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General Methods. All reactions were carried out under argon unless noted. DCM, DCE were
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distilled from CaH,. Toluene was distilled from sodium and benzophenone. THF was distilled
from sodium and benzophenone or purified using Innovative Technology Solvent Purifier (for
the synthesis of substrates). MeCN was purified using Innovative Technology Solvent Purifier.
Unless noted, all commercial reagents were used without further purification.
(Acetonitrile)[(2-biphenyl)di-fert-butylphosphine]gold(I) hexafluoroantimonate (catalyst A)
was purchased from Aldrich Chemical Company. Gold complexes B-D and F were prepared
by stirring the [Au(L)CI]! complex and AgSbFs in MeCN at room temperature for 12 h or
overnight.? The structure of complex C was confirmed by X-ray diffraction. Gold complex E
was prepared by published method.? AgSbF4 was purchased from Stream Chemical Company.

'H and *C NMR spectra were recorded at room temperature or 60 °C in CDCl;
(containing 0.03% TMS), on Varian XL-400 MHz spectrometer, Agilent 400 MHz NMR
spectrometer, or Agilent vamrs 600 MHz spectrometer. 'H NMR spectra was recorded with
tetramethylsilane (8 = 0.00 ppm) as internal reference in CDCl;; *C NMR spectra was
recorded with CDCl; (6 = 77.00 ppm) as internal reference. High-resolution mass spectra was
obtained by using Agilent Technologies 5973N. Elemental analyses were performed on an
Italian Carlo-Erba 1106 analyzer. IR spectra were obtained by using a Nicolet iS10
spectrometer. Melting points were measured using a SGW-4 microscopic melting point
apparatus and were uncorrected. Single crystal X-ray diffraction data were collected at 293(2)
K for catalyst C, 2f, 2h, 20, 20 and 20’, 6 and 17, 273.15 K for 2g on Bruker SMART

diffractometer or Bruker APEX-II diffractometer.

Synthesis and characterization of SPhosAu(MeCN)SbF (catalyst C).2

To a flask were added SphosAuCl (1.286 g, 2.0 mmol), AgSbF (687.2 mg, 2.0 mmol)
and MeCN (20 mL). The reaction mixture was stirred at room temperature overnight. Then
the mixture was filtered through a pad of celite twice and the filter cake was washed with
MeCN. The solvent was reduced under the reduced pressure, and pentane was added resulting
in the immediate precipitation of a white solid. The solid was filtered and dried under the

reduced pressure to give SPhosAu(MeCN)SbF¢ (1.5 g, 85%) as a white solid.
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Cy, Oy R
P—Au-NCMe ' SbFg
MeO

MeO

catalyst C

'"H NMR(CDCls, 400 MHz) 6 = 7.62-7.48 (m, 4H), 7.18(s, 1H), 6.76(d, J =8.0 Hz, 2H), 3.70
(s, 6H), 2.46(s, 3H), 2.24-2.21 (m, 2H), 1.97(s, 2H), 1.82-1.69 (m, 8H), 1.39-1.23 (m, 10H),
3C NMR(CDCl;, 100 MHz) & = 157.55, 142.10 (d, 2Jcp = 11.5 Hz), 133.10 (d, 2Jcp = 9.6
Hz), 131.76, 131.74, 131.71, 131.65, 130.15, 127.67 (d, 3Jcp = 8.3 Hz), 124.28 (d, Jcp =
30.3 Hz), 118.84, 118.41 (d, 3Jcp = 6.7 Hz), 104.18, 55.48, 35.94 (d, 'Jcp = 35.6 Hz), 30.71
(d, 3Jcp = 2.8 Hz), 29.19, 26.38, 26.37(d, 2Jc.p = 27.0 Hz), 25.48, 2.12; 3'P NMR (CDCl3) 6 =
35.45. Anal. Calcd for CysH33AuF¢NO,PSb: C, 38.03; H, 4.33; N, 1.58. Found: C, 37.75; H,
4.29; N, 1.55.

1,6-Diyne-4-en-3-ols (s-1) were synthesized according to the published method,* and the

characterization of new compounds are shown as follows:

OH
O N
SO

Ph F
s-1b
3-(4-Fluorophenyl)-1-(2-(phenylethynyl)phenyl)prop-2-yn-1-ol (s-1b). White solid. M.p.
102.5-103.3 °C. '"H NMR (400 MHz, CDCl3) 8 7.75 (d, J = 7.6 Hz, 1H), 7.58-7.54 (m, 3H),
7.42-7.30 (m, 7H), 6.97-6.93 (m, 2H), 6.13 (d, /= 4.8 Hz, 1H), 2.94 (d, /= 5.6 Hz, 1H); 3C
NMR (100 MHz, CDCl;) 8 162.53 (d, 'Jer = 249.6 Hz), 142.11, 133.63 (d, 3Jcr = 8.3 Hz),
132.48, 131.52, 128.90, 128.63, 128.39, 128.35, 128.29, 126.66, 122.70, 121.34, 118.51 (d,
3Jcr = 3.5 Hz), 115.48 (d, 2Jcr = 22.1 Hz), 95.08, 87.99 (d, °Jcr = 1.5 Hz), 86.53, 85.35,
63.66. IR (film): 3353, 3056, 3029, 2215, 1600, 1506, 1493, 1443, 1380, 1229, 1185, 1155,
1093, 1015, 963, 834, 818, 755, 690 cm''. HRMS (EI) calcd for C,3H;sOF [M]*: 326.1107,
found 326.1114.
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~
Ph COOMe
s-1

d

Methyl 4-(3-hydroxy-3-(2-(phenylethynyl)phenyl)prop-1-yn-1-yl)benzoate (s-1d). Yellow
oil. "H NMR (400 MHz, CDCl;) 6 7.95-7.93 (m, 2H), 7.76 (dd, J = 7.6, 0.8 Hz, 1H), 7.59-
7.54 (m, 3H), 7.48-7.46 (m, 2H), 7.42-7.32 (m, 5H), 6.16 (s, 1H), 3.89 (s, 3H), 3.04 (s, 1H).
3C NMR (101 MHz, CDCl;) 6 166.47, 141.86, 132.51, 131.62, 131.51, 129.65, 129.36,
128.93, 128.67, 128.41, 128.38, 127.16, 126.67, 122.67, 121.37, 95.17, 91.33, 86.47, 85.49,
63.66, 52.21. IR (film): 3415, 3056, 3026, 2995, 2948, 2213, 1703, 1604, 1492, 1435, 1405,
1363, 1308, 1274, 1176, 1108, 1018, 965, 858, 755, 690 cm™!. HRMS (EI) calcd for C,5H;530;
[M]*: 366.1256, found 366.1263.

Ph CF;
s-1e

1-(2-(Phenylethynyl)phenyl)-3-(4-(trifluoromethyl)phenyl)prop-2-yn-1-ol (s-le). Yellow
solid. M.p. 74.1-75.4 °C. '"H NMR (400 MHz, CDCl;) 6 7.74 (d, J = 7.6 Hz, 1H), 7.57-7.49
(m, 7H), 7.39-7.29 (m, 5H), 6.15 (d, /= 4.8 Hz, 1H), 3.12 (d, /= 4.8 Hz, 1H); 13C NMR (100
MHz, CDCl3) 6 141.77, 132.52, 131.92, 131.50, 130.10 (q, 2Jc.r = 32.6 Hz), 128.93, 128.69,
128.42, 128.39, 126.61, 126.25, 125.10 (q, *Jcr = 3.5 Hz), 123.79 (q, 'Jer = 271 Hz), 122.65,
121.35, 95.25, 90.80, 86.47, 84.92, 63.61. IR (film): 3362, 3059, 3026, 2212, 1615, 1563,
1493, 1443, 1404, 1320, 1166, 1123, 1105, 1067, 1016, 964, 841, 813, 754, 712, 689 cm'!.
HRMS (EI) calcd for C,4H;5sOF; [M]*: 376.1075, found 376.1071.
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1-(2-(Phenylethynyl)phenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-yn-1-ol  (s-1g).  Light
orange solid. M.p. 94.3-95.5 °C. '"H NMR (400 MHz, CDCl;) 6 7.75 (d, J= 7.2 Hz, 1H), 7.59-
7.57 (m, 3H), 7.41-7.31 (m, 5H), 6.65 (s, 2H), 6.13 (d, J = 4.0 Hz, 1H), 3.82 (s, 3H), 3.73 (s,
6H), 2.99 (s, 1H). 3C NMR (100 MHz, CDCl3) & 152.87, 142.26, 138.78, 132.49, 131.51,
128.86, 128.60, 128.39, 128.20, 126.60, 122.78, 121.24, 117.45, 108.82, 95.15, 87.42, 86.68,
86.30, 63.73, 60.85, 55.94. IR (film): 3426, 3056, 2995, 2936, 2836, 1578, 1504, 1449, 1411,
1344, 1237, 1128, 1060, 1033, 1001, 834, 758, 691 cm™'. HRMS (EI) calcd for C,6H2,04 [M]*:
398.1518, found 398.1529.

O
%

Ph
s-1h

3-(Naphthalen-1-yl)-1-(2-(phenylethynyl)phenyl)prop-2-yn-1-ol (s-1h). White solid. M.p.
97.2-98.7 °C. 'H NMR (400 MHz, CDCl;) 6 8.33 (d, J = 8.0 Hz, 1H), 7.86-7.78 (m, 3H),
7.68-7.56 (m, 4H), 7.48-7.32 (m, 8H), 6.31 (s, 1H), 2.99 (s, 1H); 3C NMR (100 MHz, CDCl;)
0 142.35, 133.24, 133.02, 132.62, 131.62, 130.66, 128.97, 128.95, 128.63, 128.40, 128.30,
128.15, 126.76, 126.69, 126.35, 126.17, 125.07, 122.76, 121.39, 120.09, 95.21, 93.22, 86.68,
84.61, 64.03. IR (film): 3366, 3057, 2218, 1600, 1586, 1493, 1443, 1396, 1277, 1186, 1100,
1054, 1025, 949, 800, 773, 756, 689, 669 cm'!. HRMS (EI) calcd for Cp;H; 30 [M]*: 358.1358,
found 358.1352.
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3-Phenyl-1-(2-((4-(trifluoromethyl)phenyl)ethynyl)phenyl)prop-2-yn-1-ol (s-1j). White

s-1j

solid. M.p. 113.0-114.1 °C. '"H NMR (400 MHz, CDCl;) 6 7.80-7.78 (m, 1H), 7.63-7.61 (m,
2H), 7.56-7.54 (m, 3H), 7.43-7.37 (m, 3H), 7.33-7.22 (m, 4H), 6.14 (d, J = 5.6 Hz, 1H), 2.99
(d, J= 6.0 Hz, 1H). 3C NMR (100 MHz, CDCl;) § 142.41, 132.60, 131.74, 131.66, 130.08 (q,
2Jer =30.7 Hz), 129.43, 128.56, 128.30, 128.23, 126.73, 126.60 (q, *Jcr = 1.5 Hz), 125.25 (q,
3Jcr = 3.8 Hz), 123.83 (q, 'Jc.r = 271 Hz), 122.29, 120.72, 93.42, 88.96, 88.22, 86.53, 63.52.
IR (film): 3343, 3064, 2218, 1614, 1489, 1404, 1322, 1168, 1125, 1105, 1065, 1016, 998, 964,
841, 755, 691 cml. HRMS (EI) calcd for Cp4,H;5s0F; [M]*: 376.1075, found 376.1083.

OH

Cl
X
Ph
X
Ph
s-1n

1-(5-Chloro-2-(phenylethynyl)phenyl)-3-phenylprop-2-yn-1-ol (s-1n). Light yellow solid.
M.p. 125.7-127.6 °C. '"H NMR (400 MHz, CDCl3) 6 7.77 (d, J = 2.0 Hz, 1H), 7.56-7.54 (m,
2H), 7.49-7.43 (m, 3H), 7.36-7.33 (m, 3H), 7.31-7.24 (m, 4H), 6.11 (s, 1H), 2.86 (bs, 1H); 13C
NMR (100 MHz, CDCls) 6 143.88, 134.78, 133.53, 131.75, 131.56, 128.80, 128.66, 128.44,
128.26, 126.99, 122.50, 122.15, 119.87, 95.92, 87.57, 86.79, 85.61, 63.19. IR (film): 3367,
3081, 3056, 3034, 2212, 1590, 1490, 1472, 1442, 1405, 1262, 1179, 1108, 1087, 1031, 998,
968, 878, 822, 753, 722, 688 cm’'. HRMS (EI) calcd for Cp3H;50C1 [M]*: 342.0811, found

342.0813.
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1-(2-(Cyclopropylethynyl)phenyl)-3-phenylprop-2-yn-1-ol (s-1q). Light yellow oil. 'H
NMR (400 MHz, CDCls) 6 7.69 (d, J = 7.6 Hz, 1H), 7.47-7.40 (m, 3H), 7.32-7.22 (m, 5H),
6.00 (d, J = 6.0 Hz, 1H), 2.92 (d, J = 6.0 Hz, 1H), 1.53-1.46 (m, 1H), 0.91-0.81 (m, 4H). 3C
NMR (100 MHz, CDCl;) 6 142.15, 132.49, 131.68, 128.41, 128.18, 128.11, 128.03, 126.61,
122.51, 122.01, 99.53, 88.26, 86.22, 72.92, 63.76, 8.81, 0.29. IR (film): 3395, 3059, 3009,
2337, 2228, 1702, 1598, 1489, 1443, 1363, 1228, 1185, 1090, 1030, 997, 952, 840, 812, 754,
690 cm!. HRMS (EI) calcd for CyoH 0 [M]*: 272.1201, found 272.1205.

OH
D
O X D
X D O b
Ph
D
s-1a-ds

3-(Phenyl-ds)-1-(2-(phenylethynyl)phenyl)prop-2-yn-1-ol (s-1a-ds). Yellow oil. M.p. 73.3-
74.0 °C. '"H NMR (400 MHz, CDCl3) 6 7.76 (d, J= 7.6 Hz, 1H), 7.54-7.52 (m, 3H), 7.35-7.24
(m, 5H), 6.15 (d, J = 5.6 Hz, 1H), 3.10 (d, J = 5.6 Hz, 1H). >*C NMR (100 MHz, CDCI;)
142.15, 132.32, 131.45, 131.21(t, Jcp = 25.1 Hz), 128.79, 128.48, 128.28, 128.12, 127.59 (t,
Jep = 24.3 Hz), 126.60, 122.67, 122.14, 121.26, 94.96, 88.36, 86.57, 86.25, 63.52. IR (film):
3357, 3056, 3028, 2274, 2226, 1600, 1564, 1492, 1443, 1386, 1271, 1182, 1095, 1016, 963,
948, 831, 819, 754, 689 cm’'. HRMS (EI) calcd for C»;OH;Ds [M]": 348.1515, found
348.1501.

Synthesis of (4-chlorophenyl)(3-phenyl-1-(2-(phenylethynyl)phen-yl)prop-2-yn-1-yl)-

sulfane (12%).>
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OH /p-CICGH4

15 mol% FeClj S
% 1.6 equiv p-CICgH4SH
Ph X
R MeCN, rt, 0.5 h Ph
Ph A
Ph
s-1a

1a’

To a solution of 3-phenyl-1-(2-(phenylethynyl)phenyl)prop-2-yn-1-ol (s-1a) (616.8 mg,
2 mmol) in MeCN (20 mL) were added 4-chlorobenzenethiol (458.5 mg, 3.2 mmol) and ferric
chloride (48.7 mg, 0.30 mmol) at room temperature. After stirring at the same temperature for
0.5 h, the solvent was evaporated under the reduced pressure and the residue was purified by
column chromatography on silica gel (eluent: petroleum ether: dichloromethane = 20:1 to
10:1 to 5:1) to afford 1a’ (853.1 mg, 98%) as yellow liquid. '"H NMR (400 MHz, CDCl;) 8
7.54-7.51 (m, 2H), 7.47-7.45 (m, 2H), 7.40-7.37 (m, 4H), 7.31-7.15 (m, 10H), 5.80 (s, 1H).
3C NMR (100 MHz, CDCl;) 8 139.41, 136.09, 134.78, 132.12, 131.62, 131.47, 131.43,
128.61, 128.47, 128.34, 128.32, 128.27, 128.20, 127.88, 127.722, 122.716, 122.55, 121.95,
95.44, 87.17, 86.83, 86.68, 42.68. IR (film): 3078, 3058, 3026, 2215, 1598, 1571, 1491, 1474,
1442, 1387, 1272, 1158, 1093, 1070, 1028, 1014, 914, 825, 752, 688, 668 cm™!. HRMS (EI)
calcd for CyoH;9SCI [M]*: 434.0896, found 434.0900.

General procedure for the synthesis of 1,6-diynyl dithioacetals 1.
Typical procedure for the synthesis of 2-(phenylethynyl)-2-(2-(phenylethynyl)phenyl)
-1,3-dithiolane (1a).

OH o 1.5 equ?v ethane-1,2-dithiol /\
RS R3 1.2 equiv BF5 Et,0 R3 S _S
% 1.2 equiv DMP % 0.5 equiv AcOH %
R DCM R o R
[ , [ MeOH, 0 °C to rt [
N gz 0°Ctort 1-2h N R? N R?
s-1 1

For1a,R'=R?=Ph,R3=H
To a solution of the alcohol s-1a (925.1 mg, 3 mmol) in dichloromethane (20 mL) was
added Dess-Martin periodinane (1.53 g, 3.6 mmol) at 0 °C. The resulting solution was
warmed up to room temperature and stirred for 1 h. After the starting material was consumed,
the mixture was filtered through silica gel, quenched with saturated sodium bicarbonate
solution, extracted with dichloromethane, washed with brine solution and dried over
anhydrous Na,SO,. The solvent was evaporated under the reduced pressure, and the residue
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was purified by column chromatography on silica gel (eluent: petroleum ether: ethyl acetate =
10:1) to give the ketone as a yellow oil.

To a solution of above ketone in methanol (20 mL) were added acetic acid (90.1 mg, 1.5
mmol), boron trifluoride diethyl etherate (0.45 mL, 3.6 mmol) and ethane-1,2-dithiol (0.38
mL, 4.5 mmol) at 0 °C.% The resulting solution was warmed up to room temperature and
stirred for 10 h. Then the mixture was quenched with 10% sodium hydroxide solution,
extracted with dichloromethane, washed with brine solution and dried over anhydrous Na,SOj,.
The solvent was evaporated under the reduced pressure, and the residue was purified by
column chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane
= 10:1) to afford 1a as a pale yellow oil, which could be solidified upon treating with ethyl
acetate. Overall yield: 52% (601.3 mg).

[\
S

S
A
Ph
A

Ph
1a
Pale yellow solid. M.p. 106.4-106.8 °C. '"H NMR (400 MHz, CDC]l;) & 8.08-8.05 (m, 1H),
7.66-7.59 (m, 3H), 7.34-7.27 (m, 7H), 7.23 -7.15(m, 3H), 3.72-3.64 (m, 2H), 3.52-3.44 (m,
2H). 3C NMR (100 MHz, CDCls) 8 142.89, 134.33, 131.59, 131.35, 128.21, 128.05, 127.93,
127.87, 127.75, 125.58, 123.54, 122.77, 122.75, 98.89, 90.65, 89.03, 84.88, 61.93, 40.87. IR
(film): 3076, 3056, 2920, 2329, 1711, 1597, 1570, 1491, 1466, 1441, 1278, 1069, 1030, 916,
882,754, 719, 690 cm™'. HRMS (EI) caled for C,sH;sS, [M]*: 382.0850, found 382.0852.

|O X
X
Ph F

1b
2-((4-Fluorophenyl)ethynyl)-2-(2-(phenylethynyl)phenyl)-1,3-dithiolane (1b). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 20:1
to 10:1) afforded the title product as a yellow oil in 49% overall yield (3 mmol scale, 587.7
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mg). '"H NMR (400 MHz, CDCl;) 4 8.05-8.03 (m, 1H), 7.65-7.60 (m, 3H), 7.32-7.23 (m, 7H),
6.87-6.82 (m, 2H), 3.67-3.60 (m, 2H), 3.48-3.40 (m, 2H). 3C NMR (100 MHz, CDC]l;)
162.14 (d, 'Jor = 247.7 Hz), 142.91, 134.16, 133.38 (d, 3Jcr = 8.2 Hz), 131.20, 128.23,
128.18, 127.77 (d, 2Jc.r = 14.8 Hz), 125.34, 123.37, 122.58, 118.74 (d, *Jc.r = 3.0 Hz), 115.25,
115.03, 98.78, 90.30, 89.00, 83.56, 61.75, 40.77. IR (film): 3058, 2921, 2341, 2215, 1599,
1506, 1492, 1468, 1441, 1279, 1230, 1155, 1092, 1014, 952, 835, 756, 691 cm!. HRMS (EI)
calcd for CpsH7FS,; [M]*: 400.0756, found 400.0753.

[\
S._S

IS
S
Ph Cl
1c

2-((4-Chlorophenyl)ethynyl)-2-(2-(phenylethynyl)phenyl)-1,3-dithiolane (1c). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 5:1)
afforded the title product as a yellow oil in 47% overall yield (3 mmol scale, 587.9 mg). 'H
NMR (400 MHz, CDCls) & 8.05-8.03 (m, 1H), 7.65-7.60 (m, 3H), 7.31-7.27 (m, 5H), 7.22 (d,
J = 8.0 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 3.69-3.61 (m, 2H), 3.49-3.42 (m 2H). 3C NMR
(100 MHz, CDCl;) & 142.74, 134.09, 133.86, 132.65, 131.14, 128.21, 128.15, 127.82, 127.69,
125.28, 123.29, 122.53, 121.11, 98.78, 91.61, 88.96, 83.37, 61.65, 40.75. IR (film): 3054,
2921, 2212, 1597, 1489, 1466, 1441, 1397, 1277, 1091, 1014, 882, 828, 754, 730, 690 cm'.
HRMS (EI) calced for CysH;7S,CI [M]*: 416.0460, found 416.0455.

[\
S._S

LS
<, C
Ph COOMe
1d

Methyl 4-((2-(2-(phenylethynyl)phenyl)-1,3-dithiolan-2-yl)ethynyl)benzoate (1d). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 4:1 to
2:1) afforded the title product as a light yellow oil in 53% overall yield (1.7 mmol scale, 400.7
mg). 'H NMR (400 MHz, CDCl;) 6 8.05-8.03 (m, 1H), 7.85-7.82 (m, 2H), 7.66-7.59 (m, 3H),
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7.37-7.36 (m, 1H), 7.35-7.33 (m, 1H), 7.32-7.27 (m, 5H), 3.85 (s, 3H), 3.68-3.61 (m, 2H),
3.50-3.44 (m, 2H). 3C NMR (100 MHz, CDCL3) § 166.41, 142.55, 134.26, 131.49, 131.27,
129.20, 129.09, 128.35, 128.26, 127.96, 127.88, 127.53, 125.47, 123.37, 122.71, 98.95, 93.77,
88.91, 83.84, 61.67, 52.07, 40.91. IR (film): 3051, 2948, 2923, 2212, 1720, 1603, 1492, 1435,
1404, 1308, 1275, 1191, 1175, 1107, 1019, 858, 768, 756, 691 cm™. HRMS (EI) calcd for
Cr7H5005S, [M]*: 440.0905, found 440.0899.

[\
S__S

IS
%
Ph CF3
1e

2-(2-(Phenylethynyl)phenyl)-2-((4-(trifluoromethyl)phenyl)ethynyl)-1,3-dithiolane (1e).
Column chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane
=20:1 to 15:1 to 10:1 to 8:1) afforded the title product as an orange oil in 54% overall yield
(2 mmol scale, 486.5 mg). 'H NMR (400 MHz, CDCls) & 8.12-8.10 (m, 1H), 7.73-7.68 (m,
3H), 7.48-7.43 (m, 4H), 7.38-7.34 (m, 5SH), 3.71-3.66 (m, 2H), 3.51-3.47 (m, 2H). 3C NMR
(100 MHz, CDCl3) 6 142.57, 134.16, 131.69, 131.18, 129.50 (q, 2Jcr = 32.0 Hz), 128.33,
128.21, 127.91, 127.84, 126.56 (q, “Jcr = 1.5 Hz), 126.44 (q, 'Jcr = 270.6 Hz), 125.37,
124.76 (q, *Jcr = 3.7 Hz), 123.34, 122.67, 98.90, 93.35, 88.97, 83.12, 61.57, 40.81. IR (film):
3054, 2918, 2212, 1614, 1594, 1492, 1442, 1405, 1320, 1276, 1166, 1122, 1104, 1067, 1014,
950, 913, 880, 841, 754, 715, 690 cm’'. HRMS (EI) calcd for CyH;7F3S, [M]": 450.0724,
found 450.0723.
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2-(2-(Phenylethynyl)phenyl)-2-(p-tolylethynyl)-1,3-dithiolane (1f). Column

chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 10:1
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to 8:1 to 6:1 to 4:1) afforded the title product as a light yellow solid in 41% overall yield (3
mmol scale, 485.1 mg). M.p. 111.1-112.2 °C. '"H NMR (400 MHz, CDCls) & 8.06-8.04 (m,
1H), 7.65-7.60 (m, 3H), 7.31-7.20 (m, 7H), 6.97 (d, J = 8.0 Hz, 2H), 3.69-3.61 (m, 2H), 3.49-
3.41 (m, 2H), 2.26 (s, 3H). 3C NMR (100 MHz, CDCl;) 8 143.05, 138.13, 134.36, 131.52,
131.39, 128.72, 128.22, 127.86, 127.71, 125.63, 123.62, 122.78, 119.73, 98.89, 89.84, 89.07,
85.15, 62.08, 40.88, 21.38. IR (film): 3055, 3026, 2920, 2862, 2216, 1960, 1904, 1597, 1569,
1509, 1492, 1467, 1441, 1416, 1278, 1241, 1178, 1105, 1069, 1024, 950, 916, 881, 816, 754,
737, 690 cm!. HRMS (EI) calcd for C,6H,0S, [M]*: 396.1006, found 396.1001.

S__S
O X OMe
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2-(2-(Phenylethynyl)phenyl)-2-((3,4,5-trimethoxyphenyl)ethynyl)-1,3-dithiolane (1g).
Column chromatography on basic aluminum oxide (eluent: petroleum ether: tetrahydrofuran =
8:1 to 5:1 to 2:1) afforded the title product as a yellow solid in 28% overall yield (3 mmol
scale, 392.7 mg). '"H NMR (400 MHz, CDCls) é 8.05-8.03 (m, 1H), 7.70-7.63 (m, 3H), 7.33-
7.28 (m, SH), 6.51 (s, 2H), 3.76 (s, 3H), 3.70-3.62 (m, 2H), 3.54 (s, 6H), 3.49-3.41 (m, 2H).
3C NMR (100 MHz, CDCl;) & 152.51, 143.22, 138.25, 134.02, 131.24, 128.16, 127.78,
127.54, 125.00, 123.43, 122.44, 117.58, 108.46, 98.49, 89.44, 89.20, 84.33, 61.70, 60.56,
55.50, 40.61. IR (film): 3059, 2998, 2962, 2936, 2837, 2215, 1575, 1502, 1492, 1463, 1431,
1410, 1348, 1235, 1183, 1126, 1069, 1030, 1002, 836, 757, 734, 692 cm*'. HRMS (EI) calcd
for CogH,405S, [M]™: 472.1167, found 472.1173.

S._S
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1h
2-(Naphthalen-1-ylethynyl)-2-(2-(phenylethynyl)phenyl)-1,3-dithiolane (1h). Column
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chromatography on neutral aluminum oxide (eluent: petroleum ether: toluene = 2:1 to 3:2)
afforded the title product as an orange oil in 49% overall yield (3 mmol scale, 630.9 mg). 'H
NMR (400 MHz, CDCls) 6 8.33 (d, J = 8.4 Hz, 1H), 8.10-8.08 (m, 1H), 7.69-7.59 (m, 5H),
7.51 (d,J=7.2Hz, 1H), 7.35 (t,J = 6.8 Hz, 1H), 7.28-7.12 (m, 7H), 3.65-3.57 (m, 2H), 3.44-
3.36 (m, 2H). 3C NMR (100 MHz, CDCls) 6 142.80, 134.39, 133.24, 132.83, 131.30, 130.40,
128.52, 128.18, 128.13, 127.93, 127.89, 127.77, 126.50, 126.29, 126.11, 125.63, 124.90,
123.46, 122.75, 120.39, 98.92, 95.77, 89.19, 83.12, 62.22, 40.90. IR (film): 3056, 2921, 2215,
1597, 1585, 1505, 1492, 1466, 1441, 1395, 1279, 1264, 1158, 1104, 1017, 972, 947, 911, 875,
800, 774, 754, 735, 690 cm . HRMS (EI) calcd for Cy9H,,S, [M]*: 432.1006, found 432.10009.
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2-(2-((4-Chlorophenyl)ethynyl)phenyl)-2-(phenylethynyl)-1,3-dithiolane  (1i). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 10:1
to 8:1 to 5:1 to 3:1) afforded the title product as a light yellow oil in 40% overall yield (3
mmol scale, 498 mg). 'H NMR (400 MHz, CDCl;) 8 8.05 (d, /= 7.6 Hz, 1H), 7.63-7.61 (m,
1H), 7.52 (d, J = 8.0 Hz, 2H), 7.33-7.16 (m, 9H), 3.69-3.61 (m, 2H), 3.48-3.41 (m, 2H). 13C
NMR (100 MHz, CDCls) & 143.08, 134.26, 134.21, 132.57, 131.55, 128.57, 128.17, 128.14,
128.02, 127.80, 125.59, 122.70, 122.42, 122.06, 97.66, 90.61, 89.99, 84.87, 61.93, 40.86. IR
(film): 3056, 2921, 2315, 2215, 1597, 1489, 1441, 1397, 1278, 1088, 1031, 1014, 828, 754,
729, 690 cm™'. HRMS (EI) calcd for C,5H;7S,Cl [M]": 416.0460, found 416.0466.
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2-(Phenylethynyl)-2-(2-((4-(trifluoromethyl)phenyl)ethynyl)phenyl)-1,3-dithiolane  (1j).
Column chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane
=20:1 to 10:1) afforded the title product as a light orange oil in 49% overall yield (2.4 mmol
scale, 528.0 mg). 'H NMR (400 MHz, CDCl;) & 8.07-8.05 (m, 1H), 7.69 (d, J = 8.0 Hz, 2H),
7.64 (dd, J=7.2, 1.6 Hz, 1H), 7.53 (d, J = 8.4 Hz, 2H), 7.34-7.25 (m, 4H), 7.20-7.12 (m, 3H),
3.66-3.58 (m, 2H), 3.45-3.37 (m, 2H). *C NMR (100 MHz, CDCl3) & 143.33, 134.39, 131.50,
131.45, 129.68 (q, 2Jcr = 32.7 Hz), 128.50, 128.20, 128.00, 127.81, 127.28, 126.57 (q, 'Jcr =
271.0 Hz), 125.61, 125.08 (q, *Jcr = 3.8 Hz), 122.58, 121.99, 97.19, 91.37, 90.57, 84.93,
61.85, 40.84. IR (film): 3054, 2920, 2215, 1613, 1489, 1467, 1442, 1403, 1320, 1280, 1167,
1122, 1104, 1064, 1014, 841, 753, 702, 690 cm''. HRMS (EI) calcd for C,sH;7F3S, [M]™:
450.0724, found 450.0722.

2-(2-((4-Methoxyphenyl)ethynyl)phenyl)-2-(phenylethynyl)-1,3-dithiolane (1k). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 10:1
to 6:1) afforded the title product as an orange oil in 40% overall yield (3 mmol scale, 495.7
mg) 'H NMR (400 MHz, CDCls) 6 8.06-8.04 (m, 1H), 7.64-7.60 (m, 1H), 7.57-7.54 (m, 2H),
7.35-7.27 (m, 4H), 7.24-7.15 (m, 3H), 6.86-6.82 (m, 2H), 3.81 (s, 3H), 3.71-3.63 (m, 2H),
3.51-3.43 (m, 2H); 3C NMR (100 MHz, CDCl;) & 159.60, 142.67, 134.08, 132.88, 131.64,
128.05, 127.97, 127.73, 127.53, 125.51, 123.11, 122.86, 115.78, 113.90, 99.10, 90.71, 87.84,
84.74, 62.01, 55.24, 40.85. . IR (film): 3054, 2921, 2835, 2377, 2349, 2290, 2212, 1738, 1605,
1568, 1511, 1490, 1466, 1441, 1303, 1288, 1249, 1174, 1147, 1106, 1030, 832, 755, 691, 664
cm!. HRMS (EI) calcd for Cy6Hp0S, [M]*: 412.0956, found 412.0970.
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2-(2-(Pent-1-yn-1-yl)phenyl)-2-(phenylethynyl)-1,3-dithiolane (11). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: toluene= 3:1) afforded the
title product as a light yellow oil in 29% overall yield (3 mmol scale, 301.3 mg). 'H NMR
(400 MHz, CDCls3) & 7.99-7.97 (m, 1H), 7.51-7.49 (m, 1H), 7.42-7.40 (m, 2H), 7.25-7.18 (m,
5H), 3.62-3.55 (m, 2H), 3.42-3.34 (m, 2H), 2.45 (t,J = 7.2 Hz, 2H), 1.68-1.58 (m, 2H), 1.01 (t,
J = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCl;) & 142.44, 134.51, 131.47, 127.96, 127.91,
127.51, 126.99, 125.30, 123.46, 122.95, 100.45, 90.66, 84.42, 79.84, 61.89, 40.66, 22.03,
21.71, 13.71. IR (film): 3057, 2961, 2927, 2869, 2229, 1597, 1489, 1469, 1441, 1338, 1277,
1070, 1031, 755, 721, 691 cm’'. HRMS (EI) calcd for C,H,,S, [M]*: 348.1006, found
348.1016.

2-(2-(3,3-Dimethylbut-1-yn-1-yl)phenyl)-2-(phenylethynyl)-1,3-dithiolane (1m). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 10:1
to 8:1) afforded the title product as a light orange oil in 49% overall yield (3 mmol scale,
527.8 mg). '"H NMR (400 MHz, CDCl;) 8 7.98-7.95 (m, 1H), 7.50-7.48 (m, 1H), 7.42-7.40 (m,
2H), 7.25-7.18 (m, 5H), 3.61-3.53 (m, 2H), 3.38-3.30 (m, 2H), 1.30 (s, 9H). 13C NMR (100
MHz, CDCl;) & 142.94, 134.41, 131.61, 127.97, 127.90, 127.41, 126.97, 125.00, 123.46,
122.99, 107.86, 90.60, 84.06, 78.40, 62.06, 40.48, 30.39, 28.23. IR (film): 3054, 2967, 2922,
2856, 2236, 2204, 1597, 1490, 1467, 1441, 1361, 1295, 1278, 1201, 1069, 1031, 921, 851,
753, 720, 690, 662 cm'!. HRMS (EI) calcd for Cp3H,,S, [M]*: 362.1163, found 362.1165.
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2-(5-Chloro-2-(phenylethynyl)phenyl)-2-(phenylethynyl)-1,3-dithiolane (1n). Column
chromatography on basic aluminum oxide (eluent: toluene) afforded the title product as a
light yellow oil in 30% overall yield (3 mmol scale, 375.1 mg). '"H NMR (400 MHz, CDCl;) &
8.09 (d, /= 0.8 Hz, 1H), 7.61-7.55 (m, 3H), 7.32-7.15 (m, 9H), 3.69-3.61 (m, 2H), 3.48-3.41
(m, 2H). *C NMR (100 MHz, CDCl;) & 145.16, 135.35, 133.76, 131.62, 131.37, 128.46,
128.27, 128.23, 127.99, 127.79, 125.98, 123.24, 122.52, 121.31, 99.81, 89.73, 88.07, 85.19,
61.39, 41.03. IR (film): 3078, 3058, 2921, 2329, 2215, 1596, 1582, 1491, 1458, 1442, 1391,
1278, 1168, 1107, 1069, 908, 825, 755, 727, 689 cm'. HRMS (EI) calcd for C,sH;;S,Cl [M]":
416.0460, found 416.0453.

Ph OMe
10

2-((4-Methoxyphenyl)ethynyl)-2-(2-(phenylethynyl)phenyl)-1,3-dithiolane (10). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 4:1 to
3:1 to 3:2) afforded the title product as a light yellow oil in 36% overall yield (3 mmol scale,
444 mg). '"H NMR (400 MHz, CDCl;) 6 8.07-8.05 (m, 1H), 7.65-7.61 (m, 3H), 7.33-7.25 (m,
7H), 6.70 (d, J = 8.8 Hz, 2H), 3.74 (s, 3H), 3.70-3.63 (m, 2H), 3.50-3.42 (m, 2H). *C NMR
(100 MHz, CDCl3) 6159.26, 143.17, 134.17, 132.92, 131.24, 128.14, 127.78, 127.57, 125.39,
123.46, 122.58, 114.73, 113.48, 98.74, 89.08, 89.05, 84.75, 62.03, 54.97, 40.75. IR (film):
3056, 2959, 2920, 2831, 2210, 1604, 1568, 1508, 1492, 1465, 1441, 1292, 1277, 1248, 1172,
1106, 1033, 832, 756, 691 cm''. HRMS (EI) calcd for C,sH,,0S, [M]*: 412.0956, found
412.0949.
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2-(3,3-Dimethylbut-1-yn-1-yl)-2-(2-(phenylethynyl)phenyl)-1,3-dithiolane (1p). Column
chromatography on basic aluminum oxide (eluent: petroleum ether: dichloromethane = 20:1)
afforded the title product as a yellow oil in 78% overall yield (3 mmol scale, 852.1 mg). 'H
NMR (400 MHz, CDCl;) & 8.02-7.99 (m, 1H), 7.67-7.60 (m, 3H), 7.39-7.23 (m, 5H), 3.64-
3.56 (m, 2H), 3.42-3.34 (m, 2H), 1.09 (s, 9H). 3C NMR (100 MHz, CDCl3) & 144.08, 134.28,
131.37, 128.18, 128.13, 127.62, 127.37, 125.46, 123.86, 122.65, 98.66, 93.82, 89.32, 79.67,
61.93, 40.58, 30.58, 27.55. IR (film): 3051, 2967, 2921, 2218, 1598, 1492, 1468, 1441, 1416,
1361, 1264, 1202, 1100, 1069, 1026, 952, 916, 881, 851, 827, 754, 738, 690 cm'!. HRMS (EI)
calcd for Cp3H7,S, [M]*: 362.1163, found 362.1166.

1q

2-(2-(Cyclopropylethynyl)phenyl)-2-(phenylethynyl)-1,3-dithiolane (19). Column
chromatography on basic aluminum oxide (petroleum ether: dichloromethane = 15:1 to 10:1
to 5:1) afforded the title product as a light yellow solid in 26% overall yield (3 mmol scale,
271 mg). M.p. 107.3-108.9 °C. '"H NMR (400 MHz, CDCl;) 6 7.98-7.95 (m, 1H), 7.50-7.44
(m, 3H), 7.28-7.19 (m, 5H), 3.66-3.59 (m, 2H), 3.46-3.39 (m, 2H), 1.53-1.49 (m, 1H), 0.94-
0.90 (m, 2H), 0.83-0.78 (m, 2H). 3C NMR (100 MHz, CDCl;) & 142.75, 134.28, 131.58,
128.04, 127.97, 127.53, 126.94, 125.17, 123.40, 122.92, 103.28, 90.72, 84.23, 75.01, 61.90,
40.65, 8.07, 0.80. IR (film): 3058, 3009, 2920, 2228, 1597, 1489, 1471, 1441, 1278, 1179,
1070, 1053, 1030, 953, 869, 826, 810, 754, 719, 691 cm!. HRMS (EI) caled for CpH;sS,;
[M]*: 346.0850, found 346.0846.
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Column chromatography on basic aluminum oxide (petroleum ether: dichloromethane = 5:1
to 4:1 to 3:1) afforded the title product as a yellow oil in 33% overall yield (3 mmol scale,
388.1mg). 'H NMR (400 MHz, CDC]l5) 6 8.06-8.04 (m, 1H), 7.65-7.59 (m, 3H), 7.32-7.25 (m,
5H), 3.67-3.59 (m, 2H), 3.47-3.40 (m, 2H). 3C NMR (100 MHz, CDCl;) 8 142.90, 134.32,
131.34, 131.17 (t, Jc.p = 23.6 Hz), 128.22, 128.21, 127.87, 127.75, 127.42 (t, Jc.p = 24.3 Hz),
125.56, 123.52, 122.71, 98.88, 90.62, 89.01, 84.81, 61.91, 40.87. IR (film): 3056, 2956, 2920,
2285, 2269, 2216, 1954, 1597, 1562, 1491, 1467, 1441, 1418, 1384, 1319, 1278, 1264, 1214,
1159, 1069, 1026, 952, 916, 881, 832, 819, 754, 736, 690 cm''. HRMS (EI) calcd for
CysHy3DsS, [M]*: 387.1164, found 387.1165.

Reaction of 1a’ in the presence of gold catalyst.

_p-CICgH
s p 64
5 mol% JohnphosAu(MeCN)SbFg
% Ph No Reaction
% THF, 80 °C, 11 h
Ph
1a’

To a sealable Schlenk tube were added 1a’ (0.2 mmol, 87.0 mg), THF (4 mL) and
catalyst A (0.01 mmol, 7.7 mg). The tube was sealed and the mixture was stirred at 80 °C for
11 h. No reaction was observed as monitored by thin-layer chromatography. When the
reaction was carried out in the presence of 5 mol% of catalyst C, no reaction occurred after

stirring the reaction mixture at 80 °C for 11 h.

General procedure for the synthesis of benzo|a]fluorenes 2.

Typical procedure for the synthesis of 2a.
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3 S. S 2 mol% SPhosAu(MeCN)SbFg R3 : P Au—NCMe
R N (catalyst C) OO . MeO
w : >
“ THF, rt !
X ' MeO
R? .
R ' catalyst C
1 2

For2a, R'=R2=Ph, R®=H

To a Schlenk tube were added 1,6-diynyl dithioacetal 1a (0.2 mmol, 76.5 mg), THF (4
mL) and catalyst C (0.004 mmol, 3.5 mg). After the reaction mixture was stirred at room
temperature for 1 h as monitored by thin-layer chromatography, the solvent was evaporated
under the reduced pressure and the residue was purified by column chromatography on basic
aluminum oxide (eluent: petroleum ether: ethyl acetate = 20:1) to afford 2a in 90% yield (68.9

mg) as a light yellow solid.

9-Phenyl-2,3-dihydro-9H-benzo[1,2]fluoreno|3,4-b][1,4]dithiine (2a). M.p. 194.0-195.1 °C.
'H NMR (400 MHz, CDCl;) & 8.66 (d, J= 7.6 Hz, 1H), 8.32 (d, /= 8.8 Hz, 1H), 7.60 (d, /=
8.4 Hz, 1H), 7.39-7.33 (m, 2H), 7.28-7.13 (m, 6H), 7.05 (d, J = 6.4 Hz, 2H), 5.22 (s, 1H),
3.48-3.29 (m, 4H). 13C NMR (100 MHz, CDCl5) 6 149.20, 141.81, 141.31, 140.66, 137.44,
131.72, 130.25, 128.86, 128.59, 127.93, 127.81, 126.79, 126.71, 126.69, 125.88, 125.74,
125.29, 124.59, 124.56, 123.68, 53.72, 30.97, 29.93. IR (film): 3060, 2917, 2342, 1711, 1597,
1546, 1494, 1461, 1415, 1360, 1342, 1288, 1220, 1174, 1124, 1074, 1030, 780, 754, 732, 701,
668 cm!. HRMS (EI) calcd for C,sH gS, [M]": 382.0850, found 382.0856.
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11-Fluoro-9-phenyl-2,3-dihydro-9H-benzo|[1,2]fluoreno[3,4-b][1,4]dithiine (2b).
Following the general procedure, 1b (0.3 mmol, 120.2 mg), THF (6 mL) and catalyst C
(0.006 mmol, 5.3 mg) were stirred for 1.5 h at room temperature. Column chromatography on
basic aluminum oxide (eluent: petroleum ether: dichloromethane = 10:1 to 8:1 to 6:1)
afforded the title product in 88% yield (105.8 mg) as a light yellow solid. M.p. 223.2-224.2 °C.
'"H NMR (400 MHz, CDCl;) 6 8.59 (dd, /= 8.4, 5.6 Hz, 1H), 8.32 (d, /= 8.8 Hz, 1H), 7.56 (d,
J=8.4 Hz, 1H), 7.39 (t, J= 7.6 Hz, 1H), 7.25-7.17 (m, 4H), 7.06-7.02 (m, 3H), 6.98-6.95 (m,
1H), 5.18 (s, 1H), 3.52-3.33 (m, 4H). 13C NMR (100 MHz, CDCl;) 8 162.04 (d, 'Jcr = 245.2
Hz), 160.81, 151.61 (d, *Jc.r = 8.4 Hz), 141.18, 141.05 (d, “Jc.r = 2.7 Hz), 136.70, 136.64 (d,
“Jer = 2.2 Hz), 131.54, 130.62, 129.04, 128.11, 127.86, 127.77, 127.02, 125.90, 125.64 (d,
3Jcr = 8.0 Hz), 125.14, 123.73, 113.71 (d, 2Jcr = 22.0 Hz), 112.00 (d, 2Jcr = 23.0 Hz), 53.64,
31.03, 29.98. IR (film): 3056, 3020, 2918, 1591, 1548, 1494, 1473, 1451, 1371, 1345, 1294,
1276, 1269, 1211, 1168, 1120, 950, 877, 855, 826, 817, 748, 739, 726, 698 cm'!. HRMS (EI)
calced for CysH7FS, [M]*: 400.0756, found 400.0757.
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11-Chloro-9-phenyl-2,3-dihydro-9H-benzo[1,2]fluoreno|3,4-b][1,4]dithiine (2¢).
Following the general procedure, 1¢ (0.3 mmol, 125.1 mg), THF (6 mL) and catalyst C (0.006
mmol, 5.3 mg) were stirred for 1 h at room temperature. Column chromatography on basic
aluminum oxide (eluent: petroleum ether: ethyl acetate = 20:1 to 10:1) afforded the title
product in 77% yield (96.5 mg) as a light yellow solid. M.p. 259.1-260.6 °C. 'H NMR (400
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MHz, CDCL3) & 8.56 (d, J = 8.4 Hz, 1H), 8.32 (d, J = 8.8 Hz, 1H), 7.57 (d, J = 8.4 Hz, 1H),
7.41 (t,J= 8.0 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 7.26-7.20 (m, 5H), 7.04 (d, J = 6.8 Hz, 2H),
5.19 (s, 1H), 3.53-3.34 (m, 4H). 3C NMR (100 MHz, CDCl3) & 150.92, 141.23, 140.98,
139.24, 136.54, 132.54, 131.86, 130.77, 129.08, 128.30, 127.82, 127.08, 127.06, 126.16,
125.98, 125.49, 125.27, 124.90, 123.78, 53.62, 31.07, 29.98. IR (film): 3056, 3026, 2923,
1599, 1566, 1545, 1494, 1461, 1415, 1340, 1323, 1288, 1263, 1167, 1135, 1098, 1073, 1028,
921, 906, 886, 848, 829, 816, 752, 740, 700, 679 cm’'. HRMS (EI) caled for C»5sH;7S,Cl [M]*:
416.0460, found 416.0458.
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Methyl 9-phenyl-2,3-dihydro-9H-benzo[1,2]fluoreno|3,4-b][1,4]dithiine-11-carboxylate
(2d). Following the general procedure, 1d (0.3 mmol, 132.2 mg), THF (6 mL) and catalyst C
(0.006 mmol, 5.3 mg) were stirred for 4 h at room temperature. Column chromatography on
basic aluminum oxide (eluent: petroleum ether: ethyl acetate = 10:1 to 5:1) afforded the title
product in 65% yield (85.7 mg) as a light yellow solid. M.p. 243.2-244.6 °C. 'H NMR (400
MHz, CDCl;) ¢ 8.69 (d, J = 8.4 Hz, 1H), 8.32 (d, J = 8.8 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H),
7.89 (s, 1H) 7.61 (d, J = 8.4 Hz, 1H), 7.42 (t,J = 7.2 Hz, 1H), 7.27-7.18 (m, 4H), 7.06 (d, J =
6.8 Hz, 2H), 5.24 (s, 1H), 3.87 (s, 3H), 3.50- 3.38 (m, 4H). 13C NMR (100 MHz, CDCl;)
167.10, 149.11, 145.24, 143.10, 140.90, 136.38, 132.16, 130.81, 129.04, 128.75, 128.68,
127.98, 127.84, 127.75, 127.01, 126.57, 126.02, 125.56, 125.45, 124.22, 123.74, 53.64, 52.00,
31.03, 29.92. IR (film): 2922, 2851, 1713, 1609, 1494, 1440, 1290, 1255, 1235, 1164, 1108,
754, 734, 702 cm!. HRMS (EI) calcd for Cy7H,00,S, [M]*: 440.0905, found 440.0901.
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9-Phenyl-11-(trifluoromethyl)-2,3-dihydro-9H-benzo[1,2]fluoreno[3,4-b][1,4]dithiine
(2e). Following the general procedure, 1e (0.3 mmol, 135.2 mg), THF (6 mL) and catalyst C
(0.006 mmol, 5.3 mg) were stirred for 2 h at room temperature. Column chromatography on
basic aluminum oxide (eluent: petroleum ether: ethyl acetate = 20:1 to 15:1) afforded the title
product in 71% yield (96.1 mg) as a light yellowe solid. M.p. 225.0-226.1 °C. "H NMR (400
MHz, CDCl;) ¢ 8.68 (d, J = 8.4 Hz, 1H), 8.28 (d, J = 8.8 Hz, 1H), 7.59 (d, J = 8.0 Hz, 1H),
7.52 (d, J = 8.4 Hz, 1H), 7.46 (s, 1H), 7.40-7.37 (m, 1H), 7.23-7.15 (m, 4H), 7.01-6.99 (m,
2H), 5.09 (s, 1H), 3.46-3.33 (m, 4H). 13C NMR (100 MHz, CDCl;)  149.44, 144.03 (q, *Jc.r
= 1.6 Hz), 142.48, 140.60, 135.97, 132.09, 130.82, 129.10, 128.45, 128.26 (q, 2Jc.r = 31.9 Hz),
127.79, 127.64, 127.15, 127.11 (q, 'Jcr = 268.3 Hz), 126.56, 126.03, 125.45, 124.58, 124.13
(q, *Jer = 3.8 Hz), 123.69, 121.15 (q, 3Jc.r = 3.8 Hz), 53.66, 30.94, 29.84. IR (film): 3059,
3026, 2922, 2845, 2337, 1713, 1617, 1601, 1545, 1495, 1453, 1440, 1404, 1327, 1291, 1269,
1155, 1137, 1114, 1065, 1028, 926, 901, 853, 827, 758, 702, 679 cm''. HRMS (EI) calcd for
CyH17F5S, [M]*: 450.0724, found 450.0730.

0
o

11-Methyl-9-phenyl-2,3-dihydro-9H-benzo|[1,2]fluoreno[3,4-b][1,4]dithiine (21).
Following the general procedure, 1f (0.3 mmol, 119.0 mg), THF (6 mL) and catalyst C (0.006
mmol, 5.3 mg) were stirred for 1 h at room temperature. Column chromatography on basic

aluminum oxide (eluent: petroleum ether: ethyl acetate = 20:1) afforded the title product in 85%

S22



yield (101.0 mg) as a light yellow solid. M.p. 232.5-233.9 °C. '"H NMR (400 MHz, CDCl;) &
8.51(d,J=28.0 Hz, 1H), 8.31 (d, /= 8.8 Hz, 1H), 7.59 (d, /= 8.4 Hz, 1H), 7.39-7.35 (m, 1H),
7.23-7.15 (m, 5H), 7.08-7.06 (m, 3H), 5.20 (s, 1H), 3.50-3.12 (m, 4H), 2.31 (s, 3H). 3C NMR
(100 MHz, CDCls) 6 149.48, 142.07, 140.94, 138.06, 137.63, 136.65, 131.57, 130.05, 128.89,
128.38, 128.06, 127.90, 127.67, 126.69, 125.70, 125.67, 125.33, 125.20, 124.34, 123.70,
53.65, 31.00, 29.94, 21.43. IR (film): 3051, 3017, 2918, 2845, 1743, 1712, 1599, 1545, 1493,
1478, 1450, 1413, 1367, 1343, 1322, 1288, 1219, 1173, 1145, 1075, 1027, 813, 794, 750, 740,
724,702, 668, 655 cm'!. HRMS (EI) calcd for CysH,0S, [M]*: 396.1006, found 396.1000.

s/\
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' OMe
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Ph

10,11,12-Trimethoxy-9-phenyl-2,3-dihydro-9H-benzo|[1,2]fluoreno[3,4-b][1,4]dithiine
(2g). Following the general procedure, 1g (0.3 mmol, 141.8 mg), THF (6 mL) and catalyst C
(0.006 mmol, 5.3 mg) were stirred for 4 h at room temperature. Column chromatography on
basic aluminum oxide (eluent: petroleum ether: ethyl acetate = 20:1 to 15:1) afforded the title
product in 82% yield (115.6 mg) as a light yellow solid. M.p. 180.8-181.8 °C. 'TH NMR (400
MHz, CDCl5) & 8.29 (d, J = 8.4 Hz, 1H), 8.15 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.36-7.32 (m,
1H), 7.27-7.08 (m, 6H), 5.35 (s, 1H), 4.00 (s, 3H), 3.87 (s, 3H), 3.48-3.28 (m, 4H), 3.26 (s,
3H). 3C NMR (100 MHz, CDCls) & 153.24, 149.53, 142.71, 141.53, 141.36, 136.90, 136.68,
134.92, 131.54, 130.78, 128.42, 128.35, 128.14, 127.85, 126.35, 125.84, 125.71, 124.86,
123.71, 104.67, 60.73, 59.86, 56.29, 51.78, 31.30, 30.16. IR (film): 3059, 3023, 2992, 2933,
2826, 1712, 1600, 1581, 1492, 1476, 1463, 1412, 1372, 1342, 1289, 1249, 1194, 1114, 1045,
1034, 992, 931, 832, 755, 729, 701 cm™'. HRMS (EI) calcd for C,3H,403S, [M]": 472.1167,
found 472.1172.
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9-Phenyl-2,3-dihydro-9H-dibenzo|[1,2:5,6]|fluoreno|3,4-b][1,4]dithiine (2h). Following the
general procedure, 1h (0.3 mmol, 129.8 mg), DCE (6 mL) and catalyst C (0.015 mmol, 13.3
mg) were stirred for 4.5 h at room temperature. Column chromatography on neutral aluminum
oxide (eluent: petroleum ether: ethyl acetate = 30:1 to 20:1) afforded the title product in 45%
yield (58.1 mg) as a light yellow solid. M.p. 242.1-243.9 °C. 'TH NMR (400 MHz, CDCls) &
8.76 (d,J=8.4 Hz, 1H), 8.53 (d, /= 8.4 Hz, 1H), 7.87 (d, /= 8.0 Hz, 1H), 7.78-7.72 (m, 2H),
7.59-7.42 (m, 4H), 7.32-7.28 (m, 1H), 7.23-7.17 (m, 3H), 7.12-7.10 (m, 2H), 5.39 (s, 1H),
3.60-3.50 (m, 2H), 3.19-3.13 (m, 1H), 3.06-2.99 (m, 1H). 3C NMR (100 MHz, CDCl;) &
148.33, 142.60, 140.90, 140.32, 136.12, 134.54, 133.89, 133.15, 132.86, 129.02, 128.79,
128.36, 128.34, 128.25, 128.08, 128.03, 127.00, 126.25, 126.00, 125.23, 125.11, 124.86,
124.18, 122.35, 54.86, 35.08, 33.52. IR (film): 3058, 3026, 2921, 2850, 1738, 1711, 1600,
1539, 1491, 1452, 1414, 1362, 1301, 1285, 1219, 1030, 955, 854, 809, 773, 753, 713, 700 cm-
I HRMS (EI) caled for Cy9H»0S, [M]*: 432.1006, found 432.1008.
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9-(4-Chlorophenyl)-2,3-dihydro-9H-benzo[1,2]fluoreno[3,4-b][1,4]dithiine (2i). Following
the general procedure, 1i (0.3 mmol, 125.1 mg), THF (6 mL) and catalyst C (0.006 mmol, 5.3
mg) were stirred for 1.5 h at room temperature. Column chromatography on basic aluminum
oxide (eluent: petroleum ether: ethyl acetate = 20:1) afforded the title product in 79% yield
(98.3 mg) as a light yellow solid. M.p. 202.6-204.1 °C. 'H NMR (400 MHz, CDCls) 6 8.64 (d,
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J=17.6 Hz, 1H), 8.31 (d, J = 8.8 Hz, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.41-7.33 (m, 2H), 7.26-
7.15 (m, 5H), 6.97 (d, J = 8.0 Hz, 2H), 5.16 (s, 1H), 3.49-3.31 (m, 4H). 3C NMR (100 MHz,
CDCly) o6 148.69, 140.74, 140.67, 140.45, 137.48, 132.44, 131.75, 130.54, 129.17, 129.08,
128.59, 127.78, 127.03, 126.80, 126.02, 125.90, 125.10, 124.73, 124.48, 123.79, 52.96, 30.96,
29.94. IR (film): 3060, 2919, 2845, 1949, 1893, 1546, 1488, 1461, 1407, 1370, 1340, 1320,
1287, 1263, 1167, 1124, 1090, 1032, 1014, 905, 871, 846, 832, 805, 780, 751, 735 cm.
HRMS (EI) calcd for CysH;7S,CI [M]*: 416.0460, found 416.0463.
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9-(4-(Trifluoromethyl)phenyl)-2,3-dihydro-9H-benzo|[1,2]fluoreno|3,4-b][1,4]dithiine
(2j). Following the general procedure, 1j (0.3 mmol, 135.2 mg), DCE (6 mL) and catalyst C
(0.015 mmol, 13.3 mg) were stirred for 3 h at room temperature. Column chromatography on
basic aluminum oxide (eluent: petroleum ether: dichloromethane = 10:1 to 5:1) afforded the
title product in 85% yield (115.3 mg) as a light yellow solid. M.p. 107.0-108.5 °C. '"H NMR
(400 MHz, CDCls) 6 8.67 (d, J = 8.0 Hz, 1H), 8.34 (d, J = 8.8 Hz, 1H), 7.51-7.36 (m, 5H),
7.28-7.22 (m, 3H), 7.20-7.16 (m, 2H), 5.27 (s, 1H), 3.53-3.35 (m, 4H). *C NMR (100 MHz,
CDCl;) 6 148.26, 146.15, 140.79, 140.44, 137.64, 131.78, 130.77, 129.03 (q, 2Jcr = 31.9 Hz),
128.62, 128.15, 127.72, 127.22, 126.89, 126.79 (q, 'Jcr = 271.0 Hz), 126.11, 126.05, 125.93
(g, 3Jcr = 3.8 Hz), 124.99, 124.85, 124.55, 123.87, 53.29, 30.98, 29.97. IR (film): 3065, 2918,
1712, 1616, 1546, 1500, 1463, 1418, 1361, 1322, 1288, 1221, 1163, 1120, 1107, 1066, 1032,
1018, 905, 854, 813, 773, 752, 729, 660 cm!. HRMS (EI) calcd for C,sH7F3S, [M]":
450.0724, found 450.0727.
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9-(4-Methoxyphenyl)-2,3-dihydro-9H-benzo[1,2]fluoreno[3,4-b][1,4]dithiine (2k).
Following the general procedure, 1k (0.3 mmol, 123.8 mg), THF (6 mL) and catalyst C
(0.006 mmol, 5.3 mg) were stirred for 2 h at room temperature. Column chromatography on
silica gel (eluent: petroleum ether: ethyl acetate = 30:1 to 20:1) afforded the title product in 82%
yield (101.5 mg) as a light yellow solid. M.p. 204.5-205.9 °C. '"H NMR (400 MHz, CDCl;) &
8.63 (d,/=8.0 Hz, 1H), 8.30 (d, /= 8.8 Hz, 1H), 7.61 (d, /= 8.4 Hz, 1H), 7.38-7.31 (m, 2H),
7.26-7.17 (m, 3H), 6.94 (d, J = 8.4 Hz, 2H), 6.71 (d, J = 8.4 Hz, 2H), 5.14 (s, 1H), 3.66 (s,
3H), 3.42-3.28 (m, 4H). 3C NMR (101 MHz, CDCl;) 8 158.25, 149.53, 141.46, 140.53,
137.25, 133.71, 131.71, 130.09, 128.76, 128.56, 127.95, 126.69, 126.66, 125.84, 125.67,
125.32, 124.54, 124.47, 123.64, 114.21, 55.03, 52.93, 30.93, 29.89. IR (film): 3056, 2998,
2956, 2912, 2829, 2335, 1712, 1609, 1545, 1508, 1460, 1439, 1413, 1340, 1320, 1299, 1288,
1250, 1174, 1107, 1033, 846, 811, 789, 777, 751, 722 cm™'. HRMS (EI) calcd for CysH,,0S;
[M]*: 412.0956, found 412.0953.
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2| 31 (E/Z = 1.8:1)

9-Propyl-2,3-dihydro-9H-benzo[1,2]fluoreno|3,4-b][1,4]dithiine (21) and (E or Z)-6-(but-
1-enyl)-5-phenyl-2,3-dihydronaphtho[2,1-b][1,4]dithiine (31). Following the general
procedure, 11 (0.3 mmol, 104.6 mg), THF (6 mL) and catalyst C (0.015 mmol, 13.3 mg) were

stirred for 13 h at room temperature. Then the solution was filtered through celite, the solvent
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was evaporated under the reduced pressure and the residue was purified by recycling
preparative HPLC to afford 31 in 25% yield (26.1 mg) as a mixture of E/Z isomers and 21 in

19% yield (19.5 mg) as a colorless oil.

For the characterization data of 2I:

'H NMR (400 MHz, CDCl;) 6 8.67 (d, /= 7.6 Hz, 1H), 8.41-8.37 (m, 1H), 8.06-8.02 (m, 1H),
7.58 (dd, J=17.2, 0.4Hz, 1H), 7.53-7.48 (m, 2H), 7.42-7.31 (m, 2H), 4.40-4.37 (m, 1H), 3.50-
3.31 (m, 4H), 2.31-2.22 (m, 1H), 2.14-2.04 (m, 1H), 0.92-0.82 (m, 2H), 0.71 (t, J = 7.2 Hz,
3H). 3C NMR (100 MHz, CDCls) 8 148.76, 142.01, 141.70, 136.64, 131.57, 129.44, 129.02,
127.99, 126.56, 126.11, 125.82, 125.70, 124.70, 124.53, 124.08, 123.60, 46.59, 36.33, 31.19,
30.08, 17.65, 14.23. IR (film): 3062, 2954, 2923, 2868, 1712, 1544, 1498, 1462, 1415, 1360,
1338, 1287, 1219, 1172, 1156, 1125, 1032, 751, 659 cm™'. HRMS (EI) caled for C,HyoS;
[M]": 348.1006, found 348.1002.

For the characterization data of 3I:

Light yellow oil. E/Z=1.8:1. '"H NMR (400 MHz, CDCl;) 6 8.27 (d, /= 8.4 Hz), 8.15 (d, J =
8.4 Hz), 7.97 (d, J = 8.4 Hz), 7.53-7.49 (m), 7.45-7.34 (m), 7.19 (d, J = 6.8 Hz), 6.17 (d, J =
16.4 Hz), 6.14 (d, J = 11.2 Hz), 5.62-5.55 (m), 3.34-3.30 (m), 3.23-3.20 (m), 2.06-1.99 (m),
1.71 (br), 0.84-0.77 (m). 3C NMR (100 MHz, CDCl;) 6 139.85, 139.39, 139.34, 137.93,
137.56, 136.14, 132.42, 131.54, 131.50, 131.24, 130.63, 130.02, 129.83, 129.80, 129.52,
127.94, 12791, 127.43, 127.26, 126.96, 126.69, 126.20, 126.14, 126.05, 125.76, 125.38,
125.26, 125.13, 125.04, 122.56, 30.60, 30.49, 28.67, 28.62, 26.32, 22.62, 13.42, 13.20.
HRMS (EI) calced for Cy,H,0S, [M]*: 348.1006, found 348.1001.
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5-(3,3-Dimethylbut-1-yn-1-yl)-9-phenyl-2,3-dihydro-9H-indeno[1,2-b][1,4]dithiine (4m).
Following the general procedure, 1m (0.3 mmol, 108.8 mg), DCE (6 mL) and catalyst C
(0.015 mmol, 13.3 mg) were stirred for 2 h at room temperature. Column chromatography on
basic aluminum oxide (eluent: petroleum ether: ketone = 100:1) afforded the title product in
87% yield (94.3 mg) as a light yellow solid. '"H NMR (400 MHz, CDCl;) 8 7.31-7.23 (m, 4H),
7.08-7.06 (m, 2H), 6.98-6.93 (m, 2H), 4.46 (s, 1H), 3.33-3.21 (m, 4H), 1.38 (s, 9H). 3C NMR
(101 MHz, CDCl;) 8 3C NMR (101 MHz, CDCl;) & 145.63, 143.09, 138.92, 133.55, 131.88,
128.69, 128.29, 127.31, 124.77, 124.33, 122.42, 113.99, 102.35, 77.63, 58.95, 30.54, 28.26,
26.87, 26.81. IR (film): 3060, 3026, 2967, 2923, 2865, 2221, 1713, 1600, 1577, 1521, 1493,
1462, 1452, 1417, 1361, 1294, 1211, 1074, 1030, 880, 804, 790, 771, 747, 701, 667 cm'.
HRMS (EI) calced for Cp3H3,S, [M]*: 362.1163, found 362.1158.

e
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6-Chloro-9-phenyl-2,3-dihydro-9H-benzo[1,2]fluoreno|3,4-b][1,4]dithiine (2n). Following
the general procedure, 1n (0.3 mmol, 125.1 mg), THF (6 mL) and catalyst C (0.006 mmol,
5.3 mg) were stirred for 1.5 h at room temperature. Column chromatography on basic
aluminum oxide (eluent: petroleum ether: ethyl acetate = 20:1) afforded the title product in 73%
yield (91.6 mg) as a light yellow solid. M.p. 199.5-201.7 °C. 'TH NMR (400 MHz, CDCls) &
8.62 (d, J=8.0 Hz, 1H), 8.30 (s, 1H), 7.50 (d, J = 8.8 Hz, 1H), 7.36 (t, J = 7.2 Hz, 1H), 7.28-
7.14 (m, 6H), 7.01 (d, J = 6.8 Hz, 2H), 5.15 (s, 1H), 3.51-3.35 (m, 4H). '3C NMR (100 MHz,
CDCl;) 6 149.07, 141.51, 141.25, 140.35, 137.72, 132.51, 132.17, 130.22, 129.33, 128.99,
127.81, 126.94, 126.93, 126.78, 126.54, 126.22, 124.67, 124.61, 122.99, 53.71, 31.16, 29.90.
IR (film): 3062, 3023, 2921, 2845, 1601, 1543, 1489, 1461, 1454, 1413, 1318, 1288, 1263,
1155, 1128, 1086, 1028, 983, 922, 874, 838, 802, 775, 752, 731, 700 cm™'. HRMS (EI) calcd
for C,sH7S,Cl [M]": 416.0460, found 416.0453.
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11-Methoxy-9-phenyl-2,3-dihydro-9H-benzo[1,2]fluoreno|3,4-b][1,4]dithiine (20) and 12-
Methoxy-9-phenyl-2,3-dihydro-9H-benzo[1,2]fluoreno[3,4-b][1,4]dithiine (20°).
Following the general procedure, 1o (0.3 mmol, 123.8 mg), THF (6 mL) and catalyst C
(0.006 mmol, 5.3 mg) were stirred for 5 h at room temperature. Column chromatography on
basic aluminum oxide (eluent: petroleum ether: ethyl acetate = 20:1 to 15:1) afforded the title
product in an overall yield of 87% (107.1 mg, the ratio of 20 and 20’ was 1.8:1 determinted
by '"H NMR) as a light yellow solid.

Following the general procedure, 10 (0.5 mmol, 206.3 mg), THF (10 mL) and catalyst A
(0.025 mmol, 19.3 mg) were stirred for 6 h at room temperature. Column chromatography on
basic aluminum oxide (petroleum ether: ethyl acetate 10:1) afforded the title product in an
overall yield of 82% (168.4 mg, the ration of 20 and 20’ was 1:1.4 determinted by '"H NMR)

as a light yellow solid.

For the characterization data of 2o:

M.p. 173.1-174.7 °C. '"H NMR (400 MHz, CDCls) 6 8.56 (d, J= 8.4 Hz, 1H), 8.32 (d,/=8.4
Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.40-7.36 (m, 1H), 7.26-7.18 (m, 4H), 7.10-7.08 (m, 2H),
6.92-6.85 (m, 2H), 5.25 (s, 1H), 3.78 (s, 3H), 3.52-3.39 (m, 4H). 3C NMR (100 MHz, CDCls)
0 158.97, 151.38, 141.94, 140.43, 137.59, 133.70, 131.32, 130.25, 128.96, 128.11, 128.06,
127.89, 126.80, 125.77, 125.48, 125.40, 125.04, 123.76, 112.15, 110.80, 55.40, 53.81, 31.11,
30.06. IR (film): 3062, 3020, 2995, 2917, 2831, 1711, 1602, 1579, 1544, 1493, 1478, 1452,
1419, 1369, 1343, 1322, 1284, 1252, 1223, 1171, 1132, 1085, 1073, 1044, 1033, 1022, 937,
853, 821, 749, 725, 702 cm’'. HRMS (EI) calcd for C,sHp0S, [M]*: 412.0956, found
412.0960.

For the characterization data of 20’:
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'H NMR (400 MHz, CDCI3) § 8.31 (d, J = 8.8 Hz, 1H), 8.27 (d, J = 0.8 Hz, 1H), 7.58 (d, J =
8.0 Hz, 1H), 7.38-7.31 (m, 1H), 7.23-7.11 (m, 5H), 7.05-7.01 (m, 2H), 6.75 (dd, J = 8.4, 2.0
Hz, 1H), 5.13 (s, 1H), 3.85 (s, 3H), 3.44-3.31 (m, 4H). 3C NMR (100 MHz, CDCls) & 158.77,
142.49, 142.18, 141.92, 141.63, 137.23, 131.78, 130.62, 128.84, 128.69, 127.87, 127.71,
126.61, 125.93, 125.76, 125.28, 124.86, 123.72, 112.38, 110.46, 55.50, 52.99, 31.17, 30.10.

s
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6
1a-(tert-Butyl)-1-phenyl-3,4-dihydro-1aH-2,5-dithiabenzo|a]cyclobuta[cd]azulene (6).
Following the general procedure, 1p (0.3 mmol, 109 mg), DCE (6 mL) and catalyst C (0.015
mmol, 13.3 mg) were stirred for 5 h at 50 °C. Column chromatography on basic aluminum
oxide (eluent: petroleum ether: dichloromethane = 50:1 to 20:1) afforded the title product in
35% yield (38.1 mg) as a orange solid. M.p. 104.6-105.6 °C. 'H NMR (400 MHz, CDCl;)
7.81(d, J=17.2 Hz, 2H), 7.74 (d, J= 7.2 Hz, 1H), 7.44 (t,J = 7.2 Hz, 2H), 7.38-7.32 (m, 3H),
7.22 (dt, J=17.2, 0.8 Hz, 1H), 3.50 (bs, 1H), 3.18 (bs, 1H), 3.01 (bs, 1H), 2.72 (bs, 1H), 1.27
(s, 9H). 3C NMR (150.8 MHz, CDCls, 60 °C) & 151.56, 148.48, 147.11, 146.15, 133.52,
130.05, 129.54, 128.99, 128.74, 128.55, 124.45, 123.62, 121.47, 113.18, 72.66, 38.70, 33.92,
32.71, 28.41. IR (film): 2957, 2922, 2864, 2853, 1536, 1488, 1478, 1459, 1443, 1423, 1390,
1360, 1301, 1274, 1194, 1107, 1061, 979, 915, 894, 753, 730, 689 cm’!. HRMS (EI) calcd for
Cy3H2S, [M]*: 362.1163, found 362.1157.

Synthesis of substrate 15.
1) Synthesis of 2-ethynyl-2-phenyl-1,3-dithiolane (s-15).

OH o 1.1 equiv ethane-1,2-dithiol S. s
A 1.2 equiv DMP S 1.2 equiv BF3Et,0 4 equiv K;CO3 ©>&%
™S DCM, TMS MeOH,0°Ctort, 12 h MeOH, 10%

0°Ctort,1h NaOH(aq), 10 h s-15
To a solution of the 1-phenyl-3-(trimethylsilyl)prop-2-yn-1-ol (3.065 g, 15 mmol) in
dichloromethane (50 mL) was added Dess-Martin periodinane (7.63 g, 18 mmol) at 0 °C. The

resulting solution was warmed up to room temperature and stirred for 1 h. After the starting
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material was consumed, the mixture was filtered through silica gel, quenched with saturated
sodium bicarbonate solution, extracted with dichloromethane, washed with brine solution and
dried over anhydrous Na,SO,4. The solvent was evaporated under the reduced pressure, and
the residue was purified by column chromatography on silica gel (eluent: petroleum ether:
ethyl acetate = 10:1) to give the ketone 1-phenyl-3-(trimethylsilyl)prop-2-yn-1-one (2.738 g,
90%) as a light yellow oil.

To a solution of above ketone (2.023 g, 10 mmol) in methanol (20 mL) were added
boron trifluoride diethyl etherate (1.51 mL, 12 mmol) and ethane-1,2-dithiol (0.92 mL, 11
mmol) at 0 °C. The resulting solution was warmed up to room temperature and stirred for 12 h.
Then the mixture was quenched with 10% sodium hydroxide solution, extracted with
dichloromethane, washed with brine solution and dried over anhydrous Na,SO,. The solvent
was evaporated under the reduced pressure to afford an orange oil.

To a solution of the above crude product in methanol (20 mL) were added potassium
carbonate (5.53 g, 40 mmol) and 5 mL 10% sodium hydroxide solution. The reaction mixture
was stirred at room temperature for 10 h. After the reaction was complete, the mixture was
quenched with hydrochloric acid (1 M), extracted with dichloromethane, washed with brine
solution and dried over anhydrous Na,SO,4. Then solvent was evaporated under the reduced
pressure, and the residue was purified by column chromatography on silica gel (eluent:
petroleum ether: ethyl acetate = 20:1) to afford s-15 (1.733 g, 84%) as a green oil. '"H NMR
(400 MHz, CDCl3) 6 7.95 (d, J = 8.0 Hz, 2H), 7.34-7.23 (m, 3H), 3.65-3.54 (m, 4H), 3.03 (s,
1H). 3C NMR (100 MHz, CDCls) 6 137.57, 128.15, 127.92, 127.17, 85.42, 60.89, 40.92. IR
(film): 3283, 3056, 3026, 2925, 2107, 1594, 1493, 1446, 1418, 1314, 1276, 1177, 1033, 1010,
873, 694, 653 cm’!. HRMS (EI) calcd for Cy;H;,S, [M]": 206.0224, found 206.0219.

2) Synthesis of 15.

S_ _S S_ _S
1.1 equiv EtMgBr 1.0 equiv cyclobutanone
% q g q y % OH
H THF, rt,05h rt, 2 h
s-15, 1.2 equiv 15

To a solution of s-15 (495.2 mg, 2.4 mmol) in THF (20 mL) was added EtMgBr (0.73
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mL, 2.2 mmol, 3 M) at room temperature. After the reaction mixture was stirred at the same
temperature for 0.5 h, cyclobutanone (140.2 mg, 2 mmol) was added. The resulting solution
was stirred for 2 h. Then the mixture was quenched with saturated ammonium chloride
solution, extracted with ethyl acetate, washed with brine and dried over anhydrous Na,SO,.
The solvent was evaporated and the residue was purified by column chromatography on silica
gel (eluent: petroleum ether: ethyl acetate = 10:1 to 4:1, with 1% triethylamine) to afford 15
(490.3 mg, 89%) as a yellow solid. M.p. 86.2-87.9 °C. '"H NMR (400 MHz, CDCls) & 7.95-
7.93 (m, 2H), 7.38-7.28 (m, 3H), 3.73-3.67 (m, 4H), 2.57-2.47 (m, 3H), 2.36-2.29 (m, 2H),
1.90-1.81 (m, 2H). 3C NMR (100 MHz, CDCl3) 6 138.49, 128.30, 128.17, 127.47, 90.25,
85.27,67.92, 61.59, 41.21, 38.45, 13.01. IR (film): 3382, 2990, 2935, 1492, 1446, 1420, 1316,
1266, 1244, 1169, 1122, 1054, 1029, 957, 721, 695 cm!. HRMS (EI) calcd for C;sH;c0S;
[M]*: 276.0643, found 276.0652.

Synthesis of (E)-2-(3-Phenyl-1,4-dithian-2-ylidene)cyclopentan-1-one (17).

[\ S
S._S 2 mol% /1
catalyst C

THF, rt, 1 h (o)
15 17

To a sealable Schlenk tube were added 15 (0.3 mmol, 82.9 mg), THF (6 mL) and catalyst
C (0.006 mmol, 5.3 mg). Then the tube was sealed and the reaction mixture was stirred at
room temperature for 1 h. The solvent was filtered through celite, then the solvent was
evaporated under the reduced pressure and the residue was purified by column
chromatography on silica gel (eluent: petroleum ether: ethyl acetate = 40:1 to 20:1 to 5:1, with
1% triethylamine) to afford 17 in 74% yield (61.2 mg) as a light yellow solid. M.p. 113.1-
115.0 °C. '"H NMR (400 MHz, CDCl;) 6 7.59 (d, J = 8.0 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H),
7.25-7.21 (m, 1H), 6.84 (s, 1H), 3.18-3.10 (m, 1H), 2.89-2.75 (m, 4H), 2.69- 2.63 (m, 1H),
2.47-2.32 (m, 2H), 2.01-1.94 (m, 2H). 3C NMR (100 MHz, CDCl;) 4 203.82, 149.89, 139.71,
128.68, 128.37, 127.01, 126.66, 40.65, 39.21, 30.19, 26.81, 24.85, 19.03. IR (film): 3053,
3026, 2959, 2913, 2831, 1683, 1564, 1490, 1445, 1409, 1294, 1229, 1212, 1182, 1067, 1006,
815, 762, 697, 663 cm™'. HRMS (EI) caled for C;sH;60S, [M]*: 276.0643, found 276.0642.
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Transformation of 1q in the presence of gold catalyst C.
I S S
S S 5 mol% /1 /1
S, e O - CC
THF, rt, 4 h
SN 'O Ph
1q ‘ 0

2q 18

To a Schlenk tube were added 1q (0.3 mmol, 104.0 mg), THF (6 mL) and catalyst C
(0.015 mmol, 13.3 mg). After the reaction mixture was stirred at room temperature for 4 h as
monitored by thin-layer chromatography, the solvent was evaporated under the reduced
pressure and the residue was purified by column chromatography on basic aluminum oxide
(eluent: petroleum ether: ethyl acetate = 20:1) to afford product 2q in 29% yield (29.8 mg) as
a light yellow solid and 18 in 40% yield (42.0 mg) as a light yellow solid.

9-Cyclopropyl-2,3-dihydro-9H-benzo|[1,2]fluoreno|3,4-b][1,4]dithiine (2q).

M.p. 131.1-133.0 °C. '"H NMR (400 MHz, CDCls) 3 8.67 (d, J = 8.0 Hz, 1H), 8.40-8.37 (m,
1H), 8.25-8.22 (m, 1H), 7.62 (d, J = 7.6 Hz, 1H), 7.51-7.48 (m, 2H), 7.40 (t, /= 7.6 Hz, 1H),
7.30 (t, J=7.2 Hz, 1H), 4.01 (d, J= 8.0 Hz, 1H), 3.44-3.33 (m, 4H), 1.13-1.05 (m, 1H), 0.69-
0.64 (m, 2H), 0.48-0.35 (m, 2H). 13C NMR (100 MHz, CDCl;) & 147.76, 142.66, 141.40,
136.33, 131.69, 129.90, 129.08, 128.45, 126.85, 126.00, 125.96, 125.83, 125.52, 124.56,
124.48, 123.91, 48.88, 31.21, 30.19, 16.12, 5.83, 3.18. IR (film): 3063, 3004, 2954, 2921,
2852, 2342, 1713, 1544, 1500, 1463, 1415, 1339, 1323, 1286, 1171, 1126, 1031, 751, 731,
700, 668 cm . HRMS (EI) calcd for Cy,H S, [M]*: 346.0850, found 346.0840.

6-(Cyclobut-1-en-1-yl)-5-phenyl-2,3-dihydronaphtho[1,2-b][1,4]dithiine (18).

M.p. 179.4-181.0 °C. '"H NMR (400 MHz, CDCl;) 6 8.29-8.26 (m, 2H), 7.54-7.40 (m, 5H),
7.27-7.24 (m, 2H), 5.96 (s, 1H), 3.34-3.31 (m, 2H), 3.23-3.21 (m, 2H), 2.32 (d, J = 2.8 Hz,
2H), 2.21-2.20 (m, 2H). 3C NMR (100 MHz, CDCl;) & 144.98, 139.24, 137.44, 135.74,
131.33, 130.71, 130.49, 129.86, 129.19, 127.75, 127.53, 126.76, 126.51, 126.22, 125.55,
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122.55, 34.48, 30.43, 28.68, 27.77. IR (film): 3053, 2958, 2921, 2853, 1698, 1533, 1488,
1440, 1417, 1358, 1321, 1290, 1262, 1243, 1178, 1099, 1070, 1028, 917, 865, 801, 757, 699,
684, 668 cm™'. HRMS (EI) calcd for C,,H 35S, [M]*: 346.0850, found 346.0847.

Deuterium-labeling experiments.

Reaction of 1a-ds in the presence of gold catalyst C.

S__S

D 2 mol%
O A D  catalystC OO
THF, rt, 1 h
X D O b
Ph
D
1a-ds, D = 98% 2a-ds, 71%, D' = 85%

To a Schlenk tube were added 1a-ds (0.3 mmol, 116.3 mg), THF (6 mL) and catalyst C
(0.006 mmol, 5.3 mg). After the reaction mixture was stirred at room temperature for 1 h, the
solvent was filtered through celite and evaporated under the reduced pressure. The 'H NMR
of the crude reaction mixture indicated that the deuterium incorporation of D! in 2a-ds was
85%. Then the crude product was purified by column chromatography on silica gel (eluent:
petroleum ether: ethyl acetate = 20:1) to afford 2a-ds in 71% yield (82.6 mg) as a light yellow
solid. The deuterium incorporation of D! in isolated 2a-ds; was 85%. 'H NMR (400 MHz,
CDCl,) 6 8.34 (d, J= 8.4 Hz, 1H), 7.63 (d, /= 8.0 Hz, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.26-7.17
(m, 4H), 7.07 (d, J = 6.8 Hz, 2H), 5.27 (s, 0.15H), 3.51-3.37 (m, 4H). 3C NMR (150.8 MHz,
CDCly) o6 149.14, 141.86, 141.38, 140.68, 137.61, 131.83, 130.42, 128.92, 128.71, 128.07,
127.86, 126.77, 126.41 (t, Jo.p = 18.5 Hz), 126.21 (t, Jcp = 18.5 Hz), 125.94, 125.82, 125.35,
124.23 (t, Jop = 22.3 Hz), 123.77, 53.82, 53.43 (t, Jc.p = 19.0 Hz), 31.10, 30.08. IR (film):
3059, 3020, 2919, 2848, 1600, 1543, 1493, 1447, 1416, 1365, 1327, 1289, 1263, 1172, 1080,
1029, 893, 835, 818, 750, 737, 700 cm™'. HRMS (EI) calcd for C,sH;3DsS, [M]": 387.1164,
found 387.1158.

Reaction of 1a in the presence of 1.0 equiv of D,0.
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[\ 2 mol% S/\

S catalyst C S
THF, rt, 2 h .
<« C hoy

Ph Ph
1a 2a-d,, 64%, D' = 20%

To a Schlenk tube were added 1a (0.3 mmol, 114.8 mg), THF (6 mL), D,O (0.3 mmol,
6.0 mg) and catalyst C (0.006 mmol, 5.3 mg). After the reaction mixture was stirred at room
temperature for 2 h, the solvent was filtered through celite and evaporated under the reduced
pressure. The 'H NMR of the crude reaction mixture indicated that the deuterium
incorporation of D! in 2a-d; was 20%. Then the crude product was purified by column
chromatography on silica gel (eluent: petroleum ether: ethyl acetate = 20:1) to afford 2a-d; in
64% yield (73.1 mg) as a light yellow solid. The deuterium incorporation of D! in isolated 2a-
d; was 20%. '"H NMR (400 MHz, CDCls) 6 8.65 (d, J= 7.6 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H),
7.60 (d, J = 8.4 Hz, 1H), 7.39-7.33 (m, 2H), 7.28-7.15 (m, 6H), 7.05 (d, J = 7.2 Hz, 2H), 5.21
(s, 0.8H), 3.44-3.32 (m, 4H). HRMS (EI) caled for C,sH;7;DS, [M]": 383.0913, found
383.0921.

Reaction of 2a in the presence of 1.0 equiv of D,0.

S/\ 2 mol% catalyst C 8/\
OO =0
D2 N ")
=0 o=
Ph Ph
2a 90%, D' = 0%

To a Schlenk tube were added 2a (0.3 mmol, 114.8 mg), THF (6 mL), D,O (0.3 mmol,
6.0 mg) and catalyst C (0.006 mmol, 5.3 mg). After the reaction mixture was stirred at room
temperature for 2 h, the solvent was filtered through celite and evaporated under the reduced
pressure. The 'H NMR of the crude reaction mixture indicated that no deuterium
incorporation was found in 2a. The crude product was purified by column chromatography on
silica gel (eluent: petroleum ether: ethyl acetate = 15:1) to afford 2a in 90% yield (103.5 mg,

0% deuterium incorporation) as a light yellow solid.
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Determination of Intermolecular Kinetic Isotope Effect (KIE).

S
S
2 mol%
catalystc D
THF rt, 5 min D' .O D
Ph
D D

1a 1a-ds 2a, 25% 2a-ds, 23%

To a Schlenk tube were added 1a (0.15 mmol, 57.4 mg), 1a-ds (0.15 mmol, 58.1 mg),
THF (3 mL) and catalyst C (0.003 mmol, 2.7 mg). After the reaction mixture was stirred at
room temperature for 5 minutes, the mixture was filtered through silica gel quickly and
washed with ethyl acetate. Then the solvent was evaporated under the reduced pressure, and
mesitylene (0.15 mmol, 20.8 pL) was added as the internal standard. The '"H NMR of the
crude reaction mixture indicated that the yield of 2a was 25% and the yield of 2a-ds was 23%.

Then kH/kD =1.1.
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Figure S1. X-ray crystal structure of catalyst C

C25

Figure S2. X-ray crystal structure of compound 2f
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c18 c19

Figure S3. X-ray crystal structure of compound 2g

C28
c29

Figure S4. X-ray crystal structure of compound 2h
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c17

c18

Figure S5. X-ray crystal structure of compound 20

C24

€25

Figure S6. X-ray crystal structure of compound 20’
(The X-ray crystallographic analysis indicated a statistically disordered isomer
superposition of 80% 20’ and 20% 2o.
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Figure S7. X-ray crystal structure of compound 6

c7

Figure 8. X-ray crystal structure of compound 17
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