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With 4-fluorostyrene as the starting material, symmetric/asymmetric fluorine-containing aza-difluoroboradiaza-s-indacenes (aza-BODIPYs) 3-6 at 1/7-position were successfully prepared. NaN 3 undertook nucleophilic aromatic substitution via replacement of F atoms of 4 to form the N 3 /NH 2 -containing aza-BODIPYs 9 and 10. The solid-state structure of aza-BODIPY 4 was confirmed by single crystal X-ray analysis, the F-C Ph bond distance of which was found to be shorter than those of the reported fluoride. These aza-BODIPYs absorb and emit in

Introduction

Near-infrared (NIR) fluorescent dyes can greatly reduce background absorption, fluorescence, light scattering, and can be used as building blocks to improve the sensitivity of the probes and sensors [1]. More importantly, NIR fluorescent dyes with strong absorption and emission in the low energy regions (650-900 nm) have deep penetration in tissues which allows more efficient in vivo imaging and photodynamic therapy [2]. The safe, non-invasive nature of NIR fluorescent imaging has attracted great interests in the design and synthesis of novel NIR compounds [3]. Indeed, NIR derivatives such as azo, cyanine, quinone, and phthalocyanine dyes have been developed though, in most cases, insufficient photo-stability and/or difficult modification obstructed their applications [3]. Most NIR fluorescent dyes possess highly π-conjugated systems which lead to significantly reduced fluorescence quantum yields due to increased internal conversion. However, BODIPY and their derivatives are well-known to be highly fluorescent and very stable dyes, presenting tunable emission wavelengths and an exceptional insensitivity to the polarity of the medium [4]. Therefore, they are very promising candidates for biological labeling applications, and are already used in those fields [4,5].

By using an imine instead of a methane in BODIPY system to narrow the HOMO-LUMO gap one obtains aza-BODIPY that are known to be an attractive platform to reach NIR absorption (Fig. 1a) [6]. Furthermore, by introducing an electron-donating/withdrawing group one can further reduce the HOMO-LUMO gap by increasing the HOMO and/or decreasing the LUMO energy and reach more redshifted absorption and emission bands [7]. For instance, aza-BODIPYs with an electron-donating group such as -(p-NMe 2 )Ph/-(p-OMe)Ph at 3/5-positions (Fig. 1b) exhibit bathochromic shift of the absorption/emission bands [8]. By contrast, aza-BODIPYs bearing an electron-withdrawing group (such as the -CN group) at 1/7-positions (Fig. 1c) are also known to undergo a redshift of the absorption/emission bands [9]. Since fluorine is a strong inductive acceptor, introduction of fluorine atom(s) in aza-BODIPY was considered in the present work. Importantly, the introduction of a fluorine atom into an organic molecule often induces significant, if not remarkable, variations of its chemical, physical and biological properties, due to the lipophilizing nature, strong electron-withdrawing nature and specific steric repulsion of fluorine [START_REF] Valero | Enantioselective organocatalytic synthesis of fluorinated molecules[END_REF]. In line with their widespread use
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in both medicinal chemistry and in materials science, fluorinated molecules have attracted a considerable interest in the framework of molecular design. Therefore, studies on the characteristic of a fluorine-containing aza-BODIPY at 1/7-positions are of importance. We have been already exploring fluorides [11], and our most recent research interest lies in novel BODIPY/aza-BODIPY family of fluorescent dyes [12]. <Fig. 1>

Experimental methods

2.1 General: The melting points were measured using a SGW® X-4 melting point apparatus. 1 H NMR spectra were recorded on a Bruker AVANCE III 500 MHz spectrometer. 1 H NMR chemical shifts (δ) are given in ppm downfield from Me 4 Si, determined by chloroform (δ = 7.26 ppm). 13 C NMR spectra were recorded on a Bruker AVANCE III 125 MHz spectrometer. 13 C NMR chemical shifts (δ) are reported in ppm with the internal CDCl 3 at δ 77.0 ppm as standard. HRMS (ESI) was measured by micro TOF-Q II.

Tetrahydrofuran (THF) was freshly distilled from Na/benzophenone, n-hexane was distilled over Na, and other solvents were distilled over CaH 2 . Merck silica gel 60 was used for the column chromatography. Fluorescence spectra were recorded on F-4600 spectrophotometer. UV/Vis spectra were recorded on UV-2550 spectrophotometer at room temperature. The refractive index of the medium was measured by 2 W Abbe's refractometer at 20 °C. The fluorescence quantum yields ( f ) of the BODIPY systems were calculated using the following relationship (equation 1):

f = ref F sampl A ref n 2 sampl /F ref A sampl n 2 ref (1)
Here, F denotes the integral of the corrected fluorescence spectrum, A is the absorbance at the excitation wavelength, ref and sampl denote parameters from the reference and unknown experimental samples, respectively. The reference systems used was boronazadipyrromethene dye [13] as standard ( f = 0.36 in chloroform, λ abs = 688 nm) for 3-6, 9 and 10.

2.2 Computational details: DFT, and TD-DFT calculations on molecules were carried out with the latest version of the Gaussian 09 program package [14], applying both a tightened self-consistent field convergence criterion (10 -9 -10 -10 au) and an improved optimization threshold (10 -5 au on average forces). For each molecule, we have optimized the geometry of both the ground and the first excited states, as well as computed the vibrational spectra of both states. The same DFT integration grid, namely the so-called ultrafine pruned (99,590) grid, was used for both the ground and excited states. All DFT and TD-DFT calculations were performed with the M06-2X hybrid exchange-correlation functional, that has been shown to be an adequate choice for investigating excited-state energies and structures of many classes of molecules [15]. Atoms were described with the 6-311+G(2d,p) basis sets. Solvation effects (here CHCl 3 ) have been quantified using the Polarizable Continuum Model (PCM) [START_REF]#1-B(1)-N(1)#1[END_REF].
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Here, we have applied the corrected LR approach [START_REF] Improta | A state-specific polarizable continuum model time dependent density functional theory method for excited state calculations in solution[END_REF]. The SOS-CIS(D)/6-311+G(2d,p) energies were determined with the Q-Chem package using the resolution of identity (RI) scheme with the same basis set. The interested reader can find the whole applied computational protocol in ref. [START_REF] Sanderson | Polar Covalence[END_REF].

Synthesis of 1-Fluoro-4-(1,2-dibromoethyl)benzene: Under N 2 , Br 2 (0.42 ml, 8.1 mmol) in CH 2 Cl 2 (20 ml) was dropwise added to 4-fluorostyrene (1.0 g, 8.1 mmol) in CH 2 Cl 2 (40 ml) at 0 °C for 30 min. The color of the mixture changed from red to colorless. The reaction was allowed to warm up to room temperature slowly. After removal of the solvents by evaporation, the resulting crude mixture was recrystallization (n-hexane) to afford 1-fluoro-4-(1,2-dibromoethyl)benzene (1.82 g, 80%) as yellow solids.

Synthesis

Synthesis of 3-(4-fluorophenyl)-2H-azirine:

Under N 2 , NaN 3 (840 mg, 12.9 mmol) was slowly added to 1-fluoro-4-(1,2-dibromoethyl)benzene (1. 8 g, 6.3 mmol) in DMSO (20 ml) at 20 °C and stirred for 12 h at 25 °C. Then, 50% NaOH (1 ml) was added to the mixture and stirred for 24 h at 25 °C. The reaction was quenched with 10% NaHCO 3 (50 ml). The mixture was extracted with CH 2 Cl 2 (2 × 30 ml), and the organic layer was washed with brine (2 × 30 ml) and dried over anhydrous MgSO 4 .

After removal of the solvents by evaporation, the red oil was obtained. Toluene (40 ml) was added the red oil and the mixture was refluxed for 2 h. After removal of the solvents by evaporation, the resulting crude mixture was separated by column chromatography (n-hexane : CH 2 Cl 2 = 1 : 1) to afford 3-(4-fluorophenyl)-2H-azirine (510 mg, 60%) as yellow oil. This mixture was direct used for the next step without further purification. 1 H NMR (500 MHz, CDCl 3 ): (ppm) 7. 22-7.25 (m, 2H), 7.13-7.17 (m, 2H), 2.34 (s, 2H).

Synthesis of pyrrole 1: Under N 2 , 1-tetralone (71.0 mg, 0.59 mmol) in DMSO (10 ml) was added to NaH (excess) in DMSO (10 ml) at -40 °C and stirred for 10 min. Then, 3-(4-fluorophenyl)-2H-azirine (80 mg, 0.59 mmol) in DMSO (5 ml) was added and the resulting mixture was stirred for 1 h at the same temperature. The reaction was allowed to warm up to room temperature slowly. It was quenched with water, neutralized with dilute HCl to a pH about 7. The mixture was extracted with CH 2 Cl 2 (2 × 30 ml), and the organic layer was washed with brine (2 × 30 ml) and dried over anhydrous MgSO 4 . After removal of the solvents by evaporation, the resulting crude mixture was separated by column chromatography (n-hexane : CH 2 Cl 2 = 1 : 1) to afford pyrrole 1 as hoary solids (76.9 mg, 55%). 1 H NMR (500 MHz, CDCl 3 ): (ppm) 8.45 (br s, 1H), 7.50-7.53 (m, 4H), 7.40 (t, 3 J = 8.0 Hz, 2H), 7.25 (d, 3 J = 7.5 Hz, 1H), 7.80-7.09 (m, 1H), 7.05 (t, 3 J = 8.5 Hz, 2H), 6.76 (m, 1H) (d, 3 J = 9.0 Hz, 1H), 7.50 (d, 3 J = 9.0 Hz, 1H), 7.44 (d, 3 J = 9.0 Hz, 2H), 7.02-7.06 (m, 3H), 6.94 (d, 3 J = 8.5 Hz, 2H), 6.65 (m, 1H), 3.84 (s, 1H). HRMS-MALDI (m/z): [M + H] + calcd for C 17 H 15 FNO: 268.11322;found: 268.11322.

Synthesis of aza-BODIPY 3: Sodium nitrite (6.9 mg, 0.1 mmol) was added to a suspension of pyrrole 1 (47.5 mg, 0.2 mmol) in a mixture of acetic acid/anhydride (1 ml/0.4 ml) at 0 °C, and was stirred for 10 min. The color changed from colorless to brown, then green, and finally dark green was observed. After 0.5 h stirring at room temperature, the mixture was heated at 80 °C for 0.5 h. Crushed ice was added to the mixture, the resulted dark green dye was filtered, washed with water. The dark green dye was dissolved in CH 2 Cl 2 , filtered through a pad of alumina (activity III). Solvent was removed under reduced pressure, and the residue was dissolved in dry 1,2-dichloroethane. Triethylamine (0.28 ml, 2.0 mmol) was added, followed by dropwise addition of BF 3 •Et 2 O (0.50 ml, 4.0 mmol) with stirring at room temperature. The mixture was stirred for 0.5 h, then heated in 80 °C for 0.5 h. The reaction was quenched with crushed ice, extracted with CH 2 Cl 2 , and purified by chromatography on silica gel followed by recrystallization from CH 2 Cl 2 /n-hexane to afford aza-BODIPY 3 (24.5 mg, 46%) as coppery solids. M.p.: 240.0-240.8 ºC (decomp.). 1 H NMR (500 MHz, CDCl 3 ) 1 H NMR (500 MHz, CDCl 3 ): (ppm) 8.02-8.04 (m, 8H), 7.48-7.50 (m, 6H), 7.16 (t, 3 J = 8.5 Hz, 4H). 13 C NMR (125 MHz, CDCl 3 ): (ppm) 159. 6, 145.4, 143.0, 131.4, 131.2, 131.1, 131.0, 129.5, 128.6, 118.8, 115.8, 115.7. HRMS-MALDI (m/z): [M + Na] + calcd for C 32 H 20 BF 4 N 3 Na: 556.1584;found: 556.1583.

Synthesis of aza-BODIPY 4:

Pyrrole 2 (53.6 mg, 0.2 mmol) was used as the starting materials, and aza-BODIPY 4 was obtained green solids (25.5 mg, 43%). M.p.: 290.0-291.0 ºC (decomp.). 1 H NMR (500 MHz, CDCl 3 ): (ppm) 8.08 (d, 3 J = 8.5 Hz, 4H), 8.01 (dd, 3 J = 8.5 Hz, 4H), 7.14 (t, 3 J = 8.5 Hz, 4H), 7.01 (d, 3 J = 8.5 Hz, 4H), 6.99 (s, 2H), 3.89 (s, 6H). 13 C NMR (125 MHz, CDCl 3 ): (ppm) 161. 9, 158.1, 145.1, 141.9, 131.6, 131.0, 128.6, 123.9, 118.3, 115.7, 115.5, 114.2. HRMS-MALDI (m/z): [M + H] + calcd for C 34 H 25 BF 4 N 3 O 2 : 594.19705; found: 594.19678.

Synthesis of aza-BODIPY 5:

Sodium nitrite (11.6 mg, 0.16 mmol) was added to a suspension of 2,4-diphenyl-1H-pyrrole (36.9 mg, 0.16 mmol) in acetic acid (1 mL) at 0 °C, and was stirred for 10 min. The color changed from colorless to brown, then green, and finally brown was observed. The second pyrrole moiety 1 (40 mg, 0.16 mmol) was added, followed by addition of acetic anhydride (0.4 mL). The mixture turned blue immediately. After 0.5 h stirring, the mixture was heated at 80 °C for 0.5 h. Crushed ice was added to the mixture, the resulted blue dye was filtered, washed with water. The blue dye was dissolved in CH 2 Cl 2 , filtered through a pad of alumina (activity III). Solvent was removed under reduced pressure, and the residue was dissolved in dry 1,2-dichloroethane. Triethylamine (0.28 mL, 2.0 mmol) was added, followed by dropwise addition of BF 3 •Et 2 O (0.50 mL, 4.0 mmol) with stirring at room temperature. The mixture was stirred for 0.5 h, then heated in 80 °C for 0.5 h. The
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reaction was quenched with crushed ice, extracted with CH 2 Cl 2 , and purified by chromatography on silica gel followed by recrystallization from CH 2 Cl 2 /n-hexane to afford aza-BODIPY 5 (42.0 mg, 51%) as coppery solids. M.p.: 230-231.0 ºC (decomp.). 1 H NMR (500 MHz, 8H),9H),7.14 (t,(t,3 J = 8.5 Hz,2H),7.04 (s,1H),6.98 (s,1H). 13 C NMR (125 MHz, CDCl 3 ): (ppm) 159. 6, 159.3, 145.5, 145.3, 144.2, 142.8, 132.1, 131.4, 131.2, 131.1, 131.0, 130.9, 129.6, 129.5, 129.4, 129.3, 129.2, 128.6, 128.5, 126.4, 119.2, 118.6, 115.7, 115.6. HRMS-MALDI (m/z): [M + H] + calcd for C 32 H 22 BF 3 N 3 : 516.18534; found: 516.18463.

Synthesis of aza-BODIPY 6:

2-(4-methoxyphenyl)-4-phenyl-1H-pyrrole (25.0 mg, 0.093 mmol) and pyrrole 2 (24.1 mg, 0.096 mmol) was used as the starting materials, and aza-BODIPY 6 was obtained green solids (26.2 mg, 49%). M.p.: 257.0-258.0 ºC (decomp.). 1 H NMR (500 MHz, CDCl 3 ): (ppm) 8.01-8.10 (m, 8H), 7.41-7.48 (m, 3H), 7.13 (t, 3 J = 8.5 Hz, 2H), 7.04 (s, 1H), 7.01 (dd, 3 J = 8.5 Hz, 4 J = 3.0 Hz, 4 H), 6.98 (s, 1H), 3.89 (s, 3H), 3.88 (s, 3H). 13 C NMR (125 MHz, CDCl 3 ): (ppm) 161. 8, 158.2, 158.0, 157.9, 145.2, 145.1, 143.2, 141.7, 132.4, 131.5, 131.0, 130.9, 129.3, 129.2, 128.6, 128.5, 124.1, 123.9, 118.7, 118.6, 118.1, 115.6, 115.5, 114. Synthesis of aza-BODIPY 9: NaN 3 (8.8 mg, 0.13 mmol) was added to a solution of 4 (25.0 mg, 0.042 mmol) in DMF (4 ml), and then the mixture was stirred at 40 ºC for 30 min. The reaction was quenched with water, extracted with CH 2 Cl 2 , and purified by chromatography on silica gel followed by recrystallization from CH 2 Cl 2 /n-hexane to afford aza-BODIPY 9 (15.3 mg, 57%) as coppery solids. 

Results and Discussion
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To introduce the fluorine atom into the aza-BODIPY core, 4-fluorostyrene was selected as a starting material (Scheme 1). 1-Fluoro-4-(1,2-dibromoethyl)benzene was obtained in 80% yield by the reaction of 4-fluorostyrene with Br 2 at 0 °C. Followed by NaN 3 , DMSO, NaOH and reflux in toluene, the yellow oil 3-(4-fluorophenyl)-2H-azirine can be synthesized in 60% yield. Acetophenone was employed to react with 3-(4-fluorophenyl)-2H-azirine to give fluoro-containing pyrroles 1 (y. 55%) and 2 (y. 60%) in the presence of NaH (Scheme 1), respectively 

<Fig. 2>

Additionally, the derivative of the fluorine-containing aza-BODIPYs was found to be feasible (Scheme 3). NaN 3 undertook nucleophilic aromatic substitution (SN Ar ) via replacement of the fluorine atoms of 4 to form N 3 -containing aza-BODIPY 9 by treatment of water, whereas it provides NH 2 -containing aza-BODIPY 10 by treatment of NaHS (Scheme 3) [START_REF] Lippert | Reaction-based fluorescent probes for selective imaging of hydrogen sulfide in living cells[END_REF]. The proton of N-H 2 (δ = 4.04 (br s, 2H)) and other distinct hydrogen signals for the asymmetric NH 2 -containing aza-BODIPY 10 in the 1 H NMR spectrum indicate clearly that the amino group was introduced into the aza-BODIPY 10 (see ESI).

<Scheme 3> <Table 1>

The absorption and emission spectra of aza-BODIPYs 3-6 are shown in Fig. 3 whereas the photophysical data collected are listed in Table 1. Aza-BODIPYs 3-6
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have excellent optical properties. These dyes absorb and emit in the NIR region, with high molar extinction coefficients, high quantum yields and narrow full width at half maxima (FWHM). The profile curves including absorption and emission between 3/4 and 5/6 nearly overlap, and optical properties of every pair of aza-BODIPYs are very similar. Moreover, the pictures of 3-6 taken in CHCl 3 under normal conditions reveal vivid colors, and the hues between pairs of 3/4 and 5/6 are also uniform (Fig. 3). To investigate the spectroscopic effects of the withdrawing group F atom, the spectral characteristics of 3-6 were respectively compared to those of the known dyes 7 (R 1 = R 2 = H) [13] and 8 [13] (Fig. 1b and Table 1). By comparison with the absorption and emission maxima of 7 (λ abs = 650, λ em = 672 nm), it is clear that the effect of the fluorine atom in 3 and 5 is trifling. Moreover, extinction coefficients and quantum yields of dyes 3 and 5 in CHCl 3 are nearly the same to those of dye 7 (79000 M -1 cm -1 , f = 0.34). In addition, the photophysical properties of mono/bis-fluoro substituted aza-BODIPYs 4 and 6 bearing the -OMe group are also completely equivalent to those of aza-BODIPY 8.

<Fig. 3>

Interestingly, the replacement of -F atoms with -N 3 groups in 9 (λ abs = 710 nm) resulted in a remarkable bathochromic shift (22 nm) compared to that of the parent aza-BODIPY 4 (λ abs = 688) (Fig. 4 and Table 1), which is well in agreement with the reported literature [9]. Although the electronegativity of N 3 group (-3.04) was well-known to be smaller than that of F atom (-4.0) [START_REF] Sanderson | Polar Covalence[END_REF], the effect of the N 3 group at 1/7 position to photophysical properties in aza-BODIPY 9 is notable (Fig. 4 and Table 1), comparing to F-containing aza-BODIPYs 3-6 as described above. Aza-BODIPY 9 emits at 754 nm, possesses large Stokes' shift (44 nm) and has moderate quantum yield ( f = 0.26). The absorption and emission maxima of 10 bearing the NH 2 -donating group (λ abs = 699 nm, λ em = 749 nm) was obviously red shifted compared with 4 (λ abs = 688 nm, λ em = 715 nm), and the fluorescence of 10 became so weak (0.03) due to the intramolecular charge transfer (ICT) effect.

<Fig. 4>

Since having a -NH 2 group in 10, therefore, we continued to explore the response of the amino-containing aza-BODIPY 10 to pH value. Dimethylamino group (-NMe 2 ) is well-known to be one of the fragments for the pH-responsive fluorescent probe frequently used for the purpose of the ICT effect. [21] In this ICT process, the excited state of the fluorophore can be quenched by the electron transfer from electron donating amine to the fluorophore; upon recognition of a proton, the electron transfer is "switched off" and in turn the emission of fluorescence is "switched on". Herein, the mechanism of aza-BODIPY 10 bearing a -NH 2 group to pH value is same to that of the above description. Upon addition of hydrochloric acid to 10 with a -NH 2 group
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as the pH-sensitive functionality, 10 was protonated at relatively low pH value [8,[START_REF] Rurack | Molecular Switching in the Near Infrared (NIR) with a Functionalized Boron-Dipyrromethene Dye[END_REF], and a distinctly hypochromatic shift accurs at pH 2 (Fig. 5a). A stepwise increase of the absorption intensity was observed in the 700 nm band of 10-H + from the 710 nm of 10 in DMSO/H 2 O (2:1, v/v) (Fig. 5a). The absorption intensity of 10-H + reached the maximum when 4 M HCl was used. The absorption band of 10-H + is blue-shifted by about 10 nm compared to that of 10. Furthermore, with decreasing pH, a remarkable increase in fluorescence intensity at 750 nm by about 6 folds when 10 was treated with 4M HCl. (Fig. 5b). So, aza-BODIPY 10 could be used as a turn-on fluorescent probe for pH value.

<Fig. 5>

Quantum chemical calculations were performed on the four fluorine-containing aza-BODIPY compounds 3-6 to support the absorption and emission results. We followed a strategy that was developed recently (see computational details) [START_REF] Chibani | Improving the Accuracy of Excited-State Simulations of BODIPY and Aza-BODIPY Dyes with a Joint SOS-CIS(D) and TD-DFT Approach[END_REF] and that gave excellent result for both the BODIPY and aza-BODIPY systems [START_REF] Guennic | Taking up the cyanine challenge with quantum tools[END_REF]. The main computed photophysical data at the best level of calculation, i.e. cLR-PCM(CHCl 3 )-M06-2X/6-311+G(2d,p)/SOS-CIS(D) are summarized in Table 2. The calculations confirmed the limited effect of adding a F atom at 1/7-positions, comparing for instance the calculated absorption and emission wavelengths of 4 and 6 with respect to those of 8. This observation persists for the absoprtion/fluorescence crossing point energies (E AFCP ) that can be compared to experimental E 0-0 energies. Fig. 6 shows the density difference plots computed for the fluorine-containing aza-BODIPY dyes and the involvement of the fluorine atom is clearly limited in the excited-states, which is consistent with the measurements. CT parameters, i.e. the CT distance (d CT ) and the transferred charge (q CT ) were also calculated through Le Bahers' model (Table 2) [25]. Again the only substantial difference emerges when comparing CT distances of parent complexes with and without the methoxy group (3 vs. 4 for instance). Similar calculations were realized on compounds 9 and 10 (Table 2 and Fig. 6) confirming the tendencies experimentally observed, such as the redshift of the absorption/emission when going from 3 and 4 to 9 and 10. Replacing F by N 3 (4 vs. 9) slightly reduces the CT distance in agreement with the smaller electronegativity of N 3 with respect to F. Finally, the small calculated d CT Structures of some previously reported aza-BODIPYs [6,8,9].

Scheme 1 Synthesis of fluorine-containing pyrroles 1 and 2.

Scheme 2 Synthesis of fluorine-containing aza-BODIPYs 3-6. 10), 179.9 (5).

Scheme 3 Synthesis of aza-BODIPYs 9 and 10.

Table 1 Photophysical properties of aza-BODIPYs 3-10 in CHCl 3 at 298 K. C( 4) 86( 3) 64( 3) 62( 3) 2( 2) 1( 2) 15(2) C( 6) 99( 4) 71( 3) 66( 3) 1(2) -1( 3) 27

C( 15) 123( 5) 88( 4) 51(2) -10(3) 9( 3) 15

C( 13) 86( 4) 76( 3) 74( 3) 5(2) 3

C( 17) 115( 4) 67( 3) 71( 3) 2(2) -6(3) 7( 3) C( 7) 94( 4) 70( 3 2) 415( 14) 190( 7) 204( 7) -10( 6) 73( 7) 67( 8)

C(1) 156( 8) 139( 6) 132( 6) 54(5) -13( 5) 64( 6 

  2. HRMS-MALDI (m/z): [M + Na] + calcd for C 34 H 25 BF 3 N 3 NaO 2 : 598.1890; found: 598.1889.

  1 H NMR (500 MHz, CDCl 3 ): (ppm) 8.04(d, 3 J = 8.5 Hz, 4H), 7.79(d, 3 J = 8.5 Hz, 4H), 6.99 (d, 3 J = 8.5 Hz, 4H),6.85 (s, 2H), 6.75 (d, 3 J = 8.5 Hz, 4H), 3.87 (s, 6H). HRMS-MALDI (m/z): [M -4N + 5H] + calcd for C 34 H 29 BF 2 N5 O 2 : 588.23769; found: 588.23730.Synthesis of aza-BODIPY 10: NaN 3 (3.0 mg, 0.046 mmol) was added to a solution of 4 (27.4 mg, 0.046 mmol) in DMF (5 ml), and then the mixture was stirred at 40 ºC for 1 h. The reaction The reaction was quenched with NaHS aqueous solution, extracted with CH 2 Cl 2 , and purified by chromatography on silica gel followed by recrystallization from CH 2 Cl 2 /n-hexane to afford aza-BODIPY 10 (13.5 mg, 50%) as coppery solids. 1 H NMR (500 MHz, CDCl 3 ): (ppm) 8.08 (d, 3 J = 8.5 Hz, 2H), 8.03 (td, 3 J = 8.5 Hz, 4 J = 3.0 Hz, 4H), 7.96 (d, 3 J = 8.5 Hz, 2H), 7.15 (t, 3 J = 8.5 Hz, 2H), 7.00 (dd, 3 J = 8.5 Hz, 4 J = 3.0 Hz, 4H), 6.92 (s, 1H), 6.90 (s, 1H), 6.74(d, 3 J = 8.5 Hz, 2H), 4.04 (br s, 2H), 3.88 (s, 6H). HRMS-MALDI (m/z): [M + H] + calcd for C 34 H 27 BF 3 N 4 O 2 : 591.21737; found: 591.21777.

  [19]. The clear 1:10 integral areas of the hydrogen signals in pyrrole 2 between the proton ofN-H (δ = 8.34 (br s, 1H)) and other protons of the pyrrole in the 1 H NMR spectrum were obtained (see ESI), indicating that the fluorine atom was successfully introduced into the pyrrole skeleton.<Scheme 1> <Scheme 2>Using the pyrroles 1 and 2, symmetric/asymmetric fluorine-containing aza-BODIPYs 3-6 were successfully synthesized in moderate yields under HOAc, Ac 2 O and NaNO 2 , followed by complexation with Et 3 N-BF 3 . Et 2 O, as described in the literature (Scheme 2) [19]. Their structures were unambiguously confirmed by detailed characterizations including NMR and ESI-HRMS analyses (see ESI). Furthermore, the solid-state structure of aza-BODIPY 4 was clearly confirmed by single crystal X-ray analysis (Fig 2 and see ESI). Selected bond lengths and angles are summarized in Fig. 2. The F2-C15 distances (1.278 Å) were found to be slightly shorter than the F-C Ph bond of the reported fluoride (1.365 Å) by 0.09 Å [11c]. The other bond lengths for 4 are very similar to those found for 8 (R 1 = H, R 2 = OMe) (Fig. 1b) [13]. Additionally, the sp 3 hybridized boron center for 4 appears as a slightly distorted tetrahedron with angles. The dihedral angles C(11*)-N(2)-C(11)-C(10) of 179.9° are nearly of the ideal value of 180°, thus indicating the plane skeleton of the aza-BODIPY core.

Fig. 1 .

 1 Fig. 1. (a) BODIPY vs. aza-BODIPY. (b) Structures of some previously reported aza-BODIPYs[6,8,9].

Fig. 2 .

 2 Fig. 2. ORTEP diagram of 4 showing the thermal ellipsoids at the 30% probability level. All hydrogen atoms are omitted for clarity. Selected bond lengths (Å) and angles (°): B1-F1, 1.349(4); B1-N1, 1.518(5); N1-C8, 1.344(5); N1-C11, 1.365(5); N2-C11, 1.301(5); F2-C15, 1.278(9); C(11*)-N(2)-C(11)-C(10), 179.9(5).

Fig. 3 . 3 (

 33 Fig. 3. (a) Normalized absorption and (b) fluorescence spectra of aza-BODIPYs 3 (black curve), 4 (blue curve), 5 (red curve) and 6 (green curve) in CHCl 3 at 298 K. Photoimages of 3-6 under normal room illumination in CHCl 3 at 298 K.

Fig. 4 .

 4 Fig. 4. (a) Normalized absorption and (b) fluorescence spectra of aza-BODIPYs 9 (red curve) and 10 (black curve) in CHCl 3 at 298 K.

Fig. 5 .

 5 Fig. 5. Absorption (a) and fluorescence (b) spectra (pH 7, 6, 5, 4, 3, 2, 1.8, 1.6, 1.4, 1.2, 1 and 1 M, 2 M, 4 M, 6 M of HCl) of 2 μM dye 10 in DMSO/H 2 O (2:1, v/v) as a function of pH. ex = 700 nm.
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 64569102 Fig. 6. Density difference plots for (from left to right and top to bottom) aza-BODIPYs 3, 4, 5, 6, 9 and 10. The blue (red) zones indicate density decrease (increase) upon transition.

  Scheme 3 Synthesis of aza-BODIPYs 9 and 10.
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 345 Fig. 3. (a) Normalized absorption and (b) fluorescence spectra of aza-BODIPYs 3 (black curve), 4 (blue curve), 5 (red curve) and 6 (green curve) in CHCl 3 at 298 K. Photoimages of 3-6 under normal room illumination in CHCl 3 at 298 K.
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 6 Fig 6. Density difference plots for (from left to right and top to bottom) aza-BODIPYs 3, 4, 5, 6, 9 and 10. The blue (red) zones indicate density decrease (increase) upon transition.

  

  

  

  

  

  

  

  

Table 2

 2 Computed abs and em (in nm), AFCP energy (E AFCP , in nm),

	charge transfer

Table 1

 1 Photophysical properties of aza-BODIPYs 3-10 in CHCl 3 at 298 K.

	Dye	λ abs /λ em	Stokes'	FWHM	ε [M -1	f
		[nm]	shift [cm -1 ]	[nm]	cm -1 ]	
	3	650/674	25	49	80000	0.34
	4	688/715	27	55	86000	0.36
	5	650/672	25	49	79000	0.34
	6	688/715	27	55	85000	0.36
	7 [13]	650/672	25	49	79000	0.34
	8 [13]	688/715	27	55	85000	0.36
	9	710/754	44	86	67000	0.26
	10	699/749	50	68	52000	0.03

A C C E P T E D ACCEPTED MANUSCRIPT

Table 2

 2 Computed abs and em (in nm), AFCP energy (E AFCP , in nm), charge transfer distances (d CT , in Å), and transferred charges (q CT , in e) of aza-BODIPYs 3, 4, 5, 6, 8, 9 and 10 at the cLR-PCM(CHCl 3 )-M06-2X/6-311+G(2d,p)/SOS-CIS(D).

	Dye	abs	em	E AFCP	d CT	q CT
		[nm]	[nm]	[nm]	[Å]	[e]
	3	664	717	706	0.56	0.34
	4	704	770	755	1.44	0.39
	5	664	717	710	0.61	0.34
	6	703	769	752	1.44	0.39
	8	702	768	752	1.47	0.39
	9	714	783	769	1.11	0.38
	10	716	798	770	0.56	0.39

Table S4 .

 S4 Anisotropic displacement parameters (Å 2 x 10 3 ). The anisotropic displacement factor exponent takes the form: -2π 2 [ h 2 a* 2 U 11 + ... + 2 h k a* b* U 12 ]

	______________________________________________________________________________
		U 11	U 22	U 33	U 23	U 13	U 12
	______________________________________________________________________________
	F(1)	69(2)	65(2)	70(2)	-1(1)	-10(1)	2(1)
	N(1)	65(2)	49(2)	53(2)	2(1)	1(2)	3(1)
	N(2)	58(3)	48(2)	65(3)	0	0	0(2)
	C(11)	64(2)	57(2)	48(2)	-1(2)	1(2)	3(2)
	C(8)	61(2)	53(2)	61(2)	4(2)	4(2)	3(2)
	C(5)	65(2)	54(2)	59(2)	5(2)	-6(2)	7(2)
	C(10)	65(3)	49(2)	61(2)	4(2)	6(2)	1(2)
	O(1)	103(3)	92(3)	72(2)	16(2)	-15(2)	6(2)
	C(9)	77(3)	54(2)	63(2)	-2(2)	2(2)	7(2)
	C(12)	66(3)	58(2)	56(2)	-1(2)	6(2)	7(2)
	C(2)	72(3)	61(3)	73(3)	11(2)	-8(2)	-2(2)
	C(3)	88(3)	66(3)	60(2)	3(2)	4(2)	4(2)

Table S5 .

 S5 Hydrogen coordinates (Å x 10 4 ) and isotropic displacement parameters (Å 2 x 10 3 ).

		ACCEPTED MANUSCRIPT	
	________________________________________________________________________________
		x	y	z	U(eq)
	________________________________________________________________________________
	H(9)	4060	4889	1367	78
	H(3) H(4) H(6) H(13) H(17) H(7) H(16) H(14) H(1A) H(1B) H(1C) ________________________________________________________________________________ 4370 3990 -1513 86 4752 3436 -524 85 3565 5222 438 94 4050 3027 2902 95 4743 5259 2414 101 3179 5770 -549 97 4698 5646 3522 108 3983 3401 4015 105 3426 6401 -1664 213 2622 5901 -1498 213 2909 6003 -2245 213 M A N U S C R I P T
	A C C E P T E D		

Table S6 .

 S6 Torsion angles [°].

	________________________________________________________________
	C(11)#1-N(2)-C(11)-N(1)	0.8(3)
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 11) 4754( 3) 3150( 3) 1568( 2) 57( 1) C( 8) 4405( 3) 3946( 3) 732( 2) 58(1) C( 5) 4206( 3) 4249( 3) 81( 2) 59( 1) C( 10) 4471( 3) 3893( 3) 1848( 2) 59( 1)

O( 1) 3564( 2) 5205(2) -1736( 2) 89( 1) C( 9) 4269( 3) 4355( 3) 1333( 2) 65( 1) C( 12) 4440( 3) 4104( 3) 2551( 2) 60( 1) 2) 3755( 3) 4932( 3) -1130( 2) 69( 1) 3) 4209( 3) 4242( 3) -1115( 2) 72( 1) C( 4) 4431( 3) 3912( 3) -523( 2) 71( 1) C( 6) 3730( 3) 4966( 3) 42( 2) 79( 1) C( 15) 4374( 4) 4560( 4) 3832( 2) 87( 2)

B(1) 5000 2500 432

C( 16) 4576( 4) 5107( 3) 3395( 3) 90(2) C( 14) 4152( 4) 3771( 4) 3686( 2) 88(2) F( 2) 4452( 7) 4791( 5) 4443( 4) 270( 4)

C( 1) 3093( 6) 5936( 5) -1790( 4 The effect of the withdrawing -F group at 1/7-position on the photophysical properties is found to be almost negligible.

The replacement of -F atoms with -N 3 /-NH 2 groups resulted in a remarkable bathochromic shift.

Aza-BODIPY with a -NH 2 group could be used as a turn-on fluorescent probe for pH value.