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OligoDNA possessing consecutive modified nucleotide
residues bearing silylated pyrene at C-2¤ position was synthe-
sized. The fluorescent oligoDNA exhibited marked excimer
fluorescent signal upon binding to a fully matched comple-
mentary DNA strand, however, the signal was effectively
quenched in the single-stranded form as well as in the
mismatched base pair duplex.

Sensitive and sequence specific detection of certain gene
fragments are key technology for diagnostics and genetic studies.
Fluorescent oligonucleotide probes have been intensively studied
for the past decades as a tool to meet these demands and
substituting conventional radio-labeled probes.1 As a feasible
gene-detecting tool, however, it is highly desirable that the probe
exhibits a specific fluorescent signal only when it binds to the
target oligonucleotide. To avoid false results, the probe should
also have the capability of recognizing uncomplementary
dissimilarities of the target, including single-nucleotide mis-
matches (SNPs). A probe possessing such ability would greatly
simplify the detection process because of the abridgment of
tedious separation and washing steps after the binding of the
probe to the sample to be examined. Meanwhile, a common
fluorescent material pyrene is known to form a characteristic
excimer in an appropriate condition to emit bright fluorescence at
around 460 nm. Several modified oligonucleotide probes utiliz-
ing pyrene to exhibit excimer fluorescence upon hybridization to
their complementary oligonucleotides have been reported.2 On
the other hand, silylated pyrene bearing a modifiable functional
group is a recently developed new derivative of pyrene capable of
introduction into biological molecules such as nucleic acids and
lipids.3,4 The compound exhibits enhanced fluorescent quantum
yield along with a bathochromic shift in absorption and emission,
due to the specific ·­³ interaction.5,6 Thus, the compound is
more advantageous as a fluorescent labeling agent compared to
original pyrene. During the course of our study to investigate the
utilities of silylated pyrene derivatives, we have found that a
modified oligonucleotide having silylated pyrene moieties at
the C-2¤ position of neighboring uridine residues exhibits bright
excimer-based fluorescent signal in the presence of fully
complementary oligoDNA strand.7 The signal was, however,
strongly quenched in the single-stranded form and in the
duplexes having mismatched base pairs.

To synthesize a modified oligonucleotide, we have applied
C2¤-functionalization via a carbamate function8 utilizing 1,1¤-
carbonyldiimidazole (CDI) and a silylated pyrene derivative

bearing primary amine function. The outline of the synthesis of
the key compound, a modified uridine phosphoramidite bearing
silylated pyrene at 2¤-position through carbamate function (9), is
summarized in Scheme 1.

1-Bromopyrene (1) was treated with n-BuLi in dry THF
(¹78 °C) under argon atmosphere followed by the addition of
vinyldimethylsilyl chloride. The mixture was allowed to reach
room temperature to give the corresponding silylated pyrene 2.
The obtained compound 2 was treated with 9-borabicyclo-
[3.3.1]nonane (9-BBN) followed by the mixture of EtOH/H2O2/
NaOH/H2O to give an hydroxyethyl derivative 3. The reaction
of 3 with phthalimide under the presence of diethyl azodicar-
boxylate and triphenylphosphine in dioxane gave the corre-
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Scheme 1. Synthesis of uridine phosphoramidite 9 bearing silylated
pyrene at 2¤-position.
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sponding phthalimide derivative 4 and subsequent reaction of 4
with excess of hydrazine hydrate in EtOH afforded the desirable
dimethylsilylated pyrene derivative bearing a primary amine
function (5). It is worth noting that the fluorescent quantum yield
of silylated pyrene 5 increased to 0.64 from 0.32 of unmodified
pyrene, as it was reported previously.3 This can be attributed to
the Si-associated ·­³ interaction.5,6 Meanwhile, 3¤,5¤-O-(tetra-
isopropyldisiloxane-1,3-diyl)uridine (6) was treated with CDI
in CH2Cl2 and resulting 2¤-O-(imidazol-1-ylcarbonyl)-3¤,5¤-O-
(tetraisopropyldisiloxane-1,3-diyl)uridine (7) was further reacted
with compound 5 without isolation. The obtained compound 8
was subjected to the deprotection of 3¤- and 5¤-hydroxy groups,
dimethoxytritylation of the 5¤-hydroxy group and phosphorami-
dation of the 3¤-hydroxy group to afford silylated pyrene-bearing
uridine phosphoramidite 9.9 Incorporation of compound 9 into
an oligoDNA was accomplished using an automated DNA
synthesizer with a standard protocol with longer coupling period
(360min) compared with usual nucleoside phosphoramidite
derivatives to achieve satisfactory coupling yield (ca. 92%).
After the assembly, the support-bound oligoDNA was treated
with concd ammonium hydroxide (60 °C, 12 h) followed by
reversed-phase HPLC purification. The yield of the fluorescent
oligoDNA bearing modified uridine residue X in two consec-
utive positions in the middle of the sequence (GK-2076) thus
obtained was about 14%.10 The sequence of GK-2076 and its
complementary DNA (ODN-1) along with the partial comple-
mentary strands (ODN-2, -3, and -4) having one-base substitu-
tion at the counter-position of X in GK-2076 are shown in
Scheme 1.

Fluorescent properties of GK-2076 (1.5¯M) were examined
in both a single-stranded form and a double-stranded form in
buffer solution (10mM sodium phosphate containing 100mM
NaCl) using excitation wavelength of 314 nm. Interestingly,
fluorescence of silylated pyrene molecules in GK-2076 is
effectively quenched while the DNA stays as a single-stranded
form. The fluorescent quantum yield of GK-2076 alone was
only about 0.04 under these conditions. In addition, the
fluorescent signal we could observe in this form was mainly a
monomer-state signal around 380 nm and a excimer-state signal
around 480 nm was essentially absent. The excimer-to-monomer
fluorescence intensity ratio,2d Iex/Im, in this form was 0.17.
These are depicted in Figure 1a. The presence of the comple-
mentary DNA (ODN-1) in the solution containing GK-2076,
however, brought about substantial change to the fluorescent
signal. Thus, unlike the analogous-modified probe bearing
unmodified-pyrene molecules at C-2¤ position of neighboring
uridine residues,2c,2d the addition of an equal amount of ODN-1
to GK-2076 at room temperature (20 °C) caused increase of
excimer-state signal within 5min up to about 5 times compared
to that of the single-stranded form (Figure 1a). On the other
hand, the monomer-state fluorescent signal was almost un-
changed (Iex/Im, in this form was 0.68). It should be noted that
these characteristic changes in the fluorescent signal can be
easily recognized by the naked eye as shown in Figure 1b.

We further examined the effect of the one-base substitution
in the complementary strand at the counter-position of X in GK-
2076 to the fluorescent signal. The fluorescent spectrum of the
mixture containing GK-2076 and ODN-2, in which an A-
residue at the middle region of the sequence of ODN-1 was
substituted with G-residue, is also depicted in Figure 1a. As it is

clear from the spectrum, the increment of neither the monomer-
state signal nor the excimer-state signal was observed in the
mixture. The same results were obtained in mixtures containing
other mismatched oligomers (ODN-3 and ODN-4). At this
moment, we could not obtain clear UV-melting curves of the
duplexes examined in the study through usual UV-melting
experiments and, therefore, we could not discuss the detailed
mechanism of the observed characteristic fluorescent properties
of GK-2076. It would be worth noting, however, that the
monomer fluorescence of silylated pyrene is effectively
quenched by thymine residue via photoinduced electron-transfer
mechanism.11 Thus, the current modified oligoDNA can also
nicely discriminate a single-nucleotide substitution in the
complementary DNA stand via its fluorescent signal and would
be a practically feasible probe to detect certain gene fragments in
solution by simple mixing.
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Figure 1. (a) Fluorescent spectra of GK-2076 (black: GK-2076
alone, red: GK-2076 + ODN-1, green: GK-2076 + ODN-2, blue:
GK-2076 + ODN-3, orange: GK-2076 + ODN-4). (b) Fluorescent
signal of GK-2079 alone (left), GK-2076 + ODN-1 (right) with the
concentration of 1.5¯M.
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