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金催化选择性氧化共轭炔基炔酰胺合成 4-羰基丁-2-炔酰胺 

万  万    刘继兵    黄学良* 
(中国科学院福建物质结构研究所  中国科学院大学  煤制乙二醇及相关技术中科院重点实验室  福州 350002) 

摘要  通过金催化选择性氧化 1,3-共轭炔基炔酰胺, 为 4-羰基丁-2-炔酰胺化合物的合成提供了一种新的方法. 这种含

有活化的不饱和炔烃的 1,4-双羰基化合物是有机化学中一种重要的合成子. 利用该金催化氧化方法, 可以高度选择性

地对共轭炔烃的 1,4-位进行氧化得到 2-炔-4-羰基丁酰胺化合物, 而不是生成较为常见的 1,2-双羰基化合物. 在该选择

性氧化的条件下, 可以以较高的收率得到一系列 4-羰基丁-2-炔酰胺化合物. 
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Gold-Catalyzed Selective Oxidation of 1,3-Diynamides to Access 
4-Oxo-but-2-ynamides 

Wan, Wan    Liu, Jibing    Huang, Xueliang* 
(Key Laboratory of Coal to Ethylene Glycol and Its Related Technology, Fujian Institute of Research on the  

Structure of Matter, University of Chinese Academy of Sciences, Fuzhou 350002) 

Abstract  A gold-catalyzed selective oxidation of 1,3-diynamides has been developed to provide a novel approach to 
4-oxo-but-2-ynamides. The products possess activated C—C triple bond, and often serve as versatile building blocks in syn-
thetic community. This gold-catalyzed selective oxidation of 1,3-diynamides to provide 4-oxo-but-2-ynamides is noteworthy, 
since the traditional 1,2-dicarbonyl type products were not observed. Under standard conditions, a range of 4-oxo-but-2-yna-
mide derivatives were obtained in moderate to high yields. 
Keywords  1,3-diynamides; gold catalysis; selective oxidation; dicarbonyl compounds 

  
1  Introduction 

As a reactive intermediate, metal carbene has been 
proved to be versatile in the synthetic community.[1] Diazo 
compounds frequently act as carbene precursors by elimi-
nation of dinitrogen under proper conditions.[2] However, 
the toxic and hazardous nature limits their synthetic poten-
tial. In this context, the development efficient and safe al-
ternative approach to generate reactive carbene intermedi-
ates is highly desirable. During the past decades, the gen-
eration of α-oxo-gold carbene[3] intermediates by using 
feedstock chemical alkynes as starting materials has re-
ceived consideration attention, because of the safe and en-
vironment benign characters (Scheme 1). 

Ynamides are easily accessible and relatively stable.[4] 
They are useful building blocks for the synthesis of nitro-
gen-containing molecules. Due to the polarization of the 

triple bond, ynamides can be activated by a suitable elec-
trophile to induce a nucleophile addition of a variety of 
nucleophiles at the position α to the nitrogen atom. As a 
part of our ongoing research interests in gold-catalyzed 
reactions,[5] we have established a reliable and practical 
approach for tricyclic furo[2,3-c]isoquinoline synthesis by 
using conjugated 1,3-diynamides as reactants.[6] It is 
worthwhile to mention that the incorporation of an elec-
tron-rich benzylic group on the nitrogen atom is vital for 
the oxidative cascade cyclization to occur. By contrast, 
when a simple electron-neutral benzyl group was settled on 
the nitrogen moiety, the expected tricyclic heterocyclic 
product was not obtained, and 4-oxo-but-2-ynamide 2a 
was produced in high efficiency (Scheme 2).[7] Further-
more, the traditional over oxidation of suspected α-oxo- 
gold carbene intermediate leading to 1,2-dicarbonyl type 
product was not observed.[8] The reaction of gold-catalyzed 
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oxidation of electron-neutral diynamide represents a direct 
approach to access 4-oxo-but-2-ynamide, which can be 
valuable synthon that has the potential to serve as dieno-
phile in Diels-Alder reaction to prepare highly functional-
ized cyclic compounds.[9]  

 

Scheme 1  Generation of α-carbonyl gold carbene through oxi-
dative addition of alkynes 

2  Results and discussion 

Encouraged by aforementioned initial findings, 
1,3-diynamide 1a bearing a benzyl tether on the nitrogen 
atom was selected as the model substrate to react with dif-
ferent oxidants in presence of proper cationic gold cata-
lysts (Table 1). As depicted, when 2-chloropyridine- 
N-oxide was used as the oxidant, the product with double 
activated alkyne 2a was obtained in 85% yield upon isola-
tion (Table 1, Entry 1). Further screening of oxidants indi-
cated that 2-chloropyridine-N-oxide proved to be the most 
effective compared with other pyridine N-oxides (Table 1, 
Entries 2～5). When pyridine N-oxides was changed into 
sulfoxides, the dicarbonyl product 2a could also generate 
in low to moderate yield, but extended reaction times were 
required (Table 1, Entries 6 and 7). In addition, the reac-
tion displayed lower yields by replacing Johnpho-
sAu(MeCN)SbF6 with other gold catalysts (Table 1, En-
tries 8～11). Among the solvents evaluated, dichlorome- 
thane (DCM) was found to be the best choice (Table 1, 
Entries 15 and 16). Interestingly, Cu(OTf)2 and other Lew-
is acid catalyst could also catalyze this oxidative carbonyl  

Table 1  Reaction condition studies 
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Entry Variation from standard condition Time/h Yieldb/%

1 — 1.5 85 
2 Oxidant (R＝H) 10 trace
3 Oxidant (R＝Br) 6 63 
4 Oxidant (R＝Me) 7 trace
5 Quinoline-N-oxide as oxidant 5 19 
6 DMSO as oxidant 22 21 
7 Diphenyl sulfoxide as oxidant 22 72 
8 JohnphosAuNTf2 as catalyst 2 19 
9 JohnphosAuOMs as catalyst 9 46 

10 BrettphosAu(MeCN)SbF6 as catalyst 2 78 
11 tBuXphosAu(MeCN)SbF6 as catalyst 8 55 
12 Cu(OTf)2 as catalyst 5.5 40 
13 Zn(OTf)2 as catalyst 6 8 
14 AgOTf as catalyst 3 30 
15 DCE as solvent 2 73 
16 THF as solvent 15 32 
17 React at 30 ℃ 9 85 
18 React at 60 ℃ 2 85 

a Standard conditions: 1a (0.15 mmol), 2-chloropyridine-N-oxide as oxi-
dant (2.5 equiv.), JohnphosAu(MeCN)SbF6 as catalyst (5 mol%), DCM 
(1.5 mL), stirring under 50 ℃ for 1.5 h. b Isolated yields. 

 

Scheme 2  Gold-catalyzed selective oxidative reaction of 1,3-diynamides 
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ation reaction, but gave 2a in lower yields (Table 1, Entries 
12～14). Additional experiments revealed that the reaction 
performed at 50 ℃ was optimal in terms of reaction time 
and outcomes (Table 1, Entries 17 and 18). Specifically, 
when the reaction was carried out at 30 ℃, a significantly 
long reaction time was required to reach full conversion of 
1a (Table 1, Entry 17). 

Under the optimized conditions, a diverse set of 1,3- 
diynamides 1 were prepared to investigate the substrate 
scope of this reaction. The compatibility of 1 with respect 
to substituent R1 was firstly explored. As shown in Scheme 
3, this reaction exhibited broad scope regards to the sub-
stitution patterns and electronic properties of the benzyl 
groups on the nitrogen atom. In general, the phenyl ring 
bearing electron-withdrawing groups gave 4-oxo-yna- 
mides in much higher yields than the one bearing elec-
tron-donating group. For example, substrates bearing 
methoxyl group on the phenyl ring gave the final product 
2b in 37% yield. In comparison, the reactions of diyna-

mides with electron-withdrawing groups Cl and Br afford 
2c～2g in higher yields (ranging from 58% to 82%). 
Moreover, 1,3-diynamides containing other aliphatic 
groups including n-hexanyl, methyl, allyl and benzo-
furanylmethyl, were all competent substrates, and the reac-
tions furnished the dicarbonyl products in 39%～85% 
yields. Diynamide derived from aniline could also undergo 
current selective oxidation, and gave 2l in 78% yield. 

Subsequently, we expanded the substrate scope to vari-
ous R2 at the triple bond terminus to afford desired prod 
ucts 2m～2r in 66%～88% yields. Next, the reactivity of 
diynamides 1s～1u comprised different protecting groups 
was examined. As can be seen, diynamides bearing differ-
ent sulfonyl groups (4-NO2C6H4SO2, 4-ClC6H4SO2, 
C6H5SO2) on nitrogen atom reacted quite well and gave 
dicarbonyl products in satisfying yields. Additionally, a 
crystal of product 2l was obtained, and the structure of 2l 
and the regioselectivity of current oxidative reaction were 
confirmed by X-ray diffraction (Figure 1). 
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a Standard conditions: diynamides 1 (0.15 mmol), gold-catalyst (5 mol%), 2-chloropyridine-N-oxide (2.5 equiv.), DCM (1.5 mL), stirred under an 

atmosphere of argon at 50 ℃ for 2 h; b Reaction time: 5 h; c Reaction time: 7 h; d Reaction time: 12 h. 

Scheme 3  Substrate scope  
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Figure 1  Crystal struture of 2l 

Thermal ellipsoids are drawn at 50% probability. Hydrogen atoms were 
omitted for clarity, CCDC: 2012393 

In consideration of the above experimental observations 
and our previous studies on gold-catalyzed reactions, a 
plausible mechanism is proposed (Scheme 4). Due to the 
electron donating ability of nitrogen atom in diynamide 1a, 
Py＋-O－ would selectively added to α-position of diyna-
mide in presence of gold-catalyst to generate intermediate 
A. Subsequently, N—O bond cleavage and O-atom trans-
fer to the C—C triple bond would produce a putative 
α-carbonyl gold carbene intermediate B. At this stage, two 
potential pathways could explain the observed selectivity 
of current oxidation reaction. In path a, the α-carbonyl 
gold carbene intermediate B may isomerize to another gold 
carbene intermediate C via [1,3]-Au-carbene shift. C re-
acting with the second equivalent of oxidant could produce 
the final product 2a. Alternatively, intermediate B could 
react with 2-chloropyridine oxide directly to generate au-
roallenyl intermediate E. Elimination of gold catalyst and 
by-product 2-chloropyridine could also lead to the for-
mation of 2a. 

3  Conclusions 

In summary, a gold-catalyzed selective oxidation of 
1,3-diynamide is described. Considering the well-establi- 
shed procedure for ynamide synthesis,[6,10] the current oxi-
dation reaction has provided an efficient and modular ap-
proach for preparation of 4-oxo-but-2-ynamide derivatives. 
The regioselectivity is noteworthy, as the regioisomer 
1,2-dicarbonyl type products have never been observed. 
Further studies on gold-catalyzed reaction of functional-
ized ynamides are ongoing in our laboratory. 

4  Experimental section 

Unless otherwise stated, all chemicals and solvent were 
purchase from commercial companies without further pu-
rification. All 1H NMR and 13C NMR spectra were rec-
orded on a Bruker AV-III 400 in CDCl3. Chemical shifts 
were given referenced to the peak of tetramethylsilane, 
defined at δ 0.00 (1H NMR), or the solvent peak of CDCl3, 
defined at δ 77.0. Mass spectra were recorded on a High 
Resolution Mass Spectrometer ESI-QTOF. 

4.1  Synthesis of 1a～1u 

All 1,3-diynamides substrates were synthesized accord-
ing to known procedures reported in the literature. 

N-(4-Methoxybenzyl)-4-oxo-4-phenyl-N-tosylbut-2- 
ynamide (1b): Light yellow solid. m.p. 102～103 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.0 Hz, 2H), 7.45 
(d, J＝7.2 Hz, 2H), 7.33～7.28 (m, 5H), 7.21 (d, J＝8.4 
Hz, 2H), 6.83 (d, J＝8.4 Hz, 2H), 4.49 (s, 2H), 3.79 (s, 
3H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.8, 
144.9, 134.7, 132.4, 130.2, 129.9, 128.9, 128.3, 127.6, 
125.9, 122.0, 114.0, 81.1, 74.3, 73.5, 58.9, 55.30, 55.25, 

  

Scheme 4  Plausible reaction mechanism 
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21.7; HRMS (ESI) calcd for C25H21NNaO3S [M＋Na]＋ 
438.1134, found 438.1133. 

N-(4-Chlorobenzyl)-4-methyl-N-(phenylbuta-1,3-diyn- 
1-yl)benzenesulfonamide (1c): Light yellow solid. m.p. 
95～96 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.4 
Hz, 2H), 7.46～7.44 (m, 2H), 7.34～7.21 (m, 9H), 4.52 (s, 
2H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 145.2, 
134.5, 132.5, 132.4, 130.00, 129.95, 129.0, 128.9, 128.4, 
127.6, 121.9, 81.4, 73.9, 73.3, 59.0, 55.0, 21.7; HRMS 
(ESI) calcd for C24H18ClNNaO2S [M＋Na]＋ 442.0639, 
found 442.0640. 

N-(4-Bromobenzyl)-4-methyl-N-(phenylbuta-1,3-diyn- 
1-yl)benzenesulfonamide (1d): Light yellow solid. m.p. 
115～116 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝
8.4 Hz, 2H), 7.44 (t, J＝6.0 Hz, 4H), 7.34～7.28 (m, 5H), 
7.16 (d, J＝8.4 Hz, 2H), 4.50 (s, 2H), 2.45 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 145.2, 134.4, 133.0, 132.4, 
131.8, 130.3, 129.9, 129.0, 128.4, 127.6, 122.7, 121.8, 
81.4, 73.9, 73.3, 58.9, 55.0, 21.7; HRMS (ESI) calcd for 
C24H18BrNNaO2S [M＋Na]＋ 486.0134, found 486.0132. 

N-(3-Chlorobenzyl)-4-methyl-N-(phenylbuta-1,3-diyn- 
1-yl)benzenesulfonamide (1e): Yellow solid. m.p. 76～
77 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.76 (d, J＝8.4 Hz, 
2H), 7.47～7.45 (m, 2H), 7.35～7.25 (m, 7H), 7.20～7.18 
(m, 2H), 4.53 (s, 2H), 2.46 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 145.3, 135.9, 134.5, 132.4, 129.98, 129.95, 
129.0, 128.7, 128.5, 128.4, 127.6, 126.7, 121.9, 81.5, 73.9, 
73.3, 58.9, 55.1, 21.7; HRMS (ESI) calcd for C24H18Cl- 
NNaO2S [M＋Na]＋ 442.0639, found 442.0639. 

N-(3-Bromobenzyl)-4-methyl-N-(phenylbuta-1,3-diyn- 
1-yl)benzenesulfonamide (1f): Light yellow solid. m.p. 
70～71 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.4 
Hz, 2H), 7.46～7.41 (m, 3H), 7.34～7.28 (m, 6H), 7.25～
7.12 (m, 2H), 4.52 (s, 2H), 2.45 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 145.3, 136.1, 134.5, 132.4, 131.6, 131.4, 
130.2, 130.0, 129.0, 128.4, 127.6, 127.1, 122.6, 121.8, 
81.5, 73.9, 73.3, 58.9, 55.0, 21.7; HRMS (ESI) calcd for 
C24H18BrNNaO2S [M＋Na]＋ 486.0134, found 486.0133. 

N-(3,5-Difluorobenzyl)-4-oxo-4-phenyl-N-tosylbut-2- 
ynamide (1g): Yellow solid. m.p. 71～72 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 7.78 (d, J＝8.0 Hz, 2H), 7.47～7.45 
(m, 2H), 7.37～7.28 (m, 5H), 6.82～6.73 (m, 3H), 4.53 (s, 
2H), 2.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 163.0 
(dd, J＝248.3 Hz, 12.6 Hz), 145.5, 137.9 (t, J＝9.0 Hz), 
134.4, 132.4, 130.0, 129.1, 128.4, 127.6, 121.8, 111.28 
(dd, J＝18.6 Hz, 7.1Hz), 104.0 (t, J＝25.0 Hz ), 81.7, 73.6, 
73.1, 59.0, 54.7, 21.7; 19F NMR (376 MHz, CDCl3) δ:   
－108.7; HRMS (ESI) calcd for C24H17FNNaO2S [M＋ 
Na]＋ 444.0840, found 444.0840. 

N-Hexyl-4-methyl-N-(phenylbuta-1,3-diyn-1-yl)benze- 
nesulfonamide (1h): Yellow solid. m.p. 59～60 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.82 (d, J＝8.4 Hz, 2H), 7.47 
(dd, J＝7.6, 1.6 Hz, 2H), 7.40～7.28 (m, 5H), 3.36 (t, J＝
7.2 Hz, 2H), 2.45 (s, 3H), 1.67～1.62 (m, 2H), 1.34～1.27 
(m, 6H), 0.87 (t, J＝6.4 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 145.0, 134.5, 132.3, 129.9, 128.9, 128.3, 127.5, 
122.0, 80.9, 74.1, 73.6, 58.1, 51.6, 31.1, 27.8, 25.8, 22.4, 

21.6, 13.9; HRMS (ESI) calcd for C23H25NNaO2S [M＋
Na]＋ 402.1498, found 402.1498. 

N,4-Dimethyl-N-(phenylbuta-1,3-diyn-1-yl)benzenesul- 
fonamide (1i): Yellow solid. m.p. 97～99 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 7.83 (d, J＝8.4 Hz, 2H), 7.47 (d, J＝
6.8 Hz, 2H), 7.41～7.30 (m, 5H), 3.13 (s, 3H), 2.47 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 145.2, 133.2, 132.3, 
130.0, 129.0, 128.4, 127.7, 122.0, 81.1, 75.4, 73.3, 56.7, 
39.0, 21.7; HRMS (ESI) calcd for C18H15NNaO2S [M＋
Na]＋ 332.0716, found 332.0716. 

N-((3H-Benzofuran-2-yl)methyl)-4-methyl-N-(phenyl- 
buta-1,3-diyn-1-yl)benzenesulfonamide (1k): Yellow solid. 
m.p. 99～100 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.78 (d, 
J＝8.4 Hz, 2H), 7.51～7.45 (m, 3H), 7.34～7.18 (m, 9H), 
6.67 (s, 1H), 4.78 (s, 2H), 2.37 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 155.0, 149.8, 145.1, 134.4, 132.4, 129.7, 
129.0, 128.4, 127.73, 127.65, 124.8, 122.9, 121.9, 121.2, 
111.2, 107.2, 81.5, 73.7, 73.4, 58.8, 48.9, 21.6; HRMS 
(ESI) calcd for C26H20NNaO3S [M＋Na] ＋  448.0978, 
found 448.0978. 

N-Benzyl-N-((4-fluorophenyl)buta-1,3-diyn-1-yl)-4-me-
thylbenzenesulfonamide (1m): Yellow solid. m.p. 70～
71 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.4 Hz, 
2H), 7.43 (dd, J＝14.0, 3.2 Hz, 2H), 7.33～7.26 (m, 7H), 
6.99 (t, J＝8.4 Hz, 2H), 4.56 (s, 2H), 2.45 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 162.8 (d, J＝249.6 Hz), 145.1, 
134.6, 134.4 (d, J＝8.4 Hz ), 133.9, 129.9, 128.6 (d, J＝1.9 
Hz), 128.5, 127.6, 118.2, 118.1, 115.8 (d, J＝22.1 Hz), 
80.1, 74.2, 73.3, 58.7, 55.7, 21.7; 19F NMR (376 MHz, 
CDCl3) δ: －109.0; HRMS (ESI) calcd for C24H18FN- 
NaO2S [M＋Na]＋ 426.0934, found 426.0935. 

N-Benzyl-N-((4-chlorophenyl)buta-1,3-diyn-1-yl)-4-me- 
thylbenzenesulfonamide (1n): White solid. m.p. 108～
109 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.4 
Hz, 2H), 7.38～7.26 (m, 11H), 4.56 (s, 2H), 2.45 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ: 145.1, 135.0, 134.6, 133.9, 
133.5, 129.9, 128.74, 128.65, 128.6, 128.5, 127.6, 120.5, 
80.0, 74.8, 74.5, 58.6, 55.7, 21.7; HRMS (ESI) calcd for 
C24H18ClNNaO2S [M＋Na]＋ 442.0639, found 442.0639. 

N-Benzyl-N-((4-bromophenyl)buta-1,3-diyn-1-yl)-4-me- 
thylbenzenesulfonamide (1o): Yellow solid. m.p. 118～
119 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.4 
Hz, 2H), 7.43 (d, J＝8.4 Hz, 2H), 7.34～7.27 (m, 9H), 
4.56 (s, 2H), 2.45 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
145.1, 134.6, 133.8, 133.7, 131.6, 129.9, 128.7, 128.6 
128.5, 127.6, 123.3, 121.0, 80.1, 74.9, 74.7, 58.7, 55.7, 
21.7; HRMS (ESI) calcd for C24H18BrNNaO2S [M＋Na]＋ 
486.0134, found 486.0134. 

N-Benzyl-4-methyl-N-(p-tolylbuta-1,3-diyn-1-yl)benze- 
nesulfonamide (1p): White solid. m.p. 114～115 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.4 Hz, 2H), 
7.35～7.28 (m, 9H), 7.10 (d, J＝8.0 Hz, 2H), 4.56 (s, 2H), 
2.45 (s, 3H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
145.0, 139.3, 134.6, 134.0, 132.3, 129.9, 129.1, 128.6, 
128.5, 127.6, 118.8, 81.4, 73.9, 72.8, 58.9, 55.7, 21.7, 21.6; 
HRMS (ESI) calcd for C25H21NNaO2S [M ＋ Na] ＋ 
422.1185, found 422.1188. 
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N-Benzyl-N-((3-chlorophenyl)buta-1,3-diyn-1-yl)-4-me- 
thylbenzenesulfonamide (1q): White solid. m.p. 73 ～
74 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.0 Hz, 
2H), 7.42 (s, 1H), 7.34～7.23 (m, 10H), 4.57 (s, 2H), 2.45 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 145.1, 134.6, 
134.2, 133.8, 132.0, 130.4, 129.9, 129.6, 129.2, 128.7, 
128.6, 128.5, 127.6, 123.8, 79.7, 75.0, 74.7, 58.6, 55.7, 
21.7; HRMS (ESI) calcd for C24H18ClNNaO2S [M＋Na]＋ 
442.0639, found 442.0639. 

N-Benzyl-N-((2-chlorophenyl)buta-1,3-diyn-1-yl)-4-me-
thylbenzenesulfonamide (1r): Yellow solid. m.p. 127～
128 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.4 
Hz, 2H), 7.47 (dd, J＝7.6, 1.6 Hz, 1H), 7.37 (dd, J＝8.4, 
1.2 Hz, 1H), 7.33～7.27 (m, 7H), 7.24 (dd, J＝8.0, 1.6 Hz, 
1H), 7.19 (td, J＝7.6, 1.2 Hz, 1H), 4.58 (s, 2H), 2.45 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 145.1, 136.6, 134.6, 
134.2, 133.9, 129.9, 129,8, 129.3, 128.7, 128.6, 128.5, 
127.7, 126.5, 122.2, 78.3, 77.8, 75.8, 58.7, 55.7, 21.7; 
HRMS (ESI) calcd for C24H18ClNNaO2S [M ＋ Na] ＋ 
442.0639, found 442.0639. 

N-Benzyl-N-(phenylbuta-1,3-diyn-1-yl)benzenesulfona- 
mide (1s): Light yellow solid. m.p. 95～96 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 7.88～7.86 (m, 2H), 7.64 (t, J＝7.6 
Hz, 1H), 7.52 (t, J＝8.0 Hz, 2H), 7.45 (dd, J＝8.0, 1.6 Hz, 
2H), 7.33～7.25 (m, 8H), 4.59 (s, 2H); 13C NMR (100 
MHz, CDCl3) δ: 137.6, 133.9, 133.8, 132.4, 129.3, 129.0, 
128.7, 128.6, 128.5, 128.4, 127.6, 121.9, 81.3, 74.0, 73.4, 
58.8, 55.8; HRMS (ESI) calcd for C23H17NNaO2S [M＋
Na]＋ 394.0872, found 394.0873. 

N-Benzyl-4-chloro-N-(phenylbuta-1,3-diyn-1-yl)benze- 
nesulfonamide (1t): White solid. m.p. 104～105 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.75 (d, J＝8.8 Hz, 2H), 
7.48～7.45 (m, 4H), 7.35～7.29 (m, 8H), 4.60 (s, 2H); 13C 
NMR (100 MHz, CDCl3) δ: 140.6, 136.0, 133.6, 132.4, 
129.5, 129.1, 129.0, 128.72, 128.65, 128.4, 121.8, 81.6, 
73.7, 73.2, 59.0, 56.1; HRMS (ESI) calcd for C23H16Cl- 
NNaO2S [M＋Na]＋ 428.0482, found 428.0482. 

N-Benzyl-4-nitro-N-(phenylbuta-1,3-diyn-1-yl)benzene- 
sulfonamide (1u): Yellow solid. m.p. 109～110 ℃;1H 
NMR (400 MHz, CDCl3) δ: 8.23 (d, J＝9.2 Hz, 2H), 7.98 
(d, J＝7.6 Hz, 2H), 7.85 (d, J＝8.8 Hz, 2H), 7.67 (t, J＝7.6 
Hz, 1H), 7.49 (t, J＝8.0 Hz, 2H), 7.38 (s, 5H), 5.31 (s, 
2H); 13C NMR (100 MHz, CDCl3) δ: 150.5, 142.9, 133.3, 
132.5, 129.3, 128.9, 128.81, 128.79, 128.7, 128.4, 124.3, 
121.5, 82.0, 73.1, 72.8, 59.3, 56.5; HRMS (ESI) calcd for 
C23H16N2NaO4S [M＋Na]＋ 439.0723, found 439.0720. 

4.2  Synthesis of 2a～2u 

4.2.1  General procedure for gold-catalyzed oxidation 

To a sealed Schlenk tube was added N-benzyl-4-methyl- 
N-(phenylbuta-1,3-diyn-1-yl)benzenesulfonamide (1a) 
(57.8 mg, 0.15 mmol), Johnphos Au(MeCN)SbF6 (5.8 mg, 
0.0075 mmol), 2-chloropyridine-N-oxide (48.4 mg, 0.375 
mmol), and this mixture was treated with DCM (1.5 mL) 
under argon. The solution was heated at 50 ℃ for 2 h. 
The resulting solution was cooled to room temperature, 
filtered through a short pad of celite. The filtrate was con-

centrated in vacuo. Purification of the crude residue with 
silica flash chromatography [V(Petroleum ether)∶V(ethyl 
acetate)＝10∶1] gave N-benzyl-4-oxo-4-phenyl-N-tosyl- 
but-2-ynamide 2a (44.5 mg, 85%). 

N-Benzyl-4-oxo-4-phenyl-N-tosylbut-2-ynamide (2a): 
Yellow solid. m.p. 105～106 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.98 (d, J＝7.6 Hz, 2H), 7.66～7.63 (m, 3H), 
7.46 (t, J＝8.0 Hz, 2H), 7.41～7.39 (m, 2H), 7.36～7.33 
(m, 3H), 7.24 (t, J＝8.0 Hz, 2H), 5.23 (s, 2H), 2.40 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ: 175.9, 151.2, 145.7, 135.5, 
135.2, 135.1, 129.8, 129.6, 128.9, 128.8, 128.7, 128.2, 
87.2, 80.6, 50.0, 21.6; HRMS (ESI) calcd for C24H19N- 
NaO4S [M＋Na]＋ 440.0927, found 440.0929. 

N-(4-Methoxybenzyl)-4-oxo-4-phenyl-N-tosylbut-2- 
ynamide (2b): Light brown solid. m.p. 114～115 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.01 (d, J＝7.6 Hz, 2H), 7.64 
(d, J＝8.4 Hz, 3H), 7.48 (t, J＝7.6 Hz, 2H), 7.36 (d, J＝8.8 
Hz, 2H), 7.24 (t, J＝7.6 Hz, 2H), 6.87 (d, J＝8.8 Hz, 2H), 
5.16 (s, 2H), 3.81 (s, 3H), 2.40 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 175.9, 159.5, 151.2, 145.6, 135.5, 135.2, 
129.9, 129.8, 129.6, 128.9, 128.6, 127.6, 114.1, 87.2, 80.7, 
55.3, 49.5, 21.6; HRMS (ESI) calcd for C25H21NNaO5S  
[M＋Na]＋ 470.1033, found 470.1034. 

N-(4-Chlorobenzyl)-4-oxo-4-phenyl-N-tosylbut-2-yna- 
mide (2c): White solid. m.p. 132～133 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.00 (d, J＝7.6 Hz, 2H), 7.70～7.65 (m, 
3H), 7.49 (t, J＝7.6 Hz, 2H), 7.37～7.26 (m, 6H), 5.16 (s, 
2H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 175.8, 
151.1, 145.9, 135.4, 135.3, 135.0, 134.1, 134.0, 129.8, 
129.7, 128.94, 128.91, 128.6, 87.4, 80.4, 49.2, 21.7; HR- 
MS (ESI) calcd for C24H18ClNNaO4S [M ＋ Na] ＋ 
474.0537, found 474.0540. 

N-(4-Bromobenzyl)-4-oxo-4-phenyl-N-tosylbut-2-yn- 
amide (2d): Yellow solid. m.p. 139～140 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 7.99 (d, J＝7.6 Hz, 2H), 7.70 (d, J＝
8.4 Hz, 2H), 7.66 (d, J＝7.6 Hz, 1H), 7.51～7.46 (m, 4H), 
7.30～7.26 (m, 4H), 5.14 (s, 2H), 2.42 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 175.8, 151.1, 145.9, 135.4, 135.3, 
135.0, 134.5, 131.9, 130.0, 129.8, 128.9, 128.6, 122.3, 
87.5, 80.4, 49.3, 21.7; HRMS (ESI) calcd for C24H18BrN- 
NaO4S [M＋Na]＋ 518.0032, found 518.0033. 

N-(3-Chlorobenzyl)-4-oxo-4-phenyl-N-tosylbut-2-yn- 
amide (2e): White solid. m.p. 106～107 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.01 (d, J＝7.6 Hz, 2H), 7.72～7.64 (m, 
3H), 7.49 (t, J＝7.6 Hz, 2H), 7.34～7.26 (m, 6H), 5.17 (s, 
2H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 175.8, 
151.0, 146.0, 137.4, 135.4, 135.3, 134.9, 134.6, 130.0, 
129.8, 128.9, 128.6, 128.3, 128.2, 126.3, 87.5, 80.4, 49.2, 
21.7; HRMS (ESI) calcd for C24H18ClNNaO4S [M＋Na]＋ 
474.0537, found 474.0539. 

N-(3-Bromobenzyl)-4-oxo-4-phenyl-N-tosylbut-2-yn- 
amide (2f): Yellow oil. 1H NMR (400 MHz, CDCl3) δ: 
8.01 (d, J＝7.6 Hz, 2H), 7.72～7.64 (m, 3H), 7.51～7.46 
(m, 4H), 7.34 (d, J＝7.6 Hz, 1H), 7.28 (d, J＝8.4 Hz, 2H), 
7.22 (t,  J＝7.6 Hz, 1H), 5.16 (s, 2H), 2.42 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 175.8, 151.0, 146.0, 137.6, 
135.4, 135.3, 134.9, 131.3, 131.0, 130.3, 129.77, 129.75, 
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129.0, 128.6, 126.8, 122.7, 87.5, 80.4, 49.2, 21.7; HRMS 
(ESI) calcd for C24H18BrNNaO4S [M＋Na]＋ 518.0032, 
found 518.0034. 

N-(3,5-Difluorobenzyl)-4-oxo-4-phenyl-N-tosylbut-2- 
ynamide (2g): Yellow solid. m.p. 116～117 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.04 (d, J＝7.6 Hz, 2H), 7.77 (d, J＝
8.0 Hz, 2H), 7.67 (t, J＝7.2 Hz, 1H), 7.50 (t, J＝7.6 Hz, 
2H), 7.31 (d, J＝8.4 Hz, 2H), 6.94 (d, J＝6.0 Hz, 2H), 
6.78～6.74 (m, 1H), 5.14 (s, 2H), 2.43 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 175.7, 163.1 (dd, J＝248.3, 12.6 
Hz), 150.9, 146.2, 139.3 (t, J＝8.9 Hz), 135.4, 134.8, 
129.9, 129.7, 129.0, 128.5, 111.0 (dd, J＝18.8, 7.0 Hz), 
103.6 (t, J＝25.0 Hz), 87.7, 80.1, 49.0, 21.7; 19F NMR 
(376 MHz, CDCl3) δ: －108.5; HRMS (ESI) calcd for 
C24H17F2NNaO4S [M＋Na]＋ 476.0739, found 476.0739. 

N-Hexyl-4-oxo-4-phenyl-N-tosylbut-2-ynamide (2h): 
Brown oil. 1H NMR (400 MHz, CDCl3) δ: 8.10 (d, J＝7.2 
Hz, 2H), 7.90 (d, J＝8.4 Hz, 2H), 7.68 (t, J＝7.2 Hz, 1H), 
7.52 (t, J＝8.0 Hz, 2H), 7.34 (d, J＝8.0 Hz, 2H), 3.96 (t,  
J＝8.0 Hz 2H), 2.44 (s, 3H), 1.85～1.78 (m, 2H), 1.38～
1.26 (m, 6H), 0.86 (t, J＝6.8 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 175.9, 151.0, 145.6, 135.5, 135.4, 135.2, 
129.7, 128.9, 128.5, 86.4, 80.7, 47.7, 31.2, 30.0, 26.3, 22.4, 
21.6, 13.9; HRMS (ESI) calcd for C23H25NNaO4S [M＋
Na]＋ 434.1396, found 434.1396. 

N-Methyl-4-oxo-4-phenyl-N-tosylbut-2-ynamide (2i): 
Yellow solid. m.p. 99～100 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.13 (d, J＝7.6 Hz, 2H), 7.89 (d, J＝8.0 Hz, 
2H), 7.68 (t, J＝7.6 Hz, 1H), 7.53 (t, J＝7.6 Hz, 2H), 7.36 
(d, J＝8.4 Hz, 2H), 3.45 (s, 3H), 2.45 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 176.0, 150.9, 145.8, 135.5, 135.2, 
134.8, 130.0, 129.8, 128.9, 128.1, 87.3, 80.6, 32.9, 21.7; 
HRMS (ESI) calcd for C18H15NNaO4S [M ＋ Na] ＋ 
364.0164, found 364.0164. 

N-Allyl-4-oxo-4-phenyl-N-tosylbut-2-ynamide (2j): 
Yellow solid. m.p. 89～90 ℃ ; 1H NMR (400 MHz, 
CDCl3) δ: 8.09 (d, J＝7.6 Hz, 2H), 7.91 (d, J＝8.4 Hz, 
2H), 7.68 (t, J＝7.2 Hz, 1H), 7.52 (t, J＝7.6 Hz, 2H), 7.34 
(d, J＝8.0 Hz, 2H), 5.97～5.87 (m, 1H), 5.40～5.31 (m, 
2H), 4.63 (d, J＝5.6 Hz, 2H), 2.45 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 175.9, 150.9, 145.8, 135.5, 135.3, 135.2, 
131.7, 129.8, 129.7, 129.0, 128.8, 119.5, 80.5, 49.2, 21.7; 
HRMS (ESI) calcd for C20H17NNaO4S [M ＋ Na] ＋ 
390.0770, found 390.0769. 

N-(Benzofuran-2-ylmethyl)-4-oxo-4-phenyl-N-tosylbut- 
2-ynamide (2k): Brown solid. m.p. 96～97 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.05 (d, J＝7.2 Hz, 2H), 7.74 (d, J＝
8.0 Hz, 2H), 7.63 (t, J＝7.6 Hz, 1H), 7.56～7.54 (m, 1H), 
7.43 (t, J＝7.6 Hz, 2H), 7.36 (d, J＝8.4 Hz, 1H), 7.31～
7.24 (m, 2H), 7.14 (d, J＝8.0 Hz, 2H), 6.82 (s, 1H), 5.38 
(s, 2H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
175.8, 154.8, 151.0, 150.9, 145.7, 135.4, 135.3, 134.6, 
129.7, 129.4, 128.9, 128.8, 127.7, 124.8, 123.1, 121.3, 
111.2, 106.9, 87.0, 80.2, 43.3, 21.6; HRMS (ESI) calcd for 
C26H19NNaO5S [M＋Na]＋ 480.0876, found 480.0876. 

4-oxo-N,4-Diphenyl-N-tosylbut-2-ynamide (2l): Yellow 
solid. m.p. 136～137 ℃; 1H NMR (400 MHz, CDCl3) δ: 

7.96 (d, J＝8.4 Hz, 2H), 7.63～7.51 (m, 6H), 7.40～7.36 
(m, 6H), 2.48 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
175.5, 150.6, 146.0, 135.3, 135.0, 134.9, 134.7, 130.7, 
130.4, 129.8, 129.7, 129.4, 129.2, 129.1, 128.7, 86.9, 80.0, 
21.7; HRMS (ESI) calcd for C23H17NNaO4S [M＋Na]＋ 
426.0770, found 426.0773. 

N-Benzyl-4-(4-fluorophenyl)-4-oxo-N-tosylbut-2-yn- 
amide (2m): White solid. m.p. 123～124 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.01 (dd, J＝13.6, 2.8 Hz, 2H), 7.65 
(d, J＝8.4 Hz, 2H), 7.41～7.33 (m, 5H), 7.26～7.23 (m, 
2H), 7.14 (t, J＝8.4 Hz, 2H), 5.22 (s, 2H), 2.41 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 174.2, 167.0 (d, J＝257.5 Hz), 
151.1, 145.7, 135.4, 135.0, 132.6 (d, J＝9.9 Hz), 132.00 
(d, J＝2.7 Hz), 129.6, 128.8, 128.6, 128.2, 128.1, 116.3 (d, 
J＝22.2 Hz), 86.7, 80.7, 49.9, 21.6; 19F NMR (376 MHz, 
CDCl3) δ: －100.4; HRMS (ESI) calcd for C24H18FNNa- 
O4S [M＋Na]＋ 458.0833, found 458.0834. 

N-Benzyl-4-(4-chlorophenyl)-4-oxo-N-tosylbut-2-yna- 
mide (2n): Yellow solid. m.p. 115～116 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 7.91 (d, J＝8.0 Hz, 2H), 7.64 (d, J＝
8.4 Hz, 2H), 7.45～7.33 (m, 7H), 7.26～7.22 (m, 2H), 5.22 
(s, 2H), 2.40 (s, 3H); 13C NMR (101 MHz, CDCl3) δ: 
174.6, 151.0, 145.7, 142.0, 135.4, 135.0, 133.8, 131.0, 
129.6, 129.3, 128.8, 128.6, 128.2, 128.1, 86.6 80.9, 49.9, 
21.6; HRMS (ESI) calcd for C24H18ClNNaO4S [M＋Na]＋ 
474.0537, found 474.0540. 

N-Benzyl-4-(4-bromophenyl)-4-oxo-N-tosylbut-2-yn- 
amide (2o): Brown solid. m.p. 99～100 ℃; 1H NMR (400 
MHz, CDCl3) δ: 7.83 (d, J＝8.4 Hz, 2H), 7.65～7.60 (m, 
4H), 7.39～7.33 (m, 5H), 7.26～7.22 (m, 2H), 5.21 (s, 
2H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 174.8, 
151.0, 145.7, 135.4, 135.0, 134.2, 132.3, 131.0, 130.9, 
129.6, 128.8, 128.6, 128.2, 128.1, 86.6, 80.9, 49.9, 21.6; 
HRMS (ESI) calcd for C24H18BrNNaO4S [M ＋ Na] ＋ 
518.0032, found 518.0032. 

N-Benzyl-4-oxo-4-(p-tolyl)-N-tosylbut-2-ynamide (2p): 
White solid. m.p. 110～111 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.88 (d, J＝8.0 Hz, 2H), 7.64 (d, J＝8.4 Hz, 
2H), 7.41～7.33 (m, 5H), 7.27～7.21 (m, 4H), 5.23 (s, 
2H), 2.43 (s, 3H), 2.40 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 175.4, 151.3, 146.7, 145.6, 135.5, 135.0, 133.2, 
129.9, 129.6, 129.5, 128.72, 128.68, 128.2, 128.1, 87.4, 
80.2, 50.0, 21.9, 21.6; HRMS (ESI) calcd for C25H21N- 
NaO4S [M＋Na]＋ 454.1083, found 454.1082. 

N-Benzyl-4-(3-chlorophenyl)-4-oxo-N-tosylbut-2-yna- 
mide (2q): Light brown solid. m.p. 86～87 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 7.95 (s, 1H), 7.87 (d, J＝7.6 Hz, 
1H), 7.65～7.60 (m, 3H), 7.44～7.32 (m, 6H), 7.26～7.22 
(m, 2H), 5.21 (s, 2H), 2.40 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 174.6, 151.0, 145.8, 136.8, 135.3, 135.1, 135.0, 
130.3, 129.6, 129.2, 128.8, 128.6, 128.21, 128.16, 128.0, 
86.6, 81.1, 49.9, 21.6; HRMS (ESI) calcd for C24H18Cl- 
NNaO4S [M＋Na]＋ 474.0537, found 474.0535. 

N-Benzyl-4-(2-chlorophenyl)-4-oxo-N-tosylbut-2-yna- 
mide (2r): Yellow oil. 1H NMR (400 MHz, CDCl3) δ: 7.92 
(d, J＝7.6 Hz, 1H), 7.63 (d, J＝8.4 Hz, 2H), 7.53～7.46 
(m, 2H), 7.38～7.32 (m, 6H), 7.26～7.22 (m, 2H), 5.21 (s, 
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2H), 2.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 174.3, 
151.2, 145.7, 135.4, 135.0, 134.7, 134.2, 133.6, 133.4, 
131.9, 129.6, 128.8, 128.7, 128.2, 87.7, 81.1, 49.9, 21.7; 
HRMS (ESI) calcd for C24H18ClNNaO4S [M ＋ Na] ＋ 
474.0537, found 474.0538. 

N-Benzyl-4-oxo-4-phenyl-N-(phenylsulfonyl)but-2- 
ynamide (2s): White solid. m.p. 112～113 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 7.98 (d, J＝7.6 Hz, 2H), 7.77 (d, J＝
7.6 Hz, 2H), 7.63 (dt, J＝14.8, 7.2 Hz, 2H), 7.481～7.33 
(m, 9H), 5.25 (s, 2H); 13C NMR (100 MHz, CDCl3) δ: 
175.8, 151.2, 138.0, 135.4, 135.29, 135.25, 134.3, 129.7, 
129.0, 128.9, 128.8, 128.6, 128.2, 128.1, 87.2, 80.4, 50.0; 
HRMS (ESI) calcd for C23H17NNaO4S [M ＋ Na] ＋ 
426.0770, found 426.0770. 

N-Benzyl-N-((4-chlorophenyl)sulfonyl)-4-oxo-4-phenyl- 
but-2-ynamide (2t): White solid. m.p. 116～117 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.98 (d, J＝8.0 Hz, 2H), 
7.68～7.64 (m, 3H), 7.48 (t, J＝7.6 Hz, 2H), 7.40～7.34 
(m, 7H), 5.26 (s, 2H); 13C NMR (100 MHz, CDCl3) δ: 
175.7, 151.2, 141.2, 136.3, 135.4, 135.1, 130.2, 129.8, 
129.2, 129.0, 128.9, 128.4, 128.2, 87.3, 80.2, 50.2; HRMS 
(ESI) calcd for C23H16ClNNaO4S [M＋Na]＋ 460.0381, 
found 460.0376. 

N-Benzyl-N-((4-nitrophenyl)sulfonyl)-4-oxo-4-phenyl- 
but-2-ynamide (2u): White solid. m.p. 142～143 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.23 (d, J＝9.2 Hz, 2H), 7.98 
(d, J＝7.6 Hz, 2H), 7.85 (d, J＝8.8 Hz, 2H), 7.67 (t, J＝7.6 
Hz, 1H), 7.49 (t, J＝8.0 Hz, 2H), 7.38 (s, 5H), 5.31 (s, 
2H); 13C NMR (100 MHz, CDCl3) δ: 175.6, 151.2, 150.8, 
143.3, 135.5, 135.3, 134.8, 130.3, 129.8, 129.1, 129.0, 
128.7, 128.3, 124.0, 87.6, 79.6, 50.5; HRMS (ESI) calcd 
for C23H16N2NaO6S [M＋Na]＋ 471.0621, found 471.0621. 

 
Supporting Information  Copies of 1H NMR and 13C 
NMR spectra for compounds 1a～1u and 2a～2u. The 
Supporting Information is available free of charge via the 
Internet at http://sioc-journal.cn/. 
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