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1. General information:

All reactions under standard conditions were carried out under air or argon, dry atmosphere and
monitored by thin-layer chromatography (TLC) on gel F254 plates. All products were purified
through silica gel chromatography (200~300 mesh). Column chromatography was carried out
with light petroleum ether (bp. 60~90 ºC), ethyl acetate and dichloromethane as eluent. 1H and
13C NMR spectra were recorded in CDCl3, acetone-d6 or C6D6 on 400 MHz instruments and
spectral data were reported in ppm. High-resolution mass spectral analysis (HRMS) data were
measured on the Apex II by means of the ESI technique. Melting point was measured with
SGW-X4B instrument.

2. Preparation and characterization of substrates

Substrates 1a, 1b, 1e, 1q were prepared using a known strategy.[1] However, the other Substrates
were prepared by the improved way showing below.

To a solution of trimethylsilylacetylene (5.56 g, 8 mL, 57 mmol) in dry tetrahydrofuran was added
n-butyllithium (2.5 M in n-hexane) (25 mL, 62.7 mmol) at -78 ºC under argon atmosphere. Then
transferred the reaction flask to room temperature. After the reaction mixture was stirred for 1 h,
Paraformaldehyde (2.7 g, 91.2 mmol) was added. Then raised the temperature to 45 ºC and
stirred the reaction mixture for another 4 h, the reaction mixture would be very thickness. At this
time, TBDPSCl (19.8 g, 17 mL, 68.4 mmol) and imidazole (7.6 g, 119.7 mmol) was added. Stirred
for 15 min. The aqueous layer was extracted three times with EtOAc and the combined organic
layers were washed with brine, dried over sodium sulfate, and evaporated to dryness and
purified by column chromatography to afford pure desired product (16.7 g, 82%).

To a solution of tert-butyldiphenyl ((3-(trimethylsilyl) prop-2-yn-1-yl)oxy) silane (3.5 g, 5.41 mmol)
in dry tetrahydrofuran was added tert-butyllithium (t-BuLi) (1.3 M in n-hexane) (8.3 mL, 10.81
mmol) at -78 ºC under argon atmosphere. After the reaction mixture was stirred for 2 h at the
same temperature, cyclobutanone (1.61 mL, 21.63 mmol) was added dropwise. The reaction
mixture was stirred for another 2 h. Upon completion of the reaction (monitored by TLC). The
reaction mixture was quenched by slow addition of aqueous solution of saturated ammonium
chloride solution. The aqueous layer was extracted three times with EtOAc and the combined
organic layers were washed with brine, dried over sodium sulfate, and evaporated to dryness and
purified by column chromatography to afford pure desired product (1.90 g, 80% yield).



To a stirred solution of 1-(1-((tert-butyldiphenylsilyl)oxy)-3-phenylprop-2-yn-1-yl) cyclobutanol
(1.90 g, 4.31 mmol) in dry tetrahydrofuran (30 mL) was added tetrabutylammonium fluoride
(2.26 g, 8.64 mmol) at room temperature under argon atmosphere. The reaction mixture was
stirred for 1 h. Upon completion of the reaction (monitored by TLC), the reaction mixture was
quenched by slow addition of water. The aqueous layer was extracted three times with EtOAc
and the combined organic layers were washed with brine, dried over sodium sulfate, and
evaporated to dryness and purified by column chromatography to afford pure desired product 1r
(0.77 g, 88% yield) as a colorless oil.

This reaction was referenced the strategy designed by Panda.[2] To a 20 mL test tube equipped
with a magnetic stir bar was added 1-bromo-4-iodobenzene (247 mg, 0.87 mmol), 1r (100 mg,
0.79 mmol), dissolved with 1 mL DMF. Then the tube was filled with argon, PdCl2(Ph3P)2 (11 mg,
0.16 mmol), Ph3PAuCl (7.8 mg, 0.16 mmol) and Et3N (330 μL, 2.38 mmol). The reaction mixture
was stired for 4 h. After 4 h, the reaction was quenched by 3 mL water and the aqueous layer
was extracted three times with EtOAc and the combined organic layers were washed with brine,
dried over sodium sulfate, and evaporated to dryness and purified by column chromatography to
afford pure desired product (1l) 1-(3-(4-bromophenyl)-1-hydroxyprop-2-yn-1-yl) cyclobutanol as
a colorless amorphous solid.

1-(3-phenylprop-2-yn-1-yl)cyclobutanol (1a)
1a as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.48–7.42 (m, 2H), 7.33–7.27 (m, 3H), 4.57 (s,
1H), 2.81(s, 2H), 2.40–2.24 (m, 2H), 2.20–2.06 (m, 2H), 1.92–1.80 (m, 1H), 1.68 (m, 1H); 13CNMR
(100 MHz, CDCl3) δ 131.80, 128.58, 128.27, 122.20, 86.71, 85.61, 68.09, 32.07, 31.69, 11.98;
HRMS (ESI) calcd for C13H14O2 [M+NH4]+: 220.1332, found 220.1329.

1-(3-(p-tolyl)prop-2-yn-1-yl)cyclobutanol (1b)
1b as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.1 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 4.
57 (s, 1H), 3.38 (s, 2H), 2.39–2.24 (m, 5H), 2.20–2.06 (m, 2H), 1.90–1.75 (m, 1H), 1.73–1.54 (m, 1
H);13C NMR (100 MHz, CDCl3) δ 138.73, 131.80, 129.09, 119.28, 86.24, 85.72, 76.78, 68.14, 32.06,
31.85, 21.52, 12.15; HRMS (ESI) calcd for C14H16O2 [M+NH4]+: 234.1489, found 234.1486.



1-(1-hydroxy-3-(m-tolyl)prop-2-yn-1-yl)cyclobutanol (1c)
1c as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.27–7.14 (m, 4H), 4.56 (s, 1H), 2.47 (s, 2H),
2.38–2.30 (m, 5H), 2.19–2.09 (m, 2H), 1.93–1.83 (m, 1H), 1.75–1.72 (m, 2H); 13C NMR (101 MHz,
CDCl3) δ 138.07, 132.42, 129.57, 128.91, 128.24, 121.96, 86.20, 85.93, 76.64, 68.21, 32.19, 31.62,
21.18, 11.98; HRMS (ESI) calcd for C14H16O2 [M+Na]+ : 239.1043, found 239.1039.

1-(1-hydroxy-3-(o-tolyl)prop-2-yn-1-yl)cyclobutanol (1d)
1d as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 8.0 Hz, 1H), 7.26 – 7.19 (m, 2H), 7.14
(d, J = 6.6 Hz, 1H), 4.61 (s, 1H), 2.49 – 2.39 (m, 4H), 2.38 – 2.33 (m, 2H), 2.26 – 2.11 (m, 3H), 1.89
(d, J = 10.8 Hz, 1H), 1.71 – 1.69 (m, 1H); 13C NMR (101 MHz, Acetone) δ 140.90, 132.73, 130.35,
129.17, 126.55, 123.88, 94.40, 83.40, 77.28, 68.75, 32.67, 29.65, 20.84, 12.81; HRMS (ESI) calcd
for C14H16O2 [M+NH4]+: 234.1489, found 234.1488.

1-(1-hydroxy-3-(4-methoxyphenyl)prop-2-yn-1-yl)cyclobutanol (1e)
1e as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.50–7.33 (m, 2H), 6.90–6.75 (m, 2H), 4.55(s,
1H), 3.80 (s, 3H), 2.71 (s, 2H), 2.39–2.24 (m, 2H), 2.21–2.04 (m, 2H), 1.93–1.80 (m,1H), 1.73–1.61
(m, 1H); 13C NMR (75 MHz, CDCl3) δ 159.77, 133.28, 114.20, 113.90, 85.61, 85.20, 68.16, 55.26,
32.13, 31.61, 11.96; HRMS (ESI) calcd for C14H16O3 [M+H]+: 233.1172, found 233.1169.

1-(4-(3-hydroxy-3-(1-hydroxycyclobutyl)prop-1-yn-1-yl)phenyl)ethanone (1f)
1f as a colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.4 Hz, 2H), 7.48 (d, J =
8.0 Hz, 2H), 4.59 (s, 1H), 3.27 (s, 1H), 3.07 (s, 1H), 2.56 (s, 3H), 2.36–2.29 (m, 2H), 2.17–2.096 (m,
2H), 1.90–1.80 (m, 1H), 1.71–1.64 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 197.60, 136.41, 131.96,
128.21, 127.25, 90.42, 84.63, 76.61, 68.05, 32.14, 32.03, 26.62, 12.04; HRMS (ESI) calcd for
C15H16O3 [M+Na]+ : 267.0993, found 267.0992.



1-(1-hydroxy-3-phenylprop-2-yn-1-yl)cyclopentanol (1g)
1g as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.43–7.41 (m, 2H), 7.29–7.24 (m, 3H), 4.53 (s,
1H), 3.72 (s, 1H), 2.88 (s, 1H), 2.00–1.64 (m, 8H); 13C NMR (101 MHz, CDCl3) δ 131.66, 128.41,
128.18, 122.26, 87.74, 85.56, 84.89, 69.32, 36.61, 36.32, 24.59, 24.47; HRMS (ESI) calcd for
C14H16O2 [M+Na]+ : 239.1047, found 239.1043.

1-(1-hydroxy-3-(p-tolyl)prop-2-yn-1-yl)cyclopentanol (1h)
1h as a colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 8.0 Hz, 2H), 7.10 (d, J =
8.0 Hz, 2H), 4.50 (s, 1H), 3.19 (s, 1H), 2.53 (s, 1H), 2.34 (s, 3H), 2.01–1.91 (m, 1H), 1.90–1.79 (m,
3H), 1.78–1.62 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 138.73, 131.51, 128.85, 119.23, 86.95, 85.92,
85.13, 69.76, 36.52, 25.76, 24.50, 24.20, 21.59; HRMS (ESI) calcd for C15H18O2 [M+Na]+ : 253.1202,
found 253.1199.

1-(1-hydroxy-3-(4-nitrophenyl)prop-2-yn-1-yl)cyclobutanol (1i)
1i as a orange colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 8.2 Hz, 2H),
7.59 (d, J = 8.0 Hz, 2H), 4.62 (s, 1H), 2.55 (d, J = 6.0 Hz, 1H), 2.39–2.34 (m, 3H), 2.17–2.15 (m, 2H),
1.91–1.1.89 (m, 1H), 1.72–1.65 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 147.35, 132.63, 129.11,
123.59, 92.17, 83.72, 76.54, 68.07, 32.32, 32.15, 11.94; HRMS (ESI) calcd for C13H13NO4 [M+Na]+ :
226.0839, found 226.0838.

1-(3-(4-fluorophenyl)-1-hydroxyprop-2-yn-1-yl)cyclobutanol (1j)
1j as a colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 7.44–7.39 (m, 2H), 7.01–6.95 (m,
2H), 4.55 (s, 1H), 2.99 (s, 2H), 2.36–2.27 (m, 2H), 2.17–2.08 (m, 2H), 1.90–1.80 (m, 1H), 1.71–1.62
(m, 1H); 13C NMR (101 MHz, CDCl3) δ 161.30(d, J = 12.0 Hz), 133.73(d, J = 8.4 Hz), 118.27(d, J = 3.6
Hz), 115.57(d, J = 22.0 Hz), 86.60, 84.71, 67.70, 32.24, 31.48, 11.96; HRMS (ESI) calcd for
C13H13FO2 [M+Na]+ : 243.0798, found 243.0792.



1-(3-(4-chlorophenyl)-1-hydroxyprop-2-yn-1-yl)cyclobutanol (1k)
1k as a colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.4 Hz, 2H), 7.28 (d, J =
8.8 Hz, 2H), 4.56 (s, 1H), 2.62(s,2H), 2.35–2.29 (m, 2H), 2.15–2.09 (m, 2H), 1.92–1.82 (m, 1H),
1.73–1.66 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 134.75, 133.07, 128.69, 120.71, 87.71, 84.56,
76.59, 68.11, 32.19, 31.85, 11.97; HRMS (ESI) calcd for C13H13ClO2 [M+Na]+ : 254.0496, found
259.0494.

1-(3-(4-bromophenyl)-1-hydroxyprop-2-yn-1-yl)cyclobutanol (1l)
1l as a colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 8.4 Hz, 2H), 7.28 (d, J =
8.0 Hz, 2H), 4.54 (s, 1H), 2.98 (s, 2H), 2.33–2.29 (m, 2H), 2.12 (dd, J = 18.4, 9.6 Hz, 2H), 1.90–1.80
(m, 1H), 1.71–1.59 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 133.21, 131.55, 122.88, 121.14, 87.95,
84.49, 76.56, 68.00, 32.07, 31.85, 11.96; HRMS (ESI) calcd for C13H13BrO2 [M+Na]+ : 302.9991,
found 302.9989.

1-(1-hydroxy-3-(4-iodophenyl)prop-2-yn-1-yl)cyclobutanol (1m)
1m as a colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.4 Hz, 2H), 7.18 (d, J
= 8.4 Hz, 2H), 4.57 (s, 1H), 2.66 (s, 2H), 2.35–2.29 (m, 2H), 2.17–2.09 (m, 2H), 1.92–1.83 (m, 1H),
1.72–1.63 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 137.53, 133.32, 121.71, 94.67, 88.17, 84.77,
76.57, 68.12, 32.21, 31.86, 11.98; HRMS (ESI) calcd for C13H13IO2 [M+Na]+ : 350.9852, found
350.9850.

4-(3-hydroxy-3-(1-hydroxycyclobutyl)prop-1-yn-1-yl)benzonitrile (1n)
1n as a colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 7.60–7.57 (m, 2H), 7.52–7.50 (m,
2H), 4.58 (s, 1H), 2.89 (s, 1H), 2.70 (s, 1H), 2.35–2.29 (m, 2H), 2.18–2.10 (m, 2H), 1.92–1.82 (m,
1H), 1.70–1.62 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 132.37, 132.03, 127.25, 118.30, 111.97,
91.46, 83.86, 76.55, 68.01, 32.23, 32.12, 11.97; HRMS (ESI) calcd for C14H13NO2 [M+Na]+ :
250.0838, found 250.0836.



1-(1-hydroxy-3-(4-(trifluoromethyl)phenyl)prop-2-yn-1-yl)cyclobutanol (1o)
1o as a colorless amorphous solid. 1H NMR (400 MHz, CDCl3) δ 7.54 (s, 4H), 4.59 (s, 1H), 2.89 (d, J
= 22.2 Hz, 2H), 2.37–2.30 (m, 2H), 2.18–2.11 (m, 2H), 1.93–1.83 (m, 1H), 1.73–1.68 (m, 1H); 13C
NMR (101 MHz, CDCl3) δ 132.08, 130.40(q, J = 33.0Hz), 127.85, 126.04, 125.31, 125.27, 125.24,
125.20, 125.15, 122.44, 89.30, 84.24, 76.62, 68.03, 32.18, 31.98, 11.98; HRMS (ESI) calcd for
C14H13F3O2 [M+Na]+ : 293.0760, found 293.0758.

1-(1-hydroxy-3-(pyridin-2-yl)prop-2-yn-1-yl)cyclobutanol (1p)
1p as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.56 (d, J = 4.6 Hz, 1H), 7.67–7.62 (m, 1H), 7.43
(d, J = 7.8 Hz, 1H), 7.28–7.22 (m, 1H), 4.61 (s, 1H), 4.43 (s, 2H), 2.38–2.31 (m, 2H), 2.24–2.12 (m,
2H), 2.07–1.83 (m, 1H), 1.71–1.64 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 149.53, 142.46, 136.54,
127.33, 123.19, 88.62, 83.99, 76.55, 67.85, 32.12, 31.83, 12.18; HRMS (ESI) calcd for C12H13NO2

[M+H]+ : 204.1021, found 204.1019.

1-(1-hydroxy-3-phenylprop-2-yn-1-yl)-3-phenylcyclobutanol (1q)
1q as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.49–7.46 (m, 2H), 7.35–7.18 (m, 8H), 4.70(s,
1H), 3.29–3.18 (m, 1H), 2.86–2.83 (m, 2H), 2.65–2.55 (m, 2H), 2.35–2.26 (m, 2H); 13C NMR (100
MHz, CDCl3) δ 144.92, 131.80, 128.64, 128.31, 126.56, 126.01, 122.08, 86.62, 85.80, 72.74, 68.09,
40.15, 39.65, 29.98; HRMS (ESI) calcd for C19H18O2 [M+NH4]+: 296.1645, found 296.1642.

1-(1-hydroxy-3-(naphthalen-2-yl)prop-2-yn-1-yl)cyclobutanol (1r)
1r as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.97 (s, 1H), 7.86 – 7.69 (m, 3H), 7.56 – 7.40 (m,
3H), 4.66 (s, 1H), 3.37 (s, 1H), 3.15(s,1H), 2.39 (m, 2H), 2.26 – 2.12 (m, 2H), 1.93 – 1.82 (m, 1H),
1.71 (m, 1H); 13C NMR (101 MHz, ) δ 132.78, 132.72, 131.80, 128.31, 127.91, 127.65, 126.73,



126.50, 119.41, 87.03, 85.87, 76.66, 68.08, 32.06, 31.79, 12.02; HRMS (ESI) calcd for C17H16O2

[M+H]+ : 253.1223, found 253.1213.

7-(1-hydroxy-3-phenylprop-2-yn-1-yl)bicyclo[4.2.0]octan-7-ol (1s)
1s as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.45 – 7.43 (m, 2H), 7.34-7.27 (m, 3H), 4.59 (d, J
= 6.8 Hz, 1H), 2.49 – 2.42 (m, 2H), 2.31 – 2.21 (m, 1H), 2.02 – 1.97 (m, 1H), 1.81 – 1.50 (m, 8H);
13C NMR (101 MHz, CDCl3) δ 131.81, 128.62, 128.32, 122.37, 86.99, 85.86, 75.88, 68.63, 39.08,
33.61, 26.17, 24.09, 22.27, 21.57, 21.03; HRMS (ESI) calcd for C17H20O2 [M+H]+ : 257.1536, found
257.1526.

tert-butyl 2-hydroxy-2-(1-hydroxy-3-phenylprop-2-yn-1-yl)-7-azaspiro[3.5]nonane-7-carboxylate
(1t)
1t as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.45 – 7.42 (m, 2H), 7.35 – 7.26 (m, 3H), 4.44 (d,
J = 6.4 Hz, 1H), 3.38 – 3.35 (m, 2H), 3.31 – 3.29 (m, 2H), 2.44 – 2.39 (m, 2H), 2.23 – 2.17 (m, 2H),
1.92-1.89 (m, 2H), 1.86-1.58 (m, 2H), 1.45 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 154.97, 131.77,
128.82, 128.40, 121.97, 86.59, 86.50, 79.35, 72.86, 70.05, 41.32, 41.12, 38.19, 37.27, 29.59,
28.47; HRMS (ESI) calcd for C22H29NO4 [M+H]+ : 372.2169, found 372.2159.

1-(1-hydroxyprop-2-yn-1-yl)cyclobutanol (1u)
1u as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 4.30 (s, 1H), 3.85 (s, 2H), 2.44 (d, J = 2.0 Hz, 1H),
2.24–2.17 (m, 2H), 2.08–2.01 (m, 2H), 1.82–1.73 (m, 1H),1.62–1.51(m, 1H); 13C NMR (101 MHz,
CDCl3) δ 81.87, 76.45, 73.77, 67.19, 31.72, 11.97; HRMS (ESI) calcd for C7H10O2 [M+Na]+ :
149.0573, found 149.0571.

3. General experimental procedure for products

3.1 Optimization of the tandem reaction conditions

Entry Catalyst (mol%) Solvent T (ºC) Yieldb (%)

1 Ph3PAuCl+AgOTf (10) n-hexane 80 8
2 Ph3PAuCl+AgOTf (10) DCE 80 30
3 Ph3PAuCl+AgOTf (10) CHCl3 reflux 26



4 Ph3PAuCl+AgOTf (10) THF reflux 41
5 Ph3PAuCl+AgOTf (10) THF r.t. trace
6 Ph3PAuCl+AgOTf (10) THF 40 27
7 Ph3PAuCl+AgOTf (5) THF reflux 46
8 Ph3PAuCl+AgOTf (1) THF reflux 56
9 Ph3PAuCl+AgOTf (0.5) THF reflux 78
10 Ph3PAuCl+AgOTf (0.2) THF reflux 73
11
12
13
14
15f

16
17
18
19
20
21
22
23

Ph3PAuCl+AgOTf (0.1)
RuCl3 (10)
FeCl3 (10)
AgNO3 (10)
Ph3PAuCl+AgOTf (0.5)
AgO (10)
IrCl3 (10)
Cu(OAc)2 (10)
CuCl (10)
Cu(OTf)2 (10)
AgOAc (10)
AgNO2 (10)
Yb(OTf)3 (10)

THF
THF
THF
THF
THF
THF
THF
THF
THF
THF
THF
THF
THF

reflux
reflux
reflux
reflux
reflux
reflux
reflux
reflux
reflux
reflux
reflux
reflux
reflux

24
trace
en.d.
en.d.
12
11
trace
en.d.
trace
trace
en.d.
en.d.
trace

24 AuCl (0.5) THF reflux 10
25 Au[P(t-Bu)2(o-biphenyl)]Cl+AgOTf (0.5) THF reflux 21
26 AuCl+AgSbF6 (0.5) THF reflux trace
27 IPrAuCl+AgSbF6 (0.5) THF reflux 12
28 IPrAuCl+AgOTf (0.5) THF reflux en.d.
29 Ph3PAuCl (0.5) THF reflux en.d.
30 AgOTf (0.5) THF reflux en.d.
31c Ph3PAuCl+AgNTf2 (0.5) THF reflux 17
32c Ph3PAuCl+AgPF6 (0.5) THF reflux en.d.
33c Ph3PAuCl+AgBF4 (0.5) THF reflux 21
34c Ph3PAuCl+AgOTf (0.5) THF reflux 82
35cd Ph3PAuCl+AgOTf (0.5) THF reflux 86

aReaction conditions: without other notification, all of the reactions were performed with
1-(1-hydroxy-3-phenylprop-2-yn-1-yl)cyclobutanol (0.5 mmol), catalyst in solvent (1.5 mL) under
Ar for 4 h. bIsolated yield. cThe amout of solvent is 3 mL. dunder air. en.d. = not detected. f

Reaction condition is MW, 70 ºC,0.5h.

3.2. General experimental procedure for products 2a-2q using 2a as an example

To a stirred solution of 1-(1-hydroxy-3-phenylprop-2-yn-1-yl) cyclobutanol (100 mg, 0.5 mmol) in
THF (3 mL) was successively added PPh3AuCl (2.5 mg, 0.005 mmol) and AgOTf (1.3 mg, 0.005



mmol) at 70 ºC under air. The reaction would be stirred for 4 h, then quenched by water (2 mL).
The aqueous layer was extracted three times with EtOAc and the combined organic layers were
washed with brine, dried over sodium sulfate, and evaporated to dryness and purified by column
chromatography to afford pure desired product 2a (78 mg, 86%) as a white solid.

4. Characterization of products 2a-2q

2-phenyl-5,6-dihydro-4H-cyclopenta[b]furan (2a)
2a (78 mg) was obtained through the general procedure in 86% yield as a white solid. mp
53.8–54.2 ºC; 1H NMR (400 MHz, acetone-d6) δ 7.64 (d, J = 7.2 Hz, 2H), 7.42–7.31 (m, 2H),
7.27–7.16 (m, 1H), 6.69 (s, 1H), 2.74–2. 70 (m, 2H), 2.57–2.53 (m, 2H), 2.48–2.43 (m, 2H); 13C
NMR (101 MHz, acetone-d6) δ 160.46, 158.49, 132.93, 129.69, 128.71, 127.68, 123.86, 104.81,
28.47, 25.29, 24.13; HRMS (ESI) calcd for C13H12O [M+H]+ : 185.0963, found 185.0961.

2-(p-tolyl)-5,6-dihydro-4H-cyclopenta[b]furan(2b)
2b (76 mg) was obtained through the general procedure in 83% yield as a white solid. mp
56.6–57.2 ºC; 1H NMR (400 MHz, acetone-d6) δ 7.53 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H),
6.61 (s, 1H), 2.73–2.69 (m, 2H), 2.54–2.52 (m, 2H), 2.48–2.41(m, 2H), 2.31 (s, 3H); 13C NMR (101
MHz, acetone-d6) δ 159.96, 158.76, 137.36, 130.32, 128.60, 123.92, 104.05, 28.49, 25.30, 24.17,
21.34; HRMS (ESI) calcd for C14H14O [M+H]+ : 199.1117, found 199.1110.

2-(m-tolyl)-5,6-dihydro-4H-cyclopenta[b]furan (2c)
2c (47 mg) was obtained through the general procedure in 51% yield as a colorless oil; 1H NMR
(400 MHz, acetone-d6) δ 7.47–7.42 (m, 2H), 7.24 (t, J = 8.0 Hz, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.66 (s,
1H), 2.74–2.70 (m, 2H), 2.57–2.53 (m, 2H), 2.49–2.34(m,2H), 2.34 (s, 3H); 13C NMR (101 MHz,
acetone-d6) δ 160.26, 158.63, 139.12, 132.85, 129.58, 128.61, 128.42, 124.40, 121.07, 104.63,
28.42, 25.24, 24.10, 21.58; HRMS (ESI) calcd for C14H14O [M+H]+ : 199.1117, found 199.1115.

2-(o-tolyl)-5,6-dihydro-4H-cyclopenta[b]furan (2d)



2d (71 mg) was obtained through the general procedure in 78% yield as a colorless oil. 1H NMR
(400 MHz, acetone-d6) δ 7.66–7.60 (m, 1H), 7.26–7.15 (m, 3H), 6.51 (s, 1H), 2.75–2.72 (m, 2H),
2.58–2.56 (m, 2H), 2.50–2.46 (m, 5H); 13C NMR (101 MHz, acetone-d6) δ 155.54 , 153.51 , 130.19 ,
127.66 , 127.60 , 124.04 , 123.39 , 122.82 , 122.48 , 104.01 , 24.05 , 20.82 , 19.74 , 17.83; HRMS (ESI)
calcd for C14H14O [M+K]+ : 237.0688, found 237.0686.

2-(4-methoxyphenyl)-5,6-dihydro-4H-cyclopenta[b]furan (2e)
2e (64 mg) was obtained through the general procedure in 70% yield as a colorless amorphous
solid; 1H NMR (400 MHz, acetone-d6) δ 7.59–7.55 (m, 2H), 6.96–6.92 (m, 2H), 6.53 (s, 1H), 3.81 (s,
3H), 2.72–2.68 (m, 2H), 2.56–2.51 (m, 2H), 2.48–2.41 (m, 2H); 13C NMR (101 MHz, acetone-d6) δ
159.92, 159.49, 158.66, 128.53, 125.95, 125.37, 115.15, 103.12, 55.73, 28.47, 25.27, 24.17;
HRMS (ESI) calcd for C14H14O2 [M+H]+ : 215.1089, found 215.1087.

1-(4-(5,6-dihydro-4H-cyclopenta[b]furan-2-yl)phenyl)ethanone (2f)
2f (68 mg) was obtained through the general procedure in 73% yield as a colorless amorphous
solid; 1H NMR (400 MHz, C6D6) δ 7.89 (d, J = 8.8 Hz, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.23 (s, 3H), 6.45
(s, 1H), 2.47 (t, J = 7.6 Hz, 2H), 2.38 (t, J = 6.8 Hz, 2H), 2.19 (s, 3H), 2.17–2.03 (m, 2H); 13C NMR
(101 MHz, C6D6) δ 195.63, 161.32, 157.11, 135.93, 135.63, 129.32, 122.91, 106.29, 27.88, 26.07,
24.88, 23.55; HRMS (ESI) calcd for C15H14O2 [M+H]+ : 227.1067, found 227.1058.

2-phenyl-4,5,6,7-tetrahydrobenzofuran (2g)
2g (40 mg) was obtained through the general procedure in 44% yield as a colorless oil; 1H NMR
(400 MHz, acetone-d6) δ 7.70–7.60 (m, 2H), 7.40–7.31 (m, 2H), 7.25–7.15 (m, 1H), 6.62 (s, 1H),
2.64–2.60 (m, 2H), 2.46–2.42 (m, 2H), 1.89–1.81 (m, 2H), 1.77–1.70 (m, 2H); 13C NMR (101 MHz,
acetone-d6) δ 152.81, 151.95, 132.88, 130.04, 128.02, 124.40, 120.46, 107.64, 24.35, 24.30,
23.23; HRMS (ESI) calcd for C14H14O [M+H]+ : 199.1117, found 199.1110.

2-(p-tolyl)-4,5,6,7-tetrahydrobenzofuran (2h)



2h (35 mg) was obtained through the general procedure in 38% yield as a colorless oil; 1H NMR
(400 MHz, acetone-d6) δ 7.53 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.54 (s, 1H), 2.63–2.59 (m,
2H), 2.45–2.41 (m, 2H), 2.31 (s, 3H), 1.90–1.79 (m, 2H), 1.78–1.68 (m, 2H); 13C NMR (101 MHz,
acetone-d6) δ 152.62, 151.05, 137.25, 130.24, 129.85, 124.02, 119.91, 106.45, 23.96, 23.92,
23.88, 22.83, 21.27; HRMS (ESI) calcd for C15H16O [M+H]+ : 213.1274, found 213.1265.

2-(4-nitrophenyl)-5,6-dihydro-4H-cyclopenta[b]furan (2i)
2i (72 mg) was obtained through the general procedure in 77% yield as a orange colorless
amorphous solid; 1H NMR (400 MHz, acetone-d6) δ 8.20 (d, J = 8.8 Hz, 2H), 7.68 (d, J = 8.8 Hz, 2H),
6.74 (s, 1H), 2.81–2.77 (m, 2H), 2.63–2.59 (m, 2H), 2.53–2.46 (m, 2H); 13C NMR (101 MHz,
acetone-d6) δ 162.69, 155.31, 145.70, 137.40, 128.75, 124.36, 122.86, 107.75, 27.69, 24.84,
23.35; HRMS (ESI) calcd for C13H11NO3 [M+H]+ : 203.0812, found 203.0808.

2-(4-fluorophenyl)-5,6-dihydro-4H-cyclopenta[b]furan (2j)
2j (80 mg) was obtained through the general procedure in 87% yield as a white solid. mp
57.8–58.4 ºC; 1H NMR (400 MHz, acetone-d6) δ 7.68–7.64 (m, 2H), 7.16–7.12 (m, 2H), 6.65 (s, 1H),
2.73–2.69 (m, 2H), 2.56–2.53 (m, 2H), 2.49–2.41 (m, 2H); 13C NMR (101 MHz, acetone-d6) δ
162.74(d, J = 243 Hz), 160.50, 157.59, 129.58(d, J = 3 Hz), 128.80, 125.84(d, J = 8 Hz), 116.56(d, J
= 22 Hz), 116.45, 104.72, 104.71, 28.49, 25.29, 24.13; HRMS (ESI) calcd for C13H11FO[M+H]+:
203.0867, found 203.0858.

2-(4-chlorophenyl)-5,6-dihydro-4H-cyclopenta[b]furan (2k)
2k (85 mg) was obtained through the general procedure in 92% yield as a white solid. mp
73.1–74.6 ºC; 1H NMR (400 MHz, acetone-d6) δ 7.65–7.62 (m, 2H), 7.38–7.37 (m, 2H), 6.73 (s, 1H),
2.74–2.70 (m, 2H), 2.57–2.54 (m, 2H), 2.50–2.42(m,2H); 13C NMR (101 MHz, acetone-d6) δ 160.98,
157.27, 132.63, 131.65, 129.78, 128.94, 125.34, 105.56, 28.44, 25.25, 24.05; HRMS (ESI) calcd for
C13H11ClO [M+H]+ : 219.0571, found 219.0564.



2-(4-bromophenyl)-5,6-dihydro-4H-cyclopenta[b]furan (2l)
2l (77 mg) was obtained through the general procedure in 82% yield as a white solid. mp
84.6–85.7 ºC; 1H NMR (400 MHz, acetone-d6) δ 7.59–7.50 (m, 4H), 6.74 (s, 1H), 2.75–2.68 (m, 2H),
2.58–2.51 (m, 2H), 2.50–2.41 (m, 2H); 13C NMR (101 MHz, acetone-d6) δ 161.08, 157.30, 132.76,
132.03, 128.99, 125.63, 120.68, 105.69, 28.47, 25.29, 24.08; HRMS (ESI) calcd for C13H11BrO
[M+H]+ : 263.0066, found 263.0057.

2-(4-iodophenyl)-5,6-dihydro-4H-cyclopenta[b]furan (2m)
2m (76 mg) was obtained through the general procedure in 80% yield as a white solid. mp
100.3–101.1 ºC; 1H NMR (400 MHz, acetone-d6) δ 7.73 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H),
6.76 (s, 1H), 2.73–2.7 (m, 2H), 2.57–2.53 (m, 2H), 2.49–2.42 (m, 2H); 13C NMR (101 MHz,
acetone-d6) δ 161.09, 157.32, 138.73, 132.41, 128.94, 125.70, 105.73, 91.82, 28.41, 25.24, 24.02;
HRMS (ESI) calcd for C13H11IO [M+H]+ : 310.9927, found 310.9918.

4-(5,6-dihydro-4H-cyclopenta[b]furan-2-yl)benzonitrile (2n)
2n (68 mg) was obtained through the general procedure in 81% yield as a colorless amorphous
solid; 1H NMR (400 MHz, acetone-d6) δ 7.79–7.77 (m, 2H), 7.74–7.72 (m, 2H), 6.94 (s, 1H),
2.77–2.73 (m, 2H), 2.59–2.55 (m, 2H), 2.51–2.44 (m, 2H); 13C NMR (101 MHz, acetone-d6) δ
162.72, 156.55, 136.50, 133.59, 129.52, 124.04, 119.62, 110.28, 108.21, 28.39, 25.25, 23.92;
HRMS (ESI) calcd for C14H11NO [M+H]+: 210.0913, found 210.0905.

2-(4-(trifluoromethyl)phenyl)-5,6-dihydro-4H-cyclopenta[b]furan (2o)
2o (58 mg) was obtained through the general procedure in 62% yield as a yellow solid. mp
81.2-81.9 ºC; 1H NMR (400 MHz, acetone-d6) δ 7.83 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H),
6.90 (s, 1H), 2.77–2.74 (m, 2H), 2.60–2.56(m, 2H), 2.52–2.44(m,2H); 13C NMR (101 MHz,
acetone-d6) δ 162.11, 156.87, 136.30, 129.27, 128.55(q, J = 33.0 Hz), 126.71(q, J =4.0 Hz),
125.58(q, J = 270.0 Hz), 124.03, 107.30, 28.45, 25.28, 24.00; HRMS (ESI) calcd for C14H11F3O
[M+H]+ : 253.0835, found 253.0826.



2-(5,6-dihydro-4H-cyclopenta[b]furan-2-yl)pyridine (2p)
2p (38 mg) was obtained through the general procedure in 42% yield as a colorless crystal. mp
85.9-86.3 ºC; 1H NMR (400 MHz, acetone-d6) δ 8.51–8.49 (m, 1H), 7.78–7.74 (m, 1H), 7,63–7.61
(m, 1H), 7.18–7.15 (m, 1H), 6.95 (s, 1H), 2.76–2.72 (m, 2H), 2.59–2.55 (m, 2H), 2.51–2.43(m,2H);
13C NMR (101 MHz, acetone-d6) δ 161.87, 158.72, 150.98, 150.55, 137.51, 129.01, 122.37, 118.20,
107.92, 28.43, 25.27, 24.00; HRMS (ESI) calcd for C12H11NO [M+H]+ : 186.0913, found 186.0906.

2,5-diphenyl-5,6-dihydro-4H-cyclopenta[b]furan (2q)
2q (41 mg) was obtained through the general procedure in 78% yield as colorless amorphous
solid. 1H NMR (400 MHz, acetone-d6) δ 7.68 (d, J = 7.4 Hz, 2H), 7.44–7.17 (m, 8H), 6.75 (s, 1H),
4.17–4.04 (m, 1H), 3.23 (dd, J = 15.6, 9.2 Hz, 1H), 3.06 (dd, J = 14.8, 8.8 Hz, 1H), 2.91–2.78 (m, 1H),
2.67–2.62 (m, 1H); 13C NMR (101 MHz, acetone-d6) δ 158.63, 158.51, 147.23, 132.80, 129.73,
129.56, 127.84, 127.81, 127.58, 127.31, 123.93, 104.73, 49.18, 34.60, 33.82; HRMS (ESI) calcd for
C19H16O [M+H]+ : 261.1274, found 261.1264.

2-(naphthalen-2-yl)-5,6-dihydro-4H-cyclopenta[b]furan (2r)
2r (67 mg) was obtained through the general procedure in 72% yield as a white solid. mp
88.9-91.3 ºC; 1H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.81-7.78 (m, 3H), 7.70 (d, J = 10.4 Hz, 1H),
7.45-7.41(m, 2H), 6.64 (s, 1H), 2.79 – 2.50 (m, 6H); 13C NMR (101 MHz, CDCl3) δ 160.03, 157.64,
133.67, 132.35, 129.18, 128.23,128.80, 127.80, 127.69, 126.35, 125.49, 121.97, 120.96, 104.28,
27.75, 24.85, 23.56; HRMS (ESI) calcd for C17H14O [M+H]+ : 235.1117, found 235.1111.

2-phenyl-4,5,6,7,7a,8-hexahydro-3bH-indeno[2,1-b]furan (2s)
2s (80 mg) was obtained through the general procedure in 86% yield as a colorless amorphous
solid; 1H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 0.8, 1.2 Hz, 2H), 7.35 – 7.31 (m, 2H), 7.25 – 7.16
(m, 1H), 6.52 (s, 1H), 2.87 – 2.73 (m, 3H), 2.51 – 2.46 (m, 1H), 1.68-1.63 (m, 1H), 1.54 – 1.45 (m,
2H), 1.44 – 1.43 (m, 4H), 1.42 – 1.41 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 158.96, 156.58, 131.98,
131.93, 128.56, 126.44, 122.99, 102.90, 42.71, 36.87, 30.81, 29.21, 28.73, 22.86, 22.79; HRMS
(ESI) calcd for C17H18O [M+H]+ : 239.1430, found 239.1421.

tert-butyl 2-phenyl-4,6-dihydrospiro[cyclopenta[b]furan-5,4'-piperidine]-1'-carboxylate (2t)



2t (69 mg) was obtained through the general procedure in 72% yield as a colorless amorphous
solid; 1H NMR (400 MHz, CDCl3) δ 7.60 – 7.58 (m, 2H), 7.36 – 7.32 (m, 2H), 7.22 – 7.18 (m, 1H),
6.50 (s, 1H), 3.55-3.50 (m, 2H), 3.44 – 3.37 (m, 2H), 2.68 (s, 2H), 2.48 (s, 2H), 1.72-1.70 (m, 4H),
1.47 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 157.56, 156.48, 154.89, 131.66, 128.60, 126.72, 124.76,
123.07, 103.69, 79.42, 47.44, 38.25, 37.55, 36.86, 28.48; HRMS (ESI) calcd for C22H27NO3 [M+H]+ :
354.2064, found 354.2049.

2-(2-oxo-2-phenylethyl)cyclopentanone (3a)
3a (56 mg) was obtained through the general procedure in 56% yield as white amorphous solid;
1H NMR (400 MHz, CDCl3) δ 8.00–7.91 (m, 2H), 7.58–7.55 (m, 1H), 7.46 (m, 2H), 3.53 (dd, J = 16.0,
4.0 Hz, 1H), 3.05 (dd, J = 16.0, 8.0 Hz, 1H), 2.72–2.58 (m, 1H), 2.47–2.21 (m, 3H), 2.14–2.04 (m,
1H), 1.93–1.79 (m, 1H), 1.63–1.59 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 220.32, 197.95, 136.62,
133.23, 128.62, 128.04, 45.09, 38.65, 37.56, 29.72, 20.85; HRMS (ESI) calcd for C13H14O2 [M+H]+ :
203.1077, found 203.1067.
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6. 1H NMR and 13C NMR spectra for substrates and products
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