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1. General Information and Methods 
 

Chemicals. Dichloromethane was freshly distilled over CaH2. Chalcogenides were purchased from 

commercial sources and freshly distilled before use. Trimethylsilyl triflate (>98%) was used as 

purchased. Benzhydryltriphenylphosphonium tetrafluoroborates were prepared as described 

before.[S1] Benzhydryl chlorides 4e-Cl and 4g-Cl were obtained from the reactions of benzhydrols with 

thionyl chloride in dichloromethane by following published procedures.[S2] 

 

Analytics. A 400 MHz nuclear magnetic resonance (NMR) spectrometer was used to acquire 1H and 

13C NMR spectra. 13C NMR were recorded with broad-band proton decoupling. Abbreviations for NMR-

data: s = singlet, d = doublet, t = triplet, quint = quintet, m = multiplet, br = broad. Chemical shifts are 

denoted as parts per million (ppm). NMR spectra were internally referenced to the residual signals of 

CD2Cl2 (δH = 5.32 ppm, δC = 54.00 ppm).[S3] Signals were assigned on the basis of additional HSQC, 

HMBC, and 1H,1H-COSY experiments. 

 

Kinetics. The reactions of the dialkyl sulfides 2 and dimethyl selenide 3 with the colored 

benzhydrylium ions (Ar2CH+) were followed photometrically at or close to the absorption maxima of 

(Ar2CH+) by UV-vis spectroscopy as described previously.[S4] Reactions were analyzed by laser flash 

photolytic generation of benzhydrylium ions (Ar2CH+) from phosphonium ion precursor salts (4-

PPh3BF4) in presence of excess 2 and 3. A solution of known concentration of 4-PPh3BF4 in CH2Cl2  

( 10–5 M) was mixed with a solution of known concentration of 2 and 3 ( 10–4 to 10–3 M) in CH2Cl2. 

The resulting colorless solution was then irradiated with 7-ns laser pulses (266 nm) from a quadrupled 

Nd:YAG laser (266 nm, 40-60 mJ/pulse) to generate the benzhydrylium ions Ar2CH+. The temperature 

of solutions was kept constant at (20.0 ± 0.1) oC during all kinetic studies by using a circulating bath 

thermostat. The pseudo-first-order rate constants kobs (s‒1) were obtained by least-squares fitting of 

the mono-exponential function At = A0 exp(–kobst) + C to the observed absorbances. The second-order 

rate constants k (M–1 s–1) were obtained from the slopes of the linear plots of kobs against the 
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concentrations of the nucleophiles. Tables with concentrations of reactants and individual rate 

constants are collected in the Supporting Information. 

 

Dynamic NMR Spectroscopy. The 1H NMR spectra (400 MHz) were acquired at different 

temperatures (±1 K) and fitted manually with simulated spectra of the DNMR6 algorithm as part of the 

iNMR software.[S5] 

 

 

2. Product Characterization 
 

Reaction of 4e with 2a. Dichloromethane solutions of 4e-Cl (21.3 mg, 0.081 mmol, in 0.5 mL) and of 

dimethylsulfide (2a) (7.55 mg, 0.122 mmol, in 0.4 mL) were mixed. Then a solution of trimethylsilyl 

triflate (18.6 mg, 0.0834 mmol) in dichloromethane (0.5 mL) was added. Subsequently, volatiles were 

removed under reduced pressure. The viscous residue was analyzed by NMR spectroscopy, which 

showed quantitative conversion of 4e into (4e-SMe2)·TfO–. 1H NMR (400 MHz, CD2Cl2): δ 7.56 (d, J = 

8.8 Hz, 4 H, 3-H), 6.98 (d, J = 8.8 Hz, 4 H, 4-H), 6.11 (s, 1 H, 6-H), 3.81 (s, 6 H, 1-H), 2.77 (s, 6 H, 7-H). 

13C{1H} NMR (101 MHz, CD2Cl2): δ 161.6 (Cq, C-2), 130.6 (CH, C-3), 124.8 (Cq, C-5), 121.2 (Cq, q, J = 320 

Hz, CF3), 115.9 (CH, C-4), 66.5 (CH, C-6), 56.0 (CH3, C-1), 24.3 (CH3, C-7). 

Reaction of 4e with 2b. Dichloromethane solutions of 4e-Cl (21.3 mg, 0.081 mmol, in 0.5 mL) and of 

di-n-butylsulfide (2b) (11.9 mg, 0.081 mmol, in 0.25 mL) were mixed. Then a solution of trimethylsilyl 

triflate (18.6 mg, 0.0834 mmol) in dichloromethane (0.5 mL) was added. Subsequently, volatiles were 

removed under reduced pressure. The viscous residue was analyzed by NMR spectroscopy, which 

showed quantitative conversion of 4e into (4e-SBu2)·TfO–. 1H NMR (400 MHz, CD2Cl2): δ 7.60 (d, J = 8.8 

Hz, 4 H, 3-H), 6.99 (d, J = 8.8 Hz, 4 H, 4-H), 6.26 (s, 1 H, 6-H), 3.81 (s, 6 H, 1-H), 3.17 (br s, 4 H, 7-H), 1.47 

(quint, J = 7.3 Hz, 4 H, 8-H), 1.37–1.28 (m, 4 H, 9-H), 0.83 (t, J = 7.3 Hz, 6 H, 10-H). 13C{1H} NMR (101 
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MHz, CD2Cl2): δ 161.6 (Cq, C-2), 130.7 (CH, C-3), 125.7 (Cq, C-5), 121.2 (Cq, q, J = 320 Hz, CF3), 115.8 (CH, 

C-4), 66.0 (CH, C-6), 56.0 (CH3, C-1), 40.3 (CH2, C-7), 28.4 (CH2, C-8), 22.1 (CH2, C-9), 13.5 (CH3, C-10). 

Reaction of 4e with 2c. Dichloromethane solutions of 4e-Cl (21.3 mg, 0.081 mmol, in 0.5 mL) and of 

THT (2c) (7.14 mg, 0.081 mmol, in 0.25 mL) were mixed. Then a solution of trimethylsilyl triflate (18.6 

mg, 0.0834 mmol) in dichloromethane (0.5 mL) was added. Subsequently, volatiles were removed 

under reduced pressure. The viscous residue was analyzed by NMR spectroscopy, which showed 

quantitative conversion of 4e into (4e-THT)·TfO–. 1H NMR (400 MHz, CD2Cl2): δ 7.56 (d, J = 8.8 Hz, 4 H, 

3-H), 6.97 (d, J = 8.8 Hz, 4 H, 4-H), 5.78 (s, 1 H, 6-H), 3.80 (s, 6 H, 1-H), 3.28 (br s, 4 H, 7-H), 2.41 (br s, 4 

H, 8-H). 13C{1H} NMR (101 MHz, CD2Cl2): δ 161.6 (Cq, C-2), 130.7 (CH, C-3), 125.9 (Cq, C-5), 121.4 (Cq, q, 

J = 321 Hz, CF3), 115.9 (CH, C-4), 65.2 (CH, C-6), 56.0 (CH3, C-1), 42.9 (CH2, C-7), 29.6 (CH2, C-8). 

Reaction of 4e with 2d. Dichloromethane solutions of 4e-Cl (21.3 mg, 0.081 mmol, in 0.5 mL) and of 

THTP (2d) (8.28 mg, 0.081 mmol, in 0.25 mL) were mixed. Then a solution of trimethylsilyl triflate (18.6 

mg, 0.0834 mmol) in dichloromethane (0.5 mL) was added. Subsequently, volatiles were removed 

under reduced pressure. The viscous residue was analyzed by NMR spectroscopy, which showed 

quantitative conversion of 4e into (4e-THTP)·TfO–. 1H NMR (400 MHz, CD2Cl2): δ 7.57 (d, J = 8.8 Hz, 4 

H,3-H), 6.98 (d, J = 8.8 Hz, 4 H, 4-H), 6.28 (s, 1 H, 6-H), 3.80 (s, 6 H, 1-H), 3.22 (s, 4 H, 7-H), 1.98 (s, 4 H, 

8-H), 1.82–1.75 (m, 2 H, 9-H). 13C{1H} NMR (101 MHz, CD2Cl2): δ 161.5 (Cq, C-2), 130.5 (CH, C-3), 124.7 

(Cq, C-5), 121.4 (Cq, q, J = 320 Hz, CF3), 115.8 (CH, C-4), 64.8 (CH, C-6), 56.0 (CH3, C-1), 37.2 (CH2, C-7), 

23.8 (CH2, C-8), 23.1 (CH2, C-9). 

  



S5 
 

3. Kinetics of the reactions of chalcogenides with benzhydrylium ions 
 
3.1 Kinetics of the reactions of Me2S (2a) with the Ar2CH+ (4) in CH2Cl2 

 
Kinetics of the reaction of 2a with (fur)2CH+ 4g at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 534 nm) 

[4g-PPh3BF4] 
(mol L–1) 

[2a]  
(mol L–1) 

kobs 
(s–1) 

3.00 × 10−5 7.24 × 10–4 1.81 × 105 
3.00 × 10−5 1.09 × 10–3 2.13 × 105 
3.00 × 10−5 1.45 × 10–3 2.45 × 105 
3.00 × 10−5 1.81 × 10–3 2.75 × 105 
3.00 × 10−5 2.17 × 10–3 2.97 × 105 

k = 8.10 × 107 M–1 s–1 

 
Kinetics of the reaction of 2a with (fur)(ani)CH+ 4f at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 524 nm) 

[4f-PPh3BF4 
(mol L–1) 

[2a]  
(mol L–1) 

kobs 
(s–1) 

 

2.86 × 10−5 7.21 × 10–4 2.19 × 105 
2.86 × 10−5 1.08 × 10–3 3.00 × 105 
2.86 × 10−5 1.44 × 10–3 3.65 × 105 
2.86 × 10−5 1.80 × 10–3 4.42 × 105 
2.86 × 10−5 2.16 × 10–3 5.12 × 105 

k = 2.02 × 108 M–1 s–1 

 
Kinetics of the reaction of 2a with (ani)2CH+ 4e at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 513 nm) 

[4e-PPh3BF4] 
(mol L–1) 

[2a]  
(mol L–1) 

kobs 
(s–1) 

 

3.12 × 10−5 7.24 × 10–4 3.93 × 105 
3.12 × 10−5 1.09 × 10–3 5.89 × 105 
3.12 × 10−5 1.45 × 10–3 7.46 × 105 
3.12 × 10−5 1.81 × 10–3 9.34 × 105 
3.12 × 10−5 2.17 × 10–3 1.15 × 106 

k = 5.14 × 108 M–1 s–1 

 

y = 8.103E+07x + 1.249E+05
R² = 0.9954
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Kinetics of the reaction of 2a with (ani)(pop)CH+ 4d at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 512 
nm) 

[4d-PPh3BF4] 
(mol L–1) 

[2a]  
(mol L–1) 

kobs 
(s–1) 

 

3.20 × 10−5 7.21 × 10–4 6.44 × 105 
3.20 × 10−5 1.08 × 10–3 9.56 × 105 
3.20 × 10−5 1.44 × 10–3 1.25 × 106 
3.20 × 10−5 1.80 × 10–3 1.58 × 106 
3.20 × 10−5 2.16 × 10–3 1.92 × 105 

k = 8.80 × 108 M–1 s–1 

 
 
 
 
3.2 Kinetics of the reactions of Me2S (2a) with the Ar2CH+ (4) in MeCN 

 
Kinetics of the reaction of 2a with (fur)2CH+ 4g at 20 °C in MeCN (Laser-flash photolysis,  = 523 nm) 

[4g-PPh3BF4] 
(mol L–1) 

[2a]  
(mol L–1) 

kobs 
(s–1) 

 

3.80 × 10−5 1.78 × 10–4 4.81 × 104 
3.80 × 10−5 2.67 × 10–4 6.30 × 104 
3.80 × 10−5 3.56 × 10–4 7.56 × 104 
3.80 × 10−5 4.45 × 10–4 8.91 × 104 
3.80 × 10−5 5.34 × 10–4 1.04 × 105 

k = 1.55 × 108 M–1 s–1 

 
Kinetics of the reaction of 2a with (fur)(ani)CH+ 4f at 20 °C in MeCN (Laser-flash photolysis,  = 513 nm) 

[4f-PPh3BF4] 
(mol L–1) 

[2a]  
(mol L–1) 

kobs 
(s–1) 

 

2.72 × 10−5 1.50 × 10–4 6.85 × 105 
2.72 × 10−5 2.25 × 10–4 9.76 × 105 
2.72 × 10−5 3.00 × 10–4 1.23 × 105 
2.72 × 10−5 3.75 × 10–4 1.46 × 105 
2.72 × 10−5 4.50 × 10–4 1.68 × 105 

k = 3.29 × 108 M–1 s–1 

 

y = 8.800E+08x + 2.478E+03
R² = 0.9995
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Kinetics of the reaction of 2a with (ani)2CH+ 4e at 20 °C in MeCN (Laser-flash photolysis,  = 500 nm) 
[4e-PPh3BF4] 

(mol L–1) 
[2a]  

(mol L–1) 
kobs 
(s–1) 

 

3.12 × 10−5 1.78 × 10–4 1.58 × 105 
3.12 × 10−5 2.67 × 10–4 2.28 × 105 
3.12 × 10−5 3.56 × 10–4 2.90 × 105 
3.12 × 10−5 4.45 × 10–4 3.56 × 105 
3.12 × 10−5 5.34 × 10–4 4.26 × 105 

k = 7.46 × 108 M–1 s–1 

 
Kinetics of the reaction of 2a with (ani)(pop)CH+ 4d at 20 °C in MeCN (Laser-flash photolysis,  = 500 
nm) 

[4d-PPh3BF4] 
(mol L–1) 

[2a]  
(mol L–1) 

kobs 
(s–1) 

 

3.20 × 10−5 2.29 × 10–4 3.35 × 105 
3.20 × 10−5 3.44 × 10–4 4.84 × 105 
3.20 × 10−5 4.58 × 10–4 6.10 × 105 
3.20 × 10−5 5.73 × 10–4 7.56 × 105 
3.20 × 10−5 6.87 × 10–4 8.98 × 105 

k = 1.22 × 109 M–1 s–1 

 
Kinetics of the reaction of 2a with (ani)(Ph)CH+ 4b at 20 °C in MeCN (Laser-flash photolysis,  = 455 
nm) 

[4b-PPh3BF4] 
(mol L–1) 

[2a]  
(mol L–1) 

kobs 
(s–1) 

 

3.20 × 10−5 2.88 × 10–4 9.52 × 105 
3.20 × 10−5 4.32 × 10–4 1.33 × 106 
3.20 × 10−5 5.76 × 10–4 1.81 × 106 
3.20 × 10−5 7.20 × 10–4 2.22 × 106 
3.20 × 10−5 8.64 × 10–4 2.57 × 106 

k = 2.87 × 109 M–1 s–1 

  

y = 7.459E+08x + 2.623E+04
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3.3 Kinetics of the reactions of nBu2S (2b) with the Ar2CH+ (4) in CH2Cl2 

 
Kinetics of the reaction of 2b with (fur)2CH+ 4g at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 530 nm) 

[4g-PPh3BF4] 
(mol L–1) 

[2b]  
(mol L–1) 

kobs 
(s–1) 

 

3.72 × 10−5 1.29 × 10−3 2.22 × 105 
3.72 × 10−5 2.57 × 10−3 2.82 × 105 
3.72 × 10−5 3.22 × 10−3 3.09 × 105 
3.72 × 10−5 3.86 × 10−3 3.60 × 105 
3.72 × 10−5 5.15 × 10−3 4.16 × 105 

k = 5.13 × 107 M–1 s–1 

 
Kinetics of the reaction of 2b with (fur)(ani)CH+ 4f at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 528 
nm) 

[4f-PPh3BF4] 
(mol L–1) 

[2b]  
(mol L–1) 

kobs 
(s–1) 

 

2.26 × 10−5 1.12 × 10−3 2.76 × 105

2.26 × 10−5 2.24 × 10−3 4.40 × 105

2.26 × 10−5 3.36 × 10−3 5.94 × 105

2.26 × 10−5 4.48 × 10−3 7.33 × 105

2.26 × 10−5 5.59 × 10−3 8.54 × 105

k = 1.30 × 108 M–1 s–1 

 
Kinetics of the reaction of 2b with (ani)2CH+ 4e at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 515 nm) 

[4e-PPh3BF4] 
(mol L–1) 

[2b]  
(mol L–1) 

kobs 
(s–1) 

 

1.29 × 10−5 1.29 × 10−3 3.79 × 105 
1.29 × 10−5 2.57 × 10−3 7.46 × 105 
1.29 × 10−5 3.22 × 10−3 8.99 × 105 
1.29 × 10−5 3.86 × 10−3 1.07 × 106 
1.29 × 10−5 5.15 × 10−3 1.44 × 106 

k = 2.73 × 108 M–1 s–1 

 
  

y = 5.128E+07x + 1.528E+05
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Kinetics of the reaction of 2b with (ani)(pop)CH+ 4d at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 516 
nm) 

[4d-PPh3BF4] 
(mol L–1) 

[2b]  
(mol L–1) 

kobs 
(s–1) 

 
 

1.50 × 10−5 5.59 × 10−4 2.69 × 105 
1.50 × 10−5 1.12 × 10−3 5.30 × 105 
1.50 × 10−5 1.68 × 10−3 7.74 × 105 
1.50 × 10−5 2.24 × 10−3 1.05 × 106 
1.50 × 10−5 2.80 × 10−3 1.30 × 106 

k = 4.61 × 108 M–1 s–1 

 
 
 
 
 
 
 
 
 
 
 
 
3.4 Kinetics of the reactions of tetrahydrothiophene (2c) with the Ar2CH+ (4) in CH2Cl2 

Kinetics of the reaction of 2c with (fur)2CH+ 4g at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 534 nm) 
[4g-PPh3BF4] 

(mol L–1) 
[2c]  

(mol L–1) 
kobs 
(s–1) 

 

3.00 × 10−5 6.65 × 10−4 5.06 × 105 
3.00 × 10−5 9.98 × 10−4 6.32 × 105 
3.00 × 10−5 1.33 × 10−3 7.14 × 105 
3.00 × 10−5 1.66 × 10−3 7.81 × 105 
3.00 × 10−5 2.00 × 10−3 9.10 × 105 

k = 2.88 × 108 M–1 s–1 
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Kinetics of the reaction of 2c with (fur)(ani)CH+ 4f at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 524 
nm) 

[4f-PPh3BF4] 
(mol L–1) 

[2c]  
(mol L–1) 

kobs 
(s–1) 

 

2.86 × 10−5 6.67 × 10−4 4.35 × 105 
2.86 × 10−5 1.00 × 10−3 5.75 × 105 
2.86 × 10−5 1.33 × 10−3 6.89 × 105 
2.86 × 10−5 1.67 × 10−3 8.25 × 105 
2.86 × 10−5 2.00 × 10−3 9.52 × 105 

k = 3.85 × 108 M–1 s–1 

 
Kinetics of the reaction of 2c with (ani)2CH+ 4e at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 513 nm) 

[4e-PPh3BF4] 
(mol L–1) 

[2c]  
(mol L–1) 

kobs 
(s–1) 

 

3.12 × 10−5 6.65 × 10−4 5.85 × 105 
3.12 × 10−5 9.98 × 10−4 8.72 × 105 
3.12 × 10−5 1.33 × 10−3 1.13 × 106 
3.12 × 10−5 1.66 × 10−3 1.41 × 106 
3.12 × 10−5 2.00 × 10−3 1.67 × 105 

k = 8.15 × 108 M–1 s–1 

 
Kinetics of the reaction of 2c with (ani)(pop)CH+ 4d at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 512 
nm) 

[4d-PPh3BF4] 
(mol L–1) 

[2c]  
(mol L–1) 

kobs 
(s–1) 

 

3.20 × 10−5 6.67 × 10−4 8.43 × 105 
3.20 × 10−5 1.00 × 10−3 1.29 × 106 
3.20 × 10−5 1.33 × 10−3 1.64 × 106 
3.20 × 10−5 1.67 × 10−3 2.11 × 106 
3.20 × 10−5 2.00 × 10−3 2.47 × 106 

k = 1.22 × 109 M–1 s–1 

 
  

y = 3.849E+08x + 1.817E+05
R² = 0.9993

0.0E+00

3.0E+05

6.0E+05

9.0E+05

1.2E+06

0 0.0008 0.0016 0.0024

k ob
s

(s
–1

)

[2c] (M)

y = 8.147E+08x + 5.091E+04
R² = 0.9996

0.0E+00

6.0E+05

1.2E+06

1.8E+06

0 0.0008 0.0016 0.0024

k ob
s

(s
–1

)

[2c] (M)

y = 1.218E+09x + 4.592E+04
R² = 0.9981

0.0E+00

9.0E+05

1.8E+06

2.7E+06

0 0.0008 0.0016 0.0024

k ob
s

(s
–1

)

[2c] (M)
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3.5 Kinetics of the reactions of tetrahydrothiophene (2c) with the Ar2CH+ (4) in MeCN 

Kinetics of the reaction of 2c with (fur)2CH+ 4g at 20 °C in CH3CN (Laser-flash photolysis,  = 523 nm) 
[4g-PPh3BF4] 

(mol L–1) 
[2c]  

(mol L–1) 
kobs 
(s–1) 

 

3.80 × 10−5 1.72 × 10−4 9.60 × 104 
3.80 × 10−5 2.58 × 10−4 1.31 × 105 
3.80 × 10−5 3.44 × 10−4 1.72 × 105 
3.80 × 10−5 4.30 × 10−4 2.02 × 105 
3.80 × 10−5 5.16 × 10−4 2.32 × 105 

k = 3.99 × 108 M–1 s–1 

 
Kinetics of the reaction of 2c with (fur)(ani)CH+ 4f at 20 °C in MeCN (Laser-flash photolysis,  = 513 nm) 

[4f-PPh3BF4] 
(mol L–1) 

[2c]  
(mol L–1) 

kobs 
(s–1) 

 

2.72 × 10−5 1.50 × 10−4 1.38 × 105 
2.72 × 10−5 2.25 × 10−4 1.92 × 105 
2.72 × 10−5 3.00 × 10−4 2.40 × 105 
2.72 × 10−5 3.75 × 10−4 2.95 × 105 
2.72 × 10−5 4.50 × 10−4 3.45 × 105 

k = 6.89 × 108 M–1 s–1 

 
Kinetics of the reaction of 2c with (ani)2CH+ 4e at 20 °C in MeCN (Laser-flash photolysis,  = 500 nm) 

[4e-PPh3BF4] 
(mol L–1) 

[2c]  
(mol L–1) 

kobs 
(s–1) 

 

3.12 × 10−5 1.72 × 10−4 3.25 × 105 
3.12 × 10−5 2.58 × 10−4 4.62 × 105 
3.12 × 10−5 3.44 × 10−4 6.16 × 105 
3.12 × 10−5 4.30 × 10−4 7.70 × 105 
3.12 × 10−5 5.16 × 10−4 8.81 × 105 

k = 1.65 × 109 M–1 s–1 

  

y = 3.992E+08x + 2.914E+04
R² = 0.9959

0.0E+00

1.0E+05

2.0E+05

3.0E+05

0 0.0002 0.0004 0.0006

k ob
s

(s
–1

)

[2c] (M)

y = 6.893E+08x + 3.498E+04
R² = 0.9998
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2.0E+05

3.0E+05

4.0E+05

0 0.0002 0.0004 0.0006

k ob
s (

s–1
)

[2c] (M)

y = 1.650E+09x + 4.310E+04
R² = 0.9973

0.0E+00

2.5E+05

5.0E+05

7.5E+05

1.0E+06

0 0.0002 0.0004 0.0006

k ob
s

(s
–1

)

[2c] (M)
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Kinetics of the reaction of 2c with (ani)(pop)CH+ 4d at 20 °C in MeCN (Laser-flash photolysis,  = 500 
nm) 

[4d-PPh3BF4] 
(mol L–1) 

[2c]  
(mol L–1) 

kobs 
(s–1) 

 

3.20 × 10−5 1.88 × 10−4 3.67 × 105 
3.20 × 10−5 2.82 × 10−4 5.37 × 105 
3.20 × 10−5 3.76 × 10−4 6.90 × 105 
3.20 × 10−5 4.70 × 10−4 8.50 × 105 
3.20 × 10−5 5.64 × 10−4 1.00 × 106 

k = 1.68 × 109 M–1 s–1 

 
Kinetics of the reaction of 2c with (ani)(Ph)CH+ 4b at 20 °C in MeCN (Laser-flash photolysis,  = 455 nm) 

[4b-PPh3BF4] 
(mol L–1) 

[2c]  
(mol L–1) 

kobs 
(s–1) 

 

5.71 × 10−5 2.99 × 10−4 1.59 × 106 
5.71 × 10−5 4.49 × 10−4 2.41 × 106 
5.71 × 10−5 5.98 × 10−4 3.13 × 106 
5.71 × 10−5 7.48 × 10−4 3.83 × 106 
5.71 × 10−5 8.97 × 10−4 4.58 × 106 

k = 4.97 × 109 M–1 s–1 

 
Kinetics of the reaction of 2c with (pop)(Ph)CH+ 4a at 20 °C in MeCN (Laser-flash photolysis,  = 466 
nm) 

[4a-PPh3BF4] 
(mol L–1) 

[2c]  
(mol L–1) 

kobs 
(s–1) 

 

5.13 × 10−5 3.08 × 10−4 1.82 × 106 
5.12 × 10−5 4.62 × 10−4 2.80 × 106 
5.13 × 10−5 6.16 × 10−4 3.58 × 106 
5.13 × 10−5 7.70 × 10−4 4.38 × 106 
5.13 × 10−5 9.24 × 10−4 5.01 × 106 

k = 5.17 × 109 M–1 s–1 

  

y = 1.681E+09x + 5.699E+04
R² = 0.9996

0.0E+00

2.0E+05

4.0E+05

6.0E+05

8.0E+05

1.0E+06

1.2E+06

0 0.0002 0.0004 0.0006

k ob
s (

s–1
)

[2c] (M)

y = 4.965E+09x + 1.388E+05
R² = 0.9993
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4.0E+06
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0 0.0003 0.0006 0.0009
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s

(s
–1

)
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R² = 0.9941
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2.0E+06
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k ob
s

(s
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)
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3.6 Kinetics of the reactions of tetrahydro-2H-thiopyran (2d) with the Ar2CH+ (4) in CH2Cl2 

Kinetics of the reaction of 2d with (fur)2CH+ 4g at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 530 nm) 
[4g-PPh3BF4] 

(mol L–1) 
[2d]  

(mol L–1) 
kobs 
(s–1) 

 

1.86 × 10−5 1.44 × 10−3 2.25 × 105 
1.86 × 10−5 2.16 × 10−3 2.72 × 105 
1.86 × 10−5 2.88 × 10−3 3.49 × 105 
1.86 × 10−5 4.32 × 10−3 4.52 × 105 
1.86 × 10−5 5.75 × 10−3 5.86 × 105 

k = 8.37 × 107 M–1 s–1 

 
Kinetics of the reaction of 2d with (fur)(ani)CH+ 4f at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 528 
nm) 

[4f-PPh3BF4] 
(mol L–1) 

[2d]  
(mol L–1) 

kobs 
(s–1) 

 

1.29 × 10−5 7.19 × 10−4 2.19 × 105 
1.29 × 10−5 1.44 × 10−3 3.71 × 105 
1.29 × 10−5 2.16 × 10−3 5.31 × 105 
1.29 × 10−5 2.88 × 10−3 6.84 × 105 
1.29 × 10−5 3.60 × 10−3 8.41 × 105 

k = 2.16 × 108 M–1 s–1 

 
Kinetics of the reaction of 2d with (ani)2CH+ 4e at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 515 nm) 

[4e-PPh3BF4] 
(mol L–1) 

[2d]  
(mol L–1) 

kobs 
(s–1) 

 

2.26 × 10−5 5.13 × 10−4 2.81 × 105 
2.26 × 10−5 1.03 × 10−3 5.79 × 105 
2.26 × 10−5 1.54 × 10−3 8.69 × 105 
2.26 × 10−5 2.05 × 10−3 1.13 × 106 
2.26 × 10−5 2.56 × 10−3 1.43 × 106 

k = 5.57 × 108 M–1 s–1 

  

y = 8.372E+07x + 9.970E+04
R² = 0.9967

0.0E+00

2.0E+05

4.0E+05

6.0E+05

0 0.002 0.004 0.006
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s (

s–1
)
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0 0.001 0.002 0.003 0.004

k ob
s
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–1

)

[2d] (M)

y = 5.571E+08x + 6.264E+02
R² = 0.9996

0.0E+00

5.0E+05

1.0E+06

1.5E+06

0 0.001 0.002 0.003

k ob
s

(s
–1
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Kinetics of the reaction of 2d with (ani)(pop)CH+ 4d at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 515 
nm) 

[4d-PPh3BF4] 
(mol L–1) 

[2d]  
(mol L–1) 

kobs 
(s–1) 

 

1.50 × 10−5 5.13 × 10−4 4.19 × 105 
1.50 × 10−5 1.03 × 10−3 8.27 × 105 
1.50 × 10−5 1.54 × 10−3 1.21 × 106 
1.50 × 10−5 2.05 × 10−3 1.58 × 106 
1.50 × 10−5 2.56 × 10−3 1.92 × 106 

k = 7.34 × 108 M–1 s–1 

 
 
 
 
 
 
 
 
 
 
 
 
3.7 Kinetics of the reactions of Me2Se (3) with the Ar2CH+ (4) in CH2Cl2 

Kinetics of the reaction of 3 with (fur)(ani)CH+ 4f at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 528 nm) 
[4f-PPh3BF4 

(mol L–1) 
[3]  

(mol L–1) 
kobs 
(s–1) 

 

1.28 × 10−5 9.61 × 10−4 5.94 × 105 
1.28 × 10−5 1.44 × 10−3 7.47 × 105 
1.28 × 10−5 1.92 × 10−3 9.73 × 105 
1.28 × 10−5 2.40 × 10−3 1.05 × 106 
1.28 × 10−5 2.88 × 10−3 1.20 × 106 

k = 3.16 × 108 M–1 s–1 

  

y = 7.343E+08x + 6.139E+04
R² = 0.9990

0.0E+00

5.0E+05

1.0E+06

1.5E+06

2.0E+06

0 0.001 0.002 0.003

k ob
s

(s
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)

[2d] (M)
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0.0E+00

5.0E+05

1.0E+06

1.5E+06

0 0.001 0.002 0.003

k ob
s

(s
–1

)

[3] (M)
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Kinetics of the reaction of 3 with (ani)2CH+ 4e at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 513 nm) 
[4e-PPh3BF4] 

(mol L–1) 
[3]  

(mol L–1) 
kobs 
(s–1) 

 

1.39 × 10−5 9.61 × 10−4 5.94 × 105 
1.39 × 10−5 1.44 × 10−3 7.47 × 105 
1.39 × 10−5 1.92 × 10−3 9.73 × 105 
1.39 × 10−5 2.40 × 10−3 1.05 × 106 
1.39 × 10−5 2.88 × 10−3 1.20 × 106 

k = 4.90 × 108 M–1 s–1 

 
Kinetics of the reaction of 3 with (ani)(pop)CH+ 4d at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 516 
nm) 

[4d-PPh3BF4] 
(mol L–1) 

[3]  
(mol L–1) 

kobs 
(s–1) 

 

1.38 × 10−5 6.31 × 10−4 6.40 × 105 
1.38 × 10−5 9.46 × 10−4 9.42 × 105 
1.38 × 10−5 1.26 × 10−3 1.26 × 106 
1.38 × 10−5 1.58 × 10−3 1.63 × 106 
1.38 × 10−5 1.89 × 10−3 2.00 × 106 

k = 1.08 × 109 M–1 s–1 

 
Kinetics of the reaction of 3 with (ani)(tol)CH+ 4c at 20 °C in CH2Cl2 (Laser-flash photolysis,  = 516 nm) 

[4c-PPh3BF4] 
(mol L–1) 

[3]  
(mol L–1) 

kobs 
(s–1) 

 

1.39 × 10−5 3.16 × 10−4 6.05 × 105 
1.39 × 10−5 6.30 × 10−4 1.41 × 106 
1.39 × 10−5 8.76 × 10−4 1.86 × 106 
1.39 × 10−5 1.26 × 10−3 2.57 × 106 
1.39 × 10−5 1.58 × 10−3 3.28 × 106 

k = 2.06 × 109 M–1 s–1 

  

y = 4.897E+08x + 2.915E+05
R² = 0.9990
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1.6E+06

2.4E+06

0 0.0005 0.001 0.0015 0.002
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)
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R² = 0.9962
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1.4E+06
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2.8E+06

3.5E+06
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4. Determination of nucleofugality parameters Nf and sf for 2 and 3 
 

Me2S (2a) 
Nf = 6.33; sf = 0.75 

 
 

nBu2S (2b) 
Nf = 6.36; sf = 0.74 

 
 

Tetrahydrothiophen (2c) 
Nf = 7.26; sf = 0.66 

 
 

THTP (2d) 
Nf = 7.33; sf = 0.59 

 
 

Me2Se (3) 
Nf = 8.72; sf =0.66 
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5. Dynamic 1H NMR Spectroscopy and Line Shape Analysis 
 
3.1 Dynamics of the Me2S exchange in a CD2Cl2 mixture of (bis(2,3-dihydrobenzofuran-5-yl)methyl)-
dimethylsulfonium triflate (4g-SMe2 TfO) and dimethyl sulfide (2a) 
(PJ147) 
 
Generation of (4g-SMe2) triflate in CD2Cl2 solution: 4g-Cl (0.107 M, 1 equiv.), dimethylsulfide (2a, 0.16 
M, 1.5 equiv.), and trimethylsilyl triflate (TMSOTf, 0.111 M, 1.05 equiv.) were dissolved in 0.7 mL 
CD2Cl2. 

 
The 1H NMR spectrum (400 MHz) of the thus prepared solution acquired at –80 °C showed quantitative 
consumption of 4g-Cl and exclusive formation of the trialkylsulfonium triflate (4g-SMe2)·TfO–.  

 
1H NMR (400 MHz, 80 °C, CD2Cl2): δ 7.39 (s, 2 H, H-10), 7.30 (s, 2 H, H-4), 6.75 (d, J = 3.7 Hz, 2 H, 5-H), 
5.91 (s, 1 H, 2-H), 4.55 (s, 4 H, 7-H), 3.16 (s, 4 H, 8-H), 2.78 (s, 6 H, 1-H), 2.02 (s, 6 H, 11-H). 

 
Broad resonances indicated the dynamics of exchange between free and bound Me2S, which triggered 
us to further investigate the kinetics of the exchange reaction by temperature-dependent 1H NMR 
spectroscopy. Hence, this sample was used to acquire 1H NMR spectra (400 MHz) at variable 
temperature (Figure S1). Line shape analysis of broadened resonances was performed by manual 
fitting with simulated spectra generated by the DNMR6 algorithm of iNMR software to determine 
krev(T).[S5] 

Eyring activation parameters were determined by applying the temperature-dependent rate constants 
krev (s–1) in the Eyring equation:  

ln (krev/T) = H‡/R × 1/T + ln (kB /h) + S‡/R 

Determined rate constants and activation parameters are gathered in Table S1.  

1H NMR 
(400 MHz,  
80 °C,  
CD2Cl2) 
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Figure S1. (a) Dimethylsulfide exchange between 4g-SMe2 and free 2a. (b) Temperature-dependent 1H 
NMR spectra of the reaction mixture (in CD2Cl2). The dashed frame indicates the part of the spectrum 
evaluated in the line shape analysis (DNMR6 algorithm) for the determination of krev(T). 
 
Table S1. Rate constants krev and Eyring activation parameters for 4g-SMe2 (in CD2Cl2). 

T (°C) krev (s–1)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

–45 110 
–40 200 
–35 380 
–30 780 
–25 1.40 × 103 

 
 

 Activation parameters for krev (at 20 °C): 
G‡ = 43.1 kJ mol–1 
H‡ = 58.7 kJ mol–1 

S‡‡ = 53.3 J K–1 mol–1 

krev(20 °C) = 1.3 × 105 s–1 

  

y = -7.06E+03x + 3.02E+01
R² = 0.9979

-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

0.0040 0.0042 0.0044 0.0046

ln
(k

re
v/

T)

1 / T
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3.2 Dynamics of the Me2S exchange in a CD2Cl2 mixture of bis(4,4’-methoxy)benzhydryl 
dimethylsulfonium triflate (4e-SMe2 OTf) and dimethyl sulfide (2a) 
(PJ142) 
 
Generation of (4e-SMe2) triflate in CD2Cl2 solution: 4e-Cl (0.107 M), dimethylsulfide (2a, 0.118 M, 1.1 
equiv.), and trimethylsilyl triflate (TMSOTf, 0.111 M, 1.05 equiv.) were dissolved in 0.7 mL CD2Cl2. 

 
The 1H NMR spectrum (400 MHz) of the thus prepared solution acquired at –60 °C showed quantitative 
consumption of 4e-Cl and exclusive formation of the trialkylsulfonium triflate (4e-SMe2)·TfO–.  

 
1H NMR (400 MHz, CD2Cl2, at 60 °C): δ 7.49 (d, J = 8.7 Hz, 2 H, 4-H), 6.93 (d, J = 8.7 Hz, 2 H, 5-H), 5.86 
(s, 1 H, 2-H), 3.75 (s, 6 H, 7-H), 2.74 (s, 6 H, 1-H), 2.05 (s, 6 H, 8-H). 

 
Broad resonances for 1-H and 8-H indicated the dynamics of exchange between free and bound Me2S 
(2a), which triggered us to further investigate the kinetics of the exchange reaction by temperature-
dependent 1H NMR spectroscopy. Hence, this sample was used to acquire 1H NMR spectra (400 MHz) 
at variable temperature (Figure S2). Line shape analysis of broadened resonances was performed by 
manual fitting with simulated spectra generated by the DNMR6 algorithm of iNMR software to 
determine krev(T).[S5] 

Eyring activation parameters were determined by applying the temperature-dependent rate constants 
krev (s–1) in the Eyring equation:  

ln (krev/T) = H‡/R × 1/T + ln (kB /h) + S‡/R 

Determined rate constants and activation parameters are gathered in Table S2. 

1H NMR 
(400 MHz,  
60 °C,  
CD2Cl2) 
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Figure S2. (a) Dimethylsulfide exchange between 4e-SMe2 and free 2a. (b) Temperature-dependent 1H 
NMR spectra of the reaction mixture (in CD2Cl2). The dashed frame indicates the part of the spectrum 
evaluated in the line shape analysis (DNMR6 algorithm) for the determination of krev(T). 
 
Table S2. Rate constants krev and Eyring activation parameters for 4e-SMe2 (in CD2Cl2). 

T (°C) krev (s–1) 

 

–50 3.50 
–40 19.0 
–30 90.0 
–20 245 
–10 880 
0 3.70 × 103 

 
 

 Activation parameters for krev (at 20 °C): 
G‡ = 47.0 kJ mol–1 
H‡ = 66.6 kJ mol–1 

S‡‡ = 66.6 J K–1 mol–1 

krev(20 °C) = 2.6 × 104 s–1 
  

y = -8.01E+03x + 3.18E+01
R² = 0.9966
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6. Copies of 1H and 13C NMR spectra of Lewis adducts 
 

 
(PJ304) 
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(PJ205) 
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(PJ306) 
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(PJ307) 
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