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Copper-Catalyzed Synthesis of 8-Keto Sulfones from Enol Silyl
Ether and Sodium Arylsulfinates

Xu, Li“

Lii, Lanlan™“

Wang, Xiangshan**

(School of Chemistry and Materials Science, Jiangsu Normal University, Xuzhou, Jiangsu 221116)

Abstract p-Keto sulfones are an important group of sulfur-containing compounds and intermediates for organic synthesis,
which are widely used in the construction of natural products and various important organic compounds. A method for the
rapid synthesis of f-keto sulfones catalyzed by copper bromide from enol silyl ether and sodium arylsulfinates is developed,
which has the advantages of simple operation, mild conditions and short reaction time.
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Previous work: transition metal-catalyzed sodium sulfite construction of -keto sulfones
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This work: copper-catalyzed coupling of enol silyl ether with sodium arylsulfinates
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Scheme 1 A partial transition metal-catalyzed sodium sulfite synthesis of S-keto sulfones
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N , air
W 1. N SELL CuBra (20 mol%) AfEALT, —HIFE . 23 s
N a a
IEHA(DMSO) A, 75 80 CZ U AF AL 1 h, B 1 E——
SEUEIZE A ERR= 1-(4- RV A )20 P 25T Enl“y - B[M] D;SOt T‘*“;f)'/ Yles‘; i
£ 1 il N B 7 = + ubrz
fR-1-F(3a, Entry 1). 285, %gg/ﬁmﬁ}iﬁjﬂ’]fﬂ/”ﬁ, A 5 CuBr DMF S0 24
RBWILL NN- L H L% (DMF) . 30N 3 (1,4- 3 CuBn 14-Dioxane 80 8
Dioxane). F 7 (Toluene)» MeCN 1 5 L %i(DCE) N 4 CuBr» Toluene 80 20
FURE, PRI e HGE (% T DMSO, #%#: DMSO Ak 2 gim &g“ Zg ;
@%%ﬁ@ﬂ@mﬁﬂ~@.%E,ﬁﬁDMMﬁT&ﬁ ; C&E DMSO % 0
bl R DL E N 80 C, ik T — & FI 4 k4 1k 7 8  Cu(OTf, DMSO 80 29
(Entries 7~12), {HARIHAMEAIIIA L CuBr, &, # 9  Cu(OAc) DMSO 80 51
i CuBry AR IERAEHEALF]. PA(OAC), Fl AgaCO;s i? gﬁl gx% g ﬁ
32 =] b 4 \A S NN upr
16 R 2 LR, S B 1) 12 Copowder DMSO " s
(Entries 13, 14). f&Ja, TERARMEAFIFERIF KM T, 13 Pd(OAck: DMSO 80 0
2 SR BN I L, 45 SRR B = IR 24 T RELL 89% 14 AgCOs  DMSO 80 0
(U 343724 3a (Entries 15~18). [HAEZ MR, 4 12 gﬁm gx% g’ %
N EERER S I opEZ A 5. ubm
R R BEIEE 10 mololtt, 7= 2 T He; 7 e DMSO 0 o
RN B T AR R B, R LD S 3R 18 CuBn DMSO it 89
FHPe 3a, RN SRR TTH, [RRET AE 1 CuBr  DMSO i 67
204 CuBrn2 DMSO It 13

K 7RSS RIZ E(Entries 19, 20). 4, Mg TR 1 h
Entry 18 24 J% B ) 55 4% 14
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Cl. Br. CF; 1 NOo)T, BB 5 1 Hi T st B 1
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4Reaction conditions: reactions were carried out with 1a (0.5 mmol), 2a (0.5
mmol), catalyst (20 mol%) in solvent (2.0 mL) under air for 1 h. ®Isolated
yields of 3a after purification by column chromatography. ¢ 10 mol% CuBr,
catalysts.  Reactions were carried under argon.

H bR (3a~3t), Hrr gy il 72 P RCR LT3 i 1
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(NO3)s F1 PA(PPhs)s 4L 5 Az S A LR AD 2R TR 15 16
SR, TE RO R 4 F1 3g (Scheme 2).
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@ All reactions were carried out with 1a (0.5 mmol), 2a (0.5 mmol) and CuBr; (20 mol%) in DMSO (2.0 mL) at room temperature under air for 1 h. ? Yields are of

isolated products after purification by column chromatography.
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Scheme 2 Gram-scale synthesis and further derivatization
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(a) Mechanistic investigations
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(b) Plausible mechanism for B-keto sulfones synthesis
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Scheme 3 Control experiments and possible mechanism
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A IF B DR AE e e 25 K 2% BIR 4
alifb By .

DL 1-(4- PSR BE 2R -2 - 060 R B R - 1 - Tl (3a) 1 55
Jafl, £ 10 mL 523 TEE I ((1-(4- T BE R0 5 207
FE I = HIEEERE(1a, 111.2 mg, 0.5 mmol). X FHATY
fi# 2 5M(2a, 97.1 mg, 0.5 mmol). DMSO (2.0 mL)#1 CuBr;
(45 mg, 0.1 mmol). ¥ MIEAMETSTT 25 CHi
L) 1 h. TLC R s B2t B2, A I 58 Ja IR 4 T A VR
G, BRRRWET RO, HEKEEEIZ,
Na,SO4 TH#RFFu4s, K= Ak LR OV« V=
8 I D) AWMRGEFIFEAT K E TR AL/ 2] 1-(4- FH A BER
H2)-2-%) FE R It - 1-f (3a).

1-(4- H 480 2k R 8 )-2- FH R il I8 6 -1- il (3a): 77 3%
89% (135 mg), FI@RE . mp. 101~102 C (lit.*”
124~126 ‘C); 'H NMR (CDCls, 400 MHz) J: 7.94 (d,
J=8.8 Hz, 2H), 7.75 (d, J=8.0 Hz, 2H), 7.33 (d, J=8.0
Hz, 2H), 6.94 (d, J=8.8 Hz, 2H), 4.67 (s, 2H), 3.88 (s,
3H), 2.44 (s, 3H); '*C NMR (CDCls, 101 MHz) J: 186.3,
164.5, 145.2, 135.7, 131.9, 129.8, 128.8, 128.5, 114.0,
63.5, 55.6, 21.7;, HRMS (ESI-TOF) calcd for Ci¢H1704S
[M+H]" 305.0842, found 305.0861.

1- 2R HE-2 - F R 9t - 1- B (3b): 7= 28 85% (116 mg),
H A mp. 109~110 C (1itB7 105~107 C); 'H
NMR (CDCls, 400 MHz) 0: 7.94 (d, J=8.0 Hz, 2H), 7.76
(d, J=8.0 Hz, 2H), 7.63~7.60 (m, 1H), 7.49~7.46 (m,
2H), 7.33 (d, J=8.0 Hz, 2H), 4.72 (s, 2H), 2.44 (s, 3H);
13C NMR (CDCl;, 101 MHz) J: 188.1, 145.3, 135.7, 134.3,
129.8, 129.3, 128.8, 128.5, 63.5, 21.7; HRMS (ESI- TOF)
caled for Cy5H;505S [M+H]" 275.0736, found 275.0756.

1-C0f B 2R 8 )-2- FR R Tl B 2L - 1- 9 (3c): 72 %8 89%
(128 mg), AEEA. mp. 100~101 C (it 100~

32 1a, It —
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101 °C); 'H NMR (CDCls, 400 MHz) J: 7.85 (d, J=8.0
Hz, 2H), 7.76 (d, J=8.0 Hz, 2H), 7.33 (d, J=8.0 Hz, 2H),
7.29~7.26 (m, 2H), 4.69 (s, 2H), 2.44 (s, 3H), 2.43 (s,
3H); 3C NMR (CDCls, 101 MHz) o: 187.6, 145.6, 145.3,
135.7, 133.3, 129.8, 129.53, 129.50, 128.6, 63.5, 21.8,
21.7; HRMS (ESI-TOF) calcd for Ci¢Hi70sS [M+H]"
289.0893, found 289.0906.

1-(4- 2R HE)-2- DR T Bt 36 -1-Fi (3d): 7228 86%
(130 mg), AEEA. mp. 103~104 C (it 103~
104°C); "H NMR (CDCls, 400 MHz) ¢: 7.87 (d, J=8.4 Hz,
2H), 7.76 (d, J=8.0 Hz, 2H), 7.32 (dd, J=8.4, 8.0 Hz,
4H), 4.69 (s, 2H), 2.72 (q, J=7.6 Hz, 2H), 2.44 (s, 3H),
1.26 (t, J=7.6 Hz, 3H); 3C NMR (CDCls, 101 MHz) ¢:
187.6, 151.6, 145.3, 135.7, 133.5, 129.8, 129.6, 128.6,
128.3, 63.5, 29.0, 21.7, 15.0; HRMS (ESI-TOF) calcd for
C17H1003S [M+H]" 303.1049, found 303.1055.

1-(4-T B R L )-2- FHOR B I k- 1- W7 (3e): 7722 80%
(132 mg), AMGEAK. mp. 106~107 C (it 106~
108 °C); 'H NMR (CDCls, 400 MHz) J: 7.86 (d, J=8.4
Hz, 2H), 7.76 (d, J=8.0 Hz, 2H), 7.33 (d, J=8.0 Hz, 2H),
7.28 (d, J=8.4 Hz, 2H), 4.69 (s, 2H), 2.67 (t, J=8.0 Hz,
2H), 2.44 (s, 3H), 1.65~1.57 (m, 3H), 1.40~1.31 (m,
2H), 0.93 (t, J=7.2 Hz, 3H); 3C NMR (CDCl;, 101 MHz)
9: 187.6, 150.4, 145.3, 135.7, 133.5, 129.8, 129.5, 128.9,
128.6, 63.5, 35.7, 33.1,22.3, 21.7, 13.9; HRMS (ESI-TOF)
caled for C1oH230:S [M+H]" 331.1362, found 331.1375.

1-(4- 7 T 2R 5 )-2- Y DRl Tk ik - 1- i (31): 7= 2
78% (129 mg), JLEHRMA. '"H NMR (CDCls, 400
MHz) 6: 7.86 (d, J=8.0 Hz, 2H), 7.76 (d, J=8.0 Hz, 2H),
7.33 (d, J=8.0 Hz, 2H), 7.24 (d, J=8.4 Hz, 2H), 4.70 (s,
2H), 2.54 (d, J=7.2 Hz, 2H), 2.44 (s, 3H), 1.95~1.85 (m,
1H), 0.92 (s, 3H), 0.90 (s, 3H); *C NMR (CDCl;, 101
MHz) 6: 187.7, 149.2, 145.3, 135.8, 133.6, 129.8, 129.6,
128.6, 63.5, 45.4, 30.1, 22.3, 21.7; HRMS (ESI-TOF)
calcd for C1oH2305S [M+H]" 331.1362, found 331.1375.

1-([1,1- B 2R -4- ) 2- I 2R R Bk 2L - 1- B (3g): 7
# 84% (147 mg), AR, mp. 121~122 C (lit.*
117~118 “C); '"H NMR (CDCls, 400 MHz) d: 8.03 (d, J=
8.0 Hz, 2H), 7.78 (d, J=8.0 Hz, 2H), 7.70 (d, /=8.0 Hz,
2H), 7.63 (d, J=7.6 Hz, 2H), 7.50~7.41 (m, 3H), 7.35 (d,
J=8.0 Hz, 2H), 4.74 (s, 2H), 2.45 (s, 3H); '*C NMR
(CDCls, 101 MHz) 0: 187.6, 147.0, 145.4, 139.4, 135.7,
134.4, 130.0, 129.8, 129.0, 128.60, 128.57, 127.4, 127.3,
63.7, 21.7; HRMS (ESI-TOF) calcd for C;1H;903S [M+
H]" 351.1049, found 351.1060.
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4-(2-H RIS JE 2,196 358 2K H IR R (3h): =% 74%
(123 mg), AMGEEK. mp. 123~124 C (1t 123~
124 °C); 'H NMR (CDCls, 400 MHz) J: 8.13 (d, J=8.0
Hz, 2H), 8.00 (d, J=8.0 Hz, 2H), 7.75 (d, J=8.0 Hz, 2H),
7.34 (d, J=8.0 Hz, 2H), 4.74 (s, 2H), 3.96 (s, 3H), 2.45 (s,
3H); 3C NMR (CDCls;, 101 MHz) J: 187.8, 165.9, 145.6,
138.7, 135.5, 134.8, 129.91, 129.89, 129.2, 128.5, 63.8,
52.6, 21.7; HRMS (ESI-TOF) calcd for Ci7H;70sS [M+
H]" 333.0791, found 333.0798.

1-(4-( R I 55 ) R k) -2 - PR Rl I S - 1 - (3i): 72 26
72% (127 mg), FHEEA. mp. 156~157 C (lit.*? 156
~157 “C);'H NMR (CDCls, 400 MHz) o: 8.17 (d, J=8.0
Hz, 2H), 8.08 (d, J=7.6 Hz, 2H), 7.75 (d, J=17.6 Hz, 2H),
7.37 (d, J=7.6 Hz, 2H), 4.75 (s, 2H), 3.10 (s, 3H), 2.47 (s,
3H); 3C NMR (CDCl;, 101 MHz) J: 187.2, 145.9, 145.1,
139.5, 135.3, 130.3, 130.0, 128.5, 128.0, 64.0, 44.3, 21.7;
HRMS (ESI-TOF) caled for C;sH;70sS; [M + H] '
353.0512, found 353.0522.

1-(4- 5 2K 2k )-2- PR 19 - 1- T (3j): ™= % 78%
(114 mg), AMEE. mp. 128~129 C (1it.’8 128~
129 C); 'H NMR (CDCls, 400 MHz) §: 8.03~7.99 (m,
2H), 7.75 (d, J=8.0 Hz, 2H), 7.35 (d, J=8.0 Hz, 2H), 7.16
(t, J=8.4 Hz, 2H), 4.69 (s, 2H), 2.45 (s, 3H); '3C NMR
(CDCls, 101 MHz) J: 186.5, 166.4 (d, Jer=258.7 Hz),
145.5, 135.5, 132.2 (d, Jer=9.8 Hz), 129.9, 128.5, 116.0
(d, Jer=22.2 Hz), 63.7, 21.7; HRMS (ESI-TOF) calcd for
CisH14sFO3S [M+H]" 293.0642, found 293.0649.

1-(4-F R 5L )-2- FF R 9 55 -1- B 3Kk): 72 % 76%
(117 mg), AEGEE. mp. 138~139 C (it*! 131~
133 ‘C); 'H NMR (CDCls, 400 MHz) d: 7.91 (d, J=8.0
Hz, 2H), 7.74 (d, J=8.0 Hz, 2H), 7.46 (d, J=8.4 Hz, 2H),
7.35 (d, J=8.0 Hz, 2H), 4.68 (s, 2H), 2.45 (s, 3H); 1*C
NMR (CDCls, 101 MHz) 6: 187.0, 145.6, 141.1, 135.4,
134.0, 130.8, 129.9, 129.2, 128.5, 63.7, 21.7, HRMS
(ESI-TOF) caled for C;sH14C10;S [M+H]" 309.0347,
found 309.0355.

1-(4- V5 2% 58 )-2- H 2R T8 1 2 -1- R (3D): 7= % 75%
(132 mg), AGEEK. mp. 144~145 C (1t 142~
145 °C); 'H NMR (CDCls, 400 MHz) J: 7.82 (d, J=8.0
Hz, 2H), 7.74 (d, J=8.0 Hz, 2H), 7.63 (d, J=8.4 Hz, 2H),
7.34 (d, J=7.6 Hz, 2H), 4.68 (s, 2H), 2.45 (s, 3H); 1*C
NMR (CDCls, 101 MHz) 6: 187.2, 145.6, 135.5, 134.4,
132.2, 130.8, 129.93, 129.86, 128.5, 63.7, 21.7; HRMS
(ESI-TOF) caled for C;sH14BrOsS [M+H]" 352.9842,
found 352.9853.
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1-(4-FAR B )-2- FH ORI - 1- B (3m): F= 38 73%
(146 mg), AMGEEL. mp. 156~157 C (lit.B7 152~
154 °C); 'H NMR (CDCls, 400 MHz) J: 7.85 (d, J=8.0
Hz, 2H), 7.74 (d, J=8.0 Hz, 2H), 7.65 (d, J=8.4 Hz, 2H),
7.34 (d, J=8.0 Hz, 2H), 4.67 (s, 2H), 2.45 (s, 3H); 1*C
NMR (CDCls, 101 MHz) o: 187.6, 145.5, 138.2, 135.5,
134.9, 130.6, 129.9, 128.5, 103.0, 63.7, 21.7; HRMS (ESI-
TOF) caled for CisH4J03S [M+H]" 400.9703, found
400.9718.

2- P 2R il T 5 - 1-(4-( = 9 P 0k ) 2R 368 ) £ -1- 1 (3m):
FEH 68% (117 mg); AR, mp. 129~130 C (1it.?®
129~130 C); '"H NMR (CDCls, 400 MHz) J: 8.07 (d,
J=8.0 Hz, 2H), 7.74 (d, J=8.0 Hz, 4H), 7.34 (d, J=8.0
Hz, 2H), 4.75 (s, 2H), 2.45 (s, 3H); 3C NMR (CDCl;, 101
MHz) o: 187.5, 145.7, 138.3, 135.4, 135.2 (t, Jcr=33.0
Hz), 129.9, 129.7, 128.5, 125.8 (q, Jer=3.3 Hz), 123.3 (q,
Jer=274.4 Hz), 63.8, 21.6; HRMS (ESI-TOF) calcd for
CisH14F30;S [M+H]" 343.0610, found 343.0625.

1-(4-fiF 8 0 )-2- FEOR s 9t - 1- B (30): 7% 62%
(99 mg), REMOEIA. mp. 145~147 T (lit1* 145~
146 °C); 'H NMR (CDCls, 400 MHz) J: 8.34 (d, J=8.4
Hz, 2H), 8.16 (d, J=8.4 Hz, 2H), 7.75 (d, J=8.0 Hz, 2H),
7.37 (d, J=8.0 Hz, 2H), 4.75 (s, 2H), 2.47 (s, 3H); 1*C
NMR (CDCls, 101 MHz) o: 187.0, 150.8, 145.9, 139.9,
135.2, 130.5, 130.0, 128.5, 124.0, 64.1, 21.8; HRMS (ESI-
TOF) caled for CisH14NOsS [M-+H]" 320.0587, found
320.0597.

1-(3,4- — &K Jk)-2- FHOR B 19 ik - 1- i 3p): 7= %6
58% (99 mg), M EFEA. mp. 169~170 C (lit.*" 168~
170 “C); '"H NMR (CDCl;, 400 MHz) : 7.99~7.98 (m,
1H), 7.83~7.80 (m, 1H), 7.74 (d, J=8.0 Hz, 2H), 7.58 (d,
J=8.4 Hz, 1H), 7.36 (d, J=8.0 Hz, 2H), 4.66 (s, 2H), 2.46
(s, 3H); 3C NMR (CDCls, 101 MHz) J: 186.2, 145.8,
139.2, 135.3, 135.1, 133.7, 131.1, 130.9, 130.0, 128.5,
128.4, 63.7, 21.7; HRMS (ESI-TOF) calcd for CysH;3Cl,-
03S [M+H]" 342.9957, found 342.9963.

1-(3- FH 4 5 O ik )-2- Y DR il Tk 6 -1- il (3q): 7™ 2
82% (125 mg); HEAFEE. mp. 70~71 C (lit*) 92~
93 ‘C); '"H NMR (CDCls, 400 MHz) 6: 7.77 (d, J=8.0 Hz,
2H), 7.52 (d, J=7.6 Hz, 2H), 7.44~7.33 (m, 4H), 7.17~
7.15 (m, 1H), 4.71 (s, 2H), 3.84 (s, 3H), 2.44 (s, 3H); 13C
NMR (CDCls, 101 MHz) o: 187.9, 159.8, 145.3, 137.0,
135.7, 129.8, 128.6, 122.2, 121.1, 112.8, 63.6, 55.7, 21.7;
HRMS (ESI-TOF) caled for C;sH;7048 [M + H] ©
305.0842, found 305.0861.
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1-(3- 9 2 5 )-2- F R Bl B 2 - 1- R Br): 72 % 74%
(108 mg), FMGEK. mp. 101~102 C (1t 101~
102 “C); '"H NMR (CDCls, 400 MHz) §: 7.76 (d, J=8.0
Hz, 3H), 7.62 (d, J=9.2 Hz, 1H), 7.51~7.46 (m, 1H),
7.36~7.31 (m, 3H), 4.69 (s, 2H), 2.46 (s, 3H); '*C NMR
(CDCls;, 101 MHz) 6: 187.1, 162.8 (d, Jer=250.1 Hz),
145.6, 137.7 (d, Jer=6.4 Hz), 135.5, 130.6 (d, Jer=7.8
Hz), 129.9, 128.6, 125.3 (d, Jcr=2.8 Hz), 121.4 (d, Jor=
21.5 Hz), 115.8 (d, Jcr=23.0 Hz), 63.7, 21.7; HRMS
(ESI-TOF) caled for C;sHisFOsS [M+H]", 293.0642,
found 293.0649.

1-(3- 502K Jk )-2- FE R T 9 25 -1- W (3s): 72 % 70%
(108 mg), AEEMAK. mp. 121~122 C (it 120~
121 “C); 'H NMR (CDCls, 400 MHz) J: 7.85 (d, J=6.8
Hz, 2H), 7.75 (d, J=8.4 Hz, 2H), 7.59 (d, J=8.4 Hz, 1H),
7.46~7.42 (m, 1H), 7.35 (d, J=8.0 Hz, 2H), 4.69 (s, 2H),
2.45 (s, 3H); *C NMR (CDCls;, 101 MHz) 6: 187.0, 145.6,
137.1, 135.4, 135.2, 1342, 130.1, 129.9, 129.1, 128.6,
127.6, 63.7, 21.7; HRMS (ESI-TOF) calcd for C;sH4Cl-
03S [M+H]" 309.0347, found 309.0355.

1-(3- 1R 2K 2k )-2- FHOR st 19 - 1- T (3t): 7= % 67%
(118 mg), AMEME. mp. 123~124 C (1t 123~
124 “C); '"H NMR (CDCl;s, 400 MHz) d: 8.00 (s, 1H), 7.90
(d, J=8.0 Hz, 1H), 7.75 (d, J=8.0 Hz, 3H), 7.40~7.34
(m, 3H), 4.68 (s, 2H), 2.45 (s, 3H); '3C NMR (CDCl;, 101
MHz) 6: 186.9, 145.6, 137.3, 137.1, 135.4, 132.1, 130.4,
129.9, 128.6, 128.0, 123.1, 63.6, 21.7; HRMS (ESI-TOF)
caled for C;sHi4BrO;S [M + H] © 352.9842, found
352.9853.

1-(2- 3R AL )-2- ORI It - 1- B (Bu): 7= 28 52% (76
mg), AEEAE. mp. 51~52 C (1t 51~52 C); 'H
NMR (CDCl;, 400 MHz) d: 7.83~7.77 (m, 3H), 7.60~
7.55 (m, 1H), 7.33 (d, J=8.4 Hz, 2H), 7.27~7.22 (m,
1H), 7.14~7.09 (m, 1H), 4.79 (s, 2H), 2.44 (s, 3H); 13C
NMR (CDCls, 101 MHz) J: 186.1, 161.9 (d, Jer=256.5
Hz), 145.2, 136.1, 136.0, 131.1, 129.7, 128.5, 124.8 (d, Jr
=3.0 Hz), 124.5 (d, Jcr=11.1 Hz), 116.8 (d, Jcr=23.9
Hz), 67.0 (d, Jor=8.8 Hz), 22.0; HRMS (ESI-TOF) calcd
for C;sH14FO3S [M+H]" 293.0642, found 293.0649.

1-(2-GURIE)-2- FRORIATEBE- 1-F (3v): 7725 48% (74
mg), HEFEE. mp. 95~96 C (lit.?”! 95~97 C); 'H
NMR (CDCls, 400 MHz) 6: 7.77 (d, J=8.0 Hz, 2H), 7.56
(d, J=7.6 Hz, 1H), 7.46~7.42 (m, 1H), 7.39~7.33 (m,
4H), 4.82 (s, 2H), 2.45 (s, 3H); '*C NMR (CDCls, 101
MHz) J: 190.3, 145.4, 137.3, 135.8, 133.1, 131.5, 130.65,
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130.59, 129.8, 128.5, 127.2, 66.4, 21.7; HRMS (ESI-TOF)
caled for Ci;sH;4ClOsS [M + H] ©  309.0347, found
309.0355.

1-(&8 RS )-2- FR ORI IR BE 2L - 1- B Bw): =% 50%
(72 mg), AEE A, mp. 109~110 C (lit.* 95~
97 ‘C); '"H NMR (CDCl;, 400 MHz) §: 7.76~7.73 (m,
3H), 7.45~7.41 (m, 1H), 7.34~7.32 (m, 3H), 7.26~7.25
(m, 1H), 4.69 (s, 2H), 2.45 (s, 3H), 2.44 (s, 3H); *C NMR
(CDCls, 101 MHz) §: 190.5, 145.2, 140.1, 135.9, 135.7,
132.8, 132.3, 130.4, 129.8, 128.5, 125.9, 65.6, 21.7, 21.6;
HRMS (ESI-TOF) caled for Ci¢H;70:S [M + H] *
289.0893, found 289.0906. (AL FEIE 1A S A1 3v —FL,
HZ—1)

1-(WR R -2- 55 )-2- R BB 96 2 - 1- i (3x): 723 77%
(102 mg), AEREAE. mp. 116~117 C (lit.*#! 124~
125 “C); '"H NMR (CDCl;, 400 MHz) §: 7.82 (d, J=3.6
Hz, 1H), 7.77~7.75 (m, 3H), 7.34 (d, J=8.4 Hz, 2H),
7.17 (t, J=4.4 Hz, 1H), 4.61 (s, 2H), 2.45 (s, 3H); 1°C
NMR (CDCls, 101 MHz) 0: 180.3, 145.5, 143.2, 136.4,
135.4, 135.3, 129.9, 128.7, 128.6, 64.7, 21.7; HRMS
(ESI-TOF) calcd for C13H;304S [M+H]" 265.0529, found
265.0541.

1-(ME Wy -2- 8 )-2- FH R R 19 - 1- | By): 72 % 76%
(107 mg), EGEAK. mp. 123~124 C (lit* 124~
125 °C); 'H NMR (CDCls, 400 MHz) &: 7.83~7.75 (m,
4H), 7.34 (d, J=8.4 Hz, 2H), 7.17 (t, J=4.4 Hz, 1H), 4.61
(s, 2H), 2.45 (s, 3H); *C NMR (CDCl;, 101 MHz) o:
180.3, 145.5, 143.2, 136.4, 135.4, 135.3, 129.9, 128.7,
128.6, 64.7, 21.7; HRMS (ESI-TOF) calcd for Ci3H 3038,
[M+H]" 281.0301, found 281.0318.

1-(4- AL R0 ) - 2- ORI E B ) L1 (32): 723 70%
(102 mg), AEEAE. mp. 115~116 C (it 115~
117 “C); 'H NMR (CDCls, 400 MHz) &: 7.94~7.89 (m,
4H), 7.68~7.64 (m, 1H), 7.56~7.53 (m, 2H), 6.94 (d, J=
8.4 Hz, 2H), 4.69 (s, 2H), 3.89 (s, 3H); '*C NMR (CDCl;,
101 MHz) §: 186.1, 164.6, 138.7, 134.1, 131.9, 129.1,
128.8, 128.5, 114.1, 63.4, 55.6; HRMS (ESI-TOF) calcd
for C1sH504S [M+H]" 291.0686, found 291.0701.

2-((4- 5K I ) R i 96 )-1-(4- AR 48 31k ) 2.l (3aa):
FEE 72% (117 mg), HEEE. mp. 168~169 C (1it.’”
168~169 °C); '"H NMR (DMSO-ds, 400 MHz) d: 7.95
~7.90 (m, 4H), 6.71 (d, J=8.0 Hz, 2H), 7.03 (d, J=8.4
Hz, 2H), 5.32 (s, 2H), 3.85 (s, 3H); '*C NMR (DMSO-ds,
101 MHz) §: 187.1, 164.0, 139.0, 138.4, 131.6, 130.1,
129.3, 128.6, 114.0, 61.9, 55.7; HRMS (ESI-TOF) calcd
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for C15H14C104S [M+H]" 325.0296, found 325.0314.
1-2KFE-2-F 2K FE -1l (3ab): =% 45% (65 mg),
WHEAEE. mp. 76~77 C (lit20 98~99 C); 'H
NMR (CDCls, 400 MHz) ¢: 7.98 (d, J=8.0 Hz, 2H), 7.66
(d, J=7.6 Hz, 2H), 7.63~7.59 (m, 1H), 7.50~7.46 (m,
1H), 7.31 (d, J=7.6 Hz, 2H), 5.16 (q, J=7.2 Hz, 1H), 2.43
(s, 2H), 1.56 (d, J=6.8 Hz, 3H); '*C NMR (CDCl;, 101
MHz) §: 192.6, 145.3, 136.2, 134.0, 133.0, 129.8, 129.5,
129.1, 128.7, 64.9, 21.6, 13.2; HRMS (ESI-TOF) calcd for
CisH1703S [M+H]" 289.0893, found 289.0916.

3.3 HEMAHER

1E =R N ¥ Ce(NHg)2)(NOs)s (274 mg, 0.5 mmol)is
JnE) 31 (152 mg, 0.5 mmol)[#] MeCN(10 mL)##H.
NIREYITE 60 C R4k 10 h, TLC AR ;e MERE, %
NFEARTEA G, IRGFTHREY, BREAMET LR
g, FERKIEERA VLR, F NaSOs T I 4513 2H
74, H EtOAc I THF XHRAYIEAT B4 b, 7532
4-RIEHER (M), PF 18% (78 mg), A EE K. mp.
252~253 C; '"H NMR (DMSO-ds, 400 MHz) 6: 13.17 (s,
1H), 7.86 (d, J=8.0 Hz, 2H), 7.71~7.69 (m, 2H); *C
NMR (DMSO-ds, 101 MHz) §: 166.6, 131.7, 131.3, 130.0,
126.9; HRMS (ESI-TOF) calcd for C;H¢BrO, [M+H]"
200.9546, found 200.9556.

4 Bh A4 B} (Supporting Information) FiG =¥ 'H
NMR F1 3C NMR B3, X Eepp sl a] BL e 2 AR T ) iy
(http://sioc-journal.cn/)_E T %K.
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