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Figure 1. Classification of oligonucleotide therapeutics.
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Figure 2. Approved oligonucleotide therapeutics.



Fo. EETIER, T F R ABBOMEL L 72 258 LWERIMZER & LT, BEED 267
& AR EGUETORWTE 2 4-BRERIEIR N ER S TER Y | BUfE 2-04-C-AF L 48
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Figure 3. 2'.4'-bridged nucleic acids in clinical trials.

WE . AR OB O SR EIT S (DNA FFCTORLE) & N (RNA 1 COREE) D
EHPIRRECTIFAE L TV DN, BRI E O 2424812 X D RNA OFJE LR T N
RNCEELT D Z EMNTE D (Figure 4), TD7=d, Taated ) TREBRIZ XA
FEFITE RNA FEABRMEZ R Z E DN BN TWD, T, ZUEHOSREED -
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Figure 4. Conformational equilibrium of the furanose rings in DNA and RNA and conformation
of 2',4'-bridged nucleic acids.
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Figure 5. Representative 2',4’-bridged nucleic acids.
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(S)-Me-EoDNA (R, R'=H, Me)

: two consecutive acetals

EoNA = 2'-0,4'-C-ethyleneoxy bridged nucleic acid, EODNA = 2'-C,4'-C-ethyleneoxy bridged 2'-deoxyribonucleic
acid, MoDNA = 2'-C,4'-C-methyleneoxy bridged 2'-deoxyribonucleic acid.

Figure 6. 2',4'-bridged nucleic acids with 6’-0xygen atom.
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Figure 7. Molecular design of Me-TaNA.
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Figure 8. Structures of Me-TaNA and TaNA.
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DRI RE S, fbE 2 LT 7 —)L (TBSOH) L DiEEWE L THELIT,
ENDIEFXT I ATV T MM DR ARETH Y, IREWO H NMR 26 H H
L72AbEW 2 OUILRIT 7-39% L KIER TH 7= (entry 1-4), — ., 7 h B THD
(+)-10-71 7 7 — AR PR (CSA) ZfEH L7261, TBSOH O AT ST,
BN D EI R TILEM 2 2155 Z L IZEE) LT (entry 5),
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e
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Scheme 1. Synthesis of the phosphoramidite for Me-TaNA-T.

Table 1. Construction of three consecutive acetals via intramolecular acetal formation

entry reagent time (h) yield of 2 (%)
1 AgOTf 5.5 274
2 Sc(O0To); 0.5 30¢
3 Cu(0OT1), 5 39¢
4 Zn(OTf), 24 790
5 CSA 0.5 98

All the reactions were conducted using 0.05 equiv of the reagent in CH2Cl> at rt. 2Since the
resulting mixture was an mseparable mixture of comgound 2 and TBSOH, the yield of
compound 2 was estimated from 'H NMR spectrum. ®75% of the starting materials were
recovered.

WIZ, SonbdW252T N7 T7FAToE=U LTV Y K (TBAF) ’Cki?éﬂ‘é

ZEIZEYD, VAR I AEEH LT, BEW) 3ITOW TR, X B da ST I
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D Z OREIE A MRS L 7= (Figure 9), HALKE 1 HHISHE RIS L7z 2 DD Me-TaNA 43
FL& 3ODKSFNBIHIEN, ZD 250 Me-TaNA @ P EIZZNF1 13.69°, 14.86°
Tholz, PAEIIHED Sy B U & TRITED B S 2 @ PERROMARA O Z L Th
V. ZAUT L O BESOSRBLEDN R E SN D, N BT 70boh C3-endo & (RNA H DR
JE) 1% 9-27° OFEPHIZ PEAZFFS & S TE Y, 2122 Me-TaNA @ P iid Z OFPHNTH
L2, M), BELZEY ., Me-TaNA DOBEER O SLARELE T LNA (14.7°) % <> ENA
(15.1° % L[E U C3-endo B TH D Z L 2B L=, £z, T-RFEOHMXIEIEIL R ThH
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H,O molecules

Me-TaNA molecules

Figure 9. ORTEP of compound 3.
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ARRTEERTHDILEY 2 I LT, 246-b VA Y7 ERA_PB U ALKR=Vr 0
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TPSCI = 2,4,6-triisopropylbenzenesulfonyl chloride.

Scheme 2. Synthesis of the phosphoramidite for Me-TaNA-"C.

MEHL TaNA-T OFR AR T 2 XA MEOGRGREK % Scheme 3 1273, E=/lxT—
TR L DOE=NIEE AR L PLT R 2N TmRE AL L%, filli&o CSA
ZMNWTZARXFVRELHAIE, bEY 11 2B 252 LIS L, Zofkd 11 ©
NOESY MIEIZ XY, INiD7 v kv LG T~ v b O THEDR R b Z
EnB, Sk L7z Me-TaNA & [FlER, 7-RFEOMXIELEILZ R THDH Z &3 RE I,
ZokEM 11 2 (T R a3 —R) X (PhI(OAC)) F1E T, 2,2,6,6-7 kT A
FNERY DY 14X T U0 (TEMPO) b7 2 Z &1k, WARFUR 12 %
B, #EWT, N-BE FeXo 720 A I K(NHPI) & 1-=F)L-3-3-VAF LT I /) 7'm
EV) WK A I REEEE (EDC) Z W= AT AMEEICE D, L Ry 7 AEET R
TARIZ~EFHEL, EERE T TONCF a2z AT LE RN R -7 ==Y Y
F ) AU YA () (fac-Ir(ppy)s) Z MW 7- =TI R EE, 22 K1Y TBAF % M-
TBS DO MRE L NERI TV, VA —IUIK 14 2/ L=, £Dtk, LIFE L RO FikE
T, RAFBRT IXA MER1I6~EFHHELT,
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acetone I\Ae\fj\NH
sat. NaHCO3aq 5o TEMPO TBSO N,go NHPI
CH,Cly, 0 °C PhI(OAc), 0 EDC
1 —_—
CHz)C(I:sOA . ot H CH3CN/H,0 (1: 1) 5 DMF, rt
2Clp, 0° =0 rt 0
55% over 2 steps TBSO “H 68% TBSO\F’
COOH
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11
B 0 N 0 0
M 1) Hantzsch ester M M
© NH ) fac-( © NH © NH
| (PPY)s | Y | Y
TBSO N/go 1.4-dioxane o N X0 DMTrO N X0
(o) 32 W CFL, rt o) DMTrCI o)
.
5 2) TBAF, THF, rt pyridine, rt S
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M
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0,
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NHPI = N-hydroxyphthalimide, EDC = 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride,
fac-Ir(ppy)s = tris(2-phenylpyridinato)iridium(lll), CFL = compact fluorescent lamp.

Scheme 3. Synthesis of the phosphoramidite for unsubstituted TaNA-T.



B H Me-TaNA Z& T4 ) IR OA L & Wt EEM

AR L7- Me-TaNA K OMERE#1 TaNA DR AR T I 44 MK 5, 10, 16 2 DNA HE)
BRMIC L0 AU TEERICE A LT (Scheme 4), =D, 28% 7 v F = 7 /KIKIK TR
HI 22 L2k A ABOBIED GO0 1 U R ORI S0 U o B o i
H#AITU, Sep-Pak & AWI=fli G AT o 7-, SR OEE. Bl DMTr {LIZEHT 5
1% NV Z7F alifiE (TFA) WiRIZ L0 | 8T & 2 — Vi O RN STz ds,
L B2 B4 ) IEREED LN TEZ, ZhH0Z 25, Me-TaNA &
OMEE L TaNA X H 0 ZEIC A D Z iR S,

oligonucleotides

GGATGTTCTCGT)-3
GGATGTTCTCGT)-3'
GGATGTTCTCGT)-3
GGATGTTCTCGT)-3

o
o
o
o > 0] H @) 1
., ONAsmhess  S-(TTTTTTTTIT:S - o}; 7. p
-d(TTTTTTTTT)-3' o N—0
o
o
o
o

TCTTCTTTTTCT
T
T
T
5-d(T

C denotes 2'-deoxy-5-methylcytidine.

CT
CTTC C
CTT
CT

oligonucleotides

-d(GGATGTTCTCGT)-3'
. | |
-d(GGATGTTCTCGT)-3 5 . 0, .
DNA synthesis -d(GGATGTTCTCGT)-3' °
5 10 T= O c= 5
-d(TCTTCTTCTTCTCT)-3' 0 0
e /
-d(TCTTCTTCTTCTCT)-3' % Me < Me
C

5-d(TCTTCTTCTTCTCT)-3'
C denotes 2'-deoxy-5-methylcytidine.

Scheme 4. Synthesis of oligonucleotides containing Me-TaNA-T, Me-TaNA-"C, and TaNA-T.
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A ECL72 Me-TaNA K OVEE#L TaNA 2 54V TR O SRR 13- 5 H M
DL EM 2 T MIEIC &0 FHE L7 (Table 2), ZDEs, EEeA & L THEEICHIH &
TV D 294'-BNA/LNA, ENA EAiD O L EIT > 72, Te IEIL EHEHOZENE
DOFH & U THEIZFIH SN DREHFETH Y | 5617 TnfEIX ZEHS DNA @ 50%
INREEL T, —ARBHICRDEEOREZ/RLTVND, ZOENEWVIEE, “EHENEZE
fELTWD Wz b, M RNAIZKT 2% Me-TaNA % &4 U T4 (ON2-ON5) &
O HEHD TmfllL 58-79 °C TH Y | AN 21T E T fEITHM L2, Fiz,
ON2-ON5 O T fEIZKIXD AV THfE (ON1, Tm=52°C) L 0 &< . FAMEE RNA & D
THEEABIMICEEL LT, 21U 27,4-BNA/LNA E£fi (ON6—ON9, Tm = 58-76 °C) K O
ENA f&fifi (ON10-ON13, T = 58-77 °C) & [Flkk D —HHLZEMETH -7, BMAEIIZIX, 4
JAHERR U7z 85& . M8 RNA (2% LT Me-TaNA f&ffi (ON5) @ D TmfEix 79
°C TH V. 2,4-BNA/LNA Effi (ON9, Tm = 76 °C) <° ENA f&fifi (ON13, Tm =77 °C) ® T
EE bbTFnicm<eoTnD, Eiz, FHHEH DNA IZX3 25 Me-TaNA Effi (ON2-
ON5) @ Tmfii% 5367 °C TH Y, KIARDA U AK%fE (ON1, Tn=51°C) LY HEL< 2o
oo O 2,4-BNA/LNA L TN ENA Effi CHBlIZE I, ZHTEBEED SN
DNA 78, T NBIZEE S Te 2/ 4-2RE R IE 2 B e 4 ) ARG & e 72 —HiH%
R TE D EEZXBND, Lol FAMiEH DNA (2% %5 Me-TaNA Efifi> —HEH
DL EALHE (ATm /mod.) 1 ZFHAIEE RNAIZXF 35 H D L0 H K<, Me-TaNA {Efifild RNA
ERMEE AT D2 ENRENT, 6o T, Me-TaNA f&fifilx LNA < ENA Effio DIz
VCl T2 FEH L~V OFIHHE G R AE 2 Fe D D ORI AIRIZ AT A 72 RNA B
EHETDHIENRENTE, ZD Me-TaNA % 4 J &R L4 Y IEEERD UV flfiE dhir
D—E DT — & % Figure 10 (277, IREE EFIZEV, 2,4-BNA/LNA, ENA, KK & [A]
B, “HHEO O AREICHEET DY A RIS RS, “ESESEER I TN D
L EMR LT, . EEL TaNA 2 &4 V) IR (ON14-ON17) & D " HEHD Tn
fE1Z 58-79°C ThH v . Me-TaNA f&fifi & [FA%, KIRDA VU TEZ#E (ONL, Tm =52 °C) &tk
i LC, FEMEH RNA & o “EHHEABIICLEN LT (Table 2), £7-. FHA#i#4 DNA |2
K32 MEE HE TaNA O EHO TnfliL 52-66 °C TH Y, KIARDA U TE%EE (ON1, Tm =
51 °C) L0 b @En o720, Me-TaNA (&6 & AR, FRAIEH DNA (ZxF9 5 ZE L RE IR
8 RNA [Zxf 755D X0 K<, MEH TaNA 2B\ TH RNA BIMEEZFTHZ &
PRSIz, - T, Me-TaNA EAGITEEE L TaNA 47 & [FERD @V RNA S GBI
EHLTEY ., ZUEHO A FVIEITAMHEHE RNA ICHT 5 “EHEOREMEICEEL 5 2
MNWZ EBRENT,
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Table 2. Duplex stability of modified oligonucleotides with sSRNA and ssDNA

with ssSRNA with ssDNA
oligonucleotides T, (AT, /mod.) (°C) T, (AT, /mod.) (°C)
| S-UGGATGTTCTCGT):3 (OND 2 U
5'-d(GGATGTTCTCGT)-3' (ON2) 58 (+6.0) 53 (+2.0)
5'-d(GGATGTTCTCGT)-3' (ON3) 66 (+7.0) 58 (+3.5)
5'-d(GGATGTTCTCGT)-3' (ON4) 66 (+7.0) 58 (+3.5)
| S-UGGATGTTCTCGD 3 ONS) 9068) L 6TC40
5'-d(GGATG TTCTCGT)-3' (ON6) 58 (+6.0) 54 (+3.0)
5'-d(GGATG TTCTCGT)-3' (ON7) 64 (+6.0) 57 (+3.0)
5'-d(GGATGTTCTCGT)-3' (ONS) 65 (+6.5) 58 (+3.5)
5'-d(GGATGTTCTCGT)-3' (ON9) 76 (+6.0) 64 (+3.3)
 5.d(GGATGITCTCGT)-3' (ON10) 58 (+6.0) 52 (+10)
5'-d(GGATGITCTCGT)-3' (ON11) 64 (+6.0) 57 (+3.0)
5'-d(GGAIGITCTCGT)-3' (ON12) 65 (+6.5) 57 (+3.0)
5'-d(GGAIGITCICGT)-3' (ON13) 77 (+6.3) 64 (+3.3)
© 5-d(GGATG(TCTCGT)-3' (ON14) 8 (+60) 52 (+1.0)
5'-d(GGATG ttCTCGT)-3' (ON15) 65 (+6.5) 57 (+3.0)
5'-d(GGAtGtTCTCGT)-3' (ON16) 66 (+7.0) 58 (+3.5)
5'-d(GGAtGttCtCGT)-3' (ON17) 79 (+6.8) 66 (+3.8)
o 1 o 1 o 1 o 1
ol o O 0
T = Me-TaNA-T T =2"4"-BNA/LNA-T I =ENA-T t = TaNA-T

Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing 200 mM NaCl and 2.5 pM of
each oligonucleotide. The ssSRNA and ssDNA sequences are 5'-r(ACGAGAACAUCC)-3" and 5'-
d(ACGAGAACATCC)-3’, respectively. Changes in Tm values per modification (ATm/mod.)
relative to natural duplexes are shown in parentheses.
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(A) For target ssRNA [5'-r(ACGAGAACAUCC)-31

35
301 Sequence: 5'-d(GGAXGXXCXCGT)-3"
z 25 X =
E 20
5 —— Me-TaNA (ON5)
T R A -— 2 4BNA/LNA (ON9)
8 10 1 - - - ENA(ON13)
£ 5| natural (ON1)

0 i T = T

20 40 60 80

Temperature (°C)

(B) For target ssDNA [5'-d(ACGAGAACAUCC)-3]

30 -
225 Sequence: 5-d(GGAXGXXCXCGT)-3"'
>
£20 X=
515 —— Me-TaNA (ON5)
0. /L e 2'4'-BNA/LNA (ON9)
3 - - - ENA(ON13)
£ 5- natural (ON1)
0 -

Temperature (°C)

Figure 10. Selected UV melting curves of DNA/RNA duplex (A) and DNA/DNA duplex (B).

KIZ, Me-TaNA-T |2/ %, Me-TaNA-"C CEffi L7=4 U %S (ON19-ON21) & FH1H
FRER & O “HHOALENEE T JIEIC X 0 554l L 7= (Table 3), A4 RNA (2342
T HEHH D Tm 1% 58-65 °C T V., KKk (ON18, Tm =53 °C) Lt LT, LV LER
BN T 2 2 LARE N, o, MM RNA T 5L E(LREITEAE DNA
T 26080 bmE <. RNAERMEZ AT 52 & bRz, > T, Me-TaNA-"C
TEM L4 ) IERICBWTEH Me-TaNA-T DA TER L7-H4 L FEE. BV RNA
fEEBUPE R OV RNA BIRME A 35 Z LR STz,
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Table 3. Duplex stability of modified oligonucleotides with sSRNA and ssDNA

with ssSRNA with ssDNA
oligonucleotides T, (AT, /mod.) (°C) T, (AT, /mod.) (°C)
5'-d(GGATGTTCTCGT)-3' (ON18) 53 53
 5-d(GGATGTTCTCGT)-3 (ON19) - 58 (+50) 4 (+10)

5'-d(GGATGTTCTCGT)-3' (ON20) 64 (+5.5) 56 (+1.5)
5'-d(GGATGTTCTCGT)-3' (ON21) 65 (+6.0) 58 (+2.5)

o, 1 b we

o o
ol ol
T = Me-TaNA-T C = Me-TaNA-"C

Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing 200 mM NaCl and 2.5 pM of
each oligonucleotide. C denotes 2'-deoxy-5-methylcytidine. The ssRNA and ssSDNA sequences
are 5'-r(ACGAGAACAUCC)-3" and 5’-d(ACGAGAACATCC)-3', respectively. Changes in Tm
values per modification (ATm/mod.) relative to natural duplexes are shown in parentheses.

S HIT, EfiA Y TR O SR AIEE & 574 L 7= (Table 4), Me-TaNA, 2',4'-
BNA/LNA, ENA, RIROF I VHET e 7 onTFnofad, 77 =2 EEIRMIC
WOETEDHZ LA&MR LU, 6> T, Me-TaNA [T 2°4-BNA/LNA. ENA & FfE, +%
IR HESEIRME A/ LTV D Z ENRH LN 5T,

Table 4. Trm and ATm values (°C) of full- and mis-matched duplexes with sSSRNA

oligonucleotides T, (AT, = T,, [mismatch]—T,, [match]) / (°C)

T X = A G U C
natural-T (ON1) 52 48 (—4) 40 (—12) 38 (—14)
Me-TaNA-T (ON2) 58 53 (—9) 44 (—14) 44 (—14)
2'4-BNA/LNA-T (ON10) 58 53 (-5) 44 (—14) 45 (—13)
ENA-T (ON14) 58 54 (—4) 43 (—15) 45 (—13)

Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing 200 mM NaCl and 2.5 uM of
each oligonucleotide. The ATm values, which are the changes in Trm values relative to those of the
full-match duplex (X = A), are shown in parentheses. Modified oligonucleotides are 5'-
d(GGATGTTCTCGT)-3', and the ssRNA sequence is 5'-r(ACGAGAXCAUCC)-3".
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WIZ, Me-TaNA M OMEEH#L TaNA % & “HEEHO AR MEEL CD JIEIC L Vi
~7-, . RNA “EEHS° DNA/RNA —HEH7/ &0 RNA # & “HEHIZ, AT &
SEAMEEE LD, 0O CD A7 hLOFFEIL 250 ~ 280 nm ORFIZFRVVIED =2 k>
hE. 210 nm I AD 2 > N U A RT (Figure 11A), ® $£7-, RNA “HH &
DNA/RNA " E#HD CD A7 MLz tbigd %5 & RNA ZHEEHO T3 260 nm D1k
DAy b BRITDTNIERER A~ 7 L, 210 nm fHEOBAD 3 v bR O
FEIFNd %, Z 2 C. DNA/RNA —EEHD DNA 512 Me-TaNA % 1 4 FifEsfi L =56
(ON2/RNA), —HEHHERO#EEN RNA “EHEFEOHEEL L5 2 LR En, 2l
Me-TaNA % 1 ZPHESG L7=7217 T, —HEHESEROMHEICHELZRIFTL TNWDHI L E
BWRLTWD, £/, EEUFENM L72%E (ONS/RNA) bIAEk. RNA “HESHKOME
LD EINRENT, —F. EEH TaNA 25T “HEIHD CD A7 FLZBWTH,
Me-TaNA & [FlEE, 1 BEMERiT 57217 C, RNA “HEKOHEEZ L5 2 LRS-
(Figure 11B), ZiL 5 DOFEREMN S, Me-TaNA K OVEE L TaNA 2 DNASHIZE AT 5 Z &
TREOHEE L LTI RNA ZHEBEOWIEIZT 7 M52 LRI, ZORR
X, 24"-BNA/LNA LA " 254 ) S CTHBIE SN TE Y, Me-TaNA KUV
EHL TaNA ICBW T H AR R Z R 2 & DR T E 7,

(A) Me-TaNA (B) TaNA
20 20
15 15 A
10 4 10 -
z O 5 O
S 0 S 0
E ] E
8 10 — ~ _ dsRNA 8 10
% I DNA/RNA (ON1/RNA) - - - dsRNA
151\ ON2/RNA -15 ON14/RNA
-20 vy ON5/RNA -20 —— ON17/RNA
25 25
200 220 240 260 280 300 320 340 200 220 240 260 280 300 320 340
Wavelength [nm] Wavelength [nm]

Figure 11. CD spectra of duplexes with RNA complements (A) by natural RNA and DNA
(ON1) and Me-TaNA-modified oligonucleotides (ON2, ONS5); (B) by TaNA-modified
oligonucleotides (ON14, ON17). The sequence of the RNA complement was 5'-
r(ACGAGAACAUCC)-3". dsRNA denotes RNA duplex [5-r(ACGAGAACAUCC)-3'/3'-
r(UGCUCUUGUAGG)-5']. Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing
200 mM NaCl and 2.5 uM of each oligonucleotide at 25 °C.

Iz, EffiA ) IO X 7 L7 —BITkT DG 28~ 7= (Figure 12), 3" KimH»
5 2%&HB. HANIT IKRMONMEIC Me-TaNA, HEEHL TaNA, ENA 2 F L FHER L
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7S Z W T, 3-=F Y X7 L7 — BRIk A2 R b o Ltk L7z, Al
EfiETTO 3 TOENLT &, BIX S TOENLT A7 L T\ D, ZORER,

Me-TaNA EffiA4 U T£Z2I%. ENA & & FEk. 3ME SO ELLDHEEHX 7 LT
— B THfRENIC W I ERNRENT, 3-2X Y X7 LT —BIEX 7 LAY R 3
Db e HEATH LT, 210 528 LT EESND P, BFIFICEE
B AZEAT L LICXD . ZOERBEHONIESODIT 3-8 Frx kel
RLIZS <2, 3L SCBNTHEWX 7 LT —BIREMEDR RSN EEZD
o, —J, EE TaNA B4 Y TR I, NIRRT < o TR
D . Me-TaNA DZEFGERD A FILHIT X 7 L7 —PBIFIHEOM FIc KEL HFELTWAS

ZEDNIRSI NI, BB T A TR E RO 2 4-BNANCINMe[IZ B W T b [AlfkR, 42
BESD A F NN 7 LT — B O FICHET 5 2 ERHERENTND, B

(A) Sequence: 5'-d(TTTTTTTTTIT)-3'

100 ¢ i
= o)
X ® @ o T
P 80 - " ;
o Q 1
8 60 1 A ‘%_,laz/
S © Me-TaNA (ON22)
g 40 | & TaNA (ON23) Me-TaNA
= A x ENA (ON24)
= . A e natural (ON25) ™
& 20 A o -
= o)
. A
0 ’*l—’—l—’—l—6 0
0 10 20 30 40 50 60 2/0\/0
Time (min) TaNA
(B) Sequence: 5-d(TTTTTTTTT)-3' o
|
100 @ o T
R
— R by ® 2 0]
§ 80 - a A
'§ 60 4 ENA
El © Me-TaNA (ON26)
§ 40 - 5 TaNA (ON27) NIW
S x ENA (ON28) o o T
& 20 -
k=
0 —0

0 10 20 30 40 50 60 natural

Time (min)
Figure 12. Nuclease resistance. (A) T10-mer oligonucleotides (ON22-ON25). (B) T9-mer
oligonucleotides (ON26-ONZ28). Conditions: 0.01 unit/mL Crotalus adamanteus venom

phosphodiesterase (CAVP), 50 mM Tris-HCI (pH 8.0), 10 mM MgClz, and 7.5 uM of each
oligonucleotide at 37 °C.
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UL E. Me-TaNA IE= W RNAFESBIFIER OmnWX 7 L7 —EBIPtEZ2 /A L TR0 |
ToFR A E L CHREREBMIEIE TH D Z LRI ENT,

Tz, LTI, T F By AEBOMIZ L 2ERBROMENITONTEY,
TH., _H#H DNA 2B LT 57 0 F V= BER~DOBLREE>TWD, TUoFY
— UBERIL, THES DNA IZx LT, BEAIRFERAICHE S L C =8 DNA 2B T 5 Z
Lok, ZURTBEORREEGIET S 2 LN TE D (Figure 13), — 5T, —HHK
FRIT 2 EME DR SO & 4% " HEH DNA BLAIRRON D72 EOMENRH 0 | FREM
PAZ T TR ED S TWD, EDO XD 7ed, ZFEHEEZEKRT DB, FEHBOIK
BlEEIE N B LTV D Z EAVRIBE TR Y, N BUZHEE(L L7 2,4-BNA/LNA %
G U KRR ES DNA ICx L CEW=ERSTERREL AT 5 Z LB HME ST
Do BB Z DI HIT, 2AIEBRIKERITT o F O — MBS LTHERETH D Z N
REENTWD, £ T, Me-TaNA K OEEHL TaNA 2514 U GERICBAL T, =
HHH DNA I 5 ZEHEH OB EM 2 T HIEIC L Vi L (Table 5), 7 F ¥ — 8
el LTOFRAMER~LZLE LT,

transcription translation o

DNA mRNA protein

|

Figure 13. Antigene method.

Me-TaNA Z&Te4 U 284 (ON30-ON34) @ —E#H DNA (2645 ZHE#HD TnlEix
36-70 °C TH Y . RKIXD =HFHH{ (ON29, Tn =31°C) L thig LT, —HH{ DNA & D =
PH OB EME A KIEIZm B &7, Z i 2',4-BNA/LNA E£fi (ON35-ON39, Tm = 37—
63 °C) <° ENA {&fifi (ON40-ON44, Tm = 36-68 °C) & RIFLE THh >72, EALHIIZIZ, Me-
TaNA % @80 i A& FAZAERf L7= A4V TZE (ON32 J2 T ON34) @ ATm /mod.i% 3 D&
il 5 SOBEMTENEFN+TI3C L+78°C THV ., HIEVTEF TEMLIZ b O
(ON31 } TN ON33, 3 > DfEfifi & 5 SDEfi T ZEI+6.3°C L+5.8°C) LV & EVMES
RLTz, ZTOZEE, EEEMICL VAT IBEOOT AN LIRS ITHZ L THRE
NERY B TEX D LI RoTmdTHDHEEZLND, /2, 2O Me-TaNA %
3 WP HATERM Lo A U TRLEE D UV RitfiR fhif O —E o7 — & % Figure 14 (279, &
FEEFITEV, 274-BNA/LNA, ENA, RIR L IRER, —H#H 5 — A8 DNA & " HH
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DNA ([Zfgltd 23 7 A NI O, —BHEPBHRINATWD Z & 2R LT,
BLIEZRNZ L2, AWM LAY IEBICB W T, 6 BRIEEZF> Me-TaNA &
O ENA 1. 5 BEZEA2E > 24-BNAILNA L 8720 | [EfioOBmE & H1Z AT,
Imod. 238 M L7, ZDZ &% 7 BRZEME LD EoNA IZBW T H RO HED ST
Wb, Y FEl= O N—FIZL > T, 2-~T R X =EHEOLEN 2 & D7D
BETHLIZELEMESN TS, 2 ZA6OREND ., Me-TaNA Efifilx 2/,4'-
BNA/LNA <> ENA {&ffii & AL EO @\ = EHEREEZ A LT Y., Me-TaNA D 2'f7,
6NLDOBAFI T LN 6 BERIUEIX -EHHOLZENICHFSGTDZ EAREINT, —F,
MEE L TaNA Z g de4 U TkEE (ON45-ON49) @ TwfiElE 35-66 °C TH V. KIKD =T
$H (ON29, Tm =31 °C) Ll 5 & @mun b DD, Me-TaNA &£ (ON30-ON34, T = 36—
70°C) L 0 IZOTNTET L7z, BRI, BEORZAEBMi L4V SERIZBWV T,
HEIE ML TaNAEAG (ON47 T8 ON49) O TnfEIL 3 DK TN 5 DDEMTEN LI 49 °C &
66 °C TH D, Me-TaNA &fifid> $ D (ON32 & TF ON34, 3 D& 5 DDELFTENEI
53°C & 70°C) LV HIRVMEA /R L7z, ft> T, Me-TaNA DZEFEERD A F /L% = HH
DEENZTFE T2 LRI, —F, WEICHE I 2,4-BNAN[NMe] T
I, 7-AF VA7 27 4-BNANCINH L 0 & B RENE LKL b L
D/RENTED, Me-TaNA OFEFR LT85, Lo, 224-BNANCINH|OH A1, 28
EEBD NHEL LNy 7R =0 DU UERIRFRITF L ORFERAIZL Y, ZHEANLERS
nizeéEzonTtng, B
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Table 5. Triplex stability of modified oligonucleotides with dsDNA

oligonucleotides T, (AT,,/mod.) (°C)

5'-d(TCTTCTTTTTCTCT)-3"' (ON29) 31

S d(TCTTCTTTTTCTCT)-3 (ON30) 36 (+50)
5'-d(TCTTCTTTTTCTCT)-3' (ON31) 50 (+6.3)
5'-d(TCTTCTTTTTCTCT)-3' (ON32) 53 (+7.3)
5'-d(TCTTCTTTTTCTCT)-3' (ON33) 60 (+5.8)
5-d(TCTTCTTTTTCTCT)-3' (ON34) 70 (+7.8)

 S.d(TCTTCTTTTTCTCT)-3' (ON35) 37 (+60)
5'-d(TCTTCTTTTTCTCT)-3' (ON36) 46 (+5.0)
5'-d(TCTTCTTTTTCTCT)-3' (ON37) 51 (+6.7)
5'-d(TCTTCTTTTTCTCT)-3' (ON38) 52 (+4.2)
5'-d(TCTTCTTTTTCTCT)-3' (ON39) 63 (+6.4)

~ 5-d(TCTTCTTITTCTCT)-3 (ON40) 36 (+5.0)
5'-d(TCTTCTITTITCTCT)-3' (ON41) 48 (+5.7)
5'-d(TCTTCITITICTCT)-3' (ON42) 51 (+6.7)
5-d(TCTTCTTTTTCTCT)-3' (ON43) 56 (+5.0)
5'-d(TCTICITITICTCT)-3' (ON44) 68 (+7.4)

© S-d(TCTTCTT¢TTCTCT)-3' (ON45) 35 (+40)
5'-d(TCTTCTtttTCTCT)-3' (ON46) 48 (+5.7)
5'-d(TCTTCtTtTtCTCT)-3' (ON47) 49 (+6.0)
5'-d(TCTTCtttttCTCT)-3' (ON48) 58 (+5.4)
5'-d(TCTtCtTtTtCtCT)-3' (ON49) 66 (+7.0)

o 1 o 1 o 1 o 1

ol o O O

T = Me-TaNA-T T =2'4-BNA/LNA-T I =ENA-T t = TaNA-T

Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing 200 mM KCI, 5 mM MgCl>,
and 1.5 uM of each oligonucleotide. C denotes 2'-deoxy-5-methylcytidine. The dsSDNA sequence
is  5-d(GGCAGAAGAAAAAGAGACGC)-spacerC18-d(GCGTCTCTTTTTCTTCTGCC)-3'.
Changes in Tm values per modification (ATm/mod.) relative to natural duplexes are shown in
parentheses.
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40 -
235
= 30 - Sequence: 5'-d(TCTTCXTXTXCTCT)-3'
S 25 X=
o
=20 — Me-TaNA (ON32)
’g:_ - e 2' 4'-BNA/LNA (ON37)
£10 - - - - ENA (ON42)

5 natural (ON29)

0 + —

10 30

Temperature (°C)

Figure 14. Selected UV melting curves of DNA triplex for target dsSDNA.

F72. Me-TaNA-T (2%, Me-TaNA-"C TEfifi L7-4 VU TH%fE (ON51-ON53) ¢ — &
P4 DNA (%95 ZEHH O EM: % 7 L7z (Table 6), TmfiiX 38-57 °C TH V., K&K
(ON50, Tm =35°C) LWL T, KV LER-"EHHLERT DI LN RINT, €T,
Me-TaNA-"C TEAfi L7=A4 Y IRERRICE VT EH Me-TaNA-T O & TES L7254 & [FlEE,
RER=HELERT 2 Z LRI,

Table 6. Triplex stability of modified oligonucleotides with dsDNA

oligonucleotides T, (AT, /mod.) (°C)
5'-d(TCTTCTTCTTCTCT)-3' (ON50) 35
5'-d(TCTTCTTCTTCTCT)-3' (ONS51) 38 (+3.0)
5'-d(TCTTCTTCTTCTCT)-3"' (ON52) 50 (+5.0)
5'-d(TCTTCTTCTTCTCT)-3" (ONS53) 57 (+7.3)
T T
0] T O mc
:O: :O:
° (0] ° (0]
(0] O
LL{MZ/ LE/MZ/
T = Me-TaNA-T C = Me-TaNA-™C

Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing 200 mM KCI, 5 mM MgCly,
and 1.5 puM of each oligonucleotide. ™C denotes 2’-deoxy-5-methylcytidine. The dsDNA

sequence is 5'-d(GGCAGAAGAAGAAGAGACGC)-spacerC18-
d(GCGTCTCTTCTTCTTCTGCC)-3". Changes in Tm values per modification (ATm/mod.)
relative to natural duplexes are shown in parentheses.
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PLE. Me-TaNA [FEW_EHHEMEEZA L TRBY, ToFUV—rEmELTHLAYE
RIEMIKIE CTH D 2 EDRB N, T FY— gL, BIE, EREEIIT bR
TWBHEDOD, FEEAL-VLITIZELTWARY, ZDO X5 R%, KiFETE LI
Me-TaNA O F1 RITA % ORISR T 7 7 v U —OHERIZEI S EEZE 2 b b,

ZDEHIZ, FETHE Me-TaNA OF X VIR N 5-AF L h v U7 a7
EAR L., TNHEELA Y IERRIIEV RNA AL SR 7 L7 — P
MaEAETDHZEIRENTZ, £72, THH DNA (x5 ZEEERICBWTH 4078
HEMERAT DI ENRINT, SHIT, EEH TaNA B & ORI LY | ZEERH O
AFNEFZEPORECHBEE G5 AT, BORER SR L EE, X7 LT —
PRI Z U ET D2 E0mSnic, £, B0 A F VKT =FEHOLENLIZH
HETDHZEINRENTZ, £Z T, B ETIE, Me-TaNA % B[\ 5 K5k & B8 7= 72
MELOBRZZ B4 L C, ZEHO A T NHEE L0 S EL LIZBA O RNA TR 55
BEFERR 7 LT — Ik B2 5 Z L ic LT,
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B LRSS TALITER 2 B L A RO

TaNA &5 5K D B3¢

F—Hi TaNAFHERD TG L Gk

AIE T, Me-TaNA Z &4 U IRERRITEN I (M RNA BT, & 7
L7 —EMmE, BV =EEHEKEE) 28 L T, TOZERBHDOAFNVIKIIX 7 LT —
PEEMEOR LICKRELSFET DT LRIz, £ 2T, Me-TaNA % LR % Rt %
FFOMEBIORZ BIE L T, 2885 7RIS A T AL 0 I mWERILZEA LT,
B RN A S T 5 4 FXED TaNA #E (A (Hydroxymethyl-TaNA, Methoxymethyl-
TaNA, Aminomethyl-TaNA, Acetamidomethyl-TaNA) % %7t L7z (Figure 15), i1 5 4
FEXED TaNA FFE R E2 GieAd U IEBRICB W T, “EHEZEMENME T T 578 EOREN
RFAUE, FER. AV TR A SR LI RISHE ST D EMEE VT, R EDOEHR
AL T, EROIMFIZITO ZENTEDL LB X T, - T, ZHbH 4FHO TaNA
FHERICEL T, Tt nL@EOE P EED O3S T 2 BREEL#H ATV, BHRD
LB DERRZEAT > T,

o Base
Hydroxymethyl-TaNA (R = OH)
- Methoxymethyl-TaNA (R = OMe)

o)
0 o Aminomethyl-TaNA (R = NH,)
'77: Acetamidomethyl-TaNA (R = NHAc)

Figure 15. Structure of Me-TaNA derivatives.
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Hydroxymethyl-TaNA-T DR AR 7 2 XA MED ARG 2 Scheme 5 (29, il
DERPHEE 11 725 DNA SRFFICAE S ITHIREN TE L7 B FVETE Pk k&
FORFE LT, LA 1T 2GRk L, TBSEZMR#ET L2 LIk, U4 — K 18 215
7o FD%. Me-TaNA SRk & [FRE, 5-t Frx iz DMTr A CE#EL, SRR n
TIHA MR~ EFHE LI,

o) o)
M M
Acy0 TBSO HO
DMAP o N O TBAF o. N ©
"n — —_—
pyr;dézf, rt o) d T8H6F°,A)rt 0 1
TBSO\( HO\(
OAc OAc
17 18
o) o)

M Me
© N \f‘\NH
DMTIO " AO iPr,NP(CI)OCH,CH,CN DMTIO PN
0

DMTrCI DIPEA o N O
_ >
pyridine, rt o) CH,Cly/pyridine (1 : 1), rt o
0, 0,
93% HO\(O 2% iPrgN\P/O\(O
|

19 20

Scheme 5. Synthesis of the phosphoramidite for Hydroxymethyl-TaNA-T.
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Methoxymethyl-TaNA-T DR A A1 T I XA MEDO A% % Scheme 6 1237, JLiE
DERRTEA 11 DRSO ERFF4 18-V 7 e 7 ub40]-7-v 7k
(DBU) XU rmua AF T —7)L (BOMCl) ZHW\WTRU DA F A F )1
(BOIVI) FECHR#E L, MRILIR (Ag0) & = b AF L (Mel) ZHWTAF AL EFTH Z &

CALBW 22 215D Z LTI LT, 0T, KER{E/XT P T L (PA(OH)/C) %
ﬂ%u\fdﬁﬁﬂz@ﬁ ZX Y BOM A& BifRi#E L7-1%. TBAFALELZ LV TBS & Mifka# L C
DA —IUIR 24 BER LT, Dk, Me-TaNA Bkl & [AkE, BmAKFa 7 I ¥ A MK

26 ~ELFHE LT,

o 0
M _BOM M _BOM
e\fJ\N e\fLN
DBU ~ 1BsO N/go A0 T1BSO N /Ko
BOMCI o) Mel o
11 _— _— >
THF, rt o) acetone, rt o
0, y 0 .
76% TBSO\(O 9% TBSO\(O
OH OMe
21
0
Me
Ha TBSO N/KO DMTrCI
(OH),/C 0 TBAF DMAP
MeOH, rt o THF rt pyrldlne rt
0, . 0
OMe
23
o o)
Me Me
| NH | NH
DMTrO N/go (iPr,N);POCH,CH,CN DMTIO ' go
:o: ETT 0
MeCN, rt
o o, ’ O.
HO\(O 26% PPN -0 O
|
o) OMe
NC/\/
26

DBU = 1,8-diazabicyclo[5.4.0]-7-undecene, BOMCI =

benzyl chloromethyl ether, ETT = 5-(ethylthio)-1H-tetrazole.

Scheme 6. Synthesis of the phosphoramidite for Methoxymethyl-TaNA-T.
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Aminomethyl-TaNA-T DR A1 7 I ¥ A MEO G E 2 Scheme 712777, @D
AREFRMA 10 6 R U Tudm A X v 2R UBE (THO) VW T, BEHoe R ¥
VHE RNV T T —MELTK, TUMFT R U A (NaNg) 12Xk 0, 7Y REL7z, fwv
T, NTZ VU AKFE (PAC) W fMETCICED, 7O RET I REICER L,
DNA A ICE D ICHR#ENTE D M) 7oA a7 FLECTR#E L TLEY 29 215
72 T, TBSHADIET D Z LITL D VA —1K 30 ZA R L. Me-TaNA & hkEE
Bk, RAFBT IXA MERI2~LFE LT,

o o)
Me Me
1) TH,0 [ NH &%
pyridine TBSO N/J%O Ha TBSO N/&O
CH,CI,, 0 °C o Pd/C o
1 - .
2) NaN, o THF, 1t 5
75% over 2 steps TBSO\( TBSO\(
Na NH,
2z 28
0 0
M Me
CFsCOOEt  TBSO . Ao "o N/go
DMAP S TBAF o DMTICI
T _TBAF _ bwmel
MeOH, rt 0 THF, rt o pyridine, rt
98% TBSO\(O quant. HO\(O 95%,
NHCOCF3 NHCOCF;
29 30
Q O

Me Me
DMTFO N/&O iProNP(CI)OCH,CH,CN DMTrO NAO
0] DIPEA o)
(@] CH2C|2, rt 0

0,
HO\(O 1% iPer\P/o\(O

NHCOCF, NC/\/(I) NHCOCF,

Scheme 7. Synthesis of the phosphoramidite for Aminomethyl-TaNA-T.
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Acetamidomethyl-TaNA-T KR AF BT I ¥ A MEO A AR % Scheme 8 (2787,
Aminomethyl-TaNA O &k H K 28 2> 6 HEKEEE (Ac0) #HWC, 7T /&2 78T
MELTILAEY 33 25 LTz, ZD%, TBSHEEBIA#ET 2 Z LTk A —/Lik 34
ZARL, Me-TaNA G EkRE & [FEE, RAKRB T I 4 A ME36 £ THE LT,

O (0]
Me Me
| NH | NH
Ac0 TBSO N/go HO N/go
DMAP e} TBAF 0
28 B —— —_—
pyridine, rt 0o THF, rt 0
97% quant.

M Me
e\kaH \kaH
OMTIO N (PraN),POCH,CH,CN DMTO N
DMTrCI o ETT o
-
pyridine, rt 0 MeCN, rt o)
96% o 82% o

H iProN.__O
0] IFr p

|
NHAc 0 NHAc
NC/\/

Scheme 8. Synthesis of the phosphoramidite for Acetamidomethyl-TaNA-T.
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THi TaNABEAKRZEGTeA ) IR OARK & Yt

AR LT 4T TaNAFBERDO KR AR T I XA MK 20, 26, 32, 36 2 DNA HE) &
EE’F%’% 2k, AV TEEERIZE A L7 (Scheme 9), & D, EE DRSS CRET S =
IR, BENLOU L EROEBO Y VMR E T ONREL T 7o, W
O TaNA FEKREZ G4 ) SERICB O TCHEEEOMER S B A SRR 15
HIEWTE T,

oligonucleotides

" d(GGATGTTCTCGT)-3'
" d(GGATGTTCTCGT)-3'
d(GGATGTTCTCGT)-3'
LJ(TTTTTTTTTT)-3'

d(
“d(TCTTCTTTTTCTCT)-3'
d(
d(T

DNA synthesis
20 26 32 36

o]cncncncnow

-d(TCTTCTTTTTCTCT)-3'
CTTCTTTTTCTCT)-3'

a
I

C denotes 2'-deoxy-5-methylcytidine.

+° e e e

Scheme 9. Synthesis of oligonucleotides containing TaNA-T derivatives.

I HER LT TaNA SR L G ie A V) IR OMHSREIR X 5 ~EHOBL E
Pz T HIEIZ L0 FHM L7z (Table 7). # DFE. Me-TaNA Efid & O & bl L7z, AHAH
$5 RNA (x4 2 “FEEH D TmfElL, Hydroxymethyl-TaNA {&fii (ON54-ON56) Tl 58-66
°C, Methoxymethyl-TaNA {&£fi (ON57—-ON59) Tl 58-66 °C, Aminomethyl-TaNA {&ffi
(ON60-ONG62) Tl 57-63 °C. Acetamidomethyl-TaNA {Effi (ON63—ON65) Tit 59-67 °C
THY, RIRDOA Y TR (ONL, Tm = 52°C) L bhiliz LT, FAMEH RNA & o “HEH %
N Z L LT2, Z4UiE Me-TaNA Efffi (ON2-ON4, Trm = 58-66 °C) & [FIEED —HHZL T
HEThHoT, #-o T, BT ATF LRI LI EmOERLZEALTYH, fAHH
RNA (%95 “HHOREMEICHELY 5 2 /a2 LR iz, 72, s DNA
W2 ZHEEHD Tm fElEZ. Hydroxymethyl-TaNA {&£fi (ON54—ON56) Ti% 53-58 °C,
Methoxymethyl-TaNA {& fifi (ON57-ON59) T |% 53-58 °C. Aminomethyl-TaNA {& fif
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(ON60-ONG62) Tl 53-57 °C, Acetamidomethyl-TaNA &£ (ON63—-ON65) TiZ 53-59 °C
THY ., KROAY L (ON1, Tn=51°C) &g L T 22 o7z, LavL, TaNA#H
BRZGTeA ) TREEROEAE DNA ISk 5 ZE(LREITFAMIEH RNA (545 6D X
D HIK< . Me-TaNA Efifi & [FlEk. RNA B fPEA2 B35 Z LRSIz, #->T, T
5 TaNA FEK A2 GTe A4 ) TEEIE Me-TaNA (B4 & FEE. =V RNA fESH D>
RNAERIMEZHB L TWAZ LRz,

Table 7. Duplex stability of modified oligonucleotides with sSRNA and ssSDNA

with ssRNA with ssDNA
oligonucleotides T, (AT, /mod.) (°C) T,, (AT, /mod.) (°C)
5'-d(GGATGTTCTCGT)-3' (ON1) 52 51
 5.d(GGATGYTCTCGT)-3' (ONS4) 5§ (+6.0) 53 (+20)
5'-d(GGATGYYCTCGT)-3' (ONSS) 65 (+6.5) 57 (+3.0)
5'-d(GGAYGYTCTCGT)-3' (ONS6) 66 (+7.0) 58 (+3.5)
© 5.d(GGATG YTCTCGT)-3 (ON57) S8 (+6.0) 53 (120)
5'-d(GGATG YYCTCGT)-3' (ONSS8) 65 (+6.5) 57 (+3.0)
5'-d(GGAYGYTCTCGT)-3' (ON59) 66 (+7.0) 58 (+3.5)
 5.d(GGATGYTCTCGT)-3' (ON60O) 57 (+50) 53 (+20)
5'-d(GGATGYYCTCGT)-3' (ON61) 63 (+5.5) 58 (+3.5)
5'-d(GGAYGYTCTCGT)-3' (ON62) 63 (+5.5) 57 (+3.0)
 5-d(GGATGYTCTCGT)-3 (ON63) 59 (+70) 53 (+20)
5'-d(GGATGyyCTCGT)-3' (ON64) 66 (+7.0) 58 (+3.5)
5'-d(GGAYGYTCTCGT)-3' (ON65) 67 (+7.5) 59 (+4.0)
 S.GGATGTTCTCGT)3' (ON2) 58 (+60) 53 (120)
5'-d(GGATGTTCTCGT)-3' (ON3) 66 (+7.0) 58 (+3.5)
5'-d(GGATGTTCTCGT)-3' (ON4) 66 (+7.0) 58 (+3.5)

nnane e “wnnns e nnane

I I I I I
o} o} o o} o

:O: T :O: T :O: T :O: T :O: T
O (0] O (0] O (6] O (0] O (e}
%OTOH %:Of %OT %:Of ST

OMe NH, NHAc
Y = Hydroxymethyl- Y = Methoxymethyl- Y = Aminomethyl- y = Acetamidomethyl- T = Me-TaNA-T
TaNA-T TaNA-T TaNA-T TaNA-T

Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing 200 mM NaCl and 2.5 uM of
each oligonucleotide. The ssRNA and ssDNA sequences are 5'-f(ACGAGAACAUCC)-3" and 5'-
d(ACGAGAACATCC)-3’, respectively. Changes in Tm values per modification (ATm/mod.)
relative to natural duplexes are shown in parentheses.
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RIZ, b ATEEO TaNA FEEZ ST “ RO RFMIE L CD MIEIC X v~

— —

(Figure 16), WITNDHZAITBWTH, Me-TaNA E[RIEE, A4V IEMBIEATHZ LT

RNA " EHHEEOHEEIZ /2> T D 2 E2VR S L7z (Figure 11A 2 8),

(A) Hydroxymethyl-TaNA

20 20
15 15 A
10 - 10 -
S| I
E 0 a - : : — E 0 A - : — N
o S = N\
8 -5 8 5
10 10
ON54/RNA ON57/RNA
15 1 — ONS5B/RNA -15 1 — ONS59/RNA
-20 -20

(B) Methoxymethyl-TaNA

200 220 240 260 280 300 320 340

(C) Aminomethyl-TaNA

Wavelength [nm]

20 20
15 4 15 A
10 4 10 A

S 5 ? 5

0] [0)

E 0 f\w E o

8 -5 - 8 5 -
-10 - -10 -

ON60/RNA ONG63/RNA

-15 1 — ONG62/RNA 15 1 — ONGB65/RNA
20 -20

200 220 240 260 280 300 320 340

Wavelength [nm]

(D) Acetamidomethyl-TaNA

200 220 240 260 280 300 320 340

Wavelength [nm]

200 220 240 260 280 300 320 340

Wavelength [nm]

Figure 16. CD spectra of duplexes with RNA complements by oligonucleotides containing
TaNA derivatives. The sequence of the RNA complement was 5'-r(ACGAGAACAUCC)-3'.
dsRNA denotes RNA duplex [5-r(ACGAGAACAUCC)-3'/3"-r(UGCUCUUGUAGG)-5.
Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing 200 mM NaCl and 2.5 uM of

each oligonucleotide at 25 °C.

VT, TaNA FFEREZ G A ) GEBO X 7 L7 — B34 2 itk 2 38h L 7=
(Figure 17), 3" K25 2 & B OfLE T Methoxymethyl-TaNA ., Aminomethyl-TaNA .
Acetamidomethyl-TaNA % ZZ &R L7- T10-mer O AV IO X 7 L 7 — BTk}
T 5EPirEE Me-TaNA Effio & o & thig L 7=, — 5. Hydroxymethyl-TaNA (& ffi
(ON66) (2 L CTliE. T10-mer & T9-mer d ' — 7 ORI NI L A LRI U TH Y . iR
oo el T&ERhhol, SEEHETEZ 3 D TaNA FHERORER, WTiLh
Me-TaNA Efii & [FIERDEWX 7 L7 —BIREMEEZ G4 5 2 manic, £, T
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NOEEY . 3FKED T YW <7z T9-mer THIMAIEE > TEY . FILLIED iR
FBO LN o T2, TORERIZ, X7 LT —BIZL D TaNA RO 5[ TOUIET X
MO THIDIZS NI EEZER LTS,

0] o T

(A) Sequence: 5-d(TTTTTTTTTIT)-3'
[T = Methoxymethyl-TaNA] '%/O ©

100 9 o 4 8 OMe
o) 5 8 Methoxymethyl-TaNA
= 80 1
£ ok
S 60 - + Methoxymethyl-TaNA (ON67) oy o T
§ b o Me-TaNA (ON23) )S f
§ 40 | e natural (ON25) /% o
S ¥
24 NH
= . Aminomethyl-TaNA

O+——F—7——®——+

0 10 20 30 40 50 60 Y
Time (min) (0] T
0]
(B) Sequence: 5-d(TTTTTTTTTT)-3' p
[T = Aminomethyl-TaNA, Acetamidomethyl-TaNA] garo 0]
100 ® s » 5 Q § NHAc
9 Acetamidomethyl-TaNA
- 80 -
% A
3 60 A = Aminomethyl-TaNA (ON68) (-!) T
% + Acetamidomethyl-TaNA (ON69) ]
£ 40 | o Me-TaNA (ON23) 0
2 i e natutal (ON25 _ 0
: o s
g 20 -
€ ® Me-TaNA
.
0 e T ’ AT AN

0 10 20 30 40 50 60 |

Time (min) :O: i

—0
natural

Figure 17. Nuclease resistance.
Conditions: 0.01 unit/mL CAVP, 50 mM Tris-HCI (pH 8.0), 10 mM MgCl,, and 7.5 pM of each
oligonucleotide at 37 °C.

RIZ, ZHHH DNAICXTT 2 TaNAFHERZ Gie A Y TR O —HEHEREEE TnillE
(2 & 0 FEAH L 7= (Table 8), DS, Me-TaNAEffid & D & bk L=, TaNAFHEIKE &
teA U RO _HEEH DNA ([Zxt9 5 —HEHO Tm fEIX. Hydroxymethyl-TaNA f{& ffi
(ON70-ON72) TiZ 36-54 °C. Methoxymethyl-TaNA f&ffi (ON73-ON75) Tl 34-49 °C.
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Aminomethyl-TaNA & fifi (ON76-ON78) Ti% 38-54 °C. Acetamidomethyl-TaNA {& fifi

(ON79-ONB81) Tl% 36-54°C TH V., KARDA U IE4fR (ON29, Tm = 31 °C) & Lh#E L T,
T ESH DNA LD =—EHHOBZEMEE RIEIZH L7, Zld. Me-TaNA E i

(ON30-ON32, Tm = 36-53°C) & RO E W —EHEHKEEZ RLTRY, AFLELD L

NEBWVERLAZEALTH, “HH DNA ITHT 5 ZEEHOLEMICRE R Eir b

2T EMNTREE I T,

Table 8. Triplex stability of modified oligonucleotides with dsDNA

oligonucleotides T, (AT,/mod.) (°C)
5'-d(TCTTCTTTTTCTCT)-3' (ON29) 31

© S.(TCTTCTTYTTCTCT)-3' (ON70) 36 (+5.0)
5'-d(TCTTCTYYYTCTCT)-3' (ON71) 51 (+6.7)
5'-d(TCTTCYTYTYCTCT)-3' (ON72) 54 (+7.7)

© SL(TCTTCTTYTTCTCT)-3 (ON73) 4 (+30)
5'-d(TCTTCTYYYTCTCT)-3' (ON74) 46 (+5.0)
5'-d(TCTTCYTYTYCTCT)-3' (ON7S5) 49 (+6.0)

© 5-d(TCTTCTTYTTCTCT)-3' (ON76) 38 (+7.0)
5'-d(TCTTCTYYYTCTCT)-3' (ON77) 51 (+6.7)
5'-d(TCTTCYTYTYCTCT)-3' (ON78) 54 (+7.7)

© 5-d(TCTTCTTyTTCTCT)-3' (ON79) 36 (+5.0)
5'-d(TCTTCTyyyTCTCT)-3' (ON80) 51 (+6.7)
5'-d(TCTTCyTyTyCTCT)-3' (ONS81) 54 (+7.7)

S d(TCTTCTTTTTCTCT)-3 (ON30) 36 (+50)
5'-d(TCTTCTTTTTCTCT)-3' (ON31) 50 (+6.3)
5'-d(TCTTCTTTTTCTCT)-3' (ON32) 53 (+7.3)

& & & & S

(6] T (6] T (0] T (6] T (6] T
%:OTOH %{OTO U U S

Me NH, NHAc
Y = Hydroxymethyl- Y = Methoxymethyl- Y = Aminomethyl- y = Acetamidomethyl- T = Me-TaNA-T
TaNA-T TaNA-T TaNA-T TaNA-T

Conditions: 10 mM sodium phosphate buffer (pH 7.0) containing 200 mM KCI, 5 mM MgCl>,
and 1.5 uM of each oligonucleotide. C denotes 2'-deoxy-5-methylcytidine. The dsSDNA sequence
is  5-d(GGCAGAAGAAAAAGAGACGC)-spacerC18-d(GCGTCTCTTTTTCTTCTGCC)-3'.
Changes in Tm values per modification (ATm/mod.) relative to natural duplexes are shown in
parentheses.
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UL b, BB S E W EHIL Ao 4 FEO TaNA FEEEZ AR L. 205
ZEMI L= A ) SRIE Me-TaNA & RO E VY RNA fES MR NEWX 7 LT —
PRI EZ AT RSNz, £, TaNA FEERE G4 ) T IT HH
DNA 12X 3 2 ZHBHERIZBW T b+ ZEME BT 252 LR EShic, 1E- T,
FFRAIIZ TaNA Z RS & LT, MO ERELY S GICEARFT5 2 &I2X b, mn
THEHELZEECE WX 7 LT —BIRPIMEICIN R, S 5IZBIOH LVWEEE (BRI K
LA A —T 7 MiluEEm O TUE, FIEOIRER &) 25 S8 F ek
DN TE DL EEZBND, O
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7/

C

Kl

~

—EETIE, 3 HEkT ¥ — G E RO Me-TaNA 25t L, HFEE 5-2 F 1w
) y/z‘n% Me-TaNA & QMEEH#HL TaNA DR A Fe T I XA MEEZ AR LT, 2 b%
&8 L7-A4 U THERRIT 2',4-BNA/LNA <° ENA Effi & R LI E D RNA f5& 8t
7> RNA BIRMEZFET L Z LoRaSic, £z, Me-TaNA Zaied U TZEIT ENA
Effi & [FEDOFmNX 7 LT —BIIiE 2 A3 52 L braivlc, S 612, Me-TaNA &
fifitx 2,4-BNA/LNA X° ENA {&fifi & R0l Lo @mn» ZHESEEREEZ AT 52 L L&
72 Me-TaNA DZEIEEH D A F L FICEBWTIE, X7 L7 —BEEom RO =EH
DREICHTET 5 Z ENRENT,

DMTrO o T and ™C

(0]
iProN . /oﬁ/o
P Me
~_0
HO T NC Me-TaNA
) DNA synthesis
—_—
_— oligonucleotides
OH OH
DMTrO T
5-methyluridine (0]
O\/O
iPraN. .0

|
NGO TaNA

B E T, TaNA 0% $ IAFALEID ENEEWEBREAEA L 4 FEEO
TaNA FHEMRAZFRFL | @Aﬁjzﬁljf'aﬁﬁmwa%m%nﬁmﬁ“éﬁ B ATV, 7R
S = Mdi%é.\ﬁiz Lz, ZHh 4FEEO TaNA A A S oA Y T EHEIL Me-
TaNA Effi & FER. &V RNA fEE AL OmWX 7 LT —BIRGiE, S bizmn=
HHEREEZ AT D2 ENRENTz, o T, ZBBEHIC LD M EEmOERILZE AL
TH, RNA L O ZHEICEEL HE 2T, S0WX 7 L7 —BRHIMEZ iR T & 2 Rk
VNN <Y g
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T T
(0] T (0] T
o} o}
) )

'1LL/O o '1LL/O o E/Oz/o Izi/oz/o
OH OMe NH, NHAc
Hydroxymethyl-TaNA Methoxymethyl-TaNA Aminomethyl-TaNA Acetamidomethyl-TaNA

ITAETIE, 1 2OA Y TR LA RFFEREZ G TE 24 U IIEA A EATE
MME SN TND, B4 ZoFEEHNT, FlxI1EX, Aminomethyl-TaNA & R #5712
xipa=y NEFFOWNRUVEEE ORISIZ LD, xR BEOA Y SEBRN A KT
XHEEZOND, TOHEEFATSLZ LY, SEARK L TaNA 58k % EE
DENEE FF OB MBI ORI D72 N D Z E i S D, 20X 91T, TaNA i
RIIERESMELE LTHETH Y | SR OEBAIESEET 7 ) 0 o —O#RITHK
NOEEZBILD,

Future
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EIEiE

KWFIEZ ZATT DI2HTe 0, BTG S THifEZ 0 £ LB, 58 Zhg #
A DI VEILEZH L B £,

ATEICHEL, SxOBE, SRAERS LCHEELEM Sk Wi,
B GRHR, WONCKIE R BN BUE, RBORTREBIETHITOR) T <R
ﬁ]\/i‘a—o

AWFREOFMmILFERICHIZD, A2 E L THEZBY ELLEEOLTH B
2, RORIAOLR F M Bd, IR 30 BdRiciR ML £

B A7 P afllE L CTHE L LA FF AN EHE L £,

WFFEEAEIGEOH T, H &2 FZEROMAICE LAILITH ) LEnE L7l TR K
SRR IR H AL F R DO EARICTR B L £

£7o. ARUEOBITICER L, AfAEMiE A B AR RS R GRS A0 i 3 = 261
K VEAREZH Y £ Lz, T ZICESEILR L B ET,

RBIC, BEEORIICDREL ARG L, XA TSN FBEIT D &0 EHE
LETS
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EBROER

'H NMR, BC NMR, 3P NMR B LU P¥FNMR A7 hLid, BBOZ A4 47 —7
™ % %535 7= MercuryPlus 300 MHz (Varian % 7= 1% Agilent), Mercury 300 MHz (Varian %
721 Agilent), Avance III HD 500 MHz (Bruker) &z HWCHIE L7-, HIERBIL, EZ o
m /LA (CDCly), A% /—/L (CDsOD) X UNE T & k  ((CD3)2CO) %= v ., H NMR
IZ7 F T AF L Z 2 (0.00 ppm), FIITIFEAF(LAE (X %/ —)L: 331 ppm, T & b
>: 2,05 ppm), BC NMR [ ZEAKFZLIK (EZ v a kLA 77.0 ppm, A X 7 —/L: 49.0
ppm, EE 7 & k11 29.8 ppm). P¥F NMR I~FH 7 14 m X ¥ 2 (-164.9 ppm) % NHHHIE
#L LCTHW, P NMRIZ 5 vIv% U U FE/KYEWZ (0.00 ppm) & AMEEHE L LCHW T,
0T singlet, doublet, triplet, quartet, AB quartet, double doublet, double double
doublet, multiplet, broad singlet, broad Z %<4l s, d. t. q. ABg. dd, ddd, m. brs,
br L& L7, ARAMRIN (IR) A2 Lt FT/IR-4200 (H A4y & AW, ATR EICT
HIE LTz, moMAEE & (HRMS) 2227 kLix, El. Cl, FAB ®O#41T IMS-700
MStation (H A% ). MALDI-TOF M54 1% IMS-S3000 (H A 1), ESI-TOF OEA I
SYNAPT G2-Si HDMS (Waters) = W TCHIE L7z, BUCOETIZ, #E /v~ 7T 7
4 — (U HH N TOF254 TLC FL— b-Ua— (BL7 4 L AREHER), >V B 450
60F254 TLC "L — K (Merck) ) ICCBHF L7z, UM NT Ty vahTdhra~ T
77 4 —OWFEANL, FL-PSQE0B (&> U > 7 L) & Mo, X ik ab i i,
Mo/Ka #JR %z L. Smart Apex Ultra (Bruker) 2\ CiTo7=, 4V IX 7 LAF R
BRIE, nS-8I1 (V—> T A V) ZHV, 0.2 umol D A7 — )L TiT -7, Eikiks v
~ K757 4— (HPLC) 1%, 757 v a v 2L ¥ — CHF122SC (ADVANTEC) %1 %
7= EXTREMA (PU-4180, CO-4060 ¥ 7= 1% CO-4061, UV-4075 F 7=1% AS-4050) (H A%y )
VAT LW, T T A%, XBridge® Oligonucleotides BEH C18 (Waters) & 72 1%
XBridge™ Shield RP18 (Waters) = 7-1% XBridge® BEH Shield RP18 (Waters) 7 7 2 % Fu»
TAT o720 TmlEZ, Tm W48 &L A 2 72 V=730 UVIVIS (H ARS306) 245 L T 5
L7z, CDMIEII KRG~V TF =LKL Z PTC-514 %4555 L 7= J-1100 (B A E) £
KE -V F =&)LV Z PTC-348 %3555 L7z J-725 (H ARy E) 26 H LT3 L 7=,
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TBsOo]’O
Me
2

&M 2: 7V UK R (4)-10-4 > 7 7 — ALK U (21 mg, 0.09 mmol) %, L&Y
1 (957 mg, 1.81 mmol) DMK 7 v 2 X ERK (15 mL) (2 0 °C TN 7z, KISIRAY
Z IR T 40 SRR L%, fafniRig Kz MU U LK CTHRIL, B —F LT
AR U7z, AEZ KR ORI EEK CHlE L, 8K R v AT S, %
BABERE LT, BEE VAN T Ty ahTrra<s v T 77 4— (~FH
Ffe = F1=3/1) THR L. (LAY 2 (934 mg, 98%) % F iRy & L Ci57-,

'H NMR (300 MHz, CDCls) d: 9.27 (1H, br s), 7.69 (1H, g, J = 1.0 Hz), 6.18 (1H, s), 5.39 (1H, q,
J=5.0 Hz), 4.27 (1H, d, J = 3.0 Hz), 3.79 (2H, s), 3.87 (1H, d, J = 3.0 Hz), 1.95 (3H, d, J = 1.0
Hz), 1.39 (3H, d, J = 5.0 Hz), 3.79 (2H, s), 0.96 (9H, s), 0.93 (9H, s), 0.17 (3H, s), 0.14 (3H, s),
0.11 (3H, s), 0.08 (3H, s). *3C NMR (125 MHz, CDCls) ¢: 163.3, 149.7, 134.3, 110.5, 106.0,
92.5,85.7, 77.2, 64.7, 60.9, 26.1, 25.6, 20.1, 18.8, 18.0, 12.6, —4.4, —4.8, =5.0, -5.5. IR (ATR) v:
2954, 2929, 2894, 2857, 1698, 1471 cm ™. HRMS (ESI): Calcd for C24H44N2NaO7Si» [M + Na]",
551.2585; found, 551.2585.

(0]

HO—©

Me

3

ICEM3 TAIALRME, T hNITTTFAT UE=TLT7ALFY RAMT hT7E Re>
7 ¥R, 0.64 mL, 0.64 mmol) Z{bA% 2 (162 mg, 0.31 mmol) DEKT hT b k7 F
VERE (9 mL) I2NAx, SOSIRAEY A IR T 2 Rl L%, B2t L L,
WAV TNT Ty allThrsa~ N7 74— (ZaaRVAIAR ) —)b =
20/1) TR L, LA 3 (87 mg, 95%) = HEA[EIILKE L TR, (bEWM3ZTE =1
U vz HWCTHEE AR U, X B s s it 217 - 72,
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IH NMR (500 MHz, CDsOD) 6: 8.03 (LH, br s), 6.19 (1H, s), 5.46 (1H, g, J = 5.0 Hz), 4.33 (1H,
d, J = 3.0 Hz), 3.91 (1H, d, J = 3.0 Hz), 3.73, 3.68 (2H, ABq, J = 12.0 Hz), 1.86 (3H, s), 1.40
(3H, d, J = 5.0 Hz). 3C NMR (125 MHz, CD3;0D) ¢&: 166.5, 151.9, 136.8, 110.8, 107.1, 94.1,
86.7, 79.0, 65.5, 60.1, 20.0, 12.6. IR (ATR) v: 3469, 3186, 3060, 2987, 2920, 1693, 1671, 1472,
1417 cm™. HRMS (ESI): Calcd for C12H1sN2NaO7 [M + Na]*, 323.0855; found, 323.0858.

Hooj’o
Me
4

&4 TILIT R T, 44-C A RFU MU F 7 el R (489 mg, 1.44 mmol) Z1k

A% 3 (145 mg, 0.48 mmol) DMK E U ¥ (3 mL) 12z, MINEAY %= T 6

PR L7, A%/ — &N T 30 iR #E L, B F L CHRIR Lo, AkE

KK ORI AK Coere L, BOKARER S Y ¥ AT S, W2 RIER £ LT,
Wiz VH AN T Ty ahhThravw hIIF7 40— (ZaaR)VhAX ) —)L =

50/1-20/1) THERL L. (LA 4 (290 mg, > 99%) Z KDV & L THE -,

'H NMR (300 MHz, CDCls) &: 10.03 (1H, br s), 7.80 (1H, s), 7.45-7.19 (9H, m), 6.84 (4H, d, J

=7.5Hz), 6.22 (1H, s), 5.38 (1H, g, J = 5.0 Hz), 4.48 (1H, d, J = 3.0 Hz), 4.32 (1H, dd, J = 11.0

and 3.0 Hz), 3.76 (6H, s), 3.48, 3.39 (2H, ABq, J = 10.0 Hz), 3.10 (1H, d, J = 11.0 Hz), 1.36 (3H,
d, J = 5.0 Hz), 1.28 (3H, s). *C NMR (75 MHz, CDCls) J: 164.3, 158.8, 158.7, 150.3, 143.9,

135.0, 134.8, 134.3, 130.1, 130.1, 128.1, 127.2, 113.4, 111.2, 106.0, 92.9, 87.2, 85.4, 77.5, 65.8,

60.5, 55.2, 19.8, 12.0. IR (ATR) v: 3173, 3062, 2950, 2933, 2910, 2836, 1689, 1607, 1581, 1508

cm L. HRMS (ESI): Calcd for CssHzsN2NaOg [M + Na]*, 625.2162; found, 625.2161.

O
- o)
P
| r2N\P/O]/
Me

|

NCTNO 5

{b&¥ 5 7RG F. 2- 7 S = F )V NN-UA YT a s iRAray I X

A b (0.18 mL, 0.8 mmol) Z{t&4) 4 (96 mg, 0.16 mmol) X XNN-T 1 ¥ 7 a E L= F )L

7 2 (042 mL, 2.4 mmol) DMK 7 v A X U ERHE (2 mL) 12 0°C THZ 72, FOGE

EW % BT SRR L%, fafnmiAkET N U LKEIR CRISZE 1L S, FE
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e F VRN LT-, AEZKLOEMEEK TS L, MK Y ¥ AT
X, W ERER E L, BEE VAN T Ty vahThru~w NI T 74
— (~FYUEERE T L = 1) THRE L, {LEW 5 (114 mg, 89%) & HEAEA L L TH
776

'H NMR (500 MHz, CDCls) 6: 8.38 (0.5H, br s), 8.34 (0.5H, br s), 7.83 (0.5H, s), 7.82 (0.5H, s),
7.42-7.39 (2H, m), 7.32-7.23 (7H, m), 6.86-6.81 (4H, m), 6.20 (0.5H, s), 6.19 (0.5H, s),
5.42-5.36 (1H, m), 4.61 (0.5H, d, J = 3.0 Hz), 4.58 (0.5H, d, J = 3.0 Hz), 4.33 (0.5H, dd, J = 8.0
and 3.0 Hz), 4.29 (0.5H, dd, J = 7.0 and 3.0 Hz), 3.95-3.50 (11H, m), 3.40-3.35 (1H, m),
2.69-2.55 (1H, m), 2.46-2.34 (1H, m), 1.34-1.07 (18H, m). **C NMR (125 MHz, CDCls) ¢:
163.5, 163.4, 158.9, 158.9, 158.8, 158.8, 149.8, 149.7, 143.8, 143.7, 134.9, 134.7, 134.7, 134.3,
134.2, 130.4, 130.4, 130.4, 130.3, 128.5, 128.4, 128.0, 128.0, 127.4, 127.3, 117.4, 117.4, 113.3,
113.2,111.0, 111.0, 106.0 (d, J = 6.9 Hz), 105.7 (d, J = 7.9 Hz), 92.7, 92.6, 87.1, 86.2, 86.1, 75.9,
75.8, 66.6 (d, J = 12.9 Hz), 66.1 (d, J = 16.8 Hz), 60.7, 60.5, 58.2 (d, J = 17.8 Hz), 57.6 (d, J =
18.8 Hz), 55.3, 55.2, 43.5, 43.4, 24.7, 24.6, 24.6, 24.6, 24.5, 24.5, 20.4 (d, J = 7.0 Hz), 20.2 (d, J
= 5.9 Hz), 20.1, 20.0, 11.8, 11.7. 3'P NMR (202 MHz, CDCls) 6: 149.5. IR (ATR) v: 2966, 2935,
2879, 2836, 1690, 1607, 1581, 1508 cm™t. HRMS (ESI): Calcd for C42HsiN4NaO1oP [M + Na]",
825.3241; found, 825.3243.

NH,
Me

B
TBSO N/&O
(@]

TBsOoT’O
Me6

b6 7R F. Y =F T 22 (0.64 mL, 4.61 mmol), 246-KU 1Y 7R

AR AR = 7 r Y K (474 mg, 1.57 mmol) KN 4-TAFAT I YV

(23 mg, 0.18 mmol) Z &% 2 (487 mg, 0.92mmol) DMK T+ k= kU JLIEIK (10 mL) 12

Mz Tz, BOSMEGWZERT 4 REEH L%, 4-UAF AT I 78U T (23 mg,

0.18 mmol) Nz, & HIT 2RFMIEFEL7-, WIZ, 28% 7 & =7 K&K (4 mL) Z 0

A BOSEGW =R T 16 FFIREE Lz, it T, JONREY 2 FER—F /L THR L,
AREE 2K Kk O K THeid L7c e, BEKRREET U U L TR S, B4R
JERE LT, BIEZT VTN T Ty aigbhra~vw NI 74— (Zaak/LAlA

% ) —)1=30/1) THRLL . LA 6 (427 mg, 88%) & MBIk & L TH7-,

'H NMR (300 MHz, CDCls) d: 8.35 (1H, br s), 7.72 (1H, g, J = 1.0 Hz), 6.21 (1H, s), 5.42 (1H, q,
J=5.0 Hz), 5.35 (1H, br s), 4.33 (1H, d, J = 3.0 Hz), 3.82 (1H, d, J = 3.0 Hz), 3.78 (2H, s), 1.95
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(3H, d, J = 1.0 Hz), 1.38 (3H, d, J = 5.0 Hz), 0.96 (9H, ), 0.91 (9H, 5), 0.17 (3H, 5), 0.14 (3H, ),
0.08 (3H, s), 0.04 (3H, 5). *C NMR (125 MHz, CDCls) &: 165.5, 155.4, 137.8, 106.0, 101.2,
92.6, 86.4, 77.4, 64.7, 61.2, 26.3, 25.8, 20.3, 18.9, 18.2, 13.4, —4.2, 4.7, 4.8, —5.3. IR (ATR) v:
2955, 2930, 2898, 2858, 1651, 1604 cm L. HRMS (MALDI-TOF): Calcd for CasHasN3NaOeSiz
[M + NaJ*, 550.2739; found, 550.2728.

TBSO | N/&

TBSOOT’O
Me7

& 7. 7K T K BER (28 mg, 0.12 mmol) (L& 6 (54 mg,
0.10mmol) @ N,N-T A F LR/ AT I REER (L mL) 1[Nz 7=, KISRAGY % =T 18
PR R L7 t2, BEE =T L AR L7o, AHE 2K R O &K THed L, MK
Wil U U AT S, WIKZBIERE E L, REE2 VDTNV T Ty an T
Lrua<w NI 74— (ZaapR/VAI AKX ) —/L =100/1) THE L, (L&Y 7 (48 mg,
74%) = BEFEKE L TH T,

'H NMR (500 MHz, (CD3)2CO) ¢: 13.43 (1H, br s), 8.31 (2H, d, J = 7.5 Hz), 7.92 (1H, s), 7.58
(1H,t,J = 7.5 Hz), 7.48 (2H, t, J = 7.5 Hz), 6.28 (1H, s), 5.50 (1H, g, J = 5.0 Hz), 4.62 (1H, d, J
=3.0 Hz), 4.14 (1H, d, J = 3.0 Hz), 3.85, 3.82 (2H, ABq, J = 11.0 Hz), 2.14 (3H, s), 1.40 (3H, d,
J=5.0 Hz), 1.02 (9H, s), 0.95 (9H, s), 0.25 (3H, s), 0.24 (3H, s), 0.13 (3H, s), 0.10 (3H, s). *C
NMR (125 MHz, (CDs).CO) ¢: 180.1, 161.1, 148.1, 138.3, 137.5, 133.3, 130.6, 129.0, 111.1,
107.0, 93.2, 87.1, 77.5, 65.7, 61.9, 26.6, 26.1, 20.6, 19.4, 18.6, 13.9, 4.2, 4.7, 4.8, -5.1. IR
(ATR) v: 2954, 2930, 2886, 2858, 1705, 1641 cm'. HRMS (MALDI-TOF): Calcd for
Ca1H49N3NaO7Si> [M + Na]*, 654.3001; found, 654.3007.

(0]

HO—©

Me

8
ItEm8: 7NV RI . T RITFAT UE=T LTV AEY RAMT hFE R
7 VAR, 0.61 mL, 0.61 mmol) Z{k&4% 7 (153 mg, 0.24 mmol) AT F T Ku 7 F
VYRR (4 mL) \2Nx. ROSIRAWZFEIR T 2.5 FEEHEEE L%, W2 BIERE L,
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BEa T VTN T Ty alighrsu~x NI 74— (VR hAZ ) —)b =
50/1) THERLL . {LA% 8 (89 mg, 91%) % HfafE{k & L CTr57=,

'H NMR (400 MHz, (CD3)2CO) 4: 13.49 (1H, br s), 8.33-8.30 (3H, m), 7.57 (1H, t, J = 7.0 Hz),
7.48 (2H,t,J = 7.0 Hz), 6.28 (1H, s), 5.53 (1H, q, J = 5.0 Hz), 4.95 (1H, t, J = 5.0 Hz), 4.47 (1H,
d, J = 3.0 Hz), 4.09 (1H, d, J = 10.5 Hz), 4.02 (1H, dd, J = 7.0 and 3.0 Hz), 3.83-3.72 (2H, m),
2.07 (3H, d, J = 1.0 Hz), 1.39 (3H, d, J = 5.0 Hz). *C NMR (125 MHz, (CD3).CO) ¢: 180.1,
161.5, 148.2, 138.5, 138.4, 133.2, 130.5, 129.0, 111.0, 107.0, 93.6, 86.5, 78.3, 65.2, 59.7, 20.1,
13.7. IR (ATR) v: 3453, 1696, 1687, 1646, 1594, 1559, 1483 cm*. HRMS (ESI): Calcd for
C19H21N3NaO7 [M + Na]*, 426.1277; found, 426.1277.

DMTrO (A
¢
HO—©
Me 0

&9 7TV R F. 44-C A ¥ U F 7l R (173 mg, 0.51 mmol) %1k
A4 8 (122 mg, 0.30 mmol) DEEK "YU 2 U EHE 3 mL) I2MA 72, FUNREW 2= T 7
BRI L7271, 44-0 A R MU F A7 K (82 mg, 0.24 mmol) ZiNz., X5IZ
16 FEEEE L7c, RISIRGW Z B mEEKET U U LOKEIR CTRIGZ2AF 1L S, B
e F VL CHR LT, AlEZMREEAKET N U U LK & OB &K T
L., HAKEEET M) UL THERISE, B2 BERE L, GV BT NVT Ty
VahThraw NTTT 40— (Y UEHRTT L = 3/2) THELL, LEW 9 (212
mg, > 99%) & HEER E L7,

'H NMR (500 MHz, CDCls) 6: 13.44 (1H, br s), 8.28 (2H, d, J = 7.0 Hz), 7.93 (1H, s), 7.52 (1H,
t, J = 7.0 Hz), 7.45-7.41 (4H, m), 7.35-7.30 (6H, m), 7.27-7.24 (1H, m), 6.88—6.85 (4H, m),
6.24 (1H, s), 5.39 (1H, g, J = 5.0 Hz), 4.48 (1H, d, J = 3.0 Hz), 4.29 (1H, dd, J = 12.0 and 3.0
Hz), 1.39 (3H, d, J = 5.0 Hz), 3.81 (3H, s), 3.80 (3H, s), 3.47, 3.40 (2H, ABgq, J = 10.0 Hz), 2.62
(1H, d, J = 12.0 Hz), 1.46 (3H, s). 13C NMR (125 MHz, CDCls) §: 179.9, 159.8, 159.0, 158.9,
147.7, 144.1, 137.1, 135.5, 135.1, 134.9, 132.7, 130.4, 130.3, 130.1, 128.3, 128.3, 127.4, 113.6,
112.5, 106.3, 93.1, 87.4, 85.8, 77.6, 65.9, 60.7, 55.4, 20.1, 13.2. IR (ATR) v: 3066, 3002, 2933,
2837, 1703, 1644, 1598, 1563, 1508 cmt. HRMS (ESI): Calcd for CaoH3gN3NaOg [M + Na]*,
728.2584; found, 728.2589.

41



DMTrO | /g
0]

PN f)oj/o
L
fbEa 10 7V R T, 2237 J = FAANN-IA Y a7 oapRAiar I A
4 b (0.15 mL, 0.68 mmol) Z1t.5%) 9 (96 mg, 0.14 mmol) X IXN,N- 1 Y 7' m e /L =F )b
7 22 (0.36 mL, 2.0 mmol) DK 7 v A X L ERHE (2 mL) 12 0°C TR 72, BOGE
AW EIR T 2 IR L7, BafRIEAKE T N U LK CRIGZ1EIE S, B
feTF )L THRR LT, AHEZKEOREMEEAK TS L, BB MY U AT
B, WEABEEE L, BEEL VISV T Ty vahTdrrsa~w N TT7 4
— (~F Y UIEEBE TV = 2/1) TR L, (LA 10 (104 mg, 84%) # Bk L5
7o
IH NMR (400 MHz, CDCls) &: 13.44 (1H, br s), 8.29 (2H, d, J = 8.0 Hz), 8.00 (1H, s),
7.54-7.27 (12H, m), 6.89-6.83 (4H, m), 6.25 (0.5H, s), 6.24 (0.5H, s), 5.43-5.38 (1H, m), 4.66
(0.5H, d, J = 3.0 Hz), 4.63 (0.5H, d, J = 3.0 Hz), 4.36-4.32 (1H, m), 3.92-3.50 (11H, m), 3.39
(1H, 1, J = 10.0 Hz), 2.72-2.53 (1H, m), 2.46-2.33 (1H, m), 1.37—1.07 (18H, m). 3C NMR (125
MHz, CDCls) ¢: 179.7, 179.6, 160.0, 160.0, 158.9, 158.9, 158.8, 158.8, 147.7, 147.6, 144.0,
143.9, 137.3, 137.1, 135.7, 135.6, 134.9, 134.9, 134.7, 134.7, 132.4, 132.3, 130.5, 130.4, 130.4,
130.4, 129.9, 128.5, 128.4, 128.1, 128.0, 127.4, 127.3, 117.4, 113.3, 113.3, 113.3, 112.3, 112.2,
106.1 (d, J = 7.0 Hz), 105.9 (d, J = 7.9 Hz), 92.7, 92.6, 87.2, 86.5, 86.5, 75.7, 75.7, 66.5 (d, J =
12.9 Hz), 66.1 (d, J = 16.8 Hz), 60.7, 60.6, 58.3 (d, J = 17.8 Hz), 57.6 (d, J = 18.8 Hz), 55.3,
55.2,43.5(d, J=2.0 Hz), 43.4 (d, J = 2.0 Hz), 24.7, 24.6, 24.6, 24.6, 24.5, 24.5, 20.4 (d, J =6.9
Hz), 20.2 (d, J = 6.9 Hz), 20.1, 20.0, 12.9, 12.8. 3P NMR (162 MHz, CDCls) J: 149.7, 149.6. IR
(ATR) v: 2966, 2932, 2883, 2837, 1703, 1645, 1598, 1566 cm™*. HRMS (ESI): Calcd for
Ca9Hs7Ns010P [M + H]*, 906.3843; found, 906.3847.
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Me
\fJ\NH
TBSO— A
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N~ O

(0]

TBSOZ’O

OH
1"

fb&W 11: 7& b2 (8 mL) KO EEKFE T U » LKA (10 mL) Z{bE54 1 (416
mg, 0.79 mmol) DK 7 1 a A X R (10 mL) (21272, FUSIEE Y% 0 °C I H]
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L. A% %996 mg, 1.57mmol) O/KEAEHE (10 mL) %3 F L7z, 0°C C 1RpREEIE L=
%, POSRGYZER F L CHIR LT, AHIEZ KK O R iK TR L. K
il v Y o A THERESE, BWEZBTEEE L, S50 7-F8E (438 mg) 27 /=3
KM FCTHAKY 7 oo A X UK (10 mL) ICfE L., (+)-10-4 > 7 7 — A L7k g (9.3
mg, 0.040 mmol) % 0 °C TMMX 7z, USRS Z LR L. fafikigKkEFT MY v
LOKTEMR TS Z A5 1L S8, BEfg—F /LTIl L7, AR 2K &K Oafi ik ook
L, BRI N ULATHBESY, B2 RBEEE L, BREEXS VD TNVT T
VAT hIaw NTT T 40— (XY UIEEBTT L = 3/1-2/1) THE L, bEW 11
(236 mg, {LAW 1005 2 R T 55%) 2 HER & LT,

'H NMR (500 MHz, CDCls) §: 9.04 (1H, br s) , 7.65 (1H, s), 6.20 (1H, s), 5.34 (1H,t, J = 3.0
Hz), 4.36 (1H, d, J = 3.0 Hz), 3.93 (1H, d, J = 3.0 Hz), 3.85, 3.81 (2H, ABq, J = 11.0 Hz), 3.77—
3.71 (2H, m), 2.18 (1H, br s), 1.95 (3H, s), 0.96 (9H, s) , 0.92 (9H, s), 0.17 (3H, s) , 0.15 (3H, s),
0.12 (3H, s), 0.11 (3H, s). **C NMR (126 MHz, CDCls) §: 163.7, 149.8, 134.0, 110.7, 105.7, 93.9,
85.5, 77.1, 64.8, 63.4, 60.7, 26.1, 25.6, 18.8, 18.0, 12.6, —4.51, —4.90, —4.97, -5.49. IR (ATR) v
3174, 3064, 2953, 2930, 2886, 2857, 1697, 1471 cm™. HRMS (ESI): Calcd for
C24H14N2NaOsSiz [M + Na]*, 567.2534; found, 567.2530.

0
TBSOT ©
COOH

12

bW 12: b4 11 (915 mg, 1.7 mmol) 7 & F =k VLK (1: 1) ¥i#E (40 mL) i2., (2
TEhFa—R)R_Ro¥r (149, 42 mmol) 182,2,6,6-7 T AFLERY D14
X7 Y H/L (105 mg, 0.67 mmol) Z Nz 7=, IREWE=SIET 4 B L7=%. fafn
FARREET N U U LKER CRISEAE LS, ZaakR/ L AT Lz, AiE%Z K
F OB CHed L, BKAEE ) Y v ATl s, W2 TR L L, 7%
B VATNTTyallTdghrsu~x NI T7 44— (ZRraR)VA[AZ ) —)b =
10/1) THERL L. {bE% 12 (634 mg, 68%) & AMAEAK L L TH 72,

'H NMR (500 MHz, CD30D) §: 7.66 (1H, s), 6.26 (1H, s), 5.61 (1H, s), 4.57 (1H, d, J = 3.0 Hz),
4.07 (1H, d, J = 3.0 Hz), 3.86 (2H, s), 1.90 (3H, s), 0.98 (9H, s), 0.93 (9H, s), 0.19 (3H, s), 0.18
(3H, s), 0.15 (3H, s), 0.12 (3H, s). 3C NMR (126 MHz, CD30D) ¢: 168.9, 166.3, 151.8, 136.0,
111.2, 107.3, 90.8, 87.2, 78.6, 66.6, 61.8, 26.6, 26.2, 19.6, 19.0, 12.9, —4.3, —4.6, —4.8, -5.2. IR
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(ATR) v: 3168, 3086, 2953, 2929, 2888, 2857, 1754, 1698, 1651 cm 1. HRMS (ESI): Calcd for
C24H12N2NaOgSi> [M + Na]*, 581.2327; found, 581.2329.

LAY 14: L& 12 (484 mg, 0.87 mmol) D N,N-2 A F LRV AT 2 REEHE (8 mL) 12,
N-bt Raf 7%/ A4 I K (255 mg, 1.6 mmol) XN 1-=F/L-3- (3-V AF /T I ) 7'm
BV VIR YA X REREH (299 mg, 1.6 mmol) Z 1% 7=, MUSIRGY) % 55 T 2.5 I
R L%, MUSZEKTEIESE, BT L CHIRLT-, AE % faf K cu
L, EOKGEEEST N U LTS, BWIZBIERE L, 156727 (847 mg)
Z14-UA XY ARIR B mL) [ZEE L, N> F o AT /L (482 mg, 1.9 mmol) KTk U
A2-7 ==Y TF ) AU A ) ((B.7mg, 87umol) Mz, T/AIL N7
7 T30l LTc, BROSEAY Z =R TR L, 32 W 2 X7 Motk 2 St L7,
3 BRI L7tt, AT E L, VIV T Ty ahThrua~w T T 74
— (ZvuakR/VLl AKX ) —/ =100/1-10/1) THHE L7z, S5 7-F R (206 mg) % &
KTZRZb Fa77 8K @G mL) IZERL, T R 7FAT =087 0F ) R (1
MF FJ b Ko7 J 8k, 0.88 mL, 0.88 mmol) ZiN%. FRUSIRAW %2515 T 1 e
L%, BZBERE L, B2 VDAV T T vahTrrsa~w N5
4 — (ZaaiR)VAl AKX ) —)L=20/1-10/1) TR L. (L&Y 14 (80 mg, (LAY 12 /5
3 B T 32%) & HAaEIR S LT,

'H NMR (500 MHz, CD30D) ¢: 8.03 (1H, d, J = 1.0 Hz), 6.22 (1H, s), 5.32 (1H, d, J = 6.0 Hz),
5.01 (1H, d, J = 6.0 Hz), 4.34 (1H, d, J = 3.0 Hz), 3.94 (1H, d, J = 3.0 Hz), 3.75, 3.69 (2H, ABq,
J =12.0 Hz), 1.86 (3H, d, J = 1.0 Hz). **C NMR (126 MHz, CD30D) §: 166.5, 151.9, 136.8,
110.9, 106.7, 87.8, 86.5, 78.7, 66.2, 60.0, 12.6. IR (ATR) v: 3394, 3218, 3069, 2928, 2823, 1687
cm™t. HRMS (CI): Calcd for C11H1sN207 [M + H]*, 287.0879; found, 287.0877.
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& 15: TV UKFE T, 44-Y A R b U FLrm Y R (160 mg, 0.47 mmol) %1k

&%) 14 (80 mg, 0.28 mmol) DMK YU ¥ PRI (2 mL) I[Nz 7z, RISIREW # IR T 2
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BRI U721, 44-0 A R MU F 27 Y K (75 mg, 0.22 mmol) iz, X 5IZ
LS5 REEER L7z, H VT, S HIC44-U A FFXT FUFv27a U K (38 mg, 0.11 mmol)
A, ROSREWZ VR L%, fafnmigKsE T MY o AKEER CRS & & 1k
SH, Wi FUCAHAR LT, A#EZfREBAKET N U LKER K Ot
KT L., BARERT NY U ACHERSY, W2 BIEREE L, EBEE A7
NT T yvahhTdihrsa<s T T7 40— (XY UERTT L = 1/1-1/2) THRERL, b
A% 15 (161 mg, 98%) Z iR AR E L CH57,

'H NMR (500 MHz, CDCl3) §: 8.55 (1H, br s), 7.76 (1H, d, J = 1.0 Hz), 7.43-7.23 (9H, m),
6.86-6.84 (4H, m), 6.22 (1H, s), 5.25 (1H, d, J = 6.0 Hz), 4.99 (1H, d, J = 6.0 Hz), 4.47 (1H, d, J
= 3.0 Hz), 4.30 (1H, dd, J = 12.0 and 3.0 Hz), 3.79 (3H, s), 3.79 (3H, s), 3.47, 3.49 (2H, ABq, J
= 10.0 Hz), 2.81 (1H, d, J = 12.0 Hz), 1.28 (3H, d, J = 1.0 Hz). *C NMR (126 MHz, CDCls) ¢:
163.4, 158.8, 158.8, 149.7, 143.8, 134.9, 134.7, 134.1, 130.1, 130.1, 128.1, 128.1, 127.3, 113.4,
111.3, 105.8, 87.3, 86.7, 85.2, 77.4, 66.5, 60.5, 55.2, 11.9. IR (ATR) v: 3435, 3192, 3069, 3037,
3005, 2951, 2932, 2902, 2836, 1686 cm . HRMS (ESI): Calcd for C32H32N2NaOg [M + Na]*,
611.2006; found, 611.2008.
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Me\fJ\NH
DMTrO /&
:O:

N™ ~O
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b 16: 7V IR T, 2-3 7 J = FIIUNN-A Y Fa L rsuaaRArarT I A
4k (0.17 mL, 0.77 mmol) Z{tE4 9 (114 mg, 0.19 mmol) X OXN,N-V A ¥ 7 a2 e /L=F
L7 X2 (040 mL, 2.3 mmol) DK 7 v A X YR (2 mL) (2 0°C THlA 72, KO
IR 72 BT VRFFIEER Lo, fafREE/KE T F U U LKEIK TS 45 1k S
Filg =T L TR LTz, AR 2 KR OBk Cld L, KmEE>T MU o AT
WS, BWHEZBIEE E L, REE VDTN T TGy aidhrua~v NI T 7
4 — (T U TV = 2/1-1/1) TR L, (LA 15 (133 mg, 88%) % HfalE{k &
L TH7,

IH NMR (300 MHz, CDCl3) 6: 8.12 (1H, brs), 7.84 (0.5H, s), 7.82 (0.5H, s), 7.42-7.38 (2H, m),
7.34-7.24 (TH, m), 6.87-6.81 (4H, m), 6.22 (0.5H, s), 6.21 (0.5H, ), 5.28-5.24 (1H, m), 5.02—
4.99 (1H, m), 4.65 (0.5H, d, J = 3.0 Hz), 4.54 (0.5H, d, J = 3.0 Hz), 4.39-4.30 (1H, m), 3.94—
3.35 (12H, m), 2.64-2.60 (1H, m), 2.49-2.31 (1H, m), 1.22-1.05 (15H, m). 3C NMR (126 MHz,
CDCl3) o: 163.6, 163.5, 159.0, 158.9, 158.9, 158.9, 149.8, 149.7, 143.8, 143.5, 134.8, 134.6,
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134.2, 134.1, 130.5, 130.5, 130.3, 130.3, 128.6, 128.4, 128.0, 128.0, 127.5, 127.3, 117.4, 117 .4,
113.3, 113.2, 111.2, 111.2, 105.6-105.5 (m), 87.3, 87.2, 86.6, 86.6, 86.0, 76.5 (d, J = 3.0 Hz),
75.8 (d, J = 3.0 Hz), 67.1 (d, J = 13.9 Hz), 66.4 (d, J = 18.8 Hz), 60.7, 60.5, 58.5 (d, J = 17.8 Hz),
57.9 (d, J = 18.8 Hz), 55.3, 55.2, 43.6, 43.5, 43.5, 43.4, 24.6, 24.6, 24.6, 24.6, 24.5, 24.5, 24.5,
24.4,20.4 (d, J = 5.9 Hz), 20.2 (d, J = 6.0 Hz), 11.7, 11.6. 3P NMR (202 MHz, CDCls) 6: 150.3,
149.6. IR (ATR) v: 3169, 3064, 3034, 3003, 2966, 2931, 2887, 2837, 1688 cm*. HRMS (ESI):
Calcd for Cs1Hs9N4NaO10P [M + Na]*, 811.3084; found, 811.3083.
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X s SRR AT
LA 31T b=k U A & FAES L=, K5 DF — 4 % Table 9 127,

Table 9. Crystallographic and refinement parameters of compound 3

3
Empirical formula C12H16N207
Formula weight 300.27
Crystal dimensions 0.2 x0.35x 0.35 mm
Crystal system Monoclinic
Space group P21 (#4)
alA 10.7122 (17)
b/A 10.9090 (16)
c/A 13.2906 (17)
o/ deg 90
B/ deg 104.3770 (10)
v/ deg 90
Volume / A3 1504.5 (4)
YA 4
Density (calc.) / g/ cm? 1.326
Fooo 632
Reflections collected 7610
Unique reflections 4754
Rint 0.0237
Absorption coefficient / mm™ 0.110
R1 [1>2.00c(1)] 0.0466
WR2 (All reflections) 0.1472
Goodness-of-fit on F? 1.027
Largest diff. peak / hole / e A3 0.322/-0.297
CCDC No. 2177499
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TV IXT VAF FOAKK

RAKRBT IXA FMES, 10, dAB? sk AR 7 X 4 A b (Glen Research), dGBY 7k & 7 1

7 I %4 b (Glen Research)., dCB? 7R 2717 I # 4 k (Glen Research), dT A& rm 7

I 4 A b (Glen Research) X ONINAT sk 2R 7 X # A b (2 A« /34 ), ENAT 5k =0k

a7 I XA N (W RERET), dPMCA KRB e T I XA b (AR XAKTE = |

UVRIRICEE L, 01 MBS LTz, RARB T IZA ME 16 1Z7 8 F=F UL
smanAXL (3:2) WRIZEML, 0L MR E L=z, AV 3X 7 LAF Nk nS-811
DNA HEIAHHE (—r T A 2) 2T, 025 M 5-(=F LF 4)-1H-T b7V —)1
(ETT) 7% b=k UV WEREZEM(LAIE LT, 0.2 umol A7 — /L CAK L7z, ON26-
ON28 [Z D\ TidL CUTAG CPG (Merck), DoAY X 7 LA F RIZOWTIL AT 28

FHEF X 7= CPG [EFHHEIK (Biosearch Technologies) i L7=, AR BT I XA MMAS5,
10, 16, "NAT dR2xF a7 I XA h, BNAT RRAAR a7 I XA MMZIEM DMTr{b% 10 #%2,
T 7Tk 10 FICRE L, ZFOMO b DITEESEY A 7 v (R FALFor'—

R) (ZHE> THRK LTz, Ath. =T 15 FEHE, 28% 7 v =7 /KIFIK CAFT 5 =

EIZLY CPG RSl Lz, AV X7 LAF RO TOMRHERLIT 55 °C, 16 IF

[H, 28% 7> E=T KER CUBLT 5 Z LIC LV BifRiE L7, 36727k % Sep-Pak
Plus C18 (Waters) 71— F U w27 774 L, 1% TFA IR Z i+ Z L2k v 5-0-

DMTr % [iiffe# Uiz, WBfSHi=A4 Y X7 AT RiZfik] HPLC 12X ) S5 TR L

7=o HPLC IZ FREDFRMFITTHEM L7z, HONIHHOA Y I X7 LAF R ESI-MS

7 — 4 | Table 10 {2/~ T,

ON2-ON5, ON9-ON17, ON19-ON23, ON26, ON27, ON31, ON32, ON38, ON39, ON43-
ON47, ON51-ON53:

ODS column = XBridge® Oligonucleotides BEH C18 OBD Prep Column (10 x 50 mm) at 40 °C,

flow rate = 2 mL/min, | = 254 nm, eluents a/b = 95/5 to 85/15 for 30 min; a = 0.1 M

triethylammonium acetate (pH 7), b = MeCN.

ON33, ON34, ON48, ON49:

ODS column = XBridge® Oligonucleotides BEH C18 OBD Prep Column (10 x 50 mm) at 40 °C,

flow rate = 2 mL/min, | = 254 nm, eluents a/b = 92/8 to 82/18 for 30 min; a = 0.1 M

triethylammonium acetate (pH 7), b = MeCN.

T HIZE

FEAHSH RNA (7212 DNA) & O “HEHHO TnlIE TiX, RAEBEN 10 mM U ) R Y

v LERFER (pH 7.0), 200 MM NaCl, 25 uM 4V X7 LA F RiZeb K olcho 7

AWML=, 7V EIERTIC 100 °C THALTrY =—/ L, Z20%k, ERE T

S WAL=, UV ElfRERIZ. o 7% 20 °C 725 90 °C £ THIE L. JKE 260
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nm OW G 2 AR 0.5 °C/4y Tridk L7z, TefEIZE S UV ElfRERHER 2 B
THHRIEIC LV EH L, 3EOMN LI EBROFHEE R L L,

THH DNA L O=HEHHD Tn ME T, HARED 10 mM U T kU 7 DFRER
(pH 7.0), 200 mM KCI, 5mM MgCl,, 15uM AV IX 7 LA F RiZz/edb X olch o7
VAR L2, o OVIREIERC 100 °C THEAL CT7 =— L, 20O, RiEE T
Do VHEIT LT, UV EfRERRIZ, > 7% 10°C 5 90 °C £ THIE L. HE 260
nm DWW EEZAY Z AR 0.5 °C/l4y Tiidk L7z, TmfEIXfS HAv7e UV RlfgdhfR 2 FH
THIHRE (ON34, ON39, ON44, ON49 [ If53iE) I L W B L, 3[EIOMMSL L 72RO
PEZ R & LT,

CD I

CD JIE CITiRAIEE2Y 200 mM NaCl, 10 mM U > g b U o AREfEHR (pH 7.0). 2.5
UM A4 U X7 LAF RIZRb ko 7zl Lz, CD A7 FiE 25 °C,
340-200 nm Trtdk L7,

X7 LT — PP

AL TR E 2% 0.01 unit/mL Crotalus adamanteus 778 A 7x ¥ = 27 Z —¥  (Worthington
Biochemical Corp.). 50 mM Tris-HCI (pH 8.0), 10 mM MgCly, 7.5 uM Y X7 L A F
RIZ/e D Kol 7 VAR L, 37 °C THEM L7, YIWRIL 37 °C TITo7z, %
BOSIRA Y O —H 2 — EReRIFRE CEREL L, 100 °C T 10 43 FINEL L TEESR 2 NGk L
T=o BRELLIZV > 70— %3 HPLC THoMr Liz, BFET ekt axX7 1
AT ROEIGZFFE L, FEICH L7 ey b L7, HPLC /98T FREO &M
FhE L 7=,

ON22, ON23, ON25, ON26-ON28:

ODS column = XBridge™ Shield RP18 (4.6 x 50 mm) at 40 °C, flow rate = 1 mL/min, | = 254
nm, eluents a/b = 95/5 to 87/13 for 30 min; a = 0.1 M triethylammonium acetate (pH 7), b =
MeCN.

ONZ24:

ODS column = XBridge™ Shield RP18 (4.6 x 50 mm) at 40 °C, flow rate = 1 mL/min, | = 254
nm, eluents a/b = 93/7 to 89/11 for 60 min; a = 0.1 M triethylammonium acetate (pH 7), b =
MeCN.
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Table 10. Sequences of ONs and ESI-MS data [M] of new ONs

ON Molecular formula Found Calcd.

ON1 -a

ON2 C120H152N41076P11 3726.00 3725.46
ON3 C122H154N41078P11 3784.00 3783.49
ON4 C1220H154N41078P11 3783.60 3783.49
ON5 C126H158N41082P11 3899.90 3899.57
ONG6 b

ON7 b

ON8 -

ON9 C122H150N41078P11 3779.90 3779.46
ON10 C120H152N41075P11 3710.00 3709.46
ON11 C122H154N41076P11 3752.00 3751.50
ON12 C122H154N41076P11 3752.00 3751.50
ON13 C126H158N41078P11 3836.00 3835.57
ON14 C119H150N41076P11 3710.50 3711.43
ON15 C120H150N41078P11 3755.50 3755.44
ON16 C120H150N41078P11 3755.50 3755.44
ON17 C122H150N41082P11 3842.50 3843.46
ON18 -2

ON19 C121H154N41076P11 3739.90 3739.49
ON20 C123H156N41078P11 3797.90 3797.52
ON21 C123H156N41078P11 3797.80 3797.52
ON22 C102H133N20070P9 3038.30 3038.02
ONZ23 C101H131N20070P9 3023.50 3023.99
ON24 b

ON25 -2

ONZ26 Co2H120N18063P 2734.20 2733.83
ON27 Co1H118N18063Ps 2719.50 2719.80
ON28 €

ON29 -2

ON30 Ci142H189N32094P13 4251.30 4250.86
ON31 C146H193N32098P13 4367.30 4366.94
ON32 Ci146H193N32098P13 4367.70 4366.94
ON33 Ci150H197N320102P13 4483.40 4483.01
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ON34 C150H197N320102P13 4483.60 4483.01
ON35 -
ON36 -
ON37 -
ON38 C145H187N32097P13 4333.60 4332.88
ON39 C145H187N32097P13 4333.50 4332.88
ON40 -
ON41 -
ON42 €
ON43 C150H197N32097P13 4403.60 4403.01
ON44 C150H197N32097P13 4403.70 4403.01
ON45 C141H187N32094P13 4236.50 4236.84
ON46 C143H187N320098P13 4324.50 4324.85
ON47 C143H187N32098P13 4324.50 4324.85
ON48 C145H187N320102P13 4411.50 4412.87
ONA49 C145H187N320102P13 4411.50 4412.87
ON50 -2
ON51 C142H190N33093P13 4250.40 4249.88
ON52 C146H194N33097P13 4366.40 4365.95
ON53 Ci146H194N33097P13 4366.40 4365.95
®Purchased.

bReported in our previous paper (J. Org. Chem. 2019, 84, 13336-13344).
‘Reported in our previous paper (J. Org. Chem. 2019, 84, 9093-9100).
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o}
TBSO\['O
OAc
17

{bEW 17: 7 I 50% B BEKEERE (22 uL, 0.23 mmol) X ON4-AF LT I ) BV
> (2.3 mg, 0.019 mmol) Z1{t.&4 11 (105 mg, 0.19 mmol) DK BV 2 L ¥k (2 mL) IRk
(CINZ Tz, BOSIRA W 2 =5 T 2 AR L 7o %, K TS ZEIE S, Fiig—F /LT
WRUT-, AEZKLKORMEEKTHRE L, BARET N U LATRERISE, &
WABERE LT, WEEZ VDTN T Ty ahhTbhravw v 77 4— (TPl
FEf— T /L = 2/1) TR L, (L& 17 (109 mg, 96%) % HEGE K L LTz,

'H NMR (500 MHz, CDCl3) &: 9.12 (1H, br s) , 7.65 (1H, d, J = 1.0 Hz), 6.19 (1H, s), 5.39 (1H,
t,J=4.5Hz), 4.34 (1H, d, J = 3.0 Hz), 4.21 (1H, dd, J = 12.0 and 4.0 Hz), 4.15 (1H, dd, J = 12.0
and 4.0 Hz), 3.91 (1H, d, J = 3.0 Hz), 3.84, 3.79 (2H, ABq, J = 11.0 Hz), 2.11 (3H, s), 1.95 (3H,
d, J=1.0 Hz), 0.96 (9H, s), 0.92 (9H, s), 0.17 (3H, s), 0.14 (3H, s), 0.11 (3H, s), 0.08 (3H, s). 3C
NMR (126 MHz, CDCls) ¢: 170.5, 163.8, 149.9, 134.1, 110.7, 105.9, 92.2, 85.5, 77.2, 64.9, 64.6,
60.7, 26.1, 25.6, 20.8, 18.8, 18.0, 12.6, —4.38, —4.90, —5.43. IR (ATR) v: 3196, 3067, 2954, 2929,
2886, 2857, 1749, 1697 cm™. HRMS (ESI): Calcd for C26HasN2NaOSi> [M + Na]*, 609.2640;
found, 609.2640.

18
L& 18: TV VR F. T I T FATE=LT7LAEY R (AM T 7k R
7 T R, 1.4 mL, 1.4 mmol) 2154 17 (381 mg, 0.65 mmol) KT F T K7 F
VYRR (8 mL) ([l z, RISIRAWZEIR T 1.5 R Lok, W2 WIEE £ L,
Wiz Vh AN T Ty ahThrax T T 7 40— (ZaaRVAhAX ) —)L =
20/1) THERLL . {LA&W 18 (201 mg, 86%) % Al (A & L T 7=,
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IH NMR (500 MHz, CDsOD) &: 8.01 (1H, s), 6.22 (1H, s), 5.49 (1H, t, J = 4.0 Hz), 4.42 (1H, d,
J=3.0Hz), 4.27-4.21 (2H, m), 3.96 (1H, d, J = 3.0 Hz), 3.76, 3.72 (2H, ABq, J = 12.0 Hz), 2.08
(3H, s), 1.86 (3H, ). 3C NMR (126 MHz, CD3;0D) ¢&: 172.2, 166.5, 151.9, 136.7, 111.0, 107.1,
93.8, 86.6, 79.0, 65.7, 65.2, 59.9, 20.5, 12.6. IR (ATR) v: 3428, 3213, 3070, 2959, 2931, 2824,
1740, 1683 cm™*. HRMS (ESI): Calcd for C14H1sN2NaOs [M + Na]*, 381.0910; found, 381.0910.

OAc
19

BB 19: TVIKH T, 44- A RXv MU Fr Y R (323 mg, 0.95 mmol) %1t
A% 18 (201 mg, 0.56 mmol) DMK Y AR (5 mL) 2Nz 7=, SIGIRE W % 5 K
PR LI2%, 44-UA R R UF 27l K (152 mg, 0.45 mmol) Zx., & 52 17
REHREE L7, RONMBE AW Z fafnmie Kz T N U U LKEIR TROG 215 1 S8, B
TFVTHR LT, AHIEZ K&K O EEAK TG L, EARET MU ¥ L T
SH, WA BEREE L, BEEZVIVDTFNVT Ty vahTrhrua~x NI T7 4—
(~F Y U T L = U1-7 a RV A AKX ) —)L =5/1) THR L, (L& 19 (346
mg, 93%) & H@EAEE L THT,

'H NMR (500 MHz, CDCls) 0: 8.85 (1H, brs), 7.75 (1H, s), 7.42-7.23 (9H, m), 6.85 (4H, d, J =
8.0 Hz), 6.21 (1H, s), 5.40 (1H, br), 4.52 (1H, d, J = 3.0 Hz), 4.33 (1H, dd, J = 12.0 and 3.0 Hz),
4.23 (1H, dd, J = 12.0 and 2.5 Hz), 4.18 (1H, dd, J = 12.0 and 2.5 Hz), 3.79 (6H, s), 3.50, 3.41
(2H, ABg, J = 10.0 Hz), 2.95 (1H, d, J = 12.0 Hz), 2.11 (3H, s), 1.25 (3H, s). 1°C NMR (126
MHz, CDCl3) §: 170.1, 163.5, 158.8, 158.8, 149.8, 143.8, 134.9, 134.6, 134.0, 130.1, 130.1,
128.1, 128.1, 127.3, 113.4, 111.4, 106.0, 92.2, 87.3, 85.3, 77.5, 66.0, 63.4, 60.4, 55.2, 20.7, 11.9.
IR (ATR) v: 3182, 3067, 3036, 3003, 2955, 2907, 1747, 1690 cm*. HRMS (ESI): Calcd for
CssH3sN2NaO11 [M + Na]*, 683.2217; found, 683.2213.

© O
iProN.__O
e

NC/\/O OAc
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{bEW 20 T UETE T, 2-> 7 J=F)LNN-VA V7Fut/LraapRAriar I A
4 b (0.16 mL, 0.71 mmol) Z{t54 19 (94 mg, 0.14 mmol) X TXN,N-V A Y 7' m /L
LT 22 (0.37mL, 2.1 mmol) DK 7 ma A X ) DR (1:1,4mL) (2 0°C T
MZ Tz, RONREGY 2 IR C 2RI U728, fEFRIE/KFE T U U LK CRIG
il S8, FiR= L TR L, AREE 2 /K R Ofafn ik Toeid L, KA
TR U LTHBESYE, WEZBIEEE LT, REZ VDTNV T Ty allT LT
0~ 777 4 — (~NFY UMV = 11) TR L. LAY 20 (88 mg, 72%) %
BER & LT,

IH NMR (500 MHz, CDCl3) §: 8.70-8.38 (1H, br), 7.80-7.79 (1H, m), 7.79 (0.4H, d, J = 1.0 Hz),
7.42-7.39 (2H, m), 7.33-7.25 (7H, m), 6.87-6.82 (4H, m), 6.21 (0.4H, s), 6.20 (0.6H, s), 5.41—
5.37 (1H, m), 4.68-4.66 (1H, m), 4.39-4.34 (1H, m), 4.19-4.05 (2H, m), 3.92-3.46 (11H, m),
3.42-3.38 (1H, m), 2.68-2.56 (1H, m), 2.45-2.35 (1H, m), 2.07 (1L.2H, s), 2.07 (1.8H, s), 1.31—
1.06 (15H, m). 3C NMR (125 MHz, CDCls) §: 170.3, 163.7, 163.5, 158.9, 158.9, 158.8, 150.0,
149.8, 143.7, 143.6, 134.8, 134.6, 134.6, 134.1, 134.0, 130.4, 130.4, 130.3, 128.5, 128.4, 128.0,
127.4,127.3,117.4, 113.3, 113.3, 111.2, 111.2, 105.9 (d, J = 6.9 Hz), 105.6 (d, J = 7.9 Hz), 92.3,
92.2, 87.2, 86.1, 86.0, 75.8 (d, J = 2.0 Hz), 66.8 (d, J = 12.9 Hz), 66.2 (d, J = 16.8 Hz), 64.5,
64.3, 60.5, 60.3, 58.2 (d, J = 17.9 Hz), 57.5 (d, J = 18.8 Hz), 55.3, 55.2, 43.4, 43.3, 24.6, 24.6,
24.6, 24.6, 24.5, 245, 20.8, 20.7, 20.4 (d, J = 7.0 Hz), 20.2 (d, J = 6.9 Hz), 11.7, 11.7. 3'P NMR
(202 MHz, CDCls) §: 150.0, 149.7. IR (ATR) v: 3168, 3059, 2966, 2932, 2882, 2837, 1746,
1686, 1607 cm™. HRMS (ESI): Calcd for CasHssNsNaO1P [M + Na]*, 883.3295; found,
883.3296.

o
TBSO\E'O
OH

21

k&2l 7R E. T EY 7 a T2 (18 yL, 0.12 mmol) O
V7 vnu A F e —7 b (15 L, 0.11 mmol) 21454 11 (51 mg, 0.093 mmol) DMK T k
T RR7Z IR (2 mL) 120 °C TINA 7z, KINEAY % =BIE T 2 R L7,
ORI FET N U U LK CROS ZfF 1k S, B F AL CHIR LT, AigE%
AR ORI IR CHeye U, BKAREE T N U U ATz S, WA B £ LTz,
Wik VTN T Ty ahhTbhruax 87T 74— (~FYUfgR-FL =3/1) T
FERLL . (LA 21 (47 mg, 76%) & [ aE AR L LT,
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IH NMR (500 MHz, CDCls) §: 7.59 (1H, s), 7.38-7.25 (5H, m), 6.19 (1H, s), 5.52, 5.47 (2H,
ABgq, J = 9.5 Hz), 5.34 (1H, t, J = 3.0 Hz), 4.72 (2H, s), 4.34 (1H, d, J = 3.0 Hz), 3.92 (1H, d, J =
3.0 Hz), 3.84, 3.81 (2H, ABg, J = 11.0 Hz), 3.77-3.69 (2H, m), 2.06 (1H, t, J = 6.0 Hz), 1.95 (3H,
5), 0.96 (9H, s), 0.92 (9H, s), 0.17 (3H, 5), 0.15 (3H, 5), 0.12 (3H, ), 0.10 (3H, 5). 13C NMR (126
MHz, CDCls) J: 163.2, 150.6, 137.8, 132.7, 128.3, 127.7, 127.7, 110.2, 105.7, 93.9, 85.9, 77.2,
72.4,70.4, 65.0, 63.5, 60.7, 26.1, 25.6, 18.8, 18.0, 13.3, —4.5, —4.9, 4.9, -5.5. IR (ATR) v: 3496,
3070, 2953, 2929, 2885, 2857, 1709, 1666 cm*. HRMS (ESI): Calcd for CaoHs2N2NaOsSiz [M +
Na]*, 687.3109; found, 687.3108.

Mefk _BOM
N
T85O A
0
0
TBSO\(O

OMe
22

L& 22: 72 &0 T, ABE 21 (136 mg, 0.21 mmol) O#KT = b U EE#E (3 mL)
12, R{EER () (371 mg, 1.6 mmol) K TN=— K X F /b (13 uL, 2.1 mmol) Z Nz 7=, BOGIR
AW EREET, BIE T2 AR L%, B T4 TR L, WEEZBIER £ LZ, Bk
BVVRTNT T yalliThru~v NTT T 4 — (X UIEEEET TV = 5/1) TR
L. {b&® 22 (134 mg, 97%) % MEipkE & L THET-,

IH NMR (500 MHz, CDCl3) 8: 7.61 (1H, d, J = 1.0 Hz), 7.38-7.26 (S5H, m), 6.18 (LH, s), 5.51,
5.47 (2H, ABg, J = 9.5 Hz), 5.38 (1H, t, J = 4.5 Hz), 4.71 (2H, s), 4.31 (1H, d, J = 3.0 Hz), 3.89
(1H, d, J = 3.0 Hz), 3.86, 3.79 (2H, ABq, J = 11.0 Hz), 3.58-3.52 (2H, m), 3.42 (3H, 5), 1.94 (3H,
d, J = 1.0 Hz), 0.95 (9H, s), 0.92 (9H, s), 0.15 (3H, s), 0.13 (3H, s), 0.10 (3H, 5), 0.08 (3H, 3).
13C NMR (126 MHz, CDCls3) ¢: 163.3, 150.6, 137.8, 132.9, 128.3, 127.7, 127.7, 110.0, 105.8,
93.3,85.9, 77.2, 73.4, 72.3, 70.4, 65.0, 60.8, 59.7, 26.1, 25.6, 18.8, 18.0, 13.3, 4.4, —4.9, —4.9,
—5.5. IR (ATR) v: 2953, 2928, 2884, 2857, 1711, 1666 cm™:. HRMS (ESI): Calcd for
Ca3Hs4N2NaOgSio> [M + Na]*, 701.3266; found, 701.3267.
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LA 23: {bA¥ 22 (380 mg, 0.56 mmol) & A & / — VIR (14 mL) (23R L. Kigfb X
7Y (380 mg) ZMNZ T, IR TKERMR N, FESE, NEEWEZ 1 FRFER
L%k, 874 PCIEE L, WA BIEREE L, RIZ, AX 7 —vZ7aakLAh
(2:1) ik (A5 mL) Hoo v U =F LT 22 (7.8 uL, 0.056 mmol) Mz 7-, KISREW %
HIET IR L%, BIHEZBIERE L, BEEZS VDTN T T ahTAhYT
0~ h7 77 4— (~FY UM F L =2/1) THE L, (L& 23 (300 mg, 96%) % H
R s LT,

'H NMR (500 MHz, CDCls) : 8.80 (1H, brs), 7.66 (1H, d, J = 1.0 Hz), 6.18 (1H, s), 5.37 (1H, t,
J=45Hz),4.32 (1H, d, J = 3.0 Hz), 3.90 (1H, d, J = 3.0 Hz), 3.86, 3.80 (2H, ABq, J = 11.0 Hz),
3.57-3.51 (2H, m), 3.42 (3H, s), 1.94 (3H, d, J = 1.0 Hz), 0.95 (9H, s), 0.92 (9H, s), 0.16 (3H, s),
0.13 (3H,s), 0.10 (3H, s), 0.08 (3H, s). 3*C NMR (126 MHz, CDCls) J: 163.6, 149.7, 134.2,
110.5, 105.8, 93.2, 85.6, 77.1, 73.4, 64.9, 60.8, 59.7, 26.1, 25.6, 18.8, 18.0, 12.6, —4.4, —4.9, —4.9,
-5.5. IR (ATR) v: 3167, 3034, 2953, 2928, 2885, 2857, 1693 cm . HRMS (ESI): Calcd for
CasHsN2NaOsSiz [M + Na]*, 581.2690; found, 581.2690.

OMe
24

&M 24: TV R F. TR I T FATE=LATIALAY R (AMT 7k R
7 7 VR, 1.3 mL, 1.3 mmol) Z1{t&% 23 (300 mg, 0.54 mmol) DEEKT R T Ka 7o
VR (10 mL) I2hn &, RONEAY 2 EIR T LIRFEHRE L%, W2 EE L LT,
Wiz v VW oNT Ty vahhThrux T T 74— (ZaaR)VAhAL ) —)b =
20/1-10/1) THERLL . L&) 24 (165 mg, 93%) % [ AE A & L CTHE7-,

'H NMR (500 MHz, CDs0D) 6: 8.01 (1H, s), 6.22 (1H, s), 5.42 (1H, t, J = 4.0 Hz), 4.39 (1H, d,
J=3.0Hz),3.95 (1H, d, J = 3.0 Hz), 3.75, 3.71 (2H, ABq, J = 12.0 Hz), 3.59 (2H, d, J = 4.0 Hz),
3.42 (3H, s), 1.87 (3H, s). *C NMR (126 MHz, CDs;0D) §: 166.5, 151.9, 136.7, 110.9, 107.0,
95.0, 86.7, 79.0, 74.0, 65.8, 60.0, 59.9, 12.6. IR (ATR) v: 3423, 3209, 3067, 2933, 2826, 1686
cm. HRMS (ESI): Calcd for C13H17N2Os [M — H] ", 329.0985; found, 329.0987.
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25
B 25: TV UK R, 44-P A RFY MU F 7Y R (288 mg, 0.85 mmol) %1k
&) 24 (165 mg, 0.50 mmol) DK E Y & K (6 mL) (IZNx 7=, KINRAEW % =R T
2 BERRHE L2, 4-PAF AT 2/ E Y P (31 mg, 0.25 mmol) i1z, & 512 41
MR L7=, SV T, & BIC44-UA X U F A2l K (136 mg, 0.40 mmol) %
Nz 17 WA L7tk fafREEKFET N U U LKER TR Z 5L S8, Fifg—
FNTHIN Uz, GHEZaFREEKET N U 7 LKER K O fn &5 K THEE L,
MRS U U ATHEBRIE, WIEZHEEE L, BEEZ VDTNV T Ty va
AT Lra< T 77— (NFYUERBRT TV = 3/2-1/3) TR L, &% 25 (316
mg, & &M) & [AafEE & LT,
'H NMR (500 MHz, CDCl3) §: 8.28 (1H, br s), 7.77 (1H, d, J = 1.0 Hz), 7.42-7.23 (9H, m),
6.85-6.83 (4H, m), 6.18 (1H, s), 5.31 (1H, t, J = 2.0 Hz), 4.51 (1H, d, J = 3.0 Hz), 4.33 (1H, dd,
J=12.5and 3.0 Hz), 3.80 (3H, s), 3.79 (3H, s), 3.57-3.50 (3H, m), 3.44-3.40 (4H, m), 3.32 (1H,
d, J =125 Hz), 1.23 (3H, d, J = 1.0 Hz). *C NMR (126 MHz, CDCls) §: 163.3, 158.8, 158.8,
149.7, 143.8, 134.9, 134.7, 134.1, 130.2, 130.1, 128.2, 128.1, 127.3, 113.4, 111.2, 105.9, 93.5,
87.3, 85.5, 77.4, 72.2, 65.9, 60.5, 60.1, 55.2, 11.9. IR (ATR) v: 3479, 3190, 3068, 3037, 3002,
2933, 2836, 1687, 1607 cm*. HRMS (El): Calcd for CasHzsN2010 [M], 632.2370; found,
632.2373

& 26: TR L 2-3 7/ =F L NNN\N-T kT4 V7 a )Lk AR Y

7 XA b (0.10 mL, 0.33 mmol) Z{LA% 25 (51 mg, 0.081 mmol) } ¥ 5- (=F/LF %) -

1H-7 + 7 ' —/V (32 mg, 0.24 mmol) DMK T+ b=k U /WK (2 mL) (2l z 7=, St

IRAY % I T L5 REFIEE L7 th, fafiRRAKFE T MU ¥ LK% 0 °C TlZ T

JEEAT I S BRIV TR Lo, AE 2K RO &K oo L, BEKR

g b U U ATHEBESE, WA REREE L, Rz 0GEE 7 a~ N7 T 7 4 —
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(~FV R TV =13, P =F LT 2 v 1%) THELL, (LAWY 26 (17 mg, 26%) %
HEERE L TR,

'H NMR (500 MHz, CDCls) §: 8.55-8.50 (1H, br), 7.82-7.81 (1H, m), 7.41-7.38 (2H, m), 7.32—
7.24 (7TH, m), 6.86-6.81 (4H, m), 6.22, 6.21 (1H, sx2), 6.21 (0.6H, s), 5.40-5.36 (1H, m), 4.66—
4.64 (1H, m), 4.38-4.32 (1H, m), 3.91-3.37 (17H, m), 2.65-2.55 (1H, m), 2.46-2.33 (1H, m),
1.26-1.06 (15H, m). *3C NMR (126 MHz, CDCls) ¢: 163.7, 163.7, 158.9, 158.9, 158.8, 158.8,
149.9, 149.8, 143.8, 143.6, 134.9, 134.7, 134.7, 134.2, 134.1, 130.4, 130.4, 130.4, 130.3, 128.5,
128.4,128.0, 127.4, 127.3, 117.4, 117.4, 113.3, 113.2, 111.1, 111.1, 105.8 (d, J = 6.9 Hz), 105.6
(d,J=8.0Hz),93.4,93.2,87.2,86.1, 86.1, 75.8 (d, J = 3.0 Hz), 73.3, 73.2, 66.8 (d, J = 12.9 Hz),
66.2 (d, J = 16.9 Hz), 60.6, 60.4, 59.7, 59.6, 58.3 (d, J = 17.8 Hz), 57.6 (d, J = 19.8 Hz), 55.3,
55.2,43.4,43.3,24.7, 24.6, 24.6, 24.6, 24.6, 24.5, 20.4 (d, J = 6.9 Hz), 20.2 (d, J = 5.9 Hz), 11.7,
11.7. 3P NMR (202 MHz, CDCls) o: 149.7, 149.7. IR (ATR) v: 3171, 3067, 2966, 2930, 2881,
2836, 1687, 1607 cmt. HRMS (ESI): Calcd for Ca3HssN4NaO11P [M + Na]*, 855.3346; found,
855.3344.

(6]
TBSOY ©
T,
27

k&M 27: 7V, BEY Y2 (38 uL, 0.47 mmol) XNV 7 A m A X AL
R KY) (31 uL, 0.19 mmol) /&4 11 (51 mg, 93 umol) DK P 7 b X X IR
W (2 mL) 12 0°C T 7o, MINEAWZ 0°C T 2R L2, K CTRIGEEIEL,
ymau RN THI Uz, ARE 2K K O &K T L, BRI MY U A
THIMR S, WA 5 Lz, WIZ, B O 7% (65 mg) 2 7 /L 2 i [Tt
AKNN-TAFIHRNLLT IR (2mL) L, 72 MU 7 A (12 mg, 0.19 mmol)
MR T, ROSRGY 2 =T 20 FFFE#E L%, M= LV Cal Lz, AE%
KL ORI IR CPeygd U, KAREE T N U U A TR S, WA B £ LT,
BWEE VDTN T Ty ahTdgbhra~s NI T7 4— (~NFYUEEBTT L =2/1) T
L. L& 27 (L& 1175 2 BefE T 40 mg, 75%) # A EEIK L L TR,
IH NMR (500 MHz, CDCls) 6: 8.71 (1H, br s), 7.64 (1H, d, J = 1.0 Hz), 6.18 (LH, s), 5.34 (1H, t,
J=4.0Hz), 4.36 (1H, d, J = 3.0 Hz), 3.93 (1H, d, J = 3.0 Hz), 3.83, 3.79 (2H, ABq, J = 11.0 H2),
3.39 (1H, dd, J = 13.0 and 4.0 Hz), 3.34 (1H, dd, J = 13.0 and 4.0 Hz), 1.95 (3H, d, J = 1.0 H2),
0.96 (9H, s), 0.94 (9H, ), 0.17 (3H, s), 0.14 (3H, s), 0.12 (3H, ), 0.10 (3H, s). 3C NMR (126
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MHz, CDCI3) ¢: 163.5, 149.7, 134.0, 110.8, 106.0, 93.4, 85.5, 77.3, 64.8, 60.6, 52.9, 26.1, 25.6,
18.8, 18.0, 12.6, —4.45, —4.92, -5.46. IR (ATR) v: 3179, 3066, 2954, 2929, 2893, 2884, 2857,
2106, 1697 cm™t. HRMS (ESI): Calcd for CzsHsNsNaO-Siz [M + Na]*, 592.2599; found,
592.2595.

NH,
28

{b&49 28: (LB 27 (298 mg, 0.52mmol) %7 FZ & R 7 J IR (6 mL) (SR L .
INT VT NRFE (300 mg) ZNA T, FETKIERIE T, FESET, KSEEYZE 4
RFAREE L7212, B9 A4 FCIEM L, WIEZRIER E L, RG2S DTNV T7 Ty
SaliTGAaravw NTTG T o — (FraRL AKX ) —L = 20/1) THEL, A 28
(209 mg, 73%) & FEAEEK E L TR,

'H NMR (500 MHz, CDCls) 6: 7.65 (1H, s), 6.18 (1H, s), 5.19 (1H, br), 4.32 (1H, d, J = 2.5 H2),
3.90 (1H, d, J = 2.5 Hz), 3.82, 3.79 (2H, ABq, J = 11.0 Hz), 2.91-2.83 (2H, m), 1.95 (3H, ),
0.97 (9H, s), 0.91 (9H, s), 0.17 (3H, s), 0.15 (3H, s), 0.11 (3H, s), 0.09 (3H, s). *C NMR (126
MHz, CDCls) ¢: 163.7, 149.9, 134.0, 110.6, 105.8, 94.7, 85.5, 77.2, 64.9, 60.8, 45.0, 26.1, 25.6,
18.8, 18.0, 12.5, —4.45, —4.91, —4.98, -5.47. IR (ATR) v: 3374, 3179, 3067, 2953, 2929, 2886,
2857, 1694 cm™t. HRMS (ESI): Calcd for CzsHssN3NaO;Siz [M + Na]*, 566.2694; found,
566.2695.

o
TBSO\(O
NHCOCF,
29

&M 29: T F, MY ZvA RV (80 L, 0.66 mmol) KN 4-2 A F
LT X/ YT (31 mg, 0.26 mmol) 21L& 28 (278 mg, 0.51 mmol) @ itk A & ) —
VIR (5 mL) (2l 72, BOUNMBEAW 2SR C 2 REEHEAE L%, WA e E L,
kA VTN T Ty alTAIa~v NI T 74— (ZaaR)Vh|AK ) —)b =
50/1) THEL L. {LA% 29 (320 mg, 98%) % F A & L T,
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'H NMR (500 MHz, CDCl3) d: 9.02 (1H, br s), 7.62 (1H, d, J = 1.0 Hz), 6.75 (1H, br s), 6.20
(1H, s), 5.43 (1H, t, J = 3.0 Hz), 4.36 (1H, d, J = 3.0 Hz), 3.95 (1H, d, J = 3.0 Hz), 3.83, 3.78
(2H, ABq, J = 11.0 Hz), 3.63-3.61 (2H, m), 1.95 (3H, d, J = 1.0 Hz), 0.97 (9H, s), 0.92 (9H, 3),
0.18 (3H, s), 0.15 (3H, s), 0.13 (3H, s), 0.11 (3H, s). 13C NMR (126 MHz, CDCls) ¢: 163.5,
157.4 (q, J = 37.7 Hz), 149.8, 133.7, 115.7 (q, J = 287.4 Hz), 111.0, 105.8, 91.5, 85.3, 77.5, 65.1,
60.5, 42.7, 26.1, 25.7, 18.9, 18.2, 12.5, —4.79, —4.86, —5.48. °F NMR (470 MHz, CDCls) ¢:
—78.6. IR (ATR) v: 3417, 3268, 3070, 2954, 2931, 2896, 2887, 2859, 1691 cm 1. HRMS (ESI):
Calcd for CosF3H43N30gSi> [M — H] ™, 638.2541; found, 638.2543.

0
Ho\‘\/o
NHCOCF4
30

LAY 30: TV VR F. T I T FATE=LATIAAY R (AMT Tk R
7 7 UK, 98 pL, 98 pmol) LA 29 (29 mg, 45 umol) DEKT R T K7 T U
W (1 mL) \2Nz., BUNREEYZ AT 1R L%, W2 RTEEE L, A
VA TNT Ty adThruvwy v T77 44— (ZaufR/bhAZ ) —)b = 20/1-
10/1) THERL L. LA 30 (18 mg, > 99%) % HEFE K & LT,

IH NMR (500 MHz, CDsOD) §: 8.00 (1H, d, J = 1.0 Hz), 6.20 (1H, s), 5.47 (1H, t, J = 4.0 Hz),
4.42 (1H, d, J = 3.0 Hz), 3.99 (1H, d, J = 3.0 Hz), 3.76, 3.72 (2H, ABq, J = 12.0 Hz), 3.58 (2H, d,
J=4.0 Hz), 1.86 (3H, d, J = 1.0 Hz). 3C NMR (126 MHz, CDsOD) &: 166.5, 159.3 (g, J = 37.6
Hz), 151.9, 136.7, 117.5 (q, J = 286.3 Hz), 111.0, 107.1, 93.6, 86.7, 79.1, 65.4, 60.0, 43.7, 12.6.
F NMR (470 MHz, CDCl3) §: —76.9. IR (ATR) v: 3414, 3276, 3078, 2934, 2822, 1689, 1566,
1472 cm™t. HRMS (ESI): Calcd for C14F3H16N3sNaOs [M + Na]*, 434.0787; found, 434.0785.

0
HO\E'O
NHCOCF4
31

BB 3L TV UEFE T, 44-U A RXv b UF sl R (142 mg, 0.42 mmol) %1k

A% 30 (101 mg, 0.25 mmol) DMK LU ¥ U ¥AHE (2 mL) Iz 72, KISIREY &2 =T

4 PR L7, 44-U A RSV RUF 27U K (83 mg, 0.25 mmol) 2z, &5
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I LB LT, VT SBIC44-UA KT MU F 72U R (33 mg, 98 pumol)
A, ROSREWZ VR L%, fafnmigKsE T N o AKEER CRS & & 1k
SH, B F L CHER LT, AlEZEMRIEBAKET MU U LKER K Ot &
KCUE L, BAKREET NY U A TS, WIKEZBEREE L, BEE VAT
NT T ovallThruw NTT7 40— (T UM T L =1/1-1/2) THR L., 1k
%) 31 (167 mg, 95%) % FH AR L LT,

'H NMR (500 MHz, CDCls) 6: 8.94 (1H, br s), 7.69 (1H, d, J = 1.0 Hz), 7.41-7.23 (9H, m),
6.87-6.83 (4H, m), 6.16 (1H, s), 5.38 (1H, t, J = 3.5 Hz), 4.52 (1H, d, J = 3.0 Hz), 4.24 (1H, dd,
J=8.0 Hz and 3.0 Hz), 3.79 (3H, s), 3.79 (3H, s), 3.64-3.54 (2H, m), 3.49 (2H, s), 2.90 (1H, d, J
=8.0 Hz), 1.31 (3H, d, J = 1.0 Hz). 3*C NMR (126 MHz, CDCls) 6: 163.6, 158.9, 158.9, 157.6 (q,
J =37.7 Hz), 149.9, 143.8, 134.8, 134.7, 134.0, 130.1, 130.1, 128.2, 128.0, 127.4, 115.7 (q, J =
287.4 Hz), 113.5, 111.5, 105.9, 92.1, 87.5, 85.5, 77.5, 65.6, 60.6, 55.3, 42.4, 11.9. °F NMR (470
MHz, CDCls) 5: —78.9. IR (ATR) v: 3288, 3067, 3036, 3007, 2952, 2937, 2910, 2838, 1689 cm ™.
HRMS (ESI): Calcd for CssFsH3sN3O10 [M — H], 712.2118; found, 712.2115.

BB 32: TV UK E, 2-3 7 J = F)UNN-A Y FavroaRAria s I F
4 b (0.16 mL, 0.73 mmol) Z{tA&%) 31 (104 mg, 0.15 mmol) X XNN-2 A VY 71 &)L T
LT X (038 mL, 2.2 mmol) DIEKT 7 ma A X YK (2 mL) 120 °C TMZ T, K
IRAEW A EIR T VIRRIBER Lo, fafREBKSET N Y U 2KER CRIGZ 15 1R S 1,
HElE = F L CAIR L7z, AHEZ /KB X ORMAE K ClE L, MAMEE>T Y v A
THEESY, W ZBEREE L, BEE VWSV T Ty vaigrrsa~ 7T
74— (~FY IR TV = 2/1-1/1) TRILL., {b&% 32 (120 mg, 91%) % A afE K
& LT,

'H NMR (400 MHz, CDCl3) §: 8.52 (1H, br s), 7.81-7.79 (1H, m), 7.39-7.21 (9H, m), 6.89-6.81
(5H, m), 6.24, 6.21 (1H, sx2), 6.21 (0.5H, s), 5.46 (0.5H, t, J = 3.0 Hz), 5.38 (0.5H, t, J = 4.0 Hz),
4.69 (0.5H, d, J = 3.0 Hz), 4.51 (0.5H, d, J = 3.0 Hz), 4.43-4.36 (1H, m), 3.82-3.18 (14H, m),
2.62-2.26 (2H, m), 1.22-1.01 (15H, m). *C NMR (126 MHz, CDCls) ¢: 163.8, 163.7, 159.1,
159.0, 158.9, 158.9, 157.8-156.9 (m), 150.0, 149.9, 143.5, 143.1, 134.6, 134.6, 134.2, 134.2,
133.8, 133.8, 130.6, 130.3, 128.8, 128.4, 128.0, 128.0, 127.7, 127.4, 117.4, 117.2, 115.7 (g, J =
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287.3), 113.3, 113.2, 113.2, 113.1, 111.5, 111.5, 105.8 (d, J = 8.9 Hz), 105.7 (d, J = 6.9 Hz), 91.7,
91.6, 87.5, 87.4, 86.0, 85.8, 76.9 (d, J = 2.9 Hz), 76.4 (d, J = 2.0 Hz), 67.0 (d, J = 17.8 Hz), 65.4
(d, J = 22.8), 60.4, 60.1, 58.8 (d, J = 19.9 Hz), 57.8 (d, J = 19.8 Hz), 55.3, 55.2, 43.4, 43.3, 42.6,
42.5,24.7, 24.6, 24.5, 24.5, 24.5, 24.4, 20.3 (d, J = 7.9 Hz), 20.0 (d, J = 8.0 Hz), 11.6, 11.3. 1°F
NMR (470 MHz, CDCls) &: —78.7, —78.8. 3P NMR (202 MHz, CDCls) §: 151.7, 150.1. IR
(ATR) v: 3253, 3065, 2968, 2933, 2883, 2838, 1690 cml. HRMS (ESI): Calcd for
CasF3Hs1NsNaOwP [M + NaJ*, 936.3172; found, 936.3174.

NHAc
33

{b&4 33: MEKEERE (45 L, 0.48 mmol) KN 4-U A F /L7 2 7 B U 2> (5 mg, 40 umol)
ZbAW) 28 (217 mg, 0.40 mmol) OEEK B U O U PEHR (4 mL) 12Nz 7=, MInREW %=
T 1 IR L7tk fafnmieAKkET MU U LKSIH TG EZEIES ., Eifg=T
VTR LT, A Z KBS KOV Ty L, KRR N U 7 ATl S 1,
W2 RERE E L, BEZ VDTN T Ty ahThruav I T77 4— (~FH
VIR T L = 1/3) THRLL . (LAY 33 (227 mg, 97%) % FAE A L L THT-,

IH NMR (500 MHz, CDCl3) &: 9.26 (1H, br s), 7.63 (1H, d, J = 1.0 Hz), 6.17 (1H, s), 5.94 (1H, 1,
J=5.0Hz),5.33 (1H, t, J = 3.5 Hz), 4.34 (1H, d, J = 3.0 Hz), 3.92 (1H, d, J = 3.0 Hz), 3.82, 3.78
(2H, ABg, J = 11.0 Hz), 3.59 (1H, ddd, 3.5, 5.0 and 14 Hz), 3.47-3.42 (1H, m), 2.01 (3H, s),1.95
(3H, d, J = 1.0 Hz), 0.96 (9H, s), 0.93 (9H, s), 0.17 (3H, s), 0.15 (3H, s), 0.13 (3H, s), 0.11 (3H,
S). 13C NMR (126 MHz, CDCls) o: 170.3, 163.7, 149.9, 133.9, 110.8, 105.8, 92.4, 85.4, 77.3,
65.0, 60.6, 42.5, 26.1, 25.7, 23.2, 18.8, 18.1, 12.5, —4.54, —4.82, —4.90, —5.46. IR (ATR) v: 3307,
3201, 3067, 2953, 2929, 2886, 2857, 1691 cm™. HRMS (ESI): Calcd for C2sH47N3NaOsSiz [M +
Na]* 608.2799, found 608.2804.
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k&M 34 TLVIALKIRE, ThITFAT U E=ULT7LFY R (AMT 7k Rm

7 7 ¥R, 0.81 mL, 0.81 mmol) % 1{k&4 33 (217 mg, 0.37 mmol) OEKT R T Ka >

T UVRIE (4 mL) [Nz, MUSEAYEEIE T L R L%, B2 TR £ Lz,
BREa VTN T Ty aighrsua~s NI 7 40— (ZaafR)VhAZ ) —)b =
10/1-5/1) TH L. L& 34 (134 mg, EEHY) & AGEIR & L THEZ,

'H NMR (500 MHz, CD30D) ¢: 8.00 (1H, d, J = 1.0 Hz), 6.19 (1H, s), 5.35 (1H, t, J = 4.0 Hz),

4.40 (1H, d, J =3.0 Hz), 3.95 (1H, d, J = 3.0 Hz), 3.76, 3.71 (2H, ABq, J = 12.0 Hz), 3.47 (1H, d,
J=4.0 Hz), 1.97 (3H, s), 1.86 (3H, d, J = 1.0 Hz). 13C NMR (126 MHz, CD30D) 6: 173.7, 166.7,
152.0, 136.7, 110.9, 107.1, 94.3, 86.7, 79.1, 65.6, 60.0, 43.2, 22.5, 12.6. IR (ATR) v: 3328, 3075,

2934, 2822, 1692, 1659, 1556 cm™. HRMS (ESI): Calcd for C14H1oNsNaOg [M + Na]* 380.1070,

found 380.1068

0
HO\E’O
NHAC
35

IEEW 35 7T RIE T, 44-V A X MU F 7 vl R (193 mg, 0.57 mmol) 1k
%) 34 (120 mg, 0.34 mmol) DK E Y ¥ 0K (2 mL) 1INz 72, KRG % =I5 C
5 KRR L 7o, BfRFEKFE T b U U AKIER TS 245 1L S, FEfiR—F /L CH
WU, BRIz it /KET b U w7 L KEE K, OB A K THed L, BN
TR U LACTHIBES Y, WEAZWIEREE L, REZVIV DTNV T T a T LY
n~ h77 74— (ZaakR/VAIAH ) —)L =50/1-30/1) THR L. L& 35 (218 mg,
96%) Z FEEAR & LT,

'H NMR (500 MHz, CDCls) 6: 9.35 (1H, br s), 7.75 (1H, s), 7.41-7.21 (9H, m), 6.85-6.82 (4H,
m), 6.33 (1H, br's), 6.14 (1H, s), 5.26 (1H, t, J = 4.0 Hz), 4.52 (1H, d, J = 2.5 Hz), 4.29 (1H, dd,
J=9.0and 2.5 Hz), 3.78 (3H, s), 3.77 (3H, s), 3.60-3.55 (1H, m), 3.47-3.36 (4H, m), 1.97 (3H,
s), 1.25 (3H, s). *3C NMR (126 MHz, CDCls) §: 170.9, 163.9, 158.8, 158.8, 150.1, 143.8, 134.9,
134.7, 134.2, 130.1, 130.1, 128.1, 128.1, 127.3, 113.4, 111.3, 106.1, 93.0, 87.3, 85.5, 77.5, 65.7,
60.5, 55.2, 41.9, 23.1, 11.9. IR (ATR) v: 3329, 3207, 3069, 3036, 3004, 2951, 2934, 2836, 1689
cm. HRMS (ESI): Calcd for CasHazNsNaO1o [M + Na]* 682.2377, found 682.2377.
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o
iPr,N___OoY©
P

|
0 NHAc
NC™ >~ 36

&% 36 7T R T, 2-v 7 /= F )V NNNN-F7 R T4 Y FrE)LRARB Y
7 2 ZA b (78 pL, 0.25 mmol) (LA 35 (54 mg, 82 umol) LT 5- (= F /L F %) -1H-T
k7 Y —/L (16 mg, 0.12 mmol) DMK T = b=~ U AWK (I mL) 12Nz 72, BNES
ZEIRT 3 RFIRIR L7, BafmEEKE T MU U 2K Z 0 °C TINA TS Z15
a8, FE—TF L THR L7, e 2K L OHEKTHyE L, Bk~ o
ATHRS S, WA BTERE L L, BiEZV VDTNV T Ty vahTsrsa~v 7
T7 44— (ZunR)VA[AZ ) —)L =50/1-30/1) THE L. L& 36 (58 mg, 82%) % M
BER & L TR,

'H NMR (300 MHz, CDCls) J: 8.62 (1H, br s), 7.81 (1H, br s), 7.40-7.21 (9H, m), 6.88-6.81
(4H, m), 6.21 (0.5H, s), 6.19 (0.5H, s), 6.03-5.98 (1H, m), 5.34 (0.5H, t, J = 4.0 Hz), 5.29 (0.5H,
t, J = 3.0 Hz), 4.64 (0.5H, d, J = 3.0 Hz), 4.55 (0.5H, d, J = 3.0 Hz), 4.41-4.32 (1H, m), 3.88—
3.33 (14H, m), 2.64-2.59 (1H, m), 2.36-2.32 (1H, m), 1.98 (3H, s), 1.28-1.02 (15H, m). 13C
NMR (126 MHz, CDCls) ¢: 170.2, 163.6, 163.5, 159.0, 159.0, 158.9, 158.9, 149.9, 149.8, 143.6,
143.3, 134.7, 134.7, 134.4, 134.4, 134.0, 130.6, 130.5, 130.4, 130.4, 128.7, 128.4, 128.0, 128.0,
127.6, 127.4, 117.4, 117.3, 113.3, 113.2, 111.3, 105.7 (d, J = 2.0 Hz), 105.7 (d, J = 4.0 Hz), 92.6,
87.4, 87.3, 86.0, 86.0, 76.9 (d, J = 3.0 Hz), 76.1 (d, J = 2.0 Hz), 67.0 (d, J = 15.8 Hz), 65.9 (d, J
= 20.8 Hz), 60.5, 60.3, 58.6 (d, J = 19.8 Hz), 57.9 (d, J = 19.8 Hz), 55.3, 55.2, 43.6-43.4 (m),
42.4, 423, 24.7-24.5 (m), 23.1, 23.1, 20.4 (d, J = 6.9 Hz), 20.2 (d, J = 6.9 Hz), 11.6, 11.5. 3P
NMR (202 MHz, CDClz3) ¢: 150.8, 150.3. IR (ATR) v: 3383, 3187, 3065, 2967, 2932, 2838, 1692
cm™. HRMS (FAB): Calcd for CasHssNsO1P [M + H]* 860.3636, found 860.3638.
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FV IAX T VAF OB

RABRAT IHA MR2IET 2 h=hU MY 7an At Ly (1:1)ER, mSAFaT
ZA K26, 361X7 B h=F UMYX E L (2:3) Wik, RAKROT IHZA MK
RF7E F= M) MBERIZENZENE L, 0L MK E LTz, RARBT I XA MK
20, 26, 32, 36 |l DMTr{k& 10 %2, U v 7'V 7 %2 103K E L. £OMD b DI
RS A 7V (B U FILFET— R) ITE> TR LTz, FOfDEBRITIEICE L
T, B—EHEEROITIEIZ L VAR LT, HPLC X FRLOSFIHCTHEM Lz, HFbh
HROAY X7 AT RO ESI-MS 77— # 1% Table 11 12777,

ON54—-ONB81.:

ODS column = XBridge® Oligonucleotides BEH C18 OBD Prep Column (10 x 50 mm) at 40 °C,
flow rate = 2 mL/min, 1 = 254 nm, eluents a/b = 95/5 to 85/15 for 30 min; a = 0.1 M
triethylammonium acetate (pH 7), b = MeCN.

T lIE
BB LREEOFEICLVHIE LT,

CD J7E
BB LRBROTIEIC L0 JE LT,

X7 L7 —BHPUERHE

BT L [ARR O JFIEIC K0 I L 7=, HPLC 23T 1d NREO S CTHEM L 7=,

ON23, ON25, ONG68:

ODS column = XBridge® Oligonucleotides BEH C18 (4.6 x 50 mm) at 40 °C, flow rate = 1
mL/min, | = 254 nm, eluents a/b = 95/5 to 87/13 for 30 min; a = 0.1 M triethylammonium acetate
(pH 7), b = MeCN.

ONG67:

ODS column = XBridge® Oligonucleotides BEH C18 (4.6 x 50 mm) at 40 °C, flow rate = 1
mL/min, | = 254 nm, eluents a/b = 93/7 to 89/11 for 60 min; a = 0.1 M triethylammonium acetate
(pH 7), b = MeCN.

ONG69:

ODS column = XBridge® Oligonucleotides BEH C18 (4.6 x 50 mm) at 40 °C, flow rate = 1
mL/min, | = 254 nm, eluents a/b = 93/7 to 90/10 for 60 min; a = 0.1 M triethylammonium acetate
(pH 7), b = MeCN.
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Table 11. Sequences of ONs and ESI-MS data [M] of new ONs

ON Molecular formula Found Calcd.
ON54 Ci20H152N41077P11 3741.80 3741.46
ON55 C122H154N41080P11 3816.00 3815.49
ON56 C122H154N4108g0P11 3815.90 3815.49
ON57 C121H154N41077P11 3756.10 3755.48
ONS58 C124H158N41080P11 3843.90 3843.55
ON59 C124H158N41080P11 3843.80 3843.55
ONG60 C120H153N42076P11 3739.50 3740.47
ON61 C122H156N43078P11 3813.00 3813.52
ONG62 C122H156N43078P11 3813.50 3813.52
ONG63 C122H155N42077P11 3781.50 3782.51
ON©b64 C126H160N430g0P11 3896.50 3897.60
ONG65 C126H160N43080P11 3896.50 3897.60
ONG66 C102H133N20071Pg 3054.20 3054.02
ONG67 C103H135N20071Pg 3068.20 3068.04
ONG68 C102H134N21070Pg 3052.50 3053.04
ONG69 C104H136N21071P9g 3094.50 3095.07
ON70 C142H189N32005P13 4267.40 4266.86
ON71 C146H193N320101P13 4415.20 4414.93
ON72 Ci146H193N320101P13 4415.40 4414.93
ON73 C143H191N32095P13 4281.40 4280.89
ON74 Ci149H199N320101P13 4457.50 445701
ON75 C149H199N320101P13 4457.50 4457.01
ONT76 C142H190N33094P13 4265.00 4265.88
ONT77 Ci146H196N35098P13 4412.00 4411.98
ON78 C146H196N35098P13 4411.00 4411.98
ONT79 C144H192N33005P13 4307.50 4307.92
ONB80 Ci152H202N350101P13 4538.00 4538.09
ON81 Ci152H202N350101P13 4538.00 4538.09
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