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Abstract—The design of probes for monitoring various structures and dynamics of DNA and its surroundings is an important step in under-
standing biological events accompanying interbiomolecular interaction. We have developed novel fluorescent nucleosides in which the uracil
base and the fluorophore are tethered by rigid linkers. They show unique absorption and fluorescence emission spectra. Nucleoside 2 is a fluo-
rophore with high CT character and the fluorescence is very sensitive to solvent polarity. Nucleoside 3 shows absorption and emission maxima
with longer wavelength due to extension of the DAN-conjugate system. These fluorophore–deoxyuridine conjugates with unique fluorescence
properties would work as reporter probes sensitive to the change in microenvironment around specific sites of DNA.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

The development of photodevices for monitoring microenvi-
ronmental change around nucleic acids is a very important
research target for understanding biological events accom-
panying interbiomolecular interactions such as replication,
transcription, expression activation, and inactivation.1 In
particular, monitoring the change of local microenviron-
ments such as dielectric properties in DNA and its binding
proteins is highly important for understanding interbio-
molecular interactions. A high-level calculation of the local
dielectric environment of DNA strongly suggests that the
inside of DNA grooves exhibits a much lower dielectric con-
stant compared with that of water.2 An ideal probe for
monitoring various structures and dynamics of DNA and
its surroundings should be sensitive to its local microenviron-
ments and should be incorporated site-specifically through-
out any DNA sequence of interest.

Therefore, we need to develop a reporter device with high
sensitivity to the dielectric environment, and connect it
to the target sequences of nucleic acids. For example, an arti-
ficial nucleobase with strong fluorescence, 2-aminopurine,
is often used as a reporter for monitoring DNA conforma-
tional transition.3 Benzopyridopyrimidine derivatives4 and
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benzodeazapurine derivatives5 show strong fluorescence
emission only when they form a base pair with a target
base. Fluorescent nucleobases in which the chromophores
are directly linked with riboses, such as pyrene riboside,6

coumarin riboside,7 and Nile red riboside,8 have also been
developed. The nucleosides labeled with pyrenecarboxy-
amide, which show higher fluorescence intensity with higher
polarity,9 were applied to the sequence-selective typing
of the complementary sequences.10 The function of these
fluorophores will be useful for the typing of single-nucleo-
tide polymorphisms. 6-Dimethylamino-2-acylnaphthalene
(DAN) is also a promising reporter device for the monitoring
of dielectric change that has been extensively employed as
a fluorescence probe for studying the microenvironments
of various chemical and biological systems.11 Nucleosides
labeled with DAN have also been developed. Using DAN-
labeled DNA probes, the dielectric constants of the micro-
environment around the grooves of DNA duplexes were
measured,12 and we have estimated the dielectric constant
around DNA polymerase-binding DNA using a DNA probe
containing DAN–nucleoside conjugate 1 (Fig. 1).13

Fixation of the location of the fluorophore against DNA is
one of the very important points of molecular design for mon-
itoring the local environment around DNA. If we use a flexi-
ble linker between the fluorophore and DNA, data on the
microenvironment obtained from fluorescence would be
very ambiguous. Thus, we should design fluorophore–DNA
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Figure 1. Novel fluorophore–deoxyuridine conjugates.
conjugates using rigid linkers for analyzing local micro-
environmental changes around DNA.

In this paper, the synthesis and fluorescence properties of
new DAN–deoxyuridine conjugates are reported. We de-
signed DAN–deoxyuridine conjugates in which chromo-
phores and 20-deoxyuridine were covalently linked by rigid
linkers. These nucleosides were synthesized efficiently via
the palladium-mediated coupling of 5-iodo-20-deoxyuridine
and chromophores. Their fluorescence emission wavelength
changed sensitively depending on solvent polarity.

2. Results and discussion

DAN–deoxyuridine conjugates 2 and 3 have been designed
(Fig. 1). Compound 2 is a conjugate in which dimethyl-
aminonaphthalene and uracil base are directly tethered.
The synthesis of 2 started with 2-dimethylamino-6-bromo-
naphthalene (4) (Scheme 1).14 We converted 4 into the
borate ester 5 (89%) and then 5 was coupled with 50-pro-
tected 5-iodo-20-deoxyuridine by a Suzuki coupling to give
6 (75%). Finally, acid hydrolysis of 6 provided the fluores-
cent nucleoside 2 (84%).

For the synthesis of 3, 6-dimethylaminonaphthalene-2-carb-
oxaldehyde (7) was used as the starting material (Scheme 2).
Addition of trimethylsilyl acetylene to 7 efficiently gave 8
(88%). After deprotection of the acetylene (89%), 9 was cou-
pled with 30,50-protected 5-iodo-20-deoxyuridine4a through
a Sonogashira coupling to give 10 (92%). The alcohol
of the linker was oxidized to ketone 11 (57%), and then
desilylation by TBAF provided the DAN-tethered nucleo-
side 3 (68%).

The absorption spectra of synthetic nucleosides 2 and 3 in
ethyl acetate are shown with that of 1 in Figure 2. Their
photophysical data are also summarized in Table 1. The
absorption maxima for nucleosides 1, 2, and 3 were observed
at 320, 330, and 410 nm, respectively. The absorption
wavelength of 1 was much shorter than that reported for
PRODAN, which is a representative DAN derivative and
has absorption maxima at 342–370 nm.11a,15 The large
blue shift observed for 1 suggests that the conjugation be-
tween a naphthalene ring and a carbonyl group is weakened
by the formation of an amide group. On the other hand, the
absorption maximum wavelength of 2 was still shorter than
that of PRODAN, but much longer than that observed for
2-dimethylaminonaphthalene (310 nm).16 The red shift and
signal broadening of the spectrum mean that the naphthalene
ring conjugates well with the uracil base. Nucleoside 3 com-
prises the dimethylaminonaphthalene unit linked via a pro-
pynoyl group. The absorption spectrum of this nucleoside
showed a broad signal at a wavelength above 400 nm, which
is much longer than that observed for PRODAN.17

We next investigated the fluorescence properties of DAN–
deoxyuridine conjugates. The nucleoside 1 showed a solvato-
fluorochromic character.13 The emission maximum shifted
from 406 nm for dioxane to 433 nm for dimethylsulfoxide
Scheme 1. Synthesis of a fluorescent nucleoside 2.
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Scheme 2. Synthesis of a fluorescent nucleoside 3.
Figure 2. Absorption spectra of fluorescent nucleosides, 1–3. The spectra
were measured at 25 �C using 1 mM solution in ethyl acetate.

Table 1. Photophysical data of fluorescent nucleosides, 1–3a

Nucleosides Solvents lab.max

(nm)
3 lem.max

(nm)
F

b ET

(kJ mol�1)c

1 Dioxane 325 1580 406 0.257 36
EtOAc 325 2090 415 0.208 38
CH2Cl2 332 1420 421 0.126 41
DMSO 332 1640 433 0.124 45

2 Dioxane 333 1640 461 0.115 36
EtOAc 331 1630 478 0.067 38
CH2Cl2 341 1150 507 0.032 41
CH3CN 325 1540 527 0.003 46

3 EtOAc 405 1660 530 0.033 38
CH2Cl2 410 2110 532 0.041 41
DMSO 426 2010 535 0.136 45
CH3CN 411 1780 541 0.010 46

a A solution of 1 mM nucleoside in each solvent was measured at 25 �C.
b Quantum yields were calculated according to Ref. 20.
c See Ref. 19.
(Table 1). Nucleoside 2 exhibited a higher solvatofluoro-
chromicity (Fig. 3). The emission wavelength of the fluo-
rescence spectra changed significantly depending on the
solvent polarity. The fluorescence quantum yields markedly
decreased with increase in solvent polarity. The fluorescence
in acetonitrile was faint (F¼0.003). These properties indi-
cate that 2 has a strong CT character. The conjugation be-
tween the dimethylaminonaphthalene as an electron donor
and the uracil base as an electron acceptor18 plays an impor-
tant role in the large dipole change during excitation. In con-
trast, the solvatofluorochromism observed for nucleoside 3
was very small (Fig. 4). The excitation and emission spectra
showed some dependence on solvent polarity, but the shift
of spectra was not so large compared with those of 1 and
2. The fluorescence emission maximum wavelength of 3
was longest among three DAN–deoxyuridine conjugates.
The conjugation with a propynoyl group strongly affects
the large red shift of the emission maxima and the decrease
in sensitivity to solvents.

Figure 3. Fluorescence excitation and emission spectra of 2. All spectra
were measured at 25 �C using 1 mM solution in ethyl acetate. Emission
spectra were measured with excitation at lex.max in each solvent. Excitation
spectra were measured for lem.max in each solvent. (i) Dioxane (blue), (ii)
ethyl acetate (green), (iii) dichloromethane (purple), (iv) acetonitrile (red).
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The relationship between solvent polarity and emission
wavelength of DAN–deoxyuridine conjugates was analyzed.
The emission maxima in various solvents were plotted ver-
sus the solvent ET(30) values, a solvent polarity parameter,19

based on the data summarized in Table 1 (Fig. 5). The
change of the emission wavelength of the DAN–deoxyuri-
dine conjugates was proportional to the solvent polarity, in-
dicating their potential use as CT fluorescent probes. Among
the three DAN–deoxyuridine conjugates, 2 showed the larg-
est slope, revealing that 2 has the highest CT property, i.e.,
the fluorescence from 2 is most sensitive to solvent polarity.

3. Conclusion

We have developed novel fluorescent nucleosides 2 and 3,
in which the uracil base and the fluorophore are tethered
by rigid linkers. They showed unique absorption and

Figure 4. Fluorescence excitation and emission spectra of 3. All spectra
were measured at 25 �C using 1 mM solution in ethyl acetate. Emission
spectra were measured with excitation at lex.max in each solvent. Excitation
spectra were measured for lem.max in each solvent. (i) Ethyl acetate (green),
(ii) dichloromethane (brown), (iii) dimethylsulfoxide (blue), (iv) aceto-
nitrile (red).

Figure 5. Plot of emission maxima of fluorescent nucleosides, 1–3, as
a function of ET(30) at 25 �C.
fluorescence emission spectra. Nucleoside 2 is a fluorophore
with high CT character, and the fluorescence was very sen-
sitive to solvent polarity. Nucleoside 2 may be ineffective
for micropolarity analysis in polar environments, because
the fluorescence quantum yields are not large in polar sol-
vents. However, the large emission shifts might make 2
a very effective probe for the analysis of relatively non-polar
regions. Nucleoside 3 showed absorption and emission
maxima at longer wavelength due to extension of the DAN-
conjugate system. Although 3 may not be suitable for micro-
environment analysis using the spectrum shift because the
solvatofluorochromicity of 3 is small, it can be expected to
work as a fluorophore with long wavelength in which the
fluorescence intensity changes according to the change in
micropolarity. These fluorescent nucleosides might be useful
as probes sensitive to changes in the microenvironment
around specific sites of DNA upon incorporation.

4. Experimental

4.1. General

1H NMR spectra were measured with Varian Mercury 400
(400 MHz) spectrometer. 13C NMR spectra were measured
with JEOL JNM a-500 (125 MHz) spectrometer. Coupling
constants (J value) are reported in Hertz. The chemical shifts
are expressed in ppm downfield from tetramethylsilane,
using residual chloroform (d¼7.24 in 1H NMR, d¼77.0
in 13C NMR), methanol (d¼3.30 in 1H NMR, d¼49.1 in
13C NMR), and DMSO (d¼2.49 in 1H NMR, d¼39.5 in
13C NMR) as internal standards. FAB mass spectra were
recorded on JEOL JMS DX-300 spectrometer or JEOL
JMS SX-102A spectrometer.

4.2. Synthesis of 5-(6-dimethylamino-2-naphthyl)-
20-deoxyuridine (2)

4.2.1. 6-Dimethylamino-2-naphthaleneboronic acid,
pinacol ester (5). To a solution of 4 (125 mg, 0.50 mmol)
in THF (2 mL) was slowly added 1.6 M n-BuLi (343 mL,
0.55 mmol) at �78 �C under nitrogen. After the mixture
was stirred for 30 min, triisopropylborate (0.23 mL,
1.00 mmol) was added to the solution at �78 �C. The reac-
tion mixture was stirred at 0 �C for 15 min. To the resulting
pale yellow solution was slowly added a solution of pinacol
(236 mg, 2.00 mmol) in diethyl ether (5 mL) and 5% aq
HCl (5 mL). After being stirred for 2 h at 40 �C, the mixture
was extracted with ether and dried over MgSO4. The crude
product was purified by silica gel chromatography (hex-
ane–ethyl acetate¼25:1) to yield 5 (132 mg, 0.45 mmol,
89%) as a purple solid; 1H NMR (CDCl3) d 8.21 (s, 1H),
7.74 (d, 1H, J¼8.8 Hz), 7.72 (d, 1H, J¼7.5 Hz), 7.62 (d,
1H, J¼8.4 Hz), 7.13 (dd, 1H, J¼2.0, 9.2 Hz), 6.88 (s, 1H),
3.07 (s, 6H), 1.37 (s, 12H); MS (FAB) m/z 297 [M+];
HRMS (FAB) calcd for C18H24O2NB [M+] 297.1900, found
297.1901.

4.2.2. 5-(6-Dimethylamino-2-naphthyl)-50O-dimethoxy-
trityl-20-deoxyuridine (6). To a solution of 5 (119 mg,
0.40 mmol), dimethoxytrityl-protected 5-iodo-20-deoxy-
uridine (263 mg, 0.40 mmol), and tetrakis(triphenylphos-
phine)palladium(0) (46 mg, 10 mol %) in toluene (10 mL)
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was added 1 N NaOH (5 mL) under nitrogen. The mixture
was refluxed for 12 h. The resulting solution was neutralized
with 5% aq HCl and extracted with ethyl acetate. The
organic layer was washed with brine, dried over Na2SO4,
filtered, and evaporated under reduced pressure. The crude
product was purified by silica gel chromatography (chloro-
form–methanol¼40:1) to yield 6 (211 mg, 0.30 mmol,
75%) as a pale yellow solid; 1H NMR (CDCl3) d 9.00 (br s,
1H), 7.76 (s, 1H), 7.63 (s, 1H), 7.41 (d, 1H, J¼8.6 Hz),
7.35–7.34 (m, 2H), 7.28 (d, 1H, J¼1.6 Hz), 7.24 (d, 1H,
J¼9.2 Hz), 7.19–7.12 (m, 7H), 7.00 (dd, 1H, J¼2.4,
9.0 Hz), 6.80 (d, 1H, J¼2.4 Hz), 6.61–6.58 (m, 4H), 6.42
(dd, 1H, J¼5.7, 7.5 Hz), 4.52–4.49 (m, 1H), 4.12–4.10 (m,
1H), 3.62 (s, 6H), 3.38 (dd, 1H, J¼3.5, 10.4 Hz), 3.30 (dd,
1H, J¼3.7, 10.4 Hz), 3.02 (s, 6H), 2.54 (ddd, 1H, J¼2.4,
5.5, 13.5 Hz), 2.36–2.29 (m, 1H); MS (FAB) m/z 699
[M+]; HRMS (FAB) calcd for C42H41O7N3 [M+] 699.2945,
found 699.2975.

4.2.3. 5-(6-Dimethylamino-2-naphthyl)-20-deoxyuridine
(2). To a solution of 6 (70 mg, 0.10 mmol) in dichlorome-
thane (1 mL) was added 3% trichloroacetic acid in dichloro-
methane (2 mL) and the mixture was stirred for 30 min at
room temperature. The resulting mixture was evaporated
and purified by silica gel chromatography (chloroform–
methanol¼10:1) to yield 2 (33 mg, 0.08 mmol, 84%) as a
yellow solid; 1H NMR (CD3OD) d 8.29 (s, 1H), 7.76 (d,
1H, J¼1.5 Hz), 7.70 (d, 1H, J¼9.2 Hz), 7.63 (d, 1H,
J¼8.5 Hz), 7.50 (dd, 1H, J¼1.8, 8.9 Hz), 7.20 (dd, 1H, J¼
2.4, 8.9 Hz), 6.94 (d, 1H, J¼2.4 Hz), 6.37 (t, 1H,
J¼6.7 Hz), 4.45 (dd, 1H, J¼5.2, 8.5 Hz), 3.95 (dd, 1H,
J¼3.1, 6.4 Hz), 3.82 (dd, 1H, J¼3.1, 12.2 Hz), 3.73 (dd,
1H, J¼3.4, 11.9 Hz), 3.02 (s, 6H), 2.54 (dd, 2H, J¼5.2,
6.7 Hz); MS (FAB) m/z 397 [M+]; HRMS (FAB) calcd for
C21H23O5N3 [M+] 397.1638, found 397.1627.

4.3. Synthesis of 5-[3-(6-dimethylamino-2-naphthyl)-3-
oxo-2-propynyl]-20-deoxyuridine (3)

4.3.1. 6-Dimethylamino-2-(3-trimethylsilyl-1-hydroxy-2-
propynyl)naphthalene (8). To a solution of trimethylsilyl
acetylene (0.242 mL, 1.71 mmol) in THF (2 mL) was added
1.6 M n-BuLi (1.03 mL, 1.65 mmol) at �78 �C under
nitrogen. The mixture was stirred at room temperature for
30 min. To the reaction mixture was added 7 (273 mg,
1.37 mmol) in THF (3 mL) at �78 �C, and stirred at 0 �C
for 30 min. After the reaction was quenched with aq
NH4Cl at 0 �C, the mixture was evaporated under reduced
pressure and extracted with ethyl acetate. The organic layer
was washed with brine, dried over Na2SO4, filtered, and
evaporated under reduced pressure. The crude product was
purified by silica gel chromatography (hexane–ethyl
acetate¼20–8:1) to yield 8 (341 mg, 1.15 mmol, 88%) as a
yellow solid; 1H NMR (CDCl3) d 7.80 (s, 1H), 7.69–7.64
(m, 2H), 7.52 (dd, 1H, J¼1.7, 8.5 Hz), 6.91 (s, 1H), 3.03
(s, 6H), 2.33 (br s, 1H), 0.21 (s, 9H); 13C NMR (CDCl3)
d 148.9, 134.8, 133.9, 129.0, 126.8, 125.4, 125.1, 116.6,
106.4, 105.3, 91.4, 65.3, 40.9, �0.1; MS (FAB) m/z 297
[M+]; HRMS (FAB) calcd for C18H23ONSi [M+] 297.1549,
found 297.1550.

4.3.2. 6-Dimethylamino-2-(1-hydroxy-2-propynyl)naph-
thalene (9). To a solution of 8 (1.33 g, 4.47 mmol) in
methanol (50 mL) was added sodium methoxide (241 mg,
4.47 mmol) under nitrogen, and the reaction mixture was
stirred at room temperature for 1 h. The resulting mixture
was neutralized with 1 M HCl and extracted with ethyl ace-
tate. The organic layer was washed with brine, dried over
Na2SO4, filtered, and evaporated under reduced pressure.
The crude product was purified by silica gel chromatography
(hexane–ethyl acetate¼10–1:1) to yield 9 (890 mg,
3.96 mmol, 89%) as a yellow solid; 1H NMR (CDCl3)
d 7.84 (s, 1H), 7.73–7.67 (m, 2H), 7.54 (dd, 1H, J¼1.7,
8.5 Hz), 7.18 (dd, 1H, J¼2.5, 9.1 Hz), 6.92 (s, 1H), 5.57
(s, 1H), 3.06 (s, 6H), 2.71 (d, 1H, J¼2.2 Hz), 2.25 (br s,
1H); 13C NMR (CDCl3) d 149.0, 134.9, 133.5, 129.0,
126.9, 126.3, 125.3, 124.9, 116.7, 106.3, 83.9, 74.6, 64.7,
40.8; MS (FAB) m/z 225 [M+]; HRMS (FAB) calcd for
C15H15ON [M+] 225.1154, found 225.1150.

4.3.3. 5-[3-(6-Dimethylamino-2-naphthyl)-3-hydroxy-2-
propynyl]-30O,50O-bis(tert-butyldimethylsilyl)-20-deoxy-
uridine (10). To a solution of tert-butyldimethylsilyl-pro-
tected 5-iodo-20-deoxyuridine (367 mg, 0.630 mmol), tetra-
kis(triphenylphosphine)palladium(0) (133 mg, 0.115 mmol,
20 mol %), and copper(I) iodide (44 mg, 0.23 mmol,
40 mol %) in DMF (0.5 mL) were added 9 in DMF
(278 mg, 1.15 mmol in 3.5 mL) and triethylamine (0.165 mL,
1.15 mmol) under nitrogen. The mixture was stirred at
room temperature for 1 h. The resulting mixture was evapo-
rated in vacuo and diluted with ethyl acetate. The solution
was washed with saturated EDTA solution and 5% sodium
bisulfite solution, dried over Na2SO4, filtered, and evapo-
rated under reduced pressure. The crude product was puri-
fied by silica gel column chromatography (toluene–ethyl
acetate¼4:1) to yield a diastereomeric mixture of 10
(393 mg, 0.58 mmol, 92%) as a yellow solid; 1H NMR
(CDCl3) d 8.59 (br s, 1H), 7.98 (d, 1H, J¼3.3 Hz), 7.88 (s,
1H), 7.71 (d, 1H, J¼9.0 Hz), 7.64 (d, 1H, J¼
9.6 Hz), 7.56 (dd, 1H, J¼1.6, 8.5 Hz), 7.15 (dd, 1H, J¼2.5,
9.1 Hz), 6.90 (d, 1H, J¼2.0 Hz), 6.27 (dd, 1H, J¼5.8,
7.6 Hz), 5.73 (s, 1H), 4.39–4.37 (m, 1H), 3.97–3.96 (m,
1H), 3.85 (ddd, 1H, J¼2.6, 5.4, 11.4 Hz), 3.74–3.71 (m,
1H), 3.04 (s, 6H), 2.69 (br s, 1H), 2.30 (ddd, 1H, J¼2.5,
5.8, 13.1 Hz), 2.04–1.96 (m, 1H), 0.89–0.83 (m, 18H),
0.08–0.02 (m, 12H); 13C NMR (CDCl3) d 161.2, 149.0,
142.5, 134.9, 133.7, 129.1, 126.8, 126.42, 126.43, 125.52,
125.46, 125.12, 125.07, 116.6, 106.3, 99.6, 94.2, 88.4,
85.91, 85.88, 77.6, 77.5, 72.4, 65.3, 63.0, 42.0, 40.8, 25.9,
25.7, 18.3, 18.0, �4.8, �4.7, �5.4, �5.6; MS (FAB) m/z
679 [M+]; HRMS (FAB) calcd for C36H53O6N3Si2 [M+]
679.3473, found 679.3475.

4.3.4. 5-[3-(6-Dimethylamino-2-naphthyl)-3-oxo-2-
propynyl]-30O,50O-bis(tert-butyldimethylsilyl)-20-deoxy-
uridine (11). To a solution of 10 (138 mg, 0.20 mmol) in
dichloromethane (8 mL) was added activated manganese di-
oxide (878 mg, 10.1 mmol) under nitrogen. The mixture was
vigorously stirred at room temperature for 12 h. To the
resulting mixture were added diethyl ether (16 mL) and
Florisil (150–250 mm, 60–100 mesh, 140 mg). The suspen-
sion was stirred at room temperature for 15 min, filtered
through Celite, and extracted with chloroform. The organic
layer was washed with brine, dried over Na2SO4, filtered,
and evaporated reduced pressure. The crude product was
purified by silica gel column chromatography (hexane–ethyl
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acetate¼3–2:1) to yield 11 (78 mg, 0.12 mmol, 57%) as an
orange solid; 1H NMR (CDCl3) d 8.82 (d, 1H, J¼8.4 Hz),
8.52 (br s, 1H), 8.36 (s, 1H), 8.09 (dd, 1H, J¼1.7, 8.7 Hz),
7.89 (d, 1H, J¼9.2 Hz), 7.62 (d, 1H, J¼8.8 Hz), 7.13 (dd,
1H, J¼2.5, 9.1 Hz), 6.85 (d, 1H, J¼2.4 Hz), 6.30 (dd, 1H,
J¼6.0, 7.2 Hz), 4.44–4.43 (m, 1H), 4.05–4.04 (m, 1H),
3.92 (dd, 1H, J¼2.7, 11.4 Hz), 3.79 (dd, 1H, J¼2.3,
11.4 Hz), 3.10 (s, 6H), 2.41 (ddd, 1H, J¼2.7, 5.9,
13.2 Hz), 2.11–2.05 (m, 1H), 0.99–0.85 (m, 18H), 0.24–
0.07 (m, 12H); MS (FAB) m/z 678 [M+]; HRMS (FAB) calcd
for C36H51O6N3Si2 [M+] 677.3316, found 677.3320.

4.3.5. 5-[3-(6-Dimethylamino-2-naphthyl)-3-oxo-2-pro-
pynyl]-20-deoxyuridine (3). To a solution of 11 (35 mg,
0.05 mmol) in THF (0.5 mL) was added 1 M solution of
TBAF (0.1 mL, 0.1 mmol) and the mixture was stirred at
room temperature for 12 h. The mixture was evaporated
under reduced pressure. The crude product was purified by
silica gel column chromatography (chloroform–methanol¼
20:1) to yield 3 (16 mg, 0.04 mmol, 68%) as an orange solid;
1H NMR (DMSO-d6) d 11.9 (br s, 1H), 8.75 (s, 1H), 8.73 (s,
1H), 7.96–7.91 (m, 2H), 7.71 (d, 1H, J¼8.8 Hz), 7.31 (dd,
1H, J¼2.3, 9.1 Hz), 6.98 (d, 1H, J¼2.2 Hz), 6.12 (t, 1H,
J¼6.2 Hz), 5.29–5.25 (m, 2H), 4.29–4.28 (m, 1H), 3.85–
3.84 (m, 1H), 3.75–3.70 (m, 1H), 3.66–3.61 (m, 1H), 3.09
(s, 6H), 2.29–2.17 (m, 1H); 13C NMR (DMSO-d6) d 175.6,
161.7, 150.6, 149.3, 148.1, 137.9, 132.8, 131.0, 129.9,
126.1, 124.3, 123.8, 116.6, 104.7, 95.2, 91.3, 87.8, 87.4,
85.5, 69.5, 60.6, 40.4, 39.8; MS (FAB) m/z 450 [(M+H)+];
HRMS (FAB) calcd for C24H24O6N3 [(M+H)+] 450.1665,
found 450.1665.
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