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N-无保护苯胺电化学硒醚化反应构建 4-(烃基硒代)苯胺 

李文艺 a    唐胤恒 a    欧阳文韬 b    陆雨函 b    陈锦杨*,b    何卫民*,b 
(衡阳师范学院化学与材料科学学院  湖南衡阳 421000) 

(南华大学化学化工学院  湖南衡阳 421001) 

摘要  报道了一种无过渡金属催化剂、无化学氧化剂条件下 N-无保护苯胺的电化学硒醚化反应. 该反应在非分隔电解

槽中进行, 实现了温和电化学条件下 4-(芳基硒代)苯胺和 4-(烷基硒代)苯胺化合物的高效合成. 该反应具有良好的官能

团兼容性和易放大等优点, 为合成 4-(烃基硒代)苯胺类化合物提供了绿色实用的合成方法. 
关键词  N-无保护苯胺; 二烃基二硒醚; 电化学合成; 温和条件; 绿色化学 

Electrochemical Selenylation of N-Unprotected Anilines for 
Consturcing 4-(Organylselanyl)anilines 
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Abstract  A transition-metal-free and chemical oxidant-free method was developed for the uniform synthesis of 4-aryl-
selanylanilines and 4-alkylselanylanilines through electrolytic selenylation of N-unprotected anilines with diorganyl diseleni-
des under mild conditions in an undivided cell. The present approach had good functional group compatibility, which made it 
to be a green and practical method to synthesize 4-(organylselanyl)anilines.  
Keywords  N-unprotected anilines; diorganyl diselenides; electrochemical synthesis; mild conditions; green chemistry 

 

1  Introduction 
Functionalized anilines are important structural motifs, 

which widely present in a broad range of natural products, 
artificial pharmaceuticals and advanced functional materi-
als.[1] Furthermore, they have been widely acted as versatile 
intermediates in organic synthesis.[2] In the other hand, 
selenium-containing molecules have gained increasing 
attention due to their valuable biological and pharmaco-
logical activities and physicochemical properties.[3] Among 
the various Se-containing molecules, the organylselanyl 
anilines are especially useful for small molecule drugs and 
pesticides.[4] Therefore, tremendous efforts have been made 
to develop novel methodologies for constructing such 
molecules over the past years.[4,5]  

Given the abundance and easily accessibility of diorganyl 
diselenides,[6] a series of synthetic approaches for organyl-

selanyl anilines through the coupling of anilines with di-
organyl diselenides have been established.[4,5e-5n] Despite 
the significance of these developments, the majority of 
these reactions were limited to N-protect amines. So far, 
only four thermal- or photo-activation coupling reactions of 
N-unprotect anilines with diphenyl diselenide (PhSeSePh) 
for constructing 4-(phenylselanyl)aniline have been re-
ported. In 2015, Alves and colleagues[5l] reported the syn-
thesis of 4-(phenylselanyl)aniline through the CuI-cata-
lyzed oxidative coupling of N-unprotect anilines and 
PhSeSePh (Scheme 1a). In 2018, Braga’s group[4] devel-
oped the oxidative coupling of N-unprotect anilines with 
PhSeSePh in the presence of KIO3 as the catalyst and eth-
ylene glycol as the additives (Scheme 1b). Zhou’s group[5m] 
described a synthetic method for 4-(phenylselanyl)aniline 
through the molecular iodine (1 equiv.) promoted the 
selenylation of PhNH2 (2.4 equiv.) with PhSeSePh. Ku-
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maraswamy et al.[5n] developed the visible-light initiated 
selenylation of anilines with PhSeSePh in the presence of 2 
equiv. of LiCl as the additive (Scheme 1d). All of the pro-
tocols mentioned above have significant limitations, in-
cluding either the requirement of transition-metal/toxic 
hypervalent iodine catalyst or high temperature, stoichio-
metric amount of promoter and excess aniline substrates or 
excessive Lewis acid additive. Furthermore, the scope of 
diselenides was limited to diaryl diselenides. As a conse-
quence, the development of a mild, general and sustainable 
strategy for the synthesis of 4-organylselanylanilines would 
be highly desirable. 
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Scheme 1  Selenylation of N-unprotected anilines 

Electrochemical organic synthesis is regarded as an 
eco-friendly strategy because chemical oxidants and re-
ductants can be replaced by traceless electricity.[7] The 
simultaneously occurrence of anodic oxidation and cathodic 
proton reduction allows the dehydrogenative reactions to 
proceed through H2 evolution, obviating the need for stoi-
chiometric electron or proton acceptors.[8] With the im-
portant advantages of electrosynthesis in mind and our 
long-standing interest in green chemistry,[9] herein we de-
scribe an efficient method for the synthesis of various 
4-organylselanylanilines through electrochemical coupling 
of N-unprotect aniline with diorganyl diselenides under 
mild and chemical oxidant-free conditions. The novel elec-

trochemical activation protocol circumvents the drawbacks 
of existing thermal- and visible-light-activation strategies 
and could be applicable for the construction of 4-alkyl-
selanylanilines. 

2  Results and discussion 
Initially, the reaction conditions for the electrochemical 

selanylation of phenylamine (1a) with diphenyl diselenide 
(2a) as the selanylated reagent were screened. This reaction 
was carried out in an undivided cell equipped with double 
platinum electrodes system with KI (20 mol%) as the sup-
porting electrolyte and DMSO as the solvent at ambient 
temperature. To our delight, the desired 4-(phenylselanyl)-
aniline (3aa) was formed in 95% NMR yield (Table 1, Entry 
1). Subsequently, a series of two-electrode systems were 
investigated. However, lower yields were detected when the 
double platinum electrode system was replaced by other 
electrode systems (Entries 2～6). When other electrolytes 
containing no iodine were used instead of KI, only a trace 
amount of 3aa was detected (Entries 7～10). Performing 
this reaction with nBu4NI or I2 as the electrolyte led to the 
formation of 3aa in 61% and 70% yields (Entries 11 and 
12), respectively. These results revealed that iodide ion 
might play a crucial role in the electrochemical transfor-
mation. Subsequently, several solvents including N,N-di-
methylformamide (DMF), N,N-dimethylacetamide (DMA),  
dichloromethane (DCM) and tetrahydrofuran (THF) were 
investigated and the results indicated that none of them 
could match the efficiency of DMSO (Entries 13～16). No 
improvement was obtained by varying amounts of KI and 
the current intensity, even with a prolonged irradiation time 
(Entries 17～20). In the absence of constant current, no 
target product was formed (Entry 21). 

Having the optimal reaction conditions in hand (Table 1, 
Entry 1), the selanylation of aromatic amines with diorganyl 
diselenides was investigated. As shown in Table 2, a variety 
of diphenyl diselenides were well compatible in the present 
reaction. The target products (3ab～3aj) were formed with 
excellent yields whether with electron-rich groups (Me, 
OMe and OCF3), weak electron-deficient (F, Cl and Br) or 
strong electron-deficient (CF3, CN and NO2) groups at the 
para-position of the phenyl ring of aniline substrates. Both 
3-methylaniline and 2-methylaniline were suitable for this 
transformation and provided the desired products 3ak and 
3al in 84% and 82% yields, respectively. Fused-ring aro-
matic amines, for example, naphthalen-1-amine was proved 
to be entirely compatible affording the corresponding 
product 3am in 81% yield. These results suggested that 
neither electronic effect nor steric hindrance of diphenyl 
diselenides significantly influence the reaction efficiency of 
this transformation. Halogen and cyano substituents were 
all well-tolerated, which made this protocol more valuable 
for further manipulations. Dialkyl diselenides, such as di-
methyl and dibenzyl diselenide, also reacted well with 1a to 
generate the desired products 3an and 3ao in 80% and 86% 
yields, respectively. Next, a series of functionalized phe- 
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Table 1  Screening the optimized reaction conditionsa 

 

Entry Variation from the standard reaction conditions Yield/%
1 None 95 
2 C (＋)|Pt (－) instead of Pt (＋)|Pt (－) 80 
3 RVC (＋)|Pt (－) instead of Pt (＋)|Pt (－) 63 
4 C (＋)|C (－) instead of Pt (＋)|Pt (－) 63 
5 RVC (＋)|RVC (－) instead of Pt (＋)|Pt (－) 34 
6 Pt (＋)|Ni foam (－) instead of Pt (＋)|Pt (－) 81 
7 nBu4NBF4 instead of KI Trace
8 nBu4NBr instead of KI Trace
9 Et4NClO4 instead of KI Trace

10 LiBF4 instead of KI Trace
11 nBu4NI instead of KI 61 
12 I2 (10 mol) instead of KI 70 
13 DMF as the solvent 77 
14 DMA as the solvent 49 
15 DCM as the solvent 16 
16 THF as the solvent 9 
17 10 mol of KI, 12 h 46 
18 30 mol of KI, 6 h 95 
19 4 mA instead of 6 mA, 12 h 40 
20 12 mA instead of 6 mA, 6 h 89 
21 No electric current N.D.
22 N2 atmosphere instead of air atmosphere 95 

a Conditions: Pt (15 mm×15 mm×0.3 mm), constant current＝8 mA, 1a (0.5 
mmol), 2a (0.25 mmol), KI (0.1 mmol), DMSO (8 mL), room temperature, in 
air, 6 h, undivided cell. b Estimated by 1H NMR using diethyl phthalate as an 
internal reference. 

nylamines were examined. Phenylamines containing elec-
tron-donating and electron-withdrawing substituents in 
various positions of the phenyl ring underwent the elec-
trochemical selanylation reaction efficiently to generate the 
corresponding products (3ba～3ga) in good yields. No 
desired product was obtained when the reaction was con-
ducted with diphenyl disulfide. Not only the aromatic pri-
mary amines, but also the aromatic secondary and aromatic 
tertiary amines were applicable to this reaction. N-Methyl-
aniline (1h), N,N-dialkylanilines (1i～1k), and 1-phenyl-
pyrrolidine (1l) delivered the desired products (3ha～3la) 
in good to excellent yields under the optimal conditions. 
4-Aminopyridine showed no reactivity in the current reac-
tion. 

To demonstrate the practicability of the present method, a 
scale-up reaction was next carried out. Treatment of phe-
nylamine (1a, 10 mmol, 0.93g) with PhSeSePh (2a) deli-
vered the desired product 3aa in 82% yield. Compared with 
the small-scale reaction, the concentration of 1a could be  

Table 2  Reaction Scopea,b 
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a Conditions: Pt (15 mm×15 mm×0.3 mm), constant current＝8 mA, 1 (0.5 
mmol), 2 (0.25 mmol), KI (0.1 mmol), DMSO (8 mL), room temperature, in 
air, 6 h, undivided cell. b Isolated yields. 

increased 10-fold in gram-scale synthesis, thus minimizing 
the solvent consumption (Scheme 2). 

 

Scheme 2  Large-scale synthesis of 3aa 

To obtain more insights into the mechanism of this elec-
trochemical selanylation reaction, the cyclic voltammetry 
experiments were carried out (Figure 1). Two oxidative 
peaks of KI were firstly appeared at 0.96 and 1.28 V (vs. 
Ag/AgCl), which can be assigned to the oxidation of the 
iodide ion (I－) to form the triiodide ion (I3－) and the oxida-
tion of the triiodide ion (I3－) to produce molecular iodine 
(I2), respectively. The oxidative peaks of phenylamine (1.59 
V) and diphenyl diselenide (2.09 V) were next observed.[10] 
The same result was also detected for the mixture of KI, 1a 
and 2a, indicating that KI firstly underwent anodic oxida-
tion in this reaction. The addition of 2 equiv. of radical 
scavenge (TEMPO or BHT) into the reaction had little 
influence on the yield of 3aa, suggesting that the present 
selanylation reaction might not proceed through a free rad-
ical pathway. Conducting the electrolytic reaction of phe-
nylamine 1a in the absence of 2a under the standard condi-
tions gave 4-iodoaniline (4a) in 18% GC yield, suggesting 
that compound 4a was the key intermediate for the present 
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reaction. 
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Figure 1  Cyclic voltammetry experiments 

 
Scheme 3  Control experiments 

A possible mechanistic route for the electrochemical se-
lanylation reaction was proposed in Scheme 4, based on the 
above-mentioned experimental results and previously liter-
ature reports.[11] Initially, the iodide ion (I－) underwent the 
anodic oxidation to generate the iodide cation (I＋) or mo-
lecular iodine (I2). Next, the electrophilic substitution hap-
pened at the C-4 position of phenylaniline (1a) to afford 
4-iodoaniline (4a) and simultaneously released a proton, 
which was further reduced to hydrogen gas (H2) at the sur-
face of the cathode. Diphenyl diselenide (2a) readily com-
bined with intermediate 4a to provide product 3aa as the 
final product. The catalytic cycle was completed by the 
accompanying cationic half reaction of the reduction of I2 
though a single electron transfer (SET) process to regener-
ate iodine ions. 
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Scheme 4  Plausible reaction mechanism 

3  Conclusions 
In summary, a green and sustainable protocol for the 

uniform synthesis of 4-arylselanylanilines and 4-alkyl-
selanylanilines through electrolytic selenylation of N-un-
protected anilines with diorganyl diselenides in an undi-
vided cell has been developed. With the traceless electrons 
as the sole oxidant, a broad range of 4-(organylselanyl)-
anilines with important functional groups were obtained in 
good to high yields. The present reaction features include 
being free of transition-metals and chemical oxidants, as 
well as having scalability, providing good opportunities for 
applications in synthesis and pharmaceutical chemistry. 

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). The electrodes are platinum 
electrodes (Pt, 15 mm×15 mm×0.3 mm), and all elec-
trodes were purchased from Beijing Instrument Electric 
Technologe Co., LTD and used directly. All reagents were 
purchased from Energy Chemical (China) and used directly. 
The instrument for cyclic voltammetrys is ElectraSyn 2.0 
(IKA, made in Germany), and the conditions are as follow: 
3 mm diameter glassy carbon disc working electrode, Pt 
plate electrode, Ag wire reference electrode. Thin layer 
chromatography (TLC) employed glass 0.25 mm silica gel 
plates. Flash chromatography columns were packed with 
200～300 mesh silica gel. 1H NMR spectra were recorded 
at 500 MHz and 13C NMR spectra were recorded at 125 
MHz by using a Bruker Avance 500 spectrometer. Chemi-
cal shifts were calibrated using residual undeuterated sol-
vent as an internal reference (1H NMR: CDCl3 δ 7.26, 
DMSO-d6 δ 2.50; 13C NMR: CDCl3 δ 77.0, DMSO-d6 δ 
40.0). Mass spectra were performed on a spectrometer op-
erating on ESI-TOF. 
4.2  Experimental section 
4.2.1  General experimental procedure for compounds 
3 

In an undivided three-necked flask (25 mL) equipped 
with a stir bar, aniline (0.5 mmol), various dialkyldiseleni-
des (diaryldiselenides) (0.25 mmol), KI (0.1 mmol) and 
DMSO (8 mL) were added. The flask was equipped with 
platinum electrode (Pt, 15 mm×15 mm×0.3 mm) as anode 
and cathode. The reaction mixture was stirred and electro-
lyzed at a constant current of 8 mA under room temperature 
for 6 h. After completion, the reaction mixture was diluted 
with water, and the products were extracted with di-
chloromethane (40 mL×3). The organic layer was dried 
over anhydrous Na2SO4 and concentrated under reduced 
pressure. The pure products 3 were obtained by flash 
chromatography on silica gel (elute: petroleum ether/ethyl 
acetate). 

4-(Phenylselanyl)aniline (3aa):[4] 1H NMR (500 MHz, 
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CDCl3) δ: 7.39 (d, J＝8.5 Hz, 2H), 7.28 (d, J＝8.0 Hz, 2H), 
7.19～7.12 (m, 3H), 6.60 (d, J＝8.5 Hz, 2H), 3.73 (s, 2H); 
13C NMR (126 MHz, CDCl3) δ: 146.94, 137.18, 134.18, 
130.16, 129.12, 126.10, 116.39, 116.08. 

4-(p-Tolylselanyl)aniline (3ab):[5c] 1H NMR (500 MHz, 
CDCl3) δ: 7.29 (d, J＝8.5 Hz, 2H), 7.15 (t, J＝8.0 Hz, 2H), 
6.94 (d, J＝8.0 Hz, 2H), 6.53 (d, J＝8.5 Hz, 2H), 3.65 (s, 
2H), 2.20 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 145.53, 
135.43, 135.14, 129.92, 128.85, 128.81, 116.32, 114.96, 
19.97. 

4-((4-Methoxyphenyl)selanyl)aniline (3ac):[12] 1H NMR 
(500 MHz, CDCl3) δ: 7.25～7.20 (m, 4H), 6.67 (d, J＝9.0 
Hz, 2H), 6.45 (d, J＝8.5 Hz, 2H), 3.64 (s, 3H), 3.59 (s, 2H); 

13C NMR (126 MHz, CDCl3) δ: 157.80, 145.29, 134.40, 
132.53, 122.02, 117.29, 114.89, 113.83, 54.21. 

4-((4-(Trifluoromethoxy)phenyl)selanyl)aniline (3ad): 
1H NMR (500 MHz, CDCl3) δ: 7.09 (t, J＝6.0 Hz, 2H), 6.95 
(d, J＝3.5 Hz, 2H), 6.72 (d, J＝3.5 Hz, 2H), 6.32 (d, J＝8.5 
Hz, 2H), 3.35 (s, 2H); 13C NMR (126 MHz, CDCl3) δ: 
146.60, 146.21, 136.87, 136.35, 131.78, 130.05, 120.64, 
116.26, 115.06, 114.67. HRMS (ESI) calcd for C13H10F3- 
NOSe [M＋H]＋ 333.9958, found 333.9955. 

4-((4-Fluorophenyl)selanyl)aniline (3ae):[13] 1H NMR 
(500 MHz, CDCl3) δ: 7.28 (d, J＝8.5 Hz, 2H), 7.22～7.19 
(m, 2H), 6.82 (t, J＝9.0 Hz, 2H), 6.53 (d, J＝8.5 Hz, 
2H),3.67 (s, 2H); 13C NMR (126 MHz, CDCl3) δ: 161.77, 
159.81, 145.79, 135.54, 131.58, 131.52, 127.14, 127.11, 
115.94, 115.21, 115.04, 114.98. 

4-((4-Chlorophenyl)selanyl)aniline (3af):[14] 1H NMR 
(500 MHz, CDCl3) δ: 7.37 (d, J＝8.0 Hz, 2H), 7.18 (d, J＝
8.5 Hz, 2H), 7.13 (d, J＝8.5 Hz, 2H), 6.61 (d, J＝8.5 Hz, 
2H), 3.78 (s, 2H); 13C NMR (126 MHz, CDCl3) δ: 147.16, 
137.23, 132.58, 132.06, 131.37, 129.16, 116.12, 116.10, 
115.98. 

4-((4-Bromophenyl)selanyl)aniline (3ag): 1H NMR (500 
MHz, CDCl3) δ: 7.29 (d, J＝8.5 Hz, 2H), 7.18 (d, J＝8.5 
Hz, 2H), 7.03 (d, J＝8.5 Hz, 2H), 6.54 (d, J＝8.5 Hz, 2H), 
3.66 (s, 2H); 13C NMR (126 MHz, CDCl3) δ: 146.02, 
136.85, 136.19, 132.26, 130.97, 130.52, 118.91, 115.08. 
HRMS (ESI) calcd for C12H11BrNSe [M＋H]＋ 327.9240, 
found 327.9154. 

4-((4-(Trifluoromethyl)phenyl)selanyl)aniline (3ah): 1H 
NMR (500 MHz, CDCl3) δ: 7.31～7.27 (m, 4H), 7.17 (d,   
J＝8.0 Hz, 2H), 6.53 (d, J＝8.5 Hz, 2H), 3.64 (s, 2H); 13C 
NMR (126 MHz, CDCl3) δ: 146.56, 139.40, 136.93, 136.84, 
127.85, 124.63, 124.60, 124.57, 124.54, 116.25, 115.12, 
113.31. HRMS (ESI) calcd for C13H12F3NSe [M＋H]＋ 
318.0009, found 318.0011. 

4-((4-Aminophenyl)selanyl)benzonitrile (3ai): 1H NMR 
(500 MHz, CDCl3) δ: 7.41 (t, J＝8.0 Hz, 4H), 7.23 (d, J＝
8.5 Hz, 2H), 6.69 (t, J＝6.5 Hz, 2H), 3.90 (s, 2H); 13C NMR 
(126 MHz, CDCl3) δ: 147.90, 143.36, 138.28, 132.18, 
128.71, 119.07, 116.26, 113.53, 108.69. HRMS (ESI) calcd 
for C13H11N2Se [M＋H]＋ 275.0080, found 275.0082. 

4-((4-Nitrophenyl)selanyl)aniline (3aj): 1H NMR (500 
MHz, CDCl3) δ: 7.86 (d, J＝9.0 Hz, 2H), 7.30 (d, J＝8.5 
Hz, 2H), 7.14 (d, J＝9.0 Hz, 2H), 6.59 (d, J＝9.0 Hz, 2H), 

3.89 (s, 2H); 13C NMR (126 MHz, CDCl3) δ: 147.13, 
145.56, 144.56, 137.19, 127.19, 122.69, 115.25, 112.04. 
HRMS (ESI) calcd for C12H11N2O2Se [M＋H]＋ 294.9986, 
found 294.9982. 

4-(m-Tolylselanyl)aniline (3ak): 1H NMR (500 MHz, 
CDCl3) δ: 7.33 (t, J＝8.5 Hz, 2H), 7.07 (s, 1H), 7.01 (d,    
J＝4.5 Hz, 1H), 6.89 (d, J＝4.0 Hz, 1H), 6.56 (d, J＝8.5 
Hz, 2H), 6.39 (d, J＝8.5 Hz, 1H), 3.57 (s, 2H), 2.19 (s, 3H); 

13C NMR (126 MHz, CDCl3) δ: 146.74, 138.83, 137.93, 
136.97, 130.91, 128.88, 127.37, 127.02, 117.31, 116.04, 
21.32. HRMS (ESI) calcd for C13H14NSe [M ＋ H] ＋ 
264.0286, found 264.0283. 

4-(o-Tolylselanyl)aniline (3al): 1H NMR (500 MHz, 
CDCl3) δ: 7.29 (d, J＝6.0 Hz, 2H), 7.06 (d, J＝7.5 Hz, 1H), 
7.00 (t, J＝6.0 Hz, 1H), 6.95～6.91 (m, 2H), 6.58 (d, J＝8.5 
Hz, 2H), 3.71 (s, 2H), 2.30 (s, 3H); 13C NMR (126 MHz, 
CDCl3) δ: 145.75, 136.34, 136.14, 133.85, 128.84, 128.60, 
125.46, 124.97, 115.16, 114.58, 20.64. HRMS (ESI) calcd 
for C13H14NSe [M＋H]＋ 264.0286, found 264.0283. 

4-(Phenylselanyl)naphthalen-1-amine (3am):[4] 1H NMR 
(500 MHz, CDCl3) δ: 8.46 (d, J＝8.5 Hz, 1H), 7.81 (t, J＝
9.0 Hz, 2H), 7.53 (t, J＝8.0 Hz, 1H), 7.36 (t, J＝7.5 Hz, 
1H), 7.28-7.26 (m, 2H), 7.21 (d, J＝7.5 Hz, 3H), 7.10 (d,   
J＝9.0 Hz, 1H), 4.79 (s, 2H); 13C NMR (126 MHz, CDCl3) 
δ: 147.00, 135.84, 130.76, 130.63, 128.14, 127.53, 127.24, 
127.20, 126.66, 125.48, 124.74, 121.42, 116.30, 104.32. 

4-(Methylselanyl)aniline (3an):[15] 1H NMR (500 MHz, 
CDCl3) δ: 7.31 (d, J＝6.5 Hz, 2H), 6.60 (d, J＝8.5 Hz, 2H), 
3.67 (s, 2H), 2.27 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 
145.66, 134.00, 118.60, 115.89, 9.09. 

4-(Benzylselanyl)aniline (3ao):[16] 1H NMR (500 MHz, 
CDCl3) δ: 7.13～7.04 (m, 7H), 6.48～6.46 (m, 2H), 3.88 (s, 
2H), 3.63 (s, 2H); 13C NMR (126 MHz, CDCl3) δ: 145.41, 
138.36, 135.79, 127.78, 127.25, 125.53, 116.05, 114.55, 
32.34. 

2-Methyl-4-(phenylselanyl)aniline (3ba):[4] 1H NMR 
(500 MHz, CDCl3) δ: 7.33 (s, 1H), 7.30～7.21 (m, 3H), 
7.20～7.17 (m, 2H), 7.12 (d, J＝7.5 Hz, 1H), 6.60 (d, J＝
8.0 Hz, 1H), 3.70 (s, 2H), 2.13 (s, 3H); 13C NMR (126 MHz, 
CDCl3) δ: 145.18, 138.07, 134.92, 134.33, 130.03, 129.05, 
125.96, 123.46, 116.22, 115.76, 17.22. 

3-Methyl-4-(phenylselanyl)aniline (3ca): 1H NMR (500 
MHz, CDCl3) δ: 7.41 (d, J＝8.5 Hz, 1H), 7.20～7.16 (m, 
4H), 7.13 (d, J＝6.0 Hz, 1H), 6.63 (d, J＝4.0 Hz, 1H), 
6.48～6.46 (m, 1H), 3.71 (s, 2H), 2.32 (s, 3H); 13C NMR 
(126 MHz, CDCl3) δ: 147.52, 143.58, 138.63, 133.80, 
129.50, 129.09, 125.75, 117.32, 116.92, 113.56, 23.00. 
HRMS (ESI) calcd for C13H14NSe [M＋H]＋  264.0286, 
found 264.0283. 

4-Methyl-2-(phenylselanyl)aniline (3da):[5c] 1H NMR 
(500 MHz, CDCl3) δ: 7.40 (s, 1H), 7.24～7.21 (m, 3H), 
7.18 (d, J＝7.5 Hz, 1H), 7.15 (d, J＝6.0 Hz, 1H), 7.03 (d,   
J＝8.0 Hz, 1H), 6.72 (d, J＝8.0 Hz, 1H), 4.13 (s, 2H), 2.20 
(s, 3H); 13C NMR (126 MHz, CDCl3) δ: 145.15, 137.62, 
130.82, 130.76, 128.23, 128.20, 127.14, 125.07, 114.08, 
111.67, 19.12. 

3-Fluoro-4-(phenylselanyl)aniline (3ea): 1H NMR (500 
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MHz, CDCl3) δ: 7.26～7.23 (m, 3H), 7.14～7.09 (m, 3H), 
7.36～6.30 (m, 2H), 3.79 (s, 2H); 13C NMR (126 MHz, 
CDCl3) δ: 163.40, 161.47, 148.55, 148.47, 137.48, 137.45, 
137.42, 131.35, 129.46, 129.41, 128.10, 125.40, 110.64, 
110.62, 102.00, 101.82, 101.30, 101.08. HRMS (ESI) calcd 
for C12H11FNSe [M＋H]＋ 268.0041, found 268.0044. 

3-Chloro-4-(phenylselanyl)aniline (3fa):[14] 1H NMR 
(500 MHz, CDCl3) δ: 7.39 (t, J＝7.5 Hz, 2H), 7.25 (d, J＝
5.5 Hz, 3H), 7.19 (d, J＝8.5 Hz, 1H), 6.79 (d, J＝2.5 Hz, 
1H), 6.47～6.45 (m, 1H), 3.78 (s, 2H); 13C NMR (126 MHz, 
CDCl3) δ: 147.62, 138.20, 136.61, 132.09, 132.04, 131.51, 
129.31, 127.04, 117.77, 115.89, 114.47.  

4-Bromo-4-(phenylselanyl)aniline (3ga): 1H NMR (500 
MHz, CDCl3) δ: 7.34～7.32 (m, 2H), 7.18 (t, J＝5.5 Hz, 
3H), 7.07 (d, J＝8.5 Hz, 1H), 6.89 (d, J＝2.5 Hz, 1H), 
6.43～6.41 (m, 1H), 3.67 (s, 2H); 13C NMR (126 MHz, 
CDCl3) δ: 146.36, 135.06, 131.29, 130.67, 128.32, 127.64, 
126.13, 119.33, 118.08, 114.05. HRMS (ESI) calcd for 
C12H11BrNSe [M＋H]＋ 327.9240, found 327.9154. 

N-Methyl-4-(phenylselanyl)aniline (3ha):[4] 1H NMR 
(500 MHz, CDCl3) δ: 7.34 (d, J＝9.0 Hz, 2H), 7.19～7.17 
(m, 2H), 7.09～7.06 (m, 2H), 7.04～7.03 (m, 1H), 6.43 (t,  
J＝6.0 Hz, 2H), 3.64 (s, 1H), 2.71 (s, 3H); 13C NMR (126 
MHz, CDCl3) δ: 148.52, 136.26, 133.54, 128.68, 127.95, 
124.78, 113.30, 112.20, 29.39. 

N,N-Dimethyl-4-(phenylselanyl)aniline (3ia):[5d] 1H 
NMR (500 MHz, CDCl3) δ: 7.48 (d, J＝9.0 Hz, 2H), 7.27 
(d, J＝7.5 Hz, 2H), 7.17 (t, J＝7.5 Hz, 2H), 7.12 (t, J＝7.5 
Hz, 1H), 6.66 (d, J＝9.0 Hz, 2H), 2.96 (s, 6H); 13C NMR 
(126 MHz, CDCl3) δ: 150.56, 137.15, 134.64, 129.83, 
129.02, 125.85, 113.75, 113.21, 40.34. 

N,N-Diethyl-4-(phenylselanyl)aniline (3ja):[5d] 1H NMR 
(500 MHz, CDCl3) δ: 7.44 (d, J＝8.5 Hz, 2H), 7.28 (t, J＝
6.5 Hz, 2H), 7.17 (t, J＝7.5 Hz, 2H), 7.11 (t, J＝7.5 Hz, 
1H), 6.60 (d, J＝4.0 Hz, 2H), 3.39～3.32 (m, 4H), 1.16 (t,  
J＝6.0 Hz, 6H); 13C NMR (126 MHz, CDCl3) δ: 148.02, 
137.58, 134.93, 129.68, 129.02, 125.76, 112.51, 112.18, 
44.37, 12.61. 

N,N-Dibutyl-4-(phenylselanyl)aniline (3ka):[5d] 1H NMR 
(500 MHz, CDCl3) δ: 7.43 (d, J＝9.0 Hz, 2H), 7.28 (d, J＝
8.5 Hz, 2H), 7.18 (t, J＝7.5 Hz, 2H), 7.12 (t, J＝6.0 Hz, 
1H), 6.57 (d, J ＝ 8.5 Hz, 2H), 3.26 (t, J ＝ 7.5 Hz, 
4H),1.60～1.54 (m, 4H), 1.39～1.31 (m, 4H), 0.96 (t, J＝
7.5 Hz, 6H); 13C NMR (126 MHz, CDCl3) δ: 148.39, 
137.47, 137.43, 137.38, 134.89, 129.69, 128.97, 125.73, 
112.45, 111.95, 50.75, 29.36, 20.36, 14.03. 

1-(4-(Phenylselanyl)phenyl)pyrrolidine (3la):[5l] 1H 
NMR (500 MHz, CDCl3) δ: 7.47 (d, J＝8.5 Hz, 2H), 7.24 (t, 
J＝8.0 Hz, 2H), 7.16 (t, J＝6.0 Hz, 2H), 7.10 (t, J＝6.0 Hz, 
1H), 6.50 (d, J＝8.5 Hz, 2H), 3.28 (t, J＝6.5 Hz, 4H), 
2.00-1.98 (m, 4H); 13C NMR (126 MHz, CDCl3) δ: 148.03, 
137.58, 135.14, 129.48, 128.99, 125.67, 112.65, 112.23, 
47.56, 25.57. 
4.2.2  Larger-scale synthesis of 3aa 

In an undivided three-necked flask (25 mL) equipped 
with a stir bar, aniline (10 mmol), various diphenyl-

diselenide (5 mmol), KI (2 mmol) and DMSO (16 mL) were 
added. The flask was equipped with platinum elec-trode (Pt, 
15 mm×15 mm×0.3 mm) as anode and cathode. The 
reaction mixture was stirred and electrolyzed at a constant 
current of 12 mA under room temperature for 72 h. After 
completion, the reaction mixture was diluted with water, 
and the product was extracted with dichloromethane (40 
mL×3). The organic layer was dried over anhydrous 
Na2SO4 and concentrated under reduced pressure. The pure 
product 3aa was obtained by flash chromatography on silica 
gel in the yield of 82% (elute: petroleum ether/ethyl ace-
tate). 
4.2.3  Cyclic voltammetry experiment 

CV measurements were performed on an ElectraSyn 2.0 
(IKA, made in Germany), and the conditions are as follow: 
3 mm diameter glassy carbon disc working electrode, Pt 
plate electrode, Ag wire reference electrode, scan rate 0.10 
V/s (0～3.0 V), and 0.2 mol/L of n-Bu4NBF4 as supporting 
electrolyte. The measurements were carried out as follows: 
(a) 0.2 mol/L solution of n-Bu4NBF4 in CH3CN was added 
to the measuring cell. After recording the baseline, the 
electroactive compound KI, 1a, 2a (0. 2 mol/L) or the 
mixture of KI, 1a and 2a (0. 2 mol/L) in DMSO was added 
respectively. The cyclic voltammogram was recorded with 
one to three scans. 

 
 

辅助材料(Supporting Information)  合成化合物的 1H 
NMR 及 13C NMR 谱图. 这些材料可以免费从本刊网站

(http://sioc-journal.cn/)上下载. 
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