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As part of our interest in chemistry of cationic boron compounds as anion receptors, we have
synthesized 2-(4’-dimestylborylphenyl)- N-methyl-pyridinium triflate ([3]JOTf) and
2-(5’-dimesitylborylthiophen-2’-yl)- N-methyl-pyridinium triflate ([4]OTf) by reaction of the
corresponding pyridyl derivatives with MeOTTf. Both [3]OTf and [4]OTf extract fluoride ions
biphasically (H,O/CHCI;) to form the zwitterionic fluoroborates 3-F and 4-F, which have been
structurally characterized. Remarkably, fluoride binding induces a red-shift of the low energy
absorption band of these boranes (from 319 nm to 368 nm for 3/3-F and from 355 nm to 430 nm for
4/4-F) leading to the appearance of a yellow color. The origin of this turn-on colorimetric response is
attributed to an intramolecular charge transfer process involving the triorganofluoroborate moiety as

the donor and the pyridinium moiety as the acceptor.

Introduction

The recognition of fluoride anions is attracting a great deal of
interest because of the importance of this anion in dental health
and its possible toxicity when administered in high doses. Because
of their inherent fluorophilicity, organoboranes have been recently
used as receptors for fluoride anions." Simple triarylboranes such
as tris(9-anthryl)borane® or trimesitylborane® complex fluoride in
non-polar organic solvents to form the corresponding fluorobo-
rate anions whose stability constants range from 10° to 10° M.
In the case of cationic boranes''! such as I (Scheme 1), fluoride
binding is assisted by favorable Coulombic attractions and occurs
in aqueous solutions where fluoride is highly hydrated.'>*
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In most cases, the aromatic substituents of triarylboranes are
conjugated via the vacant boron p-orbital leading to the formation
of a chromophore whose absorption and emission are red-shifted
when compared to that of the individual aromatic substituents.’
Fluoride binding leads to population of the boron p-orbital,
interrupting conjugation and, as a result, providing a turn-off
response both in the absorption and emission spectra of the
borane. The turn-off rather than turn-on nature of the observed
response inherently limits the sensitivity of triarylborane-based
anion sensors.
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Realizing this limitation, Wang recently reported a series
of bifunctional molecules containing both a triarylborane and
triarylamine moiety. In such systems, the emission of the triary-
lamine moiety is quenched by an intramolecular electron transfer
process.® Because the emission of the triarylamine moiety can
be revived upon addition of fluoride to the boron center, such
derivatives behave as turn-on fluoride sensors.® These derivatives
are neutral and can only be expected to be compatible with organic
solvents.

Arylboronic acids such as II* have also been considered as
fluoride sensors (Scheme 2). In the case of II, formation of
the corresponding trifluoroborate species is accompanied by the
appearance of an intramolecular charge transfer band involving
the borate moiety as a donor and the electron deficient aryl
group as the acceptor.* Appearance of this charge transfer band
results in an intense turn-on colorimetric response. Although this
strategy has proved quite general," it has not been applied to the
case of simple triorganoborane fluoride receptors. In this paper,
we describe cationic boranes with electron deficient pyridinium
moieties which serve for the turn-on colorimetric sensing of
fluoride ions in organic solvents or under biphasic conditions in
water/organic solvent mixtures.

Scheme 2

Results and discussion

The reaction of 2-(4’-lithiophenyl)pyridine and 2-(5’-lithiothio-
phen-2’-yl)pyridine with dimesitylboron fluoride (Mes,BF) af-
forded boranes 1 and 2 in moderate yields (Scheme 3). Sub-
sequent treatment of 1 and 2 with MeOTf in Et,O yielded the
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Scheme 3  Synthesis of cationic boranes [3]OTf and [4]OTf.

new cationic boranes [3]OTf and [4]OTf which have been fully
characterized. These salts dissolve in polar solvents such as
acetone, acetonitrile and DMSO but are insoluble in hydrocarbon
solvents and diethyl ether. The '"H NMR spectra of [3]OTf and
[4]OTf in acetone-d, feature all expected resonances for the
aromatic CH groups of the aryl, pyridinium, and mesityl groups.
The proton resonance of the N-methyl groups in [3]JOTf and
[4]OTf appear at 4.43 ppm and 4.59 ppm, respectively. The broad
"B NMR signals at 76 ppm for [3]OTf and 68 ppm for [4]OTf
indicate that the boron atom of these derivatives adopts a trigonal
planar geometry in solution. Broad UV bands are observed at
319 nm and 355 nm for [3]OTf and [4]OTT{, respectively, in CHCl,
solution and are assigned to the absorbance of the boron centered
chromophore.

Both [3]OTf and [4]OTf are quantitatively converted into the
zwitterionic fluoroborate adducts 3-F and 4-F upon addition of
TBAF (n-tetrabutylammonium fluoride) in CDCl; (Scheme 4).
These zwitterions have been characterized by multinuclear NMR
spectroscopy and single crystal X-ray diffraction (Table 1). In both
cases, the "B NMR signal is in the expected range for a four-
coordinate boron center (5.6 ppm for 3-F, 4.9 ppm for 4-F). The
F NMR signals, which appear at —173 ppm for 3-F and —168 ppm
for 4-F, indicate the presence of fluoroborate moieties.>*>!* The
structures of 3-F and 4-F (Fig. 1) confirm the presence of a fluorine
atom coordinated to the boron center via B(1)-F(1) lengths of
1.482(3) and 1.460(5) A which are comparable to those found in
triarylfluoroborate anions (1.47 A).>*
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Scheme 4 Synthesis of fluoroborates 3-F and 4-F.

Interestingly, conversion of [3]OTf and [4]OTf into 3-F and 4-F
is accompanied by the appearance of an intense yellow color in
solution (Fig. 2). These colorimetric changes indicate that both
[3]OTf and [4]OTf act as turn-on sensors for fluoride. In order
to better understand the origin of this turn-on response, the UV-
spectra of these compounds in CHCI; solutions were monitored
upon incremental addition of TBAF (Fig. 3). In both cases,
addition of fluoride results in a quenching of the borane absorption
band indicating a break in conjugation due to fluoride binding to

Table 1 Crystal data, data collections, and structure refinements

Crystal data 3-F 4-F

Formula Ci24Hy671BEN, 260g24  CysHy BENS

Mr 482.51 443.41

Crystal size/mm 0.24 % 0.10 % 0.05 0.12x0.11 x 0.08

Crystal system Monoclinic Tetragonal

Space group P2(1)/c 14(1)/a

a/A 13.924(3) 22.51(3)

b/A 12.520(3) 22.51(3)

c/A 15.974(4) 17.90(3)

B 101.333(3)

V/A3 2730.4(11) 9071(22)

VA 4 16

Pearc/ g M 1.174 1.299

f/mm™ 0.072 0.168

F(000) 1034 3776

T/K 110(2) 110(2)

Scan mode ® [0)

hkl Range -15—> +15 -25 - 425
-14 - +14 -25— +23
-18 — +18 -20 — +20

Measd reflns 22904 22185

Unique reflns [Ry,] 4278 [0.0831] 3557[0.0956]

Reflns used for refinement 4278 3557

Refined parameters 351 289

GooF 1.001 1.000

R1, wR2? (all data)
Psn (Max., min.)/e A=

0.0986, 0.1433
0.318, -0.272

0.0839, 0.1290
0.404, —0.365

“R1=Y|IF,| = [Fl/NF 1. PwR2 ([(ow(F,* — FOYV/ [ w(F) DY
w = 1/[0*(F,*) + (ap)* + bp); p = (F.,* + 2F.*)/3 with a = 0.069 for 3-F
and 0.0415 for 4-F and b = 0 for 3-F and 21 for 4-F.

the boron center.®>® However, in each case, this quenching is also
accompanied by the appearance of a new absorption band (at
368 nm for 3-F and 430 nm for 4-F) which is responsible for the
observed visible color change. The shape of the fluoride binding
isotherms suggests that the fluoride binding constants of these
cationic boranes are above the 10’-10*° M~ range. Addition of
chloride, bromide, or iodide anions does not affect the UV-Vis
spectra of the cationic boranes, indicating that these anions do
not bind to the boranes. Although [3]OTf and [4]OTf are soluble
and undergo no noticeable decomposition in 9:1 H,0:MeOH
solvent mixtures, addition of fluoride to these solutions does not
result in the formation of the fluoroborates indicating that these
cationic boranes are not sufficiently Lewis acidic to overcome
the high hydration energy of the fluoride anion. Similarly, NMR
measurements in the same deuterated solvent mixture show no
indication of formation of the fluoroborate species.

Despite the inability of these compounds to complex fluoride
directly in aqueous media, we investigated their capacity to extract
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Fig. 1 Structure of fluoroborates 3-F (left) and 4-F (right). Displacement ellipsoids are scaled to the 50% probability level.

3] 3-F [4]* 4F

Fig. 2 Observed color change of solutions of [3]* and [4]* (0.017 M,
CHCI;) upon addition of TBAF.

fluoride from aqueous solutions into a less polar solvent
where binding might be more favorable. When CDCl; solutions
of [3]OTf and [4]OTf (0.5 mL, 0.07 M) were layered with
solutions of TBAF in D,O (0.125 mL, 0.28 M, 1 eq.), the
organic layers quickly developed a yellow color indicative of
the fluoroborate species. Changes in both the '"H and “F NMR
spectra were consistent with the formation of the corresponding
zwitterionic fluoride adducts 3-F and 4-F. Conversion to the
fluoroborate species was monitored by integration of '"H NMR
signals corresponding to the aromatic CH groups of the mesityl
substituents, which undergo an upfield shift (ca. 0.4 ppm) upon
fluoride binding. Based on integration of the '"H NMR spectra,
[3]OTf was converted to 3-F in 50% yield while [4]OTf underwent
full conversion to 4-F. The greater fluoride affinity of [4]* when
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Fig.3 Spectral changes in the UV-Vis absorption spectra of [3]OTf (top, 6.3 x 10> M) monitored at 406 nm and [4]OTf (bottom, 5.6 x 10> M) monitored
at 430 nm in CHC; upon incremental addition of a TBAF solution (3.4 x 10° M in CHCI,).
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compared to [3]* can be assigned to the electron withdrawing
properties’ and possibly the lower steric requirement of the five-
membered thienyl group. By layering a solution of [3]OTf with
a total of four equivalents of TBAF solution (0.500 mL) the
conversion to 3-F increased to 74%. We performed the same
experiments by layering with a NaF/D,0 (0.125 mL, 0.28 M,
1 eq.) solution. Under these conditions only 5% conversion to
3-F and 30% conversion to 4-F was observed thus indicating that
the n-tetrabutylammonium cation acts a phase transfer agent for
fluoride anions. The percent conversion to 3-F remained low when
layered with a total of four equivalents of NaF/D,0O (0.500 mL)
while 4-F was formed in a 42% yield (Fig. 4). In the experiments
performed with NakF, a slight upfield shift of the pyridinium CH
signals is observed for the remaining [4]OTf. Similar changes were
observed in the spectra of [3]JOTf upon layering with NaF/D,0
and are attributed to the changing ionic strength of the organic
layer.

The structures of [3]*, [4]*, 3-F and 4-F have been optimized
using DFT methods (B3LYP, 6-31+g(d") for all atoms) and
subjected to single point energy calculations using the Polarizable
Continuum Model* (PCM) and chloroform as a solvent. Inspec-
tion of the frontier orbitals shows that the lowest unoccupied
molecular orbital (LUMO) of each molecule is localized on the
pyridinium portion of the molecule while the highest occupied
molecular orbital (HOMO) is localized exclusively on the mesityl
rings (Fig. 5). Although common TD-DFT methods cannot

1 eq. TBAF

[4]0Tf 1 J
S W |

95 90 85 80 75 70 65 60

1 eq. NaF l |

[4]OTf L

9.5 9.0 85 80 75 70 65 6.0
8

4 eq. NaF ‘
L
-

Fig. 4 '"H NMR spectra of [4]OTf in CDCI; upon layering with a D,O
solution of TBAF (top) or NaF (bottom).

be used to study such chromophores,” it appears reasonable
to assume that the lowest energy absorption band of these
compounds is dominated by a HOMO-LUMO transition. Because
of the localization of the frontiers orbital, these transitions can be
regarded as intramolecular charge transfer transitions involving
the boron moiety as the donor and the pyridinium moiety as the
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Fig. 5 Rendering of the HOMOs and LUMO:s of [3]* and [3]F (top) and [4]* and [4]F (bottom) along with relative orbital and HOMO-LUMO gap

energies. Isovalues are set at 0.03.
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acceptor. In agreement with this assumption, we note that the
HOMO-LUMO energy gap undergoes a noticeable decrease on
going from the cationic borane [3]* and [4]* to the corresponding
fluoroborate species 3-F and 4-F, respectively. Presumably, this
fluoride induced decrease of the HOMO-LUMO gap of the
compounds is responsible for the experimentally observed red-
shift, thus allowing to rationalize the turn-on response given by
[3]* and [4]* in the presence of fluoride.

Experimental
General considerations

2-(4’-Bromophenyl)pyridine was synthesized by a published
procedure.” NaF and dimesitylboron fluoride were purchased
from Aldrich. n-BudNF-3H,0 (TBAF) and 2-(2-thienyl)pyridine
were purchased from Alfa Aesar and used as received. Solvents
were dried by passing through an alumina column (n-hexane,
CH,Cl,) or refluxing under N, over Na/K (Et,0 and THF).
Air-sensitive compounds were handled under a N, atmosphere
using standard Schlenk and glovebox techniques. UV-vis spectra
were recorded on an Ocean Optics USB4000 spectrometer with an
Ocean Optics ISS light source. Elemental analyses were performed
at Atlantic Microlab (Norcross, GA). NMR spectra were recorded
on Varian Unity Inova 400 FT NMR (399.59 MHz for 'H,
375.99 MHz for “F, 128.19 MHz for "B, 100.45 MHz for C)
spectrometer at ambient temperature unless otherwise stated.
Chemical shifts § are given in ppm, and are referenced against
external Me4Si (‘H, *C) and BF;-Et,0 (!B, F).

Crystallography

Single crystals of 3-F could be obtained by slow evaporation of a
solution of [3]OTf and TBAF in CH;CN/acetone. Single crystals
of 4-F could be obtained by cooling a concentrated acetone-d;
solution of [4]OTf and TBAF. The crystallographic measurements
were performed using a Bruker-AXS APEX-I1 CCD area detector
diffractometer, with a graphite-monochromated Mo Ka radiation
(A = 0.71069 A). A specimen of suitable size and quality was
selected and mounted onto a nylon loop. The structure was solved
by direct methods, which successfully located most of the non-
hydrogen atoms. Subsequent refinement on F? using the allowed
location of the remaining non-hydrogen atoms. The structure
solution and refinement were carried out using the SHELXTL/PC
package (version 6.10)."

Theoretical calculations

Density functional theory (DFT) calculations (full geometry
optimization) were carried out with Gaussian03 using the gradient-
corrected Becke exchange functional (B3LYP) and the Lee-Yang-
Parr correlation functional. A 6-31+g(d’) basis set was used for
all atoms. Frequency calculations were also carried out on the
optimized geometry. In the case of 4-F, an imaginary frequency
corresponding to low energy rotation of a para-methyl group of a
mesityl ligand was observed and ignored.

Synthesis of 2-(4’-dimesitylborylphenyl)-/V-methyl-pyridinium
triflate ([3]OTY)

n-BuLi (0.790 mL, 2.5 M in hexanes, 1.97 mmol) was added to
a THF (10 mL) solution of 2-(4’-bromophenyl)pyridine (0.440 g,

1.88 mmol) at —78 °C. The resulting reaction mixture was stirred
at =78 °C for 1 h and mixed with a solution of Mes,BF (0.529 g,
1.97 mmol) in THF (10 mL). The reaction was stirred overnight
at room temperature before removing the solvent in vacuo. The
solids were extracted with CH,Cl, (20 mL) and filtered through
Celite to remove LiF. The filtrate was evaporated to dryness
and the residue recrystallized from Et,0/pentane to afford 2-(4'-
dimestylborylphenyl)pyridine (1) (0.400 g, 53% yield). '"H NMR
(399.9 MHz, CDCI3): § 2.04 (s, 12H, Mes-CH;), 2.33 (s, 6H,
Mes-CHj;), 6.85 (s, 4H, Mes-CH), 7.25-7.28 (m, 1H, Pyr-CH),
7.64 (d, *Jyu = 8.42 Hz, 2H, Ph-CH), 7.75-7.81 (m, 2H,
Pyr-CH), 7.98 (d, *Ju.u = 7.98 Hz, 2H, Ph-CH), 8.72 (d, *Jyn =
4.58 Hz, 1H, Pyr-CH). "B NMR (128.2 MHz, CDCl,): § 75.10.
Without further purification, 1 (0.100 g, 0.248 mmol) was treated
with MeOTf (0.100 mL, 0.420 mmol) in 10 mL Et,O at room
temperature. A white solid precipitated upon standing overnight.
The solid was filtered, washed with Et,O (3 x 5 mL) and pentane
(3 x 5 mL), and dried under vacuum to afford [3]JOTf (0.115 g,
82% yield). "H NMR (399.9 MHz, acetone-d,): & 2.03 (s, 12H,
Mes-CH;), 2.30 (s, 6H, Mes-CH;), 4.43 (s, 3H, N-CH;), 6.89 (s,
4H, Mes-CH), 7.71 (d, *Juus = 7.88 Hz, 2H, Ph-CH), 7.82 (d,
3Jun = 7.88 Hz, 2H, Ph-CH), 8.25-8.27 (m, 2H, Pyr-CH), 8.78 (t,
*Jun = 8.06 Hz, 1H, Pyr-CH), 9.24 (d, *Jy.4 = 6.05 Hz, 1H, Pyr-
CH). "CNMR (100.5 MHz, CDCl;): 6 21.22 (Mes-p-CHj;), 23.47
(Mes-0-CHs;), 47.48 (pyr-CH;), 118.92, 122.11, 127.25, 128.21,
128.43, 129.50, 133.55, 136.45, 139.50, 140.72, 141.05, 145.26,
147.63, 149.42, 155.67. "B NMR (128.2 MHz, acetone-d,): &
76.3. YF NMR (375.97 MHz, acetone-d,): & -77.8 (OTY). Anal.
Calcd for C;,Hy;BNSF;0;: C, 65.61; H, 5.86. Found: C, 65.71;
H, 5.92.

Synthesis of 2-(5’-dimesitylboryl-thiophen-2"-yl)-
N-methyl-pyridinium triflate (|[4]OTf)

n-BuLi (1.30 mL, 2.5 M in hexanes, 3.26 mmol) was added to a
THF (10 mL) solution of 2-(2-thienyl)pyridine (0.500 g, 3.1 mmol)
at =78 °C. The resulting reaction mixture was stirred at —78 °C for
1 h and mixed with a solution of Mes,BF (0.873 g, 3.26 mmol)
in THF (10 mL). The reaction was stirred overnight at room
temperature before removing the solvent in vacuo. The crude
product was extracted with CH,Cl, (20 mL) and filtered through
Celite to remove LiF. The filtrate was evaporated to dryness and
the residue was recrystallized from Et,0/pentane to afford the
crude product 2-(2-pyridyl)-5-dimesitylboryl-thiophene (0.70 g,
55% yield). "H NMR (399.9 MHz, CDCI3): 4 2.16 (s, 12H, Mes-
CH;), 2.32 (s, 6H, Mes-CH;), 6.84 (s, 4H, Mes-CH), 7.16-7.21 (m,
1H, Pyr-CH), 7.46 (d, *Juu = 3.85 Hz, 1H, Thioph-CH), 7.69-
7.72 (m, 2H, Pyr-CH), 7.74 (d, *Ju.s = 3.58 Hz, 1H, Thioph-CH),
8.58 (d, 1H, Pyr-CH, *Jyu = 4.67 Hz). "B NMR (128.2 MHz,
acetone-d,): & 67.35. Without further purification, 2 (0.100 g,
0.240 mmol) was treated with MeOTf (0.10 mL, 0.420 mmol) in
10 mL Et,O at room temperature. A white solid precipitated upon
standing overnight. The solid was filtered, washed with Et,O (3 x
5 mL) and pentane (3 x 5 mL), and dried under vacuum to afford
[4]OTf (0.125 g, 89% yield). '"H NMR (399.9 MHz, acetone-d;):
§ 2.14 (s, 12H, Mes-CHj;), 2.29 (s, 6H, Mes-CH;), 4.59 (s, 3H,
N-CH;), 6.89 (s, 4H, Mes-CH), 7.60 (d, *Juy = 3.85 Hz, 1H,
Thiophene-CH), 8.00 (d, *J.y = 3.85 Hz, 1H, Thiophene-CH),
8.24 (t, *Jun = 6.41 Hz, 1H, Pyr-CH), 8.37 (d, *Ju.u = 8.06 Hz,
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1H, Pyr-CH), 8.72 (t, 1H, Pyr-CH, *J,.. = 7.88 Hz), 9.24 (d, 1H,
Pyr-CH, *Jyu = 6.23 Hz). *C NMR (100.5 MHz, acetone-d;): &
21.20 (Mes-p-CHs), 23.61 (Mes-0-CHs), 48.64 (pyr-CHs), 128.08,
129.24, 131.62, 135.86, 140.31, 140.79, 141.33, 141.54, 143.02,
146.43, 148.56, 150.28, 156.43. "B NMR (128.2 MHz, acetone-
d,): 6 68.4. "F NMR (375.97 MHz, acetone-d,): 6 -77.6 (OTY).
Anal. Caled for C,yH;,BNS,F,0;: C, 60.73; H, 5.45. Found: C,
60.89; H, 5.53.

Generation of 3-F and 4-F

3-F and 4-F were prepared and characterized by multinuclear
NMR spectroscopy in situ by addition of TBAF to solutions
of [3]OTf and [4]OTf in acetone-d;. Data for 3-F: '"H NMR
(399.9 MHz, acetone-d,): 6 1.94 (s, 12H, Mes-CHj;), 2.08 (s, 6H,
Mes-CH;), 4.34 (s, 3H, N-CH;), 6.45 (s, 4H, Mes-CH), 7.10-
7.30 (bm, 3H), 8.03-8.07 (m, 3H), 8.59 (t, *Jun = 8.06 Hz,
IH, Pyr-CH), 9.00 (d, *Juy = 6.05 Hz 1H, Pyr-CH). "C NMR
(100.5 MHz, dmso-d,): 6 20.56 (Mes-0-CHs;), 24.90 (Mes-o-CHs),
46.96 (pyr-CHj;), 125.34, 125.99, 126.35, 128.03, 129.72, 130.60,
133.51, 140.60, 144.81, 146.30, 154.12, 157.08, 169.42. "B NMR
(128.2 MHz, acetone-d,): 8 5.64. "F NMR (375.97, MHz, acetone-
ds): 6 -176.0. Data for 4-F: '"H NMR (399.9 MHz, acetone-d;):
3 2.03 (s, 12H, Mes-CH;), 2.09 (s, 6H, Mes-CH;), 4.51 (s, 3H,
N-CH;), 6.47 (s, 4H, Mes-CH), 6.90 (d, *Juy = 3.48 Hz, 1H,
Thioph-CH), 7.66 (dd, *Juy = 3.66 Hz, *Jy = 2.56 Hz, 1H,
Thioph-CH), 7.74 (t, *Jun = 6.31 Hz, 1H, Pyr-CH), 8.18 (d,
3Jun = 8.24 Hz, 1H, Pyr-CH), 8.36 (t, *Juu = 7.78 Hz, 1H,
Pyr-CH,), 8.81 (d, *Jyu = 6.23 Hz 1H, Pyr-CH). "C NMR
(100.5 MHz, acetone-dy): 6 20.92 (Mes-p-CHj), 24.90 (Mes-
0-CHs;), 48.67 (pyr-CHs;), 120.68, 123.58, 123.88, 129.13, 129.39,
130.15, 131.44, 132.22, 135.62, 141.60, 144.28, 146.72, 152.38. "B
NMR (128.2 MHz, acetone-d,): 6 4.93. YF NMR (375.97, MHz,
acetone-d,): 6 -167.5.

Titration of [3]JOTf and [4]OTf with fluoride in CHCI,

Solutions of [3]OTf (3.0 mL, 6.3 x 10° M, CHCl;) and [4]OTf
(3.0 mL, 5.6 x 10 M, CHCI;) were titrated with incremental
(5 uL) amounts of fluoride anions by addition of a 3.4 x 10° M
solution of TBAF in CHCl,.

Biphasic fluoride capture

'H NMR spectra of solutions of [3]OTf and [4]OTf in CDCl,
(0.500 mL, 0.07 M) were collected after layering and shaking
with 0.125 mL (1 eq. F") and/or 0.500 mL (4 eq. F) of D,O
solutions containing TBAF or NaF (0.28 M). Conversion to the
fluoroborate species 3-F and 4-F was monitored by integration,
specifically the signals corresponding to the mesityl aromatic
CH groups which are shifted significantly upfield upon fluoride
binding.

Conclusion

In conclusion, we report the synthesis and structures of two
new cationic boranes. These new cationic boranes selectively bind
fluoride ions in organic solvents. These compounds are sufficiently
fluorophilic to capture fluoride ions under biphasic conditions in
H,0O/CHCI;. In addition to being selective, these new boranes give

a colorimetric turn-on response upon fluoride binding. This turn-
on response originates from an intramolecular charge transfer
band involving the fluoroborate moiety as a donor and the
pyridinium ring as the acceptor.

Acknowledgements

This work was supported by the National Science Foundation
(CHE-0646916), the Welch Foundation (A-1423), the Petroleum
Research Funds (Grant 44832-AC4) and the US Army Medical
Research Institute of Chemical Defense.

References

1 H. E. Katz, J Org. Chem., 1985, 50, 5027-5032; H. E. Katz, J Am.
Chem. Soc., 1985, 107, 1420-1421; H. Yamamoto, A. Ori, K. Ueda,
C. Dusemund and S. Shinkai, Chem. Commun., 1996, 407-408; C. R.
Cooper, N. Spencer and T. D. James, Chem. Commun., 1998, 1365-
1366; H. Shiratori, T. Ohno, K. Nozakiand A. Osuka, Chem. Commun.,
1999, 2181-2182; S. Yamaguchi, T. Shirasaka, S. Akiyama and K.
Tamao, J. Am. Chem. Soc., 2002, 124, 8816-8817; M. Miyata and Y.
Chujo, Polym. J., 2002, 34, 967-969; C. D. Entwistle and T. B. Marder,
Angew. Chem., Int. Ed.,2002,41,2927-2931; S. Yamaguchi, S. Akiyama
and K. Tamao, J. Organomet. Chem., 2002, 652, 3-9; Y. Kubo, M.
Yamamoto, M. Ikeda, M. Takeuchi, S. Shinkai, S. Yamaguchi and
K. Tamao, Angew. Chem., Int. Ed., 2003, 42, 2036-2040; S. Arimori,
M. G. Davidson, T. M. Fyles, T. G. Hibbert, T. D. James and G. 1.
Kociok-Koehn, Chem. Commun., 2004, 1640-1641; C. D. Entwistle
and T. B. Marder, Chem. Mater.,2004, 16, 4574-4585; G. E. Herberich,
U. Englert, A. Fischer and D. Wiebelhaus, Eur. J. Inorg. Chem., 2004,
4011-4020; M. Melaimi and F. P. Gabbai, J. Am. Chem. Soc., 2005,
127,9680-9681; M. Melaimi and F. P. Gabbai, Adv. Organomet. Chem.,
2005, 53, 61-99; T. Agou, J. Kobayashi and T. Kawashima, Org. Lett.,
2005, 7, 4373-4376; C. Bresner, S. Aldridge, 1. A. Fallis, C. Jones and
L.-L. Ooi, Angew. Chem., Int. Ed., 2005, 44, 3606-3609; R. Badugu,
J. R. Lakowicz and C. D. Geddes, Curr. Anal. Chem., 2005, 1, 157-170;
R. Badugu, J. R. Lakowicz and C. D. Geddes, Sens. Actuators, B, 2005,
104, 103-110; Z.-Q. Liu, M. Shi, E.-Y. Li, Q. Fang, Z.-H. Chen, T. Yi
and C.-H. Huang, Org. Lett., 2005, 7, 5481-5484; S. J. M. Koskela,
T. M. Fyles and T. D. James, Chem. Commun., 2005, 945-947; F. Jikle,
Boron: Organoboranes in Encyclopedia of Inorganic Chemistry, Wiley,
Chichester, 2005; I. H. A. Badr and M. E. Meyerhoff, J. Am. Chem.
Soc., 2005, 127, 5318-5319; H. Wang, S. Sole and F. P. Gabbai, ACS
Symp. Ser., 2006, 917, 208-220; T. W. Hudnall, M. Melaimi and F. P.
Gabbai, Org. Lett., 2006, 8, 2747-2749; C. Bresner, J. K. Day, N. D.
Coombs, 1. A. Fallis, S. Aldridge, S. J. Coles and M. B. Hursthouse,
Dalton Trans., 2006, 3660-3667; K. Parab, K. Venkatasubbaiah and
F. Jikle, J. Am. Chem. Soc., 2006, 128, 12879-12885; T. Neumann, Y.
Dienes and T. Baumgartner, Org. Lett., 20006, 8, 495-497; E. Sakuda,
A. Funahashi and N. Kitamura, Inorg. Chem., 2006, 45, 10670-10677;
T. W. Hudnall, J. F. Bondi and F. P. Gabbai, Main Group Chem., 2006,
5, 319-327; Z. Zhou, S. Xiao, J. Xu, Z. Liu, M. Shi, F. Li, T. Yi and C.
Huang, Org. Lett., 2006, 8, 3911-3914; Z. Zhou, H. Yang, M. Shi, S.
Xiao, F. Li, T. Yi and C. Huang, ChemPhysChem, 2007, 8, 1289-1292;
Z. Zhou, F. Li, T. Yi and C. Huang, Tetrahedron Lett., 2007, 48, 6633—
6636; S.-B. Zhao, T. McCormick and S. Wang, Inorg. Chem., 2007,
46, 10965-10967; R. Boshra, K. Venkatasubbaiah, A. Doshi, R. A.
Lalancette, L. Kakalis and F. Jakle, Inorg. Chem., 2007, 46, 10174—
10186; W. Tan, D. Zhang, Z. Wang, C. Liu and D. Zhu, J. Mater.
Chem., 2007, 17, 1964-1968; Y. Cui, F. Li, Z.-H. Lu and S. Wang,
Dalton Trans., 2007, 2634-2643; K. Parab, K. Venkatasubbaiah, Y.
Qin and F. Jikle, Polymer Preprints, 2007, 48, 699-700; J. K. Day, C.
Bresner, N. D. Coombs, I. A. Fallis, L.-L. Ooi and S. Aldridge, Inorg.
Chem., 2008, 47, 793-804; A. Kawachi, A. Tani, J. Shimada and Y.
Yamamoto, J. Am. Chem. Soc., 2008, 130, 4222-4223; C. L. Dorsey, P.
Jewula, T. W. Hudnall, J. D. Hoefelmeyer, T. J. Taylor, N. R. Honesty,
C.-W. Chiu, M. Schulte and F. P. Gabbai, Dalton Trans., 2008, 4442~
4450; T. W. Hudnall and F. P. Gabbai, Chem. Commun., 2008, 4596—
4597;Y. You and S. Y. Park, Adv. Mater., 2008, 20, 3820-3826; A. E. I.
Broomsgrove, D. A. Addy, C. Bresner, I. A. Fallis, A. L. Thompson and
S. Aldridge, Chem. Eur. J., 2008, 14, 7525-7529; D. Cao, Z. Liu and

9174 | Dalton Trans., 2009, 9169-9175

This journal is © The Royal Society of Chemistry 2009


http://dx.doi.org/10.1039/b913030f

View Article Online

G. Li, Sens. Actuators, B, 2008, B133, 489-492; N. Matsumi and Y.
Chujo, Polym. J., 2008, 40, 77-89; G. Zhou, M. Baumgarten and K.
Miillen, J. Am. Chem. Soc., 2008, 130, 12477-12484; D. Cao, Z. Liu, G.
Zhang and G. Li, Dyes and Pigments, 2009, 81, 193-196; Z. M. Hudson,

Stephan, Dalton Trans., 2007, 3407-3414; T. Agou, J. Kobayashi,
Y. Kim, F. P. Gabbai and T. Kawashima, Chem. Lett., 2007, 36, 976—
977; T. Agou, J. Kobayashi and T. Kawashima, Inorg. Chem., 2006, 45,
9137-9144.

S.-B. Zhao, R.-Y. Wang and S. Wang, Chem. Eur. J., 2009, 15, 6131—
6137; H. Li and F. Jikle, Angew. Chem., Int. Ed. Engl., 2009, 48, 2313~
2316; N. Matsumi, K. Kawaguchi, Y. Hirota and K. Aoi, J. Organomet.
Chem., 2009, 694, 1776-1779; K. Parab and F. Jiakle, Macromolecules,

11 Q.Zhao, F. Li, S. Liu, M. Yu, Z. Liu, T. Yiand C. Huang, Inorg. Chem.,
2008, 47, 9256-9264.

12 Y. Kim and F. P. Gabbai, J. Am. Chem. Soc., 2009, 131, 3363-3369.

13 T. W. Hudnall, C.-W. Chiu and F. P. Gabbai, Acc. Chem. Res., 2009, 42,

Published on 03 September 2009. Downloaded by RMIT Uni on 12/10/2013 20:31:38.

2009, 42, 4002-4007; Y. Sun and S. Wang, Inorg. Chem., 2009, 48, 3755—
3767;Z.Xu, S. K. Kim, S. J. Han, C. Lee, G. Kociok-Kohn, T. D. James
and J. Yoon, Eur. J. Org. Chem., 2009, 3058-3065.

2 V. C. Williams, W. E. Piers, W. Clegg, M. R. J. Elsegood, S. Collins and
T. B. Marder, J Am. Chem. Soc., 1999, 121, 3244-3245.

3 S. Yamaguchi, S. Akiyama and K. Tamao, J. Am. Chem. Soc., 2001,
123, 11372-11375.

4 N. DiCesare and J. R. Lakowicz, Anal. Biochem., 2002, 301, 111-116.

5 S. Solé and F. P. Gabbai, Chem. Commun., 2004, 1284—1285.

6 X. Y. Liu, D. R. Bai and S. Wang, Angew. Chem., Int. Ed. Engl., 2006,
45, 5475-5478; D.-R. Bai, X.-Y. Liu and S. Wang, Chem. Eur. J., 2007,
13, 5713-5723.

7 A. Oehlke, A. A. Auer, L. Jahre, B. Walfort, T. Rueffer, P. Zoufala, H.
Lang and S. Spange, J. Org. Chem., 2007, 72, 4328-4339.

8 M.-S. Yuan, Z.-Q. Liu and Q. Fang, J. Org. Chem., 2007, 72, 7915—
7922.

9 S. Miyasaka, J. Kobayashi and T. Kawashima, Tetrahedron Lett., 2009,
50, 3467-3469.

10 T. Agou, M. Sekine, J. Kobayashi and T. Kawashima, Chem. Eur. J.,

2009, 15, 5056-5062; Y. Sun, N. Ross, S. B. Zhao, K. Huszarik, W. L. Jia,
R. Y. Wang, D. Macartney and S. Wang, J. Am. Chem. Soc., 2007, 129,
7510-7511; C. Dusemund, K. R. A. S. Sandanayake and S. Shinkai,
Chem. Commun., 1995, 333-334; K. Venkatasubbaiah, I. Nowik, R. H.
Herber and F. Jikle, Chem. Commun., 2007, 2154-2156; G. C. Welch,
L. Cabrera, P. A. Chase, E. Hollink, J. D. Masuda, P. Wei and D. W.

388-397; Y. Kim, H. Zhao and F. P. Gabbai, Angew. Chem., Int. Ed.
Engl., 2009, 48, 4957-4960; Y. Kim, T. W. Hudnall, G. Bouhadir, D.
Bourissou and F. P. Gabbai, Chem. Commun., 2009, 3729-3731; C.-W.
Chiu, Y. Kim and F. P. Gabbai, J. Am. Chem. Soc., 2009, 131, 60-61;
T. W. Hudnall, Y.-M. Kim, M. W. P. Bebbington, D. Bourissou and
F. P. Gabbai, J Am. Chem. Soc., 2008, 130, 10890-10891; C.-W. Chiu
and F. P. Gabbali, Dalton Trans., 2008, 814-817; T. W. Hudnall and F. P.
Gabbai, J Am. Chem. Soc., 2007, 129, 11978-11986; M. H. Lee and
F. P. Gabbai, Inorg. Chem., 2007, 46, 8132-8138; C.-W. Chiu and F. P.
Gabbai, J. Am. Chem. Soc., 2006, 128, 14248-14249.

14 M. H. Lee, T. Agou, J. Kobayashi, T. Kawashima and F. P. Gabbali,

Chem. Commun., 2007, 1133-1135.

15 A different synthesis of 1 has been previously reported, see: G. Zhou,

C.-L. Ho, W.-Y. Wong, Q. Wang, D. Ma, L. Wang, Z. Lin, T. B. Marder
and A. Beeby, Adv. Funct. Mater., 2008, 18, 499-511.

16 M. Cossi, V. Barone, R. Cammi and J. Tomasi, Chem. Phys. Lett., 1996,

255, 327-335; J. Tomasi, R. Cammi and B. Mennucci, Int. J. Quantum
Chem., 1999, 75, 783-803.

17 A. Dreuw, J. L. Weisman and M. Head-Gordon, J. Chem. Phys., 2003,

119, 2943-2946.

18 A.J. Sandee, C. K. Williams, N. R. Evans, J. E. Davies, C. E. Boothby,

A. Koehler, R. H. Friend and A. B. Holmes, J. Am. Chem. Soc., 2004,
126, 7041-7043.

19 G. M. Sheldrick, 1999, SHELXTL/PC, Version 6.10, Bruker AXS Inc.,

Madison, Wisconsin, USA.

This journal is © The Royal Society of Chemistry 2009

Dalton Trans., 2009, 9169-9175 | 9175


http://dx.doi.org/10.1039/b913030f

