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Oxidation of Sulfides with SO,F./H-O./Base
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Abstract A novel oxidation system SO2F2/H20z/base was investigated for the oxidation of sulfides and the corresponding
sulfones were smoothly generated in good to excellent yields. The effects of base and solvent on oxidation were studied. The
results showed that this oxidation system is tolerable to a variety of functional groups. A distinct advantage of this method is
that by-products resulting from the use of the oxidation system are all water-soluble inorganic compounds, and can be conven-

ARTICLE

iently removed after work-up process, therefore purification of the products is greatly simplified.
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Scheme 1 Oxidation of sulfides
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SR N IR, R 1 SE AT, 24 AR A 5
H4 FLR EGN A EHLER NaHCO; e, <5 30 min J&, 1a
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F1,4-ZONIORIEFINE, =4 2a WEREAEAE, 8
19%~39%. M{fif] EtOH ANEFIN, P4 2a WEN
87% (Table 1, Entry 10), #5C5R LS FH FHBEAE I8 77 I A ok
Ze—ue f kT WL, FREEAEVE AR S B T i A RO,
X AT R 55 R R AT K VA VRURT SIS K AE RS R I A A A
KA K. TEXTBEE KM AT RS, seae g 1k
W, HIMAE/NT 6 equiv.h, SMEEICKIER, Hx
MNAMNE. B2, &ERMFAFWTR: 1a (0.50 mmol).

30%id AL S K (3.0 mmol). KoCO; (2.0 mmol).

MeOH (4 mL). SO.F, SAR(LLBRIEN K VK H. SO,F,
AIKHE, R ZAEE K R EET), EEXM 30 min.
TEUAR R, M2 OERE R, 1a SR BAER
S B9 SN T) P9 (5~ 10 min), 724 /2 ST ARUFI ARG FR) TR &5
W, B SO TE] A, SRR 2 4k S S A R, I
MEFIE A 30 min J&, SEAARN 58 4860 A,

F1 RBKIFHIAL o

Table 1 Optimization of reaction conditions

s SO,F, Hy0, Q
©/ \© base S
solvent ©/O
1a rt., 30 min 2a
Entry Base Equivalent®  Solvent Yield/%*
1 EtsN 4 MeOH 50
2 DBU 4 MeOH 70
3 NaHCOs3 4 MeOH 52
4 NaOH 4 MeOH 75
5 K2COs 1 MeOH 53
6 KoCOs 2 MeOH 79
7 KoCOs 3 MeOH 90
8 K:COs3 4 MeOH 93
9 K2COs3 5 MeOH 85
10 KoCOs 4 EtOH 87
11 KoCOs 4 CH3COCH3 27
12 KoCOs 4 i-PrOH 35
13 K2COs 4 Et.0 Trace
14 K2COs 4 1,4-Dioxane 19
15 K2COs 4 CH:Clz Trace
16 KoCOs 4 MeCN 39
17 KoCOs 4 DMSO n.r.
18 K>COs 4 PhMe n.r.

© 2022 Chinese Chemical Society & SIOC, CAS

4Reagents and conditions: 1a (0. 5 mmol), 3 mmol of 30% H,0,, 2 mmol of
base, 4 mL of solvent, under SO,F, atmosphere (using a balloon), for 30 min at
room temperature. ” Base: 1a (molar ratio). ¢ Isolated yields.
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Table 2 Oxidation of sulfides using SO2F2/H202/base system
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9 General conditions: 3 (0.5 mmol), 3 mmol of 30% H,0,, 2 mmol of K,COj3, 4 mL of CH30H, under SO,F, atmosphere (using a balloon), for 20~40 min at room

temperature. © Isolated yields.
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Scheme 2 Gram-scale oxidation of diphenyl sulfide
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at. R S A RE AL BT o B Ak, BRI A g 2
R ORI G, 13307 PIR 2.

TRBA(2a): 101 mg HEEAE, 2R 93%. mp.
120~122 ‘CCCHRE 128 C); 'H NMR (400 MHz,
CDCl;) J: 7.99~7.90 (m, 4H), 7.58~7.44 (m, 6H); 1*C
NMR (101 MHz, CDCly) d: 141.57, 133.24, 12931,
127.63.

K H N @2b): 94 mg AGE A, F*F 86%. m.p.
79.5~83.4 ‘C(LHR{H! 85~86 C); 'H NMR (400
MHz, CDCl;) d: 7.98~7.92 (m, 2H), 7.69~7.63 (m, 1H),
7.61~7.54 (m, 2H), 3.06 (s, 3H); *C NMR (101 MHz,
CDCls) 0: 140.53, 133.72, 129.37, 127.26, 44.43.

4-FEFEZEFF(2¢): 82 mg AMEEK, F=F 75%.
m.p. 102~111.2 ‘CCCHEME! 118~119 C); 'H NMR
(400 MHz, CDCL3) d: 7.79 (d, J=8.9 Hz, 2H), 6.96 (d, J=
8.8 Hz, 2H), 3.81 (s, 3H), 2.97 (s, 3H); 3C NMR (101
MHz, CDCL) §: 163.62, 132.11, 129.46, 114.47, 55.71,
44.78.

4SRRI 2d): 92 mg ETEAK, 25 84%.
m.p. 85~89 ‘C(CHREI 95~97 C); 'H NMR (400
MHz, CDCL;) o: 7.83 (d, J=8.4 Hz, 2H), 7.49 (d, J=8.4
Hz, 2H), 3.01 (s, 3H); '3C NMR (101 MHz, CDCls) §:
140.32, 138.93, 129.66, 128.89, 44.47.

4-FRH N (2e): 94 mg FHEAFEE, 73 86%. m.p.
96~100 C(CHRE! 103~106 C); 'H NMR (400
MHz, CDCL) o: 7.82 (d, J=8.6 Hz, 2H), 7.72 (d, J=8.7
Hz, 2H), 3.07 (s, 3H); '3C NMR (101 MHz, CDCls) §:
139.56, 132.69, 128.97, 128.94, 44.48.

1-fll-4-FHARIEZR(2f): 98 mg FHFEE, F2E 90%.
m.p. 113.1~115.0 ‘CCCHEAE" 110~113 C); '"H NMR
(400 MHz, CDCL3) d: 7.90 (d, J=8.6 Hz, 2H), 7.62 (d, J=
8.7 Hz, 2H), 3.02 (s, 3H); *C NMR (101 MHz, CDCls) ¢:
140.10, 138.64, 128.76, 101.63, 44.46.

4-THHER FHA(2g): 89 mg H E A, 722 82%. m.p.
134~136 ‘CCCHER{E 140 C); 'H NMR (400 MHz,
CDCl;) &: 8.40 (d, J=8.9 Hz, 2H), 8.14 (d, J/=8.8 Hz,
2H), 3.11 (s, 3H); '3C NMR (101 MHz, CDCl;) J: 150.80,
145.87, 128.97, 124.63, 44.26.

-G E(2h): 97 mg FHTEE, F5ER 89%.
m.p. 87.8~90.9 ‘C(CCHRE® 80~82 C); 'H NMR (400
MHz, CDCl3) J: 8.09 (d, J=7.9 Hz, 1H), 7.52 (t, J=8.7
Hz, 2H), 7.46~7.40 (m, 1H), 3.22 (s, 3H); 3C NMR (101
MHz, CDCls) 6: 137.82, 134.88, 132.42, 131.89, 130.72,
127.55,42.71.

2- AR YR 2K (21): 86 mg A, 7% 79%. m.p.

Chin. J. Org. Chem. 2022, 42, 1545~1550
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102.0~105.8 ‘C(CHRED 105~106 C); '"H NMR (400
MHz, CDCly) 0: 8.12 (d, J=6.9 Hz, 1H), 7.71 (d, J=7.9
Hz, 1H), 7.51~7.40 (m, 2H), 3.23 (s, 3H); 3C NMR (101
MHz, CDCls) 6: 139.51, 135.42, 134.85, 131.06, 128.15,
120.56, 42.37.

=AM 51 mg R WK, AR
47%. '"H NMR (400 MHz, CDCls) §: 8.05~8.03 (m, 2H),
7.87~7.83 (m, 1H), 7.70~7.66 (m, 2H); 3C NMR (101
MHz, CDCls) d: 136.57, 130.74, 129.87, 119.74 (q, Jer=
327.2 Hz).

FHEFEEIN(2K): 95 mg AR, F=F 87%. mup.
144.4~146.5 ‘CCCHRE® 148~149 C); 'H NMR (400
MHz, CDCl3) §: 7.64~7.54 (m, 3H), 7.42 (t, J=7.7 Hz,
2H), 7.25 (dt, J=14.6, 7.2 Hz, 3H), 7.06 (d, J=7.1 Hz,
2H), 4.29 (s, 2H); 3C NMR (101 MHz, CDCl;) d: 137.74,
133.75, 130.81, 128.89, 128.75, 128.59, 128.56, 128.06,
62.82.

TAREERQRD: 97 mg HEEE, F2E 89%. mp.
146~148 C(CCHRE! 147~148 C); 'H NMR (400
MHz, CDCls) d: 7.41~7.37 (m, 10H), 4.13 (s, 4H); 13C
NMR (101 MHz, CDCl;) 6: 130.91, 129.03, 128.99,
127.51, 57.98.

2- FBE H 2 BRI (2m): 56 mg A (G E 4k, 77
70%. m.p. 58~60 C(CCHRE!! 57~58 C); 'H NMR
(400 MHz, Chloroform-d) ¢: 7.48 (dd, J/=1.9, 0.8 Hz, 1H),
6.54 (dd, J=3.4, 0.8 Hz, 1H), 6.44 (dd, J=3.3, 1.9 Hz,
1H), 4.34 (s, 2H), 2.87 (s, 3H); 3C NMR (101 MHz,
Chloroform-d) J: 143.97, 142.61, 112.27, 111.49, 54.27,
39.89.

4-FANFE P EE )N 76 mg A E K, FRR
76%. m.p. 77~79 CCCHAE!N 80~82 C); 'H NMR
(400 MHz, CDCl3) 6: 7.74 (dd, J=7.4, 4.4 Hz, 2H), 7.44
(dd, J=8.9, 3.8 Hz, 2H), 4.68 (d, J=5.2 Hz, 2H), 3.25
(s, 1H), 2.97 (d, J=3.1 Hz, 3H); 3C NMR (101 MHz,
CDCly) J: 147.75, 138.81, 127.27, 127.15, 63.72, 44.44.

X AN 2K % (20): 41 mg AR, 723R 37%.
m.p. 163~165 COCHR{E!M 158~161 C); 'H NMR
(400 MHz, DMSO-de) 6: 10.10 (s, 1H), 8.12 (s, 4H), 3.28
(s, 3H); BC NMR (101 MHz, DMSO-ds) 6: 193.11,
145.68, 139.69, 130.66, 128.20, 43.54.

4-FIEZR 2 (2p): 87 mg HEEE, 7235 80%.
mp. 124~128 C(CHEAES 120~122 C); 'H NMR
(400 MHz, DMSO-ds) 6: 8.17~8.00 (m, 4H), 3.26 (s, 3H),
2.62 (s, 3H); 3C NMR (101 MHz, DMSO-ds) J: 197.87,
144.64, 140.76, 129.47, 127.80, 43.61, 27.53.
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5-Cht F BT 58 ) - 1- 00 (2)30: 97 mg TEtaiif,
P2 7% 87%. 'H NMR (400 MHz, CDCls) 8: 7.73 (d, J=8.0
Hz, 2H), 7.31 (d, J=8.0 Hz, 1H), 5.68~5.58 (m, 1H),
4.96~4.92 (m, 2H), 3.02 (t, J=8.0 Hz, 2H), 2.40 (s, 3H),
2.10~2.04 (m, 2H), 1.79~1.71 (m, 2H); '*C NMR (101
MHz, CDCls) o: 144.63, 136.30, 136.05, 129.87, 128.00,
116.38, 55.54,31.99, 21.82, 21.61.

IETH(2r): 87 mg FIEA[EE, 722 80%. m.p. 40~
43 C(SCHRIEM 42~43 C); 'H NMR (400 MHz,
CDCls) 0: 2.99~2.92 (m, 4H), 1.87~1.76 (m, 4H), 1.49
(q, J=17.5 Hz, 4H), 0.97 (td, J=7.4, 1.0 Hz, 6H); 3C
NMR (101 MHz, CDCl3) d: 52.41, 23.88, 21.73, 13.52.

2-( R ) L 1 - V-4 25)120: 59 mg TEEBIRAR, 7
# 75%. 'H NMR (400 MHz, CDCL3) 6: 8.69~8.66 (m,
1H), 8.02 (dd, J=7.8, 1.1 Hz, 1H), 7.93 (tdd, J=7.8, 1.8,
0.9 Hz, 1H), 7.52 (dd, J=7.7, 4.8 Hz, 1H), 3.17 (s, 3H);
13C NMR (101 MHz, CDCly) d: 157.91, 150.06, 138.33,
127.51, 121.05, 40.05.

S-ZEFERACIEILIN(2t): 92 mg H AR, 77K 84%.
m.p. 36~48 CCCHRE!® 38~40 C); 'H NMR (400
MHz, CDCl;) d: 7.60~7.50 (m, 3H), 7.49~7.37 (m, 3H),
7.37~729 (m, 4H); *C NMR (101 MHz, CDCL) o:
142.83, 136.58, 133.66, 131.44, 129.44, 128.80, 127.75,
127.53.

HBM &L (Supporting Information) =47 2a~2t %
MR LR AL DR, X LeAOR AT DL 2 A T I
(http://sioc-journal. cn/) = T #k.
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