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Ac

ABZ

aA
aG
aC
aT
antimiR

Ar

(+)-BINAP

Bn

BSA

CBZ
CE
CuAAC

dba
DFT
DIAD

DMF
DMSO
DMTr
DNA
Tm

adenine or deoxyadenosine
acetyl

6-N-benzoyladenine
alpha-deoxyadenosine
alpha-deoxyguanosine
alpha-deoxycytidine
alpha-deoxythymidine
anti micro RNA

aryl or heteroaryl

(+)-2,2"-bis(diphenylphosphine)-

1,1"-binaphtyl

benzyl

N,O-bis(trimethylsilyl)acetamide
benzoyl

cytosine or deoxycytidine
4-N-benzoylcytosine

cyanoethyl

Copper-Catalyzed Azide-Alkyne
Cycloaddition
dibenzylideneacetone

dencity functional theory

diisopropyl azodicarboxylate

N.,N-dimethylformamide
dimethylsulfoxide

4 4’-dimethoxytrityl
deoxyribonucleic acid

melting temperature

ESI
€q

G®
G»
Ghm
Ghe
HP
HPLC

Ky

MALDI-TOF

Me

NMP
NMR
ODN
RNA

TBHP
TBS
TBTA

TFO
THF
TLC
TMS

electrospray ionization
equivalent

guanine or deoxyguanosine
2-N-isobutylylguanine
2-N-(pyridin-2-ly)-guanine
2-N-(pyrimidin-2-ly)-guanine
2-N-(pyrazin-2-ly)-guanine
hair-pin

high pressure liquid
chromatography

dissociation constant

matrix assisted laser
desorption/ionization time of
flight

methyl
N-methyl-2-pyrrolidone
nuclear magnetic resonance
oligodeoxyribonucleotide
ribonucleic acid

thymine or thymidine

t-butyhydroperoxide
t-butyldimethylsilyl
tris[(1-benzyl-1H-1,2 3-triazol-4-
yl)methyl]amine

triplex-forming oligonucleotide
tetrahydrofuran

thin layer chromatography

trimethylsilyl
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LAY REEAL, ZHHET T TFO ® a-X 7 LAY N EAEH ZEHE OIS OMAE D
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77 = T T EE DNA 1 C C 2t s L, =fEiroKkFEMEEG L/ LT G-C ik
KEFERT Do 2007 X /7 HICHT DILFEMIIZ OKERFHEEROZLENTELLD, T
VFRVHE T R EA VI 2 T L B e PR B SE A S, BBERLER,
AR 72 FE M T T & 7= (Figure 1-1), L2vL, 2-7 X /K&l ~T7 a7 U — /LA EA
L 7= {&fifi 7' 7 = > (2-N-(heteroaryl)-guanine, G")|IZ D>\ T, ZDOHREHNI—HOEE T T =
Mk MR 54 % (Figure 1-1d),
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Figure 1-1. 207 X / BRIHESMiEZH T2 77 = OHERF, a) T/FNVEENM . b) BN
A NVEEM, o TV —VEEM., d) BES T =0,

27 2 DNA 3k % 7P E L DL FROSIC X 22T TR /T =r D 2607 2
JREREFTH, HRx REBEOBENMON TN D, P2 I TERIL, 2 7 I/ ERICEHRL
EHETLHEGI T = ORMRET EEMLE LT, fixD G EEDX 7 LAY REAY
X7 LAF FODN)Z &AL, £ 52 DNA S0 @RS KIC 5 2 2 8 &2 TR ~7z,

G OMEERRFME L L TRHICBUIRIRN S DIZ, 2ALICHEALTZA~T 17 U —/VEBROD 3 7R
A= arOEBENEZOND, T7hbb, ~7r7 U —/LE) Watson-Crick HE ZExHAllZ &
DI EL T DB 26405 closed-type 2R A—Tart~rTar J—/LERN
minor groove lIZd % Z & T C L HEIEXTE KA A HEZR open-type 2L TR A —3 a3 D 2 FFA T
& % (Figure 1-2),
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Q N
NH

N~ NH N ¢
P ——— NN NH
N“>N"N /

/ H dR
dR

closed-type open-type
conformation conformation

Figure 1-2. G D 5S7co>Da R A—va v

G"™ % & ¢r ODN 23 #HS, WEHR ELEMT 2KF2I1E, G™ X open-type 2T AR A—T 3
VEEDVENRDH Y | closed-type I L N open-type FALEILD AL TR A — 5 DL EMDE
TRHEGEDLREMEICRES BT L L THRIND,
AWFZE TILEMARIYIZIEL 2-N-(pyridin-2-ly)-guanine (G™), 2-N-(pyrimidin-2-ly)-guanine (G"™¥™)$3
X Y 2-N-(pyrazin-2-ly)-guanine (G®™)%& &7 A X X7 LAV RBIOA Y I TF4F v X7
VAF Redi L, TN ENOEMMEGENSRIEEERICED X O P EE2 52 50250
 CHEHEB IO T = WEEB LOEEPEE T LT, £, ary R A—Ta
DOWELE L VRS HEMBT D720, ~7T a7 U —/LERD closed-type =T > 7R A —3 3 VIZHEIE X
N7-#E K L LT 3,5-dihydro-11H-pyrido[2’ 3’ :4,5]imidazo[1,2-a]purin-11-one (PIP) % & ¢
TAXTR I LAY RBIOA ) I7A4F VX7 AT R AR L, DNA @R EF I 5
R % 5B e [RAR IR L 72 (Figure 1-3),

0 0 o) N=y
N N NH N’ fLNH N7 fLNH N NfLN’g\_’
( </ I | . 1 (/ | . N
| | H |

G GPY GPym GPyra PIP

Figure 1-3. ABFFECTHRK L 72 G™ DO,

Flo, ZHEHEB IO T = CUEEHDASA O ERMEE E LT, closed-type R A— 9
Bl ol G ERT LV ZHEH DNA 1 CTF 2 > & O D Hoogsteen UG Feskh 2 k35 ]
EMEICAE H L7z (Figure 1-4), — E 484 DNA™ (X “H# DNA & — A DNA Th 5 = BHEK
EZ WA (triplex-forming oligonucleotide, TFO)3 &9 2 Z & TR SN D, 2D & & “HEH{ DNA
DOFEEFHD 37 B LS OELA A FE U X 272> TWD H D& /3T L LR L 5 (Figure 1-4a) ,
XTIV = BRI X, ZEEH DNA OFEEH D G 124 LT TFO ® 7' b oAb Eihi-
C(CHDS, FEMIEHD A IZxF LT TFO @ T 28, F7-4ZMEHD T 12%f L C TFO @ G MKRFEREA
T5Z & T CG-C, T:A-T, GT-A =X ZEM L., R Z BRI ERFE T 5 (Figure



1-4b), 7 ZEEHERZEE (TFO) IZ GM™ &t 4O G"™ 28 A4 52 &L TDNA _HIH
RO T2 @RI T A2 2L, GO RT LV = EHEIERR~D 2 2 gH 7~

a
NSUNBZFH
TFO | 5-TTT TTC+TC*T C*TC+* T -3’ Hoogsteen%!
BEx

F— | 5-AAA AAG AGA GAG A-3 B

DNA . - Watson-Crick®!
3-TTT TTC TCT CTC T-5 | e H 5t
b H
+ P -~
(TFO) r/\r” M NN (TFO) ZA\po. ' N N=dR
dR” ) M ,.°c dR’NVN.H Hy' W o T
Hoogsteen#! ( \ ’)“N Watson—Crick®! Hoogsgengg ..’N \§3 Watson—Crick®!
et H 18 Hxd e Hnt QN N et
|
® G ah A
C+G-C =iEXEx» TA-T ZiEEX»
0 0
¢ oM
P . HA .
G N“N" N G N N)\N H N=\
N

TFO) 1 H N_ TFO) | F N

(TFO) g ", NW/K( (TFO) H‘ M W/g( ~dR
U -
Hotigsgte%n: H3C H3C NN

A Watson—Crick%! &

tEE
T T
G T-A =i5&%
Figure 1-4. G" % & ¢r TFO |2 & 5 Z W RO AJREM:,  a)/3T L LA = FEH DNA OO
A, b)C"G-C. T:A-T. G:T-A Z“MEExtofE L. G N TICHEAT 5 AKX,

%2

HEREICLD GO VR A= 3 VR

B 1HI TR _72 X 912, G™Eclosed-typeds & Wopen-type 2 78 A — 3 =3 » OFHRIRTEIZ &
D, ~T a7 U—NoFNKER-EEZTEMT Dclosed-type D T INZETHDH EEZHILD,
BT, 2MLOT 2 ) BRIV ANEA NIEEFT D2-N-TNVNEANT T = 8RN
open-type & closed-type D 572 DD ALK A= a bk D ERREINTND, P Ex /b
X, EERIC2-N-INVNEANT T =0 B E0A ) AT X X7 LAF REGRH L, 2-N-1 )L



NEANTT =0 EHEDNAF TT & Dwobbletfi xRk 2 HIXI RIS R 2B L, C& DI
Foxt R PUE AN ) B L7z 2 & A & 4T D (Figure 1-5), 2P

O 0]
JH. _H
PG TS
T N® N“NH, T N$L\NH
H H
w/go
closed-type open-type |1|

Figure 1-5. BV 8EA V7T = Dclosed-typeds & Wopen-type = AR A — 3

TOEIIC.GROBEL 20D IR A= g v OREMENE ISR DO EMEIC R b
ZHEEZLND, £ T, GV, G, GMOK R A=y a ORENER X OGM-CIE
Fxt DL EMZ THT 272012, BEPLEEE (DFT) G5 K U closed-type, open-type = &
RA =2 a v BIUOGH-CEEMGEOZ XA -2 TR LT, #HEOY 7 ho =72
Gaussian09 " Z W\ & REL, =R AF—FRO ESH 5 HILEEIZoBI7TX-D ", KK
$¥136-317Gd & vy, B2 CEHE 2T 7,

H
o)

0 N Y\
</NfLNH N AE </ | JN\H AE \n, CH
N N')\N open IN N““NH _HB> ¢ fL ’

Hodl H > il G A\ H
H3C
closed-type open-type .
conformation conformation base pair
formation
AEopen AE'HB AE'open + AEHB
(kcal/mol) (kcal/mol) (kcal/mol)
[o]
N z
Gy <;rf;i“uﬁ‘3 +3.7 ~274 ~23.7
o
Ghm ¢ i“i +9.7 ~28.0 ~ 183
[o]
N
Ghm ¢ 1“5‘3 +3.3 ~28.9 ~25.7

Figure 1-6. EZEFTOGM™D 2 Lk A — 3 3 88 X O AL D2 EME: closed-type» 5
open-type = AR A — 3 5 LNIEAT D DI TR NVF— (4E,,,) B L OKERG TRV
\— (AEHB)
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closed-type 1 > 78 A —3 = /| open-type I >R A — 3 3 B KOG s—CHi Rt D& =L ¥
—5FEH L%, 2OV F—EERKDDH Z & T, closed)> Hopenll72 5728 DT R /LF —

(AEype)) B IOKFREG T XN F— (AEy) ZHH LTz, £ Of5F % Figure 1-61277 7,

G™, G"™, GPyra@AEopeJi%ﬂ%ﬂ+ 37. +9.7. +33kcal/mol& IEDOETH -T2 Enb,
THEE Y open-type 2 > 7R A —3 = Vidclosed-type T IR A — g LB L TREZETH Y,
G"MOGEITR O ARLETH D Z LR roTl, TNEND FE A% E % Figure 1-7127R77,
GVBLUG"DBE T T =V BE~T a7 UV —VEBRAE—FELECHD, ZosE, FU v

RBMOERIFTEEY PURIMELIIE T P B 3ADKER T35 7P TCH-NH A
EM %325 Z & Topen-type2 R A— a U EZENLTWDH EEZBND, —FH., G"™D
BRF2OOERPDUNIMEBERICH L, Z0LE, T VRIMOERFTFLEY IY
VERDELZFFBIFE L Copen-type 2 VAR A—T a3 VERLELL TS EEZLND, LL
LD X5z, b0 EAMEE D Aiclosed-type & open-type D T L TR A — 3 7 DIEIERL
PEERESEZ D ERGhoT,

Coplanar ; 2! Twisted ; 2? Coplanar %

GPY GPym GPyra
(o) o} (o)
¢ ¢ ¢
(4

N)\NH , 6_ )\ NJ\NH

Hﬁ H A HsC 6N$w Hﬁ H
U U N\)

AE e, + 3.7 keal/mol AE e + 9.7 keal/mol AE pen: + 3.3 keal/mol

Calculated at the wB97X-D/6-31+G(d) level

Figure 1-7. DFT FHEIC LV HN7GY. G, GO kG

F o KERBAETZRNLF—ITONTHD LGP, G G DUAEITENZEh-274, -28.0,
— 289 kcal/mol TH ¥ | BAfIEIZ L > TRERBEBWTIR N RN ST, 20D R LF—0D
F1 (AEpen + AEyg) (XG™ DN 2 EBLIE T & % closed-type = > 78 A —3/ 3 L /> B open-type =
RA = a NCBE L S 2T 5 £ TORT FIVX— TS T 528, £ OfEiF-23.7,
— 183, 257 kcal/mol TH VWV A DEH L HZ D, ZNHDOGM™sE G A ) I T 4AF X7
LA Rioepn-type 2 ik A—Ta a2t W) “EHEAFKRT L Z EARBENT-, /-, 2
NHOMENHCH™, GY, GPONE TR E RGN Z kT 2 ATREEIC DN T H R Sz,
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% 3
G*DODX I VAV FFERER, BITO G 2ED4VITAEFIXIVEF RO
ARk

B1IEHI TR GMEFETHAY AXT LATF RELFEERT H7-DIZ, GMHs DX 7 LA
Y ROBR AT T2, UM EROHEITEEIC, TAXLTT 2 OB 3, 5SRO KR
H:% TBDMS T, I 6 fLDO I NVR= VL R DV THRE LAY 1-2 Z W T
Buchwald-Hartwig i "' 2470, G O ED ERRICHEY LT\ 5, (Scheme 1-1), "' &+
720 SOOIV DT K,CO; L0 Cs,CO; DN TSN TWNDZ EHH LML T
Do AREIFZEHIZSORDETRTOAKRE B L, HIESREZEOPRIE 11 ZHVTHT
OSSR LD ~T a7 U —)VEBROEANEZR AT,

(o}
NH BnOH 2.0 eq

)\ NH, DIAD 20eq oo

N
c|)\l/Nj 1.5 eq OBn
Pd(OAc), 10 mol% NN N7
¢ J ) |
NN H N

OBn

N
A
N NJ‘N

K,CO5 5.0eq

TBSO 2 Php 2.0eq H2 (+).BINAP 10mols TBS0
4’
1,4-dioxane toluene
TBSO r.t., 1h,67% TBSO reflux, 18 h, 79% TBSO
1-1 1-2 1-3

NH N
H, \ EtzN 7.0eq

< fL ):j DMTrCI  1.35eq

10%Pd-c 1850 Et;N;HF 7.0eq HO pyridine 3.0 eq
THF THE p DME
r.t., 20 h, 67% TBSO r.t., 20 h, 84% HO rt.,7 h, 54%
1-4 1-5
35% from 1-1
o
i )\ P CN 1.2 N NH N%
NH N7 N0 1-2eq < e )\ I
NS | N DMTrO.
HOS 6 NN (Pr),NEt 2.4 eq o
MeCN )
rt, 3 h, 42% 0
HO )\N.P\O/\/CN
1-6
1-7
Scheme 1-1. FHiE 52 K » TIThivz G FER D & Rk
o
I )N\H 1-8a: Ar = li.)Ng GPY
12eq <N Ar
1.5eq _ CI_N, TBSO NTNTN 1-8a 38 h, 64% »
0 Arcl CI:EN,] 1-438h,46%  1-4:Ar= , ) ) GPYM
N~"“NH PA(OAC), 10 mol% 1-8b 13 h, 39% YN
¢« AL Cs(COC)z 5023 ’ T8s0 N
2003 - Qh- Ar — ) p
BSOS o NTENTINH:  CBINAR 10 mol 0 n= 1-8biAr= AN GPyra
toluene N N’S\:»
TBSO reflux, time ¢ 1 >N

1-1

Scheme 1-2. Buchwald—Hartwig s

TBSO N“>N“TN
o H

TBSO 1-8¢c 72 h, 30%

X BIbEY 1-8a, 1-4,1-8b 1 L O 1-8¢ DEK

12



Scheme 1-2 |2/ T X HIC PA BRI IGH, AR T 4 U AT RELTHEABR T VT L
Cs,CO;, (#)-BINAP " ZH 15 Z & T, G™s (L 1-8a, 1-4, 1-8b BN 1-8¢ ZZ N7
A 64%. 46%. 39%F L 30%TH:5H Z LICHI LTz, 22T, Scheme 1-1 (ZRT K DI,
FEVMLEW 1-1 705 1-4 %2 3 1T 35% CTHMLIEDITx L, KFETIE 1 1T 46% TH
BNDZ NG, ALAY 1-4 OEROFICKTI LIz, LovL, PIP X7 LAY RigEk
1-8¢ DUCENHHIANKIGRETH L Z &b, T a BB T 572912, Buchwald-Hartwig K&
DM ZFERNCHT L=, 50 mg DILAEW 18 IZxf LT, 23-Y7rub I 0% 12 4E,
RATZ 4 U A K% 20 mol%, Pdit#% 10 mol%, itk 5 Y&, WiEZ bz b L,
14 R[] reflux B0 CTROS 22 H 500 uL BREX L Ji#i L C DMSO-d6 (27> L. 'H-NMR % |
ELTZ, Boniey 7 FAnb X7 LAY RO IMLICHEKRT L7 e b OE—27I12 B L,
L& 1-1, 1-8¢c, ZDOMODEIESM DI ZFETEN ORI LT, DR % Figure 1-8 127
¥

a b
CI_UN
I :] 1.2eq 1-8¢c 1-1
o) |(.:'I 5‘ 20 mol% 0 1-H 17-H
igan mol% N=
N NH Pd source 10 mol% N N \’> \ /
¢ N0 Base 5.0 eq ¢l ,):g/N
TBSO N"SN""NH; additive 1.0eq TBSO N"SN"TN
01" o1’ H
toluene
TBSO reflux, 14 h TBSO
1-1 1-8¢c _
6.44 6.40 6.36 6.32 6.28 6.24 ?lz(gpg)ls 6.12 6.08 6.04 6.00 596 5.
C
entry Ligand Pd source Base additive 13{.8e(|;c(102; ¥I_?|g%3f Proc?tf:‘ta(%)

1 DPEPhos Pd(OAc). Cs,CO3 - 50 25 25

2 (x)-BINAP Pd(OAc). Cs,CO3 - 25 75 0

3 CyJohnPhos Pd(OAc). CsoCO3 - 20 80 0

4 Me,tBuXPhos Pd(OAc). Cs,CO3 - 5 95 0

5 XPhos Pd(OAc). Cs,CO3 - 5 95 0

6 XantPhos Pd(OAc). Cs,CO3 - 91 0 9

7 XantPhos Pd,(dba)s Cs,CO3 - 91 0

8 XantPhos Pd(OAc), Cs,CO; (20 eq) - 91 0 9

9 XantPhos Pd(OAc). NaO1Bu - 0 25 75

10 XantPhos Pd(OAc). LHMDS - 40 20 40

11 XantPhos Pd(OAc). KsPOy4 - 40 0 60

12 XantPhos Pd(OAc), Cs,CO3 Et;N 91 0 9

Figure 1-8. &%) 1-8c DA KIZ 1T % Buchwald-Hartwig SOhts D S5, a) SOt A & — A,
TEEICHWZ 1Mo H 255 L TR L7z, b)'H-NMR [Z X5 OB BICH W= — 27 O,
OV D SRt Dl e,
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IZUOIZARRAT 4 U T RaflxfE L7of R (entry 1~6), XantPhos 28 > & & BA4f 721X
T 1-8 #ETH, £Z T, RAT U H > K% Xantphos [Z[EE L, Pd i AFEIZHONT
Pd(OAc), & Pd,(dba); % Lbi# L 7= fE H(entry 7.8), &6 5 bRIREICEFRINEEZ /R LTz, £D
728 LIt OREHE X 0 2l 72 PA(OAc), & Az, DWW THi k& Ff % Kt L 72 7% F(entry 6,
9~11), Cs,CO; M fix b RAFRINFRZR LTz, —J5. Cs,CO; DEBEAFHLT Z LI K DIRD
SEIT A BN Tz (entry 6, 8), Z Z T, EtLN ZUIT 5 & PAIAD A 5 Pd(0)~ D& JTAMIE
WENDFHEMENRDH D LWV IMEF "B RH 572, ZNETTRDED - entry 6 DA
WM E LT 10 2D N =F T I U2 MR Reentry 12), B ORI
L7/ o 72725, "H-NMR H OB EERFEI(T ~ 10 ppm)ICB W T E—27 OBNED Lz, ZDiz
W, entry 12 DD AN entry 6 DA & ik LT H 894 O BEEHFRANIE 51272 5 Al et
bo, LLEDFERNSG, U A FIZ XantPhos, Pd i3EIZ Pd(OAc),, HiEEIZREE > v L%
UVLIO Y ED Y = F T I 2T 5 entry 12 DRED AR THONTZHK D B 1-8¢
BROFMETHDEE XD, ZOFRMEE MWV THE G" &K 1-8a, 14, 1-8b BL W 1-¢c D
B ETFERRT & 2 A FN T BN 63%.,43%.69%.83% T H I 235 & 4172 (Scheme
1-3 ), (#)-BINAP ZH\W\ /=54 TD 1-8a, 1-4, 1-8b 35 LN 1-8¢ DULFHE(64% ., 46%. 39%.
30%) & bl LT, FEIZ 1-8b 38 KON 1-8¢ O KHE 2RI A EICpksh LT,

0
1.2eq ¢ ,)N\H Ar 1-8a: Ar = R G
1289 o C'INj TBsO NTNTNT ga 14, 63%
S 0 ] 439 1-4:Ar= , ) ) GPym
1-4 14 h, 43% 77-,_.)\N
Pd(OAc), 10 mol% 1-8b 19 h, 69%
N~~~ NH Cs,CO; 5.0 TBSO
¢ A0 XZ?\tPI:os 20 ;gIV 1-8b: Ar = g GPyra
TBSO N7 N"TNH, Et;N 1.0 eq ’ o T H)\\/N
N=
toluene N N \—>
TBSO reflux, time ¢ L N
1-1 TBSO o NN H
TBSO 1-8c 8 h, 83%

Scheme 1-3. {LE&EW 1-1 Kl NZ 27 L Cs,CO,;. XantPhos % V7= Buchwald-Hartwig <
I X D6 1-8a, 1-4, 1-8b B LN 1-8¢c DAL

BRLESTE G EEIIC L O X 7 LAy REAWT, R 17 248K LIZREC AV 7Z
D&M M EBEIC, GV, G EEETICLOX 7 LAY FORAFE T I XA =y k
EERLIEDT, ZOHEHEMETHEORER L & BT Scheme 1-4 (2777, {LEY 1-8a, 1-8b D
TBDMS A% Witki#9 2% 2 & T, /LAY 19a,1-9b % Z N Z UL 90%, quant. Tz, DD
W, LAY 1-9a,1-9b 124 L T 5 kgL %2 DMTr £ CR# L. {LE5% 1-10a,1-10b % Z 2
IR 73%, 78% CTHEiz, WiRIC, 3 -KBREDK AT o F AL ETV, I OR#EL % H
WTIZHBROR AR Y I 4 A b=y MEAY 1-11a, 1-11b ZZ LR 50%, 43% T
B5Z LT LIz, £, G EEIEHICHLOX 7 LAY ROFRAKRe T I XA ha=y b

14



1-7 X RED 5k Tt > TAR LT,

0 (o}
A Ay
3 Et;N-3HF 24e
< f:\ LAr 8 q <’ I ')\
TBSO. o N

NONY EtN  48eq HO NSNS NA
H _— (o] H
THF
TBSO r.t., time HO
1-8a,b 1-9a 14 h, 90%

1-9b 10 h, quant

DMTrCl 1.2eq DMTrO
————————

o
HO

1-10a 6 h, 73%
1-10b 5 h, 78%

NH
e
NN AT

[o}

. 3.0 eqfora NZ
(i-Pr)oNEt 2.4.eq forb (,NfLNH 1-11a: Ar= 2)@ GPy
NS - AT
P Np(cocE 1Seafora DMTION - NN N
(+Pr), 1.2eqforb 1-11b:Ar=, I N GPya
%
CH,ClI, o
r.t., time o
)\ N . P\o/\/CN

1-11a 3 h, 50%
1-11b 1.5 h, 43%

Scheme 1-4. G, GP"*ODARAFB T I XA h2=v F-11abDA K,

[FAEIC PIP ZHIHIC L ORX 7 LAY ROBR AR T I 44 b=y bO/AKERGT Lz,
(Scheme 1-5), {t&% 1-11a, 1-11b, 1-7 DA L FERIC, (LA 1-8c @ TBDMS %% i &

HTAHZ LT, ALEW 19¢ % 47% THT-, DXz, 5KEH%E DMTr X CHEEL. (LAWY
1-10¢ %L 56% THH71=,

0] N= o N=
s L]
¢ L N Et;N-3HF 2.2eq ¢l L N
TBSO o NTNTTN Et;N 48eq HO o NTNTN DMTrCl 1.2eq
THF pyridine
rt,20h p
TBSO HO rt,6h
1-8¢ 1-9c 47%

0 N=
LNy B "’S\—_h'}
N N’S\_' ; DMTrO N N’)‘N
(N IN’J‘N N (i-Pr),NEt r H
H

DMTrO o (i-Pr),NP(CI)OCE , koﬂ
k ﬂ DMForNMP 7/ 0
r.t. V
HO )\N.P\O/\/CN
1-10c 56%

1-11c

Scheme 1-5. MR #EDOPIPR AR L T I X A4 b= M-11cDE R

=07

BRI, 3KBIEDR AT 4 Fob il BmTe, LEW1-10c Y7 X 2B OT® R
= MU MICEMR L2 o Toted . X0 @itk TN BV EE 2 BIVAHNMPZ W03,
HHIDARAFa T I XA MREGDHZ ENTE e oTo, KIGFHRN BRI L7230k %

P-NMRTHOMT LT & 2 A, RAFBT I XA b=y MIFEAI72150 ppmflii o v — 27 1%
B SNT, 7.7~8.7 ppm{HEICEH O ©— 27 BRI &7 (Figure 1-9), ik, H—74H A
RR—RMIEHAEDTr I N7 METHY, RAKROT IHA b=y FMASEL THE
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B LImH— R AR — bl EbRBTICEENRTWAS EEZ NS, —T7. UL i
PEVRIE T dH 2DMFZ FHW TR U SR AT 85E . MICOEITIXIZE A ER LN o T,

R ML AMRnnasas nasas s o A nasas e M
0 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -2
f1 (ppm)

Figure 1-9 {L&W) 1-11c DHR A 7 4 FALKIE DB D *'P-NMR F ¥ — k(CDCly),

RARBT IZA ha=y "RELNRD-ZHA L LT, EEEOH LT FISOG I B
H LR REZOND, T2 T, TUE=T KTHIRERRETHY . M oBUKMEZH L
SHALEMOTD NP EL T2 D & WIFF S5 pivaloyloxymethyl i CHEELH 2 RFE L, &
AFERT IXA NOEKEITD Z & & L12(Scheme 1-6),

b5 1-8¢ IZ%} L T chloromethyl pivalate % H\\% Z & THEEEREAR1-12) % IR 54% T
1372, %t < TBDMS D FLRFH#EB0%)IC LV 1-13 ITZ{L L7=% . DMTr {t(quant.)Z 1T\ 5%
HEIRA-1)E R T, RAT 4 F B3R LY, BRIOT I XA b=y M 115 2155 2 &
R L7z,

[o] N= o [0} N= o N=
N N’S\:) CIAOJ\|< 3.0eq N N’S\:> N N@
¢ >N - ¢ J_ >N EtN3HF 4.6eq ¢l J N
N">N“TN N“>N“TN N">N""N
(o] H o - fo) -

TBSO Et;N  6.0eq TBSO Et;N 23eq HO

k ﬂ DMF k )l 0 THF k ﬂ o
75°C, 4 h O  rt,20h o)
TBSO TBSO HO

1-8¢ 1-12 54% 1-13 80%

0 Nz
B O NS
Nov AR DMTrO NNN
¢ L N (i-Pr),NEt 2.8eq 4 o g
DMTrCl 1.5eq DMTrO o NN NL (FPr);NP(C)OCE 1.4 eq k j (]
pyridine k 7' 0 CH,Cl, o 7(:0
rt.,4h o r.t., 15 min )\ i
N_P\o/\/CN

HO

1-14 quant 1-15 83%

Scheme 1-6. YEHEA(R#E LT~ PIPRAF T IX A b=y  1-15 DERK

B%ic, 7344 h=2=v  1-11a, 17, 1-11b BX X 1-15 Z W T, 4V I X7 L FF
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ROERK%E1T~>7 (Figure 1-10), G %2 &TeX 7 LA F REEO D v 7'V > JEEf % 300 B
&L, ZNLSMIIER O DNA G BIEICHES TITo 70, 28% 7 B =T K% W TR, B
DHLEITW, TVE=T 2ELTZNARL—F —IZX o THRWR, #FFI— MY v VI k
D RERL AT o T, B2 3G W HPLC &2 W C & B ISR AT o 72, & F5 1% 12 k0 HPLC
IZ& > THY I~—%#H L. MALDI-TOF-MS Z HWTCTHMO A Y S~—RNEon/-2 & %
flesB L7z,

(o]
o {10
S
R

o
N 2
DMTrO GHA DNA %0 GHA GPym ("ilfNL,iHNiNI
0 synthesizer 28% NHz aq Purification o R H
p p o
o 55°C, 16 h o N nH NP,
Y GPyra ¢ 1 | |
)\N—P\o/\,CN 3‘ E NJ\HJ\/N
)\ o Nz\
PIP O A
NT>N"SN
& H
MALDI-TOF-MS
entry sequence yield calcd found
oun
(M + HI")
ODN1-1  5-TTTTCTCTCTT GPY TTCTT -3’ 54% 5456.6 5456.5
ODN1-2 5 -TTTTCTCTCTT GPY™ TTCTT -3’ 69% 5457.6 5457.6
ODN1-3 5°-TTTTCTCTCTT GPYa TTCTT -3’ 52% 5457.6 5457.2
UODN1-4 5°-TTTTCTCTCTT PIP TTCTT -3’ 32% 5455.6 5455.0
UODN1-5 5°- AGGGTTAG GPY GTTAGGGTTAGGG -3° 6% 7043.6 70431
ODN1-6 5°- AGGGTTAG GPY™ GTTAGGGTTAGGG -3° 3% 7044.6 70451
UODN1-7 5- AGGGTTAG GPya GTTAGGGTTAGGG -3’ 3% 7044.6 7045.4
YODN1-8 5°- AGGGTTAG PIP GTTAGGGTTAGGG -3’ 29% 7042.6 7042.0

Figure 1-10. # U I74F X7 U AT ROAFIE & B L OVE EGHT OFREFE &R, 1)
Wik A — R U RERLI N 2 T FHHPLCHE A 1T - 72,

A
G" D

G™" O EEXTE e 72 EEBRIIZTH R DI H T2 1AL A4 X 7 7 a b OBM%E LS, L
fen~Ta 7 )= VEERFEFOEENEEZTL LI L, ZUOOWEEZ THT 5725,
PR DK X 7 LAY R 19a, 1-6, 1-9b 3 LN 1-9¢ % VT pK, DRIEETT - 7=,

[T UOIZpH 2~12 £ T 1 ZATUVIRILARZ MLERIE L, UV RIUZZE LR R ST
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Ik A pH 0.3 %14 T UV W ZJIE LTz, ZaVEAVERYESRAR], M EME S0 oD fe KR
RIZBI 5 UV RN O " 2 BBt 7 ¢ v T 4 v 75 2 L TEREND pK, & KD
7= (Figure 1-11), 1-9a (G™), 1-6 (G™™), 1-9b (G™™)®D pK, (ZEN LI 94, 94 B LV87 TH
0. RIEEMOTAXL 7T ) (G) DI IV pK, ZaxLiz, koT, ZZCTHHAIEH
72 GO pK X7 T = LAE L ALD N-H #E& OMEECH KR T2 L B2 60, oS ms:
TCIEESIIN 7 2 hAEniEE T eneEBEx b, —J7 19c¢ (PIP)D pK, 150 TH
D, ZHIEAIF Y=L ECETS S NHBEAOR e hovfbick s &2 605,

a Q. b o] N=\
<N NHD <,NfLN’S\_|\'|
N N N’J‘NS
H / H
dR dR
1.4 1.2

G:pK,9.3
R2=0.997

1.3
o /GPY pK, 94<f"“}\’j o 1.1
<! . R?=0.9990 | e PIP: pK, 5.0
g g R2 = 0.9994
5 GPym: pK94<fLNHN i 510
811 R2=0.998 Va8
© R ©
3 3

1.0
) o 0.9
2 =
o ©
° 0.9 o

0.8
0.8 GPyra; pKa 8.7
R?=0.998
0.7 0.7
7.0 8.0 9.0 10.0 11.0 12.0 30 35 40 45 50 55 6.0 65 70
pH pH

Figure 1-11. G"™ o pk, DHlE, &b TAHX 77 72> (G). 19a (GY). 1-6 (G™™), 1-9b
(G™™): 25 uM . 200 mM 2~ U <> -NaOH buffer. 1% DMSO, 1-9¢ (PIP): 25 uM. 200 mM 2 =T
> I#%-NaOH buffer, 1% DMSO, Wt L DRI AW Z R L FRROE Y  G: 254 nm/265 nm,
G™: 264 nm/275 nm . G™™: 266 nm/275 nm. G™™: 266 nm/274 nm, PIP: 268 nm/278 nm, 4T D
UV WINANGE X 3 BIA TV, FIHE SRR A4 R LT,

AITETCR 72 X 90, IR EORIETIX PIP 2 AEICE R AR 7 I 44 MK
1-11c #1525 Z LN TE T KGRI KD H-AR AR I — RO 'P-NMR | TH b7,
ABlD pK, DREFRERND, PIP WHEAFeT IXA MOEHZEFR %271 b oAb L TEMAL
THDIC - iiEE b b, RAKRET IFA NEIALOMKG R RHE U7 ATREME A R &
7z (Figure 1-12),
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0 nN= 0 nN= 0 N=

NN \_> ,NfLN \_> ,NfLN \—>
<NfL,):S—N ¢ T ,)\'S—N ¢ T ,):S—N

DMTrO N”N DMTrO N“"Ng DMTrO N“"Ng
Lo A o wo

Q Q o
)\N'P‘o’\/CN )\H.P\O/\/CN Ho Pro~CN
N

Figure 1-12 (LB W1-12¢ DAK G FRIT IV TE 2 610D BUSHEAE

DOWTPIP A Y AX 7 LAF FRTHEHMRMETFTTH T 1 AL STV 2 0 & R
L7, LAY 1-10c 1X. pH <3 OEEMESME T C 268 nm 35 K 18348 nm (2, pH > 7 O FEM S
fE R TIE 278 nm 3 X OV 377 nm (2 UK &2 A3 % (Figure 1-13a), B@H A4V 74
XX LAF RO RIE 330 nm—~430 nm OFEIICRIN Z 7R S 72728, PIP O
BROWIIEIA Y T~ —F THBUAIFEETH 5, PIP Z &7 ODN1-4 O UV IR A~Z kL
ZWE LIRS, BRI EM O Cid 380 nm (WU K 27~ L7- (Figure 1-13b), 2D &
DL PIP ISR T T, AV X7 LA F RPETHRT e b oAb SN REETIFEEL T
WD ENInoT,

a b

UV/Vis Absorbance
UV/Vis Absorbance

230 280 330 380 430 230 280 330 380 430
Wavelength (nm) Wavelength (nm)

Figure 1-13 a) pH 3.0,3.3,3.6,,691281F 2 LA H1-10bOUVILIL A7 | /L, b) ODN1-4
DUV ATt v, JIESME: 25 uM ODN1-4, 200 mM 2 = > [#%-NaOH buffer, pH 7.0,

%5 H
G2 ETALYVITEFXFIVX I VEAF FO_EHERICBITA2HE

G" D DNA " HEIHZEME~D B % — HE AR (TR EIC L0 FHE Lz, JIEICIL,
ODNI1-1~1-4 DOz, 77 = FKEL D Lh#g x5 & L TODNI1-0, 38 KOG O FHEEIZ AL

G, C. TOWT N1 H 548 (DNAA, G, C. T)) #EA L THW=, ZDfl%|% Figure
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1-14 779,

entry sequence
ODN1-0 5-TTTTCTCTCTTGTTCTT -3’

DNAA  5-AAGAA A AAGAGAGAAAA-3’
DNAG 5-AAGAA G AAGAGAGAAAA-3’
DNAC 5- AAGAA C AAGAGAGAAAA-3’
DNAT  5-AAGAAT AAGAGAGAAAA-3’

Figure 14. " HEHFAEE (TOREICHW A ) IT7F XX 7 LA F RO/,

DNAA,G,C, T 3-AAAAGAGAGAA X AAGAA-5Y

ODN1-0~4 5-TTTTCTCTCTTGHATTCTT-3
60
55
o
G
50 ]
B :

X: AGCT AGCT AGCT AGCT AGCT
GHA - G GPY GPym GPyra PIP
(o]

o o

(o] [o] N=
N N N N N ’>
NH NH N¥ NH N¥ NH N¥ N\
¢ AL X XM X MY <X AT «f&ﬁw
N">N" NH, N">N"N N">N""NN NT>N"N NTSNTTN
} . . . Aol

10 mM cacodylate buffer (pH 7.0), 100 mM NaCl, 10 mM MgCl, 0.5 mM spermine and 1.5 M each oligonucleotide.

Figure 1-15. G™sZz@ie “HEHADT,fE (°C),

T, BIE DO#EF % Figurel-15 2R T, FHFREEN Y Fv DL &(X = O), KEMDO —HEH
(ODN1-0/DNA C) @ T,fE2S 58°C THho7=Dizxk LT, G?, G, G"™ B LV PIP 25t
—##{ (ODN1-1~4/DNA C) O T, fEIZZNZE4 55°C, 53°C, 58°C, 51°C Th-o7z, Zh
5O TPIP A bRV “EHEHLENEEZ R LIZOE, BEE SN E T Y UBRIC K - T Watson-
—Crick SN ZERIZHES N TWNDINLTH DL EELXLND, —FH., GY, GBIV
G™™ X open-type IR A= a L EEDLIENTEDICLPOLT RS T EER LT
ZEMND, BiEEOENE CEHEOLEEICENE L LTI E RN, FI 0D
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D T, M & 55 2 i TR S AT B = KV X — (AE e, + AEyg) % HHET 5 & (Figure 1-16),
WS R T R N —D NS WEE L DIEE T EREL 2D R0 D, £1o, AEy, T2
JEAHTH, TEEDIEMFEEN S D Z &N ghrole, ZOZ LB, open-type 2 /78 A —
va VOREMER LOKFEEOLENEDN GMs—C N2 —HEHHOLEMIIKEHF
HLTWD ZERRmBENT, Fiz, G aE —HENMALEN LI LITO2NT,
open-type AR A= 9 VINREETIH D (AEpem = + 9.7 keal/mol) T & 75 Watson—Crick
WK 2T 5 2 L D TE2R closed-type 227k A—3 3 UINERL S v, ESHELARIE E
PETF LI FRBER B 2 bivd, LLEDO X SIZ, 2RO TRV X —AE,, B L AE %5
B2 G o ZHEZEMITH T 2RBOTHICANTHL Z LRk s Lz,

H
o N
N i N NH o“'|-I m
NH N .
¢ fL’J\ AEopen <;\l IN’)\NH AEHB N N,H' hig \CH3
NOONTN —_— ] — ¢ g 4°
H,C H;C N IN NN
H3C N
closed-type open-type
conformation conformation base pair
formation

3-AAAAGAGAGAA C AAGAA-S

Sequences for T, value: *, ,
5-TTTTCTCTCTTGHMATTCTT-3

HA AE'open AE‘HB AEvopen + AE‘HB o
G (kcal/mol) (kcal/mol) (kcal/mol) T (°C)
o]
m NS ONH N
G <T |N,)\H)\\N| +9.7 —-28.0 - 183 53
- o]
N<"“NH N7
G™ (WL, D +37 ~274 ~237 55
o]
Ghe e A +33 ~289 ~25.7 58
ML,. H
Figure 1-16  G™, G™™, G™™DUE,,, B LV AEy& G -CHiEEM % & “EH#HOT ED I
e,

OFNHTFEHRT T =0, 77 =0, FIVDLEEX=A, G, . T), ThAbbIAY YT %
G HBD T, % RIE L7~ (Figurel-15), PIP OFHFHIEN AL G. T @ & % (ODN1-4/DNA
AG,T)., “HEHD T, EITZNZTH 51°C, 52°C, 50°C Thotz, ZDfHIF, RIEMD G D
FTHEEN A, G, T ® &% (ODN1-0/DNA A,G,T) @ T,fEl?d 48°C, 49°C, 50°C & [b#k L
ThINIEN- T2l b, IRy FOEENEZEL —HEHESDTMNILELLINTZ
ERbMD, EHIT, PIP OFTHEIEN C DL % (ODN1-4/DNA C) O T, Ml (51 °C) &1F
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BER%ETHLZ b aholc, ZRODOREN G, PIP IIKFER G2 LIS Z AT 5
REAE T2, FMHNALEICH 2EEORBEICEL L FTIRIEREO —HEMESEEZ D
STWDH I ENRghoTe, ZOX ) MEHIT, MFEES AL G, C. TWTHOLEBITIE
LW ZHLENM A 77 universal bases Td» 5 S-nitroindole' " X° pyrene ' (Figure 1-17)72
SIZHEP L TW A2, PIP X “HEHP CHFEE L KFEHFEGLET . XTI 2= —
TR LTWLAREEERE X BN D,

2 o<
vy y U
|;0:| (o]
(0] (o]

% 3

5-nitroindole pyrene

Figure 1-17 5-nitroindole¥s & Upyrene & 9% N TE% %

F72. G, G G EEDRA Y AT AU LATF ROFEL, PIP IZHEL LI A
~ v F ZEBELEMZ R L, G OMRINLEICH 55N AL G. T ® L & (ODN1-1/DNA
AGT), “HHD T EITZENZFh 53°C, 53°C, 53°C THY ., G OMOINLEICH HIE
N A G, T ®& = (ODN1-2/DNA AG,T). —HHD T, fEIZZNZI 53°C, 51°C, 52°C,
£72 G ORMIINEICH HHEIEN A, G, T ® L % (ODN1-3/DNA AG,T), _&EiHOD T,
fEIZZNZh 53°C, 52°C, 53°C ThHhoTzo ZNHD T MEIZ, WTNOHE HREMD G
OFFHEEN A, G, T ® &% (ODN1-0/DNA A,G,T) O T,fE (48 °C, 49 °C, 50 °C) LV
RN, ZD72H, GY, GPM G ITHHMINLIEIC H DR AL G T D & & closed-type
aAURA—TarEED PIP DA EFRERICAY v %0 ZHEAER L OIHF R /2 A
RickoTI A~y FHEHENRELINZEBZ 2 DND,

U EDFERNE, GMs & Te DNA O "HE#HIT, FHFHEIEN C DEE open-type = /78 A
—v g VOREMNEKRFEFBET R —IC L o TREMENESL SN, ZOREWITFHELSE
ZRAWD Z & THMICTRIFTRETH D Z AR E Nz, £72, HFEEN AL G, T O
EEF, ERF RN AEERIC L > TENEFNFIER UBRE E CLELESNDE Z L0300 o
776
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% 6 H
G 2ETHFNVITAFILXIVETF RONRT UAB=ZEHERICBIT5H
=

AHITIX, ODN1-1~1-4 % TFO & L CH ., %O = EEHFARRER L O HE Hxh 3R M 1
WTIRA D, BEHRE RICENL S . KEICO BB ORTLICHO N TR~ D, = EHERS
Y HLkH X Hoogsteen ¥ AL{EH % 9% TFO 8 & 55 SR80 D iz = v > (1) . Watson-Crick
FEAEMRZ 4 28 8 L B —HEENEHOMME) DM A 7 () AT D, FlziX,
G:T-A HHH X, WD GNTFO T D7 7 =2 % FEHR L, PO TIEHE _SHIcEENHT
V. RO AITE 8{ L Watson-Crick fHEAEH L CWB 77 =%t 3 %  (Figure 1-18),

T

Tarcet duoey, E1E 8-TTTTCTCTCTT A TTCTT T
AgeLAUPIeX og 5-AAAAGAGAGAA T AAGAALT
TFO 5-TTTTCTCTCTT G TTCTT-3
(o)
T M 4
G ;\l NI)\N' H N=\
(TFO) 4R H“\ ‘J_I,N\(g(N\clR
0" NN
H3CfLN.H
e
dR T
G:T-A 155 %

Figure 1-18. G:T-A ¥ JExf O 7

G" &G ie TFO 28 /3 T LIV = HEHZ O T D BR O AEAE R ~DFEGREB L O T-A 1
Faxt~OfEGRINMEE T, JIEIC L 0 FHE L7=(pH 7.0), HIEIZIE, ODN1-0~4 OfthlZFE R
X AT, G-C, CCB LU T-AILARD “HHEHDNA & LTHP1-1, 12, 13K L0 14 %
HEA L CTHWZ, £/ " % Figure 1-19 12777,
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X TTCTT'T

HP1-1,1-2,13,14 3-TTTTCTCTCTT

(Y=A,G,CT 5-AAAAGAGAGAA Y AAGAATT
ODNT1-0~4 5-TTTTCTCTCTTGHATTCTT-3
entry sequence
HP 1-1 -TTTTCTCTCTT T TTCTTTT

5-AAAAGAGAGAA A AAGAATT
HP 1-2 -TTTTCTCTCTT C TTCTTTT
5-AAAAGAGAGAA G AAGAATT
HP 1-3 -TTTTCTCTCTT G TTCTTTT
5-AAAAGAGAGAA C AAGAATT
HP 1-4 -TTTTCTCTCTT A TTCTTTT
5-AAAAGAGAGAA T AAGAATT

Figure 1-19 = EEHAARIRFE(TOMREIZH WA Y S5 4F X7 LAF KOES,

o]

O
N N’)\N

T

HP1-1,1-2,13,1-4 3-TTTTCTCTCTT X TTCTT'T P A
(Y=A,G,C,T) 5-AAAAGAGAGAA Y AAGAALT gm . 2 NN o
3 N
ODN1-0~1-4 5-TTTTCTCTCTTGHATTCTT-3  (cosed) 1');&0
R T
GHA:T-A triad
40
35
—F—
g3 % 31
< 29
~ 25 28 28 2628 T -
T
26 5
X:TCGA TCGA TCGA TCGA TCGA
Y:AGCT AGCT AGCT AGCT AGCT
GHA : G GPY GPym GPyra PIP
o o o o o =y
N N - N - N - N I/
<;r fNL’iHNHZ <"|‘ ﬁi“u U <;|' |N5‘\“H1N| <'|‘1|):F‘Hu )N\:/\.N <'|‘ |N,)"\N; N
R R R R R

10 mM cacodylate buffer (pH 7.0), 100 mM NaCl, 10 mM MgCl, 0.5 mM spermine and 1.5 uM each oligonucleotide.

Figure 1-20. G"sz& & e —HH{DOpH 70128 F HT,E(C) .
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Figure 1-20 (2 T, JI7E DFE R 23, GY, G, G35 LW PIP DIERHE LKA T-A O & &
(Y =T, ODN1-1~1-4/HP1-4), —HEH O T, fEITZ NI 34°C, 31°C, 30°C BLV27°C TH
STc, THHD T EITREMD G ORERIE XS T-A Xt D & = (Y = T, ODNO/HP1-4) D
T fETH S 38 °C LV LW E0nn, GO T-A I ~OFEARRITRERM D G & T
RN Z Lo 7, PIP 25T TFO % V7o & £ (ODN1-4/HP1-4)73 e H AR T, il % 7= L 7=
BEHE LT, HA4HI TR L DITE5NMO N-HAESD pK, 2350 THY , PIP LFEHDO T & D
M CAZHANK BRSNS W=D TH D L& 2 55 (Figure 1-21),

PIP:T-A
Figure 1-21. pH7.0T®», Tl S 5 PIP & T-Affi st OFEAAFE

OEZ, G, G, G B L OVPIP DIEMN A-T, G-CBXOC-GHEREMSDOLEED T, EE
HE L7z, GYOEEMN A-T, G-C B XV C-G HHHxtd & Z(ODN1-1/HP 1-1,1-2,1-3)D T, {E
ILZ 2328 °C, 29°C, 31°C TH Y HEH2 T-A H %t & = (ODN1-1/HP 1-4, T, = 34 °C)
V0 HIRVMEE R L2, G OIERY DS A-T.G-C ¥ L OV C-G H %t o & & (ODN1-2/HP 1-1,1-2,
1-3)D T, fEIXZH £ 23 °C, 26 °C, 28 °C TV | £EIAY T-A HiHxt o & % (ODN1-2/HP 1-4,
T, =31 °O)L VY HEWEZ R LT, G OERN AT, G-C BXW C-G EHEFD L X
(ODN1-3/HP 1-1,1-2,1-3)D T, fllXZ1LE41 24 °C, 26°C, 28°C TH V., FEHAS T-A HiHxt
» & Z(ODN1-3/HP 14, T,, =30 °C) L ¥ b{ERVWMEZ R L7z, LED X HIiT, G GBIV
G X T-A R Z Lo E MR T D Z &b holz, Zn X220 PIP OFER
N A-T,G-CH L ONC-G H Hxt D & & (ODN1-4/HP 1-1,1-2,1-3)D T, I3 F N Z 323 °C. 25 °C,
29°C TH Y. FEMIN T-A HHXF D & X (ODN1-4/HP 1-4,T,, =27 °C) L D HLEEBN C DO E XD
FIREMEZE R LTz, — 05, RIEMD G IR A-T, G-C B X O C-G % & % (ODNO/HP
1-1,1-2,1-3)D T fEIZZENE 22°C, 32°C, 31°C ThHol=, T I T, % G" D T-A Hfs
PFPEDOFREE L U, AT, 2 (=2 T-A st o & & o T, 8) - (=2 A-T, G-C. C-G Hlk
HOLED T, EOHT TRbEWE) SEXRT D, TRDL, AT, ERREVTE, &% 6"
O T-A WHRERERE W EE XD, REMO GIZOWT, AT,=38-32=6°C TH D, 1
IZX LT, G DAL AT, =34 -31=3°C, G"HE1F AT, =31 -28=3°C, G OHAEIF

25



AT,=30-28=2°C, PIP DHEAIT AT, =27-29=-2°C THY ., WTHDOHEA L T-A HEILE
WIEIIRIER D GIZH D Z LN hoTz,

HP1-1,1-2,1-3,1-4 3-TTTTCTCTCTT X TTCTTTT

(Y=A,G,C,T) 5-AAAAGAGAGAA Y AAGAALT

ODN1-4 5-TTTTCTCTCTTPIPTTCTT-3
30 60
pH7.0 pH5.5
29
g 25 I 855
|~E 25 |~E
23
20 50 -
X: T CGA
Y:AGCT
GHA : PIP

10 mM cacodylated buffer (pH 7.0 or 5.5) containing 100
mM NaCl, 10 mM MgCl, 0.5 mM spermine and 1.5 yM
each oligonucleotides

Figure 1-22. (F)G™Ms% & — B DOpH 55 TOT,MECC) . iD=, pHTOD & & DT i
COHR LT2(E),

T, PIPSALOD N-H fE & D RFF Sz & & OREERIRMZ MR T 572912, pH 55 T
O = EPHZEM A R B Z2 VT T, 08 12 X0 38 L 7= (Figure 1-22 4), PIP O] 75 A-T,
G-C., C-G B XV T-A HEH%fd & & (ODN1-4/HP 1-1, 1-2, 1-3, 1-4)D T, EiZZHZh 51 °C,
52°C, 54°CEBLUN56°C ThH-oTm, ZOFRENS, pHS5.5 DFEMFTIXSMO N-H FEEG D
o kBB EI S, TR EKRERAE LSO, XIS T-A HHESHI 5 5%
BRENEL R otz 2 E N TR E NS (Figure 1-23),
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R N=(N R N=(N
PIP - PIP
/H .': IH
HiC O0-H-N N HiC  O-~H-N N
2/_«N_H ..... N, \ ?l\ </ N—H----- Nl \ 7‘]\
) =N R N =N R
R O R O
T A T A
PIP:T-A PIP:T-A

Figure 1-23. pH 703 X U55ToH, FRISHHPIP & T-AME st O A AEH

LN L2235, pHS.S TRIEfD G DEERN T-A HiJExtd & % (ODN1-0/HP 1-4)D T, fli%
F160°CLLETHY . REHD G DFMNPIP LV HIET O T-A HIE IR 2 A RE0N &
W2 ENgnol, TOZEND, 5ALN-HEEPHEFRFSNZHE TS, PIP O T-A Mt
~OFEERRIL G LV BIERWATREMEAREZ SN, 2LV b S IO BRVEIE Tl PIP
D T-A HEHSH ~DFEG AR AIIZTR < 72 D ATREMEIL & 5 23, & D5E TFO &Ry B O fiF
BETRLEE AN B BR O MRBERE 1L < 720 | ENENE BT T& e 25 2 &0
TR ESNT=DT, AL 55 L0 /&7 pH &M T CTOREITITDLRN -T2,

UL EoFER S, —HEH DNA OEMESIO T-A AT 5 A eR L OSBRI IX
ARG LIEED G L0 L REH D G OFRENZ ERXpnotz, Zux, GicfnLiz
~Ta T U= VENENEMHEERAET, YEREEE L TEHY WL 2D EEZLND
(Figure 1-24),

0o

one SXISN
(TFO)ng i AN

0 N’NA

H@f{g

|
dr T

Figure 1-24 G (I L7e~T 07 U —/VIRIZ X B RS
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%7
G2 HFT524)ITHAFIXIVEFROT T NEHEERICIBITA2HE

AETIZ, & FTuATEINCBT D Gl D77 = U WUEHER~DEEIZHOWT,
ODN1-5~1-8(Figure 1-25)% VT G-F /v 7 v MEIEIZRHEAI 72 295 nm (2381 D BliRIE (T,
HE, CD AT MARIE, Z/VERVKENT L0 3 L7z,

entry sequence

ODN1-5 5-AGGGTTAG GPY GTTAGGGTTAGGG -3

ODN1-6  5-AGGGTTAG GPY™ GTTAGGGTTAGGG -3

ODN1-7  5-AGGGTTAG GP¥2 GTTAGGGTTAGGG -3
ODN1-8 5-AGGGTTAG PIP GTTAGGGTTAGGG -3
ODN1-G4 5-AGGGTTAG G GTTAGGGTTAGGG -3

Figure 1-25 77 = WUEEHDMENTICH WA Y IT74F X7 LATF RORSI,

IR DOESNE, KA FUAFET TG+ D) hybrid B 77 = UEEHAZ &5 2 EnmbnT
% ODN1-G4 " O D 7T = % 4 F G IZEZ #2712 DT %, ODN1-G4 D3 EHL
T 5277 = MHEHEH% Figure 1-25 1277, MHPIZKAB LI OEATRINOHAITB M &
P DNA & [FARICHESS 5 BER SR WM Z 12722 anti-2 AR A — 3 U & JKEDOHEE
IIHEE S BER EHILH AR UM X272 b syn-a R A — a3 & &5 (Figure 1-26), B0
BRI, ARG PN EAINLIESNTOMELERT, £lo, GMB G UL T v MEEEZTZK
T HEAITIL, Figure 1-27 D X ) [Z open-type TR A —a L L DM ERNHDLZ L& T
WRARTEL,
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a

22

2 9
5- AGGGTTAG G GTTAGGGTTAGGG -3’

(3 + 1) hybrid I

b (0)
N i HNﬁ—N
NH
¢ fLJ\ HANG A 9
HO N“>N">NH, HO N
o o/
HO HO
anti-conformation syn-conformation

Figure 1-26  a)AHi CHWZESIA LT 23 + 1) hybrid L 7 7 = U BB OHE, b)X 7 L

T RO RA—Ta v,

/
G"A(open)

Figure 1-27 THIhb, G*2&L G AT v M, FROMIT, Y VLAY
DHFA v wERT,



T, I E DFEH Z 7”9 Figure 1-28 (R4, WERKERIL. G-B /T v MERIZFHEAYZ2 295 nm
W, RIEMD G OB HED ODNI-G4 O T, L 62°C Z/r L, Z OfEIXi#EoHE
E—F U, " T, BRSNS 1 AT G G B X OV GP™ & & de ODN1-5,1-6 B X OV 1-7
1£54°C, 47°CBLVO3°CILT MEERLIZZ G, ZNUHDOF ) AT AT XTI LAF
RS20 77 = UESHEE S L < IEZUTEEIT 2 @mkiis 2 Bk Lz 2 & 0Rg X
. EOREMIZIGC™ = G>GY>G"" Thole, 22T, HSHITHELZ G, G”, G
BLOG™ZET _HEHHD T, N 58 °C, 55°C, 53°C, 58°C TholI &b, WMHE L
WY 5H LG s G>GYS>GMTHL I ENGND, 2O LD, AEIHVZ ODNI-S,
1-6 B LW 1-7 O@REE T ZEHHOGA & [FERIZ G* 2 open-type 2R A—a ik b D
ZETEHRENTWD Z ERRBENT, £z, T KA — 3 % closed-type IZ[EEL L
72 PIP % Ec4H 2 & T ODN1-8 |% 295 nm BV TR E 72 UV RIROE{LZ /RS9, 2D &
226 % open-type C DM EEXHE AL O B EE S RIE S ATz,

DON1-G4
or 5- AGGGTTAG GHA GTTAGGGTTAGGG -3°
ODN1-5~1-8
65
60 62 63
£ 55 -
N
% 50 54 [
S :
= 47
40
n.d.
35
GHA: G GPV GPV'“ G"Vra PIP

(o] (o] Nﬁ\

) ! N ) NH N NH N ,Nf(N N\

< L < L Q<f X3« fLJ\J\,IN § 'Na:%’"
R

multlple inflection
points were observed

40 mM Tris-HCI buffer (pH 8.0), 30 mM KCI, 8 mM MgCl, 2 mM spermidine and 2 uM oligonucleotide.

n.d.: not detected

Figure 1-28  ODN1-G4 (G) ¥ X U ODN1-5 (G"), ODN1-6 (G™™), ODN1-7 (G™™), ODN1-8
(PIP) O T, fE(°C)
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% 8 i
wiE

ARE T, 4D GM Iz 2T, HIERD closed-type 35 & WY open-type T2 7R A —3 3 D
LEMER L ONC LM TS DBROKFERE G = KV F — & DFT GH5H 2 b Tl L B
DZEFZIFA DNALE DIFET open-type TR A—2 a3 VOREMENRKES R 52BN
L7c, Flo, HREEN COLEO HEHHEH, BLOWNEHED Tl L, 21D DEEDLE
PEIZ open-type TR A= a VOREENKES B TWD Z ERRBINT, EEHEAD
77/ 2 DNA IZIF ZHEE & & BICMEFEEE 2 bFAET L5280 b, GBI bR
TGP DERE - HEEY OMECSISRE I ED X ) REBEL 5220250 T, K
WFROMAE S LICS BRDIMFENEEND,
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a=TAFVIRAT LAYV ReGqhA ) AT AF X7 VAT RO
S HEBTYREE & AL e

34



%1
=2

H1ETHEAZ L0, DNA ZHEEHIE, “HEP DNAIC LT 1A DNA Th o =&
FHI B K% 1 (triplex-forming oligonucleotide, TFO)W#EGT 5 Z & TR SN D, Z O =HEHEF
FE, AR E R RO A R, HEMARZ R E~DICHBEIf ST D, =
HIHA T DB, TFO LAERISHDOBLAIC K » T=FHEHIIANT LA L T o F 35 LV
STHEIND,

FUFIRSULE= B
TFO < 3- GGT GGT GGT GGT G-5° ]_%go%gsteenﬂ

Watson-Crick %!
B &%t

B o= 5- GGA GGA GGA GGA G-3° }

DNA
< 3-CCT CCT CCT CCT C-5°

Figure 2-1 7 > F /37 UARI = EHHIZ BT 5, FHORLA,

Figure 2-1 (Z/R L7 O3S E TFO O 3" B X NS ORL A A H A & (278> TWNWDH T T )
TN ZEHHTH D, —HEBMRFICIE, O G 123 LT TFO @ G 73, _H#H{ DNA
DI A IZXF LT TFO O A £721X T WKFERAET 22 L TGG-CLAAT B LU TA-T
SR AL, EELY & 58T D (Figure 2-2), 2 2 C. — HHEEEE O R
reverse-Hoogsteen A A.1E 2 9% TFO 8 & 55 _$HAEREH) ORI = v > (), Watson-Crick f
HEMEZT 25 “#HEE - SHAEENEHOMME) ORI A 7> () AL TS & ET

2o
0

\ H H’N~(>\
<\N IN‘YNH..__ .~"H .~NT(N\5,,,, "
NNy QLW O C(E—#)
G (TFO) o "ZJ{N[\LNH Watson—Crick%!

reverce-Hoogsteen®! N H mER
d b G(EZgE. B0
G:G-C ZifEx
o
\N N
CT ..Oa)§ T ..Oq)§
N‘\Q)....H H ,N\(N\é; N Oy H ,N~‘(N\5
A cteoy Wi O TE—R (A T
( ) L'{ B Watson—CrickZ! T (TFO) © Zl W) Watst%n—Crickﬂ
reverce-HoogsteenZ! SEN reverce-Hoogsteen®! N N Ay
R S A=, ) B ol AGEZSH. RROSH)
A:A-T =iREN AA-T =&

Figure 2-2 7 > F /37 L VA ZHEH T T TFO & DNA —HEEHOF A IE AR,
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SOTUFRT UM EmEIT, T VAR S EE IR . TFO OO T e kv
{b(Figure 1-H)N B2, FHESME T CTH ZHBEFKN AR TH DL E VI FIANH 5,
ZDH, EEA~OICHICE L TZ, N LARED 7 U FRI UARO SRR A
bNT&E T, FIZIE=EHPRIC K D2EEMHIC OV THEEZ S mESNTWD, ¥ T~
F T LR = WS TN IR & 77, AR R 72 8 FOE AR AR 2 I b AT
5T ENTED, PlziL Glazer HII=HEWHER L ~ 7 A2 EKE L, Fllah ToZE
HOBANZONWTHELZ L TWD ., 202 ST SRMED Z X7 B33 72 CRISPR-Cas9
X TALEN 72 D57 ) MRE L 1TH2 D . TFO ENEED X VXV B OREMRA LT /) A
WENFARETH D Z L 2R LT D, Lo, 7o F 87 LB = EEIC b iREN K
ZAFEL, WHESN TV D EEFEVEHVORBURTH S,

TUFRTUNABZEEOREE L TETHET 502 OBENESNOFIRTH D, 7 F
RT VAR ZEEE R T HEEMNESL, T LRI S B L FRE, R 7Y UESITH D
MERD L, ZiUuE, AU TV CESIFOT Y IO T OERFT 06 MO BEREREN,
TFO O IE & reverse-Hoogsteen fHAA/EH 32 2 & TEEHSE L T\ D Z L ITERK LT
Wo, Thibb, 7V VERETHD G BLO® A B TMORZRRTFRL6MOEREND D
Hoogsteen Il K F GG AIREZR (&Pl 3 & T &> 5 (Figure 2-2)DIZx LT, B U IV U HETH
HCRBIVTICEF—FEHI LR, FTOSM AT IVIITVAREE L LTE 726, 2 K
FREAIT L D TFO & OREAAEH 2 WIFF T & 72 (Figure 2-3), >

N N
@é& N=\N s ee,(& |'|| NT-‘\N
Ooq%\ H.N,H""ON XY ¢ Oogé\ O_.-H’Nj,/g( ~$
S N aE-m ¥ MefLN,H--'N\;N A(E—45)
| -N. |
N'§0‘ H H N'go
JocEzsH. =) Jo Tz, Ems)

Figure 2-3 C 3 X' T @ Hoogsteen [fi &, FIH 72 AIREZKFEREE YA b RF),

MMZ T, BRERT »FRT7 VA ZEHERIZIIAR Y 7Y VSRS T =R EE
NTWDMENDH D, Figure 2-2 12T L 912, DNA ZHHO 77 =2 L&t AT 5 TFO
HOWHIT T T =0 ThHDHID, TFO b7 7 =0 BB E L GENT Ik d, L, 7
T=rEZLGUERIE. J7 = NEHBEAIICO LT CERERE L VT Y
DINCEERNDH D, 2 ZDTd, T F R8T LV ZEEH A R A RE e B 7o et s R o
BRI T 2RI R E VW,

ARG TIIH - AR DR L LT, a-TAFXF VXTI LAY FEME a-X 7 LAV R
ERESHICHER LI, a-XZ7 VAT NEZ, RARTHD B-TAF VX7 LAY FEIE B-X
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J LAY REMES)LHI L TZ Y 3y RLORF DR HSRRMERTH 5 (Figure 2-4a), =
Da-XT7 VAL REB-XT VAL RNHR5 TFOIWCHEAT L L, a-X 7 LAY RIFEN
HH DNA O g2 TR < —8#HIC bHA T 2720 I ATRE 22K HRE AV R s L,
B-X 7 LAY N EZERR D =B 2 3 2 ATREE DS & % (Figure 2-4b), *°

e C(ES4. 1Er5Y) e CE=8H. 12108

Figure 2-4 a)a-X 7 LAY K& B-X 7 LAY ROWHER, b)7 > F /7 LRI =FEEHFTO
a-X 7 VAT RO OAEOEO ORI,

I D R D o X7 VAL REETeT o F 737 LV TFO IZ2W T, Timofeev B 1%,
aC:T-A, oT:T-A B LT aG:C-G —HEEXZEZ T T /37 UAB ZEHEHO B 2 @A L Tn
L, T INDOHENS « X T LAY RIIH TR T o F N7 VAR B A KT S TFO O
2=y P LTHETHDIEEZZOND, LLAENRL, ZThb &38R =k z=5te
SHEOREMS, o X7 LAY ROEMEERIEIC O OW RIS O 2 L ik
2, Fo, SRS CTORERFE T OKFERBABERITA ARG STV,

ARETIE, A,G, C, TENEND a-X 7 LAY REedhT v F /87 LA =\ 0L EN
B X ORI B IBIEIC DD TRIEICIRIT LTz, T80 5 Fa-X 7 LAY R EDIE
PR (A-T. T-A. C-G, G-C) LHEEMERZ LT WA 62N L, F 7o &Mt
IZEDa-X7 LAY KRR OEEICHEEST DN L NI Lz, BF CHON SISO
MABDER LT, FEH%EEZ AV THEAERICOW TR Lz, ZOREHIZ oD
Tk 5,

& 0 &
A.G. C.TD a—TFF VX VFY REEGLT VFNT UAE = EEBERE
B D A Rk

TUDIZ, a-TAFTTT VU 0A) 0-T X T T )V (aG)., a-TAF T TF U

OBLPRo-TAFF IV (aT)% TFO IZEAT L7290, oA, aC BEL O oaT DFE AR

37



TIXA b=y hOEREI TSI,

O.N
(o]
@o
@Am 2.2eq
O,N

HO (o}
5‘7 HCI
MeOH 4°C,4h pyridine, r.t., 4 h
HO o
o
2-1 2-2 92% 2-3 quant

O,N Nli“z O,N
4 N N
O\Fo S W 1-9¢ed O\fo
0 H 0
HCl gas 0 MS 4A o]
O,N ————— ON
AcOH, 4°C, 2 h @( ¢l CH,Cl,rt,3d \@( NN

0 °© «J 3
X X NN
NHBz
2-4 62% 2-5 64%

1)TMSCI 5.0 equiv
HO 2)BzClI 5.0 equiv.  HO

7 M NHg3 Koz 3) NHzaq 0 DMTrCI 1.2 equiv
MeOH,60°C,ah  HO NNy pyridine, 4°C HO NNy pyridine, r.t., 4 h
& &
N
NH, NHBz
2-6 83% 2-7 64%
diisopropylamine 0.8 equiv DMTrO
DMTrO 1H-tetrazole 0.8 equiv N=\
[(i-Pr),N],POCE 1.5 equiv \N( Y N—~\ -' N
N “p’ S
HO <\N I \j CHzclz, rt.,4h ? N NHBz
N ~, N J/o
2-881% - 2.9 38% (crude) -

Scheme 2-10A AT T IF A b= FDOERE

A RAF T I XA b=y FDOARKEE Scheme 2-1 (2773, FiBRK 2-8 F TIL, ED
WMEIWES THREIT T2, T7bb, Ness bOFIE IS TTAF Y VAR—R2-D) &
fig X X ) —VIRIRF TAF LT v Z =14 L(2-2, 92%). #Hi\ T 3B L5 NKEEEE p-
= b eV A VI TIREQR-3, quant), T OEIKEEET THCI HAZNRT Y 7452 &1
Lo T, HEALHE 2-4 ZUH 62% T/, RIZ, Morvan b D Fik 2> T, N-_X Y AL
TT=r Q8T AX U TEL X2 T = —T QBT HZILET, A O

FHEAR 2-5 B 64% THF72, iV VT, Yamaguchi & D Tk *012HE > T 37, 5 (KR I I L O
6ALT 2 KOBREEIT, aA X7 LA R 2-6 2K 83% T/, S 512, Morvan b
DOFE N> THIEH 6 L7 2 ) DB HE N A VI TR L(2-7,64%), Morvan © D
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FIET2IZHE - T SNLIC DMTr B2 8 AT 5 2 & TRIBEIA 2-8 2N 81% T 7=, H&kIZ, &
EICWEN B PLKIEIEZ R AT 4 FAAbTHZE T, HIIO oA RAFB T IX A h=2=v |
2-9 ZRIEH R DMK IR % G TlR A (HLINEE 38%) TH7-, R LICIREWMDHR AR R
TIXA b=y bE, ZOFE E DNA BEEEEIZ X 5 TFO OARRIC VW=,

NHBz
SN
| AcO
ACO NSo BSA1.05eq TMSOTi1.2eq o
koj MeCN,70°C, 70°C,4h A oﬁ/—‘\ i’j
10 min C -
AcO O” 'N” "NHBz
2-10 2-11 35%
HO DMTrO
NaOH 3.0 eq o DMTrCI 1.2 eq o
N™S > N
THF-MeOH-H,0 HO . pyridine, HO .

(16:15:4, v/v/iv) O“” 'N” 'NHBz rt.5h O” 'N” 'NHBz

0 °C, 30 min

2-12 65% 2-1373%
DMTrO
diisopropylamine 0.8 eq (o)
1H-tetrazole 0.8 eq N’j
i-Pr),N],POCE 1.5 (o) P
[(-Pr),N], eq )\ 0 OJ\N NHBz
DCM,r.t,3h N" S0
CN

2-14 32% (crude)

Scheme 2-2 aC R AR 7 I XA b= FDOERK

OXIZ, aCHFAFueT IXA b=y hOHKIE% Scheme 2-2 |27, BibEA 2-13 £T
X, WMEOME I > THAKREITo 7o, T7bbH, 37, SAKEEAE T EF VT, 477 2
JIEERCANETRE LT A UF P UHER 2-10 &2 HIEFEHZ, Morvan 5O F
ENE> T Y 3y MERIGEITV aC OFFER 2-11 20K 35% TR 71, 37, 5K IR
DPLEEEITVMEA Y 2-12 2R 65% CTHE7=, 23\ T, Morvan 5D Tk 222t~ T 5
{12 DMTr A8 AT 5 2 & THIBRAK 2-13 Z IR 73% THH7-, I, BIEICHEV 3 AKER
EERAT A F LT HZ LT, BO aC R AR T I XA b=y b 2-14 23K kD
MR ERR 2 S TIREY CFLINER 32%) TRz, (L&Y 29 D56 LRk, G LIRS
DARAFBT IFA 2=y h&, ZOF F DNA BEGRBEIC L5 TFO D& RRICH W,
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o] O o O 0

NH 0 NH o NH
. oy Gt St
HO o N"~0  ppacI 1.0 equiv o o N"~0 pTolCl 1.2 equiv o o N"~0
pyridine, pyridine,
HO 4°Ctort,6h o rt,6h \©\r(°
o
2-15 2-16 52% 2-17 quant
DY "
HMDS 5.0 equiv.  TMSOTf 1.5 eq o o NaOH 0.5 equiv 0
MeCN, reflux, MeCN, pyridine-MeOH (3:1, v/v), HO
30 min 30°C,9h o reflux, 8 h | NYO
o &NH (o]
(0]
2-18 57% 2-19 quant
diisopropylamine 0.8 eq DMTrO o
DMTrO o 1H-tetrazole 0.8 eq k 7\

DMT(CI 1.2 equiv [(-Pr),N],POCE 1.5 eq ) y o

pyridine, r.t., 3 h HO _N_O DCM, r.t., 3 h P \ NH

| \F )\Nz ~0
N AN P
o CN

2-20 88%
2-21 79% (crude)

Scheme 2-3 aT AR AEZ T I XA b= DAL

DANT, aT RAFRBT I XA b= FOAKEE Scheme 2-3 ([Z/RT, RIBRA 2-20 F
TiE, WEORE > TEMEIToT2, TP H, Sato HDFIE PN, TAFF
D 215)D SPKEIEICY T 2 =T B FILEQR-16 52%). 5SNLKEERLIC p- VA A LV EE
(2-17, quant) Z3EA L, 7'V a3 FMERISIZ & - T oT FHER~ & ZEH# L (2-18, 57%). 37, 5L
KEEFEDBIREZITVN oT X7 LAY R 2-19 Z ER&MITIHTZ, DD\ T, Morvan b DFik >
25> T 52 DMTr A& AT 5 2 & THIBRAK 2-20 Z UK 88% TH37z, m&IZ. EIEICHE
WINLAKBEIEZ R AT 4 FAbT 22T, BO aCRAFRBT IH A ha=y 221 &
PR AR RS R DMK 3 R IR 2 G iR A CHUUER 79%) THZ, (L& 29 5 X1 2-14
DA LR, GRLTZIRAMDOFRATaT IF A b=y N O F E DNA HENERE
IZ &% TFO DA RIZH W=,

oG DHEAFT IHFA NT IXA b= I ChemGenes tEtNHHEA L7Z2H D% AW -,
/o7 IXA h2=y FZHWT, DNA BB EIC X 28 RENIGZITo 72, a-X 7
VA ROy 7Y v 7 300 B & L. ERLSMTIEE O DNA & RUEICTES> TIT- 72,
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28% 7 E=TAKREHOVTHRE, IO HLEITV, 7 UoE=T 2O AR L —F —|Z X
STHRWER, W — N v I LB AET- 72, Dk, BA 4 A HPLC = v
TEOICHEEIT o7z, KME%IZEA A28 HPLC (X »TA Y A~v—% 8T L.,
MALDI-TOF-MS Z# W TH L= T Lo &5 R Lo, € ORiH % Figure 2-4 27K
R

wwwn

|
NNy
aA <}\l | ,\ll\l

NH,

DMTrO DNA %C') oG <!!1 INYNHZ
0 synthesizer 28% NH; aq  Purification o NLO(NH
0 Base 55°C, 16 h 0 Base o
)\N,P\o/\/CN o Iri\Nr,o
NH,
Mo
aT iﬁm
0
MALDI-TOF-MS
entry sequence yield caled found
(IM + H]*)
ODN 2-1  5- GGAGAGGA aA AGAGGAGG -3’ 14% 5423.6 5422.6
ODN 2-2 5- GGAGAGGA aG AGAGGAGG -3’ 1% 5438.6 5438.8
ODN 2-3 5- GGAGAGGA aC AGAGGAGG -3 18% 5398.6 5398.4
ODN 2-4 5-GGAGAGGA aT AGAGGAGG -3 17% 5413.6 54134

Figure 2-5 a-X 7 LA ¥ K& 5T TFO O Tk L Bl B &0 Ok F 3 L UUEE,

BE&OIC I 0Bl Shi=or&iX, BHOHEMELE —HL T2 b, BRLE
PUTVITHBOF ) X7 VAF R THLERELT., 22T, a X7 Vv AT FoF ) A
FOENARIERIIE B X7 LAV RERUTHD EWE L, UV WL X Y HEEIRE 2 5
L7 ZA, 11~18%DINHETH > 7=,

5 3 Hh
TFNVEIIKBIZ KD T F T VB =HETR LR OZRRME

AETIX, B LT a X7 LAY REE T TFO ®© = EETE AR RER L OV s @R P12
WTHRAR S, MEiE RIS D, AETO =ZFEHET O =G ORTITHOWTEHEER~R S,

=
P%
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— HEHHEZRE DL IE XX, reverse-Hoogsteen fHAEH % 3% TFO $H & 55 " SHAERIEH) D RIIC =
7> (1), Watson-Crick fHAAEM %23 2% 8 & 5 —HARME O M) DI ~1 7> (-)
AT D, BT, G:G-C It id, D G 7 TFO W 77 = Mtz @k L, ik
DO GIEHE _SHICEEND 7T =, B% O C I35 84 Watson-Crick fHEA/EH LT\ 5%
thyﬁﬁlﬁﬁﬁéﬂ@mﬂﬁF@m22®4% L), 22T AETERLTVD
a X7 LAY ROWBEITEEOX 7 VA Y RO LREE EoEW TR, & 2 Ak
Do X7 VAT ROEEARMIZT D702, a X7 VAT ROZBELOBEES LT o
EOT D, Thbb, HEMEKTLTTaT LRI NTVWDIHEE, a-TF IV F I VEREEY
59

" Or‘&

0
H N~ =
] \ — G s "0
A L Ve . :@j N~
N NNy M 0 CcE—#) " " u o T(E—#H)
G (TFO) o N{')*NH Watson—Crick®! A (TFO) L{') Watson—Crick&!
N

reverce-Hoogsteen®! N H IRER reverce-Hoogsteen®! EER
aEH oo G(H 8. AR wEH e AT, 1BRO5)
G:G-C =iE&Ex A:A-T =iEHEs

Figure 2-6 7 F /37 L VA ZHEH{ T T TFO & DNA i OF A /E AR,

a X7 LAY REETe TFO O —HEHPAGER L ORI SV 7 R T v A 1T X
ORI L2, SEHIT, #ORE (FAM) (& o~7 R &S (HP) 100nM (2xf L, 2F&
O HIE (100 nM 3 X UV 1000 nM) @O TFO Z#/Ef &8 2 Z & TR SE-, 2 2 Cff
M L7=& R TFO ORLAHE T OA~T v B “EHEH (HP) DM EESI% Figure 2-7a IR 7, 72
B, HOLEFAM)MT & OfEH) — B DNA (HP2-1,2-2,2-3,2-4) X IDT #EHHEA LT,

BoONTKENME O ZHEHB KO HEEHO /N RRE % Image ] THAE/L L. ZDEO NG
SHEEOFELE S— U FTREL, ZRENOMESFICB T 2 Z“HEHHEPMES L
(Figure 2-7b,¢), B L7z ZHEFEKELX £ &£ 7= D% Table 2-1a (TFO 100 nM)¥5 L O 2-1b
(TFO 1000nM){Z 7~

42



a TFO 2-1~2-4 5- GGAGAGGAXAGAGGAGG -3

HP 2-1:(Y,2)=(AT) 3'- CTCTGGAGAGGAYAGAGGAGGTCTC T
2-2:(Y,2)=(G,C) 5- FAMGAGACCTCTCC TZTCTCCTCCAGAGTT
2-3: (Y,2) = (C,G)
2-4: (Y,2) = (T, A)
b
triplex —> : — : : | i
QUPIEX ——> W N e b | - - e
rate of triplex (%) 10 38 22 26 32 38 8 12 5 13 8 23 23
Lane 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 17 18
X (aN) 100 nM — A oA oA oA aG oG aG oG aC aC aoC aC aof aof aoT aT —
G ¢ T A G CcC T A G C T A G C T
100 nM
c 6 A T ¢ G A T C GG A T C G A T
C
triplex —> i - i i - i ———
d“p'ex—>-- ) R S —
rate of triplex (%) 24 8 53 33 48 58 3 13 5 33 3 27 11 5 48 50
Lane 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 17 18
X (aN) 1000 nM — dA oA oA oA aG oG aG oG a€C aC aoC aC aof aof aoT aT —

G C T A G C T A G C T A G C
C G A T C G A T C G A T C G A T

100 nM

Figure 2-7 7V 7 N T v AICE D, a-X 7 LAY REEie TFO OFAHE, o@D
# i, a) VN 72 TFO J6 XL OMERY —E8H DNA OfEA1, b) TFO DIEEAY 100 nM D &6 Dt iR,
¢) TFO OFEFEH 1000 nM DIGAE DOFER, BB IR )W I it ., Lanel 3 X OV 18 X TFO %
Mz Tnipwnwayr b —)b, EZEBREEIIZFZ101 A, EBRSSMAHIL T O Y . Incubation: 20
mM Tris-HCI (pH 7.5), 20 mM MgCl,, 2.5 mM spermidine, 10% sucrose, 4 °C, 90 min.
Electrophoresis: 10% Native gel containing 20 mM Tris-borate, 20 mM MgCl, 180V, 4 °C, 2 h.

TFO 2-1~2-4 5- GGAGAGG AXAGAGGAGG -3

HP 2-4~2.4 3- CTCTGGAGAGGAYAGAGGAGGTCTCTT
5-FAMGAGACCTCTCCTZTCTCCTCCAGAGT
a b
) X (TFO, 100 nM) ) X (TFO, 1000 nM)
rate of triplex (%) rate of triplex (%)
aA aG aC aT aA aG aC aT
AT 10 32 n.d. 8 AT 24 48 5 11
GC 38 38 12 n.d. GC 86 58 33 5
YZ YZ
CG 22 n.d. 5 23 CG 53 3 3 48
TA 26 8 13 23 TA 33 13 27 50

Table 2-1 a-X 7 LA ¥ K& & Te TFO OfEGHER L OGP (Figure 2-7¢ & 0 51 M),
a)TFO DR LN 100 nM D354 b)TFO D LAY 1000 nM D354, n.d.: not detected
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FTH o X7 LAY RO ZEHHEMGIER X O ENERMEIZ DWW TR % aA ZF& T TFO
TR L 100 nM O FER (Figure2-7b lane 2-5) ([ZEH T 5 & A-T AT T2 —HEFKAES
AT aAA-TIZ 10% Th -7z, [FFEIZ, aA:G-C, aA:C-G, I LT aA:T-A I, Z1LE1 38%.
22%., 26% T -7, kbmm\\ZEHEEKRELZ R L ZH X, aAG-CHEEXITHDH Z &
MH. oA 1E G-C HECKHT HEBIMEEZ AL TWD 2 30N D, LnL, TXTOHEE
REZEHAFRL TWDHZ &b, ZORIMEETSHE D &< 2V, [FERIC aG TO =EHH
JERKAE (Figure2-7b lane 6-9)i%. aG:A-T(32%). aG:G-C (38%). aG:C-G(n.d.), aG:T-A(8%)T
HY . G-CHEEXIIHT HEIREEZH LT 5D, aC (Figure2-7b lane 10-13)I% aC:A-T(nd.),
aC:G-C (12%). aC:C-G(5%). aC:T-A(13%)TdH V. T-A HHxIH L O G-C IR 9 558
RPEZA L TW5, oT (Figure2-7b lane 14-17)1% aT:A-T(8%), aT:G-C (n.d.), aT:C-G(23%).
aT:T-AQ23%) T v, C-G HiH*td LV T-A HEITHT 2@ R EEZHFLTWD, ERER
Do X7 VAT RToEHBEBREN R - o 2 kT % & | aA:G-C (38%) =aG:G-C
(38%) >aT:C-G(23%) =aT:T-A(23%) >aC:T-A(13%) =aC:G-C (12%) & 72> T 5,

FRE 2T, &0 Z BB AT Lo 0 TFO #2E 10000M OKIETH bz, 72b
5. oA (Figure2-7c lane 2-5)I% aA:A-T(24%). 0A:G-C (86%). 0A:C-G(53%.), 0A:T-A(33%)T
HY G-CHIEXHITx T 28 IREE A L. aG (Figure2-7c lane 6-9)1% G-C H 52 xf 3 5 @R

(aG:A-T(48%). aG:G-C (58%). aG:C-G(3%). aG:T-A(13%)). oC (Figure2-7c lane 10-13)i%
T-A HEEXE B L O G-C TR T 2% (aC:A-T(5%). aC:G-C (33%). aC:C-G(3%).
aC:T-A(27%)) . oT (Figure2-7c lane 14-17)I% C-G Mkt IOV T-A IR X3 5 BRME

(aT:A-T(11%). oT:G-C (5%). oT:C-G(48%). oT:T-A(50%)) #H L C\5HZ &nbhnrb, =
DAL 100nM D FEBR E —F L TWD, £/o, FNEND a X7 LAY R ToEHEMRED
o To ZHEIRE 2 T 5 & 0aA:G-C (86%) =aG:G-C (58%) >0aT:T-A(50%) ~aT:C-G(48%)
>aC:G-C (33%) >aC:T-AQ27%) & 72 > TH D  TFO JEFE 100nM D FERFE B & FEEZRH B T -
776

INHLOFRRIY, TV AED a X7 LAY R (0A & aG) 1% G-C IR~ DR % 7R
L.aBEUIVUXZ LAY RO L aT X T-A BELOC-GHHEXIZ, aC L G-CEBILUT-A
HWHSHIFES T AT H D Z E R ahoTz, Elo ZEEFAEED HD o 72 =Mt % ik
L7ete, 7V kD a X7 LAY NI, BV IV RO a X7 LAY RED b LER=H
BHATERR L TWD Z ENHLMNT R 5T,

WIZ, FHEEFCKILED a X7 VAT RBRBEEICHEAT S0, HikEITo7, AT
WIHSHZE BT 5 &, 1000nM D5 T aA:A-T(24%). 0G:A-T(48%). 0C:A-T(5%). aT:A-T(11%)
THY ., oG Db LEEIC —EHEFEMT D Z &2 5025 (Table 2-1b), [RAERIZ, G-C M T
X, aA:G-C(86%). aG:G-C (58%). aC:G-C (33%). oT:G-C 5%)TH Y. oA NiFE£ LV, C-G
B TCIX. aA:C-G(53%). aG:C-G (3%). aC:C-G (3%). aT:G-C (48%)TH V. aA B4FE L
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W, T-A HEEX TliX. aA:T-A(33%). aG:T-A (13%). aC:T-A (27%). oT:T-A (50%)T&H Y . oT
PEHFELD, ZhbzEEDD L, aG:A-T(A8%). aA:G-C(86%). aA:C-G(53%). aT:T-A(33%)
DR PR b L ER ZEHERE T DB EDETHDL L ER D,

ZIT, ATOMAELEOF TROLER “HEXITHS aA:G-C, T72%H ODN2-1
& HP2-2 DMAEDEICHONWT, ZEEOMEEE B (K, ) DFHEiz 7 /v 7 b T v A1 X
v 38 7 7= (Figure 2-8), 100 nM DFZEH) —HE#H DNAHP 2-2)I2%F LT, #E % 0~1000 nM £ TZ
2T TFO |[ZfEH S8, “H#H L ZEHOFELEL image) ICKVHEH L, HohlfElx
TFO OIREIZKLTTry b L, A—=T 74 v T 471280 KEZREIE Lz, ZORR,
K,=48n0M TH D Z E X yinotz, ZOfEIE, 222 HeLa fARHEL Y iA A 1Z hTERT A5 1
DERERLEZ1T > 12BN AWV Bz TFO O Z\EHHFERAEICICHNT 5, 2 2D Z End, a-
X7 VFY REegieT »F /87 LR TFO I2oW T, At T 8BEME 2 R4 Dl 45
IRE_EHBHRER AT D I LRI S LT,

a

ODN 2-1 5- GGAGAGGAAAAGAGGAGG -3

HP2-2 3 CTCTGGAGAGG AGA GAGGAGGTCTCTT
(100nM) 5- FAMGAGACCTCTCC TCT CTCCTCCAGAGTT

triplex —> L e e -
duplex —> . -

rate of triplex (%) 1 17 29 54 74 83 89
Lane 1 2 3 4 5 6 7 8
ODN 2-1 (nM) 0 10 20 40 100 200 400 1000

Incubation: 20 mM Tris-HCI (pH 7.5), 20 mM MgCl,, 1 mM spermidine,2.5 % sucrose, 14 °C, 90 min.
Electrophoresis: 10% Native gel containing 20 mM Tris-borate, 20 mM MgCl, 180V, 14 to 17 °C, 2 h.

0.8

0.6

0.4

rate of triplex (%)

0.2

0.01 0.1 1
[ODN2-1] (uM)
Figure 2-8 %7 /L ESIKENC K 5, ODN2-1 & HP2-2 & K, E DO FHM, a)ik B 5k 3 L OV Ot 3,
OH—T T 4 T AL D KAEDORH,
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Ubzgedd, KAETIEAK LI a X7 LAY REETe TFO O = EFKREER L O %
KERPUEIZHOW TRl 21T 5 72, Z ORGSR, BHEHIR Lt 7e o X7 LAY FOMAE
HHEIX aG:A-T, aA:G-C, aA:C-G, aT:T-A ® =X Th o7z, HEERHBRMETH E 0 &<
BRNHEDOD, aA BEV oG 1T G-C HHf 247+, aC 1T T-A HiExtdk LU G-C sk, oT
1% C-G A LN T-A lESHT KT 2 @IRMELZ A L T, —HEHEHEKRELY o X7 LA
REICHBE LGS, 7V RO a X7 LAY R, BUIP UV EDa X7 LAY RED G
LER ZHEEZEET BB SN2, TROOMERERE 2. RET TR
DFEIC LI BREIT,

%4 5
SFENFHEZAWEZHEMNERBERICOVTOER

B 3HEI TR K 9T, BHHEXHCK L) 72 a X7 LAY ROMAEDEIL aG:A-T,
aA:G-C. aA:C-G, aT:T-A Th-o7=, TNENOMAEXEIRE T D020 a5
LDy Iab—rvarziTol, MG L LT, Viieghe 512 &> TERK S 4172 12mer @
G:G-C =X DOHRN G2 DT o FRT LA ZEHAE Fv -, " AR OEERCER L7z
T TG UABRI S EHE OB o X7 LAY RO 5 R X OV RO S ST AA-T
Thbd, ZI T, HTENFHREICEBNTLE -#HO SRIEPLHZ TS, BLXORT7EHOD
W2 AA-T ICESHZ, 6 FHIC a X7 LAV REEALE, 2 br—LE LT, 6
FHICaRXZ LAY FORDYVICRHBIMO GBL WA ZEALE GG-C BLXWNAAT 25
DRBAT o F R UN=ZEE B HE L, FHRFEOZ LGOI V2, 26 Old
5| % Figure 2-9 (27”7,

TFO 5- GGGGA X AGGGGG -3’
target 3- GGGGA Y AGGGGG -5
duplex 5. CCCCT Z TCCCCC -3°

X:Y-Z = G:G-C, A:A-T, aG:A-T, aA:G-C, aA:C-G, aT:T-A
Figure 2-9 53 T8 /) F 3R W T2 Bl 5]

ST FRIR AR DO A —/X—a ¥ 2 — % —TSUBAME 30 (2% %5 AMBER 16 7" %
7z, #EOREEEZIE AmberTools (27 £4U TV 5 teLeap & VN2, a X7 LAY ROERT
X B X7 vAY FOEMEZOEEH W, EBEO NG E L = EHREE I8 ATEE 72
leaprc. DNA.OL15 *'° Z H 7z, #EIEOZ U PEDRRFED 72 %, leapre. DNA.BSC1 *'7 3 L O}
leaprc.ff14SB* " £l L T\ 5, Ko FIXRAAK S FET VT D TIPIP *P 2 L7z, J&
WIBERSAEIE, HE D 105A TH Y, K 5000 DK FRRWNICHFELTND, T RU LA
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A 4 1% Joung 3 £ O Cheatham 5 7% 2008 4R IZ# & L T % /185 (fremod.ionsjc_tip3p) ** %
i, e, TR DAL AT =FEHBEOPFICHNW TN DATHY | BT
RIZED TR,

5 TEN )RR O LTI Dixit HAHE L7z Bk UKW T To 72, ZOHETIE
FJR TN E A E LT 25 keal'mol A2 % 2 F, 0 K 25 300K % T 100 & = f TR
Do Z D%, 300K ZHERF L 72 £ EALE R A2 BEFERIIZE S LT < (5,4,3,2,1,0.5 keal'mol”
LAY HETh D, FNENDOT I 2L—3 30350 Eafbl 1000 step i iml % &t
FETITo TS, 2 L TIRAZICALERR Z bR L C 1 )/ B i O ik 21T > T\ 5,
RBEELS 2 br—/L 3 5B & L TIE Berendsen 3% *2 & VY, KFEJF 11X SHAKE £ **#
A Uiz, KEBEOFEM AAEH X particle-mesh Ewald 7% *** 23 H L T\ 5,

T — X2 DN O 5 BN FEERRIL 50 7 B ToTnd, I 2 CHERE R L ONRET
BIXS5 Eap T LiTdTo TV D, HIEMAT TIE Cpptraj ver 17.00 2 & V72,

F9. 50 7 BEHRE Lo Rtk OREE ISR LIS RE(L 21TV, 2 E 0RO G %
fife#® L7z, Figure 2-9 (2 OL15 /145, BSC1 /1353 KON ff14SB J135 CHE L 7o RORAY =3 5okt
DOEEZRT,

A (TFO) A (TFog A (TFO) E
& m T A
& 3 " P ﬁ)

(B—8) FE=

d e
G (TFO G (TFoﬁ G (TFO) %
N ; NZF%

- v o o 06 N7

(FE—#H) B8 (FE—8H) (F=H) (F—#H) E=®)
Figure 2-10 REKMT L FRZ VAR ZEHH CTH LN D I SHEE, a) AA-T =%}
(OL15 /7%5) b) A:A-T =HakExt (BSC1 /135) o) A:A-T =it (ff14SB /13%5) d) G:G-C =
HHEkE (OL15 713%3) e) G:G-C =Hixt (BSCl1 /133) f) G:G-C =IiKkxt (ff14SB /1%3), d)
BLONDT N7 7Ry hEHFIIZENENT T =2 OF N T RS,




ff14SB |% AMBER 14 IR CHEEDO L I & L THEA I TV b D THY . OLIS BEL
BSC1 [T & bIC=HEFCWHEFAFOFFEEMED T I 2 b — g VIHHHATE L XD ICHM
BINTBBOHETH D,

A:A-T =Wkt %2 A7 & & Figure 2-10a & Figure 2-10b @ X 912 OL15 /1453 L OV BSC1
T8 TR 2R L Ty, TR DOFEARET )35 Td 5 f14SB(Figure 2-10c) Tl ExHE
L TN ERbnd, £7- G:G-C =Rkt T, Figure 2-10d,e TiX TFO @ G @ 2 fif
DT I HEN)ILE HD G D6 LOEEFE06) L KFEREEG LTI LD DH A, f14SB
D F185(Figure 2-100) TIXEE $HD G D THALDZEFRNNT) & ORREEN 6 fLDOEFE LY bir, 7
MDEHFZLEKEHEEL TN ES D, TUF T LRI ZEEO X MRHE S ET Tk
TFO DG D 2NMDT X/ FELEHE HO G DI NVER=NVEBERNKBEE L TN b 7
VI RT LV =B O S T B SR TIE OLLS I35 L< X BSC1L AR L Tnd &
Ex2bibH, AMBERI6 O~ ==7 /L p38|Zi&X, DNA D I = L— = 21X OL15S 1145
PHERE SN TV Z &b A% OBFTIL OLLS O 5% Huiz,

DONT a X7 VAV RO FENIFRIRZIT o7, a X7 LAY FOYMIREILY g
B HE D JERE & FHEIZ R D T2, TNZEND aG:A-T, 0A:G-C, 0A:C-G, oT:T-A D =g Hxtid,
¥ KO ELkt A Ml 70> © A Te [ & IR~ — IR (Figure 2-11a, ¢, e, 8) .

F9°. oG:A-T =23 B 5 (Figure 2-11a), KFEFEAEKIL, TFO D77 =2 06 {iL

T T = N6 (LLFE 306--2N6 & FEFR) B8 X ONTFO 777 = NI L & 83 817 7 =
VNMMBthW)@ﬁ@:@%fﬁ6MEo~ﬁJMGcm@m}nofmﬂ©@7?
=URE CHO ST = TiE R B O Y Y UM E 3N ING O — T TR B
ﬁbfwkoik\MEGM@mZHﬁﬂiWO@7?:VE%:%®VBVVﬁT
3Nh%M@K%FAﬁ*Mﬁﬁ%ﬂto%%KuTTAﬁ@m}HQTﬁH@®?iVﬁ%

THHOF I UEEBIOE O T T = U L 304 1N6 3 K TN3N3-204 O fEHFT T
7J<$rﬁ§/a\75‘>ﬁ ¥ 40/

DSNT, TFO F D 5 LB LR3I FHOX 7 LAY RE a X7 LAy ROBEEBO R4
VXV THEAERICOWTHARD 202, a X7 LAY NOEREE &2 Al 5 &2, (Figure
2-11b,d, f,h) F7 aG:A-T (Figure 2-11b)DIFHE ., WBHFHDOT »F /37 LA ZEHHO AA-T B
L OV G:G-T » =HgFxt & [AlEEIZ Hoogsteen I COFIAANEMZ L THRY | HEHENLAX v F
THEEERL TV, L L a X7 LAY RTHDHD, BRELSEREN 2 & ~BEh
L72®IZ, TFO OV VEEERIZKIFEROTHNEAINL TN, £DO—F, aA:G-C DHE
(Figure 2-11d) , V VBB ASITHAIE LUVMEIEZHEFRF L CW e 2 D05, 202 21280,
5" EMOBEIR L DA X v X FHEAERIIKRK L3 FiOBEREE & O AEERNE L
o TNDZ ENDND, B, aA:G-C —HESTAEHWca X7 LAY ROPT, &b
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HERZBEPEZR L TWD, 2D, UV UBEMOERIT Vo F T LR =
HEOLENZ THT 5 ECEERELTH D L5 X 5D, 0A:C-G —Hi %I TiX (Figure 2-11f)
OOV YU NANLEFAEERT 57201, VAR —ZADAED aG:A-T = HE Lkt & [F UEE
W27 hL, UV UBEROOT AN RS, KEMED AR LRNWTZD, 57 Ll
DZENTW D ZE/ 2RI U CREBBIE L EHE L TV A HEEN S S 7o, BLEREWZ L1 37 F
MM OBBREL S a X7 LAY FOWIITATTHY . A ¥ v F o ZHEFEMITHER L Tw
To—0, 5 EEIFERLMEIT/R>TEY, HAFEHARELIHLI 2> TWNDL I &R0
o7z, WZIZ, aT:T-A O =3 E5HEE (Figure 2-11Th)IZ DWW Tk %, ZD a X7 LAY R
HHB X O EH, W EMEMER L TV e, 0AG-C ERIEEIC, b b ED U R—ADAL
EERFELTWDHZ END U VBREROELT/NIV, TOD, 5 LiRiloOZBERL L
2Ly F o THHAAERN TE DMEIZIZ R Do T,
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w a

$) (=54

e

G C
(F— ) (F=8)

e
1

ﬁﬂ% i)

Figure 2-11 43y FEIZHE TRO &, a) aG:A-T O =I5, b) a 2 TFOAG 75
IT-AEiE, ) aA:G-C O =M HkH#E, d) ¢ & TFOaA 75 A 7- 4k, e) aA:C-G O =i Hxt
1%, f) e 2 TFOOA M5 7= 151G, g) oT:T-A O ZHiHEHiE, h) g & TFOAT 7> 6 A 7= A,
a),c),e), Q) DT N7 7 Xy N EBTIIKIERLROT N T ERT,
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a) A:A-T=IEEX 3N1-2N6 b) AA-T=1EEXF 3N6--2N7

5 5
4 4
‘ \
3 3
6 10600 20600 30600 40600 50600 6 10600 20600 30600 40600 50600
c) G:G-C=1gExt 3N2--206 d) G:G-C=igExt 3N1--2N7
5

4
3
6 10600 20600 30600 40600 50600 6 10600 20600 30600 40600 50600
e) aG:A-T=18Ex 306--2N6 f) oaG:A-T=1EE* 3NI1-2N7
5
4
3
6 10600 20600 30600 40600 50600 6 10600 20600 30600 40600 50600
g) aA:G-C=iEExf 3NI1--1N4 h) aA:C-G=IEEX 3N1--2N4
5 5
4 4 ‘
3 3
6 10600 20600 30600 40600 50600 6 10600 20600 30600 40600 50600
i) aTT-A=IEEX 304--1N6 j) aT:T-A=1EE® 3N3--204
6
5
5
4 4

w
w

6 10600 20600 30600 40600 50600 6 10600 20600 30600 40600 50600
Figure 2-12 0 F8 et HP OKEESICB T 2 KkEBEL WD EEZONDI~T R
TR BEEE, MERE~T7 a5 O REEA]Z £ U, SRl 78 5 O R R [psec]
(ZHRIIET Do
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DX ICBI S I EE DN L ORE ST EV) PR R P TR EITEL TW e E REHT
D12, FNENOBIN ST KERE ORI A TG L7z, FHmICIX, KERHEE O
b ~TuR oS V-, B, 35A LU TOHEBECHD5E. KFEHALTND
LHIESND, EORER %A Figure 2-12 [ZR- 7,

FT. AT 47 ar b — e LTREMOT o F /37 LUV ZEEHEETH D AA-T
B ELUG:G-C D =M 4T TFO & & 8D Ml O+ AAEH % 5¥4fi L 7=, (Figure 2-12a,b, ¢, d)
AA-T ZHEEHNT BT D 3N1-+-2N6 38 L OV 3N6-2N7 iz T b &, 8 hSatEdiE
ENEDIEENRISALT Thole, TDZ LI, TDODOKERE DL EIKFZREE T
FELTCEY, TFO 1 O7 7 = HIKITH o7 7 = %I Hoogsteen | & % Z 1k L T
WD ZEEERT S, FREIC G:G-C AR T 5 3N2--206 35 L OV 3N1--2N7 O g% K
THhDHE, BERKFEMETHDLZ EDNDLNY | BERBIESERDITONTNWD Z & &R
LT 5,

INDLOEEREART a X7 VA Y ROBERO~T v 51 o Mz f#r Lz,
aG:A-T =HEHXHZ 1T 5 306--2N6 (Figure 2-12¢) LY, 3N1--2N7 (Figure 2-12f) T,
RAERGT O =M IR & Hl LT 306--2N6 DHEED D H XN KXWV DD, ZEL T35 AL
TOMEE R - TWe, [AEEIZ aA:G-C =H % d 3N1--1N4 (Figure 2-12g) 35 L U aA:C-G =
HEFkE D 3N6-+-2N4  (Figure 2-12h) IZBWTHLE LIEAFBATHL EF 2D, TD—J7,
aT:T-A =3HiH%f D 304--1N6 (Figure 2-12i) 3 & T 3N3--204 (Figure 2-12j) O FREfE A fi#dT L
Tofi R, 304--1N6 1% 9.6 7/ 25 156 7/ F D, F72 3N3-204 182 7/ Hinb 156
T BOM, Bl T\t Z b oTe, EMBEEE > TWEIZb b bd . T
DIEEICR > T\ e, TOZ &N, FEIFEED ThH L MG IR, Hi)
BOBREE F CLTEICHFET D ARSI NI, AR CH TEINFHE L 4 EO =1
Foxt OFIRIB 22 2 EMEIL, AEOEBRE Y aA:G-C(86%) > aA:C-G(53%) = aG:A-T(48%) >
aT:T-A(B3%) THHLEZOLND, i FEVIFEED, ME—REEN b oT:T-A (TEHHE
LI Tl b AR LZE R IR & B 2 biv, ERFERETFTE L2,

UbZzElwsd, RETE, FROEEBIELMIIH L2 L b LEICHEA LIza X7 L
F v ROFEEHERNEZW O NICT D0 FEINFHAEEZIT o7z, THRE L0 2785
SRR T oD /1% & LT, OL15S $ L <ILBSCl 2834fF L <., AHEITIXOLI5 & H\T
M 24T > 72 aG:A-T, 0A:G-C. aA:C-G, aT:T-A O =MEitE&E 2T Li-& 2 A, ZFE
IR FEAE G DB S Tz,
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% 5 i
wiE

AKETHa X7 vA Y Reg = EHENERE (TFO) I[CX57 v F /3T L VRI = HE{I
DOV TR ZEBEREE O EN L EIREIC OV TRME 21TV, 2 ofAaERicon Ty
FENFEHEEZHOWTHELZ, 8 bWea-XZ LAV N, a-TFF T T /22 (aA),
a-TAXVITT vy (aG), a-TAXTVF VY (aC), a-TAFVFIVY (aT)
Thod, ZhbDaX7 AT FE DNA —HEPICE D 4 FEOEIEX (AT, G-C,
C-G, T-A) L DOETOMAEGOLRHICONT, ZHEHEPREZFML7-, O/, A-T
#ZX aG (aG:A-T), G-CHEERIIX A (0A:G-C), C-GHEEXIZH aA (aA:C-G), T-A
HWHFHTIZ o T (aT:T-A) P bEEICHEA Lz, TNENOMEEHKERE 55 T8 H5FHE T
B L7m b 2 A, REMKE/EFKZ G “HEMEEN A O, BECTyF T
NI ZEHICRIT D o X7 LAY ROFABERIC O W TRE L7267 <. A% oEfikkbE
BARICHIT AL e DR TH D,

ARIFFRDORRZ T T D 2 & THIEREMZIELZ SRR T2 Z L BATRBIZRY . &
WEZEMER LOSEIRMEZ AT 57 o F 35 LV Z BETERUERR OBR%E . OV Tid TFO % &
LW s ) AREIEFE~OEIB IR S 5,
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%1
=2

AV IAFAX VX VAT KA Y IR T LATF R & DNA SO F7- DHREIE. FEAY8H
& D EHTERL & mIREETC I L O DA EFEERT 22 8 H 5, TS O
RREA Y AX 7 UATF RICRE272IE, o4 ) A7 VAT RELERAIC
FOFREODIT D, Wbwbd A Farvyar—TaryMibivd, 7L 2, RARBOEEE
VA e 5 1 RIF 572, antimiR <° antisense 72 EZEZRERKR L L LT 57201
cell-penetrating peptide *' <> N-acetylgulcosamine **7¢ K ODEfikLEZ 2> ¥ 27— b LT E#EE
NI TWVD,

—H AV IX7 L AF RRRNA A I~v—R EICEffikr Yoy — T2 FED—
D& LT, O EMEEE L7 Y -7 % CBRIEA I (Copper-Catalyzed
Azide-Alkyne Cycloaddition, CuAAC) DNE<HWHN D, ¥ ZORINIT ¥V RETAF 08
13- PG BRALAT ISR 2 2 LC 14 @ 123- 8 7Y — Vv ZIERT 5 DT, EFITHE
WAL, BEIEIMES L OME R WERE A EZ R T 2 EBMbN TN D, £D7D,
Figure 3-1 |Z/R" T X 9 IR O 2020 ) U —%2 N L CRET7T A F U2 E AL,
CuAAC IC L > THIEAZ A Y I~ —ICEA LT I ECiIcEE < @iEsn s,

— — /N\J/\ :
DDS molecule

- Flurophore Oligonucleotide Functional Oligonucleotide
etc... a2
SN INil
N0
o o = \)\en 4 koj
HNJIj// HNJ ~ O R PN NN NP NP NP NSNS
04\N| 0-p:0 g
! ; - | ;0: Oy i/\/\/\/\/\/\/\/\/\
o
R NH W/:\A/\N
e

Figure 3-1 H & >4 oBEHE 012 CuAAC % W CTIERi 28 A L 7261,
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—J., ZOLD e ) VEETICEATLIEOOTIELE LT, VUYBY T AT UEED
LG RIR 12 =F = VLI ER Lo = F =LK AR 3 — MUYEHiZER S ®Es ST
% (Figure 3-2b), *° Z OEMIZIRIL, @H OBBEARIER A R0 7 I 4 A ME T ZHnT=
FZNRAREX— b2 A ) IXT VAF RICEAT L2 ETEHEkESND, £z, $HHERIC
TV REEATHIEE L CuUAAC 2179 Z & TEMEZE AL T\ 5, Figure 3-2¢ IZR" T & 9
o AT A MEMEEZBEAT L2 LT, 2o DEMBERRITA 7 =7 2 a UREE
FIZET AVHREFICERVIAEN TS, 20L&, N TV — VDI %S HIEMLEEFigure
32d) bkt g e L CHEIREDN, B ARE 2 LICZ oEfiZiE b il iALREE O
ZEPHLNIT R o T, T OBMMEEIT, RIS IALREE 26T L IND DT
BRI B IE R TIX R 2D MBI Y AZICBE D 5 AR E M EAEH L TV DA
REPERRIR S L7z, £ 2T, SHICRWHIER Y IAZREEZ A T2 N LEBOMEAZ B L.
FLEIE L LTV VY = A7 UAEIE O IELEAEERE R 1 (Figure 3-2d) Tl 72 < ZEfEMERE
Ji % U T U VI EH# L7z Figure 3-2e OIEHiRLFE % 5% 5t L 7=,

a b C d e

- Q . N- 0 N-N o —o P-0
0-P:=0 =—P:0 w )—P:0 « p)—P:0 -
o B o B :ﬁ/\,N\)_o B HN\)_ B o B
] r:o: | 1 :o: | | 1 ;o: | 1 :o: | koj
o o) 0 0 0
ywWwWww YWV ywWwww VW YWy

Figure 3-2 i £ DI L OKE THR SN EMiZE OIS, a) K DNA O, b=
FZNVHRARR— MEE, OB TH MO NY AF AT I ) =F /LA AR R — M, d)IELR
BEOBRFER T2 N 7 — VICEHR LT MU T Y VLR AR — M, o) ZEHEORESE
JR % R T Y — V@ LT b U T U LR AR R — M,

AW TIL, Figure 3-2e (IO THEE L b HOEMiA Y IX 7 LATF FOGRIELZBFE LT,
BARMZIX, Scheme 3-1 1R FT X H1Z, BIZ3-TYR23-TAF VX LAV RE, =F
SV AR F— NI EREZ BT 5 X7 VAT FiFEARERNEEM L, CuUAACIZ X > T
CRBEEAHKT D, DOWVWT IRAT 4 FIMURISET o TARAFRR T I XA, b=y &
AR, BHBIGHREIC L VA ) IX7 LATF ROGKEITH, UHBAETIE, NIV TV UL
RARF— MEEIT 123- NV 7YY=V I NERRFNT AR XTI VAT ROYRTZ
J—AD INIRFIFR A& ANRBIT D 5-HRAFRT— DY VJET L fEA Lz Figure 3-3a
OEEERT, 72, 2 BEL LIZA Y IX T LAF RAD N Y 7Y ULk Ak F— b
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iEIE, Figure 3-3b D X I I P ELFET p & RT, 72, AP REOEILEIZ OV T,
Figure 3-3 O X 5 IZfRi#HE L L HIT AP, GP' C¥B LT LT,

i DMTrO B’ §
DMTrO B i o o B’
o DMTrO B o
o N
N N
3 N/ N’
+ CuAAC NN/ Phosphitylation o 1. DNA synthesizer  fj_/
||| Rg-P'O 0 o it o-b=0
. o B
RO-P:0 o B \w o
0 B o] 0
o
o ~ L PN )
HO
Scheme 3-1 ARFEIZBIT HLFERKOBEE,
a b
HO B e
)
Wl "l N NH, o H T
NSN_o  BN_o N\ g’ %5-N_o
. N
1,2,3-triazole ’K,f /Kff Ly S ,;F

RTINS S “Lo? “40? “Lo? “Lo?
L N g NLY L g

B o Z- br;lN\ :F-);_ 8— OH
o 5 -TTpGT-3’
C
o
J’\@ o HNJ‘\© 0
RO ) f\ N NH fo) (bN 1 NH
k j = (A7 J’\r nXo nSo
e |

i ABz G/Bu CBz N-r
Figure 3-3 AR THW S, HIEIZOWTOXRLB L OEREL, a) b Y 7Y YRR R — b
MEP R THEE. D) P& T RSN ZERKL LIAY IX T VATF RO MU T
VU VIR AR R — MMEE o) HAE OB IR

% 2
VT ) FNEREEINT: TG _BERAFTaTIFAL b=y FERR
D R -E R

I Tl _7= L 51z, Effi 2 BIKDOFAFa 7 I 4 A b=y hOGEERT, 4,

anti hsa-mir-15b EZ41(5-TGTAAACCATGATGTGCTGCTA-3NIZik b %< & F415 TG EHIZ
St LTy AN 5-TpG-32 BIKDHE AR T I 4 A b=y NEkEIT-72, FUT VU
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VIR AR R — ML ORFEEIL, 5 D) VN 2 AT UVEEE R T LT IV UF A ~v—
AR 7 (Figure 3-4a)72 CICHR#ELRE L TR SR TWD YT/ = F A E v
(Figure 3-4b), L2>L., ¥ 7/ ZF VLI ABEIO N Y 7V VLR AR R — MEEORHERLE L
TOREMICRIT DT, BEMITITEVLER 1-F7 7 F N AF B G iLT- (Figure
3-dc), REITIX, 1-FT7FNAAFAEERV-AKRORIHEE LT, 7/ = F N HEE vz
BEoaLy— b EZDORMBERIZOW TR T 2,

a C
DMTrO B' DMTrO B'

DMTrO |;0: |;0:|

.N

Nc/\,o P o ~O P 0 o P 0
STF/IFILE w /7/19:”,% k j '_/

1-FIFI) -
)\N’P\o/\/CN )\ o/\,CN AFILE NT \oz\/CN

Figure 3-4 U VERDLREIL OB, a)v 7/ = FNEEHWZiEORE, b)v 7 /=T L%
HWIEGED, REOBLEM(R AR T I XA b=y MO, o) 1-F7F LA F v
EERWEBAED, KEOHMEEMGE AT T I X4 b=y hOREE,

VT TR E SN BIER AR T I 2=y hOARRKREIL, X LHIC
Scheme 3-2 (Zff > TEF = VIR AR F— FFBEIK 3-5 OGN SAT Tz, 7 nniRRAT 1~
FHER 3-1 5 BEOHE FPITHEV Grignard S EAWTZF = LR AT 0 ) OVT I 54
NEER 32 ZAKL, VT /2 bR VEE - DOEAT LI LETF=ARAT 4 )T IS
A NFHEIR 3-3 2K 86% TRz, DWW THER I3 ZHNTTAX T 7T 7 v U FHER
34 DS ETF = NVRAT 4 F— b2 ATALL, TBHP * Z AW T U VRT 2S5 2
& T LB 3-5 ZUUE 59% TR,

| NC-~oH 1.0eq |||

)\ p\ J\ =MeBr 1.1eq )\ P J\ 1H-tetrazole 0.8 eq NC g \NJ\

Et;0,0°C,1h MeCN, r.t., 1 h

3-1 3 2 quant 3-3 86%

|||
Nc\/\o/P\NJ\ 1.0eq |||
~_0O-P:0

HO o GBY  {Htetrazole 0.8 eq 5~6 MTBHP/decane 2.0 ~2.4 eq o o GBu
MeCN, r.t., 4 h CH,Cl,, r.t., 30 min
TBSO TBSO
3-4 3-5 59%

Scheme 3-2 {t.&%) 3-5 DAk,
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DX, BRI DERBLIOHRARE T I XA h=> | 3-9 D57 % Scheme 3-3
R T, LG 3-5 O 3RIKEBEEOBIRE L L TLEW 3-6 & 60% CHilz, EDtk 3°-7 4
F3-T Y RF IV UFEENR 3T, CuS04 & TBTAY % T ' CuAAC #17\, L&Y
3-8 % 88% TH37=, HIT, 3MIKIBIEDKR AT 4 FLEIToT & A, KInHIZEE DA
B DS TLC 4TI & » TR S 7o, TLC 9T CTAA U ARy MNeolebDa v Y 7o
m~v N7T 7 4 —ThHHEL Y'P-NMR CTo#r L72#5 R % Figure 3-5 (27797, 15 ppm LI K =
K RZBDHREFEH KDL — 7 PSMI b B HDO B — 7 PR SN T2, B EORE 55 8 ppm
D E— 7 IMREEREN L TR R Y T U AR ARR— YT 2T UEEICHE L,
150 ppm fHEDOE—=Z IR AT BT I XA MLICHKRTHEBXbNDH, 2D Enb,
B THD 39 DEAFHE L TEENTVDEBZ LN, £72 2 ORI TOILE
56%(crude)7Z > 7=(Scheme 3-3), L722L72A 6, BB RO E— 27 NWEHAFAEST 5 Z LA
5, Z®crude DILEM 39 2ZDEEFHHERLICI DAV AT A F X7 LAF FOERK
WCHWD Z LR THL LW Lz, YUV ra~ 77 4 —OEBROER,
FABHEP T ST TABIC L > TEHITHE- T 5 HEERR TN, MEOR EIZIED
RINBIR o T,

Bt %3 L OMEE® 3-9 @ crude DA D TLC 28T, FEF T EAm sk 72 B A B 73 A
bl einb, 7 ) = FNVERRBET DRSS E U AR mWE B 2, fFRE L
TAEBIT RV LRERRELEHND Z & & LT,

DMTrO. T DMTrO T

o
\w 1.0eq koj
Ns 3-7 N
I|I ||| Ccuso, 5 mol% '; /
~0-P=0 ~0-P=0 sodium ascorbate 0.5 eq
NC N GBY Et,N-3HF 3.0eq C LN GBY TBTA 5mol% NCT~-O" g o B
DMF, r.t., 2 h, 60% THF-MeOH-H,0 2:1:1 (VAVAV) o
TBSO HO r.t., 1.5 h, 88%
HO
3-5 3-6 60%
3-8 88%
DMTrO T
o)
NN
1 H-tetrazole 3.0eq NJ
iPr);N],POCE 2.0 e 0-P:=0
CH,Cly, rit., 1h o

3-9 56%(crude)
Scheme 3-3 B 3-8 DERBIONFEART T IX A b= |k 39 D& REF],

61



) 3-9 56% (crude)

.

T T T T T T T T T T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 90 80 70 60]c1 (50 )40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -8
ppm

Figure 3-5 1-v7 / = F VHRH#E SN 5- TG -3 @B A AR 7 I XA == | 39
D, VBTN NTTT 4 —BOEIY, (TOFRZIX, =27 LZz0dkend )
VIRFOx AR T,

% 3
1-F T FNARAFNVEREISNT 5 TpG3 _BERKRAFZE T IF A b=y
D& B

BT L o, VT = F AT RN TV VR AR R — ML OR#EL L LT
REETHY, RAFT IXA b=y FOHBRERARECH 72, 2T, LOVLE
PRI L LCL—F 7 F N AFARRICER Lz, 1-F 7 F I AFITBEREF D)
B RER OO DT, XUV FTFARATFNEOFERO 20Tl bR EN S
RT L, POV T ) ZFANERCATF VLB LTIV LZETHD, " ZORELLTT =
WIRAT 4 7T IHA4 MRIEICHW, F3H &RV — ML DA ERAT-, ZOFEM
% Scheme 3-4 1277,
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OH

WD e I
P 1H-tetrazole 0.8 eq O o P<n J\
)\ ) k MeCN, r.t., 1 h )\
3-2 3-10 88 %
|||

e L
O o )N\ 1.5eq
O e |

0-P:0
HO. o GBY  iptetrazole 1.2eq 5~ 6M TBHP/decane 1.5 ~1.7 eq O, GBY  Et,N-3HF 3.0 eq

o
MeCN, r.t., 2 h CH,Cly, r.t., 1.5 h DMF, rt., 4 h
TBSO TBSO
3-4 80% 3-11a 80%

DMTrO T

o.
\w 1.0eq (o]
N; 3-7 DMTrO o T
||| CuSO, 5 mol% diisopropylamine 1.2eq NN/

0-P:=0 sodium ascorbate 0.5 eq N 4,5-dicyanoimidazole 1.2 eq
@ o GBY  1BTA 5 mol% N / [(i-Pr),N],POCE 3.3eq 0-P:0
° : 52, o
O THF-MeOH- H20 2:1:1 (Viviv) 0-P:=0 CH,Cl,, r.t., 40 min o
0 O

HO rt,1.5h O GBu
3-12a77% Q)

Scheme 3-4 1-F 7 F N AF NI H#EEINTZ5- TG -3 _BERFAKa T IF A b=y b
3-14a DAL

HO )\N,P\O/\/CN

3-13a 89%
3-14a 68%

IS CAR LIALAW 32126 LT, 1-FT7FNARAE ) —LZANE5Z L ToF =LK A
T4 )T IFA FEEIK 310 & 88% THFIZ, FHEAR 3-10 AN TTAFR T TT ) vk
KD 5Lz F =)VHRAT 4 F— Fx X7 L{L L, TBHP Z/HWTY &b+ 252 & T,
LA 3-11a Z UK 80% THH-, DT, 3-TBS & Bifti# L. (L&Y 3-12a & 77%DILF
THIZ, D30T, TYRF IV 37 LD CuAAC 24TV, 5°- TG -3" 81K 3-13a % 89%
DR THT-, BBIC, Z8BIK 3 RKEBKRBIED KR AT 0 FALZITV, BIID 5- TG -3
CBAERAFRT IS b=y b 3-14a 2552 LTI LTc, T 2T ALEW 3-14a DFE
AV P CTUREA R TARRT L FEPFENTHL Z L2 R L, P-NMR TRl
MIDBHER S NBRWVEERWMETTY I 4 A b=y %155 Z & 7 T& 72 (Figure 3-6),
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3P NMR kﬁjl

o- P )
3-9 (crude) NC T

ST/IFILE k j B

)\ P 0’\/CN

) Auu“ LLNL[ j |

DMTrO B'

o
N
/
p
0

1- -1-79'-» cN
©) xv‘w% N~ ‘0’\’ ©)

150 100 50 0 (ppm)

Figure 3-6 > 7 / = F VEE&E AW “BIRFR AR 7 I 44 b= b 3-9(crude) & AHiTH
% L7z 3-14a @ ¥P-NMR DO t#k, P oOF 1L, B —27 EFOHKERD Y VEAORG%E
#=7,

%4
5:-TyG -3 ZEINCEFIeA ) TX 7 LATF FOERKR

BARTEONZ S - TG -3 “BERSARe T IF4 A b=y hEHWT, £V IX7 1
FF ROEKREIToT-, Bii EBEKOT IXA b=y 2RSS TORIK, BIXOIRSE
1% ABLAEOHERE X v RICHE-> T2, &Rk L72l24 % Table 3-1 12777,

entry sequence
ODN3-1 5-TTT;,GTT -3

Table 3-1 AHEICTEK LI EMA Y T X7 L AT ROES,

IZU®IZ, ODN3-1 OEREITV, i &R AAFae 7 IXA b=y OV >
T IOGEMAZ DWW TR LT, TEMEEANT 5-ethylthio-1H-tetrazole % VY, SUSEEM I 120 B
BLO600 D2 552Kt Lz, ZORE, W LESIORIZIZH D RKRFO T & [FR
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BEDH v 7Y VIR ER L=, Z0-b, EMfi —BERARRT IZA ha=y hOT v
7V 2 I ROSHERENE 120 B CRIEZR S HMEZIT ) 2 L3 TE B Ll L7,

DT, anti hsa-mir-15b F51(5-TGTAAACCATGATGTGCTGCTA-3)Z 5°- TG -3 15 fifi &
M\ L7-Kd4 ODN3-2 #6 ik L7z, BEIG R CHEMERIED#%, 5 KD DMTr &% {REF
L7eEE 2807 =7 /K EiR. 1 h THERAALDOEY H L ATV FEHEZBRV 212 55 °C,
16 h DFRETOBRELITo>Te, 7T E=T KEBERE L%, LC-MS ITX 50T %217 -
7o EDRER % Figure 3-7 12”7,

a
®
o
g 01
55 005 I
I} .
3207 )
:>) " 1o 200 300 4o sbo edo 700 sdo 900 1000 1100 1200 1300 1400 1500 1600 1700 1300 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900
retention time (sec)
b ¢
n- ionic caled 1825.8023
peak structure (5-3") valency  [M — 4HJ- found
1 DMTr-T,GTAAACCATzGAT,GT,GCT;,GCTA -4 1825.34 1825.80
DMTr-T;,GTAAACCATzGAT;,GT;,GCT;GCTA 4 1860.36 1860.57

+ one point 1-naphthylmethyl group

intensity

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 e o0 %0 200
m/z

Figure 3-7 ODN3-2 O [EFH 5 DU Y H L, BifR#% O LC-MS 73 H1f5 #R. a)HPLC 12 X % /347
fEd, b)ERRBRERD B — 7 (peakNFB L WY 1-F 7 F /U A FIOLIS 1 Ol fi# ST 7s
WML PR FE AR+ 23 IR (peak2) DB B3 AT OFHEAE & ERME, TEHOT ¥ — ML @I KK, ¢
peakl (23T 2 EH &3 HT DR,

Figure 3-7a,b {Z/R S 415 & 912 HPCL F ¥ — MIIZFEANRM TH 5 peakl & e 72 B4 RL
MTdH D peak2 N EICBLHI S N7 Z & | peakl DB BTG RS ODN3-2 D5EEPLirik & —
BLlzZenb, BHOWEZE T4V IX T VAT RBRGIRILIGEONTZI ERDho
7oo FT2. peak2 OEESMHFER. 1-F 7 F A F VI 1 OfifE#E S TORWOBE#ER
TR THD BRI,

LEDFERNG, REICTHWETIEICEVEHO N T Y VLR ARR— MEEZHFT D
EffiA ) IX T LAF ROGHRBAEETH D LWL, OIZHOESING 725 8Kk A
FAaT IHA b=y hOEREITH> Z &L LT,
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%5
TP & {ekk 2 REH D _BIE D AR

FBAFORERNS, FTTTFNATFNVEERERLL T EBRKEHDZETHRYI T Y UL
RARE— MEEZEGLA) IX 7 LFF ROSRDBARETH D L E X, xR0 &
KOEKREIT> T2,

I|I

O’P\NJ\
O PY 1.5eq | |

O 3-10 o-l:o
HO B 1H-tetrazole 1.2 eq 5 ~6M TBHP/decane 1.5 ~ 1.7 eq @ o B

MeCN, r.t., 2 h CH.Cly, rt,, 1.5 h Q °

TBSO TBSO
3-11b: B = APz, 87%
3-11c: B =CP2, 87%
3-11d: B =T, 90%

HO o B HO o ABz HO o CBz HO o T
or K ﬂ or
TBSO TBSO 3-15a TBSO 3-15b TBSO 3-15¢

0-P:0
Et;N-3HF 3.0 eq O N o B
DMF, r.t., 4 h Q \Q

HO
3-12b: B = ABZ, 75%
3-12¢: B = B2, 82%
3-12d:B=T, 83%

Scheme 3-5 1-F 7 F N AFNIEEHEINT-X I LAV R - F = LR AR 3 — FFER
3-12b,c,d DAL

IZUOIZ, X7 LAY K5 -2F =LK AR R — FFEK 3-12b, ¢, d D& k75 % Scheme 3-5
R T, (LAY 3-12a DERIE LRI, ZF = VKA T 4 ) T IX4A NiHER 310 24T
FH¥ X7 LAY RFER 3-15a,b,¢ D 552 =F =)LRAT 4 x— b= 27 /L{t L, TBHP
ZRAWTY &S 52 & T, LEW 3-11b,¢,d & 2 (TR 87%. 87%. 90% CTH3i=,
=z, LAY 3-11b, ¢, d D ERERIE &[RRI, 3°-TBDMS % BifRi# L., L& 3-12b, ¢, d &
75%. 82%. 83% DK TIHT-,
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DMTrO B’

o
\Q 1.0eq

N; DMTrO B’
If 0
CuSO, 5 mol%
0-P:=0 sodium ascorbate 0.5 eq N‘N
(o] o B TBTA 5 mol% N~/2 g_::gb: ((g g; ((25219:2))’22:' 8833/0
. D- -15C: z Z %o
W, H\/—\'o THF-NMOH H,D 2:1:1 (i) a PE0 g 3-13d:(B,B)= (A% T), 1h, 95%
o 3-13e: (B', B) = (CB2, AB?), 3 h, 85%
3-12b: B = A%, Q 3-13f: (B", B) = (C®, CB2), 2 h, 87%
3-12c: B = CB2 HO 3-13g: (B', B) = (T, AB?), 2 h, 93%
3-12d:B=T
DMTrO B’ DMTrO ABz DMTrO CBz DMTrO T
o o o o
L >
Ny Ns  3-16a N3 3-16b Ny 37
DMTrO B’
o
diisopropylamine 1.2eq N.'N
4,5-dicyanoimidazole 1.2 eq NJZ

[(-Pr),N],POCE 2.0 eq 0-P:0
- Q %N o B 3-14b: (B', B) = (ABz AB?), 2 h, 76%
CHCly, r.t., time Q k j 3-14c: (B, B) = (AB%,CE2), 2 h, 89%
5 3-14d: (B', B) = (AB2 T), 3 h, 76%
)\ : (B’, B) = (CB2, AB2), 2 h, 81%
N- N0 ™~CN 3445 (B", B) = (CP7, CB2), 2 h, 76%
3-14g: (B', B) = (T, AB2), 4 h, 79%

Scheme 3-6 1-FT7F N AFNLNEREINTZE BRI AFTe T IXA b=y I
3-14b~14g DAk

DONWT K _BEERKRAFET I XA b= | 3-14b~1dg O k5% Scheme 3-6 (Z/RT,
WEOMEIHES TAR LIS 3-T YV R23-TAF VX7 LAY RFEKR 3-16a™",
3-16b™" £720% 3-7 L X7 LAYV R 52 F =R ARR— biBEAK 3-12b, ¢, d ZHNT
CuAAC #1TV>, 2 &K 3-13b, ¢, d, e, f,g % TILEILE 86%. 89%. 95%. 85%. 87%. 93%
THET, BRI, R 3R AKEEIED R 27 ¢ FAALEITV, DNA B BA R FH ATRE
2 BRRARE T IXA b=y h%&, 3-14b,c,d,e,f,g &= Z L Z IR 76%. 89%. 76% .
81%. 76%. 719% CTi35H Z LI LTz,

LLEDRERMN S & 3HITHIE L ZBEROEIET., £ < OB D Z & {KIZOU TR
ARETHDZ R mholz, 5%IT. TNODT IXA b=y FEHWTERA REFTICE
fixBALLAY IX T UATF RBREHRATRRICRD EEXBND,
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% 6 i
wiE

ARETIE, NIV T Y INFRARR— MEEEZHTHEMAY X7 LT REGlT 572
DHIZ, THEOEM R AR AFRe T IF A b=y bEAR LT, o, GlFFEED b
U7V NNERARFR— NBALORERE LT I-T 7 FAATFAVER R EESERT &
ZRH LT, 5- TG -3 Z8EOKRAFe T IXA b=y hEHNWTAH) IX T LATF R
DERRF 2TV, BHEORAFT IX A MEZX28MERISE, TUrE=TKIZED
I-F 7 FNNRAFNAVEOBEEDOET MR LTz, 5%IZ, B4 ) I X7 LATF KNE
AEL, ZEMHEN, R RIEE A~ OMME, MIEY JAZREZR SIZOWTOBFERTD
N5TETHD,

Fo. ARG S it (Figure 3-2c)l3 K8 DNA GRkICIGH TE 2 A[EMEDR B 5,
U4E, B8 DNA O & kESE LT CUAAC Z WA Y X7 LAF RR+ED T A F—va v
MEHINTWD, M F2bb TV NEEATHF IV AX T LATF RFERmT VX 52 H
THAVIXZVLAF RERAVWTEIDENWAY IX 7 LAF REEKRT 2851 TH 5 (Figure
3-88), ZOXIRNIT Y= NEEGLEMN Y 7 R— U DORRFIZIHN T, G5O R R
VAT —BIZL - TEMiA Y IX7 L AT ROBSINIEMIZERFHR I N0 E 9 MNIFERICE
BWChHhDH, L LAERS, NI T Y=l ) UlgE X7 LAy RENCHE AT DGR
WEA BN 2T A IR L Bt & (Figure 3-20)8 4 ) 2~ —F+0D 7 A F— 3 v
WIS FTREDY, ET-EGEREBICB W T ED X 9 2 EHZRT OO0, 5% 0 S 57 AN
EEnd,
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DNA [ ZAEKRAN T B, —FHEH, WESHL EO/mREEEZ AT 5 2 & THEENTOREE
ERBT D, F0cd, BAEEECEMERE O SREEREN., BLOELLOEHIEICHE
T 5HF%E1L. DNA D57 DNA BROHEEIC L 72 63T B2 57210 T <, BEigEHKIC
9 DY A b FE A E A D ECIHEFICEE TH D, R LEHICTIE, EHiZEBOG K
L T OEUAEEICEE LR 21T o7,

Bl1ETIE, HE/ T =V EEOETARELE LT2N-~T T YV — AT T =(G"™% A
W, BRSO AR A—va VICEBR LT IEH, SHEHEBIOUEHOLENICE 2D
BWhFH~NT=, DFT FHOFEEN DT, ~T a7 V=L BODb TN REEOENNI L - T
open-type 2R A= a Y OREMNRKRES B2 D ENRENTZ, 72, G"™ D open-type
AVHEA—Va VR EETHHIEE G 2 EL _EHHIILETHDL I ENbhol, EHIT,
G™" % & Lo S AR EL S O m R & 2 EME b “EHOGE L RO Z 7~ L, open-type
AR A=y a VORERENUESEEEOLEEICBIT2EERERTHD I LARINT,
FLINOLORENS, ZEHEEARALENRT H 7T = 207 2 EBEITUEHEE DR
BENRTDHZENRBENT, £, G Z2EFL T LR ZEHBHITIREMO DD LY AL
ETHDIENTNoT,

B2ETIX, T F AT LB ZEHEERICBW T, a-X 7 LAY REE&T TFO OME
ZRHMIi L7z, TFO D a-X 7 LA > R EFERHE RIS =t 2 AT D B D 2B e d B
b Z MRS TRE R, AV E TICBEFI O WL E R ZHIERT OMAGbE & L
oo Flo, 400 =R & “HEWEEO D TEINFAEZIT TR, a- X7 LAY
RRE—SHOWEI L KBRS Z2 T D ARSI RSN, £ 72 ZEMHOLEMET =T oS
I TRIANYy IR—VDERRELEBRETOLXETHDLZ LRI,

F3E TR, “HEHHAER T AOMMERLE LT, MEEERESHFESND N TV UL
RARF— MEMIA ) X7 LAF ROGHRIELZBF L, BMTALE2 & 8RR AT r
TIXA b=y FOAKIZBWNT, NI TV UAKRAKRIR— MO R fi#ELE LT
1-FT7FNAFNEZ R Ui, 72 2 ORERITERMA ) TX 7 LA F ROGRIZ i ]
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ARETH D Z L &R L., BRREEA~OIGHIZAITIZER R E~OBERO LML,

T OWFRIC K o TH LN TAEIEZEE D A pkiE, B X NS IRAEEE K~ D FED LA,
HEE LD EETRIREMBEE DR EHIE TS Z LRI NS,
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ERRELEBLIVCE2EICRBIT S5 KO REHR)

F1EBIOH 2 EOFERTHWZRIE, HBRIIUTO®Y TH 2,

HHEG A, R
FOEHIEE T2 Wabak, BI# k5. Sigma-Aldrich K VYEEA L7z,

YU MFNERE e~ T T 7 4 — (TLC)

Kieselgel 60 F-254 (Merck) % M\ 7z, BEEHIZIL, ~F v rmn A2 % U7
B AR AL ) — VR AT UERR T T LR AW LA ORI, UV (254
nm), HDHWIFIRERIEL LTI UHE, 5RMEA ¥ ) —/VIFIKR, 7=AT VTt FFR, =
e RV VK, BT T UOBT =T Ak ) U AR SR VWi,

YIRTNI AR N T T T 4 —

Wakogel C-200. Wakogel C-300. Silica Gel N60 (B # {k %¢). NH-DM1020
CHROMATOREX(Fuji Silysia) i fl L7, WHIEHICIX, ~F v rma 2 ¥ 0%,
JaBa AL RE )=V R NFH R T LR E 2V, BLETHIL pyridine &
HWNE EtsN 23 L7z,

YA R v~ I T T 4 —
LC-908 (HASH T.3) (o7 Vgl 7 & (JAIGEL GS-310) o7 &M\, BHE
BCIX, YrauAEy . TR NI AREER W,

'H-NMR A~7 /L
Varian AS500 (500 MHz) Z 721% Bruker biospin - AVANCE III HD500 /(500 MHz) %
MWTHRIE Lic, AR, AEREICHR T 28— 7 ZNEEE L L TRV,

BC-NMR A~ kb

Varian AS500 (126 MHz) % 7=/ Bruker biospin + AVANCE III HD500 %!(126 MHz) %
FAWTHIE L, AEEEFTIX, T b7 2AF v T2 (TMS) & 25 WIS AESEC H k3
LHE—7 ZNEREL L THWE,

31IP-NMR A~7 hv
Varian AS500 (202 MHz) Z 721% Bruker biospin - AVANCE III HD500 /(202 MHz) %
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FHWTHIE L7, Varian AS500 # W7~ & X%, 85%IE Y VEEZ A EiEne L L7~

ESI-TOF-MS Zp#rit
KR LERFPHIFB O ZEE 2 — (T 5T HE) IKEL THE Lz, WEITIX
micrOTOFII (Bruker) = U 7=,

MALDI-TOF-MS 347 &t
W TERFEIR O XEE 2 — (T3 H) ITEE L CHE L7, JIEICIE
AXIMA-CFRPlus (SHIMADZU) % 7= 1% UltrafleXtreme(Bruker) % v 7=,

DNA/RNA HE &, DNA AV I~ —45k

V=T WA AEO nSE 1L A Lz, RIAR AR T IF4 A b=y FBIUZOMf
O E 723 3KIE Glen Reserch Inc. LV A L, HELEZ L2 FIEIZIE - THWZ, AIFZEICE
WTERR LIEMiIRAR AR Y I XA b=y MIBEKRTE M= VERIZEKY 7R
A& (0.1 M) IZFfE L. DNA/RNA BEHEREBEICEM Lz, iR ARe Y I4 A |k
=y b ERWEEM RSO R A 300 ICAET L, ZHLSNORKISITT R TY—r T
YA L AEOHELRT 2B LV T2, AR LIEETOA Y IXT LAF RIZBNT, Bifk
LU H LT 28% 7 v E=T K, 55 °C, 16 h ODFKMTITV, mOLT/NRL—F—%Z N
TTvE=T%HKBELE, AL DNA 4 U I~ —OREENEIC O W TGRS 3 0 FZERIE
THEIZIE R %, RO A3 572 5 DNA AU 2~ — (X IDT #: A LT,

UV I A~T b
Nano Drop ND-1000 3 X O UV-1800(SHIMADZU) CllliE L 7=,

X7 VFEY RO pK ORIE., HH

PIP X7 LAY RFEERULEY 1-90) & FIZHAT 5, XU HIZ 1-9¢c 2 DMSO (ZEfR &
. A A UK THEIRT D Z & T He0-DMSO (92:2, viv)IEHR (B0 uM) & L=, Zh & pH
Z B L7z buffer & #4252 & T.pH 2, 3, 4,12 128 & 7= 1-9¢ D 25 uM AR (pH
2~7: 200 mM 7 . [i#-NaOH buffer, 1% DMSO, pH 8~12: 200 mM 2V 3 > -NaOH buffer,
1% DMSO) #1ERL L7=, ZHNAE AT UV 227 FAIEZITV, I AR R LIZ K& 7
A6 & - 72 pH 3.0~7.0 OFEIKIZHEH LT, HZ pH 3.0, 3.3,3.6, -, 6.9 & 0.3 A A DHIE
%1T-72(200 mM 7 = > i#-NaOH buffer, 1% DMS0), = Z T, LA 1-9c OEMESAEHIT
D e R & F5 K OME FEME SR T O i RIRIGE £ 723 268 nm 33 X TN 278 nm Th 7= D
T(Figure 1-13), Z D 2 D DWW JE L Abssss/Absars DIIET — % % pH OB WIZT 4 v T
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47 L, pKa %5 M L7 (Figure 1-11),

10-PH + € 268 10-PKa

AbSZGB _ 8268
Ab5278 €278 10-PH + ‘S,ZJ 10-pKka (D
€268 €268

TIT, gy BED eI 7 v b AL SN TR0 1-9¢ @ 268 nm 35 LT 278nm (2817
BB ERRIL, e BEDN e 37 1 b AL &7 1-9¢ D 268 nm 35 L X 278nm (T
B DEANRNEREEZRT, Bl ROWNEL WSS, EOBRENIEFICRE R
272,

TAXTT (G, LAY 1-9a(GPY), 1-5(GPym)3 LN 1-9b(GPy )| >\ C i, pH 1
2170 UV JIE LG 1-9¢ & 2L FAREICIT>72, pH 0.3 240 UV JIE T, JIE M
ZpH 172,75, 78, 11,7 LT, ZNZTND 25 uM X 7 L A4+ RIEiKERQ00 mM 7' U & >
-NaOH buffer, 1% DMSO)Z I E I H Nz, (BRI C 0 Fe R R/ M S -l T o
BRI B) DA S DR ITZNZ1 G (254 nm/265 nm), GFY:(264 nm/275 nm) , GPym:
(266 nm/275 nm), GPyai( 266 nm/274 nm) Th o7, T HDOEEEZH T, L& 1-9c
LRSS pH SEOWNEDERH L, W=7 7 4 v T 4 v 7 &4TV pKa R LTz,

2 TOWSEERE L 3 EATV, Z ORIl & AR HER 2= 2 R LTz,

— E B/ = B/ DU B B AR EE (T fiED O I RE
% DNA # U 4 v~ — ®© F /v W k% FE £% % 1T . Oligo Analyzer 3.1
(http://sg.idtdna.com/calc/analyzer) % V>, nearest-neighbor {EZHWTCHE L7Z, #H1
T TIX GPy, GPym, GPyra and PIP # REMD G L AR L THE L, F2FE Tl aA, oG,
aC, aT Z#ZNTNRHK(B-XI7 LA R)D A, G, C. T AR LTEIELE, BHbh
Mz b LI, DNAA Y I~ —OREZIGE L, HERR 2R L7z,
Pharma Spec UV-1700 (FEHERT) # T TufEORIEEZ B 7o 72, T EZ 95 C
SRS, 1.0 C/ min (WEHDYA X 0.5C/ min ) TIREZ 5 CE TEALIE72%,
5 CEMAEDH, 1.0 C/ min WEMHOEA X 0.5C/ min) T 95°C FTHIESH, 1.0 C
Z L1 260 nm O (U ESHOLA 1L 295 nm) 2 1IE Lz, KREFFEICZIE 350 nm F721%
500 nm % f\ 7z, 260 nm OWEEUEHOEHAIEL 295 nm) A REICK LT ry L
EHA AR & L7-, Stavitzky-Golay # (25 point) Z#HHWNTA L=V 7 L2, 0T
% Z & X ESH = SH/IU E SRR L (T ) & SR D 72, A WE L 3[BTV, EHIE &A%
¥RAEZHH L TORLE,

&= b FEE
2 TOEALFHEIT Gaussian09 W TEENBEEIEIZ L VITo 72, FHE LT,
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MEREEB L O RAX—3EO L L 5 0BITX-D/6-317Gd % MV 7=, YEEIZIE pymol
1.7.6.0.% 7=,

o FEN )RR
ETOy #1555 1213 AMBER16 (AMBER 16 Update 1, AMBER Tools 16 Update 1) %
AWz, £z, 7 —ZWLERIZI Cpptraj ver 17.00, 7EMIZ1X pymol 1.7.6.0.% H 7=,
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FRULEW. & D WIFTHERE LT R R D TTETER LIALEMIT OV T, £ DOEMIEEZRT,

L&Y 1-4
o
N z
NH N

¢ <

TBSO N NJLN/LN
o) H
TBSO

3°,57-0-bis-(tert-butyldimethylsilyl)-2-N-(pyrimidin-2-yl)-2°-deoxyguanosine.

Compound 1-1 (250 mg, 0.5 mmol), Cs,CO; (815 mg, 2.5 mmol), (+)-BINAP (31 mg, 50 umol),
Pd(OAc), (11 mg, 50 umol) were mixed in anhydrous toluene (2.5 mL) under argon atmosphere. To
the mixture was added 2-chloropyrimidine (67 pL, 0.75 mmol). The resulting mixture was heated
under reflux and stirred for 38 h. The mixture was cooled to room temperature, poured into CH,Cl,
and washed twice with H,O and sat. NaCl. The organic phase was dried over Na,SO,, filtrated and
concentrated under reduced pressure. The residue was purified by silica gel chromatography (60N)
with CH,Cl,-MeOH to afford compound 1-4 (132 mg, 46%) as yellow solid. '"H NMR profile was

identical to that reported by Ito'”.

t&% 1-8a
0
N N7
BEEY
TBSO N“N"N
o H
TBSO

3°,57-0-bis-(tert-butyldimethylsilyl)- 2-N-(pyridin-2-yl)-2°-deoxyguanosine.

Compound 1-1 (250 mg, 0.5 mmol), Cs,CO; (815 mg, 2.5 mmol), (+)-BINAP (31 mg, 50 umol),
Pd(OAc), (11 mg, 50 umol) were mixed in anhydrous toluene (2.5 mL) under argon atmosphere. To
the mixture was added 2-chloropyridine (70 pL, 0.75 mmol). The resulting mixture was heated under
reflux and stirred for 38 h. The mixture was cooled to room temperature, poured into CH,Cl, and

washed with H,O twice and sat. NaCl. The organic phase was dried over Na,SO,, filtrated and
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concentrated under reduced pressure. The residue was purified by silica gel chromatography (NH)
with CH,Cl,-MeOH to afford compound 1-8a (183 mg, 64%) as pale yellow solid. '"H NMR (500
MHz, CDCl;) 8: 0.05-0.13 (m, 12H, Si-CHj;), 0.88-0.96 (m, 18H, Si-C-CH;),2.31-2.40 (m, 1H, 2H"),
2.45-2.54 (m, 1H,2H""),3.73-3.79 (m, 2H, H5 and H5""),3.96-4.01 (m, 1H, H4"),4.56-4.61 (m, 1H,
H37),626 (t,1H,J=6.5,H1"),6.73-6.75 (m, 1H, Ar-H), 6.99-7.04 (m, 1H, Ar-H), 7.39-7.44 (m, 1H,
N-H), 7.66-7.72 (m, 1H, Ar-H), 7.90 (s, 1H, H8), 8.28-8.32 (m, 1H, , Ar-H), 13.60 (s, 1H, N-H); °C
NMR (126 MHz, CDCL;) &: -54,-52,-4.6,-4.6, 18.1, 18.6, 259, 26.1, 41.3, 63.0, 72.0, 834, 87.9,
1119, 118.1, 1200, 136.0, 139.1, 146.6, 149.3, 149.7, 152.6, 156.7, HRMS (ESI): m/z caled for
C,;H N¢NaO,Si, [M + Na]": 595.2855, found 595.2848.

&%) 1-8b

TBSO N N')\ XN

TBSO
3°,57-0-bis-(tert-butyldimethylsilyl)-2-N-(pyrazin-2-yl)-2’-deoxyguanosine.

Compound 1-1 (1.0 g, 2.0 mmol) was rendered anhydrous by coevaporation five times with dry
pyridine, and then with dry toluene five times, and the residue was dissolved in dry toluene (20 mL).
To the mixture was added Cs,COj; (3.3 g, 10 mmol), XantPhos (234 mg, 400 umol), Pd(OAc), (45 mg,
200 pumol), triethylamine (280 pL, 2.0 mmol) and 2-chloropyrazine (214 pL, 2.4 mmol). The resulting
mixture was heated under reflux and stirred for 19 h. The mixture was cooled to room temperature and
dissolved with ethyl acetate (40 mL), then filtered on celite. The filtrate was concentrated under
reduced pressure. The residue was purified by silica gel chromatography (60N) with CH,Cl,-MeOH to
afford compound 1-8b (800 mg, 69%) as dark green solid. 'H NMR (500 MHz, DMSO-d,) &: -0.04—
0.13 (m, 12H, Si-CHj;), 0.80-0.91 (m, 18H, Si-C-CH;), 2.29-2.37 (m, 1H, H2"), 2.67-2.76 (m, 1H,
H27),3.60-3.76 (m,2H, H5 and H5""), 3.81-3.89 (m, 1H, H4"), 4.48-4.55 (m, 1H, H3"), 6.23 (t, 1H,
J=65,H1),8.11 (s, 1H, Ar-H), 8.25-8.31 (m, 1H, Ar-H), 8.33-8.38 (m, 1H, Ar-H), 8.70-8.76 (m,
1H, Ar-H), 1091 (s, 1H, N-H), 12.34 (s, 1H, N-H); "C NMR (126 MHz, CDCl;) -5.4,-5.3,-4.7, -4.6,
18.1, 18.5, 25.8, 26.1, 41.5, 62.7, 71.6, 83.7, 87.8, 119.8, 136.5, 136.7, 137.9, 140.1, 149.0, 149.1,
149 .4, 157.2; HRMS (ESI): m/z caled for C,¢H,;N;NaO,Si, [M + Na]*: 596.2807, found 596.2804.
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TBSO
3-(2-deoxy-3,5-0-bis-(tert-butyldimethylsilyl)--D-ribofuranosyl)-3,5-dihydro-11H-pyrido[2°,3":4
,5]imidazo[1,2-a]purin-11-one.

Compound 1-1 (500 mg, 1.0 mmol) was rendered anhydrous by coevaporation five times with dry
pyridine, and then with dry toluene five times, and the residue was dissolved in dry toluene (10 mL).
To the mixture was added Cs,COj; (1.6 g, 5.0 mmol), XantPhos (120 mg, 200 umol), Pd(OAc), (23 mg,
200 pmol), triethylamine (140 pL, 1.0 mmol) and 2.3-dichloropyrazine (126 pL, 1.2 mmol). The
resulting mixture was heated under reflux and stirred for 8 h. The mixture was cooled to room
temperature and dissolved with ethyl acetate (40 mL), then filtered on celite. The filtrate was
concentrated under reduced pressure. The residue was purified by silica gel chromatography (NH)
with CH,C1,-MeOH to afford compound 1-8¢ (576 mg, 83%) as orange solid. 'H NMR (500 MHz,
DMSO-d;) &: -0.05-0.18 (m, 12H, Si-CH;), 0.75-0.98 (m, 18H, Si-C-CH;), 2.23-2.32 (m, 1H, H2"),
2.69-2.79 (m, 1H, H27), 3.65-3.71 (m, 1H, H5"), 3.75-3.81 (m, 1H, H5"), 3.83-3.88 (m, 1H, H4"),
4.54-458 (m, 1H, H3"), 6.31 (t, 1H,J=6.8,HI"),7.88 (d, 1H, J = 6.8, Ar-H), 792 (s, 1H, Ar-H),
8.16 (d, 1H, J = 6.8, Ar-H); "C NMR (126 MHz, DMSO-d,) &: -5.5,-54,-4.9,-4.7,17.8,18.0,25.7,
25.8, 629,724, 823, 869, 1152, 129.7, 1349, 138.4, 138.5, 151.2, 151.7, 154.7, 157.3; HRMS
(ESI): m/z caled for CysH, N,NaO,Si, [M + Na]*: 594.2651, found 594.2638.

ft&) 1-9a

o
N<"“NH N7
I
HO N“*N“N
|;O:| H
HO
2-N-(pyridin-2-yl)-2°-deoxyguanosine.
Compound 1-8a (973 mg, 1.7 mmol) was dissolved in dry THF (18 mL). To the solution was added
triethylamine (1.1 mL, 8.1 mmol) and triethylamine trihydrofluoride (602 pL, 4.1 mmol). The
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resulting mixture was stirred at room temperature. After 14 h, ethoxytrimethylsilane (3.0 mL, 19
mmol) was added and the resulting mixture was stirred at room temperature for 4 h. The mixture was
concentrated under reduced pressure, and the residue was precipitated in hexane-ethyl acetate (1:1,
v/v) to afford compound 1-9a (523 mg, 90%) as white powder. 'H NMR (500 MHz, DMSO-d,) §:
2.23-2.32 (m, 1H, H2"),2.53-2.61 (m, 1H, H2""),3.47-3.61 (m, 2H, H5 and H5""), 3.79-3.87 (m, 1H,
H47),4.33-4.40 (m, 1H, H3"),4.93-5.01 (s, 1H, OH5"), 5.30-5.36 (s, 1H, OH3"),6.22 (t, 1H, /= 6.5,
HI17),706-7.12 (m, 1H, Ar-H), 7.21-7.27 (m, 1H, Ar-H), 7.79-7.88 (m, 1H, Ar-H), 8.14 (s, 1H, HS),
8.32-8.38 (m, 1H, Ar-H), 10.80 (s, 1H, N-H), 13.38 (s, 1H, N-H); "C NMR (126 MHz, DMSO-d,) 6:
40.3, 620, 71.0, 83.2, 88.1, 113.1, 118.2, 118.9, 136.9, 139.7, 146.6, 150.0, 150.2, 153.7, 156.1;
HRMS (ESI): m/z calcd for C,sH,,N;NaO, [M + Na]": 367.1125, found 367.1124.

{t&4) 1-9b

2-N-(pyrazin-2-yl)-2°-deoxyguanosine.

Compound 1-8b (1.5 g, 2.6 mmol) was dissolved in dry THF (30 mL). To the solution was added
triethylamine (1.7 mL, 12 mmol) and triethylamine trihydrofluoride (950 pL, 6.2 mmol). The resulting
mixture was stirred at room temperature. After 10 h, ethoxytrimethylsilane (5 mL, 32 mmol) was
added and the resulting mixture was stirred at room temperature for 11 h. The mixture was
concentrated under reduced pressure, and the resulting powder was filtered, washed with CH,Cl, to
afford compound 1-9b (885 mg, quant.) as white powder. 'H NMR (500 MHz, DMSO-d,) &: 2.25—
2.33 (m, 1H, H2"), 2.55-2.62 (m, 1H, H2"), 3.47-3.61 (m, 2H, H5" and H5"’), 3.80-3.87 (m, 1H,
H47),4.34-4.40 (m, 1H, H3"),4.96 (t, 1H,J=5.0,0H5"),534 (d, 1H,/=3.1,0H3"),6.24 (t, 1H, J =
6.8,HI"),8.17 (s, 1H, Ar-H), 8.27-8.33 (m, 1H, Ar-H), 8.35-8.41 (m, 1H, Ar-H), 8.75-8.81 (m, 1H,
Ar-H), 10.89 (s, 1H, N-H), 12.30 (s, 1H, N-H); "C NMR (126 MHz, DMSO-d,) 6: 40.9, 62.0, 710,
83.3,88.2,119.3, 1364, 137.2, 138.0, 140.9, 149.3, 149.6, 149.8, 156.0; HRMS (ESI): m/z caled for
CHsN;NaO, [M + Na]*: 368.1078, found 368.1078.

80



L&) 1-9¢

O nN=
N )
A
¢ g
HO N“>N“"N
Lo
HO

3-(2-deoxy-f-D-ribofuranosyl)-3,5-dihydro-11H-pyrido[2°,3":4,5]imidazo[1,2-a]purin-11-one

Compound 1-8¢ (570 mg, 1.0 mmol) was dissolved in dry THF (9.6 mL). To the solution was added
triethylamine (313 pL, 2.2 mmol) and triethylamine trihydrofluoride (732 pL, 4.5 mmol). The
resulting mixture was stirred at room temperature. After 20 h, ethoxytrimethylsilane (4.7 mL, 30
mmol) was added and the resulting mixture was stirred at room temperature for 1 h. The mixture was
concentrated under reduced pressure, and the resulting powder was filtered, washed with MeOH to
afford compound 1-9¢ (160 mg, 47%) as yellow powder. 'H NMR (500 MHz, DMSO-d;) 8: 2.16-2.27
(m, 1H, H2"), 2.65-2.75 (m, 1H, H2""), 3.50-3.59 (m, 1H, H5"), 3.59-3.68 (m, 1H, H5""), 3.84-3.92
(m, 1H, H4"),4.38-4.43 (m, 1H, H3"), 5.26-5.34 (m, 1H, OH3"), 5.35-5.43 (m, 1H, OH5"), 6.26—6.35
(m, 1H, HI"),7.84-7.19 (m, 1H, Ar-H), 7.91-7.98 (m, 1H, Ar-H), 8.13-8.21 (m, 1H, Ar-H); "C NMR
(101 MHz, DMSO-d,) 6: 62.6,71.6,84.0,88.3,116.0,130.2, 136.1, 138.9, 151 .4, 152.1, 155.1, 157.6;
HRMS (ESI): m/z caled for C,,;H,N,O, [M — H]: 342.0956, found 342.0949.

Lt 1-10a
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5°-0-(4,4"-dimethoxytrityl)-2-N-(pyridin-2-yl)-2’-deoxyguanosine.

Compound 1-9a (344 mg, 1.0 mmol) was rendered anhydrous by coevaporation with dry pyridine
four times. The residue was dissolved in dry DMF (10 mL) and dry pyridine (600 pL). To the solution
was added 4,4°-dimethoxytrityl chloride (416 mg, 1.2 mmol). The resulting mixture was stirred at
room temperature for 6 h. The reaction mixture was quenched with MeOH, then poured to CH,Cl,.
The solution was washed with K,CO; and sat. NaCl. The organic phase was dried over Na,SO,,

filtrated and concentrated under reduced pressure. The residue was purified by silica gel
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chromatography (60N) with CH,Cl,-MeOH to afford compound 1-10a (473 mg, 73%) as white solid.
'H NMR (500 MHz, DMSO-d) &: 2.30-2.38 (m, 1H, H2"), 2.70-2.78 (m, 1H, H2""), 3.09-3.21 (m,
2H,H5 and H57),3.65-3.72 (m, 6H, OCH};), 3.92-3.98 (m, 1H, H4"),4.37-4.44 (m, 1H, H3"), 5.33—
5.39 (m, 1H, OH3"), 6.26 (t, 1H,J =62, HI"), 6.75-6.84 (m, 4H, Ar-H), 7.06-7.11 (m, 1H, Ar-H),
7.14-7.34 (m, 10H, Ar-H), 7.80-7.85 (m, 1H, Ar-H), 8.01 (s, 1H, Ar-H), 8.33-8.37 (m, 1H, Ar-H),
10.78 (s, 1H, N-H), 13.34 (s, 1H, N-H); "C NMR (126 MHz, DMSO-d;) 8: 39.4, 55.4, 55.4, 64.6,
709, 83.2, 859, 86.3, 113.1, 113.5, 113.5, 118.2, 119.3, 127.1, 128.1, 128.2, 130.1, 130.2, 1359,
136.0, 1369, 139.6, 145.3, 146.7, 150.1, 150.1, 153.7, 156.1, 158.4, 158.5; HRMS (ESI): m/z calcd
for C3sH;5,NgNaO4 [M + Na]™: 669.2432, found 669.2430.

L5 1-10b

o)
AN )N\H N
DMTrO N->N° N&N
] r:o: | H
HO

5°-0-(4,4"-dimethoxytrityl)-2-N-(pyrazin-2-yl)-2°-deoxyguanosine.

Compound 1-9b (345 mg, 1.0 mmol) was rendered anhydrous by coevaporation with dry pyridine
four times. The residue was dissolved in dry DMF (10 mL) and dry pyridine (600 pL). To the solution
was added 4,4°-dimethoxytrityl chloride (417 mg, 1.2 mmol). The resulting mixture was stirred at
room temperature for 5 h. The reaction mixture was quenched with MeOH, then poured to CH,Cl,.
The solution was washed with K,CO; and sat. NaCl. The organic phase was dried over Na,SO,,
filtrated and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (60N) with CH,Cl,-MeOH to afford compound1-10b (506 mg, 78%) as white solid.
'H NMR (500 MHz, DMSO-d;) 6: 2.29-2.39 (m, 1H, H2"), 2.69-2.81 (m, 1H, H2""), 3.06-3.22 (m,
2H, H5  and H57), 3.60-3.73 (m, 6H, OCH};), 3.90-4.00 (m, 1H, H4"), 4.32-4.42 (m, 1H, H3"), 5.29-
544 (m, 1H, OH3"), 6.28 (t, 1H, J = 6.3, HI"), 6.70-6.84 (m, 4H, Ar-H), 7.10-7.36 (m, 9H, Ar-H),
8.03 (s, 1H, Ar-H), 8.28 (s, 1H, Ar-H), 8.36 (s, 1H, Ar-H), 8.81 (s, 1H, Ar-H), 10.84 (s, 1H, N-H),
12.28 (s, 1H, N-H); °C NMR (126 MHz, DMSO-d;) &: 55.4,55.4,64.6,70.9, 83.5,85.9,86.4, 113.5,
113.5,119.7,127.0,128.1, 128.2, 130.1, 130.2, 135.9, 136.0, 136 4, 137.3, 138.0, 141.0, 145.3, 149 .3,
149.7, 149.8, 158.4, 158.4; HRMS (ESI): m/z caled for C;sH33N,NaO, [M + Na]™: 670.2385, found
670.2388.
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3-(2-deoxy-5-0-(4,4"-dimethoxytrityl)-f-D-ribofuranosyl)-3,5-dihydro-11H-pyrido[2°,3":4,5]imid
azo[1,2-a]purin-11-one.

Compound 1-9¢ (150 mg, 440 umol) was rendered anhydrous by coevaporation five times with dry
pyridine. The residue was dissolved in dry pyridine (4.4 mL). The resulting mixture was stirred at
room temperature for 6 h. The reaction mixture was quenched with MeOH, then poured to CH,ClL,.
The solution was washed with sat. NaCl. The organic phase was dried over Na,SO,, filtrated and
concentrated under reduced pressure to give yellow precipitate. The precipitate was filtered, washed
with CH,Cl, and dried in vacuo to give compound 1-10¢ (157 mg, 56 %). '"H NMR (500 MHz,
DMSO-d;) 6: 2.32-2.42 (m, 1H, H2"), 2.70-2.80 (m, 1H, H2""), 3.10-3.17 (m, 1H, H5"), 3.22-3.29
(m, 1H, H57), 3.61-3.67 (s, 3H, OCH}), 3.67-3.74 (s, 3H, OCHj;), 3.95-4.04 (m, 1H, H4"), 4.36-4 .46
(m, 1H,H3"),541 (d, 1H,J=4.0,0H3"),6.35(t,1H,/=63,HI"),6.76 (d, 2H, J = 8.8, Ar-H), 6.81
(d,2H,J =88, Ar-H),7.11-7.27 (m, 7TH, Ar-H), 7.33 (d, 2H, J = 8.8, Ar-H), 8.11 (s, 1H, Ar-H), 8.32
(d, 1H, J = 3.0, Ar-H), 8.37 (d, 1H, J = 3.0, Ar-H), 13.6 (br s, 1H, N-H); "C NMR (126 MHz,
DMSO-d,) 8: 55.0,55.0,64.2,70.6, 83.1,85.5,86.1, 1130, 113.1, 118.2, 126.6, 127.7, 127.7, 129.7,
1298, 135.3, 135.5, 1355, 136.7, 1370, 139.1, 1399, 1449, 148.2, 148.4, 152.7, 158.0, 158.0;
HRMS (ESI): m/z caled for C3sH;0N,O4 [M — H] : 644.2263, found 644.2249.
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5°-0-(4,4"-dimethoxytrityl)-2-N-(pyridin-2-yl)-2“-deoxyguanosine 3’-(2-cyanoethyl
N,N-diisopropylphosphoramidite).

Compound 1-10a (238 mg, 370 pmol) was rendered anhydrous by coevaporation with dry pyridine
three times, with dry toluene three times and the residue was dissolved in dry MeCN (4.7 mL). To the
solution was added diisopropylethylamine (200 pL, 1.Immol) and 2-cyanoethyl
N,N-diisopropylchlorophosphoramidite (120 pL, 0.55 mmol). The resulting mixture was stirred at
room temperature for 3 h. The reaction mixture was poured to ethyl acetate, and washed with sat.
NaHCO;, H,O and sat. NaCl. The organic phase was dried over Na,SO,, filtrated and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (60N) with
hexane-ethyl acetate, and the eluent was concentrated under reduced pressure and further purified
using size-exclusion chromatography with MeCN to afford compound 1-11a (156 mg, 50%) as white
foam. '"H NMR (500 MHz, CDCl;) 6: 1.08-1.22 (m, 12H), 2.30-3.01 (m, 4H), 3.25-3.35 (m, 1H),
3.35-3.47 (m, 1H), 3.53-3.92 (m, 10H), 4.21-4.34 (m, 1H), 4.65-4.87 (m, 1H), 6.17-6.27 (m, 1H),
6.47-6.59 (m, 1H), 6.71-6.81 (m, 4H), 6.91-6.97 (m, 1H), 7.12-7.36 (m, 8H), 7.39-7.47 (m, 2H),
7.54-7.62 (m, 1H), 7.65-8.00 (m, 2H), 8.21-8.26 (m, 1H), 13.56-13.72 (m, 1H); "C NMR (126 MHz,
CDCl) 6: 204, 20.5, 20.6, 20.6, 24.6,24.7,24.7,24.7,24.8,31.1,39.5,39.9,39.9, 43.3,43.3, 43 4,
434,553,57.7,57.8,579,58.1,63.8,64.2,74.0,74.1,74.7,74.8, 84.7,84.9, 859, 85.9, 86.2, 86.2,
86.4,86.5,111.8,1119,113.2,113.3,117.8,117.8,117.8,117.9, 1204, 120.8, 127.0, 127.0, 127.9,
128.0,128.2,128.4,130.1, 130.2, 130.2, 135.8, 135.8, 136.0, 136 .0, 136.4, 137.2, 138.7, 144 .8, 144 .9,
146.4, 149.3, 149.3, 149.4, 149.6, 152.7, 152.8, 156.7, 156.8, 158.6, 158.6, 158.6, 158.7; *'P NMR
(202 MHz, CDCl;) &: 148.4, 148.9; HRMS (ESI): m/z caled for C,;sHsNgNaO,P [M + Na]*: 869.3511,
found 869.3493.
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57-0-(4 4" -dimethoxytrityl) 2-N-(pyrazin-2-yl)-2°-deoxyguanosine 3’-(2-cyanoethyl
N,N-diisopropylphosphoramidite).
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Compound 1-10b (500 mg, 772 umol) was rendered anhydrous by coevaporation with dry pyridine
five times, with dry toluene five times with CH,Cl, five times, then the residue was dissolved in dry
CH,Cl, (7.7 mL). To the solution was added diisopropylethylamine (315 pL, 1.83 mmol) and
2-cyanoethyl N,N-diisopropylchlorophosphoramidite (207 pL, 956 pumol). The resulting mixture was
stirred at room temperature for 1.5 h. The reaction mixture was poured to CH,Cl,, and washed with sat.
NaHCO; three times and sat. NaCl. The organic phase was dried over Na,SO,, filtrated and
concentrated under reduced pressure. The residue was diluted with CH,Cl, (4.2 mL) and precipitated
in hexane to afford compound 1-11b (280mg, 43%) as white powder.'H NMR (500 MHz, CDCl;) &:
1.02-1.30 (m, 12H), 2.25-3.05 (m, 4H), 3.25-3.92 (m, 12H), 4.22-4.35 (m, 1H), 4.66-4.90 (m, 1H),
6.16-6.26 (m, 1H), 6.66-6.81 (m, 4H), 7.10-7.35 (m, 8H), 7.38-7.47 (m, 2H), 7.70-7.82 (m, 1H),
7.95-8.65 (m, 4H), 12.70-13.00 (m, 1H); "C NMR (126 MHz, CDCl;) &: 19.4, 20.3, 20.4, 20.4, 20.5,
24.5,24.5,24.6,24.6,24.6,24.7,39.8,39.8,40.1,43.2,43.2,43.3,43.3,47.2,552,57.7,57.8,579,
58.1, 63.7, 639,735,737, 74.2, 743, 84 .4, 84.6, 85.7, 85.8, 85.9, 859, 86.3, 86.4, 1130, 113.1,
117.8,117.9,120.1,120.4,126.8, 126 .9, 127.8, 127.9, 128.1, 128.2, 130.0, 130.0, 130.1, 130.1, 135.6,
135.6,135.8,135.8,136.2,136.3,136.6, 137.6, 140.2, 144.6, 144.7, 149.2, 149.5, 158.5, 158.5, 158.5;
*'P NMR (202 MHz, CDCl5) &: 148.3, 148.8; HRMS (ESI): m/z calcd for C,,H;,N,NaO,P [M + Na]*:
870.3463, found 870.3449.
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3-(3,5-O-bis-(tert-butyldimethylsilyl)-2-deoxy-B-D-ribofuranosyl)-N°-pivaloyloxymethyl-3,5-dihy
dro-11H-pyrido[2°,3":4,5]imidazo[1,2-a]purin-11-one.

Compound 1-8c¢ (1.15 mg, 2.0 mmol) was rendered anhydrous by coevaporation with dry pyridine
five times, and then with dry toluene five times, and the residue was dissolved in dry DMF (20 mL).
To the solution was added triethylamine (1.68 mL, 12 mmol), chloromethyl pivalate (874 pL, 6.0
mmol). The resulting mixture was heated at 75 °C and stirred for 4 h. The mixture was cooled to room
temperature, poured to ethyl acetate and extracted with sat. NaHCO;, washed with H,O and sat. NaCl.
The organic phase was dried over Na,SO,, filtrated and concentrated under reduced pressure. The

residue was purified by silica gel chromatography (C300) with CH,Cl,-MeOH to afford compound
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1-12 (720 mg, 54%) as pale yellow foam. 'H NMR (500 MHz, CDCl5) 8: 0.07-0.14 (m, 12H, Si-CH;),
0.86-0.96 (m, 18H, C-CHj;), 1.14-1.21 (m, 9H, C-CHj;), 2.42-2.52 (m, 2H, H2” and H2""), 3.80 (dd,
1H,J=26,92,H5),3.86 (dd, 1H,J=3.6,92,H57),4.03 (q, 1H,J=3.5, H4"),4.60 (dd, 1H, J =
4.6,83,H3),6.30-6.40 (m, 2H, N-CH,), 641 (t,1H,J=64,HI1"),8.09 (s, 1H, Ar-H), 8.37 (d, 1H, J
=2.8, Ar-H), 848 (d, 1H, J = 2.8, Ar-H); "C NMR (101 MHz, CDCl;) 6: -5.3,-5.2, -4.6,-4.5, 18.2,
18.6,25.9,26.1,27.1,39.1,42.2,62.9,63.6,72.0,84.3,88.2,119.8,136.7, 137.1, 138.1, 138.2, 139.6,
146.6, 147 .4, 152.8, 177.3; HRMS (ESI): m/z calcd for C;,H5N,NaO¢Si, [M + Na]*: 708.3332, found
708.3312.

e 1-13
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3-(2-deoxy-B-D-ribofuranosyl)-N°-pivaloyloxymethyl-3,5-dihydro-11H-pyrido[2°,3":4,5]imidazo[
1,2-a]purin-11-one.

Compound 1-12 (980 mg, 1.4 mmol) was dissolved in dry THF (14 mL). To the solution was added
triethylamine (448 pL, 3.2 mmol) and triethylamine trihydrofluoride (1.05 mL, 6.4 mmol). The
resulting mixture was stirred at room temperature. After 20 h, ethoxytrimethylsilane (6.7 mL, 43
mmol) was added and the resulting mixture was stirred at room temperature for 1 h. The mixture was
concentrated under reduced pressure, and the resulting powder was filtered, washed with MeOH to
afford compound 1-13 (520 mg, 80%) as white powder. 'H NMR (500 MHz, DMSO-d) 6: 1.05-1.19
(m, 9H, C-CHj;), 2.26-2.34 (m, 1H, H2"),2.67-2.76 (m, 1H, H2""), 3.50-3.67 (m, 2H, H5 and H5""),
3.85-3.93 (m, 1H, H4"),4.37-4.46 (m, 1H, H3"),4.90-4.96 (m, 1H, OH5"), 5.35-5.42 (m, 1H, OH3"),
6.20—6.30 (m, 2H, N-CH;), 6.33 (t, 1H,J = 6.6, H] "), 8.30 (s, 1H, Ar-H), 8.45 (d, 1H, J = 2.6, Ar-H),
8.48 (d, 1H,J = 2.6, Ar-H); "C NMR (126 MHz, DMSO-d;) 8: 27.1,38.9,62.2,63.9,71.4,84.0, 88.5,

119.4, 137.1, 1373, 138.4, 138.8, 139.5, 147.3, 147.8, 152.8, 176.9; HRMS (ESI): m/z calcd for
CoH,3N;NaO, [M + NaJ*: 480.1602, found 480.1594.
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3-(2-deoxy-5-0-(4,4"-dimethoxytrityl)-B-D-ribofuranosyl)-N°-pivaloyloxymethyl-3,5-dihydro-11H

DMTrO

-pyrido[2°,3":4,5]imidazo[1,2-a]purin-11-one.

Compound 1-13 (250 mg, 155 umol) was rendered anhydrous by coevaporation with dry pyridine
five times. The residue was dissolved in dry pyridine (5.5 mL). The solution was cooled in ice bath,
then 4,4"-dimethoxytrityl chloride (225 mg, 660 pmol) was added. The resulting mixture was stirred at
room temperature for 3 h, then 4,4 -dimethoxytrityl chloride (56 mg, 170 umol) again. After 1 h, the
reaction mixture was poured to ethyl acetate. The solution was washed with sat. NaHCO;, H,O and sat.
NaCl. The organic phase was dried over Na,SO,, filtrated and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (60N) with CH,Cl,-MeOH to afford compound
1-14 (415 mg, quant.) as white solid. "H NMR (500 MHz, CDCl,) 6: 1.15-1.18 (m, 9H, C-CH}), 2.60
(ddd, 1H,J=4.5,64,13.5,H2"),2.79 (ddd, 1H,J=64,6.4,135,H27),3.17 (d, 1H, J = 3.6, H4"),
335(dd, 1H,J/=4.2,102,H5"),3.48 (dd, 1H,J=5.2,10.2,H5"), 3.62-3.76 (m, 6H, O-CH;), 4.17-
425 (m, 1H, H3"), 4.77-4.84 (m, 1H, OH3"), 6.15-6.25 (m, 2H, N-CH,), 641 (t, 1H,J =64, HI"),
6.67-6.77 (m, 4H, Ar-H), 7.07-7.40 (m, 9H, Ar-H), 7.87 (s, 1H, Ar-H), 8.37 (d, 1H, J = 3.0, Ar-H),
8.47 (d, 1H, J = 3.0, Ar-H); "C NMR (126 MHz, CDCl,) &: 27.0, 39.0, 40.2, 55.2, 63.1, 63.9, 72.3,
843, 86.0, 86.6, 113.1, 1200, 1269, 127.8, 128.1, 130.1, 130.1, 135.5, 135.5, 136.4, 137.6, 138.0,
138.1, 139.6, 1444, 146.1, 1472, 152.7, 158.5, 158.5, 177.4; HRMS (ESI): m/z calcd for
C,H, N;NaOg [M + Na]*: 782.2909, found 782.2898.
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3-(3-0-((2-cyanoethoxy)-diisopropylaminophsophinyloxy)-2-deoxy-5-0-(4,4"-dimethoxytrityl)-f3-
D-ribofuranosyl)-N°-pivaloyloxymethyl-3,5-dihydro-11H
-pyrido[2°,3":4,5]imidazo[1,2-a]purin-11-one.

Compound 1-14 (70 mg, 740 pmol) was rendered anhydrous by coevaporation with dry pyridine five
times, with dry toluene five times, and with dry CH,CI, five times, then the residue was dissolved in
dry CH,Cl, (4.7 mL). To the solution was added diisopropylethylamine (190 pL, 1.1 mmol), and
2-cyanoethyl N,N-diisopropylchlorophosphordiamidite. The resulting mixture was stirred at room
temperature for 15 min. The reaction mixture was poured to CH,Cl,, and washed with sat. NaHCOs,
H,0 and sat. NaCl. The organic phase was dried over Na,SO,, filtrated and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (C-200) with CH,Cl,-ethyl
acetate, and the eluent was concentrated under reduced pressure and precipitated in hexane to afford
compound 1-15 (370 mg, 83%) as yellow powder. 'H NMR (500 MHz, CDCl;) &: 1.10-1.24 (m, 21H),
2.44-2.52 (m, 1H), 2.54-2.82 (m, 3H), 3.25-3.50 (m, 2H), 3.55-3.92 (m, 10H), 4.28-4.39 (m, 1H),
4.62-4.72 (m, 1H), 6.14-6.28 (m, 2H), 6.36—-6.46 (m, 1H), 6.70-6.82 (m, 4H), 7.12-7.44 (m, 9H),
7.87-7.93 (m, 1H), 8.35-8.41 (m, 1H), 8.46-8.52 (m, 1H); °C NMR (126 MHz, CDCl,) &: 20.3,20.4,
20.5,20.6,24.6,24.7,24.7,24.7,24.8,27.1,27.1,39.1,39.1,40.0, 400, 40.1, 40.1, 43 4,43 .4, 435,
43.5,55.3,58.4,584,58.5,58.6,634,639,640,740,74.1,74.3,74.5,84.7,86.0, 86.1, 86.3, 86 .4,
86.7,113.3,117.5,117.6,120.0, 120.1, 127.0, 127.1, 128 0, 128.3, 130.2, 130.2, 130.3, 135.6, 135.6,
136.6,136.6,137.2,137.3,138.0, 138.1, 138.2, 138.2, 139.7, 139.7, 144.5, 146 .3, 146 4, 147 .5, 147 .5,
152.8,152.8, 158.6, 158.6, 158.7, 158.7, 177.2, 177.3; °'P NMR (202 MHz, CDCl5) &: 149.9, 150.0;
HRMS (ESI): m/z calcd for Cs,HssNoNaOoP [M + Na]*: 982.3987, found 982.3971.
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ODN1-1~1-8 D}l

MALDI-TOF-MS
entry sequence yield caled

(IM + HJ) found
ODN1-1  5-TTTTCTCTCTT GPY TTCTT -3° 54% 5456.6 5456.5
ODN1-2 5°-TTTTCTCTCTT GPY™ TTCTT -3’ 69% 5457.6 5457.6
ODN1-3 5'-TTTTCTCTCTT GPya TTCTT -3 52% 5457.6 5457.2
UODN1-4 5°-TTTTCTCTCTT PIP TTCTT -3’ 232% 5455.6 5455.0
ODN1-5 5°- AGGGTTAG GPY GTTAGGGTTAGGG -3 6% 7043.6 7043.1
ODN1-6 5°- AGGGTTAG GPY™ GTTAGGGTTAGGG -3’ 3% 7044.6 7045.1
ODN1-7 5- AGGGTTAG GP¥2 GTTAGGGTTAGGG -3’ 3% 7044.6 7045.4
ODN1-8 5°- AGGGTTAG PIP GTTAGGGTTAGGG -3’ 229% 7042.6 7042.0

% ODN D& T —r 72 FIHICEH SN B 1T/To 7, GI0 H L., BifRERICT V€
=T &BRE LK%, 0.1 M NH,OAc (Z¥AfR S+ C Sep-pak C-18 71— KU v VICHE &
72t . CH,CN-0.1 M NH,OAc (1:9, viv) & W T EAR+ 3724 Y GX 7 LA F RaeRnwie, £
D% 2% TFA /KEWR % VT 5 KD DMTr ZE4 AR5 L .0.1 M NH,OAc Z I\ T L,
HIJOA Y A X7 LA F K% 40% CH,CN KK 2 WV CTEH L7z, ODN1-4~1-8 |3 & & |23
F HPLC |Z k& DR 247 - 7= K SEE [ 13, Shimazu SCL-10 (& LC-10AD, CTO-10A SPD-M10A
ZHEeE L CHW 2, T A1 XBridge™ Prep C18 (10 x 250 mm) % V7=, ODN1-4 {22\
TiX, W 1T (MeCN) Z ML 11 (0.03 M NH,OAc) (2% LT 0%»>5 0.5%/min CHIMN &+,
30°C T 3.0mL/min DT 40 43[R L7z, ODN1-5~1-8 2D\ Tid, & 1 (MeOH) %
PAE 11(0.1 M triethylammonium hexafluoroisopropanol) (Zx%f L C 0%72> 5 40% % T 1%/min THY
MEH, 30°C T 3.0mL/min OFET 40 /MK L7,

FRPECH W% OA Y I X7 VAT RO HPLC s B % LLF ISR,

HPLC analysis of ODN1-1~1-8

For ODN1-1~1-4, reversed phase HPLC was performed on a Waters Alliance system with a Waters
3D UV detector and a Waters XBridge™ C,s column (4.6 x 150 mm). A linear gradient (0-20%,
0.5 %/min) of solvent I (MeCN) in solvent II (0.03 M ammonium acetate buffer) was used at 30 °C at

a flow rate of 1.0 mL/min for 40 min.
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ODN1-1: 5"-TTTTCTTCTCTT G" TTCTT-3"

UV absorbance (260 nm)

ODN1-2: 5"-TTTTCTTCTCTT G™™ TTCTT-3"

UV absorbance (260 nm)

ODN1-3: 5"-TTTTCTTCTCTT G™** TTCTT-3"

UV absorbance (260 nm)

ODN1-4: 5-TTTTCTTCTCTT PIP TTCTT-3"

UV absorbance (260 nm)
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For ODN1-5~1-8, reversed phase HPLC was performed on a Waters Alliance system with a Waters
3D UV detector and a Waters XBridge™ C,5 column (4.6 x 150 mm). A linear gradient (0-40%,
1 %/min) of solvent I (MeOH) in solvent II (0.1 M triethylammonium exafluoroisopropanol buffer)
was used at 30 °C at a flow rate of 1.0 mL/min for 40 min.

ODNI1-5: 5"-AGGGTTAG G" GTTAGGGTTAGGG -3’
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ODN1-8: 5"-AGGGTTAG PIP GTTAGGGTTAGGG -3°
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MALDI-TOF Mass spectrometry of ODN1-1~1-8
ODNI1-1: 5-TTTTCTTCTCTT G" TTCTT-3"
calculated for [M + H]*: 5456.6, found 5456.5.

o g g g st g g g g 0 g g g g 0 g g g g 0 Ak g g 0 g g g g U

1000 2000 3000 4000 5000 6000 7000 mit
ODN1-2: 5-TTTTCTTCTCTT G™*™ TTCTT-3"
calculated for [M + H]*: 5457.6 found 5457.6.

1000 ZO‘OD 30‘00 AO‘DO SG‘OD 60‘00 70‘00 mi
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ODN1-3: 5-TTTTCTTCTCTT G TTCTT-3"
calculated for [M + H]*: 5457.6, found 5457 .2.

H x104 MARU_1_179Czip- 045 MS Raw
g 5
54
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29
F
5 @
J \ ’LMA
0 7 7 7 7 7 7
1000 2000 3000 4000 5000 6000 7000

mf

ODN1-4: 5-TTTTCTTCTCTT PIP TTCTT-3"
calculated for [M + H]*: 5455.6, found 5456.0.

H x104 MAR U_1_183D-zip- 0:5 MS, Smoothed
i H
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ODN1-5(top): 5'-AGGGTTAG G" GTTAGGGTTAGGG -3°
calculated for [M + H]*: 7043.6, found 7043.1.

ODN1-6(middle): 5-AGGGTTAG G"™ GTTAGGGTTAGGG -3"
calculated for [M + H]*: 7044.6, found 7045.1.

ODN1-8(bottom): 5'-AGGGTTAG PIP GTTAGGGTTAGGG -3°
calculated for [M + H]*: 7042.6, found 7042.0.
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% 34

MARU_2_352B- 0:L4 MS, Smoothed
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ODNI1-7: 5"-AGGGTTAG G"™* GTTAGGGTTAGGG -3°
calculated for [M + H]*: 7044.6, found 7045 4.

7 x104 MARU_3_422C-zip- 0:J17 MS, Smoothed
5 2
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Representative melting curves of the duplexes (pH 7.0)
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UV absorbance at 260 nm
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0.65

0.6

0.55

0.5 -

0.45 -

0.4

* X-N = GP¥-A .on.-
e
¢ X'N = pr‘G ......-o
s0e®®
* X-N=GP-C ..D.". ceot‘v&t‘—l’ob
¢ X-N=G™-T o peet®®
oceec
(3)
o o8t
P
e 0,
°
° o
&
L] ° °
°
® ©
°
o ©
® Y .
o.. ® o
.0". .l.
N g’ .
..-"".... -\“ o®
e ..o.o.-oo' 0o880 " o°
. e ‘:‘.....uuu
........-;..::'.‘.‘-‘ " 00®®
00g0000 00000 S S eeoe®

0.35

0.7 7

0.65 -

0.6 -

0.55

0.5 -

T T T

10 20 30

* X-N = GPym-A
e X-N = GP¥m.G
© X-N = GPym-C
o X-N = GP¥m.T

® °
"..'..:::' 280
°® ”:'0000000000‘;0 2.30
09000 " Ygo00%0000% 0
o000

0 ®
":lul:l.'.:%?;gig

T T T T T T

40 50 60 70 80 90

Temperature (°C)

°
° ....o"’.zi
o0 ";009099 00 ®

09022000 %o
...'.;po(’ 3.....0"
°
o Bo®
®

100

0.45

10 20 30

T T T T T T

40 50 60 70 80 90
Temperature (°C)

98

100



0.65

0.6

©
8
o

©
o

0.45

UV absorbance at 260 nm

0.4

0.35

0.7

0.65

0.6

0.55

UV absorbance at 260 nm

0.5

0.45

o X-N = GPva-A
* X-N = GP¥=.G

*
“ X-N = GP¥a.C Lemst
° °
s X-N = GPya.T ..o. .Dg"‘.oo'.
o’ Q)"%E’"..
00°® 9020"
.'.. .039‘8..
° 12
':..'ce
Pl
' °
' °
L]
. °
3 °
® °
o®
° °
X}
% °
° °
. °
.O;“ o°
...o.... 00
'....0"'."."......... ooooo
Gl

000002398%°%7 ¢
'0‘0’000\\'..3330’330 0000°°°
°

o0
005000009

T T T T T T T T T

10 20 30 40 50 60 70 80 90
Temperature (°C)

« X-N = PIP-A

+ X-N = PIP-G oo cogod
..o...;o°30:0300'
- X-N = PIP-C e®® o°® 0:’0322 oo o'oc....
° o" 20. '...'o"
* X-N = PIP-T o° 023000 000°°
° o:o ..."
P T
°
° %
o"
°
°®
oo.
H
o ®
Oo.
® %0
° g0
o
° o"
ottt
o0%e® Oegfo
°
. .‘000;002200...0
........30 69608 000
°
gaedgBetT | jeese®?

100

T T T T T T T T T

10 20 30 40 50 60 70 80 90
Temperature (°C)

99

100



Representative melting curves of the triplexes (pH 7.0)

ODN1-0~1-4 (TFO)
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Representative melting curves of the triplexes (pH 5.5)

ODNI1-0/ HP 1-4 O hfi it & HP1-4 BAO —EHE OB N PO L T\, B
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Representative melting curves of ODN1-G4 and ODN1-5~1-8
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KB 2 E)

FRULEW. & D WIFTHERE LT R R D TTETER LIALEMIT OV T, £ DOEMIEEZRT,

L&Y 2-9 (crude)

DMTrO
Yj@ N=\N
N.,.0 b )
; N NHBz
(0]

Synthesis of 5°-0-(4,4"-dimethoxytrityl)-a-deoxyadenosine 3°-(2-cyanoethyl
N,N-diisopropylphosphoramidite).

Compound 2-8 (630 mg, 957 umol) was rendered anhydrous by coevaporation with dry pyridine five
times, with dry toluene five times and the residue was dissolved in dry CH,CI, (10 mL). To the
solution was added diisopropylamine (107 pL, 766 pumol), 1H-tetrazole (53 mg, 766 pmol) and
2-cyanoethyl N,N,N’,N’-tetraisopropylphosphordiamidite (456 pL, 1.44 mmol). The resulting mixture
was stirred at room temperature for 4 h. The reaction mixture was poured to ethyl acetate, and washed
with sat. NaHCO;, H,O and sat. NaCl. The organic phase was dried over Na,SO,, filtrated and
concentrated under reduced pressure. The residue was purified by silica gel chromatography (C200)
with hexane-ethyl acetate (0.5% triethylamine), and the eluent was concentrated under reduced
pressure and further purified using size-exclusion chromatography with MeCN to afford crude
compound 2-9 (256 mg, 38%) as white foam. The crude product was used for synthesis of ODN2-1

without further purification.

L&) 2-14 (crude)
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Synthesis of 5°-0-(4,4"-dimethoxytrityl)-a-deoxycytidine 3°-(2-cyanoethyl
N,N-diisopropylphosphoramidite).

Compound 2-13 (500 mg, 789 umol) was rendered anhydrous by coevaporation with dry pyridine five
times, with dry toluene five times and the residue was dissolved in dry CH,Cl, (8 mL). To the solution
was added diisopropylamine (88 pL, 631 umol), 1H-tetrazole (44 mg, 631 umol) and 2-cyanoethyl
N,N,N’,N’-tetraisopropylphosphordiamidite (374 pL, 1.18 mmol). The resulting mixture was stirred at
room temperature for 3 h. The reaction mixture was poured to ethyl acetate, and washed with sat.
NaHCO;, H,O and sat. NaCl. The organic phase was dried over Na,SO,, filtrated and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (C200) with
hexane-ethyl acetate (0.5% triethylamine), and the eluent was concentrated under reduced pressure
and further purified using size-exclusion chromatography with MeCN to afford crude compound 2-14
(210 mg, 32%) as white foam. The crude product was used for synthesis of ODN2-3 without further

purification.

&% 2-21 (crude)
DMTrO

CN
Synthesis of 5°-0-(4,4"-dimethoxytrityl)-a-thymidine 3"-(2-cyanoethyl
N,N-diisopropylphosphoramidite).

Compound 2-20 (420 mg, 771 pmol) was rendered anhydrous by coevaporation with dry pyridine five
times, with dry toluene five times and the residue was dissolved in dry CH,Cl, (7.7 mL). To the
solution was added diisopropylamine (87 pL, 617 pmol), 1H-tetrazole (43 mg, 617 umol) and
2-cyanoethyl N,N,N’,N’-tetraisopropylphosphordiamidite (366 pL, 1.15 mmol). The resulting mixture
was stirred at room temperature for 4 h. The reaction mixture was poured to ethyl acetate, and washed
with sat. NaHCO;, H,O and sat. NaCl. The organic phase was dried over Na,SO,, filtrated and
concentrated under reduced pressure. The residue was purified by silica gel chromatography (C200)

with hexane-ethyl acetate (0.5% triethylamine), and the eluent was concentrated under reduced
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pressure and further purified using size-exclusion chromatography with MeCN to afford crude
compound 2-21 (456 mg, 79%) as white foam. The crude product was used for synthesis of ODN2-

without further purification.

ODN2-1~2-4 D fEH

MALDI-TOF-MS
entry sequence yield caled ¢ q

oun

(IM + H]*)

ODN 2-1  5- GGAGAGGA aA AGAGGAGG -3’ 14% 5423.6 5422.6
ODN 2-2 5- GGAGAGGA aG AGAGGAGG -3’ 1% 5438.6 5438.8
ODN 2-3 5- GGAGAGGA aC AGAGGAGG -3 18% 5398.6 5398.4
ODN 2-4 5- GGAGAGGA aT AGAGGAGG -3 17% 5413.6 5413.4

% ODN D& AL, FERMmEE 1 i KOV 2 mICH T 2 — iR FE)CRf S 7z v
([ZAT o7z, BID L., BRERICT V=7 ZBRELFREL, 0.1 M NH,0Ac I[ZHEfiE S
T Sep-pak C-18 #1— kU » JICW g ¥ 7%, CH;CN-0.1 M NH,0Ac (1:9, viv)Z HHW T E
A3 A Y AR T VAF RERWIZ, €Ok 2% TFA KR Z AT 5 KimD DMTr A%
itk L. 0.1 MNH,OAc Z W TIEF L, HRIOA Y I X7 LAF R & 40% CH,CN KIFiE
ZMWWTHH L7z, ODNI1-4~1-8 (XS HIZHif HPLC (2 X 2K ZAT > 7o, FRLEE 13,
Shimazu SCL-10 |Z LC-10AD, CTO-10A SPD-M10A % #fi L CHW /=, # 7 AL DNAPac
PA-100 (DIONEX, 9 x 250 mm )& IV 7o, %8 T(AM k) U v A25mM U T B Y D
LARER,. pH 6.0, 10% CH,CN) ZV&EE 1T (25 mM U » ) U o A5EER. pH 6.0, 10%
CH;CN) 1Zxf LT 0%2>5 0.5%/min THEANEH, 30 °C T 3.0 mL/min OEE T 40 43k
L7z,

FRRPE I AV TSRS O DNA A4 Y 2~ —0 HPLC 234 e & IR IC R,
HPLC analysis of ODN2-1~2-4
For ODN2-1~2-4, anion exchange HPLC was performed on a Waters Alliance system with a Waters
3D UV detector and a DNAPac PA-100 column (DIONEX, 4 x 250 mm). A linear gradient (0-60%,
1.3 %/min) of solvent I (25 mM sodium phosphate buffer, pH 6.0, 1 M NaCl, 10% CH;CN) in solvent
II (25 mM sodium phosphate buffer, pH 6.0, 10% CH;CN) was used at 50 °C at a flow rate of 1.0

mlL/min for 45 min.
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ODN2-1: 5°- GGAGAGGA oA AGAGGAGG -3°
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MALDI-TOF Mass spectrometry of ODN2-1~2-4
ODN2-1: 5°- GGAGAGGA oA AGAGGAGG -37
calculated for [M + H]*: 5423.6, found 5422.6.

E xio# ID-102-138A-2-zip- 0:M 11 MS Raw
S 3
2 a
= 2
4
3
-
1 i
. HI
g [ -
| L ul
——— 7 T " 7 T 7
1000 2000 3000 4000 5000 6000 7000 8000 9000

ODN2-2: 5°- GGAGAGGA oG AGAGGAGG -37
calculated for [M + H]*: 5438.6, found 5438.6.

3 10t 1D-102-138B-2-zip- 0:L12 MS Raw
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2 w
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ODN2-3: 5°- GGAGAGGA aC AGAGGAGG -37
calculated for [M + H]*: 5398.6, found 5398 4.

3 w0 ID-102-138B-2-zip- 0:L12 MS Raw
& x
] &
£ <
54
4
34
24
1
2
E "
= ]
5 £
2| 3
S8
04
—n
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ODN2-4: 5°- GGAGAGGA oT AGAGGAGG -37
calculated for [M + H]*: 5423.6, found 5422.6.

3 x104 N ID-102-138D-2-zip- 0:L14 MS Raw
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TFO @ K, fED . H

F9°. 40 nM OEN T UL EN T AT B R T EH DNAHP2-2)I2%F LT, TFO Dk
EEZIFHEEEABE L, YAV T T vk BiTo7, ORI G, HP-2-2 &8I
5% ZHEENEAR ST 5 E| S (rate of triplex, LAtk Tr & % 9)% Image] IZ X > TERE LT,

ODN 2-1 5- GGAGAGG AdAAGAGGAGG -3

HP2-2 3™ CTCTGGAGAGG AGA GAGGAGGTCTC'T
(100nM) 5- FAMGAGACCTCTCC TCTCTCCTCCAGAGTT

triplex —>» L e - -
duplex —> . . - e
ImagedIZ&YNURDRSEES @
|

triplex —> | = \ B
duplex _> \ . -
e - - e / /
[
| | |
rate of triplex (%) 11 17 29 54 74 83 89
Lane 1 2 3 4 5 6 7 8
ODN 2-1 (nM) 0 10 20 40 100 200 400 1000

Incubation: 20 mM Tris-HCI (pH 7.5), 20 mM MgCl,, 1 mM spermidine,2.5 % sucrose, 14 °C, 90 min.
Electrophoresis: 10% Native gel containing 20 mM Tris-borate, 20 mM MgCl, 180V, 14 to 17 °C, 2 h.

Z ZC.HP-DNA & TFO O A/EH % duplex + TFO 2 triplex OATH D ERET D
N

[duplex][TFO]

4=

[triplex]

EKAENEFE SN D, Z 2 T RICHZ 72 HP-DNA B X O TFO O 2B DR EE % % L E 1L [HP],.
[TFOl,, & 7% &,
[duplex] = [HP],; X (1 — Tr)
[triplex] = [HP],; X Tr
[TFO] = [TFO]ay — [HP]ay X Tr
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THHI LMD,

[HP],n X (1 — Tr) X ([TFO]y — [HP]4y X Tr)
[HP].y X Tr

K4 =

LEEND, ZZ T, TrZ[TFOL, DL LTEZD L,

[TFOlay + [HPly + Kq — +/([TFOlay + [HPl.y + Kq)? — 4[TFO],y [HPLy

Tr =
2 x [HP],y

WELNDLDT, ZhZEIFHERE LT, “ry 7 b7 vt A N HE7Z[TFOL, BL O Tr @
BEHANCT 4 v T 47 LT KAEETTZ,

1
0.8
0.6

0.4

rate of triplex (%)

0.2

0.01 0.1 1
[ODN2-1] (nM)
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oy 18 15RO = E#HE RS O RMSD

DTEAOFHETO —EHHABED, HEBABHRINLOBEDOHNDORHRIETH D
root-mean-square distance (RMSD) %7~ 9, A EIDOFH TIL, MEICKEZANITR bk
Mmoo,

TFO 5- GGGGA X AGGGGG -3’
target 3 GGGGA Y AGGGGG -5
duplex 5. ccccT Z TCCCCC -3

a) X:Y-Z=A:A-T b) X:Y-Z= G:G-C
4 4
| {
2 oot 2|
0 0
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
¢) X:Y-Z=0G:A-T d) X:Y-Z= aA:G-C
4 1 4
" \ |
L e T B
0 01
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
e) X:Y-Z=aA:C-G f) X:Y-Z= oT:T-A
4 4
i ‘ ) ‘ ‘ \
0 0 -
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
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KB 3 &)

53 TEDEBRTHWZRE, HHRIZLLTOEY Th 5,

HHEG A, R
Sigma-Aldrich, TCI America 72 EBHEA L7=,

U B NEEE s a~ N5 7 4— (TLC)

Kieselgel 60 F-254 (Merck) Z MW 7z, BEEEIZIZ, ~F Vo rmur 2R v r7nu
HAZ AL ) —=)VFR, ~FHFRTTF LR E 2 Wi, AbEMORBEIZIE, UV (254
nm), &5 WIEFEEARIEE LT, SBHiEEA ¥ / — VKK, 7T=AT VTt RIFR, £V 7T
VT R LY U LK E 2V,

SVATNIew N T T T —

60A silicagel (SORBTECH)% i [f] L7z, WEBLAHICIZ, ~F Iy rmm xR, V7
BB AR AL ) — VR, NFXY R T LR E RV, LB T H UL pyridine & 5 W
1T BN 23 L7z,

'"H-NMR A7 k)L
Bruker Avance-III 400 (400 MHz) % F W CHIE U7z, AHEREEH Tk, BB B kT
LE—7 ZWNEERE LS L THW,

BC-NMR A~X7 L
Bruker Avance-III 400 (101 MHz) %= HWCHIE L7z, AMIABEF CTIX, T I AF LT
¥ (TMS) & D WNTHIEEECHRT o 8 — 7 ZNiEERE L L CHW,

SP.NMR A7 k)L
Bruker Avance-III 400 (162 MHz)% FlWCTHIE L 7=,

ESI-TOF-MS 43 #r&t
CU-Boulder Central Analytical Laboratory & Mass Spectrometry Core Facility (24485 L T

HE L7z, WEIZIE Synapt G2 HDMS mass spectrometer (Waters) % F\ M7z,
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LC-MS Z3# it

Agilent 6120 % H\\ 72, 17 A% Agilent Hypersil ODS 5 pm column (4.0 mm i.d. x 250 mm)
AWz, T T (CHLCN) Z 4L 11 (0.05 M triethylammonium bicarbonate buffer, pH 8.5.) (Z
LT 0%75 100% E THM S, =R T 1.5 mL/min OHET 50 i L7z,

DNA/RNA HE) &R, DNA A4V 2~ —5 5k

ABI #£:0 394 DNA Synthesizer Z il L7z, RAMAZA AR 7 I XA o=y FBIRZED
fh D V723 31T Glen Reserch Inc. X WA L, HESE X L5 FIEIZIE - THW =, ABFEIZE
WCTHR LIEMiR AR AR T I XA b=y MIBAKTEF=FU/L 0.1 M) IZHEEL.
DNA H#E& o2 0E H L 7z,

L EMIZONT, ZOEMIEEZ T, L&YW 3-10, 3-11a~d, 3-12a~d. 3-13a~g. 3-14a-g
IEHRARR— MMUBLRIRAFT T I XA MBOARFICHKRT LT AT LA~ — 0Dk
EMmThD,

{t&%) 3-10
1-Naphthylmethyl N ,N-diisopropylethynylphosphinoamidite
I|I

e
J

Bis(N,N-diisopropylamino)-ethynylphosphine (3-2) (13.8 g, 53.9 mmol) was dissolved in
anhydrous MeCN (130 mL). To the solution were added 1-naphthalenemethanol (8.52 g, 53.9
mmol) and 045 M 1H-tetrazole solution in MeCN (95.8 mL, 43.1 mmol). The resulting
mixture was stirred at room temperature for 1 h. The mixture was poured into n-hexane, and
extracted with water and washed with sat. NaCl. The organic phase was dried over Na,SO,,
filtrated and concentrated under reduced pressure. The resulting yellow oil was purified by
silica gel chromatography using 0-3% gradient of EtOAc in hexane to afford the compound
3-10 (14.8 g, 88%) as colorless oil. 'H NMR (CDCl;) & 1.22 (d, 12H, J = 6.8), 3.12 (d, 3H, J
=2.0), 3.80 (br, 2H), 5.20 (d, 2H, J = 8.0), 7.41-7.57 (m, 4H), 7.77-7.81 (m, 1H), 7.84-7.88
(m, 1H), 8.04-8.08 (d, 1H, J = 4.6); "C NMR (CDCl,) 6 24.3, 48.1, 66.8, 66.9, 85.6, 85.8,
91.8,91.9, 1239, 1254, 1258, 126.2, 128.5, 128.7, 131.4, 133.8, 134.6, 134.7; *'P NMR

(CDCl;) 6 94.8; HRMS (ESI) m/z (M+Li): calcd for [C,,H,,NOPLi]*, 320.1756; found,
320.1751.
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L&Y 3-11a
N*-Isobutyryl-3’-O-tert-butyldimethylsilyl-2"-deoxyguanosine-5"-yl 1-naphtylmethyl
ethynylphosphonate

0
||| N
0-P:0 ¢ ijl\Ho
050 SEAL
W, - ’

Compound 3-10 (3.11 g, 9.95 mmol) was dissolved in anhydrous MeCN (15 mL). To the

TBSO

solution was added N’-isobutylryl-3°-O-tert-butyldimethylsilyl-2"-deoxyguanosine (3.00 g,
6.64 mmol) and 1H-tetrazole solution 0.45 M in MeCN (17.7 mL, 7.97 mmol). The resulting
mixture was stirred at room temperature for 2 h. The reaction mixture was concentrated under
reduced pressure, poured into EtOAc, and extracted with water twice and washed with sat.
NaCl. The organic phase was dried over Na,SO,, filtrated and concentrated under reduced
pressure. The residue was purified by silica gel chromatography using 0-2% gradient of
MeOH in CHCI, and concentrated under reduced pressure. The residue (3.56 g) was dissolved
in CH,Cl, (50 mL). To the solution was added tert-butyl hydroperoxide solution 5.0-6.0 M in
decane (2.41 mL, 10.7-12.9 mmol). The resulting mixture was stirred at room temperature for
1.5 h. The reaction mixture was concentrated and purified by silica gel chromatography using
0-4% gradient of MeOH in CHCI, to afford the compound 3-11a (3.60 g, 80% for 2 steps) as
white foam. 'H NMR (DMSO-d;) 6 0.02-0.09 (m, 6H), 0.82-0.87 (m, 9H), 1.06-1.14 (m, 6H),
2.24-2.35 (m, 1H), 2.65-2.80 (m, 2H), 3.98-4.04 (m, 1H), 4.07-4.17 (m, 1H), 4.17-4.26 (m,
1H), 4.48-4.54 (m, 1H), 4.65-4.72 (m, 1H), 5.50-5.56 (m, 2H), 6.18-6.26 (m, 1H), 7.45-7.53
(m, 1H), 7.53-7.62 (m, 3H), 7.94-8.09 (m, 3H), 8.20-8.23 (m, 1H), 11.56-11.62 (m, 1H),
12.02-12.08 (m, 1H); "C NMR (DMSO-d,) 8-5.1,-5.1,-4.9,17.6,18.8,18.8, 18.9,25.6,34.8,
38.7,65.9,66.0,66.0,66.7,66.8,66.8,66.8,71.8,71.9,72.0,72.0,74.7,74.8,82.8, 82.8,84.8,
84.9,849,85.0,93.2,934,93.7,93.9,120.3,120.3,123.3,123.4, 125.2, 1253, 126.1, 126.7,
126.7, 127.5, 127.6, 128.6, 129.6, 129.7, 130.7, 130.7, 130.8, 130.8, 133.2, 133.2, 1374,
137.4,148.1,148.5, 154.8, 180.0, 180.0; *'P NMR (DMSO-d,) 6 -8.1, -8.1; HRMS (ESI) m/z
(M+Na): calcd for [C;;H,,N;NaO,PSi]*, 702.2489; found, 702.2479.
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L& 3-11b

Nf-Benzoyl-3"-O-tert-butyldimethylsilyl-2"-deoxyadenosine-5"-yl 1-naphtylmethyl
ethynylphosphonate
NHBz
Il
NN

TBSO

Compound 3-15a (4.91 g, 15.7 mmol) was dissolved in anhydrous MeCN (40 mL). To the
solution was added N°-Benzoyl-3-O-tert-butyldimethylsilyl-2"-deoxyadenosine (4.92 g, 10.5
mmol) and 1H-tetrazole solution 0.45 M in MeCN (27.8 mL, 12.5 mmol). The resulting
mixture was stirred at room temperature. After 2 h, compound xx (3.32 g, 10.5 mmol) was
added to the reaction mixture and stirred for another 1 h. The reaction mixture was
concentrated under reduced pressure, poured into EtOAc, and extracted with water twice and
washed with sat. NaCl. The organic phase was dried over Na,SO,, filtrated and concentrated
under reduced pressure. The residue was purified by silica gel chromatography using 0-2%
gradient of MeOH in CHCI; and concentrated under reduced pressure. The residue (6.34 g)
was dissolved in CH,Cl, (80 mL). To the solution was added fert-butyl hydroperoxide
solution 5.0-6.0 M in decane (3.4 mL, 17-20 mmol). The resulting mixture was stirred at
room temperature for 2 h. The reaction mixture was concentrated and purified by silica gel
chromatography using 0-3% gradient of MeOH in CHCI, to afford the compound 3-11b (6.38
g, 87% for 2 steps) as white foam. 'H NMR (DMSO-d,) 6 0.07-0.10 (m, 6H), 0.85-0.90 (m,
9H), 2.32-2.42 (m, 1H), 2.89-3.01 (m, 1H), 4.04-4.10 (m, 1H), 4.13-4.22 (m, 1H), 4.25-4.35
(m, 1H), 4.61-4.72 (m, 2H), 5.50-5.57 (m, 2H), 6.47-6.54 (m, 1H), 7.44-7.51 (m, 1H),
7.52-7.60 (m, 5H), 7.62-7.68 (m, 1H), 7.93-7.99 (m, 2H), 8.03-8.09 (m, 3H), 8.64-8.69 (m,
1H), 8.70-8.74 (m, 1H), 11.21-11.26 (m, 1H); "C NMR (DMSO-d,) 6 -4.6, -4.4, 18.1, 26.1,
38.8,60.3,67.2,67.2,67.3,72.3,72.4,72.5,75.2,75.3,84.3,84.4,85.2,85.3,93.5,93.7,94.0,
94.2,123.8,125.7,126.4,126.6,127.2,128.0,128.1, 128.9,129.0, 129.0, 130.1, 131.2, 131.3,
131.3, 132.9, 133.7, 133.8, 143.8, 150.9, 152.0, 152.3, 166.1; *'P NMR (DMSO-d,) 6 -8.2,
-8.1; HRMS (ESI) m/z (M+Na): calcd for [C;H,,N;NaOPSi]*, 720.2383; found, 720.2370.
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L& 3-11c
N*-Benzoyl-3-O-tert-butyldimethylsilyl-2’-deoxycytidine-5"-yl 1-naphtylmethyl
ethynylphosphonate

NHBz

|
o-p:0 |l \i
@ lo) N ™0
O
TBSO

Compound 3-15b (7.58 g, 24.2 mmol) was dissolved in anhydrous MeCN (100 mL). To the
solution was added N'-Benzoyl-3"-O-tert-butyldimethylsilyl-2"-deoxycytidine (7.18 g, 16.1
mmol) and 1H-tetrazole solution 0.45 M in MeCN (53.8 mL, 24.2 mmol). The resulting
mixture was stirred at room temperature for 2 h. The reaction mixture was concentrated under
reduced pressure, poured into EtOAc, and extracted with water twice and washed with sat.
NaCl. The organic phase was dried over Na,SO,, filtrated and concentrated under reduced
pressure. The residue was purified by silica gel chromatography using 0-2% gradient of
MeOH in CHCI, and concentrated under reduced pressure. The residue (9.87 g) was dissolved
in CH,Cl, (140 mL). To the solution was added terz-butyl hydroperoxide solution 5.0-6.0 M
in decane (6 mL, 30-36 mmol). The resulting mixture was stirred at room temperature for 1 h.
The reaction mixture was concentrated and purified by silica gel chromatography using 0-2%
gradient of MeOH in CHCI, to afford the compound 3-11¢ (9.43 g, 87% for 2 steps) as white
foam. 'H NMR (DMSO-d;) 6 0.00-0.08 (m, 6H), 0.77-0.90 (m, 9H), 2.03-2.17 (m, 1H),
2.20-2.32 (m, 1H), 4.00-4.08 (m, 1H), 4.17-4.28 (m, 2H), 4.32-4.40 (m, 1H), 4.70-4.77 (m,
1H), 5.56-5.63 (m, 2H), 6.10-6.17(m, 1H), 7.28-7.38 (m, 1H), 7.45-7.68 (m, 7H), 7.92-8.04
(m, 4H), 8.04-8.18 (m, 2H), 11.23-11.33 (m, 1H); "C NMR (DMSO-d,) 6 -5.1, -4.9, 17.6,
25.6,65.8,65.8,606.9,669,67.0,71.5,71.8,71.9,74.7,74.8,84.8,84.9,86.4,93.3,93.4,93.8,
939,96.3,1234,125.3,126.1,126.7, 126.8, 127.6, 127.6, 128 4, 128.6, 129.7, 129.7, 130.7,
130.8, 130.8, 130.8, 130.9, 132.8, 133.1, 133.3, 144.7, 154.3, 1632, 167.3; *'P NMR
(DMSO-d;) 6 -8.1; HRMS (ESI) m/z (M+H): calcd for [C;H,,N;O,PSi]*, 674.2451; found,
674.2452.
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L& 3-11d
3°-O-tert-Butyldimethylsilylthymidine-5°-yl 1-naphtylmethyl ethynylphosphonate
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Compound 3-15¢ (659 mg, 2.10 mmol) was dissolved in anhydrous MeCN (10.0 mL). To
the solution was added 3°-O-fert-butyldimethylsilylthymidine (500 mg, 1.40 mmol) and
1H-tetrazole solution 0.45 M in MeCN (3.72 mL, 1.68 mmol). The resulting mixture was
stirred at room temperature for 4 h. The reaction mixture was concentrated under reduced
pressure, poured into EtOAc, and extracted with water twice and washed with sat. NaCl. The
organic phase was dried over Na,SO,, filtrated and concentrated under reduced pressure. The
residue was purified by silica gel chromatography using 0-2% gradient of MeOH in CHCl,
and concentrated under reduced pressure to afford the colorless residue (740 mg). A portion
of the residue (668 mg) was dissolved in CH,Cl, (11 mL). To the solution was added
tert-butyl hydroperoxide solution 5.0-6.0 M in decane (448 uL., 2.2-2.7 mmol). The resulting
mixture was stirred at room temperature for 1 h. The reaction mixture was concentrated and
purified by silica gel chromatography using 0-2% of MeOH in CH,Cl, to afford the
compound 3-11d (668 mg, 90% for 2 steps) as white foam. "H NMR (DMSO-d;) 6 0.01-0.05
(m, 6H), 0.80-0.86 (m, 9H), 1.65-1.73 (m, 3H), 1.95-2.18 (m, 2H), 3.88-3.94 (m, 1H),
4.09-4.24 (m, 2H), 4.30-4.38 (m, 1H), 4.68-4.76 (m, 1H), 5.56-5.62 (m, 2H), 6.12-6.18 (m,
1H), 7.40-7.45 (m, 1H), 7.48-7.54 (m, 1H), 7.54-7.66 (m, 3H), 7.96-8.02 (m, 2H), 8.05-8.12
(m, 1H), 11.33-11.36 (m, 1H); °C NMR (DMSO-d;) 6 -5.0,-5.0,-4.9, 12.1, 17.6, 25.6, 38.7,
38.8,65.9,66.0,66.8,66.8,669,67.0,71.7,71.7,71.8,71.9,74.7,74.8,84.0,84.1,84.2,93.2,
93.5,93.7,94.0, 109.8, 123.3, 123 .4, 125.3, 126.2, 126.7, 126.7, 127.6, 127.7, 128.6, 129.7,
129.7, 130.7, 130.8, 130.8, 130.8, 130.9, 130.9, 133.3, 135.7, 150.4, 163.6; *'P NMR
(DMSO-dy) 6 -8.0, -8.0; HRMS (ESI) m/z (M+Na): calcd for [C,,H;,N,NaO,PSi]*, 607.2006;
found, 607.2007.
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L&Y 3-12a
N*-Isobutyryl-2’-deoxyguanosine-5°-yl 1-naphtylmethyl ethynylphosphonate
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Compound 3-11a (3.17 g, 4.66 mmol) was dissolved in N,N-dimethylformamide (15 mL).
To the solution was added triethylamine trihydrofluoride (2.28 mL, 14.0 mmol). The resulting
mixture was stirred at room temperature for 4 h. The reaction mixture was poured into EtOAc,
and extracted with extracted with sat. NaHCO,, water and washed with sat. NaCl. The organic
phase was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue
dissolved in CHCl; (8 mL) and was purified by silica gel chromatography using 0-6%
gradient of MeOH in CHCI, to afford the compound 3-12a (2.02 g, 77%) as white foam. 'H
NMR (DMSO-d;) 6 1.05-1.14 (m, 6H), 2.27-2.37 (m, 1H), 2.57-2.68 (m, 1H), 2.68-2.78 (m,
1H), 4.01-4.07 (m, 1H), 4.13-4.22 (m, 1H), 4.22-4.31 (m, 1H), 4.38-4.46 (m, 1H), 4.61-4.66
(m, 1H), 5.48-5.56 (m, 3H), 6.25 (t, 1H, J = 7.8), 7.44-7.52 (m, 1H), 7.52-7.62 (m, 3H),
7.93-8.07 (m, 3H), 8.16-8.18 (m, 1H), 11.58-11.62 (m, 1H), 12.02-12.05 (m, 1H); "C NMR
(DMSO-d,) & 18.8, 18.8, 18.8, 18.9, 34.8, 38.8, 38.9, 66.7, 66.7, 66.8, 70.2,70.2, 71.9, 72.0,
747,749, 83.1, 83.1, 84.7, 84.8, 93.1, 93.3, 93.6, 93.7, 1204, 1204, 123.3, 1234, 1253,
1253, 126.1, 126.1, 126.7, 126.7, 126.8, 127.5, 127.6, 128.6, 129.6, 129.6, 130.7, 130.7,
130.8, 133.2, 133.2, 137.4, 148.1, 148.4, 154.8, 180.0, 180.1; *'P NMR (DMSO-d,) 6 -8.1,
-8.1; HRMS (ESI) m/z (M+H): calcd for [C,,H,,N:O,P]*, 566.1805; found, 566.1799.

{E&%) 3-12b
N°®-Benzoyl-2"-deoxyadenosine-5"-yl 1-naphtylmethyl ethynylphosphonate
| | NHBz
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Compound 3-11b (6.82 g, 9.14 mmol) was dissolved in N,N-dimethylformamide (45 mL).
To the solution was added triethylamine trihydrofluoride (4.46 mL, 27.4 mmol). The resulting

mixture was stirred at room temperature for 4 h. The reaction mixture was poured into EtOAc,
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and extracted with sat. NaHCO,, water and washed with sat. NaCl. The organic phase was
dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue dissolved
in CHCl; (20 mL) and precipitated in Et,O (400 mL). The resulting white powder was again
dissolved in CHCI, (20 mL) and precipitated in Et,O (400 mL) to afford the compound 3-12b
(3.99 g, 75%) as white powder. 'H NMR (DMSO-d;) 6 2.35-2.45 (m, 1H), 2.80-2.92 (m, 1H),
4.06-4.11 (m, 1H), 4.16-4.24 (m, 1H), 4.27-4.36 (m, 1H), 4.48-4.55 (m, 1H), 4.57-4.64 (m,
1H), 5.49-5.54 (m, 2H), 5.57-5.63 (m, 1H), 6.49-6.55 (m, 1H), 7.43-7.50 (m, 1H), 7.51-7.61
(m, 5H), 7.61-7.69 (m, 1H), 7.93-8.00 (m, 2H), 8.01-8.07 (m, 3H), 8.63-8.66 (m, 1H),
8.70-8.73 (m, 1H), 11.22 (s, 1H); "C NMR (DMSO-d,) 6 38.4, 66.6, 66.6, 66.6, 66.7, 66.7,
66.7,66.7,70.3,70.3,71.9,72.0,74.8,74.9,83.8,83.8,84.8,84.8,84.9,84.9,93.0,93.2,93.5,
93.7,123.4,125.3,1259,126.1, 126.8, 127.6, 127.6, 128.5, 128.5, 128.6, 129.6, 130.8, 130.8,
130.8, 130.8, 130.9, 132.5, 133.2, 133.3, 143.1, 1504, 151.6, 151.9, 165.6; *'P NMR
(DMSO-d;) 6 -8.1, -8.2; HRMS (ESI) m/z (M+H): caled for [C;H,,N;O.P]*, 584.1699;
found, 584.1702.

L&) 3-12¢
N*-Benzoyl-2"-deoxycytidine-5’-yl 1-naphtylmethyl ethynylphosphonate
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Compound 3-11c¢ (9.43 g, 14.0 mmol) was dissolved in N,N-dimethylformamide (140 mL).
To the solution was added triethylamine trihydrofluoride (6.84 mL, 42.0 mmol). The resulting
mixture was stirred at room temperature for 4 h. The reaction mixture was poured into EtOAc,
and extracted with extracted with sat. NaHCO,, water and washed with sat. NaCl. The organic
phase was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue
was purified by silica gel chromatography using 0-4% gradient of MeOH in CHCI, to afford
the compound 3-12¢ (6.43 g, 82%) as white foam. 'H NMR (DMSO-d,) 6 1.98-2.11 (m, 1H),
2.25-2.37 (m, 1H), 4.03-4.09 (m, 1H), 4.18-4.33 (m, 3H), 4.67-4.75 (m, 1H), 5.48-5.53 (m,
1H), 5.55-5.63 (m, 2H), 6.12-6.20 (m, 1H), 7.29-7.35 (m, 1H), 7.47-7.67 (m, 7TH), 7.94-8.03
(m, 4H), 8.05-8.11 (m, 1H), 8.11-8.18 (m, 1H), 11.25-11.29 (m, 1H); "C NMR (DMSO-d) 6
66.4,664,66.5,66.8,609,66.9,699,699,719,72.0,74.8,74.9,84.8,84.9,85.0,86.5,93.2,
934,93.7,939,96.3, 123.4, 1253, 126.2, 126.8, 126.8, 127.6, 127.6, 128.5, 128.6, 129.7,
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130.8, 130.8, 130.8, 1309, 132.8, 133.1, 133.3, 144.7, 154.3, 163.1, 167.3; 31P NMR
(DMSO-d;) 6 -8.0, -8.0; HRMS (ESI) m/z (M+Na): calcd for [C,,H,,N;NaO,P]*, 582.1406;
found, 582.1414.

L& 3-12d
Thymidine-5"-yl 1-naphtylmethyl ethynylphosphonate
0]

L \f:"*;

HO

Compound 3-11d (663 mg, 1.13 mmol) was dissolved in N,N-dimethylformamide (5.0 mL).
To the solution was added triethylamine trihydrofluoride (546 uL, 3.39 mmol). The resulting
mixture was stirred at room temperature for 4 h. The reaction mixture was poured into EtOAc,
and extracted with extracted with sat. NaHCO,, water and washed with sat. NaCl. The organic
phase was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue
was purified by silica gel chromatography using 0-3% gradient of MeOH in CHCI, to afford
the compound 3-12d (442 mg, 83%) as white foam. 'H NMR (DMSO-d,) 6 1.64-1.70 (m, 3H),
1.96-2.12 (m, 2H), 3.90-3.97 (m, 1H), 4.14-4.29 (m, 3H), 4.65-4.72 (m, 1H), 5.43-5.48 (m,
1H), 5.54-5.62 (m, 2H), 6.14-6.24 (m, 1H), 7.40-7.45 (m, 1H), 7.48-7.54 (m, 1H), 7.54-7.64
(m, 3H), 7.94-8.02 (m, 2H), 8.04-8.12 (m, 1H), 11.29-11.36 (m, 1H); "C NMR (DMSO-d,) 6
12.0,38.7,38.7,66.5, 66.6, 66.6, 66.7, 66.8,66.8,66.9,70.1,70.1,71.8,72.0,74.7,74.9, 83.9,
84.1,84.1,84.2,84.2,93.1,93.4,93.6,93.9, 109.8, 1234, 123 4, 1253, 1253, 126.2, 126 .2,
126.7, 126.7, 127.6, 127.6, 128.6, 129.7, 130.8, 130.8, 130.8, 130.9, 133.3, 135.6, 135.6,
150.4, 163.6, 163.6; *'P NMR (DMSO-d,) & -8.0, -8.0; HRMS (ESI) m/z (M+Na): calcd for
[C,;H,;N,NaO,P]", 493.1140; found, 493.1145.
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Compound 3-12a (2.30 g, 4.06 mmol) was dissolved in tetrahydrofuran (15 mL). To the
solution was added 3’-azido-57-O-(dimethoxytrityl)-3"-deoxythymidine (3-7) (2.32 g, 4.06
mmol) and tris[(1-benzyl-1H-1,2 3-triazol-4-yl)methyl]amine (110 mg, 207 gmol) and the
solution of CuSO, (32.5 mg, 2.07 mmol) and (+)-sodium L-ascorbate (402 mg, 2.07 mmol) in
water (7.5 ml) and MeOH (7.5 mL). The resulting mixture was stirred at room temperature
under argon atmosphere for 1.5 h. The reaction mixture was poured into EtOAc, and extracted
with water twice and washed with sat. NaCl. The organic phase was dried over Na,SO,,
filtrated and concentrated under reduced pressure. The residue was purified by silica gel
chromatography using 0-7% gradient of MeOH in CHCI, to afford the compound 3-13a (4.12
g, 89%) as white foam. 'H NMR (DMSO-d,) 6 1.05-1.14 (m, 6H), 1.52-1.62 (m, 3H),
2.26-2.36 (m, 1H), 2.58-2.68 (m, 1H), 2.68-2.86 (m, 3H), 3.26-3.38 (m, 2H), 3.65-3.73 (m,
6H), 4.05-4.12 (m, 1H), 4.17-4.39 (m, 3H), 4.40-4.46 (m, 1H), 5.47-5.58 (m, 3H), 5.58-5.70
(m, 1H), 6.21-6.28 (m, 1H), 6.38-6.47 (m, 1H), 6.81-6.88 (m, 4H), 7.13-7.34 (m, 9H),
7.37-7.55 (m, 4H), 7.63-7.68 (m, 1H), 7.87-8.05 (m, 3H), 8.13-8.20 (m, 1H), 8.85-8.95 (m,
1H), 11.38-11.44 (m, 1H), 11.57-11.65 (m, 1H), 11.98-12.07 (m, 1H); "C NMR (DMSO-d,)
0118, 18.8,18.8,18.8,18.8,34.8,37.2,37.2,389,55.0,550,59.9, 63.1, 65.9, 66.0, 66.0,
66.1,66.3,66.4,70.3,70.3,78.6,79.0,79.3,82.2,82.2,83.1,83.2,83.9,84.0,84.9,85.0,85.1,
86.0,86.0, 1099, 113.2,120.3, 1204, 123.3, 123 .4, 125.2, 125.2, 126.0, 126.0, 126.6, 126.6,
126.8, 127.1, 127.3, 127.6, 1279, 128.4, 129.3, 1294, 129.7, 130.7, 130.8, 131.0, 131.1,
131.2, 131.2, 131.2, 131.2, 1314, 131.4, 133.1, 133.1, 134.7, 134.8, 135.1, 135.2, 136.2,
136.3, 137.1, 137.2, 1374, 137.5, 1445, 148.0, 1480, 148.3, 1484, 150.3, 154.8, 158.1,
158.1, 163.7, 180.0, 180.0; *'P NMR (DMSO-d,) 6 8.0, 8.1; HRMS (ESI) m/z (M+Na): calcd
for [CssHsoN,(NaO,;P]", 1157.3899; found, 1157.3879.
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L5 3-13b

Compound 3-12b (1.00 g, 1.71 mmol) was dissolved in tetrahydrofuran (6 mL). To the
solution was added 3’-azido-N'-benzoyl-5"-O-(dimethoxytrityl)-2",3"-dideoxyadenosine
(3-16a) (1.16 g, 1.71 mmol) and tris[(1-benzyl-1H-1 2 3-triazol-4-yl)methyl]amine (45.3 mg,
85.5 umol) and the solution of CuSO, (13.7 mg, 85.5 ymol) and (+)-sodium L-ascorbate (163
mg, 855 ymol) in water (3 mL) and MeOH (3 mL). The resulting mixture was stirred at room
temperature under argon atmosphere for 2 h. The reaction mixture was poured into EtOAc,
and extracted with water twice and washed with sat. NaCl. The organic phase was dried over
Na,SO,, filtrated and concentrated under reduced pressure. The residue was purified by silica
gel chromatography using 0-7% gradient of MeOH in CHCI, to afford the compound 3-13b
(1.86 g, 86%) as pale yellow foam. 'H NMR (DMSO-d,) 6 2.36-2.46 (m, 1H), 2.77-2.91 (m,
1H), 3.16-3.19 (m, 1H), 3.22-3.35 (m, 2H), 3.41-3.53 (m, 1H), 3.63-3.70 (m, 6H), 4.11-4.19
(m, 1H), 4.22-434 (m, 1H), 4.34-4.43 (m, 1H), 443-4.60 (m, 2H), 5.52-5.58 (m, 2H),
5.58-5.63 (m, 1H), 5.92-6.05 (m, 1H), 6.50-6.58 (m, 1H), 6.67-6.73 (m, 1H), 6.73-6.82 (m,
4H), 7.07-7.14 (m, 5H), 7.14-7.20 (m, 2H), 7.21-7.26 (m, 2H), 7.37-7.45 (m, 1H), 7.47-7.70
(m, 9H), 7.88-7.96 (m, 2H), 7.96-8.09 (m, 5H), 8.64-8.68 (m, 1H), 8.69-8.74 (m, 3H),
8.90-8.98 (m, 1H), 11.20-11.28 (m, 2H); "C NMR (DMSO-d,) 6 36.6, 36.7, 38.6, 38.7, 54.9,
55.0, 60.3, 63.1, 66.1, 66.1, 704, 70.5, 82.9, 82.9, 83.6, 83.6, 83.7, 85.1, 85.2, 85.7, 113.1,
1234, 1235, 125.2, 1253, 1258, 1258, 1260, 126.1, 126.7, 126.7, 127.3, 127.3, 127.5,
127.7, 1285, 128.5, 128.5, 1294, 129.6, 130.8, 130.8, 131.0, 131.1, 131.2, 131.4, 1324,
132.5, 1332, 133.3, 133.3, 134.8, 1349, 135.2, 135.2, 1353, 137.2, 137.3, 1429, 1430,
143.6,144.5,150.4,150.5,151.6, 151.7,151.9, 158.0, 165.6; *'P NMR (DMSO-d,) 6 8.0, 8.1;
HRMS (ESI) m/z (M+H): calcd for [C¢H N,;0,,P]*, 1266.4351; found, 1266.4343.
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Compound 3-12¢ (2.50 g, 4.46 mmol) was dissolved in tetrahydrofuran (20 mL). To the
solution was added 3’-azido-N'-benzoyl-5"-O-(dimethoxytrityl)-2",3"-dideoxyadenosine
(3-16a) (3.05 g,4.46 mmol) and tris[(1-benzyl-1H-1,2 3-triazol-4-yl)methyl]amine (118 mg,
223 umol) and the solution of CuSO, (35.7 mg, 223 ymol) and (+)-sodium L-ascorbate (442

NHBz

mg, 2.23 mmol) in water (10 ml) and MeOH (10 mL). The resulting mixture was stirred at
room temperature under argon atmosphere for 2 h. The reaction mixture was poured into
EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase was
dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 0-7% gradient of MeOH in CHC], to afford the
compound 3-13c¢ (4.95 g, 89%) as pale yellow foam. 'H NMR (DMSO-d,) 6 1.97-2.11 (m,
1H), 2.25-2.37 (m, 1H), 3.10-3.20 (m, 1H), 3.23-3.32 (m, 2H), 3.42-3.54 (m, 1H), 3.62-3.71
(m, 6H), 4.06-4.13 (m, 1H), 4.22-4.38 (m, 3H), 4.45-4.58 (m, 1H), 5.48-5.52 (m, 1H),
5.55-5.67 (m, 2H), 5.93-6.05 (m, 1H), 6.13-6.20 (m, 1H), 6.69-6.79 (m, 5H), 7.07-7.14 (m,
SH), 7.14-7.20 (m, 2H), 7.21-7.28 (m, 3H), 7.42-7.49 (m, 3H), 7.49-7.62 (m, 6H), 7.62-7.69
(m, 1H), 7.87-7.96 (m, 4H), 8.02-8.10 (m, 3H), 8.13-8.22 (m, 1H), 8.66-8.77 (m, 2H),
8.95-9.05 (m, 1H), 11.21-11.32 (m, 2H); "C NMR (DMSO-d,) 6 36.7, 36.8,40.4, 54.9, 60.3,
63.0,63.1,65.8,65.8,65.9,66.2,66.3,66.3,69.9,82.8,82.9,83.6,83.6,85.1,85.1,85.2,85.7,
86.4,864,96.2,113.1, 123.5, 123.5, 125.3, 125.3, 126.0, 126.1, 126.1, 126.7, 126.7, 127 .3,
1274, 1275, 127.7, 1284, 1285, 128.5, 1294, 1294, 129.6, 130.8, 130.8, 131.2, 131.2,
131.3, 131.3, 131.3, 131.5, 1325, 132.7, 1330, 133.2, 133.4, 1349, 135.2, 135.2, 135.3,
137.2,137.3, 143.6, 144.5, 144.7, 150.5, 151.6, 151.8, 154.3, 158.0, 163.1, 165.6, 167.2; *'P
NMR (DMSO-d,) 6 8.2; HRMS (ESI) m/z (M+Na): caled for [CqHgN,NaO,,P]*,
1264 .4058; found, 1264 .4055.

125



L& 3-13d

Compound 3-12d (2.50 g, 5.32 mmol) was dissolved in tetrahydrofuran (20 mL). To the
solution was added 3’-azido-N'-benzoyl-5"-O-(dimethoxytrityl)-2",3"-dideoxyadenosine
3-16a (3.63 g, 5.32 mmol) and tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]Jamine (141 mg,
266 umol) and the solution of CuSO, (42.6 mg, 266 uM mmol) and (+)-sodium L-ascorbate
(527 mg, 2.66 mmol) in water (10 ml) and MeOH (10 mL). The resulting mixture was stirred
at room temperature under argon atmosphere for 1 h. The reaction mixture was poured into
EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase was
dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 0-6% gradient of MeOH in CHC], to afford the
compound 3-13d (5.83 g, 95%) as white foam. 'H NMR (DMSO-d,) 6 1.55-1.63 (m, 3H),
2.00-2.10 (m, 2H), 3.06-3.19 (m, 1H), 3.23-3.32 (m, 2H), 3.42-3.52 (m, 1H), 3.62-3.71 (m,
6H), 3.94-4.01 (m, 1H), 4.19-4.33 (m, 3H), 4.43-4.53 (m, 1H), 5.41-5.46 (m, 1H), 5.52-5.65
(m, 2H), 5.94-6.04 (m, 1H), 6.17-6.24 (m, 1H), 6.68-6.74 (m, 1H), 6.74-6.82 (m, 4H),
7.07-7.15 (m, 5H), 7.15-7.21 (m, 2H), 7.21-7.26 (m, 2H), 7.41-7.59 (m, 7H), 7.62-7.68 (m,
1H), 791-798 (m, 2H), 8.02-8.09 (m, 3H), 8.70-8.74 (m, 2H), 8.96-9.02 (m, 1H),
11.17-11.28 (m, 1H), 11.28-12.37 (m, 1H); "C NMR (DMSO-d,) 6 11.9, 36.7, 36.8, 38.8,
55.0,55.0,60.3,63.1,66.1,66.1,66.2,66.3,66.3,70.3,70.3,82.9,82.9, 83.6, 83.6, 83.8, 84.0,
84.4, 845, 84.6,85.7,109.9, 113.1, 1234, 123.5, 1253, 1253, 1260, 126.1, 126.1, 126.6,
126.7, 127.3, 1274, 127.6, 127.7, 128.5, 128.5, 1294, 129.5, 129.6, 130.8, 130.8, 131.1,
131.2, 131.2, 131.2, 131.3, 131.3, 131.3, 131.5, 131.5, 132.5, 133.2, 1334, 134.8, 1349,
135.3,135.7, 137.2, 137.3, 143.6, 144.5, 150.4, 150.5, 151.6, 151.8, 158.1, 163.7, 165.7; *'P
NMR (DMSO-d,;) 6 8.1, 8.2; HRMS (ESI) m/z (M+Na): calcd for [C¢Hs,N,,NaO,,P]",
1175.3793; found, 1175.3788.
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Compound 3-12b (1.00 g, 1.71 mmol) was dissolved in tetrahydrofuran (6 mL). To the
solution was added 3’-azido-N'-benzoyl-5"-O-(dimethoxytrityl)-2",3"-dideoxycytidine
(3-16b) (1.13 g, 1.71 mmol) and tris[(1-benzyl-1H-1,2 3-triazol-4-yl)methyl]amine (45.3
mg, 85.5 umol) and the solution of CuSO, (13.7 mg, 85.5 ymol) and (+)-sodium L-ascorbate
(163 mg, 855 umol) in water (3 mL) and MeOH (3 mL). The resulting mixture was stirred at
room temperature under argon atmosphere for 3 h. The reaction mixture was poured into
EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase was
dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 0-6% gradient of MeOH in CHC], to afford the
compound 3-13e (1.81 g, 85%) as pale yellow foam. 'H NMR (DMSO-d,) 6 2.37-2.46 (m,
1H), 2.73-291 (m, 2H), 2.97-3.10 (m, 1H), 3.28-3.42 (m, 2H), 3.64-3.73 (m, 6H), 4.11-4.18
(m, 1H), 4.22-433 (m, 1H), 4.33-4.42 (m, 1H), 4.44-4.59 (m, 2H), 5.48-5.72 (m, 4H),
6.30-6.38 (m, 1H), 6.50-6.58 (m, 1H), 6.82-6.90 (m, 4H), 7.13-7.36 (m, 10H), 7.37-7.45 (m,
1H), 7.46-7.58 (m, 7TH), 7.60-7.67 (m, 2H), 7.99-8.08 (m, 5H), 8.33-8.42 (m, 1H), 8.60-8.72
(m, 2H), 8.85-8.94 (m, 1H), 11.22 (s, 1H), 11.33 (s, 1H); "C NMR (DMSO-d,) & 38.5, 38.5,
38.6,38.7,55.0,58.9,58.9,62.3,62.3,66.0,66.1,66.2,66.2,66.3,70.4,70.5,83.0,83.0, 83.7,
83.8,85.1,85.2,86.2,86.4,96.2,113.2,123.4,123.5,125.2,125.3,126 .0, 126.1, 126.6, 126.7,
126.8, 127.2, 127.3, 127.7, 1279, 128.5, 1294, 129.6, 129.7, 130.8, 130.8, 131.1, 131.2,
131.2, 131.3, 131.4, 131.5, 1324, 132.8, 133.1, 133.2, 133.3, 134.8, 1349, 135.0, 135.2,
137.2, 137.3, 143.0, 144.2, 1453, 1453, 1504, 151.6, 1519, 154.3, 158.1, 163.3, 165.6,
167.3; *'P NMR (DMSO-d,) & 7.9, 8.0; HRMS (ESI) m/z (M+H): calcd for [Ci;H,N,,0,,P]",
1242.4238; found, 1242.4240.
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Compound 3-12b (2.50 g, 4.46 mmol) was dissolved in tetrahydrofuran (20 mL). To the
solution was added 3’-azido-N'-benzoyl-5"-O-(dimethoxytrityl)-2",3"-dideoxycytidine
(3-16b) (2.94 g,4.46 mmol) and tris[(1-benzyl-1H-1,2 3-triazol-4-yl)methyl]amine (118 mg,
223 umol) and the solution of CuSO, (35.7 mg, 223 ymol) and (+)-sodium L-ascorbate (442
mg, 2.23 mmol) in water (10 ml) and MeOH (10 mL). The resulting mixture was stirred at
room temperature under argon atmosphere for 2 h. The reaction mixture was poured into
EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase was
dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 0-6% gradient of MeOH in CHC], to afford the
compound 3-13f (4.85 g, 87%) as pale yellow foam. 'H NMR (DMSO-d,) 6 1.98-2.12 (m,
1H), 2.26-2.40 (m, 1H), 2.80-2.92 (m, 1H), 3.02-3.14 (m, 1H), 3.28-3.44 (m, 2H), 3.64-3.72
(m, 6H), 4.07-4.13 (m, 1H), 4.23-4.40 (m, 3H), 4.50-4.60 (m, 1H), 5.49-5.54 (m, 1H),
5.54-5.67 (m, 2H), 5.67-5.76 (m, 1H), 6.14-6.21 (m, 1H), 6.32-6.39 (m, 1H), 6.81-6.88 (m,
4H), 7.13-7.25 (m, 6H), 7.25-7.30 (m, 2H), 7.30-7.35 (m, 2H), 7.41-7.66 (m, 10H), 7.88-8.18
(m, 8H), 8.35-8.44 (m, 1H), 8.94-9.01 (m, 1H), 11.25 (s, 1H), 12.38 (s, 1H); "C NMR
(DMSO-d,) 6 38.5,40.4,55.0,58.8,58.9,62.1,62.2,65.8,65.8, 659, 66.2,66.2, 66.3, 69.8,
69.8, 83.0, 83.0, 85.1, 85.1, 85.2, 86.2, 86.4,96.2, 113.2, 123.5, 1253, 125.3, 126.1, 126.1,
126.6, 126.7, 126.8, 127.3, 127.3, 127.7, 127.9, 1284, 128.5, 1294, 1294, 129.6, 129.7,
130.8, 130.8, 131.2, 131.2, 131.3, 131.3, 131.3, 131.5, 131.6, 132.7, 132.8, 133.1, 133.2,
133.2, 134.8, 1349, 1350, 1350, 135.2, 135.3, 137.2, 1373, 1442, 1442, 144.6, 144.6,
145.3, 145.3, 154.3, 154.3, 158.1, 163 .0, 163.3, 167.2, 167.3; *'P NMR (DMSO-d,) 6 8.1;
HRMS (ESI) m/z (M+Na): calcd for [CyHg NyNaO;P]", 1240.3945; found, 1240.3943.
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Compound 3-12b (1.90 g, 3.25 mmol) was dissolved in tetrahydrofuran (10 mL). To the
solution was added 37-azido-5"-O-(dimethoxytrityl)-3"-deoxythymidine (1.82 g, 3.25 mmol)
(3-7) and tris[(1-benzyl-1H-1,2 3-triazol-4-yl)methyl]amine (86.2 mg, 163 umol) and the
solution of CuSO, (26.1 mg, 163 umol) and (+)-sodium L-ascorbate (321 mg, 1.63 mmol) in
water (5 ml) and MeOH (5 mL). The resulting mixture was stirred at room temperature
under argon atmosphere for 2 h. The reaction mixture was poured into CHCl;, and extracted
with sat. NaCl. The organic phase was dried over Na,SO,, filtrated and concentrated under
reduced pressure. The residue was purified by silica gel chromatography using 0-5% gradient
of MeOH in CHCI, to afford the compound 3-13g (3.46 g, 93%) as pale yellow foam. 'H
NMR (DMSO-d;) 6 1.50-1.60 (m, 3H), 2.34-2.44 (m, 1H), 2.70-2.88 (m, 3H), 3.22-3.32 (m,
2H), 3.65-3.72 (m, 6H), 4.08-4.15 (m, 1H), 4.19-4.40 (m, 3H), 4.48-4.57 (m, 1H), 5.46-5.55
(m, 2H), 5.55-5.68 (m, 2H), 6.35-6.45 (m, 1H), 6.47-6.55 (m, 1H), 6.80-6.88 (m, 4H),
7.12-7.21 (m, 5H), 7.21-7.27 (m, 2H), 7.27-7.34 (m, 2H), 7.36-7.44 (m, 1H), 7.44-7.57 (m,
SH), 7.60-7.67 (m,2H), 7.86-7.96 (m, 2H), 7.96-8.06 (m, 3H), 8.61-8.67 (m, 1H), 8.67-8.72
(m, 1H), 8.84-8.93 (m, 1H), 11.19-11.25 (m, 1H), 11.40-11.45 (m, 1H); "C NMR (DMSO-d,)
0119,372,38.6,38.7,55.0,55.0,599, 63.2,660, 66.1, 662, 66.2, 704, 82.2, 83.7, 83.7,
83.9,85.1, 85.2,86.0, 1099, 113.2, 1234, 123.5, 125.2, 126.0, 126.1, 126.6, 126.7, 126.8,
127.2, 127.3, 127.6, 1279, 1284, 128.5, 129.3, 129.7, 130.8, 130.8, 131.0, 131.1, 131.2,
131.3, 1314, 1314, 1325, 133.2, 134.7, 1349, 135.1, 135.2, 136.2, 136.3, 137.1, 137.3,
1430, 144.5, 150.4, 151.6, 158.1, 158.1, 163.7, 165.6; *'P NMR (DMSO-d,) 6 8.0, 8.1;
HRMS (ESI) m/z (M+H): calcd for [C¢;Hs,N,,0,,P]*, 1153.3973; found, 1153.3975.
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Compound 3-13a (3.10 g, 2.73 mmol) was dissolved in CH,Cl, (27 mL). To the solution was
added diisopropylamine (485 uL, 3.28 mmol), 4.5-dicyanoimidazole (387 mg, 3.28 mmol)
and 2-cyanoethyl N,N,N',N'-tetraisopropylphosphorodiamidite (1.30 mL, 8.91 mmol). The
resulting mixture was stirred at room temperature for 40 min. The reaction mixture was
poured into EtOAc, and extracted with water twice and washed with sat. NaCl. The organic
phase was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue
was purified by silica gel chromatography using 0-3% gradient of MeOH in CHCI, to afford
the compound 3-14a (2.50 g, 68%) as white foam. 'H NMR (DMSO-d,) 6 1.10-1.17 (m, 18H),
1.55-1.60 (m, 3H), 2.36-2.56 (m, 1H), 2.66-2.88 (m, 6H), 3.25-3.35 (m, 2H), 3.45-3.62 (m,
2H), 3.62-3.80 (m, 8H), 4.17-4.38 (m, 4H), 4.58-4.68 (m, 1H), 5.45-5.58 (m, 2H), 5.58-5.68
(m, 1H), 6.21-6.28 (m, 1H), 6.38-6.47 (m, 1H), 6.80-6.89 (m, 4H), 7.12-7.34 (m, 9H),
7.37-7.55 (m, 4H), 7.63-7.68 (m, 1H) 7.86-8.05 (m, 3H), 8.13-8.21 (m, 1H), 8.85-8.95 (m,
1H), 11.37-11.45 (m, 1H), 11.50-11.65 (m, 1H), 11.95-12.12 (m, 1H); "C NMR (DMSO-d,)
011.8,18.8,18.8,18.8,18.8,19.7,19.8,19.8, 199, 24.1,24.2,24.3,24.3,24.3,24 4, 34 8,
372,372,37.7,42.6,42.7,55.0,58.2,58.3,58.4,58.5,60.0,63.1,65.5,65.5,65.6,65.7,65.7,
65.8,65.9,66.0,66.0,66.1,66.2,729,73.1,73.2,73.4,78.6,79.0,79.3,82.2,82.2,83.1,83.2,
83.2,83.3,84.0,84.2,84.3,86.0,1099,113.2,118.9,119.0, 120.4,120.5, 123.3,123.4,125.1,
125.2, 1260, 126.0, 126.5, 126.6, 126.7, 1270, 1270, 127.2, 127.6, 127.8, 128.5, 129.3,
1293, 1294, 129.7, 130.7, 130.7, 130.7, 130.8, 131.1, 131.2, 131.5, 133.1, 134.5, 13455,
134.6, 135.1, 135.2, 136.2, 1369, 1369, 137.1, 137.3, 137.3, 1374, 1374, 1445, 148.1,
148.1, 148.5,150.4, 154.7, 158.1, 158.1, 163.7, 180.0, 180.0; *'P NMR (DMSO-d,) 6 8.0, 8.1,
8.1, 8.1, 147.8, 148.0; HRMS (ESI) m/z (M+Na): calcd for [C(,H, (N ,NaO,,P,]", 1357.4977,
found, 1357.4985.
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Compound 3-13b (1.78 g, 1.41 mmol) was dissolved in CH,Cl, (10 mL). To the solution was
added diisopropylamine (237 uL, 1.69 mmol), 4.5-dicyanoimidazole (199 mg, 1.69 mmol)
and 2-cyanoethyl N.N.N'.N'-tetraisopropylphosphorodiamidite (896 pL, 2.82 mmol). The
resulting mixture was stirred at room temperature for 2 h. The reaction mixture was poured
into EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase
was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 20% acetone in CHCI; then 30% MeCH in
EtOAc and concentrated under reduced pressure. The residue was dissolved in CHCl; (10
mL) and added dropwise to n-hexane (200 mL) to afford the compound 3-14b (2.30 g, 76%)
as white precipitation. 'H NMR (DMSO-d,) & 1.04-1.24 (m, 12H), 2.52-2.69 (m, 1H),
2.73-2.86 (m, 2H), 2.94-3.22 (m, 2H), 3.25-3.38 (m, 2H), 3.44-3.88 (m, 11H), 4.25-4.60 (m,
4H), 4.79-498 (m, 1H), 5.51-5.65 (m, 2H), 5.95-6.07 (m, 1H), 6.51-6.60 (m, 1H), 6.69-6.84
(m, 5H), 7.08-7.28 (m, 9H), 7.38-7.69 (m, 10H), 7.88-7.98 (m, 2H), 8.00-8.12 (m, 5H),
8.64-8.77 (m, 3H), 8.91-9.02 (m, 1H), 11.20-11.35 (m, 2H); "C NMR (DMSO-d,) 6 19.8,
19.8,199,199,24.1,242,24.3,24.3,24.3,244,24.4,36.7,37.5,37.6,42.6,42.8,54.9,54 9,
58.4,58.5,60.3,63.1,65.6,65.7,66.1,66.1,72.8,73.0,73.1,73.3,82.9,83.6,83.9,83.9,84.0,
84.0, 84.1,84.2,85.7,113.1, 1190, 1190, 123.4, 123.4, 125.2, 1259, 1260, 126.0, 126.6,
127.2, 1272, 1273, 127.5, 127.7, 128.4, 128.5, 128.5, 129.4, 129.6, 130.8, 130.8, 130.8,
131.1, 131.2, 131.2, 131.3, 131.3, 131.4, 1324, 1325, 133.2, 133.3, 1334, 134.7, 134 .8,
134.8, 134.8, 135.2, 135.2, 135.3, 137.1, 137.2, 137.2, 137.2, 143.1, 143.1, 143.2, 143.6,
144.5,150.5, 150.5, 151.6, 151.7, 151.8, 158.0, 165.6; *'P NMR (DMSO-d,) 6 7.9, 8.0, 8.0,
8.1, 147.7, 147.8, 147.8; HRMS (ESI) m/z (M+Na): calecd for [C,,H,,N,NaO,,P,]",
1488.5249; found, 1488.5261.
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Compound 3-13¢ (2.50 g, 2.01 mmol) was dissolved in CH,Cl, (20 mL). To the solution was

added diisopropylamine (337 uL, 2.41 mmol), 4.5-dicyanoimidazole (284 mg, 2.41 mmol)
and 2-cyanoethyl N,N,N',N'-tetraisopropylphosphorodiamidite (1.28 mL, 4.02 mmol). The

NHBz

resulting mixture was stirred at room temperature for 2 h. The reaction mixture was poured
into EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase
was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 20% acetone in CHCI; then 30% MeCN in
EtOAc and concentrated under reduced pressure. The residue was dissolved in CHCl; (10
mL) and added dropwise to n-hexane (200 mL) to afford the compound 3-14¢ (2.59 g, 89%)
as white precipitation. 'H NMR (DMSO-d,) & 0.98-1.22 (m, 12H), 2.03-2.31 (m, 1H),
2.36-2.60 (m, 1H), 2.68-2.84 (m, 2H), 3.08-3.24 (m, 1H), 3.24-3.40 (m, 2H), 3.44-3.81 (m,
11H), 4.22-4.45 (m, 3H), 4.45-4.63 (m, 2H), 5.53-5.72 (m, 2H), 5.93-6.10 (m, 1H), 6.13-6.27
(m, 1H), 6.68-6.83 (m, 5SH), 7.04-7.34 (m, 10H), 7.40-7.70 (m, 10H), 7.82-8.00 (m, 4H),
8.01-8.14 (m, 3H), 8.14-8.25 (m, 1H), 8.64-8.80 (m, 2H), 8.95-9.10 (m, 1H), 11.15-11.40 (m,
2H); "C NMR (DMSO-d,) 6 19.8, 19.8, 19.8,24.2,24.2,24.2,24.2,24.3,24.4,36.7, 36.7,
36.8,42.6,42.8,54.9,58.3,58.4,60.2,60.2,60.3,63.1,63.1,65.4,65.5,66.3,66.3,72.7,72.9,
82.9,83.0,83.6,84.1,84.4,85.7,85.7,86.6,96.3, 113.1, 119.0, 1234, 125.2, 1260, 126.1,
126.6, 126.7, 127.2, 127.2, 127.3, 127.7, 1284, 128.5, 128.5, 1294, 129.6, 130.8, 131.2,
131.3, 131.6, 132.5, 132.7, 133.0, 133.2, 1334, 134.7, 134.7, 134.8, 135.2, 137.1, 137.2,
143.6, 1445, 144.6, 144.7, 150.5, 150.5, 151.6, 151.7, 1543, 154.3, 158.0, 163.2, 165.6,
167.2; *'P NMR (DMSO-d,) 6 8.1, 8.1, 8.2, 147.7, 147.8, 147.9, 148.1, 148.1, 148.2; HRMS
(ESI) m/z (M+Na): calcd for [C,(H,,N,sNaO;P,]", 1464.5137; found, 1464.5142.
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Compound 3-13d (2.57 g, 2.22 mmol) was dissolved in CH,Cl, (20 mL). To the solution was
added diisopropylamine (372 uL, 2.66 mmol), 4.5-dicyanoimidazole (314 mg, 2.66 mmol)
and 2-cyanoethyl N,N,N',N'-tetraisopropylphosphorodiamidite (1.41 mL, 4.44 mmol). The
resulting mixture was stirred at room temperature for 3 h. The reaction mixture was poured
into EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase
was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 20% acetone in CHCl; then 20-30% gradient of
MeCN in EtOAc and concentrated under reduced pressure. The residue was dissolved in
CHC],; (10 mL) and added dropwise to n-pentane (200 mL) to afford the compound 3-14d
(2.30 g, 76%) as white precipitation. 'H NMR (DMSO-d,) 6 1.02-1.19 (m, 12H), 1.60-1.68
(m, 3H), 2.12-2.36 (m, 2H), 2.70-2.82 (m, 2H), 3.08-3.20 (m, 1H), 3.44-3.61 (m, 3H),
3.62-6.79 (m, 8H), 4.10-4.42 (m, 3H), 5.52-5.70 (m, 2H), 5.95-6.08 (m, 1H), 6.17-6.29 (m,
1H), 6.70-6.86 (m, 5H), 7.08-7.30 (m, 9H), 7.41-7.49 (m, 1H), 7.49-7.61 (m, 6H), 7.61-7.70
(m, 1H), 7.90-7.99 (m, 2H), 8.02-8.12 (m, 3H), 8.70-8.80 (m, 2H), 8.97-9.07 (m, 1H),
11.22-11.45 (m, 2H); "C NMR (DMSO-d,) & 11.9, 19.7, 19.8, 19.8, 19.8, 24.1, 24.2, 24 .3,
243,243,24.4,36.7,36.7,36.7,36.7,37.6,37.6,37.7,37.7,37.7,37.8,37.8,39.7,42.6,42.7,
55.0,58.2,58.4,60.3,63.1,65.6,65.6,65.7,65.8,65.8,65.9,65.9,606.2,66.2,66.3,66.3,73.0,
73.0,73.0,73.1, 73.1, 73.2, 73.2, 82.9, 83.0, 83.3, 83.3, 83.6, 84.0, 84.0, 84.1, 84.1, 85.7,
1099, 1100, 110.0, 1100, 113.1, 119.0, 1234, 1234, 125.2, 125.2, 1260, 126.1, 126.1,
126.6, 1272, 127.3, 127.3, 127.5, 127.7, 128.5, 128.5, 129.5, 129.6, 130.8, 130.8, 131.2,
131.2, 131.3, 131.3, 131.6, 132.5, 133.2, 133.3, 134.7, 134.7, 134.7, 134.8, 1353, 135.6,
135.7, 1358, 135.8, 137.0, 137.1, 137.1, 137.2, 143.6, 1445, 1504, 150.5, 151.6, 151.8,
158.0, 163.6, 165.6; *'P NMR (DMSO-d,) 6 8.1, 8.1, 8.2, 8.2, 147.7, 147.8, 1479, 147.9;
HRMS (ESI) m/z (M+Na): calcd for [C,,H,,N,,NaO,;P,]*, 1375.4872; found, 1375.4867.
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Compound 3-13e (1.74 g, 1.40 mmol) was dissolved in CH,Cl, (10 mL). To the solution was
added diisopropylamine (237 uL, 1.69 mmol), 4.5-dicyanoimidazole (1.99 mg, 1.69 mmol)
and 2-cyanoethyl N.N.N'.N'-tetraisopropylphosphorodiamidite (869 L, 2.82 mmol). The
resulting mixture was stirred at room temperature for 2 h. The reaction mixture was poured
into EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase
was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 20% acetone in CHCl, then 50-70% gradient of
MeCN in EtOAc to afford the compound 3-14e 1.63 g, 81%) as white precipitation. 'H NMR
(DMSO-d,) 6 1.04-1.21 (m, 12H), 2.51-2.65 (m, 1H), 2.72-2.86 (m, 3H), 2.93-3.08 (m, 2H),
3.27-340 (m, 2H), 3.52-3.65 (m, 2H), 3.67-3.84 (m, 8H), 4.22-4.43 (m, 4H), 4.75-4.85 (m,
1H), 5.47-5.57 (m, 2H), 5.60-5.71 (m, 1H), 6.29-6.36 (m, 1H), 6.47-6.56 (m, 1H), 6.82-6.88
(m, 4H), 7.12-7.36 (m, 10H), 7.36-7.45 (m, 1H), 7.45-7.57 (m, 7H), 7.60-7.67 (m, 2H),
7.87-7.96 (m, 2H), 7.98-8.06 (m, 5SH), 8.31-8.40 (m, 1H), 8.62-8.70 (m, 2H), 8.94-9.12 (m,
1H), 11.13-11.42 (m, 2H); °C NMR (DMSO-d,) 6 19.8, 19.8, 19.9, 24.1, 242, 24.3, 24 3,
243,24.4,374,375,385,42.6,42.8,55.0,58.4,58.5,58.9,62.2,65.6,65.7,66.1,66.1, 69.8,
72.8,730,73.1,73.3, 83.1, 84.0, 84.2, 86.2, 864, 96.2, 113.2, 119.0, 1190, 1234, 1234,
125.2, 12509, 126.0, 126.6, 126.8, 127.2, 127.2, 127.2, 127.7, 127.9, 128.5, 1294, 129.6,
129.7, 130.8, 130.8, 131.2, 131.2, 131.3, 131.3, 131.5, 132.4, 132.8, 133.1, 133.2, 133.3,
134.7, 134.7, 1348, 134.8, 1350, 1353, 137.1, 137.1, 137.2, 137.2, 143.2, 1443, 145.3,
150.5, 151.6, 151.8, 154.3, 158.1, 163.3, 165.6, 167.4; *'P NMR (DMSO-d,) 6 7.9, 7.9, 8.0,
8.0, 147.7; HRMS (ESI) m/z (M+Na): calcd for [C,;H,,N;NaO,;P,]*, 1464.5137; found,
1464.5140.
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Compound 3-13f (2.50 g, 2.05 mmol) was dissolved in CH,Cl, (20 mL). To the solution was

added diisopropylamine (344 uL, 2.46 mmol), 4.5-dicyanoimidazole (290 mg, 2.46 mmol)
and 2-cyanoethyl N,N,N',N'-tetraisopropylphosphorodiamidite (1.27 mL, 4.10 mmol). The
resulting mixture was stirred at room temperature for 2 h. The reaction mixture was poured
into EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase
was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 20% acetone in CHCI; then 30% MeCN in
EtOAc and concentrated under reduced pressure. The residue was dissolved in CHCl; (10
mL) and added dropwise to n-hexane (200 mL). The precipitation was again dissolved in
CHCI,; (10 mL) and added dropwise to n-hexane (200 mL) to afford the compound 3-14f
(221 g, 76%) as white precipitation. 'H NMR (DMSO-d,) & 1.02-1.22 (m, 12H), 2.05-2.30
(m, 1H), 2.37-2.63 (m, 1H), 2.70-2.94 (m, 3H), 3.02-3.16 (m, 1H), 3.28-3.45 (m, 2H),
347-3.62 (m, 2H), 3.64-3.82 (m, 8H), 4.21-4.65 (m, 5H), 5.54-5.78 (m, 3H), 6.14-6.24 (m,
1H), 6.32-642 (m, 1H), 6.80-6.90 (m, 4H), 7.13-7.38 (m, 11H), 7.41-7.67 (m, 10H),
7.88-8.20 (m, 8H), 8.35-8.46 (m, 1H), 8.94-9.05 (m, 1H), 11.21-11.42 (m, 2H); "C NMR
(DMSO-d,) 619.8,19.8,19.8,19.9,24.1,24.2,24.2,242,24.3,24.4,38.5,42.6,42.8,54.9,
58.3,58.3,58.4,58.5,58.8,589,62.1,62.2,65.4,65.4,65.5,65.6,66.2,66.3,66.3,72.6,72.7,
72.7,72.8,72.9,72.9, 83.0, 83.0, 84.0, 84.3, 86.2, 86.4, 86.5, 86.6, 86.6,96.2,113.2, 1190,
1234, 1234, 125.2, 1253, 126.1, 126.1, 126.6, 126.7, 1268, 127.2, 127.2, 127.3, 127.7,
1279, 1284, 128.5, 1294, 129.6, 129.7, 130.8, 130.8, 131.2, 131.2, 131.3, 131.3, 1314,
131.6, 131.7, 132.7, 132.8, 133.1, 133.2, 134.7, 134.7, 1348, 1350, 135.3, 137.1, 137.1,
137.2,144.2, 144.6, 144.7, 1453, 154.2, 154.3, 158.1, 158.1, 163.1, 163.3, 167.2, 167 4; *'P
NMR (DMSO-d) & 8.1, 8.1, 8.1, 8.1, 147.8, 147.9, 148.1, 148.2; HRMS (ESI) m/z (M+Na):
calcd for [C,sH,,N,,NaO,,P,]*, 1440.5024; found, 1440.5023.
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Compound 3-13g (3.39 g, 2.94 mmol) was dissolved in CH,Cl, (25 mL). To the solution was

added diisopropylamine (494 uL, 3.53 mmol), 4.5-dicyanoimidazole (416mg, 3.53 mmol) and
2-cyanoethyl N,NN'.N'-tetraisopropylphosphorodiamidite (1.74 mL, 5.88 mmol). The
resulting mixture was stirred at room temperature for 4 h. The reaction mixture was poured
into EtOAc, and extracted with water twice and washed with sat. NaCl. The organic phase
was dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using 20% acetone in CHCl, then 50-70% gradient of
MeCN in EtOAc to afford the compound 3-14g (3.15 g, 79%) as white foam. 'H NMR
(DMSO-d,) 6 1.00-1.20 (m, 12H), 1.52-1.60 (m, 3H), 2.50-2.65 (m, 1H), 2.68-2.84 (m, 4H),
2.90-3.08 (m, 1H), 3.22-3.34 (m, 2H), 3.48-3.84 (m, 10H), 4.20-4.46 (m, 4H), 4.74-4.86 (m,
1H), 5.45-5.57 (m, 2H), 5.57-5.67 (m, 1H), 6.37-6.45 (m, 1H), 6.47-6.55 (m, 1H), 6.78-6.90
(m, 4H), 7.12-7.35 (m, 9H), 7.36-7.59 (m, 6H), 7.60-7.68 (m, 2H), 7.86-7.96 (m, 2H),
7.97-8.07 (m, 3H), 8.60-8.70 (m, 2H), 8.82-8.93 (m, 1H), 11.20-11.26 (m, 1H), 11.39-11.45
(m, 1H); "C NMR (DMSO-d,) 611.9,19.8,19.8,19.9,24.1,24.2,24.3,24 3,24 .4,37.2,37 4,
37.6,42.6,42.8,55.0,58.4,58.5,59.9,63.1,65.6,65.6,65.7,65.7,66.1,66.1,72.8,73.0,73.1,
73.3, 82.2, 84,0, 84.3, 86.0, 1099, 113.2, 119.0, 119.0, 1234, 1234, 125.2, 1259, 1260,
126.6, 126.8, 127.2, 127.2, 127.2, 127.6, 127.9, 1284, 128.5, 1294, 129.7, 130.8, 130.8,
131.1, 131.2, 131.2, 131.2, 131.3, 131.4, 1324, 133.2, 133.3, 134.7, 134.7, 134.8, 1348,
135.1, 1352, 1363, 137.1, 137.1, 137.1, 137.2, 143.1, 143.2, 143.2, 1445, 150.4, 150.5,
151.6, 151.8, 158.1, 158.2, 163.7, 165.6, 165.6; >'P NMR (DMSO-d,) 6 7.9 8.0, 8.1, 147.7,
147.8; HRMS (ESI) m/z (M+Na): caled for [C,,H,,N,,NaO,P,]", 1375.4872; found,
1375.4869.
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