We described herein the synthesis, photophysical properties in solution and in the solid-state of dualstate emitters presenting an Excited-State Intramolecular Proton Transfer (ESIPT) process. These fluorophores, built around the 2-(2'-hydroxyphenyl)benzoxazole (HBO) scaffold incorporate a Nmethylpyridinium unit, at the 3 or 5 position of the phenol ring, prone to reduce vibrational relaxation in the excited-state through resonance effects and consequently increase solution-state quantum yield (QY). In order to further optimize their optical properties, an additional ethynyl-extended triisopropylsilyl (TIPS) spacer was introduced with the view to combine molecular rigidification and π-delocalization, as cooperative effects to enhance dual-state emission (DSE) properties. Molecular engineering studies and comparison with unsubstituted compounds reveal significant influence of the position of the ethynyl-TIPS moiety on the photophysical properties, especially the fluorescence color.

As several excited-state dynamics can compete with the ESIPT process, all dyes were modelled using ab initio calculations to rationalize the nature of the excited-states.

Introduction

Dual-State Emission (DSE) fluorophores are defined as fluorescent chromophores capable of displaying intense fluorescence emission in dilute solution, but also in the solid-state, as crystals, amorphous powders or as dopants in polymeric matrixes. 1 DSE dyes differs from the majority of the dyes which are either luminescent in solution but not in the solid-state due to aggregation-caused quenching (ACQ) process or are quenched in solution but light up in concentrated media, aggregates or solid (aggregation-induced emission (AIE) dyes). DSE fluorophores are still relatively scarce and arise from a subtle compromise between quasi-planarity, geometry, controlled intermolecular interactions and electronic parameters. A strong lack of symmetry is also usually required to avoid π stacking processes, leading to fluorescence quenching in the solid-state. 1 A growing number of DSE examples has emerged in the recent literature, with a strong structural diversity. Among them, one can quote triphenylamine-derived fluorophores, 2 naphthobenzofurans, 3 benzothiadiazoles, 4 boron complexes, 5 diphenylpyrroles, 6 or substituted benzene rings. 7 2-(2'-Hydroxyphenyl)benzoxazole (HBO) derivatives are a class small molecules, incorporating a strong six-membered intramolecular Hbond, enabling an excited-state intramolecular proton transfer (ESIPT) process. 8 ESIPT is a four-level photocycle reaction involving an enol/keto (E * /K * ) tautomerization in the excited-state leading to an important structural reorganization. 9 The proton transfer is ultrafast, in the picosecond timescale but several excited-state dynamics can compete with ESIPT: proton back-transfer leading to dual E * /K * emission, 10 deprotonation providing highly emissive anionic D * species 11 or competition between excited-state intramolecular charge transfer (ESICT) and ESIPT,12 opening large possibilities for the engineering of molecular switches. Moreover, typical ESIPT dyes like the HBO family show large Stokes shifts, enhanced solid-state emission and environment-sensitive optical profiles. 13 ESIPT luminescence has found applications in all areas targeted by molecular fluorescence, such as optoelectronic devices, 14 sensing, 15 imaging, 16 or anti-counterfeiting. 17 Another typical feature of ESIPT is the occurrence of strong fluorescence quenching processes in solution, owing to rotational and vibrational deactivations induced by the proton transfer, which is counter-balanced by a strong solid-state emission, largely explained by the absence of π-stacking interactions. 18 The possibility to use ESIPT fluorophores as DSE dyes looks attractive, with the view to maximize the range of possible applications for one single dye, in the context of sustainable development, but one need to tackle first the weak fluorescence intensity in solution issue, as a prerequisite. In order to increase the photoluminescent quantum yield (QY) in solution of ESIPT dyes, several strategies have been proposed, such as cyclization of the organic backbones 19 or introduction of ethynyl-extended aryl 20 or silyl moieties 21 at the proton donor side. The latter strategy was found to be successful in strongly enhancing solution QY, while maintaining high solid-state fluorescence intensity. Molecular engineering studies were conducted to finely tune the DSE properties of the resulting dyes. 22 In parallel, we recently showed that the introduction of N-methylpyridinium rings on the HBO core is able to stabilize the K * tautomer by resonance effects, leading to highly luminescent merocyanine excited species.in solution (Figure 1). 23 The introduction of pyridinium moieties, however, led to the absence of solid-state emission in these dyes, presumably due strong π-cation interactions leading to ACQ processes. Solid-state emission can be restored by preparing aryl pyridinium compounds via Zincke reaction, where the presence of steric hindrance around the pyridinium core can increase intermolecular distances. Nonetheless, the presence of this additional charged heterocycle on the HBO core opened the possibility to insert other substituents at the remaining phenolic positions, further enhance fluorescence intensity in solution and in the solid-state and provide larger insight on the photophysics of these dyes. Therefore, we decided to explore the influence on the optical properties of the presence of ethynyl-extended triisopropylsilyl (TIPS) groups at the 3-or 5-position of the phenol ring (Figure 2). Indeed, previous studies emphasized the beneficial role of these substituents in the restriction of non-radiative deactivations, leading to QY increase in solution and in the solid-state. 21,22,24 A combined cooperative effect could be expected with the presence of both pyridinium and ethynyl-TIPS moieties on the π-conjugated core of HBO dyes. In this article, we report on the synthesis, full solution-and solid-state photophysical studies and ab initio calculations of two positional isomers 1 and 2, derived from HBO, which incorporate a N-methylpryridinium ring and an ethynyl-extended TIPS fragment, either at the 3,5-or at the 5,3-position of the phenol (Figure 2). Moreover, the nature of the excited-state is also studied by theoretical calculations.

Results and Discussion

Synthesis

The synthesis of the target HBO 1 and 2 is shown on schemes 1 and 2. The synthesis of key intermediates 7 and 8 is reported on Scheme 1, while the final steps required to provide HBO 1 and 2 are presented on Scheme 2. HBO dyes 7 and 8 are synthesized in three steps. A first step consists in the monoiodation of commercially available 3-or 5-bromosalicylaldehyde derivatives using iodine and iodic acid in ethanol, followed by the selective Pd-catalyzed Sonogashira cross-coupling reaction with (triisopropylsilyl)acetylene, as a coupling partner. It is worth noting that this coupling occurs only at the iodo position, to provide 5 and 6 in excellent overall yields. The HBO scaffold was then constructed, using classical conditions 18 to yield 7 and 8 in 90-91%, respectively. Scheme 1. Synthesis of HBO intermediates 7 and 8.

Having key HBO intermediates 7 and 8 in hand, Suzuki-Miyaura cross-coupling reactions were performed with 4-pyridinylboronic acid, following an optimized synthetic protocol previously reported by our group, 23 to introduce a pyridine ring at the 3-or the 5-position (Scheme 2). HBO 9 and 10 were obtained in 67 and 40% yield, respectively. Finally, methylation of the pyridine moiety proceeded via a slight excess of iodomethane in acetone, to yield the corresponding pyridinium. Target HBO dyes 1 and 2 were purified by precipitation and recrystallization steps. In order to evaluate the impact of the ethynyl-TIPS functionalization, HBO dyes 11-14, functionalized by pyridine or pyridinium were also prepared (Figure 3). It is worth mentioning that HBO dyes 11-13 were previously described by us. 23 All new compounds were characterized by 1 H, 13 C NMR spectroscopy and HR-MS (see experimental section and the SI). 

Photophysical properties

The photophysical properties of HBO-pyridinium 1, 2, 13 and 14, along with their pyridine precursors 9-12 were studied in solution, in neutral and protonated CH 2 Cl 2 and ethanol and in the solid-state, as embedded in potassium bromide pellets (Tables 1 andS1, Figures 4 and5).

Pyridine-and pyridinium-substituted HBO dyes display significantly different photophysical properties. First of all, for the pyridine precursors, HBO 11 and 12, lacking the ethynyl-TIPS unit, display maximum absorption wavelengths in neutral CH 2 Cl 2 , at 332 and 335 nm, respectively while those bearing a triple bond, HBO 9 and 10, show a marked bathochromic shift (λ abs = 347 and 353 nm) (Figure 4a). The absorption coefficients ε remain in the same range (ε = 13500-15900 M -1 .cm -1 ).

Table 1. Photophysical data in aerated solution at 25°C and in the solid-state.

[a] Maximum absorption wavelength [b] Absorption coefficient [c] Relative quantum yield determined in solution using

Rhodamine 6G as a reference (λ exc = 488 nm, Φ = 0.88 in ethanol), [d] Stokes shift, [e] k r (10 8 s -1

) and k nr (10 8 s -1

) were calculated using: k r = Φ F /σ, k nr = (1-Φ F )/σ where σ is the lifetime, [f] as embedded in KBr pellet, PLQY calculated as absolute in an integration sphere fitted to a spectrofluorimeter, [g] Excitation wavelength, [h] Non fluorescent.

After photoexcitation in the S 0 -S 1 transition, these dyes display an intense single emission band whose maximum wavelength seems to depend on 1) the position of the pyridine ring on the phenol core and 2) the presence or absence of the ethynyl-TIPS spacer. Generally speaking, dyes with a pyridine ring at the ortho position of the hydroxy group, are red-shifted in emission, as compared to their parasubstituted counterparts. Furthermore, the presence of the ethynyl-TIPS moiety triggers an additional bathochromic shift, roughly of the same order, in neutral CH 2 Cl 2 (Figure 4b). As a result, HBO 11, with a single para-positioned pyridine is the most blue-shifted in the series (λ em = 497 nm), while HBO 9 which combines an ortho-pyridine ring and an ethynyl-TIPS group is the most red-shifted and emits in the green (λ em = 531 nm). Ethynyl functionalization also seems to have a beneficial effect on the QY values, especially if introduced at the ortho phenolic position (QY = 0.44 for 10 vs 0.12 for 11). It is well-reported that the ESIPT process can compete with deprotonation in the excited-state, in the case of acidic protons, in competitive media or when the conjugated base is stabilized by conjugation. of the pyridine moiety and the mesomeric stabilization of the resulting anionic species. 23 For 11, protonation of both the phenolate and the pyridine led to an hypsochromic shift, along with a strong increase of the QY value. Thus, in order to validate the nature of the excited state for the dyes described herein, the photophysical properties were also recorded in protonated CH 2 Cl 2 , by bubbling HCl g into the CH 2 Cl 2 solutions (Figure 4c). First, protonation leads to a marked hypsochromic shift of the maximum absorption wavelength for all dyes 9-12 (λ abs = 332-353 nm), consistent with the protonation of the phenolate and the pyridine moieties. Upon photoexcitation, an intense emission is still observed but with significant differences, as compared to neutral CH 2 Cl 2 . As already reported, protonated HBO 11 displays a blue-shift (λ em = 490 vs. 497 nm), consistent with the presence of an excited species stabilized by electronic delocalization. 23 In the protonated state, deprotonation is not possible, which means that the observed emission band corresponds to the emissive K * tautomer, formed after ESIPT. In the case of the ortho isomer HBO 12, protonation leads to a bathochromic shift (λ em = 518 vs. 527 nm). Incorporation of an ethynyl-TIPS spacer triggers the same trend in protonated conditions, i.e. a blue-shift for the para pyridine isomer 10, vs. a red-shift for the ortho isomer 9 (λ em = 524 vs. 516 nm for 10 and λ em = 531 vs. 548 nm for 9 in neutral and protonated conditions). This does confirm that the mesomeric stabilization (cyanine character) of the excited-state is more pronounced in the case of a para substitution of the pyridine ring, as in HBO 10 and 11. Moreover, in the case of 10 and 11, protonation is accompanied by a marked increase of the absorption coefficient (ε = 27,200 and 29,300 M -1 .cm -1 , respectively), consistent with the presence of a merocyanine-type excited species. The QY in protonated conditions are much higher than those recorded in neutral CH 2 Cl 2 . Indeed, all pyridiniumsubstituted HBO dyes 9-12 appear to be very emissive, with QY values in the range 0.55-0.64, in protonated conditions, i.e. emitting from a K * species, formed after occurrence of ESIPT. This a strong contrast with the vast majority of not only HBO dyes but all dyes showing ESIPT in general, where strong non-radiative processes typically occur in solution upon formation of the tautomeric excited species, quenching the fluorescence. 18 It is worth pointing out that the presence of an additional ethynyl-TIPS fragment does not lead to a further increase of the QY. Stabilization of the excited-state and subsequent radiative deactivation enhancement seems to be solely driven by resonance effects and not cooperatively with molecular rigidification. Due to the very interesting fluorescence enhancement of dyes 9-12 upon protonation of their pyridine ring, the corresponding N-methylpyridinium derivatives were synthesized and studied. As a first observation, UV-Vis. spectra of HBO dyes 1 and 2

[f] [h] [h] [h] [h] [h] [h] [h] [h]
show an intense absorption band at 383 and 365 nm respectively, along with a second red-shifted large band spanning the range 475-520 nm. This latter band, which is not present in the case of HBO 11 and 12, lacking the ethynyl-TIPS group can be ascribed to the spontaneous deprotonation of the phenol in the ground-state in CH 2 Cl 2 and the subsequent stabilization of the formed zwitterionic conformation (Figure 4d). In ethanol, the intensity of this red-shifted absorption band is significantly higher than in CH 2 Cl 2 (Table S1). After excitation in the S 0 -S 1 band, in neutral CH 2 Cl 2 , all N-methylpyridinium derivatives 1-2 and 13-14 are all strongly red-shifted, as compared to the protonated form of their pyridine precursors (λ em = 521-584 nm), revealing the importance of the delocalization pathway length (Me vs. H). It is noteworthy that HBO 1 with an ortho-substituted pyridinium group and an ethynyl-TIPS spacer is the most red-shifted in the series with an orange emission at 584 nm (Figure 4e). Upon protonation, the red-shifted absorption band disappears, thus confirming its anionic nature in the ground-state. Unlike the pyridine precursors, the maximum emission wavelength do not vary, highlighting the fact that for these dyes, the emission stems from a K * isomer and that deprotonation does not compete in the excited-state with the ESIPT process (Figure 4f). For the N-methylpyridinium dyes 13 and 14, the calculated QY are in the same range than those recorded for their corresponding H-pyridinium analogs. For the ethynyl-TIPS-substituted analogs, HBO 1 and 2, introduction of the ethynyl spacer curiously leads to a marked decrease of the QY value, even though it does remain in the range 22-32%. This appears in strong contrast with previous examples, where the incorporation of similar moieties triggered an impressive increase of QY values, as compared to unsubstituted dyes. 21,22,24 Unlike previous ethynyl-rigidified dyes, in HBO 1 and 2, the QY values seem to be only due to the presence of the N-methylpyridinium groups where the alkyl chains present at the TIPS sites appear to enhance vibrational relaxations. The excited-states lifetimes were measured for all dyes in solution and are all in the nanosecond range, in keeping with the singlet nature of the excited species.

The photophysical properties of all dyes were also studied in the solid-state, as embedded in potassium bromide pellets (Figure 5). All pyridine-substituted HBO dyes 9-12 were found to be emissive in solid with maximum emission wavelength ranging 496-535 nm, evidencing the pyridine ring as a suitable group to trigger DSE properties within HBO fluorophores. The QY values (13-38%) are in the typical range for HBO dyes. It was previously reported that unlike their pyridine precursors, pyridinium moieties tend to be heavily quench in the solid-state, due to detrimental electrostatic interactions or πcation stacking. Indeed, in this series, HBO 1 and 13 were found to be completely quenched in solid, while HBO 14 was faintly emissive (λ em = 536 nm, QY = 3%). However, in the case of HBO 2, solidstate emission seem to be partially restored (λ em = 534 nm, QY = 20%), evidencing that the position of the substitution of the phenol core plays a substantial role to fine-tune the DSE properties. 

Theoretical calculations

In conclusion, we report the synthesis, full optical characterization and theoretical calculations of a series of pyridine-and pyridinium-substituted HBO derivatives showing an ESIPT process. The photophysical properties can be finely tuned by the introduction of an ethynyl-extended spacer at the 3-or the 5-position of the phenol scaffold. Unlike previous related examples, introduction of molecular rigidification through ethynyl functionalization does not trigger a significant enhancement of the quantum yield in solution, highlighting the importance of the excited-state stabilization via merocyanine formation.

Experimental section

Salicylaldehyde 4 25 and HBO dyes 11-13 23 were already described in the literature.

General procedure for the iodation of bromo-salicylaldehydes

Bromo-salicylaldehyde (50 mmol.) is solubilized in hot ethanol (2.5 mol.L -1 ), before iodine (20 mmol.) and iodic acid (10 mmol.) in water (1 mL) are added to the mixture. The solution was stirred at 100 °C for 15 min, then allowed to cool down to room temperature. The reaction was quenched with 195.7, 158.2, 142.9, 136.5, 120.9, 116.9, 111.2, 103.7, 92.0, 18.8, 11.4 7, 142.5, 135.6, 121.7, 115.9, 110.8, 99.6, 99.2, 18.8, 11.4. HRMS (ESI-TOF) m/z:

[M+H+] Calc. for C 18 H 24 BrO 2 Si: 379.0734, Found: 379.0733.

General procedure for the synthesis of HBO dyes

Salicylaldehydes 5 or 6 (3.93 mmol.) were dissolved 100 mL of absolute ethanol, before 2aminophenol (3.93 mmol.) was added. The resulting suspension was refluxed for 3 h using an oil bath.

After cooling down, the solution was evaporated and redissolved in 200 mL of dichloromethane, before 4, 159.2, 149.4, 139.8, 139.4, 129.5, 126.2, 125.6, 119.7, 115.3, 112.3, 111.0, 110.6, 100.7, 98.2, 18.8, 11.5 7.77-7.72 (m, 1H), 7.69-7.65 (m, 1H), 7.64-7.60 (m, 3H), 7.47-7.40 (m, 2H), 1.17 (s, 21H).

13 C NMR (126 MHz, CDCl 3 ) δ 162. 1, 156.1, 149.9, 149.2, 144.7, 139.7, 137.5, 131.4, 127.7, 126.2, 125.5, 124.2, 119.6, 115.5, 111.5, 111.0, 105.5, 90.5, 18.9, 11.5 
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 23 

Figure 1 .

 1 Figure 1. Representation of the ESIPT process, followed by the stabilization of a merocyanine species in N-methylpyridinium-2-(2'-Hydroxyphenyl)benzoxazole (HBO) derivatives. ESIPT = Excited-State Intramolecular Proton Transfer, GSIPT = Ground-State Intramolecular Proton Transfer.

Figure 2 .

 2 Figure 2. N-Methylpyridinium HBO dyes studied in this article.

Scheme 2 .

 2 Scheme 2. Synthesis of targets HBO 1 and 2.

Figure 3 .

 3 Figure 3. HBO dyes 11-14

Figure 4 .

 4 Figure 4. (a) UV-Vis spectra in CH 2 Cl 2 , (b) Emission spectra in CH 2 Cl 2 , (c) Emission spectra in protonated CH 2 Cl 2 of HBO 9 (red), 10 (orange), 11 (light blue) and 12 (blue), (d) UV-Vis spectra in CH 2 Cl 2 , (b) Emission spectra in CH 2 Cl 2 , (c) Emission spectra in protonated CH 2 Cl 2 of HBO 1 (red), 2 (orange), 13 (light blue) and 14 (blue). Insets: Photographs of neutral (b,e) or protonated (c,f) CH 2 Cl 2 solutions under irradiation (λ exc = 365 nm).

Figure 5 .

 5 Figure 5. (a) Emission spectra in the solid-state, as embedded in potassium bromide pellets (C = 10 - 5 M) of HBO 2 (dotted orange), HBO 9 (red), HBO 10 (orange), HBO 11 (light blue), HBO 12 (blue), HBO 14 (dotted blue) and photographs taken under irradiation (λ exc = 365 nm) of (b) HBO 11, 12, 10 and 9 and (c) HBO 13, 14, 1 and 2.

  

  20 mL of saturated Na 2 S 2 O 3 and the precipitate was filtered and washed with water. The crude product The reaction was then quenched with saturated NH 4 Cl solution and the crude product was extracted three times with ethyl acetate and the organic layers were washed with brine, dried with MgSO 4 before the solvents were removed in vacuo. The crude product was purified by a silica column chromatography using Pet. Ether/EtOAc 95:5 as eluent to yield salicylaldehydes 5 or 6. Salicylaldehyde 5. 94 %.off-white powder. 1 H NMR (500 MHz, CDCl 3 ) δ 11.68 (s, 1H), 9.83 (s, 1H), 7.88 (d, 4 J = 2.0 Hz, 1H), 7.67 (d, 4 J = 1.9 Hz, 1H), 1.13 (s, 21H).13 C NMR (126 MHz, CDCl 3 ) δ

	was purified by a silica column chromatography using Pet. Ether/EtOAc 95:5 as eluent to yield
	salicylaldehydes 3 or 4.
	Salicylaldehyde 3. 94 %.yellow powder. 1 H NMR (500 MHz, CDCl 3 ) δ 11.52 (s, 1H), 9.80 (s, 1H),
	8.05 (d, 4 J = 2.1 Hz, 1H), 7.82 (d, 4 J = 2.1 Hz, 1H), 13 C NMR (126 MHz, CDCl 3 ) δ 195.0, 158.0,
	147.4, 141.2, 122.9, 112.9, 80.3. HRMS (ESI-TOF) m/z: [M+H+] Calc. for C 7 H 5 BrIO 2 : 326.8512,
	Found: 326.8503.
	Salicylaldehyde 4. 95 %.yellow powder. 1 H NMR (500 MHz, CDCl 3 ) δ 11.73 (s, 1H), 9.72 (s, 1H),
	8.10 (d, 4 J = 2.3 Hz, 1H), 7.69 (d, 4 J = 2.3 Hz, 1H). 13 C NMR (126 MHz, CDCl 3 ) δ 195.0, 159.7,
	147.9, 136.1, 121.1, 112.3, 86.8.
	General procedure for the Sonogashira cross-coupling reactions
	Salicylaldehyde 3 or 4 (15.29 mmol.), (Triisopropylsilyl)acetylene (19.88 mmol.) and Pd(PPh 3 ) 2 Cl 2 ,
	(0.15 mmol.) were dissolved in 230 mL of THF and 20 mL of NEt 3 and the solution was degassed
	with argon for 20 minutes. Copper iodide (0.30 mmol.) was then added and the mixture was stirred at
	40 °C for 15 hours.

  . HRMS (ESI-TOF) m/z: [M+H+] Calc. for C 18 H 24 BrO 2 Si: 379.0734, Found: 379.0742.

	Salicylaldehyde 6. 91 %.off-white powder. 1 H NMR (500 MHz, CDCl 3 ) δ 11.23 (s, 1H), 9.83 (s, 1H),
	7.75 (d, 4 J = 2.4 Hz, 1H), 7.62 (d, 4 J = 2.4 Hz, 1H), 1.16-1.12 (m, 21H). 13 C NMR (126 MHz, CDCl 3 )
	δ 195.1, 161.

  2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (4.72 mmol.) dissolved in 200 mL dichloromethane was added dropwise. The resulting solution was stirred at room temperature overnight. After solvent evaporation, the crude residue was purified by silica gel chromatography eluting with Pet. Ether/CH 2 Cl 2 9:1 to 8:2, leading to HBO dyes 7 and 8, as yellowish powders.

	HBO 8. 91%. 1 H NMR (500 MHz, CDCl 3 ) δ 12.00 (s, 1H), 8.10 (d, 4 J = 2.4 Hz, 1H), 7.78-7.71 (m,
	1H), 7.68 (d, 4 J = 2.4 Hz, 1H), 7.64-7.60 (m, 1H), 7.46-7.38 (m, 2H), 1.20-1.15 (m, 21H). 13 C NMR
	(126 MHz, CDCl 3 ) δ 161.

HBO 7. 90%. 1 H NMR (500 MHz, CDCl 3 ) δ 12.44 (s, 1H), 8.11 (d, 4 J = 2.0 Hz, 1H), 7.81 (d, 4 J = 2.0 Hz, 1H), 7.78-7.73 (m, 1H), 7.68-7.62 (m, 1H), 7.47-7.39 (m, 2H), 1.15 (s, 21H). 13 C NMR (126 MHz, CDCl 3 ) δ HRMS (ESI-TOF) m/z: [M+H+] Calc. for C 24 H 29 BrNO 2 Si: 470.1145, Found : 470.1158.

General procedure for the Suzuki-Miyaura cross-coupling reactions In

  a Schlenk tube, HBO 7 or 8 (0.64 mmol.), 4-pyridinyl boronic acid (1.27 mmol.) and potassium carbonate(2.56 mmol.) were dissolved in 55 mL of toluene/ethanol 2:1. The resulting suspension was degassed with argon before the addition of Pd (PPh 3 ) 2 Cl 2 (0.032 mmol.) and stirred at 95 °C using an oil bath for 15 h. The reaction was then quenched with saturated NH 4 Cl solution. The crude product was extracted three times with ethyl acetate and the organic layers were washed with brine, dried with MgSO 4 before the solvents were removed in vacuo. The crude product was purified by a silica column chromatography using CH 2 Cl 2 /EtOH (98:2 to 95:5) as eluent to yield HBO 9 and 10 as yellow powders.

	. HRMS (ESI-TOF) m/z: [M+H+] Calc. for C 24 H 29 BrNO 2 Si:
	470.1145, Found :
	HBO 9. 67%. 1 H NMR (500 MHz, CDCl 3 ) δ 12.34 (s, 1H), 8.71 (d, 3 J = 4.9 Hz, 2H), 8.23 (d, 3 J = 2.1
	Hz, 1H),

  . HRMS (ESI-TOF) m/z:[M+H+] Calc. for C 29 H 33 N 2 O 2Si: 469.2306, Found: 469.2326. HBO 10. 40%. 1 H NMR (500 MHz, CDCl 3 ) δ 12.21(s, 1H), 8.69 (d, 3 J = 6.3 Hz, 1H), 8.28 (d, 3 J = 2.3 Hz, 1H), 7.88 (d, 4 J = 2.3 Hz, 1H), 1H), 1H), 2H), 2H), 21H).13 C NMR (126 MHz, CDCl 3 ) δ HRMS (ESI-TOF) m/z:[M+H+] Calc. for C 29 H 33 N 2 O 2Si: 469.2306, Found: 469.2296. MeI (0.44 mmol.) was added dropwise to a suspension of HBO 9 or 10 (0.11 mmol.) in acetone (0.06 mol L -1 ). The resulting suspension was heated for 4 h at 60 °C using an oil bath. The mixture was quenched with MeOH for 15 min, concentrated in vacuo before the precipitate was filtered and washed with acetone, diethyl ether and ethyl acetate, to yield HBO 1 and 2, as off-white powders.HBO 1. 63%. 1 H NMR (500 MHz, MeOD) δ 8.92 (d, 3 J = 6.3 Hz, 2H), 8.49 (d, 3 J = 6.3 Hz, 2H), 8.36 (s, 1H), 7.93 (s, 1H)7.86-7.79 (m, 2H), 7.60-7.46 (m, 2H), 4.45 (s, 3H), 1.17 (s, 21H).13 C NMR (126 MHz, CDCl 3 ) δ HRMS (ESI-TOF) m/z: [M+H+] Calc. for C 30 H 35 N 2 O 2 Si: 483.2462, Found: 483.2468. HBO 2. 82%. 1 H NMR (500 MHz, MeOD) δ 8.86 (d, 3 J = 7.0 Hz, 2H), 8.72 (d, 3 J = 2.4 Hz, 1H), 8.48 (d, 3 J = 7.0 Hz, 2H), 8.24 (d, 4 J = 2.4 Hz, 1H),7.90-7.86 (m, 1H), 7.81-7.78 (m, 1H), 7.57-7.49 (m, 2H), 4.40 (s, 3H), 1.17 (s, 21H).13 C NMR (126 MHz, CDCl 3 ) δ HRMS (ESI-TOF) m/z: [M+H+] Calc. for C 30 H 35 N 2 O 2 Si: 483.2462, Found: 483.2474. Supporting Information. (Materials and methods, 1 H and 13 C NMR spectra, spectroscopic data, details of the computational procedures and additional theoretical results).
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