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General Experimental

All reactions were performed in flame-dried glassware under an argon atmosphere. The sol-
vents were dried by standard procedures and distilled prior to use. Commercially available
compounds were used without further purification unless otherwise stated. Proton (*H) and
carbon (13C) NMR spectra were recorded on a 300, 500 or 600 MHz instrument using the
residual signals from CHCly, & = 7.26 ppm and & = 77.0 ppm, DMSO, § = 2.54 ppm and & =
40.45 ppm, acetone, = 6 2.09 ppm and & = 30.92 ppm, & = 207.07 ppm, and methanol, 6 =
4.87 ppm and & = 49.2 ppm, as internal references for 'H and '*C chemical shifts, respectively.
Assignments of the respective signals were made by the combination of HH-COSY, HSQC and
HMBC experiments. Unclear assignments were marked with *. ESI-HRMS spectrometry was
carried out on a FTICR instrument. IR spectra were measured with an ATR spectrometer.

UV spectra were measured with a common photometer.

Syntheses and analytical data of the compounds
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Bisthiophene 5a. A solution of diketone 6a' (25 mg, 0.14 mmol, 1.0 equiv) in benzene (5 mL)
was heated to 80 °C. After the addition of Lawesson’s reagent (74 mg, 0.18 mmol, 1.3 equiv)
the mixture was stirred for 2h at 80 °C. The crude product was purified by flash column
chromatography (SiO,, pentane) to yield 9 mg (0.05 mmol, 33 %) of a white solid. Rg: 0.74
(hexane/EtOAc = 1:1). 'H-NMR (300 MHz, CDCl3): & [ppm| = 2.50 (s, 6H, Me), 6.96 (s, 2H,
4,4°-H), 7.06 (s, 2H, 2,2'-H). BC-NMR (125 MHz, CDCly): & [ppm] = 15.3 (Me), 117.2 (C-2,2"),
124.5 (C-4,4'), 137.3 (C-3,3"), 140.2 (C-5,5"). IR (ATR): ¥ (cm™!) — 2919, 2851, 1446, 1198.
UV (CH3CN): A [nm| (Ig €) = 219 (3.94), 264 (3.64). MS (EL+, 706V): m/z (%) — 194.0
(100) [M]*. HRMS (EI+): m/z calculated for C, H;,S, [M]" 194.0224; observed: 194.0231.
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Bisthiophene 5b. A solution of diketone 6b! (40 mg, 0.17 mmol, 1.0 equiv) in benzene
(b mL) was heated to 80°C. After the addition of Lawesson’s reagent (89 mg, 0.22 mmol,

S2



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

1.3 equiv) the mixture was stirred for 2h at 80 °C. The crude product was purified by flash
column chromatography (SiO,, pentane/EtOAc 50:1) to yield 8 mg (0.03 mmol, 19%) of a
pale yellow solid. Ry: 0.73 (hexane/EtOAc = 5:1). 'H-NMR (300 MHz, CDCl3): & |[ppm]| =
0.99 (t, J = 7.3 Hz, 6H, CH,CH,CH3), 1.51-1.96 (m, 4H, CH,CH,CH,), 2.79 (t, J — 7.5 Hz,
4H, CH,CH,CH,), 6.99 (s, 2H, 4,4-H), 7.10 (s, 2H, 2,2"-H). *C-NMR (125 MHz, CDCl;): &
[ppm| = 13.7 (CH,CH, CH), 24.8 (CH,CH,CH,), 32.2 (CH,CH,CH,), 117.0 (C-2,2), 123.4
(C-4,47), 137.1 (C-3,3'), 140.2 (C-5,5"). IR (ATR): ¥ (cm’!) = 2957, 2927, 1766, 1540, 1455,
1189, UV (CH3CN): Apax [nm] (Ig €) = 220 (4.28), 264 (3.98). MS (EL+, 706V): m/z (%) —
250.1 (58) [M]". HRMS (EI+): m/z calculated for C,,H,sS, [M]" 250.0850; observed: 250.0853.

S—?
O % T O
2

4
S

Bisthiophene 5c¢. A solution of diketone 6c! (30 mg, 0.10 mmol, 1.0 equiv) in toluene (5 mL)
was heated to 100 °C. After the addition of Lawesson’s reagent (90 mg, 0.22 mmol, 2.2 equiv)
the mixture was stirred for 16 h at 100 °C. The crude product was purified by flash column
chromatography (SiO,, pentane/EtOAc 30:1—25:1) to yield 16 mg (0.05 mmol, 51 %) of a pale
yellow solid. Rg: 0.49 (hexane/EtOAc = 5:1). "H-NMR, (300 MHz, CDCl3): § [ppm| = 7.22—
7.71 (m, 14H, 2,2’ 4,4-H, Ph). BC-NMR (125 MHz, CDCly): & [ppm| = 119.3 (C-4,4"), 122.2
(C-2,2)), 125.9 (Phert), 127.8 (Phyer), 128.9 (Phyert), 134.2 (Phouare), 138.1 (C-3,3"), 145.0
(C-5,5"). IR (ATR): ¥ (cm?) = 2921, 1486, 1444, 1029. UV (CHzCN): A [nm] (Ig €) = 199
(4.54), 225 (4.26), 264 (4.37). MS (EI+, 70 &V): m/z (%) — 318.1 (100) [M|*. HRMS (EI+):
m/z calculated for Cy H,,S, [M]™ 318.0537; observed: 318.0538.
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Bisthiophene 5d. A solution of diketone 6d (32 mg, 0.10 mmol, 1.0 equiv) in toluene (5 mL)
was heated to 100 °C. After the addition of Lawesson’s reagent (86 mg, 0.21 mmol, 2.2 equiv)
the mixture was stirred for 16 h at 100 °C. The crude product was purified by flash column
chromatography (SiO,, pentane/EtOAc 25:1) to yield 15 mg (0.04 mmol, 45 %) of a white solid.
R: 0.59 (hexane/EtOAc = 5:1). "H-NMR (300 MHz, CDCl3): § [ppm]| = 2.39 (s, 6H, Me), 7.18—
7.25 (m, 4H, Ph), 7.31 (d, J = 1.3 Hz, 2H, 4,4’-H), 7.51 (d, J = 1.3 Hz, 2H, 2,2’-H), 7.52-7.59
(m, 4H, Ph). 3C-NMR (125 MHz, CDCl3): & [ppm| = 21.2 (Me), 118.7 (C-4,47), 121.7 (C-2,2"),
125.7 (Pheert ), 129.4 (Phquare), 129.6 (Phyert), 131.4 (Phquart), 137.6 (C-3,3"), 145.1 (C-5,5"). IR
(ATR): ¥ (cm™t) = 1497, 1309, 1186, 1123, 1110. UV (CH3;CN): Apax [nm] (Ig €) = 267 (4.57).
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MS (El+, 70eV): m/z (%) = 346.1 (100) [M]". HRMS (EI+): m/z calculated for CyH, S,
[M]| " 346.0850; observed: 346.0849.
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Bisthiophene 5f. A solution of diketone 6f (19 mg, 0.05 mmol, 1.0 equiv) in toluene (5 mL)
was heated to 100 °C. After the addition of Lawesson’s reagent (46 mg, 0.12 mmol, 2.2 equiv)
the mixture was stirred for 16 h at 100 °C. After flash column chromatography (SiO,, pen-
tane/FEtOAc 15:1) 2mg of a still crude reaction product was obtained. Mass spectrometry
showed presence of 5f. MS (EI+, 70eV): m/z (%) = 378.1 (100) [M|". HRMS (EI+): m/2
calculated for CooH,30,S, [M]|" 378.0748; observed: 378.0746.

Bisthiophene 5g. A solution of diketone 6g (33 mg, 0.12 mmol, 1.0 equiv) in toluene (5 mL)
was heated to 100 °C. After the addition of Lawesson’s reagent (103 mg, 0.26 mmol, 2.2 equiv)
the mixture was stirred for 16 h at 100 °C. The crude product was purified by flash column
chromatography (SiO,, pentane/EtOAc 12:1) to yield 14 mg (0.05 mmol, 41 %) of a pale orange
solid. R¢: 0.48 (hexane/EtOAc = 10:1). '"H-NMR (300 MHz, CDCl3): § [ppm| = 6.45 (dd,
J =18, 3.4Hz, 2H, 8,8"-H), 6.53 (d, J = 3.4 Hz, 2H, 7,7-H), 7.25 (d, J = 1.4 Hz 2H, 4,4"-H),
7.39-7.43 (m, 2H, 9,9-H), 7.45 (d, J — 1.4 Hz, 2H, 2,2-H). ¥C-NMR (125 MHz, CDCl,): §
[ppm] = 105.3 (C-7,7), 111.7 (C-8,8"), 118.6 (C-4,4°), 121.4 (C-2,2"), 134.3 (C-5,5"), 137.3 (C-
3,3"), 141.8 (C-9,9'), 149.1 (C-6,6). IR (ATR): ¥ (') = 3090, 1520, 1314, 1193, 1147, 1012.
UV (CH3CN): A [nm| (Ig €) = 270 (4.60), 299 (4.47). MS (EL+, 706V): m/z (%) — 298.0
(100) [M]*. HRMS (EI+): m/z calculated for C,4H,;,0,S, [M]* 298.0106; observed: 298.0122.

Bisthiophene 5h. A solution of diketone 6h (29 mg, 0.09 mmol, 1.0 equiv) in toluene (5 mL)
was heated to 100 °C. After the addition of Lawesson’s reagent (82 mg, 0.20 mmol, 2.2 equiv)
the mixture was stirred for 16 h at 100 °C. The crude product was purified by flash column chro-
matography (SiO,, pentane/EtOAc 15:1) to yield 17 mg (0.05 mmol, 56 %) of an orange solid.
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Rs: 0.51 (hexane/EtOAc = 10:1). '"H-NMR (300 MHz, CDCl3): & [ppm| = 7.02 (dd, J = 3.6,
5.1 Hz, 2H, Ar), 7.13-7.28 (m, 6H, Ar), 7.36 (d, J = 1.4 Hz, 2H, Ar). ¥*C-NMR (125 MHz,
CDCl3): & [ppm| = 118.9 (Argert), 122.6 (Argert), 124.0 (Argert), 124.6 (Arger), 127.8 (Argen),
137.1 (Atquart), 137.5 (Arquare) 138.0 (Arquare). IR (ATR): ¥ (cm'!) — 3092, 2922, 1498, 1190,
1049. UV (CHzCN): Apax [nm] (Ig €) = 212 (4.34), 275 (4.43), 307 (4.36). MS (EL+, 70 eV):
m/z (%) = 330.0 (100) [M]". HRMS (EI+): m/z calculated for C,4H,,S, [M]|" 329.9665; ob-
served: 329.9661.

Bisthiophene 5i. A solution of diketone 6i (36 mg, 0.12 mmol, 1.0 equiv) in toluene (5 mL)
was heated to 100 °C. After the addition of Lawesson’s reagent (103 mg, 0.26 mmol, 2.2 equiv)
the mixture was stirred for 16 h at 100 °C. The crude product was purified by flash column
chromatography (SiO,, pentane/EtOAc 12:1—10:1) to yield 11 mg (0.03 mmol, 29 %) of a
pale yellow solid. Ry: 0.37 (hexane/EtOAc = 10:1). "H-NMR (300 MHz, CDCl3): & [ppm| =
3.76 (s, 6H, Me), 6.10-6.24 (m, 2H, 8,8-H)), 6.37 (dd, J = 1.8, 6.3 Hz, 2H, 7.7-H), 6.59-6.83
(m, 2H, 9,9-H), 7.23 (d, J — 1.2 Hz, 2H, 4,4"H), 7.29 (d, J — 1.2 Hz, 2H, 2,2"-H). ¥C-NMR
(125 MHz, CDCly): § [ppm] = 35.2 (Me), 107.9 (C-8,8"), 110.1 (C-7,7"), 119.0 (C-4,4"), 124.0
(C-2,2), 124.2 (C-9,9’), 126.9 (C-6,6"), 135.7, 137.3 (C-3,3",5,5). IR (ATR): ¥ (cm™!) = 3086,
1464, 1315, 1289, 1092. UV (CH3CON): Ay [nm] (Ig €) = 236 (4.30), 269 (4.44), 299 (4.24).
MS (ESI): m/z (%) = 325.1 (38) [M+H]| ", 347.1 (11) [M+Na|". HRMS (ESI): m/z calculated
for C;¢H,;N,S, [M+H]|" 325.0828; observed: 325.0815.

O] H
\ 4
3

Me

Diketone 6d. p-Tolylmagnesium bromide solution (5.18 mL, 0.5M in Et,O, 2.59 mmol,
3.5 equiv) was slowly given to a stirred solution of Weinreb amide 6WA! (200 mg, 0.74 mmol,
1.0 equiv) in THF (20 mL) at 0°C. The mixture was stirred for 3h at 0°C, stopped by the
addition of sat. ammonium chloride solution, extracted with ethyl acetate (3 x 20 mL) and
dried over sodium sulfate. After purification by flash column chromatography (SiO,, penta-
ne/EtOAc 5:1—4:1) the product was obtained as a white solid (198 mg, 0.60 mmol, 81 %).
Rs: 0.44 (hexane/EtOAc = 1:1). "H-NMR (300 MHz, CDCl3): & [ppm| = 2.43 (s, 6H, Me),
2.75-2.83 (m, 2H, 3,3"-H), 2.93 (d, J —3.2Hz, 2H, 2,2"H), 4.07 (d, J —5.2Hz, 2H, 1,1
H), 7.24-7.35 (m, 4H, Ph), 7.84-7.95 (m, 4H, Ph). ¥C-NMR (125 MHz, CDCl3): § [ppm| =
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21.7 (Me), 32.7, 33.0 (C-2,2',3,3"), 67.6 (C-1,17), 128.1 (Phyerc), 129.2 (Phert), 134.5 (Phquare),
143.9 (Phyuart), 195.5 (C-4,4"). IR (ATR): ¥ (cm') — 1643, 1604, 1377, 1284, 1159, 1030. UV
(CHON): Apmax [nm] (Ig €) = 203 (4.63), 260 (4.59). MS (ESI): m/z (%) = 333.2 (42) [M+H]".
HRMS (ESI): m/z calculated for Cy,Hy O5 [M+H]|™ 333.1485; observed: 333.1472.
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Diketone 6e. To a solution of 4-bromobenzotrifluoride (3.04 g, 13.5 mmol, 10.2 equiv) in
THF (5 mL) was given i-propylmagnesium chloride solution (7.09 mL, 2 M in THF, 14.2 mmol,
10.8 equiv) and the mixture was stirred for 3.5 h at room temperature. The resulting solution
was directly given to a solution of Weinreb amide 6WA! (358 mmol, 1.32 mmol, 1.0 equiv)
in THF (30 mL) at 0°C. The mixture was stirred for 3h at 0°C, stopped by the addition of
sat. ammonium chloride solution, extracted with ethyl acetate (3 x 30 mL) and dried over
sodium sulfate. After purification by flash column chromatography (SiO,, pentane/EtOAc
6:1—4:1—2:1) the product was obtained as a yellow solid (391 mg, 0.89 mmol, 67 %). R
0.14 (hexane/EtOAc = 3:1). Ry 0.81 (hexane/EtOAc = 0:1). 'H-NMR (300 MHz, CDCl3):
d [ppm| = 2.87 (dd, J =54, 3.6 Hz, 2H, 3,3-H), 2.93 (d, J =3.6 Hz, 2H, 2,2"-H), 4.11 (d,
J =54Hz, 2H, 1,1’-H), 7.73-7.78 (m, 4H, Ph), 8.06-8.12 (m, 4H, Ph). *C-NMR, (125 MHz,
CDCl3): 6 [ppm| = 33.1 (C-2,27), 33.3 (C-3,3’), 68.0 (C-1,17), 123.5 (q, ' Jo.p = 272.7 Hz, CF3),
125.8 (Phyert ), 128.4 (Phyere), 134.6 (q, 2Jc.p — 33.0 Hz, Phauare), 139.6 (Phyer ), 195.0 (C-4,4).
TR (ATR): ¥ (cml) = 1651, 1328, 1132, 1068. UV (CH5CN): Agax [nm] (g €) = 196 (4.76),
238 (4.41). MS (ESI): m/z (%) = 463.1 (100) [M+Na|". HRMS (ESI): m/z calculated for
CyoH,, FO3Na [M+Na| " 463.0739; observed: 463.0734.

MeO OMe

Diketone 6f. p-Methoxyphenylmagnesium bromide solution (5.32mL, 1.0M in THF,
5.32 mmol, 12.5 equiv) was slowly given to a stirred solution of Weinreb amide 6WA! (115 mg,
0.43 mmol, 1.0 equiv) in THF (15 mL) at 0 °C. The mixture was stirred for 3 h at 0 °C, stopped
by the addition of sat. ammonium chloride solution, extracted with ethyl acetate (3 x 20 mL)
and dried over sodium sulfate. After purification by flash column chromatography (SiO,, pen-
tane/EtOAc 6:1) the product was obtained as a pale yellow solid (138 mg, 0.38 mmol, 89 %). Ry:
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0.14 (hexane/EtOAc = 3:1). '"H-NMR (300 MHz, CDCl3): & |[ppm]| = 2.76 (dd, J = 5.4, 3.6 Hz,
oH, 3,3-H), 2.88 (dd, J = 3.6, 0.6 Hz, 2H, 2,2-H), 3.87 (s, 6H, OMe), 4.05 (d, J = 5.4 Hz, 2H,
1,1-H), 6.93-7.00 (m, 4H, Ph), 7.94-8.04 (m, 4H, Ph). BC-NMR (125 MHz, CDCL,): & [ppm]
— 32.4 (C-2,27), 32.8 (C-3,3"), 55.5 (OMe), 67.5 (C-1,1°), 113.8 (Phyert), 130.1 (Phauare), 130.4
(Phyert), 163.7 (Phguar), 194.6 (C-4,4°). IR (ATR): ¥ (cm!) = 1638, 1600, 1421, 1379, 1250,
1216, 1175, 1023, 1003. UV (CH3CN): A [nm] (Ig €) = 197 (4.55), 217 (4.39), 281 (4.53). MS
(ESI): m/z (%) = 365.2 (30) [M-+H]|", 387.2 (100) [M+Na|". HRMS (ESI): m/z calculated
for CyyHy,O5Na [M+Na| ™ 387.1203; observed: 387.1204.

Diketone 6g. To a solution of furan (153 mg, 2.24 mmol, 3.0 equiv) in THF (5 mL) at -78 °C
was given {Buli solution (1.40 mL, 1.6 M in pentane, 2.24 mmol, 3.0 equiv). The mixture was
stirred for 10 min at -78 °C, for 30 min at rt and then was cooled to 0 °C. A solution of Weinreb
amide 6WA! (202 mg, 0.75 mmol, 1.0 equiv) in THF (10 mL) was added and the mixture was
stirred for 90 min at rt. The reaction was stopped by the addition of water, the mixture was
extracted with ethyl acetate (3 x 20 mL), washed with brine and dried over sodium sulfate.
After purification by flash column chromatography (SiO,, pentane/EtOAc 2:1) the product
was obtained as a pale yellow solid (168 mg, 0.59 mmol, 79 %). Rs: 0.51 (hexane/EtOAc =
1:1). 'H-NMR (300 MHz, CDCl3): & [ppm| — 2.64-2.94 (m, 4H, 2,2",3,3"H), 3.87-4.19 (m,
oH, 1,1-H), 6.55 (dd, J = 1.7, 3.6 Hz, 2H, Ar), 7.21 (dd, J = 0.8, 3.6 Hz, 2H, Ar), 7.60 (dd,
J = 0.8, 1.7 Hz, 2H, Ar). 3C-NMR (125 MHz, CDCls): & [ppm| = 32.4, 32.6 (C-2,2’,3,3"), 67.0
(C-1,1"), 112.4 (Argert), 116.9 (Ariert), 146.6 (Argert), 152.6 (Arguart), 184.6 (C-4,4). IR (ATR):
¥ (cm) = 3126, 1639, 1560, 1465, 1402, 1305, 1165, 1019. UV (CH;CN): Ayax [nm| (Ig €) =
220 (3.95), 278 (4.56). MS (ESI): m/z (%) — 285.1 (19) [M+H]|*, 307.1 (44) [M+Na|*. HRMS
(ESI): m/z calculated for C,4H,,O;Na [M+Na|" 307.0577; observed: 307.0573.
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Diketone 6h. 2-Thienylmagnesium bromide solution (2.85 mL, 1.0 M in THF, 3.5 equiv) was

slowly given to a stirred solution of Weinreb amide 6WA! (220 mg, 0.81 mmol, 1.0 equiv) in
THF (25 mL) at 0°C. The mixture was stirred for 3 h at rt, the reaction was stopped by
the addition of sat. ammonium chloride solution, extracted with ethyl acetate (3 x 20 mL)

and dried over sodium sulfate. After purification by flash column chromatography (SiO,,
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pentane/EtOAc 3:1—2:1—3:2) the product was obtained as a white solid (207 mg, 0.65 mmol,
80 %). Rg: 0.57 (hexane/EtOAc = 2:1). "H-NMR (300 MHz, CDCl3): § [ppm| = 2.91-2.67 (m,
AT, 2,2°,3,3-H), 4.08 (dd, J = 1.7, 4.7 Hz, 2, 1,1-H), 7.16 (dd, J — 3.8, 4.9 Hz, 2H, Ar), 7.65
(dd, J = 1.1, 4.9 Hz, 2H, Ar), 7.82 (dd, J = 1.1, 3.8 Hz, 2H, Ar). BC-NMR (125 MHz, CDCl,):
5 [ppm| = 32.7, 33.4 (C-2,2',3,3"), 67.1 (C-1,1), 128.3 (Arert), 132.1 (Arert), 133.9 (Ariert),
144.2 (Arquart), 188.4 (C-4,4°). IR (ATR): ¥ (cm!) = 1625, 1412, 1381, 1295, 1211, 1010,
UV (CH3CN): Apas [nm] (Ig €) = 267 (4.33), 287 (4.40). MS (ESI): m/z (%) = 317.0 (16),
[M-+H|*, 339.0 (40) [M+Na|". HRMS (ESI): m/z calculated for C,4H,,05S,Na [M-+Na|*
339.0120; observed: 339.0120.

Diketone 6i. To a solution of N-methylpyrrole (208 mg, 2.31 mmol, 3.0 equiv) in THF (5 mL)
at -78 °C was given tBuLi solution (1.44mL, 1.6 M in pentane, 2.31 mmol, 3.0 equiv). The
mixture was stirred for 10 min at -78 °C, for 30 min at rt and then was cooled to 0°C. A
solution of Weinreb amide 6WA! (208 mg, 0.77 mmol, 1.0 equiv) in THF (10 mL) was added
and the mixture was stirred for 90 min at rt. The reaction was stopped by the addition of
water, the mixture was extracted with ethyl acetate (3 x 20 mL), washed with brine and
dried over sodium sulfate. After purification by flash column chromatography (SiO,, penta-
ne/EtOAc 5:1—3:1) the product was obtained as a white solid (156 mg, 0.50 mmol, 65 %).
Rs: 0.64 (hexane/EtOAc = 1:1). 'H-NMR (300 MHz, CDCl3): § [ppm| = 2.46-2.84 (m, 4H,
2,2’ 3,3"-H), 3.87 (s, 6H, Me), 3.96 (d, J = 5.4 Hz, 2H, 1,1’-H), 6.15 (dd, J = 2.5, 4.1 Hz, 2H,
Ar), 6.72-6.84 (m, 2H, Ar), 7.11 (dd, J = 1.7, 4.1 Hz, 2H, Ar). ¥C-NMR (125 MHz, CDCl3):
b [ppm| = 31.6, 33.3 (C-2,2°,3,3"), 37.5 (Me), 66.3 (C-1,1"), 108.3 (Arier), 119.7 (Arger), 130.8
(Arquart), 131.2 (Argert), 186.1 (C-4,4). IR (ATR): ¥ (cm™!) = 1625, 1407, 1387, 1159, 1044. UV
(CH3CN): Apax [nm] (g €) = 243 (4.08), 292 (4.70), 335 (3.10). MS (ESI): m/z (%) — 311.2
(71) IM+H]|", 333.1 (50) [M+Na|*, 643.3 (100) [2M+Nal|*, 953.4 (95) [3M+Na|". HRMS
(ESI): m/z calculated for C;sH;sN,O;Na [M-+Na|" 333.1210; observed: 333.1207.

Compound 8a. To a solution of diketone 6a’ (25 mg, 0.14 mmol, 1.0 equiv) in dichlorome-

thane (5mL) was given Lawesson’s reagent (85 mg, 0.21 mmol, 1.5 equiv) and the mixture
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was stirred for 3.5h at room temperature. After purification by flash column chromatogra-
phy (SiO,, pentane /EtOAc 2:1—1:1) the product was obtained as a pale yellow solid (18 mg,
0.08 mmol, 60 %). Ry: 0.23 (hexane/EtOAc = 1:1). '"H-NMR (300 MHz, CDCl3): § [ppm| = 1.52
(s, 3H, Me), 1.89-2.22 (m, 4H, 4-H, Me), 2.32-2.64 (m, 3H, 7-H,,,4-Hp), 2.85 (ddd, J = 1.4,
4.3, 7.8 Hz, 1H, 5-H), 3.06 (t, J = 7.1 Hz, 1H, 6-H), 5.11 (s, 1H, 3-H), 5.93 (d, J = 4.3 Hz, 1H,
2-H) . BC-NMR (75 MHz, CDCl,): & [ppm]| = 24.9 (Me), 30.2 (Me), 46.7 (C-7), 48.0 (C-5), 49.8
(C-6), 49.9 (C-4), 85.7 (C-3), 91.4 (C-1), 107.5 (C-2), 206.6 (C-8). IR (ATR): ¥ (cm™) = 1713,
1595, 1444, 1377, 1266, 1161, 1043. UV (CH3CN): Apay [nm] (Ig €) = 197 (4.21), 223 (3.55).
MS (ESI): m/z (%) = 237.1 (40) [M+Na]". HRMS (ESI): m/z calculated for C,,H;,0;SNa
237.0556; observed: 237.0559.

Compound 8b. To a solution of diketone 6b' (25 mg, 0.11 mmol, 1.0 equiv) in dichlorome-
thane (5 mL) was given Lawesson’s reagent (64 mg, 0.16 mmol, 1.5 equiv) and the mixture
was stirred for 3.5 h at room temperature. After purification by flash column chromatography
(SiO,, pentane/EtOAc 3:1) the product was obtained as a pale yellow oil (16 mg, 0.06 mmol,
56 %). Re: 0.56 (hexane/EtOAc = 1:1). 'H-NMR (300 MHz, CDCl3): & |ppm| = 0.68-1.02
(m, 6H, CH,CH,CH;), 1.28-1.87 (m, 6H, CH,CH,CH,), 2.08 (dd, J = 8.0, 11.6 Hz, 1M, 4-
H.), 2.21-2.67 (m, 5H, 7-Hay,4-Hy,CH,CH,CH,), 2.83 (ddd, J — 1.5, 4.3, 8.0 Hz, 1H, 5-H),
3.08 (t, J = T7.1Hz, 1H, 6-H), 5.11 (s, 11, 3-1), 591 (d, J = 4.3 Hz, 1H, 2-H). BC-NMR
(125 MHz, CDCLy): § [ppm]| — 13.7 (CH,CH, C'H,), 14.3 (CH,CH, C'H,), 17.2 (CH, CH,CH,),
17.3 (CH,CH,CH,), 40.8 (CH,CH,CH,), 45.1 (CH,CH,CH,), 45.9 (C-7), 47.8 (C-5), 48.3
(C-6), 50.4 (C-4), 85.8 (C-3), 95.1 (C-1), 107.2 (C-2), 208.8 (C-8). IR (ATR): ¥ (cm!) — 2959,
1709, 1457, 1373, 1263, 1127, 1034. UV (CH3CN): Ay [nm] (g €) = 193 (3.64). MS (ESI):
m/z (%) = 293.1 (15) [M+Na|", 563.3 (100) [2M+Na|*. HRMS (ESI): m/z calculated for
C14Hy,05SNa [M+Na| " 293.1182; observed: 293.1181.

Compound 8d. To a solution of diketone 6d (38 mg, 0.11 mmol, 1.0 equiv) in dichlorometha-
ne (5 mL) was given Lawesson’s reagent (69 mg, 0.17 mmol, 1.5 equiv) and the mixture was stir-

red for 3.5 h at room temperature. After purification by flash column chromatography (SiO,,
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pentane/EtOAc 5:1—4:1) the product was obtained as a white solid (16 mg, 0.04 mmol, 38 %).
Rs: 0.35 (hexane/EtOAc = 5:1). 'H-NMR (300 MHz, CDCl3): & [ppm| = 2.34 (s, 3H, Me),
2.37-2.55 (m, 4H, 4-H,,Me), 2.88-3.23 (m, 4H, 4-H,,7-H, ,,,5-H), 3.46 (t, J — 7.1 Hz, 1H, 6-H),
5.30 (s, 1H, 3-H), 6.20 (d, J — 4.3 Hz, 1H, 2-H), 6.78-8.12 (m, SH, Ph). BC-NMR (125 MHz,
CDCLy): 8 [ppm] = 21.2 (Me), 21.7 (Me), 41.8 (C-7), 48.2 (C-5), 49.5 (C-6), 50.6 (C-4), 86.9
(C-3), 94.2 (C-1), 107.7 (C-2), 125.0 (Phyert), 128.1 (Phyert), 129.1 (Phiert), 120.4 (Phyer), 134.2
(Phquart), 136.9 (Phguart), 138.5 (Phquart), 144.3 (Phquar), 197.7 (C-8). IR (ATR): ¥V (cm™) =
1682, 1604, 1404, 1178, 1073. UV (CH;ON): Ayax [nm| (Ig €) — 252 (4.28), 196 (4.81). MS
(ESI): m/z (%) = 367.1 (38) [M-+H]", 389.1 (100) [M+Na|", 755.3 (85) [2M+Na|*. HRMS
(ESI): m/z calculated for C,,H,,04;SNa [M+Na|" 389.1182; observed: 389.1182.

Compound 8e. To a solution of diketone 6e (38 mg, 0.09 mmol, 1.0 equiv) in dichloromethane
(5 mL) was given Lawesson’s reagent (52 mg, 0.13 mmol, 1.5 equiv) and the mixture was stirred
for 3.5h at room temperature. After purification by flash column chromatography (SiO,,
pentane/EtOAc 4:1) the product was obtained as a white solid (20 mg, 0.04 mmol, 49 %). Ry
0.18 (hexane/EtOAc = 5:1). 'H-NMR (300 MHz, CDCl3): & |[ppm]| = 2.45 (dd, J = 8.0, 11.8 Hz,
1H, 4-H,, 2.94-3.30 (m, 4H, 4-Hy, 5-H,7-H,.,,), 3.51 (t, J = 7.0 Hz, 1H, 6-H), 5.34 (s, 1H, 3-H),
6.24 (d, J = 4.3 Hz, 1H, 2-H), 7.50-8.18 (m, 8H, Ph). *C-NMR (125 MHz, CDCL,): & [ppm]
— 422 (C-7), 48.2 (C-5), 49.6 (C-6), 50.3 (C-4), 86.9 (C-3), 93.5 (C-1), 107.6 (C-2), 123.5 (q,
Uor = 273.5 Hz, CF), 123.8 (q, "Jor = 273.5 Hz, CFy), 125.4 (Phyer), 125.6 (Phyer), 125.9
(Phiert), 128.3 (Phert), 130.8 (g, 2Jcp = 32.5 Hz, Phauar), 134.8 (q, 2Jcp — 32.7 Hz, Phogart )
139.1 (Phauare), 143.2 (Phguart), 196.9 (C-8). TR (ATR): ¥ (cm!) — 1688, 1412, 1321, 1127,
1064. UV (CH3CN): Apax [nm| (Ig €) = 234 (4.27), 193 (4.79). MS (ESI): m/z (%) = 475.1
(36) [M+H]", 497.1 (42) [M+Na|", 971.1 (49) [2M+Na|". HRMS (ESI): m/z calculated for
CooH, O3F¢sSNa [M+Na|™ 497.0617; observed: 497.0614.

Compound 9a. To a solution of diketone 6a' (20 mg, 0.11 mmol, 1.0 equiv) in dichloro-

methane (5 mL) was given Woollins’ reagent (30 mg, 0.06 mmol, 0.5 equiv) and the mixture
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was stirred for 3.5h at room temperature. After purification by flash column chromatogra-
phy (SiO,, pentane /EtOAc 4:1—2:1) the product was obtained as a pale yellow solid (25 mg,
0.10 mmol, 87 %). Rg: 0.21 (hexane/EtOAc = 5:1). "H-NMR (300 MHz, CDCly): § [ppm] =
1.68 (s, 3H, Me), 2.14 (s, 3H, Me), 2.16-2.23 (m, 1H, 4-H,), 2.39-2.65 (m, 2H, 7-H), 2.79
(d, J =12.1Hz, 1H, 4-Hy), 2.90 (ddd, J =14, 4.5, 8.3Hz, 1H, 5-H), 3.29 (t, J = 7.2 Hz,
1H, 6-H), 5.39 (s, 1H, 3-H), 6.05 (d, J =4.5 Hz, 1H, 2-H). 3C-NMR (125 MHz, CDCls): §
[ppm| = 26.8 (Me), 30.3 (Me), 47.4 (C-7), 48.7 (C-5), 50.5 (C-6), 51.1 (C-4), 80.3 (C-3), 88.1
(C-1), 109.2 (C-2), 206.5 (C-8). IR (ATR): ¥ (em™!) = 1723, 1444, 1398, 1269, 1160, 1100,
1024, UV (MeOH): Apax [nm] (Ig €) = 203 (3.65). MS (ESI): m/z (%) = 285.0 (49) [M+Na| ™,
547.0 (100) [2M+Na]*. HRMS (ESI): m/z calculated for C,,H,,05SeNa [M+Na|™ 285.0001;
observed: 285.0000.

Compound 9b. To a solution of diketone 6b' (20 mg, 0.09 mmol, 1.0 equiv) in dichloro-
methane (5 mL) was given Woollins’ reagent (23 mg, 0.04 mmol, 0.5 equiv) and the mixture
was stirred for 3.5h at room temperature. After purification by flash column chromatogra-
phy (SiO,, pentane/EtOAc 4:1—2:1) the product was obtained as a colourless oil (19 mg,
0.06 mmol, 70%). Rs: 0.38 (hexane/EtOAc = 4:1). 'H-NMR (300 MHz, CDCl3): & |ppm]
= 0.77-1.03 (m, 6H, CH,CH,CH3), 1.31-1.65 (m, 4H, CH,CH,CH,), 1.68-1.93 (m, 2H,
CH,CH,CH,), 2.15 (dd, J = 8.4, 12.0 Hz, 1H, 4-1,), 2.27-2.59 (m, 4H, 7-H,CH,CH,CH,),
276 (d, J = 12.1 Hz, 1H, 4-Hy), 2.85 (ddd, J = 1.5, 4.5, 8.3 Hz, 1H, 5-H), 3.28 (t, J — 7.2 Hz,
1H, 6-H), 5.36 (s, 1H, 3-H), 5.99 (d, J — 4.5 Hz, 1H, 2-H). BC-NMR (125 MHz, CDCl;): 6
[ppm| = 13.6 (CH,CH, CH3), 14.1 (CH,CH,CH3), 17.2 (CH,CH,CH,), 18.0 (CH,CH,CH,),
42.3 (CH,CH,CH,), 45.0 (CH,CH,CH,), 46.4 (C-7), 48.4 (C-5), 49.3 (C-6), 51.0 (C-4), 80.4
(C-3), 93.0 (C-1), 108.9 (C-2), 209.0 (C-8). IR (ATR): ¥ (cm’!) — 2958, 1708, 1464, 1371,
1254, 1127, 1034. UV (MeOH): Ay [nm] (Ig €) = 203 (3.69). MS (ESL): m/z (%) — 341.1 (20)
[M-+Na| ", 659.2 (100) [2M+Na]". HRMS (ESI): m/z calculated for C,,H,,0O5SeNa [M-+Na|*
341.0627; observed: 341.0627.

Compound 9c. To a solution of diketone 6¢! (13 mg, 0.04 mmol, 1.0 equiv) in dichloro-

methane (4 mL) was given Woollins’ reagent (11 mg, 0.02 mmol, 0.5 equiv) and the mixture
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was stirred for 3.5h at room temperature. After purification by flash column chromatogra-
phy (SiO,, pentane/EtOAc 5:1) the product was obtained as a pale orange solid (14 mg,
0.04 mmol, 84 %). Rg: 0.18 (hexane/EtOAc = 4:1). "H-NMR (300 MHz, CDCly): § [ppm] =
2.55 (dd, J = 12.3 Hz, 1H, 4-H,), 2.97-3.29 (m, 3H, 5,7-H), 3.37 (d, J = 12.3 Hz, 1H, 4-H,),
3.68 (t, J =T7.1Hz, 1H, 6-H), 5.57 (s, 1H, 3-H), 6.30 (d, J = 4.3 Hz, 1H, 2-H), 7.15-8.17 (m,
10H, Ph). BBC-NMR (125 MHz, DMSO): § [ppm| = 42.1 (C-7), 47.9 (C-5), 49.5 (C-6), 50.7
(C-4), 81.9 (C-3), 90.3 (C-1), 109.1 (C-2), 124.6 (Phyert), 127.9 (Phyer), 128.1 (Phyer), 128.4
(Pheert), 128.7 (Phyere), 133.3 (Phiese), 136.5 (Phquare), 141.4 (Phauar), 198.5 (C-8). IR (ATR):
vV (em™t) = 2922, 1676, 1595, 1446, 1312, 1060. UV (MeOH): Ay [nm| (Ig €) = 204 (3.87), 240
(3.62). MS (ESI): m/z (%) = 409.0 (100) [M+Na| ", 795.1 (78) [2M+Na|". HRMS (ESI): m /2
calculated for CyyH,4O5SeNa [M+Na|™ 409.0314; observed: 409.0307.

Compound 9e. To a solution of diketone 6e (42 mg, 0.10 mmol, 1.0 equiv) in dichlorometha-
ne (5ml) was given Woollins’ reagent (25 mg, 0.05 mmol, 0.5 equiv) and the mixture was
stirred for 14 h at room temperature. After purification by flash column chromatography
(SiO,, pentane/EtOAc 5:1—3:1) the product was obtained as a pale yellow solid (16 mg,
0.03 mmol, 32%). Rs: 0.15 (hexane/EtOAc = 5:1). 'H-NMR (300 MHz, CDCl3): & |[ppm| =
2.53 (dd, J = 8.3, 12.1 Hz, 1H, 4-H,), 2.97-3.48 (m, 4H, 4-H, 5-H,7-H,}), 3.70 (t, J = 7.1 Hz,
1H, 6-H), 5.58 (s, 1H, 3-H), 6.31 (d, J = 4.5 Hz, 1H, 2-H), 7.53-8.15 (m, 10H, Ph). BC-NMR
(125 MHz, CDCl3): 8 [ppm| — 42.8 (C-7), 48.8 (C-5), 49.9 (C-6), 50.8 (C-4), 81.8 (C-3), 89.5
(C-1), 109.2 (C-2), 121.3 (q, "Jor = 272.6 Hz, CFy), 121.7 (q, "Jop = 272.2 Hz, CFs), 125.1
(Phyert), 125.6 (Phert), 125.9 (Phyert), 128.3 (Phyerc), 130.4 (q, 2J oy — 32.8 Hz, Phogare), 134.9
(q, 2Jcp = 32.8 Hz, Phare), 139.1 (Phouare), 144.5 (Phauart), 196.9 (C-8). IR (ATR): ¥ (cm)
— 1687, 1409, 1318, 1125, 1064. UV (CH3CN): Aax [nm] (Ig €) = 274 (3.40), 233 (4.38), 194
(4.77). MS (ESI): m/z (%) = 521.0 (100) [M-H|". HRMS (ESI): m/z calculated for Co,H,;O0,F
[M-H|" 521.0097; observed: 521.0073.

>
= \ 4 CF3
5'\ 3 3 N
FsC -\ /5
2

O

Thiophen-3-yl-furan 14. A solution of diketone 6e (41 mg, 0.09 mmol, 1.0 equiv) in toluene
(5mL) was heated to 100 °C. After the addition of Lawesson’s reagent (83 mg, 0.21 mmol,
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2.2 equiv) the mixture was stirred for 16 h at 100 °C. The crude product was purified by
flash column chromatography (SiO,, pentane/EtOAc 10:1) to yield 26 mg (0.06 mmol, 64 %)
of 14 with small impurities of 5e as a pale orange solid. R¢: 0.62 (hexane/EtOAc = 5:1).
"H-NMR. (300 MHz, CDCl3): & [ppm| = 6.99 (s, 1H, 4-H), 7.34 (d, J =1.3Hz, 1H , 4-H),
7.42 (d, J = 1.3 Hz, 1H, 2-H), 7.50 (d, J = 1.3 Hz, 1H, 2-H), 7.56-7.84 (m, 8H, Ph). 1*C-NMR
(125 MHz, CDCl3): § [ppm] = 106.0 (C-4), 120.5, 120.8, 123.3 (C-4’,2,2'), 123.8 (C-3), 123.9
(Phye), 124.1 (q, "Jep = 272.1 Hz, CFy), 124.2 (q, "Jor — 272.1 Hz, CFs), 125.8 (Phyer),
125.9 (Phyert), 126.0 (Phyest), 129.6 (q, 2Jcp — 32.6 Hz, Phouare), 129.6 (q, 2Jcp — 32.6 Hz,
Phguart), 134.0, 138.0 (C-3",5"), 138.9 (C-2), 143.3 (Phquart), 143.5 (Phquart), 153.3 (C-5).
IR (ATR): ¥ (cm) = 1612, 1410, 1320, 1160, 1108, 1067. UV (CH3CN): Apax [nm] (g €)
— 207 (4.46), 270 (4.44), 224 (4.39). MS (EI+, 70 V): m/z (%) — 438.0 (98) [M(14)]*, 454.0
(100) [M(5e)]". HRMS (EI+): m/z calculated for CyHi,F¢SO [M(14)]" 438.0513; obser-
ved: 438.0526. HRMS (EI+): m/z calculated for CyH ,F¢S, [M(5e)]" 454.0285; observed:
454.0280.
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Compound 5a ("H-NMR (300 MHz, CDCl,), *C-NMR (125 MHz, CDCl,))
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Compound 5b ('H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 5c¢ (*H-NMR (300 MHz, CDCl;), ¥ C-NMR (125 MHz, CDCl,))
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Compound 5d ('H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 5g (*H-NMR (300 MHz, CDCl,), "*C-NMR, (125 MHz, CDCl,))
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Compound 5h ('H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 5i (‘H-NMR (300 MHz, CDCl,), *C-NMR (125 MHz, CDCl,))
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Compound 6d ('H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 6e (‘H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 6f (*"H-NMR (300 MHz, CDCl,), "*C-NMR. (125 MHz, CDCl,))
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Compound 6g (*H-NMR (300 MHz, CDCl,), "*C-NMR, (125 MHz, CDCl,))
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Compound 6h ('H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 6i (‘H-NMR (300 MHz, CDCl,), *C-NMR (125 MHz, CDCl,))
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Compound 8a ('H-NMR (300 MHz, CDCl,), *C-NMR (75 MHz, CDC1,))
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Compound 8b ('H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 8d ('H-NMR (300 MHz, CDCl,), *C-NMR (75 MHz, CDCI,))
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Compound 8e (‘H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 9a ("H-NMR (300 MHz, CDCl,), *C-NMR (125 MHz, CDCl,))
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Compound 9b ('H-NMR (300 MHz, CDCly), *C-NMR (125 MHz, CDCl,))
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Compound 9c¢ (*H-NMR (300 MHz, CDCl;), *C-NMR (125 MHz, DMSO))
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Compound 9e (‘H-NMR (300 MHz, CDCl;), 3 C-NMR (125 MHz, DMSO))
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Compound 14 (*H-NMR (300 MHz, CDCl,), *C-NMR, (125 MHz, CDCl,))
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X-ray diffraction

For the X-ray crystal structures of 5a, 5c, 8e and 9a a single crystal was mounted with inert oil
on a MiTeGen-Loop. The data was collected from the shock-cooled crystals at 100 K. The data
for 5a, 5¢ and 9a was collected on a Bruker TXS-Mo rotating anode source with mirror optics
and MoK, radiation, A\ = 0.71073 A. The data for 8 was collected on a Bruker Smart APEX
IT Quazar with INCOATEC Mo-Microsource and mirror optics. Data reduction was done with
SAINT,? and an empirical absorption correction with SADABS? was applied. The structures
were solved by direct methods (SHELXS-97)* and refined by full-matrix least-squares me-
thods against F* (SHELXL-97 and ShelXle).?>* All non-hydrogen atoms were refined with
anisotropic displacement parameters. The hydrogen atoms were refined isotropically on cal-
culated positions using a riding model with their Uiy, values constrained to 1.5 times the Ugq
of their pivot atoms for terminal sp* carbon atoms and 1.2 times for all other carbon atoms.
Crystallographic data (excluding structure factors) for the structures reported in this paper
have been deposited with the Cambridge Crystallographic Data Centre. The CCDC numbers,
crystal data and experimental details for the X-ray measurements are listed in the supporting
information. CCDC 904646 (5a), 904644 (5c¢), 904645 (8e), 904647 (9a) contains the supple-
mentary crystallographic data for this paper. These data can be obtained free of charge from

The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Compound 5a

Table 0.1: Crystal data and structure refinement of 5a

CCDC number 904646
Empirical formula CyoH05,
Formula weight 194.30
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Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.95°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

100(2) K
0.71073 A
Monoclinic
P2,/n

a = 5.955(2) A

b = 7.649(3) A

¢ = 20.480(7) A
928.9(6) A3

4

1.389 Mg/m?

0.510 mm™!

408

0.16 x 0.09 x 0.06 mm?
2.00 to 26.95°.
-T<=h<=7, -9<=k<=9, -26<=1<=26
18476

2006 [Rine = 0.0410]

99.9 %

Semi-empirical from equivalents
0.8620 and 0.7510

Full-matrix least-squares on F?

2006 / 0 / 111

1.132

Ry = 0.0341, wRy = 0.0813

Ry = 0.0405, wRy = 0.0846

0.413 and -0.246 eA-3

o= 90°.
= 95.301(9)°.
vy = 90°.

Table 0.2: Bond lengths [A] of 5a

Atoms Bond length [A] | Atoms Bond length [A]
S(1)-C(9) 1.716(2) C(4)-C(5) 1.465(3)
S(1)-C(2)  1.7307(19) C(5)-C(10)  1.370(3)
S(2)-C(10)  1.7179(19) C(5)-C(6)  1.433(3)
S(2)-C(7)  1.7322(19) C(6)-C(7)  1.358(3)
C(1)-C(2)  1.494(3) C(6)-H(6) 0.9500
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Table 0.4: Torsion angles [°] of 5a

Atoms Torsion angle [°| | Atoms Torsion angle |°|
C(9)-S(1)-C(2)-C(3)  0.01(15) C(4)-C(5)-C(6)-C(7)  179.51(17)
C(9)-S(1)-C(2)-C(1)  -178.53(16) C(5)-C(6)-C(7)-C(8)  -179.22(18)
C(1)-C(2)-C(3)-C(4)  178.36(18) C(5)-C(6)-C(7)-S(2)  0.0(2)
S(1)-C(2)-C(3)-C(4)  0.0(2) C(10)-S(2)-C(7)-C(6) -0.03(15)
C(2)-C(3)-C(4)-C(9)  0.0(2) C(10)-S(2)-C(7)-C(8) 179.28(16)
C(2)-C(3)-C(4)-C(5)  -179.84(17) C(3)-C(4)-C(9)-S(1)  0.0(2)
C(9)-C(4)-C(5)-C(10) -179.59(18) C(5)-C(4)-C(9)-S(1)  179.85(14)
C(3)-C(4)-C(5)-C(10) 0.3(3) C(2)-S(1)-C(9)-C(4)  0.02(15)
C(9)-C(4)-C(5)-C(6)  0.9(3) C(6)-C(5)-C(10)-S(2) 0.0(2)
C(3)-C(4)-C(5)-C(6)  -179.18(18) C(4)-C(5)-C(10)-S(2) -179.54(14)
C(10)-C(5)-C(6)-C(7) 0.0(2) C(7)-S(2)-C(10)-C(5) 0.03(15)

Table 0.5: Crystal data and structure refinement of 5c

CCDC number 904644
Empirical formula CyoHy4S,
Formula weight 318.43
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2,/n
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Unit cell dimensions a = 5.968(2) A
— 7.465(3) A B= 94.026(8)°.
¢ = 33.815(13) A
Volume 1502.6(10) A3
Z 4
Density (calculated) 1.408 Mg/m?
Absorption coefficient 0.347 mm™
F(000) 664
Crystal size 0.300 x 0.200 x 0.001 mm?
Theta range for data collection  1.207 to 25.770°.
Index ranges -T<=h<=7, -9<=k<=9, -41<=1<=41
Reflections collected 30910
Independent reflections 2873 [Ring = 0.0433]
Completeness to theta — 25.77° 100 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9422 and 0.8787
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 2873 / 0 / 199
Goodness-of-fit on F? 1.139
Final R indices [I>>2sigma(I)] Ry = 0.0508, wRy = 0.1156
R indices (all data) Ry = 0.0652, wRy = 0.1221
Extinction coefficient 0
Largest diff. peak and hole 0.463 and -0.448 eA-

Table 0.6: Atomic coordinates (x10°) and equivalent isotropic displacement parameters (A2><103) for 5c.
U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z Uleq)
S(1)  7114(1) 5173(1) 3255(1) 26(1)
S(2)  12765(1) 3414(1) 1711(1) 26(1)
C(1)  7478(4)  5059(4) 2761(1) 24(1)
C(2)  9544(4)  4402(3) 2682(1) 19(1)
C(3)  10855(4) 3970(3) 3042(1) 19(1)
C(4)  9799(4)  4348(3) 3377(1) 18(1)
C(5)  12380(4) 3496(4) 2205(1) 24(1)
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Table 0.8: Bond angles [°] of 5¢

Bond angle [°]
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U13 U12

U23

+ 2 hk a* b* U'?
U22 U33

Ull

Table 0.9: Anisotropic displacement parameters (A2><103) for 5¢. The anisotropic displacement factor expo-
nent takes the form: -2r2[hZa*2Ut! + ..
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Table 0.10: Hydrogen coordinates (x10*) and isotropic displacement parameters (A2x10%) for 5c.

X y z U(eq)
H(1) 6367 5413 2561 29
H(3) 12320 3468 3046 23
H(5) 13462 3089 2404 29
H(7) 7633 5245 1922 23
H(10) 8234 5810 4022 26
H(11) 9779 5847 4673 29
H(12) 13184 4383 4841 28
H(13) 15032 2890 4354 27
H(14) 13494 2833 3702 24
H(16) 11813 3055 937 25
H(17) 10381 3172 281 28
H(18) 6938 4583 114 29
H(19) 4956 5898 611 27
H(20) 6399 5817 1270 24

Table 0.11: Torsion angles [°] of 5¢

Atoms Torsion angle [°| | Atoms Torsion angle [°]
C(4)-S(1)-C(1)-C(2)  0.7(2) S(1)-C(4)-C(9)-C(14) 171.7(2)
S(1)-C(1)-C(2)-C(3)  0.4(3) C(3)-C(4)-C(9)-C(10) 161.7(3)
S(1)-C(1)-C(2)-C(6)  -177.9(2) S(1)-C(4)-C(9)-C(10) -10.9(3)
C(1)-C(2)-C(3)-C(4) -1.7(3) C(14)-C(9)-C(10)-C(11)  0.1(4)
C(6)-C(2)-C(3)-C(4) 176.7(2) C(4)-C(9)-C(10)-C(11) 177.4(2)
C(2)-C(3)-C(4)-C(9) -170.9(2) C(9)-C(10)-C(11)-C(12)  0.0(4)
C(2)-C(3)-C(4)-S(1)  2.2(3) C(10)-C(11)-C(12)-C(13) 0.0(4)
C(1)-S(1)-C(4)-C(3)  -1.6(2) C(11)-C(12)-C(13)-C(14) -0.2(4)
C(1)-S(1)-C(4)-C(9)  172.2(2) C(12)-C(13)-C(14)-C(9)  0.3(4)
C(8)-S(2)-C(5)-C(6)  -1.0(2) C(10)-C(9)-C(14)-C(13)  -0.2(4)
S(2)-C(5)-C(6)-C(7)  0.0(3) C(4)-C(9)-C(14)-C(13) 177.3(2)
S(2)-C(5)-C(6)-C(2)  178.4(2) C(7)-C(8)-C(15)-C(20) 11.2(4)
C(1)-C(2)-C(6)-C(5)  -177.6(3) S(2)-C(8)-C(15)-C(20) -175.35(19)
C(3)-C(2)-C(6)-C(5)  4.3(4) C(7)-C(8)-C(15)-C(16) -166.8(3)
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C(1)-C(2)-C(6)-C(7)
C(3)-C(2)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(2)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(15)
C(6)-C(7)-C(8)-5(2)
C(5)-5(2)-C(8)-C(7)
C(5)-S(2)-C(8)-C(15)
C(3)-C(4)-C(9)-C(14)

0.6(4)
-177.6(2)
1.4(3)
-177.0(2)
171.9(2)
2.1(3)
1.7(2)
-172.9(2)
-15.8(4)

S(2)-C(8)-C(15)-C(16)

6.7(3
0.3(4
178.3(2)
-0.5(4)
0.2(4
0.1(4
-0.3(4)
0.1(4)
-177.9(2)

~— —

Compound 8e

Table 0.12: Crystal data and structure refinement of 8e

CCDC number 904645
Empirical formula CyoH ;FsO5S
Formula weight 474.41
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2, /n
Unit cell dimensions a = 17.201(6) A
b = 6.588(3) A B = 98.49(2)°.

c = 17.859(6) A
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Volume 2001.6(13) A3

Z 4

Density (calculated) 1.574 Mg/m?

Absorption coefficient 0.240 mm™

F(000) 968

Crystal size 0.146 x 0.122 x 0.037 mm?3
Theta range for data collection 1.534 to 26.728°.

Index ranges -21<=h<=21, -8<=k<=8, -22<=1<=22
Reflections collected 41361

Independent reflections 4254 | Ry = 0.0423]
Completeness to theta — 25.242° 99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.8621 and 0.8007

Refinement method Full-matrix least-squares on [
Data / restraints / parameters 4254 / 464 / 331
Goodness-of-fit on F? 1.095

Final R indices [I>2sigma(I)] Ry = 0.0643, wRy = 0.1591

R indices (all data) Ry = 0.0751, wRy = 0.1659
Extinction coefficient 0

Largest diff. peak and hole 1.120 and -0.883 A

Table 0.13: Atomic coordinates (x10%) and equivalent isotropic displacement parameters (A2x10%) for 8e.
U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z Uleq)
S(1)  3584(1) 10258(1) 3102(1)  22(1)
C(22) 6730(2) 15325(4)  2694(2)  41(1)
F(1)  7144(5) 14954(14) 2142(4)  47(1)
F(2)  7266(5) 15493(19) 3305(3)  120(3)
F(3)  6458(5) 17177(8)  2565(7)  92(2)
F(1')  6503(3) 17053(5) 2967(3)  47(1)
F(2))  6844(5) 15701(9) 2005(2)  120(3)
F(3)  7432(2) 15011(7) 3090(4)  92(2)
F(1")  7007(6) 16488(14) 3265(3) 120(3)
F(2") 6338(4) 16593(12) 2188(5) 92(2)
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Bond length [A]

Table 0.14: Bond lengths [A] of 8e
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Table 0.15: Bond angles [°] of 8e
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Table 0.16: Anisotropic displacement parameters (A2><103) for 8e. The anisotropic displacement factor ex-
ponent takes the form: -2r2[h2a*2Ul! + .. + 2 h k a* b* U'2]

U22 U33 U23 U13 U12

Ull
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Table 0.17: Hydrogen coordinates (x10%) and isotropic displacement parameters (A2x10%) for 8e.

X y z Uleq)
H(3) 2310 -2003 5858 37
H(4) 3127 709 5634 33
H(6) 1540 2417 3826 31
H(7) 731 -288 4052 36
H(9A) 2194 5531 3969 26
H(9B) 2657 4123 3455 26
H(10) 3357 7549 4316 25
H(11) 4265 4614 3898 26
H(12) 4068 4567 2584 28
H(13) 2441 8203 3096 26
H(14A) 4641 8401 4314 28
H(14B) 5259 7074 3919 28
H(17) 0345 11494 4113 29
H(18) 6218 14102 3925 33
H(20) 0993 12670 1699 40
H(21) 5109 10085 1879 34

Table 0.18: Torsion angles [°] of 8e

Atoms

Torsion angle [°| | At

oms

Torsion angle [°|

F(5)-C(1)-C(2)-C(3)
F(4")-C(1)-C(2)-C(3)
F(6)-C(1)-C(2)-C(3)
F(6))-C(1)-C(2)-C(3)

~153.6(4)
113.5(7)
85.6(4)

-76.8(10)

C(
C(
C(
C(

11)-C(1
9)-C(10)-
11)-C(1
15)-5(1)-

0)-
c(

c(

3)-

3)-0(2)

S(1

0)-C(13)-5(

C(1

3)-

0(2

)
1)
)

47.2(2)
170.22(18)
-70.0(2)
-54.11(19)
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C(13)-0(2)-C(12)-0(3)  -84.0(2) F(1))-C(22)-C(19)-C(20)  127.3(4)
C(13)-0(2)-C(12)-C(11)  30.5(3) F(1)-C(22)-C(19)-C(20)  -30.2(6)
C(15)-0(3)-C(12)-0(2)  83.5(2) F(3))-C(22)-C(19)-C(20) -117.4(4)
C(15)-0(3)-C(12)-C(11)  -31.0(3) F(2)-C(22)-C(19)-C(20)  -145.4(6)
C(14)-C(11)-C(12)-0(2)  -115.2(2) F(2")-C(22)-C(19)-C(20)  59.2(6)
C(10)-C(11)-C(12)-0(2)  -0.3(3) C(18)-C(19)-C( 1.1(5)
C(14)-C(11)-C(12)-0(3)  1.0(3) C(22)-C(19)-C( -179.0(3)
C(10)-C(11)-C(12)-0(3)  115.9(2) C(19)-C(20)-C( -0.6(5)
C(12)-0(2)-C(13)-C(10)  -49.4(2) C(17)-C(16)-C( -0.3(4)
C(12)-0(2)-C(13)-S(1)  70.0(2) C(15)-C(16)-C( 177.4(3)
C(9)-C(10)-C(13)-0(2)  -72.5(3)

Compound 9a

Table 0.19: Crystal data and structure refinement of 9a

CCDC number
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

904647
CyoH,,055e
261.17

100(2) K
0.71073 A
Triclinic

P1

a — 6.388(3) A
b= 9.236(5) A
¢ = 9.469(5) A
513.6(5) A®

o = 73.414(2)°.
B = 74.033(3)°.
vy = 81.773(3)°.
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cations

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.75°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

2

1.689 Mg/m?

3.634 mm™!

264

0.18 x 0.17 x 0.09 mm?

2.31 to 26.75°.

-8<=h<=8§, -11<=k<=11, -11<=
26279

2185 [Ripy = 0.0312]

99.8 %

Semi-empirical from equivalents
0.7357 and 0.5608

Full-matrix least-squares on £
2185 / 0 / 130

1.158

Ry = 0.0160, wRy = 0.0427

Ry = 0.0162, wRy = 0.0428
0.043(2)

0.437 and -0.271 eA-3

Table 0.

20: Bond lengths [A] of 9a

Atoms Bond length [A] | Atoms Bond length [A]
Se(1)-C(4)  1.9977(13) C(4)-C(5) 1.5268(18)
Se(1)-C(9)  2.0092(13) C(4)-H(4) 1.0000
O(1)-C(2)  1.2134(19) C(5)-C(6) 1.5380(18)
0(2)-C(7)  1.4245(16) C(5)-H(5) 1.0000
0(2)-C(4)  1.4324(16) C(6)-C(8) 1.5362(18)
0(3)-C(7)  1.4251(16) C(6)-C(7) 1.5635(18)
0(3)-C(9)  1.4388(16) C(6)-H(6) 1.0000
C(1)-C(2)  1.508(2) C(7)-H(7) 1.0000
C(1)-H(1A) 0.9800 C(8)-C(9) 1.5191(19)
C(1)-H(1B) 0.9800 C(8)-H(8A)  0.9900
C(1)-H(1C) 0.9800 C(8)-H(8B)  0.9900
C(2)-C(3)  1.5122(19) C(9)-C(10)  1.5041(19)

l<=11
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0.9800

C(10)-H(10A)

1.5246(19)
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Table 0.21: Bond angles [°] of 9a
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C(4)-C(5)-H(5) 1113 H(10A)-C(10)-H(10C) 109.5
C(6)-C(5)-H(5) 1113 H(10B)-C(10)-H(10C) 109.5

Table 0.22: Torsion angles [°| of 9a

Atoms Torsion angle [°| | Atoms Torsion angle [°]
0O(1)-C(2)-C(3)-C(5) 10.30(19) C(9)-0(3)-C(7)-0(2)  -86.42(12)
C(1)-C(2)-C(3)-C(5) -170.69(12) C(9)-0(3)-C(7)-C(6)  28.40(13)
C(7)-0(2)-C(4)-C(5) 46.66(12) C(8)-C(6)-C(7)-0(2)  116.24(11)
C(7)-0(2)-C(4)-Se(1) -71.11(10) C(5)-C(6)-C(7)-O(2)  -0.50(13)
C(9)-Se(1)-C(4)-O(2)  53.27(9) C(8)-C(6)-C(7)-O(3)  -0.61(13)
C(9)-Se(1)-C(4)-C(5) -59.22(10) C(5)-C(6)-C(7)-O(3)  -117.35(11)
C(2)-C(3)-C(5)-C(4) T72.71(15) C(5)-C(6)-C(8)-C(9)  84.49(12)
C(2)-C(3)-C(5)-C(6) -176.63(11) C(7)-C(6)-C(8)-C(9)  -25.33(12)
0(2)-C(4)-C(5)-C(3)  72.80(13) C(7)-0(3)-C(9)-C(10) -170.52(11)
Se(1)-C(4)-C(5)-C(3) -171.24(9) C(7)-0(3)-C(9)-C(8)  -45.29(12)
0(2)-C(4)-C(5)-C(6) -45.06(12) C(7)-0(3)-C(9)-Se(1)  70.09(10)
Se(1)-C(4)-C(5)-C(6) 70.90(11) C(6)-C(8)-C(9)-O(3)  43.26(12)
C(3)-C(5)-C(6)-C(8)  159.64(11) C(6)-C(8)-C(9)-C(10)  163.65(11)
C(4)-C(5)-C(6)-C(8) -82.90(12) C(6)-C(8)-C(9)-Se(1)  -71.10(11)
C(3)-C(5)-C(6)-C(7) -90.77(12) C(4)-Se(1)-C(9)-O(3)  -52.42(9)
C(4)-C(5)-C(6)-C(7)  26.69(12) C(4)-Se(1)-C(9)-C(10) -172.11(10)
C(4)-0(2)-C(7)-O(3)  86.49(12) C(4)-Se(1)-C(9)-C(8)  58.35(9)
C(4)-0(2)-C(7)-C(6) -28.35(13)
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