
S1 

Electronic supplementary materials Mendeleev Commun., 2025, 35, 512–514 

 

Tracking the reactivity of arylideneimidazol-4-ones  

in the Diels–Alder cycloaddition 

 
Amir M. Al Mufti, Viktoria A. Ikonnikova, Alexander Yu. Smirnov,  

Pavel N. Solyev, Alexander A. Korlyukov, Mohamad Nurul Azmi,  

Mikhail S. Baranov and Andrey A. Mikhaylov 

 

 

 

Optimization of LA-catalyzed cycloaddition 

 
Scheme S1. 

 

 

 

Table S1. Optimization of the reaction conditions. Lewis-acid catalysis 
Entry LA Conditions 3a, yield 

1 none C6H5Cl, 130 °C, 16 h <5% 

2 AlCl3 (1.0 equiv.) CH2Cl2, −25 °C, 24 h 30% 

3 AlCl3 (1.0 equiv.) CH2Cl2, 0 °C, 24 h 23% 

4 AlCl3 (1.0 equiv.) CH2Cl2, 25°C, 24 h 18% 

5 AlCl3 (1.0 equiv.) CH3NO2, −25°C, 24 h 15% 

6 AlCl3  (1.0 equiv.) C6H5CF3, −25°C, 24 h <5% 

7 AlCl3  (1.5 equiv.) CH2Cl2, −25°C, 24 h 37% 

8 AlCl3  (2.0 equiv.) CH2Cl2, −25°C, 24 h 53% 

9 TiCl4  (2.0 equiv.) CH2Cl2, −25°C, 24 h 50% 
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Experimental Part 

1H and 13C NMR spectra were acquired on Bruker Avance II (800 and 201 MHz, respectively) and Bruker 

Fourier 300 (300 and 75 MHz, respectively) spectrometers in CDCl3 and were calibrated to the residual 

solvent signal (1H: CHCl3 – 7.26 ppm; 13С: CDCl3 – 77.16 ppm). High-resolution mass spectra were 

recorded on an AB Sciex TripleTOF 5600+ instrument, electrospray ionization. Melting points were 

determined on a Kofler bench. 

Typical procedure for AlCl3-catalyzed Diels–Alder reaction: 

A solution of arylidene imidazolone 1 (0.5 mmol, 1 equiv.) in CH2Cl2 (2 mL) in a screw-cap vial 

equipped with magnetic stirrer bar was cooled to −25 °C. Aluminium trichloride (134 mg, 1.0 mmol, 2.0 

equiv.) and diene 2 (410 mg, 5.0 mmol, 10 equiv. for 2a; 165 mg, 2.5 mmol, 5.0 equiv. for 2b) were 

added successively. The reaction mixture was stirred for 30 min at −25 °C, then the vial was transferred 

into a freezer (−28 °C). After 24 h, the mixture was diluted with ethyl acetate and quenched with a 

saturated NaHCO3 solution. This was transferred into separatory funnel with EtOAc (20 mL) and 

saturated aqueous NaHCO3 solution (10 mL). The organic layer was separated, the aqueous layer was 

extracted with EtOAc (10 mL). The combined organic phase was washed with brine (20 mL), dried over 

anhydrous Na2SO4, filtered and evaporated to dryness on a rotary evaporator. Column chromatography of 

the residue on silica gel (eluent hexane/EtOAc 3/1 → 1/1) provided pure cycloaddition derivative 3 (10-

89%). 

 

(5S*,10S*)-10-(4-Bromophenyl)-2,3,7,8-tetramethyl-1,3-diazaspiro[4.5]deca-1,7-dien-4-one 3a 

Yield 99 mg (0.27 mmol, 55%). White crystals, mp = 110−112 °C, Rf = 0.14 (SiO2, hexane/EtOAc 

1/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.29 (d, J = 8.5 Hz, 2H), 7.02 (d, J = 8.5 Hz, 2H), 3.17 (dd, J = 

12.4, 5.2 Hz, 1H), 2.81–2.64 (m, 2H), 2.60 (s, 3H), 2.08–1.98 (m, 1H), 2.03 (s, 3H), 1.77 (d, J = 17.0 Hz, 

1H), 1.70 (s, 3H), 1.66 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 184.4, 160.8, 138.6, 130.7 (×2), 130.4 (×2), 125.2, 122.0, 

120.9, 73.5, 45.7, 40.0, 35.0, 26.2, 19.2, 18.7, 15.4. 

HRMS (ESI+) m/z: calctd for C18H22
79BrN2O [M+H+] 361.0910, found 361.0908. 

 

(5S*,10S*)-2,3,7,8-Tetramethyl-10-(4-nitrophenyl)-1,3-diazaspiro[4.5]deca-1,7-dien-4-one 3b 

Yield 106 mg (0.32 mmol, 65%). White crystals, mp = 149−151 °C, Rf = 0.14 (SiO2, hexane/EtOAc 

1/2). 
1H NMR (300 MHz, CDCl3, 300K): δ = 8.04 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 3.35 (dd, J = 

12.4, 5.2 Hz, 1H), 2.91–2.68 (m, 2H), 2.62 (s, 3H), 2.15–1.99 (m, 1H), 2.07 (s, 3H), 1.81 (d, J = 17.5 Hz, 

1H), 1.73 (s, 3H), 1.69 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 184.1, 161.2, 147.5, 147.1, 129.6 (×2), 124.8, 122.8 (×2), 

122.2, 73.3, 46.0, 40.3, 34.8, 26.3, 19.2, 18.7, 15.4. 

HRMS (ESI+) m/z: calctd for C18H22N3O3 [M+H+] 328.1656, found 328.1655 

 

(5S*,10S*)-2,3,7,8-Tetramethyl-10-phenyl-1,3-diazaspiro[4.5]deca-1,7-dien-4-one 3c 

Yield 14 mg (0.05 mmol, 10%). Yellowish oil, Rf = 0.10 (SiO2, hexane/EtOAc 1/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.22–7.05 (m, 5H), 3.20 (ddd, J = 12.3, 5.3, 1.8 Hz, 1H), 2.88–

2.65 (m, 2H), 2.53 (s, 3H), 2.15–2.01 (m, 1H), 2.01 (s, 3H), 1.79 (d, J = 17.3 Hz, 1H), 1.71 (s, 3H), 1.67 

(s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 184.6, 160.5, 139.4, 128.6 (×2), 127.5 (×2), 127.0, 125.4, 

121.9, 73.7, 46.5, 39.8, 35.0, 26.0, 19.2, 18.7, 15.3. 

HRMS (ESI+) m/z: calctd for C18H23N2O [M+H+] 283.1805, found 283.1805. 

 

(5S*,10S*)-10-(4-Methoxyphenyl)-2,3,7,8-tetramethyl-1,3-diazaspiro[4.5]deca-1,7-dien-4-one 3d 

Yield 42 mg (0.13 mmol, 27%). Yellowish amorphous solid, Rf = 0.17 (SiO2, hexane/EtOAc 1/2). 
1H NMR (800 MHz, CDCl3, 298K): δ = 7.10 (d, J = 8.6 Hz, 2H), 6.75 (d, J = 8.6 Hz, 2H), 3.77 (s, 3H), 

3.20 (dd, J = 12.2, 5.3 Hz, 1H), 2.83–2.74 (m, 2H), 2.61 (s, 3H), 2.08 (dd, J = 16.5, 6.4 Hz, 1H), 2.06 (s, 

3H), 1.82 (d, J = 17.1 Hz, 1H), 1.75 (s, 3H), 1.71 (s, 3H). 
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13C{1H} NMR (201 MHz, CDCl3, 298K): δ = 184.9, 160.4, 158.6, 131. 7, 129.6 (×2), 125.5, 121.9, 

113.0 (×2), 74.0, 55.3, 45.6, 39.9, 35.4, 26.2, 19.2, 18.7, 15.4. 

HRMS (ESI+) m/z: calctd for C19H25N2O2 [M+H+] 313.1911, found 313.1915. 

 

(5S*,10S*)-10-(3-Chlorophenyl)-2,3,7,8-tetramethyl-1,3-diazaspiro[4.5]deca-1,7-dien-4-one 3e 

Yield 79 mg (0.25 mmol, 50%). Yellowish crystals, mp = 123−125 °C, Rf = 0.17 (SiO2, hexane/EtOAc 

1/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.16 (d, J = 2.1 Hz, 1H), 7.11–6.92 (m, 3H), 3.16 (ddd, J = 

12.4, 5.1, 2.1 Hz, 1H), 2.79–2.63 (m, 2H), 2.57 (s, 3H), 2.15–1.93 (m, 4H), 1.77 (d, J = 17.6 Hz, 1H), 

1.69 (s, 3H), 1.65 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 184.3, 160.9, 141.6, 133.2, 128.8, 128.3, 127.2, 127.1, 

125.0, 121.9, 73.4, 46.0, 39.8, 35.0, 26.1, 19.1, 18.6, 15.2. 

HRMS (ESI+) m/z: calctd for C18H22
35ClN2O [M+H+] 317.1415, found 317.1415. 

 

(5S*,10R*)-2,3,7,8-Tetramethyl-10-(thiophen-2-yl)-1,3-diazaspiro[4.5]deca-1,7-dien-4-one 3f 

Yield 24 mg (0.08 mmol, 17%). Yellowish oil, Rf = 0.15 (SiO2, hexane/EtOAc 1/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.05 (dd, J = 5.1, 1.5 Hz, 1H), 6.85–6.77 (m, 2H), 3.56 (dd, J 

= 12.1, 5.3 Hz, 1H), 2.78–2.58 (m, 5H), 2.21 (dd, J = 15.7, 5.4 Hz, 1H), 2.11 (s, 3H), 1.80 (d, J = 17.0 

Hz, 1H), 1.70 (s, 3H), 1.66 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 184.6, 161.8, 142.6, 126.0, 125.4, 125.2, 123.8, 122.2, 

73.5, 42.0, 39.7, 37.8, 26.3, 19.0, 18.7, 15.6. 

HRMS (ESI+) m/z: calctd for C16H21N2OS [M+H+] 289.1369, found 289.1370. 

 

(1S*,2R*,3R*,4R*)-3-(4-Bromophenyl)-1',2'-dimethylspiro[bicyclo[2.2.1]heptane-2,4'-imidazol]-5-

en-5'(1'H)-one endo-3g 

Yield 78 mg (0.23 mmol, 45%). White gum, Rf = 0.23 (SiO2, hexane/EtOAc 2/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.27 (d, J = 8.5 Hz, 2H), 6.93 (d, J = 8.5 Hz, 2H), 6.53 (dd, J = 

5.7, 2.9 Hz, 1H), 6.42 (dd, J = 5.7, 3.1 Hz, 1H), 3.68 (d, J = 2.9 Hz, 1H), 3.22 (s, 1H), 3.07 (s, 3H), 2.87–

2.82 (m, 1H), 2.42 (d, J = 8.8 Hz, 1H), 2.04 (s, 3H), 1.55 (d, J = 8.8 Hz, 1H). 
13C NMR (75 MHz, CDCl3, 300K): δ = 186.2, 159.7, 138.7, 137.9, 136.4, 131.1 (×2), 130.7 (×2), 

120.3, 79.1, 56.4, 54.3, 48.8, 47.0, 26.9, 15.5. 

HRMS (ESI+) m/z: calctd for C17H18
79BrN2O [M+H+] 345.0597, found 345.0620. 

 

(1R*,2R*,3R*,4S*)-3-(4-bromophenyl)-1',2'-dimethylspiro[bicyclo[2.2.1]heptane-2,4'-imidazol]-5-

en-5'(1'H)-one exo-3g 

Yield 76 mg (0.22 mmol, 44%). White gum, Rf = 0.15 (SiO2, hexane/EtOAc 2/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.32 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 6.62 (dd, J = 

5.6, 3.2 Hz, 1H), 6.30 (dd, J = 5.6, 3.0 Hz, 1H), 3.19 (s, 1H), 3.03 (s, 3H), 2.97 (d, J = 2.1 Hz, 1H), 2.68 

(s, 1H), 2.59 (d, J = 8.7 Hz, 1H), 1.97 (s, 3H), 1.78 (dd, J = 8.7, 1.9 Hz, 1H). 
13C NMR (75 MHz, CDCl3, 300K): δ = 184.6, 158.8, 141.3, 139.7, 133.5, 131.1 (×2), 129.6 (×2), 

120.0, 77.0, 56.6, 54.0, 48.9, 48.6, 26.9, 15.4. 

HRMS (ESI+) m/z: calctd for C17H18
79BrN2O [M+H+] 345.0597, found 345.0595. 
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Typical procedure for thermal Diels–Alder reaction: 

A solution of arylideneimidazol-4-one 1 (0.50 mmol, 1 equiv.) and diene 2 (92 mg, 0.75 mmol, 1.5 

equiv. for 2c; 130 mg, 0.75 mmol, 1.5 equiv. for 2d; 410 mg, 5.0 mmol, 10.0 equiv. for 2a) in toluene 

(1 mL) was heated to reflux for 8-24 h. The reaction progress was monitored by TLC. Then the volatile 

substances were removed on a rotary evaporator. Column chromatography of the residue on silica gel 

(eluent hexane/EtOAc 10/1→3/1→1/1) provided pure cycloaddition derivative 3 (65-97%). 

 

(5S*,6S*,10R*)-10-(4-Bromophenyl)-2,3-dimethyl-6-phenyl-1,3-diazaspiro[4.5]deca-1,7-dien-4-one 

endo-3h 

Yield 65 mg (0.16 mmol, 32%). White crystals, mp = 133−135 °C, Rf = 0.34 (SiO2, hexane/EtOAc 

1/1). 
1H NMR (800 MHz, CDCl3, 298K): δ = 7.29 (d, J = 8.5 Hz, 2H), 7.18–7.04 (m, 7H), 6.09 (ddt, J = 

10.0, 4.9, 2.4 Hz, 1H), 5.83 (dq, J = 10.0, 2.0 Hz, 1H), 4.11 (hept, J = 2.2 Hz, 1H), 3.50 (dd, J = 12.0, 5.4 

Hz, 1H), 2.89–2.71 (m, 1H), 2.47–2.29 (m, 1H), 2.30 (s, 3H), 1.68 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 183.5, 161.0, 139.0, 138.6, 130.9 (×2), 130.4 (×2), 129.3 

(×2), 127.8, 127.5, 127.4 (×2), 127.0, 121.1, 76.2, 49.8, 45.4, 29.4, 25.8, 14.6. 

HRMS (ESI+) m/z: calctd for C22H22
79BrN2O [M+H+] 409.0910, found 409.0903. 

 

(5S*,6S*,10R*)-10-(4-Bromophenyl)-2,3-dimethyl-6-phenyl-1,3-diazaspiro[4.5]deca-1,7-dien-4-one 

exo-3h 

Yield 133 mg (0.32 mmol, 65%). Yellowish crystals, mp = 191−193 °C, Rf = 0.18 (SiO2, 

hexane/EtOAc 1/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.36–7.21 (m, 5H), 7.19–7.10 (m, 2H), 7.06 (d, J = 8.5 Hz, 

2H), 6.31–6.09 (m, 1H), 5.92–5.79 (m, 1H), 3.39 (dd, J = 4.1, 2.2 Hz, 1H), 3.21 (dd, J = 8.2, 6.3 Hz, 1H), 

2.81–2.58 (m, 2H), 2.53 (s, 3H), 2.06 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 181.0, 160.6, 139.4, 138.0, 130.9 (×2), 130.7 (×2), 130.2 

(×2), 127.7 (×2), 127.3, 127.2, 126.7, 120.9, 75.1, 48.1, 41.2, 29.2, 26.0, 15.4. 

HRMS (ESI+) m/z: calctd for C22H22
79BrN2O [M+H+] 409.0910, found 409.0903. 

 

(5S*,6R*,10R*)-10-(4-Methoxyphenyl)-2,3-dimethyl-6-phenyl-1,3-diazaspiro[4.5]deca-1,7-dien-4-

one endo-3i 

Yield 58 mg (0.16 mmol, 32%). Yellowish gum, Rf = 0.16 (SiO2, hexane/EtOAc 1/1). 
1H NMR (800 MHz, CDCl3, 298K): δ = 7.21–7.00 (m, 7H), 6.72 (d, J = 8.6 Hz, 2H), 6.11 (ddt, J = 

10.1, 5.3, 2.6 Hz, 1H), 5.84 (dq, J = 10.1, 2.1 Hz, 1H), 4.14 (p, J = 2.3 Hz, 1H), 3.74 (s, 3H), 3.49 (dd, J = 

12.0, 5.4 Hz, 1H), 2.83 (dddd, J = 18.6, 9.4, 4.6, 2.4 Hz, 1H), 2.38 (dtt, J = 18.6, 5.2, 2.0 Hz, 1H), 2.29 (s, 

3H), 1.69 (s, 3H). 
13C{1H} NMR (201 MHz, CDCl3, 298K): δ = 183.9, 160.7, 158.7, 139.4, 131.7, 129.8 (×2), 129.4 (×2), 

127.9, 127.7, 127.4, 126.9 (×2), 113.1 (×2), 76.7, 55.3, 49.7, 45.4, 29.7, 25.8, 14.7. 

HRMS (ESI+) m/z: calctd for C23H25N2O2 [M+H+] 361.1911, found 361.1916. 

 

(5S*,6S*,10R*)-10-(4-Methoxyphenyl)-2,3-dimethyl-6-phenyl-1,3-diazaspiro[4.5]deca-1,7-dien-4-

one endo-3i 

Yield 104 mg (0.29 mmol, 58%). Yellowish crystals, mp =129−131 °C, Rf = 0.10 (SiO2, hexane/EtOAc 

1/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.39–7.20 (m, 3H), 7.20–7.13 (m, 2H), 7.09 (d, J = 8.8 Hz, 

2H), 6.71 (d, J = 8.8 Hz, 2H), 6.21 (dtd, J = 10.0, 3.6, 1.8 Hz, 1H), 5.85 (ddt, J = 10.0, 4.2, 2.1 Hz, 1H), 

3.74 (s, 3H), 3.41 (dq, J = 4.0, 1.9 Hz, 1H), 3.22 (t, J = 7.5 Hz, 1H), 2.76–2.58 (m, 2H), 2.50 (s, 3H), 2.06 

(s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 181.3, 160.4, 158.6, 138.4, 132.3, 130.3 (×2), 130.2 (×2), 

127.7 (×3), 127.2, 126.7, 113.0 (×2), 75.6, 55.3, 48.4, 41.0, 29.7, 26.0, 15.4. 

HRMS (ESI+) m/z: calctd for C23H25N2O2 [M+H+] 361.1911, found 361.1907. 
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(5S*,6S*,10R*)-10-(4-Bromophenyl)-8-((tert-butyldimethylsilyl)oxy)-2,3-dimethyl-6-phenyl-1,3-

diazaspiro[4.5]deca-1,7-dien-4-one    endo-3j 

Yield 77 mg (0.14 mmol, 29%). Yellowish gum, Rf = 0.60 (SiO2, hexane/EtOAc 1/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.30 (d, J = 8.5 Hz, 2H), 7.20–6.83 (m, 7H), 4.92 (t, J = 1.9 

Hz, 1H), 4.18 (dt, J = 3.8, 1.7 Hz, 1H), 3.57 (dd, J = 12.3, 5.4 Hz, 1H), 2.93 (dddd, J = 17.4, 12.3, 3.7, 2.8 

Hz, 1H), 2.31 (s, 3H), 2.24 (dd, J = 17.4, 5.4 Hz, 1H), 1.67 (s, 3H), 0.93 (s, 9H), 0.22 (s, 3H), 0.19 (s, 

3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 183.7, 160.7, 150.5, 139.9 (×2), 138.1 (×2), 130.9 (×2), 

130.5 (×2), 129.4 (×2), 127.3, 127.0, 121.2, 104.2, 76.2, 49.6, 45.9, 33.7, 25.9, 25.8 (×3), 18.1, 14.6, −4.1, 

−4.3. 

HRMS (ESI+) m/z: calctd for C28H36
79BrN2O2Si [M+H+] 539.1724, found 539.1724. 

 

(5S*,6R*,10R*)-10-(4-Bromophenyl)-8-((tert-butyldimethylsilyl)oxy)-2,3-dimethyl-6-phenyl-1,3-

diazaspiro[4.5]deca-1,7-dien-4-one    exo-3j 

Yield 178 mg (0.33 mmol, 66%). Yellowish gum, Rf = 0.40 (SiO2, hexane/EtOAc 1/1). 
1H NMR (300 MHz, CDCl3, 300K): δ = 7.38 (d, J = 8.4 Hz, 2H), 7.34–7.20 (m, 3H), 7.21–7.12 (m, 

4H), 5.03 (dd, J = 3.8, 1.6 Hz, 1H), 3.57 (dt, J = 3.8, 1.8 Hz, 1H), 3.23 (t, J = 6.6 Hz, 1H), 2.85 (ddt, J = 

17.6, 6.6, 1.8 Hz, 1H), 2.59 (ddt, J = 17.6, 6.8, 1.6 Hz, 1H), 2.56 (s, 3H), 2.03 (s, 3H), 1.00 (s, 9H), 0.31 

(s, 3H), 0.29 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 181.4, 160.4, 151.1, 139.6, 139.3, 131.0 (×4), 129.9 (×2), 

127.6 (×2), 127.2, 121.1, 104.0, 74.8, 47.0, 42.7, 33.3, 26.0, 25.8 (×3), 18.1, 15.4, −3.8, −4.2.  

HRMS (ESI+) m/z: calctd for C28H36
79BrN2O2Si [M+H+] 539.1724, found 539.1721. 

 

(5S*,10S*)-10-(4-Bromophenyl)-3,7,8-trimethyl-2-(trifluoromethyl)-1,3-diazaspiro[4.5]deca-1,7-

dien-4-one    3'a 

Yield 151 mg (0.36 mmol, 73%). Yellowish oil, Rf = 0.46 (SiO2, hexane/EtOAc 5/1). 

1H NMR (300 MHz, CDCl3, 300K): δ = 7.33 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 3.29 (dd, J 

= 12.3, 5.1 Hz, 1H), 2.85–2.67 (m, 5H), 2.09 (dd, J = 16.6, 4.3 Hz, 1H), 1.88 (d, J = 16.9 Hz, 1H), 1.73 

(s, 3H), 1.69 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 183.4, 152.3 (q, J = 38.6 Hz), 137.2, 131.1 (×2), 130.2 

(×2), 125.5, 121.6, 121.1, 117.0 (q, J = 274.8 Hz), 75.1, 46.1, 39.5, 34.6, 26.8 (q, J = 2.2 Hz), 19.2, 18.5. 

HRMS (ESI+) m/z: calctd for C18H19
79BrF3N2O [M+H+] 415.0627, found 415.0631. 

 

(5S*,10S*)-3,7,8-Trimethyl-10-phenyl-2-(trifluoromethyl)-1,3-diazaspiro[4.5]deca-1,7-dien-4-one    

3'b 

Yield 109 mg (0.33 mmol, 65%). Yellowish oil, Rf = 0.43 (SiO2, hexane/EtOAc, 5/1). 
1H NMR (800 MHz, CDCl3, 298K): δ = 7.23–7.16 (m, 3H), 7.10 (d, J = 7.9 Hz, 2H), 3.32 (dd, J = 

12.3, 5.2 Hz, 1H), 2.87–2.78 (m, 2H), 2.68 (q, J = 1.2 Hz, 3H), 2.13 (dd, J = 16.5, 4.9 Hz, 1H), 1.90 (d, J 

= 17.3 Hz, 1H), 1.75 (s, 3H), 1.70 (s, 3H). 
13C{1H} NMR (201 MHz, CDCl3, 298K): δ = 183.5, 151.9 (q, J = 38.2 Hz), 137.9, 128.4 (×2), 127.8 

(×2), 127.5, 125.6, 120.9, 116.9 (q, J = 274.6 Hz), 75.3, 46.8, 39.1, 34.4, 26.5 (q, J = 2.1 Hz), 19.1, 18.1. 

HRMS (ESI+) m/z: calctd for C18H20F3N2O [M+H+] 337.1522, found 337.1527. 

 

(5S*,10S*)-10-(4-Methoxyphenyl)-3,7,8-trimethyl-2-(trifluoromethyl)-1,3-diazaspiro[4.5]deca-1,7-

dien-4-one    3'c 

Yield 183 mg (0.35 mmol, 71%). Yellowish oil, Rf =0.37 (SiO2, hexane/EtOAc 5/1). 
1H NMR (300 MHz, CDCl3): δ = 7.02 (d, J = 8.7 Hz, 2H), 6.74 (d, J = 8.7 Hz, 2H), 3.75 (s, 3H), 3.27 

(dd, J = 12.3, 5.1 Hz, 1H), 2.91–2.67 (m, 5H), 2.09 (dd, J = 15.6, 5.0 Hz, 1H), 1.88 (d, J = 16.9 Hz, 1H), 

1.73 (s, 3H), 1.69 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, 300K): δ = 183.8, 159.0, 152.0 (q, J = 38.5 Hz), 130.1, 129.5 (×2), 

125.9, 121.0, 117.1 (q, J = 274.8 Hz), 113.3 (×2), 75.6, 55.3, 46.0, 39.3, 34.9, 26.7 (q, J = 2.1 Hz), 19.2, 

18.5. 

HRMS (ESI+) m/z: calctd for C19H22F3N2O2 [M+H+] 367.1628, found 367.1631. 
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