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General Information 

1
H-NMR and 

13
C-NMR spectra were recorded at 25 ºC on a BRUKER AVANCE

DMX 400 MHz and 100 MHz, respectively, and TMS was used as internal standard 

from a solution in CDCl3 or DMSO-d6. High resolution mass spectra (HRMS) were 

recorded on Bruck-micro-TOF by using APCI method. Melting points were 

determined in open capillaries and are uncorrected. IR spectra were recorded on a 

TENSOR 27 spectrometer in KBr. The products were purified by column 

chromatography over silica gel (300-400 mesh). All reagents were purchased from 

commercial sources and used without treatment, unless otherwise indicated. 

Substrates 1 were prepared according to the published procedure.
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Synthetic Procedure and Characterization Data for 3 
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A reaction flask with high vacuum valve was charged with 2-(2-bromophenyl) 

quinazolin-4(3H)-one(1a, 151 mg, 0.5 mmol), dimedone (2a, 77 mg, 0.55 mmol), 

CuBr(14 mg, 0.1 mmol), and Cs2CO3 (195 mg, 0.6 mmol). After being degassed by 

three freeze-thaw pump cycles with O2, the solvent of DMF (10.0 mL) was injected 

into the mixture. Subsequently, the resulting mixture was stirred at 100 C (oil bath) 

under O2 balloon. After completion of the reaction monitored by TLC, the insoluble 

substance was filtered off by a fast hot-filtration, and the filtrate was concentrated

under reduced pressure. The resulting crude residue was purified by silica-gel column 

chromatography using ethyl acetate and petroleumether (1:4, v/v) as an eluent to give

final products 3a. 

For the gram-scale reaction of 3a, the experimental operation is the same as the 

model reaction of 3a. 

4,4-Dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-2,6,10'-t

rione (3a): Yield: 85% (152 mg). Pale yellow solid. M.p. 264~266 C; 
1
H NMR

(CDCl3, 400 MHz): H1.42 (s, 3H), 1.54 (s, 3H), 2.92 (d, J = 15.6 Hz, 2H), 3.17 (d, J 

= 15.2 Hz, 2H), 7.49~7.53 (m, 1H), 7.64~7.72 (m, 3H), 7.79~7.86 (m, 2H), 8.21~8.24 

(m, 1H), 8.33 (d, J = 8.0 Hz, 1H). 
13

C NMR (CDCl3, 100 MHz): C 27.1, 30.8, 31.7,
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51.8, 86.1, 121.3, 121.4, 125.1, 127.0, 127.1, 127.7, 130.6, 132.5, 134.6, 137.0, 149.3, 

154.0, 158.9, 195.5. IR (KBr): 3188, 3136, 3065, 2942, 1667, 1644, 1624, 1609, 

1591, 1469, 1442, 1391, 1379, 1337, 1309, 1254, 1148, 1078, 1030, 955, 884, 773 

cm
-1

. HRMS (APCI, m/z): Calcd for C22H19N2O3 [M + H]
+
359.1390, found 359.1396.

2'-Chloro-4,4-dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline

]-2,6,10'-trione (3b): Yield: 78% (153 mg). Pale yellow solid. M.p. 244~246 C; 
1
H

NMR (CDCl3, 400 MHz): H1.41 (s, 3H), 1.51 (s, 3H), 2.91 (d, J = 15.2 Hz, 2H), 3.16 

(d, J = 15.2 Hz, 2H), 7.62~7.68 (m, 2H), 7.70~7.74 (m, 2H), 7.78 (d, J = 8.8 Hz, 1H), 

8.19 (d, J = 8.0 Hz, 1H), 8.26 (s, 1H). 
13

C NMR (CDCl3, 100 MHz): C 27.0, 30.8,

31.7, 51.7, 86.2, 121.5, 122.3, 125.1, 126.5, 129.2, 130.7, 132.1, 132.66, 132.74, 

134.9, 136.9, 147.7, 154.2, 157.8, 195.2. IR (KBr): 3188, 3136, 3065, 2942, 1667, 

1644, 1624, 1609, 1591, 1469, 1442, 1391, 1379, 1337, 1309, 1254, 1148, 1078, 1030, 

955, 884, 773 cm
-1

. HRMS (APCI, m/z): Calcd for C22H18ClN2O3 [M + H]
+
393.1000,

found 393.1026. 

2',4,4-Trimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-2,6,10

'-trione (3c): Yield: 81% (151 mg). Pale yellow solid. M.p. 241~243 C; 
1
H NMR

(CDCl3, 400 MHz): H1.42 (s, 3H), 1.54 (s, 3H), 2.52 (s, 3H), 2.90 (d, J = 15.6 Hz, 

2H), 3.17 (d, J = 15.2 Hz, 2H), 7.43~7.50 (m, 3H), 7.79~7.84 (m, 2H), 8.09 (d, J = 8.4 

Hz, 1H), 8.31 (dd, J = 8.0 Hz, J’ = 0.8 Hz, 1H). 
13

C NMR (CDCl3, 100 MHz): C 22.3,

27.1, 30.8, 31.8, 51.8, 85.9, 121.2, 121.9, 124.7, 126.7, 127.0, 127.5, 129.7, 131.6, 

134.5, 137.3, 143.6, 149.3, 154.1, 158.9, 195.7. IR (KBr):  3105, 3071, 2965, 1744, 

1717, 1689, 1633, 1604, 1609, 1470, 1334, 1223, 1180, 1077, 946, 835, 775 cm
-1

.
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HRMS (APCI, m/z): Calcd for C23H21N2O3 [M + H]
+
373.1547, found 373.1553.

3'-Chloro-4,4-dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline

]-2,6,10'-trione (3d): Yield: 80% (157 mg). Pale yellow solid. M.p. 249~251 C; 
1
H

NMR (DMSO-d6, 400 MHz): H1.38 (s, 3H), 1.39 (s, 3H), 2.82 (d, J = 15.6 Hz, 2H), 

3.48 (d, J = 15.6 Hz, 2H), 7.64~7.68 (m, 1H), 7.84 (dd, J = 8.4 Hz, J’ = 2.4 Hz, 1H), 

7.88 (d, J = 8.4 Hz, 1H), 7.95~7.99 (m, 1H), 8.20~8.25 (m, 2H), 8.47 (d, J = 8.4 Hz, 

1H). 
13

C NMR (DMSO-d6, 100 MHz): C 26.9, 30.1, 30.8, 50.8, 85.4, 120.6, 123.9,

125.3, 126.6, 127.8, 128.0, 132.7, 133.5, 135.4, 135.6, 136.2, 148.4, 152.9, 157.7, 

196.7. IR (KBr):  3072, 3034, 2955, 1742, 1722, 1690, 1634, 1608, 1591, 1469, 

1334, 1219, 1074, 1021, 873, 775 cm
-1

. HRMS (APCI, m/z): Calcd for C22H18ClN2O3

[M + H]
+
393.1000, found 393.1013.

3'-Fluoro-4,4-dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]

-2,6,10'-trione (3e): Yield: 77% (145 mg). Pale yellow solid. M.p. 261~262 C; 
1
H

NMR (CDCl3, 400 MHz): H1.41 (s, 3H), 1.53 (s, 3H), 2.92 (d, J = 15.6 Hz, 2H), 3.12 

(d, J = 15.2 Hz, 2H), 7.32~7.37 (m, 1H), 7.50~7.54 (m, 1H), 7.68 (dd, J = 8.8 Hz, J’ = 

4.0 Hz, 1H), 7.82~7.86 (m, 2H), 7.90 (dd, J = 7.2 Hz, J’ = 2.4 Hz, 1H), 8.32 (dd, J = 

8.0 Hz, J’ = 1.2 Hz, 1H). 
13

C NMR (CDCl3, 100 MHz): C 27.0, 30.8, 31.7, 51.8, 85.5,

112.0 (d, JF-C = 24.4 Hz), 119.9 (d, JF-C = 23.9 Hz), 121.4, 123.1 (d, JF-C = 8.9 Hz), 

127.1, 127.3, 127.8, 132.6 (d, JF-C = 2.8 Hz), 134.7, 134.9 (d, JF-C = 9.7 Hz), 149.0, 

152.9 (d, JF-C = 3.9 Hz), 158.7, 163.9 (d, JF-C = 250.8 Hz), 195.3. IR (KBr):  3081, 

2987, 2963, 1749, 1721, 1685, 1633, 1610, 1481, 1473, 1329, 1269, 1224, 1153, 1066, 

1021, 878, 775 cm
-1

. HRMS (APCI, m/z): Calcd for C22H18FN2O3 [M + H]
+
377.1296,
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found 377.1309. 

3'-Methoxy-4,4-dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoli

ne]-2,6,10'-trione (3f): Yield: 81% (157 mg). Pale yellow solid. M.p. 254~256 C; 
1
H

NMR (CDCl3, 400 MHz): H1.39 (s, 3H), 1.52 (s, 3H), 2.88 (d, J = 15.6 Hz, 2H), 3.13 

(d, J = 15.2 Hz, 2H), 3.93 (s, 3H), 7.16 (dd, J = 8.8 Hz, J’ = 2.4 Hz, 1H), 7.48~7.52 

(m, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.66 (d, J = 2.4 Hz, 1H), 7.78~7.85 (m, 2H), 8.32 

(dd, J = 8.0 Hz, J’ = 1.6 Hz, 1H). 
13

C NMR (CDCl3, 100 MHz): C 27.1, 30.8, 31.7,

51.8, 56.1, 85.5, 107.6, 120.8, 121.4, 122.4, 127.0, 127.1, 127.6, 129.4, 133.9, 134.6, 

149.2, 154.1, 158.8, 161.6, 195.9. IR (KBr):  3062, 3029, 2964, 2928, 1743, 1716, 

1683, 1624, 1605, 1560, 1352, 1337, 1298, 1229, 1180, 1078, 1049, 928, 830, 772 

cm
-1

. HRMS (APCI, m/z): Calcd for C23H21N2O4 [M + H]
+
389.1496, found 389.1489.

2',3'-Dimethoxy-4,4-dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quina

zoline]-2,6,10'-trione (3g): Yield: 75% (157 mg). Pale yellow solid. M.p. 245~246 C; 

1
H NMR (CDCl3, 400 MHz): H1.42 (s, 3H), 1.54 (s, 3H), 2.93 (d, J = 15.6 Hz, 2H), 

3.09 (d, J = 15.6 Hz, 2H), 3.93 (s, 3H), 4.07 (s, 3H), 7.00~7.06 (m, 1H), 7.45~7.49 (m, 

1H), 7.62 (s, 1H), 7.78~7.83 (m, 2H), 8.28~8.31 (m, 1H). 
13

C NMR (CDCl3, 100

MHz): C 27.0, 30.7, 32.0, 52.1, 56.6, 56.7, 85.5, 104.1, 106.1, 120.9, 125.0, 126.6, 

127.1, 127.3, 130.4, 134.6, 149.4, 151.7, 153.1, 154.2, 158.8, 195.7. IR (KBr):  3081, 

2996, 2963, 1748, 1719, 1609, 1571, 1560, 1482, 1466, 1440, 1337, 1222, 1254, 1178, 

1134, 1023, 898, 769 cm
-1

. HRMS (APCI, m/z): Calcd for C24H23N2O5 [M +

H]
+
419.1601, found 419.1615.

4,4,6'-Trimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-2,6,10
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'-trione (3h): Yield: 77% (143 mg). Pale yellow solid. M.p. 234~235 C; 
1
H NMR

(CDCl3, 400 MHz): H1.41 (s, 3H), 1.54 (s, 3H), 2.73 (s, 3H), 2.91 (d, J = 15.6 Hz, 

2H), 3.17 (d, J = 15.6 Hz, 2H), 7.36~7.40 (m, 1H), 7.62~7.70 (m, 4H), 8.17 (dd, J = 

8.0 Hz, J’ = 0.8 Hz, 1H), 8.22~8.25 (m, 1H). 
13

C NMR (CDCl3, 100 MHz): C 17.6,

27.1, 30.8, 31.7, 51.8, 86.0, 121.3, 121.4, 124.7, 125.0, 126.4, 130.5, 132.2, 132.9, 

135.2, 136.4, 136.9, 147.8, 152.6, 159.3, 195.7. IR (KBr):  3069, 2921, 1711, 1694, 

1627, 1601, 1553, 1471, 1373, 1342 1328, 1181, 1058, 971, 771 cm
-1

. HRMS (APCI,

m/z): Calcd for C23H21N2O3 [M + H]
+
373.1547, found 373.1563.

7'-Chloro-4,4-dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline

]-2,6,10'-trione (3i): Yield: 78% (153 mg). Pale yellow solid. M.p. 255~256 C; 
1
H

NMR (CDCl3, 400 MHz): H1.43 (s, 3H), 1.52 (s, 3H), 2.92 (d, J = 15.6 Hz, 2H), 3.17 

(d, J = 15.6 Hz, 2H), 7.45 (dd, J = 8.8 Hz, J’ = 2.0 Hz, 1H), 7.66~7.73 (m, 3H), 7.85 

(d, J = 2.0 Hz, 1H), 8.20~8.22 (m, 1H), 8.24 (d, J = 8.4 Hz, 1H). 
13

C NMR (CDCl3,

100 MHz): C 27.1, 30.8, 31.7, 51.7, 86.3, 119.8, 121.5, 125.3, 127.3, 127.5, 128.4, 

130.7, 132.1, 132.8, 137.0, 140.8, 150.3, 155.1, 158.3, 195.3. IR (KBr):  3063, 2959, 

1749, 1719, 1683, 1636, 1599, 1470, 1425, 1340, 1296, 1231, 1207, 1184, 1081, 957, 

854, 773 cm
-1

. HRMS (APCI, m/z): Calcd for C22H18ClN2O3 [M + H]
+
393.1000,

found 393.1017. 

8'-Chloro-4,4-dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline

]-2,6,10'-trione (3j): Yield: 81% (159 mg). Pale yellow solid. M.p. 264~266 C; 
1
H

NMR (CDCl3, 400 MHz): H1.41 (s, 3H), 1.52 (s, 3H), 2.91 (d, J = 15.6 Hz, 2H), 3.16 

(d, J = 15.2 Hz, 2H), 7.64~7.74 (m, 4H), 7.79 (d, J = 8.8 Hz, 1H), 8.19~8.21 (m, 1H), 
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8.29 (d, J = 2.4 Hz, 1H). 
13

C NMR (CDCl3, 100 MHz): C 27.0, 30.8, 31.7, 51.7, 86.3,

121.5, 122.4, 125.1, 126.5, 129.2, 130.7, 132.1, 132.7, 132.8, 134.9, 136.9, 147.8, 

154.2, 157.8, 195.2. IR (KBr):  3070, 2992, 2941, 1744, 1713, 1671, 1630, 1604, 

1468, 1344, 1242, 1132, 1095, 1073, 968, 870, 770 cm
-1

. HRMS (APCI, m/z): Calcd

for C22H18ClN2O3 [M + H]
+
393.1000, found 393.1027.

8'-Chloro-3'-methoxy-4,4-dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]

quinazoline]-2,6,10'-trione (3k): Yield: 76% (161 mg). Pale yellow solid. M.p. 

253~254 C; 
1
H NMR (CDCl3, 400 MHz): H1.40 (s, 3H), 1.50 (s, 3H), 2.89 (d, J =

15.6 Hz, 2H), 3.13 (d, J = 15.2 Hz, 2H), 3.93 (s, 3H), 7.18 (dd, J = 8.8 Hz, J’ = 2.4 Hz, 

1H), 7.58 (d, J = 8.8 Hz, 1H), 7.64 (d, J = 2.4 Hz, 1H), 7.73 (dd, J = 8.8 Hz, J’ = 2.4 

Hz, 1H), 7.78 (d, J = 8.8 Hz, 1H), 8.29 (d, J = 2.4 Hz, 1H). 
13

C NMR (CDCl3, 100

MHz): C 27.0, 30.8, 31.7, 51.8, 56.1, 85.6, 107.6, 120.9, 122.41, 122.43, 126.6, 129.1, 

129.4, 132.8, 133.6, 134.9, 147.7, 154.4, 157.8, 161.7, 195.6. IR (KBr):  3092, 3075, 

2969, 1744, 1713, 1687, 1626, 1614, 1603, 1464, 1274, 1225, 1151, 1070, 1025, 952, 

865, 790 cm
-1

. HRMS (APCI, m/z): Calcd for C23H20ClN2O4 [M + H]
+
423.1106,

found 423.1126. 

4,4,8'-Trimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-2,6,10

'-trione (3l): Yield: 78% (145 mg). Pale yellow solid. M.p. 248~249 C; 
1
H NMR

(CDCl3, 400 MHz): H1.42 (s, 3H), 1.54 (s, 3H), 2.49 (s, 3H), 2.91 (d, J = 15.6 Hz, 

2H), 3.17 (d, J = 15.2 Hz, 2H), 7.61~7.65 (m, 3H), 7.69~7.76 (m, 2H), 8.13 (s, 1H), 

8.20~8.22 (m, 1H). 
13

C NMR (CDCl3, 100 MHz): C 21.3, 27.1, 30.8, 31.8, 51.8, 86.0,

121.0, 121.4, 124.9, 126.6, 127.5, 130.6, 132.2, 132.6, 136.0, 136.9, 137.3, 147.2, 
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153.2, 158.9, 195.6. IR (KBr):  2960, 1748, 1719, 1683, 1630, 1616, 1487, 1339, 

1323, 1301, 1074, 913, 836, 774 cm
-1

. HRMS (APCI, m/z): Calcd for C23H21N2O3 [M

+ H]
+
373.1547, found 373.1560.

10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-2,6,10'-trione (3m): 

Yield: 75% (124 mg). Pale yellow solid. M.p. 284~286 C; 
1
H NMR (CDCl3, 400

MHz): H 2.41~2.51 (m, 2H), 3.02~3.10 (m, 2H), 3.15~3.20 (m, 2H), 7.49~7.53 (m, 

1H), 7.59~7.67 (m, 3H), 7.80~7.84 (m, 1H), 7.88 (d, J = 7.6 Hz, 1H), 8.22~8.27 (m, 

1H), 8.28 (dd, J = 8.0 Hz, J’ = 1.2 Hz, 1H). 
13

C NMR (CDCl3, 100 MHz): C 17.0,

39.4, 83.8, 121.1, 121.2, 125.1, 126.8, 127.0, 127.9, 130.5, 132.6, 133.0, 134.7, 138.5, 

149.7, 154.2, 158.7, 197.5. IR (KBr):  3166, 3093, 2970, 1742, 1712, 1686, 1626, 

1607, 1578, 1489, 1464, 1346, 1247, 1151, 1025, 865, 770 cm
-1

. HRMS (APCI, m/z):

Calcd for C20H15N2O3 [M + H]
+
331.1077, found 331.1077.

4-Methyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-2,6,10'-trion

e (3n): Yield: 80% (138 mg). Pale yellow solid. M.p. 271~272 C; 
1
H NMR (CDCl3,

400 MHz): H1.35 (d, J = 5.6 Hz, 3H), 2.78~2.84 (m, 3H), 3.12 (d, J = 15.6 Hz, 2H), 

7.49~7.53 (m, 1H), 7.58~7.67 (m, 3H), 7.80~7.83 (m, 1H), 7.88 (d, J = 8.0 Hz, 1H), 

8.21~8.24 (m, 1H), 8.27 (d, J = 8.0 Hz, 1H). 
13

C NMR (CDCl3, 100 MHz): C 21.6,

24.8, 48.0, 82.7, 121.12, 121.13, 125.1, 126.8, 127.0, 127.9, 130.5, 132.5, 132.9, 

134.7, 138.3, 149.7, 154.3, 158.6, 196.9. IR (KBr):  3065, 2960, 2927, 1743, 1717, 

1671, 1626, 1603, 1467, 1344, 1290, 1144, 1085, 949, 790, 774 cm
-1

. HRMS (APCI,

m/z): Calcd for C21H17N2O3 [M + H]
+
345.1234, found 345.1241.

4-Phenyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-2,6,10'-trion
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e (3o): Yield: 83% (169 mg). Pale yellow solid. M.p. 283~285 C; 
1
H NMR (CDCl3,

400 MHz): 3.27~3.37 (m, 4H), 3.87~3.96 (m, 1H), 7.35~7.39 (m, 1H), 7.43~7.49 (m, 

4H), 7.52~7.56 (m, 1H), 7.66~7.73 (m, 3H), 7.82~7.86 (m, 1H), 7.91 (d, J = 7.2 Hz, 

1H), 8.21~8.24 (m, 1H), 8.31 (dd, J = 8.0 Hz, J’ = 1.2 Hz, 1H). 
13

C NMR (CDCl3, 100

MHz): C 34.6, 47.3, 82.9, 121.1, 121.2, 125.2, 126.6, 126.8, 127.1, 127.9, 128.0, 

129.4, 130.7, 132.6, 133.0, 134.8, 138.2, 140.7, 149.8, 154.2, 158.8, 196.4. IR (KBr): 

 3065, 2960, 2925, 1750, 1718, 1681, 1629, 1610, 1467, 1341, 1240, 1169, 771 cm
-1

.

HRMS (APCI, m/z): Calcd for C26H19N2O3 [M + H]
+
407.1390, found 407.1410.

3,3-Dimethyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-2,6,10'-t

rione (3p): Yield: 75% (134 mg). Pale yellow solid. M.p. 284~286 C; 
1
H NMR

(CDCl3, 400 MHz): H1.48 (s, 3H), 1.51 (s, 3H), 2.34~2.49 (m, 2H), 3.12~3.16 (m, 

2H), 7.47~7.54 (m, 2H), 7.59~7.63 (m, 2H), 7.78~7.82 (m, 1H), 7.86~7.88 (m, 1H), 

8.21~8.26 (m, 2H). 
13

C NMR (CDCl3, 100 MHz): C 26.3, 26.8, 31.5, 35.9, 44.4, 81.1,

121.0, 121.8, 124.9, 126.7, 126.8, 127.9, 130.2, 132.7, 133.6, 134.7, 139.9, 149.8, 

154.5, 158.6, 199.0, 205.7. IR (KBr):  3121, 3037, 2959, 1750, 1714, 1674, 1627, 

1609, 1587, 1467, 1443, 1347, 1310, 1288, 1266, 1150, 1045, 967 cm
-1

. HRMS

(APCI, m/z): Calcd for C22H19N2O3 [M + H]
+
359.1390, found 359.1397.

3'-Methoxy-4-methyl-10'H-spiro[cyclohexane-1,12'-isoindolo[1,2-b]quinazoline]-

2,6,10'-trione (3q): Yield: 79% (148 mg). Pale yellow solid. M.p. 264~266 C; 
1
H

NMR (CDCl3, 400 MHz): H1.48 (d, J = 6.8 Hz, 3H), 2.76~2.85 (m, 1H), 2.92~2.97 

(m, 2H), 3.24~3.29 (m, 2H), 3.94 (s, 3H), 7.16 (dd, J = 8.8 Hz, J’ = 2.4 Hz, 1H), 

7.48~7.54 (m, 2H), 7.68 (d, J = 2.4 Hz, 1H), 7.81~7.87 (m, 2H), 8.30 (dd, J = 8.0 Hz, 
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J’ = 0.8 Hz, 1H). 
13

C NMR (CDCl3, 100 MHz): C 20.7, 24.5, 45.2, 56.1, 84.5, 107.6,

120.9, 121.3, 122.5, 126.9, 127.0, 127.7, 130.4, 134.4, 134.6, 149.4, 154.3, 158.8, 

161.5, 197.5. IR (KBr):  3064, 3025, 2960, 1667, 1750, 1718, 1684, 1629, 1611, 

1468, 1341, 1240, 1168, 1094, 927, 772 cm
-1

. HRMS (APCI, m/z): Calcd for

C22H19N2O4 [M + H]
+
375.1339, found 375.1367.
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Synthetic Procedure and Characterization Data for 5 

N

N

O

N

N

O

H

NH

O O

+
Br CuBr

Cs2CO3

O2, balloon

NH

O
O

1a 4 5a

A reaction flask with high vacuum valve was charged with2-(2-bromophenyl) 

quinazolin-4(3H)-one (1a, 151 mg, 0.5 mmol), piperidine-2,4-dione (4, 62 mg, 0.55 

mmol), CuBr (14 mg, 0.1 mmol), and Cs2CO3 (195 mg, 0.6 mmol). After being 

degassed by three freeze-thaw pump cycles with O2, the solvent of DMF (10.0 mL) 

was injected into the mixture. Subsequently, the resulting mixture was stirred at 100 

C (oil bath) under O2 balloon. After completion of the reaction monitored by TLC,

the insoluble substance was filtered off by a fast hot-filtration, and the filtrate was 

concentrated under reduced pressure. The resulting crude residue was purified by 

silica-gel column chromatography using ethyl acetate and petroleumether (1:3, v/v) as 

an eluent to give final products 5a. 

10H-Spiro[isoindolo[1,2-b]quinazoline-12,3'-piperidine]-2',4',10-trione (5a): Yield: 

80% (133 mg). Pale yellow solid. M.p. 250~252 C; 
1
H NMR (DMSO-d6, 400 MHz):

H 3.01~3.07 (m, 1H), 3.43~3.8651 (m, 1H), 3.67~3.71 (m, 1H), 3.79~3.85 (m, 1H), 

7.61~7.64 (m, 1H), 7.73~7.80 (m, 2H), 7.89~7.99 (m, 3H), 8.16~8.18 (m, 2H),9.04 (s, 

1H).
13

C NMR (DMSO-d6, 100 MHz): C 36.1, 38.1, 77.1, 120.7, 123.0, 124.2, 126.6,

127.8, 128.1, 131.2, 132.4, 134.1, 135.8, 141.0, 149.4, 155.1, 158.3, 165.7, 198.9. IR 

(KBr):  3442, 3081, 2951, 2917, 1745, 1716, 1684, 1653, 1489, 1469, 1338, 1222, 

1190, 1154, 1074, 842, 776 cm
-1

. HRMS (ESI, m/z): Calcd for C19H12N3O3 [M - H]
-
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330.0879, found 330.0877. 

2-Fluoro-10H-spiro[isoindolo[1,2-b]quinazoline-12,3'-piperidine]-2',4',10-trione

(5b): Yield: 79% (138 mg). Pale yellow solid. M.p. 241~242 C; 
1
H NMR (CDCl3,

400 MHz): H 3.20~3.24 (m, 2H), 3.79~3.86 (m, 1H), 4.01~4.08 (m, 1H), 6.78 (s, 1H), 

7.25~7.28 (m, 1H),7.34~7.38 (m, 1H), 7.50~7.54 (m, 1H), 7.81~7.88 (m, 2H), 8.22 

(dd, J = 8.4 Hz, J’ = 4.8 Hz, 1H), 8.27 (d, J = 8.0 Hz, 1H).
13

C NMR (CDCl3, 100

MHz): C 36.8, 38.4, 77.2, 109.3 (d, JF-C = 25.4 Hz), 118.5 (d, JF-C = 23.1 Hz), 120.7, 

126.6, 126.7 (d, JF-C = 9.2 Hz), 127.0, 127.2 (d, JF-C = 1.5 Hz), 127.9, 129.4 (d, JF-C = 

2.4 Hz), 134.9, 149.7, 153.4, 159.0, 165.3 (d, JF-C = 253.7 Hz), 166.4, 195.6. IR (KBr): 

 3452, 3080, 2963, 1748, 1721, 1686, 1633, 1481, 1474, 1339, 1269, 1208, 1154,

1066, 891, 825, 775 cm
-1

. HRMS (APCI, m/z): Calcd for C19H11FN3O3 [M - H]
-

350.0935, found 350.0940. 

2-Methyl-10H-spiro[isoindolo[1,2-b]quinazoline-12,3'-piperidine]-2',4',10-trione

(5c): Yield: 78% (135 mg). Pale yellow solid. M.p. 238~239 C; 
1
H NMR (DMSO-d6,

400 MHz): H2.48 (s, 3H),2.77~3.06 (m, 1H),3.46~3.53 (m, 1H), 3.64~3.86 (m, 2H), 

7.53~7.63 (m, 2H), 7.81 (s, 1H),7.86~7.88 (m, 1H), 7.92~7.96 (m, 1H), 8.03~8.08 (m, 

1H), 8.15~8.17 (m, 1H), 9.00 (s, 1H).
3
C NMR (DMSO-d6, 100 MHz): C 21.9, 36.1,

38.0, 76.9, 120.6, 123.2, 123.9, 126.6, 127.6, 128.0, 129.7, 131.9, 135.7, 141.3, 145.1, 

149.5, 155.2, 158.3, 165.8, 198.9.IR (KBr): 3450, 3065, 2960, 1748, 1720, 1683, 

1629, 1487, 1339, 1301, 1221, 1073, 913, 836, 774 cm
-1

. HRMS (ESI, m/z): Calcd for

C20H14N3O3 [M - H]
-
344.1029, found 344.1021.

3-Fluoro-10H-spiro[isoindolo[1,2-b]quinazoline-12,3'-piperidine]-2',4',10-trione
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(5d): Yield: 77% (134 mg). Pale yellow solid. M.p. 261~262 C; 
1
H NMR (DMSO-d6,

400 MHz): H 3.00~3.06 (m, 1H), 3.45~3.53 (m, 1H),3.63~3.67 (m, 1H), 3.77~3.84 

(m, 1H), 7.63~7.68 (m, 2H), 7.90 (d, J = 7.6 Hz, 1H), 7.95~8.02 (m, 2H), 8.06 (dd, J 

= 8.8 Hz, J’ = 4.4 Hz, 1H), 8.18 (dd, J = 8.0 Hz, J’ = 1.2 Hz, 1H), 9.08 (s, 1H). 
13

C

NMR (DMSO-d6, 100 MHz): C 36.1, 38.1, 76.5, 111.1 (d, JF-C = 24.8 Hz), 120.7, 

121.5 (d, JF-C = 23.6 Hz), 125.3 (d, JF-C = 9.2 Hz), 126.7, 128.17, 128.22, 134.7 (d, 

JF-C = 9.9 Hz), 136.0, 137.0 (d, JF-C = 2.3 Hz), 149.2, 154.2 (d, JF-C = 4.0 Hz), 158.2, 

163.7 (d, JF-C = 246.8 Hz), 165.4, 198.7. IR (KBr): 3453, 3080, 2963, 1749, 1722, 

1686, 1633, 1482, 1474, 1340, 1269, 1223, 891, 825, 775 cm
-1

. HRMS (APCI, m/z):

Calcd for C19H11FN3O3 [M - H]
-
 350.0935, found 350.0938.

3-Methoxy-10H-spiro[isoindolo[1,2-b]quinazoline-12,3'-piperidine]-2',4',10-trion

e (5e): Yield: 80% (145 mg). Pale yellow solid. M.p. 261~263 C; 
1
H NMR 

(DMSO-d6, 400 MHz): H2.98~3.04 (m, 1H), 3.40~3.48 (m, 1H), 3.61~3.83 (m, 2H), 

3.93 (s, 3H), 7.31 (dd, J = 8.4 Hz, J’ = 2.4 Hz, 1H), 7.60~7.64 (m, 2H), 7.86~7.95 (m, 

3H), 8.17 (dd, J = 8.0 Hz, J’ = 1.2 Hz, 1H), 8.98 (s, 1H).
13

C NMR (DMSO-d6, 100

MHz): C 36.1, 38.1, 56.5, 76.5, 107.3, 120.8, 121.5, 124.0, 126.6, 127.8, 128.1, 133.4, 

134.0, 135.8, 149.4, 155.1, 158.2, 161.5, 165.8, 199.1. IR (KBr): 3420, 3260, 3000, 

1734, 1696, 1676, 1618, 1609, 1488, 1466, 1349, 1278, 1219, 1155, 1106, 1045, 1025, 

999, 870, 769 cm
-1

. HRMS (ESI, m/z): Calcd for C20H14N3O4 [M - H]
-
 360.0984,

found 360.0962. 

6,7-Dimethyl-10H-spiro[isoindolo[1,2-b]quinazoline-12,3'-piperidine]-2',4',10-tri

one (5f): Yield: 75% (135 mg). Pale yellow solid. M.p. 249~250 C; 
1
H NMR
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(DMSO-d6, 400 MHz): H 2.47 (s, 3H), 2.65 (s, 3H), 2.99~3.05 (m, 1H), 3.42~3.51 

(m, 1H), 3.63~3.70 (m, 1H), 3.78~3.83 (m, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.72~7.78 

(m, 2H), 7.91 (d, J = 8.0 Hz, 1H), 7.95~7.97 (m, 1H), 8.16~8.19 (m, 1H), 8.99 (s, 1H).

13
C NMR (CDCl3, 100 MHz): 13.6, 21.1, 36.1, 38.1, 76.8, 118.7, 122.9, 123.4, 124.1, 

129.3, 131.1, 132.8, 133.8, 134.5, 141.0, 144.5, 153.9, 158.6, 165.8, 199.1. IR (KBr): 

 3147, 3063, 2958, 1749, 1719, 1684, 1635, 1471, 1457, 1340, 1230, 1183, 1080,

957, 854, 772 cm
-1

. HRMS (ESI, m/z): Calcd for C21H16N3O3 [M - H]
-
 358.1192,

found 358.1199.
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Analysis Info 10/25/2017 10:33:19 AMAcquisition Date
Analysis Name D:\Data\wxs\20171025\D-8A.d
Method tune_low.m XZNUOperator
Sample Name micrOTOF-Q 134Instrument
Comment

Acquisition Parameter
APCI Set Nebulizer 2.0 BarPositive Ion PolaritySource Type

Focus Set Dry Heater 200 °C4000 VActive Set Capillary
Set End Plate Offset -500 V 5.0 l/minSet Dry GasScan Begin 50 m/z

Scan End Set Collision Cell RF3000 m/z 150.0 Vpp Set Divert Valve Source 
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Analysis Info 10/25/2017 8:55:01 AMAcquisition Date
Analysis Name D:\Data\wxs\20171025\D-1.d
Method tune_low.m XZNUOperator
Sample Name micrOTOF-Q 134Instrument
Comment

Acquisition Parameter
APCI Set Nebulizer 2.0 BarPositive Ion PolaritySource Type

Focus Set Dry Heater 200 °C4000 VActive Set Capillary
Set End Plate Offset -500 V 5.0 l/minSet Dry GasScan Begin 50 m/z

Scan End Set Collision Cell RF3000 m/z 150.0 Vpp Set Divert Valve Source 
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