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ASO
Bn
BNA
Cbz
cDNA
CPG
dA
DBU
dC

dG
DIAD
DIPEA
DMF
DMTr
DMSO
DNA
dT

dU
GFP
HPLC
ITC
LNA

MALDI-TOF-MS

mRNA
miRNA
NC
NPE
NPOM
ON

PC

: antisense oligonucleotide

: benzyl

: bridged nucleic acid

: benzyloxycarbonyl

: complementary DNA

: controlled pore glass

: deoxyadenosine

: 1,8-diazabicyclo[5.4.0]undec-7-ene
: deoxycytidine

: deoxyguanosine

: diisopropyl azodicarboxylate

: N,N-diisopropylethylamine

: dimethylformamide

: 4,4’-dimethoxytrityl

: dimethyl sulfoxide

: deoxyribonucleic acid

: deoxythymidine

: deoxyuridine

: green fluorescent protein

: high performance liquid chromatography
: isothermal titration calorimetry
: locked nucleic acid

: matrix assisted laser desorption/ionization time of flight mass

spectrometry

: messenger RNA

: micro RNA

: negative control

: 1-(2-nitrophenyl)ethyl

: 6-nitropiperonyloxymethyl
: oligonucleotide

: positive control



PRNA
iPr
qRT-PCR
RNA
ROS
RP

rt
siRNA
TASF
TBAF
THF
TIPDS
T

T™MS

: peptide ribonucleic acid

: isopropyl

: quantitative reverse transcription polymerase chain reaction
: ribonucleic acid

: reactive oxygen species

: reversed-phase

: room temperature

: small interfering ribonucleic acid

: tris(dimethylamino)sulfonium difluorotrimethylsilicate
: tetra-n-butylammonium fluoride

: tetrahydrofuran

: tetraisopropyldisiloxanylidene

: melting temperature

: trimethylsilyl
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Figure 1. RNA bearing biolabile groups at the 2’-hydroxy group.
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Figure 2. DNA strands bearing a) a photocleavable linker, b) an acid-cleavable linker
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Figure 3. Caged nucleosides developed by a) A. Heckel and b) A. Deiters
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Figure 4. A photochromic nucleotide developed
Wagenknecht & (F3HG5 S (012 by H. A. Wagenknecht.
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Figure 6. C-8 Substituted photochromic dG developed by S. Ogasawara
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Figure 5. A C-nucleoside bearing an
azobenzene-substituted nucleobase
developed by H. Asanuma.
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Figure 7. C-5 azobenzene-substituted 2’-deoxyuridine dU**:
a) Structure and photochromism of dU**, b) Proposed structure of dU**in duplex.
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Scheme 1. Synthesis of para-substituted ethynyl-azobenzene derivatives. Reagents and conditions: a)
Pd(PPhs),, Cul, trimethylsilylacetylene, Et;N, THF, 60 °C, 57%; b) K,CO3, MeOH, THF, rt
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10



™ N
(o] o
H | %
Z By a B
N, *  Ho NSo @ ——= HO N"So
N 1 :o: o
Xz
OH OH
5 :X=N 1 12 : X=N (50%)
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7 :X=C-Me 14 : X=C-Me (75%)
8 :X=C-CF3 15 : X=C-CF; (62%)
9 :X=C-NO, 16 : X=C-NO, (95%)
10 : X=C-H 17 : X=C-H (81%)
L U
X N"N X .N
o o
X x
NH NH
b | e c | A
> DMTrO N™ =0 > DMTrO. N™~0
o o
k ﬂ 18 : X=N (89%) i j 24 : X=N (75%)
pow 19 : X=C-OMe (90%) ~ 25 : X=C-OMe (38%)
0
20 : X=C-Me (62%) Nep~ 26 : X=C-Me (55%)
21 - X=C-CF (65% Y . 27 : X=C-CF, (87%)
22 : X=C-NO, (47% On~cN 28 1 X=C-NO, (99%)
23 : X=C-H (88%) 29 : X=C-H (82%)

Scheme 2. Route for the synthesis of para-substituted dU”* phosphoramidites. Reagents and
conditions: a) Pd(PPhs),, Cul, trimethylsilylacetylene, Et;N, DMF, 60 °C; b) DMTrCl, pyridine,
rt; ¢) iPro,NP(C1)O(CH,),CN, DIPEA, CH,Cl,, rt

Table 1. Yields and MALDI-TOF MS data of modified ONs

MALDI-TOF MS

ON* X’ Yield/ %  Caled. [M-H]  found [M-H]
ON1 U 29 3822.6 3822.4
ON2  UM-OMe 21 3852.6 3853.2
ON3 U*-Me 27 3836.6 3836.2
ON4  U™-CF; 15 3890.6 3890.2
ON5  U*-NO, 22 3866.6 3866.9
ON6  U™M-pyridyl 21 3823.6 3824.2

“ ON sequence is 5’-d(GCGTTXTTTGCT)-3’

b

c

vZ

_N
X NG

X = nucleo-base

UAz
UAZ-OMe
UAZ-Me
UAZCF4
UAZNO,
UAZ-pyridyl

:Y=C-H
C-OMe
C-Me
C-CF,4
C-NO,

Oligonucleotides are synthesized with phosphoramidite
loaded cpg (0.2uM) and the yield was calculated based on the
obtained amount of ON after reverse phase HPLC purification
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Ve D E L 235\ L 72 ON2X°ON3 TILER MR IR Rf & 2R~ D ML FRITZ N Z4179%.
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Figure 8. Photoisomerization property of dU** in ON1.

a) Absorbance spectra of frans- (black line) and cis- (red line) ON1.

b) HPLC analysis of the photoisomerization of ON1; (i) Before irradiation, (ii) after 365 nm
irradiation for 10 seconds, (iii) subsequent irradiation at 450 nm, 10 seconds. c) Repetitive
photoisomerization of ON1 induced by alternative light irradiation at 365 nm and 450 nm. The
percentages of trans- (black line) and cis- (red line) ON1 obtained from the HPLC peak areas are
shown. Conditions: ON1 (4.0 uM), NaCl (100mM) in sodium phosphate buffer (10 mM, pH 7.0)
was irradiated at room temperature.

Table 2. Photo-isomerization property of dU** modified ONs

ON® photol?ierfce)liﬁation trans to cis cis to trans

trans isomer Wavelength®  cis isomer  Wavelength®  frans isomer
! %" / nm* /%" / nm* / %
ON1 82 365 58 450 82
ON2 59 365 79 450 59
ON3 77 365 61 450 77
ON4 91 365 28 450 91
ON5 96 400 14 450 96
ON6 100 - 0 - -

Conditions: 10 mM Na,HPO, (pH 7.0), 100 mM NaCl, 4 pM ON; ” ON sequence is
5’-d(GCGTTXTTTGCT)-3’; “ The WavePl)ength of monochromic light corresponds to m-n* transitgiion (trans to
cis), n-n* (cis to trans). Photo-irradiation was performed for 10 seconds at room temperature; “ the ratio of
isomer is calculated from peak arera of HPLC analysis (260 nm).
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EEEEDLAAL vy TF L LTH]
MT 2 LBARETH D,

ONI1-5(Z5f L Tl X 72 i = DOk . ap .
Figure 9. UV absorbance curves for cis-dU"” analogues containing
W 21T >, 7% ONI-5at60 °C.
Conditions: 10 mM Na,HPO, (pH 7.0), 100 mM NaCl, 4 uM ON.
60 °CIZEN L 7=, 365 nmD W ye  ON sequence is 5’-d(GCGTTXTTTGCT)-3’. The wavelength of
monochromic light corresponds to n-n* transition. Photo-irradiation
AR ey 432 were performed for 10 seconds at room temperature

Normalized Absorbance
o
®

T, BHEAUMHD > 2K D80 2 sk 7= (Figure 9, Table 3), 7Y X ¥ HIcEFit 5%
FFOON2JK U3 I, EHEZE AL TVWARVONLE L T, ¥ A KO BRI 2 & 23
RENT, FRCA FFUEBEAINTZONIDRRH 1Z970TH D, ON1L D D T\ ELUER
MbEEZ R LTc, ZaUE, NIMoE PG L BEER N OO F =) v —IT X
0. TR EE D push-pul B OB TG A L H 2 LICER L TWS EEZ LS, Al
H, TYRCBUEO ZOOEFRICEFHRRY BAEL, Y RKNDL BT U AR~ B
THBEDOTEEAL =RV X =D NS holele®d, Y AROBEEEMET LI RIS,
—Ji. T RUB Y RICETRGIIEEZFFOON4K S 13, MEEHRAR (ON1) & L TRV
WamL, MOEFRGIMEZ RS = k25 A L7ZONSIZHOW T, 60 °CTSIFHIMEAL TH
B o T BEMALIIHR SN2 oo, —MKIZ, BRI EZT Y RXUBUERKICEAT L L
O AROBNE EVEME T DA H DD, 44 NMICTE TR EZEA LISy A R0
EVERHINT 5 Z EAWE SN TNEY, ONALOSIIIBIERT L e b2 F =1l v —
ENRNFGALOEF R FEEZGT 2720, ONLE IR L T AROBZEERM ELIEEZ bR
%
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Table 3. Half-life time of the cis-form of para-substituted-dU** at 60 °C “

ON’ t1» of cis isomer / min.?
ON1 44
ON2 9
ON3 24
ON4 65
ONS5 > 300
ON6 ¢

¢ Conditions: 10 m M Na,HPO, (pH 7.0), 100 mM NaCl, 4 uM ON; ” ON sequence is
5’-d(GCGTTXTTTGCT)-3’; “trans- ODNs were photo-isomerized to czs form by a 10 second
irradiation of 365 nm (ONs 1- -4) or 400 nm (ON 5) monochromic hght Half life times of cis
isomer were measured at 60 °C; ° t;, could not be determined because du? “-pyridyl did not
isomerized to cis-form.

R RS ICE AN L7 flix O T )RR BB, Km0 ENEIC RIE T REIC

WC, BMARIRE (Tofi) ZWET D Z & TR L7= (Table 4), & DS, KR HEEHDT,MES2 °C

ZRT D% L TONI~6 & FHASHDNAIC X 2 “ B DO T, fE1544~47 °CLIRWMEEZ R L, AlEE
A L7222 CTOONDERIDNA LT 2 —HHIL, RATHH LB L TRLETH D Lo
7o F7o. ON2~6DTMEDZRIT DTN ThH o7 2 b, EEEN ZHEOLEMHEIZRIET
BTN, BEWT Y RUB VBN EHEHOA Dy — N —TICRE T L TR
HEARLEMLSNTND Z LR ST, FROMBAITHAMERNAICH LT R 5, K
SRODNA/RNA " HEH (47 °C) &, —RRICTMEIZE T L7 (41~43 °C),

Table 4. T, values of duplexes formed by dU** analogue-modified ONs with complementary strands”
ON Tw[°C]”  ATL[°CI" Tu[°C]" AT,[°CY

DNA/DNA DNA/RNA
ON1 47 -5 42 -5
ON2 44 -8 41 -6
ON3 45 =7 43 —4
ON4 45 =7 41 -6
ONS 45 =7 41 -6
ON6 44 -8 42 -5

Condltlons 10 m M Na,HPO, (pH 7.0), 100 mM NaCl, 4 pM ON.

® The complementary ODN sequence is 5’ d(AGCAAAAAACGC) 3’. The T, Values given are the
average of at least three data points. The Ty, value of natural DNA duplex is 52 °C; “ The ATy, indicates
the difference from natural DNA/DNA duplex, 4" The complementary ON sequence is
5’-r(AGCAAAAAACGC)-3’. The T, values given are the average of at least three data points. The T},
value of natural DNA/RNA duplex is 47 °C; ° The AT, indicates the difference from natural DNA/RNA
duplex.
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FeWN T, BT RMELRE & v ARDOBLE M Z 7R LIZON 1 1220 T, M LA " HH%
TEALBRIC KIET B2 KA LTz, 365 nmDEHRE 2 10RD AT - 72 5 ICHR A 8ADNA/RNASH I 5 7
D TufEZE Lo fE SR, RN & Bl U CT 2 A L7z, FRIC. FHMHEHRNASHIC KT LTl
T ARIZIUNTAT °Car L, RIRDODNA/RNARKLS & [R5 D “ B EMEEZ RO Z L AR Sz
(Table 5), ZAUTHWIORFHEY . N T UV AKRTET Y RUBUNR ZHEOA V¥ — 7 N —TC
FEHLTZEHHAARALERSEDL —F, KRIICE D AR T HETAD vy —7
N—=TRICINE Y, —HEEARNLERT DERBFE SN D EEZBND,

Table 5. T, values of duplexes formed by dU** analogue-modified ONs with complementary RNA

Duplex” T [°C] AT, [°CI"
trans cis (T cis = Ton trans) ©
ON 1/DNA 47 49
ON 1/RNA 42 47 5

“ All T, values for the duplexes (4.0 uM) were determined in 10 mM sodium phosphate buffer (pH 7.0)
containing 100 mM NaCl. The T,, values given are the average of at least three data points; ° The DNA
complementary ODN sequence is 5’-d(AGCAAAAAACGC)-3°, The RNA complementary ON
sequence is 5’-r(AGCAAAAAACGC). © The change in the T, value induced by the cis-trans
photoisomerization.

F72, dUN O BV IR AR IO B 5.2 D 0 &R D 72012, ONTHAUM D
22 IC S A~ v FHE A2 ST DNASL, RNASSIZ 3 2 T & & L7- (Figure 10), FHAf
BADNAN I A~ v F2EGTHE ON 1 [IERHFIEO L HLD5EIZEWTHE 7L~ v T L
g L T13~14 °COTMEDIR T AR LT, £72, HMERNADR I A~y FEF DAL 7L~
Y FPEEHARTREL TEME T Lz, ZOZ &5, dUMEONHITE A LT b At A GE%
BRI Z2 DN Z L 3R S, dUMITRR BB O R EEE LHIE T 2 A RFEMTH D
ZEBRENT,

ON1 :5’-d(GCGTTUAZTTTGCT)-3’
: 3-d(CGCAAYAAACGA)-3’
T (°C) T, (°C)
v=A I 47 I 49
365 nm
¢ Im 33 I 35
c I 33 450 nm . 34
T Il 33 ] 35

30 35 40 45 50 30 35 40 45 50

ON1  :5-d(GCGTTUATTTTGCT)-3’
: 3-r(CGCAAYAAACGA)-3’

T (°C) T, (°C)

v=A I 42 I 47
c I 34 365nm I 37
ch 26 450nm 29

v Il 29 I 30

25 30 35 40 45 50 25 30 35 40 45 50

Figure 10. 7;, values of duplexes formed by ON 1 with mismatch DNA, RNA. 16



BT, RN RMEEZA L TOD 0 Y AERBBUTH L TREERON2KZ UBIZON T,
SR ERIBVGEZ (ITC) 2 AW CORMENIC & 5 “E#HL EiE D2 b 23/l L 7= (Table 6),
FIAHEHRNA & O “HHHEROBEO X 7 AHH T X VX —21 (AG) Z#HEH L= E. JeMEaT
IZON2 £ 3DAGITA % -9.38 keal/mol &-10.0 keal/mol T 7=, JEMK 1% TIZON2Z UBD i 712
BWTAGIE LY KEARADIEAG = -9.93kcal/mol, -10.4kcal/mol)& R L7z, ZDZ &b,
dUY-OMe f "dUN-Mes & A (R % B 5 5G4 (S B 20N £ 0 g 7e " BEHA BT 5 2 & AR
STz, dUM-OMeCdUN-MelZEVEMEALIC L 0 b7 2V AKICR D R0 Wik Z A2 LT Ok
WINIFO R “BHEHELRENT DAL v FELTOFHANARTHL EEXOND, SRIGHKL
TAUMEAZE A LToA ) A7 LA T RITEIRETIC & o TRMENMEE 2 KE < BLSE L4
R, “HHEHLZEEEAFHEETH D Z ENRH LI o7, JERREHIT K 0 35 % Hil4E v] g e i
FEEIREA~DISHEZ 2 1286, 4V FEOGEEEEDRFNIKRELMERT L7 74 ~— "
SADIGANEBE L TND EBEZ LN, FARBHOFECLVEED Y VI EEREET D
ST ORIEA R END, £/, TYRUBUEN NI v AEORRICHEET 52 08
EVAKRDRITREET DX RV ENEIT 2T T v —ERFCENE, 0D T S H v —
il a D CTEEO APIEME A RS 5 2 E PR D, BlZIE, BN 21T D R W REIT4F
EOMBBEREICHB T 25 VBT RBREAT 27 72 ~—L LTHOTRERAL
WCHERE S, AN 21T o L BRICRF RIS 2 B CE 5T T2~ — Il E ks H 2 &
MTENR, =TT 4 VTR BN FD DM T % R OB EE L DRI TE 5,

Table 6. Thermodynamic parameters for the hybridization of
ON 2,3 and complementary RNA measured by ITC*

ON’ K, [10’*M'] AH [kcal/mol] AS [kcal/mol/deg] AG [kcal/mol]
ON2 trans 2.65 -54.1 -0.150 -9.38

cis 3.03 -54.8 -0.148 -10.0
ON3 trans 2.17 -55.3 -0.140 -9.93

cis 4.12 -52.1 -0.152 -10.4

“ All thermodynamic parameters were determined in 5 mM sodium phosphate buffer (pH 7.0)
containing 50 mM NaCl. The complementary RNA sequence is 5’-r(AGCAAAAAACGC)-3°,

ONs were photo-isomerized from trans- to cis-form by a 10 second irradiation of 365 nm and from
cis- to trans-form by a 10 second irradiation of 450 nm.

IS R S TR IR AT B R LA RINT 2B TH Y . D TR AT SN, S TRE

DREAT DBRCHAT DM RAEBE L EFHIL, BON2MELREL Y. At ). HEEE K. oItk > =
ANV E—ZEL A EEH T 5,
O s 4y - & B SRIREITHE AT 5 ARSI A ) SRSy T ORFR, 2018 4 12 ABFE, b STV ARERRE
& LTI OSI Pharmaceutical #1iC & 0 Bi%E S iz, M N EIEGEK - (VEGH) ~DORE G He % b D W BEZE TR O
pegaptanib MACUGEN™) 3 % % ,
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B HBRKR TS LRGeS BT o N TR AL D BR %

HE FPEOLRNERBEINE LIS 2 2L S D RIS 2 SEATITSE

MIRNEBORBIOR O &l LN ERAT N .S
AN AN o
BAARRIE ST, TR ERARNT A A O 2RI o ﬁw + borax ¢ |O4Nj
NH o N’J“o‘— N/H(;' N—7
HETE MR ARD TS, Soromn (S T T
HO o
BRBERS A N THERE & LT I B 23 L7z " Ho B on
anti syn
NRTF RIVARXZ LA K (PRNA) BET S , ’ .
Figure 11. Reversible control of recognition
B9, A I U BB D cis-1,2- ¥ A — /L & AT behavior of PRNA by borax.

T AT NERNT D Z & 2HM LT, A Oanti / syn Bl 2 pHZ R K0 Hl#E4 25 =
LT L7z, PRNAIZAR VT 27 V2 AL L7 RAE CIIBF B AN EE S 4v, BER- e
ELERK ARG AT K 0 BERRHE BL R S M B RR R S AR Zesyn U [ E S LD, — 7 T pHIR RIS PN,
RUBRT AT VRBNIRG IR LTIZGEIE, ko) I VX7 LAY RER U< IR
Zlantif 24 UG ELRERRAE N RI1E 45 (Figure 11), S AFMIAT CTIlX o 7 ViR 72 & OERME A
DNEREIREEL L, BRI L 0 pHAME T LTV 5 Z & 2v5H % PRNAIE AN AR FLA 72 k2 R 15 3K
ELTHIHTE DA & %,

Flo, BMRETIIBEECRKIICE O HENET 5 ANLIERE LT, YALT 0 B
BNA* (Figure 12a) X0, 28I L/ AT L Uit & 473 5 SeLNA (Figure 12b)% #45 L T
Do VANT 4 REIBNAIZELAIEREE T CIXAUEHE 2 58T 5 7o DM S IR 2 L s
HHHLZEMREZ R T2, BITHISIE T CIIAEBMIE N R T D 1o O S BFEN K& <K T
%o —J7. SeLNAIZE LR TTIZEVE L/ o RIELL O Al 72 S A S ATRE T D . 4445
B OMIENZT 22 & CLHEOZEREZHIE AR TH D, MINTITETCAIO V& F
F RSB N Em W o | B GIE TR IS EMER R I TN THEE A 2L S D8
it & L CORMMARHRGTE 2,

a) b)

(0] o (0] 0]

~r [ NH -~ \f‘\NH -~ [ NH w \fLNH
e} N/&O Reductant o N/&O e} N/&O Reductant o N’J“o
o S o o . o]
Oxidant Oxidant
s—s HS SH ~ ~s

Q o—g o 0 N by
0=P-0 7 0=P-0 o o=pP
ke o ke ke

Figure 12. Change in structure of a) disulfide-type BNA and b) SeLNA by reductant and oxidant.
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B WAL SRS BN TR O RG

TAVE TIThR 2 2250 SRS BVERZ IR S BT S VT & 72y, S a0 i Lk D 7 THER)
ZFBT HDEMEEDOEHIITE > TR, EFIL, O X5 EREKOEIITIX, 1) F
RN B AR BT D ~ — I — 1k L@ WG &3 U2 OF RS, 2) RIGORIR T
O ER OME 2 RESBMLEED 2 LD TE DMTRIBISEEERBORERFETH D
LER T, DX D IR BANBRIBUSENE N TERE DG D720 ISR & L THRIA
AIREZR ARG FAKEE T 22 & & Uic, AT & 2 AWM/ Fid, RATBMIZI D
THICEIRE TH O 20 ALFNCZEREFRNEE L, BT, 23 AR
fEA N U AIZ X D IEVERRFFE (ROS) AL CTWDH A, IMHHIL & L CIEIARLER T ¥V F
RARNBEREDO DN —BHIHBEHR L) biERbKFZLHNDLONGENTH D, FEERITHKL
PRI AN TR LK BIRED ERANA SRS Z LM b TE Y (R K0.5 nmol/10* cells/h),
WER ALK R B IX 2 AL & B ML 23k T2 ~— A —IlZ b & nr D, DF D, lmEE{bk
RIS T D B 2 AL AT 592 Z LA HDBRIVE. 4 F T2V Ao
REYL R ORIRNFREL 0D, £ 2 THEHIL, Scheme 3 (T 48 7 R IRIL & e < BB
IGEFMAT D2 &L Lic, ZTORIGE, @E /KRR OIEIZHET T 5 Z LR mbh
THEY ., EBRITBEEEASE Din vivor A —2 2 70008 LHIIERIRI 72 7 1 2 ) > 7 FIIZ v
5TV 5 (Scheme 4ab), AMUGEZIEITIGHT 5 2 & HDRIVIE, 23 AR 727 o F
BUORAEEST TS~ — X7 LAY FAIORRBICRESFLGT LI LR/ TE D,

[}
LG/\©\ LG OH LG
$,OH—> O'B\OH — > OH —A> LG
OH

Scheme 3. The mechanism of aryl boronic acids cleavage by H,0,

a) .
N N o
OH
Q: Van j)\ H,0. NN OH
o e o
HO‘B HO S S
OH luciferin
b) HO.__OH
& B ——
N7
Cla~y* O ~N+
N L
H Br
Cl Cl

Cl

Scheme 4. a) H,0,-mediated release of a) firefly luciferin for in vivo imaging and
b) nitrogen mustard as a DNA cross-linking agent.
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ZORIRERESE R, FBx ORBREBELOKEM GBI E 4-(Rn v BEFa—L
IRAT N7 2=V AFNVERE DN 4-(Re VYT a— LT AT )T ==V A F /A X o H R
=VHETRE L N TR dA®, dGP, dC® RO dT® 2% 5t L7z, 2406 O N TR I —HIC
TEMHRECRER EOME E Ko TV DS, ML KB T CIRRARBB A~ ERShTE
DOEFENEIE T 5 & & 272 (Scheme 5), 215D AN LK Z G| 21X 7 v F & v A (ASO) (I
AT DI LT, REBKEABBNCREIL L T 5 5 A S B0 E O AR 7% Bl & il
TELEMFCED, £, WMBLKFICERX 7 VAT FRAOEELZBEEL, >FV o7
Fu G E RO AV A EICER Ls, FAVHENIVF VDU R — A 2 NkERE
WZOD7 v HFETCTEBRSNMEELZFD, KU A7 —BICBY AN ZBICHEERZ
EFLHIETTR =V AZHFETLHNAATHS P, LnL, FLAUH B IEFMRT
b DNA B EBLET 2720, BIERAOBBABBEINTND Y, Ay y v isidmbk#EiR
BEMAEMNGT D22 LICR0, DAMBIERICT R =Y 22 BETE20 TRV ES X,
gemcitabine® Z 5% 5t L 7=, gemcitabine® (TR {L /K FIREDMEVERE FCTIIAR ) AT —FIlck b
B AZBME S D05, R LKFRRENEWERE T TldA e B 27 VERRES I,
FAUHE L LTHRET D WM L7 (Scheme 6), £7-. ZNZEN OB KFIGER AT
BRIZHOWTAR VBT 2T VB EZ R TR WEZEIC O TH AW L, @B bkREITHT S
B A LR LT,

Qm(&ﬁa( Q f)

dR dcB dR dc
H202
\(K/\©\ f\ : ) \f‘\NH ) fL
2
| R
ot dR gt dG

Scheme 5. Anticipated reactions of dC*,dA"®, dT" and dG" with H,0,

OH F OH F
gemcitabine® gemcitabine

Scheme 6. Anticipated reaction of gemcitabine® with H,0,
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5 H B FRISETEN TRER O B Rk

P, dCP DA W AERF Uiz, HERICHEV, 2-4-t REF T AF LT = =)1)-4455-F T A
FN-132-VA XY R T 30) ICREET NY VLAFHET, NIBRAF U EERSES LT
sondi~—h31 ZER LI, 2-FAXLUF VL 32) I Y P URER 7 na Y A
FN T 2w ER &, BB KEEIEZ TMS ECR#E L2 RICKUGRICZ raA L~ — b 31
EINZizE 2 A, DHOSITIFIEEITE S, 7 ookl ~—k 31 O5EN TLC ETHR S
Too BUGREK/IAL )=V TR LIZE Z A, DHOMEW I3 BOTNHELNLDHTH -
72 (Scheme 7). ZAUTIABEL LTHWEZE U DU 2 baY 31 BEIGTHZ ENFENEE
(Scheme 8), G FIEIZEE L7z, BB, (LEMILICA I ¥ Y — LV EERSETLEW 34 25
R L7, (LG 34 ~A—Y U A VRELEHSEDLZETA IV U UL 35 ~EEHL
oo A XFV Y LG 35 & SCEBEAE A 36 NTHE S8 1- & 2 5, B IEE~7 = =L R
BUBBT AT NV ENRESEATDHZ LI Lz, 0%, 7 vbkFE-E D PV (ca. 65% 7
v AbkFE wiw) ZIER S5 Z L TTIPDS #£%FREL.dC® X7 LAY K (33) #7%7= (Scheme
9o

o (0]
< <

R ——
30 °© 31
o
NH, NH, HN)J\O/\©\
SN SN o)

| Ek ﬁN B

HO NNo b TMSO o ¢ _Ho l o O\Ké
— | -o- — -0-
OH TMSO OH

32 dcB (33)

Scheme 7. An unsuccessful route for the synthesis of dC®. Reagents and conditions: a) triphosgene,
Na,COs, toluene, rt, crude; b) TMSCI, pyridine, rt; ¢) 31, CH,Cl,, -78 °C then H,O/MeOH, rt.

0o CO,
/@ﬁoj\a — /@Afc;)tr\@ 2. /©/\CI
O‘B pyridine O"B \ = O‘|‘3
é,o o é,o

Scheme 8. A plausible reaction of 31 with pyridine.
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30 31 34 35

_Qj—% _<1— 37 dCB (33)

Scheme 9. A successful route for the synthesis of dC”. Reagents and conditions: a) triphosgene,
Na,COs, toluene, rt, crude; b) imidazole, toluene, 1t, 87%; ¢) Et;O'BF;, CH,CL, rt, crude; d) 35,
CH,Cl,, 0 °C to rt, 92 %; e) HF-pyridine, 60 °C, 52%

dA® X7 LAY R 40 OARIE, dCP L FRERIZA R &Y 7 A 35 & SUIREAI B A 38°)1C
fEF &, W T TIPDS 24 FRETH 2 L TER Lz, dT® X7 LAy R 43 1, SCHRBEZ LA
¥ 41’12 DBU 74E . L& 30 2 VB SE72%1 TIPDS R4 il L35 2 & THR LT,
dG® X7 LA K 45 1%, SCHRBEAVL AW 44 ICIEROGSRME T LAY 30 Z1EA &, filf
T TIPDS %% Bifti#9 2 Z & TEA L7 (Scheme 10), LA oD X 512, &7 K IXEZ Bat FL (2@ e
ERFICEMT == VR a VBT AT NVEBAN LT AOEBMX 7 LAY FOGRITEI LT,

[0}

NH, HNJKO
SO * B e n% f e

S': o} a Si\ o
[¢] \/_\I > —X O _—
) dAB (40)

B
:

Si-O 41 Si~ 42 OH dTE (43)

! J Tﬁg T:@ .

B
b dGB (45)

Scheme 10. Synthesis of dA®, dT" and dG". Reagents and conditions: a) 35, CH,Cl,, 0 °C to t, 91%;

b) TASF, DMF, 0 °C, 62%; ¢) 30, DBU, MeCN, rt, 98%; d) TBAF, THF, 0 °C, 72 %; ¢) 30, DIAD,
PPh;, 1,4-dioxane, rt, then TBAF, 10%.
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X7 LAy FRH L LT o % &1 L7~ gemcitabine® (49)132°2°- 7 LA 02 F A % v v
F 2 (46) A HFEEUEEL L. TIPDS JE THEE A KR L 2 IR L7221, 4 4 U U LK 35
ZER &® VT TIPDS 4 5RrE3 25 2 & TEHKAEER L= (Scheme 11), 72, STHRIZHEV Y,
R BT AT VER EFZ VWX 7 LA R 50-54 2 ENE AL LTZ 7Y (Figure 13),

|
HO FN’go /( 0 N’go /( o

46 _< )_ 47 _Q 1_ 48 49

Scheme 11. Route for the synthesis of gemcitabine®. Reagents and conditions: a) TIPDSC], pyridine,
RT, quant; b) 35, CH,Cl,, 0 °C to rt, 80 %; ¢) HF-pyridine, 60 °C, 57%.

o o)
HNJ\O HNJ\O
HO f:/lo/@ </::fr\;’\l /\©
HO.

4-N-Cbz-dC (50) O:-N-Cbz-dA (51)
o
0/\© o/\© HNJ\O/\©
SN ,NfN ﬁ N
HO \(Nk’go HO. <N | N/)\NHz HO. N/&O
| :o: o ] :o:
OH OH OH
4-0-Bn-dT (52) 6-0-Bn-dG (53) 4-N-Cbz-2',2"difluoro-dC (54)

Figure 13. Nucleobase-protected nucleosides 50-54.
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W B KRB N TR OB REMERT Al

B LA 7 LAY RIZoWT, IR bkFISEMEZ L Lz, £ dC® 33) IC=RR T
U s ) 0 SRR i kSR 1 85 O iRk KKz EH S E ik HPLC TiEBf L
T ZA BTN 20 HEIT2-TAFLV T Vo~ 8% EFHVNRTERIND Z & & HEd
7o (Figure 14a), £7=, R VBT AT VB ZFFTCROVERIE, 4-N-(N PN F XA VR =
JN2-T AR T U (46) H W TR S CIRBE LK R IR T D IS B2 Fm L7z &
A, BN 2o Z LD (Figure 14b), (EffiFLDEREITAR 0 g X7 L OfR(l & i
< BRI HITLTWD DL EbNDE, ZOMD T = =)Lk Ui AT WV EMitLE
WZOWTH RO 21T o7& 2 A, R 2 RKOEIEL LOT Ly Z e~ & 205 0A
12 67~96% DR TEMEIND Z & el Uiz (Figure 15), KIRDEZEE ~D I MR RN i AR
VN dG® @5)IZ OV TR L KR ICRBTET D 2 & THA 8-ox0-dG TR I~ LA E N b
EZ2 5D % (Figure 16), RIRDIERE~D BB TN 96% & FHZ BATF722 AT IC DWW TILHEIC

WL KFE LIS D ROS ICHERBE LB OF I Vv ~OEMBNR LR T 52 L & Lz, ROS & L
TIX TBHP, CIO, HO-, BuO-, O, BLUNO 252 L L L, dT®% pH7.0 DY “ A Y
U DARER ISR S, 1 4O ROS ZEH S 7242 7 /LdT®, ROS O E 1mM) % il
WU, Yo7 V2R T T 12 REREFHE L/2tk, W0 HPLC THT LIz & 24, %97
ICEEND AT® OKEIILIEE T, KIRDOEEE~DZEWBN L 2-14%F2 T H - 7= (Figure 17),
TOZEED . MYOSFEEFOBEY . T == R a UL ORRE &< 1,6-BEEIC L KR
OEEBE~DOEB PR > TWDZ ERFEND bz, ZhEZIF T, dT® % ON FIIZEAL, &
(CREM 2RI AT O 2 & & Lz,

o)
a) |
) HNJLO/\©\
‘[ (QN E}-O
N'gO 2
’ Hok_J
o)
\
OH
dC ‘ dce
20 o
! 5 q}s
£
H202 ’ 1 §
O
L- 3
0.0 50 10.0 15.0 200

Retention time / min.
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b)

X1
4-N-Cbz-dC H o’\©
L
NSO
HO.
o
OH
&
60 3
§’
H,0, S
O
Lo | o
T T T T T T T T Q
00 50 100 150 200

Retention time / min.

Figure 14. HPLC chromatograms of a) dC" or b) 4-N-Cbz-dC after H,0, addition at
different time points

Conditions: nucleoside (1 mM), 5% DMSO sodium phosphate buffer (10 mM, pH 7.0),
NaCl (100 mM), H,0, (1 mM), rt. Observed by RP-HPLC.

100

88% 88% 67% 96% 95%
80 1
X
? 60 1 B 1 min.
.0
2
g H 5 min.
€ 40 -
© 20 min.
20 -
0 - ' ' ' ' o
dcB dAB dGB dTe gemcitabine®

Figure 15. Conversion rate of boronated nucleoside analogues to the
corresponding nucleosides or gemcitabine.

Conditions: 10 mM Na,HPO, (pH 7.0), 100 mM NaCl, 1 mM nucleoside. One
chemical equivalent of H,0, were added at room temperature and the

conversion rate of nucleoside was calculated from peak area of HPLC analysis
(260 nm).

25



HO.

N
<

N

oy

i T
N A .0
NH N B
| < ]
N/)\NHZ HO N N/)\NHz ©

OH OH
Deoxyguanosine dGB
| . _Jt A I —A A 20 &
P .IJLL_L A s '\\@e}@
H,0, \ u A 1
R A A 0 0,00
Q-.
0 5 10 15 20

Retention time/min.

Figure 16. HPLC chromatograms of dG" after H,0, addition at different time points
Conditions : nucleoside (1 mM), 5% DMSO sodium phosphate buffer (10 mM, pH 7.2),
NaCl (100 mM), H,O, (1 mM), rt. Observed by RP-HPLC.
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80
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H,0,TBHP OCI- HO: ‘BuO- NO O,

Figure 17. The reactivity of dT® toward various ROS.

Conditions : nucleoside (I mM), 5% DMSO sodium phosphate buffer (10 mM, pH 7.2),
NaCl (100 mM), ROS (1 mM). The samples are subjected to RP-HPLC after 12 h

exposure of the ROS.
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EUET dTPEAA Y I X7 LA F ROREREM TN

dT® % ON FINLEBAFTEL TIHA b T ay 7 OBEET>T, dT® X7 LAY R 43

DEF—KIEHEZ A M B Ffb, FRDE RKBIEOR AR T I XA MEzIERLT
52 LT, HUDOT I XA N7 r v/ 56 ~LZEH L= (Scheme 12), BHN7=T I¥A b7 1
> 7 51 Z AV, DNA BHEIEHMEIC X - T4 ) IS dT® 28 A L7, CPG IZfEA LTz
VU TSI IR N 28% 7 B =T K C2RERIAEE$ 2 Z LI2 XV CPG Eb il H L7,
Z D%, S0mM DREE ) 7 LA L ) — VEHICERSME T 12 RHBET L2 L TY Ay
7 R— B X ORI OB # 21TV, ONT 24572 (Scheme 13), ZN A WAHD T 22
THIER L, FICHiAH HPLC 2 W TR AT 72, %, ~ M) v 27 A% 3-t Frd b
al UER, WINFIE 7 =i T KFET =7 E LT MALDI-TOF-MS I E %4772 & 25,
LLHOEG|ZFFD ON O EF 2 — LT A T7 ANIKGES L, 1 B EO 7 = VRN AR v g
WK ME S LTz & HEER SN D 0 T B (PRI [M-H] = 3848.44 |2 L T, EHME:[M-H] = 3922.42)
DB ST, ZHuE, ON ORI TRICBIT S 28% T V' E=T K TOMLIAFIZEF a— Loz R
TIVE AR 53 i &4, MALDI-TOF-MS I/ E DFERIC 7 L— h E T/ = U KET VE=T A
L DORBIKKEE DT LIEAERTH D EE X HILD (Scheme 14),

O/\@\ O/\@\ 0/\©\
\ﬁN 5O \ﬁN 50 \ﬁN 5O
No °\€< N No O{< No O\§<
HO DMTrO. b DMTrO
o a o o
k J - - CN
m 0.0

OH (0]
43 55 | 56

Scheme 12. Route for the synthesis of dT" phosphoramidite 56. Reagents and conditions:
a) DMTrCl, pyridine, rt, 96%; b) iPr,NP(C1)O(CH;),CN, DIPEA, CH,Cl,, rt, 48%.

L QS
.0
\f§ N B"o 5.GtacgtacgtacTT \(gl BI
: o]
DMTrO. N ’go O( 0 N”~0
1 a 0 b
O —_— —
o)

> M
0=P-0  CN
TTTGRcctEeT @)

57
o/\@\
\fQN E",’OH
N,&O OH
(o}

5'.GtacctacgtacTT | 7 5'-GCGTT
o N ’J*o oH 0
) : o
—_—
o — o _
0=pP-G CN 58 0=P-0 ON7

- TTTGCTS

Scheme 13. Route for the synthesis of dT" incorporated ON7. Reagents and conditions:
a) automated DNA synthesizer; b) 28% NH3,, rt, 2 h; ¢) 50 mM K,COj; in MeOH, rt, 12 h
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O/\©\ o/\©\ o]

o
N _OH N 0~ oH
5.GCGTT \f\N B N B

1 5'-GCGTT | 1 o]
S Ny OH 4§00 S o O
e LR e o
HO OH
(I) ~ OH [NH3], (.) ~
0=P-0 0=P-0
TTTGCT-3' TTTGCT-3'
ON7 ON?7 citric acid adduct
Mass calcd. :[M-H] = 3848.44 Mass calcd. :[M-H] = 3922.39

found :[M-H]" = 3922.42

Scheme 14. Plausible reaction of ON7 with diammonium hydrogenate on MALDI-Mass plate

FEV N TLONT Z Fl W TR K BB ME DO RG22 4T - 72,37 °C T 1 mM OEBRALKE R (4
UIX 7 LAF REEITK LT 250 Y&) IS Lz 25, 30 % ICEiHED 98%BikESd 2 = &
Wi (Figure 18), X 7 LAY NMADLGEG & ik L CIlmBR L /KR ISR DISE MR T
L7ZREE LT, VUi 7 R—r EoRERE R YRR LOEPEPHEER L, @Eg
BRFBOREIED TN TWNWD EZEXDHILD

X=T \ 5'-d(GCGTTXTTTCGT)-3’
(0]
‘ \f;\@B'OH
S N’J“o OH
(o]
X= \Q
0
| o0
A -
30 \5

Retention time / min.
Figure 18. The reactivity of dT" modified ON toward H,0, observed by RP-HPLC.
Conditions : ON (4 uM), sodium phosphate buffer (10 mM, pH 7.2), NaCl (100 mM), H,0O,
(1 mM), 37 °C. ON sequence is 5°-d(GCGTTTP*TTTGCT)- '3

T, ALz dT® & ON & VT, @l k/kE oW X v ZESHZ i kie & il ©
DR Lic, £9°, dT® OFRI 2078 IS4 T R B % 3 % DNA $ICxI 5 Tofi%
PE L7 H, 31 °C 25 35 °C DEAE 7 (Table 8a), U5 DEIZKKRD I 2~ v FH
Hot 2 G de HEEHO Tl (37-41°C) L0 HIERL TP 3R L THEEE AL EL LTS Z
EW I T, —J5 . WEALKFRMES T2 0E LR, aT® ORI Z20LE I A 28
AW TOA EHHOKRIERLEN AL OGN (Th=31°C — 52°C), ZIULKARD T:A
HiHkt % Gie DNA ZHEHO T LRI L TH Y | @BEBIKFEORMC L dTP 3 T ~ L EH S
N2 LR SN, £7-, MM RNA OBAIT S FERIC ESZ ELRE & BRR L KED
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WINMZ X > CHIEITE 5 2 & MR L7- (Table 8b), LLEDFEREMND . AR L7 ==K
T ERE AR TRt £5 1T N mRNA 24280 & L7z ASO OEM 2\ bk BEEIC L - T
HIEICE D, ARARBMERZMERVEDL Z ENRINT,

Table 8. T}, values of duplexes formed by dT”-modified ON
with complementary strands or mismatch strands”.

dT® modified ON 5'—d (GCGTTXTTTCGT)—3 '

dT® modified ON 5’ —d (GCGTTXTTTCGT)—3 ’
DNA 3'—d (CGCAAYAAAGCA)-5' RNA 3’'—r (CGCAAYAAAGCA)-5'
Y Y
ON X ON X
A G (o3 T A G C U

32 39 30 31

o 0 A
\(£L\©\B.OH \E&/N\()\BDH
ON? (L,78&% 31 3 33 34 ON7 N
| |

N l: B'OH
%78 46 39 80 32
HZOZ

H,0,

o] o
ON7 T:JZO: " 52 41 36 38  ON7 T{CL
iR J

o o

NH
lT L 47 37 29 30

7 Conditions: 10 m M Na,HPO, (pH 7.0), 100 mM NaCl, 4 uM ON.
The T,, values given are the average of at least three data points.

ON8 (A 52 41 37 40 ON8
|
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BIET ML I DB L KRR 2 T T o ZIEMEO I

ATEICR L7238 Y (AT EAA Y X7 LA F NIGBEL KR IRIMOA IS U THEAHE & o
EEEERE 2 KIEICE b &85, £ 2T, dTPE A ASO Z{EK L. #5E D mRNA 25195
S 7 B AV ATREDMED D D T & & LT, ASO DRRGEHT 2013 EIKETRB Iz
HERESG TH D Kynamro IR OND X2 THO I VY T AT AEEERA T T 47T —
MEEIZ®ZE L, 7 > F & o ZBLHN O W AR S 5 0 (AR mRNA 85 & &8 nPE DO mv N i
ez MAAT X X v 7~ —FFY 2 AT 5 Z & & Lz, FEHY mRNA BAFIE 28 AAIRIZ 33V T
RIS D2 ETHONDANR VY —Z BRI TAB XA T 1(Scarbl) b L, ¥x v 7~
—HLFN DFRRGEHE 2012 41T Seth HIZ K > THRE SN LD EZREIIF ¥ v 7HAZ LNA £ 75
2-10-2 (Gap-Wing-Gap) DA % AV 7= % (Figure 19a), 7235, U U EEBIZETHA AR o F 4o —
MiEA LTV, ¥ M UHHEORDVIZS-AF LY by U2 VTS, Wing #i~
D ATE DEAEN TN TN 13 HEDEF, S;-S; ZA A L. positive control (PC) & L Tl dT®
%8 E 72\ O ELSI So. negative control (NC) & L Tl Scarbl AR L L7g\WT T 285 S, & H
W, = AT SR O RSN T % Hepa-1clc7 % 48 B CaCl, & ZHED ASO &
EEHIIZ 35T 1)HL0, free. 2)H 0, (REIREE 10 pM)D 2 o CENENIEFEL . Scarbl D mRNA

&% qRT-PCR Z W\ CE&E L7 (Figure 19b),
ASO Sequence (5'-3’)

a) s, TCragt m b)
o gtcatgactTC .
S, TCmagtBcatgactTC™ 100 1 o H:0, W H:0,
S, TCmagtBcatBgactTC™
*
S;  TCmagtBcatBgactBTC™ < 80
S, GCmattggtatTCmA %
o § 60 -
O o f
T TR g
MNP
= o) 20 1
0 0 -
»S_ri:=o ASO free Sa S, S, S, S,

Figure 19. (a) Sequences of ASOs. n = DNA, N = LNA (C™ = LNA-5-Me-cytidine), all
internucleosidic linkages are phosphorothioated. (b) Intercellular gene silencing triggered
by H,O,; using boronate ASOs. Three independent experiments were averaged and the error
bars represent standard deviation.

B oy Fe—EHNET Y KX 2 L7 —PitEs L OB mRNA & OfEABRIED [ b2 dm Lz A T8 Cff
RSB R (Wing #5) & mRNA & oA 7V v b “EEEZ K L72FBRIC RNaseH (2323 &5 R i odsdif: L7z
DNA fl4(Gap #) 7> 5k 5, RNaseH IZHINE R L OBENIZ/77E L. RNA/DNA 5% 385 L. MK fiEE91C RNA 8%
Uil L, 8-OH Kifi & 5-V VK% 4 U %, RNaseH O 2L b, ﬂw v S =T T AR LAY
mRNA D ) v 7 B MNERERT, =0 X7 L7 —Fiitthd@mb b7-0I12, U VB 27 LS iTZTD%z‘T
— MEAGNEWEIND Z ERZN,
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Hy0, ZIRIM L2 WGIFIZB N TIE ST E 2 mRNA /v 7 7 IR Sy & KEAREIFA LR
ode, —JiT, 8R0S AN D ST B W TUTBEZ TN mRNA @/ v 7 X0 2 3] &
. SANOUZ LD H D ERRREIZINE 5 Z L B3R S iz, ARIOERRRIZEB W TIE 2 fEATLL

FAT? 2 BAT LN v 7 XU RN ETH D LB X HILD, MZ T, 10 pM D Hy0,
BRI LT FIZB W T S-S D AT Z FLSI IS E A T2 W T OBESNIZH VT H So & L
TG ERRED ) v 7 Xy AEMEEHHR TE o, LEX D S0 S3D ASO & W55 12
) mRNA F 5L Hy0, BARIFH 72 2 ik L7z, 7285, ASO UM L TR WERIEIZEB W T

I3 Hy0, free . HyO, SN0 4 1EH] T Scarb] DOFBLENZKFEN o722 L 53D Hy0, DEINZ
Db DT Scarb]l DFEBUKR E BTNV EZ 2 N D, RENITAEKRNICIW TIER#lE &
DX AUABIE 2 R R U, IR A TR A0 T o T o AT R TR IR HE i D HE A B

DR EVBHFFIND,
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=6
o
p={

£

AR N TEE T, 2 RE ITHE TR EE L~ 2 B L T B O
S EMEN TR 2 B % LT,

1) SCHIC L0 ZHEEOLEMELFIE FTRE 2 N LB OB L B L, WAL S Lo T rx
YU =N LTCT YRR UVBEKREZEA LR 2-FAF ) V7 u s @UMHEH) &
BRI LTz, dUMBPEAA Y IR 7 LAF BON)TEZ 5P E ORI KL 00 E LR L,
SISEMERRE L LTRSS 2 L 2 D L, dUM, dUM-Me KUY dU*-OMe (2 L Tl
S RNAICH L h 7 U AR LD b A K% & DBICE O ZEHHLZELREEZ RTZ L2 R L,
JERIPLIZ LV AU TREBRO KRS EREZHIEETH L Z L 26N Lz, £ LT, X
FIMIC E VRV IR LT T o AEEE I ATREZR T v F R AA Y IX 7 AT FASO)R
T T~ A~ OIS R E A R LT,

2) R VR AT NIEEZE Y I DU R OT ) U6 ALICH DX 7 LAY RdCP dA®,
dT®, dG® X% 0" gemcitabine® # & L. 2 H DX 7 LAY RABEELAKSE & G Leisd 5 K
ROX I LAY RROTF AV HE RIS ERIND Z EE2H O LT, F5iC, dT®ICH
L CIEZE O OIGPEREFRFE(ROS) & O SUSTE RS L. Ho0p FR R RIS R LT, £/, dT®
FHERAE A LT ON IX, A8 DNA O RNA 233 2 B ELEE & iR b K & O RN
WCEVHIERETH D Z &2 R Lic, FEROEFEMZ X ¥ v 7 ~—H ASO IThid Z & T,
FE R ARSIV THEA mRNA O H0, (K177 7 v 77 &7 VR 2 3R L. dT® 238 A7
faXFRAICT o F o AEEZ RS NI E L THARFEM Th 5 ettt &R L,
AWFZETRAFE L7c RO N TR Z AW T, BRFOES T2 MW TIIARTREE o 72, %)
2GR AE) P RE AR BZ R R AL DBRFEIZ DR 3 D T & 2 WIfE L7z uy,
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A

ABIFSE PR, KI5 THRE, JHHEEZHY £ L
RIERFZRZEEIR AR D B BRICOE D EILA L B £,

ATEDEIZ DTV ZRRD THEEL THEEXTHEE L
FOLR R F B TR RNFERHME A Ay TR
A BEZ EICLIVEHEL T,

KX DFAZ L CTIHE £ LI RRRZERFRREER I A5 Bz,
MHENT, @Al BRICREHE L ET,

KWFTEN R % BRSO ZTERBY L
KIRRZFFE R A RC B olin &85 GEaI. I 18 FeEaghn,
T B RHEREEEE. ENIOTZEREIAN R R REATET O BR
Y HR ML EESCEARFEERANTER R e BHdR
R RFHZHFER (A WIS AEEIRICIR S L £,

ARBFFREOBATICEE L, THHETHE £ Lo, KIRKRFRZEGEERAIERH M A AL 03 BF D
wmE m Er BRI 8 ERICEEELET,

TERGHT, RO NCHEEGIT AT bV ZREL THE L
RIRRZFER AR AHIER TR T == B RO E O ERIE# S L £,

AWFZEICER L, ZWHhETHEE L
RBR 2R F B S TER L AR50 B O BRI B L £,

BB, BEORIIEDI RFHAERIZBWT, WAEI Y ZXEHEEE L
FlR, KA L £,
201943 A
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EER DR

JEJEFE 1T AASY S DIP370 FUBECRERT.  H Ayt P-2200 FUFE S =4 IV CTHIE L7z,

TROMRIRIL (IR) A7 S vid B ARGy FT/IR-4200 B3 e EE G2 AV CRIE L7,

B EOPIZOWT FAB-MS X HAET IMS-600 !, HAE T JMS-700 %% I\ ClllE L

MALDI-TOF-MAS % H A% IMS-S3000 %l % WV CTHIE L7,

NMR A7 ~Uid H AR 1 INM-ECS500 2 (500 MHz), H A 1~ INM-ECS400 %! (400 MHz),
H A 7 INM-ECS300 % (300 MHz) % AV, '"H-NMR X O* *C-NMR (7 + T A F /L5 > (0.00

ppm) &7 aukR/L A (7.26 ppm), A F J —/L (3.30 ppm), ¥ A FI/LANLAKRF T K (2.50 ppm) &
PR EEYE & U CHIZE L, *'P-NMR 13U 8 (0.00 ppm)Z AREBEEdE L LTV, 2k

singlet, doublet, triplet, multiplet, broad singlet ZZ#LZ41 s, d, t, m, brs & B L 7=,

TLC 7" L — X Merck Kieselgel 60 F254 & {f L 7=,

YUBhFNTa~ NS T T 4 —OWERNITE TV 7% PSQ-100B (0.110 mm), BT U &
7 AbZ FL-100D (0.100 mm)%z W2, 7T v a v U A vru~ 797 4 —OREANITE L+
> U v 7 b FL-PSQ-60B (0.060 mm), & 1= U + 7 (b2 FL-60D (0.060 mm) % I\ 7=, DNA &
F k%X, Gene Design nS-8 Oligonucleotides Synthesizer, Gene Design nS-8 II Oligonucleotides
Synthesizer Z V>, 0.2umol O A7 — )L CIT 5 7=,

EHER 7 v~ ~ 25 7 4 — (HPLC) |Z SHIMADZU LC-10AT;». SHIMADZU SPD-10A,p.
SHIMADZU CTO-10y» % V7=, HPLC Z3#7 % 7 1% Waters XBridge™ Shield RP18 2.5um (4.6 x
50 mm)% ., 57U 7 0% Waters XBridge™ Prep Shield RP18 2.5um (10 x 50 mm) % W\ TiT- 7=,

MALDI-TOF MS | Bruker Daltonics Autoflex II TOF/TOF } TX Bruker Daltonics ultrafleXtreme % H
WTCHIE L7, UV RUHE X SHIMADZU UV-1650B % W TiT > 72,

T MEHIE 13 SHIMADZU UV-1650B, SHIMADZU UV-1650PC, SHIMADZU UV-1800 % f\C{T
77,

RS EBR IT R B 2y YRRt D 300W & 2 2R MAX-303 & HQBP 365-VIS 025 Y257 «
VA — 400-VIS 025 5T 4 VX — KN 450-VIS 025 W7 4 VH — % AN TIT o7z,
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O FEBR
ISP TERRAUAE DA %

4-[4-(Trimethylsilyl)ethynylphenylazo]pyridine (2)

T2 UFEAK T, LA (950 g, 3.07 mmol) DEEKTHFIAHK B0mL) (&, 7 h T FAKY 7
= =VRAT 4 T U (0) (358 mg, 0.310 mmol), = 7 ALERT) (59 mg,0.31 mmol), K~V =x=F
AT Y (21 mL, 15 mmol) XY, MU AXAF ALY ATEFLY (1.1 mL, 7.7 mmol) ZZ.
60 CCTOIFHRFE L7z, BT A MBI L, BEALBIEREEL, Y I TNV DT L a~ NI T 7
Sq— (n-~FH o FEETT L =8: 1) TR L. {LEW2 (485 mg, 57%) ZAREKA L LTH
776
IR (KBr): v 2156 (C=C), 1250 (N=N) cm'; "H-NMR (400 MHz, CDCl;): § 8.81 (2H, dd, J = 2.0, 4.5 Hz),
7.91 (2H, dd, J = 1.5, 6.5 Hz), 7.70 (2H, dd, J = 1.5, 4.5 Hz), 7.63 (2H, dd, J = 2.0, 6.5 Hz), 0.28 (9H, s);
PC-NMR (100 MHz, CDCl;): 6 151.5, 151.4, 133.0, 132.5, 130.4, 129.3, 123.5, 123.4, 116.33, 116.31;

MS (FAB) m/z 280 [M+H]'; HRMS (FAB): Caled for C1¢H;sN3Si [M+H]': 280.1265. Found: 280.1272.

4-(4-Ethynylphenylazo)pyridine (5)

T2 UFEHK T, ALAEW2 (319 mg, 1.14 mmol) DOMEKTHFIANR (S mL) [ZREED U 7 L (79
mg, 0.57 mmol), A% /—/L (5 mL) ZMx., iR C2RFRHIFEIL LIz, Eife—F L/IKEMZ, 5
U7, A ZK, SRR CTHG L, BoKMEET Y U A TR L., WIEZRIER £
LCHELNTEMEREEES Y BTN DT AIa~w NI T 7 40— (-~FH Yy BT =3
1) THEIL. {LEWS5 (205 mg, 86%) % R AR & L CTHE -,

M.p. 160 °C (decomposed); IR (KBr): v 2092 (C=C), 1263 (N=N) cm '; "H-NMR (400 MHz, CDCl;): 6
8.82 (2H, dd, J = 1.5, 4.5 Hz), 7.92 (2H, d, J = 8.0 Hz), 7.71 (2H, dd, J = 1.5, 4.5 Hz), 7.66 (2H, d, J =
9.0 Hz), 3.28 (1H, s); "C-NMR (100 MHz, CDCls): ¢ 157.0, 151.8, 151.4, 133.1, 126.2, 123.3, 116.2,
83.0, 80.3; MS (FAB) m/z 208 [M+H]"; HRMS (FAB): Calcd for C;3H;(N; [M+H]": 208.0869. Found:

208.0855.

4-Ethynyl-4-methoxyazobenzene (6)

TN FERER T, ALEW3 (750 mg, 2.44 mmol) DOEEKTHFIAHE (10 mL) I[ZREEH U 7 L
(169 mg, 1.22 mmol), A% /—/ (10 mL) %z il C2MREIEHR L7c, BER =T LK ZMZ .
SR LT, AREIEZ K, fEREEK Tod L. BOKRER T Y 7 ATl U7, I 2 e
ELTHONTHEEREZ VAV D T u~ NI T T 04— (n-~FH o fiRT T =
4:1) THRIL., LAW®6 (576 mg, 99%) ZEM@ER L L T,
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M.p. 76-78 °C; IR (KBr): v 2102 (C=C), 1252 (N=N) cm'; "H-NMR (400 MHz, CDCl;): 6 7.81 (2H, d,
J=8.5Hz),7.73 (2H, d, J= 8.0 Hz), 7.51 (2H, d, J = 8.0 Hz), 6.89 (2H, d, /= 9.0 Hz), 3.76 (3H, 5), 3.11
(1H, s); C-NMR (100 MHz, CDCly): 6 162.3, 152.3, 146.9, 132.9, 124.9, 123.9, 122.4, 114.2, 83.4, 79.1,
55.5; MS (FAB) m/z 237 [M+H]"; HRMS (FAB): Calcd for C;sH;3sN,O [M+H]": 237.1022. Found:
237.1021.

4-Ethynyl-4’-methylazobenzene (7)

TN UFEAK T, /LA Y4 (403 mg, 1.38 mmol) DO EE/KTHFIAIR (6 mL) (ZIREED U 7 L (95
mg, 0.69 mmol), A% /—/b (6 mL) % NZ=R{E C2MFMIRHE L7z, BT vikEZ, ik
L7, AHEZ K, ffBfK Coel L, BoKRiEET MY 7 ATl Uiz, A RER L
THEHLNIHERE R EZn-~F Y V2B E LTHWY, YU BV T Asa~ T 7 4—T
KLU, ALAWT (203 mg, 92%) EREAER L L CTH57,

M.p. 138-140 °C; IR (KBr): v 2156 (C=C), 1250 (N=N) cm™'; "H-NMR (300 MHz, CDCLy): 6 7.87-781
(4H, m), 7.61 (2H, d, J = 8.5 Hz), 7.30 (2H, d, J = 8.5 Hz), 3.21 (1H, s), 2.42 (3H, s); "C-NMR (125
MHz, CDCLy): 6 152.2, 150.7, 142.0, 132.9, 129.8, 124.3, 123.0, 122.7, 83.3, 79.3, 21.5; HRMS

(MALDI-TOF) m/z : Caled for CysH 3N, [M+H]": 221.1073. Found: 221.1073.

5-[4-(4-Pyridyl)diazenylphenyl]ethynyl-2’-deoxyuridine (12)

T EFEAR T, ALAWS (281 mg, 1.35 mmol) @O MEKNN-V A F VRNV LT I R (15

mL) (27 FT7FARNY 7= =)L R AT 4 27387 U7 A(0) (156 mg, 0.135 mmol), = 7 {LEI) (26
mg, 0.14 mmol), ~ U =F /L7 I > (0.94 mL, 0.67 mmol) X UMLAEH 11 (465 mg, 1.35 mmol) %
MZT60 °CTI2MFHIEIE LTe, FUGHEIREZ 74 MR L, WiEE2EE L CHBEE 157,
NN-U AFNVHRNLET I REEHRE LV VTNV T Ara~ N7 77 4 —CHREL ALEY
12 (295 mg, 50%) Z AR & L TR,
M.p. 235 °C (decomposed); IR (KBr): v 3250 (NH, OH), 1636 (C=0); [a]p>* —19.6 (¢ 1.00, DMSO);
'H-NMR (500 MHz, DMSO-dq):  11.7 (1H, brs, NH), 8.82 (2H, d, J = 4.5 Hz), 8.48 (1H, s, H-6), 7.96
(2H, d, J = 8.0 Hz), 7.75-7.68 (4H, m), 6.13 (1H, t, J/= 6.0 Hz, H-1"), 5.27 (1H, d, J = 4.0 Hz, H-3"), 5.21
(1H, t, J = 4.5 Hz, H-4"), 4.29-4.25 (1H, m, OH), 3.84-3.82 (1H, m, OH), 3.67-3.58 (2H, m, H-5’),
2.21-2.17 (2H, m, H-2"); "C-NMR (125 MHz, DMSO-d): 6 161.3, 156.5, 151.5, 150.8, 149.4, 144.68,
132.3, 126.8, 123.5, 115.9, 97.7, 91.4, 87.6, 85.4, 85.0, 69.8, 60.8, 40.3; HRMS (MALDI-TOF) m/z :
Calcd for C»,HygN5Os5 [M+H]+: 434.1459. Found: 434.1459.
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5-[4-(4-Methoxyphenyl)diazenylphenyl]ethynyl-2’-deoxyuridine (13)

TN UFEHK T, ALAEW6 (303 mg, 1.28 mmol) @D HEKNN-V A F LR/ LT I RIEIKR (15

mL) 127 FTFANY 7=/ bR AT 73T 27 A(0) (148 mg, 0.128 mmol), = 7 {L4RA() (24
mg, 0.13 mmol), U =TF /L7 I (1.0mL, 0.72 mmol) X UMLA#11 (441 mg, 1.28 mmol)% I %
T60 °CTI2IFMIEHE LT, BUSEIRZE 7 A4 MR L, W42 85 L CHBREERZ S, vV
HTFENI T a~ NTT7T7 40— (Zuaakibh o AX/—)L =10 : 1) THERL, {tEW3
(360 mg, 61%) & EFEEAREKE L TR,
M.p. 253 °C (decomposed); IR (KBr): v 3345 (NH, OH), 2102 (C=C), 1638 (C=0) cm™'; [a]p>*—21.6 (¢
1.00, DMSO); 'H-NMR (500 MHz, DMSO-dy): 6 11.7 (1H, brs, NH), 8.47-8.44 (1H, m, H-6),
7.90-7.85 (4H, m), 7.64 (2H, d, J= 6.0 Hz), 7.13 (2H, d, J= 5.0 Hz), 6.18-6.11 (1H, m, H-1"), 5.31-5.25
(1H, m, H-3"), 5.24-5.18 (1H, m, H-4"), 432-4.24 (1H, m, OH), 3.89-3.81 (4H, m, OH, Ph-OMe),
3.70-3.59 (2H, m, H-5"), 2.23-2.14 (2H, m, H-2’); "C-NMR (125 MHz, DMSO-d,):  162.3, 161.3,
151.2, 149.4, 146.2, 144.3, 132.2, 124.8, 122.6, 114.7, 97.9, 91.6, 87.6, 85.1, 84.9, 69.9, 60.8, 55.6, 40.3;
MS (FAB) m/z 463 [M+H]"; HRMS (FAB): Calcd for C,,H23N,04 [M+H]": 463.1612. Found: 463.1613.

5-[4-(4-Methylphenyl)diazenylphenyl]ethynyl-2’-deoxyuridine (14)

T3 FEHK T, ALAEWT (280 mg, 1.27 mmol) @ KN N-V A F LR/ LT 2 RIEIKR (13

mL) (27 FT7FARNY 7 =2=)LR AT 4 27387 U7 A(0) (173 mg, 0.127 mmol), = (L&) (29
mg, 0.13 mmol), U =xTF /L7 I (1.3mL, 0.64 mmol) % CMLE#11 (292 mg, 0.846 mmol) % Il
Z7C60 °CTI2REEIRIR Lic, IINEIKRZ® 7 A M L, B2 /85 L COHBERZ 572, &
UBFNI T A~ T TFT7 40— (Zuankbh : AX7—1 =10:1) THR L., {L&W13
(284 mg, 75%) ZRBARERE L THT,
M.p. 255 °C (decomposed); IR (KBr): v 3345 (NH, OH), 2091 (C=C), 1641 (C=0) cm™; [a]p>* —20.6 (¢
1.00, DMSO); 'H-NMR (500 MHz, DMSO-dy): 6 11.7 (1H, brs, NH), 8.47-8.44 (1H, m, H-6),
7.92-7.79 (4H, m), 7.69-7.63 (2H, m), 7.43-7.38 (2H, m), 6.17-6.11 (1H, m, H-1), 5.30-5.24 (1H, m,
H-3"), 5.22-5.16 (1H, m, H-4"), 4.30-4.23 (1H, m, OH), 3.85-3.79 (1H, m, OH), 3.71-3.57 (2H, m, H-5"),
2.40 (3H, s), 2.22-2.13 (2H, m, H-2"); "C-NMR (125 MHz, DMSO-dy): 6 161.3, 151.1, 150.1, 149.4,
144.4, 1422, 132.2, 130.0, 125.1, 122.8, 97.7, 91.4, 87.6, 85.4, 85.0, 69.8, 60.8, 40.3, 21.1; HRMS
(MALDI-TOF) m/z : Calcd for C,4H,3N,05 [M+H]": 447.1663. Found: 447.1663.

5-[4-(4-Trifluoromethylphenyl)diazenylphenyl]ethynyl-2’-deoxyuridine (15)
TN FEHK T, ALAEWS (369 mg, 1.35 mmol) @O HEKNN-V A F LR/ LT I RIER (15
mL) (27 FI7FARNY T2 =)LAR AT 4 /3T 217 AL(0) (156 mg, 0.135 mmol), = 7 {L&Hi(I) (26
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mg, 0.14 mmol), F U =TF /L7 I (1.0 mL, 0.68 mmol) % UMtA#11 (465 mg, 1.35 mmol) % I
ZT60 °CCTI2FHIRIE LT, PO A7 4 Mg L, W2 ¥ E L CHAGERE 572, >~
UATNIThra~ T T 74— (Zanak/bh @ AZJ—/L =10 :1) THEL, (L&Y
15 (415 mg, 62%) Z B AEKE L TH7.

IR (KBr): v 3365 (NH, OH), 1659 (C=0) cm'; [a]p** —16.7 (¢ 1.00, DMSO); 'H-NMR (500 MHz,
DMSO-dq): 6 11.8 (1H, brs, NH), 8.50 (1H, s, H-6), 8.08 (2H, d, J = 8.0 Hz), 7.99 (4H, d, J = 8.5 Hz),
7.71 (2H, d, J = 8.0 Hz), 6.15 (1H, t, J = 6.5 Hz, H-1"), 5.29 (1H, d, J = 3.5 Hz, H-3"), 5.24-5.21 (1H, m,
H-4), 4.29 (1H, s, OH), 3.84 (1H, d, J = 3.5 Hz, OH), 3.71-3.61 (2H, m, H-5"), 2.22-2.18 (2H, m, H-2’);
BC-NMR (125 MHz, DMSO-d,): 6 161.3, 154.0, 150.8, 149.4, 144.6, 132.3, 130.9, 126.8, 126.3, 123.4,
123.2, 97.7, 91.4, 87.6, 86.2, 85.0, 79.2, 69.8, 60.8, 40.3; HRMS (MALDI-TOF) m/z : Calcd for

Cy4H9N4OsF3Na [M+Na]+: 523.1200. Found: 523.1200.

5-[4-(4-Nitrophenyl)diazenylphenyl]ethynyl-2’-deoxyuridine (16)

TN UFEHK T, LAWY (302 mg, 1.20 mmol) @D HEKNN-V A F LR/ LT 2 RIEIKR (15

mL) (27 FIFANY T 2= LR AT 4 /37 27 A(0) (139 mg, 0.120 mmol), = V(L&) (23
mg, 0.12 mmol), VY =F /L7 2> (1.0 mL, 0.72 mmol) K TUMLAH10 (414 mg, 1.20 mmol) % Il
Z7C60 °CTI2REEIRIR Lic, SRR Z® 7 A M L, B2 85 L OISR Z 572, &
UBFNITHra~x NI TFT7 40— (Zaakbh : A% ) — =5:1) THEL., (LEWIS
(545 mg, 95%) ZARfafEA L LT,
M.p. 270 °C (decomposed); IR (KBr): v 3403 (NH, OH), 1631 (C=0) cm’; [a]p>* —22.5 (¢ 1.00,
DMSO0); '"H-NMR (500 MHz, DMSO-dq): 6 11.8 (1H, brs, NH), 8.50-8.44 (3H, m), 8.10-8.08 (2H, m),
8.02-7.97 (2H, m), 7.74-7.68 (2H, m), 6.17-6.11 (1H, m, H-1"), 5.30-5.28 (1H, m, H-4"), 5.22 (1H, d, J =
4.5 Hz, H-3"), 4.28 (1H, m, OH), 3.84 (1H, m, OH), 3.68-3.62 (2H, m, H-5"), 2.22-2.18 (2H, m, H-2");
PC-NMR (125 MHz, DMSO-d): § 161.3, 155.0, 150.9, 149.4, 148.6, 144.7, 132.3, 126.7, 125.1, 123.6,
123.5,97.7,91.5, 87.6, 86.5, 85.0, 69.8, 60.8, 40.3; HRMS (MALDI-TOF) m/z : Calcd for Cy3H,oN5O;Na
[M+Na]": 500.1177. Found: 500.1177.

5-(4-Phenyldiazenylphenyl)ethynyl-2’-deoxyuridine (17)

TN UEHKRT, 4-=F =7 XE L (10) (1.06 g, 5.12 mmol) @ HEKN,N-2 A F L7k
VAT I RERIE (50 mL) 127 F I XA MU 7 2= /LR AT 4 28T 27 A(0) (592 mg, 0.512
mmol), I VALHII) (113 mg, 0.512 mmol), ~ Y =F /L7 I (3.6 mM, 25.8 mmol) KTU2-7 A *
-5-3— Ry U Yy (11) 2z T60 °CTARFEIREE LT, BUSEIR A E 74 Mgl L, B4
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BELCHBRBEAKRZE, YIVBFNITEIa~ T T T7 40— (ZaakVh @ AHX ) —)b
=20:1) THR L., {LAW17(1.80 g, 81%) ZRRBAEK L L TH7-,

M.p. 208-210 °C; IR (KBr): v 3439 (NH, OH), 1617 (C=0), 1289 (N=N) cm'; [a]p>*-3.7 (¢ 1.00,
DMSO); 'H-NMR (500 MHz, DMSO-dq): ¢ 11.4 (1H, brs), 8.47 (1H, s), 7.94-7.90 (4H , m), 7.69-7.60
(5H, m), 6.14 (1H, dd, J= 6.5 Hz), 5.27 (1H, d, J = 4.5 Hz), 5.20 (1H, dd, J = 5.0 Hz), 4.30-4.26 (1H, m),
3.82 (1H, q, J = 3.0 Hz), 3.71-3.58 (2H, m), 2.21-2.17 (2H, m); >C-NMR (125 MHz, DMSO-d;): J 161.3,
151.9, 151.0, 149.4, 132.2, 131.8, 129.5, 125.4, 122.9, 122.6, 97.8, 91.5, 87.6, 85.6, 84.9, 69.8, 60.8,
40.2; MS (FAB) m/z 433 [M+H]"; HRMS (FAB): Calcd for Co3HyN4Os [M+H]™: 433.1506. Found:

433.1524.

5’-0-(4,4’-Dimethoxytrityl)-5-[4-(4-pyridyl)diazenylphenyl]ethynyl-2’-deoxyuridine (18)

TN UFEHK T, LAY 12 (147 mg, 0.339 mmol) DK E U VAR (4 mL) (24,4-3 A
> U FLZ7 U K (138 mg, 0.406 mmol) Z %, IR CIOHFRIHEIE L7z, ISR A ¥
J =V EMA TEIZIO R Lith, WA MEEEL, Zeahr b KeMz, 2L
oo FtEIE A K, BRI AR CTHEE, BOKETEE T MY U ATEBEL, WA E L, 55
NEREEREZ SV DN DT o< 8T F7 40— (05% ) =FAT I UEH ZrakiL
Lo AR = =20:1) ICKVERL, {LEWI16 (223 mg, 89%) FARAy@ikE A & LTz,
IR (KBr): v 3323 (NH, OH), 1705 (C=0), 1252 (N=N) cm'; [a]p"*—4.3 (¢ 1.00, DMSO); 'H-NMR (500
MHz, DMSO-d;): 6 11.7 (1H, brs, NH), 8.67 (2H, d, J=4.5 Hz), 8.05 (1H, s, H-6), 7.68 (2H, d, J=8.5
Hz), 7.59 (2H, d, J= 6.0 Hz), 7.28 (2H, d, J= 7.0 Hz), 7.17-7.09 (8H, m), 7.02-7.00 (1H, m), 6.70-6.68
(4H, m), 6.01 (1H, t, J= 6.5 Hz, H-1"), 5.23-5.21 (1H, m, H-3"), 4.19-4.17 (1H, m, H-4), 3.82 (1H, s,
OH), 3.49 (6H, s, OMe), 3.06-3.04 (2H, m, H-5"), 2.16-2.13 (2H, m, H-2"); *C-NMR (125 MHz,
DMSO-dy): 5161.3, 158.1, 156.5, 151.6, 150.7, 149.3, 144.7, 143.7, 135.5, 135.4, 132.2, 129.6, 127.9,
127.6, 126.7, 126.6, 123.1, 115.9, 113.2, 98.1, 86.1, 86.0, 85.8, 85.3, 70.35, 63.5, 54.96, 40.4; HRMS

(MALDI-TOF) m/z : Caled for C43H3sNsO7 [M+H]': 736.2766. Found: 736.2766.

5°-0-(4,4’-Dimethoxytrityl)-5-[4-(4-methoxyphenyl)diazenylphenyl]ethynyl-2’-deoxyuridine (19)

TN KK T, LA W12 (101 mg, 0.218 mmol) DK Y VU ¥RIE (3 mL) 124,4°-3 A b
FYhUFAZ7 Y K (89 mg, 026 mmol) ZM %, iR TR L-, MISEIZA Y /) —
N MA THEIZIOFIEIE L%, WA REREL, Z7rafRvhbKRelx, 5k LT,
AR 2K, A K CoE%. MOKEEET U U ATHERL, BEARE L, Boh:
WS Z VAN BT A< T T 74— 05% NV ZF AT IVER Zrak/LA
AH =) =20:1) ICEVERL, {LEWIT (152 mg, 90%) A FBEE@EDIRER E L5,

39



IR (KBr): v 3437, 3410(NH, OH), 1701 (C=0), 1272 (N=N) cm '; [a]p** 28.4 (c 1.00, CHCl3); '"H-NMR
(500 MHz, CDCl3): 6 10.2 (1H, brs, NH), 8.28 (1H, s, H-6), 7.88 (2H, d, J= 7.0 Hz), 7.64 (2H, d, J= 7.0
Hz), 7.46 (2H, d, J= 7.0 Hz), 7.36 (4H, d, J= 7.5 Hz), 7.26-7.24 (3H, m), 7.11 (1H, d, J= 8.0 Hz),
6.81-6.74 (4H, m), 6.45-6.37 (1H, m, H-1"), 4.60-4.58 (1H, m, H-3"), 4.22-4.19 (1H, m, H-4"), 3.84 (3H,
s), 3.49 (6H, s, OMe), 3.45 (1H, d, J= 10.0 Hz, H-5"), 3.31 (1H, d, J= 9.0 Hz, H-5"), 2.68-2.57 (1H, m,
H-2’), 2.40-2.28 (1H, m, H-2"), 1.29-1.19 (1H, m, OH); *C-NMR (125 MHz, CDCLy): 6 162.1, 161.8,
158.4, 151.6, 149.5, 146.9, 144.4, 135.5, 135.4, 132.3, 129.9, 129.8, 128.0, 127.8, 124.3, 122.1, 114.1,
113.2, 100.3, 93.5, 86.9, 86.0, 86.0, 82.2, 72.2, 60.3, 55.4, 55.0, 41.6; HRMS (MALDI-TOF) m/z : Calcd
for C4sHuN4Og [M+H]": 765.2919. Found: 765.2919.

5’-0-(4,4’-Dimethoxytrityl)-5-[4-(4-methylphenyl)diazenylphenyl]ethynyl-2’-deoxyuridine (20)

T UEFEHK T, LA Y14 (200 mg, 0.446 mmol) DK Y ¥ UIRIE (5 mL) 124,4°- A b

¥ RUF 7Y R (182 mg, 0.536 mmol) #N1%x ., = CIORFRIEIE L7, BUSRIZ A X /
—VEMATEIZI0 MR Lk, WA ER- AL, 7R h e KREeMz, 2 LT,
AR A K, fRAEK T, BOKREE T MY v A TR L, WA E L, fohic
MR EZ VBTN AT EIa~ N T T 74— (n-~FH Yy BT =1:2) [0
L. fLAW20 (208 mg, 62%) ZFEATIREA L L TET-,
IR (KBr): v 3425 (NH, OH), 1707 (C=0), 1253 (N=N) cm'; [a]p>* —27.9 (¢ 1.00, CHCl;); "H-NMR (500
MHz, CDCly): 6 9.09 (1H, brs, NH), 8.27 (1H, s, H-6), 7.80 (2H, d, J= 8.0 Hz), 7.67 (2H, d, J= 7.5
Hz), 7.45 (2H, d, J= 8.0 Hz), 7.35 (4H, d, J= 8.5 Hz), 7.31-7.24 (4H, m), 7.15 (1H, t, J= 7.0 Hz), 7.11
(2H, d, J= 8.5 Hz), 6.81-6.78 (4H, m), 6.38(1H, t, J= 4.0 Hz, H-1"), 4.60-4.57 (1H, m, H-3"), 4.17-4.09
(1H, m, H-4"), 3.77-3.65 (6H, m, OMe), 3.50-3.46 (1H, m, H-5"), 3.40-3.28 (1H, m, H-5"), 2.67-2.52 (2H,
m, H-2"), 1.86-1.82 (1H, m, OH); "C-NMR (125 MHz, CDCly): 6 161.2, 158.6, 151.7, 150.7, 149.2,
144.4, 141.9, 135.4, 132.4, 130.0, 129.9, 129.8, 128.1, 127.9, 127.1, 124.7, 122.9, 122.3, 113.4, 100.4,
93.6, 87.1, 86.8, 85.9, 72.4, 63.5, 55.2, 41.2, 21.5; HRMS (MALDI-TOF) m/z : Calcd for C45HsoN4O;Na
[M+Na]": 771.2789. Found: 771.2789.

5’-0-(4,4’-Dimethoxytrityl)-5-[4-(4-trifluoromethylphenyl)diazenylphenyl]ethynyl-2’-deoxyuridine
@1

T KK T, ALAEW15 (114 mg, 0.228 mmol) DK Y ¥ U ¥RIE (3 mL) (24,4 - A b
FhUFAZ7 Y K (93 mg, 027 mmol) ZM %, iR CTIREEE L, MISEIZA Y /) —
NEMATHEIZI0O R L72%, W2 EREL, Z7eadvh e KEeMAx, 2Lz,
AigRE 2K, R &K Tk, KRR MU U LA THBEL, BEAERELE, BNk
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MR Z05% ) 2 F AT I vER7 RV LA ERERE LTV B AV T Ao a< b
757 4 —IC L 0ERL, {LEW21 (118 mg, 65%) ZAREOIDIREAR L L TH7-,

IR (KBr): v 3372 (NH, OH), 1669 (C=0), 1253 (N=N) cm’; [a]p>* 26.9 (¢ 1.00, CHCl3); 'H-NMR (300
MHz, CDCl;): 6 10.04 (1H, brs, NH), 8.25 (1H, s, H-6), 7.85 (2H, d, J= 8.5 Hz), 7.69-7.55 (4H, m),
7.41-7.12 (8H, m), 7.07-6.95 (3H, m), 6.71-6.69 (4H, m), 6.36-6.29 (1H, m, H-1"), 4.55-4.47 (1H, m,
H-3"), 4.15-4.07 (1H, m, H-4"), 3.57 (6H, s, OMe), 3.42-3.34 (1H, m, H-5"), 3.25-3.18 (1H, m, H-5"),
2.60-2.42 (2H, m, H-2), 2.32-2.21 (1H, m), 0.99-0.90 (1H, m, OH); *C-NMR (75 MHz, CDCl;): §161.7,
158.5,154.2, 151.2, 149.5, 135.5, 132.4, 129.8(8), 129.8(6) 128.0, 127.9, 127.0, 126.2(2), 126.1(8), 126.0,
125.9, 123.0, 122.7, 113.3, 100.2, 93.3, 87.0, 86.9, 86.1, 83.7, 83.1, 75.2, 72.3, 55.1, 24.7; HRMS

(MALDI-TOF) m/z : Caled for C4sH37;N40,F;Na [M+Na]': 825.2507. Found: 825.2507.

5’-0-(4,4-Dimethoxytrityl)-5-[4-(4-nitrophenyl)diazenylphenyl]ethynyl-2’-deoxyuridine (22)

T3 UFEHE T, {EAE W16 (150 mg, 0.324 mmol) DK Y ¥ U ¥RIE (3 mL) (24,4 - A b

FRUFZ7 Y R (128 mg, 0377 mmol) # /1%, =R CIOREEIEIE L7, BUSRIZ A X /
—VEMATEIZI0 MR Lk, WA RER- AL, 7R h e KREeMa, 2 LT,
AR A K, R T tE, BOKREE T U v A THEBREL, WHAERELE, B
HAEREZ S VDN DT hra~ T T77 40— (05% ) 2F LT IUER /anakibh
AR )= =20:1) IZE VR L, (LEW22 (115 mg, 47%) ZAREAFRELE LTHE-,
IR (KBr): v 3452 (NH, OH), 1703 (C=0), 1251 (N=N) cm™'; [a]p>*—16.9 (¢ 1.00, CHCl;); 'H-NMR (500
MHz, CDCLs): 6 9.98 (1H, brs, NH), 8.38-8.22 (3H, m), 7.95 (2H, d, J= 7.0 Hz), 7.69 (2H, d, J= 7.0 Hz),
7.49-7.14 (8H, m), 7.06 (2H, d, J= 7.0 Hz), 6.83-6.72 (5H, m), 6.43-6.38(1H, m, H-1"), 4.61-4.57 (1H, m,
H-3’), 4.21-4.16 (1H, m, H-4"), 3.65 (6H, s, OMe), 3.50-3.45 (1H, m, H-5"), 3.33-3.26 (1H, m, H-5"),
2.66-2.59 (1H, m, H-2"), 2.34-2.27 (1H, m, H-2"), 1.28-1.17 (1H, m, OH); *C-NMR (125 MHz, CDCls):
5161.6, 158.5, 155.5, 151.2, 148.6, 144.4, 135.5, 135.4, 132.4, 132.3, 129.9, 128.0, 127.9, 127.8, 127.0,
124.6, 124.5, 123.4, 123.3, 123.0, 122.9, 113.3, 1132, 100.1, 87.0, 86.9, 72.2, 55.1; HRMS
(MALDI-TOF) m/z : Calcd for C44H3;NsOoNa [M+Na]": 802.2483. Found: 802.2484.

5’-0-(4,4’-Dimethoxytrityl)-5-(4-phenyldiazenylphenyl)ethynyl-2’-deoxyuridine (4)

TN UEFEHK T, ALAEW17 (141 mg, 0.324 mmol) DK Y VUK 3 mL) (24,4 - A b
FhUFAZ7 Y K (131 mg, 0389 mmol) Z %, iR C4RFMIEIE LZ, RISIEIZ A Y /) —
N IMA TSI Lok, W2 ER AL, Zuadv b e KkeMA, iR LIz,
AHEIE 2K, BAFEEK Tl s, BOKmEET MU v A TRIRL, WA E L, BGohi
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HAE R Z VBN AT e~ T T77 04— 05% NV =FALTIVER Zaahivh
AH =) =20:1) ICE VR L, {LEW23 (239 mg, 88%) A FEEGULIREL L L TH7-,

IR (KBr): v 3437, 3410(NH, OH), 1701 (C=0), 1272 (N=N) cm™"; [o]p"* 36.2 (¢ 1.00, CHCl;); 'H-NMR
(500 MHz, CDCls): 6 8.51 (1H, brs), 8.29 (1H, s), 7.90 (2H, d, J=7.5 Hz), 7.70 (2H, d, J= 8.5 Hz),
7.52-7.45 (5H, m), 7.37-7.28 (6H, m), 7.16 (1H, dd, J= 6.5 and 1.0 Hz), 7.10 (2H, d, J= 8.0 Hz) 6.82-6.79
(4H, m) 6.38 (1H, dd, J= 6.5 Hz), 4.60-4.59 (1H, m), 4.14-4.13 (1H, m), 3.70 (3H, s), 3.69 (3H, s), 3.50
(1H, dd, J = 8.0 and 3.0 Hz), 3.34 (1H, dd, J = 8.0 and 3.0 Hz), 2.57-2.53 (1H, m), 2.40-2.34 (1H, m),
2.09 (1H, brs), 1.62 (1H, brs); *C-NMR (125 MHz, CDCls): 6 158.6, 152.6, 151.7, 148.8, 144.3, 135 4,
132.4,131.3,129.9, 129.1, 128.1, 127.9, 127.1, 125.1, 122.9, 122.5, 113.4, 100.4, 93.6, 87.2, 86.7, 85.9,
82.2,72.4,63.3,55.2,41.7; HRMS (MALDI-TOF) m/z : Calcd for Cy44H3sN,O;Na [M+Na]": 757.2633.

Found: 757.2633.

3’-0-[2-Cyanoethyl(diisopropylamino)phosphino]-5’-0-(4,4’-dimethoxytrityl)-5-[4-(4-pyridyl)diaze
nylphenyl]ethynyl-2’-deoxyuridine (24)

T3 UFEHK T, /LA W18 (223 mg, 0.312 mmol) DK 7 1 v A X YRR (3 mL) (ZN,N-
AT ENLT IV (016 mL, 0.94 mmol) £2-37 ) TFIINN-UA VTR E)LT BRKA
RHEYT IHZA (011 mL, 0.47 mmol) % A& TR TIRFMEEE L7, BUSHEIRIZKZ N2 T
FEfig— F L CTHIM L72 %, AR 2 fafn s EK, fafn ek T L, KB T U v AT
W LT B2 E LR DN HEGERE S VW SN T 8 ra~< N7 57 40— (05% K —
FNATIVER Zunakih  AXJ—) =20:1) ([ZX0ERL LE%24 (219 mg, 75%) %
AREFRER & L TR
IR (KBr): v 3603 (NH), 1712 (C=0), 1251 (N=N) em'; [a]p>*32.3 (¢ 1.00, CHCl;); "H-NMR (300 MHz,
CDCL): 0 8.84 (2H, m), 8.42 (0.3H, s, H-6), 8.37 (0.7H, s, H-6), 7.74-7.70 (4H, m), 7.51-7.50 (2H, m),
7.41-7.35 (4H, m), 7.31-7.16 (3H, m), 7.04 (2H, dd, J=9.0, 8.5 Hz), 6.83-6.77 (4H, m), 6.42-6.36 (1H, m,
H-17), 4.72-4.61 (1H, m, H-3"), 4.27-4.19 (1H, m, H-5’), 3.93-3.74 (1H, m, H-5"), 3.71 (6H, s, OMe),
3.67-3.49 (4H, m, CH,CH,CN), 3.36-3.24 (1H, m, H-4’), 2.72-2.52 (2H, m, H-2’), 2.49-2.35 (2H, m,
((CH3),CH),N)), 1.28 (8.4 H,t,J=7.0 Hz, ((CH;),CH),N)), 1.17 (3.6H, t, J=7.0 Hz, ((CH3),CH),N));
PC-NMR (125 MHz, CDCls): 0 158.5, 157.1, 151.1, 144.3(3), 144.2(9), 132.8, 135.5, 135.4, 135.3, 132.4,
132.3,129.9, 128.0, 127.9, 127.8, 127.0, 126.8, 122.9(1), 122.8(9), 117.5, 116.2, 113.2, 100.1, 93.0, 87.0,
85.8, 63.1, 58.4, 58.2, 58.1, 57.9, 55.1, 43.2(3), 43.1(7), 43.0(7), 43.0(1), 40.9, 24.6, 24.5(4),24.4(8),
24.4(4), 24.3(9), 21.5, 20.4, 20.3, 20.2; *'P-NMR (120 MHz, CDCl;): ¢ 148.80, 14837, HRMS
(MALDI-TOF) m/z : Calcd for Cs,Hs4N;OgNaP [M+Na]": 958.3664. Found: 958.3664.
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3’-0-[2-Cyanoethyl(diisopropylamino)phosphino]-5’-0-(4,4’-dimethoxytrityl)-5-[4-(4-methoxyphen
yl)diazenylphenyl]ethynyl-2’-deoxyuridine (25)

T2 FEHK T, /LA W19 (152 mg, 0.199 mmol) DK 7 v v A X YRR (2 mL) (ZN,N-
VAV TrEAT I (0.10 mL, 0.60 mmol) £2-37 ) ZFIINN-VA VTR E)LT B ERA
ma YT 44 K (67uL,0.30 mmol) &1 x CERIE CIRFRIFEAE L7z, SISIERICAKZ N % CHE
M F - CTHIH L7t AR%E 2 fafn Bk, S ik Coti L, BOKRRET U ¥ AT
LT WA E LG ONTHBRKE S Y DTN T L u<x N TT7 74— (05% Y =F
NTIVER Zaakivh 0 AKX —L =20:1) IZL VR L, {LEW25 (72 mg, 38%) %
BIBRE R L LT,

IR (KBr): v 3624 (NH), 1700 (C=0), 1253 (N=N) cm'; [a]p>* 19.4 (¢ 1.00, CHCl;); "H-NMR (500 MHz,
CDCL): 6 9.76 (1H, brs, NH), 8.37-8.28 (1H, m, H-6), 7.89 (2H, d, J= 7.5 Hz), 7.66 (2H, t, J= 8.0 Hz),
7.51-7.47 (2H, m), 7.41-7.31 (4H, m), 7.31-7.25 (2H, m), 7.19-7.12 (1H, m), 7.08 (2H, dd, J=6.0, 10.0
Hz), 7.01-6.96 (2H, m), 6.84-6.78 (4H, m), 6.41-6.31 (1H, m, H-1°), 4.70-4.62 (1H, m, H-3"), 4.31-4.29
(0.25H, m, H-4’), 4-18-416 (0.75H, m, H-4"), 3.87-3.82 (4H, m, CH,CH,CN), 3.82 (3H, s), 3.68 (6H, s,
OMe), 3.64-3.48 (2H, m , H-5’), 2.76-2.58 (2H, m, H-2’), 2.47-2.35 (2H, m, ((CH;3),CH),N)), 1.28 (9H, t,
J= 1.0 Hz, (CH3),CH),N)), 1.17 (3H, t, J= 7.0 Hz, ((CH3),CH),N)); "C-NMR (125 MHz, CDCl;): §
162.0, 158.4, 151.6, 149.2, 146.8, 144.2, 144.2, 135.2(8), 135.2(5), 132.1(8), 132.1(7), 129.8, 129.7(8),
129.7(5), 127.9, 127.8(5), 127.8(2), 127.7, 126.9, 124.6, 124.3, 121.9(7), 121.9(5), 117.3, 114.1, 113.2,
100.2, 100.1, 93.3, 86.8 (d, J (C, P) = 3.5 Hz), 77.2, 77.0, 76.7, 63.0, 62.9, 58.2, 58.1, 55.4, 54.9, 44.9
(d, J (C, P) = 5.0 Hz), 24.4, 24.3, 22.8, 22.7, 20.2 (d, J (C, P) = 7.0 Hz); *'P-NMR (200 MHz, CDCl;): §
149.52, 149.14; HRMS (MALDI-TOF) m/z : Calcd for Cs;Hs;NcOoNaP [M+Na]": 987.3822. Found:

987.3817.

3’-0-[2-Cyanoethyl(diisopropylamino)phosphino]-5’-0-(4,4’-dimethoxytrityl)-5-[4-(4-methylphenyl
)diazenylphenyl]ethynyl-2’-deoxyuridine (26)

T3 FEHK T, LA %20 (170 mg, 0.227 mmol) DK 7 v v A X YRR (3 mL) (ZN,N-
AT ENLT IV (012 mL, 0.68 mmol) £2-37 ) TFINNN-UA VTR E)NT BRKA
ma YT I A N (78 uL, 0.34 mmol) & N1 CERIE CIRFRIEAE Lo, SIOSIERICK Z2 N % CFE
M F - CTHIH L7t ARS8 2 fafn Bk, S ik Cotif L, BOKRRET U ¥ AT
BLTo 2R E LSO NTHEEERE S VAT T h o< 7T 74— (05% ) =F
NTIVER Zaakivh 0 AKX 7 —L =20:1) IZL VR L ALAW26 (120 mg, 55%) % &
BIBRE R L LT,
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IR (KBr): v 3610 (NH), 1699 (C=0), 1272 (N=N) em'; [a]p>*29.6 (¢ 1.00, CHCl;); "H-NMR (500 MHz,
CDCl;): §  9.74 (1H, brs, NH), 8.35-8.26 (1H, m, H-6), 7.84-7.77 (2H, m), 7.71-7.63 (2H, m), 7.51-7.44
(2H, m), 7.41-7.33 (4H, m), 7.32-7.25 (5H, m), 7.12-7.03 (2H, m), 6.84-6.75 (4H, m), 6.41-6.31 (1H, m,
H-1°), 4.72-4.60 (1H, m, H-3"), 4.29-4.19 (1H, m, H-4"), 3.93-3.74 (4H, m, CH,CH,CN), 3.70 (4H, s,
OMe), 3.63 (2H, s, OMe), 3.37-3.12 (2H, m , H-57), 2.72-2.50 (2H, m, H-2"), 2.50 (3H, s), 2.41-2.26 (2H,
m, ((CH;),CH),N)), 1.22-1.14 (8H, m, ((CHs),CH),N)), 1.12-1.06 (4H, m, ((CHs),CH),N)); *C-NMR
(125 MHz, CDCls): 6 153.6, 146.7, 145.7, 139.3, 137.4, 136.8, 130.4, 127.4, 124.9(3), 124.9(1), 124.7(4),
124.7(2), 123.0, 122.9, 122.0, 121.9, 119.8, 117.9, 119.3, 112.5, 108.3, 88.5, 82.1, 80.9 (d, J (C, P) = 3.5
Hz), 68.8, 68.7, 58.2, 53.4, 53.3, 50.2, 48.4, 38.2, 35.9, 35.8, 19.5 (d, J (C, P) = 7.0 Hz), 16.5, 15.4, 15.3;
3'P-NMR (200 MHz, CDCly): 6 149.62, 149.22; HRMS (MALDI-TOF) m/z : Calcd for Cs;Hs;NsOsNaP

[M+Na]": 971.3873. Found: 971.3868.

3’-0-[2-Cyanoethyl(diisopropylamino)phosphino]-5’-0-(4,4’-dimethoxytrityl)-5-[4-(4-trifluorometh
ylphenyl)diazenylphenyl]ethynyl-2’-deoxyuridine (27)

T UFEHK T, {EEW21 (98 mg, 0.12 mmol) DAY 7 v r A X R (2 mL) I[ZN,N-Y
A7 ENT I (63 pL, 037 mmol) £2-7 ) ZFINN-UA YV T r LT muRARH
T IHA N (41 uL, 0.18 mmol) % N1z TR CIRFRIFEHE L7z, BOSRRIZ K Z2 N % CHEfE —
FOTHIE L7, AHEE 2 R0 EE K, faf ik Cod L, BRI T b U 7 ATt L
T W2 EE LG ORI R VTN DT Lom~w N TT7T7 41— (05% ) =F L7
RVER /ankvh o AKX =)L =20:1) IZL DB ALEW2T (106 mg, 87%) ZFEfala
WHEE L LT,

IR (KBr): v 3640 (NH), 1674 (C=0), 1251 (N=N) em'; [a]p>*32.3 (¢ 1.00, CHCl;); "H-NMR (300 MHz,
CDCls): 6 8.39 (0.4H, s, H-6), 8.34 (0.6H, s, H-6), 8.01-7.95 (2H,m), 7.81-7.68 (4H, m), 7.51-7.45 (2H,
m), 7.41-7.32 (4H, m), 7.21-7.13 (1H, m), 7.09-6.99 (2H, m), 6.85-6.75 (6H, m), 6.42-6.31 (1H, m, H-1’),
4.70-4.59 (1H, m, H-3’), 4.29-4.15 (1H, m, H-4"), 3.75-3.64 (4H, m, CH,CH,CN), 3.48 (6H, s, OMe),
3.43-3.18 (2H, m , H-5"), 2.70-2.60 (2H, m, H-2"), 2.50-2.33 (2H, m, ((CH3),CH),N)), 1.21-1.14 (7.2H,
m, ((CHs),CH),N)), 1.10-1.04 (4.8H, m, ((CH;),CH),N)); *C-NMR (125 MHz, CDCL;): § 161.2, 158.6,
154.3, 151.3, 149.1, 146.9, 144.4, 144.3, 142.7, 135.5, 135.4, 132.4, 132.3, 32.0, 129.9(7), 129.9(2),
129.7, 128.0, 127.9, 127.8, 127.0, 126.3, 126.2, 126.0, 125.9, 125.6, 123.0, 122.7, 120.3, 117.6, 117.4,
116.7,113.3,100.4, 100.2, 93.2, 87.2, 87.0, 86.3, 85.9, 85.8, 83.0, 77.4, 77.2, 77.0, 76.6, 75.0, 74.9, 73.7,
63.1, 58.4, 58.2, 58.1, 55.2, 55.4, 53.4, 50.7, 43.3, 43.2, 43.1, 43.0, 40.8, 24.8, 24.6, 24.5(6), 24.5(1),
24.4(7), 24.4(1), 22.8, 20.4, 20.3, 20.1; *'P-NMR (120 MHz, CDCl;): ¢ 148.85, 148.44; HRMS

(MALDI-TOF) m/z : Caled for Cs;Hs,NgOgF3NaP [M+Na]": 1025.3591. Found: 1025.3585.
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3’-0-[2-Cyanoethyl(diisopropylamino)phosphino]-5’-0-(4,4’-dimethoxytrityl)-5-[4-(4-nitrophenyl)d
iazenylphenyl]ethynyl-2’-deoxyuridine (28)

TNAITUEHK T, (ALE® 20 (111 mg, 0.142 mmol) DMEKY 7 nnr XA X AR (2 mL) 12

NN-A Y 7a )7 I (74 pL, 043 mmol) &£2-7 J TFI)VNN-VA Va7 aaik
AR T IXA N (48 ul, 0.21 mmol) Z A1 TER CIRERIRIE Lo, ROSERIZ K% I % T
FEfig— F L CTHIM L72 %, AR 2 fafn s K, fafn Kk T L, KB U v AT
WL L7 W2 E LG ONTCHBREEEZ S Y B SNV T 8 u~ T 7 41— (05% KU =
FNATIVER Zunakih  AXJ—) =20:1) ([ZX0ERL L5928 (137 mg, 99%) %
AREJIIRE R & LTSIz,
IR (KBr): v 3576 (NH), 1712 (C=0), 1252 (N=N) cm'; [a]p>* —15.0 (¢ 1.00, CHCl3); 'H-NMR (500
MHz, CDCl;): 6 9.45 (1H, brs, NH), 8.45-8.29 (3H, m), 8.04-7.99 (2H, m), 7.76-7.70 (2H, m),
7.53-7.47 (2H, m), 7.42-7.36 (4H, m), 7.31-7.26 (2H, m), 7.20-7.14 (1H, m), 7.11-7.03 (2H, m),
6.85-6.79 (4H, m), 6.42-6.35 (1H, m, H-1), 4.71-4.63 (1H, m, H-4’), 4.30-4.25 (0.33H, m, H-3’),
4.24-4.20 (0.67H, m, H-3"), 3.89-3.75 (4H, m, CH,CH,CN), 3.72-3.69 (6H, m, OMe), 3.65-3.50 (2H, m
H-5%), 2.75-2.61 (2H,m, H-2’), 2.47-2.35 (2H, m, ((CH;),CH),N)), 1.22-1.16 (8H, m, ((CH;),CH),N)),
1.16-1.06  (4H, m, ((CH3),CH),N)); "C-NMR (125 MHz, CDCls): 6 156.5, 153.3, 150.6, 146.2, 144.3,
143.7, 139.4, 137.8, 130.5, 127.5, 124.9, 123.0, 122.9, 122.0, 121.8, 119.7, 119.5(3), 119.5(2), 118.0,
112.6, 103.3, 93.2, 81.9 (d, J (C, P) = 3.5 Hz), 68.7, 68.4, 62.9, 62.8, 58.1, 58.0, 55.4, 54.9,38.9 (d,J
(C, P) = 5.0 Hz), 24.4, 24.3, 22.8, 22.7, 19.5 (d, J (C, P) = 7.0 Hz); *'P-NMR (200 MHz, CDCl;): §
149.62, 149.25; HRMS (MALDI-TOF) m/z : Calcd for Cs;Hs4N,0,(NaP [M+Na]": 1002.3567. Found:
1002.3562.

3-0-{2-Cyanoethyl(diisopropylamino)phosphino}-5’-0-(4,4’-Dimethoxytrityl)-5-(4-phenyldiazenylp
henyl)ethynyl-2’-deoxyuridine (29)

TN UFEHK T, /LAY 23 (188 mg, 0.26 mmol) DMK T b=k U LA (5mL) (ZN,N-
DAY Tr AT I (0.13 mL, 0.76 mmol) £2-27 ) ZFIIUNN-VA Y T E)LT B ERA
RaTT IZA B (90 uL, 0.40 mmol) Z AN X TR TLSKFMIRIE Lo, BOSEIKIZ KA N2 T
FEfig— F L CTHIM L72 %, AR 2 fafn s oK, faf Kk T L, oK U v AT
WL L7 W2 E LG ONTCHBREEEZ S Y W SNV F 8 7u~ T 7 41— (05% KU
FNLUTIVER ZanakiVh o AKX —) =20:1) IZXLVEHL LEY29 (324 mg, 82%) %
RBOJIRE R L L TR,

IR (KBr): v 3610 (NH), 1699 (C=0), 1272 (N=N) cm; [a]p>* 32.5 (¢ 1.00, CHCl5); "H-NMR (500 MHz,
CDCL): 6 9.08 (1.15H, brs), 8.35 (1H, s), 8.30 (0.15H, s), 7.89 (2H, d, J= 7.5 Hz), 7.67 (2H, d, J=8.5
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Hz), 7.55-7.14 (14.4H, m), 7.04 (2H, d, J= 8.5 Hz), 6.67-6.75 (4.6H, m), 6.60 (0.3H, d, J= 8.5 Hz), 6.35
(1.15H, dd, J= 7.5, 6.0 Hz), 4.68-4.61 (1.15H, m), 4.26 (1.15H, s), 3.70 (3.45H, s), 3.69 (3.45H, s),
3.67-3.53 (5.75H, m), 3.31 (1.15H, dd, J= 8.6, 2.4 Hz), 2.65-2.56 (1.15H, m), 2.47-2.36 (3.45H, m), 1.18
(13.8H, d, J= 6.5 Hz); "C-NMR (125 MHz, CDCly): 6 161.2, 158.5(9), 158.5(6), 152.6, 151.5, 149.1,
144.35, 142.5,135.4, 132.3,132.0, 131.1, 130.0 (d, J (C, P) = 6.0 Hz), 129.1, 128.7, 128.0, 127.9 ,127.0,
125.1,122.8, 122.4, 120.5, 117.3, 113.3, 100.3, 93.4, 86.3 (d, J (C, P) = 3.5 Hz), 85.9, 82.4, 77.3, 77.0,
76.8,73.4,73.2,63.0,58.2,58.1,55.1,43.2 (d, J (C, P) = 13.0 Hz), 40.8 (d, J (C, P) = 5.0 Hz), 25.6,
24.5(9), 24.5(3), 24.4(8), 20.2 (d, J (C, P ) = 7.0 Hz); *'P-NMR (200 MHz, CDCl): 6 149.09, 148.66;
MS (FAB) m/z 957 [M+Na]*; HRMS (FAB): Calcd for Cs3HssNqOgNaP [M+Na]*: 957.3711. Found:
957.3711.
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dUMHHE AON D &k
ONDARILT I XA b7 vy 72429 L filk OdABz), dG(iBu), dC(Bz), TOHRAFR BT I &

A Z201 M OEEKTE F=1FULEKE L THFHE L. GeneDesign nS-8 Oligonucleotides
Synthesizer & W THBHE DORAF BT I XA MEIZHE > TTo 7o, KA —/11E 0.2 umol &
L. MU F A Sk TIT o 12 IEVEAE AN I X Activator 42 (025 M 7 k= b U JLIRIE) Z v,
MEERHITETOT IXA b7 vy 7 TR E Lz, B5E Tk, 28%7 »F =7 K TL5kF
[ALER LT T SR D OEI ) L 21TV, 5l EHEE55 °CTI2IFMERE T 2 2 & THER &
WY VYT AT VDO BARHEZIT > 7=, FOTHES WY F 2 (Waters, Sep-pak® Cartridge) |
KOG L%, WFHHPLCH R 21T > 7,

dUA 38 A\ ON 0D 5
OND & HLFs J O D RERRITMAHHPCLIZ L W LA F D&M TIT o 72,
7 2 ;. Waters XBridge™ Prep Shield RP18 5.0 pm (10 x 50 mm) (¥ fY)

Waters XBridge™ Shield RP18 2.5 um (4.6 x 50 mm) (3 E 2
BEFE © AR :0.1M EEfE b U = F LT T = LFEETE (pH 7.0)

BiZ :01M FEfg bV =F L7 B = MEfEK 0 T2 h=K VUL =1:1(pH7.0)

VAN BifK#FE 20-40% (ON 1-4), 40-60% (ON 5), 10-40% (ON 6)
PR 4.5 mL/min (1Y)
1.0 mL/min (i EE ffERE)

717 NREE 50 °C
M UV (260 nm)

AU A ON O #H 15 e 78
OND#IIMALDI-TOF MSZ W TR L7z, 3-E Fr¥ v 2l U (1.0 mg/mL in H,0O)

LV U7 =T A (1.0 mg/mL in Hy0) 21 : 10OFEETRA L~ MY v 7 210 Lz 7
L— hO LTS, ZO%RONKENRLO pL (L #940 pmol) At Cigl S, WEA1T
ST WEITETRHT 4 7E— RTIT o7, RBANBEREL LTAY 5 I V/LEE (7 mer,
15 mer, 23 mer) %M L7,

dUAHE AOND & £
X

Bl L 72 ON O FE B3O8 BE I E & & IV T260 nm D SEAMERRIN 2 [ E 2 Z & TIT o 72,

47



— = O R

SEISEAE D A

1. ONI1-6 (FIREE 4 uM) EHE T R U 7 A (KIRE 100 mM) O U CEEFEEHRR (10 mM, pH 7.0,
100 pL) Z A% L, AN O ER 2 W TR E AT MV &7, EAUZ XD n-n*
ERITHE TR ZFE L, YT 20RO EIHN 25 cemDFEEE) S 10175 2 &
T T 2RI D ¥ A RSO RMALZAT UV, S HICRHEART FAVIEEITH 2L T
n-m*ERICHY T LB RZRIE Lz, YLFOERIZIE W TIXOND & AED 5 kT 2 AR
~OYEMAIZFE STV R OS2 5 em D BB S 1080179 2 & TIT-o T\ 5,

2. ONI1-6 (F&IREE 4 pM) &M LT R U U A (REIREE 100 mM) @ U o FEFEE K (10 mM, pH 7.0,

100 uL) 1ZxF LC, BIETHRE L EREZAVT R T U A RO VAR, VA KRLS R

Y ABRASONEMAEITU WFHHPLC T L7z,

&

o AL AUAE O Bz e PE AT

ON1-5 (R&JREE 4 pM) L3 LT N U U A (BIRE 100 mM) O U U EEfEE#KE (10 mM, pH 7.0,
130 pL) #4722 L0 2T A E~DO ML L, 60 °C5{4: T TON 1-4(%365 nm®
WOLEEZAEZ . ON 513400 nmDOYOEEZ L 2R IE L, #RA ke 7 m v b4 252 & TY A KD
PR AR LT,

BARMRIRE (Tn) WIE

KON (FIREE 4 uM) & LT FU 7 A (KRB 100 mM) O U U FEEFEE R (10 mM, pH 7.0,
130 uL) Z KT I L, BIRE T D W FELEE, BHEKFF. Vo 7 MRIRES °C
ETHANL CHEZBAL LTz, 8530.5 °COEIE T °CE THIE L. 0.5 °CIAIFE T260 nmiZ 3517
DWNEE T 7y b LTz, T2 CHBRIECTHEE L, 3E O U7 JIERS R o E8 il 2 v
7

v ZRON 1 D ENGFRIRE (T, &
AR & [FRRICY T LA FHFE L 5 °CE THHI L 72t Y 22 T L 5 v A ML 21T\,

WEZIT- T,

S5 R BN A

ON (F&JEE0.1 uM) EHi kT Y 7 A RBESO mM) OV Vg b YU 7 AEEHR (5 mM, pH
7.0, 300 pL)Z& @ ERIR & L, FIAHSHRNA (RIREEL pM) S ET N Y o A (KRS0 mM) @
U RS b U T AFEREE (S mM, pH 7.0, 60 pL) %2 uL 3O E L7-BRICA U 2B E A2 IE L,
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fiat, MaEHR, =2 —EbERD, FTAAHTRLF— = brb—Z{brE

H U7z B ERIRITRE DEA N ATHDE S L < ITSARE I3 2 2 & Ot b 21T 72,

4-(4,4,5,5-Terramethyl-1,3,2-dioxaborolan-2-ly) 1H-imidazole-1-carboxylate (34)

T3 KK T, ALA31 (1.09 g, 3.70 mmol) DK ML AR 20 mL) (2, A XY
—/b (1.00g, 14.8 mmol) ZNZ, =R TARFHBFE L7, SUSTIRICHEIR—F v, KZIMA TSy
%, IS 2 faf K THRWEEKIRE T N U U A TRz L7, MEGRIKE S U D7V 5
LArma<w NTT7 40— (n-~FH o BTV =2:1) THEE L LEW34 (1.06g,87%) % H
BIBRE R L L TR,

IR (KBr): v 3130 (Ar C-H), 1762 (C=0), 1615 (C=N) cm™'; '"H-NMR (300 MHz, CDCly): 6 8.15 (1H, s),
7.87 (2H, d, J = 6.0 Hz), 7.48-7.41 (3H, m), 7.05 (1H, s), 5.04 (2H, s), 1.34(12H, s); "C-NMR (100 MHz,
CDCls): ¢ 148.2, 136.8, 136.5, 134.9, 130.4, 127.4, 116.8, 83.6, 69.3, 24.6; FAB-LRMS m/z = 329
(MH+); FAB-HRMS calcd for C7H»,N,O4B= 329.1676, found 329.1668.

MS (FAB) m/z 329 [M+H]"; HRMS (FAB): Calcd for C;;H»nN,O,B [M+H]": 329.1676. Found:
329.1668.

3-Ethyl-1-(((4-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxy)carbonyl-1 H-imidazol-3-ium
tetrafluoroborate (35)

TR FERR T, LA 34 (1.21 g, 3.70 mmol) OFEKT 7 mr A X YRR (40 mL) %0 °C
kAL, NIZFAAF Y= LF hTTAF AL — b (669 mg, 3.52 mmol) %% 7, %
D%, FEIR TIRFFFHE L7z, TLCZ AW TREOHAZMHER L, REROEEROKISITHN
7o

(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-3,5-0-(1,1,3,3-tetraisopropyldi
siloxane-1,3,diyl)-2’-deoxy cytidine (37)

T3 FEK T ALA 36 (416 mg, 0.880 mmol) DK Y 7 mr A X UYRIE (10 mL) %0 °C
ok L, ALA#35 (1.15 g, 3.50 mmol) DMK 7 mm A X U PFHE (10 mL) %% F L7z, =&
CARFHIR R . SONEIRIC AR EEK 2 N2 THiR Lz, A 2K, fafn K CHeiE,
HEOKHRERT N U D ATHRL, Wiz E L, HIlERE VSN h o nrn~ 757
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4 — (n-~FH Yy BT =4:1) TR L, {LEW3T (593 mg, 92%) & FEIRE R E L
T,

IR (KBr): v 3151 (Ar C-H), 1747 (C=0), 1622 (C=N) cm™"; [a]p>* 27.7 (¢ 1.00, CHCl3); "H-NMR (300
MHz, CDCL3): 6 8.80 (1H, drs), 8.22 (1H, d, J = 7.5 Hz), 7.81 (2H, d, J = 8.0 Hz), 7.37 (2H, d, J = 8.0
Hz), 7.23 (1H, d, J = 7.5 Hz), 6.03 (1H, d, J = 7.0 Hz), 5.21 (2H, s), 4.43-4.30 (1H, m), 4.21 (1H, d, J =
13.0 Hz), 4.02 (1H, dd, J = 3.0, 13.0 Hz), 3.81 (1H, d, J = 8.0 Hz), 2.63-2.49 (1H, m), 2.41-2.28 (1H, m),
1.34 (12H, s), 1.13-0.92 (28H, m); “C-NMR (75 MHz, CDCLy): 6 162.4, 137.9, 135.0, 134.8, 134.7,
134.6, 126.9, 125.7, 85.3, 84.9, 83.5(4), 83.5(1), 83.4, 77.2, 67.3, 66.1, 59.5, 39.3, 24.6, 17.2, 17.1(6),
17.0(8), 17.0(1), 16.7(5), 16.6(9), 16.6(5), 16.6, 13.1, 12.7, 12.6, 12.1; FAB-LRMS m/z = 752 (MNa");
FAB-HRMS calcd for C35Hs09N3BSi,Na= 752.3546, found 752.3553.

MS (FAB) m/z 752 [M+Na]"; HRMS (FAB): Calcd for C35sHsgN3;04BSi,Na [M+Na]": 752.3546. Found:
752.3553.

(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-2’-deoxy cytidine (33)

TN UFERR T ALAW3T (1.99 g,2.70 mmol) DK E Y P U ¥EHE (20 mL) (27 v AkAKFE-
YTV (ca. 65% 7 vAb/KFE wiw, 0.60 mL, 11 mmol) Z Nz, 60 °CTI2FFRIFER L7z, KIS
(ZIRBEAKFE T B U U A&z, BIZ300E L, B7 4 ME@ L, BEABEREEL, Mk
BERES VAN AT A a~x N5 7 40— (Zaakbh . AKX ) —/L =9:1) THEEL,
LA 9133 (684 mg, 52%) % HEJDIRE A & L TR,

IR (KBr): v 3331 (-OH), 2979 (Ar C-H), 1750 (C=0), 1651 (C=N) em'; [a]p>* 55.7 (¢ 1.00, MeOH);
'H-NMR (300 MHz, CD;0D): 6 8.37 (1H, d, J = 7.5 Hz), 7.68 (2H, d, J = 8.0 Hz), 7.32 (2H, d, J = 8.0
Hz), 7.22 (H, d, J = 7.5 Hz), 6.15 (1H, t, J = 6.0 Hz), 5.14 (2H, s), 4.37-4.29 (1H, m), 4.00-3.92 (1H, m),
3.79 (1H, dd, J = 3.0, 12.0 Hz), 3.69 (1H, dd, J = 3.0, 12.0 Hz), 2.49-2.38 (1H, m), 2.17-2.06 (1H, m),
1.26 (12H, s); "C-NMR (75 MHz, CDCLy): 6 163.7, 156.6, 156.5, 153.4, 144.9, 139.2, 134.9, 128.5,
128.4, 128.2, 127.2(3), 127.1(6), 95.6, 88.3, 87.5, 84.1, 70.5, 67.3, 61.4, 41.4, 24.2, 24.0, 17.4;
FAB-LRMS m/z = 488 (MH"); FAB-HRMS calcd for C,3H;N;0sB= 488.2119, found 488.2216.

MS (FAB) m/z 488 [M+H]"; HRMS (FAB): Calcd for C,3H;N;OsB [M+H]": 488.2119. Found:
488.2119.

(6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-3,5-0-(1,1,3,3-tetraisopropyldi
siloxane-1,3,diyl)-2’-deoxy adenosine (39)

TN UFEAK T, /LA Y38 (357 mg, 1.00 mmol) DMK 7 mr AKX YRIE (10 mL) %0 °C
Wk L. AEA 38 (124 mg, 0.254 mmol) DMK 7 mr A X R (10 mL) 23 F L=, =
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IR C2AREFEI R . SOSTRIRICBFIE S K2 N2 T Uiz, A8 Z K, Sk cos
%, WS N U U ATHIRL, WA E L, R E Y VS vh T hsu~ v
T 4= (n-~FH o BTV =4:1) THER L, LEW39 (172 mg, 91%) % A Ak E R
L LTHT,

IR (KBr): v1758 (C=0), 1615 (C=N) cm™"; [o]p>* —23.4 (¢ 1.00, CHCl;); 'H-NMR (300 MHz, CDCl;): 6
10.24 (1H, s), 8.74 (1H, s), 8.04 (1H, s), 7.81 (2H, d, J = 8.0 Hz), 7.39 (2H, d, J = 8.0 Hz), 6.00 (1H, d, J
= 6.5 Hz), 5.36-5.23 (2H, m), 5.16-5.08 (1H, m), 4.03-3.98 (2H, m), 3.92-3.84 (1H, m), 2.81-2.56 (2H,
m), 1.36 (12H, s), 1.13-1.02 (28H, m); *C-NMR (75 MHz, CDCl;): 6 152.3, 151.1, 149.9, 149.5, 144.1,
141.9, 138.1, 134.8, 134.6, 127.6, 125.7, 122.4, 84.9, 83.6, 83.4, 83.3, 77.2, 70.0, 67.2, 64.4, 61.7, 39.4,
24.6(2), 24.5(9), 17.3, 17.0(9), 17.0(7), 17.0(6), 16.9, 16.8, 16.7, 16.6, 13.0, 12.8, 12.5, 12.2; MS (FAB)
m/z 754 [M+H]"; HRMS (FAB): Calcd for C5Hs7N504BSi, [M+H]": 754.3839. Found: 754.3846.

(6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-2’-deoxy adenosine (40)

TR FEHK T, LAY 39 (1.19 g, 1.59 mmol) DEKNN-V A F LKL LT 2 RIEKR (20
mL) Z0°CIZK® L, Y74 a MU AFAT A RY A(P AT LT I )AL E=U A (1.00g,
3.63mmol) Mz 72, 0°CTIFFMEIR L, Zunmk/Lh 1 2-Fa ) —)b =3:1 LAKTHIEL
oo AEZHED, WIZRE LG ONTCHBERE S VDTN DT L0~ N T T T 40— (7
B L AR =)L =19:1) THE L, (L5140 (520 mg, 62%) % A EAIDIREIRE L TH
776
IR (KBr): v 3293 (-OH), 2977 (Ar C-H), 1757 (C=0), 1619 (C=N) cm’; [a]p>* 1.2 (¢ 1.00, DMSO);
'"H-NMR (300 MHz, DMSO-d6): § 10.80 (1H, brs), 8.66 (1H, s), 8.63 (1H, s), 7.68 (2H, d, J = 8.0 Hz),
7.46 (2H, d, J = 8.0 Hz), 6.44 (1H, dd, J = 6.5, 7.0 Hz), 5.23 (2H, s), 4.47-4.39 (1H, m), 3.91-3.84 (1H,
m), 3.66-3.46 (2H, m), 2.82-2.70 (1H, m), 2.39-2.25 (1H, m), 1.29 (12H, s); “C-NMR (75 MHz,
DMSO0-d6): 6 152.1, 151.6, 151.5, 149.7, 142.8, 139.8, 134.5, 126.9, 123.8, 88.0, 83.7(5), 83.7(2), 70.7,
66.0, 61.6, 48.6, 25.5, 24.7; MS (FAB) m/z 512 [M+H]"; HRMS (FAB): Calcd for C4H3NsO;B [M+H]":
512.2317. Found: 512.2321,

(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-
3,5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3,diyl)-2’-deoxy thymidine (42)

T2 UFEAK T, ALA W41 (160 mg, 0.297 mmol) DMK T & =k U LI (5 mL) (22-(4-
EREX U ATFIVT 2 =))4455-7T 8T AF-132-UA4FH AR T (30) (139 mg, 0.594
mmol) & 1,8- 77 a[54,017 7 #-7-= 2 (89 pL, 0.59 mmol) % NI Z TR CT4RFHIR
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LI B AEEL VBTN T A a~w T T T 4— (n-~FH 2 FERTF L =7:3)
THELL . {L&%42 (204 mg, 98%) % A AIIREAR & L THZ,

IR (KBr): v 2943 (Ar C-H), 1670 (C=0), 1532 (C=N) cm'; [a]p>* 25.0 (c 1.00, CHCl3); 'H-NMR (300
MHz, CDCly): 6 7.86-7.75 (3H, m), 7.39 (2H, dd, J = 12.0, 7.5 Hz), 6.05 (H, d, J = 6.5 Hz), 5.43 (2H, dd,
J=13.0, 16.0 Hz), 4.46-4.38 (1H, m), 4.19 (1H, d, J = 13.0 Hz), 4.03-4.00 (1H, m), 3.80-3.78 (1H, m),
2.62-2.52 (1H, m), 2.38-2.31 (1H, m), 1.99 (3H, s), 1.34 (12H, s), 1.14-0.95 (28H, m) ; “C-NMR (75
MHz, CDCls): 6 169.9, 155.4, 144.5, 139.4, 138.7, 134.7, 134.6, 126.9, 125.7, 103.8, 84.9, 84.8, 83.5,
83.4,83.5, 83.4,77.2, 68.3, 66.3, 64.4, 59.5,39.6, 24.6, 17.2, 17.1,17.0, 16.8, 16.7, 16.6, 13.2, 12.7, 12.4,
12.2, 12,1; MS (FAB) m/z 723 [M+Na]"; HRMS (FAB): Calcd for C;sHs;N,OgBSi,Na [M+Na]":
723.3644. Found: 723.33651.

(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-2’-deoxy thymidine (43)

TV UFEAR T LA 42 (160 mg, 0.227 mmol) DEEKTHFIRW (2.5mL) %0 °CIlZKE L,

IM 7947 bTn-7F AT = A (048 mL, 0.48 mmol) & i F L7z, KISIRIREZ 7 1 rik
Vb ERREEAK TR L, AREZ K THE. BEKARET ) UL THEBR L, BEEEE
LEONTHMEGEERE S YV WSV T A oa~ NI T 7 40— (BiB=TF L« AKX ) —) =97 :
3) THELL . {L&W43 (78 mg, 72%) % FAGIDIREAR E L THE 7,
IR (KBr): v 3335 (-OH), 2977 (Ar C-H), 1752 (C=0), 1660 (C=N) cm'; [a]p>* 33.5 (¢ 1.00, MeOH);
'H-NMR (300 MHz, CD;0D): 6 8.08 (1H, s), 7.64 (2H, d, J = 8.0 Hz), 7.32 (2H, d, J = 8.0 Hz), 6.14 (1H,
dd, J = 6.0, 6.5 Hz), 5.31 (2H, s), 4.30-4.26 (1H, m), 3.88-3.84 (1H, m), 3.74 (1H, dd, J = 3.0, 12.0 Hz),
3.64 (1H, dd, J = 3.0, 12.0 Hz), 2.95-2.90 (1H, m), 2.34-2.28 (1H, m), 2.10-2.03 (1H, m), 1.89 (3H, s),
1.22 (12H, s); "C-NMR (75 MHz, CD;0D): 6 171.7, 158.0, 142.4, 140.4, 135.9, 128.1, 106.5, 89.1, 87.9,
85.1,79.5, 71.6, 69.6, 62.4, 54.0, 42.2, 27.1, 25.2, 21.0, 14.0, 12.3; MS (FAB) m/z 481 [M+Na]’; HRMS
(FAB): Calcd for C,3H;3N,0,BNa [M+Na]": 481.2122. Found: 481.2126.

(6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-2’-deoxy guanosine (45)

TN UFEAK T, /A Y44 (300 mg, 0.585 mmol) DK 4-V A FH VEHK (6 mL) (2, b
V7 x=)LRAT 14> (184 mg, 0.702 mmol), 7V T IR YA Y 7 v /L (140 pL, 0.70
mmol) X OMEE) 30 (144 mg,0.614 mmol) Z 2 ZE IR CARFRIFREE L7z, SOSIHK A0 °ClIoKm L,
IM 7 94bT b Tn-7F AT =7 A (121 mL, 1.21 mmol) % F LFEIZ0 °C TR
L, BIEARBELBONTHAEERE S Y BN DTG b ra~x N7 74— (BT L
AH =) =19:1) THEL., {LEW4I5 (28 mg, 10%) % A ATIKEA S L TE-,
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IR (KBr): v 3329 (-OH), 1585 (C=N) cm™'; [a]p>* —3.6 (¢ 1.00, MeOH); 'H-NMR (300 MHz, CD;OD):
§8.03 (H, s), 7.91 (2H, s), 7.60 (2H, d, J = 8.0 Hz), 7.40 (2H, d, J = 8.0 Hz), 6.30 (1H, dd, J = 6.5, 9.0
Hz), 5.50 (2H, s), 4.58-4.51 (1H, m), 4.06-4.00 (1H, m), 3.86-3.67 (2H, m), 2.85-2.70 (1H, m), 2.38-2.27
(1H, m), 1.27-1.20 (12H, m); *C-NMR (75 MHz, CD;0D): § 180.1, 162.2, 161.4, 154.2, 140.0, 134.6,
128.3, 115.9, 89.7, 86.8, 79.5, 73.1, 69.4, 63.7, 47.4, 41.2, 24.1, 9.4, 9.3; MS (FAB) m/z 754 [M+Na]’;
HRMS (FAB): Calcd for C,3H3oNsOsBNa [M+H]": 506.3219. Found: 506.3224.

3,5-0-(1,1,3,3-Tetraisopropyldisiloxane-1,3,diyl)-2°,2’-difluoro-2’-deoxycytidine (47)
THATUFERR T, 220-P 70 Fa2-F 4% F Y (46) (1.00 g, 3.80 mmol) DK LY
UM (40 mL) 12, 13- rBe-1,133-T h T4 YTy aedxtr (1.25 mL, 3.99
mmol) Z 1%, SR CARFRIESE Uiz, RIGNEIRE 7 v a kL AT, fafn@m#E KAz <oy
LT, AtE 2 fafn ik, KU LIEOKMEET M) v ATl Lz, BWEZEELEDS
NEHMBRERE )V D FND T A a~ N TT 74— (Zaakvh « AX ) —)L =4:1) T
KL (L&A W47 (1.93 g, quant.) % FAIRERE L TE-,
IR (KBr): v 3855, 3837 (-NH,) cm™'; [a]p>* 14.4 (c 1.00, CHCl;); 'H-NMR (300 MHz, CD;OD): 6 7.54
(1H, d, J = 7.5 Hz), 6.05 (1H,m), 5.83 (1H, d, J = 7.5 Hz), 4.33-4.20 (1H, m), 4.10 (1H, d, J = 13.5 Hz),
3.98 (1H, dd, J = 2.5, 13.0 Hz), 3.91-3.85 (1H, m), 1.07-0.88 (28H, m); "C-NMR (75 MHz, CD;0D): §
167.6, 157.6, 140.7, 123.1, 96.6, 80.4, 70.8, 61.1, 17.9, 17.8, 17.7(9), 17.7(1), 17.6(9), 17.6(6), 17.4, 17.3,
17.2,14.6, 14.4, 14.1, 13.9, 13.7; MS (FAB) m/z 506 [M+H]"; HRMS (FAB): Calcd for C5H3gF,N30;5Si,
[M+H]": 506.2318. Found: 506.2318.

(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-3,5-O-
(1,1,3,3-tetraisopropyldisiloxane-1,3,diyl)- 2°,2’-difluoro-2’-deoxycytidine (48)

TN UFERR T ALAW35 (1.39 g, 3.14 mmol) DEKT 7 vm A X U EEHE (30 mL) %0 °C
2ok L, ALE 47 (799 mg, 1.57 mmol) OEKY 7 v A X V¥R (10 mmol) 2 F L7z, =
T 24P . POSTRIRICEIMEE K2 M2 THW Uiz, AEZK, faf ik o
%, WKW MY U ATHRREL, WAL L, HEKE VST v N7
T4 — (n-~FH o BTV =2:1) TR L, (LE48 (961 mg, 80%) % M ok [E R
& LT,

IR (KBr): v 2946 (Ar C-H), 1752 (C=0), 1656 (C=N) cm™'; [a]p>* 18.5 (c 1.00, CHCl3); 'H-NMR (300
MHz, CDClLy): 6 9.22 (1H,brs), 7.93 (1H, d, J = 7.0 Hz), 7.78 (2H, dd, J = 5.5, 7.0 Hz), 7.32 (2H, dd, J =
5.5, 7.0 Hz), 6.28-6.18 (1H, m), 5.20 (2H, s), 4.69 (1H, s), 4.39-4.19 (2H, m), 4.08-3.95 (1H, m), 1.33
(12H, s), 1.16-1.00 (28H, m); C-NMR (75 MHz, CDCls): d 163.0, 154.2, 152.3, 144.3, 137.8, 134.8,
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134.7(7), 134.7(6), 134.6, 127.0, 126.9, 126.7, 125.8, 95.4, 83.6, 83.4, 79.2, 77.2, 67.4, 64.4, 59.2, 24.6,
17.1, 17.0, 16.9(8), 16.9(7), 16.6, 16.5, 16.4, 13.1, 12.6, 12.5, 12.1; MS (FAB) m/z 766 [M+H]"; HRMS
(FAB): Calcd for C3sHssF,N300BSi, [M+H]": 766.3538. Found: 766.3545.
(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-
2°,2’-difluoro-2’-deoxycytidine (49)

T3 FEHK T, LA Y48 (700 mg, 0.911 mmol) DK LY ¥ LK (10 mL) 127 v {bK
F-BVU T (ca. 65% 7 vib/AKFE wiw, 0.20 mL, 3.6 mmol) &Nz, 60 °C TR L 72, X
ISR ERIRAKSET R U v L&A, B30 L. &7 Ml L7z, WEZRBEEEL,
MR Z L VDTNV T hra~w NI T7 74— (Zaakibh @ AX /) — =19 : 1) TH
L. (LA W49 (283 mg, 57%) % HATIREA L L TET-,

IR (KBr): v 3277 (-OH), 2979 (Ar C-H), 1751 (C=0), 1659 (C=N) em'; [a]p>* 42.3 (¢ 1.00, MeOH);
'H-NMR (300 MHz, CD;0D): d 8.20 (1H, d, J = 8.0 Hz), 7.63 (1H, d, J = 7.5 Hz), 7.29-7.20 (4H,m),
6.14 (1H, t, J = 7.5 Hz), 5.09 (2H, s), 4.28-4.15 (1H, m), 3.92-3.82 (2H, m), 3.75- 3.67 (1H, m), 1.21
(12H, s); "C-NMR (75 MHz, CD;0D): § 165.3, 157.3, 145.5, 140.0, 136.9, 135.9, 129.5, 129.4, 129.3,
128.2, 97.0, 85.1, 82.7, 82.6(7), 82.6(1), 70.0, 69.7, 68.6, 68.4, 60.1, 58.3, 25.2, 25.0, 18.3; FAB-LRMS
m/z = 524 (MH+); FAB-HRMS calcd for C»3H,9BF,N305= 524.2016, found 524.2020.

MS (FAB) m/z 524 [M+H]'; HRMS (FAB): Calcd for C,3H,0F,N;0gB [M+H]": 524.2016. Found:

524.2020.
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B R O FEBR
B LEX 7 LAY R dCP dA®, dT®. dG®) DiER{b/k 3 IGE MO FEAlh

X7 VAR (FERE: 1 mM) AT NY UL (BRE: 100 mM) ©10% DMSO-V »f#EF
MU T AR (EIREE: 10 mM, pH 7.2) (ZafR bk B KR (FIRE: 1 mM) 2%, ||\ T—
TEREE & U 72 % IS HHHHPLC CAMT L7z, X 2 RIROBEIE ~ DA H#H413260 nmiZ 351F 5 4%
ILEWHSROYOLE ©— 7 IR S E LT,

H0JGEMET I Vv 7 Fa Z AT OiE MRS FE Ik 3 5 IG A O §Ffl

X7 VAT R (RERE: 1 mM) kT U DA (IR 100 mM) ©10% DMSO-Y >
N U D AERER (EIREE: 10 mM, pH 7.2) (IZENEIIEMEREERE (KIRE: 1 mM) 2%, =il T
125 E & U722 ICEFHHPLC Tl LTz, 7235, tert-7 F 0~V A % 2 K (TBHP)IX70% /KA K
L LT, WHIEFERRA 42 (CIONI DWW TIXI0% KRR T MU v AKEKE LTHRKEINT
WHRIEE W, B ReXx v T UHILHOY), tert-7 FF T V1V (BuO I DWW TIESmM D
(NH4),Fe(SO4), £ 10 mM®DEDTA % H,0,°TBHP & TN ZE NG SIS Z & TRAEIETHWE,
—W2{bZEFE(NO)IZPROLI NONOate & U » FEfRE K (pH 7.2)F CHfR S5 Z & TR I, A
—R=F XL FAFON)EFH v Z oA F v Z—F (4.5%10° mg/100pL) & % 77— (0.4
mg/m)IZE RFF o FremM)ZERSE S 2 & CAERE T, FI V0 ~OEHFEIT260 nm
(BT DAL EWH R OWOE ©— 7 R HIRGE LT,

5 R DU A 0 F2BR

dT®7 I %4 R T a7 OERR

5’-0-(4,4’-Dimethoxytrityl)-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-2’-deoxy
thymidine (55)

TN UFEAK T, /LA Y41 (450 mg, 0.945 mmol) DKL Y VLR (10 mL) (24,4°-2 A
F¥> RUFLZ Y K (384 mg, 1.13 mmol) &M%, IR TR Lz, RINKICA &/
—EMATEIZI0 MR L7k, WA ERE L, 7R b e KRaeMz, 2L,
AR A K, R T tE, BOKREE T MU v A THEBREL, WHAERELE, B
HAEREZ S VDN DT D ra~ T T77 40— (05% ) 2F LT IUER /anakibh
AH =)L =20:1) ITE VKR L, {LAEWS5 (705 mg, 96 %) ZHEATIRE AR E L TH7,

IR (KBr): v 3455 (-OH), 2978 (Ar C-H), 1700 (C=0), 1642 (C=N) cm' [a]p** 8.8 (¢ 1.00, CHCl);
'H-NMR (300 MHz, CDCl): 6 8.54-8.50 (2H, m), 7.79-7.74 (2H, m), 7.69-7.63 (2H, m), 7.51-7.38 (4H,
m), 7.32-7.18 (6H, m), 6.85-6.78 (4H, m), 6.50-6.42 (1H, m), 5.11(2H, s), 4.63-4.57 (1H, m), 4.12-4.07
(1H, m), 3.74 (6H, s), 3.51-3.45 (1H, m), 3.38-3.31 (1H, m), 2.48-2.24 (2H, m), 1.55 (3H, s), 1.31 (12H,
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s); PC-NMR (75 MHz, CDCly): § 163.3, 163.2, 158.4, 150.7, 150.6, 149.1, 144.2, 139.8, 136.7, 136.2,
135.2, 135.1, 134.7, 133.8, 129.9, 128.9, 128.2, 128.1, 127.9, 127.7, 127.3, 126.9, 123.8, 113.0, 110.1,
110.0, 86.6, 86.1, 85.3, 83.5, 77.2, 74.7, 71.4, 63.3, 55.0, 44.3, 41.0, 24.6, 12.4; MS (FAB) m/z 783

[M+Na]+; HRMS (FAB): Calcd for C44H49N,O9BNa [M+Na]+: 783.3429. Found: 783.3436.

3-0-{2-Cyanoethyl(diisopropylamino)phosphinoe}-5’-0-(4,4’-dimethoxytrityl)-
(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-2’-deoxy thymidine (56)

TN UFER T ALEY 50 (663 mg, 0.850 mmol) DEEKY 7 mr A X ERHE (10 mL) (1
NN-A Y 7ua 7 I (044 mL, 2.6 mmol) &£2-7 J TFI)VNN-VA YR ENT aaR
AR YT IHZA b (023 mL, 1.0 mmol) % Az TR CT2REMHEEE L7z, KSIEIRIZ K Z 2T
FEfg — F L CHIM L 7o, AiEfE 2 fafnE &K, fafnafik Coed L. EKHMEE T MY v AT
IR LT, WIHZRE LB ONTHMEERE ) D SN DT A a~ NI T T 4 — n-~FH
o R T L =6:4) ICX VR L, {LAWS6 (400 mg, 48%) % IRIEGRLIREIR & LTS,
IR (KBr): v 2244 (C=N), 1671 (C=N) ecm' 'H-NMR (300 MHz, CDCl;): 6 8.03-7.93 (1H, m), 7.83 (2H,
d, J= 7.5 Hz), 7.48-7.39 (4H, m), 7.35-7.24 (7H, m), 6.89-6.79 (4H, m), 6.49-6.36 (1H, m), 5.43 (2H, s),
4.78-4.59 (1H, m), 4.30-4.17 (1H, m), 3.77 (3H, s), 3.76 (3H, s), 3.66-3.45 (4H, m), 3.45-3.27 (2H, m),
2.79-2.26 (4H, m), 1.49 (3H, s), 1.34 (12H, s), 1.26-1.03 (12H, m); "C-NMR (75 MHz, CDCls): 6 169.8,
169.7, 158.3, 155.5, 155.4, 144.0, 139.6, 138.6, 135.0, 134.9, 134.7, 129.9, 129.8, 127.9, 127.8, 127.6,
126.8, 117.4, 117.2, 112.9, 104.6, 104.5, 86.5, 86.4, 85.9, 83.5, 77.2, 74.5, 68.2, 58.0, 57.8, 54.9, 54.8,
42.9,42.8 (d, J (C, P) = 5.0 Hz)), 42.7, 24.5, 24.4,24.3,24.2, 24.1 (d, J (C, P) = 7.0 Hz), 20.1, 19.9, 19.8,
19.7, 11.3, 449 (d, J (C, P) = 5.0 Hz), 24.4, 24.3, 22.8, 22.7, 20.2; *'P-NMR (120 MHz, CDCl;): 6
149.57, 148.96; FAB-LRMS m/z = 961 (MH"); FAB-HRMS calcd for Cs;Hs7BN4O,oP= 961.4688, found

961.4697.

dTE AOND A%

Gene Design nS-8 II Oligonucleotides Synthesizer % F\ . 25— “Hi O 51FH HIEMHALA] & 5-
TFNVNFFAH-T F TV =) (025M T b= h U VIRHK) ~EETLTITo72,

dTRE A ON D il
7oV b BIRIEE 16-32% & LT, osefhid, F—=F ML FEICL TITo 7,

dTRE A ON D R
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B L RIS L TYTo e, AT, ESEMSEAWTEAliA A v 2752 LT
HHJDOND Al % fifesd L7z,

[FERIC L TIT > 72,

dT®E A ON D ER LK F IS E M DIl

ON (FAHEEE: 4 uM) LHEET R U w7 A (FRIREE: 200 mM)D Y RS B U w7 LEEIE (RRIR
10 mM, pH 7.0) (Zif{b/K EKEIR (KR | mM) & 0N1x 37 °CT—EREMEE L 721 (2 WiHH
HPLC ot L7z,

BABMRIRSE (Tn) WIE

B-mE =ML RIS L TITo 72,

AON (8 uM) & b R U 7 A (200 mM) @ U “figF b U o SRR (20 mM, pH 7.0, 100 pL)
ZUIEAKTIZIR L, BIRETW - D LmE Lk, miglk/AKkE 2 mMOKERKZ 100 uLil %,
%37 °CTI0HEE Lz, ZNEERK R, 5 CETHHL TET 2 Z & T, WmiglkE
&SR OATE AOND T, il % F i LTz,

B B L OO FEBR

dT®E AASOD AL

Gene Design nS-8 II Oligonucleotides Synthesizer % I\, 85 5 IUHT & [FAE O Z&: % IV TIT
Sz, RAFvF AT — MEMID T2 ORAL TEIF0.05 M (P AF AT I AF VT )T 2
J)-3H-124-CF T AV 3-F 4 DDIT)OE Y P /7® b=k U (1:1, viWIETR % W
72

dTRE A ON D il
7o b BIREE 20-80% & LT, oMk, E—FEE _HiLEREICL TITo T,

dTRE A ON D R
ESI-MS% HWTEAMiA 4> 2425 2 & THIOOND AR % B Lz,

dT®E AOND /&
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BB H L FRRIC L TIT o T

~ 7 A B SRRk Hepa-1c1c 7135 [E ) — /L XX — D European Collection of Authenticated
Cell Culutures X W AF L7, 37°C. 5%CO, XS F T10% FBSH L N %PS % & 1o DMEMES Hi %
HAWTHEE LT,

BRI RIC 351 DATPE A ASOIZ L DmRNA / v 7 2 %7 U 1& MR

Hepa-1clc7HifE % 5.0%10°/well T96-17 = /L 7 L — CHERE L, 2451538 . Yol . ASO & CaCl,.
H,0,% G deks i~ & 23 #a U W IC48IF B 1538 L7- (FRIEFE ASO: 100 nM, CaCly: 9 mM, H,0,: 10
pMdb L <130 pM), #RNAZ% QIAGEN RNeasy kit% IV TC[EIIY L, One Step SYBR PrimeScript

PLUS RT-PCR kit& 7°F A ~—% F V> TStepOnePlus system (Applied Biosystems)iZ J2 ¥ qRT-PCR
(ZT D Z L TH T AHOmMRNARZ ER LTZ, b, Y 7 IVITET D Scarb] DmRNA £
[ZGAPDHOmMRNAR Z tIZ IEF{E S T 5,
TIAw—:
mouse Scarbl (forward: 5’-TGACAACGACACCGTGTCCT-3’,

reverse: 5’-ATGCGACTTGTCAGGCTGG-3")
mouse GAPDH (forward:, 5>-TGCACCACCAACTGCTTAG-3’

reverse: 5’-GATGCAGGGATGATGTTC-3)
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