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Abstract


Arylated heterocyclic fluorophores are particularly useful scaffolds for numerous applications, such as bioimaging or synthetic photochemistry. While variation of the substitution pattern at the heterocycle and aryl groups allows dye modulation, the bond rotational barriers are also strongly affected. Unsymmetrically substituted ring systems of rotationally restricted arylated heterocycles therefore lead to configurationally stable atropisomeric fluorophores. Herein, we describe these characteristics by determining the properties and configurational stability of atropisomeric, tri-ortho-substituted naphthyl-acridinium fluorophores. A significant barrier to rotation of >120 kJ mol–1 was measured, which renders these dyes and related compounds distinct atropisomers with stereoisomer-specific properties over a broad temperature range.
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          (±)-3-(Dimethylamino)-9-(4-fluoronaphthalen-1-yl)-1,8-dimethoxy-10-phenylacridinium bromide salt (4b)Prepared according to the above general procedures using 5-methoxy-N
          1-(3-methoxyphenyl)-N
          3,N
          3-dimethyl-N-phenylbenzene-1,3-diamine (55.8 mg, 160 μmol) and methyl 4-fluoro-1-naphthoate (20.4 mg, 100 μmol). Purification gave a brown red solid (20.1 mg, 34%, HPLC purity: 93% at 400 nm, decomp. at 134 °C): Rf
           = 0.14 (CH2Cl2/MeOH, 10:1). IR (neat): νmax = 2934w, 1623s, 1598s, 1503s, 1469s, 1429m, 1348m, 1256s, 1233m, 1166w, 1098s, 1036w, 907w, 767s, 707m. 1H NMR (500 MHz, CDCl3): δ = 8.22 (1 H, d, 3
          J = 8.8 Hz, C5′H), 7.87–7.91 (2 H, m, C3′′H, C5′′H), 7.78–7.81 (1 H, m, C4′′H), 7.55–7.61 (2 H, m, C6′H, C6H), 7.46–7.52 (2 H, m, C2′′H, C6′′H), 7.43–7.44 (2 H, m, C7′H, C8′H), 7.17–7.21 (1 H, m, C3′H), 7.01–7.04 (1 H, m, C2′H), 6.64 (1 H, d, 3
          J = 7.9 Hz , C7H), 6.57 (1 H, d, 3
          J = 8.8 Hz, C5H), 6.36 (1 H, d, 4
          J = 1.2 Hz, C2H), 5.48 (1 H, d, 4
          J = 1.2 Hz, C4H), 3.20 (3 H, s, C1OCH3), 3.12 (6 H, br, N(CH3)2), 3.04 (3 H, s, C8OCH3). 13C NMR (125 MHz, CDCl3): δ = 160.9 (C1), 159.6 (C8), 158.0 (d, 2
          JCF
           = 251 Hz, C4′), 157.3 (C3), 154.0 (C9), 145.3 (C4a), 142.1 (C10a), 138.7 (C1′′), 136.3 (C6), 135.9 (d, 4
          JCF
           = 4.8 Hz, C1′), 133.5 (d, 3
          JCF
           = 4.7 Hz, C8′a), 132.2 (C3′′), 132.0 (C5′′), 131.1 (C4′′), 128.1 (C2′′), 128.0 (C6′′), 127.1 (C7′), 126.0 (C6′), 125.2 (d, 4
          JCF
           = 2.6 Hz, C8′), 122.6 (d, 2
          JCF
           = 17.0 Hz, C4′a), 121.6 (d, 3
          JCF
           = 8.2 Hz, C2′), 120.6 (d, 3
          JCF
           = 5.1 Hz, C5′), 116.8 (C9a), 115.3 (C8a), 109.8 (C5), 108.5 (d, 2
          JCF
           = 20.4 Hz, C3′), 105.9 (C7), 96.2 (C2), 89.2 (C4), 56.9 (C8OCH3), 56.2 (C1OCH3), 41.0 (N(CH3)2). 19F NMR (471 MHz, CDCl3): δ = –124.6. ESI-MS: m/z calcd for C33H28FN2O2
          +: 503.2128; found: 503.2129 [M+]. Luminescence spectroscopy (in MeCN): λabs1: 501 nm; λabs2: 430 nm; λabs3: 311 nm; εabs1: 5.9·103 L cm mol–1; εabs2: 1.0·104 L cm mol–1; εabs3: 2.9·104 L cm mol–1; λem(exc 496 nm): 591 nm; Stokes shift: 90 nm; E0,0: 2.22 eV. Cyclic voltammetry (in MeCN, vs. SCE): E1/2(P*/P–): +1.37 V; E1/2(P/P–): –0.85 V. 
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          General Procedure for the Preparation of the leuco-Form
          A solution of dye 4a or 4b in EtOH (10.0 μmol, ca. 0.01 mol L–1) was treated with a suspension of sodium borohydride in EtOH (ca. 0.2 mol L–1) until the intense red color faded. The solution was concentrated in vacuo, extracted with Et2O (3 x 10 mL) and washed with water (20 mL). The combined organic layers were dried over sodium sulfate and concentrated in vacuo to give the leuco-form 5a and 5b, respectively: 
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            Lacour J. 
          
         Org. Lett. 2010; 8: 1748 
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          1,8-Dimethoxy-N,N-dimethyl-9-(naphthalen-1-yl)-10-phenyl-9,10-dihydroacridin-3-amine (5a)Prepared according to the above general procedure.Rf
           = 0.62 (CH2Cl2100%). IR (neat): νmax = 3361w, 3194w, 2922s, 2853m, 1632w, 1592m, 1468m, 1258m, 1090m, 1021m, 909w, 798s, 733m, 700m. 1H NMR (600 MHz, CDCl3): δ = 8.98 (1 H, d, 3
          J = 8.7 Hz, C8′H), 7.75 (1 H, d, 3
          J = 8.0 Hz, C5′H), 7.69 (1 H, dd, 3
          J = 7.3 Hz, 4
          J = 0.7 Hz, C2′H), 7.63–7.66 (2 H, m, C3′′H, C5′′H), 7.55–7.58 (2 H, m, C4′H, C7′H), 7.48–7.52 (3 H, m, C2′′H, C4′′H, C6′′H), 7.41–7.44 (1 H, m, C6′H), 7.27–7.30 (1 H, m, C3′H), 6.82–6.85 (1 H, m, C6H), 6.61 (1 H, s, C9H), 6.25 (1 H, d, 3
          J = 8.0 Hz, C7H), 5.92 (1 H, d, 3
          J = 8.4 Hz, C5H), 5.74 (1 H, d, 4
          J = 2.2 Hz, C2H), 5.28 (1 H, d, 4
          J = 2.2 Hz, C4H), 3.43 (3 H, s, C8OCH3), 3.43 (3 H, s, C1OCH3), 2.66 (6 H, s, N(CH3)2); see ref. 17. 13C NMR (151 MHz, CDCl3): δ = 158.4 (C1), 157.6 (C8), 149.9 (C3), 147.1 (C1′), 142.6 (C10a), 142.6 (C4a), 141.8 (C1′′), 133.2 (C4′a), 131.4 (C2′′, C6′′), 131.1 (C8′a), 130.5 (C3′′, C5′′), 128.1 (C4′′), 127.8 (C5′), 127.2 (C2′), 126.5 (C6), 126.1 (C8′), 126.0 (C3′), 125.7 (C4′), 124.6 (C6′), 124.3 (C7′), 115.7 (C8a), 107.7 (C5), 105.1 (C9a), 102.6 (C7), 92.8 (C4), 89.7 (C2), 55.2 (C1OCH3), 55.1 (C8OCH3), 40.5 (N(CH3)2), 30.2 (C9). ESI-MS: m/z calcd for C33H31N2O2
          +: 487.2380; found: 487.2376 [M + H+]. The enantiomers were separated on a Chiracel® OD-H column (4.6 mm x 150 mm; 5 µm; Art. Nr. 14324) using a 1.0 mL/min flow of n-heptane/i-PrOH 95:5: 5.57 and 6.75 min. 
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          9-(4-Fluoronaphthalen-1-yl)-1,8-dimethoxy-N,N-dimethyl-10-phenyl-9,10-dihydroacridin-3-amine (5b)Prepared according to the above general procedure. Rf
           = 0.74 (CH2Cl2 100%); IR (neat): νmax = 2926s, 1610s, 1468s, 1311w, 1249s, 1091m, 909w. 1H NMR (600 MHz, CDCl3): δ = 8.96 (1 H, d, 3
          J = 8.8 Hz, C8′H), 8.04 (1 H, d, 3
          J = 8.4 Hz, C5′H), 7.61–7.66 (3 H, m, C7′H, C3′′H, C5′′H), 7.57–7.60 (1 H, m, C2′H), 7.49–7.53 (2 H, m, C6′H, C4′′H), 7.46–7.47 (2 H, m, C2′′H, C6′′H), 6.94–6.98 (1 H, m, C3′H), 6.83–6.86 (1 H, m, C6H), 6.53 (1 H, s, C9H), 6.25 (1 H, d, 3
          J = 8.0 Hz, C7H), 5.91 (1 H, d, 3
          J = 8.3 Hz, C5H), 5.74 (1 H, d, 4
          J = 2.2 Hz, C2H), 5.27 (1 H, d, 4
          J = 2.2 Hz, C4H), 3.44 (3 H, s, C1OCH3), 3.43 (3 H, s, C8OCH3), 2.67 (6 H, s, N(CH3)2); see ref. 17. 13C NMR (125 MHz, CDCl3): δ = 158.3 (C1), 157.5 (C8), 156.8 (d, 1
          JCF
           = 247 Hz, C4′), 149.9 (C3), 143.1 (d, 4
          JCF
           = 4.5 Hz, C1′), 142.6 (C10a), 142.5 (C4a), 141.7 (C1′′), 132.1 (d, 3
          JCF
           = 4.1 Hz, C8′a), 131.4 (C2′′, C6′′), 130.5 (C3′′, C5′′), 128.1 (C4′′), 126.7 (d, 3
          JCF
           = 8.4 Hz, C2′), 126.6 (C6), 126.1 (d, 4
          JCF
           = 2.4 Hz, C8′), 125.5 (C7′), 124.9 (d, 4
          JCF
           = 1.3 Hz, C6′), 122.8 (d, 2
          JCF
           = 15.4 Hz, C4′a), 119.9 (d, 3
          JCF
           = 6.3 Hz, C5′), 115.4 (C8a), 109.6 (d, 3
          JCF
           = 19.5 Hz, C3′), 107.7 (C5), 104.8 (C9a), 102.6 (C7), 92.7 (C4), 89.6 (C2), 55.1 (C8OCH3), 55.0 (C1OCH3), 40.5 (N(CH3)2), 30.0 (C9). 19F NMR (471 MHz, CDCl3): δ = –126.8. ESI-MS: m/z calcd for C33H30FN2O2
          +: 505.2286; found: 505.2293 [M + H+]. The enantiomers were separated on a Chiracel® OD-H column (4.6 mm x 150 mm; 5 µm; Art. Nr. 14324) using a 1.0 mL/min flow of n-heptane/i-PrOH 95:5: 5.37 and 6.43 min.  









	
[bookmark: OR000-16]16 NOE enhancements observed between C9H of the acridinium and C8′H of the naphthyl group suggest the structure of the major diastereomer to be rac-5 as shown in Scheme 3. 
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          General Procedure for the Oxidation of the leuco-Form
          A solution of leuco-form 5a or 5b (5.00 μmol) in CH2Cl2 (2.0 mL) was treated at RT with an excess of chloranil and the mixture stirred until the red color persisted. The mixture was washed with water (2.0 mL) and 1 M HBr (2 x 1.0 mL). The organic layer was dried over Na2SO4 and concentrated in vacuo. The residue was purified by chromatography over silica gel with 100% CH2Cl2 and CH2Cl2/MeOH (100:5) to provide acridinium bromide salt 4a or 4b: 
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[bookmark: OR000-19001]19a Aliquots treated by NaBH4 allowed the measurement of change in ee% by HPLC over time for rate of racemization (krac
            ), the barrier to rotation (ΔG
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            ) and the racemization half-life (t
            1/2) determination. 
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