Introduction

Excited-State Intramolecular Proton Transfer (ESIPT) is a photophysical process occurring in 5-or 6membered H-bonded π-conjugated structures, consisting in a photoexcited tautomerization between normal (N * ) and tautomeric (T * ) isomers. 1 In the majority of examples, ESIPT corresponds to the excited sub-picosecond proton transfer between excited enol (E * ) and keto (K * ) tautomers. In certain conditions of solvatation or upon modulation of phenolic acidity by electronic effects, the relative stabilities of the various excited states can vary and several processes can compete or coexist in the excited state: simultaneous ESIPT fluorescence (K * ) and enol fluorescence (E * ) to yield dual emission 2 but also the possibility to observe simple deprotonation leading to the emission of fluorescent anionic species (D * ) (Figure 1). 3 Large Stokes shifts, 4 strong solid-state fluorescence 5 and environmentsensitive emission profile 6 are among ESIPT dyes trademarks which led to a wide range of applications in the fields of chemosensing, 7 bioimaging, 8 data encryption, 9 white luminescence 10 or lasing. 11 Recent trends include the search for dual-state emission (DSE) 12 based on ESIPT fluorescence by introduction of molecular rigidification 13 or stabilization of excited species by resonance effects. 14 There is currently a rich database of molecular scaffolds displaying ESIPT including 2,2'-bipyridine-diol, 15 2,5-dithienylpyrrole 16 or imidazo[1,2-f]phenanthridine 17 examples. 2-(2'-hydroxyphenyl)benzazole (HBX) dyes 18 and their benzofuran-extended 2-(2'hydroxybenzofuranyl)benzazole (HBBX) 19 analogs have also been widely used as model ESIPT dyes for molecular engineering studies due to their synthetic availability, stability and possibility to finetune the optical properties by introduction of small molecular inputs. Notably, the modulation of the heterocycle of the HBX or HBBX scaffold which corresponds to benzoxazole (HBO/HBBO), benzothiazole (HBT/HBBT) or benzimidazole (HBI/HBBI) induces drastic photophysical changes. 20 Most ESIPT dyes, including HBX and HBBX are hydrophobic fluorophores by nature, owing to the presence of multiple aromatic rings, which facilitates synthesis and purification but impedes their use in biological applications such as imaging or biosensing where a sufficient hydrophilicity is required for their vectorization in aqueous medium. To enhance biocompatibility, reported strategies include encapsulation in amphiphilic polymers or functionalization of hydrophobic structures with neutral hydrophilic moieties. 21 In this context, we recently reported the introduction oligo(ethylene glycol) chains on the π-conjugated core of HBBO dyes, leading to an enhanced solubility in aqueous medium (PBS buffer with 5% of DMSO), along with the observation of a E * /K * dual emission. 22 Another attractive possibility to ensure a good hydrophilicity is to introduce ionizable hydrophilic moieties, such as carboxylic acids, sulfonic acids or ammonium groups, as in many commercial fluorescent tags. 23 Recently, fluorinated carbanionic substituents have been implemented on the core of organic fluorophores, providing strong enhancement of water solubility but also lipophilicity. 24 Zwitterionic moieties such as sulfobetaines have also been introduced on the core of many organic dyes such as cyanines, 25 boron complexes 26 and so on 27 due to their high biocompatibility, overall neutrality and efficient solvatation of the zwitterionic unit. Incorporation of sulfobetaine synthons is usually done by introduction of one or several 1-dimethylamino-2-propyne fragments as nucleophilic modules which can be easily quaternarized with 1,3-propanesultone to provide sulfobetaine groups. Herein, we wish to report on our synthetic efforts to functionalize the π-conjugated core of model HBBO dyes with one or two sulfobetaine chains at different position of their organic scaffold, assess their resulting solubility and evaluate their photophysical properties (Figure 2). The following strategy was to incorporate a second sulfobetaine fragment on the benzoxazole side through an ethynyl-extended spacer to further enhance water solubility.

Scheme 2. Synthesis of sulfobetaine-disubstituted HBBO 13.

Previous studies showed that functionalization on this side of HBBO dyes did not lead to major modifications of the photophysical properties. 22a Moreover, incorporation of charged fragments on opposite sides of the HBBO core should prevent the formation of micellar aggregates and enhance full water solubility. HBBO 11 was synthesized from salicylaldehyde 2, according to the same procedure used for HBBX 3-6. The presence of a bromine atom allowed the possibility for a cross-coupling reaction with a slight excess of N,N-dimethylaminoprop-1-yne and yield HBBO 12 which does incorporate two nucleophilic tertiary amines. Treatment with an excess of propanesultone in DMF followed by precipitation with ethyl acetate afforded HBBO 13 in 54% yield. Finally, incorporation of molecular rigidity by introduction of ethynyl-extended aryl groups was also studied with the view to enhance fluorescent quantum yields in solution. Similar substitution has indeed already shown significant increase of fluorescence intensity in apolar, as well as protic environments. 3b,13a

Introduction of two tBu groups was also performed in order to limit aggregates formation in polar media. Iodination of HBBO 3 using a slight excess of iodine monochloride led to the introduction of one or two sulfobetaine functions on the core of HBBX dyes does not lead to any significant modification of the optical properties, simply because these are not connected to the π-conjugated system introduction of iodine at the 3-position of the phenol. Pd-catalyzed Sonogashira cross-coupling allowed the formation of HBBO 15 in 90% yield. It is important to note that acetate protection of the phenol ring is necessary to avoid in situ intramolecular cyclization. 3b Formation of the sulfobetaine using an excess of propanesultone in DMF afforded HBBO 16 in 49% yield.

Scheme 3. Synthesis of sulfobetaine-monosubstituted HBBO 16.

All new compounds were characterized by 1 H and 13 C NMR spectroscopy, as well as HR-MS spectrometry (see the SI). Notably, the 1 H NMR spectrum of HBBO 
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[h] PBS pH 7.4 with 10% DMSO. The description of the photophysical properties will first focus on precursors HBBX 3-6, 12 and 15.

Photophysical data for neutral precursors

These dyes show similar absorption profiles, namely two absorption bands located between 300 and 349 nm with molar absorption coefficients between 10,000 and 26,000 M -1 cm -1 in ethanol (Figure 3).

The first band can be attributed to the π → π* transitions of the aromatic units, while the second is ascribed to the S 0 → S 1 transition of the fluorophore. After photoexcitation in the lower energy band, one or two emission bands are observed, corresponding to the decay of K * or E * /K * species in ethanol.

Protic solvents are well-known to stabilize excited enol tautomers through H-bonding interactions. 20,22 For the HBBO/HBBT derivatives 3-5, quantum yields (QY) values between 0.01 and 0.07 are calculated, which are of the same order as those recorded for similar HBBX dyes. The insertion of a tBu group on the benzoxazole ring as in HBO 3 does not induce any notable change in the optical properties in comparison with 4, except for the QY value (QY = 0.01 for 3 vs. 0.06 for 4 in ethanol).

For 4, the emission spectrum in DMSO follows the same trend, as in ethanol, i.e. dual E * /K * emission but with a significantly different E * /K * ratio, highlighting once more the environment sensitivity of ESIPT emission. In PBS with 10% DMSO, three emission bands with maximum wavelengths at 440, nm could stem from excited deprotonated species D * , in this dissociative solvent leading to triple E * /D * /K * emission. 20 The replacement of the oxygen atom by sulfur atom in HBBT 5 does not lead to a significant change in absorption (λ abs = 348-353 nm, ε = 17,600 M -1 .cm -1 in ethanol). After photoexcitation, a single emission band is observed (λ em = 405 nm), which appears to be stemming from the E * , highlighting the importance of electronic effects in the nature of the emissive species, consistent with literature. 20 For HBBI 6, the absorption band shows a slight hypsochromic shift (λ abs = 335 nm) compared to its HBBO/T analogs and a single emission at 488 nm is observed, which is purely due to the decay of the excited tautomer K * . For HBBI 6, a higher QY value is found in ethanol (QY = 0.34), which is consistent with reported values and can be explained by the reduction of a twisted internal charge transfer (TICT) process. 20,28 The weakening of the TICT process limits the structural reorganization of the dye in the excited state and hence energy dissipation, leading to overall higher QY. As for bis-dimethylamino-substituted HBBO 12, the presence of an additional substitution does not modify the absorption data as compared to 4 (λ abs = 344 nm, ε = 16,900 M -1 .cm -1 ), and not drastically the emission bands, that is presence of both E * and K * band at 391 and 542 nm respectively, with QY of 0.02 in ethanol and DMSO. It is worth noting that 12 is not soluble in PBS/DMSO (9/1).

HBBO 15 comprising of an ortho substituted ethynyl spacer, presents an absorption band at 300 nm, with a high molar absorption coefficient (ε = 36,500 M -1 .cm -1 ). Upon excitation, a main emission K * band at 557 nm is observed, with the presence of a shoulder at 475 nm which is attributed to the deprotonated excited species D * . Compared to HBBO 3, a higher QY value is calculated (QY= 0.01 for 3 vs. 0.06 for 15 in ethanol), consistent with a rigidification effect induced by the ethynyl fragment. 3b As can be seen on figure 4, switching from ethanol to DMSO has little influence on the emission properties of related HBBX dyes. For example, HBBT 5 retains the same maximum emission wavelength in DMSO (λ em = 411 nm) but a shoulder, corresponding to the deprotonated D * form at mixture and is accompanied by a slight increase of the QY (QY = 0.03 in ethanol vs. 0.07 in PBS)

This observation is consistent with previous studies on the D * species which are generally more emissive than the E * and K * forms. 3 The intensity increase of the D * band in DMSO is also in agreement with the superior capacity of DMSO as H-bonding acceptor, as compared to ethanol (Abraham's β factors of 0.88 for DMSO and 0.48 for ethanol). 29 However, this β factor is only 0.35 for H 2 O, which suggests that the presence of the D * form is mainly due to the pH of the PBS buffer solution (pH = 7.4). The same behavior is observed for HBBI 6, where the emission maximum at 503 nm in DMSO is attributed to the * form, whereas in the PBS/DMSO mixture, the observed emission is ascribed to the coalescence of the emission bands of D * and K * . HBBO 12 retains the same emission data in DMSO as in ethanol, that is dual E * /K * emission at 399 and 539 nm respectively. HBBO 15

with an ethynyl-extended unit appears to be very insensitive to the nature of the solvent.

Photophysical data for zwitterionic targets In ethanol, HBBO dyes 4 and 8 have similar absorption and emission spectra with emission bands originating from E * and K * states (λ em =390/530 nm), with a QY value slightly lower for zwitterionic dye 8 (0.03 for 8 vs 0.06 for 4 in ethanol). In PBS/DMSO 9/1, the emission maxima is observed at 480 nm for both dyes corresponding to the D * form, with a residual emission of the E * form present as a weak band at 380 nm (Figure 5a). It is noteworthy that the addition of the sulfobetaine chain does not impact the QY values (0.02 for 4 vs 0.03 for 8). HBBT 9 exhibits a main absorption band at 350 nm, along with a second band of lower intensity at 400 nm in PBS/DMSO 9/1, attributed to the deprotonation of phenol (D species) in the ground state. After photoexcitation at 340 nm, a dual E * /D * is observed at 400 and 490 nm (Figure 5b). The same trend is observed for HBBI 10, where two absorption bands at 332 and 375 nm are observed, corresponding to the S 0 → S 1 transitions of the neutral and deprotonated species respectively. Photoexcitation at 320 nm leads to the appearance of a dual E * /K * emission at 365 and 471 nm (Figure 5c). The emission band at 365 nm could also be possibly attributed to the D * species. It should be noted that HBBI 10 is the most emissive of the series in PBS/DMSO (QY=0.14). The absorption spectrum of HBBO 13 presents an optical profile very similar to its neutral analogue 12, i.e. a main absorption band at 330 nm, along with a shoulder at 400 nm corresponding to the presence of the anion. In emission, a triple E * /D * /K * emission is observed at 395/490/513 nm respectively, which can be already observed in pure DMSO. HBBO 13 is the only dye in the series which is fully soluble in pure PBS buffer pH 7.4, where it shows a dual E * /K * emission (λ em = 400/514 nm, respectively with QY = 0.03) (Figure 5f). It is worth noting that the ratio of intensity I(K * )/I(E * ) is significantly increased when one goes from PBS/DMSO to pure PBS. Based on the observation of the presence of the D * species in PBS/DMSO, one cannot exclude the presence of a coalesced D * band in pure PBS. Finally, the absorption spectra of HBBO dyes 15 and 16 show a large difference in terms of molar absorption (λ abs = 380 nm, ε = 28,800 and 15,000 M -1 .cm -1 for 15 and 16, respectively). Moreover, an additional absorption band at 440 nm attributed to the D form can also be observed for 16 (Figure 5e). While the emission of 15 in all solvents features only a fluorescence band stemming from the K * species, HBBO 16 also shows a K * emission 570 nm, but with another one at 410 nm, which could be attributed to formation of an undesired benzofurane compound, as already observed in related examples. 3b

Table 2 summarizes the maximum emission wavelengths observed for all dyes in the three solvents studied herein (EtOH, DMSO and PBS/DMSO), along with the nature of the excited species involved in the fluorescence emission. 

Conclusion

In conclusion, a series of HBBX dyes functionalized by one or two sulfobetaine fragments have been synthesized and their optical properties fully studied in ethanol, DMSO and PBS buffer. Depending in structures and environment, different excited species can be involved in the fluorescence emission, i.e.

enol, keto tautomers, along with a stable deprotonated species which can be also present in the ground state in PBS buffer. The fluorescence quantum yields in solution can be increased by introducing ethynyl substitution at the ortho position of the phenol or by choosing benzimidazole ring as benzazole. These pioneer studies provide precious insights for the design of future ESIPT probes, fully hydrosoluble with modular photophysical properties, prone to be used as biocompatible biosensors.

Experimental section

Compound 1 was synthesized according to a reported procedure. 10c

Salicyladehyde 2. In a schlenk tube, under argon atmosphere, compound 1 (0.50 g, 1.89 mmol.) and PdCl 2 (PPh 3 ) 2 (0.06 g, 0,09 mmol) were dissolved in a mixture of THF and Et 3 N (3:1, v/v). The mixture was degassed with argon for 30 min, before 3-dimethylamino-1-propyne (0. 

Figure 1 .

 1 Figure 1. Schematic representation of the multiple photophysical processes occurring in HBX/HBBX dyes in the excited-state, using 2-(2'-hydroxyphenyl)benzazole (HBX, X = O, S, NH) as model.

Figure 2 .

 2 Figure 2. Introduction of sulfobetaine fragments on the core of HBBX dyes.

Figure 3 .

 3 Figure 3. Absorption (plain) and emission (dotted) spectra of (a) HBBX 3 (black), 4 (green), 5 (orange) and 6 (blue) in ethanol at 25°C (b) HBBO 4 in ethanol (light blue), DMSO (purple) and PBS pH 7.4/DMSO (9:1) (black) at 25 °C, (c) HBBO 3 (green) and 15 (orange) in ethanol at 25°C and (d) HBBO 4 (green) and 12 (green) in ethanol at 25°C.

Figure 4 .

 4 Figure 4. Normalized emission spectra of HBBX 3 (black), 4 (green), 5 (orange), 6 (blue), 12 (pink) and 15 (purple) in (a) DMSO and (b) PBS pH 7.4/DMSO (9:1) at 25 °C.

Figure 5 .

 5 Figure 5. Absorption (plain) and emission (dotted) spectra of (a) HBBO 4 (green) and 8 (red) in PBS pH 7.4/DMSO (9:1), (b) HBBT 5 (orange) and 9 (red) in PBS pH 7.4/DMSO (9:1), (c) HBBI 6 (blue) and 10 (red) in PBS pH 7.4/DMSO (9:1), (d) HBBO 12 (green) and 13 (red) in DMSO, (e) HBBO 15 (green) and 16 (red) in PBS pH 7.4/DMSO (9:1) at 25°C and (f) HBBO 13 in PBS pH 7.4 at 25°C.

  

  

  

7 in DMSO-d6 reveals a strong influence of the sulfobetaine group on the chemical shifts of the benzofurane protons, due to the

  

	presence of the nearby positive charge of ammonium (Figure S2.26). All compounds reported herein
	are fully soluble in EtOH and PBS buffer solution with 10% DMSO. Only HBBO 13 is fully soluble
	in pure PBS buffer solution, which shows that two sulfobetaine fragments are required to completely
	solubilize the HBBO core in pure aqueous conditions.

3-6, 12 and 15 and sulfobetaines HBBX 7- 10, 13 and 16 are

  

	compiled in Table 1 (Ethanol, DMSO, PBS with 10% DMSO or pure PBS). The
	absorption and emission spectra of HBBX 3

-6, 12 and 15 in

  ethanol are displayed on Figure3, while those in DMSO can be seen on Figure4. The absorption and emission of HBBX 4

-6, 8-10, 12, 13, 15 and 16 in

  PBS with 10% DMSO or pure PBS can be seen on Figure5.

Table 1 .

 1 Photophysical data for HBBX dyes 3

-10, 12, 13, 15 and 16 in

  aerated solution at 25°C

	Dye	Solvent	λabs [a]

Table 2 .

 2 Summary of the emission wavelengths and the nature of the emission band(s) for each dye in ethanol, DMSO and PBS/DMSO (9:1).

	Dye	EtOH	DMSO	PBS/DMSO (9:1)
	3	E * (387) / K * (525)	E * (389) / K * (525)	[a]
	4	E * (385) / K * (520)	E * (390) / K * (510)	D * (470)/K * (530)
	5	E * (404)	E * (411)	D * (491)
	6	K * (488)	K * (503)	E * / D * / K * (450)
	7	E * (390) / K * (530)	E * (390) / K * (540)	E * / D * / K * (479)
	8	E * (390) / K * (530)	E * (388) / K * (545)	E * (390) / D * (480) / K * (540)
	9	E * (405)	E * (405)	E * (405) / D * (490)
	10	K * (490)	K * (499)	E * / D * / K * (470)
	12	E * (390) / K * (542)	E * (399)/ K * (539)	[a]
	13	[a]	E * (397)/ D * (488)/ K * (553)	E * (395) / D * (490) / K * (513)
	15	K * (557)	K * (563)	K * (565)
	16	K * (560)	K * (557)	C * (410) / K * (570)

[a] Not soluble.

  The solvents were removed in vacuo before the crude mixture was dissolved in dichloromethane, washed three times with water, once with a saturated solution of Na 2 CO 3 , dried over MgSO 4 and concentrated in vacuo. Purification by chromatography on silica gel eluting with CH 2 Cl 2 /EtOH (9/1) afforded salicylaldehyde 2 as a pale brown powder (0.31 g, 75%). 1 H NMR (400 MHz, CDCl 3 ): δ 11.18 (s, 1H), The reaction media was stirred at room temperature overnight. The solvent were removed in vacuo before the crude mixture was purified by column chromatography on silica gel or by precipitation. HBBO 3. Purification by column chromatography on silica gel eluting with 2 Cl 2 /EtOH (9/1). Purification by precipitation with cold MeOH and pentane. Yellow powder. (56 mg, 40%). Salicyladehyde 2 (0.20 g, 0.91 mmol.) was dissolved in 5 mL of DMF, before ophenylenediamine dihydrochloride (0.18 g, 1.00 mmol.) was added. The resulting mixture was stirred for 10 min at room temperature, before Na 2 S 2 O 3 (0.21 g, 1.09 mmol, 1.20 eq.) was added and the reaction heated at 80 °C for 2 h. A white precipitate formed and was removed by filtration under reduced pressure. The organic layers were extracted with EtOAc, washed with water, dried over MgSO 4 and concentrated in vacuo. Purification by chromatography on silica gel eluting with The reaction was heated to 90 °C overnight. The solvents were removed in vacuo before the crude mixture was dissolved in dichloromethane, washed three times with water, once with a saturated solution of Na 2 CO 3 , dried over MgSO 4 and concentrated in vacuo. Purification by chromatography on silica gel eluting with CH 2 Cl 2 /EtOH/NEt 3 (8/2/0.01) afforded HBBO 12 as a yellow powder (84 mg, 63 %). 1 H NMR (400 MHz, CDCl 3 ): δ 11.48 (s, 1H), 8.15 (s, 1H), 7.78 (s, 1H), 7.51 (d, 1H, 3 J = 8.4 HBBO 14 (0.26 g, 0.53 mmol.) was dissolved in 2 mL of dichloromethane and a large excess of acetic anhydride was added in the solution, followed by a catalytic amount of pyridine (5 μL, 0.54 mmol.) The reaction was stirred 2 h at room temperature, before the organic layer was washed with water, dried over MgSO 4 and concentrated in vacuo. The crude protected phenol, used without further purification, was then dissolved in 5 mL of toluene and 1 mL of Et 3 N before Pd(dppf)Cl 2 (10 mol. %) was added. The reaction mixture was degassed with argon for 15 min, before tertbutylphenylacetylene (3 eqts) and copper iodide (20 mol. %) were added. The reaction mixture was stirred at room temperature overnight. The solvents were removed in vacuo before the crude mixture was dissolved in dichloromethane, washed three times with water, dried over MgSO 4 and concentrated in vacuo. Purification on column chromatography on silica gel eluting with CH 2 Cl 2 /EtOH (95/5) afforded acetate protected 15 as a white powder (248 mg, 90 %), which was immediately was dissolved in 5 mL of a THF/MeOH (1:1, v/v) mixture, before a large excess of K 2 CO 3 was added. The mixture was stirred 2 h at room temperature. The solvents were removed in vacuo before the crude mixture was dissolved in dichloromethane, washed three times with water, once with a saturated solution of Na 2 CO 3 , dried over MgSO 4 and concentrated in vacuo. Filtration over a silica gel pad, eluting with CH 2 Cl 2 /EtOH (95/5) afforded HBBO 15 (90% over three steps). 1 H NMR (400 MHz, CDCl 3 ): δ 12.35 (br. s, 1H), 8.16 (s, 1H), 7.73 (d, 1H, 4 J = 1.7 Hz), 7.62 (d, 2H, 3 J = 8.3Hz), 7.52 (d, 1H, 3 J = 8.6 Hz), 7.44 (d, 1H, 3 J = 8.6 Hz, 4 J = 1.7 Hz), 7.40 (d, 2H, 3 J = 8.3 Hz), 6.61 (s, 1H), 3.68 (s, 2H), 2.39 (s, 6 H), 1.41 (s, 9H), 1.35 (s, 9H).13 C{ 1 H}NMR (100 MHz, CDCl 3 ): δ 163.4, 158.0, 157.8, 156.5, 151.8, 148.9, 147.2, 140.0, 131.8, 129.9, 125.4, 123.2, 121.2, 120.6, 118.9, 115.9, 109.8, 107.6, 105.3, 98.9, 97.1, 56.1, 45.3, 35.2, 35.0, 31.9, 31.4. HRMS (ESI-TOF) m/z: [M+H] calcd for C 34 H 37 N 2 O 3 521.2799; found, 521.2744. HBBO 16. HBBO 15 (52 mg, 0.1 mmol.) was dissolved in dry toluene, before 1,3-propanesultone (5 eqts) was added in the medium and the reaction mixture was heated at 60 °C overnight. A white precipitate was formed, which was centrifuged, washed twice with EtOAc and pentane and dried under vacuum. (32 mg, 49%). 1 H NMR (500 MHz, DMSO-d6): δ 12.37 (s, 1H), 8.52 (s, 1H), 7.89 (d, 1H, 4 J = 1.8 Hz), 7.80 (d, 1H, 3 J = 8.7 Hz), 7.57-7.61 (m, 3H), 7.52 (d, 2H, 3 J = 8.4 Hz), 7.48 (s, 1H), 4.89 (s, 2H), 3.52-3.54 (m, 2H), 3.31-3.33 (m, 2H), 3.14 (s, 6H), 2.16-2.18 (m, 2H), 1.39 (s, 9H), 1.32 (s, 9H). 13 C{ 1 H}NMR (126 MHz, DMSO-d6): δ 162.4, 157.7, 157.7, 152.0, 148.8, 146.9, 146.8, 138.9, 131.3, 125.8, 123.8, 121.2, 120.3, 119.2, 115.6, 113.9, 110.3, 108.0, 98.7, 96.1, 78.8, 63.1, 58.7, 50.0, 47.8, 34.9, 34.7, 31.5, 30.9, 19.2. HRMS (ESI-TOF) m/z: [M+H] calcd for C 37 H 43 N 2 O 6 S 643.2836; found, 643.2834. Supporting Information. (Materials and methods, 1 H and13 C NMR spectra and spectroscopic data).

	9.92 (s, 1H), 7.69 (s, 1H), 7.03 (s, 1H), 6.59 (s, 1H), 3.60 (s, 2H), 2.35 (s, 6H). 13 C{ 1 H} NMR (CDCl 3 , 100 MHz): δ 196.1, 160.4, 160.3, 156.8, 127.1, 122.2, 118.2, 105.2, 99.7, 56.37, 45.5. HRMS (ESI-TOF) m/z: [M+H] calcd for C 12 H 13 NO 3 220.0968; found 220.0976. General procedure for HBBX 3-5 and 11. Salicylaldehyde 2 (95 mg, 0.43 mmol.) was dissolved in 15 mL of methanol, before 2-aminophenol or 2-aminothiophenol derivative (0.46 mmol.), phenylboronic acid (52.00 mg, 0.43 mmol.) and potassium cyanide (85.00 mg, 1.30 mmol.) were added in the solution. Yellow powder. (152 mg, 97%). 1 H NMR (400 MHz, CDCl 3 ): δ 11.72 (br s, 1H), 8.18 (s, 1H), 7.75 (d, 1H, Yellow powder. (88 mg, 66%). 1 H NMR (400 MHz, CDCl 3 ): δ 11.66 (s, 1H,), 8.21 (s, 1H), 7.72-7.75 (m, 1H), 7.60-7.63 (m, 1H), 7.37-7.39 (m, 2H), 7.20 (s, 1H), 6.62 (s, 1H), 3.64 (s, 2H), 2.38 (s, 6H). 13 C{ 1 H}NMR (100 MHz, CDCl 3 ): δ 163.6, 158.7, 157.1, 155.6, 149.2, 140.2, 125.3, 125.1, 121.6, 119.3, 119.2, 110.7, 107.4, 105.3, 99.8, 56.3, 45.3. HRMS (ESI-TOF) m/z: [M+H] calcd for C 18 H 16 N 2 O 3 309.1234; found 309.1252. HBBT 5. 1 H NMR (400 MHz, CDCl 3 ): δ 12.70 (s, 1H), 7.98 (d, 1H, 3 J = 8.0 Hz), 7.90 (d, 1H, 3 J = 8.0 Hz), 7.84 (s, 1H), 7.49-7.51 (m, 1H), 7.40-7.42 (m, 1H), 7.16 (s, 1H), 6.55 (s, 1H), 3.60 (s, 2H), 2.35 (s, 6H). 13 C{ 1 H}NMR (100 MHz, CDCl 3 ): δ 170.1, 158.2, 156.6, 155.8, 152.0, 132.5, 126.8, 125.6, 122.2, 121.6, 121.6, 120.0, 113.9, 104.9, 99.9, 56.4, 45.4. HRMS (ESI-TOF) m/z: [M+H] calcd for C 18 H 16 N 2 O 2 S 325.1005; found 325.1008. HBBO 11. Purification by column chromatography on silica gel eluting with EtOAc/EtOH (9/1). Yellow powder. (131 mg, 79%). 1 H NMR (400 MHz, CDCl 3 ): δ 11.33 (s, 1H), 8.10 (s, 1H), 7.82 (s, 1H), 7.44 (s, 2H), 7.15 (s, 1H), 6.55 (s, 1H), 3.57 (s, 2H), 2.34 (s, 6H). 13 C{ 1 H}NMR (100 MHz, CDCl CH 2 Cl 2 /EtOH (9/1). Pale-yellow powder. (84 mg, 30 %). 1 H NMR (400 MHz, (CD 3 ) 2 CO): δ 13.41 (br s, 1H), 12.22 (br. s, 1H), 8.19 (s, 1H), 7.72 (br. s, 1H), 7.59 (br. s, 1H), 7.28-7.31 (m, 2H), 7.10 (s, 1H), 6.68 (s, 1H), 3.60 (s, 2H), 2.29 (s, 6H). 13 C{ 1 H}NMR (126 MHz, (CD 3 ) 2 CO): δ 158.3, 158.1, 156.7, 153.5, 123.8, 121.9, 120.1, 119.4, 118.4, 110.3, 106.0, 105.6, 99.8, 98.2, 56.5, 45.2, 29.9. HRMS (ESI-TOF) m/z: [M+H] calcd for C 17 H 18 N 3 O 2 308.1394, found 308.1401. General procedure for HBX 7-10. Under argon atmosphere, HBBX 3-6 (0.1 mmol.) were dissolved in dry toluene. 1,3-propanesultone (5 eqts) was added in the medium and the reaction mixture was heated at 60 °C overnight. A white precipitate was formed, which was centrifuged, washed twice with EtOAc and pentane and dried under vacuum. HBBO 7. White powder. (39 mg, 80 %). 1 H NMR (400 MHz, DMSO-d6): δ 11.64 (s, 1H), 8.46 (s, 1H), 7.87 (d, 1H, 4 J = 1.6 Hz), 7.77 (d, 1H, 3 J = 8.7 Hz), 7.55 (dd, 1H, 3 J = 8.7 Hz, 4 J = 1.6 Hz), 7.40 (s, 1H), 7.37 (s, 1H), 4.81 (s, 2H), 3.48-3.52 (m, 2H), 3.32 (s, 2H), 3.09 (s, 6H), 2.12-2.14 (m, 2H), 1.38 (s, 9H). 13 C{ 1 H}NMR (100 MHz, DMSO-d6): δ 162.7, 158.3, 157.0, 148.6, 146.8, 146.3, 139.3, 123.5, 121.4, 120.6, 115.6, 113.4, 110.2, 108.2, 99.4, 63.1, 59.0, 50.0, 47.8, 34.8, 31.5, 19.1. HRMS (ESI-TOF) m/z: [M+H] calcd for C 25 H 30 N 2 O 6 S 487.1897; found 487.1892. HBBO 8. 30 White powder. (41 mg, 95 %). 1 H NMR (400 MHz, DMSO-d6): δ 11.55 (s, 1H), 8.48 (s, 1H), 8.48 (s, 2H), 7.48-7.49 (m, 2H), 7.40 (s, 1H), 7.39 (s, 1H), 4.81 (s, 2H), 3.48-3.52 (m, 2H), 3.10 (s, 6H), 2.42-2.44 (m, 2H), 2.12-2.14 (m, 2H). HRMS (ESI-TOF) m/z: [M+H] calcd for C 21 H 22 N 2 O 6 S 431.1271; found 431.1261. HBBT 9. 30 White powder. (26 mg, 56 %). 1 H NMR (400 MHz, DMSO-d6): δ 11.98 (s, 1H), 8.60 (s, 1H), 8.15 (d, 1H, 3 J = 7.6 Hz), 8.06 (d, 1H, 3 J = 8.0 Hz), 7.56 (s, 1H), 7.48 (s, 1H), 7.34 (s, 1H), 7.26 (s, 1H), 4.79 (s, 2H), 3.48-3.52 (m, 2H), 3.32 (s, 2H), 3.09 (s, 6H), 2.12-2.14 (m, 2H). HRMS (ESI-TOF) m/z: [M+H] calcd for C 21 H 22 N 2 NaO 5 S 2 , [M + Na] + , 469.0862; found, 469.0840. HBBI 10. 30 White powder. (36 mg, 83 %). 1 H NMR (400 MHz, DMSO-d6): δ 13.68 (br s, 1H), 8.58 (s, 1H), 7.71 (br. s, 1H), 7.64 (br. s, 1H), 7.40 (s, 1H), 7.29 (br. s, 2H), 7.26 (s, 1H), 4.82 (s, 2H), 3.48-3.52 (m, 2H), 3.10 (s, 6H), 2.12-2.14 (m, 2H), 1.87-1.89 (m, 2H). HRMS (ESI-TOF) m/z: [M+H] calcd for C 21 H 23 N 3 O 5 S [M + H] + , 430.4310; found 430.1447. HBBO 12. HBBO 11 (0.13 g, 0.34 mmol.) and Pd(dppf)Cl 2 (15.00 mg, 0.02 mmol.) were dissolved in 20 mL of toluene/Et 3 N (3:1, v/v). The mixture was degassed with argon during 30 min, before N,N-dimethylprop-2-yn-1-amine (0.1 mL, 1.01 mmol.) and copper iodide (6.00 mg, 0.03 mmol.) were (s, 6H). 13 C{ 1 H}NMR (100 MHz, CDCl 3 ): δ 164.4, 158.8, 157.1, 155.9, 148.9, 140.3, 129.2, 122.4, 121.7, 120.3, 119.4, 110.6, 107.1, 105.1, 99.8, 84.9, 84.4, 56.3, 48.7, 45.3, 44.4. HRMS (ESI-TOF) m/z: [M+H] calcd for C 23 H 23 N 3 O 3 390.1812; found 390.1833. HBBO 13. 30 HBBO 12 (34 mg, 0.09 mmol.) was dissolved in distilled DMF, before 1,3-propanesultone (107 mg, 0.87 mmol.) was added. The reaction mixture was stirred at 60 °C overnight, before the product was precipitated by adding EtOAc. Purification on column chromatography over reverse phase silica eluting with CH 3 CN/H 2 O (3/7) afforded HBBO 13 as a pale-yellow powder (16 mg, 54 %). 1 H NMR (500 MHz, DMSO-d6): δ 11.35 (br. s, 1H), 8.47 (s, 1H), 8.19 (d, 1H, 4 J = 1.2 Hz), 7.92 (d, 1H, 3 J = 8.4 Hz), 7.75 (dd, 1H, 3 J = 8.4 Hz, 4 J = 1.2 Hz), 7.40 (s, 1H), 7.37 (s, 1H), 4.80 (s, 2H), 4.63 (s, 2H), 3.62-3.66 (m, 2H), 3.48-3.52 (m, 2H), 3.31-3.33 (m, 4H), 3.18 (s, 6H), 3.10 (s, 6H), 2.11-2.13 (m, 4H). HRMS (ESI-TOF) m/z: [M+K] calcd for C 29 H 35 KN 3 O 9 S 2 336.5760; found, 336.5724. The reaction was stirred 2 h at room temperature before it was quenched with 5 mL of an aqueous saturated solution of Na 2 S 2 O 3 and the organic layer was extracted with dichloromethane, washed with water, dried over MgSO 4 and concentrated in vacuo. Purification on column chromatography on silica gel eluting with CH 2 Cl 2 /AcOEt/toluene (7/2/1) afforded HBBO 14 as a pale-yellow solid (80 mg, 54 %). 1 H NMR (400 MHz, CDCl 3 ): δ 12.58 (br s, 1H), 8.11 (s, 1H), 7.70 (d, 1H, 4 J = 1.8 Hz), 7.49 (d, 1H, 3 J = 8.6 Hz), 7.43 (dd, 1H, 3 J = 8.6 Hz, 4 J = 1.8 Hz), 6.72 (s, 1H), 3.68 (s, 2H), 2.39 (s, 6H), 1.40 (s, 9H). 13 C{ 1 H} NMR (100 MHz, CDCl 3 ): δ 162.8, 159.0, 156.1, 150.0, 147.4, 139.7, 134.7, 127.6, 123.4, 120.9, 119.3, 115.9, 109.9, 107.6, 106.7, 55.7, 45.1, 35.2, 31.9. HRMS (ESI-TOF) m/z: [M+H] calcd for C 22 H 24 IN 2 O 3 491.0826; found, 491.0797. added. Hz), 7.44 (d, 1H, 3 J = 8.5 Hz), 7.18 (s, 1H), 6.57 (s, 1H), 3.60 (s, 2H), 3.51 (s, 2H), 2.41 (s, 6H), 2.35 HBBO 15.

6 mL, 5.67 mmol.) and copper iodide (0.04 g, 0.19 mmol.) were added. The mixture was stirred at 60 °C overnight. 4 J = 1.7 Hz), 7.51 (d, 1H, 3 J = 8.6 Hz), 7.43 (dd, 1H, 3 J = 8.6 Hz, 4 J = 1.7 Hz), 7.19 (s, 1H), 6.60 (s, 1H), 3.67 (s, 2H), 2.38 (s, 6H), 1.41 (s, 9H).

13 

C{ 1 H} NMR (100 MHz, CDCl 3 ): δ 163.7, 158.6, 157.0, 155.6, 148.7, 147.2, 140.1, 123.0, 121.5, 119.3, 115.8, 109.8, 107.6, 105.2, 99.7, 56.3, 45.3, 35.2, 31.9. HRMS (ESI-TOF) m/z: [M+H] calcd for C 22 H 24 N 2 O 3 365.1860; found 365.1863. HBBO 4. Purification by column chromatography on silica gel eluting with EtOAc/MeOH (9/1). 3 ): δ 164.6, 158.9, 157.1, 156.1, 148.1, 141.7, 128.2, 122.1, 121.8, 119.4, 117.8, 111.8, 106.8, 105.0, 99.8, 56.4, 45.4. HRMS (ESI-TOF) m/z: [M+H] calcd for C 18 H 15 BrN 2 O 3 387.0339; found 387.0330. HBBI 6.

HBBO 14. HBBO 3 (0.11 g, 0.30 mmol.) was dissolved in 10 mL of MeOH, before iodine monochloride (1 mL of a 0.6 M solution in MeOH, 0.60 mmol.) was added in the reaction mixture.
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