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1. General methods

NMR data was obtained for *H at 400 MHz, and for 3C at 100 MHz. Chemical shifts were
reported in ppm from tetramethylsilane with the solvent resonance as the internal standard in CDCls
solution. ESI HRMS was performed on a Waters SYNAPT G2. Column chromatography was
performed on silica gel (200-300 mesh) using an eluent of ethyl acetate and petroleum ether. TLC
was performed on glass-backed silica plates; products were visualized using UV light and I2.
Melting points were determined on a Mel-Temp apparatus and were not corrected. All chemicals

were used from Adamas-beta without purification unless otherwise noted.

2. General procedure for the synthesis of tetrahydronaphthalene-fused spirooxindole 4

R, NO,
@Q j@\ 1) TEA, MeCN
Ry o + —_—
2) TMSCI
N OHC no, 2

The reaction was carried out with 3-ylideneoxindole 1 (0.3 mmol), 2-methyl-3,5-dinitro-

benzaldehyde 2a (75.7 mg, 0.36 mmol) and TEA (8.4 uL, 0.06 mmol) in acetonitrile (4.0 mL) at 0
°C for 4h. Then the reaction mixture was concentrated and the residue was purified by flash
chromatography on silica gel to afford the cycloaddition product 3.

The protection of the hydroxyl group of the intermediate 3 gave the corresponding easily
separable spirooxindole derivative 4. To a solution of the intermediate 3 in methylene chloride (4
mL) was added TMSCI (25.9 pL, 0.3 mmol) and imidazole (40.8 mg, 0.6 mmol). The mixture was
stirred at 0 °C for 30 min. The reaction was quenched with aqueous NaHCOs, extracted with
CH2Cl2. The organic layer was dried over Na2SO4 and concentrated. The residue was purified by
chromategraphy on silica gel (petroleum ether/ethyl acetate = 15:1) to give the

tetrahydronaphthalene-fused spirooxindole 4.



4a was obtained as a white solid in 90% yield for two steps after flash
chromatography. The dr value was calculated to be 90:10 by ‘H NMR
analysis of the crude reaction mixture. m.p. 197-200 °C; *H NMR (400

MHz, CDCl3): 8 = 8.76 (s, 1H), 8.56 (s, 1H), 7.38-7.22 (m, 7H), 7.05 (t, J =
7.2 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 5.17 (s, 1H), 4.88 (s, 2H), 3.96 (dd, J
= 16.0, 4.0 Hz, 1H), 3.68 (g, J = 7.2 Hz, 2H), 3.33-3.20 (m, 2H), 0.60 (t, J = 7.2 Hz, 3H), -0.21 (s,
9H) ppm; 3C NMR (100 MHz, CDCls): § = 176.5, 170.9, 148.4, 146.8, 144.7, 144.3, 137.5, 135.8,
129.6, 129.6, 128.9, 128.1, 127.9, 123.8, 123.6, 122.9, 118.8, 109.5, 74.6, 61.3, 54.8, 46.7, 44.4,
25.9, 13.5, -0.3 ppm; ESI HRMS: calcd. For CsoHa:N3sOsSi+Na 612.1778, found 612.1773.

4b was obtained as a white solid in 91% yield for two steps after flash
chromatography. The dr value was calculated to be 92:8 by H NMR
analysis of the crude reaction mixture. m.p. 180-182°C; 'H NMR (400 MHz,
CDClz): 6 = 8.75 (s, 1H), 8.56 (s, 1H), 7.35-7.08 (m, 7H), 6.68 (d, J = 6.8

Hz, 1H), 5.80 (s, 1H), 5.12 (d, J = 15.6 Hz, 1H), 4.56 (d, J = 16.0 Hz, 1H),
4.32 (dd, J = 10.0, 6.4 Hz, 1H), 4.13-4.10 (m, 1H), 3.99-3.90 (M, 2H), 3.54 (dd, J = 18.0, 6.4 Hz,
1H), 0.97 (t, J = 7.2 Hz, 3H), -0.11 (s, 9H) ppm; *C NMR (100 MHz, CDCls): & = 173.8, 170.4,
148.1, 146.8, 146.3, 143.0, 137.4, 135.1, 130.8, 128.7, 127.7, 127.4, 126.9, 126.8, 125.3, 118.7,
118.2, 108.5, 71.7, 61.3, 54.9, 43.9, 42.4, 26.2, 13.7, -0.3 ppm; ESI HRMS: calcd. For
CsoH30N3OsBrSi+Na 690.0883, found 690.0885.

4c was obtained as a white solid in 88% vyield for two steps after flash
chromatography. The dr value was calculated to be 90:10 by *H NMR
analysis of the crude reaction mixture. m.p. 142-144°C; *H NMR (400
MHz, CDCl3): & = 8.77 (s, 1H), 8.55 (s, 1H), 7.34-7.21 (m, 7H), 6.69 (d,
J=8.4 Hz, 1H), 5.18 (s, 1H), 4.86 (s, 2H), 3.98 (dd, J = 16.0, 4.0 Hz, 1H),
3.86-3.73 (M, 2H), 3.32-3.20 (m, 2H), 0.72 (t, J = 7.2 Hz, 3H), -0.16 (s, 9H) ppm; 3C NMR (100

MHz, CDCI3): 6 =175.9, 170.6, 148.3, 146.7, 143.7, 143.1, 137.2, 135.2, 131.3, 129.3, 129.0, 128.2,
128.2, 127.8, 124.1, 123.6, 119.0, 110.4, 74.3, 61.5, 54.8, 46.5, 44.5, 25.8, 13.6, -0.3 ppm; ESI
HRMS: calcd. For C3oH30N30sCISi+Na 646.1388, found 646.1391.



4d was obtained as a white solid in 86% vyield for two steps after flash
chromatography. The dr value was calculated to be 85:15 by *H NMR
analysis of the crude reaction mixture. m.p. 158-160°C; *H NMR (400
MHz, CDCls): & = 8.78 (s, 1H), 8.55 (s, 1H), 7.39-7.28 (m, 7H), 6.64 (d,
J=8.4Hz, 1H), 5.18 (s, 1H), 4.86 (s, 2H), 3.98 (dd, J = 16.4, 4.0 Hz, 1H),
3.86-3.75 (m, 2H), 3.32-3.18 (m, 2H), 0.73 (t, J = 7.2 Hz, 3H), -0.16 (s, 9H) ppm; 3C NMR (100
MHz, CDCls): 6 = 175.8, 170.6, 148.3, 146.7, 143.7, 143.6, 137.2, 135.2, 132.3, 131.7, 129.0, 128.2,

127.7, 126.8, 123.8, 119.0, 115.2, 110.8, 74.3, 61.5, 54.7, 46.5, 44.4, 25.8, 13.6, -0.3 ppm; ESI
HRMS: calcd. For C30H30N30sBrSi+Na 690.0883, found 690.0880.

4e was obtained as a white solid in 92% vyield for two steps after flash
chromatography. The dr value was calculated to be 82:18 by H NMR
analysis of the crude reaction mixture. m.p. 165-168 °C; *H NMR (400
MHz, CDCls): & = 8.77 (s, 1H), 8.55 (s, 1H), 7.34-7.28 (m, 5H), 7.04 (dd,

J =80, 2.8 Hz, 1H), 6.96 (td, J = 8.8, 2.4 Hz, 1H), 6.69 (g, J = 4.4 Hz,
1H), 5.17 (s, 1H), 4.87 (s, 2H), 3.98 (dd, J = 15.6, 3.2 Hz, 1H), 3.84-3.72 (m, 2H), 3.32-3.21 (m,
2H), 0.70 (t, J = 7.2 Hz, 3H), -0.16 (s, 9H) ppm; *C NMR (100 MHz, CDCl3): § = 176.10, 170.7,
159.2 (d, Jcr = 241.1 Hz), 148.4, 146.8, 143.8, 140.7, 137.2, 135.4, 131.1 (d, Jcr = 7.4 Hz), 129.0,
128.1, 127.8, 123.9, 118.9, 115.7 (d, Jcr = 23.2 Hz), 112.0 (d, Jcr = 24.3 Hz), 110.0 (d, Jcr = 7.6
Hz), 74.4, 61.4, 55.1, 46.5, 44.5, 25.8, 13.6, -0.3 ppm; ESI HRMS: calcd. For CsoH3oNsOsFSi +Na
630.1684, found 630.1688.

4f was obtained as a white solid in 85% yield for two steps after flash
chromatography. The dr value was calculated to be 80:20 by *H NMR
analysis of the crude reaction mixture. m.p. 185-188°C; *H NMR (400
MHz, CDCls): & = 8.89 (s, 1H), 8.44 (s, 1H), 8.10 (d, J = 8.8 Hz, 1H),

7.41-7.30 (m, 5H), 6.80 (d, J = 8.4 Hz, 1H), 6.69 (s, 1H), 5.42 (d, J =
15.6 Hz, 1H), 5.31 (s, 1H), 4.68 (d, J = 16.0 Hz, 1H), 3.99 (dd, J = 18.4, 7.6 Hz, 1H), 3.89 (t, J =
7.6 Hz, 1H), 3.82-3.72 (m, 2H), 3.61 (dd, J = 18.3, 7.6 Hz, 1H), 0.80 (t, J = 7.2 Hz, 3H), 0.17 (s, 9H)
ppm; C NMR (100 MHz, CDCls): & = 177.4, 169.1, 149.7, 148.3, 146.2, 142.7, 142.5, 136.0,
133.7, 128.6, 127.8, 127.1, 126.8, 125.6, 124.2, 119.2, 118.9, 108.3, 73.9, 61.3, 54.5, 44.4, 44.3,
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25.2,13.2, -0.2 ppm; ESI HRMS: calcd. For C3oH30N4O10Si +Na 657.1629, found 657.1633.

4g was obtained as a white solid in 85% yield for two steps after flash
chromatography. The dr value was calculated to be 88:12 by *H NMR
analysis of the crude reaction mixture. m.p. 168-170°C; 'H NMR (400
MHz, CDCls): & = 8.77 (s, 1H), 8.54 (s, 1H), 7.3-7.29 (m, 5H), 7.16 (d, J

= 8.0 Hz, 1H), 7.04 (dd, J = 8.0, 2.0 Hz, 1H), 6.77 (d, J = 1.6 Hz, 1H),
5.13 (s, 1H), 4.85 (s, 2H), 3.96 (dd, J = 16.0, 3.6 Hz, 1H), 3.74 (g, J = 7.2 Hz, 2H), 3.31-3.19 (m,
2H), 0.70 (t, J = 7.2 Hz, 3H), -0.16 (s, 9H) ppm; *C NMR (100 MHz, CDCla): & = 176.3, 170.6,
148.3, 146.7, 145.9, 143.8, 137.2, 135.4, 135.1, 129.0, 128.2, 127.9, 127.7, 124.4, 123.8, 122.4,
118.9, 109.9, 74.3, 61.4, 54.4, 46,5, 44.4, 257, 13.6, -0.3 ppm; ESI HRMS: calcd. For
CsoH30NsOsCISi+Na 646.1388, found 646.1384.

4h was obtained as a white solid in 81% vyield for two steps after flash
chromatography. The dr value was calculated to be 92:8 by *H NMR
analysis of the crude reaction mixture. m.p. 176-178 °C; *H NMR (400
MHz, CDCls): & = 8.77 (s, 1H), 8.53 (s, 1H), 7.35-7.28 (m, 5H), 7.20 (dd,
J=8.0, 1.6 Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H), 6.92 (s, 1H), 5.13 (s, 1H),
4.85 (s, 2H), 3.95 (dd, J = 16.0, 3.6 Hz, 1H), 3.74 (q, J = 7.2 Hz, 2H), 3.31-3.19 (m, 2H), 0.71 (t, J
= 7.2 Hz, 3H), -0.16 (s, 9H) ppm; *C NMR (100 MHz, CDCls): § = 176.2, 170.6, 146.7, 146.0,

143.7,137.2, 135.1, 129.0, 128.5, 128.2, 127.7, 125.5, 124.7, 123.8, 123.1, 118.9, 112.6, 74.3, 61.4,
54.5,46.4,44.4, 25.7, 13.6, -0.3 ppm; ESI HRMS: calcd. For C3oH30N3OsBrSi+Na 690.0883, found
690.0886.

4i was obtained as a white solid in 84% vyield for two steps after flash
chromatography. The dr value was calculated to be 85:15 by ‘H NMR
analysis of the crude reaction mixture. m.p. 96-98°C; *H NMR (400 MHz,
CDCls): 6 =8.77 (s, 1H), 8.54 (s, 1H), 7.41-7.28 (m, 5H), 7.0-7.01 (m, 3H),

5.13 (s, 1H), 5.02 (dd, J = 23.2, 15.2 Hz, 2H), 3.95 (dd, J = 15.6, 3.2 Hz,
1H), 3.72-3.62 (m, 2H), 3.30-3.18 (m, 2H), 0.61 (t, J = 7.2 Hz, 3H), -0.19 (s, 9H) ppm; *C NMR
(100 MHz, CDCl3): & = 176.3, 170.6, 148.4, 147.6 (d, Jcr = 243.6 Hz), 146.8, 143.9, 137.3, 137.0,
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132.8 (d, Jcr = 3.5 Hz), 131.4 (d, Jcr = 8.5 Hz), 128.7, 128.2 (d, Jcr = 1.5 Hz), 128.0, 123.8, 123.6,
123.6, 119.4 (d, Jcr = 3.2 Hz), 118.9, 117.8 (d, Jcr = 19.5 Hz), 74.8, 61.3, 46.9, 45.9 (d, Jcr = 4.5
Hz), 25.8, 13.5, -0.3 ppm; ESI HRMS: calcd. For CaoHaoN3OsFSi +Na 630.1684, found 630.1682.

4j was obtained as a light yellow solid in 78% yield for two steps after
flash chromatography. The dr value was calculated to be 86:14 by ‘H
NMR analysis of the crude reaction mixture. m.p. 154-156 °C; *H NMR
(400 MHz, CDCls): & = 8.76 (s, 1H), 8.56 (s, 1H), 7.36-7.25 (m, 5H),
7.08 (s, 1H), 7.33 (d, J = 8.0 Hz, 1H), 6.65 (d, J = 7.9 Hz, 1H), 5.16 (s,
1H), 4.86 (dd, J = 23.6, 15.6 Hz, 2H), 3.96 (dd, J = 16.0, 4.0 Hz, 1H), 3.75-3.66 (m, 2H), 3.32-3.18

(m, 2H), 2.31 (s, 3H), 0.62 (t, J = 7.2 Hz, 3H), -0.20 (s, 9H) ppm; 3C NMR (100 MHz, CDCls): & =
176.4, 170.9, 148.4, 146.7, 144.4, 142.2, 137.5, 135.9, 132.5, 129.7, 129.7, 129.0, 128.0, 128.0,
124.4, 123.8, 118.8, 109.3, 74.6, 61.2, 54.8, 46.7, 44.4, 25.9, 21.3, 13.5, -0.3 ppm; ESI HRMS:
calcd. For Cs1H33sN3OsSi +Na 626.1935, found 626.1937.

4k was obtained as a white solid in 75% yield for two steps after flash
chromatography. The dr value was calculated to be 80:20 by 'H NMR
analysis of the crude reaction mixture. m.p. 185-187°C; *H NMR (400 MHz,
CDCls): = 8.81 (s, 1H), 8.59 (s, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.32-7.12 (m,

10H), 7.04-6.96 (m, 2H), 6.32 (d, J = 7.2 Hz, 1H), 5.17 (s, 1H), 5.03 (d, J =
15.2 Hz, 1H), 4.10-3.95 (m, 3H), 3.47 (dd, J = 16.8, 11.6 Hz, 1H), -0.27 (s, 9H) ppm; 3C NMR
(150 MHz, CDCls): § = 199.3, 177.1, 148.7, 146.9, 144.6, 144.4, 138.4, 137.0, 135.7, 133.4, 129.5,
129.2, 128.7, 128.6, 128.3, 128.2, 128.1, 125.1, 123.9, 123.3, 119.1, 109.3, 75.2, 55.3, 49.2, 44.7,
26.0, -0.2 ppm; ESI HRMS: calcd. For CasHaiN3O7Si +Na 644.1829, found 644.1825.

41 was obtained as a semisolid in 52% vyield for two steps after flash

chromatography. The dr value was calculated to be 88:12 by *H NMR analysis

Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.36-7.25 (m, 6H), 7.19 (t, J = 8.0 Hz, 1H),
7.13 (d, J = 7.6 Hz, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.74 (d, J = 7.6 Hz, 1H), 4.95
(d, J = 15.6 Hz, 1H), 4.79 (d, J = 15.6 Hz, 1H), 4.70 (s, 1H), 3.99-3.91 (m, 1H), 3.86-3.78 (m, 2H),
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3.71 (dd, J = 17.2, 12.0 Hz, 1H), 3.35 (dd, J = 16.8, 6.0 Hz, 1H), 0.86 (t, J = 7.2 Hz, 3H), -0.03 (s,
9H) ppm; *C NMR (100 MHz, CDCls): § = 174.9, 171.6, 145.9, 143.2, 142.5, 137.0, 135.4, 128.9,
128.8, 128.3, 128.2, 127.2, 127.0, 125.2, 123.9, 122.5, 121.5, 108.5, 72.2, 60.5, 52.4, 43.3, 41.9,
28.8, 13.2, -0.1 ppm; ESI HRMS: calcd. For CaoH32N206Si+Na 567.1927, found 567.1929.

4m was obtained as a semisolid in 58% yield for two steps after flash
chromatography. The dr value was calculated to be 85:15 by H NMR
analysis of the crude reaction mixture. *tH NMR (400 MHz, CDCls): § = 8.21
(d, J = 8.4, 1H), 8.14 (s, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.43-7.41 (m, 2H),
7.35-7.27 (m, 3H), 7.06 (t, J = 8.0 Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H), 6.61 (t, J = 7.6 Hz, 1H), 5.63
(d, J = 7.6 Hz, 1H), 5.25 (d, J = 4.8 Hz, 1H), 4.69 (d, J = 15.6 Hz, 1H), 3.88 (dd, J = 9.2, 5.6 Hz,
1H), 3.65-3.52 (M, 3H), 3.26 (dd, J = 17.2, 9.2 Hz, 1H), 0.52 (t, J = 7.2 Hz, 3H), 0.15 (s, 9H) ppm;
13C NMR (100 MHz, CDCls): § = 178.1, 170.1, 147.1, 144.5, 142.8, 140.5, 135.7, 128.6, 128.6,

128.3, 127.7, 127.6, 126.8, 124.1, 122.6, 122.0, 120.8, 108.7, 74.2, 60.9, 56.1, 44.9, 44.3, 28.1, 13.2,
0.2 ppm; ESI HRMS: calcd. For C3oH32N206Si+Na 567.1927, found 567.1931.



3. General procedure for the synthesis of isochroman-fused spirooxindole 7

o NO,
1) TEA
R4 o + —_—
N OHC No, 2)PCC Ry
PG
5 2a

The reaction was carried out with isatin 5 (0.3 mmol), 2-methyl-3,5-dinitro-benzaldehyde 2a

\
7 PG

(0.36 mmol) and TEA (0.06 mmol) in acetonitrile (4.0 mL) at room temperature for 1h. Then the
reaction mixture was concentrated and the residue was purified by flash chromatography on silica
gel to afford the hemiacetal 6.

Hemiacetal 6 were oxidized to the corresponding stable isochroman-fused spirooxindole 7. To a
solution of 6 in toluene (4 mL) was added PCC (107.8 mg, 0.5 mmol). The mixture was stirred for 1
h at 60 °C. The solid was removed by filtration through celite. The filtrate was evaporated under
reduced pressure and the residual was purified by column chromatography (petroleum ether/ethyl

acetate = 10:1) to give the isochroman-fused spirooxindole 7.

7a was obtained as a white solid in 79% vyield for two steps after flash
chromatography. m.p. 171-172°C; *H NMR (600 MHz, CDCls): & = 9.28 (s,
1H), 9.12 (s, 1H), 7.47 (d, J = 7.8 Hz, 1H), 7.38-7.27 (m, 4H), 7.23-7.17 (m,
3H), 6.82 (d, J = 7.8 Hz, 1H), 4.79 (dd, J = 33.6, 15.6 Hz, 2H), 4.02 (d, J =

19.2 Hz, 1H), 3.81 (d, J = 19.2 Hz, 1H) ppm; 3C NMR (100 MHz, CDCls): &
= 1724, 160.8, 147.9, 147.0, 142.5, 137.2, 134.3, 132.0, 129.8, 129.1, 128.7, 128.2, 127.2, 125.3,
124.7,124.3, 124.2, 110.5, 79.3, 44.2, 32.4 ppm; ESI HRMS: calcd. For C23H1sN3O7+Na 468.0808,
found 468.0803.

7b was obtained as a white solid in 81% vyield for two steps after flash
chromatography. m.p. 212-214°C; *H NMR (600 MHz, CDClz) § 9.31 (s, 1H),
9.16 (s, 1H), 7.35-7.29 (m, 4H), 7.25-7.20 (m, 3H), 6.77 (d, J = 7.8 Hz,
1H),4.82-4.70 (m, 3H), 3.73 (d, J = 19.2 Hz, 1H) ppm; 3C NMR (100 MHz,

CDCls): 6 = 172.2, 160.4, 147.9, 147.0, 144.4, 137.3, 133.8, 133.1, 129.5,
129.2, 128.8, 128.4, 128.3, 127.2, 124.4, 123.1, 120.6, 109.5, 80.1, 44.3, 29.4 ppm; ESI HRMS:
calcd. For C23H14N307Br+Na 545.9913, found 545.9916.
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7c was obtained as a white solid in 78% vyield for two steps after flash
chromatography. m.p. 160-162°C; *H NMR (600 MHz, CDCl3): § = 9.28
(s, 1H), 9.13 (s, 1H), 7.48 (s, 1H), 7.34-7.28 (m, 4H), 7.20 (d, J = 7.2 Hz,
2H), 6.74 (d, J = 8.4 Hz, 1H), 4.77 (dd, J = 46.2, 15.2 Hz, 2H), 4.00 (d, J =

18.6 Hz, 1H), 3.81 (d, J = 19.2 Hz, 1H) ppm; *C NMR (100 MHz, CDCls):
§=172.1, 160.3, 147.9, 147.1, 140.9, 136.7, 133.8, 131.9, 129.7, 129.6, 129.2, 128.8, 128.4, 127.2,
126.8, 125.3, 124.4, 111.6, 79.0, 44.3, 32.2 ppm; ESI HRMS: calcd. For CasH1aN3sO7Cl+Na
502.0418, found 502.0421.

7d was obtained as a white solid in 70% vyield for two steps after flash
chromatography. m.p. 162-163°C; *H NMR (400 MHz, CDClz): § = 9.29
(s, 1H), 9.15 (s, 1H), 7.63 (d, J = 1.6 Hz, 1H), 7.49 (dd, J = 8.4, 1.6 Hz,
1H), 7.37-7.29 (m, 3H), 7.24-7.13 (m, 2H), 6.69 (d, J = 8.4 Hz, 1H), 4.77
(dd, J = 35.2, 15.6 Hz, 2H), 4.00 (d, J = 18.8 Hz, 1H), 3.81 (d, J = 19.2 Hz,

1H) ppm; C NMR (150 MHz, CDCls): § = 172.0, 160.3, 147.8, 147.1, 141.4, 136.7, 134.7, 133.7,
129.6, 129.2, 128.8, 128.4, 128.0, 127.2, 127.1, 124.4, 116.8, 112.0, 78.9, 44.3, 32.2 ppm; ESI
HRMS: calcd. For C23H14N307Br+Na 545.9913, found 545.9911.

No,  7e was obtained as a white solid in 80% yield for two steps after flash
chromatography. m.p. 185-186°C; *H NMR (600 MHz, CDCl3) § = 9.30 (s,
1H), 9.15 (s, 1H), 7.35-7.27 (m, 3H), 7.23 (dd, J = 20.4, 7.2 Hz, 3H), 7.07 (¢,
J=8.4 Hz, 1H), 6.75 (dd, J = 9.0, 4.2 Hz, 1H), 4.78 (dd, J = 45.6, 15.6 Hz,
2H), 3.99 (d, J = 18.6 Hz, 1H), 3.82 (d, J = 18.6 Hz, 1H) ppm; *C NMR
(100 MHz, CDCls): & = 172.3, 160.4, 159.7 (d, Jcr = 253.5 Hz), 147.9, 147.2, 138.4, 136.8, 133.9,

NO,

129.7,129.2, 128.8, 128.4, 127.2, 126.7 (d, Jcr = 7.8 Hz), 124.4, 118.5 (d, Jcr = 23.3 Hz), 113.0 (d,
Jcr = 25.2 Hz), 111.5 (d, Jcr = 8.9 Hz), 79.2, 44.4, 32.3 ppm; ESI HRMS: calcd. For Cz3Hus-
N3O7F+Na 486.0713, found 486.0715.



7f was obtained as a white solid in 79% vyield for two steps after flash
chromatography. m.p. 183-185 °C. *H NMR (400 MHz, CDCls): & = 8.93
(s, 1H), 8.75 (s, 1H), 8.32 (d, J = 2.0 Hz, 1H), 8.28 (dd, J = 8.8, 3.0 Hz,
1H), 7.39-7.31 (m, 3H), 7.23-7.21 (m, 2H), 6.90 (d, J = 8.8 Hz, 1H), 4.90

(s, 2H), 3.73 (d, J = 18.8 Hz, 1H), 3.50 (d, J = 18.4 Hz, 1H) ppm; *C
NMR (100 MHz, CDCIs): 6 = 178.1, 160.5, 148.3, 147.1, 146.9, 144.7, 140.2, 133.3, 131.8, 129.5,
129.4,128.7, 127.6, 127.1, 127.0, 120.4, 120.4, 110.2, 92.0, 44.6, 33.0 ppm; ESI HRMS: calcd. For
C23H14N40Og¢+Na 513.0658, found 513.0662.

NOo; 79 was obtained as a white solid in 74% yield for two steps after flash
chromatography. m.p. 143-145°C; *H NMR (400 MHz, CDCls): § = 9.27
(s, 1H), 9.13 (s, 1H), 7.42-7.29 (m, 4H), 7.22-7.15 (m, 3H), 6.82 (d, J = 1.6
Hz, 1H), 4.76 (dd, J = 27.2, 15.6 Hz, 2H), 3.99 (d, J = 18.8 Hz, 1H), 3.79
(d, J = 19.2 Hz, 1H) ppm; C NMR (100 MHz, CDCls) & = 172.4, 160.5

NO,

147.9, 147.2, 143.7, 138.1, 136.8, 133.7, 129.7, 129.3, 128.8, 128.4, 127.2, 125.7, 124.4, 124.2,
123.6, 111.2, 78.8, 44.4, 32.2 ppm; ESI HRMS: calcd. For C23H14N3O7Cl+Na 502.0418, found
502.0415.

7h was obtained as a white solid in 70% yield for two steps after flash
chromatography. m.p. 192-194°C; *H NMR (400 MHz, CDCls): § = 9.26
(s, 1H), 9.12 (s, 1H), 7.37-7.28 (m, 5H), 7.22-7.20 (m, 2H), 6.97 (s, 1H),
4.75 (dd, J = 25.6, 15.6 Hz, 2H), 3.98 (d, J = 18.8 Hz, 1H), 3.79 (d, J =
18.8 Hz, 1H) ppm; *C NMR (100 MHz, CDCls): § = 172.3, 160.5, 147.9,

147.1, 143.8, 136.8, 133.7, 129.6, 129.2, 128.8, 128.4, 127.2, 127.2, 126.0, 125.9, 124.4, 124.2,
113.9, 78.9, 44.3, 32.1 ppm; ESI HRMS: calcd. For C23sH14aN3O7Br +Na 545.9913, found 545.9915.
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7i was obtained as a white solid in 80% vyield for two steps after flash
chromatography. m.p. 175-177°C; *H NMR (400 MHz, CDCls): & = 9.27 (s,
1H), 9.13 (s, 1H), 7.33-7.14 (m, 8H), 4.92 (dd, J = 33.2, 15.6 Hz, 2H), 3.97 (d,
J =18.8 Hz, 1H), 3.79 (d, J = 18.8 Hz, 1H) ppm; 3C NMR (100 MHz, CDCl5):

6 =172.3, 160.4, 147.9, 147.6 (d, Jcr = 245.6 Hz), 147.1, 136.7, 135.4, 129.7,
129.2 (d, Jor = 9.4 Hz), 128.9, 128.7, 128.2, 128.0 (d, Jcr = 3.1 Hz), 127.5 (d, Jcr = 1.5 Hz), 125.2,
125.2, 124.4, 120.6 (d, Jcr = 3.4 Hz), 120.2 (d, Jcr = 19.5 Hz), 79.1 (d, Jcr = 2.6 Hz), 45.9 (d, Jcr =
4.7 Hz), 32.4 ppm; ESI HRMS: calcd. For C23sH14N3O7F+Na 486.0713, found 486.0717.

No, 7] was obtained as a white solid in 65% yield for two steps after flash
chromatography. m.p. 181-183°C; *H NMR (400 MHz, CDCls): § = 9.28
N (s, 1H), 9.13 (s, 1H), 7.34-7.15 (m, 7H), 6.70 (d, J = 8.0 Hz, 1H), 4.76 (dd,
J=28.8, 15.6 Hz, 2H), 4.01 (d, J = 19.2 Hz, 1H), 3.79 (d, J = 19.2 Hz, 1H),

2.36 (s, 3H) ppm; *C NMR (150 MHz, CDCls): & = 169.5, 157.9, 145.0,
144.1, 137.1, 134.4, 1315, 131.2, 129.3, 127.0, 126.1, 125.8, 125.2, 124.3, 122.5, 122.4, 121.4,
109.6, 107.4, 76.6, 41.3, 29.5, 18.2 ppm; ESI HRMS: calcd. For C2sH17N307+Na 482.0964, found
482.0965.

7k was obtained as a white solid in 72% vyield for two steps after flash
chromatography. m.p. 180-182°C; *H NMR (400 MHz, CDCls): & = 9.28 (s,
1H), 9.13 (s, 1H), 7.50 (t, J = 8.0 Hz, 2H), 7.23 (t, J = 7.6 Hz, 1H), 6.94 (d, J =
8.0 Hz, 1H), 3.99 (d, J = 18.8 Hz, 1H), 3.75 (d, J = 18.8 Hz, 1H), 3.15 (5, 3H);

13C NMR (100 MHz, CDCls): § = 172.3, 160.8, 147.9, 147.1, 143.3, 137.2,
132.1, 129.9, 128.7, 125.3, 124.6, 124.2, 124.2, 109.4, 79.3 , 32.3, 26.5 ppm; ESI HRMS: calcd.
For C17H11N3O7+Na 392.0495, found 392.0497.
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71 was obtained as a white solid in 78% vyield for two steps after flash
chromatography. m.p. 160-162°C; *H NMR (400 MHz, CDCls): & = 9.23 (s,
1H), 9.11 (s, 1H), 7.47 (dd, J = 15.2, 7.6 Hz, 2H), 7.21 (t, J = 7.6 Hz, 1H),
6.94 (d, J = 8.0 Hz, 1H), 5.82-5.73 (m, 1H), 5.27-5.23 (m, 2H), 4.22 (d, J = 5.2
Hz, 2H), 4.01 (d, J = 18.8 Hz, 1H), 3.76 (d, J = 18.8 Hz, 1H) ppm; *C NMR
(100 MHz, CDClIs): 6 =172.0, 160.7, 147.9, 147.1, 142.6, 137.2, 132.0, 130.1, 129.9, 128.7, 125.3,

124.7, 124.3, 124.1, 118.9, 110.3, 79.2, 42. 8, 32.4 ppm; ESI HRMS: calcd. For Ci19H13N3O7+Na
418.0651, found 418.0652.

4. Procedure for the synthesis of drug-like spirocyclic products 8-12

o NO,

1) TEA, MeCN
S + _—
Ph 2) TMSCI
o) O,N CHO
olefinic indenedione 2a 8, 78% yield, 84:16 dr NO,

The reaction was carried out with olefinic indenedione (70.3 mg, 0.3 mmol), 2-methyl-3,5-
dinitro-benzaldehyde 2a (75.7 mg, 0.36 mmol) and TEA (8.4 uL, 0.06 mmol) in acetonitrile (4.0
mL) at 0 °C for 4h. Then the reaction mixture was concentrated and the residue was purified by
flash chromatography on silica gel to afford the cycloaddition product. To a solution of the
intermediate in methylene chloride (4 mL) was added TMSCI (25.9 uL, 0.3 mmol) and imidazole
(40.8 mg, 0.6 mmol). The mixture was stirred at 0 °C for 30 min. The reaction was quenched with
aqueous NaHCOs, extracted with CH2Cl.. The organic layer was dried over Na:SOs and
concentrated. The residue was purified by chromategraphy on silica gel (petroleum ether/ethyl
acetate = 15:1) to give the tetrahydronaphthalene-fused spirocyclic indenedione 8 in 78% vyield. The
dr value was calculated to be 84:16 by H NMR analysis of the crude reaction mixture. m.p.
174-176°C; 'H NMR (400 MHz, CDCls): & = 8.88 (s, 1H), 8.68 (s, 1H), 7.99 (d, J = 7.6 Hz, 1H),
7.88-7.78 (m, 3H), 7.18 (br s, 5H), 5.58 (s, 1H), 4.13 (dd, J = 19.2, 12.0 Hz, 1H), 3.86 (dd, J = 12.4,
6.0 Hz, 1H), 3.70 (dd, J = 19.2, 5.6 Hz, 1H), 0.12 (s, 9H) ppm; C NMR (100 MHz, CDCls): 5 =
201.5, 200.4, 148.4, 146.2, 143.7, 143.3, 143.0, 138.1, 137.1, 135.9, 135.5, 128.7, 128.3, 128.0,
125.0, 122.8, 122.7, 118.9, 74.4, 61.2, 44.1, 31.2, -0.1 ppm; ESI HRMS: calcd. For Cz7H24N207-
Si+Na 539.1250, found 539.1252.
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Ph

NO,

NO,
N= 1) TEA, MeCN N
o= e
PH Ph 2) TMSCI PH
O,N CHO

olefinic pyrazolone 2a 9, 75% yield, 80:20 dr

O OTMS
NO,

The reaction was carried out with olefinic pyrazolone (78.7 mg, 0.3 mmol), 2-methyl-3,5-dinitro-
benzaldehyde 2a (75.7 mg, 0.36 mmol) and TEA (8.4 uL, 0.06 mmol) in acetonitrile (4.0 mL) at O
°C for 4h. Then the reaction mixture was concentrated and the residue was purified by flash
chromatography on silica gel to afford the cycloaddition product. To a solution of the intermediate
in methylene chloride (4 mL) was added TMSCI (25.9 uL, 0.3 mmol) and imidazole (40.8 mg, 0.6
mmol). The mixture was stirred at 0 °C for 30 min. The reaction was quenched with aqueous
NaHCOsg, extracted with CH2Cl2. The organic layer was dried over Na2SO4 and concentrated. The
residue was purified by chromategraphy on silica gel (petroleum ether/ethyl acetate = 15:1) to give
the tetrahydronaphthalene-fused spirocyclic pyrazolone 9 in 75% yield. The dr value was calculated
to be 80:20 by *H NMR analysis of the crude reaction mixture. m.p. 232-234°C; 'H NMR (400
MHz, CDCls): § = 8.74 (s, 1H), 8.59 (s, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.36 (m, J = 7.8 Hz, 2H),
7.27 (d, J = 3.2 Hz, 3H), 7.20 (d, J = 6.8 Hz, 3H), 5.30 (s, 1H), 4.09 (dd, J = 20.4, 13.6 Hz, 1H),
3.53-3.41 (m, 2H), 2.11 (s, 3H), 0.28 (s, 9H) ppm; *C NMR (100 MHz, CDCls): § = 170.9, 158.2,
147.8, 146.0, 141.3, 137.8, 137.4, 137.1, 129.0, 128.5, 128.2, 126.6, 125.6, 125.1, 118.8, 118.7,
73.1, 61.0, 43.1, 30.4, 14.0, 0.3 ppm; ESI HRMS: calcd. For C2sH2sN4OsSi+Na 567.1676, found
567.1673.

NO,

o NO, o
OH 1) TEA, MeCN O NO,
+ B ————
OH 2) BF3, Et;SiH O’
O,N CHO 0
[e) 2
0]
ninhydrin 2a 10, 71% yield

The reaction was carried out with ninhydrin (53.4 mg, 0.3 mmol), 2-methyl-3,5-dinitro-
benzaldehyde 2a (75.7 mg, 0.36 mmol) and TEA ((8.4 uL, 0.06 mmol) in acetonitrile (4.0 mL) at
room temperature for 1h. Then the reaction mixture was concentrated and the residue was purified
by flash chromatography on silica gel to afford the hemiacetal. To a solution of hemiacetal and
triethyl silane (47.9 L, 0.3 mmol) in DCM (5 mL) was added BF3 £t:0 (44.4 pL, 0.36 mmol). The

mixture was stirred at 0 °C for 2 h. The reaction was quenched with aqueous NaHCOs3, extracted
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with CH2Cl2. The organic layer was dried over Na2SO4and concentrated. The residue was purified
by flash chromatography on silica gel (petroleum ether/ethyl acetate = 20:1). The isochroman-fused
spirocyclic indenedione 10 was obtained in 71% yield after flash chromatography. m.p. 194-196 °C;
IH NMR (400 MHz, CDCls): & = 8.82 (s, 1H), 8.27 (s, 1H), 8.05 (dd, J = 5.6, 3.2 Hz, 2H), 7.97 (dd,
J=5.6,3.2 Hz, 2H), 5.32 (s, 2H), 3.48 (s, 2H) ppm; *C NMR (100 MHz, CDCls): & = 196.2, 148.7,
146.0, 140.2, 138.9, 137.2, 132.9, 124.5, 124.3, 123.8, 123.4, 118.9, 65.4, 27.4 ppm; ESI HRMS:
calcd. For Ca7H10N207+Na 377.0386, found 377.0388.

O NO, (0] o NO,
OH 1) TEA, MeCN
HN OH + > HN
Ziﬁ /@( 2) BF3, Et3SiH Z@/
o N o O,N CHO O N o NO,

alloxan 2a 11, 60% yield

The reaction was carried out with alloxan (48.0 mg, 0.3 mmol), 2-methyl-3,5-dinitro-
benzaldehyde 2a (75.7 mg, 0.36 mmol) and TEA (8.4 uL, 0.06 mmol) in acetonitrile (4.0 mL) at
room temperature for 1h. Then the reaction mixture was concentrated and the residue was purified
by flash chromatography on silica gel to afford the hemiacetal. To a solution of hemiacetal and
triethyl silane (47.9 uL, 0.3 mmol) in DCM (5 mL) was added BF3 £t20 (44.4 uL, 0.36 mmol). The
mixture was stirred at 0 °C for 2 h. The reaction was quenched with aqueous NaHCOs, extracted
with CH2Cl2. The organic layer was dried over Na2SO4and concentrated. The residue was purified
by flash chromatography on silica gel (petroleum ether/ethyl acetate = 20:1). The isochroman-fused
spirocyclic pyrimidinetrione 11 was obtained in 60% yield after flash chromatography. m.p.
226-228°C; 'H NMR (400 MHz, CDCl3): & = 8.83 (s, 1H), 8.72 (s, 1H), 8.64 (s, 1H), 8.29 (s, 1H),
5.17 (d, J = 15.6 Hz, 1H), 5.00 (dd, J = 11.2, 2.8 Hz, 1H), 3.49 (d, J = 18.0 Hz, 1H), 3.26 (dd, J =
18.4, 10.8 Hz, 1H) ppm; 3C NMR (100 MHz, DMSO): & = 150.4, 148.2, 145.7, 145.2, 144.0, 138.9,
135.4, 135.1, 123.7, 70.9, 67.5, 31.6 ppm; ESI HRMS: calcd. For C12HsN4Os+Na 359.0240, found
359.0244.

o o) NO,

. 1) TEA, MeCN
+ -
2) BF3, Et3SiH
O,N CHO
acenaphthenequinone 2a 12, 74% yield

The reaction was carried out with acenaphthenequinone (54.7 mg, 0.3 mmol), 2-methyl-3,5-
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dinitro-benzaldehyde 2a (75.7 mg, 0.36 mmol) and TEA (8.4 uL, 0.06 mmol) in acetonitrile (4.0
mL) at room temperature for 1h. Then the reaction mixture was concentrated and the residue was
purified by flash chromatography on silica gel to afford the hemiacetal. To a solution of hemiacetal
and triethyl silane (47.9 uL, 0.3 mmol) in DCM (5 mL) was added BF3 E£t20 (44.4 uL, 0.36 mmol).
The mixture was stirred at 0 °C for 2 h. The reaction was quenched with aqueous NaHCOs,
extracted with CH2Cl2. The organic layer was dried over Na2SO4 and concentrated. The residue was
purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 20:1). The
isochroman-fused spirocyclic acenaphthylenone 12 was obtained in 74% vyield after flash
chromatography. m.p. 224-226 °C; *H NMR (600 MHz, CDCls): & = 8.83 (s, 1H), 8.31 (s, 1H), 8.19
(d, J = 8.4 Hz, 1H), 7.99 (t, J = 7.8 Hz, 2H), 7.80 (t, J = 7.8 Hz, 1H), 7.67 (t, J = 7.8 Hz, 1H), 7.44
(d, J = 7.2 Hz, 1H), 5.49 (d, J = 16.8 Hz, 1H), 5.25 (d, J = 16.2 Hz, 1H), 3.67 (d, J = 19.2 Hz, 1H),
3.60 (d, J = 18.6 Hz, 1H) ppm; *C NMR (100 MHz, CDCls): & = 200.2, 149.0, 146.0, 141.8, 139.5,
137.6, 134.3, 132.5, 130.9, 130.4, 128.8, 128.7, 126.5, 123.3, 122.9, 120.8, 118.7, 64.9, 31.1 ppm,;
ESI HRMS: calcd. For C20H12N20s+Na 399.0593, found 399.0595.
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5. Crystal data of 4a

70

™ PLATON-Jul 18 07:22:10 2015 - (100912)

21 1 Pbca R =10.05 RES 0 -32 X
Empirical formula C30H31N30sSi
Formula weight 589.67
Temperature/K 150(2)

Crystal system orthorhombic

Space group Pbca

alA 12.4185(4)

b/A 19.1948(7)

c/A 24.2024(9)

o/° 90

pB/° 90

v/° 90

Volume/A3 5769.1(4)

Z 8

pca|cg/cm3 1.358

w/mm?t 0.138

F(000) 2480.0

Crystal size/mm? 0.491 x0.148 %0.139
Radiation MoKa (A =0.71073)

20 range for data collection/°6.334 to 55.04

Index ranges -16<h<16,-24<k<24,-31<1<31
Reflections collected 85112

Independent reflections 6620 [Rint = 0.0933, Rsigma = 0.0446]
Data/restraints/parameters ~ 6620/0/383

Goodness-of-fit on F2 1.028

Final R indexes [[>=2c (I)] Ri1=0.0519, wR2=0.1343

Final R indexes [all data] R1=10.0902, wR2 = 0.1567

Largest diff. peak/hole / e A 0.53/-0.24
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6. NMR spectra
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7. The preliminary investigation on the asymmetric versions of these tandem reactions

Table S1. Screening the optimal bifunctional organocatalyst for the asymmetric synthesis of chiral
tetrahydronaphthalene-fused spirooxindoles?

CO,Et NO,
Cl Catalyst, TMSCI
O +
N NO, CH,Cly, 0°C
\ |
Bn
1c 2a
CF,4 CFy4
s
Qx . Q 1, Q yx i Q
/N\
Cat.a Cat. b O Cat.c
=
\/@ iy /% | |
S N Ph N N
N
N N ‘O NH PthH O\NH
HNAS l _N o:w/}r\m o NH o NH
/@\ o @—ca Qca o QC&
FsC CF,4 FaC FsC FaC
Cat. e Cat. f Cat.g Cat. h
Entry Catalyst Time (h) Yield (%)° dre eed
1 a 48 49 90:10 94
2 b 48 31 92:8 92
3 c 48 40 85:15 50
4 d 72 30 80:20 30
5 e 72 25 82:18 38
6 f 72 35 90:10 -46
7 g 48 43 88:12 -60
8 h 48 47 90:10 -85

@ Unless noted otherwise, reactions were performed with 1c (0.15 mmol), 2a (0.3 mmol), catalyst (10 mol%) and

4A MS (40 mg) in dichloromethane (0.5 mL) at 0 °C for the time shown in the Table.
Calculated based on 'HNMR analysis of the crude reaction mixture.
column (Chiralpak OD-H column, hexane/2-propanol =

90/10, 1.0 mL/mi

48

b Yield of isolated 4c. ©

d Determined by HPLC analysis on chiral

11.14 min, tminor = 17.12 min).

IN, tmajor =



Peak Analysis Report

No. Peak Name | Ret.Time (detected) Area Rel.Area | Height Amount
min mAU*min Y mAU
1 n.a. 11.14 886.597 50.28 1345.802 n.a.
2 n.a. 17.18 B876.726 49.72 633.108 n.a.
1 600 W-Isatin #70 [modified by Administrator] Ph-5-Cl-Ylidenelstain-OTMS TEA OD 10% UV VIS 2
! _mAU WVL:220 nm
] n
] ||
1 |
1,000 |
E |
] [
J \ i
1 i /N
| \
500 1 |I /1 En
{ / I\ 4c racemate
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Peak Analysis Report
No. Peak Name | Ret.Time (detected) Area Rel.Area | Height | Amount
min mAU*min Yo mAL
1 n.a. 11.14 1154.785] 97.22 1895.984 n.a.
2 n.a. 17.12 33.058 2.78 8.979 n.a.
1 800 W-Isatin #78 [modified by Administrator] Ph-5-Cl-Ylidenelstain-OTMS Uv_VIS_2
. mAU = WVL:220 nm
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Table S2. Screening the optimal bifunctional
isochroman-fused spirooxindoles

organocatalyst for the asymmetric synthesis of chiral

o NO,
Catalyst, PCC
(o] +
N\ | NO, CHxCly0°C
Bn o
5a 2a
CF3 CF,
FsC N)kN FiC NJ\N“‘" Ph%N)J\N
H H H H i H H
/N\ N /N\
O CF,
Cat.a Cat.b Cat.c

Cat. f Cat.g

Entry Catalyst Time (h) Yield (%)° ee’
1 a 72 30 -30
2 b 72 25 -40
3 C 72 33 24
4 d 48 40 -80
5 e 48 35 -55
6 f 48 a7 97
7 g 48 40 60
8 h 48 51 72

@ Unless noted otherwise, reactions were performed with 5a (0.15 mmol), 2a (0.3 mmol), catalyst (10 mol%) and
4A MS (40 mg) in dichloromethane (0.5 mL) at 0 °C for the time shown in the Table. ° Yield of isolated 4c. ©
Determined by HPLC analysis on chiral column (Chiralpak AD-H column, hexane/2-propanol = 80/20, 1.0
mL/min, tminor = 32.04 Min, tmajor = 40.88 min).
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Peak Analysis Report

No. Peak Name | Ret.Time (detected) Area Rﬁ\.Area He_ilqht Amount
min mAU*min % mAU
1 n.a. 3221 42812 50.39 23.848 n.a.
2 n.a. 41.27 42.149 49.61 20.526 n.a.
25 0 W-Isatin #80 [medified by Administrator] Ph-Oxid DCM TEA AD 20% Uv_VIS_2
T mAU WVL:220 nm
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Peak Analysis Report
No. Peak Name | Ret.Time (detected) Area Rel.Area | Height Amount
min mAU*min Yo mAU
1 n.a 32.04 1.874 1.62 2.093 n.a.
2 n.a. 40.88 113.996 98.38 54.787 n.a.
80.0 ‘W-Isatin #91 [modified by Administrator] Ph-Oxid DCM UV_VIS 2
~ mAU WWL:220 nm
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In the preliminary screening studies (Table S1 and S2), we examined a number of chiral
bifunctional tertiary amine-hydrogen-bond donor catalysts (Cat. a-h). This led to the identification
of thiourea-based bifunctional organocatalyst a as the optimal catalyst for the synthesis of chiral
tetrahydronaphthalene-fused spirooxindole with high stereoselectivity and in moderate yields (Table
S1, entry 1). Meanwhile, the squaramide-cinchona bifunctional catalyst f could provide chiral

isochroman-fused spirooxindole with high enantioselectivity (Table S2, entry 6).
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