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1. General Information  

Unless otherwise noted, analytic grade solvents were used for the 

chromatography, and all the reagents were obtained commercially and used without 

further purification.  Reactions were monitored by TLC. All NMR spectra were 

recorded on Bruker-500 MHz spectrometer. The chemical shifts (δ) and coupling 

constants (J) were expressed in ppm and Hz respectively. HRMS were measured on 

the Q-TOF6510 instruments. 

2. Preparation of Starting Materials 

1 was prepared according to reported procedures
1
  

 

A solution of 2-hydroxybenzaldehyde (10.0 mmol, 1.05 mL) and 1-H-imidazole 

(20.0 mmol, 1.37 g) in CH2Cl2 (40 mL) was placed into a 100mL reaction vial, which 

was sealed at 0 
o
C. Then, TBSCl (1.2 equiv, 1.80 g) was added by dropwise slowly. 

The reaction mixture was stirred overtime. After that, a saturated NaHCO3 solution 

was added dropwise to quench the reaction. The resulting solution was extracted with 

acetic ester (3×30 mL). Then the combined organic phases were washed with brine 

and dried over anhydrous Na2SO4, resulting in a white viscous liquid and used 

directly in the next step without purification. 

 

A solution of phenols (2.2 mmol, 453 mg) and aldehydes (2.0 mmol, 472 mg) in 

toluene (10 mL) was placed in a Dean-Stark apparatus which was heated to reflux. 

Piperidine (2.0 equiv, 341 mg) was added by dropwise slowly. Then, the temperature 

was raised to 140 
o
C and stirred for 12 h. After that, the reaction mixture was cooled 

to 120 
o
C and acetic anhydride (2.0 equiv, 408 mg) was added by dropwise. The 
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stirring was continued for 30 min and the solution was poured on ice-water and 

extracted with ethyl acetate (3 × 20 mL). The organic phases were combined, washed 

with brine and dried over anhydrous Na2SO4. Then the solvent was evaporated under 

reduced pressure and the corresponding products 1a’ (551 mg, 65% yield) were 

obtained after flash column chromatography (pentane/ ethyl acetate = 18:1).  

 

To a solution of 1a’ (1 mmol, 424 mg) in THF (10 mL) at 0 
o
C was added 

tetrabutylammonium fluoride trihydrate (TBAF 1.1 equiv, 1.1 mL). The reaction 

mixture was stirred for 10 min and a saturated NH4Cl solution was added by dropwise 

to quench the reaction. The resulting solution was extracted with ethyl acetate (3 × 20 

mL). Then the combined organic phases were washed with brine and dried over 

anhydrous Na2SO4. The solvent was removed to give the crude product which was 

purified by flash column chromatography (pentane/ ethyl acetate = 36:1) to afford the 

desired compound 1a (254 mg, 82% yield). 

2 was prepared according to reported procedures
2 

4 was prepared according to reported procedures
3 

(1) S. Liu, X. Lan, K. Chen, W. Hao, G. Li, S. Tu, and B. Jiang, Org. Lett. 2017, 19, 

3831−3834. 

(2) N. C. Lobera, M. T. Quiros, W. W. Brennessel, M. L. Neidig, E.  u uel and D.  . 

 ardenas  , Org. Lett. 2019, 21, 6552−6556 

(3) a) J. W. Wang, and Z. H. Xu. Org. Lett. 2017, 19, 2526. b) H. Wang, and Z. H.Xu  

Org. Lett. 2014, 16, 22.  

 

 



S3 
 

 

3. Optimization of Au Catalyzed Domino Reaction to Spiroketals 

 

 

4. Preparation and Characterization of Compound 3 and 5. 

To a mixture of alkynyl p-Quinone Methides 1 (0.1 mmol), alcohol 2 (0.15 

mmol), JohnphosAuNTf2 (0.01 mmol, 5 mol %), H2O (0.2mmol, 2 equiv), 1 mL THF 

was added. The reaction system was stirred at room temperature for 12 hours. After 

the reaction was completed (determined by TLC analysis), the reaction mixture was 

filtered and evaporated under reduced pressure, and purified by column 

chromatography (silica gel, Petroleum ether/ EtOAc: 200/1 to 60/1) to afford the 

desired product 3. 

To a mixture of alkynyl p-Quinone Methides 1 (0.1 mmol), alcohol 4 (0.12 

mmol), JohnphosAuNTf2 (0.01 mmol, 5 mol %), 1 mL THF was added. The reaction 

system was stirred at room temperature for 12 hours. After the reaction was completed 
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(determined by TLC analysis), the reaction mixture was filtered and evaporated under 

reduced pressure, and purified by column chromatography (silica gel, Petroleum 

ether/ EtOAc: 200/1 to 100/1) to afford the desired product 5. 

 

Yield: 90%. 
1
H NMR (500 MHz, CDCl3) δ 7.15 (ddd, J = 8.0, 4.4, 0.6 Hz, 1H), 7.01 

(s, J = 4.7 Hz, 2H), 6.90 – 6.86 (m, 2H), 6.84 – 6.78 (m, 1H), 5.16 (s, 1H), 4.31 (d, J 

= 5.1 Hz, 1H), 4.07 (td, J = 11.1, 9.4, 3.0 Hz, 1H), 3.91 – 3.84 (m, 1H), 2.46 (ddd, J = 

12.0, 7.8, 5.2 Hz, 1H), 1.97 (tt, J = 11.9, 9.3 Hz, 1H), 1.73 (m, J = 7.3, 6.0, 2.6 Hz, 

1H), 1.68 (s, 3H), 1.43 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 153.43, 152.66, 

135.88, 131.73, 129.09, 127.91, 124.84, 122.94, 120.41, 116.79, 107.47, 66.84, 48.35, 

42.79, 34.39, 30.43, 26.48, 23.18. HRMS (ESI, m/z) calcd for C31H36O3 [M+Na
+
] 

417.2400, found 417.2395. 

 

Yield: 80%. 
1
H NMR (500 MHz, CDCl3) δ 6.98 (s, 2H), 6.83 (m, J = 6.9, 3.1 Hz, 2H), 

6.62 – 6.56 (m, 1H), 5.18 (s, 1H), 4.25 (d, J = 5.1 Hz, 1H), 4.04 (td, J = 9.2, 2.6 Hz, 

1H), 3.86 (m, J = 12.5, 4.8 Hz, 1H), 2.49 – 2.41 (ddd, 1H), 1.93 (tt, J = 11.8, 9.3 Hz, 

1H), 1.77 – 1.71 (m, 1H), 1.66 (s, 3H), 1.43 (s, 18H).
  13

C NMR (126 MHz, CDCl3) δ 

157.97, 156.09, 152.87, 149.37, 136.07, 135.95, 130.94, 125.62, 124.91, 124.85, 

124.78, 117.73, 117.67, 115.12, 114.93, 114.68, 114.49, 108.46, 107.77, 66.88, 48.10, 

42.98, 34.39, 30.39, 26.60, 23.15. HRMS (ESI, m/z) calcd for C26H33FO3 [M+Na
+
]
 

435.2306, found 435.2300. 
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Yield: 75%. 
1
H NMR (500 MHz, CDCl3) δ7.09 (ddd, J = 8.7, 2.6, 0.8 Hz, 1H), 6.97 (s, 

2H), 6.87 (dd, J = 2.5, 1.1 Hz, 1H), 6.81 (d, J = 8.7 Hz, 1H), 5.19 (s, 1H), 4.25 (d, J = 

5.1 Hz, 1H), 4.05 (td, J = 8.9, 2.0 Hz, 1H), 3.84 (m, J = 1.6 Hz, 1H), 2.42 (ddd, J = 

8.8, 3.5 Hz, 1H), 2.32 – 2.25 (m, 1H), 1.92 (tt, J = 6.8, 5.0, 2.2 Hz, 1H), 1.76 – 1.69 

(m, 1H), 1.66 (s, 3H), 1.43 (s, 18H), 
13

C NMR (126 MHz, CDCl3) δ 152.89, 152.08, 

136.07, 130.85, 128.66, 127.96, 125.22, 124.81, 124.73, 118.22, 107.80, 66.91, 48.08, 

42.76, 34.41, 30.41, 26.45, 23.09. HRMS (ESI, m/z) calcd for C26H33ClO3 [M+Na
+
] 

451.2010, found 451.2005. 

 

Yield: 76%. 
1
H NMR (500 MHz, CDCl3) δ 7.23 (ddd, J = 8.7, 2.4, 0.8 Hz, 1H), 7.02 

(dd, J = 2.3, 1.0 Hz, 1H), 6.97 (s, 2H), 6.76 (d, J = 8.6 Hz, 1H), 5.19 (s, 1H), 4.26 (d, 

J = 5.1 Hz, 1H), 4.08 – 4.03 (m, 1H), 3.88 – 3.81 (m, 1H), 2.44 (ddd, J = 12.0, 7.8, 

5.2 Hz, 1H), 1.91 (ddd, J = 18.8, 10.7, 6.0 Hz, 1H), 1.75 – 1.68 (m, 1H), 1.69 – 1.63 

(m, 3H), 1.44 (s, 18H).
 13

C NMR (126 MHz, CDCl3) δ 152.90, 152.63, 136.08, 131.62, 

130.87, 130.83, 125.27, 124.72, 118.73, 112.52, 107.77, 66.90, 48.10, 42.68, 34.42, 

30.42, 26.41, 23.08. HRMS (ESI, m/z) calcd for C26H33BrO3 [M+Na
+
]
 
495.1505, 

found 495.1491.  

 

Yield: 78%. 
1
H NMR (500 MHz, CDCl3) δ 7.00 (s, 2H), 6.94 (dd, J = 8.2, 1.9 Hz, 1H), 

6.78 (d, J = 8.2 Hz, 1H), 6.71 (s, 1H), 5.16 (s, 1H), 4.27 (d, J = 5.1 Hz, 1H), 4.04 (td, 

J = 8.8, 1.9 Hz, 1H), 3.86 – 3.81 (m, 1H), 2.43 (ddd, J = 11.9, 7.8, 5.3 Hz, 1H), 2.18 

(s, 3H), 1.93 (tt, J = 11.9, 9.3 Hz, 1H), 1.71 – 1.66 (m, 1H), 1.66 (s, 3H), 1.43 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 152.61, 151.24, 135.81, 131.77, 129.62, 129.29, 

128.52, 124.85, 122.54, 116.57, 107.29, 66.79, 48.52, 42.76, 34.40, 30.46, 26.53, 

23.12, 20.63. HRMS (ESI, m/z) calcd for C27H36O3 [M+Na
+
]

 
431.2557, found 

431.2545. 
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Yield: 80%. 
1
H NMR (500 MHz, CDCl3) δ 7.01 (s, 2H), 6.82 (d, J = 8.8 Hz, 1H), 6.72 

(ddd, J = 8.8, 3.0, 0.6 Hz, 1H), 6.43 (dd, J = 2.9, 0.9 Hz, 1H), 5.16 (s, 1H), 4.26 (d, J 

= 5.0 Hz, 1H), 4.02 (td, J = 9.1, 2.7 Hz, 1H), 3.89 – 3.80 (m, 1H), 3.64 (s, 3H), 2.47 

(ddd, J = 11.7, 7.9, 5.1 Hz, 1H), 1.93 (tt, J = 11.8, 9.2 Hz, 1H), 1.74 (ddd, J = 12.4, 

7.7, 3.8 Hz, 1H), 1.66 (s, 3H), 1.43 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 153.54, 

152.69, 147.48, 135.89, 131.32, 125.71, 124.41, 117.37, 114.05, 113.61, 107.58, 

66.84, 55.77, 48.46, 43.10, 34.39, 30.44, 26.69, 23.28. HRMS (ESI, m/z) calcd for 

C27H36O4 [M+Na
+
]

 
447.2506, found 447.2506. 

 

Yield: 85%. 
1
H NMR (500 MHz,  D l3) δ 7.18 – 7.14 (m, 1H), 6.99 (s, 2H), 6.91 (d, 

J = 1.3 Hz, 1H), 6.81 (d, J = 8.5 Hz, 1H), 5.14 (s, 1H), 4.31 (d, J = 5.2 Hz, 1H), 4.04 

(td, J = 9.5, 2.4 Hz, 1H), 3.85 (m, J = 16.5, 5.8 Hz, 1H), 2.43 (ddd, J = 12.8, 7.8, 5.4 

Hz, 1H), 1.94 – 1.86 (m, 1H), 1.66 (s, J = 9.7 Hz, 3H), 1.65 – 1.61 (m, 1H), 1.42 (s, J 

= 7.3 Hz, 18H), 1.18 (d, J = 3.8 Hz, 9H). 
13

C NMR (126 MHz, CDCl3) δ 152.52, 

151.15, 142.86, 135.77, 131.91, 126.28, 124.84, 124.64, 121.49, 116.04, 107.02, 

66.70, 48.62, 42.70, 34.39, 31.55, 30.45, 26.28, 23.12. HRMS (ESI, m/z) calcd for 

C30H42O3 [M+Na
+
]

 
473.3026, found 473.3029. 

 

Yield: 78%. 
1
H NMR (500 MHz, CDCl3) δ 7.01 (s, J = 5.7 Hz, 3H), 6.71 (d, J = 6.4 

Hz, 2H), 5.14 (s, 1H), 4.27 (d, J = 5.0 Hz, 1H), 4.02 – 3.97 (td, 1H), 3.86 (m, J = 7.3 

Hz, 1H), 2.47 (ddd, J = 11.4, 8.1, 5.1 Hz, 1H), 2.25 (s, 3H), 1.93 (tt, J = 11.6, 9.2 Hz, 

1H), 1.77 – 1.70 (m, 1H), 1.68 (s, 3H), 1.43 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 
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152.58, 151.72, 135.79, 131.89, 129.02, 126.54, 125.75, 125.07, 122.94, 119.72, 

107.68, 66.73, 48.33, 43.05, 34.39, 30.44, 26.59, 23.51, 16.39. HRMS (ESI, m/z) 

calcd for C27H36O3 [M+Na
+
]

 
431.2557, found 431.2544. 

 

Yield: 92%. 
1
H NMR (500 MHz, CDCl3) δ 7.15 (m, J = 3.1, 2.5, 2.1 Hz, 1H), 7.03 (s, 

2H), 6.90 (s, J = 2.7 Hz, 1H), 6.88 – 6.81 (m, 2H), 5.84 (d, J = 4.7 Hz, 1H), 5.17 (s, 

1H), 4.40 (d, J = 4.6 Hz, 1H), 4.14 – 4.10 (m, 1H), 3.88 (dd, J = 12.8, 4.8 Hz, 1H), 

2.81 – 2.74 (m, 1H), 1.89 (dq, J = 11.7, 9.3 Hz, 1H), 1.79 (ddd, J = 7.3, 5.9, 2.6 Hz, 

1H), 1.43 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 153.41, 152.73, 135.92, 131.05, 

128.56, 127.91, 125.82, 124.30, 120.87, 116.67, 102.05, 68.54, 45.48, 42.20, 34.39, 

30.41, 25.17. HRMS (ESI, m/z) calcd for C25H32O3 [M+H
+
]

 
381.2424, found 

381.2421. 

 

Yield: 87%. 
1
H NMR (500 MHz, CDCl3) δ 7.54 (dd, J = 7.6, 1.8 Hz, 2H), 7.38 – 7.36 

(m, 2H), 7.24 – 7.20 (m, 1H), 7.15 – 7.10 (m, 1H), 7.05 (t, J = 7.0 Hz, 2H), 6.91 (s, 

2H), 6.84 (t, J = 3.8 Hz, 1H), 5.14 (s, 1H), 4.30 – 4.24 (td, 1H), 4.16 – 4.11 (m, 1H), 

4.07 (d, J = 4.8 Hz, 1H), 2.75 (ddd, J = 12.3, 7.7, 4.9 Hz, 1H), 2.19 (ddd, J = 11.9, 7.5, 

2.7 Hz, 1H), 1.98 – 1.89 (m, 1H), 1.39 (s, 18H). HRMS (ESI, m/z) calcd for C31H36O3 

[M+H
+
]
 
457.2737, found 457.2734. 
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Yield: 67%. 
1
H NMR (500 MHz, CDCl3) δ 7.42 (d, J = 7.9 Hz, 2H), 7.17 (d, J = 8.0 

Hz, 2H), 7.04 (d, J = 8.1 Hz, 1H), 6.92 (s, 2H), 6.84 (d, J = 7.7 Hz, 3H), 5.13 (s, 1H), 

4.26 (dd, J = 12.9, 4.8 Hz, 1H), 4.14 (m, J = 10.2, 6.2 Hz, 1H), 4.08 (d, J = 4.5 Hz, 

1H), 2.78 – 2.68 (m, 1H), 2.36 (s, 3H), 2.20 (m, J = 10.1 Hz, 1H), 1.96 – 1.86 (m, 1H), 

1.39 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 154.01, 152.66, 138.26, 137.81, 135.81, 

131.60, 129.08, 128.38, 125.96, 124.78, 123.11, 121.34, 120.57, 116.32, 108.32, 

67.78, 50.59, 41.65, 34.38, 30.44, 26.81, 21.25. HRMS (ESI, m/z) calcd for C32H38O3 

[M+H]
+ 

471.2894, found 471.2885. 

 

Yield: 78%. 
1
H NMR (500 MHz, CDCl3) δ 7.67 – 7.61 (m, 4H), 7.24 – 7.21 (m, 1H), 

7.06 (d, J = 8.0 Hz, 1H), 6.91 (s, 2H), 6.90 – 6.86 (m, 2H), 5.16 (s, 1H), 4.28 (td, J = 

9.4, 2.3 Hz, 1H), 4.17 (dt, J = 16.4, 8.2 Hz, 1H), 4.04 (d, J = 4.7 Hz, 1H), 2.72 (ddd, J 

= 12.3, 7.7, 4.9 Hz, 1H), 2.27 – 2.09 (m, 1H), 1.97 (dtd, J = 10.0, 7.5, 2.3 Hz, 1H), 

1.40 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 153.66, 152.81, 144.96, 135.94, 130.99, 

130.87, 130.62, 129.26, 128.36, 126.59, 125.77, 125.44, 125.41, 125.38, 125.20, 

123.04, 123.00, 121.03, 116.35, 107.70, 68.17, 51.00, 41.48, 34.38, 30.40, 26.88. 

HRMS (ESI, m/z) calcd for C32H35F3O3 [M+Na
+
]

 
547.2431, found 547.2428. 

 

Yield: 78%. 
1
H NMR (500 MHz, CDCl3) δ 7.48 – 7.44 (m, 2H), 7.36 – 7.31 (m, 2H), 

7.25 – 7.19 (m, 1H), 7.04 (d, J = 7.9 Hz, 1H), 6.90 (s, 2H), 6.86 (m, J = 4.3, 2.1 Hz, 

2H), 5.15 (s, 1H), 4.26 (td, J = 9.5, 2.4 Hz, 1H), 4.14 (dt, J = 16.3, 8.1 Hz, 1H), 4.03 

(d, J = 4.8 Hz, 1H), 2.68 (ddd, J = 12.2, 7.7, 4.8 Hz, 1H), 2.16 (ddd, J = 18.9, 10.8, 

6.0 Hz, 1H), 2.02 – 1.85 (m, 1H), 1.40 (s, 18H). 13
C NMR (126 MHz, CDCl3) δ 

153.75, 152.76, 139.54, 135.91, 134.48, 131.15, 129.22, 128.59, 128.27, 127.59, 

125.78, 123.00, 120.87, 116.29, 107.87, 67.97, 50.93, 41.52, 34.38, 30.41, 26.76. 

HRMS (ESI, m/z) calcd for C31H35ClO3 [M+Na
+
]
 
513.2167, found 513.2147. 
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Yield: 61%. 1H NMR (500 MHz,  D l3) δ 7.90 (d,   = 8.3 Hz, 2H), 7.33 (d,   = 8.0 

Hz, 2H), 7.12 – 7.06 (m, 1H), 7.01 (s, 2H), 6.78 (dd, J = 3.5, 2.2 Hz, 2H), 6.59 (d, J = 

8.0 Hz, 1H), 5.15 (s, 1H), 4.01 (dd, J = 13.2, 5.1 Hz, 1H), 3.62 (dd, J = 8.7, 5.2 Hz, 

2H), 3.38 (t, J = 13.4 Hz, 1H), 2.47 (s, 3H), 2.29 (ddd, J = 12.6, 6.8, 2.6 Hz, 1H), 2.21 

(dd, J = 13.5, 5.2 Hz, 1H), 2.07 – 1.99 (m, 1H), 1.95 – 1.80 (m, 2H), 1.44 (s, 18H). 

13  NMR (126 MHz,  D l3) δ 153.43, 152.63, 143.13, 137.31, 136.00, 133.52, 

129.52, 129.05, 128.50, 127.56, 125.59, 125.19, 120.38, 116.66, 96.97, 49.97, 42.50, 

40.25, 38.66, 34.40, 30.42, 30.31, 21.59, 20.79. HRMS (ESI, m/z) calcd for 

C33H41NO4S [M+Na
+
] 470.2649, found 470.2637. 

 

Yield: 87%. 
1
H NMR (500 MHz, CDCl3) δ 7.53 – 7.34 (m, 4H), 7.21 – 7.12 (m, 3H), 

6.91 (dd, J = 18.1, 7.5 Hz, 3H), 5.39 (d, J = 12.7 Hz, 1H), 5.19 (s, 1H), 5.17 (d, J = 

12.7 Hz, 1H), 4.55 (dd, J = 13.2, 5.4 Hz, 1H), 2.70 (t, J = 13.2 Hz, 1H), 2.42 (dd, J = 

13.1, 5.4 Hz, 1H), 1.49 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 153.29, 152.59, 

140.12, 139.93, 136.08, 134.32, 129.55, 129.46, 127.97, 127.64, 126.22, 125.40, 

122.12, 121.38, 120.92, 116.98, 108.70, 71.83, 39.96, 38.91, 34.50, 30.51. HRMS 

(ESI, m/z) calcd for C30H34O3 [M+Na
+
]
 
465.2400, found 465.2396. 

 

Yield: 82%. 
1
H NMR (500 MHz, CDCl3) δ 7.40 (dd, J = 8.3, 4.8 Hz, 1H), 7.18 – 7.00 

(m, 5H), 6.90 – 6.80 (m, 3H), 5.31 (d, J = 13.3 Hz, 1H), 5.15 (s, 1H), 5.09 (d, J = 13.1 

Hz, 1H), 4.47 (dd, J = 13.2, 5.4 Hz, 1H), 2.60 (t, J = 13.2 Hz, 1H), 2.36 (dd, J = 13.1, 
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5.5 Hz, 1H), 1.44 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 164.82, 162.85, 153.09, 

152.58, 142.55, 142.48, 136.07, 135.75, 134.11, 129.42, 127.64, 126.08, 125.32, 

123.66, 123.59, 121.00, 116.87, 115.38, 115.20, 108.69, 108.50, 108.19, 71.28, 71.26, 

40.01, 38.86, 34.45, 30.43. HRMS (ESI, m/z) calcd for C30H33FO3 [M+K
+
] 499.2045, 

found 499.2048. 

 

Yield: 86%. 
1
H NMR (500 MHz, CDCl3) δ 7.35 (d, J = 8.3 Hz, 1H), 7.10 (t, J = 5.4 

Hz, 3H), 6.96 – 6.80 (m, 5H), 5.32 (d, J = 12.8 Hz, 1H), 5.15 (d, J = 1.0 Hz, 1H), 5.08 

(d, J = 12.8 Hz, 1H), 4.48 (dd, J = 13.2, 5.2 Hz, 1H), 3.86 (s, 3H), 2.69 – 2.54 (m, 1H), 

2.43 – 2.29 (m, 1H), 1.45 (d, J = 1.0 Hz, 18H). 
13

C NMR (126 MHz, CDCl3) δ 161.11, 

153.33, 152.52, 141.95, 136.02, 134.33, 132.39, 129.40, 127.56, 126.14, 125.35, 

122.96, 120.80, 116.92, 114.31, 108.49, 106.22, 71.58, 55.63, 40.06, 38.98, 34.45, 

30.45. HRMS (ESI, m/z) calcd for C31H36O4 [M+H
+
] 473.2686, found 473.2683. 

 

Yield: 80%. 
1
H NMR (500 MHz, CDCl3) δ 7.24 (d, J = 8.3 Hz, 1H), 7.16 – 7.08 (m, 

3H), 6.99 (dd, J = 8.3, 1.8 Hz, 1H), 6.95 (s, 1H), 6.90 – 6.81 (m, 3H), 5.30 (d, J = 

12.1 Hz, 1H), 5.15 (s, 1H), 5.07 (d, J = 12.1 Hz, 1H), 4.49 (dd, J = 13.2, 5.3 Hz, 1H), 

3.84 (s, 3H), 2.61 (t, J = 13.2 Hz, 1H), 2.38 (dd, J = 13.1, 5.4 Hz, 1H), 1.45 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 159.98, 153.23, 152.54, 141.29, 136.05, 134.29, 

131.89, 129.43, 127.61, 126.13, 125.34, 122.14, 120.89, 116.95, 116.65, 108.58, 

106.56, 71.55, 55.66, 39.98, 38.85, 34.46, 30.45. HRMS (ESI, m/z) calcd for 

C31H36O4 [M+Na
+
] 495.2506, found 495.2467. 
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Yield: 84%. 
1
H NMR (500 MHz, CDCl3) δ 7.27 – 7.20 (m, 3H), 7.08 (s, 3H), 6.83 (dd, 

J = 7.6, 5.6 Hz, 3H), 5.30 (d, J = 12.5 Hz, 1H), 5.12 (s, 1H), 5.07 (d, J = 12.5 Hz, 1H), 

4.47 (dd, J = 13.2, 5.4 Hz, 1H), 2.62 (t, J = 13.2 Hz, 1H), 2.40 (s, 3H), 2.34 (dd, J = 

13.1, 5.5 Hz, 1H), 1.43 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 153.25, 152.51, 

140.10, 137.84, 137.17, 136.00, 134.33, 130.45, 129.41, 127.56, 126.18, 125.33, 

122.48, 121.06, 120.83, 116.93, 108.61, 71.70, 39.93, 38.85, 34.44, 30.45, 21.36. 

HRMS (ESI, m/z) calcd for C31H36O3 [M+Na
+
]

 
479.2557, found 479.2565. 

 

Yield: 88%. 
1
H NMR (500 MHz, CDCl3) δ 7.74 (d, J = 8.2 Hz, 2H), 7.32 (t, J = 7.8 

Hz, 3H), 7.15 – 7.08 (m, 1H), 7.05 (s, 3H), 6.91 (dd, J = 8.3, 1.0 Hz, 1H), 6.87 – 6.75 

(m, 3H), 5.25 (d, J = 13.1 Hz, 1H), 5.14 (s, 1H), 5.03 (d, J = 13.1 Hz, 1H), 4.44 (dd, J 

= 13.1, 5.3 Hz, 1H), 2.54 (t, J = 13.2 Hz, 1H), 2.45 (s, 3H), 2.31 (dd, J = 13.1, 5.4 Hz, 

1H), 1.42 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 152.97, 152.59, 150.60, 145.60, 

142.06, 138.66, 136.08, 134.00, 132.34, 129.90, 129.43, 128.57, 127.67, 126.05, 

125.28, 123.24, 122.12, 121.08, 116.83, 115.89, 108.12, 71.25, 39.97, 38.75, 34.44, 

30.42, 21.77. HRMS (ESI, m/z) calcd for C37H40O6S [M+Na
+
]
 
635.2438, found 

635.2413. 

 

Yield: 79%. 
1
H NMR (500 MHz,  D l3) δ 7.97 (d, J = 8.3 Hz, 2H), 7.37 – 7.34 (m, 

1H), 7.32 (d, J = 8.1 Hz, 2H), 7.28 – 7.23 (m, 3H), 7.15 – 7.11 (m, 1H), 7.06 (s, 2H), 

6.91 (d, J = 7.4 Hz, 1H), 6.88 – 6.83 (m, 1H), 6.65 (dd, J = 8.2, 0.9 Hz, 1H), 5.14 (d, J 

= 4.5 Hz, 1H), 4.84 (d, J = 13.5 Hz, 1H), 4.67 (d, J = 13.5 Hz, 1H), 4.45 (dd, J = 13.0, 

5.7 Hz, 1H), 3.74 (t, J = 13.5 Hz, 1H), 2.46 (dd, J = 14.0, 5.8 Hz, 1H), 2.43 (s, 3H), 

1.43 (s, 18H). 
13
  NMR (126 MHz,  D l3) δ 153.55, 152.66, 143.41, 141.66, 137.42, 

136.05, 134.45, 133.79, 129.70, 129.35, 129.15, 128.46, 128.29, 128.18, 127.99, 

125.34, 125.19, 123.21, 122.68, 120.88, 116.76, 98.18, 53.08, 41.94, 40.67, 34.42, 

30.44, 21.59. HRMS (ESI, m/z) calcd for C37H41NO4S [M+Na
+
]

 
618.2649, found 

618.2633. 
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Yield: 86%.
 1

H NMR (500 MHz,  D l3) δ 7.41 (m, J = 19.6, 10.9, 4.1 Hz, 3H), 7.29 

– 7.23 (m, 1H), 7.09 (s, 3H), 6.87 – 6.78 (m, 3H), 5.56-5.38 (m, J = 6.4 Hz, 1H) 5.13 

(d, J = 3.2 Hz, 1H), 4.55 – 4.41 (m, 1H), 2.63 (dt, J = 44.0, 13.2 Hz, 1H), 2.31 (ddd, J 

= 13.3, 9.1, 5.4 Hz, 1H), 1.57 (dd, J = 20.9, 6.5 Hz, 3H), 1.43 (d, J = 4.1 Hz, 18H). 
13

C NMR (126 MHz, CDCl3) δ 153.30, 152.53, 144.67, 144.57, 140.18, 139.81, 

136.00, 134.37, 134.24, 129.61, 129.56, 129.46, 129.36, 128.06, 128.03, 127.55, 

127.49, 126.30, 126.23, 125.38, 122.12, 121.92, 121.25, 121.15, 120.79, 120.69, 

116.94, 116.88, 107.97, 107.46, 79.83, 78.48, 40.32, 40.11, 38.97, 38.64, 34.47, 30.47, 

23.63, 21.16.HRMS (ESI, m/z) calcd for C31H36O3 [M+Na
+
]

 
479.2557, found 

479.2565. 

 

Yield: 94%. 
1
H NMR (500 MHz, CDCl3) δ 7.48 (d, J = 7.2 Hz, 1H), 7.44 – 7.33 (m, 

3H), 7.22 (s, 1H), 7.17 – 7.00 (m, 4H), 6.92 – 6.74 (m, 5H), 6.36-6.20 (s, 1H),  5.13 

(d, J = 5.5 Hz, 1H), 4.51 (dd, J = 13.2, 5.3 Hz, 1H), 3.78 (d, J = 17.0 Hz, 3H), 2.72 (dt, 

J = 61.5, 13.2 Hz, 1H), 2.44 (ddd, J = 55.8, 13.1, 5.3 Hz, 1H), 1.43 (s, 18H). 
13

C 

NMR (126 MHz, CDCl3) δ 159.79, 159.46, 153.25, 153.18, 152.56, 143.91, 143.23, 

140.31, 139.42, 136.03, 134.12, 133.82, 132.57, 129.83, 129.78, 129.36, 129.10, 

128.51, 128.26, 127.55, 127.50, 126.42, 125.40, 122.60, 122.34, 122.17, 121.76, 

120.81, 116.85, 116.79, 114.01, 113.91, 108.37, 107.95, 85.61, 84.28, 55.32, 55.29, 

40.49, 39.87, 38.98, 38.42, 34.47, 30.46. HRMS (ESI, m/z) calcd for C37H40O4 

[M+H
+
]
 
549.2999, found 549.2994. 
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Yield: 95%. 
1
H NMR (500 MHz, CDCl3) δ 7.48 (dt, J = 8.3, 4.9 Hz, 1H), 7.42 – 7.33 

(m, 2H), 7.22 – 7.08 (m, 7H), 7.03 (d, J = 7.3 Hz, 1H), 6.88 (t, J = 8.4 Hz, 1H), 6.81 

(d, J = 5.0 Hz, 2H), 6.66-6.58 (s, 1H), 5.14 (d, J = 7.8 Hz, 1H), 4.52 (dd, J = 13.2, 5.0 

Hz, 1H), 2.79-2.65 (t, J = 13.2 Hz, 1H), 2.58 – 2.32 (m, 4H), 1.44 (s, 18H). 
13

C NMR 

(126 MHz, CDCl3) δ 153.29, 153.17, 152.59, 152.55, 143.63, 142.87, 140.36, 139.84, 

139.29, 137.88, 136.43, 136.05, 136.02, 134.97, 134.09, 134.06, 130.86, 130.35, 

129.84, 129.78, 129.34, 129.27, 128.29, 128.26, 128.22, 128.19, 127.83, 127.55, 

127.50, 126.53, 126.46, 126.39, 126.27, 125.40, 122.40, 122.30, 122.15, 121.88, 

120.81, 116.86, 116.80, 108.47, 107.95, 82.41, 81.93, 40.65, 39.39, 39.02, 38.45, 

34.48, 30.47, 19.69, 19.55. HRMS (ESI, m/z) calcd for C37H40O3 [M+H
+
]
 
533.3050, 

found 533.3043. 

 

  

Yield: 68%. 
1
H NMR (500 MHz, CDCl3) δ 7.49 – 7.31 (m, 4H), 7.07 (s, 2H), 6.79 

(ddd, J = 13.9, 8.7, 4.0 Hz, 2H), 6.57 (dd, J = 9.4, 2.6 Hz, 1H), 5.34 (d, J = 12.7 Hz, 

1H), 5.17 (s, 1H), 5.12 (d, J = 12.7 Hz, 1H), 4.45 (dd, J = 13.2, 5.4 Hz, 1H), 2.61 (t, J 

= 13.2 Hz, 1H), 2.36 (dd, J = 13.2, 5.5 Hz, 1H), 1.44 (s, 18H). 
13

C NMR (126 MHz, 

CDCl3) δ 158.17, 156.28, 152.75, 149.24, 140.00, 139.62, 136.21, 133.53, 129.61, 

127.96, 127.71, 127.65, 125.23, 122.03, 121.36, 117.91, 117.84, 115.41, 115.23, 

114.45, 114.26, 108.66, 71.84, 39.41, 39.10, 34.44, 30.40. HRMS (ESI, m/z) calcd for 

C30H33FO3 [M+Na
+
]
 
483.2306, found 483.2301. 
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Yield: 76%. 
1
H NMR (500 MHz, CDCl3) δ 7.47 – 7.32 (m, 4H), 7.11 – 7.04 (m, 3H), 

6.86 (dd, J = 2.5, 1.0 Hz, 1H), 6.76 (d, J = 8.7 Hz, 1H), 5.33 (d, J = 12.8 Hz, 1H), 

5.17 (s, 1H), 5.12 (d, J = 12.7 Hz, 1H), 4.44 (dd, J = 13.2, 5.5 Hz, 1H), 2.60 (t, J = 

13.2 Hz, 1H), 2.35 (dd, J = 13.2, 5.5 Hz, 1H), 1.44 (s, 18H). 
13

C NMR (126 MHz, 

CDCl3) δ 152.77, 151.95, 140.01, 139.47, 136.23, 133.42, 129.65, 128.95, 127.97, 

127.94, 127.63, 125.71, 125.22, 122.02, 121.36, 118.42, 108.73, 71.88, 39.61, 38.91, 

34.46, 30.41. HRMS (ESI, m/z) calcd for C30H33ClO3 [M+Na
+
]

 
499.2010, found 

499.1984. 

 

Yield: 82%. 
1
H NMR (500 MHz, CDCl3) δ 7.48 – 7.31 (m, 4H), 7.24 – 7.18 (m, 1H), 

7.06 (s, 2H), 7.04 – 6.99 (m, 1H), 6.72 (d, J = 8.7 Hz, 1H), 5.33 (d, J = 12.7 Hz, 1H), 

5.18 (s, 1H), 5.12 (d, J = 12.7 Hz, 1H), 4.46 (dd, J = 13.2, 5.5 Hz, 1H), 2.59 (t, J = 

13.2 Hz, 1H), 2.35 (dd, J = 13.2, 5.5 Hz, 1H), 1.45 (s, 18H). 
13

C NMR (126 MHz, 

CDCl3) δ 152.78, 152.51, 140.01, 139.44, 136.23, 133.42, 131.90, 130.54, 129.67, 

128.44, 127.98, 125.22, 122.02, 121.37, 118.93, 113.16, 108.71, 71.90, 39.70, 38.87, 

34.47, 30.42. HRMS (ESI, m/z) calcd for C30H33BrO3 [M+Na
+
]

 
543.1505, found 

543.1497. 

 

Yield: 79%.
1
H NMR (500 MHz, CDCl3) δ 7.47 – 7.30 (m, 4H), 7.15 (dd, J = 8.5, 1.9 

Hz, 1H), 7.09 (s, 2H), 6.93 – 6.88 (m, 1H), 6.78 (d, J = 8.5 Hz, 1H), 5.35 (d, J = 12.7 

Hz, 1H), 5.13 (m, J = 6.3 Hz, 2H), 4.50 (dd, J = 13.2, 5.4 Hz, 1H), 2.58 (t, J = 13.2 

Hz, 1H), 2.37 (dd, J = 13.1, 5.5 Hz, 1H), 1.43 (s, 18H), 1.18 (s, 9H). 
13

C NMR (126 
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MHz, CDCl3) δ 152.41, 151.08, 143.27, 140.07, 139.96, 135.92, 134.45, 129.45, 

127.90, 126.55, 125.31, 124.82, 124.43, 122.06, 121.32, 116.19, 108.52, 71.75, 40.45, 

38.88, 34.45, 34.12, 31.50, 30.44. HRMS (ESI, m/z) calcd for C34H42O3 [M+Na
+
] 

521.3026, found 521.2989. 

 

Yield: 92%. 
1
H NMR (500 MHz,  D l3) δ 7.40 (ddd, J = 30.7, 17.3, 7.4 Hz, 4H), 

7.10 (s, 2H), 6.79 (d, J = 8.8 Hz, 1H), 6.71 (dd, J = 8.8, 3.0 Hz, 1H), 6.43 (d, J = 2.8 

Hz, 1H), 5.35 (d, J = 12.7 Hz, 1H), 5.15 (s, 1H), 5.12 (d, J = 12.7 Hz, 1H), 4.47 (dd, J 

= 13.2, 5.4 Hz, 1H), 3.65 (s, 3H), 2.63 (t, J = 13.2 Hz, 1H), 2.36 (dd, J = 13.1, 5.5 Hz, 

1H), 1.45 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 153.70, 152.58, 147.45, 140.06, 

139.94, 136.05, 134.02, 129.48, 127.91, 126.90, 125.32, 122.06, 121.33, 117.50, 

114.50, 113.51, 108.56, 71.73, 55.80, 39.86, 39.17, 34.45, 30.46. HRMS (ESI, m/z) 

calcd for C31H36O4 [M+Na
+
] 492.5206, found 495.2463. 

 

Yield: 87%. 
1
H NMR (500 MHz, CDCl3) δ 7.40 (ddd, J = 29.4, 18.4, 7.5 Hz, 4H), 

7.10 (s, 2H), 6.93 (dd, J = 8.2, 1.9 Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 6.70 (s, 1H), 

5.34 (d, J = 12.7 Hz, 1H), 5.15 (s, 1H), 5.12 (d, J = 12.7 Hz, 1H), 4.47 (dd, J = 13.1, 

5.5 Hz, 1H), 2.62 (t, J = 13.2 Hz, 1H), 2.36 (dd, J = 13.1, 5.6 Hz, 1H), 2.19 (s, 3H), 

1.45 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 152.48, 151.13, 140.10, 139.98, 135.96, 

134.47, 130.02, 129.62, 129.45, 128.27, 127.88, 125.59, 125.34, 122.06, 121.32, 

116.72, 108.55, 71.72, 40.29, 38.89, 34.46, 30.47, 20.65. HRMS (ESI, m/z) calcd for 

C31H36O3 [M+Na
+
] 479.2557, found 479.2563.  
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Yield: 80%. 
1
H NMR (500 MHz, CDCl3) δ 7.40 (ddd, J = 20.1, 13.3, 7.3 Hz, 4H), 

7.10 (s, 2H), 6.99 (d, J = 6.6 Hz, 1H), 6.78 – 6.66 (m, 2H), 5.33 (d, J = 12.6 Hz, 1H), 

5.14 (s, 1H), 5.11 (d, J = 12.7 Hz, 1H), 4.48 (dd, J = 13.2, 5.2 Hz, 1H), 2.63 (t, J = 

13.2 Hz, 1H), 2.36 (dd, J = 13.1, 5.4 Hz, 1H), 2.13 (s, 3H), 1.45 (s, 18H). 
13

C NMR 

(126 MHz, CDCl3) δ 152.47, 151.37, 140.36, 140.16, 135.93, 134.49, 129.26, 128.81, 

127.73, 126.91, 125.80, 125.66, 125.39, 122.14, 121.20, 120.10, 108.45, 71.59, 39.86, 

38.97, 34.45, 30.47, 16.35. HRMS (ESI, m/z) calcd for C31H36O3 [M+Na
+
] 479.2557, 

found 479.2545. 

 

Yield: 80%. 1H NMR (500 MHz, CDCl3) δ 7.70 (dd, J = 14.3, 8.4 Hz, 2H), 7.39 (ddd, 

J = 15.5, 8.0, 5.5 Hz, 5H), 7.21 (dd, J = 11.0, 3.9 Hz, 1H), 7.15 – 7.07 (m, 2H), 6.91 

(s, 2H), 5.28 (d, J = 14.0 Hz, 1H), 5.12 (d, J = 12.8 Hz, 1H), 5.05 (s, 1H), 4.85 (t, J = 

9.4 Hz, 1H), 2.71 (d, J = 9.4 Hz, 2H), 1.31 (s, 18H). 
13

C NMR (126 MHz, CDCl3) δ 

152.06, 151.88, 144.25, 140.21, 139.69, 136.90, 136.14, 132.50, 130.17, 129.53, 

128.92, 128.08, 127.91, 125.83, 125.11, 125.02, 124.15, 122.91, 122.27, 121.31, 

119.39, 117.03, 108.10, 71.91, 43.18, 37.61, 34.34, 30.33. HRMS (ESI, m/z) calcd for 

C34H36O3 [M+Na
+
] 515.2557, found 515.2559. 
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5. X-ray Crystallography Data 

        
CCDC 1974774 (3m) contain the supplementary crystallographic data for this 

paper. These data can be obtained free of charge from The Cambridge 

Crystallographic Data Centre. 

         
CCDC 1974775 (5a) contain the supplementary crystallographic data for this 

paper. These data can be obtained free of charge from The Cambridge 

Crystallographic Data Centre. 
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6. NMR and HRMS Spectra of All Compounds 
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HRMS (ESI, m/z) calcd for C31H36O3 [M+Na
+
] 417.2400, found 417.2395. 
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HRMS (ESI, m/z) calcd for C26H33FO3 [M+Na
+
]

 
435.2306, found 435.2300. 
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HRMS (ESI, m/z) calcd for C26H33ClO3 [M+Na

+
] 451.2010, found 451.2005. 
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HRMS (ESI, m/z) calcd for C26H33BrO3 [M+Na
+
]

 
495.1505, found 495.1491. 
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S28 
 

 

 

HRMS (ESI, m/z) calcd for C27H36O3 [M+Na
+
]

 
431.2557, found 431.2545. 

 



S29 
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HRMS (ESI, m/z) calcd for C27H36O4 [M+Na
+
]

 
447.2506, found 447.2506. 
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HRMS (ESI, m/z) calcd for C30H42O3 [M+Na
+
]

 
473.3026, found 473.3029. 
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HRMS (ESI, m/z) calcd for C27H36O3 [M+Na
+
]

 
431.2557, found 431.2544. 
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HRMS (ESI, m/z) calcd for C25H32O3 [M+H
+
]

 
381.2424, found 381.2421. 
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HRMS (ESI, m/z) calcd for C31H36O3 [M+H
+
]

 
457.2737, found 457.2734. 
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HRMS (ESI, m/z) calcd for C32H38O3 [M+H]
+ 

471.2894, found 471.2885. 
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HRMS (ESI, m/z) calcd for C32H35F3O3 [M+Na
+
]

 
547.2431, found 547.2428. 
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HRMS (ESI, m/z) calcd for C31H35ClO3 [M+Na
+
]
 
513.2167, found 513.2147. 
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HRMS (ESI, m/z) calcd for C33H41NO4S [M+Na
+
] 470.2649, found 470.2637. 
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HRMS (ESI, m/z) calcd for C30H34O3 [M+Na
+
]

 
465.2400, found 465.2396. 
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HRMS (ESI, m/z) calcd for C30H33FO3 [M+K
+
] 499.2045, found 499.2048. 
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HRMS (ESI, m/z) calcd for C31H36O4 [M+H
+
] 473.2686, found 473.2683. 
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HRMS (ESI, m/z) calcd for C31H36O4 [M+Na
+
] 495.2506, found 495.2467. 
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HRMS (ESI, m/z) calcd for C31H36O3 [M+Na
+
]

 
479.2557, found 479.2565. 
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HRMS (ESI, m/z) calcd for C37H40O6S [M+Na
+
]

 
635.2438, found 635.2413. 
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HRMS (ESI, m/z) calcd for C37H41NO4S [M+Na
+
]

 
618.2649, found 618.2633. 
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HRMS (ESI, m/z) calcd for C31H36O3 [M+Na

+
]

 
479.2557, found 479.2565. 
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HRMS (ESI, m/z) calcd for C37H40O4 [M+H
+
]

 
549.2999, found 549.2994. 
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HRMS (ESI, m/z) calcd for C37H40O3 [M+H
+
]

 
533.3050, found 533.3043. 
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HRMS (ESI, m/z) calcd for C30H33FO3 [M+Na
+
]

 
483.2306, found 483.2301. 
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HRMS (ESI, m/z) calcd for C30H33ClO3 [M+Na
+
]
 
499.2010, found 499.1984. 
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HRMS (ESI, m/z) calcd for C30H33BrO3 [M+Na
+
]

 
543.1505, found 543.1497. 
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S74 
 

 

 

HRMS (ESI, m/z) calcd for C34H42O3 [M+Na
+
] 521.3026, found 521.2989. 
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S76 
 

 

 

HRMS (ESI, m/z) calcd for C31H36O4 [M+Na
+
] 492.5206, found 495.2463. 
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HRMS (ESI, m/z) calcd for C31H36O3 [M+Na
+
] 479.2557, found 479.2563.  
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HRMS (ESI, m/z) calcd for C31H36O3 [M+Na
+
] 479.2557, found 479.2545. 
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HRMS (ESI, m/z) calcd for C34H36O3 [M+Na
+
] 515.2557, found 515.2559. 
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