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1. General Information 

Solvents and reagents were used as received without further purification. Azides were 

synthesised according to reported procedures.1 4-Cyanosulfonyl chloride was synthesised 

following the described procedure.2 Complexes were synthesised following the reported 

procedure except for the synthesis of [Cu(IPr)(Pyr)]OTf, [Cu(IPr)(Triaz)]BF4 and 

[Cu(Triaz)2]BF4 complexes.3 The complex syntheses were carried out in a CEM Discover 

microwave. 1H, 13C-{1H} and 31P-{1H} Nuclear Magnetic Resonance (NMR) spectra were 

recorded 298K on a Bruker AVANCE 400 spectrometer using the residual solvent peak (CDCl3: 

δH = 7.26 ppm, δC = 77.16 ppm) or TMS as reference. Elemental analyses were performed by the 

London Metropolitan University Service 166-220 Holloway Road, London, N7 8DB. Mass 

spectroscopy was performed by the EPSRC National Mass Spectrometry Service Centre at 

Swansea University, Grove Building, Singleton Park, Swansea, SA2 8PP, Wales.  

2. Sulfonyl azide substrates2 

 

Tosyl azide 

 

1H NMR (300 MHz, CDCl3, 298K, TMS): δ (ppm) = 2.48 (s, 3H, CH3), 7.41 (d, 2H, 3JHH = 

8.12 Hz, CArH), 7.84 (d, 2H, 3JHH = 8.12 Hz, CArH). 

4-Methoxybenzenesulfonyl azide 

 

1H NMR (300 MHz, CDCl3, 298K, TMS): δ (ppm) = 7.06 (d, 2H, 3JHH = 9.14 Hz, CArH), 7.90 

(d, 2H, 3JHH = 9.14 Hz, CArH). 
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Benzenesulfonyl azide 

 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 7.63 (t, 2H, 3JHH = 7.7 Hz, CArH), 7.74 (t, 

1H, 3JHH = 7.7 Hz, CArH), 7.97 (t, 2H, 3JHH = 8.4 Hz, CArH).  

 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 3.27 (s, 3H, CH3). 

 

Naphthalene-1-sulfonyl azide 

 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 7.55-7.64 (m, 1H, CArH), 7.65-7.70 (m, 

1H, CArH), 7.72-7.79 (m, 1H, CArH), 7.99 (dd, 1H, 3JHH = 8.3, 3.1 Hz, CArH), 8.20 (dd, 2H, 3JHH 

= 8.3, 2.9 Hz, CArH), 8.36 (dd, 1H, 3JHH = 7.3, 3.1 Hz, CArH), 7.50 (dd, 1H, 3JHH = 8.6, 2.9 Hz, 

CArH). 

 

2,4,6-Triisopropylbenzenesulfonyl azide 

 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 1.27 (d, 6H, 3JHH
 = 6.8 Hz, CH(CH3)2) 

overlapped with 1.29 (d, 12H, 3JHH
 = 7.0 Hz CH(CH3)2), 2.93 (septet, 1H, 3JHH

 = 6.8 Hz, 

CH(CH3)2) 4.05 (septet, 2H, 3JHH
 = 7.0 Hz, CH(CH3)2), 3.82-4.07 (m, 2H, CArH). 
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4-Bromobenzenesulfonyl azide 

 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 7.74-7.80 (m, 2H, CArH), 7.81-7.86 (m, 

2H, CArH).  

3. Catalysis 

3.1. General catalytic procedure 

A vial was charged with [Cu(Triaz)2]BF4 (4.5 mg, 1 mol %), the alkyne (0.5 mmol), the azide 

(0.6 mmol), and the amine (0.6 mmol). The reaction was stirred neat for the appropriate amount 

of time. Dichloromethane (2 mL) and a saturated aqueous solution of ammonium chloride (3 

mL) were added and the reaction mixture stirred during 30 minutes. The aqueous layer was 

extracted with dichloromethane (3 × 10 mL). The combined organic layers were dried over 

MgSO4, filtered and the solvent was removed under vacuum. The crude product was purified by 

flash column chromatography or by recrystallization. The reported yields are the average of two 

reactions. 

 

3.2. Optimisation 

 

Entry Catalyst Solvent Conversion (%)a, b 

1 [Cu(ICy)2]BF4 1 1,2-dichloromethane 24 

2 [Cu(ICy)2]BF4 1 Water 30 

3 [Cu(ICy)2]BF4 1 1,4-dioxane 47 

4 [Cu(ICy)2]BF4 1 Ethanol 28 

S
N3

O

O

[Cu] 1-6 (0.5 mol%)

RT, neat or solvent, 16 h

N

NTs

iPr
N
H

iPr

iPr

iPr
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5 [Cu(ICy)2]BF4 1 Me-THF 37 

6 [Cu(ICy)2]BF4 1 Acetonitrile 52 

7 [Cu(IPr)(ICy)]BF4 2 1,2-dichloromethane 25 

8 [Cu(IPr)(ICy)]BF4 2 Water 43 

9 [Cu(IPr)(ICy)]BF4 2 1,4-dioxane 45 

10 [Cu(IPr)(ICy)]BF4 2 Ethanol 25 

11 [Cu(IPr)(ICy)]BF4 2 Me-THF 35 

12 [Cu(IPr)(ICy)]BF4 2 Acetonitrile 32 

13 [Cu(IPr)(Triaz)]BF4 5 1,2-dichloromethane 17 

14 [Cu(IPr)(Triaz)]BF4 5 Water 43 

15 [Cu(IPr)(Triaz)]BF4 5 1,4-dioxane 44 

16 [Cu(IPr)(Triaz)]BF4 5 Acetonitrile 22 

17 [Cu(IPr)(Triaz)]BF4 5 Me-THF 32 

18 [Cu(IPr)(Triaz)]BF4 5 Ethanol 20 

19 [Cu(Triaz)2]BF4 6 Ethanol 36 

20 [Cu(Triaz)2]BF4 6 Me-THF 48 

21 [Cu(Triaz)2]BF4 6 Acetonitrile 58 

a Reaction conditions: phenylacetylene (0.5 mmol), tosyl azide (0.6 mmol), diisopropylamine 

(0.6 mmol), [Cu] (0.5 mol%), solvent (1 mL), 16 hours. b Conversion was determined by GC 

analysis based on phenylacetylene using mesitylene (42 µL) as internal standard. 

 

 

 

 



 S7 

3.3. Sulfonamide compounds 

 

N,N-Diisopropyl-2-phenyl-N’-tosylacetimidamide4 (10a)  

N

N

SO O

 

The general procedure yielded, after column chromatography (pentane/dichloromethane: 7/3), 

the title compound as a colorless solid (178.9 mg, 96%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.87 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.39 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 2.39 (s, 3H, Ph-CH3), 3.44 (m, 1H, CH(CH3)2), 4.00 

(septet, 1H, 3JHH  = 6.6 Hz, CH(CH3)2), 4.41 (s, 2H, Ph-CH2), 7.19-7.30 (m, 7H, CArH), 7.83 (d, 

2H, 3JHH  = 8.3 Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 21.4 (s, Ph-

CH3), 38.8 (s, Ph-CH2), 48.0 (s, CH(CH3)2), 50.4 (s, CH(CH3)2), 126.2 (s, CArH),  126.7 (s, 

CArH), 128.0 (s, CArH), 128.8 (s, CArH), 129.0 (s, CArH), 134.9 (s, CIV), 141.5 (s, CIV), 141.6 (s, 

CIV), 163.4 (s, CIV C=N). 

 

N,N-Diisopropyl-2-phenyl-N’-(phenylsulfonyl)acetimidamide5 (10b)  

N

N

SO O

 

The general procedure yielded, after column chromatography (pentane/ethyl acetate: 7/3), the 

title compound as a colorless solid (130.7 mg, 73%). 
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1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.88 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.38 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 3.45 (m, 1H, CH(CH3)2), 4.01 (septet, 1H, 3JHH  = 6.6 

Hz, CH(CH3)2), 4.42 (s, 2H, Ph-CH2), 7.19-7.23 (m, 3H, CArH), 7.27-7.31 (m, 2H, CArH), 7.42-

7.49 (m, 3H, CArH),  7.95 (m, 2H, CArH).  

 13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 38.9 (s, Ph-

CH2), 48.1 (s, CH(CH3)2), 50.5 (s, CH(CH3)2), 126.2 (s, CArH),  126.8 (s, CArH), 128.0 (s, CArH), 

128.4 (s, CArH), 128.9 (s, CArH), 131.2 (s, CArH), 134.9 (s, CIV), 144.3 (s, CIV), 163.5 (s, CIV 

C=N). 

 

N,N-Diisopropyl-N’-((4-methoxyphenyl)sulfonyl)-2-phenylacetimidamide (10c)  

N

N

SO O

O  

The general procedure yielded, after recrystallization (pentane/ethyl acetate: 8/2), the title 

compound as a colorless solid (184.4 mg, 95%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.87 (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 

1.40 (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 3.44 (m, 1H, CH(CH3)2), 3.84 (s, 3H, OCH3), 4.00 

(septet, 1H, 3JHH  = 6.7 Hz, CH(CH3)2), 4.40 (s, 2H, Ph-CH2), 6.91 (d, 2H, 3JHH  = 8.9 Hz, CArH), 

7.18-7.22 (m, 4H, CArH), 7.28-7.30 (m, 1H, CArH), 7.87 (d, 2H, 3JHH  = 8.9 Hz, CArH). 

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 38.6 (s, 

OCH3), 48.0 (s, Ph-CH2), 50.4 (s, CH(CH3)2), 55.5 (s, CH(CH3)2), 113.5 (s, CArH),  126.7 (s, 

CArH), 128.0 (s, CArH), 128.2 (s, CArH), 128.8 (s, CArH), 135.0 (s, CIV), 136.6 (s, CIV), 161.7 (s, 

CIV), 163.3 (s, CIV C=N).  

HRMS (EI) m/z for C21H28N2O3S: theoretical value: 389.1892, observed data: 389.1890. 
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N’-((4-Bromophenyl)sulfonyl)-N,N-diisopropyl-2-phenylacetimidamide (10d) 

N

N

SO O

Br  

The general procedure yielded, after column chromatography (pentane/dichloromethane: 7/3), to 

the title compound as a colorless solid (148.3 mg, 68%). 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.89 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.38 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 3.47 (m, 1H, CH(CH3)2), 4.01 (septet, 1H, 3JHH  = 6.8 Hz 

CH(CH3)2), 4.40 (s, 2H, Ph-CH2), 7.17 (d, 2H, 3JHH  = 7.5 Hz, CArH), 7.24 (d, 1H, 3JHH  = 7.3 Hz, 

CArH), 7.28-7.31 (m, 2H, CArH), 7.56 (d, 2H, 3JHH  = 8.6 Hz, CArH), 7.80 (d, 2H, 3JHH  = 8.6 Hz, 

CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 38.9 (s, CH2), 

48.2 (s, CH(CH3)2), 50.6 (s, CH(CH3)2), 125.9 (s, CIV),  126.9 (s, CArH), 127.9 (s, CArH), 128.9 

(s, CArH), 131.7 (s, CArH), 134.6 (s, CIV), 143.3 (s, CIV), 163.6 (s, CIV C=N).  

HRMS (EI) m/z for C20H25BrN2O2S: theoretical value: 439.0874, observed data: 439.0864. 

 

N’-((4-Cyanophenyl)sulfonyl)-N,N-diisopropyl-2-phenylacetimidamide (10e) 

N

N

SO O

CN  

The general procedure yielded, after recrystallization (pentane/dichloromethane: 9/1), to the title 

compound as a colorless solid (130 mg, 68%).  
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1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.92 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.36 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 3.50 (m, 1H, CH(CH3)2), 4.02 (septet, 1H, 3JHH  = 6.6 

Hz, CH(CH3)2), 4.41 (s, 2H, Ph-CH2), 7.17 (d, 2H, 3JHH  = 7.5 Hz, CArH), 7.22-7.32 (m, 3H, 

CArH), 7.73 (d, 2H, 3JHH  = 8.5 Hz, CArH), 8.03 (d, 2H, 3JHH  = 8.5 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 39.0 (s, CH2), 

48.3 (s, CH(CH3)2), 50.9 (s, CH(CH3)2), 114.9 (s, CIV),  117.9 (s, CIV), 126.9 (s, CArH), 127.1 (s, 

CArH), 127.8 (s, CArH), 129.0 (s, CArH), 132.4 (s, CArH), 134.3 (s, CIV), 148.1 (s, CIV), 163.9 (s, 

CIV C=N).   

HRMS (EI) m/z for C21H25N3O2S: theoretical value: 384.1740, observed data: 384.1739. 

 

N,N-Diisopropyl-2-phenyl-N'-((2,4,6-triisopropylphenyl)sulfonyl)acetimidamide (10f) 

N

N

SO O

 

The general procedure yielded, after column chromatography (pentane/dichloromethane: 6/4), 

the title compound as a colorless solid (159.5 mg, 66%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.88 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.23-1.26 (m, 18H, CH(CH3)2),  1.42 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.87 (septet, 1H, 3JHH  = 

6.8 Hz, CH(CH3)2), 3.45 (m, 1H, CH(CH3)2), 3.99 (septet, 1H, 3JHH  = 6.6 Hz, CH(CH3)2), 4.30-

4.40 (m, 4H, CH(CH3)2) overlapped with 4.37 (s, Ph-CH2), 7.08 (s, 2H, CArH), 7.16-7.23 (m, 3H, 

CArH), 7.27-7.31 (m, 2H, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 20.0 (s, CH(CH3)2), 20.2 (s, 

CH(CH3)2), 23.9 (s, CH(CH3)2),  25.1 (s, CH(CH3)2), 29.9 (s, CH(CH3)2), 34.2 (s, CH(CH3)2), 

39.2 (s, CH2), 48.1 (s, CH(CH3)2), 50.5 (s, CH(CH3)2), 123.2 (s, CArH), 126.9 (s, CArH), 128.2 (s, 
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CArH), 128.9 (s, CArH), 135.4 (s, CIV), 138.0 (s, CIV), 149.1 (s, CIV), 151.1 (s, CIV), 163.5 (s, CIV 

C=N). 

HRMS (EI) m/z for C29H44N2O2S, theoretical value: 485.3196, observed data: 485.3183. 

 

N,N-Diisopropyl-N’-(naphthalen-1-ylsulfonyl)-2-phenylacetimidamide (10g) 

N

N

SO O

 

The general procedure yielded, after recrystallization (pentane/dichloromethane: 8/2), the title 

compound as colorless solid (189.8 mg, 93%). 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.86 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 

1.34 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 3.43 (m, 1H, CH(CH3)2, 3.95 (septet, 1H, 3JHH  = 6.8 Hz, 

CH(CH3)2), 4.41 (s, 2H, Ph-CH2), 6.98-7.00 (m, 2H, CArH), 7.13-7.15 (m, 3H, CArH), 7.37 (t, 

1H, 3JHH  = 7.8 Hz, CArH), 7.55 (t, 1H, 3JHH  = 7.6 Hz, CArH), 7.63 (t, 1H, 3JHH  = 7.8 Hz, CArH), 

7.88 (t, 2H, 3JHH  = 8.6 Hz, CArH),  8.24 (d, 1H, 3JHH  = 7.3 Hz, CArH), 8.94 (d, 1H, 3JHH  = 8.6 Hz, 

CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 20.0 (s, 

CH(CH3)2), 38.4 (s, Ph-CH2),   48.1 (s, CH(CH3)2), 50.6 (s, CH(CH3)2), 124.1 (s, CArH), 126.3 

(s, CArH), 126.7 (t, CArH), 127.1 (s, CArH), 127.6 (s, CArH), 128.3 (s, CIV),  128.7 (s, CArH), 

132.6 (s, CArH), 134.1 (s, CIV),  134.6 (s, CIV), 139.3 (s, CIV), 164.1 (s, CIV C=N).  

HRMS (EI) m/z for C24H28N2O2S: theoretical value: 409.1944, observed data: 409.1939. 
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2-(4-Fluorophenyl)-N,N-diisopropyl-N’-tosylacetimidamide7 (11a) 

N

NF

S OO

 

The general procedure yielded, after column chromatography (pentane/dichloromethane: 7/3), 

the title compound as a colorless solid (280.9 mg, 72%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.90 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.38 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.40 (s, 3H, Ar CH3),  3.45 (b. septet, 1H, CH(CH3)2), 

3.97 (septet, 1H, 3JHH  = 6.6 Hz, CH(CH3)2), 4.37 (s, 2H, Ph-CH2), 6.99 (t, 2H, 3JHH  = 8.2 Hz, 

CArH), 7.18-7.25 (m, 4H, CArH), 7.82 (d, 2H, 3JHH  = 8.2 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 19.9 (s, 

CH(CH3)2), 21.4 (s, Ar-CH3), 21.4 (s, Ar-CH3), 38.0 (s, Ph-CH2), 48.1 (s, CH(CH3)2), 50.4 (s, 

CH(CH3)2), 115.8 (s, CArH), 115.6 (s, CArH), 126.2 (s, CArH), 129.1 (s, CArH), 129.6 (d, CArH), 

141.4 (s, CIV), 141.7 (s, CIV), 160.5 (s, CIV), 162.9 (s, CIV), 163.1(s, CIV, C=N). 

19F NMR (282 MHz, CDCl3) δ (ppm) -115.8 

 

N,N-Diisopropyl-2-(p-tolyl)-N’-tosylacetimidamide4 (11b) 

N

N

S OO

 

The general procedure yielded, after recrystallization (diethyl ether/dichloromethane: 8/2), the 

title compound as a colorless solid (251.0 mg, 65%).  
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1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.88 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.39 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.30 (s, 3H, Ph-CH3), 2.39 (s, 3H, Ph-CH3), 3.44 (m, 1H, 

CH(CH3)2), 4.01 (septet, 1H, 3JHH  = 6.6 Hz, CH(CH3)2), 4.35 (s, 2H, Ph-CH2), 7.07 (br. s, 4H, 

CArH), 7.22 (d, 2H, 3JHH  = 7.8  Hz, CArH), 7.82 (d, 2H, 3JHH  = 7.8 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 19.9 (s, 

CH(CH3)2), 21.0 (s, Ar-CH3), 21.4 (s, Ar-CH3), 38.4 (s, Ph-CH2), 48.0 (s, CH(CH3)2), 50.3 (s, 

CH(CH3)2), 126.2 (s, CArH), 127.8 (s, CArH), 129.0 (s, CArH), 129.5 (s, CArH), 131.8 (s, CIV), 

136.3 (s, CIV), 141.5 (s, CIV), 141.6 (s, CIV), 163.7(s, CIV C=N). 

 

N,N-Diisopropyl-2-(4-methoxyphenyl)-N’-tosylacetimidamide7 (11c) 

N

NMeO

S OO

 

The general procedure yielded, after column chromatography (pentane/dichloromethane: 6/4), 

the title compound as a colorless solid (301.6 mg, 75%). 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.89 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.38 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.39 (s, 3H, Ar-CH3),  3.44 (m, 1H, CH(CH3)2), 3.78 (s, 

3H, OCH3),   4.00 (septet, 1H, 3JHH  = 6.6 Hz, CH(CH3)2), 4.32 (s, 2H, Ph-CH2), 6.82 (d, 2H, 

3JHH  = 8.7 Hz, CArH), 7.12 (d, 2H, 3JHH  = 8.6 Hz, CArH), 7.23 (d, 2H, 3JHH  = 8.6 Hz, CArH), 7.83 

(d, 2H, 3JHH  = 8.7 Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s,  CH(CH3)2), 19.9 (s,  

CH(CH3)2), 21.4 (s, Ar-CH3), 38.0 (s, OCH3), 48.0 (s, Ph-CH2),  50.3 (s, CH(CH3)2), 55.3 (s, 

CH(CH3)2), 114.2 (s, CArH), 126.2 (s, CArH), 126.9 (s, CIV), 129.0 (s, CArH), 129.1 (s, CArH), 

141.5 (s, CIV), 141.6 (s, CIV), 158.4 (s, CIV), 163.8 (s, CIV C=N). 
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2-(4-(tert-Butyl)phenyl)-N,N-diisopropyl-N’-tosylacetimidamide7 (11d) 

N

N

S OO

 

The general procedure yielded, after column chromatography (pentane/ethyl acetate: 8/2), the 

title compound as a colorless solid (308.3 mg, 72%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.87 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.28 (s, 9H, C(CH3)3), 1.40 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.37 (s, 3H, Ar-CH3), 3.45 (m, 

1H, CH(CH3)2), 4.00 (septet, 1H, 3JHH  = 6.6 Hz, CH(CH3)2), 4.35 (s, 2H, Ph-CH2), 7.09 (d, 2H, 

3JHH  = 8.2 Hz, CArH), 7.21 (d, 2H, 3JHH  = 8.2 Hz, CArH), 7.28 (d, 2H, 3JHH  = 8.2 Hz, CArH), 7.81 

(d, 2H, 3JHH  = 8.2 Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s,  CH(CH3)2), 19.9 (s,  

CH(CH3)2), 21.4 (s, Ar-CH3), 31.3 (s, C(CH)3), 34.4 (s, C(CH)3), 38.1 (s, Ph-CH2),  48.0 (s, 

CH(CH3)2), 50.4 (s, CH(CH3)2), 125.6 (s, CArH), 126.2 (s, CArH), 127.6 (s, CArH), 129.0 (s, 

CArH), 131.7 (s, CIV), 141.5 (s, CIV), 141.6 (s, CIV), 149.6 (s, CIV), 163.8 (s, CIV). 

 

2-(3-Fluorophenyl)-N,N-diisopropyl-N’-tosylacetimidamide (11e) 

N

N

F

S OO

 

The general procedure yielded, after column chromatography (pentane/dichloromethane: 7/3), 

the title compound as a colorless solid (280.9 mg, 72%). 
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1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.92  (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.39 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.39 (s, 3H, Ar-CH3), 3.47 (m, 1H, CH(CH3)2), 3.95 

(septet, 1H, 3JHH  = 6.6 Hz,  CH(CH3)2), 4.41 (s, 2H, Ph-CH2), 6.89-6.94 (m, 2H, CArH), 7.0 (d, 

1H, 3JHH  = 7.4 Hz, CArH), 7.22-7.29 (m, 3H, CArH), 7.82 (d, 2H, 3JHH  = 8.2 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 19.9 (s, 

CH(CH3)2), 21.4 (s, Ar-CH3), 38.31 (s, CH2),   48.1 (s, CH(CH3)2), 50.5 (s, CH(CH3)2), 113.8 (d, 

CArH), 115.0 (d, CArH), 123.7 (s, CArH), 126.2 (s, CIV),  129.1 (s, CArH), 130.3 (s, CIV), 137.3 (s, 

CIV-F),  141.5 (d, CIV), 161.8 (s, CIV), 162.6 (s, CIV), 164.2 (s, CIV C=N). 

19F NMR (377 MHz, CDCl3): δ (ppm) -112.4. 

HRMS (EI) m/z for C21H27FN2O2S: theoretical value: 391.1850, observed data: 391.1847. 

 

N,N-Diisopropyl-2-(m-tolyl)-N’-tosylacetimidamide (11f) 

N

N

SO O

 

The general procedure yielded, after recrystallization (pentane/dichloromethane: 8/2), the title 

compound as a colorless solid (301.2 mg, 78%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.88  (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.41 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.28 (s, 3H, Ar-CH3), 2.38 (s, 3H, Ar-CH3), 3.45 (m, 1H, 

CH(CH3)2), 3.99 (septet, 1H, 3JHH  = 6.6 Hz,  CH(CH3)2), 4.36 (s, 2H, Ph-CH2), 6.90 (s, 1H, 

CArH), 6.96 (d, 1H, 3JHH  = 7.7 Hz, CArH), 7.00 (d, 1H, 3JHH  = 7.7 Hz, CArH), 7.15 (t, 1H, 3JHH  = 

7.7 Hz, CArH), 7.21 (d, 2H, 3JHH  = 8.3 Hz, CArH), 7.81 (d, 2H, 3JHH  = 8.3 Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 19.9 (s, 

CH(CH3)2), 21.35 (Ar-CH3), 21.4 (Ar-CH3), 38.3 (s, Ph-CH2),   48.0 (s, CH(CH3)2), 50.4 (s, 

CH(CH3)2), 124.9 (s, CArH), 126.3 (s, CArH), 127.4 (s, CArH), 128.6 (s, CArH), 128.7 (s, CArH), 

129.0 (s, CArH), 134.7 (s, CIV),  138.3 (s, CIV), 141.5 (s, 2 CIV), 163.6 (s, CIV C=N).   
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HRMS (EI) m/z for C22H30N2O2S: theoretical value: 387.2101, observed data: 387.2100. 

 

N,N-Diisopropyl-2-(2-methoxyphenyl)-N’-tosylacetimidamide (11g) 

N

N

O

S OO

 

The general procedure yielded, after recrystallization (pentane/ethyl acetate: 8/2), the title 

compound as a colorless solid (329.8 mg, 82%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.89  (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.41 (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.37 (s, 3H, Ar-CH3), 3.46 (m, 1H, CH(CH3)2), 3.80-3.90 

(m, 2H, CH(CH3)2) overlapped with 3.83 (s, 3H, OCH3), 4.32 (s, 2H, Ph-CH2), 6.83-6.86 (m, 

2H, CArH), 7.08 (d, 1H, 3JHH  = 7.4 Hz, CArH), 7.17-7.20 (m, 3H, CArH), 7.81 (d, 2H, 3JHH  = 8.2 

Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.9 (s, 2 CH(CH3)2), 21.4 (s, Ar-

CH3), 31.9 (s, OCH3), 47.9 (s, Ph-CH2),  50.1 (s, CH(CH3)2), 55.5 (s, CH(CH3)2), 110.3 (s, 

CArH), 120.9 (s, CArH), 123.3 (s, CIV),  126.2 (s, CArH), 128.0 (s, CArH), 128.5 (s, CArH), 128.9 

(s, CArH), 141.4 (s, CIV), 141.6 (s, CIV), 156.0 (s, CIV), 164.7 (s, CIV C=N). 

HRMS (EI) m/z for C22H30N2O3S: theoretical value: 403.2050, observed data: 403.2042. 
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2-(3,5-Bis(trifluoromethyl)phenyl)-N,N-diisopropyl-N’-tosylacetimidamide (11h) 

N

N

CF3

F3C

S OO

 

The general procedure yielded, after recrystallization (diethyl ether/ethyl acetate: 6/4), the title 

compound as a colorless solid (365.9 mg, 72%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.96  (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.43 (d, 6H, 3JHH  = 6.8 Hz CH(CH3)2), 2.36 (s, 3H, Ar-CH3), 3.53 (m, 1H, CH(CH3)2), 3.81 

(septet, 1H, 3JHH  = 6.6 Hz,  CH(CH3)2), 4.57 (s, 2H, Ph-CH2), 7.20 (d, 2H, 3JHH  = 8.0 Hz, CArH), 

7.60 (s, 2H, CArH), 7.75-7.77 (m, 3H, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.7 (s, CH(CH3)2), 20.0 (s, 

CH(CH3)2), 21.4 (s, CH3, Ts), 37.4 (s, CH2),   48.5 (s, CH(CH3)2), 50.6 (s, CH(CH3)2), 120.9 (t, 

CArH), 121.7 (s, CIV-CF3), 124.4 (s, CIV-CF3), 126.2 (s, CArH), 128.1 (s, CIV),  129.2 (s, CArH), 

132.1 (q, CIV, CF3), 137.4 (s, CIV),  140.8 (s, CIV), 142.1 (s, CIV), 161.2 (s, CIV, C=N). 

19F NMR (377 MHz, CDCl3): δ (ppm) -63.0.  

HRMS (EI) m/z for C23H26F6N2O2S: theoretical value: 509.1692, observed data: 509.1678. 
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N,N-Diisopropyl-2-(phenanthren-9-yl)-N’-tosylacetimidamide (11i) 

N

N

S OO

 

The general procedure yielded, after recrystallization (pentane/dichloromethane: 1/1), the title 

compound as a colorless solid (368.3 mg, 78%). 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 1.02 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.66 (d, 6H, 3JHH  = 6.8 Hz CH(CH3)2), 1.94 (s, 3H, Ar-CH3), 3.68 (m, 1H, CH(CH3)2), 3.83 

(septet, 1H, 3JHH  = 6.6 Hz,  CH(CH3)2), 4.75 (s, 2H, Ph-CH2), 6.76 (d, 2H, 3JHH  = 7.9 Hz, CArH), 

6.98 (s, 1H, CArH), 7.53 (d, 1H, 3JHH  = 4.3  Hz, CArH), 7.58-7.63 (m, 3H, CArH), 7.70 (quint, 2H, 

3JHH  = 8.0 Hz, CArH), 7.96  (d, 2H, 3JHH  = 8.0 Hz, CArH), 8.63  (d, 1H, 3JHH  = 8.2 Hz, CArH), 

8.73  (d, 1H, 3JHH  = 8.2 Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 20.2 (s, CH(CH3)2), 20.3 (s, 

CH(CH3)2), 21.0 (Ar-CH3), 34.3 (s, Ph-CH2),   48.5 (s, CH(CH3)2), 50.8 (s, CH(CH3)2), 122.4 (s, 

CArH), 123.3 (s, CArH), 123.4 (s, CArH), 125.0 (s, CArH),  126.3 (s, CArH), 126.6 (s, CArH), 126.7 

(s, CArH), 126.8 (s, CArH), 127.1 (s, CArH), 128.0 (s, CIV),  128.2 (s, CArH), 128.7 (s, CArH), 

129.7 (s, CIV),  130.1 (s, CIV),  130.6 (s, CIV),   131.1 (s, CIV),  140.7 (s, CIV), 141.6 (s, CIV), 

164.1 (s, CIV C=N).   

HRMS (EI) m/z for C29H32N2O2S: theoretical value: 473.2257, observed data: 473.2247. 
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 2-(4-(-2-(Diisopropylamino)-2-(tosylimino)ethyl)phenyl)-N,N-diisopropyl-N’-

tosylacetimidamide (11j) 

NTsN

NTs

N

 

The general procedure yielded, after recrystallization (diethyl ether/acetone: 1/1), the title 

compound as an orange powder (306.5 mg, 92%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.89 (d, 12H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.36 (d, 12H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.41 (s, 6H, Ar-CH3), 3.44 (m, 2H, CH(CH3)2), 3.98 

(septet, 2H, 3JHH  = 6.6 Hz, CH(CH3)2), 4.38 (s, 4H, Ph-CH2), 7.20 (s, 4H, CArH), 7.25 (d, 4H, 

3JHH  = 8.3 Hz, CArH), 7.84 (d, 4H, 3JHH  = 8.3 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 19.9 (s, 

CH(CH3)2), 21.5 (s, Ar-CH3), 38.6 (s, Ph-CH2), 48.0 (s, CH(CH3)2), 50.4 (s, CH(CH3)2), 126.2 

(s, CArH), 128.6 (s, CArH), 129.1 (s, CArH), 133.7 (s, CIV), 141.6 (s, CIV),141.7 (s, CIV), 163.1(s, 

CIV C=N).   

HRMS (EI) m/z for C36H50N4O4S2: theoretical value: 667.3346, observed data: 667.3337. 

 

2-(3-(2-(Diisopropylamino)-2-(tosylimino)ethyl)phenyl)-N,N-diisopropyl-N’-

tosylacetimidamide (11k) 

NTs

N N

NTs  

The general procedure yielded, after recrystallization (diethyl ether/acetone: 1/1), the title 

compound as a yellowish solid (233.2 mg, 85%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.91 (d, 12H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.37 (d, 12H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.41 (s, 6H, Ar-CH3), 3.45 (m, 2H, CH(CH3)2), 4.02 
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(septet, 2H, 3JHH  = 6.6 Hz, CH(CH3)2), 4.40 (s, 4H, Ph-CH2), 7.16-7.18 (m, 3H, CArH), 7.24-7.29 

(m, 5H, CArH), 7.83 (d, 4H, 3JHH  = 8.3 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.8 (s, CH(CH3)2), 19.9 (s, 

CH(CH3)2), 21.5 (s, Ar-CH3), 39.0 (s, Ph-CH2), 48.0 (s, CH(CH3)2), 50.6 (s, CH(CH3)2), 126.1 

(s, CArH), 126.5 (s, CArH), 128.3 (s, CArH), 129.1 (s, CArH), 129.4 (s, CArH), 135.7 (s, CIV), 141.6 

(s, CIV), 141.7 (s, CIV), 163.0(s, CIV C=N).  

HRMS (EI) m/z for C36H50N4O4S2: theoretical value: 667.3346, observed data: 667.3328. 

 

N,N-Diisopropyl-N’-tosyloctanimidamide8 (11l) 

N

N
4

S OO

 

The general procedure yielded, after recrystallization (diethyl ether/acetone: 9/1), the title 

compound as a colorless solid (213.1 mg, 63%). 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.89 (m, 2H, -(CH2)-), 1.10 (m, 4H, -

(CH2)-) overlapped with  1.23  (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2 ) and 1.32  (d, 6H, 3JHH  = 6.8 

Hz, CH(CH3)2),  1.50 (m, 2H, -(CH2)-), 1.76 (m, 5H, -(CH2)- and CH3), 2.39 (s, 3H, ArCH3), 

2.87-2.91 (m, 2H, CH2-C=N), 3.49 (m, 1H, CH(CH3)2), 4.02 (septet, 1H, 3JHH  = 6.8 Hz, 

CH(CH3)2), 7.24 (d, 2H, 3JHH  = 8.2 Hz, CArH), 7.81 (d, 2H, 3JHH  = 8.2 Hz, CArH). 

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 20.1 (s, CH(CH3)2), 20.7 (s, 

CH(CH3)2), 21.4 (s, Ar-CH3), 26.2 (s, -CH2-), 26.5 (s, -CH2-),  26.7 (s, CH3),  30.6 (s, -CH2-),  

32.9 (s, -CH2-), 34.5 (s, -CH2-), 38.1 (s, CH2-CN), 47.9 (s, CH(CH3)2), 49.8 (s, CH(CH3)2), 126.1 

(s, CArH), 129.0 (s, CArH), 141.3 (s, CIV), 141.9 (s, CIV), 166.9 (s, CIV C=N). 
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4-Bromo-N,N-diisopropyl-N’-tosylbutanimidamide (11m) 

Br
N

N

S OO

 

The general procedure yielded, after column chromatography (pentane/ethyl acetate: 7/3), the 

title compound as a colorless solid (281.5 mg, 70%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 1.25  (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 

1.31 (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 2.22-2.29 (m, 2H, -(CH2)-), 2.40 (s, 3H, Ar-CH3), 3.06-

3.11 (m, 2H, -CH2-C=N), 3.47-3.61 (m, 3H, -CH2-Cl + CH(CH3)2), 4.14 (septet, 1H, 3JHH  = 6.7 

Hz, CH(CH3)2), 7.25 (d, 2H, 3JHH  = 8.3 Hz, CArH), 7.80 (d, 2H, 3JHH  = 8.3 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 20.0 (s, CH(CH3)2), 20.7 (s, 

CH(CH3)2), 21.5 (s, Ar-CH3), 30.2 (s, -CH2-), 31.6 (s, -CH2-), 33.6 (s, -CH2-CN), 48.1 (s, 

CH(CH3)2), 50.0 (s, CH(CH3)2), 126.0 (s, CArH), 129.1 (s, CArH), 141.5 (s, CIV), 141.6 (s, CIV), 

164.8 (s, CIV C=N).   

HRMS (EI) m/z for C18H29BrN2O2S: theoretical value: 405.1030, observed data: 405.1034. 

 

6-Chloro-N,N-diisopropyl-N’-tosylhexanimidamide (11n) 

N

N

Cl

S OO

 

The general procedure yielded, after recrystallization (diethyl ether/acetone: 9/1), the title 

compound as a colorless solid (270.3 mg, 70%).  
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1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 1.23 (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 

1.31 (d, 6H, 3JHH = 6.7 Hz, CH(CH3)2), 1.54-1.62 (m, 2H, -(CH2)-), 1.63-1.72 (m, 2H, -(CH2)-), 

1.79-1.86 (m, 2H, -(CH2)-), 2.39 (s, 3H, Ar-CH3), 2.88-2.92 (m, 2H, CH2-C=N), 3.45-3.58 (m, 

3H, CH(CH3)2 + CH2-Cl), 4.02 (septet, 1H, 3JHH = 6.7 Hz, CH(CH3)2), 7.24 (d, 2H, 3JHH = 8.3 

Hz, CArH), 7.80 (d, 2H, 3JHH = 8.3 Hz, CArH). 

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 20.0 (s, CH(CH3)2), 20.7 (s, 

CH(CH3)2), 21.4 (s, Ar-CH3), 26.5 (s, -(CH2)-), 27.0 (s, -(CH2)-), 31.9 (s, -(CH2)-), 32.6 (s, -

(CH2)-), 44.8 (s, -CH2-CN), 48.0 (s, CH(CH3)2), 49.9 (s, CH(CH3)2), 126.0 (s, CArH), 129.0 (s, 

CArH), 141.5 (s, CIV), 141.8 (s, CIV), 165.9 (s, CIV C=N).  

HRMS (EI) m/z for C19H31ClN2O2S, theoretical value: 387.1868, observed data: 387.1866. 

 5-Chloro-N,N-diisopropyl-N’-tosylpentanimidamide4 (11o) 

N

N

Cl

S OO

 

The general procedure yielded, after recrystallization (diethyl ether/acetone: 9/1), the title 

compound as a colorless solid (264.2 mg, 71%). 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 1.25  (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 

1.32 (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 1.79-1.87 (m, 2H, -(CH2)-), 1.91-1.97 (m, 2H, -(CH2)-), 

2.40 (s, 3H, Ar-CH3), 2.91-2.96 (m, 2H, CH2-C=N), 3.35-3.55 (m, 1H, CH(CH3)2), 3.60 (t, 2H, 

3JHH  = 6.3 Hz, -CH2-Cl), 4.07 (septet, 1H, 3JHH  = 6.7 Hz, CH(CH3)2), 7.25 (d, 2H, 3JHH  = 8.3 Hz, 

CArH), 7.80 (d, 2H, 3JHH  = 8.3 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 20.0 (s, CH(CH3)2), 20.7 (s, 

CH(CH3)2), 21.4 (s, Ar-CH3), 24.2 (s, -(CH2)-), 31.8 (s, -(CH2)-), 32.0 (s, -(CH2)-), 44.4 (s, -CH2-

CN), 48.0 (s, CH(CH3)2), 50.0 (s, CH(CH3)2), 126.0 (s, CArH), 129.0 (s, CArH), 141.5 (s, CIV), 

141.7 (s, CIV), 165.5 (s, CIV, C=N). 
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 4-Cyclohexyl-N,N-diisopropyl-N’-tosylbutanimidamide (11p) 

N

N

S OO

 

The general procedure yielded, after column chromatography (pentane/ethyl acetate: 8/2), the 

title compound as a colorless solid (243.2 mg, 62%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.89-1.76 (m, 15H, CH2 + cyclohexyl) 

overlapped with 1.23  (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2) and 1.32  (d, 6H, 3JHH  = 6.8 Hz, 

CH(CH3)2), 2.39 (s, 3H, Ar-CH3), 2.87-2.91 (m, 2H, -CH2-C=N), 3.49 (m, 1H, CH(CH3)2), 4.02 

(septet, 1H, 3JHH  = 6.7 Hz, CH(CH3)2), 7.24 (d, 2H, 3JHH  = 8.3 Hz, CArH), 7.81 (d, 2H, 3JHH  = 

8.3 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 20.1 (s, CH(CH3)2), 20.7 (s, 

CH(CH3)2), 21.4 (s, Ar-CH3), 26.2 (s, -(CH2)-), 26.5 (s, -(CH2)-), 30.6 (s, -(CH2)-), 32.9 (s, -

(CH2)-), 34.5 (s, -CH-), 38.1 (s, CH2-CN), 47.9 (s, CH(CH3)2), 49.8 (s, CH(CH3)2), 126.1 (s, 

CArH), 129.0 (s, CArH), 141.3 (s, CIV), 141.9 (s, CIV), 166.9 (s, CIV C=N).   

HRMS (EI) m/z for C22H36N2O2S: theoretical value: 393.2570, observed data: 393.2565. 

 

N,N-Diisopropyl-4-phenyl-N’-tosylbutanimidamide (11q) 

N

N

S OO

 

The general procedure yielded, after recrystallization (hexane/acetone: 9/1), the title compound 

as a colorless solid (312.2 mg, 78%). 
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1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 1.07  (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 

1.29 (d, 6H, 3JHH  = 6.7 Hz, CH(CH3)2), 1.90-1.98 (m, 2H, -(CH2)-), 2.39 (s, 3H, Ar-CH3), 2.73 (t, 

2H, 3JHH  = 7.5 Hz, Ph-CH2), 2.86-2.90 (m, 2H, -CH2-C=N), 3.44 (m, 1H, CH(CH3)2), 3.63 

(septet, 1H, 3JHH  = 6.7 Hz, CH(CH3)2), 7.18-7.25 (m, 5H, CArH), 7.27-7.31 (m, 2H, CArH), 7.81 

(d, 2H, 3JHH  = 8.3 Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 20.0 (s, CH(CH3)), 20.5 (s, 

CH(CH3)), 21.4 (s, Ar-CH3), 29.0 (s, -(CH2)-), 31.9 (s, -(CH2)-), 35.6 (s, -CH2-CN), 47.9 (s, 

CH(CH3)2), 49.7 (s, CH(CH3)2), 126.1 (s, CArH), 126.2 (s, CArH), 128.4 (s, CArH), 128.6 (s, 

CArH), 129.0 (s, CArH), 141.1 (s, CIV), 141.4 (s, CIV), 141.8 (s, CIV), 166.1 (s, CIV C=N).  

HRMS (EI) m/z for C23H32N2O2S, theoretical value: 401.2257, observed data: 401.2253. 

3-(Diisopropylamino)-1-phenyl-4-tosylbut-3-en-1-ol (11r) 

N

N

S OO

OH

 

The general procedure yielded, after recrystallization (pentane/dichloromethane: 8/2), the title 

compound as a colorless solid (268 mg, 67%). 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 1.23  (dd, 6H, 3JHH  = 5.6 Hz, CH(CH3)2), 

1.30 (d, 3H, 3JHH  = 6.8 Hz, CH(CH3)2), 1.37 (d, 3H, 3JHH  = 6.8 Hz, CH(CH3)2), 2.41 (s, 3H, Ar-

CH3), 3.22 (dd, 1H, 3JHH  = 4.3 Hz, 1H from CH(CH3)2), 3.52-3.65 (m, 2H, 1H from CH-OH 

overlapped to CH(CH3)2), 4.25-4.32 (m, 2H, 1H from CH2-C=N), 5.13-5.18 (m, 1H, OH), 7.25-

7.31 (m, 3H, CArH),7.38 (t, 2H, 3JHH  = 7.8 Hz, CArH), 7.51 (m, 2H, 3JHH  = 7.8 Hz, CArH), 7.84 

(d, 2H, 3JHH  = 8.3 Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.9(s, 3C, CH(CH3)), 20.1 (s, 3C, 

CH(CH3)), 20.5 (d, 6C, CH(CH3)), 21.5 (s, CH3 (Ts)), 42.2 (s, CH2-CN), 48.4 (s, CH(CH3)2), 

51.0 (s, CH(CH3)2), 72.1 (s, CH-OH), 125.5 (s, CArH), 126.1 (s, CArH), 127.8 (s, CArH), 128.7 (s, 

CArH), 129.1 (s, CArH), 141.2 (s, CIV), 141.8 (s, CIV), 144.0 (s, CIV), 162.8 (s, CIV, C=N).  

HRMS (EI) m/z for C22H30N2O3S, theoretical value: 403.2050, observed data: 403.2045. 
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N,N-Dicyclohexyl-2-phenyl-N’-tosylacetimidamide (12a) 

N

N

SO O

 

The general procedure yielded, after recrystallization (heptane/dichloromethane: 9/1), the title 

compound as a colorless solid (289.4 mg, 64%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.86-1.70 (m, 20H, CH2 cyclohexyl), 2.40 

(s, 3H, Ar-CH3), 2.58-2.60 (m, 1H, -CH-),  2.94 (m, 1H, -CH-), 4.40 (s, 2H, Ph-CH2), 7.20-7.30 

(m, 7H, CArH), 7.84 (d, 2H, 3JHH  = 8.3 Hz, CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 21.5 (s, Ar-CH3), 25.0 (s, CH2 

cyclohexyl), 25.3 (s, CH2 cyclohexyl), 25.6 (s, CH2 cyclohexyl), 26.4 (s, CH2 cyclohexyl), 28.6 

(s, CH2 cyclohexyl), 30.2 (s, CH2 cyclohexyl), 39.4 (s, Ph-CH2), 58.6 (s, CH cyclohexyl), 59.3 (s, 

CH cyclohexyl), 126.2 (s, CArH), 126.8 (s, CArH), 128.2 (s, CArH), 128.8 (s, CArH), 129.0 (s, 

CArH), 135.4 (s, CIV), 141.5 (s, CIV), 141.6 (s, CIV), 163.7 (s, CIV C=N). 

HRMS (EI) m/z for C27H36N2O2S, theoretical value: 453.2570, observed data: 453.2565. 

 

N-Isopropyl-2-phenyl-N’-tosylacetimidamide4 (12b) 

 

The general procedure yielded, after column chromatography (pentane/dichloromethane: 7/3), 

the title compound as colorless solid (237.7 mg, 72%).  
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1H NMR (400 MHz, CDCl3, 298K): δ (ppm) = 1.00 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 2.41 (s, 

3H, Ar-CH3), 4.09 (septet, 1H, 3JHH  = 6.6 Hz,  CH(CH3)2), 4.26 (s, 2H, Ph-CH2), 5.00 (br. s, 1H, 

NH), 7.18 (d, 3JHH = 7.8 Hz, CArH), 7.27 (d, 3JHH = 8.0 Hz, CArH), 7.27-7.39 (m, 3H, CArH), 7.86 

(d, 2H, 3JHH  = 7.8 Hz, CArH).   

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 21.7 (s, CH(CH3)2), 23.4 (s, CH3, 

Ts), 39.8 (s, CH2), 43.9 (s, CH(CH3)2), 126.3 (s, CArH),  126.3 (s, CArH), 128.2 (s, CArH), 129.2 

(s, CArH), 129.5 (s, CArH), 130.1 (s, CArH), 133.1 (s, CIV), 140.1 (s, CIV), 142.1 (s, CIV), 165.4 (s, 

CIV, C=N). 

Diphenyl (1-(diisopropylamino)-2-phenylethylidene)phosphoramidate6  

N

N

PO

O

O

 

The general procedure yielded, after recrystallization (diethyl ether/acetone: 9/1), the title 

compound as a colorless solid (238.6 mg, 53%).  

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 0.88 (d, 6H, 3JHH  = 6.6 Hz, CH(CH3)2), 

1.22 (d, 6H, 3JHH  = 6.8 Hz CH(CH3)2), 3.36 (m, 1H, CH(CH3)2), 3.97 (septet, 1H, 3JHH  = 6.6 Hz 

CH(CH3)2 CH(CH3)2), 4.29 (s, 2H, Ph-CH2), 7.08 (t, 2H, 3JHH  = 6.9 Hz, CArH), 7.19-7.29 (m, 

13H,CArH).  

13C-{1H} NMR (100 MHz, CDCl3, 298K, TMS): δ (ppm) = 19.5 (s, CH(CH3)2), 19.9 (s, 

CH(CH3)2), 41.7 (s, CH2), 47.7 (s, CH(CH3)2), 50.8 (s, CH(CH3)2), 120.6 (s, CArH), 124.0 (s, 

CArH), 126.7 (s, CArH), 127.9 (s, CIV-CF3), 128.8 (s, CArH), 129.3 (s, CArH), 135.4 (s, CIV), 151.9 

(s, CIV), 166.1 (s, CIV, C=N).  

31P-{1H} NMR (162 MHz, CDCl3, 298K): δ (ppm) = -5.46 

 

  



 S27 

4. Calculation of % VBur 

4.1. [Cu(Pyr)(IPr)]OTf (4) 

 

 V Free V Buried V Total V Exact 

102.2 77.3 179.5 179.6 

 

%V_Free %V_Bur % Tot/Ex 

56.9 43.1 100.0 

 

xy V_f V_b V_t %V_f %V_b 

-- 24.8 20.0 44.9 55.4 44.63 

-+ 29.9 15.0 44.9 66.6 33.42 

++ 25.6 19.3 44.9 57 43.00 

+- 21.9 23.0 44.9 48.8 51.17 
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4.2. [Cu(IPr)(Triaz)]BF4 (5) 
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4.2.1. Ligand IPr  

 

V Free V Buried V Total V Exact 

100.7 78.8 179.5 179.6 

 

%V_Free %V_Bur % Tot/Ex 

56.1 43.9 100 

 

xy V_f V_b V_t %V_f %V_b 

-- 24.0 20.9 44.9 53.5 46.48 

-+ 27.7 17.2 44.9 61.7 38.34 

++ 26.2 18.6 44.9 58.5 41.50 

+- 22.8 22.1 44.9 50.7 49.26 
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 4.2.2. Ligand Triaz 

 

V Free V Buried V Total V Exact 

123.5 56.0 179.5 179.6 

 

%V_Free %V_Bur % Tot/Ex 

68.8 31.2 100.0 

 

xy V_f V_b V_t %V_f %V_b 

-- 34.0 10.9 44.9 75.8 24.23 

-+ 29.7 15.2 44.9 66.2 33.83 

++ 30.1 14.8 44.9 67.0 32.97 

+- 29.7 15.2 44.9 66.2 33.78 
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4.3 [Cu(Triaz)2]BF4 (6) 

 

 4.3.1. Ligand Triaz L1 

 

V Free V Buried V Total V Exact 

114.7 64.8 179.5 179.6 

 

%V_Free %V_Bur % Tot/Ex 

63.9 36.1 100.0 

 

xy V_f V_b V_t %V_f %V_b 

-- 23.9 21.0 44.9 53.3 46.73 

-+ 29.5 15.4 44.9 65.7 34.27 

++ 28.3 16.5 44.9 63.2 36.85 

+- 32.9 11.9 44.9 73.4 26.61 
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 4.3.2 Ligand Triaz L2 

 

V Free V Buried V Total V Exact 

115.7 63.8 179.5 179.6 

 

%V_Free %V_Bur % Tot/Ex 

64.5 35.5 100.0 

 

xy V_f V_b V_t %V_f %V_b 

-- 32.8 12.1 44.9 73.0 27.00 

-+ 28.6 16.3 44.9 63.8 36.22 

++ 25.0 19.8 44.9 55.8 44.25 

+- 29.3 15.6 44.9 65.3 34.69 
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5. Mechanistic studies 

5.1. Stoichiometric reaction 1: [Cu(Triaz)2]BF4 and phenylacetylene 

 

A vial was charged, in air, with [Cu(Triaz)2]BF4 (18.0 mg, 0.02 mmol) and phenylacetylene (2.2 

µL, 0.02 mmol). The reaction mixture was stirred for 16 hours at room temperature under 

solvent-free conditions. CDCl3 was added to the reaction mixture, which was analysed by 1H 

NMR spectroscopy. The reaction led to the formation of the acetylide intermediate, 

[Cu(Triaz)(C≡CPh)] and the release of the triazolium salt Triaz.HBF4. The presence of starting 

material was observed. 

  

  

  

Phenylacetylene  
TriazHBF4 
Acetylide 
Catalyst 

 
 

Decomposition 
of acetylide 

 

Mesitylene 

Catalyst 
 
 

Phenylacetylene  
 
 

Acetylide 
 
 
 

TriazHBF4 
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5.2. Synthesis of [Cu(Triaz)(C≡CPh)] 

N

NN

iPr

iPr

CuToluene, NaOH, -NaCl

24h, 25°C, Ar

BF4
-

N

N N

Pri

Pri

Cu

Cl

But

 

A vial was charged with [Cu(Cl)(Triaz)] (50.0 mg, 0.10 mmol), NaOH (16.0 mg, 0.40 mmol, 4 

equivs.), phenylacetylene (110 µL, 1.00 mmol, 10 equivs.) and toluene (1.5 mL). The reaction 

mixture was stirred for 24 hours at room temperature under inert atmosphere. The solution was 

then filtered through a plug of celite, concentrated and pentane (10 mL) was added. The product 

was collected by filtration as a colourless solid (49 mg, 91%). The 13C-{1H}-NMR was carried 

out in D-chloroform at −50 °C due to its high instability. 

1H NMR (500 MHz, CDCl3, 298K, TMS): δ (ppm) = 1.15  (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 

1.34  (d, 6H, 3JHH  = 6.8 Hz, CH(CH3)2), 1.37 (s, 9H, C(CH3)3),  2.35 (septet, 2H, 3JHH  = 6.7 Hz, 

CH(CH3)2), 4.23 (s, 3H, N-CH3), 7.07 (t, 1H, 3JHH  = 8.0 Hz, CArH), 7.13 (t, 2H, 3JHH  = 7.6 Hz, 

CArH), 7.30 (d, 2H, 3JHH  = 7.8 Hz, CArH), 7.37 (d, 2H, 3JHH  = 7.6 Hz, CArH), 7.51 (t, 1H, 3JHH  = 

7.8 Hz, CArH), 7.56 (d, 2H, 3JHH  = 7.8 Hz, CArH), 7.72 (t, 2H, 3JHH  = 7.8 Hz, CArH). 

13C-{1H} NMR (100 MHz, CDCl3, 222.5K, TMS): δ (ppm) = 21.6 (s, CH(CH3)2), 24.2 (s, 

CH(CH3)2), 24.6 (s, CH(CH3)2), 28.4 (s, CH(CH3)2), 31.1 (s, C(CH3)3), 34.8 (s, C(CH3)3), 37.6 

(s, NCH3), 106.1 (s, CIV
, C≡C), 120.1 (s, CIV

, C≡C), 152.8 (s, CIV), 124.0 (s, CArH), 126.1 (s, 

CArH), 127.7 (s, CArH), 128.2 (s, CArH), 129.0 (s, CArH), 129.2 (s, CArH),  130.9 (s, CIV), 131.8 

(s, CArH), 135.2 (s, CIV), 137.9 (s, CIV), 144.7 (s, CIV), 148.7 (s, CIV), 152.8 (s, CIV), 167.5 (s, 

CIV). 
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5.3. Stoichiometric reaction 2: tosyl azide and diisopropylamine 

 

 

A vial was charged, in air, with tosyl azide (92 µL, 0.6 mmol) and diisopropylamine (85 µL, 0.6 

mmol). The reaction mixture was stirred at room temperature for 24 hours under solvent-free 

conditions. Then, D-chloroform was added to the reaction mixture, which was analysed by 1H-

NMR spectroscopy. Only starting materials were observed. 

 

 

 

 

 

 

 

TsN
3
 

Diisopropylamine 
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5.4. Stoichiometric reaction 3: [Cu(Triaz)2]BF4, tosyl azide and diisopropylamine 

BF4
-

N

N N

Pri

Pri

Cu

N

N N

Pri

Pri

But

But

SO2N3

HN

25 °C,  air, 24h

solvent-free

 

A vial was charged with [Cu(Triaz)2]BF4 (18 mg, 0.02 mmol),  tosyl azide (3.1 µL, 0.02 mmol) 

and diisopropylamine (2.8 µL, 0.02 mmol). The reaction mixture was stirred at room temperature 

for 24 hours under solvent-free conditions. Then, D-chloroform was added to the reaction 

mixture, which was analysed by 1H-NMR spectroscopy. Only starting materials were observed. 

 

 

 

 

TsN
3
 

 

Catalyst 
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5.5. Stoichiometric reaction 4: Phenylacetylene and diisopropylamine 

 

 

A vial was charged, in air, with phenylacetylene (54.8 µL, 0.6 mmol) and diisopropylamine (85 

µL, 0.6 mmol). The reaction mixture was stirred at room temperature for 24 hours under solvent-

free conditions. Then, D-chloroform was added to the mixture, which was analysed by 1H-NMR 

spectroscopy. Only starting materials were observed. 

 

 

 

 

  

Diisopropylamine 

Phenylacetylene 
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5.6. Stoichiometric reaction 5: [Cu(Triaz)2]BF4, phenylacetylene and 

diisopropylamine 

 

A vial was charged with [Cu(Triaz)2]BF4 (18 mg, 0.02 mmol), phenylacetylene (2.2 µL, 0.02 

mmol) and diisopropylamine (2.8 µL, 0.02 mmol). The reaction mixture was stirred at room 

temperature for 24 hours neat. Then, D-chloroform was added to the reaction mixture, which was 

analysed by 1H-NMR spectroscopy. The reaction led to the formation of the Cu-acetylide species 

and the TriazHBF4 salt with a distinctive peak at 8.34 ppm. Starting materials were also 

observed. 

 

 

TriazHBF
4
  

Acetylide 
 

Phenylacetylene 
Catalyst 

 

 

Diisopropylamine 

 

Catalyst 

  

Acetylide 

 
 



 S41 

5.7. Stoichiometric reaction 6: [Cu(Triaz)(C≡CPh)] and tosyl azide 

N

NN

iPr

iPr

Cu

SO2N3

Toluene,

24 hrs, 25 °C, air

N

NN

iPr

iPr

Cu

N N

N

SM

N
N

N
S

O

O
Decomposition

 

A vial was charged with [Cu(Triaz)(C≡CPh)] (12.5 mg, 0.02 mmol), tosyl azide (3.1 µL, 0.02 

mmol) and toluene (1 mL). The mixture was stirred at room temperature for 24 hours in air. 

Then, toluene was removed under vacuum and D-chloroform was added to the reaction mixture, 

which was analysed by 1H-NMR spectroscopy. The reaction led to the formation of a new 

species, which might be the highly unstable intermediate [Cu(Triaz)(SO2Triaz)]. This was proved 

by the presence of the corresponding sulfonyl triazole released from the decomposition of the 

species.  

 

  

Traces of Acetylide 

Decomposition 
of the acetylide 
intermediate  

 

TsN
3
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5.8. Stoichiometric reaction 7: [Cu(Triaz)(C≡CPh)], tosyl azide and 

diisopropylamine 

N

NN

iPr

iPr

Cu SO2N3 Toluene, 

24 hrs, 25 °C, air
HN SM

N
N

N
S

O

O
N

NTs

 

 A vial was charged with [Cu(Triaz)(C≡CPh)] (12.5 mg, 0.02 mmol), tosyl azide (3.1 µL, 0.02 

mmol), diisopropylamine (2.8 µL, 0.02 mmol) and toluene (1 mL). The mixture was stirred at 

room temperature for 24 hours in air. Toluene was then removed under vacuum and D-

chloroform was added to the mixture, which was analysed by 1H-NMR spectroscopy. The 

reaction led to the formation of the sulfonyl triazole and of the desired product, N-

sulfonylamidine. Traces of starting materials were also observed. 

 

 

TsN
3
 

Acetylide 
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5.9. Stoichiometric reaction 8: [Cu(Triaz)(C≡CPh)], tosyl azide, diisopropylamine 

and TriazHBF4 

N

NN

iPr

iPr

Cu SO2N3 Toluene, 

24 hrs, 25°C, air
HN

N

N
N

Pri

iPr

BF4
- 2 equiv.

N

NTs

SM

 

A vial was charged with [Cu(Triaz)(C≡CPh)] (12.5 mg, 0.02 mmol), tosyl azide (3.1 µL, 0.02 

mmol), diisopropylamine (2.8 µL, 0.02 mmol), TriazHBF4 (18.6 mg, 0.04 mmol) and toluene (1 

mL). The mixture was stirred at room temperature for 24 hours in air. Toluene was then removed 

under vacuum and D-chloroform was added to the reaction mixture, which was analysed by 1H-

NMR spectroscopy. The reaction led to the formation of the desired final product, N-

sulfonylamidine. No sulfonyl triazole was observed despite the presence of remaining starting 

materials. 

 

 

TriazHBF
4
 

TsN
3
 



 S44 

5.10. Catalytic transformation using [Cu(Triaz)(C≡CPh)]  

SO2N3

Toluene, 24 hrs, 25 °C, air

HN
N

N
N

Pri

iPr

BF4
-

N

NN

iPr

iPr

Cu

1 mol %,
N

NTs

N
N

N
S

O

O

 

A vial was charged with [Cu(Triaz)(C≡CPh)] (3.13 mg, 0.005 mmol), phenylacetylene (54.8 µL, 

0.5 mmol), tosyl azide (92 µL, 0.6 mmol) and diisopropylamine (84 µL, 0.6 mmol). The mixture 

was stirred at room temperature under solvent-free conditions in air. The reaction was complete 

after 45 min. Then D-chloroform was added to the reaction mixture, which was analysed by 1H-

NMR spectroscopy. The reaction led to the formation of the desired product, N-sulfonylamidine. 

A small amount of the sulfonyl triazole was observed as well as diisopropylamine and tosyl 

azide. 

 

 

Diisopropylamine 
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5.11. Stoichiometric benchmark reaction with TriazHBF4 salt 

 

A vial was charged with [Cu(Triaz)2]BF4 (18 mg, 0.005 mmol), phenylacetylene (2.2 µL, 0.02 

mmol), tosyl azide (3.1 µL, 0.02 mmol), diisopropylamine (2.8 µL, 0.02 mmol), TriazHBF4 (18.5 

mg, 0.04 mmol) and toluene (1 mL). The mixture was stirred at room temperature for 24 hours 

under solvent-free conditions in air. Then, toluene was removed under vacuum and D-chloroform 

was added to the reaction mixture, which was analysed by 1H-NMR spectroscopy. Low 

conversion towards the desired product, N-sulfonylamidine, was observed. The sulfonyl triazole 

was not observed, however remaining starting materials, such as TriazHBF4, tosyl azide and 

phenylacetylene, were recorded. Diisopropylamine was removed during the evaporation step. 

 

TriazHBF
4
 

Phenylacetylene 

Catalyst 
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5.12. Synthesis of the sulfonyl triazole, 1-(4-methylphenylsulfonyl)-4-phenyl-1H-

1,2,3-triazole 

 

A vial was charged with copper (I) oxide (28 mg, 0.20 mmol), phenylacetylene (109.6 µL, 1 

mmol), tosyl azide (184 µL, 1 mmol) and water (1 mL). The mixture was stirred for 16 hours at 

40 °C. Dichloromethane was then added to the reaction mixture. The organic layer was filtered 

through a plug of celite and washed with dichloromethane. The solvent was removed under 

vacuum and acetone/pentane was added. The product was collected by filtration as a colourless 

solid (250 mg, 84 % isolated yield). 

1H NMR (400 MHz, CDCl3, 298K, TMS): δ (ppm) = 2.45 (s, 3H, Ar-CH3), 7.35-7.45 (m, 5H, 

CArH), 7.81-7.84 (m, 2H, CArH), 8.02-8.05 (m, 2H, CArH), 8.31 (s, 1H, N-CH). 
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5.13. Stoichiometric reaction 9: [Cu(Triaz)2]BF4 and 1-(4-methylphenylsulfonyl)-4-

phenyl-1H-1,2,3-triazole 

 

A vial was charged, in air, with the catalyst, [Cu(Triaz)2]BF4 (18.0 mg, 0.02 mmol), the sulfonyl 

triazole (6.0 mg, 0.02 mmol) and THF (1 mL). The mixture was stirred for 24 hours at room 

temperature. THF was then removed and D-chloroform was added to the reaction mixture, which 

was analysed by 1H-NMR spectroscopy. No new products were observed. 

 

 

 
 

 

 

 

 

 

Catalyst 
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5.14. Stoichiometric reaction 10: 1-(4-methylphenylsulfonyl)-4-phenyl-1H-1,2,3-

triazole and diisopropylamine 

 

In air, a vial was charged with the sulfonyl triazole (12.0 mg, 0.04 mmol), diisopropylamine (5.6 

µL, 0.04 mmol) and THF (1 mL). The mixture was stirred at room temperature for 24 hours. 

THF was then removed under vacuum and D-chloroform was added to the reaction mixture, 

which was analysed by 1H-NMR spectroscopy. Only starting materials were observed.  
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5.15. Stoichiometric reaction 11: [Cu(Triaz)2]BF4, 1-(4-methylphenylsulfonyl)-4-

phenyl-1H-1,2,3-triazole and diisopropylamine 

 

In air, a vial was charged with the catalyst [Cu(Triaz)2]BF4, the sulfonyl triazole (12.0 mg, 0.04 

mmol), diisopropylamine (5.6 µL, 0.04 mmol) and THF (1 mL). The mixture was stirred at room 

temperature for 24 hours. THF was then removed under vacuum and D-chloroform was added to 

the mixture, which was analysed by 1H-NMR spectroscopy. Only starting materials were 

observed.  

 

 

  

 

 
 

 

 

 

Catalyst 
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6. NMR Spectra 

6.1. NMR Spectra of complexes 

N,N’-Bis-{2,6-(diisopropyl)phenyl}imidazol-2-ylidene-imidazolidin-2-ylidene pyridine 

copper(I) triflate, [Cu(IPr)(Py)]OTf (4) 
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1-{2,6-(Diisopropyl)phenyl}-3-methyl-4-(4-tert-butylphenyl)-1,2,3-triazol-5-ylidene- N,N’-

bis-{2,6-(diisopropyl)phenyl}imidazol-2-ylidene- copper(I) tetrafluoroborate, 

[Cu(IPr)(Triaz)]BF4 (5) 
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Di-{1-{2,6-(diisopropyl)phenyl}-3-methyl-4-(4-tert-butylphenyl)-1,2,3-triazol-5-ylidene} 

copper(I) tetrafluoroborate, [Cu(Triaz)2]BF4 (6)  
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6.2. NMR Spectra of catalysis products 

N,N-Diisopropyl-2-phenyl-N’-tosylacetimidamide4 (10a)  
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N,N-Diisopropyl-2-phenyl-N’-(phenylsulfonyl)acetimidamide5 (10b)  
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N,N-Diisopropyl-N’-((4-methoxyphenyl)sulfonyl)-2-phenylacetimidamide (10c)  

 



 S59 

N’-((4-Bromophenyl)sulfonyl)-N,N-diisopropyl-2-phenylacetimidamide (10d) 
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N’-((4-Cyanophenyl)sulfonyl)-N,N-diisopropyl-2-phenylacetimidamide (10e) 
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N,N-Diisopropyl-2-phenyl-N'-((2,4,6-triisopropylphenyl)sulfonyl)acetimidamide (10f) 

 



 S62 

N,N-Diisopropyl-N’-(naphthalen-1-ylsulfonyl)-2-phenylacetimidamide (10g) 
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2-(4-Fluorophenyl)-N,N-diisopropyl-N’-tosylacetimidamide7 (11a) 
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N,N-Diisopropyl-2-(p-tolyl)-N’-tosylacetimidamide4 (11b) 
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N,N-Diisopropyl-2-(4-methoxyphenyl)-N’-tosylacetimidamide7 (11c) 
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2-(4-(tert-Butyl)phenyl)-N,N-diisopropyl-N’-tosylacetimidamide7 (11d) 
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2-(3-fluorophenyl)-N,N-diisopropyl-N’-tosylacetimidamide (11e) 
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N,N-Diisopropyl-2-(m-tolyl)-N’-tosylacetimidamide (11f) 

 

 



 S71 

N,N-Diisopropyl-2-(2-methoxyphenyl)-N’-tosylacetimidamide (11g) 

 

 



 S72 

2-(3,5-Bis(trifluoromethyl)phenyl)-N,N-diisopropyl-N’-tosylacetimidamide (11h) 
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 S74 

N,N-Diisopropyl-2-(phenanthren-9-yl)-N’-tosylacetimidamide (11i) 

 

 



 S75 

2-(4-(2-(Diisopropylamino)-2-(tosylimino)ethyl)phenyl)-N,N-diisopropyl-N’-

tosylacetimidamide (11j) 

 

 



 S76 

2-(3-(2-(Diisopropylamino)-2-(tosylimino)ethyl)phenyl)-N,N-diisopropyl-N’-

tosylacetimidamide (11k) 
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N,N-Diisopropyl-N’-tosyloctanimidamide8 (11l) 

 

 



 S78 

4-Bromo-N,N-diisopropyl-N’-tosylbutanimidamide (11m) 

 

 



 S79 

6-Chloro-N,N-diisopropyl-N’-tosylhexanimidamide (11n) 
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 5-Chloro-N,N-diisopropyl-N’-tosylpentanimidamide4 (11o) 

 

 



 S81 

 4-Cyclohexyl-N,N-diisopropyl-N’-tosylbutanimidamide (11p) 

 

 



 S82 

 N,N-Diisopropyl-4-phenyl-N’-tosylbutanimidamide (11q) 

 

 



 S83 

3-(Diisopropylamino)-1-phenyl-4-tosylbut-3-en-1-ol (11r) 

 

 



 S84 

N,N-Dicyclohexyl-2-phenyl-N’-tosylacetimidamide (12a) 

 

 



 S85 

N-Isopropyl-2-phenyl-N’-tosylacetimidamide4 (12b) 
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Diphenyl (1-(diisopropylamino)-2-phenylethylidene)phosphoramidate6  
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