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无金属参与的电化学促进 2,2,6,6-四甲基哌啶-氮-氧化物(TEMPO) 
介导的环胺 α-氰化和膦酰化反应 

高君青†,a    翁信军†,b    马  聪 b    徐学涛*,a    
方  萍*,b    梅天胜*,b 

(a五邑大学生物科技与大健康学院  广东江门 529020) 
(b中国科学院上海有机化学研究所  金属有机化学国家重点实验室  分子合成卓越中心  上海 200032) 

摘要  探究了无金属电化学氧化氰化和膦酸酯基化反应, 其中 2,2,6,6-四甲基哌啶-氮-氧化物(TEMPO)降低了底物的

电极电位, 避免了某些富电子芳香胺在电化学条件下的过氧化反应. 该方法具有良好的官能团兼容性, 是在温和条件

下合成 α-氨基腈和 α-氨基膦酸酯的一种有效且实用的方法, 通过研究表明产物通过 Shono氧化形成亚胺物种来实现的. 
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Electrochemical 2,2,6,6-tetramethylpiperidinyl-N-oxyl (TEMPO)- 
Mediated α-Cyanation and Phosphonylation of  

Cyclic Amines with Metal-Free Conditions 

Gao, Junqing†,a    Weng, Xinjun†,b    Ma, Congb    Xu, Xuetao*,a    
Fang, Ping*,b    Mei, Tiansheng*,b 

(a School of Biotechnology and Health Science, Wuyi University, Jiangmen, Guangdong 529020) 
(b Center for Excellence in Molecular Synthesis, State Key Laboratory of Organometallic Chemistry,  

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032) 

Abstract  Metal-free electrochemical oxidation cyanation and phosphonylation reactions had been developed, in which 
2,2,6,6-tetramethylpiperidinyl-N-oxyl (TEMPO) reduced the electrode potential of substrate and avoided over oxidation of 
some electron rich aromatic amines under electrochemical conditions. This protocol had good functional group compatibility, 
which made it to be a practical and efficient method to synthesize α-aminonitriles and α-amino phosphonates under mild 
conditions. Preliminary study indicated that the formation of the product was through the Shono oxidation of imine species. 
Keywords  electrochemistry; Shono oxidation; cyanation; phosphonylation 

 

1  Introduction 
α-Aminonitriles is a very useful intermediate, which is 

widely used in the preparation of alkaloids,[1] natural 
products,[2] pharmaceuticals,[3] agricultural chemicals, and 
other important biological compounds and functional ma-
terials.[1c,2b-2c,4] In addition, nitrile functional group can be 
easily converted to other important groups, such as alde-

hydes, amines, tetrazoles and their carboxylic derivatives.[5] 
Generally, α-aminonitriles were synthesized by metal/non- 
metal catalyzed/mediated cyanation[2c,6-15] of C—H bond 
that adjacent to the nitrogen atom in the presence of stoi-
chiometric of chemical redox reagents (Schemes 1a and 1b). 
Alternatively, it could be obtained from photo-induced 
cyanation of cyclic amines with metal cyanide,[16] in which 
generated stoichiometric amounts of metal-containing 



   
有机化学 研究论文  

 
3224      http://sioc-journal.cn/ © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 3223～3234 

waste and especial cautions are required in work-up steps. 
Electrochemistry is widely used in the field of sustainable 

oxidative C—H functionalization reactions,[17] and accords 
the standards of green chemistry because electrons replace 
stoichiometric amounts of redox reagents.[18] Shono oxida-
tion is one of the electrochemical methods widely used in 
the functionalization of C—H bond which adjacent to the 
nitrogen atom.[2b-2c,4,19] Electrochemical keto-9-azabicyclo-
nonane N-oxyl (ABNO)/ABNO-mediated α-oxygenation/ 
cyanation of cyclic amines has been reported by Stahl, and 
the results demonstrated that the mediated electrochemical 
process enabled substrate oxygenation to proceed at a po-
tential that was approximately 1 V lower than the redox 
potential of the substrate.[15] We also reported Cu(II)/ 
TEMPO-catalyzed enantioselective C(sp3)—H alkynylation 
of tertiary cyclic amines,[20] in which indirect electrolysis 
methods[21] allowed the reaction proceeded at a lower elec-
trode potential and expanded the substrate compatibility. To 
continue our interests in electrosynthesis with mediator, 
herein, we report our primary results of electrochemical 
oxidation cyanation of cyclic amines. And with the same 
electrochemical conditions, it succeeded in phosphonyla-
tion of cyclic amines (Scheme 1c).[22] 
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Scheme 1  Synthesize of α-aminonitriles 

2  Results and discussion 
Initially, N-phenylpyrrolidine (1a) was chosen as the 

model substrate and TMSCN (2) as the source of cyanide 
nucleophile to screen a variety of different electrolysis 
conditions in an undivided cell equipped with a carbon 
anode and a platinum cathode. Under constant-current 
electrolysis at 1.5 mA, the desired product (3a) was ob-
tained with 99% 1H NMR yield in the presence of 20 mol% 
TEMPO as mediator and tetrabutyl hexafluoroammonium 

phosphate (TBAPF6) (0.1 mol•L－1) as the electrolyte with 
CF3CH2OH (20 μL) as additive in CH3CN (4.0 mL) at room 
temperature for 9 h (Table 1, Entry 1). Using of 4-CN- 
TEMPO or 4-COOH-TEMPO as mediators led to moderate 
and obvious loss in yield, respectively (Entries 2 and 3). The 
yield was gradually decreased as the oxidation potential of 
mediator increased, which could also be demonstrated via 
results with ABNO, PhCO2-ABNO and keto-ABNO as 
mediators (Entries 4～6). Different supporting electrolytes 
were evaluated, and TBAPF6 was optimal (Entries 7～9). 
The additives had a major influence on this reaction, and all 
displayed lower effectiveness than CF3CH2OH did (Entries 
10～13), hexafluoroisopropanol (HFIP) resulted in slightly 

Table 1  Optimization of reaction conditionsa 

 

 

Entry Variation from standard conditions Yieldb/% 
1 None 99 (97)c 
2 4-CN-TEMPO instead of TEMPO 71 
3 4-COOH-TEMPO instead of TEMPO 48 
4 ABNO instead of TEMPO 67 
5 PhCO2ABNO instead of TEMPO 42 
6 Keto-ABNO instead of TEMPO 33 
7 TBAOAc instead of TBAPF6 46 
8 TBAClO4 instead of TBAPF6 53 
9 NaClO4 instead of TBAPF6 68 
10 H2O instead of CF3CH2OH 69 
11 HFIP instead of CF3CH2OH 91 
12 MeOH instead of CF3CH2OH 78 
13 Isopropanol instead of CF3CH2OH 38 
14 No current N.R. 
15 No TEMPO, no CH3CH2OH 29 
16 No TEMPO 45 

a Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2 (0.3 mmol, 1.5 equiv.), 
TEMPO (0.04 mmol, 20 mol%), TBAPF6 (0.4 mmol, 2.0 equiv.), CF3CH2OH 
(20 μL), CH3CN (4.0 mL) in an undivided cell with carbon rob (r＝0.25 cm) 
as anode and platinum (1.0 cm×1.0 cm) as cathode, r.t., 1.5 mA, 9.0 h. b The 
yield was determined by 1H NMR analysis with CH2Br2 as an internal stand-
ard. c Isolated yield in parentheses. 
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lower yield. On the basis of control experiments, electrical 
current was necessary for this reaction (Entry 14), without 
TEMPO and CF3CH2OH led to obvious loss in yield (Entry 
15), and without TEMPO only gave 45% 1H NMR yield 
(Entry 16).  

With the optimal conditions in hand, the substrate scope 
of TEMPO-mediated electrochemical cyanation of cyclic 
tertiary amines was further evaluated (Table 2). Phenyl 
substituted pyrrolidines were firstly examined, the phenyl 
ring of N-phenylpyrrolidine with electron-donating (3b～
3e) or electron-withdrawing (3f and 3g) group could pro-
ceed smoothly, and the corresponding cyanation products 
were obtained in 61%～97% isolated yields. The substitu-
ents at different positions of the phenyl ring have less ef-

fect for the yield (3h and 3i). To our delight, the scope of 
this newly developed electro-promoted cyanation reaction 
could extend to various tetrahydroisoquinolines (THIQs), 
alkyl (3k and 3l), phenyl (3m), methoxyl (3n), halogen 
(3o～3q), trifluoromethyl (3r), and ester (3s) were well 
accommodated, affording the desired cyanation products in 
good to excellent yields. And the functional groups on ei-
ther ortho- or meta-position were well tolerated (3t and 
3v). Even it prolonged the reaction time to 21 h, the yield 
could not be improved with nitro group on ortho-position. 
It proposed that the electro-withdrawing nature of nitro 
group increased the oxidation potential of substrate 1u. 
Further increasing the electric current to 3 mA, 1u was 
converted to the corresponding nitrile in 55% isolated 

Table 2  Substrate scope of cyanationa 

 

 
a The isolated yield. b 1.0 mL toluene was added. c Constant current of 3.0 mA.  
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yield. Moreover, 6-, 7-substituted THIQs were also tested 
under the standard conditions, which gave C1-cyanated 
products 3w～3z in excellent yields. More importantly, 
THIQs derivative 1aa was also succeeded in this transfor-
mation, and 3aa was afforded in 67% yield. 

Next, our attention was turned to examine the scope of 
TEMPO-mediated electrochemical phosphonylation of 
cyclic tertiary amines (Table 3). Diethyl phosphite was 
proven to be a good coupling partner under the standard 
conditions. The various THIQs derivatives were converted 
to the corresponding products 5a～5i in good to excellent 
yields. While the fused aromatic substituted THIQs 1xb 
was employed, satisfactory yield could be got by adding 1 
mL of toluene in reaction system, which probably in-
creased the solubility of 5j. The scope of phosphites for 
this protocol could be readily extended to dimethyl-, diiso-
propyl-, and dibutyl-phosphites (5k～5n). Besides, diphe-
nyl phosphite was well accommodated in this transfor-
mation, and the corresponding product 5o could be afford-
ed in 91% isolated yield. 

The scalable potential of this TEMPO-mediated elec-
trochemical cyanation of cyclic tertiary amines wa evalu-

ated by performing the reaction on a 6.0 mmol scale that 
resulted in 83% isolated yield, which showcased the pre-
parative utility of this electrochemical cyanation (Scheme 
2). 

Control experiments were performed to obtain insight 
into the reaction mechanism (Scheme 3). It demonstrated 
that oxoammonium species (TEMPO＋) was the oxidized 
species in our electrochemical oxidative system. However, 
TEMPO could not oxidize the substrates of cyclic tertiary 
amines (Scheme 3a). 

To further gain insight into the reaction mechanism, our 
studies were initiated via investigating the redox behavior 
of N-phenyl pyrrolidine 1a by cyclic voltammetry (CV) in 
the absence or presence of TEMPO (Figure 1). Substrate 
1a exhibited an irreversible anodic CV feature at 790 mV 
vs SCE (red line). Whereas TEMPO, an aminoxyl media-
tor, exhibited a reversible CV trace with E1/2＝680 mV 
(black line). CV analysis of a solution containing both 1a 
and TEMPO revealed a significant increase in the anodic 
feature at the TEMPO redox potential, with a correspond-
ing decrease in the cathodic feature (blue line). This be-
havior suggested the reaction of TEMPO＋ with substrate  

Table 3  Substrate scope of phosphonylationa 
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a The isolated yield. b1.0 mL toluene was added. cConstant current of 3.0 mA. 

 
Scheme 2  Gram-scale experiment 
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Scheme 3  Comparison experiments 

1a and electrochemical regeneration of TEMPO＋. Com-
plete disappearance of anodic feature of 1a was consistent 
with the consumption of substrate 1a from the surface of 
anode via reaction with TEMPO＋. The difference between 
the anodic potential of TEMPO and 1a (ΔEp＝110 mV, 
black vs red trace) suggested that the oxidation of substrate 
proceeded via TEMPO-mediated hydride transfer. Our 
studies were also conducted via investigating the redox 
behavior of N-phenyl-1,2,3,4-tetrahydroisoquinoline (1j) 
by cyclic voltammetry (CV) in the absence or presence of 
TEMPO (Figure S4). 

 
Figure 1  Cyclic voltammograms (0.1 V/s) 

Recorded on a Pt electrode (area＝0.03 cm2) in CH3CN (10 mL) and 
TBAPF6 (0.1 mol/L) of TEMPO (5 mmol/L) (black line); N-phenyl pyr-
rolidine (1a, 5 mmol/L) (red line); N-phenyl pyrrolidine (1a, 5 mmol/L) 
and TEMPO (5 mmol/L) (blue line) 

On the basis of the previous reports and above experi-
mental results, a plausible mechanism is presented for the 
electrochemical TEMPO-mediated α-cyanation of cyclic 
tertiary amines (Scheme 4). Initially, TEMPO was oxi-
dized at the anode to generate oxoammonium species 
(TEMPO＋) by a single electron transfer mode. Then, upon 
hydride transfer of TEMPO＋ and substrate 1, iminium 
intermediate 2 was generated from 1 with the formation of 
TEMPOH, which can be converted into TEMPO＋ by an-

odic oxidation with the assist of CF3CH2O－. Addition of 
CN－, derived from TMSCN and CF3CH2O－ to electro-
philic iminium intermediate M results in the formation of 
product 3. At cathode, with hydrogen evolution, CF3CH2- 
OH is reduced to generate CF3CH2O－, which is necessary 
for the catalytic cycle of TEMPO. 
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Scheme 4  Proposed mechanistic pathway 

3  Conclusions 
In summary, we have developed the metal-free electro-

chemical oxidation cyanation and phosphonylation reac-
tions to synthesize the α-aminonitriles, as well as α-amino 
phosphonates. The reaction conditions were mild, the sub-
strates were widely applicable, and the functional groups 
were compatible. Preliminary study indicated that the for-
mation of the product was through the Shono oxidation of 
imine species. 

4  Experimental section 
4.1  General information 

All the electrochemical oxidations were performed in an 
undivided cell equipped with platinum electrodes (1.0 
cm×1.0 cm) as cathodes and carbon rods (radius＝0.25 
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mm) or platinum electrodes (4.0 cm×4.0 cm) as anodes 
unless otherwise noted. Solvents and commercially availa-
ble reagents were used without purification. Column 
chromatography was performed using either 100～200 
Mesh or 300～400 Mesh silica gel. 

All commercial reagents were purchased from TCI, 
Sigma-Aldrich, Adamas-beta of the highest purity grade. 
Cyclic voltammograms were recorded on a CHI 660E po-
tentiostat. 1H NMR and 13C NMR spectra were recorded on 
Agilent AV 400, Varian Inova 400 (400 MHz and 100 
MHz, respectively). 19F NMR and 31P NMR spectra were 
recorded on Agilent AV 400, Varian Inova 400 (376 MHz 
and 162 MHz) instrument and were reported relative to 
CDCl3 as internal standard. The peaks were internally ref-
erenced to TMS (δ 0.00) or residual undeuterated solvent 
signal. The melting points were recorded by the WRS-2 
microcomputer melting point instrument. Infrared spectra 
were obtained on a Bio-Rad FTS-185 instrument. High 
resolution mass spectra were recorded at the Center for 
Mass Spectrometry, Shanghai Institute of Organic Chem-
istry. 
4.2  General procedure for electrochemical α-cya-
nation and phosphonylation of cyclic tertiary amines 

A 12 mL hydrogenation tube charged with a proper stir 
bar was added substrate 1 (0.2 mmol, 1.0 equiv.), 2 or 4 
(0.3 mmol, 1.5 equiv.), TEMPO (0.04 mmol, 20 mol%), 
TBAPF6 (0.4 mmol, 2.0 equiv.), CF3CH2OH (20 μL, 1.4 
equiv.), and CH3CN (4.0 mL). Then, the tube was sealed 
with a septum equipped with a carbon rob (r＝2.5 mm) as 
anode and a platinum (10 mm×10 mm×0.2 mm) as 
cathode. The reaction mixture was electrolyzed under a 
constant current of 1.5 mA at room temperature. After the 
complete consumption of substrate 1 as judged by 
thin-layer chromatography (TLC), water (20 mL) was 
added to dilute the mixture and the solution was extracted 
with CH2Cl2 (20 mL×3). The organic fraction was washed 
with brine (20 mL) and was dried over Na2SO4. Then the 
mixture was concentrated in vacuo. The crude product was 
purified by column chromatography (eluent: Petroleum 
ether/EtOAc) to give the desired products 3 and 5. 
4.3  Characterization data for the products 

1-Phenylpyrrolidine-2-carbonitrile (3a):[6g] Yellow oil, 
33.4 mg, 97% yield. 1H NMR (400 MHz, CDCl3) δ: 7.33 
(t, J＝8.0 Hz, 2H), 6.87 (t, J＝7.2 Hz, 1H), 6.72 (d, J＝8.0 
Hz, 2H), 4.43 (d, J＝6.4 Hz, 1H), 3.47 (t, J＝8.0 Hz, 1H), 
3.37 (dd, J＝16.0, 8.0 Hz, 1H), 2.50～2.35 (m, 1H), 
2.35～2.14 (m, 3H); 13C NMR (100 MHz, CDCl3) δ: 
145.3, 129.5, 119.4, 118.2, 112.7, 49.0, 47.5, 31.6, 24.0.  

1-(4-Ethylphenyl)pyrrolidine-2-carbonitrile (3b): Yel-
low oil, 38.5 mg, 96% yield. 1H NMR (400 MHz, CDCl3) 
δ: 7.15 (d, J＝8.4 Hz, 2H), 6.66 (d, J＝8.4 Hz, 2H), 4.42 
(d,  J＝7.6 Hz, 1H), 3.52～3.40 (m, 1H), 3.36 (dd, J＝
15.6, 8.0 Hz, 1H), 2.60 (q, J＝7.6 Hz, 2H), 2.46～2.35 (m, 
1H), 2.34～2.12 (m, 3H), 1.23 (t, J＝7.6 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 143.3, 134.0, 128.8, 119.4, 
112.8, 49.3, 47.6, 31.5, 27.9, 23.9, 16.0; IR (neat) v: 2961, 

2928, 2231, 1692, 1614, 1517, 1358, 1181, 1156, 961, 813, 
526 cm－1. HRMS (ESI) calcd for C13H17N2 [M＋H]＋: 
201.1386, found 201.1383. 

1-(4-(tert-Butyl)phenyl)pyrrolidine-2-carbonitrile (3c): 
Yellow oil, 32.9 mg, 72% yield. 1H NMR (400 MHz, 
CDCl3) δ: 7.39 (d, J＝8.8 Hz, 2H), 6.71 (d, J＝8.8 Hz, 
2H), 4.45 (d, J＝6.0 Hz, 1H), 3.48 (t, J＝6.8 Hz, 1H), 3.40 
(t, J＝8.0 Hz, 1H), 2.51～2.36 (m, 1H), 2.36～2.10 (m, 
3H), 1.36 (s, 9H); 13C NMR (100 MHz, CDCl3) δ: 143.1, 
140.9, 126.3, 119.5, 112.5, 49.3, 49.3, 47.6, 33.9, 31.6, 
24.0; IR (neat) v: 3041, 2957, 1613, 1518, 1482, 1459, 
1359, 1204, 1254, 1182, 969, 812, 547 cm－1. HRMS (ESI) 
calcd for C15H21N2 [M＋H]＋: 229.1699, found 229.1704. 

1-([1,1'-Biphenyl]-4-yl)pyrrolidine-2-carbonitrile (3d): 
White solid, 48.1 mg, 97% yield, m.p. 116.7～118.6 ℃; 
1H NMR (400 MHz, CDCl3) δ: 7.55 (d, J＝6.8 Hz, 4H), 
7.40 (t, J＝6.4 Hz, 2H), 7.27 (t, J＝11.2 Hz, 1H), 6.76 (d, 
J＝7.6 Hz, 2H), 4.46 (d, J＝4.0 Hz, 1H), 3.66～3.26 (m, 
2H), 2.40 (d, J＝12.8 Hz, 1H), 2.35～2.07 (m, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 144.6, 140.8, 131.1, 128.7, 
128.1, 126.4, 126.4, 119.2, 113.1, 49.1, 47.6, 31.6, 24.0; IR 
(neat) v: 3030, 2925, 2226, 1606, 1524, 1486, 1362, 1207, 
1182, 965, 928, 814, 765, 698 cm－1. HRMS (ESI) calcd 
for C17H16N2 [M]＋: 248.1308, found 248.1307. 

1-(4-Methoxyphenyl)pyrrolidine-2-carbonitrile (3e):[9d] 
brown oil, 35.5 mg, 82% yield. 1H NMR (400 MHz, 
CDCl3) δ: 6.93 (d, J＝8.8 Hz, 2H), 6.70 (d, J＝8.8 Hz, 
2H), 4.43 (d, J＝6.8 Hz, 1H), 3.81 (s, 3H), 3.40 (dd, J＝
14.0, 6.8 Hz, 2H), 2.50～2.15 (m, 4H); 13C NMR (100 
MHz, CDCl3) δ: 152.6, 139.8, 119.5, 115.1, 114.0, 55.8, 
49.9, 47.9, 31.5, 23.9.  

1-(4-Fluorophenyl)pyrrolidine-2-carbonitrile (3f):[23] 
Yellow oil, 37.6 mg, 99% yield. 1H NMR (400 MHz, 
CDCl3) δ: 7.00 (t, J＝8.8 Hz, 2H), 6.62 (dd, J＝8.8, 4.0 
Hz, 2H), 4.38 (d, J＝7.6 Hz, 1H), 3.47～3.22 (m, 2H), 
2.50～2.36 (m, 1H), 2.36～2.13 (m, 3H); 13C NMR (100 
MHz, CDCl3) δ: 156.2 (d, J＝238.4 Hz), 141.8 (d, J＝1.0 
Hz), 119.2, 115.9 (d, J＝23.2 Hz), 113.1 (d, J＝7.0 Hz), 
49.5, 47.9, 31.5, 23.9; 19F NMR (376 MHz, CDCl3) δ:   
－127.1. 

1-(4-(Trifluoromethyl)phenyl)pyrrolidine-2-carbonitrile 
(3g):[25] Yellow oil, 29.3 mg, 61% yield. 1H NMR (400 
MHz, CDCl3) δ: 7.53 (d, J＝8.4 Hz, 2H), 6.71 (d, J＝8.4 
Hz, 2H), 4.47 (d, J＝7.2 Hz, 1H), 3.60～3.47 (m, 1H), 
3.40 (dd, J＝16.0, 8.4 Hz, 1H), 2.50～2.40 (m, 1H), 
2.39～2.15 (m, 3H); 13C NMR (100 MHz, CDCl3) δ: 
147.4, 126.7 (q, J＝4.0 Hz), 124.8 (q, J＝271.7 Hz), 119.9 
(q, J＝33.3 Hz), 118.6, 112.2, 48.8, 47.58, 31.5, 24.0; 19F 
NMR (376 MHz, CDCl3) δ: －61.1.  

1-(2-Methoxyphenyl)pyrrolidine-2-carbonitrile (3h): 
Yellow oil, 38.4 mg, 95% yield. 1H NMR (400 MHz, 
CDCl3) δ: 7.04～6.84 (m, 4H), 5.06 (dd, J＝8.0, 2.8 Hz, 
1H), 3.89 (s, 3H), 3.35 (m, 2H), 2.44～2.32 (m, 1H), 
2.32～2.22 (m, 1H), 2.19～1.96 (m, 2H); 13C NMR (100 
MHz, CDCl3) δ: 150.6, 135.4, 122.3, 121.3, 119.8, 117.6, 
111.6, 55.4, 51.2, 48.8, 30.9, 22.3; IR (neat) v: 2991, 2953, 
2844, 2218, 1594 1499, 1442, 1355, 1233, 1133, 1020, 
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958, 740, 599 cm－1. HRMS (ESI) calcd for C12H15N2O  
[M＋H]＋: 203.1179, found 203.1185. 

Methyl 3-(2-cyanopyrrolidin-1-yl)benzoate (3i): White 
solid, 41.5 mg, 95% yield, m.p. 112.0～116.4 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.49 (d, J＝7.6 Hz, 1H), 
7.40～7.28 (m, 2H), 6.86 (dd, J＝8.0, 2.0 Hz, 1H), 4.47 (d, 
J＝7.2 Hz, 1H), 3.90 (s, 3H), 3.49 (t, J＝9.2 Hz, 1H), 3.40 
(dd, J＝15.6, 8.0 Hz, 1H), 2.42 (dd, J＝11.2, 6.0 Hz, 1H), 
2.28 (m, 3H); 13C NMR (100 MHz, CDCl3) δ: 167.2, 
145.2, 131.2, 129.5, 119.3, 118.9, 117.0, 113.5, 52.2, 49.1, 
47.6, 31.5, 23.7; IR (neat) v: 2920, 2226, 1709, 1597, 
1580, 1493, 1446, 1364, 1311, 1299, 12526, 1010, 862, 
751, 681 cm－1. HRMS (ESI) calcd for C13H15N2O2 [M＋  
H]＋: 231.1128, found 231.1129. 

2-Phenyl-1,2,3,4-tetrahydroisoquinoline-1-carbonitrile 
(3j): Colorless solid, 45.0 mg, 96% yield, m.p. 98.5～
101.3 ℃  (Lit.[6g] 95～96 ℃ ). 1H NMR (400 MHz, 
CDCl3) δ: 7.38 (t, J＝7.2 Hz, 2H), 7.31 (s, 3H), 7.26 (s, 
1H), 7.11 (d, J＝7.2 Hz, 2H), 7.04 (t, J＝6.4 Hz, 1H), 5.53 
(s, 1H), 3.79 (dd, J＝9.2, 4.0 Hz, 1H), 3.50 (t, J＝11.2 Hz, 
1H), 3.30～3.08 (m, 1H), 2.98 (d, J＝16.0 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ: 148.4, 134.6, 129.6, 129.4, 
128.8, 127.1, 126.9, 121.9, 117.8, 117.6, 110.0, 53.2, 44.2, 
28.6.  

2-(4-Ethylphenyl)-1,2,3,4-tetrahydroisoquinoline-1-car-
bonitrile (3k): Yellow solid, 50.9 mg, 97% yield, m.p. 
135.6～137.2 ℃ (Lit.[24] 133～134 ℃). 1H NMR (400 
MHz, CDCl3) δ: 7.30 (t, J＝8.4 Hz, 3H), 7.27～7.17 (m, 
3H), 7.06 (d, J＝8.0 Hz, 2H), 5.49 (s, 1H), 3.74 (dd, J＝
11.6, 5.2 Hz, 1H), 3.47 (td, J＝20.0, 3.6 Hz, 1H), 3.27～
3.08 (m, 1H), 2.96 (d, J＝16.0 Hz, 1H), 2.65 (q, J＝7.6 
Hz, 2H), 1.26 (t, J＝7.6 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 146.0, 145.0, 134.6, 129.7, 129.4, 128.7, 127.1, 
126.8, 126.4, 117.9, 117.6, 53.7, 44.3, 34.2, 31.4, 28.6. 

2-(4-(tert-Butyl)phenyl)-1,2,3,4-tetrahydroisoquinoline- 
1-carbonitrile (3l):[7e] Yellow oil, 55.2 mg, 95% yield. 1H 
NMR (400 MHz, CDCl3) δ: 7.40 (d, J＝8.4 Hz, 2H), 
7.36～7.16 (m, 4H), 7.06 (d, J＝8.4 Hz, 2H), 5.50 (s, 1H), 
3.76 (dd, J＝20.0, 4.0 Hz, 1H), 3.48 (t, J＝11.6 Hz, 1H), 
3.24～3.07 (m, 1H), 2.97 (d, J＝16.4 Hz, 1H), 1.34 (s, 
9H); 13C NMR (100 MHz, CDCl3) δ: 146.0, 144.9, 134.6, 
129.7, 129.4, 128.7, 127.1, 126.8, 126.4, 117.9, 117.6, 
53.7, 44.3, 34.2, 31.4, 28.6.  

2-([1,1'-Biphenyl]-4-yl)-1,2,3,4-tetrahydroisoquinoline- 
1-carbonitrile (3m):[24] Colourless oil, 60.8 mg, 98% yield. 
1H NMR (400 MHz, CDCl3) δ: 7.77～7.53 (m, 4H), 
7.52～7.40 (m, 2H), 7.33 (s, 4H), 7.27 (d, J＝5.2 Hz, 1H), 
7.17 (d, J＝7.2 Hz, 2H), 5.59 (s, 1H), 4.03～3.71 (m, 1H), 
3.54 (t, J＝10.4 Hz, 1H), 3.20 (t, J＝14.0 Hz, 1H), 3.02 (d, 
J＝13.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 147.6, 
140.5, 134.6, 134.5, 129.5, 129.4, 128.9, 128.8, 128.2, 
127.1, 126.9, 126.9, 126.7, 117.8, 117.6, 52.9, 44.2, 28.5. 

2-(4-Methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline-1- 
carbonitrile (3n):[6g] Colourless oil, 38.6 mg, 73% yield. 1H 
NMR (400 MHz, CDCl3) δ: 7.38～7.20 (m, 4H), 7.10 (d,  
J＝8.4 Hz, 2H), 6.93 (d, J＝8.4 Hz, 2H), 5.38 (s, 1H), 3.81 
(s, 3H), 3.59 (dd, J＝11.6, 6.0 Hz, 1H), 3.45 (t, J＝11.6 

Hz, 1H), 3.26～3.09 (m, 1H), 2.94 (d, J＝16.0 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ: 155.7, 142.6, 134.4, 129.7, 
129.5, 128.7, 127.1, 126.7, 121.0, 117.6, 114.8, 55.6, 55.5, 
44.9, 28.7.  

2-(4-Fluorophenyl)-1,2,3,4-tetrahydroisoquinoline-1-car-
bonitrile (3o): White solid, 50.0 mg, 99% yield, m.p. 
122.3～124.8 ℃ (Lit.[7e] 124～125 ℃). 1H NMR (400 
MHz, CDCl3) δ: 7.37～7.20 (m, 4H), 7.15～7.02 (m, 4H), 
5.41 (s, 1H), 3.64 (dd, J＝11.6, 5.6 Hz, 1H), 3.46 (td, J＝
11.6, 4.0 Hz, 1H), 3.17 (ddd, J＝16.8, 10.8, 6.0 Hz, 1H), 
2.96 (d, J＝16.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
158.6 (d, J＝242.4 Hz), 145.1 (d, J＝3.0 Hz), 134.3, 129.5, 
129.4, 128.8, 127.1, 126.9, 120.5 (d, J＝8.0 Hz), 117.4, 
116.2 (d, J＝22.2 Hz), 54.8, 44.8, 28.6; 19F NMR (376 
MHz, CDCl3) δ: －120.8. 

2-(4-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline-1-car-
bonitrile (3p): White solid, 51.1 mg, 95% yield, m.p. 
149.7～152.1 ℃ (Lit.[6g] 148～149 ℃). 1H NMR (400 
MHz, CDCl3) δ: 7.38～7.21 (m, 6H), 7.01 (d, J＝8.8 Hz, 
2H), 5.47 (s, 1H), 3.81～3.64 (m, 1H), 3.54～3.39 (m, 
1H), 3.16 (ddd, J＝16.4, 10.4, 6.0 Hz, 1H), 2.98 (d, J＝
16.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 147.0, 
134.4, 129.5, 129.36, 129.2, 128.9, 127.1, 127.0, 127.0, 
118.9, 117.4, 53.2, 44.3, 28.4.  

2-(4-Bromophenyl)-1,2,3,4-tetrahydroisoquinoline-1-car-
bonitrile (3q): White solid, 51.1 mg, 96% yield, m.p. 
158.2～161.8 ℃ (Lit.[7e] 155～156 ℃). 1H NMR (400 
MHz, CDCl3) δ: 7.46 (d, J＝6.0 Hz, 2H), 7.28 (d, J＝16.0 
Hz, 4H), 6.96 (d, J＝6.0 Hz, 2H), 5.47 (s, 1H), 3.72 (d, J＝
6.0 Hz, 1H), 3.47 (t, J＝10.4 Hz, 1H), 3.28～3.06 (m, 1H), 
2.98 (d, J＝14.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
147.4, 134.4, 132.4, 129.4, 129.2, 128.9, 127.1, 127.0, 
119.1, 117.5, 114.3, 52.9, 44.2, 28.4.  

2-(4-(Trifluoromethyl)phenyl)-1,2,3,4-tetrahydroisoqui-
noline-1-carbonitrile (3r):[11e] Colourless solid, 57.5 mg, 
95% yield. 1H NMR (400 MHz, CDCl3) δ: 7.61 (d, J＝8.4 
Hz, 2H), 7.43～7.30 (m, 3H), 7.27 (d, J＝7.2 Hz, 1H), 
7.09 (d, J＝8.4 Hz, 2H), 5.59 (s, 1H), 3.92～3.79 (m, 1H), 
3.63～3.47 (m, 1H), 3.25～3.10 (m, 1H), 3.05 (dt, J＝
16.0, 4.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 150.3, 
134.6, 129.2, 129.1, 129.0, 127.2, 127.0, 126.9 (q, J＝4.0 
Hz), 124.5 (q, J＝272.7 Hz), 122.5 (q, J＝33.3 Hz), 117.6, 
115.3, 51.16, 43.9, 28.3; 19F NMR (376 MHz, CDCl3) δ: 
－61.5.  

Methyl 4-(1-cyano-3,4-dihydroisoquinolin-2(1H)-yl)- 
benzoate (3s): White solid, 53.8 mg, 92% yield, m.p. 
142.6～144.9 ℃ (Lit.[13b] 137～138 ℃). 1H NMR (400 
MHz, CDCl3) δ: 8.02 (d, J＝8.8 Hz, 2H), 7.45～7.18 (m, 
4H), 7.01 (d, J＝8.8 Hz, 2H), 5.62 (s, 1H), 4.05～3.78 (m, 
4H), 3.68～3.51 (m, 1H), 3.26～2.95 (m, 2H); 13C NMR 
(100 MHz, CDCl3) δ: 166.8, 151.1, 134.8, 131.5, 129.2, 
129.1, 127.2, 127.0, 121.7, 117.7, 114.3, 51.9, 50.6, 43.8, 
28.3. 

2-(2-Methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline-1- 
carbonitrile (3t):[7e] Yellow oil, 50.8 mg, 96% yield. 1H 
NMR (400 MHz, CDCl3) δ: 7.32～7.26 (m, 1H), 7.24 (d,  
J＝1.6 Hz, 2H), 7.21 (d, J＝7.2 Hz, 1H), 7.18～7.15 (m, 



   
有机化学 研究论文  

 
3230      http://sioc-journal.cn/ © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 3223～3234 

1H), 7.13 (dd, J＝8.0, 1.6 Hz, 1H), 7.02 (td, J＝7.6, 1.2 
Hz, 1H), 6.93 (dd, J＝8.0, 1.2 Hz, 1H), 5.73 (s, 1H), 3.86 
(s, 3H), 3.53 (d, J＝2.8 Hz, 1H), 3.50 (d, J＝2.8 Hz, 1H), 
3.31～3.16 (m, 1H), 2.92 (d, J＝11.6 Hz, 1H); 13C NMR 
(100 MHz, CDCl3) δ: 152.5, 137.8, 134.1, 129.9, 129.6, 
128.5, 127.2, 126.5, 125.1, 121.5, 121.0, 117.8, 111.5, 
55.6, 53.3, 44.7, 28.7.  

2-(2-Nitrophenyl)-1,2,3,4-tetrahydroisoquinoline-1-car-
bonitrile (3u): Brown solid, 30.7 mg, 55% yield, m.p. 
155.6～158.8 ℃ (Lit.[27] 151～152 ℃). 1H NMR (400 
MHz, CDCl3) δ: 7.81 (dd, J＝8.0, 1.2 Hz, 1H), 7.70～7.61 
(m, 1H), 7.57 (d, J＝8.4 Hz, 1H), 7.33 (dd, J＝12.4, 5.2 
Hz, 1H), 7.31～7.26 (m, 1H), 7.25 (d, J＝3.2 Hz, 2H), 
7.20 (d, J＝7.2 Hz, 1H), 5.55 (s, 1H), 3.70 (td, J＝20.0, 
3.6 Hz, 1H), 3.32 (dd, J＝12.0, 6.0 Hz, 1H), 3.26～3.09 
(m, 1H), 2.87 (dd, J＝15.6, 2.4 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ: 146.7, 142.7, 133.8, 133.7, 129.6, 129.1, 
128.8, 127.0, 126.8, 126.0, 125.2, 124.9, 117.3, 55.5, 47.1, 
28.8.  

2-(3-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline-1-car-
bonitrile (3v):[7e] Yellow oil, 51.6 mg, 96% yield. 1H NMR 
(400 MHz, CDCl3) δ: 7.38～7.29 (m, 3H), 7.26 (t, J＝7.2 
Hz, 2H), 7.05 (s, 1H), 7.01～6.91 (m, 2H), 5.50 (s, 1H), 
3.82～3.69 (m, 1H), 3.61～3.38 (m, 1H), 3.15 (ddd, J＝
16.0, 10.4, 6.0 Hz, 1H), 3.00 (dt, J＝16.0, 3.6 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ: 149.3, 135.4, 134.5, 130.6, 
129.3, 129.2, 129.0, 127.0, 127.0, 121.5, 117.5, 117.1, 
114.9, 52.3, 44.1, 28.4.  

2-(3-Bromophenyl)-6-chloro-1,2,3,4-tetrahydroisoqui- 
noline-1-carbonitrile (3w): Yellow oil, 53.8 mg, 90% yield. 
1H NMR (400 MHz, CDCl3) δ: 7.26 (dd, J＝8.4, 5.2 Hz, 
3H), 7.21 (d, J＝8.4 Hz, 2H), 7.14 (d, J＝8.0 Hz, 1H), 6.98 
(d,  J＝8.0 Hz, 1H), 5.46 (s, 1H), 3.87～3.69 (m, 1H), 
3.55～3.38 (m, 1H), 3.11 (ddd, J＝16.4, 10.4, 6.0 Hz, 1H), 
2.95 (d, J＝16.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
149.3, 136.3, 134.8, 130.9, 129.3, 128.3, 127.7, 127.3, 
124.8, 123.5, 120.4, 117.1, 115.7, 52.1, 43.8, 28.3; IR 
(neat) v: 3058, 2921, 2828, 2229, 1647, 1587, 1483, 1475, 
1412, 1188, 1140, 986, 850, 768 cm－1. HRMS (ESI) calcd 
for C16H12BrClN2 [M]＋: 345.9867, found 345.9865. 

6,7-Dimethoxy-2-(naphthaleN-2-yl)-1,2,3,4-tetrahydro- 
isoquinoline-1-carbonitrile (3x): White solid, 63.3 mg, 
92% yield, m.p. 176.9～180.7 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.77 (d, J＝6.0 Hz, 3H), 7.46 (s, 1H), 7.35 (d,  
J＝18.8 Hz, 3H), 6.74 (d, J＝41.6 Hz, 2H), 5.60 (s, 1H), 
3.88 (m, 7H), 3.52 (s, 1H), 3.12 (s, 1H), 2.86 (d, J＝15.2 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 149.4, 148.1, 
146.1, 134.3, 129.4, 129.4, 127.5, 127.1, 126.8, 126.7, 
124.4, 121.0, 119.4, 117.9, 112.9, 111.6, 111.6, 109.4, 
109.3, 56.1, 56.0, 53.1, 44.5, 28.1; IR (neat) v: 2999, 2221, 
1628, 1611, 1461, 1205, 1185, 1115, 976, 943, 834 cm－1. 
HRMS (ESI) calcd for C21H20NO2 [M－CN]＋: 318.1487, 
found 318.1484. 

7-Methyl-2-phenyl-1,2,3,4-tetrahydroisoquinoline-1-car-
bonitrile (3y): Colorless solid, 46.2 mg, 93% yield, m.p. 
75.4～81.8 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.38 (t, J＝
8.0 Hz, 2H), 7.13 (d, J＝4.0 Hz, 3H), 7.10 (d, J＝8.0 Hz, 

2H), 7.03 (t, J＝7.2 Hz, 1H), 5.49 (s, 1H), 3.78 (dd, J＝
13.6, 5.6 Hz, 1H), 3.58～3.36 (m, 1H), 3.27～3.01 (m, 
1H), 2.93 (d, J＝16.0 Hz, 1H), 2.37 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 148.5, 136.6, 131.5, 129.6, 129.6, 129.3, 
129.2, 127.5, 121.8, 117.9, 117.6, 53.2, 44.5, 28.2, 21.0; IR 
(neat) v: 2944, 2221, 1618, 1583, 1306, 1293, 1077, 896, 
821, 755, 695 cm－1. HRMS (ESI) calcd for C16H18N 
[M－CN]＋: 222.1277, found 222.1277. 

Methyl 3-(1-cyano-6,7-dimethoxy-3,4-dihydroisoquino- 
lin2(1H)-yl)benzoate (3z): White solid, 63.3 mg, 92% 
yield, m.p. 148.1～153.9 ℃; 1H NMR (400 MHz, CDCl3) 
δ: 7.73 (s, 1H), 7.65 (d, J＝7.6 Hz, 1H), 7.40 (t, J＝8.0 Hz, 
1H), 7.24 (d, J＝8.0 Hz, 1H), 6.72 (d, J＝32.4 Hz, 2H), 
5.51 (s, 1H), 3.86 (m, 10H), 3.45 (t, J＝10.0 Hz, 1H), 
3.23～3.01 (m, 1H), 2.86 (d, J＝16.4 Hz, 1H); 13C NMR 
(100 MHz, CDCl3) δ: 166.9, 149.5, 148.4, 148.1, 131.4, 
129.6, 126.7, 122.7, 121.4, 120.7, 118.2, 117.7, 111.5, 
109.4, 56.1, 55.9, 52.5, 52.3, 44.0, 28.0; IR (neat) v: 3007, 
2918, 2223, 1725, 1598, 1585, 1492, 1238, 1217, 1120, 
998, 849, 755 cm－1. HRMS (ESI) calcd for C16H18N 
[M－CN]＋: 326.1387, found 326.1381. 

2-Phenyl-2,3,4,5-tetrahydro-1H-benzo[c]azepine-1-car- 
bonitrile (3aa): Colorless oil, 33.3 mg, 67% yield. 1H 
NMR (400 MHz, CDCl3) δ: 7.47 (d, J＝8.0 Hz, 1H), 
7.36～7.25 (m, 4H), 7.25～7.18 (m, 1H), 7.01 (d, J＝8.0 
Hz, 2H), 6.9 (t, J＝7.2 Hz, 1H), 5.73 (s, 1H), 3.86～3.75 
(m, 2H), 3.18 (ddd, J＝14.8, 8.7, 3.0 Hz, 1H), 2.89 (ddd,  
J＝14.8, 8.8, 3.2 Hz, 1H), 2.14～2.02 (m, 1H), 2.01～1.90 
(m, 1H); 13C NMR (100 MHz, CDCl3) δ: 148.3, 141.0, 
133.6, 130.7, 129.5, 129.4, 128.7, 126.9, 120.4, 116.9, 
116.2, 58.2, 49.5, 33.3, 26.7; IR (neat) v: 3023, 2933, 
2238, 1596, 1502, 1452, 1360, 1236, 1151, 746, 688 cm－1. 
HRMS (ESI) calcd for C16H18N [M＋H]＋ : 249.1386, 
found 249.1392. 

Diethyl (S)-(2-phenyl-1,2,3,4-tetrahydroisoquinolin-1- 
yl)phosphonate (5a):[25] Yellow oil, 64.9 mg, 94% yield. 
1H NMR (400 MHz, CDCl3) δ: 7.38 (d, J＝6.0 Hz, 1H), 
7.26 (t, J＝7.6 Hz, 2H), 7.17 (dd, J＝12.0, 6.0 Hz, 3H), 
6.98 (d, J＝8.0 Hz, 2H), 6.80 (t, J＝7.2 Hz, 1H), 5.19 (d,  
J＝20.0 Hz, 1H), 4.19～3.82 (m, 5H), 3.77～3.54 (m, 1H), 
3.04 (dt, J＝16.2, 10.1 Hz, 2H), 1.25 (t, J＝6.8 Hz, 3H), 
1.14 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
149.4 (d, J＝5.0 Hz), 136.4 (d, J＝6.1 Hz), 130.6, 129.1, 
128.7 (d, J＝2.0 Hz), 128.1 (d, J＝4.0 Hz), 127.4 (d, J＝
4.0 Hz), 125.9 (d, J＝3.0 Hz), 118.5, 114.8, 63.3 (d, J＝7.1 
Hz), 62.3 (d, J＝7.1 Hz), 58.8 (d, J＝160.6 Hz), 43.5, 26.8, 
16.5 (d, J＝6.1 Hz), 16.4 (d, J＝6.1 Hz); 31P NMR (162 
MHz, CDCl3) δ: 22.2.  

Diethyl (2-(4-(tert-butyl)phenyl)-1,2,3,4-tetrahydroiso- 
quinolin-1-yl)phosphonate (5b): White solid, 73.1 mg, 
91% yield, m.p. 102.4～104.8 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.43 (d, J＝6.4 Hz, 1H), 7.33 (d, J＝8.4 Hz, 
2H), 7.27～7.14 (m, 3H), 6.99 (d, J＝8.4 Hz, 2H), 5.21 (d, 
J＝20.4 Hz, 1H), 4.34～3.83 (m, 5H), 3.76～3.59 (m, 1H), 
3.07 (s, 2H), 1.34 (s, 9H), 1.30 (t, J＝6.8 Hz, 3H), 1.22 (t, 
J＝6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 147.2 (d, 
J＝6.1 Hz), 141.3, 136.4 (d, J＝5.1 Hz), 130.6, 128.8 (d,  
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J＝3.0 Hz), 128.1 (d, J＝5.1 Hz), 127.3 (d, J＝3.0 Hz), 
125.9, 125.8 (d, J＝3.0 Hz), 114.7, 63.3 (d, J＝7.1 Hz), 
62.3 (d, J＝8.1 Hz), 59.1 (d, J＝159.6 Hz), 43.5, 33.8, 
31.5, 26.6, 16.5 (d, J＝5.1 Hz), 16.4 (d, J＝6.1 Hz); 31P 
NMR (162 MHz, CDCl3) δ: 22.3. IR (neat): 3034, 2953, 
2929, 1611, 1519, 1390, 1241, 1222, 1188, 1153, 1094, 
1033, 969, 920, 833, 814 cm－1. HRMS (ESI) calcd for 
C23H32NO3NaP [M＋Na]＋: 424.2012, found 424.2013. 

Diethyl (2-(4-methoxyphenyl)-1,2,3,4-tetrahydroisoqui- 
nolin-1-yl)-phosphonate (5c):[25] Yellow oil, 69.8 mg, 93% 
yield. 1H NMR (400 MHz, CDCl3) δ: 7.39 (d, J＝5.6 Hz, 
1H), 7.23～7.15 (m, 2H), 7.16～7.09 (m, 1H), 6.92 (d, J＝
9.2 Hz, 2H), 6.81 (d, J＝9.2 Hz, 2H), 5.02 (d, J＝21.6 Hz, 
1H), 4.26～3.86 (m, 5H), 3.75 (s, 3H), 3.61～3.48 (m, 
1H), 2.93(s, 2H), 1.25 (t, J＝7.2 Hz, 3H), 1.16 (t, J＝7.2 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 153.0, 144.1 (d,  
J＝8.1 Hz), 136.4 (d, J＝5.1 Hz), 130.5, 128.9 (d, J＝3.0 
Hz), 128.1 (d, J＝5.1 Hz), 127.2 (d, J＝3.0 Hz), 125.8 (d, 
J＝3.0 Hz), 117.5, 114.5, 63.3 (d, J＝6.1 Hz), 62.2 (d, J＝
7.1 Hz), 59.4 (d, J＝159.6 Hz), 55.6, 44.6, 26.1, 16.5 (d,  
J＝5.1 Hz), 16.4 (d, J＝5.1 Hz); 31P NMR (162 MHz, 
CDCl3) δ: 21.9.  

Diethyl (2-(4-fluorophenyl)-1,2,3,4-tetrahydroisoquino- 
lin-1-yl)phosphonate (5d):[10a] Yellow oil, 70.5 mg, 97% 
yield. 1H NMR (400 MHz, CDCl3) δ: 7.37 (d, J＝6.4 Hz, 
1H), 7.24～7.09 (m, 3H), 7.05～6.75 (m, 4H), 5.06 (d, J＝
20.4 Hz, 1H), 4.21～3.77 (m, 5H), 3.69～3.38 (m, 1H), 
2.99 (qd, J＝16.4, 5.2 Hz, 2H), 1.24 (m, J＝7.2 Hz, 3H), 
1.15 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
156.4 (d, J＝239.4 Hz), 146.1 (dd, J＝8.1, 2.0 Hz), 136.3 
(d, J＝5.1 Hz), 130.4, 128.8 (d, J＝3.0 Hz), 128.1 (d, J＝
4.0 Hz), 127.5 (d, J＝3.0 Hz), 125.9 (d, J＝2.0 Hz), 116.5 
(d, J＝7.1 Hz), 115.5 (d, J＝22.2 Hz), 63.3 (d, J＝7.1 Hz), 
62.3 (d, J＝8.1 Hz), 59.3 (d, J＝159.6 Hz), 44.3, 26.5, 16.4 
(d, J＝6.1 Hz), 16.4 (d, J＝6.1 Hz); 19F NMR (376 MHz, 
CDCl3) δ: －126.2; 31P NMR (162 MHz, CDCl3) δ: 21.9.  

Diethyl (2-(3-chlorophenyl)-1,2,3,4-tetrahydroisoquino- 
lin-1-yl)phosphonate (5e):[26] Yellow oil, 64.5 mg, 85% 
yield. 1H NMR (400 MHz, CDCl3) δ: 7.36 (d, J＝6.8 Hz, 
1H), 7.25～7.11 (m, 4H), 6.95 (s, 1H), 6.84 (d, J＝8.4 Hz, 
1H), 6.75 (d, J＝7.6 Hz, 1H), 5.13 (d, J＝18.8 Hz, 1H), 
3.98 (m, 5H), 3.55 (dt, J＝11.6, 5.7 Hz, 1H), 3.36～3.12 
(m, 1H), 3.13～2.89 (m, 1H), 1.24 (t, J＝7.2 Hz, 3H), 1.15 
(t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 150.2 
(d, J＝4.0 Hz), 136.3 (d, J＝6.1 Hz), 134.9, 130.3, 130.0, 
128.6 (d, J＝3.0 Hz), 128.1 (d, J＝4.0 Hz), 127.7 (d, J＝
3.0 Hz), 126.0 (d, J＝3.0 Hz), 118.0, 114.2, 112.3, 63.3 (d, 
J＝7.1 Hz), 62.5 (d, J＝8.1 Hz), 58.6 (d, J＝159.6 Hz), 
43.5, 27.0, 16.4 (d, J＝5.1 Hz), 16.3 (d, J＝6.1 Hz); 31P 
NMR (162 MHz, CDCl3) δ: 21.9. 

Diethyl (2-(3-bromophenyl)-1,2,3,4-tetrahydroisoquino- 
lin-1-yl)phosphonate (5f):[26] Yellow oil, 67.9 mg, 80% 
yield. 1H NMR (400 MHz, CDCl3) δ: 7.42 (d, J＝6.4 Hz, 
1H), 7.33～7.20 (m, 3H), 7.20～7.10 (m, 2H), 6.95 (d, J＝
7.6 Hz, 2H), 5.19 (d, J＝18.8 Hz, 1H), 4.29～3.83 (m, 
5H), 3.74～3.48 (m, 1H), 3.25 (d, J＝15.6 Hz, 1H), 3.17～
2.87 (m, 1H), 1.29 (t, J＝7.2 Hz, 3H), 1.21 (t, J＝7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ: 150.4 (d, J＝4.0 Hz), 
136.3 (d, J＝5.1 Hz), 130.3 (d, J＝5.1 Hz), 128.6 (d, J＝
2.0 Hz), 128.1 (d, J＝5.1 Hz), 127.7 (d, J＝3.0 Hz), 126.0 
(d, J＝3.0 Hz), 123.2, 120.9, 117.1, 112.8, 63.2 (d, J＝7.1 
Hz), 62.5 (d, J＝8.1 Hz), 58.6 (d, J＝160.6 Hz), 43.5, 27.1, 
16.4 (d, J＝5.1 Hz), 16.4 (d, J＝5.1 Hz); 31P NMR (162 
MHz, CDCl3) δ: 21.5. 

Diethyl (2-(3,4-dimethylphenyl)-1,2,3,4-tetrahydroiso- 
quinolin-1-yl)phosphonate (5g): Yellow oil, 71.0 mg, 95% 
yield. 1H NMR (400 MHz, CDCl3) δ: 7.39 (d, J＝6.4 Hz, 
1H), 7.15 (ddd, J＝17.6, 7.6, 4.4 Hz, 3H), 7.00 (d, J＝8.4 
Hz, 1H), 6.80 (d, J＝2.0 Hz, 1H), 6.73 (dd, J＝8.4, 2.4 Hz, 
1H), 5.14(d, J＝21.2 Hz, 1H), 4.18～3.86 (m, 5H), 3.71～
3.55 (m, 1H), 2.98 (t, J＝7.2 Hz, 2H), 2.24 (s, 3H), 2.17 (s, 
3H), 1.27 (t, J＝7.2 Hz, 3H), 1.17 (t, J＝7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 147.8 (d, J＝7.1 Hz), 137.1, 
136.5 (d, J＝4.0 Hz), 130.6 (d, J＝1.0 Hz), 130.1, 128.8 
(d, J＝3.0 Hz), 128.1 (d, J＝5.1 Hz), 127.2 (d, J＝4.0 Hz), 
126.8, 125.7 (d, J＝3.0 Hz), 116.8, 112.72, 63.4 (d, J＝7.1 
Hz), 62.3 (d, J＝7.1 Hz), 59.1 (d, J＝160.6 Hz), 43.7, 26.4, 
20.3, 18.7, 16.5 (d, J＝6.1 Hz), 16.4 (d, J＝6.1 Hz); 31P 
NMR (162 MHz, CDCl3) δ: 22.4; IR (neat) v: 2978, 2923, 
1612, 1506, 1447, 1232, 1049, 1019, 959, 920, 792, 736, 
557 cm－1. HRMS (ESI) calcd for C21H28NO3NaP [M＋ 
Na]＋: 396.1699, found 369.1670. 

Diethyl(2-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1,2,3, 
4-tetrahydroisoquinolin-1-yl)phosphonate (5h): Yellow oil, 
75.0 mg, 93% yield. 1H NMR (400 MHz, CDCl3) δ: 7.36 
(d, J＝3.6 Hz, 1H), 7.17 (d, J＝3.6 Hz, 2H), 7.12 (d, J＝
6.0 Hz, 1H), 6.74 (d, J＝8.8 Hz, 1H), 6.49 (d, J＝7.2 Hz, 
2H), 5.00 (d, J＝21.6 Hz, 1H), 4.20(dd, J＝12.4, 4.0 Hz, 
4H), 4.15～3.88 (m, 5H), 3.59～3.33 (m, 1H), 2.93 (m,   
J＝6.0 Hz, 2H), 1.26 (t, J＝6.8 Hz, 3H), 1.17 (t, J＝6.8 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 144.8 (d, J＝8.1 
Hz), 143.6, 136.6, 136.3 (d, J＝6.1 Hz), 130.4, 128.8 (d,  
J＝2.0 Hz), 128.1, 128.1, 127.3 (d, J＝4.0 Hz), 125.8 (d,  
J＝3.0 Hz), 117.3, 109.4, 104.9, 64.6, 64.2, 63.4 (d, J＝7.1 
Hz), 62.2 (d, J＝7.1 Hz), 59.3 (d, J＝160.6 Hz), 44.4, 26.1, 
16.5 (d, J＝6.1 Hz), 16.4 (d, J＝6.1 Hz); 31P NMR (162 
MHz, CDCl3) δ: 21.9; IR (neat) v: 2977, 2921, 1623, 1584, 
1506, 1387, 1302, 1283, 1067, 1018, 955, 751 cm－1. 
HRMS (ESI) calcd for C21H26NO5NaP [M ＋ Na] ＋ : 
426.1441, found 426.1440. 

Diethyl (2-(2-methoxyphenyl)-1,2,3,4-tetrahydroisoqui- 
nolin-1-yl)phosphonate (5i):[10a] Yellow solid, 68.3 mg, 
91% yield, m.p. 54.2～57.4 ℃  (Lit. 46～47 ℃). 1H 
NMR (400 MHz, CDCl3) δ: 7.44 (s, 1H), 7.25～7.15 (m, 
2H), 7.11 (s, 1H), 6.96 (t, J＝7.6 Hz, 1H), 6.89 (d, J＝7.6 
Hz, 1H), 6.82 (dd, J＝14.8, 7.6 Hz, 2H), 5.15 (d, J＝22.0 
Hz, 1H), 4.14～3.86 (m, 4H), 3.86～3.76 (m, 4H), 3.58 
(dd, J＝13.2, 5.6 Hz, 1H), 3.00～2.82 (m, 1H), 2.72 (d,   
J＝16.0 Hz, 1H), 1.17 (t, J＝6.8 Hz, 3H), 1.06 (t, J＝6.8 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 152.5, 140.0 (d,  
J＝8.1 Hz), 135.8 (d, J＝6.1 Hz), 130.7, 130.7, 129.2 (d,  
J＝3.0 Hz), 128.1 (d, J＝4.0 Hz), 127.0 (d, J＝4.0 Hz), 
125.5 (d, J＝3.0 Hz), 123.0, 121.7, 120.8, 111.5, 63.0 (d,  
J＝7.1 Hz), 61.9 (d, J＝7.1 Hz), 58.7 (d, J＝146.5 Hz), 
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55.4, 44.3, 26.5, 16.3 (d, J＝1.0 Hz), 16.3 (d, J＝1.0 Hz); 
31P NMR (162 MHz, CDCl3) δ: 23.2.  

Diethyl(6,7-dimethoxy-2-(naphthaleN-2-yl)-1,2,3,4-tetra- 
hydroisoquinolin-1-yl)phosphonate (5j): Yellow solid, 
89.3 mg, 98% yield, m.p. 121.3～124.7 ℃; 1H NMR (400 
MHz, CDCl3) δ: 7.71 (dd, J＝14.4, 8.8 Hz, 2H), 7.64 (d,  
J＝8.0 Hz, 1H), 7.36 (dd, J＝14.8, 8.0 Hz, 2H), 7.30～
7.22 (m, 1H), 7.17 (s, 1H), 7.00(s, 1H), 6.64 (s, 1H), 5.25 
(d, J＝20.4 Hz, 1H), 4.28～4.00 (m, 4H), 3.87 (d, J＝14.8 
Hz, 8H), 3.09～2.76 (m, 2H), 1.27 (t, J＝6.4 Hz, 3H), 1.14 
(t, J＝6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 148.3 
(d, J＝3.0 Hz), 147.3 (d, J＝7.1 Hz), 147.1 (d, J＝2.0 Hz), 
134.6, 128.9, 128.4 (d, J＝6.1 Hz), 127.8, 127.3, 126.4, 
126.3, 122.9, 121.8, 118.1, 111.5 (d, J＝2.0 Hz), 111.0 (d, 
J＝4.0 Hz), 109.7, 63.5 (d, J＝7.1 Hz), 62.1 (d, J＝8.1 
Hz), 58.3 (d, J＝160.6 Hz), 55.9, 55.8, 43.7, 25.9, 16.5, 
16.5; 31P NMR (162 MHz, CDCl3) δ: 21.9; IR (neat) v: 
2961, 2904, 1624, 1597, 1510, 1467, 1389, 1284, 1226, 
1130, 1096, 1023, 942, 829, 738, 534 cm－1. HRMS (ESI) 
calcd for C25H30NO5NaP [M＋Na]＋ : 478.1754, found 
478.1757. 

Dimethyl (2-(4-methoxyphenyl)-1,2,3,4-tetrahydroiso- 
quinolin-1-yl)phosphonate (5k):[25] Yellow oil, 66.7 mg, 
96% yield. 1H NMR (400 MHz, CDCl3) δ: 7.37 (d, J＝4.8 
Hz, 1H), 7.20 (s, 2H), 7.15 (s, 1H), 6.92 (d, J＝8.8 Hz, 
2H), 6.82 (d, J＝8.8 Hz, 2H), 5.05 (d, J＝21.6 Hz, 1H), 
4.18～3.90 (m, 1H), 3.75 (s, 3H), 3.67 (dd, J＝10.4, 6.0 
Hz, 6H), 3.61～3.48 (m, 1H), 2.93 (m, 2H); 13C NMR (100 
MHz, CDCl3) δ: 153.4, 144.1 (d, J＝8.1 Hz), 136.5 (d, J＝
6.1 Hz), 130.3, 129.1 (d, J＝3.0 Hz), 128.1 (d, J＝5.1 Hz), 
127.5 (d, J＝3.0 Hz), 126.1 (d, J＝3.0 Hz), 117.8, 114.7, 
59.5 (d, J＝159.6 Hz), 55.7, 54.2 (d, J＝7.1 Hz), 53.0 (d,  
J＝8.1 Hz), 44.9, 26.1; 31P NMR (162 MHz, CDCl3) δ: 
24.2.  

Diisopropyl (S)-(2-(4-methoxyphenyl)-1,2,3,4-tetrahy- 
droisoquinolin-1-yl)phosphonate (5l):[25] Yellow oil, 75.0 
mg, 93% yield. 1H NMR (400 MHz, CDCl3) δ: 7.42 (d, J＝
5.6 Hz, 1H), 7.22～7.14 (m, 2H), 7.13～7.06 (m, 1H), 6.89 
(d, J＝8.8 Hz, 2H), 6.79 (d, J＝8.8 Hz, 2H), 4.96 (d, J＝
22.8 Hz, 1H), 4.64 (dt, J＝17.6, 6.0 Hz, 2H), 4.16～4.00 
(m, 1H), 3.74 (s, 3H), 3.56 (dt, J＝12.4, 4.2 Hz, 1H), 2.87 
(t, J＝13.6 Hz, 2H), 1.30 (t, J＝6.4 Hz, 6H), 1.18 (d, J＝
6.4 Hz, 3H), 1.00 (d, J＝6.0 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 153.0, 144.4 (d, J＝10.1 Hz), 136.5 (d, J＝6.1 
Hz), 130.8, 129.0 (d, J＝2.0 Hz), 128.6 (d, J＝4.0 Hz), 
127.2 (d, J＝4.0 Hz), 125.6 (d, J＝3.0 Hz), 117.9, 114.4, 
72.3 (d, J＝8.1 Hz), 70.8 (d, J＝8.1 Hz), 59.4 (d, J＝161.6 
Hz), 55.7, 44.8, 25.9, 24.7 (d, J＝2.0 Hz), 24.2 (d, J＝3.0 
Hz), 23.9 (d, J＝6.1 Hz), 23.5 (d, J＝6.1 Hz); 31P NMR 
(162 MHz, CDCl3) δ: 20.8. 

Methyl 3-(1-(diethoxyphosphoryl)-6,7-dimethoxy-3,4- 
dihydroisoquinolin-2(1H)-yl)benzoate (5m): Yellow oil, 
89.0 mg, 96% yield. 1H NMR (400 MHz, CDCl3) δ: 7.62 
(s, 1H), 7.41 (d, J＝7.2 Hz, 1H), 7.27 (t, J＝8.0 Hz, 1H), 
7.12 (d, J＝8.0 Hz, 1H), 6.91 (s, 1H), 6.61 (s, 1H), 5.12 (d, 
J＝19.2 Hz, 1H), 4.16～3.94 (m, 4H), 3.92～3.76 (m, 
10H), 3.75～3.59 (m, 1H), 2.92 (m, 2H), 1.23 (t, J＝6.8 

Hz, 3H), 1.11 (t, J＝6.8 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 167.4, 149.3 (d, J＝5.1 Hz), 148.3 (d, J＝3.0 
Hz), 147.0 (d, J＝3.0 Hz), 130.9, 129.1, 128.3 (d, J＝6.1 
Hz), 121.7, 119.4, 118.9, 115.5, 111.3 (d, J＝2.0 Hz), 
110.9 (d, J＝4.0 Hz), 63.3 (d, J＝8.1 Hz), 62.2 (d, J＝8.1 
Hz), 58.1 (d, J＝160.6 Hz), 55.9, 55.8, 52.1, 43.2, 26.2, 
16.5, 16.4; 31P NMR (162 MHz, CDCl3) δ: 21.9; IR (neat) 
v: 2932, 1717, 1598, 1578, 1516, 1493, 1446, 1386, 1351, 
1250, 1108, 1018, 961, 861, 750, 731 cm－1. HRMS (ESI) 
calcd for C23H30NO7NaP [M＋Na]＋ : 486.1652, found 
486.1652. 

Dibutyl (2-(4-methoxyphenyl)-1,2,3,4-tetrahydroisoqui- 
nolin-1-yl)phosphonate (5n): Yellow oil, 79.4 mg, 92% 
yield. 1H NMR (400 MHz, CDCl3) δ: 7.39 (d, J＝6.0 Hz, 
1H), 7.22～7.16 (m, 2H), 7.13 (d, J＝7.2 Hz, 1H), 6.92 
(m, J＝8.8 Hz, 2H), 6.81 (d, J＝8.8 Hz, 2H), 5.06 (d, J＝
21.2 Hz, 1H), 4.14～3.97 (m, 1H), 3.90～3.71 (m, 5H), 
3.60 (ddd, J＝29.2, 16.8, 5.6 Hz, 3H), 2.93 (m, 2H), 1.81 
(ddt, J＝18.0, 11.6, 6.8 Hz, 2H), 0.92～0.85 (m, 6H), 0.82 
(dd, J＝6.4, 3.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ: 
153.0, 144.1 (d, J＝8.1 Hz), 136.32 (d, J＝6.1 Hz), 130.61, 
128.87 (d, J＝2.0 Hz), 128.15 (d, J＝4.0 Hz), 127.2 (d,   
J＝3.0 Hz), 125.8 (d, J＝3.0 Hz), 117.5, 114.5, 73.0 (d,   
J＝7.1 Hz), 72.0 (d, J＝8.1 Hz), 59.4 (d, J＝159.6 Hz), 
55.6, 44.6, 29.2, 29.2, 26.1, 18.7 (d, J＝5.1 Hz), 18.6 (d,  
J＝4.0 Hz); 31P NMR (162 MHz, CDCl3) δ: 22.3; IR (neat) 
v: 2957, 1511, 1464, 1392, 1239, 1189, 1016, 862, 812, 
740 cm－1. HRMS (ESI) calcd for C24H34NO4NaP [M＋ 
Na]＋: 454.2118, found 454.2118. 

Diphenyl (2-(4-methoxyphenyl)-1,2,3,4-tetrahydroiso- 
quinolin-1-yl)phosphonate (5o):[25] White solid, 85.8 mg, 
91% yield. 1H NMR (400 MHz, CDCl3) δ: 7.55 (d, J＝6.4 
Hz, 1H), 7.24 (dt, J＝16.0, 7.2 Hz, 7H), 7.17～7.01 (m, 
4H), 6.94 (t, J＝6.4 Hz, 4H), 6.83 (d, J＝8.8 Hz, 2H), 5.42 
(d, J＝22.0 Hz, 1H), 4.19～3.97 (m, 1H), 3.76 (s, 3H), 
3.56 (d, J＝12.8 Hz, 1H), 3.01～2.82 (m, 2H); 13C NMR 
(100 MHz, CDCl3) δ: 153.6, 150.9 (d, J＝10.1 Hz), 150.3 
(d, J＝11.1 Hz), 143.9 (d, J＝10.1 Hz), 136.7 (d, J＝6.1 
Hz), 129.6, 129.4, 129.3 (d, J＝2.0 Hz), 129.2 (d, J＝2.0 
Hz), 128.4 (d, J＝4.0 Hz), 127.8 (d, J＝3.0 Hz), 126.2 (d, 
J＝3.0 Hz), 125.0, 124.8, 120.7 (d, J＝5.1 Hz), 120.4 (d,  
J＝4.0 Hz), 118.5, 114.5, 59.7 (d, J＝161.6 Hz), 55.6, 
45.4, 25.8; 31P NMR (162 MHz, CDCl3) δ: 14.6. 

 
Supporting Information  1H NMR, 13C NMR, 19F NMR 
and 31P NMR spectra of compounds 3a～3aa and 5a～5o. 
Crystallographic data for compounds 3m (CCDC 1998782, 
CIF), 3x (CCDC 1998781, CIF) and 3z (CCDC 1998778, 
CIF). The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn/. 
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