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以氰甲基亚磷酸酯为含膦试剂的铜催化膦酰化 

异喹啉酮类化合物的高效合成 

赵苏艳 a,b    宫雪芹 c    甘子玉 c    颜秋莉 b 

刘学良*,d    杨道山*,b,c 

(a吉林警察学院实验技术中心  长春 130117) 

(b青岛科技大学化学与分子工程学院  山东青岛 266042) 

(c曲阜师范大学化学与化工学院  山东曲阜 273165) 

(d新乡医学院基础医学院  河南新乡 453003) 

摘要  报道了一种铜催化“一锅法”高效合成膦酰化异喹啉酮类化合物的新方法. 该反应是第一例基于铜催化 Ullmann

偶联策略以氰甲基亚磷酸酯为含膦试剂制备含膦取代氮杂环化合物的新方法.  
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Abstract  An efficient and convenient copper-catalyzed cascade synthesis of C-4 phosphonated isoquinolin-1(2H)-ones has
been initially proposed. This is the first example for the construction of phosphine-containing heterocycles through cop-
per-catalyzed Ullmann-type coupling reactions using cyanomethylphosphonates as the building blocks, and it will broaden the 
strategies of organophosphorus synthesis in the field of organic and pharmaceutical chemistry. 
Keywords  copper-catalysis; isoquinolin-1(2H)-one; tandem reaction; organophosphorus 

 

1  Introduction 

Isoquinolin-1(2H)-one framework represents an im-
portant heterocyclic unit that exists in numerous natural 
products, pharmaceuticals and biologically active com-
pounds (Scheme 1, a).[1] These molecules possess diverse 
biological and pharmacological properties as well as 
structural complexity and have attracted considerable at-
tention from organic and medicinal chemists.[2] The exten-

sive medicinal and biological activities of isoquino-
lin-1(2H)-ones make them an attractive and challenging 
synthetic target in organic and medical chemistry. 

On the other hand, phosphine-containing motifs are of 
great importance in pharmaceuticals, agrochemicals, bio-
active products and materials chemistry.[3] Importantly, they 
are also widely utilized as building blocks of functional 
materials and ligands for a variety of transition metals.[4] 
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Therefore, the creation of new organophosphorus com-
pounds and development of efficient and practical methods 
for organophosphines synthesis is a significant goal in 
modern organic synthesis. Organic phosphate compounds 
have attracted considerable attention in recent years because 
of their wide biological applications in medical chemistry 
(Scheme 1, c).[5] Furthermore, they are also intermediates in 
the synthesis of potentially significant enzyme inhibitors, 
antibacterial agents and phosphonic acid-based antibiot-
ics.[6] Therefore, it is still a challenging and attractive sub-
ject to develop more efficient and practical synthesis 
methods for introducing phosphate groups into organic 
skeletons. 

The combined molecules of phosphate and isoquino-
lin-1(2H)-one frameworks might be valuable substrates for 

the formation of biologically active molecules with differ-
ent structural features from the two units (Scheme 1, b). 
However, the methods for their preparation are very rare.[7] 

Therefore, it is necessary to develop an efficient and con-
venient approach to phosphonated isoquinolin-1(2H)-one 
derivatives. 

Cyanomethylphosphonates are useful and easily prepared 
chemical materials, which have been used in the phos-
phine-containing compounds and cyanides synthesis.[8] 
However, a literature survey showed that using cyano- 
methylphosphonates as building blocks in transition-  
metal-catalyzed organic reactions is rather limited, espe-
cially in the synthesis of phosphonated heterocycles.[9]  
Consequently, it is of great significance to explore the 
transition-metal-catalyzed transformations for the synthesis  
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Scheme 1  Bioactive molecules containing isoquinolin-1(2H)-one and phosphonate moieties and our design of phosphonated isoquino-
lin-1(2H)-ones

  



   
有机化学 研究论文 

 
260      http://sioc-journal.cn/ © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 258～266 

of organophosphines using cyanomethylphosphonates as 
the building blocks. 

In recent years, with the renaissance of Ullmann-type 
coupling reactions, tremendous progress has been made 
using copper catalyst systems, and some nitrogen hetero-
cycles were prepared by us[10] and other groups.[11] Herein, 
we report a novel, efficient and practical copper-catalyzed 
domino method for the synthesis of C-4 phosphonated 
isoquinolin-1(2H)-one derivatives. 

2  Results and discussion 

The study was started by investigating the reaction be-
tween 2-bromo-N-p-tolylbenzamide (1b) and diethyl (cy-
anomethyl)phosphonate (2a) to explore experimental con-
ditions including the optimization of catalysts, bases, sol-
vents and ligands under nitrogen atmosphere. As shown in 
Table 1, nine ligands were screened in dimethyl sulfoxide 
(DMSO) in the presence of CuCl (0.1 equiv.) and Na2CO3  

Table 1  Screening of optimal reaction conditionsa 
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Entry Catalyst Solvent Base Ligand Isolated yield/% 

1 CuCl DMSO Na2CO3 A 67 
2 CuCl DMSO Na2CO3 B 24 
3 CuCl DMSO Na2CO3 C 61 
4 CuCl DMSO Na2CO3 D 23 
5 CuCl DMSO Na2CO3 E 15 
6 CuCl DMSO Na2CO3 F 18 
7 CuCl DMSO Na2CO3 G 5 
8 CuCl DMSO Na2CO3 H Trace 
9 CuCl DMSO Na2CO3 I 21 

10 CuCl DMSO Na2CO3 None 15 
11 CuCl DMSO K2CO3 A 79 
12 CuCl DMSO Cs2CO3 A 76 
13 CuCl DMSO Pyridine A 0 
14 
15 

CuCl 
CuCl 

DMSO 
DMF 

t-BuOK 
K2CO3 

A 
A 

76 
65 

16 CuCl Toluene K2CO3 A 32 
17 CuCl NMP K2CO3 A 57 
18 CuI DMSO K2CO3 A 74 
19 CuBr DMSO K2CO3 A 63 
20 CuCl2 DMSO K2CO3 A 57 
21 Cu(OAc)2 DMSO K2CO3 A 67 
22 CuCl DMSO K2CO3 A 74c 
23 CuCl DMSO K2CO3 A 77d 

a Reaction conditions: N2 atmosphere, 1i (0.2 mmol), 2a (0.3 mmol), catalyst (0.02 mmol), ligand (0.04 mmol), base (0.4 mmol), solvent (2 mL), 6 h. b Isolated yield. 
c 90 ℃. d 110 ℃. 
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(2 equiv.) at 100 ℃ (Entries 1～4), and L-proline provided 
the highest yield (Entry 1). Notably, the target product (3b) 
was obtained only in 15% yield in the absence of ligand 
(Entry 10), which indicated the crucial acceleration of the 
ligand in the current transformation. Next, various bases were 
investigated (Entries 1, 11～14), and K2CO3 was found to be 
the most effective base (Entry 1). We attempted to use dif-
ferent solvents including N,N'-dimethyl- formamide (DMF), 
DMSO, toluene, and N-methyl pyrrolidone (NMP), and 
DMSO gave the highest yield (Entries 11, 15～17). Subse-

quently, five copper catalysts were examined, and CuCl 
showed the highest reaction activity (Entries 11, 18～21). 
Finally, reaction temperatures were also screened and the 
yield of the target product maximized at 100 ℃ (Entries 11, 
22 and 23). 

The scope of copper-catalyzed domino synthesis of C-4 
phosphonated isoquinolin-1(2H)-one derivatives from re-
actions of substituted 2-bromobenzamides with cy-
anomethylphosphonates was investigated under the optimal 
conditions (Table 2). We were pleased to find that various  

Table 2  Reaction scopea,b 
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a Reaction conditions: N2 atmosphere, 1 (0.2 mmol), 2 (0.3 mmol), CuCl (0.02 mmol), L-proline (0.04 mmol), K2CO3 (0.4 mmol), DMSO (2 mL), 6 h. b Isolated yield. 
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2-bromobenzamides derivatives could be transferred into 
the C-4 phosphonated isoquinolin-1(2H)-one derivatives in 
moderate to good yields. The structure of the product was 
unambiguously confirmed by the single crystal X-ray dif-
fraction study of compound 3b. Electron-donating groups 
such as methoxy, methyl and electron-withdrawing groups 
such as chloro-, bromo- and trifluoromethyl groups were 
well-tolerated under the copper-catalyzed reaction condi-
tions. Different cyanomethylphosphonates were well com-
patible in the present domino transformation, and they did 
not display evidently difference of reactivity. 

Furthermore, the gram-scale reaction was also performed 
in the usual laboratory setup with a one-neck round-botto- 
med flask fitted with a nitrogen balloon, and the reaction af- 
forded 3a in 51% yield (Scheme 2, a). In addition, the appli- 
cation of our present protocol for the synthesis of C-6 phos- 
phonated benzo[4,5]imidazo[1,2-b]isoquinolin-11(5H)- 
one was explored. Satisfactorily, when 2-bromo-N-(2-bro- 
mophenyl)benzamide was used as the substrate, the corre-
sponding conjugate containing isoquinolin-1(2H)-one and 
benzo[d]imidazole frameworks was obtained in 58% yield 

(Scheme 2, b).  
To understand the mechanism further, some control ex-

periments were performed as shown in Scheme 3. Treat-
ment of 2-bromo-N-phenylbenzamide (1a) with diethyl 
(cyanomethyl)phosphonate (2a) in the absence of CuCl did 
not afford the desired product 3a (Scheme 3a), indicating 
that copper catalyst is essential for this transformation. 
Coupling of N-phenyl-benzamide (1m) with (2a) did not 
work under our standard condition (Scheme 3, b).  

On the basis of the literature reports,[12] a possible me- 
chanism for the copper-catalyzed domino method for the 
synthesis of C-4 phosphonated isoquinolin-1(2H)-one de-
rivatives is suggested in Scheme 4. Reaction of CuCl with 
L-proline gives the copper complex CuL. Oxidative addi-
tion of CuL with 2-bromobenzamides affords the interme-
diate I. Treatment of cyanomethylphosphonates 2 with I in 
the presence of base K2CO3 leads to the complex II, and 
then reductive elimination of II produces the intermediate 
III. Intramolecular nucleophilic of NH amide to CN with 
the assistance of CuL affords IV, and isomerization of IV 
forms 3.  

 

Scheme 2  Synthesis of 3a on a gram scale and copper-catalyzed domino synthesis of C-6 phosphonated benzimidazo- [1,2-b]-isoquino- 
lin-11-one 
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Scheme 3  Control experiments  
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Scheme 3  Probable reaction mechanism 

3  Conclusions 

In summary, a protocol for copper-catalyzed cross-coup- 
ling of a variety of 2-bromobenzamides with cyanomethyl- 
phosphonates to afford C-4 phosphonated isoquinolin-1(2H)- 
one derivatives was developed. This is the first example for 
the construction of phosphine-containing heterocycles throu- 
gh transition-metal-catalyzed Ullmann-type coupling reac-
tions using cyanomethylphosphonates as the phosphine sour- 
ces. The developed method will broaden the strategies of 
organophosphorus synthesis in the field of pharmaceutical 
and organic chemistry. 

4  Experimental section 

4.1  General information 
1H NMR and 13C NMR spectra were recorded at 25 ℃ at 

500 and 125 MHz on a Bruker 500 spectrometer. 1H NMR 
and 13C NMR were recorded using tetramethylsilane (TMS) 
as the internal standard in CDCl3 (

1H NMR: TMS at δ 0.00, 
CDCl3 at δ 7.28; 13C NMR: CDCl3 at δ 77.0), or in 
DMSO-d6 (

1H NMR: TMS at δ 0.00, DMSO-d6 at δ 2.50; 
13C NMR: DMSO-d6 at δ 44.0). Mass analyses and HRMS 
were obtained on a Finnigan-LCQDECA mass spectrometer 
and a Bruker Daltonics Bio-TOF-Q mass spectrometer by 
the ESI method, respectively. Column chromatography was 
performed on silica gel (200～300 mesh). All commercially 
available reagent-grade chemicals were purchased from 
chemical suppliers and used as received without further 
purification. 

4.2  General experimental procedures for the syn-
thesis of phosphonated isoquinolin-1(2H)-ones (3) 

A 25 mL Schlenk tube equipped with a magnetic stirring 

bar was charged with the substituted 2-bromo-N-phenyl- 
benzamides (0.2 mmol), cyanomethylphosphonates (0.3 
mmol), CuCl (0.02 mmol) and K2CO3 (0.4 mmol). The tube 
was evacuated twice and backfilled with nitrogen, and 2 mL 
of DMSO and L-proline (0.04 mmol) were added to the tube 
under nitrogen atmosphere by an injection syringe. Then the 
mixture was allowed to stir under nitrogen atmosphere at 
100 ℃ for 6 h. After being cooled to room temperature, the 
mixture was poured to 10 mL of water, and the resulting 
solution was extracted with ethyl acetate (10 mL×4). The 
combined organic layer was concentrated and the residue 
was purified by column chromatography on silica gel using 
petroleum ether/ethyl acetate as eluent to provide the de-
sired product. 

Diethyl (3-amino-1-oxo-2-phenyl-1,2-dihydroisoquino- 
lin-4-yl)phosphonate (3a): Eluent: petroleum ether/ethyl 
acetate (V∶V＝3∶1). Yellow solid, 46.9 mg, 63% yield. 
m.p. 132～133 ℃; 1H NMR (500 MHz, CDCl3) δ: 8.24 (d, 
J＝7.8 Hz, 1H), 7.82 (d, J＝8.4 Hz, 1H), 7.60～7.51 (m, 
4H), 7.31 (d, J＝7.8 Hz, 2H), 7.18 (t, J＝7.5 Hz, 1H), 
4.21～4.14 (m, 2H), 4.08～4.00 (m, 2H), 1.32 (t, J＝7.0 
Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 162.5, 154.5 (d,   
J＝21.3 Hz), 137.5 (d, J＝7.4 Hz), 135.1, 133.1, 130.4, 
129.7, 128.8, 128.2, 123.3 (d, J＝3.3 Hz), 122.7, 120.0 (d,  
J＝12.5 Hz), 73.2 (d, J＝199.9 Hz), 61.7 (d, J＝4.6 Hz), 
16.1 (d, J＝7.0 Hz); 31P NMR (202 MHz, CDCl3) δ: 24.4. 
HRMS calcd for C19H22N2O4P [M＋H]＋ 373.1312, found 
373.1312. 

Diethyl (3-amino-1-oxo-2-(p-tolyl)-1,2-dihydroiso- 
quinolin-4-yl)phosphonate (3b): Eluent: petroleum 
ether/ethyl acetate (V∶V＝4∶1). Yellow solid, 61.0 mg, 
79% yield. m.p. 136～137 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.25 (d, J＝7.8 Hz, 1H), 7.81 (d, J＝8.4 Hz, 1H), 7.55 (t, 
J＝7.7 Hz, 1H), 7.39 (d, J＝7.9 Hz, 2H), 7.18 (t, J＝7.9 Hz, 
3H), 4.26～4.14 (m, 2H), 4.14～3.90 (m, 2H), 2.44 (s, 3H), 
1.33 (t, J＝7.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 
162.7, 154.3 (d, J＝20.9 Hz), 139.9, 137.5 (d, J＝7.4 Hz), 
133.1, 132.3, 131.1, 128.5, 128.3, 123.3 (d, J＝3.2 Hz), 
122.7, 120.1 (d, J＝12.6 Hz), 73.1 (d, J＝199.8 Hz), 61.7 
(d, J＝4.5 Hz), 21.2, 16.2 (d, J＝7.1 Hz); 31P NMR (202 
MHz, CDCl3) δ: 24.5; HRMS calcd for C20H24N2O4P [M＋
H]＋ 387.1468, found 387.1462. 

Diethyl(3-amino-2-(4-methoxyphenyl)-1-oxo-1,2-di-  
hydroisoquinolin-4-yl)phosphonate (3c): Eluent: petroleum 
ether/ethyl acetate (V∶V＝4∶1). White solid, 62.7 mg, 
78% yield. m.p. 167～168 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.25 (d, J＝8.0 Hz, 1H), 7.81 (d, J＝8.4 Hz, 1H), 7.57～
7.53 (m, 1H), 7.24～7.21 (m, 2H), 7.18 (t, J＝7.5 Hz, 1H), 
7.10～7.08 (m, 2H), 4.22～4.14 (m, 2H), 4.11～4.02 (m, 
2H), 3.87 (s, 3H), 1.33 (t, J＝7.1 Hz, 6H); 13C NMR (125 
MHz, CDCl3) δ: 162.8, 160.3, 154.4 (d, J＝20.9 Hz), 137.5 
(d, J＝7.4 Hz), 133.1, 129.9, 128.3, 127.3, 123.3 (d, J＝3.2 
Hz), 122.6, 120.1 (d, J＝12.6 Hz), 115.7, 73.1 (d, J＝200 
Hz), 61.7 (d, J＝4.5 Hz), 55.5, 16.2 (d, J＝7.1 Hz); 31P 
NMR (202 MHz, CDCl3) δ: 24.5; HRMS calcd for 
C20H24N2O5P [M＋H]＋ 403.1417, found 403.1420. 

Diethyl(3-amino-2-(4-chlorophenyl)-1-oxo-1,2-dihydro- 
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isoquinolin-4-yl)phosphonate (3d): Eluent: petroleum 
ether/ethyl acetate (V∶V＝4∶1). Yellow oil, 59.3 mg, 
73% yield. m.p. 142～144 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.24 (d, J＝8.0 Hz, 1H), 7.82 (d, J＝8.4 Hz, 1H), 7.58～
7.55 (m, 3H), 7.28 (d, 2H, J＝8.8 Hz), 7.20 (t, J＝7.5 Hz, 
1H), 4.22～4.15 (m, 2H), 4.09～4.01 (m, 2H), 1.33 (t, J＝
7.1 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 162.5, 153.7 
(d, J＝21.3 Hz), 137.5 (d, J＝7.4 Hz), 135.9, 133.6, 133.4, 
130.8, 130.4, 128.3, 123.5 (d, J＝3.2 Hz), 122.9, 120.0 (d,  
J＝12.5 Hz), 73.7 (d, J＝199.7 Hz), 61.8 (d, J＝4.6 Hz), 
16.2 (d, J＝7.1 Hz); 31P NMR (202 MHz, CDCl3) δ: 24.1; 
HRMS calcd for C19H21ClN2O4P [M＋H] ＋  407.0922, 
found 407.0920. 

Diethyl(3-amino-2-(3-chlorophenyl)-1-oxo-1,2-dihydro-  
isoquinolin-4-yl)phosphonate (3e): Eluent: petroleum 
ether/ethyl acetate (V∶V＝5∶1). Yellow oil, 54.4 mg, 
67% yield. m.p. 112～113 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.21 (d, J＝7.9 Hz, 1H), 7.81 (d, J＝8.4 Hz, 1H), 7.56～
7.49 (m, 3H), 7.34 (s, 1H), 7.22 (d, J＝7.0 Hz, 1H), 7.18 (t, 
J＝7.5 Hz, 1H), 4.20～4.13 (m, 2H), 4.07～3.99 (m, 2H), 
1.31 (t, J＝7.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 
162.3, 153.5 (d, J＝21.2 Hz), 137.4, 136.2, 135.8, 133.3, 
131.3, 130.0, 129.3, 128.2, 127.2, 123.4, 122.8, 119.8 (d,   
J＝12.4 Hz), 73.6 (d, J＝199.2 Hz), 61.7, 16.1 (d, J＝6.8 
Hz); 31P NMR (202 MHz, CDCl3) δ: 24.1; HRMS calcd for 
C19H21ClN2O4P [M＋H]＋ 407.0922, found 407.0920. 

Diethyl(3-amino-2-(4-bromophenyl)-1-oxo-1,2-dihydro-  
isoquinolin-4-yl)phosphonate (3f): Eluent: petroleum 
ether/ethyl acetate (V∶V＝5∶1). Yellow solid, 54.9 mg, 
61% yield. m.p. 171～172 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.22 (d, J＝8.0 Hz, 1H), 7.81 (d, J＝8.4 Hz, 1H), 7.71 (d, 
J＝8.5 Hz, 2H), 7.55 (t, J＝7.7 Hz, 1H), 7.19 (t, J＝8.9 Hz, 
3H), 4.21～4.14 (m, 2H), 4.11～4.00 (m, 2H), 1.32 (t, J＝
7.1 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 162.4, 153.6 
(d, J＝21.2 Hz), 137.5 (d, J＝7.3 Hz), 134.1, 133.7, 133.3, 
130.7, 128.3, 124.0, 123.4 (d, J＝3.2 Hz), 122.9, 119.9 (d,  
J＝12.5 Hz), 73.7 (d, J＝200 Hz), 61.8 (d, J＝4.6 Hz), 16.2 
(d, J＝7.0 Hz); 31P NMR (202 MHz, CDCl3) δ: 24.1; 
HRMS calcd for C19H21BrN2O4P [M＋H] ＋  451.0417, 
found 451.0412. 

Diethyl(3-amino-6-chloro-1-oxo-2-phenyl-1,2-dihydro- 
isoquinolin-4-yl)phosphonate (3g): Eluent: petroleum 
ether/ethyl acetate (V∶V＝2∶1). Yellow solid, 50.4 mg, 
62% yield. m.p. 170～171 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.15 (d, J＝8.5 Hz, 1H), 7.81 (s, 1H), 7.59 (t, J＝7.3 Hz, 
2H), 7.56～7.49 (m, 1H), 7.30 (d, J＝7.6 Hz, 2H), 7.12 (d,  
J＝8.5 Hz, 1H), 4.22～4.17 (m, 2H), 4.09～4.04 (m, 2H), 
1.35 (t, J＝7.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 
162.0, 154.6 (d, J＝21.3 Hz), 139.9, 139.0 (d, J＝7.0 Hz), 
134.8, 130.5, 130.0, 128.8, 123.2, 122.8 (d, J＝3.2 Hz), 
118.4, 118.3, 73.0 (d, J＝201.3 Hz), 62.0 (d, J＝4.9 Hz), 
16.2 (d, J＝6.8 Hz); 31P NMR (202 MHz, CDCl3) δ: 23.3. 
HRMS calcd for C19H21ClN2O4P [M＋H] ＋  407.0922; 
found 407.0927. 

Diethyl(3-amino-2-butyl-6-chloro-1-oxo-1,2-dihydro-  
isoquinolin-4-yl)phosphonate (3h): Eluent: petroleum 
ether/ethyl acetate (V∶V＝3∶1). Yellow oil, 44.0 mg, 

57% yield. m.p. 125～126 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.17 (d, J＝8.6 Hz, 1H), 7.75 (d, J＝1.6 Hz, 1H), 7.11 (d, 
J＝8.6 Hz, 1H), 6.95 (br s, 2H), 4.20～4.15 (m, 2H), 4.14～
4.08 (m, 2H), 4.05～3.97 (m, 2H), 1.72 (s, 2H), 1.46 (d,    
J＝7.6 Hz, 2H), 1.32 (t, J＝7.1 Hz, 6H), 0.99 (t, J＝7.3 Hz, 
3H); 13C NMR (125 MHz, CDCl3) δ: 161.9, 154.7 (d, J＝20 
Hz), 139.4, 138.4, 129.9, 123.2, 122.7 (d, J＝3.4 Hz), 
117.9, 73.7 (d, J＝200 Hz), 61.9 (d, J＝4.7 Hz), 41.8, 29.6, 
20.3, 16.2 (d, J＝6.9 Hz), 13.7; 31P NMR (202 MHz, 
CDCl3) δ: 23.8; HRMS calcd for C17H25ClN2O4P [M＋H]＋ 
387.1235; found 387.1240. 

Diethyl(3-amino-7-methyl-1-oxo-2-phenethyl-1,2-dihy- 
droisoquinolin-4-yl)phosphonate (3i): Eluent: petroleum 
ether/ethyl acetate (V∶V＝4∶1). Yellow solid, 43.9 mg, 
53% yield. m.p. 139～141 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.03 (s, 1H), 7.62 (d, J＝8.5 Hz, 1H), 7.28 (d, J＝7.6 Hz, 
1H), 7.25～7.20 (m, 2H), 7.18 (d, J＝6.4 Hz, 3H), 6.40 (br 
s, 2H), 4.25 (t, J＝7.4 Hz, 2H), 4.06～3.98 (m, 2H), 3.90～
3.82 (m, 2H), 3.01 (t, J＝7.5 Hz, 2H), 2.33 (s, 3H), 1.20 (t,  
J＝7.1 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 162.5, 
153.9 (d, J＝21.1 Hz), 138.1, 134.4, 132.7, 128.9, 128.7, 
127.6, 127.0, 123.4, 119.8, 119.7, 74.7 (d, J＝197.5 Hz) , 
61.6 (d, J＝4.2 Hz), 44.1, 33.9, 20.8, 16.1 (d, J＝7.1 Hz); 
31P NMR (202 MHz, CDCl3) δ: 19.7; HRMS calcd for 
C22H28N2O4P [M＋H]＋ 415.1751, found 415.1754. 

Diethyl(3-amino-7-chloro-1-oxo-2-phenethyl-1,2- 
dihydroisoquinolin-4-yl)phosphonate (3j): Eluent: petro-
leum ether/ethyl acetate (V∶V＝3∶1). Yellow solid, 56.4 
mg, 65% yield. m.p. 147～148 ℃; 1H NMR (500 MHz, 
CDCl3) δ: 8.17 (s, 1H), 7.65 (d, J＝9.0 Hz, 1H), 7.38 (d,   
J＝8.9 Hz, 1H), 7.25～7.22 (m, 2H), 7.20～7.17 (m, 3H), 
6.52 (br s, 2H), 4.24 (t, J＝7.4 Hz, 2H), 4.06～3.99 (m, 2H), 
3.91～3.83 (m, 2H), 3.01 (t, J＝7.5 Hz, 2H), 1.20 (t, J＝7.0 
Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 161.5, 154.4 (d,  
J＝21.3 Hz), 137.9, 135.4, 135.4, 133.1, 129.0, 128.6 (d,   
J＝10 Hz), 127.3, 127.2,125.2, 120.9 (d, J＝12.8 Hz), 74.6 
(d, J＝200.1 Hz), 61.8 (d, J＝4.3 Hz), 44.2, 33.7, 16.1 (d,  
J＝7.0 Hz); 31P NMR (202 MHz, CDCl3) δ: 23.9; HRMS 
calcd for C21H25ClN2O4P [M ＋ H] ＋  435.1235; found 
435.1163. 

Diethyl(3-amino-2-butyl-1-oxo-7-(trifluoromethyl)-1,2- 
dihydroisoquinolin-4-yl)phosphonate (3k): Eluent: petro-
leum ether/ethyl acetate (V∶V＝7∶1). Yellow solid, 63.9 
mg, 76% yield. m.p. 111～113 ℃; 1H NMR (500 MHz, 
CDCl3) δ: 8.52 (s, 1H), 7.84 (d, J＝8.8 Hz, 1H), 7.66 (d,   
J＝8.8 Hz, 1H), 7.11 (br s, 2H), 4.19～4.08 (m, 4H), 4.03～
3.95 (m, 2H), 1.76～1.70 (m, 2H), 1.49～1.44 (m, 2H), 1.29 
(t, J＝7.1 Hz, 6H), 0.99 (t, J＝7.3 Hz, 3H); 31P NMR (202 
MHz, CDCl3) δ: 23.7 (d, J＝12.1 Hz); HRMS calcd for 
C18H24F3N2O4P [M＋H]＋ 421.1499, found 421.1493. 

Diisopropyl (3-amino-1-oxo-2-(p-tolyl)-1,2-dihydroiso- 
quinolin-4-yl)phosphonate (3l): Eluent: petroleum 
ether/ethyl acetate (V∶V＝3∶1).Yellow solid, 71.2 mg, 
86% yield. m.p. 124～125 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.23 (d, J＝8.0 Hz, 1H), 7.82 (d, J＝8.5 Hz, 1H), 7.53～
7.50 (m, 1H), 7.37 (d, J＝8.0 Hz, 2H), 7.19～7.13 (m, 3H), 
4.69～4.60 (m, 2H), 2.42 (s, 3H), 1.41 (d, J＝6.2 Hz, 6H), 
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1.18 (d, J＝6.2 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 
162.7, 153.7 (d, J＝20 Hz), 139.7, 137.6 (d, J＝7.4 Hz), 
132.6, 132.4, 131.0, 128.5, 128.1, 123.8 (d, J＝3.2 Hz), 
122.4, 120.0 (d, J＝12.5 Hz), 74.5 (d, J＝200 Hz), 70.7 (d,  
J＝5 Hz), 24.1 (d, J＝3.8 Hz), 23.8 (d, J＝6.3 Hz), 21.1; 31P 
NMR (202 MHz, CDCl3) δ: 21.9; HRMS calcd for 
C22H28N2O4P [M＋H]＋ 415.1781, found 415.1776. 

Diisopropyl (3-amino-2-butyl-1-oxo-1,2-dihydroiso- 
quinolin-4-yl)phosphonate (3m): Eluent: petroleum 
ether/ethyl acetate (V∶V＝3∶1). Yellow solid, 52.5 mg, 
69% yield. m.p. 119～121 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.18 (d, J＝8.0 Hz, 1H), 7.71 (d, J＝8.5 Hz, 1H), 7.41 (t, 
J＝7.7 Hz, 1H), 7.09 (t, J＝7.5 Hz, 1H), 6.91 (br s, 2H), 
4.56～4.50 (m, 2H), 4.09～4.06 (m, 2H), 1.69～1.66 (m, 
2H), 1.42～1.36 (m, 2H), 1.34 (t, J＝6.5 Hz, 6H), 1.07 (d,  
J＝6.2 Hz, 6H), 0.92 (t, J＝7.4 Hz, 3H); 13C NMR (125 
MHz, CDCl3) δ: 162.5, 153.7 (d, J＝21.3 Hz), 137.1 (d,   
J＝7.2 Hz), 132.2, 128.0, 123.8 (d, J＝3.2 Hz), 122.6, 119.6 
(d, J＝12.5 Hz), 75.5 (d, J＝197.5 Hz), 70.6 (d, J＝4.6 Hz), 
41.8, 29.6, 23.9 (d, J＝2.5 Hz), 23.6 (d, J＝5 Hz), 20.2, 
13.6; 31P NMR (202 MHz, CDCl3) δ: 22.3; HRMS calcd 
forC19H30N2O4P [M＋H]＋ 381.1938, found 381.1941. 

Diisopropyl(3-amino-2-(3-chlorophenyl)-1-oxo-1,2- 
dihydroisoquinolin-4-yl)phosphonate (3n): Eluent: petro-
leum ether/ethyl acetate (V∶V＝3∶1). White solid, 61.2 
mg, 73% yield. m.p. 166～167 ℃; 1H NMR (500 MHz, 
CDCl3) δ: 8.21 (d, J＝8.0 Hz, 1H), 7.83 (d, J＝8.5 Hz, 1H), 
7.55～7.48 (m, 3H), 7.35 (s, 1H), 7.24～7.22 (m, 1H), 7.17 
(t, J＝7.5 Hz, 1H), 4.68～4.61 (m, 2H), 1.41 (d, J＝6.2 Hz, 
6H), 1.18 (dd, J＝6.1, 3.0 Hz, 6H); 13C NMR (125 MHz, 
CDCl3) δ: 162.4, 153.1 (d, J＝21.4 Hz), 137.6 (d, J＝7.2 
Hz), 136.3, 135.9, 132.9, 131.3, 130.0, 129.3, 128.1, 127.3, 
124.0 (d, J＝3.3 Hz), 122.7 , 119.9 (d, J＝12.5 Hz), 75.1 (d, 
J＝199.4 Hz), 70.8 (d, J＝2.5 Hz), 70.7 (d, J＝3.0 Hz), 23.8 
(d, J＝33.8 Hz); 31P NMR (202 MHz, CDCl3) δ: 21.5. 
HRMS calcd for C21H25 ClN2O4P [M＋H]＋ 435.1235, 
found 435.1163. 

Diisopropyl(3-amino-2-(4-methoxyphenyl)-1-oxo-1,2- 
dihydroisoquinolin-4-yl)phosphonate (3o): Eluent: petro-
leum ether/ethyl acetate (V∶V＝3∶1). Yellow solid, 67.1 
mg, 78% yield. m.p. 132～133 ℃; 1H NMR (500 MHz, 
CDCl3) δ: 8.22 (d, J＝7.9 Hz, 1H), 7.81 (d, J＝8.5 Hz, 1H), 
7.51 (t, J＝7.7 Hz, 1H), 7.22 (d, J＝8.7 Hz, 2H), 7.15 (t,   
J＝7.5 Hz, 1H), 7.06 (d, J＝8.7 Hz, 2H), 4.67～4.61 (m, 
2H), 3.84 (s, 3H), 1.41 (d, J＝6.2 Hz, 6H), 1.18 (d, J＝6.2 
Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 162.9, 160.2, 
153.9 (d, J＝21.2 Hz), 137.6 (d, J＝7.3 Hz), 132.7, 129.9, 
128.1, 127.3, 123.8, 122.5, 120.0 (d, J＝12.6 Hz), 115.6, 
74.5 (d, J＝200.1 Hz), 70.6 (d, J＝3.8 Hz), 55.5, 24.0 (d,  
J＝3.8 Hz), 23.7 (d, J＝6.3 Hz); 31P NMR (202 MHz, 
CDCl3) δ: 21.9; HRMS calcd for C22H28N2O5P [M＋H]＋ 
431.1730, found 431.1736. 

Diisopropyl(3-amino-6-chloro-1-oxo-2-phenyl-1,2-dihy
droisoquinolin-4-yl)phosphonate (3p): Eluent: petroleum 
ether/ethyl acetate (V∶V＝3∶1). White solid, 66.0 mg, 
76% yield. m.p. 163～164 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.15 (d, J＝8.5 Hz, 1H), 7.86 (d, J＝1.7 Hz, 1H), 7.58 (t, 

J＝7.6 Hz, 2H), 7.52 (t, J＝7.4 Hz, 1H), 7.32～7.29 (m, 
2H), 7.11 (d, J＝8.5 Hz, 1H), 4.72～4.65 (m, 2H), 1.45 (d,  
J＝6.2 Hz, 6H), 1.25 (d, J＝6.2 Hz, 6H); 13C NMR (125 
MHz, CDCl3) δ: 161.8, 154.1 (d, J＝20.1 Hz), 139.3, 139.0 
(d, J＝6.8 Hz), 134.7, 130.3, 129.7, 128.7, 123.2 (d, J＝3.3 
Hz), 122.8, 118.3, 118.2, 74.1 (d, J＝201.3 Hz), 70.8 (d,   
J＝5.1 Hz), 23.8 (d, J＝3.8 Hz), 23.6 (d, J＝5.0 Hz); 31P 
NMR (202 MHz, CDCl3) δ: 20.6. HRMS calcd for 
C21H25ClN2O4P [M＋H]＋ 435.1235, found 435.1230. 

Diisopropyl(3-amino-2-butyl-6-chloro-1-oxo-1,2-dihydr
oisoquinolin-4-yl)phosphonate (3q): Eluent: petroleum 
ether/ethyl acetate (V∶V＝4∶1). Yellow solid, 37.3 mg, 
45% yield. m.p. 110～112 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 8.15 (d, J＝8.6 Hz, 1H), 7.77 (s, 1H), 7.08 (d, J＝8.6 Hz, 
1H), 7.00 (br s, 2H), 4.64～4.58 (m, 2H), 4.11～4.08 (m, 
2H), 1.73～1.70 (m, 2H), 1.47～1.44 (m, 2H), 1.41 (d, J＝
6.0 Hz, 6H), 1.17 (d, J＝6.1 Hz, 6H), 0.97 (t, J＝7.3 Hz, 
3H); 13C NMR (125 MHz, CDCl3) δ: 161.9, 154.2 (d, J＝
20.1 Hz), 139.0, 138.5 (d, J＝6.8 Hz), 129.8, 123.2 (d, J＝
2.5 Hz), 123.0, 117.9 (d, J＝12.3 Hz), 75.1 (d, J＝200.1 
Hz), 71.0 (d, J＝5.1 Hz), 41.8, 29.6 (d, J＝6.5 Hz), 23.9 (d, 
J＝3.8 Hz), 23.7 (d, J＝5.2 Hz), 20.3, 13.7; 31P NMR (202 
MHz, CDCl3) δ: 21.1; HRMS calcd for C19H29ClN2O4P  
[M＋H]＋ 415.1548, found 415.1534. 

Diisopropyl(3-amino-7-methyl-1-oxo-2-phenethyl-1,2- 
dihydroisoquinolin-4-yl)phosphonate (3r): Eluent: 
petroleum ether/ethyl acetate (V∶V＝5∶1). Yellow solid, 
63.7 mg, 72% yield. m.p. 135～137 ℃; 1H NMR (500 
MHz, CDCl3) δ: 8.09 (s, 1H), 7.71 (d, J＝8.5 Hz, 1H), 
7.35～7.28 (m, 4H), 7.25 (s, 2H), 6.48 (br s, 2H), 4.57～
4.50 (m, 2H), 4.33 (t, J＝7.4 Hz, 2H), 3.09 (t, J＝7.5 Hz, 
2H), 2.39 (s, 3H), 1.38 (d, J＝6.2 Hz, 6H), 1.12 (d, J＝6.2 
Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 162.6, 153.4 (d,   
J＝21.3 Hz), 138.2, 134.6 (d, J＝7.3 Hz), 134.0, 132.5, 
128.9, 128.7, 127.4, 127.0, 124.1 (d, J＝3.1 Hz), 119.8 (d,  
J＝12.5 Hz), 75.6, 70.6 (d, J＝4.4 Hz), 44.0, 33.9, 24.0 (d,  
J＝3.8 Hz), 23.6 (d, J＝5 Hz), 20.8; 31P NMR (202 MHz, 
CDCl3) δ: 22.1; HRMS calcd for C24H32N2O4P [M＋H]＋

443.4951, found 443.4946. 
Diisopropyl(3-amino-7-chloro-1-oxo-2-phenethyl-1,2- 

dihydroisoquinolin-4-yl)phosphonate (3s): Eluent: 
petroleum ether/ethyl acetate (V∶V＝5∶1).Yellow solid, 
59.2 mg, 64% yield. m.p. 146～147 ℃; 1H NMR (500 
MHz, CDCl3) δ: 8.23 (s, 1H), 7.74 (d, J＝9.0 Hz, 1H), 7.43 
(d, J＝9.0 Hz, 1H), 7.30～7.28 (m, 2H), 7.20 (d, J＝7.9 Hz, 
3H), 6.61 (br s, 2H), 4.57～4.51 (m, 2H), 4.33～4.28 (m, 
2H), 3.08 (t, J＝7.5 Hz, 2H), 1.38 (d, J＝6.2 Hz, 6H), 1.12 
(d, J＝6.2 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ: 161.5, 
153.9 (d, J＝25 Hz), 137.9, 135.6 (d, J＝7.2 Hz), 132.7, 
128.9, 128.7, 128.5, 127.1 (d, J＝6.3 Hz), 125.7 (d, J＝3.0 
Hz), 120.9, 120.8, 75.4, 70.9 (d, J＝4.6 Hz), 44.2, 33.7, 24.0 
(d, J＝3.7 Hz), 23.6 (d, J＝5.4 Hz); 31P NMR (202 
MHz,CDCl3) δ: 21.2; HRMS calcd for C23H29ClN2O4P   
[M＋H]＋ 463.1548, found 463.1550. 

Diisopropyl(3-amino-2-butyl-1-oxo-7-(trifluoromethyl)- 
1,2-dihydroisoquinolin-4-yl)phosphonate (3t): Eluent: 
petroleum ether/ethyl acetate (V∶V＝4∶1). Yellow solid, 



   
有机化学 研究论文 

 
266      http://sioc-journal.cn/ © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 258～266 

59.2 mg, 66% yield. m.p. 86～88 ℃; 1H NMR (500 MHz, 
CDCl3) δ: 8.49 (s, 1H), 7.85 (d, J＝8.8 Hz, 1H), 7.63 (d,   
J＝8.8 Hz, 1H), 7.18 (br s, 2H), 4.64～4.56 (m, 2H), 4.14～
4.11 (m, 2H), 1.74～1.71 (m, 2H), 1.47～1.38 (m, 2H), 1.38 
(s, 6H), 1.13 (d, J＝6.2 Hz, 6H), 0.97 (t, J＝7.3 Hz, 3H); 31P 
NMR (202 MHz, CDCl3) δ: 23.1; HRMS calcd for 
C20H29F3N2O4P [M＋H]＋ 449.1812, found 449.1819. 

Diethyl(11-oxo-5,11-dihydrobenzo[4,5]imidazo[1,2-b]- 
isoquinolin-6-yl)phosphonate (3u): Eluent: petroleum 
ether/ethyl acetate (V∶V＝7∶1). Yellow solid, 42.9 mg, 
58% yield. m.p. 204～205 ℃; 1H NMR (500 MHz, CDCl3) 
δ: 11.18 (br s, 1H), 8.76 (d, J＝8.0 Hz, 1H), 8.55 (d,   J＝
8.1 Hz, 1H), 7.92 (d, J＝8.4 Hz, 1H), 7.67 (t, J＝7.6 Hz, 
1H), 7.43 (t, J＝7.7 Hz, 1H), 7.34～7.29 (m, 3H), 4.23～
4.12 (m, 2H), 4.06～3.98 (m, 2H), 1.32 (t, J＝7.0 Hz, 6H); 
13C NMR (125 MHz, CDCl3) δ: 160.3, 147.8 (d, J＝19.6 
Hz), 136.6 (d, J＝7.0 Hz), 133.0, 131.2, 128.2, 128.1, 
126.4, 123.5 (d, J＝3.5 Hz), 123.0, 121.9, 119.4, 116.9, 
109.7, 71.8 (d, J＝216.1 Hz), 62.1 (d, J＝4.3 Hz), 16.2 (d,  
J＝7.0 Hz); 31P NMR (202 MHz, CDCl3) δ: 22.4; HRMS 
calcd for C19H20N2O4P [M ＋ H] ＋  371.1155, found 
371.1162. 

 
Supporting Information  1H NMR and 13C NMR spectra 
for all compounds and ORTEP structures and spectroscopic 
data of compound 3b. The Supporting Information is 
available free of charge via the Internet at http://sioc- 
journal.cn. 
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