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通过电化学 Appel 反应合成腈 

李海琼†    尹梦云†    谢芬芬    张正兵    韩  盼*    敬林海* 
(西华师范大学化学化工学院  化学合成与污染控制四川省重点实验室  四川南充 637002) 

摘要  探索了一种通过电化学 Appel 反应合成腈的方法. 该方法具有操作简单、反应条件温和、环境友好的优点, 可以

合成一系列芳香腈和脂肪腈类化合物. 在循环伏安实验和控制实验基础上, 提出了电化学 Appel 反应机理用于解释反

应过程.  
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Synthesis of Nitrile via Electrochemical Appel Reaction 

Li, Haiqiong†    Yin, Mengyun†    Xie, Fenfen    Zhang, Zhengbing 
Han, Pan*    Jing, Linhai* 

(Chemical Synthesis and Pollution Control Key Laboratory of Sichuan Province, College of Chemistry and Chemical Engi-
neering, China West Normal University, Nanchong, Sichuan 637002) 

Abstract  An electrochemical Appel reaction was developed for the synthesis of nitriles. This protocol features operationally 
simplicity, mild reaction conditions and environmental friendliness, enabling synthesis of various aromatic and aliphatic ni-
triles. Based on the controlled experiments and cyclic voltammetry (CV) experimental results, an electrochemical Appel reac-
tion mechanism was proposed to explain the reaction process.  
Keywords  electrochemical synthesis; Appel reaction; dehydration of oximes; synthesis of nitriles 

 

1  Introduction 
Nitrile is a class of vital structural motifs widely exist in 

natural products, pharmaceuticals, agrochemicals, dyes and 
fine chemicals.[1] Moreover, nitriles serve as important 
synthetic intermediates which can be converted into 
amides, aldehydes, ketones, carboxylic acids, heterocycles 
and so on.[2] Because the nitrile groups can form hydrogen 
bonds with some certain receptors of the organisms, it is 
also a kind of common pharmacophore and many drugs 
contain nitrile groups.[3] For example, Febuxostat is 
reported as a non-purine xanthine oxidase inhibitor for the 
treatment of gout.[4] Zaleplon is a non-benzodiazepine 
hypnotic drug used for treating insomnia.[5] As a calcium 
channel antagonist, verapamil can be used as an antia-
rhythmic agent to treat angina.[6] In addition, levocabastine 
is a selective second-generation H1-receptor antagonist 

used for allergic conjunctivitis (Figure 1).[7]   
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Figure 1  Representative pharmaceuticals containing nitrile 
groups 
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For the synthesis of nitriles, many methods have been 
reported in the past decades, including dehydration of ald-
oximes,[8] amides,[9] dehydrogenation of amines,[10] cya-
nation of alkyl halides,[11] aldehydes[12] and others.[13] 
Among the numerous synthetic methods, the dehydration 
of aldoximes appears to be attractive because of the ready 
availability of the starting materials. Simultaneously, a 
variety of reagents have proved to be effective for this 
transformation.[14] Despite these advances, there is still 
highly desirable to develop a safe, cheap, easy-to-operate 
method for the dehydration of aldoximes to nitriles. 

Recently, increasing attention has been paid to organic 
electrosynthesis,[15-16] which is recognized as an environ-
mentally friendly synthetic technique due to the use of 
electron, rather than the traditional redox reagents, as the 
mass-free oxidants/reductants. Because of these character-
istics, the electrochemical strategy was also used for the 
preparation of nitriles. Onomura et al.[17] reported an elec-
trochemical method for the synthesis of α-cyanation N- 
protected cyclic amines using TMSCN as a cyano source. 
Using the same cyanide source, Sun et al.[18a] described 
electrochemical oxidative regioselective C—H cyanation 
of imidazo[1,2-a]pyridines and cyanation imidazopyridines 
can be accessed through this strategy. With 2,2,6,6-tetra-
methyl-piperidinyl-N-oxyl (TEMPO) as mediators, Mei et 
al.[18b] reported α-cyanation of cyclic amines. This method 
has merits of avoiding over oxidation of some electron rich 
aromatic amines. A sequential electro-oxidation decarbox-
ylation and Kolbe coupling strategy was developed by Fu 
et al.[19] in the synthesis of adiponitrile from glutamic acid 
5-methyl ester. Through electrochemical oxidation process, 
Wang et al.[20] reported a preparation method of aryl ni-
triles from primary benzylic azides. Using NH4I as the 
supporting electrolyte and nitrogen source, an electro-
chemical method for the conversion of aldehydes into ni-
triles was developed by Yuan et al.[21] However, to the best 
of our knowledge, there are only two examples of electro-
catalytic synthesis of nitriles using aldoximes as starting 
materials. Shono et al.[22] reported the first example of 
electrochemical protocol to generate nitriles from aldox-
imes with halogen ions as mediators (Scheme 1, a). How-
ever, such halogen species could cause corrosion of the 
precious platinum electrodes. After that, Waldvogel et 
al.[23] developed a direct halogen-free strategy for the syn-
thesis of nitriles from oximes (Scheme 1, b). This method 
could avoid the corrosion of platinum electrodes but only 
was used for the synthesis of aromatic nitriles. Despite the 
above-mentioned advances, methods with mild conditions 
and wide applicability are still urgently in demand. As far 
as we know, under electrocatalytic conditions, triphenyl-
phosphine can be oxidized to phosphorus radicalcations.[24] 
In combination with strong binding ability of phosphorus 
with oxygen, we herein wish to develop a new method for 
the synthesis of nitriles from aldoximes with PPh3 as 
mediators. 
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Scheme 1  Electrochemical synthesis of nitriles from aldoximes 

2  Results and discussion  
Our investigations were commenced with aldoxime 

1a[14g,25] as model substrate to explore the reaction condi-
tions. Firstly, the reaction was carried out with carbon rod 
as anode and Pt as cathode at constant current of 7 mA in 
the presence of PPh3 as catalyst, nBu4NPF6 as electrolyte, 
NaHCO3 as base at argon atmosphere. Under these condi-
tions, the desired product nitrile 2a was obtained in 67% 
NMR yield (Table 1, Entry 1). Using tBu3P, tri-2-furylpho-
sphine or tripyrrolidinophosphine in place of PPh3, lower 
yields were observed (Table 1, Entries 2～4). Replacement 
of nBu4NPF6 with other electrolyte, such as nBu4NBF4, 
Me4NBF4, nBu4NClO4, LiClO4, TBAB or TBAI, the high-
est yield (83%) could be obtained when TBAB was used 
(Table 1, Entries 5～10). Subsequently, several common 
organic and inorganic bases were screened. However, all 
of them led to inferior results (Table 1, Entries 11～14). 
When changing the reaction solvents, the reaction yield 
was not significantly improved (Table 1, Entries 15～18). 
Considering that the electrode has a vital influence in the 
electro-organic synthetic reactions, different electrode was 
tested. When alter the cathode materials, such as carbon 
rods, graphite felt, RVC were respectively used as cathode, 
lower yield was obtained (Table 1, Entries 19～21). In the 
control experiment, nitrile was not detected in the absence 
of triphenylphosphine which proved that triphenylphos-
phine is indispensable in this dehydration reaction (Table 
1, Entry 22).  
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Table 1  Optimization of reaction conditionsa 

 
Entry Electrolyte Solvent Base Yield b/% 

1 nBu4NPF6 CH3CN NaHCO3 67 
2c nBu4NPF6 CH3CN NaHCO3 33 
3d nBu4NPF6 CH3CN NaHCO3 26 
4e nBu4NPF6 CH3CN NaHCO3 48 
5 nBu4NBF4 CH3CN NaHCO3 41 
6 Me4NBF4 CH3CN NaHCO3 55 
7 nBu4NClO4 CH3CN NaHCO3 60 
8 LiClO4 CH3CN NaHCO3 11 
9 TBAB CH3CN NaHCO3 85 (83)f 

10 TBAI CH3CN NaHCO3 60 
11 TBAB CH3CN Na2CO3 70 
12 TBAB CH3CN K3PO4 46 
13 TBAB CH3CN Cs2CO3 69 
14 TBAB CH3CN Et3N 44 
15 TBAB THF NaHCO3 0 
16 TBAB DCM NaHCO3 48 
17 TBAB DMF NaHCO3 15 
18 TBAB Dioxane NaHCO3 0 
19g TBAB CH3CN NaHCO3 64 
20h TBAB CH3CN NaHCO3 57 
21i TBAB CH3CN NaHCO3 50 
22j TBAB CH3CN NaHCO3 0 

a Reaction conditions: carbon anode, Pt cathode, constant current＝7 mA, 1a 
(0.1 mmol), PPh3 (0.15 mmol), base (0.2 mmol), electrolyte (0.08 mol/L), 
solvent (6 mL), under Ar; b Yield determined by 1H NMR analysis using 
1,3,5-trimethoxybenzene as the internal standard; c-e tBu3P, tri-2-furylphos- 
phine, tripyrrolidinophosphine were used as catalysts respectively; f Isolated 
yield was shown in brackets; g Carbon anode, carbon cathode; h Carbon anode, 
graphite felt cathode; i Carbon anode, RVC cathode, Pt cathode; j No PPh3.  

With the optimized reaction conditions in hand, a series 
of aldoximes 1 were then screened to establish the general 
utility of this transformation and the results were collected 
in Table 2. Substrates with various groups at ortho, meta 
and para positions of benzene ring could proceed well un-
der the optimal reaction conditions. For example, methyl, 
methoxyl, ethoxyl, phenyl, and dimethylaminoyl could be 
compatible with the reaction conditions (Table 2, 2a～2h). 
Moreover, aldoximes with disubstituted groups or fused 
rings were also amenable to this reaction system, the cor-
responding nitriles could be acquired in moderate to excel-
lent isolated yields (Table 2, 2i～2l). When heterocyclic 
oxime was used as substrate, dehydrate product 2m was 
also obtained in 70% isolated yield. Naked amine has no 
effect on this reaction and the corresponding nitrile was 
formed in 88% isolated yield (Table 2, 2n). Noteworthily, 
aliphatic nitriles could also be obtained under optimized 
conditions when aliphatic oximes were used as substrates 
(Table 2, 2o～2q). 

To evaluate the synthetic potential of this protocol, a 
gram-scale reaction on 8.0 mmol scale was performed and  

 
Table 2  Substrate scope of aldoximesa 
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a Reaction conditions: 1 (0.2 mmol), PPh3 (0.3 mmol), NaHCO3 (0.4 mmol), 
TBAB (0.5 mmol), CH3CN (6 mL), under Ar, 30 ℃, 1～2 h; b 0.4 mmol of 
PPh3 and 5 mA of constant current were used; c 0.4 mmol of PPh3 was used;   
d 0.6 mmol of PPh3 was used. 

product 2a could be easily obtained in 67% yield (Scheme 
2). 

 

Scheme 2  Gram-scale synthesis 

To insight the reaction mechanism, cyclic voltammetry 
(CV) experiments were performed using glassy carbon as 
working electrode, Pt wire as counter electrode and Ag/  
Ag＋ as reference electrode with the scan rate at 0.1 V•s－1 
(Figure 2). The results of cyclic voltammetry experiments 
revealed that bromide ion is more easily oxidized than 
PPh3 in CH3CN. The control experiments (Scheme 3, a and 
b) demonstrated that Br2 can be first generated on the 
anode.[24] Considering the presence of PPh3, phosphonium 
salt PPh3Br2 may form in this process.[25] To further insight 
into the reaction process, the following control experi-
ments were then conducted (Scheme 3). First, to verify 
whether phosphonium salt PPh3Br2 was produced during 
the process of this reaction, the electrolytic reaction was 
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conducted in the absence of substrate aldoxime (The 
addition of pyridine hydrobromide was to balance the 
electrons formed at the cathode). 31P NMR analysis of the 
reaction mixture immediately after electrolysis at 30 ℃ 
revealed one major peak, which corresponds to phos-
phonium salt PPh3Br2 (Scheme 3, a). Then, treated the 
aldoxime 1a with phosphonium salt PPh3Br2 and sodium 
bicarbonate, 41% nitrile 2a was obtained and 42% 
aldoxime 1a was recovered (Scheme 3, b). The experi-
mental results show that phosphate PPh3Br2 may be 
generated in the reaction process.  
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Figure 2  CV experiments 

Based on the CV and controlled experimental results, a 
plausible Appel-style mechanism was proposed in Scheme 
4. First, bromide ion was oxidized at anode to produce Br2, 
and then Br2 can coupled with PPh3 to generate PPh3Br2, 
which was attacked by aldoxime and concomitantly elimi-
nated an HBr to give intermediate A. In the presence of 
base, intermediate A eliminated Ph3PO and HBr to afford 
desired product nitriles. At the cathode, H2 was released 
from reduction of hydrogen ions. 

3  Conclusions 
In conclusion, an electrochemical Appel reaction for the 

 

Scheme 3  Controlled experiments. 

 

Scheme 4  Proposed reaction mechanism 

synthesis of nitriles with PPh3 and TBAB as mediators was 
developed. This protocol features operationally simplicity, 
mild reaction conditions and environmental friendliness, 
enabling synthesis of various aromatic and aliphatic ni-
triles. Ultimately, an electrochemical Appel reaction me-
chanism was proposed based on the controlled experiments 
and CV experimental results. This method will open a new 
avenue for the synthesis of nitriles. 

4  Experimental section 
4.1  General information. 

All the electrochemical reactions were performed in an 
undivided cell equipped with the carbon rod (Ф＝6 mm) as 
anode and a platinum plate (1 cm×1 cm) as cathode un-
less otherwise noted. All glassware was thoroughly ov-
en-dried before use. Commercial reagents were used as 
received unless otherwise stated. The purchased solvents 
were dried over molecular sieves and degassed by three 
cycles of freeze-pump-thaw before use in the reaction. All 
first-order splitting patterns were assigned on the basis of 
the appearance of the multiplet. All commercial reagents 
were purchased from Aladdin, Sigma-Aldrich, Ada-
mas-beta, 9-Ding Chemistry and Energy Chemical of the 
highest purity grade. 1H NMR and 13C NMR spectra were 
recorded respectively at 400 and 100 MHz on a Bruker 
AVANCE 400 and chemical shifts are referenced to resid-
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ual undeuterated solvent signal for 1H NMR (δ 7.26) and 
13C NMR (δ 77.16). HRMS was conducted on a Thermo 
Scientific LTQ Orbitrap XL apparatus. All the electro-
chemical reactions were performed with an HY3005B DC 
(30 V) power supply purchased from Zhejiang Huayi Elec-
tronic Industry Co., Ltd. The electrochemical reactions 
were conducted in a 10 mL three-necked round-bottom 
flask with a magnetic stir bar and with a carbon rod (Ф＝6 
mm) as anode and a platinum plate (1 cm×1 cm) as cath-
ode with a distance of about 1.0 cm between the two elec-
trodes. Carbon rod was purchased from Beijing Jinglong 
special carbon technology Co., Ltd. Platinum plate was 
purchased from Shanghai Yueci Electronic Technology 
Co., Ltd. 
4.2  Preparation of substrates 

The substrates were prepared according to the reference 
method. Aldehyde (3 mmol) was dissolved in MeOH (12 
mL). Hydroxylamine hydrochloride (417 mg, 6 mmol) was 
added to the stirred solution, followed by sodium acetate 
(492 mg, 6 mmol) and 12 mL of water. The reaction was 
stirred until aldehyde was completely consumed. Ethyl 
acetate (EA) (20 mL) was added and the mixture was ex-
tracted with EA (20 mL×3) drying over Na2SO4, filtra-
tion, concentration in vacuo and flash chromatography 
(petroleum ether (PE) or PE/EA) afforded the desired ald-
oximes. 
4.3  General procedure for the synthesis of nitrile 
2a～2q 

Aldoxime (0.2 mmol), PPh3 (79 mg, 0.3 mmol), TBAB 
(161mg, 0.5 mmol), NaHCO3 (34 mg, 0.4 mmol) and an-
hydrous CH3CN (6.0 mL) were added to a three-necked 
round bottom flask. The flask was equipped with carbon 
rod (Ф＝6 mm) as anode and a platinum plate (1 cm×1 
cm) as cathode. The reaction was electrolyzed at 30 ℃ 
using a constant current of 7 mA under Ar atmosphere 
until complete consumption of the substrate (monitored by 
thin layer chromatography (TLC), 1～2 h). Then the mix-
ture was transferred to a flask and the solvent was removed 
in vacuo. The residue was purified by flash chromatog-
raphy (PE/EA) to afford corresponding nitriles. 
4.4  Controlled experiments. 

Br2 (64 mg, 0.4 mmol) was added to a solution of PPh3 
(105 mg, 0.4 mmol) in CH3CN (4 mL). After stirring for 2 
h, 1a (27 mg, 0.2 mmol) and NaHCO3 (34 mg, 0.4 mmol) 
were added to the solution. Then the reaction was stirred at 
50 ℃ for 48 h. The yield (65%) was determined by 1H 
NMR spectra for the crude product. 

Aldoxime (0.2 mmol), PPh3 (79 mg, 0.3 mmol), TBAB 
(161 mg, 0.5 mmol), NaHCO3 (34 mg, 0.4 mmol), anhy-
drous CH3CN (6.0 mL) was added to a three-necked round 
bottom flask. The flask was equipped with carbon rod   
(Ф＝6 mm) as anode and a platinum plate (1 cm×1 cm) 
as cathode. The reaction was electrolyzed at 30 ℃ using a 
constant voltage of 1.8 V under Ar atmosphere for 48 h. 
Then the mixture was transferred to a flask and the solvent 

was removed in vacuo. The yield (39%) was determined 
by 1H NMR spectra for the crude product.  

PPh3 (52 mg, 0.2 mmol), TBAB (161mg, 0.5 mmol), 
Py•HBr (64 mg, 0.4 mmol) and anhydrous CH3CN (6.0 
mL) were added to a three-necked round bottom flask. The 
flask was equipped with carbon rod (Ф＝6 mm) as anode 
and a platinum plate (1 cm×1 cm) as cathode. The reac-
tion was electrolyzed at 30 ℃ using a constant current of 
7 mA under Ar atmosphere for 2 h. Then the mixture was 
transferred to a flask and the solvent was removed in vac-
uo. The residues were dissolved with CDCl3 and 31P NMR 
was tested.  

Aldoxime 1a (27 mg, 0.2 mmol), PPh3Br2 (127 mg, 0.3 
mmol), NaHCO3 (34 mg, 0.4 mmol) and anhydrous 
CH3CN (6.0 mL) were added to a 25 mL round bottom 
flask and the mixture was stirred at 50 ℃ for 48 h. Then 
the solvent was removed in vacuo and the residues was 
purified by flash chromatography to afford nitrile 2a (9.6 
mg, 41%) and aldoxime 1a (11.3 mg, 42%). 

For the 31P NMR of PPh3Br2, the addition of pyridine to 
eliminate the effect of pyridine on the test (the copies of 
31P NMR spectra in page S37 of supporting information). 
4.5  Characterization data for obtained products. 

p-Methylbenzonitrile (2a): Yellow liquid (83% yield, 
19.4 mg). 1H NMR (400 MHz, CDCl3) δ: 7.53 (d, J＝8.0 
Hz, 2H), 7.26 (d, J＝8.0 Hz, 2H), 2.42 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 143.8, 132.1, 129.9, 119.2, 109. 5, 
21.9; HRMS (ESI) calcd for C8H8N [M＋H]＋ 118.0652, 
found 118.0652. 

3-Methylbenzonitrile (2b): Yellow liquid (81% yield, 
18.9 mg). 1H NMR (400 MHz, CDCl3) δ: 7.45～7.44 (m, 
2H), 7.39 (d, J＝8.0 Hz, 1H), 7.34 (t, J＝8.0 Hz, 1H), 2.38 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 139.3, 133.7, 
132.6, 129.4, 129.1, 119.1, 112.4, 21.2; HRMS (ESI) calcd 
for C8H8N [M＋H]＋ 118.0652, found 118.0656. 

2-Methylbenzonitrile (2c): Yellow liquid (85% yield, 
19.8 mg). 1H NMR (400 MHz, CDCl3) δ: 7.58 (d, J＝7.6 
Hz, 1H), 7.47 (t, J＝7.6 Hz, 1H), 7.31～7.24 (m, 2H), 2.54 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 142.1, 132.7, 
132.6,130.3, 126.3, 118.2, 112.9, 20.6; HRMS (ESI) calcd 
for C8H8N [M＋H]＋ 118.0652, found 118.0655. 

Benzonitrile (2d): Colorless liquid (61% yield, 12.6 
mg). 1H NMR (400 MHz, CDCl3) δ: 7.65～7.58 (m, 3H), 
7.46 (t,  J＝8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ: 
132.8, 132.2, 129.2, 118.9, 112.5; HRMS (ESI) calcd for 
C7H6N [M＋H]＋ 104.0495, found 104.0501.  

4-Methoxybenzonitrile (2e): Yellow liquid (74% yield, 
19.6 mg). 1H NMR (400 MHz, CDCl3) δ: 7.58 (d, J＝8.8 
Hz, 2H), 6.95 (d, J＝8.8 Hz, 2H), 3.86 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 163.0, 134.1, 119.3, 114.9, 104.1, 
55.7; HRMS (ESI) calcd for C8H8NO [M＋H]＋ 134.0600, 
found 134.0608. 

4-Ethoxybenzonitrile (2f): Yellow liquid (70% yield, 
20.7 mg). 1H NMR (400 MHz, CDCl3) δ: 7.57 (d, J＝8.8 
Hz, 2H), 6.92 (d, J＝8.8 Hz, 2H), 4.07 (q, J＝7.2 Hz, 2H), 
1.43 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
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162.4, 134.1, 119.4, 115.3, 103.9, 64.1, 14.7; HRMS (ESI) 
calcd for C9H10NO [M＋H]＋ 148.0757, found 148.0764. 

[1,1'-Biphenyl]-4-carbonitrile (2g): Yellow solid (84% 
yield, 30.2 mg). 1H NMR (400 MHz, CDCl3) δ: 7.71 (q,   
J＝8.4 Hz, 4H), 7.59 (d, J＝8.0 Hz, 2H), 7.49 (t, J＝8.0 
Hz, 2H), 7.43 (t, J＝6.8 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ: 145.8, 139.3, 132.7, 129.2, 128.8, 127.9, 127.3, 
119.0, 111.1; HRMS (ESI) calcd for C13H10N [M＋H]＋ 

180.0808, found 180.0814. 
4-(Dimethylamino)benzonitrile (2h): Yellow liquid 

(88% yield, 25.7 mg). 1H NMR (400 MHz, CDCl3) δ: 7.45 
(d, J＝8.8 Hz, 2H), 6.63 (d, J＝8.4 Hz, 2H), 3.03 (s, 6H); 
13C NMR (100 MHz, CDCl3) δ: 152.6, 133.5, 120.8, 111.5, 
40.0; HRMS (ESI) calcd for C9H11N2 [M＋H]＋ 147.0917, 
found 147.0923. 

3,4-Dimethoxybenzonitrile (2i): Yellow solid (81% 
yield, 26.5 mg). 1H NMR (400 MHz, CDCl3) δ: 7.47 (d,   
J＝9.6 Hz, 1H), 7.26 (s, 1H), 7.08 (d, J＝8.4 Hz, 1H), 4.11 
(s, 3H), 4.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
151.9, 148.2, 125.5, 118.2, 113.0, 110.3, 102.9, 55.1,55.1; 
HRMS (ESI) calcd for C9H10NO2 [M＋H]＋ 164.0706, 
found 164.0710. 

3-(Benzyloxy)-4-methoxybenzonitrile (2j): Yellow liq-
uid (41% yield, 19.5 mg). 1H NMR (400 MHz, CDCl3) δ: 
7.43～7.29 (m, 6H), 7.10 (s, 1H), 6.91 (d, J＝8.4 Hz, 1H), 
5.14 (s, 2H), 3.92 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
153.7, 148.4, 136.0, 128.9, 128.4, 127.5, 127.0, 119.3, 
116.6, 111.8, 103.9, 71.3, 56.2; HRMS (ESI) calcd for 
C15H14NO2 [M＋H]＋ 240.1019, found 240.1023. 

1-Naphthonitrile (2k): Yellow liquid (55% yield, 16.6 
mg). 1H NMR (400 MHz, CDCl3) δ: 8.24 (d, J＝8.4 Hz, 
1H), 8.08 (d, J＝8.4 Hz, 1H), 7.94～7.91 (m, 2H), 7.70 (t, 
J＝7.2 Hz, 1H), 7.62 (t, J＝8.0 Hz, 1H), 7.53 (t, J＝8.0 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 133.4, 133.1, 
132.8, 132.5, 128. 6,128.7, 127.7, 125.3, 125.1, 117.9, 
110.4; HRMS (ESI) calcd for C11H8N [M＋H]＋ 154.0651, 
found 154.0658. 

4,8-Dihydropyrene-1-carbonitrile (2l): Yellow solid 
(54% yield, 25.8 mg). 1H NMR (400 MHz, CDCl3) δ: 8.47 
(d, J＝9.2 Hz, 1H), 8.34 (d, J＝8.4 Hz, 2H), 8.31 (d, J＝
2.4 Hz, 1H), 8.26 (t, J＝7.6 Hz, 2H), 8.19 (d, J＝8.0 Hz, 
1H), 8.15～8.10 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
134.4, 133.2, 131.1, 130.8,130.7,130.7, 129.8, 127.2, 
127.2, 127.1, 127.1, 124.6, 124.3, 124.2, 123.8, 119.0, 
105.8; HRMS (ESI) calcd for C17H10N [M ＋ H] ＋ 
228.0808, found 228.0812. 

Benzofuran-2-carbonitrile (2m): Yellow liquid (70% 
yield, 20.0 mg). 1H NMR (400 MHz, CDCl3) δ: 7.65～7.58 
(m, 3H), 7.46 (t, J＝8.0 Hz, 2H); 13C NMR (100 MHz, 
CDCl3) δ: 155.8, 128.6, 127.5, 125.6, 124.7, 122.7, 118.6, 
112.2, 112.0; HRMS (ESI) calcd for C9H6NO [M＋H]＋ 
144.0444, found 144.0446. 

2-Aminobenzonitrile (2n): Yellow liquid (88% yield, 
20.9 mg). 1H NMR (400 MHz, CDCl3) δ: 7.38 (d, J＝8.0 
Hz, 1H), 7.32 (t, J＝7.6 Hz, 1H), 6.75～6.71 (m, 2H), 4.41 
(s, 2H); 13C NMR (100 MHz, CDCl3) δ: 149.7, 134.1, 
132.5, 118.1, 115.3, 96.2; HRMS (ESI) calcd for C7H7N2 

[M＋ H]＋ 119.0604, found 119.0613. 
3-(4-Isopropylphenyl)-2-methylpropanenitrile (2o): 

Colorless liquid (66% yield, 24.7 mg). 1H NMR (400 
MHz, CDCl3) δ: 7.18 (q, J＝8.0 Hz, 4H), 2.94～2.77 (m, 
4H), 1.33 (d,  J＝6.4 Hz, 3H), 1.25 (d, J＝6.8 Hz, 6H); 
13C NMR (100 MHz, CDCl3) δ: 148.0, 134.3, 129.1, 126.9, 
122.8, 39.8, 33. 9, 27.7, 24.1, 17.8; HRMS (ESI) calcd for 
C13H18N  [M＋H]＋ 188.1434, found 188.1438. 

Nonanenitrile (2p): Colorless liquid (76% yield, 21.1 
mg). 1H NMR (400 MHz, CDCl3) δ: 2.33 (t, J＝7.2 Hz, 
2H), 1.69～1.62 (m, 2H), 1.46～1.41 (m, 2H), 1.30～1.28 
(m, 8H), 0.88 (t, J＝6.4 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 119.9, 31.8, 29.1, 28.8,28.8, 25.5, 22.7, 17.2, 
14.2; HRMS (ESI) calcd for C9H18N [M＋H]＋ 140.1434, 
found 140.1434. 

Undecanenitrile (2q): Colorless liquid (61% yield, 20.4 
mg). 1H NMR (400 MHz, CDCl3) δ: 2.32 (t, J＝7.2 Hz, 
2H), 1.68～1.61 (m, 2H), 1.45～1.40 (m, 2H), 1.29～1.26 
(m, 12H), 0.87 (t, J＝6.4 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 119.9, 31.9, 29.5, 29.4, 29.3, 28.9, 28.8, 25.5, 
22.8, 17.2, 14.2; HRMS (ESI) calcd for C11H22N [M＋H]＋ 
168.1747, found 168.1749. 

 
Supporting Information  Cyclic voltammograms and 
NMR spectra of compounds 2a～2q. The Supporting In-
formation is available free of charge via the Internet at 
http://sioc-journal.cn/. 
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