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A highly selective ratiometric bifunctional 
fluorescence probe for Hg2+ and F– ions 

Qing-Wen Xu, Chen Wang, Zuo-Bang Sun and Cui-Hua Zhao* 

A triarylborane derivative BN-S, which contains both a Hg2+-responsive dithioacetal group and a F−-

responsive boryl group, has been designed and synthesized via the functionalization of 2-

dimesitylboryl-2’-(N,N-dimethylamino)biphenyl core skeleton with dithioacetal substituent. This 

compound displays intense intramolecular charge transfer fluorescence, even for its nano-aggregates in 

water. The Hg2+-promoted deprotection of dithioacetal group and complexation of F− with tri-

coordinate boron center cause hypochromism of fluorescence in different extents. And thus BN-S can 

behave as a promising ratiometric bifunctional fluorescence probe to detect Hg2+ and F– simultaneously. 

In addition, the detection of Hg2+ is performable in an aqueous medium using its nano-aggregates. 

Introduction 

The sensitive and selective detection of various ionic analytes 
has been the subject of strong interest because of their 
widespread uses and the subsequent pollution triggering severe 
health and environmental problems.1 For instance, mercury is 
one of the most toxic heavy elements and is easily 
bioaccumulated in the body due to its durability.2 The 
accumulation of mercury in the human body can lead to various 
cognitive and motor disorders and Minamata disease.3 On the 
other hand, fluoride anions play important roles in dental care, 
treatment of osteoporosis, fluorination of water supplies.4 High 
doses of this anion are, however, dangerous and can result in 
various ailments, such as fluorosis, nephrotoxic changes and 
urolithiais.5 To detect anionic fluoride and cationic mercury 
ions, fluorescence sensing is one of the most powerful methods 
owing to its high sensitivity and the simplicity of the equipment 
requirement.6 It is well known that the traditional fluorescence 
intensity-based methodology is easily interfered by sensor 
concentration, photo bleaching, and illumination intensity. To 
eliminate these unfavorable effects, it is highly desirable to 
develop ratiometric fluorescence probes,7,8 which use the ratios 
of the fluorescence intensities at two different wavelengths, 
allowing precise and quantitative analysis and imaging even in 
complicated systems. In addition, most of the attention has been 
focused on the monofunctional fluorescence anion or cation 
sensors. The chemosensors that are suitable for simultaneous 
detection of multiple analytes have only very recently attracted 
great notice.9 To the best of our knowledge, the examples for 
individual detection of both Hg2+ and F− ions are still quite 
limited.10 In this context, it is still a challenging and meaningful 
issue to design ratiometric bifunctional fluorescence probe for 
Hg2+ and F− ions. 

To realize fluoride sensing, the specific Lewis acid/base 
interactions between the tri-coordinate boron center of 
triarylboranes and fluoride ions have been proved to be an 
efficient strategy.11 One of the most intriguing features of 
triarylboranes is the pπ-π* conjugation between the vacant p 
orbital on boron center and the π* orbital of the attached π-
conjugated framework.12 The complexation of tri-coordinate 
boron center with fluoride anions would disrupt the pπ-π* 
conjugation and lead to remarkable changes in UV/Vis 
absorption, fluorescence, two-photon absorption and excited 
fluorescence.13−20 Interestingly, the triarylboranes generally 
possess high selectivity for fluoride over other anions such as 
chloride, bromide and iodide, as the result of the steric 
hindrance of bulky substituents on boron center, which not only 
ensures stability to water including moisture but also prevents 
complexation with other larger Lewis bases. Despite the large 
number of triarylboranes capable of fluoride sensing, those that 
can behave as bifunctional probes are very rare,21 which might 
be ascribed to the difficulty in the introduction of other ion-
responsive functional groups in triarylboranes. In continuation 
of our research on triarylboranes-based functional materials, we 
have recently disclosed a new class of intramolecular charge-
transfer (ICT) emitting triarylborane, in which the electron-
donating dimethylamino group and the electron-accepting boryl 
group were introduced at the o,o’-positions of flexible biphenyl 
framework.22 The coordination with fluoride can lead to 165 
nm blue shift in the fluorescence, enabling ratiometric 
fluorescence sensing of fluoride. It is notable that the para-
position of amino group is very reactive towards electrophilic 
substitution and thus it is possible to introduce various 
substituents and finely tune the photophysical properties.22c 
Encouraged by these facts, we have now designed and 
synthesized a simple but novel triarylborane BN-S, in which 
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thioacetal group was introduced at para-position of amino in 
the 2-dimesitylboryl-2’-(N,N-dimethylamino)biphenyl core unit. 
In this molecular design, the dithioacetal group was introduced 
because the specific Hg2+-promoted thioacetal deprotection 
reaction to generate formyl group has been well utilized for the 
design of Hg2+ probes.23 We envisioned that the formylated 
compound BN-CHO (Scheme 1), produced by the Hg2+-
promoted thioacetal deprotection of BN-S, might display 
photophysical properties different from those of BN-S due to 
stronger electron-accepting ability of formyl than dithioacetal 
group. As a result, BN-S would be able to detect Hg2+ in 
addition to F− ions. We indeed found that BN-S exhibits blue 
shift in fluorescence in different extents upon reaction with F− 
and Hg2+, demonstrating its great utility for the simultaneous 
and ratiometric fluorescence sensing of both Hg2+ and F− ions. 
Moreover, BN-S is still intensely emissive in aggregate state 
and thus the detection of Hg2+ can be performed using its nano-
aggregates formed in aqueous medium. 

NMe2

Mes2B
EtS

SEt
Hg2+

NMe2

Mes2BCHO

NMe2

Mes2B
EtS

SEt
F

BN-S�F� BN-CHOBN-S

F�

 
Scheme 1. The design concept of BN-S. 

Results and discussion 

Synthesis and photophysical properties 

As illustrated in Scheme 2, the target compound BN-S was 
easily synthesized via a one-step reaction from BN-CHO, 
which was previously prepared through electrophilic 
formylation of 2-dimesitylboryl-2’-(N,N-
dimethylamino)biphenyl core unit.22c In the presence of 
P2O5/SiO2, the straightforward protection of the formyl group 
with ethanethiol proceeded smoothly at 40 oC to provide BN-S 
in 87% yield. BN-S is very stable in air and can be purified by 
silica gel column chromatography. And its structure was fully 
characterized by 1H and 13C NMR spectroscopy and high-
resolution mass spectrometry. 

Mes2B

NMe2

OHC
P2O5/SiO2

CH2Cl2, 40 oC

Mes2B

NMe2

EtS
SEt

BN-CHO BN-S  87%  
Scheme 2 Synthesis of BN-S. 

The UV/vis absorption and fluorescence spectra of BN-S are 
shown in Fig. 1 and the related data are summarized in Table 1. 
The photophysical properties of BN-S are very similar to the 
core skeleton, 2-dimesitylboryl-2’-(N,N-
dimethylamino)biphenyl,22a which might be ascribed to the 
weak electronic effect of dithioacetal group. And thus in 
cyclohexane, BN-S displays an intense absorption at 312 nm 

(log ε = 4.09) and yellowish green fluorescence at 523 nm (ΦF 
= 0.17). In addition, the fluorescence spectra exhibit large 
solvatochromism from 523 nm in cyclohexane to 585 nm in 
acetonitrile while no obvious solvent dependence was observed 
in absorption. The large solvatochromism on fluorescence 
clearly suggests the intramolecular charge-transfer (ICT) 
character of BN-S. Another noteworthy characteristic feature of 
BN-S is that it still shows bright greenish yellow emission in 
the powder form, indicating its great fluorescence property in 
the condensed state. This phenomenon encouraged us to 
investigate its photophysical properties of BN-S in aggregates 
in aqueous medium, the intense fluorescence of which would 
enable the fluorescence sensing of ions in aqueous medium. 
The nano-aggregates of BN-S were prepared via the rapid 
injection of its solution in THF (1 mL, 5.26 mM) into 100 mL 
water. In view of the spectra, the absorption retains almost 
unchanged compared with those in solutions and the 
fluorescence is only slightly red shifted compared with that in 
cyclohexane, suggesting the weak intermolecular interactions in 
the aggregate state. Although the fluorescence efficiency of 
nano-aggregates in aqueous medium (ΦF = 0.05) decreases to 
some extent compared with those of solution in organic 
solvents, the fluorescence is still high enough for the 
fluorescence sensing. The time-resolved fluorescence study 

Table 1. UV/vis absorption and fluorescence data of BN-S. 

 solvent λabs
a/nm 

(log ε) 
λem/nm 
(ΦF)b τ /ns kr  

/s–1 
knr 

/s–1 

BN-S 

cyclohexane 312 (4.09) 523 (0.17) – – – 
benzene 310 (4.08) 546 (0.16) – – – 
CHCl3 304 (4.08) 550 (0.14) – – – 
THF 308 (4.07) 569 (0.12) 25.7 4.67× 106  3.42 × 107 

MeCN 306 (4.04) 585 (0.08) – – – 
H2Oc 310 (3.93) 534 (0.05) 39.0 1.28 × 106  2.44× 107 

BN-CHO H2Od 332 (4.03) 503 (0.08) 9.3/19.3 
(60/40)e – – 

BN-S•F− THF – 395 (0.11) 0.94 1.17 × 108  9.46 × 108 
a Only the longest maxima are shown. b Calculated using fluorescein as 
standard. c The nano-aggregates were prepared via the rapid injection of a 
solution of BN-S in THF (1 mL, 5.26 mM) into 100 mL H2O under 
vigorous stirring for 30 s. d The nano-aggregates were prepared via the 
rapid injection of a solution of BN-CHO in THF (100 μL, 5.26 mM) into 
10 mL H2O under vigorous stirring for 30 s. e Amplitudes of two lifetimes 
given in parentheses. 

 

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

Page 2 of 7Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

showed that the fluorescence lifetime becomes much longer 
from THF solution to the nano-aggregates in aqueous medium 
and the decrease in the fluorescence efficiency is mainly 
ascribed to the deceleration of the radiative decay process 
(Table 1). 

Optical response of BN-S to Hg2+ 

Considering the high fluorescence intensity of BN-S in water 
and the fact that Hg2+ is widely distributed in aqueous medium, 
the UV/vis absorption and emission spectra changes of BN-S 
were first examined for its nano-aggregates in water (52.6 μM) 
to evaluate its recognition ability towards Hg2+. As shown in 
Fig. 2, the addition of 30 equiv. Hg2+ induced 22 nm 
bathochromism of absorption from 310 nm to 332 nm. In 
contrast, the emission is blue shifted by 31 nm from 534 nm to 
503 nm. It was noted that the absorption and fluorescence 
spectra of BN-S with excess amount of Hg2+ are almost 
identical to those of BN-CHO, which implied that the Hg2+-
promoted deprotection of BN-S proceeded smoothly to 
generate BN-CHO. The transformation of BN-S to BN-CHO 
was further confirmed by 1H NMR measurement. As shown in 

Fig. 3, upon addition of Hg2+ cations, the 1H NMR of BN-S 
dramatically changed. The characteristic signal at 4.97 ppm 
corresponding to thioacetal proton completely disappeared, 
which was accompanied by the appearance of CHO signal at 
9.55 ppm. Notably, the fluorescence quantum yield increased to 
0.08 once BN-S was converted to BN-CHO, which was 
accompanied by the shortening of fluorescence lifetime (Table 
1). 

The remarkable blue shift of the fluorescence maximum 
wavelength of BN-S upon reaction with Hg2+ suggests its 
potential utility as the ratiometric fluorescent probe for Hg2+. 
To further explore this point, the time-dependent fluorescence 
spectra of BN-S were measured. As shown in Fig. 4, the 
fluorescence ratio between 503 nm and 534 nm (I503/ I534) 
increased gradually along with the time consuming and reached 
maximum after about 5 min, denoting the rapid reaction of BN-
S towards Hg2+. In addition, the pH effect was also examined 
since thioacetal is a pH sensitive group (Fig. S-1). Although 
BN-S decomposes slightly in acidic conditions over a long 
period (ca. 10 hours), I503/ I534 is almost independent of pH 
within the measurement time scales. In the presence of excess 
amount of Hg2+, the fluorescence ratio (I503/ I534) is highest 
when the pH is around 6.0. And in the unbuffered water, the 
fluorescence ratio (I503/ I534) is very close to the highest value. 
The drop of the fluorescence ratio (I503/ I534) in the neutral or 
basic conditions might be ascribed to the formation of 
Hg(OH)2. 

Time / min
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0

0.75

0.80

0.85

0.90

0.95
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Fig. 4 Time-dependent fluorescence ratio (I503  / I534 ) changes of BN-S in water 
(52.6 μM) in the presence of 1 equiv. of Hg2+ (chloride salt). 

Considering prompt fluorescence response and remarkable 
blue shift of the fluorescence maximum wavelength of BN-S 
upon reaction with Hg2+, the detailed sensing performance of 
BN-S for Hg2+ has been investigated mainly by fluorescence 
spectroscopy in unbuffered water. As shown in Fig. 5, BN-S 
displays an intense greenish yellow fluorescence at 534 nm for 
its nano-aggregates in aqueous media. With the increasing 
addition of Hg2+, this band was displaced gradually by a 
hypochromic band at 503 nm, which is characteristic of BN-
CHO. The fluorescence intensity ratios between 503 and 534 
nm (I503/ I534) increased from 0.69–1.12 with the gradual 
increment of Hg2+ concentration. It was interesting to find that 
excellent linear relationship was obtained between I503/ I534 

and Hg2+ concentration within the range 0–51 μM, 
demonstrating that BN-S was a promising ratiometric 

Fig. 2 UV/vis absorption and fluorescence spectra (λex = 320 nm) of nano-aggregates 
of BN-CHO (52.6 μM) in water, and BN-S (52.6 μM) in water in the absence and 
presence of 30 equiv. of Hg2+ (chloride salt). 
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fluorescence probe for the quantitative determination of the 
Hg2+ concentration. The detection limit for Hg2+ was calculated 
to be 72.7 nM at the signal to noise ratio (S/N = 3) from the 
linear equation (inset of Fig. 4b). The detection limit is 
comparable to those of other ratiometric fluorescence Hg2+ 
probes,7 indicating the high sensitivity of BN-S for Hg2+ 
sensing. More importantly, the Hg2+-promoted deprotection of 
BN-S takes place in a solvent system consisting of almost pure 
water, which is one notable advantage over precedent 
thioacetal-based Hg2+ probes.23 

 
Fig. 5 (a) Fluorescence spectra (λex = 350 nm) changes of nano-aggregate of BN-S in 
water (52.6 μM) upon increasing addition of Hg2+ (chloride salt). (b) Plot of fluorescence 
intensity ratios between 503 and 534 nm (I503/ I 534) versus concentration of Hg2+. Inset: 
Linear relation of I 503/ I534 versus concentration of Hg2+ in the range of 0–51 μM. 

 

Fig. 6 Fluorescence spectra (λex = 320 nm) of nano-aggregates of BN-S in water 
(52.6 μM) upon addition of various metal ions (30 equiv) 

In order to enable the probe to work in more complex 
systems, selectivity is one of the most important performance 
indexes. To investigate the fluorescence sensing selectivity of 
BN-S towards Hg2+, fluorescence spectra changes of BN-S 
were examined upon addition of various metal cations. As 
shown in Fig. 6, only the addition of Hg2+ caused the blue shift 

in the emission. The other competitive cations, such as Mg2+, 
Pb2+, Cu2+, Ba2+, Ca2+, Cd2+, Zn2+, even Ag+ only induced slight 
variations in the fluorescence intensity while the emission 
maximum wavelengths remain unchanged. Therefore, BN-S 
also displays high selectivity in sensing of Hg2+ over other 
cations. 

Optical response of BN-S to F− 

To explore the sensing ability of BN-S for F−, the absorption 
and emission spectra changes were first examined in THF 
solution using n-Bu4NF (TBAF) as the fluoride source (Fig. 7). 
In THF, the absorption and emission maximum wavelengths of 
BN-S were located at 308 and 565 nm, respectively. Upon 
addition of excess amount of F−, the absorption at 308 nm 
weakened dramatically and the emission shifted to 395 nm, 
demonstrating the efficient complexation of tri-coordinate 

 

Fig. 7 UV/vis absorption and fluorescence spectra (λex = 340 nm) BN-S in THF (22.4 
μM) in the absence and presence of 5 equiv. of F− (TBA salt). 
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boron center with F− to form the corresponding complex BN-
S•F−. The complexation of BN-S with F− also leads to the 
shortening of fluorescence time, which was accompanied by the 
significant acceleration in radiative and nonradiative decay 
processes. It was worth noticing that the shift in fluorescence 
(170 nm) is extremely very large, implying the possible utility 
of BN-S as ratiometric fluorescence probe for F−. Herein, the 
fluorescence titration experiment of BN-S (22.4 μM) with F− 
was next carried out and the fluorescence spectra changes upon 
addition of F− are shown in Fig. 8. As the concentration of F− 
increased incrementally, the fluorescence band at 565 nm 
decreased and the hypochromic peak at 395 nm appeared 
gradually. The ratios of fluorescence intensity at 395 and 565 
nm (I395/565) exhibit a dramatic change from 0.013 to 120.7 
(Figure 8b). In addition, an excellent linear relationship was 
also observed between I395/565 and F− concentration when F− 
concentration ranging from 42.8 μM to 66.9 μM, enabling the 
quantitative determination of F− concentration. Intriguingly, the 
colorimetric F− sensing by naked eyes is also feasible owing to 
the dramatic fluorescence color change from yellow to skyblue. 

Theoretical calculations 

To gain a thorough comprehension of the changes in 
photophysical properties of BN-S upon addition of Hg2+ and F− 
ions, we conducted theoretical calculations of BN-S, BN-CHO 
and BN-S•F− with Gaussian 09 program.24 Their molecular 
geometries were first optimized using density functional theory 
(DFT) at the B3LYP/6-31G(d) level of theory. We also 
performed time-dependent density-functional theory (TD-DFT) 
calculations at the B3LYP/6-31G(d) level of theory. The 
pictorial drawing of their molecular orbitals are shown in Fig. 9, 
and the calculated data are summarized in Table 2. 
The introduction of dithioacetal group exhibits almost no 
influence on the structure of 2-dimesitylboryl-2’-(N,N-
dimethylamino)biphenyl core unit, including the optimized 
molecular geometry, molecular orbital energy levels and 
electronic distributions of frontier orbitals.22 Thus in BN-S, 
both HOMO and HOMO−1 contain contributions from 
dimethylamino phenyl moiety and one mesityl group. The 
HOMO is mainly dominated by dimethylamino phenyl moiety 
while HOMO−1 is mainly dominated by one mesityl group on 
boron atom. On the contrary, the LUMO is dominantly 
localized on dimesitylborylphenyl part. Notably, the oscillator 
strength of the lowest transition (S1), which mainly consisting  

 

Table 2. Calculated Kohn-Sham molecular orbital energy levels and the calculated vertical excited states for BN-S, BN-CHO and BN-S•F−. 

 HOMO−1 HOMO LUMO 
S1 S2 S3 

transition energy 
/ nm 

oscillator 
strength transition energy 

/ nm 
oscillator 
strength transition energy 

/ nm 
oscillator 
strength 

BN-S −5.77 −5.37 −1.54 H→L 
(97%) 394 0.0081 H−1→L 

(88%) 354 0.0514 H−2→L 
(69%) 339 0.0093 

BN-CHO −5.93 −5.65 −1.64 H→L 
(96%) 377 0.0199 H−1→L 

(94%) 348 0.0312 H−2→L 
(97%) 336 0.0203 

BN-S•F− −2.53 −2.34 2.28 H→L 
(98%) 304 0.008 H−2→L 

(88%) 289 0.097 H−1→L 
(69%) 285 0.0043 

 

 

 

Fig. 9 Associated molecular orbitals that are likely responsible for the low-energy 
absorption bands of BN-S, BN-CHO and BN-S•F− 

the enlarged HOMO-LOMO energy gap once transformed to 
BN-CHO. 

With regard to influence of complexation of fluoride with 
BN-S, it is most notable that the LUMO is mainly distributed 
over the phenyl ring attached to amino group. This fact clearly 
suggest the complete interruption of pπ-π* conjugation, which 
leads to the significant elevation in the energy levels of both 
HOMO and LUMO, especially LUMO. The lowest allowed 
transition is mainly assignable to the S2 transition from 
HOMO−2 delocalized over biphenyl unit and two mesityl 
group to the LUMO. As a result, it is easily understandable that 
remarkable blue shift was observed in both absorption and 
emission of BN-S upon addition of fluoride ions. Although the 
accuracy of the calculated frontier energy levels and the 
calculated transition energy is not sufficiently high by this level 
of calculation, these results clearly explain the reason for the 
optical response of BN-S to Hg2+ and F−. 

Conclusions 
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In summary, we have designed and synthesized a 
triarylborane derivative BN-S, derived from 2-dimesitylboryl-
2’-(N,N-dimethylamino)biphenyl core skeleton. This 
compound contains both a Hg2+-responsive dithioacetal group 
and a F−-responsive boryl group. Hg2+-promoted deprotection 
of dithioacetal group generates BN-CHO, leading to low-lying 
of HOMO energy level and thus obvious blue shift of 
fluorescence. In addition, the complexation of fluoride ions 
with tri-coordinate boron center interrupts the pπ-π* and thus 
the intramolecular CT transition, which causes significant blue 
shift in emission. As a result, BN-S can act as a promising 
ratiometric bifunctional fluorescence probe to detect cationic 
Hg2+ and anionic F–, simultaneously. It is noteworthy that the 
ratiometric fluorescence sensing of Hg2+ is feasible in an 
aqueous medium consisting of almost pure water. Despite the 
extensive utility of triarylboranes as fluoride probe, the 
examples that act as bifunctional probes are very rare. We have 
herein provided a successful example of bifunctional 
ratiometric fluorescence probe and we believe that our current 
results would give some important basis for the further design 
of triarylborane-based bifunctional probes to detect fluoride and 
other ions. Moreover, we also have demonstrated a successful 
example for the application of 2-dimesitylboryl-2’-(N,N-
dimethylamino)biphenyl core skeleton through fine tuning its 
electronic structure. Further design of functional materials 
utilizing this skeleton to explore their potential applications in 
other fields is underway in our group. 
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Experimental 

General 

Melting points (mp) were measured on a Tektronix XT-4 
instrument. 1H and 13C NMR spectra were recorded with a 
Bruker 300 spectrometer in CDCl3. High resolution mass 
spectra (HRMS) were recorded on an Agilent Q-TOF 6510 
LC/MS mass spectrometer using the electrospray ionization 
(ESI) technique. UV−vis absorption and fluorescence spectra 
measurement were performed with A TU-1901 spectrometer 
(Beijing Purkinje General Instrument) and a Hitachi F-7000 
spectrometer. 

Computational methods 

The geometries of BN-S, BN-CHO and BN-S•F− in the ground 
state were optimized using density functional theory (DFT) at 
the B3LYP/6-31G(d) level of theory by Gaussian 09 program.24 
All geometry optimizations were followed by a frequency 
calculation to ensure that the optimized geometry was at a 
minimum. The time-dependent density functional theory (TD-

DFT) calculations were conducted at B3LYP/6-31G(d) level of 
theory. 

Synthesis of BN-S 

To a mixture of BN-CHO (473 mg, 1 mmol) and P2O5/SiO2 
(630 mg) in CH2Cl2 (20 ml) was added EtSH (0.6 ml, 8 mmol) 
under a stream of nitrogen. The reaction mixture was stirred for 
24 hours at 40℃ and then a saturated NaCl solution was added. 
The aqueous layer was extracted with CH2Cl2. The combined 
organic layer was dried over anhydrous Na2SO4, filtered, and 
concentrated under vacuum pressure. The resulting mixture was 
subjected to a silica gel column chromatography (petroleum 
ether/CH2Cl2, 5/1, R f = 0.40) to afford 502 mg (0.87 mmol) of 
BN-S in 87% yield as yellowish green solids: mp 149−151 º
C; 1H NMR (300 MHz, CDCl3) δ 7.47−7.55 (m, 2H), 
7.27−7.30 (m, 2H), 7.09 (s, 1H), 6.96 (d, J = 5.4 Hz, 1H), 6.43 
(d, J = 8.4 Hz, 1H), 6.46 (br, 4H), 4.78 (s, 1H), 2.51–2.69 (m, 
4H), 2.31 (br, 6H), 2.17 (br, 6H), 1.90 (s, 12H), 1.25 (t, J = 7.2 
Hz, 6H) ppm; 13C NMR (100 MHz, CDCl3) δ 150.7, 148.3, 
144.4, 140.5, 137.2, 136.0, 132.2, 131.8, 131.73, 131.3, 127.9, 
126.8, 126.4, 115.9, 52.6, 43.7, 25.9, 23.1, 21.1, 14.4 ppm; 
HRMS (ESI): 580.3210 ([M+H]+); Calcd for C37H47BNS2: 
580.3243.  
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