 % S-cEt {&£fi AMO (Figure 3A,
S-cEt) #fH L TH v, Z D S-cEt IZHi b S =Bl EIX EREd (1) — (3) DEffi/ ¥ —
STEE L2 D ThH o7, 3 Z 0 L9 B HEMOTIL., £ OEMALE & AMO &M
EORREIZET 5 Z EiX, AMO OIERBEF OB ZED . X VRO E W AMO OAIRLIC
BrnoLEZDOND,
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Figure 3. (A) Representative structures of nucleic acid derivatives used in anti-miRNA

oligonucleotides. (B) Structure of GuNA. (C) Structure of ALNA, 2'-N-acylated ALNA, and
2'-N-alkylaminocarbonyl ALNA.

- ANNNANNNANNNNNANNNNNANNNAN I\/\I\l\l\_s,

2’-OMe cholesterol
/\ phosphorothioate linkage (PS) /A phosphodiester linkage (PO)

Figure 4. Representative structures of antagomir.
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FA I N E TICUH SN TV D EMLEE & (2R 288 Ch v IR L L TURH
ARED, HEEMBET - TS, TOMIZH . Wengel HIZE VB SN LNA T/ ThHod
2'-amino-LNA (Figure 3C, ALNA) 358y A2 EbiEZ R~ L, 3-TF% Y X7 L7 —EiEMEIC
MPE2 A9 2720 TR < 2-7 X BRI A R ORR % 72AbF SO K DM R & LT
WL TWD, 8 DIRTOMFZETIEL, 2-N-7 /L3 /L 8667, o1 N-7 2L 66:82). 2'.N-7 )L & 3 7 )1
A= 8) FOR2-N-T/LX LT I AR =)L 8 7p B 2-N-fEH#L ALNA FFE R A S HT A4
UIXT LAF ROBEPHRE SNTND, 2-7 X/ K EOLHEMOISAF & LT, AfR
BtOGHTCRIAT 272l s, A0 TV R OBHERPERIN AR E D' o —4r %
20-7 X FRITHIATe L Do TEFED R STV D, 8870 T4 TS - 2T X BRI
XIFWEY AT REMIIALTE ALNA 25 H 54U IX 7 LAF Rid, EEhRer)pdcE
WHIFF SN D70 &, AR COISHBIIFRF IS 213788 L)xL7en b, ok L7zBEs
A E, GUNA BLNALNA FBEADF I D07 u 7 oRnbllSn-41) 37 LA
F R OGRS X OB R m B L P E (CAHORERES) o7 a7 74 ) 7
METH Y ST A 5B T ERBNIEREEIE & U C O3 2 5740 L 726HIR 5
T, 88 ZOHEO—2L LT, £V IX7 LAF ROBEMERSEMICHE L R#ELT
RSN, TT7=r, IJ7 =0T UEREAT D ALNA SR 26T 5 2 & 03[R
TholcZ ENRETOND, THETICHE STV ALNA FFEROGRGEIL, LA DAL
KA BIRANTAG D 72D ) R— R BRI DB L OB AL ALNA OZUETERLATIZAT > T
BY . ARBOEEO RN L7z TR CIRIGEZR AL — FTh o7 (Figure 5), LxL7¢
N5 2018 4, ALNA TRIRDF I Do 7 u 28l Li-0blz, WL 7Y RO Y
SVUVOmGICERAEER N T A7) av b— g VIENBABIZL o TR &Sz, 8
AR O O RIETII G B VD R O IER R L O S'AKEE LD T o [EFH G A L 7o
ETREINTNDTeD, 2A~DEMEHIEANL | FFNLORARRT IXA MED 2 TRTH
FEFEROT IZA FBERLTEDLLEWVIRER DT, THITED 2020 4, B HIT B
MISEBRB LT T =0, 7= AFNAY by v 2815 GUNA O&RiEERE Lz, 9
PLEXY, ZivE CEBERO(LHEM E L TR SD T, FILVLUNOERERERT S
T A A NEDREETH o 727 DIGHFIEDO Z Lo 72 GUNA 1 L OV ALNA Eifg Ao\
T HMEOGEEP IR SN Z LI L W BFERZEH7 I44 BRI Y X7 L
FF REGT 22 LN TE FKHEE R CRMBER L L COEMBNRIRN RS 225
EBZ DI, ABFSECIIEEIEIRO H T H AT AMO IZHE %2 Y T, ALNA JHixikOfE~ O
LB D/ 5 — o L SEBREME O BRI DWW TR T 5 2 & & LT,
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iz & miRNA PLETENE & OBIFR A FEMICTHIG L7, & 75 E OISR S N %7 59~ 2 #Lh
(2T, AWFZETIX 2014 42T Schirle b 23 L 72 Ago2-miRNA-122-15H) mRNA @ 3 H
BARD X Bk A E AT (4W50) 9 Z VT, #ZF mRNA 2 AMO SFHEL, UAR—RAD 2
MLOEZ GUNA ICRELTET Y U7 %352 L THRLT X /e OMEEICET %
BEiToT, B ETIE, HFETELNIZMAEZRIZT VLV TER S ALNA A
(Figure 3C, 2'-N-acylated ALNA) ([ZiEH L, ZORFEMRA ) X7 VAT FERIELZ B L
oo ETHIOWC2-T I EEZ M) INFA T BF A TRE L2 ALNA DRAFr T I XA
FNaeBm LAY AX 7 LAF RICEA LKL, KIS, BEHEREZED ALNA G640 X7 LA
F IS L TR S TEEMIC 2N-7 ik 247 5 i B 1% {E A (Post Elongation
Modification, PEM) 1E% . L72, PEMIEIC L > THEA O T IV EEEZEAN LT A I X7 LA
F RIZOWTIE, ZERURS G BN, EEFRRE L Y 3-X 7 LT — B3Rl %2 . 2'-N- A F /L
ALNA KN ALNA ENFSTHEBGEHEI L7-, Nz T, 73Uk & iz ALNA 254635 AMO
AL, 207 vV EEOEN L mIRNA FLETEMEOBIFR 2 3/ L 7=, % =% CTlL, 2-N-
TIVXILT X ) B VAR =/ ALNA (Figure 3C, 2'-N-alkylaminocarbonyl ALNA) (2 & %24 T,
AMO DAbFEfTi L L CORMAMEEFEIE LT, 2-N-T VXL T X/ 1/VR=/L ALNA OF I
B S AFNVL R DRAFRT IFA Faal, ThbE2B a0 4 ) AX 7 LA
F REBRR LTz, ZOHERAFHEEZHLMNICT D720, EFEAEER DY 3-BR RIS 5
MiPE 2 bl U 72 fihod ALNA FFEAR & i L7z, S 612, flix D 2-N-7 X/ /LA =/ ALNA
ZEAL7Z AMO (I229WT 2-N-7 2/ B ViR = )UEE DE VNG 2 DIEMEZEIC W CTREEL .
2'-N-AFILT X 7 FVAR = VBT AMO A3 miRNA BLETEMEZ 7R3 2 & 2410 TH LM
L7,
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Figure 5. (A) Previous synthetic route of 2’-amino LNA derivatives. (B) Transglycosylation Reaction
reported by sawamoto et al. BSA = N,O-bis (trimethylsilyl) acetamide, TMSOTf = Trimethylsilyl

trifluoromethanesulfonate
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F—H  miRNA BLETE TR D% ET

A Fk 4 13 AMO 1512 FEl 35 72 OFERY miRNA & LT, FEORHEIE /2 & DRk % 720K B
& OBFHN B WAL STV D miIRNA-2L AR L 72, ) Bk i@ D . miRNA-21 O FHE A
X7 VIR — MEGREZES & LT Phase I ARV THON TS, 3430 GUNA %A L 72 AMO
® miRNA PREEWZ M T 272018, VIV A Z Ay 7 =7 —8BlE+F0O 3UTR IZ
mMiRNA-21 ([ZZE—HOR AN 26T 5V 7 =7 —BRE7Z A K (MiCheck miRNA
Biosensor Clone, Promega) # v 7=, 9 NERIEHEL L THWD R Z vy 7 = 7 —8 & miRNA
FLEVEE AR T VIV A X TN T =7 —BENE T a7 e 727 —BLAR—F—7T >
A EZAOCTHE Lz, AMO OIE(FAE T Tix, WRHE mRNA XU I v A Z vy 7 =T —
EOFEREZLET S (Figure 6A), AMO OAF(E FTlL, miRNA REDOHFIC LY v I v A ¥
vy 7 =7 —EORERAEE S 5 (Figure 6B), HEK293 2% L C miRNA-21 L AR— & —
TIAI REREAL, 4%, FT A7 =27 a #RkdE (Lipofectamine RNAIMAX) %
FWTH AMO 2RI L7-, AMO 38 A LT 24 FFH#IC, T 2T WLy 7 =T —B LiR—%
=T AT ITAZ TN T 2T —BIEEEZRIE L ERENBORZ VLT T o
F—¥ar hr— L TR LT, RIS, hT A7 27 v a VREE VRS (BUT,
gymnosis 14 & 50 ) CRMET 25813, AMO RN 96 FEMHZICT 27 vy 7 =7 —8 L
RN—H—=T vEA%{T>7-, AMO IZX % miRNA-21 #EEDIHERZFHE T H7-HIC,
MiRNA-21 DOFEFELY 2/ L TV 7RWED 7 Z A3 R (psiCHECK™-2, Promega) % A L7
MIRORRINL 7 = T —BIEMEZFHESR 100% & EF% L, miRNA-21 OEMELSIZ2H LT\ 5
TITAIREEANLIZOL, AMO ZIRMLARWEEOMRL Y 7 = T —BiEEEZ LESR 0%
LIEFR LT BN DB L L 537D 03 < T 5 7212 miRNA-21 BlAI D 5" KD X 7 L A F
RAZELCIE 1 206 22 £ TOE S %FHT 7= (Figure 6C), AMO DOHEILIZIE, ARMHAY 72 LI [F
CEZHEID L THND L DIZ, 3K BIAIZ 1 226 22 £ CRERICE 5 &2 1772,
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Figure 6. Overview of the dual luciferase assay system for the in vitro evaluation of activity and the
numbering of nucleosides in the AMO sequence. (A) Expression of Renilla luciferase is suppressed by
endogenous miRNA-21 in the absence of AMOs. (B) AMOs inhibit the function of miRNA-21 and
restore the expression of Renilla luciferase. (C) The bases in the miRNA and AMO were numbered
from 1 to 22, starting from the 3’-end and 5’-end, respectively.

FH&  miRNA FEEMEIC BT D IEMERNAL ORRFE

FPH M T, BN TERO—FETHDS GUNA 28, RIUZEBRANTEETHY i
FTIZWL DD AMO EfiOFFFENR 72 Z3 TV D LNA & [AEEOTEMEZ R D& e 5
HEJT.miRNA - 21 (Zxf L TRV 7R BLS 2 A9 2 DD 19-mer AMO (ON1 } TF ON2) %%
FHL72, & AMO (Z[A UERIRERD 8 2D LNA 3id GUNA 2> HRERR S, & OB E 1T
Lennox ©IZ &V #is &7z LNA Efifi AMO 225 |Z L7=, LNA Z% ¢ ON1 /% Gene Design
FECEFEARC L. ON2 [ZLARTH 2 O 7 N — 73 #jtE LTz GUNA 4V X7 LATF ROERRT
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7 a0 IS THER LTz, AMO OFLEFEMEZ 727 Wy 7 =7 —87 vl A Z i
CHFM L7~ (Figure 7). LNA Z&de ON1 i, 3 nM DO E T miRNA-21 ORERE 4 13 I1F5E
BICPHET D Z L3 h o7, —F . GUNA Z & Te ON2 I3 30 nM DO FE THWBRETE 2 7R~
L7z, TmfEZRIEL, W AMO OFER) mIRNA ~OFEEHFNEE M L=, ZOfEE, ON1
Je Y ON2 @ T fEIZA B ZEITRD BRI o7z (FNEIL 76 °CR N T2 °C), [bFEMEED /NS
PR 7E TR RNA ~DFE G R & 7o B % AT S 727> 7208 . miRNA BLETRTEICARICH AL
7o Z LITBRIED o 72, LNA I KV Faifb S 47z AMO & R Ui % — > % vz GuNA
ERITIEIEZ RS, i LWVER XY —3ZLNA & GUNA O CTRAR D Z L &R LEZ, =
NHDOFERNG, GUNA D77 = 7 FEH3 AN miRNA OFEREFLE ORI L <
WD LRI AL Tz, —RIS, 77 =V R RAMENE L (pKa # 12.5), AL T T
7' hAbS R, JRV pH I T E OEM MR T 5, 7T =Y DI F A MIT Ml
MO X ) BRAINIHEB LAY AX 7 VAT FOFEZ 2L B 5 AR H 5, 9 Lo
P35 TABFFE D EBRIZ I\ T, M COVERIE IR R T 220 RICE R Z S T THRIET S
HHT, £ O HIRNBATIED B A ATREZR R U HEBR T 5 7212, BRI L OB
DT T =V FOMHERIIFE L 725 L5 KBS R OB & 5% 5 LTz, & 5124 AMO DR
MEFEIC N T AT 2l v a VEHITTHHTI Z L & Lie, 2 OEHEIDITIZ, GUNA &
BN D F T DS 2 — D AMO Z AL, MEEIEMEEZ S BT 2L & L, K
BEIZBITD GUNA G HTHA4Y X7 LAF FOAME L, HBRITRER b 23V L25k
PRIZHE > THEM LIz, 9 AETHM L= TO ON S| Z —E(Z LT Table 1 [Z587,
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%Inhibition

100 -
M3 nM
| 10 nM
50 - W30nM
o 1
1

ON1 ON2
Seq No. Sequence (5' to 3) Modification of X Tm (°C)
ON1 AACATCAGTCTGATAAGCT LNA 76
ON2 AACATCAGTCTGATAAGCT GuNA 72

Figure 7. Comparison of Tr, values and in vitro activity (determined under transfection conditions) of
AMOs modified with LNA (ON1) and GUNA (ONZ2). Capital letters; DNA, Underline; LNA or GUNA
(C denote 5-methylcytosine). All phosphodiester linkages were replaced by PS linkages. All data are
shown as the mean values (n = 2). To calculate the inhibition rate against miRNA-21 function, we
defined the relative luciferase activity of the cells transfected with the miRNA-21 reporter plasmid
without AMOs as 0% inhibition, and that of the cells transfected with the empty reporter plasmid as

100% inhibition.
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Table 1. Oligonucleotides synthesized in this chapter.

HPLC
Modification = purity HPLC. .
seq No.  Sequence (5" to 3') Retention Time
of X Calcd.  Found. (uv (min)
area%)

ON1 AACATCAGTCTGATAAGCT LNA 6350.1 6352.3 95.9 10.8

ON2 AACATCAGTCTGATAAGCT GuNA 66786  6679.2 100.0 15.4,15.7
ON3 AACATCAGTCTGATAAGCT GuNA 6664.5 6662.7  100.0 15.2

ON4 AACATCAGTCTGATAAGCT GuNA 6664.5 6666.5 98.1 15.1

ON5 AACATCAGTCTGATAAGCT GuNA 6650.5 6649.9 99.2 15.3,15.6
ONG6 AACATCAGTCTGATAAGCT GuNA 6636.5 6635.2 100.0 15.4,15.7
ON7 AACATCAGTCTGATAAGCT GuNA 6636.5 6635.7 100.0 15.1

ON8 AACATCAGTCTGATAAGCT GuNA 65955 65945  100.0 15.8

ON9 AACATCAGTCTGATAAGCT GuNA 6581.4  6580.7 100.0 15.7

ON10 AACATCAGTCTGATAAGCT GuNA 6581.4 65825  100.0 15.8

ON11 AACATCAGTCTGATAAGCT GuNA 6636.5 6650.0 100.0 15.4,15.8,16.1
ON12 AACATCAGTCTGATAAGCT GuNA 6650.5 6651.5 100.0 155,158, 16.1
ON13  AACATCAGTCTGATAAGCT GuNA 6650.5 6650.6  95.0 15.2

ON14  AACATCAGTCTGATAAGCT GuNA 6650.5 6650.0 100.0 15.2,15.6
ON15 AACATCAGTCTGATAAGCT GuNA 6636.5 6637.0 100.0 15.3,15.7
ON16 AACATCAGTCTGATAAGCT GuNA 6636.5 66358 98.2 15.2,15.6
ON17  AACATCAGTCTGATAAGCT GuNA 6636.5 66339 94.2 15.2,155
ON18 AACATCAGTCTGATAAGCT GuNA 6636.5 66352  96.1 15.2

ON19 AACATCAGTCTGATAAGCT GuNA 6636.5 6636.6  98.8 15.1

ON20 AACATCAGTCTGATAAGCT GuNA 6636.5 66375  100.0 15.1

ON21 AACATCAGTCTGATAAGCT GuNA 6636.5 6635.6 98.5 15.2

ON22  AACATCAGTCTGATAAGCTA GuNA 6965.8 6968.0 95.1 12.8

ONZ23 AACATCAGTCTGATAAGCTA GuNA 6970.8 6969.4 100.0 16.2,16.4
ON24 AACATCAGTCTGATAAGCTA GuNA 7039.8 7038.8 100.0 15.7

ON25 AACATCAGTCTGATAAGCTA GuNA 6979.8  6982.2 93.3 129,133
ON26  AACATCAGICTGATAAGCTA GuNA 6965.8 6968.0 975 12.9

ON27 AACATCAGTCTGATAAGCTA GuNA 6979.8  6981.7 94.9 13.0

ON28  AACATCAGICTGATAAGCTA GuNA 6965.8 6968.8  97.0 12.8

ON29  AACATCAGICTGATAAGCTA GuNA 6979.8 69816  98.1 13.0

ON30 AACATCAGTCTGATAAGCTA GuNA 6979.8  6981.9 97.4 13.0

ON31  AACATCAGTCTGATAAGCTA GuNA 6965.8 6968.3  98.9 13.0,13.3
ON32  AACATCAGICTGATAAGCTA GuNA 6979.8 6982.1  98.0 12.8,13.1
ON33 AACATCAGTCTGATAAGCTA GuNA 6993.8  6996.3 98.8 12.8,13.1

Capital letters; DNA, Bold; 2’-MOE, Underline; LNA or GuNA (C denote 5-methylcytosine). All
phosphodiester linkages were replaced by PS linkages. ESI-MS produces multi- ply-charged ions, and
found molecular weight were obtained by the deconvolution of those peaks. Several GUNA sequences
had multiple peaks detected by HPLC analysis, in which case the peaks that had same MS were
combined to calculate HPLC purity.

GUNA & AMO OEIETEMEFBI DR Z ML T 2 12 H 72 0 | ALHEROZN R 2 B 12521
DN E Z 0B RENTHERET 572012, miRNA-21 il &2 K& < & — Rl (RYva v
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2—8) LIEL— FEE (RY Y 3 9—20) (Figure 8A) O 2 SDFEBIZAYHE L 72, AMO 23 EHY
&7 5 mMRNA (2 & > T, o — FEFIFFER) mRNA OFRFRICEE LTG5 2 LD FrcE
HRMEIR TH D, ¥ L7z >TAMO IZBWTH, miRNA O > — REEEOMHEIAHE S T 5
PN D DRHEE FFOFREM R S 5 & B 2, ERRONEE T2, v — FEUEY— KE
BICHE TS GUNA DNLEE 1O THOY 7 hEEEHZ LIk T 320y — NERIT VA > &
3 oD — REHIT VA » ZfAEHET 8 2D AMO ZHi7-IZ&H L7~ (ON3—ON10),
Figure 8A |23 Figure 7 T/r L7 ON2 & #7124k L 72 ON3—ON10 (23 W\ THLFI D £ DAL
2% GUNA TEFF STV D AR LT (BB IUMA2Y GuNA, JREW T DNA 2K7), 7 =
TN T 2F7—ET viA ZHNTEBK L AMO @ miRNA-21 FLETEM: 2 354 L7, &
FEIZ BT 5 mIRNA-21 DBHER % Figure 8B (Z/Rk L. 10 nM [Z81F 5 BLER %2 JLICiEMEo K/
T+ D% ETHRLUIAER A Figure 8A OELFITFHOBIZOFFE L7z, LA Figure (22T &[]
FROFLFLTRLT, ON2, ON3 K TF ON4 (T EE O EEMEZ /R Lz, ik, FE— Pl
DRV 29, 12, 15, 18 KT 20 ~D GUNA DE AN, B D FEEEMED M _EIcw 535 [
REMEA R LTz, TR U — FEGIERT 2479 % ON2, ON3 2 TF ON4 D H1 T, ON3
N BAF 7B ETEMEZ R L7z, ON5, ON6 K TN ON7 i%, ON2, ON3 XN ON4 & i, /5 9E
= FHEBEMTHDH, £DOH T, ON6 2 b @V EMEAZ R L7z, ON8, ON9 }Tf ON10 @
H1-Cl%, ON8 & ON10 [ ZIEMENMED o 7223, ONQ LT MIIEMEZ R LT, 2D OFERIL,
— FREBRORY > a2, 4 KOVT ~D GUNA DA LETENECR L TIEOEEZA TS
L AR LE, FHMEL7Z 9 20 AMO OH T ON6 s DiEtEE R L, ¥ — REOFEY —
REIROERF O AT DHEDIO AR Z R LT, BERGEVZ &12, ON6 O To fE
I£69°CTHDZ EAHI LT, ZAULON6 LV & KIFIZIEMELMEVON2 D TofE L Y & 3°C
Kinodz, ZDZ LD, ON2 & ON6 DFIDIEHEDZEZZN DD TofE EFHEI L2V Z &2
RS,
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Figure 8. Effects of GUNA placement, in the seed and non-seed regions, on the miRNA-inhibitory
activity. (A) Schematic representation of AMO sequences and their relative activities under transfection
conditions. The activity was expressed based on the inhibition rate (IR) at 10 nM: +++++, IR > 80%,
++++, 80% > IR > 40%, +++, 40% > IR > 20%, ++ 20% > IR > 10%, +, 10% > IR > 8%, -, IR < 8%.
m:GUNA, =:DNA. (B) Inhibition rate of miRNA-21 upon treatment with ON2 to ON10, under
transfection conditions. All data is shown as the mean values (n = 2). To calculate the inhibition rate
against miRNA-21 function, we defined the relative luciferase activity of the cells transfected with the
mMiRNA-21 reporter plasmid without AMOs as 0% inhibition, and that of the cells transfected with the
reporter plasmid not containing the miRNA-21 target site as 100% inhibition.

FZE miRNA BETEMEICIIT D Seed FEIBIEATERNL D MEBA AT

FEOMBREL D v— NERICEIT D GUNA BRITEDNIEIEIC K& e Br 52 52 &
WRE ST, ¥ — FEIRICE A Z Y TT, LV ETE AR 2 Mt L 72, Figure
TA IR T X 912 ON6G IZEESWW T 12 D LV AMO (ON11—21) Zi%at L7, BESRiME~D
WELPERT 57012 AMO O 35K GUNA, &N ON6 DFET — REED GUNA (& (R
Y a2 10, 13, 16, 19, 20) (3L EHT, — NEED 3 DO HALE I GUNA % 3E
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A LTz, 12 FEEOFTRECY | OERALE K O, {&VE4 Figure 8 THI[ZE L7 ON5—7 & 3L{Z Figure
TAIZRE L, Bz ICRHM L7z 12 15> AMO {E1: % Figure 7B (27 L7z, 7235 Figure 7A (X3 — K
FEIIC BT D GUNA DIERRNLE & ELi Lo W K 9 1243 L TIE_ T Y | Figure 8 & FIEED
FEHETIEEO RN E+DL S TE LT, NPT a2 312 GuNA Z5& T AMO (ON11—14 F X
ON5) @ 95 %, ON12 K TF ON13 (I m W B ETEM: 2 7~ L7223, ONLL IZHRREE DG MEZ R LTz,

RYva v 4 IRV Yy a > 5 BMERi Sz AMO OHC, ON6 J (Y ON19 B H % 7~d
TLERWELE, RV a6 ROWRY Y a2 812 GUNA EfiZ A4 5 ECSIIEA & 72 in vitro
EMEEZRE o Tzh, RT3 712 GUNA EffizH 3 HE05IE ON20 Zfrx, & TR
PRIEMER TR LT, SO ORERIT, WYY g > 7~ GuNA OE AN AMO OFEM: & iEd 5
MR v a6 ERY Y a8 TOD GUNABRIPIEMEIC B 4 52 5 AlRetE 2R L7z,
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Figure 7. A direct comparison of GUNA substitutions in the seed region. (A) Schematic representation
of AMO sequences and their relative activities under transfection conditions. See caption in Figure 8A.
(B) Inhibition rate of miRNA-21 upon treatment with ON11 to ON21, under transfection conditions.
All data is shown as the mean values (n = 2). To calculate the inhibition rate against miRNA-21
function, we defined the relative luciferase activity of the cells transfected with the miRNA-21 reporter
plasmid without AMOs as 0% inhibition, and that of the cells transfected with the reporter plasmid not
containing the miRNA-21 target site as 100% inhibition.
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FIUET Ago2-miRNA-mMRNA DEAE X B REE» D DB

SHIORRELD o REEROKR Y > 2 > TICGUNA 28 AT 5 Z L23, ik AMO iHE
D) LIS LTV D AN EWERB SN Z L0 TOBBIZONWTHELE LTZ, AMO
PN MIRNA ZBHET 2 A = X AITIX 2 DO ATREMEN B 2 AL 5 (1) AMO 23 FE A pri-miRNA
Je OV X pre-miRNA (25 S L CRE miIRNA O ZBLET 55, (2) AMO i miRISC O
AT A mIRNA IZFEA L CE OMREZ LE T % (Figure 1), —fZAYIZ. pri-miRNA <°
pre-miRNA 1[I X7 L7 —BIZfE LT 0WE SN TED, Ago ¥ U /X7 IZHVIAENT
MIRISC DEAERETEZK LTV D 1A mIRNA L, X7 LT —E0bL O, £1
W IFE R 22 TR RE 2 365, % M Lh miRISC ZEH/EM A L 9. (pri-miRNA <
pre-miRNA ZBHE% Z & T, #7272 miRISC DOIERLZ NI L, R E A BE ST
51 EFT D7 B AMO BN CTHIFENIZ 9 CTITAAE L TV D miRISC 23R £ 415 £ T,
MiRNA OREEEN Rt T 5 & TREIND, L LEBBOERLEA—F—T vtEARICBNT, K
TUAT =7 v a VAT AMO ZESINL T 24 BRI IS 4212 miRNA BRETEM 2 7R~ LTz
AMO MIFET D & D FER 2 E &+ 5 & GuNA &£ AMO X miRISC H o 1 A8 miRNA % {E
AR E UTEMEZ R rEEERE W E R S5, mIRISC (2 X HEEH) mRNA OFEEkIL, Ago2
® MID KT PIWI R A A N2 KD v — FEBDREREDORF N OInE D LS Th Y | 1Y
MRNA | miRISC (ZH ¥ iA 7= %I 22 N IRIPE mIRNA (ZHE A5, 98102 A A GUNA
& A AMO HMER) mRNA & [FRED 7 1 & AT miRISC & FHEAEA LT\ 5 & & 32 T, AMO
TEMEICR T 2R Y>3 7 O GUNAEERD IED R % Ago2-miRNA-EZER) mRNA O = FH AR
D X RGBS I RSN TEZ LT, /) mRNA %2 AMO (2 & # 2 C, Schirle H12X 0 #
& S 472 hAgo2-miRNA-122-1%) RNA =—HE#H G AOHEE (PDB ID 4W50, Figure 8A) ) (ZHk
SE, GTETV T EToT, NS, FZH mRNA (AMO [ZHY) OFRY v a7 OXT
LAY K% GUNA TE# L, RIZ, BAL bR YU—E REy e ABEREZMET 5720
2 B ONTEARICH L TR X —F/MuE T2 72, £7 U U 7BV TR, £k s
var Tk Lz, AU a 7T, BICWE L7 =Y 7 Fi3 384 Leu 356 O 1 /LR =1
fie 32 K OMAISH Asp 358 (Figure 8B.6C) DEAFIF 1 L KFFER 2K L=, Tt OfEsEE (Figure
8A) TlI. R¥va v 7DOX 7 LAY RE Ago2 DT 2 JEgikkk s ORIz o X 5 2 HEER
IEERD BN o Tz, —HBEAEREE TIE. Asp 358 D /LR F LI L) mRNA DR Y
3 7 D 2MKRBEEN T T — R/ MU I L TWeRN Ry a v TDOX 7 LFY RE
Leu 356 O IZAHA/ERITRED Hiv/eir - 7= (Figure 8E), FEFJRNA DAY v a » TIZBIT S
BEERSLARBLE D B 2 Sl 5720, R a v 7% LNAICEBR L - =ZHEEARO = RLX
—HMbZE ENE L7z (Figure 8F), LNA Oy & BT </ BE o BN ELEAE AR 13822 &
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niginoiz, —J7 T, GUNA, RNA, KTNLNA ZZNnEhEte 3 2O RLF—H/MuEE
X, Wb 1oL 2 2Dk (Figure 8C, 6E, 6F) #&ie/kEfEA TR Y NU—27 &N
LT, R¥Vvare& 7o, K7 L 80D VEEEAZI LT, Asp 358 LTUF Lys 525 &
ORI A AR 2734 L0 9 SAHE LT, 16 & iS22 M & O BRI 6Tl
RN, AMO DARY T g TIZ GUNA ZE AT 5 & [AUARBHEZ AT 5 LNA TR
RNTT =V b OF LWKER G LIRWVEREMAIEAAINZ b5 rIREMED VR S 47z,
ZHHDRICE L T A%EHE TS Tl S TR 72 FERR-C 10 35/ 7275 & DOFR
T ZAT O MER DD EZZ BILD,
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Figure 8. Analysis of the crystal structure of the hAgo2-miRNA122-target RNA ternary complex. (A)
Close-up view of the crystal structure of the hAgo2-miRNA122-target RNA ternary complex (PDB 1D
4W50). (B, C) Energy-minimized structure of the ternary complex with a GUNA substituted at position
7 of the target RNA. (D, E) Energy-minimized structure of the hAgo2-miRNA122-target RNA ternary
complex. (F) Energy-minimized structure of the ternary complex with LNA substituted at position 7 of

the target RNA.
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BRE  miRNA FRETEMIZRIT B JE Seed FHIBIERTERAL O F-AH

RBICVE BORRE LI — FHEKEZR Y a4 & 7TICHEEL CHEY— FEBRICET
% GUNAESf DZNR A FRGE LT, 13 KimlCEAEZ Y CCTIME A T > 72, —FEOH L
V> AMO (ON22, ON23, ON24) % ON6 (ZH3 =T %A L, 216 DiEMEZ ik L7 (Figure
11A, 7B), A5 3FEMEHDH LU AMO 1 20-mer FdCTHY . RY v a v 1IZX 7 LAV R
PAEIIE TNV, ON22 1R Y2 3 LIZGUNA, ARY 2 2 2 IZDNA #H LT Y, ON22
DRV 2 10 GuNA 7 ON23 TiE 2'-MOE IZEH#H STV 5, £72, ON24 Tix ON23 D
RT3 2D DNA % GUNA TEHLZ, ZHhE TOWL SO00O#ETiL, AMO ORI
2-MOE Z{H$ % Z & CHMZHUET D Z LIRS TN, 39 Fhx OFFM O,
MIiRNA FHETEME L, ON22 > ON23 > ON24 DJET&H > 72, ON22 K& U ON23 DM bhii L 72
FEGE, 20-mer AMO DR Y 3 > LIZH1F 5 GUNA Efifilk 2'-MOE {&ffi & v H i) ¢dh 5 mlfE
PEDSRE 72, ON23 & ON24 DIEPEZ il L5, AT a v 212 GUNA 28 AT 5 &
AMO DIEVEME T2 Z L avVR S iz,
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Figure 11. Effects of the 3’-end elongation on AMO activity (A) Schematic representation of AMO
sequences and their relative activities under transfection conditions. See caption in Figure 8A. m:GUNA,
m:DNA, o :2'-MOE. (B) Inhibition rate of miRNA-21 upon treatment with AMO-22 to -24, under
transfection conditions. All data are shown as the mean values (n = 2). To calculate the inhibition rate
against miRNA-21 function, we defined the relative luciferase activity of the cells transfected with the
mMiRNA-21 reporter plasmid without AMOs as 0% inhibition, and that of the cells transfected with the
reporter plasmid not containing the miRNA-21 target site as 100% inhibition.

WIZ ON22 Bl & JEZ L TR Y Y 3 > 9-13 DFEIIC 2 20 GUNA 23 AT5 2 ik,
Bri=l2 7 200 AMO (ON25—ON31) #&%Et L7- (Figure 12), fEJ & LT, A¥v 2> 10 12
GUNA Z 479 ON22, ON27, ON28 73, BAF 7215z /R LTz, 26 ONLE 2 B Y PHTe A,
bt Ago2-77 A N RNA-HER mRNA =B A IR ORE it & 1 C2ER3AD > TV 5 72 GUNA
ERPHEAE ST W E TRENZR, RPT a2 10 DEMIICEVEERRE<EmELED
CNFHLBRRVEE R Th o 7, IBE miRISC 23] mRNA (25 G35 I B BEIZ 351 T miRISC
25 AMO & FHAHEH A TEAR L 72 BICIE Z 5 2 DO #ME ST\ 5, 3139(1) & - Ago2 A3l
BEADIZEZR) mRNA ZUIT+ 2o RX 7 L7 —BiEME (A T4 P —FM) Ick-THRY v 3
> 10 & 11 DT E NS 7k x| 31119 (2) FEE) mRNA 2RI S WA a3 890 b d &
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MIRISC 76 ZAKEHNHEHET 2 7 n B A TH D, 31109 L LA LAMIZEIZRB N TAEK LT
AMO [Z2TEERUIMNICK L TEER PSfEAEALTWDHTED, (2 IFAETRV, —F, E
k Ago 12 X DUIMREREICEB W T~ /Ry DU A AV PNEHEEREE R ERME SN T
W5, 189 bk Ago2 D AT A Y —JEMEENLIE~ 7RV T AA F EAREAERT DT R
Wha2%< Gl TWD, ARDr—ZATiE, GUNA BRI 9 10 KON 12 (ITIChiET 5 &
T =T ) BIF A~ TR T A A EFEAER T D13 ORI OERMEFR L & A BAE
4 2 THEME DS R S T,

BT, ON28 & JEIZ L7z 2 T O LUWEFER (ON32, ON33) A&k L7 (Figure 12A),
FEFEHIL., FT R T 27 v a v MO gymnosis 54 (Figure 12B, 8C) T T, ON28, ON32,
J% 0N ON33 @ miRNA BHETE M2 7Ffi L7z, ON32 & ON33 %, gymnosis §:f FCH A E 72
FEIEMEA R L2, 2450 AMO 1EMEIE ON33> ON32> ON28 DIETH Y, R 515 T
® GUNA EAfiIX 16 (L W HLRNRTHY . RT3 a2 18 TOEEMIAR T 219 LV %)
R THDLZ L &R LT, AP a 13—16 fHTiE miRISC 23ER mRNA Z 58k 3 2B,
— FREBUC R THERSRRE 21T 9 MBI RRRRIEL & RE SN TV 5, 10400 R 5 16 %,
Z DEIRBY L AERIFERR B P IZ 35U T GUNA Fr AU BAE Z2 R 3 Al et s Z 2 bivd, —
AMO DRV = 18 IfET DML EAE L OR LR AEEMTHRE SN TE ST,
DX D RIEHEOEDE E BFRITHAED L ZARHATH D, Z OBFHERFENIZOWTITE
BT 72 HEEEMTRIEREZIT O R E. 5% X VFEMARREENLETH D,

LIRTOMFZETIE, ONL DEH#H Y — 2% 1 DT OBB S5 LIEHEME T T2 2 L3l
SN TWDT72D, ONL & LNA 1% U TRIERRER /N 7 — 2 2 Rio75, LNA &[] UA4ER
H1E 2 FFD GUNA OEEITIE, ON2 IHEMEEZ RS e hr o7, AWFIEIZIIT 250/ TR REY e
HETETEPER BIMEAT IX. Bef&AOICIERIZIHE 72 ON33 2437-, ON33 & ON2 D E/eEV L, v
— RfEfE (ON33: R a4, Tvs ON2IRY Y 3 v 3, 6) & AT A Y —JHMHEMLEL o
fifi (ON33:7R3 2> 10vsON2: R a2 9) Tho 7=, B Z 5K Tl GUNA D 77
=V UAEEICHR L CAE L SHEERD, IEMEINCREb S Z L A2 R LT,
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Figure 12. A direct comparison of GuNA substitutions in the seed region. (A) Schematic
representation of AMO sequences and their relative activities under transfection conditions. See caption
in Figure 8A. (B) Inhibition rate of miRNA-21 upon treatment with ON25 to ON33, under transfection
conditions. All data are shown as the mean values (n = 2). (C) Inhibition rate of miRNA-21 upon
treatment with ON28, ON32, and ON-33, under gymnotic conditions. All data are shown as the mean
values * standard deviation (n = 3). To calculate the inhibition rate against miRNA-21 function, we
defined the relative luciferase activity of the cells transfected with the miRNA-21 reporter plasmid
without AMOs as 0% inhibition, and that of the cells transfected with the reporter plasmid not
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N

UL E. GuNA Effi AMO 28, b7 A7 =73 3B IO gymnosis DWW DOEIEIZB
THEER mRNA OEREZ A BICIHET 22 L 20O THLMI L, IHICZE T AMO
DALZAAERIIIZE THE B S CTW T ARRISE & 0 " ARSI RRE M OBE S RIS DI 2
T, mIiRISC IZ AMO 2AHLV A ENHERIC, Ago2 Z > 737 & AMO @ 2° (i E kL3 FH A.1EH
95 Z L5 AMO OIEMEIZEET D aHEME S RIB S o, S ORDIMEENMETIEH DM, Z
LD OIEVER FIZEN DR A FRE L, 206 ORI A Ribkd 2 2 & TE Vi) AMO O
BRI D723 D 2 E IR S D, 2D DORFEICOWT, K 0 JREICHE SRR 2R~ 5
7212, ALNA FFERICHE B L7z, IRETIE Ago2 & O AERANHIF S D ALNA FE (k%
WAL AMO AL, EOME L AMO TEMEDBIEE AT~ Z Lz LTz,
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BEE 2-N-7 I /Vamino-LNA ZEA L7724V X7 LA F RO
BT, 77 =V EEE (GUNA) 5725 AMO WMENT-HT mIRNA TEMEEZH L,
ENLE D DT DR b AMO JEMEZ RESHRT 52 & 2dE L, S 512, AMO &%
X7 O HAERANEIEDZACIZ TG L TV 5 ATREMEDS RIR S iz, AZE Tk, ALNA @ 2'-
RSN R =N RAHATLZ LTV EAE L AMO MO% LW AR O A
I L CLALNA @ 2'-N-7 ViR A8 A L7 AMO OBR% %475 Z & & L7z (Figure 13),
S DT DWIZE T, B L HEM DO TH - TH iR ASO OFEYERE=H) f OVE
W BRI BB RFET 2 LR EN TN D Z D 10810 B R B 54
BOT VIVFEERERRT D Z LT, 25T X HE EOBEBIEO DTSRI X 5 miRNA R
FEA~OEBL ARG 5 2 L2 E 272, TORHITIE, 2-7 2/ Eo@EIE O
JHE MR (A, T,G,"C) DT XTOMAEDLET, TNENRATE T IXA MGk T
HOTIERL, K0 EECHENLEREEALETH T,

o ‘ o
o Base (e} Base 0 Base
0
N T

? () SN (? N T R

o e R nne o
2',4'-BNA/LNA 2'-amino LNA 2'-acylated ALNA

(ALNA)

R =H, ALNA[H]
R=Me, ALNA[Me]

Figure 13. Structures of 2',4-BNA/LNA, ALNA, and 2'-acylated ALNA. Base = nucleobase.

RA MERER (PEM) 1, AU X7 LA TF ROEFIA R SR E AL AL P A & 5
TLHETH L, W) ZOFEZ, FEHEERT O R0 R Z B L 72W0GE0, RARa T
XA N O EL B ICHI 2 DAL WIEE T TF RROFURD L 9 I K& REME
HEATLLGEREITBWTHELN D 5, b —iA7e PEM X, S-SM KUY I FEEE T
WAUD ZHWT, AV IX 7 LAF ROKRRIZTF REWENBEZEATHIETHD
(Figure 16), 11110 7= Gfildlt 7 < R-7 /L 2% L BRRAHINE (CUAAC), 1812D) i~ U —>
U 7 IO 122129 R O @il 7 v 2 77 > 7Y 2 F RO 24120 Z il 128.129) 2 [T AR L
7oAV X7 VAT RO PEM BE ST 5, Wengel Hik, ALNA 2584 ) X7 LA

(2%} % PEM Offl & LT, ALNA @ 2'-N-7'V S U EFERD 7 ) v v Lo T I 7 IRl
57 X MERUG &, ALNA @D 2-N-7 /b3 B EIRD T L% UEEIZ BT % CuUAAC Z s L
TW5% (Figure 17), ™98 Hari 537 I D 2N-XZ 7 F 07 = ) F 2 HLR =)L
ZHT 5 ALNA FHER~OREZELZ H®E Lz, 8 2D OIS ALNA @ 2'-7 3 /7 HiZ
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WA SN ZERRIE ETITh TR Y ALNA O 2-7 2/ SR S E#EM PEM I 2 Tl
RV A GAVAAN

AW TIE, 7T7=2, FIv, Z7T7=2, KN S-AF Ny N VBRI A2 FF> ALNA 7K
AFRBT IZA D 2N-FY 7t a T e FEEREAK L, 4V IX 7 LAF RITEA
L7z, SHIC, WHEHFTO PEM IZL DAY X7 LAF KD ALNA O 2-N-EET vV
LiEZfL L, BEOT ks ALNA G684 ) IX 7 LATF RERR LIz, 2 bl
DT, FARM R & U CIERIRE A BURIPE, HIEROIRER O 3-X 7 L 7 — B 53 gt 2 3
RI=DH, 2-T R M EOLREHOE D AMO EVEIZ ZIETREIC OV TR L7,
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(A) 5’ S-S bond formation

HS/\)LHMO S\S/\)LN/\/\O
OW 0 Base SH

?

Y
I
o
o-1-
i-o ©
o
2
8

(B) SAARIE 7Y F—7ILF VBRIE AR G (CUAAC)
OAc

o O
OAc

anan NH
- \fLNH A&CO&J&' P i \KL
(0] N™ ~0O
o N” ~O O\//‘ OAc o
> OAc N
N3 o)
I

CuSO4 / TBTA/ o) N §
sodium ascorbate Of it

(C) 8RTU—DUvD R

(D) &EAEHOANYTIVT RIG

o
(0]
Br4<’ fLNH N N/
N

- _ - NH,
C\) N~ "NH, Pd(OAc), (.)
TPPTS
(0] _— (0]
Na,CO3
Q MeCN-H,0 Q
Ao 70° .
E) ZD
(E) Z01th o o
__FC NH M‘VHOZC T
O‘ ‘ PS alkaline solution o PN
NS0 - = NS0
o e
o) o)

Figure 14. Representative PEM reaction. TBTA = tris[(1-benzyl-1,2,3-triazol-4-yl)methyl]amine.
TPPTS = 3,3',3"-Phosphanetriyltris(benzenesulfonic acid) trisodium salt.
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(A) ElI#E L TOfE & RIG

7 1. 20% pipelidine 1
2. Fmoc-glycine, HATU (0]

o ! DIPEA, DMF o]
3. 20% pipelidine
T —_— T
O N O N
d jo(\NHFmoc on solid phase d TO(\”
(B) SRfMIE T I F—TFILE VIRIL{FH IR IS (CUAAC)
:O:
CuAAC
click reaction
O\NM . clokreadion
|

(0]

(C) PRV DRI IR IS

T
(6] ° T (@) o T
S 7 10M NHsaq S 7
\ - \
O "N _OCgF O "N _NH
DA A
(0] (0]

Figure 15. Representative PEM reaction on ALNA derivatives. DIPEA = N,N-Diisopropylethylamine.

#—Hi Post elongation modification ZF|f L7z 2'-N-7 ¥ /LR DE R

FTHOI A4, 4-V A X2 b U FLEE (DMT) TE# L7z ALNA[H]E / ~— 189.130) %
ALNA[H]Z&TeAd ) IX 7 L AT ROGRDOT=ODOHFEMELE L TRIRL, bY 704
FEfE T F L% FIV T Abzl Gdeeibu-g - mCbz-] R OR T-1 23 IRAIC 2-N- N U 7 v 4 r 7' Fu
b L. APz-2a, GUre ibugg  mCbz.2a KR T-2a 24572, i\ T, 2a D 3NLOKEEILEKRA T ¢
FALL T, ®MIETDHHRAFET IF A b A2-3a, G bu3a mCh2.3a, T-3a #4157, BV 7
IR E DR AT H ToOIL TR TV ERNV AT VT RIZE D T-1 O&ETLHT 2 /b
[2X D, Abz2p, Gire buDh  MCPZoh B IR T-2b #4572, AT HE < EEAE IR R R 7 ¢ F LAk
FOSIC k0, AR u T I 44k A3b, G ibugh mCbz.3h T-3b &4k L7- (Scheme 1),
182,133 AU ARX7 LAF ROGAMITIES- [3,5-EA2 (R 74 aAF L) 7 =] -1H-T
K Z ' —)L (Activator 42°) YA % iV 72, DMTr 7 F4 U IEICHESW T, AkidsE s v 7
V7T 90%LL EDINRE IR LTz, 28% T =T AKICEDIMBGFHICTAHY X7 LAF R
ZEAEEN LTI H L, HESB L 27 2/ K EOR#EEZDUE#E L-0 b, WifHEH
k7 m~ s777 ¢— (RP-HPLC) TR L=, 4V IX 7 LAF ROHME4 RP-HPLC (2
FOREL, ThbOMAZE RIS L VR Lo, SROFEMIC OV TIE, EBRIEIZFEH
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L7z, Ak L7=A Y IX 7 LAF K% Scheme 112777, ON34 2N ON35 [Lv—7 =2 AD
W UTHRAZICENZ I L DD ALNA-T & & 7 a R 51E ALNA[H] % & . b £ 511X ALNA[Me]
% Te, ON36—ON39 L. miRNA-21 Z{FEAY L& 35 19-mer AMO Th 5, A, T. G KI'"C %
AT % 58D ALNA £/ ~—NEEFNZEH £41 5, ON36—ON39 D/ 7 AR— 1% PS i
A CIEffi L7z, ON36—ON38 |L[A] CEHITdh 523, TNEN R HALEIC 7 XX 8 fEHD ALNA
/) V=% FHATND, ON39 I Phase Il #BRAMTHOIL TV % miIRNA-21 2% %5 AMO DE
F1) BB LT b O T 5EOALNATE ) ~—REH SN TEY ., 2O O#i% 2'-MOE

TS TI
DMTrO o Base DMTrO Base DMTrO o Base
O
\k ﬂ i orii # mn - 9
[ : -
J)E“NH (])T_T\*|\I‘|R O\P/O\NR
1 2a R = C(O)CF, J/ NPr, 33 R=C(O)CF;
2b R = CH,4 NC 3b R = CH,
Base = APz, GUPC. iU mcbz T ON synthesis on solid phase
cleavage and deprotection
SEQUENCE : i
5'- GTGTTTTTTGCT -3' (ON34a, ON34b) N=| o A G mCorT
5 TTTTTTTTTT -3' (ON35a, ON35b) ©
5'- AACATCAGTCTGATAAGCT -3' (ON36a, ON36b) —
5'- AACATCAGTCTGATAAGCT -3' (ON37a, ON37h) > TR
5'- AACATCAGTCTGATAAGCT -3' (ON38a, ON38b) g:g:*gg; Ef EH
5'- ACATCAGTCTGATAAGCTA -3' (ON39a, ON39b) BN

Scheme 1. Synthesis of 2'-N-trifluoroacetyl ALNA or ALNA[Me] phosphoramidites and the ON
sequences used in this study. Reagents and conditions: (i) ethyl trifluotoacetate, DMAP, MeOH, rt; (ii)
formaldehyde, decaboran, THF, rt; (iii) (iPr) 2NP (Cl) O (CH,) .CN, DIPEA, CHCl,, rt. Base =
nucleobase. Capital letters: DNA, Bold: 2’-MOE, Underline: ALNA[H] for a series and ALNA[Me] for
b series (C denotes 5-methylcytosine). Base = APz NO&-Benzoyl-1-adenine, Gdee. ibu:
O°®-diphenylcarbamoyl-N2-isobutyrylguanine, "C°2: N*-Benzoyl-5-methylcytosine, T: thymine.

RIZ ALNA[H]Z G deA U X7 LATF ROERENT VAL 2 i LTz, $70 D Sk
mlE L BHOKMEEZ BT 2 3 20T VAFEERAHK T 572012, AV, TEFL KOV
VA NIEEF) X7 LAF RO ALNA[H]D 2'-7 2 7 J& BIZE A L7= (Scheme 2), %77,
J5oEFE LC a &% (ON34—39a, ALNA[H]) DE(#IZ HW&FE PEM &b 2/t Lz, S6h
7= ON (X ¢ %425 ALNA[formyl]. d &%1i% ALNAJAc]. e &%i% ALNA[Bz] & L CTEFER LTz,
FTNET B F AL A BRI IEARR 22T L AL O 2 FEhi L, W < DDA D, 4- (4,
6-FA FFT-1,3,5-FUT V2 AN) A-ATFNENARY =0 L7 Y K (DMT-MM) 134-136)
DAFAE T CTOEfE L OfFGIZ K> T, 7EF kA& #ER L ON34c, ON35c, ON39c % &/l L
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7= (Scheme 2, condition (iv) ), N-A/L 2 /LAKICIE, INEVR LT 2/ JRISRIRAGIC AL 2 LI
ZHEATED N-RALINY B &2z, B R I BRONTEIAERY 72 LIIZIEE =
AIIZHETT L. ON34c, ON35c % UF ON39c 7315 H 417z (Scheme 2, condition (V) ), 7 & F/Lk &
[FIEE D 1k CREBEFRE TR Y A b E1T - 7= (Scheme 2, condition (vi) ), ARFHIE
7% PEM JEIZW I bIARBS T8 2 723 RUGHE D LCIMS 34T & 0 ROS o' =41
VI RERE T d o 1o, AFRBY e RSB LCIMS 4341 & LT ON34da )7kt & L= 7 & F ik
S0 LCIMS % — % Figure 16 (Z/~7, 72 F ALDEEE LTHY = ON34a O G
D LCIMS Fx— % () (TR L, 7 /EBOGHR 2 RFRIRGE L 7=kl CO UG D LCIMS
Fr— Rz (b) \TRL7, (b)) IZBWT, 544 ST STV % ON34a I EE £ Tl
LTHY, 559 I EH S5 ON3Ad (ICKER 3 WA S TV D Z LM Sz, 2ok
NN E B 7T v 7 U TRIGORAEE TEE=H U 7 Lic, BfEICITREHISE RIS
%L PEM Z W=7 B F b, B I b, X A DO WTOEE S &L Atk
(NAP™ 3 Z A Cytiva) ., 1FIETXTOAY IX 7 LATF KA 75%LL Eo HEERE (PEM
DAL ALNA[H]IE A A Y X 7 LAF K ON34-39a & 7R L CIRRZFHHE L) %
RUT, RETHERKL7Z2TOD ON % Table 2 (2727,

SEQUENCE :
T 5'- GTGTTITTTGCT -3' (ON34a)
o Base 5'-TTTTTTTTIT -3' (ON35a)
N = © 5'- AACATCAGTCTGATAAGCT -3' (ON36a)
— — 5'- AACATCAGTCTGATAAGCT -3' (ON37a)
<|3 NH 5'- AACATCAGTCTGATAAGCT -3' (ON38a)
e 5'- ACATCAGTCTGATAAGCTA -3' (ON39a)

Post Elongation Modification
in liquid phase

e e
o Base
ki?
=~ 0
|
o

T
)

Base Base
i
% — is —
? (|D

(o]
"
(o]

o]

N H

T

o
ON34c ON34d ON37d ON34e
ON35c ON35d ON38d ON35e
ON39c ON36d ON39d ON39e

Scheme 2. Post elongation modification of ALNA. Reagents and conditions: (iv) acetic acid,
DMT-MM, MeOH, pH 8.0 phosphate buffer, rt; (v) formyl saccharin, DIPEA, DMF, rt; (vi) benzoic
acid, DMT-MM, MeOH, pH 8.0 phosphate buffer, DMF, rt. Base = nucleobase. Capital letters: DNA.
Bold: 2'-MOE. Underline: ALNA[formyl] for c series, ALNAJACc] for d series, and ALNA[BZz] for the
e series (C denotes 5-methylcytosine).
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(ESI-MS, found. 3661.4 )
ON34a 1%

UV Detector: 260 Nm

(a) \E
5.0e-1
5 | |
0 0s 0% 23 v 1Y
1.38 1 97 3.70 4.79 6.04% )
0.0———+7—r———7 7 T 17— Time
2.00 4.00 6.00 8.00 10.00
iv :
87%
5.59
2.0e-15 (b) ON34d (ESI-MS, found. 3764.5)
N V'e
2 1.0e-1
0% 0% 3%
1.33 2.13 6.26 _
0.0 T T T — T e e Time
2.00 4.00 .00 8.00 10.00

ON34a
(ESI-MS, found. 3661.4)

Figure 16. Representative LC/MS profiles of the PEM reaction: (a) LC/MS analysis chart of ON34a
after solid-phase synthesis and HPLC purification (Sequence: 5'-GTGTTTTTTGCT-3’, Capital letters
= DNA, underline T = ALNA[H]). (b) LC/MS chart of reaction mixture of acetylation of ON34a after
2 hours. In the reactions, the starting material ON34a almost disappeared and converged to the target
compound (ON34d).
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Table 2. Oligonucleotides synthesized in this chapter.

MS HPLC HPLC
Seq No. Sequence (5’ to 3') Modification of X 22/‘0‘;"’ PFS{}’ _Flfiertnegtion
Calcd. Found. area%) (min)

ON34 (DNA) GTGTTTTTTGCT - _ 3633.4 36309 989 9.4

ON34 (LNA) GTGTTITTTGCT LNA _ 3661.4 3661.4 98.5 9.3

ON34a GTGTTITTTGCT ALNA[H] 55* 3660.4 3660.5 100.0 15.2
ON34b GTGTTITTTGCT ALNA[Me] 18* 3674.4 3675.8 100.0 15.3
ON34c GTGTTITTTGCT ALNA[formyl] g5+ 36884 36876 99.1 12.7
ON34d GTGTTITTTGCT ALNA[ACc] 102*+ 37024 37016 100.0 154
ON34e GTGTTITTTGCT ALNA[Bz] 101** 37645 37636 97.0 10

ON35 (LNA) TTTTTTTTTT LNA _ 3008.0 3007.9 93.6 12.2
ON35a TTTTTTTTTT ALNA[H] 20% 3007.0 3006.2 94.7 121
ON35b TTTTTTTTTT ALNA[Me] 21* 3021.0 3020.7 96.6 12.2
ON35c TTTTTTTTTT ALNA[formyl] g4+ 3035.0 30343 938 12.3
ON35d TTTTTTTTTT ALNAJACc] g7*#+ 3049.0 30484 951 14.8
ON35e TTTTTTTTTT ALNA[Bz] 103+ 31111 31105 95.6 12.8
ON36a AACATCAGTCTGATAAGCT ALNA[H] 29% 6288.2 6287.3 97.8 14.9
ON36b AACATCAGTCTGATAAGCT ALNA[Me] 16* 6386.4 63854 98.6 15.2
ON36d AACATCAGTCTGATAAGCT ALNA[ACc] ggx+ 65824 65815 97.2 15.2
ON37a AACATCAGTCTGATAAGCT ALNA[H] 19% 6301.2 6300.7 984 14.8
ON37b AACATCAGTCTGATAAGCT ALNA[Me] 34> 6413.4 64128 919 151
ON37d AACATCAGTCTGATAAGCT ALNAJAc] gg**  6637.5 66376 895 15.2
ON38a AACATCAGTCTGATAAGCT ALNA[H] 20%* 6343.3 63420 97.2 14.8
ON38b AACATCAGTCTGATAAGCT ALNA[Me] 14* 64555 6454.6 98.3 151
ON38d AACATCAGTCTGATAAGCT ALNAJACc] ggx+ 6679.6 66788 95.7 15.2
ON39a ACATCAGTCTGATAAGCTA  ALNA[H] 29% 6424.4 6424.1 100.0 15.3
ON39b ACATCAGTCTGATAAGCTA ALNA[Me] 14* 64945 64924 100.0 18.3
ON39c ACATCAGTCTGATAAGCTA  ALNA[formyl] g7** 65644 6563.7 99.1 155
ON39d ACATCAGTCTGATAAGCTA ALNAJACc] g5** 6634.6 6634.3 100.0 18.2
ON39e ACATCAGTCTGATAAGCTA ALNA[BZ] gg++ 69449 69396 1000 138

Capital letters; DNA, Bold; 2'-MOE, Underline; LNA/ALNA derivatives (C denote 5-methylcytosine).
All phosphodiester linkages of ON36 to ON39 were replaced by PS linkages. *Yields of solid phase
synthesis. **Yields of PEM reactions calculated from each starting material (ON34-39a).
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EH 2-N-T7 3L amino-LNA &4V X 7 LA F KO3

ONB34a—ON34e &AM 72 1 A8 DNA £ 7213 RNA (ssSDNA X% ssRNA) BB S - —
AR DB TE M 2 BRI (Tm) BEIC XV FHIE L 45 DAV BRRE T % Table 3 1I2FE &0
7-. ON34a—ON34e | Table 2 |Z7~9 X 9 {2 12-mer DNA B2 D — & 7T (5-GTGTTTITTTGCT-3'
O TR A3 ALNA FFEAKIZ LV Effi ST D, sSDNA (295 T EICESEZ L TDH &
ONB34 (DNA) 7351 °CTdH %5 DIZ%F LT, ON34 (LNA), ON34a, ON34b, ONB34e /& 52—53°C
& S LTz, —75 T ON34c K& T8 ON34d (3 49 °C, 51 °C & {5 T & 72 13ffERF L T 7z, sSRNA
(X=A) 12T 2D TmHICESEZ Y TS L, ON34a—ON34e X ON34 (DNA) LV HEWFER S
Mt (ATm=+3.0~+5.0°C/ EHifEAT) 2R L7z, 2O &5 ON34c, ON34d (% RNA IR
PR EL TS Z EDVRENTZ, ssSRNA (X = A) 2Ry & LIZEAICBW T, [ UME %
LNA TfEfifi L 7= ON34 (LNA), ALNA[H]T{Efifi L 7= ON34a, ALNA[Me] C{&ffi L 7= ON34b &
T fEIZZNZ452°C, 53°C, 51°CTH Y, ON34a—ON34de & Zi 5 DM T TnfEIZIXITE A
EFENRI-T-, T Z E1E sSRNA RV T, ALNA O 2-7 2 7 BIZBIT 5 7 VAt
NS ARSI AR IC ST 2 BB A RAE X702 & BRI LT, XU/ A LERT ON34e K&
OV 2 UERf ON34c [ZDA Y X7 LATF KLV & @ W EEHNIRE (2 A~ v TS
EARRHEE A AL < <L IEFRZRIER ZRA 3 HRET)) Zon LTz, BARAYIZIZ, ssSRNA & ON34e
® base discrimination values (5222~ v F L7z “HEH X=A) LROLLERI A~y TF HH
(X=G) OMD Tn?D7) 1L10°CTH Y, ON34 (LNA) LV & 5°CEN-T-, ZHUTF I N
TT =D T-G A~ v F &R T D EC ALNA[BZ]-T & O ALNA[formyl]-T A3Ma] & 7>
REFEADFEZ T Z ENFRK EE 2 5D, Wengel 1%, ALNA[BzZ]?D 2'-N-~X> V' A L
Y INBIEDIRICALE L, RNA & D KO MD ¥R = L—3 3 > THEED A_—2DIZIT 40y
BEHDLHI EEME L, O 2N A NKT, DT T =D 2 (7 X FESHR
FICTEZE L, T - G ANEEEESZENT 2 & PRI D, 2-N- (R L -3-A V) IR =
L ALNA IOV T B ABEOBHE A HE SN TND 2 E N5 70 2L 2-7 2 ERICHEFRT
VVEBILEETHAINAEZEAT HA ) X LATF RIZIEEORETH 2 aTREMEN H D
— T T EFAELY IR NS WERL L LVIRICB D TEWIEGRAIREZ R L2 2 &1
Il SESAN
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Table 3. Ty values from UV-melting curves (260 nm) , the duplexes formed between ON34s, and fully
matched/one-base-mismatched ssSRNAs or ssDNAs.?

Tm (ATm /mod.) [°C] toward ssRNAs,

Tn (ATm /mod.) [*C] 5, AGCAAAXAACGC -3

toward ssDNA,

Seq. No 5-AGCAAAAAA base
CGC -3’ X=A X=U X=G X=C discrimination
values

ON34 (DNA) 51 48 32 42 30 6

ON34 (LNA) 53 (+2) 52 (+4) 38(+6) 47(+5) 36(+6) 5

ON34a 52 (+1) 53 (+5) 38(+6) 46(+4) 37 (+7) 7

ON34b 53 (+2) 51 (+3) 37(+5) 45(+3) 38(+8) 6

ON34c 49 (-2) 51 (+3) 37 (+5) 43(+1) 35(+5) 8

ON34d 51 (0) 52 (+4) 38 (+6) 46(+4) 37(+7) 6

ON34e 53 (+2) 52 (+4) 41(+9) 42(0) 38(+8) 10

8N = 3, Conditions: 10 mM sodium phosphate buffer (pH 7.0) , 100 mM NaCl, and 4 uM
oligonucleotides. The Tm values reflect the average of three measurements. (ATm/mod.) : the change in
Tm value (ATm) per modification compared to the unmodified standard ON34 (DNA). Italic: RNA,
Capital letters: DNA, The base discrimination values are defined as subtraction of the Tn, values of the
most stable mismatch duplex (X = G) from those of the fully matched duplex (X = A) in the case of
SSRNA.

WRIZ, BRI KTT 27 2 fk ALNA & H ON DL EMZ M L7z, 3 RimDF I %
ALNA[H]-T, ALNA[Me]-T, ALNA[formyl]-T, ALNA[AC]-T, ALNA[Bz]-T Tf&# L 7= T 10-mer 7
JIXY AT R (ON35a—35e) %, Tris-HCI fE#iiK (pH 8.0) P T3-mx VX7 LT —F &
HIZ37°CTA o FaX— L. AV IXT LAFTF ROE|E % HPLC TH#r L 7=, Figure 17
(2 X 912, ON35 (LNA) KT ON35b 1% 10 3 LANICIEZ & A E4fiE L7, —J7. ON35a,
ON35¢ & UF ON35d 1%, SRBAEAT 10 73 TEILEIL 16%, 37%K OY 18%F% A7 L, FEHRZE M
WE LM ELZ, ON35e (X5 D CTHAESIIHMES NI, T NEMF TR 5 &, BEHR
SRR B iE L ALNA[formyl] > ALNA[Ac] > ALNA[BZ]DIETH ~ 7=, T 5 OFERIT,
2N D EHILITE K T D AR E R L > THAT 5 Z L3 TE 7, &2 LA ALNA[BZ]D X
DR WIBEMEIZ Lo T3 2 Z N TE 5, TAUL TN E TO N LEIRIZI T 2 [E WAL 1
IZBWVWTHEWNL O fEINTEY  IREMEDE SI2 K - TEERE ORI D S E < 72
L AIREMEDNVRIZ S LD, 108.138)
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—<LNA (ON35(LNA))

0 | —B-ALNA[H] (ON35a)

——ALNA[Me] (ON35b)

0T —@—ALNA[formyl] (ON35c)

—6—ALNA[AC] (ON35d)
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Figure 17. Enzymatic degradation of the T 10-mer oligonucleotides with 3’-end modification. The
sequence used was 5-TTTTTTTTTT-3". T = LNA-T (cross, ON35 (LNA) ) , ALNA[H]-T (square,
ON35a) , ALNA[Me]-T (triangle, ON35b) , ALNA[formyl]-T (solid circle, ON35c) , ALNAJACc]-T
(open circle, ON35d) , or ALNA[BZz]-T (diamond, ON35e). Conditions: 0.1 ug SVPDE, 10 mM MgCl,,
50 mM Tris-HCI (pH 8.0) , and 2.5 uM ON at 37 °C (total volume: 200 pL).

W= 2-N-7 3V amino-LNA &4 Y X 7 LAF KD miRNA FLZETEHESHE

ON36, ON37 & ON38 (%, HT miRNA-21 {14 5 —F THEZE L7 in vitro LR — X — T AT
LZCRM L 72, Table 2 (12773 K 912, ON36, ON37 JUf ON38 i, [Fl—DESN AT 5 A%,
ENENRRDEMANL—EFLTHEY, ARBRIZBWNT, ZnEN7 72 AL B KU C
\Z3¥E L7, (Figure 18A), %4 Y 22X 7 L AF RiX 7 3L 8 D ALNA 2 5&Te (a RANE
ALNA[H]. b &%i% ALNA[Me]. d &4l ALNA[AC]Z &Te), R T AT =7 v a VIETF T,
277 A A (ON36a, ON36b, ON36d) > AMO VEMEIZFHE TH Y | L0 &mWEHEIZZ 7 A B
(ON37a, 37b, ON37d %X}~ 7 A C (ON38a, ON38b, ON38d) TR b=, AER CTHimt
L72920D AMO ® 9 %, ON38a & (N ON38d 7257 7 A C D AMO MLV & & E %)
PEA R L7 (Figure 18A), EH5HD AMO & N7 A7 =7 3 g k3% 72y gymnosis
ST CHENT-AMEEZ /R LT (Figure 18B), ALNA T{&fii L7 AMO O#Hi miRNA {HM1X
Effi N2 —NKE L TRESEL, [F UEM R Z —2 D AMO OIEPED ALNA D% FH 5
T EOEBE KA L TEE LTz,
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Figure 18. Relationship between chemical modification and introduction site on AMO activity (A)
Inhibition rate of miRNA-21 upon treatment under transfection conditions. The mean values are shown
(n = 2). (B) Inhibition rate of mMiRNA-21 upon treatment in gymnotic conditions. The mean values +
standard deviation (n = 3) are shown. To calculate the inhibition rate against miRNA-21 function, we
defined the relative luciferase activity of the cells transfected with the miRNA-21 reporter plasmid
without AMOs as 0% inhibition, and that of the cells transfected with the reporter plasmid not
containing the miRNA-21 target site as 100% inhibition.

ALNA %% T AMO (ON36d, ON37d, ON38d) Df&fiffi/ X% —> LG E OBIRE D 7=
DHIZ, AMO & Z 415 OAHMAY sSRNA [ 0D " AEE DBV iEME A BEREE (Tm) B & 0 34
L7z & ZARBHOMARE TnlXZNZEI66°C, 70°CH O T73°CTh o7z, &bV PHEFEM:
ZeoR L7z ON37d & A ZASH D TnfEiIfth L 0 & & < RS AR EEME & & 5 R
B9 % Z EVRIB S 7o, RIZ, ON39 OIEMEZ FFE L7=, ON39a—ON3% ® AMO J&Hi%,
NTv AT z2rvarith 2 BillONY 7 27 —BEMEEZRET D Z L ICX VB L=
(Figure 19A), 3 XTD AMO [ TH BRI RBAEFEMEZ R LTc, ARBR CRist L7z 5 gD
AMO @ 5 % ALNA[formyl]Z 43 % ON39c (%, & A®EIZT miRNA-21 (Zxf L T b s OB
FEMZ R LTz, £72, Figure 18 DOfER & [Fkk. ON39a, ON39d |ZFRFEEDIEMZ R LT
(Figure 19B), L 7>L ALNA[Me]& A ON39b TiE 3 uM THIT L A ETEM AR S o1z,
GUNA &fifi AMO |ZRB83 % 55— OfF5EIL. miRISC F1 Argonaute 2 DEEEET 3/ Bk L GuNA
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&ff AMO D 2'-27 7 =30 7 FOFEAEA D AMO O FREIEME % BiR 3 5 RIHEME 4 R)I8 L | AT
FTIZBWNTEH AMO OIEMIL ALNA O 2N O EHIEDOEE ITIRIF L TR L LIz Z &vh, 2-
72 EHILE miRISC OO BEAEH B G35 FIEEME S /R X7,

A 150-
c 1004
o
=
2
< 501
£
=
0-
ALNA[H] ALNA[Me] ALNA[formyl] ALNA[Ac] ALNA[Bz]
(ON39a) (ON39b) (ON39c) (ON39d) (ON39e)
B 100- M0.1nM M03 nM B1nv H3nv 10 nv B30 nM
80+
c
o 604
=
2
S
£
X
ALNA[H] ALNA[Me]  ALNA[formyl]  ALNA[AC] ALNA[Bz]
(ON39a) (ON39b) (ON39c) (ON39d) (ON39e)

MOo.1pm W03 pM M1 pmv M3 M

Figure 19. Effects of acylated ALNA on AMO activity (A) Inhibition rate of miRNA-21 upon
treatment under transfection conditions. The mean values are shown (n = 2). (B) Inhibition rate of
miRNA-21 upon treatment under gymnotic conditions. The mean values + standard deviation (n = 3)
are shown. To calculate the inhibition rate against miRNA-21 function, we defined the relative
luciferase activity of the cells transfected with the miRNA-21 reporter plasmid without AMOs as 0%
inhibition, and that of the cells transfected with the reporter plasmid not containing the miRNA-21
target site as 100% inhibition.
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INFE

AKETIE R Z0vA a7 2F I 0RE ALNA SFEAROR AR T I 44 PERBLOAY =
X7 LAF RERRED PEM IZ X - THH 2-N-7 2V ALNA Z G T0efix A4 ) AX 7 LA F
ROERAER LT, ZhbOLAEWOMMSERITE, MR, X7 L7y —Emtik &
MIRNA-21 O LERENE 2554 L7, 2'-N-7 > VR ALNA J OV ALNA[HTIE, W34 miRNA
BREZIET 28R FEMTHL Z L2 AL, 51T, AMO O X ) [ZEHEME D
LSS AMO DfERi S5 — o DZAEAEMEIC K & < BT 27— 22i%, MEEE AR O et
IZPEMIEREH THD Z L 2R LI IRETIH F—FE, F _ETHLREBI N7 AMO & Ago2
EOHF T2 MEEREZ S DIZER LI EE X, 2N-T X/ BLAR =/ ALNA [ZHE S %Y T
7o N TR OBRSE & Fhid 5 Z &1 Lz,
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E=E 2-N-7 I/ HNVA=)Lamino-LNA ZEA L7-FV X7 LFF FOWZE

AEETIE, 3D 2-N-7 2 7 71/ =/ ALNA (Figure 20) (Z£E5 %% T, AMO iM% 3F
fliL7z, ZHETIZ, AR MAEESG (PEM) THER STz 2'-N-7 X/ 1L R =/ ALNA O
FIVEFLAY AXT LATF R PR—flfE SN TV, KRREIZTF I ERERD AT
RONTEY  BEREER S L COREDFME L SN\ e o lo, F28 5 TR 2-N-
7 v ALNA O AMO Efifi & L CORETENEFABI & i fEIZF~ 2 72 DA ks & LT PEM IZ
L D37 VLA E W2 EBICIRE 3R R 3R L s & R 2 5 & B G ROJFECH
DERET AL NERERS AR TEDZ ENEE LD, AHFETIE 2-N-7T 2 HLR=
JVALNA DF I U RN AFNY b DRABBT I XA MO TARKR L., BEAHGRKIC
FoTENGZEBDEADOF Y IRXT VAT REGH LT 2-N-7 X J VAR = MERR O K
REVFFHEEZ I HINCT B2, HERIFEAEEL O 3 -BER RIS DI & ftho> ALNA 38 i
CHHE LT, E51T, 2-N-7 2 7 LR =L ALNA DWW SO FER D AMO 1EMED 7
Z A L7,

HO HO HO
o Base 0 Base 0 Base
— H — H — I
M S G G G
(0] (e} (e}
ALNA[Me-ac] ALNA][iPr-ac] ALNA[diMe-ac]

Figure 20. 2'-alkylaminocarbonyl amino-LNA derivatives used in this study. Base = nucleobase.
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i 2'-N-7 I/ HNAR=/L amino-LNA Efi4 Y X 27 L +F ROERK

2-N-7 X/ VAR =L ALNA IZBWTALRRES | BUKMER OVKFEREERED DT 072 =R 0
WL TG 572012, 3 ODF / ~— ALNA[Me-ac]. ALNA[iPr-ac]. ALNA[diMe-ac]% & A%
L7- (Figure 20), Z Z CHE L7@EHILITEN AL 2-N-AF LT X ) VR =)v 2-N-A V7
BENLT I ANVR=Z VR 2N-TV ATF VT X ) VAR =V &~ T (Scheme 3),

DMTrO
DMTrO DMTrO Base o. Base

Base
o . . ° . 1
Loriiorii R! v — ||?
—— | e
o~ OH\N N 0...0 N N

~ \RZ
o re Ju. T
o) NG (iPr);
1 2f:R'=H, R?=Me 3f:R'=H, R?=Me
bz 2g:R'=H,R%=iPr 3g:R'=H,RZ=iPr
Base =T, 7C 2h : R'=Me, R2 = Me 3h :R' = Me, R? = Me

Scheme 3. Synthesis of urea modified amino-LNA phosphoramidites. Reagents and conditions: (i)
methylaminoformyl chroride, DIPEA, THF, DMF; (ii) 2-isocyanatopropane, CH.Cly, 0°C; (iii)
N,N-dimethylcarbamoyl chroride, THF, 60°C; (iv) (iPr) 2NP (CI) O (CH2) 2.CN, DIPEA, CHCly, rt.
Base = nucleobase.

ALNA[iPr-ac]z & ieA Y X 7 LAF Ri&, BLETO PEM TO#HE 8 2B\ TH, Gl
TP b D TH D, FEEBIIBITHHRART I XA MEREOHFEFEHIR 5 T H il
WU T-1 & mCP-1 2, AF AT/ ANI Tl ROFEFTT-1H L 0mCs-1
DIIREI2'-N-A F VT 2 ) ANVR= AR L 0 T-2F o TN mCB2-2f 235 547 (DA f =411
ALNA[Me-acl%& & 18), 2-1 V7 F N7 a /XU AFEF 2-N-A Y 7 a L7 2 7 R =/1k
2 Y T-29 KT mCB2-2g #4537 (LAF% g R511Z ALNA[Me-acl% & te), NN- A F /LA Lo
FANZBY RIFETT2N-PAFILT 2 ) VR =L EZ4T0O, T-2h LT mCB2-2h 735
Haviz (BARE h = 511E ALNA[Me-acl % & ie), KW\ T, T-2f/2g/2h J O mCB2-2f/2g/2h @ 3'
O DKL ZEMER 72 e TR A7 4 F b L, AAKRET I A b T-3f/3g/3h, KX
mCB2-3f/39/3h % 157=, HAT > T OHEINEA Table 4 |[ZF & DT,
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Table 4. Yield of 2'-N-aminocarbonyl ALNA derivatives.

Yield %

Modification Rt R? Base =T Base = "C (Bz)

3'-OH amidite 3'-OH amidite
ALNA[Me-ac] H Me T-2f: 100 T-3f: 79 mCBz-2f: 63 mCBz.3f: 75
ALNA[iPr-ac] H iPr T-2g: 100 T-3g: 80 mCBz-2g: 83 mCBz.3g: 75
ALNA[diMe-ac] Me Me T-2h: 100 T-3h: 67 mCB2-2h: 79 mCB2-3h: 75

B LIZRAR T I 44 FEEHERICHW B THICER LAY I X7 VAT
K% Table 5 |27k L7z, AR L72EFNITE % CT/n L7 ON34, ON35, ON39 & A UEd%)
THY ., [FICTHESOLEIC ALNA FERDOLEE AT STV D, 2 b DL HEMi%
B L AR HIEIC TR L (Y X7 LAF FIZBWTH f %5013 ALNA[Me-ac],
g #5T ALNA[Me-ac]. h 52%iZ ALNA[Me-ac]Z &3 5), F72H _F L FEERICZ 2 Ttk
LT _RToOAY TX 7 LAF ROARKIC Activator 420731k 21 L7=, DMTr 4 F 4 HlE
IZHESNWT, FH 7V o 71E 0% EOIERTHEIT Lz, AU IX 7 LATF REHEENS
B)Y H L, RT-HPLC # 8% Ehi L7=, AV IX 7 L AT ROME % RP-HPLC 4347112 XL 0 JHlE
L., BEofric kv L,

Table 5. Oligonucleotides synthesized in this chapter.

HPLC HPLC

MS Puri Retention
Seq No.  Sequence (5'to 3') Modificationof X —— urity etentio

Caled.  Found (uv Time

alcd. ounad. area%) (min)

ON34f  GTGTTITTTGCT ALNA [Me-ac] 37175 37181 985 12.6
ON34g GTGTTITTTGCT ALNA [iPr-ac] 37455 3746.1 98.0 12.7
ON34h  GTGTTITTTGCT ALNA [diMe-ac] 37315 37321 984 12.6
ON35f  TTTTTTTTTT ALNA [Me-ac] 3064.0 30640 97.8 12.3
ON35g TTTTTTTTTT ALNA [iPr-ac] 3092.1 30924 98.6 12.6
ON35h  TTTTTTTTTT ALNA [diMe-ac] 3078.1 3078.3 98.0 12.3
ON39f  ACATCAGTCTGATAAGCTA ALNA [Me-ac] 6709.6 6708.7 99.7 15.7
ON39g ACATCAGTCTGATAAGCTA ALNA [iPr-ac] 6849.9 6849.2 994 16.2
ON3%h  ACATCAGTCTGATAAGCTA ALNA [diMe-ac] 6779.8 6779.9 99.0 15.8

Capital letters; DNA, Bold; 2'-MOE, Underline; ALNA derivatives (C denote 5-methylcytosine). All
phosphodiester linkages of ON39 were replaced by PS linkages.
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ETH 2-N-7 I 2 HAAR =)L amino-LNA (ERfiA YV X 7 LA F KO

ALNA[Me-ac]. ALNA[iPr-ac] % O ALNA[diMe-ac]# &Te4 Y X 7 L AT K (ON34f, ON34g,
ON34h) & FE#fiE) sSDNA 1% ssSRNA (2 K 0 TEAL S 7 AR O BN B A IR (Tm)
ENC XL VI L, 15 S 7 BAREE Tm % Table 6 12773, ON34 (DNA), ON34 (LNA), ON34b
O T EIZHE _FHEE2BH L T D, ssDNA (2T D Tn EICESZY TS E ON34 (DNA) 2
51 °CT& 5 DITx LT, ON34 (LNA), ON34b (1 53°C & |5 L T % —75 T ON34f & TN ON34h
1% 51°C, 50°C &K F £ 72 IHMERF L T/, sSRNA (X = A) ISk 2 TnEICESE Y TS &,
ONB34f, ON34g, ON34h £ ON34 (DNA) LV & EWEEEBIFME (1 4Tm= +2.0~+3.0 °C / {&Hfi
f&HT) 2R L7z, 2D Z & 225 ON34F, ON34h (3 RNA FEIRMEA M E L TWD Z EAVRE T,
sSRNA |Z%}9° % ON34g OIFHFGIME e~y F Le “HH X=A) EROLLERI AV Y
FHH X=G) OO Th D7) 139 CTH Y ,ON34 (LNA) °ON34b LV &, ZiZE44°C
FEL3CEmMoT, 2-N-A VT VT X ) IR =NIIT, kb 77 =00 2/007 2
JFEESTRAIZHTZE L, T« G ANEEHEERNZRT 5L PHEIND, B _FET/RLE 2-N-
AR A JL=2-amino-LNA (22T b RIEROMA 2GR D HALTE YD . T4 5 OB LR
REIX. TBRUHEZEE & L CHEMOSE RNA ~OfE A ZIrb S8 5 alietE S me S h s,

Table 6. T values from UV-melting curves (260 nm) , the duplexes formed between ON34s, and fully
matched/one-base-mismatched ssSRNAs or ssDNAs 2

Tm (ATm /mod.) [°C] toward ssSRNAs,
Tm (ATm /mod.)  5-AGCAAAXAACGC-3'

[°C] toward base
Seq No. SSDNA, S
5-AGCAAAA X =A X=U X=G X=C discrimin
AA CGC -3' ation
values
ON34 (DNA) 51 48 32 42 30 6
ON34 (LNA) 53 (+2) 52 (+4) 38 (+6) 47 (+5) 36 (+6) 5
ON34b 53 (+2) 51 (+3) 37 (+5) 45 (+3) 38 (+8) 6
ON34f 51 (0) 51 (+3) 38 (+6) 44 (+2) 36 (+6) 7
ON34g 52 (+1) 51 (+3) 38 (+6) 42 (0) 35 (+5) 9
ON34h 50 (-1) 50 (+2) 39 (+7) 42 (0) 35 (+5) 8

& N = 3, Conditions: 10 mM sodium phosphate buffer (pH 7.2) , 100 mM NaCl, and 4 uM
oligonucleotide. The Trm values reflect the average of three measurements. (ATm /mod.) : the change in
Tm value (ATm) per modification compared to the unmodified standard, ON1 (DNA). Italic: RNA,
Capital letters: DNA. The base discrimination values are defined as subtraction of the T values of the
most stable mismatch duplex (X = G) from the T, values of the fully matched duplex (X = A) in the
case of ssSRNA.

TX VX7 LT —EBORICT D 2-N-7 X IR = UERiA U X7 VAT RO EME
%R L7, ALNA[Me-ac]-T. ALNA[iPr-ac]-T &' ALNA[diMe-ac]-T CiE#i L 7= ON35 (Zxf
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LT, B EFARRIC 3-mF% Y X7 LT —F (SVPDE) % ¥ L 7= Tris-HCI £/ (pH 8.0)
37 °CCTA v FaX—hL, HPLC ZHWTEEAY X7 LAF FOEEZ ST LT, 2'-N-
TR ANR= NI E OB O, ON35 (LNA) & ON35b 0% “FOFER S Figure 21 12 F
&7z, ON35f & ON35g i 10 5% b 40%ICITVMEZMERF L TRV . MoFERE G DRE
OFfERA R LT-, ON35h |X ON35b L [AIfETH 57243, LNA L0 HEA TV, Zhb O
R 5 . ALNA[Me-ac] & TY ALNA[IPr-ac)iZBEFR MM 2 #9598 S W 5 72 D O [ 2 2L FEM T h
D ENRSI,

100
—>¢LNA (ON35(LNA)) *
80 ——ALNA[Me] (ON35b) *
—=- ALNA[Me-ac] (ON35f)
R 60
'é” ——ALNA[iPr-ac] (ON35g)
=
E 20 —¥-ALNA[diMe-ac] (ON35h)
&
20
0
0 10 20 30

Incubation time (min)

Figure 21. Stability of oligonucleotides against SVPDE. Conditions: 0.1 ug SVPDE, 10 mM MgCl,,
50 mM Tris-HCI (pH 8.0) , and 2.5 uM oligonucleotide at 37 °C (total volume: 200 uL). The sequence
used was 5-TTTTTTTTTT-3". T = LNA-T (crros, ON35 (LNA) ) , ALNA[MEe]-T (triangle, ON35b) ,
ALNAJAC]-T (circle, ON35d) , ALNA[Me-ac]-T (square, ON35f) , ALNA[iPr-ac]-T (diamond,
ON35g) , ALNA[diMe-ac] (asterisk, ON35h).

F=H 2-N-T I B/VHR =)V amino-LNA {&#fi4 U X7 L' 4F KD miRNA PHETEH:EEM
WIZ, EERESKLE L CoF ML fTREMZBEET 272010, fx D 2'-N-7 2/ I)LR=)L
ALNA % & %p ON39f—ON3%h #5—%, FH _FHEFE UL AR—F—T v AKX VFHE L7z, &

TEECHAE L2 ON39b OFER & il & LT Figure 22 I F L 7z, Ak L7-LE®H D AMO %
P, "I AT 2 a ST T aTANY T 2T —B T v A I L0 L2 (Figure
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22A), 2 TCOF Y X7 VAT Nk, HEEFIIZ miRNA-21 HETEMEZ 7~ L, ALNA[Me-ac]
& ALNA[Pr-ac]MEH &2 HHEFETEM® A R L, &b RWEREZ R LT, & 52, ALNA[Me-ac]
& ALNA[iPr-ac] oV ENEIL, VAR 7 =7 o a UK A T L 72\ gymnosis 412 TaEAM L
AT bERF S U (Figure 22B), Tm MIEICE Y. 7 X 7 BLR =L EHT ON39f, ON39g
Jo Y ON39h DAEAH sSRNA & Dl & BRI 2 5F A U 72, IR I, £ €41 68 °C. 72 °C T 68 °C
Tholee 73X ANVAR=NAFEEROP TH S @O LEEM A2 ] L7z ON39f 1, dx b EW Ty
%R Lo, L722s o TGS BRPEISIER PR ETE M & SERITITHE LW 2 & 2RI ST,
2TO AMO IFRER PS FiAZ2H LT\ D72, BERMIENS B EZ 2T 5 rethi3 g
EEZADND, B, FHOELFEKIC, B EIZBWTH ALNA O 220 DO ) ek
DEWVIZZVIEENRRESEN LT, ZNHDERIZOWT, B8N LH —HOHROF
A 2 A 12 LT, miIRNA-Ago2-AMO DA IS S HEEMRAT 24T 9 72 £, Atk K 0 FEM72 4%
REDMLELTH D,
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R 204 rl
0-__.._‘_ELE|_. Il
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Ho.1uyM @ 03pM [J1puM @3 uM

Figure 22. Effects of modifications on AMO activity. (A) Inhibition rate of miRNA-21 upon treatment
under transfection conditions. All data are shown as the mean values (n = 3). (B) Inhibition rate of
miRNA-21 upon treatment under gymnotic conditions. All data are shown as the mean values *
standard deviation (n = 3). To calculate the inhibition rate against miRNA-21 function, we defined the
relative luciferase activity of the cells transfected with the miRNA-21 reporter plasmid without AMQOs
as 0% inhibition, and that of the cells transfected with the reporter plasmid not containing the
miRNA-21 target site as 100% inhibition.

/NFE

BT, FIVRREAFAY b D 2-N-TAF AT I ) LR =/L ALNA 7K A 7R
27 XA FOFHE EHEEGHEIC XD MR AZER LI 2-N-T /L F LT X J1 VAR =/ ALNA
EELAY IXT LAT Rid, BWEGBIRINE & B 7o BER ORI E 2 7% L7z, miRNA-21 i
EIENE AT 2T 2T VL R—2—T v A1X, 2-N-AF LT 2 J HLR=)L ALNA 2
AMO Effi& LTHB ThHZ L& LT,
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o

AL, BRREEOFHL 2 7 AL LCTHEHR IS mRNA REA Y X7 LATF N2
HALAEH & SR E OB #EMEIC DWW TEME L, kD Z & AR LT-,

HE T, 77 =V B REL RS GUNA I S A 2 T L GUNA &6l AMO Z b CTARK L7z,
ZDfEHR. GuNA Efifi AMO &[] 2GR IE TH 5 LNA Theft SN Efi/ 7 — 2 Tl
EEAZ RS, B OMEEEHEEZ RS2 L 2B 60 Lz, —F T, GuNA OB AGLE %
v— NEEER, FES— NREIRIC 0 CREMIC Rk 32 Z 212 kv FEFICEIETEZ: GuNA (&
fili AMO ZIUf5 T 2ICE -7z, £z X B EEFT O DET U 718 - T, GUNA %
AMO ODRY Y g Y TIZEANTHZ LT, /7 =V #1E L miRISC Z#%5%3 5 Argonaute 2 &
DF - ABEAER %5 L CW B ATEEMEE B S Lz,

BT, AV AR VAT FOEME R OMRERENMMIS (PEM) 2 AW THRT &
L ALNA DNEASNTZA Y IX T LAF ROERICHEES LTz, 26 OGO IR R E &
L CHIM B BE 2 574t L. ALNA[formyl] D EGRAIGE N mWZ & 2 BT Lz, £/2X
7 L7 —PhiEy ALNA[formyl] > ALNA[Ac] > ALNA[Ph]DIE Tk L7z, & 51 miRNA-21
O PRFEM: 2 7 U 72 /5 5. ALNA[formyl] 23355 12 @O Ft miRNA TEEZ R4 2 & &2 FLH L7,
X 52 AMO D X 9 (2B H AR E D ZELC AMO DIERfi /X% — o OZELNIHIEIC K & < 8
B — A, WEEETERRBE ORFHT PEMIERE TH D Z L 2R LT,

FEE T, 2N-T X VAR =L ALNA OF I & 5-AFNY h UV DRARa T I 4
A REPNDTHERL, TNHZE2ELAV IXT VAT REGM LT, 2-N-T 2/ LR =)v
ALNA Z 5o A Y X7 VAT FiE, Wb mWOiE e BT & O 3520t 2 8
THPIEE R Lz, 2-N-A VY 70 BV T R HVR = UKL, @O RGRBIRE A R 2 & 21
HMI L7, & 612, miRNA-21 BLFTEVEZ G- L 722k, 2-N-A F T X IV =)LAR)
FEFITE DI MIRNA TG Z R Z L2 LN LT,
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AHFFROZBELT 72 D NIAFROPEICH - |

AR 70 2R & HEFREA 1B 0 F L7z

PNTONE NS 20 R SN S S
DR EILE R L RIFET,

KL OFELXZ L CWEEE L
KIRKRFRFEBEIRAICR A ol a2, b E 5 %
IR Bt L ¥

AR ST . SR EHIHFELTHE E L
FH32 = ZE BRI AL D[RR DB RIS TR G B L £

AT EED HIZHTY | ERRFER LTS £ LI RIRRFR G2 R

A REAL 0 B DRI L £,

RBIZ, HREHIYD XA THEE E LEFRIOD XSV LET,
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KEROET

K FALEH O ERKICE LTk, LLF® 400 MHz NMR A% hua A —4 %\ T, 'H NMR,
BC-NMR KU 3P-NMR A7 FL&Redk L7z, (B2 7 MEE, 'H NMR TIEZWERT 7 A F L
> 7 > (0.00 ppm) IFFEE 7 o v kLA (7.26 ppm) [ZKT 5 S E (ppm). °C NMR TIINE T b
FGAFNT T E 7 v adL-d (6 =77.0 ppm), 3P NMR TiZ 0.05%7K#%5% HaPO4 (5 = 0.00 ppm)
ELTRLe, BT 7ux 7T 74 —I2i&, ¥V 50 (Wakogel ® 60 N, & 17 A )L AF0k
(KR)) XUFFKIEFE R VBTN (A 7T v =2-M, L UL 3L, 1) 2 Wiz, RISOEITIZN
?Xﬁi@ﬁﬁ%%?HVFﬁﬁ74_(ﬂﬁﬂﬂﬁ?UﬁﬁﬂﬁWZM)Ki@%:ﬁ—b\UV
XX LC/IMS |z GHTLTe, X TOEBURS TALEM O R REEE E A2 L% Thermo
Scientific LTQ Orbitrap XL & W CHIET 5 Z & TRIE LTz,

BEE-EHOER
FV IR VEF FERR
LNA CTEffi S 7= ON1 1L, FH 2T YA > L Gene Design £ CEFE Ak L 7=, ON1 (X MALDI-TOF
MS 537 & > THE S 4, RP-HPLC O IL FRR D S THIE S 77z, GUNA EfiA ) X 7
LA F K (ON2—ON33) [ZLATNCH 2 D 7 )v—F 08l L7 a b =L 9O (1 2ht> TR Lz, LA
RTDHAE 0 (ZHENARL L 72 A FEH L (A, T, 6% ™, mC™) %45 GuNA EfiiRAARuT I 4
A4 b2, 01MDOT ¥ b= kU ERKRIZTAEE L. Molecular Sieves Pack 3 A (& + 7 A v AF0¢) % H
WK LTz, A ) X7 LAF ROBEMARKRIINS-8 I 4 Y X7 LAF REREERE (Gene Design
A #UsE) & W TSN L, 0.2—1 umol @ NittoPhase® UnyLinker™ 50, 80, 200 (Kinovate Life Sciences)
% 7213 Universal Q SynBase CPG 500/110 # [EfHfAfA L L CTHEH L CTHEEZITo7-, 4V IX 27 LA
FREEOT T haviX, ns-8 1l OBEED T 1 b2 )LIZiEn, TIXA e DTy U T RIGE
8—10 TR E LTz, AL Y F A4 7E— R TITo72, Activator 42° (Sigma-Aldrich) % 71 v~
UV TROGCEIT DT 7 F_R—=2 & LTV, BHEREDOT T L% 50% MU =FALT Iy ]
TEF=FUAEKETI0 UL L-0b, BEABEREEL, LOMTBAF/ 7 F 7t Fr>
7 UV 1 mL &z 65°C T 8 REHNER L7z, =IRIZKE LT 28% 7 & =7 K¥E#k A 1 mL Mx
T 65°C, 8 REMLEE L7 IsE A WERE E L7205, 1L.0MpH5.0-5.2 O U “EE/KIAR 100 ub & 5M
DOYEALT BV 7 LKA 100 pL =& J —)v 750 L ANz 7z, AT v 7 R LG m LR
TN —20°COMEIE T 2 FERMAEI L 72, 4 °C, 15000 G T 30 4y i OBl 21TV ik S w7, R
FiEEEY FTRWE, BT 5% =& ) — LK Z N Z T 4°C, 15000G T 30 4y fElE O
DEEEITV. BIEEBRZ, TRERIZ 200 uL @ DMSO A2 CHRAVT v 7 A %&4T->7-D 5 pH 8.5 10
mM DU VN 7 7 —% 600ul iz 72, Zi1% PVDF @ GDX 7 4 /L4 —13mm T1 mL DY
YUERWTIEB LI, AU X7 VAT &L T VIEE T T 4 (NAP™-10, Cytiva) THITALEE L
538 3000 LA FOMRSG Tay & TORWEOL, 2o 2 HERRE s n~ 757 ¢ —
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(HPLC) (Waters XBridge™ Oligonucleotide BEH C18 OBD™ Prep 7 7 2, 130A. 2.5um, 10 mmx50 mm)
2 X DRI 72, ON2—33 O#fifE 2 RT-HPLC (Waters XBridge (tm) OST C18 2.5um, 4.6x50 mm %45
FTO/BARHPLC v 27 L) ICXk->Totr L, BEMRIZT & b= K ULl 20 mM FEfR~F 2L
TR VKR E W 1ZE AL DAY IRXT LA F RO HPLC ML 95%LL | Th - 7223, 1<
DINDOAY AX T VAT ROMEEL 98%LL L TdHh -7, HPLC SHTIZEB N T, WL DD AIHE
Bov—rnBRISnn, RO PSHEEZELA ) X7 LAF FTIIHR AR F 4T — |
HOYT AT U A~Y—OFECEIY LIXLITEEOE =27 R"RO N5 2 LD 5, MSJITEIC &
VEEOE—7 BT B TS Z ERERISN TS, KA ZQ mass detector (ESI,
Waters) (2 > CTE R L TG 2 [RE L7z, MS OHIE, HPLC F5, HPLC Z#Tid Frio &ttt
|2 T L7, ON1—33 @ MS O tH#E R, 35 L OV HPLC ORI, B HIREH 4 Table 110 F & Bz,

AV IXT7 AT K (ON2—ON33) OILFRLEMEICEET 28 & LT, BORGE &K O EAF AR
B ORREIZI VT, 65°C, 8 Ffijod THF 1> 1 M TBAF VX 1% 65 °C, 8 Wi 0> 28% 7 & =7 /K
WIROGM T CRE Th o7z, £72, GUNA EffiA ) TX 7 LAF RiLpH5.2 U U EEm &I T
TRETHDHMN, KBS (pH <4) THEOMIND Z & bR L, MEDTZDHICHE L
GUNA Z &1 AMO KIS IRIE MjEJE C LM L THHE LWAHILE RIS RN 2 LR S T,

LC/IMS Z3#7 48

Waters ZQ mass detector (ESI)

& A:400 mM HFIP/15 mM TEA /KiAE

BEIE B A X /) — L

it B fE Sy 0.2 mL

7T Vx s N5 45T 20—30%

%17 2n:Waters XBridge™ BEH C18, 1.7um (2.1x100 mm)
NT LA —T 2 DIRFE60 °C

RS ERAMROE R (IAE 51260 nm)

RP-HPLC &%

BEHH A:20 mmol/L [EfR~F 2 /LT I VKRR

BE#MEBTE =YL

77 Vx s h&AF:40 43T 10—50%

it By 4 mL

717 2:Waters XBridge™ Oligonucleotide BEH C18 OBD™ Prep 7 7 A, 130A2.5um (10x50 mm)
N7 KA —T > DIRFEB0 °C

e 2RO EE R (HIE I 260 nm)
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RP-HPLC %3#rft:

ONL1 (Gene Design #HIZ TEFEAR)DHA -

B ENFE A:100 mM HFIP/8 mM TEA /K&K

BEIME B: A ¥ ) —L

7T 20 43(5-20%) F 721F 20 43 (5—30%)

%7 2:Waters XBridge™ BEH C18 2.5um (4.6x75 mm)
BT LA =T DIREE60 °C
AR SRR BE T (HIE 2 1260 nm)

ON2—ON33 DFA :

B EIFE A:20 mmol/L FEfE~F v T I L IKEIR

BEEB T h=FU L

7V xy MR 20 43(5—50%), 22.5 53(10—50%), 7213 18 43(10 —65%)
it 4y 1 mL

717 2n:Waters XBridge™ BEH C18 130A2.5um (4.6x50 mm)

N1T BA—T > DIREB0 °C

et SRR EERE (IIE I =::260 nm)

Ny T2 F—PLR—F—T viA

10% 7 > ik VLI 7% % WS L 7= Dulbecco’s modified Eagle’s medium (DMEM) % F T, Human
embryonic kidney (HEK293) (American Type Culture Collection, Manassas, VA, USA) #lifid % 5% CO,,
37 °CTH:# L. 10 cm dish (S 2 #&FE L 7= (3x10° #if/™7 = /v), FH. 30 uL FUGENE HD 7
VAT 27 a R (Promega, KET 4 AN AL T 4 V) AW T, MBEIZ 10 ug O
MiRNA-21 VL R—Z—F T AI RE N T A7/ a2 LT, miRNA-2L L R—FX—7FFZAI K
ZEAN LT Z, 24 FER#I2 96 7 =L L— b (3x10%HifE/100 uL/” = V) ([Z7 L— k L7z,
B, ®EOUL 7 1 b =2 LITfE > T Lipofectamine RNAIMAX 73 (Thermo Fisher Scientific, [
Y Fa—t VI T AT L) ZHNT, MIRICNT AT 27 g RS E VT miRNA-21
AMO 2SN LTz, b T U AT =27 a0 24 BFERICHI 2B L, SEEORM 7' m b =i ie
- T Dual-Glo Luciferase Assay System (Promega) ZHW\WTH#rL7z, VIvA XLy 72T —8
DIEWZ R I NN 7 2T —RICR o THIEEL, BEMELZHFE L, T 2T7=7 23
(gymnosis) EBRTIZ, N7 AT7 =7 v g VREZ VT MIRNA-2L LAR—F%—7' 7 23 REZEA
L7cAifla% 96 7 = /L7 L— ~ (Ix10*A/100 uL/ ™ = )b) IZHEFEL . N 7 > A7 =7 ¥ a VikdEIE
{AE£T T miRNA-21 AMO TALEE L7z, JLEE 96 KR ICAIIaZ AL L, v 7 = T — Btz /3hT
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L7z, & EBRITIMNL LT 2 [FIXIE 3 [FfT5 72, miRNA-2L #REICKT T B PLERAZFHET 572012,
AMO L ® miRNA-21 LAR—Z =77 A REZEA LMD 7 =T —BiEMEZ 0%FHE &
EFE L. MIRNA-21 OFHELS] 2 & £ 72220 psiCHEK-2 77 A2 R&E A L7-HIfROL Y 7 =5
—BIEME A 100%FHF & EFR LT,

TFIFAINR
mMiRNA-21-5p #Hf#ilic % psiCHECK-2 77 A I R|ZZ7 m—=127 L7 miRNA-21 reporter plasmid
(MiCheck miRNA Biosensor Clone, Promega) & F V7=,

BRIRE (TnfH) WE

R SR IE Ton S3 BT A5 i 220 2 72 JASCO V-730 43 t3HT1T o 72, FRUEHIZ Gene Design #17> 5 i
AL, BERRNA LA ) X7 LAF FOSE /L &4 100mM HifbF Y v A2 & 10mM U >
fed b U U LFEE#E (pH 7.0) ISR L, RAEEHIREZ 4 pM (HEA D I X7 LA TF FOBERER N
<19-mer DAY FF 2uM (IEAY TX 7 LA F ROEHIEEN > 19-mer DEFA) (TR L7Z,
B2 95 °CCITMEA L TEME S, £2D% P> Y & 3B5°CIZRLTY =—/b L7z, 30°C—90°CPH
IR FERLPH ., EAEE 0.5 °C/min T, 260 nm 231 HRlfiR 7 0 7 7 A VE Rk Uiz, AR LT AR
LD T ME IR BT 2 I CEIR L7z, 3 [BIOMNT U 72 EER D) & P#E F 72 13y 1k
EHWTHERERE M LT,

SFETV T

Ago2 $E{K (PDB ID:4W50) % Difid i o 0 miRNA-122 & Effi L7z, fEHX 7 L AT RORER%
B L. GUNA XX LNA TR LAF REBHT 572D LEREHE LN 72, WRIC, B
VAT RO FARm U=k Ago2 & OF EAEHE— Fa i@t § 2729012, fiET 3L F—% K
DX /IME LTz X7 VAT Rovh 5BA LING Ago2 DX 7 LAF RO E = R L ¥ —1)
(CH/MEL T X7 LAT RIEfED Ago2 OSLIRELEE A #Fn LTz, X 7 LA RICHgET 5%
R L RNA Offi = p V¥ —%FoMb LTz, 7 X VBRI L RNA OO ELZ D5 Z LIk b
7R/ ERERIEE RNA ONLRELE O ZEAICEE & B 2 Rz Lizo T, s on < 200
KO TFIEBRE SR o T, ZRVF—F/MEET V&I 572012, BIEET LTk Sh
72 b OIS T 5 O FE R O mRNA-122 X7 LAF K& Ago2 k% = L ¥ —HIC Kk b
L7z, &5 Y > 7% Molecular Operating Environment (MOE) %\ CTiT -7z, 139

53



B_EDOER

EoEIIBT AW 2aB L 3aTIE, N T da T FAT I RETOo—2<~—0%h I
£V, H NMR IZBWTRERLEFET T F T Ono7'e b 7P ARBE Iz, AT,
—RINZAR AT T I XA MEEILY VIRF OSSR FIC LD T AT VA~ —DIREWME L
THLND, LR > TAREIZE VT 2a, 3a LTV 3b O—H#d HNMR & 7 F VRS, 1/12 H
XIF2BHBRED LS InFTRINTND, 2FB, BCNMR O 7 F VMR O RFELH L0
HZVHEBICONWTHE R — v —BI RN T AT LAY —DIRAEW THIHBIZLDHLDTH S,

1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-5-(2,2,2-trifluoroacetyl)
-2-0xa-5-azabicyclo[2.2.1]heptan-3-yl]-5-methyl-pyrimidine-2,4-dione (T-2a)

AR D O 89 1ThE > TEHR L72bE9 T-1 (3.00 g, 5.25 mmol) ¢ A % /7 —/1 (30 mL) ¥R % i
%, NN-UATFLE Y P r-4-7 X (640 mg, 5.2 mmol), kYU 74wl /v (1.25 mL,
10.5 mmol) ZAKRINZ 7=, ZHIRIZ T 69 RefElfE#E L - O GIUERME L1z, A ¥/ — IV EERICEE
LT/ Rl ACEEIMA - OICHEY naRLs (5mL) 202 BEENEL7-, BEWE S
YA NI O~ 8T TFT7 4— (ZaaRi bl AL ) —/ 10000 — 97/3viv) THHRLL LA T-2a
(3.28 g, IR 94%) ZHktaTEN T 7 X & LT, H-NMR (CDCls) 8: 9.15 (1/2H, brs), 8.48 (1/2H,
s), 7.64 (1/2H, d, J = 1.5 Hz), 7.59 (1/2H, d, J = 1.0 Hz), 7.42-7.47 (2H, m), 7.25-7.36 (13/2H, m),
7.20-7.25 (1/2H, m), 6.83-6.88 (4H, m), 5.59 (1H, d, J = 3.1 Hz), 5.16 (1/2H, s), 4.80 (1/2H, s), 4.43-4.46
(L/2H, m), 4.38 (1/2H, d, J = 3.6 Hz), 3.78-3.81 (6H, m), 3.70-3.77 (1H, m), 3.57-3.67 (3/2H, m),
3.46-3.55 (3/2H, m), 3.37 (1/2H, brs), 2.54 (1/2H, d, J = 3.6 Hz), 1.16 (3H, s); 3C-NMR (CDCls) §: 171.3,
164.1, 164.0, 158.8, 158.8, 156.8, 156.6, 156.5, 156.2, 150.2, 149.9, 144.3, 144.2, 135.2, 135.2, 135.1, 135.1,
134.6, 134.5, 130.1, 129.2, 128.2, 128.1, 128.1, 127.3, 127.2, 117.4, 117.3, 114.5, 114.5, 113.4, 113.4, 113.2,
110.7, 110.5, 88.5, 87.1, 87.0, 87.0, 86.8, 86.4, 77.2, 70.2, 68.6, 64.4, 63.3, 60.4, 59.1, 58.8, 55.3, 55.3, 52.8,
52.5,21.1, 14.2, 12.5, 12.5; HRMS (ESI): Calcd. for CssHa1N3OgFs [M - H]: 666.2069. Found: 666.2064.

N-[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-5-(2,2,2-trifluoroace

tyl) -2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]purin-6-yl]benzamide (A*-2a)

T-2a DFEERD F1EEZ HWT, AL OHE 8 IT0E > THEL L 72 AP2-1 (200 mg, 0.28 mmol) 75 H

&7 RER E L Te a9 AP2-2a (178 mg, I0E 81%) #15%7-, H-NMR (CDCls) &: 9.33 (1/2H, s),
9.29 (1/2H, s), 8.58 (1/2H, s), 8.50 (1/2H, s), 8.26 (1H, d, J = 4.1 Hz), 7.83 (2H, brt, J = 6.6 Hz), 7.46-7.54
(1H, m), 7.37-7.45 (4H, m), 7.21-7.33 (6H, m), 7.11-7.21 (1H, m), 6.80 (4H, dt, J = 8.8, 2.0 Hz), 6.04 (1H,
d, J = 8.4 Hz), 5.37 (1/2H, s), 5.21 (1/2H, s), 5.01 (1/2H, brs), 4.90 (1/2H, brs), 4.67 (1H, brd, J = 14.4 Hz),
3.78-3.94 (3/2H, m), 3.74 (6H, t, J = 1.7 Hz), 3.72 (1/2H, m), 3.54-3.65 (2H, m); 3C-NMR (CDCls) &:
164.9, 158.7, 158.6, 157.3, 156.9, 156.5, 155.7, 152.7, 150.5, 149.2, 144.2, 142.0, 140.7, 140.6, 139.5, 135.4,
135.3, 135.2, 133.0, 130.0, 130.0, 129.2, 128.9, 128.0, 128.0, 127.8, 127.7, 127.1, 123.0, 120.3, 117.4, 114.6,
113.6, 113.3, 113.1, 111.7, 88.1, 86.8, 86.1, 85.4, 77.3, 71.4, 70.0, 64.3, 62.8, 60.5, 59.8, 59.7, 55.2, 53.0,
21.0, 14.2; HRMS (ESI): Calcd. for C41H3aNgO7F3 [M - H]: 779.2447. Found: 779.2441.
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[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-5-(2,2,2-trifluoroacetyl
)-2-0xa-5-azabicyclo[2.2.1]heptan-3-yl]-2-(2-methylpropanoylamino)purin-6-yl]-N,N-diphenylcarbam
ate (GUpc ibu_23q)

T-2a & [AERD HiEZ VT, AL O 8 12H > THRL L 72 G i1 (200 mg, 0.23 mmol) 7>
HHBTENLT 7 AL L TEAY G DU g (169 mg, IR 77%) %457, NN-P A F L) -4
TIUNITT = DREEDRBRE SN TV A T2 RERUTIEMEH L72hv- 72, 'H-NMR (CDCls) §:
8.93 (2/3H, s), 8.24 (1/3H, s), 8.07 (1/3H, s), 7.65 (2/3H, s), 7.30-7.50 (10H, m), 7.24-7.29 (7H, m),
7.12-7.23 (2H, m), 6.76-6.82 (4H, m), 5.86 (1/3H, s), 5.72 (2/3H, s), 5.58 (2/3H, s), 5.38 (1/3H, s), 5.09
(1/3H, s), 4.90 (2/3H, s), 3.88-4.03 (2H, m), 3.74 (6H, d, J = 2.3 Hz), 3.35-3.56 (2H, m), 2.43-2.68 (1H, m),
1.12-1.22 (6H, m); 3C-NMR (CDCls) &: 175.3, 175.1, 171.2, 158.6, 156.5, 156.8, 155.9, 155.8, 153.3,
152.8, 151.3, 151.2, 150.3, 150.2, 144.4, 143.8, 143.6, 141.7, 135.5, 135.4, 135.4, 135.3, 130.0, 129.2, 128.0,
127.9, 126.9, 121.4, 120.6, 117.8, 117.6, 117.5, 114.8, 114.7, 113.2, 86.7, 86.4, 86.4, 86.0, 85.6, 84.7, 77.3,
74.6, 73.4, 64.7, 63.5, 60.9, 60.7, 60.4, 55.2, 53.6, 53.5, 36.7, 36.6, 21.0, 20.6, 19.3, 19.2, 19.1, 19.0, 14.2,
14.0; HRMS (ESI): Calcd. for Cs1HasN7OgF3 [M - H]: 956.3236. Found: 956.3237.

N-[1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-5-(2,2,2-trifluoroace
tyl)-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-yl]benzamide (™C"?-2a)

T-2a & RERDOFEEZHWT, BAL O 8 120> THEL L 72 ™CP2-1 (150 mg, 0.22 mmol) 75
AT L7 7 AL LTEAY "CP-2a (102 mg, 1=K 60%) %715%7=, 'H-NMR (CDCls) &: 13.27 (1H,
brs), 8.10-8.29 (2H, m), 7.81 (1/2H, brs), 7.74 (1/2H, brs), 7.43-7.51 (3H, m), 7.30-7.40 (7H, m), 7.13-7.28
(2H, m), 6.80-6.89 (4H, m), 5.57 (1/2H, s), 5.46-5.51 (1/2H, m), 5.01-5.07 (1/2H, m), 4.77-4.83 (1/2H, m),
4.33-4.45 (1H, m), 3.80-4.05 (1H, m), 3.76-3.81 (6H, m), 3.59-3.74 (3/2H, m), 3.56 (1H, brs), 3.30-3.55
(1/2H, m), 1.65-2.03 (3H, m); *C-NMR (CDCls) : 158.9, 158.8, 158.6, 156.6, 147.3, 144.2, 139.4, 135.2,
135.1, 132.7, 132.6, 130.1, 130.1, 129.8, 129.1, 128.2, 128.2, 128.1, 127.8, 127.8, 127.5, 127.3, 127.2, 127.1,
117.4,117.3, 114.4, 113.5, 113.5, 113.2, 88.7, 88.1, 87.2, 87.1, 87.1, 86.7, 81.5, 77.2, 70.1, 68.3, 64.2, 62.8,
60.5, 58.8, 55.3, 52.5, 52.1, 21.0, 14.2, 13.6; HRMS (ESI): Calcd. for C41H3sN4OsF3 [M - H]: 769.2491.
Found: 769.2480.

1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-5-methyl-2-oxa-5-azabi
cyclo[2.2.1]heptan-3-yl]-5-methylpyrimidine-2,4-dione (T-2b)

ARG OME 8 ([t > TAR LAY T-1 (1.01g, 1.77mmol) O A% J—)L (59mL), 7 F T b
Ru 75 (8.9 mL) IRATRIE Z#H%. 37%HR/L AT /LT b RIRHE (0.16 mL, 2.13 mmol), %
AT (87 mg. 0.71 mmol) ZNERGIN L7-, =IRIC T 15 RERIE L7z, K T, BT /L (20
mL). BaFIIRIEAKTET F U 7 DOKEEHE, (5 mL), fafiiifik (5mL) ZINZ. HEfe— /L ThltHif
EaiTolc. AREEAREL, WA VTNV a~x NI 7 40— (VrrR )L LA E ) —)L
100/0 — 94/6 v/v) THEHEIL ., T-2b (914 mg, UL 85%) Z H{AT E/NL 7 7 A L LT/, H-NMR
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(CDCls) &: 7.67 (1H, d, J = 1.2 Hz), 7.41-7.51 (2H, m), 7.27-7.37 (6H, m), 7.15-7.25 (1H, m), 6.80-6.88
(4H, m), 5.82 (1H, s), 4.21 (1H, s), 3.79 (6H, s), 3.39-3.46 (3H, m), 3.10 (1H, d, J = 10.0 Hz), 2.68 (3H, s),
2.40 (1H, d, J = 10.0 Hz), 1.66 (3H, s); *C-NMR (CDCls) &: 164.0, 158.7, 149.9, 144.6, 135.6, 135.5, 135.2,
130.1, 130.1, 130.0, 129.9, 128.1, 128.0, 127.0, 113.4, 113.3, 110.2, 89.2, 88.6, 86.5, 81.8, 77.2, 71.0, 67.6,
59.6, 57.9, 55.3, 55.2, 37.4, 12.5; HRMS (ESI): Calcd. for Ca3HzaN3:O7 [M - H]: 584.2402. Found:
584.2403.

N-[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-5-methyl-2-oxa-5-az

abicyclo[2.2.1]heptan-3-yl]purin-6-yl]Jbenzamide (A?-2b)

T-2b & FERED FIEE AW T, E#AR S O 8 ([Z0E > TEM L7z AP-1 (5.02 g, 7.33 mmol) 7> 555
BT ENLT 7 AL LAY AP-2b (3.89 g, IR 72%) %457z, H-NMR (CDCls) &: 9.34 (1H, brs),
8.72 (1H, s), 8.32 (1H, s), 7.99 (2H, d, J = 7.3 Hz), 7.52-7.58 (1H, m), 7.43-7.50 (4H, m), 7.26-7.37 (6H,
m), 7.16-7.24 (1H, m), 6.78-6.86 (4H, m), 6.29 (1H, s), 4.34 (1H, s), 3.76 (6H, s), 3.58-3.69 (1H, m),
3.35-3.54 (2H, m), 3.21 (1H, d, J = 10.0 Hz), 2.77 (3H, s), 2.64 (2H, d, J = 10.0 Hz); *C-NMR (CDCl5) &:
164.8, 158.6, 152.6, 150.6, 149.5, 144.6, 140.8, 135.7, 135.6, 133.7, 132.7, 130.1, 128.8, 128.1, 127.9, 127.0,
123.4, 113.3, 113.1, 88.8, 86.4, 81.3, 77.3, 72.2, 67.9, 60.4, 58.2, 55.2, 37.9; HRMS (ESI): Calcd. for
CaoH37NeOs[M + H]*: 697.2780. Found: 697.2770.

[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-5-methyl-2-oxa-5-azab
icyclo[2.2.1]heptan-3-yl]-2-(2-methylpropanoylamino)purin-6-yl]-N,N-diphenylcarbamate (G¢ Pu-2p)
T-2b & RRED HFIEZEZ HWT, AL OME &) I29E > THRL L7 Goebu (1.50 g, 1.74 mmol) 725
WEOT TN T 7 AL LAY Gl U2 (1.07 g, IR 71%) %457=, H-NMR (CDCls) §: 8.22
(1H, s), 8.07 (1H, s), 7.40-7.49 (6H, m), 7.30-7.40 (8H, m), 7.25-7.30 (2H, m), 7.16-7.25 (2H, m),
6.79-6.88 (4H, m), 6.18 (1H, s), 4.29 (1H, brs), 3.77 (6H, s), 3.72 (1H, brs), 3.33-3.51 (2H, m), 3.22 (1H, d,
J =10.2 Hz), 3.11 (1H, brs), 2.92 (1H, brs), 2.78 (3H, s), 2.60-2.73 (1H, m), 1.24 (6H, dd, J = 6.9, 1.7 Hz);
13C-NMR (CDCls) &: 176.0, 158.6, 156.1, 153.5, 151.9, 150.4, 144.6, 142.0, 141.8, 135.7, 135.6, 130.1,
129.3, 129.2, 128.1, 127.9, 126.9, 121.6, 117.8, 113.2, 88.7, 86.3, 81.5, 77.3, 72.7, 67.8, 60.5, 58.2, 55.2,
38.0, 35.6, 19.3, 19.2; HRMS (ESI): Calcd. for CsgHasN7Og [M - H]: 874.3570. Found: 874.3568.

N-[1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-5-methyl-2-oxa-5-az
abicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-ylJbenzamide ("C®-2b)

T-2b & RERD FFIEEZ W T, AL OHE 8 I21E > THEL L 7= ™CP%-1 (1.08 g, 1.60 mmol) 7> 5
WHOTENLT 7 AL L TEAY MCP-2b (836 mg, I 76%) %4572, 'H-NMR (CDCls) &: 13.41 (1H,
brs), 8.27-8.35 (2H, m), 7.85 (1H, d, J = 0.9 Hz), 7.41-7.53 (5H, m), 7.35-7.41 (4H, m), 7.27-7.35 (2H, m),
7.20-7.27 (1H, m), 6.82-6.90 (4H, m), 5.86 (1H, s), 4.22 (1H, s), 3.80 (3H, s), 3.79 (3H, s), 3.39-3.50 (3H,
m), 3.07 (1H, d, J = 10.0 Hz), 2.69 (3H, s), 2.41 (1H, d, J = 9.9 Hz), 1.85-1.89 (3H, m); *C-NMR (CDCls)
6: 159.9, 158.7, 147.5, 144.6, 137.2, 136.6, 135.6, 135.5, 132.4, 130.1, 129.8, 128.6, 128.1, 128.1, 128.0,
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127.3, 127.0, 113.3, 111.3, 89.3, 86.5, 82.2, 77.2, 70.8, 67.4, 59.6, 57.9, 55.2, 37.5, 13.6; HRMS (ESI):
Calcd. for C4H41N4O7 [M - H]: 689.2970. Found: 689.2978.

3-[[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-3-(5-methyl-2,4-dioxo-pyrimidin-
1-yD)-5-(2,2,2-trifluoroacetyl)-2-oxa-5-azabicyclo[2.2.1]heptan-7-yl]oxy-(diisopropylamino)phosphanyl
Joxypropanenitrile (T-3a)

{b&#) T-2a (6.31 g, 9.45 mmol) DIFKE Y7 A X 32mL) ZRAL. KB FT, oAV
2T F LT I (6.5mL, 38mmol), 2-7 J =FI/LUNN-UA VT a s raRART IR
(6.25 mL, 28 mmol) ZJIEVKE T L7z, =ik THIME L, 4.5 FFEEHR L7z, JKIG T, S%RER/KFE T
FU D LK (30mL) iz, Y7 ru X%y (15mLx2) CTHHEEEZ T 7=, A ZREL,
BEWMAE ) TNV a~ N7 T 7 40— (n-~F o UIERBE T L, 70/30 — 50/50 viv) THRESLL |
T-3a(7.59 g, % 87%) % HajaiRE A L L TH72, 'H-NMR (CDCls) &: 8.42 (1H, brs), 7.63-7.67 (1H,
m), 7.42-7.48 (2H, m), 7.22-7.37 (7H, m), 6.80-6.90 (4H, m), 5.63-5.68 (1H, m), 5.23-5.26 (1/3H, m),
4.98 (2/3H, brs), 4.52-4.57 (1H, m), 3.78-3.83 (6H, m), 3.55-3.69 (4H, m), 3.35-3.55 (4H, m), 2.50-2.70
(1H, m), 2.37-2.42 (1H, m), 1.54 (3H, s), 1.06-1.15 (6H, m), 0.94-1.05 (6H, m); !P-NMR (CDCls) &: 150.5,
149.9, 149.9, 149.3, 149.3; HRMS (ESI): Calcd. for Cs3HsoNsOgFsP [M + H]*: 868.3293. Found: 868.3302.

N-[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-[2-cyanoethoxy-(diisopropyla
mino)phosphanyl]oxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]purin-6-yl]benza
mide (A2-3a)

T-3a & [FIBED J7iE% AV T AP22a (2.16 g, 2.76 mmol) 75 A @R EAR & L TEAY AP-3a (2.31
g, X% 80%) #7157, H-NMR (CDCls) &: 8.98 (1H, brs), 8.84 (1H, m), 8.29-8.35 (1H, m), 8.03 (2H, m),
7.59-7.66 (1H, m), 7.50-7.57 (2H, m), 7.43-7.50 (2H, m), 7.27-7.40 (6H, m), 7.20-7.26 (1H, m), 6.82—6.89
(4H, m), 6.16 (1H, d, J = 7.3 Hz), 5.59 (1/2H, s), 5.36 (1/2H, s), 4.58-4.73 (1H, m), 3.84-3.97 (1H, m),
3.77-3.81 (6H, m), 3.67-3.77 (1H, m), 3.34-3.65 (6H, m), 2.35-2.52 (1H, m), 2.25-2.35 (1H, m), 1.03-1.13
(6H, m), 0.88-1.00 (6H, m); XP-NMR (CDCls) &: 150.9, 150.6, 150.3, 150.0; HRMS (ESI): Calcd. for
CsoHs3NgOgFsP [M + H]*: 981.3671. Found: 981.3678.

[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-[2-cyanoethoxy-(diisopropylami
no)phosphanyl]oxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-2-(2-methylpropano
ylamino)purin-6-yl]-N,N-diphenylcarbamate (G u-3a)

T-3a & [AkED S5 % IV T Gdre bu23 (1.91 g, 1.84 mmol) 7> 5 [ @ RRIR[E A & L T Gdre U35 (1.73
g, I#E 79%) #FHEL L 7=, H-NMR (CDCls) &: 8.22-8.26 (1H, m), 8.11 (1/4H, s), 8.00 (1/4H, s), 7.93
(1/4H, s), 7.84 (1/4H, s), 7.40-7.51 (5H, m), 7.30-7.40 (10H, m), 7.25-7.30 (3/2H, m), 7.20-7.25 (3/2H, m),
6.82-6.88 (4H, m), 6.02-6.08 (1H, m), 5.54 (1/4H, m), 5.44 (1/4H, m), 5.24 (1/4H, m), 5.16 (1/4H, m),
4.60-4.67 (1/3H, m), 4.55-4.60 (2/3H, m), 3.85-3.93 (1/2H, m), 3.77-3.81 (6H, m), 3.60-3.75 (3/2H, m),
3.56-3.60 (1H, m), 3.46-3.56 (2H, m), 3.00-3.45 (3H, m), 2.33-2.56 (1H, m), 2.20-2.32 (1H, m), 1.23-1.29
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(6H, m), 1.04-1.12 (6H, m), 0.85-0.97 (6H, m); 3:P-NMR (CDCls) &: 150.9, 150.0, 149.8, 149.6; HRMS
(ESI): Calcd. for CeoHesNeO1oFsP [M + H]*: 1158.4460. Found: 1158.4486.

N-[1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-[2-cyanoethoxy-(diisopropyla
mino)phosphanyl]oxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-p
yrimidin-4-ylJbenzamide ("C"?-3a)

T-3a & [FAEED 5 ik%E VT, MCY-2a (5.46 g, 6.60 mmol) 7>5 A EIRE M & L T{La% ™CP2-3a
(5.09 g, I 77%) #1572, H-NMR (CDCls) &: 13.34-13.50 (1H, m), 8.31 (2H, brd, J = 7.7 Hz),
7.78-7.86 (1H, m), 7.40-7.55 (5H, m), 7.25-7.40 (7H, m), 6.83-6.91 (4H, m), 5.68-5.72 (1H, m), 5.00-5.33
(1H, m), 4.54-4.60 (1H, m), 3.77-3.85 (6H, m), 3.55-3.77 (4H, m), 3.40-3.55 (4H, m), 2.46-2.70 (1H, m),
2.34-2.43 (1H, m), 1.74 (3H, s), 1.05-1.15 (6H, m), 0.93-1.05 (6H, m); 3!P-NMR (CDCls) §: 150.7, 150.1,
149.4; HRMS (ESI): Calcd. for CsoHssNgOgFsP [M + H]*: 971.3715. Found: 971.3727.

3-[[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-5-methyl-3-(5-methyl-2,4-dioxo-p
yrimidin-1-yl)-2-oxa-5-azabicyclo[2.2.1]heptan-7-yl]oxy-(diisopropylamino)phosphanyl]oxypropaneni
trile (T-3b)

T-3a & IAkED 5%z FHWT, T-2b (1.65 g, 2.61 mmol) NHEET /LT 7 A2 & LAY T-3b
(1.62 g, IR 79%) % 15&7-, H-NMR (CDCls) 8: 8.10 (1H, s), 7.78 (1/2H, d, J = 1.0 Hz), 7.73 (1/2H, d, J
= 1.0 Hz), 7.42-7.47 (2H, m), 7.27-7.36 (6H, m), 7.20-7.25 (1H, m), 6.80-6.88 (4H, m), 5.70 (1H, d, J =
4.11 Hz), 4.30-4.38 (1/2, m), 4.20-4.27 (1/2, m), 3.77-3.82 (6H, m), 3.70-3.75 (1/2H, m), 3.59-3.65 (1H,
m), 3.46-3.58 (4H, m), 3.37-3.46 (1H, m), 3.27-3.37 (1H, m), 2.86-2.90 (1H, m), 2.70-2.80 (1H, m),
2.65-2.69 (3H, m), 2.57 (1H, t, J = 6.4 Hz), 2.36 (1H, t, J = 6.4 Hz), 1.50-1.59 (3H, m), 0.94-1.30 (12H,
m); 3'P-NMR (CDCly) &: 148.9, 148.6; HRMS (ESI): Calcd. for C4HssNsOsP [M + H]*: 786.3626. Found:
786.3636.

N-[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-[2-cyanoethoxy-(diisopropy
lamino) phosphanyl]oxy-5-methyl-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]purin-6-yl]benzamide (A2-3b)
T-3b & [ARED S EZ W T, AP-2b (3.89 g, 5.56 mmol) 75 B4 2R[E K & L TEEY AP2-3b
(4.48 g, IV 90%) % 7%7-,H-NMR (CDCls) 8: 9.03 (1H, m), 8.82 (1H, m), 8.42 (1/2H, s), 8.37 (1/2H, s),
8.04 (2H, m), 7.58-7.64 (1H, m), 7.50-7.57 (2H. m), 7.44-7.50 (2H, m), 7.26-7.40 (7H, m), 6.81-6.89 (4H,
m), 6.20 (1H, d, J = 2.1 Hz), 4.38 (1/2H, d, J = 10.3 Hz), 4.29 (1/2H, d, J = 7.7 Hz), 3.96 (1/2H, s), 3.86
(1/2H, s), 3.78-3.81 (6H, m), 3.61-3.75 (1H, m), 3.37-3.55 (5H, m), 2.94-3.11 (2H, m), 2.75-2.83 (3H, m),
2.47 (1H, t,J = 6.4 Hz), 2.31 (1H, t, J = 6.2 Hz), 1.03-1.14 (6H, m), 0.82-0.96 (6H, m); 3!P-NMR (CDCls)
d: 148.9; HRMS (ESI): Calcd. for CagHssNgO7P [M + H]*: 897.3859. Found: 897.3855.

[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-[2-cyanoethoxy-(diisopropylami

no)phosphanyl]oxy-5-methyl-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-2-(2-methylpropanoylamino)purin
-6-yl] N,N-diphenylcarbamate (G u-3p)
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T-3b & [AED FiE%E VT, G buah (1.98 g, 2.11 mmol) NLEETENL T 7 A & LTLEY
Gre bu_3p (1.67 g, UL 73%) %437, H-NMR (CDCl3) &: 8.33 (1/2H, 5), 8.27 (1/2H, 5), 7.99 (1/2H, s),
7.92 (1/2H, 5), 7.41-7.52 (6H, m), 7.27-7.40 (11H, m), 7.20-7.24 (2H, m), 6.81-6.87 (4H, m), 6.10 (1/2H,
s), 6.07 (L/2H, s), 4.30 (1/2H, d, J = 9.8 Hz), 4.22 (1/2H, d, J = 7.7 Hz), 3.93 (L/2H, s), 3.84 (1/2H, s),
3.71-3.79 (6H, m), 3.60-3.70 (1H, m), 3.34-3.52 (5H, m), 3.15-3.33 (1H, brs), 2.93-3.10 (2H, m),
2.74-2.78 (3H, m), 2.47 (1H, t, J = 6.4 Hz), 2.31 (1H, t, J = 6.4 Hz), 1.23-1.31 (6H, m), 1.04-1.09 (6H, m),
0.80-0.95 (6H, m); 3'P-NMR (CDCls) &: 149.2, 148.4; HRMS (ESI): Calcd. for CsoHe7NeOoP [M + H]*:
1076.4805. Found: 1076.4812.

N-[1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-[2-cyanoethoxy-(diisopropyla
mino)phosphanyl]oxy-5-methyl-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-yl]
benzamide (™C"-3b)

T-3b & [FEED k% HW T, ™CP-2b (1.38 g, 1.87 mmol) O EEATENLT 7 AL LTLEY
mChz_3h (1.24 g, UK 75%) % +57=, 'H-NMR (CDCls) 8: 13.42 (1H, brs), 8.32 (2H, d, J = 7.7 Hz), 7.97
(1/2H, s), 7.93 (1/2H, s), 7.40-7.54 (5H, m), 7.23-7.40 (7TH, m), 6.82-6.89 (4H, m), 5.76 (2H, d, J = 6.2 Hz),
4.37 (1H, d, J = 9.8 Hz), 4.27 (1H, d, J = 7.2 Hz), 3.79-3.82 (6H, m), 3.67-3.75 (1H, m), 3.40-3.65 (5H, m),
3.30-3.40 (1H, m), 2.90 (1H, t, J = 9.3 Hz), 2.65-2.80 (4H, m), 2.57 (2H, t, J = 6.2 Hz), 2.35 (2H, t, J = 6.4
Hz), 1.69-1.77 (3H, m), 0.95-1.31 (12H, m); 3P-NMR (CDCls) &: 149.0, 148.7; HRMS (ESI): Calcd. for
CagHssNeOgP [M - H]: 887.3903. Found: 887.3901.

ONB34(DNA) 8 X1 ON34(LNA) DAk
R CHEOS S & L CEM L 72 ON34(DNA) IS X 1Y ON34(LNA) T Gene Design #E CEFEA K & 1T
72, MALDI-TOF MS |2 & - CTRJE 41, HPLC 4TI FRED S THEM I iz,

ON34~39a # X UF ON34~39b DEpk

R OERIEAIC T Bk Lo AR IE (A, T, 6% ™ nC™) 2 A3 % 2'-N-TFA £ ALNA D7k A
AT XA FPBLO2-AF /L ALNA DR AR T I 44 & 01MOTE b=k U /LIAEKICH
# . Molecular Sieves Pack 3 A (87 A /L Aafidt) ZHWTHAK Lz, AU ITX7 LAF RO
FEERRIE nS-8 11 4V I X7 LAF REpkZEE (Gene Design 238iE) % HWC3EHE L, 1—2umol @
NittoPhase® UnyLinker™ 200 (Kinovate Life Sciences) Z [EfH{H{A L L TR L CTHEZ1T-72, 4V
TR LAF REOT T haiid, ns-8 1l OBEED 71 k2 uiZitn, TIXA hEDH v 7Y
> T ROGSIE 10 SRR E Lz, AT B U FL A 7 — KT - 72, Activator 42 (Sigma-Aldrich) %
By TV TRIRNCRB T 2T 7 F_X=2 L LTHW BN ) IX 7 VAT Ra 28%7T
=T KB T 65 °C, 8 IRefiJLBl4 5 Z L2 K 0 BEREARN G L7,

ZVIX7 VFF K (ON34—39a, ON34—39b) DIEELE FEE
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TV IR VAF Refdis 7 i s 7 . (NAP™-10, Cytiva) THIZLEE L T4y 3000 LL K DK
DFRTETORW 0L, b 2 WitHEm kA7 n~ s 77 7 ¢ — (HPLC) (Waters XBridge™
Oligonucleotide BEH C18 OBD™ Prep # 7 A, 130A. 2.5um, 10 mmx50 mm) (2 X ¥ k58 L 7=, ON34
—39a, ONB34—39b Dlifif & RT-HPLC (Waters XBridge (tm) OST C18 2.5um, 4.6x50 mm %43 % &
I HPLC v 27 L) [ZXoTHti L, BEMHIZT £ h=F UL 20 mM Fifg~F L7 I
IRVAIE & AV T2, TR IR % Xevo G2-XS System (Q-Tof, Waters) & 7= 1% ZQ mass detector (ESI, Waters)
C R o THESHT L THEZRE L7z, MS OHlE, HPLC 58, HPLC i3 FRio &z T
fii L7=. ON34—39a, ON34—39b ® MS DR, LT HPLC OfE, ¥ HIFFH Z Table 2 12
F LT,

ON34-39c DER(F Y X 7 LA F ROFRNL I NMLO—BEFIE)
1 mM ON34a /K (50 uL, 55 nmol) (2% LT 1M &L W B U IDMF E 100 pL 2 183 M
AV TIaENNZF T I VIDMF IERR 33 pL AT L7z, SRS T 1R IR
g U7, ffi5 7 Vg1 7 2 (NAPT™-10, Cytiva) # W TR A 4TV HPLC K5 H 72 LIZ 54 nmol
RV IUERIA Y X 7 L AT K ON34c #1572, ON35¢c, ON39c (2D T # ON35a, ON39a %
JFRHZ L CRBED S TR LTz, AV 2X 27 LAF FOMEIZ 55 ICmo 72 (>90%), 2 TD
EffiA ) TX 7 LAF ROKIEE 260 nm TO UV WL (0D 260) 7> 5 35 L 72, ON &k % Xevo
G2-XS System (Q-Tof, Waters) % 7=1% ZQ mass detector (ESI, Waters) |2 & > CTEE/SH L TG %
[FE L7z, MS OJlE, HPLC K, HPLC Z3#TiL FRtd4&Mic T30 L7z, ON34, ON35c, 39c
DR, MS O HFE R, 5L VHPLC OHE, A% Table2 12 &7z,

ON34-39d D& (VY X7 VAF ROT EF Do —REFIE)
1 mM @ ON34a K¥A#E (50 uL, 55 nmol) (Z%F LT 1M DMT-MM O A % -/ — V¥ 10 L, e N1 M
BEfE D pH 8.0 U U FARRTETHK 20 L Z AN LTe, SONR G & iR TR L7, BUE T
TG L7z, HPLC IZ X 2R A T T2/ 5 7 Vg 1 7 & (NAPT™-10, Cytiva) % FV CTHifl %
TV, HPLC #§#472 LIZ 55 nmol 7 F /U ERfiA Y X7 L 45 K ON34d #1572, ON35—39d (Z
DT H ON35—39a #JFEHZ L CRBRD R TEMR LTz, AU IX 7 LA T FOMEIZ 725
Mo To (>90%), ETOERMIAY X7 LAF FORILEE 260 nm TO UV WL (OD 260) 75t
B L7-, ON k% Xevo G2-XS System (Q-Tof, Waters) & 7-1% ZQ mass detector (ESI, Waters) 1= &
S THEENHT L TG A FE Lz, MS OJIE, HPLC KR, HPLC /3 #Tid FRtd4efhc T L
7z, ON34—39d DU, MS DR HfER, B8 X OVHPLC OME, R4 Table 2 (2% & 07z,

ON34-39d D& (Y ITX 7 LAF RO VA LD —fRFIE)
1 mM @ ONB34a /KA (50 uL, 55 nmol) %. 1 M DMT-MM # % / —/L¥EE 10 uL, KD 0.5 M %
BAWO pH 8.0 U VEEFEEKIDMF (1:1) IRETAHK 40 uL ZNEFICIRIN LT-, BOSEAY % iR T
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FAZBIPE L7208 BUE T CUefE L 7=, i %) 7 VIR 7 2 (NAP™-10, Cytiva) % AV TRERIZFTU
HPLC #5472 LI 53 nmol -~ ' A JVERfiA ) 2 X 7 L A4 F | ON34e #457-, ON35e, ON39e (Z
DT H ON35a, ON39a ZJFEHT L TIRERD R TER LIz, AV IX 7 LA F FOMEIL 5
2@ Ao 7 (RP-HPLC 4347 T >90%), 4 COEffiA Y I X7 LA F ROMILEE 260 nm TD UV
W B FHE L7-, ON I&Z % Xevo G2-XS System (Q-Tof, Waters) 7-1% ZQ mass detector (ESI,
Waters) 12 &> TEEDH L CTHEEZFE L7z, MS OJIE, HPLC }E#L, HPLC /73#Tid PRt &
(ZCHME L7z, ON34, ON35e, 39d OILHE, MS ORHFER, 3L HPLC OMEE, ¥R %
Table2 IZF L 7-,

LC/IMS #r et
Waters ZQ mass detector (ESI)
B EH A:400 mM HFIP/15 mM TEA /K&K

BEfA B: A % / —/L

5y 0.2 mL

7T Vx s NEMER2.5 47T 20—30%

%17 2n:Waters XBridge™ BEH C18, 1.7um (2.1x100 mm)
BT KA —T v DIRE60 °C

B AR SR BE ST (BIE 2 51260 nm)

RP-HPLC &%

B EHH A:20 mmol/L FFfE~F L7 I L IKIEIR
BE#MEBTE =1L

77 b ZAF40 43 C 10—50%

777 2n:Waters XBridge™ Oligonucleotide BEH C18 OBD™ Prep 7 7 v, 130A2.5um (10x50 mm)
NT BA—7 > DIRFEB0 °C
R g 2RO EE R (E I 4%:260 nm)

RP-HPLC 43474t

ON34(DNA) & ON34(LNA) (Gene Design #:TZEFEA L) :
B EhFH A:100 mM HFIP/8 mM TEA /KiA&

BEF B: A % ) —)L

77 x s b &A:20 43(5-20%)

iR gy 1 mL

717 2 :Waters XBridge™ BEH C18 2.5um (4.6x75 mm)

61



BT DA —T v D60 °C
R & SRR LR (WI7E 42260 nm)

BOETAM LAY IX 7 VAT R

BENE A:20 mmol/L FEEg~F 2 L7 I KRR

BEEB T F=FU L

75 Vx s MGl 20 43(5—50%). 22.5 53(10—50%). ¥ 7= 18 43(10—65%)
it By 1 mL

717 2:Waters XBridge™ BEH C18 130A2.5um (4.6x50 mm)

HT KA —T > DIRFEB0 °C

Rt SR AN EE R (HIE I 1260 nm)

RFRIRE (TnfE) JE

UV BlESEERIE, JASCO V-730 I T 43 M4 8 i 2 224k L 72 ShimadzuUV-1650 756t 2 v T 52
i L7z, FEE/LEOER RNA XX DNA SR OSFEA Y X7 AT Ra | 2uM U 4puM D Fofé
PHIBE L 725 X912, 100 mM NaCl & Te pH 7.2 D 10 mM U g b U 7 AFEERR IR L T-,
B A 95 CCTANEA L | e\ TR E TWHAI L7z, AERHE 0.5 °C/53 T 10 °C72 5 90 °CE T 260 nm
TRMET 07 7 A VBT LT, Tofll (EAR L7 ARSHO REBEHEE) 1%, BAREh#R D S0k %
HAWTRH LT,

X 7 V7 — BTG

SVPDE 0.1ug % 10 mM MgCl, % & ¢ 50 mM Tris-HCI &% (pH 8.0) (ZI&EfiFE L, sUBHAIK 2 fi8 L
7o FHiT A A Y IX 7 LAT K% 0.5 nmol #IN L7z EHRIR % 37 °CTA ¥ 2X— kL, &K
IR A FUER R % . %5 & 15 mmol/L EDTA (pH 8.0) LIEALTX 7 L7 —P & Ak S8, WitH
HPLC THMT L TS 24 IX 7 LAF FEEZRE Lz, FlbPo2RA ) I X7 LAF K
DEIGERE L, ofEth#icz 7' ey F LT,

NS T 25 —F L RE—F—5H
F—EOER LRI L TRIE LT,

TIRAIFR
FH—EOER L FRRORIEZFEH LT,
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oD FER

(1R,3R 4R, 7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-N-methyl-3-(5-methyl-2,4-
dioxo-pyrimidin-1-yl)-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxamide (T-2f)

&9 T-1 (15.1 g, 26.4 mmol), DMF (10 mL), N-=F/L-N-o ¥ 7 r E L7 a3 -2-7 2 (7.7 mL,
44 mmol) @ THF (100 mL)AHKRIZ A F AT X /R0 7 v K (25 mg, 26.8 mmol) @ THF (10
ML) 2 KK T TIA KRR T O % £ 30 /o fEi#E U7z, fafnikie/kE T U w7 LOKE# (100
mL) ZMNx., HiEE=F /L (100 mL) THith L7, AHE 4 fafn &K T L, Jokmiig~ 7 1 >
U LT L, WIERME L=, o775k % iPrOH THFfn L, EAGTE/L7 7 A (166 g, I
2 100%) DALAY T-2f 2457, 'H-NMR (400 MHz, CDCls): § 10.24 (brs, 1H), 7.66 (d, J = 1.0 Hz, 1H),
7.44—17.48 (m, 2H), 7.28—7.36 (M, 6H), 7.21—7.25 (m, 1H), 6.84 (dd, J = 9.0, 1.8 Hz, 4H), 5.46 (s, 1H),
5.24 (brd, J = 4.1 Hz, 1H), 4.32—4.37 (brs, 1H), 4.27—4.32 (brs, 1H), 4.25—4.28 (brd, J = 3.6 Hz, 1H),
3.78 (s, 3H), 3.77 (s, 3H) 3.42—3.52 (m, 4H), 2.77 (d, J = 4.6 Hz, 3H), 1.65 (s, 3H); *C-NMR (101 MHz,
CDCls): 6 165.1, 158.7, 158.5, 151.2, 144.5, 135.5, 135.3, 134.8, 130.2, 130.1, 128.1, 128.0, 127.1, 113.3,

110.7, 88.5, 86.8, 86.6, 77.3, 69.8, 68.4, 62.3, 59.4, 55.2, 52.1, 27.4, 22.9, 20.6, 12.5; HRMS (ESI): Calcd.
for Ca4H3sN4Og [M - H]: 627.2460. Found: 627.2455.

(1R,3R,4R,7S)-3-(4-benzamido-5-methyl-2-oxo-pyrimidin-1-yl)-1-[[bis(4-methoxyphenyl)phenylmetho
xy]methyl]-7-hydroxy-N-methyl-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxamide (MCb-2f)

A% ™Ch2-1 (150 mg., 0.22 mmol) XX kU =F /L7 2 > (33 L, 0.24 mmol) @ THF (1.0 mL) ¥k
IZAFILR AN R (22mg. 0.23mmol) @ THF (1.2 mL) i & KK F Tz, =i
T LRFEEEE U, SRR KT T~ U U LKz L. Big—F /L (5mL) THith L7=, f
P & KR~ 7 2 > 0 L CHUR L, BIERNE Lz, M Ee YV hrnsn~x NI 7 40—
(-~ EEE = F /L, 50/50 — 0/100 v/v) THEELL, A7 EL 7 7 A & L TLEY mCP2-2f %
37 (102 mg, UL 63%), H-NMR (400 MHz, CDCls): § 13.47 (brs, 1H) 8.27 (brs, 2H), 7.77 (brs, 1H),
7.40—7.50 (m, 5H), 7.26—7.40 (m, 6H), 7.17—7.25 (m, 1H), 6.80—6.90 (m, 4H), 5.47 (s, 1H), 5.33 (brs,
1H), 4.87 (brs, 1H), 4.20—4.40 (m, 2H), 3.78 (s, 3H), 3.77 (s, 3H), 3.40—3.60 (m, 4H), 2.70 (brs, 3H), 1.80
(s, 3H); 3C-NMR (101 MHz, CDCl3): 6 158.7, 158.7, 158.3, 144.5, 135.4, 135.3, 132.6, 130.1, 129.9, 128.1,
128.0, 127.1, 113.3, 88.6, 86.7, 77.3, 70.0, 62.0, 59.2, 55.2, 52.1, 27.4, 13.6; HRMS (ESI): Calcd. for
Ca1H4oN50g [M - H]: 730.2882. Found: 730.2877.

(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-N-isopropyl-3-(5-methyl-2
,4-dioxo-pyrimidin-1-yl)-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxamide (T-2g)

fE&¥ T-1(1.50 g, 2.6 mmol) OY 7w A X (26 mL) IEHRICKKIB FT2-4 Y7+ b7 a s
> (0.27mL, 2.7 mmol) ZMNx . 1 KFHEIEER L7z, BaRnREEKFET MU 7 LOKEEHE (20 mL) & OVEE
fe=F /L (10 mL) M0z, Fig—F /L (10 mLx2) THitH L7-, A%z &tk (10 mL) TH
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Hth, BOKREEET N U U A TR, BUTEIRAE Lz, BEWE LISV a~ VT T T 40— (n-
A~ U /EEEE =L 50/50—0/100 viv) TRELL , T EL T 7 AL LTLEW T-29 =157
(1.90 g, X 100%), H-NMR (400 MHz, CDCls): & 10.41 (brs, 1H), 7.61 (s, 1H), 7.46 (d, 2H, J=7.7 Hz),
7.32—7.37 (m, 4H), 7.25—7.31 (m, 2H), 7.18—7.24 (m, 1H), 6.83 (dd, J = 1.2, 8.9 Hz, 4H), 5.49 (s, 1H),
4.93 (brd, J = 7.3 Hz, 2H), 4.48 (s, 1H), 4.29 (s, 1H), 3.85—3.92 (m, 1H), 3.77 (s, 3H), 3.77 (s, 3H), 3.40—
3.55 (m, 4H), 1.00—1.15 (m, 6H); 3C-NMR (101 MHz, CDCls): § 164.7, 158.7, 157.4, 150.5, 144.5, 135.5,

135.4, 134.9, 130.2, 130.1, 128.1, 128.0, 127.0, 113.3, 110.4, 88.5, 86.7, 77.3, 70.0, 68.4, 62.2, 59.6, 55.2,
52.1,42.7,23.2,22.9, 12.6; HRMS (ESI): Calcd. for C3sH3gN4Os [M - H]: 655.2773. Found: 655.2770.

(1R,3R,4R,7S)-3-(4-benzamido-5-methyl-2-oxo-pyrimidin-1-yl)-1-[[bis(4-methoxyphenyl)phenylmetho

xy]methyl]-7-hydroxy-N-isopropyl-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxamide ("C-2q)

{b&# mCP2-1 (1.30 g, 1.7mmol) ¥ 7w A X (17 mL) WRISKKB FT2-4 Y7 F b F
s3> (017 mL, 1.7 mmol) Z AN x | ST 2 REMHRER L7z, fafnmEg/kFE T MY o LK (20 mL)
KO = F /L (10 mL) &1 %, Fifig—F /L (10 mLx2) T L7, A8 2 fafn ik (10 mL)
TR, KRS Y U A CHIERS, BIERNE L7z, BBWET VSN rsa<x NI 57 4 —
(n-~F IFERE=F /L 70/30 — 30/70 viv) THIELL | EEGT ENL 7 7 X & L TLEY ™CP-2g
Z157= (117 g, I3 83%), *H-NMR (400 MHz, CDCls): & 13.49 (brs,1H), 8.27 (brd, J = 7.4 Hz, 2H),
7.77 (s, 1H), 7.40—7.53 (m, 5H), 7.21—7.38 (m, 6H), 7.16 (d, J = 7.7 Hz, 1H), 6.79—6.87 (m, 4H), 5.44—
5.49 (m, 1H), 5.20 (brd, J = 7.3 Hz, 1H), 4.57 (brs, 1H), 4.29 (brd, J = 6.6 Hz, 2H), 3.82—3.96 (m, 1H),
3.76—3.80 (m, 6H), 3.40—3.56 (M, 4H), 1.82 (s, 3H), 1.09—1.16 (m, 6H); 3C-NMR (101 MHz, CDCls): &
158.7, 158.7, 158.6, 157.4, 147.4, 144.5, 139.5, 135.5, 135.4, 132.6, 130.1, 129.9, 129.2, 128.2, 128.1, 128.1,

127.8, 127.8, 127.1, 127.0, 113.4, 113.2, 88.6, 86.7, 86.6, 81.4, 77.3, 70.3, 61.8, 59.2, 55.3, 52.2, 42.9, 23.2,
23.1, 13.7; HRMS (ESI): Calcd. for C43H44NsOg [M - H]: 758.2195. Found: 758.3192.

(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-hydroxy-N,N-dimethyl-3-(5-methyl

-2,4-dioxo-pyrimidin-1-yl)-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxamide (T-2h)

{bA&% T-1 (1.51 g, 2.6 mmol).DMF (1 mL) N-=F/L-N-oA ¥V 7ra &7 /X -2-7 3 (483 uL, 2.8
mmol) @ THF (26 mL) %2 NIN-2 A F L)L _"FEA L7 1 K (255 L, 2.8 mmol) % 7KKin T
THNA., 26T 4 W HR U7, SRR kz T U 7 LK (20 mL) M OVWERE— /1 (10 mL)
A, Wik /v (10 mLx2) THi L7z, AHE 25K TotE L, BOKEER T H Y © L THE:
e, WIERM LTz, BEWE VATV Ia~ NI T 7 40— (n-~FH U= F /L 50/50 —
0/100 viv) THHLL . {bAW T-2h Z2EEATEL 7 7 2L LTHE7 (1.71 g, I 100%), H-NMR
(400 MHz, CDCls): & 10.01 (s, 1H), 7.66 (d, J = 1.2 Hz, 1H), 7.47 (d, J = 6.9 Hz, 2H), 7.33—7.38 (m, 4H),
7.26—7.33 (m, 2H), 7.15—7.25 (m, 1H), 6.80—6.86 (M, 4H), 5.63 (s, 1H), 4.63 (brs, 2H), 4.34 (brs, 1H),
3.76—3.79 (m, 6H), 3.30—3.55 (m, 4H), 2.86 —2.91 (m, 6H), 1.64 (s, 3H); *C-NMR (101 MHz, CDCls): §
164.5, 164.2, 158.6, 158.6, 150.2, 144.5, 135.6, 135.4, 135.0, 130.1, 130.1, 129.2, 128.1, 128.0, 127.8, 127.0,
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113.3,113.1, 110.1, 88.8, 87.6, 86.6, 77.3, 69.8, 64.1, 59.4, 55.3, 55.2, 38.3, 38.2, 12.6; HRMS (ESI): Calcd.
for CssHs7N4Og [M - H]: 641.2617. Found: 641.2611.

(1R,3R,4R,7S)-3-(4-benzamido-5-methyl-2-oxo-pyrimidin-1-yl)-1-[[bis(4-methoxyphenyl)phenylmetho
xy]methyl]-7-hydroxy-N,N-dimethyl-2-oxa-5-azabicyclo[2.2.1]heptane-5-carboxamide ("C"-2h)
L& ™CP2-1 (1.30 g, 1.7 mmol)?® THF (17 mL) ¥AHEIC N-=F /L-N-oA ¥ Fr T a0 2-7 3 v
(317 pL, 1.8 mmol), N,N-T A F )L B NEA L7 v ) K (168 puL, 1.8 mmol) ZK/K¥K F Tl Z.
60 °CIZ T 2 REIEIR U7, fafREE/KFE T R U 7 2K (20 mL) K OWEEEE—=F /L (10 mL) %N
Z. HiE—F /L (10 mLx2) Tt L7z, AHE 2 &Kk (10 mL) THEE, MoKEEEET ~ Y
U L THES BWUERNE L, BEMES VAN av NI T T 40— (T VBB T
70/30 — 30/70 viv) THELL . {LEW MCP-2h ZIRFHEET ENLT 7 AL LTHT (1.02 mg, IEE
79%), H-NMR (400 MHz, CDCls): 6 13.37 (brs, 1H), 8.27 (brd, J = 7.4 Hz, 2H), 7.84 (s, 1H), 7.46 —7.51
(m, 3H), 7.34—7.43 (m, 6H), 7.27—7.34 (m, 2H), 7.20—7.26 (m , 1H), 6.83—6.88 (m, 4H), 5.66 (s, 1H),
4.53 (s, 1H), 4.31 (s, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.52 (s, 2H), 3.46 (d, J = 9.6 Hz, 1H), 3.29 (d, J=9.6
Hz, 1H), 2.88 (s, 6H), 1.81 ppm (s, 3H); *C-NMR (101 MHz, CDCly): & 164.1, 158.7, 158.7, 144.5, 136.2,
135.5, 135.4, 132.4, 130.1, 129.9, 128.1, 128.1, 128.0, 127.1, 113.3, 111.4, 89.0, 87.7, 86.7, 77.3, 70.0, 64.1,
59.3, 55.2, 54.7, 38.0, 13.6; HRMS (ESI): Calcd. for C42H42N50g [M - H]": 744.3039. Found: 744.3028.

(1R,3R,4R,75)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-[2-cyanoethoxy-(diisopropylamino)
phosphanyl]oxy-N-methyl-3-(5-methyl-2,4-dioxo-pyrimidin-1-yl)-2-oxa-5-azabicyclo[2.2.1]heptane-5-c
arboxamide (T-3f)

{b&#) T-2f (6.0 g, 9.5 mmol), N-=F/L-N-1 ¥V 7 )7 r/-2-7 I (6.6 mL, 38.2mmol) @
vruan A& (48 mL) ERIOKKBFT2->7 J = FANN-VA VY TFarrsaafRlAria T
IS4 b (43mL, 19.1mmol) ZINx ., iR T 17 B L=, KK T T4 / —/L (10 mL),
HO (50 mL), 7 mma/bh (50mL) ZMAlz, REWEHH L, A8 2 BERN L7, 8%
BN TFNI O NI T T 4— (ZaaR)V AKX ) —/L, 10000 — 95/5 viv) THELL, JKH
BT ENLT 7 AL LAY T-3f 215372 (6.3 g, IL# 79%), H-NMR (400 MHz, CDCls): §7.63—
7.71 (m, 1H), 7.40—7.51 (m, 2H), 7.24—7.36 (m, 7H), 6.82—6.88 (m, 4H), 5.50—5.54 (m, 1H), 4.55 (s,
1H), 4.44 (d, J = 8.2 Hz, 1H), 3.78—3.83 (m, 6H), 3.60—3.78 (m, 1H), 3.44—3.62 (m, 6H), 3.35—3.43 (m,
1H), 2.77—2.86 (m, 3H), 2.43 (t, J = 5.9 Hz, 2H), 1.54—1.69 (m, 3H), 1.08—1.17 (m, 6H), 0.95—1.06 (m,
6H); *'P-NMR (162 MHz, CDCls): & 149.3, 147.4; HRMS (ESI): Calcd. for CsHs:NeOoP [M - H]:
827.3539. Found: 827.3536.

(1R,3R,4R,7S)-3-(4-benzamido-5-methyl-2-oxo-pyrimidin-1-yl)-1-[[bis(4-methoxyphenyl)phenylmetho

xy]methyl]-7-[2-cyanoethoxy-(diisopropylamino)phosphanyl]oxy-N-methyl-2-oxa-5-azabicyclo[2.2.1]h

eptane 5-carboxamide (MC"2-3f)
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{b&#) mCP2-2f (980 mg, 1.3 mmol)d> 7 & =k U L (5.0mL) KR A Y 7o BT VE=T A
7 hZY'U K (276 mg, 1.6 mmol) & (r2-v7 / =F /NN, N N-7 h T4 VT )Lk Akny
7 I KA b (600 uL, 1.9 mmol) ZMNZ., SIRIC T 13 B #R L=, 1AW H0 (20 ml) J OVEERER
TF)L (20mL) EAZ 7z, HEEE=F /v (10 mL) CHILEEEIT - 72, AREE 2L T CTHfE L.
BohicfkiEa NH U BV ra~ 777 4 — (n-~F% Ui F /L, 25/75 — 0/100 V/V)
THELL, LA "Che-3f 2 97 E/L 7 7 A (960 mg, UV 75%) & L THE7-,

IH-NMR (400 MHz, CDCls): §13.51—13.56 (m, 1H), 8.32 (brd, J = 7.2 Hz, 2H), 7.83 (s, 1H), 7.50—7.57
(m, 1H), 7.40—7.50 (m, 4H), 7.25—7.39 (m, 7H), 6.83—6.89 (m, 4H), 5.55—5.57 (m, 1H), 4.95—5.15 (brs,
1H), 4.35—4.54 (m, 2H), 3.79—3.83 (m, 6H), 3.55—3.67 (m, 2H), 3.44—3.55 (m, 5H), 3.37—3.44 (m, 1H),
2.83—2.88 (m, 3H), 2.53—2.58 (m, 1H), 2.38 (t, J = 6.2 Hz, 1H), 1.78—1.81 (m, 3H), 1.07—1.15 (m, 6H),
0.95—1.07 (m, 6H); 3'P-NMR (162 MHz, CDCly): & 149.5, 149.1; HRMS (ESI): Calcd. for CsoHsgN7OgP
[M - H]: 932.4106. Found: 932.4121.

(1R,3R,4R,75)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-[2-cyanoethoxy-(diisopropylamino)
phosphanyl]oxy-N-isopropyl-3-(5-methyl-2,4-dioxo-pyrimidin-1-yl)-2-oxa-5azabicyclo[2.2.1]heptane-5
-carboxamide (T-3g)

{bA% T-29 (10.9 g, 165 mmol)dD Y7 mu A % > (82 mL) &EIHIZ N-=F)L-N-o1 ¥V 7 a &)L 7m
»-2-7 v (11.4mL, 65.9mmol), 2-7 / =F /L NN-V A V7 e rruakRAre 7 I 41
(7.4 mL, 33.0mmol) ZKKE FTMA, IR T3IMHBHR L, BEWICY7rnu X% (60mL)
EMZTCHIRLIZOEL, =X /7 —)L (29 mL), fafiiREE/KFET ~ U 7 LKA 50 mL Z KK+
T T, R, AHEZ Ak (50 mL) THEE L. BUERNM Lo, BREwE > ) b7
sua~< 777 40— (n-~FH EEB=F v, 30/70 — 10/90 viv) THERL, LA T-3g % H
TENLT 7 AL LTHE (1149, I 80%), 'H-NMR (400 MHz, CDCls): §8.15 (brs, 1H), 7.64—7.66
(m, 1H), 7.44 (m, 1H), 7.24—7.36 (m, 6H), 6.81—6.87 (m, 4H), 5.50—5.53 (m, 1H), 4.93 (brs, 1H), 4.42
(m, 2H), 3.94—4.01 (m, 1H), 3.80 (m, 6H), 3.37—3.63 (M, 8H), 2.50—2.60 (M, 1H), 2.40 (t, J = 5.9 Hz,
1H), 1.59 (s, 3H), 0.95—1.20 (m, 18H); 3'P-NMR (162 MHz, CDCly): & 149.2, 149.0; HRMS (ESI): Calcd.
for CssHssNsOgP [M - H]: 855.3852. Found: 855.3849.

(1R,3R,4R,7S)-3-(4-benzamido-5-methyl-2-oxo-pyrimidin-1-yl)-1-[[bis(4-methoxyphenyl)phenylmetho
xy]methyl]-7-[2-cyanoethoxy-(diisopropylamino)phosphanyl]oxy-N-isopropyl-2-oxa-5-azabicyclo[2.2.1
]heptane 5-carboxamide (MC-3g)

LAY ™CP2-2g (1.2 9, 1L.4Ammol)D Y7 ma A % (6.9 mL) IWKIZN-=F /L-N-1 Y F a7
V-2-7 2 (954 pL, 5.5 mmol), 2-> 7/ =F /)L NN-UA VT arrsuafRARar IXA
(920 pL, 4.1 mmol) % oK/KIE T THNA ., %8R T 2 Refi#E L7 BUSIKIC Y 7 mm A 2 (10 mL) %
MAARUT=O B, BAFIRERAKFE T b U o LOKEEK (10 mL) 2 i 2 fhit Uiz, AHEE 2 fafn gk
(5 mL) TUEHE, WERW Lz, EWE VATV~ 87T 7 04— (n-~F ¥ IR T

66



Jb, 70/30 — 30/70 viv) THEHIL, AT EL T 7 2L LTILEW MC23g #4157~ (1.0 g, IR
75.0%), H-NMR (400 MHz, CDCls): $13.52 (br d, J = 8.3 Hz, 1H), 8.32 (brd, J = 7.6 Hz, 2H), 7.82 (s,
1H), 7.50—7.55 (m, 1H), 7.42—7.48 (m, 4H), 7.27—7.37 (m, 7H), 6.83—6.89 (m, 4H), 5.57 (d, J = 5.4 Hz,
1H), 5.01 (brs, 1H), 4.35—4.50 (m, 2H), 3.95—4.03 (m, 1H), 3.78—3.85 (m, 6H), 3.73—3.80 (m, 1H), 3.47
—3.70 (m, 5H), 3.36—3.48 (m, 2H), 2.56 (g, J = 5.5 Hz, 1H), 2.38 (t, J = 6.1 Hz, 1H), 1.80 (dd, J = 2.4,
1.0 Hz, 3H), 0.95—1.25 (m, 18H); 3P-NMR (162 MHz, CDCls): & 149.4; HRMS (ESI): Calcd. for
Cs2HesN709P [M - H]: 960.4419. Found: 960.4438.

(1R,3R 4R, 7S)-1-[[bis(4-methoxyphenyl)phenylmethoxy]methyl]-7-[2-cyanoethoxy-(diisopropylamino)
phosphanyl]oxy-N,N-dimethyl-3-(5-methyl-2,4-dioxo-pyrimidin-1-yl)-2-oxa-5-azabicyclo[2.2.1]heptan

e-5-carboxamide (T-3h)

{bE&¥ T-2h (1.8 g, 27 mmol)D ¥ 7 v A Z » OFHE (13 mL) N-=F/L-N-1 ¥V 7 e rrm v
2-7 22 (1.9mL.10.9mmol).2-> 7 J =F /L NN-V A VY 7Fu b LrsanfR Ara T I 4 A ~ (1.8
mL. 8.1 mmol) Z KK FTMA, |IET2HREE L7z, JSRICY 7 ae 22210 mL 20
AR LTzDG, fMREEAKFET B Y 7 LKER 5 mL 2t Ue, AiEZ faf K (6
mL) TUER, HAKMEET U U LA THEERE, BERWE L, ZREMEZYMHs o~ 7T 7 40—
(A:10 MM REET B =T LK B: 72 b= K~ UL, 40/60 — 35/65Viv) IZXVIERL, BEAT
ENT 7 AL LTHEEY T-3h #1572 (1.6 g, U3 67%), 'H-NMR (400 MHz, CDCls): 58.06 (brs, 1H),
7.74—7.78 (m, 1H), 7.43—7.48 (m, 2H), 7.27—7.37 (m, 7H), 6.81—6.88 (m, 4H), 5.68 (s, 1H), 4.48—4.59
(m, 1H), 4.25—4.40 (m, 1H), 3.77—3.85 (m, 6H), 3.35—3.77 (m, 7H), 3.12—3.20 (m, 1H), 2.89—2.95 (m,
6H), 2.35—2.56 (m, 2H), 1.57—1.61 (m, 3H), 1.05—1.15 (m, 6H), 0.86—1.00 (m, 6H); 3!P-NMR (162
MHz, CDCls): & 148.6, 148.3; HRMS (ESI): Calcd. for CasHs4aNsOgP [M - H]: 841.3695. Found: 841.3692.

(1R,3R,4R,7S)-3-(4-benzamido-5-methyl-2-oxo-pyrimidin-1-yl)-1-[[bis(4-methoxyphenyl)phenylmetho
xy]methyl]-7-[2-cyanoethoxy-(diisopropylamino)phosphanyl]oxy-N,N-dimethyl-2-oxa-5-azabicyclo[2.2
.1]heptane 5-carboxamide (™C®?-3h)

{bA&H ™CP2-2h (1.0 g, 1.3 mmol) DY 7 mu X Z > (6.6 mL) K2, KK FTN-=F)L-N-oA V7
2 EL T rsR2-7 2 (910 L, 5.3 mmol) KT 2-27 = F /L NN-DA YV T r BT maR A
AT A A (880 uL, 3.9 mmol) AN x ., SRIE T 2 R L7z, SOSIRICY 7 mm A Z 210 mL
A, fAFEREEAKIET b U U LKEEHE 10 mL Thit U7, A 2 BUERNE L, 5oz kiE s
VUGN e T TT 40— (n-FH UAEER TV, 70/30 — 30/70 viv) THEERLL | G T E
L7 7 AL LTEAY mCh2-3h 2457- (937 mg, LK 75%), 'H-NMR (400 MHz, CDCls): §13.43 (brs,
1H), 8.32 (brd, J = 7.7 Hz, 2H), 7.93 (s, 1H), 7.40—7.54 (m, 6H), 7.25—7.40 (m, 7H), 6.85 (M, 4H), 5.74 (s,
1H), 4.62 (s, 1H), 4.29 (d, J = 6.7 Hz, 1H), 3.80—3.84 (m, 6H), 3.70—3.77 (m, 2H), 3.37—3.55 (m, 3H),
3.52—3.70 (m, 3H), 3.18 (d, J = 10.3 Hz, 1H), 2.95 (s, 6H), 2.53 (td, J = 6.0, 2.3 Hz, 2H), 1.79 (s, 3H), 1.10
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(d, J = 6.7 Hz, 6H), 0.98 (d, J = 6.7 Hz, 6H); 3P-NMR (162 MHz, CDCls): 5 148.8; HRMS (ESI): Calcd.
for CsiHe:N7OoP [M + H]*: 946.4263. Found: 946.4280.

2-N-TIVXNT I ) ANVKR=/V ALNAKRAFRT I XA FZH 72 ON34f~ON3%h DA Rk
WEEOFEREICTERLAEBME2N-7 2 ) HLR=/LALNA DK AT T 24 A h%201M®D
T b= b U VEEIRIZHAEE L, Molecular Sieves Pack 3 A (& L7 A /L AF03E) & FAWTHK L7,
AV IAXT LAF ROBEMHEHKIENS-8 I AV IX 7 LATF REEERE (Gene Design 23 %5) %
W CHENE L. 1—2umol @ NittoPhase® UnyLinker™ 200 (Kinovate Life Sciences) % [&EfRFH{A& & LT
HALTHEZE T/, AV X7 LAF MEEROT 1 b2 ns-8 Il OBEED T 1k 2 /UZHEW,
TIXA DNy TV U TRINIE 10 FICRE LT, BERIE N FALETE— R TITo7,
Activator 42° (Sigma-Aldrich) % % v 7' U VU 7T IISIZHBIT 5T 7 F_X—F2 L L THW, o4
UIXY UATF R 28%7 =7 KK T 65 °C, 8 KefEIEE 2 Z L12 L 0 BEAHEENH U
H L7,

FV X7 VFF F (ON34f—ON39h) DK VEE

TV IR VAF Refdis 7 a7 . (NAP™-10, Cytiva) THIZLEE L T4y 3000 LL K DK
DFRTETORWEOL, b Wit EikAs 7 n~ s 77 7 ¢ — (HPLC) (Waters XBridge™
Oligonucleotide BEH C18 OBD™ Prep % 7 A, 130A. 2.5um, 10 mmx50 mm) (2 kL W FERI L 7=,
ON34f~ON39h D #fiEf % RT-HPLC (Waters XBridge™ OST C18 2.5um, 4.6x50 mm % A4 2 il
HPLC ¥ AT L) IZX > THMr Lz, BEMRIZ T & b= h UL & 20 mM FEEE~F L7 2 KIAEHR
-, TaH % ZQ mass detector (ESI, Waters) (2 &> TEESHT L THEEZFE L7, MS®
WE, HPLC K58, HPLC /3Wrid FRed I ChE L7-, ON34f—ON39h & MS O, +
L OVHPLC O#IEE, ¥RHIRFE A Table 5 (2% & o7z,

LC/MS Zr#7 et
Waters ZQ mass detector (ESI)
BB A:400 mM HFIP/15 mM TEA /K&K

BEFE B A % /) —)L

it &5y 0.2 mL

77T MGM2.5 57T 20—30%

71 7 In:Waters XBridge™ BEH C18, 1.7um (2.1x100 mm)
NT WA —T 2 DiRE:60 °C

R s SR AN EE R (IE I K260 nm)

RP-HPLC ¥
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BEIAH A:20 mmol/L FEEE~ 2 VT I VKRR
BE#EBTE =K UL
7Z v M40 4T 10—50%

717 2:Waters XBridge™ Oligonucleotide BEH C18 OBD™ Prep 7 7 2, 130A2.5um (10x50 mm)
BT LA =T DIREE60 °C
AR SRR BE T (I 1 %1260 nm)

RP-HPLC Z3#74&ft:

FB-ETHR LAY IX 7 LFTF R

B EIFE A:20 mmol/L FEfE~F v T I L IKEIR

BEMMEB T h=hU L

7V xy MR 20 43 (5—50%), 22.5 53(10—50%), 7213 18 43(10 —65%)
it 4y 1 mL

717 2n:Waters XBridge™ BEH C18 130A2.5um (4.6x50 mm)

N T WA —T 2 DIRSE:60 °C

B AR SR BE ST (BIE 2 51260 nm)

BIAREE (TmfE) RIE
B EOFER L FERIC L TRIE L7,

X 7 V7 — Pt
B EOFER L RERIC L THIE L,

NS T 25 —F L RE—F—5H
EmOFER LRI L THIE L,

FITAINR
F—EOEER & ARRORIE A L7z,
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