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Experimental part  

 
General details. The NMR spectra were recorded on spectrometer Bruker Avance 400 (400.1 

MHz for 1H NMR and at 100.6 MHz for 13C NMR). HRMS spectra were acquired at TripleTOF 

5600+ and Orbitrap Elite instrument using electrospray ionization (ESI).  

Compound 1а was synthesized according to the previously described procedure [S1]. 

Synthesis of compounds 1b-e (general procedure). To a mixture of NH4Cl (0.083 mol) and 

formaldehyde (37% aq., 0.117 mol) in methanol (14 ml), freshly distilled cyclopentadiene (0.167 

mol) in methanol (10 ml) was added with vigorous stirring. The mixture was stirred for 12 h, then 

diluted with water and extracted with diethyl ether (2 × 30 ml), the organic extracts were discarded. 

The aqueous phase was brought to pH ~ 9 with NaOH, the product was extracted with diethyl ether 

(2 × 30 ml). To a mixture of the isolated product and NaOH solution (10% aq., 17 ml) was added 

the corresponding acid anhydride (in case of 1c) or acid chloride (in cases of 1b,d,e) (0.033 mol). 

The mixture was stirred at room temperature for 24 h, the organic layer was separated, dried over 

Na2SO4, the solvent was evaporated. In some cases, additional chromatographic purification was 

required. The physicochemical characteristics of the compounds coincided with those published 

earlier: 1c (81%) [S2], 1e (81%) [S3].  

Methyl 2-azabicyclo[2.2.1]hept-5-ene-2-carboxylate 1b.  Yield 68%. Colourless oil. 1H NMR 

(CDCl3, δ ppm, J, Hz) (two rotamers 1:1): 1.51 (bs, 2Н, Н2С
7), 2.56 (d, 0.5Н, НС3

endo, J = 8.2), 

2.61 (d, 0.5Н, НС3
endo, J = 8.6), 3.13 (bs, 1Н, НС4), 3.30 (m, 1Н, НС3

exo), 3.59 and 3.61 (both s, 

3Н, ОСН3), 4.57 (bs, 0.5Н, НС1), 4.69 (bs, 0.5Н, НС1), 6.22 (s, 1.5Н, НС5+HC6), 6.31 (bs, 0.5Н, 

НС6). ESI-MS (m/z): calculated for С8Н11NO2, 154.0863 [М+1], found: 154.0861.  

2-Tosyl-2-azabicyclo[2.2.1]hept-5-ene 1d.  Yield 78%. Crystallizing oil. 1H NMR (CDCl3, δ 

ppm, J, Hz): 1.40 (d, 1Н, НС7, J = 8.5), 1.45 (d, 1Н, НС7, J = 8.5), 2.4 (s, 3Н, СН3), 2.52 (d, 1Н, 

НС3
endo, J = 8.5), 3.12 (bs, 1Н, НС4), 3.33 (dd, 1Н, НС3

exo, J1= 8.5, J2 = 3), 4.62 (s, 1Н, НС1), 5.97 

(d, 1Н, НС5, J = 5.5), 6.08 (m, 1Н, НС6), 7.25 (d, 2Н, Ar, J = 8.3), 7.65 (d, 2Н, Ar, J = 8.3). 13C 

NMR (CDCl3, δ ppm): 21.10 (СН3), 43.31, 46.67, 47.50 (С3 ,С4 ,С7), 63.76 (С1), 127.25, 129.08 

(С2
arom, С3

arom, С5
arom, С6

arom), 133 (С5 or С6), 135.63 (С4
arom), 136.35 (С6 or С5), 142.80 (С1

arom).  

ESI-MS (m/z): calculated for С13Н15NSO2, 250.0896 [М+1], found: 250.0894. 
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Synthesis of compounds 3а-с, 4a-с (general procedure). To a mixture of alkene (2.5 mmol) and 

dibromoformaldoxime (2.5 mmol) in ethyl acetate (25 ml) at 5°C was added sodium bicarbonate 

(12.5 mmol), and this was stirred for 1 h, then warmed to room temperature and stirred for more 

4 h. The mixture was diluted with water, the organic layer was separated, the aqueous one was 

extracted with CH2Cl2, the combined organic extracts were dried over Na2SO4, the solvent was 

evaporated. The residue was chromatographed. The yields of the compounds are shown in Table 

1 (see main text). The complete chromatographic separation of isomers 3 and 4 was not possible. 

The assignment of signals was carried out on the basis of a comprehensive analysis of fractions 

with different content of isomers. 

 

9-Benzyl-5-bromo-3-oxa-4,9-

diazatricyclo[5.2.1.02.6]dec-4-ene (3a) and 8-benzyl-5-

bromo-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-ene 

(4a) (mixture). Colourless oil, Rf 0.30 (EtOAc – petroleum ether, 1:1). 1H NMR (CDCl3, δ ppm, 

J, Hz): isomer 3a 1.48 (d, 1H, HC10
syn, J=11.1), 1.68 (dm, 1H, HC10

anti, J=11.1), 2.52 (d, 1H, 

HC8
endo, J=9.5), 2.60 (dd, 1H, HC8

exo, J=9.5, 3.4), 2.65 (bs, 1H, HC7), 3.39 (d, 1H, HC6, J=8.4), 

3.44 (bs, 1H, HC1), 3.70 (s, 2H, CH2Ph), 4.86 (d, 1H, HCO, J=8.4); isomer 4a 1.60 (d, 1H, HC10
syn, 

J=11.1), 1.75 (dm, 1H, HC10
anti, J=11.1), 2.03 (d, 1H, HC9

endo, J=9.9), 2.73 (bd, 1H, HC1, J=4.2), 

2.78 (dd, 1H, HC9
exo J=9.9, 4.4), 3.48 (bs, 1H, HC7), 3.65 (s, 2H, CH2Ph), 3.72 (HC6, overlaps 

with CH2Ph of 3a), 4.75 (d, 1H, HCO, J=8.3); isomers 3a+4a 7.20-7.40 (m, HCarom). 13C NMR 

(CDCl3, δ ppm): isomer 3a 28.87 (С10), 39.99 (С7), 56.67 (C8), 59.12 (СН2), 60.83 (С6), 64.22 

(С1), 85.72 (С-О); isomer 4a 30.16 (C10), 44.39 (C1), 56.67 (С6), 58.27 (СН2), 59.40 (C9), 62.13 

(C7), 86.45 (С-О); isomers 3a+4a 128.40, 128.42, 128.46 (Carom). ESI-MS (m/z): calculated for 

С14Н16BrN2O 307.0451 [М+1], found 307.0448, calculated for С14Н16BrN2O 309.0431 [М+3], 

found 309.0428. 

 

Methyl 5-bromo-3-oxa-4,9-diaza-

tricyclo[5.2.1.02.6]dec-4-ene-9-carboxylate (3b) 

and methyl 5-bromo-3-oxa-4,8-diaza-

tricyclo[5.2.1.02.6]dec-4-ene-8-carboxylate (4b) 

(mixture). Yellow oil, Rf 0.71 (MeOH – CHCl3, 1:30). 1H NMR (CDCl3, δ ppm, J, Hz): isomer 3b 

(rotamer major : minor = 54:46) 2.81 (bs, HC7), 3.00 (d, HC8
endo minor, J=9.8), 3.05 (d, HC8

endo 

major, J=9.9), 3.42 (d, HC6, J=8.3), 4.73 (d, HCO major, J=8.0); isomer 4b (rotamer major : 

minor = 58:42) 2.91 (HC9
endo minor), 2.94 (bs, HC1), 2.95 (HC9

endo major), 3.56 (d, HC6 minor, 

J=7.8), 3.65 (HC6 major), ); isomer 3b + isomer 4b 1.60-1.80 (m, HC10), 3.25-3.39 (m, HC8
exo 3b 
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and HC9
exo 4b), 3.67, 3.70, 3.72 (three s, OCH3), 4.39 (bs, HC1 3b major, HC7 4b minor), 4.51 (bs, 

HC1 3b minor, HC7 4b major), 4.80 (d, HCO 3b minor +4b major, J=8.2). 13C NMR (CDCl3, δ 

ppm): isomer 3b 30.73 (C10 minor), 31.20 (C10 major), 38.76 (C7
 major), 39.32 (C7

 minor), 49.44 

(C8), 59.04 (C1 minor), 59.31 (C1 major), 60.30 (C2), 84.27 (C-O minor), 84.42 (C-O major); 

isomer 4b 31.00 (C10 major), 31.50 (C10 minor), 43.19 (C1
 minor), 43.77 (C1

 major), 46.15 (C9), 

56.71 (C7 major), 56.95 (C7 minor), 62.31 (C6 minor), 62.68 (C6 major), 85.61 (C-O); isomer 3b 

+ isomer 4b 52.29, 52.45, 52.52 (OCH3), 136.50, 136.79, 138.50, 138.70 (C=N), 154.72, 154.95 

(C=O).  ESI-MS (m/z): calculated for С9Н11BrN2O3 275.0026 [М+1], found 275.0024, calculated 

for С9Н11BrN2O3 277.0005 [М+3], found 277.0004,  

 

tert-Butyl 5-bromo-3-oxa-4,8-diaza-

tricyclo[5.2.1.02.6]dec-4-ene-8-carboxylate (3c) 

and tert-butyl 5-bromo-3-oxa-4,9-diaza-

tricyclo[5.2.1.02.6]dec-4-ene-9-carboxylate (4c) 

(mixture). Yellow oil, Rf 0.32 (EtOAc – petroleum ether, 1:1). 1H NMR (CDCl3, δ ppm, J, Hz): 

isomer 3c (rotamer major : minor = 67:33) 2.80 (bs, HC7), 2.96 (HC8
endo minor, overlaps with 

HC9
endo 4c minor ), 3.03 (d, HC8

endo major, J=10.3), 3.43 (d, HC6, J=8.2), 4.35 (bs, HC1 major), 

4.73 (d, HCO major, J=8.2), 4.81 (d, HCO minor, overlaps with HCO 4c); isomer 4c (rotamer 

major : minor = 53:47) 2.87 (d, HC9
endo major, J=9.7), 2.92 (bs, HC1 minor), 2.93 (HC9

endo minor, 

overlaps with HC1), 3.53 (d, HC6 major, J=7.8), 3.66 (d, HC6 minor, J=7.9), 4.31 (bs, HC7 major), 

4.81 (d, HCO, J=8.2); isomer 3c + isomer 4c 1.45, 1.46, 1.48 (three s, CH3), 1.6-1.75 (m, HC10
syn 

+ HC10
anti), 3.23-3.35 (m, HC8

exo 3c, HC9
exo 4c), 4.48 (bs, HC1 3c minor, HC7 4c minor). 13C NMR 

(CDCl3, δ ppm): isomer 3c 30.71 (C10 minor), 31.15 (C10 major), 38.85 (C7
 major), 39.36 (C7

 min), 

49.03 (C8 major), 49.64 (C8 min), 58.51 (C1 min), 59.45 (C1 major), 60.33 (C6); isomer 4c 30.94 

(C10 minor), 31.30 (C10 major), 43.32 (C1
 major), 43.87 (C1

 minor), 45.81 (C9 minor), 46.33 (C9 

major), 56.18 (C7 minor), 57.27 (C7 major), 62.31 (C6
 major), 62.66 (C6

 minor); isomer 3c + isomer 

4c 27.99 (СН3), 79.84, 79.94, 80.07, 80.11 (OC(CH3)3), 84.42, 84.54, 85.69 (C-O), 136.47, 136.61, 

138.54, 138.81 (C=N), 153.68 (С=О). ESI-MS (m/z): calculated for С12Н17BrN2O3, 260.9869 

[М+1-tBu], found 260.9869, С12Н17BrN2O3, 262.9849  [М+3-tBu], found 262.9848. 

 



 S4 

Synthesis of compounds 3d-t, 4d-t (general procedure) A solution of N-hydroxy imoyl halide 

(2.25 mmol; 1.5 mmol in case of N-hydroxy-4-methoxybenzenecarboximidoyl chloride) in diethyl 

ether or dichloromethane (10 ml) was added slowly dropwise to a solution of alkene (1.5 mmol) 

and triethylamine (2.25 mmol; 1.5 mmol in case of N-hydroxy-4-methoxybenzene-carboximidoyl 

chloride) in diethyl ether or dichloromethane (10 ml). The mixture was stirred at room temperature 

for 0.5-5 h (TLC monitoring). Then water (20 ml) was added, the organic layer was separated, the 

aqueous layer was extracted with diethyl ether or dichloromethane. The organic phases were 

combined, dried over sodium sulfate, the solvent was evaporated. The residue was subjected to 

column chromatography. The yields of the obtained compounds are shown in Table 1 (main text). 

In those cases when the complete chromatographic separation of isomers 3 and 4 was not possible, 

the assignment of signals was carried out on the basis of a comprehensive analysis of fractions 

with different content of isomers. Compounds 3f,j and 4f,j were described earlier: 3f and 4f [S4], 

3j and 4j [S5]. 

Ethyl 9-benzyl-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-ene 

carboxylate (3d). Brown oil: Rf 0.69 (MeOH – CHCl3, 1:50). 1H NMR 

(CDCl3, δ ppm, J, Hz): 1.35 (1H, HC10
syn), 1.37 (t, 3H, СН3, J=7.1), 1.66 

(dm, 1H, HC10
anti, J=11.2), 2.58 (s, 2Н, HC8

endo + HC8
exo), 2.74 (bs, 1H, 

HC7), 3.46 (bs, 1H, HC1), 3.51 (d, 1H, HC6, J=8.5), 3.71 (s, 2H, CH2Ph), 4.34 (m, 2Н, ОСН2), 

4.92 (d, 1H, HCO, J=8.5), 7.30-7.38 (m, 5Н, CHarom). 13C NMR (CDCl3, δ ppm): 13.72 (СН3), 

28.47 (C10), 40.34 (C7), 54.07 (ОСН2), 56.76 (C8), 59.02 (СН2Ph), 61.58 (C6), 63.75 (C1), 87.71 

(C-O), 126.71, 127.95, 127.98 (Carom), 151.85 (С=N), 160.25 (С=О). ESI-MS (m/z): calculated 

for С17Н20N2O3 301.1547 [М+1], found 301.1537. 

Ethyl 8-benzyl-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-ene 

carboxylate (4d). Brown oil: Rf 0.45 (MeOH – CHCl3, 1:50). 1H 

NMR (CDCl3, δ ppm, J, Hz): 1.30 (t, 3Н, СН3, J=7.1), 1.48 (d, 1H, 

HC10
syn, J=10.8), 1.72 (d, 1H, HC10

anti, J=10.8), 2.03 (d, 1H, HC9
endo, 

J=10.3), 2.74 (bs, 1H, HC1), 2.84 (dd, 1H, HC9
exo, J=10.3, 4.3), 3.58 (bs, 1H, HC7), 3.64, 3.71 

(two d, 1Н, CH2Ph, J = 13.3), 3.85 (d, 1H, HC6, J=8.4), 4.29 (m, 2H, ОСН2), 4.85 (d, 1H, HCO, 

J=8.4) 7.30 (m, 5H, CHarom). 13C NMR (CDCl3, δ ppm): 13.63 (СН3), 30.00 (C10), 43.94 (C1), 

51.66 (ОСН2), 52.15 (C6), 57.53 (СН2), 61.54 (C9), 62.16 (C7), 88.28 (C-O), 159.99 (С=О), 

126.83, 127.42, 127.98, 128.18 (Carom), 151.47 (С=N). ESI-MS (m/z): calculated for С17Н20N2O3 

301.1547 [М+1], found 301.1544. 
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Ethyl 9-[(4-methylphenyl)sulfonyl-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-

4-ene-5-carboxylate (3e). Brown oil. Rf  0.60 (MeOH – CHCl3, 1:50). 1H 

NMR (CDCl3, δ ppm, J, Hz): 1.04 (d, 1H, J=11.4, HC10
anti), 1.35 (t, 3H, 

ОСН2СН3, J=7.2), 2.44 (s, 3Н, СН3, Ts), 2.84 (bs, 1H, HC7), 3.08 (dd, 1H, 

HC8
exo, J=9.3, 3.0), 3.13 (d, 1H, HC8

endo, J=9.3), 3.55 (d, 1H, HC6, J=8.4), 4.30 (m, 2H, ОСН2СН3), 

4.36 (s, 1H, HC1), 4.99 (dd, 1H, HCO, J=8.4, 1.2), 7.34 (d, 2H, Нarom, J=8.1), 7.71 (d, 2H, Нarom, 

J=8.1). The signal of protons HC7
syn overlaps with the signal of ОСН2СН3. 

13C NMR (CDCl3, δ 

ppm): 13.66 (ОСН2СН3), 21.17 (СН3), 30.23 (С10), 40.31 (С7), 51.18 (С6), 54.16 (C8), 61.85, 

61.91 (C1, ОСН2СН3), 87.25 (С-О), 126.92, 129.59, 134.66, 143.62 (Сarom), 151.27 (C=N), 159.77 

(С=О). ESI-MS (m/z): calculated for С17Н20N2O5S 365.1166 [М+1], found 365.1168. 

Ethyl 8-[(4-methylphenyl)sulfonyl-3-oxa-4,8-diaza-

tricyclo[5.2.1.02,6]dec-4-ene-5-carboxylate (4e). Brown oil. Rf  0.68 

(MeOH – CHCl3, 1:50). 1H NMR (CDCl3, δ ppm, J, Hz): 1.15 (d, 1H, 

HC10
anti, J=11.2), 1.39 (t, 3H, ОСН2СН3, J=7.2), 1.44 (d, 1H, HC10

syn, J=11.2), 2.43 (s, 3H, СН3, 

Ts), 2.89 (bs, 1H, HC1), 2.96 (d, 1H, HC9
endo, J=9.9), 3.16 (dd, 1H, HC9

exo J=9.9, 4.1), 3.78 (d, 

1H, HC6, J=8.5), 4.30 (m, 2H, ОСН2СН3), 4.46 (s, 1H, HC7), 4.85 (d, 1H, HCO, J=8.5), 7.34 (d, 

2H, НAr, J=8.2), 7.73 (d, 2H, НAr, J=8.2). 13C NMR (CDCl3, δ ppm): 13.66 (ОСН2СН3), 21.14 

(СН3), 30.68 (С10), 44.01 (С1), 47.14 (С6), 57.04 (C9), 60.18 (C7), 61.85 (ОСН2СН3), 87.55 (С-

О), 126.97, 129.57, 134.76, 143.57 (Сarom), 151.30 (C=N), 159.43 (С=О). ESI-MS (m/z): 

calculated for С17Н20N2O5S 365.1166 [М+1], found 365.1166. 

 

9-Benzyl-5-phenyl-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-ene (3f). 

Colorless oil, Rf 0.61 (EtOAc – petroleum ether, 2:1). 1H NMR (CDCl3, δ ppm, 

J, Hz): 1.49 (d, 1H, HC10
syn, J=10.9), 1.61 (dt, 1H, HC10

anti, J=11.1, 1.4), 2.61 

(dd, 1H, HC8
exo, J=9.2, J=3.3), 2.62-2.69 (m, 2H, HC8

endo + HC7), 3.46 (bs, 1H, HC1), 3.73 (dd, 

НC6, J=8.4, J=1.1), 3.76 (s, 2H, CH2Ph), 4.91 (dt, 1H, HCO, J=8.4, 1.3), 7.30-7.45 (m, 8Н, Harom), 

7.70 (m, 2Н, Harom). 13C NMR (CDCl3, δ ppm): 28.96 (C10), 40.70 (C7), 55.83 (C6), 57.40 (C8), 

59.54 (СН2Ph), 64.50 (C1), 85.92 (C-O), 126.83, 127.06, 128.37, 128.41, 128.80, 128.99, 129.93, 

139.38 (Carom), 156.87 (С=N). 

8-Benzyl-5-phenyl-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-ene (4f). 

Crystallizing colorless oil. Rf 0.45 (EtOAc - petroleum ether, 2:1). 1H NMR 

(CDCl3, , ppm, J, Hz): 1.59 (d, 1H, HC10
syn, J=10.6), 1.67 (dt, 1H, HC10

anti, 

J=10.6, 1.5), 2.10 (d, 1H, HC9
endo, J=9.9), 2.74 (d, 1H, HC1, J=3.7), 2.99 (dd, 1H, HC9

exo, J=9.9, 

4.3), 3.49 (bs, 1H, HC7), 3.69, 3.85 (two d, 1H, CH2Ph, J=13.3), 4.02 (d, 1H, J=8.4, HC6), 4.81 

(d, 1H, J=8.4, HCO), 7.27-7.45 (m, 8H, Harom), 7.53 (m, 2H, Harom). 13C NMR (CDCl3,  ppm):  
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30.49 (C10), 44.55 (C1), 52.38 (C9), 53.42 (C6), 58.05 (СН2Ph), 61.93 (C7), 86.35 (C-O), 126.68, 

127.23, 128.45, 128.62, 128.70, 128.97, 129.83, 138.90 (Carom), 156.55 (C=N). ESI-MS (m/z) 

isomers 3f+4f: calculated for С20Н21N2O 305.1648 [M+1], found 305.1654. 

 

Methyl 5-phenyl-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-ene-9-

carboxylate (3g) (with admixture of 4g). Yellow oil. 1H NMR (CDCl3, δ 

ppm, J, Hz): (rotamer major : minor = 60:40) 1.57 – 1.68 (m, 2H, HC10
syn+ 

HC10
anti), 2.82 (bs, 1H, HC7), 3.12 (d, HC8

endo minor, J=9.7), 3.18 (d, 

HC8
endo major, J=9.8), 3.35 (m, HC8

exo), 3.70 (ОСН3 minor), 3.73 (ОСН3, major), 3.76 (d, HC6, 

J=8.3), 4.42 (bs, HC1 major), 4.55 (bs, HC1 minor), 4.81 (d, HCO major, J=8.3), 4.89 (d, HCO 

minor, J=8.3), 7.42 (m, 4Н, Ph), 7.71 (m, 1Н, Ph). 13C NMR (CDCl3, δ ppm): 30.85 (C10 minor), 

31.35 (C10 major), 39.35 (C7
 major), 39.93 (C7

 minor), 50.00 (C8 minor), 50.06 (C8 major), 52.21 

(ОСН3), 55.30 (C6 minor), 55.33 (C6 major), 59.26 (C1 minor), 59.52 (C1 major), 84.41 (C-O 

minor), 84.59 (C-O major), 126.41, 128.51, 129.88 (CAr major), 126.41, 128.58, 129.88 (CAr 

minor), 154.94 (C=N).  

Methyl 5-phenyl-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-ene-8-

carboxylate (4g). Yellow oil, Rf 0.65 (MeOH – CHCl3, 1:50). 1H NMR 

(CDCl3, δ ppm, J, Hz): (rotamer major : minor = 60:40) 1.62 (d, HC10
syn 

minor, J=10.3), 1.66 (d, HC10
syn major, J=9.5), 1.73 (d, HC10

anti, J=10.5), 2.96 (bs, HC1), 3.00 (d, 

HC9
endo major, J=10.2), 3.06 (d, HC9

endo minor, J=10.5), 3.31 (dd, HC9
exo major, J=10.2, 3.8), 

3.36 (dd, HC9
exo minor, J=10.5, 3.7), 3.73 (s, ОСН3 major), 3.82 (s, ОСН3 minor), 3.89 (d, HC6 

minor, J=8.2), 3.99 (d, HC6 major, J=8.2), 4.44 (bs, HC7 minor), 4.55 (bs, HC7 major), 4.86 (d, 

HCO, J=8.3). 7.43 (m, 4Н, Ph), 7.83 (m, 1Н, Ph). 13C NMR (CDCl3, δ ppm): 30.88 (C10 major), 

31.62 (C10 minor), 43.27 (C1
 minor), 43.88 (C1

 major), 46.13 (C9), 52.08 (ОСН3), 57.58 (C6 minor), 

57.65 (C6 major), 58.14 (C7 major), 58.18 (C7 minor), 85.31 (C-O major), 85.39 (C-O minor), 

126.42, 128.59, 129.88 (CAr), 154.88 (C=O), 155.08 (C=N, minor), 155.12 (C=N, major). ESI-MS 

(m/z) isomers 3g + 4g: calculated for С15Н16N2O3 273.1234 [М+1], found 273.1234. 
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tert-Butyl 5-phenyl-3-oxa-4,9-diaza-

tricyclo[5.2.1.02.6]dec-4-ene-9-carboxylate (3h) 

and tert-butyl 5-phenyl-3-oxa-4,8-diaza-

tricyclo[5.2.1.02.6]dec-4-ene-8-carboxylate (4h) 

(mixture). Yellow oil, Rf 0.32 (MeOH – CHCl3, 1:50). 1H NMR (CDCl3, δ ppm, J, Hz): isomer 3h 

(rotamer major : minor = 71:29) 2.80 (bs, HC7), 3.08 (d, HC8
endo minor, J=9.8), 3.14 (d, HC8

endo 

major, J=9.8), 3.77 (d, HC6, J=8.3), 4.38 (s, HC1 major), 4.50 (HC1 minor, overlaps with HC7 4h 

minor), 4.80 (d, HCO major, J=8.3), 4.89 (HCO minor, overlaps with HCO 4h), 7.70 (m, HCAr); 

isomer 4h (rotamer major : minor = 60:40) 2.93 (s, HC1), 2.95 (HC9
endo minor overlaps with HC1), 

3.02 (HC9
endo major, J=10.4), 3.86 (d, HC6 major, J=8.3), 3.98 (d, HC6 minor, J=8.3), 4.39 (bs, 

HC7 major), 4.50 (bs, HC7 minor), 4.86 (d, HCO, J=8.3), 7.76 (m, HCAr), 7.80 (dd, HCAr, major, 

J=7.8, J=2.1), 7.82 (dd, HCAr, minor, J=7.8, J=2.3); isomer 3h + isomer 4h 1.46, 1.48, 1.57 (three 

s, CH3), 1.59 – 1.74 (m, HC10
syn + HC10

anti), 3.22-3.34 (m, HC8
exo 3h + HC9

exo 4h), 7.41 (m, HCAr). 

13C NMR (CDCl3, δ ppm): isomer 3h 30.21 (C10 minor), 30.87 (C10 major), 39.44 (C7
 major), 

39.95 (C7
 minor), 49.63 (C8 major), 49.69 (C8 minor), 59.67 (C1 minor), 59.96 (C1 major), 57.05 

(C6 minor), 57.67 (C6 major); isomer 4h 31.29 (C10), 43.37 (C1
 major), 43.94 (C1

 minor), 45.92 

(C9 major), 46.43 (C9 minor), 55.32 (C6), 58.06 (C7); isomer 3h + isomer 4h 79.41, 79.54, 79.80, 

79.82 (OC(CH3)3), 84.60, 84.68, 85.38, 85.46 (C-O), 126.25, 126.41, 128.02, 128.20, 128.39, 

128.48, 128.55, 129.81 (Carom), 153.85, 154.0, 154.67, 154.99 (C=N, C=O). ESI-MS (m/z) isomers 

3h + 4h: calculated for С18Н22N2O3 315.1703 [М+1], found 315.1704. 

 

9-[(4-Methylphenyl)sulfonyl]-5-phenyl-3-oxa-4,9-

diazatricyclo[5.2.1.02.6]dec-4-ene (3i) and 8-[(4-

methylphenyl)sulfonyl]-5-phenyl-3-oxa-4,8-diaza-

tricyclo[5.2.1.02.6]dec-4-ene (4i) (mixture). Colourless 

oil. Rf  0.70 (MeOH – CHCl3, 1:30). 1H NMR (CDCl3, δ ppm, J, Hz): isomer 3i 1.00 (d, 1H, 

HC10
anti, J=11.1), 1.48 (d, 1H, HC10

syn, J=11.1), 2.44 (s, 3Н, СН3), 2.74 (bs, 1H, HC7), 3.13 (dd, 

1H, HC8
exo, J=9.3, 3.3), 3.20 (d, 1H, HC8

endo J=9.2,), 3.77 (d, 1H, HC6, J=8.2), 4.37 (s, 1H, HC1), 

4.96 (d, 1H, HCO, J=8.2), 7.33 (d, 2H, НTs, J=7.8); isomer 4i, 1.04 (d, 1H, HC10
anti, J=11.0), 1.56 

(d, 1H, HC10
syn, J=11.0), 2.43 (s, 3Н, СН3), 2.88 (1H, bs, HC1), 3.07 (s, 2H, HC9

exo + HC9
endo ), 

4.13 (d, 1H, HC6, J=8.3), 4.41 (s, 1H, HC7), 4.86 (d, 1H, HCO, J=8.3,), 7.32 (d, 2Н, НTs, J=8.0); 

isomers 3i + 4i 7.37-7.46 (m, Нarom), 7.65-7.65 (m, Нarom). 13C NMR (CDCl3, δ ppm): isomer 3i 

21.54 (СН3), 30.63 (С10), 40.56 (С7), 51.66 (С6), 55.78 (C8), 62.48 (C1), 85.63 (С-О), 126.75, 

127.32, 128.13, 128.89, 129.93, 130.29, 135.27, 143.88 (Сarom), 156.32 (C=N); isomer 4i 21.54 

(СН3), 30.99 (С10), 44.53 (С1), 47.54 (С6), 59.10 (C9), 60.89 (C7), 85.63 (С-О), 126.75, 127.31, 
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128.15, 129.08, 129.94, 130.37, 135.31, 143.94 (СAr), 155.00 (C=N). ESI-MS (m/z) isomers 3i + 

4i: calculated for С20Н20N2O3S 369.1267 [М+1], found 369.1263. 

 

5-Phenyl-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-en-9-yl](phenyl)-methanone (3j) (with 

admixture of 4j) Yellow oil. (MeOH – CHCl3, 1:100). 1H NMR (CDCl3, δ ppm, J, Hz) (rotamer 

major : minor = 77:23): 1.65-1.90 (m, HC10
syn + HC10

anti), 2.83 (bs, HC7 minor), 

2.96 (bs, HC7 major), 3.16 (d, HC8
endo minor, J=10.0), 3.38 (d, HC8

endo major, 

J=11.5), 3.65 (dd, HC8
exo major, J=11.5, 3.4), 3.79 (d, HC6 minor, J=8.5), 3.91 

(d, HC6 major, J=8.1), 4.39 (bs, HC1 major), 4.96 (d, HCO major, J=8.2), 5.08 

(d, HCO minor, J=8.5), 7.20-8.50 (m, Harom), HC1 minor overlaps with HCO major, HC8
exo minor 

overlaps with HC9
exo major 4j.  

5-Phenyl-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-en-8-yl](phenyl)-methanone (4j). Yellow 

oil. Rf  0.47 (MeOH – CHCl3, 1:100). 1H NMR (CDCl3, δ ppm, J, Hz) (rotamer major : minor = 

55:45): 1.70-1.80 (m, HC10), 1.86 (d, HC10 , J=10.8), 2.96 (bs, HC1 minor), 

3.01 (dd, HC9
endo minor, J=10.1, 1.1), 3.08 (bs, HC1 major), 3.32 (d, HC9

endo 

minor, J=11.8), 3.61 (dd, HC9
exo minor, J=10.0, 3.8), 3.58 (dd, HC9

exo major, 

J=11.8, 4.1), 3.85 (d, HC6 major, J=8.4), 4.23 (d, HC6 minor, J=8.3), 4.33 

(bs, HC7 major), 4.82 (d, HCO minor, J=8.3), 4.89 (bs, HC7 minor), 4.96 (d, HCO major, J=8.2), 

7.17-7.25, 7.32, 7.40-7.62, 7.97 (all m, Harom). 13C NMR (CDCl3, δ ppm): 30.71 (C10 minor), 31.84 

(C 10 major), 43.64, 44.64, 46.30, 50.41, 57.38, 58.08, 59.12, 60.91, 85.22 (C-O minor), 85.72 (C-

O major), 126.41, 126.83, 127.04, 127.57, 128.08, 128.48, 128.78, 128.82, 129.04, 130.19, 130.21, 

130.34, 130.87, 135.43 (Carom), 154.58 (С=N major), 155.62 (C=N minor).  ESI-MS (m/z) isomers 

3j+4j: calculated for С20Н18N2O2 319.1441 [М+1], found 319.1443. 

 

9-Benzyl-5-(4-methoxyphenyl)-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-

ene (3k). Yellow oil, Rf 0.50 (EtOAc – petroleum ether, 2:1). 1H NMR 

(CDCl3, δ ppm, J, Hz): 1.50 (d, 1H, HC10
syn, J=10.8), 1.61 (dt, 1H, HC10

anti, 

J=10.8, 1.4), 2.60 (dd, 1H, HC8
exo, J=9.2, 3.1), 2.62-2.67 (m, 2H, HC7 + 

HC8
endo), 3.46 (bs, 1H, HC1), 3.70 (d, 1H, HC6, J=8.3), 3.74 (s, 2H, CH2Ph), 

3.84 (s, 3H, OCH3), 4.88 (d, 1H, HCO, J=8.3), 6.93 (d, 2H, HCarom, J = 8.8), 7.30-7.40 (m, 5H, 

Ph), 7.66 (d, 2H, HCarom, J = 8.8). 13C NMR (CDCl3, δ ppm): 28.49 (C10), 40.29 (C7), 

54.95(ОСН3), 55.70 (C6), 56.98 (C8), 59.13 (СН2), 64.08 (C1), 85.19 (C-O), 113.78, 121.06, 

126.61, 127.93, 127.99, 139.00 (Carom), 155.98 (С=N), 160.47 (Carom). ESI-MS (m/z): calculated 

for C21H22N2O2 335.1754 [М+1], found 335.1764. 
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8-Benzyl-5-(4-methoxyphenyl)-3-oxa-4,8-diaza-

tricyclo[5.2.1.02.6]dec-4-ene (4k). Yellow oil, Rf 0.40 (EtOAc – 

petroleum ether, 2:1). 1H NMR (CDCl3, δ ppm, J, Hz): 1.57 (d, 1H, 

HC10
syn, J=10.7), 1.65 (dt, 1H, HC10

anti, J=10.9, 1.4), 2.09 (d, 1H, 

HC9
endo, J=9.9), 2.74 (bd, 1H, HC1, J=3.1), 2.90 (dd, 1H, HC9

exo, J=9.8, 4.3), 3.46 (bs, 1H, HC7), 

3.68, 3.83 (two d, 1Н, CH2Ph, J=13.5), 3.81 (s, 3H, OCH3), 3.98 (d, 1H, HC6, J=8.3), 4.55 (d, 1H, 

HCO, J=8.3), 6.80 (d, 2H, CHarom, J = 8.8), 7.30-7.46 (m, 7H, HCarom). 13C NMR (CDCl3, δ ppm): 

30.43 (C10), 44.53 (C1), 52.39 (C9), 53.69 (C6), 55.33 (ОСН3), 58.07 (СН2), 61.93 (C7), 85.98 (C-

O), 114.07, 121.46, 127.20, 128.19, 128.44, 128.6 (Carom), 155.04 (С=N), 160.80 (Carom). ESI-MS 

(m/z): calculated for C21H22N2O2 335.1754 [М+1], found 335.1761. 

 

Methyl 5-(4-methoxyphenyl)-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-

ene-8-carboxylate (3l) (with admixture of 4l). Brown oil, Rf 0.20 (MeOH – 

CHCl3, 1:25). 1H NMR (CDCl3, δ ppm, J, Hz): (rotamer major : minor = 

54:46) 2.78 (bs, 1H, HC7), 3.09 (d, HC8
endo minor, J=9.4), 3.14 (d, HC8

endo 

major, J=9.9), 3.25-3.35 (m, 1H, HC8
exo), 4.39 (bs, HC1 major), 4.51 (bs, HC1 

minor), 4.75 (d, HCO major, J=8.2), 4.83 (HCO minor, J=8.4), 6.90 (m, 2H, HCarom), 7.65 (d, 2H, 

HCarom, J=8.8), the signals HC1, H2C
10, HCarom overlap with 4l. 13C NMR (CDCl3, δ ppm): 31.30 

(C10 major), 30.80 (C10 minor), 39.36 (C7 major), 39.93 (C7 minor), 49.97 (C8 minor), 50.04 (C8 

major), 55.40 (C6), 59.27 (C1 minor), 59.53 (C1 major), 84.11 (C-O, minor), 84.28 (C-O, major), 

154.61, 154.85, 154.65 (C=O, C=N), Carom overlap with 4l. ESI-MS (m/z): calculated for 

C16H18N2O4 303.1339 [М+1], found 303.1334. 

Methyl 5-(4-methoxyphenyl)-3-oxa-4,9-diaza-

tricyclo[5.2.1.02.6]dec-4-ene-9-carboxylate (4l).  Brown oil, Rf 0.27 

(MeOH – CHCl3, 1:25). 1H NMR (CDCl3, δ ppm, J, Hz): isomer 4l 

(rotamer major : minor = 60:40) 1.55 – 1.65 (m, 1H, HC10
anti), 1.71 (d, 1H, HC10

syn, J=10.8), 2.91 

(bs, 1H, HC1), 2.96 (d, 1H, HC9
endo major, J=10.2), 3.01 (d, 1H, HC9

endo min, J=10.4), 3.67 (1H, 

HC6 min, overlaps with ОСН3), 3.70, 3.80 (two s, 3H, ОСН3 major), 3.78, 3.82 (two s, 3H, ОСН3 

minor), 3.92 (d, 1H, HC6 major, J=8.3), 4.40 (bs, 1H, HC7 min), 4.49 (bs, 1H, HC7 major), 4.79 

(d, 1H, HCO, J=8.3), 6.90 (m, 2Н, HCarom), 7.62 (d, HCarom minor, J=8.9), 7.65 (d, HCarom major, 

J=8.7), 7.73 (d, HCarom major, J=8.7). 13C NMR (CDCl3, δ ppm): 30.82 (C10 major), 31.46 (C10 

minor), 43.24 (C1 minor), 43.85 (C1 major), 46.10 (C9 major), 46.29 (C9 minor), 52.07 (OCH3 

major), 52.46 (ОСН3 minor), 54.93 (OCH3 major), 54.95 (ОСН3 minor), 57.39 (C7 major), 57.74 

(C6 minor), 58.42 (C7 minor), 85.01 (C-O minor), 84.93 (C-O major), 113.98, 120.40 (Carom), 

127.76 (Carom minor), 128.00 (Carom major), 154.15 (C=O minor), 154.40 (C=O major), 154.93 
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(C=N minor), 155.16 (C=N major). 160.74 (Carom). ESI-MS (m/z): calculated for C16H18N2O4 

303.1339 [М+1], found 303.1342. 

 

tert-Butyl 5-(4-methoxyphenyl)-3-oxa-4,9-diaza-

tricyclo[5.2.1.02,6]dec-4-ene-9-carboxylate (3m) (with admixture of 

4m).Yellow oil, Rf 0.51 (MeOH – CHCl3, 1:25). 1H NMR (CDCl3, δ 

ppm, J, Hz) (rotamer major : minor = 67:33): 1.45 (s, CH3), 1.6-1.75 

(m, HC10
syn + HC10

anti), 2.78 (bs, HC7), 3.07 (d, HC8
endo min, J=9.6), 

3.12 (d, HC8
endo major, J=9.6), 3.23-3.33 (m, HC8

exo), 3.74 (d, HC6, J=8.1), 3.80 (s, OCH3), 4.37 

(HC1 major), 4.49 (s, HC1 min), 4.78 (d, HCO major, J=8.0), 4.86 (d, HCO minor, overlaps with 

4m), 6.93 (d, HCarom, J=8.1), 7.65 (d, HCarom, J=8.1). 

tert-Butyl 5-(4-methoxyphenyl)-3-oxa-4,8-diaza-

tricyclo[5.2.1.02.6]dec-4-ene-8-carboxylate (4m)  Yellow oil, Rf 

0.60 (MeOH – CHCl3, 1:25). 1H NMR (CDCl3, δ ppm, J, Hz) 

(rotamer major : minor = 60:40): 1.49 (s, CH3, major), 1.57 (s, 

CH3, minor), 1.65 (d, 1H, HC10
syn, J=10.1), 1.72 (d, 1H, HC10

anti, J=10.1), 2.92 (bs, HC1), 2.94 

(HC9
endo, minor, overlaps with HC1), 3.02 (d, HC9

endo, major, J=10.5), 3.27 (dd, HC9
exo minor, 

J=10.3, 3.8), 3.30 (dd, HC9
exo major, J=10.5, 3.8), 3.83 (s, minor, ОСН3), 3.85 (s, major, ОСН3), 

3.96 (d, HC6, minor, J=8.1), 4.37 (s, HC7 major), 4.49 (s, HC7 minor ), 4.83 (d, HCO minor, J=8.0), 

4.84 (d, HCO major, J=8.1),  6.93 (m, HCAr), 7.73 (d, HCAr major, J=8.7), 7.77 (d, HCAr minor, 

J=8.7), the signal HC6 major overlaps with the signal of OCH3. 
13C NMR (CDCl3, δ ppm) 28.09 

(CH3 major), 28.19 (CH3 minor), 30.82 (C10 minor), 31.28 (C10 major), 43.36 (C1
 major), 43.94 

(C1
 minor), 54.95, 55.00 (OCH3), 57.96, 58.08, 58.36 (C6, C7), 79.77 (OC(CH3)3 major), 80.30 

(OC(CH3)3 minor), 85.04 (C-O minor), 85.11 (C-O major), 154.23 (C=N). 

 

9-[(4-Methylphenyl)sulfonyl]-5-(4-methoxyphenyl)-3-oxa-4,9-diaza-tricyclo[5.2.1.02.6]dec-4-

ene (3n). Colourless oil. Rf  0.57 (MeOH – CHCl3, 1:30). 1H NMR (CDCl3, δ ppm, J, Hz): 0.98 

(d, 1H, HC10
anti, J=11.2), 1.48 (d, 1H, HC10

syn, J=11.2), 2.42 (s, 3Н, СН3), 2.73 

(1H, bs, HC7), 3.12 (dd, 1H, HC8
exo, J1=9.1, J2=3.2), 3.18 (d, 1H, J=9.1, HC8

endo), 

3.73 (d, 1H, HC6, J=8.2), 3.83 (s, 3H, ОСН3), 4.35 (s, 1H, HC1), 4.92 (d, 1H, 

HCO, J=8.2), 6.90 (d, 2Н, НAr, J=8.5), 7.34 (d, 2Н, НAr, J=7.6), 7.59 (d, 2Н, НAr, 

J=8.5), 7.73 (d, 2Н, НAr, J=7.6). 13C NMR (CDCl3, δ ppm): 21.14 (СН3), 30.22 

(С10), 40.18 (С7), 51.26 (С6), 54.97 (ОСН3), 55.68 (C8), 62.11 (C1), 84.99 (С-О), 113.91, 120.24, 

126.90, 127.95, 129.53, 134.93, 143.46, 160.76 (СAr), 155.45 (C=N). ESI-MS (m/z) isomers 3m 

+ 4m: calculated for С19Н24N2O4 345.18088 [М+1], found 345.1813. 
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8-[(4-Methylphenyl)sulfonyl]-5-(4-methoxyphenyl)-3-oxa-4,8-

diazatricyclo[5.2.1.02.6]dec-4-ene (4n). Colourless oil. Rf  0.33 

(MeOH – CHCl3, 1:30). 1H NMR (CDCl3, δ ppm, J, Hz): 1.02 (d, 1H, 

HC10
anti, J=10.9,), 1.55 (d, 1H, HC10

syn, J=10.9), 2.42 (s, 3Н, СН3), 

2.86 (1H, bs, HC1), 3.06 (s, 2H, HC9
exo + HC9

endo), 3.86 (s, 3H, 

ОСН3), 4.10 (d, 1H, HC6, J=8.3), 4.39 (s, 1H, HC7), 4.82 (d, 1H, HCO, J=8.3), 6.96 (d, 2Н, Нarom, 

J=8.5), 7.31 (d, 2Н, Нarom,  J=7.7), 7.68 (d, 2Н, Нarom, J=8.5), 7.71 (d, 2Н, Нarom, J=7.7). 13C NMR 

(CDCl3, δ ppm): 21.14 (СН3), 30.56 (С10), 44.14 (С1), 47.13 (С6), 55.00 (ОСН3), 59.02 (C9), 60.56 

(C7), 84.89 (С-О), 114.11, 120.24, 126.90, 127.95, 129.53, 134.98, 143.52, 160.85 (Сarom), 154.14 

(C=N). ESI-MS (m/z) isomers 3n + 4n: calculated for С21Н22N2O4S 399.1373 [М+1], found 

399.1374. 

 

5-Phenyl-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-en-9-yl](phenyl)-methanone (3o). Yellow 

oil. Rf  0.41 (MeOH – CHCl3, 1:100). 1H NMR (CDCl3, δ ppm, J, Hz) (rotamer major : minor = 

77:23): 1.65-1.90 (m, HC10
syn + HC10

anti), 2.83 (bs, HC7 minor), 2.94 (bs, HC7 

major), 3.16 (d, HC8
endo minor, J=9.9), 3.38 (d, HC8

endo major, J=11.3), 3.54 

(dd, HC8
exo major, J=9.9, 3.5), 3.64 (dd, HC8

exo major, J=11.3, 3.5), 3.76 (d, 

HC6 minor, J=8.0), 3.84 (s, OCH3 major), 3.86 (s, OCH3 minor), 3.89 (d, HC6 

major, J=8.2), 4.38 (bs, HC1 major), 4.95 (d, HCO major, J=8.2), 4.98 (bs HC1 

minor), 5.05 (d, HCO minor, J=8.0), 6.91 (d, Harom minor, J=8.8), 6.95 (d, 

Нarom major, J=8.9), 7.38-7.57 (m, Нarom), 7.61 (d, Нarom minor, J=8.8), 7.68 (d, Нarom major, 

J=8.9).13C NMR (CDCl3, δ ppm): 30.12 (C10 minor), 31.85 (C10 major), 39.09 (C7 major), 40.23 

(C7 minor), 54.98 (ОСН3), 49.95, 56.03 (C6, C8), 62.42 (C1 major), 65.13 (C1 minor), 83.52 (C-O 

minor), 84.89 (C-O major), 113.97, 120.10, 126.59, 126.84, 128.03, 128.26, 128.40, 130.06, 

135.41 (Carom), 155.98 (С=N), 160.85 (Carom), 169.37 (C=O). ESI-MS (m/z): calculated for 

С21Н20N2O3 349.1547 [М+1], found 319.1551. 

5-Phenyl-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-en-8-yl]-(phenyl)methanone (4o). Yellow 

oil. Rf  0.50 (MeOH – CHCl3, 1:100). 1H NMR (CDCl3, δ ppm, J, Hz) (rotamer major : minor = 

56:44): 1.73 (bs, HC10), 1.77 (d, HC10, J=11.2), 1.86 (d, HC10, 

J=11.1), 2.95 (bs, HC1 minor), 2.99 (d, HC9
endo minor, J=10.0), 3.06 

(bs, HC1 major), 3.31 (d, HC9
endo major, J=11.9), 3.56 (dd, HC9

exo 

major, J=11.9, 4.1), 3.61 (dd, HC9
exo minor, J=10.0, 3.8), 3.80 (s, 

OCH3 major), 3.82 (d, HC6 major, J=8.3), 3.86 (s, OCH3 minor), 4.19 (d, HC6 minor, J=8.3), 4.30 

(bs, HC7 major), 4.79 (d, HCO minor, J=8.3), 4.87 (bs, HC7 minor), 4.92 (d, HCO major, J=8.3), 
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6.70 (d, Harom, J=8.8), 6.97 (d, Нarom, J=8.8), 7.15 (d, Нarom, J=8.8), 7.40-7.60 (m, Нarom), 7.90 (d, 

Нarom, J=8.9).13C NMR (CDCl3, δ ppm): 30.16 (C10 minor), 31.84 (C 10 major), 43.14, 45.80 (C1, 

C9 major), 44.16, 49.88 (C1, C9 minor), 54.90 (ОСН3), 57.17, 57.65 (C6, C7minor), 58.85, 60.47 

(C6, C7 major), 84.42 (C-O minor), 84.92 (C-O major), 113.71, 113.99, 120.11, 120.42, 126.38, 

127.13, 127.53, 128.01, 128.13, 128.35, 129.71, 130.38, 135.01, 136.34 (Carom), 153.68, 154.63 

(С=N), 160.57, 160.75 (Carom), 169.45, 170.15 (C=O). ESI-MS (m/z): calculated for С21Н20N2O3 

349.1547 [М+1], found 319.1548. 

 

9-Benzyl-5-(4-nitrophenyl)-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-ene (3p) Colourless oil, Rf 

0.50 (EtOAc – petroleum ether, 2:1). 1H NMR (CDCl3, δ ppm, J, Hz): 1.45 (d, 1H, HC10
syn, 

J=11.0), 1.65 (d, 1H, HC10
anti, J=11.0), 2.60 – 2.70 (m, 2H, HC8

endo + HC8
exo), 

3.52 (bs, 1H, HC1), 3.73 (d, 1H, HC6, J=8.5), 3.76 (s, 2H, CH2Ph), 5.00 (d, 

1H, HCO, J=8.3), 7.24-7.40 (m, 5H, Ph), 7.88, 8.27 (two d, 2Н, J=8.8). 13C 

NMR (CDCl3, δ ppm): 28.93 (C10), 40.58 (C7), 55.04 (C6), 57.26 (C8), 59.51 

(СН2Ph), 64.29 (C1), 87.12 (C-O), 155.56 (С=N); isomers 3p+4p (3p:4p = 

3:1): 123.96, 124.04, 127.15, 127.41, 128.38, 128.57, 135.18, 148.26 (Carom). 

8-Benzyl-5-(4-nitrophenyl)-3-oxa-4,8-diaza-tricyclo[5.2.1.02.6]dec-4-ene (4p) Colourless oil, 

Rf 0.36 (EtOAc – petroleum ether, 2:1). 1H NMR (CDCl3, δ ppm, J, Hz): 1.50 (d, 1H, HC10
syn, 

J=10.6), 1.70 (d, 1H, HC10
anti, J=10.6), 2.15 (d, 1H, HC9

endo, J=9.8), 2.81 (bs, 1H, HC4), 2.98 (dd, 

1H, HC9
exo, J=9.9, 4.2), 3.44 (bs, 1H, HC7), 3.65, 3.90 (two d, 1Н, 

CH2Ph, J=13.3), 3.98 (m, 1H, HC6), 4.90 (d, 1H, HCO, J=8.3), 7.60, 

8.12 (two d, 2Н, J=8.8); 7.32-7.45 (m, 5H, Ph). 13C NMR (CDCl3, δ 

ppm): 30.46 (C10), 44.48 (C1), 52.32, 58.02 (C9, СН2), 52.69 (C6), 

61.44 (C7), 87.51 (C-O); 155.27 (С=N); 123.96, 127.25, 128.60, 128.66, 135.09, 148.18 (Carom). 

ESI-MS (m/z): calculated for С20Н19N3O3 350.1499 [М+1], found 350.1498. 

 

Methyl 5-(4-nitrophenyl)-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-ene-

9-carboxylate (3q). Yellow oil, Rf 0.4 (MeOH – CHCl3, 1:50). 1H NMR 

(CDCl3, δ ppm, J, Hz) (rotamer major : minor = 63:37): 1.64 (d, 1H, 

HC10
syn, J=11.1), 1.71 (d, 1H, HC10

anti, J=11.3), 2.81 (bs, 1H, HC7), 3.15 

(d, 1H, HC8
endo min, J=9.6), 3.20 (d, 1H, HC8

endo major, J=9.9), 3.32-3.43 

(m, 1H, HC8
exo), 3.71 (s, 3H, ОСН3 min), 3.74 (s, 3H, ОСН3 major), 3.77 (d, 1H, HC6, J=8.5), 

4.47 (bs, 1H, HC1 major), 4.59 (bs, 1H, HC1 min), 4.92 (d, 1H, HCO major, J=8.3), 4.99 (d, HCO 

min, J=8.4), 7.88 (d, HCarom, J=8.6), 8.27 (d, HCarom, J=8.6). 13C NMR (CDCl3, δ ppm): 30.88 

(C10 min), 31.39 (C10 major), 39.29 (C7 major), 39.85 (C7 min), 49.86 (C8 min), 49.95 (C8 major), 
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52.18 (ОСН3 min), 52.30 (ОСН3 major), 54.54 (C6 min), 54.55 (C6 major), 59.09 (C1 min), 59.36 

(C1 major), 85.50 (C-O min), 85.67 (C-O major), 123.75, 127.11, 134.20, 148.09 (Carom), 154.85 

(C=N). 1H NMR (DMSO-d6, δ ppm) δ 1.35 (d, HC10
syn, J=11.1), 1.63 (m, HC10

anti), 2.75 (bs, HC7), 

3.10-3.25 (m, HC8
exo+ HC8

endo), 3.59 (s, ОСН3, major), 3.61 (s, ОСН3, min), 4.10 (m, HC6), 4.28 

(bs, HC1), 4.85 (m, HCO), 8.03 (d, HCarom, J=8.6), 8.35 (m, HCarom).  

Methyl 5-(4-nitrophenyl)-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-

ene-8-carboxylate (4q). Yellow oil, Rf 0.32 (MeOH – CHCl3, 1:50). 

1H NMR (CDCl3, δ ppm, J, Hz) (rotamer major : minor = 63:37): 1.54 

(s, 2H, H2C
10), 3.01 (bs, 1H, HC1), 3.03 (HC9

endo minor), 3.07 (d, HC9
endo major, J=10.7), 3.32-

3.43 (m, HC9
exo), 3.73 (s, ОСН3 major), 3.82 (s, ОСН3 minor), 3.89 (d, HC6 minor, J=8.3), 3.98 

(d, HC6 major, J=8.3), 4.42 (bs, HC7 minor), 4.50 (bs, HC7 major), 4.97 (d, 1H, HCO, J=8.3), 7.90 

(d, HCarom minor, J=8.6), 7.97 (d, HCarom major, J=8.6), 8.26 (d, HCarom major, J=8.6), 8.29 (d, 

HCarom minor, J=8.6). 13C NMR (CDCl3, δ ppm): 30.82 (C10 major), 31.51 (C10 minor), 43.22 (C1 

minor), 43.82 (C1 major), 46.06 (C9 major), 46.23 (C9 minor), 52.12 (ОСН3, major), 52.52 (ОСН3, 

minor), 56.78, 57.38 , 57.50 (C6,C7), 86.51 (C-O major), 86.58 (C-O minor), 154.93 (C=N minor), 

155.15 (C=N major), 155.42 (C=O minor), 155.63 (C=O major), 123.66, 126.85, 134.20, 147.98 

(Carom major), 123.74, 127.04, 134.11, 147.98 (Carom minor). 1H NMR (DMSO-d6, δ ppm) 1.43 (d, 

HC10
syn, J=10.3), 1.63 (m, HC10

anti), 2.88 (bs, HC1), 2.99 (m, HC9
endo), 3.23 (m, HC9

exo), 3.62 (s, 

ОСН3, major), 3.70 (s, ОСН3, min), 4.11 (m, HC6), 4.28 (bs, HC7, min), 4.31 (bs, HC7, major), 

4.99 (m, HCO), 7.91 (m, HCarom), 8.35 (m, HCarom). ESI-MS (m/z) isomers 3q+4q: calculated for 

С15Н15N3O5 318.1084 [М+1], found 318.1074.  

 

tert-Butyl 5-(4-nitrophenyl)-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-

ene-9-carboxylate (3r). Yellow oil. Rf  0.47 (MeOH – CHCl3, 1:50). 1H 

NMR (CDCl3, δ ppm, J, Hz) (rotamer major : minor = 73:27): 1.57 (s, 

CH3), 1.58-1.74 (m, HC10), 2.79 (s, HC7), 3.12 (d, HC8
endo min, J=9.2), 3.17 

(d, HC3
endo, major, J=10.2), 3.35 (dd, HC3

exo, J=9.9, 3.0), 3.78 (d, HC6, 

J=8.4), 4.42 (bs, HC1 major), 4.56 (bs, HC1 minor), 4.91 (d, HCO major, J=8.2), 4.99 (d, HCO 

minor, J=7.7), 7.89 (d, HCarom, J=8.6), 8.28 (d, HCarom, J=8.8). ESI-MS (m/z): calculated for 

С18Н21N3O5 360.1554 [М+1], found 360.1551. 

tert-Butyl 5-(4-nitrophenyl)-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-

4-ene-8-carboxylate (4r). Yellow oil. Rf  0.54 (MeOH – CHCl3, 1:50). 

1H NMR (CDCl3, δ ppm, J, Hz) (rotamer major : minor = 55:45): 1.49 

(s, CH3 major), 1.58 (s, CH3 minor), 1.62 – 1.78 (m, HC10), 2.99 (s, 

HC1), 3.05 (d, HC9
endo major, J=10.5), 3.32 (dd, HC9

exo minor, J1=10.3, 3.8), 3.35 (dd, HC9
exo 

major, J1=10.2, 4.0), 3.87 (d, HC6 major, J=8.3), 3.98 (d, HC6 minor, J=8.4), 4.36 (s, HC7 major), 
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4.47 (s, HC7 minor), 4.96 (d, HCO, minor, J=7.9), 4.97 (d, HCO, major, J=7.9), 7.95 (d, HCarom 

major, J=8.7), 7.99 (d, HCarom minor, J=8.7), 8.27 (dd, HCarom, J1=8.8, 2.9), the signal HC9 endo 

minor overlaps with HC1. 13C NMR (CDCl3, δ ppm) 30.86 (C10 major), 31.36 (C10 minor), 43.34 

(C1 major), 43.93 (C1 minor), 45.91 (C9 major), 46.39 (C9 minor), 56.92 (C6 minor), 56.87 (C6 

major), 57.31 (C7 major), 57.88 (C7 minor), 79.89 (OC(CH3)3, minor), 80.14 (OC(CH3)3, major), 

86.65 (C-O), 153.44, 153.66 (C=N, C=O). ESI-MS (m/z): calculated for С18Н21N3O5 360.1554 

[М+1], found 360.1552. 

 

9-[(4-Methylphenyl)sulfonyl]-5-(4-nitrophenyl)-3-oxa-4,9-diaza-

tricyclo[5.2.1.02.6]dec-4-ene (3s). Colourless oil. Rf  0.72 (MeOH – CHCl3, 

1:25). 1H NMR (CDCl3, δ ppm, J, Hz): 1.05 (dm, 1H, HC10
anti, J=11.2), 1.44 (d, 

1H, HC10
syn, J=11.2), 2.43 (s, 3Н, СН3), 2.73 (bs, 1H, HC7), 3.16 (dd, 1H, 

HC8
exo, J1=9.3, 3.3), 3.23 (d, 1H, HC8

endo, J=9.3), 3.79 (d, 1H, HC6, J=8.3), 4.41 (s, 1H, HC1), 5.07 

(d, 1H, HCO, J=8.3), 7.35 (d, 2Н, Нarom, J=8.1), 7.74 (d, 2Н, Нarom, J=8.1) 7.84 (d, 2Н, Нarom, 

J=8.8), 8.26 (d, 2Н, Нarom, J=8.8). 13C NMR (CDCl3, δ ppm): 21.17 (СН3), 30.30 (С10), 40.11 (С7), 

51.18 (С6), 54.66 (C8), 61.91 (C1), 86.45 (С-О), 123.77, 126.94, 127.07, 129.62, 134.69, 135.50 

(Сarom), 155.40 (C=N).  

(8-[(4-Methylphenyl)sulfonyl]-5-(4-nitrophenyl)-3-oxa-4,8-

diazatricyclo[5.2.1.02,6]dec-4-ene) (4s). Colourless oil. Rf  0.67 (MeOH – 

CHCl3, 1:25). 1H NMR (CDCl3, δ ppm, J, Hz): 1.15 (dm, 1H, HC10
anti, 

J=11.4), 1.54 (d, 1H, HC10
syn, J=11.4), 2.43 (s, 3Н, СН3), 2.95 (bs, 1H, HC1), 3.11 (m, 2H, HC9

exo 

+ HC9
endo), 4.19 (d, 1H, HC6, J=8.4), 4.37 (s, 1H, HC7), 4.99 (d, 1H, HCO, J=8.4), 7.34 (d, 2Н, 

Нarom, J=8.0), 7.73 (d, 2H, Нarom, J=8.0), 7.93 (d, 2Н, Нarom, J=8.8), 8.31 (d, 2Н, Нarom, J=8.8). 13C 

NMR (CDCl3, δ ppm): 21.17 (СН3), 30.76 (С10), 44.16 (С1), 47.01 (С6), 58.06 (C9), 60.30 (C7), 

86.43 (С-О), 123.94, 126.86, 127.08, 129.61, 133.90, 134.90, 143.75, 148.17 (Сarom), 153.44 

(C=N). ESI-MS (m/z) isomers 3s+4s: calculated for С20Н19N3O5S 414.1111 [М+1], found 

414.1118. 

 

5-(4-Nitrophenyl)-3-oxa-4,9-diazatricyclo[5.2.1.02.6]dec-4-en-9-yl]-

(phenyl)methanone (3t) Yellow oil. Rf  0.50 (MeOH – CHCl3, 1:100). 1H 

NMR (CDCl3, δ ppm, J, Hz) (rotamer major : minor = 73:27): 1.65 (d, 

HC10
syn + HC10

anti major, J=11.2), 1.75 (d, HC10
syn + HC10

anti minor, J=10.7), 

2.82 (bs, HC7 minor), 2.94 (bs, HC7 major), 3.18 (d, HC8
endo minor, J=9.5), 

3.42 (d, HC8
endo major, J=10.5), 3.57 (d, HC8

exo minor, J=9.5), 3.65 (d, 

HC8
exo major, J=10.5), 3.79 (d, HC6 min, J=8.2), 3.92 (d, HC6 major, J=8.2), 4.41 (bs, HC1 major), 

4.97 (bs, HC1 minor), 5.05 (d, HCO major, J=8.2), 5.15 (d, HCO minor, J=8.0), 7.40-7.53 (m, Ph), 

7.84 (d, HCarom, J=8.4), 7.91 (d, HCarom major, J=8.4), 8.20-8.30 (m, HCarom). 13C NMR (CDCl3, 
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δ ppm): 31.94 (C10 major), 39.05 (C7 major), 49.93, 55.06 (C6, C8), 62.26 (C1 major), 86.26 (C-O 

major), 123/82, 126.56, 127.20, 127.95, 129.14, 132.52 (Carom), 155.01 (С=N), 169.45 (C=O). 

ESI-MS (m/z): calculated for С20Н17N3O4 364.1292 [М+1], found 364.1292. 

5-(4-Nitrophenyl)-3-oxa-4,8-diazatricyclo[5.2.1.02.6]dec-4-en-

8-yl](phenyl)methanone (4t). Yellow oil. Rf  0.41 (MeOH – 

CHCl3, 1:100). 1H NMR (CDCl3, δ ppm, J, Hz) (rotamer major : 

minor = 55:45): 1.67-1.73 (m, HC10
syn + HC10

anti), 1.77-1.89 (m, 

HC10
syn + HC10

anti), 3.02 (bs, HC1 major), 3.04 (d, HC9
endo major, 

J=9.9), 3.14 (bs, HC1 minor), 3.36 (d, HC1 minor, J=12.2), 3.58 (dd, HC9
exo minor, J=12.2, 4.11), 

3.66 (dd, HC9
exo major, J=10.0, 3.9), 3.82 (d, HC6 minor, J=8.4), 4.22 (d, HC6 major, J=8.4), 4.30 

(bs, HC7 min), 4.83 (bs, HC7 major), 4.92 (d, HCO major, J=8.5), 5.05 (d, HCO minor, J=8.4), 

7.32 (d, HCaromr, J=8.8), 7.4-7.6 (m, Ph), 8.05 (d, HCarom, J=8.8), 8.10 (d, HCarom, J=8.8). 13C NMR 

(CDCl3, δ ppm): 30.14 (C10 major), 31.87 (C 10 minor), 43.10, 45.73 (C1, C9 minor), 44.05, 49.85 

(C1, C9 major), 56.00, 57.42 (C6, C7major), 57.76, 60.18 (C1, C7 minor), 85.89 (C-O major), 86.41 

(C-O minor), 123.46, 123.74, 126.23, 126.55, 127.10, 127.23, 128.03, 128.47, 129.95, 130.61, 

133.75, 134.03, 134.52, 136.18, 147.75, 147.98 (Carom), 152.89, 153.89 (С=N), 169.46, 170.40 

(C=O). ESI-MS (m/z): calculated for С20Н17N3O4 364.1292 [М+1], found 364.1294. 
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Figure S1. Results of the NOESY experiment for compound 4s  
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Figure S2. Fragments of 1H NMR spectra of isomers 3r (upper) and 4r (lower). 
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Figure S3. Results of the NOESY experiment for compound 4r 
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NMR spectra of synthesized compounds 
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Figure S4. 1H and 13C NMR spectrum (CDCl3) of 3a and 4a
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Figure S5. 1H and 13C NMR spectrum (CDCl3) of 3b and 4b
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Figure S6. 1H and 13C NMR spectrum (CDCl3) of 3с and 4с
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Figure S7. 1H and 13C NMR spectrum (CDCl3) of 3d
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Figure S8. 1H NMR spectrum (CDCl3) of 4d 
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Figure S9. 13C NMR spectrum (CDCl3) of 3d and 4d
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Figure S10. 1H and 13C NMR spectrum (CDCl3) of 3e



 S25 

sta-109r4.001.001.1r.esp

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

Chemical Shift (ppm)

0

0.01

0.02

0.03

0.04

0.05

0.06

No
rm

ali
ze

d 
Int

en
sit

y

1.193.511.443.611.081.101.080.992.571.011.002.442.25

30
90

.47

29
40

.69

29
07

.73
29

02
.78

29
02

.09

19
45

.07
19

36
.54 17

85
.09

17
49

.76
17

45
.73

17
42

.61
17

38
.57

15
23

.70
15

15
.17

12
68

.93
12

63
.14

12
59

.03 11
92

.48
11

82
.58

11
57

.99

97
7.

99

58
2.

59
57

1.
39

56
2.

03
55

4.
87

54
7.

79

46
6.

09

 

Figure S11. 1H NMR spectrum (CDCl3) of 4e 
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Figure S12. 13C NMR spectrum (CDCl3) of 3e and 4e
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Figure S13. 1H and 13C NMR spectrum (CDCl3) of 3f
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Figure S14. 1H and 13C NMR spectrum (CDCl3) of 4f
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Figure S15. 1H and 13C NMR spectrum (CDCl3) of 3g and 4g (ratio 65:35)
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Figure S16. 13C NMR (Apt) spectrum (CDCl3) of 3g and 4g (ratio 55:45) 
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Figure S17. 1H NMR spectrum (CDCl3) of 4g
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Figure S18. 1H and 13C NMR spectrum (CDCl3) of 3h and 4h (ratio 25:75)
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Figure S19. 1H and 13C NMR spectrum (CDCl3) of 3h and 4h (ratio 52:48)
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Figure S20. 1H and 13C NMR spectrum (CDCl3) of 3i and 4i
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Figure S21. 1H and 13C NMR spectrum (CDCl3) of 4j
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Figure S22. 1H and 13C NMR spectrum (CDCl3) of 3k
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Figure S23. 1H and 13C NMR spectrum (CDCl3) of 4k
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Figure S24. 13C NMR spectrum (Apt) (C6D6) of 3k 

STA-757.004.001.1r.esp

160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32

Chemical Shift (ppm)

-0.5

0

0.5

1.0

N
or

m
ali

ze
d 

In
te

ns
ity

 

Figure S25. 13C NMR spectrum (Apt) (C6D6) of 3k and 4k
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Figure S26. 1H and 13C NMR spectrum (CDCl3) of 3l and 4l
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Figure S27. 1H and 13C NMR spectrum (CDCl3) of 4l
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Figure S28. 1H and 13C NMR spectrum (CDCl3) of 3m and 4m
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Figure S29. 1H and 13C NMR spectrum (CDCl3) of 4m
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Figure S30. 1H NMR spectrum (CDCl3) of 3n 
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Figure S31. 13C NMR spectrum (CDCl3) of 3n and 4n (ratio 45:55)
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Figure S32. 1H and 13C NMR spectrum (CDCl3) of 4n
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Figure S33. 13C NMR spectrum (Apt) (CDCl3) of 3n and 4n (ratio 68:32) 
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Figure S34. 13C NMR spectrum (Apt) (CDCl3) of 4n
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Figure S35. 1H and 13C NMR spectrum (CDCl3) of 3o



 S45 

STA-101R1.001.001.1r.esp

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

No
rm

ali
ze

d 
In

te
ns

ity

3.991.081.770.961.350.482.297.520.881.070.870.841.001.942.131.983.406.891.80

31
67

.0
0

31
58

.1
9

30
32

.5
0

30
21

.6
8

30
19

.4
8

29
79

.9
9

29
07

.4
9

28
66

.8
9

28
58

.0
9

27
98

.4
9

27
89

.6
2

26
87

.3
5

26
78

.4
8

19
73

.0
1

19
64

.7
5

19
48

.8
0

19
19

.0
9

19
10

.7
7 17
21

.8
7

16
80

.8
5

16
51

.7
5

16
44

.6
0

15
41

.9
6

15
20

.3
8

14
19

.8
2

14
15

.7
2

13
54

.5
9

13
31

.7
8

13
19

.6
2

12
27

.9
8

12
03

.2
2

11
93

.2
6

11
84

.0
9

81
8.

33
74

8.
94

73
7.

88
69

3.
56

51
0.

52
50

3.
37

 

STA-101R1.002.001.1r.esp

160 150 140 130 120 110 100 90 80 70 60 50 40 30

Chemical Shift (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

No
rm

ali
ze

d 
Int

en
sit

y

17
0.

15
16

9.
45 16

0.
75 16

0.
57

15
4.

63
15

3.
68

13
6.

34 13
0.

38 12
9.

71
12

8.
35

12
8.

01

12
6.

38
12

0.
42

12
0.

11

11
3.

99
11

3.
71

84
.9

2
84

.4
2

77
.1

8
76

.8
6

76
.5

4

60
.4

7
58

.8
5

54
.9

0

49
.8

8 45
.8

0 43
.1

4

31
.8

4
30

.1
6

 

Figure S36. 1H and 13C NMR spectrum (CDCl3) of 4o
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Figure S37. 1H NMR spectrum (CDCl3) of 3p 

 

Figure S38. 13C NMR spectrum (CDCl3) of 3p and 4p (3p:4p = 3:1)
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Figure S39. 13C NMR spectrum (Apt) (CDCl3) of 3p and 4p (3p:4p = 3:1) 
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Figure S40. 1H and 13C NMR spectrum (CDCl3) of 4p
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Figure S41. 1H and 13C NMR spectrum (CDCl3) of 3q
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Figure S42. 1H NMR spectrum (CDCl3) of 4q and 13C NMR spectrum (CDCl3) of 4q (with admixture of 3q)
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Figure S43. 1H NMR spectrum (CDCl3) of 3r  
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Figure S44. 13C NMR spectrum (CDCl3) of 3r and 4r (ratio 55:45)
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Figure S45. 1H and 13C NMR spectrum (CDCl3) of 4r
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Figure S46. 1H and 13C NMR spectrum (CDCl3) of 3s
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Figure S47. 1H and 13C NMR spectrum (CDCl3) of 4s
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Figure S48. 1H NMR spectrum (CDCl3) of 3t 
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Figure S49. 13C NMR spectrum (CDCl3) of 3t and 4t (ratio 43:57)
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Figure S50. 1H and 13C NMR spectrum (CDCl3) of 4t 


