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Materials and Methods. Unless stated otherwise, reactions were conducted in oven-dried 

glassware under an atmosphere of nitrogen using anhydrous solvents. THF was obtained from an 

Aldrich Sureseal bottle. Tetrabutylammonium difluorotriphenylsilicate was obtained from 

Aldrich. The following reagents and solvents were distilled prior to use: chlorotrimethylsilane 

(TMSCl), trimethylsilyl trifluoromethanesulfonate (TMSOTf), tetramethylenediamine 

(TMEDA), and heptane. Analytical thin-layer chromatography (TLC) was performed on pre-

coated, glass-backed silica gel (Merck 60 F254). Flash column chromatography was performed 

using an automated purification system (Teledyne Isco Combiflash® Rf). Pre-packed normal 

phase silica gel column was used for separation of products using Teledyne Isco RediSep® Rf 

High Performance Gold column. Microwave experiments were conducted with a Biotage® 

Initiator+ Microwave System equipped with a Robot Sixty sample changer. High resolution mass 

spectroscopy (HRMS) was performed on a Thermo Scientific LTQ Orbitrap Discovery 

instrument coupled with ESI. Nuclear magnetic resonance (NMR) spectra were recorded on a 

Bruker 400 MHz or 500 MHz spectrometer. Chemical shifts for 1H NMR spectra are recorded in 

parts per million with the solvent resonance as the internal standard CHCl3 (δ = 7.26 ppm) or 

DMSO (δ = 2.50 ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, br. 

s = broad singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sex = sextet, sept = septet, m 



= multiplet and br = broad), coupling constant (Hz) and integration. Chemical shifts for 13C 

NMR spectra are recorded in parts per million using the central peak of CHCl3 (δ = 77.23 ppm) 

or DMSO (δ = 39.52 ppm) as the internal standard. All 13C NMR spectra were obtained with 

complete proton decoupling. 

 

Experimental Procedures 

A. Synthesis of silyltriflate phenol 6 

 

Carbamate 8. Carbamate 8 was prepared using a known procedure with minor modifications.1 

To a solution of 2-benzyloxyphenol (7, 1.30 g, 6.50 mmol, 1.00 equiv) in DCM (22 mL) was 

added isopropyl isocyanate (1.60 mL, 16.0 mmol, 2.50 equiv) and Et3N (0.36 mL, 2.6 mmol, 

0.40 equiv). The reaction mixture was stirred at 35 °C for 3.5 h. After cooling to room 

temperature, the solution was concentrated under reduced pressure. The crude residue was 

purified by silica gel chromatography (1% TEA in heptane) to give carbamate 8 (1.50 g, 5.26 

mmol, 81% yield) as a white powder. 1H NMR (400 MHz, CDCl3): δ 7.42 (dd, J = 7.8, 1.0, 2H), 

7.39–7.26 (m, 3H), 7.16–7.07 (m, 2H), 7.03 – 6.90 (m, 2H), 5.08 (s, 2H), 4.79 (s, 1H), 3.97–3.77 

(m, 1H), 1.17 (d, J = 6.5, 6H); HRMS (ESI, Pos): calcd for C17H20NO3 [M+H]+: 286.1438 m/z, 

found: 286.1436 m/z. 

 

 

Silyl carbamate 9. Silyl carbamate 9 was prepared using a known procedure with minor 

modifications.1 To a solution of carbamate 8 (0.605 g, 2.12 mmol, 1.00 equiv) and TMEDA 

(0.48 mL, 3.0 mmol, 1.4 equiv) in 3:1 Et2O:THF (33.5 mL) was added a solution of TMSOTf 



(0.44 mL, 2.3 mmol, 1.1 equiv) in heptane (1.9 mL) dropwise at 0 °C. After stirring at 0 °C for 5 

min, the reaction mixture was allowed to warm to room temperature over 30 min. After adding 

TMEDA (0.96 mL, 6.4 mmol, 3.0 equiv) and THF (16.5 mL), the reaction mixture was cooled to 

–78 °C. A solution of n-BuLi in heptane (2.36 M, 2.7 mL, 6.4 mmol, 3.0 equiv) was then added 

over 20 min. After stirring for 3 h at –78 °C, TMSCl (1.9 mL, 15 mmol, 7.0 equiv) was added to 

the reaction mixture over 30 minutes. The reaction mixture was then stirred at –78 °C for 1 h, 

quenched with aq. NaHSO4 (2 M, 20 mL) and allowed to warm to room temperature over 30 min 

with vigorous stirring. The layers were separated and the aqueous layer was extracted with Et2O 

(3 x 20 mL). The combined organic layers were washed successively with aq. NaHSO4 (2 M, 15 

mL) and brine (20 mL), dried over Na2SO4 and concentrated under reduced pressure. The crude 

residue was purified by silica gel chromatography (15% to 30% Et2O in heptane gradient) to give 

silyl carbamate 9 (375 mg, 0.896 mmol, 94% yield) as a white solid. 1H NMR (400 MHz, 

CDCl3): δ 7.43 (dd, J = 7.1, 1.8, 2H), 7.37–7.25 (m, 3H), 7.16–7.09 (m, 1H), 7.03–6.99 (m, 2H), 

5.05 (s, 2H), 4.76 (s, 1H), 3.97–3.77 (m, 1H), 1.15 (d, J = 6.5, 6H), 0.28 (s, 9H); HRMS (ESI, 

Pos): calcd for C20H28NO3Si [M+H]+: 358.1833 m/z, found: 358.1833 m/z. 

 

 

Silyltrifate phenol 6. Benzyloxy silyltriflate 10 was prepared using a known procedure with 

minor modifications.1 To a solution of silyl carbamate 9 (3.60 g, 10.1 mmol, 1.00 equiv) in 

CH3CN (93 mL) was added DBU (7.57 mL, 50.3 mmol, 5.00 equiv) and Et2NH (1.77 mL, 17.1 

mmol, 1.70 equiv). The reaction mixture was stirred at 40 °C for 50 minutes, then allowed to 

cool to room temperature. To the mixture was then added N-(4-tert-butylphenyl)bis-

trifluoromethane sulfonimide (12.9 g, 30.2 mmol, 3.00 equiv). After brief stirring to homogenize 

the reaction mixture, it was partitioned into six microwave vials (18–19 mL/vial). The vials were 

sealed and heated to 100 °C for 30 min in a microwave apparatus. The reaction mixtures were 

then combined and passed through a silica plug, eluting with i-PrOAc, and concentrated under 

reduced pressure. The crude residue was purified by silica gel chromatography (100% heptane to 



10% Et2O in heptane gradient) to give impure 10 as a slightly yellow oil, which was used in the 

next step without further purification.  

 To a solution of 10 in i-PrOAc (85 mL) was added Degussa type Pd/C (273 mg, 5% Pd 

by mass, 0.128 mmol, 1.5 mol%). The reaction mixture was put under an atmosphere of H2 

(balloon) and stirred at room temperature for 1.25 h. The mixture was then passed through a 

Celite® plug, eluting with i-PrOAc, concentrated under reduced pressure and purified 

immediately by silica gel chromatography (100% heptane to 20% Et2O in heptane gradient) to 

give silyltriflate phenol 6 (1.75 g, 5.57 mmol, 55% yield over two steps) as a colorless oil. 1H 

NMR (400 MHz, CDCl3, 12 / 13 H): δ 7.20 (dd, J = 7.9, 7.4, 1H), 7.07 (dd, J = 7.4, 1.6, 1H), 

6.98 (dd, J = 7.9, 1.6, 1H), 0.37 (s, 9H); HRMS (ESI, Neg): calcd for C10H12F3O4SSi [M–H]–: 

313.0183 m/z, found: 313.0185 m/z. 

 

B. Functionalization of silyltriflate phenol 6 

 

Representative Procedure (benzoyl chloride used as an example): To a solution of 

silyltriflate phenol 6 (300 mg, 0.954 mmol, 1.00 equiv) in DCM (4.8 mL) at 0 °C was added 

benzoyl chloride (0.17 mL, 1.4 mmol, 1.5 equiv) dropwise, followed by TEA (0.16 mL, 1.1 

mmol, 1.2 equiv) over 3 min. The reaction mixture was allowed to return to room temperature 

over 1 h, with stirring. The solution was diluted with DCM (10 mL) and water (10 mL). The 

layers were separated, and the aqueous layer was extracted with DCM (3 X 10 mL). The 

combined organic layers were dried over Na2SO4, filtered, and then concentrated under reduced 

pressure. The crude residue was purified by silica gel chromatography (100% heptane to 10% 

Et2O in heptane gradient) to give silyltriflate 1a (375 mg, 0.896 mmol, 94% yield) as a colorless 

oil that slowly crystalized to a white solid. 1H NMR (400 MHz, CDCl3): δ 8.24–8.18 (m, 2H), 

7.69–7.64 (m, 1H), 7.56–7.49 (m, 2H), 7.48–7.40 (m, 2H), 7.34 (dd, J = 7.7, 2.0, 1H), 0.41 (s, 



9H); HRMS (ESI, Pos): calcd for C17H17F3O5NaSSi [M+Na]+: 441.0416 m/z, found: 441.0409 

m/z. 

 

1b. Purification by flash chromatography (100% heptane to 20% i-PrOAc in heptane gradient) 

afforded the title compound (110 mg, 0.276 mmol, 87% yield) as a white solid. 1H NMR (400 

MHz, CDCl3): δ 7.44–7.31 (m, 2H), 7.14 (dd, J = 7.6, 2.0, 1H), 1.37 (s, 9H), 0.38 (s, 9H); 

HRMS (ESI, Pos): calcd for C15H21F3O5NaSSi [M+Na]+: 421.0729 m/z, found: 421.0721 m/z. 
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1c. Purification by flash chromatography (100% heptane to 20% i-PrOAc in heptane gradient) 

afforded the title compound (100 mg, 0.241 mmol, 76% yield) as a colorless oil. 1H NMR (400 

MHz, CDCl3): δ 7.43–7.34 (m, 3H), 4.06 (d, J = 6.6, 2H), 2.08–2.00 (m, 1H), 1.00 (d, J = 6.7, 

6H), 0.40 (s, 9H); HRMS (ESI, Pos): calcd for C15H21F3O6NaSSi [M+Na]+: 437.0678 m/z, 

found: 437.0669 m/z. 

 

 

1d. Purification by flash chromatography (100% heptane to 20% i-PrOAc in heptane gradient) 

afforded the title compound (375 mg, 0.754 mmol, 87% yield) as a colorless oil. 1H NMR (400 

MHz, CDCl3): δ 8.11–8.04 (m, 1H), 7.81–7.69 (m, 1H), 7.52–7.34 (m, 5H), 0.41 (s, 9H); HRMS 

(ESI, Pos): calcd for C17H16BrF3O5NaSSi [M+Na]+: 518.9521 m/z, found: 518.9512 m/z. 



 

1e. Purification by flash chromatography (100% heptane to 20% i-PrOAc in heptane gradient) 

afforded the title compound (120 mg, 0.284 mmol, 89% yield) as a white solid. 1H NMR (400 

MHz, CDCl3): δ 8.05 (d, J = 5.7, 2H), 7.44–7.37 (m, 2H), 7.32 (dd, J = 7.6, 2.1, 1H), 3.99 (s, 

3H), 0.40 (s, 9H); HRMS (ESI, Pos): calcd for C15H18F3N2O5SSi [M+H]+: 423.0652 m/z, found: 

423.0645 m/z. 

 

C. Nucleophile scope 

 

Representative Procedure (benzyne precursor 1a and nucleophile 2a used as an example): 
To an oven dried 10 mL vial was added NaH (60% in mineral oil; 8.6 mg, 0.22 mmol, 2.0 

equiv), tetrabutylammonium difluorotriphenylsilicate (89.8 mg, 0.161 mmol, 1.50 equiv), 4-

methyl-N-phenyl-benzenesulfonamide (2a, 53.2 mg, 0.215 mmol, 2.00 equiv), and anhydrous 

THF (6.2 mL).2 The mixture was stirred at room temperature for 15 min, and then a solution of 

[2-(trifluoromethylsulfonyloxy)-3-trimethylsilyl-phenyl] benzoate (1a, 45.0 mg, 0.108 mmol, 

1.00 equiv) in THF (1.0 mL) was added. The mixture was sealed and heated to 60 oC for 16 h 

under a nitrogen atmosphere. The reaction was not monitored during the course of the reaction as 

frequent monitoring was found to result in decreased yields. After cooling to room temperature, 

the crude mixture was concentrated under reduced pressure, and diluted with DCM (5.0 mL) and 

aq. HCl (0.5 M, 5.0 mL). The layers were separated, and the aqueous layer was extracted with 

DCM (3 X 5.0 mL). The combined organic layers were dried over Na2SO4, filtered, and then 

concentrated under reduced pressure. The crude residue was purified by silica gel 



chromatography (100% heptane to 20% i-PrOAc in heptane gradient) to give the title compound 

(36.5 mg, 0.0824 mmol, 77% yield) as a white solid. 1H NMR (500 MHz, DMSO-d6): δ 10.10 (s, 

1H), 7.65–7.60 (m, 2H), 7.60–7.54 (m, 1H), 7.43–7.40 (m, 2H), 7.36 (d, J = 8.2, 1H), 7.29 (s, 

2H), 7.29–7.26 (m, 2H), 7.20–7.09 (m, 3H), 7.04–6.98 (m, 2H), 6.96 (dd, J = 8.5, 0.9, 1H), 6.87 

(dd, J = 8.1, 0.8, 1H), 2.36 (s, 3H); 13C NMR (125 MHz, DMSO-d6): δ 194.5, 156.1, 144.4, 

140.7, 139.3, 137.3, 136.4, 133.6, 131.0, 130.1, 129.6, 129.1, 128.7, 128.3, 128.3, 128.1, 127.6, 

120.3, 116.2, 21.5; HRMS (ESI, Pos): calcd for C26H22NO4S [M+H]+: 444.1264 m/z, found: 

444.1259 m/z. 

 

The structure of 3a was confirmed by a 2D-NOESY experiment, as the following interaction was 

observed: 

 

 

 

3b (Table 2, entry 2). Purification by flash chromatography (100% heptane to 20% i-PrOAc in 

heptane gradient) afforded the title compound (21.0 mg, 0.0539 mmol, 80% yield) as a white 

solid.3 1H NMR (400 MHz, CDCl3): δ 9.30 (s, 1H), 7.69–7.64 (m, 2H), 7.60–7.56 (m, 1H), 7.50–

7.40 (m, 3H), 7.10–7.05 (m, 2H), 7.03–6.97 (m, 2H), 6.95 (d, J = 8.0, 1H), 6.40 (d, J = 7.5, 2H), 

1.39 (s, 9H); 13C NMR (100 MHz CDCl3): δ 198.6, 160.0, 153.1, 142.8, 142.2, 138.9, 133.7, 

133.3, 133.0, 129.7, 127.94, 127.92, 125.9, 125.1, 121.6, 116.0, 81.8, 29.0. 

 



The 13C NMR peak present at 198.6 ppm is characteristic of a ketone, suggesting that the ester 

functional group is no longer present and the desired benzyne cascade rearrangement has 

occurred. The following C–C interactions were observed by a 2D-HMBC experiment: 

 

 

 

3c (Table 2, entry 3). Purification by flash chromatography (100% heptane to 20% i-PrOAc in 

heptane gradient) afforded the title compound (31.5 mg, 0.0807 mmol, 75% yield) as a white 

solid.3 1H NMR (400 MHz, CDCl3): δ 8.19 (s, 1H), 8.14–8.12 (m, 1H), 7.64–7.59 (m, 2H), 7.57–

7.54 (m, 2H), 7.52–7.47 (m, 1H), 7.48–7.43 (m, 1H), 7.40–7.35 (m, 3H), 7.26–7.23 (m, 1H), 

6.87 (d, J = 7.7, 1H), 1.52 (s, 9H); HRMS (ESI, Pos): calcd for C23H23N2O4 [M+H]+: 391.1652 

m/z, found: 391.1648 m/z. 

 

 

3d (Table 2, entry 4). Purification by flash chromatography (100% heptane to 20% i-PrOAc in 

heptane gradient) afforded the title compound (12.5 mg, 0.0316 mmol, 70% yield) as a white 

solid. 1H NMR (400 MHz, CDCl3): δ 9.28 (s, 1H), 7.69–7.60 (m, 2H), 7.60–7.50 (m, 1H), 7.44 



(dd, J = 8.3, 7.1, 2H), 7.28 (d, J = 8.1, 1H), 7.19 (d, J = 8.4, 2H), 7.14 (d, J = 8.2, 2H), 7.03 (dd, 

J = 8.3, 1.0, 1H), 6.25 (dd, J = 7.8, 1.0, 1H), 3.23 (br. s, 2H), 2.37 (s, 3H), 0.91 (t, J = 7.2, 3H); 
13C NMR (100 MHz CDCl3): δ 200.3, 159.1, 143.7, 140.7, 139.9, 133.4, 132.6, 132.0, 129.2, 

128.7, 128.1, 128.0, 123.7, 117.5, 116.9, 45.8, 21.5, 12.9; HRMS (ESI, Pos): calcd for 

C22H22NO4S [M+H]+: 396.1264 m/z, found: 396.1260 m/z. 

 

The 13C NMR peak present at 200.3 ppm is characteristic of a ketone, suggesting that the ester 

functional group is no longer present and the desired benzyne cascade rearrangement has 

occurred. 

D. Acyl substrate scope 

 

3e (Table 2, entry 5). Purification by flash chromatography (100% heptane to 20% i-PrOAc in 

heptane gradient) afforded the title compound (21.4 mg, 0.0505 mmol, 61% yield) as a white 

solid. 1H NMR (500 MHz, CDCl3): δ 7.39 (d, J = 8.3, 2H), 7.26–7.20 (m, 5H), 7.18–7.15 (m, 

2H), 7.10–7.06 (m, 1H), 6.67 (dd, J = 11.1, 8.1, 2H), 5.63 (s, 1H), 2.42 (s, 3H), 1.37 (s, 9H); 13C 

NMR (125 MHz CDCl3): δ 214.0, 152.6, 143.9, 141.2, 138.0, 136.6, 131.3, 129.4, 129.0, 128.7, 

128.2, 127.5, 127.2, 120.3, 115.9, 44.6, 27.2, 21.6; HRMS (ESI, Pos): calcd for C24H26NO4S 

[M+H]+: 424.1577 m/z, found: 424.1570 m/z. 

 

The structure of 3e was confirmed by a 2D-NOESY experiment, as the following interaction was 

observed: 



 

 

3f (Table 2, entry 7). Purification by flash chromatography (100% heptane to 20% i-PrOAc in 

heptane gradient) afforded the title compound (30.0 mg, 0.0683 mmol, 70% yield) as a white 

solid. 1H NMR (400 MHz, CDCl3): δ 11.00 (s, 1H), 7.61–7.51 (m, 2H), 7.31–7.23 (m, 7H), 

7.16–7.12 (m, 1H), 7.03 (dd, J = 8.5, 1.2, 1H), 6.44 (dd, J = 7.8, 1.2, 1H), 4.22 (d, J = 7.0, 2H), 

2.43 (s, 3H), 2.21–2.11 (m, 1H), 0.92 (d, J = 6.7, 6H); 13C NMR (100 MHz CDCl3): δ 170.0, 

162.3, 143.7, 142.1, 140.7, 138.0, 133.5, 129.6, 128.9, 127.6, 125.6, 124.4, 122.1, 118.3, 115.0, 

72.7, 27.4, 21.6, 19.2; HRMS (ESI, Pos): calcd for C24H26NO5S [M+H]+: 440.1526 m/z, found: 

440.1521 m/z. 

The structure of 3f was confirmed by a 2D-HMBC experiment, as the following interactions 

were observed: 

 

 



 

11 (Table 2, entry 7). Purification by flash chromatography (100% heptane to 20% i-PrOAc in 

heptane gradient) afforded the title compound (27.6 mg, 0.0625 mmol, 69% yield) as a white 

solid. 1H NMR (500 MHz, DMSO-d6): δ 8.14 (dd, J = 8.0, 1.6, 1H), 7.90 – 7.84 (m, 2H), 7.77 

(dd, J = 8.6, 1.1, 1H), 7.64 (d, J = 8.1, 1H), 7.55 (d, J = 8.3, 2H), 7.50 – 7.44 (m, 3H), 7.40 (d, J 

= 8.1, 2H), 7.35 – 7.29 (m, 2H), 7.25 – 7.18 (m, 2H), 2.39 (s, 3H); 13C NMR (126 MHz, DMSO-

d6): δ 174.9, 157.6, 155.0, 144.1, 141.4, 139.3, 137.8, 135.9, 135.3, 130.3, 129.3, 128.0, 127.9, 

127.1, 127.0, 126.6, 125.0, 122.4, 120.3, 120.2, 118.2, 21.5; HRMS (ESI, Pos): calcd for 

C26H20NO4S [M+H]+: 442.1108 m/z, found: 442.1094 m/z. 

 

 

  



Key 1H NMR, 13C NMR, and 2D NMR Spectra 
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