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Abstract—1,3,4,6-Tetra-O-acetyl-2-deoxy-2-phthalimido-b-d-glucopyranose and 1,3,4,6-tetra-O-acetyl-2-deoxy-2-phthalimido-b-d-
galactopyranose reacted with protected nucleosides in the presence of BF3 as promoter at room temperature to give selectively 2-
amino-2-deoxy-b-glycosyl (1!5)nucleosides in good yields. CD spectra and thermal melting studies showed that 2-amino-2-deoxy-
b-d-glucopyranosyl-(1!5)-nucleosides could interact with RNA in solution and 2-deoxy-2-amino-b-d-galactopyranosyl-(1!5)-
nucleosides (17–19) exhibit higher affinity to RNA than 2-deoxy-2-amino-b-d-glucopyranosyl-(1!5)-nucleosides (14–16). It indi-
cated that the majority of interactions are established between the polar group of glycosylnucleosides and the sugar-phosphate
backbone of RNA helices and weak stacking interaction is observed. The different configuration of hydroxyl group on the glycosyl
moiety may affect the glycosyl-nucleoside binding to RNA by induced fit.
# 2003 Elsevier Science Ltd. All rights reserved.
Introduction

Nucleoside analogues play an important role in the
antiviral and anticancer chemotherapy. It has been
found that many natural antibiotics possessing sig-
nificant antitumor and antiviral activities have the
structure of a nucleoside connected to
oligosaccharides.1�3 Aminoglycoside antibiotics have
long been used as very efficient drugs against Gram-
positive and Gram-negative bacteria, and against
mycobacterial infection. Recently, it was found that the
flexibility of the aminoglycosides facilitated accom-
modation into a binding pocket within internal loops of
RNA helices or into ribozyme cores for making specific
contacts. The positive charges of aminoglycosides are
attracted to the negatively charged RNA backbone.4

Aminoglycoside–RNA interactions could be designed
and could potentially be used to modify gene
expression.5�7 It would be interesting to study whe-
ther the aminoglycosyl nucleosides could be used as a
site-directing moiety towards RNA. In this way some
aminoglycosyl nucleoside analogues might be expec-
ted to have a higher therapeutic index together with
lower side effects and toxicity. To develop this work,
we present here the synthesis of 2-amino-2-deoxy-gly-
cosyl-(1!5)-nucleosides and their binding abilities with
RNA.

Stimulated by the biological background, the method
for the synthesis of aminosugar is becoming more and
more important. From a survey of the current advances
in methodology, the most of syntheses were performed
by the azidonitration or cycloaddition or sulfonami-
doglycosylation from glycal.8�11 An aminoglycosyl
nucleoside, tunicaminyl uracil, was synthesized via the
same strategy.12,13 In this paper, we report a concise
method for the synthesis of aminoglycosyl nucleosides
via the condensation of protected nucleoside and 2-
deoxy-2-phthalimido-glycosyl acetate. The reaction is
stereoselective and we found that 2-amino-2-deoxy-b-d-
glucopyranosyl-(1!5)-nucleosides and 2-amino-2-
deoxy-b-d-galactopyranosyl-(1!5)-nucleosides could
interact with RNA in solution.
Results and Discussion

1,3,4,6-Tetra-O-acetyl-2-deoxy-2-phthalimido-b-d-glu-
copyranose (3) and 1,3,4,6-tetra-O-acetyl-2-deoxy-2-
phthalimido-b-d-galactopyranose (4) were synthesized
from d-glucosamine (1) and d-galactosamine (2)
respectively by one-pot reaction. For the synthesis of
compound 3, d-glucosamine hydrochloride 1 was trea-
ted first with sodium methoxide and then reacted with
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phthalic anhydride in methanol. The reactant mixture
was not further purified but treated with acetic anhydride-
pyridine after methanol was removed under reduced
pressure. Acetate 3 was obtained by chromatography on
silica gel in 42% yield. The compound 4 was obtained in
30% yield from d-galactosamine hydrochloride 2 via the
same procedure described above (Scheme 1). The 1H
NMR of 3 and 4 showed that the values of 3J1,2 (3: 8.88
Hz; 4: 9.00 Hz) were in accord with b-anomers.

The phthaloyl group is widely used as the 2-position
amino protecting group for selectively synthesizing b-
glycoside in the presence of Lewis acid.14 The glycosyl
donor 3 was condensed with protected nucleosides (5, 6
and 7)15 using boron trifluoride as promoter in di-
chloromethane at room temperature. After chromato-
graphy on silica gel, the compounds 8, 9 and 10 were
obtained in 87, 66 and 65% yield, respectively, exclu-
sively as b-anomers (Scheme 2). It was found that the
reaction in dichloromethane was much better than in
acetone. Acetone reduced the yield of this condensation.
The acetate 4 was condensed with nucleosides (5, 6 and
7) as described above. After chromatography on silica
gel, the compounds 11, 12 and 13 were obtained in 90,
65 and 87% yield, respectively, exclusively as b-anom-
ers. The 1H NMR spectra of the condensation com-
pounds 8–13 showed that the values of 3J100,200 (8: 9.0 Hz;
9: 8.5 Hz; 10: 8.0 Hz; 11: 8.0 Hz; 13: 8.5 Hz) were in
accord with b-type products. It was presumed that the
condensation was carried out via the mechanism of
unimolecular nucleophilic substitution. The stereo-
selective substitution was controlled by the hindrance of
the neighboring 2-phthalimido group. The transition
state of oxazocarbonium ion 3b leds to form exclusively
the b-glycosides (Scheme 3).

Treatment of compounds 8–13 with 25–30% methyl-
amine in absolute ethanol at room temperature, and
then at reflux temperature resulted in completed depro-
tection of both the hydroxyl and the amino groups to
give the designed compounds 14–19.

The interactions of synthetic glycosyl nucleosides with
polyA/polyU duplex were studied by CD spectra and
thermal denaturation (Figs 1 and 2). The stability of
RNA duplex was affected by the integrated effects of
hydrogen bonding, stacking and electrostatic interac-
tions between RNA and small molecule.16�18 Melting
curves showed that compounds 14, 15, 16, and 18
resulted in an increase of melting temperature of RNA
duplex with an extent of 0.5 to 2.4 �C, it indicated that
the binding of these compounds could enhance the
duplex stabilities (Table 1). No obvious melting beha-
vior of duplexes was observed in the presence of com-
pounds 17 or 19, it implied that the stable complex of
RNA single strand with compound 17 or 19 was formed
in this condition, which hindered the formation of
stable RNA duplex. CD spectra showed that the A-
form conformation of RNA duplex was maintained in
the presence of glycosyl nucleoside, but the changes of
intensity suggested a slight rearrangement of the
duplex,19 and the rearrangements were more obvious in
the case of galactopyranosyl nucleoside especially 17, 19
in which slight increases of ellipticity were also
observed. The decreases of hyperchromicity were also
observed in all cases. The insertion of the heterocyclic
Scheme 1. Reagents and conditions: (i) (a) NaOMe, HOAc, rt, 30

min; (b) phthalic anhydride, rt, 15 h; (c) Ac2O, pyridine, rt, 24 h.
Scheme 2. Reagents and conditions: (i) BF3/Et2O, CH2Cl2, rt; (ii) (a) MeNH2/EtOH, rt, 8 h; (b) reflux, 6 h.
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base of the glycosyl nucleosides 14–19 to the RNA
duplex leaded to the changes of stacking interaction and
also resulted in the obvious decrease of hyperchromi-
city. Since RNA molecules are negatively charged, elec-
trostatic interactions are critical for binding, the 2-
deoxy-2-amino glycosyl moiety in the designed com-
pounds 14–19 may play an important role in the molec-
ular recognition. Considering the minor structural
difference at C-400 positon between glucopyranosyl (14–
16) and galactopyranosyl nucleosides (17–19), it could be
Scheme 3. Presumed mechanism of the formation of b-glycosyl nucleoside.
Figure 1. CD spectra of polyA/polyU in the absence or presence of
synthetic glycosyl nucleoside.
Figure 2. Thermal melting curves of polyA/polyU in the absence or
presence of synthetic glycosyl nucleoside.
Table 1. Melting temperatures of polyA/polyU duplex in the absence

or presence of glycosyl nucleoside
PolyA/polyU/compd
 Tm (�C)
 �Tm (x� C)
polyA/polyU
 57.3

polyA/polyU/14
 58.6
 1.3

polyA/polyU/15
 57.8
 0.5

polyA/polyU/16
 59.7
 2.4

polyA/polyU/17
 —
 —

polyA/polyU/18
 59.1
 1.8

polyA/polyU/19
 —
 —
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conferred that the configuration of hydroxyl group at C-400

affects the formation of hydrogen bonding between
nucleosides and the phosphate backbone of RNA. It has
known that drug binding to RNA occurs frequently by
induced fit, therefore, these results are encouraging
because they demonstrate that besides the electrostatic
interaction and base pair stacking, the sugar rings also
provide scaffold for inducing small molecules to fit the
RNA recognition, and it is possible to design a new mole-
cule with the specificity for the recognition of target RNA.
Experimental

General methods

Thin-layer chromatography was performed by using silica
gel GF-254 (Qing Dao Chemical Company, China) plates
with detection by UV, or charting with 5% ethanolic
solution of phosphomolybdic acid hydrate. Optical rota-
tions were recorded on a Perkin–Elmer 243B polarimeter.
NMR spectra were recorded on Varian VXR-300 or Var-
ian INOVA-500 instrument with TMS as an internal
standard. PE SCLEX QSTAR and Autospec-Ultima
ETOF spectraometers were used for mass spectra.

1,3,4,6-Tetra-O-acetyl-2-deoxy-2-phthalimido-�-D-gluco-
pyranose 3 and 1,3,4,6- tetra-O-acetyl-2-deoxy-2-phthali-
mido-�-D-galactopyranose 4. To a solution of sodium
methoxide (3.0 g, 55.6 mmol) in absolute methanol (60
mL) was added glucosamine hydrochloride 1 (10.0 g,
45.6 mmol). After vigorously stirring for 30 min at
room temperature, phthalic anhydride (6.9 g, 46.6
mmol) was added and the mixture was kept stirring for
15 h. The solvent was removed under reduced pressure
and the residue was treated with acetic anhydride (60
mL) and pyridine (50 mL) with stirring for 24 h at room
temperature. The reactant mixture was poured into ice-
water (250 mL). After stirred for 30 min, the mixture
was extracted with CH2Cl2 and the extract was washed
with 3 M H2SO4, H2O, saturated aqueous solution of
NaHCO3 and water sequencially, then concentrated to
dryness to give a syrup (21 g). After purification by
chromatography on silica gel (petroleum ether/ethyl
acetate/2:1), 9.05 g of 3 were obtained.20 Yield: 42%; 1H
NMR: (CDCl3) d: 7.87–7.75 (m, 4H, Ar–H), 6.54 (d,
1H, H-1, J1,2=8.88 Hz), 5.89 (t, 1H, H-4), 5.22 (t, 1H,
H-3), 4.49 (t, 1H, H-2), 4.37, 4.16 (m, 2H, H-6a, H-6b),
4.03 (m, 1H, H-5), 2.13 (s, 3H, –OAc), 2.05 (s,
3H, –OAc), 2.01 (s, 3H, –OAc), 1.88 (s, 3H, –OAc).

4 was synthesized from 2 via the same procedure
described above.21 Yield: 30%; 1H NMR: (CDCl3) d:
7.75–7.86 (m, 4H, Ar–H), 6.44 (d, 1H, H-1, J1,2=9.0
Hz), 5.95 (dd, 1H, H-4), 4.91 (dd, 1H, H-3), 4.49 (m,
1H, H-2), 4.39, 4.22 (m, 2H, H-6a, H-6b), 4.1 5(m, 1H,
H-5), 2.21 (s, 3H, –OAc), 2.10 (s, 3H, –OAc), 2.06 (s,
3H, –OAc), 1.88 (s, 3H, –OAc).

General procedure for the synthesis of compounds 8–13

Glycosyl acceptor (5–7) (0.027 mmol) and 2 equivalent
of glycosyl donors 3 or 4 were dissolved in a solution of
2 mL of dry dichloromethane and 0.1 mL of boron tri-
fluoride-ether. The mixture was stirred at room tem-
perature till the disappearance of glycosyl acceptor via
TLC monitoring. After cooling in ice bath and neu-
tralization with saturated NaHCO3, the solution was
extracted with dichloromethane and the organic layer
was dried over anhydrous Na2SO4, then purified with
silica gel chromatography to give the products.

300,400,600-Tri-O-acetyl-200-deoxy-200-phthalimido-�-D-glu-
copyranosyl (1!5)-20, 30-di-O-acetyl-uridine 8. Yield:
87%; a½ �18

D �6.3 (c 0.025, CHCl3);
1H NMR (CDCl3) d:

9.07 (s, 1H, HN), 7.83, 7.73 (2m, 4H, Ph), 7.56 (d, 1H,
J5,6=7.5 Hz, H-6), 6.10 (d, 1H, J10,20=7.0 Hz, H-10),
5.91 (d, 1H, H-5), 5.86 (dd, 1H, J200,300=11 Hz,
J300,400=9.0 Hz, H-300), 5.46 (d, 1H, J100,200=9.0 Hz, H-100),
5.20 (t, 1H, H-400), 5.05 (m, 1H, H-20), 4.93 (t, 1H, H-30),
4.39–4.31 (m, 2H, H-200, H-6a00), 4.23–4.16 (m, 3H, H-
40,H-5a0, H-6b00), 3.93 (m, 1H, H-500), 3.69 (m, 1H, H-
5b0), 1.87, 1.95, 1.99, 2.05, 2.13 (5s, 15H, 5�OAc); 13C
NMR (CDCl3) d: 170.6–168.9 (5C, CO), 162.7 (PhCO),
150.4 (C-4), 139.4 (C-6), 134.3, 123.8 (2C, Ph), 131.8 (C-
2), 103.6 (C-5), 97.9 (C-100), 85.9 (C-10), 81.2 (C-40), 72.9
(C-30), 72.1 (C-500), 70.7 (C-300), 70.3 (C-20), 68.6 (C-400),
68.0 (C-50), 61.7 (C-600), 54.4 (C-200), 20.7–20.2 (5C,
5�CH3CO); ESI-TOF MS: 746.1090 (M++1) 768.0907
(M++Na).

300,400,600-Tri-O-acetyl-200-deoxy-200-phthalimido-�-D-glu-
copyranosyl (1!5)-20,30-di-O-acetyl-N4-acetyl-cytidine 9.
Yield: 66%; �½ �18

D +13.5 (c 0.017, CHCl3);
1H NMR

(CDCl3) d: 9.62 (br., 1H, HNAc), 7.99 (d, 1H, J5,6=7.5
Hz, H-6), 7.83, 7.73 (2m, 4H, Ph), 7.58 (d, 1H, H-5),
6.13 (d, 1H, J10,20=4.0 Hz, H-10), 5.86 (dd, 1H,
J200,300=11 Hz, J300,400=9.5 Hz, H-300), 5.45 (d, 1H,
J100,200=8.5 Hz, H-100), 5.23 (t, 1H, H-400), 5.03 (m, 2H,
H-20,H-30), 4.40–4.33 (m, 2H, H-200,H-6a00), 4.28 (m, 1H,
H-5a0), 4.22–4.18 (m, 2H, H-40, H-6b00), 3.92 (m, 1H, H-
500), 3.68 (m, 1H, H-5b0), 1.87, 1.93, 1.97, 2.05, 2.15, 2.31
(6s, 18H, 5�OAc, 1�NHAc); 13C NMR (CDCl3) d:
170.8–168.9 (6C, CO), 144.7 (C-6), 131.8 (C-2), 134.3,
123.8 (Ph), 98.1 (C-100), 97.3 (C-5), 87.7 (C-10), 81.0 (C-
40), 74.0 (C-30), 72.2 (C-500), 70.3 (C-300), 69.9 (C-20), 68.7
(C-400), 67.8 (C-50), 61.8 (C-600), 54.3 (C-200), 25.0–20.2
(6C, 6�CH3CO); ESI-TOF MS: 787.1522 (M++1).

300,400,600-Tri-O-acetyl-200-deoxy-200-phthalimido-�-D-glu-
copyranosyl (1!5)-30-O-acetyl-thymidine 10. Yield:
65%; a½ �18

D �1.77 (c 0.022, CHCl3);
1H NMR (CDCl3) d:

8.84 (s, 1H, HN), 7.88–7.77 (m, 4H, Ph), 7.49 (s, 1H, H-
6), 6.28 (m, 1H, H-10), 5.90 (dd, 1H, J200,300=11 Hz,
J300,400=9.5 Hz, H-300), 5.38 (d, 1H, J100,200=8.0 Hz, H-100),
5.18 (dd, 1H, J400,500=10.5 Hz, H-400), 4.75 (m, 1H, H-30),
4.39 (m, 1H, H-200), 4.30–4.23 (m, 2H, H-6a00, H-5a0),
4.17 (m, 1H, H-6b00), 4.07 (m, 1H, H-40), 3.93 (m, 1H,
H-500), 3.69 (m, 1H, H-5b0), 2.11, 2.10, 2.05, 1.96, 1.89
(5s, 15H, 4�OAc, CH3 ), 1.79 (m, 2H, H-20); 13C NMR
(CDCl3) d: 170.6–169.4 (4C, CO), 163.6 (PhCO), 150.4
(C-4), 135.2 (C-6), 134.7, 123.8 (2C, Ph), 131.8 (C-2),
111.6 (C-5), 98.1 (C-100), 84.6 (C-10), 83.1 (C-40), 75.0 (C-
30), 72.2 (C-500), 70.1 (C-50), 69.6 (C-300), 68.7 (C-400), 61.7
3276 G. Zhang et al. / Bioorg. Med. Chem. 11 (2003) 3273–3278



(C-600), 54.4 (C-200), 37.0 (C-20), 29.6 (CH3), 20.8–20.4
(4C, 4�CH3CO); ESI-TOF MS: 702.1284 (M++1)
724.1027 (M++Na).

300,400,600-Tri-O-acetyl-200-deoxy-200-phthalimido-�-D-ga-
lactopyranosyl (1!5)-20, 30-di-O-acetyl-uridine 11.
Yield: 90%; a½ �18

D �25.6 (c 0.027, CHCl3);
1H NMR

(CDCl3) d: 9.08 (s, 1H, HN), 7.83, 7.75 (2m, 4H, Ph),
7.72 (d, 1H, J5,6=8.5 Hz, H-6), 6.14 (d, 1H, J100,20=6.0
Hz, H-10), 5.91–5.88 (m, 2H, H-5, H-300), 5.53 (m, 1H,
H-400), 5.31 (d, 1H, J100,200=8.0 Hz, H-100), 5.08 (m, 1H,
H-20), 5.00 (t, 1H, H-30), 4.51 (dd, 1H, J200,300=11.50 Hz,
H-200), 4.25–4.12 (m, 5H, H-6a00, H-40, H-5a0, H-6b00, H-
500), 3.69 (m, 1H, H-5b0), 1.86, 1.98, 1.99, 2.08, 2.25 (5s,
15H, 5�OAc); 13C NMR (CDCl3) d: 170.4–162.8 (8C,
MeCO, PhCO), 150.4 (C-4), 139.8 (C-6), 134.4, 123.7 (2C,
Ph), 131.8 (C-2), 103.2 (C-5), 98.0 (C-100), 86.0 (C-10), 81.4
(C-40), 73.2 (C-30), 71.0 (C-500), 70.8 (C-300), 67.7 (C-20),
67.4 (C-400), 66.6 (C-50), 61.2 (C-600), 51.1 (C-200), 20.8–20.2
(5C, 5�CH3CO); ESI-TOF MS: 746. 2148 (M++1).

300,400,600-Tri-O-acetyl-200-deoxy-200-phthalimido-�-D-ga-
lactopyranosyl (1!5)-20,30-di-O-acetyl-N4-acetyl-cyti-
dine 12. Yield: 65%; a½ �18

D �10.3 (c 0.017, CHCl3);
1H

NMR (CDCl3) d: 9.97 (s, 1H, HNAc), 8.17 (d, 1H,
J5,6=7.0 Hz, H-6), 7.85–7.71 (2m, 4H, Ph), 7.58 (d, 1H,
H-5), 6.24 (d, 1H, J10,20=4.0 Hz, H-10), 5.68 (m, H-300),
5.47-5.28 (m, 4H, H-100;, H-400, H-20, H-30), 5.07 (m, 1H,
H-200), 4.70 (m, 1H, H-6a00), 4.49–4.15 (m, 4H, H-40, H-5a0,
H-6b00, H-500), 3.65 (m, 1H, H-5b0), 2.00, 2.06, 2.08, 2.09,
2.25, 2.30 (6s, 18H, 5�OAc, 1�NHAc ); 13C NMR
(CDCl3) d: 170.5–167.4 (6C, CO), 131.6 (C-2), 134.2,
123.7 (Ph), 104.4 (C-5), 97.3 (C-100), 88.0 (C-10), 81.2 (C-
40), 78.4 (C-30), 74.1 (C-500), 72.6 (C-300), 70.1 (C-20), 68.7
(C-400), 67.1 (C-50), 62.2 (C-600), 61.2 (C-200), 24.9–20.3 (6C,
6�CH3CO); ESI-TOF MS: 787.2454 (M++1).

300,400,600-Tri-O-acetyl-200-deoxy-200-phthalimido-�-D-ga-
lactopyranosyl (1!5)-30-O-acetyl-thymidine 13. Yield:
87%; a½ �18

D �37.8 (c 0.046, CHCl3);
1H NMR (CDCl3) d:

8.49 (s,1H, HN), 7.88–7.76 (2m, 4H, Ph), 7.62 (s, 1H, H-
6), 6.34 (m, 1H, H-10), 5.94 (dd, 1H, J200,300=11 Hz,
J300,400=3.0 Hz, H-300), 5.55 (m, 1H, H-400), 5.29 (d, 1H,
J100,200=8.5 Hz, H-100), 4.74 (m, 1H, H-30), 4.53 (dd, 1H,
H-200), 4.27–4.14 (m, 4H, H-6a00, H-5a0, H-6b00, H-500),
4.08 (m, 1H, H-40), 3.67 (m, 1H, H-5b0), 2.17–1.95 (5s,
15H, 4�OAc, CH3), 1.88 (m, 2H, H-20); 13C
NMR(CDCl3) d: 170.0, 170.1, 170.0, 169.6 (4C, CO),
168.0, 163.8 (PhCO), 150.6 (C-4), 135.6 (C-6), 134.4,
123.7 (2C, Ph), 130.9 (C-2), 111.5 (C-5), 98.5 (C-100),
84.4 (C-10), 83.0 (C-40), 75.0 (C-30), 71.2 (C-500), 69.7 (C-
50), 67.4 (C-300), 66.6 (C-400), 61.2 (C-600), 51.3 (C-200),
37.0 (C-20), 20.7–20.4 (4C, 4�CH3CO); 12.6 (CH3);
ESI-TOF MS: 702.2216 (M++1), 724.2122 (M++Na).

General procedure for deprotection

Compound (8–13) (50 mg) was added to 10 mL of 25–
30% methylamine in absolute ethanol with stirring at
room temperature. After 8 h, the clear solution obtained
was refluxed for 6 h. The mixture was evaporated under
reduced pressure. The residue was purified by chroma-
tography on silica gel using dichloromethane/methanol
(1:1) to elute the desired products. The product was
purified again on the short C18 column (H2O) to give
the pure target compound (14–19).

200-Deoxy-200-amino-�-D-glucopyranosyl (1!5)-uridine 14.
Yield: 77%; a½ �18

D +4.4 (c 0.020, H2O); 1H NMR (D2O)
d: 7.65 (d, 1H, J5,6=7.5 Hz, H-6), 5.72 (m, 2H, H-10, H-
5), 4.69 (1H, H-100), 4.23 (t, 1H, J10,20=4.2 Hz, H-20),
4.12 (m, 3H, H-40, H-30, H-5a0), 3.82 (m, 2H, H-5b0, H-
300), 3.57 (m, 2H, H-6a00, H-400), 3.35 (m, 2H, H-500, H-
6b00), 2.94 (t, 1H, J100,200=8.7 Hz, H-200); 13C NMR (D2O)
d: 168.9 (C-4), 154.3 (C-6), 145.0 (C-2), 105.0 (C-5),
101.4 (C-100), 93.0 (C-10), 85.2 (C-40), 79.0 (C-30), 76.0
(C-500), 74.7 (C-300), 72.6 (C-20), 72.3 (C-400), 71.9 (C-50),
63.2 (C-600), 58.6 (C-200); HRFAB+ (C15H24O10N3+H+)
calcd 406.1462, found 406.1494.

200-Deoxy-200-amino-�-D-glucopyranosyl (1!5)-cytidine 15.
Yield: 83%; a½ �18

D +10.1 (c 0.018, H2O); 1H NMR
(D2O) d: 7.69 (d, 1H, J5,6=7.5 Hz, H-6), 5.89 (d, 1H, H-
5), 5.73 (d, J10,20=3.9 Hz, H-10), 4.50 (d,1H, J100,200=8.4
Hz, H-100), 4.21 (t, 1H, J10,20=4.2 Hz, H-20), 4.19–4.13
(m, 3H, H-40, H-30, H-5a0), 3.80 (m, 2H, H-6a00,H-300),
3.40 (m, 1H, H-5b0), 3.43–3.26 (m, 3H, H-400, H-500, H-
6b00), 2.74 (1H, H-200); 13C NMR (D2O) d: 168.9 (C-4),
160.1 (C-6), 145.0 (C-2), 101.5 (C-5), 98.9 (C-100), 94.1
(C-10), 84.8 (C-40), 79.0 (C-30), 76.2 (C-500), 74.8 (C-300),
72.6 (C-20), 72.2 (C-400), 71.9 (C-50), 63.2 (C-600), 58.6 (C-
200); HRFAB+ (C15H25O9N4+H+) calcd 405.1622,
found 405.1614.

200-Deoxy-200-amino-�-D-glucopyranosyl (1!5)-thymidine
16. Yield: 85%; a½ �18

D +0.5 (c 0.008, H2O); 1H NMR
(D2O) d: 7.44 (s, 1H, H-6), 6.17 (t, J10,20=6.7 Hz, H-10),
4.68 (d, 1H, H-100), 4.40 (dd, 1H, H-30), 4.09–4.05 (m,
2H, H-5a0, H-40), 3.84–3.79 (m, 2H, H-200, H-6a00), 3.64–
3.57 (m, 2H, H-400, H-5b0), 3.39–3.33 (m, 2H, H-500, H-
6b00), 2.95 (dd, 1H, J200,300=8.5 Hz, J300,400=10.5 Hz, H-
300), 2.34–2.25 (m, 2H, H-20), 1.79 (s, 3H, CH3);

13C
NMR (D2O) d: 166.8 (C-4), 152.0 (C-6), 138.1 (C-2),
111.8 (C-5), 99.1 (C-100), 85.9 (C-10), 85.0 (C-40), 76.7 (C-
30), 72.4 (C-500), 71.0 (C-50), 70.2 (C-300), 70.0 (C-600), 60.9
(C-600), 56.2 (C-200), 38.3 (C-20), 26.3 (CH3); HRFAB+

(C16H26O9N3+H+) calcd 404.1669, found 404.1680.

200-Deoxy-200-amino-�-D-galactopyranosyl (1!5)-uridine
17. Yield: 83%; a½ �18

D +10.4 (c 0.020, H2O); 1H NMR
(D2O) d: 7.78 (d, 1H, J5,6=8.1 Hz, H-6), 5.72 (m, 2H,
H-10, H-5), 4.28 (d,1H, J100,200=8.1 Hz, H-100), 4.21 (m,
4H, H-20, H-40, H-30, H-5a0), 3.76–3.43 (m, 6H, H-6a00,
H-400, H-300, H-6b00, H-500, H-5b0), 2.84-2.73 (m, 1H, H-
200); 13C NMR (D2O) d: 169.5 (C-4), 154.7 (C-2), 144.8
(C-6), 105.7 (C-5), 104.9 (C-100), 92.5 (C-10), 85.5 (C-40),
78.1 (C-30), 76.4 (C-500), 74.9 (C-300), 72.2 (C-20), 71.2 (C-
400), 70.6 (C-50), 64.0 (C-600), 55.7 (C-200); HRFAB+

(C15H24O10N3+H+) calcd 406.1462, found 406.1478.

200-Deoxy-200-amino-�-D-galactopyranosyl (1!5)-cytidine
18. Yield: 83%; a½ �18

D +5.7 (c 0.021, H2O); 1H NMR
(D2O) d: 7.63 (d, 1H, J5,6=7.5 Hz, H-6), 5.89 (d, 1H, H-
5), 5.69 (d, 1H, J10,20=3.6 Hz, H-10), 4.66 (1H, H-100),
4.21 (t, 1H, H-20), 4.11 (m, 3H, H-40, H-30, H-5a0), 3.77
(m, 2H, H-6a00, H-300), 3.61 (m, 2H, H-5b0, H-400), 3.32
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(m, 2H, H-500, H-6b00), 2.80 (1H, H-200); 13C NMR (D2O)
d: 167.0 (C-4), 158.2 (C-6), 142.9 (C-2), 100.2 (C-5), 96.8
(C-100), 92.1 (C-10), 82.8 (C-40), 77.0 (C-30), 74.3 (C-500),
73.4 (C-300), 70.6 (C-20), 70.2 (C-400), 69.8 (C-50), 61.3 (C-
600), 56.7 (C-200); HRFAB+ (C15H25O9N4+H+) calcd
405.1616, found 405.1612.

200-Deoxy-200-amino-�-D-galactopyranosyl (1!5)-thymi-
dine 19. Yield: 83%; a½ �18

D +70 (c 0.008, H2O); 1H
NMR (D2O) d: 7.47 (s, 1H, H-6), 6.16 (t, J10,20=6.9 Hz,
H-10), 4.39 (m, 1H, H-30), 4.25 (d, 1H, J100,200=8.1 Hz, H-
100), 4.09 (m, 1H, H-5a0), 4.02 (m, H, H-40), 3.84 (m, 1H,
H-400), 3.77–3.59 (m, 5H, H-6a00, H-6b00, H-300, H-500, H-
5b0), 2.95 (dd, 1H, J200,300=10.5 Hz, H-200), 2.35–2.24
(2H, H-20), 1.79(s, 3H, CH3);

13C NMR (D2O) d: 169.5
(C-4), 154.6 (C-6), 140.2 (C-2), 114.2 (C-5), 106.2 (C-
100), 88.0 (C-10), 87.6 (C-40), 78.1 (C-30), 75.2 (C-50), 73.3
(C-300), 71.9 (C-400), 70.5 (C-600), 63.9 (C-500), 55.6 (C-200),
41.0 (C-20), 14.4 (CH3); HRFAB+ (C16H26O9N3+H+)
calcd 404.1663, found 404.1659.

Circular dichroism and thermal melting measurements

CD spectra were recorded by JASCO J-720 spectro-
polarimeter at 4 �C in thermostatically controlled 1-cm
cuvette. Thermal denaturation studies of polyA/polyU
were conducted on Varian Cray 300. CD spectra and
Tm values in the absence and presence of synthetic
nucleoside were determined in buffer containing 10 mM
Na2HPO4, 0.14 M NaCl, 1.0 mM EDTA (pH 7.2). The
solution containing synthetic nucleoside was mixed with
equimolar per nucleotide amount of polyA and polyU.
The concentration of synthetic nucleoside was 10 and 20
mM in the case of CD spectra and thermal melting
measurements, respectively.
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