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I. General Information

All chemicals were obtained from commercial sources and were used as received unless otherwise
noted. Oximes! and Diazo compounds? were prepared by following literature reports. All reactions
were carried out using Schlenk techniques or in a nitrogen-filled glovebox. NMR spectra were recorded
on a 400 or 600 MHz NMR spectrometer in the solvent indicated. The chemical shift is given in
dimensionless J values and is frequency referenced relative to TMS in 'H and *C NMR spectroscopy.
HRMS data were obtained on a Thermo Scientific LTQ Orbitrap Discovery spectrometer (Bremen,
Germany). Column chromatography was performed on silica gel (200-300 mesh) using ethyl acetate

(EA)/petroleum ether (PE).
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I1. Experimental Procedures and Characterizations

N [Cp*RhCly], (4 mol %)
N ~OH o) AgOAc (2.5 equiv)
+
@ @‘ PivOH (2.0 equiv)

MeCN, 40 °C, 24 h
1 2

Synthesis of Product 3: A mixture of oximes 1 (0.2 mmol), diazo compounds 2 (0.3 mmol),
[Cp*RhCl2] 2 (4 mol %), AgOAc (2.5 equiv), PivOH (2.0 equiv) and MeCN (2.0 mL) were charged
into a pressure tube. The reaction mixture was stirred under N> at 40 °C for 24 h. After the solvent was
removed under reduced pressure, the residue was purified by silica gel chromatography using

petroleum ether/ethyl acetate (1:1) to afford the product 3.

[Cp*"Rh(MeCN);][SbF¢l, 0
o N, (8 mol %) @
0 AgOAc (2.5 equiv) O
OH + O
CsOAc (2.0 equiv) @‘

DCE, 70°C, 24 h
4 2 6

Synthesis of Product 6: A mixture of Benzoic Acids 4 (0.2 mmol), diazo compounds 2 (0.24 mmol),
[Cp*Rh(MeCN);:][SbFe]2 (8 mol %), AgOAc (2.5 equiv), CsOAc (2.0 equiv), DCE (2 mL) were
charged into a pressure tube. The reaction mixture was stirred under N at 70 °C for 24 h. After the
solvent was removed under reduced pressure, the residue was purified by silica gel chromatography

using petroleum ether/ethyl acetate (5:1) to afford the product 6.

S3



Qs
od

3-Methyl-2'-ox0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3aa)

3aa was obtained according to the general procedure in 72% yield (39.4 mg), brown solid, Rr = 0.2
(PE/EA = 1/1).

"H NMR (600 MHz, CDCl3) 6 7.66 (d, J = 10.0 Hz, 1H), 7.45 (d, J = 7.5 Hz, 1H), 7.41 - 7.35 (m, 3H),
7.34 - 7.30 (m, 1H), 7.21 - 7.18 (m, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.90 (d, J=7.7 Hz, 1H), 6.30 (d, J =
10.0 Hz, 1H), 2.55 (s, 3H). 3C NMR (151 MHz, CDCls) § 190.0, 146.9, 138.6, 136.0, 135.6, 131.3,
130.4, 130.3, 129.6, 129.4, 128.4, 126.7, 124.4, 120.8, 120.2, 120.1, 88.8, 9.8. HRMS (ESI) calculated
for C1sH13NNaO," [M+Na]": 298.0838, found: 298.0841.

Me
\ _
MeOO
908

6-Methoxy-3-methyl-2'-ox0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ba)

3ba was obtained according to the general procedure in 65% yield (39.7 mg), brown solid, R = 0.3
(PE/EA = 1/1).

"H NMR (600 MHz, CDCls) 6 7.63 (d, J = 10.0 Hz, 1H), 7.43 (d, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz,
1H), 7.34 — 7.27 (m, 2H), 6.91 (d, J= 7.7 Hz, 1H), 6.87 (dd, J = 8.5, 2.4 Hz, 1H), 6.55 (d, J= 2.3 Hz,
1H), 6.28 (d, J = 9.9 Hz, 1H), 3.70 (s, 3H), 2.51 (s, 3H). *C NMR (151 MHz, CDCls) 6 190.0, 160.5,
146.9, 146.8, 140.4, 135.8, 131.3, 130.4, 130.3, 129.6, 128.5, 126.9, 124.4, 121.2, 114.20, 108.3, 88.2
55.7,9.8. HRMS (ESI) calculated for C19H;sNNaOs* [M+Na]*: 328.0944, found: 328.0947.

&

3,6-Dimethyl-2'-0x0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ca)

OO

3ca was obtained according to the general procedure in 84% yield (48.4 mg), yellow solid, Rf = 0.2
(PE/EA = 1/1).

'H NMR (600 MHz, CDCls) 6 7.65 (d, J = 10.0 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.39 (t, J = 7.5 Hz,
1H), 7.32 (t, J= 7.6 Hz, 1H), 7.30 — 7.25 (m, 1H), 7.16 (d, J = 7.9 Hz, 1H), 6.91 (d, J = 7.8 Hz, 1H),
6.79 (s, 1H), 6.30 (d, J = 10.0 Hz, 1H), 2.53 (s, 3H), 2.25 (s, 3H). *C NMR (151 MHz, CDCls) J 190.2,
147.2, 146.9, 139.0, 138.9, 135.8, 133.2, 131.3, 130.5, 130.4, 130.1, 129.5, 126.8, 124.5, 121.6, 120.1,
88.6,21.7,9.8. HRMS (ESI) calculated for Ci1oHisNNaO," [M+Na]™: 312.0995, found: 312.0994.

%&

OO
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6-(Tert-butyl)-3-methyl-2'-0xo0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3da)

3da was obtained according to the general procedure in 79% yield (52.1 mg), yellow solid, Rf = 0.3
(PE/EA = 1/1).

'"H NMR (600 MHz, CDCl3) 6 7.67 (d, J = 10.0 Hz, 1H), 7.45 (dd, J= 7.6, 1.4 Hz, 1H), 7.41 — 7.37 (m,
2H), 7.33 — 7.29 (m, 2H), 6.97 (d, /= 1.7 Hz, 1H), 6.90 (d, J = 7.7 Hz, 1H), 6.30 (d, J = 10.0 Hz, 1H),
2.52 (s, 3H), 1.19 (s, 9H). *C NMR (151 MHz, CDCls) § 190.5, 152.5, 147.0, 147.0, 138.8, 135.9,
133.3, 131.3, 130.5, 130.4, 129.6, 126.9, 126.6, 124.5, 119.9, 117.7, 88.8, 35.2, 31.3, 9.8. HRMS (ESI)
calculated for C22H21NNaO>" [M+Na]*: 354.1465, found: 354.1463.

3-Methyl-2'-ox0-6-phenyl-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ea)

3ea was obtained according to the general procedure in 92% yield (64.6 mg), brown solid, Rr = 0.1
(PE/EA = 1/1).

"H NMR (600 MHz, CDCl3) 6 7.68 (d, J = 9.9 Hz, 1H), 7.61 — 7.56 (m, 1H), 7.47 — 7.45 (m, 2H), 7.43
—7.36 (m, 5H), 7.35 — 7.30 (m, 2H), 7.17 (s, 1H), 6.95 (d, J = 7.7 Hz, 1H), 6.33 (d, J = 9.9 Hz, 1H),
2.57 (s, 3H). 3C NMR (151 MHz, CDCl3) 6 190.1, 147.1, 147.1, 146.7, 141.8, 140.1, 139.4, 135.7,
135.1, 131.4, 130.6, 130.5, 129.7, 129.0, 128.5, 128.0, 127.2, 127.0, 124.5, 120.5, 120.5, 119.7, 88.8,
9.9. HRMS (ESI) calculated for C4H;7NNaO," [M+Na]": 374.1151, found: 374.1150.

6-Fluoro-3-methyl-2'-ox0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3fa)

3fa was obtained according to the general procedure in 36% yield (21.1 mg), yellow solid, R¢ = 0.1
(PE/EA = 1/1).

!H NMR (600 MHz, CDCl3) 6 7.66 (d, J = 10.0 Hz, 1H), 7.46 (d, J = 7.5 Hz, 1H), 7.42 (t, J = 7.5 Hz,
1H), 7.37 - 7.31 (m, 2H), 7.09 — 7.06 (m, 1H), 6.89 (d, J = 7.7 Hz, 1H), 6.74 (dd, J = 7.7, 2.4 Hz, 1H),
6.31 (d, J=9.9 Hz, 1H), 2.53 (s, 3H). *C NMR (151 MHz, CDCl3) § 189.4, 163.9, 162.2, 147.2, 146.0,
140.3, 135.0, 132.1, 131.0 (d, Jc-r = 133.7 Hz), 130.4, 129.9, 126.9, 124.3, 121.4 (d, Jc.r = 8.2 Hz),
116.6 (d, Jcr = 23.1 Hz), 1095 (d, Jcr = 25.8 Hz), 88.3, 9.9. HRMS (ESI) calculated for
CigH12FNNaO-" [M+Na]*: 316.0744, found: 316.0746.

\ S
Cl O N-O
0

+

6-Chloro-3-methyl-2'-ox0-2'H-spiro[isoindole-1,1"-naphthalene] 2-oxide (3ga)
3ga was obtained according to the general procedure in 74% yield (45.7 mg), brown solid, R = 0.3
(ethyl acetate).
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IH NMR (600 MHz, CDCls) 6 7.66 (d, J = 10.0 Hz, 1H), 7.48 — 7.42 (m, 1H), 7.43 — 7.38 (m, 1H),
7.36 — 7.28 (m, 3H), 6.95 (d, J = 1.8 Hz, 1H), 6.87 (d, J = 7.7 Hz, 1H), 6.29 (d, J = 10.0 Hz, 1H), 2.51
(s, 3H). 3C NMR (151 MHz, CDCls) 6 189.4, 147.2, 146.0, 139.8, 134.9, 134.6, 134.5, 131.5, 130.6,
130.4, 129.9, 129.8, 126.9, 124.3, 121.5, 121.0, 88.3, 9.8. HRMS (ESI) calculated for C1sH;,CINNaO,*
[M+Na]*: 332.0449, found: 332.0457.

\ S
BrN—

o}
0

6-Bromo-3-methyl-2'-0x0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ha)

3ha was obtained according to the general procedure in 72% yield (51 mg), yellow solid, Ry = 0.2
(PE/EA = 1/1).

!H NMR (600 MHz, CDCls) 6 7.68 (d, J = 10.0 Hz, 1H), 7.52 (dd, J = 8.1, 1.8 Hz, 1H), 7.48 (dd, J =
7.6, 1.4 Hz, 1H), 7.44 — 7.41 (m, 1H), 7.37 — 7.33 (m, 1H), 7.27 (s, 1H), 7.11 (d, J = 1.8 Hz, 1H), 6.89
(dd, J=7.7,1.1 Hz, 1H), 6.32 (d, J = 10.0 Hz, 1H), 2.53 (s, 3H). *C NMR (151 MHz, CDClz) § 189.3,
147.3, 146.2, 139.9, 135.1, 134.8, 132.7, 131.5, 130.6, 130.4, 130.0, 126.9, 124.3, 124.2, 122.4, 121.3,
88.3, 9.8. HRMS (ESI) calculated for C1sH12BrNNaO>* [M+Na]*: 375.9944, found: 375.9954.

N-O
0]

+

6-1odo-3-methyl-2'-0x0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ia)
3ia was obtained according to the general procedure in 68% yield (54.2 mg), yellow solid, Rf = 0.1
(PE/EA = 1/1).
'H NMR (600 MHz, CDCls) 6 7.71 (dd, J = 8.1, 1.5 Hz, 1H), 7.66 (d, J = 10.0 Hz, 1H), 7.47 (dd, J =
7.6, 1.4 Hz, 1H), 7.43 — 7.40 (m, 1H), 7.36 — 7.32 (m, 1H), 7.27 (d, /= 1.5 Hz, 1H), 7.14 (d, /= 8.1 Hz,
1H), 6.88 (dd, J = 7.8, 1.1 Hz, 1H), 6.31 (d, J = 10.0 Hz, 1H), 2.51 (s, 3H). '*C NMR (151 MHz,
CDClz) 0 189.4, 147.3, 146.3, 140.0, 138.6, 135.7, 134.9, 131.5, 130.6, 130.4, 130.0, 129.7, 126.9,
124.3, 121.5, 93.52, 88.2, 9.8. HRMS (ESI) calculated for C1sH12INNaO,* [M+Na]*: 423.9805, found:
423.9814.

Me

\
F3C O N—0
0

+

3-Methyl-2'-oxo0-6-(trifluoromethyl)-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ja)

3ja was obtained according to the general procedure in 80% yield (55 mg), brown solid, R = 0.2 (ethyl
acetate).

'H NMR (600 MHz, CDCl3) 6 7.70 (d, J = 10.0 Hz, 1H), 7.64 (dd, J = 8.0, 1.6 Hz, 1H), 7.52 — 7.48 (m,
2H), 7.45 — 7.42 (m, 1H), 7.36 — 7.33 (m, 1H), 7.17 (s, 1H), 6.86 (d, /= 7.7 Hz, 1H), 6.32 (d, /= 10.0
Hz, 1H), 2.55 (s, 3H). 3C NMR (151 MHz, CDCl3) J 189.2, 147.5, 145.8, 139.7, 138.9, 134.5, 131.6,
130.8, 130.5, 130.2 (q, Jcr = 98.6 Hz), 130.2, 127.0, 126.9 (q, Jor = 39.4 Hz), 124.3, 123.8 (q, Jcr =
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272.5 Hz), 1202, 117.7 (q, Jer = 38.7 Hz), 88.6, 9.8. HRMS (ESI) calculated for CjoH;,FsNNaO,*
[M+Na]*: 366.0712, found: 366.0722.
Me

\ _
MeOOC O N—O
90N

6-(Methoxycarbonyl)-3-methyl-2'-oxo0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ka)
3ka was obtained according to the general procedure in 91% yield (60.7 mg), yellow solid, Rt = 0.2
(PE/EA = 1/1).
'"H NMR (600 MHz, CDCl3) 6 8.06 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 9.9 Hz, 1H), 7.59 (s, 1H), 7.47 —
7.43 (m, 2H), 7.39 (t, /= 7.6 Hz, 1H), 7.30 (t, /= 7.6 Hz, 1H), 6.84 (d, /J="7.7 Hz, 1H), 6.30 (d, /J=9.8
Hz, 1H), 3.83 (s, 3H), 2.53 (s, 3H). '*C NMR (151 MHz, CDCls) J 189.4, 166.2, 147.4, 146.1, 140.5,
138.5, 134.9, 131.4, 131.2, 130.6, 130.5, 129.9, 129.8, 126.8, 124.3, 121.7, 119.8, 88.7, 52.4, 9.8.
HRMS (ESI) calculated for C20H1sNNaO4* [M+Na]": 356.0893, found: 356.0893.

Me

S
O2N O N-O
o

+

3-Methyl-6-nitro-2'-oxo0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3la)

3la was obtained according to the general procedure in 84% yield (53.7 mg), yellow solid, Rf = 0.3
(PE/EA = 1/1).

'H NMR (600 MHz, CDCl3) 6 8.28 (d, J = 8.3 Hz, 1H), 7.79 (s, 1H), 7.73 (d, J = 9.9 Hz, 1H), 7.54 —
7.50 (m, 2H), 7.45 (t, J = 7.6 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.33 (d, J =
10.0 Hz, 1H), 2.55 (s, 3H). '3C NMR (151 MHz, CDCl3) 6 188.6, 147.7, 147.5, 145.4, 142.5, 139.0,
133.9, 131.7, 131.0, 130.6, 130.5, 126.9, 125.7, 124.2, 120.0, 116.4, 88.7, 9.9. HRMS (ESI) calculated

for C1sH12N2NaO4" [M+Na]*: 343.0689, found: 343.0693.
M
© Me

St
N—-O
<05

3,5-Mimethyl-2'-0x0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ma)

3ma was obtained according to the general procedure in 73% yield (42.2 mg), white solid, R = 0.2
(PE/EA=1/1).

'H NMR (600 MHz, CDCI3) 6 7.63 (d, J = 10.0 Hz, 1H), 7.43 (dd, J= 7.5, 1.5 Hz, 1H), 7.39 — 7.35 (m,
1H), 7.32 — 7.28 (m, 1H), 7.21 (s, 1H), 7.00 (d, J = 7.7 Hz, 1H), 6.92 — 6.84 (m, 2H), 6.28 (d, J=10.0
Hz, 1H), 2.52 (s, 3H), 2.36 (s, 3H). '*C NMR (151 MHz, CDCls) 6 190.3, 147.0, 146.9, 139.7, 136.1,
135.9,135.9, 131.3, 130.5, 130.3, 129.5, 129.2, 126.8, 124.5, 120.9, 120.6, 88.7, 21.7, 9.8. HRMS (ESI)
calculated for CoH ;sNNaO," [M+Na]*: 312.0995, found: 312.0997.
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5-(Methoxycarbonyl)-3-methyl-2'-oxo0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3na)

3na was obtained according to the general procedure in 75% yield (50.0 mg), brown solid, Rs = 0.1
(PE/EA = 1/1).

'H NMR (600 MHz, CDCls) 6 8.04 (s, 1H), 7.88 (d, J= 7.7 Hz,, 1H), 7.67 (d, J = 10.0 Hz, 1H), 7.46 (d,
J=17.5Hz, 1H), 7.40 (t, J = 7.5 Hz, 1H), 7.36 — 7.29 (m, 1H), 7.05 (d, J=7.9 Hz, 1H), 6.86 (d, J = 7.7
Hz, 1H), 6.30 (d, J = 10.0 Hz, 1H), 3.92 (s, 3H), 2.56 (s, 3H). 3C NMR (151 MHz, CDCl;) 6 189.3,
166.1, 147.3, 146.2, 142.6, 136.7, 134.8, 131.6, 131.5, 130.6, 130.5, 129.9, 129.8, 126.9, 124.3, 121.0,
120.9, 88.7, 52.6, 9.8. HRMS (ESI) calculated for CyH;sNNaO4s" [M+Na]*": 356.0893, found:
356.0893.

F
Me

Ol
N-O
<05

4-Fluoro-3-methyl-2'-ox0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (30a)

3oa was obtained according to the general procedure in 75% vyield (43.9 mg), yellow solid, Rt = 0.2
(PE/EA =1/1).

'H NMR (600 MHz, CDCI3) 6 7.65 (d, J = 10.0 Hz, 1H), 7.45 (dd, J= 7.6, 1.4 Hz, 1H), 7.42 — 7.39 (m,
1H), 7.35 - 7.32 (m, 1H), 7.18 — 7.13 (m, 1H), 7.05 — 7.01 (m, 1H), 6.91 (d, /= 7.7 Hz, 1H), 6.79 (d, J
=17.5 Hz, 1H), 6.29 (d, J = 10.0 Hz, 1H), 2.66 (s, 3H). '3C NMR (151 MHz, CDCls) 6 189.5, 155.2 (d,
Jor=254.1 Hz), 147.2, 144.5, 140.3, 135.2, 131.5, 130.5, 130.4, 130.0 (d, Jcr = 6.9 Hz), 129.9, 126.9,
124.3, 123.6 (d, Jcr = 14.7 Hz), 117.1 (d, Jc-r = 3.7 Hz), 116.9 (d, Jcr = 20.0 Hz), 88.6, 11.6. HRMS
(ESI) calculated for C1sH12FNNaO," [M+Na]*: 316.0744, found: 316.0745.

Br
Me

Ol
N-O
<05

4-Bromo-3-methyl-2'-ox0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3pa)

3pa was obtained according to the general procedure in 43% yield (30.7 mg), brown solid, Rf = 0.3
(PE/EA =1/1).

!H NMR (600 MHz, CDCls) 6 7.65 (d, J = 10.0 Hz, 1H), 7.48 (dd, J = 8.1, 1.0 Hz, 1H), 7.45 (dd, J =
7.6, 1.5 Hz, 1H), 7.43 — 7.39 (m, 1H), 7.36 — 7.32 (m, 1H), 7.02 (t, J = 7.8 Hz, 1H), 6.94 — 6.88 (m,
2H), 6.30 (d, J =10.1 Hz, 1H), 2.80 (s, 3H). *C NMR (151 MHz, CDCls) § 189.4, 147.2, 140.5, 135.3,
134.8, 134.5, 131.5, 131.2, 130.6, 130.4, 129.9, 129.3, 127.0, 124.3, 119.9, 114.6, 87.9, 12.6. HRMS
(ESI) calculated for C1gH12BrNNaO,* [M+Na]*: 375.9944, found: 375.9945.
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3,5,6-Trimethyl-2"-0x0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3qa)
3ga was obtained according to the general procedure in 63% yield (38.5 mg), brown solid, Rs = 0.2
(PE/EA = 1/1).
'H NMR (600 MHz, CDCl3) 6 7.64 (d, J = 10.0 Hz, 1H), 7.44 (d, J = 7.5 Hz, 1H), 7.37 (t, J = 7.5 Hz,
1H), 7.30 (t, J = 7.6 Hz, 1H), 7.17 (s, 1H), 6.90 (d, J = 7.7 Hz, 1H), 6.75 (s, 1H), 6.29 (d, J = 10.0 Hz,
1H), 2.52 (s, 3H), 2.26 (s, 3H), 2.14 (s, 3H). *C NMR (151 MHz, CDCl3) 6 190.4, 147.2, 146.9, 138.2,
137.6, 136.5, 136.1, 133.6, 131.3, 130.5, 130.3, 129.5, 126.8, 124.6, 121.9, 121.4, 88.5, 20.2, 20.1, 9.8.
HRMS (ESI) calculated for C20H17NNaO," [M+Na]": 326.1151, found: 326.1152.

Me

N-O

o)

Yes
e

3-Methyl-2'-oxo0-2'H-spiro[benzo[f]isoindole-1,1'-naphthalene] 2-oxide (3ra)

3ra was obtained according to the general procedure in 94% yield (61.1 mg), brown solid, Rs = 0.2
(ethyl acetate).

H NMR (600 MHz, CDCl3) 6 7.85 (d, J = 8.2 Hz, 1H), 7.79 (s, 1H), 7.70 (d, J = 10.1 Hz, 1H), 7.65 (d,
J = 8.0 Hz, 1H), 7.51 — 7.37 (m, 5H), 7.30 (t, J = 7.8 Hz, 1H), 6.94 (d, J = 7.8 Hz, 1H), 6.33 (d, J =
10.0 Hz, 1H), 2.63 (s, 3H). 3C NMR (151 MHz, CDCls) ¢ 190.5, 147.1, 147.0, 136.4, 135.8, 133.8,
133.7, 133.0, 131.3, 130.5, 130.5, 129.7, 128.6, 128.5, 127.4, 127.0, 126.9, 124.4, 120.2, 119.1, 87.9,
9.9. HRMS (ESI) calculated for C2xH;sNNaO," [M+Na]*: 348.0995, found: 348.0995.

1-Methyl-2'-o0x0-2'H,9H-spiro[indeno[1,2-flisoindole-3,1'-naphthalene] 2-oxide (3sa)

3sa was obtained according to the general procedure in 76% yield (55.6 mg), yellow solid, Rf = 0.2
(ethyl acetate).

IH NMR (600 MHz, CDCl3) 6 7.72 (d, J = 10.0 Hz, 1H), 7.61 (d, J = 7.1 Hz, 1H), 7.57 (s, 1H), 7.50
(dd, J=7.5,2.8 Hz, 2H), 7.41 (t, J = 7.5 Hz, 1H), 7.35 - 7.27 (m, 4H), 6.95 (d, J = 7.7 Hz, 1H), 6.36 (d,
J =10.0 Hz, 1H), 3.90 (s, 2H), 2.59 (s, 3H). *C NMR (151 MHz, CDCl3) 6 190.3, 147.3, 147.1, 144.8,
143.4, 142.5, 140.6, 138.1, 136.1, 134.7, 131.4, 130.6, 130.5, 129.7, 127.6, 127.1, 127.0, 125.2, 124.7,
120.2, 117.0, 112.7, 88.4, 37.1, 9.9. HRMS (ESI) calculated for C,sH;7NNaO," [M+Na]*: 386.1151,
found: 386.1155.
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2'-Oxo0-3-propyl-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ta)
3ta was obtained according to the general procedure in 72% vyield (44.0 mg), yellow solid, Rs = 0.2
(PE/EA = 1/1).
'H NMR (600 MHz, CDCls) § 7.64 (d, J = 9.9 Hz, 1H), 7.44 — 7.30 (m, 5H), 7.17 (t, J = 7.6 Hz, 1H),
6.97 (d, J = 7.6 Hz, 1H), 6.88 (d, J = 7.7 Hz, 1H), 6.28 (d, J = 10.0 Hz, 1H), 2.98 — 2.94 (m, 2H), 1.94
-1.89 (m, 2H), 1.12 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz, CDCls) § 190.1, 150.3, 146.9, 138.8,
136.1, 135.9, 131.3, 130.5, 130.4, 129.6, 129.4, 128.2, 126.8, 124.5, 120.9, 120.2, 88.7, 26.0, 19.3, 14.4.
HRMS (ESI) calculated for C20H17NNaO," [M+Na]": 326.1151, found: 326.1153.
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7'-Methoxy-3-methyl-2'-0x0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ab)
3ab was obtained according to the general procedure in 72% yield (43.7 mg), brown solid, R = 0.3
(PE/EA =1/1).
"H NMR (600 MHz, CDCl3) 6 7.59 (d, J= 9.9 Hz, 1H), 7.39 — 7.33 (m, 3H), 6 7.19 (t, J = 7.3 Hz, 1H).,
6.99 (d, J=7.5 Hz, 1H), 6.87 (dd, J = 8.5, 2.6 Hz, 1H), 6.41 (d, J = 2.6 Hz, 1H), 6.15 (d, /= 9.9 Hz,
1H), 3.71 (s, 3H), 2.54 (s, 3H). *C NMR (151 MHz, CDCls) § 189.7, 162.1, 147.1, 146.9, 138.8, 137.6,
135.7, 132.0, 129.3, 128.4, 123.4, 121.6, 120.7, 120.2, 113.9, 113.5, 88.7, 55.5, 9.7. HRMS (ESI)
calculated for C19H;sNNaOs" [M+Na]*: 328.0944, found: 328.0946.
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7'-Bromo-3-methyl-2'-ox0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ac)

3ac was obtained according to the general procedure in 30% yield (21.5 mg), brown solid, Ry = 0.2
(PE/EA = 1/1).

'H NMR (600 MHz, Acetone-de) 6 7.92 (d, J = 10.0 Hz, 1H), 7.69 — 7.64 (m, 1H), 7.60 (d, J = 8.2 Hz,
1H), 7.56 (d, J = 7.7 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.25 (t, J= 7.6 Hz, 1H), 7.13 — 7.10 (m, 1H),
7.07 (d, J = 7.6 Hz, 1H), 6.33 (d, J = 10.0 Hz, 1H), 2.44 (s, 3H). '*C NMR (151 MHz, Acetone- de) J
188.9, 146.1, 138.3, 138.1, 136.7, 132.6, 131.9, 129.9, 129.7, 129.5, 127.9, 124.7, 124.4, 120.4, 120.0,
87.8, 8.6. HRMS (ESI) calculated for CisHi,BrNNaO," [M+Na]": 375.9944, found: 375.9948.
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6'-Bromo-3-methyl-2'-oxo-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ad)
3ad was obtained according to the general procedure in 56% yield (39.6 mg), brown solid, Ry = 0.2
(PE/EA = 1/1).
'"H NMR (600 MHz, CDCl3) § 7.61 — 7.56 (m, 2H), 7.44 — 7.37 (m, 3H), 7.22 (t, J = 7.4 Hz, 1H), 6.98
(d, J=17.5 Hz, 1H), 6.76 (d, J = 8.2 Hz, 1H), 6.34 (d, J = 9.9 Hz, 1H), 2.53 (s, 3H). '3C NMR (151
MHz, CDCls) ¢ 189.2, 147.2, 145.2, 137.9, 135.8, 134.2, 133.9, 132.8, 132.2, 129.6, 128.6, 128.4,
125.5, 123.5, 120.8, 120.3, 88.2, 9.7. HRMS (ESI) calculated for C1sH12BrNNaO," [M+Na]*: 375.9944,
found: 375.9947.
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6'-(Methoxycarbonyl)-3-methyl-2'-ox0-2'H-spiro[isoindole-1,1'-naphthalene] 2-oxide (3ae)

3ae was obtained according to the general procedure in 21% yield (14.3 mg), brown solid, Ry = 0.2
(PE/EA =1/1).

"H NMR (600 MHz, Acetone-ds) J 8.24 (s, 1H), 8.06 (d, J = 10.0 Hz, 1H), 7.97 (dd, J = 8.1, 1.8 Hz,
1H), 7.56 (d, J = 7.7 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.23 (t, J = 7.6 Hz, 1H), 7.08 — 7.06 (m, 2H),
6.39 (d, J=10.1 Hz, 1H), 3.91 (s, 3H), 2.44 (s, 3H). '3C NMR (151 MHz, Acetone-ds) 6 189.2, 165.3,
146.3, 140.8, 137.9, 136.8, 131.4, 131.2, 131.1, 130.9, 129.5, 127.8, 127.2, 124.9, 120.4, 119.9, 88.3,
51.8, 8.5. HRMS (ESI) calculated for C0H;sNNaO4" [M+Na]*: 356.0893, found: 356.0887.
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4-Methyl-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6aa)

6aa was obtained according to the general procedure in 76% yield (42.8 mg), yellow solid, R = 0.2
(PE/EA =5/1).

!H NMR (600 MHz, CDCl3) 6 7.65 (d, J = 10.0 Hz, 1H), 7.45 (d, J = 7.4 Hz, 1H), 7.40 (t, J = 7.4 Hz,
1H), 7.37 — 7.32 (m, 2H), 7.26 — 7.24 (m, 1H), 7.22 (d, J = 7.7 Hz, 1H), 6.99 (d, J = 7.7 Hz, 1H), 6.26
(d, J =10.0 Hz, 1H), 2.74 (s, 3H). C NMR (151 MHz, CDCls) § 193.0, 170.4, 148.8, 146.5, 140.9,
138.2, 134.1, 131.7, 130.9, 130.2, 129.5, 129.4, 126.5, 123.9, 121.2, 118.5, 86.7, 17.4. HRMS (ESI)
calculated for C1sH12NaOs" [M+Na]*: 299.0679, found: 299.0680.

OMe
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4-Methoxy-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6ba)
6ba was obtained according to the general procedure in 75% yield (44.1 mg), yellow solid, Rt = 0.2
(PE/EA =5/1).
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'H NMR (600 MHz, CDCl3) 6 7.63 (d, J = 10.0 Hz, 1H), 7.44 (t, J = 7.9 Hz, 2H), 7.41 — 7.38 (m,
1H), 7.36 — 7.32 (m, 1H), 7.24 (d, J = 7.7 Hz, 1H), 6.91 (d, J = 8.3 Hz, 1H), 6.72 (d, J = 7.6 Hz,
1H), 6.26 (d, J = 10.0 Hz, 1H), 4.00 (s, 3H). 13C NMR (151 MHz, CDCls) ¢ 192.6, 168.2, 159.1,
150.8, 146.5, 138.0, 136.7, 130.9, 130.2, 129.5, 129.5, 126.6, 123.9, 112.8, 111.8, 111.1, 86.4,
56.2. HRMS (ESI) calculated for C1sH;2NaO4* [M+Na]*: 315.0628, found: 315.0626.

Ph
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4-Phenyl-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6ca)

6ca was obtained according to the general procedure in 86% yield (58.4 mg), yellow solid, Rr = 0.3
(PE/EA =5/1).

"H NMR (600 MHz, CDCls) § 7.68 (d, J=10.0 Hz, 1H), 7.61 (d, J = 7.3 Hz, 2H), 7.53 — 7.40 (m, 7H),
7.36 (t, J = 7.6 Hz, 1H), 7.26 — 7.24 (m, 1H), 7.15 (d, J = 7.7 Hz, 1H), 6.30 (d, J = 10.0 Hz, 1H). 13C
NMR (151 MHz, CDCls) 6 193.1, 169.2, 149.7, 146.7, 143.9, 138.3, 136.1, 134.3, 131.8, 131.1, 130.4,
129.8, 129.7, 128.7, 128.2, 126.8, 124.0, 120.1, 119.9, 86.4. HRMS (ESI) calculated for C23H4sNaOs*
[M+Na]*: 361.0835, found: 361.0834.
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4-Fluoro-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6da)

6da was obtained according to the general procedure in 72% yield (40.2 mg), yellow solid, R = 0.2
(PE/EA =5/1).

!H NMR (600 MHz, CDCls) 6 7.68 (d, J = 10.0 Hz, 1H), 7.53 — 7.50 (m, 1H), 7.48 (d, J = 7.1 Hz, 1H),
7.44 (td, J=7.5,1.3 Hz, 1H), 7.38 (td, J = 7.5, 1.5 Hz, 1H), 7.24 (d, J = 7.7 Hz, 1H), 7.15 (t, J = 8.4 Hz,
1H), 6.97 (d, J = 7.7 Hz, 1H), 6.29 (d, J = 10.0 Hz, 1H). *C NMR (151 MHz, CDCl3) 6 191.9, 166.2,
159.7 (d, Jcr = 267.1 Hz), 150.7, 146.8, 137.2 (d, Jcr = 4.6 Hz),137.1, 130.8 (d, Jcr = 112.5 Hz),
129.9, 129.4, 126.7, 123.7, 117.2 (d, Jc.r = 18.8 Hz), 117.2 (d, Jc-r = 4.5 Hz), 111.9 (d, Jcr = 15.0
Hz) ,99.9, 86.9. HRMS (ESI) calculated for C17HoFNaOs* [M+Na]*: 303.0428, found: 303.0427.
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4-Chloro-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6ea)

6ea was obtained according to the general procedure in 74% yield (43.8 mg), yellow solid, Rr = 0.2
(PE/EA =5/1).

"H NMR (600 MHz, CDCls) § 7.68 (d, J=10.0 Hz, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.45 — 7.40 (m, 3H),
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7.36 — 7.33 (m, 1H), 7.19 (d, J = 7.6 Hz, 1H), 7.08 (dd, J = 5.9, 2.5 Hz, 1H), 6.26 (d, J = 10.0 Hz, 1H).
13C NMR (151 MHz, CDCLs) 6 192.2, 167.2, 150.7, 146.9, 137.3, 135.6, 134.2, 131.6, 131.2, 130.5,
130.0, 129.6, 126.8, 123.8, 120.9, 119.8, 86.1. HRMS (ESI) calculated for C17HsCINaOs" [M+Na]*:
319.0132, found: 319.0137.

Br
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4-Bromo-2'H,3 H-spiro[isobenzofuran-1,1"-naphthalene]-2',3-dione (6fa)

6fa was obtained according to the general procedure in 76% yield (52.0 mg), yellow solid, Rf = 0.3
(PE/EA =5/1).

"H NMR (600 MHz, CDCl3) 6 7.70 (d, J = 10.0 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.49 (dd, J= 7.6, 1.4
Hz, 1H), 7.43 (td, J=17.5, 1.3 Hz, 1H), 7.38 — 7.34 (m, 2H), 7.20 (d, /= 7.7 Hz, 1H), 7.14 (d, J= 7.7
Hz, 1H), 6.27 (d, J = 10.0 Hz, 1H). 3C NMR (151 MHz, CDCl;) § 192.2, 167.7, 150.7, 147.0, 137.2,
135.6, 134.8, 131.2, 130.6, 130.0, 129.6, 126.7, 123.7, 122.3, 121.8, 120.4, 85.8. HRMS (ESI)
calculated for C17HoBrNaOs;" [M+Na]": 362.9627, found: 362.9634.

COOMe
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Methyl 2',3-dioxo-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-4-carboxylate (6ga)

6ga was obtained according to the general procedure in 40% yield (25.9 mg), yellow solid, R = 0.2
(PE/EA =5/1).

!H NMR (600 MHz, CDCl3) § 7.79 (d, J = 7.5 Hz, 1H), 7.68 (d, J = 10.0 Hz, 1H), 7.56 (t, J = 7.7 Hz,
1H), 7.48 (d, J = 7.5 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.30 (d, J = 7.9 Hz, 1H),
7.22 (d, J = 7.8 Hz, 1H), 6.29 (d, J = 9.7 Hz, 1H), 4.04 (s, 3H). **C NMR (151 MHz, CDCls) § 192.4,
167.2, 165.8, 149.7, 146.9, 137.5, 134.4, 132.6, 131.2, 130.7, 130.5, 129.9, 129.6, 126.9, 124.0, 123.9,
121.9, 86.5, 53.1. HRMS (ESI) calculated for C19H;2NaOs" [M+Na]": 343.0577, found: 343.0579.
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2'H,3H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6ha)

6ha was obtained according to the general procedure in 61% yield (32.2 mg), yellow solid, Rf = 0.3
(PE/EA =5/1).

'H NMR (600 MHz, CDCls) 6 8.03 — 7.91 (m, 1H), 7.68 (d, J = 9.9 Hz, 1H), 7.56 — 7.50 (m, 2H), 7.48
(d, J=7.5Hz 1H), 7.41 (t, J= 7.5 Hz, 1H), 7.34 (t, /= 7.6 Hz, 1H), 7.20 (d, J = 7.2 Hz, 2H), 6.28 (d,
J=10.0 Hz, 1H). 3C NMR (151 MHz, CDCl5) § 192.8, 170.4, 148.7, 146.8, 137.9, 134.6, 131.1, 130.4,
130.1, 129.8, 129.6, 126.9, 126.6, 124.0, 123.9, 121.3, 87.7. HRMS (ESI) calculated for Ci7H10NaO3"
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[M+Na]*: 285.0522, found: 285.0525.
O
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6-Methoxy-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6ia)

6ia was obtained according to the general procedure in 39% yield (22.5 mg), yellow solid, Rf = 0.3
(PE/EA =5/1).

'"H NMR (600 MHz, CDCl3) § 7.87 (d, J = 8.5 Hz, 1H), 7.65 (d, J= 10.0 Hz, 1H), 7.46 (d, J = 7.4 Hz,
1H), 7.41 (td, J= 7.5, 1.3 Hz, 1H), 7.35 (td, J="7.5, 1.5 Hz, 1H), 7.22 (d, /= 7.8 Hz, 1H), 7.00 (dd, J =
8.5,2.2 Hz, 1H), 6.58 (d, J = 2.1 Hz, 1H), 6.28 (d, J = 10.0 Hz, 1H), 3.77 (s, 3H). ¥*C NMR (151 MHz,
CDCl3) ¢ 192.8, 170.1, 164.9, 151.3, 146.6, 138.1, 131.1, 130.3, 129.7, 129.6, 128.5, 126.8, 124.0,
116.9, 116.2, 105.9, 86.9, 56.0. HRMS (ESI) calculated for CisHi2NaO4" [M+Na]*: 315.0628, found:
315.0628.
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6-Chloro-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6ja)

6ja was obtained according to the general procedure in 48% yield (28.7 mg), brown solid, Rf = 0.2
(PE/EA =5/1).

'H NMR (600 MHz, CDCls) d 7.90 (d, J = 8.1 Hz, 1H), 7.69 (d, J = 10.0 Hz, 1H), 7.54 — 7.47 (m, 2H),
7.45 (t, J=7.5 Hz, 1H), 7.38 (t, /= 7.6 Hz, 1H), 7.21 (d, /= 7.7 Hz, 1H), 7.15 (s, 1H), 6.30 (d, /=9.9
Hz, 1H). 3C NMR (151 MHz, CDCl3) § 192.1, 169.2, 150.1, 146.9, 141.3, 137.1, 131.3, 130.9, 130.6,
130.1, 129.5, 128.1, 126.8, 123.8, 122.6, 121.8, 86.9. HRMS (ESI) calculated for C;7HosCINaOs"
[M+Na]*: 319.0132, found: 319.0137.
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6-Bromo-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6ka)

6ka was obtained according to the general procedure in 42% yield (28.6 mg), brown solid, Ry = 0.2
(PE/EA =5/1).

!H NMR (600 MHz, CDCls) 6 7.83 (d, J = 8.1 Hz, 1H), 7.69 (d, J = 10.0 Hz, 1H), 7.66 (d, J = 8.0 Hz,
1H), 7.49 (d, J = 7.5 Hz, 1H), 7.47 — 7.43 (m, 1H), 7.41 — 7.36 (m, 1H), 7.31 (s, 1H), 7.21 (d, J = 7.7
Hz, 1H), 6.30 (d, J = 10.0 Hz, 1H). **C NMR (151 MHz, CDCls) 6 192.1, 169.3, 150.2, 146.9, 137.1,
133.8, 131.3, 130.6, 130.1, 129.7, 129.5, 128.2, 126.7, 124.7, 123.8, 123.1, 86.9. HRMS (ESI)
calculated for C7HoBrNaOs" [M+Na]*: 362.9627, found: 362.9631.
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6-(Trifluoromethyl)-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6la)

6la was obtained according to the general procedure in 42% yield (27.5 mg), yellow solid, Ry = 0.2
(PE/EA =5/1).

'H NMR (600 MHz, CDCls) ¢ 8.11 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 10.0 Hz,
1H), 7.52 (d, J = 7.5 Hz, 1H), 7.47 (t, J = 7.5 Hz, 1H), 7.43 — 7.36 (m, 2H), 7.20 (d, J = 7.7 Hz, 1H),
6.32 (d, J = 10.0 Hz, 1H). **C NMR (151 MHz, CDCls) 6 191.8, 168.8, 149.1, 147.2, 136.7, 136.4 (q,
Jcr = 33.2 Hz), 131.4, 130.8, 130.3, 129.6, 127.7, 127.5 (q, Jc-r = 4.6 Hz), 126.9, 123.7, 123.0 (q, Jc-r
= 273.7 Hz), 118.6 (q, Jc-r = 3.9 Hz), 87.3. HRMS (ESI) calculated for CisHoFsNaOs;" [M+Na]":
353.0396, found: 353.0396.
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Methyl 2',3-dioxo-2'H,3H-spiro[isobenzofuran-1,1'-naphthalene]-6-carboxylate (6ma)

6ma was obtained according to the general procedure in 30% yield (19.4 mg), brown solid, Rf = 0.2
(PE/EA =5/1).

'H NMR (600 MHz, CDCls) J 8.19 (dd, J = 8.0, 1.3 Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.80 (s, 1H),
7.72 (d, J=10.0 Hz, 1H), 7.50 (d, J = 7.5 Hz, 1H), 7.46 — 7.43 (m, 1H), 7.38 — 7.34 (m, 1H), 7.19 (d, J
= 7.7 Hz, 1H), 6.31 (d, J = 10.0 Hz, 1H), 3.90 (s, 3H). *C NMR (151 MHz, CDCl;) § 192.2, 169.3,
165.4, 148.8, 147.1, 137.2, 136.0, 131.4, 131.2, 130.7, 130.1, 129.7, 127.9, 127.0, 126.8, 123.9, 122.7,
87.5,52.9. HRMS (ESI) calculated for C19H;2NaOs" [M+Na]*: 343.0577, found: 343.0580.
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6-Nitro-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6na)

6na was obtained according to the general procedure in 38% yield (23.6 mg), brown solid, Ry = 0.2
(PE/EA =5/1).

'H NMR (600 MHz, CDCl;) ¢ 8.40 (d, J = 8.2 Hz, 1H), 8.16 (d, J = 8.3 Hz, 1H), 7.97 (s, 1H), 7.76 (d,
J=10.0 Hz, 1H), 7.55 (d, /= 7.6 Hz, 1H), 7.49 (t, J=7.5 Hz, 1H), 7.40 (t, /= 7.6 Hz, 1H), 7.19 (d, J
= 7.7 Hz, 1H), 6.33 (d, J = 10.0 Hz, 1H). *C NMR (151 MHz, CDCl3) § 191.3, 167.9, 151.8, 149.7,
147.5, 136.2, 131.5, 130.9, 130.6, 129.6, 129.4, 128.2, 126.9, 125.7, 123.6, 117.1, 87.1. HRMS (ESI)
calculated for C;7HoNNaOs" [M+Na]*: 330.0373, found: 330.0374.
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5-Methyl-2'H,3 H-spiro[isobenzofuran-1,1"-naphthalene]-2',3-dione (60a)

60a was obtained according to the general procedure in 49% yield (27.2 mg), yellow solid, Rf = 0.3
(PE/EA =5/1).

"H NMR (600 MHz, CDCl3) § 7.75 (s, 1H), 7.65 (d, J=10.0 Hz, 1H), 7.45 (d, J = 7.4 Hz, 1H), 7.42 -
7.38 (m, 1H), 7.35 — 7.30 (m, 2H), 7.19 (d, J=7.7 Hz, 1H), 7.06 (d, J = 7.9 Hz, 1H), 6.27 (d, /= 10.0
Hz, 1H), 2.41 (s, 3H). *C NMR (151 MHz, CDCl;) ¢ 193.0, 170.5, 146.6, 146.2, 140.6, 138.1, 135.7,
131.0, 130.3, 129.6, 129.5, 126.9, 126.5, 124.2, 123.9, 121.0, 87.6, 21.3. HRMS (ESI) calculated for
CisH12NaOs™ [M+Na]*: 299.0679, found: 299.0681.
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7'-Methoxy-4-phenyl-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6¢b)

6¢b was obtained according to the general procedure in 85% yield (62.8 mg), brown solid, Rf = 0.2
(PE/EA =5/1).

'H NMR (600 MHz, CDCl3) § 7.64 — 7.59 (m, 3H), 7.52 (t, J = 7.6 Hz, 1H), 7.50 — 7.43 (m, 4H), 7.41
(d, J=8.4 Hz, 1H), 7.18 (d, J= 7.7 Hz, 1H), 6.90 (dd, J = 8.4, 2.6 Hz, 1H), 6.78 (d, J = 2.7 Hz, 1H),
6.15(d, J=9.9 Hz, 1H), 3.75 (s, 3H). 3C NMR (151 MHz, CDCls) § 193.0, 169.3, 162.1, 149.8, 146.9,
143.9, 140.7, 136.1, 134.3, 132.2, 131.8, 129.8, 128.7, 128.2, 122.6, 121.1, 120.1, 119.6, 114.7, 112.7,
86.6, 55.7. HRMS (ESI) calculated for C4H;NaO4" [M+Na]*: 391.0941, found: 391.0944.
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7'-Bromo-4-phenyl-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-2',3-dione (6cc)

6cce was obtained according to the general procedure in 77% yield (64.2 mg), yellow solid, Rf = 0.3
(PE/EA =5/1).

'H NMR (600 MHz, CDCls) § 7.65 — 7.59 (m, 3H), 7.56 — 7.53 (m, 2H), 7.51 — 7.46 (m, 4H), 7.39 (s,
1H), 7.34 (d, J = 8.1 Hz, 1H), 7.15 (d, J= 7.7 Hz, 1H), 6.32 (d, J = 10.0 Hz, 1H). 3*C NMR (151 MHz,
CDCl3) 0 192.1, 168.8, 148.9, 145.7, 144.2, 140.0, 135.9, 134.5, 133.0, 132.1, 131.6, 129.9, 129.7,
128.8, 128.6, 128.2, 125.9, 124.3, 120.0, 119.6, 85.8. HRMS (ESI) calculated for C;Hi3BrNaOs"
[M+Na]*: 438.9940, found: 438.9941.
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6'-Bromo-4-phenyl-2'H,3 H-spiro[isobenzofuran-1,1"-naphthalene]-2',3-dione (6¢cd)
6¢cd was obtained according to the general procedure in 84% yield (69.7 mg), brown solid, Rf = 0.2
(PE/EA =5/1).
"H NMR (600 MHz, Acetone-ds) 6 7.99 (d, J = 10.1 Hz, 1H), 7.94 (d, J = 2.1 Hz, 1H), 7.72 (t, J = 7.7
Hz, 1H), 7.64 — 7.61 (m, 3H), 7.57 (d, J =7.5 Hz, 1H), 7.52 — 7.46 (m, 3H), 7.37 — 7.34 (m, 1H), 7.32
(d, J=8.3 Hz, 1H), 6.42 (d, J= 10.1 Hz, 1H). '*C NMR (151 MHz, Acetone-ds) J 193.1, 169.2, 150.3,
146.6, 144.2, 138.0, 137.1, 135.7, 134.4, 133.9, 133.1, 132.8, 130.5, 129.5, 129.3, 128.8, 125.6, 123.9,
121.1, 120.5, 86.4. HRMS (ESI) calculated for C,3H 3BrNaOs* [M+Na]*: 438.9940, found: 438.9947.

Ph

O

C$
90
MeOOC

Methyl 2',3-dioxo-4-phenyl-2'H,3 H-spiro[isobenzofuran-1,1'-naphthalene]-6'-carboxylate (6ce)

6ce was obtained according to the general procedure in 75% yield (59.0 mg), brown solid, Rf = 0.3
(PE/EA =5/1).

'H NMR (600 MHz, CDCl3) J 8.15 (s, 1H), 8.01 (dd, J = 8.1, 1.8 Hz, 1H), 7.73 (d, J = 10.0 Hz, 1H),
7.61 —7.58 (m, 2H), 7.53 (t, J= 7.6 Hz, 1H), 7.50 — 7.44 (m, 4H), 7.35 (d, /= 8.1 Hz, 1H), 7.14 (d, J =
7.7 Hz, 1H), 6.37 (d, J = 10.0 Hz, 1H), 3.94 (s, 3H). *C NMR (151 MHz, CDCl3) 6 192.2, 168.8, 165.7,
148.9, 145.8, 144.2, 142.7, 135.9, 134.5, 132.1, 131.8, 131.7, 131.3, 130.0, 129.7, 128.8, 128.2, 126.9,

124.9, 120.0, 119.6, 86.2, 52.7. HRMS (ESI) calculated for C,sHisNaOs™ [M+Na]": 419.0890, found:
419.0896.
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I11. Synthetic Applications

(a) Reaction on a gram scale

N, [CP*RNCl]; (2.5 mol %)
AgOAc (2.5 equiv)  pp N—o™
\N,OH 0O PivOH (2.0 equiv) T_O
200 O
oh MeCN, 40 °C, 24 h O

81% (1.42 g)
1e (5 mmol) 2a 3ea

A mixture of oximes (le, 5 mmol), diazo compounds (2a, 7.5 mmol), [Cp*RhCL]> (2.5 mol %),
AgOAc (2.5 equiv), PivOH (2.0 equiv) and MeCN (50 mL) were charged into a oven-dried seal-tube.
The reaction mixture was stirred under N, at 40 °C for 24 h. After the solvent was removed under
reduced pressure, the residue was purified by silica gel chromatography using petroleum ether/ethyl
acetate (1:1) to afford the product 3ea (1.42g, 81%) as a brown solid.

(b) Derivatization of 3ea

Ph O -0~ NaBH, (3.0 equiv) Ph O Neo
XF e
60%
3ea 7

To a solution of 3ea (35.1 mg, 0.1 mmol) in methanol (1mL) was added NaBH4 (11.4 mg, 0.3 mmol) at
room temperature. The mixture was stirred until the complete consumption of the start matreal. Then
the mixture was quenched by water and the aqueous layer was extracted with EtOAc for three times,
and the combined organic layers were washed with brine, dried, and concentrated. The residue was
purified by silica gel chromatography using petroleum ether/ethyl acetate (1:1) to give the product 7
(21.2 mg, 60%) as a white solid. *H NMR (600 MHz, DMSO-dg) J 7.64 (dd, J = 7.9, 1.7 Hz, 1H), 7.59
(d, J=7.8Hz, 1H), 7.52 (d, J = 1.6 Hz, 1H), 7.50 — 7.48 (m, 2H), 7.44 — 7.41 (m, 2H), 7.35 — 7.32 (m,
1H), 7.31 - 7.29 (m, 1H), 7.28 — 7.25 (m, 1H), 7.11 (td, J = 7.5, 1.5 Hz, 1H), 6.70 — 6.65 (m, 2H), 6.07
(dd, J = 9.9, 2.0 Hz, 1H), 5.55 (s, 1H), 5.39 (s, 1H), 2.44 (s, 3H). ©*C NMR (151 MHz, DMSO-ds) ¢
143.8, 139.7, 139.6, 138.8, 133.7, 133.1, 132.7, 129.0, 128.7, 128.3, 127.6, 127.1, 127.0, 126.6, 126.4,
124.5,119.7, 119.4, 87.4, 70.4, 9.5. HRMS (ESI) calculated for C24H19NNaO,* [M+Na]*: 376.1308,

found: 376.1306.
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IV. Mechanistic Studies

(a) Catalytic reactivity of rhodacyclic complex 8

_OH
N
' [CP*RACL], (0.5 equiv) /©5\<N_OH
AgNTf, (1.0 equiv) MeO Rﬁ
MeO

AgOAc (1.0 equiv) TEN" - Cp*
16 Na,COj3 (2.0 equiv) 8 (99%)

Preparation of cyclometalated complex 8: A mixture of oxime 1b (8.3 mg 0.05 mmol), [Cp*RhCl,]»
(15.5 mg, 0.025 mmol), AgNTf, (19.4 mg, 0.05 mmol), AgOAc (8.4 mg, 0.05 mmol), Na,COs (10.6
mg, 0.1 mmol) and 1,2-dichloroethane (1.0 mL) were charged into a pressure tube. The reaction
mixture was stirred for 12 h at 60 °C under air. The reaction mixture was filtered through a pad of

Celite washing with acetonitrile, and then concentrated under reduced pressure. The residue was

N
~ _OH 2 o Complex8 (8mol %) MeO O oo
N O‘ AgOAc (2.5 equiv) *_0
¥
MeO PivOH (2.0 equiv) O‘
MeCN, 40 °C, 24 h
1b 2a 68% 3ba

washed with n-hexane to give 8.3

Catalytic reactivity of complex 8: A mixture of oximes (1b, 0.2 mmol), diazo compounds (2a, 0.3
mmol), 8 (8 mol %), AgOAc (2.5 equiv), PivOH (2.0 equiv) and MeCN (2 mL) were charged into a
oven-dried seal-tube. The reaction mixture was stirred under N at 40 °C for 24 h. After the solvent was
removed under reduced pressure, the residue was purified by silica gel chromatography using
petroleum ether/ethyl acetate (1:1) to afford the product 3ba (41.5 mg, 68%) as a brown solid.

(b) H/D Exchange Experiment

[CP*RNCl,], (4 mol %)

SO AgOAc (2.5 equiv) SO
BEnmT s
1a eCN, ) 1a-d,

To a pressure tube equipped with a stir bar was charged oximes 1a (0.1 mmol), [Cp*RhCl,], (4 mol %),
AgOAc (2.5 equiv), CD3;COOD (2.0 equiv), and MeCN (1.0 mL). The reaction mixture was stirred
under N, at 40 °C for 5 h. After that, the solvent was removed under reduced pressure and the residue
was purified by silica gel chromatography using PE/EA to afford the recovered la-d,. The extent of
deuteration was obtained by *H NMR analysis.

S19



7.6397
7.6350
7.6325
7.6270
i ) 7.6235
T Y7.3910
X7.3877

7.3823
7.3791
- -2.3021

lL J )
S

S]

‘(") T . . . .
H/D (0%)

Np
X, -OH o [CP™RNCIy]; (4 mol %) O \N—o’
N . O‘ AgOAc (2.5 equiv) * 0
CD3COOD (2.0 equiv) O‘

MeCN, 40 °C, 5 h
1a 2a 3aa-d,,

[1.99:
»13.00-

To a pressure tube equipped with a stir bar was charged oximes 1la (0.1 mmol), 2a (0.15 mmol),
[Cp*RhCL2] 2 (4 mol %), AgOAc (2.5 equiv), CD3COOD (2.0 equiv), and MeCN (1.0 mL). The
reaction mixture was stirred under N, at 40 °C for 5 h. After that, the solvent was removed under
reduced pressure and the residue was purified by silica gel chromatography using PE/EA to afford the
product 3aa-d,. The extent of deuteration was obtained by *H NMR analysis.

S20



T OTONTCNONTNOMONDOLNODOODOWMT MOOVMOTOANMNMST AN T NN T T

NDOONOYINUMITANNOORNOTOANOOIRDWNANODTANNT-TO+-ODAXNO©O©OD

OITDNITOONDDOARNNOONNMANNOOONPNVDOO0OONNAT--O0ODDHD— O %

QOYNTITLLNNNNNNNONNNNANNT T OO0 RRNN RN QNQQMMLWO

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNG© ©© OO0 0600
T |

N
[ ‘
‘M‘H J/J Jr ‘

ONEBHNED S
eeoeaoceaQ
M-+ v O«
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Sy-OH N2 o [CPRNCLL (4mol %) R O Yo
. AgOAc (2.5 equiv) * 5
R PivOH (2.0 equiv) O‘
1j, R = CF3, (0.2 mmol) MeCN, 40 °C, 12 h
1b, R = OMe, (0.2 mmol) 2a 3ja: 3ba =5:1

| S

(c) Competition experiment

A pressure tube was charged with 1j (0.2 mmol), 1b (0.2 mmol), 2a (0.2 mmol), [Cp*RhCl,] > (4
mol %), AgOAc (2.5 equiv), PivOH (2.0 equiv), and MeCN (2.0 mL). The reaction mixture was stirred
at 40 <T for 12 h under N,. After that, the solvent was removed under reduced pressure and the residue
was purified by silica gel chromatography using PE/EA to afford 3ja and 3ba.The ratio of 3ja:3ba =
5:1 was determined on the basis of 'H NMR analysis.
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(d) Parallel kinetic isotope effects
CHs N2 [CP*RNClyl, (4 mol %)
Q/KN/OH 0 AgOAc (2.5 equiv) ™
+
CH4COOH (2.0 equiv)
1a 2a MeCN, 40 °C, 2 h
> KIE=17
CD, N2 [Cp*RhCl,], (4 mol %)
@/‘\\N/OH . O AgOAc (2.5 equiv)
Dso
AN~ CD;COO0D (2.0 equiv) -
1a-dg 2a MeCN, 40 °C, 2 h

A pressure tube equipped with a stir bar was charged with 1a (0.1 mmol), 2a (0.15 mmol), [Cp*RhCl;]
2 (4 mol %), AgOACc (2.5 equiv), CH3COOH (2.0 equiv), and MeCN (1.0 mL). To another tube was
added 1a-ds (0.1 mmol), 2a (0.15 mmol), [Cp*RhCl;] 2 (4 mol %), AgOAc (2.5 equiv), CDsCOOD (2.0
equiv), and MeCN (1.0 mL). The two reaction mixtures were stirred side by side at 40 °C for 2 h
under N2. The reactions tubes were quenched at 0 T and these two mixtures were rapidly combined.
The solvent was rapidly removed under reduced pressure. The resulting residue was purified by
silica gel chromatography using PE/EA to afford the mixed products. The KIE (kn/kp = 1.7) value
was determined on the basis of *H NMR analysis.
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V X-Ray Crystallographic Data
The data of 3aa (CCDC 1992558) can be obtained free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Table S1. Crystal data and structure refinement for 6ea

Empirical formula C17HqCIO3

Formula weight 296.69
Temperature/K 153.0

Crystal system triclinic

Space group P-1

alA 8.2844(11)

b/A 8.6986(12)

c/A 10.7524(15)

o/° 68.114(4)

B/ 78.900(4)

y/° 68.561(4)
Volume/A3 667.83(16)

z 1

pcale g/cm® 0.738

w/mmt 0.146

F(000) 152.0

Crystal size/mm3 0.15 %0.11 %0
Radiation MoKoa (A= 0.71073)
Index ranges -10<h<10,-11<k<11,-13<1<13
Reflections collected 41128

Independent reflections 3060 [Rint = 0.0450, Rsigma = 0.0184]
Data/restraints/parameters 3060/0/190
Goodness-of-fit on F2 1.184
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http://www.ccdc.cam.ac.uk/data_request/cif

Final R indexes [[>=26 (I)] R; = 0.0387, WR; = 0.1130

Final R indexes [all data] R; =0.0485, wR, = 0.1287

Largest diff. peak/hole / e A3 0.37/-0.47
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