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1.1 {ZE®IZ

Bk BICAATET 2 & b D DAY OIARB IR AL Ch 2 MO, ST H A
9 DNA (7 A%V B EEWE : deoxyribonucleic acid) 23F/EL T\ 5, DNA (%, ¥ (574 %
TUR=R), VU, BEPOERINDTAXUX I VAT R, BHDOY VLo
X7 LFAF ROPERS D 3K L R AR DT AT S 20 LT, B ERE L, 44
Won1iEdE (K ~—) 2K LTS, E/~v—ThdXJ AT Ro—H%kdik
HEIZE, TV UEETHLITT= (A, 7T7=2 (G), BUIVUEETHLY v
(C), FIv (1) OWNUFEENRH Y, DNA OFEFNEX 7 L AF RO OE NI L -
TRESN DT80, HIERS EMIEN TN D, ZOHEERINIL, ¥ 7 EE2 25 573
J RS 2 R E T D T2 O OEBEIERER E 2o TV D,

DNA I ARDTA XL X7 LATF RN, EWISR R E ISR L, A&&0 HEHHEHD
EIMEEERBR L CTNDZ LM, 1953 45, TRy sy rickoTigieanz Y, =
A DNA $ITFMR ekt & 2 2 7T F = (A)-F 2 (1), /7 =(G)-> k¥ (C) T
FNEFIWKBREEG LR T D2 LICL > THRALTEBY, 56T AT B>, G-C M
ZOOKFREADFET D Z ENRENT, TOMIZE DNA ONMNTBUKMEERRIZ XD |
WIS ETFTES X RAMIE, mn AF v X ZRRIC K-> T EHL B AMIENEL
EESNTND I EREBMEH SN TWND, TOHI, ZEHSFEIIERITHAIE L
SBRHAMEETIERL, DEANITEDOREWEE (A Vv —F—7), /IEVEE (w41
F—=TN—7) L) TRFEOENTE, ZOWIEZ T E T E DN TN DNA % afilk
T35 2 CEHEREEHEZRZL TN EEZLNTWD,

1.2 BBRDRBRIEE

DNA @8I & 7 ikt 2 & 5 2 LS TWS (Fig. 1-1), ERN TR L ik
B2 b e 7 ) v 7 BB LR 0 B RS (B-DNA) LISMZ G, SEIRREE D
LS D AR, FEBED Z M7 ELRRREEZ TR T 5 2 & 23 X #iE A ST > NMR
RECLSTHLNZENTWD, BlZIE, RERE DS T RNA ZEHHOLAITIE A
B E L0 2D U RV UL U S VA EIC R VR L OIS RSBV T, M
WEEREVEAIC, BEOD ZEA~OWEEENR 51D &0,

DNA [T "EOLBALANOREEZ KT D Z & bIE SN TW5D (Fig. 1-2a,b), — DA
JIX 7 LAF RERTRTTY VT, b5 —HRTRTEY IV VRS
W, Fle2E 3 o) IV UEENG R8N, TV VKO NI E DT — T AT
gD LT A KERE A A D B IC ko T, SEPMEE L A LN AREL 72
%39 F7-. DNA X°RNA BN 7 7 = UM BN L 7 — 27 2T ¢ L H AR o0 U 64
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Figure 1-1. Structure of DNA duplexes (a) B-form, (b) A-form, and (c) Z-form.

Wi (G-HAT v ) &bz enmbh Ty 010 che oL m b AR ARN
THELED Z &, DNA OEEREELZH-TNDHEEZX LN TND,

EERNIZIZ, 7= AT ¢ VRIS DS S I A~ FH IR, T 2B L T
WRUVNRRED SV AT B —T T _R— v 7% A | (APsite) 72 ENFFEIE L, Fikk
HEE LT, YNV -2 Uy 7 BEREMARTDID, _E%’éh%%ﬁkb‘(b\é%/\b>
&% (Fig. 1-2¢), FFlT, RNA IZIX T D OFFREENZ ENLTEBY, 21X, RNA & ¥
ARG EDHEAERT DBEOREFRENL & STV 20 | B S OBIEENLC K MEEAL R £
ARNTEECEEZ R L T0D, DF 0, O R R D M7 Rk s 2 38
T ENIT, FNOOKREOKELZ M TX 57217 TR, D EENE LT3EA7e &

, VAN EL=INAS S >
DREREME Y T ORGHIA M TH D LB BN D,
a) b)
H
Watson-Crick H'N NN
e /_§7 base pair & /1 H z g\N&N.f”'/ uN | N’>
! .. 0\ N )—NO H, j/\ — A SN
N HHT P Y o
N " N (0] . H /(T
Hoogsteen Nf Huu;,steen H—N>\7NH HN_<N-H ? ﬁ CT ??
base pair N base pair </ )\ HT g Watson-Crick H‘.\ \\‘o 0= N ? 7?
base pair \N v — @7
A AN = 5
T-A-T é— G-C £ NN
C) /G\
5'-A-T-C-G-A-A-T-C-3' 5'-A-T-C-G-A-A-T-C-3' 5'-A-T-C-G A-A-T-C-3'
3'-T-A-G-C-T-T-A-G-5' 3'-T-A-G-C-G-T-A-G-5' 3'-T-A-G-C-T-T-A-G-5'
fullmatch Ap mismatch bulge
5'-C-G-C-A-A-T 5'-A-T-C-Gi, =A-T-C-3'

3G-CGT-T-A ©
A

hairpin loop

3'-T-A-G-C-T-T-A-G-5'

abasic site

Figure 1-2. Structure of (a) Hoogsteen base pairs, (b) G-quadruplex, and (c) fullmatch, mismatch,

bulge, hairpin loop, and abasic site.



1.3 BLEFRHSEM O

I, DNA ~ A 7 a7 LA (DNA F v ) &hhd &3 8T o7 5
BEANATON TN D, B b DFTR =HEOE IR 572 505, BT —OFRREE,
FAEHNIZ K> TRABRDEIE S BEET D, e —HE LM (SNP: single nucleotide
polymorphism) & E W fE A DA FLOMER REIZE D E CREMZRET DHR/NEATH D,
S5, —HEESTNIRER Y A 7 CEAUHNC D W 2 FFO 2 L5 SNPs OfRAT 3Bk
WZATBRIC 72 % L AN DREIZA DY TG (T —T — A A RERK) ~OaREMENIRND &
s TS Y o T BRRERCERSH T 5720 0% O SNP # A B
7 EAR IR ST B, BIZETIE. DNA 7 7O ff1iC § . TagMan RCR ¥ '), Invader assay
w10 srxas—v—armBE MY Qp i nenxrons, choir, &
T, HHBETEZEATHRT 52T HAEREICL VR TE L2V AT AL TND
Wy NATVEALB—2a L BO, EBRERD LD EZ D ThRNEDOEBLENEDZEEF
L7 B2 1T TG, BRI 2 20 ) —HOMNNERTH Y | AR
LWbDEoTND, £ZTC, LYHEMARBIECTHELIBRHTE VAT AOFFEMN
koHBND,

B FEISIS° SNP 72 & DNA OREEZ L& BHE IR 2121%, i, 4y 7
WL DRI GERE AN TETHY | DT & o THI% S 7Lk B A 5ok
(BDF: base discriminated fluorescent) £ZEEMEJE (Fig. 1-3) X, & 622 U adin & o itss
G ZERE L2 X 7 LAY RaEie DNA LIEMBEF 2 A TV XA B—va &8 A
TR7 LAY ROMFUO—~HIEOTF L HIEOMS THRITE S L 105 b0 Th 2 2028,
Flo. BEHO—EREEZBICEABELZRET LT THNTE D ZOHEL, o7 ro
WAL D T AR ZE DWEFRIEN R E ThH S0, TREEZRE L H{EEd 25 2 &2
AHETH o7z, HERILER B EEIREIE TH 5 MPA 1 L O MOT (THEM s+ (FEASY)
DOHFEENENENY F v, FIUOK, RbBWEEEZRT 2 & )25 BDF O
fEE R LTS 2, S IcRIESET BDF HiiEE LT, MU BLONC Bd 5, MU
BLOHELO YC IMEMEE T (FEftH) OMFEENZENENT T =2, 77 = DI,
Be b OO A R R A F o T D 22D, RS, BL Ul ALV RR VT AT Re Gt
W T, AL OO BPEBR BRI S At e 2 n 9 (EBRMEA P I & A SR
L2, WS R Cld, #0e32) ZE2FIH LT, WU, WC ITMFEEE L KFER-E
ELIEBADOR, TOWHKS TS, DNA ZHEHOIMITH DMIERE P LHE D 2
LT, vy F LI EDHRBNVEOLEZRT K OITR>TWD, - T, BDF HHEoD X 57
Ta—T &S5 72 SNP X A B U TIRIINERD SNP ¥ A B2 b D3R8 07 e o 1=,

L/ L7228 5 BDF #REDOR R R 400 nm EBWNZ Evh, DNA Fo 77 EDh T
ZEMR ETHWD 72012iE, MHEEOR TRENR RO, £ 2T, 500 nm O R EHE
BWCRNT DY LBRKIC LI BDF R (R Ay T ThDH C Zidih) oot x
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¥ —% &) (FRET: fluorescence resonance energy transfer) ZF|fH3 5 Z & T, 520-550 nm @
¥ TR T X % BDF i~ LR S h T g 2,

EIR U7X 510, mAERILOERCNA TV XA B — 3 Y IROYPFORET, RN
DML = 2 b OARR: 81T ICIfF TE %, S 512, FRET B! BDF &3 k&
HRWIZ ENG, EMRT, DNA F v FoMIR ST 2 2 & b AlRE L B 2 HAL D08,
KIRDR 7 LAY FIZ TRHAOEN AR ZHEA LR2T TR R0 T2, AR IE)
720 FHRID, £ T, KO BDF R 287 Ae O E IR AL O BRFE A
HENRTND 20,

MeO
NH, MeO
B
NN
o
(@)
MDA

Figure 1-3. Chemical structure of BDF nucleobase, MPA, MPL, PYU, and PYC.



1. 4 fR4 ZRBOERRIB AT A

TIVE TIThR A R BOE 2 N TR SRR RS ST D (Fig.14), 2273/ 7Y
YL26-VT R TV T A AV ATHMEIE /R B 340-370 nm DEOLE RS
F= L OB TH D, ZORTHEIC, 2-7 3 F U 13 2,6-V7 2/ 7V v (@a=0.01).,
THNRA T (Dr=0.06) [THAT, @WEOLER TR (0n=0.68) 27T 2 ERHbI
T2 3, 7F =00 v 12 DNA % RNA ([SEATIUE, HFMSEROMETFEECH L F
SR AR T D Z LN TE L0, ZORMENITELS ., S 62, BEFHEORELD
2B YR THHLTUE ) FMbHDNDM, 2 ORI MBSV T,
%< DIFFRDORIG L 725 TV BFHEKRTH 5 37D,

Flo, FTTFLRV LT U FTRUDGR, KV RWEETERWIELREEZ ST LD
(o REROBBR O —HMOBREIIET 5 2 L T, AL RTIERNARETHL, RAD
T T =X N AR S 7208, Leonard 5 12 K o THET & 4072 benzo-A 1% 358-395nm D
THOEZR L, @OEEEFIEE (0 = 044) 2R TAMTH S Y, zomict
etheno-A40 %13 U & 4 2 Kk & 72 24 REEERI LR L s L sy 1) o K
S UHERBRIRTH D tC 1T 500nm D EWE THOEA R L. DNA FClI. fABfgHo 77 =
W LKFREB 2T 27200 TR < AIBOBEERINCHEIIHE AT 720 2 L AR
ShTung 440,

oMb, RAMIEOMRD 0 I, HOEAREER LIEHRX 7 LAY 1 2 b
BINTW5E, TOPTH, LU X7 LAY RiE, KEHEIC L DM TEIEORMM 72
W TR 22T 2 ) F Y LREEE. B O O EMERIC L > THEEHIELTLE D
FEA R OND, L LS, FASEAOMET ORI K Lz L 5 7efd (7
=Yy IPAR) T, Bl lOSREFRCAS “EEONMICAVALA 5 —
D=y ar B Lt ko T, SESMEORELIRER TS YY),

IIE TR L CE 2 OREOER R TH - 7228, b HMicdot e Ry ik s
L CRIRDI IR 275 L oo e /e P A EHEEI T 5 2 L Th b, KROT U v
HID 8 oY I VUMD 5 ALTEHILZEANT D I ENRARETH DA, KT, B
IV URHED SO EIL DNA ZEHO R Py — TN —T DORERZEM Lo TEY
DNA " HBFEONARREE & 72 b aic, FERTRLE MU A &, dobaRE 28
% ECHREREBE CTHD EBZOND, TDTD, fHx effItE 512 &k - T C5 (L #
U I VUSRS ST 225052,



NH,
.l g
] am
PN <]
/N N™ NH; /N NANHz
R R
2-aminopurine (2-AP) 2,6-diaminopurine
b
) NH» HN NH
N X /X S
N J ¢ I LA
J N NN N0
R R
benzo-A etheno-A (gA) tC
) (2
94¢ T e L
»e DO
R R
R
pyrene perylene coumarin
analog
d)
@)
Ar
NH
\fi Ar =
ITI (@)
R

1,10-phenanthroline FAM-label

Figure 1-4. Structure of fluorescent nucleoside analogs; (a) isomorphic, (b) m-expanded, (c)

chromophoric, and (d) fluorescent conjugated nucleobases (R = ribose or 2'-deoxyribose).



1.5 BERIGE O EZ RT 0+

IIE TEZ K OWFFEHE BIZ Lo TR EORELRHES S T&E /2, BDF
KD X HIz, Bz, DNA ZHEHEO~ v F-I A~ v T O & HOLTRE O K THIRIZHK
BTEDLLIBRA LTIV V= Mg IRIEEAERESN TRV, Fiz, Ky 10
ST 2SO E 2B T, E D ARG FROMAEFERICRESFHboTn s & &
NTNHZENDL, DNADY v F-I ARy FIZEHLLT, ZhODE(LAMITT25 2 &n
TEXL7u—7OBENEEND, TD 1 DOT7 Fua—F L L THEIIO R BREEZE 4l
WINET 280 F 2 WL HIERFT OND, 0L 5 RBHEE(RIZS T CTaotFen
BT BT E LT, 4V AFAT I )X/ = kUL (DMABN) 3% 3% %, DMABN
T3 FHIE NN-VATFNAT X )T ) a2 5T 25 &AM TH Y | Wil
I, th#lZ Ko T LE (Local Excited) 3%~ L., WMEEEH CTIX, 5 FNEME
&) (ICT: Intramolecular Charge Transfer) 723 & DR A £ > T\ b, 2F 0, FAIC
AR BRGNS R SN D L) G Ao L IWE O & bk
REDN, EBEDOMRIERMEEIZ L > T, BEMAMD LIIRLENMZND Z & T, wMEESCM
NS 525, TOREK, DFNOBEBMBECLD ICT IREOHIEHEE 2 &
ENRREY 7 57 —20n%\0 ) 7= 6-dimethylamino-2-acylnaphthalene % A<
B LTI EMIE, BTG L LT, NN-DAF AT I 5 RIS LT
UNEEGTe I LT B Y AN T Fr s a Xy 7 e E 2T, £ 2T, PRODAN
(6-propionyl-2-N, N-dimethylaminonaphthalene) % (% U ¢ & ¥~ % % OFFEMAKIT, MPEEREZA L%
F=H—FTHLR—Z =& LTSN TEY, ARSI 2 2HEZE00 73R
ik, DNA-% o _7EOMAENER e EICB T 2N e REA A E=F —F 2T n—7&
LTHRATHD LRSnTing 869,

B L7z K oic, AL OmBMEZEIIZS U TRV BIRICZET 52 & T, £DH+
JEL DR R BRI AL A BT 2 Z ENARETH L 2 &b, 20X ) EE A R T®
HRRRIEIEOBIFE DB ATATOR TV S ), ST, Srivatsan & 235 Liz~r Y 7
TUREBERESEEY Y VUHEEEEII LD 9 Hocek HIZko THIE SN
aminobenzoxazoyl-fluorophenyl Z:<Ckk (i Y7 AVX <& (GFP: green fluorescent protein) FS 4
Mz v IV VFERIINTh b YV hTvtae s ey 7 kB ERT 2 LK
HLTWS OO i bi3A Y IR LAF RRT, R pH Z{boiE 2RI LT,
TR—= oy I YA RRZ T EOM B H RO THA TEL T r—T7 L& L
THIHLTWD 2, ZOEEZIFRELS <, DNA “HEHO~ v FRI A~ v FHIER
EDE BTl 72 E 2L & OB R O ZBAL TR 2 IZIEE > TRV O RERTH 5,



1.6 AHFZED BHHY

1.5 Tk _7= K 912, ITFETIE, BB OMBMEZEE pH Z2bIZSBUT A LT, dotiRE
720 T < RN AT B BREEEUG IS SRR OFERIR DB AN TOI TN 5,
Z D LD R EZ R TACA N TERBIE T ORBO AR LT, v v F-I AV F Lol
—HE DB L e & O KIBERAL &\ o 72 DNA O BT Aafis 28 be, # v g &
DA BN 31 B0 72 it 25 L & B e R DT Y T X A MBI TE 57
n—7 & LCOISHAPYIRFCEX 5, TNETIZ, BV AN NT VAR B v 77
WX T LAY RIFEELSGFELTNDIN, LoLans, TOMEEX 7 LAY KeED
FVIXT AT RV T, #REROBINRE T o —HiE A AT 5 WEFITD
RN, FElo, BRx R E R T L L) REBE A BN TS5 2 ERARRR I LD,
ZOIEEALER, VU IVUEEFERTHD, —FF. RAFRTIE, SR L —T7 T
EFINOOTFA a7 N Thd, BMilc, MR E2EMT L0 TR, iRk
AR b s s L Cltafo—E T 5, RERISACKIBOBMEEZ HIE LT,
LV RERECTRIESED-OIC, WEMBEOERELEZEZ D2 LICko THEBEEA T b
GO FNEMBE (ICT) BAZAIMSEIHFTVA & Lz, RO RIZIY
FEH LN, BTG « ZRORABENTNOHEILTRR D202, COBRERICE
filiT oML T, ZOENFEDKRELSELEDLLZ ENTHRIND, V7 = iFE kG
KThrZePnmonTlky, EFEROBIITIAFORSEBILEMDORKE IIZL-T
(BT B D (G + 14TV, A +1.94V, T: +2.09V,and C: + 2.12 Vvs NHE'Y), %72, 75
=V OBALEMIT T T = OWITIRLS, B I VUERICHAT, ErithEe R LT
BMTEX2ZENO N TNEMBENREZERESES 52T, 7V VIlEEOHFREAL TS
LEZOND, Flo, 7Y UERERICEORAR R EAEM LSRRI, Y IV UEERIC
T, iz s, S%OICHERPHRINLARNOIEM TH LD, TV v
WA TR E L BRSSO e OB 2 Hig Lz, £ 2T, £9. YA L7
nrAwnrzuy 7 MWEERLT Y UEEEFEERESEAR L. ToMEET~ £ LT
Bon-mRzb Lo, EBRFEREALY IX7 LATF FE~EA L, 55472 ODN £4
DR K D BN B R O PR & 335 2 & CL MR 0 HE-08 s 1 B
T —7 L LTOMBERONCT L ZEE2HMNE L, 2T T,



1.7 AFRLORERR

K XD 2 BLBEORERKIL, ROEBEY Th 5,

B2 BmTIR, YUY VHEETHL T T =k R E LT BRERIC ORI L OB R I
DWNWTIHRTND, YA RT A rrn Iy 7 W E 2R3 720 O R8s a0 IR
FOBEBHBIEGREEZH O OB L, 75/ Y UBEROEREIT -T2, BONEEH
HEARSCHOEDNA 7 1 —7 & L COMERRHMBIC OV T, 2N ONFREE H L ICELR LT,

FEIWCTIX 7-7T 7T T =00 TOLICEBREEZEM L-dt 7 ) X7 LAy ROBA%
IZOWTIHERTWS, 2 ETHLNMLEL S LT VA L TER 7-7 777
YV UHEBIREGE LT, 6T, BENIRTFRE A R LR AE A Y A X VAT R
FH~EA L, 1) DNA & DA 7 U XA RN K DIHXTERLARIZ OV T, Rz, EHHm
FRIREERIE OFERZ S LI BT LTz,

%4éﬁﬁ\&7$¢?7#f7ﬂy%ﬂ% b OHT LW BRI S SO AL E O BA TS I
DNTIBRTWD, kit E LTE, TALICEREZEMT D 2 ENTRETH V. KB
BENN =285 Z LT, v b UL RERER AR T D 2 LR s D 8-T
PI-FTTH I T =V @R LT, KETIE, 8- T I1-TT7 V2T 4 X277 ) v U ahEik
RO, ENEEFDLA Y IX7 LATF REEGR L., SR O FHEIL & O AR
AIREIC DWW, THESRARIERE B X OHOLIIEIC L 0 il 1T - 72,

B 5ETIE, DNA “H#HDO 7 L~ v F & I A~y FRESEE, LOHKICGR T 570
— 7 ORRICONWTRRTWD, KETHE LI 8-TH-I-T 72T TT /Ui
BRKE, KEEBREE LIS U T, EWVIEED LE Bt & EWIRE O ICT ¥t0 —Ea0t 4R
TZLEBALMNI ol EHIT, TOHOEREZRI M LT, 19 DNA OF I A5k
BTED7a—TORBIZEILTEY, ZOFMREICONT, fx OMERIEIC L EE
L7,

RIS, 56 T, AL DORRIC OV TORMEE 2l ~72,
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1,6-NG #BA% L7= (Fig. 2-1), 1,6-NG (36t 9% &, B WML TH L7 2 Eoff
TR L - T, 77 =0 bEMOBEINEE 55 FNEMEE) (ICT) WKREZAINTLZ &
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Bid HEER) DNA & % —75" > MZT 25 Z & T, 15/ DNA OF 4 a0 @O R b A~

DEALTRHT 2 2 LTI LT D 1D, F72, &G 25T DNA “EHIT AG ORI FM O
WHRNTF I DL ZTHEEIREDNMNT 22 LD ) DNA OF I VIR Z7E# T %
Tu—7 L LCHATES Z L 2L L ) (53 U0 A IS RS RN L
kﬁﬁi@%émfw@whiﬁy( ELrDEIBRREVHEN G FEHEALRSTH,

B HEEHIE AT 5 a3 M ipt A ARt AN 2 #AE T 27210 T, AL o
@ﬁﬁ_mbfmt%ﬁ%EMéﬁéﬁ%@m@&T/V/m%W%%é_kﬂf%é_
xR L,

donor acceptor

Push [77’§§§>
N”I &)
)\ Pull
|; )‘1&WG

Figure 2-1. Structure of push-pull type fluorescent 2'-deoxyguanosine derivative (1,6-NG).
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SHTWBEII R, 72T, FHANIET 7 v U RO BR & R,

XU DI, ED LD R 2B/ 2 0 %5 2 72, % Z T % 1 2 Tilk<72 PRODAN
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LoD 2,6-BNLICE N ENEF UM, BS54 A9 % PRODAN (I, BRAHAY 72 R F— -
VA A R NpY - ST N k. s N VAN N i o = B/ A = S/ VA3 ‘6 s - N DI (1
HERBEOENEZE =X —F 580+ LTEHS ORI TS, o, RARDOERE
HiIZ PRODAN % &R S 7Bk bR ST g 2, Sbic, F7 &LV E~UE
VRO GERN—OWA TS EFFRILE TH DT, LVEVWEETEET S ELAHET
DT LD, wEFHEOE TE RS T ThdEEZD, - T, BHEE G LT
TRV EEEGFELTHWSAZ 2B X, £, 77 =13, 77 =50 L1k
BAAMELS 2D, 7= R L0 QB TREGRENME T2 2 EBABICEZ DD D,
PEBER OG5 BHEORINEFHZ LT 5 Z LN TEHOTIEARWMEFELE,
Thbb, BYWSMETHL LT VBT v FARKOR LT, BTG EERLELY T
FHEBERAHTH, o rNEMBEIZE XTI ENARRICRD EZELLND (—T,
TT7 =D C8 MIZE MG TH D NN-U AT NT =V o %l S 7-F8 L v
Fordmsu v s eEIR RS AN 1Y), 2o BHREE LT BERIIMECTHD
T EBILOEAMEGHETHD NN-UATFAT I ) REGL T 7XALV U ET T =00
8 NLIZMERT L 7= 20mA (1a) 38 L ON28nA (1b) %7 A > L. /0 FHLERTH >~ 7 N (Gaussian 09)
WX O EEREL 2 TR o T, o, BHEOFEIC LR EZTRD -0, WEEH S~
&L SR LTALAY A (o) b Hiod CTEHR L7z, 7235, Gaussian 09 % 7225 FEIALES
H(DFT)¥EB3LYP/6-31G*)I2 L W §tH 21T~ 7= (Fig. 2-2),
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N-methylated >%"A (1a) N-methylated *#"A (HOMO)  N”-methylated 2%"A (LUMO)

N’-methylated >9"A (1b)  N*-methylated >%9"A (HOMO)  N-methylated ¥%97A (LUMO)

N-methylated 2"A (1¢) N-methylated *"A (HOMO) N’-methylated 2"A (LUMO)

Figure 2-2. HOMO and LUMO of N’-methylated *%"A, *64"A and "A calculated at the
DFT(B3LYP) 6-31G* level.

T WA TR (2A) O HOMO TIXEFEENT 7 = 1m-> TWDDIZK LT,
JEE SN2 LUMO Tli, 77 =0 b7 X Ly DI ~BEFBENBEI L TV 5D Z &)
5. A7 push-pull EARLTCND I ERERTE T2, /2, NN-UAT LT I /3
ZEtefiE (PmA) T, PMA OYA L IEIZ HOMO TiX NN-Y A F L7 2 7 FFLIC
BFHEENME->TEY, LUMO TIET7F=rDh~y7 hLTWD Z ENHERTE 20,
EHFED 720 A TiE, 26mA L 26enA (T LT HOMO-LUMO O F# O fRj » 23 8% %
DRONIRNWZ ERDNRoTe, o T VT JHERONN-VAFAT I ) EEGTHZ LT,
e Kb— e 7727 ¥ —ROREIC D 2 0D, BERISEIOSRIHEEZ R 2
LRI END (Fig.2-3), £7-. 77X L 2 OBEBNLE N2 DS BMEA T b [FARE DR
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REBJDLZENWRTHDLEEZADLNDDT, TNHLEAFERIZEM L, ENEHOFHEERK
DIAFHINEE &~ T,

donor acceptor ("A : R = CN)

acceptor donor (9"A : R = NMe,)

Figure 2-3. Design of fluorescent nucleosides “"A and 9"A with donor-acceptor system.

2.2 EBREFER
2.2.1 C8PLICTFT 7FNZF = NEERTH2-TEXITT )V U HEEOAR

FIFNEF NI EEGT 2T AT T U UFHER L BT L0, 9. BE
HILEMThH D 8-TF oN2-FAX L TF ) L3 DaRmE L Lz, 7B, LW 3
E8-TuE2-FAFLTF 230 g 2 BRI AT Do LN TR B, 3 LET
WBIERBIRIE T DL T ) ABIMNCH S 6-7 1 E2-F7 b= UL 427D 5 L OMEE R
D2-TOEFTH LY de b HINT DT DGR AE A BEEROE D 1tk By T Y v
7 &R, WA (1a) & WA (lo)x FNENED Z LBk, £72, B LGHERILETH D
NN-DAFLT R ) ErBiNcE-TreF 72110 403 Tl By 7Y v Z7IC X BROE
PEDMEN =D, 4b DT rEH_AZ T — NICEHR LT 6-F3— R-NN-UAF LT HZ L 2-
TIVSbEARKL, 3Dy TV TGS HEDH I LT, WA (1b) 2155 Z LITRPIL
776

Flo, BIAEDRR D77 2 Lo b RO ISR FIZ LY | 1L4-Blm DT 7 F L%
BT D2-THAXTTT )L iHER 4mp (2a), HinA (2b) BLOVIMA 20) 2 AR LTZ, £ D
Y, 47 mE1F 7 h= b U 6a P 2 LT, 6b D I vHELSHEIZ 4-3— F-NAN-
CAFNFTEZL AT I T BE, - 3—FRF 77X LU Te 23 LENERD T
VIEELHIETHDLZENTE T, AUV — b % Scheme 2-1 (2777,
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NH2

4

NH,
NN HO— o 26cnA(1a): R = CN (22%)
= 2.6dnA(1b): R = NMe, (69%)

N~ "N OH 20A(1¢): R = H (39%)

HO— o NH,

N7 >N
o L=
X=1lorBr N N

R =CN, NMe, or H HO o Q

1.4enp(2a): R = CN (46%)
OH 14dnA(2b): R = NMe, (74%)
MA(2c): R = H (61%)

T b ¢ b

4a:- R = CN 5b: R = NM62 6a: R=CN 7b: R = NMez 40%
b: R = NMe, (67%) b: R = NMe, c:R=H
c:R=H

Scheme 2-1. Reagents and conditions: a) 4a, 4c¢, 5b, 6a, 7b, or 7¢, Pd(PPhs)s, Cul, Ets;N, DMF,
50-80 °C, 30 min - 3 h; b) n-BuLi, THF, -78 °C, 30 min, and then I,, THF, r.t., 30 min.

2.2.2 C8PLICT 7ZFNZF o NEEERELIZ2-TAXTTT ) 3 VBRI M

BT, {BONT 2-TAXTT T ¥ Vi8R 1a-c, 2a-¢ ZAkx IRRMED H 72 2 IR
TR SE. oL Rapt A R T O E TN,

FT. BFHEERO UV AT FLVORIEEITV (p.38: Fig. S2-1), & OIREEAH T4 WL
DIEEETHDLZE (BENE-THDHZ L, -, BEICHEMLTND L) 2R
L7z, T, BN BFHEROR KRB R 4 b &I S8, @A77 hro
BE 24772 > 72 (JIESME 10 M), 20nA (la) 26007 (1) LN 2A (1) DEIERE 1T Fig.
2-4 1R, Fo, UV 27 MAVIEIZ L > TE BB RRINIE R (A 5ny) 8 L 08
ARy M/?ElJﬁzc:otoﬁ%ww:%kmi'ﬁvﬂzﬁ (M) %2340 Table 2-1 (2R3, H006
BAINER (P) 1£9,10-7 ==L T > FT&L (Pn= 0.95 in ethanol) ZHEAEHE & L CTH
WCHEH L ),
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1,4-Dioxane e 1, 4-DiOXane

160 e Ethyl acetate e Ethy| acetate

DMF DMF

> >
B DMSO = DMSO
wv (%]
c c
g L i -
e Acetonitrile € Acetonitrile
2-Propanol 2-Propanol
e Ethanol e Ethanol
Methanol e Methanol
350 400 450 500 550 600 650 390 440 490 540 590 640
Wavelength (nm) Wavelength (nm)
)
300
= 1,4-Dioxane
250 e Ethy| acetate
200 F }/ DMF
> /
2 DMSO
2 150
£ Acetonitrile
£ \\
2-Propanol

e Ethanol

=
o o
o o

e Methanol

o

330 380 430 480 530
Wavelength (nm)

Figure 2-4. Fluorescence spectra of (a) 26"A (1a, 10 pM), (b) 264"A (1b,10 uM) and (c) 2"A (1c, 10
puM) in various solvents. The excitation was conducted at (a) 340 nm, (b) 382 nm and (c) 326 nm.

The slit width was 1.5 nm.

B TH DT ) FEEAT D MaA (1a) TiE, 1,4-UA4FV T340 nm O
THNE S5 &, 424 nm OIEFITIROEADBH STz (0q=0.82), —J7, 1,4-°/“zLﬁ'r
PR BEOR T ' F= kU LTI, 454 nm OFEIERE LI (dr=0.58)

J —JUHITIE 462 nm, DMSO Tl 490 nm DOFESEAEM S v, 26mA 3 @Fﬁ@i‘ﬁziﬁrjﬁ
b9 5 (FiTmEREL D) 2Lk o T, RENFEEBEREICT 7 M2 Y
YNNI A R a7 i EE AR LT- (Fig. 2-4a, AL=66nm), £7=, BG4
THDONN-VAFNT X ) FkG7 526 (1b) Tk 382 nm DYk CHIEHIEEITO &
FRPE DR EBE D . ABPEDEWIABEC 2 DIc oM T, AR TICRORD & & bk K
WHFNOEWE T 7 bBABHISNT- (Fig. 2-4b, AA=71nm), LN LARNS, 7 XL
BRAMZEHIED 720 A (1e) Tl 1T & A O C, RRELEED Y7 MIR 6N
Motofzd (DMSO H1X° DMF FIClZb MR b oEtkEY 7 MIA ), YN
Nt uersuel v B ERIRNWEE XS (Fig. 2-4¢),

DEY, FTEVUBRINIY T ) BEEGLLAEIIE. 7T = NEE (F—)
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ELTHREL NN-U AT AT R 2GR AIIX, 7T =0 BNETRE (T 7875 —)
PEE LCHRET 2 2 B BN D, THUE, O FHLEFEIC X D3RR LN L TER
UIN %Ewﬂ%ﬁ%’ IELWDO RF— - T v S 2 —ROSFREEE BT 508, WiE

ot s g Lo FNEMBE) (ICT) REICK 2B AEPBHIENL EEZHNLD,

a) b)
150 200
e ] 4-DioXane e ],4-DioXane
e Ethyl acetate e Ethy| acetate
150 |
100 DMF DMF
>
£ DMSO Z DMSO
5 S 100
g Acetonitrile € Acetonitrile
50 2-Propanol 2-Propanol
50 |
e Ethanol e Ethanol
A Methanol e |\1ethanol
0 L 0
370 420 470 520 570 620 380 430 480 530 580
Wavelength (nm) Wavelength (nm)
)
250
e ] 4-DiOXane
200 } e Ethy| acetate
DMF
F 150
E DMSO
c
a
€ Acetonitrile
—= 100
2-Propanol
50 I e Ethanol
e Methanol
0
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Wavelength (nm)

Figure 2-5. Fluorescence spectra of (a) “#"A (2a, 10 pM), (b) #4"A (2b,10 uM) and (c) '"A (2¢, 10
puM) in various solvents. The excitation was conducted at (a) 360 nm, (b) 375 nm and (c) 337 nm.

The slit width was 1.5 nm.

FEUNT,  LAmA (2a), A (2b) B L OVIMA (2¢) DHOE ALY h V% Fig. 2-5 1283, fiE
BLELT, 14FAmF 757 Lo 2E0HEATH- THHER 1 LITIEFRBEOERNE O
oo DED, WEWST T Z LD LN GERE LT T 2 R A (20) T, D
BACIZRE D SO B OZITBIA S e o 7= oIcxt LT, B A2 G55 HmA (2a)
BLON A 2b)Tid, WIEOERWREE R TIE, gy, R TOREN A S, it
BB 22 2 & CHOBTREE OV % 1 9 RIR TORNBLA S 7z (M4mA: AL =71 nm,
Lddnp - A) =36 nm),
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BT VT ) HAaAGT 5 26nA (1a) & MmA 2a) BEIONN-UAFALT I ) HEHT D
26dnp (1h) L WA Qb)) TIEEWI AN T AAnrsn I v 7 REEEZ R L TWD Z D
b BERIGHO 2-FTAX T T ) VBRSO LICHRIILIEEEA D, D
HFTHEHIT, NN-UATFIT R BEEFT 5 WA (1b) Tk, WEOKW 1,4-U 4 %
Tl AWHOEERIER Op=0.88 L\ ) mWMEA RS — 75, WEO@NA Z ) — T,
Pp=0.05 & KIGIZ TN 523, 506 nm ORWE THENT DR EFOZ L n, Ak %
ToH—TEXLENZTe—T L LTHATE S EEZ LN D,

Table 2-1. Photophysical properties of fluorescent 2'-deoxyadenosine derivatives

compound solvent A2 (nm) Al (nm) Dy
2.6cnA (1a)  1,4-Dioxane 347 424 0.82
Acetonitrile 338 454 0.58
DMF 348 478 0.33
Methanol 338 462 0.36
26dnA (1b)  1,4-Dioxane 360 435 0.88
Acetonitrile 365 488 0.51
DMF 385 480 0.62
Methanol 385 506 0.05
A (1c) 1,4-Dioxane 330 392 0.66
Acetonitrile 325 398 0.57
DMF 333 414 0.51
Methanol 328 392 0.20
ldmp (22)  1,4-Dioxane 362 450 0.51
Acetonitrile 357 482 0.14
DMF 365 503 0.04
Methanol 359 494 0.04
lddnp (2b)  1,4-Dioxane 371 442 0.41
Acetonitrile 371 465 0.40
DMF 375 464 0.47
Methanol 374 478 0.05
Inp (2¢) 1,4-Dioxane 339 397 0.52
Acetonitrile 335 401 0.40
DMF 340 424 0.36
Methanol 336 391 0.20
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2.2.3 BEBRGEEE2-FTAIITT ) UHEMKREE T ODN OERR

BN BREEUCL O R E A /R LTz C8 WLICF 7 F Ao F = VI adit Uiz 227 4%
VT T ) UK BA (1a), 260A (1b), MHMA (22) B LN A 2b) AU TX T LA
F RNV TEOWEZFARDHT-DIT, ENE% ODN H~EAT 5 Z & &2l 7-, ODN
BI~DEANICHT-V ., DNA HEIABZ WA AR 7 I 44 MEICEVITRoT-, £
TLNN-DAFIUHRNVET I ROZF AT X — N EANT, 77O, SKEEED
REIZED U FIRESTZ, T, 3KiREE 2-0 7/ VA YT a s aak AR
27 IV REHANWT, ARRFrTIXA b=y h&H L. DNA BEGSECHRE T
% ODN #{~# A L 7= (Scheme 2-2,2-3), Table 2-2 | Z O F Cffi 9 ODN A4l % 7~ 9,

\
NH2 )
>——‘ N)I
a
o N d
H
O] 26enp(1a): R = CN HO 8a: R = CN (93%)
2,6d
o "A(1b): R = NMe, b: R = NMe, (97%)
OH
NN T

N/
e oL Y
S e o .
— N™ N o)
DMTrO— o — > DMmo KOJ

OH  9a: R=CN (37%) I b: R = NMe,
b: R = NMe, (80%) NP o ~CN

—> DNA synthesis
Scheme 2-2. Reagents and conditions: a) N,N-dimethylformamide diethylacetal, DMF, 80 °C, 30

min; b) DMTrCl, DMAP, Pyridine, r.t., 3 h; ¢) 2-cyanoethyldiisopropylchlorophosphoramidite, Et3N,

acetonitrile, r.t., 30 min.
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\N/

NH2
OH 14eNA(2a): R = CN 11a: R = CN (97%)

1.4dnA(2b): R = NMe, OH b: R = NMe, (69%)

N

NN

b) T ﬂ { )R 8
DMTrO—_o Q ——~, DMTO i J
13a: R = CN
OH 12a:R=CN (66%) b: R = NMe,
b: R = NMe, (42%) )\NP\O/\/CN
DNA synthesis

Scheme 2-3. Reagents and conditions: a) N,N-dimethylformamide diethylacetal, DMF, 80 °C, 30
min.; b) DMTrCl, DMAP, Pyridine, r.t., 3 h; ¢) 2-cyanoethyldiisopropylchlorophosphoramidite, Et;N,

acetonitrile, r.t., 30 min.

Table 2-2. Oligodeoxynucleotides (ODNs) used in this study

ODNss Sequences

ODN 1 (X) 5'-d(CGCAATXTAACGC)-3' X = "A or 1A (13-mer)
ODN 2 (X) 5'-d(CGCAACXCAACGC)-3' X = "A or 9"A (13-mer)
blODN 1 3'-d(GCGTTAATTGCG)-5" (12-mer, bulge)

blODN 2 3'-d(GCGTTGGTTGCG)-5" (12-mer, bulge)

AR LAY IX7 VAT RiT @A BLOV WA S TEHEHA TR LIZBIC, AT Sk
F415H X 972 ODN 1 (AT-rich) & GC HiXxHIHeE 15 &L 9 72 ODN 2 (GC-rich) D —FffH % 1
% L7-, ODN 1 (X=<"Aor™A) & ODN 2 (X = "A or ®A) [Lif% O DNA HEI& R TOSE
ECEKT 5 2 LD HIRT, 554172 ODN $H& Gtk 810 H L#, 7 E=77K 55°C
G —BET TR Z 1TV, 2 H HPLC IZ X W oW 21772 > 7=, H 9% ODN % f5 5% |
MALDI-TOF mass ¥ J O 0 f#IZ L 0 [FIE L7z (p.39-43: Fig. S2-2~9, Table S2-1)
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2.2.4 WEXBREBIZOWVWTOEE

Rl L7z 26 A2GeA ) IX 7 LAF K ODN | & 7/~ v F &7 HHAMEE cODN 1:
5'-GCGTTATATTGCG-3' (13-mer) &/ A 7' U XA REH @RI (T IEZIT -T2 & 2 A,
26dnp 25 Tp DNA X RIROES (52.6 °C) 1ZH~_T, “ESHEZ KRS ALELRT S Z
EMNb o7z (p.dd: Table S2-2: 433 °C, AT =-9.3°C), Ziut, 77 =20 8 (LIZHIE 72
TF=NHEENLTCTTHZ LT EEALTODTDIT,N-7 U 3y REEEH syn BLIE %
LT RO TVNDLTEDTHLEEZDND, RROT Y VEETHL T /o7
TR, TV D SALCEWRIE A EANT D & anti B D syn BAEA & DTN &
AEHNTEY ) CEPEHEE RS S RRELLEOE, 7% LU B o6k
KR ONAREEEZE L DT THHEEZDERYTHDH, BT, 26WmA OFFFHILN
TT=r, =y, YRk d THHEO ThWEZREL T, F I O5E L RED
ARIBIE 2R L2 2 &b b M AGEIZ /e & 5 25, 7, EE IR GC Bl
L 725 X 9 72[ODN 2 (X =26dnA) / cODN 2: 5'-“GCGTTG N GTTGCG-3' (N=A,G C,T)] ®
HHTH RIS L ENLT DRERENE LI TS (p.44: Table S2-2), 728, T fEHIEIX 2.5
uM ODN, 50 mM U »EEFEEHR (pH 7.0). 0.1 M HifbF N U 7 AEFE F TR, LARRICRD
TETOWERRILFEERDO S TIT o> TN D,

2.2.5 BEIBRE ST —T 1220 T O

WIZ, K7 e =7 TIE A BLODA D EHBEL TR T D & 7L UHEEDONERICALE S
% & 972 12-mer OAHAHEH BIODN %, fMEEREL(LOEWEZFIFA LT, (Thbb, #—7
v b &7 D BB EYIOAF TIZ L > TOA B L OMA OIFET HBIEBRENELT 5 &5 %
HNDTD) HWERHOBENTHRETE 500D EIT o7, 26mA J5 LN 26 25
FVIAXT VAT ROWNANRT FIZ L DB FRIEREIZ OV T ORI 4 Fig. 2-6 (27~ 7,
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AT rich site (X = 20mA)

80
———ODN1/blODN1

e (ODN1 only
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N
o

20 |
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Wavelength (nm)
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= 0ODN2/bIODN2
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Intensity
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Wavelength (nm)
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Intensity

d)

Intensity

target sequence

Hybridized

single stranded
oligodeoxynucleotide probe

Figure 2-6. Fluorescence spectra of ODN 1 [X = (a) 26"A, and (b) 2%9"A ] hybridized with bIODN 1,
and of ODN 2 [X = (c) 26"A, and (d) >%I"A ] hybridized with bIODN 2 (2.5 uM ODNs, 50 mM
sodium phosphate, 0.1 M sodium chloride, pH 7.0, r.t.). The excitation wavelength was (a) 349 nm,
(b) 420 nm, (c) 342 nm, and (d) 420 nm; (¢) Schematic illustration of the target DNA detection by

AT rich site (X = 20977

= ODN1/blODN1

e ODN1 only

430 480 530 580 630 680

Wavelength (nm)

GC rich site (X = 200m7)

= ODN2/blODN2
e ODN2 only

430 480 530 580 630 680
Wavelength (nm)

bulge formation

=

strong emission

26dnA _containing ODN probe via a bulge formation. The slit width was 1.5 nm.
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ODN [ (X =20mA) (X, 7' —T7 DA TIE, 446 nm DIFWVEIEIEIEZ R LTZDITx LT,
12-mer DX —7%7 > NEGET 72D bIODN 1 &g T U XA REHEDH & dOETRE DO RN
BISN7- (Fig.2-6a), £7-. ODN 1 (X =260A)T 4 [FHEIZ, 12-mer @ bIODN 1 23F4ES
D86 T, e =T B A THOCRE O KRB S 7z (Fig. 2-4b), 16> T, M
F & BEOLRE OEO TR L 725 ODN 2T 5 2 LN TE D Z ERbhotz, dk
BREEOHKBBR SN2 E LT, AR L2y, —EHHO LU & 2 D@
THVAEMT T ) UHBERNGEET DN TE L ERETEND, Thirb, 7
H—7 DHD—ARGNLAT, ZEHEZ T D & MPEERE ORWEREE T I EfRE AL
BEINDHZ LT, BwEHREDOHRICEN -T2 EZHND (Fig.2-6e), 7=, CD HIEIC X
D, 2L UG AR 5 ODN 1(X = 26"A)/blODN 1 (% 280 nm AFUTIZIED = > kU ZhE
250 nm FHITIZAD 2y b UFERMPBRI SN2 L s RKESICTIRAKT 2 B AU ICR
D7 VG TH D Z LD MR TE 5 (p.43: Fig. S2-10)

—7J5. ODN 2 (X =26mA) Tk, FMH{TH 2D bIODN2 Lngf 7Y X4 XEZHE5H L, ODN
1 TIXR SR T8GR O LB 8L S 7= (Fig. 2-6¢), Z OJFRIAIE, /Ly
W% & 5 BSnA 73 GC HEHEEE OB S 2 2 & T, 77 = VIR L 2t EFB
BSUGPET)IC L D HERDEB X 72720 Th D L EZ BRS04, Zhicx LT, ODN2
(X =20A) X bIODN 2 &g T U XA XAIHTH, SHEHENEZEZ S0 EZ A0, ODN
1/6IODN1 —HEH{ TR 4172 K 5 228t E DR (72— ODN 2 — AT~ THY 3.8
%) M &7z (Fig. 2-6d) , ODN2/bIODN2 884 C 4 [RERIZ, Fig. 2-6e (2R L7- L 1T
F 7B LN EBEOEEEICIE L, FC L F D77 = BT 2D L& X
HALDH M A A Te ODN 2 (X7 7 = VO 25| 2 LTV 2 & X Fig. 2-6d
ZRTHLHLLTHD, ULEDOZ Enn, ¥oA 25T ODN 7' r—7 3B 77 =i
FET D L RGATIE, TOMREMELS > TLE 9 Z Enb, K L7=\> ODN Eslic
FIBRN DD Z EBNbnoTz, LLENRS NN-UAFAT R ) e GHeih8mknsmnn >
B—7 X, /7 = VIERICEDHOEEER R ST SV UEEE T S 2 LTS
HOECTRE O KRIZ LY . ODN EFNITHIRZR < B L7 Wi s ARSI 2] TE 5 7 m—7
ELTHRTHDZENE XD,
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Fo, M 5 LN MA B ETA ) SR LATF KT, RO RSS2 LS TE
7= (Fig. 2-7),

a) : : 1,4cn b)
AT rich site (X = ""A) AT rich site (X = 14dnA)
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L 215
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Figure 2-7. Fluorescence spectra of ODN 1 [X = (a) #"A and, (b) *4"A] hybridized with bIODN 1
and of ODN 2 [X = (c) MmA, and (d) *9"A] hybridized with bIODN 2 (2.5 uM ODNs, 50 mM
sodium phosphate, 0.1 M sodium chloride, pH 7.0, r.t.). The excitation wavelength was (a) 368 nm,
(b) 380 nm, (c) 365 nm and (d) 380 nm. The slit width was 1.5 nm.
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2.3 Fhem

RETIE, TT=UHEED 8§ fLIZ T 7 X Loy T ZEiEA THf 8728 LW ERBERK
Fﬂ®mt#&®%%%ﬁ%bf%%%L@tF%_OwTL«touﬁbt ¥ gWieks
BRZ | MRx R CHOLE Z T o 7o R, 77 F L ACEFRSIETH LT /K,
SSENON: %15%?%5Mva%wT:/%@t%%@%@%%ﬁ#é%ﬁf%/»ﬂ
h7wﬁuﬁmiy7&%%%%%ﬁbto:mi 7%*Vﬁﬁ?*yiw%%m%m
MREWTDIZ, 7T = WD > T 2 KaAT a0t aAz2 I S5
k\%¥mﬁ77:/ﬁ%¢b%w 'E%m#*ﬁﬁxﬁ%ﬁgé@vaf%in
) BEATLENBCHE IR ST L, TT=VIEERT 7 S 2 — %R T 20 Th D,

EDIT, YR RTAAr e v I EO 1| D Th HEEORWEREE T Ty it
ZRTRHEEFIA LT, BERDNA L DA 7Y XA XKD | EREEN 1 SO L
PNNVTOREE L 725 K DI e —7 DNA ZERcT % 2 & T, dORIRE O R THIMIEH (¥ —
7y NECF) BRI D 2 LTI LT, 72 NN-U A TFILT X ) Hek fo Bodnp o Lddig
Zate ODN [ LEFED 77 = RN DW= T 722 L 7v6. ODN BB HilfR
SINDZ LB LIEWBIRFRINZHITE 5 r—7 & LTHRFTE 2,
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2.4 EBRIE

General: 'H-NMR spectra (400 MHz) and '*C-NMR spectra (100 MHz) were measured with
Bruker Avance 400F spectrometer. Coupling constants (J values) are reported in hertz. The chemical
shifts are shown in ppm downfield from tetramethylsilane, using residual dimethyl sulfoxide (6 2.50
in 'TH-NMR, & 39.5 in 3C-NMR) and chloroform (8 7.26 in 'H-NMR, & 77.0 in *C-NMR) as an
internal standard. ESI-TOF masses were recorded on a JMS-T100LC “AccuTOF”, Applied DATUM
Solution Business Operations.

The reagents for DNA synthesis were purchased from Glen Research. Mass spectra of
oligodeoxynucleotides were determined with a MALDI-TOF mass (Shimadzu AXIMA-LNR,
positive mode) with 2',3',4'-trihydroxyacetophenone as a matrix. Calf intestinal alkaline phosphatase
(Promega), Crotalus adamanteus venom phosphodiesterase 1 (USB), and Penicillium citrinum
nuclease P1 (Yamasa Shoyu) were used for the enzymatic digestion of ODNs. All aqueous solutions
utilized purified water (Millipore, Milli-Q sp UF). Reversed-phase HPLC was performed on
CHEMCOBOND 5-ODS-H columms (10 x 150 mm, 4.6 x 150 mm) with a JASCO Chromatograph,
Model PU-2080, using a UV detector, Model UV-2075 plus at 260 nm.

Procedure for the synthesis of modified nucleosides and naphthalene derivatives
8-Bromo-2'-deoxyadenosine was prepared from 2'-deoxyadenosine according to literature

method3?.

8-Ethynyl-2'-deoxyadenosine (3) was prepared from 8-bromo-2'-deoxyadenosine according to

literature method by 2 step reactions. 2%

6-Bromo-2-naphthonitrile (4a) was prepared from 6-bromo-2-napthoic acid according to literature

method by 3 step reactions. 3V

6-Bromo-/V,N-dimethylnaphthyl-2-amine (4b) was prepared from 6-bromo-2-naphthol according

to literature method. 3%

6-Iodo-N, V-dimethylnaphthyl-2-amine (Sb) To a solution of 4b (866 mg, 3.46 mmol) in dry THF
(10 ml) was added dropwise a solution of #n-BuLi (2.38 ml of 1.6 M solution in hexanes, 3.81 mmol)
at -78°C. After addition, the mixture was stirred for 30 min at this temperature, then a solution of I,
(1.14 g, 4.49 mmol) in 5 ml of THF was added. The resulting solution was allowed to warm to room
temperature and stirred for another 30 min. The reaction solution was concentrated in vacuo, and the

residue was diluted with ethyl acetate, washed with saturated Na,S,O3 for 3 times. The combined
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organic layer was dried with anhydrous Na,SOs, filtered and concentrated to afford the crude
product, which was purified by silica gel column chromatography with hexane-ethyl acetate mixture
(9 : 1) to give 5b as a colorless solid (590 mg, 67 %). 'H-NMR (CDCls, 400 MHz) & 3.05 (s, 6H),
6.84 (d,J=2.3 Hz, 1H), 7.14 (dd, J= 2.5, 9.1 Hz, 1H), 7.40 (d, J= 8.7 Hz, 1H), 7.57-7.59 (complex,
2H), 8.05 (m, 1H); *C-NMR (CDCl3, 100 MHz) & 40.6 (2C), 85.7, 105.9, 116.7, 127.6, 127.9, 128 4,
133.7, 1344, 136.0, 148.8; HRMS (ESI) m/z 298.0093 calcd for CioHi3IN [M + H]*, found
298.0094.

8-[2-(6-Cyano-2-naphthyl)ethynyl]-2'-deoxyadenosine (>*"A: 1a) A mixture of 3 (198 mg, 0.72
mmol), Pd(PPhs)4 (83.1 mg, 0.07 mmol), Cul (27.2 mg, 0.14 mmol) and 4a (198 mg, 0.85 mmol) in
DMF (7 ml) and Et;N (1 ml) was stirred at 80 °C under an argon atmosphere for 1 h. After cooling to
room temperature, the reaction mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography eluted with 5-10 % methanol in chloroform, to give 1a (67.5 mg,
22 %) as a yellow solid: 'H-NMR (DMSO-ds, 400 MHz) & 2.32 (ddd, J = 2.9, 6.6, 13.2 Hz, 1H),
3.20 (m, 1H), 3.54 (ddd, J = 5.0, 7.6, 11.8 Hz, 1H), 3.71 (ddd, J = 4.4, 4.5, 11.8 Hz, 1H), 3.94 (m,
1H), 4.56 (m, 1H), 5.33 (dd, J = 4.5, 7.6 Hz, 1H), 5.41 (d, J = 4.4 Hz, 1H), 6.60 (m, 1H), 7.71 (br,
2H), 7.88 (m, 1H), 7.91 (dd, J = 1.6, 8.5 Hz, 1H), 8.18-8.24 (complex, 3H), 8.49 (m, 1H), 8.68 (m,
1H); *C-NMR (DMSO-de, 100 MHz) & 37.8, 62.2, 71.2, 80.4, 85.1, 88.4, 93.9, 110.0, 118.9, 119.8,
120.5, 127.6, 129.4, 129.4, 129.5, 131.9, 132.4, 132.5, 133.8, 134.3, 148.6, 153.6, 156.2; HRMS
(ESI) m/z 449.1338 calcd for C23HisNsO3Na [M+Na]*, found 449.13009.

8-[2-(6-V,N-Dimethylamino-2-naphthyl)ethynyl]-2'-deoxyadenosine (>*9"A: 1b) As described for
1a, a mixture of 3 (203 mg, 0.74 mmol), Pd(PPhs)4 (85.2 mg, 0.07 mmol), Cul (16.8 mg, 0.09 mmol)
and 5b (259 mg, 0.87 mmol) in DMF (10 ml) and Et3N (1 ml) was stirred at 50 °C under an argon
atmosphere for 1 h. After cooling to room temperature, the reaction mixture was concentrated in
vacuo. The residue was purified by silica gel column column chromatography eluted with 5-10 %
methanol in chloroform, to give 1b (223 mg, 68 %) as a yellow solid: "H-NMR (DMSO-ds, 400
MHz) $ 2.30 (ddd, J= 2.6, 6.5, 13.2 Hz, 1H), 3.07 (s, 6H), 3.19 (m, 1H), 3.54 (ddd, /=4.9,7.9, 11.8
Hz, 1H), 3.70 (ddd, J = 4.3, 4.4, 11.8 Hz, 1H), 3.95 (m, 1H), 4.54 (m, 1H), 5.39-5.42 (complex, 2H),
6.59 (m, 1H), 6.98 (m, 1H), 7.31 (dd, J= 2.5, 9.2 Hz, 1H), 7.51 (dd, J= 1.7, 8.5 Hz, 1H), 7.64 (br,
2H), 7.74 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 9.2 Hz, 1H), 8.12 (m, 1H), 8.18 (s, 1H); 3C-NMR
(DMSO-ds, 100 MHz) 6 37.8, 40.0 (x2), 62.3, 71.3, 77.8, 85.2, 88.4,96.2, 105.1, 111.8, 116.9, 119.7,
125.2, 126.6, 127.9, 129.0, 132.3, 133.4, 135.2, 148.6, 149.6, 153.2, 156.0; HRMS (ESI) m/z
467.1808 calcd for C24H24NsO3Na [M+Na]*, found 467.1782.
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8-[2-(2-Naphthyl)ethynyl]-2'-deoxyadenosine (>"A: 1c) As described for 1a, a mixture of 3 (443
mg, 1.60 mmol), Pd(PPhs)s (186 mg, 0.16 mmol), Cul (92.0 mg, 0.48 mmol) and
2-bromonaphthalene 4¢ (601 mg, 2.90 mmol) in DMF (15 ml) and EtsN (2 ml) was stirred at 80 °C
under an argon atmosphere for 1 h. After cooling to room temperature, the reaction mixture was
concentrated in vacuo. The residue was purified by silica gel column column chromatography eluted
with 5-10 % methanol in chloroform, to give 1¢ (251 mg, 39 %) as a colorless solid: 'H-NMR
(DMSO-ds, 400 MHz) $ 2.32 (ddd, J = 2.8, 6.6, 13.2 Hz, 1H), 3.20 (m, 1H), 3.54 (ddd, /=4.9, 7.7,
11.8 Hz, 1H), 3.71 (ddd, J=4.4, 4.5, 11.8 Hz, 1H), 3.95 (m, 1H), 4.55 (m, 1H), 5.36 (dd, /J=4.4,7.7
Hz, 1H), 5.41 (d, J = 4.4 Hz, 1H), 6.60 (m, 1H), 7.62-7.73 (complex, SH), 8.01-8.07 (complex, 3H),
8.20 (s, 1H), 8.37 (m, 1H); *C-NMR (DMSO-ds, 100 MHz) & 37.8, 62.2, 71.2, 78.9, 85.1, 88.4, 94.8,
117.2, 119.7, 127.3, 127.7, 127.9, 128.0, 128.1, 128.8, 132.4, 132.5, 132.9, 133.1, 148.6, 153.5,
156.1; HRMS (ESI) m/z 424.1386 calcd for C2oH19NsO3Na [M+Na]*, found 424.1409.

4-Bromo-1-naphthonitrile (6a) was prepared from 1,4-dibromonaphthalene according to literature

method. 39

4-Bromo-/V,N-dimethylnaphthyl-1-amine (6b) was prepared from 4-bromonaphthyl-1-amine

according to literature method. 4?

4-lodo-N, N-dimethylnaphthyl-1-amine (7b) As described for 5b, with 6b (2.09g, 8.34 mmol),
n-BuLi (9.9 ml, 15.8 mmol), and I, (2.54 g, 10.0 mmol): 7b (983 mg, 40 %). 'H-NMR (CDCls, 400
MHz) 6 2.90 (s, 6H), 6.82 (d, J = 8.0 Hz, 1H), 7.52-7.56 (complex, 2H), 7.97 (m, 1H), 8.07 (m, 1H),
8.21 (m, 1H).

8-[2-(4-Cyano-1-naphthyl)ethynyl]-2'-deoxyadenosine (**"A: 2a) As described for 1a, a mixture
of 3 (60.0 mg, 0.22 mmol), Pd(PPh3)4 (25.2 mg, 0.02 mmol), Cul (4.2 mg, 0.02 mmol) and 6a (60.7
mg, 0.29 mmol) in DMF (2 ml) and Et;N (0.2 ml) was stirred at 60 °C under an argon atmosphere
for 1 h. After cooling to room temperature, the reaction mixture was concentrated in vacuo. The
residue was purified by silica gel column column chromatography eluted with 5-10 % methanol in
chloroform, to give 2a (42.8 mg, 46 %) as a yellow solid: '"H-NMR (DMSO-ds, 400 MHz) & 2.36
(ddd, J= 2.9, 6.4, 13.2 Hz, 1H), 3.27 (m, 1H), 3.54 (m, 1H), 3.69 (m, 1H), 3.96 (m, 1H), 4.55 (m,
1H), 5.31 (m, 1H), 5.41 (d, J= 4.2 Hz, 1H), 6.68 (m, 1H), 7.80 (br, 2H), 7.96 (complex, 2H), 8.13 (d,
J = 7.6 Hz, 1H), 8.23 (s, 1H), 8.26 (m, 1H), 8.30 (d, J = 7.6 Hz, 1H), 8.47 (m, 1H); *C-NMR
(DMSO-ds, 100 MHz) 6 37.6, 62.1, 71.2, 85.4, 86.7, 88.3, 90.9, 110.7, 117.0, 120.0, 123.0, 125.3,
126.0, 129.6, 130.1, 130.8, 131.3, 131.9, 132.4, 132.7, 148.7, 153.8, 156.3; HRMS (ESI) m/z
449.1338 calcd for C23H1sNsO3Na [M+Na]*, found 449.1319.
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8-[2-(4-N,N-Dimethylamino-1-naphthyl)ethynyl]-2'-deoxyadenosine (#I"A: 2b) As described for
1a, a mixture of 3 (605 mg, 2.20 mmol), Pd(PPh3)s (127 mg, 0.11 mmol), Cul (16.8 mg, 0.09 mmol)
and 7b (784 mg, 2.64 mmol) in DMF (20 ml) and EtN (2 ml) was stirred at 60 °C under argon
atmosphere for 1 h. After cooling to room temperature, the reaction mixture was concentrated in
vacuo. The residue was purified by silica gel column column chromatography eluted with 5-10 %
methanol in chloroform, to give 2b (720 mg, 74 %) as a yellow solid: "H-NMR (DMSO-ds, 400
MHz) 6 2.32 (ddd, J= 2.5, 6.5, 13.1 Hz, 1H), 3.26 (m, 1H), 3.36 (s, 6H), 3.55 (m, 1H), 3.70 (m, 1H),
3.96 (m, 1H), 4.54 (m, 1H), 5.39-5.42 (complex, 2H), 6.66 (dd, J= 6.5, 8.0 Hz, 1H), 7.14 (d, /= 8.0
Hz, 1H), 7.62-7.72 (complex, 4H), 7.88 (d, J = 8.0 Hz, 1H), 8.20 (s, 1H), 8.21 (m, 1H), 8.27 (m,
1H); 3C-NMR (DMSO-ds, 100 MHz) & 37.6, 44.4 (x2), 62.2, 71.3, 82.5, 85.4, 88.3, 93.7, 110.2,
113.2, 119.7, 125.1, 125.5, 125.9, 127.2, 127.6, 132.5, 133.5, 133.9, 148.6, 153.1, 153.2, 156.0;
HRMS (ESI) m/z 467.1808 calcd for C24H24N¢O3Na [M+Na]*, found 467.1792.

8-[2-(1-Naphthyl)ethynyl]-2'-deoxyadenosine (I"A: 2¢) As described for 1a, a mixture of 3 (508
mg, 1.84 mmol), Pd(PPhs)4 (221 mg, 0.19 mmol), Cul (74.0 mg, 0.39 mmol) and 1-iodonaphthalne
7c¢ (691 mg, 2.72 mmol) in DMF (10 ml) and Et;N (1 ml) was stirred at 80 °C under an argon
atmosphere for 1 h. After cooling to room temperature, the reaction mixture was concentrated in
vacuo. The residue was purified by silica gel column column chromatography eluted with 5-10 %
methanol in chloroform, to give 2¢ (452 mg, 61 %) as a colorless solid: "H-NMR (DMSO-ds, 400
MHz) & 2.34 (m, 1H), 3.28 (m, 1H), 3.55 (m, 1H), 3.70 (m, 1H), 3.97 (m, 1H), 4.55 (m, 1H),
5.37-5.41 (complex, 2H), 6.69 (dd, J = 6.6, 7.8 Hz, 1H), 7.63-8.31 (complex, 10H); *C-NMR
(DMSO-ds, 100 MHz) 6 37.6, 62.2, 71.3, 83.4, 85.4, 88.3, 92.6, 117.3, 124.9, 125.7, 127.2, 128.0,
128.8, 128.9, 130.9, 131.8, 132.4, 132.8, 133.1, 148.7, 153.5, 156.2; HRMS (ESI) m/z 424.1386
calcd for C22H9NsO3Na [M+Na]*, found 424.1400.

8-[2-(6-Cyano-2-naphthyl)ethynyl]-N°-[(V,N-dimethylamino)methylene]-2'-deoxyadenosine

(8a) To a solution of 1a (227 mg, 0.53 mmol) in DMF (10 ml) was added N, N-dimethylformamide
diethyl acetal (1 ml) at room temperature, and the reaction mixture was stirred at 80 °C for 30 min.
After cooling to room temperature, the reaction mixture was concentrated in vacuo. The residue was
purified by silica gel column column chromatography eluted with 5 % methanol in chloroform, to

give 8a (239 mg, 93 %) as a yellow solid: 'H- and '3*C-NMR data not shown.

8-[2-(6-Cyano-2-naphthyl)ethynyl]-5'-0-(4,4'-dimethoxytrityl)- N*-[(V,N-dimethylamino)methy
lene]-2'-deoxyadenosine (9a) A mixture of 8a (220 mg, 0.46 mmol), 4-dimethylaminopyridine (11.2
mg, 0.92 mmol) and 4,4'-dimethoxytrityl chloride (301 mg, 0.89 mmol) in anhydrous pyridine (10

ml) was stirred at room temperature for 3 h. After the reaction was completed and quenched by
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addition of methanol, and the solvent was concentrated in vacuo. The residue was partitioned
between ethyl acetate and saturated NaHCOs3, and the separated organic layer was washed with brine.
The organic layer was dried over anhydrous Na>SOs, filtered and concentrated. The residue was
purified by silica gel column column chromatography eluted with 3 % methanol and 1 %
triethylamine in chloroform, to give 9a (132 mg, 37 %) as a yellow solid: 'H- and '3*C-NMR data not

shown.

8-[2-(6-Cyano-2-naphthyl)ethynyl]-5'-0-(4,4'-dimethoxytrityl)-N°®-[(V,N-Dimethylamino)methy
lene|-2'-deoxyadenosine 3'-[(2-cyanoethyl)-/V,N-diisopropylphosphoramidite] (10a) To a
solution of 9a (63.9 mg, 0.08 mmol) in anhydrous acetonitrile (1 ml) was added
2-cyanoethyldiisopropylchlorophosphoramidite (100 pl) in the presence of EtsN (0.5 ml), and the
solution was stirred at room temperature under argon atmosphere for 30 min. After completion of the
reaction, the solution was diluted with ethyl acetate, washed with saturated NaHCO3 and brine. The
combined organic layer was dried over anhydrous Na,SOs, filtered and concentrated. The residue

was incorporated into oligonucleotides without further purification.

NS-[(V,N-Dimethylamino)methylene|-8-[2-(6-V,N-dimethylamino-2-naphthyl)ethynyl]-2'-deoxy
adenosine (8b) As described for 8a, to a solution of 1b (105 mg, 0.21 mmol) in DMF (10 ml) was
added N,N-dimethylformamide diethyl acetal (1 ml) at room temperature, and the reaction mixture
was stirred at 80 °C for 30 min. After cooling to room temperature, the reaction mixture was
concentrated in vacuo. The residue was purified by silica gel column column chromatography eluted
with 5 % methanol in chloroform, to give 8b (114 mg, 97 %) as a colorless solid: 'H- and 3C-NMR

data not shown.

5'-0-(4,4'-Dimethoxytrityl)-N’-[(V,N-dimethylamino)methylene]-8-[2-(6-N, N-dimethylamino-2
-naphthyl)ethynyl]-2'-deoxyadenosine (9b) As described for 9a, a mixture of 8b (105 mg, 0.21
mmol), 4-dimethylaminopyridine (49.0 mg, 0.40 mmol) and 4,4'-dimethoxytrityl chloride (215 mg,
0.55 mmol) in anhydrous pyridine (5 ml) was stirred at room temperature for 3 h. After the reaction
was completed and quenched by addition of methanol, and the solvent was concentrated in vacuo.
The residue was partitioned between ethyl acetate and saturated NaHCO3, and the separated organic
layer was washed with brine. The organic layer was dried over anhydrous Na;SOs, filtered and
concentrated. The residue was purified by silica gel column column chromatography eluted with 3 %
methanol and 1 % triethylamine, to give 9b (135 mg, 80 %) as a yellow solid: '"H- and 3C-NMR

data not shown.
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5'-0-(4,4'-Dimethoxytrityl)-N°’-[(V,N-dimethylamino)methylene]-8-[2-(6-V, N-dimethylamino-2
-naphthyl)ethynyl]-2'-deoxyadenosine 3'-[(2-cyanoethyl)-/V,N-diisopropylphosphoramidite]
(10b) As described for 10a, to a solution of 9b (61.0 mg, 0.08 mmol) in anhydrous acetonitrile (1
ml) was added 2-cyanoethyldiisopropylchlorophosphoramidite (100 pl) in the presence of EtsN (0.5
ml), and the solution was stirred at room temperature under argon atmosphere for 30 min. After
completion of the reaction, the solution was diluted with ethyl acetate, washed with saturated
NaHCOs3 and brine. The combined organic layer was dried over anhydrous Na;SQOs, filtered and

concentrated. The residue was incorporated into oligonucleotides without further purification.

8-[2-(4-Cyano-1-naphthyl)ethynyl]-N°-[(V,N-dimethylamino)methylene]-2'-deoxyadenosine

(11a) As described for 8a, to a solution of 2a (108 mg, 0.25 mmol) in DMF (10 ml) was added
N,N-dimethylformamide diethyl acetal (0.5 ml) at room temperature, and the reaction mixture was
stirred at 80 °C for 30 min. After cooling to room temperature, the reaction mixture was concentrated
in vacuo. The residue was purified by silica gel column column chromatography eluted with 5 %
methanol in chloroform, to give 11a (118 mg, 97 %) as a colorless solid: '"H- and 3*C-NMR data not

shown.

8-[2-(4-Cyano-1-naphthyl)ethynyl]-5'-0-(4,4'-dimethoxytrityl)-N°-[(V,N-dimethylamino)methy
lene]-2'-deoxyadenosine (12a) As described for 9a, a mixture of 11a (101 mg, 0.21 mmol),
4-dimethylaminopyridine (49.0 mg, 0.40 mmol) and 4,4'-dimethoxytrityl chloride (212 mg, 0.55
mmol) in anhydrous pyridine (5 ml) was stirred at room temperature for 3 h. After the reaction was
completed and quenched by addition of methanol, and the solvent was concentrated in vacuo. The
residue was partitioned between ethyl acetate and saturated NaHCO3, and the separated organic layer
was washed with brine. The organic layer was dried over anhydrous Na,SOs, filtered and
concentrated. The residue was purified by silica gel column column chromatography eluted with 3 %
methanol and 1 % triethylamine, to give 12a (108 mg, 66 %) as a yellow solid: 'H- and 3C-NMR

data not shown.

8-[2-(4-Cyano-1-naphthyl)ethynyl]-5'-0-(4,4'-dimethoxytrityl)-N°-[(V,N-Dimethylamino)methy
lene]-2'-deoxyadenosine  3'-[(2-cyanoethyl)-V,N-diisopropylphosphoramidite] (13a) As
described for 10a, to a solution of 12a (73.0 mg, 0.09 mmol) in anhydrous acetonitrile (1 ml) was
added 2-cyanoethyldiisopropylchlorophosphoramidite (100 pl) in the presence of EtsN (0.5 ml), and
the solution was stirred at room temperature under argon atmosphere for 30 min. After completion of
the reaction, the solution was diluted with ethyl acetate, washed with saturated NaHCO3; and brine.
The combined organic layer was dried over anhydrous Na,SOs, filtered and concentrated. The

residue was incorporated into oligonucleotides without further purification.
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NS-[(V,N-Dimethylamino)methylene]-8-[2-(4-N, N-dimethylamino-1-naphthyl)ethynyl]-2'-deoxy
adenosine (11b) As described for 8a, To a solution of 2b (312 mg, 0.70 mmol) in DMF (10 ml) was
added N N-dimethylformamide diethyl acetal (1 ml) at room temperature, and the reaction mixture
was stirred at 80 °C for 30 min. After cooling to room temperature, the reaction mixture was
concentrated in vacuo. The residue was purified by silica gel column eluted with 5 % methanol in

chloroform, to give 11b (242 mg, 69 %) as a colorless solid: 'H- and '3*C-NMR data not shown.

5'-0-(4,4'-Dimethoxytrityl)-N°-[ (V,N-dimethylamino)methylene]-8-[2-(4-N, N-dimethylamino-1
-naphthyl)ethynyl]-2'-deoxyadenosine (12b) As described for 9a, A mixture of 11b (240 mg, 0.48
mmol), 4-dimethylaminopyridine (58.6 mg, 0.48 mmol) and 4,4'-dimethoxytrityl chloride (488 mg,
1.26 mmol) in anhydrous pyridine (5 ml) was stirred at room temperature for 3 h. After the reaction
was completed and quenched by addition of methanol, and the solvent was concentrated in vacuo.
The residue was partitioned between ethyl acetate and saturated NaHCO3, and the separated organic
layer was washed with brine. The organic layer was dried over anhydrous Na,SOs, filtered and
concentrated. The residue was purified by silica gel column eluted with 3 % methanol and 1 %

triethylamine, to give 12b (162 mg, 42 %) as a colorless solid: 'H- and '3*C-NMR data not shown.

5'-0-(4,4'-Dimethoxytrityl)-N’-[(V,N-dimethylamino)methylene]-8-[2-(4-N,N-dimethylamino-1
-naphthyl)ethynyl]-2'-deoxyadenosine 3'-[(2-cyanoethyl)- NV, N-diisopropylphosphoramidite|
(13b) As described for 10a, To a solution of 12b (60.0 mg, 0.07 mmol) in anhydrous acetonitrile (1
ml) was added 2-cyanoethyldiisopropylchlorophosphoramidite (100 pl) in the presence of EtsN (0.5
ml), and the solution was stirred at room temperature under argon atmosphere for 30 min. After
completion of the reaction, the solution was diluted with ethyl acetate, washed with saturated
NaHCOs and brine. The combined organic layer was dried over anhydrous Na>SOs, filtered and

concentrated. The residue was incorporated into oligonucleotides without further purification.

Oligodeoxynucleotide synthesis and characterization: Oligodeoxynucleotide (ODN) sequences
were synthesized by a conventional phosphoramidite method by using an Applied Biosystems 3400
DNA/RNA synthesizer. ODNs were purified by reverse phase HPLC on a 5-ODS-H column (10 %
150 nm, elution with 50 mM ammonium formate (AF) buffer, pH 7.0, linear gradient over 45 min
from 3 % to 20 % acetonitrile at a flow rate 2.0 ml/min). ODNs containing modified nucleotides
were fully digested with calf intestine alkaline phosphatase (50 U/ml), and P1 nuclease (50 U/ml) at
37 °C for 12 h. Digested solutions were analyzed by HPLC on a CHEMCOBOND 5-ODS-H column
(4.6 x 150 nm, elution with a solvent mixture of 50 mM AF buffer, pH 7.0, flow rate 1.0 ml/min).
The concentration of ODNs was determined by comparing peak areas with a standard solution

containing dA, dG, dC, and dT at a concentration of 0.1 mM. Mass spectra of ODNs purified by
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HPLC were determined with a MALDI-TOF mass spectrometer.

UV absorption measurements: Absorption spectra were obtained using a Shimadzu UV-2550

spectrophotometer at room temperature using 1 cm length cell.

Fluorescence spectra: The fluorescence spectra were obtained with a Shimadzu RF-5300PC
spectrofluorophotometer at 25 °C using a cell with a 1 cm path length. The excitation and emission

bandwidths were 1.5 nm.

Melting temperature (7m) measurements: All 7ms of the ODNs (2.5 uM, final concentration) were
measured in 50 mM sodium phosphate buffers (pH 7.0) containing 100 mM sodium chloride.
Absorbance vs temperature profiles ware measured at 260 nm using a Shimadzu UV-2550
spectrophotometer equipped with a Peltier temperature controller using 1 cm path length cell. The
absorbance of the samples was monitored at 260 nm from 4 to 90 °C with a heating rate of 1 °C/min.

From these profiles, first derivatives were calculated to determine 7Tr, values.

Circular dichroism (CD) measurements: CD spectra were recorded with a JASCO J-805 CD
spectrophotometer. CD spectra of oligonucleotides solutions (2.5 uM ODNs in 50 mM sodium
phosphate buffers (pH 7.0) containing 100 mM sodium chloride at 20 °C) were measured using 2
mm path length cell.
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Figure S2-1. UV absorption spectra of (a) 2%"A (1a), (b) »64"A (1b), (c) 2"A (1¢), (d) A (2a), (¢)
L4dnA (2b), and () '"A (2¢) in various solvents (conc. 10 uM).
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Figure S2-2. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer
of 13 mer single-stranded ODN 1 (X = 2%"A). Purification was carried out on a CHEMCOBOND
5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer containing
acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 45 min. (b) HPLC
analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm) eluted with
0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile at
a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic

sample (100 uM conc.).
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Figure S2-3. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer
of 13 mer single-stranded ODN 2 (X = 2’6°“A). Purification was carried out on a CHEMCOBOND
5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer containing
acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 45 min. (b) HPLC
analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm) eluted with
0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile at
a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic

sample (100 uM conc.).
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Figure S2-4. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer
of 13 mer single-stranded ODN 1 (X = »%4"A). Purification was carried out on a CHEMCOBOND
5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer containing
acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 45 min. (b) HPLC
analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm) eluted with
0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile at
a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic

sample (100 uM conc.).
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Figure S2-5. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer
of 13 mer single-stranded ODN 2 (X = 2’6‘1“A). Purification was carried out on a CHEMCOBOND
5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer containing
acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 45 min. (b) HPLC
analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm) eluted with
0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile at
a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic

sample (100 uM conc.).
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Figure S2-6. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer
of 13 mer single-stranded ODN 1 (X = 4"A). Purification was carried out on a CHEMCOBOND
5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer containing
acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 45 min. (b) HPLC
analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm) eluted with
0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile at
a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic
sample (100 uM conc.).
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Figure S2-7. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer
of 13 mer single-stranded ODN 2 (X = 1’4°“A). Purification was carried out on a CHEMCOBOND
5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer containing
acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 45 min. (b) HPLC
analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm) eluted with
0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile at
a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic
sample (100 uM conc.).
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Figure S2-8. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer
of 13 mer single-stranded ODN 1 (X = U4"A)  Ppurification was carried out on a
CHEMCOBOND 5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate
buffer containing acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over
45 min. (b) HPLC analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150
mm) eluted with 0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to
50 % acetonitrile at a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration

with an authentic sample (100 uM conc.).
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Figure S2-9. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer
of 13 mer single-stranded ODN 2 (X = Lddna) - Purification was carried out on a
CHEMCOBOND 5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate
buffer containing acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over
45 min. (b) HPLC analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150
mm) eluted with 0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to
50 % acetonitrile at a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration

with an authentic sample (100 uM conc.).
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Table S2-1. MALDI-TOF mass spectral data for the ODNs

MALDI-TOF mass

ODNs caled. [M+H]" found [M + H]"
ODN 1: 5'-CGCAAT*S*"ATAACGC-3' 4103.85 4102.84
ODN 2: 5'-CGCAAC?*"ACAACGC-3' 4073.83 4072.82
ODN 1: 5'-CGCAAT*$4"ATAACGC-3' 4121.91 4121.23
ODN 2: 5'-CGCAACZ®I"ACAACGC-3' 4091.88 4092.57
ODN 1: 5'-CGCAATM"ATAACGC-3' 4103.85 4103.81
ODN 2: 5'-CGCAAC!#"ACAACGC-3' 4073.83 4074.25
ODN 1: 5-CGCAAT"ATAACGC-3' 4121.91 4121.41
ODN 2: 5'-CGCAAC'#I"ACAACGC-3' 4091.88 4091.69

= duplex (13-mer)

CD (mdeg)

—Bulge (12-mer)

220 270 320 370
Wavelength (nm)

X
ODN 1: 5-d(CGCAAT X TAACGC)-3'  ODN 1: 5-d(CGCAAT = TAACGC)-3'
cODN 1: 3-d(GCGTTA T ATTGCG)-5'  bIODN 1: 3-d(GCGTTA—ATTGCG)-5'

Figure S2-10. CD spectra of ODN 1 (X = %A hybridized with cODN 1 (blue line), and bIODN 1
(red line); 2.5 uM ODNSs, 50 mM sodium phoshate, 0.1 M sodium chloride, pH 7.0, r.t.
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Table S2-2. Thermal melting temperature (7,,) of oligodeoxynucleotides™

ODNss (duplex) T, (°C) ODN:ss (bulge) T,(°0)

ODN1 (X =26dnA) / cODN1 (N = T) 433 ODNI (X =2%4n4) / HlODN1 42.1
/ cODN1 (N = C) 43.0 ODNI (X =A)/blODNI 38.0
/ cODNI (N = G) 43.8 ODNI1 (X = non) / bIODN1 524
/ cODN1 (N = A) 40.2

ODN1 (X=A)/cODNI (N=T) 52.6

ODN2 (X =20dnA) / cODN2 (N =T) 52.3 ODN2 (X = »6dnA) / bIODN2 51.0
/ cODN2 (N = C) 50.7 ODN2 (X = A) / bIODN2 46.8
/ cODN2 (N = G) 53.8 ODN2 (X = non) / bIODN2 59.6
/ cODN2 (N = A) 50.0

ODN2 (X =A)/cODN2 (N=T) 60.9

*All T,;s of ODNs (2.5 uM) were measured in 50 mM sodium phosphate (pH = 7.0) and 0.1 M sodium
chloride at rt.

ODN1 5'-d(CGCAAT X TAACGC)-3'
cODNI1 3'-d(GCGTTA N ATTGCG)-5'

ODN2 5'-d(CGCAAC X CAACGC)-3'
cODN2 3'-d(GCGTTG N GTTGCG)-5'

2.\
ODNI1 5'-d(CGCAAT TAACGC)-3'

blODNI1 3-d(GCGTTA—ATTGCG)-5'

/XN
ODN2 5'-d(CGCAAC CAACGC)-3

blIODN2 3'-d(GCGTTG— GTTGCG)-5'
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#H3E

DNA “EHHFE#EEZ N ZEL LR WERERSEEOE
T-TT7Y-2-TAXTTT )V U HEEORSR



3.1 H¥E

TV D 8 hilT, Bix REHREE T S HERLA A EA Lo ) 11y
MR R TZFnra vy 7 B ERTZENHA L, B, EREEAE S OM
HAEFEALIC 3 2 R B B 2 b A F = 4 —F 5 7 m—7 & L CORFMHIRE S
- L LZens, —fixic, 77U v 8 (TICEBEAEAT L L HLiEkro

7V 3y REEE BT O anti BEED S syn BUESE KR LT 05 EFRIFFZ, £EDOX 7 L
43 R&EETe DNA IE, “ELHAMEE K& S RLELT D2 LnmbhTng 8 4
-, ﬂﬁﬁ%’(&)éb) SVUVHER (T3 vl TTFEvETF I EER
PRKERECREATS) LU NV 2 Uy 2 BOKER-ATERRE T2 2 & kA<
72%, DNA "L HAMERRLELT D L. 8HX 7 LAy REREEE S D~ v F—
Ay FOEWIT L 2 ED ORI L0l 72 X 7 n RIS EMEICINE TE 2R
WDy b LS EEKERLANE Y RBSABIISN T LE S BAND D, HE Tl -
TRV BHERT DT T ) VORI, RO TIERER TOER, LY EED
BOBE RO 0 —7%0, BEER S OMERMREEL AT 2B T 0 —7 L
L CEMAT 272012130 FORENLELE I,

T, TOMEEMRIT 572012, DNA 2R 5 KKTV X7 LAY RTHDHT
TV RNTT ) LR AKEREG RS = BT D 1T T TV X LAV R
CERA LY, KROT Y SO TRITEEF T Ch 572510 T AL COLHEMIL@
RA[RETH LD, T 777V Tl T RFEIF T (C-H) IZEBRINTWDHIZD, iz
E, ~Na S U EEAT D 2L T ONEICH L HEM N ARE T H D, o, CTAL
fEfi1E DNA 8 B AMED X ¥y — 7 L — T8 L K& RZERRZENTND = L
B, C8 ALICHER L7 5 72 DNA — 8 bH AMGED R L EITHIE S & TS
ns,

— 5 JATIRFE L L, TALER T-7 7 75 ) 3 L HER O A RIT IR & ORFEN
X TS 1010 2 5 ot T Seela 12 ko TESE STz T-~F o =/L-T-5F 7 H-2"
TAXTTT )N, RO Y a s FEGN anti BETH Y . 20 5 2, TR
LR AL, R T EMEARRCE S 2 VKB LTS 1%,:@>&w6% 7-
TTHTV O TAACE SR & Offix B 28 A LT, ZZEIC DNA “HHAZ
MTX 2 EARBREND, DI, SMHERIT U L iFEikiL, HL@@@%F@@wL;
HHARHEREOLE LV KX T 572010, D TFRICETFE (Kh—) Mk ovwE
FWB| (77T ¥ —) OBHFILELEAT D L5 GRS VR, T-FT7F 77 =
ERBOTF =0 L0 BMEBMAMES . SBICKRRO/ 7= L0 LR%S LIEEh
UTFTH2 T2, s T 17T H7 7= A RAO KR L FRE D2 N o
R Y o R 5 RS (W

LHIOBTE T, 1-F 7T F /2o ® TRUTNERN B E X R T 5 & 5 I ZEhE S
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I L CEFWSIMEREL AT 58 L U EIKTH D 4-[2-(1-Pyrenyl)ethynyl]benzonitrile
BEA LT ONZA AR LTz, LovL, ONZA TR RE A2 K& S BbEEn 2 L1ET
X7bOD, 4V 2 DNA $ITEA L7242 DNA O & S8 Aoz etz shn
DIFEEE Iehole, ZOJRKE U TERM L7 B L U FERII S A ARKRETED
DI E T FERITKICETICS WIEEZH T 5039 2 IZDNA " HEEMEA RE < EEE,
MR ERE R R CE RSO T VN EEZ BN D,

FIT, FE2EOELBEZLT, BT 72 L U0BI21E, 7o IR UREDSFY A X
Thiu, HROX 7 LAY RFEROENT TR Z MR L-DD, DNA “HOLEAMIEZ
AZEALRNEER T, ZZCUFig. 3-1 [T HLWT-T 777 ) v UiFEREER L,
FNOLDHRARBT IZA b=y a4 U IXT7 UAT RE~EA L FRMECH R K
RN DWW TRl 24772 o 72,

donor-acceptor é
system acceptor donor
ne~( = )
i = oY AW
. s :
CO=C) : @ S—
y L L

HO. o pu" Ho N” "N
C8-substituted 10 push
OH 2'-deoxyadenosines
enz A OH

Destablizazed than unmodified duplex

z_z

donor-acceptor
‘l system
. “CO R H
NH I
’ = \Nz = L o NH-q
>N
‘N|N) ‘N‘N/) N— N HN )
HO HO \‘<\ N=/ N
> 2 o
OH C7-subsutituted
OH 7-deazaadenine thymine (T)

Figure 3-1. Design of C7-arylethynylated 7-deaza-2'-deoxyadenosines.
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3.2 EBREHER
3.2.1 CIPNIZT V) —NF=VEE/TET-TT7FL-TEX 7T )V HERDER

777 H6-rmn T vinG 3 BERKIET 7-9— K1-7 7 P27 AR T 7 ) v
32D 2 AL 9o F AT L R T b RS U AR A N EEE S > Y v S
B2 0 E T WA (1) 35 2 LRI Lis, 7o, AARICLTC, 3 = F oA F T ALY
KL B FNFNEEY v 7Y 7T 5H 2 LT L T ™A (2a), ™A (2b), ™A (2¢), A
Q)T ARAF—LIF FRITRT,

a)
NH
|‘ |\E
N° N
HO —
O
on
b)
L <
AN OH
4a:R=H "2A(2a): 91% (R=H)
4b :R=CN °"2A(2b) : 84% (R = CN)
4c :R = COCHj4 a"2A(2c) : 89% (R = COCHy)
4d : R = NMe, dnzp(2d) : 85% (R = NMe,)

Scheme 3-1. Reagents and conditions: a) 9-ethynylanthracene, Pd(PPhs)4, Cul, EtsN, DMF, 80 °C, 2
h; b) 4a, 4b, 4c, or 4d, Pd(PPhs)4, Cul, EtsN, DMF, 60 °C, 1 h.

3.2.2 1-FT7W2XFTARITT ) T UBHERO IR
BoNTT-TTH2TAXTTT ) U8R, 2 O ORI 5 3R s

AR A7-012, . FEER 1 BIO2 2D R D54 RIS F 1 F VR
SH, B 10 pM ISR LT, BT, BB T LI UV A7 RV DRIEEITV., ED
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BEEPTHORAERZE-ETHLH L REMN—THLZ L, £, HEITHMLT

WhHZ L) EHE

BEDELBIC, HBoNTRRBNEEEZ D LT,
EAT7R o7, WIEREFIT Fig. 3-2, 3-3, Table 3-1 [Z757,

WO ALY RV OBEIE

a) b)
0.25 0.3
——— Ethyl acetate| —— Ethyl acetate
02 | 0.25
Chloroform 02 Chloroform
8o1s 8
5 g
'g Acetonitrile 2 0.15 Acetonitrile
]
2 @
2
2 0.1 .<Q
= Ethanol 0.1 ~——— Ethanol
0.05
0.05
Methanol ——— Methanol
0 L L L 0 )
260 310 360 410 460 260 310 360
Wavelength (nm) Wavelength (nm)
c) d)
0.3 0.5
——— Ethyl acetate 0.45 ——— Ethyl acetate
0.25 0a |
Chloroform 0.35 Chloroform
0.2
8 g o3
H e
'.g 0.15 Acetonitrile 'g 0.25 Acetonitrile
2 3 02
2 .
< <
01 — Ethanol 0.15 —— Ethanol
0.1
0.05
Methanol 0.05 — Methanol
0 L . 0 \ .
260 310 360 410 260 310 360 410 460
Wavelength (nm) Wavelength (nm)
e)
0.4
—— Ethyl acetate
0.35
03 | \ ——THF
\
3 025
2 Acetonitrile
]
2 o2
2 |
2-Propano
2o | \ P
01 | ——— Ethanol
0.05
Methanol
0 L L
260 310 360 410

Wavelength (nm)

Figure 3-2. UV absorption spectra of (a) A (1), (b) "?A (2a), (c) “"?A (2b), (d) ™A (2¢), and (e)

dnzA (2d) in various solvents (each 10 uM conc.).

-51 -



Intensity

Intensity

150 10
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[
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£
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Figure 3-3. Fluorescence spectra of (a) A (1), (b) ™A (2a), (c) ™A (2b), (d) ™A (2¢), and (¢) ™A
(2d) in various solvents (each 10 uM conc.). The slit width was 1.5 nm.
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Table 3-1. Photophysical properties of fluorescent 7-deaza-2'-deoxyadenosine derivatives

compound solvent A2s (m) ALl (nm) Dy
AZA (1) Ethyl acetate 405 465 0.52
Chloroform 407 443,462 0.71
Acetonitrile 405 468 0.40
Ethanol 405 441, 463 0.50
Methanol 403 440, 462 0.41
"A (2a) Ethyl acetate 318 383 <0.01
Chloroform 319 374 <0.01
Acetonitrile 318 400 <0.01
Ethanol 318 371 <0.01
Methanol 315 377 <0.01
1A (2b) Ethyl acetate 345 458 0.08
Chloroform 345 423 0.10
Acetonitrile 345 494 0.05
Ethanol 345 469 0.04
Methanol 345 478 0.02
anzp (2c) Ethyl acetate 347 461 0.08
Chloroform 345 445 0.12
Acetonitrile 344 508 0.02
Ethanol 346 475 <0.01
Methanol 344 464 <0.01
dnzp (2d) Ethyl acetate 333 418 0.54
THF 335 418 0.58
Acetonitrile 336 432 0.51
2-Propanol 333 419 0.57
Ethanol 334 421 0.49
Methanol 336 424 0.39
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FHEIRD UV A7 FVRAIEIZ £ o TH BT e RIRIUEE F (A 5 ma) 8 L OV A~
MVRIEIZ K > TR DN e R R R W na) & £ 300 Table 3-1 (IR L7z, £7o, a0t
B IR (@)L 9,10-2 7 = = /L7 > b T 2 (Pa=0.95 in ethanol) & FEHEYE & L CTHW. &
L7 2,

FP, WEEO -TTF =T > h TR EZER L A ()T, 2 TOEEH T, BX
% 440-468 nm O FEWVE IR THRE L TV D Z ERER TE 72, WO EKW 2 o e
RV L LR LR TR N GHOEE IR ()23 0.71 & 0.52 & EmVMEBE B,
Fo, BEOEmNTE =R U LHF T 040, A ¥ 7 —HTi 041 &, fBPEDOZEIZE
DO, WA (DITEWEFICR TR T2 Z EVHB L7 (Fig. 3-3a, Table 3-1), L2>L72
5. JED O ) IR\ ED T 7 Mg e A CBHI SN 2> T2 (AL = 28
nm), £7z. MWEHO 2-TF =)L) T X LU AEEE L7z A (2a) T, 371-400 nm THEN
RO, 2 TOREEFTLE THHREBENMEL | SR TIEE@)IL0.01 LFTHY |
I HIT WA (1) & [FERICHMEDZEAIT M O #OtFE O ZAITBIA S L7 2~ > 7= (Fig. 3-3b,
Table3-1), ZHUHDFEEND, BEEDLWT U hIv L R0F 7 X2 LR LT 1-7 7
P2 FAXTTTF ) UHEERIIV NN Fa s a R s e EERE S W (BB
BRI LD ICT Botx s vy 2 &V LTz,

HWNT, BEBFWS (TrRvFE—) VDT 2 HEEET ™A 2b)TliE. 345 nm DJEhEEIC
KV ESEANRT FIVOREZATIR o TR, 7 7 v AL ATl 423 nm DF (pa=0.10) |
FEfE = F LTI, 458 nm DI (Pg=0.08) 23l 4172 (Fig. 3-3¢, Table 3-1), 7=,
AR )= NRTE F=F U VOO W T, REEEEO Ly RV 7 F2sEl
HENTZ NPT T ) FT7EZ Vo HEBAE LT T-T 72T A X277 ) 2 ™A (2b)
YR T Fesal v 7B ERA L TCVWD EEZDH(AN=Tlnm), £/=, E TSI
(T 72T H—=) HOTEFNIEETe ™A (20)TH ™A (2b) & FIE RO RENBH SN
7= (Fig. 3-3d, Table 3-1,AL=63nm), — /7. B t5 (KF—) HEONN-UATF LT I /K
ZETe A 2d) IR TOBEEH T, @SR IR N Bl S = hs, BT IR
B % mzp (2b), ™A (2¢) & FET 5 & EOHRMET T H RO EITIE & A E B LR
WZEMBB YNNI Fr s a Xy PR RIS RN ERBH BN E o7 (Fig.
3-3e, Table 3-1, AL = 14 nm),

72, ™A (2a), A (2b) & ™A (2d) % Sy FHLEFTRE Y 7 M (Gaussian 0)IZ LY . ERER
WS RE(LZIT) & T/ EEET A 2b) TiE, BEHREAID /20 A (22)° NN-U A F
NT R FEEET ™A 2d)IZHER T, HOMO-LUMO M COE TEEDOBEN K& VDT,
T-TTHTT=vhh, T7X L UBROMEE T, ERBENE ST VEE L 2D 2 L)
AL, /o T, BIWBINETH DL T /T 7 XL RTEF AT TH L BT D ™A
(2b) & ™A 20) Tl 7-7T 7V T T = BN E LTI 2 & T o rINERBERIR
REZAIHT2 ICT BRICEY, YR TAFdusa v 7 W EE2Rd 2 LRk
DIEEEZBILD, 7235, Gaussian 09 Z FIV 7= % B L BE(DFT)E(B3LY P/6-31G*)I2 & 1 &
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Ha{T-7= (Fig.3-4),

N-methylated "™A (2a) N -methylated "*A (HOMO)  N-methylated "A (LUMO)

AN-methylated ™A (2b) N-methylated “A (HOMO)  N’-methylated ™A (LUMO
y

N’-methylated 9™ A (2d) N -methylated 9™ A (HOMO)  N-methylated 92A (LUMO)

Figure 3-4. HOMO and LUMO of (a) N°-methylated ™A (2a), A (2b), and 9"?A (2d) calculated at
the DFT(B3LYP)/6-31G* level.
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3.2.3 1-FT7H22FTAXIT T U UHEROEEEDR

T-FTTW2XTAXVT T ) U URFEER L 2 D N-7 ) 3L G OSLREE A T~ D 75
IZ. 'H-, BC-NMR OHIEZTT/2>7-, F7-. DMSO-ds T CHIEE LT-, HERELE L DT
5 — X % Table 3-2 |27,

Table 3-2. 'H- and 3C-NMR chemical shifts of 2'-deoxyadenosine and 7-deaza- 2'-deoxyadenosine
derivatives in DMSO-ds

compounds H (2" Cc (1" Cc(2" c@3") C 4" Cc(@4)

A (anti) 2.72 84.0 38.9 71.0 88.0 61.9
Br-A?(syn)  3.25 86.4 37.0 71.1 88.3 62.1
26enpA b (gpn)  3.20 85.1 37.8 71.2 88.4 62.2

ZA © (anti) 2.50 83.3 d 71.1 87.3 62.1

atzp (1) 2.60 83.2 d 70.9 87.6 61.9

nZA (2a) 2.54 83.3 d 71.0 87.6 61.9

nzA (2b) 2.54 83.3 d 71.0 87.6 61.9

ANZA (2c) 2.50 83.3 d 71.0 87.6 61.9

dnzp (2d) 2.53 83.3 d 70.9 87.6 61.8

*2 8-bromo-2'-deoxyadenosine

b Chapter 2: C8-subsituted 2'-deoxyadenosine derivative
*¢ 7-deaza-2'-deoxyadenosine (ref. 12)
*d Overlapped with DMSO (39.5 ppm)

AR L7280 . —fRiic, 77U RO 8 MLICEBILAEATH L, X T LAY ROKE
CHILE DT 3 L VEEE B O anti BUEN S syn BUES~E KR LT K20 20778
C8 NICEBILAZEAN L72X 7 LAY REAWTEAIZIE DNA O 8 LB AMIEN KL E
BT 52 enMbnTHD OB X5z, 27U 3y RGN anti 15 syn ~Eb DL H B
FOVBC-NMR JIEIZBWT, ClY, C3, C4' BLOH2' ¥ 7 FDMEBIG R~ i & R
12 C2 VT FADRERSM A~ 7 52 ERHBH LTV D SR, ALz 77T
2 TAXTTT )V UHERIL syn BETH D ALEMT T ) LV HEARIC R, anti B
DALAE E NMR & 7 F U REEEL L TV D728, 22A (1), ™A (2a), ™A (2b), ™A (2¢) B LW
A 2d) OV Y a2y REEBRIT anti B BETH D Z LN o T2,
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3.2.4 1-TT7Y2-TZAXIUTT )V UBHEREET ODN DERR

T-F T V2T AX LT T )V UHERKIIRRD 2T AR T T ) v L ERED anti BLFE
LD ENHERTEZOT, DNA S CHFEIL L KBHAREEZATLZ LRI
D, 22T, AV AR LATF FODN)~NEA L, KFEREGTEREETANIZ & 72 2 B\l IR L
HEB L, BEFHRHTr—78E LTHHATH 20 ORI AT 2 & & L,
FIZT, YA TFr e v I B E RISV CA (DB AN N Tt r s
12y 7 I AR BB RS ezA (2b) % . DNA HEIA R E VW TR AR 7
I HA MEIZEYD ODN $E~DEANZT/R o7z, £T, NN-DATFLAKRNLLT I RYZF )L
T —NERNT, T EERHEL TS, 5b & Lk, SKEEHE%E U F 1L T 6,6b
AT, T, 3KEREE 2.7 VA Yy T saakARu T IV b EHANT,
RAKROT IHA b=y 7,7b A L. DNA HEIEHE THA L 3% ODN $5~E A
L7- (Scheme 3-2), F7-. Table3-3 |22 OETHE S ODN OEF|ZRT,

NH Ar. N) Ar N)
X X
[ me b wl
HO. NN NN
o HO. DMTrO.
e o o)
5 :87% 6 :87%
OH cnzp 2b) OH 5b : 95% OH 6b : quant
\N/
Ar g N/) ‘
R &
c) [ ) . ‘
_ DMTrO N™ "N DNA synthesis Ar = 5.7
o]
Ne~OpO 7 NC
NPz T
2b, 5b - 7b

Scheme 3-2. Reagents and conditions: a) N,N-dimethylformamide diethylacetal, DMF, 60-80 °C, 2-5
h; b) DMTtCl, pyridine, r.t., 3-6 h; c¢) 2-cyanoethyldiisopropylchlorophosphoramidite, Et3N,

acetonitrile, r.t., 30 min.

Table 3-3. Oligodeoxynucleotides used in this study

Sequences
ODN 1 (X) 5'-CGCAAT X TAACGC-3' X = *#A or “™A
ODN 2 (N) 5'-GCGTTA N ATTGCG-3' N=T,G,C, A
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ODN 1 [Zi#% @ DNA HEV G COSRMETERT 2 Z &N HHkiz, 5N 7-ODN 1 %
AEEEN DU H LR, 7 =77K 55°C T T TR #E A TV, FH, HPLC IZ
XV &1T72 572, ODN 1 (X = 2A){Z 31 min f}ITIZ, ODN 1 (X = 2#A)(Z 35 min {3T(Z
HE9® 5 L& ODN B'— 727 At & 7= (Fig. 3-5), HAYY ODN & kEHlt% . HPLC |2 & v #li
JE % e L (Fig. 3-6) . MALDI-TOF mass (Table 3-4) 35 X O\ 53f# (Fig. 3-7) (2L 0 A
E LTz,

a) b)
300000 80000
250000 70000
60000
200000
.‘E) ‘E‘ 50000
w v
£ 150000 £ 40000
e N
= =
100000 30000
20000
50000 10000
0 ,k ‘Jk ,.’J\_/J 0 ‘l_l_h‘ A L
0 10 20 30 40 0 10 20 30 40 50 60
Retention time (min) Retention time (min)

Figure 3-5. HPLC profiles of the crude reaction mixture from automated DNA synthesizer of 13 mer
single-stranded ODN 1 [X = (a) *2A and (b) “™A]. Purification was carried out on a
CHEMCOBOND 5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer
containing acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 60 min

for (a), over 45 min for (b).

a) b)
350000 90000
80000
300000
70000
250000 50000
& z
Z 200000 Z 50000
=
L L
E 150000 £ 40000
30000
100000
20000
50000 t;i 10000
0 0 -
0 10 20 30 40 0 10 20 30 40 50 60
Retention time (min) Retention time (min)

Figure 3-6. HPLC profiles of a pure single-stranded ODN 1 [X = (a) A and (b) “**A]. HPLC
analysis was carried out on a CHEMCOBOND 5-ODS-H columm (10 x 150 mm) eluted with 0.05
M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow

rate 2.0 ml/min over 60 min for (a), over 45 min for (b).
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Table 3-4. MALDI-TOF mass spectral data for the ODNs

MALDI-TOF mass
calcd. [M +HJ" found [M + H]*

ODN 1: 5-CGCAAT**ATAACGC-3' 4128.28 4127.91
ODN 1: 5'-CGCAAT"ATAACGC-3' 4102.86 4102.57

ODNs
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Figure 3-7. HPLC profiles of a mixture obtained by enzymatic digestion of ODN 1 [X = (a) *#A and
(b) “™*A]. HPLC analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm)
eluted with 0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 %
acetonitrile at a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an

authentic sample (100 uM conc.).

3.2.5 A S T ES DNA @ CD BIEIC X 2GR

azA 54 ODN 1 % il OAHAHEH ODN2: [5-GCGTTA N ATTGCG-3'(N=T, C, G, A)] & /~ A
TVEA RS, ZEHEATRS %, RO ZHEH L FEKIC B A DNA 2T 2 00
E 9 0% CDPIEIC KV B AT 78 - 7=, JIESRF1EL 2.5 WM ODN, 50 mM U > [ #% ik (pH
7.0). 0.1 M LT b U U AFEFTITR o7, £, MO DI KAROELS] TRIE Z1T
ol iR b Rd (Fig 3-8),
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ODN 1: 5-CGCAAT X AAACGC-3' (X = ™A or A)
ODN 2: 3-GCGTTA N TTTGCG-5' (N=T, C, G, A)

Figure 3-8. CD spectra of ODN 1 (X = A) hybridized with ODN 2 (N = T) (black line), and of ODN
1 (X = *"A) hybridized with ODN 2 (N =T, C, G, A); 2.5 uM ODNs, 50 mM sodium phoshate, 0.1
M sodium chloride, pH 7.0, rt.

CD A7 R VORIERER, ODN 1 (X = A) | TFHA{fi$H & —HEH DNA ZIER T 2% & AT
FIZBAD BT, 280 nm FHTIZIED 2y b AR KO 250 nm (TTICAD = v R R R
BISNT=Z LD, TAEWR 7-7 777 /) v UFERE Gt ) IX7 LAF RThH,
A2 B RIS 2 L 5 2 LSRR T E T2,

3.2.6 A BEX A £ ODN OELEFRHE 72— 712 oW TOFM & &L

A F3 LN A 5 ODN O EKERREREAT 21T © 72 D12 — B SHE IR B (Tn) DI E &
1T o7z, BT, UV - BN AT MAVORIEEZITH Z & T, BinFitiern—7& L
TORMEZ T8> 7, WIESRMIT *#A &4 ODN 1 % Hik OFH 484 ODN 2: [5'-GCGTTA N
ATTGCG-3'(N=T,C,G A)] &A1 7 U XA XEH, 2.5uMODN, 50 mM Y > FE4EEE (pH
7.0). 0.1 M HifbF b U 7 AFAE FCTIT72 272, A £ ODN OJIE b [k D FAf T177e
Sz Fo, T BIEIZE LTI O 72 DI KR OESCRIE & 1772 o 7o iR & 777 (Table
3-5),
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Table 3-5. Thermal melting temperatures (7m) and photophysical properties of duplexes
ODNI1/ODN2; ODN 1: 5-CGCAATXTAACGC-3' (X = 3zA, <A or A), ODN 2:
3-GCGTTANATTGCG-5'(N=T,C, G A)

Duplex Ty, (°C) A2 (nm) Mhax (nm)
ODN 1 (*%?A) - 410, 430 447, 469
ODN 1 (**A) / ODN 2 (T) 52.2 410, 435 447, 472
ODN 1 (*”A) / ODN 2 (C) 53.1 410, 435 448, 472
ODN 1 (***A) / ODN 2 (G) 49.0 410, 435 448, 473
ODN 1 (*?A) / ODN 2 (A) 49.2 410, 435 449, 472
ODN 1 (“"?A) - 351 461
ODN 1 (*"*A) / ODN 2 (T) 52.8 350 468
ODN 1 (“"?A) / ODN 2 (C) 50.1 336, 351 446
ODN 1 (“"?A) / ODN 2 (G) 46.7 351 461
ODN 1 (“"?A) / ODN 2 (A) 44.2 352 464
ODN 1 (A)/ ODN 2 (T) 52.6 - -
ODN 1 (A)/ ODN 2 (C) 45.4 - -
ODN 1 (A)/ ODN 2 (G) 46.7 - -
ODN 1 (A)/ ODN 2 (A) 41.0 - -

T fEHE OFER, A 38 LA 54 ZHEH ODN & b2 KIRDELS] ODN 1 (A) / ODN 2
(T) L IFFEREDBERIEE (T2 R L2 2 &G, BEICHENEER TE D Z &R0
ofz, ZOFRERIT, TALEB 7-7 T T T ) UHERNX 7 LAY RE ) ~—C anti BV
R STWDHZDIC, HEEEN~y T TOHLIT IV EZEICHEESZEMR L TS Z L
EEHRLTCWDILDOEEZ LD, LNLARND, A Tk, I A~y FHERICR L THE
ELLTWD Z EAVHB LTz, FRC, HHFEER Y b o858 T 53.0°C &, KkbEWn
AR B, REIROEFILL EOLEMEZRTHER & 72572 (Table 3-5),

WA CHMHFPEENR~ Y T THLITF I VI ETIHERVR, I ATy FTHDHY F T
B TufiZ R LTV, DFEV, 1-TT7 T T =UIERROT 7 = L AR OKERFBEH
MZEROLRBLH, ¥ M UVREORETHORENT DLWV I RERP O, Seela 523
T-T 7T T = O ZEEERRETM AR L CWAIEIC LD L 7- 7 7T T =D NI
D pKa WRIRDT T =2 (pKa=3.5) IZHART RS 2D L tE L THY (pKa=5.3), HIZ,
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CHHAPTIEELICHELSARYD, NI BT R hR—varyENHTET, 1777 T =00F
VNV UHEPHETEELEE LTHEEL TV S & KFEREESEZHACT WG Z T 77<
2% ERSTND 2 e 1D Table 3-5 OFERIIR M TH D LS54, Eo>T, 1-7T7H
TT=0F T EBROFEIZED LT, FIUET TRV MUy E S REICEEN ETE
MTEDLHIENBEALINLD,

W, —ARHORIE & “HHA TR L TODEEO UV AT f L s AT bV EJIE
L7 (Fig.3-9),
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ODN 1: 5-CGCAAT X TAACGC-3' (X = A or “"*A)
ODN 2: 3'-GCGTTA N ATTGCG-5' (N =T, C, G, A)

Figure 3-9. UV absorption spectra of ODN 1 [X = (a) ***A and (b) “"?A] hybridized with ODN 2 (N
=T, C, G, A) and fluorescence spectra of ODN 1 [X = (¢) A and (d) *"?A] hybridized with ODN 2
(N=T, C, G, A); "ss" denotes a single-stranded ODN 1 (2.5 uM ODNs, 0.1 M sodium chloride, 50
mM sodium phosphate buffer, pH 7.0, rt). The slit width was 1.5 nm.

-62 -



FHHEOFER., WA EFHAY ITAF X7 UATF RCHE, —ARERFICHERT, ¥—F
v N 725D ODN BHIDOIFET D (NA 7V H A XL _HEEEKT D) BIZIiE, vy TF-
ARy FICEL LT, HARERE K Lz, LA LRRs, —HIEOENIC X2 FERR
7 BIZIE~ >y FTHLT IV OEEDORENRIWEENEAT D) BARLITEN SN
inolz, ZORERIT. X7 LAY RE v —THE& 72k 0 73 2 PRI Cagt A=y
MVORNEZAT IR S T-BRIZH B NWEN T 7 M T DY AN T vAa s a I vy 7 et
R RIS R 2 ML b RYBRERTHDL EF X5,

—F, B/ =K TINANNTLFR I a I v VR R LT A A4 I T4 X
VA7 LAF RTIE, 7~ v F (N=T) ODN DIFFERFICIL, — AR Th$ 7
NHDRRFENWENL Y R 7 FL (468 nm) . & 51T, HOLHRE OB RAEIN S -,
Fo, BOEEWC LI, HFHEEN Y b 2722 % ODN 2SI & “EH# AT L. &5
CHOEIRE DR T2 & & b, S EO T L — 7 B S L7z (446 nm, AL =
22nm), ZOHENREXZFKE LT, AR L7Z@Y, 7-7 77T =D NI 237 e b
MDY MU EEER AR LT ERExbND, DFE D, Fig. 3-9d

TRLEEEY ¥ P UERODBHENFENEED TNV — 7 T OB LNTZDX 7-
FTHT T = OMENTa FAbic ks TEP R OEBILLIEEDTHD L, 2.0 b
9 — DDA & LTIE, ™A BNE /v — R CREBICHOENREE A LT\ D 2 EnZf
Lbivd,

3.3 FEEm

ARETIE, DNA " HEMEEZ RLENIELWEB 2 oD TALEWR 7-7 77U F
a9 DBREEBISRIOEEI OREE BIE Lo, TORE, X7 LAY METIE, 7-77
BT T = OBICEMPMERNZ EICEH L, 0 FHICEFRSIHEEEZEAT L LT, &
TN R — - 77272 —EEEZER LT <20 BEOBEEIcfEy, SR,
BRENELT DY NN NI A n s a v 7 R BT 5T T T X LAY
ROBRICE LTz, EHIT, ™A FHAY IT4AF X7 LAF Rik, DNA Fo—Hikk
DIFE &V T 7R EE L & T R OB L CRkAI T 5 Z L B[R Ch o7z, it
KF CORNBEMERE T, HEMEREEZ R LT E, BRI HEDBE W Z 4R %
W R THINT D Z L IIARTRETH =N, TTHF Y o BKREHAWD Z LT, Hik
MR EAREIC LIZZ LIk o T, 4%, SHICER B TREA e —7 2% Cc&
LHAlRetEZ T 2 & TE T,
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3.4 EBRIR

General: 'H-NMR spectra (400 MHz) and '*C-NMR spectra (100 MHz) were measured with
Bruker Avance 400F spectrometer. Coupling constants (J values) are reported in hertz. The chemical
shifts are shown in ppm downfield from tetramethylsilane, using residual dimethyl sulfoxide (6 2.50
in 'H-NMR, § 39.5 in '*C-NMR), methanol (8 3.31 in '"H-NMR, § 49.0 in '*C-NMR) and chloroform
(8 7.26 in '"H-NMR, § 77.0 in *C-NMR) as an internal standard. ESI-TOF masses were recorded on
a JMS-T100LC “AccuTOF”, Applied DATUM Solution Business Operations.

The reagents for DNA synthesis were purchased from Glen Research. Mass spectra of
oligodeoxynucleotides were determined with a MALDI-TOF mass (Shimadzu AXIMA-LNR,
positive mode) with 2',3',4'-trihydroxyacetophenone as a matrix. Calf intestinal alkaline phosphatase
(Promega), Crotalus adamanteus venom phosphodiesterase 1 (USB), and Penicillium citrinum
nuclease P1 (Yamasa Shoyu) were used for the enzymatic digestion of ODNs. All aqueous solutions
utilized purified water (Millipore, Milli-Q sp UF). Reversed-phase HPLC was performed on
CHEMCOBOND 5-ODS-H columms (10 x 150 mm, 4.6 x 150 mm) with a JASCO Chromatograph,
Model PU-2080, using a UV detector, Model UV-2075 plus at 260 nm.

Procedure for the synthesis of modified nucleosides and ethynylnaphthalene derivatives
4-amino-7-(2-deoxy-f-p-erythro-pentofuranosyl)-5-iodo-7H-pyrrolo[2,3-d]pyrimidine @3:
7-iodo-7-deaza-2'-deoxyadenosine) was prepared from 4-chrolo-7H-pyrrolo[2,3-d[pyrimidine

according to literature method by 3 step reactions. ')

4-Amino-5-[2-(9-anthracenyl)ethynyl]-7-(2-deoxy-f-D-erythro-pentofuranosyl)-7H-pyrrolo[2,3-
dlpyrimidine (1: *?A). A mixture of 3 (0.12 g, 0.32 mmol), 9-cthynylanthracene (64 mg, 0.32
mmol), Pd(PPhs)4 (11 mg, 0.09 mmol) and Cul (2.9 mg, 0.02 mmol) in DMF (10 ml) was saturated
with EtzN under an argon atmosphere. The reaction mixture was stirred at 80 °C for 2 h. After
completion of the reaction, the solvent was evaporated, the residue was purified by silica gel column
chromatography with CHCl3-MeOH mixture (10 : 1). 1 was isolated as a yellow solid (0.12 g, 84%);
"H-NMR (DMSO-ds, 400 MHz)  2.27 (ddd, J = 2.8, 6.0, 13.2 Hz, 1H), 2.60 (ddd, J= 5.8, 8.0, 13.2
Hz, 1H), 3.54-3.67 (complex, 2H), 3.88 (m, 1H), 4.41 (m, 1H), 5.12 (m, 1H), 5.34 (d, J = 4.1 Hz,
1H), 6.59 (dd, J=6.0, 8.0 Hz, 1H), 6.84 (br, 2H), 7.63 (m, 2H), 7.70 (m, 2H), 8.17 (s, 1H), 8.19 (d, J
= 8.4 Hz, 2H) 8.22 (s, 1H), 8.53 (m, 2H), 8.71 (s, 1H); *C-NMR (DMSO-ds, 100 MHz) 5 61.9, 70.9,
83.2, 87.4, 87.6, 94.3, 94.9, 102.2, 116.3, 125.9 (x2), 126.1 (x2), 127.4, 127.4 (x2), 127.9, 129.0
(x2), 130.8 (x2), 131.8 (x2), 149.6, 152.9, 157.7, C(2") overlapped with DMSO; HRMS (ESI) m/z
473.1590 calcd for C27H22N4O3Na [M+Na]*, found 473.1596.
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4-Amino-7-(2-deoxy-f-p-erythro-pentofuranosyl)-5-[2-(2-naphthyl)ethynyl)]-7H-pyrrolo[2,3-d]
pyrimidine (2a: "A). A mixture of 3 (0.10 g, 0.36 mmol), 2-ethynylnaphthalene 4a (42 mg, 0.43
mmol), Pd(PPhs3)s (42 mg, 0.04 mmol) and Cul (2.1 mg, 0.01 mmol) in DMF (5 ml) was saturated
with EtsN under an argon atmosphere. The reaction mixture was stirred at 60 °C for 1 h. After
completion of the reaction, the solvent was evaporated, the residue was purified by silica gel column
chromatography with CHCI3-MeOH mixture (10 : 1). 2a was isolated as a colorless solid (0.13 g,
91%); 'H-NMR (DMSO-ds, 400 MHz) & 2.24 (ddd, J = 2.6, 5.8, 13.1 Hz, 1H), 2.54 (m, 1H,
overlapped with DMSO), 3.52-3.64 (complex, 2H), 3.86 (m, 1H), 4.38 (m, 1H), 5.09 (m, 1H), 5.31
(d, J=4.0 Hz, 1H), 6.54 (m, 1H), 6.87 (br, 2H), 7.57-7.60 (complex, 2H), 7.66-7.69 (complex, 2H),
7.94-7.97 (complex, 4H), 8.23 (s, 1H); *C-NMR (DMSO-ds, 100 MHz) & 61.9, 71.0, 83.3, 83.5,
87.6,91.4, 94.7, 102.0, 119.9, 126.9, 126.9, 127.0, 127.6, 127.7, 127.9, 128.2, 130.7, 132.3, 132.6,
149.5, 152.8, 157.6, C(2") overlapped with DMSO; HRMS (ESI) m/z 423.1433 calcd for
C23H20N4O3Na [M+Na]*, found 423.1419.

6-Ethynyl-2-naphthonitrile (4b). A mixture of 6-bromo-2-naphthonitrile (251 mg, 1.08 mmol),
Pd(PPh3)4 (62 mg, 0.05 mmol), Cul (21 mg, 0.11 mmol) and trimethylsilylacetylene (0.18 ml, 1.30
mmol) in DMF (5 ml) and EtzN (1 ml) was stirred at 50 °C at under an argon atmosphere for 1 h.
After allowing to cool to room temperature, The reaction solution was concentrated in vacuo. The
residue was purified by silica gel column chromatography with hexane-ethyl acetate mixture (5 : 1)
to give a crude product. The mixture was used for the next reaction.

The crude product and K>CO3 (220 mg, 1.59 mmol) in methanol (25 ml) was stirred at room
temperature for 2 h. After the reaction solution was concentrated in vacuo, diluted with ethyl acetate,
washed with 0.5 M HCI and brine. The combined organic layer was dried with anhydrous Na>SOs,
filtered and concentrated. The concentrated was purified by silica gel column chromatography with
hexane-ethyl acetate mixture (4 : 1) to give 4b as a light yellow solid (157 mg, 82 %); 'H-NMR
(CDCl3, 400 MHz) 6 3.26 (s, 1H), 7.62-7.65 (complex, 2H), 7.84-7.89 (complex, 2H), 8.05 (m, 1H),
8.21 (m, 1H); 3C-NMR (CDCls, 100 MHz) & 77.3 80.6, 107.9, 116.6, 120.5, 124.8, 126.2, 126.7,
128.0, 129.4, 129.8, 131.5, 131.7.

4-Amino-5-[2-(6-cyano-2-naphthyl)ethynyl]-7-(2-deoxy-f-D-erythro-pentofuranosyl)-7 H-pyrrol
0[2,3-d]pyrimidine (2b: “**A). A mixture of 3 (0.15 g, 0.39 mmol), 6-ethynyl-2-naphthonitrile 4b
(85 mg, 0.48 mmol), Pd(PPh3)4 (46 mg, 0.04 mmol) and Cul (7.6 mg, 0.04 mmol) in DMF (5 ml)
was saturated with EtsN under an argon atmosphere. The reaction mixture was stirred at 60 °C for 1
h. After completion of the reaction, the solvent was evaporated, and the residue was purified by
silica gel column chromatography with CHCI3-MeOH mixture (10 : 1). 2b was isolated as a light
yellow solid (0.14 g, 84%); 'H-NMR (DMSO-ds, 400 MHz) & 2.24 (ddd, J = 2.8, 6.0, 13.2 Hz, 1H),
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2.54 (m, 1H, overlapped with DMSO), 3.55-3.63 (complex, 2H), 3.86 (m, 1H), 4.38 (m, 1H), 5.12
(m, 1H), 5.32 (d, J = 4.1 Hz, 1H), 6.54 (dd, J = 6.0, 7.8 Hz, 1H), 6.88 (br, 2H), 7.82-7.86 (complex,
2H), 7.98 (s, 1H), 8.09-8.14 (complex, 2H) 8.18 (s, 1H), 8.34 (m, 1H), 8.61 (m, 1H); C-NMR
(DMSO-ds, 100 MHz) 6 61.9, 71.0, 83.3, 85.6, 87.6, 91.0, 94.4, 102.0, 109.0, 119.1, 123.4, 127.3,
127.7, 128.9, 129.1, 129.7, 130.6, 131.1, 134.0, 134.2, 149.6, 152.9, 157.6, C(2') overlapped with
DMSO; HRMS (ESI) m/z 448.1386 calcd for C24H19NsO3Na [M+Na]*, found 448.1407.

6-Acetyl-2-ethynylnaphthalene (4¢). A mixture of 6-acetyl-2-bromonaphthalene (760 mg, 3.05
mmol), Pd(PPh;3)4 (86 mg, 0.07 mmol), Cul (28 mg, 0.14 mmol) and trimethylsilylacetylene (0.44 ml,
3.66 mmol) in DMF (4 ml) and EtsN (4 ml) was stirred at 50 °C at under argon atmosphere for 1 h.
After allowing to cool to room temperature, The reaction solution was concentrated in vacuo. The
residue was purified by silica gel column chromatography with hexane-ethyl acetate mixture (10 : 1)
to give a crude product. The mixture was used for the next reaction.

The crude product and K,CO3 (600 mg, 4.34 mmol) in methanol (30 ml) was stirred at room
temperature for 2 h. After the reaction solution was concentrated in vacuo, diluted with ethyl acetate,
washed with 0.5 M HCI and brine. The combined organic layer was dried with anhydrous Na>SOs,
filtered and concentrated. The concentrated was purified by silica gel column chromatography with
hexane-ethyl acetate mixture (8 : 1) to give 4¢ as a brown solid (520 mg, 88 %); 'H-NMR (CDCls,
400 MHz) & 2.72 (s, 3H), 3.23 (s, 1H), 7.58 (dd, /= 1.6, 8.5 Hz, 1H), 7.84 (d, J = 8.6 Hz, 1H), 7.90
(d, J = 8.5 Hz, 1H), 8.03-8.06 (complex, 2H), 8.42 (m, 1H); *C-NMR (CDCls, 100 MHz) § 26.7,
79.0, 83.5, 122.1, 124.7, 128.3, 129.5, 129.6, 129.8, 132.0, 132.1, 134.9, 135.2, 197.8.

5-[2-(6-Acetyl-2-naphthyl)ethynyl]-4-amino-7-(2-deoxy-f-p-erythro-pentofuranosyl)-7H-pyrrol
0[2,3-d]pyrimidine (2c: *"*A). A mixture of 3 (80 mg, 0.21 mmol), 6-acetyl-2-ethynylnaphthalene
4c¢ (49 mg, 0.25 mmol), Pd(PPh3)s4 (7.3 mg, 0.006 mmol) and Cul (2.0 mg, 0.01 mmol) in DMF (3
ml) was saturated with EtsN under an argon atmosphere. The reaction mixture was stirred at 60 °C
for 1 h. After completion of the reaction, the solvent was evaporated, and the residue was purified by
silica gel column chromatography with CHCl3-MeOH mixture (10 : 1). 2¢ was isolated as a light
yellow solid (84 mg, 89%); 'H-NMR (DMSO-ds, 400 MHz) $ 2.22 (ddd, J= 2.8, 6.0, 13.2 Hz, 1H),
2.50 (m, 1H, overlapped with DMSO), 2.70 (s, 3H), 3.53-3.60 (complex, 2H), 3.84 (m, 1H), 4.36 (m,
1H), 5.10 (m, 1H), 5.30 (d, J=4.1 Hz, 1H), 6.53 (dd, /= 6.0, 7.9 Hz, 1H), 6.77 (br, 2H), 7.76 (d, J =
1.6, 8.5 Hz, 1H), 7.96-8.04 (complex, 2H), 8.15-8.17 (complex, 2H), 8.27 (m, 1H), 8.68 (m, 1H);
BC-NMR (DMSO-ds, 100 MHz) 8 26.8, 61.9, 71.0, 83.3, 84.9, 87.6, 91.2, 94.5, 102.0, 122.6, 124 .4,
127.4, 128.0, 128.9, 129.9, 130.1, 130.4, 131.5, 134.6, 134.7, 149.5, 152.8, 157.6, 197.7, C(2")
overlapped with DMSO; HRMS (ESI) m/z 465.1539 calcd for CosH2oN4OsNa [M+Na]*, found
465.1550.
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6-Ethynyl-V,N-dimethylnaphthalen-2-amine (4d). A mixture of 6-iodo-N,N-dimethyl-
naphthalen-2-amine (482 mg, 1.62 mmol), Pd(PPh3)4 (94 mg, 0.08 mmol), Cul (31 mg, 0.16 mmol)
and trimethylsilylacetylene (0.27 ml, 1.95 mmol) in DMF (10 ml) and EtsN (1 ml) was stirred at 50
°C at under an argon atmosphere for 1 h. After allowing to cool to room temperature, The reaction
solution was concentrated in vacuo. The residue was purified by silica gel column chromatography
with hexane-ethyl acetate mixture (7 : 1) to give a crude product. The mixture was used fot the next
reaction.

The crude product and K>CO3 (303 mg, 2.19 mmol) in methanol (30 ml) was stirred at room
temperature for 2 h. After the reaction solution was concentrated in vacuo, diluted with ethyl acetate,
washed with 0.5 M HCI and brine. The combined organic layer was dried with anhydrous Na>SOs,
filtered and concentrated. The concentrated was purified by silica gel column chromatography with
hexane-ethyl acetate mixture (7 : 1) to give 4 as a yellow solid (243 mg, 77 %); 'H-NMR (CDCls,
400 MHz) 6 3.07 (s, 6H), 3.08 (s, 1H), 6.86 (m, 1H), 7.16 (dd, J=2.5,9.1 Hz, 1H), 7.41 (dd, J = 1.6,
8.5 Hz, 1H), 7.58 (d, J= 8.5 Hz, 1H), 7.66 (d, J = 9.1 Hz, 1H), 7.87 (m, 1H); *C-NMR (CDCls, 100
MHz) 3 40.6 (x2), 76.0, 84.8, 105.8, 114.8, 116.6, 125.8, 126.1, 128.7, 129.0, 132.0, 134.7, 149.1;
HRMS (ESI) m/z 196.1126 caled for Ci14H14N [M + H], found 196.1115.

4-Amino-7-(2-deoxy-f-p-erythro-pentofuranosyl)-5-[2-(6-/V,N-dimethylamino-2-naphthyl)ethy

nyl]-7H-pyrrolo[2,3-d]pyrimidine (2d: 9"“A). A mixture of 3 (50 mg, 0.13 mmol), 6-ethynyl-
N,N-dimethylnaphthalen-2-amine 4d (28 mg, 0.15 mmol), Pd(PPhs)4 (77 mg, 0.07 mmol) and Cul
(13 mg, 0.07 mmol) in DMF (5 ml) was saturated with Ets;N under an argon atmosphere. The
reaction mixture was stirred at 60 °C for 1 h. After completion of the reaction, the solvent was
evaporated, and the residue was purified by silica gel column chromatography with CHCl3-MeOH
mixture (10 : 1). 2d was isolated as a colorless solid (49 mg, 85%); 'H-NMR (DMSO, 400 MHz) &
2.22 (ddd, J=2.7, 6.1, 13.2 Hz, 1H), 2.53 (m, 1H, overlapped with DMSO), 3.04 (s, 6H), 3.51-3.63
(complex, 2H), 3.85 (m, 1H), 4.37 (m, 1H), 5.10 (m, 1H), 5.32 (m, 1H), 6.53 (dd, J = 6.1, 7.8 Hz,
1H), 6.90 (br, 2H), 6.95 (d, /= 2.3 Hz, 1H), 7.27 (dd, /J=2.3, 9.2 Hz, 1H), 7.47 (dd, J= 1.6, 8.6 Hz,
1H), 7.68 (d, J = 8.6 Hz, 1H), 7.76 (d, J = 9.2 Hz, 1H), 7.91 (s, 1H), 7.99 (m, 1H), 8.20 (s, 1H);
BC-NMR (DMSO, 100 MHz) & 61.8, 70.9, 81.6, 83.3, 87.6, 92.5, 95.5, 102.0, 105.3, 114.7, 116.8,
125.5, 126.2, 126.6, 128.1, 128.5, 130.6, 134.3, 149.0, 149.0, 151.7, 156.9, C(2") and NMe,
overlapped with DMSO; HRMS (ESI) m/z 466.1855 calcd for CisH2sNsOsNa [M+Na]*, found
466.1863.

5-[2-(9-Anthracenyl)ethynyl]-7-[2-deoxy-B-D-erythro-pentofuranosyl]-N*-[(V,N-dimethylamino
)ethylidene]-7H-pyrrolo[2,3-d|pyrimidine-4-amine (5). A solution of compound 1 (60.4 mg, 0.13

mmol) in DMF (2 ml) was stirred with N,N-dimethylformamide diethyl acetal (27 pl, 0.16 mmol) at
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80 °C for 5 h. After completion of the reaction, the solvent was evaporated, and the residue was
purified by silica gel column chromatography with CHCI3-MeOH mixture (20 : 1) to give 5 as a
yellow solid (59.0 mg, 87%); '"H-NMR (CDCls, 400 MHz) 8 2.32 (m, 1H), 2.80 (s, 3H), 2.99 (s, 3H),
3.20 (m, 1H), 4.04 (m, 1H), 4.25 (m, 1H), 4.82 (s, 1H), 6.31 (dd, J = 5.5, 9.6 Hz, 1H), 7.46-7.55
(complex, 5H), 8.00-8.03 (complex, 2H), 8.41 (s, 1H), 8.48 (s, 1H), 8.70-8.73 (complex, 3H);
BC-NMR (CDCls, 100 MHz) 6 35.2, 40.6, 40.9, 63.6, 73.8, 87.3, 89.3, 90.0, 94.5, 97.6, 112.8, 118.3,
125.6 (x2), 126.1 (x2), 127.0, 127.4 (x2), 128.5 (x2), 130.0, 131.2 (x2), 132.6 (x2), 150.0, 151.8,
156.8, 162.6.

5-[2-(9-Anthracenyl)ethynyl]-7-[2-deoxy-0-(4,4'-dimethoxytrithyl)-#-D-erythro-pentofuranosyl
[-N*-[(NV,N-dimethylamino)ethylidene]-7 H-pyrrolo[2,3-d|pyrimidine-4-amine (6). To a solution
of compound 5 (55 mg, 0.11 mmol) in anhydrous pyridine (3 ml) was added 4,4'-dimethoxytrityl
chloride (207 mg, 0.61 mmol), and the stirring continued at room temperature for 3 h. After
completion of the reaction, the solvent was evaporated, and the residue was diluted with ethyl
acetate, washed with saturated NaHCO3 and brine. The combined organic layer was dried with
anhydrous Na,SOy, filtered and concentrated. The purification by silica gel column chromatography
with CHC13-MeOH-EtsN mixture (30 : 1 : 1) yields 6 as a yellow solid (65 mg, 87%); 'H-NMR
(CDs0D, 400 MHz) 6 2.52 (m, 1H), 2.66 (s, 3H), 2.69 (m, 1H), 2.77 (s, 3H), 3.31 (complex, 2H),
3.36 (s, 6H), 4.04 (m, 1H), 4.58 (m, 1H), 6.59 (complex, 4H), 6.63 (m, 1H), 6.99 (m, 1H), 7.11-7.38
(complex, 12H), 7.91-7.95 (complex, 3H), 8.33-8.38 (complex, 5H); 3*C-NMR (CDsOD, 100 MHz)
0 35.4,41.0,42.0, 55.4 (x2), 65.2, 73.0, 85.5, 87.9, 88.0, 88.5, 95.9, 99.4, 112.0, 114.1 (x4), 119.1
(x2), 126.8 (x2), 127.6 (x2), 127.9, 128.2 (x2), 128.3, 128.9 (x2), 129.6 (x2), 129.6, 129.7, 131.3
(x2), 131.4 (x2), 132.7 (x2), 133.7 (x2), 137.0, 137.2, 146.0, 152.4, 153.2, 158.7, 160.1 (x2), 163.9.

5-[2-(9-Anthracenyl)ethynyl]-7-[2-deoxy-0-(4,4'-dimethoxytrithyl)-#-D-erythro-pentofuranosyl
]-N*-[(N,N-dimethylamino)ethylidene]-7H-pyrrolo[2,3-d]pyrimidine-4-amine

3'-[(2-cyanoethyl)-/V, N-diisopropylphosphoramidite] (7). To a solution of compound 6 (70 mg,
0.12 mmol) in anhydrous acetonitrile (1.5 ml) was added 2-cyanoethyldiisopropylchlorophosphor-
amidite (0.12 ml) in the presence of Et;N (0.5 ml), and stirred at room temperature under an argon
atmosphere for 30 min. After completion of the reaction, the solution was diluted with ethyl acetate,
washed with saturated NaHCO3 and brine. The combined organic layer was dried with anhydrous
NaySOq, filtered and concentrated. The residue was incorporated into oligonucleotides without

further purification.

5-[2-(6-Cyano-2-naphthyl)ethynyl]-7-[2-deoxy-f-D-erythro-pentofuranosyl]-/V*-[ (V,N-dimethyl
amino)ethylidene]-7H-pyrrolo[2,3-d]pyrimidine-4-amine (5b). A solution of compound 2b (0.12
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g, 0.28 mmol) in DMF (5 ml) was stirred with N,N-dimethylformamide diethyl acetal (55 pl, 0.34
mmol) at 60 °C for 2 h. After completion of the reaction, the solvent was evaporated, and the residue
was purified by silica gel column chromatography with CHCI3-MeOH mixture (30 : 1) to give 5b as
a light yellow solid (0.12 g, 95%); 'H-NMR (CDCl3, 400 MHz) & 2.29 (m, 1H), 3.04 (ddd, J = 5.1,
9.4, 13.4 Hz, 1H), 3.14 (s, 3H), 3.22 (s, 3H), 3.78 (m, 1H), 3.98 (dd, /= 1.7, 12.6 Hz, 1H), 4.19 (m,
1H), 4.74 (m, 1H), 6.26 (dd, J = 5.6, 9.4 Hz, 1H), 7.42 (s, 1H), 7.58 (dd, J = 1.4, 8.4 Hz, 1H), 7.65
(dd, J=1.5, 8.3 Hz, 1H), 7.81 (complex, 2H), 8.01 (m, 1H), 8.17 (m, 1H), 8.41 (s, 1H), 8.76 (s, lH);
BC-NMR (CDCl3, 100 MHz) & 35.1, 40.6, 41.0, 50.7, 63.5, 73.2, 86.3, 89.1, 89.6, 90.0, 96.7, 109.5,
112.7, 119.1, 124.9, 127.1, 128.4, 128.8, 130.0, 130.6, 131.2, 133.9, 134.3, 149.9, 151.7, 156.9,
162.0.

5-[2-(6-Cyano-2-naphthyl)ethynyl]-7-[2-deoxy-O-(4,4'-dimethoxytrithyl)-f-p-erythro-pentofur

anosyl]-V*-[(NV, N-dimethylamino)methylidene]-7 H-pyrrolo[2,3-d|pyrimidine-4-amine (6b). To a
solution of compound Sb (0.10 g, 0.21 mmol) in anhydrous pyridine (10 ml) was added
4,4'-dimethoxytrityl chloride (92 mg, 0.27 mmol), and the stirring continued at room temperature for
6 h. After completion of the reaction, the solvent was evaporated, and the residue was diluted with
ethyl acetate, washed with saturated NaHCO3 and brine. The combined organic layer was dried with
anhydrous Na,SOs, filtered and concentrated. The purification by silica gel column chromatography
with CHCI3-MeOH-EtsN mixture (30 : 1 : 1) yields 6b as a light yellow solid (0.18 g, quant);
'H-NMR (CDsOD, 400 MHz) § 2.52 (m, 1H), 2.72 (m, 1H), 3.18 (s, 3H), 3.21 (s, 3H), 3.32-3.36
(complex, 2H), 3.66 (s, 6H), 4.10 (m, 1H), 4.66 (m, 1H), 6.69 (m, 1H), 6.80-6.82 (complex, 4H),
7.24-7.46 (complex, 9H), 7.59 (m, 1H), 7.66-7.68 (complex, 2H), 7.87 (s, 1H), 7.93-7.96 (complex,
2H), 8.34 (s, 1H), 8.36 (m, 1H), 8.54 (s, 1H); 3C-NMR (CD;0D, 100 MHz) 5 35.4, 41.2, 41.7, 55.6
(x2), 65.1, 72.6, 85.3, 87.5, 87.7, 87.8, 91.2, 98.8, 110.7, 112.1, 114.2 (x4), 120.0, 126.2, 127.9,
128.2 (x2), 128.9 (x2), 129.5 (x2), 129.7, 130.1, 130.1, 131.0, 131.3 (x2), 131.5 (x2), 132.8, 135.1
(x2), 135.8,137.2, 146.2, 152.3, 153.2, 158.5, 160.1, 160.1, 163.4.

5-[2-(6-Cyano-2-naphthyl)ethynyl]-7-[2-deoxy-0-(4,4'-dimethoxytrithyl)-f#-D-erythro-pentofur
anosyl]-V*-[(NV,N-dimethylamino)methylidene]-7H-pyrrolo[2,3-d|pyrimidine-4-amine

3'-[(2-cyanoethyl)-/N, N-diisopropylphosphoramidite] (7b). To a solution of compound 6b (0.1 g,
0.13 mmol) in anhydrous acetonitrile (2.0 ml) was added 2-cyanoethyldiisopropylchloro-
phosphoramidite (0.15 ml) in the presence of EtzN (1 ml), and stirred at room temperature under an
argon atmosphere for 30 min. After completion of the reaction, the solution was diluted with ethyl
acetate, washed with saturated NaHCO; and brine. The combined organic layer was dried with
anhydrous Na,SOs, filtered and concentrated. The residue was incorporated into oligonucleotides

without further purification.
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Oligodeoxynucleotide synthesis and characterization: Oligodeoxynucleotide (ODN) sequences
were synthesized by a conventional phosphoramidite method by using an Applied Biosystems 3400
DNA/RNA synthesizer. ODNs were purified by reverse phase HPLC on a 5-ODS-H column (10 x
150 nm, elution with 50 mM ammonium formate (AF) buffer, pH 7.0, linear gradient over 45 min or
60 min from 3 % to 20 % acetonitrile at a flow rate 2.0 ml/min). ODNs containing modified
nucleotides were fully digested with calf intestine alkaline phosphatase (50 U/ml), and P1 nuclease
(50 U/ml) at 37 °C for 12 h. Digested solutions were analyzed by HPLC on a CHEMCOBOND
5-ODS-H column (4.6 x 150 nm, elution with a solvent mixture of 50 mM AF buffer, pH 7.0, flow
rate 1.0 ml/min). The concentration of ODNs was determined by comparing peak arcas with a
standard solution containing dA, dG, dC, and dT at a concentration of 0.1 mM. Mass spectra of
ODNs purified by HPLC were determined with a MALDI-TOF mass spectrometer.

UV absorption measurements: Absorption spectra were obtained using a Shimadzu UV-2550

spectrophotometer at room temperature using 1 cm length cell.

Fluorescence spectra: The fluorescence spectra were obtained using a Shimadzu RF-5300PC
spectrofluorophotometer at 25 °C using a cell with a 1 cm path length. The excitation and emission

bandwidths were 1.5 nm.

Melting temperature (7)) measurements: All 7s of the ODNs (2.5 puM, final concentration) were
measured in 50 mM sodium phosphate buffers (pH 7.0) containing 100 mM sodium chloride.
Absorbance vs temperature profiles ware measured at 260 nm using a Shimadzu UV-2550
spectrophotometer equipped with a Peltier temperature controller using 1 cm path length cell. The
absorbance of the samples was monitored at 260 nm from 4 to 90 °C with a heating rate of 1 °C/min.

From these profiles, first derivatives were calculated to determine 7Tr, values.

Circular dichroism (CD) measurements: CD spectra were recorded with a JASCO J-805 CD
spectrophotometer. CD spectra of oligonucleotides solutions (2.5uM ODNs in 50 mM sodium
phosphate buffers (pH 7.0) containing 100 mM sodium chloride at 20 °C ) were measured using 2
mm path length cell.
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H3ETIE, 7V IO 8 MERIC LD DNA “EHEEHORLELE KET H7-0I1C, 7-
FTHETF oD TMICHNARELEATD 2 L elhl, ZORE, 7ICERELE
ALTH, BELEEDO Y o> REEGN, 274X 77 /v LRERD anti BAEETH 5
ZENbnrol, o T, ODN ~EALTH, 8AMEMMDERIZ A G/ DNA “HEHOAZ
E @EHEEORT) ARLNP, HENEREZ O LAMETHL L ERHL
oo LU, 1-T 77 T =0 BILWTLLER T-7 77T = ILDNA T~ T
THLEEZONDF I VIBH_ORR LT, Ak, Ay FTHLHY M Uilie bKE
AR T 2 2 En3bh 0 | WERAEOS TR+ ThoTo, SHICE 3 BT~
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R G TR T e — T ~EHATX 5 L& X 72,

DFTFHA L L LT 7 MICEBRIEZEAT 2 2 ENTHTHY . DoKE-AEMNE
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T2 D2ONETFHNLN, T-F TSV AL, WOREENTE LSS, -7 TS
U U b AEITHT TEHRETFBE (PET) KMIC L 08t Lo &0 5 5K
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HOFEEH LR 7 LAY RHEEROME L L& 25, 8-THT-FT7H 7Y v
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4.2 EBRELHER
4.2.1 8-THI-FTH2DFTAXITT ) VHEEKwG OB

HEY L5 8-THI-FTT7H2-FTAXL 7T v UipEkmG W)a2E57-mic, £9°, B
HILEWTh D 7-3— R8-THI-FT7F2-F A% /7 v ) & 273 /46-VE K
BXUE Y IVUNE TEBRIGICE > Tk L > T a2 F oo a L
VLT U Ml A WY » 7Y L 2 EOE W ko e ()RS 2 Lok
L72. &fb— Fid Scheme 4-1 (2R3,

T NH
N. 4i\ a)
N~ N 'NH, —— NH
HO HO 2
° o)
OH 2 OH "aG(1)

Scheme 4-1. Reagents and conditions: a) 2-ethynylnaphthalene, Pd(PPh;z)4, Cul, Ets;N, DMF, 50 °C,
30 min, 68 %.

4.2.2 8-THI-FTHFDTFTAXLTT ) U iFEEK NG ORFEE

BONE 8T HI-FT T 2T AR T T ) UiFER mG (1) 2Rk RIEE IR S
. BB ORI L S BTN TNC OV TR, T, UV AT ML ORIERFT
W, CORBEFTHWEEMIIE-ETHDH L BEMY-THDHZ L, Fo. HEFEIC
ERRLTWDZ L) T 5L b, BONTEHERNBIEREL S EITENEART ML
OREEITIR o7z, Tz, ™G (1) 1 ZERENEN ERTFHRINZZOIC, 2 TOREEC
1% DMF % &4 31, 10 pM O E T LIIEZ1T o 72, UV A7 ML OHIERS 1T
Fig. 4-1a, #EA7 RV ORIER RIT Fig. 4-1b (27377,
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Figure 4-1. (a) UV absorption and (b) fluorescence spectra of "G (1) in various solvents (10 uM

conc.). Solvent is used in the presence of 1 % v/v of DMF because of its low solubility.

Table 4-1. Photophysical properties of "G (1)

solvent A2 (nm) Afax (nm) Dy
1,4-dioxane 307 344,360 0.37
THF 308 376 0.35
Ethyl acetate 307 343,360 0.28
DMF 307 412 0.28
DMSO 308 427 0.28
Acetonitrile 306 391 0.24
2-Propanol 307 345, 361 0.20
Ethanol 307 346, 363 0.08
Methanol 307 349, 362,418 0.03

UV A7 MVRIEIZ £ o TE B IV T2 e R R (ASma) 38 K OVEE A2 R OVRTES
X o THE LN T KPR (W nax) & Z 21L2 20 Table 4-1 [Z7R L 7=, b8 & IR (D)L 9,10-
U7 2 =VT v kT (Pg=0.95 in ethanol) ZEEEWE & L CHWTEH L D),

BB COMRKBIBE R 2 b & 12, S &, AT MLZ2JIE LIRS,
PEDARN 1,4-2 4 F 2 1 ClE, 344 nm & 360 nm O 5\ VG E TOIREAEH S iz (g
=037, — . BEOEHWVEETHLTE F= MU AT TIE, 144 FH R T,
BEE30~40 nm FHENT 7 ML, 391 nm D7 10— RARSOEFREABII S 7=, DMF <
DMSO H1Tl&, 412 nm~ 427 nm Db RV REBTOFRIEHBUA STz, o T, it
DRREDZEACITLEN, SR EN 7 b T52 L0260 (AA=67nm), ™G (1) (FERE
BUST OE SR T 2 & PR T E T,
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S FHLERHE Y 7 B (Gaussian 09)12 K DA ERGEL 21T S 7oAl R, 2O L5V N b
TnFduara Iy 7 pWEERLEEB E LT, ™G (X, HOMO TIEF 74 L U EALICE
THEEMFE-> T DDIx LT, LUMO TiXZ 7 =v0F7 N RICEFBBEI L D 2
EDDLEMBEINEE DHEL R TVD I ENETOND, DEV ., IEHOMmIELK
WAFE— A MZXDMAEER 25T EERM) | hEER 21T 2 LUMO OZEMEN K E
SEAT DO, WIERENELLIZEBZHND, LD, Flzid, 14-U4F
YU RROREE T T L e 8O, IREMEIE 2R T L D BB S RN A Th B,
2%, Gaussian 09 % F U 7= 8 FEIRL RS 4R (DFT) 5 (B3LYP/6-31G*)IZ & 0 G+ %17 - 7= (Fig. 4-2),

N’-methylated "G (HOMO) N’-methylated ™G (LUMO)

Figure 4-2. HOMO and LUMO of N’-methylated "G calculated at the DFT(B3LYP)/6-31G* level.
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4.2.3 8-THI-FT7H22-TFTAXLTT ) U FHFEER G EH ODN OERR

ABETHE LT 8-T V- I-FT7H2-FTAFL /T 7 rmG (1) X, ZRETORBLT
WARTET Y X7 LAY R ERRRICEREBICE TR A R L2 Enb b, |30t
DNA 7r—7 & L TR TE D HEEMARE S, £Z2 T, ODNEI~NEA L, AU I X
I VAT RV TEORMEIZESTH Z & & L7z, ODN $H~DE AN|ZH7- Y . DNA HEIARK
BaHAWTEFRAFTe T I XA MEZEVITRotc, 3. NN-UAFILKRNLLT I R F
NTEZE—NERNT, T 7 HEKERH#EL T3 & LK, SKBREEZ NV T 4L T4 %
Bz, BT, 3K AE 2-o 7 /o4 Y Fut L rsouRkAria 7T IV b EHWT, K
AFRaTIHA b=y 5 %4 L., DNA HEV GRS CHA L § % ODN S~ A L7
(Scheme 4-2), £7=. Table 4-2 |2 Z DIETH 5 ODN DEFIZ KT,

DMTrO.

\N/

NN)

— DMTrO N — ~  DNA Synthesis
o

Q 5
NC\/\O,P\NJ\

NH

(e]
~—
Z
/
\

Scheme 4-2. Reagents and conditions: a) N,N-dimethylformamide diethylacetal, DMF, 50 °C, 30
min, 51 %; b) DMTrCl, pyridine, r.t., 1 h, 72 %; c) 2-cyanoethyldiisopropylchlorophosphoramidite,
Et3N, acetonitrile, r.t., 1 h.

Table 4-2. Oligodeoxynucleotides used in this study

Sequences
ODN 1 (X) 5'-d(CGCAAT X TAACGC)-3' X=""Gor G
ODN 2 (X) 5'-d(CGCAAT X AAACGC)-3' X="G
ODN 3 (N) 5'-d(GCGTTA N ATTGCG)-3' N=C,G, T, A, Ab
ODN 4 (N) 5'-d(GCGTTT N ATTGCG)-3' N=C,G, T, A

*Ab = Abasic site
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ODN 1 (X ="G) & ODN 2 (X ="G) [Xi#i% ® DNA HEN & TORMTERTH Z &
MHIRTz, 55172 DNA | ZE B HE 0 H L%, 7 E=77K 55 °C BT T
JifrE 21TV, 2 H | HPLC (2 X Y 9421772 > 7, ODN 1 (X ="G) |I 28 min T2, ODN
2 (X="G) (27 min fHTICHA® S LE ODN B — 7 2t 7z (Fig. 4-3), Hi¥4%) ODN
Z kRS HPLC IZ X D #liE 2 78 L (Fig. 4-4) . MALDI-TOF mass (Table 4-2) 3 X O£
5yf# (Fig. 4-5) 2LV [FE LT,

a) b)
200000 350000
180000 200000
160000
140000 250000
o)
£ 120000 200000
Z
£ 100000 H
= = 150000
= 80000 =
60000 100000
40000
50000
20000
0 " J 0
0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Figure 4-3. HPLC profiles of the crude reaction mixture from automated DNA synthesizer of 13 mer
single-stranded (a) ODN 1 and (b) ODN 2. Purification was carried out on a CHEMCOBOND
5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer containing

acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 45 min.

a) b)
50000 40000
45000 35000
40000
30000
35000
Z 30000 Z 25000
£ 2
S 25000 S 20000
= =
= 20000 = 15000
15000
10000
10000
5000 5000
0 0 L
0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Figure 4-4. HPLC profiles of a pure single-stranded (a) ODN 1 and (b) ODN 2. HPLC analysis was
carried out on a CHEMCOBOND 5-ODS-H columm (10 % 150 mm) eluted with 0.05 M ammonium
formate buffer containing acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min

over 45 min.
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Table 4-3. MALDI-TOF mass spectral data for the ODNs

MALDI-TOF mass
calcd. [M +HJ" found [M + H]*

ODN 1: 5'-CGCAAT"GTAACGC-3' 4093.83 4094.09
ODN 2: 5'-CGCAAT™GAAACGC-3' 4102.84 4102.60
a) b)
160000 120000
140000
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120000
z 100000 = 80000
é 80000 E 60000

60000
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0 0
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Figure 4-5. HPLC profiles of a mixture obtained by enzymatic digestion of (a) ODN 1 and (b) ODN
2. HPLC analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm) eluted
with 0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile
at a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic

sample (100 uM conc.).

4.2.4 ™G EH_ES DNA © CD HIREIZ L AHEEHER

mG 44 ss ODN 1 Z HilRD S ODN 3: [5-GCGTTA N ATTGCG-3' (N =C, T, G, A,
Abasic site)| & A 7Y XA XIH, ZHEEA BRI T, KRN0 ZHH{ & [FERIC B % DNA %
TEET 5 D E 5 ha CD IEIC LV iERZ1T 72 o 7=, MIESAEIX 2.5 uM ODN, 50 mM U
VEEEMNR (pH 7.0). 0.1 M H#i{b) b U U AFLE T TIT/e o 7e, Fio, O OIZRIA
DOEHTHIE ZFT 72 > 724 HR B (Fig. 4-6),
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ODN 1: 5-CGCAAT X TAACGC-3' (X ="2G or G)
ODN 3: 3'-GCGTTA N ATTGCG-5'
(N=C, T, G, A, Abasic site)

CD (mdeg)

220 270 320 370
Wavelength (nm)

Figure 4-6. CD spectra of ODN 1 (X = G) hybridized with ODN 3 (N = C) (black line), and of ODN
1 (X ="™G) hybridized with ODN 3 (N =C, T, G, A, Ab). "Ab" denotes abasic site (2.5 uM ODNS,
50 mM sodium phoshate, 0.1 M sodium chloride, pH 7.0, r.t.).

CD A7 hVHAIE DR, ODN 1 (X ="G)IZF4#i#4 T&H 5 ODN 3 & DNA —HEHETEAL
T 5 EFFHE GERERZ L ET) IR 5T, 280 nm (HTIZIED = v F U2 LT 250
nm FTICAD Ty FUOENBRIS T Z b MURE e BRIRSE TH DH Z L R T
X7,

4.2.5 ™G &4 ODN DOHEEXFEEER L O R iREE- M

WIT, SEERTERCRERTA A2 1T © 72 012 B SHREMRIR B (Tn) D E 21T o T2, EHIT,
UV-# AT MVOREEITH 2 & TOBE TR v —7 & L COiMIi%1T72 > 7.
HIE ST CD HIER OFEED 2.5 uM ODN, 50 mM V) > Fe#E % (pH 7.0). 0.1 M Hk7-
U U LFLE R TIT72 72 (Table 4-4) , @R ELREICE L TIXHER O 72 DI RIRDOELS
THIEEIT RS TR bR T,
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Table 4-4. Thermal melting temperatures (7m) and fluorescence maximum of duplex ODN1/ODN3.

ODN 1 (X)/ ODN 3 (N) T, (°C) AT, (°C) Afax (NmM)
ODN 1 ("*G) / ODN 3 (C) 53.9 _3.5 409
ODN 1 ("™G) / ODN 3 (T) 43.8 - 13.6 385
ODN 1 (™G) / ODN 3 (G) 41.9 - 155 380
ODN 1 ("™G)/ ODN 3 (A) 39.4 ~18.0 380
ODN 1 ("*G) / ODN 3 (Ab) 44.9 125 373
ODN 1 (™G) - - 383
ODN 1 (G)/ ODN 3 (C) 57.4 - -

*Ab = Abasic site

Table 4-4 |Z7~938 0 . ODN 1 (X="G)/ODN 3 (C) ¥ A~ v FHEHL 722 " HEHIZLE
NT, BOEARRE (Th A2~ LTz (53.9°C), RIRELSITH 5 ODN 1(G) / ODN 3(C) & thik
LTh, 3.5°CDEADBRAONTN, I REFRFONZEMEZ R LT, 7=, Fig.4-6 ® CD
A7 MVOREOFER, BA DNA#EZ L > TNDZ EnD, ™Gy by Uik E o
HI NI ) 7RO ER L TWD LS XD, LI, Seela H3HELTWD
8-TWT-T 72T AXLTT )R T (I ERILZ RS -7 - 7-7 7 27 A F v
TT ) EFYIAXIT VAT RPTC, VN URRET NV s U Z RIS R TR T
XHLMELTCHEN IO 2 LEBOREEES = & Ak,

VT, ODN 1 @ UV 27 MLVORIERS R % Fig. 4-7, #IEA~T M AHER R % Fig.
4-8 |25,
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ODN 1: 5'-CGCAAT "*G TAACGC-3'
ODN 3: 3'-GCGTTA N ATTGCG-5' (N=C, T, G, A, Abasic site)

Figure 4-7. Normalized fluorescence (a) and fluorescence (b) spectra of ODN 1 hybridized with
ODN3(N=C,T,G, A, Ab). "Ab" denotes abasic site and "ss" denotes single-strand ODN 1 (2.5 uM
ODNs, 0.1 M sodium chloride, 50 mM sodium phosphate buffer, pH 7.0, r.t.).

¢ | ODN I: 5-CGCAAT ™G TAACGC-3'
— A | ODN 3: 3'-GCGTTA N ATTGCG-5'
— Ab (N=C, T, G, A, Abasic site)

Absorbance

— GG

220 270 320 370 420
Wavelength (nm)

Figuer 4-8. UV absorption spectra of ODN 1 hybridized with ODN 3 (N = C, T, G, A, Ab). "Ab"
denotes abasic site and "ss" denotes a single-strand ODN 1 (2.5 uM ODNs, 0.1 M sodium chloride,
50 mM sodium phosphate buffer, pH 7.0, r.t.).

ODN 1 (X = ™G) Ikl IEN~ T ThH 2D ODN 3 (N = C) BFEET HHEITIE 409 nm
BT DREAEPBHR SN, IATYTFTTHDHODNI(N=T,G A) BFEETLHHAITHA
T, WKRT29mm OENFBEHPEEDO Ly RO 7 Ml 5 Z L1 T& 7= (Fig. 4-7a),

EDIL, 20T —T7 O E LT, HEBKBLET N— v 7 %A MEEDHN
BNCAFAET DG EITIE(N=Ab), ¥~ v FTHDH Y b ZH~T, 36 nm HbDO7/L— 7 b
EES T, MOWENEREL RS Z ERFET HND (Fig. 4-7b),
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ZOFKE LT, TR—=Y v 7P A MEEDEATIE, 7~y FBIOI A~y F
EHREICHRT, WILARZ FABREELTHD ZEND Y, ARFEMEL TV DR
ENRRKBELTNDZ LI o> TTEHZE/MIC ™G OF 7 X L U ALRA Y ATl &
2 ENEZLNS (Fig.48), X7 LAY RE/~—Ths ™G (1) [FMIEDOK THF H
72 8O, IR RIEIR COFRERBRI SN TEB Y, 26, mG Bk DR O BREE
TIET DI LICk-o T, HEECTORENBR S - LRI,

—F. KEFBEEERT D ENATRER Y N UHHEROBAICBW L, F7 X LU
PN ZHEDOA Vv — N —TIZEEMEN, T X VBB FmOVRE FIZS 6
INHZET, #FENEEOL Yy N7 InEELEZI NS, o, BIORRS
FV AR VAT FEODN 2 I BEA LG THRBROR R A2 2 &3 K72 (Table
4-5, Fig. 4-9) ,

Table 4-5. Thermal melting temperatures (71) and fluorescence maximum of duplex ODN2/ODN4.

ODN 2/ ODN 4(N) Ty (°C)  Afpax (nm)
ODN 2 / ODN 4 (C) 55.3 410
ODN 2 / ODN 4 (T) 424 378
ODN 2 / ODN 4 (G) 43.7 375
ODN 2 /ODN 4 (A) 413 379
ODN 2 - 386
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ODN 2: 5'-CGCAAT "G AAACGC-3'
ODN 4: 3-GCGTTA N TTTGCG-5' (N=C, T, G, A)

Figure 4-9. (a) UV absorption and (b) fluorescence spectra of ODN 2 hybridized with ODN 4 (N =
C, T, G, A). "ss" denotes a single-strand ODN 2 (2.5 uM ODNSs, 0.1 M sodium chloride, 50 mM
sodium phosphate buffer, pH 7.0, r.t.).

4.2.6 "G %V 7z ber/abl Bz FRHE 70— 7 ~DItH

mG ZEieAd U XY LAT RIIKFERBATKEE LN Z &bt b SEN BB T
H7r—7¢L L CHIATELEEZDND, £ZTC, N TOT Fr—F & LT, EEEIC
ERBAT & L TR T 2 B EBEME A MR O REHE T & 725 ber/abl S5 T 10 %
B —/4y M LTz 34-mer 00572 5F L ¥ 27— —ar 720 70— 5B 1) 24 L.
HIEF I DE N TEEEAR T ORI O ATREMEIC O W TRF 21T o 72, 7 r—T7 OERKIC
&7-0 .Scheme 4-2 T/RL7TZAAFET I XA b=y [ 5% DNA HEI &I T, 34-mer
DAV AR VAF RO VIFIEIZEA L, 55672 MB 1 28600 Lk, 7
F=T K 55 °C PCT—IEn T Tl REZITV, A, HPLC (I X 0 5#r 21772 o 7=, HPLC
ST XY 15 min fHIICERMEEZ HND MB 1 E—7 RSN 7= T (Fig. 4-10a) .
MB | ZAE8i#% . HPLC (2L W #iE 2 /i L (Fig. 4-10b) ., MALDI-TOF mass (Table 4-6) 3
K OWEE R (Fig. 4-11) [ XV [RE LT, £72, Tabled-6 |[C 7 u—TFH|THDH MB 1 %
N
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Figure 4-10. (a) HPLC profiles of the crude reaction mixture from automated DNA synthesizer of
MB 1. Purification was carried out on a CHEMCOBOND 5-ODS-H columm (10 x 150 mm) eluted
with 0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 40 % acetonitrile
at a flow rate 2.0 ml/min over 45 min. (b) HPLC profiles of the pure MB 1. HPLC analysis was
carried out on a CHEMCOBOND 5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium
formate buffer containing acetonitrlie. Gradient: from 3 to 40 % acetonitrile at a flow rate 2.0 ml/min

over 45 min.

Table 4-6. MALDI-TOF mass spectral data for the MB 1

MALDI-TOF mass

caled. [M +H]"  found [M + HJ"

MB 1: 5-CCACATGTGAAGGGCTTTT"™GAACTCTGCATGTGG-3' 10639.08 10640.58
350000
300000
250000
o)
= 200000
=
2
E 150000
100000
50000 l
A A

0
0 10 20 30 40 50 60

Retention time (min)

Figure 4-11. HPLC profiles of a mixture obtained by enzymatic digestion of MB 1. HPLC analysis
was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 x 150 mm) eluted with 0.05 M
ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile at a flow
rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic sample (100

UM conc.).
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R L™ GEA MB 17227 v —7 | 3WmRIEN D 5 AN E L, BRIz -
TW5, ftoT, Yu—7HHETKEMALTNDE AT LS & —ARBIRIED L — T ik
MBERENTE MG (ELFaT—t =)0 2w cnpErbns, 72,
MG I F DN —TREEICH T DABICHFEL TWD Z 2D, ZOMNIT—AEH & [F U
TiZhbd, £, V—TRE EFEMEIC RS Lo ¥ —F v MBI (4Bl ber/abl &
nf) ZIBEEDLEDLE, MM T VXA RXTHZIEIZE-T, ZHEHEZEKRT DT &M
HEIZZ2 D (BN ERIFFCAT ZEDIE AR E D), ™G X~y T ThHhHY b Ui
IKFEFEEEERT HZENTED, TDLHIZLT, ber/abl Bia T OMRHEEIZ DV THDL
AT MEREST D Z LI Lo Tz, BIESMFIL 2.5 M ODN, 50 mM U EEFEFET R

(pH7.0). 0.1 M HEfbT b U 7 AFE(E R TITR o 72, HIER K% Fig. 4-12 12~ 7,

(@) (b)
10
1.4 | = MB 1 (closed) = MB 1 (closed)
| — MB 1 + target DNA (open) 8 = MB 1 + target DNA (open)
' 0.06
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MB 1: 5'-CCACATGTGAAGGGCTTTT "G AACTCTGCATGTGG-3'
target DNA(ODNy/ap1): 3'-ACTTCCCGAAAACTTGAGAC-5'

Figure 4-12. (a) UV absorption and (b) fluorescence spectra of hairpin MB 1 and the duplex formed
by hybridization with target DNA (2.5 uM ODNs, 0.1 M sodium chloride, 50 mM sodium phosphate
buffer, pH 7.0, r.t.).

AT R IVRIE DOFE R MB 1 DB D5 T, 380 nm (ZHOEELI S iz, £ ZIZ,
ber/abl BIR T FET D & 7 — 7 HIRIZHAR T HERE LKL, S 5128 X% 30 nm
HORWEY 7 MR TE, ZHUT, HFRGHEY | m—T7DhO5E T, =G 73
—AEHTHFELTNDLDOIZH LT, ¥—4 v hDNA ZMx 52 LiI2L->T, ™GBy v
VIR L KFBRA L, TEMEABR LEEDICRONERBE THL EEZOND, it
ST, MAEEDOL Y R 7 bafE) ZEnn, X0 HBEIC ber/abl BIR T 2MRIHTE 57
72— 7 OBFEIC P LTz,
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4.3 &

KETIX, 8T V-T1-TT7 W77 = ZFEIT S D8 LW EREUEUS SO DB F8 1T
DA, FORE. 8- TWI-FT7 T =0 D 7 I 2-mF =V F 7 X Lo 2T 5
R C I Z OWREFEE /S Z N TE e, LT, AV ITXT LAF RIZEALT
b, VNVUEEEORRERT N =7 ) vy 7 BROKFEREEIER L (I A~ v T
ERFREGTHZ LT ehoto), EBIC, Ay FHEEIHRT, BELXZ30m bOE
WEY 7 FLEEENT D ENARETH T, Thbb, EIMMgHO Y v A%
ik T D2NRAEFFOZ L EZEWRLTERY . EBRIZ, ber/abl BliaFZmEE CTHRIET 2 &
WD LT, AR TRINTZERIZ, v~ v TF-I ATy T Lol Lo —t oL #
AL SNP Z A B T ~DISHICARITH D,
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4.4 ERIE

General: 'H-NMR spectra (400 MHz) and '*C-NMR spectra (100 MHz) were measured with
Bruker Avance 400F spectrometer. Coupling constants (J values) are reported in hertz. The chemical
shifts are shown in ppm downfield from tetramethylsilane, using residual dimethyl sulfoxide (5 2.50
in 'TH-NMR, & 39.5 in 3C-NMR) and chloroform (8 7.26 in 'H-NMR, & 77.0 in *C-NMR) as an
internal standard. ESI-TOF masses were recorded on a JMS-T100LC “AccuTOF”, Applied DATUM
Solution Business Operations.

The reagents for DNA synthesis were purchased from Glen Research. Mass spectra of
oligodeoxynucleotides were determined with a MALDI-TOF mass (Shimadzu AXIMA-LNR,
positive mode) with 2',3',4'-trihydroxyacetophenone as a matrix. Calf intestinal alkaline phosphatase
(Promega), Crotalus adamanteus venom phosphodiesterase 1 (USB), and Penicillium citrinum
nuclease P1 (Yamasa Shoyu) were used for the enzymatic digestion of ODNs. All aqueous solutions
utilized purified water (Millipore, Milli-Q sp UF). Reversed-phase HPLC was performed on
CHEMCOBOND 5-ODS-H columms (10 x 150 mm, 4.6 x 150 mm) with a JASCO Chromatograph,
Model PU-2080, using a UV detector, Model UV-2075 plus at 260 nm.

Procedure for the synthesis of modified nucleosides
6-Amino-1-(2-deoxy-f-p-erythro-pentofuranosyl)-1,5-dihydro-3-iodo-4 H-pyrazolo[3,4-d]pyrim
idin-4-one 2: 7-iodo-8-aza-7-deaza-2'-deoxyguanosine) was prepared from

2-amino-4,6-dihydroxypyrimidine according to literature methods by 7 step reactions. * ''-13)

6-Amino-1-(2-deoxy-f-p-erythro-pentofuranosyl)-1,5-dihydro-3-[2-(2-naphthyl)ethynyl]-4 H-py
razolo[3,4-d|pyrimidin-4-one (1) A mixture of 2 (120 mg, 0.31 mmol), Pd(PPh3)s (18.0 mg, 0.02
mmol), Cul (6.0 mg, 0.03 mmol) and 2-ethynylnaphthalene (60.0 mg, 0.39 mmol) in DMF (5 ml)
and EtsN (0.1 ml) was stirred at 50 °C at under an argon atmosphere for 30 min. After allowing to
cool to room temperature, The reaction solution was concentrated in vacuo. The residue was purified
by silica gel column chromatography with chloroform-methanol mixture (12 : 1to 8 : 1) to give 1 as
a colorless solid (87.2 mg, 68 %); 'H-NMR (DMSO-de, 400 MHz)  2.20 (ddd, J= 4.1, 6.6, 13.2 Hz,
1H), 2.72 (m, 1H), 3.40 (m, 1H), 3.51 (m, 1H), 3.79 (m, 1H), 4.40 (m, 1H), 4.77 (m, 1H), 5.27 (d, J
=4.3 Hz, 1H), 6.34 (m, 1H), 6.80 (br, 2H), 7.59-7.63 (complex, 3H), 7.97-8.01 (complex, 3H), 8.23
(m, 1H), 10.84 (s, 1H); *C-NMR (DMSO-de, 100 MHz) & 37.7, 62.4, 70.9, 82.2, 83.3, 87.6, 91.9,
100.4, 118.9, 127.0, 127.4, 127.8, 127.8, 127.9, 128.5, 129.7, 131.6, 132.5, 132.7, 155.4, 155.7,
157.1; HRMS (ESI) m/z 440.1335 calcd for C2oH19NsO4Na [M + Na]*, found 440.1362.
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6-[[(V,N-Dimethylamino)methylidene|amino]-1-(2-deoxy-f-D-erythro-pentofuranosyl)-1,5-dihy
dro-3-[2-(2-naphthyl)ethynyl]-4 H-pyrazolo|3,4-d]pyrimidin-4-one (3) A solution of 1 (75.0 mg,
0.18 mmol) in DMF (5 ml) was stirred with N,N-dimethylformamide diethyl acetal (45 ul, 0.27
mmol) at 50 °C for 30 min. After completion of the reaction, the solvent was evaporated, and the
residue was purified by silica gel column chromatography with chloroform-methanol mixture (9 : 1)
to give compound 3 as a colorless solid (43.4 mg, 51 %); "H-NMR (DMSO-de, 400 MHz) & 2.20
(ddd, J=4.0, 6.7, 13.2 Hz, 1H), 2.75 (m, 1H), 3.08 (s, 3H), 3.21 (s, 3H), 3.42 (m, 1H), 3.53 (m, 1H),
3.82 (m, 1H), 4.44 (m, 1H), 4.78 (m, 1H), 5.30 (d, J = 4.2 Hz, 1H), 6.51 (m, 1H), 7.58-7.64
(complex, 3H), 7.97-8.01 (complex, 3H), 8.24 (m, 1H), 8.75 (s, 1H), 11.45 (s, 1H); *C-NMR
(DMSO-ds, 100 MHz) § 34.9, 37.9, 40.8, 62.4, 71.0, 82.2, 83.4, 87.7, 92.0, 102.8, 118.9, 127.0,
127.4, 127.8, 127.8, 127.9, 128.5, 129.6, 131.6, 132.5, 132.7, 154.8, 157.9, 158.7, 159.6; HRMS
(ESI) m/z 495.1757 calcd for C2sH24NsOsNa [M + Na]*, found 495.1786.

6-[(2V,/V-Dimethylamino)methylidene]amino]-1-[2-deoxy-5-0-(4,4'-dimethoxytrithyl)-#-pD-eryt
hro-pentofuranosyl]-1,5-dihydro-3-[2-(2-naphthyl)ethynyl]-4 H-pyrazolo[3,4-d]pyrimidin-4-one
(4) To a solution of 3 (36.0 mg, 0.08 mmol) in anhydrous pyridine (3 ml) was added
4,4'-dimethoxytrityl chloride (39.0 mg, 0.11 mmol), and the stirring continued at room temperature
for 1 h. After completion of the reaction, the solvent was evaporated, and the residue was diluted
with ethyl acetate, washed with saturated NaHCO; and brine. The combined organic layer was dried
with anhydrous Na,SQO4, filtered and concentrated. The purification by silica gel column
chromatography with CHCI3-MeOH-Et;N mixture (30 : 1 : 0.5) yields compound 4 as a colorless
solid (42.8 mg, 72 %); '"H-NMR (CDCls, 400 MHz) & 2.37 (m, 1H), 3.02-3.09 (complex, 4H), 3.16
(s, 3H), 3.31 (m, 1H), 3.38 (m, 1H), 3.70 (s, 6H), 4.05 (m, 1H), 4.83 (m, 1H), 6.63 (m, 1H), 6.78 (m,
4H), 7.16-7.33 (complex, 7H), 7.42 (m, 2H), 7.47-7.52 (complex, 2H), 7.67 (m, 1H), 7.79-7.81
(complex, 3H), 8.17 (m, 1H), 8.70 (s, 1H), 8.72 (s, 1H); *C-NMR (CDCls, 100 MHz) § 35.2, 38.0,
41.5,55.1 (x2),64.5,73.4, 81.5, 83.5, 85.6, 86.4,93.3, 103.7, 113.1 (x4), 119.9, 126.5, 126.8, 126.8,
127.8, 127.8 (x2), 127.9, 128.0, 128.2 (x2), 128.6, 129.1, 130.0 (x2), 130.1 (x2), 132.4, 132.9, 133.1,
136.0, 136.0, 144.8, 155.2, 158.0, 158.4, 158.4, 158.6, 158.7; HRMS (ESI) m/z 797.3064 calcd for
C46H42N¢OgNa [M + Na]*, found 797.3043.

6-[[(V,N-Dimethylamino)methylidene]amino]-1-[2-deoxy-5-0-(4,4'-dimethoxytrithyl)-#-p-eryt

hro-pentofuranosyl]-1,5-dihydro-3-[2-(2-naphthyl)ethynyl]-4 H-pyrazolo[3,4-d]pyrimidin-4-one
3'-[(2-cyanoethyl)-/V, N-diisopropylphosphoramidite] (5) To a solution of 4 (60.0 mg, 0.08 mmol)
in anhydrous acetonitrile (1 ml) was added 2-cyanoethyldiisopropyl- chlorophosphoramidite (70 pl)
in the presence of Et;N (1 ml), and stirred at room temperature under an argon atmosphere for 1 h.

After completion of the reaction, the solution was diluted with ethyl acetate, washed with saturated
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NaHCOs3 and brine. The combined organic layer was dried with anhydrous Na,SOs, filtered and

concentrated. The residue was incorporated into oligonucleotides without further purification.

Oligodeoxynucleotide synthesis and characterization: Oligodeoxynucleotide (ODN) sequences
were synthesized by a conventional phosphoramidite method by using an Applied Biosystems 3400
DNA/RNA synthesizer. ODNs were purified by reverse phase HPLC on a 5-ODS-H column (10 x
150 nm, elution with 50 mM ammonium formate (AF) buffer, pH 7.0, linear gradient over 45 min
from 3 % to 20 % or to 50 % acetonitrile at a flow rate 2.0 ml/min). ODNs containing modified
nucleotides were fully digested with calf intestine alkaline phosphatase (50 U/ml), and P1 nuclease
(50 U/ml) at 37 °C for 12 h. Digested solutions were analyzed by HPLC on a CHEMCOBOND
5-ODS-H column (4.6 x 150 nm, elution with a solvent mixture of 50 mM AF buffer, pH 7.0, flow
rate 1.0 ml/min). The concentration of ODNs was determined by comparing peak arcas with a
standard solution containing dA, dG, dC, and dT at a concentration of 0.1 mM. Mass spectra of
ODNs purified by HPLC were determined with a MALDI-TOF mass spectrometer.

UV absorption measurements: Absorption spectra were obtained using a Shimadzu UV-2550

spectrophotometer at room temperature using 1 cm length cell.

Fluorescence spectra: The fluorescence spectra were obtained using a Shimadzu RF-5300PC
spectrofluorophotometer at 25 °C using a cell with a 1 cm path length. The excitation and emission

bandwidths were 1.5 nm.

Melting temperature (7)) measurements: All 7s of the ODNs (2.5 puM, final concentration) were
measured in 50 mM sodium phosphate buffers (pH 7.0) containing 100 mM sodium chloride.
Absorbance vs temperature profiles ware measured at 260 nm using a Shimadzu UV-2550
spectrophotometer equipped with a Peltier temperature controller using 1 cm path length cell. The
absorbance of the samples was monitored at 260 nm from 4 to 90 °C with a heating rate of 1 °C/min.

From these profiles, first derivatives were calculated to determine 7 values.

Circular dichroism (CD) measurements: CD spectra were recorded with a JASCO J-805 CD
spectrophotometer. CD spectra of oligonucleotides solutions (2.5uM ODNs in 50 mM sodium
phosphate buffers (pH 7.0) containing 100 mM sodium chloride at 20 °C ) were measured using 2
mm path length cell.
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5.1 $&=

% 4 T, B OBMEERICHIBEUTIGE LEOCR N BT D 8-T W-7-7 T 2T A
XUTT )V UHEA MG ORISR LT\ D, £72, ™G & T ODN L, Fiffi#{ ODN
ENATIVHARXTHE, WG IV bV EDORLERT NV -0 Uy 7R TR
% ERBFC, S A~y FHEIBICHART, BLZ 30 nm BEFEY 7 ML TEERESED Z
EMTE, ZOHBELTUL, ¥ M UEREKRBHETLI2HEOR 8-TY-7-7 7% 7
T =rD T ALNER LT 7 F T = VRN TEHFRED A Yy — N — TN ET D
Z LT rNERBE ICT) WRENLORNKICE D REEY 7 MBIl S 2 &3z
Foivd,

Fo, INETIE, EFOIC RS —¢T7 7872 —NorNICkGFETHZ itk » T,
RRPEERIE R O C, ICT IRREZ AR L, #RRARERE Y 7 FE&E5 2 L2 E LT
DHTHFA L EBTo TNz, LR 6, 21X DNA F OMPEEREE OE T K 2 530 7e
WEELET=F =T 5I20F, & SITHIEDIEA DD FINREN THOLIRE L HOL I £ 23
EboLHEO5RINETU OB =0 FOBRBNEEND F 4 HO ™G (X FE SITEDOM
Baftbd 22 LI, EHICEED SN b TkBI3 2 IR ERMICEE A+
STHLN, MPEBRBEZ A SRR TN 2 X 5 2077 A VTR ARH 5,

ZICBRREICL TR 2 0ORN 2 /R “EHR AR OL I R TICEH L,
7Y RTRVEOOMICDMA (PAFAT =Y L) & HEES THES S 72 ADMA™ %9
M ANRE LT I REHIEE ST 9-AA TS LIHTN 2 LAMIE, BLIERED B AL
FCik, BTG EBETRSIEE OB TR UEEE & 52 LT, IREMEEE R - 727
v b TR UEBOEYE (LE 906 2R3 oISkt LT, RRMHEE S Ccik, A CiuEdEn s
VHERGEISE S 28R » T, S FNEMBENRE) S o0t (ICT 40 Al
EWVIHREHEAE S ST D, 8- T, MMEEREEZAIC L D ICT #7210 Tle < REEBREEA
b, T7bb, HTFORUNEEEZED) Z LItk T, o BB DMEND Z LICL DR
EEEN SO LE B A BT Z LN TEE, L VBREZCIIS U T, 8RR
VT RNEIRDLIENTELZOTERNNESZ X2, £z, TOX IR TNEMBEI
PNCIVEEIC L 2 ZEHEEEEZRT X7 LAY RARRALICE > THRESINLTEY., £h
&t ODNIZ Y — 7 v Mlfn 1% “EEEOME LS ADOE N THRIET 2 Ve -7t
LCHACEDLRELTCND D, Zofuch, 20k 5 " EHEEFALT, #o57
BA—Sy Mo LT a—7 b @iEsnTn5 Y,

B 5FETIE, DNA “HHEHO 7L~y F &I A<y FEEZEVIRED LE Bt E FVik
EO ICT BITHMNTEL L9 T —T7 OB EHEE L, “EELE2RT X5 ut
DFXEDITE A ENREFMELE LB ARSI ENHERES CHEAET 5 2 & THE U D EHERH
DIRFEN, FERINGFOR LIVEEDREIZHFETHEEZEZ2 b TND, Ll
BRB, FTEERESCEFE LR TYH, G FHNOEMBENRED D DR E b HFRE
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Mz HZTET, DT ORMEEICL DB EZHBSELZ ENARRICRDETHELE, £
T T FE—=LLTHT h=b U, BEA L L CIE, [FERIC 7 ALITERT 5 2
ERHRETH Y, BIHEREMEWE THRIND 8- T 7-T T T T = AW 8T
J-TFTYHTT )V UEFER A 2T A LT,

5.2 EBREER
5.2.1 8THI-FTH2XFTEAXITT ) UHEEK mA DERR

B L T2 8T WI-F 7 HF2-FAF T F ) U FEE mA ()E2EL7-010, £79. B
LAY CTH D 7-3— R8T FI-FT7HF2-F 4% 757 /v ) 2707y J—nnb,
6 BYBERSIC L 0 AR L7 O, 50T 6-mF = 2-F T = R UL E T U Al a
FAWZWEED » 7 v 7506 D Ik 5T mA )&EDZ LIRS Lz, SFb— MM
Scheme 5-1 |27~

NC
NH,
| N
NN N) —,a)
HO HO
0 1 :o:
OH 2 OH A (1)

Scheme 5-1. Reagents and conditions: a) 6-ethynyl-2-naphthonitrile, Pd(PPh3)4, Cul, EtsN, DMF, 60
°C, 1 h, 77%.

5.2.2 8-THI-FTHL2FTHXITT ) VU HEREK mA OIFRM

SONT 8T HI1-TT V2T AT T ) U HER mA (1) R4 7B TP g S
N JEJ DFREZEALLOREME AT O SO BN OV TR~ T2, £, UV A7 bb
@?EUE%TTU\ EOBRBEFRTHWMHENZET—ETHHZ L (RENE—THDLIZ L, F

HEFRICEMR LTSI E) EHERTLEEBIC, BONTERRBIEELS S &I
;'5;«/\7 MVOREZATI > T2, FIEIXIRE 10 uM IZFHEE L TiT o 72, JIERS R % Fig. 5-1,
52 TR,
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Figure 5-1. UV absorption spectra of “**A (1, 10 uM) in various solvents.
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Figure 5-2. (a) Fluorescence spectra of **A (1, 10 uM) in various solvents. (b) A plot of Stokes shift

of ™A (1) against dielectric constants of the solvents. 1, 1,4-dioxane; 2, THF; 3, ethyl acetate; 4,

DMF; 5, acetonitrile; 6, 2-propanol; 7, ethanol; 8, methanol; 9, ehylene glycol; 10, glycerol. (c)

Fluorescence spectra of ™A (1, 10 pM) in DMEF, ethylene glycol, and glycerol. (d) Schematic

illustration of fluorescence emission of ™A (1) in solvents of different viscosity (R

2'-deoxyribose).
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Table 5-1. Photophysical properties of “*2A (1) together with solvent properties

Solvent e n® Mipax (nm) Max (nm) Dy
1,4-dioxane 2.21 1.44 327 375 0.29
THF 7.58 0.58 326 395 0.34
Ethyl acetate 6.05 0.45 325 385 0.30
DMF 36.7 0.92 327 429 0.35
Acetonitrile 35.9 0.34 322 406 0.40
2-Propanol 19.9 2.04 324 393 0.32
Ethanol 24.6 1.20 323 399 0.37
Methanol 32.7 0.59 322 409 0.28
Ethylene glycol 37.7 19.9 326 410 0.39
Glycerol 42.5 1412 325 362, 380 0.65

2 Dielectric constant
b Viscosity (mPa s) (20 °C)

¢ Quantum yeilds were caluclated according to Ref.15

UV 27 FVREIZ K » TH BT i RIBRITGR R: (A ma) 36 X OV A~ 27 R VHITES
X o THE BN KE I (M wax) % Z 11210 Table 5-1 127K L 7=, 9068 1IN (Pn) i 9,10-
U7 2= T2 b TR U(Pa= 095 in ethanol) ZAEHEYET & L CHWCEH LAY, /-,
HE D & DR e LI b ORT 19,

maA (1) [FHEPEDE 1,4-P A F VT (6 =2.21), 327 nm DFHEEY & RS L CaOE A
RX7 MVERIET D & RREEEE 375 0m O 7 v — RRFEEAER &7z (da=0.29),
—F., 1,4-UAF Y LRI FRETOMRM ( = 1200 THO, Wt GFESR) omn=
Z )=V (e =24.6) TTIE, 399 nm DOFENBELINTZ, S HIZHERDEV DMF (¢ =36.7)
FCHEZITI &, =4 7 — XD L ELICHEREAEEEOL v R 7 MBI Sz
(Fig. 5-2 a), WIKOFERIZEIT 2HCFCOMENEL T 10 v 925 & ™A (1) (33
RFEROEWEEFIZB W THIERE N EN VY 7 588 %~ L7 (Fig. 5-2b).
o T, mA (1) TFEROEVBIERE T CREREIRCHEAT D2RHEAE R LIZNG, &
FIEMBENRE (ICT %) ZAINT 2B AA L TVWDEEx D, ZHLETITHIELT
X RSSO IS I TN R — « 77 v 4 R oEEZ B ST v a Y
XY KT ey a7 ek 2R Les, AFL BR L @A 1) 1%, 2-77
F=hIART 7 ®TH—L LT, T T-TTHTT=0N R F—L LTEL 2ozt
ZHEHERISND, S FHLEFE Y 7 M(Gaussian 09)IZ LV MmMA ORESERELEIT O &
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HOMO-LUMO [ CEFHEN 8-TH-1-TT7HT7 T =r b7 % L U BRA~EMBEIN T
ETND I ENDMolz, 70, HOMO TiE, 3 TR~ 7z m2A (THAT, 7 h=F
VIVICEFBEND SN COFELLT WG L o> TWWAH D, YRR T L drsno
7 IHEIT A LD BV ERMERRTE B, 7285, Gaussian 09 & U2 EELES K
(DFT)JE(B3LYP/6-31G*)IC L 0 5 R 1T -7 (Fig. 5-3),

N’-methylated A (LUMO)

N’-methylated ®"2A (HOMO)

Figure 5-3. HOMO and LUMO of N°-methylated A calculated at the DFT(B3LYP)/6-31G* level.
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e T, mA (1) ORMEZAICHE D HOEFOEOMBITEIC DWW TRz & 2 A, Rtk bl
BV DMF (5 =0.92) HClE, 429 nm O 71— R7ARHEEFRIEABUH S 7273, DMF <At
DEBZ A TEN D S @V =F Lo 7 a— G, B EM 362 nm A3TIC
BrLWIEERNHEN, SOICHERZF L7 a—1 L b X% 100 fFEns ) e —
JVHCIE, 362 nm & 380 nm (2§ 2 DOHT LWL EIHI SN (Fig. 5-2¢), £ Z T,
6-=F =277 h= RV LEBLO2-FT7 b= M) LOFENHEEIT - ThER, WiE &b
20DV =TI REFFOou g 2R L, £z, 088 R 6-=F =/1-2-
F7 h=1FU AT 351 nm & 367nm TH Y 2-F77 h=k UL TiE, 340 nm & 356 nm fF
HETHY, mA) O7 Y tr— /LR TEHl S8 LWEE RO LIE, 6-=F =1
2-F77 = U VDN LRI R - 8 & BITEEIL Tz, BIER R % Fig. 5-4 12
¥

a) b)

200

e Ethyl acetate e Ethy| acetate

150

Acetonitrile Acetonitrile

Intensity
Intensity
S
o

e Methanol
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50 |

e Gy cerol e Glycerol

320 370 420 470 520 320 370 420 470 520
Wavelength (nm) Wavelength (nm)

Figure 5-4. Fluorescence spectra of (a) 6-ethynyl-2-naphthonitrile (100 pM) and (b) 2-naphthonitrile

(100 uM) in various solvents.
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INDDOFERNS, mA 1) TEERECBNC, 8TV T T T T =M E =T =
VT 7 h= MU AL E T, RCIUEEATZR L TS EE X bivd, UV AT hLol
EREREZZRT 5 L (Fig. 5-1) ., @kt 7 ) o — B W T RO O & [
OWIVHE R ELNTWAZENDLE, ZUte—AHizodk, RLATWD EITEZD
AT, P T, mA (1) (ZAED SN T TR, o F OREEAHIE S 572012, 6
TF=N-2-F7 b= MU LD LE BB NT L T 2D, —FH T, fEDIRWEREE T T
X, 87 T-F T T F = 8 = F = F 7 b= kU EML & ORTH IS/ FEiE
WAREIC e D=, HPHEEZ R L, o N EE L, EHEMEE T ICT Modt
HIENBHEND EE2 NS (Figs-2d),

ZoXHiT, LERE EEETORNE) & ICT %t (BEE ToRL) MNEREAIDG
CTCAAL v F T RIS LB AFIAT 5 2 & T, o EEEZ T 2 RELZEY
H LT, DNA O tEEZ 2R+ 280y —X 7 LAY FELTHWAZ ERTE
BT ENREE NI,

5.2.3 8-THTI-FTTH2-TFTFXITTF ) VHEEK mA E8H ODN OERE

A Al BRZE U728 LOWERBERUSRIHE X 7 LAy R emp (1) (X, % —7%7 >~ - DNA Ok,
SNP ¥ A BV 7R EICHHTE DD TIIR VN EZEZLNDDT, AV IX T LAF KL
UL TEOFHNZFTH 2 & & Liz, ODN $H~DEANIZHT-V . DNA AEE R Z V2R
AR T IFA MEZE VTR 5T EFTNN-DAFARNVLT I RUVZFATELZ—/L
EHWC, 7V EER#EL T3 & Linth, SOKEEREEZ Y F UL L T4 2857, &k,
3KEERAE 2T VA YT rsarEARe T IV R EANT, AAKFET I XA
f=» h5%Z 5L, DNA HEVGRBECTHR L 9% ODN 8{~E A L7- (Scheme 5-2),
Table 5-2 |2 Z O FE TfE 9 DNA OFEHZ 777,
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DMTrO N —> DNA Synthesis
:O:

9 5
NC_~oPoy

Scheme 5-2. Reagents and conditions: a) N,N-dimethylformamide diethylacetal, DMF, 60 °C, 1 h,
88%; b) DMTtCl, pyridine, r.t., 2 h, 72 %; c) 2-cyanoethyldiisopropylchlorophosphoramidite, Et;N,
acetonitrile, r.t., 30 min.

Table 5-2. Oligonucleotides used in this study

Sequences
DNA 1 (X) 5'-d(CGCAAT X TAACGC)-3' X="Aor A
DNA 2 (X) 5'-d(CGCAAT X AAACGC)-3' X="Aor A
DNA 3 (N) 5'-d(GCGTTA N ATTGCG)-3' N=T,G,C, A, Ab
DNA 4 (N) 5'-d(GCGTTT N ATTGCG)-3' N=T,G,C, A, Ab
RNA 1 (N) 5'-r(GCGUUA N AUUGCG)-3' N=U,G,C, A,

*Ab = Abasic site

DNA I (X=°"A) & DNA2 (X="A) [Zi#% D DNA HEGHETORMETERTDHZ L
KTz, 55472 DNA 1 Z G680 L%, 7 E=77K 55 °C 1 CT—M it T
Pifri# 21TV, B H, HPLCIC XV i &21772 -7, DNA 1 (X = “™A) % 28 min 17T,
DNA2 (X ="A) (X 27 min fHEIZHE S L& DNA B — 27 B S/ (Fig.5-5), HHY
) DNA Z#58i%% . HPLC 2 X W #liE ##ez8 L (Fig. 5-6) . MALDI-TOF mass (Table 5-3) 3
OB SR (Fig. 5-7) (X W EE LTz,
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500000
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400000
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300000

Intensity
Intensity

100000
200000

50000 100000 L
W 0 V.G
20 30 4
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0
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Figure 5-5. HPLC profiles of the crude reaction mixture from automated DNA synthesizer of 13 mer
single-stranded (a) DNA 1 and (b) DNA 2. Purification was carried out on a CHEMCOBOND
5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium formate buffer containing

acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min over 45 min.

a) b)
300000 35000
250000 30000
25000
. 200000
)
= = 20000
S 150000 g
N -
E E 15000
100000
10000
- | - R \_
0 Ly 0
0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Figure 5-6. HPLC profiles of a pure single-stranded (a) DNA 1 and (b) DNA 2. HPLC analysis was
carried out on a CHEMCOBOND 5-ODS-H columm (10 x 150 mm) eluted with 0.05 M ammonium

formate buffer containing acetonitrlie. Gradient: from 3 to 20 % acetonitrile at a flow rate 2.0 ml/min

over 45 min
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Table 5-3. MALDI-TOF mass spectral data for the ODNs

MALDI-TOF mass
calcd. [M +HJ" found [M + H]*

DNA 1: 5'-CGCAAT“"*ATAACGC-3' 4103.85 4102.67
DNA 2: 5'-CGCAAT"*AAAACGC-3' 4112.86 4112.20
a) b)
300000 100000
90000
250000 20000
70000
200000
Z £ 60000
§ 150000 5 50000
= = 40000
100000 30000
50000 20000 l l
10000 l
0 ~’\—L 0 Py A
0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Figure 5-7. HPLC profiles of a mixture obtained by enzymatic digestion of (a) DNA 1 and (b) DNA
2. HPLC analysis was carried out on a CHEMCOBOND 5-ODS-H columm (4.6 X 150 mm) eluted
with 0.05 M ammonium formate buffer containing acetonitrlie. Gradient: from 3 to 50 % acetonitrile
at a flow rate 1.0 ml/min over 60 min. Each peak was identified by comigration with an authentic

sample (100 uM conc.).

5.2.4 mA&H ES DNA O CD HIEIC X AiEEHR

maA S DNA 1 Z ik OFE4HSE DNA 3: [5-GCGTTA N ATTGCG-3' (N =T, C, G, A, Abasic
site)| & NA T U XA REE, EEATER S, KIRO ZHEH L [FERIC B & DNA 2Rk
HONE D % CDRIEIC LV HEREIT /o 7=, WESMFIL 2.5 uM ODN, 50 mM U U iEfk
B (pH 7.0), 0.1 M kT b U U AFE T Tl o7, £7o, D72 DI RIRDES
THIEZEIT > T-fER b7 (Fig. 5-8) .
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CD (mdeg)

Ab

220 270 320 370
Wavelength (nm)

DNA 1: 5-CGCAAT X TAACGC-3' (X ="A or A)
DNA 3: 3'-GCGTTA N ATTGCG-5' (N =T, C, G, A, Abasic site)

Figure 5-8. CD spectra of DNA 1 (X = A) hybridized with ODN 2 (N = T) (black line), and of ODN
1 (X =*"A) hybridized with DNA 3 (N=T, C, G, A, Ab); 2.5 uM ODNSs, 50 mM sodium phoshate,
0.1 M sodium chloride, pH 7.0, r.t.

CD A7 hJVRAIED#E T DNA 1 (X = A) 384 T 5 DNA3 & HHH DNA 2L
T 5 LTI EEXZHET) (b5, 280nm UTIZIED 2> F 2R, 250 nm
fHTiCED = y MRS N2 L n, 1R B AEE CTH D Z L DR TX
776

5.2.5 A &7 ODN OHEEITEREER L OHE ERR e

W, HEIEKRTERCREREAT 21T © 72 I BRI L (To) OWE 21T 572, I BIT,
UV AT MVOREEITH Z & T BB FRHET v —7 & L COFMM &7 572,
B E AL CD HIERF O[FEEED 2.5 uM ODN, 50 mM U > g2 &R (pH 7.0). 0.1 M Hi{kJ

MU AEE R TR o 72,

F7-.mA G ss DNA2 ZHilROMMEE DNA 4: [S-GCGTTT N ATTGCG-3' (N=T, C, G, A,
Abasic site)] & /N1 7 U XA A&, 2.5uM ODN, 50 mM Y > FEFEER (pH 7.0), 0.1 M i
{bF U UL T CITle Tz, Eo. T MIEIZE LTI D 72 DI RIROBLS THRIE
AT/ o T R b9 (Table 5-4),
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Table 5-4. Spectroscopic data and melting temperature (71) of oligonucleotides

duplexes 7258 (nm) 2l (nm) T (°C)

DNA 1 (“"2A)/ DNA 3 (T) 322, 328 362, 381 50.8
DNA 1 (“"A)/ DNA 3 (O) 331 405 43.7
DNA 1 (“"A)/DNA 3 (G) 323 362, 381 447
DNA 1 (“"A)/DNA 3 (A) 330 409 42.1
DNA 1 (“"A) / DNA 3 (Ab) 331 417 45.1
DNA 1 (“"2A) 323,326 362, 381 _

DNA 1 (A)/ DNA 3 (T) - . 52.6
DNA 2 (“"*A) / DNA 4 (T) 325, 341 362, 381 51.2
DNA 2 (“"A) / DNA 4 (C) 329, 344 414 442
DNA 2 (“"2A) / DNA 4 (G) 328, 345 366 46.4
DNA 2 (“™A) / DNA 4 (A) 330, 343 441 41.0
DNA 2 (“™A) / DNA 4 (Ab) 331, 344 427 443
DNA 2 (“"A) 327, 341 395 -

DNA 2 (A)/ DNA 4 (T) - - 54.9

*Ab = Abasic site

Table 5-4 (2731 Y . DNA 1 (X =A)/DNA 3 (T) " HE#HIF I A~ v FHEILHI LT,
O RRIRE (T) &7 LT2 (50.8°C), RERELSITd % DNA 1(A)/ DNA3(T) &L L TH
-1.8°C DA MRR BT, 1 RIERSGORELENE R LT-, $£7-, Fig.5-8 ® CD A~ h
NOREFRER DS BRI DNAHEZ L > TEBD, AT I VIEREOART RV —7 )
v I RIOHX ZTER L TWD EE 25, SHIZ, DNA2 (X="2A)/DNA4(T) THIZIZ[F
ROFEREHDZENTE R, 3BETHRRZ I-T 7T T U UFBERTH D A o azA
ETF IR TRV MU E 2R T D 2 LRI LMNI RT3, AED 8-7
PI-TTHFTT =B EATD ™AL, 1-7T 77 T =Bk & Fr OB Rz T,
0 F I UHEHERRRRRITEN TV D 2 E o T,

eV T, DNAT BXL TV DNA2 D UV - #0627 FWAER R % Fig. 5-9 12777,
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DNA 1: 5'-d(CGCAAT “"*A TAACGC)-3'
DNA 3: 3-d(GCGTTA N ATTGCG)-5' (N =T, C, G, A, Abasic site)
c) d
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<
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DNA 2: 5'-d(CGCAAT ™A AAACGC)-3'
DNA 4: 3'-d(GCGTTA N TTTGCG)-5' (N =T, C, G, A, Abasic site)

Figure 5-9. (a) Fluorescence and (b) UV absorption spectra of DNA 1 (X = “*A) hybridized with
DNA3 (N=T,C, G, A, Ab). (c) Fluorescence and (d) UV absorption spectra of DNA 2 (X = “™A)
hybridized with DNA 4 (N = T, C, G, A, Ab). "Ab" denotes abasic site and "ss" denotes a
single-strand DNA 1 or DNA 2 (2.5 uM duplex, 0.1 M sodium chloride, 50 mM sodium phosphate
buffer, pH 7.0, rt).
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£, Fig. 5-9a (/R TH Y . DNA 1 (X =A) [ I TH S DNA 3 BN(FEE LRV —AK
HOBOEGA TIX, LTIV IETH D DTk LT, Ml DNA 3 & " HEH &k
T2 &, W NHOWRBBRE N, TORTHRICHFEEDFELRZNT X—T
27 %A I DNA 3(Ab) DHLAIZHOMEENREE S 7 FL (417 nm), S HITHE b EWVEDE
MEA R LT, EEHFEENIAY T LD T7 7= DNA3A) BLUY ' DNA
3OBFET H2HAETH WO L v K7 b3l Sz (2124 409 nm, 405 nm),
L L72RnS, FffiHE LTI A~y FTHDH7 7 =2 DNA 3(G) DHFATIE, /7=
WIIZ X 28N E -2 LI | #REDE LW R R N, —FH, 7L
~yF LR DHF IV DNANT) BFEET D L I A~y FESITHAT, HREObEEN
362 nm & 380 nm OFLNVEEEE ALY TL—2 T MR LN, T~y T HEEE
T HE, DFEY, FIVEKRIBR-EEIEKT DL, 8TV I-T 7T T =00 T (LITE
fifiL7= 6-=F =)L2-F7 b= F U NENLIN “HEHDO A Vv — T —TIV A A b LIt
THLET D LT, n R HW SN LER N TH D LEZBND, ThIIx LT, M
WIS R A~ FHEESCHE I A KIB LT R_R—Y v 79 A FOBHATIE, 77 b=F
UL —BEH OIS 8-TH7-T 777 = P mEE A R Lo E EMET D 2
ETICT DR N2 5T & B2 BiLd, Fig. 59b [R-THY | 7~ » FAEE T
AV y FAEBEITHART, MARIEENR 7 L—7 LTS Z ED b AEEREICE
T AREEDR T TR > TND T EEZTRTHRER Lo TS, S HIZ, DNA2 (X =™A)T
H 7L~ v F ZHE{ DNA 4 (T) OHEICOAEREHE COROCEENBI S, RO
WREED Z LN TEZ(Fig. 5-9¢,5-9d), ZD X Hi2, MmMAEGHL) IX 7 LAF FIFMHFE
L DB D Ml e S 2 b 2 dO RO OB TR TE 57— L LTAMTH
HfER L 72 odz,

5.2.6 MAGHEAY IX7 VAT FEFIf Lic RNA R 7 v —7 & LT

mp GHAV AR VAF NIV~ y FHEELRD IO =0y MR DB R
R TE57e—7L LTRIHATE D ZEBNHLMNIR -T2, T2 T, ¥—F v b &
RNA I LA THRBROMERE G D Z LN TE D0 E I it 21772 o7, ™A G ss
DNA 1 Z iR OFEMEE RNA 1: [5-GCGUUA N AUUGCG-3' (N=U, C, G, A)] & A 7 U & A
A&, DNA-RNA Bk _BEHATERL I, CD * T+ UV » ®HAXT MLVORIEZEITR -
720 WITE 513 DNAI/DNA 3 L [A££? 2.5 uyM ODN, 50 mM U > E&FE R (pH 7.0) 0.1 M
{bF N U U LFE N T2 o 72, BIERS R % Table 5-5, Fig. 5-10, 5-11 |27~7,
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Table 5-5. Spectroscopic data and thermal melting temperature (7m) of oligonucleotides

(DNA/RNA)

Duplex xﬁl;i (nm) Xnglx (nm) Ty, (°C)
DNA 1 (“"A) /RNA 1 (U) 328 362, 382 40.6
DNA 1 (“"A) /RNA 1 (O) 328 362, 382 34.0
DNA 1 (™2A) / RNA 1 (G) 325 362, 382 35.4
DNA 1 (“"A)/RNA 1 (A) 328 393 34.9
DNA 1 (A)/RNA 1 (U) ] ] 448
4 —u
2
B —c
'g 0
8 | . DNA 1: 5-d(CGCAAT X TAACGC)-3' (X = ™A or A)
RNA 1: 3'-r(GCGUUA N AUUGCQG)-5'
2t N=U,C, G, A)
—A
6

220 270 320 370
Wavelength (nm)

Figure 5-10. CD spetra of DNA 1 (X = “"A) hybridized with RNA 1 (N = U, C, G, A). black line:

DNA1(X=A)/RNA1 (N=U) (2.5 uM ODNs, 50 mM sodium phoshate, 0.1 M sodium chloride,
pH 7.0, r.t.).

a) b)

10 0.1

— —
3 8 0.08
&
> — C — C
= o
g2 6 £ 0.06
s 8>
£ G 5 G
Q I3
e, <004
< I
2 —_A —_A
S
R 0.02
™
—SS —SS
0 : 0
340 390 440 490 540 590 300 320 340 360
Wavelength (nm) Wavelength (nm)

DNA 1: 5-d(CGCAAT “2A TAACGC)-3'
RNA 1: 3-rf(GCGUUA N AUUGCG)-5' (N=U, C, G, A)

Figure 5-11. (a) Fluorescence and (b) UV absorption spectra of DNA 1(X = “*A) hybridized with
RNA1(N=U,C, G A) (2.5 uM duplex, 0.1 M sodium chloride, 50 mM sodium phosphate buffer,
pH 7.0, r.t.).
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CD A7 RVIEDOFER, DNA 1 (X = "A) Mg & 705 RNA LR HE O A
IR LT, MAFEE (EERZ b ET) 2P 6T, 280 nm {FITIZIEO E—2 | 250 nm
MEIZADOE—7 BALN-Z &G, 72 B BlEE L IZIZFRROBEBE DT,
P~ T, BEUZIRD 72 iEWEETH S Z &M kR T 7= (Fig. 5-10),

T BIE OFER, FHASHO RNA 1 (U) OHEIZOHR I A~ v FHIEESN AT, @UME
ERLIEZENDBE, DNA OF I UNIHT-D T TV ERERBEEMNZRT 5 2 &k
RTE, BT, HAXT MVERNET DL, IAT Yy TFHEDHEGTIE, #—Fy
RN 3DNA OB EIZHAR T IR RELEEORE 2Ly RU 7 MIBR S 72025 7203 RNA
LU)DIFAET D84 Tld, DNA 3 (T) & IR FEE O IR T VSl Va0t 8 2 8 LT
(Fig. 5-11), t> T, MAGHA Y TX 7 LAF RIIRNA 24—~ v F & LTHIEET D
ZEDNHKD ZENARETH D Z AV LT,

5.3 HEE

ARETIT AIFEIC & E, 7Y RO 708 Fi e E OB L2 &6 L CTH DNA
HCHRSH E KT 2 Z E N AREE SND 8-T1-T T T U B A AT D RERLE
W ORREE B LTz, H1T&ite LT, TN — 77274 &2 a7 5
ZETICT 3, &b, HMA-HOLARMTH RIS SN D Z LI2L Y, LEF¥LE
SIEE T EAOLEZ R T X ) RBRERUSH T Y o X7 LAY R mA OFIFICKRT) Lz,
EDIC, MAEGHAY ATAXV XTI VAT RIE, 7-7 77T/ UBER AL X
Y MU E OKFERAREREIRT 2 Z i3k, v~ v FTHLHTFIVHERLEDOR
BERT WY =20V o I ROKBREAT D2 N0 o7z, SHITLE ¥t & ICT 5D
CHEBEKEAFFATLZ LT, KVHREICY y THEEERIT A LB ARETH 0T, T D
F O et E AR L CL B A ESCHITEN O SR TR 22 k5 FE BR 5 O 251 2 BB RO O E L
THRMTH7a—7L LTHISHTE DA Z AT 2 & TE 7,
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5.4 ZEBRIF

General: 'H-NMR spectra (400 MHz) and '*C-NMR spectra (100 MHz) were measured with
Bruker Avance 400F spectrometer. Coupling constants (J values) are reported in hertz. The chemical
shifts are shown in ppm downfield from tetramethylsilane, using residual dimethyl sulfoxide (6 2.50
in 'H-NMR, § 39.5 in '*C-NMR), chloroform (& 7.26 in "H-NMR, & 77.0 in *C-NMR) and methanol
(6 3.31 in '"H-NMR, 8 49.0 in *C-NMR) as an internal standard. ESI-TOF masses were recorded on
a JMS-T100LC “AccuTOF”, Applied DATUM Solution Business Operations.

The reagents for DNA synthesis were purchased from Glen Research. Mass spectra of
oligodeoxynucleotides were determined with a MALDI-TOF mass (Shimadzu AXIMA-LNR,
positive mode) with 2',3",4'-trihydroxyacetophenone as a matrix. Calf intestinal alkaline phosphatase
(Promega), Crotalus adamanteus venom phosphodiesterase 1 (USB), and Penicillium citrinum
nuclease P1 (Roche) were used for the enzymatic digestion of ODNs. All aqueous solutions utilized
purified water (Millipore, Milli-Q sp UF). Reversed-phase HPLC was performed on
CHEMCOBOND 5-ODS-H columms (10 x 150 mm, 4.6 x 150 mm) with a JASCO Chromatograph,
Model PU-2080, using a UV detector, Model UV-2075 plus at 260 nm.

Procedure for the synthesis of modified nucleosides
4-Amino-1-(2-deoxy-f-D-erythro-pentofuranosyl)-3-iodo-1H-pyrazolo[3,4-d]pyrimidine (2:
7-iodo-8-aza-7-deaza-2'-deoxyadenosine) was prepared from allopurinol according to literature

methods by 6 step reactions. *-13

4-Amino-3-[2-(6-cyano-2-naphthyl)ethynyl]-1-(2-deoxy-f-D-erythro-pentofuranosyl)-1H-pyraz

olo[3,4-d]pyrimidine (1). A mixture of 2 (211 mg, 0.56 mmol), Pd(PPh3)s (32.3 mg, 0.03 mmol),

Cul (10.7 mg, 0.06 mmol) and 6-ethynyl-2-naphthonitrile (119 mg, 0.67 mmol) in DMF (8 ml) and
Et;N (1 ml) was stirred at 60 °C at under an argon atmosphere for 1 h. After allowing to cool to room
temperature, the reaction solution was concentrated in vacuo. The residue was purified by silica gel
column chromatography with chloroform-methanol mixture (15 : 1 to 10 : 1) to give 1 as a
pale-yellow solid (183 mg, 77 %); 'H-NMR (DMSO-ds, 400 MHz) & 2.30 (ddd, J= 4.3, 6.8, 13.3 Hz,
1H), 2.84 (m, 1H), 3.41 (m, 1H), 3.55 (m, 1H), 3.84 (m, 1H), 4.47 (m, 1H), 4.83 (m, 1H), 5.34 (d, J
=4.6 Hz, 1H), 6.61 (m, 1H), 6.95 (br, 1H), 7.88 (dd, J = 1.6, 8.4 Hz, 1H), 7.98 (dd, J = 1.5, 8.5 Hz,
1H), 8.14-8.18 (complex, 3H), 8.30 (s, 1H), 8.54 (m, 1H), 8.65 (m, 1H); 3*C-NMR (DMSO-ds, 100
MHz) § 37.9, 62.3, 70.9, 82.7, 84.2, 87.8, 93.0, 100.9, 109.6, 119.0, 121.8, 126.3, 127.4, 128.8,
129.4, 129.9, 131.6, 132.3, 133.8, 134.2, 153.9, 156.8, 157.7; HRMS (ESI) m/z 449.1338 calcd for
C23H3N¢OsNa [M + Na]*, found 449.1343.
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3-[2-(6-Cyano-2-naphthyl)ethynyl]-1-(2-deoxy-f-D-erythro-pentofuranosyl)-4-{[(V,/N-dimethyl
amino)methylidene|amino}-1H-pyrazolo|[3,4-d|pyrimidine (3). A solution of 1 (99.0 mg, 0.23
mmol) in DMF (5 ml) was stirred with N,N-dimethylformamide diethyl acetal (48 pl, 0.28 mmol) at
60 °C for 1 h. After completion of the reaction, the solvent was evaporated, and the residue was
purified by silica gel column chromatography with chloroform-methanol mixture (20 : 1) to give 3
as a pale-yellow solid (98.8 mg, 88 %); 'H-NMR (CDCls, 400 MHz) § 2.49 (ddd, J = 2.1, 6.3, 13.6
Hz, 1H), 3.04 (ddd, J= 5.6, 8.0, 13.6 Hz, 1H), 3.24 (s, 3H), 3.26 (s, 3H), 3.82 (m, 1H), 4.01 (m, 1H),
4.24 (m, 1H), 4.86 (m, 1H), 5.52 (m, 1H), 6.78 (dd, J = 6.3, 8.0 Hz, 1H), 7.65 (dd, J = 1.5, 8.5 Hz,
1H), 7.75 (dd, J = 1.4, 8.5 Hz, 1H), 7.87-7.90 (complex, 2H), 8.16 (m, 1H), 8.23 (m, 1H), 8.51 (s,
1H), 8.92 (s, 1H); *C-NMR (CDCls, 100 MHz) & 35.3, 40.8, 41.4, 63.5, 73.2, 84.0, 89.1, 89.3, 92.1,
109.8, 110.3, 118.9, 123.4, 127.3, 128.6, 128.7, 129.0, 129.9, 131.7, 131.8, 133.9, 134.1, 153.8,
155.8, 157.7, 163.0; HRMS (ESI) m/z 504.1760 calcd for CpsH23sN703Na [M + Na]*, found
504.1787.

3-[2-(6-Cyano-2-naphthyl)ethynyl]-1-[2-deoxy-5-0-(4,4'-dimethoxytrithyl)-f-D-erythro-pentof
uranosyl]-4-{[(N,N-dimethylamino)methylidene]amino}-1H-pyrazolo[3,4-d]pyrimidine (4). To a
solution of 3 (69.5 mg, 0.14 mmol) in anhydrous pyridine (5 ml) was added 4,4'-dimethoxytrityl
chloride (58.7 mg, 0.17 mmol), and the stirring continued at room temperature for 2 h. After
completion of the reaction, the solvent was evaporated, and the residue was diluted with ethyl
acetate, washed with saturated NaHCO; and brine. The combined organic layer was dried with
anhydrous Na,SOs, filtered and concentrated. The purification by silica gel column chromatography
with CHCI3-MeOH-EtsN mixture (98 : 1 : 1) yields 4 as a pale-yellow solid (81.8 mg, 72 %);
'H-NMR (CDs0OD, 400 MHz) & 2.45 (m, 1H), 3.13 (m, 1H), 3.16-3.27 (complex, 8H), 3.61 (s, 3H),
3.64 (s, 3H), 4.09 (m, 1H), 4.75 (m, 1H), 6.69 (m, 4H), 6.78 (dd, J=4.5, 6.9 Hz, 1H), 7.07 (m, 1H),
7.15 (m, 2H), 7.25 (m, 4H), 7.39 (m, 2H), 7.67-7.69 (complex, 2H), 7.93-7.98 (complex, 2H), 8.08
(m, 1H), 8.35 (m, 1H), 8.48 (s, 1H), 8.77 (s, 1H); 3C-NMR (CDs0OD, 100 MHz) & 35.6, 39.4, 41.5,
55.6, 55.6, 65.6, 72.9, 85.4, 86.1, 87.3, 87.8, 93.1, 110.2, 111.4, 113.9 (x4), 119.8, 124.6, 127.6,
128.4, 128.6 (x2), 129.4 (x2), 130.0, 130.3 (x2), 130.9, 131.0 (x2), 131.4 (x2), 132.8, 133.3, 135.1,
135.6, 137.3, 137.7, 146.6, 156.0, 157.1, 159.3, 159.8, 159.9, 164.5; HRMS (ESI) m/z 806.3067
calcd for C47H41N705Na [M + Na]*, found 806.3075.

3-[2-(6-Cyano-2-naphthyl)ethynyl]-1-[2-deoxy-5-0-(4,4'-dimethoxytrithyl)-#-D-erythro-pentof
uranosyl]-4-{[(dimethylamino)methylidene]amino}-1H-pyrazolo[3,4-d|pyrimidine

3'-[(2-cyanoethyl)-N,N-diisopropylphosphoramidite] (5). To a solution of 4 (56.7 mg, 0.07 mmol)
in anhydrous acetonitrile (2 ml) was added 2-cyanoethyldiisopropylchlorophosphoramidite (100 pl)

in the presence of EtsN (1 ml), and stirred at room temperature under an argon atmosphere for 30
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min. After completion of the reaction, the solution was diluted with ethyl acetate, washed with
saturated NaHCO3 and brine. The combined organic layer was dried with anhydrous Na,SOs, filtered

and concentrated. The residue was incorporated into oligonucleotides without further purification.

Oligodeoxynucleotide synthesis and characterization: Oligodeoxynucleotide (ODN) sequences
were synthesized by a conventional phosphoramidite method by using an Applied Biosystems 3400
DNA/RNA synthesizer. ODNs were purified by reverse phase HPLC on a 5-ODS-H column (10 x
150 nm, elution with 50 mM ammonium formate (AF) buffer, pH 7.0, linear gradient over 45 min
from 3 % to 20 % acetonitrile at a flow rate 2.0 ml/min). ODNs containing modified nucleotides
were fully digested with calf intestine alkaline phosphatase (50 U/ml), and P1 nuclease (50 U/ml) at
37 °C for 12 h. Digested solutions were analyzed by HPLC on a CHEMCOBOND 5-ODS-H column
(4.6 x 150 nm, elution with a solvent mixture of 50 mM AF buffer, pH 7.0, flow rate 1.0 ml/min).
The concentration of ODNs was determined by comparing peak areas with a standard solution
containing dA, dG, dC, and dT at a concentration of 0.1 mM. Mass spectra of ODNs purified by
HPLC were determined with a MALDI-TOF mass spectrometer.

UV absorption measurements: Absorption spectra were obtained using a Shimadzu UV-2550

spectrophotometer at room temperature using 1 cm length cell.

Fluorescence spectra: The fluorescence spectra were obtained with a Shimadzu RF-5300PC
spectrofluorophotometer at 25 °C using a cell with a 1 cm path length. The excitation and emission

bandwidths were 1.5 nm.

Melting temperature (7,) measurements: All 7,s of the ODNSs (2.5 puM, final concentration) were
measured in 50 mM sodium phosphate buffers (pH 7.0) containing 100 mM sodium chloride.
Absorbance vs temperature profiles ware measured at 260 nm using a Shimadzu UV-2550
spectrophotometer equipped with a Peltier temperature controller using 1 cm path length cell. The
absorbance of the samples was monitored at 260 nm from 4 to 90 °C with a heating rate of 1 °C/min.

From these profiles, first derivatives were calculated to determine 7 values.

Circular dichroism (CD) measurements: CD spectra were recorded with a JASCO J-805 CD
spectrophotometer. CD spectra of oligonucleotides solutions (2.5 uM ODNs in 50 mM sodium
phosphate buffers (pH 7.0) containing 100 mM sodium chloride at 20 °C) were measured using 2
mm path length cell.
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Rk, M, pH 72 EDBREEZ(MIZIE U CHOGRELH R R D BIICZET 5 L 9 ek
VU —RERE A A T 2 BR BTG Y (ESF: Environmentally Sensitive Fluorescent)B% &1, 1R
&72% DNA R RNA OO A2 59 SNP ¥ A B0 7 D X5 e —HRER O,
K72 E ORI G0 & X7 E & OFEAEREALIZ 1T 5 RPTIBRE 2 & 80k
HIADEATHRD oD T a—7 L LOUSHPHREI TS, U EoFR»s, K
MHETIL, o FNEMEE) (ICT) FBLEFIH LI BEREICE 7 ) v X7 v Ay RoT
WA EEREITV, HIEDNA e —T7 ~EEA L, 2100 OB 21T > 72, & O
R 2 DL TSRS T 5,

B2 ETHE, R THL 7T =00 8 fLckkx RBHREEHT 5T 72 V1%
SHEE T ST 2-TAXR T T U UBRRE G L, TR ORI L O
IR BEDRIE 21T o 72, Kok B & Mt D $ /g DKk 2 7o VA TG E 21T - 7o 4%
R, T VvOBBENETRSIE (T8 TH—) THDHVT /K, BEEME (R
F—) THDH NN-PAFLAT I EOELL DB WL TH->TH, YAV RTFrsn
Ly I BRMIFHEE R T LR E Aot TR, VT EEATALETIE. T
ToUM R —E LTI —FTONN-UATFAT I ) HEFETHHATIE, 77 =007
7 7H—L LT 2 & T, o FNEMBE) (ICT: Intramolecular Charge Transfer) #8723
ANHERE LT 72D Th DL EEZEAbILD, Fo, BHEOR MNP R > THREROMEE %
R LR, EEBRST AL CDOBEATIE YA NI MG a0y 7 R R R SR
Sz i, EHRESERNLTWEZ E2XFTo00THo 1,

S, YR F sy 7 RIEED—DToH D MPEDRWEREE T TRV VEDE
ZRTRHEEFIH LT, BRI DNA L DA T XA XL X7 VAT RB—DE N
LT VUM L 725 K910 m—T7 DNA 27 A U Lo, EORER, (EffitzmeiE 5L
WCE A EKRY 72 22 M L BRI N D Z & T, SOt OIS (¥ —5 >
NS ZRT 2 Z EMAEETh o7z, S HIT, VY7 EEATHFHEMRTIE, 77 =
VRIS O E ) (PET: Photo-induced Electron Transfer) 12 J 2 8 61H Y238
ENTe—TTONN-ZAFNT 2 B AT 2R TIE, EfED 77 = RN X 530t
HAEZ T RN LR N RoTz, ZOXHIT, 77 =R L 28k E T
IRVNBLGIT, AR DNA &340 2 BT, Akx ZREERCSICE I FTRECTH 2 2 & b lIn T
BRHBEOENT T e—T THDHZ LERLTND,

BIFCLTFTFTF=0 0 TR A 2T ) —AxF = VIR ST 77T
DFAXLT T VB LU Y T DNA B AR L, ORI R
DT> T2, % 2 B CHRERIE 1T 12T 7 ¥ Loy A AT 27 AR VT T vo
TR AR A LIS, DNA “IBUORBBRRE (T,) BEO/KE, “Row
PR KX R LT LE D 2 EBBIBNC > TS, Eio, 7Y VHED 8 i
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WCEHE A EATHE HELEEL D7) a v REEEDNEE O anti BLED S syn BLE~ & X
i L, FEAHEH O R & O KFERHERBR 2O B EBAD—D2>Thd LEZEZ LD,
ZZ T, DNA T HRRTV VR VF YV RTHDHTT ) Vo M ONTT ) bRk
IRKBEREGNE = B FfO T-T T TV X7 LAY RIZER LIz, 7-7 77V 1% anti
BLEEDREES D T LA ERNFIRETH B L RIRFIC, T OEMIFEIT, K& 7RZEMnZE
WTWD DNA “HOLBAMEED A VY — N —T 1N ETDHZ N, —ELEAMBED
ALEEITR NN E TR LU, AIEOREOLZELRN L, 0F7 A U ZITV, Bk
RT V= NZF =N EGTD T-T T2 TAXVT T ) VU FEROBRRE T T2, &
PR A A 2 R ISR S, MEMEEIT S TofE R, T 72 LU DBRANERILE L
T, BIWBIETHL LT /ST FNANEEZEL 1-T 7 2-THXTTT ) U UiFER
. Yo gdursay s W ERT—5 T BT EETHD NN-DAFILT
R EOEMIL AR VHER T, TOLIRMEEE RSN ERH LN o7,
ZORERIE, T-T T T T = OBLEMNN T T = X0 HIELS, EnIL T =2 ER%ED
fEZ2rd Z LR L TS, T72bb, 7-7 777 = LB AL GERE WO, &
TR E TN THET D LT, Kh— T2 74ROy T+NEMEE (ICT) %
B SN DB 72 L e > TV D DIZRT LT NN-P A F AT 2 T +NE
WIRBEIAFBL SIS WG IC R > TS T2 LB X Bvd,

IYNWNRTFR T v I R R LT 1T T 2T AR T T v ER Y
7 —7 DNA IE, R DNA & DA T U XA RZE D | AEMEIBIE RO FE O — I
BREZERREOT 7 N THANT 22 L BHERTEL, LLAans, KEBEHIZ K
5 SERIPIEEGRIMENR 72 v o 7o 2 &%, B E LTI A, BEXTER A Rl L2 &
2L - T, RS OWH S 2 b 2 3O R OB THAIT 2 2 &N TE R b,
S HIEN B R e — 7 2B X SRt R LT,

%4 ETIE, 8T VT-T T IT = BRI S OB LW BREUES A HOELE D B ST
ONTIRRTWD, 3 ETIE, 7Y D 8 MERGIC L D DNA “HEHO RLENE K
BT D0, 1-T 77T /D THAICENRAEEZEAT DL Z ek, TOREE,
DNA “HHOARLEN @ARHREOKT) NALNT, HIETERAEEZ FF>Z LN HHET
bHZEERLTWD, LNLARBRL, -7 77T /B 1ME#R 7-7 777
JVUIEDNA ZHEER Ty vy FTLHEEZX NI T I VIEEORRLT, v M UL
LKFREAETERT D 2 Lo | RGO R A+ Thote, £Z T, 7
FERT 5 Z LR 7-7 777 2 v A v | RBRIC 7 (LI EivgER 77
VUBERICTNE, vy TFTHDHY MU UIE L OBRREREIRIEREPEH LT, B
BROCR O 2 R T RO RFER LR T H N TED LB R, AETIL, 8-
TYI-TTHTT =0 TS 2-mF =) F T X LT 5 2 & CifHEIC Y LN N T
nAa sy 7 RENFEEE R LI 2 0D, AU I DNA S8 A U, B LRk EE
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DFHM 21T > 72 £ DNA & DA 7 U XA X% D "B OBMIRE (Tn) 3LV CD #I
AT T fER, BEUZIRY e LWVMEECH L —EHOLEAUMEEZ L0, v b v iEERoL
WERT WY -2 U VB R L TWD Z ENH LN 5T, & HIZHOERIES
THE, IAV Y TFHEIIHART, v~ v T THLY M UEEOLAEOHR, BX% 30 nm
LORWNEY T ko THIERENT DI ERMERTE 7, T/bb, EHDNA DY kv
VAR R OB THEAT 2 Z LN TH Y . Z O EFEEAFIH LT, ber/abl
B FAFERRICLUTRIET 2 Z &I Lz, 2D X 512, DNA EEFIO—HEEDE A K
TG ATER & I R TR0 C & 2 BREES T YA IR L O BRR () TRliEh L7,

FES5FETIE. DNA —HEO 7 v~ v F & I A~y FHEEEZEHWIERE O LE (Local Excited)
HIEEWEED ICT B THBITEX 570 —T7ORBIZOWNWTHRITND, ZNETO
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