
License and Terms: This is a supporting information file under the terms of the Creative Commons Attribution License (https://creativecommons.org/
licenses/by/4.0). Please note that the reuse, redistribution and reproduction in particular requires that the author(s) and source are credited and that

individual graphics may be subject to special legal provisions.
The license is subject to the Beilstein Journal of Organic Chemistry terms and conditions: (https://www.beilstein-journals.org/bjoc/terms)

Supporting Information

for

Synthesis and reactivity of the di(9-anthryl)methyl radical

Tomohiko Nishiuchi, Kazuma Takahashi, Yuta Makihara and Takashi Kubo

Beilstein J. Org. Chem. 2024, 20, 2254–2260. doi:10.3762/bjoc.20.193

Synthetic procedure and compound characterization data (1H,
13C NMR, MS, melting point, X-ray crystallography) of new

compounds. DFT calculation results and optimized structural
Cartesian coordinates

https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://www.beilstein-journals.org/bjoc/terms
https://doi.org/10.3762%2Fbjoc.20.193


S1 

Contents 

S2 

S2 

 S4 

  S5 

 S6 

  S7 

 S7 

 S8 

  S8 

 S9 

 S10 

 S10 

   S11 

   S12 

 S12 

 S13 

 S17 

1. General information

2. Synthesis

3. Spin density map of the DAntM radical

4. Optimized structures and its relative Gibbs energies of DantM radicals

5. Relative Gibbs energies potential curve of the DAntM radical

6. VT-ESR study to elucidate the dimerization is solution

7. VT-NMR study to elucidate the dimerization in solution

8. TLC analysis of decomposition of the DAntM radical

9. Spin density map of anthroxyl radical 5

10. X-ray crystallography of anthroxyl radical 5

11. Cyclic voltammogram

12. TD-DFT calculation of the DAntM radical

13. TD-DFT calculation of the DAntM cation

14. Optimized structure of the DAntM cation

15. Electrostatic potential surface of the DAntM cation

16. NMR spectra

17. Cartesian coordinates of optimized structures

18. References S22 



S2 

General Information 

All experiments were performed under nitrogen atmosphere. Anhydrous hexane and THF was purchased and used without 

further purification for reactions. Column chromatography was performed with silica gel [Silica gel 60 (MERCK)]. 1H 

NMR and 13C NMR spectra were recorded on JEOL ECS-400 spectrometer. APCI–MS spectra were recorded on a

Bruker micrOTOF II spectrometer. The UV–vis spectra were recorded on JASCO V-770 spectrophotometer. The ESR

spectrum was recorded on JEOL JES-RE1X spectrometer. Cyclic voltammetric measurement was recorded on a BAS 

Model 612D electrochemical analyzer. The cyclic voltammogram was recorded with a glassy carbon working electrode and 

a Pt counter electrode in dichloromethane containing 0.1 M n-Bu4NPF6 as a supporting electrolyte. The experiment

employed an Ag/AgNO3 reference electrode, and was done under argon atmosphere at room temperature. 

Computational methods. All DFT calculations were performed with the Gaussian 16 program. For structural optimization,

(U)B3LYP-D3/6-31G** level of theory was used. Spin density of DAntM radical and anthroxyl radical were calculated using

optimized structure with UBLYP/6-31G** level of theory. TD-DFT calculations were performed using optimized structure

with (U)CAM-B3LYP/6-31G** level of theory.

Synthesis 

Synthesis of compound 3 

To a solution of 9-bromo-10-mesitylanthracene (751 mg, 2.00 mmol) in THF (10 ml) was added n-BuLi (1.6 M hexane 

solution, 1.25 ml, 2.00 mmol) at −78 °C. After stirring for 30 min at same temperature, compound 1[S1](324 mg, 1.00

mmol) was added and stirred for 12 h at room temperature. The reaction was quenched by water, and extracted with 

dichloromethane and washed with brine. After removal of the solvent in vacuo, the crude material was subjected to column 

chromatography on silica gel (dichloromethane : hexane = 1 : 1) to afford the title compound 3 (365 mg, 0.59 mmol, 59%) 

as yellow solid.; Mp: 198-200 °C (dec.). 1H NMR (400 MHz, CDCl3) δ 8.71 (d, J = 3.20 Hz, 1H), 8.58 (dd, J = 7.60 Hz, J

= 1.60 Hz, 4H), 7.52 (m, 4H), 7.21 (m, 8H), 7.10 (s, 4H), 2.98 (d, J = 3.60 Hz, 1H), 2.54 (s, 6H), 1.73 (s, 12H); 13C NMR 

(100 MHz, CDCl3) δ137.83, 137.43, 137.18, 134.95, 134.25, 130.04, 129.93, 128.27, 126.89, 125.71, 125.37, 124.94,

73.16, 21.24, 19.94. HR-MS (APCI) Calcd for C47H40O [M++H]: m/z 621.3152, Found: 621.3152. 
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Generation of DAntM radical and elucidation of the decomposition pathway 

To a solution of compound 3 (200 mg, 0.320 mmol) and stannous chloride dihydrate (109 mg, 0.480 mmol) in THF (10 ml) 

under nitrogen atmosphere was added 12 M hydrogen chloride (several drops) and stirred for 1 h at room temperature. 

After exposing air for 30 min, the reaction was quenched by water, and extracted with dichloromethane and washed with 

brine. After removal of the solvent in vacuo, the crude material was subjected to column chromatography on 

silica gel (dichloromethane : hexane = 1 : 2) to afford compound 1 (66.3 mg, 0.204 mmol, 64%) as yellow solid, and 

compound 4 (26.1 mg, 0.043 mmol, 13%) as pale yellow solid. Compound 5 was isolated by recrystallization from 

dichloromethane, hexane, and small amount of pyridine (46.5 mg, 0.150 mmol, 47%). 

To measure the ESR spectrum, an aliquot of the solution was picked and it was evaporated in the ESR tube. Degassed

toluene was added to the ESR tube and freeze-pump-thaw cycling was conducted for five times. To measure the UV–vis

spectrum, aliquot of the solution was picked and diluted into degassed toluene in UV cell. 

Compound 1[S1]: 1H NMR (400 MHz, CDCl3) δ 11.61 (s, 1H), 9.04 (d, J = 9.20 Hz, 2H), 7.66 (dd, J = 6.80 Hz, J = 1.20 Hz,

2H), 7.57 (d, J = 8.40 Hz, 2H), 7.40 (dd, J = 6.80 Hz, J = 1.20 Hz, 2H), 7.10 (s, 2H), 2.46 (s, 3H), 2.54 (s, 3H), 1.69 (s, 

6H); 13C NMR (100 MHz, CDCl3) δ193.38, 145.12, 137.77, 136.89, 134.02, 131.92, 129.44, 128.81, 128.41, 126.94,

125.90, 124.72, 123.80, 21.22, 19.88.

Compound 4: Mp: 243-245°C (dec.). 1H NMR (400 MHz, CDCl3) δ 8.32 (dd, J = 8.00 Hz, J = 1.60 Hz, 4H), 7.49 (m, 4H),

7.21 (m, 8H), 7.09 (s, 4H), 6.15 (s, 2H), 2.45 (s, 6H), 1.72 (s, 12H); 13C NMR (100 MHz, CDCl3) δ137.61, 137.05, 135.45,

135.08, 134.20, 130.40, 129.80, 128.23, 126.92, 125.32, 124.95, 124.92, 29.5, 21.26, 19.92. HR-MS (APCI) Calcd for 

C47H40 [M++H]: m/z 605.3203, Found: 605.3202. 

Compound 5: Mp: 216-217°C. MS (APCI): m/z  312 [M++H]. 
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Generation of the DAntM cation 

To a suspension of compound 3 (10 mg, 0.025 mmol) in hexane (1 ml) was added a solution of pentachloroantimonate (1.0 

M in CH2Cl2, 0.1 ml), affording a black solid of DAntM cation. After washed the solid by hexane, residual hexane 

was evaporated. This solid was used for CV measurement. Due to the highly hygroscopic nature of DAntM cation, melting 

point measurement was difficult. To measure the UV–vis or NMR spectra of DAntM cation, compound 3 was dissolved in 

TFA or TFA-d, respectively, for in situ generation. From the NMR spectra, DAntM cation is quantitatively generated from 

3 in TFA-d. 1H NMR (400 MHz, TFA-d) δ 10.87 (s, 1H), 8.41 (d, J = 8.4 Hz, 4H), 7.81 (dd, J = 8.4 Hz, J = 0.8 Hz, 

4H), 7.62 (m, 4H), 7.54 (m, 4H), 7.16 (s, 4H), 2.42 (s, 6H), 1.84 (s, 12H); 13C NMR (100 MHz, TFA-d) δ169.03, 

158.04, 142.79, 138.20, 138.04, 137.46, 136.71, 134.59, 134.19, 133.17, 131.36, 130.88, 128.04, 21.90, 20.67.  

Spin density map of the DAntM radical 

Figure S1. (a) Calculated spin distribution of DAntM radical with spin localization at the central sp2 carbon. To reduce the 

computational costs, one methyl substituent of the mesityl group at 4-position was replaced by hydrogen. (b) Experimental 

and calculated hyperfine coupling constant of 5. Calculations were conducted by UBLYP/6-31G**//UB3LYP-D3/6-31G** 

level of theory. 
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Optimized structures and its relative Gibbs energies of DAntM radicals 

Figure S2. (a) Optimized structure and structural parameters of a DAntM radical with spin localization at the central sp2 

carbon. 

(b) Optimized structure and structural parameters of a DAntM radical with spin localization on the right anthryl group. 

(c) Optimized structure and structural parameters of the DAntM radical dimer. (d) Relative Gibbs energies (298 K) 

of above structures. To reduce the computational cost, one methyl substituent of the mesityl group at 4-position was 

replaced by hydrogen. Structural optimization were conducted by UB3LYP-D3/6-31G** level of theory.
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Relative Gibbs energies potential curve of the DAntM radical 

Figure S3. (a) Relative Gibbs energies potential curve of the DAntM radical toward dihedral angle of Ant unit. (b) 

Structural parameters, C-C bond lengths of a and b, dihedral angle φof another anthryl unit, and bond angle ω in each 

optimized structures from 1 to 8. 
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VT-ESR study to elucidate the dimerization in solution 

Figure S4. (a) Temperature dependency of the ESR peak integral of 2,2-diphenyl-1-picrylhydrazyl (DPPH) in toluene. (b) 

Temperature dependency of the ESR peak integral of the DAntM radical corrected by that of DPPH in toluene. Although 

DPPH is reported not to dimerize in solution, the ESR peak integral shows a temperature dependence due to the Curie law 

and sensitivity of the instrument;[S2] the relative peak integral decreases to about 0.6 at 230 K and then shows a reverse 

tendency to increase at lower temperature. Therefore, the dimerization of the DAntM radical was estimated by integral 

correction using DPPH. Based on these results, we concluded that the DAntM radical shows dimerization in solution. 

VT-NMR study to elucidate the dimerization in solution 

Figure S5. VT-1H NMR of DAntM radical from 298K to 173 K measured by using THF-d8. For all temperature, decomposed 

materials of compound 1 (○) and 4 (◇) were observed. Although two broad signals at 9.8 ppm (x) and 3.3 ppm (x) at 298 K 

became sharpen and shifted to lower magnetic field upon cooling temperature, they are unknown signals and the signals 

originating from dimer could not be observed probably due to the equilibrium between monomer radical and dimer even at 

low temperature.  
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TLC analysis of decomposition of the DAntM radical 

Figure S6. (a) TLC image of reference 3 (left) and reactant for generation of DAntM radical (right), (Developing solvent: 

dichloromethane : hexane = 2 : 1). In reactant, reference 3 (orange color) was consumed but yellow spot at almost identical 

Rf value was observed. (b) TLC image of reference 1 (left) and reactant for generation of DAntM radical (right), (Developing 

solvent: dichloromethane : hexane = 2 : 1). It is obvious that the compound 1 (yellow color) was generated from the reactant. 

Spin density map of anthroxyl radical 5 

Figure S7. (a) Calculated spin distribution of anthroxyl radical 5. To reduce the computational costs, one methyl substituent 

of the mesityl group at 4-position was replaced by hydrogen. (b) Experimental and calculated hyperfine coupling constant of 

5. Calculations were conducted by UBLYP/6-31G**//UB3LYP-D3/6-31G** level of theory.
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X-ray crystallography of anthroxyl radical 5

Figure S8. X-ray crystallography of anthroxyl radical 5. (a) Top view of dimeric structure of 5. (b) Side view. (c) Packing 

structure of 5. Hydrogen atoms are omitted for clarity.

Table S1. Crystal data and structure refinement for 5. 

(a) (b) 

(c)
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Cyclic voltammogram 

Figure S9. Cyclic voltammogram of the DAntM cation at negative potential field. Measurement conditions: 100 mM

n-Bu4NPF6 and 1 mM DAntM cation in CH2Cl2. Red arrows indicate the sweep direction.

TD-DFT calculation of DAntM radical (UCAM-B3LYP/6-31G**//B3LYP-D3/6-31G**) 

Figure S10. Frontier orbitals, energies, and transitions of the DAntM radical. To reduce the computational costs, one 

methyl substituent of the mesityl group at 4-position was replaced by hydrogen. Calculations were conducted by UCAM-

B3LYP/6-31G**//UB3LYP-D3/6-31G** level of theory. 
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TD-DFT calculation of the DAntM cation

Figure S11. Frontier orbitals, energies, and transitions of the DAntM cation. To reduce the computational costs, one

methyl substituent of the mesityl group at 4-position was replaced by hydrogen. Calculations were conducted by CAM-

B3LYP/6-31G**//B3LYP-D3/6-31G** level of theory. 
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Optimized structure of the DAntM cation

Figure S12. Optimized structure and structural parameters of DAntM cation. To reduce the computational costs, one methyl 

substituent of the mesityl group at 4-position was replaced by hydrogen. Calculations were conducted by B3LYP-D3/6-31G** 

level of theory. 

Electrostatic potential surface of the DAntM cation

Figure S13. Electrostatic potential surface of the DAntM cation (B3LYP-D3/6-31G**). Energy color range represents from

+62.7 (red) to +94.0 (blue) kcal mol−1 
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NMR spectra 

1H NMR (400 MHz) of compound 3 (CDCl3) 

13C NMR (100 MHz) of compound 3 (CDCl3) 
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1H NMR (400 MHz) of compound 1 (CDCl3) 

13C NMR (100 MHz) of compound 1 (CDCl3) 
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1H NMR (400 MHz) of compound 4 (CDCl3) 

13C NMR (100 MHz) of compound 4 (CDCl3) 
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1H NMR (400 MHz) of compound DAntM cation (TFA-d) 

13C NMR (100 MHz) of compound DAntM cation (TFA-d) 
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Cartesian coordinates of optimized structures

Table S2. Cartesian coordinates of the DAntM radical (spin localization at the central sp2 carbon)
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Table S3. Cartesian coordinates of the DAntM radical (localization on the anthryl group)
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Table S4. Cartesian coordinates of the DAntM dimer
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Table S5. Cartesian coordinates of the DAntM cation
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Table S6. Cartesian coordinates of anthroxyl radical 5
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