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Tracking the reactivity of arylideneimidazol-4-ones
in the Diels—Alder cycloaddition
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Optimization of LA-catalyzed cycloaddition
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Table S1. Optimization of the reaction conditions. Lewis-acid catalysis
Entry | LA Conditions 3a, yield
1 none CsHsCl, 130 °C, 16 h <5%
2 AICIs (1.0 equiv.) [ CH2Clz,—25°C,24h | 30%
3 AICIs (1.0 equiv.) | CH:Clp,0°C, 24 h 23%
4 AlICl3 (1.0 equiv.) CH2Cl2,25°C, 24 h 18%
5 AICIs (1.0 equiv.) | CH3sNO2, —25°C,24h | 15%
6 AICIs (1.0 equiv.) | CeHsCF3, —25°C,24h | <5%
7 AICls (15equiv.) [ CHaClz,—25°C,24h | 37%
8 AICls (2.0 equiv.) | CHxClp,—25°C,24h | 53%
9 TiCls (2.0 equiv.) | CHxClp,—25°C,24h | 50%
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Experimental Part

'H and *C NMR spectra were acquired on Bruker Avance Il (800 and 201 MHz, respectively) and Bruker
Fourier 300 (300 and 75 MHz, respectively) spectrometers in CDCl3z and were calibrated to the residual
solvent signal (*H: CHCIl; — 7.26 ppm; 3C: CDCl; — 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 AlCls-catalyzed Diels—Alder reaction:

A solution of arylidene imidazolone 1 (0.5 mmol, 1 equiv.) in CHCl; (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 NaHCOs solution. This was transferred into separatory funnel with EtOAc (20 mL) and
saturated aqueous NaHCO; 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 Na,SO., 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, Rs = 0.14 (SiO,, hexane/EtOAc
1/1).

!H NMR (300 MHz, CDCls, 300K): 6 = 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).

BC{*H} NMR (75 MHz, CDCls, 300K): & = 184.4, 160.8, 138.6, 130.7 (x2), 130.4 (x2), 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 C1gH2,"°BrN.O [M+H*] 361.0910, found 361.0908.

(55*,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, R = 0.14 (SiO2, hexane/EtOAc
1/2).

'H NMR (300 MHz, CDCls, 300K): 6 = 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).

BC{'H} NMR (75 MHz, CDCls, 300K): & = 184.1, 161.2, 147.5, 147.1, 129.6 (x2), 124.8, 122.8 (x2),
122.2, 73.3, 46.0, 40.3, 34.8, 26.3, 19.2, 18.7, 15.4.

HRMS (ESI+) m/z: calctd for C1sH22N3sO3 [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, Rs = 0.10 (SiO», hexane/EtOAc 1/1).

'H NMR (300 MHz, CDCls, 300K): § = 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).

BBC{*H} NMR (75 MHz, CDCls, 300K): & = 184.6, 160.5, 139.4, 128.6 (x2), 127.5 (x2), 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 C1gH23N20 [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 (SiO., hexane/EtOAc 1/2).
'H NMR (800 MHz, CDCls, 298K): 8 = 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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L3C{!H} NMR (201 MHz, CDCls, 298K): & = 184.9, 160.4, 158.6, 131. 7, 129.6 (x2), 125.5, 121.9,
113.0 (x2), 74.0, 55.3, 45.6, 39.9, 35.4, 26.2, 19.2, 18.7, 15.4.
HRMS (ESI+) m/z: calctd for CioHzsN20, [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, R = 0.17 (SiO, hexane/EtOAc
1/1).

'H NMR (300 MHz, CDCls, 300K): 8 = 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).

BC{*H} NMR (75 MHz, CDCls, 300K): & = 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 C1sH2*°CIN,O [M+H*] 317.1415, found 317.1415.

(55*,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 (SiO, hexane/EtOAc 1/1).

'H NMR (300 MHz, CDCls, 300K): & = 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).

BC{*H} NMR (75 MHz, CDCls, 300K): § = 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 C16H21N20S [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, R = 0.23 (SiO,, hexane/EtOAc 2/1).

'H NMR (300 MHz, CDCls, 300K): 8 = 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, CDCls, 300K): & = 186.2, 159.7, 138.7, 137.9, 136.4, 131.1 (x2), 130.7 (x2),
120.3,79.1, 56.4, 54.3, 48.8, 47.0, 26.9, 15.5.

HRMS (ESI+) m/z: calctd for C17H15"°BrN.O [M+H"] 345.0597, found 345.0620.

(1R*,2R*,3R*,45*)-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, R¢ = 0.15 (SiO2, hexane/EtOAc 2/1).

'H NMR (300 MHz, CDCls, 300K): 6 = 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, CDCls, 300K): & = 184.6, 158.8, 141.3, 139.7, 133.5, 131.1 (x2), 129.6 (x2),
120.0, 77.0, 56.6, 54.0, 48.9, 48.6, 26.9, 15.4.

HRMS (ESI+) m/z: calctd for C17H15"°BrN,O [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%).

(55*,65*,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, Rs = 0.34 (SiO., hexane/EtOAc
1/1).

'H NMR (800 MHz, CDCls, 298K): & = 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).

B3C{'H} NMR (75 MHz, CDCls, 300K): & = 183.5, 161.0, 139.0, 138.6, 130.9 (x2), 130.4 (x2), 129.3
(x2), 127.8,127.5, 127.4 (x2), 127.0, 121.1, 76.2, 49.8, 45.4, 29.4, 25.8, 14.6.

HRMS (ESI+) m/z: calctd for Ca2H2,"°BrN.O [M+H"] 409.0910, found 409.0903.

(55*,65*,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 (SiOg,
hexane/EtOAc 1/1).

'H NMR (300 MHz, CDCls, 300K): & = 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).

BC{*H} NMR (75 MHz, CDCI3, 300K): & = 181.0, 160.6, 139.4, 138.0, 130.9 (x2), 130.7 (x2), 130.2
(x2), 127.7 (x2), 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 CaoH2,"°BrN.O [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, R = 0.16 (SiO,, hexane/EtOAc 1/1).

IH NMR (800 MHz, CDCls, 298K): & = 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 (dqg, 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).

BC{*H} NMR (201 MHz, CDCls, 298K): 5 = 183.9, 160.7, 158.7, 139.4, 131.7, 129.8 (x2), 129.4 (x2),
127.9, 127.7,127.4, 126.9 (x2), 113.1 (x2), 76.7, 55.3, 49.7, 45.4, 29.7, 25.8, 14.7.

HRMS (ESI+) m/z: calctd for Ca3H2sN20, [M+H*] 361.1911, found 361.1916.

(5S*,65*,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, R¢ = 0.10 (SiO., hexane/EtOAc
1/1).

'H NMR (300 MHz, CDCls, 300K): & = 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 (dg, 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).

BC{*H} NMR (75 MHz, CDCls, 300K): = 181.3, 160.4, 158.6, 138.4, 132.3, 130.3 (x2), 130.2 (x2),
127.7 (x3), 127.2, 126.7, 113.0 (x2), 75.6, 55.3, 48.4, 41.0, 29.7, 26.0, 15.4.

HRMS (ESI+) m/z: calctd for C23H2sN20, [M+H*] 361.1911, found 361.1907.
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(5S*,65*,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, R¢ = 0.60 (SiO., hexane/EtOAc 1/1).

'H NMR (300 MHz, CDCls, 300K): & = 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).

BC{*H} NMR (75 MHz, CDCls, 300K): & = 183.7, 160.7, 150.5, 139.9 (x2), 138.1 (x2), 130.9 (x2),
130.5 (x2), 129.4 (x2), 127.3, 127.0, 121.2, 104.2, 76.2, 49.6, 45.9, 33.7, 25.9, 25.8 (x3), 18.1, 14.6, —4.1,
—4.3.

HRMS (ESI+) m/z: calctd for CasHzs*BrN,02Si [M+H*] 539.1724, found 539.1724.

(55*,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, R: = 0.40 (SiO;, hexane/EtOAc 1/1).

'H NMR (300 MHz, CDCls, 300K): & = 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).

BC{*H} NMR (75 MHz, CDCls, 300K): § = 181.4, 160.4, 151.1, 139.6, 139.3, 131.0 (x4), 129.9 (x2),
127.6 (x2), 127.2, 121.1, 104.0, 74.8, 47.0, 42.7, 33.3, 26.0, 25.8 (x3), 18.1, 15.4, —3.8, —4.2.

HRMS (ESI+) m/z: calctd for CasHss"°BrN.02Si [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, Rt = 0.46 (SiO,, hexane/EtOAc 5/1).

1H NMR (300 MHz, CDCls, 300K): 6 = 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).

BC{*H} NMR (75 MHz, CDCls, 300K): 6 = 183.4, 152.3 (g, J = 38.6 Hz), 137.2, 131.1 (x2), 130.2
(x2), 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 CigH19"°BrFsN.O [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, Rs = 0.43 (SiO;, hexane/EtOAc, 5/1).

H NMR (800 MHz, CDCls, 298K): § = 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).

BC{*H} NMR (201 MHz, CDCls, 298K): § = 183.5, 151.9 (q, J = 38.2 Hz), 137.9, 128.4 (x2), 127.8
(x2),127.5,125.6, 120.9, 116.9 (q, J = 274.6 Hz), 75.3, 46.8, 39.1, 34.4, 26.5 (9, J = 2.1 Hz), 19.1, 18.1.

HRMS (ESI+) m/z: calctd for CigH20F3sN2O [M+H+] 337.1522, found 337.1527.

(55*,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, R; =0.37 (SiO2, hexane/EtOAc 5/1).

H NMR (300 MHz, CDCl3): § = 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).

BC{*H} NMR (75 MHz, CDClIs, 300K): & = 183.8, 159.0, 152.0 (q, J = 38.5 Hz), 130.1, 129.5 (x2),
125.9, 121.0, 117.1 (g, J = 274.8 Hz), 113.3 (x2), 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 C19H22F3NO, [M+H*] 367.1628, found 367.1631.

S5



99T
0LT
PLT ./
08’1
00¢ ./.
10°¢ /.

{
SNI /J
gd&
90°C
80°C
09'C L

/

897~

PT'E
oﬁ.mW
6T°¢
oce .\.

0072~

0L E—
[TL~
ocL "

3a
TH NMR (300 MHz, CDClI,)

—
[11]

Frov

0°€
0¢c t

i1z |

0.5

9.0 8.5 8.0 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 1.0

9.5

S6



LE°GT —
981 —F
ST'6T

6T'9¢—

20se "
€0°0b —
99°Sh ~_

ShEL
€10a0 v£'9L M
€0A09TLL —F

€1000 85°£L

¢6°0CT ~\
L6'TCT —
ST'SCT—
9€'0€T
£9°0€T

LG°8ET —

9,091 — -

P P81 — -

Me
o]
Me

M
a

Me
N& NG
e
3
13C{'H} NMR (75 MHz, CDClI,)

\
\

\
W

Br

70 60 50 40 30 20 10 0 -10 -20
S7

80

260 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90



Zample Hama:

Rog.

Intensity, cps

Fila: 05
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9 2024 . wiff "5600

+TOF MS: 0.2418 to 0.3441 min from Sample 36 (ALM345) of 05_08_2024.wiff
a=7.01846726828706060e-004, 10=-2.78840915016128400e-001 (DuaSpray ()}
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Zample Hame: ALMIER ¥5H BM21801310 Acg. Time: 12:05
Reg. Fila: 05_00_2024 wiff *5&00 TripleTOF Serwvice Heport Acg. Date: Thursday, September 05, 2024

l +TOF MS: 0.2325 to 0.3627 min from Sample 28 (ALM368) of 05_08_2024 wiff Max. 4.3e5 cps.
a=7.01848828255839160e-004, 10=-1.43851044500786940e-001 (DuoSpray ())
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Zample Hame: ALM132 ¥5H BM21801310 Acg. Time: 11:51
Reg. Fila: 14 10 2024 wiff *5&00 TripleTOF Serwvice Heport Acg. Oate: Wednesday, Ootober 146, 2024

l +TOF M5: 0.2372 to 0.3441 min from Sample 35 (ALM392) of 16_10_2024 wiff Max. 2.8ef cps.
a=7.01837920828681500e-004, 10=-2.63722501076222760e-001 (DuaSpray ()}
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Zample Hame: ALMITE ¥5H BM21801310 Acg. Time: 11:5B
Reg. Fila: 14 10 2024 wiff *5&00 TripleTOF Serwvice Heport Acg. Oate: Wednesday, Ootober 146, 2024

l +TOF M5: 0.2371 to 0.3441 min from Sample 38 (ALM3TE) of 16_10_2024 wiff Max. 7.5e5 cps.
a=7.01837605705241140e-004, 10=-3.04897474481843710e-001 (DuoSpray ()}
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Zample Hame: ALMIE2 ¥5H BM21801310 Acg. Time: 12:02
Reg. Fila: 05_00_2024 wiff *5&00 TripleTOF Serwvice Heport Acg. Date: Thursday, September 05, 2024

l +TOF MS: 0.2650 to 0.3720 min from Sample 26 (ALM362) of 05_08_2024 wiff Max. 1.8e5 cps.
a=7.01848266980272670e-004, 10=-1 58028826286703120e-001 (DuoSpray ())
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Zample Hame: ALMIAT ¥5H BM21801310 Acg. Time: 11:53
Reg. Fila: 14 10 2024 wiff *5&00 TripleTOF Serwvice Heport Acg. Oate: Wednesday, Ootober 146, 2024

l +TOF M5: 0.2511 to 0.3487 min from Sample 36 (ALM347) of 16_10_2024 wiff Max. 2.7ef cps.
a=7.01838585961188840e-004, 10=-2.56952169908560780e-001 (DuaSpray ())
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Zample Hame: AIMI3Irl ¥5H BM21801310 Acg. Time: 12:52
Rog. Fila: 05 02 2025 wiff #5600 TripleTOF Service Report Rog. Date: Wednesday, February 05, 2025

B +TOF M5: 0.7115 to 0.8138 min from Sample 46 (AIM333F 1) of 05_02_2025.wiff different calibrations (DuoSpray () Max. 2.2e5 cps.

Me 3450602
2.265- o) /

N\—N 347.0582

2.1e5-
2.0e5
1.9e5

1.8e5

1.7e5

1.6e5 endo-3g
1.5e5 - HRMS (ESI+)
1.4e5

1.3e5-

1.2e5-
2790129

281.0110

1.1e5

Intensity, cps

1.0e5-
9.0e4
8.0ed

7.0e4

.0ed 391.2845

5.0e4 -

4,004 338.3420

3480612
3.0e4 -
2.0ed
280.0159 392.2879
1,084 - 339.3452 160.3513 376.2595 1982411

04,2998 326.3782
257.2474 | 387.1802
273.2578 2852792 2951941 . 313.2737 332.3310 3403513 360.3236 3B3.3287 [ 394.2901

260 270 280 290 300 310 320 330 340 350 360 a70 380 280 400 410
miz, Da

L

S26



b1 —
os1
LLy —_
60T \
08'T —_———
16T 7
L5~ -
09— —
89°C
167
16'C W E ey
€0°€ .\.
o0e B
6T°€
8z°9
629
0€'9 —_—
€9
099
199 —
799
€99 —_—
689 \
169
082~ —
ccL "
—
=
(&)
o
(&)
N
I
o =
T 3
x 2
©
=
2
I
=

i

Bt |

Eere

o't

Ese60 |

6°0
w/.mwm.m

B |

Foso [

Fere

Tver |

0.5

9.0 8.5 8.0 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 1.0

9.5

S27



< - OCNOVOONT N o

© @ © NOIhT OV O ~ @M= m omN o

< 0 SO MME - O @ no oY N®Re ¥

) © n FMMMnmmA 9 O BB o RS ]
I SIS N A

exo-39
3C{'H} NMR (75 MHz, CDClI,)

260 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -6

S28



Zample Hame: ALM333d ¥5H BM21801310 Acg. Time: 12:1
Rog. Fila: 05 _09_ 2024 wiff *5&00 TripleTOF Service Report Req. Date: Thursday, Septembar 05, 2024
l +TOF M5: 0.2325 to 0.3255 min from Sample 33 (ALM333) of 05_08_2024 wiff Max. 9.7e5 cps.
a=7.01849402396197360e-004, 10=-1.20808380183198460e-001 (DuaSpray ()}
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Sampla Hame: AIMIZEF] *SH BHZLBOL3LD Aog. Tima: 13:07
Aog, Fille: 05_02

l +TOF MS: 0.2325 to 0.3627 min from Sample 53 (AIM326F1) of 05_02_2025.wiff Max. 4.3e5 cps.
a=7.01863755072939230e-004, 10=-3.283847 140547 17700e-001 (DuoSpray ()

25.Wirll 3600 TripleTdF Service Repolt Bog, Date: Wedneaday, February 053, 2023
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B +TOF MS: 0.6836 to 0.8138 min from Sample 41 (ALM328) of 05_08_2024.wiff different calibrations (DuoSpray ())
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+TOF M5: 0.2325 to 0.3395 min from Sample 48 (AIM37T7F1) of 05_02_2025.wiff
a=7.01863721688047920e-004, 10=-3.30382014527007940e-001 (DuaSpray ()}
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a=7.01864727562112510e-004, 10=-3.17277610597385850e-001 (DuaSpray ()}
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Sampla Wame: AIMALY *5M BN21801310 Acg. Tima: 13:09

Bog, Flle: 05 _0F 2025, wiff +LEQ) TriplaToF Sarvice Report Acg, Date: Wednesday, Februwary @5, 202%

I +TOF MS: 0.2325 1o 0.3487 min from Sample 54 (AIM408) of 05_02_2025.wiff Mazx. 5.0e5 cps.
a=7.01863048039572590e-004, t0=-3.37753263103003910e-001 {DuoSpray ())
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B +TOF MS: 0.7440 to 0.8509 min from Sample 45 (AIM426) of 05_02_2025.wiff different calibrations (DucSpray (})
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Zample Hame: ALMIZ1IF] ¥5H BM21801310 Acg. Time: 12:086
Reg. Fila: 14 10 2024 wiff *5&00 TripleTOF Serwvice Heport Acg. Oate: Wednesday, Ootober 146, 2024

B +TOF MS: 0.7115 to 0.8277 min from Sample 42 (ALM331F1) of 16_10_2024.wiff different calibrations (DuoSpray ()) Max. 1.5e5 cps.
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