
 

S1 

Supporting Information 
 

 

Cu-Catalyzed Radical Cascade Annulations of Alkyne-Tethered 

N-Alkoxyamides with Air: Facile Access to 

Isoxazolidine/1,2-Oxazinane-Fused Isoquinolin-1(2H)-ones 

 

 Fei Chen, Sheng-Qiang Lai, Fei-Fei Zhu, Qiang Meng, Yu Jiang, Wei Yu, and Bing Han* 

 

State Key Laboratory of Applied Organic Chemistry, College of Chemistry and Chemical 

Engineering, Lanzhou University, Lanzhou, 730000, People’s Republic of China 

hanb@lzu.edu.cn 

 

• Contents                                                           page 

• General                                                              S2 

• Substrates preparation                                                  S2 

• General experimental procedure                                         S4 

• Procedure for the follow-up transformations of 2a                           S5             

• Control experiments                                                   S5 

• General procedure of the EPR experiments                                 S11 

• A plausible mechanism for the generation of 4a’ from 3b                     S13 

• References                                                          S13 

• Analytical data for new substrates                                       S14 

• Analytical data for products                                             S29 

• ORTEP plot, crystal data and refinement results for compound 2g            S52 

• Copies of 1H, 13C and 19F spectra                                         S54 

                                                                         



 

S2 

General:  

All reagents were purchased from commercial suppliers and used without further 

purification. Flash chromatography was carried out with silica gel (200-300 mesh). 

Analytical TLC was performed with silica gel GF254 plates, and the products were 

visualized by UV detection. 1H NMR 400 MHz or 300 MHz 13C NMR (100.6 MHz or 

75.4 MHz) and 19F NMR (376 MHz) spectra were recorded in CDCl3 or DMSO–d6. 

Chemical shifts (δ) are reported in ppm using TMS as internal standard and spin-spin 

coupling constants (J) are given in Hz. The high-resolution mass spectra (HRMS) were 

measured on a Bruker Daltonics APEX II 47e spectrometer by ESI. Electron paramagnetic 

resonance (EPR) data were measured on a Bruker A300 EPR spectrometer (X-band). The 

calculated g values are obtained by using 2,2-diphenyl-1- picrylhydrazyl (DPPH) as a 

standard. The EPR spectrum of radical RN was simulated using WinEPR SimFonia. Data 

collections for crystal structure were performed at room temperature (293 K) using 

MoKα radiation on a Bruker APEXII diffractometer. Integration of the frames and data 

reduction was carried out using SAINT. The structure was solved by direct methods using 

SHELXS-97. 

Substrates preparation:  

Substrates 1a−l, 1n−ad and 3a−n were synthesized according to the literature.1  

Procedure for the synthesis of substrate 1m: 

 
1) Aspirin (1.0 equiv) was suspended in dichloromethane (DCM) (0.5 M) and stirred at 

room temperature. Oxalyl chloride (2.0 equiv) was added to this stirred solution. After 

stirring for 0.5 h, a drop of dimethylformamide (DMF) was added to this solution and 

the reaction was stirred for additional 6 h at room temperature. The corresponding acyl 

chloride s-1 was obtained quantitatively.2 

2) PhCC(CH2)2ONH2 (2.0 equiv) which was synthesized according to the literature1 and 

K2CO3 (1.2 equiv) were suspended in a 2:1 mixture of EtOAc:H2O (0.2 M). The resulting 
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solution was cooled to 0 oC followed by dropwise addition of the acyl chloride s-1 which 

was obtained in the previous step. The reaction was allowed to stir at same 

temperature for 2 h. Upon completion (indicated by TLC), the phases were separated, 

and the aqueous phase was extracted three times with EtOAc. The combined organic 

layers were dried over Na2SO4, filtered, and evaporated under reduced pressure. The 

residue was purified by flash column chromatography on silica gel (gradient eluent of 

EtOAc/petroleum ether: 1/5 to 1/3) to give compound 1m. 

Procedure for the synthesis of substrate 1ae: 

 

1) NaH (60% dispersion in oil) (1.2 equiv) was added to a solution of estrone (1.0 equiv) 

in dry THF (0.2 M) at 0 oC, the mixture was stirred until no gas evolution was observed 

and then iodomethane (3.3 equiv) was added. After stirring for 8 h at rt under an Argon 

atmosphere, more iodomethane (6.6 equiv) was added. The resulting mixture was 

stirred for next 12 h, and then reaction mixture was poured into a brine solution and 

extracted with ethyl acetate. The combined organic layers were dried over MgSO4 and 

concentrated to yield compound s-2 as white solid.3 

2) Compound s-2 (1.0 equiv), silver trifluoroacetate (1.1 equiv) and NaHCO3 (5.0 equiv) 

were mixed in DCM (0.25 M) at −30 oC under Ar. I2 (1.05 equiv) was added and the 

resulting mixture was stirred vigorously for 1 h during which the red colour completely 

disappeared. The reaction mixture was then filtered and washed with DCM and 

concentrated. The residue was purified by flash column chromatography on silica gel 

(gradient eluent of EtOAc/petroleum ether: 1/4 to 1/3) to give compound s-3.4  
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3) To a 100 mL three-necked round-bottom flask, under Ar, was added PdCl2(PPh3)2 

(0.01 equiv), CuI (0.02 equiv), terminal alkyne (1.0 equiv) which was synthesized 

according to the literature,1 compound s-3 (1.2 equiv) and anhydrous Et3N (0.5 M). The 

mixture was stirred at room temperature for 24 h. Upon completion (indicated by TLC), 

the reaction is filtered over celite, washing with dichloromethane. The solvent was 

removed, and the residue purified by flash column chromatography on silica gel 

(gradient eluent of EtOAc/petroleum ether: 1/10 to 1/5) to give compound s-4.1 

4) In a 100 mL round-bottom flask was charged compound s-4 (1.0 equiv), MeOH/DCM 

(ratio 1:2) (0.2 M), and then slowly added Hydrazine monohydrate (1.05 equiv), then 

stirred at room temperature for 2 h. Upon completion (indicated by TLC), the solvent 

was then removed under reduce pressure. The residue was washed with DCM and 

filtered, collect the DCM part and removed the solvent to give the crude O-alkoxylamine, 

which was used in next step without further purification.1 

5) The crude O-alkoxylamine (1.0 equiv) which was obtained in the previous step was 

added to a biphasic mixture of K2CO3 (1.2 equiv) in a 2:1 mixture of EtOAc:H2O (0.2 M). 

The resulting solution was cooled to 0 oC followed by dropwise addition of benzoyl 

chloride. The reaction was allowed to stir at same temperature for 2 h. Upon 

completion (indicated by TLC), the phases were separated, and the aqueous phase was 

extracted twice with EtOAc. The combined organic layers were dried over Na2SO4, 

filtered, and evaporated under reduced pressure. The residue was purified by flash 

column chromatography on silica gel (gradient eluent of EtOAc/petroleum ether: 1/5 to 

1/3) to give compound 1ae.1 

General experimental procedure: 

Typical experimental procedure for the cascade annulations: 

Substrates 1 or 3 (0.40 mmol, 1.00 equiv), CuCl (0.02 mmol, 0.05 equiv) and MeCN or 

DMF (4 mL) were added to a 25 mL round bottom flask which was equiped with a 

condenser pipe. The mixture was stired at 80 or 120 oC open to air until the starting 

material was completely consumed. The solvent was then removed under vacuo. When 

the solvent is DMF, the mixture was diluted with EtOAc. Then, organic layer was washed 
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with saturated brine solution five times and dried over anhydrous MgSO4. After 

removing the solvent under vacuo, the residue was purified with chromatography 

column on silica gel (gradient eluent of EtOAc/petroleum ether: 1/3 to 1/1) to give the 

corresponding product. The identity and purity of the products were confirmed by 1H, 

13C and 19F NMR spectroscopic analysises. 

Procedure for the follow-up transformations of 2a: 

Procedure for the transformation of 2a to product 5: 

The mixture of 2a (0.3 mmol), CuCl2 (5.0 equiv) and MeCN (4 mL) were added to a 50 mL 

schlenk tube. The tube was evacuated and backfilled with argon three times. The 

mixture was stired at 80 oC for 48 h. The solvent was then removed under vacuo. After 

removing the solvent under vacuo, the residue was purified with chromatography 

column on silica gel (gradient eluent of EtOAc/petroleum ether: 1/3 to 1/1) to give the 

corresponding product 5 in 82% yield.   

Procedure for the transformation of 2a to product 6:  

The mixture of 2a (0.3 mmol), Zn (11.0 equiv), In (20 mol%) and EtOH/saturated 

NH4Cl(aq) (v/v = 2:1)(2 mL) were added to a 10 mL round bottom flask which was 

equiped with a condenser pipe. The mixture was stired at 80 oC for 24 h. Upon 

completion of the reaction, the mixture was diluted with EtOAc. Organic layer was 

washed with saturated brine solution and dried over anhydrous MgSO4. The solvent was 

then removed under vacuo. After removing the solvent under vacuo, the residue was 

purified with chromatography column on silica gel (gradient eluent of EtOAc/petroleum 

ether: 1/1 to 2/1) to give the corresponding product 6 in 92% yield.5 

Control experiments:  

TEMPO inhibiting experiment: 

 

1a (0.30 mmol, 1.0 equiv), CuCl (5 mol%), TEMPO (3.0 equiv) and MeCN (3 mL) were 

added to a 25 mL round bottom flask which was equiped with a condenser pipe. The 
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mixture was stired at 80 oC open to air for 10 h. The solvent was then removed under 

vacuo. After removing the solvent under vacuo, the residue was purified with 

chromatography column on silica gel (gradient eluent of EtOAc/petroleum ether: 1/3 to 

1/1) to give the corresponding product 2a in 34% yield, with 55% of 1a being recovered. 

Control experiment under argon atmosphere: 

 

1a (0.30 mmol, 1.0 equiv), CuCl (5 mol%) and MeCN (3 mL) were added to a 50 mL 

schlenk tube. The tube was evacuated and backfilled with argon three times. The 

mixture was stired at 80 oC for 10 h. The solvent was then removed under vacuo. After 

removing the solvent under vacuo, the residue was purified with chromatography 

column on silica gel (gradient eluent of EtOAc/petroleum ether: 1/3 to 1/1) to give the 

corresponding product 2a in 0% yield, with 95% of 1a being recovered. 

Control experiment with superstoichiometric CuCl2 as oxidant: 

 

1a (0.30 mmol, 1.0 equiv), CuCl2 (2.5 equiv) and MeCN (3 mL) were added to a 50 mL 

schlenk tube. The tube was evacuated and backfilled with argon three times. The 

mixture was stired at 80 oC for 10 h. The solvent was then removed under vacuo. After 

removing the solvent under vacuo, the residue was purified with chromatography 

column on silica gel (gradient eluent of EtOAc/petroleum ether: 1/3 to 1/1) to give the 

corresponding product 2a in 3% yield and compound 7 in 29% yield, with 48% of 1a 

being recovered. 

Control experiment by using HRMS to detect the reaction system: 

3a (0.40 mmol, 1.0 equiv), CuCl (5 mol%) and MeCN (4 mL) were added to a 25 mL round 
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bottom flask which were equiped with a condenser pipe. The mixture was stired at 80 oC 

open to air for 16 h. The solvent was removed, and the residue purified by flash column 

chromatography on silica gel. Before separation by using flash column chromatography, 

the reaction mixture was detected by high resolution mass spectrometry (HRMS) to 

confirm compound 8 and 9. The result is outlined below (Figure S1 and Figure S2). 

 
Figure S1. The HRMS spectrum of compound 8. 

 

Figure S2. The HRMS spectrum of compound 9. 
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The 18O-labeling experiment: 
18O2 -labeling experiment: 

 

3a (0.30 mmol, 1.0 equiv), CuCl (5 mol%) and MeCN (3 mL) were added to a 50 mL 

schlenk tube. The tube was evacuated and backfilled with argon five times. The tube is 

then evacuated again and filled with 18O2. The tube was closed and the reaction mixture 

was stired at 80 oC for 16 h. The solvent was removed, and the residue purified by flash 

column chromatography on silica gel. Before separation by using flash column 

chromatography, the reaction mixture was detected by high resolution mass 

spectrometry. The result is outlined below (Figure S3). 

 
Figure S3. The HRMS spectrum of the reaction under 18O2. 
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H218O -labeling experiment: 

 

3a (0.20 mmol, 1.0 equiv), H218O (20.0 equiv), CuCl (5 mol%) and MeCN (2 mL) were 

added to a 10 mL round bottom flask which were equiped with a condenser pipe and a 

drying pipe. The mixture was stired at 80 oC open to air for 17 h. The solvent was 

removed, and the residue purified by flash column chromatography on silica gel. Before 

separation by using flash column chromatography, the reaction mixture was detected by 

high resolution mass spectrometry. The result is outlined below (Figure S4). 

 
Figure S4. The HRMS spectrum of the reaction with H218O. 
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The kinetic isotope effect experiment: 

 

1a (0.20 mmol, 0.5 equiv), [D5]-1a (0.20 mmol, 0.5 equiv), CuCl (0.02 mmol, 0.05 equiv) 

and MeCN (4 mL) were added to a 25 mL round bottom flask which was equiped with a 

condenser pipe. The mixture was stired at 80 oC open to air for 1 h. The solvent was 

removed, and the residue purified by flash column chromatography on silica gel. The 

ratio of 2a/[D4]-2a in the crude mixture of products was determined to be 1.07 by 1H 

NMR (Figure S5). 

 
Figure S5. The 1H NMR spectrum of the kinetic isotope effect experiment. 

 

Control experiment to study the necessity of the N-O linkage in the substrates: 
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Compound 10 (0.30 mmol, 1.0 equiv) which was synthesized according to the 

literature,6 CuCl (5 mol%) and MeCN (3 mL) were added to a 25 mL round bottom flask 

which was equiped with a condenser pipe. The mixture was stired at 80 oC open to air 

for 10 h. The solvent was then removed under vacuo. After removing the solvent under 

vacuo, the residue was purified with chromatography column on silica gel (gradient 

eluent of EtOAc/petroleum ether: 1/5 to 1/3) to give the corresponding product 11 in 

0% yield, with 100% of 10 being recovered. Furthermore, when the reaction was 

conducted at 120 oC in DMF, the same result was obtained. 

General procedure of the EPR experiments: 

A) and B): 2,2-dimethyl-3,4-dihydro-2H-pyrrole 1-oxide (DMPO) (0.20 mmol, 1.0 equiv), 

CuCl (0.05 equiv) and MeCN (2 mL) were added to a 10 mL round bottom flask which 

was equiped with a condenser pipe. The mixture was stired at 80 oC open to air. The 

examples for ESR detection were collected once per hour during the reaction. The EPR 

spectrum is shown in Figure S6A. The enlargement of the triple signal in box of A is 

shown in Figure S6B. This triplet signal (aN = 13.98 G and g = 2.0056) was attributed to a 

nitroxyl radical which was derived from the decomposition of the adducts of CuOO· and 

DMPO.7 

C): 1a (0.20 mmol, 1.0 equiv), DMPO (1.0 equiv), CuCl (0.05 equiv) and MeCN (2 mL) 

were added to a 10 mL round bottom flask which was equiped with a condenser pipe. 

The mixture was stired at 80 oC open to air. The examples for ESR detection were 

collected once per hour during the reaction. The EPR spectrum is shown in Figure S6C. 

Data analysis suggests that an in situ generated N-centered radical is promptly trapped 

by DMPO to produce the metastable radical RN (aN1 = 13.73 G, aH = 16.59 G, aN2 = 2.86 G, 

and g = 2.0058), which is consistent with the previous report.8 The examples for ESR 

detection were also detected by HRMS and the results are shown in Figure S7 and Figure 

S8. 

D): The simulated EPR spectrum of radical RN is shown in Figure S6D. 
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Figure S6. Electron paramagnetic resonance (EPR) spectra (X band, 9.4 GHz, rt) of (A) 

reaction mixture of CuCl and DMPO in MeCN under air at 80 oC; (B) the enlargement of 

the triple signal in box of A); (C) reaction mixture of 1a, CuCl, and DMPO in MeCN under 

air at 80 °C; (D) simulated spectrum of trapping the in situ formed N-centered radical. 

 

 
Figure S7. The HRMS spectrum of radical trapping experiments. 
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Figure S8. The HRMS spectrum of radical trapping experiments. 

 

A plausible mechanism for the generation of 4a’ from 3b:  

The aerobic demethylation has been reported by literature,9,10 however, the exact 

mechanism is still unclear. Herein, we provide a plausible mechanism for the generation 

of 4a’ from 3b as shown below.  
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Analytical data for new substrates: 

4-methyl-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1b) 
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Pale yellow solid; mp 68−70 oC; Rf = 0.13 (5:1 petroleum ether / ethyl acetate); 1297 mg, 

93% yield; 1H NMR (400 MHz, CDCl3): δ 9.85 (brs, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.35−7.33 

(m, 2H), 7.28−7.21 (m, 3H), 7.14 (d, J = 8.0 Hz, 2H), 4.17 (t, J = 6.8 Hz, 2H), 2.81 (t, J = 6.8 

Hz, 2H), 2.33 (s, 3H); 13C NMR (100.6 MHz, CDCl3): δ 166.7, 142.5, 131.5, 129.2, 128.7, 

128.1, 127.8, 127.1, 123.2, 85.9, 81.9, 74.3, 21.4, 19.4; ESI-HRMS: Calcd for 

C18H17NO2[M]: 279.1259, found 279.1258. 

4-methoxy-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1c) 

 

White solid; mp 82−84 oC; Rf = 0.13 (3:1 petroleum ether / ethyl acetate); 1239 mg, 84% 

yield; 1H NMR (400 MHz, CDCl3): δ 10.35 (brs, 1H), 7.77 (d, J = 8.8 Hz, 2H), 7.34−7.32 (m, 

2H), 7.26−7.19 (m, 3H), 6.80 (d, J = 8.8 Hz, 2H), 4.16 (t, J = 7.2 Hz, 2H), 3.72 (s, 3H), 2.80 

(t, J = 6.8 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.3, 162.4, 131.4, 129.0, 128.0, 127.7, 

123.7, 123.2, 113.6, 85.9, 81.8, 74.1, 55.1, 19.3; ESI-HRMS: Calcd for C18H17NO3[M]: 

295.1208, found 295.1210. 

4-chloro-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1d) 

(the ratio of rotamers is 10:1) 

White solid; mp 72−74 oC; Rf = 0.25 (5:1 petroleum ether / ethyl acetate); 1061 mg, 71% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.39 (brs, 1H), 9.37 (brs, 1H), 7.77 (d, J = 8.8 Hz, 2H), 

7.68 (d, J = 8.8 Hz, 2H), 7.42−7.39 (m, 2H), 7.36−7.32 (m, 6H), 7.29−7.25 (m, 6H), 4.31 (t, 

J = 6.4 Hz, 2H), 4.21 (t, J = 6.4 Hz, 2H), 2.84 (t, J = 6.8 Hz, 4H); 13C NMR (100.6 MHz, 

CDCl3): δ 165.7, 155.5, 138.4, 136.5, 131.6, 130.1, 130.0, 129.1, 128.9, 128.6, 128.2, 

128.0, 127.9, 127.4, 127.1, 123.3, 123.0, 86.0, 85.9, 82.2, 81.9, 74.6, 71.9, 20.3, 19.6; 
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ESI-HRMS: Calcd for C17H14ClNO2[M]: 299.0713, found 299.0716. 

N-((4-phenylbut-3-yn-1-yl)oxy)-4-(trifluoromethyl)benzamide (1e) 

 (the ratio of rotamers is 9.5:1) 

White solid; mp 105−107 oC; Rf = 0.19 (5:1 petroleum ether / ethyl acetate); 1132 mg, 

68% yield; 1H NMR (400 MHz, CDCl3): δ 10.23 (brs, 2H), 7.95 (d, J = 8.0 Hz, 2H), 7.84 (d, J 

= 8.0 Hz, 2H), 7.63 (d, J = 8.0 Hz, 2H), 7.57 (d, J = 8.0 Hz, 2H), 7.41−7.39 (m, 2H), 

7.32−7.20 (m, 8H), 4.33 (t, J = 6.8 Hz, 2H), 4.21 (t, J = 6.4 Hz, 2H), 2.88−2.81 (m, 4H); 13C 

NMR (100.6 MHz, CDCl3): δ 165.3, 154.9, 134.8, 133.6 (q, 2JC,F = 33.2 Hz), 132.4, 132.0 (q, 

2JC,F = 32.2 Hz), 131.6, 131.5, 128.2, 128.0, 127.9, 127.7, 126.1, 125.5 (q, 3JC,F = 3.0 Hz), 

125.2 (q, 3JC,F = 3.0 Hz), 123.8 (q, 1JC,F = 272.8 Hz), 123.4 (q, 1JC,F = 272.6 Hz), 123.3, 123.0, 

86.0, 85.8, 82.2, 81.9, 74.5, 72.0, 20.2, 19.6; 19F NMR (376 MHz, CDCl3): δ -62.82, -63.06; 

ESI-HRMS: Calcd for C18H14F3NO2[M]: 333.0977, found 333.0976. 

4-cyano-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1f) 

 (the ratio of rotamers is 3.7:1) 

White solid; mp 113−115 oC; Rf = 0.15 (3:1 petroleum ether / ethyl acetate); 798 mg, 

55% yield; 1H NMR (400 MHz, CDCl3): δ 9.78 (brs, 1H), 7.94 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 

8.4 Hz, 2H), 7.76 (s, 1H), 7.67−7.62 (m, 4H), 7.41−7.38 (m, 2H), 7.34−7.31 (m, 2H), 

7.30−7.24 (m, 6H), 4.35 (t, J = 6.8 Hz, 2H), 4.22 (t, J = 6.4 Hz, 2H), 2.88−2.83 (m, 4H); 13C 

NMR (100.6 MHz, CDCl3): δ 164.4, 154.0, 135.4, 133.4, 132.2, 131.9, 131.4, 131.3, 128.1, 

127.93, 127.88, 127.8, 126.2, 123.1, 122.9, 118.4, 117.7, 115.2, 113.2, 85.8, 85.6, 82.1, 

81.8, 74.4, 72.0, 20.1, 19.4; ESI-HRMS: Calcd for C18H14N2O2[M]: 290.1055, found 

290.1059. 

4-nitro-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1g) 
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White solid; mp 134−136 oC; Rf = 0.10 (5:1 petroleum ether / ethyl acetate); 682 mg, 

44% yield; 1H NMR (400 MHz, DMSO–d6): δ 12.18 (brs, 1H), 8.30 (d, J = 8.4 Hz, 2H), 8.01 

(d, J = 8.4 Hz, 2H), 7.39−7.33 (m, 5H), 4.10 (t, J = 6.4 Hz, 2H), 2.85 (t, J = 5.6 Hz, 2H); 13C 

NMR (100.6 MHz, DMSO–d6): δ 162.8, 149.3, 138.0, 131.4, 128.8, 128.6, 128.2, 123.7, 

123.0, 87.5, 81.4, 73.4, 19.1; ESI-HRMS: Calcd for C17H14N2O4[M]: 310.0954, found 

310.0951. 

4-(N,N-dipropylsulfamoyl)-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1h) 

 (the ratio of rotamers is 12.5:1) 

White solid; mp 104−106 oC; Rf = 0.18 (3:1 petroleum ether / ethyl acetate); 1819 mg, 

85% yield; 1H NMR (400 MHz, CDCl3): � 10.51 (brs, 1H), 10.41 (brs, 1H), 7.96 (d, J = 8.4 Hz, 

2H), 7.87 (d, J = 8.8 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.41−7.38 (m, 

2H), 7.36−7.33 (m, 2H), 7.29−7.22 (m, 6H), 4.32 (t, J = 6.8 Hz, 2H), 4.22 (t, J = 6.8 Hz, 2H), 

3.08−3.01 (m, 8H), 2.85 (t, J = 6.8 Hz, 4H), 1.55−1.45 (m, 8H), 0.87−0.82 (m, 12H); 13C 

NMR (100.6 MHz, CDCl3): δ 164.9, 154.4, 142.8, 141.2, 135.2, 132.8, 131.4, 128.1, 128.0, 

127.8 126.9, 126.7, 126.2, 123.2, 123.0, 85.8, 85.6, 81.9, 81.8, 74.3, 71.9, 49.8, 21.7, 20.1, 

19.4, 10.9; ESI-HRMS: Calcd for C23H28N2O4S[M]: 428.1770, found 428.1764. 

3-methyl-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1i) 

 

Pale yellow solid; mp 63−65 oC; Rf = 0.17 (5:1 petroleum ether / ethyl acetate); 1088 mg, 

78% yield; 1H NMR (400 MHz, CDCl3): δ 9.74 (brs, 1H), 7.56−7.52 (m, 2H), 7.37−7.34 (m, 
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2H), 7.28−7.21 (m, 5H), 4.19 (t, J = 6.8 Hz, 2H), 2.82 (t, J = 6.8 Hz, 2H), 2.29 (s, 3H); 13C 

NMR (100.6 MHz, CDCl3): δ 166.8, 138.4, 132.7, 131.6, 131.5, 128.4, 128.1, 127.82, 

127.75, 124.1, 123.2, 85.9, 82.0, 74.3, 21.1, 19.5; ESI-HRMS: Calcd for C18H17NO2[M]: 

279.1259, found 279.1261. 

3-chloro-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1j) 

 

White solid; mp 81−83 oC; Rf = 0.16 (5:1 petroleum ether / ethyl acetate); 1121 mg, 75% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.76 (brs, 1H), 7.75−7.74 (m, 1H), 7.62 (d, J = 8.0 Hz, 

1H), 7.46−7.43 (m, 1H), 7.37−7.34 (m, 2H), 7.30 (d, J = 8.0 Hz, 1H), 7.28−7.25 (m, 3H), 

4.21 (t, J = 6.8 Hz, 2H), 2.84 (t, J = 6.4 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 165.3, 

134.7, 133.2, 132.1, 131.5, 129.9, 128.2, 128.0, 127.4, 125.3, 123.0, 85.8, 82.1, 74.5, 

19.6; ESI-HRMS: Calcd for C17H14ClNO2[M]: 299.0713, found 299.0714. 

2-methoxy-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1k) 

 

White solid; mp 54−56 oC; Rf = 0.18 (3:1 petroleum ether / ethyl acetate); 560 mg, 38% 

yield; 1H NMR (400 MHz, CDCl3): δ 10.34 (brs, 1H), 8.20 (dd, J = 7.6 Hz, J = 1.6 Hz, 1H), 

7.49−7.45 (m, 1H), 7.40−7.36 (m, 2H), 7.29−7.26 (m, 3H), 7.12−7.08 (m, 1H), 6.95 (d, J = 

8.4 Hz, 1H), 4.25 (t, J = 6.8 Hz, 2H), 3.90 (s, 3H), 2.88 (t, J = 6.8 Hz, 2H); 13C NMR (100.6 

MHz, CDCl3): δ 164.3, 156.9, 133.3, 132.1, 131.5, 128.1, 127.8, 123.3, 121.4, 119.3, 111.1, 

85.7, 81.8, 74.1, 55.9, 19.4; ESI-HRMS: Calcd for C18H17NO3[M]: 295.1208, found 

295.1204. 

2-chloro-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1l) 

 

Pale yellow oil; Rf = 0.09 (5:1 petroleum ether / ethyl acetate); 688 mg, 46% yield; 1H 

NMR (400 MHz, CDCl3): δ 9.47 (brs, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.38−7.30 (m, 4H), 
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7.26−7.21 (m, 4H), 4.19 (t, J = 6.8 Hz, 2H), 2.83 (t, J = 6.8 Hz, 2H); 13C NMR (100.6 MHz, 

CDCl3): δ 164.7, 132.1, 131.7, 131.5, 131.2, 130.0, 129.9, 128.1, 127.8, 126.8, 123.2, 85.5, 

82.0, 74.3, 19.3; ESI-HRMS: Calcd for C17H14ClNO2[M]: 299.0713, found 299.0711. 

2-hydroxy-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1m) 

 

White solid; mp 68−70 oC; Rf = 0.26 (5:1 petroleum ether / ethyl acetate); 984 mg, 70% 

yield; 1H NMR (400 MHz, CDCl3): � 11.45 (brs, 1H), 9.65 (brs, 1H), 7.39−7.35 (m, 4H), 

7.31−7.25 (m, 3H), 6.99 (d, J = 8.0 Hz, 1H), 6.77−6.73 (m, 1H), 4.21 (t, J = 6.8 Hz, 2H), 

2.84 (t, J = 6.8 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 168.9, 160.8, 134.8, 131.6, 128.2, 

128.0, 125.6, 123.0, 119.1, 118.5, 112.2, 85.7, 82.3, 74.8, 19.6; ESI-HRMS: Calcd for 

C17H15NO3[M]: 281.1052, found 281.1061. 

3,5-dimethoxy-N-((4-phenylbut-3-yn-1-yl)oxy)benzamide (1n) 

 
White solid; mp 83−85 oC; Rf = 0.19 (3:1 petroleum ether / ethyl acetate); 942 mg, 58% 

yield; 1H NMR (400 MHz, CDCl3): δ 10.17 (brs, 1H), 7.34−7.32 (m, 2H), 7.26−7.22 (m, 3H), 

6.90 (d, J = 1.2 Hz, 2H), 6.52 (s, 1H), 4.18 (t, J = 6.8 Hz, 2H), 3.71 (s, 6H), 2.81 (t, J = 6.8 Hz, 

2H); 13C NMR (100.6 MHz, CDCl3): δ 166.3, 160.6, 133.4, 131.4, 128.1, 127.7, 123.1, 

104.8, 104.2, 85.7, 81.9, 74.2, 55.3, 19.3; ESI-HRMS: Calcd for C19H19NO4[M]: 325.1314, 

found 325.1315. 

1-methyl-N-((4-phenylbut-3-yn-1-yl)oxy)-1H-indole-2-carboxamide (1o) 

 

Pale yellow solid; mp 101−103 oC; Rf = 0.14 (5:1 petroleum ether / ethyl acetate); 874 mg, 

55% yield; 1H NMR (400 MHz, CDCl3): δ 9.67 (brs, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 



 

S20 

6.8 Hz, 2H), 7.30−7.27 (m, 2H), 7.24−7.18 (m, 3H), 7.11−7.08 (m, 1H), 6.81 (s, 1H), 4.19 (t, 

J = 6.8 Hz, 2H), 3.89 (s, 3H), 2.82 (t, J = 6.8 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 162.0, 

139.0, 131.5, 128.1, 127.8, 125.7, 124.3, 123.1, 121.8, 120.4, 110.0, 105.0, 85.8, 82.0, 

74.5, 31.2, 19.4; ESI-HRMS: Calcd for C20H18N2O2[M]: 318.1368, found 318.1363. 

N-((4-phenylbut-3-yn-1-yl)oxy)thiophene-2-carboxamide (1p) 

 

Pale yellow solid; mp 79−81 oC; Rf = 0.24 (3:1 petroleum ether / ethyl acetate); 678 mg, 

50% yield; 1H NMR (400 MHz, CDCl3): δ 10.19 (brs, 1H), 7.75 (s, 1H), 7.46 (d, J = 4.8 Hz, 

1H), 7.36−7.33 (m, 2H), 7.27−7.20 (m, 3H), 7.01 (dd, J = 5.2 Hz, J = 4.0 Hz, 1H), 4.18 (t, J = 

7.2 Hz, 2H), 2.82 (t, J = 6.8 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 162.0, 134.6, 131.5, 

131.1, 128.1, 127.8, 127.6, 123.1, 85.7, 82.0, 74.5, 19.3; ESI-HRMS: Calcd for 

C15H13NO2S[M]: 271.0667, found 271.0665. 

N-((4-(p-tolyl)but-3-yn-1-yl)oxy)benzamide (1q) 

 

White solid; mp 93−95 oC; Rf = 0.13 (5:1 petroleum ether / ethyl acetate); 1242 mg, 89% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.95 (brs, 1H), 7.76−7.74 (m, 2H), 7.48−7.44 (m, 1H), 

7.36−7.33 (m, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 4.17 (t, J = 6.8 Hz, 2H), 

2.81 (t, J = 6.8 Hz, 2H), 2.31 (s, 3H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 137.8, 132.0, 

131.5, 131.4, 128.9, 128.5, 127.1, 120.0, 85.0, 82.0, 74.4, 21.3, 19.4; ESI-HRMS: Calcd for 

C18H17NO2[M]: 279.1259, found 279.1255. 

N-((4-(4-methoxyphenyl)but-3-yn-1-yl)oxy)benzamide (1r) 

 

Pale yellow solid; mp 53−55 oC; Rf = 0.22 (3:1 petroleum ether / ethyl acetate); 1224 mg, 
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83% yield; 1H NMR (400 MHz, CDCl3): δ 9.65 (brs, 1H), 7.74 (d, J = 7.2 Hz, 2H), 7.50 7.46 

(m, 1H), 7.38 7.33 (m, 2H), 7.29 (d, J = 8.8 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 4.19 (t, J = 6.8 

Hz, 2H), 3.77 (s, 3H), 2.82 (t, J = 6.8 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 159.2, 

132.9, 132.0, 131.6, 128.6, 127.1, 115.3, 113.8, 84.3, 81.8, 74.5, 55.2, 19.5; ESI-HRMS: 

Calcd for C18H17NO3[M]: 295.1208, found 295.1209. 

N-((4-(4-chlorophenyl)but-3-yn-1-yl)oxy)benzamide (1s) 

 

White solid; mp 99−101 oC; Rf = 0.13 (5:1 petroleum ether / ethyl acetate); 1151 mg, 

77% yield; 1H NMR (400 MHz, CDCl3): δ 10.16 (brs, 1H), 7.76 (d, J = 7.2 Hz, 2H), 7.48−7.42 

(m, 1H), 7.36−7.32 (m, 2H), 7.24 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 4.16 (t, J = 6.8 

Hz, 2H), 2.80 (t, J = 6.8 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 133.7, 132.7, 132.0, 

131.5, 128.5, 128.4, 127.1, 121.6, 86.9, 80.8, 74.1, 19.4; ESI-HRMS: Calcd for 

C17H14ClNO2[M]: 299.0713, found 299.0720. 

N-((4-(4-bromophenyl)but-3-yn-1-yl)oxy)benzamide (1t) 

 

Pale yellow solid; mp 114−116 oC; Rf = 0.11 (5:1 petroleum ether / ethyl acetate); 1252 

mg, 73% yield; 1H NMR (400 MHz, CDCl3): δ 9.61 (brs, 1H), 7.76−7.74 (m, 2H), 7.52−7.48 

(m, 1H), 7.40−7.36 (m, 4H), 7.19 (d, J = 8.4 Hz, 2H), 4.19 (t, J = 6.8 Hz, 2H), 2.82 (t, J = 6.8 

Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.7, 133.0, 132.1, 131.5, 131.4, 128.6, 127.1, 

122.1, 122.0, 87.2, 81.0, 74.2, 19.5; ESI-HRMS: Calcd for C17H14BrNO2[M]: 343.0208, 

found 343.0205. 

N-((4-(3-methoxyphenyl)but-3-yn-1-yl)oxy)benzamide (1u) 
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Pale yellow oil; Rf = 0.18 (3:1 petroleum ether / ethyl acetate); 1195 mg, 81% yield; 1H 

NMR (400 MHz, CDCl3): δ 9.54 (brs, 1H), 7.74 (d, J = 7.2 Hz, 2H), 7.51−7.47 (m, 1H), 

7.39−7.35 (m, 2H), 7.19−7.15 (m, 1H), 6.96 (d, J = 7.6 Hz, 1H), 6.90 (s, 1H), 6.84 (dd, J = 

8.4 Hz, J = 2.4 Hz, 1H), 4.21 (t, J = 6.8 Hz, 2H), 3.75 (s, 3H), 2.84 (t, J = 6.8 Hz, 2H); 13C 

NMR (100.6 MHz, CDCl3): δ 166.6, 159.1, 132.1, 131.6, 129.2, 128.6, 127.1, 124.14, 

124.07, 116.3, 114.5, 85.8, 82.0, 74.4, 55.2, 19.5; ESI-HRMS: Calcd for C18H17NO3[M]: 

295.1208, found 295.1213. 

N-((4-(o-tolyl)but-3-yn-1-yl)oxy)benzamide (1v) 

 

White solid; mp 49−51 oC; Rf = 0.15 (5:1 petroleum ether / ethyl acetate); 1200 mg, 86% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.38 (brs, 1H), 7.74−7.72 (m, 2H), 7.51−7.47 (m, 1H), 

7.39−7.32 (m, 3H), 7.20−7.15 (m, 2H), 7.10−7.06 (m, 1H), 4.22 (t, J = 6.8 Hz, 2H), 2.89 (t, J 

= 6.8 Hz, 2H), 2.38 (s, 3H); 13C NMR (100.6 MHz, CDCl3): δ 166.7, 140.0, 132.1, 131.8, 

131.6, 129.3, 128.6, 127.9, 127.1, 125.4, 122.9, 89.6, 81.0, 74.6, 20.6, 19.7; ESI-HRMS: 

Calcd for C18H17NO2[M]: 279.1259, found 279.1253. 

N-((4-(3,5-dimethylphenyl)but-3-yn-1-yl)oxy)benzamide (1w) 

 

White solid; mp 113−115 oC; Rf = 0.16 (5:1 petroleum ether / ethyl acetate); 1304 mg, 

89% yield; 1H NMR (400 MHz, CDCl3): δ 9.26 (brs, 1H), 7.74 (d, J = 7.2 Hz, 2H), 7.52−7.48 

(m, 1H), 7.40−7.36 (m, 2H), 6.99 (s, 2H), 6.92 (s, 1H), 4.22 (t, J = 6.8 Hz, 2H), 2.84 (t, J = 
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6.4 Hz, 2H), 2.25 (s, 6H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 137.8, 132.1, 131.7, 129.9, 

129.3, 128.6, 127.1, 122.7, 85.2, 82.4, 74.6, 21.0, 19.7; ESI-HRMS: Calcd for 

C19H19NO2[M]: 293.1416, found 293.1418. 

N-((4-(naphthalen-1-yl)but-3-yn-1-yl)oxy)benzamide (1x) 

 
Pale yellow solid; mp 95−96 oC; Rf = 0.14 (5:1 petroleum ether / ethyl acetate); 1292 mg, 

82% yield; 1H NMR (400 MHz, CDCl3): δ 9.48 (brs, 1H), 8.30 (d, J = 8.0 Hz, 1H), 7.83−7.77 

(m, 2H), 7.73−7.71 (m, 2H), 7.58 (d, J = 6.4 Hz, 1H), 7.54−7.43 (m, 3H), 7.38−7.29 (m, 3H), 

4.30 (t, J = 6.8 Hz, 2H), 2.99 (t, J = 6.8 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.8, 

133.4, 133.1, 132.2, 131.6, 130.3, 128.7, 128.5, 128.3, 127.2, 126.8, 126.4, 126.1, 125.2, 

120.9, 91.0, 80.2, 74.7, 20.0; ESI-HRMS: Calcd for C21H17NO2[M]: 315.1259, found 

315.1254. 

N-((4-(thiophen-2-yl)but-3-yn-1-yl)oxy)benzamide (1y) 

 
Pale yellow solid; mp 104−106 oC ; Rf = 0.12 (5:1 petroleum ether / ethyl acetate); 650 

mg, 48% yield; 1H NMR (400 MHz, CDCl3): δ 9.57 (brs, 1H), 7.76−7.74 (m, 2H), 7.52−7.48 

(m, 1H), 7.40−7.36 (m, 2H), 7.18 (dd, J = 5.2 Hz, J = 1.2 Hz, 1H), 7.11 (d, J = 3.2 Hz, 1H), 

6.92 (dd, J = 5.2 Hz, J = 3.6 Hz, 1H), 4.19 (t, J = 6.8 Hz, 2H), 2.86 (t, J = 6.8 Hz, 2H); 13C 

NMR (100.6 MHz, CDCl3): δ 166.7, 132.1, 131.6, 128.6, 127.1, 126.8, 126.4, 123.2, 90.0, 

75.2, 74.1, 19.8; ESI-HRMS: Calcd for C15H13NO2S[M]: 271.0667, found 271.0663. 

N-(hept-3-yn-1-yloxy)benzamide (1z) 

 

Colourless oil; Rf = 0.22 (5:1 petroleum ether / ethyl acetate); 1097 mg, 95% yield; 1H 
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NMR (400 MHz, CDCl3): δ 9.52 (brs, 1H), 7.76−7.74 (m, 2H), 7.53−7.49 (m, 1H), 7.43−7.39 

(m, 2H), 4.09 (t, J = 6.8 Hz, 2H), 2.62−2.57 (m, 2H), 2.12−2.07 (m, 2H), 1.52−1.42 (m, 2H), 

0.94 (t, J = 7.6 Hz, 3H); 13C NMR (100.6 MHz, CDCl3): δ 166.5, 132.0, 131.7, 128.6, 127.1, 

82.0, 75.9, 74.8, 22.2, 20.6, 18.8, 13.4; ESI-HRMS: Calcd for C14H17NO2[M]: 231.1259, 

found 231.1254. 

N-(oct-3-yn-1-yloxy)benzamide (1aa) 

 

Colourless oil; Rf = 0.29 (5:1 petroleum ether / ethyl acetate); 1090 mg, 89% yield; 1H 

NMR (400 MHz, CDCl3): δ 9.52 (brs, 1H), 7.76−7.74 (m, 2H), 7.53−7.49 (m, 1H), 7.43−7.39 

(m, 2H), 4.09 (t, J = 6.8 Hz, 2H), 2.61−2.56 (m, 2H), 2.14−2.10 (m, 2H), 1.47−1.32 (m, 4H), 

0.88 (t, J = 7.2 Hz, 3H); 13C NMR (100.6 MHz, CDCl3): δ 166.5, 132.0, 131.7, 128.6, 127.1, 

82.1, 75.7, 74.9, 30.9, 21.9, 18.8, 18.3, 13.6; ESI-HRMS: Calcd for C15H19NO2[M]: 

245.1416, found 245.1415. 

N-(dec-3-yn-1-yloxy)benzamide (1ab) 

 

Colourless oil; Rf = 0.26 (5:1 petroleum ether / ethyl acetate); 1242 mg, 91% yield; 1H 

NMR (400 MHz, CDCl3): δ 9.44 (brs, 1H), 7.76−7.74 (m, 2H), 7.53−7.49 (m, 1H), 7.43−7.39 

(m, 2H), 4.09 (t, J = 7.2 Hz, 2H), 2.62−2.57 (m, 2H), 2.14−2.09 (m, 2H), 1.48−1.41 (m, 2H), 

1.37−1.21 (m, 6H), 0.88 (t, J = 6.8 Hz, 3H); 13C NMR (100.6 MHz, CDCl3): δ 166.5, 132.0 

131.7, 128.6, 127.1, 82.2, 75.8, 74.9, 31.3, 28.8, 28.5, 22.5, 18.8, 18.7, 14.0; ESI-HRMS: 

Calcd for C17H23NO2[M]: 273.1729, found 273.1727. 

N-((4-(trimethylsilyl)but-3-yn-1-yl)oxy)benzamide (1ac) 

 
White solid; mp 75−77 oC; Rf = 0.47 (3:1 petroleum ether / ethyl acetate); 1096 mg, 84% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.82 (brs, 1H), 7.78−7.76 (m, 2H), 7.55−7.50 (m, 1H), 
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7.44−7.40 (m, 2H), 4.13 (t, J = 7.2 Hz, 2H), 2.69 (t, J = 6.8 Hz, 2H), 0.15 (s, 9H); 13C NMR 

(100.6 MHz, CDCl3): δ 166.6, 132.0, 131.7, 128.6, 127.1, 102.7, 86.5, 74.3, 20.0, -0.07; 

ESI-HRMS: Calcd for C14H19NO2Si[M]: 261.1185, found 261.1195. 

N-(but-3-yn-1-yloxy)benzamide (1ad) 

 

White solid; mp 61−63 oC; Rf = 0.12 (5:1 petroleum ether / ethyl acetate); 737 mg, 78% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.60 (brs, 1H), 7.76−7.74 (m, 2H), 7.54−7.50 (m, 1H), 

7.43−7.39 (m, 2H), 4.13 (t, J = 6.8 Hz, 2H), 2.62 (td, J = 6.8 Hz, J = 2.8 Hz, 2H), 2.03 (t, J = 

2.4 Hz, 1H); 13C NMR (100.6 MHz, CDCl3): δ 166.8, 132.1, 131.5, 128.6, 127.1, 80.4, 74.1, 

70.0, 18.5; ESI-HRMS: Calcd for C11H11NO2[M]: 189.0790, found 189.0788. 

N-((4-((8R,9S,13S,14S)-3-methoxy-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decahy
dro-6H-cyclopenta[a]phenanthren-2-yl)but-3-yn-1-yl)oxy)benzamide (1ae) 

 

White solid; mp 144−146 oC; Rf = 0.33 (1:1 petroleum ether / ethyl acetate); 1554 mg, 

66% yield; 1H NMR (400 MHz, CDCl3): δ 10.04 (brs, 1H), 7.75−7.73 (m, 2H), 7.49−7.45 (m, 

1H), 7.36−7.32 (m, 2H), 7.26 (s, 1H), 6.53 (s, 1H), 4.24 (t, J = 6.4 Hz, 2H), 3.66 (s, 3H), 

2.90−2.86 (m, 4H), 2.52−2.45 (m, 1H), 2.32−2.29 (m, 1H), 2.18−2.08 (m, 2H), 2.05−1.97 

(m, 2H), 1.92−1.89 (m, 1H), 1.63−1.49 (m, 2H), 1.48−1.35 (m, 4H), 0.88 (s, 3H); 13C NMR 

(75.4 MHz, CDCl3): δ 220.8, 166.2, 157.6, 138.1, 131.94, 131.86, 131.7, 130.4, 128.4, 

127.1, 110.8, 109.5, 89.4, 78.7, 74.7, 55.4, 50.2, 47.8, 43.5, 38.0, 35.7, 31.4, 29.7, 26.3, 

25.7, 21.4, 20.2, 13.7; ESI-HRMS: Calcd for C30H33NO4[M]: 471.2410, found 471.2412. 

N-((5-(o-tolyl)pent-4-yn-1-yl)oxy)benzamide (3e) 
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White solid; mp 62−64 oC; Rf = 0.13 (5:1 petroleum ether / ethyl acetate); 1143 mg, 78% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.89 (brs, 1H), 7.74 (d, J = 7.2 Hz, 2H), 7.46−7.42 (m, 

1H), 7.36−7.32 (m, 3H), 7.17−7.13 (m, 2H), 7.10−7.05 (m, 1H), 4.14 (t, J = 6.4 Hz, 2H), 

2.57 (t, J = 7.2 Hz, 2H), 2.37 (s, 3H), 1.99−1.93 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 

166.5, 139.8, 131.8, 131.7, 129.2, 128.4, 127.6, 127.1, 125.3, 123.3, 93.0, 79.9, 75.2, 27.3, 

20.6, 16.1; ESI-HRMS: Calcd for C19H19NO2[M]: 293.1416, found 293.1412. 

N-((5-(3-methoxyphenyl)pent-4-yn-1-yl)oxy)benzamide (3f) 

 

Pale yellow oil; Rf = 0.10 (5:1 petroleum ether / ethyl acetate); 1267 mg, 82% yield; 1H 

NMR (400 MHz, CDCl3): δ 9.34 (brs, 1H), 7.74−7.72 (m, 2H), 7.51−7.47 (m, 1H), 7.40−7.36 

(m, 2H), 7.20−7.16 (m, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.92 (d, J = 2.4 Hz, 1H), 6.83 (dd, J = 

8.4 Hz, J = 2.8 Hz, 1H), 4.16 (t, J = 6.4 Hz, 2H), 3.76 (s, 3H), 2.57 (t, J = 7.2 Hz, 2H), 

2.02−1.95 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 159.2, 132.0, 131.8, 129.2, 

128.6, 127.0, 124.6, 124.0, 116.3, 114.2, 89.0, 81.0, 75.4, 55.2, 27.1, 16.0; ESI-HRMS: 

Calcd for C19H19NO3[M]: 309.1365, found 309.1369. 

N-((5-(p-tolyl)pent-4-yn-1-yl)oxy)benzamide (3g) 

 

White solid; mp 82−84 oC; Rf = 0.12 (5:1 petroleum ether / ethyl acetate); 1348 mg, 92% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.71 (brs, 1H), 7.74−7.72 (m, 2H), 7.48−7.44 (m, 1H), 

7.37−7.34 (m, 2H), 7.26 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 4.13 (t, J = 6.0 Hz, 2H), 

2.53 (t, J = 7.2 Hz, 2H), 2.31 (s, 3H), 1.98−1.91 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 

166.5, 137.6, 131.9, 131.7, 131.3, 128.9, 128.5, 127.1, 120.4, 88.3, 81.1, 75.3, 27.2, 21.3, 

16.0; ESI-HRMS: Calcd for C19H19NO2[M]: 293.1416, found 293.1415. 

N-((5-(4-methoxyphenyl)pent-4-yn-1-yl)oxy)benzamide (3h)  
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White solid; mp 84−86 oC; Rf = 0.08 (5:1 petroleum ether / ethyl acetate); 1390 mg, 90% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.35 (brs, 1H), 7.73 (d, J = 7.2 Hz, 2H), 7.51−7.47 (m, 

1H), 7.40−7.36 (m, 2H), 7.31 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 8.4 Hz, 2H), 4.16 (t, J = 6.0 Hz, 

2H), 3.78 (s, 3H), 2.55 (t, J = 6.8 Hz, 2H), 2.01−1.94 (m, 2H); 13C NMR (100.6 MHz, CDCl3): 

δ 166.6, 159.0, 132.8, 132.0, 131.8, 128.6, 127.0, 115.6, 113.8, 87.5, 80.8, 75.4, 55.2, 

27.2, 16.0; ESI-HRMS: Calcd for C19H19NO3[M]: 309.1365, found 309.1363. 

N-((5-(4-chlorophenyl)pent-4-yn-1-yl)oxy)benzamide (3i) 

 
White solid; mp 124−126 oC; Rf = 0.12 (5:1 petroleum ether / ethyl acetate); 1299 mg, 

83% yield; 1H NMR (400 MHz, CDCl3): δ 9.35 (brs, 1H), 7.75−7.72 (m, 2H), 7.52−7.48 (m, 

1H), 7.41−7.37 (m, 2H), 7.31−7.27 (m, 2H), 7.24−7.22 (m, 2H), 4.16 (t, J = 6.4 Hz, 2H), 

2.57 (t, J = 6.8 Hz, 2H), 2.01−1.95 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 133.5, 

132.7, 132.0, 131.7, 128.6, 128.4, 127.0, 122.0, 90.1, 80.0, 75.2, 27.0, 16.0; ESI-HRMS: 

Calcd for C18H16ClNO2[M]: 313.0870, found 313.0876. 

N-((5-(4-bromophenyl)pent-4-yn-1-yl)oxy)benzamide (3j) 

 
White solid; mp 140−142 oC; Rf = 0.11 (5:1 petroleum ether / ethyl acetate); 1428 mg, 

80% yield; 1H NMR (400 MHz, CDCl3): δ 9.10 (brs, 1H), 7.74−7.72 (m, 2H), 7.53−7.50 (m, 

1H), 7.43−7.39 (m, 4H), 7.27−7.22 (m, 2H), 4.17 (t, J = 6.0 Hz, 2H), 2.58 (t, J = 7.2 Hz, 2H), 

2.03−1.96 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.7, 133.0, 132.1, 131.8, 131.4, 

128.7, 127.0, 122.5, 121.8, 90.4, 80.2, 75.4, 27.0. 16.1; ESI-HRMS: Calcd for 

C18H16BrNO2[M]: 357.0364, found 357.0354. 
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N-((5-(4-(trifluoromethyl)phenyl)pent-4-yn-1-yl)oxy)benzamide (3k) 

 
White solid; mp 144−145 oC; Rf = 0.10 (5:1 petroleum ether / ethyl acetate); 1336 mg, 

77% yield; 1H NMR (400 MHz, CDCl3): δ 9.12 (brs, 1H), 7.74 (d, J = 7.2 Hz, 2H), 7.53−7.46 

(m, 5H), 7.43−7.39 (m, 2H), 4.18 (t, J = 6.0 Hz, 2H), 2.62 (t, J = 6.8 Hz, 2H), 2.05−1.98 (m, 

2H); 13C NMR (100.6 MHz, CDCl3): δ 166.8, 132.1, 131.8, 129.4 (q, 2JC,F = 32.2 Hz), 128.7, 

127.5, 127.0, 125.1 (q, 3JC,F = 3.0 Hz), 123.9 (q, 1JC,F = 271.6 Hz), 91.9, 80.0, 75.3, 27.0, 

16.1; 19F NMR (376 MHz, CDCl3): δ -62.70; ESI-HRMS: Calcd for C19H16F3NO2[M]: 

347.1133, found 347.1135. 

N-((5-(3,5-dimethylphenyl)pent-4-yn-1-yl)oxy)benzamide (3l) 

 

Pale yellow oil; Rf = 0.14 (5:1 petroleum ether / ethyl acetate); 1397 mg, 91% yield; 1H 

NMR (400 MHz, CDCl3): δ 9.31 (brs, 1H), 7.73 (d, J = 7.6 Hz, 2H), 7.51−7.47 (m, 1H), 

7.40−7.36 (m, 2H), 7.01 (s, 2H), 6.90 (s, 1H), 4.16 (t, J = 6.4 Hz, 2H), 2.56 (t, J = 6.8 Hz, 2H), 

2.25 (s, 6H), 2.01−1.94 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 137.7, 132.0, 

131.8, 129.6, 129.2, 128.6, 127.1, 123.1, 88.4, 81.4, 75.4, 27.2, 21.0, 16.0; ESI-HRMS: 

Calcd for C20H21NO2[M]: 307.1572, found 307.1575. 

N-((5-(naphthalen-1-yl)pent-4-yn-1-yl)oxy)benzamide (3m) 

  

White solid; mp 84−86 oC; Rf = 0.14 (5:1 petroleum ether / ethyl acetate); 1217 mg, 74% 

yield; 1H NMR (400 MHz, CDCl3): δ 9.41 (brs, 1H), 8.31 (d, J = 8.4 Hz, 1H), 7.81 (d, J = 7.6 

Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 7.2 Hz, 1H), 7.54−7.42 
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(m, 3H), 7.38−7.31 (m, 3H), 4.22 (t, J = 6.4 Hz, 2H), 2.72 (t, J = 7.2 Hz, 2H), 2.10−2.04 (m, 

2H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 133.3, 133.1, 132.0, 131.7, 130.1, 128.5, 

128.2, 128.1, 127.0, 126.6, 126.2, 126.1, 125.2, 121.2, 94.2, 79.1, 75.4, 27.4, 16.4; 

ESI-HRMS: Calcd for C22H19NO2[M]: 329.1416, found 329.1413. 

N-((5-(thiophen-2-yl)pent-4-yn-1-yl)oxy)benzamide (3n) 

 

Pale yellow solid; mp 95−97 oC; Rf = 0.12 (5:1 petroleum ether / ethyl acetate); 741 mg, 

52% yield; 1H NMR (400 MHz, CDCl3): δ 9.48 (brs, 1H), 7.75−7.73 (m, 2H), 7.51−7.47 (m, 

1H), 7.40−7.36 (m, 2H), 7.16 (dd, J = 5.2 Hz, J = 0.8 Hz, 1H), 7.11 (d, J = 2.8 Hz, 1H), 6.92 

(dd, J = 5.2 Hz, J = 3.6 Hz, 1H), 4.13 (t, J = 6.0 Hz, 2H), 2.58 (t, J = 6.8 Hz, 2H), 2.00−1.93 

(m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 166.6, 132.0, 131.7, 131.1, 128.6, 127.1, 126.8, 

126.1, 123.6, 93.2, 75.2, 74.2, 27.0, 16.3; ESI-HRMS: Calcd for C16H15NO2S[M]: 285.0823, 

found 285.0829. 

Analytical data for products: 

4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2a) 

 

White solid; mp 210−212 oC; Rf = 0.29 (1:2 petroleum ether / ethyl acetate); 102 mg, 

97% yield; 1H NMR (400 MHz, CDCl3): δ 8.51 (d, J = 8.0 Hz, 1H), 7.54−7.43 (m, 5H), 

7.37−7.29 (m, 3H), 4.56 (t, J = 7.6 Hz, 2H), 3.38 (t, J = 7.6 Hz, 2H); 13C NMR (100.6 MHz, 

CDCl3): δ 153.7, 136.0, 134.8, 132.4, 131.5, 130.1, 128.8, 127.9, 127.2, 126.10, 126.06, 

124.6, 112.9, 69.4, 32.3; ESI-HRMS: Calcd for C17H13NO2[M]: 263.0946, found 263.0945. 

6-methyl-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2b) 



 

S30 

 

Pale yellow solid; mp 216−218 oC; Rf = 0.30 (1:2 petroleum ether / ethyl acetate); 100 mg, 

90% yield; 1H NMR (400 MHz, CDCl3): δ 8.41 (d, J = 8.4 Hz, 1H), 7.53−7.44 (m, 3H), 7.34 

(d, J = 6.8 Hz, 2H), 7.29 (d, J = 8.4 Hz, 1H) 7.13 (s, 1H), 4.56 (t, J = 7.2 Hz, 2H), 3.37 (t, J = 

7.6 Hz, 2H), 2.36 (s, 3H); 13C NMR (100.6 MHz, CDCl3): δ 153.8, 142.1, 136.2, 135.0, 132.4, 

130.2, 128.8, 127.9, 127.8, 127.2, 124.2, 123.9, 112.7, 69.5, 32.4, 21.8; ESI-HRMS: Calcd 

for C18H15NO2[M]: 277.1103, found 277.1100. 

6-methoxy-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2c) 

 

Pale yellow solid; mp 218−220 oC; Rf = 0.21 (1:2 petroleum ether / ethyl acetate); 82 mg, 

70% yield; 1H NMR (400 MHz, CDCl3): δ 8.44 (d, J = 8.8 Hz, 1H), 7.52−7.42 (m, 3H), 7.36 

(d, J = 7.2 Hz, 2H), 7.05 (dd, J = 8.8 Hz, J = 2.4 Hz, 1H), 6.72 (d, J = 2.4 Hz, 1H), 4.56 (t, J = 

7.6 Hz, 2H), 3.74 (s, 3H), 3.37 (t, J = 7.2 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 162.2, 

153.7, 138.2, 135.0, 133.1, 130.1, 129.3, 128.9, 128.0, 119.9, 115.0, 112.4, 106.4, 69.4, 

55.2, 32.5; ESI-HRMS: Calcd for C18H15NO3[M]: 293.1052, found 293.1059. 

6-chloro-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2d) 

 

Pale yellow solid; mp 248−250 oC; Rf = 0.32 (1:2 petroleum ether / ethyl acetate); 94 mg, 

79% yield; 1H NMR (400 MHz, CDCl3): δ 8.43 (d, J = 8.4 Hz, 1H), 7.55−7.46 (m, 3H), 
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7.43−7.39 (m, 1H), 7.36−7.31 (m, 3H), 4.60 (t, J = 7.6 Hz, 2H), 3.41 (t, J = 7.6 Hz, 2H); 13C 

NMR (100.6 MHz, CDCl3): δ 153.3, 138.3, 137.4, 134.1, 134.0, 130.1, 129.1, 129.0, 128.3, 

126.7, 124.4, 124.0, 112.1, 69.6, 32.5; ESI-HRMS: Calcd for C17H12ClNO2[M]: 297.0557, 

found 297.0565. 

4-phenyl-6-(trifluoromethyl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2e) 

 

Pale yellow solid; mp 228−230 oC; Rf = 0.35 (1:2 petroleum ether / ethyl acetate); 118 mg, 

89% yield; 1H NMR (400 MHz, CDCl3): δ 8.62 (d, J = 8.4 Hz, 1H), 7.67−7.64 (m, 2H), 

7.57−7.48 (m, 3H), 7.38−7.36 (m, 2H), 4.63 (t, J = 7.6 Hz, 2H), 3.46 (t, J = 7.6 Hz, 2H); 13C 

NMR (100.6 MHz, CDCl3): δ 153.0, 136.0, 134.2, 133.8, 133.2 (q, 2JC,F = 32.2 Hz), 130.0, 

129.2, 128.5, 128.4, 128.1, 123.6 (q, 1JC,F = 272.6 Hz), 122.2 (q, 3JC,F = 3.0 Hz), 121.9 (q, 

3JC,F = 4.0 Hz), 112.9, 69.7, 32.4; 19F NMR (376 MHz, CDCl3): δ -62.82; ESI-HRMS: Calcd for 

C18H12F3NO2[M]: 331.0820, found 331.0813. 

9-oxo-4-phenyl-3,9-dihydro-2H-isoxazolo[2,3-b]isoquinoline-6-carbonitrile (2f) 

 

Pale yellow solid; mp 214−216 oC; Rf = 0.30 (1:2 petroleum ether / ethyl acetate); 79 mg, 

69% yield; 1H NMR (400 MHz, CDCl3): δ 8.59 (d, J = 8.4 Hz, 1H), 7.69−7.64 (m, 2H), 

7.58−7.50 (m, 3H), 7.35−7.33 (m, 2H), 4.64 (t, J = 7.6 Hz, 2H), 3.46 (t, J = 7.6 Hz, 2H); 13C 

NMR (100.6 MHz, CDCl3): δ 152.7, 136.1, 134.8, 133.4, 130.0, 129.7, 129.3, 128.7, 128.5, 

128.4, 127.7, 118.1, 115.2, 112.2, 69.8, 32.4; ESI-HRMS: Calcd for C18H12N2O2[M]: 

288.0899, found 288.0891. 

6-nitro-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2g) 
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Yellow solid; mp 303−305 oC; Rf = 0.28 (1:2 petroleum ether / ethyl acetate); 71 mg, 58% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.70 (d, J = 8.4 Hz, 1H), 8.24−8.22 (m, 2H), 7.59−7.50 

(m, 3H), 7.37−7.35 (m, 2H), 4.65 (t, J = 8.0 Hz, 2H), 3.47 (t, J = 7.6 Hz, 2H); 13C NMR 

(100.6 MHz, CDCl3): δ 152.6, 150.0, 136.8, 135.3, 133.5, 130.1, 129.8, 129.6, 129.4, 

128.9, 120.4, 119.9, 113.1, 69.9, 32.6; ESI-HRMS: Calcd for C17H12N2O4[M]: 308.0797, 

found 308.0787. 

9-oxo-4-phenyl-N,N-dipropyl-3,9-dihydro-2H-isoxazolo[2,3-b]isoquinoline-6-sulfonamid

e (2h) 

 

Pale yellow solid; mp 160−162 oC; Rf = 0.30 (1:2 petroleum ether / ethyl acetate); 90 mg, 

53% yield; 1H NMR (300 MHz, CDCl3): δ 8.64 (d, J = 9.0 Hz, 1H), 7.84−7.82 (m, 2H), 

7.53−7.48 (m, 3H), 7.35−7.32 (m, 2H), 4.63 (t, J = 7.8 Hz, 2H), 3.45 (t, J = 7.8 Hz, 2H), 3.04 

(t, J = 7.5 Hz, 4H), 1.54−1.42 (m, 4H), 0.82 (t, J = 7.5 Hz, 6H); 13C NMR (75.4 MHz, CDCl3): 

δ 152.9, 143.2, 136.3, 134.4, 133.7, 129.9, 129.2, 128.7, 128.6, 128.1, 123.7, 123.4, 

113.0, 69.8, 49.6, 32.4, 21.6, 11.0; ESI-HRMS: Calcd for C23H26N2O4S[M]: 426.1613, found 

426.1610. 

7-methyl-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2i) 

5-methyl-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2i’) 
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White solid; Rf = 0.31 (1:2 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.46 (dd, J = 7.2 Hz, J = 2.0 Hz, 1H), 8.32 (s, 1H), 7.51−7.48 (m, 2H), 7.46−7.40 (m, 4H), 

7.37−7.29 (m, 8H), 4.56 (t, J = 7.6 Hz, 2H), 4.52 (t, J = 7.6 Hz, 2H), 3.38 (t, J = 7.6 Hz, 2H), 

3.22 (t, J = 7.6 Hz, 2H), 2.47 (s, 3H), 1.85 (s, 3H); 13C NMR (100.6 MHz, CDCl3); 13C NMR 

(100.6 MHz, CDCl3): δ 153.9, 153.7, 139.0, 136.3, 135.4, 134.9, 134.6, 134.1, 133.7, 

133.3, 133.0, 131.4, 130.1, 130.0, 128.7, 128.4, 127.8, 127.7, 127.2, 126.7, 125.92, 

125.88, 124.5, 112.92, 112.89, 69.5, 69.3, 32.9, 32.1, 23.8, 21.1; ESI-HRMS: Calcd for 

C18H15NO2[M]: 277.1103, found 277.1095. 

7-chloro-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2j) 

5-chloro-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2j’) 

        
White solid; Rf = 0.40 (1:2 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.49 (dd, J = 8.4 Hz, J = 1.2 Hz, 1H), 8.45 (d, J = 2.0 Hz, 1H), 7.56−7.48 (m, 2H), 7.46−7.43 

(m, 2H), 7.41−7.39 (m, 4H), 7.36−7.34 (m, 2H), 7.32−7.28 (m, 4H), 4.62−4.54 (m, 4H), 

3.42 (t, J = 7.6 Hz, 2H), 3.26 (t, J = 7.6 Hz, 2H); 13C NMR (100.6 MHz, CDCl3); 13C NMR 

(100.6 MHz, CDCl3): δ 152.9, 152.6, 137.4, 135.1, 134.9, 134.3, 134.2, 132.8, 132.29, 

132.26, 131.9, 130.3, 130.02, 130.01, 128.9, 128.4, 128.14, 128.11, 127.6, 127.0, 126.7, 

126.4, 126.3, 126.2, 112.5, 111.4, 69.7, 69.5, 33.0, 32.2; ESI-HRMS: Calcd for 

C17H12ClNO2[M]: 297.0557, found 297.0550. 

8-methoxy-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2k) 
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Pale yellow solid; mp 213−215 oC; Rf = 0.13 (ethyl acetate); 48 mg, 41% yield; 1H NMR 

(400 MHz, CDCl3): δ 7.51−7.47 (m, 2H), 7.45−7.40 (m, 2H), 7.33−7.28 (m, 2H), 6.90−6.86 

(m, 2H), 4.53 (t, J = 8.0 Hz, 2H), 4.02 (s, 3H), 3.34 (t, J = 7.6 Hz, 2H); 13C NMR (100.6 MHz, 

CDCl3): δ 161.1, 153.0, 139.4, 135.5, 133.2, 132.1, 130.3, 128.8, 127.9, 117.0, 115.7, 

111.9, 107.7, 69.0 56.4, 32.6; ESI-HRMS: Calcd for C18H15NO3[M]: 293.1052, found 

293.1043. 

8-chloro-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2l) 

 

White solid; mp 247−249 oC; Rf = 0.35 (1:2 petroleum ether / ethyl acetate); 42 mg, 35% 

yield; 1H NMR (400 MHz, CDCl3): δ 7.53−7.44 (m, 4H), 7.37−7.31 (m, 3H), 7.23 (dd, J = 8.4 

Hz, J = 1.2 Hz, 1H), 4.56 (t, J = 7.6 Hz, 2H), 3.36 (t, J = 7.6 Hz, 2H); 13C NMR (100.6 MHz, 

CDCl3): δ 152.5, 139.3, 135.4, 134.9, 133.7, 131.1, 130.3, 129.5, 129.0, 128.2, 123.9, 

122.5, 111.9, 69.2, 32.6; ESI-HRMS: Calcd for C17H12ClNO2[M]: 297.0557, found 

297.0551. 

8-hydroxy-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2m) 

 

White solid; mp 220−222 oC; Rf = 0.41 (1:1 petroleum ether / ethyl acetate); 71 mg, 64% 

yield; 1H NMR (400 MHz, CDCl3): δ 12.53 (brs, 1H), 7.52−7.42 (m, 3H), 7.41−7.37 (m, 1H), 
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7.34−7.32 (m, 2H), 6.86 (d, J = 7.6 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 4.58 (t, J = 7.6 Hz, 2H), 

3.36 (t, J = 7.6 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 161.3, 156.7, 137.4, 134.7, 133.6, 

131.9, 130.0, 128.9, 128.2, 114.8, 112.7, 112.0, 69.9, 32.1; ESI-HRMS: Calcd for 

C17H13NO3[M]: 279.0895, found 279.0898. 

5,7-dimethoxy-4-phenyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2n) 

 

Pale yellow solid; mp 145−147 oC; Rf = 0.22 (1:2 petroleum ether / ethyl acetate); 125 mg, 

97% yield; 1H NMR (400 MHz, CDCl3): δ 7.56 (d, J = 2.4 Hz, 1H), 7.38−7.29 (m, 3H), 

7.23−7.22 (m, 2H), 6.58 (d, J = 2.4 Hz, 1H), 4.53 (t, J = 7.6 Hz, 2H), 3.93 (s, 3H), 3.36 (s, 

3H), 3.23 (t, J = 7.6 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 158.8, 157.0, 152.9, 139.3, 

130.2, 129.0, 128.8, 127.4, 126.5, 120.9, 111.5, 103.8, 99.2, 69.6, 55.7, 55.3, 32.4; 

ESI-HRMS: Calcd for C19H17NO4[M]: 323.1158, found 323.1152. 

9-methyl-4-phenyl-3,9-dihydroisoxazolo[2',3':1,6]pyrido[3,4-b]indol-10(2H)-one (2o) 

 

Pale yellow solid; mp 205−207 oC; Rf = 0.21 (1:2 petroleum ether / ethyl acetate); 102 mg, 

81% yield; 1H NMR (400 MHz, CDCl3): δ 7.54−7.44 (m, 5H), 7.41−7.36 (m, 2H), 7.08 (d, J = 

8.0 Hz, 1H), 6.97−6.93 (m, 1H), 4.62 (t, J = 7.6 Hz, 2H), 4.32 (s, 3H), 3.39 (t, J = 7.6 Hz, 2H); 

13C NMR (100.6 MHz, CDCl3): δ 148.5, 141.2, 135.6, 129.7, 128.7, 128.1, 128.0, 126.7, 

126.1, 122.8, 122.4, 120.9, 119.5, 110.6, 109.7, 70.5, 31.6, 31.2; ESI-HRMS: Calcd for 

C20H16N2O2[M]: 316.1212, found 316.1208. 

4-phenyl-5,6-dihydro-9H-isoxazolo[2,3-a]thieno[3,2-d]pyridin-9-one (2p) 
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Pale yellow solid; mp 235−237 oC; Rf = 0.24 (1:2 petroleum ether / ethyl acetate); 80 mg, 

74% yield; 1H NMR (400 MHz, CDCl3): δ 7.64 (d, J = 5.2 Hz, 1H), 7.51−7.48 (m, 2H), 

7.44−7.39 (m, 3H), 7.11 (d, J = 5.6 Hz, 1H), 4.65 (t, J = 7.6 Hz, 2H), 3.52 (t, J = 7.6 Hz, 2H); 

13C NMR (100.6 MHz, CDCl3): δ 150.5, 144.3, 135.2, 133.8, 132.8, 129.3, 129.2, 128.8, 

128.0, 123.6, 111.6, 70.6, 32.1; ESI-HRMS: Calcd for C15H11NO2S[M]: 269.0510, found 

269.0501. 

4-(p-tolyl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2q) 

 
Pale yellow solid; mp 230−232 oC; Rf = 0.32 (1:2 petroleum ether / ethyl acetate); 104 mg, 

94% yield; 1H NMR (400 MHz, CDCl3): δ 8.52 (d, J = 8.0 Hz, 1H), 7.55−7.52 (m, 1H), 

7.48−7.44 (m, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 7.6 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 

4.57 (t, J = 7.6 Hz, 2H), 3.40 (t, J = 7.6 Hz, 2H), 2.45 (s, 3H); 13C NMR (100.6 MHz, CDCl3): 

δ 153.8, 137.8, 136.2, 132.3, 131.7, 131.5, 130.0, 129.5, 127.2, 126.11, 126.06, 124.7, 

112.9, 69.5, 32.3, 21.2; ESI-HRMS: Calcd for C18H15NO2[M]: 277.1103, found 277.1107. 

4-(4-methoxyphenyl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2r) 

 

Pale yellow solid; mp 241−243 oC; Rf = 0.24 (1:2 petroleum ether / ethyl acetate); 86 mg, 
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73% yield; 1H NMR (400 MHz, CDCl3): δ 8.52 (dd, J = 8.0 Hz, J = 1.2 Hz, 1H), 7.57−7.52 (m, 

1H), 7.49−7.45 (m, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.28−7.25 (m, 2H), 7.05−7.01 (m, 2H), 

4.58 (t, J = 7.6 Hz, 2H), 3.89 (s, 3H), 3.40 (t, J = 7,6 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): 

δ 159.2, 153.8, 136.4, 132.4, 131.5, 131.3, 127.3, 126.9, 126.12, 126.06, 124.7, 114.2, 

112.6, 69.5, 55.3, 32.3; ESI-HRMS: Calcd for C18H15NO3[M]: 293.1052, found 293.1053. 

4-(4-chlorophenyl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2s) 

 

Pale yellow solid; mp 245−247 oC; Rf = 0.26 (1:2 petroleum ether / ethyl acetate); 106 mg, 

89% yield; 1H NMR (400 MHz, CDCl3): δ 8.50 (dd, J = 8.0 Hz, J = 1.2 Hz, 1H), 7.57−7.53 (m, 

1H), 7.50−7.45 (m, 3H), 7.33−7.29 (m, 3H), 4.58 (t, J = 7.6 Hz, 2H), 3.39 (t, J = 7.6 Hz, 2H); 

13C NMR (100.6 MHz, CDCl3): δ 153.7, 135.7, 134.0, 133.3, 132.6, 131.7, 131.6, 129.1, 

127.4, 126.3, 126.0, 124.3, 111.6, 69.5, 32.3; ESI-HRMS: Calcd for C17H12ClNO2[M]: 

297.0557, found 297.0562. 

4-(4-bromophenyl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2t) 

 

White solid; mp 247−249 oC; Rf = 0.29 (1:2 petroleum ether / ethyl acetate); 131 mg, 

96% yield; 1H NMR (400 MHz, CDCl3): δ 8.49 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 8.4 Hz, 2H), 

7.56−7.52 (m, 1H), 7.48−7.44 (m, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.25 (d, J = 8.4 Hz, 2H), 

4.58 (t, J = 7.6 Hz, 2H), 3.40 (t, J = 7.6 Hz, 2H); 13CNMR (100.6 MHz, CDCl3): δ 153.7, 

135.6, 133.7, 132.6, 132.0, 131.9, 131.7, 127.3, 126.3, 126.0, 124.3, 122.2, 111.6, 69.5, 

32.3; ESI-HRMS: Calcd for C17H12BrNO2[M]: 341.0051, found 341.0040. 
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4-(3-methoxyphenyl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2u) 

 

Pale yellow solid; mp 206−208 oC; Rf = 0.27 (1:2 petroleum ether / ethyl acetate); 104 mg, 

89% yield; 1H NMR (400 MHz, CDCl3): δ 8.52 (d, J = 7.2 Hz, 1H), 7.57−7.53 (m, 1H), 

7.49−7.40 (m, 3H), 6.99 (dd, J = 8.4 Hz, J = 2.4 Hz, 1H), 6.94−6.90 (m, 2H), 4.58 (t, J = 7.6 

Hz, 2H), 3.86 (s, 3H), 3.42 (t, J = 7.6 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 159.7, 153.8, 

136.1, 136.0, 132.4, 131.6, 129.9, 127.2, 126.2, 126.0, 124.7, 122.5, 115.9, 113.2, 112.8, 

69.5, 55.2, 32.3; ESI-HRMS: Calcd for C18H15NO3[M]: 293.1052, found 293.1047. 

4-(o-tolyl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2v) 

 

Pale yellow solid; mp 140−142 oC; Rf = 0.40 (1:2 petroleum ether / ethyl acetate); 104 mg, 

94% yield; 1H NMR (400 MHz, CDCl3): δ 8.53 (dd, J = 8.0 Hz, J = 1.2 Hz, 1H), 7.54−7.45 (m, 

2H), 7.41−7.35 (m, 2H), 7.33−7.29 (m, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 

4.59 (t, J = 7.6 Hz, 2H), 3.38−3.31 (m, 1H), 3.22−3.14 (m, 1H), 2.07 (s, 3H); 13C NMR 

(100.6 MHz, CDCl3): δ 153.9, 137.5, 136.0, 133.9, 132.3, 131.6, 130.5, 130.4, 128.5, 127.3, 

126.4, 126.2, 126.0, 124.4, 112.2, 69.4, 32.0, 19.6; ESI-HRMS: Calcd for C18H15NO2[M]: 

277.1103, found 277.1107. 

4-(3,5-dimethylphenyl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2w) 
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Pale yellow solid; mp 235−237 oC; Rf = 0.39 (1:2 petroleum ether / ethyl acetate); 100 mg, 

86% yield; 1H NMR (400 MHz, CDCl3): δ 8.52 (dd, J = 8.0 Hz, J = 0.8 Hz, 1H), 7.56−7.52 (m, 

1H), 7.48−7.44 (m, 1H), 7.39 (d, J = 8.4 Hz, 1H), 7.08 (s, 1H), 6.95 (s, 2H), 4.57 (t, J = 8.0 

Hz, 2H), 3.41 (t, J = 7.6 Hz, 2H), 2.38 (s, 6H); 13C NMR (100.6 MHz, CDCl3): δ 153.8, 138.3, 

136.2, 134.6, 132.2, 131.4, 129.6, 127.8, 127.2, 126.1, 126.0, 124.8, 113.2, 69.5, 32.3, 

21.3; ESI-HRMS: Calcd for C19H17NO2[M]: 291.1259, found 291.1260. 

4-(naphthalen-1-yl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2x) 

 

Pale yellow solid; mp 138−140 oC; Rf = 0.32 (1:2 petroleum ether / ethyl acetate); 120 mg, 

96% yield; 1H NMR (400 MHz, CDCl3): δ 8.58−8.56 (m, 1H), 8.00−7.96 (m, 2H), 7.62−7.58 

(m, 1H), 7.54−7.37 (m, 6H), 7.01 (d, J = 7.6 Hz, 1H), 4.62−4.52 (m, 2H), 3.35−3.27 (m, 1H), 

3.14−3.06 (m, 1H); 13C NMR (100.6 MHz, CDCl3): δ 154.0, 136.7, 133.8, 133.4, 132.2, 

132.1, 131.6, 128.9, 128.6, 128.5, 127.2, 126.7, 126.25, 126.20, 126.0, 125.6, 125.1, 

125.0, 110.8, 69.5, 32.1; ESI-HRMS: Calcd for C21H15NO2[M]: 313.1103, found 313.1104. 

4-(thiophen-2-yl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2y) 

 
Pale yellow solid; mp 204−206 oC; Rf = 0.36 (1:2 petroleum ether / ethyl acetate); 100 mg, 

93% yield; 1H NMR (400 MHz, CDCl3): δ 8.50 (d, J = 8.0 Hz, 1H), 7.62−7.55 (m, 2H), 

7.51−7.47 (m, 2H), 7.19 (dd, J = 5.2 Hz, J = 3.6 Hz, 1H), 7.10 (dd, J = 3.6 Hz, J = 1.2 Hz, 1H), 

4.60 (t, J = 7.6 Hz, 2H), 3.51 (t, J = 7.6 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 153.9, 

136.5, 135.0, 134.4, 131.8, 128.9, 127.4, 127.2, 126.8, 126.4, 125.8, 124.5, 105.4, 69.4, 

32.8; ESI-HRMS: Calcd for C15H11NO2S[M]: 269.0510, found 269.0503. 

4-propyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2z) 



 

S40 

 
White solid; mp 104−106 oC; Rf = 0.16 (1:2 petroleum ether / ethyl acetate); 62 mg, 68% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.50 (d, J = 8.0 Hz, 1H), 7.66−7.65 (m, 2H), 7.50−7.44 

(m, 1H), 4.59 (t, J = 7.6 Hz, 2H), 3.53 (t, J = 7.6 Hz, 2H), 2.69 (t, J = 7.2 Hz, 2H), 1.70−1.61 

(m, 2H), 1.00 (t, J = 7.6 Hz, 3H); 13C NMR (100.6 MHz, CDCl3): δ 153.6, 135.6, 131.6, 131.4, 

127.6, 126.6, 125.9, 122.8, 110.2, 69.1, 31.6, 30.1, 22.8, 14.0; ESI-HRMS: Calcd for 

C14H15NO2[M]: 229.1103, found 229.1098. 

4-butyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2aa) 

 
White solid; mp 74−76 oC; Rf = 0.27 (1:2 petroleum ether / ethyl acetate); 58 mg, 60% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.51 (d, J = 8.0 Hz, 1H), 7.67−7.66 (m, 2H), 7.51−7.45 

(m, 1H), 4.60 (t, J = 7.6 Hz, 2H), 3.53 (t, J = 7.6 Hz, 2H), 2.71 (t, J = 7.6 Hz, 2H), 1.63−1.56 

(m, 2H), 1.47−1.38 (m, 2H), 0.96 (t, J = 7.2 Hz, 3H); 13C NMR (100.6 MHz, CDCl3): δ 153.7, 

135.6, 131.5, 131.4, 127.7, 126.6, 125.9, 122.8, 110.6, 69.2, 31.8, 31.5, 28.0, 22.7, 13.9; 

ESI-HRMS: Calcd for C15H17NO2[M]: 243.1259, found 243.1262. 

4-hexyl-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (2ab) 

 
White solid; mp 80−82 oC; Rf = 0.30 (1:2 petroleum ether / ethyl acetate); 76 mg, 70% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.51 (d, J = 8.0 Hz, 1H), 7.69−7.66 (m, 2H), 7.50−7.46 

(m, 1H), 4.60 (t, J = 7.2 Hz, 2H), 3.52 (t, J = 7.2 Hz, 2H), 2.70 (t, J = 7.6 Hz, 2H), 1.64−1.56 

(m, 2H), 1.43−1.36 (m, 2H), 1.32−1.31 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H); 13C NMR (100.6 

MHz, CDCl3): δ 153.6, 135.5, 131.45, 131.38, 127.6, 126.5, 125.9, 122.7, 110.6, 69.2, 31.6, 

31.5, 29.6, 29.3, 28.2, 22.6, 14.0; ESI-HRMS: Calcd for C17H21NO2[M]: 271.1572, found 
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271.1570. 

4-((8R,9S,13S,14S)-3-methoxy-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decahydro

-6H-cyclopenta[a]phenanthren-2-yl)-2,3-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one 

(2ae) 

 

White solid; dr = 1:1 (a nonseparable mixture of two diastereomers); Rf = 0.12 (1:2 

petroleum ether / ethyl acetate); 171 mg, 91% yield; 1H NMR (400 MHz, CDCl3): δ 

8.51−8.49 (m, 2H), 7.55−7.49 (m, 2H), 7.45−7.41 (m, 2H), 7.31−7.23 (m, 2H), 7.15 (s, 2H), 

6.78 (s, 2H), 4.61−4.54 (m, 4H), 3.71 (s, 6H), 3.41−3.28 (m, 4H), 3.03−3.01 (m, 4H), 

2.55−2.48 (m, 2H), 2.34−2.28 (m, 4H), 2.20−2.08 (m, 6H), 1.96−1.90 (m, 2H), 1.72−1.62 

(m, 4H), 1.58−1.41 (m, 8H), 0.94 (s, 3H), 0.93 (s, 3H); 13C NMR (75.4 MHz, CDCl3): δ 

220.56, 220.55, 155.4, 153.9, 138.1, 136.5, 136.4, 133.1, 132.1, 132.0, 131.25, 131.23, 

129.1, 129.0, 127.14, 127.12, 126.05, 126.04, 125.8, 124.71, 124.69, 120.5, 111.61, 

111.58, 109.38, 109.36, 69.4, 55.50, 55.47, 50.3, 50.2, 47.9, 47.8, 43.9, 43.8, 38.2, 35.7, 

32.33, 32.26, 31.4, 29.73, 29.70, 26.43, 26.40, 26.0, 25.9, 21.5, 13.80, 13.78; ESI-HRMS: 

Calcd for C30H31NO4[M]: 469.2253, found 469.2252. 

5-phenyl-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4a) 

 

White solid; mp 213−215 oC; Rf = 0.23 (1:1 petroleum ether / ethyl acetate); 66 mg, 60% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.53 (d, J = 7.6 Hz, 1H), 7.54−7.43 (m, 5H), 7.30−7.28 

(m, 2H), 7.18 (d, J = 8.0 Hz, 1H), 4.44 (t, J = 8.0 Hz, 2H), 2.71 (t, J = 6.8 Hz, 2H), 2.11−2.04 

(m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 157.3, 138.4, 136.0, 134.9, 131.9, 131.0, 128.8, 

127.9, 127.7, 125.9, 125.3, 125.0, 114.7, 70.8, 21.7, 21.3; ESI-HRMS: Calcd for 
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C18H15NO2[M]: 277.1103, found 277.1107. 

5'-phenyl-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]oxazine]-2,5-

diene-4,7'-dione (4a’) 

 

Pale yellow oil; Rf = 0.18 (1:1 petroleum ether / ethyl acetate); 14 mg, 12% yield; 1H NMR 

(400 MHz, CDCl3): δ 7.32−7.25 (m, 3H), 7.20−7.18 (m, 2H), 6.71 (d, J = 10.4 Hz, 2H), 6.57 

(d, J = 10.0 Hz, 2H), 4.34 (t, J = 5.2 Hz, 2H), 3.02 (t, J = 6.8 Hz, 2H), 2.08−2.02 (m, 2H); 13C 

NMR (100.6 MHz, CDCl3): δ 185.0, 166.0, 143.7, 136.0, 132.9, 131.6, 128.8, 127.8, 127.3, 

114.1, 70.9, 57.6, 21.2, 20.9; ESI-HRMS: Calcd for C18H15NO3[M]: 293.1052, found 

293.1056. 

7-methyl-5-phenyl-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4b) 

5'-phenyl-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]oxazine]-2,5-

diene-4,7'-dione (4a’) 

    

White solid; Rf = 0.22 (1:1 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.41 (d, J = 8.4 Hz, 1H), 7.52−7.41 (m, 5H), 7.29−7.24 (m, 3H), 7.22−7.19 (m, 3H), 6.93 (s, 

1H), 6.69 (d, J = 10 Hz, 2H), 6.54 (d, J = 10 Hz, 2H), 4.42 (t, J = 7.6 Hz, 2H), 4.34 (t, J = 5.6 

Hz, 2H), 3.01 (t, J = 6.8 Hz, 2H), 2.68 (t, J = 6.8 Hz, 2H), 2.33 (s, 3H), 2.09−2.02 (m, 4H); 

13C NMR (100.6 MHz, CDCl3): δ 184.8, 165.7, 157.2, 143.7, 142.4, 138.3, 136.1, 135.9, 

135.1, 132.7, 131.5, 131.0, 128.7, 128.6, 127.7, 127.6, 127.5, 127.1, 124.6, 123.1, 114.4, 

113.8, 70.8, 70.7, 57.4, 21.8, 21.7, 21.3, 21.0, 20.7; ESI-HRMS: Calcd for C19H17NO2[M] 

(4b): 291.1259, found 291.1258; C18H15NO3[M] (4a’): 293.1052, found 293.1050. 

7-methoxy-5-phenyl-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4c) 
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Pale yellow solid; mp 166−168 oC; Rf = 0.13 (1:1 petroleum ether / ethyl acetate); 70 mg, 

57% yield; 1H NMR (400 MHz, CDCl3): δ 8.44 (d, J = 8.8 Hz, 1H), 7.51−7.42 (m, 3H), 7.29 

(d, J = 6.4 Hz, 2H), 7.02 (dd, J = 8.8 Hz, J = 2.0 Hz, 1H), 6.52 (d, J = 2.0 Hz, 1H), 4.42 (t, J = 

7.6 Hz, 2H), 3.70 (s, 3H), 2.68 (t, J = 6.8 Hz, 2H), 2.09−2.02 (m, 2H); 13C NMR (100.6 MHz, 

CDCl3): δ 162.4, 157.1, 139.0, 138.1, 135.1, 131.0, 129.8, 128.8, 127.9, 119.2, 114.7, 

114.2, 106.8, 70.7, 55.2, 21.7, 21.4; ESI-HRMS: Calcd for C19H17NO3[M]: 307.1208, found 

307.1207. 

7-chloro-5-phenyl-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4d) 

 

Pale yellow solid; mp 185−187 oC; Rf = 0.21 (1:1 petroleum ether / ethyl acetate); 53 mg, 

43% yield; 1H NMR (400 MHz, CDCl3): δ 8.44 (d, J = 8.4 Hz, 1H), 7.54−7.45 (m, 3H), 

7.38−7.36 (m, 1H), 7.28−7.26 (m, 2H), 7.12 (d, J = 1.6 Hz, 1H), 4.44 (t, J = 7.6 Hz, 2H), 

2.70 (t, J = 6.8 Hz, 2H), 2.11−2.04 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 156.7, 139.9, 

138.6, 137.3, 134.2, 130.9, 129.5, 129.0, 128.2, 126.4, 124.3, 123.7, 113.8, 70.8, 21.6, 

21.4; ESI-HRMS: Calcd for C18H14ClNO2[M]: 311.0713, found 311.0714. 

5-(o-tolyl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4e) 

5'-(o-tolyl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]oxazine]-2,5

-diene-4,7'-dione (4e’) 
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White solid; Rf = 0.32 (1:1 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.53 (dd, J = 7.6, J = 1.2 Hz, 1H), 7.52−7.47 (m, 1H), 7.45−7.41 (m, 1H), 7.39−7.35 (m, 2H), 

7.32−7.28 (m, 2H), 7.20−7.19 (m, 2H), 7.15 (d, J = 7.2 Hz, 1H), 7.10−7.06 (m, 1H), 6.96 (d, 

J = 7.6 Hz, 1H), 6.74 (d, J = 9.6 Hz, 2H), 6.42 (d, J = 10.4 Hz, 2H), 4.50−4.39 (m, 2H), 

4.33−4.30 (m, 2H), 2.67−2.53 (m, 4H), 2.28 (s, 3H), 2.11−2.04 (m, 5H), 2.01−1.96 (m, 2H); 

13C NMR (100.6 MHz, CDCl3): δ 184.7, 168.0, 157.2, 142.0, 138.0, 137.9, 137.0, 136.6, 

135.6, 134.1, 132.5, 131.9, 131.1, 130.34, 130.29, 130.2, 129.0, 128.6, 128.2, 127.6, 

126.2, 125.8, 125.5, 125.4, 124.6, 113.4, 113.2, 70.72, 70.66, 58.6, 21.5, 21.0, 20.6, 20.4, 

20.0, 19.5; ESI-HRMS: Calcd for C19H17NO2[M] (4e): 291.1259, found 291.1260; 

C19H17NO3[M] (4e’): 307.1208, found 307.1214. 

5-(3-methoxyphenyl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4f) 

5'-(3-methoxyphenyl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]o

xazine]-2,5-diene-4,7'-dione (4f’) 

    

White solid; Rf = 0.19 (1:1 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.51 (d, J = 7.6 Hz, 1H), 7.53−7.49 (m, 1H), 7.44−7.39 (m, 2H), 7.22−7.18 (m, 2H), 6.99 

(dd, J = 8.0 Hz, J = 2.0 Hz, 1H), 6.88−6.84 (m, 2H), 6.80−6.77 (m, 2H), 6.74 (s, 1H), 6.70 (d, 

J = 10.0 Hz, 2H), 6.54 (d, J = 10.0 Hz, 2H), 4.43 (t, J = 7.6 Hz, 2H), 4.33 (t, J = 5.6 Hz, 2H), 

3.84 (s, 3H), 3.73 (s, 3H), 3.02 (t, J = 6.8 Hz, 2H), 2.72 (t, J = 6.8 Hz, 2H), 2.11−2.02 (m, 4H); 

13C NMR (100.6 MHz, CDCl3); 13C NMR (100.6 MHz, CDCl3): δ 184.8, 165.5, 159.7, 159.4, 
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157.1, 143.8, 138.2, 136.2, 136.1, 135.9, 129.7, 129.6, 127.5, 125.7, 125.2, 124.9, 123.2, 

119.4, 116.6, 114.3, 113.5, 113.1, 113.0, 112.6, 70.7, 57.3, 55.1, 55.0, 21.6, 21.2, 21.1, 

20.6; ESI-HRMS: Calcd for C19H17NO3[M] (4f): 307.1208, found 307.1215; C19H17NO4[M] 

(4f’): 323.1158, found 323.1166. 

5-(p-tolyl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4g) 

 
White solid; mp 176−178 oC; Rf = 0.23 (1:1 petroleum ether / ethyl acetate); 72 mg, 62% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.52 (d, J = 8.0 Hz, 1H), 7.52−7.49 (m, 1H), 7.44−7.41 

(m, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.21−7.16 (m, 3H), 4.43 (t, J = 7.6 Hz, 2H), 2.71 (t, J = 6.8 

Hz, 2H), 2.45 (s, 3H), 2.10−2.02 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 157.2, 138.3, 

137.6, 136.1, 131.8, 131.7, 130.8, 129.4, 127.6, 125.8, 125.3, 125.0, 114.5, 70.8, 21.6, 

21.25, 21.18; ESI-HRMS: Calcd for C19H17NO2[M]: 291.1259, found 291.1264. 

5'-(p-tolyl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]oxazine]-2,5

-diene-4,7'-dione (4g’) 

 

Pale yellow oil; Rf = 0.23 (1:1 petroleum ether / ethyl acetate); 14 mg, 11% yield; 1H NMR 

(400 MHz, CDCl3): δ 7.11−7.06 (m, 4H), 6.69 (d, J = 10.0 Hz, 2H), 6.54 (d, J = 10.0 Hz, 2H), 

4.32 (t, J = 5.2 Hz, 2H), 2.98 (t, J = 6.8 Hz, 2H), 2.31 (s, 3H), 2.06−2.00 (m, 2H); 13C NMR 

(100.6 MHz, CDCl3): δ 185.0, 166.0, 143.9 ,137.8, 135.4, 132.8, 129.4, 128.6, 127.2, 114.2, 

70.8, 57.6, 21.2, 21.1, 20.9; ESI-HRMS: Calcd for C19H17NO3[M]: 307.1208, found 

307.1212. 

5-(4-methoxyphenyl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4h) 
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5'-(4-methoxyphenyl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]o

xazine]-2,5-diene-4,7'-dione (4h’) 

 

White solid; Rf = 0.17 (1:1 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.51 (dd, J = 8.0 Hz, J = 0.8 Hz, 1H), 7.53−7.49 (m, 1H), 7.44−7.40 (m, 1H), 7.22−7.19 (m, 

3H), 7.13 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 

10.0 Hz, 2H), 6.53 (d, J = 10.0 Hz, 2H), 4.42 (t, J = 7.6 Hz, 2H), 4.32 (t, J = 5.6 Hz, 2H), 3.88 

(s, 3H), 3.77 (s, 3H), 2.97 (t, J = 6.4 Hz, 2H), 2.72 (t, J = 7.2 Hz, 2H), 2.10−2.00 (m, 4H); 13C 

NMR (100.6 MHz, CDCl3): δ 184.8, 165.8, 159.1, 158.9, 157.1, 138.4, 136.3, 134.6, 132.0, 

131.9, 131.8, 131.7, 128.4, 128.3, 127.5, 126.8, 125.7 ,125.3, 124.9, 123.7, 114.13, 

114.06, 113.6, 70.7, 57.5, 55.2, 55.1, 21.6, 21.2, 21.0, 20.8; ESI-HRMS: Calcd for 

C19H17NO3[M] (4h): 307.1208, found 307.1211; C19H17NO4[M] (4h’): 323.1158, found 

323.1163. 

5-(4-chlorophenyl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4i) 

 

White solid; mp 186−188 oC; Rf = 0.21 (1:1 petroleum ether / ethyl acetate); 77 mg, 62% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.53 (d, J = 8.0 Hz, 1H), 7.56−7.52 (m, 1H), 7.50−7.44 

(m, 3H), 7.24 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 1H), 4.44 (t, J = 8.0 Hz, 2H), 2.70 (t, J = 

6.8 Hz, 2H), 2.12−2.04 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 157.1, 138.6, 135.7, 133.9, 

133.4, 132.4, 132.0, 129.0, 127.7, 126.0, 125.4, 124.6, 113.3, 70.8, 21.6, 21.3; ESI-HRMS: 
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Calcd for C18H14ClNO2[M]: 311.0713, found 311.0715. 

5'-(4-chlorophenyl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]oxa

zine]-2,5-diene-4,7'-dione (4i’) 

 
Pale yellow oil; Rf = 0.16 (1:1 petroleum ether / ethyl acetate); 20 mg, 15% yield; 1H NMR 

(400 MHz, CDCl3): δ 7.26 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 10.0 Hz, 

2H), 6.56 (d, J = 10.0 Hz, 2H), 4.34 (t, J = 5.6 Hz, 2H), 2.98 (t, J = 6.4 Hz, 2H), 2.09−2.03 (m, 

2H); 13C NMR (100.6 MHz, CDCl3): δ 184.8, 165.6, 143.5, 136.4, 133.6, 133.1, 130.0, 

129.0, 128.4, 112.8, 70.8, 57.3, 21.2, 20.7; ESI-HRMS: Calcd for C18H14ClNO3[M]: 

327.0662, found 327.0666. 

5-(4-bromophenyl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4j) 

 

White solid; mp 196−198 oC; Rf = 0.24 (1:1 petroleum ether / ethyl acetate); 84 mg, 59% 

yield; 1H NMR (300 MHz, CDCl3): δ 8.52 (d, J = 8.1 Hz, 1H), 7.64 (d, J = 10.8 Hz, 2H), 

7.57−7.51 (m, 1H), 7.48−7.43 (m, 1H), 7.20−7.13 (m, 3H), 4.44 (t, J = 7.8 Hz, 2H), 2.70 (t, J 

= 6.9 Hz, 2H), 2.13−2.04 (m, 2H); 13C NMR (75.4 MHz, CDCl3): δ 157.2, 138.5, 135.6, 

133.9, 132.7, 132.0, 131.6, 127.8, 126.1, 125.3, 124.7, 122.1, 113.3, 70.8, 21.6, 21.3; 

ESI-HRMS: Calcd for C18H14BrNO2[M]: 355.0208, found 355.0209. 

5'-(4-bromophenyl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]oxa

zine]-2,5-diene-4,7'-dione (4j’) 
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Colourless oil; Rf = 0.17 (1:1 petroleum ether / ethyl acetate); 15 mg, 10% yield; 1H NMR 

(400 MHz, CDCl3): δ 7.42 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 10.0 Hz, 

2H), 6.57 (d, J = 10.0 Hz, 2H), 4.34 (t, J = 5.2 Hz, 2H), 2.99 (t, J = 6.8 Hz, 2H), 2.10−2.04 (m, 

2H); 13C NMR (100.6 MHz, CDCl3): δ 184.8, 165.6, 143.5, 136.5, 133.1, 131.9, 130.5, 

128.6, 121.8, 112.8, 70.8, 57.2, 21.2, 20.7; ESI-HRMS: Calcd for C18H14BrNO3[M]: 

371.0157, found 371.0159. 

5-(4-(trifluoromethyl)phenyl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one 

(4k) 

 

White solid; mp 212−213 oC; Rf = 0.24 (1:1 petroleum ether / ethyl acetate); 73 mg, 53% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.54 (dd, J = 8.0 Hz, J = 0.8 Hz, 1H), 7.78 (d, J = 8.0 Hz, 

2H), 7.56−7.52 (m, 1H), 7.48−7.44 (m, 3H), 7.10 (d, J = 8.0 Hz, 1H), 4.45 (t, J = 7.6 Hz, 2H), 

2.70 (t, J = 6.8 Hz, 2H), 2.13−2.06 (m, 2H); 13C NMR (100.6 MHz, CDCl3): δ 156.9, 138.8, 

138.7, 135.3, 131.9, 131.5, 129.9 (q, 2JC,F = 32.2 Hz), 127.6, 125.9, 125.6, 125.2, 124.4 (q, 

3JC,F = 3.0 Hz), 123.9 (q, 1JC,F = 271.6 Hz), 113.0, 70.7, 21.4, 21.2; 19F NMR (376 MHz, 

CDCl3): δ -62.56; ESI-HRMS: Calcd for C19H14F3NO2[M]: 345.0977, found 345.0987. 

5'-(4-(trifluoromethyl)phenyl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-

b][1,2]oxazine]-2,5-diene-4,7'-dione (4k’) 
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Pale yellow oil; Rf = 0.16 (1:1 petroleum ether / ethyl acetate); 19 mg, 13% yield; 1H NMR 

(400 MHz, CDCl3): δ 7.55 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 6.70 (d, J = 10.0 Hz, 

2H), 6.59 (d, J = 10.0 Hz, 2H), 4.36 (t, J = 5.6 Hz, 2H), 3.05 (t, J = 6.4 Hz, 2H), 2.12−2.06 (m, 

2H); 13C NMR (100.6 MHz, CDCl3): δ 184.7, 165.4, 143.4, 137.9, 135.3, 133.2, 129.5 (q, 

2JC,F = 33.2 Hz), 127.2, 125.7 (q, 3JC,F = 4.0 Hz), 123.8 (q, 1JC,F = 271.6 Hz), 112.4, 70.8, 57.2, 

21.2, 20.6; 19F NMR (376 MHz, CDCl3): δ -62.74; ESI-HRMS: Calcd for C19H14F3NO3[M]: 

361.0926, found 361.0923. 

5-(3,5-dimethylphenyl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4l) 

5'-(3,5-dimethylphenyl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2

]oxazine]-2,5-diene-4,7'-dione (4l’) 

 

White solid; Rf = 0.27 (1:1 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.52 (d, J = 8.0 Hz, 1H), 7.53−7.49 (m, 1H), 7.44−7.40 (m, 1H), 7.19 (d, J = 8.0, Hz, 1H), 

7.08 (s, 1H), 6.92−6.89 (m, 3H), 6.80 (s, 2H), 6.69 (d, J = 10.0 Hz, 2H), 6.53 (d, J = 10.0 Hz, 

2H), 4.43 (t, J = 8.0 Hz, 2H), 4.32 (t, J = 5.2 Hz, 2H), 2.98 (t, J = 6.8 Hz, 2H), 2.72 (t, J = 6.8 

Hz, 2H), 2.38 (s, 6H), 2.25 (s, 6H), 2.11−2.00 (m, 4H); 13C NMR (100.6 MHz, CDCl3): δ 

184.9, 166.0, 157.2, 143.8, 138.2, 138.14, 138.06, 136.2, 135.6, 134.7, 132.6, 131.7, 

131.3, 129.5, 129.4, 128.6, 127.5, 125.7, 125.3, 125.1, 114.8, 114.2, 70.8, 57.6, 21.7, 

21.3, 21.2, 21.0, 20.8; ESI-HRMS: Calcd for C20H19NO2[M] (4l): 305.1416, found 305.1415; 

C20H19NO3[M] (4l’): 321.1365, found 321.1361. 

5-(naphthalen-1-yl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4m) 
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5'-(naphthalen-1-yl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]ox

azine]-2,5-diene-4,7'-dione (4m’) 

 

White solid; Rf = 0.24 (1:1 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.56 (d, J = 7.6 Hz, 1H), 7.98−7.93 (m, 2H), 7.87−7.83 (m, 2H), 7.79 (d, J = 8.0 Hz, 1H), 

7.60−7.54 (m, 2H), 7.51−7.47 (m, 2H), 7.42−7.33 (m, 6H), 7.23 (d, J = 7.2 Hz, 1H), 6.92 (d, 

J = 6.0 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), .6.69 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 8.4 Hz, 1H), 

6.16 (d, J = 8.0 Hz, 1H), 4.50−4.40 (m, 2H), 4.37−4.33 (m, 2H), 2.60−2.53 (m, 2H), 

2.49−2.42 (m, 2H), 2.05−1.92 (m, 4H); 13C NMR (100.6 MHz, CDCl3): δ 184.5, 167.6, 157.2, 

139.1, 137.8, 136.3, 133.64, 133.55, 132.9, 132.2, 131.8, 131.6, 129.0, 128.92, 128.87, 

128.5, 128.3, 128.1, 127.5, 127.3, 126.7, 126.5, 126.0, 125.9, 125.8, 125.5, 125.3, 125.1, 

125.0, 124.8, 124.1, 112.0, 111.4, 70.8, 70.7, 58.6, 21.5, 21.2, 20.4; ESI-HRMS: Calcd for 

C22H17NO2[M] (4m): 327.1259, found 327.1265; C22H17NO3[M] (4m’): 343.1208, found 

343.1217. 

5-(thiophen-2-yl)-3,4-dihydro-[1,2]oxazino[2,3-b]isoquinolin-10(2H)-one (4n) 

5'-(thiophen-2-yl)-3',4'-dihydro-2'H,7'H-spiro[cyclohexane-1,6'-pyrrolo[1,2-b][1,2]oxazi

ne]-2,5-diene-4,7'-dione (4n’) 

 
White solid; Rf = 0.28 (1:1 petroleum ether / ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 

8.48 (dd, J = 8.0 Hz, J = 0.8 Hz, 1H), 7.57−7.53 (m, 1H), 7.49−7.48 (m, 1H), 7.45−7.41 (m, 

1H), 7.33−7.30 (m, 1H), 7.21−7.20 (m, 1H), 7.19−7.17 (m, 1H), 7.03−7.02 (m, 1H), 

6.94−6.91 (m, 1H), 6.81 (d, J = 3.2 Hz, 1H), 6.67 (d, J = 10.0 Hz, 2H), 6.60 (d, J = 10.0 Hz, 



 

S51 

2H), 4.42 (t, J = 7.6 Hz, 2H), 4.31 (t, J = 5.6 Hz, 2H), 3.07 (t, J = 6.8 Hz, 2H), 2.80 (t, J = 6.8, 

2H), 2.13−2.06 (m, 4H); 13C NMR (100.6 MHz, CDCl3): δ 184.7, 164.2, 157.1, 143.7, 140.7, 

136.6, 135.2, 133.82, 133.79, 133.0, 132.0, 129.4, 127.4, 127.3, 127.1, 127.0, 126.0, 

124.9, 124.7, 124.5, 123.8, 109.0, 106.5, 70.8, 70.6, 56.8, 21.45, 21.44, 21.1, 20.3; 

ESI-HRMS: Calcd for C16H13NO2S[M] (4n): 283.0667, found 283.0673; C16H13NO3S[M] 

(4n’): 299.0616, found 299.0625. 

4-chloro-4-phenyl-2,4-dihydro-9H-isoxazolo[2,3-b]isoquinolin-9-one (5) 

 

White solid; mp 203−205 oC; Rf = 0.25 (1:1 petroleum ether / ethyl acetate); 73 mg, 82% 

yield; 1H NMR (400 MHz, CDCl3): δ 8.59−8.57 (m, 1H), 7.61−7.51 (m, 6H), 7.38−7.32 (m, 

2H), 5.32 (d, J = 3.6 Hz, 1H), 4.74 (d, J = 10.0 Hz, 1H), 4.69 (dd, J = 10.0 Hz, J = 4.0 Hz, 1H); 

13C NMR (100.6 MHz, CDCl3): δ 153.4, 136.0, 133.1, 132.1, 131.9, 130.9, 129.9, 128.85, 

128.78, 128.6, 127.6, 127.4, 127.1, 125.8, 115.5, 77.6, 56.5; ESI-HRMS: Calcd for 

C17H12ClNO2[M]: 297.0557, found 297.0560. 

3-(2-hydroxyethyl)-4-phenylisoquinolin-1(2H)-one (6) 

 

White solid; mp 209−211 oC; Rf = 0.17 (1:2 petroleum ether / ethyl acetate); 73 mg, 92% 

yield; 1H NMR (400 MHz, CDCl3): δ 11.58 (s, 1H), 8.33 (d, J = 8.0 Hz, 1H), 7.48−7.40 (m, 

4H), 7.35−7.32 (m, 1H), 7.26−7.24 (m, 2H), 7.04 (d, J = 8.4 Hz, 1H), 4.82 (brs, 1H), 3.93 (d, 

J = 5.6 Hz, 2H), 2.73 (d, J = 5.6 Hz, 2H); 13C NMR (100.6 MHz, CDCl3): δ 163.7, 139.0, 

137.2, 135.9, 132.4, 131.1, 128.7, 127.7, 126.9, 125.9, 125.2, 124.0, 117.9, 61.5, 33.7; 

ESI-HRMS: Calcd for C17H15NO2[M]: 265.1103, found 265.1108. 
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 (E)-N-((3,4-dichloro-4-phenylbut-3-en-1-yl)oxy)benzamide (7) 

 

Colourless oil; Rf = 0.23 (5:1 petroleum ether / ethyl acetate); 29 mg, 29% yield; 1H NMR 

(400 MHz, CDCl3): δ 8.98 (brs, 1H), 7.78−7.76 (m, 2H), 7.54−7.50 (m, 1H), 7.46−7.41 (m, 

4H), 7.39−7.34 (m, 3H), 4.36 (t, J = 6.4 Hz, 2H), 3.19 (t, J = 6.4 Hz, 2H); 13C NMR (100.6 

MHz, CDCl3): δ 166.8, 136.7, 132.2, 131.7, 129.1, 129.0, 128.8, 128.7, 128.1, 127.2, 127.1, 

72.7, 35.8; ESI-HRMS: Calcd for C17H15Cl2NO2[M]: 335.0480, found 335.0483. 

ORTEP plot, crystal data and refinement results for compound 2g: 

ORTEP plot for compound 2g: 

 

 

 

 

 

Figure S9. Compound 2g, thermal ellipsoids are drawn at 30% probability level. 
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Crystal Data and Refinement Results for Compound 2g: 

Table S1. The crystal data and refinement results of compound 2g 

 

 

Compound number 2g 

Formula C17H12N2O4 

Fw 308.29 

Temp 290.04(10) 

Crystal system Monoclinic 

Space group P 21/c 

a Å 6.8554 (3) 

b Å 18.0992 (7) 

c Å 11.1588 (4) 

α° 90.000 

β° 92.472 (4) 

γ° 90.000 

V Å3 1383.27 (10) 

Z 4 

Density(calcd) g·cm-3 1.480 

Absorb.coeff. mm-1 0.896 

F(000) 640 

Index ranges 
-6 ≤ h ≤ 8 

-21 ≤ k ≤ 21 
-9 ≤ l ≤ 13 

refln./restr./param. 2524/0/208 

GOF 0.849 

[I > 2σ(I)] 
R1=0.0505 

wR2=0.1364 

CCDC numbers 1838258 
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