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Table S1. Photographs showing colors of the solids of 2—4 before and after UV irradiation.

Compound Before irradiation After irradiation

2a
pale yellow vivid yellow
2b
pale yellow pale orange
w
2c
pale yellow yellow
2d E i
colorless pale yellow

.7

2e ﬂ
h—dd pale yellow

. =

#8 pale orange

3a -4
pale yellow

3b -

&8 colorless

4a -4
red

4b -
red

“No color change upon UV irradiation.
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Figure S1. ORTEP drawing of 2b (50% probability). Selected bond lengths: B-N1 = 1.606(2) A; B—
N2 = 1.5956(16) A; B-C = 1.6233(18) A, 1.6153(17) A; N1-C5 = 1.3576(16) A; C5-C6 = 1.445(2)
A; C6-N2 =1.2863(19) A, N2—C7 = 1.495(2) A. Selected bond angles: N1-B-N2 = 95.20(10) °; C—
B-C =107.14(10) °; N1-B-C = 112.82(9) °, 113.37(12) °; N2-B—C = 113.69(11) °, 114.52(8) °; B—
N2-C6 = 112.77(12) °; N2-C6-C5 = 112.10(11) °; C6-C5-N1 = 108.63(13) °; C5-N1-B =
111.29(11) °.

Figure S2. ORTEP drawing of 2¢ (50% probability). Selected bond lengths: B-N1 = 1.637(2) A; B—
N2 =1.675(2) A; B-C = 1.636(2) A, 1.613(3) A; N1-C5 = 1.351(2) A; C5-C6 = 1.440(3) A; C6-N2
= 1.287(2) A, N2-C7 = 1.540(2) A. Selected bond angles: N1-B-N2 = 94.25(12) °; C-B-C =
106.36(14) °; N1-B-C = 109.17(12) °, 112.46(16) °; N2-B—C = 115.80(16) °, 118.27(12) °; B-N2—
C6=110.12(14) °; N2-C6-C5 = 114.26(16) °; C6-C5-N1 = 109.74(15) °; C5-N1-B = 111.17(15) °.



Figure S3. ORTEP drawing of 2d (50% probability). Selected bond lengths: B-N1 = 1.610(5) A; B—
N2 = 1.604(5) A; B-C = 1.618(4) A, 1.622(5) A; N1-C5 = 1.356(4) A; C5-C6 = 1.446(6) A; C6-N2
=1.282(4) A, N2-C7=1.488(5) A. Selected bond angles: N1-B-N2 = 95.2(2) °; C-B-C =107.3(3) °;
NI-B-C =113.8(3) °, 112.7(3) °; N2-B-C = 114.8(3) °, 113.0(3) °; B-N2-C6 = 112.6(3) °; N2—-C6—
C5=112.2(3) °; C6-C5-N1=108.9(3) °; C5-N1-B = 111.0(3) °.

Figure S4. ORTEP drawing of 2e (50% probability). Selected bond lengths: B-N1 = 1.607(2) A; B—
N2 =1.6098(19) A; B-C =1.617(2) A, 1.624(2) A; N1-C13 = 1.3576(16) A; C13—C14 = 1.448(2) A;
C14-N2=1.2877(17) A, N2-C15 = 1.459(2) A. Selected bond angles: N1-B-N2 = 94.37(9) °; C-B—
C =106.86(10) °; N1-B-C = 114.99(11) °, 111.62(14) °; N2-B—C = 114.39(14) °, 114.53(10) °; B—
N2—-C14 = 113.28(13) °; N2-C14-C13 = 111.63(12) °; C14-C13-N1 = 108.71(12) °; C13-N1-B =
111.99(12) °. Selected dihedral angles: C14-N2—-C15-C = 85.96(14) °, 90.35(14) °.



Figure S5. ORTEP drawing of 3a (50% probability). Selected bond lengths: B-N1 = 1.590(3) A; B—
N2 =1.589(3) A; B-C = 1.631(3) A, 1.627(3) A; N1-C1 = 1.285(4) A; N2-C2 = 1.280(4) A; C1-C2
=1.449(4) A; N1-C3 =1.502(3) A, N2-C6 = 1.491(3) A. Selected bond angles: N1-B-N2 =
95.54(17) °; C-B-C = 106.68(18) °; N1-B—-C = 113.74(18) °, 113.52(18) °; N2-B-C = 114.07(18) °,
113.29(18) °; B-N2—C2 = 112.1(2) °; N2-C2—C1 = 110.0(3) °; C2-C1-N1=111.3(3) °; CI-N1-B =
111.02) °.

Figure S6. ORTEP drawing of 3b (50% probability). Selected bond lengths: B-N1 = 1.594(3) A; B—
N2 =1.596(3) A; B-C = 1.626(3) A, 1.634(4) A; N1-C9 = 1.288(3) A; N2-C10 = 1.281(3) A; C9—
C10 = 1.444(3) A; N1-C11 = 1.493(3) A, N2-C17 = 1.485(3) A. Selected bond angles: N1-B-N2 =
95.52(16) °; C-B—C = 106.42(18) °; N1-B—-C = 114.00(17) °, 113.18(19) °; N2-B-C = 114.03(19) °,
113.75(16) °; B-N2—C10 = 111.63(18) °; N2—-C10-C9 = 110.6(2) °; C10-C9-N1 = 111.2(2) °; C9-
NI-B=111.00(18) °.
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Figure S7. UV-Vis absorption (red line) and fluorescence (blue line) spectra of 2a in MeCN and

diffuse reflectance spectrum (black line) of 2a in the solid state.
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Figure S8. UV-Vis absorption (red line) and fluorescence (blue line) spectra of 2b in MeCN and

diffuse reflectance spectrum (black line) of 2b in the solid state.
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Figure S9. UV-Vis absorption spectrum (red line) of 2¢ in MeCN and diffuse reflectance spectrum
(black line) of 2¢ in the solid state.
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Figure S10. UV-Vis absorption (red line) and fluorescence (blue line) spectra of 2d in MeCN and

diffuse reflectance spectrum (black line) of 2d in the solid state.
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Figure S11. UV-Vis absorption (red line) and fluorescence (blue line) spectra of 2e in MeCN and

diffuse reflectance spectrum (black line) of 2e in the solid state.
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Figure S12. UV-Vis absorption (red line) and fluorescence (blue line) spectra of 3a in MeCN and

diffuse reflectance spectrum (black line) of 3a in the solid state.
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Figure S13. UV-Vis absorption (red line) and fluorescence (blue line) spectra of 3b in MeCN and

diffuse reflectance spectrum (black line) of 3b in the solid state.
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Figure S14. UV-Vis absorption spectrum (red line) of 4a in MeCN and diffuse reflectance spectrum
(black line) of 4a in the solid state.
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Figure S15. UV-Vis absorption spectrum (red line) of 4b in MeCN and diffuse reflectance spectrum
(black line) of 4b in the solid state.
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2b

HOMO LUMO

3a

HOMO LUMO

4a

HOMO LUMO

Figure S16. Molecular orbital diagrams of the cations of 2b, 3a and 4a calculated at the B3LYP/6-
31+G(d) level of theory.
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Figure S17. Diffuse reflectance spectra of 2b in the solid state before (black line) and after (red line)

UV irradiation.
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Figure S18. Diffuse reflectance spectra of 2¢ in the solid state before (black line) and after (red line)

UV irradiation.
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Figure S19. Diffuse reflectance spectra of 2d in the solid state before (black line) and after (red line)

UV irradiation.
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Figure S20. Diffuse reflectance spectra of 2e in the solid state before (black line) and after (red line)

UV irradiation.
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Figure S21. Diffuse reflectance spectra of 3a in the solid state before (black line) and after (red line)

UV irradiation.
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Figure S22. Diffuse reflectance spectra of 3b in the solid state before (black line) and after (red line)

UV irradiation.
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Figure S23. Diffuse reflectance spectra of 4a in the solid state before (black line) and after (red line)

UV irradiation.
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Figure S24. Diffuse reflectance spectra of 4b in the solid state before (black line) and after (red line)

UV irradiation.
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Figure S25. ESR spectrum of compound 2b in the solid state after UV irradiation. A horizontal bar
indicates 1 mT. g =2.0038.

Figure S26. ESR spectrum of compound 2¢ in the solid state after UV irradiation. A horizontal bar
indicates 1 mT. g =2.0037.

Figure S27. ESR spectrum of compound 2d in the solid state after UV irradiation. A horizontal bar
indicates 1 mT. g =2.0036.

Figure S28. ESR spectrum of compound 2e in the solid state after UV irradiation. A horizontal bar
indicates 1 mT. g =2.0036.
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Figure S29. Optimized geometry of 1" as a triplet species. Selected bond lengths: B-N = 1.50 A,
1.50 A; B-C1=1.59 A; B-C5=2.57 A; C5-C =1.50 A, 1.50 A. Selected bond angles: N1-B-N2 =
101.2 °; N-B-C1 =128.1 °, 128.0 °; C1-B-C5=85.4 °; N-B-C5=101.5 °, 101.7 °; C4-C5-C6 =
125.6 °; H5-C5-C =114.7 °, 114.7 °; B-C5-H5 =94.0 °.
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Experimental section

General information. Solvents were purified by reported methods before use.! All reactions were
carried out under an argon atmosphere unless otherwise noted. 'H NMR (300 MHz), '3C NMR (76
MHz), 'B NMR (96 MHz), and '°F NMR (283 MHz) spectra were measured with a JEOL JNM-
ECX300 spectrometer. Tetramethylsilane was used as an internal standard for the 'H and *C NMR
spectra. Boron trifluoride diethyl etherate was used as an external standard for the "B NMR spectra.
Fluorobenzene was used as an external standard for the '°F NMR spectra, using the chemical shift
of—113 ppm referenced to the chemical shift of trichlorofluoromethane at 0 ppm. High-resolution mass
spectra were measured with a JEOL MStation JMS-700V spectrometer. Absorption spectra in the
solution and diffuse reflectance spectra in the solid state were measured with a JASCO V-570
spectrometer. Fluorescence spectra were measured with a Shimadzu RF-5300PC spectrometer. The
absolute values of the fluorescence quantum yields were measured by a Hamamatsu Photonics C11347
Quantaurus-QY absolute PL quantum yield spectrometer. Elemental Analyses were carried out with
an Elementar Vario Micro Cube eclemental analyzer. Powder samples for diffuse reflectance
spectroscopy, except in the photoirradiation experiments, were diluted one thousand-fold with barium
sulfate. For UV-light irradiation experiments, a UVP UVGL-25 compact UV lamp and an Analytik
Jena UVL-28 EL series handheld UV lamp were used. Electron spin resonance spectra were measured
with a JEOL JES-X310 spectrometer. N-(2-Pyridylmethylidene)methanamine (6a),> N-(2-
pyridylmethylidene)-2-propanamine (6b),’ 2-methyl-N-(2-pyridylmethylidene)-2-propanamine (6¢),>
N-(2-pyridylmethylidene)cyclohexanamine (6d),> N-(2-pyridylmethylidene)aniline (6e),> N,N'-
diisopropylethane-1,2-diimine  (7a),* N,N'-dicyclohexylethane-1,2-diimine (7b),> and 2-(4-

methoxybenzoyl)pyridine (8b)® were prepared according to the literature.

Synthesis of (1,5-cyclooctanediyl)[ V-(2-pyridylmethylidene)-2-propanamine-VN,N']-
boronium(III) trifluoromethanesulfonate (2b). A method similar to that for the synthesis of 2a with
N-(2-pyridylmethylidene)-2-propanamine (6b) (0.600 g, 4.05 mmol) gave compound 2b (0.519 g,
31%). 2b: pale yellow solid, mp 214.8-215.2 °C (dec). '"H NMR (DMSO-ds, 300 MHz): 8 9.73 (s,
1H), 9.34 (d, 1H, J = 6.2 Hz), 8.65 (t, 1H, J= 7.6 Hz), 8.53 (d, 1H, J= 7.6 Hz), 8.13 (t, 1H, J= 6.5
Hz), 4.83 (sept, 1H, J= 6.5 Hz), 2.24-1.65 (m, 12H), 1.51 (d, 6H, J = 6.5 Hz), 0.79 (s, 2H). 3C{'H}
NMR (DMSO-ds, 76 MHz): 6 160.9, 145.73, 145.69, 143.0, 128.1, 127.7, 120.7 (q, J = 322 Hz, CF3),
54.5,30.6, 29.3, 23.2 (br s, CB), 23.0, 22.4, 21.6. "B NMR (DMSO-ds, 96 MHz): § 9.5 (line width
hi2 =771 Hz). ’F NMR (DMSO-ds, 283 MHz): § —76.2 (s). HRMS (FAB) m/z: [M — CF3S03]* Calcd
for C17H26BN> 269.2189; Found 269.2209.
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Synthesis of (1,5-cyclooctanediyl)[2-methyl-N-(2-pyridylmethylidene)-2-propanamine-N,N’|
boronium(III) trifluoromethanesulfonate (2¢). A method similar to that for the synthesis of 2a with
2-methyl-N-(2-pyridylmethylidene)-2-propanamine (6¢) (0.55 mL, 3.1 mmol) gave compound 2¢
(0.500 g, 37%). 2¢: pale yellow solid, mp 109.6-111.0 °C (dec). 'H NMR (DMSO-ds, 300 MHz): &
9.59 (s, 1H), 9.29 (d, 1H, J = 5.8 Hz), 8.71-8.58 (m, 2H), 8.20-8.10 (m, 1H), 2.43-1.20 (m, 21H),
0.73 (s, 2H). PC{'H} NMR (DMSO-ds, 76 MHz): § 163.1, 146.4, 144.7, 143.2, 128.4, 128.2, 120.7
(q,J=322Hz, CF;), 67.5,31.3,31.2,30.6,23.3 (brs, CB), 21.8,21.0. "B NMR (DMSO-ds, 96 MHz):
8 15.1 (line width 1 = 656 Hz). '’F NMR (DMSO-ds, 283 MHz): § —76.2 (s). HRMS (FAB) m/z: [M
— CF3S0s]" Caled for C1sH2sBN; 283.2346; Found 283.2346.

Synthesis of (1,5-cyclooctanediyl)[ V-(2-pyridylmethylidene)cyclohexanamine-V,N']-
boronium(III) trifluoromethanesulfonate (2d). A method similar to that for the synthesis of 2a with
N-(2-pyridylmethylidene)cyclohexanamine (6d) (0.40 mL, 2.2 mmol) gave compound 2d (0.558 g,
55%). 2d: pale yellow solid, mp 238.4-240.0 °C (dec). '"H NMR (DMSO-ds, 300 MHz): 8 9.72 (s,
1H), 9.35 (d, 1H, J = 6.2 Hz), 8.65 (t, 1H, J= 7.6 Hz), 8.53 (d, 1H, J=7.6 Hz), 8.13 (t, I1H, J=7.2
Hz), 4.40-4.26 (m, 1H), 2.23-1.63 (m, 19H), 1.48-1.20 (m, 3H), 0.79 (s, 2H). *C {'H} NMR (DMSO-
ds, 76 MHz): 8 161.1, 145.8, 145.7, 143.1, 128.1, 127.7, 120.7 (q, J = 322 Hz, CF3), 62.1, 33.4, 30.8,
29.3,25.2,24.5,23.3 (br s, CB), 22.5, 21.6. "B NMR (DMSO-ds, 96 MHz): 8 9.6 (line width /i, =
656 Hz). '’F NMR (DMSO-ds, 283 MHz): 8 —76.2 (s). HRMS (FAB) m/z: [M — CF3S03]" Calcd for
C20H30BN> 309.2502; Found 309.2493.

Synthesis of (1,5-cyclooctanediyl)[ V-(2-pyridylmethylidene)aniline-/V,N'|boronium(I1I)
trifluoromethanesulfonate (2e). A method similar to that for the synthesis of 2a with N-(2-
pyridylmethylidene)aniline (6e) (1.0 g, 5.5 mmol) gave compound 2e (0.695 g, 28%). 2e: yellow solid,
mp 196.0-197.1 °C (dec). '"H NMR (DMSO-ds, 300 MHz): § 9.53 (s, 1H), 9.38 (d, 1H, J = 5.8 Hz),
8.78-8.66 (m, 2H), 8.25 (t, 1H, J = 6.5 Hz), 7.68-7.50 (m, 5H), 2.30-0.80 (m, 14H). *C{'H} NMR
(DMSO-ds, 76 MHz): 0 164.7, 146.1, 145.2, 143.7, 143.3, 129.7, 129.2, 128.8, 128.6, 124.7, 120.7 (q,
J =322 Hz, CF3), 30.8, 28.9, 23.1 (br s, CB), 22.8, 21.3. "B NMR (DMSO-ds, 96 MHz): & 10.9 (line
width /12 =1054 Hz). '’F NMR (DMSO-ds, 283 MHz): 8 —76.2 (s). HRMS (FAB) m/z: [M — CF3S0s]"
Calcd for CyoH24BN> 303.2033; Found 303.2020.

Synthesis of (1,5-cyclooctanediyl)[/V,N'-diisopropylethane-1,2-diimine-/V,/V'|boronium(III)
trifluoromethanesulfonate (3a). A method similar to that for the synthesis of 2a with N,N'-
diisopropylethane-1,2-diimine (7a) (0.40 g, 2.9 mmol) gave compound 3a (0.293 g, 25%). 3a: yellow
solid, mp 125.0-125.8 °C (dec). '"H NMR (DMSO-ds, 300 MHz): 8 9.22 (s, 2H), 4.68 (sept, 2H, J =
6.5 Hz), 2.08-1.67 (m, 12H), 1.43 (d, 12H, J = 6.5 Hz), 1.00 (s, 2H). *C{!H} NMR (DMSO-ds, 76
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MHz): § 159.9, 120.7 (q, J = 323 Hz, CF3), 54.9, 31.0, 26.6 (br s, CB), 22.7, 22.3. "B NMR (DMSO-
ds, 96 MHz): & 8.7 (line width A1, = 711 Hz). "’F NMR (DMSO-ds, 283 MHz): 8 —76.3 (s). HRMS
(FAB) m/z: [M — CF3SOs]" Caled for Ci6H30BN, 261.2502; Found 261.2497. Anal. Calcd for
C17H30BF3N>0sS: C, 49.76; H, 7.37; N, 6.83. Found: C, 49.92; H, 7.32; N, 6.74.

Synthesis of (1,5-cyclooctanediyl)[V,N'-dicyclohexylethane-1,2-diimine-/V,/V'|boronium(III)
trifluoromethanesulfonate (3b). A method similar to that for the synthesis of 2a with N,N'-
dicyclohexylethane-1,2-diimine (7b) (0.382 g, 1.73 mmol) gave compound 3b (0.142 g, 17%). 3b:
pale yellow solid, mp 136.9-137.3 °C (dec). 'H NMR (DMSO-ds, 300 MHz): § 9.18 (s, 2H), 4.25—
4.09 (m, 2H), 2.14-1.56 (m, 26H), 1.40-1.18 (m, 6H), 1.01 (s, 2H). C{'H} NMR (DMSO-ds, 76
MHz): 8 160.1, 120.7 (q, J =322 Hz, CF3), 62.6, 33.0, 31.2, 26.7 (br s, CB), 25.2, 24.3,22.4. "B NMR
(DMSO-ds, 96 MHz): & 8.9 (line width 412 = 675 Hz). '’F NMR (DMSO-ds, 283 MHz): § —76.2 (s).
HRMS (FAB) m/z: [M — CF3SOs]" Caled for C22H3sBN; 341.3128; Found 341.3109. Anal. Calcd for
Ca3H3sBF3N>0sS: C, 56.33; H, 7.81; N, 5.71. Found: C, 56.56; H, 7.46; N, 5.65.

Synthesis of (2-benzoylpyridine-N,0)(1,5-cyclooctanediyl)boronium(I1II)
trifluoromethanesulfonate (4a). A method similar to that for the synthesis of 2a with 2-
benzoylpyridine (8a)(0.608 g, 3.32 mmol) and recrystallization from minimum amount of acetonitrile
at —18 °C gave compound 4a (0.567 g, 38%). 4a: orange crystals. 'H NMR (CD;CN, 300 MHz): §
9.42 (d, 1H, J=5.8 Hz), 9.16 (dt, IH, J=17.9, 1.0 Hz), 8.72 (td, 1H, J= 7.9, 1.0 Hz), 8.51-8.49 (m,
2H), 8.31 (ddd, 1H, J=7.9, 5.8, 1.0 Hz), 8.12-8.06 (m, 1H), 7.89-7.82 (m, 2H), 2.27-1.80 (m, 12H,
The observed integral value was not accurate due to peak overlapping with those of water and residual
protons of the deuterated solvent), 0.99 (s, 2H). A 3C NMR spectrum of this compound cannot be
measured because of its high moisture sensitivity. !B NMR (CD3;CN, 96 MHz): § 16.6 (line width /1>
=326 Hz). HRMS (FAB) m/z: [M — CF3SOs]" Caled for C20H23BNO 304.1873; Found 304.1898.

Synthesis of (1,5-cyclooctanediyl)[2-(4-methoxybenzoyl)pyridine-/V,0]boronium(I1T)
trifluoromethanesulfonate (4b). A method similar to that for the synthesis of 4a with 2-(4-
methoxybenzoyl)pyridine (8b)(0.671 g, 3.15 mmol) gave compound 4b (0.163 g, 11%). 4b: red solid.
'H NMR (CD;CN, 300 MHz): 8 9.37 (d, 1H, J=5.8 Hz), 9.15 (d, 1H, J= 8.6 Hz), 8.72-8.64 (m, 1H),
8.62-8.55 (m, 2H), 8.29-8.21 (m, 1H), 7.36-7.29 (m, 2H), 4.06 (s, 3H), 2.29-1.76 (m, 12H, The
observed integral value was not accurate due to peak overlapping with those of water and residual
protons of the deuterated solvent), 0.90 (s, 2H). A 3C NMR spectrum of this compound cannot be
measured because of its high moisture sensitivity. !B NMR (CD3;CN, 96 MHz): 8 16.4 (line width /1,
=258 Hz). HRMS (FAB) m/z: [M — CF3S03]" Calcd for C2;H2sBNO; 334.1978; Found 334.1958.
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Theoretical calculations

Geometry (Cartesian coordinates) of the cation of 2b

7
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2.166707
4.378237
0.859646
0.141940
0.450194
-0.611817
1.399517
1.089390
2.749639
3.527546
3.092244
4.406046
5.321824
5.678900
5.407287
6.503799
7.390020
6.850218
5.932652
6.439060
7.323949
5.822591
6.783459
2.539480
2.796854
1.015957
0.813986
0.492079
0.401825
-0.687311
0.546363
0.952002
0.710488
0.414138
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6.868989
7.719449
6.537325
7.301423
5.262753
5.045131
4.286987
3.289738
4.618992
3.900703
5.913691
6.479503
5.929675
8.445963
9.448387
7.791927
8.404631
6.789833
7.718526
8.538964
9.168058
8.989529
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