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General experimental information 

Unless otherwise specified, all reactions were performed under an air atmosphere in oven-

dried round-bottom flasks. The reactions were monitored by TLC visualized by UV (254 nm) 

and/or with iodine. Column chromatography was performed on 100-200 mesh silica gel using 

the gradient system: ethyl acetate-hexane or acetone-dichloromethane. NMR data were 

recorded on a Bruker AV 400 MHz in DMSO-d6/CDCl3 using as internal standards the residual 

DMSO signal for 1I baw όʵ Ґ нΦрл ǇǇƳύΣ /I/ƭ3 όʵ Ґ тΦнс ǇǇƳύΦ ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŘŜǳǘŜǊŀǘŜŘ 

solvent signals for 13/ ǿŜǊŜ ŀǎǎƛƎƴŜŘ ŀǎ 5a{h όʵ Ґ офΦрм ǇǇƳύΣ /I/ƭ3 όʵ Ґ ттΦмс ǇǇƳύΦ 

Coupling constants are given in Hertz (Hz), and the classical abbreviations are used to describe 

the signal multiplicities. Melting points were measured with a Büchi B-540 apparatus. High-

resolution mass spectra were obtained using Q-TOF mass spectrometer. The heat source used 

for the reaction is an oil bath. Oxa(aza)bicyclic1 alkenes and nitrosoarenes2 were prepared 

according to literature procedures. Diazoacetonitrile (CNCHN2),3 trifluorodiazoethane 

(CF3CHN2) stock solution4 and Seyferth-Gilbert reagent5 were prepared by following the 

reported literature procedures. 

Note: CNCHN2 and CF3CHN2 stock solution must be stored at temperatures <0 °C and must be 

handled with precaution. 
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Procedure for the preparation of Diazoacetonitrile 

 

2-Aminoacetonitrile hydrochloride (4.63 g, 50 mmol) was dissolved in water (10 mL) in a 50 

mL round-bottomed flask immersed in an ice-water bath, and then CH2Cl2 (20 mL) was added. 

The mixture was stirred vigorously, and NaNO2 (3.45 g, 50 mmol) was added over 5 min. After 

stirring for another 15 min, the mixture was extracted with CH2Cl2 (50 mL), and the organic 

layer was washed with saturated aqueous NaHCO3 solution and dried over Na2SO4. Removing 

the solvent at 0 °C under vacuum gave the desired CNCHN2 as a yellow liquid. 

Procedure for the preparation of Trifluorodiazoethane stock solution 

 

2,2,2-Trifluoroethylamine hydrochloride (3.0 g, 22.0 mmol) and NaNO2 (1.89 g, 27.0 mmol) 

were added to a 100 mL round bottom flask equipped with a stir bar. The flask was sealed 

with a septum and purged with nitrogen. Toluene (25 ml) was added, and the reaction mixture 

was cooled to 0 °C with constant stirring. H2O (1.25 ml) was added slowly, and the solution 

was stirred for 3 h at 0 °C. The yellow organic layer was separated carefully and then 

transferred to an oven-dried round bottom flask sealed with a septum and stored at 0 °C. 

Procedure for the preparation of the Seyferth-Gilbert reagent 

 

To a stirred suspension of NaH (576 mg, 24.0 mmol) in dry THF (30 mL) at 0 °C, was added a 

solution of 2-oxopropyl phosphonate (2.0 g, 12.0 mmol) in dry THF (10 mL) dropwise. The 

reaction mixture was stirred at 0 °C for 30 minutes and then a solution of TsN3 (4.73g, 24.0 

mmol) in toluene (12 mL) was added dropwise, the reaction mixture was further stirred at 25 

°C for 3 h. After the completion of the reaction, as indicated by TLC, the precipitate was 

filtered off. The solvent was removed on a rotary evaporator and the residue was purified by 

column chromatography on silica gel (Acetone/DCM = 1/9) to deliver the Bestmann-Ohira 

reagent (BOR) (1.96 g, 83% yield). Subsequently, BOR (1.92 g, 10 mmol) in 10 mL of MeOH 

was stirred with potassium carbonate (276 mg, 2 mmol) at room temperature for 15 min 

(monitored by TLC analysis). The precipitate was filtered off. The solvent was removed on a 

rotary evaporator and the residue was purified by column chromatography on silica gel 

(Acetone/DCM = 1/9) to furnish the Seyferth-Gilbert reagent as yellow liquid (1.3 g, 87 % 

yield). 
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General procedure for the synthesis of fused tricyclic cyanoisoxazolidines 4 

 
10 mL round-bottom flask charged with nitrosobenzene 2a (0.45 mmol, 1.5 equiv) was sealed, 

evacuated, backfilled with nitrogen and ACN (2 mL) was added. Then, CNCHN2 3b (30 mg, 0.45 

mmol, 1.5 equiv) was added via a syringe. This reaction mixture was heated at 50 °C using an 

oil bath for 1 h. Subsequently, this reaction mixture was transferred via a syringe to another 

10 mL round-bottom flask charged with oxabicyclic alkene 1 (0.30 mmol, 1.0 equiv), and the 

resulting reaction mixture was allowed to run at room temperature for 5 h. After the 

completion of the reaction, as indicated by TLC, the solvent was evaporated under reduced 

pressure and the residue was purified using column chromatography (100ҍ200 mesh silica 

gel) using ethyl acetate/hexane as the eluent to afford the product 4. 

Procedure for gram scale synthesis of fused tricyclic cyanoisoxazolidine 4a 

 
A 50 mL round-bottom flask charged with nitrosobenzene 2a (1.1 g, 10.41 mmol)  was sealed, 

evacuated, backfilled with nitrogen and ACN (15 mL) was added. Then, CNCHN2 3a (698 mg, 

10.41 mmol) was added via a syringe. This reaction mixture was heated at 50 °C using an oil 

bath for 1 h. Subsequently, this reaction mixture was transferred via a syringe to another 10 

mL round-bottom flask charged with oxabicyclic alkene 1a (1 g, 6.94 mmol), and the resulting 

reaction mixture was allowed to run at room temperature for 9 h. After the completion of the 

reaction, as indicated by TLC, the solvent was evaporated under reduced pressure and the 

residue was purified using column chromatography (100ҍ200 mesh silica gel) using ethyl 

acetate/hexane as the eluent to afford the product 4a as yellow solid (1.4 g, 71%). 
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Table S1 Optimization of the reaction conditions for the synthesis of fused tricyclic 

trifluoromethylated isoxazolidines 5a 

 

entry solvent temperature (°C) time (h) yield of 5a b (%)* 

1 toluene 50 2 88 
2 ACN 50 2 91 
3 ACN 25 4 91 
4 DCM 25 4 85 
5 THF 25 4.5 83 
6 acetone 25 5 82 
7 dioxane 25 4 86 
8 MeOH 25 6 70 
9 DMF 25 8 52 

10c ACN 25 4 92(90)* 
11d ACN 25 4 81 

aGeneral conditions: 1a (0.30 mmol), 2a (0.60 mmol), 3a (0.60 mmol) in toluene, solvent (2.0 mL). bYields were 
determined by 1H-NMR using CH2Br2 as an internal standard. c0.45 mmol of both 2a and 3a were used. d0.36 
mmol of both 2a and 3a were used. *Isolated yield after silica gel column chromatography. 

General procedure for the synthesis of fused tricyclic trifluoromethylated isoxazolidines 5 

 
A 10 mL round-bottom flask charged with nitrosoarene 2 (0.45 mmol, 1.5 equiv) was sealed, 

evacuated, backfilled with nitrogen and ACN (2 mL) was added. Then, stock solution of 

CF3CHN2 in toluene 3b (0.8 M, 563 µL, 0.45 mmol, 1.5 equiv) was added via syringe. This 

reaction mixture was heated at 50 °C using an oil bath for 15 min. After 15 min, this reaction 

mixture was transferred via a syringe to another 10 mL round-bottom flask charged with 

oxabicyclic alkene 1 (0.30 mmol, 1.0 equiv), and the resulting reaction mixture was allowed 

to run at room temperature for 4 h. After the completion of the reaction, as indicated by TLC,  

the solvent was evaporated under reduced pressure and the residue was purified using 

ŎƻƭǳƳƴ ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ όмллҍнлл ƳŜǎƘ ǎƛƭƛŎŀ ƎŜƭύ ǳǎƛƴƎ ethyl acetate/hexane as the eluent 

to afford the product 5. 
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Gram scale synthesis of fused tricyclic trifluoromethylated isoxazolidines 5a 

 
A 50 mL round-bottom flask charged with nitrosobenzene 2a (1.1 g, 10.41 mmol) was sealed, 

evacuated, backfilled with nitrogen and ACN (15 mL) was added. Then, stock solution of 

CF3CHN2 in toluene 3b (0.8 M, 13 mL, 10.41 mmol) was added via syringe. This reaction 

mixture was heated at 50 °C using an oil bath for 15 min. After 15 min, this reaction mixture 

was transferred via a syringe to another 50 mL round-bottom flask charged with oxabicyclic 

alkene 1a (1 g, 6.94 mmol), and the resulting reaction mixture was allowed to run at room 

temperature for 10 h. After the completion of the reaction, as indicated by TLC,  the solvent 

was evaporated under reduced pressure, and the residue was purified using column 

ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ όмллҍнлл ƳŜǎƘ ǎƛƭƛŎŀ ƎŜƭύ ǳǎƛƴƎ ŜǘƘȅƭ ŀŎŜǘŀǘŜκƘŜȄŀƴŜ ŀǎ ǘƘŜ ŜƭǳŜƴǘ ǘƻ ŀŦŦƻǊŘ 

the product 5a as white solid (1.8 g, 78%). 

Compound 4a: 2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-d]isoxazole-3-

carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 1a 

(43 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 6 h 

followed by column chromatography afforded the product 4a as yellow 

solid (72 mg, 83%), Rf (Ethyl acetate/Hexane: 15/85) = 0.30. Mp 167-169 

°C. 13C NMR (100 aIȊΣ ʵ ǇǇƳκDMSO-d6): 147.2 (C), 145.0 (C), 141.9 (C), 128.9 (CH), 128.9 

(CH), 127.4 (CH), 127.1 (CH), 122.9 (CH), 121.0 (CH), 120.2 (CH), 117.3 (C), 116.0 (CH), 116.0 

(CH), 82.6 (CH), 82.2 (CH), 80.5 (CH), 56.6 (CH), 56.1 (CH). 1H NMR (плл aIȊΣ ʵ ǇǇƳκDMSO-

d6): 7.45 ς 7.37 (m, 2H), 7.35 (d, J = 7.3 Hz, 2H), 7.26 ς 7.19 (m, 2H), 7.12 (d, J = 8.0 Hz, 2H), 

7.06 (t, J = 7.4 Hz, 1H), 5.59 (s, 1H), 5.50 (s, 1H), 5.34 (d, J = 2.4 Hz, 1H), 4.71 (d, J = 6.3 Hz, 1H), 

3.34 (d, J = 2.4 Hz, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for C18H15N2O2 291.1128; Found 

291.1127. 

Compound 4b: 6,7-dimethoxy-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 

1b (61 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) 

and diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C 

for 6 h followed by column chromatography afforded the product 4b 

as white solid (92 mg, 88%), Rf (Ethyl acetate/Hexane: 30/70) = 0.40. 

Mp 182-184 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 149.0 (C), 148.8 (C), 147.3 (C), 136.4 (C), 

133.1 (C), 129.2 (CH), 129.2 (CH), 125.6 (CH), 118.6 (CH), 118.6 (CH), 116.6 (C), 105.5 (CH), 

104.7 (CH), 83.5 (CH), 82.7 (CH), 80.6 (CH), 58.6 (CH3), 58.2 (CH3), 56.5 (CH), 56.4 (CH). 1H NMR 
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(плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.37 (dd, J = 8.6 Hz, 7.1 Hz, 2H), 7.33 ς 7.26 (m, 2H), 7.21 ς 7.11 (m, 

1H), 6.93 (d, J = 7.5 Hz, 2H), 5.36 (s, 2H), 4.61 (d, J = 6.3 Hz, 1H), 4.16 (d, J = 5.6 Hz, 1H), 3.89 

(s, 6H), 3.31 (t, J = 6.0 Hz, 1H). HRMS (ESI) m/z: [M - H]- Calcd for C20H17N2O4 349.1194; Found 

349.1194. 

Compound 4c: 6,7-dimethyl-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 

1c (52 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 6 

h followed by column chromatography afforded the product 4c as 

white solid (71 mg, 74%), Rf (Ethyl acetate/Hexane: 25/75) = 0.45. Mp 

193-195 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 147.3 (C), 141.8 (C), 138.6 (C), 136.4 (C), 136.2 

(C), 129.2 (CH), 129.2 (CH), 125.6 (CH), 122.5 (CH), 121.5 (CH), 118.7 (CH), 118.7 (CH), 116.6 

(C), 83.6 (CH), 82.4 (CH), 80.3 (CH), 58.7 (CH), 58.2 (CH), 20.1 (CH3), 20.0 (CH3). 1H NMR (400 

aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.51 ς 7.32 (m, 3H), 7.27 (d, J = 5.4 Hz, 1H), 7.25 ς 7.11 (m, 2H), 7.09 (d, 

J = 11.5 Hz, 1H), 5.32 (s, 2H), 4.59 (d, J = 6.5 Hz, 1H), 4.15 (d, J = 5.7 Hz, 1H), 3.29 (t, J = 6.1 Hz, 

1H), 2.25 (s, 6H). HRMS (ESI) m/z: [M + H]+ Calcd for C20H19N2O2 319.1441; Found 319.1440. 

Compound пŘΣ пŘΨΥ 5-methoxy-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile, 8-methoxy-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of 

oxabicyclic alkene 1d (52 mg, 0.30 mmol) with 

nitrosobenzene 2a (48 mg, 0.45 mmol) and 

diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 

25 °C for 6 h followed by column chromatography afforded 

inseparable (1:3) regioisomeric mixture of 4d and пŘΩ as white solid (73 mg, 76%), Rf (Ethyl 

acetate/Hexane: 25/75) = 0.30. Mp 168-170 °C. 13C NMR of one regioisomer (млл aIȊΣ ʵ 

ppm/CDCl3): 152.9 (C), 147.3 (C), 143.1 (C), 131.3 (C), 129.9 (CH), 129.2 (CH), 129.2 (CH), 125.5 

(CH), 118.5 (CH), 118.5 (CH), 116.6 (C), 113.5 (CH), 111.1 (CH), 83.4 (CH), 82.9 (CH), 78.2 (CH), 

58.7 (CH3), 57.3 (CH), 55.5 (CH). 1H NMR of one regioisomer (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.37 (t, 

J = 7.8 Hz, 2H), 7.33 ς 7.27 (m, 2H), 7.25 ς 7.14 (m, 2H), 6.96 (d, J = 7.3 Hz, 1H), 6.78 (d, J = 8.4 

Hz, 1H), 5.59 (s, 1H), 5.40 (s, 1H), 4.64 (d, J = 6.2 Hz, 1H), 4.22 (d, J = 5.3 Hz, 1H), 3.86 (s, 3H), 

3.37 (t, J = 5.9 Hz, 1H). Representative peaks for other isomer-  13C NMR (млл aIȊΣ ʵ 

ppm/CDCl3): 153.8 (C), 147.3 (C), 146.2 (C), 130.2 (C), 127.9 (CH), 118.6 (CH), 112.7 (CH), 111.1 

(CH), 82.9 (CH), 80.6 (CH), 80.3 (CH), 58.6 (CH3), 57.8 (CH), 55.7 (CH). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 6.94 (d, J = 6.8 Hz, 1H), 5.60 (s, 1H), 5.38 (s, 1H), 4.67 (d, J = 6.4 Hz, 1H), 4.17 (d, 

J = 5.6 Hz, 1H), 3.37 (t, J = 5.9 Hz, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for C19H17N2O3  321.1234; 

Found 321.1229. 
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Compound 4e, 4eΨ: 5-morpholino-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole-3-carbonitrile, 8-morpholino-2-phenyl-2,3,3a,4,9,9a-

hexahydro-4,9-epoxynaphtho[2,3-d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of 

oxabicyclic alkene 1e (69 mg, 0.30 mmol) with 

nitrosobenzene 2a (48 mg, 0.45 mmol) and 

diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 

25 °C for 6 h followed by column chromatography afforded 

(1:9) regioisomeric mixture of 4e and 4eΩ as white solid (80 

mg, 71%), Rf (Ethyl acetate/Hexane: 25/75) = 0.40. Mp 177-179 °C. 13C NMR of Major isomer 

(млл aIȊΣ ʵ ǇǇƳκDMSO-d6): 146.9 (C), 145.0 (C), 143.3 (C), 134.6 (C), 128.5 (CH), 128.5 (CH), 

128.1 (CH), 122.3 (CH), 117.1 (CH), 115.7 (C), 115.2 (CH), 115.2 (CH), 113.6 (CH), 82.4 (CH), 

81.9 (CH), 79.2 (CH), 65.9 (CH2), 65.9 (CH2), 56.5 (CH), 55.6 (CH), 50.3 (CH2), 50.3 (CH2). 1H 

NMR of Major isomer (плл aIȊΣ ʵ ǇǇƳκDMSO-d6): 7.40 ς 7.32 (m, 2H), 7.19 ς 7.10 (m, 1H), 

7.09 ς 7.00 (m, 3H), 7.00 (d, J = 7.1 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 5.73 (s, 1H), 5.43 (s, 1H), 

5.37 (d, J = 2.2 Hz, 1H), 4.76 (d, J = 6.3 Hz, 1H), 3.83 ς 3.74 (m, 4H), 3.40 (dd, J = 6.3 Hz, 2.2 Hz, 

1H), 3.10 ς 2.98 (m, 4H). HRMS (ESI) m/z: [M + H]+ Calcd for C22H22N3O3 376.1656; Found 

376.1654.  

Compound пŦΣ пŦΨΥ с-methyl-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile, 7-methyl-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of 

oxabicyclic alkene 1f (48 mg, 0.30 mmol) with 

nitrosobenzene 2a (48 mg, 0.45 mmol) and 

diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 

mL) at 25 °C for 6 h followed by column 

chromatography afforded (1:1) regioisomeric mixture of 4f and 4fΩ as white solid (60 mg, 

66%), Rf (Ethyl acetate/Hexane: 20/80) = 0.35. Mp 180-182 °C. 13C NMR of one regioisomer 

(млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 147.2 (C), 143.7 (C), 140.6 (C), 131.4 (C), 129.4 (CH), 129.2 (CH), 

129.2 (CH), 128.2 (CH), 125.6 (CH), 118.6 (CH), 118.6 (CH), 117.5 (CH), 116.5 (C), 83.3 (CH), 

82.9 (CH), 79.1 (CH), 58.6 (CH), 57.2 (CH), 18.5 (CH3). 1H NMR of one regioisomer (400 MHz, 

ʵ ǇǇƳκ/5/ƭ3): 7.43 ς 7.34 (m, 2H), 7.34 ς 7.27 (m, 2H), 7.22 ς 7.11 (m, 3H), 7.04 (d, J = 4.0 Hz, 

1H), 5.48 (s, 1H), 5.41 (s, 1H), 4.65 (d, J = 6.3 Hz, 1H), 4.23 (d, J = 5.5 Hz, 1H), 3.35 (t, J = 4.9 

Hz, 1H), 2.38 (s, 3H). Representative peaks for other isomer- 13C NMR (млл aIȊΣ ʵ 

ppm/CDCl3): 147.2 (C), 142.7 (C), 139.5 (C), 130.3 (C), 128.0 (CH), 125.4 (CH), 118.5 (CH), 117.5 

(CH), 82.8 (CH), 81.2 (CH), 80.7 (CH), 58.6 (CH), 57.2 (CH), 18.4 (CH3). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.03 (d, J = 2.1 Hz, 1H), 5.47 (s, 1H), 5.40 (s, 1H), 4.63 (d, J = 6.4 Hz, 1H), 4.18 (d, 

J = 5.7 Hz, 1H), 3.32 (t, J = 4.8 Hz, 1H), 2.37 (s, 3H). HRMS (ESI) m/z: [M + H]+ Calcd for 

C19H17N2O2 305.1285; Found 305.1302. 
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Compound 4g: 2-phenyl-2,3,3a,4,11,11a-hexahydro-4,11-epoxyanthra[2,3-d]isoxazole-3-

carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 

1g (58 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) 

and diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C 

for 6 h followed by column chromatography afforded the product 4g 

as white solid (74 mg, 73%), Rf (Ethyl acetate/Hexane: 20/80) = 0.35. 

Mp 162-164 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκDMSO-d6): 147.2 (C), 142.6 (C), 139.2 (C), 132.6 

(C), 132.4 (C), 128.9 (CH), 128.9 (CH), 128.2 (CH), 128.2 (CH), 126.2 (CH), 126.2 (CH), 123.0 

(CH), 119.6 (CH), 118.6 (CH), 117.3 (CH), 116.0 (CH), 116.0 (C), 82.5 (CH), 82.4 (CH), 80.3 (CH), 

56.7 (CH), 54.9 (CH). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ5a{h-d6): 7.94 ς 7.90 (m, 2H), 7.86 (d, J = 9.3 

Hz, 2H), 7.55 ς 7.51 (m, 2H), 7.40 ς 7.36 (m, 2H), 7.16 ς 7.12 (m, 2H), 7.07 (td, J = 7.3 Hz, 1.1 

Hz, 1H), 5.74 (s, 1H), 5.66 (s, 1H), 5.41 (d, J = 2.5 Hz, 1H), 4.81 (d, J = 6.4 Hz, 1H), 3.45 (dd, J = 

6.4 Hz, 2.5 Hz, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for C22H17N2O2 341.1285; Found 341.1295. 

Compound 4h: bis-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-d]isoxazole-3-

carbonitrile 

Following the general procedure, the treatment of 

oxabicyclic alkene 1h (86 mg, 0.30 mmol) with 

nitrosobenzene 2a (48 mg, 0.45 mmol) and 

diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 

25 °C for 6 h followed by column chromatography afforded 

the product 4h as white solid (137 mg, 79%), Rf (Ethyl 

acetate/Hexane: 25/75) = 0.35. Mp 201-203 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκDMSO-d6): 150.3 

(C), 150.3 (C), 148.5 (C), 146.8 (C), 145.6 (C), 143.6 (C), 142.8 (C), 142.8 (C), 128.5 (CH), 128.5 

(CH), 128.5 (CH), 128.5 (CH), 125.7 (CH), 125.4 (CH), 123.0 (CH), 122.5 (CH), 121.1 (CH), 120.3 

(CH), 120.0 (CH), 118.8 (C), 118.6 (C), 116.9 (CH), 115.6 (CH), 115.6 (CH), 115.6 (CH), 115.6 

(CH), 82.4 (CH), 82.2 (CH), 81.9 (CH), 81.2 (CH), 81.0 (CH), 81.0 (CH), 80.2 (CH), 80.1 (CH), 56.3 

(CH), 55.8 (CH). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ5a{h-d6): 7.63 (d, J = 4.0 Hz, 2H), 7.57 ς 7.53 (m, 

2H), 7.50 ς 7.41 (m, 2H), 7.40 ς 7.33 (m, 4H), 7.23 ς 7.17 (m, 2H), 7.14 ς 7.12 (m, 1H), 7.11 (d, 

J = 2.4 Hz, 2H), 7.06 (t, J = 7.4 Hz, 1H), 5.81 (s, 2H), 5.63 (s, 1H), 5.53 (s, 1H), 5.39 (d, J = 3.5 Hz, 

1H), 5.36 (d, J = 2.5 Hz, 1H), 4.76 (d, J = 6.3 Hz, 2H), 3.39 (dd, J = 6.4 Hz, 2.4 Hz, 2H). HRMS 

(ESI) m/z: [M + H]+ Calcd for C36H27N4O4  579.2027; Found  579.2036. 

Compound 4i, 4iΨΥ 9-methyl-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile, 4-methyl-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 1i (48 mg, 0.30 mmol) 

with nitrosobenzene 2a (48 mg, 0.45 mmol) and diazoacetonitrile 3a (30 mg, 0.45 mmol) in 

ACN (2.0 mL) at 25 °C for 6 h followed by column chromatography afforded (1:9) regioisomeric 
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mixture of 4i and пƛΩ  as white solid (74 mg, 81%), Rf (Ethyl 

acetate/Hexane: 20/80) = 0.40. Mp 180-182 °C. 13C NMR 

of Major isomer (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 147.1 (C), 145.1 

(C), 144.3 (C), 129.2 (CH), 129.2 (CH), 128.0 (CH), 127.9 

(CH), 125.4 (CH), 120.1 (CH), 120.0 (CH), 118.5 (CH), 118.5 

(CH), 116.4 (C), 88.4 (C), 83.9 (CH), 79.6 (CH), 59.2 (CH), 58.7 (CH), 12.5 (CH3). 1H NMR of 

Major isomer όплл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.41 ς 7.34 (m, 2H), 7.33 ς 7.27 (m, 3H), 7.25 (dd, J = 

4.3 Hz, 1.6 Hz, 3H), 7.17 (td, J = 7.3 Hz, 1.3 Hz, 1H), 5.34 (s, 1H), 4.42 (d, J = 6.3 Hz, 1H), 4.28 

(d, J = 5.0 Hz, 1H), 3.40 (dd, J = 6.3 Hz, 5.1 Hz, 1H), 1.87 (s, 3H). HRMS (ESI) m/z: [M + H]+ Calcd 

for C19H17N2O2 305.1285; Found 305.1287. 

Compound пƧΣ пƧΨ: 9-acetyl-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile, 4-acetyl-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of 

oxabicyclic alkene 1j (56 mg, 0.30 mmol) with 

nitrosobenzene 2a (48 mg, 0.45 mmol) and 

diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 

25 °C for 6 h followed by column chromatography 

afforded inseparable (1:1.8) regioisomeric mixture of 4j and пƧΩ as white solid (78 mg, 79%), 

Rf (Ethyl acetate/Hexane: 25/75) = 0.25. Mp 176-178 °C. 13C NMR of Major isomer (100 MHz, 

ʵ ǇǇƳκ/5/ƭ3): 204.3 (C), 146.6 (C), 143.5 (C), 139.9 (C), 129.3 (CH), 129.3 (CH), 128.8 (CH), 

128.3 (CH), 125.2 (CH), 121.3 (CH), 120.3 (CH), 117.9 (CH), 117.9 (CH), 115.9 (C), 94.4 (C), 84.7 

(CH), 83.9 (CH), 58.4 (CH), 58.3 (CH), 28.8 (CH3). 1H NMR of Major isomer (плл aIȊΣ ʵ 

ppm/CDCl3): 7.56 (dd, J = 6.1 Hz, 2.1 Hz, 1H), 7.41 ς 7.37 (m, 3H), 7.33 ς 7.29 (m, 2H), 7.19 (d, 

J = 7.9 Hz, 3H), 5.53 (s, 1H), 4.86 (d, J = 6.2 Hz, 1H), 4.50 (d, J = 4.1 Hz, 1H), 3.40 (dd, J = 6.2 Hz, 

4.0 Hz, 1H), 2.42 (s, 3H). 13C NMR of Minor isomer (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 204.6 (C), 147.0 

(C), 143.9 (C), 140.6 (C), 129.3 (CH), 129.3 (CH), 128.9 (CH), 128.5 (CH), 125.4 (CH), 121.6 (CH), 

119.3 (CH), 118.2 (CH), 118.2 (CH), 116.0 (C), 93.5 (C), 83.0 (CH), 80.5 (CH), 58.4 (CH), 57.5 

(CH), 28.1 (CH3). 1H NMR of Minor isomer (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.43 (dd, J = 6.2 Hz, 2.0 

Hz, 1H), 7.40 ς 7.32 (m, 3H), 7.31 ς 7.21 (m, 2H), 7.15 (d, J = 7.5 Hz, 3H), 5.54 (s, 1H), 4.68 (d, 

J = 6.2 Hz, 1H), 4.09 (d, J = 4.8 Hz, 1H), 3.57 (dd, J = 6.3 Hz, 4.7 Hz, 1H), 2.40 (s, 3H). HRMS (ESI) 

m/z: [M - H]- Calcd for C20H15N2O3 331.1088; Found 331.1089. 

Compound 4k: 4,9-dimethyl-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 1k (52 mg, 0.30 mmol) 

with nitrosobenzene 2a (48 mg, 0.45 mmol) and diazoacetonitrile 3a (30 mg, 0.45 mmol) in 

ACN (2.0 mL) at 25 °C for 6 h followed by column chromatography afforded the product 4k as 

white solid (72 mg, 76%), Rf (Ethyl acetate/Hexane: 25/75) = 0.40. Mp 192-194 °C. 13C NMR 

(млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 147.9 (C), 147.4 (C), 145.0 (C), 129.2 (CH), 129.2 (CH), 128.1 (CH), 
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127.9 (CH), 125.8 (CH), 119.8 (CH), 119.0 (CH), 119.0 (CH), 118.8 (CH), 

116.5 (C), 87.4 (C), 86.1 (CH), 84.4 (C), 62.1 (CH), 57.4 (CH), 14.8 (CH3), 

12.6 (CH3). 1H NMR (плл aIȊΣ ʵ ppm/CDCl3): 7.42 ς 7.39 (m, 1H), 7.38 ς 

7.36 (m, 2H), 7.35 (q, J = 1.2 Hz, 1H), 7.29 ς 7.25 (m, 3H), 7.24 ς 7.21 (m, 

2H), 4.46 (d, J = 6.3 Hz, 1H), 4.18 (d, J = 6.0 Hz, 1H), 3.31 (t, J = 6.2 Hz, 1H), 

1.88 (s, 3H), 1.85 (s, 3H). HRMS (ESI) m/z: [M + H]+ Calcd for C20H19N2O2 

319.1441; Found 319.1439. 

Compound 4l: tert-butyl 3-cyano-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-

epiminonaphtho[2,3-d]isoxazole-10-carboxylate 

Following the general procedure, the treatment of oxabicyclic alkene 1l 

(73 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 6 h 

followed by column chromatography afforded the product 4l as white 

solid (99 mg, 85%), Rf (Ethyl acetate/Hexane: 20/80) = 0.30. Mp 164-166 

°C. 13C NMR (100 aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 154.0 (C), 146.8 (C), 144.0 (C), 140.9 (C), 129.2 (CH), 

129.2 (CH), 127.9 (CH), 127.9 (CH), 127.7 (CH), 124.7 (CH), 121.6 (CH), 120.7 (CH), 117.7 (CH), 

116.3 (C), 83.2 (CH), 80.9 (CH), 65.0 (CH), 61.8 (CH), 57.9 (CH), 57.1 (CH), 28.3 (CH3), 28.3 (CH3), 

28.3 (CH3). 1H NMR όплл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.34 (q, J = 6.7 Hz, 5.8 Hz, 4H), 7.24 ς 7.18 (m, 

3H), 7.18 (d, J = 4.6 Hz, 1H), 7.13 (t, J = 6.8 Hz, 1H), 5.40 (s,1H), 5.32 ς 5.24 (m, 1H), 4.60 (d, J 

= 7.1 Hz, 2H), 3.26 (t, J = 5.4 Hz, 1H), 1.24 (s, 9H). HRMS (ESI) m/z: [M + Na]+ Calcd for 

C23H23N3O3Na 412.1632; Found 412.1623. 

Compound 4m: 4-bromophenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic 

alkene 1a (43 mg, 0.30 mmol) with nitrosobenzene 2b (84 mg, 0.45 

mmol) and diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) 

at 25 °C for 6 h followed by column chromatography afforded the 

product 4m as white solid (80 mg, 73%), Rf (Ethyl acetate/Hexane: 

15/85) = 0.30. Mp 186-188 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 146.3 (C), 143.9 (C), 140.8 

(C), 132.2 (CH), 132.2 (CH), 128.2 (CH), 128.0 (CH), 121.2 (CH), 120.3 (CH), 120.0 (CH), 120.0 

(CH), 118.3 (C), 116.2 (C), 83.3 (CH), 82.6 (CH), 80.5 (CH), 58.5 (CH), 57.7 (CH). 1H NMR (400 

aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.48 (d, J = 8.8 Hz, 2H), 7.38 ς 7.31 (m, 2H), 7.28 ς 7.22 (m, 2H), 7.16 (d, 

J = 8.8 Hz, 2H), 5.41 (s, 2H), 4.65 (d, J = 6.4 Hz, 1H), 4.19 (d, J = 5.3 Hz, 1H), 3.35 (t, J = 5.8 Hz, 

1H). HRMS (ESI) m/z: [M + H]+ Calcd for  C18H14BrN2O2 369.0233; Found 369.0238. 

Compound 4n: methyl-3-cyano-3a,4,9,9a-tetrahydro-4,9-epoxynaphtho[2,3-d]isoxazol-

2(3H)-yl)benzoate 
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Following the general procedure, the treatment of oxabicyclic 

alkene 1a (43 mg, 0.30 mmol) with nitrosobenzene 2c (74 mg, 

0.45 mmol) and diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN 

(2.0 mL) at 25 °C for 6 h followed by column chromatography 

afforded the product 4n as white solid (80 mg, 77%), Rf (Ethyl 

acetate/Hexane: 15/85) = 0.20. Mp 165-167 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 166.7 (C), 

150.9 (C), 144.0 (C), 141.0 (C), 130.9 (CH), 130.9 (CH), 128.3 (CH), 128.1 (CH), 125.5 (C), 121.2 

(CH), 120.3 (CH), 116.2 (C), 116.1 (CH), 116.1 (CH), 83.4 (CH), 83.1 (CH), 81.1 (CH), 57.4 (CH), 

57.2 (CH), 52.1 (CH3). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 8.04 (d, J = 8.4 Hz, 2H), 7.45 ς 7.29 

(m, 2H), 7.25 (t, J = 4.2 Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 5.46 (s, 1H), 5.44 (s, 1H), 4.71 (d, J = 

6.3 Hz, 1H), 4.51 (d, J = 3.8 Hz, 1H), 3.90 (s, 3H), 3.39 (dd, J = 6.3 Hz, 3.8 Hz, 1H). HRMS (ESI) 

m/z: [M + H]+ Calcd for C20H17N2O4 349.1183; Found 349.1169. 

Compound 4o: 3-bromophenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 

1a (43 mg, 0.30 mmol) with nitrosobenzene 2d (84 mg, 0.45 mmol) 

and diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C 

for 6 h followed by column chromatography afforded the product 4o 

as white solid (95 mg, 86%), Rf (Ethyl acetate/Hexane: 15/85) = 0.30. 

Mp 184-186 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 148.5 (C), 143.9 (C), 140.8 (C), 130.5 (CH), 

128.3 (CH), 128.1 (CH), 128.1 (CH), 123.0 (C), 121.3 (CH), 121.1 (CH), 120.3 (CH), 116.6 (CH), 

116.2 (C), 83.4 (CH), 82.7 (CH), 80.6 (CH), 58.3 (CH), 57.7 (CH). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.47 (s, 1H), 7.43 ς 7.29 (m, 2H), 7.32 ς 7.18 (m, 4H), 7.15 (d, J = 8.1 Hz, 1H), 5.42 

(d, J = 4.0 Hz, 2H), 4.66 (d, J = 6.4 Hz, 1H), 4.26 (d, J = 5.1 Hz, 1H), 3.35 (t, J = 5.7 Hz, 1H). HRMS 

(ESI) m/z: [M + H]+ Calcd for C18H14BrN2O2 369.0233; Found 369.0235. 

Compound 4p: 3-chlorophenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 

1a (43 mg, 0.30 mmol) with nitrosobenzene 2e (63 mg, 0.45 mmol) 

and diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C 

for 6 h followed by column chromatography afforded the product 4p 

as white solid (78 mg, 80%), Rf (Ethyl acetate/Hexane: 15/85) = 0.30. 

Mp 178-180 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 148.4 (C), 143.9 (C), 140.8 (C), 135.0 (C), 

130.2 (CH), 128.2 (CH), 128.1 (CH), 125.1 (CH), 121.3 (CH), 120.3 (CH), 118.3 (CH), 116.2 (C), 

116.1 (CH), 83.4 (CH), 82.7 (CH), 80.6 (CH), 58.3 (CH), 57.7 (CH). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.39 ς 7.34 (m, 1H), 7.32 (q, J = 3.5 Hz, 2.7 Hz, 2H), 7.28 ς 7.21 (m, 3H), 7.16 ς 

7.07 (m, 2H), 5.42 (d, J = 3.5 Hz, 2H), 4.66 (d, J = 6.4 Hz, 1H), 4.25 (d, J = 5.0 Hz, 1H), 3.35 (t, J 

= 5.7 Hz, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for C18H14ClN2O2 325.0738; Found 325.0746. 
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Compound 4q: 3-cyanophenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-d]isoxazole-

3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic alkene 

1a (43 mg, 0.30 mmol) with nitrosobenzene 2f (59 mg, 0.45 mmol) 

and diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C 

for 6 h followed by column chromatography afforded the product 4q 

as white solid (67 mg, 71%), Rf (Ethyl acetate/Hexane: 15/85) = 0.30. 

Mp 172-174 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 147.8 (C), 143.8 (C), 140.8 (C), 130.0 (CH), 

128.3 (CH), 128.2 (CH), 128.0 (CH), 121.6 (CH), 121.3 (CH), 120.7 (CH), 120.3 (CH), 118.5 (C), 

115.9 (C), 113.3 (C), 83.5 (CH), 82.9 (CH), 80.9 (CH), 57.9 (CH), 57.5 (CH). 1H NMR (400 MHz, 

ʵ ǇǇƳκ/5/ƭ3): 7.53 (s, 1H), 7.51 ς 7.38 (m, 1H), 7.37 (d, J = 2.9 Hz, 3H), 7.33 (dd, J = 5.3 Hz, 

3.1 Hz, 1H), 7.26 (p, J = 4.0 Hz, 3.3 Hz, 2H), 5.44 (d, J = 3.5 Hz, 2H), 4.71 (d, J = 6.3 Hz, 1H), 4.38 

(d, J = 4.3 Hz, 1H), 3.39 (dd, J = 6.4 Hz, 4.2 Hz, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for 

C19H14N3O2 316.1081; Found 316.1086. 

Compound 4r: 2-(3,4-dichlorophenyl)-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carbonitrile 

Following the general procedure, the treatment of oxabicyclic 

alkene 1a (43 mg, 0.30 mmol) with nitrosobenzene 2g (79 mg, 0.45 

mmol) and diazoacetonitrile 3a (30 mg, 0.45 mmol) in ACN (2.0 mL) 

at 25 °C for 6 h followed by column chromatography afforded the 

product 4m as white solid (68 mg, 63%), Rf (Ethyl acetate/Hexane: 

20/80) = 0.30. Mp 180-182 °C. 13C NMR (100 aIȊΣ ʵ ǇǇƳκDMSO-d6): 147.0 (C), 144.8 (C), 

141.6 (C), 131.5 (C), 130.9 (CH), 127.5 (CH), 127.1 (CH), 124.9 (C), 121.4 (CH), 120.2 (CH), 117.4 

(CH), 116.2 (CH), 116.1 (C), 84.6 (CH), 79.7 (CH), 79.3 (CH), 56.6 (CH), 54.4 (CH). 1H NMR (400 

aIȊΣ ʵ ǇǇƳκDMSO-d6): 7.60 (d, J = 8.8 Hz, 1H), 7.43 ς 7.39 (m, 2H), 7.37 (d, J = 4.4 Hz, 1H), 

7.27 ς 7.19 (m, 2H), 7.19 ς 7.11 (m, 1H), 5.65 (d, J = 8.7 Hz, 1H), 5.54 (d, J = 6.8 Hz, 2H), 4.62 

(d, J = 6.4 Hz, 1H), 3.31 ς 3.20 (m, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for C18H13Cl2N2O2 

359.0349; Found 359.0331. 

Compound 5a: 2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole 

Following the general procedure, the treatment of oxabicyclic alkene 1a 

(43 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3a (stock solution in toluene, 563 µL, 0.45 mmol) in 

ACN (2.0 mL) at 25 °C for 4 h followed by column chromatography afforded 

the product 5a as white solid (89 mg, 90%), Rf (Ethyl acetate/Hexane: 

15/85) = 0.30. Mp 144-146 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 150.5 (C), 144.63 (C), 141.7 

(C), 129.0 (CH), 129.0 (CH), 128.0 (CH), 127.9 (CH), 124.8 (q, 1JC-F = 279.6 Hz, C), 122.7 (CH), 

121.0 (CH), 120.3 (CH), 114.7 (CH), 114.7 (CH), 86.0 (CH), 83.3 (CH), 82.0 (CH), 70.8 (q, 2JC-F = 
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30.7 Hz, CH), 53.9 (CH). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.35 ς 7.29 (m, 3H), 7.29 ς 7.26 (m, 

1H), 7.23 ς 7.18 (m, 2H), 7.15 ς 7.09 (m, 2H), 7.01 (t, J = 7.3 Hz, 1H), 5.45 (s, 1H), 5.25 (s, 1H), 

4.67 (d, J = 6.3 Hz, 1H), 4.22 (qd, J = 7.6 Hz, 2.6 Hz, 1H), 3.25 (dd, J = 6.3 Hz, 2.6 Hz, 1H). 19F 

NMR όотс aIȊΣ ʵ ppm/CDCl3): -74.7 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C18H15F3NO2 

334.1049; Found 334.1044. 

Compound 5b: 6,7-dimethoxy-2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole 

Following the general procedure, the treatment of oxabicyclic alkene 

1b (61 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) 

and trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 0.45 

mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by column 

chromatography afforded the product 5b as white solid (110 mg, 

94%), Rf (Ethyl acetate/Hexane: 20/80) = 0.20. Mp 156-158 °C. 13C NMR (млл aIȊΣ ʵ 

ppm/CDCl3): 150.5 (C), 148.9 (C), 148.8 (C), 137.0 (C), 133.9 (C), 128.9 (CH), 128.9 (CH), 124.8 

(q, 1JC-F = 279.5 Hz, C), 122.5 (CH), 114.5 (CH), 114.5 (CH), 105.2 (CH), 104.7 (CH), 86.2 (CH), 

83.5 (CH), 82.2 (CH), 70.7 (q, 2JC-F = 30.5 Hz, CH), 56.4 (CH3), 56.4 (CH3), 54.2 (CH). 1H NMR 

(плл aIȊΣ ʵ ppm/CDCl3): 7.31 (t, J = 7.8 Hz, 2H), 7.10 (d, J = 8.1 Hz, 2H), 7.00 (t, J = 7.3 Hz, 1H), 

6.88 (d, J = 13.1 Hz, 2H), 5.37 (s, 1H), 5.17 (s, 1H), 4.62 (d, J = 6.4 Hz, 1H), 4.27 ς 4.14 (m, 1H), 

3.86 (s, 6H), 3.20 (dd, J = 6.4 Hz, 2.5 Hz, 1H). 19F NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -74.7 (s). HRMS 

(ESI) m/z: [M + H]+ Calcd for C20H19F3NO4 394.1261; Found 394.1257. 

Compound 5c: 6,7-dimethyl-2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole 

Following the general procedure, the treatment of oxabicyclic alkene 

1c (52 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 0.45 mmol) 

in ACN (2.0 mL) at 25 °C for 4 h followed by column chromatography 

afforded the product 5c as white solid (95 mg, 88%), Rf (Ethyl 

acetate/Hexane: 15/85) = 0.20. Mp 179-181 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 150.5 (C), 

142.4 (C), 139.4 (C), 136.2 (C), 136.1 (C), 128.9 (CH), 128.9 (CH), 124.9 (q, 1JC-F = 279.9 Hz, C), 

122.5 (CH), 122.2 (CH), 121.5 (CH), 114.5 (CH), 114.5 (CH), 86.3 (CH), 83.3 (CH), 81.9 (CH), 70.8 

(q, 2JC-F = 30.6 Hz, CH), 54.2 (CH), 20.1 (CH3), 20.1 (CH3). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 

7.58 ς 7.21 (m, 3H), 7.12 ς 6.90 (m, 4H), 5.33 (d, J = 11.3 Hz, 1H), 5.12 (d, J = 11.2 Hz, 1H), 4.58 

(s, 1H), 4.16 (s, 1H), 3.33 ς 3.07 (m, 1H), 2.17 (s, 6H). 19F NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -74.8 

(s). HRMS (ESI) m/z: [M + H]+ Calcd for C20H19F3NO2 362.1362; Found 362.1361.  

Compound 5d, 5ŘΨ: 5-methoxy-2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole, 8-methoxy-2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-

hexahydro-4,9-epoxynaphtho[2,3-d]isoxazole 
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Following the general procedure, the treatment of 

oxabicyclic alkene 1d (52 mg, 0.30 mmol) with 

nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 

0.45 mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by 

column chromatography afforded inseparable (1:1) regioisomeric mixture of 5d and 5ŘΩ as 

light brown oil (100 mg, 92%), Rf (Ethyl acetate/Hexane: 25/75) = 0.20. 13C NMR of one 

regioisomer (млл aIȊΣ ʵ ppm/CDCl3): 153.0 (C), 150.5 (C), 143.9 (C), 129.8 (CH), 128.9 (CH), 

128.9 (CH), 128.9 (CH), 124.9 (q, 1JC-F = 279.8 Hz, C), 122.4 (CH), 114.3 (CH), 114.3 (CH), 112.7 

(CH), 110.9 (CH), 85.7 (CH), 82.1 (CH), 79.6 (CH), 70.6 (q, 2JC-F = 30.8 Hz, CH), 55.5 (CH3), 53.4 

(CH). 1H NMR of one regioisomer (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.31 (ddd, J = 8.7 Hz, 7.3 Hz, 1.4 

Hz, 4H), 7.17 (dd, J = 8.3 Hz, 7.2 Hz, 2H), 7.10 ς 7.06 (m, 2H), 7.00 (td, J = 7.4 Hz, 1.3 Hz, 2H), 

6.88 (d, J = 7.2 Hz, 1H), 6.71 (d, J = 3.1 Hz, 1H), 5.41 (s, 1H), 5.21 (s, 1H), 4.65 (d, J = 6.3 Hz, 

1H), 4.21 (pd, J = 7.8 Hz, 2.5 Hz, 2H), 3.82 (s, 3H), 3.23 (dd, J = 6.4 Hz, 2.5 Hz, 1H). 19F NMR of 

one regioisomer όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -74.4 (s). Representative peaks for other isomer-  

13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 153.6 (C), 150.5 (C), 146.8 (C), 131.8 (C), 129.9 (CH), 129.0 

(q, 1JC-F = 277.1 Hz, C), 128.7 (CH), 128.7 (CH), 122.4 (CH), 114.3 (CH), 114.3 (CH), 113.2 (CH), 

111.0 (CH), 86.2 (CH), 83.5 (CH), 81.0 (CH), 70.8 (q, 2JC-F = 30.8 Hz, CH), 55.6 (CH3), 53.7 (CH). 
1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.11 (dd, J = 3.1 Hz, 1.2 Hz, 2H), 6.91 (d, J = 7.2 Hz, 1H), 6.74 

(d, J = 3.1 Hz, 1H), 5.63 (s, 1H), 5.42 (s, 1H), 4.68 (d, J = 6.3 Hz, 1H), 3.85 (s, 3H), 3.27 (dd, J = 

6.4 Hz, 2.6 Hz, 1H). 19F NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -74.8 (s). HRMS (ESI) m/z: [M + H]+ Calcd 

for C19H17F3NO3 364.1155; Found 364.1151. 

Compound 5e, 5ŜΨ: 5-morpholino-2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-

4,9-epoxynaphtho[2,3-d]isoxazole, 8-morpholino-2-phenyl-3-(trifluoromethyl)-

2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-d]isoxazole 

Following the general procedure, the treatment of 

oxabicyclic alkene 1e (69 mg, 0.30 mmol) with 

nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3b (stock solution in toluene, 563 

µL, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 4 h followed 

by column chromatography afforded inseparable (1:1) 

regioisomeric mixture of 5e and 5eΩ as white solid (91 mg, 73%). Rf (Ethyl acetate/Hexane: 

15/85) = 0.40. Mp 172-174 °C. 13C NMR of one regioisomer (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 150.3 

(C), 146.5 (C), 143.4 (C), 132.3 (C), 129.2 (CH), 129.0 (CH), 129.0 (CH), 124.8 (q, 1JC-F = 280.7 

Hz, C), 122.9 (CH), 116.7 (CH), 115.1 (CH), 115.1 (CH), 113.9 (CH), 85.7 (CH), 82.5 (CH), 81.0 

(CH), 70.7 (q, 2JC-F = 30.2 Hz, CH), 67.1 (CH2), 67.1 (CH2), 53.9 (CH), 51.6 (CH2) 51.6 (CH2). 1H 

NMR of one regioisomer (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.33 ς 7.30 (m, 2H), 7.15 ς 7.11 (m, 3H), 

7.03 (t, J = 7.4 Hz, 1H), 6.91 (d, J = 7.2 Hz, 1H), 6.76 (d, J = 8.2 Hz, 1H), 5.40 (s, 1H), 5.20 (s, 1H), 

4.69 (d, J = 6.4 Hz, 1H), 4.18 (d, J = 6.7 Hz, 1H), 3.88 ς 3.83 (m, 4H), 3.27 (d, J = 6.2 Hz, 1H), 

3.08 ς 2.98 (m, 4H). 19F NMR of one regioisomer όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -74.5 (s). 
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Representative peaks for other isomer- 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 150.3 (C), 146.8 

(C), 146.0 (C), 135.7 (C), 129.4 (CH), 123.1 (CH), 116.9 (CH), 115.3 (CH), 114.6 (CH), 85.9 (CH), 

83.3 (CH), 82.0 (CH), 71.0 (q, 2JC-F = 31.0 Hz, CH), 54.0 (CH). 1H NMR (400 aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 

6.95 (d, J = 7.2 Hz, 1H), 5.53 (s, 1H), 5.40 (s, 1H), 4.74 (d, J = 6.6 Hz, 1H), 4.22 (d, J = 7.5 Hz, 

1H), 4.30 ς 4.16 (m, 4H), 3.95 ς 3.87 (m, 1H), 3.19 ς 3.02 (m, 4H). 19F NMR όотс aIȊΣ ʵ 

ppm/CDCl3): -74.4 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C22H22F3N2O3 419.1577; Found 

419.1573. 

Compound 5f: 2-phenyl-3-(trifluoromethyl)-2,3,3a,4,11,11a-hexahydro-4,11-

epoxyanthra[2,3-d]isoxazole 

Following the general procedure, the treatment of oxabicyclic alkene 

1g (58 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) 

and trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 0.45 

mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by column 

chromatography afforded the product 5f as white solid (99 mg, 86%), 

Rf (Ethyl acetate/Hexane: 15/85) = 0.25. Mp 155-157 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 

150.4 (C), 141.5 (C), 138.7 (C), 133.2 (C), 133.1 (C), 129.0 (CH), 129.0 (CH), 128.5 (CH), 128.4 

(CH), 126.8 (CH), 126.7 (CH), 122.8 (CH), 122.6 (q, 1JC-F = 279.9 Hz, C), 119.8 (CH), 119.0 (CH), 

114.8 (CH), 114.8 (CH), 86.1 (CH), 83.3 (CH), 81.9 (CH), 71.0 (q, 2JC-F = 30.9 Hz, CH), 54.5 (CH). 
1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.85 ς 7.76 (m, 2H), 7.68 (d, J = 18.9 Hz, 2H), 7.53 ς 7.44 

(m, 2H), 7.38 ς 7.28 (m, 2H), 7.18 ς 7.08 (m, 2H), 7.02 (t, J = 7.3 Hz, 1H), 5.57 (s, 1H), 5.36 (s, 

1H), 4.73 (d, J = 6.4 Hz, 1H), 4.28 (qd, J = 7.6 Hz, 2.7 Hz, 1H), 3.32 (dd, J = 6.4 Hz, 2.6 Hz, 1H). 
19F NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -74.7 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C22H17F3NO2 

384.1206; Found 384.1200. 

Compound 5g: bis-2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole 

Following the general procedure, the treatment of 

oxabicyclic alkene 1h (86 mg, 0.30 mmol) with 

nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 

0.45 mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by 

column chromatography afforded the product 5g as white 

solid (163 mg, 82%), Rf (Ethyl acetate/Hexane: 25/75) = 0.20. Mp 184-186 °C. 13C NMR (100 

aIȊΣ ʵ ǇǇƳκDMSO-d6): 150.1 (C), 150.1 (C), 145.6 (C), 143.9 (C), 142.8 (C), 141.1 (C), 141.0 

(C), 139.2 (C), 128.2 (CH), 128.2 (CH), 128.2 (CH), 128.2 (CH), 125.8 (CH), 125.6 (CH), 124.7 (q, 
1JC-F = 280.2 Hz, C), 121.1 (CH), 120.4 (CH), 120.4 (CH), 119.4 (CH), 119.4 (CH), 118.8 (CH), 

112.8 (CH), 112.8 (CH), 112.8 (CH), 112.8 (CH), 85.1 (CH), 85.1 (CH), 82.3 (CH), 82.1 (CH), 80.4 

(CH), 80.2 (CH), 67.5 (q, 2JC-F = 32.1 Hz, CH), 52.3 (CH), 52.3 (CH). 1H NMR (плл aIȊΣ ʵ 

ppm/DMSO-d6): 7.62 (dt, J = 15.4, 4.9 Hz, 2H), 7.49 ς 7.38 (m, 4H), 7.28 (t, J = 7.7 Hz, 4H), 7.05 

(d, J = 8.1 Hz, 4H), 6.91 (t, J = 7.3 Hz, 2H), 5.59 ς 5.52 (m, 4H), 5.13 ς 4.96 (m, 2H), 4.75 ς 4.69 
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(m, 2H), 3.28 ς 3.21 (m, 2H). 19F NMR (376 aIȊΣ ʵ ǇǇƳ/DMSO-d6): -73.9 (s). HRMS (ESI) m/z: 

[M + H]+ Calcd for C36H27F6N2O4 665.1870; Found 665.1868. 

Compound 5h: 9-methyl-2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole  

Following the general procedure, the treatment of oxabicyclic alkene 1i 

(47 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 0.45 mmol) in 

ACN (2.0 mL) at 25 °C for 4 h followed by column chromatography 

afforded the product 5h as white solid (75 mg, 72%), Rf (Ethyl 

acetate/Hexane: 15/85) = 0.35. Mp 170-172 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 149.2 (C), 

145.7 (C), 144.7 (C), 129.0 (CH), 129.0 (CH), 127.8 (CH), 127.8 (CH), 124.7 (q, 1JC-F = 279.9 Hz, 

C), 124.1 (CH), 120.2 (CH), 119.8 (CH), 117.6 (CH), 117.6 (CH), 88.8 (C), 86.2 (CH), 81.0 (CH), 

69.4 (q, 2JC-F = 29.9 Hz, CH), 56.7 (CH), 13.5 (CH3). 1H NMR (400 aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.35 (t, J 

= 7.8 Hz, 2H), 7.30 ς 7.21 (m, 6H), 7.10 (t, J = 7.3 Hz, 1H), 5.23 (s, 1H), 4.43 (d, J = 6.5 Hz, 1H), 

4.20 (qd, J = 7.2 Hz, 4.0 Hz, 1H), 3.30 (dd, J = 6.5 Hz, 4.0 Hz, 1H), 1.88 (s, 3H). 19F NMR (376 

aIȊΣ ʵ ǇǇƳ/CDCl3): -73.5 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C19H17F3NO2 348.1206; 

Found 348.1197. 

Compound 5i: 1-(2-phenyl-3-(trifluoromethyl)-2,3,3a,9a-tetrahydro-4,9-epoxynaphtho[2,3-

d]isoxazol-9(4H)-yl)ethan-1-one 

Following the general procedure, the treatment of oxabicyclic alkene 1j 

(56 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 0.45 mmol) in 

ACN (2.0 mL) at 25 °C for 4 h followed by column chromatography 

afforded the product 5i as white solid (85 mg, 76%), Rf (Ethyl 

acetate/Hexane: 25/75) = 0.25. Mp 161-163 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 205.6 (C), 

150.5 (C), 144.1 (C), 141.3 (C), 129.0 (CH), 129.0 (CH), 128.7 (CH), 128.3 (CH), 124.4 (q, 1JC-F = 

280.8 Hz, C), 122.0 (CH), 121.4 (CH), 119.4 (CH), 113.3 (CH), 113.3 (CH), 93.1 (C), 87.0 (CH), 

83.7 (CH), 68.2 (q, 2JC-F = 31.4 Hz, CH), 55.1 (CH), 28.1 (CH3). 1H NMR (плл aIȊΣ ʵ ppm/CDCl3): 

7.38 ς 7.26 (m, 4H), 7.24 ς 7.15 (m, 2H), 7.04 ς 6.95 (m, 3H), 5.56 (s, 1H), 4.71 (d, J = 6.3 Hz, 

1H), 4.15 (q, J = 7.4 Hz, 1H), 3.48 (dd, J = 6.3 Hz, 1.5 Hz, 1H), 2.01 (s, 3H). 19F NMR (376 MHz, 

ʵ ǇǇƳ/CDCl3): -75.5 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C20H17F3NO3 376.1155; Found 

376.1147.  

Compound 5j: 4,9-dimethyl-2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole 

Following the general procedure, the treatment of oxabicyclic alkene 1k (52 mg, 0.30 mmol) 

with nitrosobenzene 2a (48 mg, 0.45 mmol) and trifluorodiazoethane 3b (stock solution in 

toluene, 563 µL, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by column 
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chromatography afforded the product 5j as white solid (78 mg, 72%), Rf 

(Ethyl acetate/Hexane: 20/80) = 0.40. Mp 179-181 °C. 13C NMR (100 MHz, 

ʵ ǇǇƳκ/5/ƭ3): 149.4 (C), 148.9 (C), 145.5 (C), 129.0 (CH), 129.0 (CH), 127.9 

(CH), 127.7 (CH), 124.8 (q, 1JC-F = 278.2 Hz, C), 123.8 (CH), 119.9 (CH), 118.5 

(CH), 117.0 (CH), 117.0 (CH), 88.7 (C), 87.8 (C), 84.7 (CH), 66.6 (q, 2JC-F = 

30.0 Hz, CH), 59.5 (CH), 15.5 (CH3), 13.6 (CH3). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.37 ς 7.32 (m, 2H), 7.25 ς 7.15 (m, 6H), 7.10 ς 7.06 (m, 1H), 4.50 (d, J = 6.4 Hz, 

1H), 4.27 (dq, J = 7.2 Hz, 3.6 Hz, 1H), 3.19 (dd, J = 6.4 Hz, 3.6 Hz, 1H), 1.85 (s, 3H), 1.78 (s, 3H). 
19F NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -73.4 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C20H19F3NO2 

362.1362; Found 362.1358. 

Compound 5k: 2-phenyl-3-(trifluoromethyl)octahydro-4,7-methanobenzo[d]isoxazole 

Following the general procedure, the treatment of norbornene 1m (28 mg, 

0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 0.45 mmol) in ACN 

(2.0 mL) at 25 °C for 4 h followed by column chromatography afforded the 

product 5k as colourless oil (68 mg, 80%), Rf (Hexane) = 0.40. 13C NMR (100 

aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 149.8 (C), 128.9 (CH), 128.9 (CH), 127.7 (q, 1JC-F = 274.7 Hz, C), 122.9 (CH), 

116.0 (CH), 116.0 (CH), 86.1 (CH), 71.4 (q, 2JC-F = 29.8 Hz, CH), 54.4 (CH), 41.0 (CH), 40.0 (CH), 

33.2 (CH2), 27.2 (CH2), 23.3 (CH2). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.33 ς 7.26 (m, 2H), 7.17 

ς 7.06 (m, 2H), 7.05 ς 6.91 (m, 1H), 4.27 (d, J = 6.9 Hz, 1H), 3.70 (qd, J = 7.3 Hz, 3.7 Hz, 1H), 

2.87 ς 2.73 (m, 1H), 2.49 (d, J = 3.8 Hz, 1H), 2.31 (d, J = 3.9 Hz, 1H), 1.53 ς 1.41 (m, 2H), 1.26 ς 

0.99 (m, 4H). 19F NMR όотс aIȊΣ ʵ ppm/CDCl3): -74.2 (s). HRMS (ESI) m/z: [M + H]+ Calcd for 

C15H17F3NO 284.1257; Found 284.1255. 

Compound 5l: tert-butyl 2-phenyl-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epiminonaphtho[2,3-d]isoxazole-10-carboxylate 

Following the general procedure, the treatment of oxabicyclic alkene 1l 

(73 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 0.45 mmol) in 

ACN (2.0 mL) at 25 °C for 4 h followed by column chromatography afforded 

the product 5l as light brown oil (100 mg, 77%), Rf (Ethyl acetate/Hexane: 

10/90) = 0.35. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 150.9 (C), 144.9 (C), 143.8 (C), 141.7 (C), 

128.9 (CH), 128.9 (CH), 127.8 (CH), 127.8 (CH), 124.9 (q, 1JC-F = 279.9 Hz, C), 122.2 (CH), 122.2 

(CH), 121.6 (CH), 121.4 (CH), 114.2 (CH), 86.0 (C), 83.4 (CH), 80.7 (CH), 70.3 (CH), 66.2 (q, 2JC-F 

= 28.3 Hz, CH), 54.5 (CH), 27.9 (CH3), 27.9 (CH3), 27.9 (CH3). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 

7.36 ς 7.26 (m, 4H), 7.21 ς 7.14 (m, 2H), 7.06 (d, J = 8.0 Hz, 2H), 6.95 (t, J = 7.4 Hz, 1H), 5.09 

(d, J = 38.4 Hz, 2H), 4.55 (d, J = 6.6 Hz, 1H), 4.19 (s, 1H), 3.20 (dd, J = 6.7 Hz, 2.5 Hz, 1H), 1.09 

(s, 9H). 19F NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -74.7 (s). HRMS (ESI) m/z: [M + H]+ Calcd for 

C23H24F3N2O3 433.1734; Found 433.1723. 
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Compound 5m: 2-(4-bromophenyl)-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole 

Following the general procedure, the treatment of oxabicyclic 

alkene 1a (43 mg, 0.30 mmol) with nitrosobenzene 2b (84 mg, 0.45 

mmol) and trifluorodiazoethane 3b (stock solution in toluene, 563 

µL, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by column 

chromatography afforded the product 5m as white solid (95 mg, 

77%), Rf (Ethyl acetate/Hexane: 15/85) = 0.30. Mp 155-157 °C. 13C NMR (млл aIȊΣ ʵ 

ppm/CDCl3): 149.6 (C), 144.4 (C), 141.5 (C), 131.9 (CH), 131.9 (CH), 128.1 (CH), 128.0 (CH), 

124.7 (q, 1JC-F = 279.9 Hz, C), 121.0 (CH), 120.3 (CH), 116.0 (CH), 116.0 (CH), 114.9 (C), 86.2 

(CH), 83.4 (CH), 82.1 (CH), 70.8 (q, 2JC-F = 31.2 Hz, CH), 53.7 (CH). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.41 (d, J = 8.4 Hz, 2H), 7.34 ς 7.30 (m, 1H), 7.28 (d, J = 8.9 Hz, 1H), 7.24 ς 7.17 

(m, 2H), 6.98 (d, J = 8.5 Hz, 2H), 5.42 (s, 1H), 5.25 (s, 1H), 4.67 (d, J = 6.4 Hz, 1H), 4.16 (qd, J = 

7.8 Hz, 2.4 Hz, 1H), 3.25 (dd, J = 6.4 Hz, 2.4 Hz, 1H). 19F NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -74.9 

(s). HRMS (ESI) m/z: [M + H]+ Calcd for C18H14BrF3NO2 412.0155; Found 412.0153. 

Compound 5n: 2-(4-chlorophenyl)-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole  

Following the general procedure, the treatment of oxabicyclic 

alkene 1a (43 mg, 0.30 mmol) with nitrosobenzene 2h (63 mg, 0.45 

mmol) and trifluorodiazoethane 3b (stock solution in toluene, 563 

µL, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by column 

chromatography afforded the product 5n as white solid (78 mg, 

71%), Rf (Ethyl acetate/Hexane: 15/85) = 0.25. Mp 145-147 °C. 13C NMR (млл aIȊΣ ʵ 

ppm/CDCl3): 149.1 (C), 144.4 (C), 141.5 (C), 129.0 (CH), 129.0 (CH), 128.1 (CH), 128.0 (CH), 

127.6 (C), 124.7 (q, 1JC-F = 279.6 Hz, C), 121.0 (CH), 120.3 (CH), 115.8 (CH), 115.8 (CH), 86.2 

(CH), 83.4 (CH), 82.1 (CH), 70.9 (q, 2JC-F = 31.1 Hz, CH), 53.8 (CH). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.35 ς 7.31 (m, 1H), 7.31 ς 7.25 (m, 3H), 7.24 ς 7.18 (m, 2H), 7.04 (d, J = 8.5 Hz, 

2H), 5.43 (s, 1H), 5.25 (s, 1H), 4.67 (d, J = 6.3 Hz, 1H), 4.15 (dq, J = 10.3 Hz, 7.8, 2.8 Hz, 1H), 

3.25 (dd, J = 6.4 Hz, 2.5 Hz, 1H). 19F NMR (376 aIȊΣ ʵ ǇǇƳ/CDCl3): -74.8 (s). HRMS (ESI) m/z: 

[M + H]+ Calcd for C18H14ClF3NO2 368.0660; Found 368.0654. 

Compound 5o: 2-(p-tolyl)-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole 

Following the general procedure, the treatment of oxabicyclic 

alkene 1a (43 mg, 0.30 mmol) with nitrosobenzene 2i (54 mg, 0.45 

mmol) and trifluorodiazoethane 3b (stock solution in toluene, 563 

µL, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by column 

chromatography afforded the product 5o as white solid (70 mg, 

67%), Rf (Ethyl acetate/Hexane: 20/80) = 0.30. Mp 161-163 °C. 13C NMR (млл aIȊΣ ʵ 
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ppm/CDCl3): 148.0 (C), 144.6 (C), 141.7 (C), 132.6 (C), 129.5 (CH), 129.5 (CH), 127.9 (CH), 127.8 

(CH), 124.8 (q, 1JC-F = 279.3 Hz, C), 121.0 (CH), 120.2 (CH), 115.6 (CH), 115.6 (CH), 85.7 (CH), 

83.2 (CH), 81.8 (CH), 70.9 (q, 2JC-F = 30.3 Hz, CH), 54.0 (CH), 20.7 (CH3). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.34 ς 7.30 (m, 1H), 7.29 ς 7.26 (m, 1H), 7.20 (dd, J = 5.3 Hz, 3.1 Hz, 2H), 7.13 (d, 

J = 8.2 Hz, 2H), 7.06 (d, J = 8.2 Hz, 2H), 5.43 (s, 1H), 5.26 (s, 1H), 4.64 (d, J = 6.4 Hz, 1H), 4.14 

(qd, J = 7.5, 3.1 Hz, 1H), 3.23 (dd, J = 6.4 Hz, 3.1 Hz, 1H), 2.31 (s, 3H). 19F NMR όотс aIȊΣ ʵ 

ppm/CDCl3): -74.3 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C19H17F3NO2 348.1206; Found 

348.1200. 

Compound 5p: 4-(3-(trifluoromethyl)-3a,4,9,9a-tetrahydro-4,9-epoxynaphtho[2,3-

d]isoxazol-2(3H)-yl)benzonitrile 

Following the general procedure, the treatment of oxabicyclic 

alkene 1a (43 mg, 0.30 mmol) with nitrosobenzene 2j (59 mg, 0.45 

mmol) and trifluorodiazoethane 3b (stock solution in toluene, 563 

µL, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by column 

chromatography afforded the product 5p as white solid (79 mg, 

74%), Rf (Ethyl acetate/Hexane: 25/75) = 0.20. Mp 180-182 °C. 13C NMR (млл aIȊΣ ʵ 

ppm/DMSO-d6): 153.1 (C), 144.4 (C), 141.5 (C), 132.8 (CH), 132.8 (CH), 127.1 (CH), 126.9 (CH), 

124.3 (q, 1JC-F = 281.0 Hz, C), 120.7 (CH), 120.1 (CH), 119.0 (C), 112.9 (CH), 112.9 (CH), 101.9 

(C), 85.1 (CH), 82.2 (CH), 80.5 (CH), 66.4 (q, 2JC-F = 30.2 Hz, CH), 51.5 (CH). 1H NMR (400 MHz, 

ʵ ǇǇƳκDMSO-d6): 7.72 (d, J = 8.8 Hz, 2H), 7.38 (dd, J = 5.4 Hz, 2.9 Hz, 2H), 7.23 ς 7.16 (m, 3H), 

7.17 (s, 1H), 5.55 (s, 1H), 5.50 (s, 1H), 5.31 (q, J = 8.0 Hz, 1H), 4.73 (d, J = 6.2 Hz, 1H), 3.21 (dd, 

J = 6.1 Hz, 1.4 Hz, 1H). 19F NMR όотс aIȊΣ ʵ ppm/DMSO-d6): -75.3 (s). HRMS (ESI) m/z: [M + 

H]+ Calcd for C19H14F3N2O2 359.1002; Found 359.1004. 

Compound 5q: 2-(2-bromophenyl)-3-(trifluoromethyl)-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazole 

Following the general procedure, the treatment of oxabicyclic alkene 

1a (43 mg, 0.30 mmol) with nitrosobenzene 2k (84 mg, 0.45 mmol) 

and trifluorodiazoethane 3b (stock solution in toluene, 563 µL, 0.45 

mmol) in ACN (2.0 mL) at 25 °C for 4 h followed by column 

chromatography afforded the product 5q as white solid (76 mg, 61%), 

Rf (Ethyl acetate/Hexane: 15/85) = 0.35. Mp 159-161 °C. 13C NMR (100 

aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 145.6 (C), 144.4 (C), 140.9 (C), 133.5 (CH), 129.5 (CH), 128.5 (CH), 128.1 

(CH), 127.8 (CH), 125.3 (CH), 124.2 (q, 1JC-F = 280.4 Hz, C), 121.6 (C), 121.3 (CH), 120.2 (CH), 

83.1 (CH), 82.4 (CH), 81.2 (CH), 69.5 (q, 2JC-F = 31.3 Hz, CH), 55.1 (CH). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.78 (dd, J = 8.2 Hz, 1.6 Hz, 1H), 7.60 (dd, J = 7.9 Hz, 1.4 Hz, 1H), 7.39 (ddd, J = 

8.7 Hz, 7.7 Hz, 1.4 Hz, 1H), 7.34 (dt, J = 4.9 Hz, 3.5 Hz, 2H), 7.26 ς 7.22 (m, 2H), 7.16 (td, J = 7.7 

Hz, 1.6 Hz, 1H), 5.40 (s, 1H), 5.36 (s, 1H), 4.58 (d, J = 6.5 Hz, 1H), 4.07 (p, J = 6.4 Hz, 1H), 3.21 

(t, J = 6.6 Hz, 1H). 19F NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -75.0 (s). HRMS (ESI) m/z: [M + H]+ Calcd 

for C18H14BrF3NO2 412.0155; Found 412.0168. 
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Compound 5r: dimethyl (2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazol-3-yl)phosphonate 

Following the general procedure, the treatment of oxabicyclic alkene 1a 

(43 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

Seyferth-Gilbert reagent 3c (68 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C 

for 9 h followed by column chromatography using acetone/ 

dichloromethane as the eluent afforded the product 5r as yellow liquid 

(78 mg, 70%), Rf (Acetone/Dichloromethane: 5/95) = 0.40. 13C NMR (100 

aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 150.8 (d, 3JC-p = 10.0 Hz, C), 144.9 (C), 141.7 (C), 128.8 (CH), 128.8 (CH), 

127.7 (CH), 127.6 (CH), 123.2 (CH), 120.9 (CH), 120.2 (CH), 116.5 (CH), 116.5 (CH), 85.3 (d, 3JC-

p = 3.2 Hz, CH), 83.0 (CH), 82.3 (d, 3JC-p = 9.9 Hz, CH), 66.3 (d, 1JC-p = 175.0 Hz, CH), 55.1 (d, 2JC-

p = 2.1 Hz, CH), 54.0 (d, 2JC-p = 7.2 Hz, CH3), 53.6 (d, 2JC-p = 6.9 Hz, CH3). 1H NMR (плл aIȊΣ ʵ 

ppm/CDCl3): 7.33 ς 7.26 (m, 3H), 7.28 ς 7.17 (m, 2H), 7.24 ς 7.17 (m, 3H), 7.04 (t, J = 7.3 Hz, 

1H), 5.39 (s, 1H), 5.22 (s, 1H), 4.59 (d, J = 6.5 Hz, 1H), 4.03 (t, J = 5.2 Hz, 1H), 3.79 (dd, J = 15.3 

Hz, 10.4 Hz, 6H), 3.36 (dt, J = 16.3, 5.2 Hz, 1H). 31P NMR όмсмΦф aIȊΣ ʵǇǇƳκ/5/ƭ3): 22.9 (s). 

HRMS (ESI) m/z: [M + H]+ Calcd for C19H21NO5P 374.1152; Found 374.1160. 

Compound 5s: dimethyl (-6,7-dimethoxy-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-

epoxynaphtho[2,3-d]isoxazol-3-yl)phosphonate 

Following the general procedure, the treatment of oxabicyclic alkene 

1b (61 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) 

and Seyferth-Gilbert reagent 3c (68 mg, 0.45 mmol) in ACN (2.0 mL) 

at 25 °C for 9 h followed by column chromatography using acetone/ 

dichloromethane as the eluent afforded the product 5s as colourless 

liquid (82 mg, 63%), Rf (Acetone/Dichloromethane: 10/90) = 0.35. 13C NMR (млл aIȊΣ ʵ 

ppm/CDCl3): 150.8 (d, 3JC-P = 10.0 Hz, C), 148.7 (C), 148.6 (C), 137.4 (C), 133.9 (C), 128.8 (CH), 

128.8 (CH), 123.4 (CH), 116.6 (CH), 116.6 (CH), 105.3 (CH), 104.9 (CH), 85.6 (d, 3JC-P = 2.7 Hz, 

CH), 83.2 (CH), 82.6 (d, 3JC-P = 10.0 Hz, CH), 66.3 (d, 1JC-P = 174.4 Hz, CH), 56.4 (d, 2JC-P = 7.6 Hz, 

CH), 55.6 (CH3), 55.6 (CH3), 54.1 (d, 2JC-P = 7.3 Hz, CH3), 53.6 (d, 2JC-P = 6.9 Hz, CH3). 1H NMR 

(плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.32 (t, J = 7.6 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 7.04 (t, J = 7.3 Hz, 1H), 

6.89 (d, J = 4.3 Hz, 2H), 5.32 (s, 1H), 5.17 (s, 1H), 4.54 (d, J = 6.4 Hz, 1H), 4.04 ς 3.97 (m, 1H), 

3.87 (s, 6H), 3.79 (dd, J = 24.4 Hz, 10.5 Hz, 6H), 3.33 (dd, J = 15.9 Hz, 5.5 Hz, 1H). 31P NMR 

όмсмΦф aIȊΣ ʵǇǇƳκ/5/ƭ3): 23.0 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C21H25NO7P 434.1363; 

Found 434.1355. 

Compound 5t: tert-butyl-3-(dimethoxyphosphoryl)-2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-

epiminonaphtho[2,3-d]isoxazole-10-carboxylate 

Following the general procedure, the treatment of oxabicyclic alkene 1l (73 mg, 0.30 mmol) 

with nitrosobenzene 2a (48 mg, 0.45 mmol) and Seyferth-Gilbert reagent 3c (68 mg, 0.45 

mmol) in ACN (2.0 mL) at 25 °C for 9 h followed by column chromatography using acetone/ 
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dichloromethane as the eluent afforded the product 5t as colourless 

liquid (112 mg, 79%), Rf (Acetone/Dichloromethane: 5/95) = 0.30. 13C 

NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 128.8 (CH), 128.8 (CH), 127.6 (CH), 127.4 

(CH), 122.7 (CH), 121.4 (CH), 115.8 (CH), 115.8 (CH), 85.8 (CH), 80.4 (CH), 

65.2 (d, 1JC-P = 175.0 Hz, CH), 65.1 (C), 55.3 (d, 2JC-P = 5.6 Hz, CH), 54.1 (d, 
2JC-P = 7.1 Hz, C), 53.6 (d, 2JC-P = 4.4 Hz, CH3), 53.6 (d, 2JC-P = 4.4 Hz, CH3), 28.0 (CH3), 28.0 (CH3), 

28.0 (CH3). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.33 ς 7.27 (m, 3H), 7.26 (d, J = 1.7 Hz, 1H), 7.15 

(t, J = 2.6 Hz, 3H), 7.13 (d, J = 2.8 Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 5.06 (d, J = 35.4 Hz, 2H), 4.48 

(d, J = 6.6 Hz, 1H), 4.05 ς 3.97 (m, 1H), 3.80 (d, J = 10.5 Hz, 6H), 3.30 (ddd, J = 16.5 Hz, 6.7 Hz, 

3.9 Hz, 1H), 1.12 (s, 9H). 31P NMR όмсмΦф aIȊΣ ʵǇǇƳκ/5/ƭ3): 23.1 (s). HRMS (ESI) m/z: [M + 

H]+ Calcd for C24H29N2O6PNa 495.1655; Found 495.1653. 

Compound 5u: ethyl 2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-d]isoxazole-

3-carboxylate 

Following the general procedure, the treatment of oxabicyclic alkene 1a 

(43 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and ethyl 

diazoacetate 3d (51 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 6 h 

followed by column chromatography afforded the product 5u as white 

solid (73 mg, 72%), Rf (Ethyl acetate/Hexane: 15/85) = 0.30. Mp 127-129 

°C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 170.3 (C), 149.3 (C), 144.9 (C), 141.5 (C), 128.8 (CH), 

128.8 (CH), 127.8 (CH), 127.6 (CH), 123.8 (CH), 121.2 (CH), 120.1 (CH), 117.5 (CH), 117.5 (CH), 

83.7 (CH), 82.6 (CH), 81.4 (CH), 70.5 (CH), 61.9 (CH2), 57.7 (CH), 14.2 (CH3). 1H NMR (400 MHz, 

ʵ ǇǇƳκ/5/ƭ3): 7.33 ς 7.27 (m, 4H), 7.21 ς 7.16 (m, 4H), 7.07 (t, J = 7.4 Hz, 1H), 5.39 (s, 2H), 

4.63 (d, J = 6.3 Hz, 1H), 4.27 (d, J = 7.3 Hz, 2H), 4.11 (d, J = 5.7 Hz, 1H), 3.23 (t, J = 6.3 Hz, 1H), 

1.28 (t, J = 7.3 Hz, 3H). HRMS (ESI) m/z: [M + H]+ Calcd for C20H19NO4 338.1387; Found 

338.1391.  

Compound 5v: benzyl 2-phenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carboxylate 

Following the general procedure, the treatment of oxabicyclic alkene 1a 

(43 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and 

benzyl diazoacetate 3e (79 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 6 

h followed by column chromatography afforded the product 5v as white 

solid (103 mg, 86%), Rf (Ethyl acetate/Hexane: 15/85) = 0.35. Mp 116-118 

°C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 170.1 (C), 149.1 (C), 144.8 (C), 141.4 (C), 135.3 (C), 128.9 

(CH), 128.9 (CH), 128.8 (CH), 128.8 (CH), 128.6 (CH), 128.5 (CH), 128.5 (CH), 127.8 (CH), 127.6 

(CH), 123.9 (CH), 121.2 (CH), 120.0 (CH), 117.6 (CH), 117.6 (CH), 83.7 (CH), 82.6 (CH), 81.3 

(CH), 70.4 (CH), 67.4 (CH2), 57.7 (CH). 1H NMR (плл aIȊΣ ʵ ǇǇm/CDCl3): 7.35 ς 7.33 (m, 3H), 

7.33 ς 7.29 (m, 3H), 7.23 (d, J = 8.3 Hz, 3H), 7.18 (dd, J = 5.2, J = 3.2 Hz, 2H), 7.10 (d, J = 8.0 Hz, 

2H), 7.03 (t, J = 7.3 Hz, 1H), 5.35 (s, 1H), 5.34 (s, 1H), 5.27 ς 5.16 (m, 2H), 4.60 (d, J = 6.4 Hz, 
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1H), 4.12 (d, J = 5.8 Hz, 1H), 3.19 (t, J = 6.1 Hz, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for 

C25H21NO4 400.1543; Found 400.1547. 

Compound 5w: ethyl 2,3-diphenyl-2,3,3a,4,9,9a-hexahydro-4,9-epoxynaphtho[2,3-

d]isoxazole-3-carboxylate 

Following the general procedure, the treatment of oxabicyclic alkene 1a 

(43 mg, 0.30 mmol) with nitrosobenzene 2a (48 mg, 0.45 mmol) and ethyl 

diazo(phenyl)acetate 3f (86 mg, 0.45 mmol) in ACN (2.0 mL) at 25 °C for 

16 h followed by column chromatography afforded the product 5w as 

white solid (97 mg, 78%), Rf (Ethyl acetate/Hexane: 20/80) = 0.30. Mp 131-

133 °C. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 169.8 (C), 147.4 (C), 145.1 (C), 142.5 (C), 138.6 (C), 

128.5 (CH), 128.5 (CH), 128.2 (CH), 128.1 (CH), 128.1 (CH), 127.8 (CH), 127.8 (CH), 127.7 (CH), 

127.5 (CH), 122.2 (CH), 121.0 (CH), 120.3 (CH), 118.2 (CH), 118.2 (CH), 82.9 (CH), 82.5 (CH), 

80.6 (CH), 78.4 (CH), 66.5 (CH2), 61.7 (CH), 14.1 (CH3). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.48 

ς 7.41 (m, 2H), 7.35 (d, J = 6.3 Hz, 1H), 7.27 ς 7.25 (m, 3H), 7.24 ς 7.16 (m, 3H), 7.00 (t, J = 7.7 

Hz, 2H), 6.82 (t, J = 7.2 Hz, 1H), 6.74 (d, J = 8.1 Hz, 2H), 5.72 (s, 1H), 5.50 (s, 1H), 4.75 (d, J = 

6.3 Hz, 1H), 4.42 ς 4.24 (m, 2H), 3.46 (d, J = 6.3 Hz, 1H), 1.21 (t, J = 7.3 Hz, 3H). 
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General Procedure for the synthesis of fused tricyclic amino lactones 6 

 
To a 10 mL round-bottom flask charged with 4 (0.20 mmol, 1 equiv) were added Zn dust (260 

mg, 4.0 mmol, 20 equiv) and acetic acid (2 mL). This reaction mixture was stirred at 25 °C for 

4 h. After the completion of the reaction, as indicated by TLC, the reaction mixture was 

quenched with water and extracted with ethyl acetate. The combined organic layer was 

washed with saturated solution of NaHCO3 and brine, and dried over anhydrous Na2SO4, and 

the solvent was evaporated under reduced pressure. The residue was purified using column 

ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ όмллҍнлл mesh silica gel) using ethyl acetate/hexane as the eluent to afford 

the product 6.  

Compound 6a: 3-(phenylamino)-3a,4,9,9a-tetrahydro-4,9-epoxynaphtho[2,3-b]furan-

2(3H)-one 

Following the general procedure, the treatment of 4a (58 mg, 0.20 mmol) 

with zinc dust (260 mg, 4.00 mmol) in acetic acid (2 mL) at 25 °C for 4 h 

followed by column chromatography afforded the product 6a as colourless 

liquid (38 mg, 65%), Rf (Ethyl acetate/Hexane: 25/75) = 0.30. 13C NMR (100 

aIȊΣ ʵ ǇǇƳκDMSO-d6): 176.0 (C), 146.3 (C), 144.4 (C), 139.9 (C), 128.6 

(CH), 128.6 (CH), 127.4 (CH), 126.9 (CH), 121.1 (CH), 119.4 (CH), 116.7 (CH), 112.7 (CH), 112.7 

(CH), 81.8 (CH), 81.3 (CH), 80.9 (CH), 54.8 (CH), 47.3 (CH). 1H NMR (плл aIȊΣ ʵ ǇǇƳκDMSO-

d6): 7.46 (dd, J = 5.7 Hz, 2.7 Hz, 1H), 7.37 (dd, J = 5.6 Hz, 2.7 Hz, 1H), 7.26 ς 7.22 (m, 2H), 7.16 

ς 7.09 (m, 2H), 6.75 ς 6.68 (m, 2H), 6.66 ς 6.59 (m, 1H), 6.23 (d, J = 8.2 Hz, 1H), 5.62 (s, 1H), 

5.49 (s, 1H), 4.81 (d, J = 6.4 Hz, 1H), 4.41 ς 4.33 (m, 1H), 2.43 (dd, J = 6.4 Hz, 3.5 Hz, 1H). HRMS 

(ESI) m/z: [M + H]+ Calcd for C18H16NO3 294.1125; Found 294.1137. 

Compound 6b: 6,7-dimethoxy-3-(phenylamino)-3a,4,9,9a-tetrahydro-4,9-

epoxynaphtho[2,3-b]furan-2(3H)-one 

Following the general procedure, the treatment of 4b (70 mg, 0.20 

mmol) with zinc dust (260 mg, 4.00 mmol) in acetic acid (2 mL) at 25 

°C for 4 h followed by column chromatography afforded the product 

6b as colourless liquid (29 mg, 41%), Rf (Ethyl acetate/Hexane: 40/60) 

= 0.30. 13C NMR (млл aIȊΣ ʵ ǇǇƳκDMSO-d6): 176.1 (C), 148.1 (C), 

147.5 (C), 146.3 (C), 136.6 (C), 131.7 (C), 128.6 (CH), 128.6 (CH), 116.6 (CH), 112.6 (CH), 112.6 

(CH), 105.9 (CH), 104.5 (CH), 82.0 (CH), 81.5 (CH), 81.1 (CH), 55.4 (CH3), 55.4 (CH3), 54.7 (CH), 

47.6 (CH). 1H NMR (плл aIȊΣ ʵ ǇǇƳκDMSO-d6): 7.15 ς 7.09 (m, 3H), 7.06 (s, 1H), 6.69 (d, J = 

7.9 Hz, 2H), 6.62 (t, J = 7.3 Hz, 1H), 6.22 (d, J = 8.3 Hz, 1H), 5.51 (s, 1H), 5.39 (s, 1H), 4.73 (d, J 
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= 6.4 Hz, 1H), 4.32 (dd, J = 8.3 Hz, 3.6 Hz, 1H), 3.75 (s, 3H), 3.72 (s, 3H), 2.39 (dd, J = 6.4 Hz, 3.6 

Hz, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for C20H20NO5 354.1336; Found 354.1345. 

Compound 6c: 3-(phenylamino)-3a,4,11,11a-tetrahydro-4,11-epoxyanthra[2,3-b]furan-

2(3H)-one 

Following the general procedure, the treatment of 4g (68 mg, 0.20 

mmol) with zinc dust (260 mg, 4.00 mmol) in acetic acid (2 mL) at 25 °C 

for 4 h followed by column chromatography afforded the product 6c as 

yellow liquid (32 mg, 46%), Rf (Ethyl acetate/Hexane: 25/75) = 0.20. 13C 

NMR (млл aIȊΣ ʵ ǇǇƳκDMSO-d6): 175.9 (C), 146.3 (C), 141.6 (C), 137.6 

(C), 132.4 (C), 132.1 (C), 128.7 (CH), 128.7 (CH), 127.9 (CH), 127.9 (CH), 126.1 (CH), 125.9 (CH), 

119.9 (CH), 117.7 (CH), 116.9 (CH), 112.8 (CH), 112.8 (CH), 81.8 (CH), 81.4 (CH), 81.4 (CH), 54.9 

(CH), 48.2 (CH). 1H NMR (плл aIȊΣ ʵ ǇǇƳκDMSO-d6): 7.97 ς 7.85 (m, 3H), 7.83 (s, 1H), 7.52 

(dd, J = 6.3 Hz, 3.2 Hz, 2H), 7.13 (t, J = 7.7 Hz, 2H), 6.73 (d, J = 7.9 Hz, 2H), 6.64 (t, J = 7.3 Hz, 

1H), 6.26 (d, J = 8.4 Hz, 1H), 5.78 (s, 1H), 5.65 (s, 1H), 4.93 (d, J = 6.5 Hz, 1H), 4.44 (dd, J = 8.4 

Hz, 3.5 Hz, 1H), 2.55 (dd, J = 6.4 Hz, 3.6 Hz, 1H). HRMS (ESI) m/z: [M + H]+ Calcd for C22H18NO3 

344.1281; Found 344.1289. 

Compound 6d: 3-((4-bromophenyl)amino)-3a,4,9,9a-tetrahydro-4,9-epoxynaphtho[2,3-

b]furan-2(3H)-one 

Following the general procedure, the treatment of 4m (74 mg, 0.20 

mmol) with zinc dust (260 mg, 4.00 mmol) in acetic acid (2 mL) at 25 

°C for 4 h followed by column chromatography afforded the product 

6d as colourless liquid (42 mg, 57%), Rf (Ethyl acetate/Hexane: 

25/75) = 0.30. 13C NMR (млл aIȊΣ ʵ ppm/DMSO-d6): 175.7 (C), 145.7 

(C), 144.3 (C), 139.8 (C), 131.1 (CH), 131.1 (CH), 127.4 (CH), 126.9 (CH), 121.1 (CH), 119.4 (CH), 

114.8 (CH), 114.8 (CH), 107.5 (C), 81.7 (CH), 81.3 (CH), 80.9 (CH), 54.7 (CH), 47.2 (CH). 1H NMR 

(плл aIȊΣ ʵ ǇǇƳκ5a{h-d6): 7.51 ς 7.36 (m, 2H), 7.34 ς 7.14 (m, 4H), 6.70 (s, 2H), 6.44 (s, 

1H), 5.62 (s, 1H), 5.49 (s, 1H), 4.81 (s, 1H), 4.40 (d, J = 7.3 Hz, 1H), 2.44 (d, J = 6.4 Hz, 1H). 

HRMS (ESI) m/z: [M + H]+ Calcd for C18H15BrNO3 372.0230; Found 372.0223. 

Compound 6e: 3-((3-chlorophenyl)amino)-3a,4,9,9a-tetrahydro-4,9-epoxynaphtho[2,3-

b]furan-2(3H)-one 

Following the general procedure, the treatment of 4p (65 mg, 0.20 

mmol) with zinc dust (260 mg, 4.00 mmol) in acetic acid (2 mL) at 25 

°C for 4 h followed by column chromatography afforded the product 

6e as colourless liquid (39 mg, 59%), Rf (Ethyl acetate/Hexane: 25/75) 

= 0.30. 13C NMR (млл aIȊΣ ʵ ǇǇƳκ5a{h-d6): 175.7 (C), 148.0 (C), 

144.3 (C), 139.8 (C), 133.3 (C), 130.1 (CH), 127.4 (CH), 126.9 (CH), 121.1 (CH), 119.4 (CH), 116.2 

(CH), 112.2 (CH), 111.3 (CH), 81.7 (CH), 81.3 (CH), 80.9 (CH), 54.5 (CH), 47.3 (CH). 1H NMR (400 



S25 
 

aIȊΣ ʵ ǇǇƳκ5a{h-d6): 7.56 ς 7.33 (m, 2H), 7.34 ς 7.19 (m, 2H), 7.12 (t, J = 7.8 Hz, 1H), 6.88 

ς 6.59 (m, 3H), 6.52 (d, J = 9.1 Hz, 1H), 5.63 (s, 1H), 5.49 (s, 1H), 4.81 (s, 1H), 4.47 (d, J = 6.7 

Hz, 1H), 2.45 (d, J = 6.4 Hz, 1H). HRMS (ESI) m/z: [M + H]+ C18H15ClNO3 328.0735; Found 

328.0730. 

Procedure for the synthesis of 3-(2,2,2-trifluoro -1-(phenylamino)ethyl)-1,2,3,4-tetrahydro-

1,4-epoxynaphthalen-2-ol 7 

 
To a 10 mL round-bottom flask charged with 5a (67 mg, 0.20 mmol, 1 equiv) were added Zn 

dust (260 mg, 4.0 mmol, 20 equiv) and acetic acid (2 mL). This reaction mixture was stirred at 

25 °C for 2 h. After the completion of the reaction, as indicated by TLC, the reaction mixture 

was quenched with water and extracted with ethyl acetate. The combined organic layer was 

washed with a  saturated solution of NaHCO3 and brine and dried over anhydrous Na2SO4, and 

the solvent was evaporated under reduced pressure. The residue was purified using column 

ŎƘǊƻƳŀǘƻƎǊŀǇƘȅ όмллҍ200 mesh silica gel) using ethyl acetate/hexane as the eluent to afford 

7 as white solid (56 mg, 83%). Rf (Ethyl acetate/Hexane: 15/85) = 0.25. Mp 137-139 °C. 13C 

NMR (млл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 146.4 (C), 145.9 (C), 141.6 (C), 129.7 (CH), 129.7 (CH),127.8 

(CH), 127.4 (CH), 126.6 (q, 1JC-F = 286.4 Hz, C), 121.0 (CH), 120.3 (CH), 119.1 (CH), 114.8 (CH), 

114.8 (CH), 85.9 (CH), 80.6 (q, 3JC-F = 3.6 Hz, CH), 73.7 (CH), 56.3 (q, 2JC-F = 28.4 Hz, CH), 46.4 

(CH). 1H NMR (плл aIȊΣ ʵ ǇǇƳκ/5/ƭ3): 7.38 ς 7.30 (m, 1H), 7.26 ς 7.14 (m, 5H), 6.86 (t, J = 

7.4 Hz, 1H), 6.79 (d, J = 7.9 Hz, 2H), 5.44 (s, 1H), 5.31 (s, 1H), 4.47 ς 4.34 (m, 1H), 4.30 (d, J = 

6.1 Hz, 1H), 4.02 (d, J = 10.6 Hz, 1H), 3.27 ς 3.08 (m, 1H), 2.17 (dd, J = 9.5 Hz, 6.1 Hz, 1H). 19F 

NMR όотс aIȊΣ ʵ ǇǇƳ/CDCl3): -70.8 (s). HRMS (ESI) m/z: [M + H]+ Calcd for C18H17F3NO2 

336.1206; Found 336.1207. 
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X-Ray Data Collection and Structure Refinement Details for Compound 5a 

A good quality colourless single crystal of size 0.29 mm x 0.19 mm x 0.14 mm, was selected 

under a polarizing microscope and was mounted on a glass fiber for data collection. Single 

crystal X-ray data for compound 5a were collected on the Rigaku Kappa 3 circle diffractometer 

equipped with the AFC12 goniometer and enhanced sensitivity (HG) Saturn724+ CCD detector 

in the 4x4 bin mode using the monochromated Mo-Yʰ ǊŀŘƛŀǘƛƻƴ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜ 

microfocus sealed tube MicroMax-003 X-ray generator equipped with specially designed 

ŎƻƴŦƻŎŀƭ ƳǳƭǘƛƭŀȅŜǊ ƻǇǘƛŎǎΦ 5ŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ˖-scans of 0.5o steps at 

293(2) K. Cell determination, data collection and data reduction was performed using the 

Rigaku CrystalClear-SM Expert 2.1 b24 software. Structure solution and refinement were 

performed by using SHELXTL-NT. Refinement of coordinates and anisotropic thermal 

parameters of non-hydrogen atoms were carried out by the full-matrix least-squares method. 

The hydrogen atoms attached to carbon atoms were generated with idealized geometries and 

isotropically refined using a riding model. 

 

Crystallization: The compound 5a (5mg) was dissolved in a 1 mL mixture of n-hexane/DCM 

(1:1) and placed in a cabinet to evaporate slowly. After two days, 5a was obtained as white 

crystals. 

 

 

Figure S1 ORTEP diagram drawn with 30% ellipsoid probability for non-H atoms of the crystal 

structure of compound 5a determined at 293 K.  
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Table S2 Crystal data and structure refinement details for 5a. 
 

Compound 5a 

Empirical formula   C18 H14 F3 N O2  
Formula weight 333.30 
Crystal System    Monoclinic 
Space group  P 21/n 

a (Å)   9.1642(8) 
b (Å)    8.5725(7) 
c (Å) 

ʰ ( )̄ 

      19.4137(17)  
     90.00 

b ( )̄ 

ʴ ( )̄ 

      98.682(3) 
      90.00 

V (Å3)     1507.7(2) 
Z 4 

Dc (g/cm3) 1.468 
F000 688 

m (mm-1) 0.121 

qmax ( )̄ 28.30 

Total reflections 21870 
Unique reflections 3738 

Reflections [I > 2s(I)] 2749 

Parameters 217 
Rint 0.0564 

Goodness-of-fit  1.156 

R [F2 > 2s(F2)] 0.0537 

wR (F2, all data) 0.1727 
CCDC No. 2091413 
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