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Synt hesi s of 1, 8-Napht hyridi ne C Nucl eosi des and Their Base Pairing
Properties in O igodeoxynucl eotides: Thermally Stable

Napht hyri di ne: | m dazopyri dopyri m di ne Base Paring Mtifs

Sadao Hi ki shima, Noriaki M nakawa, Kazuyuki Kuranoto, Yuki Fujisawa,

Maki Ogawa, and Akira Matsuda

Synt hesi s of Napht hyri di ne C- Nucl eosi des 7 and 9, and Their Conver si on

into the Correspondi ng Phosphoram dites 10 and 11

2- (N, N-Di et hyl ami nonet hyl i dene) am no- 7- hydr oxy- 6-i odo- 1, 8- na
pht hyri di ne (2). To a suspensi on of
2-am no- 7- hydroxy- 1, 8-napht hyridine (1; 5.0g, 31.0 nmol) in DV (30
m.) was added NIS (7.7 g, 34.1 nmmol ) at roomt enperature, and t he whol e
was stirred for 35 h. The resulting precipitate was collected by
filtrationto give crude 2-am no-7-hydr oxy- 6-i odo- 1, 8- napht hyri di ne.
Am xture of theresulting6-iododerivative and N, N-di net hyl f or mam de
di net hyl acetal (4.9 nL, 36.7 mmol) in DMF (110 nlL) was heated at 80
*Cfor 20 h. The sol vent was renovedi nvacuo, andt heresi duewas purifi ed
by a silica gel colum, eluted with 0-2%MeOHin CHCl ,, to give 2 (2.4
g, 30% as a yellowsolid): EI-LRVMS mz 342 (M); ElI-HRVS cal cd for
C,H,INO (M) 341.9978, found 341.9982; 'H-NMR (DVSO-d.) &: 12.03 (br
s, 1H, 850 (s, 2H, 7.79(d, 1 H J =18.2 Hz), 6.66 (d, 1 H J =
8.2 Hz), 3.11 (s, 3 H), 3.01 (s, 3H); “CNWR(DVBOd,) & 162.73 (C2),
159. 58 (C7), 155. 95 (N=C), 149. 48 (Cla), 147.03(C5), 136.31(C4), 113. 27
(C3), 110.49 (C4a), 90.26 (C6), 40.55 (M), 34.53 (Me).



2- (N, N-D butyl am nonet hyl i dene) am no- 3, 6-di i odo- 7- hydr oxy-1, 8
-naphthyridine (3). To a suspension of 1 (413 ng, 2.56 mol) in DW
(4 mL) was added IS (1.67 g, 7.42 mmol ) at roomtenperature, and the
whol e was heat edat 80° Cfor 24 h. Theresul ti ngprecipitatewascollected
by filtration to gi ve crude
2- am no- 3, 6-di i odo- 7- hydr oxy- 1, 8-naphthyridine. A mixture of the
resul ting 3, 6-diiodo derivative and N, N- di but yl f or mam de
di met hyl acetal (0.66 niL, 2.70 nmol) in DVF (5 nlL) was stirred at room
tenperature for 7 h. The solvent was renoved in vacuo, and Et,O was
added to the residue. The resulting precipitate was collected by
filtration to give 3 (1.1 g, 83% as a ocher solid): ElI-LRVS nlz 552
(M); El-HRWVS cal cd for C,H,I ,NO (M) 551.9883, found 551.9889; 'H NVR
(DVMSO-d,) &: 12.08 (br s, 1 H, 8.46 (s, 1 H, 8.45 (s, 1 H, 8.34 (s,
1H), 3.53(dd, 2H, J=6.6, 7.9 Hz), 3.37 (dd, 2 H J=6.6, 7.9 Hz),
1.61(m 4H), 1.31(m 4H, 0.92 (m 6 H; “CNVR (DVSO-d,) & 160.59
(C2), 159.73(C7), 156.05 (N=C), 149.51 (Cla), 146.13 (C5), 144.89 (C4),
112.49 (C4a), 91.07 (C6), 84.75 (C3), 51.27 (Bu), 45.36 (Bu), 30.55
(Bu), 28.47 (Bu), 19.73 (Bu), 19.20 (Bu), 13.77 (Bu), 13.54 (Bu).

2- (N, N-Di but yl am nomnet hyl i dene) am no- 7- hydr oxy- 3-i odo- 1, 8- nap
ht hyridine (4). A mxture of (dba),Pd,-CHCO ., (103 ng, 0.1 mmwol) and
tri phenyl phosphine (210 ng, 0.8 mMmuol) in DMF (20 nL) was stirred at
roomt enperaturefor 30m ntogi vetheyel | owsuspensi on. Tot heresulting
suspensi on were added 3 (1.1 g, 2.0 mmol) and tributyltinhydride (645
pul, 2.4 mmol), and t he whol e was heated at 60 °C for 24 h. The sol vent
was renoved i nvacuo, andtheresi duewas purifiedbyasilicagel colum,
el uted wi t h hexane/ AcOet (3:1-1:1), togive4 (0.53 g, 63% as ayellow
solid): El-LRVB i z 426 (M); El-HRMS Cal cd. for C,H,I NO(M) 426.0917,
found 426.0923; 'H-NMR (DVMBO-d,) & 11.67 (br s, 1 H), 8.45 (s, 1 H),
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8.36 (s, 1 H, 7.70 (d, 1 H J =9.6 Hz), 6.26 (d, 1 H J = 9.6 H),
3.56 (dd, 2 H J=7.3, 7.9 H), 3.36 (t, 2 H J=7.3 Hz), 1.61 (m
4 H, 1.31 (m 4 H), 0.93 (m 6 H; “CNWR (DVMBO-d,) & 162.88 (C7),
160. 18 (C2), 155. 81 (N=C), 149. 27 (Cla), 145. 81 (C4), 137.92(C5), 118. 61
(C6), 111.13 (C4a), 84.16 (C3), 51.21 (Bu), 45.29 (Bu), 30.65 (Bu),
28.54 (Bu), 19.83 (Bu), 19.28 (Bu), 13.85 (Bu), 13.64 (Bu).

2- (N, N- Di et hyl am nonet hyl i dene) am no- 6- ( 2- deoxy- B-D-ri bof ura
nosyl ) - 7- hydroxy- 1, 8- napht hyridine (6). A m xture of palladium(ll)
acetate (135 ng, 0.60 nmmol) and triphenylarsine (370 ng, 1.20 mmol)
inDVF (16 L) was stirredat roomtenperaturefor 30 mn. To a suspensi on
of 2(2.06g, 6.02muol ) inDM-(18nL), 5(1.53¢g, 6.63mmvl ), tributyl am ne
(1.58 nL, 6.63 nmol), and the suspension of palladiumcatal yst were
added, and t he whol e was heated at 60 “Cfor 16 h. The reacti on m xture
was cooled at 0 °C, and AcOH (1.6 nL) and TBAF (1 Min THF;, 12 nm, 12
mmol ) were added to the mi xture. After being stirred for 45 mn at the
sane tenperature, the solvent was renoved in vacuo. The residue was
purified by a short silica gel colum chromat ography, eluted with 7%
MeOH in CHO ,, to give 3 -keto derivative. The resulting bl own solid
was di ssolved in a m xture of acetonitorile (85 nL) and AcOH (85 nl),
and sodi umtri acet oxyborohydride (1.65¢g, 7.77 mmol ) was added at 0 °C.
The suspensionwas stirredfor 1 hat the sanetenperature, and quenched
wi th acetone. The sol vents were renoved i n vacuo, and the resi due was
purified by a silica gel colum, eluted with 5-20%MeOHin CHO ,, to
give 6 (1.569g, 78% as ayellowsolid): FAB-LRVSm z 333 (MH) ; FAB- HRVS
Cal cd. for C,H,N,O, (M{) 133, 1563, found 133.1563; "H NVR (DVSO-d,) &:
11.65 (br s, 1 H), 8.47 (s, 1 H, 7.81(d, 1 H J =28.3Hz), 7.80 (s,
1H, 6.66 (d, 1 H J=8.3Hz), 5.02(dd, 1 H J=5.6, 10.0 Hz), 4.98
(d, 1 H J=3.9Hz), 4.76 (dd, 1 H, J =5.6, 5.8 Hz), 4.14 (m 1 H),
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3.77 (m 1H), 3.47(m 1H), 2.22 (ddd, 1 H, J =1.7, 5.6, 12.8 Hz),
1.66 (ddd, 1 H J = 5.7, 10.0, 12.8 Hz); “C-NMR (DMBO-d,) & 162. 06,
161. 73, 155.74, 148.47, 137.14, 132.65, 131.09, 113.04, 108.95, 87. 15,
74.79, 72.20, 62.34, 41.18, 40.34, 34.39.

2- Ami no- 6- ( 2- deoxy- B- D-ri bof uranosyl ) - 7- hydr oxy- 1, 8- napht hyri

dine (7). Asolution of 6 (720 ng, 2,17 mmol) in methanolic ammoni a
(saturatedat 0°C, 50 L) was heated at 80° Cfor 24 hin steel container.
The sol vent was renoved in vacuo, and the residue was purified by a
silica gel colum, eluted with 10-25% MeOH in CHO ,, to give 7 (512
ng, 85% crystallized fromMOH): np 273 °C (col ored); WV Amax (HO
357 nm (e = 25,600), 342 nm(e = 25,000), 210 nm(e = 33, 000); FAB-LRMS
mz 278 (MH); '"H-NMR (DVSO-d,) &: 11.91 (br's, 1 H), 7.72 (s, 1 H), 7.64
(d, 1H J=8.4Hz), 6.92 (br s, 1 H), 6.35(d, 1 H, J=8.4Hz), 5.00
(dd, 1 H, J =5.6, 10.1 Hz), 4.98 (d, 1 H J = 3.1 Hz), 4.80 (dd, 1
H J=5.4 58H), 413 (m 1H), 3.75(m 1H), 3.45(m 2 H, 2.18
(dd, 1 H J =5.6, 12.4 Hz), 1.67 (ddd, 1 H J = 5.6, 10.1, 12.4 Hz);
“C-NMR (DVSO-d,) & 162.09 (C7), 159.90 (C2), 149. 05 (Cla), 136. 98 (C4),
133.71 (C5), 127.36 (06), 105.19 (C3), 104.62 (C4a), 87.07 (C4'), 74.75
(C1'), 72.28 (C3'), 62.39 (C5), 41.23 (C2’). Anal. Calcd. for
C.H,NO*3/10HO C, 55.24; H 5.56; N, 14.86. Found: C, 55.45; H 5. 56;
N, 14.70.

2- (N, N-Di but yl am nomet hyl i dene) am no- 3- ( 2- deoxy- B- D-ri bof ur an
osyl)-7-hydroxy-1, 8-naphthyridine (8). In the simlar manner as
described for 6, the reaction of 4 (500 ng, 1.17 nmol) wth 5 (297 nyg,
1.29 mol ), followed by t he deprotection and reducti on gave 8 (370 ng,
76% as ayellowsolid): El-LRVSn z 416 (M) ; El-HRMS Cal cd. for C,H,N,Q,
(M) 416. 2423, found 416.2424; 'H-NMR (DMBO-d,) & 11.57 (br s, 1 H),
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8.49 (s, 1 H, 7.93 (s, 1 H, 7.73 (d, 1 H J =9.4 Hz), 6.24 (d, 1
H J=9.4H), 5.33(dd, 1 H J=5.6, 9.5Hz), 4.94 (d, 1 H J=23.8
Hz), 4.72 (dd, 1 H J = 4.5 5.7 Hz), 411 (m 1 H), 3.76 (m 1 H),
3.49 (m 4H, 3.37(m 2H), 2.28(ddd, 1 H J=1.9, 56, 12.6 Hz),
1.59 (m 5H), 1.31(m 4 H), 0.92 (m 6 H; “CNVR(DVSO-d,) & 162.67,
158. 57, 154.42, 147.98, 138.91, 132.60, 126.54, 117.97, 108. 83, 87.01,
74.93, 71.97, 62.32, 51.06, 45.01, 42.43, 30.72, 28.78, 19.80, 19. 29,
13.84, 13.66.

2- Ami no- 3- ( 2- deoxy- B- D-ri bof uranosyl ) - 7- hydr oxy- 1, 8- napht hyri
dine (9). In the simlar mannar as described for 7, 8 (365 ng, O0.88
nmmol) was treated with nethanolic ammonia to give 9 (697 ng, 99%
crystallizedfromMeOH): np 215-218 °C, UV Amax (HO 356 nm(e =25, 900),
342 nm(e = 25, 000), 210 nm(e = 32, 300); FAB-LRVB m z 278 (MH); "H NMR
(DVMBO-d,) & 11.65 (br s, 1 H), 7.68 (s, 1 H, 7.63 (d, 1 H J =29.3
Hz), 6.81 (br s, 1 H), 6.10 (d, 1 H J = 9.3 Hz), 5.10 (d, 1 H J

3.5 Hz), 5.06 (dd, 1 H J=4.7, 5.1 Hz), 5.00 (dd, 1 H, J =5.6, 10.5
Hz), 4.23 (m 1 H), 3.78 (m 1 H), 3.54 (m 2 H), 2.05 (ddd, 1 H J
=6.2, 10.5, 12.5 Hz), 1.95 (ddd, 1 H, J = 0.8, 5.6, 12.5 Hz); “C NM\R
(DVBO-d,) & 163.34 (C7), 157.55 (C2), 149.15 (Cla), 139.34 (C5), 134. 92
(C4), 115.38 (C3), 115.05 (C6), 104.75 (Cda), 87.65 (C4'), 77.54 (CL'),
71.86(C3'), 61.38(C5'), 39.50(C2’). Anal . Cal cd. for C,HNO* 3/ 10HO
C, 55.24; H, 5.56; N, 14.86. Found: C, 55.31; H 5.36; N, 14.95.
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2- (N, N- D butyl am nomet hyl i dene) am no- 6- ( 2- deoxy- B- D-ri bof ur an
osyl)-7-hydroxy-1, 8-naphthyridine (SI-1). To a sol ution of 7 (357 ny,
1.29 mmol ) in DMF (26 nmL), dibutylformam de di net hyl acetal (602 uL,
2.57 nmmol ) was added, and the sol ution was stirred at roomtenperature
for 3 h. The sol vent was renoved i n vacuo, and t he resi due was purified
by a silica gel colum, eluted with 0-5% MeOHin CHCO ,, to give SI-1
(397 ngy, 74% as a pal e yellowfoam: FAB-LRVE mz 417 (MH); FAB- HRVS
Cal cd. for C,H,N,O, (M) 417.2502, found 417.2511; "H NMR (DVSO-d,) &:
8.48 (s, 1 H, 7.80 (s, 1 H, 7.80(d, 1 H J=8.3Hz), 6.65 (d, 1
H J=8.3Hz), 5.01 (br s, 1H), 5.0L(dd, 1 H J=5.6, 9.9 Hz), 4.80
(br s, 1 H, 414 (m 1H, 3.77 (m 1 H, 3.46 (m 6 H), 2.22 (ddd,
1H J=1.2 56, 12.6 Hz), 1.66 (ddd, 1 H J = 5.6, 9.9, 12.6 Hz)
, 1.52(m 4H), 1.28(m 4H), 0.89(m 6 H; “CNWR(DVSOd,) & 162. 25,
161. 80, 155.50, 148. 54, 137.17, 132.79, 131.07, 113.17, 108.98, 87. 18,
74.87, 72.28, 62.38, 50.86, 44.42, 41.23, 30.68, 28.72, 19.69, 19. 28,
13.81, 13.66.

2- (N, N-Di butyl am nonet hyl i dene) am no- 6-[ 2- deoxy-5-0 (4,4’ -dim
et hoxytrityl)-B-D-ribofuranosyl]-7-hydroxy-1, 8- napht hyri di ne
(SI-2). Amxture of SI-1 (434 ng, 1.04 mmol ) and DMIrC (424 ng, 1.25
mml ) in pyridine (20 nL) was stirred at roomtenperature for 4 h. The
reacti on was quenched by additi on of MeCH, and t he sol vent was renoved
i nvacuo. Theresi duewas partitionedbetween CHC ,and sat ur at ed aqueous
NaHCO,, andt he separ at ed or gani c | ayer was washedw t hbrine. The organic
| ayer was dried (Na,SO), and concentrated in vacuo. The residue was
purified by a silica gel colum, eluted with 0-2% MeCH in CHO ,, to
give Sl -2 (504 ny, 67% as a pale yellowfoam): FAB-LRVS mz 719 (MH);
FAB- HRVB Cal cd. for C_H,N,Q ( MH) 719. 3808, found 719. 3814; 'H- NMR(CDd ,)
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8 9.05 (br s, 1 H, 850 (s, 1 H, 7.87 (s, 1 H, 7.48-6.80 (m 13
H, 7.47 (d, 1 H J =8.3Hz), 6.72 (d, 1 H J =8.3 Hz), 5.34 (d, 1
H J=6.2, 6.4Hz), 4.40(m 1H), 411 (m 1H), 3.78 (s, 6 H, 3.54
(m 2H, 3.33(m 4H), 2.59 (dt, 1 H J=23.2, 6.4 Hz), 2.10 (br s,
1H), 1.98 (ddd, 1 H, J =6.2, 8.8, 13.2 Hz), 1.62 (m 4 H), 1.37 (m
4H, 096 (m 6 H; "C-NWR(CDO,) & 162.82, 162.18, 158.27, 156.03,
147.90, 144.79, 137.11, 135. 96, 133. 42, 131. 40, 129. 99, 128. 08, 127. 71,
126. 65, 114. 45, 113. 01, 109. 88, 86. 07, 85. 43, 75. 09, 73. 97, 64. 25, 55. 18,
55.16, 51.71, 45.12, 41.87, 31.11, 29.18, 20.24, 19.82, 13.93, 13.78.

2- (N, N-Di butyl am noret hyl i dene) am no- 6-{2- deoxy-3-O-[ (N, N-di i
sopr opyl am no) - 2- cyanoet hoxyphosphi no] -5- 0O (4, 4’ -di net hoxytrityl)-
B- D-ri bof uranosyl } - 7- hydr oxy- 1, 8- napht hyri di ne (10). To a sol uti on of
SI-2 (484 ng, 0. 67 nmol ) cont ai ni ng N, N-di i sopropyl et hyl am ne (353 pL,
2.02 nmol ) in cHda , (16 m.) was added 2- cyanoet hyl
N, N- di i sopr opyl chl or ophosphoram dite (300uL, 1. 35mmol ), andt hewhol e
was stirred at roomtenperature for 45 mn. The reaction m xture was
diluted with AcOEt, and the organic | ayer was washed with saturated
aqueous NaHCO,, fol | owed by bri ne. The separ at ed organi c | ayer was dri ed
(Na,SO), and concentratedinvacuo. Theresiduewas purifiedbyasilica
gel colum, eluted with hexane/ AcOEt (3:1-1:2), to give 10 (437 ny,
71% as a pale yellow foam): FAB-LRMS niz 919 (MH); FAB- HRVS Cal cd.
for C,H,NOQP (MH) 919. 4887, found 919. 4841; *P-NMR (CDJ ,) &: 149. 09,
148. 43.

2- Benzoyl am no- 3- ( 2- deoxy- B- D-ri bof uranosyl ) - 7- hydr oxy- 1, 8- na
pht hyri dine (SI-3). To a suspensi onof 9 (200 ng, 0. 72 nmol ) i n pyridine
(12 nm) was added chlorotrinetylsilane (550 uL, 4.33 mml) at room

tenperature. After being stirred for 30 mn, BzA (503 uL, 4.33 nmol)
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was added to the reaction m xture. After being stirred for 9 h at the
sane tenperature, the reaction mixture was cooled at 0 °C, and then,
28%NH,CH was added. The reacti on m xt ure was war med t o r oomt enper at ur e
and stirred for 2 h. The sol vent was renoved i n vacuo, and the resi due
was purified by a silica gel colum, eluted with 5-12%MeOH in CHO ,,
to give SI-3 (232 ny, 84% as a pale yellowsolid): FAB-LRVS niz 382
(MH) ; FAB- HRVB Cal cd. for C,H NQ (MH) 382. 1403, found 382. 1392; 'H NVR
(DVBO-d,) &: 12.14 (br s, 1 H), 10.61 (br s, 1H), 8.31(s, 1 H), 8.00-7.52
(m 5H, 7.94 (d, 1 H J =9.6 H), 6.55(d, 1 H J=09.6H), 5.16
(dd, 1 H J =5.6, 10.2 Hz), 4.99 (d, 1 H J =4.0 Hz), 4.77 (t, 1 H,
J=5.6H), 414 (m 1H, 3.73(m 1H, 3.50(m 1H, 2, 16 (ddd,
1H J=1.7 5.6, 12.8 Hz), 1.76 (ddd, 1 H, J =5.8, 10.2, 12.8 Hz);
“C-NWR (DVBO-d,) & 166.22, 162.91, 148.77, 148.23, 138.71, 135. 89,
133. 55, 132.04, 129.69, 128.54, 127.78, 122.72, 113.17, 87.48, 74.70,
72.13, 62.21, 42.41.

2- Benzoyl am no- 3-[ 2- deoxy-5- O (4, 4’ -di met hoxytrityl)-B-D-ribo
furanosyl ] - 7- hydr oxy- 1, 8- napht hyridine (SI-4). In the simlar mannar
as described for SI-2, SI-3 (450 ngy, 1.18 nmol) was treated with DMIrCl
(481 ng, 1.42 nmol) in pyridine (23 nL) to give SI-4 (697 ng, 87% as
a pal e yel |l owfoam: FAB-LRVE ml z 684 (MH); FAB-HRMS Cal cd. for C,H,N,Q
(MH) 684. 2709, found 684.2725; 'H NMR(CDA ,) &: 12.99 (br s, 1 H), 11.39
(br s, 1 H, 844 (s, 1 H), 8.12-7.44 (m 5 H), 7.52-6.78 (m 13 H),
7.08 (d, 1 H J=9.5H), 6.48 (d, 1 H J =09.5 H), 5.32 (dd, 1 H,
J=5.6, 9.8Hz), 4.56(m 1H, 4.02(m 1H), 3.39(dd, 2H J=3.7,
10.2 Hz), 3.32 (dd, 1 H J = 3.2, 10.2 Hz), 2.68 (ddd, 1 H, J = 0.9,
5.6, 13.4 Hz), 2.38 (ddd, 1 H, J =5.6, 9.8, 13.4 Hz), 1.98 (ddd, 1
H J=6.2, 8.8, 13.2 Hz); “"C-NMR (CDO,) & 167.57, 164.12, 158. 43,
150. 21, 147. 69, 144.65, 138. 86, 138. 10, 135. 77, 135. 69, 133. 07, 132. 33,
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130. 04, 128.42, 128. 15, 127.80, 126.87, 121.78, 113. 10, 86. 46, 86. 26,
75.99, 74.28, 64.40, 55.21, 42.80.

2- Benzoyl am no- 3-{2- deoxy-3-O-[ (N, N-di i sopr opyl am no) net hoxyp
hosphi no] -5- 0O (4, 4’ -di met hoxytrityl)-B-D-ribofuranosyl }-7-hydroxy-
1, 8-naphthyridine (11). To a solution of SI-4 (500 ng, 0.73 mol)
containing N, N-diisopropylethylamne (380 uL, 2.20 nmml) and
4- (di met hyam no) pyridine (18 ng, 0.15 mmol ) in CHC , (18 nL) was added
met hyl N, N-di i sopropyl chl orophosphoram dite (285 uL, 1.46 mml), and
t he whol e was stirred at roomtenperature for 45 mn. The m xture was
diluted wth CHC ,, and the organic |ayer was washed with saturated
aqueous NaHCO,, fol | owed by bri ne. The separ at ed organi c | ayer was dri ed
(Na,SO)), and concentratedinvacuo. Theresiduewas purifiedbyasilica
gel colum, eluted with hexane/ AcOEt (1:1-1:3), to give 11 (247 ny,
40% as a pale yellow foan): FAB-LRVS nfz 845 (IVH); FAB- HRVS Cal cd.
for C,H,NOP (MH) 845.3676, found 845.3698; *P-NWVR (CDO,) &: 149. 32,
147. 86.

Synt hesi s of CODNs.

ODNs wer e synt hesi zed on a DNAsynt hesi zer (Appl i ed Bi osyst emModel
3400) by the phosphoram dite nethod. For the incorporation of the
napht hyri di ne C- nucl eosides into the ODNs, a 0.12 Msolution of 10 in
CH,CN and that of 11 in CHCN:. CHCO , (10: 1), and coupling tinme of 10 m n
was used. The each CDN linked to the resin (1 unol) was treated with
concentrated NHOH at 55 °Cfor 16 h. In the case of ODNs prepared by
11, the CPG support was treated with a mxture of thiophenol,
triethylamne, and dioxane (1:2:2, 0.5nL) for 1 h at roomtenperature
and washed with MeOH. The support was then treated wth concentrated

NHCOH at 55 °C for 16 h. The rel eased ODN protected by a DMIT group



at 5 -end was chromat ographed on a C-18 silica gel colum (1 x 12 cm)
with alinear gradient of CHCNfromO to 40%in 0.1 MTEAA buffer (pH
7.0). Thefractions were concentrated, andtheresiduewastreatedwth
aqueous 80%AcOH at roomtenperature for 20 m n, then the sol uti on was
concentrated, and the residue was coevaporated with HO The residue
was di ssolved in HO and the sol uti on was washed with AcCEt, then the
HOI ayer was concentratedto gi ve a deprotected ODN. The CDNwas f urt her
purified by reversed- phase HPLC, using a J’' sphere ODN MBO col umm (4.6
x 150 mm YMC) with a linear gradient of CHCN (from 10 to 25% over
30 mn) in 0.1 MTEAA buffer (pH 7.0) to give a highly purified ODNs

(see SI-Figure 1).

Hyperchrom cities, Extinction Coefficients and Nucl eosi de Conposition
of the ODNSs.

Each ODN (0. 25 ODunits at 260 nm was i ncubated wi t h snake venom
phosphodi est erase (12 ug), nucl ease P1 (12 ug), and al kal i ne phosphat ase
(0.5 units) in a buffer containing 100 MM Tris-HCO (pH 7.7) and 2 nM
My, (total 517 pL) at 37 °C for 12 h. Hyperchromcity of each ODN
was det er m ned by conpari ng UV absor banci es at 260 nmof the sol uti ons
before and after hydrolysis. The extinction coefficient (at 260 nm
of each ODN was determ ned using the foll owi ng equation: g, = the sum

of ¢ / hyperchromcity. The extinction coefficients (at 260 nn) of

nucl eosi de
t he natural nucl eosides used for calculations were as follows: dA
15, 400; dC, 7,300; dG 11,700; T, 8,800. The extinction coefficients
for the naphthyridi ne G nucl eosides at 260 nmwere determ ned to be
the foll owi ng: Na-N°, 2,140; Na-d', 1,420. After the reaction mxture
was heated in boiling water for 5 min, the enzynes were renoved from

thereactionm xturebyfiltrationw thM cropure® EZdevice (M LLI PORE),

andthefiltratewasconcentrated. Nucl eosi de conposi ti onwas det er m ned
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by anal ysis of the residue with reverse-phase HPLC, using a J sphere
ODN MBO col umm (4.6 x 250 mm YMC) with |inear gradient of CHCN (from
2.5to 25%over 30 min) in 0.1 MTEAA buffer (pH7.0). The HPLC charts
for ODN VI (Y = Na-O) are shown in SI-Figure 1 as an exanple.
Hyperchrom cities, extinctioncoefficients andnucl eosi de conposition

of each CDN are listed in SI-Table 1.
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SI-Figure 1
HPLC Analysis of ODN VI (Y = Na-O")
: 5'-CGTGGTTYYYTCGGTGC-3' : Y =Na-O"

- —

)
0 10 20 30 40 min

Determination of Nucleoside Composition by Enzymatic Digestion with
Nuclease P1, Snake Venom Phosphodiesterase, and Alkaline Phosphatase

260 nm G 350 nm Na-O™
T
C
Na-O"
§ I D i
(l) l l 3l0 (l) l l 3l0
min min
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Sl-Table 1

. . extinction . ..
ODN hyperchromicity coefficient nucleoside composition

ODNI: X =Im-ON 1.43 1.37x 10° A:C:G:X = 6.3:6.0:2.9:1.1
Im-N© 1.42 1.44x 10° (7:6:3:1)  67:6.6:3.1:1.1

Na-N© 1.29 1.46 x 10° 6.9:5.9:3.3:0.9

ODNII : Y=Na-N° 1.30 1.20 x 10° T:G:C:Y =7.0:5.7:3.0:0.8
Na-ON 1.19 1.30x 10° (7:6:3:1)  7.2:5.9:3.2:1.0

Im-N© 1.26 1.35x 10° 7.1:6.2:3.0:0.9

ODNIII : X = Im-ON 1.58 1.17 x 10° A:C:G:X =4.8:6.4:3.1:2.8
Im-N° 1.65 1.27x 10° (5:6:3:3)  4.9:6.4:3.4:2.7

Na-N© 1.42 1.14x 10° 5.0:6.4:3.3:2.8

ODN IV : Y =Na-N° 1.36 1.05x 10° T:G:C:Y =5.1:5.7:3.2:3.2
Na-ON 1.36 1.03 x 10° (5:6:3:3)  53:5.9:3.2:3.0

Im-N© 1.48 1.29x 10° 5.2:5.7:3.1:2.9

ODNYV : X =Im-ON 1.45 1.27x 10° A:C:G:X =4.7:6.0:3.0:3.3
Im-N° 1.58 1.33x 10° (5:6:3:3)  47:6.0:3.0:2.9

Na-N© 1.21 1.34x 10° 5.0:6.2:3.3:2.7

ODN VI : Y = Na-N° 1.33 1.07 x 10° T:G:C:Y =5.3:6.0:32:2.5
Na-ON 1.19 1.18x 10° (5:6:3:3)  51:59:3.2:3.0

Im-N° 1.41 1.34x 10° 5.0:6.1:3.0:3.1

Ther mal Denat urati on.

Each sanpl e of the appropriate duplex (3 uMeach) in a buffer of
10 mM sodi um cacodylate (pH 7.0) containing 1 nM NaC was heated at
95 °Cfor 5 mn, cooled gradually to an appropriate tenperature, and
used for the thermal denaturation study. Thermal -i nduced transitions
of t hedupl exwerenoni t oredat 260 nmon aBeckman DU650 spect r ophot onet er .
The sanpl e tenperature was i ncreased by 0.5 °C/mn. Inthe case of the
t hermal denaturation study between Na-N° and natural bases, a buffer
of 10 mMsodi umcacodyl ate (pH7.0) contai ni ng 100 mMMNaCl was prepar ed

and t he neasur enent was conducted i nthe sane manner as descri bed above.
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Thernodynam ¢ Paraneters Determned by Differential Scanning
Calorimetry (DSC) Measurenents.

DSC neasur enent s were perfornmed on a VP-DSCM crocal ori neter. The
solution of the appropriate duplex (25 upMeach) in a buffer of 10 mM
sodi umcacodyl ate (pH7.0) contai ni ng 1l nmMMNaCl was prepar ed and scanned
from20 to 100 "C at a scan rate 0.5 K/ nmin. The apparent nolar heat
capacity vs. tenperature profil es were obtai ned by subtracti ng buffer
vs. buffer curves fromthe sanple vs. buffer curves. The data were
normal i zedw thregardtotheconcentrati onandsanpl evol une. The excess
heat capacity function, AC, was obtained after baseline subtraction
assum ng that the baselineisgivenbythelinear tenperature dependence
of the native state heat capacity. The process ent hal pies, AH, were
obt ai ned by i ntegrati ngthe areaunder the heat capacity vs. tenperature
curves. T_is the tenperature corresponding to the maxi numof each DSC
peak. The process entropies, AS°, were determ ned by integrating the
curve obtai ned and dividing the heat capacity curve by the absol ute
tenperature, i.e., AS® = ¢(AC/T)AT. The free energies, AG (25 °QO
were determ ned at T =298.15 Kby AG’ (25 °C) = AH°-TAS°. The resul ti ng

t her nrodynam ¢ paraneters of each duplex were listed in SI-Table 2.
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Sli-Table 2

dunlex X v 2 o 2 g0 2 G° (25 °C)
P (kcalmol™)  (calmol'K™')  (kcal mol™)

ODN I:ODN II Im-ON  Na-N© -85.16 —252.70 —9.82

Im-N®  Na-OM -86.36 —257.46 —9.60

5-GCACCGARXRAAACCACG-3' 1 gN  1;.NO —43.16 -133.53 335

3'-CGTGGCTTYTTTGGTGC-5 Na-N° Na-ON _48.40 _144 47 _533

G c ~76.19 _238.08 521

A T -59.07 ~182.30 472

ODN III:ODN IV Im-ON  Na-N® | —12856 ~333.43 —29.15

(o] N _ _ _

sccxcoommncorcey NS MO | tmes a4t o
3-CGYGGCTTYTTTGGYGC-5' o N ' ' '

Na-N Na-O —74.49 ~232.08 524

G c —92.29 —277.70 ~9.49

ODN V:ODN VI Im-ON  Na-N° -118.72 -306.92 2712

[o] N _ _ _

5'-GCACCGAXXXAACCACG-3' 'Im";N Taﬁo 1;2'22 2%22 fgig
3-CGTGGCTYYYTTGGTGC-S M e M o e T

Na-N Na-O —97.28 —284.87 1235

G c -83.63 —244.29 ~10.79
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