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Scheme 1 Examples of enzyme inhibitors containing vinyl sulfone
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S A - B A : Agilent 23 7] 7890A/
5975C, BfgdRiY: Bruker Avance TTM-400MHz,
FE I EA : B s A AR A BR A W), i AT 2
M Alfa Aesar 5 JE IR w0 K 5 B AT
1.2 SULIESREN & B E Z H A &

1625 mL 1% B B b, A& (0. 2
mmol ) , % F A P 52 B FH A 796 52 (0. 2 mmol ), 550
AL 4R (0. 002 mmol ), filt (0. 01 mmol), FK & 4
(0.3 mmol), ZJiE (1.0 mL), #RJ51E 105 C 5§
115 CR 12 he NS5 A JE R A 2 %00, S
TH, SRE A CEROIR(V V=3 1)k
VERIAE 73 B A5 2 H AR ).

1.3 PRy HERAE

( E) -1-methyl-4-( styrylsulfonyl ) benzene (2a) *'
Yellow solid, (50.1 mg, 97% ); mp: 117 ~ 118 C
(lit. mp: 118-15119 C).

( E) -1-methyl-4-( 4-methylstyrylsulfonyl ) benzene
(2b) ™. Yellow solid, (49. 6 mg, 91% ); mp:
154 ~156 °C (lit. mp: 152 ~154 C ).

( E) -1-methyl-3-( 2-tosylvinyl ) benzene (2¢) '
Yellow solid, (49.0 mg, 90% ); mp: 80 ~ 82 C
(lit. mp; 82 ~83 C).

( E)-1-methoxy-4-( 2-tosylvinyl ) benzene (2d)"*'" .
Yellow solid, (50.2 mg, 87% ); mp: 99 ~ 101 C
(lit. mp: 98 ~100 C).

( E)-1-chloro-4-( 2-tosylvinyl ) benzene (2e)'™’;
Yellow solid, (42.6 mg, 73% ); mp: 125 ~ 127 C
(lit. mp: 126 ~127 °C ).

( E)-1-methyl-4-( 4-( trifluoromethyl ) styrylsulfo-
nyl) benzene (2f): Yellow solid, (52.9 mg, 81% ) ;
mp: 147 ~149 °C. '"H NMR (CDCl,, 400 MHz) §
(ppm) = 7.83 (d, J = 8.0 Hz, 2H), 7.60-7. 65
(m, 5H),7.35-7.37 (m, 2H), 6.94 (d, J = 15.2
Hz, 1H), 2.44 (s, 3H); “"C NMR (CDCl,, 100
MHz) & (ppm) = 144.9, 139.9, 136.1 (d, J =
126 Hz), 130.4, 130.1, 129.8, 129.3, 128.7,
128.6, 126.0 (d, J = 3 Hz), 21.7. GC/MS m/z:
326.0.

( E )-2-( 2-tosylvinyl ) naphthalene ( 2g)'*';
Yellow solid, (43.2 mg, 70% ); mp: 158 ~ 160 C

(lit. mp: 160 ~161 C).

2-tosylethene-1, 1-diyl ) dibenzene ( 2h )™/,
Yellow solid, (46.8 mg, 70% ); mp: 106 ~ 108 °C
(lit. mp: 106 ~107 °C).

( E )-1-methyl-4-( 2-phenylprop-1-enylsulfonyl )
benzene (2i)™': Yellow solid, (27.8 mg, 51% ) ;
mp: 99 ~101 °C (lit. mp: 102 ~103 °C).

( E )-( 2-( methylsulfonyl )
(2§)""". Yellow oil, (34.6 mg, 95%). (E)-1-
methyl-4-( 2-( methylsulfonyl ) vinyl )
(2k) """ Yellow oil, (35.3 mg, 90% ).

( E) -1-methyl-3-( 2-( methylsulfonyl ) vinyl ) ben-
zene (21): Yellow oil, (34.2 mg, 87% ). 'H NMR
(CDCly, 400 MHz) & (ppm)=7.59 (d, J =15.2
Hz, 1H), 7.26-7.32 (m, 4H), 6.90 (d, J=15.6
Hz, 1H), 3.03 (s, 3H), 2.38 (s, 3H); "C NMR
(CDCly, 100 MHz) 6 (ppm) = 144.2, 139.0,
132.3, 132.0, 129.2, 129.1, 125.9, 125.8, 43.3,
21.3. GC/MS m/z: 196.0.

(E)-1-chloro-4-( 2-( methylsulfonyl ) vinyl ) ben-
zene (2m)"**'. Yellow oil, (30.3 mg, 70% ).

( E)-1-( 2-( methylsulfonyl ) vinyl ) -4-( trifluoro-
methyl) benzene (2n)'”’: Yellow oil, (39.0 mg,
78% ).

( E )-( 2-( methylsulfonyl ) ethene-1, 1-diyl )
dibenzene (20) "' ; Yellow oil, (44.9 mg, 87%).
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2.1 R EMHRMRIL

B, WIBOR IR NI, TETCMEL R Ry 21
T, ISINERER PR AE g8, 105 °C [ 12 h, ] GC-
MS HAGE) A E ) 2a 2P (£ 1 Enry 1), 42
ok, JATER T AR AMEATENE, 40 Cul |
CuBr #1 CuCl( Entries 2-4). &I 1% — 4 EHA4E
AL AT 3575 80% LA F IR, X H— i £k
PEALTR A S 25 3, Cul J& A AEE AL, MUAE S N
T REER BN EEAE AL S TR R RO R
FATWRSE T AT B XS S, 52 5 AR,
5% i, DL CaCl AR HEARAR], Seni e vl 42 5
£ 97% (Entry 5) 5 MHINME CEEMULEL RS, 725
89% (Entry 6). 24/ CuCl, - 2H,0 {E J 4 1k 7 B
(Entry 7), =K T5% . SKIG, 58 T B RO
520 (Entries 8-11) , 1 & e, PUEIKM ., 1,
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WHEAEAE : CuCl/L fHEAG A s o 5 R S S 1 3 U SE AR AL 2 T 201

2-TRLKEM N N-T LR S5 RERM, L
Jed AR TR A R N R AR 1% AL B
LT, 5% BN TR, 1.5 24 K,CO5 N,

ZIE RIS, BN 12 he jeAh, %IRRT
T T ORI SN, EAH ] SR 2544 T A7 ] 3k
13 90% 1772 (Entry 12).
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Table 1 Optimization of reaction conditions for synthesis of vinyl sulfones®

Catalyst (1 mol %)

(l)l/m Additive (5 mol %) /©/
N s K,CO; (1.5 equiv) 0\\
+ g XS
©/\ /©/ 105°C , 12h ©/\/ \E)
la 2a
Entry Catalyst Additive Solvent Yield/% "
1 - - MeCN trace
2 Cul - MeCN 85
3 CuBr - MeCN 82
4 CuCl - MeCN 80
5 CuCl I MeCN 97
6 CuCl Et, NI MeCN 89
7 CuCl, - 2H,0 I, MeCN 75
8 CuCl I, CH,Cl, 91
9 CuCl I THF 85
10 CuCl I, CICH, CH, Cl 87
11 CuCl 1, DMF 78
12¢ CuCl I, MeCN 90

a. Reaction conditions; 1a (0.2 mmol), catalyst (0.002 mmol), additive (0.01 mmol), TsCl (0.2 mmol), K,CO, (0.3

mmol) and solvent (1.0 mL) at 105 C for 12 h;
b. Isolated yield;

c. The reaction was carried out in 20 mmol scale.

2.2 R NMEYIHIIRE

FERACI N A5 PE T, FRATH L T — R 5 Jk
I hee 5 xof R LR Sk P L e S SV, (32 2)
W LI, MO ORI SO IR, IR e
I BT LSS RIS 8 U ) 233 i) 457 BEL 349 6 52 7 3
AR, YR FUCES S b B AT, an
LR AR L5, AT 315 87% ~91% 177 % ( Entries 2-
4) 5 T ARER T ORI Ry U H R A s e DU

ZHBUCEL, 77 RAL K 51% ~ 81% (Entries 5-9). i
Ab, AT EEE T MR E RIS, 5A RIS
R VEE, RIS R R 115 C. KB
LR 152 M0 S RIS, 4 i B i AR R
B, TSR 87% ~95% 1) 5= % ( Entries 10-12) ; 1fij
W HL AL, PR RN 70% (Entries 13-
14) . AN[a] B2, 398 52 U oK s s J SR T A
AP] 3545 87% 7= % (Entry 15).
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Table 2 Reactions of sulfonyl chlorides with terminal olefins catalyzed by a copper(I) chloride/T,"

CuCl (1 mol %) O, g
XX (|)| cl L (5 mol %) R \s/
R' 71 + s< TN \
Pz R*" o R' o
K,CO, (1.5 equiv) =
1 MeCN, 105 °C,12h 2
Entry Substrate Sulfonyl Chloride Product Yield/ %"
\ 2
1 R’= p-CH,-C,H, 2a 97
\ 2
2 R?= p-CH,-CH, 2b 9]
X
3 R’= p-CH,-C,H, 2¢ 90
\ 2
4 R’= p-CH,-C4H, 2d 87
o
\ 2
5 R’= p-CH,-C,H, 2e 73
cl
\ 2
6 R’= p-CH,-C H, 2f 81
F.C
\ 2
7 R’= p-CH,-C,H, 2g 70
8 R>= p-CH,-C H, 2h 70
’ ©/“\ R* = p-CH;-C¢H, 2i 51
\ 2
10° R =CH, 2j 95
\ 2
e R®=CH, 2k 90
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Entry Substrate Sulfonyl Chloride Product Yield/%"
X
12° R*=CH, 21 87
X
13¢ R’ =CH, 2m 70
Cl
X
14¢ R’ =CH, 2n 78
F,C
15 R*=CH, 20 87

a. Unless otherwise noted, all reactions were carried out with 1 (0.2 mmol), sulfonyl chloride (0.2 mmol), CuCl (0.002
mmol) , T, (0.01 mmol), K,CO,(0.3 mmol) and MeCN (1.0 mL) at 105 °C for 12 h;

b. Isolated yield;
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Synthesis of Vinyl Sulfones from Terminal Olefins and Sulfonyl Chloride
Derivatives Catalyzed by Copper (1) Chloride/L,

ZENG Xiang-hua'>, MIAO Cheng-xia' , WANG Shou-feng' , XIA Chun-gu', SUN Wei' *

(1 State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of
Chemical Physics, Lanzhou 730000, China;
2 The University of Chinese Academy of Sciences ,Bejing 100039 , China)

Abstract: A series of vinyl sulfones were synthesized from terminal olefins and sulfonyl chloride derivatives cata-

lyzed by CuCl/1,. Interestingly, addition of catalytic amount of 1, was benefit for improving the yield greatly and the

yield of vinyl sulfone was up to 97% . Besides, the activities of several kinds of copper salts and the effect of sol-

vents were investigated.

Key words: styrene; copper(1) chloride; sulfonyl chloride; iodine



