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Cationic Conjugated Polyelectrolyte to Fluorescein-Labeled DNA in

Aqueous Media
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Introduction

Water-soluble conjugated polyelectrolytes (CPs) form the
basis of highly sensitive DNA sensors.[1] Recently, we report-
ed fluorescence turn-on assays based on cationic CPs
(CCPs) and fluorescence resonant energy transfer (FRET)
from CPs to chromophore (C*)-labeled probes for strand-
specific detection of DNA and RNA in aqueous media.[2]

Amplification of C* emission by excitation of CCPs, relative

to direct excitation of C*, originates from the light-harvest-
ing properties of the polymer.[1b]

Efficient CCP!C* FRET is a required condition for the
increase of sensitivity.[3] Maximized spectral overlap between
the emission of the CCP and the absorption of C*, improved
registry between transition moments, and shortened distan-
ces between CCP and the signaling C* should provide for
better FRET conditions.[4] A recent report showed that im-
proved energy-transfer efficiencies could be achieved by
using shape-adaptable polymers, which have more confor-
mational freedom and improved registry with analyte shape,
as compared to their linear counterparts.[2f] Efforts have also
been made to tune the conjugated polymer emission to
match different probe chromophores.[2c]

Recent studies involving cationic poly(fluorene–cophenyl-
ACHTUNGTRENNUNGene) derivatives and single-stranded DNA (ssDNA) labeled
with chromophores of different orbital energy levels high-
light the importance of properly matching the donor and ac-
ceptor energy levels to favor FRET.[5] Competition between
FRET and electron-transfer events as a function of the
HOMO and LUMO energies in donor/acceptor pairs has
also been reported for conjugated phenylenevinylene-based
dendrimers, in which acceptor emission is strongly influ-
enced by the solvent.[6]
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Herein, we report the synthesis and characterization of
water-soluble poly ACHTUNGTRENNUNG[9,9-bis ACHTUNGTRENNUNG(6’’-(N,N,N-trimethylammonium)-
hexylfluorene-co-alt-2,5-bis ACHTUNGTRENNUNG(6’-(N,N,N-trimethylammonium)-
hexyloxyphenylene) tetrabromide] (cP1) and an FRET
study with fluorescein (Fl)-labeled single-stranded DNA
(ssDNA-Fl). Fl was chosen as the acceptor because of the
spectral overlap between cP1 emission and Fl absorption,
which meets FRET requirements. Additionally, the orbital
energy levels of cP1 and Fl are arranged so that photoin-
duced electron transfer is a viable process.[5] We show higher
Fl emission and weaker binding strength of the interpoly-
ACHTUNGTRENNUNGelectrolyte complexes in the presence of THF, which leads
to an increase in FRET efficiency, at the expense of the
electron-transfer process. Similar observations were ob-
tained with cP1 and Fl-labeled double-stranded DNA
(dsDNA-Fl). These results indicate that the use of cosolvent
may serve to improve the detection sensitivity for conjugat-
ed polymer-based biosensors and to obtain an insight into
the energetics of the photophysical processes in these self-
assembled systems.

Results and Discussion

As shown in Scheme 1, the synthesis of cP1 involved palladi-
um-mediated Suzuki cross-coupling copolymerization of bis-
ACHTUNGTRENNUNG[9,9’-bis(6’’-bromohexyl)fluorenyl]-4,4,5,5-tetramethyl ACHTUNGTRENNUNG[1.3.2]-
dioxaborolane and 1,4-dibromo-2,5-bis(6-bromohexyloxy)-
benzene to afford the neutral precursor polymer nP1. Subse-
quent quaternization yielded the target structure. The key
intermediate in the polymerization, 2,7-bis ACHTUNGTRENNUNG[9,9’-bis(6’’-bro-
mohexyl)fluorenyl]-4,4,5,5-tetramethyl ACHTUNGTRENNUNG[1.3.2]dioxaborolane,
was synthesized through a simplified new method by heating
a mixture of 2,7-dibromo-9,9’-bis(6’’-bromohexyl)fluorene

and bis(pinacolato)diborane in the presence of KOAc and
dioxane at 80 8C for 12 h. The boronic ester was purified by
chromatography with silica, and the molecular structure was
confirmed by mass spectrometry and NMR spectroscopy.
1,4-Dibromo-2,5-bis(6’-bromohexyloxy)benzene was synthe-
sized in 60% yield by heating a mixture of 2,5-dibromohy-
droquinone and 1,6-dibromohexane in anhydrous acetone
under reflux in the presence of potassium carbonate and
[18]crown-6 for 48 h. Quaternization of the pendant groups
on the backbone by addition of condensed NMe3 provided
the cationic water-soluble polymer (cP1) in nearly quantita-
tive yield. The degree of quaternization was greater than
90%, as calculated from the ratio of the integrated areas of
the signals for CH2CH2X (X=Br, N ACHTUNGTRENNUNG(CH3)3) and CH2CH2N-
ACHTUNGTRENNUNG(CH3)3 in the 1H NMR spectra. The GPC-determined mo-
lecular weight of nP1 (Mn) is about 35000 amu, with a poly-
dispersity index of 1.9 referenced to polystyrene in THF.

Figure 1 shows the absorption and photoluminescence
(PL) spectra of nP1 in THF and cP1 in an aqueous buffer
(25 mM sodium phosphate, pH 7.4) and in a 50:50 (v/v) so-

lution in THF/buffer. The spectral overlap between the
emission of cP1 and the absorption of Fl in buffer is slightly
larger than that in THF/buffer. In THF, nP1 displays an ab-
sorption maximum (labs) at 370 nm and a PL maximum (lPL)
at 410 nm. In buffer, at a concentration of 1K10�6

m (in poly-
mer repeat units, RUs), the absorption of cP1 underwent a
blue shift (labs=363 nm) relative to that of nP1 in THF, and
the PL spectrum slightly broadened, with lPL�415 nm. The
spectrum of cP1 in the THF/buffer mixture is slightly nar-
rower than that in buffer alone and more closely resembles
that of nP1 in THF.

The changes in the optical properties for cP1 in buffer
with varying amounts of THF are shown in Figure 2. The
corresponding PL spectra are shown in the Supporting In-
formation. Addition of THF resulted in a slight red shift in
the emission maximum. The quantum yield (F) of cP1 first
increased gradually upon THF addition, then decreased
when the THF content was higher than 60%. The F value
of cP1 in buffer is (45�5)%,[7] and the highest value, (62�

Scheme 1. Synthesis of water-soluble polymer cP1. Reaction conditions:
a) bis(pinacolato)diborane, [Pd ACHTUNGTRENNUNG(dppf)Cl2], KOAc, dioxane, 80 8C, 12 h,
yield of 1=59%; b) 1,6-dibromohexane, K2CO3, acetone, reflux 48 h,
yield of 2=60%; c) [Pd ACHTUNGTRENNUNG(PPh3)4], K2CO3 (2m), toluene/H2O, 85 8C, 24 h,
yield of nP1=86%; d) THF/H2O, NMe3, yield of cP1=95%.

Figure 1. Normalized absorption (solid line) and PL (dashed line) spectra
of nP1 in THF (diamonds) and cP1 ([RU]=1K10�6

m) in aqueous buffer
(open circles) and in 50:50 (v/v) THF/buffer (triangles). The absorption
of fluorescein is shown by the solid line with filled circles.
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5)%, was observed with a 50:50 (v/v) THF/buffer ratio. In
the following studies, the 50:50 (v/v) THF/buffer mixture
was used. Compared to previous studies, in which a three-
fold increase in emission intensity was observed for a cation-
ic poly ACHTUNGTRENNUNG(fluorene) upon THF addition, the perturbation of
THF on the optical properties of cP1 is less pronounced.[8]

Direct measurement of oxidation and reduction potentials
of cP1 in water was not successful. The HOMO energy level
of cP1 was estimated from the oxidation potential of nP1,
and the energy of the corresponding LUMO level was ob-
tained by taking into consideration the optical bandgap
from the absorption spectra.[9] The oxidation potential onset
for nP1 is 1.05 V versus a standard calomel electrode (SCE).
By taking into account the optical bandgap of 2.85 eV, the
nP1 HOMO and LUMO energies were found to be �5.45
and �2.6 eV, respectively.[10] The HOMO and LUMO
energy levels of nP1 are higher than those of Fl (�5.9 and
�3.6 eV), thus electron transfer from the former to the
latter is energetically favorable.[5]

The FRET efficiency upon excitation of cP1 to ssDNA-Fl
(5’- Fl-ATC TTG ACT ATG TGG GTG CT-3’) acceptor
was examined in buffer in the absence and presence of THF.
Measurements were made at a fixed ssDNA-Fl concentra-
tion (2K10�8

m) and over a range of polymer concentrations
([RU]=0–6K10�7

m). Figure 3a shows the Fl emission from
cP1/ssDNA-Fl in buffer and THF/buffer upon excitation of
cP1 ([RU]=6K10�7

m) at 363 nm. These spectra show con-
siderably more intense Fl emission in the THF/buffer mix-
ture.

PL spectra were also collected upon direct excitation at
490 nm in the absence and presence of cP1 ([RU]=6K
10�7

m) to examine changes in the intrinsic Fl emission. The
results are shown in Figure 3b. Compared to direct excita-
tion of Fl in the absence of cP1, an 80% decrease in fluores-
cence intensity was observed for cP1/ssDNA-Fl in THF/
buffer. The Fl emission was further quenched upon cP1/
ssDNA-Fl complexation in buffer, to the point that it was
difficult to detect by a standard fluorometer. Importantly,
similar emission intensities (F�0.9)[11] were observed for
ssDNA-Fl in both solvents in the absence of cP1. Thus, the
changes in the Fl emission intensity are likely to be associat-

ed with the nature of the cP1/ssDNA-Fl complex rather
than solvent variations.

Complexation of ssDNA-Fl with cP1 led to an increase in
the local ssDNA-Fl concentration, relative to a homogenous
distribution in solution.[5,12] This increased concentration can
under certain circumstances lead to fluorescence self-
quenching.[5,12] One way to minimize fluorescence self-
quenching without changing the structure of the cP1/
ssDNA-Fl polyelectrolyte complex substantially is by “dilut-
ing” ssDNA-Fl with unlabeled ssDNA of an identical nu-
cleotide sequence. We thus monitored the Fl emission upon
complexation with cP1 in ssDNA-Fl/ssDNA mixtures. Meas-
urements were carried out by adding cP1 to solutions that
contain 2K10�8

m ssDNA-Fl in the presence of a total
ssDNA concentration of 1K10�6

m. Figure 4 provides a com-
parison of the Fl emission in cP1/ssDNA-Fl mixtures as a
function of solvent and the concentration of cP1. F0 and F
values correspond to the emission intensities of Fl in the ab-
sence and presence of cP1, respectively, upon direct Fl exci-
tation at 490 nm; the F/F0 ratio thus provides a measure of
fluorescence quenching. Upon direct excitation, the Fl emis-
sion in THF/buffer was higher than that in buffer regardless
of cP1 concentration. At a charge ratio (+ /�) of 1.6, at
which over 85% of ssDNA-Fl was complexed with cP1
(based on a comparison of the Fl emission wavelengths by
direct excitation or by FRET from cP1), the higher emission
intensity in THF/buffer indicates less quenching of Fl emis-
sion in the presence of THF, relative to buffer. Importantly,
a larger amount of cP1 was required to reach maximum Fl

Figure 2. Fluorescence quantum yields (filled circles) and emission
maxima (open circles) of cP1 as a function of THF content in buffer
(25 mm phosphate buffer, pH 7.4).

Figure 3. a) PL spectra of ssDNA-Fl in the presence of cP1 in THF/
buffer (dashed line) and buffer (solid line) upon excitation of cP1 at
363 nm. b) PL spectra of ssDNA-Fl in the presence (solid line) and ab-
sence (dashed line) of cP1 upon direct Fl excitation at 490 nm. Circles=
in THF/buffer, no circles= in buffer.
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quenching in THF/buffer, relative to buffer. This latter ob-
servation suggests that the association between ssDNA-Fl
and cP1 is weaker in the presence of THF, which could
result in an increased donor–acceptor distance.

FRET studies of cP1 and ssDNA-Fl with the Fl “diluted”
within the total DNA content ([ssDNA-Fl]=2K10�8

m,
[ssDNA]=9.8 K10�7

m) are shown in Figure 5. Under these

conditions, fluorescence self-quenching was minimized. A
20-fold enhancement of the Fl emission intensity was ob-
served with a cP1 concentraton of 2K10�6

m in the presence
of THF, relative to direct excitation in the absence of cP1.
Similarly, a twofold signal amplification was also observed
in buffer. When the results in Figure 5 are compared with
those in Figure 3a at the same ssDNA-Fl concentration, the
net effect of dilution is thus an approximately 10-fold in-
crease in Fl emission intensity (upon excitation of cP1),
which highlights the contribution of fluorescence self-
quenching on signal amplification. All in all, Fl emission
upon energy transfer in THF with probe dilution is over
100-fold more intense than that obtained in buffer with the
same concentration of ssDNA-Fl without dilution with
ssDNA.

The average lifetime of cP1 in the presence of ssDNA-Fl
in THF/buffer was calculated to be (40�5) ps, which is
longer than that measured in buffer.[13] This timescale is
near the detection limits of our instrument. The reorienta-
tion time required for biomolecules of similar size as the
cP1/ssDNA-Fl complexes was reported to be in the range of
several nanoseconds.[4,14] Notably, as the lifetime of the ex-
cited state of cP1 is much shorter than the motion of the
complex, it is unlikely that rotational diffusion of the com-
plex in different solvents could lead to changes in the aver-
age orientation factor (k). On the other hand, Fl is attached
to the end of the ss-DNA through a flexible linker, which
can spin and wag up and down freely in the solvent. Owing
to the randomly formed donor–acceptor pairs in solution, it
is unlikely that any changes in orientation for cP1/ssDNA-Fl
in different solvents could cause such a tremendous differ-
ence in the sensing of Fl emission.

The fluorescence decay of acceptor Fl (cP1/ssDNA-Fl) in
buffer and THF/buffer was monitored upon excitation of
cP1 with 390-nm laser pulses. Experiments were conducted
at ssDNA-Fl and cP1 concentrations of 1K10�7 and 5K
10�7

m, respectively. Direct excitation of Fl at 390 nm did not
result in measurable emission; thus, any measured emission
in cP1/ssDNA-Fl solutions is a result of energy transfer. The
fluorescence lifetime at 520 nm of ssDNA-Fl in THF/buffer
was measured to be 3.8 ns, which is very close to the values
reported for Fl attached to protein and ss-DNA (3.8–
4.5 ns).[15] For cP1/ssDNA-Fl in buffer, the lifetime of Fl de-
creased to 3.0 ns. This change in lifetime indicates possible
electron transfer between the polymer and Fl, and the ten-
dency towards more-rapid fluorescence decay in more-polar
solvents agrees well with the previous report.[16] Efforts
made to capture the charge-separated species by using tran-
sient absorption were not successful, primarily because of
the low concentrations of the complexes. Obvious precipita-
tion was observed at high concentrations. The higher Fl
emission upon energy transfer in THF/buffer thus mostly re-
flects the reduced electron transfer.

The FRET efficiency upon excitation of cP1 to dsDNA-Fl
(5’- Fl-ATC TTG ACT ATG TGG GTG CT-3’ hybridized
with its complementary sequence 5’-AGC ACC CAC ATA
GTC AAG AT) was also examined in buffer in the absence
and presence of THF. FRET measurements were carried
out at a fixed dsDNA-Fl concentration (2K10�8

m) and over
a range of polymer concentrations ([RU]=0–6K10�7

m).
Figure 6 compares the Fl emission from cP1/dsDNA-Fl in
buffer and THF/buffer upon excitation of cP1 at 363 nm
upon addition of cP1. Under these experimental conditions,
much stronger Fl emission was observed in the THF/buffer
mixture. Notably, in buffer, maximum Fl emission occurred
at a charge ratio (+ /�) slightly greater than 1, whereas a
larger amount of cP1 (+ /�>2) was required to reach maxi-
mum Fl emission. The latter observation indicates weaker
cP1/ssDNA association in the presence of THF.

The effect of THF on DNA-duplex stability was studied
by monitoring the absorption of dsDNA-Fl (1K10�6

m) at
260 nm in buffer and in buffer/THF (50:50 v/v) as a function

Figure 4. Plot of F/F0 versus cP1 concentration for cP1/ssDNA-Fl+
ssDNA mixtures with a total ssDNA concentration of 1K10�6

m, prepared
by adding cP1 to ssDNA-Fl+ ssDNA in buffer (filled circles) and THF/
buffer (open circles). The excitation wavelength was 490 nm.

Figure 5. PL spectra of ssDNA-Fl in the presence of cP1 in THF/buffer
(solid line) and buffer (dashed line) upon excitation of cP1 at 363 nm.
The PL spectrum upon excitation of Fl at 490 nm in the absence of cP1 is
also shown by the solid line with triangles.
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of temperature. It was found that the melting profile of
dsDNA in THF/buffer was shifted to lower temperatures
relative to that in buffer (see Supporting Information).
Melting temperatures were calculated to be 50 8C (THF/
buffer) and 58 8C (buffer); they were determined by taking
the maximum of the first derivative of a melting transition
measured by the absorption. Both melting curves share simi-
lar shapes, indicating that the DNA molecules were in
duplex format and the organic solvent did not alter the
DNA conformation significantly at room temperature. Simi-
lar observations have been reported previously in a study of
the effect of organic solvents on dsDNA conformation.[17]

Conclusions

In summary, self-quenching and photoinduced electron
transfer together are major mechanisms for the low Fl emis-
sion upon excitation of cP1 in buffer. The improved sensiti-
zation of fluorescence by cP1 observed by addition of THF
is probably due to an increase in the Fl emission yields. We
have identified two effects that may be responsible for these
observations. First, it is well-established that reducing sol-
vent polarity decreases the driving force for electron trans-
fer.[18] By adding THF to the aqueous buffer (50:50 v/v), we
obtained a solvent mixture with a dielectric constant (e) of
about 40 at room temperature,[19] which is considerably
lower than that of the buffer (e=80). Electron transfer
should thus be disfavored. Second, the association between
cP1 and ssDNA-Fl is weaker, as determined by the less-pro-
nounced decrease in F/F0 as a function of cP1 concentration
prior to F/F0 saturation (Figure 4). Less cP1 is needed in
buffer than in THF/buffer to reach maximum quenching.
The weaker binding between cP1 and ssDNA-Fl in THF/
buffer may also lead to conditions whereby electron transfer
is reduced by virtue of the larger separation between opti-
cally active units and the more-acute dependence of elec-
tron-transfer efficiency on donor–acceptor distance, relative
to FRET.[20] Despite mechanistic uncertainties, the sensitivi-
ties of CCP-based sensors that operate by energy transfer to
Fl-labeled bimolecular probes may be considerably im-

proved by the addition of small portions of suitable organic
solvents.

Experimental Section

General Details

1H and 13C NMR spectra were recorded on Varian ASM-100 200 MHz
spectrometers. UV/Vis absorption spectra were recorded on a Shimadzu
UV-2401 PC diode array spectrometer. Fluorescence was measured by
using a PTI (Lawrenceville, NJ) Quantum Master fluorometer equipped
with a xenon-lamp excitation source and a Hamamatsu (Japan) 928 pho-
tomultiplier tube, with 908 angle detection for solution samples. Reagents
were obtained from Aldrich Co. and were used as received.

Quantum yields were measured by using quinine sulfate as the standard,
with a quantum yield of 54.6% in H2SO4 (0.1n). Cyclic voltammetry
data of nP1 were collected in THF with Bu4NPF6 (0.1m) as the electro-
lyte at a scan rate of 100 mVs�. A glassy carbon electrode (1.6-mm diam-
eter) was used as the working electrode, and Pt wire and Ag/AgNO3

were used as the auxiliary and reference electrodes, respectively. For
measurement of FRET efficiency, all the spectra were corrected against
the detector profile to normalize the difference in detector sensitivity at
different wavelengths. At each excitation wavelength, the optical gain
was automatically adjusted by the instrument to normalize the xenon
output at different wavelengths.

Syntheses

1,4-Dibromo-2,5-bis(6-bromohexyloxy)benzene: 2,5-dibromohydroqui-
none (5.4 g, 20 mmol), potassium carbonate (13.8 g, 0.2 mol), [18]crown-6
(50 mg), and 1,6-dibromohexane (36.5 mL, 0.24 mol) were mixed in
200 mL of anhydrous acetone and heated under reflux for 48 h. After the
reaction mixture was cooled to room temperature, acetone and excess
1,6-dibromohexane were removed by vacuum distillation. The residue
was extracted with dichloromethane and washed with 5% sodium hy-
droxide solution followed by water. The organic layer was separated and
dried over magnesium sulfate. After removal of the solvent, the crude
product was recrystallized with a mixture of chloroform and hexane to
afford 1,4-dibromo-2,5-bis(6-bromohexyloxy)benzene (3.6 g, 60%) as
white crystals. 1H NMR (200 MHz, CDCl3): d=7.09 (s, 2H), 3.95 (t, 4H),
3.42 (t, 4H), 1.87–1.82 (m, 8H), 1.55–1.50 ppm (m, 8H); 13C NMR
(50 MHz, CDCl3): d=150.0, 118.5, 111.1, 69.9, 33.8, 32.6, 28.9, 27.8,
25.2 ppm.

Bis ACHTUNGTRENNUNG[9,9’-bis(6’’-bromohexyl)fluorenyl]-4,4,5,5-tetramethyl ACHTUNGTRENNUNG[1.3.2]dioxabo-
ACHTUNGTRENNUNGrolane: 9,9’-Bis(bromohexyl)-2,7-dibromofluorene (6.5 g, 10 mmol), bis-
(pinacolato)diborane (6.0 g, 24 mmol), KOAc (7.0 g, 70 mmol), and diox-
ane (100 mL) were mixed together. After degassing, [Pd ACHTUNGTRENNUNG(dppf)Cl2] (0.5 g;
dppf=1,1’-bis(diphenylphosphanyl)ferrocene) was added. The reaction
mixture was kept at 85 8C overnight, then cooled to room temperature.
The organic solvent was distilled out, and the residual solid was dissolved
in dichloromethane and washed with water. After drying with Na2SO4,
the solvent was distilled out. The crude product was purified by flash
chromatography (hexanes/dichloromethane=2:1) to give a white solid
(4.2 g, 59%). 1H NMR (400 MHz, CDCl3): d=7.83–7.72 (m, 6H), 3.25 (t,
J=6.8 Hz, 4H), 2.03–1.99 (m, J=4.0 Hz, 4H), 1.64–1.57 (m, J=7.2 Hz,
4H), 1.39 (s, 24H), 1.17–1.13 (m, 4H), 1.06–1.02 (m, 4H), 0.58–0.53 ppm
(m, 4H); 13C NMR (100 MHz, CDCl3): d=150.3, 144.1, 134.0, 128.9,
119.7, 84.0, 55.2, 40.1, 34.2, 32.8, 29.2, 27.9, 23.6 ppm; MS (EI): m/z=744
[M]+ .

nP1: 2,7-Bis ACHTUNGTRENNUNG[9,9’-bis(6’’-bromohexyl)fluorenyl]-4,4,5,5-tetramethyl ACHTUNGTRENNUNG[1.3.2]-
dioxaborolane (372 mg, 0.5 mmol), 1,4-dibromo-2,5-bis(6-bromohexyl-
ACHTUNGTRENNUNGoxy)benzene (297 mg, 0.5 mmol), [Pd ACHTUNGTRENNUNG(PPh3)4] (5 mg), tetrabutylammoni-
um bromide (40 mg), and potassium carbonate (828 mg, 6 mmol) were
placed in a 25-mL round-bottomed flask. A mixture of water (3 mL) and
toluene (5 mL) was added to the flask, and the reaction vessel was de-
gassed. The mixture was vigorously stirred at 85 8C for 24 h and then pre-
cipitated into methanol. The polymer was filtered and washed with meth-
anol and acetone, then dried under vacuum for 24 h to afford nP1

Figure 6. Integrated emission intensity of Fl for cP1/dsDNA-Fl in THF/
buffer (open circles) and buffer (filled circles) as a function of cP1 con-
centration. The excitation wavelength was 363 nm.
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(399 mg, 86%) as white fibers. 1H NMR (200 MHz, CDCl3): d=7.85–7.57
(m, 6H), 7.13 (s, 2H), 4.01 (t, 4H), 3.35 (t, 4H), 3.29 (t, 4H), 2.0–0.8 ppm
(m, 36H); 13C NMR (50 MHz, CDCl3): d=150.4, 150.1, 139.9, 137.1,
131.3, 128.1, 124.4, 119.5, 116.9, 69.6, 54.9, 40.5, 33.9, 33.8, 32.7, 29.3, 27.8,
23.9 ppm.

cP1: Condensed trimethylamine (2 mL) was added dropwise to a solution
of nP1 (50 mg) in THF (10 mL) at �78 8C. The mixture was allowed to
warm to room temperature. The precipitate was redissolved by the addi-
tion of water (10 mL). After the mixture was cooled to �78 8C, more tri-
methylamine (2 mL) was added, and the mixture was stirred for 24 h at
room temperature. After removal of the solvent, acetone was added to
precipitate cP1 (55 mg, 95%) as a white powder. 1H NMR (200 MHz,
CD3OD): d=7.91–7.67 (m, 6H), 7.20 (s, 2H), 4.13 (br, 4H), 3.40 (br,
8H), 3.18 (s, 18H), 3.10 (s, 18H), 2.0–0.8 ppm (m, 36H); 13C NMR
(50 MHz, CD3OD): d=152.0, 151.6, 141.5, 138.9, 132.6, 129.8, 125.6,
120.7, 117.7, 70.8, 67.8, 50.4, 30.6, 25.2, 24.2, 24.0 ppm.

The double-stranded DNA (5’- Fl-ATC TTG ACT ATG TGG GTG CT-
3’ together with its complementary sequence 5’-AGC ACC CAC ATA
GTC AAG AT) was obtained by annealing mixtures of the complemen-
tary strands in phosphate buffer solution (50 mm) at 70 8C for 20 min and
then slowly cooling to room temperature. Melting curves of dsDNA-Fl
were monitored in both phosphate buffer (25 mm) as well as in buffer/
THF mixtures, from 20 to 75 8C (buffer) or from 20 to 65 8C (THF/
buffer) with increments of 1 8Cmin�1. Melting temperatures were deter-
mined form the corresponding melting curves.
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