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I. General experimental information

All reagents were purchased from commercial sources and were used without further purification.
Aryl/alkenyl enaminones (1)*?, diazo homophthalimides (2)** and [RhCp*Cl,], were prepared based on
literature procedures. Melting points were recorded with a micro melting point apparatus and uncorrected.
The *H NMR spectra were recorded at 400 MHz or 600 MHz. The **C NMR spectra were recorded at 100
MHz or 150 MHz. The **F NMR spectra were recorded at 376 MHz. Chemical shifts were expressed in
parts per million (6), and were reported as s (singlet), d (doublet), t (triplet), dd (doublet of doublets), m
(multiplet), etc. The coupling constants J were given in Hz. High resolution mass spectra (HRMS) were
obtained via ESI mode by using a MicrOTOF mass spectrometer. All reactions were monitored by thin layer
chromatography (TLC) using silica gel plates (silica gel 60 F254 0.25 mm), and components were visualized

by observation under UV light (254 and 365 nm).
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I1. Experimental procedures and spectroscopic data
1. Typical procedure for the synthesis of 3aa and spectroscopic data of 3aa-3ap

To a reaction tube equipped with a stir bar were added (E)-3-(dimethylamino)-1-phenylprop-2-en-1-one
(1a, 35.0 mg, 0.2 mmol), [RhCp*Cl;], (5.0 mg, 0.008 mmol), AgNTf, (31.1 mg, 0.08 mmol), 4-diazo-2-
methylisoquinoline-1,3(2H,4H)-dione (2a, 80.4 mg, 0.4 mmol) and DCE (2 mL). The tube was then sealed,
and the mixture was stirred at 60 <C (oil bath) under air for 12 h. Upon completion, it was cooled to room
temperature, filtered through a pad of celite and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography using petroleum ether/ethyl acetate (8:1) as eluent to afford

3aa. Other products 3ba-3ap were obtained in a similar manner.

O  3aa

2-Methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3aa)

Eluent: petroleum ether/ethyl acetate (8:1). White solid (49.1 mg, 81%), mp 215.1-216.6 °C. *H NMR (600
MHz, CDCl5): 6 8.38-8.36 (m, 1H), 8.27-8.26 (m, 1H), 7.54-7.51 (m, 2H), 7.48-7.43 (m, 2H), 6.93-6.91 (m,
1H), 6.86-6.85 (m, 1H), 6.83 (d, J = 9.6 Hz, 1H), 6.69 (d, J = 9.6 Hz, 1H), 3.43 (s, 3H). *C{*H} NMR (150
MHz, CDCls3): & 184.0, 169.8, 164.0, 145.2, 142.8, 138.7, 134.7, 133.4, 131.5, 129.7, 129.4, 128.9, 128.7,
128.3,127.9, 127.3, 124.4, 54.3, 28.0. HRMS (ESI) m/z: [M+Na]" Calcd for C19H13NNaO3 326.0788; Found

326.0786.

2,7'-Dimethyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ba)
Eluent: petroleum ether/ethyl acetate (9:1). Yellow solid (50.1 mg, 79%), mp 227.9-229.6 °C.*H NMR (400

MHz, CDCls): & 8.39-8.36 (m, 1H), 8.17 (d, J = 8.0 Hz, 1H), 7.53-7.51 (m, 2H), 7.28-7.26 (m, 1H),
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6.91-6.89 (M, 1H), 6.76 (d, J = 10.0 Hz, 1H), 6.65 (d, J = 10.0 Hz, 1H), 6.60 (s, 1H), 3.45 (s, 3H), 2.26 (s,
3H). Bc{*H} NMR (100 MHz, CDCls): & 183.9, 170.0, 164.0, 144.9, 144.5, 143.0, 138.9, 134.7, 129.9,
129.6, 129.4, 129.3, 128.8, 128.3, 128.1, 127.3, 124.3, 54.2, 28.0, 21.8. HRMS (ESI) m/z: [M+Na]* Calcd

for CyH15sNNaO3 340.0944; Found 340.0944.

7'-Ethyl-2-methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ca)

Eluent: petroleum ether/ethyl acetate (8:1). Yellow solid (50.3 mg, 76%), mp 185.4-187.2 °C. *H NMR (400
MHz, CDCls): § 8.39-8.36 (m, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.54-7.50 (m, 2H), 7.31 (d, J = 8.0 Hz, 1H),
6.91-6.89 (m, 1H), 6. 77 (d, J = 10.0 Hz, 1H), 6.65 (d, J = 10.0 Hz, 1H), 6.60 (s, 1H), 3.45 (s, 3H), 2.55 (q, J
= 7.6 Hz, 2H ), 1.10 (t, J = 7.6 Hz, 3H). *C{*H} NMR (100 MHz, CDCl5): & 183.9, 170.0, 164.1, 150.5,
144.9, 143.0, 139.0, 134.7, 129.7, 129.5, 129.4, 128.8, 128.5, 128.3, 127.4, 127.0, 124.4, 54.3, 28.9, 28.0,

14.9. HRMS (ESI) m/z: [M+Na]" Calcd for C;H;7NNaOs 354.1101; Found 354.1101.

7'-(tert-Butyl)-2-methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3da)

Eluent: petroleum ether/ethyl acetate (10:1). White solid (41.6 mg, 58%), mp 164.2-165.8 °C. *H NMR (400
MHz, CDCl3): & 8.39-8.37 (m, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.54-7.49 (m, 3H), 6.92-6.90 (m, 1H),
6.80-6.78 (M, 2H), 6.67 (d, J = 10.0 Hz, 1H), 3.45 (s, 3H), 1.15 (s, 9H). *C{*H} NMR (100 MHz, CDCly):
0 183.9, 170.1, 164.1, 157.3, 145.0, 142.5, 139.0, 134.6, 129.9, 129.4, 129.2, 128.8, 128.1, 127.1, 126.1,
124.4, 124.3, 54.5, 35.1, 30.9, 28.0. HRMS (ESI) m/z: [M+Na]* Calcd for C,3H,:NNaO3 382.1414; Found

382.1414.
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7'-Methoxy-2-methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4*(2H)-trione (3ea)

Eluent: petroleum ether/ethyl acetate (6:1). Yellow solid (48.0 mg, 72%), mp 182.8-184.6 °C. *H NMR (400
MHz, CDCl5): & 8.37-8.35 (m, 1H), 8.25 (d, J = 8.8 Hz, 1H), 7.53-7.51 (m, 2H), 6.99 (dd, J; = 8.8 Hz, J, =
2.4 Hz, 1H), 6.93-6.91 (m, 1H), 6.74 (d, J = 10.0 Hz, 1H), 6.63 (d, J = 10.0 Hz, 1H), 6.26 (d, J = 2.4 Hz,
1H), 3.72 (s, 3H), 3.44 (s, 3H). *C{*H} NMR (100 MHz, CDCls): & 183.2, 169.9, 164.0, 163.3, 144.9,
144.4, 138.9, 134.7, 129.8, 129.7, 129.4, 128.9, 128.2, 125.1, 124.3, 114.2, 113.2, 55.5, 54.3, 28.0. HRMS

(ESI) m/z: [M+Na]" Calcd for CooH1sNNaO4 356.0893; Found 356.0893.

2-Methyl-7'-phenyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3fa)

Eluent: petroleum ether/ethyl acetate (4:1). Yellow solid (54.6 mg, 72%), mp 196.2-197.5 °C. *H NMR (400
MHz, CDCls): & 8.40-8.37 (m, 1H), 8.34 (d, J = 8.4 Hz, 1H), 7.70 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 1H),
7.56-7.52 (m, 2H), 7.39-7.35 (m, 5H), 6.98-6.95 (m, 2H), 6.82 (d, J = 10.0 Hz, 1H), 6.70 (d, J = 10.0 Hz,
1H), 3.46 (s, 3H). ®*C{*H} NMR (100 MHz, CDCls): & 183.8, 169.9, 164.0, 146.3, 145.2, 143.4, 139.2,
138.8, 134.8, 130.4, 129.7, 129.5, 129.0, 128.9, 128.6, 128.3, 127.9, 127.6, 127.3, 126.4, 124.4, 54.5, 28.1.

HRMS (ESI) m/z: [M+Na]" Calcd for CsH;7NNaO3 402.1101; Found 402.1099.

7'-Fluoro-2-methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ga)
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Eluent: petroleum ether/ethyl acetate (8:1). Yellow solid (39.8 mg, 62%), mp 203.3-204.7 °C. *H NMR (600
MHz, CDCl5): & 8.39-8.38 (m, 1H), 8.31 (dd, J; = 8.4 Hz, J, = 5.4 Hz, 1H), 7.56-7.55 (m, 2H), 7.17 (td, J; =
8.4 Hz, J, = 2.4 Hz, 1H), 6.92-6.90 (m, 1H), 6.80 (d, J = 10.2 Hz, 1H), 6.67 (d, J = 10.2 Hz, 1H), 6.51 (dd,
J1=9.0 Hz, J, = 2.4 Hz, 1H), 3.44 (s, 3H). “C{*H} NMR (150 MHz, CDCl5): § 182.7, 169.3, 165.4 (d, Jc.r
= 254.9 Hz), 163.7, 145.4 (d, *Jcr = 8.7 Hz), 145.0, 138.1, 134.9, 130.4 (d, *Jc.r = 9.8 Hz), 129.7, 129.5,
129.2, 128.3 (d, “Jc.r = 3.3 Hz), 128.2, 124.3, 116.7 (d, “Jcr = 21.9 Hz), 114.6 (d, 2Jc.r = 23.0 Hz), 54.4 (d,
YJc.r = 2.1 Hz), 28.1. %F NMR (376 MHz, CDCls):  -103.07 - -103.13 (m). HRMS (ESI) m/z: [M+Na]"

Calcd for C1gH12FNNaO3; 344.0693; Found 344.0693.

7'-Chloro-2-methyl-1H,4'"H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ha)

Eluent: petroleum ether/ethyl acetate (6:1). Yellow soild (36.4 mg, 54%), mp 223.4-224.9 °C. *H NMR (400
MHz, CDCls): §8.40-8.38 (m, 1H), 8.22 (d, J = 8.4 Hz, 1H), 7.57-7.55 (m, 2H), 7.45 (dd, J; = 8.4 Hz, J, =
1.6 Hz, 1H), 6.90-6.88 (m, 1H), 6.80-6.76 (m, 2H), 6.66 (d, J = 10.0 Hz, 1H), 3.45 (s, 3H). *C{*H} NMR
(100 MHz, CDClg): 6 183.0, 169.3, 163.7, 145.1, 144.3, 139.9, 138.0, 134.9, 130.1, 129.7, 129.4, 129.2,
128.9, 128.2, 127.9, 124.4, 54.2, 28.2. HRMS (ESI) m/z: [M+Na]* Calcd for Cy9H:,CINNaO; 360.0398;

Found 360.0399.

7'-Bromo-2-methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ia)
Eluent: petroleum ether/ethyl acetate (8:1). Yellow soild (51.8 mg, 68%), mp 242.5-244.3 °C. *H NMR (400
MHz, CDCls): 6 8.40-8.38 (m, 1H), 8.14 (d, J = 8.4 Hz, 1H), 7.61 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 1H),

7.57-7.55 (m, 2H), 6.96 (d, J = 2.0 Hz, 1H), 6.90-6.88 (m, 1H), 6.76 (d, J = 10.0 Hz, 1H), 6.65 (d, J = 10.0
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Hz, 1H), 3.45 (s, 3H). *C{*H} NMR (100 MHz, CDCly): 5 183.1, 169.3, 163.7, 145.1, 144.4, 138.0, 134.9,
132.3, 130.9, 130.6, 129.7, 129.3, 129.2, 128.9, 128.6, 128.3, 124.4, 54.2, 28.2. HRMS (ESI) m/z: [M+Na]*

Calcd for C19gH12,BrNNaO3; 403.9893; Found 403.9893.

2-Methyl-7'-(trifluoromethyl)-1H,4'"H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ja)

Eluent: petroleum ether/ethyl acetate (9:1). Yellow solid (48.2 mg, 65%), mp 172.1-173.8 °C. *H NMR (400
MHz, CDCls): 68.42-8.40 (m, 2H), 7.74 (d, J = 8.4 Hz, 1H), 7.58-7.55 (m, 2H), 7.07 (s, 1H), 6.86-6.83 (m,
2H), 6.69 (d, J = 10.0 Hz, 1H), 3.45 (s, 3H). *C{*H} NMR (100 MHz, CDCl5): 5 182.8, 169.2, 163.6, 145.9,
143.3, 137.7, 135.0, 134.5 (q, 2Jc.r = 26.7 Hz), 129.9, 129.4, 129.2, 128.2, 128.1, 125.6 (g, 3Jc.r = 3.6 Hz),
125.1 (q, %Jcr = 3.6 Hz), 124.5, 123.1 (q, c.r = 271.6 Hz), 54.6, 28.2. *°F NMR (376 MHz, CDCly): &

-63.06 (s). HRMS (ESI) m/z: [M+Na]" Calcd for CyH12F3NNaO3 394.0661; Found 394.0661.

Methyl 2-methyl-1,3,4'-trioxo-2,3-dihydro-1H,4'"H-spiro[isoquinoline-4,1'-naphthalene]-7'-carboxylate
(3ka)

Eluent: petroleum ether/ethyl acetate (7:1). White solid (36.8 mg, 51%), mp 213.3-215.1 °C. *H NMR (400
MHz, CDCls): & 8.41-8.39 (m, 1H), 8.35 (d, J = 8.4 Hz, 1H), 8.12 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 1H),
7.55-7.52 (m, 2H), 7.49 (d, J = 1.6 Hz, 1H), 6.85-6.81 (m, 2H), 6.68 (d, J = 10.0 Hz, 1H), 3.85 (s, 3H), 3.45
(s, 3H). *C{*H} NMR (100 MHz, CDCls): § 183.3, 169.5, 165.5, 163.7, 145.9, 142.9, 138.1, 134.8, 134.7,
134.3, 129.7, 129.5, 129.4, 129.3, 129.2, 128.2, 127.5, 124.5, 54.6, 52.6, 28.2. HRMS (ESI) m/z: [M+Na]"

Calcd for Co1H15NNaOs 384.0842; Found 384.0837.
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2-Methyl-7'-nitro-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3la)

Eluent: petroleum ether/ethyl acetate (5:1). Brown solid (31.3 mg, 45%), mp 197.2-198.7 °C. *H NMR (400
MHz, CDCly): &8.48-8.42 (m, 2H), 8.31 (dd, J; = 8.4 Hz, J, = 2.0 Hz, 1H), 7.69 (d, J = 2.0 Hz, 1H),
7.62-7.55 (m, 2H), 6.89 (d, J = 10.0 Hz, 1H), 6.86-6.84 (m, 1H), 6.71 (d, J = 10.0 Hz, 1H), 3.46 (s, 3H).
13C{lH} NMR (100 MHz, CDCls): 6 182.2, 168.9, 163.3, 150.3, 146.3, 144.1, 137.2, 135.9, 135.0, 130.1,
129.6, 129.2, 129.0, 128.1, 124.6, 123.6, 123.5, 54.8, 28.3. HRMS (ESI) m/z: [M+Na]® Calcd for

C19H12N2NaOs 371.0638; Found 371.0637.

2-Methyl-1,3,4'-trioxo-2,3-dihydro-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-7'-carbonitrile (3ma)

Eluent: petroleum ether/ethyl acetate (5:1). White solid (38.7 mg, 59%), mp 237.6-239.2 °C. *H NMR (400
MHz, CDCls): & 8.44-8.41 (m, 1H), 8.38 (d, J = 8.4 Hz, 1H), 7.75 (dd, J; = 8.4 Hz, J, = 0.8 Hz, 1H),
7.60-7.57 (m, 2H), 7.14 (s, 1H), 6.87-6.85 (m, 2H), 6.72 (d, J = 10.0 Hz, 1H), 3.45 (s, 3H). *C{*H} NMR
(100 MHz, CDClg): 6 182.4, 168.8, 163.3, 145.7, 143.6, 137.3, 135.1, 134.5, 132.2, 131.8, 130.0, 129.6,
129.4, 128.1, 128.0, 124.5, 117.3, 116.8, 54.2, 28.3. HRMS (ESI) m/z: [M+Na]" Calcd for CH12N,NaOs

351.0740; Found 351.0740.

2,6'-Dimethyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3na)
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Eluent: petroleum ether/ethyl acetate (7:1). White solid (31.1 mg, 49%), mp 248.6-250.2 °C. *H NMR (400
MHz, CDCls): & 8.37-8.35 (m, 1H), 8.08 (s, 1H), 7.52-7.50 (m, 2H), 7.27-7.25 (m, 1H), 6.92-6.90 (m, 1H),
6.80 (d, J = 10.0 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.68 (d, J = 10.0 Hz, 1H), 3.43 (s, 3H), 2.40 (s, 3H).
13C{lH} NMR (100 MHz, CDCls): 6 184.2, 170.0, 164.0, 145.1, 140.1, 138.9, 138.8, 134.6, 134.4, 131.2,
129.9, 129.4, 128.8, 128.2, 127.7, 127.4, 124.4, 54.1, 28.0, 21.1. HRMS (ESI) m/z: [M+Na]" Calcd for

C20H15sNNaO3 340.0944; Found 340.0945.

3oa

8'-Methoxy-2-methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (30a)

Eluent: petroleum ether/ethyl acetate (5:1). White solid (30.6 mg, 46%), mp 204.6-206.3 °C. *H NMR (400
MHz, CDCl): & 8.31 (dd, J; = 7.6 Hz, J, = 2.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 8.0 Hz, 1H),
7.46-7.39 (m, 2H), 7.03 (d, J = 8.0 Hz, 1H), 6.76-6.72 (m, 1H), 6.69 (d, J = 10.0 Hz, 1H), 6.52 (d, J = 10.0
Hz, 1H), 3.48 (s, 3H), 3.47 (s, 3H). *C{*H} NMR (100 MHz, CDCls): & 184.1, 170.8, 164.4, 155.4, 145.6,
138.4, 134.0, 133.0, 132.3, 129.7, 129.1, 128.1, 127.8, 126.4, 124.8, 119.1, 116.0, 56.0, 52.3, 27.7. HRMS

(ESI) m/z: [M+Na]* Calcd for CooH1sNNaO4 356.0893; Found 356.0894.

[0}

oo

© 3pa
8'-Fluoro-2-methyl-1H,4'"H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3pa)
Eluent: petroleum ether/ethyl acetate (7:1). Yellow solid (27.0 mg, 42%), mp 221.3-222.7 °C. *H NMR (600
MHz, CDCls): & 8.35-8.34 (m, 1H), 8.13 (d, J = 7.8 Hz, 1H), 7.55 (td, J; = 8.4 Hz, J, = 5.4 Hz, 1H),
7.52-7.47 (m, 2H), 7.23 (t, J = 9.0 Hz, 1H), 6.80-6.78 (m, 1H), 6.72 (d, J = 10.2 Hz, 1H), 6.55 (d, J = 10.2
Hz, 1H), 3.48 (s, 3H). *C{*H} NMR (150 MHz, CDCls): & 182.7 (d, *Jc+ = 3.3 Hz), 169.7, 163.8, 159.0 (d,

Ycr = 249.3 Hz), 145.2, 137.2, 134.4, 133.4 (d, *Jce = 2.3 Hz), 130.6 (d, “Jc.r = 13.1 Hz), 130.3 (d, 3Jc.r =
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8.9 Hz), 129.7, 128.8, 128.0, 126.8, 124.4, 122.8 (d, “Jor = 3.3 Hz), 120.4 (d, 2Jo.r = 20.7 Hz), 51.7, 28.0.
F NMR (376 MHz, CDCls): & -112.90 (dd, J; = 9.8 Hz, J,= 5.6 Hz). HRMS (ESI) m/z: [M+Na]" Calcd for

C19H12 FNNaO3 344.0693; Found 344.0693.

6',7'-Dimethoxy-2-methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ga)

Eluent: petroleum ether/ethyl acetate (6:1). White solid (37.1 mg, 51%), mp 231.6-233.5 °C. *H NMR (600
MHz, CDCly): 6 8.37-8.36 (m, 1H), 7.72 (s, 1H), 7.54-7.52 (m, 2H), 6.90-6.89 (m, 1H), 6.74 (d, J = 9.6 Hz,
1H), 6.61 (d, J = 9.6 Hz, 1H), 6.15 (s, 1H), 3.98 (s, 3H), 3.68 (s, 3H), 3.46 (s, 3H). *C{*H} NMR (150 MHz,
CDCl3): 6 183.3, 170.1, 164.0, 153.6, 149.6, 144.8, 138.9, 137.0, 134.8, 129.5, 129.2, 128.9, 128.1, 125.7,
124.4, 109.1, 108.0, 56.2, 56.1, 54.4, 28.1. HRMS (ESI) m/z: [M+Na]" Calcd for C»;H;17NNaOs 386.0999;

Found 386.0996.

(0]

MeO O‘
MeO™ 0O O
_N

0 3qga’

7',8'-Dimethoxy-2-methyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ga")

Eluent: petroleum ether/ethyl acetate (6:1). White solid (13.1 mg, 18%), mp 231.6-233.5 °C. *H NMR (400
MHz, CDCls): & 8.35-8.33 (m, 1H), 8.08 (d, J = 8.8 Hz, 1H), 7.45-7.43 (m, 2H), 7.11 (d, J = 8.8 Hz, 1H),
6.79-6.77 (m, 1H), 6.64 (d, J = 10.0 Hz, 1H), 6.47 (d, J = 10.0 Hz, 1H), 3.88 (s, 3H), 3.49 (s, 3H), 3.18 (s,
3H). B®C{*H} NMR (100 MHz, CDCls): 5183.4, 170.7, 164.3, 156.6, 150.0, 144.2, 139.1, 137.4, 134.0,
129.3, 128.3, 127.9, 126.9, 125.5, 124.6, 123.6, 112.9, 59.4, 55.8, 52.5, 27.8. HRMS (ESI) m/z: [M+Na]*

Calcd for Co1H17NNaOs 386.0999; Found 386.0996.
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0 3ra
2-Methyl-1H,6'H-spiro[isoquinoline-4,9'-naphtho[1,2-d][1,3]dioxole]-1,3,6"(2H)-trione (3ra)

Eluent: petroleum ether/ethyl acetate (6:1). Yellow solid (36.1 mg, 52%), mp 214.3-215.9 °C. *H NMR (400
MHz, CDCls): § 8.32-8.30 (m, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.52-7.47 (m, 2H), 6.97 (d, J = 8.4 Hz, 1H),
6.94-6.91 (m, 1H), 6.65 (d, J = 10.0 Hz, 1H), 6.54 (d, J = 10.0 Hz, 1H), 5.88 (d, J = 1.2 Hz, 1H), 5.72 (d, J =
1.2 Hz, 1H), 3.46 (s, 3H). *C{*H} NMR (100 MHz, CDCls): 5 182.4, 169.7, 164.1, 151.8, 144.0, 143.9,
137.0, 134.3, 129.2, 129.0, 128.7, 127.4, 125.7, 124.7, 124.3, 123.2, 109.4, 102.6, 51.4, 27.9. HRMS (ESI)

m/z: [M+Na]" Calcd for C»0H13NNaOs 370.0686; Found 370.0685.

2'-Methyl-1'"H,4H-spiro[anthracene-1,4'-isoquinoline]-1',3",4(2'"H)-trione (3sa)

Eluent: petroleum ether/ethyl acetate (6:1). Yellow solid (53.0 mg, 75%), mp 239.6-241.1 °C. *H NMR (600
MHz, CDCls): & 8.50 (s, 1H), 8.43-8.41 (m, 1H), 8.02-8.01 (m, 1H), 7.65-7.64 (m, 1H), 7.55-7.51 (m, 4H),
7.26 (s, 1H), 6.99-6.97 (m, 1H), 6.87 (d, J = 10.2 Hz, 1H), 6.79 (d, J = 10.2 Hz, 1H), 3.44 (s, 3H). *C{*H}
NMR (150 MHz, CDCl3): 6 184.3, 170.3, 164.1, 145.2, 139.8, 138.5, 135.1, 134.8, 132.3, 130.3, 129.8,
129.4,129.1, 129.0, 128.9, 128.6, 128.5, 127.7, 127.6, 127.4, 124.4, 54.0, 28.1. HRMS (ESI) m/z: [M+Na]”

Calcd for Co3H15NNaO3 376.0944; Found 376.0944.

2'-Methyl-1'"H,7H-spiro[benzo[b]thiophene-4,4'-isoquinoline]-1",3",7(2'"H)-trione (3ta)
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Eluent: petroleum ether/ethyl acetate (5:1). Brown solid (26.0 mg, 42%), mp 202.8-204.6 °C. *H NMR (400
MHz, CDCly): 6 8.37-8.34 (m, 1H), 7.63 (d, J = 5.2 Hz, 1H), 7.54-7.52 (m, 2H), 6.93-6.91 (m, 1H), 6.83 (d,
J = 9.6 Hz, 1H), 6.65-6.63 (M, 2H), 3.44 (s, 3H). *C{*H} NMR (100 MHz, CDCl5): 5 179.1, 168.6, 163.9,
148.5, 145.1, 137.5, 136.6, 134.7, 134.2, 129.8, 129.2, 127.3, 126.2, 124.2, 54.4, 28.1. HRMS (ESI) m/z:

[M+Na]* Calcd for C17H;1NNaOsS 332.0352; Found 332.0350.

O  3ua

2-Methyl-5",6",7",8'-tetrahydro-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ua)

Eluent: petroleum ether/ethyl acetate (4:1). White solid (29.5 mg, 48%), mp 183.2-184.6 °C. *H NMR (400
MHz, CDCls): 6 8.32 (d, J = 7.2 Hz, 1H), 7.61 (t, J = 7.2 Hz, 1H), 7.53 (t, J = 7.2 Hz, 1H), 7.08 (d, J = 8.0
Hz, 1H), 6.62 (d, J = 9.6 Hz, 1H), 6.42 (d, J = 9.6 Hz, 1H), 3.44 (s, 3H), 2.50 (br, 2H), 1.94-1.87 (m, 1H),
1.77-1.67 (m, 2H), 1.65-1.60 (m, 2H), 1.54-1.45 (m, 1H). *C{*H} NMR (100 MHz, CDCl,): & 185.4, 169.3,
163.8, 151.3, 145.1, 136.4, 136.1, 134.8, 129.7, 129.0, 128.7, 126.6, 124.9, 56.7, 27.8, 27.5, 22.3, 21.7, 21.5.

HRMS (ESI) m/z: [M+Na]* Calcd for C19H;7NNaO; 330.1101; Found 330.1101.

2-Ethyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ab)

Eluent: petroleum ether/ethyl acetate (8:1). White solid (49.5 mg, 78%), mp 163.3-164.5 °C. *H NMR (400
MHz, CDCls): & 8.38-8.36 (m, 1H), 8.30-8.26 (m, 1H), 7.54-7.49 (m, 2H), 7.48-7.43 (m, 2H), 6.92-6.90 (m,
1H), 6.86-6.82 (m, 2H), 6.71 (d, J = 10.0 Hz, 1H), 4.10 (g, J = 7.2 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H). “C{*H}
NMR (100 MHz, CDCl3): ¢ 184.0, 169.3, 163.5, 145.2, 142.8, 138.7, 134.6, 133.4, 131.4, 129.8, 129.5,
128.8, 128.6, 128.2, 127.7, 127.4, 124.6, 54.2, 36.5, 13.1. HRMS (ESI) m/z: [M+Na]* Calcd for

CooHi5sNNaO3 340.0944; Found 340.0944.
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2-Propyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ac)

Eluent: petroleum ether/ethyl acetate (6:1). Yellow solid (48.3 mg, 73%), mp 128.1-129.8 °C. *H NMR (600
MHz, CDCl5): 6 8.37-8.36 (m, 1H), 8.28-8.27 (m, 1H), 7.52-7.51 (m, 2H), 7.48-7.43 (m, 2H), 6.91-6.90 (m,
1H), 6.85-6.82 (m, 2H), 6.70 (d, J = 9.6 Hz, 1H), 4.00 (t, J = 7.2 Hz, 2H), 1.68-1.61 (m, 2H), 0.93 (t, J = 7.2
Hz, 3H). 13'C{lH} NMR (150 MHz, CDCls): & 184.0, 169.5, 163.7, 145.2, 142.9, 138.7, 134.6, 133.4, 131.5,
129.8, 129.5, 128.8, 128.6, 128.2, 127.7, 127.3, 124.6, 54.3, 42.8, 21.2, 11.3. HRMS (ESI) m/z: [M+Na]"

Calcd for C,1H17NNaO3 354.1101; Found 354.1101.

2-1sopropyl-1H,4"H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ad)

Eluent: petroleum ether/ethyl acetate (6:1). White solid (51.0 mg, 77%), mp 201.6-203.1 °C. *H NMR (400
MHz, CDCls): & 8.36-8.34 (m, 1H), 8.28-8.26 (m, 1H), 7.52-7.44 (m, 4H), 6.90-6.88 (m, 2H), 6.85 (d, J =
10.4 Hz, 1H), 6.71 (d, J = 10.0 Hz, 1H), 5.24-5.17 (m, 1H), 1.48 (d, J = 6.8 Hz, 3H), 1.42 (d, J = 6.8 Hz,
3H). 13C{lH} NMR (100 MHz, CDCls): 6 184.0, 169.8, 164.0, 145.4, 142.7, 138.6, 134.4, 133.3, 131.4,
129.8, 129.6, 128.8, 128.6, 127.9, 127.6, 127.4, 125.1, 54.8, 46.6, 19.7, 19.3. HRMS (ESI) m/z: [M+Na]"
Calcd for Co1H17NNaO3 354.1101; Found 354.1101.

0
L
N
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o 3ae

2-Benzyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ae)
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Eluent: petroleum ether/ethyl acetate (6:1). White solid (56.9 mg, 75%), mp 176.3-177.6 °C. *H NMR (400
MHz, CDCly): § 8.37-8.35 (m, 1H), 8.27-8.25 (m, 1H), 7.52-7.35 (m, 6H), 7.29-7.22 (m, 3H), 6.92 -6.89 (m,
1H), 6.81-6.75 (m, 2H), 6.69 (d, J = 10.0 Hz, 1H), 5.25 (d, J = 14.0 Hz, 1H), 5.17 (d, J = 13.6 Hz, 1H).
13C{lH} NMR (100 MHz, CDCls): 6 183.9, 169.7, 163.6, 145.0, 142.6, 138.7, 136.5, 134.7, 133.3, 131.4,
129.9, 129.6, 129.0, 128.9, 128.7, 128.6, 128.2, 127.8, 127.7, 127.4, 1245, 54.3, 44.4. HRMS (ESI) m/z:
[M+Na]* Calcd for CosH;7NNaO3 402.1101; Found 402.1097.
o
9@
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O 3af

2-(4-Methoxybenzyl)-1H,4"H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3af)
Eluent: petroleum ether/ethyl acetate (6:1). White solid (55.6 mg, 68%), mp 186.4-187.9 °C. *H NMR (400
MHz, CDCly): § 8.37-8.33 (m, 1H), 8.26 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 1H), 7.52-7.43 (m, 3H), 7.39-7.34 (m,
3H), 6.91-6.87 (m, 1H), 6.81-6.73 (m, 4H), 6.69 (d, J = 10.0 Hz, 1H), 5.19 (d, J = 13.6 Hz, 1H), 5.10 (d, J =
13.2 Hz, 1H), 3.76 (s, 3H). *C{*H} NMR (100 MHz, CDCl5): 5 183.9, 169.7, 163.6, 159.2, 145.1, 142.7,
138.6, 134.7, 133.3, 131.4, 130.7, 129.9, 129.6, 128.8, 128.7, 128.6, 128.2, 127.8, 127.3, 124.6, 113.8, 55.2,
54.3, 43.9. HRMS (ESI) m/z: [M+Na]" Calcd for CosH1oNNaO4 432.1206; Found 432.1206.
0
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2-(2,4-Dimethoxybenzyl)-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ag)

Eluent: petroleum ether/ethyl acetate (5:1). White solid (63.2 mg, 72%), mp 195.3-196.9 °C. *H NMR (400
MHz, CDCls): § 8.36-8.32 (m, 1H), 8.25 (dd, J; = 7.6 Hz, J, = 1.6 Hz, 1H), 7.51-7.38 (m, 4H), 7.15-7.13 (m,
1H), 6.90-6.82 (m, 3H), 6.67 (d, J = 10.0 Hz, 1H), 6.41-6.38 (m, 2H), 5.18 (s, 2H), 3.76 (s, 3H), 3.65 (s, 3H).

B3c{*H} NMR (100 MHz, CDCls):  184.1, 169.2, 163.7, 160.4, 158.4, 145.5, 142.8, 138.8, 134.5, 133.2,
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131.5, 130.4, 129.6, 129.5, 128.8, 128.5, 128.2, 128.1, 127.2, 124.8, 116.8, 104.0, 98.4, 55.4, 55.3, 54.6,

40.1. HRMS (ESI) m/z: [M+Na]" Calcd for C,7H,;NNaOs 462.1312; Found 462.1312.

A

2-(2-Morpholinoethyl)-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ah)

Eluent: petroleum ether/ethyl acetate (2:1). Brown oil (37.0 mg, 46%), mp 180.5-182.4 °C. *H NMR (400
MHz, CDCl5): 8.37-8.34 (m, 1H), 8.28 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 1H), 7.54-7.42 (m, 4H), 6.96-6.94 (m,
1H), 6.91-6.86 (m, 2H), 6.70 (d, J = 10.0 Hz, 1H), 4.29-4.17 (m, 2H), 3.58 (br s, 4H), 2.63 (t, J = 6.0 Hz,
2H), 2.54 (s, 2H), 2.48 (s, 2H). *C{*H} NMR (100 MHz, CDCls): & 184.0, 169.8, 163.7, 145.4, 142.9,
138.7, 134.7, 133.3, 131.5, 129.6, 129.5, 128.8, 128.7, 128.2, 128.1, 127.3, 124.4, 66.9, 55.8, 54.3, 53.8,

37.6. HRMS (ESI) m/z: [M+H]" Calcd for Cp4H23N,0,4 403.1652; Found 403.1651.

o
9
SN

2-Phenyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ai)

3ai

Eluent: petroleum ether/ethyl acetate (8:1). White solid (46.7 mg, 64%), mp 208.1-209.6 °C. *H NMR (600
MHz, CDCly): 8.41 (dd, J; = 7.8 Hz, J, = 1.8 Hz, 1H), 8.28 (dd, J, = 7.2 Hz, J, = 1.2 Hz, 1H), 7.60-7.46 (m,
6H), 7.44-7.43 (m, 1H), 7.17 (d, J = 7.2 Hz, 2H), 7.08-7.07 (m, 1H), 7.02 (dd, J; = 7.8 Hz, J, = 1.2 Hz, 1H),
6.99 (d, J = 9.6 Hz, 1H), 6.75 (d, J = 10.2 Hz, 1H). *C{*H} NMR (100 MHz, CDCls): 5 183.8, 169.5, 163.9,
144.8, 142.5, 138.9, 135.1, 134.7, 133.5, 131.4, 130.3, 129.9, 129.4, 129.1, 128.9, 128.8, 128.3, 128.2, 127.6,

124.8, 54.7. HRMS (ESI) m/z: [M+Na]" Calcd for C,4H;sNNaO3 388.0944; Found 388.0944.
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2-(p-Tolyl)-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3aj)

Eluent: petroleum ether/ethyl acetate (7:1). White solid (57.6 mg, 76%), mp 234.4-235.9 °C. *H NMR (400
MHz, CDCls): 8.41- 8.39 (m, 1H), 8.29-8.26 (m, 1H), 7.58-7.48 (m, 4H), 7.28-7.26 (m, 2H), 7.08-6.97 (m,
5H), 6.75 (d, J = 10.0 Hz, 1H), 2.39 (s, 3H). *C{*H} NMR (100 MHz, CDCl5): 5 183.9, 169.5, 164.0, 144.9,
142.6, 139.0, 138.9, 135.0, 133.5, 132.0, 131.4, 130.2, 130.1, 129.9, 129.0, 128.8, 128.2, 127.8, 127.6, 127.5,

124.8,54.7, 21.3. HRMS (ESI) m/z: [M+Na]" Calcd for C,5H;7NNaO3 402.1101; Found 402.1099.

2-(4-Methoxyphenyl)-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ak)

Eluent: petroleum ether/ethyl acetate (7:1). White solid (61.6 mg, 78%), mp 193.2-194.6 °C. *H NMR (400
MHz, CDCls): 8.41-8.39 (m, 1H), 8.29-8.26 (m, 1H), 7.60-7.47 (m, 4H), 7.09-7.05 (m, 3H), 7.02-6.97 (m,
4H), 6.75 (d, J = 10.0 Hz, 1H), 3.82 (s, 3H). *C{*H} NMR (100 MHz, CDCls): 5 183.9, 169.7, 164.1, 159.7,
144.9, 142.6, 138.8, 135.0, 133.4, 131.4, 130.2, 129.9, 129.1, 129.0, 128.7, 128.2, 127.6, 127.5, 127.2, 124 .8,

114.7, 55.5, 54.8. HRMS (ESI) m/z: [M+Na]" Calcd for C,5H;7,NNaO, 418.1050; Found 418.1050.

2-(4-Fluorophenyl)-1H,4'"H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3al)

Eluent: petroleum ether/ethyl acetate (10:1). White solid (61.3 mg, 80%), mp 253.2-254.8 °C. *H NMR (400
MHz, CDCls): § 8.41-8.39 (m, 1H), 8.29-8.27 (m, 1H), 7.62-7.48 (m, 4H), 7.16-7.14 (m, 4H), 7.06-7.01 (m,
2H), 6.97 (d, J = 10.0 Hz, 1H), 6.75 (d, J = 10.0 Hz, 1H). *C{*H} NMR (100 MHz, CDCl5): & 183.7, 169.6,
163.9, 162.6 (d, YJc.r = 247.7 Hz), 144.6, 142.4, 138.9, 135.2, 133.5, 131.4, 130.5 (d, “Jc.r = 3.7 Hz), 130.3,

130.0 (d, *Jc.r = 8.7 Hz), 129.9, 129.1, 128.9, 128.3, 127.6, 127.5, 124.6, 116.5 (d, Jcr = 23.1 Hz), 54.7.
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YE NMR (376 MHz, CDCls): & -112.19 - -112.26 (m). HRMS (ESI) m/z: [M+Na]* Calcd for

C24H14FNNaO; 406.0850; Found 406.0846.

(0]
e
O
Br

2-(4-Bromophenyl)-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3am)

3am

Eluent: petroleum ether/ethyl acetate (9:1). White solid (71.8 mg, 81%), mp 226.6-228.1 °C. *H NMR (400
MHz, CDCly): & 8.39 (dd, J; = 7.6 Hz, J, = 1.6 Hz, 1H), 8.29-8.27 (m, 1H), 7.61-7.56 (m, 4H), 7.52-7.49 (m,
2H), 7.07-7.00 (m, 4H), 6.96 (d, J = 10.0 Hz, 1H), 6.75 (d, J = 10.0 Hz, 1H). *C{*H} NMR (100 MHz,
CDCl3): 6 183.7, 169.4, 163.7, 144.6, 142.4, 138.9, 135.2, 133.7, 133.5, 132.6, 131.4, 130.3, 130.0, 129.9,
129.1, 128.9, 128.3, 127.6, 127.5, 124.5, 123.1, 54.7. HRMS (ESI) m/z: [M+Na]" Calcd for C4H14BrNNaO3

466.0049; Found 466.0049.

9@
T 0

2-(4-(Frifluoromethyl)phenyl)-1H,4'"H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3an)
Eluent: petroleum ether/ethyl acetate (9:1). White solid (65.8 mg, 76%), mp 241.6-243.1 °C. *H NMR (600
MHz, CDCls): & 8.40 (d, J = 7.2 Hz, 1H), 8.29-8.28 (m, 1H), 7.74 (d, J = 8.4 Hz, 2H), 7.62-7.56 (m, 2H),
7.54-7.49 (m, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 7.2 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H ), 6.98 (d, J =
9.6 Hz, 1H), 6.76 (d, J = 10.2 Hz, 1H). *C{*H} NMR (150 MHz, CDCl5): & 183.7, 169.4, 163.7, 144.4,
142.3, 138.9, 137.9, 135.4, 133.6, 131.4, 131.2 (q, 2Jc.r = 32.1 Hz), 130.4, 129.9, 129.2, 129.0, 128.9, 128.4,

127.7, 127.5, 126.5 (q, Jcr = 3.3 Hz), 124.4, 123.7 (g, Yer = 270.1 Hz), 54.7. °F NMR (376 MHz,

CDCls): § -62.72 (s). HRMS (ESI) m/z: [M+Na]* Calcd for CosH1aFsNNaO; 456.0818; Found 456.0819.
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2-(Naphthalen-2-yl)-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ao)

Eluent: petroleum ether/ethyl acetate (9:1). White solid (53.9 mg, 65%), mp 283.6-285.1 °C. *H NMR (400
MHz, CDCl5): 6 8.42 (d, J = 7.2 Hz, 1H), 8.29 (d, J = 7.6 Hz, 1H), 7.93 (d, J = 8.8 Hz, 1H), 7.87 (d, J = 8.0
Hz, 1H), 7.82 (d, J = 7.2 Hz, 1H), 7.69 (s, 1H), 7.60-7.48 (m, 6H), 7.25-7.22 (m, 1H), 7.14 (d, J = 7.6 Hz,
1H), 7.04-7.01 (m, 2H), 6.76 (d, J = 10.0 Hz, 1H). *C{*H} NMR (100 MHz, CDCl,): § 183.8, 169.7, 164.1,
144.8, 142.6, 139.0, 135.1, 133.5, 133.4, 133.2, 132.1, 131.4, 130.3, 129.9, 129.4, 129.1, 128.8, 128.3, 128.2,
127.9, 127.7, 127.6, 127.4, 127.0, 126.6, 125.5, 124.8, 54.8. HRMS (ESI) m/z: [M+Na]® Calcd for

CasH17NNaO; 438.1101; Found 438.1101.

2,6-Dimethyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (3ap)

Eluent: petroleum ether/ethyl acetate (10:1). White solid (32.3 mg, 51%), mp 176.8-178.6 °C. *H NMR (400
MHz, CDCls): & 8.28-8.25 (m, 1H), 8.17 (d, J = 0.8 Hz, 1H), 7.47-7.43 (m, 2H), 7.33 (dd, J; = 8.0 Hz, J, =
1.6 Hz, 1H), 6.85-6.78 (m, 3H), 6.68 (d, J = 10.0 Hz, 1H), 3.42 (s, 3H), 2.44 (s, 3H). *C{*H} NMR (100
MHz, CDCls): 6 184.0, 170.0, 164.2, 145.4, 143.0, 139.1, 135.8, 135.7, 133.4, 131.5, 129.6, 129.5, 128.6,
128.1, 127.8, 127.3, 124.2, 54.1, 28.0, 21.1. HRMS (ESI) m/z: [M+Na]" Calcd for C,0H1sNNaO3 340.0944;

Found 340.0944.
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I11. Structural elaborations

1. Synthesis of 4
(0]

OH
0
NaBH, NP
—_—
0 O MeOH, rt, 4 h N= O
3 o
O 3aa 4,65%

To a flask containing a solution of 3aa (30.3 mg, 0.1 mmol) in MeOH (1.5 mL) was charged with NaBH,4
(3.0 mg, 0.08 mmol) at 0 <C. The resulting mixture was stirred at 0 <C for 10 min, and then at rt for 4 h.
Upon completion, it was concentrated under reduced pressure. The residue was purified by column

chromatography on silica gel with petroleum ether/ethyl acetate (5:1) as the eluent to give 4.

OH
OO\ L
o7

L
Methyl (2-(4-hydroxynaphthalen-1-yl)benzoyl)(methyl)carbamate (4)
Eluent: petroleum ether/ethyl acetate (5:1). White solid (21.8 mg, 65%), mp 202.5-203.9 °C. *H NMR (400
MHz, CDCly): 6 8.25 (d, J = 7.6 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.59 (dd, J; = 7.2 Hz, J, = 1.2 Hz, 1H),
7.55-7.38 (m, 5H), 7.12 (d, J = 7.6 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.23 (s, 1H), 3.23 (s, 3H), 2.63 (s, 3H).
BC{*H} NMR (100 MHz, CDCls): & 173.5, 154.4, 151.6, 138.5, 137.0, 132.7, 131.2, 129.9, 129.6, 127.6,
127.5, 127.1, 126.5, 126.1, 125.2, 124.4, 121.9, 107.7, 53.2, 31.4. HRMS (ESI) m/z: [M+Na]" Calcd for
CoH17NNaO, 358.1050; Found 358.1050.

2. Synthesis of 5°

0 H,0,, Na,CO3
N O acetone, H,O, rt, 0.5 h O H/

O 3aa 5, 36%
To a flask containing a solution of Na,CO3 (31 mg, 0.3 mmol) in H,O (1.5 mL) were charged with 30%

H,0, (31 uL, 0.3 mmol) and a solution of 3aa (30.3 mg, 0.1 mmol) in acetone (1 mL) in a dropwise manner

at 0 <C. After being stirred at room temperature for 0.5 h, it was quenched with saturated Na,S,03 solution
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and extracted with dichloromethane (10 mL = 3). The combined organic layers were washed with water and
brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure. The crude product
thus obtained was purified by column chromatography on silica gel using petroleum ether/ethyl acetate (1:1)

as eluent to afford 5.

@
. W

N-Methyl-2-(7-0xo0-1a,2,7,7a-tetrahydronaphtho[2,3-bJoxiren-2-yl)benzamide (5)

Eluent: petroleum ether/ethyl acetate (1:1). White solid (10.6 mg, 36%), mp 250.1-251.9 °C. *H NMR (600
MHz, CDCls): § 8.31-8.30 (m, 1H), 8.08 (d, J = 7.8 Hz, 1H), 7.90 (d, J = 7.2 Hz, 1H), 7.85 (t, J = 7.8 Hz,
1H), 7.56 (t, J = 7.8 Hz, 1H), 7.36 (t, J = 7.2 Hz, 1H), 7.31 (t, J = 7.2 Hz, 1H), 6.84 (d, J = 6.6 Hz, 1H), 6.04
(brs, 1H), 4.11 (dd, J; = 13.2 Hz, J, = 4.8 Hz, 1H), 3.07 (dd, J; = 17.4 Hz, J, = 4.2 Hz, 1H), 2.95 (s, 3H),
2.36 (dd, J; = 17.4 Hz, J, = 12.6 Hz, 1H). *C{*H} NMR (100 MHz, CDCls): & 194.2, 163.2, 143.6, 138.5,
134.4, 132.7, 130.9, 129.1, 129.0, 128.7, 128.3, 128.1, 127.4, 127.3, 71.5, 65.1, 40.9, 34.0. HRMS (ESI)

m/z: [M+Na]" Calcd for C1gH15NNaO3 316.0944; Found 316.0943.

3. Synthesis of 6°

o}
styrene
8 Pd(dppf)Cl,, Et;N
.
o O DMF, 100 °C, 24 h
Ph
_N

O 3ia 6, 72% O

To a reaction tube equipped with a stir bar were charged with 3ia (38.1 mg, 0.1 mmol), styrene (11.5 |L,
0.1 mmol), Pd(dppf)Cl, (7.3 mg, 0.01 mmol), EtsN (20.2 mg, 0.2 mmol) and DMF (0.5 mL). The tube was
then sealed and the resulting mixture was stirred at 100 <C (oil bath) under argon for 24 h. Upon completion,
it was diluted with water and extracted with ethyl acetate (10 mL > 3). The combined organic layers were
dried over anhydrous Na,SQ,, filtered and concentrated under reduced pressure. The residue was purified by

column chromatography on silica gel with petroleum ether/ethyl acetate (5:1) as the eluent to give 6.
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(E)-2-Methyl-7'-styryl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (6)

Eluent: petroleum ether/ethyl acetate (5:1). White solid (29.2 mg, 72%), mp 187.9-189.6 °C. *H NMR (400
MHz, CDCls): & 8.41-8.39 (m, 1H), 8.26 (d, J = 8.0 Hz, 1H), 7.68 (d, J; = 8.0 Hz, J, = 1.2 Hz, 1H),
7.56-7.51 (m, 2H), 7.45 (d, J = 7.2 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H), 7.28-7.25 (m, 1H), 7.07 (d, J = 16.4 Hz,
1H), 6.96-6.91 (m, 2H), 6.82 (d, J = 1.2 Hz, 1H), 6.78 (d, J = 10.0 Hz, 1H), 6.67 (d, J = 10.0 Hz, 1H), 3.47
(s, 3H). *C{*H} NMR (100 MHz, CDCl,): 5 183.5, 169.9, 164.0, 144.9, 143.4, 142.5, 138.8, 136.3, 134.8,
132.3, 130.5, 129.7, 129.5, 128.9, 128.8, 128.6, 128.3, 127.8, 126.9, 126.8, 126.5, 125.8, 124.4, 54.4, 28.1.
HRMS (ESI) m/z: [M+Na]* Calcd for C,7H;19NNaO; 428.1257; Found 428.1256.

4. Synthesis of 7’

O 3ia 7,56% O

To a reaction tube equipped with a stir bar were added with 3ia (38.1 mg, 0.1 mmol), phenylboronic acid
(18.3 mg, 0.15 mmol), PPh3 (15.7 mg, 0.06 mmol), K,CO3 (55.3 mg, 0.4 mmol), Pd(OAc), (2.2 mg, 0.01
mmol) and dioxane (1 mL). The tube was then sealed, and the mixture was stirred at 80 <C (oil bath) under
argon for 24 h. Upon completion, it was diluted with water and extracted with ethyl acetate (10 mL x<3). The
organic layer was dried over anhydrous Na,SO,4 and concentrated under reduced pressure. The residue was

purified by column chromatography on silica gel with petroleum ether/ethyl acetate (4:1) as eluent to give 7.

2-Methyl-7'-phenyl-1H,4'H-spiro[isoquinoline-4,1'-naphthalene]-1,3,4'(2H)-trione (7)
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Eluent: petroleum ether/ethyl acetate (4:1). Yellow solid (21.2 mg, 56%), mp 196.2-197.9 °C. *H NMR (400
MHz, CDCl): & 8.40-8.37 (m, 1H), 8.34 (d, J = 8.4 Hz, 1H), 7.70 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 1H),
7.56-7.52 (m, 2H), 7.39-7.35 (m, 5H), 6.98-6.95 (m, 2H), 6.82 (d, J = 10.0 Hz, 1H), 6.70 (d, J = 10.0 Hz,
1H), 3.46 (s, 3H). ®*C{*H} NMR (100 MHz, CDCls): & 183.8, 169.9, 164.0, 146.3, 145.2, 143.4, 139.2,
138.8, 134.8, 130.4, 129.7, 129.5, 129.0, 128.9, 128.6, 128.3, 127.9, 127.6, 127.3, 126.4, 124.4, 54.5, 28.1.
HRMS (ESI) m/z: [M+Na]* Calcd for Co5H;7NNaO; 402.1101; Found 402.1099.
5. Gram-scale synthesis of 3aa

L e

NMe,

O
1a, 5 mmol 2a, 10 mmol

3aa, 954 mg, 63%

To a reaction tube equipped with a stir bar were added 1a (875.0 mg, 5 mmol), [RhCp*Cl,], (124 mg, 0.2
mmol), AgNTTf, (776 mg, 2 mmol), 2a (2010 mg, 10 mmol) and DCE (20 mL). The tube was then sealed,
and the mixture was stirred at 60 <C (oil bath) under air for 16 h. Upon completion, it was cooled to room
temperature, filtered through a pad of celite and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography using petroleum ether/ethyl acetate (8:1) as eluent to afford

3aa (954 mg, 63%).
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IV. Mechanism studies

1. Studies on the reversibility of C—H bond activation

o 23% H/D O

RhCp*Cl,],, AgNTT;
= NMe, [RhCp*Clz], AgNTT / NMe,
DCE, D,0, 60 °C, 0.5 h
1a H/D 23%

1a/1a-d,

To a reaction tube equipped with a stir bar were charged with 1a (35.0 mg, 0.2 mmol), [RhCp*Cl;], (5.0
mg, 0.008 mmol), AgNTf;, (31.1 mg, 0.08 mmol), DCE (2 mL) and D,0 (36.2 uL, 2 mmol). The tube was
then sealed, and the resulting mixture was stirred at 60 <C (oil bath) under air for 0.5 h. Afterwards, it was
cooled to room temperature, filtered through a pad of celite and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel using petroleum ether/ethyl acetate (2:1) as
eluent to give a mixture of la and la-d,. Upon analyzing the *H NMR spectrum of the mixture, the

deuteration ratio on the ortho-positions of 1a was determined to be 23%.
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H/D 23%
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"H NMR (400MHz, CDCl3)
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(0] 2a
[RhCp*Cl,],, AgNTf,
| DCE, D,0, 60 °C, 12 h
NMe2

To a reaction tube equipped with a stir bar were charged with 1a (35.0 mg, 0.2 mmol), [RhCp*Cl], (5.0

O 3aa/3aa-d,

mg, 0.008 mmol), AgNTf, (31.1 mg, 0.08 mmol), 2a (80.1 mg, 0.4 mmol), DCE (2 mL) and D,0O (36.2 uL,
2 mmol). The resulting mixture was stirred at 60 <T (oil bath) under air for 12 h. Afterwards, it was cooled
to room temperature, filtered through a pad of celite, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel using petroleum ether/ethyl acetate (8:1) as eluent to
give a mixture of 3aa and 3aa-d, (33.9 mg, 56%). Upon analyzing the *H NMR spectrum of the mixture, the

deuteration percentages at different positions were determined as 84% and 20%.

o 3aa/3aa-d,

"H NMR (400MHz, CDCls)
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2. Kinetic isotope effect experiments

0
% 2a =z

. D/Hy=

e | [RhCp*Cll,, AgNTY, ~

i

TR NMe,  DCE.60°C,05h

Ku/Kp = 9
1a/1a-ds HoD

3aa/3aa-d, O

To a reaction tube equipped with a stir bar were charged with 1a (35.0 mg, 0.2 mmol), 1a-ds (36.0 mg, 0.2
mmol), [RhCp*Cl;], (5.0 mg, 0.008 mmol), AgNTf, (31.1 mg, 0.08 mmol), 2a (80.1 mg, 0.4 mmol) and
DCE (2 mL). The resulting mixture was stirred at 60 °C (oil bath) under argon for 0.5 h. Afterwards, it was
cooled to room temperature, quenched with water and extracted with dichloromethane (10 mL x 3). The
combined organic phases were dried over anhydrous Na,SQO,, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography using petroleum ether/ethyl acetate
(8:1) as eluent to give a mixture of 3aa and 3aa-d,. Upon analyzing the *H NMR spectrum of the mixture,
the ratio of 3aa to 3aa-ds was determined to be about 0.9:0.1. Accordingly, the intermolecular KIE (ku/kp)

was calculated to be 9.

3aa/3aa-d, O

"H NMR (400MHz, CDCl5)
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I [
0.98 /| 1.00
; \ [
l 189 08
091 /) 1
¥} M J ?UU I |
\ I I \ I I ‘
10 8 6 4 2 0 PPM

$26



3. Electronic competition experiment

Q)kk iy O
* X
RhCp*Cly],, AgNTH;
X NMe, [ PClalz. AGNTE,

DCE, 60 °C, 12 h

X = OMe, 1e; X = CF3, 1j

3ea: 3ja=1.6:1

To a reaction tube equipped with a stir bar were added (E)-3-(dimethylamino)-1-(4-methoxyphenyl)
prop-2-en-1-one (le, 41.0 mg, 0.2 mmol), (E)-3-(dimethylamino)-1-(4-(trifluoromethyl)phenyl)prop-2-en
-1-one (1j, 48.6 mg, 0.2 mmol), [RhCp*Cl;], (5.0 mg, 0.008 mmol), AgNTf, (31.1 mg, 0.08 mmol), 2a
(40.2 mg, 0.2 mmol) and DCE (2 mL). The tube was then sealed, and the mixture was stirred at 60 <C (oil
bath) under air for 12 h. Upon completion, it was cooled to room temperature, filtered through a pad of celite
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
using petroleum ether/ethyl acetate (8:1) as eluent to afford 3ea (16.1 mg, 24%) and 3ja (11.9 mg, 15%).

4. Control Experiments

Y

detected
O 3aa,51% by HPLC-MS

4.1. To a reaction tube equipped with a stir bar were charged with (E)-3-(diethylamino)-1-phenylprop-2-e
n-1-one (1w, 40.6 mg, 0.2 mmol), [RhCp*Cl;], (5.0 mg, 0.008 mmol), AgNTf, (31.1 mg, 0.08 mmol), 2a
(80.1 mg, 0.4 mmol) and DCE (2 mL). The resulting mixture was stirred at 60 °C under argon for 12 h.
From the resulting mixture, the formation of diethylamine was detected by HPLC-MS, and 3aa was isolated

in 51% vyield.
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Generic Display Report
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H
+
Ph/N “Ph
30%
Isolated yield

O 3aa, 41%

4.2. To a reaction tube equipped with a stir bar were charged with (E)-3-(diphenylamino)-1-phenylprop-2-
en-1-one (1x, 59.8 mg, 0.2 mmol), [RhCp*Cl;], (5.0 mg, 0.008 mmol), AgNTf, (31.1 mg, 0.08 mmol), 2a
(80.1 mg, 0.4 mmol) and DCE (2 mL). The resulting mixture was stirred at 60 <C (oil bath) under air for 12

h. From the resulting mixture, diphenylamine was isolated in 30% yield, and 3aa was isolated in 41% yield.

H
PN
Ph”™ “Ph

Diphenylamine
Eluent: petroleum ether/ethyl acetate (20:1). White solid (10.2 mg, 30%), *H NMR (400 MHz, CDCls): &
7.28-7.24 (m, 4H), 7.09-7.06 (m, 4H), 6.94-6.91 (m, 2H), 5.70 (s, 1H). *C{*H} NMR (100 MHz, CDCls): &

143.1, 129.4, 121.0, 117.8. HRMS (ESI) m/z: [M+H]" Calcd for C1,H;oN 170.0964; Found 170.0966.
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V. X-Ray crystal structure and data for 3aa

Qc
H

Qv
@

Fig. S1. X-ray crystal structure of 3aa with 50% ellipsoid probability

X-Ray structure determination. Single crystals suitable for X-ray diffraction were obtained by slow
evaporation of the solvent from a petroleum ether/dichloromethane (3:1) solution of 3aa. Crystal data
collection and refinement parameters of 3aa are summarized in Table S1. Intensity data were collected at
293 K on a SuperNova Dual diffractometer using mirror-monochromated Cu Ka radiation, A = 1.54184 A.
The data were corrected for decay, Lorentz, and polarization effects as well as absorption and beam
corrections based on the multi-scan technique. Using Olex2, the structure was solved with the SHELXS
structure solution program using Direct Methods and refined with the SHELXL refinement package using
Least Squares minimisation. Nonhydrogen atoms were refined with anisotropic displacement parameters.
The H-atoms were either located or calculated and subsequently treated with a riding model.

Table S1. Crystallographic data and structure refinement results of 3aa

Empirical formula C19H13NO3
Formula weight 303.30
Temperature/K 293(2)
Crystal system monoclinic
Space group la

alA 8.4176(2)
b/A 11.4940(3)

S$30



c/A 15.1975(4)

o/° 90

B/° 94.974(2)

v/° 90

Volume/A® 1464.85(6)

Z 4

Pealcg/cm’ 1.375

w/mm™ 0.765

F(000) 632.0

Crystal size/mm?® 0.2 x0.18 x0.1
Radiation CuKa (A =1.54184)
20 range for data collection/° | 9.662 to 143.04

Index ranges

-10<h<9,-14<k<11,-17<1<18

Reflections collected

6526

Independent reflections

Data/restraints/parameters

2600/2/209

Goodness-of-fit on F

1.093

Final R indexes [[>=2c ()]

R1 =0.0323, wR; = 0.0831

Final R indexes [all data]

R1 =0.0339, wR; = 0.0846

Largest diff. peak/hole / e A

0.13/-0.12

Flack parameter

0.06(17)
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3‘@3

691'8¢

Teevs

0¢L9L
8€0°LL
6vELL

{

vSEveT
T06°2¢T
€ee8et
¥€6'8¢CT
0€C’'6CT

8TV'62T ——\—
90L62T —~

OvT0ET
006'VET
¥86°LET
T1686ET
TIE VT
L10°SVT

s

NI

899°€9T
182691

v.6'¢81

3ha

3C NMR (100 MHz, CDCl3)

PPM

\
100

\
150

\
200

S$40



=
o
o
—1 Lo
9,182
=N
| TLTYS
N
T67'E = L
zrL 9L \
< 090°2L
LIELL
i vSEveT
Iv9'9 a5z'8eT
9999 G95°8¢T
0S2°9 r Tv6'8¢CT
G/.9 0€C'6CT
9/89 Lo ¥2€'6¢T
0689 90L'6CT —=
6639 295°0€T N
9569 = S - L18°0€ET \
0969 / 3 35S EreZET \
v92'L © R — | L06'VET
LvS'L / I © 296'L€1 \
557/ W W o 06EVVT
1SS/ /m\ M\M\y H SOT'SPT
. —
hie z vsoreot
P4 [e9) — 00
209'L S g 082'691
909°2 S d
€29°L - "
129°L .
gz1's ] 9zT°€8T
6vT'8
08e'8
68€'8 -
€or'8
-S

PPM

100
S41

3ia

13C NMR (100 MHz, CDCl3)
150

200




osv'e

2899
L2029
6289
8’9
G689
0989
798’9
S90°L
99¢'L
¥§S'L
JASi<WA
999,
915,
ceL’ L
ATAVA
66€'8
Tiv'8
91¥'8
Tev's

3ja

0
"H NMR (400 MHz, CDCl)

3,02

N

PPM

9¢e'8¢e

TT9VS \

0cL'9.
8€0'LL
9G6€/LL

QRQ'TZT

ZTrveT
v8Y'veT
8v0'GeT
¥80°G2T
121'seT
£9T'52T
AR
795°G2T
166°SZT
929'5eT
180'82T
vST'8ZT
082627 — N\ —
68€'62T —
168'62T
PYEVET
TT9PET
LS6'VET
SyLIET
628 €rT
006'SHT
095°€9T

6.T°69T

-

SN

T08¢8T

3ja

0
3C NMR (100 MHz, CDCl3)

B

PPM

I
100

[
150

I
200

S$42



3ja
9F NMR (376 MHz, CDCl3)

-63.059

\
-50

T
-100

S$43

T
-150

l
-200

PPM



"H NMR (400 MHz, CDCls)

3,00

Jo

2/99

PPM

9.1'8¢

£09°2S N
06575

02L°9.—7
8€0°LL
95€°LL

66v'veT
L9v°LeT
9¢e'8cT
8GT'6¢T
99¢'6¢T
cereet

9¢5'6¢T
0S.62T —
6LCVET
CILPET
T6LVET
L0T'8€ET
Te6'ert
EV6'SrT

N

SN

€eLe9T— —
06%°69T
6£5'S9T

b

8¢e'e8T

3C NMR (100 MHz, CDCl3)

PPM

100

150

200

S$44



9Sv'e
T0L9
92,9
6€8'9
€89
1989
€189
868’9
19¢°L
S,
1852
G9S°L
695°L
L1S°L
289,
18S°L
S6S°L
665",
v19'L
L19°L
169°L
969°L
v6¢'8
66¢'8
G1€'8
0ce8
0cr'8
vev'8
Lev'8
8EY'8
Evy'8
851’8
081’8

— e

3la

o}
TH NMR (400 MHz, CDCls)

3/03

2/00
01 093

1/99

11

Joo
0

I

1.0

N

I

/

J

J

T
PPM

10

€1€'8¢

€18'vS

12L9L
8€0°LL
96€°LL

¢Syeet
GC9'eCT

Nmm.vNH
Hmo.wNH /
omm.wwﬁ
Nh._”.mw._”
w9'6CT

680°0€T —
vr0'SET

LY6'SET —
TTZ'LET -
60T VYT — —
0,2°0ST wh
062°9YT
9£€°€91
58'89T

91¢'¢8T

3la

0
3C NMR (100 MHz, CDCl3)

PPM

I
100

I
150

I
200

$45



6vv'e
S0L'9
0€L'9
989
8589
1989
T/89
[A4'WA
S9¢’L
V.S,
6.G°L
18G5,
169,
T09'L
cvlL
vwl'L
€971
G9/°L
89¢€'8
68€'8
civ'8
0cv's
8¢v'8
GEV'8

3/02

T6¢'8¢

L02'¥S

3ma
"H NMR (400 MHz, CDCl3)

10

12

0cL'9L
8€0°'LL
96€LL

66.°91T

86¢°L1T
c6r'vet
090'8¢T
0TT'8¢T

8I¥'6¢T
T65°6CT
886'6CT
TO8TET —~ _

veZ'2ET N
887 vET
TS0'GET \

12ELET
€09°erT
veL'SYT

EVEEIT
G¢8'89T

89€¢8T

3ma

3C NMR (100 MHz, CDCl5)

BN ¥/ VIR B

PPM

S$46

100

150

200




0ov'¢

Lev'e

NN

TH NMR (400 MHz, CDCls)

3/03

2199

0.99

01
.00

97 “‘(J}‘
0.

f
|
{

0

0PPM

wr'1c
T€0'8¢C

0L0'¥S

12L9L
Sv0'LL
€9€°LL

N

vey'vet
0T¥'.LcT
90.°/¢T
2¢81'8¢T
96.'8¢T
0T¥'6CT
088'6¢T
V6T TET
SYYvET
GCOVET
9€8'8ET
860°SvT
T06'8ET
980°0vT

3na

3C NMR (100 MHz, CDCl3)

6¢0'v9T
€.6'69T

vZev8T

PPM

I
100

I
150

I
200

S47



= N

(0]

MeO™ O

90

~

o

3o0a

"H NMR (400 MHz, CDCls)

3/00

3.01

10

Gge€lL'lc

JASTAYAS]
21099

12L'9L
Sv0'LL
€9€°LL

NN

S00°9TT
680°6TT
TE8'V2T
SEV'OTT
v18°22T
zZeT'set
yIT'62T
eV 62T
8LT'ZET
8L6TET — N\
896°€ET
€or'8eT

(=

T19'G9T

GGE'GST

8vv'vIT
¥S.°0LT

SYT'v8T

3o0a

0]
N
(0]

MeO 0
3C NMR (100 MHz, CDCl3)

PPM

\
100

\
150

I
200

$48



3.04

1.{01{
[(1/00
0 9o

198
jo8
]

I

|
1010

3pa
"H NMR (600 MHz, CDCly)
0/ 9(
| 0,96

U

Al

10

Y

¢00'8¢

€69'TS

86EEET

ohE et

VeV VET
VECTLET

ZeT8ST —
¥6.°65T

VE8'EIT
€599'69T

lclest
617,281

(e}

3pa

13C NMR (150 MHz, CDCls)

PPM

50

100

150

200

S$49



916°¢TT-
T06°CTT-
068¢TT-
G/8°¢CTT-

3pa

SF NMR (376 MHz, CDCl3)

PPM

-200

-150

-100
S50

-50




TR R

TH NMR (600 MHz, CDCls)

3.02

301 | |
2,99
99
g, 1

.00

1.00
[1/0
J 11J

o1 o

2/00

1J0(J>
b

13’00
L

vET'8¢

SEV'VS

8195 x
22295

EV8'9L —

¥S0'LL N
992’2,

/£0'80T
9TT'60T %

98G°'67T
685°€ST

TEOVIT
920°0LT

65¢°€8T

3C NMR (150 MHz, CDCl3)

PPM

S51



€8T'€E
98Y'€
188°€
857’9
€879
¥29'9
61799
6929
9.9
6119
18129
8819
¢6L'9
10T
4 A
€9¢'L
6Zv'L
€EV'L
440
0Sy'L
1,08
€608
8¢E'8
€Ee8
ove'8
cre'8
Sve'8
16€'8

TEETT

(o}

MeO O‘

2.8:1

3ga:3qa’

MeO™ 0O

90

-

3qga’

0
"H NMR (400 MHz, CDCl3)

3.00

[ 3)02
02

{

PPM

10

vv8.¢

99¥'¢S
L18°'SS
TLE6S

§

o119}

T€0LL
we'LL

T¢6CTT
685°€CT
98G'v¢T
9re'Scl
T16'9¢1
(2R WXAY

028821 — =
08z62T —

v

T19'96T ——

YoEYIT ——
6€.°0LT

vrv'€81

(e}

MeO O‘

MeO™0O

_N

3ga’

o)
3C NMR (100 MHz, CDCl3)

PPM

1
100

1
150

1
200

§52



NG @

Lo%

3ra

"H NMR (400 MHz, CDCl3)

N

~

(e}

3/04

.}99

1.02
0

PPM

10

106'LC —

06 TS —

eIL9Z
TEO'LL
6vELL

£09'¢0T
¢8e'60T
SST'ECT
68c'vet
T0LvCT
8v.'GeT
c¢se’Let
€0.'8¢T

£T0'62T —N—
sTZ62T —

PrEYET —
910 LST—
826'ErT
LS6'EVT
6.0°TGT

)

|

850791
G89'69T

89€7¢8T

3C NMR (100 MHz, CDCls)

PPM

\
100

\
150

I
200

S53



"H NMR (600 MHz, CDCl3)

M

3,02

PPM

\
0

10

12

€80'8¢

L20'vS

890°'SET
€LV'8ET
ST8'6ET
orT¥91

85¢°0LT

c0Ev8T

13C NMR (150 MHz, CDCl3)

PPM

50

100

150

200

S$54



PPM

PPM

b

— —O
- 52182
BN
| S6EVS
3
LEV'E = — a
© R 02L°9L
8E0°2L
B 9Ge'2L
5299 - zeT Vet
L£9°9 681°92T
mwm.w Lo 87121 /
98T'62T /
§v8'9 = 10 | 008'62T N
£06'9 / e I o VIZYET —
0c69 W s © 3-2 BTLYVET — —
e L 1 o omE
e — o o 16V €T
TeSL — z g 'm?um_v) - : \
st LN it
] z - \8
ve9'L - o - 0/8'€9T ——
LEIL I 165'891
£ve's
z5e'8 - .
058 6ET'6LT
o
T

100
S55

3ta

3C NMR (100 MHz, CDCl3)

150

(0]
N
o

~

200




5v5°TZ

19Tz
S1v'1Z

L sosle

90299

3/03
L

ST)'q)

PPM

< T€0°LL
6veLL

ce6'vet

809'92T
- v,9'82T /
0.6'82T /
L 90L'62T ———=
o 29LVET —

o 660°9ET ————
=1 i oerosl—
80'SPT

= ~

S-3 p12TST

"H NMR (400 MHz, CDCl3)

3 S08'€9T
—
- 162°69T

0EY'S8T

S$56

3C NMR (100 MHz, CDCly)

”“J.JJ«LLML,M—.L...HM




PPM

- T50°€T ———

- BTG 9e ——

CeT Vg —

PPM

0cL'9L
r 8€0'LL
9G6€/L

{

! ?00

009721
656221

559221

SIT'82T

£29'821

££8'82T

= 89Y'62T — =
1€8°62T — —
8TV IET
1BEEET
965 VET
669'8ET
Sv8'TrT
8T 'SYT

2.00 2.00
I \
]H% 1(6
I
I T T
8

(1
|
|

1.03
0.97

{

10

r ELVEIT ————
60€'69T —

TH NMR (400 MHz, CDCl3)

€66'€8T —

100
S57

3ab

3C NMR (100 MHz, CDCl3)
150

200




”Pr/N

3ac

o)
"H NMR (600 MHz, CDCl3)

2.02

2.00

‘ .00

1.01

kol

;

04 4,

0.96

PPM

0

10

12

we'Tt

€9T'TC

06L¢cy —

19¢VS ———

€v8'9.
¥S0°LL
99¢'LL

N

285v2T
TEE /2T
012121
LIT'8TT
229821
Tvg'8Z1
V0G'62T — =
961°62T — —
TGV TET
B9E'EET
Y6SVET
YTL'8ET
668201
EEZ'SPT

~

W\

969'€9T ——
Y5697 —

966'€8T —

3ac

3C NMR (150 MHz, CDCl3)

(o}
r

(e}
_N
o

P

PPM

100
s58

\
150

I
200




T =

(o}

(o}

N

Pr”

3ad

o}
H NMR (400 MHz, CDCly)

3.01

L

PPM

S ——

€9.°vS

12L9L
Sv0°'LL
€9€°LL

N

860'S2T
188221
929°/21
6.8'/21
£15°82T
961°82T
9/5'62T — =
628621 — —
L6ETET
BTEEET
£ZVVET
£85°8ET
002201
9TY'SYT

P

{{

STOV9T
€6.°69T

L0081

13C NMR (100 MHz, CDCl3)

PPM

I
100

I
150

I
200

S59



3ae

0
"H NMR (400 MHz, CDCl3)

1.02

/

]
0.99

PPM

Sov'vy

C¢eeEYS

L vl 9L

090°2L

0L€LL

90521

zseleT

1207027

628°22T

061'82T

855821

N 659'82T

£88'821

- Zro'62T

7£9'62T — =

- 206'62T ——

T9SIET

L ove'EeT
8V, 'vET
961'9€T
0.9'8€T
vy
166V

° G29°'€9T

€99'69T

{

L

[ €16°€8T

(o}

(0]
N

3ae

o]
3C NMR (100 MHz, CDCl3)

W

PPM

\
100

\
150

\
200

S60



MeO

N

3af

o)
"H NMR (400 MHz, CDCls)

3/03

T
PPM

\
0

N\

12

14

LS8V

80€'vS
JAZACE]

L2L9L
Sv0'LL
€9¢€'LL
SY8'E€TT
LSS'veT
0geLcT
CETAVRAN
¥S1°8¢T
€2¢9'8¢T
89.'8¢T
0r8'8¢T
865'6¢T
8G8'6¢T
¢89°0ET — ——
€GE'TET
oveeeT
9/9VET
Tr9'8€ET
6,9¢vT
SS0°SYT
06T°6ST
LT9°€9T

0,969T

{

e

GE6'E8T

(e}

(e}

MeO

N

3af

O

3C NMR (100 MHz, CDCl3)

PPM

\
100

\
150

\
200

S61



MeO

3ag

o)
"H NMR (400 MHz, CDCls)

OMe

02

3.03

PPM

0

10

12

14

LS00

28515 s

9¢e’SS
GGE'GS

LECBIT
¥59°€91

S90'v8T

TR

o

Y

R

MeO

3ag

o)
3C NMR (100 MHz, CDCl3)

OMe

A

ik

e

PPM

\
100

\
150

\
200

562



6.¥'¢
ovse
ST9'¢
0€9¢
Sv9'¢
189°€

o)
N
o)
"H NMR (400 MHz, CDCl3)

3ah

2.02
2,04

.01

J

PPM

10

1S86°.€

€LL°€ES
Yrevs
L18'SS

¥06'99
0cL'9.
8€0'LL
96€'LL

6TV veT
08¢'.LCT
680°8¢T
06T'8¢T
659'8¢T
Ly8'8¢CT

N

Ui

¥05'62T
8Y5'62T W
697 TET

68¢C'€CT
T99VET
cr.'8ET
€06°¢rT
8EV'SYT

W

¥0.°€9T
ST8°69T

T,6°€8T

3ah

3C NMR (100 MHz, CDCl3)

PPM

\
100

\
150

\
200

S$63



o0

1.00

102

6.5

70

75

80

85

o]

3ai

(0]

>
(6]
o
(6]
.
I
=
o 38
e
o
=
P4
I

I

PPM

0

10

12

8v.'vS

L2L9l
S0 LL
£9g°LL
99/ V2T
9/5/2T
891°8¢T
¥82'8¢T
68.'82T
166'82T
6v0'62T
8TY 62T
858'62T — =
€92°08T— —
68S'TET
LIV'EET
8v. vET
1S0°SET
¥68'8ET
TvSZrT
208 VYT
268'€9T

705691

NN

=

D

128'€8T

(o}

3ai

3C NMR (100 MHz, CDCl3)

(0]

N
o

PPM

\
100

\
150

\
200

S64



(e}

)

N

(e}

3aj

TH NMR (400 MHz, CDClj)

Me

3,02

TL2'Te

LeL'vs

SEL'9L
2s0'LL
0LE'LL

208'v2T
ors'Let
€85'2¢1
008'.¢T
JAZA A
€8.'8¢1
900'6¢T
€.8'6¢T
GCT'0ET
C12'0eT
T9E'TET
8T0°¢ET
0L¥'EET
66 vET
8G8'8ET
¢00'6€ET
665°¢rT
€06'vVT

=

000'¥9T
0vS'69T

668'€8T

(]

3aj

0
3C NMR (100 MHz, CDCl3)

(0]

Me

PPM

T
100

T
150

I
200

S$65



(0]

3.00

3ak

"H NMR (400 MHz, CDCl3)

MeO

PPM

10

9G/.'vS
00S°SS

L2L9L
Sv0'LL
€9¢€'LL
6TLVIT
TE8VCT
¥oT1°LCT
ovS'2eT
69G°L¢T
0ve'8¢T
or.'8¢T
900°'6¢T
9ET'6CT
€18'6¢T — 2=
SG0C'0ET
SLETET
8YY'EET
6.6'VET
E€V8'8ET
909¢vT
688'VVT
or/L'6ST
¥60'¥9T

G89°69T

NN

S

968'€8T ——

O
N

(e}

3ak

3C NMR (100 MHz, CDCl3)

MeO

PPM

\
100

\
150

\
200

S66



0 PPM

VELYS

SEL9L
¢S0°LL
0LE°LL
Yre9TT
G.S9TT
L09'veT
T16°/2¢T
679°2¢T

N

PPM

\
100

S67

0ce8et
H 198'8¢T

(e}

3al

"H NMR (400 MHz, CDCl3)

- - YIT62T
-8 L €18'62T
- 886'62T
o G/0°0ET

[ee] .
S 02€°0ET
o5 0St'0€T

10

TSR

12

/8¥'0ET
¢8E'TET
90G°€ET
68T'GET
8G8'8ET
6Tvevt
629 vvT

ged- 93t

S08'€9T
¢68'€9T
oL’ €8T —

(e}

3al

o)
3C NMR (100 MHz, CDCl3)

()

\
150

\
200




9G¢°¢IT-
8€CCIT-
6TCCTT-
S0C¢TT-
98T ¢CTT-

(0]

(0]

N

(e}

3al

9F NMR (376 MHz, CDCl3)

PPM

-200

568



(0]

(e}

N

(e}

3am

"H NMR (400 MHz, CDCl3)

Br

0cL'vS

S€L'91
2502,
0L€'1L
v50'€eT
825721
v05'/2T
ve9's2T
Lze'set
£88'82T
621621
088'62T
196'62T
6YE0ET — N\
SLETET ——
v29'2€T
025'€€T
TOL'EET
6£Z'SET

598'8€T
¥SeTYT o ‘ C
¢

\y

=

S
.

LSSVYT
¢89°€9T

09€'69T

Br

TTL°€8T

3C NMR (100 MHz, CDCl3)

b

PPM

\
100

\
150

\
200

S$69



3an

"H NMR (600 MHz, CDCl3)

———

(0]

(o}
N
o

FsC

0 PPM

10

\

TvL'vS
E€v8'9.
¥50°LL
99¢'LL
187221

6ev'vet
285 vet
€67'9¢T
2¢eS'9¢t
YrS'9¢T
66v°LCT
¥.9°.¢T
68€8¢T
156'8¢T
€2¢0'6¢T
86T'6¢T
1686¢T
8EV'0ET

7

6L0TET — 77—
86¢'TET
98€'TET
695°€ET
T8E°GET
9¢6°LET
€06'8ET
8G¢¢vT
L€9°€9T

69€°69T
(X4 44"

U

3C NMR (150 MHz, CDCl3)

AN

(o}

o
N
(0]

899'€8T

F3C

PPM

50

100

150

200

70



-62.720

9F NMR (376 MHz, CDCl5)

-50

\
-100

S71

\
-150

\
-200

PPM



\xﬁ

(0]

3ao

"H NMR (400 MHz, CDCl)

(e}

N
T

0 PPM

¢S6'8€T
L1SevT
08091

049'69T
Sv8' vl

w8 e8T —

e

(e}

(]
90
3ao

3C NMR (100 MHz, CDCl3)

RS

okl

T

PPM

\
100

\
150

\
200

§72



e

"H NMR (400 MHz, CDCl3)

3/01

3/00

0 PPM

€80°'T¢
9r0°'8¢

290'vS

1209 \
SV0'LL

€9¢€°LL

96T'vCT
S9¢’LcT
008°2¢T
ceT'8eT

8GE'SYT

¢STvoT
G66'69T

EVo'v8T

3ap

3C NMR (100 MHz, CDCl3)

PPM

\
100

\
150

\
200

S73



VII. Copies of NMR spectra of 4-7

(e}

4
TH NMR (400 MHz, CDCl3)

e

OH
QO
\
N~ o7

LB6E'TE

¢ST'ES

0cL'9L
8€0'LL
96€'LL

6V 0T
Zr6' 1T
8y veT
822'SeT
§60'92T
9€5'92T
§80°22T
L9V'12T
166121
695'62T —/—
GV6'62T
202 TET
199°2€T
0£0°2ET
£€5'8ET

{

P

€T9'TST
8GEVST

SSY'ELT

R

]
Ao

]

4

3C NMR (100 MHz, CDCl3)

PPM




<
™
™
N

e

N/
H

5

o)
9@
o)
"H NMR (600 MHz, CDCls)

3/01

1/00

1.02 1.01

1/03

1.03

PPM

—o

6T0'vE
L16°0%

oge’LeT
G6E°LTT

180'82T

LeeseT

¥2,°82T

020°62T

L0T'62T

0Z6°0€T

289°CET V
0EV'VET

GZG'8eT

SCoEVT

~

GEC'EIT

N
H
5

o)
9@
o)

3C NMR (100 MHz, CDCl3)

0ce'veT

.

PPM

\
100

\
150

\
200

S75



"H NMR (400 MHz, CDCl3)

[ols:]

A2/

2m

2

/s

-G~

10

a7

=

[ols]

70

75

T
80

5

T
8

3lo1

939
1
00

8
4

i

(
|
I

2012
001
97

2.00
7
.99 1.0

0/96
0

PPM

\
0

10

14

€ET'8¢

G98'69T

8E€5'€8T

3C NMR (100 MHz, CDCl3)

PPM

S$76



———

100

A

3

oo

{02
i1

22 2
0{‘9%3 |

"H NMR (400 MHz, CDCls)

PPM

10

12

T8¢ ———

ceES VS —

S€L°9L
¢s0'LL
0LELL
SOV vet
T6€°9¢T
91€'.CT
879'LCT
T06°2¢T
6v€'8¢T
/8G°8¢T
116'8¢T
900°6¢T
9¢5'6¢T
v1.'6CT
6¢v'0ET
T6LVET
8L1'8ET
L6T'6ET
CcLEEVT
0LT'SYT
T9C'9vT
986'€9T —

188691

{

13C NMR (100 MHz, CDCl3)

T6L°€8T

PPM

\
100

\
150

\
200

S77



VIII. References

(1)

)

3)

(4)

(5)

(6)

(7)

W. Wu, X. Wu, S. Fan and J. Zhu, Rh(lll)-Catalyzed Enaminone-Directed C—H Coupling with Diazodicarbonyls for

Skeleton-Divergent Synthesis of Isocoumarins and Naphthalenes, Org. Lett., 2022, 24, 7850-7855.

F. Wang, R. Fu, J. Chen, J. Rong, E. Wng, J. Zhang, Z. Zhang and Y. Jiang, Metal-Free Synthesis of gem-Difluorinated

Heterocycles from Enaminones and Difluorocarbene Precursors, Chem. Commun., 2022, 58, 3477-3480.

M. Wang, Q. Zhou, X. Zhang and X. Fan, Condition-Controlled Divergent Synthesis of Imidazoindolone

Spiroisoquinolinones from N-Alkoxycarboxamide Indoles and Diazo Homophthalimides, Adv. Synth. Catal., 2023, 365,

1255-1261.

Q. Zhou, X. Song, X. Zhang and X. Fan, Synthesis of Spiro[benzo[d][1,3]oxazine-4,4-isoquinoline]s via [4 + 1 + 1]

Annulation of N-Aryl Amidines with Diazo Homophthalimides and O,, Org. Lett., 2022, 24, 1280-1285.

R. L. Betts, S. T. Murphy and C. R. Johnson, Enzymatic Desymmetrization/Resolution of Epoxydiols Derived from1,4-

Naphthoquinone, 5-Hydroxy-1,4-naphthoquinone and 5,8-Dihydroxy-1,4-naphthoquinone, Tetrahedron, 2004, 15, 2853-

2860.

X. Song, Q. Zhou, J. Zhao, Y. Jiang, X. Zhang, X. Zhang and X. Fan, Synthesis of 1,3-Benzodiazepines through [5 + 2]

Annulation of N-Aryl Amidines with Propargylic Esters, Org. Lett., 2020, 22, 9506-9512.

L. Zhou, Y. Shi, X. Zhu and P. Zhang, Pd-Catalyzed Intramolecular Heck Reaction for the Synthesis of 2-Methylbenzofurans,

Tetrahedron Lett., 2019, 60, 2005-2008.

S78



