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1. General 

1H (400 MHz), 13C (100 MHz), and 11B (128 MHz) NMR spectra were recorded on JEOL JNM-
AL400 or JNM-EX400 spectrometers. The samples were analyzed in CDCl3. The chemical shift values 
were expressed relative to tetramethylsilane (TMS) for 1H and 13C NMR as an internal standard in 
CDCl3 and BF3·OEt2 for 11B NMR as a capillary standard. Analytical thin-layer chromatography 
(TLC) was performed with silica gel 60 Merck F254 plates. Column chromatography was performed 
with Wakogel® C-300 silica gel. High-resolution mass (HRMS) spectrometry was performed at the 
Technical Support Office (Department of Synthetic Chemistry and Biological Chemistry, Graduate 
School of Engineering, Kyoto University), and the HRMS spectra were obtained on a Thermo Fisher 
Scientific EXACTIVE spectrometer for electrospray ionization (ESI). The UV–vis–NIR absorption 
spectra were recorded on a SHIMADZU UV-3600 spectrophotometer, and the samples were analyzed 
at room temperature. The photoluminescence (PL) spectra were measured on a HORIBA JOBIN 
YVON Fluoromax-4P spectrofluorometer. The absolute PL quantum efficiency was measured on a 
Hamamatsu Photonics Quantaurus-QY Plus C13534-01. The PL lifetime measurement was 
performed on a Horiba FluoroCube spectrofluorometer system; excitation was carried out using a 
UV diode laser (NanoLED 375 nm). An X-ray crystallographic analysis was carried out by Rigaku R-
AXIS RAPID-F imaging plate diffractometer with graphite-monochromated MoKα radiation and 
Rigaku Saturn 724+ with a MicroMax-007HF CCD diffractometer with Varimax Mo optics using 
graphite-monochromated MoKα radiation. The analysis was carried out with direct methods 
(SHELX-2014/7) using Yadokari-XG. The program Mercury 3.3.1 was used to generate the X-ray 
structural diagram.  
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2. Materials 

2.1. Commercially available compounds used without purification: 

4-tert-Butylanisole (Tokyo Chemical Industry Co, Ltd.), 

Bromine (Wako Pure Chemical Industries, Ltd.), 

NaHSO3 (Wako Pure Chemical Industries, Ltd.), 

Na2SO4 (Wako Pure Chemical Industries, Ltd.), 

1.64 M n-BuLi n-hexane solution (Kanto Chemical Co., Inc.), 

8-Methoxyquinoline (Tokyo Chemical Industry Co, Ltd.), 

Mg2SO4 (Wako Pure Chemical Industries, Ltd.), 

1 M BBr3 dichloromethane solution (Tokyo Chemical Industry Co, Ltd.), 

Boron trifluoride diethyl etherate (≥46% BF3 basis) (BF3•Et2O) (Sigma-Aldrich Co. LLC.), 

8-Methylquinoline (Tokyo Chemical Industry Co, Ltd.), 

PhI(OAc)2 (Tokyo Chemical Industry Co, Ltd.), 

Pd(OAc)2 (Tokyo Chemical Industry Co, Ltd.). 

2.2. Commercially Available Solvents: 

EtOH (Wako Pure Chemical Industries, Ltd.), CHCl3 (Wako Pure Chemical Industries, Ltd.), 
hexane (Wako Pure Chemical Industries, Ltd.), EtOAc (Wako Pure Chemical Industries, Ltd.) and 
CH2Cl2 (Wako Pure Chemical Industries, Ltd.) were used without further purification. Deoxidized 
grade MeOH (Wako Pure Chemical Industries, Ltd.), hexane (Wako Pure Chemical Industries, Ltd.), 
CH2Cl2 (Wako Pure Chemical Industries, Ltd.) and toluene (Wako Pure Chemical Industries, Ltd.) 
were used without further purification. Triethylamine (Kanto Chemical Co., Inc.) was purified by 
passage through solvent purification columns under argon pressure.  

2.3. Compounds prepared as described in the literature:  

8-(Methoxymethyl)quinoline (4)1. 
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3. Synthetic Procedures and Characterization 

3.1. Synthesis of 1 

CH2Cl2
0 °C to r.t., 4 h

98%

tBu

MeO

Br2

tBu

MeO
Br

14-tert-butylanisole  
Scheme S1. Synthesis of compound 1. 

4-tert-Butylanisole (5.13 g, 31.3 mmol) was dissolved in CH2Cl2 (12 ml) and cooled to 0 °C. 
Bromine (5.00 g, 31.3 mmol) in CH2Cl2 (12 ml) was added slowly to the reaction mixture using a 
dropping funnel under a N2 atmosphere. After the addition was complete, the mixture was stirred at 
room temperature for 4 h. Then, the pale yellow solution was quenched by a saturated NaHSO3 
aqueous solution. The product was extracted with CH2Cl2. The organic layers were washed with 
brine, dried over Na2SO4, and evaporated to afford 1 as a colorless transparent liquid (7.45 g, 30.1 
mmol, 98%). 

1H NMR (CDCl3, 400 MHz), δ (ppm): 7.54 (d, J = 2.3 Hz, 1H), 7.27 (dd, J = 8.6, 2.4 Hz, 1H), 6.83 
(d, J = 8.6 Hz, 1H), 3.88 (s, 3H), 1.29 (s, 9H). The analytical spectral data of 1H NMR were identical 
with the literature references.2  

Figure S1. 1H NMR spectrum of 1, CDCl3, 400 MHz. 
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3.2. Synthesis of 2 
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Scheme S2. Synthesis of compound 2. 

1 (1.1 g, 4.53 mmol) was dissolved in hexane (15 mL) and cooled to −78 °C. 1.6 M n-BuLi hexane 
solution (2.8 mL, 4.53 mmol) was added slowly to the reaction mixture under a N2 atmosphere. The 
reaction mixture was stirred at −78 °C for 1 h. It formed a yellow suspension, which was stirred at 
room temperature for 3 h. A solution of 8-methoxyquinoline (0.65 g, 4.11 mmol) in 6 mL of toluene 
was slowly added to the solution using a dropping funnel. After the addition was complete, the 
mixture was stirred at room temperature for 10 h. Then, the reaction mixture was quenched by H2O 
at 0 °C. The product was extracted with CH2Cl2. The organic layers were washed with brine, dried 
over Mg2SO4, and the solvent was removed on a rotary evaporator. The residue was purified by 
column chromatography on SiO2 (hexane/EtOAc = 4/1 v/v as an eluent) to afford compound 2 as a 
yellow oil (0.13 g, 0.41 mmol, 9%).  

Rf = 0.39 (hexane/EtOAc = 4/1 v/v). HRMS (ESI): calcd. for [M+H]+, 322.1802; found, m/z 322.1807. 
1H NMR (CDCl3, 400 MHz), δ (ppm): 8.09 (d, J = 8.5 Hz, 1H), 7.88 (d, J = 8.6 Hz, 1H), 7.86 (d, J = 2.6 
Hz, 1H), 7.45–7.37 (m, 3H), 7.04 (dd, J = 7.3, 1.6 Hz, 1H), 6.94 (d, J = 8.6 Hz, 1H), 4.07 (s, 3H), 3.81 (s, 
3H), 1.37 (s, 9H). 13C NMR (CDCl3, 100 MHz), δ (ppm): 156.4, 155.6, 155.2, 143.8, 140.2, 134.8, 129.6, 
128.7, 128.1, 127.0, 126.2, 124.2, 119.2, 111.3, 107.7, 55.9, 55.9, 34.2, 31.5. The elemental analysis calcd. 
for C21H23NO2: C, 78.47; H, 7.21; N, 4.36. Found: C, 77.96; H, 7.25; N, 4.39. 

 
Figure S2. 1H NMR spectrum of 2, CDCl3, 400 MHz. 
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Figure S3. 13C NMR spectrum of 2, CDCl3, 100 MHz. 

3.3. Synthesis of BPhQ 
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Scheme S3. Synthesis of BPhQ. 

2 (0.24 g, 0.75 mmol) was dissolved in dry CH2Cl2 (5 mL) under a N2 atmosphere at room 
temperature, and 1.0 M of BBr3 (7.5 mL, 7.5 mmol) CH2Cl2 solution was then added to the reaction 
mixture at −78 °C. After stirring for 20 h at room temperature, the reaction mixture was quenched by 
EtOH at 0 °C. The solvent was removed on a rotary evaporator to afford crude compound 3 (0.24 g) 
as a yellow powder. The crude product was used in the next step without any further purification. 

3 (0.10 g, 3.41 mmol) was dissolved in 14 mL of dry toluene under a N2 atmosphere at room 
temperature, and triethylamine (1.0 mL, 6.83 mmol) was then added to the reaction mixture. BF3·OEt2 
(0.9 mL, 6.83 mmol) was added and stirred at 100 °C for 19 h. After cooling to room temperature, the 
reaction mixture was quenched by EtOH and concentrated by a rotary evaporator to give a yellow 



Crystals 2020, 10, x FOR PEER REVIEW 6 of 17 

 

powder. The yellow residue was purified by column chromatography on SiO2 (CH2Cl2 as an eluent) 
to afford BPhQ as a yellow solid (0.031 g, 0.10 mmol, 31% from 2).  

Rf = 0.77 (CH2Cl2). HRMS (ESI): calcd. for [M+Na]+, 302.1247; found, m/z 302.1340. 1H NMR 
(CDCl3, 400 MHz), δ (ppm): 8.53 (d, J = 8.8 Hz, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 2.4 Hz, 1H), 
7.66 (dd, J = 8.8, 2.4 Hz, 1H), 7.60 (t, J = 8.3 Hz, 1H), 7.39 (d, J = 8.3 Hz, 1H), 7.33 (d, J = 8.8 Hz, 1H), 
7.21 (d, J = 7.6 Hz, 1H), 1.40 (s, 9H). 11B NMR (CDCl3, 128 MHz), δ (ppm): 5.65 (d, J = 37 MHz). 13C 
NMR (CDCl3, 100 MHz), δ (ppm): 154.8, 154.1, 146.6, 143.9, 140.6, 134.3, 133.3, 131.1, 125.3, 121.4, 
121.4, 117.9, 116.7, 114.5, 111.2, 34.3, 31.3. The elemental analysis calcd. for C19H17BFNO2: C, 71.06; H, 
5.34; N, 4.36. Found: C, 70.90; H, 5.37; N, 4.15. 

 
Figure S4. 1H NMR spectrum of BPhQ, CDCl3, 400 MHz. 
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Figure S5. 11B NMR spectrum of BPhQ, CDCl3, 128 MHz. 

 
Figure S6. 13C NMR spectrum of BPhQ, CDCl3, 100 MHz. 
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3.4. Synthesis of BPhQm 
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Scheme S4. Synthesis of BPhQm. 

1 (2.7 g, 11.1 mmol) was dissolved in hexane (36 mL) and cooled to −78 °C. 1.6 M of n-BuLi 
hexane solution (6.9 mL, 11.1 mmol) was added slowly to the reaction mixture under a N2 
atmosphere. The reaction mixture was stirred at −78 °C for 1 h. It formed a yellow suspension, which 
was stirred at room temperature for 3 h. A solution of 8-(methoxymethyl)quinoline (4) (1.75 g, 10.1 
mmol) in 15 mL of toluene was slowly added to the solution using a dropping funnel. After the 
addition was complete, the mixture was stirred at room temperature for 18 h. Then, the reaction 
mixture was quenched by H2O at 0 °C. The product was extracted with CH2Cl2. The organic layers 
were washed with brine, dried over Mg2SO4, and the solvent was removed on a rotary evaporator. 
The residue was purified by column chromatography on SiO2 (hexane/EtOAc = 3/1 v/v as an eluent) 
to afford crude compound 5 (1.40 g) as a yellow oil. The crude product was used in the next step 
without any further purification.  

5 (1.21 g, 3.61 mmol) was dissolved in dry CH2Cl2 (40 mL) under a N2 atmosphere at room 
temperature, and 1.0 M of BBr3 (1.6 mL, 18 mmol) CH2Cl2 solution was then added to the reaction 
mixture at −78 °C. After stirring for 2 h at room temperature, the reaction mixture was quenched by 
H2O at 0 °C. The product was extracted with CH2Cl2. The organic layers were washed with brine, 
dried over Mg2SO4, and the solvent was removed on a rotary evaporator to afford crude compound 
6 (1.29 g) as a yellow solid. The crude product was used in the next step without any further 
purification. 

6 (1.29 g, 4.20 mmol) was dissolved in 125 mL of dry toluene under a N2 atmosphere at room 
temperature, and triethylamine (1.2 mL, 8.39 mmol) was then added to the reaction mixture. BF3·OEt2 
(1.6 mL, 12.6 mmol) was added and stirred at 80 °C for 1 h. After cooling to room temperature, the 
reaction mixture was quenched by EtOH and concentrated by a rotary evaporator to give a yellow 
powder. The residue was purified by column chromatography on SiO2 (hexane/EtOAc = 1/1 v/v as 
an eluent) to afford a yellow solid (1.40 g). The yellow residue was purified by reprecipitation with 
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CHCl3 and hexane (good and poor solvent, respectively) to afford BPhQm (0.14 g, 10%, three steps 
from 1) as a yellow powder.  

Rf = 0.24 (hexane/EtOAc = 1/1 v/v). HRMS (ESI): Calcd for [M+Na]+, 358.1385; found, m/z 
358.1385. 1H NMR (CDCl3, 400 MHz), δ (ppm): 8.50 (d, J = 9.0 Hz, 1H), 8.13 (d, J = 9.0 Hz, 1H), 7.91 (d, 
J = 2.3 Hz, 1H), 7.84–7.82 (m, 1H), 7.67–7.60 (m, 3H), 7.20 (d, J = 8.7 Hz, 1H), 5.67 (d, J = 15 Hz, 1H), 
5.23 (d, J = 15 Hz, 1H), 1.39 (s, 9H). 11B NMR (CDCl3, 128 MHz), δ (ppm): 1.69 (d, J = 41 MHz). 13C 
NMR (CDCl3, 100 MHz), δ (ppm): 155.7, 149.5, 143.0, 141.4, 136.7, 133.2, 132.7, 128.2, 127.4, 126.9, 
126.4, 122.3, 120.5, 117.2, 116.4, 62.6 (d, J = 4.1 Hz), 34.4, 31.4. The elemental analysis calcd. for 
C20H19BFNO2: C, 71.67; H, 5.71; N, 4.18. Found: C, 71.50; H, 5.90; N, 4.11. 

 
Figure S7. 1H NMR spectrum of BPhQm, CDCl3, 400 MHz. 
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Figure S8. 11B NMR spectrum of BPhQm, CDCl3, 128 MHz. 

 
Figure S9. 13C NMR spectrum of BPhQm, CDCl3, 100 MHz. 
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4. X-ray Crystal Structure Analysis of BPhQ 

Intensity data were collected on a Rigaku R-AXIS RAPID imaging plate area detector with 
graphite monochromated MoKα radiation (λ = 0.71069 Å). The structures were solved and refined by 
full-matrix least-squares procedures based on F2 (SHELXL-2014/7). 

A single crystal of BPhQ was prepared by the vapor diffusion method from the CH2Cl2 solution 
under a hexane atmosphere at room temperature. 
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5. X-ray Crystal Structure Analysis of BPhQm 

The intensity data were collected on a Rigaku Saturn 724+ with MicroMax-007HF CCD 
diffractometer with Varimax Mo optics using graphite-monochromated MoKα radiation. The 
structures were solved and refined by full-matrix least-squares procedures based on F2 (SHELXL-
2014/7). 

A single crystal of BPhQm was prepared by the vapor diffusion method. BPhQm was dissolved 
into toluene by heating. The single crystal was obtained from the solution under a hexane atmosphere 
at room temperature. 
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6. Optical Measurement Data 

6.1. Solvatochromism Study 

6.1.1. BPhQ 

 
Figure S10. UV–vis absorption (left) and PL spectra (right) of BPhQ in the diluted solutions (1.0×10−5 
M) at room temperature. 
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6.1.2. BPhQm 

 
Figure S11. UV–vis absorption (left) and PL spectra (right) of BPhQm in the diluted solutions (1.0×10−5 
M) at room temperature. 

 
Figure S12. PL spectra of BPhQ and BPhQm in the 1 wt% polystyrene dispersed films. 
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Figure S13. PL spectra of BPhQ and BPhQm in aggregated states (THF/H2O = 1/99, 1.0×10−4 M). 

 
Figure S14. PL spectra of BPhQ and BPhQm in crystalline states. 
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6.2 PL Lifetime Decay Curves 

 
Figure S15. PL lifetime decay curves of BPhQ and BPhQm in chloroform solution (1.0×10–5 M), 1 wt% 
polystyrene film, the aggregated and crystalline states at room temperature. Their emissions at the PL 
peak tops were monitored. 
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7. Computational Details 

The Gaussian 09 program package3 was used for computation. We optimized the structures of 
BPhQ and BPhQm in the excited S1 states and calculated their molecular orbitals. DFT was applied 
for the optimization of the structures in the S0 states at the B3LYP/6-311G(d,p) level and for the S1 
states at the B3LYP/6-311 + G(d,p) level.  
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