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1. Experimental Details 

General. Melting points (mp) were determined with a Yanaco MP-S3 instrument. 1H, 13C, 7Li, and 
11B NMR spectra were measured with a JEOL AL-400 spectrometer (400 MHz for 1H, 100 MHz for 
13C, 155 MHz for 7Li, and 128 MHz for 11B) in sealed tube in THF-d8 that was dried over 

sodium-potassium (NaK) alloy and degassed by Freeze-Pump-Thaw cycles. Chemical shifts are 

reported in δ ppm. 1H NMR spectra are referenced to residual protons in the deuterated solvent; 13C 

NMR spectra are referenced to carbon-13 in the deuterated solvent; 7Li NMR spectrum is referenced 

to LiCl as an external standard; 11B NMR spectra are referenced to BF3·OEt2 as an external standard. 

THF and hexane were distilled over sodium-benzophenone ketyl or calcium hydride and degassed 

by Freeze-Pump-Thaw cycles. Planarized triphenylborane 1 was prepared as described in the 

literature.1 All reactions were carried out under an argon (Ar) or a nitrogen (N2) atmosphere.  

 

Potassium salt of planarized B-phenylborataanthracene 2·K. To a solution of planarized 

triphenylborane 1 (50.5 mg, 0.15 mmol) in THF (5 mL) was added potassium hydride (6.6 mg, 0.16 

mmol) at room temperature. After stirring for 24 h, the resulting red solution was filtered off and 

concentrated under reduced pressure. Recrystallization from THF with slow diffusion of a hexane 

solution of [2.2.2]cryptand (57.0 mg, 0.15 mmol) gave 73.7 mg (0.098 mmol) of 2·K in 66% yield 

as red crystals: mp 172-180 °C (dec.); 1H NMR (400 MHz, THF-d8) δ 1.65 (s, 12H), 2.01 (t, 3J = 4.8 

Hz, 12H), 3.00 (t, 3J = 4.8 Hz, 12H), 3.08 (s, 12H), 6.64 (d, 3J = 6.8 Hz, 2H), 6.77 (s, 1H), 7.01-7.07 

(m, 3H), 7.21 (d, 3J = 8.4 Hz, 2H), 7.29 (d, 3J = 8.4 Hz, 2H); 13C NMR (100 MHz, THF-d8) δ 36.1 

(q), 42.7 (s), 54.2 (t), 67.9 (t), 70.7 (t), 102.5 (d), 109.5 (d), 122.4 (d), 122.9 (d), 125.7 (d), 126.2 (d), 

141.1 (s), 152.7 (s), 154.7 (s), two signals for the carbon atoms bound to the boron atom were not 

observed due to the quadrupolar relaxation; 11B NMR (128 MHz, THF-d8) δ 30.0. The elemental 

analysis could not be performed due to the instability of the product toward air and moisture. 

 

Lithium salt of planarized B-phenylborataanthracene 2·Li. To a solution of 

tetramethylpiperidine (20 µL, 0.12 mmol) in THF (1 mL) was added a hexane solution of n-BuLi 

(1.6 M, 75 µL, 0.12 mmol) at 0 °C. After stirring for 1 h at 0 °C, the solution was added to a solution 

of planarized triphenylborane 1 (39.8 mg, 0.12 mmol) in THF (3 mL), then stirred for 1 h at 0 °C. 

The volatile materials were removed in vacuo at room temperature. Recrystallization from THF with 

slow diffusion of hexane under an argon atmosphere gave 49.3 mg (0.078 mmol) of 2·Li in 66% 

yield as red crystals: mp 135-144 °C; 1H NMR (400 MHz, THF-d8) δ 1.63 (s, 12H), 1.78 (m, 16H), 

3.62 (m, 16H), 6.63 (d, 3J = 6.8 Hz, 2H), 6.71 (s, 1H), 7.02-7.08 (m, 3H), 7.19 (d, 3J = 8.0 Hz, 2H), 
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7.28 (d, 3J = 7.6 Hz, 2H); 13C NMR (100 MHz, THF-d8) δ 26.2 (t), 36.1 (q), 42.6 (s), 68.0 (t), 102.1 

(d), 109.5 (d), 122.1 (d), 123.1 (d), 125.8 (d), 126.3 (d), 141.0 (s), 152.6 (s), 154.7 (s), two signals 

for the carbon atoms bound to the boron atom were not observed due to the quadrupolar relaxation; 
7Li NMR (155 MHz, THF-d8) δ 0.51; 11B NMR (128 MHz, THF-d8) δ 30.4. The elemental analysis 

could not be performed due to the instability of the product toward air and moisture. 

 

 

 

2. NMR Spectra 

 

Figure S1. 1H NMR spectrum of 2·K in THF-d8. 
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Figure S2. 13C NMR spectrum of 2·K in THF-d8. 

 

 

 
Figure S3. 11B NMR spectrum of 2·K in THF-d8. 
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Figure S4. 1H NMR spectrum of 2·Li in THF-d8. 

 

 

 

Figure S5. 13C NMR spectrum of 2·Li in THF-d8. 
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Figure S6. 7Li NMR spectrum of 2·Li in THF-d8. 

 

 

 
Figure S7. 11B NMR spectrum of 2·Li in THF-d8. 
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3. Photophysical Properties 

UV-visible absorption spectrum was recorded on a Shimadzu UV-3510 spectrometer. A sample 

solution (2.9 × 10–4 M) in a 1 mm quartz cell in degassed THF that were dried over NaK alloy was 

used for the measurement. Fluorescence spectrum was recorded on a Hitachi F-4500 spectrometer. 

Absolute fluorescence quantum yield was determined with a Hamamatsu C9920-02 calibrated 

integrating sphere system. THF solvent was dried over NaK alloy and degassed by three 

Freeze-Pump-Thaw cycles, then transferred into the sample in vacuo. A 1 cm square quartz cell 

including the sample solution was sealed before the measurement. Photophysical data of 2·K are 

summarized in Table S1. The photophysical measurements of 2·Li could not be performed due to the 

higher reactivity of 2·Li to moisture compared to 2·K in the highly diluted solutions. The lithium salt 

2·Li showed an orange emission and no noticeable difference from that of 2·K was observed. 

 

Table S1. Photophysical data of 2·K 

absorption fluorescence 

λabs/nm ε/104 M–1cm–1 λfl/nm Φfl 

568 

531 

500 

412 

375 

3.67 

4.43 

2.79 

4.83 

5.96 

584 

591 

634 

0.45 

 

 

 

4. X-Ray Crystallographic Analysis 

Structural analysis of 1. The intensity data were collected on a Rigaku Saturn CCD diffractometer 

with graphite monochromator MoKα radiation (λ = 0.71070 Å) to 2θmax = 50° at 123 K. The 

structure was solved by direct methods (SHELXS-97)2 and refined by full-matrix least-squares 

procedures on F2 for all reflections (SHELXL-97).2 While all hydrogen atoms were placed using 

AFIX instructions, all the other atoms were refined anisotropically. The crystal data are summarized 

in Table S2. The ORTEP drawing is shown in Figure S8. The data for selected bond lengths and 

angles are summarized in Table S3. 
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Table S2. Crystal data for 1, 2·K, and 2·Li 

 1 2·K 2·Li 

CCDC ID code 895473 895474 895475 

Empirical formula C25H23B C43H58BKN2O6 C41H54BLiO4 

Formula weight 334.24 748.82 628.59 

Color colorless red red 

Crystal system Orthorhombic Monoclinic Monoclinic 

Space group C2221 (#20) P21/c (#14) P21/c (#14) 

a (Å) 10.150(15) 23.898(8) 10.938(16) 

b (Å) 17.72(3) 18.387(4) 34.75(3) 

c (Å) 10.24(3) 18.78(2) 57.15(6) 

β (deg) 90 104.083(17) 97.81(3) 

V (Å3) 1842(7) 8004(9) 21521(43) 

Z 4 8 24 

Dcalcd (g cm−3) 1.205 1.243 1.164 

F(000) 712 3216 8160 

µ (mm−1) 0.067 0.182 0.072 

Index range −12 ≤ h ≤ 12 −25 ≤ h ≤ 28 −11 ≤ h ≤ 12 

 −20 ≤ k ≤ 20 −21 ≤ k ≤ 21 −37 ≤ k ≤ 39 

 −12 ≤ l ≤ 11 −22 ≤ l ≤ 22 −65 ≤ l ≤ 65 

Reflections collected 6113 52851 97827 

Independent reflections 1605 [Rint = 0.0500] 14066 [Rint = 0.0803] 31987 [Rint = 0.1087] 

Goodness-of fit on F2 0.969 1.151 1.085 

R1, wR2 (I>2σ(I)) 0.0405, 0.0968 0.1028, 0.2467 0.1098, 0.2654 

R1, wR2 (all data) 0.0466, 0.0994 0.1357, 0.2771 0.1963, 0.3531 
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Figure S8. ORTEP drawing of 1 (50% probability for thermal ellipsoids). Hydrogen atoms are 

omitted for clarity. 

 

Table S3. Selected bond lengths (Å) and angles (°) of 1 

B(1)–C(1)  1.519(3) C(5)–C(6)  1.384(3) 

B(1)–C(14)  1.525(4) C(6)–C(7)  1.379(3) 

C(1)–C(4)  1.402(3) C(8)–C(9)  1.538(3) 

C(1)–C(2)  1.414(3) C(8)–C(13)  1.539(3) 

C(2)–C(7)  1.381(3) C(8)–C(10)  1.542(5) 

C(2)–C(3)  1.513(3) C(11)–C(12)  1.381(2) 

C(4)–C(5)  1.398(3) C(12)–C(13)  1.399(3) 

C(4)–C(8)  1.541(3) C(13)–C(14)  1.403(2) 

C(1)–B(1)–C(1*) 120.7(2) C(6)–C(7)–C(2) 119.96(19) 

C(1)–B(1)–C(14) 119.63(11) C(9)–C(8)–C(13) 108.29(19) 

C(4)–C(1)–C(2) 120.67(16) C(9)–C(8)–C(4) 107.76(15) 

C(4)–C(1)–B(1) 120.18(17) C(13)–C(8)–C(4) 115.63(16) 

C(2)–C(1)–B(1) 119.10(16) C(9)–C(8)–C(10) 110.20(19) 

C(7)–C(2)–C(1) 119.44(17) C(13)–C(8)–C(10) 107.84(18) 

C(7)–C(2)–C(3) 119.85(19) C(4)–C(8)–C(10) 107.08(16) 

C(1)–C(2)–C(3) 120.71(16) C(12*)–C(11)–C(12) 120.8(2) 

C(2)–C(3)–C(2*) 119.6(2) C(11)–C(12)–C(13) 120.60(18) 
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C(5)–C(4)–C(1) 118.18(18) C(12)–C(13)–C(14) 118.15(17) 

C(5)–C(4)–C(8) 119.58(17) C(12)–C(13)–C(8) 118.71(15) 

C(1)–C(4)–C(8) 122.23(16) C(14)–C(13)–C(8) 123.14(17) 

C(6)–C(5)–C(4) 120.62(19) C(13)–C(14)–C(13*) 121.7(2) 

C(7)–C(6)–C(5) 121.12(18) C(13)–C(14)–B(1) 119.16(11) 

 

 

Structural analysis of 2·K. The intensity data were collected on a Rigaku Saturn CCD 

diffractometer with graphite monochromator MoKα radiation (λ = 0.71070 Å) to 2θmax = 50° at 123 

K. The structure was solved by direct methods (SHELXS-97)2 and refined by full-matrix 

least-squares procedures on F2 for all reflections (SHELXL-97).2 While all hydrogen atoms were 

placed using AFIX instructions, all the other atoms were refined anisotropically. The crystal data are 

summarized in Table S2. The ORTEP drawing is shown in Figure S9. The data for selected bond 

lengths and angles are summarized in Table S4. 

 

 
Figure S9. ORTEP drawing of 2·K (50% probability for thermal ellipsoids). Hydrogen atoms are 

omitted for clarity. The crystal consists of two crystallographycally independent structures, whose 

structures are shown. 
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Table S4. Selected bond lengths (Å) and angles (°) of 2·K 

B(1)–C(1)  1.492(7) B(2)–C(44)  1.502(7) 

B(1)–C(5)  1.495(7) B(2)–C(48)  1.495(7) 

B(1)–C(14)  1.534(7) B(2)–C(57)  1.520(7) 

C(1)–C(6)  1.427(6) C(44)–C(49)  1.420(6) 

C(1)–C(2)  1.435(7) C(44)–C(45)  1.438(7) 

C(2)–C(3)  1.419(7) C(45)–C(46)  1.411(7) 

C(2)–C(9)  1.425(7) C(45)–C(52)  1.426(6) 

C(3)–C(4)  1.420(7) C(46)–C(47)  1.409(7) 

C(4)–C(5)  1.430(7) C(47)–C(48)  1.430(7) 

C(4)–C(13)  1.434(7) C(47)–C(56)  1.436(6) 

C(5)–C(10)  1.417(6) C(48)–C(53)  1.413(6) 

C(6)–C(7)  1.377(6) C(49)–C(50)  1.374(6) 

C(7)–C(8)  1.400(7) C(50)–C(51)  1.422(7) 

C(8)–C(9)  1.370(7) C(51)–C(52)  1.364(7) 

C(10)–C(11)  1.377(6) C(53)–C(54)  1.385(7) 

C(11)–C(12)  1.405(7) C(54)–C(55)  1.404(7) 

C(12)–C(13)  1.365(7) C(55)–C(56)  1.369(7) 

C(1)–B(1)–C(5) 119.7(4) C(48)–B(2)–C(44) 119.3(4) 

C(1)–B(1)–C(14) 120.6(4) C(44)–B(2)–C(57) 120.0(4) 

C(5)–B(1)–C(14) 119.7(4) C(48)–B(2)–C(57) 120.7(4) 

C(2)–C(1)–B(1) 119.0(4) C(45)–C(44)–B(2) 118.4(4) 

C(3)–C(2)–C(1) 119.3(4) C(46)–C(45)–C(44) 119.9(4) 

C(2)–C(3)–C(4) 123.4(4) C(47)–C(46)–C(45) 123.2(4) 

C(3)–C(4)–C(5) 120.6(4) C(46)–C(47)–C(48) 121.0(4) 

C(4)–C(5)–B(1) 117.9(4) C(47)–C(48)–B(2) 117.9(4) 
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Structural analysis of 2·Li. The intensity data were collected on a Rigaku Saturn CCD 

diffractometer with graphite monochromator MoKα radiation (λ = 0.71070 Å) to 2θmax = 48° at 123 

K. The structure was solved by direct methods (SHELXS-97)2 and refined by full-matrix 

least-squares procedures on F2 for all reflections (SHELXL-97).2 While all hydrogen atoms were 

placed using AFIX instructions, all the other atoms were refined anisotropically. The crystal data are 

summarized in Table S2. The ORTEP drawing is shown in Figure S10. The ORTEP drawings of the 

anion part of each crystallographycally independent structure are shown in Figure S11. The data for 

selected bond lengths and angles are summarized in Table S5. 

 

 

Figure S10. ORTEP drawing of 2·Li (50% probability for thermal ellipsoids). Hydrogen atoms are 

omitted for clarity. The crystal consists of six crystallographycally independent structures, whose 

structures are shown. 
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Figure S11. ORTEP drawings of the anion part of six crystallographycally independent structures of 

2·Li (50% probability for thermal ellipsoids). Hydrogen atoms are omitted for clarity. 

 

Table S5. Selected bond lengths (Å) and angles (°) of 2·Li 

B(1)–C(1) 1.488(9) B(4)–C(124)  1.504(9) 

B(1)–C(5) 1.492(9) B(4)–C(128)  1.492(9) 

B(1)–C(14) 1.529(9) B(4)–C(137)  1.525(9) 

C(1)–C(2) 1.437(8) C(124)–C(125)  1.418(9) 

C(2)–C(3)  1.420(9) C(125)–C(126)  1.412(9) 

C(3)–C(4)  1.407(9) C(126)–C(127)  1.420(8) 

C(4)–C(5)  1.436(8) C(127)–C(128)  1.436(8) 

B(2)–C(42)  1.496(9) B(5)–C(165)  1.473(9) 

B(2)–C(46)  1.496(9) B(5)–C(169)  1.502(9) 

B(2)–C(55)  1.526(9) B(5)–C(178)  1.522(9) 

C(42)–C(43)  1.443(8) C(165)–C(166)  1.429(8) 

C(43)–C(44)  1.418(8) C(166)–C(167)  1.415(8) 

C(44)–C(45)  1.403(8) C(167)–C(168)  1.404(8) 
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C(45)–C(46)  1.450(8) C(168)–C(169)  1.441(8) 

B(3)–C(83)  1.495(9) B(6)–C(206)  1.489(9) 

B(3)–C(87)  1.496(10) B(6)–C(210)  1.494(9) 

B(3)–C(96)  1.532(9) B(6)–C(219)  1.491(9) 

C(83)–C(84)  1.462(9) C(206)–C(207)  1.432(9) 

C(84)–C(85)  1.422(9) C(207)–C(208)  1.340(11) 

C(85)–C(86)  1.399(9) C(208)–C(209)  1.399(11) 

C(86)–C(87)  1.443(9) C(209)–C(210)  1.459(11) 

C(1)–B(1)–C(5) 119.5(6) C(128)–B(4)–C(124) 118.4(6) 

C(1)–B(1)–C(14) 120.0(6) C(124)–B(4)–C(137) 121.8(6) 

C(5)–B(1)–C(14) 120.4(6) C(128)–B(4)–C(137) 119.8(6) 

C(42)–B(2)–C(46) 119.6(6) C(165)–B(5)–C(169) 118.9(6) 

C(42)–B(2)–C(55) 119.7(5) C(165)–B(5)–C(178) 120.9(6) 

C(46)–B(2)–C(55) 120.7(6) C(169)–B(5)–C(178) 120.2(5) 

C(83)–B(3)–C(87) 120.0(6) C(206)–B(6)–C(210) 118.2(6) 

C(83)–B(3)–C(96) 119.6(6) C(206)–B(6)–C(219) 120.5(6) 

C(87)–B(3)–C(96) 120.4(6) C(219)–B(6)–C(210) 121.2(6) 
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5. Theoretical Calculations 

Natural population analysis (NPA). The NPA calculations of 2 and 3 were carried out using the 

Gaussian 03 program3 at the B3LYP/6-31+G(d) level for the optimized structures obtained at the 

B3LYP/6-31+G(d) level. 

 

Table S6. The NPA natural charges of 2 and 3 (B3LYP/6-31+G(d)//B3LYP/6-31+G(d)) 

                  
2 3 

atom No. charge atom No. charge 

H 1 0.21764 H 1 0.21677 

C 2 –0.25125 C 2 –0.26266 

H 3 0.21642 H 3 0.21566 

C 4 –0.25385 C 4 –0.24232 

C 5 0.03080 C 5 –0.18269 

C 6 –0.02874 C 6 –0.03317 

C 7 –0.30939 C 7 –0.32097 

C 8 –0.34659 C 8 –0.38972 

C 9 –0.29994 C 9 –0.30806 

H 10 0.21281 H 10 0.21748 

C 11 –0.02874 C 11 –0.04311 

H 12 0.20649 H 12 0.20466 

C 13 –0.25385 C 13 –0.22119 

C 14 –0.34659 C 14 –0.38979 

B 15 0.53930 B 15 0.58546 

C 16 –0.25125 C 16 –0.27382 

H 17 0.21642 H 17 0.21597 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 S16 

H 18 0.21764 H 18 0.21676 

C 19 –0.30939 C 19 –0.32087 

H 20 0.21281 H 20 0.21744 

C 21 0.03080 C 21 –0.18289 

C 22 –0.27664 C 22 –0.26802 

C 23 –0.26008 C 23 –0.27579 

C 24 0.01409 C 24 –0.22864 

C 25 0.01409 C 25 –0.22864 

C 26 –0.25047 C 26 –0.25684 

C 27 –0.25047 C 27 –0.25684 

H 28 0.21981 H 28 0.22437 

H 29 0.21981 H 29 0.22437 

H 30 0.22245 H 30 0.22276 

C 31 –0.11422 H 31 0.22770 

C 32 –0.11422 H 32 0.23447 

C 33 –0.65261 H 33 0.22771 

H 34 0.22657 H 34 0.23447 

H 35 0.24484 Total –0.99999 

H 36 0.21978    

C 37 –0.65261    

H 38 0.24484    

H 39 0.22657    

H 40 0.21978    

C 41 –0.65261    

H 42 0.24484    

H 43 0.21978    

H 44 0.22657    

C 45 –0.65261    

H 46 0.22657    

H 47 0.21978    

H 48 0.24484    

Total –0.99999    
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Nucleus independent chemical shift (NICS) calculations. The NICS calculations of 2 and 3 were 

carried out using the Gaussian 03 program3 at the B3LYP/6-31+G(d) level for the optimized 

structures obtained at the B3LYP/6-31+G(d) level. The NICS values of 2'//, 2'⊥, 2', 3//, 3'//, 3'⊥, and 3' 

were calculated using the corresponding geometries directly derived from the optimized structures of 

2 and 3. 

 

 
Figure S12. The NICS(1)zz values for the boratabenzene ring of the optimized structures of 2 and 3, 

and their substructures 2'//, 2'⊥, 2', 3//, 3'//, 3'⊥, and 3', whose geometries are derived from the 

optimized structures of 2 and 3, respectively. The selected bond lengths (Å) for the boratabenzene 

ring are given. 
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Time-dependent density functional theory (TD-DFT) calculations. The TD-DFT calculations of 

2, 3⊥, and 3// with a cation were carried out using the Gaussian 03 program3 at the B3LYP 

/6-31+G(d) level. The Structures of the anion parts were optimized at B3LYP/6-31+G(d) level, and 

then Li(OMe2)3 as the counter cation was fixed at 1.9 or 7.0 Å above the borataanthracene core. 

 

 
Figure S13. Comparison of the π and π* orbital energy levels, and the excitation energies among 2, 

3⊥, and 3// with Li(OMe2)3 as the counter cation, based on the TD-DFT calculations at the 

B3LYP/6-31+G(d)//B3LYP/6-31+G(d) level.  
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