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Three organoboron compounds are shown to be two-photon fluorescent sensors for fluoride anion with high sensitivity and selectivity. The
recognition mechanism is attributed to the unique steric structure of the bulky dimesitylboryl group and the Lewis acid —base interaction
between trivalent boron atom and fluoride anion.

Chemosensors that convert molecular recognition into highly approaches. To the best of our knowledge, the output signals
sensitive and easily detected signals have been activelyof these fluoride sensors are limited to the change of single-
investigated in recent years. Since the fluoride anion is highly photon related absorption or emission properties.

relevant to health and environmental isstiadarge number Recently, two-photon laser scanning microscopy has been
of synthetic chemosensors have been designed for thisgreatly developed in combination with suitable two-photon
important analyte. Among them, either the specific Lewis chemosensors to image the distribution of ions in cellular
acid—base interaction, such as the strong afflnlty of a boron processes with deeper penetration and h|gher 3-D 5patia|

atom toward fluoride io; or designed hydrogen bonding,
such as urea with fluoride ichyere adopted as efficient
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Up to now, only a few two-photon chemosensors have beenchange from green-yellow to colorless in ambient light, as
found in the literature. They are crown ether derivatives shown in Figure 2a, can be observed by the naked eye.
which are responsive to metal idnand quadrupolar dyes

which are responsive to pHHowever, the sensitivity and || N NI

selectivity achieved are far from what is expected.

Many three-coordinate organoboron compounds have beer
investigated for their potential applications in optoelectronics  {a)
during the past dacad&slarder et aP and our grouff have
recently reported the remarkable two-photon excited fluo-
rescence (TPEF) properties of some three-coordinated boror
compounds, in which the dimesitylboryl group were adapted
as electron acceptors. In this paper, we extended our results
to use the boranels-3%° (Figure 1) as the two-photon excited
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Q Q Figure 2. (Top) Color change (a) and fluorescence emission (b)

response ofl in THF (10 xM) on addition of 2 equiv of TBAF.

7\ 7\ Left to right: 1, 1F, the emission ofl and 1F (irradiated at 365
B/Q_\_O_/_Q\B nm). (Bottom) Changes in UV—vis absorption (c) and emission

\@/ " \@/ spectra (d) ofl (10 uM) at 20 °C in THF upon the addition of

2.0—20.0uM of TBAF.
Figure 1. Molecular structures of compounds-3.

Notably, upon complexation withf-the characteristic strong
absorption band dof at 400 nm completely disappeared, and
a new band centered at 370 nm arose (Figure 2c). That is, a
greater than 30 nMna{abs) blue-shift occurred with this
anion-binding event. The binding constar) (of 1 for
fluoride ion was determined from the absorption-titration
curves to be 2.3(0.3x 1®* Mt at 20°C in THF, which
is comparable to those of compounds previously repdrted.
As shown in Figure 2d, the single-photon excited fluo-
rescence (SPEF) emission spectra afso displayed obvious
changes when fluoride ion was added. The strong emission
band of 1 at 520 nm progressively decreased, and a new
emission band centered at 411 nm increased. A blue-shift
of Amax(SPEF) of more than 110 nm occurred with the anion-
binding event. Furthermore, for bofhand its borate F an
intense fluorescence with quantum yield over 0.80 was
identified. This means thdt can serve as a good sensor for
_ fluoride ion applied to the “fluorescent ratiometric method”,
Table 1. Photophysical Properties -3 in THF? which may increase the sensitivity by measuring the ratio
changes of the fluorescence intensities at two different
wavelengthg?

fluorescent sensors for fluoride anion. In the presence of
fluoride ion, the strong BF interaction will interrupt the
extendedr-conjugation, thereby causing a dramatic change
in the photophysical properties, including TPEF of the
compoundsl—3.

In our present experiments;BusNF (TBAF) as a fluoride
source was gradually added to a THF solution of each borane.
The complexation abilities of—3 with fluoride ion were
investigated by the UV—vis absorption and fluorescence
techniques. Herg,F, 2F, and3F represent the corresponding
borates ofl, 2, and3, respectively. The changes of their
photophysical properties are summarized in Table 1. When
TBAF was added to the THF solution df an apparent color

Aabs/! nm? €/10% AspEr/nme¢ ArPER/NM o/GM¢4

1 402 4.02 522 520 300
1F 363 4.18 411 (6) (a) Pond, S. J. K.; Tsutsumi, O.; Rumi, M.; Kwon, O.; Zojer, E.;
2 428 4.12 536 540 119 Brédas, J.-L.; Marder, S. R.; Perry, J. \l. Am. Chem. SoQ004, 126,
9F 385 3.85 450 9291. (b) Kim, H. M.; Jeong, M.-Y.; Ahn, H. C.; Jeon, S.-J.; Cho, BJR.
Org. Chem2004,69, 5749.
3 435 9.52 482,515 491,514 850 (7) Werts, M. H.; V. Gmouh, S.; Mongin, O.; Pons, T.; Blanchard-Desce,
3F 435 5.23 493 M. J. Am. Chem. So@004,126, 16294.
3F, 417 4.94 490 (8) (a) Entwistle, C. D.; Marder, T. BAngew. Chem., Int. E@002,41,
2927. (b) Entwistle, C. D.; Marder, T. BChem. Mater2004, 16, 4574.
aAll of the photon-physical properties were measured with A\ (9) Charlot, M.; Porres, L.; Entwistle, C. D.; Beeby, A.; Marder, T. B.;
solutions.? Only the longest absorption peaks are shofBmission Blanchard-Desce, MPhys. Chem. Chem. Phy2005,7, 600.
maximum wavelength excited at the absorption maximéifPA cross- (10) (a) Liu, Z. Q.; Fang, Q.; Wang, D.; Cao, D. X.; Xue, G.; Yu, W.
sections were measured by the comparative TPEF mEtlao@00 nm. T.; Lei, H. Chem. Eur. J2003,9, 5074. (b) Liu, Z. Q.; Fang, Q.; Cao, D.

X.; Wang, D.Org. Lett.2004,17, 2933.
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As shown in Figure 3, the TPEF intensity decreased ||| AN EEEGEGEGEGEGEGGEEEEEEEEE

gradually upon the addition of fluoride anion, hence it is
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) - Figure 4. Changes in UV—vis absorption (a, b), SPEF (c), and
Figure 3. TPEF spectra changes f(10 «M) at 20°C in THF TPEF (d) emission spectra 8f(10 M) at 20°C in THF upon the
upon the addition of 2:620.0uM of TBAF. addition of 2.0—30.QuM of TBAF.

) ) i i the whole band degenerated to a broad single band centered
possible to measure the fluoride anion concentration by the 4; 435 nm, and the apparent color of the solution changed
titration curve with the TPEF signal (see the Supporting rom yellow-green to yellow in ambient light. In particular,
Information). To our surprise, the TPEF spectrumiléfis the absorption edge was greatly red-shifted. This shift
quite different from SPEF otF. No obvious TPEF signal .o\ ersed when TBAF reached about 1.5 equiv3ofThe
is recorded under the excitation of fs laser from 730 to 800 presence of two distinct isosbestic points at 385 and 475
nm, indicating thatlF is not TPEF-active. Taking SPEF 1y and molar ratio analysis indicate that the spectral change
quantum yield of 0.82 fol F into account, we can estimate  jj, this concentration range can be ascribed to 1:1 complex-
that the TPA cross-section of compoulit is very small  a4on of 3 with fluoride ion!® The binding constant was
under this condition. This fact may indicate that different yatermined to be 3.2H0.3) x 10F M1 at 20°C in THF.
mechanisms are involved in single and two-photon excited gjgnificantly, the further addition of a large excess of TBAF
fluorescence oflF. Moreover, both the single and two-  55ed subsequent spectral changes with great blue-shift
photon related photophysical properties2ahow a similar 30 nm) and two new isosbestic points, as shown in Figure
response to the titration of TBAF with those bf 4b. These changes can be interpreted as complexation with

On the basis of both SPEF and TPEF quenching data atihe second fluoride ion. To our surprise, only the first stage
520 nm, the binding constants bffor fluoride anion were ¢ complexation with F was obviously observed from either
also calculated as 240.4) x 10°and 2.8¢-0.6) x 1° M, single or two-photon excited fluorescence propertieS,of
respectively. Obviously, these results are similar to that \yith similar titration curves (see Figure 4c,d and the
measured by linear absorption in the range of experimentaISupporting Information).
error® We can then presume that all the recorded changes  For an excellent chemosensor, high selectivity is a matter
in both absorption and emission spectra derived from the of necessity. The experimental results suggest that these
same intrinsic chemical event. compounds show high selectivity in colorimetric and fluo-

In contrast to the monoboron compourid the more  rescent sensors for fluoride anion. As depicted in Figure 5,
extendedr-electron systen8 has been characterized as a 1 shows scarcely any response with other halide anions and
strong TPEF emitter with a TPA cross-section as large asyeak complexation with AcQ NO,~, NOs~, H,PO;~, and
1300 GM! For two symmetrical dimesityboryl moieties  cjo,~. Similar selectivities were also confirmed in the
on the two end of ther-conjugated bridge3 is potentially  corresponding SPEF and TPEF experiments. The highly
capable of multistage sensing of fluoride #n. selective recognition of these organoboron compounds for

Figure 4 shows the spectral change3ah THF solution  fiyoride anion can be attributed to two factors. On one hand,
(10 u4M) upon addition of TBAF. As the titration continued, trivalent B atom and E are typical “acid” and “base”,
the main absorption between 390 and 475 nn3gfeatly  respectively, and the very strong affinity between them is
decreased and the peak at 457 nm disappeared. As a resulfyite natural. On the other hand, the special steric structure
of dimesityl group may make some unique contributibn.
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s obtaining highly accurate parameters, but it can be seen that

the boron centers are trigonal planar and well shielded by
the ortho-methyl groups of the mesityl moieties, as expected

98
] from previous structurally characterized dimesitylb@fy#30814
80 4 From this point, we can explain that only a small “base”
< ] such as fluoride anion has the possibility to break through
> ] the sterically congested surroundings around the central
0 1 5.4

boron atom. In addition, this steric effect has also been noted
by other researchers in their previous work about other

boranegc:3a
10 1 0 0 1

o o . ! In summary, we have demonstrated the effectiveness of
Br CrF |- CIO- HPO~ NO; NO,- OAc- F- three borane-derivatives as single and two-photon excited
. . fluorescent sensors for fluoride ion with high sensitivity and
Figure 5. Comparison of the percent decrease of absorbante of - gg|activity. The structural features of the dimesityl boryl
in THF (10u«M) at 400 nm in the presence of 10 equiv of anions in th beli dto ol : tant
with a THF solution of their ByN* salts. groups in these sensors are believed to play very importan
roles for these unique responses. The results provide a useful

design strategy for the synthesis of new two-photon sensors
A single crystal structure (Figure 6) Gfestablished the  for further applications.
basic geometry of the compound. Solvent disorder precluded
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Figure 6. ORTEP drawing of3.
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