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In this Note, we describe a new TTF-anthracene dyad fusion
with the crown ether unit. It is interesting to find that the
fluorescence of this new dyad can be modulated with Na+

and C60, and its fluorescence intensity can be largely
enhanced only in the presence of both Na+ and C60. Such
fluorescence modulation behavior mimics the performance
of a two-input “AND” logic gate.

Tetrathiafulvalene (TTF) and its derivatives were originally
studied for the development of electrically conducting materials.1

The unique feature of TTF and its derivatives is that they are
strong electron donors and that they can be reversibly oxidized
and reduced.2 For this reason, D-A molecules and supra-
molecules containing TTF units have been investigated for
studies of molecular level devices such as molecular switches,
molecular shuttles, and even molecular logic circuits.3 Cation
and anion sensors based on TTF derivatives have also been
reported.4 For example, recognition motifs incorporating the TTF
unit into the macrocycles containing a crown ether have been
well documented and such molecules show electrochemical
recognition of various metal cations.4a-d In their cases, in the
presence of metal ions the oxidation potentials of the TTF unit

in such macrocycles are anodically shifted, implying that the
electron donating abilities of the TTF unit are reduced. We have
recently reported a redox fluorescence switch based on the
TTF-anthracene dyad,5 which can react with1O2 to afford
strong chemluminesence and as a result such a TTF-anthra-
cence dyad was found to be a selective probe for1O2.6

Moreover, the photoinduced electron transfer process within the
TTF-anthracene dyad can be modulated by assembly on the
surfaces of gold nanoparticles.7 After incorporation of receptor
units, these TTF-anthracene dyads are capable of sensing sugars
and anions.8

It is well-known that C60 is an electron acceptor. It has been
reported that both intramolecular and intermolecular photo-
induced electron transfer can occur efficiently between C60 and
TTF derivatives.9 Thus, it is possible to tune the intramolecular
photoinduced electron-transfer process between TTF and an
electron acceptor units by addition of C60 to the solution. In
this Note, we want to report a new tetrathiafulvalene dyad fusion
with the crown ether group (dyad1, Scheme 1). It is anticipated
that the fluorescence of dyad1 will be enhanced after addition
of metal ions. But, the results show that the fluorescence only
increases slightly in the presence of Na+. In addition, the
fluorescence of dyad1 can also be slightly enhanced by addition
of C60. However, in the presence of both Na+ and C60 the
fluorescence of dyad1 can be largely enhanced. If C60 and Na+
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are regarded as two input signals, and the fluorescence of dyad
1 as the output signal, such fluorescence modulation of dyad1
mimics the performance of an “AND” logic gate.

Synthesis of dyad1 started from compound3 and compound
4 (Scheme 1), which were prepared according to the previously
reported procedure.10 Coupling of 3 and 4 in the presence of
tri(isopropyl)phosphite led to compound2 in 38% yield.
Deprotection of 2-cyanoethyl groups of2 with the aid of CsOH
and sequentially reaction with 9-(2-bromoethoxyl)anthracene
afforded dyad1 in 85% yield after purification with column
chromatography.

As reported previously for other TTF-anthracene dyads,5,8a

three oxidation waves were detected for1; the first two
reversible ones (E1/2 ) 0.52 and 0.83 V) corresponded to the
oxidation of the TTF unit into the radical cation and dication,
respectively, and the third one (Eox ) 1.15 V) was ascribed to
the irreversible oxidation of anthracene unit. Upon addition of
Na+, the first oxidation peak was anodically shifted. For
example, when 100 equiv of Na+ was added to a 2 mLsolution
of dyad1 (0.1 mM), the first oxidation potential was changed
from 0.55 to 0.58 V (Figure 1). This result is similar to those
of TTF derivatives with crown ether units.4 But no further
oxidation potential change was observed if more than 100 equiv
of Na+ were added. Other metal ions such as Li+, K+, and Zn2+

could not cause the shift of the oxidation potentials of dyad1.
This is likely owing to the size of the crown ether unit of dyad
1.

As expected, dyad1 shows weak fluorescence with a rather
low fluorescence quantum yield of 0.011, due to the photoin-
duced electron transfer between TTF and anthracene units.11

Upon addition of Na+, the fluorescence of dyad1 started to
increase. This can be understood by considering the oxidation
potential shift, i.e., the reduction of the electron donating ability
of dyad1 in the presence of Na+ as discussed above. But the
fluorescence intensity of dyad1 was only slightly enhanced as
shown in Figure 2. The corresponding fluorescence quantum
yield increases to 0.013 after addition of 100 equiv of Na+.
However, further fluorescence enhancement was not observed
after addition of more than 100 equiv of Na+.

With regard to addition of C60 to the solution of dyad1, it
also led to fluorescence enhancement as displayed in Figure 3.
This is likely due to the fact the intermolecular photoinduced
electron transfer between C60 and TTF would impair the
corresponding intramolecular photoinduced electron transfer
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SCHEME 1. The Synthetic Approach to Dyad 1a

a Reagents and conditions: (a)∆, P(OCH(CH3)2)3, 38%. (b) CsOH/
CH3OH, 9-(2-bromoethoxyl)anthracene, THF, rt, 85%.

FIGURE 1. Cyclic voltammograms of dyad1 (0.1 mM) in the absence
and presence of 100 equiv of Na+ in CH2Cl2 (scanning rate 50 mV /s);
platinum wires as working and counter electrodes, Ag/AgCl as reference
electrode,n-Bu4NPF6 (0.05 M) as the supporting electrolyte.

FIGURE 2. Fluorescent spectra of dyad1 (5 mL, 10µM in CH2Cl2)
in the presence of 2 equiv of C60 (4.2 mM in PhCl), 100 equiv of Na+

(77.6 mM in CH3OH), and 2 equiv of C60 + 100 equiv of Na+; the
excitation wavelength is 370 nm.

FIGURE 3. Fluorescent spectra of dyad1 (5 mL, 10µM in CH2Cl2)
in the presence of different amounts of C60 (4.2 mM in PhCl); the
excitation wavelength is 370 nm.
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between TTF and anthracene units, thus leading to fluorescence
enhancement. The corresponding fluorescence quantum yield
increased from 0.011 for the pure solution of dyad1 to 0.019
after addition of 2.0 equiv of C60. But if more than 2.0 equiv of
C60 were added to the solution of dyad1, the fluorescence
intensity of the solution started to decrease. This is likely due
to the competition of energy transfer from the excited anthracene
unit to the C60 since there is spectral overlap between the
fluorescence spectrum of anthracene and the absorption spectrum
of C60.

Interestingly, when both C60 and Na+ were added to the
solution of dyad1, the fluorescence intensity of the solution
was largely enhanced as shown in Figure 2. The fluorescence
quantum yield of the solution of dyad1 containing 100 equiv
of Na+ and 2.0 equiv of C60 was measured to be 0.050, nearly
five times higher than that of the pure solution of dyad1. It
should be noted that the addition sequence of C60 and Na+ did
not affect the final fluorescence spectrum. Therefore, it can be
concluded that the fluorescence of dyad1 can be largely
enhanced only by the combined actions of C60 and Na+ (see
Scheme 2). Accordingly, if C60 and Na+ are viewed as two input
signalsI1 and I2, respectively, and the fluorescence of dyad1
as the output signal (O1), the manner of the fluorescence
variation of dyad1 in the presence of C60/Na+ mimics the
performance of an “AND” logic gate.12

In summary, a new TTF-anthracene dyad fusion with crown
ether was synthesized and characterized. Due to the action of
Na+ with the crown ether unit, the fluorescence intensity of
this new dyad was enhanced in the presence of Na+. On the
other hand, the increase of the fluorescence intensity of this
new dyad was found upon addition of C60, owing to the
intermolecular photoinduced electron transfer between C60 and
the TTF unit. But in either case the fluorescence intensity of
this new dyad was only slightly enhanced. It was interesting to

note that the fluorescence intensity of this new dyad was largely
enhanced in the presence of both Na+ and C60. Such a
fluorescence modulation manner observed for this new dyad
mimics the function of a two-input “AND” logic gate. Incor-
poration of more recognition units into TTF derivatives and
establishment of new logic gates will be addressed in our further
studies.

Experimental Section

Synthesis of Compound 2.A solution of3 (0.36 g, 1.02 mmol)
and4 (0.22 g, 1.1 mmol) in tri(isopropyl)phosphite (10 mL) under
N2 was stirred and warmed to 120°C, and maintained at this
temperature for 5 h; during this time the reaction mixture turned
dark red. After cooling, the tri(isopropyl)phosphite was removed
in a vacuum to afford viscous red oil. After separation by column
chromatography, compound2 was obtained as a yellow oil in 38%
yield (0.2 g): 1H NMR (300 MHz, CDCl3) δ 2.74 (t, 2H), 3.01
(m, 6H), 3.72 (m, 12H), 6.60 (s, 1H);13C NMR (100 MHz, CDCl3)
δ 18.6, 30.6, 35.8, 70.0, 70.7, 71.6, 110.0, 114.0, 117.5, 123.9,
126.2, 128.3. HRMS: Anal. Calcd for C17H21NO3S7 510.9566,
found 510.9574.

Synthesis of Dyad 1.To a solution of compound2 (0.26 g, 0.51
mmol) in anhydrous degassed THF (20 mL) was added a solution
of CsOH‚H2O (0.95 g, 0.56 mmol) in anhydrous degassed methanol
(2 mL) over a period of 5 min. The mixture was stirred for an
additional 30 min during which a solution of 9-(2-bromoethoxy)-
anthracene (0.18 g, 0.61 mmol) in anhydrous degassed THF (20
mL) was added. The solution was stirred overnight. After separation
by column chromatography compound1 was obtained as a yellow
solid in 85% yield (0.3 g): mp 110-112°C; 1H NMR (300 MHz,
CDCl3) δ 2.99 (t, 4H), 3.38 (t, 2H), 3.72 (m, 12H), 4.42 (t, 2H),
6.51 (s, 1H), 7.49 (m, 4H), 7.97 (d, 2H), 8.25 (s, 1H), 8.34 (d,
2H); 13C NMR (100 MHz, CDCl3) δ 35.8, 36.0, 70.0, 70.7, 71.6,
73.5, 114.9, 122.2, 122.7, 123.4, 124.6, 125.5, 125.6, 126.4, 128.3,
128.4, 128.6, 132.3, 150.23. MS (MALDI-TOF) 677.9. Anal. Calcd
for C30H30O4S7: C, 53.07; H, 4.45; S, 33.05. Found: C, 52.60; H,
4.46; S, 32.58.
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SCHEME 2. The Possible Mechanism for the Observed
Fluorescence Enhancement under the Combined Actions of
Na+ and C60

3972 J. Org. Chem., Vol. 71, No. 10, 2006


