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Triarylborane conjugated dicyanovinyl chromophores: Intriguing 
Optical properties and colorimetric anion discrimination  

George Rajendra kumar, Samir Kumar Sarkar and Pakkirisamy Thilagar*
 

Three new triarylborane conjugated dicyanovinyl chromophores (Mes2B-π-Donor-DCV; donor: N-methyldiphenylamine (1) 

and triphenylamine (2 and 3 [with two BMes2 substitutions]) of type A-D-A (acceptor-donor-acceptor) are reported. 

Compounds 1-3 exhibit intense charge transfer (CT) absorption bands in visible region. These absorption peaks are 

combination CT bands of both amine donor to BMes2 and donor to DCV units. This inference was supported by theoretical 

studies. Compound 1 show weak fluorescence compared to 2 and 3. Discrimination of fluoride and cyanide ions is essential 

in the case of triarylborane (TAB) based anion sensors as they give similar response towards both the anions. Anion 

binding studies of 1, 2 and 3 showed that, fluoride ions binds selectively to the boron centre and blocks the corresponding 

CT transition (donor to BMes2) leaves another CT transition to be red shifted. On the other hand, cyanide ions bind with 

both the receptor cites and stops both the CT transition process and hence different colorimetric response was noted. The 

binding of F¯/CN¯ induce colour changes in the visible region of the electronic spectra of 2 and 3, which allows naked-eye 

detection of F¯ and CN¯ ions. Anion binding mechanisms are established using NMR titration experients.

Introduction 

 Owing to their intriguing optical properties, Triarylborane 

(TAB) containing functional luminescent molecules have 

attracted a lot of attention of materials chemist. Presence of 

empty p orbital on boron atom and its effective electronic 

communication with the attached aromatic π electron units 

makes these molecular systems as potential candidates for 

modern materials1
 such as OLED (organic light emitting 

diodes) materials2, NLO devises3, luminescent polymers4 and 

sensor5. It has been well demonstrated over the past fifteen 

years that, TABs can selectively bind with fluoride (essential 

and at the same time toxic if it is in excess) and cyanide ions 

(an important anion in most of the industrial processes but toxic 

towards biosphere). The binding of F-/CN- to the Lewis acidic 

boron centre modify the optical properties of TABs by 

perturbing the electronic communication between boron and 

attached -systems.5a, i Since, the binding event of both the 

anions F- and CN- follow the same route (interrupting 

conjugation between B and -systems), TABs exhibit similar 

optical response for these anions. Thus, anions F- and CN- are 

called interfering anions in TAB based sensor chemistry.  

 Recently, we become interested in sensors chemistry, by 

exploiting the excited state energy transfer process and we have 

developed a series of anion sensors. 6 Many research groups are 

focused on sensing Fluoride and Cyanide ions as the two anions 

have beneficial as well as detrimental effects.  7 As part of on-

going program, we intended to develop boron based sensor 

which can discriminate interfering anions such as fluoride and 

cyanide. Very recently we have successfully demonstrated 

differential identification of fluoride and cyanide ions using a 

TAB-phorphyrin-Zn conjugate (chart I 1.1).8a Presence of two 

dissimilar Lewis acidic receptor sites enabled us to identify the 

interfering anions with different optical behaviours. The 

complexity in the molecular design prompted us to simplify the 

design principle for the said application, and subsequently we 

have developed a TAB-dicyanovinyl (DCV) conjugate (Chart 

1: 1.2 and 1.3)8b. The sterically less hindered boron centre in 

1.2 prefers to coordinate with both F- and CN-, while the 

sterically more hindered boron in 1.3 prefers to bind selectively 

with fluoride over cyanide ions. Consequently in 1.3, fluoride 

interacts with boron centre and cyanide with electrophillic 

carbon centre of DCV unit and thereby gives different optical 

outputs for these two anions. Using similar design strategy, 

very recently Zhao et all developed TAB-DCV conjugate 

(Chart 1: 1.4) for the selective discrimination of fluoride and 

cyanide ions. 8c  
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 Chart I: Molecules reported in previous works 

 It has been well established that, with a suitable electron 

rich amine attached, the electron deficient boryl unit show an 

intermolecular charge transfer character.9 Very recently, we 

demonstrated that attachment of two different acceptor units on 

a single donor (triphenylamine) exhibited two dissimilar ICT 

bands in the visible region of the electronic spectra. We 

envisioned that if two different electron deficient receptors such 

as TAB and DCV units are attached with a suitable amine 

donor would exhibit two distinct ICT bands in the electronic 

spectrum.[10] We also proposed that if the two ICT process 

occurred in the visible region of the electronic spectra, the 

presence of two different receptors would be conveniently 

exploited for the naked-eye discrimination of additional 

opportunity to selectively exploit the two ICT process for the 

discrimination of different anions. To verify our hypothesis, we 

designed and synthesised compounds 1, 2 and 3, incorporating 

DCV, -BMes2 and amine (TPA/ units (Chart II). Our 

anticipation is realised with compounds 2 and 3 and the results 

are reported in this paper. 

 

Chart II: Molecules under investigation in present work. 

Results and discussion 

Synthesis and Characterisation: 

 

Scheme 1: a) CH2(CN)2, piperidene, ethanol/DCM 

 Synthetic schemes for the preparation of precursors are 

given in the supporting information (Scheme S1). Formylation 

of A using n-BuLi and DMF gave B in good yield. The 

aldehyde group in B was converted into acetal by refluxing it 

with triethylorthoformate in the presence of a catalytic amount 

of HCl in ethanol followed by borylation using n-BuLi and 

dimesitylfluoroborane (BFMes2) yielded 1.1. Compounds 2.1 

and 3.1 are prepared by adopting the procedure reported by us 

recently.10 Compounds 1, 2 and 3 are prepared by base 

(piperidine) catalysed condensation of respective aldehydes 

(1.1 for 1, 2.1 for 2 and 3.1 for 3) with required amount of 

malanonitrile (0.07 mL for 1, 0.029 mL for 2 and 0.021 mL for 

3) in the mixture of ethanol and dichloromethane solvents 

(scheme1). All the compounds are characterised by 1H, 13C 

NMR spectroscopy, HRMS mass spectrometry. Compounds 1 

and 2 are structurally characterised by single crystal X-ray 

diffraction studies. 

Molecular structure of 1 and 2 

  

       
Figure 1: Molecular Structure of 1 (left) and 2 (right). Blue = nitrogen, black = 
carbon, orange = boron. 

The molecular structures of 1 and 2 are shown in Fig. 1 (see 

ESI for structure refinement details11 and Table 1 for selected 

bond lengths). The tricoordinated boron centre adopts a trigonal 

planar geometry which is typical of sp2 hybridized boron.5a & 10 

The nitrogen centre in TPA and DPA moieties also adopted 

trigonal planar geometry. The phenyl ring which connects 

BMes2 and NPh2 unit in 2 is in quinonoid form which imparts 

the evidence for the presence of strong electronic conjugation 

between the boryl acceptor and amine donor. The torsional 

angle between the TAB plane (BCC) and TPA/DPA plane 

(NCC) is 86.7° and 21.6° for 1 and 2 respectively. The dihedral 

angle between BCC and phenyl ring found in 1 (25.29°) is 

significantly higher than the value found in 2 (19.43°). The 

dihedral angle between the phenyl unit and NCC are also 

following the similar trend (62.40° and 40.58° for 1 and 

respectively 2). Based on these results one can tentatively 

conclude that the donor acceptor interactions in 1 are weaker 

than in 2. In both the compounds the DCV unit and its 

neighbouring phenyl ring are adopted coplanar arrangement. 

These results clearly indicate that there could be significant 

electronic conjugation between donor (amine) and acceptor 

(Boryl/DCV) units. 

Optical Properties: 

 The electronic spectra of compounds 1-3, TPA-BMes2 and 

TPA-DCV are shown in figure 2 and 3 respectively.  The 

absorption bands of all the compounds fall in the visible region 

(~450 nm) (Figure 2 and Table 2). Compound 1 exhibits two 

absorption bands at ~344 and 440 nm. Compounds 2 (336, 416 

and 476 nm) and 3 (330, 386 and 462 nm) exhibit three  
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absorption peaks in the region 330 to 480 nm. In compounds 1-

3, the intensity of lower energy bands are significantly stronger  

than the higher energy bands. The higher energy band observed 

at ~ 335 nm in 1-3 can be ascribed to the -* transitions 

involved in aryl groups in amine donor as well as the 

triarylborane unit. The lower energy bands observed for 1-3 in 

the region ~380-475 are ascribed to the combined 

intramolecular charge transfer (ICT) transition of donor amine 

to boryl acceptor and donor amine to acceptor DCV units. The 

lower energy transitions observed for 2 is significantly red 

shifted compared to 1 and 3. This can be attributable to the 

extended -conjugation due to the presence of additional vinyl 

unit in 2. As hypothesized vide-supra, the presence of two 

dissimilar acceptors boryl and DCV units invoked two distinct 

ICT process at different energy regions of electronic spectra of 

2 and 3. This absorption features are completely different from 

the observations noted for model compounds DCV-TPA and 

TPA-BMes2. To gain further insight into the absorption 

features of 1-3, their optical spectra were recorded in solvents 

with different polarity (Figure 4-6). The higher energy band in 

the region ~335 nm was not perturbed by solvent polarity. 

However, the lower energy bands of 1-3 significantly red 

shifted when increasing the solvent polarity from hexane to 

dimethylsulphoxide (1: 418 to 447 nm, for 2, 403 to 420 nm 

and 458 to 478 nm and for 3:  381 to 392 nm and 449 to 466 

nm). These results clearly indicate that the lower energy bands 

have charge transfer character, which is in line with our above 

inference. 

 

Figure 2: UV-Vis absorption (left) and Fluorescence (right) spectra of compounds 1 (λex 

= 340 nm), 2 (λex = 416 nm), and 3 (λex = 330 nm) in dichloromethane (1×10
-5

 M). 

  

Figure 3: UV-Vis absorption and fluorescence spectra of model compounds. 

 Upon excitation at 350 nm, 2 exhibit single emission band 

at ~546 nm, while dual emission bands were observed for 1 

(~481 nm and ~590 nm) and 3 (at ~460 and 593 nm). The 

fluorescence quantum yield of 2 is significantly higher than that 

calculated for 1 and 3. The time resolved fluorescence studies 

clearly indicate that the non radiative process is prominent in 1 

compared to 2 and 3 (table 2). The dissimilarities in the 

radiative and non-radiative decay constants (Kr and Knr) of 1, 2 

and 3 can be attributable to the difference in their molecular 

rigidity. The presence of additional boryl unit in 3 resulted in 

lowering Kr value and hence shows slightly lower quantum 

yield compared to 2 and is in line with the literature report.3e 

The excitation spectra of 2 nearly reproduced the absorption 

Table 1. Selected bond lengths noted in molecular structures of 1 and 2 

Molecules Bond Length (Å) 

1 B1-C1 B1-C2 N1-C5 N1-C6 C2-C3 C3-C4 C4-C5 C7-C8 C8-C9 

 1.576 1.570 1.430 1.417 1.410(4) 1.388 1.395 1.450(4) 1.352(4) 

2 B1-C15 B1-C18 N1-C12 N1-C8 C12-C13 C13-C14 C14-C15 C3-C4 C4-C5 

 1.564(4) 1.573(4) 1.435(3) 1.367(3) 1.402(5) 1.380(4) 1.391(4) 1.401(4) 1.404(4) 

Table 2.  Optical properties of 1-3 in dichloromethane (1×10
-5

 M) 

Compounds λabs (nm) λem (nm) ΦF 
a(%) τ (ns) Kr (1×106 S-1)b Knr (1×108 S-1)b 

1 344, 440 481 1.03 4.59 2.24 2.16 

2 336, 416, 476 546 14.92 19.27 7.74 0.44 

3 330, 386, 462 460, 592 4.71 14.70 3.2 0.64 

aAbsolute quantum yields are measured using integrating sphere; bKr - radiative decay constant, Knr – non-radiative decay constant [calculated using the 

relationship, Kr = Φ/τ  &  Knr = (1-Φ)/τ] 
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spectra, which indicate that all the states are equally contributed 

to the emission process. The excitation spectra of 

corresponding emission peaks in dual emissive compounds 1 

and 3, indicate that the higher energy emission band is mostly 

boryl based while the lower energy band has the contribution 

from both boryl and DCV based ICT states (ESI. Figure S11-

S13). 

    

Figure 4: Solvent dependent UV-Vis absorption (left) and Fluorescence (right) spectra of 

1 (1×10
-5

 M). 

    

Figure 5: Solvent dependent UV-Vis absorption (left) and Fluorescence (right) spectra of 

2 (1×10-5 M). 

     

Figure 6: Solvent dependent UV-Vis absorption (left) and Fluorescence (right) spectra of 

3 (1×10-5 M). When polarity of the environment increased, changes in photo physical 

properties are noted. 

 Solvatofluorochromic behaviour of 1, 2 and 3 were studied.  

In all the cases, as the solvent polarity increases, the emission 

band undergoes red shift with decreasing intensity. These 

observations are typical of a D-A systems. Upon excitation at 

420 nm, 1 shows a single emission band at ~480 nm (Δν = 2976 

cm-1) in hexane, in DCM red shifted to ~600 nm (Δν = 7142 

cm-1) and in DMSO negligible fluorescence was observed (Fig. 

4). Probably the charge separated excited state is stabilised to 

more extent and prefers to relax only via non radiative decay 

pathway in polar environment. Similarly, the emission bands of 

2 and 3 also bathochromically shifted in polar solvents (Figure 

5). When changing the solvent from hexane to DMSO, 

compound 2 show a 110 nm red shift (Δν = 3420 cm−1 and 

7232 cm−1 in hexane and DMSO respectively) while compound 

3 showed 87 nm redshift (Δν = 5439 cm−1 and Δν = 9794 cm−1 

in hexane and DMSO, respectively) (Figure. 6). The observed 

higher Stokes shift in polar solvents clearly indicates that the 

polar ICT emissive states operative in 1, 2 and 3. 

 

Figure 7: Lippert Mataga plots for compounds 1-3. A linear relationship is noted 

between stokes shift and solvent polarity parameter. 

 

 To rationalise the higher Stokes shift observed for 1-3, in 

polar solvents, Lippert-Mattaga plots12 were derived using the 

relationship between solvent polarity paramenter and stokes 

shift (Figure. 7). Using the formula, Δf = [(D-1)/(2D+1)] – [(n2-

1)/(2n2+1)] and  Δν = (νA-νF) cm-1 = (2Δμ2/hca3) Δf + Constant, 

where D and n represents dielectric constant and refractive 

index of a solvent, Δμ is change in dipolemoment [Δμ = μg - μe, 

μg and μe are dipolemoment in ground and excited states 

respectively. h Plank’s Constant, c velocity of light and a 

Onsagar radius. All the compounds show linear relationship 

between Δν and Δf. The calculated change in dipole moments 

(Δμ) of 1 (~27D), 2 (~26D) and 3 (~28D) directly support our 

above inference regarding higher Stokes shift in polar 

environments.  

Theoretical Investigations: 

 To gain further insight into the electronic structure of 

compounds 1, 2, and 3, DFT computational studies were 

performed 13 using the B3LYP functional and 6-31G(d) as basis 

set. The frontier molecular orbitals of compounds 1-3 are 

depicted in Figure. 8 
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Figure 8: The frontier molecular orbitals for 1, 2, and 3 (isovalue = 0.04). Hydrogen 

atoms are omitted for clarity. 

 Molecular orbital (MO) coefficients of HOMO-1 of 

compounds 1-3 are localised on the π orbital of mesityl ring 

with significant contribution from B-C (C6H4 of amine donor) 

-bond. HOMO is mainly concentrated on amine with 

considerable contribution from DCV units. The LUMO are 

largely centred on DCV unit with considerable contribution 

from the phenyl spacer which connects the DCV with N centre. 

The LUMO+1 is mostly concentrated on empty p-orbital on 

boron centre with effective contribution from the C6H4 which 

connect it with N centre (Figure. 8). These results clearly 

indicate the presence of electronic communication between the 

donor amine and acceptor TAB and DCV moieties. The 

possible electronic transitions involved in 1-3 were calculated 

using TD-DFT method. Theoretically predicted electronic 

spectra of 1-3 are in close agreement with experimentally 

observed values. In the case of compound 1, the calculated 

transition at 406 nm is primarily from HOMO to LUMO 

transition. Thus the lower energy transition noted in the 

absorption spectrum of 1 is mainly due to the CT transition 

from DPA (diphenylamine) to the DCV unit.  Calculated 

transitions of 2 (467 nm and 422 nm) and 3 (449 nm and 400 

nm) are arising from HOMOLUMO and HOMOLUMO+1 

respectively. These results directly support our assumptions of 

experimentally observed UV-Vis absorption peaks for 2 (~476 

and ~416 nm) and 3 (~462 and ~386 nm) as TPADCV and 

TPATAB charge transfer transitions respectively. 

Anion Binding Studies    

 To evaluate the anion sensing abilities of compounds 1-3, 

these compounds were titrated against various anions such as 

fluoride, chloride, bromide, iodide, nitrate, hexa fluoro 

phosphate, perchlorate, acetate, hydrogen phosphate and 

cyanide. The changes associated with the optical properties of 

1-3 in the presence of anions were monitored by using UV-Vis 

and fluorescence spectrometer. The results show that 

compounds 1-3 selectively binding to fluoride and cyanide and 

show distinct colour changes for these two anions (ESI, Figure 

S27).  

   

 

Figure 9: Changes in UV-Vis-absorption spectra of 1 (1 × 10
-5

 M, top left), 2 (1 × 10
-5

 M, 

top right) and 3 (1 × 10
-5

 M, bottom) in presence of TBAF (2 μL = 1 eq) in 

dichloromethane. Boryl based absorption is decreased, while CT band ~440, 476 and 

460 nm undergoes red shift.  

 Fluoride binding in 1, 2 and 3 decrease the intensity of 

band(s) at ~340 (for 1), ~ 340 nm and 415 nm (for 2) and 330 

and 386 nm (for 3) respectively (Figure. 9). The intensity of 

lower energy bands of 1 and 2 (440 nm and 476 nm) increased 

with bathochromic shift in the presence of fluoride. In contrast, 

the intensity of the lower energy band (460 nm) in 3 decreases 

with bathochromic shifts when binding with fluoride. The 

bathochromic shift observed for 2 (33 nm) and 3 (20 nm) are 

significantly higher than the value observed for 1 (9 nm). 

Fluoride binding changes the Lewis acidic TAB unit to electron 

rich borate moiety; consequently the electronic and structural 

changes in the individual moiety facilitate the Ar3BF¯ DCV 

intermolecular charge transfer. As envisioned vide-supra, in the 

case of 2 and 3, the bathochromic shit associated with a distinct 

colour change from 476 to 509 nm and 460 to 480 nm 

respectively, which allows naked-eye detection of fluoride 

ions.10 When excited at 340 nm 416 nm and 330 nm 

respectively, the intensity of emission peaks of 1, 2 and 3 

decreased in the presence of fluoride (figure 10 and ESI Figure 

S15-S17). The changes associated with UV-Vis and PL features 

of 1 and 2 stops upon addition of one equivalent of TBAF while 

in the case of 3 saturation level reached after the addition of 

two equivalent of TBAF. This result confirms 1:1 complex 

(1+F¯ and 2+F¯) formation between 1 and 2 with fluoride and 

1:2 complex (3+{2F}¯) formations between 3 with fluoride 

ions. 

 

Figure 10: Changes in photoluminescence spectra of 2 (left) and 3 (right) (1 × 10-5 M) in 

presence of TBAF (2 μL = 1 eq) in dichloromethane. 

 Addition of CN- ions to dichloromethane solutions of 1 

gradually quenches the absorption bands at ~340 and 441 nm 

and the intensity of a new band at ~368 nm progressively 

increased. The spectral changes associated with 1 stop upon 

addition of two equivalents of cyanide ions.  In the case of 

compounds 2 and 3, two distinct changes were observed 

(Figure 11). First,  until addition of 1.5 eq of CN, the absorption 

bands at ~ 340, ~420 and ~470 nm (slight blue shift was 

observed) with an isosbestic point at 375 nm. A new band at 

~400 nm was also observed. Upon completion of 3 eq of CN 

ions, the intensity of all the absorption bands including the new 

absorption band at ~400 nm decrease.  Further, a broad band in 

the region 280-340 nm evolved with a new isosbestic point at 

~350 nm.  
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To get further insight into these binding events, the titrations 

were followed by 1H NMR (ESI. Figure. S21-22). Addition of 

TBACN (tetra butyl ammonium cyanide) results in formation 

of multiple peaks in the aromatic region and two new singlets at 

~4.25 and 4.36 ppm. The new resonance at 4.25ppm is typical 

of CN bound DCV unit.14  Thus, the new resonance observed 

for compounds 1-3 in the presence of ~ 1 equivalent of TBACN 

can be ascribed to CN bound DCV units in these compounds. 

The appearance of new peak corresponding to CN-DCV units 

and the complex NMR pattern in the aromatic region clearly 

indicates that CN ions concomitantly binding to both the 

receptors TAB and DCV in compounds 1-3. In the presence of 

3 eq of TBACN, complex resonance pattern in the aromatic 

region become relatively simple. The resonance at ~4.36 ppm 

disappeared while the intensity of the signal corresponding to 

CN-DCV unit at ~4.25 ppm increased. This indicates that both 

receptors in 1-3 are saturated upon addition of 3 eq of CN. The 

fluoride binding event was also monitored by 1H NMR studies. 

In the presence of 1 equivalent of fluoride ion, compounds 

showed complex 1H resonance pattern in the region 

corresponding to mesityl groups. No changes in the DCV 

proton resonances were observed. In the presence of TBAF, 19F 

NMR spectra of 1-3 showed a broad resonance at ~-171 ppm 

corresponding to Ar3B·F- complex (ESI). These results clearly 

suggest that F- is binding only to boron centre. 

  

 

Figure 11: Changes in UV-Vis-absorption spectra of 1 (1 × 10
-5

 M, top left), 2 (1 × 10
-5

 M, 

top right), and 3 (1 × 10
-5

 M, bottom) in presence of TBACN (2 μL = 1 eq) in 

dichloromethane. The changes are almost similar to fluoride titration except the 

formation a new absorption band at ~370 nm. The band at 441 nm red shifted to 446 

nm.  

 

Figure 12: Changes in photoluminescence spectra of 2 (left) and 3 (right) (1 × 10
-5

 M) in 

presence of TBAF (2 μL = 1 eq) in dichloromethane. 

 In the case of 1 and 2, cyanide binding quenches the 

fluorescence emission peaks at 481 nm and 546 nm 

respectively. Compound 3 showed intriguing PL spectral 

changes in the presence of cyanide ion (ESI, Figure S18-S20). 

Upon gradual addition of two equivalents of CN- ions, the 

intensity of the fluorescence band at ~460 and ~ 592 nm 

decreases concurrently intensity of a new emission band at 540 

nm gradually increased. Further addition of CN- ions quenches 

the fluorescence peak at 540 nm and a residual emission was 

observed at 460 nm. The PL spectral changes stops upon 

addition 5 eq of CN ions.  

Binding constants are calculated from UV-Vis absorption 

spectral changes (~ 340 nm) by the addition anion. The slope of 

Linear fitting of the plot (1 − I/I0)/[Anion] Vs I/I0 directly 

resulted the binding canstants (Table 3, Figure S28, S29) where 

I0 and I are absorbance values at initial and at the presence of 

particular concentration of anion respectively. Compound 3 

shows highest binding affinity towards fluoride/cyanide 

compared to both 1 and 2, which can be due to the presence of 

two Lewis acidic boron centres. 

 

Figure 13: Photographs of 2 and 3 in the presence of fluoride and cyanide under 

daylight. 

Reversible anion binding is very essential for probes to be 

applicable in practical purposes. In order to examine the 

reversibility of 1, 2 and 3, a Lewis acid BF3.OEt2 was used as 

an external reagent to extract the anions from fluoride 

complexes such as 1·F¯, 2·F¯ and 3·{2F}¯. Addition of 

BF3·OEt2 (~ 4×10-2 M, 2μL) to solutions of fluoride bound 

species (1·F¯, 2·F¯ and 3·{2F}¯) resulted in nearly complete 

restoration of luminescence of the respective free Lewis acidic 

probes 1, 2 and 3 respectively (ESI, Figure S25). This result 

suggests compounds 1-3 bind with fluoride reversibly and can 

be reused. In the case of cyanide binding, CN¯ binds with both 

the receptor centres (TAB and DCV).  

Table 3: Binding constants 

 1 2 3 

K (F-) (105 M-1) 0.19 1.01 2.43 

K (CN-) (105 M-1) 0.68 0.78 1.13 

Binding constants are calculated from UV-Vis absorption titrations by plotting (1 − 

I/I0)/[Anion] against I/I0.For 1, 2 and 3, K value calculated for changes in 

absorption corresponds to TAB units.  
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Since, CN¯ ions form a covalent bond with the electrophillic 

carbon centre of DCV unit, cyanide binding is not reversible at 

this receptor cite. However, the reversibility of TAB centre 

towards cyanide was monitored by using Fe3+ ions as an 

external reagent to remove boron bound CN¯ ions from 

1·{2CN}¯, 2·{2CN}¯ and 3·{3CN}¯. In all the three cases, 

addition of Fe3+ ions (2.5×10-2 M, 2μL) increases the intensity 

of boryl based emission band at ~450 nm (ESI Figure S26). 

These observations indicate the reversible binding nature of 

TAB unit with cyanide ions.  

To evaluate the sensitivity of the probes (1, 2 and 3) towards 

fluoride and cyanide ions, detection limits are calculated by 

adopting the procedures reported elsewhere6c, 15. The changes in 

the fluorescence intensity of the probes 1-3 in the presence of 

various concentrations of F¯/CN¯ ions (~1M to 10-10 M) was 

used to calculate the detection limits. The logarithmic value of 

anion concentration was plotted against (Imax − I)/(Imax − Imin) 

where Imax, I, and Imin are the initial fluorescence intensity, the 

intensity at a particular concentration, and the intensity at the 

saturation point, respectively. The intercept (ESI Figure S23 

and S24) on the X-axis (here log[X−]) was obtained by linear 

fitting of (Imax − I)/(Imax − Imin) versus log[X−]. Detection limits 

are calculated by the formula {([X-] × Mol.Wt of X)/1000 

(multiplied by 106 to change the units to parts per million}, 

where X is TBAF or TBACN. Fluoride detection limits for 

compounds 1, 2 and 3 are found to be ~2.1, ~0.82 and ~0.26 

ppm respectively. In the case of cyanide ion, the detection 

limits were found as ~0.42, ~0.67 and ~0.21 ppm for 1, 2 and 3 

respectively. The observed limits of detections and binding 

constants clearly indicate that the reported molecules are highly 

sensitive for fluoride and cyanide ions. 

Conclusions 

In summary, modular design and synthesis of three new A – D - 

A (1-3) containing electron deficient dual receptors (TAB and 

DCV) is reported. The A-D-A structure of these sensors 

endowed two distinct ICT process in the visible region of the 

electronic spectra of 1-3.  All the compounds show high 

selectivity towards fluoride and cyanide ions. Particularly 2 and 

3 shows unprecedented fluorogenic and colorimetric response 

towards interfering anions such as F¯ and CN¯. The 1H and 19F 

NMR titration experiments revealed that fluoride ions bind only 

to boron centre while cyanide binds with both the receptor sites. 

The binding of F¯/CN¯ induce colour changes in the visible 

region of the electronic spectra of 2 and 3, which allows naked-

eye detection of F¯ and CN¯ ions. We believe that this work 

opens a new pathway for the discrimination of two interfering 

anions by naked eye. 

Experimental Section 

Materials and Methods: 

n-Butyllithium (1.6 M in hexanes) and Malanonitrile were 

purchased from Acros (india) and Spectrochem (India) 

respectively. All moisture sensitive reactions were carried 

under an atmosphere of purified Nitrogen using standard 

schlenck techniques. THF was distilled over sodium prior to 

use. HPLC grade solvents were used for absorption and 

emission spectroscopic measurements. All the UV-Vis 

absorption and fluorescence titrations are carried out at room 

temperature in freshly distilled solvents including NMR 

titrations. Absolute quantum yields are recorded using 

Integrating sphere. Single crystals suitable for X-ray 

diffraction10 studies are obtained by slow evaporation of 

CH2Cl2 solutions of 2 at 25C. The (400 MHz) 1H NMR, (376 

MHz) 19F NMR, (100 MHz) 13C NMR and (160 MHz) 11B 

NMR were recorded on a Bruker Advance 400 MHz NMR 

spectrometer. Electronic absorption spectra were recorded on a 

Perkin Elmer LAMBDA 750 UV/visible spectrophotometer. 

Fluorescence emission and excitation spectra were recorded on 

a Horiba JOBIN YVON Fluoromax-4 spectrometer. Single-

crystal X-ray diffraction studies were carried out with a Bruker 

SMART APEX diffractometer equipped with 3-axis 

goniometer. 

Synthetic Procedures: 

Compounds 2.1, 3.1 and 4.1 are synthesized by reported 

literature methods9. 

Synthesis of B (4-((4-

bromophenyl)(methyl)amino)benzaldehyde): To a solution 

of A ( 3 g,  8.79 mmol) in THF was added drop wise n-BuLi 

(1.6 M,  6.05 mL, 9.67 mmol) under N2 atmosphere at -78 C 

and stirred at this temperature for 60 min. To the reaction 

mixture was added DMF (xx mL, 26.37 mmol) and the reaction 

mixture was allowed to warm to room temperature and stirring 

continued. After 6 hr, 10 mL of 2N HCl was added and 

continued the stirring for another 4 h. After addition of water, 

the reaction mixture was extracted with ethyl acetate. The 

extract was washed with water, dried under Na2SO4 and 

concentrated under reduced pressure afforded crude product, 

which was further purified by silica gel column 

chromatography (petroleum ether/ EtOAc (96:4)). Yield: 1.8 g 

in 74.4% as dirty white solid. 1H NMR (400 MHz, CDCl3, δ 

ppm) 9.78 (s, 1H), 7.71 (d, J = 8 Hz, 2H), 7.54 (d, J = 8 Hz, 

2H), 7.11 (d, J = 8 Hz, 2H), 6.81 (d, J = 8 Hz, 2H), 3.37 (s, 

3H). 

 Synthesis of 1.1 (4-((4-

(dimesitylboryl)phenyl)(methyl)amino)benzaldehyde): To a 

solution of C (1.8 g,  6.5 mmol) in ethanol (30 mL) was added 

triethylorthoformate ( 3.25 mL, 19.55 mmol) and catalytic 

amount of acid, and refluxed for 12 hours. Evaporation of all 

the volatiles under reduced pressure afforded D as yellowish 

liquid. Yield: 1.54 g in 67.54 %. 1H NMR (400 MHz, CDCl3, δ 

ppm). 7.38 (d, J = 8 Hz, 2H), 7.33 (d, J = 8 Hz, 2H), 7.02 (d, J 

= 8 Hz, 2H), 6.86 (d, J = 8 Hz, 2H), 5.47 (s, 1H), 3.65 (m, 3H), 

3.54 (m, 3H), 3.30 (s, 3H), 1.25 (t, J = 8 Hz, 6H). To the 

solution of D (1.54 g, 4.23 mmol) in THF was added drop wise 

n-BuLi (1.6 M, 2.9 mL, 4.65 mmol) under N2 atmosphere at -78 
C and stirred at this temperature for 60 min. To the reaction 

mixture was added BFMes2 (1.25 g, 4.65 mmol) and the 

reaction mixture was allowed to warm to room temperature and 

stirring continued for another 12 hours. After addition of water, 
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the reaction mixture was extracted with ethyl acetate. The 

extract was washed with water, dried under Na2SO4 and 

concentrated under reduced pressure afforded crude product, 

which was further purified by silica gel column 

chromatography (petroleum ether/ EtOAc (96:4)). Yield: 0.4 g 

in 21.27 % as straw yellow solid. 1H NMR (400 MHz, CDCl3, δ 

ppm) 9.82 (s, 1H), 7.74 (d, J = 8 Hz, 2H), 7.53 (d, J = 8 Hz, 

2H), 7.13 (d, J = 8 Hz, 2H), 7.02 (d, J = 8 Hz, 2H), 3.46 (s, 

3H), 2.31 (s, 6H), 2.05 (s, 12H) 

Synthesis of 1: 1.4 (0.1 g, 0.20 mmol) and malanonitrile ( 0.07 

mL, 1.0 mmol) are taken in a mixture of DCM–ethanol (10 : 

90). A catalytic amount of piperidine was added and the 

reaction mixture was stirred for one hour. Evaporation of all the 

volatiles gave the crude product which is further purified by 

silica gel column chromatography (hexane–ethylacetate 96:4). 

Yield: 0.05 g in 45.6 % as orange powder. 1H NMR (400 MHz, 

CDCl3, δ ppm) 7.79 (d, J = 8 Hz, 2H), 7.58 (d, J = 8 Hz, 2H), 

7.51 (s, 1H), 7.18 (d, J = 8 Hz, 2H), 6.87 (d, J = 8 Hz, 2H), 3.48 

(s, 3H), 2.32 (s, 6H), 2.04 (s, 12H). 13C NMR (100 MHz, 

CDCl3, δ ppm) 158.50, 153.62, 149.44, 141.22, 139.31, 138.79, 

133.76, 128.74, 125.07, 122.05, 115.87, 115.47, 114.80, 74.96, 

40.69, 23.94, 21.68. ESI mass calcl: C35H34BN3 (M +Na+) 

530.2738. Found 530.2738. 

Synthesis of 2: 2.1 (0.1 g, 0.182 mmol) and malanonitrile 

(0.029 mL, 0.45 mmol) are taken in a mixture of DCM–ethanol 

(10:90). A catalytic amount of piperidine was added and the 

reaction mixture was stirred for one hour. Evaporation of all the 

volatiles gave the crude product which is further purified by 

silica gel column chromatography (hexane–ethylacetate 96:4). 

Yield: 0.065 g in 55.5 % as red colour solid. 1H NMR (400 

MHz, CDCl3, δ ppm) 7.86 (d, J = 8 Hz, 4H), 7.64 (s, 2H), 7.55 

(d, J = 8 Hz, 2H), 7.19 (d, J = 10 Hz, 4H), 7.09 ((d, J = 8 Hz, 

2H), 6.84 (s, 4H), 2.31 (s, 6H), 2.04 (s, 12H). 13C NMR (100 

MHz, CDCl3, δ ppm) ESI mass calcl: C44H36BN5 (M + Na+) 

668.6062. Found 668.6099. 

Synthesis of 3: 3.1 (0.1 g, 0.123 mmol) and malanonitrile ( 

0.021 mL, 0.325 mmol) are taken in a mixture of DCM–ethanol 

(10 : 90). A catalytic amount of piperidine was added and the 

reaction mixture was stirred for one hour. Evaporation of all the 

volatiles gave the crude product which is further purified by 

silica gel column chromatography (hexane–ethylacetate 96:4). 

Yield: 0.025 g in 23.5 % as reddish orange solid. 1H NMR (400 

MHz, CDCl3, δ ppm). 7.80 (d, J = 8 Hz, 2H), 7.57 (s, 1H), 7.50 

(d, J = 8 Hz, 4H), 7.12 (d, J = 10 Hz, 2H), 7.09 (d, J = 8 Hz, 

4H), 6.83 (s, 8H), 2.31 (s, 12H), 2.05 (s, 24H). 13C NMR (100 

MHz, CDCl3, δ ppm) 158.29, 152.77, 148.80, 143.63, 142.01, 

141.21, 139.22, 138.63, 133.22, 128.72, 125.27, 122.05, 23.91, 

21.66. ESI mass calcl: C58H57B2N3 (M + Na+) 840.4631. Found 

840.4631. 
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