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Scheme S1. Synthetic scheme and structures of BNM compoundsa 
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aReagents and conditions: (a) DIEA, THF, 0 ºC., 1 h; (b) DIEA, THF, rt, 2 h.



    (c)

Figure S1. Spectroscopic properties of BNM compounds. Absorbance (a), fluorescence spectra (b) and 

excitation spectra (the emission wavelength was fixed at 680 nm) (c) of the selected BNM compounds 

(10 μM in EtOH, λex= 470 nm).



Table S1. Photophysical data of BNM compounds.

λabs (nm) Log εmax
a λem (nm) Φb Δλc

BNM449 494/549 4.93 560 0.75 66

BNM490 494/554 4.89 570 0.55 76

BNM495 494/563 4.99 580 0.63 86

BNM532 494/566 4.96 590 0.40 96

BNM513 494/572 4.94 603 0.30 109

BNM441 494/577 4.98 617 0.38 123

aThe maximal absorption of the BDM part; bFluorescence quantum yields were measured in EtOH (10 

μM, λex= 470 nm) using rhodamine B (Φ=0.7 in EtOH) as a standard. cPseudo-Stokes shifts of the 

selected BNM compounds.



Table S2. The quantum yield of the BDN derivatives.

BDN Donor derivatives

Compound code BDN-1 BDN-2 BDN-3 BDN-4 BDN-5 BNM449

Quantum yielda 0.00084 0.012 0.0085 0.010 0.0036 0.75

aFluorescence quantum yields were measured in EtOH (10 μM, λex= 470 nm) using rhodamine B (Φ=0.7 
in EtOH) as a standard.



Note: For femtosecond transient absorption measurements and picosecond time-resolved fluorescence 

measurements, we use BDM441-Tri instead of BDM441 because of its much better stability than free 

amine version of BDM441. The absorption and emission spectra show no difference in the range of 450 

nm to 750 nm when tested in EtOH. The structure and spectra can be seen in the following.
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Figure S2. The fluorescence decay profiles of (a) BDM441-Tri and (b) BNM441 in EtOH. The decay 

profiles are obtained by photoexcitation at 460 nm and monitoring at 650 nm with the time-correlated 

single photon counting (TSCPC) technique.



Figure S3. The fs-TA spectra (left) and decay profile (right) of (a) BDN-3, (b) BDM441-Tri and (c) 

BNM441 in EtOH. The 500 nm photoexcitation is employed for BDN-3 and 580nm for BDM441-Tri 

and BNM441. The ns time constants were obtained by the fluorescence lifetime based on the time-

correlated single photon counting (TSCPC) technique.



Table S3. List of lifetime of BDN-3, BDM441-Tri and BNM441.

BDN-3 BDM441-Tri BNM441a BNM441b

τ

( % )
33 ps

10 ps

3.0 ns

1.2 ps

10 ps

3.0 nsc

10 ps

3.0 nsc

aThe time component obtained by the TA decay profile by photoexcitation at 500 nm and monitoring at 

515 and 675 nm; bThe time component obtained by the TA decay profile by photoexcitation at 580 nm 

and monitoring at 675 nm; cThe time component obtained by the fluorescence lifetime based on the 

time-correlated single photon counting (TSCPC) technique.

Table S4. List of parameters for Förster-type energy transfer rate and efficiency calculation.

kF
a J (×1015M-1cm-1nm4)b κc rd(Å) ne EffFRET

f

BNM441
1.8×1011~

5.0×1012s-1
1.477 2/3 10 ~ 18 1.36 0.96

aThe value obtained by Forster-type energy transfer rate calculation equation ; 
𝑘𝐹 =  

8.79 × 10 ‒ 5𝐽𝜅2Ф𝐷

𝑛4𝑅(Å)𝜏𝐷

bSpectral overlap value estimated by J = ∫F(λ)ε(λ)λ4dλ; cOrientation factor which is chosen as randomized 

value, 2/3, based on non-rigid molecular structure of BNM441; dMaximum and minimum 

intermolecular distance between donor and acceptor in BNM441; eRefractive index of EtOH; fRET 

efficiency is calculated with equation, EffRET = kRET/(kRET+kD), where kD is the excited-state decay rate of 

donor.
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Synthesis and Characterization

Synthesis of the BDN derivatives

  Synthesis of BDN-1: The synthesis of BDN-1 was following the reported literature.1

1H-NMR (300 MHz, CDCl3): δ 7.65 (s, 1H), 7.13 (d, J = 8.3 Hz, 2H), 6.75 (d, J = 8.3, 2H), 6.52 (d, J = 

3.2 Hz, 1H), 6.37 (d, J = 1.8 Hz, 1H), 6.12 (s, 1H), 2.61 (s, 3H), 1.67 (s, 3H); 13C-NMR (75.5 MHz, 

CDCl3): 161.00, 147.64, 146.70, 144.44, 138.02, 135.01, 133.69, 130.39,126.92, 123.77, 122.88, 115.74, 

114.57, 15.43, 15.03. 

HRMS m/z (C17H16BF2N3) calculated: 311.1405, found: 334.1313 (M+Na).
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Synthesis of BDN-2: A solution of BDN-1 (20 mg, 0.064 mmol) and DIEA (12 µL, 0.096 mmol) in 

CH2Cl2 (6 mL) was stirred under N2 atmosphere at 0 ºC. Acetyl chloride (6 µL, 0.077 mmol) in CH2Cl2 

(1 mL) was added dropwise and the resulting mixture was stirred at 0 ºC for 1 h. After removal of the 

CH2Cl2, the residue was purified by silica gel chromatography (CH2Cl2–MeOH, 95: 5) to give BDN-2 as 

a yellow solid (18 mg, 80%).

1H NMR (300 MHz, CDCl3): δ 7.70 (s, 1H), 7.69 (d, J=8.7 Hz, 2H), 7.34 (d, J=8.5 Hz, 2H), 7.30 (s, 1H), 

6.45 (s, 1H), 6.41 (s, 1H), 6.17 (s, 1H), 2.66 (s, 3H), 2.26 (s, 3H), 1.63 (s, 3H); 13C NMR (75.5 MHz, 

CDCl3): 161.94, 160.00, 146.85, 139.20, 138.58, 134.71, 129.66, 129.46, 126.95, 123.21, 119.19, 

116.01, 24.65, 15.23, 15.11. 

HRMS m/z (C19H18BF2N3O) calculated: 353.1511, found: 376.1418 (M+Na).
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Synthesis of BDN-4: A solution of BDN-3 (25 mg, 0.054 mmol) and DIEA (10 µL, 0.081 mmol) in 

THF (6 mL) was stirred under N2 atmosphere at rt. 1-Butanamine (8 µL, 0.081 mmol) was added and 

the resulting mixture was stirred at rt for 2 h. After removal of the THF, the residue was purified by 

silica gel chromatography (CH2Cl2–MeOH, 95: 5) to give BDN-4 as a yellow solid (22 mg, 82%). 

1H NMR (300 MHz, CDCl3): δ 7.80 (d, J=8.5 Hz, 2H,), 7.72 (s, 1H), 7.38 (d, J=8.5 Hz, 2H), 6.49 (s, 

1H), 6.42 (s, 1H), 6.18 (s, 1H), 3.57-3.47 (m, 2H), 2.67 (s, 3H), 1.66 (m, 5H), 1.49-1.41(dd, 2H), 1.03-

0.97 (m, 3H); 13C NMR (75.5 MHz, CDCl3): 163.84, 161.98, 146.72, 142.86, 139.14, 138.67, 134.73, 

133.62, 129.66, 129.22, 126.96, 123.25, 119.78, 116.06, 41.15, 31.19, 20.00, 15.27, 15.13, 13.69. 

HRMS m/z (C24H25BClF2N7) calculated: 495.1921, found: 518.1837 (M+Na).
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Synthesis of BDN-5: Compound BDN-5 was synthesized as for BDN-4 and obtained as a yellow 

solid (61%).

1H NMR (300 MHz, CDCl3): δ 7.80 (d, J=8.5Hz, 2H), 7.74 (s, 1H), 7.41-7.24 (m, 7H), 6.50 (s, 1H), 

6.43 (s, 1H), 6.18 (s, 1H), 3.85-3.76 (m, 2H), 2.99 (t, J=7.0Hz, 2H), 2.68 (s, 3H), 1.66(s, 3H); 13C NMR 

(75.5 MHz, CDCl3): 169.31, 163.81, 162.03, 146.73, 139.06, 138.70, 138.07, 134.73, 129.71, 129.34, 

128.81, 128.73, 128.65, 126.98, 126.95, 126.83, 123.26, 119.88, 119.80, 116.11, 42.61, 35.43, 15.28, 

15.14. 

HRMS m/z (C28H25BClF2N7) calculated: 543.1921, found: 542.1876 (M-H).

  Synthesis of BDM441: The synthesis of BDM441 was following the reported literature.2
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1H NMR (500 MHz, CDCl3-MeOD): δ 8.26 (s, 1H), 8.10 (d, J=7.2 Hz, 1H), 7.73 (d, J=7.6 Hz, 1H), 7.62 

(s, 1H), 7.61 (d, J=12.3 Hz, 2H), 7.45 (s, 1H), 7.41-7.36 (m, 2H), 7.32 (s, 1H), 7.25 (s, 1H), 6.87 (s, 1H), 

6.48 (s, 1H), 4.50 (s, 2H), 3.39 (s, 2H), 2.52 (s, 3H), 1.41(s, 2H), 1.24(s, 3H); 13C NMR (125 MHz, 

CDCl3-MeOD): 159.16, 144.20, 142.85, 142.84, 140.95, 140.10, 135.94, 135.12, 133.31, 126.49, 125.94, 

125.63, 123.14, 122.44, 121.80, 120.83, 120.20, 120.15, 119.32, 115.37, 114.44, 108.67, 108.58, 40.53, 

37.29, 26.45, 15.75, 13.26. 

HRMS m/z (C28H27BF2N4) calculated: 468.2297, found: 491.2201 (M+Na).
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BNM449

1H NMR (500 MHz, CDCl3): δ 8.14 (t, J=7.8 Hz, 2H), 7.80-7.58 (m, 10H), 7.52-7.40 (m, 2H), 7.33-7.29 

(m, 2H), 7.06 (s, 1H), 6.79 (d, J=16.9 Hz, 1H), 6.51-6.39 (m, 3H), 6.13 (d, J=25.4 Hz, 1H), 3.97 (d, 

J=7.0 Hz, 3H), 3.90 (s, 1H), 3.76 (s, 1H), 3.32 (dd, J=14.2, 7.4 Hz, 2H), 2.65-2.52 (m, 6H), 1.60 (d, 

J=20.1 Hz, 3H); 13C NMR (125 MHz, CDCl3): 166.92, 166.90, 162.19, 156.74, 146.71, 144.85, 144.73, 

144.17, 140.78, 140.69, 139.30, 138.74, 138.65, 138.44, 136.47, 136.35, 135.18, 134.62, 134.55, 134.47, 

133.56, 130.18, 129.75, 129.51, 129.25, 128.70, 127.26, 127.10, 127.05, 126.77, 126.66, 124.11, 123.94, 

123.36, 120.28, 119.92, 119.79, 119.07, 118.87, 116.40, 116.13, 52.16, 43.10, 42.59, 16.69, 16.53, 15.31. 

HRMS m/z (C48H40B2ClF4N9O2) calculated: 907.3116, found: 930.3010 (M+Na).
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BNM490

1H NMR (500 MHz, CDCl3): δ 7.74-7.70 (m, 3H), 7.67-7.64 (m, 2H), 7.59 (s, 1H), 7.42 (dd, J=39.8, 8.9 

Hz, 1H), 7.32-7.31 (m, 2H), 7.25 (d, J=3.8 Hz, 1H), 7.02 (s, 1H), 6.81 (d, J=18.8 Hz, 1H), 6.70 (dd, 

J=27.4, 8.9 Hz, 1H), 6.48-6.39 (m, 3H), 6.14 (d, J=10.8 Hz, 1H), 3.98-3.88 (m, 10H), 3.77 (dd, J=13.5, 

6.5 Hz, 1H), 3.31 (dd, J=14.2, 7.3 Hz, 2H), 2.64-2.51 (m, 6H), 1.61 (d, J=13.3 Hz, 3H); 13C NMR (125 

MHz, CDCl3): 165.08, 163.37, 162.11, 158.56, 158.36, 155.52, 155.49, 152.85, 146.74, 144.35, 143.71, 

142.67, 142.27, 138.64, 137.04, 135.41, 135.11, 134.91, 134.62, 134.15, 133.54, 129.71, 129.67, 126.97, 

123.33, 122.84, 122.70, 120.24, 117.32, 116.10, 115.76, 107.87, 61.57, 60.89, 56.09, 43.08, 42.64, 16.64, 

16.52, 15.30.

HRMS m/z (C43H40B2ClF4N9O3) calculated: 863.3065, found: 886.2998 (M+Na).
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BNM495

1H NMR (500 MHz, CDCl3): δ 7.87 (d, J=29.2 Hz, 1H),7.80-7.64 (m, 7H), 7.50 (d, J=16.1 Hz, 1H), 

7.35 (d, J=8.2 Hz, 1H), 7.32 (d, J=8.3 Hz, 1H), 7.27 (d, J=3.7 Hz, 1H), 7.20-7.13 (m, 2H), 7.05 (s, 1H), 

6.81 (s, 1H), 6.51-6.37 (m, 3H), 6.11 (d, J=48.0 Hz, 1H), 3.96 (d, J=8.6 Hz, 3H), 3.90 (d, J=6.6 Hz, 1H), 

3.80 (dd, J=12.6, 6.2 Hz, 1H), 3.32 (dd, J=14.9, 7.8 Hz, 2H), 2.65-2.52 (m, 6H), 1.60 (d, J=32.8 Hz, 

3H); 13C NMR (125 MHz, CDCl3): 162.13, 158.90, 158.88, 146.73, 144.16, 140.55, 140.39, 138.74, 

138.63, 138.59, 137.64, 135.61, 134.34, 134.32, 133.60, 131.35, 131.23, 130.18, 130.14, 130.03, 129.78, 

129.73, 129.15, 128.83, 127.57, 124.52, 124.38, 123.37, 123.34, 123.31, 120.18, 120.13, 120.10, 119.96, 

119.47, 116.13, 116.09, 116.05, 106.13, 55.40, 43.29, 31.90, 16.75, 16.61, 15.33. 

HRMS m/z (C45H38B2ClF4N9O) calculated: 853.3010, found: 876.2903 (M+Na).
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1H NMR (500 MHz, CDCl3): δ 7.85 (d, J=23.8 Hz, 1H), 7.73-7.46 (m, 7H), 7.37-7.30 (m, 3H), 7.20 (d, 

J=3.9 Hz, 1H), 7.13 (dd, J=10.0, 3.1 Hz, 1H), 6.81 (d, J=9.1 Hz, 1H), 6.54 (dd, J=10.2, 3.0 Hz, 1H), 

6.46-6.38 (m, 3H), 6.12 (d, J=34.9 Hz, 1H), 4.13-4.07 (m, 2H), 3.91 (s, 1H), 3.80 (s, 1H), 3.31 (dd, 

J=16.0, 8.1 Hz, 2H), 3.65-2.51 (m, 6H), 1.91-1.86 (m, 2H), 1.60 (d, J=27.8 Hz, 3H), 0.96 (q, J=7.5 Hz, 

3H); 13C NMR (125 MHz, CDCl3): 162.75, 162.17, 158.78, 146.75, 144.26, 143.11, 138.81, 138.64, 

137.33, 136.48, 135.54, 135.43, 134.63, 134.00, 133.58, 130.02, 129.77, 129.72, 129.15, 128.98, 127.43, 

127.33, 127.00, 126.88, 123.37, 122.62, 121.32, 120.55, 120.25, 120.12, 116.16, 116.12, 115.57, 115.50, 

110.10, 102.25, 102.22, 48.25, 43.09, 31.92, 23.60, 22.67, 16.59, 14.09, 11.46.

HRMS m/z (C45H41B2ClF4N10) calculated: 854.3326, found: 877.3241(M+Na).

NN
B
F F

HN N

NN

Cl
N

N
B F
F

N
H

N

BNM513

1H NMR (500 MHz, CDCl3): δ 7.71-7.29 (m, 12H), 7.11 (dd, J=29.4, 2.9 Hz, 1H), 6.94 (s, 1H), 6.71 (d, 

J=6.2 Hz, 1H), 6.50-6.39 (m, 3H), 6.12 (d, J=34.1 Hz, 1H), 3.88 (s, 1H), 3.80 (d, J=28.1 Hz, 3H), 3.68 

(s, 1H), 3.22 (s, 2H), 2.62 (d, J=29.3 Hz, 3H), 2.47 (d, J=17.6 Hz, 3H), 1.61 (d, J=21.5 Hz, 3H); 13C 

NMR (125 MHz, CDCl3): 165.90, 163.95, 162.00, 158.31, 146.74, 144.16, 142.86, 142.60, 142.34, 

138.94, 138.86, 138.63, 138.50, 138.39, 136.95, 134.70, 134.62, 134.13, 133.58, 131.45, 131.41, 130.49, 

129.73, 129.62, 129.35, 126.94, 126.81, 123.37, 123.28, 122.20, 121.19, 120.15, 120.03, 119.91, 116.04, 

115.56, 101.61, 43.00, 32.98, 31.87, 22.65, 16.64, 16.51. 

HRMS m/z (C43H37B2ClF4N10) calculated: 826.3013, found: 849.2920 (M+Na).
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1H NMR (500 MHz, CDCl3): δ 8.27 (d, J=25.7 Hz, 1H), 8.15 (dd, J=11.8, 7.8 Hz, 1H), 7.77-7.65 (m, 

5H), 7.59-7.40 (m, 4H), 7.35-7.30 (m, 3H), 7.21 (s, 1H), 6.97 (s, 1H), 6.76 (d, J=32.1 Hz, 1H), 6.48-

6.37 (m, 3H), 6.11 (d, J=45.8 Hz, 1H), 4.42-4.32 (m, 2H), 3.91 (s, 1H), 3.73 (s, 1H), 3.27 (dd, J=13.5, 

6.8 Hz, 2H), 2.62 (d, J=23.7 Hz, 3H), 2.50 (s, 3H), 1.60 (d, J=27.3 Hz, 3H), 1.30-1.27 (m, 3H); 13C 

NMR (125 MHz, CDCl3): 163.27, 162.16, 158.49, 146.72, 144.16, 142.35, 141.21, 140.45, 138.74, 

138.59, 136.41, 135.45, 134.64, 134.18, 134.04, 133.56, 129.74, 129.70, 126.97, 126.83, 126.30, 126.01, 

125.96, 123.53, 123.50, 123.33, 122.87, 121.12, 120.74, 120.19, 119.74, 116.13, 116.06, 115.56, 115.47, 

115.35, 115.09, 109.03, 109.00, 108.89, 108.86, 60.37, 43.00, 37.77, 29.67, 16.72, 16.53, 15.31, 13.83.

HRMS m/z (C48H41B2ClF4N10) calculated: 890.3326, found: 913.3206 (M+Na).
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