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General experimental procedures 
Melting points were measured in Melt-Temp apparatus and were uncorrected. 1H, 13C 
and 19F NMR spectra were recorded in CDCl3 (unless indicated elsewhere) using 
Bruker AM-500 instruments with Me4Si and CFCl3 (with upfield negative) as the 
internal and external standards, respectively. IR spectra were obtained with a Nicolet 
AV-360 spectrophotometer. Lower resolution mass spectra were determined with 
Agilent 1100 LC/MSD SL instrument using ESI technique. High Resolution mass 
spectra were run on Ionspec 4.7 Tesla FTMS using MALDI/DHB. All the solvents 
were not purified before use. X-ray diffraction crystal structure analysis was obtained 
on Bruker P4 instrument using graphite monochromatized Mo Kα radiation (λ = 
0.71073 Å) at 293(2) K.

General procedure for the preparation of 4g:
To a mixture of pyrimidine-2,4,6(1H,3H,5H)-trione 1 (128.0 mg, 1.0mmol) 
benzaldehyde 2g (212.0 mg, 2.0 mmol), and ethyl trifluoroacetoacetate 3 (184.0 
mg, 1.0 mmol) in DMSO (6 mL)  was added 0.5 mmol of Et3N as catalyst. 
The resultant mixture was stirred at room temperature for as indicated hour. 
After completion of the reaction, the mixture was poured into water (50 mL) 
and extracted with ethyl acetate (3X50 mL). The organic phase was washed 
with water for several times, then dried over anhydrous magnesium sulfate. 
After evaporation of solvent on under reduced pressure, the residue was 
purified by column chromatography on a silica gel using petroleum ether/ethyl 
acetate (4/1, v/v) as eluent to afford the pure product 4g 364.2mg, 72% yield.

Typical experimental procedure for preparation of 5d 
To a stir CH3CN solution (10.0 mL) containing compound 4g (506 mg, 1.0 
mmol) and pyridine (395 mg, 5.0 mmol) was added dropwise SOCl2 (595 mg, 
5.0 mmol) at room temperature. The resultant mixture was stirred at room 
temperature for indicated hours until completion of reaction (monitored by 
TLC). The mixture was concentrated under reduced pressure, the residue was 
purified by column chromatography on a silica gel using petroleum ether/ethyl 
acetate 6:1 (v/v) as eluent to afford the pure product 5d 248.5 mg, 51% yield. 

Characterization data for all compounds
Ethyl-7,11-bis(4-chlorophenyl)-9-hydroxy-1,3,5-trioxo-9-(trifluoromethyl) 
-8-oxa-2,4-diazaspiro[5.5]undecane-10-carboxylate (4a)
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The product was recrystallized form PE-EtOAc contained one molecule of 
EtOAc.
White solid; mp 290.2-290.4 oC; 1H NMR (CDCl3, 500 MHz): δ 0.86 (t, J = 7.5 
Hz, 3H), 3.92-3.94 (m, 2H), 4.33 (d, J = 13.0 Hz ,1H), 4.44 (d, J = 13.0 Hz, 
1H), 5.80 (s, 1H), 6.18 (s,1H), 7.14-7.27 (m, 8H), 7.97 (s, 1H), 8.21 (s, 1H); 
three crystallization solvent peaks were also observed: 1.25 (t, J = 7.0 Hz, 3H, 
solvent), 2.03 (s, 3H), 4.10 (q, J = 7.0 Hz ,2H), 4.10 (q, J = 7.0 Hz ,2H),  19F 
NMR (CDCl3, 470 MHz): δ -85.10 (s, 3F); 13C NMR (CDCl3, 100 MHz): δ 
13.3, 41.8, 46.2, 60.0, 62.6, 75.9, 94.1 (q, 2JC-F  = 33.4 Hz), 122.1 (q, 1JC-F = 
248.1 Hz), 128.0, 129.0, 129.3, 130.6, 131.7, 132.1, 135.4, 135.7, 147.2, 166.6, 
168.6, 173.2; four crystallization solvent peaks were also observed: 14.1, 21.0, 
60.6, 171.6; IR (KBr) vmax: 3384.5, 3107.6, 2855.2, 1712.8, 1492.8, 1184.4, 
1016.6, 834.5 cm-1; MS [ESI(-)] m/z: [(M-H)+, 573]; HRMS Calcd. for 
C24H19Cl2F3N2O7Na [M+Na]+: 597.0419, Found: 597.0414.
Ethyl-7,11-bis(3-chlorophenyl)-9-hydroxy-1,3,5-trioxo-9-(trifluoromethyl)-
8-oxa-2,4-diazaspiro[5.5]undecane-10-carboxylate (4b)
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White solid; mp 265.8-266.0 oC; 1H NMR (Acetone-d6, 500 MHz): δ 0.90 (t, J 
= 7.5 Hz, 3H), 3.87-3.99 (m, 2H), 4.60 (d, J = 13.0 Hz, 1H), 4.63 (d, J = 13.0 
Hz, 1H), 5.88 (s, 1H),7.06 (s, 1H), 7.18-7.42 (m, 8H), 10.30 (s, 1H), 10.50 (s, 
1H); 19F NMR (Acetone-d6, 470 MHz): δ -84.56 (s, 3F); 13C NMR (Acetone-d6, 
100 MHz): δ 13.0, 43.2, 45.6, 59.4, 61.0, 75.4, 94.7 (q, 2JC-F  = 32.7 Hz), 122.5 
(q, 1JC-F  = 285.2 Hz), 125.3, 126.8, 127.5, 128.8, 128.9, 129.5, 130.3, 130.6, 
134.1, 136.8, 137.0, 147.4, 167.4, 168.8, 169.4; IR(KBr) vmax: 3221.5, 3080.3, 
2869.1, 1716.4, 1373.9, 1210.7, 1122.7, 767.7 cm-1; MS [ESI(-)] m/z: [(M-H)+, 
573]; HRMS Calcd. for C24H19Cl2F3N2O7Na [M+Na]+: 597.0419, Found: 
597.0416.
Ethyl-7,11-bis(2-chlorophenyl)-9-hydroxy-1,3,5-trioxo-9-(trifluoromethyl)-
8-oxa-2,4-diazaspiro[5.5]undecane-10-carboxylate (4c)
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White solid; mp 203.1-203.2 oC; 1H NMR (DMSO-d6, 500 MHz): δ 0.82 (t, J = 
7.0 Hz, 3H), 3.80-3.88 (m, 2H), 4.38 (d, J = 12.5 Hz, 1H), 4.45 (d, J = 12.5 Hz, 
1H), 5.67 (s, 1H), 7.02-7.47 (m, 8H), 8.52 (s, 1H), 11.46 (s, 1H), 11.79 (s, 1H); 
19F NMR (DMSO-d6, 470 MHz): δ -82.25 (s, 3F); 13C NMR (Acetone-d6, 100 
MHz): δ13.6, 41.7, 45.3, 58.3, 62.0, 73.2, 95.4 (q, 2JC-F  = 32.4 Hz), 123.3 (q, 
1JC-F  = 285.5 Hz), 128.1, 128.2, 130.3, 130.5, 130.7, 130.8, 131.3, 131.8, 
133.0, 133.5, 133.7, 136.2, 148.4, 167.0, 169.4, 170.5; IR(KBr) vmax: 3407.0, 
3247.8, 3127.1, 2998.4, 1707.1, 1328.9, 1184.9, 752.3 cm-1; MS [ESI(-)] m/z: 
[(M-H)+, 573]; HRMS Calcd. for C24H19Cl2F3N2O7Na [M+Na]+: 597.0419, 
Found: 597.0428.
Ethyl-7,11-bis(4-bromophenyl)-9-hydroxy-1,3,5-trioxo-9-(trifluoromethyl)-
8-oxa-2,4-diazaspiro[5.5]undecane-10-carboxylate (4d)
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The  product was recrystallized form PE-EtOAc contained one molecule of 
EtOAc.
White solid; mp 288.3-288.7 oC; 1H NMR (CDCl3, 500 MHz): δ 0.87 (t, J = 7.5 
Hz, 3H), 3.91-3.96 (m, 2H), 4.32 (d, J = 13.0 Hz, 1H), 4.45 (d, J = 13.0 Hz, 
1H), 5.79 (s, 1H), 6.18 (s, 1H), 7.08-7.42 (m, 8H), 8.02 (s, 1H), 8.28 (s, 1H); 
three crystallization solvent peaks were also observed: 1.25 (t, J = 7.5 Hz, 3H), 
2.03 (s, 3H), 4.11 (q, J = 7.5 Hz, 2H, solvent); 19F NMR (CDCl3, 470 MHz): δ -
85.08 (s, 3F); 13C NMR (CDCl3, 100 MHz): δ 13.3, 41.8, 46.2, 59.8, 62.6, 94.1 
(q, 2JC-F  = 33.3 Hz), 122.0 (q, 1JC-F  = 285.4 Hz), 123.6, 123.9, 128.2, 131.9, 
132.2, 132.3, 132.6, 147.2, 166,6, 168.6, 173.1; four crystallization solvent 
peaks were also observed: 14.1, 21.0, 60.5, 171.6; IR(KBr) vmax: 3384.7, 
3099.9, 2981.0, 1715.9, 1326.5, 1168.7, 1012.9, 786.6 cm-1; MS (ESI) m/z: 
[(M+Na)+, 685]; HRMS Calcd. for C24H19Br2F3N2O7Na [M+Na]+: 684.9409, 
Found: 684.9407.
Ethyl-7,11-bis(3-bromophenyl)-9-hydroxy-1,3,5-trioxo-9-(trifluoromethyl)-
8-oxa-2,4-diazaspiro[5.5]undecane-10-carboxylate (4e)
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White solid; mp 271.9-272.8 oC; 1H NMR (Acetone-d6, 500 MHz): δ 0.91 (t, J 
= 7.0 Hz, 3H), 3.87-3.99 (m, 2H), 4.58 (d, J = 13.0 Hz , 1H), 4.60 (d, J = 13.0 
Hz, 1H), 5.85 (s, 1H), 7.06 (s, 1H), 7.22-7.57 (m, 8H), 10.31 (s, 1H), 10.51 (s, 
1H); 19F NMR (Acetone-d6, 470 MHz): δ -84.33 (s, 3F); 13C NMR (Acetone-d6, 
100 MHz): δ 13.0, 43.2, 45.5, 59.4, 75.3, 94.7 (q, 2JC-F  = 32.7 Hz), 122.1, 
122.2,  122.5 (q, 1JC-F  = 285.3 Hz), 125.7, 128.0, 129.6, 130.6, 130.8, 131.8, 
131.9, 132.4, 137.0, 137.3, 147.4, 167.4, 168.8, 169.4; IR(KBr) vmax: 3224.5, 
3071.6, 2868.7, 1712.0, 1372.5, 1209.3, 1121.6, 765.2 cm-1; MS [ESI(-)] m/z: 
[(M-H)+, 663]; HRMS Calcd. for C24H19Br2F3N2O7Na [M+Na]+: 684.9409, 
Found: 684.9397.
Ethyl-7,11-bis(2-bromophenyl)-9-hydroxy-1,3,5-trioxo-9-(trifluoromethyl)-
8-oxa-2,4-diazaspiro[5.5]undecane-10-carboxylate (4f)

O

COOEt

OH
CF3

H
N

HN

O

O

O
Br

Br

White solid; mp 221.9-222.2 oC; 1H NMR (Acetone-d6, 500 MHz): δ 0.73 (t, J 
= 7.0 Hz, 3H), 3.73-3.90 (m, 2H), 4.54 (d, J = 12.5 Hz, 1H), 5.29 (d, J = 12.5 
Hz, 1H), 6.34 (s, 1H), 6.98 (s, 1H), 7.16-7.57 (m, 8H), 10.16 (s, br, 1H), 10.39 
(s, br, 1H); 19F NMR (Acetone-d6, 470 MHz): δ -84.60 (s, 3F); 13C NMR 
(DMSO-d6, 100 MHz): 13.5, 45.4, 57.1, 60.3, 74.0, 94.5 (q, 2JC-F  = 31.7 Hz), 
124.6 (q, 1JC-F  = 180.7 Hz), 128.1, 130.1, 133.3, 134.0, 134.1, 134.9, 148.5, 
166.5, 167.4, 169.1, 191.8; IR(KBr) vmax: 3407.3, 3229.3, 2990.4, 1715.7, 
1332.6, 1186.6, 1027.4, 756.44 cm-1;MS [ESI(-)] m/z: [(M-H)+, 663]; HRMS 
Calcd. for C24H19Br2F3N2O7Na [M+Na]+: 684.9409, Found: 684.9395.
Ethyl-9-hydroxy-1,3,5-trioxo-7,11-diphenyl-9-(trifluoromethyl)-8-oxa-2,4-
diazaspiro[5.5]undecane-10-carboxylate (4g)
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The  product was recrystallized form PE-EtOAc contained one molecule of 
EtOAc.
White solid; mp 263.4-263.7 oC; 1H NMR (CDCl3, 500 MHz): δ 0.82 (t, J = 7.5 
Hz, 3H), 3.89-3.98 (m, 2H), 4.40 (d, J = 13.0 Hz, 1H), 4.56 (d, J = 13.0 Hz,, 
1H), 5.89 (s, 1H), 6.28 (s, 1H), 7.24-7.35 (m, 10H), 7.75 (s, 1H), 7.95 (s, 1H); 
three crystallization solvent peaks were also observed: 1.30 (t, J = 7.5 Hz, 3H), 
2.08 (s, 3H), 4.16 (q, J = 7.5 Hz, 2H); 19F NMR (CDCl3, 470 MHz): δ -85.14 
(s, 3F); 13C NMR (Acetone-d6, 100 MHz): δ 13.7, 44.0, 46.9, 60.6, 61.6, 76.9, 
95.5 (q, 2JC-F  = 30.3 Hz), 123.5 (q, 1JC-F  = 255.5 Hz), 127.6, 129.3, 129.4, 
129.5, 129.8, 130.0, 135.6, 135.7, 148.4, 168.5, 170.4, 170.6,; four 
crystallization solvent peaks were also observed: 14.4, 20.7, 60.5, 170.9; 
IR(KBr) vmax: 3225.9, 3111.3, 2882.3, 1701.9, 1340.1, 1206.1, 1122.6, 739.8 
cm-1; MS (ESI) m/z: [(M+Na)+, 529]; HRMS Calcd. for C24H21F3N2O7Na 
[M+Na]+: 529.1199, Found: 529.1194.
Ethyl-9-hydroxy-1,3,5-trioxo-7,11-di-p-tolyl-9-(trifluoromethyl)-8-oxa-2,4-
diazaspiro[5.5]undecane-10-carboxylate (4h)
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The  product was recrystallized form PE-EtOAc contained one molecule of 
EtOAc.
White solid; mp 247.2-248.0 oC;1H NMR (Acetone-d6, 500 MHz): δ 0.80 (t, J = 
7.0 Hz, 3H), 2.16 (s, 3H), 2.20 (s, 3H), 3.78-3.83 (m,2H), 4.43 (d, J = 13.0 Hz 
1H), 4.51 (d, J = 13.0 Hz, 1H), 5.72 (s, 1H), 6.74 (s, 1H), 7.02-7.08 (m, 8H), 
10.04 (s, br, 2H); three crystallization solvent peaks were also observed: 1.12 (t, 
J = 7.0 Hz, 3H), 1.89 (s, 3H), 3.98 (q, J = 7.0 Hz, 2H); 19F NMR (Acetone-d6, 
470 MHz): δ -84.49 (s, 3F); 13C NMR (DMSO-d6, 100 MHz): 13.9, 21.2, 44.0, 
45.0, 60.0, 60.2, 75.6, 94.8 (q, 2JC-F  = 31.8 Hz), 123.0 (q, 1JC-F  = 342.5 Hz), 
126.9, 128.7, 129.4, 129.6, 130.0, 130.2, 132.3, 132.7, 134.4, 137.9, 138.8, 
149.1, 150.3, 168.3, 168.5, 170.9; four crystallization solvent peaks were also 
observed: 14.5, 21.0, 60.5, 170.8; IR(KBr) vmax: 3379.0, 3202.9, 3095.2, 
1709.2, 1327.1, 1208.2, 1110.7, 779.6 cm-1; MS (ESI) m/z: [(M+Na)+, 557]; 
HRMS Calcd. for C26H25F3N2O7Na [M+Na]+: 557.1512, Found: 557.1496.
Ethyl-7,11-bis(4-cyanophenyl)-9-hydroxy-1,3,5-trioxo-9-(trifluoromethyl)-
8-oxa-2,4-diazaspiro[5.5]undecane-10-carboxylate (4i)
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White solid; mp 263.9-264.1 oC; 1H NMR (Acetone-d6, 500 MHz): δ 0.79 (t, J 
= 7.2 Hz, 3H), 3.77-3.81 (m, 2H), 4.50 (d, J = 12.5 Hz, 1H), 4.60 (d, J = 12.5 
Hz, 1H), 5.83 (s, 1H), 7.06 (s, 1H ), 7.29-7.71 (m, 8H), 10.14 (s, br, 2H); 19F 
NMR (Acetone-d6, 470 MHz): δ -84.19 (s, 3F);  13C NMR (Acetone-d6, 100 
MHz): 13.0, 43.3, 45.9, 59.1, 61.1, 75.5, 94.8 (q, 2JC-F  = 32.6 Hz), 112.6, 
113.2, 117.8, 122.5 (q, 1JC-F  = 353.7 Hz), 127.8, 130.1, 132.6, 132.7, 139.5, 
140.0, 147.1, 167.1, 168.4, 169.1; IR(KBr) vmax: 3241.7, 3121.1, 2239.8, 
1701.6, 1333.5, 1178.9, 1103.8, 771.6 cm-1; MS [ESI(-)] m/z: [(M-H)+,555]; 
HRMS Calcd. for C26H19F3N4O7Na [M+Na]+: 579.1104, Found: 579.1098. 
Ethyl-7,11-bis(2,4-dichlorophenyl)-9-hydroxy-1,3,5-trioxo-9-
(trifluoromethyl)-8-oxa-2,4-diazaspiro[5.5]undecane-10-carboxylate (4j)
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White solid; mp 178.6-180 oC; 1H NMR (Acetone-d6, 500 MHz): δ 0.87 (t, J = 
7.0 Hz, 3H), 3.83-3.89 (m, 1H), 3.92-3.98 (m, 1H), 4.57 (d, J = 12.5 Hz, 1H), 
5.38 (d, J = 12.5 Hz, 1H), 6.35 (s, 1H), 7.20 (s, 1H), 7.39-7.60 (m, 6H), 10.39 
(d, 2H); 19F NMR (Acetone-d6, 470 MHz): δ -84.39 (s, 3F);  13C NMR 
(Acetone-d6, 100 MHz): δ 13.7, 41.2, 45.5, 58.2, 62.0, 72.8, 95.5 (q, 2JC-F  = 
32.7 Hz), 123.2 (q, 1JC-F  = 285.5 Hz), 128.5, 128.6, 130.0, 130.8, 131.7, 132.0, 
132.1, 132.8, 134.4, 135.4, 136.5, 137.4, 148.3, 166.9, 169.2, 169.8; IR(KBr) 
vmax: 3390.9, 3251.8, 2978.1, 1713.2, 1330.9, 1185.4, 1105.8, 777.4 cm-1; MS 
[ESI(-)] m/z: [(M-H)+, 643]; HRMS Calcd. for C24H17Cl4F3N2O7Na [M+ Na]+: 
664.9640, Found: 664.9641.
Ethyl-7,11-di(furan-2-yl)-9-hydroxy-1,3,5-trioxo-9-(trifluoromethyl)-8-oxa-
2,4-diazaspiro[5.5]undecane-10-carboxylate (4k)
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Yellow solid; mp 221.1-221.8 oC; 1H NMR (CDCl3, 500 MHz): δ 1.05 (t, J = 
7.0 Hz, 3H), 4.05 (q, J = 7.0 Hz, 2H), 4.32 (d, J = 12.5 Hz, 1H), 4.40 (d, J = 
12.5 Hz, 1H), 5.83 (s, 1H), 6.15 (s, 1H), 6.22-6.42 (m, 4H), 7.32 (s, 2H), 7.62 
(s, br, 1H), 7.72 (s, br, 1H); 19F NMR (CDCl3, 470 MHz): δ -84.96 (s, 3F); 13C 
NMR (DMSO-d6, 100 MHz): 14.1, 43.4, 55.7, 61.0, 69.8, 94.5 (q, 2JC-F  = 32.3 
Hz), 108.6, 110.3, 111.1, 111.3, 118.4 (q, 1JC-F  = 229.1 Hz), 143.7, 144.4, 
148.2, 149.5, 150.1, 167.9, 168.2, 170.1; IR(KBr) vmax: 3358.2, 3238.9, 3129.4, 
2857.7, 1712.9, 1373.2, 1014.8, 738.8 cm-1; MS (ESI) m/z: [(M+Na)+, 509]; 
HRMS Calcd. for C20H17F3N2O9Na [M+Na]+: 509.0784, Found: 509.0773.
Ethyl-7,11-bis(4-chlorophenyl)-1,3,5-trioxo-9-(trifluoromethyl)-8-oxa-2,4-
diazaspiro[5.5]undec-9-ene-10-carboxylate (5a)
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White solid; mp 205.6-206.7 oC; 1H NMR (CDCl3, 500 MHz): δ 1.29 (t, J = 7.0 
Hz, 3H), 4.70 (d, J = 5.0 Hz, 1H), 4.19-4.34 (m, 2H), 4.55 (d, J = 5.0 Hz, 1H), 
6.04 (s, 1H), 7.06-7.32 (m, 8H), 7.79 (s, 1H); 19F NMR (CDCl3, 470 MHz): δ -
79.88 (s, 3F); 13C NMR (CDCl3, 100 MHz): δ 13.6, 46.9, 50.8, 53.9, 63.4, 80.8, 
99.8 (q, 2JC-F  = 36.0 Hz), 119.2 (q, 1JC-F  = 281.9 Hz), 128.0, 129.3, 129.8, 
131.1, 132.3, 135.7, 136.4, 152.9, 164.8, 167.3, 174.9; IR(KBr) vmax: 3205.7, 
3096.2, 2994.0, 1709.3, 1375.7, 1145.2, 1040.0, 768.0 cm-1; MS (ESI) m/z: 
[(M+H)+, 557]; HRMS Calcd. for C24H17Cl2F3N2O6Na [M+Na]+: 579.0313, 
Found: 579.0314.
Ethyl-7,11-bis(4-bromophenyl)-1,3,5-trioxo-9-(trifluoromethyl)-8-oxa-2,4-
diazaspiro[5.5]undec-9-ene-10-carboxylate (5b)
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White solid; mp 214.9-216.1 oC; 1H NMR (CDCl3, 500 MHz): δ 1.30 (t, J = 7.0 
Hz, 3H), 3.71 (d, J = 5.0 Hz, 1H), 4.20-4.36 (m, 2H), 4.55 (d, J = 5.0 Hz, 1H), 
6.04 (s, 1H), 7.01-7.50 (m, 8H), 7.80 (s, 1H); 19F NMR (CDCl3, 470 MHz): δ -
79.86 (s, 3F); 13C NMR (CDCl3, 100 MHz): δ 13.6, 47.1, 50.8, 53.8, 63.4, 81.0, 
99.9 (q, 2JC-F  = 35.9 Hz), 119.3 (q, 1JC-F  = 281.7 Hz), 124.1, 124.8, 128.3, 
129.6, 131.6, 132.4, 132.9, 152.8, 164.5, 167.3, 174.9; IR(KBr) vmax: 3345.2, 
3097.6, 2996.4, 1713.2, 1371.3, 1254.2, 1145.5, 767.9 cm-1; MS (ESI) m/z: 
[(M+H)+, 645]; HRMS Calcd. for C24H17Br2F3N2O6Na [M+Na]+: 666.9303, 
Found: 666.9289.
Ethyl-7,11-bis(3-chlorophenyl)-1,3,5-trioxo-9-(trifluoromethyl)-8-oxa-2,4-
diazaspiro[5.5]undec-9-ene-10-carboxylate (5c)
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White solid; mp 175.3-175.8 oC; 1H NMR (CDCl3, 500 MHz): δ 1.32 (t, J = 7.0 
Hz, 3H), 3.75 (s, J = 5.0 Hz, 3H), 4.22-4.37 (m, 2H), 4.56 (d, J = 4.5 Hz, 1H), 
6.05 (s, 1H), 7.02-7.37 (m, 8H), 7.97 (s, 1H); 19F NMR (CDCl3, 470 MHz): δ -
79.80 (s, 3F); 13C NMR (CDCl3, 125 MHz): δ 13.5, 47.0, 50.7, 53.6, 63.4, 80.6, 
99.7 (q, 2JC-F  = 36.1 Hz), 119.2 (q, 1JC-F  = 281.8 Hz), 124.7, 125.6, 126.8, 
128.6, 129.8, 130.3, 130.5, 134.5, 134.9, 135.3, 135.7, 152.9, 164.7, 167.1, 
174.6; IR(KBr) vmax: 3206.4, 3111.8, 2987.6, 1715.6, 1373.4, 1251.9, 1146.2, 
785.2 cm-1; MS (ESI) m/z: [(M+H)+, 557]; HRMS Calcd. for 
C24H17Cl2F3N2O6Na [M+Na]+: 579.0313, Found: 579.0315.
Ethyl-1,3,5-trioxo-7,11-diphenyl-9-(trifluoromethyl)-8-oxa-2,4-
diazaspiro[5.5]undec-9-ene-10-carboxylate (5d)
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White solid; mp 217.0-217.6 oC; 1H NMR (CDCl3, 500 MHz): δ 1.30 (t, J = 7.0 
Hz, 3H), 3.80 (d, J = 5.0 Hz, 1H), 4.20-4.35 (m, 2H), 4.60 (d, J = 5.0 Hz, 1H), 
6.08 (s, 1H), 7.13-7.36 (m, 10H), 7.84 (s, 1H); 19F NMR (CDCl3, 470 MHz): δ 
-79.91 (s, 3F); 13C NMR (CDCl3, 100 MHz): δ 13.7, 47.7, 51.0, 54.3, 63.2, 
81.7, 100.0 (q, 2JC-F  = 35.8 Hz), 119.5 (q, 1JC-F  = 281.8 Hz), 126.8, 128.1, 
129.0, 129.2, 129.5, 129.6, 130.2, 132.9, 134.1, 153.4, 165.2, 167.6, 175.5; 
IR(KBr) vmax: 3200.5, 3106.5, 2982.6, 1712.2, 1375.1, 1222.0, 1043.7, 757.3 
cm-1; MS (ESI) m/z: [(M+H)+, 489]; HRMS Calcd. for C24H19F3N2O6Na 
[M+Na]+: 511.1093, Found: 511.1089.
Ethyl-7,11-bis(2,4-dichlorophenyl)-1,3,5-trioxo-9-(trifluoromethyl)-8-oxa-
2,4-diazaspiro[5.5]undec-9-ene-10-carboxylate (5e)
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The  product was recrystallized form PE-EtOAc contained one molecule of 
EtOAc.
White solid; mp 181.2-183.3 oC; 1H NMR (CDCl3, 500 MHz): δ 1.23 (t, J = 7.0 
Hz, 3H), 3.51 (s, 1H), 4.26-4.38 (m, 2H), 5.41 (s, 1H), 6.69 (s, 1H), 7.06-7.43 
(m, 6H), 8.41 (s, 1H); three crystallization solvent peaks were also observed: 
1.32 (t, J = 7.5 Hz, 3H), 2.00 (s, 3H), 4.08 (q, J = 7.5 Hz, 2H); 19F NMR 
(CDCl3, 470 MHz): δ -79.92 (s, 3F); 13C NMR (CDCl3, 100 MHz): δ 13.6, 
42.4, 51.8, 63.4, 99.8 (q, 2JC-F  = 36.0 Hz), 119.1 (q, 1JC-F  = 282.2 Hz), 127.8, 
128.3, 128.7, 128.8, 128.9, 130.3, 130.6, 131.4, 134.8, 135.7, 136.0, 137.2, 
153.0, 162.5, 166.6, 175.1; four crystallization solvent peaks were also 
observed: 14.0, 20.9, 60.4, 171.3; IR(KBr) vmax: 3453.7, 3039.9, 2904.9, 
1724.9, 1374.4, 1248.7, 1104.2, 771.2 cm-1; MS (ESI) m/z: [(M+H)+, 625 ]; 
HRMS Calcd. for C24H15Cl4F3N2O6Na [M+Na]+: 646.9534, Found: 646.9536.
Ethyl-1,3,5-trioxo-7,11-di-p-tolyl-9-(trifluoromethyl)-8-oxa-2,4-
diazaspiro[5.5]undec-9-ene-10-carboxylate (5f)
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White solid; mp 198.9-199.3 oC; 1H NMR (CDCl3, 500 MHz): δ 1.28 (t, J = 7 
Hz, 3H), 2.28 (s, 3H), 2.29 (s, 3H),3.76 (d, J = 5.0 Hz, 1H), 4.18-4.34 (m, 2H), 
4.54 (d, J = 5.0 Hz, 1H), 6.02 (s, 1H), 7.01-7.15 (m, 8H), 7.72 (s, 1H); 19F 
NMR (CDCl3, 470 MHz): δ -79.97 (s, 3F); 13C NMR (CDCl3, 100 MHz): δ 
13.5, 20.9, 21.0, 47.2, 51.0, 54.4, 63.0, 81.5, 99.9 (q, 2JC-F  = 35.7 Hz), 119.4 
(q, 1JC-F = 281.8 Hz), 126.5, 127.8, 129.6, 129.9, 130.1, 131.1, 139.3, 140.1, 
153.4, 165.0, 167.5, 175.8; IR(KBr) vmax: 3205.2, 3106.5, 2988.1, 1711.4, 
1374.7, 1253.3, 1147.2, 769.7 cm-1; MS (ESI) m/z: [(M+H)+, 517]; HRMS 
Calcd. for C26H23F3N2O6Na [M+Na]+: 539.1406, Found: 539.1392.
Ethyl-7,11-di(furan-2-yl)-1,3,5-trioxo-9-(trifluoromethyl)-8-oxa-2,4-
diazaspiro[5.5]undec-9-ene-10-carboxylate (5g)
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The product was recrystallized form PE-EtOAc contained one molecule of 
EtOAc.
White solid; mp 199.4-200.0 oC; 1H NMR (CDCl3, 500 MHz): δ 1.23 (t, J = 7.0 
Hz, 3H), 3.82 (d, J = 5.0 Hz, 1H), 4.21-4.34 (m, 2H), 4.62 (d, J = 5.0 Hz, 1H), 
5.97 (s, 1H), 6.28-7.36 (m, 6H), 8.08 (s, 1H); three crystallization solvent peaks 
were also observed: 1.30 (t, J= 7.0 Hz, 3H), 2.02 (s, 3H), 4.10 (q, J = 7.0 Hz, 
2H), 19F NMR (CDCl3, 470 MHz): δ -79.96 (s, 3F); 13C NMR (CDCl3, 100 
MHz): δ 13.6, 41.4, 48.8, 49.7, 63.3, 99.4 (q, 2JC-F  = 35.8 Hz), 110.6, 110.9, 
111.0, 112.7, 119.1 (q, 1JC-F  = 282.1 Hz), 144.4, 145.0, 145.6, 146.4, 153.9, 
164.6, 167.2, 175.7; four crystallization solvent peaks were also observed: 14.1, 
20.9, 60.4, 171.2; IR(KBr) vmax: 3347.0, 3155.7, 2994.8, 1719.9, 1372.2, 
1247.5, 1147.7, 768.8 cm-1; MS (ESI) m/z: [(M+H)+, 469]; HRMS Calcd. for 
C20H15F3N2O8Na [M+Na]+: 491.0678, Found: 491.0668.
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