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a b s t r a c t

Glycosyl trifluoroacetimidates have been disclosed to be effective glycosyl donors for the synthesis
of nucleosides; the present N-glycosylation protocol requires only a catalytic amount of TMSOTf as
promoter and proceeds smoothly at room temperature.
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Since the introduction of the silyl variation of the Hilbert-John-
son reaction1 by Iwai and Nishimura in 1964,2 many types of gly-
cosyl donors have been applied in the synthesis of a large variety of
the nucleosides. Among them, 1-O-acetyl sugars, in the presence of
a strong Lewis acid, are the most frequently used glycosyl donors.3

However, in all these methods, either stoichiometric amount of the
promoter or high temperature is required to secure high-yielding
of the N-glycosylation. Glycosyl trichloroacetimidates,4 one of the
most favorable types of glycosyl donors for O-glycosylation, which
require a catalytic amount of Lewis acid (e.g., TMSOTf and
BF3�OEt2) at low temperature for activation, have rarely been em-
ployed in the nucleosides synthesis.5 Recently, glycosyl trifluoro-
acetimidates have been found to be valuable alternatives to the
trichloroacetimidates as glycosylation donors,6 showing advanta-
ges especially in the sialylation,7 glycosylation of hydroxamic
acids,8 and N-glycosylation of amides.9 Herein, we report effective
glycosylation of nucleobases employing glycosyl trifluoroacetimi-
dates as donors under mild conditions.

The tri-O-benzoyl- and -acetyl-D-ribofuranosyl trifluoroacetim-
idates 1a19 and 1b,8 tetra-O-acetyl-, -benzoyl-, and -benzyl-D-glu-
copyranosyl trifluoroacetimidates 1c,6 1d,6 and 1e6 were readily
prepared by condensation of the corresponding 1-OH sugars and
N-phenyl trifluoroacetimidoyl chloride in the presence of K2CO3

in acetone.6,8 Uracil, thymine, and pyridin-2-one (2a–c) were
chosen as the nucleobases. These nucleobases were treated with
N,O-bis(trimethylsilyl)acetamide (BSA)10 in dry acetonitrile to
provide the corresponding silylated bases, which are sensitive
toward moisture, and therefore were used directly after removal
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of the solvent.11 As shown in Scheme 1 and Table 1, glycosylation
of the silylated uracil and thymine with the ribofuranosyl trifluoro-
acetimidates 1a and 1b proceeded smoothly in the presence of
0.1 equiv of TMSOTf at room temperature, providing the corre-
sponding b-nucleosides (3aa,12 3ab,13 3ba,12 and 3bb14) in
88–98% yields (entries 1, 2, 4, and 5). Glycosylation of the pyr-
idin-2-one (2c) with the tri-O-benzoyl-ribofuranosyl trifluoroace-
timidate 1a gave the b-nucleoside 3ac15 in 98% yield (entry 3),
however, with the tri-O-acetyl-ribofuranosyl trifluoroacetimidate
1b led to the desired nucleoside 3bc in only 64% yield (entry 6).
N-Trimethylsilylacetamide, resulting from the silylation reagent
BSA, competed for the N-glycosylation to afford the 1-N-acetyl-b-
ribofuranosylamine 4b in a remarkable 30% yield. Glycosylation
of the nucleobases with the tetra-O-acetyl- and -benzoyl-D-gluco-
pyranosyl trifluoroacetimidates 1c and 1d under similar conditions
was found unsuccessful. While coupling of 1c with uracil gave the
O1a-e 3

Scheme 1. Nucleoside synthesis employing glycosyl trifluoroacetimidates as
donors and BSA as a silylation reagent.
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Table 1
Nucleoside synthesis employing glycosyl trifluoroacetimidates as donors and BSA as a
silylation reagenta
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Entry Donor Acceptor Product Yieldb (%) a:bc

1 1a 2a 3aa 98 b
2 2b 3ab 88 b
3 2c 3ac 98 b
4 1b 2a 3ba 98 b
5 2b 3bb 88 b
6 2c 3bc + 4b 64 + 30 b
7 1c 2a 3ca 45 b
8 2b 4c 60 b
9 2c 4c — —

10 1d 2a NR — —
11 2b NR — —
12 2c NR — —
13 1e 2a 3ea 87 1:2
14 2b 3eb 84 1:2.5
15 2c Complex — —

a A typical procedure: To a stirred suspension of the nucleobase (1.5 equiv) in dry
acetonitrile was added BSA (2 equiv for 2a and 2b, 1 equiv for 2c). The mixture was
stirred at rt for 30 min, leading to a clear solution. The solvent was removed under
reduced pressure to provide a clear oil. Under argon atmosphere, the resulting oil
was dissolved in dry 1,2-dichloroethane, followed by addition of the activated 4 Å
MS and the glycosyl trifluoroacetimidate (1.0 equiv). After subsequent addition of
TMSOTf (0.1 equiv), the mixture was stirred at rt until the imidate was consumed
completely (12–48 h), as monitored by TLC.

b Isolated yield.
c Determined by 1H NMR.
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Scheme 2. Nucleoside synthesis employing glucopyranosyl trifluoroacetimidates
as donors and BSTFA as a silylation reagent.

Table 2
Nucleoside synthesis employing glucopyranosyl trifluoroacetimidates as donors and
BSTFA as a silylation reagenta

Entry Donor Acceptor Product Yieldb (%) a:bc

1 1c 2a 3ca 87 b
2 2b 3cb 91 b
3d 2c 3cc 86 b
4 2c 5c 80 b
5 1d 2a NR — —
6 2b 3db 91 b
7 2c 5d 86 b
8 1e 2c 3ec 63 1:3

a A similar procedure as that described in Table 1 was used.
b Isolated yield.
c Determined by 1H NMR.
d The silylation time was prolonged from the standard 0.5–12 h.
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nucleoside 3ca16 in a moderate 45% yield, coupling of 1c with thy-
mine and pyridin-2-one led to the 1-N-acetyl-b-glucosylamine 4c
as the major product (entries 7–9). The tetra-O-benzoyl-D-gluco-
pyranosyl trifluoroacetimidate 1d remained intact under these
conditions (entries 10–12). The glycosylation of uracil and thymine
with the ‘armed’ tetra-benzyl-glucopyranosyl trifluoroacetimidate
1e afforded the desired nucleosides 3ea19 and 3eb19 in 87% and
84% yields, respectively; albeit each in a pair of the anomers, in
the absence of a neighboring participating group in the donors
(entries 13 and 14). The reaction of 1e with pyridin-2-one failed,
leading to a complex mixture (entry 15).

The unsuccessful glycosylation encountered above are partially
due to the competing glycosylation of the N-trimethylsilylacet-
amide resulting from the silylation reagent BSA. Thus, N,O-bis(tri-
methylsilyl)trifluoroacetamide (BSTFA)17 was used instead. The
resultant N-trimethylsilyltrifluoroacetamide, a much weaker
nucleophile, could hardly compete with the nucleobases for glycos-
ylation. Thus, the previously unsuccessful coupling reactions with
BSA were examined with BSTFA as the silylation reagent. The
results are listed in Scheme 2 and Table 2.

Expectedly, glycosylation of uracil and thymine with the tetra-
acetyl-glucopyranosyl trifluoroacetimidate 1c provided the corre-
sponding b-nucleosides 3ca16 and 3cb18 in excellent 87% and 91%
yields, respectively (entries 1 and 2). However, under similar con-
ditions, coupling of 1c with pyridin-2-one provided the O-glycosyl-
ation product 5c19 (C1 at 93.2 ppm) dominantly (80%, entry 4).
When the silylation time was prolonged (from the original 0.5 h
to 12 h), the otherwise similar coupling procedure afforded the
N-glycosylation product 3cc19 (C1 at 79.0 ppm) as the major prod-
uct (86%, entry 3). The glycosylation of uracil with the tetra-
benzoyl-glucopyranosyl trifluoroacetimidate 1d again led to a
complex mixture (entry 5). Nevertheless, glycosylation of thymine
with 1d proceeded smoothly, providing the nucleoside 3db19 in an
excellent 91% yield (entry 6). Glycosylation of pyridin-2-one with
1d led to the O-glycosylation product 5d19 in good yield, regardless
of the variation of the silylation time (entry 7). Finally, glycosyl-
ation of pyridin-2-one with 1e took place under the present condi-
tions, furnishing the nucleoside 3ec19 as a pair of the anomers in
63% yield (entry 8).

In summary, glycosyl trifluoroacetimidates have been disclosed
to be effective glycosyl donors for the synthesis of nucleosides. The
present N-glycosylation protocol requires only a catalytic amount
of TMSOTf as promoter and proceeds smoothly at room tempera-
ture. The procedure for the silylation of the bases also affects the
subsequent glycosylation reaction. BSTFA has been shown to be
superior to BSA for the subsequent glycosylation with pyranosyl
donors.
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165.07, 163.4, 150.5, 134.4, 133.6, 133.5, 133.2, 133.1, 129.8, 129.7, 129.6,
129.5, 129.1, 128.33, 128.26, 128.21, 128.17, 127.7, 112.1, 80.2, 74.9, 72.8, 69.9,
68.7, 62.6, 12.4; HRMS (ESI) calcd for C39H32N2O11Na [M+Na]+: 727.1898.
Found: 727.1907.
2-[(2,3,4,6-Tetra-O-benzoyl-b-D-glucopyranosyl)-oxy]pyridine (5d): ½a�25

D 56.2 (c
1.0, CHCl3); 1H NMR (300 MHz, CDCl3) d 8.12 (d, J = 4.2 Hz, 1H), 8.00–7.85 (m,
8H), 7.60–7.23 (m, 13H), 6.96 (dd, J = 6.3, 5.7 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H),
6.57 (d, J = 8.1 Hz, 1H), 6.08 (t, J = 9.6 Hz, 1H), 5.88–5.75 (m, 2H), 4.68–4.36 (m,
J = 8.7 Hz, 3H); 13C NMR (75 MHz, CDCl3) d 166.0, 165.7, 165.12, 165.08, 161.1,
146.5, 139.2, 133.4, 133.2, 132.9, 129.64, 129.60, 129.58, 129.57, 129.4, 128.8,
128.53, 128.51, 128.33, 128.26, 128.1, 118.7, 111.6, 93.8, 73.1, 72.4, 71.3, 69.4,
62.8; HRMS (ESI) calcd for C39H31NO10Na [M+Na]+: 696.1840. Found:
696.1843.
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the a isomer: ½a�25
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4H); 13C NMR (CDCl3, 75 MHz) d 162.0, 139.6, 138.0, 137.7, 137.3, 137.2, 134.9,
128.44, 128.38, 128.30, 128.27, 128.1, 128.0, 127.9, 127.82, 127.81, 127.7,
127.6, 127.5, 119.6, 105.1, 79.8, 76.6, 74.8, 73.4, 73.3, 72.9, 71.9, 71.7, 69.8. For
the b isomer: ½a�25

D 69.9 (c 1.0, CHCl3); 1H NMR (300 MHz, CDCl3) d 7.38–7.12
(m, 20H), 7.09–7.06 (m, 1H), 6.60 (d, J = 10.2 Hz, 1H), 6.21 (d, J = 9.3 Hz, 1H),
6.09 (dd, J = 6.6, 6.9 Hz, 1H), 4.90–4.84 (m, 3H), 4.62–4.31 (m, 5H), 3.95–3.59
(m, 6H); 13C NMR (75 MHz, CDCl3) d 161.9, 139.2, 138.0, 137.68, 137.66, 137.0,
132.5, 128.2, 128.1, 127.9, 127.7, 127.6, 127.53, 127.49, 127.47, 120.7, 106.1,
85.3, 80.6, 77.4, 75.4, 74.8, 74.2, 73.1, 68.1. HRMS (ESI) calcd for C39H39NO6Na
[M+Na]+: 640.2670. Found: 640.2661.
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