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000000 ODN(I0)DO ODN(15)0 ODN(20)0 ODN(25)0 O O O O 25 p MO ODN2(“NVK)-PS (3
2nmol/mg)0 2 mg0 00D O0ODOODDOO(pH 7.00)050 mONaCID 1 MOOODOODODOO 30
00050 ul000000000D00000CGED DD OD (OO ()0
ooooaoao
O000D00O0D00O0OD0OO00C° COUV-LEDOODOO366 nmO 01500 (B0 O0OO00O0O0
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l 366 nm

ODN(ACNVK)<>RNA(GU) 10

5 raeacNkTeaT 2

'

o ACGU-—~GAGCA §,

Scheme 6.

0oooooo

O5.00CNVKODOODOODNO ODODO8IO0O0O0DO0DOODOOD

OSNVKDOOOODNO D DOOODDODOOODDOOODDOOODNCASNVK) (10 p M)O RNA(XV) 20
X=A,6,C, U, 10upyMHODODODODODOOODODOAO (sodium cacodylate 50 mM, Na

Cl 100 mM, total volume: 200 p L)O UV-LEDO 000366 nmO 0O ° COO200 0000
OUPLCO 0000000000000 0O00@UUDO0D0O0oooco0ooonooan
OooooSNkDOoOooDNO DO DODOOODDODOODODOOODDOOODN(GENK) (10 p MO
RNA(XC) (X = A, G, C, U, 10y MOODDODODOO0DDODODODO (sodium cacodylate 5

mM, NaCl 100 mM, total volume: 200 p L)O UV-LEDO O O O 366 nmO O O ° CO O 200
O0DO0DOUWPLCOODODO00D0D0D0D0D00000@GUODODODO0DODOO0DORNA
0000000000000 O00DO0ODO0OOUDC00DO0O0DO0DO0ODOOooDOooDOan

goag

ooooao 30
6. 00312 NI 0J0C0ORNAD 00DO0DODOODODODOO
UUO0OCOO0DD0DO0DO00D0D000O00DODOODNASNVK)<>RNA(GUO 0 000
DN(GNVK)<>RNA(GO)D U D0 DO U0ODUOODOOHPLCOO D OODDOODODOO0DDODOO
00000000000 oOo

0 calcd. for ODN(ASNVK)<>RNA(GU): [(M + H)*] 5675.74, found 5675.25.

0 caled. for ODN(GENVK)<>RNA(GC): [(M + H)™] 5690.75, found 5690.68.
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0 ODN(ASNVK)<>RNA(GU)O 0 OO (2 MUrea aq. : CH,CN =1 : 1)0 D0 0000000 (
total volume: 30 p OO ODO0O0ODDOO0OODDODOOOD312m00000010000

OO0 (Scheme 7)0 000 0O0O0OHPLCO 00 D0DO0ODOO0DOODODOODOOODNGENY 40
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me: 30 y DOODDODODDODDODDOODDODO312mO0000O0DO03000000 (Schem
e8)JID0O0D0OOHPLCOODODODOODODODO312md0000000000O00
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ogoooaon
|
Q O I, NalO4, HoS054 O Q Acrylonitrile, PA(OAC),, PPhg, NEts
in EtOH in dioxane
N N
H H 1
CN
W/
Q D KOH, TDA-1, Sugar-Cl TolO N
in CHaCN io—\)
OTol 3
\/
_NaOCH3 _ DMTrCl, DMAP
in CHzOH O in Pyridine
OH 4 N
S
\./ “
AQII!Tjﬁli;/\\ DMTrO N
o}
O
IN(Pr)],PO(CH2)2CN, tetrazole
(0]
OH . in CHaCN /]\ I N
6
Scheme 9
gooooao

0 3-lodocarbazole (1) O

O carbazole (2.50 g, 15.0 mmol)O OO OO O O O (500 mL)O NalO, (0.80 g, 3.75 mmo
DO, (.89 g, 7.45 mmo)0 0 0O0CO0O0ODOH,SO, (1.60 mL, 30.0 mmo)O OO OOO
go@ooml) DO0DODOCOODODODOBS° CO1000D0O0OOTLC (HexH : AcOEt = 4 :
HO00ODO0OD0DO00DO0DDO0OOONaOH (1.49) 00000000 COOMLDHOOODDODOOO
0ooo0oo0doooDoooooooOooooDoogoUo200000oDo2000000
OOO0O0ONa,S0, 0000000000 DDOO0O0O0O0O000D0ODOOD0ODD (HexH - AcOEt =
4 : 1) J0DD0OO0OO0OO0ODOO0OO01 (3.06¢g, 70D 0O DODOOOODOADOS,6-difodoc

arbazole (0.47 g, 7.5%)0 0 00O

1: *H NMR (DMSO-dg) & 11.4 (s, 1H), 8.49 (d, 1H, J = 1.7 Hz), 8.14 (d, 1H, J =

8.0 Hz), 7.62 (dd, 1H, J = 8.4, 1.7 Hz), 7.48 (d, 1H, J = 8.0 Hz), 7.40 (m, 1H),
7.33 (d, 2H, J = 8.4 Hz), 7.16 (m, 1H).

3,6-Diiodocarbazole: H NMR (DMSO-dg) & 11.5 (s, 1H), 8.56 (d, 2H, J = 1.7 Hz),
7.65 (dd, 2H, J = 8.5, 1.7 Hz), 7.34 (d, 2H, J = 8.5 Hz).

oooDoo

0 3-Cyanovinylcarbazole (2) O

O Triphenylphosphine (139 mg, 0.53 pmoD)OD O OO OO OO (10 mL)O Palladium acet

ate (40.0 mg, 0.18 p mol)O Triethylamine (0.59 p L, 4.23 mmol)OD OO OO OO 75°

coOos500000001 (2.03 9, 3.52mmol) DO 0O0O0OOODO 5 mL)O Acrylonitrile

@46 p L, 7.04moDOC0000ODOCOOO11.50000000TLC (HexH : AcOEt =

4 : 1) 0D0OO0OO00ODOOOOODODOOOPalladium OO0 OOO0OOOODOOOODOD

00000 (HexH : AcOEt = 4 - 1) 00 0OD0DO0ODODO0oOoOoDOOO2 (0.14 g, 18%, trans :
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cis =97 : 3) 000000000001 (.37 g, 00037%) 000000
2: H NMR (DMSO-dg) & 11.6 (s, 1H), 8.44 (s, 1H), 8.11 (d, 1H, J = 8.0 Hz), 7.7
5 (, 1H, J = 16.7 Hz), 7.69-7.72 (m, 1H), 7.40-7.52 (m, 3H), 7.19-7.24 (m, 1H),
6.36 (d, 1H, J = 16.7 Hz).
gooooao
0 3-Cyanovinylcarbazole-1 -B -deoxyriboside-3 ,5 -di-(p-toluoyl)ester (3) O
0 KOH (0.22 g, 3.87 mmol)O TDA-1 (11 mg, 34 pmoDO OO D ODODOODOO (20 mL)O
00od2 (.26 g, 1.20mmoH)0 00020 000000000 0O00O0OChIorosugar (0.53
g, 1.24mmol)000000ODO20 0 00000OTLC (HexH - AcOEt = 4 - DHOOODOOO
oooo0ODOD0OO0O0000000ooOO0OODODOO0OO000DO0oOooooOECHCIx))DDODODO0DO0DO0O00
000003 (0.23 g, 330000
3: *H NMR (CDCI;) & 8.09 (s, 1H), 8.02 (d, 2H, J = 8.4 Hz), 7.98 (d, 2H, J = 8.
4 Hz),0 7.62-7.65 (m, 1H), 7.62 (d, 1H, J = 8.8 Hz), 7.49 (d, 1H, J = 16.5 Hz),
7.25-7.31 (m, 7H), 7.17-7.20 (m, 1H), 6.68 (dd, 1H, J = 9.3, 5.8 Hz), 5.78 (m, 1
H), 5.76 (d, 1H, J = 16.5 Hz), 4.91 (dd, 1H, J = 12.4, 2.7 Hz), 4.78 (dd, 1H, J
= 12.4, 3.3 Hz), 4.55-4.57 (m, 1H), 3.09-3.20 (m, 1H), 2.45-2.52 (m, 1H), 2.45 (
s, 3H), 2.44 (s, 3H), HRMS (MALDI): calcd. for CsgHzoN,OgNa [(M+ Na)™] 593.2053,
found 593.2018.
ocooooao
0 3-Cyanovinylcarbazole-1 - -deoxyriboside (4) O
03 (0.22 g, 0,39 moH)0 OO OO OOO (20 mL)O 0.5 M methanolic NaOMe (2.3 mL,
1.2mmoDO0O0O0OCODOOG.omDHOIOODODODODODODO3.50000000TLC (
CHCI; : MeOH =9 : 1) OO0 0OQOOOQOOOOOOOOODOOODOOOOODOOODOD
OOOO0O(EHCI; - MeOH =9 - 1) ODODO0ODDOODOO0OO0OOOO4 (0.112 g, 81%O 00O
4: 1H NMR (CDCl3) & 8.12 (d, 1H, J = 1.7 Hz), 8.06 (d, 1H, J = 7.7 Hz), 7.59 (d
, IH, J = 9.1 Hz), 7.43-7.57 (m, 4H), 7.26-7.31 (m, 1H), 6.64 (dd, 1H, J = 8.2,
6.9 Hz), 5.87 (d, 1H, J = 16.5 Hz), 4.77-4.82 (m, 1H), 3.95-4.06 (m, 3H), 2.95 (
dt, 1H, J = 14.0, 8.2 Hz), 2.30 (ddd, 1H, J = 14.0, 6.9, 3.3 Hz), HRMS (MALDI):
calcd. for C,oH,gN,0zNa [(M+ Na)™] 357.1215, found 357.1265.
oooooao
05 -0-(4,4 -dimethoxytrityl)-3-Cyanovinylcarbazole-1 -3 -deoxyriboside (5)
a
ooooD@.-omL x 2)00ooooO4 (97 mg, 0.29 mmol)D OO DODO (O.5mM)0 OO0
Oo0oo0o00O04,4 -dimethoxytritylchloride (118 mg, 0.35 mmol) O 4-(dimethylamino
dpyridine (7.0 mg, 58 ymoDHO D ODODODODO@.OmMLDHOODODODODODODOOODODO 18
OO0OO0OD0OODOTLC (CHCI; - MeOH =95 : 5) D00 OO0OOOO0OOOOOOODOOODOO
Oo0OO00ODDDO0OO000O0O0O0OD0C(CHCI; - MeOH =98 - 2) DODO0ODODDODDOOOOOOOS5 @
13 mg, 61%)0 0 O O
5: *H NMR (CDCl;) & 8.07 (d, 1H, J = 1.7 Hz, 8.02-8.05 (m, 1H), 7.71 (d, 1H, J
= 8.5 Hz), 7.62-7.65 (m, 1H), 7.45-7.52 (m, 3H), 7.33-7.37 (m, 4H), 7.25-7.28 (m
, 4H), 7.12 (dd, 1H, J = 8.8, 1.7 Hz), 6.81 (dd, 4H, J = 8.8, 1.7 Hz), 6.61 (dd,
1H, J = 8.2, 6.3 Hz), 5.77 (d, 1H, J = 16.7 Hz), 4.80-4.82 (m, 1H), 4.05-4.07 (
m, 1H), 3.77 (s, 3H), 3.76 (s, 3H), 3.56-3.58 (m, 2H), 2.89 (dt, 1H, J = 13.8, 8
.2 Hz), 2.23 (ddd, 1H, J = 13.8, 6.3, 2.7 Hz), 1.98 (d, 1H, J = 3.6 Hz), HRMS (M
ALDI): calcd. for C,,H3gN,0sNa [(M+ Na)™] 659.2522, found 659.2485.
ocooooao
05 -0-(4,4 -dimethoxytrityl)-3-Cyanovinylcarbazole-1 - -deoxyriboside-3 -0
-(cyano ethoxy-N,N-diisopropylamino)phosphoramidite (6) O
00000000 @.5m)000005 (0.11 g, 0.17me)0 0O OO0O0ODO (1.5 mL)O
000000000 2-cyanoethyl-N,N,N ,N -tetraisopropylphosphorodiamidite (52
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0.17 mol)J 0.45 M tetrazole 0 0O OO OOODODO (.37 mL, 0.17 mol) O OO
oooopDoO0Oi100000000D0DDODOO0DO0DO0DODOODODDODOODDOOO2 00
Sat. NaHCO; ag- OH,O0 OO OOOODOOOOMgSO, OO OODOOOOOODOODO
0o0o0booo0oooode (0.l12g) DO DODODODODDODODODODODODODOODOS
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0 3-Methoxycarbonylvinylcarbazole (7) O

O Palladium acetate (38.0 mg, 0.17 p mol)O DMF O O (0.25 mL)O 1 (0.50 g, 1.71 mm
oDO Tributylamine (0.41 p L, 1.71 mmol) O Methyl acrylate (0.380 L, 4.27 mmol)
OHo0(l.omL)ODODOOODUOOODODODOODODODUOODODODDOODODOO10° CO10000
0o0o0TLCcoOo0oooDoOoooooDl10000D00000D00000Palladium O0O0O0O
0000000000000 0D0DD0OO0OOdHexH - AcCCEt =3 - 1) 00 O0O0OOoODoDOOOd
007 (0.26 g, 62%)0 00 O

7: TH NMR (CDCl3y 3 8.26 (s, 1H), 8.21 (s, 1H), 8.07 (d, 1H, J = 8.0 Hz), 7.89
(d, 1H, J = 15.9 Hz), 7.61 (dd, 1H, J = 1.7, 8.5 Hz), 7.39-7.44 (m, 3H), 7.23-7.
29 (m, 1H), 6.47 (d, 1H, J = 15.9 Hz), 3.81 (s, 3H).

oooooao

0 3-Methoxycarbonylcarbazole-1' -B -deoxyriboside-3 ,5 -di-(p-toluoyl)ester (8
) o

07 (0.55 g, 2.22mmo)0000C0OO0ODODOOO (49 mL)O O O O NaH (92.0 mg, 2-31 mmo
DOOODO10 00000000000 dChlorosugar (1.14 g, 2.66 mmol) 00O OO O
0060 000000OTLC (HexH - AcOEt = 4 : 1) 00 0OD0ODO0DOOODDOODOODOOOO
OO00D0DDD0OD0000000000D0(HexH - AcCEE =4 - 1)) 0D0ODDDODOOO0DOOOO
08 (0.98 g, 71%)0 0 O O

oooooao

0 3-Methoxycarbonylcarbazole-1' -B -deoxyriboside (9) O

08 (0.96 g, 1.59 mmoH)0 0 OO0 O0OODO (46 mL)O 0.5 M methanolic NaOMe (9.6 mL,
4.8 mmoDH0 D0 O00NDOO@2mM)0000DOOOOODOO1IODOOOODOTLC (C
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HCI; : MeOH =9 - 1) 00 O000O0O0O0OO0OOCOOOCOOOCOOOCOOOOOOOOOOO
OO0OO0OOCHCI; : MeOH =9 - 1) 0000000 DOOOO0OO9 (0.28¢g, 4800000
9: *H NMR (CDCl3) & 8.20 (s, 1H), 8.06 (d, 1H, J = 7.7 Hz), 7.86 (d, 1H, J = 15
.9 Hz), 7.53-7.61 (m, 3H), 7.44 (t, 1H, J = 7.1 Hz), 7.24-7.27 (m, 1H), 6.63 (dd
, 1H, J = 8.2, 7.0 Hz), 6.46 (d, 1H, J = 15.9 Hz), 4.75-4.80 (m, 1H), 3.95-4.04
(m, 3H), 3.81 (s, 1H), 2.95 (dt, 1H, J = 14.0, 8.2 Hz), 2.28 (ddd, 1H, J = 14.0,
7.0, 3.6 Hz).
gooooao
05 -0-(4,4 -dimethoxytrityl)-3-methoxycarbonylvinylcarbazole-1' -f -deoxyribo
side (10) O
00O00O0@.0mL x 2)000009 (0.23g, 0.63mmol)0 0000 (.5m)000DO0
O00OO00O0O04,4 -dimethoxytritylchloride (0.26 g, 0.75 mmol) 0O 4-(dimethylamino
Jdpyridine (15.0 mg, 0.13 pmoH) 00D OO D00 2mM)I0O0OODOCOODODOODODOO1L
6 000000OTLC (CHCI; - MeOH =95 - 5) 00 000000OCO0OO0OCOO0OOOO
OCOoO0oO0OO0OOoCO0O0OO0D0OO0OO0O0O0OCCHCI; - MeOH =99 - 1) O O0O0O0OO0O0OO0OOOOCDO10
(0.21 g, 510 0 00O
10: *H NMR (CDCl3) & 8.17 (s, 1H), 8.02-8.05 (m, 1H), 7.83 (d, 1H, J = 15.9 Hz)
, 7.62-7.66 (m, 3H), 7.46-7.49 (m, 2H), 7.34-7.38 (m, 4H), 7.25-7.28 (m, 4H), 7.
15 (d, 1H, J = 8.8 Hz), 6.81 (dd, 4H, J = 8.8, 1.4 Hz), 6.61 (dd, 1H, J = 8.5, 6
.3 Hz), 6.40 (d, 1H, J = 15.9 Hz), 4.76-4.80 (m, 1H), 4.05-4.09 (m, 1H), 3.80 (s
, 3H), 3.77 (s, 3H), 3.76 (s, 3H), 3.56-3.57 (m, 2H), 2.89 (dt, 1H, J = 14.0, 8.
5 Hz), 2.18 (m, 1H), 2.17 (d, 1H, J = 3.8 Hz).
oooooao
05 -0-(4,4 -dimethoxytrityl)-3-methoxycarbonylvinylcarbazole-1' -f -deoxyribo
side-3 ' -0-(cyanoethoxy-N,N-diisopropylamino)phosphoramidite (11) O
O00o0o0ooO0@.oml) 000010 (0.20g, 0.29 pymOHO OO OOOOO (2.3 mL
YO OOoOoDOOOOao2-cyanoethyl-N,N,N ,N -tetraisopropylphosphorodiamidite (
92 p L, 0.29 p mol)J 0.45 M tetrazole 00O DO DOOOOODO (0.65 mL, 0.29 p mol)
0 I I I I I I A 0 A I N A B R 0
O00D00OSat. NaHCO; ag- OH,0 OO DODOOOOOOOMgSO, OO OOOOODOOODO
0000000 o0ooDooDOooDoDi11l (025 g 00000000 O0DO0DODODODODODODO
03 0000000000000 00D0D0ODNADDOODDOd
oooooao
OO0O0D0O0OO0O00DO0OOD0Od0OSynthesis of modified ODN [
O ODN(AX) (5 -TGCAXCCGT-3' , X = 9)0 ODN(GX) (5 -TGCGXCCGT-3' , X = 9) O ABI 3
400 DNA 0 000 O0D0O0DDO0DO0DD0OD0DO0DD0OO0DOO0OO0DUODOO0OODOOOCPGUIOOOODOOO
Ooo0oO0ODODDOO0OD0DO00.4 MNaOH Iin H,0 - CHROH=1 - 4 000037° C0O17 000
0000000 ooooDo0Oo2MTEAADODDDOODODODOODODOOODDODOODODDOOO
O0000.05MK,C0; inCH;OH DO O0OO0O0O0OO01700000O000O0C0COOCDOOO2M
TEAA DD ODOOODOOOODOOODNCACHVK), ODN(GCHVK), ODN(A®MEVK), ODN(GOMeVK)
ODNAOOOHPLCOOUOUOUOUOODODOODODDODDODODNADDDODDDDUODDODUODOoOoooOoOoaa
gogbs, 10, 11, 13%0 0 000 0O O O O MALDI-TOF-MS O OO DO OO
calcd. for ODN(A®HVK), 5 -TGCACHVKCCGT-3' : [(M+H)*] 2801.93, found 2802.12.
calcd. for ODN(G°"VK), 5 -TGCGPHVKCCGT-3' : [(M+H) *] 2817.93, found 2818.08.
calcd. for ODN(A®MEVK), 5 -TGCA®MEVKCCGT-3' : [(M+H) *] 2815.95, found 2816.07.

calcd. for ODN(GOMeVK), 5 -TGCGOMeVKCCGT-3' : [(M+H) *] 2831.95, found 2831.98.
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Figure 1. Structure of 3-cyanovinylcarbazole-1'-B-deoxyriboside.
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Figure 2. HPLC analysis.
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Figure 5. HPLC analysis.
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Figure 6. Time course of photosplitting of ODN(ACNVK-GT).
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Figure 3. HPLC analysis.
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Figure 7. Strategy for the sequence specific purification of DNA.
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Figure 11. Photocrosslinking reaction of various sequences.
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Figure 12, HPLC analysis.
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