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General Information

Melting points were measured with a melting point instrument and were uncorrected. *H NMR and
13C NMR spectra were recorded on Varian AS400 (400 and 100 MHz, respectively) instrument internally
referenced to tetramethylsilane (TMS) or CDCls signals. High-resolution mass spectra (HRMS) were
obtained with a LCMS-IT-TOF mass spectrometer. Single-crystal X-ray analysis was obtained using Bruker
APEX2 Smart CCD. TLC was performed by using commercially prepared 100-400 mesh silica gel plates
(GF254) and visualization was effected at 254 nm.

All reagents and solvents were purchased from commercial sources and used without further
purification. Different 5-alkoxy (aryloxy or acetoxy)-3,4-dihalo-2(5H)-furanone intermediates 1 were

synthesized according to the literature procedure.*®

Experimental Procedure for Compounds 3a-4v

—
X l 0
X X n-Bu4NBrO(3 mol%) R2 O,/S/ X
Rblio ¥ NaOZS@ ?O o - Rbl:/Lo
0) R2 DCE : H,O = 5:1 0}
1 2 Air atmosphere 3a-4v

The mixture of 3,4-dihalo-2(5H)-furanone 1 (0.30 mmol), sodium sulfinate 2 (0.60 mmol) and
n-BusNBr (3 mol %) in DCE : HoO (v:v =5:1, 3 mL) was stirred at 90 <C under air for 8 h. At ambient
temperature, the reaction mixture was diluted with H,O (15 mL) and extracted with EtOAc (3 < 15 mL).
The organic extracts were dried over anhydrous Na,SO.. After filtration and evaporation of the solvents
under reduced pressure, the crude product was purified by column chromatography on silica gel to afford

desired product.
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Characterization Data for All Products 3a-4v

3-Bromo-5-methoxy-4-tosylfuran-2(5H)-one (3a)

Yellow solid (95 mg, 92%); m.p. 94.5-96.2 C; 'H NMR (400 MHz, CDCl3), 6: 2.47 (s, 3H, ArCHs),
3.60 (s, 3H, OCHs3), 6.04 (s, 1H, CH), 7.40 (d, J = 8.0 Hz, 2H, ArH), 7.93 (d, J = 8.0 Hz, 2H, ArH); 1*C
NMR (100 MHz, CDCls), ¢: 21.9, 58.1, 103.2, 123.3, 129.0, 130.2, 135.0, 147.0, 155.0, 163.5; ESI-HRMS,

m/z (%): Calcd for C12H11BrNaOsS ([M+Na]*): 368.9403, Found: 368.9408.

3-Bromo-5-methoxy-4-(phenylsulfonyl)furan-2(5H)-one (3b)

Yellow solid (89 mg, 89%); m.p. 93.7-95.3 T; 'H NMR (400 MHz, CDCls), J: 3.60 (s, 3H, OCHj),
6.05 (s, 1H, CH), 7.56-7.66 (m, 3H, ArH), 8.05 (d, J = 8.0 Hz, 2H, ArH); 13C NMR (100 MHz, CDCls), &:
58.1, 103.1, 123.9, 129.0, 1295, 135.4, 138.0, 154.7, 163.4; ESI-HRMS, m/z (%): Calcd for

CuHeBrNaOsS ([M+Na]*): 354.9246, Found: 354.9250.

3-Bromo-4-((4-ethylphenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (3c)

Colorless oil (100 mg, 92%); *H NMR (400 MHz, CDCls), 5: 1.27 (t, J = 8.0 Hz, 3H, CHa), 2.76 (q, J
= 8.0 Hz, 2H, CH>), 3.60 (s, 3H, OCHg), 6.04 (s, 1H, CH), 7.42 (d, J = 8.0 Hz, 2H, ArH), 7.95 (d, J = 8.0
Hz, 2H, ArH); 3C NMR (100 MHz, CDCls), ¢: 14.9, 29.1, 58.1, 103.2, 123.4, 129.0, 129.2, 135.1, 153.0,

155.0, 163.5; ESI-HRMS, m/z (%): Calcd for C13H13BrNaOsS ([M+Na]*): 382.9559, Found: 382.9570.
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3-Bromo-4-((4-(tert-butyl)phenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (3d)

Colorless oil (106 mg, 91%); *H NMR (400 MHz, CDCls), 6: 1.35 (s, 9H, 3CHs), 3.61 (s, 3H, OCHy),
6.05 (s, 1H, CH), 7.61 (d, J = 8.0 Hz, 2H, ArH), 7.96 (d, J = 8.0 Hz, 2H, ArH); 3C NMR (100 MHz,
CDCls), o: 31.0, 35.5, 58.1, 103.2, 123.5, 126.6, 128.9, 134.8, 155.0, 159.8, 163.6; ESI-HRMS, m/z (%):

Calcd for C1sH17BrNaOsS ([M+Na]*): 410.9872, Found: 410.9874.
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3-Chloro-4-((4-fluorophenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (3e)

Colorless oil (57 mg, 54%); *H NMR (400 MHz, CDCls), 6: 3.63 (s, 3H, OCHs), 6.05 (s, 1H, CH),
7.25-7.32 (m, 2H, ArH), 8.05-8.11 (m, 2H, ArH); *3C NMR (100 MHz, CDCls), ¢: 58.4, 103.1, 117.0 (d, J
=23.0 Hz), 124.1, 132.1 (d, J = 10.0 Hz), 134.1 (d, J = 3.0 Hz), 154.5, 163.3, 166.9 (d, J = 258.0 Hz); °F
NMR (376 MHz, CDCls), §: -99.7; ESI-HRMS, m/z (%): Calcd for C11HgBrFNaOsS ([M+Na]*): 372.9152,

Found: 372.9135.

3-Bromo-4-((4-chlorophenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (3f)

Colorless oil (52 mg, 47%); *H NMR (400 MHz, CDCls), : 3.63 (s, 3H, OCHg), 6.05 (s, 1H, CH),
7.58 (d, J = 8.0 Hz, 2H, ArH), 7.99 (d, J = 8.0 Hz, 2H, ArH); 13C NMR (100 MHz, CDCls), 6: 58.4, 103.1,
124.4, 129.9, 130.4, 136.5, 142.5, 154.3, 163.2; ESI-HRMS, m/z (%): Calcd for Ci1;HgBrCINaOsS

(IM+Na]*): 388.8857, Found: 388.8850.
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3-Bromo-4-((4-bromophenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (3g)

Colorless oil (53 mg, 43%); *H NMR (400 MHz, CDCls), 6: 3.63 (s, 3H, OCHj3), 6.05 (s, 1H, CH),
7.75 (d, J = 8.0 Hz, 2H, ArH), 7.90 (d, J = 8.0 Hz, 2H, ArH); 13C NMR (100 MHz, CDCls), &: 58.4, 103.1,
124.4,130.3, 132.9, 137.8, 142.9, 154.2, 163.2; ESI-HRMS, m/z (%): Calcd for C11HgBr,NaOsS ([M+Na]*):

434.8331, Found: 434.8328.

3-Bromo-5-methoxy-4-((4-methoxyphenyl)sulfonyl)furan-2(5H)-one (3h)

Colorless oil (102 mg, 94%); *H NMR (400 MHz, CDCls), d: 3.60 (s, 3H, OCHs), 3.90 (s, 3H,
ArOCHs), 6.04 (s, 1H, CH), 7.04 (d, J = 8.0 Hz, 2H, ArH), 7.96 (d, J = 8.0 Hz, 2H, ArH); 3C NMR (100
MHz, CDCls), d: 55.9, 58.1, 103.2, 114.8, 122.7, 129.2, 131.4, 155.2, 163.6, 165.2; ESI-HRMS, m/z (%):

Calcd for C12H11BrNaOsS ([M+Na]*): 384.9352, Found: 384.9400.

3-Bromo-5-methoxy-4-(o-tolylsulfonyl)furan-2(5H)-one (3i)

Colorless oil (93 mg, 89%); 'H NMR (400 MHz, CDCls), d: 2.46 (s, 3H, ArCHz), 3.60 (s, 3H, OCHs),
6.04 (s, 1H, CH), 7.46-7.56 (m, 2H, ArH), 7.80-7.88 (m, 2H, ArH); 1*C NMR (100 MHz, CDCly), 5: 21.4,
58.0, 103.1, 123.6, 126.2, 129.1, 129.3, 136.2, 137.8, 139.9, 154.8, 163.5; ESI-HRMS, m/z (%): Calcd for

C12H11BrNaOsS ([M+Na]*): 368.9403, Found: 368.9410.
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3-Bromo-4-((2,5-dimethylphenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (3j)

Colorless oil (98 mg, 90%); 'H NMR (400 MHz, CDCls), 5: 2.41 (s, 3H, ArCHs), 2.55 (s, 3H, ArCHs),
3.46 (s, 3H, OCHs), 5.96 (s, 1H, CH), 7.23 (d, J = 8.0 Hz, 1H, ArH), 7.39 (d, J = 8.0 Hz, 1H, ArH), 7.90 (s,
1H, ArH); 3C NMR (100 MHz, CDCls), d: 19.9, 20.8, 57.4, 102.9, 122.3, 131.1, 132.9, 135.3, 136.0, 136.4,
137.0, 154.2, 163.5; ESI-HRMS, m/z (%): Calcd for Ci3H13BrNaOsS ([M+Na]*): 382.9559, Found:

382.9561.

3-Bromo-4-(mesitylsulfonyl)-5-methoxyfuran-2(5H)-one (3k)

White solid (100 mg, 89%); m.p. 114.6-116.3 C; 'H NMR (400 MHz, CDCls), : 2.33 (s, 3H, ArCHj),
2.60 (s, 6H, 2ArCHs), 3.47 (s, 3H, OCHg), 5.91 (s, 1H, CH), 7.00 (s, 2H, ArH); *C NMR (100 MHz,
CDCls), 6: 21.2, 22.6, 57.2, 102.9, 120.2, 131.1, 132.5, 141.3, 145.4, 155.4, 163.7; ESI-HRMS, m/z (%):

Calcd for C14H15BrNaOsS ([M+Na]*): 396.9716, Found: 396.9717.

4-([1,1'-Biphenyl]-4-ylsulfonyl)-3-bromo-5-methoxyfuran-2(5H)-one (31)

Colorless oil (101 mg, 82%); *H NMR (400 MHz, CDCls), 6: 3.64 (s, 3H, OCHj3), 6.08 (s, 1H, CH),
7.44-751 (m, 3H, ArH), 7.62 (d, J = 8.0 Hz, 2H, ArH), 7.81 (d, J = 8.0 Hz, 2H, ArH), 8.11 (d, J = 8.0 Hz,
2H, ArH); 3C NMR (100 MHz, CDCls), J: 58.2, 103.2, 123.8, 127.4, 128.1, 129.1, 129.2, 129.5, 136.3,

138.7, 148.4, 154.8, 163.5; ESI-HRMS, m/z (%): Calcd for C17H13BrNaOsS ([M+Na]*): 430.9559, Found:
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430.9564.

3-Bromo-5-methoxy-4-(naphthalen-1-ylsulfonyl)furan-2(5H)-one (3m)

Colorless oil (102 mg, 88%); 'H NMR (400 MHz, CDCls), 6: 3.38 (s, 3H, OCHs), 5.98 (s, 1H, CH),
7.62-7.73 (m, 3H, ArH), 7.99 (d, J = 8.0 Hz, 1H, ArH), 8.22 (d, J = 8.0 Hz, 1H, ArH), 8.46 (d, J = 8.0 Hz,
1H, ArH), 8.65 (d, J = 8.0 Hz, 1H, ArH); 1*C NMR (100 MHz, CDCls), : 57.3, 102.9, 122.9, 123.4, 124.3,
1275, 129.1, 129.3, 129.5, 132.4, 134.0, 137.0, 154.3, 163.4; ESI-HRMS, m/z (%): Calcd for

C1sH11BrNaOsS ([M+Na]*): 404.9403, Found: 404.9401.

3-Bromo-5-methoxy-4-(naphthalen-2-ylsulfonyl)furan-2(5H)-one (3n)

Colorless oil (103 mg, 90%); 'H NMR (400 MHz, CDCls), 8: 3.61 (s, 3H, OCHj3), 6.09 (s, 1H, CH),
7.65-7.75 (m, 2H, ArH), 7.95 (d, J = 8.0 Hz, 1H, ArH), 7.97-8.06 (m, 3H, ArH), 8.65 (s, 1H, ArH); *C
NMR (100 MHz, CDCls), ¢: 58.1, 103.1, 122.7, 123.8, 128.0, 128.1, 129.8, 129.9, 130.3, 131.6, 132.0,
134.7, 136.0, 154.8, 163.5; ESI-HRMS, m/z (%): Calcd for C1sH11BrNaOsS ([M+Na]*): 404.9403, Found:

404.9409.

3-Bromo-5-methoxy-4-(thiophen-2-ylsulfonyl)furan-2(5H)-one (30)

Yellow solid (72 mg, 70%); m.p. 103.2-104.7 C; 'H NMR (400 MHz, CDCls), J: 3.64 (s, 3H, OCHs),
6.06 (s, 1H, CH), 7.21-7.25 (m, 1H, ArH), 7.86-7.91 (m, 2H, ArH); *C NMR (100 MHz, CDCls), J: 58.3,
103.2, 123.5, 128.6, 136.6, 137.2, 138.5, 154.4, 163.4; ESI-HRMS, m/z (%): Calcd for CoH;BrNaOsS;
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(IM+Na]*): 360.8810, Found: 360.8816.

Q.
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Lk
"o Ny S0
3-Bromo-5-ethoxy-4-tosylfuran-2(5H)-one (3p)
Yellow oil (100 mg, 92%); *H NMR (400 MHz, CDCls), d: 1.28 (t, J = 8.0 Hz, 3H, CHs), 2.48 (s, 3H,
ArCHs), 3.85-3.98 (m, 2H, OCHy>), 6.12 (s, 1H, CH), 7.40 (d, J = 8.0 Hz, 2H, ArH), 7.94 (d, J = 8.0 Hz, 2H,

ArH); 3C NMR (100 MHz, CDCls), d: 14.8, 21.9, 67.7, 102.3, 123.2, 129.1, 130.1, 135.1, 146.9, 155.1,

163.7; ESI-HRMS, m/z (%): Calcd for C1sH1sBrNaOsS ([M+Na]*): 382.9559, Found: 382.9564.
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3-Bromo-5-isopropoxy-4-tosylfuran-2(5H)-one (3q)

Yellow solid (95 mg, 84%); m.p. 95.8-97.0 C; 'H NMR (400 MHz, CDCls), 6: 1.25 (d, J = 4.0 Hz, 3H,
CHs), 1.34 (d, J = 4.0 Hz, 3H, CH3), 2.47 (s, 3H, ArCHz), 4.13-4.22 (m, 1H, OCH), 6.21 (s, 1H, CH), 7.39
(d, J=8.0 Hz, 2H, ArH), 7.94 (d, J = 8.0 Hz, 2H, ArH); 3C NMR (100 MHz, CDCls), 6: 21.8, 21.9, 22.9,

75.9, 1015, 123.3, 129.1, 130.0, 135.2, 146.8, 155.4, 163.9; ESI-HRMS, m/z (%): Calcd for

C14H15BrNaOsS ([M+Na]*): 396.9716, Found: 396.9719.
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3-Bromo-5-(cyclohexyloxy)-4-tosylfuran-2(5H)-one (3r)
Yellow solid (101 mg, 81%); m.p. 101.4-102.8 C; *H NMR (400 MHz, CDCl3), 6: 1.24-1.46 (m, 6H,

3CHy), 1.77-2.13 (m, 4H, 2CHy), 2.47 (s, 3H, ArCHs), 3.84-4.92 (m, 1H, OCH), 6.26 (s, 1H, CH), 7.39 (d,

J=8.0Hz, 2H, ArH), 7.96 (d, J = 8.0 Hz, 2H, ArH); *C NMR (100 MHz, CDCls), ¢: 21.9, 23.7, 23.8, 25.2,
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31.7, 32.8, 81.4, 101.5, 123.4, 129.1, 130.0, 135.2, 146.8, 155.5, 163.9; ESI-HRMS, m/z (%): Calcd for

C17H19BrNaOsS ([M+Na]*): 437.0029, Found: 437.0034.

5-(Benzyloxy)-3-bromo-4-tosylfuran-2(5H)-one (3s)

Yellow solid (91 mg, 72%); m.p. 79.1-80.9 C; *H NMR (400 MHz, CDCl3), 6: 2.40 (s, 3H, ArCHs),
4.78-4.96 (dd, J1 = 12 Hz, J, = 12 Hz, 2H, OCHy), 6.23 (s, 1H, CH), 7.21 (d, J = 8.0 Hz, 2H, ArH), 7.36 (d,
J =8.0 Hz, 2H, ArH), 7.38-7.44 (m, 3H, ArH), 7.82 (d, J = 8.0 Hz, 2H, ArH); 3C NMR (100 MHz, CDCls),
0:21.8,73.6,101.5, 123.3, 128.6, 128.8, 128.9, 129.1, 130.0, 134.7, 134.9, 146.8, 155.2, 163.7; ESI-HRMS,

m/z (%): Calcd for C1sH1sBrNaOsS ([M+Na]*): 444.9716, Found: 444.9717.

3-Bromo-5-phenoxy-4-tosylfuran-2(5H)-one (3t)

Colorless oil (84 mg, 68%); *H NMR (400 MHz, CDCls), 6: 2.49 (s, 3H, ArCHs), 6.60 (s, 1H, CH),
7.12 (d, J = 8.0 Hz, 2H, ArH), 7.19 (t, J = 8.0 Hz, 1H, ArH), 7.35-7.40 (m, 2H, ArH), 7.43 (d, J = 8.0 Hz,
2H, ArH), 8.01 (d, J = 8.0 Hz, 2H, ArH); *C NMR (100 MHz, CDCls), d: 21.9, 100.7, 117.7, 124.0, 124.9,
129.1, 130.0, 130.3, 135.1, 147.2, 154.7, 155.9, 163.3; ESI-HRMS, m/z (%): Calcd for C17H13BrNaOsS

(IM+Na]*): 430.9559, Found: 430.9565.

4-Bromo-5-0x0-3-tosyl-2,5-dihydrofuran-2-yl acetate (3u)
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Yellow solid (62 mg, 55%); m.p. 119.9-121.5 C; 'H NMR (400 MHz, CDCls), é: 2.14 (s, 3H, CH3CO),
2.49 (s, 3H, ArCHs), 7.17 (s, 1H, CH), 7.43 (d, J = 8.0 Hz, 2H, ArH), 7.91 (d, J = 8.0 Hz, 2H, ArH); 13C
NMR (100 MHz, CDCls), ¢: 20.4, 21.9, 92.0, 123.1, 128.8, 130.4, 134.8, 147.4, 154.7, 163.1, 167.7;

ESI-HRMS, m/z (%): Calcd for C13H11BrNaOgS ([M+Na]*): 396.9352, Found: 396.9361.

3-Chloro-5-methoxy-4-tosylfuran-2(5H)-one (4a)

Yellow solid (76 mg, 84%); m.p. 55.7-57.2 C; 'H NMR (400 MHz, CDCl3), 6: 2.47 (s, 3H, ArCHs),
3.60 (s, 3H, OCHsa), 6.07 (s, 1H, CH), 7.40 (d, J = 8.0 Hz, 2H, ArH), 7.90 (d, J = 8.0 Hz, 2H, ArH); 1*C
NMR (100 MHz, CDCls), ¢: 21.9, 58.2, 102.0, 128.9, 130.2, 132.5, 135.2, 147.0, 150.7, 162.8; ESI-HRMS,

m/z (%): Calcd for C12H11CINaOsS ([M+Na]*): 324.9908, Found: 324.9911.

3-Chloro-5-methoxy-4-(phenylsulfonyl)furan-2(5H)-one (4b)

Yellow oil (72 mg, 83%); 'H NMR (400 MHz, CDCls), J: 3.62 (s, 3H, OCHg), 6.09 (s, 1H, CH),
7.60-7.65 (m, 2H, ArH), 7.76 (t, J = 8.0 Hz, 1H, ArH), 8.04 (d, J = 8.0 Hz, 2H, ArH); 3C NMR (100 MHz,
CDCls), o: 58.2, 102.0, 128.9, 129.5, 133.0, 135.4, 138.2, 150.4, 162.7; ESI-HRMS, m/z (%): Calcd for

CuHeCINaOsS ([M+Na]*): 310.9751, Found: 310.9747.

3-Chloro-4-((4-ethylphenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (4c)
Colorless oil (80 mg, 84%); *H NMR (400 MHz, CDCls), d: 1.27 (t, J = 8.0 Hz, 3H, CHs), 2.76 (g, J =
8.0 Hz, 2H, CH>), 3.61 (s, 3H, OCHg), 6.07 (s, 1H, CH), 7.42 (d, J = 8.0 Hz, 2H, ArH), 7.93 (d, J = 8.0 Hz,

S10



2H, ArH); 3C NMR (100 MHz, CDCl3), d: 14.9, 29.1, 58.2, 102.0, 129.1, 132.5, 135.3, 150.7, 153.0, 162.8;

ESI-HRMS, m/z (%): Calcd for C13H13CINaOsS ([M+Na]*): 339.0064, Found: 339.0072.

4-((4-(tert-Butyl)phenyl)sulfonyl)-3-chloro-5-methoxyfuran-2(5H)-one (4d)

White solid (88 mg, 85%); m.p. 87.6-89.3 C; *H NMR (400 MHz, CDCls), §: 1.35 (s, 9H, 3CHj3), 3.62
(s, 3H, OCH3), 6.08 (s, 1H, CH), 7.61 (d, J = 8.0 Hz, 2H, ArH), 7.94 (d, J = 8.0 Hz, 2H, ArH); *C NMR
(100 MHz, CDCls), ¢: 31.0, 35.5, 58.2, 102.0, 126.6, 128.8, 132.6, 135.0, 150.7, 159.8, 162.8; ESI-HRMS,

m/z (%): Calcd for C1sH17CINaOsS ([M+Na]*): 367.0377, Found: 367.0385.

3-Chloro-4-((4-fluorophenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (4e)

Colorless oil (46 mg, 50%); 'H NMR (400 MHz, CDCls), J: 3.64 (s, 3H, OCHj3), 6.08 (s, 1H, CH),
7.27-7.32 (m, 2H, ArH), 8.03-8.08 (m, 2H, ArH); **C NMR (100 MHz, CDCls), §: 58.4, 101.9, 117.0 (d, J
= 23.0 Hz), 132.0 (d, J = 10.0 Hz), 133.2, 134.2 (d, J = 3.0 Hz), 150.2, 162.5, 166.9 (d, J = 259.0 Hz); °F
NMR (376 MHz, CDCls), d: -99.7; ESI-HRMS, m/z (%): Calcd for C11HsCIFNaOsS ([M+Na]*): 328.9657,

Found: 328.9654.

3-Chloro-4-((4-chlorophenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (4f)

Colorless oil (42 mg, 43%); *H NMR (400 MHz, CDCls), J: 3.64 (s, 3H, OCHj3), 6.08 (s, 1H, CH),
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7.59 (d, J = 8.0 Hz, 2H, ArH), 7.96 (d, J = 8.0 Hz, 2H, ArH); 3C NMR (100 MHz, CDCls), 5: 58.5, 101.9,
129.9, 130.3, 133.4,136.6, 142.5, 150.0, 162.5; ESI-HRMS, m/z (%): Calcd for C11HsCizNaOsS ([M+Na]*):

344.9362, Found: 344.9360.

4-((4-Bromophenyl)sulfonyl)-3-chloro-5-methoxyfuran-2(5H)-one (49)

Colorless oil (38 mg, 35%); *H NMR (400 MHz, CDCls), 6: 3.64 (s, 3H, OCHs), 6.08 (s, 1H, CH),
7.76 (d, J = 8.0 Hz, 2H, ArH), 7.88 (d, J = 8.0 Hz, 2H, ArH); 13C NMR (100 MHz, CDCls), 6: 58.5, 101.9,
128.9, 130.3, 132.9, 133.5, 137.8, 149.9, 162.5; ESI-HRMS, m/z (%): Calcd for CiiHsBrCINaOsS

(IM+Na]*): 388.8857, Found: 388.8845.

3-Chloro-5-methoxy-4-((4-methoxyphenyl)sulfonyl)furan-2(5H)-one (4h)

Colorless oil (84 mg, 87%); 'H NMR (400 MHz, CDCls), d: 3.61 (s, 3H, OCHs), 3.90 (s, 3H,
ArOCHs), 6.06 (s, 1H, CH), 7.05 (d, J = 8.0 Hz, 2H, ArH), 7.95 (d, J = 8.0 Hz, 2H, ArH); 13C NMR (100
MHz, CDCls), d: 55.9, 58.1, 102.0, 114.8, 129.4, 131.3, 131.9, 151.0, 162.9, 165.3; ESI-HRMS, m/z (%):

Calcd for C12H11CINaO6S ([M+Na]*): 340.9857, Found: 340.9862.

3-Chloro-5-methoxy-4-((4-(trifluoromethyl)phenyl)sulfonyl)furan-2(5H)-one (4i)
Colorless oil (31 mg, 29%); 'H NMR (400 MHz, CDCls), 6: 3.66 (s, 3H, OCHj3), 6.11 (s, 1H, CH),
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7.88 (d, J = 8.0 Hz, 2H, ArH), 8.17 (d, J = 8.0 Hz, 2H, ArH); 3C NMR (100 MHz, CDCl3), 8: 58.7, 101.9,
125.5 (g, J = 271.0 Hz), 126.6 (q, J = 4.0 Hz), 129.5, 131.9, 126.4 (g, J = 33.0 Hz), 136.7, 149.5, 162.3; 1F
NMR (376 MHz, CDCls), 6: -63.4; ESI-HRMS, m/z (%): Calcd for C12HsCIFsNaOsS ([M+Na]*): 378.9625,

Found: 378.9622.

3-Chloro-5-methoxy-4-(o-tolylsulfonyl)furan-2(5H)-one (4j)

Colorless oil (75 mg, 83%); *H NMR (400 MHz, CDCls), J: 2.46 (s, 3H, ArCHz), 3.60 (s, 3H, OCHj3),
6.07 (s, 1H, CH), 7.46-7.56 (m, 2H, ArH), 7.81-7.85 (m, 2H, ArH); *C NMR (100 MHz, CDCls), J: 21.4,
58.1, 101.9, 126.1, 129.0, 129.4, 132.8, 136.3, 138.0, 140.0, 150.5, 162.7; ESI-HRMS, m/z (%): Calcd for

C12H11CINaOsS ([M+Na]*): 324.9908, Found: 324.9909.

3-Chloro-4-((2,5-dimethylphenyl)sulfonyl)-5-methoxyfuran-2(5H)-one (4k)

Colorless oil (79 mg, 83%); *H NMR (400 MHz, CDCls), &: 2.40 (s, 3H, ArCHz), 2.56 (s, 3H, ArCHs),
3.46 (s, 3H, OCHj3), 6.00 (s, 1H, CH), 7.23 (d, J = 8.0 Hz, 1H, ArH), 7.39 (d, J = 8.0 Hz, 1H, ArH), 7.87 (s,
1H, ArH); 13C NMR (100 MHz, CDCls), 6: 19.8, 20.8, 57.5, 101.8, 130.9, 131.8, 132.9, 135.5, 136.0, 136.4,
137.0, 150.0, 162.8; ESI-HRMS, m/z (%): Calcd for Ci3Hi3CINaOsS ([M+Na]*): 339.0064, Found:

339.0070.

3-Chloro-4-(mesitylsulfonyl)-5-methoxyfuran-2(5H)-one (41)
White solid (78 mg, 79%); m.p. 101.5-102.9 C; *H NMR (400 MHz, CDCls), 6: 2.32 (s, 3H, ArCHs),
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2.60 (s, 6H, 2ArCHs), 3.46 (s, 3H, OCHs3), 5.95 (s, 1H, CH), 7.00 (s, 2H, ArH); 3C NMR (100 MHz,
CDCls), &: 21.2, 22.5, 57.3, 101.7, 130.0, 131.3, 132.5, 141.2, 1455, 151.1, 163.0; ESI-HRMS, m/z (%):

Calcd for C14H15CINaOsS ([M+Na]*): 353.0221, Found: 353.0230.

4-([1,1'-Biphenyl]-4-ylsulfonyl)-3-chloro-5-methoxyfuran-2(5H)-one (4m)

Colorless oil (82 mg, 75%); *H NMR (400 MHz, CDCls), J: 3.65 (s, 3H, OCHs), 6.11 (s, 1H, CH),
7.44-7.52 (m, 3H, ArH), 7.62 (d, J = 8.0 Hz, 2H, ArH), 7.81 (d, J = 8.0 Hz, 2H, ArH), 8.09 (d, J = 8.0 Hz,
2H, ArH); 3C NMR (100 MHz, CDCls), 6: 58.3, 102.0, 127.5, 128.1, 129.1, 129.2, 129.4, 132.9, 136.5,
138.6, 148.4, 150.5, 162.7; ESI-HRMS, m/z (%): Calcd for C17H13CINaOsS ([M+Na]*): 387.0064, Found:

387.0070.

3-Chloro-5-methoxy-4-(naphthalen-1-ylsulfonyl)furan-2(5H)-one (4n)

Colorless oil (81 mg, 80%); 'H NMR (400 MHz, CDCls), d: 3.39 (s, 3H, OCHj3), 6.02 (s, 1H, CH),
7.61-7.73 (m, 3H, ArH), 7.99 (d, J = 8.0 Hz, 1H, ArH), 8.22 (d, J = 8.0 Hz, 1H, ArH), 8.44 (d, J = 8.0 Hz,
1H, ArH), 8.67 (d, J = 8.0 Hz, 1H, ArH); 3C NMR (100 MHz, CDCls), §: 57.4, 101.8, 123.3, 124.4, 127.5,
129.0, 129.4, 129.5, 132.3, 132.4, 132.6, 134.0, 137.1, 150.0, 162.7; ESI-HRMS, m/z (%): Calcd for

C1sH11CINaOsS ([M+Na]*): 360.9908, Found: 360.9913.
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3-Chloro-5-methoxy-4-(naphthalen-2-ylsulfonyl)furan-2(5H)-one (40)

Yellow solid (83 mg, 82%); m.p. 104.8-105.9 C; 'H NMR (400 MHz, CDCls), J: 3.61 (s, 3H, OCH),
6.12 (s, 1H, CH), 7.64-7.75 (m, 2H, ArH), 7.93-8.06 (m, 4H, ArH), 8.62 (s, 1H, ArH); 13C NMR (100 MHz,
CDCls), d: 58.2, 102.0, 122.6, 128.1, 129.8, 129.9, 130.3, 131.5, 132.0, 132.9, 134.9, 136.0, 150.5, 162.7;

ESI-HRMS, m/z (%): Calcd for C1sH11CINaOsS ([M+Na]*): 360.9908, Found: 360.9915.

3-Chloro-5-methoxy-4-(thiophen-2-ylsulfonyl)furan-2(5H)-one (4p)

White solid (57 mg, 65%); m.p. 81.8-83.5 TC; *H NMR (400 MHz, CDCls), : 3.65 (s, 3H, OCHy),
6.09 (s, 1H, CH), 7.21-7.25 (m, 1H, ArH), 7.87-7.90 (m, 2H, ArH); 13C NMR (100 MHz, CDCls), 5: 58.4,
102.0, 128.6, 132.6, 136.6, 137.3, 138.7, 150.1, 162.7; ESI-HRMS, m/z (%): Calcd for CoH-CINaOsS;

([M+Na]*): 316.9316, Found: 316.9318.

o
3-Chloro-5-ethoxy-4-tosylfuran-2(5H)-one (4q)

Yellow solid (81 mg, 86%); m.p. 63.2-64.7 T (63 T'%); 'H NMR (400 MHz, CDCls), 6: 1.27 (t, J =

8.0 Hz, 3H, CHa), 2.47 (s, 3H, ArCHs), 3.83-3.97 (m, 2H, OCH>), 6.15 (s, 1H, CH), 7.40 (d, J = 8.0 Hz, 2H,

ArH), 7.92 (d, J = 8.0 Hz, 2H, ArH); **C NMR (100 MHz, CDCls), é: 14.8, 21.9, 67.7, 101.1, 129.0, 130.1,

132.4, 135.3, 146.9, 150.8, 163.0; ESI-HRMS, m/z (%): Calcd for C1sH13CINaOsS ([M+Na]*): 339.0064,

Found: 339.0070.

0,
S, Cl
oL
3-Chloro-5-isopropoxy-4-tosylfuran-2(5H)-one (4r)
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White solid (81 mg, 80%); m.p. 75.8-77.2 T (76 €1°); 'H NMR (400 MHz, CDCls), §: 1.25 (d, J =
8.0 Hz, 3H, CHs), 1.34 (d, J = 8.0 Hz, 3H, CHs), 2.47 (s, 3H, ArCHs), 4.13-4.21 (m, 1H, OCH), 6.24 (s, 1H,
CH), 7.39 (d, J = 8.0 Hz, 2H, ArH), 7.92 (d, J = 8.0 Hz, 2H, ArH); 3C NMR (100 MHz, CDCls), J: 21.8,
21.9, 22.9, 75.9, 100.3, 129.0, 130.1, 132.4, 135.4, 146.8, 151.1, 163.1; ESI-HRMS, m/z (%): Calcd for

C14H15CINaOsS ([M+Na]*): 353.0221, Found: 353.0226.

3-Chloro-5-(cyclohexyloxy)-4-tosylfuran-2(5H)-one (4s)

Colorless oil (85 mg, 77%); *H NMR (400 MHz, CDCls), d: 1.25-1.49 (m, 6H, 3CHy), 1.72-2.06 (m,
4H, 2CHy), 2.47 (s, 3H, ArCHs), 3.84-4.92 (m, 1H, OCH), 6.29 (s, 1H, CH), 7.40 (d, J = 8.0 Hz, 2H, ArH),
7.93 (d, J = 8.0 Hz, 2H, ArH); *C NMR (100 MHz, CDCls), 6: 21.9, 23.6, 23.7, 25.2, 31.6, 32.8, 81.4,
100.3, 129.0, 130.1, 132.5, 135.4, 146.8, 151.2, 163.1; ESI-HRMS, m/z (%): Calcd for C17H19CINaOsS

(IM+Na]*): 393.0534, Found: 393.0538.

5-(Benzyloxy)-3-chloro-4-tosylfuran-2(5H)-one (4t)

White solid (73 mg, 64%); m.p. 79.8-81.5 T; 'H NMR (400 MHz, CDCls), §: 2.40 (s, 3H, ArCHa),
4.78-4.95 (dd, J1 = 12 Hz, J> = 12 Hz, 2H, OCH), 6.25 (s, 1H, CH), 7.23 (d, J = 8.0 Hz, 2H, ArH),
7.34-7.41 (m, 5H, ArH), 7.80 (d, J = 8.0 Hz, 2H, ArH); *C NMR (100 MHz, CDCls), : 21.8, 73.6, 100.3,
128.7, 128.8, 128.9, 129.0, 130.0, 132.5, 134.7, 135.1, 146.8, 151.0, 162.9; ESI-HRMS, m/z (%): Calcd for

C1gH15CINaOsS ([M+Na]*): 401.0221, Found: 401.0225.
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3-Chloro-5-phenoxy-4-tosylfuran-2(5H)-one (4u)

Colorless oil (89 mg, 63%); *H NMR (400 MHz, CDCls), 6: 2.49 (s, 3H, ArCHs), 6.63 (s, 1H, CH),
7.12 (d, J = 8.0 Hz, 2H, ArH), 7.17-7.22 (m, 1H, ArH), 7.36-7.41 (m, 1H, ArH), 7.44 (d, J = 8.0 Hz, 2H,
ArH), 7.99 (d, J = 8.0 Hz, 2H, ArH); *3C NMR (100 MHz, CDCls), 6: 21.9, 99.5, 117.7, 125.0, 129.0, 130.0,
130.3, 133.1, 135.3, 147.2, 150.4, 155.9, 162.5; ESI-HRMS, m/z (%): Calcd for C17H13CINaOsS ([M+Na]"):

387.0064, Found: 387.0069.

4-Chloro-5-oxo0-3-tosyl-2,5-dihydrofuran-2-yl acetate (4v)

Yellow solid (57 mg, 48%); m.p. 113.5-114.9 T; *H NMR (400 MHz, CDCls), 5: 2.14 (s, 3H, CHsCO),
2.49 (s, 3H, ArCHs), 7.20 (s, 1H, CH), 7.44 (d, J = 8.0 Hz, 2H, ArH), 7.89 (d, J = 8.0 Hz, 2H, ArH); *C
NMR (100 MHz, CDCls), ¢: 20.4, 21.9, 90.8, 128.7, 130.5, 132.4, 134.9, 1475, 150.5, 162.3, 167.7;

ESI-HRMS, m/z (%): Calcd for C13H11CINaOsS ([M+Na]*): 352.9857, Found: 352.9861.
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Data of Single-crystal X-ray Analysis

Table S1  Crystal data and structure refinement for 3a

Compounds

3a

Empirical formula

Formula weight
Temperature (K)
Wavelength (A)

Crystal system, space group
Unit cell dimensions (A, 9

Volume (A?3)

Z, Calculated density (Mg/m?®)
Absorption coefficient (mm™)
F(000)

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta
Absorption correction
Refinement method

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

Final R indices [I >2sigma (1)]
R indices (all data)

Largest diff. peak and hole

C12H11BrOsS

347.18

294.77(10)

0.71073

Monoclinic, P 1 21/c 1

a=9.7719(7), b = 19.2524(18), ¢ = 7.2602(5)
a =90, B = 95.126(6), y = 90
1360.42(19)

4,1.695

3.187

696

2.976 to 25.681 deg.
-11<=h<=11, -23<=k<=22, -7<=I<=8
5414 / 2581 [R(int) = 0.0327]
99.9 %

Semi-empirical from equivalents
Full-matrix least-squares on F2
2581/0/174

1.021

R1 =0.0490, wR2 = 0.1046
R1=0.0859, wR2 =0.1208
0.447 and -0.480 e.A™-3

Figure S1 The molecular structure of 3a
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Table S2  Crystal data and structure refinement for 41

Compounds

41

Empirical formula

Formula weight
Temperature (K)
Wavelength (A)

Crystal system, space group
Unit cell dimensions (A, 9

Volume (A?)

Z, Calculated density (Mg/m?)
Absorption coefficient (mm™)
F(000)

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta
Absorption correction
Refinement method

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

Final R indices [I >2sigma (1)]
R indices (all data)

Largest diff. peak and hole

C14H15CIOsS

330.77

297.7(2)

0.71073 A

Triclinic, P-1

a =8.8450(8), b =10.8877(11), c = 16.8698(12)

a = 93.769(7), B = 94.701(7), y = 109.666(9)
1517.1(2)

4,1.448

0.407

688

3.265 to 26.372 deg.
-10<=h<=11, -13<=k<=13, -21<=I<=21
11666 / 6184 [R(int) = 0.0280]
99.7 %

Semi-empirical from equivalents
Full-matrix least-squares on F2
6184 /0/ 387

1.028

R1=0.0474, wR2 = 0.1196
R1=0.0644, wR2 = 0.1316
0.900 and -0.385 e.A"-3

Figure S2  The molecular structure of 41
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Table S3  Crystal data and structure refinement for 4t

Compounds 4t
Empirical formula C18H15CIOsS
Formula weight 378.81
Temperature (K) 298.14(10)
Wavelength (A) 0.71073 A
Crystal system, space group Triclinic, P-1
Unit cell dimensions (A, 9 a=17.6242(5), b = 10.1996(6), ¢ = 23.1308(15)
a = 87.932(5), 5 = 88.886(5), y = 79.665(5)
Volume (A?) 1768.2(2)
Z, Calculated density (Mg/m?) 4,1.423
Absorption coefficient (mm™) 0.359
F(000) 784
Theta range for data collection 2.844 to 26.368 deg.
Limiting indices -9<=h<=9, -12<=k<=12, -28<=I<=28
Reflections collected / unique 13434 /7225 [R(int) = 0.0215]
Completeness to theta 99.9 %
Absorption correction Semi-empirical from equivalents
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 7225/0/ 453
Goodness-of-fit on F2 1.024
Final R indices [I >2sigma (1)] R1=0.0501, wR2 = 0.1077
R indices (all data) R1=0.0777, wR2 = 0.1235
Largest diff. peak and hole 0.297 and -0.334 e. A™-3

dc

Q@c1
@o

JS

Figure S3  The molecular structure of 4t
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NMR Spectra for All Compounds 3a-4v

= o= O =t o -
S o < =) ) <+
et el Sl =] lag] [
- [ I I

O
7,
O//S/ Br
NIt
(@] o) (0]
| |
rJJ i i
o (o] o — -
<o o o o o
ool — er e
13 12 11 10 9 8 7 6 5 4 3 2 1
f1 (ppm)

'H NMR spectrum of compound 3a

v OO o NO N (o]
Rl i o — )
own st oo o) (=] oo —
—_—— —_——— — — vl 1
PO NN A | I |
O
7,
_s” Br
4
0" N—
AN
(0] o) (0]
|
]
i ‘
]
L
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20
f1 (ppm)

13C NMR spectrum of compound 3a

S21



09€— —— B

09— —

—a0'e

—00°1

=00’

—807C

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 3b

1'8¢—

I'eol—

6T

06T ~M
NTARE
Peel-7
08¢ T\

L'pST—
PE9—

210

=]

(=]

(e8]

=]

& 8
ge]
<
>
o
o

o £

N O
(&

SN
8 ° N
N
& § &
 —
508
D

=

o F

—

o
Z
O
[32]
—
=]
~
—



-

$0'9— I

L

eVl -
Po'L —_—
hw

96

=70t

=S0't

e
_voo.m L

=20

=00°1

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3c

otl—

1'67—

I'85—

TE0l—

PETT,
0°6T1
76Tl
1ser

0EST—~
0'ss1/
SE91—

M

il

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3¢

S23



e -

19°¢—

09—

09°Ln
79+
6L
L6

=006

—00°¢

=20t

=00°1

=C0°C

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3d

0'1g~
§eE—

1'8¢—

CE0l—

SETIA,
9971~
68717
8reT/

068~
8661~
9'e91

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3d

S24



£9'e—

S09— R

9C'L
6T'L
el
90°8
80’8
60'8
01’8

0071 |

—-10°€

=60"C

=00T [

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3e

9E'85—

01'€01—
$89114
80°LTT,
LOHTT
20TET
TITElL
rorel ]
LOpET

WP I~
mm.mm:/
097691~
81891

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3e

S25



30 20 10 0O -10 -30 -50 =70 -90 -110 -130 -150 -170
f1 (ppm)

1F NMR spectrum of compound 3e

S26

-190



o o0 Oy I~ v o
D Oy vy [e=} =)
o6~ =~ g o
—~ I I
|
n
\
| | |
Cl
O
7,
O,/S/ Br
Ot
0" Ny S0
1
e
Ty 1 i
o < < f)
o o [==} =
e —_ ofi
13 12 11 10 9 8 7 5 4 3 2 1 0 -1

6
f1 (ppm)

'H NMR spectrum of compound 3f

o o v ow st Oy —_—
i i8S o of =
g o XTozad = £
| NS S A | |
Cl
O
7
.S Br
v
0" Y—
AN
)

230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

13C NMR spectrum of compound 3f

S27



£9'e—

09—

El.w,
9L L
68LT
16°7

Br

S-S0t

00T

—00°1

MO r

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 3g

86—

Ieol—

P¥Tli~
£0€~
6'Tel
8LET
6Tk

4275
Te9—

Br.

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3g

S28



09°€~
06'c—

$0'9—
€0°L
SO'L

§6'L
Le'Ls

L

-00°t

=$0°C

~60°¢t |

00T

~€0°C

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3h

6'68~
1'85

TE0l—

8PIl—
LTI~
T6TIN
PIEl—

TSI~
991
Ts91-

90 80 70 60 50 40 30 20

0

10

170

<
™
=]
c
>
o
Q.
IS
o
o
Y
g ©
Opm =
— (9
- n
>
= 5
D
5 &
o
2 pd
—
O
™
—
<
(=3}
—

210

230



97— ——
09€— ———m— Lﬂ%..m
_
,m
$09— — 00T |
|
LY'Ln |
@.EM |
~m.h —_— \i¢ThD.N
€5°L . ~ Lo
mm.; = L
¥8 L)
58t
O
@
o I 0o
N\
(7))
ANU e
/

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3i

1T

0'86—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3i

S30



o~
ST

e ——

96°¢—

L
bTL
wm.ﬁ‘ﬁ
ov'L
06°L

sLOE

UK

00

S—C0'E

=00°1

||r%¢o.—
"80°1
%0l

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3j

661
807

PLE—

6'T01—
€Tl
:mL
6'TET|
E'SETY|
o.@m_/
P9l
oLer
TSI
§EII—

Handprgnd

0

90 80 70 60 50 40 30 20 10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3j

S31



EET~ —

09T~ -

Lye— E—

16— —

00'L— R

A

-0t
~¥09

—¢0't

0T F

=00°T |

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 3k

TIT
97T

TLS—

6'TOL—

m.oﬁx
[NEA S
szeld
CIPI—
25458
PESTA
L€91
\

90 80 70 60 50 40 30 20

0

10

170

X
o
=]
c
>
o
Q.
IS
o
o
Y
mlo
Opm N
— ™
-5 »N
>
B
D
2 &
o
2 pza
—_
O
™
—
<
(=3}
—

210

230



POE— —

LO'E

=00°1 |

Mmo”m

=~10°C

10T F

00T

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3

T8¢~

TE0l—

8'€TIH

PLTI
:wm_w
EN%
76Tl %
5671
m.omL_j
L8ELY
Eﬁi
gFST

S'€9T

90 80 70 60 50 40 30 20

210

230

0

10

170 150 130 110
f1 (ppm)

190

13C NMR spectrum of compound 3l

S33



8¢'E—

86'S—
€94
59°L;
L9°L
69°L
1L
AR
86'LI
008
178
€78
ST'8
LFS
#9'81
99'g’

=—50°¢

Hmo.m

=201

-00°T -

TS|
..uxg._
—

o |

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3m

£LS—

s
Al
LTIy
€6T1
$6T1
PTETT
o.wm%
oLer!

ersl—
PEol—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3m

S34



19'¢— -

60°9—
L9"LA

89°L
ILLy
€Ll

Po'L
96°L
86°L]
008
€08
S0'8
9’8’

—El'e

m_&o.m

YrL0T |
%5._

00T

=00°1 |

00T L

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3n

1'8¢—

ETE
08T
rserf
671
6671
€0l
orerd
ooet

8PST—
CE9l—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3n

S35



P9€—

90°9—
NN.E
£CL
YL

L8'L
mw.nw
68'L

06°L’

=—L0t

—00°1

‘Jxmo._ I

00T |

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 30

£'85—

Te0l—

SETI
9'8T1+
9'9€ T,
TLETL
g1’

14215
PE9—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 30

S36



Tro- —

6e'L

S T
mm.hw —

S6'L

——— 50t

——L0'E

==mf 8T |

=80T

=—00'T |

=00°C

6 5
f1 (ppm)

-

12 11 10

13

IH NMR spectrum of compound 3p

SvI—
[

L9~

£TOl—

TETI,
16T T,
1€
Iser

69T
I'ss1—
L'E9TA

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3p

S37



§T1
9T I
e
se'1/

Lyi— —

P
\

o1
w_.@.
61
17y

179~

8¢'L
or'L

£6°L
mm.hW

6 5
f1 (ppm)

-

12 11 10

13

1H NMR spectrum of compound 3q

6'SL—

S101—

€T,
1'6T1~,
00eT
el

gorT/
pssT—
69T

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3q

S38



9T 9—

8¢'L
oL
S6'L
g.hv

—00'1

°—€0°T
Mrs.m

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 3r

612
L'€T|
8€T
m.m&m
LTE
8TE

P18—
S101—

PETT,
1621,
00eT”
TseT”

gopT/
§5SI—
6E9T

0

90 80 70 60 50 40 30 20 10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3r

S39



[0) i

8L'F
E.v//r

cev]

——c0't

0T |

\J -L0T
S0’

—00°1 |

‘__.wo”m F

90z T

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3s

8'1T—

9eL—

£1)

o.mmi

8'8TIH
6'8C1
recl

001
Reacd

8P/
TsS1—
LT,

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3s

S40



6bT— ~€0°€
099,
1L
€1
Lre B ] 001
61 .
. %mo T
7L o I
9¢'L —_— e .
. 60T
8¢ L {leot
ot'L e - 70
L)
e _ o
00'8 foa
08
o, | ©
\
%)
NS
o O

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3t

61—

L001—
UL

o.wﬁ/
3&}
1'6T1
00E 1
€0ET
rserd
TLrl~
LS T,
65517
£€91—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3t

S41



PI'T—
6T

LTI
Ll
vl
06°L

N@.hﬂ

e

|

—L0E

Iﬁmo T

——-807T |

—$0°€ |

00T |

6 5

f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 3u

0T~
6177

0'C6—

T'€TT
8871~
FOET
8peT/

PLpT
LT
1'€91-,
LL9T~

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 3u

S42



LY i—

09'€—

LO9—

mm.h
:u.wV
68'L
16'L

=—00"¢

<=0t

ano T

—00°T |

=00°T [

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 4a

[

86—

0Tol—

6'8T1
N.om_w
STET
zser!

0Lt~
L0ST-

8791

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4a

S43



9e—

60°9—
09°'L
9Ly
¥o°L
PLL
Oh.hw

wh.w.k_
€0'8]

0’8’

I

~£0'¢

= 00°1 |

90t

TTMROT |

7007

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 4b

T8¢~

0Tol—

6821
$6TIL
0EE1—
pse1
T8¢l

bOST—

LT9T—

90 80 70 60 50 40 30 20

0

10

170

Q0
<
=)
o
>
o
Qo
IS
o
(&)
Y
m, o
[y} m <
— <
-5 )
>
=
s
2 &
o
2 pzd
—
O
™
—
<
(=3}
—

210

230



mmé
hm.ﬂw I‘|
6C'1

£L'T

SLTH

LLT

6L/

9¢c —

L09— —

.

=80t

-10¢

001 |

—0T

~00°C

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4c

otl—

1'67—

T'8¢—

0Tol—

1'6T1~
STET~
€51

LOsT—
o.mmT\.
8T~

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4c

S45



CEl— —

9e—

80°9—

ooH
No.hw
€6°LT
nm.h\

=—£0'6

—c0¢

- 00°1 |

——l 1T
)

20T -

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 4d

0'1g—~
§eE—

T'8¢—

0CcoI—

9971
w.mm_./f
9TET-
0'5eT/

LosT—
8651
BT9I~

90 80 70 60 50 40 30 20

0

10

170

©
<
=)
c
>
o
Qo
IS
o
(&)
Y—
T © ©
Opm <
R N
>
=
3
2 &
nd
m Z
@)
™
—
[
2

210

230



Fo'E—

809—
LTl

6T'L
€L

¥0'8
S0'8
90°8

LO'8

—80'¢t

=60°C

=00°1 |

=¥0T

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4e

EF8s—

167101~

16911

el

€0'Cel
m—.mm—ﬂ
corel’

810§ 1—
PSTOTA

09'59T—
618917

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4e

S47



30 20 10 0O -10 -30 -50 =70 -90 -110 -130 -150 -170 -190
f1 (ppm)

F NMR spectrum of compound 4e

S48



- v oo o0 =T
a5 3N S g
[l S el £ bt
—~ | [
|
\| |
Cl
O
7,
.S, Cl
0" Y—
N
0 Ny~ S0
I
[ i |
= o0 <o o0
cl ol — o
13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
f1 (ppm)
'H NMR spectrum of compound 4f
vy < vy D = o Oy [}
ol Sl S = i
s oZzood = £
[T I I
Cl

230 210 190 170 150 130 110

90 80 70 60 50 40 30 20 10 O
f1 (ppm)

13C NMR spectrum of compound 4f

S49



o~ [~ vy 0 =T
00 0Q = e
oo ol o =l gl
e I I

Br. ‘
o)
7,
O//s/ Cl
\ IL
0" Ny~ 0
JAJI I
A l |
s38 g 2
ol o — o
13 12 11 10 9 8 7 6 5 4 3 2 1 0
f1 (ppm)
'H NMR spectrum of compound 4g
§ InMERE = %
T =2 T |
Br.
o)
O//s// o]
N /Z_Ss
07Ny 0
o
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

f1 (ppm)

13C NMR spectrum of compound 4g

S50



o= o= o o =
S S22 2 S o
Lol T S =l o o
N~ N I v
]
[
. |
—0
o]
7,
,S.  Cl
0" N—
N
07Ny 0
i
l II L
¥ ¥ 1 [
o el o o <o
= = 3 3
(] (] — ofl o)
13 12 11 10 9 8 7 6 5 4 3 2 1 0
f1 (ppm)
'H NMR spectrum of compound 4h
ma 2 < o0 < o
g & =ma& X 8 %
N | S | | N
|
—0
o]
7,
8. Cl
0" N—
N
]
0" g 0
]
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

13C NMR spectrum of compound 4h

S5l



99'¢— -

1o

L8'L
mm.br
91’8
8I'8

—=060t

2=00°T [

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 4i

99°85—

58601
659T11
£9°97 1
99971
0L9Z1
o6zl
899E 17

8t'ori—

ST~

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4i

S52



—-63.4

30 20 10 0O -10 -30 -50 =70 -90 -110 -130 -150 -170 -190
f1 (ppm)

F NMR spectrum of compound 4i

S53



W

09€— -

LO'9—
L¥L
6t L
1$°L
€L

78]
€8t

—20¢
b0'€
— 001 |
00T
——107 |
_ (@]
O
o Il o
//
%)
ANU o
/

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4j

1T

1'8¢—

6'101—

SN;
0°6TT
¥6zT1
8TEN
m.am%
0'8ET
0orr
$0ST
L'T91—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4;j

S54



(1) N
98T

o

009

7T

pTLL
8e L
oF'LYs
L8

1

10
"90'€

-0t

AR

=00°T

€01 |

=001

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4k

861
807

L

8'101—

6'0€l
81y
6'TE [y
Ssel
09¢1
Foetl
0Let
0061~

8T91—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4k

S55



—7.00
—5.95
—3.46
- -2.60
~2.32

@)
7,
8. Cl
0" Y—
N
0" ~o” 70 .
1 Li.-l.,.)
1 1 1 by
o = — Lalast
(=] (= o o o
i - efi e
13 12 11 10 9 8 7 6 5 4 3 2 1 0
f1 (ppm)
'H NMR spectrum of compound 4l
[ — W o O Lang
R R R s =] — o v el
N owvn SR - o of o (=] — o) —
— = = = — v [ B}
B T I | S
@)
7,
8. Cl
0" Y—
N
0 Ny 0
1
i
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

13C NMR spectrum of compound 4l

S56



§Ot— — - 10°€
1ro— — =001 |
mv.j

9F'L

8L :

) o Jd_ﬂmo £
Om.h — -uulllpl.ﬂ..l“hmoo.m
1S4 o B MerON L
19°L] FDD.N
£9°L
08'L 3

@)
8L _
808
or's nU//

S/

\)

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4m

£'85—

Lot
18214
1621
T6Tl
76Tl
§9€1
9'8E1—
1
SosT

LT~

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4m

S57



6E'E—

09—
mo.j

Po'L
99'L
89°L
69°L7]

1L
aNE |
86'L]
008}
1781
€78
8]
18]
99°8]
89'g’

- 10°¢

T0°€
101

N

1071

=00°T

Ilwllw
— ot
..|J~ 10°1

Yoot |

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4n

PLE—

Blof

P¥Cl

LT LW
P6Tly
S'6Tl~t
£Tel—
el

006T—

LT9T—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4n

S58



9¢- ———— —-70°€
Zro— e =001 |
L9°L,
69°L
1P
. _ “HMBD.N
€L I ) =00z |
v6'L - B |H?5.m
96°L . i} =00'T
g0l
B.ﬂ_ _ O
798 O
o M P
N\
(7))

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 40

78—

891
SNL:
8671

m.mmhﬁ
€01

SIET
09€14
S0ST—

LT~

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 40

S59



L
.
\

7.89
7.88
7.24
7.23
7.22
—6.09
—3.65

|
|
C ]
s—_0
e
O/d
AN
0 Ng” S0
N .
s o < %
1‘3 1I2 lll 1‘0 9 8 7 6 5 4 3 2 1 0 1
f1 (ppm)

IH NMR spectrum of compound 4p

™~ — N0 oo =)
od S g - O ol og ci =
=) R GRRURURS] =) %)
— v = v — v
| I == | |

230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

13C NMR spectrum of compound 4p

S60



ST1
hm._w —
6C'1

=90t

LY i— —

v8'€,
98¢
88'€ -

76'€
¥6°€]
96'E

S19— B

6t°L

L -

16°L P
mm.\.w

=-20¢

=== r60'CT |

- L0001 [

-|A¢S T

00T |

6 5
f1 (ppm)

-

12 11 10

13

1H NMR spectrum of compound 4q

Svl—
[

LL9—

I'ToT—

0'6T1
SQV
P TET;
m.mﬁ\
6'9PT~
8051~

09—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4q

S61



¥T 14
9T I
mm._\\ﬂ T
sE 1

LY i—

PC9—

8¢°L
ow.wV
16°L
£6°L

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4r

6'SL—
£001—

0°6TT
10gT-
P TELS
w.mmix
89PT~
I'IST-

1'eol—

A1 0 A AT g O L M Yo

0

90 80 70 60 50 40 30 20 10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4r

S62



STl
9T'1
€1
8€'T4
It'14
OF' 11
614
6LTH

s

06°T

F6' 1+ T

80°C
Ly'T-
98¢y
L8E
88'¢
mm.m._\
06°¢”

vo'z/
/

6C9—

om.w
:m.hw

6L -

Po'L

M.M}E.o
=feor
e

=601

00°1

Lﬂ% T

=80°C

6
f1 (ppm)

12 11 10

13

'H NMR spectrum of compound 4s

m._ﬁ
9€T
L€T
m.m&
9'7€
87€

PI8—

£001—

3,2
_.omb
STET,
w.mml
80pT~
TIST—

'e9l—

0

90 80 70 60 50 40 30 20 10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4s

S63



(1)

mhﬁ/
I8~

cev]

€T~
Nm.j
wm.gr
SEL
LEL
6t'L
oL
1L
6L°L
18°L-

—=-16C

T———¥FL0T |

NS08

001 |
10T |

~80°C |

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4t

8'1T—

9eL—

i
8871
6'8T1
0621
0°0€T
LET
rser”

89 [~
0rer—

6Tl

90 80 70 60 50 40 30 20

0

10

170

)
<
g=}
c
>
o
o
S
o
o
(Y
m,o
o A, <t
=& E &
R =
|3
D
o o
] )
0
=
2 Z
O
(32
—
[=]
(=)
2

210

230



6vT—

€99
IT°Ly
El'L
8Ly
0T'L
ITL
9¢'L
8¢'L
oL
v L
Sl
86°L
008~

—£0'Y

6 5
f1 (ppm)

-

12 11 10

13

'H NMR spectrum of compound 4u

6'1C—

$'66—
LLTl

o.mm;r
0'6Z1
00E T4
€01

UEETF
£5el
TLbl~
ST
6'SST+
ST91—

90 80 70 60 50 40 30 20

0

10

210 190 170 150 130 110
f1 (ppm)

230

13C NMR spectrum of compound 4u
S65



- (=]
0T~
6177
PIz— - A B
6bg— ——————— —— 10t
>
" <
ho]
S
= o
o
m 806—
e o
. Y
g (@]
6@ e
= 2
. = .
0T'L | Q L8TTy
£hL — - =-00'1 =% SOET-: -
S - - €0t e w.mm@
88'LT — - 90T | o S 6FET
06'L = S'LbT~
o S051-
o o L . o
| €791~ |
O LL9T—
Q S Qs
n @) n
N \Y
o) O/A o)
- o
s}

0

90 80 70 60 50 40 30 20 10

1';'0 1.%0 12;0 110
f1 (ppm)
13C NMR spectrum of compound 4v
S66

190

210

230



References

(1) Tan, Y.-H.; Li, J.-X.; Xue, F-L.; Qi, J.; Wang, Z.-Y. Concise synthesis of chiral 2(5H)-furanone
derivatives possessing 1,2,3-triazole moiety via one-pot approach. Tetrahedron 2012, 68, 2827-2843.

(2) Xue, F.-L.; Li, J.-X.; Wang, Z.-Y.; Xiong. J.-F. Synthesis of 5-alkoxy-4-amino-3-bromo-2(5H)-
furanones containing benzene rings. Res. Chem. Intermed. 2013, 39, 1153-1168.

(3) Huo, J.-P.; Peng, P.; Deng, G.-H.; Wu, W.; Xiong, J.-F.; Zhong, M.-L.; Wang, Z.-Y. Electrophoretic
deposition polymerization of diacetylenes with tunable structure. Macromol. Rapid Commun. 2013, 34,
1779-1784.

(4) Huo, J.-P;; Luo, J.-C.; Wu, W.; Xiong, J.-F.; Mo, G.-Z.; Wang, Z.-Y. Synthesis and characterization of
fluorescent brightening agents with chiral 2(5H)-furanone and bis-1,2,3-triazole structure. Ind. Eng. Chem.
Res. 2013, 52, 11850-11857.

(5) Xue, F.-L.; Peng, P.; Shi, J.; Zhong, M.-L.; Wang, Z.-Y. Synthesis of 4-diarylamino-3-iodo-2(5H)-
furanones via the simultaneous a-iodination and Nf-arylation by an efficient difunctionalizable transfer
reagent PhI(OAc),. Synth. Commun. 2014, 44, 1944-1956.

(6) Guan, L.-T.; Mo, G-Z.; Wu, Y.-C.; Liang, X.-Y.; Luo, Q.-F.; Wang, Z.-Y. Synthesis of 2(5H)-furanone
derivatives with biphenyl ether unit. Chin. J. Org. Chem. 2015, 35, 1081-1089.

(7) Shi, J.; Tang, X.-D.; Wu, Y.-C.; Li, H.-N.; Song, L.-J.; Wang, Z.-Y. Palladium-catalyzed desulfitative
arylation of 5-alkoxy-3,4-dibromo-2(5H)-furanone with sodium arylsulfinates. Eur. J. Org. Chem. 2015,
1193-1197.

(8) Shi, J.; Tang, X.-D.; Wu, Y.-C.; Fang, J.-F.; Cao, L.; Chen, X.-Y.; Wang, Z.-Y. A radical coupling
reaction of DMSO with sodium arylsulfinates in air:mild utilization of DMSO as C; resource for the
synthesis of arylsulfonyl dibromomethane. RSC Adv. 2016, 6, 25651-25655.

(9) Cao, L.; Luo, S.-H.; Wu, H.-Q.; Chen, L.-Q.; Jiang, K.; Hao, Z.-F.; Wang, Z.-Y. Copper(l)-catalyzed
alkyl- and arylsulfenylation of 3,4-dihalo-2(5H)-furanones (X=Br, Cl) with sulfoxides under mild
conditions. Adv. Synth. Catal. 2017, 359, 2961-2971.

(10) Latypova, L. Z.; Saigitbatalova, E. S.; Chulakova, D. R.; Lodochnikova, O. A.; Kurbangalieva, A. R;
Berdnikov, E. A.; Chmutova, G. A. Sulfides, sulfones, and sulfoxides of the furan-2(5H)-one series.

synthesis and structure. Russ. J. Org. Chem. 2014, 50, 521-534.

S67



