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α-酮酸、异腈和水的电化学三组分合成 α-酮酰胺 

吴红谕 a    于贤勇*,b    曹  忠*,a 
(长沙理工大学化学化工学院  电力与交通材料保护湖南省重点实验室&细胞化学湖南省重点实验室  长沙 410114)  

(湖南科技大学化学化工学院  理论有机化学与功能分子教育部重点实验室  湖南湘潭 411201) 

摘要  电化学有机合成使用无痕的电子替代化学氧化还原试剂, 是一种环境友好的合成方法. 利用碘化钾作为电解质

和催化剂, 乙腈和水的混合溶液作为溶剂, 在非分离式电解池中实现了 α-酮酸、异腈和水的电化学脱羧酰基化和接力

水合反应, 高效合成了一系列的α-酮酰胺化合物. 该电化学反应无需使用化学氧化剂, 无需过渡金属催化剂, 具有反应

条件温和等优点. 
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Electrochemical Multicomponent Synthesis of α-Ketoamides from 
α-Oxocarboxylic Acids, Isocyanides and Water 
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Abstract  Electrochemical organic synthesis is considered as an environmentally benign method because it employs traceless 
electrons as redox agents, thereby avoiding the need for chemical oxidants. The electrochemical decarboxylative acylation of 
isocyanides and relay hydration reaction for the synthesis of α-ketoamides was developed. This reaction can be carried out 
under mild conditions in the absence of a chemical oxidant and a transition-metal catalyst. 
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1  Introduction 
Isocyanides is a highly valuable C(1) building blocks in 

current organic chemistry, which could be transform into 
heteroatomic molecules with electrophiles, nucleophiles 
and radicals.[1] On the other hand, α-ketoamides are broad-
ly used as versatile synthetic intermediates and precursors 
for complicated molecule production.[2] They also serve as 
common scaffolds in a wide variety of natural products, 
pharmaceuticals and biologically active molecules.[3] As a 
consequence, a myriad of research has been spent on the 
development of novel synthetic protocols to access this 
scaffold.[4]  

Among these methods, the most common one is the 

amidation of α-oxocarboxylic acids[5] and amines, which 
require equivalent amounts of carboxylic acid activators 
such as thionyl chloride,[6] EDA•HCl[7] or oxalyl chlo-
ride.[8] In recent years, chemists have done a lot of re-
markable work in this field. In 2019, Wei and Yue’s 
group[9] reported an efficient visible-light-induced method 
for synthesizing α-ketoamides from α-oxocarboxylic acids, 
isocyanides and water (Scheme 1a). Despite these remark-
able advances, the development of novel approaches for 
the preparation of α-ketoamides is still necessary.  

Over the past years, electrochemical organic synthesis[10] 
has increasing attention because the electrochemical oxida-
tion/reduction of reaction substrates can sustainably acti-
vate them for further manipulation in the absence of stoi-
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chiometric amounts of chemical redox reagents and in an 
even more energy-efficient fashion than visible-light pho-
tosynthesis.[11] However, an electrochemical decarboxyla-
tive acylation of isocyanide with α-oxocarboxylic acid for 
constructing α-ketoamides has not been reported to date. 
Herein, we report the successful development of an elec-
trochemical method for synthesizing α-ketoamides from 
α-oxocarboxylic acids, isocyanides and water. Advanta-
geously, this process proceeds in a transition metal- and 
external oxidant-free fashion to deliver various functional-
ized α-ketoamides (Scheme 1b). 
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Scheme 1  Decarboxylative acylations of isocyanides with 
α-oxocarboxylic acids and H2O 

2  Results and discussion 
We initiated our studies on the electrochemical decar-

boxylative acylation of tosylmethy isocyanide (2a) with 
α-oxobenzeneacetic acid (1a) in an undivided cell 
equipped with a reticulated vitreous carbon (RVC) anode 
and a platinum (Pt) cathode. After extensive investigation 
of the reaction conditions, a combination of 20 mol% KI 
and MeCN/H2O (8 mL/2 mL) mixed solvent under 6 mA 
constant current electrolysis at ambient temperature pro-
vided α-ketoamide 3aa in 86% GC-MS yield (Table 1, 
Entry 1). Inferior yields of 3aa were obtained when other 
electrode system was used instead of RVC anode/Pt cath-
ode system (Entries 2～6). A series of supporting electro-
lytes was then examined. Iodine salts, such as NH4I and 
nBu4NI gave lower yields of 3aa (Entries 7, 8). No reac-
tion occurred when non-iodine salts (LiBF4, nBu4NBF4, 
Et4NClO4 and LiClO4) replaced KI (Entries 9～12). De-
creasing the loading of KI from 20 mol% to 10 mol% del-
eterious impact on this transformation (Entry 13). The ex-
perimental results suggested that iodide ion was crucial for 
this transformation (Entries 7～13). The electrochemical 
reaction was then carried out in different solvents like 
HFIP/H2O, DMF/H2O, THF/H2O, DMSO/H2O, EtOH/H2O 
and DMA/H2O (Entries 14～19). However, no improve-
ment in yields was observed compared to the MeCN/H2O. 
The ratio of MeCN to water was also explored (Entries 1 
and 20, 21) and the suitable ratio was observed at 8 mL to 
2 mL. Both an increase and decrease of operating current 
led to a diminished reaction yield (Entries 22, 23). Control 
experiment showed that electric current was critical for this 
reaction to occur (Entry 24). No improvement in the trans-
formation was observed when nitrogen gas was used in-
stead of air (Entry 25). 

Table 1  Screening the optimized reaction conditionsa,b 

 
Entry Variation from the standard reaction conditions Yieldb/%
1 None 86 
2 RVC(＋)|Al(－) instead of RVC(＋)|Pt(－) 74 
3 RVC(＋)|Ag(－) instead of RVC(＋)|Pt(－) 78 
4 RVC(＋)|RVC (－) instead of RVC(＋)|Pt(－) 73 
5 Pt(＋)|Pt(－) instead of RVC(＋)|Pt(－) 80 
6 C(＋)|Pt(－) instead of Pt(＋)|Pt(－) 81 
7 NH4I instead of KI 64 
8 nBu4NI instead of KI 79 
9 LiBF4 instead of KI N.R.
10 nBu4NBF4 instead of KI N.R.
11 Et4NClO4 instead of KI N.R.
12 LiClO4 instead of KI N.R.
13 KI (10 mol%) instead of KI (20 mol%), 12 h 23 
14 HFIP/H2O instead of MeCN/H2O 70 
15 DMF/H2O instead of MeCN/H2O 26 
16 THF/H2O instead of MeCN/H2O 21 
17 DMSO/H2O instead of MeCN/H2O Trace
18 EtOH/H2O instead of MeCN/H2O Trace
19 DMA/H2O instead of MeCN/H2O Trace
20 MeCN/H2O＝8 mL/1 mL 76 
21 MeCN/H2O＝8 mL/3 mL 80 
22 10 mA instead of 6 mA, 12 h 34 
23 3 mA instead of 6 mA, 12 h 81 
24 No electricity N.R.
25 Under N2 atmosphere 87 
a Conditions: Pt (50 mm×8 mm×0.1 mm) as the cathode and RVC as the 
anode, 20 mm of the electrode was immersed under the solvent, constant 
current＝6 mA, 1a (0.3 mmol), 2a (0.6 mmol), KI (20 mmol%), MeCN/H2O 
(8/2 mL), r.t., air, 8 h. b Estimated by GC-MS using xenene as an internal 
reference. 

Having the operationally simple optimal conditions, the 
generality of this electrochemical reaction was investigated 
(Table 2). Firstly, a series of α-oxobenzeneacetic acid sub-
strates bearing electron-donating or electron-deficient 
functional groups at the para-position of the benzene ring 
underwent the decarboxylative acylation leading to the 
generation of the desired products (3aa～3fa) in good to 
excellent yields. The target α-ketoamides (3ga and 3ha) 
derived from the meta- and ortho-methyl phenylgloxylic 
acids were also obtained with good isolated yields. A 
bulkier tri-substituted phenylgloxylic acid substrate is also 
effective to deliver the corresponding product (3ia) in 70% 
yield. Alkyl isocyanides with different carbon lengths and 
isomeric structures almost did not affect the reaction out-
come (3ab～3af). Various functionalized benzylisocya-
nides were tested, and 76%～88% yields of α-ketoamides 
(3ag～3ak) were obtained. Both 1-isocyano-4-methoxy- 
benzene and bulky 2-isocyano-1,3-dimethylbenzene par-
ticipated in the current reactions smoothly and gave the 
target products (3al and 3am) in excellent yields.
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Table 2  Reaction scope of the synthesis of α-ketoamidesa,b 

 

a Conditions: Pt (50 mm×8 mm×0.1 mm)) as the cathode, and RVC as anode, 20 mm of the electrode was immersed under the solvent, constant current＝6 mA, 1 
(0.3 mmol), 2 (0.6 mmol), KI (20 mmol%), MeCN/H2O (8/2 mL), r.t., air, 8 h. b Isolated yields.

To gain insight into the reaction mechanism, some con-
trol experiments were carried out. Firstly, the electro-
chemical reaction was conducted in the presence of radical 
scavenger (TEMPO or BHT), only trace amount of 3aa was 
detected (Scheme 2a). These experimental results suggested 
that a radical process might involve in the present reaction. 
No reaction occurred when molecular iodine was used in-
stead of potassium iodide in the decarboxylative acylation 
reaction (Scheme 2b). Replacing the MeCN/H2O mixed 
solvent with anhydrous MeCN as a single solvent resulted 
in no formation of 3aa (Scheme 2c).  

 

Scheme 2  Control experiments for mechanism study 

Next, the cyclic voltammograms of all reactants were 
investigated. An oxidative peak of α-oxobenzeneacetic acid 
(1a) was observed at 2.6 V (vs. Ag/AgCl) in the presence of 
anhydrous acetonitrile as the sole solvent, whereas a lower 
potential oxidative peak was detected at 2.12 V with 
MeCN/H2O as co-solvent. This result suggested that the 
oxidation potential of 1a could be reduced by the addition of 
a small amount of water to acetonitrile. And the cyclic 

voltammogram of KI appeared two oxidative peaks (1.08 
and 1.46 V). The oxidative peaks corresponded to the oxi-
dation of iodide to triiodide in an overall two-electron pro-
cess (I －  to 3I－ ) and triiodide to iodine in an overall 
one-electron process ( 3I－  to I2). 

On the basis of the above-mentioned mechanistic inves-
tigations and the related published research studies in this 
field,[9,12] a plausible reaction mechanism is proposed and 
shown in Scheme 3. Firstly, the anion (A) was easily gen-
erated from α-keto acid (1) along with the production of 
hydrogen gas at the surface of the platinum cathode. The 
anodic oxidation of iodide ion can generate the molecular 
iodine (I2), which further reacted with the intermediate A to 
produce acyl hypoiodite (B) and the iodide anion. The in-
termediate B next underwent hemolytic dissociation to give  
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Scheme 3  Plausible reaction mechanism 
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aroyloxy radical (C) and iodine radical. The decarboxyla-
tion of the radical C gave an acyl radical D, which added to 
the isocyanide (2) to form a radical intermediate E. Sub-
sequently, the radical E coupled with iodine radical to 
generate intermediate F. The addition of water to the in-
termediate F gave the intermediate G, which underwent 
tautomerization to form the target α-ketoamide 3. However, 
we could not exclude the possibility of the anodic oxidation 
of iodide ion to generate an iodine radical, which might 
directly react with α-keto acid (1) to form aroyloxy radical 
(C). 

3  Conclusions 
In conclusion, we report a novel and efficient electrocat-

alytic protocol for synthesizing α-ketoamides through the 
multicomponent reaction α-oxocarboxylic acids, isocya-
nides and water. A broad range of substrates exhibit good 
functional group tolerance and provide the corresponding 
products in good yields via electrochemical decarboxylative 
acylation and hydration reaction. The mechanistic studies 
show the key role of water, which not only act as co-solvent 
and reactant but also decrease the oxidative potential. Po-
tassium iodide as an invaluable reagent plays the role of 
oxidant and supporting electrolyte in the reaction. 

4  Experimental section 
4.1  General information 

All reactions were carried using materials obtained from 
commercial suppliers and used without further purification 
unless otherwise noted. The instrument for electrolysis and 
cyclic voltammetrys is IKA ElectraSyn 2.0. The anode 
electrode is reticulated vitreous carbon (RVC) and cathode 
electrode is platinum electrode (Pt, 50 mm×8 mm×0.1 
mm). Thin layer chromatography (TLC) was performed on 
precoated aluminium-backed silica gel 60 F254 plates. TLC 
plates were visualized with ultraviolet light or I2. Flash 
column chromatography was performed using 200～300 
mesh silica gel. 1H NMR, and 13C NMR spectra were rec-
orded on a Bruker Avance DRX-500 spectrometers; Mass 
spectra were performed on a spectrometer operating on 
ESI-TOF. 
4.2  General experimental procedure for 3 
α-Oxocarboxylic acids 1 (0.3 mmol), isocyanides 2 (0.6 

mmol), KI (0.06 mmol), MeCN (8 mL) and H2O (2 mL) 
were placed in an undivided reaction tube (10 mL). RVC 
(35 mm×5 mm×6 mm) as the anode and a platinum plate 
(Pt, 50 mm×8 mm×0.1 mm) as the cathode, and 20 mm of 
the electrodes were immersed in the reaction mixture. The 
electrolysis was carried out under air atmosphere at room 
temperature using a constant current of 6 mA for 8 h. After 
completion, the MeCN was removed, and the residue was 
extracted with dichloromethane (10 mL×3). The organic 
layer was dried with anhydrous Na2SO4 and concentrated 
under reduced pressure. The residue was chromatographed 
through silica gel eluting with ethyl acetate/petroleum ether 

to give the desired products 3. 
2-oxo-2-Phenyl-N-(tosylmethyl)acetamide (3aa)[9]: 1H 

NMR (500 MHz, CDCl3) δ: 7.97 (d, J＝7.5 Hz, 2H), 7.85 (t, 
J＝6.5 Hz, 1H), 7.54 (d, J＝8.0 Hz, 2H), 7.56 (t, J＝7.0 Hz, 
1H), 7.36 (t, J＝7.5 Hz, 2H), 7.26 (d, J＝8.0 Hz, 2H), 4.72 
(d, J＝7.0 Hz, 2H), 2.54 (s, 3H); 13C NMR (126 MHz, 
CDCl3) δ: 185.03, 159.81, 144.68, 133.90, 132.34, 131.45, 
130.05, 129.07, 128.04, 127.55, 58.96, 20.71. 

2-(4-Ethylphenyl)-2-oxo-N-(tosylmethyl)acetamide  
(3ba): 1H NMR (500 MHz, CDCl3) δ: 7.98 (t, J＝7.0 Hz, 
1H), 7.89 (d, J＝8.5 Hz, 2H), 7.73 (d, J＝8.0 Hz, 2H), 7.24 
(d, J＝8.0 Hz, 2H), 7.16 (d, J＝8.5 Hz, 2H), 4.72 (d, J＝7.0 
Hz, 2H), 2.64～2.59 (m, 2H), 2.34 (s, 3H), 1.16 (t, J＝7.5 
Hz, 3H); 13C NMR (126 MHz, CDCl3) δ: 184.72, 160.29, 
151.31, 144.56, 132.48, 130.31, 129.23, 129.03, 128.05, 
127.12, 59.05, 28.12, 20.69, 13.98; HRMS (ESI) calcd for 
C18H20NO4S [M＋H]＋ 346.1108, found 346.1104. 

2-(4-Methoxyphenyl)-2-oxo-N-(tosylmethyl)acetamide  
(3ca): 1H NMR (500 MHz, CDCl3) δ: 8.07 (d, J＝8.5 Hz, 
2H), 7.73 (t, J＝8.0 Hz, 3H), 7.26 (t, J＝8.0 Hz, 2H), 6.82 
(d, J＝9.0 Hz, 2H), 4.68 (d, J＝7.0 Hz, 2H), 3.81 (s, 3H), 
2.36 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 182.73, 
164.09, 160.14, 144.62, 132.86, 132.30, 129.05, 128.01, 
124.46, 112.91, 58.91, 54.61, 20.73; HRMS (ESI) calcd for 
C17H18NO5S [M＋H]＋ 348.0090, found 348.0084. 

2-(4-Fluorophenyl)-2-oxo-N-(tosylmethyl)acetamide  
(3da): 1H NMR (500 MHz, CDCl3) δ: 8.13～8.10 (m, 2H), 
7.74 (d, J＝8.5 Hz, 3H), 7.27 (d, J＝8.0 Hz, 2H), 7.04 (t,   
J＝8.5 Hz, 2H), 4.69 (d, J＝7.0 Hz, 2H), 2.37 (s, 3H); 13C 
NMR (126 MHz, CDCl3) δ: 183.02, 166.93, 159.52, 144.72, 
133.24, 133.16, 132.44, 129.09, 128.02, 127.99, 115.01, 
114.84, 58.96, 20.71; HRMS (ESI) calcd for C16H15FNO4S 
[M＋H]＋ 336.0070, found 336.0078. 

2-(4-Chlorophenyl)-2-oxo-N-(tosylmethyl)acetamide  
(3ea)[9]: 1H NMR (500 MHz, CDCl3) δ: 8.01 (d, J＝8.0 Hz, 
2H), 7.73 (t, J＝8.0 Hz, 3H), 7.34 (d, J＝7.5 Hz, 2H), 7.27 
(d, J＝7.5 Hz, 2H), 4.68 (d, J＝6.5 Hz, 2H), 2.37 (s, 3H); 
13C NMR (126 MHz, CDCl3) δ: 183.52, 159.34, 144.75, 
140.84, 132.44, 131.55, 129.84, 129.10, 128.02, 127.99, 
58.96, 20.71. 

2-(4-Bromophenyl)-2-oxo-N-(tosylmethyl)acetamide  
(3fa): 1H NMR (500 MHz, CDCl3) δ: 7.92 (t, J＝8.0 Hz, 
2H), 7.73 (d, J＝8.0 Hz, 3H), 7.53～7.51 (m, 2H), 7.27 (d,  
J＝8.0 Hz, 2H), 4.69 (d, J＝7.0 Hz, 2H), 2.37 (s, 3H); 13C 
NMR (126 MHz, CDCl3) δ: 183.78, 159.32, 144.76, 132.42, 
131.54, 130.99, 130.23, 129.80, 129.10, 128.01, 58.95, 
20.72; HRMS (ESI) calcd for C16H14BrNO4S [M＋H]＋ 
395.9900, found 396.0277. 

2-oxo-2-(m-Tolyl)-N-(tosylmethyl)acetamide (3ga): 1H 
NMR (500 MHz, CDCl3) δ: 7.85～7.74 (m, 5H), 7.37 (d,   
J＝7.5 Hz, 1H), 7.26 (t, J＝7.5 Hz, 3H), 4.71 (d, J＝7.0 Hz, 
2H), 2.36 (s, 3H), 2.31 (s, 3H); 13C NMR (126 MHz, CDCl3) 
δ: 185.16, 159.82, 144.66, 137.44, 134.77, 132.37, 131.44, 
130.31, 129.07, 128.03, 127.44, 127.38, 58.94, 20.72, 
20.27; HRMS (ESI) calcd for C17H18NO4S [M ＋ H] ＋ 
332.0951, found 332.0947. 

2-oxo-2-(o-Tolyl)-N-(tosylmethyl)acetamide (3ha): 1H 
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NMR (500 MHz, CDCl3) δ: 7.81 (t, J＝6.5 Hz, 1H), 7.76 (d, 
J＝10.0 Hz, 2H), 7.38～7.34 (m, 2H), 7.28 (d, J＝8.0 Hz, 
2H), 7.18 (d, J＝8.0 Hz, 1H), 7.11 (t, J＝8.0 Hz, 1H), 4.72 
(d, J＝7.5 Hz, 2H), 2.37 (d, J＝8.5 Hz, 6H); 13C NMR (126 
MHz, CDCl3) δ: 188.11, 160.17, 144.69, 139.70, 132.36, 
132.28, 131.12, 130.85, 130.61, 129.04, 128.09, 59.07, 
20.72, 19.99; HRMS (ESI) calcd for C17H18NO4S [M＋  
H]＋ 332.0951, found 332.0949. 

2-Mesityl-2-oxo-N-(tosylmethyl)acetamide (3ia): 1H 
NMR (500 MHz, CDCl3) δ: 7.78 (s, 1H), 7.74 (d, J＝8.0 
Hz, 2H), 7.25 (d, J＝8.0 Hz, 2H), 6.73 (s, 2H), 4.70 (d, J＝
7.0 Hz, 2H), 2.34 (s, 3H), 2.18 (s, 3H), 1.90 (s, 6H); 13C 
NMR (126 MHz, CDCl3) δ: 193.96, 158.67, 144.64, 139.65, 
134.54, 132.46, 131.07, 129.03, 127.96, 127.65, 59.02, 
20.66, 20.18, 18.31; HRMS (ESI) calcd for C19H22NO4S  
[M＋H]＋ 360.1264, found 360.1268. 

2-oxo-2-Phenyl-N-propylacetamide (3ab)[13]: 1H NMR 
(500 MHz, CDCl3) δ: 8.27 (d, J＝8.0 Hz, 2H), 7.55 (t, J＝
7.5 Hz, 1H), 7.41 (t, J＝7.0 Hz, 2H), 7.19 (s, 1H), 3.32～
3.28 (m, 2H), 1.60～1.55 (m, 2H), 0.92 (t, J＝7.5 Hz, 3H); 

13C NMR (126 MHz, CDCl3) δ: 186.88, 160.69, 133.36, 
132.32, 130.19, 127.46, 40.09, 21.58, 10.37. 

N-Octyl-2-oxo-2-phenylacetamide (3ac)[14]: 1H NMR 
(500 MHz, CDCl3) δ: 8.27 (d, J＝8.0 Hz, 2H), 7.55 (d, J＝
7.5 Hz, 1H), 7.41 (t, J＝7.5 Hz, 2H), 7.03 (s, 1H), 3.34～
3.30 (m, 2H), 1.57～1.52 (m, 2H), 1.28～1.20 (m, 10H), 
0.81 (t, J＝6.5 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ: 
186.91, 160.71, 133.32, 132.41, 130.21, 127.45, 38.47, 
30.75, 28.28, 28.18, 28.15, 25.88, 21.61, 13.05. 

N-Cyclohexyl-2-oxo-2-phenylacetamide (3ad)[9]: 1H 
NMR (500 MHz, CDCl3) δ: 7.26 (d, J＝7.5 Hz, 2H), 7.55 (t, 
J＝7.5 Hz, 1H), 7.40 (d, J＝8.0 Hz, 2H), 6.88 (s, 1H), 3.79 
(d, J＝9.5 Hz, 1H), 1.92 (d, J＝11.5 Hz, 2H), 1.69 (d, J＝
13.5 Hz, 2H), 1.57 (t, J＝13.5 Hz, 2H), 1.39～1.31 (m, 2H), 
1.24～1.14 (m, 2H); 13C NMR (126 MHz, CDCl3) δ: 
187.10, 183.33, 133.28, 130.21, 127.43, 106.25, 47.46, 
31.71, 24.41, 23.72. 

Methyl (2-oxo-2-phenylacetyl)glycinate (3ae)[9]: 1H 
NMR (500 MHz, CDCl3) δ: 8.26 (d, J＝7.5 Hz, 2H), 7.57 (t, 
J＝7.5 Hz, 1H), 7.49 (s, 1H), 7.42 (t, J＝8.0 Hz, 2H), 4.12 
(d, J＝5.5 Hz, 2H), 3.74 (s, 3H); 13C NMR (126 MHz, 
CDCl3) δ: 185.77, 168.35, 160.80, 133.55, 132.09, 130.19, 
127.54, 51.59, 40.07. 

Ethyl (2-oxo-2-phenylacetyl)glycinate (3af)[9]: 1H NMR 
(500 MHz, CDCl3) δ: 8.26 (d, J＝8.0 Hz, 2H), 7.57 (t, J＝
7.5 Hz, 1H), 7.48 (s, 1H), 7.43～7.39 (m, 2H), 4.22～4.18 
(m, 2H), 4.10 (d, J＝5.5 Hz, 2H), 1.25 (t, J＝7.5 Hz, 3H); 

13C NMR (126 MHz, CDCl3) δ: 185.83, 167.88, 160.80, 
133.52, 132.12, 130.17, 127.53, 60.81, 40.23, 13.13. 

N-Benzyl-2-oxo-2-phenylacetamide (3ag)[9]: 1H NMR 
(500 MHz, CDCl3) δ: 8.29 (d, J＝8.0 Hz, 2H), 7.56 (t, J＝
7.5 Hz, 1H), 7.42 (t, J＝7.5 Hz, 2H), 7.31～7.24 (m, 5H), 
5.67 (d, J＝4.5 Hz, 1H), 4.51 (d, J＝6.0 Hz, 2H); 13C NMR 
(126 MHz, CDCl3) δ: 186.49, 160.45, 136.03, 133.47, 
132.25, 130.23, 127.85, 127.50, 126.90, 126.85, 42.47. 

N-(4-Isopropylbenzyl)-2-oxo-2-phenylacetamide  
(3ah)[14]: 1H NMR (500 MHz, CDCl3) δ: 8.29 (d, J＝8.0 Hz, 

2H), 7.56 (t, J＝7.5 Hz, 1H), 7.41 (t, J＝7.5 Hz, 2H), 7.28 
(s, 1H), 7.19 (d, J＝8.0 Hz, 2H), 7.15 (d, J＝8.0 Hz, 2H), 
4.47 (d, J＝6.0 Hz, 2H), 2.86～2.81 (m, 1H), 1.17 (d, J＝
7.0 Hz, 6H); 13C NMR (126 MHz, CDCl3) δ: 186.55, 
160.41, 147.64, 133.42, 133.36, 132.28, 130.21, 127.48, 
127.00, 125.90, 42.24, 32.81, 22.96. 

2-oxo-2-Phenyl-N-(4-(trifluoromethoxy)benzyl)ace- 
tamide (3ai): 1H NMR (500 MHz, CDCl3) δ: 8.28 (d, J＝8.0 
Hz, 2H), 7.57 (t, J＝7.0 Hz, 1H), 7.42 (t, J＝7.0 Hz, 3H), 
7.29 (d, J＝8.5 Hz, 2H), 7.13 (d, J＝8.0 Hz, 2H), 4.50 (d,   
J＝6.0 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ: 186.33, 
160.60, 147.79, 134.94, 133.57, 132.21, 130.24, 128.29, 
127.55, 120.34, 41.68; HRMS (ESI) calcd for C16H13F3NO3 
[M＋H]＋ 324.0842, found 324.0848. 

N-(4-Chlorobenzyl)-2-oxo-2-phenylacetamide (3aj)[15]: 
1H NMR (500 MHz, CDCl3) δ: 8.29 (d, J＝8.0 Hz, 2H), 
7.57 (t, J＝7.5 Hz, 1H), 7.42 (t, J＝7.5 Hz, 2H), 7.36 (s, 
1H), 7.26 (d, J＝8.5 Hz, 2H), 7.20 (d, J＝5.0 Hz, 2H), 4.47 
(d, J＝6.0 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ: 186.31, 
160.49, 134.60, 133.57, 132.66, 132.13, 130.23, 128.21, 
127.96, 127.53, 41.74. 

N-(4-Bromobenzyl)-2-oxo-2-phenylacetamide (3ak)[14]: 
1H NMR (500 MHz, CDCl3) δ: 8.29 (d, J＝8.0 Hz, 2H), 
7.57 (t, J＝7.5 Hz, 1H), 7.42 (t, J＝7.0 Hz, 4H), 7.34 (s, 
1H), 7.15 (d, J＝8.0 Hz, 2H), 4.46 (d, J＝6.0 Hz, 2H); 13C 
NMR (126 MHz, CDCl3) δ: 186.40, 160.47, 135.12, 133.58, 
132.14, 130.93, 130.24, 128.54, 127.54, 120.76, 41.80. 

N-(4-Methoxyphenyl)-2-oxo-2-phenylacetamide  
(3al)[15]: 1H NMR (500 MHz, CDCl3) δ: 8.80 (s, 1H), 8.34 
(d, J＝7.5 Hz, 2H), 7.56 (t, J＝9.5 Hz, 3H), 7.44 (t, J＝7.5 
Hz, 2H), 6.86 (d, J＝8.0 Hz, 2H), 3.75 (s, 3H); 13C NMR 
(126 MHz, CDCl3) δ: 186.58, 157.59, 155.99, 133.55, 
132.13, 130.42, 128.74, 127.51, 120.45, 113.31, 54.47. 

N-(2,6-Dimethylphenyl)-2-oxo-2-phenylacetamide  
(3am)[9]: 1H NMR (500 MHz, CDCl3) δ: 8.34 (d, J＝8.0 Hz, 
3H), 7.59 (t, J＝7.5 Hz, 1H), 7.45 (t, J＝7.0 Hz, 2H), 
7.12～7.05 (m, 3H), 2.23 (s, 6H); 13C NMR (126 MHz, 
CDCl3) δ: 187.72, 159.86, 135.15, 134.67, 133.25, 132.47, 
131.40, 128.65, 128.40, 127.81, 18.50. 
4.3  Cyclic voltammetry experiment 

The conditions for CV experiment are as follow: Pt plate 
electrode, diameter glassy carbon disc working electrode, 
Ag wire reference electrode, scan rate＝100 mV/s using 
0.02 mol/L of nBu4NBF4 as supporting electrolyte. (a) 
nBu4NBF4 (0.02 mol/L) in dry MeCN (10 mL); (b) KI (0.02 
mol/L) in dry MeCN (10 mL); (c) α-oxobenzeneacetic acid 
(0.02 mol/L) in dry MeCN (10 mL); (d) α-oxobenzeneacetic 
acid 1a (0.02 mol/L) in MeCN (8 mL) and H2O (2 mL); (e) 
tosylmethy isocyanide (2a) (0.02 mol/L) in dry MeCN (10 
mL); (f) reaction mixture of KI, 1a, 2a (0.02 mol/L) in 
co-solvent of MeCN (8 mL) and H2O (2 mL). 
 
Supporting Information  Copies of 1H NMR and 13C 
spectra of the products. The Supporting Information is 
available free of charge via the Internet at http://sioc- 
journal.cn. 
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