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I. General experimental information

Commercial reagents were used without further purification. Benzoyl sulfoxonium ylides (1), a-diazo
carbonyl compounds (2),>* and [RhCp*Cl,],* were prepared according to literature procedures, respectively.
Melting points were recorded with a micro melting point apparatus and uncorrected. The 'H NMR spectra
were recorded at 400 MHz or 600 MHz. The *C NMR spectra were recorded at 100 MHz or 150 MHz.
Chemical shifts were expressed in parts per million (), and were reported as s (singlet), d (doublet), t (triplet),
q (quartet), dd (doublet of doublet), m (multiplet), etc. The coupling constants J were given in Hz. High
resolution mass spectra (HRMS) were obtained via ESI mode by using a MicrOTOF mass spectrometer. The
conversion of starting materials was monitored by thin layer chromatography (TLC) using silica gel plates
(silica gel 60 F254 0.25 mm), and components were visualized by observation under UV light (254 and 365

nm).



I1. Optimization Studies for the Formation of 3a or 4a

Table 1. Optimization Studies for the Formation of 3a or 4a“

i E/ )OH(CO Et dit S< Yo Q
ZSN 4 pn oEt _condifions + 5
O T L
4a  COEt
. : b
Entry Rf;(;;)f Catalyst Solvent T (°C) ;(;eld (%)43
1 1:1 [RhCp*CL ], DCE 80 17% 23%
2 1:1 [RhCp*Cl, ], dioxane 80 15% 8%
3 1:1 [RhCp*Cl,]» THF 80 11% 14%
4 1:1 [RhCp*Cl,]» CH;CN 80 15% 10%
5 1:1 [RhCp*Cl, ], TFE 80 43% trace
6 1:1 [RhCp*Cl, ], HFIP 80 42% trace
7 1:1 [RhCp*Cl; ], toluene 80 trace 29%
8 1:1 [RhCp*Cl; ], PhCl 80 trace 28%
9 1:2 [RhCp*Cl, ], toluene 80 trace 48%
10 1:2.2 [RhCp*Cl,]2 toluene 80 trace 58%
11 1:2.5 [RhCp*Cl,]» toluene 80 trace 50%
12 1.2:1 [RhCp*Cl, ]2 TFE 80 45% trace
13 1.5:1 [RhCp*Cl,]» TFE 80 46% trace
14 2.0:1 [RhCp*Cl,]» TFE 80 41% trace
15 1:2.2 [RhCp*Cl; ], toluene 100 trace 53%
16 1:2.2 [RhCp*Cl; ], toluene 60 trace 43%
17 1.2:1 [RhCp*Cl,], TFE 100 51% trace
18 1.2:1 [RhCp*Cl;]» TFE 120 50% trace
19¢ 1:2.2 [RhCp*Cl,]» TFE 80 ND ND
20¢ 1.2:1 [RhCp*Cl,]» TFE 100 ND ND
21 1:2.2 [RhCp*(MeCN);](SbFe), toluene 80 trace 40
22 1:2.2 [RhCp*(OAc),], toluene 80 trace 32
23 1:2.2 [Ru(cymene),Cl]» toluene 80 ND ND
24 1:2.2 [Ir(cod)Cl ]2 toluene 80 ND ND
25 1.2:1 [RhCp*(MeCN)3](SbFs),  TFE 100 36 trace
26 1.2:1 [RhCp*(OAc):]» TFE 100 32 trace
27 1.2:1 [Ru(cymene),CL]» TFE 100 ND ND
28 1.2:1 [Ir(cod)Cl,] TFE 100 ND ND

“Reaction conditions: 1a (0.5 mmol for entries 1-11, 15-16, 19-22), 2a (0.5 mmol for entries 12-14,
17-18, 23-26), catalyst (0.02 mmol, 4 mol%), AgSbFg (0.08 mmol, 16 mol%), solvent (3 mL), N,, 24 h.
"Isolated yield. ND: not detected. “In the absence of AgSbFe.
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II1. Experimental procedures and spectroscopic data
1. General synthetic procedure and spectroscopic data of product 3

To a reaction tube equipped with a stir bar were charged with benzoyl sulfoxonium ylide (1, 0.6 mmol),
a-diazo carbonyl compound (2, 0.5 mmol), [Cp*RhCl,], (12 mg, 0.02 mmol), AgSbFs (28 mg, 0.08 mmol)
and TFE (3 mL). The resulting mixture was then stirred at 100 °C under N, for 24 h. Upon completion, it was
cooled to room temperature, quenched with saturated brine (5 mL), and extracted with EtOAc (10 mL X 3).
The combined organic layers were dried over anhydrous Na,SO,, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography using ethyl acetate/methanol (20:1) as eluent to afford
product 3.
Ethyl 3-(dimethyl(oxo)-)f—sulfanylidene)-4-0x0-2-phenyl-3,4-dihydr0naphthalene-1-carboxylate (3a)
Eluent: ethyl acetate/methanol (20:1). White solid (94 mg, 51%), mp: 157-158°C. '"H NMR (400 MHz,
CDCl) 6: 0.81 (t, J=17.2 Hz, 3H), 3.70 (s, 6H), 3.84 (q, J = 7.2Hz, 2H), 7.24-7.28 (m, 5H), 7.38 (t, /= 7.2 Hz,
1H), 7.53 (t, J= 7.6 Hz, 1H), 7.63 (dd, J, = 8.4 Hz, J, = 0.8 Hz, 1H), 8.32 (d, /= 8.0 Hz, 1H). >C NMR (150
MHz, CDCls) &: 13.7, 43.8, 60.9, 97.1, 118.0, 124.7, 124.9, 125.5, 127.2, 127.6, 129.3, 130.2, 131.1, 134.1,
137.0, 137.5, 168.8, 172.9. HRMS calcd for Cy;H,;04S: 369.1155 [M+H]", found: 369.1165.
Ethyl 3-(dimethyl(0x0)-l6-sulfanylidene)-7-methyl-4-0x0-2-phenyl-3,4-dihydr0naphthalene-l-carboxyl-
ate (3b)
Eluent: ethyl acetate/methanol (20:1). White solid (103 mg, 54%), mp: 227-228 °C. 'H NMR (400 MHz,
CDCl) 6: 0.79 (t, J= 7.2 Hz, 3H), 2.39 (s, 3H), 3.66 (s, 6H), 3.83 (q, /= 7.2 Hz, 2H), 7.20 (d, /= 8.4 Hz, 1H),
7.23-7.27 (m, 5H), 7.38 (s, 1H), 8.19 (d, J = 8.4 Hz, 1H). °C NMR (100 MHz, CDCls) &: 13.6, 22.0, 43.8,
60.8, 96.4, 117.7, 124.3, 124.7, 127.2, 127.3, 127.5, 128.3, 129.3, 134.3, 137.1, 137.5, 141.5, 168.9, 172.8.

HRMS calcd for C2,H»304S: 383.1312 [M+H]", found: 383.1306.
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Ethyl 3-(dimethyl(ox0)-A’-sulfanylidene)-7-methoxy-4-oxo-2-phenyl-3,4-dihydronaphthalene-1-carboxy-
late (3¢)

Eluent: ethyl acetate/methanol (20:1). White solid (107 mg, 54%), mp: 186-187 °C. 'H NMR (400 MHz,
CDCl3) 6: 0.80 (t, J= 7.2 Hz, 3H), 3.68 (s, 6H), 3.79-3.84 (m, 5H), 6.97-7.02 (m, 2H), 7.23-7.28 (m, 5H), 8.23
(d, J = 8.8 Hz, 1H). >C NMR (100 MHz, CDCls) &: 13.6, 44.0, 55.4, 60.8, 96.1, 105.3, 115.6, 117.4, 124.7,
126.8, 127.2, 127.5, 129.2, 136.0, 137.2, 138.7, 162.0, 168.9, 172.5. HRMS calcd for CyH»305S: 399.1261
[M+H]", found: 399.1263.

Ethyl 3-(dimethyl(0x0)-)f—sulfanylidene)-6-methyl-4-0x0-2-phenyl-3,4-dihydr0naphthalene—1-carb0xy-
late (3d)

Eluent: ethyl acetate/methanol (20:1). White solid (111 mg, 58%), mp: 218-219°C. 'H NMR (400 MHz,
CDCl3) 6: 0.79 (t, J=17.2 Hz, 3H), 2.41 (s, 3H), 3.65 (s, 6H), 3.82 (q, /= 7.2 Hz, 2H), 7.23-7.26 (m, 5H), 7.35
(dd, J; = 8.4 Hz, J> = 1.6 Hz, 1H), 7.52 (t, J = 8.4 Hz, 1H), 8.10 (s, 1H). °C NMR (150 MHz, CDCl;) &: 13.7,
21.4,43.7,60.8,96.9, 117.9, 124.2, 124.9, 127.2, 127.5, 129.3, 130.2, 131.9, 132.7, 135.4, 136.5, 137.2, 168.9,
172.7. HRMS caled for CpH,304S: 383.1312 [M+H]", found: 383.1311.

Ethyl 6-chlor0-3-(dimethyl(oxo)-).6-sulfanylidene)-4-0x0-2-phenyl-3,4-dihydr0naphthalene-1-carb0xy-
late (3e)

Eluent: ethyl acetate. White solid (28 mg, 14%), mp: 83-84°C. "H NMR (400 MHz, CDCl3) &: 0.86 (t, J = 7.2
Hz, 3H), 3.79 (s, 6H), 3.90 (q, J = 7.2 Hz, 2H), 7.30-7.37 (m, 5H), 7.53 (dd, J; = 8.8 Hz, J, = 2.4 Hz, 1H),
7.67 (d, J= 8.8 Hz, 1H), 8.36 (d, J= 2.0 Hz, 1H). °C NMR (150 MHz, CDCl;) &: 13.6, 43.7, 61.0, 98.1, 117.5,
124.3, 126.7, 127.3, 127.7, 129.2, 131.2, 131.4, 131.7, 132.5, 136.7, 138.0, 168.5, 171.7. HRMS calcd for

C21H20C10,S: 403.0765 [M+H]", found: 403.0752.



Ethyl  8-chloro-3-(dimethyl(oxo)-A’-sulfanylidene)-4-oxo-2-phenyl-3,4-dihydronaphthalene-1-carboxy-
late (3¢’)

Eluent: ethyl acetate/methanol (20:1). White solid (62 mg, 31%), mp: 118-119 °C. 'H NMR (400 MHz,
CDCl3) 6: 0.90 (t, J= 7.2 Hz, 3H), 3.66 (s, 6H), 3.77 (q, J = 7.2 Hz, 2H), 7.23-7.29 (m, 6H), 7.59 (dd, J, = 7.6
Hz, J, = 1.2 Hz, 1H), 8.31 (dd, J, = 8.0 Hz, J, = 1.2 Hz, 1H). >C NMR (150 MHz, CDCl3) &: 13.6, 43.4, 61.1,
979, 1159, 124.3, 125.5, 126.9, 127.8, 129.8, 129.9, 131.5, 132.9, 133.3, 135.5, 139.0, 169.0, 171.8. HRMS
calcd for Cy1Hy9ClO4S: 403.0765 [M+H]+, found: 403.0758.

Ethyl 6-br0m0-3-(dimethyl(oxo)-)f—sulfanylidene)-4-0x0-2-phenyl-3,4-dihydr0naphthalene—l-carboxy-
late (3f)

Eluent: ethyl acetate/methanol (20:1). White solid (49 mg, 22%), mp: 109-110°C. 'H NMR (400 MHz,
CDCl3) o6: 0.86 (t, J = 7.2 Hz, 3H), 3.77 (s, 6H), 3.89 (q, J = 7.2 Hz, 2H), 7.30-7.36 (m, 5H), 7.59 (d, J = 8.8
Hz, 1H), 7.66 (dd, J, = 8.8 Hz, J, = 2.0 Hz, 1H), 8.53 (d, J = 2.4 Hz, 1H). >C NMR (150 MHz, CDCl;) &:
13.6,43.6,61.0,97.9,117.4,119.7, 126.8, 127.3, 127.5, 127.7, 129.2, 131.6, 132.8, 134.0, 136.7, 138.2, 168.4,
171.7. HRMS calcd for C51Ha0BrO4S: 447.0260 [M+H]", found: 447.0250.

Ethyl 8-br0m0-3-(dimethyl(oxo)-}.6-sulfanylidene)-4-0x0-2-phenyl-3,4-dihydr0naphthalene-1-carboxy-
late (3f)

Eluent: ethyl acetate/methanol (20:1). White solid (58 mg, 26%), mp: 275-276 °C. '"H NMR (400 MHz,
CDCl3) &: 0.97 (t, J = 7.2 Hz, 3H), 3.73 (s, 6H), 3.84 (q, J = 7.2 Hz, 2H), 7.25-7.28 (m, 1H), 7.31-7.35 (m,
5H), 7.90 (dd, J, = 7.6 Hz, J, = 1.6 Hz, 1H), 8.44 (dd, J, = 8.0 Hz, J, = 1.6 Hz, 1H). °C NMR (150 MHz,
CDCl) &: 13.5,43.4, 61.2,97.9, 117.0, 119.2, 124.9, 125.9, 126.9, 127.7, 129.8, 132.9, 133.3, 135.6, 137.4,

139.4, 168.6, 171.8. HRMS calcd for C,1H,0BrO4S: 447.0260 [M+H]+, found: 447.0257.



Ethyl 3-(dimethyl(ox0)-A’-sulfanylidene)-6-methoxy-4-oxo-2-phenyl-3,4-dihydronaphthalene-1-carboxy-
late (3g)

Eluent: ethyl acetate/methanol (20:1). White solid (103 mg, 52%), mp: 190-191 °C. 'H NMR (400 MHz,
CDCl3) 6: 0.98 (t, J= 7.2 Hz, 3H), 3.75 (s, 6H), 3.85-3.89 (m, 5H), 7.05 (d, J= 7.6 Hz, 1H), 7.32 (s, 5H), 7.39
(t,J=8.0 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H). >C NMR (150 MHz, CDCl3) 8: 13.9, 43.5, 56.5, 60.4, 97.7, 111.9,
1153, 117.3, 1254, 125.9, 126.9, 127.5, 130.0, 132.0, 135.9, 136.2, 155.0, 169.6, 171.9. HRMS calcd for
C1,H2305S: 399.1261 [M+H]", found: 399.1263.

Ethyl 3-(dimethyl(0x0)-)f—sulfanylidene)-S-methyl-4-0x0-2-phenyl-3,4-dihydr0naphthalene—1-carb0xy-
late (3h)

Eluent: ethyl acetate/methanol (20:1). White solid (105 mg, 55%), mp: 166-167°C. 'H NMR (400 MHz,
CDCl3) 6: 0.81 (t, J=7.2 Hz, 3H), 2.89 (s, 3H), 3.69 (s, 6H), 3.83 (q,J = 7.2 Hz, 2H), 7.08 (d, J= 6.8 Hz, 1H),
7.23-7.28 (m, 5H), 7.34 (t, J = 7.6 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H). >C NMR (150 MHz, CDCl;) &: 13.7,
24.4,44.4,60.9,98.7,119.0, 123.1, 127.2, 127.5, 128.7, 128.8, 129.3, 130.3, 135.9, 136.7 137.2, 139.4, 169.2,
175.5. HRMS caled for CpH,304S: 383.1312 [M+H]", found: 383.1312.

Ethyl 5-chlor0-3-(dimethyl(oxo)-).6-sulfanylidene)-4-0x0-2-phenyl-3,4-dihydr0naphthalene-1-carb0xy-
late (3i)

Eluent: ethyl acetate/methanol (20:1). White solid (107 mg, 53%), mp: 164-165 °C. '"H NMR (400 MHz,
CDCl3) &: 0.80 (t, J = 7.2 Hz, 3H), 3.71 (s, 6H), 3.82 (q, J = 7.2 Hz, 2H), 7.21-7.28 (m, 5H), 7.32-7.34 (m,
2H), 7.48-7.50 (m, 1H). °C NMR (150 MHz, CDCl3) &: 13.6, 44.3, 61.0, 99.6, 117.9, 124.2, 126.1, 127.3,
127.7, 128.7, 129.1, 130.4, 133.1, 136.2, 137.2, 138.6, 168.8, 173.2. HRMS calcd for C,;H20Cl04S: 403.0765

[M+H]", found: 403.0760.



Ethyl 5-bromo-3-(dimethyl(oxo)-A’-sulfanylidene)-4-oxo-2-phenyl-3,4-dihydronaphthalene-1-carboxy-
late (3))

Eluent: ethyl acetate/methanol (20:1). White solid (112 mg, 50%), mp: 81-82 °C. 'H NMR (400 MHz, CDCl5)
0: 0.87 (t,J=17.6 Hz, 3H), 3.77 (s, 6H), 3.89 (q, /= 7.2 Hz, 2H), 7.28-7.35 (m, 6H), 7.61 (dd, J, = 8.0 Hz, J, =
1.2 Hz, 1H), 7.66 (dd, J, = 7.6 Hz, J, = 0.8 Hz, 1H). >C NMR (150 MHz, CDCl5) &: 13.6, 44.2, 61.0, 99.1,
117.8, 120.3, 124.9, 126.7, 127.3, 127.7, 129.1, 130.7, 132.6, 136.3, 137.1, 138.5, 168.8, 173.0. HRMS calcd
for C1Hy0BrO,4S: 447.0260 [M+H]", found: 447.0234.

Ethyl 3-(dimethyl(oxo)-k6-sulfanylidene)-4-0x0-2-(p-tolyl)—3,4-dihydr0naphthalene-l-carboxylate 3k)
Eluent: ethyl acetate/methanol (20:1). White solid (96 mg, 50%), mp: 179-180 °C. 'H NMR (400 MHz,
CDCls) 6: 0.84 (t, J=7.2 Hz, 3H), 2.31 (s, 3H), 3.68 (s, 6H), 3.86 (q, J = 7.2 Hz, 2H), 7.07 (d, J = 7.6 Hz, 2H),
7.14 (d, J = 8.0 Hz, 2H), 7.34-7.38 (m, 1H), 7.49-7.53 (m, 1H), 7.60 (d, J = 7.6 Hz, 1H), 8.30 (d, J = 8.0 Hz,
1H). >C NMR (100 MHz, CDCl3) &: 13.7, 21.4, 43.7, 60.8, 97.1, 118.1, 124.7, 124.8, 125.4, 128.0, 129.1,
130.2, 131.1, 134.0, 134.1, 137.3, 137.6, 168.9, 172.9. HRMS calcd for C2,H,30,S: 383.1312 [M+H]", found:
383.1312.

Ethyl 3-(dimethyl(0x0)-l6-sulfanylidene)-Z-(4-methoxyphenyl)-4-0x0-3,4-dihydr0naphthalene-l-carb-
oxylate (31)

Eluent: ethyl acetate/methanol (20:1). White solid (115 mg, 58%), mp: 206-207 °C. '"H NMR (400 MHz,
CDCl) o: 0.87 (t, J = 7.2 Hz, 3H), 3.67 (s, 6H), 3.74 (s, 3H), 3.88 (q, J = 7.2 Hz, 2H), 6.78-6.81 (m, 2H),
7.14-7.18 (m, 2H), 7.34-7.38 (m, 1H), 7.49-7.53 (m, 1H), 7.59 (d, J = 8.0 Hz, 1H), 8.30 (dd, J, = 8.4 Hz, J, =
0.8 Hz, 1H). *C NMR (100 MHz, CDCl3) &: 13.8, 43.7, 55.2, 60.8, 97.3, 112.7, 118.3, 124.8, 125.4, 129.1,
130.2, 130.4, 131.1, 134.1, 137.2, 159.1, 169.0, 172.9. HRMS calcd for C,H»,NaOsS: 421.1080 [M+Na]",

found: 421.1065.



Ethyl 3-(dimethyl(oxo)-A’-sulfanylidene)-4-0x0-2-(4-(trifluoromethyl)phenyl)-3,4-dihydronaphthalene-
1-carboxylate (3m)

Eluent: ethyl acetate/methanol (20:1). White solid (83 mg, 38%), mp: 235-236 °C. 'H NMR (400 MHz,
CDCl3) 8: 0.86 (t, J = 7.2 Hz, 3H), 3.81 (s, 6H), 3.92 (q, J = 7.2 Hz, 2H), 7.45-7.51 (m, 3H), 7.60-7.65 (m,
3H), 7.70-7.72 (m, 1H), 8.39 (dd, J, = 8.4 Hz, J, = 0.8 Hz, 1H). °C NMR (150 MHz, CDCl;) &: 13.5, 43.7,
61.0, 96.5, 118.1, 124.1 (q, *Jer = 3.3 Hz), 124.2 (q, 'Jer = 270.2 Hz), 124.8, 125.0, 125.9, 129.7, 129.8 (q,
*Jer = 32.9 Hz), 130.3, 131.3, 134.0, 135.9, 140.9, 168.4, 172.8. °F NMR (376 MHz, CDCl;) &: -62.44.
HRMS calcd for CoHaoF304S: 437.1029 [M+H]", found: 437.1023.

Ethyl 2-(4-br0mophenyl)-3-(dimethyl(oxo)-)ﬁ-sulfanylidene)-4-0x0-3,4-dihydr0naphthalene-1-carb0xy-
late (3n)

Eluent: ethyl acetate/methanol (20:1). White solid (89 mg, 40%), mp: 177-178 °C. '"H NMR (600 MHz,
CDCl) o: 0.87 (t, J= 7.2 Hz, 3H), 3.70 (s, 6H), 3.89 (q, J = 7.2 Hz, 2H), 7.12 (d, J = 7.8 Hz, 2H), 7.38-7.40
(m, 3H), 7.53 (t, J = 8.4 Hz, 1H), 7.61 (d, J = 8.4 Hz, 1H), 8.31 (d, J = 8.4 Hz, 1H). °C NMR (150 MHz,
CDCl) &: 13.7,43.7, 61.0, 96.7, 118.1, 121.7, 124.8, 124.9, 125.7, 130.3, 130.4, 131.0, 131.2, 134.0, 136.0,
136.1, 168.6, 172.9. HRMS calcd for C,1H,0BrO4S: 447.0260 [M+H]+, found: 447.0255.

Ethyl 2-(3-chlorophenyl)-3-(dimethyl(0x0)-).6-sulfanylidene)-4-0x0-3,4-dihydr0naphthalene-1-carb0xy-
late (30)

Eluent: ethyl acetate/methanol (20:1). White solid (91 mg, 45%), mp: 216-217 °C. 'H NMR (400 MHz,
CDCls) 6: 0.87 (t, J = 7.2 Hz, 3H), 3.68 (s, 3H), 3.69 (s, 3H), 3.86-3.92 (m, 2H), 7.12-7.14 (m, 1H), 7.17-7.21
(m, 1H), 7.23-7.26 (m, 2H), 7.37-7.41 (m, 1H), 7.51-7.55 (m, 1H), 7.62 (dd, J, = 8.4 Hz, J, = 0.8 Hz, 1H),

8.31 (d, J = 8.0 Hz, 1H). *C NMR (100 MHz, CDCly) &: 13.7, 43.6, 43.7, 61.0, 96.5, 118.0, 124.8, 125.0,



125.8, 127.60, 127.62, 128.4, 129.5, 130.4, 131.2, 133.1, 134.0, 135.9, 138.8, 168.5, 172.9. HRMS calcd for
C,1H0Cl10,4S: 403.0765 [M+H]", found: 403.0765.

Ethyl 3-(dimethyl(oxo)-)f—sulfanylidene)-4-0x0-2-(m-tolyl)-3,4-dihydr0naphthalene-1-carboxylate (3p)
Eluent: ethyl acetate/methanol (20:1). White solid (97 mg, 51%), mp: 77-78 °C. 'H NMR (400 MHz, CDCl5)
0: 0.82 (t,/J=7.2 Hz, 3H), 2.29 (s, 3H), 3.69 (s, 6H), 3.85 (q, /= 7.2 Hz, 2H), 7.04-7.08 (m, 3H), 7.13-7.17 (m,
1H), 7.35-7.39 (m, 1H), 7.50-7.54 (m, 1H), 7.62 (d, J = 8.0 Hz, 1H), 8.30 (dd, J; = 8.4 Hz, J, = 0.8 Hz, 1H).
3C NMR (100 MHz, CDCls) &: 13.7, 21.5, 43.7, 43.8, 60.8, 97.0, 117.9, 124.7, 124.8, 125.4, 126.5, 127.1,
128.3, 129.9, 130.2, 131.0, 134.1, 136.7, 136.9, 137.7, 168.9, 172.9. HRMS calcd for C,H»304S: 383.1312
[M+H]", found: 383.1313.

Ethyl 2-(3-br0mophenyl)-3-(dimethyl(oxo)-)ﬁ-sulfanylidene)-4-0x0-3,4-dihydr0naphthalene-1-carb0xy-
late (3q)

Eluent: ethyl acetate/methanol (20:1). White solid (98 mg, 44%), mp: 192-193 °C. 'H NMR (400 MHz,
CDCls) 6: 0.88 (t,J = 7.2 Hz, 3H), 3.69 (s, 3H), 3.70 (s, 3H), 3.87-3.92 (m, 2H), 7.11-7.15 (m, 1H), 7.17-7.18
(m, 1H), 7.37-7.42 (m, 3H), 7.52-7.56 (m, 1H), 7.63 (d, J = 7.6 Hz, 1H), 8.31 (dd, J; = 8.0 Hz, J, = 0.8 Hz,
1H). *C NMR (100 MHz, CDCls) &: 13.7, 43.6, 43.7, 61.0, 96.6, 118.1, 121.2, 124.8, 125.0, 125.8, 128.0,
128.7, 130.3, 130.5, 131.2, 132.3, 134.0, 135.7, 139.0, 168.4, 172.8. HRMS calcd for C;1H0BrO4S: 447.0260
[M+H]", found: 447.0255.

Ethyl 3-(dimethyl(oxo0)-A’-sulfanylidene)-2-methyl-4-0xo-3,4-dihydronaphthalene-1-carboxylate (3r)
Eluent: ethyl acetate/methanol (20:1). White solid (60 mg, 39%), mp: 167-168 °C. 'H NMR (400 MHz,
CDCl) 6: 1.34 (t, J = 7.2 Hz, 3H), 2.42 (s, 3H), 3.78 (s, 6H), 4.38 (q, J = 7.2 Hz, 2H), 7.27-7.31 (m, 1H),

7.41-7.49 (m, 2H), 8.20 (d, J = 8.0 Hz, 1H). '*C NMR (100 MHz, CDCl3) &: 14.3, 17.2,43.9, 61.3,97.3, 117.4,

10



124.2, 124.6, 124.9, 129.5, 130.8, 133.4, 134.5, 170.1, 173.0. HRMS calcd for C;sH;904S: 307.0999 [M+H]",
found: 307.0995.

Ethyl 3-(dimethyl(oxo)-)f—sulfanylidene)-4-0x0-2-pr0pyl-3,4-dihydr0naphthalene-1-carboxylate 3s)
Eluent: ethyl acetate/methanol (20:1). White solid (77 mg, 46%), mp: 186-187 °C. 'H NMR (400 MHz,
CDCl3) 6: 0.91 (t,J=7.2 Hz, 3H), 1.34 (t, /= 7.2 Hz, 3H), 1.53-1.63 (m, 2H), 2.74-2.78 (m, 2H), 3.77 (s, 6H),
437 (q, J=7.2 Hz, 2H), 7.29 (t, J = 7.2 Hz, 1H), 7.39-7.48 (m, 2H), 8.20 (d, J = 8.4 Hz, 1H). °C NMR (100
MHz, CDCl) o: 14.3, 14.5, 26.5, 32.1,44.0, 61.2, 96.3, 117.2, 124.3, 124.5, 124.8, 129.6, 130.7, 134.6, 138.3,
170.1, 173.2. HRMS calcd for C1gH»304S: 335.1312 [M+H]+, found: 335.1316.

Methyl 3-(dimethyl(oxo)-)f—sulfanylidene)-4-0x0-2-phenyl-3,4-dihydr0naphthalene-1-carboxylate 3t)
Eluent: ethyl acetate/methanol (20:1). White solid (85 mg, 48%), mp: 127-128 °C. 'H NMR (600 MHz,
CDCl3) 6: 3.34 (s, 3H), 3.70 (s, 6H), 7.23-7.28 (m, 5H), 7.38 (t, /= 7.2 Hz, 1H), 7.53 (t, /= 7.8 Hz, 1H), 7.59
(d, J = 7.8 Hz, 1H), 8.31 (d, J = 8.4 Hz, 1H). °C NMR (150 MHz, CDCl;) &: 43.7, 51.7, 97.4, 118.0, 124.7,
124.9, 125.6, 127.3, 127.6, 129.1, 130.1, 131.2, 134.1, 136.9, 137.7, 169.3, 172.7. HRMS calcd for
C20H1904S: 355.0999 [M+H]", found: 355.1000.

Tert-butyl 3-(dimethyl(oxo)-)f—sulfanylidene)-2-methyl-4-0x0-3,4-dihydr0naphthalene-1-carb0xylate
(3u)

Eluent: ethyl acetate/methanol (20:1). White solid (75 mg, 45%), mp: 96-97 °C. '"H NMR (400 MHz, CDCls)
8: 1.66 (s, 9H), 2.51 (s, 3H), 3.84 (s, 6H), 7.34-7.38 (m, 1H), 7.52-7.57 (m, 2H), 8.28 (d, J = 8.0 Hz, 1H). °C
NMR (150 MHz, CDCls) &: 16.9, 28.3, 43.9, 81.9, 97.1, 119.0, 124.0, 124.6, 124.7, 129.5, 130.7, 132.4, 134.6,
169.4, 172.8. HRMS calcd for C1gH»304S: 335.1312 [M+H]+, found: 335.1321.

4-Acetyl-2-(dimethyl(oxo)-)f—sulfanylidene)-3-methylnaphthalen-1(2H)-0ne Q3v)
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Eluent: ethyl acetate/methanol (20:1). White solid (76 mg, 55%), mp: 154-155 °C. 'H NMR (400 MHz,
CDCls) &: 2.34 (s, 3H), 2.49 (s, 3H), 3.80 (s, 6H), 7.25-7.31 (m, 2H), 7.43-7.47 (m, 1H), 8.23 (d, J = 8.4 Hz,
1H). *C NMR (100 MHz, CDCls) &: 16.8, 33.7, 43.9, 97.0, 123.8, 124.8, 124.9, 125.3, 129.7, 130.4, 130.7,
133.9, 172.8, 208.2. HRMS calcd for C;sH,,05S: 277.0893 [M+H]", found: 277.0885.

Ethyl 3-(dimethyl(oxo)-A’-sulfaneylidene)-7-fluoro-4-oxo-2-phenyl-3,4-dihydronaphthalene-1-carboxy-
late (3w)

Eluent: ethyl acetate/methanol (20:1). White solid (85 mg, 44%), mp: 259-260 °C. 'H NMR (600 MHz,
CDCl;) &: 0.86 (t, J = 7.2 Hz, 3H), 3.76 (s, 6H), 3.89 (q, J = 7.2 Hz, 2H), 7.14-7.17 (m, 1H), 7.31-7.39 (m,
6H), 8.37-8.40 (m, 1H). °C NMR (150 MHz, CDCls) &: 13.6, 43.8, 60.9, 97.0, 109.7 (d, “Jcr = 23.0 Hz),
114.3 (d, “Jer = 24.0 Hz), 117.1 (d, “Jer = 3.2 Hz), 127.1, 127.3, 127.7, 127.8 (d, *Je.r = 9.9 Hz), 129.1, 136.2
(d, *Jer = 9.9 Hz), 136.8, 139.5, 164.6 (d, 'Jer = 247.2 Hz), 168.4, 172.5. ’F NMR (376 MHz, CDCL) &:
-108.26. HRMS calcd for C,;H20FO4S: 387.1061 [M+H]", found: 387.1064.

Ethyl 3-(dimethyl(oxo)-A’-sulfaneylidene)-4-oxo-2-phenyl-7-(trifluoromethyl)-3,4-dihydronaphthalene-
1-carboxylate (3x)

Eluent: ethyl acetate/methanol (20:1). White solid (78 mg, 36%), mp: 201-202 °C. 'H NMR (600 MHz,
CDCls) &: 0.88 (t, J = 7.2 Hz, 3H), 3.79 (s, 6H), 3.93 (q, J = 7.2 Hz, 2H), 7.31-7.37 (m, 5H), 7.63 (d, J = 8.4
Hz, 1H), 8.02 (s, 1H), 8.50 (d, J = 8.4 Hz, 1H). >C NMR (150 MHz, CDCls) &: 13.6, 43.6, 61.1, 98.9, 117.5,
121.1 (q, *Jer = 3.3 Hz), 122.5 (q, *Jor = 4.4 Hz), 124.1 (q, 'Jer = 271.2 Hz), 126.0, 127.4, 127.8, 129.1,
132.0, 132.5 (q, *Jer = 31.8 Hz), 133.8, 136.5, 139.5, 168.2, 172.3. ’F NMR (376 MHz, CDCl;) &: -62.63.
HRMS calcd for CpyH,F304S: 437.1029 [M+H]", found: 437.1048.

2. General synthetic procedure and spectroscopic data of product 4 and 5
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To a reaction tube equipped with a stir bar were charged with benzoyl sulfoxonium ylide (1, 0.5 mmol),
a-diazo carbonyl compound (2, 1.1 mmol), [Cp*RhCl;]; (12 mg, 0.02 mmol), AgSbFs (28 mg, 0.08 mmol)
and toluene (3 mL). The resulting mixture was then stirred at 80 °C under N, for 24 h. Upon completion, it
was cooled to room temperature, quenched with saturated brine (5 mL), and extracted with EtOAc (10 mL X
3). The combined organic layers were dried over anhydrous Na,SO4, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography using petroleum ether/ethyl acetate (1:1) as eluent to
afford product 4 or 5.

Ethyl 3-(dimethyl(ox0)-%6-sulfanylidene)-5-(1-ethoxy-l,3-di0x0-3-phenylpropan—2-yl)—4-oxo-2-phenyl
-3,4-dihydronaphthalene-1-carboxylate (4a)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (162 mg, 58%), mp: 89-90 °C. 'H NMR (600
MHz, CDCl;) 6: 0.80 (t, J= 7.2 Hz, 3H), 1.17 (t, J = 7.2 Hz, 3H), 3.56 (s, 3H), 3.58 (s, 3H), 3.81 (q, J=7.2
Hz, 2H), 4.17 (q, J = 7.2 Hz, 2H), 7.08 (d, J = 7.2 Hz, 1H), 7.24-7.32 (m, 7H), 7.36-7.42 (m, 2H), 7.54 (d, J =
8.4 Hz, 1H), 7.86 (s, 1H), 7.93 (d, J= 7.8 Hz, 2H). C NMR (150 MHz, CDCl;) &: 13.7, 14.3, 43.9, 44.1, 58.6,
61.0, 61.3, 99.3, 118.5, 125.3, 126.9, 127.3, 127.7, 128.5, 129.07, 129.15, 129.3, 130.3, 132.9, 133.8, 136.1,
136.5, 136.6, 137.6, 169.1, 170.4, 175.1, 195.5. HRMS calcd for C3H3;05S: 559.1785 [M+H]", found:
559.1782.

Ethyl 3-(dimethyl(oxo)-A’-sulfanylidene)-5-(1-ethoxy-1,3-dioxo-3-phenylpropan-2-yl)-7-methoxy-4-oxo
-2-phenyl-3,4-dihydronaphthalene-1-carboxylate (4b)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (153 mg, 52%), mp: 95-96 °C. '"H NMR (400
MHz, CDCls) o: 0.80 (t, J= 7.2 Hz, 3H), 1.18 (t,J = 7.2 Hz, 3H), 3.57 (s, 3H), 3.59 (s, 3H), 3.71 (s, 3H), 3.80
(q, /=72 Hz, 2H), 4.18 (q, /= 7.2 Hz, 2H), 6.71 (d, J = 2.4 Hz, 1H), 6.93 (d, J = 2.4 Hz, 1H), 7.23-7.33 (m,

7H), 7.42 (t, J = 7.2 Hz, 1H), 7.83 (s, 1H), 7.93-7.95 (m, 2H). *C NMR (150 MHz, CDCl5) &: 12.6, 13.2, 43.3,
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43.4,54.2, 574, 59.8, 60.2, 97.1, 104.6, 117.0, 120.5, 126.2, 126.6, 127.5, 128.0, 128.1, 128.2, 131.8, 134.8,
135.66, 135.73, 137.0, 137.5, 159.4, 168.1, 169.1, 173.7, 194.1. HRMS calcd for C;3H3305S: 589.1891
[M+H]", found: 589.1882.

Ethyl 7-chlor0-3-(dimethyl(oxo)-)f—sulfanylidene)-S-(l-ethoxy-1,3-di0x0-3-phenylpropan-Z-yl)-4-0x0-2-
phenyl-3,4-dihydronaphthalene-1-carboxylate (4c)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (142 mg, 48%), mp: 104-105 °C. "H NMR (400
MHz, CDCl3) 6: 0.79 (t, J = 7.2 Hz, 3H), 1.18 (t, J = 7.2 Hz, 3H), 3.56 (s, 3H), 3.60 (s, 3H), 3.81 (q, J= 7.2
Hz, 2H), 4.18 (q, /= 7.2 Hz, 2H), 7.06 (d, /= 2.0 Hz, 1H), 7.22-7.28 (m, 5H), 7.34 (t, J = 8.0 Hz, 2H), 7.45 (t,
J=17.2Hz, 1H), 7.56 (d, J = 1.6 Hz, 1H), 7.79 (s, 1H), 7.95 (d, J= 7.6 Hz, 2H). *C NMR (150 MHz, CDCl5)
0: 13.6, 14.2,44.08, 44.10, 58.2, 61.1, 61.5,99.9, 117.6, 124.5, 125.3, 127.4, 127.7, 127.8, 128.6, 129.0, 129.2,
133.0, 135.9, 136.2, 136.5, 136.7, 137.1, 139.1, 168.5, 169.9, 174.6, 194.6. HRMS calcd for C3,H»9CINaO;S:
615.1215 [M+Na]", found: 615.1188.

Ethyl 3-(dimethyl(oxo)-A’-sulfanylidene)-5-(1-ethoxy-1,3-dioxo-3-phenylpropan-2-yl)-6-methoxy-4-oxo-
2-phenyl-3,4-dihydronaphthalene-1-carboxylate (4d)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (185 mg, 63%), mp: 191-192 °C. 'H NMR (400
MHz, CDCls) &: 0.89 (t, J=7.2 Hz, 3H), 1.18 (t, /= 7.2 Hz, 3H), 3.59 (s, 6H), 3.69-3.78 (m, 5H), 4.17 (q, J =
7.2 Hz, 2H), 6.84 (d, J = 8.4 Hz, 1H), 7.01 (d, J = 8.4 Hz, 1H), 7.25-7.32 (m, 7H), 7.41 (t, J = 7.2 Hz, 1H),
7.81 (s, 1H), 7.92 (d, J = 7.6 Hz, 2H). °C NMR (150 MHz, CDCl;) 8: 13.9, 14.3, 43.8, 44.0, 56.5, 58.2, 60.4,
61.1, 100.0, 111.2, 115.3, 125.9, 126.9, 127.4, 127.6, 128.2, 128.3, 128.5, 129.2, 129.8, 130.0, 132.8, 135.5,
136.5, 137.0, 154.7, 170.8, 174.5, 195.9. HRMS calcd for C33H3305S: 589.1891 [M+H]", found: 589.1874.
Ethyl 3-(dimethyl(oxo)-}.6-sulfanylidene)-5-(1-ethoxy-l,3-di0x0-3-(p-tolyl)propan-2-yl)-4-0x0-2-(p-tolyl)-

3,4-dihydronaphthalene-1-carboxylate (4¢)

14



Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (176 mg, 60%), mp: 204-205 °C. "H NMR (600
MHz, CDCls) o: 0.84 (t, J=7.2 Hz, 3H), 1.18 (t,J = 7.2 Hz, 3H), 2.28 (s, 3H), 2.30 (s, 3H), 3.61 (s, 6H), 3.85
(q, J=17.2 Hz, 2H), 4.17 (q, J = 7.2 Hz, 2H), 7.06-7.14 (m, 7H), 7.35 (t, J = 7.8 Hz, 1H), 7.51 (d, J = 8.4 Hz,
1H), 7.82-7.84 (m, 3H). >C NMR (150 MHz, CDCl3) &: 13.7, 14.3, 21.4, 21.7, 44.0, 44.2, 58.5, 60.9, 61.2,
99.3, 118.7, 125.2, 126.8, 127.7, 128.03, 128.05, 129.0, 129.1, 129.22, 129.25, 130.2, 133.5, 133.9, 134.1,
136.1, 137.4, 137.6, 143.7, 169.2, 170.5, 175.3, 195.3. HRMS calcd for C34H350S: 587.2098 [M+H]", found:
587.2085.

Ethyl 3-(dimethyl(oxo)-)f—sulfanylidene)-S-(1-ethoxy—3-(4-meth0xyphenyl)-l,3-dioxopropan—2-yl)-2-
(4-methoxyphenyl)-4-0x0-3,4-dihydronaphthalene-1-carboxylate (4f)

Eluent: petroleum ether/ethyl acetate (1:1). Yellow solid (219 mg, 71%), mp: 227-228 °C. 'H NMR (400 MHz,
CDCls) 6: 0.95 (t,J= 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 3.67 (s, 3H), 3.69 (s, 3H), 3.820 (s, 3H), 3.824 (s,
3H), 3.94 (q, J = 7.2 Hz, 2H), 4.24 (q, J = 7.2 Hz, 2H), 6.82-6.89 (m, 4H), 7.15 (dd, J; = 7.2 Hz, J, = 0.8 Hz,
1H), 7.21-7.26 (m, 2H), 7.43 (t, J = 7.6 Hz, 1H), 7.58 (dd, J; = 8.0 Hz, J, = 0.8 Hz, 1H), 7.89 (s, 1H),
7.95-7.99 (m, 2H). *C NMR (150 MHz, CDCls) &: 13.8, 14.3, 44.0, 44.3, 55.2, 55.4, 58.3, 60.9, 61.1, 99.5,
112.8, 113.7, 118.9, 125.1, 126.8, 127.7, 128.7, 129.5, 130.2, 130.3, 130.4, 131.5, 134.1, 136.0, 137.2, 159.2,
163.3,169.2, 170.6, 175.4, 194.4. HRMS calcd for C34H34NaOoS: 641.1816 [M+Na]", found: 641.1829.

Ethyl 2-(4-chlorophenyl)-5-(1-(4-chlorophenyl)-3-ethoxy-1,3-dioxopropan-2-yl)-3-(dimethyl(oxo)-1’-
sulfanylidene)-4-0x0-3,4-dihydronaphthalene-1-carboxylate (4g)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (163 mg, 52%), mp: 121-122 °C. "H NMR (400
MHz, CDCl;) 6: 0.94 (t, J= 7.6 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H), 3.61 (s, 3H), 3.66 (s, 3H), 3.94 (q, J = 7.2
Hz, 2H), 4.24 (q, J = 7.2 Hz, 2H), 7.14 (dd, J, = 7.2 Hz, J, = 0.8 Hz, 1H), 7.21-7.25 (m, 2H), 7.30-7.37 (m,

4H), 7.47 (t, J = 8.0 Hz, 1H), 7.61 (dd, J; = 8.4 Hz, J, = 0.8 Hz, 1H), 7.84 (s, 1H), 7.95 (d, J = 8.8 Hz, 2H).
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3C NMR (100 MHz, CDCl3) &: 13.7, 14.2, 43.9, 44.0, 58.4, 61.1, 61.4,99.1, 118.8, 125.5, 126.9, 127.5, 127.7,
128.9, 130.4, 130.5, 130.6, 133.6, 133.7, 134.9, 135.2, 136.0, 136.3, 139.2, 168.8, 170.1, 174.9, 193.9. HRMS
calcd for C3,H,9CL,O4S: 627.1006 [M+H]+, found:627.1014.

Ethyl 2-(4-br0m0phenyl)-5-(1-(4-bromophenyl)-3-eth0xy-1,3-dioxopropan-2-yl)-3-(dimethyl(oxo)-)ﬁ-
sulfanylidene)-4-0x0-3,4-dihydronaphthalene-1-carboxylate (4h)

Eluent: petroleum ether/ethyl acetate (1:1). White solid (182 mg, 51%), mp: 154-155 °C. "H NMR (400 MHz,
CDCl3) 6: 0.88 (t,J=7.2 Hz, 3H), 1.18 (t, /= 7.2 Hz, 3H), 3.56 (s, 3H), 3.61 (s, 3H), 3.87 (q, /= 7.2 Hz, 2H),
4.17 (q, J = 7.2 Hz, 2H), 7.06-7.13 (m, 3H), 7.38-7.47 (m, 5H), 7.54 (dd, J, = 8.4 Hz, J, = 0.8 Hz, 1H), 7.75 (s,
1H), 7.81 (d, J = 8.8 Hz, 2H). *C NMR (150 MHz, CDCls) &: 13.7, 14.2, 44.0, 44.1, 58.4, 61.1, 61.4, 98.9,
118.8, 121.8, 125.5, 126.9, 127.7, 128.0, 130.4, 130.45, 130.50, 130.8, 130.9, 131.8, 133.5, 135.4, 135.6,
136.0, 136.2, 168.7, 170.1, 174.9, 194.0. HRMS calcd for C3:H,0Br,05S: 714.9995 [M+H]", found: 714.9991.
Ethyl 3-(dimethyl(0x0)-16-sulfanylidene)-5-(1-ethoxy-3-(furan-2-yl)-1,3-di0xopr0pan-2-yl)-2-(furan-2-
yl)-4-0x0-3,4-dihydronaphthalene-1-carboxylate (4i)

Eluent: petroleum ether/ethyl acetate (1:1). Yellow solid (161 mg, 60%), mp: 109-110 °C. '"H NMR (400 MHz,
CDCly) 6: 1.12 (t, J=7.2 Hz, 3H), 1.25 (t, /= 7.2 Hz, 3H), 3.71 (s, 3H), 3.73 (s, 3H), 4.12 (q, /= 7.2 Hz, 2H),
4.22-4.28 (m, 2H), 6.42-6.47 (m, 3H), 7.21 (d, J= 3.2 Hz, 1H), 7.25-7.27 (m, 1H), 7.48-7.52 (m, 3H), 7.64 (s,
1H), 7.72 (dd, J; = 8.0 Hz, J, = 0.8 Hz, 1H). °C NMR (100 MHz, CDCl3) &: 14.1, 14.2, 43.26, 43.29, 58.2,
61.3, 979, 109.8, 111.0, 112.2, 117.9, 119.5, 125.7, 126.1, 128.0, 128.2, 130.2, 133.3, 135.6, 142.4, 146.4,
148.2, 152.6, 168.9, 169.8, 175.0, 183.6. HRMS calcd for CogH,6NaOoS: 561.1190 [M+H]", found: 561.1189.
Ethyl 3-(dimethyl(oxo)-)f—sulfanylidene)—S-(l-ethoxy-3-(4-methoxyphenyl)-1,3-dioxopropan-Z-yl)-Z-(4-

methoxyphenyl)-7-methyl-4-0x0-3,4-dihydronaphthalene-1-carboxylate (4j)
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Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (158 mg, 50%), mp: 108-109 °C. "H NMR (400
MHz, CDCls) 6: 0.94 (t, J= 7.2 Hz, 3H), 1.26 (t, /= 7.2 Hz, 3H), 2.33 (s, 3H), 3.67 (s, 3H), 3.69 (s, 3H), 3.82
(s, 6H), 3.94 (q, J = 7.2 Hz, 2H), 4.24 (q, J = 7.2 Hz, 2H), 6.83-6.89 (m, 4H), 6.98 (d, J = 1.2 Hz, 1H),
7.21-7.25 (m, 2H), 7.34 (s, 1H), 7.92 (s, 1H), 7.98 (dd, J, = 7.2 Hz, J> = 1.6 Hz, 2H). *C NMR (150 MHz,
CDCl) o: 13.8, 14.3, 21.9, 44.1, 44.4, 55.2, 55.4, 58.0, 60.9, 61.1, 98.9, 112.8, 113.7, 118.7, 124.7, 128.8,
129.4, 129.6, 130.3, 130.5, 131.5, 133.9, 136.2, 137.1, 140.5, 159.1, 163.3, 169.4, 170.6, 175.3, 194.5. HRMS
calcd for C35H3706S: 633.2153 [M+Na]+, found: 633.2159.

Ethyl 2-(4-brom0phenyl)—5-(1-(4-bromophenyl)—3-eth0xy-1,3-dioxopropan-2-yl)-3-(dimethyl(oxo)—)f—
sulfanylidene)-7-methyl-4-0x0-3,4-dihydronaphthalene-1-carboxylate (4k)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (178 mg, 49%), mp: 109-110 °C. 'H NMR (400
MHz, CDCls) 9: 0.94 (t, J= 7.2 Hz, 3H), 1.25 (t,J = 7.2 Hz, 3H), 2.36 (s, 3H), 3.62 (s, 3H), 3.66 (s, 3H), 3.94
(q, J = 7.2 Hz, 2H), 4.25 (q, J = 7.2 Hz, 2H), 6.96 (d, J = 1.2 Hz, 1H), 7.14-7.19 (m, 2H), 7.37 (s, 1H),
7.44-7.48 (m, 2H), 7.51-7.55 (m, 2H), 7.85 (s, 1H), 7.87-7.90 (m, 2H). °C NMR (150 MHz, CDCls) &: 13.7,
14.2, 21.9, 44.0, 44.1, 58.2, 61.1, 61.4, 98.3, 118.5, 121.8, 124.8, 125.1, 127.9, 129.5, 130.4, 130.5, 130.8,
131.0, 131.8, 133.3, 135.5, 135.7, 136.2, 140.7, 168.9, 170.2, 174.8, 194.1. HRMS calcd for Cs3H3,Br,O;S:
729.0152 [M+H]", found: 729.0164.

Ethyl 3-(dimethyl(oxo)-A’-sulfanylidene)-5-(1-ethoxy-1,3-dioxo-3-(m-tolyl)propan-2-yl)-7-methyl-4-oxo-
2-(m-tolyl)-3,4-dihydronaphthalene-1-carboxylate (41)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (156 mg, 52%), mp: 97-98 °C. '"H NMR (400
MHz, CDCls) o: 0.88 (t, J = 7.2 Hz, 3H), 1.25 (t, /= 7.2 Hz, 3H), 2.34-2.36 (m, 9H), 3.67 (s, 6H), 3.91 (q, J =
7.2 Hz, 2H), 4.25 (qd, J;= 7.2 Hz, J,= 2.4 Hz, 2H), 6.98 (s, 1H), 7.09-7.15 (m, 3H), 7.20-7.27 (m, 2H), 7.31

,J=7.6 Hz, 1H), 7.37 (s, 1H), 7. ,J=7.6Hz, 1H), 7.8/ (s, 1H), /. ,J=24Hz, IH).
(d, J = 7.6 Hz, 1H), 7.37 (s, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.87 (s, 1H), 7.96 (d, J = 2.4 Hz, 1H). *C NMR
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(150 MHz, CDCls) 6: 13.6, 14.2, 21.4, 21.5, 21.9, 44.13, 44.15, 44.26, 44.29, 58.2, 60.8, 61.2, 98.7, 118.3,
124.8, 126.4, 126.50, 126.54, 127.1, 128.30, 128.34, 129.3, 129.5, 129.8, 130.0, 133.6, 133.7, 136.3, 136.6,
136.7, 137.7, 138.2, 140.4, 169.2, 170.6, 175.1, 195.79, 195.82. HRMS calcd for C;sH3;0;S: 601.2255
[M+H]", found: 601.2263.

Ethyl  3-(dimethyl(oxo)-A’-sulfanylidene)-5-(1-ethoxy-3-(furan-2-yl)-1,3-dioxopropan-2-yl)-2-(furan-2-
yl)-7-methyl-4-oxo0-3,4-dihydronaphthalene-1-carboxylate (4m)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (146 mg, 53%), mp: 94-95 °C. '"H NMR (400
MHz, CDCls) o: 1.11 (t, J=7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.39 (s, 3H), 3.71 (s, 3H), 3.73 (s, 3H), 4.12
(q, J= 7.2 Hz, 2H), 4.25 (qd, J, = 7.2 Hz, J, = 2.8 Hz, 2H), 6.41-6.47 (m, 3H), 7.09 (d, J = 0.8 Hz, 1H), 7.22
(d, J = 3.6 Hz, 1H), 7.47-7.53 (m, 3H), 7.68 (s, 1H). >C NMR (150 MHz, CDCl;) &: 14.1, 14.2, 21.9, 43.35,
43.40, 57.9, 61.3, 97.3, 109.7, 111.0, 112.2, 118.0, 119.3, 125.3, 126.09, 126.13, 129.8, 133.1, 135.8, 140.4,
142.3, 146.4, 148.4, 152.5, 169.1, 169.8, 174.9, 183.7. HRMS calcd for CooHysNaOoS: 575.1346 [M+Na]’,
found: 575.1364.

Ethyl 3-(dimethyl(0x0)-l6-sulfanylidene)-S-(l-ethoxy-l,3-di0x0-3-(p-tolyl)propan-z-yl)-7-meth0xy-4-
0x0-2-(p-tolyl)-3,4-dihydronaphthalene-1-carboxylate (4n)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (166 mg, 54%), mp: 113-114 °C. 'H NMR (400
MHz, CDCls) 8: 0.90 (t, J = 7.2 Hz, 3H), 1.25 (t,J = 7.2 Hz, 3H), 2.36 (s, 3H), 2.37 (s, 3H), 3.66 (s, 6H), 3.76
(s, 3H), 3.90 (q, J = 7.2 Hz, 2H), 4.24 (q, J = 7.2 Hz, 2H), 6.77 (d, J = 2.4 Hz, 1H), 6.97 (d, J = 2.4 Hz, 1H),
7.14-7.22 (m, 6H), 7.89-7.91 (m, 3H). >C NMR (150 MHz, CDCl3) &: 13.7, 14.3, 21.3, 21.6, 44.3, 44.5, 55.2,
58.3, 60.8, 61.2, 98.2, 105.6, 117.9, 118.0, 121.5, 128.00, 128.02, 129.0, 129.1, 129.21, 129.23, 133.8, 134.1,
136.0, 137.3, 138.0, 138.6, 143.6, 160.4, 169.3, 170.3, 174.9, 195.0. HRMS calcd for C;35H3sNaOsS: 639.2023

[M+Na]", found: 639.2039.
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Ethyl 2-(4-bromophenyl)-5-(1-(4-bromophenyl)-3-ethoxy-1,3-dioxopropan-2-yl)-3-(dimethyl(oxo)-1’-
sulfanylidene)-7-methoxy-4-0x0-3,4-dihydronaphthalene-1-carboxylate (40)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (190 mg, 51%), mp: 139-140 °C. 'H NMR (400
MHz, CDCls) 6: 0.94 (t, J= 7.2 Hz, 3H), 1.25 (t,J = 7.2 Hz, 3H), 3.60 (s, 3H), 3.65 (s, 3H), 3.79 (s, 3H), 3.92
(q, J=7.2 Hz, 2H), 4.24 (q, J = 7.2 Hz, 2H), 6.76 (d, /= 2.4 Hz, 1H), 6.98 (d, /= 2.4 Hz, 1H), 7.14-7.19 (m,
2H), 7.44-7.47 (m, 2H), 7.53 (dd, J, = 6.8 Hz, J, = 1.6 Hz, 2H), 7.81 (s, 1H), 7.88 (dd, J, = 7.2 Hz, J, = 2.0 Hz,
2H). °C NMR (150 MHz, CDCl3) &: 13.7, 14.2, 44.2, 44.3, 55.3, 58.3, 61.0, 61.5, 97.8, 105.6, 118.1, 118.2,
121.5, 121.8, 128.0, 130.4, 130.5, 130.8, 130.9, 131.8, 135.6, 135.7, 137.3, 138.0, 160.5, 168.9, 169.9, 174.5,
193.7. HRMS calcd for C33H31Br,OgS: 745.0101 [M+H]+, found: 745.0094.

Ethyl 3-(dimethyl(oxo)-)f—sulfanylidene)—S-(l-ethoxy-3-(furan-2-yl)-1,3-di0x0pr0pan-2-yl)-2-(furan-2-
yl)-7-methoxy-4-oxo0-3,4-dihydronaphthalene-1-carboxylate (4p)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (133 mg, 47%), mp: 75-76 °C. '"H NMR (400
MHz, CDCls) 6: 1.11 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H), 3.71 (s, 3H), 3.73 (s, 3H), 3.83 (s, 3H),
4.07-4.12 (m, 2H), 4.20-4.28 (m, 2H), 6.40-6.41 (m, 1H), 6.44-6.47 (m, 2H), 6.90 (d, J = 2.4 Hz, 1H), 7.12 (d,
J=2.4Hz, 1H), 7.20 (d, J= 3.6 Hz, 1H), 7.51-7.52 (m, 3H). >C NMR (150 MHz, CDCl;) &: 14.1, 14.2, 43 .46,
43.48, 55.3, 58.1, 61.2, 61.3, 96.8, 106.0, 109.7, 111.0, 112.2, 118.0, 118.2, 118.7, 122.8, 127.2, 135.4, 137.6,
142.3, 146.4, 148.5, 152.5, 160.3, 169.1, 169.6, 174.6, 183.3. HRMS calcd for CyoH»sNaO;S: 591.1295
[M+Na]", found: 591.1289.

Methyl 3-(dimethyl(oxo)-A’-sulfanylidene)-5-(1-methoxy-1,3-dioxo-3-phenylpropan-2-yl)-4-oxo-2-phen-
yl-3,4-dihydronaphthalene-1-carboxylate (4q)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (146 mg, 55%), mp: 96-97 °C. 'H NMR (400

MHz, CDCls) §: 3.40 (s, 3H), 3.68 (s, 6H), 3.77 (s, 3H), 7.14 (dd, J, = 7.2 Hz, J> = 0.8 Hz, 1H), 7.30-7.40 (m,
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7H), 7.43-7.50 (m, 2H), 7.58 (dd, J; = 8.4 Hz, J, = 0.8 Hz, 1H), 7.95 (s, 1H), 7.99-8.01 (m, 2H). °C NMR
(150 MHz, CDCls) &: 44.0, 44.1, 51.8, 52.4, 58.4, 99.4, 118.4, 125.4, 126.8, 127.3, 127.66, 127.74, 128.5,
129.0, 129.1, 130.3, 133.0, 133.7, 136.1, 136.49, 136.52, 137.9, 169.5, 170.9, 175.1, 195.5. HRMS calcd for
C30H2705S: 531.1472 [M+H]", found: 531.1450.

Methyl 3-(dimethyl(oxo)-A’-sulfanylidene)-7-methoxy-5-(1-methoxy-1,3-dioxo-3-phenylpropan-2-yl)-4-
0x0-2-phenyl-3,4-dihydronaphthalene-1-carboxylate (4r)

Eluent: petroleum ether/ethyl acetate (1:1). Yellow solid (140 mg, 50%), mp: 114-115 °C. "H NMR (400 MHz,
CDCl) ¢: 3.36 (s, 3H), 3.66 (s, 3H), 3.67 (s, 3H), 3.77 (s, 3H), 3.78 (s, 3H), 6.77 (d, J = 2.4 Hz, 1H), 6.96 (d,
J=2.4Hz, 1H), 7.27-7.40 (m, 7H), 7.50 (t, J = 7.2 Hz, 1H), 7.95 (s, 1H), 7.99-8.01 (m, 2H). *C NMR (150
MHz, CDCls) 6: 44.2,44.4, 51.7, 52.5, 55.3, 58.3,98.3, 105.7, 117.8, 118.1, 121.4, 127.3, 127.6, 128.5, 128.9,
129.0, 129.1, 133.0, 135.7, 136.5, 136.8, 138.1, 138.9, 160.5, 169.7, 170.7, 174.8, 195.2. HRMS calcd for
C31H2905S: 561.1578 [M+H]", found: 561.1578.

Methyl 2-(4-bromophenyl)-5-(1-(4-bromophenyl)-3-methoxy-1,3-dioxopropan-2-yl)-3-(dimethyl(oxo)-1’-
sulfanylidene)-4-0xo0-3,4-dihydronaphthalene-1-carboxylate (4s)

Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (154 mg, 45%), mp: 140-141 °C. 'H NMR (400
MHz, CDCl3) o: 3.46 (s, 3H), 3.66 (s, 3H), 3.69 (s, 3H), 3.77 (s, 3H), 7.12-7.18 (m, 3H), 7.46-7.59 (m, 6H),
7.86-7.88 (m, 3H). °C NMR (150 MHz, CDCl;) &: 44.0, 44.1, 51.9, 52.6, 58.3, 99.1, 118.6, 121.9, 125.6,
126.8, 127.8, 128.1, 130.4, 130.50, 130.53, 130.6, 130.7, 131.9, 133.4, 135.3, 135.4, 136.0, 136.5, 169.2,
170.6, 174.9, 194.0. HRMS calcd for C30H,sBr,05S: 686.9682 [M+H]", found: 686.9663.

Methyl 3-(dimethyl(oxo)—)f—sulfanylidene)-6-meth0xy-5-(1-methoxy—3-(4-meth0xyphenyl)—1,3-di0x0-

propan-2-yl)-2-(4-methoxyphenyl)-4-0xo-3,4-dihydronaphthalene-1-carboxylate (4t)
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Eluent: petroleum ether/ethyl acetate (1:1). Yellowish solid (233 mg, 75%), mp: 127-128 °C. "H NMR (400
MHz, CDCls) 6: 3.42 (s, 3H), 3.64 (s, 3H), 3.68 (s, 3H), 3.75 (s, 3H), 3.78 (s, 3H), 3.81 (s, 3H), 3.82 (s, 3H),
6.82-6.90 (m, 5H), 7.07 (d, J = 8.4 Hz, 1H), 7.20-7.23 (m, 2H), 7.86 (s, 1H), 7.95 (d, J = 9.2 Hz, 2H). *C
NMR (150 MHz, CDCls) &: 43.7, 44.1, 51.4, 52.3, 55.1, 55.4, 56.7, 57.9, 100.6, 111.2, 112.4, 113.7, 115.3,
126.1, 127.4, 127.7, 128.2, 128.3, 129.3, 130.8, 131.0, 131.6, 137.0, 154.5, 159.0, 163.3, 170.3, 171.4, 174.6,
194.9. HRMS calcd for C33H3,NaOq0S: 643.1608 [M+Na]+, found: 643.1586.
di-tert-Butyl  9-(dimethyl(oxo)-1’-sulfanylidene)-9a-hydroxy-2,8-dimethyl-9,9a-dihydrobenzo[de]chro-
mene-3,7-dicarboxylate (5)
Eluent: petroleum ether/ethyl acetate (1:1). White solid (98 mg, 40%), mp: 116-117 °C. 'H NMR (400 MHz,
CDCl) 6: 1.40 (s, 9H), 1.57 (s, 9H), 2.17 (s, 3H), 2.39 (s, 3H), 3.69 (s, 3H), 3.71 (s, 3H), 6.19 (s,1H), 7.05 (d,
J= 6.0 Hz, 1H), 7.38-7.45 (m, 2H). >C NMR (100 MHz, CDCls) &: 16.5, 28.0, 28.2, 29.6, 44.36, 44.42, 63.6,
81.6, 82.0, 99.2, 119.9, 124.3, 126.2, 129.9, 132.5, 133.8, 136.3, 169.3, 169.5. HRMS calcd for C,sH350S:
491.2098 [M+H]", found: 491.2097.
3. Synthetic procedure and spectroscopic data of A

To a reaction tube equipped with a stir bar were charged with 2-(dimethyl(oxo)-A6-sulfaneylidene)-1-
phenylethan-1-one (98 mg, 0.5 mmol), 2-diazo-1-phenylethanone (219 mg, 1.5 mmol), [Cp*RhCL ], (12 mg,
0.02 mmol), AgSbF¢ (28 mg, 0.08 mmol) and TFE (3 mL). The resulting mixture was then stirred at 100 °C
under N, for 24 h. Upon completion, it was cooled to room temperature, quenched with saturated brine (5 mL),
and extracted with EtOAc (10 mL x 3). The combined organic layers were dried over anhydrous Na,SO4, and
concentrated under reduced pressure. The residue was purified by silica gel chromatography using petroleum
ether/ethyl acetate (50:1) as eluent to afford A.

1-Phenyl-2-(2,2,2-trifluoroethoxy)ethanone (A)
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Eluent: petroleum ether/ethyl acetate (50:1). Yellow solid (111 mg, 34%), mp: 34-35 °C. "H NMR (600 MHz,
CDCl) 6: 4.04 (d, J= 8.4 Hz, 2H), 4.94 (s, 2H), 7.48 (t, J= 7.8 Hz, 2H), 7.60 (t, J = 7.8 Hz, 1H), 7.89 (d, J =
7.8 Hz, 2H). >C NMR (150 MHz, CDCls) &: 68.6 (q, “Je.r = 3.9 Hz), 74.2, 123.9 (q, 'Je.r = 7.8 Hz), 127.7,
128.9, 134.0, 134.3, 194.9. "°F NMR (376 MHz, CDCls) &: -74.20. HRMS calcd for C HoF3;NaO,: 241.0447
[M+Na]", found: 241.0464.
4. Synthetic procedure and spectroscopic data of B

To a reaction tube equipped with a stir bar were charged with 2-(dimethyl(oxo)-A6-sulfaneylidene)-1-
phenylethan-1-one (98 mg, 0.5 mmol), 2-diazo-1-phenylethanone (219 mg, 1.5 mmol), [Cp*RhCL ], (12 mg,
0.02 mmol), AgSbFs (28 mg, 0.08 mmol) and toluene (3 mL). The resulting mixture was then stirred at 80 °C
under N, for 24 h. Upon completion, it was cooled to room temperature, quenched with saturated brine (5 mL),
and extracted with EtOAc (10 mL x 3). The combined organic layers were dried over anhydrous Na,SO4, and
concentrated under reduced pressure. The residue was purified by silica gel chromatography using petroleum
ether/ethyl acetate (50:1) as eluent to afford product B.
1,4-Diphenylbut-2-ene-1,4-dione (B)
Eluent: petroleum ether/ethyl acetate (50:1). Yellow solid (24 mg, 20%), mp: 71-72 °C. 'H NMR (600 MHz,
CDCls) o: 7.16 (s, 2H), 7.45 (t, J= 7.8 Hz, 4H), 7.50-7.55 (m, 4H), 7.57 (t,J= 7.2 Hz, 2H), 7.64 (t, /= 7.2 Hz,
2H), 7.93 (d, J = 7.2 Hz, 4H), 8.02 (s, 2H), 8.07 (d, J = 7.2 Hz, 4H). °*C NMR (150 MHz, CDCl5) &: 128.7,
128.8, 128.9, 129.0, 133.6, 133.9, 135.2, 135.6, 136.1, 136.9, 189.9, 192.5. HRMS calcd for C;sH;2NaO,:
259.0730 [M+Na]", found: 259.0726.
5. Gram-scale preparation of 3a

To a reaction tube equipped with a stir bar were charged with 2-(dimethyl(oxo)-A’-sulfanylidene)-1-

phenylethan-1-one (1a, 1.176 g, 6 mmol), ethyl 2-diazo-3-oxo0-3-phenylpropanoate (2a, 1.091 g, 5 mmol),
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[Cp*RhCl;]; (124 mg, 0.2 mmol), AgSbF¢ (275 mg, 0.8 mmol) and TFE (30 mL). The resulting mixture was
then stirred at 100 °C under N, for 24 h. Upon completion, it was cooled to room temperature, quenched with
saturated brine (30 mL), and extracted with EtOAc (50 mL X 3). The combined organic layers were dried over
anhydrous Na,SOj, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography using ethyl acetate/methnaol (20:1) as eluent to afford ethyl 3-(dimethyl(oxo)-A’-
sulfanylidene)-4-oxo-2-phenyl-3,4-dihydronaphthalene-1-carboxylate (3a) in a yield of 42% (778 mg).

6. Synthetic applications of 3a

OH OH O
H s
OO Raney-Ni LiCI, MsOH OO ™
0
b IPA reflux, 1h 9 THF, 65°C, 4 h Ph
99%

o)
6  CO,Et S\ 92% 8  CO,Et
o) o)

OH Ph o
O‘ TsOH CO,Et LiCl, H,S0, O‘
ph CHaCN/H,0 3a THF, 65 °C, 4 h Ph

7 CO,Et MWI, 3 h 25% 9 CO.Et
58%

6.1. Procedure for the synthesis of 6

To a flask containing ethyl 3-(dimethyl(oxo)-A°-sulfanylidene)-4-oxo-2-phenyl-3,4-dihydronaphthalene
-1-carboxylate (3a, 111 mg, 0.3 mmol) and isopropyl alcohol (7 mL) was added wet Raney nickel (341 pL of
heterogeneous solution) with stirring. It was then stirred under reflux for 1 h. After being cooled to room
termperature, the resulting mixture was filtered through a pad of Celite, and washed with 15 mL of isopropyl
alcohol. The filtrate was concentrated under reduced pressure, and the residue was purified by column
chromatography using ethyl acetate as eluent to afford ethyl 4-hydroxy-2-phenyl-1-naphthoate (6) in a yield of
99% (87 mg).
Ethyl 4-hydroxy-2-phenyl-1-naphthoate (6)
Eluent: ethyl acetate. White solid (87 mg, 99%), mp: 141-142 °C. "H NMR (400 MHz, CDCl) &: 0.85 (t, J =

7.2 Hz, 3H), 4.04 (q, J = 7.2 Hz, 2H), 6.56 (s, 1H), 6.65 (d, J = 2.8 Hz, 1H), 7.25 (s, 5H), 7.35-7.46 (m, 2H),
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7.94 (d, J = 8.4 Hz, 1H), 8.12 (d, J = 8.0 Hz, 1H). >C NMR (100 MHz, CDCl;) &: 13.6, 61.4, 110.1, 122.1,
122.4, 123.4, 124.8, 125.5, 127.5, 128.1, 128.3, 128.4, 131.7, 139.9, 141.2, 153.2, 170.4. HRMS calcd for
C1oH1705: 293.1172 [M+H]", found: 293.1160.
6.2. Procedure for the synthesis of 7

To a reaction vessel equipped with a magnetic stirring bar were added ethyl 3-(dimethyl(oxo)-A°-
sulfanylidene)-4-0x0-2-phenyl-3,4-dihydronaphthalene-1-carboxylate (3a, 111 mg, 0.3 mmol), acetonitrile
(1.5 mL), H,O (1.5 mL) and p-toluenesulfonic acid (10 mg, 0.06 mmol) with stirring. The vessel was then
sealed, put into the cavity of a microwave synthesis apparatus, and irradiated at 130 °C for 3 h. Upon
completion, it was cooled to room temperature, quenched with saturated NH4Cl, and extracted with EtOAc
(10 mL x 3). The combined organic layers were dried over anhydrous Na,SOj4, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography using petroleum ether/ethyl
acetate (10:1) as eluent to afford ethyl 3-hydroxy-4-oxo-2-phenyl-3,4-dihydronaphthalene-1-carboxylate
(7) in a yield of 58% (54 mg).
Ethyl 3-hydroxy-4-oxo-2-phenyl-3,4-dihydronaphthalene-1-carboxylate (7)
Eluent: petroleum ether/ethyl acetate (10:1). Orange solid (54 mg, 58%), mp: 97-98 °C. '"H NMR (400 MHz,
CDCl3) 8: 0.92 (t, J= 7.2 Hz, 3H), 3.93-4.10 (m, 2H), 4.54 (s, 1H), 6.59 (s, 1H), 7.32-7.33 (m, 3H), 7.40-7.45
(m, 3H), 7.54-7.55 (m, 2H), 8.07-8.09 (m, 1H). °C NMR (100 MHz, CDCl;) &: 13.7, 63.9, 74.3, 125.7, 126.4,
128.1, 128.6, 129.0, 129.5, 129.6, 130.2, 133.3, 136.3, 142.0, 156.0, 172.7, 184.4. HRMS calcd for C 9H;704:
309.1121 [M+H]", found: 309.1126.
6.3. Procedure for the synthesis of 8

To a flask containing ethyl 3-(dimethyl(oxo)-A’-sulfanylidene)-4-oxo-2-phenyl-3,4-dihydronaphthalene-

I-carboxylate (3a, 111 mg, 0.3 mmol) and THF (3 mL) were added LiCl (15 mg, 0.36 mmol) and
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methanesulfonic acid (22 pL, 0.33 mmol) with stirring. The resulting mixture was stirred at 65 °C for 4 h.
Upon completion, it was cooled to room temperature, quenched with saturated NH4Cl, and extracted with
EtOAc (10 mL x 3). The combined organic layers were dried over anhydrous Na,SOj, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography using petroleum ether/ethyl acetate
(3:1) as eluent to afford ethyl 4-hydroxy-3-(methylsulfinyl)-2-phenyl-1-naphthoate (8) in a yield of 92% (98
mg).
Ethyl 4-hydroxy-3-(methylsulfinyl)-2-phenyl-1-naphthoate (8)
Eluent: petroleum ether/ethyl acetate (3:1). White solid (98 mg, 92%), mp: 144-145 °C. 'H NMR (600 MHz,
CDCl) 6: 0.80 (t, J = 7.2 Hz, 3H), 2.74 (s, 3H), 3.91-3.94 (m, 2H), 7.09 (d, J = 7.2 Hz, 1H), 7.30-7.40 (m,
4H), 7.51 (t, J= 7.2 Hz, 1H), 7.59 (t, /= 7.2 Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 8.33 (d, /= 8.4 Hz, 1H), 12.4
(s, 1H). °C NMR (100 MHz, CDCls) &: 13.6, 40.3, 61.2, 114.0, 122.7, 123.5, 125.0, 125.8, 126.4, 128.2,
128.4, 128.7, 129.5, 130.0, 130.1, 132.0, 134.9, 135.7, 159.9, 168.1. HRMS calcd for Cy0H904S: 355.0999
[M+H]", found: 355.0990.
6.4. Procedure for the synthesis of 9

To a flask containing ethyl 3-(dimethyl(oxo)-A’-sulfanylidene)-4-oxo-2-phenyl-3,4-dihydronaphthalene
-1-carboxylate (3a, 111 mg, 0.3 mmol) and THF (3 mL) were added LiCl (15 mg, 0.36 mmol) and sulfuric
acid (46 pL, 0.33 mmol) with stirring. The resulting mixture was stirred at 65 °C for 4 h. Upon completion, it
was cooled to room temperature, quenched with saturated NH4Cl, and extracted with EtOAc (10 mL X 3). The
combined organic layers were dried over anhydrous Na,SO4, and concentrated under reduced pressure. The
residue was purified by silica gel chromatography using petroleum ether/ethyl acetate (20:1) as eluent to
afford ethyl 3,4-dioxo-2-phenyl-3,4-dihydronaphthalene-1-carboxylate (9) in a yield of 25% (23 mg).

Ethyl 3,4-dioxo-2-phenyl-3,4-dihydronaphthalene-1-carboxylate (9)
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Eluent: petroleum ether/ethyl acetate (20:1). Orange solid (23 mg, 25%), mp: 74-75 °C. 'H NMR (400 MHz,
CDCls) &: 0.88 (t, J = 7.2 Hz, 3H), 4.05 (q, J = 7.2 Hz, 2H), 7.21-7.23 (m, 2H), 7.30-7.34 (m, 4H), 7.47-7.51
(m, 1H), 7.59-7.63 (m, 1H), 8.12 (dd, J, = 7.6 Hz, J, = 0.8 Hz, 1H). *C NMR (100 MHz, CDCl5) &: 13.6, 62.1,
128.0, 128.3, 129.1, 129.4, 130.9, 131.0, 131.1, 132.2, 132.3, 136.0, 136.6, 144.2, 165.8, 177.8, 180.4. HRMS

calcd for Ci9H504: 307.0965 [M+H]+, found: 307.0963.
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IV. Mechanism studies

1. Reversibility of C—H bond cleavage

6% D
H/D
o 9/ [RhCp*Cl,],, AgSbFg b0 9/
=S . =S
TFE, 100 °C, 30 min
1 CD30D (4 equiv) H/D
a 1a-d, 27%D

To a reaction tube equipped with a stir bar were charged with 2-(dimethyl(ox0)-A’-sulfanylidene)-1-
phenylethan-1-one (1a, 98 mg, 0.5 mmol), [Cp*RhCl,], (12 mg, 0.02 mmol), AgSbFs (28 mg, 0.08 mmol),
CD;0OD (81 pL, 2 mmol) and TFE (3 mL). The resulting mixture was stirred at 100 °C under N, for 30 min.
Afterwards, it was cooled to room temperature, quenched with saturated brine (5 mL), and extracted with
EtOAc (10 mL x 3). The combined organic layers were dried over anhydrous Na,SOj, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography using ethyl acetate as eluent to afford
1a-d,. "H NMR analysis revealed 6% deuteration at the ortho-position of phenyl ring and 27% deuteration at

the a-position of the carbonyl unit. This result indicates that the C—H bond cleavage process should be

.
reversible.
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2. An intermolecular KIE experiment

o o D O 9/ 2a, 0.5 mmol é/ g/
-5, D 28 [Cp*RhCll,, AgSbFg O‘ O /
5 5 TFE, 100 °C, 30 min o o
KIE=35
1a, 0.3 mmol D 3a  CO,Et CO,Et
1a-ds, 0.3 mmol 3a -dy

To a reaction tube equipped with a stir bar were added 2-(dimethyl(oxo0)-A’-sulfanylidene)-1-phenyl
ethan-1-one (1a, 59 mg, 0.3 mmol), 2-(dimethyl(ox0)-%6-sulfanylidene)-1-phenyl-d5-ethan-l-one (1a-ds, 60
mg, 0.3 mmol), ethyl 2-diazo-3-oxo0-3-phenylpropanoate (2a, 109 mg, 0.5 mmol), [Cp*RhCL]; (12 mg, 0.02
mmol), AgSbFe (28 mg, 0.08 mmol) and TFE (3 mL). The resulting mixture was then stirred at 100 °C under
N, for 30 min. Afterwards, it was cooled to room temperature, quenched with saturated brine (5 mL), and
extracted with EtOAc (10 mL x 3). The combined organic layers were dried over anhydrous Na,SO4, and
concentrated under reduced pressure. The residue was purified by silica gel chromatography using ethyl
acetate/methanol (20:1) as eluent to afford a mixture of 3a and 3a-d,. Upon analyzing the corresponding 'H
NMR spectrum, the intermolecular KIE (Ky/Kp) was determined as about 3.5. This result tells that the

cleavage of the ortho-C—H bond might be involved in the rate-limiting step of this cascade process.
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3. Control experiment

o)
o 9/ o CO,Et
ST . Ph 0O o
O‘ . Ph)KWCOZEt [CP*RACl],, AgSbFe 2
o 2O
oh N, toluene, N, 80 °C O‘
CO,Et 2a Ph
3a 4a, 83% CO,Et

To a reaction tube equipped with a stir bar were charged with ethyl 3-(dimethyl(oxo)-A’-sulfanylidene)-
4-0x0-2-phenyl-3,4-dihydronaphthalene-1-carboxylate (3a, 180 mg, 0.5 mmol), ethyl 2-diazo-3-oxo0-3-phenyl
propanoate (2a, 240 mg, 1.1 mmol), [Cp*RhCl,], (12 mg, 0.02 mmol), AgSbF¢ (28 mg, 0.08 mmol) and
toluene (3 mL). The resulting mixture was stirred at 80 °C under N, for 24 h. Upon completion, it was cooled
to room temperature, quenched with saturated brine (5 mL), and extracted with EtOAc (10 mL x 3). The
combined organic layers were dried over anhydrous Na,SO4, and concentrated under reduced pressure. The
residue was purified by silica gel chromatography using petroleum ether/ethyl acetate (1:1) as eluent to afford

4a in a yield of 83% (232 mg).
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V. Copies of '"H and "C NMR spectra of 3a-3x
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VI. Copies of 'H and “"C NMR spectra of 4a-4t,5, A. B
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VII. Copies of '"H and >C NMR spectra 6-9
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VIII. X-ray crystal structure and data of 3b

Ph
CO,Et

Fig. 1 X-ray structure of 3b with 30% ellipsoid probability

X-ray structure determination. Single crystals suitable for X-ray diffraction were obtained by slow
evaporation of the solvent from an ethyl acetate solution of 3b. Crystal data collection and refinement
parameters of 3b are summarized in Table 1. Intensity data were collected at 170 K on a SuperNova Dual
diffractometer using mirror-monochromated Mo Ka radiation, A = 0.71073 A. The data were corrected for
decay, Lorentz, and polarization effects as well as absorption and beam corrections based on the multi-scan
technique. The structure was solved by a combination of direct methods in SHELXTL and the difference
Fourier technique, and refined by full-matrix least-squares procedures. Nonhydrogen atoms were refined with
anisotropic displacement parameters. The H-atoms were either located or calculated and subsequently treated

with a riding model.

Table 2 Crystallographic data and structure refinement results of 3b

Empirical formula CrH»,04S
Formula weight 382.45
Temp, K 170.00(10)
Crystal system monoclinic
Space group P21/c
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a, A 11.9047(4)
b, A 8.7291(3)
c, A 18.7097(7)
a (°) 90

B (°) 97.326(3)
7 () 90
Volume, A’ 1928.39(12)
4 4

deaie, g €M ° 1.317

A 0.71073

u, mm’! 0.193

No. of data collected 12904

No. of unique data 4534

Rint 0.0252
Goodness-of-fit on F* 1.060

Ry, WR, (]> 20‘(1))

0.0436, 0.1044

Ry, WR; (all data)

0.0506, 0.1085

88




IX. X-ray crystal structure and data of 4h

~” NN\ Ngo2 (4-Br)Ph

‘ l EtO,C
’\/\/\,‘\ P

0
Q|
| S
P e O
1 ~ Br2
06 % Al \ Ph(4-Br)

CO,Et

Fig.2 X-ray structure of 4h with 30% ellipsoid probability

X-ray structure determination. Single crystals suitable for X-ray diffraction were obtained by slow
evaporation of the solvent from a acetonitrile solution of 4h. Crystal data collection and refinement parameters
of 4i are summarized in Table 2. Intensity data were collected at 298 K on a SuperNova Dual diffractometer
using mirror-monochromated Cu Ka radiation, A = 1.54184 A. The data were corrected for decay, Lorentz,
and polarization effects as well as absorption and beam corrections based on the multi-scan technique. The
structure was solved by a combination of direct methods in SHELXTL and the difference Fourier technique,
and refined by full-matrix least-squares procedures. Nonhydrogen atoms were refined with anisotropic
displacement parameters. The H-atoms were either located or calculated and subsequently treated with a riding

model.

Table 3 Crystallographic data and structure refinement results of 4h

Empirical formula C3,Hy4Br,O4S
Formula weight 716.42

Temp, K 297.58(10)
Crystal system monoclinic
Space group 12/a

a, A 20.3723(3)
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b, A 9.46580(10)
c, A 32.2373(4)
a (°) 90

L (°) 96.2930(10)
Y (®) 90

Volume, A’ 6179.19(14)
Z 8

deate, g M 1.540

A, A 1.54184

u, mm’! 4.349

No. of data collected 19605

No. of unique data 6000

Rint 0.0335
Goodness-of-fit on F* 1.023

Ry, wR, (]> 20‘(1))

0.0500, 0.1305

Ry, WR; (all data)

0.0584, 0.1361
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X. X-ray crystal structure and data of 8

T\

\/\/\/

[ | ] s

AN \ NS
/ \
03J~T \ OH O
S\
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CO,Et

Fig.3 X-ray structure of 8 with 30% ellipsoid probability

X-ray structure determination. Single crystals suitable for X-ray diffraction were obtained by slow
evaporation of the solvent from an ethyl acetate solution of 8. Crystal data collection and refinement
parameters of 8 are summarized in Table 3. Intensity data were collected at 170 K on a SuperNova Dual
diffractometer using mirror-monochromated Mo Ka radiation, A = 0.71073 A. The data were corrected for
decay, Lorentz, and polarization effects as well as absorption and beam corrections based on the multi-scan
technique. The structure was solved by a combination of direct methods in SHELXTL and the difference
Fourier technique, and refined by full-matrix least-squares procedures. Nonhydrogen atoms were refined with
anisotropic displacement parameters. The H-atoms were either located or calculated and subsequently treated

with a riding model.

Table 4 Crystallographic data and structure refinement results of 8

Empirical formula CroH1304S
Formula weight 354.40

Temp, K 169.99(10)
Crystal system monoclinic
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Space group P21/c

a, A 9.7333(3)

b, A 12.3673(3)

c, A 15.0114(4)

a (°) 90

L(°) 106.850(3)

7 () 90

Volume, A’ 1729.41(9)

4 4

deate, g M 1.361

A 0.71073

u, mm’! 0.209

No. of data collected 11477

No. of unique data 4102

Rint 0.0228
Goodness-of-fit on F* 1.059

R1, WR, (1> 20(0)) 0.0401, 0.0949
R, WR; (all data) 0.0492, 0.0993
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