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苯亚磺酸钠和叔胺电化学耦合生成 β-氨基乙烯砜 

熊云奎*,a,b    张健叶 a    申  裙 b    黄嘉宇 b    王  涛*,a,b 

(a江西师范大学  国家单糖化学合成工程技术研究中心  南昌 330022) 
(b江西师范大学化学化工学院  南昌 330022) 

摘要  β-氨基砜是一种特别有用的生物活性分子的骨架. β-氨基乙烯基砜加氢法是合成 β-氨基砜的一种简便、高效的方

法. 提出了一种以苯亚磺酸钠和叔胺为底物的电化学法合成 β-氨基乙烯基砜. 在无金属催化剂和无氧化剂的条件下, 
仅合成 E 构型的 β-氨基乙烯基砜. 循环伏安实验和对照实验表明, 该电合成反应经历了磺酸自由基与烯胺的加成, 并
生成碳自由基的过程.  
关键词  β-氨基砜; β-氨基乙烯基砜; 苯亚磺酸钠; 叔胺 

Electrochemical Coupling of the Sulfonic Acid Sodium and Tertiary 
Amines for the Synthesis of β-Amidovinyl Sulfones 

Xiong, Yunkui*,a,b    Zhang, Jianyea    Shen, Qunb    Huang, Jiayub    Wang, Tao*,a,b 

(a National Research Center for Carbohydrate Synthesis, Jiangxi Province Key Laboratory of Chemical Biology, 
Jiangxi Normal University, Nanchang 330022) 

(b College of Chemistry and Chemical Engineering, Jiangxi Normal university, Nanchang 330022) 

Abstract  β-Amido sulfone motif reprents a particularly useful scaffold for the biologically active molecules. The hydrogena-
tion of β-amidovinyl sulfon is an alternative method to synthesize β-amido sulfone. Herein, one electrochemical method to 
synthesize β-amido sulfone using sodium sulfites and tertiary amines as substrates is presented. Only E-configurations of 
β-amidovinyl sulfonyl were synthesized under metal catalyst- and oxidant-free condition. Cyclic voltammetry (CV) and con-
trol experiments indicate that this electrosynthesis reaction goes through a radical process which the sulfonyl radical adds to 
enamine to form the carbon radical. 
Key words  β-amido sulfone; β-amidovinyl sulfon; sodium sulfites; tertiary amines 

 

1  Introduction 
Sulfone is a widely used synthetic intermediate and it is 

widely used in organic chemistry and often appears in bio-
logically active molecules.[1] Since oxycarboxin, an agri-
cultural fungicide, was successfully promoted by Eunyloyle 
(Uniroyal) in 1966, sulfone compounds have been deeply 
studied, and a series of new sulfone compounds with dif-
ferent biological activities have been reported one after 
another, such as Dapsone, Eletriptan and Bicalutamide 
(Figure 1).[2-4]  

Among many molecules containing sulfone, β-amido 
sulfone motif represents a particularly interesting scaffold. 
β-Amido sulfones are useful building blocks for the syn-
thesis of amino acids,[5] alkaloids[6] or carbohydrate deriva-
tives.[7] β-Aminosulfone units are found in some attractive 
active biomolecules. For example, sulbactam and tazobac- 

 
Figure 1  Example for biologically active sulfones 

tam are two synthetic β-lactam antibiotics.[8] LY404039, a 
glutamate receptor agonist, is under investigation as poten-
tial antipsychotic agent.[9] Dalfopristin is mainly used to 
treat skin and soft tissue infections caused by lethal van-
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comycin-resistant Enterococcus faecium (VREF) bactere-
mia-related infection, methicillin-resistant Staphylococcus 
aureus (MRSA) and suppurative streptococcus.[10] The 
PDE4 inhibitor apremilast is used for the treatment of 
psoarisis.[11] These β-amido sulfones are summarized in 
Figure 2.  

OMe
EtO

N
S
O

OO

O

NHAc

S
O

O
H

COOHH2N
H

HOOC
N

O

S
O

O

COOH

N
O

S
O

N
N

N

Tazobactam

Apremilast

LY404039Sulbactam

O

Dalfopristin

N
H

O
OH

N

O

O

N

S

O

O
O

O

O

N

 
Figure 2  Examples for biologically active β-amido sulfones 

Because β-aminosulfone plays a very important role, 
some researchers are committed to synthesizing it. Among 
these many methods, there is no doubt that the hydrogena-
tion of β-amidovinyl sulfone is an effective approach.[12] 
Based on this, the synthesis of β-amidovinyl sulfone is 
particularly important. Thus, some groups have established 
protocols for β-amidovinyl sulfone. β-Amidovinyl sulfone 
is mainly synthesized by metal catalysis and photocatalysis. 
For example, Lin et al.[13] have invested a novel type of 
one-pot reaction under relatively mild conditions by using 
the zwitterionic rhodium complex [Rh＋(cod)(ŋ6-PhBPh3)－] 
as a catalyst (scheme 1a). The groups of Loh and Yu[14-15] 
have reported Pd- and Ir-catalyzed reactions for the direct 
C—H-functionalization of enamides with sulfonyl chlo-
rides (Schemes 1b, 1c). Whereas method of Loh is solely 
limited to indenyl-derived enamides,[14] the reaction of Yu 
is compatible with various tertiary enamides and affords 
exclusively the corresponding (E)-configured β-amidovinyl 
sulfones.[15] Zhang and coworkers[16] reported a metal-free, 
visible-enamides with sodium sulfinates (Scheme 1d), the 
authors did not observe any stereroselectivity in the case of 
acyclic products. More recently, Zhao and Loh et al.[18] 
described a Cu(OTf)2-mediated C—H-sulfonylation of ter- 
tiary enamides with incorporation of sulfur dioxide, leading 
to the corresponding (E)-amidovinyl sulfones (Scheme 
1e).[17] Zheng and Zhang et al.[18] independently reported 
photo-mediated reactions of sulfonyl chlorides and tertiary 
amines (Scheme 1f). 

Electrochemistry is an environmentally benign strategy 
for organic synthesis since it can avoid the use of exogenous 
oxidant or reductant by anodic oxidation or cathodic re-
duction. Because of the above advantages of electrochem-
istry, in recent years, many researchers are increasingly 
concerned about electrochemistry.[19-24] Thanks to our 

group's interest in the study of benzenesulfonic acid free 
radicals,[25] we accidentally found that sodium benzene-
sulfonate compounds and tertiary amines can product one 
compound by elctricity. This compound was identified as 
β-amidovinyl sulfone by X-ray single crystal diffractometer 
and NMR, and then we collected the relevant data and found 
that there were two electrochemical literatures related to my 
work.[26-27] It makes us the more convinced that this inno-
vative work should be reported. In the work, we report a 
novel procedure for the synthesis of β-amidovinyl, and this 
innovative method successfully synthesized E-β-amido- 
vinyl sulfone by electrochemical method using cheap and 
easily available sodium sulfite compounds and tertiary 
amine compounds as substrates (Scheme 1g). This method 
has good substrate universality and strong maneuverability, 
and there is no metal and oxidant in the reaction. The results 
in the reaction which is totally in accordance with instruc-
tions issued by green chemistry. 

2  Results and discussion 
We began our studies by choosing benzene sulfinic acid 

sodium salt and diisopropylethylamine as the model sub-
strates. The reaction was performed in an undivided cell 
eauipped with a graphite anode and a platinum cathode, and 
0.03 mmol of Bu4NOAc as the electrolyte in CH3CN and 
H2O at a 12 mA constant current for 5 h, 92% GC yield and 
83% isolated yield of product can be obtained at room 
temperature (Table 1, Entry 1). Using Bu4NBF6 instead of 
Bu4NOAc, only 80% yield of product can be formed (Table 
1, Entry 2). Similarly, only 80% yield of the product can be 
obtained by using NaI instead of Bu4NOAc (Table 1, Entry 
3). When using mixture tetrahydrofuran (THF) and MeOH 
instead of the mixture CH3CN and H2O as solvent, the yield 
of the product is 88% (Table 1, Entry 4). When CH3CN and 
HOAc were used as solvents, the product 3a was not formed 
at all (Table 1, Entry 5). When THF and H2O were used as 
solvents, the yield of the product was only 47% (Table 1, 
Entry 6). When only CH3CN was used as solvent, the yield 
of the product was 85% (Table 1, Entry 7). When the reac-
tion was carried out in air, the yield of the product decreased 
to 42% (Table 1, Entry 8). The electrode materials were 
crucial for obtaining β-amidoviny product 3a in high yields. 
In comparison, when a Pt anode was used instead of carbon 
rod, a significant decline of yield was obtained (Table 1, 
Entry 9). When using nickel or iron electrode instead of 
carbon electrode, the yield of the product was lower, and 
when iron electrode was used instead of carbon electrode, 
almost no product was found (Table 1, Entry 10～11). 
Control experiment showed that electricity was indispen-
sable for this reaction (Table 1, Entry 12). 

With the optimized conditions in hand, various the sul-
fonic acid sodium derivatives and some tertiary amines 
were synthesized to confirm the generality of this trans-
formation. As shown in Table 2. For benzene sulfinic acid 
sodium derivatives, when the para-position of benzene ring 
is hydrogen or other functional group, they can react with  



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2021, 41, 2735～2742 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     2737 

R

NHAc

S
Ar Cl

O O [Pd]

120 oC
R

NHAc

S
O

O
Ar

b) Loh et al.

Me S
O

O
+ RR'NH

catalyst, ligand

THF, CO/H2

Me
S

O

O

NRR'

Me S
O

O NRR'

a) Lin et al.

R1 NR3

O

R2
S

R4 Cl

O O [lr]

h

R1 NR3

O

R2

SO
O

R4

E-selective

c) Yu et al.

d) Zhang et al.
NHAc

S
R ONa

O rose bengal
h

NHAc
S

O

R
O

not selective
e) Zhao & Loh et al.

N
Ac Bn

Ar1
Ar2 N2BF4

DABSO
N

Ac Bn

Ar1

SO
O

Ar2

E-selective

S
O

O
ClR N

R1
R2

photochemistry

S
O

O
R

N
R1

R2

f) Zheng & Zhang et al.

R S
O

ONa N
R1 R2

Electrochemistry
undivided cell

This work

S
O

O
R

N
R1

R2

+

+

+

+

+

+

+

Cu(II)

 
Scheme 1  Some methodes for synthesizing β-amidovinyl sul-
fone 

diisopropylethylamine and the corresponding products 
(3a～3j) were obtained. It shows that benzene sulfinic acid 
sodium derivatives are compatible in the electrochemical 
system no matter whether the para-position of the benzene 
ring of benzene sulfinic acid sodium is a electron-donating 
group or electro-withdrawing group. Then, the effects of the 
ortho- and meta-groups of the benzene ring of benzene 
sulfinic acid sodium on the reaction were also investigated. 
The results show that the sodium benzene sulfonate com-
pounds attached group to the two positions can react 
smoothly with diisopropylethylamine, and the desired pro- 
duct can be found (3k～3m). It can be seen that the position 
of the group on the benzene ring of benzene sulfinic acid 

Table 1  Optimization of the reaction conditionsa 

12 mA
+
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Entry Variation form standard condition yieldb/%

1 None 92 (83c)
2 nBu4NBF4 instead of nBu4NOAc 80 
3 NaI instead of nBu4NOAc 80 

4 THF/MeOH (V/V＝9 mL/1 mL) as sol-
vent 88 

5 CH3CN/AcOH (V/V＝9 mL/0.5 mL) as 
solvent N.d.d 

6 THF/H2O (V/V＝9 mL/1 mL) as solvent 47 
7 CH3CN (10 mL) as solvent 85 
8 Air instead of N2 42 
9 Pt(＋)|Pt(－) instead of C(＋)|Pt(－) 60 
10 Ni(＋)|Pt(－) instead of C(＋)|Pt(－) 35 
11 Fe(＋)|Pt(－) instead of C(＋)|Pt(－) Trace 
12 without electric current N.d.d 

a Reaction conditions: carbon rod anode (d＝6 mm), platinum plate cathode 
(15 mm×15 mm×0.3 mm), constant current 12 mA, 1a (0.30 mmol), 2a 
(1.50 mmol), nBu4NOAc (0.03 mmol), solvent (CH3CN/H2O, V/V＝9 mL/1 
mL), undivided cell, N2, 5 h. b Yields of 3a determined by gas chromatography 
(GC) analysis by using biphenyl as the internal standard. c Isolated yield shown 
in the parentheses.d Not determined. 

sodium has little effect on the reaction. Furthermore, so-
dium naphthalene sulfonate, heterocyclic sodium sulfite and 
sodium alkyl sulfite were also investigated. The experiment 
results show that these sulfinic acid sodium compounds 
could also be carried out smoothly with diisopropylethyl-
amine in the reaction, and correspond products can be ob-
tained (3o～3t). So, it may be concluded that the reaction is 
suitable for most of sulfinic acid sodium compounds. Then, 
some tertiary amines were also investigated, and the ex-
perimental results show that dicyclohexylethylamine, 
cyclhexyl diethylamine and triethylamine were also suitable 
coupling partners, giving the corresponding β-amidovinyl 
sulfones (3u～3z). The structure of 3a (CCDC 2041347) 
and 3c (CCDC 2044760) were unambiguously confirmed 
by X-ray crystallography. So, 3a and 3c can be ensured to 
be E-configuration, and other products can also be defined 
as E-configuration by NMR. 

In order to evaluate the practicality of this electrochem-
ical protocol, a scale-up reaction of benzene sulfinic acid 
sodium salt (1a) and diisopropylethylamine (2a) at 5 mmol 
was conducted (Scheme 2). Gratefully, when the reaction 
finished, 82% yield of 3a could be obtained. 

To shed light on the mechanism of this electrochemical 
reaction, cyclic voltammetry (CV) and control experiments 
were carried out. Cyclic voltammetry (CV) experiments 
were conducted to analyze the redox potential of the reac-
tion substrates. As shown in Figure 3, the oxidation peak of 
sodium benzene sulfinate (1a) appear at 1.25 V. The cyclic 
voltammogram of N,N-diisopropylethylamine (2a) showed     
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Table 2  Substrate scope of β-amidovinyl sulfones from the sulfonic acid sodium derivatives and some tertiary aminesa 

 
Reaction conditions: Sulfonic acid sodium derivatives 1 (0.3 mmol), tertiary amine 2 (1.5 mmol), nBu4NOAc (0.03 mmol), solvent (CH3CN/H2O＝9 mL/1 mL), 
undivided cell, N2, 5 h. Isolated yields were shown.

 
Scheme 2  Scale-up reaction 

two oxidation waves at 1.20 and 2.26 V (vs. Ag/AgCl). It 
shows that diisopropylethylamine should undergo two ox-
idation process in this reaction. Under the standard condi-
tions, a few control experiments were carried out. When the 
model reaction was conducted in the presence of 2.0 equiv. 
of 1,1-diphenylethylene, the sulfonyl radical captured 
product 4a could be isolated in 46% yield and no 3a was 
obtained (Scheme 3A). This result suggested that a sulfonyl 

radical intermediate might be involved in this transfor-
mation. However, when p-toluenesulfonic acid or sodium 
benzenesulfonate was used as the sulfonyl radical precursor 
(Schemes 3B and 3C), no desired product 3a was produced. 
These results suggested p-toluenesulfonic acid and sodium 
benzenesulfonate might not be reaction intermediate. For 
the template reaction, if the electricity is not turned on, the 
reaction can’t be carried out at all (Scheme 3D). 

Based on these experimental results and previous repor- 
ts[25-27], a plausible reaction pathway is proposed as shown 
in Scheme 4. Sodium benzene sulfinate (1a) loses one 
electron at the anode to access the radical intermediate A or 
B. At the same time, the tertiary amine (2a) is activated and 
converted to a radical cation A', and then, C—H bond at the 
α-position of the tertiary amine is oxidized to afford imin-
ium ion intermediate B'. Then B' loses one proton to form 
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Figure 3  Cyclic voltammograms of 1a and 2a 
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C. C combines with A or B to form D, D loses one electron 
to form carbocation E, then E loses one proton to give 3a. 
Water is reduced to hydroxide ion at the cathode and hy-
drogen is released. 

3  Conclusions 
In conclusion, we have developed a novel approach for 

the synthesis of β-amidovinyl sulfone. By employing both 
anodic oxidation and cathodic reduction, a variety of β- 
amidovinyl sulfones were prepared in the absence of metal 
catalyst, exogenous-oxidant, and exogenous-reductant. This 
approach provides a new strategy for synthesizing β-ami-
dovinyl sulfone from readily available benzene sulfinic acid 
sodium salt. Moreover, these β-amidovinyl sulfones are 
E-configuration, it shows that the method has good stere-
oselectivity to synthesize β-amidovinyl sulfone. Further 
application of this strategy is currently under way in our 
laboratory. 
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Scheme 4  Proposed mechanism 

4  Experimental section 
4.1  General information 

Unless otherwise noted, materials were obtained from 
commercial suppliers and used without further purification. 
The instrument for electrolysis is dual display potentiostat 
(DJS-292B) (made in China). Thin layer chromatography 
(TLC) employed glass 0.25 mm silica gel plates. Flash 
chromatography columns were packed with 300～ 400 
mesh silica gel in petroleum (boiling point is between 
60～90 ℃). Gradient flash chromatography was conducted 
eluting with a continuous gradient from petroleum to the 
indicated solvent. NMR spectra were recorded on a Bruker 
spectrometer at 400 (1H NMR), 100 (13C NMR), 376 MHz 
(19F NMR). 
4.2  General procedure for the preparation of 3a 

In an oven-dried undivided three-necked bottle (15 mL) 
equipped with a stir bar, sodium sulfonate (1a) (0.3 mmol), 
tertiary amine (2a) (1.5 mmol), and nBu4NOAc (0.03 mmol, 
9.87 mg) were combined and added. The bottle was 
equipped with graphite rod (ϕ 6 mm, about 17 mm immer-
sion depth in solution) as the anode and platinum plate (15 
mm×15 mm×0.3 mm) as the cathode, and then charged 
with nitrogen. Under the protection of N2, H2O (1.0 mL) and 
CH3CN (9.0 mL) were injected respectively into the tubes 
via syringes. The reaction mixture was stirred and electro-
lyzed at a constant current of 12 mA at room temperature for 
5 h. When the reaction was finished, the reaction mixture 
was concentrated in vacuo, then the crude products were 
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purified through silica gel column chromatography using 
petroleum ether/ethyl acetate (V/V＝10/1) as eluent to give 
target product 3a. White solid (83% yield, 66.5 mg), m.p. 
120～122 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.87～7.77 
(m, 2H), 7.49～7.41 (m, 3H), 7.39 (d, J＝12.8 Hz, 1H), 
4.95 (d, J＝12.8 Hz, 1H), 3.58 (s, 2H), 1.18 (s, 12H); 13C 
NMR (100 MHz, CDCl3) δ: 145.5, 145.3, 131.4, 128.8, 
126.1, 91.2, 49.3, 47.5, 23.5, 19.5. HRMS (ESI) calcd for 
C14H22NO2S [M＋H]＋: 268.1371, found 268.1359. 

Compounds 3b～3z were prepared according to the 
synthetic method of compound 3a. 

(E)-N-Isopropyl-N-(2-((4-propylphenyl)sulfonyl)vinyl)- 
propan-2-amine (3b): White solid (68% yield, 63.1 mg), 
m.p. 118～120 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.78～
7.71 (m, 2H), 7.39 (d, J＝12.8 Hz, 1H), 7.25 (d, J＝8.4 Hz, 
2H), 4.97 (d, J＝12.4 Hz, 1H), 3.65～3.53 (m, 2H), 2.62 (t, 
J＝7.6 Hz, 2H), 1.64 (h, J＝7.2 Hz, 2H), 1.19 (s, 12H), 0.93 
(t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 146.5, 
144.9, 142.8, 128.8, 126.0, 91.6,, 49.0, 47.2, 37.8, 24.2, 
23.4, 19.3, 13.7. HRMS (ESI) calcd for C17H27NO2SNa  
[M＋Na]＋: 332.1660; found 332.1661. 

(E)-N-(2-((4-(tert-Butyl)phenyl)sulfonyl)vinyl)-N-isopro- 
pylpropan-2-amine (3c): White solid (66% yield, 64.0 mg), 
m.p. 117～119 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.68 (d, 
J＝8.8 Hz, 2H), 7.39 (d, J＝8.8 Hz, 2H), 7.32 (d, J＝12.8 
Hz, 1H), 4.90 (d, J＝12.8 Hz, 1H), 3.59～3.44 (m, 6H), 
1.25 (s, 9H), 1.17～1.07 (m, 12H); 13C NMR (100 MHz, 
CDCl3) δ: 154.9, 145.0, 142.5, 125.9, 125.7, 91.6, 48.3, 
35.0, 31.1, 23.4, 19.7. HRMS (ESI) calcd for C18H29NO2K 
[M＋K]＋: 362.1556; found 362.1571. 

(E)-N-Isopropyl-N-(2-tosylvinyl)propan-2-amine (3d): 
White solid (62% yield, 52.3 mg), m.p. 137～139 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.73 (d, J＝8.4 Hz, 2H), 7.39 
(d, J＝12.8 Hz, 1H), 7.25 (d, J＝10.0 Hz, 2H), 4.96 (d, J＝
12.8 Hz, 1H), 3.58 (s, 2H), 2.40 (s, 3H), 1.19 (s, 12H); 13C 
NMR (100 MHz, CDCl3) δ: 144.9, 142.6, 141.9, 129.4, 
126.1, 91.7, 49.3, 47.2, 23.5, 21.4, 19.5. HRMS (ESI) calcd 
for C15H24NO2S [M＋H]＋: 282.1528; found 282.1533. 

(E)-N-(2-((4-Fluorophenyl)sulfonyl)vinyl)-N-isopropyl- 
propan-2-amine (3e): White solid (72% yield, 61.6 mg), 
m.p. 65～67 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.93～7.79 
(m, 2H), 7.39 (dd, J＝12.8, 4.4 Hz, 1H), 7.20～7.05 (m, 
2H), 4.98 (dd, J＝12.4, 3.6 Hz 1H), 3.61 (s, 2H), 1.20 (s, 
12H); 13C NMR (100 MHz, CDCl3) δ: 164.2 (d, J＝252.5 
Hz), 145.3, 141.8, 128.6 (d, J＝9.0 Hz), 115.7 (d, J＝22.3 
Hz), 49.3, 47.5, 23.5, 19.4; 19F NMR (376 MHz, CDCl3) δ:     
－108.13. HRMS (ESI) calcd for C14H21NO2S [M＋H]＋: 
286.1277; found 286.1285. 

(E)-N-(2-((4-Chlorophenyl)sulfonyl)vinyl)-N-isopropyl-
propan-2-amine (3f): White solid (47% yield, 44 mg), m.p. 
112～114 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.74 (d, J＝
12.0 Hz, 2H), 7.37 (m, 3H), 4.91 (d, J＝12.0 Hz, 1H), 3.57 
(s, 2H), 1.17 (d, J＝16.0 Hz, 12H); 13C NMR (100 MHz, 
CDCl3) δ: 145.5, 144.2, 137.6, 129.1, 127.7, 90.9, 49.5, 
47.7, 23.5, 19.5. HRMS (ESI) calcd for C14H21ClNO2S   
[M＋H]＋: 302.0982; found 302.0977. 

(E)-N-(2-((4-Bromophenyl)sulfonyl)vinyl)-N-isopropylp

ropan-2-amine (3g): White solid (27% yield, 28 mg), m.p. 
115～117 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.74～7.67 
(m, 2H), 7.62～7.55 (m, 2H), 7.38 (d, J＝12.8 Hz, 1H), 
4.94 (d, J＝12.8 Hz, 1H), 3.60 (s, 2H), 1.28～1.13 (m, 
12H); 13C NMR (100 MHz, CDCl3) δ: 145.54, 144.66, 
131.98, 127.75, 125.99, 90.81, 49.41, 47.67, 23.47, 19.44. 
HRMS (ESI) calcd for C14H21BrNO2S [M＋H]＋: 346.0476; 
found 346.0478. 

(E)-N-Isopropyl-N-(2-((4-(trifluoromethyl)phenyl)sulfo-
nyl)vinyl)propan-2-amine (3h): White solid (32% yield, 32 
mg), m.p. 113～115 ℃; 1H NMR (400 MHz, CDCl3) δ: 
7.97 (d, J＝12.0 Hz, 2H), 7.72 (d, J＝8.0 Hz, 2H), 7.42 (d,  
J＝12.8 Hz, 1H), 4.98 (d, J＝12.8 Hz, 1H), 3.63 (s, 2H), 
1.22 (d,    J＝16.0 Hz, 12H); 13C NMR (100 MHz, CDCl3) 
δ: 149.2, 146.1, 132.9 (q, J＝32.0 Hz), 126.5, 125.9 (q, J＝
3.0 Hz),123.5 (q, J＝271 Hz), 90.2, 49.5, 47.8, 23.4, 19.3; 
19F NMR (376 MHz, CDCl3) δ: －62.95.HRMS (ESI) calcd 
for C15H21F3NO2S [M＋H]＋: 336.1245; found 336.1233. 

(E)-N-(2-([1,1'-Biphenyl]-4-ylsulfonyl)vinyl)-N-isopro-
pylpropan-2-amine (3i): White solid (45% yield, 46 mg), 
m.p. 144～145 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.94～
7.87 (m, 2H), 7.70～7.63 (m, 2H), 7.63～7.56 (m, 2H), 
7.50～7.36 (m, 4H), 5.01 (d, J＝12.8 Hz, 1H), 3.61 (s, 2H), 
1.22 (s, 12H); 13C NMR (100 MHz, CDCl3) δ: 145.3, 144.3, 
144.2, 139.8, 128.9, 128.1, 127.5, 127.3, 126.6, 91.5, 49.3, 
47.7, 23.4, 19.6. HRMS (ESI) calcd for C20H26NO2S [M＋
H]＋: 344.1684; found 344.1688. 

(E)-N-Isopropyl-N-(2-((4-methoxyphenyl)sulfonyl)vi- 
nyl)propan-2-amine (3j): White solid (35% yield, 31.0 mg), 
m.p. 127～129 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.76 (d, 
J＝8.8 Hz, 2H), 7.37 (d, J＝12.8 Hz, 1H), 6.92 (d, J＝8.8 
Hz, 2H), 4.94 (d, J＝12.8 Hz, 1H), 3.83 (s, 3H), 3.63～3.50 
(m, 2H), 1.18 (d, J＝5.5 Hz, 12H); 13C NMR (100 MHz, 
CDCl3) δ: 161.9, 144.6, 137.4, 128.1, 113.9, 92.1, 55.5, 
47.2, 19.0. HRMS (ESI) calcd for C15H24NO3S [M＋H]＋: 
298.1477; found 298.1468. 

(E)-N-Isopropyl-N-(2-(o-tolylsulfonyl)vinyl)propan-2- 
amine (3k): White solid (43% yield, 36.5 mg), m.p. 101～
103 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.02 (dd, J＝7.8, 
0.8 Hz, 1H), 7.42～7.34 (m, 2H), 7.27 (t, J＝7.2 Hz, 1H), 
7.22 (d,  J＝7.6 Hz, 1H), 4.92 (d, J＝12.8 Hz, 1H), 3.59 (s, 
2H), 2.59 (s, 3H), 1.19 (s, 12H); 13C NMR (100 MHz, 
CDCl3) δ: 145.9, 142.8, 136.5, 132.3, 131.8, 127.9, 126.2, 
90.5, 49.5, 47.4, 23.6, 20.1, 19.6. HRMS (ESI) calcd for 
C15H24NO2S [M＋H]＋: 282.1528; found 282.1532. 

(E)-N-Isopropyl-N-(2-(m-tolylsulfonyl)vinyl)propan-2- 
amine (3l): White solid (67% yield, 57.0 mg), m.p. 129～
131 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.73～7.58 (m, 
2H), 7.41～7.27 (m, 3H), 4.96 (d, J＝12.8 Hz, 1H), 3.58 (s, 
2H), 2.39 (s, 3H), 1.19 (s, 12H); 13C NMR (100 MHz, 
CDCl3) δ: 145.2, 138.9, 132.3, 128.8, 126.6, 123.3, 91.5, 
49.3, 47.8, 23.6, 21.5, 19.4. HRMS (ESI) calcd for 
C15H24NO2S [M＋H]＋: 282.1528; found 282.1529. 

(E)-N-(2-((3,5-bis(Trifluoromethyl)phenyl)sulfonyl)vi- 
nyl)-N-isopropylpropan-2-amine (3m): White solid (44% 
yield, 54.0 mg), m.p. 100～101 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.24 (s, 2H), 7.91 (s, 1H), 7.40 (d, J＝12.8 Hz, 
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1H), 4.94 (d, J＝12.8 Hz, 1H), 3.71～3.51 (m, 2H), 1.19 
(dd, J＝28.0, 6.4 Hz, 12H); 13C NMR (100 MHz, CDCl3) δ: 
148.5, 146.8, 132.4 (q, J＝33.9 Hz), 126.4 (d, J＝4.0 Hz), 
124.7 (p, J＝3.6 Hz), 122.7(q, J＝245.4 Hz), 89.1, 49.8, 
48.0, 23.3, 19.3; 19F NMR (376 MHz, CDCl3) δ: －63.0. 
HRMS (ESI) calcd for C16H20F6NO2S [M＋H]＋: 404.1119; 
found 404.1106. 

(E)-N-Isopropyl-N-(2-((3-(trifluoromethyl)phenyl)sulfo-
nyl)vinyl)propan-2-amine (3n): White solid (52% yield, 
52.3 mg), m.p. 108～110 ℃; 1H NMR (400 MHz, CDCl3) 
δ: 8.09 (s, 1H), 8.01 (d, J＝7.6 Hz, 1H), 7.72 (d, J＝7.6 Hz, 
1H), 7.59 (t, J＝7.8 Hz, 1H), 7.41 (d, J＝12.4 Hz, 1H), 4.95 
(d, J＝12.8 Hz, 1H), 3.61 (s, 2H), 1.29～1.12 (m, 12H); 13C 
NMR (100 MHz, CDCl3) δ: 146.8, 146.0, 131.3 (q, J＝33.0 
Hz), 129.5, 129.3, 128.0 (q, J＝4.0 Hz),123.5 (q, J＝272.0 
Hz) 123.2 (q, J＝4.0 Hz), 90.3, 49.5, 47.8, 23.5, 19.4; 19F 
NMR (376 MHz,CDCl3) δ: －62.8.HRMS (ESI) calcd for 
C15H21F3NO2S [M＋H]＋: 336.1245; found 336.1246. 

(E)-N-Isopropyl-N-(2-(naphthalen-1-ylsulfonyl)vinyl)- 
propan-2-amine (3o): White solid (70% yield, 66.8 mg), 
m.p. 117～119 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.69 (d, 
J＝8.8 Hz, 1H), 8.27 (d, J＝8.4 Hz, 1H), 7.96 (d, J＝8.0 
Hz, 1H), 7.89 (d, J＝8.0 Hz, 1H), 7.63～7.44 (m, 4H), 5.10 
(d,  J＝12.8 Hz, 1H), 3.61～3.46 (m, 2H), 1.15 (d, J＝23.0 
Hz, 12H); 13C NMR (100 MHz, CDCl3) δ: 145.7, 140.2, 
134.3, 133.1, 128.9, 128.2, 127.5, 127.1, 126.4, 124.8, 
124.5, 91.5, 49.3, 47.4, 23.5, 19.5. HRMS (ESI) calcd for 
C18H23NO2SNa [M＋Na]＋: 340.1347; found 340.1334. 

(E)-N-Isopropyl-N-(2-(naphthalen-2-ylsulfonyl)vinyl)- 
propan-2-amine (3p): White solid (38% yield, 37.0 mg), 
m.p. 120～121 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.41 (s, 
1H), 7.95～7.73 (m, 4H), 7.59～7.49 (m, 2H), 7.44 (d, J＝
12.8 Hz, 1H), 5.01 (d, J＝12.8 Hz, 1H), 3.56 (s, 2H), 1.16 
(s, 12H); 13C NMR (100 MHz, CDCl3) δ: 145.3, 142.3, 
134.3, 132.4, 129.1, 129.1, 128.1, 127.8, 127.2, 126.4, 
122.4, 91.4, 49.3, 47.6, 23.5, 19.4. HRMS (ESI) calcd for 
C18H23NO2SNa [M＋Na]＋: 340.1347; found 340.1340. 

(E)-N-Isopropyl-N-(2-(thiophen-2-ylsulfonyl)vinyl)pro-
pan-2-amine (3q): White solid (40% yield, 34 mg), m.p. 
97～99 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.46～7.39 (m, 
2H), 7.34 (d, J＝12.8 Hz, 1H), 6.97～6.92 (m, 1H), 5.03 (d, 
J＝12.8 Hz, 1H), 3.54 (s, 2H), 1.14 (s, 12H); 13C NMR (100 
MHz, CDCl3) δ: 148.3, 145.4, 130.3, 129.6, 127.0, 92.1, 
49.3, 47.7, 23.4, 19.3. HRMS (ESI) calcd for C12H20NO2S2 
[M＋H]＋: 274.0935; found 274.0923. 

(E)-N-Isopropyl-N-(2-(pyridin-3-ylsulfonyl)vinyl)propan- 
2-amine (3r): White solid (23% yield, 18.5 mg), mp 101～
103 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.99 (d, J＝4 Hz, 
1H), 8.66 (dd, J＝4.8, 1.52 Hz, 1H), 8.09 (dt, J＝8.0, 2.0 
Hz, 1H), 7.43～7.33 (m, 2H), 4.94 (d, J＝12.8 Hz, 1H), 
3.65～3.52 (m, 2H), 1.18 (d, J＝20.8 Hz, 12H); 13C NMR 
(100 MHz, CDCl3) δ: 151.93, 147.57, 146.19, 141.92, 
133.72, 123.55, 90.46, 49.63, 47.90, 23.52, 19.47. HRMS 
(ESI) calcd for C13H21N2O2S [M＋H]＋: 269.1324; found 
269.1323. 

(E)-N-(2-(Ethylsulfonyl)vinyl)-N-isopropylpropan-2- 
amine (3s): Yellow oil (58% yield, 38.4 mg), 1H NMR (400 

MHz, CDCl3) δ: 7.13 (d, J＝12.8 Hz, 1H), 4.75 (d, J＝12.8 
Hz, 1H), 3.55 (s, 2H), 2.89 (q, J＝7.6 Hz, 2H), 1.23 (t, J＝
7.6 Hz, 3H), 1.14 (d, J＝6.8 Hz, 12H); 13C NMR (100 MHz, 
CDCl3) δ: 146.2, 87.5, 51.3, 49.1, 47.7, 23.4, 19.4, 8.0. 
HRMS (ESI) calcd for C10H22NO2S [M＋H]＋: 220.1371; 
found 220.1363. 

(E)-N-Isopropyl-N-(2-(octylsulfonyl)vinyl)propan-2- 
amine (3t): Yellow oil (51% yield, 46.5 mg), 1H NMR (400 
MHz, CDCl3) δ: 7.15 (d, J＝13.2 Hz, 1H), 4.79 (d, J＝13.2 
Hz, 1H), 3.56 (s, 2H), 2.92～2.85 (m, 2H), 2.92～2.85 (m, 
2H), 1.37～1.30 (m, 2H), 1.26～1.19 (m, 8H), 1.16 (d, J＝
6.8 Hz, 12H), 0.84～0.79 (m, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 145.9, 88.5, 57.3, 49.1, 47.6, 31.7, 29.1, 28.9, 
28.3, 23.4, 23.3, 22.6, 19.4, 14.0. HRMS (ESI) calcd for 
C16H34NO2S [M＋H]＋: 304.2310; found 304.2305. 

(E)-N-Cyclohexyl-N-(2-(phenylsulfonyl)vinyl)cyclohe- 
xanamine (3u): White solid (96% yield, 101.1 mg), m.p. 
228～230 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.8 (dd, J＝
7.5, 2.1 Hz, 2H), 7.5～7.4 (m, 4H), 4.9 (d, J＝12.7 Hz, 1H), 
3.1 (d, J＝34.4 Hz, 2H), 1.9～1.8 (m, 4H), 1.8～1.7 (m, 
4H), 1.7～1.6 (m, 2H), 1.5～1.4 (m, 4H), 1.3～1.2 (m, 4H), 
1.2～1.1 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 146.1, 
145.7, 128.9, 126.2, 90.6, 58.6, 56.4, 34.4, 30.0, 25.9, 25.4. 
HRMS (ESI) calcd for C20H29NO2SK [M＋K]＋: 386.1556; 
found 386.1548. 

(E)-N-Cyclohexyl-N-(2-((4-fluorophenyl)sulfonyl)vinyl)- 
cyclohexanamine (3v): White solid (95% yield, 104.2 mg), 
m.p. 218～220 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.88～
7.79 (m, 2H), 7.39 (d, J＝12.8 Hz, 1H), 7.16～7.06 (m, 
2H), 4.91 (d, J＝12.8 Hz, 1H), 3.10 (d, J＝34.4 Hz, 2H), 
1.88～1.77 (m, 4H), 1.73～1.62 (m, 6H), 1.52～1.36 (m, 
4H), 1.33～1.21 (m, 4H), 1.18～1.04 (m, 2H); 13C NMR 
(100 MHz, CDCl3) δ: 164.3 (d, J＝250.7 Hz), 146.0, 141.8, 
128.7 (d, J＝9.1 Hz), 115.8 (d, J＝22.2 Hz), 90.4, 58.5, 
56.4, 34.2, 29.9, 26.0, 25.8, 25.3, 25.1; 19F NMR (376 MHz, 
CDCl3) δ: －108.0.HRMS (ESI) calcd for C20H29FNO2S 
[M＋H]＋: 366.1903; found 366.1903. 

(E)-N-Ethyl-N-(2-(phenylsulfonyl)vinyl)cyclohexana- 
mine (3w): White solid (60% yield, 53.2 mg), m.p. 109～
111 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.88～7.82 (m, 
2H), 7.49～7.41 (m, 3H), 7.39 (d, J＝12.8 Hz, 1H), 4.89 (d, 
J＝12.8 Hz, 1H), 3.19～2.96 (m, 3H), 1.80 (d, J＝10.4 Hz, 
4H), 1.48～1.17 (m, 5H), 1.14～1.03 (m, 4H); 13C NMR 
(100 MHz, CDCl3) δ: 147.5, 145.5, 131.3, 128.7, 125.9, 
90.7, 64.8, 41.8, 32.5, 25.7, 25.1, 12.2. HRMS (ESI) calcd 
for C16H23NO2SNa [M＋Na]＋: 316.1347; found 316.1341. 

(E)-N-Ethyl-N-(2-((4-fluorophenyl)sulfonyl)vinyl)cyclo- 
hexanamine (3x): White solid (70% yield, 65.32 mg), m.p. 
121～122 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.88～7.78 
(m, 2H), 7.35 (d, J＝12.8 Hz, 1H), 7.10 (t, J＝8.4 Hz, 2H), 
4.84 (d, J＝12.8 Hz, 1H), 3.25～2.94 (m, 3H), 1.86～1.76 
(m, 4H), 1.50～1.18 (m, 5H), 1.19～1.00 (m, 4H); 13C 
NMR (100 MHz, CDCl3) δ: 164.3 (d, J＝250.9 Hz), 147.5, 
141.7, 128.7 (d, J＝9.1 Hz), 115.8 (d, J＝22.2 Hz), 90.7, 
65.0, 41.9, 32.5, 25.7, 25.2, 12.2; 19F NMR (376 MHz, 
CDCl3) δ: －108.0.HRMS (ESI) calcd for C16H23FNO2S 
[M＋H]＋: 312.1434; found 312.1428. 
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(E)-N-,N-Diethyl-2-(phenylsulfonyl)ethen-1-amine (3y): 
Yellow oil (40% yield, 28.9 mg), 1H NMR (400 MHz, 
CDCl3) δ: 7.83 (dd, J＝8, 2 Hz, 2H), 7.48～7.40 (m, 3H), 
7.29 (d, J＝12.8 Hz, 1H), 4.88 (d, J＝12.8 Hz, 1H), 3.15 (d, 
J＝46 Hz, 4H), 1.12 (s, 6H); 13C NMR (100 MHz, CDCl3) 
δ: 149.1, 145.4, 131.5, 128.9, 126.1, 91.2, 50.1, 42.5, 14.7, 
11.4. HRMS (ESI) calcd for C12H18NO2S [M ＋ H] ＋ : 
240.1058; found 240.1056. 

(E)-N-,N-Diethyl-2-((4-fluorophenyl)sulfonyl)ethen-1- 
amine (3z): Yellow oil (60% yield, 47.0 mg), 1H NMR (400 
MHz, CDCl3) δ: 7.87～7.79 (m, 2H), 7.28 (d, J＝12.8 Hz, 
1H), 7.14～7.05 (m, 2H), 4.86 (d, J＝12.8 Hz, 1H), 3.16 (d, 
J＝52.4 Hz, 4H), 1.12 (s, 6H); 13C NMR (100 MHz, CDCl3) 
δ: 164.4 (d, J＝250.9 Hz), 149.1, 141.5, 128.7 (d, J＝9.0 
Hz), 115.9 (d, J＝22.3 Hz), 91.1, 50.1, 42.6, 14.7, 11.3; 19F 
NMR (376 MHz, CDCl3) δ: －107.82. HRMS (ESI) calcd 
for C14H22NO2S [M＋H]＋: 258.0964; found 258.0951. 

(2-(Phenylsulfonyl)ethene-1,1-diyl)dibenzene (4a): 
White solid (46% yield, 44.7 mg), m.p. 115～117 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.58 (d, J＝7.6 Hz, 2H), 7.48 (t, 
J＝7.2 Hz, 1H), 7.40～7.25 (m, 8H), 7.21 (d, J＝7.2 Hz, 
2H), 7.08 (d, J＝7.2 Hz, 2H), 7.03 (s, 1H); 13C NMR (100 
MHz, CDCl3) δ: 155.3, 141.6, 139.2, 135.6, 132.9, 130.4, 
129.9, 129.0, 128.9, 128.8, 128.7, 128.3, 128.0, 127.8. 
HRMS (ESI) calcd for C20H17O2S [M＋H]＋: 321.0949; 
found 321.0951. 

 
Supporting Information  Reagents and instruments are 
simply described. Preparation of sodium sulfonite com-
pounds and the gram-grade reaction process, the cyclic 
voltammetry test procedure for the reactants. 1H NMR, 13C 
NMR and 19F NMR spectra copies for 3a～3z and 4a. The 
supporting Information is available free of charge via the 
internet at http://sioc-journal.cn/. 
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