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1 General Information 

All manipulations on air- and moisture-sensitive compounds were performed in a nitrogen 

atmosphere using standard Schlenk and glovebox techniques. Flash column chromatography was 

performed with Silica 60 M (0.04-0.063 mm) from Macherey-Nagel GmbH & Co. KG. Thin-layer 

chromatography was performed on Polygram ®SIL G/UV254 from Macherey-Nagel GmbH & Co. KG. 

The solvents for column chromatography were distilled from flask to flask before use. All dry, non-

deuterated solvents, if commercially available, were purchased from Acros Organics or Sigma Aldrich 

in a sealed bottle with a septum. Deuterated solvents were distilled under inert conditions and 

stored in a nitrogen glovebox over 4 Å molecular sieves. H-B-9-BBN (0.4 M solution in n-hexane) and 

styrene were purchased from Sigma-Aldrich. The compound was either used as a n-hexane solution 

directly or allowed to evaporate within the glovebox to yield H-B-9-BBN as a colorless solid. 

Phenylacetylene and p-isopropylamine were obtained from Fisher Scientific. Bis(4-

methoxyphenyl)amine was purchased from BLDPharm. All compounds were distilled or sublimed 

before being stored in the glovebox, except for thioimidazolone 4 and imidazolone 5, which were 

dried under high vaccum. Bis(4-methoxyphenyl)amine, styene, alkynes, and boranes were stored in 

ǘƘŜ ƎƭƻǾŜōƻȄ ŦǊŜŜȊŜǊ ŀǘ ҍос ϲ/Φ NMR spectra were recorded using Bruker Avance II 200 MHz, Bruker 

Avance III HD 400 MHz, Bruker Avance II 400 MHz, Bruker Avance III 500 MHz and Bruker Avance III 

HD 600 MHz spectrometers. The 1H and 13C NMR chemical shifts are referenced to residual solvent 

resonance peaks (CHCl3: 7.26, 77.16; C6D5H: 7.16, 128.06; C6D5CD2H: 2.08, 137.48). Quantitative 1H 

NMR measurements with 1,3,5-trimethoxybenzene as internal standard were carried out with a 

relaxation delay (D1) of 15 seconds unless stated otherwise. Mass spectra of air stable compounds 

(chapter 2, with expect of HBCy2) were recorded on ESI-MS Bruker Impact II spectrometer. Samples 

were dissolved in methanol. In positive ion detection mode, the capillary current was set to 4500 V 

with the end plate offset of ς500 V, and in negative mode the capillary current was set to 3000 V 

with the end. Mass spectra of boranes were recorded on v 9ȄŀŎǘƛǾŜϰ tƭǳǎ IȅōǊƛŘ vǳŀŘǊǳǇƻƭ-

hǊōƛǘǊŀǇϰ Ƴŀǎǎ spectrometer (Thermo Scientific) connected to a HPLC (1290 Infinity III LC System) 

General Specification: 

Runtime    0 to 4.9 min 

Polarity     positive  

Full MS 

Resolution    70,000  

https://www.agilent.com/en/product/liquid-chromatography/hplc-systems/analytical-hplc-systems/1290-lc-system
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Scan range    150 to 900 m/z 

Tune data (APCI / ESI): 

Spray Voltage (+):   5000.00 / 4200.00 

Capillary Temperature (+ or +-):  320.00 / 240.00 

Sheath Gas (+ or +-):   10.00 / 5.00 

Aux Gas (+ or +-):   20.00 / - 

Probe Heater Temp. (+ or +-):  350.00 / - 

Flow/min.: 300 µl / 20 µl 
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2 Synthesis of Co-Catalysts and Substrates 

Dicyclohexylborane was synthesized according to a literature-known procedure starting from 

cyclohexene.[1] NMR data agree with literature.[2] 

 

 

SI Scheme 1: Synthesis of dicyclohexylborane starting from cyclohexene. 

 

 

 

1H NMR (600 MHz, chloroform-d) ɻ  = 1.76 ς 1.66 (m, 6H, CHCyhex), 1.54 ς 1.43 (m, 4H, CHCyhex), 1.36 ς 

1.16 (m, 12H, CHCyhex). 

Remark: BH resonance could not be observed. 

11B NMR (193 MHz, chloroform-d) ɻ  = 29.43. 

 

HRMS (APCI) m/z [M+ACN+tBuNC+H+] calc. for C19H36BN2
+ = 303.2966; m/z (found) = 300.2965. 
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SI Figure 1: 
1
H NMR spectrum of dicyclohexylborane (600 MHz, chloroform-d).  

 

 

SI Figure 2: 
11

B NMR spectrum of dicyclohexylborane (193 MHz, chloroform-d).  
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SI Figure 3: APCI-MS spectrum of dicyclohexylborane. Measured in dry MeCN + 0.2% acetic acid + 1 equiv. tBuNC. 

 

 

SI Figure 4: Excerpt of the APCI-MS spectrum compared with the respective theoretical isotope pattern. 
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1-Bromo-3,3-dimethylbutan-2-one was synthesized according to a literature procedure starting from 

pinacolone.[3] NMR data agree with the literature.[4] 1-(tert-butylamino)-3,3-dimethylbutan-2-one 

was synthesized according to a literature procedure starting from 1-bromo-3,3-dimethylbutan-2-one. 

1,4-di-tert-butyl-1,3-dihydro-2H-imidazole-2-thione 4 and 1,4-di-tert-butyl-1,3-dihydro-2H-imidazole-

2-one 5 were synthesized according to a literature procedure starting from 1-(tert-butylamino)-3,3-

dimethylbutan-2-one.[5] 

 

 

SI Scheme 2: Three-step synthesis of thioimidazolone 4 and imidazolone 5 starting from pinacolone. 

 

NMR data of 1-Bromo-3,3-dimethylbutan-2-one (step 1):  

 

 

1H NMR (400 MHz, chloroform-d) ɻ  Ґ 4.17 (s, 2H, CH2Br), 1.23 (s, 9H, C(CH3)3). 

 

13C NMR (50 MHz, chloroform-d) ɻ  Ґ 206.22 (C=O), 44.38 (CH2Br), 31.83 (C(CH3)3), 26.87 (C(CH3)3). 

 

HRMS (ESI) m/z [M+Na+] calc. for C6H11BrNaO+ = 200.9885; m/z (found) = 200.9886. 
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SI 

Figure 5: 
1
H NMR spectrum of 1-Bromo-3,3-dimethylbutan-2-one (400 MHz, chloroform-d).  

 

 

SI Figure 6: 
13

C NMR spectrum of 1-Bromo-3,3-dimethylbutan-2-one (50 MHz, chloroform-d). 
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SI Figure 7: ESI-MS spectrum of 1-bromo-3,3-dimethylbutan-2-one. Measured in MeOH. 

 

 

SI Figure 8: Excerpt of the ESI-MS spectrum. 
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NMR data of 1-(tert-butylamino)-3,3-dimethylbutan-2-one (step 2): 

 

1H NMR (200 MHz, chloroform-d) ɻ  = 3.63 (s, 2H, NCH2), 2.33 (br s, 1H, NH), 1.17 (s, 9H, C(CH3)3), 1.09 

(s, 9H, C(CH3)3). 

 

13C NMR (50 MHz, chloroform-d) ɻ  = 213.95 (C=O), 50.16 (NC(CH3)3), 47.61 (NCH2), 43.41 (C(CH3)3), 

28.88 (C(CH3)3), 26.72 (C(CH3)3). 

 

HRMS (ESI) m/z [M+Na+] calc. for C10H21NNaO+ = 194.1515; m/z (found) = 194.1516. 

HRMS (ESI) m/z [M+H+] calc. for C10H22NO+ = 172.1696; m/z (found) = 172.1697. 

 

 

SI Figure 9: 
1
H NMR spectrum of 1-(tert-butylamino)-3,3-dimethylbutan-2-one (200 MHz, chloroform-d).  
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+  

SI Figure 10: 
13

C NMR spectrum of 1-(tert-butylamino)-3,3-dimethylbutan-2-one (50 MHz, chloroform-d).  

 

           

SI Figure 11: ESI-MS spectrum of 1-(tert-butylamino)-3,3-dimethylbutan-2-one. Measured in MeOH. 

NMR data of 1,4-di-tert-butylimidazole-2-thione 4: 
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NMR data of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazole-2-thione 4: 

 

 

1H NMR (200 MHz, chloroform-d)  ɻ= 10.53 (br s, 1H, NH), 6.41 (d, J = 2.7 Hz, 1H, CH), 1.78 (s, 9H, 

NC(CH3)3), 1.24 (s, 9H, C(CH3)3). 

1H NMR (400 MHz, benzene-d6)  ɻ= 12.03 (br s, 1H, NH), 6.15 (d, J = 2.6 Hz, 1H, CH), 1.64 (s, 9H, 

(NC(CH3)3), 1.06 (s, 9H, C(CH3)3). 

 

13C NMR (50 MHz, chloroform-d)  ɻ = 159.02 (C=S), 137.71 (CC(CH3)3), 109.50 (CC(CH3)3); 101.40 

(C=CH), 58.50 (NC(CH3)3), 30.54 (CC(CH3)3), 29.59 (CC(CH3)3), 28.44 (NC(CH3)3). 

13C NMR (101 MHz, benzene-d6)  ɻ = 161.52 (C=S), 137.55 (CC(CH3)3), 108.88 (CC(CH3)3); 58.20 

(NC(CH3)3), 30.42 (CC(CH3)3), 29.35 (CC(CH3)3), 28.21 (NC(CH3)3). 

 

HRMS (ESI) m/z [M+Na+] calc. for C11H20N2NaS+= 235.1240; m/z (found) = 235.1239. 

HRMS (ESI) m/z [2M+Na+] calc. for C22H40N4NaS2
+= 447.2587; m/z (found) = 447.2587. 

 

Remark: The compound shows poor solubility in benzene-d6 or toluene-d8 at room temperature. 
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SI Figure 12: 
1
H NMR spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazole-2-thione 4 (200 MHz, chloroform-d). 

 

SI 

Figure 13: 
13

C NMR spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazole-2-thione 4 (50 MHz, chloroform-d). 
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SI Figure 14: 
1
H NMR spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazole-2-thione 4 (400 MHz, benzene-d6). 

 

 

SI Figure 15: 
13

C NMR spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazole-2-thione 4 (101 MHz, benzene-d6). 
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SI Figure 16: ESI-MS spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazole-2-thione 4. Measured in MeOH. 

 

NMR data of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazol-2-one 5: 

 

1H NMR (400 MHz, chloroform-d)  ɻ= 10.54 (br s, 1H, NH), 5.85 (d, J = 2.5 Hz, 1H, CH), 1.52 (s, 9H, 

NC(CH3)3), 1.19 (s, 9H, C(CH3)3). 

 1H NMR (200 MHz, benzene-d6)  ɻ= 12.67 (br s, 1H, NH), 5.84 (d, J = 2.5 Hz, 1H, CH), 1.44 (s, 9H, 

NC(CH3)3), 1.28 (s, 9H, C(CH3)3). 

 

13C NMR (50 MHz, chloroform-d)  ɻ = 154.87 (C=O), 130.90 (CC(CH3)3), 101.40 (C=CH), 54.22 

(NC(CH3)3), 30.45 (CC(CH3)3), 29.21 (CC(CH3)3), 28.44 (NC(CH3)3). 
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13C NMR (50 MHz, benzene-d6) ɻ  = 155.84 (C=O), 131.70 (CC(CH3)3), 101.16 (C=CH), 54.08 (NC(CH3)3), 

30.73(CC(CH3)3), 29.27 (CC(CH3)3), 28.31 (NC(CH3)3). 

 

HRMS (ESI) m/z [M+Na+] calc. for C11H20N2NaO+= 219.1468; m/z (found) = 219.1468. 

HRMS (ESI) m/z [M+H+] calc. for C11H21N2O
+= 197.1648; m/z (found) = 197.1648. 

 

 

SI Figure 17: 
1
H NMR spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazol-2-one 5 (200 MHz, chloroform-d). 
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SI Figure 18: 
13

C NMR spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazol-2-one 5 (50 MHz, chloroform-d). 

 

 

SI Figure 19: 
1
H NMR spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazol-2-one 5 (200 MHz, benzene-d6). 
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SI Figure 20: 
1
H NMR spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazol-2-one 5 (50 MHz, benzene-d6). 

 

 

SI Figure 21: ESI-MS spectrum of 1,4-di-tert-butyl-1,3-dihydro-2H-imidazol-2-one 5. Measured in MeOH. 
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SI Figure 22: Excerpt of the ESI-MS spectrum. 

 

N-Methyl-2-(phenylethynyl)aniline was synthesized over two steps following literature procedures 

starting from 2-iodoaniline (SI Scheme 3).[6] The NMR data agree with the literature.[7] 

 

 

SI Scheme 3: Two-step synthesis of N-methyl-2-(phenylethynyl)aniline 20c starting from 2-iodoaniline. 

 

NMR data of 2-Iodo-N-methylbenzenamine (step 1): 
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1H NMR (200 MHz, chloroform-d) ɻ  = 7.66 (dd, J = 7.8, 1.5 Hz, 1H, CHAr), 7.24 (ddd, J = 8.1, 7.3, 1.5 Hz, 

1H, CHAr), 6.56 (dd, J = 8.2, 1.5 Hz, 1H, CHAr), 6.45 (ddd, J = 7.8, 7.2, 1.5 Hz, 1H, CHAr), 4.20 (br s, 1H 

NH), 2.89 (s, 3H, NCH3). 

 

13C NMR (50 MHz, chloroform-d)  ɻ= 148.33 (Cq), 139.03 (CHAr), 129.62 (CHAr), 118.63 (CHAr), 110.15 

(CHAr), 85.25(Cq), 31.11 (NCH3). 

 

HRMS (ESI) m/z [M+H+] calc. for C7H9IN
+= 233.9774; m/z (found) = 233.9772. 

 

    

SI Figure 23: 
1
H NMR spectrum of N-Methyl-2-iodoaniline (200 MHz, chloroform-d). Unassigned peaks of impurities are 

marked with an asterisk. 
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SI Figure 24: 
13

C NMR spectrum of N-Methyl-2-iodoaniline (50 MHz, chloroform-d). 

 

 

SI Figure 25: ESI-MS spectrum of N-Methyl-2-iodoaniline. Measured in MeOH. 
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SI Figure 26: Excerpt of the ESI-MS spectrum. 

 

NMR data of N-methyl-2-(phenylethynyl)aniline (step 2): 

 

 

1H NMR (200 MHz, chloroform-d) ɻ  = 7.55 ς 7.44 (m, 2H, CHAr), 7.39 ς 7.15 (m, 5H, CHAr), 6.70 ς 6.52 

(m, 2H, CHAr), 4.66 (d, J = 5.4 Hz, 1H, NH), 2.89 (d, J = 5.3 Hz, 3H, NCH3). 

 

13C NMR (50 MHz, chloroform-d) ɻ  = 149.94 (NCq), 132.22 (CHAr), 131.60 (CHAr), 130.20 (CHAr), 128.50 

(CHAr), 128.29 (CHAr), 123.48 (Cq), 116.36 (CHAr), 109.12 (CHAr), 107.41 (Cq), 95.05 (Csp), 86.15 (Csp), 

30.47 (NCH3). 
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HRMS (ESI) m/z [M+Na+] calc. for C15H13NNa+= 230.0940; m/z (found) = 230.0940. 

HRMS (ESI) m/z [M+Na+] calc. for C15H14N
+= 208.1121; m/z (found) = 208.1121. 

 

 

SI Figure 27: 
1
H NMR spectrum of N-methyl-2-(phenylethynyl)aniline (200 MHz, chloroform-d). 
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SI Figure 28: 
13

C NMR spectrum of N-methyl-2-(phenylethynyl)aniline (50 MHz, chloroform-d). 

 

 

SI Figure 29: ESI-MS spectrum of N-methyl-2-(phenylethynyl)aniline. Measured in MeOH. 
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4-Ethynylphenyl pivalate 22b was synthesized following literature known procedures (SI Scheme 4).[8] 

The NMR data of 1-iodo-4-pivaloylbenzene (step 1) agree with the literature.[8] 

 

 

SI Scheme 4: Three-step synthesis of 4-ethynylphenyl pivalate 22b starting from 4-iodophenol. 

 

 

NMR data of 4-iodophenyl pivalate (step 1): 

1H NMR (200 MHz, chloroform-d) ɻ  = 7.67 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.9 Hz, 2H), 1.34 (s, 9H). 

 

13C NMR (50 MHz, chloroform-d)  ɻ= 176.74 (C=O), 150.99 (Cq), 138.39 (CHAr), 123.76 (CHAr), 89.53 

(Cq), 39.13 (C(CH3)3, 27.10 (C(CH3)3. 

 

HRMS (ESI) m/z [M+Na+] calc. for C11H13INaO2
+ = 326.9852; m/z (found) = 326.9855. 
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SI Figure 30: 
1
H NMR spectrum of 4-iodophenyl pivalate (200 MHz, chloroform-d). 

 

 

SI Figure 31: 
1
H NMR spectrum of 4-iodophenyl pivalate (50 MHz, chloroform-d). 
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SI Figure 32: ESI-MS spectrum of 4-iodophenyl pivalate. Measured in MeOH. 

 

Synthesis of 4-((trimethylsilyl)ethynyl)phenyl pivalate (step 2): 

In a dry Schlenk flask, 1-iodo-4-pivaloylbenzene (3.26 g, 10.73 mmol, 1.0 equiv.) was stirred in dry 

THF (25 ml) at room temperature. Triethylamine (3.0 ml, 21.45 mmol, 2.0 equiv.), 

bis(triphenylphosphine)palladium(II) dichloride (147.4 mg, 0.21 mmol, 2.0 mol%) and copper(I)iodide 

(102.8 mg, 0.54 mmol, 5.0 mol%) were added in one portion. Afterwards, trimethylsilylacetylene 

(2.2 ml, 16.09 mmol, 1.5 equiv.) was added dropwise via a syringe. After stirring for 21 h at room 

temperature, the reaction mixture was diluted with water and Et2O and was filtered over a short pad 

of celite. The solution was transferred to a separation funnel and the aqueous phase was extracted 

three times with Et2O. The combined organic phases were dried over MgSO4, and the solvent was 

evaporated under reduced pressure. The crude product was purified by column chromatography 

using n-hexane and EtOAc (7:3) as eluent. The product was obtained as brown solid in 96% yield 

(2.84 g, 10.34 mmol). 
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1H NMR (400 MHz, chloroform-d) ʵ Ґ 7.47 (d, J Ґ уΦт IȊΣ нIΣ {ƛ/ ///H), 7.00 (d, J = 8.6 Hz, 2H, 

O=COCCH), 1.35 (s, 9H, C(CH3)3), 0.25 (s, 9H, Si(CH3)3). 

 

13C NMR (101 MHz, chloroform-d)) ʵ Ґ 176.87 (C=O), 151.25 (O=COCArύΣ мооΦнн ό{ƛ/ //CH), 121.64 

(O=COCArCIύΣ мнлΦсф ό{ƛ/ /C), 104.45 ({ƛ/CC), 94.28 (Si/CC), 39.26 (C(CH3)3), 27.24 (C(CH3)3), 0.10 

(Si(CH3)3). 

 

HRMS (ESI) m/z [M+Na+] calc. for C16H22O2SiNa: 297.1281; found: 297.1281. 

 

 

SI Figure 33: 
1
H NMR spectrum of 4-((trimethylsilyl)ethynyl)phenyl pivalate (400 MHz, chloroform-d). Unassigned peaks of 

impurities are marked with an asterisk. 
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SI Figure 34: Excerpt of the 
1
H NMR spectrum of 4-((trimethylsilyl)ethynyl)phenyl pivalate (400 MHz, chloroform-d). 

Unassigned peaks of impurities are marked with an asterisk.  

 

 

SI Figure 35: HH COSY NMR spectrum of 4-((trimethylsilyl)ethynyl)phenyl pivalate (400 MHz, chloroform-d).  
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SI Figure 36: 
13

C NMR spectrum of 4-((trimethylsilyl)ethynyl)phenyl pivalate (101 MHz, chloroform-d). Unassigned peaks of 

impurities are marked with an asterisk. 

 

 

SI Figure 37: Excerpt of the 
13

C NMR spectrum of 4-((trimethylsilyl)ethynyl)phenyl pivalate (101 MHz, chloroform-d). 

Unassigned peaks of impurities are marked with an asterisk. 
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SI Figure 38: 
1
Hς

13
C HSQC NMR spectrum of 4-((trimethylsilyl)ethynyl)phenyl pivalate (101 MHz, chloroform-d). 

 

 

SI Figure 39: 
1
Hς

13
C HMBC NMR spectrum of 4-((trimethylsilyl)ethynyl)phenyl pivalate (101 MHz, chloroform-d). 
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SI Figure 40: ESI-MS spectrum of 4-((trimethylsilyl)ethynyl)phenyl pivalate. Measured in MeOH. 

 

Synthesis of 4-ethynylphenyl pivalate 22b (step 3): 

In a dry Schlenk flask, 1-(2,2-dimethylpropanoate)-4-(trimethylsilylethynyl)benzene (2.84 g, 

10.34 mmol, 1.0 equiv.) was stirred in dry THF (150 ml) at 0 °C (ice water). TBAF in THF (1M, 12.4 ml, 

12.41 mmol, 1.2 equiv.) was slowly added via syringe. After stirring for 48 h at room temperature, the 

reaction mixture was diluted with water and transferred to a separation funnel. The aqueous phase 

was extracted three times with DCM. The combined organic phases were dried over MgSO4, and the 

solvent was evaporated under reduced pressure. The crude product was purified by column 

chromatography using n-hexane with EtOAc (97:3) as eluent and subsequent distillation in a 

Kugelrohr apparatus (75 °C, 0.3 mbar). The product was obtained as colorless solid (420.3 mg, 2.08 

mmol, 20%) and was stored insight the glovebox fridge at -30 °C. 

Remark: In addition to the formation of the desired product, the formation of p-OH-phenylacetylene 

(700 mg, 5.93 mmol, 57%) was observed, indicating that long reaction time leads to ester cleavage. 
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1H NMR (400 MHz, chloroform-d)  ɻ= 7.50 (d, J Ґ уΦт IȊΣ мIΣ I/ ///H), 7.03 (d, J = 8.6 Hz, 2H, 

O=COCCH), 3.06 (s, 1H(H/ /ύύΣ мΦор όǎΣ фI C(CH3)3). 

 

13C NMR (101 MHz, CDCl3)  ɻ = 176.88 (C=O), 151.50 (O=COC/IύΣ мооΦпн όI/ //CH), 121.79 

(O=COCCIύΣ ммфΦсп όI/ /CύΣ уоΦлс όI/CCCH), 77.31 (H/CCCH), 39.27 (C(CH3)3), 27.23 (C(CH3)3). 

 

HRMS (ESI) m/z [M+Na+] calc. for C13H14O2Na+: 225.0886; found: 225.0885. 

 

   

SI Figure 41: 
1
H NMR spectrum of 4-ethynylphenyl pivalate 22b (400 MHz, chloroform-d).  
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SI Figure 42: Excerpt of the 
1
H NMR spectrum of 4-ethynylphenyl pivalate 22b (400 MHz, chloroform-d).  

 

 

SI Figure 43: 
1
Hς

1
H COSY NMR spectrum of 4-ethynylphenyl pivalate 22b (400 MHz, chloroform-d).  
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SI Figure 44: 
13

C NMR spectrum of 4-ethynylphenyl pivalate 22b (101 MHz, chloroform-d).  

 

 

SI Figure 45: Excerpt of the 
13

C NMR spectrum of 4-ethynylphenyl pivalate 22b (101 MHz, chloroform-d). 
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SI Figure 46: 
1
Hς

13
C HSQC spectrum of 4-ethynylphenyl pivalate 22b (101 MHz, chloroform-d).  

 

       

Si Figure 47: 
1
Hς

13
C HMBC spectrum of 4-ethynylphenyl pivalate22b (101 MHz, chloroform-d).  
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SI Figure 48: ESI-MS spectrum of 4-ethynylphenyl pivalate. Measured in MeOH. 

 

3 Synthesis of Frustrated Lewis-Pairs 

3.1. Synthesis of FLP 6 
 

 

Scheme 5: Synthesis of FLP 6. 

 

Inside the glovebox, 1,4-di-tert-butylimidazole-2-thiol 4 (100 mg, 0.471 mmol, 1.0 equiv.) was 

suspended in benzene (2 ml). Under stirring, 9-borabicyclo(3.3.1)nonane (H-B-9-BBN) (0.4 M in 

n-hexane, 1177 µL, 0.471 mmol, 1.0 equiv.) was added. The reaction was stirred 3 d at room 

temperature. The solution was filtered using a syringe filter and the solvent was allowed to 
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evaporate. The crude product was dissolved in a minimum amount of DCM and placed in the 

glovebox freezer for a few days. A colorless crystalline solid was obtained. The crystals were carefully 

washed with cold n-pentane. FLP 6 was obtained as colorless crystalline solid in 84% yield (131.9 mg, 

0.397 mmol). 

 

 

 

1H NMR (400 MHz, benzene-d6)  ɻ= 6.29 (s, 1H, CH), 2.70 ς 2.51 (m, 4H, CH9BBN), 2.36 ς 2.15 (m, 6H, 

CH9BBN), 1.87 (dt, J = 12.9, 7.1 Hz, 2H, CH9BBN), 1.61 ς 1.55 (m, 2H, CH9BBN), 1.26 (s, 9H, CC(CH3)3), 1.17 

(s, 9H, NC(CH3)3). 

 

13C NMR (101 MHz, benzene-d6) ɻ  = 151.73 (CS), 145.35 (HC=CC(CH3)3), 111.58 ((HC=CC(CH3)3), 56.84 

(NC(CH3)3), 34.66 (br s, CH9BBN), 31.67 (CC(CH3)3), 30.68 (CC(CH3)3), 28.48 (NC(CH3)3), 27.71 (br s, 

CH9BBN), 24.52 (CH9BBN). 
11B NMR (128 MHz, benzene-d6) ɻ  Ґ 23.55. 

 

HRMS (ESI) m/z [M+H+] calc. for C19H34BN2S
+: 333.2530; found: 333.2524. 

HRMS (ESI) m/z [M+tBuNC+H+] calc. for C24H43BN3S
+: 416.3265; found: 416.3257. 
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SI Figure 49: 
1
H NMR spectrum of FLP 6 (400 MHz, benzene-d6). 

 

 

SI Figure 50: 
11

B NMR spectrum of FLP 6 (128 MHz, benzene-d6).  
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SI Figure 51: 
13

C NMR spectrum of FLP 6 (101 MHz, benzene-d6).  

 

 

SI Figure 52: 
1
Hς

1
H COSY NMR spectrum of FLP 6 (400 MHz, benzene-d6).  
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SI Figure 53: 
1
Hς

13
C HSQC NMR spectrum of FLP 6 (101 MHz, benzene-d6).  

 

 

SI Figure 54: 
1
Hς

13
C HMBC NMR spectrum of FLP 6 (101 MHz, benzene-d6).  
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SI Figure 55: ESI-MS spectrum of FLP 6. Measured in dry MeCN + 1 equiv. tBuNC. 

 

   

SI Figure 56: Excerpt of the ESI-MS spectrum, recorded in dry MeCN + 1 equiv. tBuNC, compared with the respective 

theoretical isotope pattern. 
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SI Figure 57: Excerpt of the ESI-MS spectrum compared with the respective theoretical isotope pattern. 

 

3.2. Synthesis of FLP 7 
 

 

Scheme 6: Synthesis of FLP 7. 

 

Inside the glovebox, 1,4-di-tert-butylimidazol-2-ol 5 (100 mg, 0.509 mmol, 1.0 equiv.) and 9-

borabicyclo(3.3.1)nonane (H-B-9-BBN) (62.2 mg, 0.509 mmol, 1.0 equiv.) were stirred in benzene 

(4 ml) for 3 d at room temperature. The solution was filtered using a syringe filter and the solvent 

was allowed to evaporate to give a colorless oil. FLP 7 was obtained in 96% yield (155.3 mg, 0.491 

mmol). 
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1H NMR (400 MHz, benzene-d6) ɻ  = 6.36 (s, 1H, CH), 2.15 ς 1.84 (m, 10H, CH9BBN), 1.77 ς 1.67 (m, 2H, 

CH9BBN), 1.49 ς 1.39 (m, 2H, CH9BBN), 1.42 (s, 9H, CC(CH3)3), 1.26 (s, 9H NC(CH3)3). 

 

13C NMR (101 MHz, benzene-d6)  ɻ= 148.70 (CO), 144.99 (HC=CC(CH3)3), 105.80 (HC=CC(CH3)3), 54.62 

(NC(CH3)3), 33.82 (CH9BBN), 32.19 (CC(CH3)3), 30.25 (CC(CH3)3), 29.41 (NC(CH3)3), 25.93 (br s, CH9BBN), 

23.75 (CH9BBN). 

 

11B NMR (128 MHz, benzene-d6) ɻ  Ґ 60.24. 

 

HRMS (APCI) m/z [M+H+] calc. for C19H34BN2O
+: 317.2759; found: 317.2749. 
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SI Figure 58: 
1
H NMR spectrum of FLP 7 (400 MHz, benzene-d6).  

 

 

SI Figure 59: 
11

B NMR spectrum of FLP 7 (128 MHz, benzene-d6).  
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SI Figure 60: 
13

C NMR spectrum of FLP 7 (101 MHz, benzene-d6).  

 

 

SI Figure 61: 
1
Hς

1
H COSY NMR spectrum of FLP 7 (400 MHz, benzene-d6).  
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SI Figure 62: 
1
Hς

13
C HSQC NMR spectrum of FLP 7 (101 MHz, benzene-d6).  

 

 

SI Figure 63: 
1
Hς

13
C HMBC NMR spectrum of FLP 7 (101 MHz, benzene-d6).  
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SI Figure 64: APCI-MS spectrum of FLP 7. Measured in dry MeCN + 0.2% acetic acid + 1 equiv. tBuNC. 

 

 

SI Figure 65: Excerpt of the APCI-MS spectrum compared with the respective theoretical isotope pattern. 
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3.3. Synthesis of FLP 8 
 

 

Scheme 7: Synthesis of FLP 8. 

 

Inside the glovebox 1,4-di-tert-butylimidazole-2-thiol 4 (100 mg, 0.471 mmol, 1.0 equiv.) and 

dicyclohexylborane (83.9 mg, 0.471 mmol, 1.0 equiv.) were stirred in benzene (4 ml) for 3 d at room 

temperature. The solution was filtered using a syringe filter and the solvent was allowed to 

evaporate. The crude product was dissolved in a minimum amount of DCM and placed in the 

glovebox freezer for a few days. A colorless crystalline solid was obtained. The crystals were carefully 

washed with cold n-pentane. FLP 8 was obtained as colorless crystalline solid in 92% yield (168.4 mg, 

0.434 mmol). 

 

 

 

1H NMR (400 MHz, benzene-d6) ɻ  = 6.23 (s, 1H, CH), 2.52 ς 2.33 (m, 2H, CHCyhex), 2.01 ς 1.26 (m, 20H, 

CHCyhex), 1.21 (s, 9H CC(CH3)3), 1.20 (s, 9H, NC(CH3)3). 

 

13C NMR (101 MHz, benzene-d6)  ɻ= 149.87 (CS), 144.27 (HC=CC(CH3)3), 110.95 (HC=CC(CH3)3), 56.66 

(NC(CH3)3), 31.12 (br s, CHCyhex), 30.79 (HC=CC(CH3)3), 30.13 (CC(CH3)3), 29.53 (br s, CHCyhex), 29.02 

(CHCyhex), 28.30 (NC(CH3)3), 28.12 (CHCyhex). 
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11B NMR (128 MHz, benzene-d6) ɻ  Ґ 21.53. 

 

HRMS (ESI) m/z [M+tBuNC+H+] calc. for C28H51BN3S
+: 472.3891; found: 472.3872. 

HRMS (APCI) m/z [M+H+] calc. for C23H42BN2S
+: 389.3156; found: 389.3141. 

 

 

 

SI Figure 66: 
1
H NMR spectrum of FLP 8 (400 MHz, benzene-d6).  
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SI Figure 67: 
11

B NMR spectrum of FLP 8 (128 MHz, benzene-d6).  

 

 

SI Figure 68: 
13

C NMR spectrum of FLP 8 (101 MHz, benzene-d6).  
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SI Figure 69: 
1
Hς

1
H COSY NMR spectrum of FLP 8 (400 MHz, benzene-d6).  

 

 

SI Figure 70: 
1
Hς

13
C HSQC NMR spectrum of FLP 8 (101 MHz, benzene-d6).  
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SI Figure 71: 
1
Hς

13
C HMBC NMR spectrum of FLP 8 (101 MHz, benzene-d6).  

 

 

SI Figure 72: APCI-MS spectrum of FLP 8. Measured in dry MeCN + 0.2% acetic acid + 1 equiv. tBuNC. 
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SI Figure 73: Excerpt of the APCI-MS spectrum compared with the respective theoretical isotope pattern. 

 

 

SI Figure 74: ESI-MS spectrum of FLP 8. Measured in dry MeCN + 0.2% acetic acid + 1 equiv. tBuNC. 
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SI Figure 75: Excerpt of the ESI-MS spectrum compared with the respective theoretical isotope pattern. 

 

3.4. Synthesis of FLP 9 
 

 

Scheme 8: Synthesis of FLP 9. 

 

Inside the glovebox 1,4-di-tert-butylimidazole-2-thiol 5 (92.4 mg, 0.471 mmol, 1.0 equiv.) and 

dicyclohexylborane (83.9 mg, 0.471 mmol, 1.0 equiv.) were stirred in benzene (4 ml) for 3 d at room 

temperature. The solution was filtered using a syringe filter and the solvent was allowed to 

evaporate. The crude product was dissolved in a minimum amount of DCM and placed in the 

glovebox freezer for a few days. A colorless crystalline solid was obtained. The crystals were carefully 

washed with cold n-pentane. FLP 9 was obtained as colorless crystalline solid in 76% yield (133.8 mg, 

0.359 mmol). 
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1H NMR (400 MHz, benzene-d6) ɻ  = 6.32 (s, 1H, CH), 1.93 ς 1.63 (m, 10H, CHCyhex), 1.62 ς 1.50 (m, 2H, 

CHCyhex), 1.45 (s, 9H, CC(CH3)3), 1.50 ς 1.27 (m, 10H, CHCyhex), 1.25 (s, 9H, NC(CH3)3). 

 

13C NMR (101 MHz, benzene-d6) ɻ  = 148.83 (C=O), 144.40 (HC=CC(CH3)3), 105.50 (HC=CC(CH3)3), 54.46 

(NC(CH3)3), 32.17 (HC=CC(CH3)3), 30.58 (br s, CHCyhex), 30.21 (CC(CH3)3), 29.27 (NC(CH3)3), 27.93 

(CHCyhex), 27.76 (CHCyhex), 27.40 (CHCyhex). 

 

11B NMR (128 MHz, benzene-d6) ɻ  Ґ 55.04. 

 

HRMS (ESI) m/z [M+tBuNC+H+] calc. for C28H51BN3O
+: 456.4120; found: 456.4100. 
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SI Figure 76: 
1
H NMR spectrum of FLP 9 (400 MHz, benzene-d6). 

 

 

SI Figure 77: 
11

B NMR spectrum of FLP 9 (128 MHz, benzene-d6).  
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SI Figure 78: 
13

C NMR spectrum of FLP 9 (101 MHz, benzene-d6).  

 

 

SI Figure 79: 
1
Hς

1
H COSY NMR spectrum of FLP 9 (400 MHz, benzene-d6).  
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SI Figure 80: 
1
Hς

13
C HSQC NMR spectrum of FLP 9 (101 MHz, benzene-d6).  

 

 

SI Figure 81: 
1
Hς

13
C HMBC NMR spectrum of FLP 9 (101 MHz, benzene-d6).  






















































































































































































































































































































































