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(57) Abstract: The present invention discloses a method for preparing a perfluoroalky! sulfinate ester, comprising: subjecting an a-car-
bonyldiazo compound and sodium perfluoroalkyl sulfinate, which serve as reaction substrates, to a coupling reaction in an organic
solvent in the presence of inexpensive anhydrous copper acetate as an optimal catalyst and tert-butyl hydroperoxide (TBHP) as a green
oxidant, to obtain the perfluoroalkyl sulfinate ester. Compared to the prior art, the present method has the advantages of a wide range of
reaction substrates, a short reaction time, a high reaction yield, and mild reaction conditions, among others. The reaction does not require
pre-activation of sodium perfluoroalkyl sulfinate, which can participate in the reaction directly, making reaction operations simple. The
present method uses TBHP as a green oxidant and produces tert-butanol and water after reaction. Moreover, the present method avoids
using a bromide or a chloride as a reaction material, and thus avoids formation of a large amount of a halide salt. Therefore, the present
method is environmentally friendly and meets the requirements of contemporary green chemistry.
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[0050] 7ERXE F—WAINA 1a(0.2 mmol, 29.3 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZ#E EA2.0 mL), TBHP(1.0 mmol, 139 uL). #R)5Z%&kRETSH 60°C
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B E R RN AR Y 3a, WEA 75%. FTIE 0 FENREGE T, @
TR A, EBRE RS IR T — 2.
[0051] '"H NMR (400 MHz, CDCl;) 8 7.91-7.89 (m, 2H), 7.68-7.68 (m, 1H), 7.54-7.50 (m, 2H),
5.57 (d, J=16.8 Hz, 1H), 5.38 (d, J = 16.8 Hz, 1H). °C NMR (100 MHz, CDCl;) 8 191.1, 134.6,
133.1,129.1, 127.8, 67.8. "’F NMR (376 MHz, CDCl3) 8 -79.0 (s, 3F). HRMS (ESI-TOF): Anal.
Calcd. For CoH7F303;8+Na": 274.9960, Found: 274.9935; IR (neat, cm-1): v 2992, 2942, 1686,
1450, 1186, 953, 753, 713, 675
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[0053] 7EiREHF—&IMA 1b(0.2 mmol, 32.0 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #R/51%ERAETSH 60T
T MABERE 1 /NG, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, BRI EST RIS 3b, WEY 61%. P H EENHRBEE N T, &
TR, EBRE RS IR T — 2.

[0054] 'H NMR (400 MHz, CDCl;) & 7.79 (d, J= 8.2 Hz, 2H), 7.31 (d, J=8.0 Hz, 2H), 5.54 (d, J
= 16.7 Hz, 1H), 5.35 (d, J = 16.7 Hz, 1H), 2.44 (s, 3H). °C NMR (100 MHz, CDCl;) 8 190.7,
145.9,130.6, 129.8, 127.9, 67.9, 21.8. '°F NMR (376 MHz, CDCl;) & -79.1 (s, 3F). HRMS (ESI-
TOF): Anal. Calcd. For C10HoF505S+Na': 289.0117, Found: 289.0122; IR (neat, cm-1): v 2992,
2927, 1681, 1604, 1188, 1132, 948, 723
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[0056] 7ERE F—KIA 1¢(0.2 mmol, 34.9 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #R/51%ERAETSH 60T
T MABERE 1 /NG, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B E A ETRI IR 3¢, RN 64%. BB EENREHE N T, @
AT, EhRE RS B T — B

[0057] '"H NMR (400 MHz, CDCl3) & 7.82 (d, J= 8.3 Hz, 2H), 7.34 (d, J = 8.3 Hz, 2H), 5.55 (d,
J=16.6 Hz, 1H), 5.35 (d, J = 16.6 Hz, 1H), 2.73 (g, J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H). °C
NMR (100 MHz, CDCl;) § 190.7, 152.0, 130.8, 128.6, 128.1, 67.8, 29.1, 15.0. ’F NMR (376
MHz, CDCl3) 8 -79.0 (s, 3F).HRMS (ESI-TOF): Anal. Calcd. For C;;H; F3038+Na™: 303.0273,
Found: 303.0270; IR (neat, cm-1): v 2972, 2935, 2880, 1681, 1190, 952, 829, 765
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[0059] 7EiREHF—&IMA 1d(0.2 mmol, 40.5 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, JEEfE R R EITE AR 3d, WER 61%. FrflE WK FENREE DT, @
WAPTAT A, LRGBS R T — B

[0060] 'H NMR (400 MHz, CDCl3) 8 7.84 (d,J = 8.5 Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H), 5.55 (d,
J=16.7 Hz, 1H), 5.36 (d, J = 16.7 Hz, 1H), 1.35 (s, 9H). *C NMR (100 MHz, CDCl;) 8 190.7,
158.8, 130.6, 127.8, 126.1, 67.8, 35.3, 30.9. ’F NMR (376 MHz, CDCl;) 8 -79.0 (s, 3F). HRMS
(ESI-TOF): Anal. Calcd. For C1sH;5F;058+Na'™: 331.0586, Found: 331.0582; IR (neat, cm-1): v
2986, 2928, 2870, 1684, 1187, 953, 831, 718.
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[0062] 7ERE F—KIA 1e(0.2 mmol, 35.3 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B E A ET RN IR Y 3e, BN 56%. BB EENREE N T, @
TR A, EBRE RS IR T — 2.

[0063] '"H NMR (400 MHz, CDCl;) & 7.88 (d, J= 8.8 Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 5.52 (d,
J=16.5 Hz, 1H), 5.33 (d, J = 16.5 Hz, 1H), 3.89 (s, 3H).”C NMR (100 MHz, CDCl3) & 189.5,
164.7,130.3, 126.0, 114.3, 67.8, 55.6. '°F NMR (376 MHz, CDCl;) 8 -79.1 (s, 3F). HRMS (ESI-
TOF): Anal. Calcd. For C10HoF504S+Na': 305.0066, Found: 305.0059; IR (neat, cm-1): v 2974,
2846, 1669, 1181, 1048, 837, 721, 636.
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[0065] ERXE F—RIA 1a(0.2 mmol, 29.3 mg), 2e(0.6 mmol, 303.7 mg), Cu(OAc),(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
KAETIEBERE 1 NRHE, BEEEMA 2.0mL ZMRZEFRE, RTEEZ KR L. BRI
b, @A BRI AR 4d, W 70%. BT ErEme FENRBE T, @
TP ETAn, SEBRE U S EIR 0 — B

[0066] "H NMR (400 MHz, CDCl;) 8 7.96-7.86 (m, 2H), 7.68-7.64 (m, 1H), 7.54-7.50 (m, 2H),

8t

5.63 (d, J=16.6 Hz, 1H), 5.34 (d, J = 16.6 Hz, 1H). >C NMR (100 MHz, CDCl3) & 191.0,134.7,
133.2, 129.1, 127.9, 67.4, not all carbons are reported due to extensive '°F splitting. '°’F NMR (376
MHz, CDCl;) & -80.8 (t, J=9.9 Hz, 3F), -119.1--121.0 (m, 2F), -121.2--121.3 (m, 2F), -121.8--
121.9 (m, 6F), -122.72--122.73 (m, 2F), -126.11--126.14 (m, 2F). HRMS (ESI-TOF): Anal. Calcd.
For C16H;F1705S+Na’: 624.9737, Found: 624.9721; IR (neat, cm-1): v 2957, 2923, 2853, 1690,
1199, 959, 720, 687.
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[0068] 7EiREH—&IMA 1h(0.2 mmol, 36.2 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, BRI EST RIS 3h, IEY T1%. BTS00 EENHRBEE N T, &8
AT, EhRE RS B AT — B

[0069] 'H NMR (400 MHz, CDCly) 8 7.92-7.77 (m, 2H), 7.51-7.49 (m, 2H), 5.53 (d, J = 16.6 Hz,
1H), 5.32 (d, J = 16.6 Hz, 1H). *C NMR (100 MHz, CDCl;) 8 190.1, 141.3, 131.5, 129.5, 129.3,
67.3. °F NMR (376 MHz, CDCl;) & -78.8 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For
CoHgCIF303S+Na': 308.9570, Found: 308.9582, ; IR (neat, cm-1): v 3096, 2994, 2853, 1685,
1183, 1091, 951, 814, 703.
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[0071] ZEREF—&IA 1i(0.2 mmol, 45.0 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, JEIEfE A AT RIS 31, RN 63%. BRI EERR N T, @it
SPTEIEN, SEBRE RS B AT — B

[0072] 'H NMR (400 MHz, CDCl3) 8 7.81-7.73 (m, 2H), 7.72-7.63 (m, 2H), 5.52 (d, J = 16.7 Hz,
1H), 5.31 (d, J = 16.7 Hz, 1H). *C NMR (100 MHz, CDCl;) 8 190.3, 132.5, 131.9, 130.1, 129.3,
67.2. ’F NMR (376 MHz, CDCl;) 8 -78.8 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For
CoHgBrF3038+Na™: 352.9065, Found: 352.9071; IR (neat, cm-1): v 3098, 2994, 2853, 1685,
1184, 1070, 951, 816, 708.
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[0074] 7ERE F—&/IMA 1j(0.2 mmol, 32.5 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc),(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, BRI 3, WEA 63%. FTHlE = R ENREE O T, @
TR A, EBRE RS IR T — 2.
[0075] 'H NMR (400 MHz, DMSO) 8 10.63 (s, 1H), 7.85 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.5 Hz,
2H), 5.94 (d, J = 17.4 Hz, 1H), 5.80 (d, J = 17.4 Hz, 1H). *C NMR (100 MHz, DMSO) 8 191.2,
163.3,130.8, 124.4, 115.6, 71.8."’F NMR (376 MHz, DMSO) & -79.5 (s, 3F). HRMS (ESI-TOF):
Anal. Calcd. For CoH;F30,8+Na": 290.9909, Found: 290.9901; IR (neat, cm-1): v 3383, 2993,
2851, 1677, 1172, 1054, 962, 844, 703,
[0076] LhEB-+
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[0077] ZEiREHF—&IMA 1k(0.2 mmol, 40.9 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, BRI EST RIS 3k, WEY 57%. BRI EENHRBGE N T, @
TR A, EBRE RS IR T — 2.

[0078] 'H NMR (400 MHz, CDCl;) 8 7.96-7.88 (m, 2H), 7.28-7.20 (m, 2H), 5.54 (d, J = 16.8 Hz,
1H), 5.35 (d, J = 16.8 Hz, 1H), 2.33 (s, 3H). °C NMR (100 MHz, CDCl3) 8 190.0, 168.6, 155.4,
130.6, 129.5, 122.4, 67.8, 21.0. ’F NMR (376 MHz, CDCl3) 8 -79.0 (s, 3F). HRMS (ESI-TOF):
Anal. Calcd. For C1HoF;05S+Na': 333.0015, Found: 333.0017; IR (neat, cm-1): v 3109, 2991,
2939, 1751, 1682, 1136, 963, 705, 677.
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[0080] 7ERXE F—AINA 110.2 mmol, 63.3 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
B, JEIEfE A AT RIS 31, RN 73%. BTSN E BRI, @it
SPTEIEN, SEBRE RS B AT — B

[0081] '"H NMR (400 MHz, CDCl3) & 7.89-7.82 (m, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.34 (d, J =
8.2 Hz, 2H), 7.18-7.12 (m, 2H), 5.52 (d, J = 16.8 Hz, 1H), 5.32 (d, J = 16.8 Hz, 1H), 2.46 (s, 3H).
C NMR (100 MHz, CDCl3) 8 189.9, 153.9, 146.0, 131.8, 131.7, 130.0, 129.7, 128.4, 123.0,
67.5, 21.7. ”F NMR (376 MHz, CDCl;) 8 -78.9 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For
C16H13F306S,+Na": 444.9998, Found: 445.0036; IR (neat, cm-1): v 3107, 3072, 2981, 2853,
1693, 1177, 1091, 861, 741, 667

[0082] S+ —
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[0083] ZERXE F—KIA 1a(0.2 mmol, 29.3 mg), 2¢(0.6 mmol, 183.7 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, BRI EAT RIS 4b, WEDY 63%. PTG E EENHRBEENT, &8
TR A, EBRE RS IR T — 2.

[0084] 'H NMR (400 MHz, CDCl;) 8 7.95-7.85 (m, 2H), 7.68-7.64 (m, 1H),7.54-7.50 (m, 2H),
5.63 (d, J=16.7 Hz, 1H), 5.34 (d, J = 16.7 Hz, 1H). °C NMR (100 MHz, CDCl;) 8 191.0, 134.7,
133.2, 129.1, 127.9, 67.5, not all carbons are reported due to extensive '°F splitting. '°’F NMR (376
MHz, CDCl3) 8 -80.8 (t, J=9.5 Hz, 3F), -119.4--121.2 (m, 2F), -122.28--122.32 (m, 2F), -126.1-
-126.2 (m, 2F). HRMS (ESI-TOF): Anal. Calcd. For C;H;Fo03S+Na': 424.9864, Found: 424.9869;
IR (neat, cm-1): v 2930, 2854, 1688, 1226, 951, 758, 684, 676
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[0086] 7EiRE HF—XIMA 1m(0.2 mmol, 32.0 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, WL EERREEATAEY 3m, WER 66%. FrlfE=eEENABHED T, @
AT, EhRE RS B AT — B

[0087] 'H NMR (400 MHz, CDCl;) 8 7.71-7.67 (m, 2H), 7.48-7.46 (m, 1H), 7.42-7.38 (m, 1H),
5.55 (d, J=16.8 Hz, 1H), 5.36 (d, J = 16.8 Hz, 1H), 2.43 (s, 3H). >*C NMR (100 MHz, CDCl;) 8
191.3,139.1, 135.4, 133.1, 128.9, 128.3, 125.0, 67.9, 21.2. "°F NMR (376 MHz, CDCl;) 8 -79.0
(s, 3F). HRMS (ESI-TOF): Anal. Calcd. For C10H9F303S+Na": 289.0117, Found: 289.0114; IR
(neat, cm-1): v 2993, 2946, 2928, 1682, 1170, 970, 779, 708, 686.

[0088] L+ P
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[0089] 7EiRE HF—&IMA 1n(0.2 mmol, 353 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, BRI EST RIS 3n, WEDY 67%. S E EENHRBEENT, &8
TR A, EBRE RS IR T — 2.

[0090] 'H NMR (400 MHz, CDCl;) 8 7.46-7.38 (m, 3H), 7.23-7.15 (m, 1H), 5.55 (d, /= 16.8 Hz,
1H), 5.36 (d, J = 16.8 Hz, 1H), 3.86 (s, 3H). °C NMR (100 MHz, CDCl3) 8 191.0, 160.1, 134.4,
130.1, 121.2, 120.2, 112.1, 67.9, 55.5. "°F NMR (376 MHz, CDCl;) 8 -79.0 (s, 3F). HRMS (ESI-
TOF): Anal. Calcd. For C10HoF504S+Na': 305.0066, Found: 305.0080; IR (neat, cm-1): v 3026,
2995, 2840, 1681, 1469, 1172, 860, 781, 682

[0091] SLiEf+F
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[0092] 7EREHF—WAINA 10(0.2 mmol, 32.9 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
KT INEGERE 1 NS, BB 2.0mL ZMR ZEFRE, FEE A RAREBH . BERR
b, B E R ET RN AR 30, WEA 56%. FTHIE M0 FEREGE T, @
AT, EhRE RS B AT — B

[0093] 'H NMR (400 MHz, CDCly) 8 7.71-7.65 (m, 1H), 7.64-7.58 (m, 1H), 7.55-7.50 (m, 1H),
7.39-7.35 (m, 1H), 5.54 (d, J = 16.8 Hz, 1H), 5.33 (d, J = 16.8 Hz, 1H). *C NMR (100 MHz,
CDCl) 8 190.0, 162.9 (d, Jor = 249.9 Hz), 135.1 (d, Jor = 6.5 Hz), 131.0 (d, Jo.r = 7.7 Hz),
123.6 (d, Jor = 3.2 Hz), 121.8 (d, Jor = 21.4 Hz), 114.8 (d, Jor = 22.7 Hz), 67.3. ’F NMR (376
MHz, CDCl;) 8 -78.8 (s, 3F), -1102 (s, 1F). HRMS (ESI-TOF): Anal. Calcd. For

CoHgF403S+Na': 292.9866, Found: 292.9868; IR (neat, cm-1): v 3092, 2921, 2851, 1689, 1176,
1126, 977, 784.
[0094] sEREH)+75
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[0095] 7EiREHF—&IMA 1p(0.2 mmol, 32.9 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B R A EATRI AT = 3p, WEA 75%. FrE EERRBEEO T, @
WAPTAT A, LRGBS R T — B
[0096] 'H NMR (400 MHz, CDCl;) 8 8.04-8.03 (m, 1H), 7.86-7.75 (m, 2H), 7.43-7.39 (m, 1H),
5.53 (d, J=16.8 Hz, 1H), 5.33 (d, J = 16.8 Hz, 1H). *C NMR (100 MHz, CDCl3) § 190.0, 137.5,
134.8, 130.9, 130.7, 126.3, 123.4, 67.3. ’F NMR (376 MHz, CDCl;) 8 -78.8 (s, 3F). HRMS
(ESI-TOF): Anal. Calcd. For CgHeBrF;0;S+Na': 352.9065, Found: 352.9087; IR (neat, cm-1): v
3095, 2945, 2853, 1691, 1179, 1060, 971, 795.
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[0098] 7EiREHF—&IMA 1q(0.2 mmol, 42.9 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B R A EATRI AT = 3q, WEA 68%. FrE~M EENREEENOT, @
AT, EhRE RS B AT — B

[0099] 'H NMR (400 MHz, CDCl3) 8 8.16 (s, 1H), 8.10 (d, J = 7.9 Hz, 1H), 7.92 (d, J= 7.9 Hz,
1H), 7.72-7.68 (m, 1H), 5.58 (d, J = 16.8 Hz, 1H), 5.38 (d, J = 16.8 Hz, 1H). *C NMR (100 MHz,
CDCl;) 8 190.1, 133.8, 131.9 (g, J = 33.3 Hz), 131.0, 130.9, 129.9, 124.8 (q, J = 3.8 Hz), 124.7,
67.3. "’F NMR (376 MHz, CDCl;) 8 -63.0 (s, 3F), -78.8 (s, 3F). HRMS (ESI-TOF): Anal. Calcd.
For C1gHgF03S+Na': 342.9834, Found: 342.9839; IR (neat, cm-1): v 3082, 2988, 2943, 1690,
1129, 978, 705, 690.

[0100] sEHEFI+ )\
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[0101] ZEREF—KIA 1r(0.2 mmol, 32.0 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc),(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T

T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B E R ET RN IR Y 3, RN 73%. BB EENREEE N T, @
AT, EhRE RS B AT — B

[0102] 'H NMR (400 MHz, CDCl3) & 7.57 (d, J=7.9 Hz, 1H), 7.50-7.46 (m, 1H), 7.36-7.28 (m,
2H), 5.45 (d, J = 16.8 Hz, 1H), 5.24 (d, J= 16.8 Hz, 1H), 2.56 (s, 3H). >C NMR (100 MHz, CDCl;)
8 193.8, 140.0, 133.1, 132.75, 132.66, 128.3, 126.0, 68.7, 21.4. ’F NMR (376 MHz, CDCl3) §

-79.1 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For C1gHgF30;S+Na': 289.0117, Found: 289.0115;
IR (neat, cm-1): v 2987, 2930, 1694, 1187, 945, 757, 721, 664
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[0104] ZEREF—KIIA 1s(0.2 mmol, 39.3 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, BRI TR 3s, WEEN 52%. BRI EENREEE N T, @
AT, EhRE RS B AT — B

[0105] 'H NMR (400 MHz, CDCl3) 8 8.38 (s, 1H), 8.04-7.85 (m, 4H), 7.68-7.57 (m, 2H), 5.69 (d,
J=16.6 Hz, 1H), 5.49 (d, J = 16.6 Hz, 1H). >C NMR (100 MHz, CDCl;) 8 191.0, 136.1, 132.2,
130.5, 129.9, 129.6, 129.4, 129.2, 127.9, 127.3, 123.0, 67.8. "°F NMR (376 MHz, CDCl3) § -78.9
(s, 3F). HRMS (ESI-TOF): Anal. Calcd. For Ci3HoF303S+Na': 325.0017, Found: 325.0019; IR
(neat, cm-1): v 3065,2990, 2942, 1681, 1193, 984, 822, 785, 740, 709,

[0106] SEHEF] —+
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[0107] ZERE F—&KIMA 160.2 mmol, 30.5 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B E AR 3t WEA 63%. FTHlE = R ENREE O T, @
AT, EhRE RS B AT — B

[0108] '"H NMR (400 MHz, CDCl3) 8 7.80-7.77 (m, 2H), 7.22-7.20 (m, 1H), 5.43 (d, J = 16.2 Hz,
1H), 5.24 (d, J = 16.2 Hz, 1H).">C NMR (100 MHz, CDCl3) 8 184.1,139.2, 135.6, 132.8, 128.6,
67.2. ’F NMR (376 MHz, CDCl;) 8 -78.8 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For
C7HsF30;38,+Na': 280.9524, Found: 280.9515; IR (neat, cm-1): v 3095, 2995, 2852, 1656, 1194,
1028, 915, 728, 710
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[0110] ZERE F—KIIA 1a(0.2 mmol, 29.3 mg), 2b(0.6 mmol, 153.7 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
KT INEGERE 1 NS, BB 2.0mL ZMR ZEFRE, FEE A RAREBH . BERR
b, B E A ET R IR Y 4a, WEH 68%. FTHIE M FENREE T, @
WAPTAT A, LRGBS R T — B
[0111] '"H NMR (400 MHz, CDCl3) 8 7.95-7.84 (m, 2H), 7.68-7.65 (m, 1H),7.55-7.51 (m, 2H),
5.62 (d, J=16.7 Hz, 1H), 5.35 (d, J = 16.7 Hz, 1H). *C NMR (100 MHz, CDCl3) § 191.0, 134.7,
133.1, 129.1, 127.9, 67.5, not all carbons are reported due to extensive '°F splitting. '’F NMR (376
MHz, CDCl;) 8 -80.9 (t, J = 8.5 Hz, 3F), -120.0--121.7 (m, 2F), -125.60--125.63 (m, 2F). HRMS

(ESI-TOF): Anal. Calcd. For C;1H;F,03S+Na": 374.9896, Found:374.9912; IR (neat, cm-1): v
2980, 2943, 1685, 1179, 1046, 947, 721, 687,
[0112] sEHEf —+=
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[0113] ZERE T —&IA 1v(0.2 mmol, 51.5 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B E R R AR Y 3v, IR 63%. FTE S FENREE T, @
AT, EhRE RS B AT — B

[0114] "H NMR (400 MHz, CDCl;) 8 7.87-7.81 (m, 2H), 7.77-7.70 (m, 2H), 4.91 (d, J = 16.8 Hz,
1H), 4.70 (d, J = 16.8 Hz, 1H), 3.73 (t, J = 6.4 Hz, 2H), 2.59-2.55 (m, 2H), 2.08-2.00 (m, 2H)."’C
NMR (100 MHz, CDCl3) & 201.9, 168.5, 134.0, 131.8, 123.2, 69.4, 36.6, 35.6, 21.9. "°F NMR
(376 MHz, CDCl3) & -78.8 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For C14H;;FsNOsS+Na':
386.0280, Found: 386.0276; IR (neat, cm-1): v 2988, 2950, 2886, 1697, 1401, 1367, 965, 720
[0115] sEhEf —+=
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[0116] EREF—XIMA 1d” (0.2 mmol, 56.9 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc),(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, I fE A EAT RIS 3d7, WL T1%. BN EE NGRS R T, Gl
AT, EhRE RS B AT — B

[0117] '"H NMR (400 MHz, CDCl;) 8 7.79 (d, J= 8.3 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 4.79 (d,
J=16.4 Hz, 1H), 4.57 (d, J = 16.4 Hz, 1H), 4.42-4.39 (m, 2H), 4.28-4.25 (m, 2H), 2.46 (s, 3H). *C
NMR (100 MHz, CDCl3) 8 166.3, 145.3, 132.5, 130.0, 127.9, 66.8, 63.1, 61.7, 21.6. "°F NMR
(376 MHz, CDCl;) 8 -78.7 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For CjH;3F3078,+Na’:
412.9947, Found: 412.9970; IR (neat, cm-1): v 2958, 2924, 2852, 1759, 1173, 1127, 815, 769.
[0118] SEjEf] —+ 1Y
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[0119] ERE T —&IMA 1x(0.2 mmol, 47.7 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc),(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, B E AR AR 3x, WREA 52%. FIE 0 FENREGE T, @
AT, EhRE RS B AT — B

[0120] 'H NMR (400 MHz, CDCl;) 8 7.95-7.87 (m, 2H), 7.76-7.67 (m, 1H), 7.62-7.59 (m, 2H),
4.91 (d, J=16.8 Hz, 1H), 4.64 (d, J = 16.8 Hz, 1H), 3.47-3.43 (m, 1H), 3.01 (t, J= 7.2 Hz, 1H).*C
NMR (100 MHz, CDCl3) 8 199.1, 138.5, 134.2, 129.6, 128.0, 68.4, 49.9, 31.8. ’F NMR (376
MHz, CDCl;) 8 -78.3 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For C;1H;1F305S8,+Na': 366.9892,
Found: 366.9896; IR (neat, cm-1): v 3066, 2998, 2849, 1737, 1188, 968, 738, 686.

[0121] SLhtfF —+H

& £ B
& N
N e+ pEamae | SHORSE U8 motg, TRHP R RS e Koo o,
N i &'> i A (3.0 mi), 8150, T h | T
g L2 » ot ‘\'}.\\x" ol
{3 e £ 8 v
g S N

[0122] AEREF—XIA 1a’ (0.2 mmol, 40.9 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc),(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #RJ51%IERAETSH 60T
T MABERE 1 /G, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, MR MR R ENT RIS 3a”, WDy 70%. FrilR K EENRAE N T, @
TR A, EBRE RS IR T — 2.

[0123] '"H NMR (400 MHz, CDCl3) & 7.91-7.89 (m, 2H), 7.68-7.57 (m, 1H), 7.53-7.49 (m, 2H),
5.54-5.43 (m, 2H), 5.05 (d, J= 16.4 Hz, 1H), 4.85 (d, J= 16.4 Hz, 1H)."*C NMR (100 MHz, CDCl,)
8 190.5, 166.3, 134.3, 133.6, 129.0, 127.7, 67.0, 61.9. ’F NMR (376 MHz, CDCl;) 8 -78.7 (s,
3F). HRMS (ESI-TOF): Anal. Calcd. For C11HoF305S+Na': 333.0015, Found: 333.0020; IR (neat,
cm-1): v 3006,2973, 2938, 1747, 1692, 1171, 755, 716, 686

[0124] SHtfF — 175
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[0125] ZEREHF—&IMA 1b’° (0.2 mmol, 40.9 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc),(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #R/51%ERAETSH 60T
T MABERE 1 /NG, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, MR fE A EAT RIS 3b”, WL 57%. PR EE NGRS E T, Gl
TR, EBRE RS IR T — 2.

[0126] '"H NMR (400 MHz, CDCl3) 8 7.96-7.94 (m, 2H), 7.63-7.57 (m, 1H), 7.52-7.46 (m, 2H),
4.82 (d, J=16.2 Hz, 1H), 4.69 (t, J = 6.2 Hz, 2H), 4.61 (d, J = 16.2 Hz, 1H), 3.37 (t, J = 6.2 Hz,
2H). ®C NMR (100 MHz, CDCl3) 8 196.2, 166.6, 136.2, 133.6, 128.7, 128.0, 62.0, 61.2, 36.9.
PF NMR (376 MHz, CDCl;}) & -78.7 (s, 3F). HRMS (ESI-TOF): Anal. Calcd. For
C14H13F3038+Na’: 347.0171, Found: 347.0175; IR (neat, cm-1): v 2970, 2926, 1750, 1683, 1191,
1126, 1033, 689

[0127] sEhEf) —+-&

.
{Ef“\l}c\ % i
¥ i 8 0
0 . : O IR o), TRNE 5 sy - {3
N EL y 0 UFaBINE . o o MR - H - S
% I SRR e 3 SRR e e S Sk . N e e B ?:».,- R ety
-.w-“""»“:;.‘xf\«@f R AR LY SRS T i '*\T S e Ei
: N : : R 3l
=3 £ N 0%
S i\ s {3
N T :
D v 8 mnd
i 23 B

[0128] 7EiREHF—&IA 1e’ (0.2 mmol, 50.5 mg), 2a(0.6 mmol, 101.8 mg), Cu(OAc)(0.02
mmol, 3.7 mg), ZFRZHE EA(2.0 mL), TBHP(1.0 mmol, 139 1 L), #R/51%ERAETSH 60T
T MABERE 1 /NG, BHEMA 2.0mL ZRZEFRE, R ARG LER. R
b, MR fE R ENT RIS 3¢’ IRy 67%. PR EENRAE N T, &
TR, EBRE RS IR T — 2.

[0129] 'H NMR (400 MHz, CDCl3) 8 7.38-7.27 (m, 10H), 6.99 (s, 1H), 4.91 (d, J = 16.2 Hz, 1H),
4.69 (d, J = 16.2 Hz, 1H). >C NMR (100 MHz, CDCl;) 8 165.7, 138.83, 138.78, 128.7, 128.4,
127.10, 127.06, 78.9, 62.2. "°F NMR (376 MHz, CDCl3) & -78.7 (s, 3F). HRMS (ESI-TOF): Anal.
Calcd. For C;¢H13F504S+Na': 381.0379, Found: 381.0376; IR (neat, cm-1): v 3065, 3033, 2987,
1751, 1181, 1029, 743, 696.
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