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General Methods and Materials

CuBrz, CuBr, CuBr.SMe;, CuCly, CuCl, Cul, Cu(OAc)2, Cu(acac), Cu(OTf).,
CuOTf, Cu(TFA)>, CuBr, Cs>CO3, NaOCHs;, KO'Bu, NaO'Bu, and LiO'Bu were
purchased from Energy Chemical and used without further purification. Other
chemicals were purchased from commercial suppliers, further dried and purified if
necessary. The water used was re-distillated and ion-free. 'H and '3C NMR spectra
were achieved on a Bruker AVANCE 400 MHz spectrometer (‘"H 400 MHz; *C 100
MHz) in CDCl;. Abbreviations for data quoted are s-singlet; brs-broad singlet;
d-doublet; t-triplet; dd-doublet of doublets; m-multiplet. High-resolution mass spectra
were measured on a Waters Micromass GCT facility. Thin-layer chromatographies
were done on pre-coated silica gel 60F254 plates (Merck). Silica gel 60H (200-300
mesh) manufactured by Qingdao Haiyang Chemical Group Co. (China) was used for

general chromatography.



Screening of Reaction Conditions®

O’ Catalyst (20 mol%)

ORI e
entry catalyst additive solvent yield (%)°

1 CuBr K2COs3 toluene 14
2 CuBrn K2COs3 toluene 21

3 CuBr.SMe; K2COs3 toluene trace
4 CuCl, K>COs3 toluene 14

5 CuCl K2COs3 toluene <5
6 Cul K2COs3 toluene trace
7 Cu(OAc)2 K2COs toluene 0

8 Cu(acac): K2CO:s toluene 0

9 Cu(OTHf): K>COs toluene 0
10 CuOTf K2COs3 toluene 0
11 Cu(TFA)2 K>COs toluene 0
12 CuBrn Cs2C03 toluene 0
13 CuBrn2 NaOCH3 toluene 0
14 CuBrn KO'Bu toluene 43
15 CuBrn LiO'Bu toluene 0
16 CuBrn NaO'Bu toluene 78
17 CuBr2 NaO'Bu DMSO 0
18 CuBrn NaO'Bu DMF 0
19 CuBrn NaO'Bu MeOH 24
20 CuBrn2 NaO'Bu THF 17
21 CuBrn; NaOBu 1,4-dioxane 0
22 CuBr2 NaO'Bu DCE 0
23 CuBrn NaO'Bu CH3;CN 0
24¢ CuBrn NaO'Bu toluene trace
254 NaO'Bu toluene trace
26° CuBrn toluene trace

aReaction conditions: 1-naphthyl-1,3-indandione 1a (0.2 mmol), styrene 2a (0.3
mmol), catalyst (20.0 mol%), additive (30.0 mol%), solvent (3 mL), 120 °C, 24
h, reaction under air; ® Isolated yield after chromatography; © Reaction carried
out in 1.0 equiv of NaO’Bu;! Reaction carried out in the absence of CuBr; ©

Reaction carried out in the absence of NaO’Bu.



To examine the possibility of our proposed [4 + 2] cycloaddition for the formation
of desired spirocyclic product 3a, we commenced our investigations on the reaction of
I-naphthyl-1,3-indandione (1a) with styrene (2a), using CuBr (20 mol %) as the
catalyst, and KoCOs3 (30 mol %) as the base under air in toluene at 120 °C for 24 h. To
our delight, the reaction proceeded smoothly and the desired cycloaddition product
3'-phenyl-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,3-dione (3a) was observed in a
14% yield (Table 1, entry 1). Based on this finding, a variety of copper catalysts were
examined, and the CuBr2 was found to be the best choice (entries 2-11). Regarding
additives (entries 12-16), NaO'Bu gave the highest yield (78%). Then, several
solvents including DMSO, DMF, MeOH, THF, 1,4-dioxane, DCE, and CH3CN were
tested, and toluene proved to be the most appropriate solvent for this conversion
(entries 17-23). The reaction obviously reduced yield or completely inhibited in the
absence of either CuBr2 or NaO'Bu, indicating that CuBro/NaOBu co-catalytic system

was essential for the reaction outcome (entries 25-26).



General Catalytic Procedure for [4 + 2] Annulation of

1-Naphthyl-1,3-indandiones and Alkenes

CuBr5 (20 mol%)
+ pr— >

—
R NaOBu (30 mol%)
2 toluene, 120 °C, 12 h

A reaction flask (25 mL) was charged with 1-naphthyl-1,3-indandione 1 (0.2 mmol,
1.0 equiv), alkene 2 (0.3 mmol, 1.5 equiv), CuBr2 (8.9 mg, 20 mol%), NaO'Bu (5.8
mg, 30 mol%), then the toluene 3 mL was added. The mixture was stirred at 120 °C in
the oil bath for 12 hours under an atmosphere of air. After the reaction finished, the
resulted mixtures were diluted with 20 mL of dichloromethane and washed with 20
mL of H20O. The aqueous layer was extracted twice with dichloromethane (10 mL)
and the combined organic phase was dried over Na>xSO4. After evaporation of the
solvents, the residue was purified by silica gel chromatography (hexane/AcOEt = 20 :

1) to yield product.



Procedure Gram-scale for the Synthesis of 3a

0
O’ O CuBr; (20 mol%)
+ pr— ’ o
PH

NaBu (30 mol%)
1a © 2a  tolyene, 120°C, 12 h

To a dry thick walled pressure resistant tube (250 mL) was charged with
I-naphthyl-1,3-indandione 1a (5 mmol, 1.0 equiv), styrene 2a (7.5 mmol, 1.5 equiv),
CuBr:2 (223.0 mg, 20 mol%), NaO’Bu (145.0 mg, 30 mol%), then the toluene 75 mL
was added. The tube was closed with a PTFE thread sealing cap. The mixture was
stirred at 120 °C in oil bath for 12 hours under an atmosphere of air. After the reaction
finished, the resulted mixtures were diluted with 50 mL of dichloromethane and
washed with 100 mL of H>O. The aqueous layer was extracted twice with
dichloromethane (30 mL) and the combined organic phase was dried over Na>SOs.
After evaporation of the solvents, the residue was purified by silica gel

chromatography (hexane/AcOEt = 20 : 1) to yield product 3a (61% yield, 1140.7 mg).



Mechanistic Study

NaBu (30 mol%)
2a tolyene, 120°C, 12 h

0
O’ O R CuBr, (20 mol%)
+ [— >
« "
0

R=Me/Br=1:1 R=Me/Br=1:0.12

To a dry thick walled pressure resistant tube (25 mL) was charged with
2-(4-methylnaphthalen-1-yl)-1H-indene-1,3(2H)-dione (0.1 mmol, 1.0 equiv),
2-(4-bromonaphthalen-1-yl)-1H-indene-1,3(2H)-dione (0.1 mmol, 1.0 equiv), styrene
(0.3 mmol, 1.5 equiv), CuBr2 (8.9 mg, 20 mol%), NaO'Bu (5.8 mg, 30 mol%), then
the toluene 3 mL was added. The mixture was stirred at 120 °C in the oil bath for 12
hours under an atmosphere of air. After the reaction finished, the resulted mixtures
were diluted with 20 mL of dichloromethane and washed with 20 mL of H>O. The
aqueous layer was extracted twice with dichloromethane (10 mL) and the combined
organic phase was dried over Na>SO4. After evaporation of the solvents, the residue

was purified by silica gel chromatography (hexane/AcOEt = 20 : 1) to yield product.
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0 CuBr, (20 mol%)
O’ O Na'Bu (30 mol%)

+ O 1a TEMPO (3 equiv)
toluene, 120 °C, 12 h
Ph 2a 3a trace Detected by HRMS

HRMS (ESI, m/z) calcd. for CogH3gNO3 [M+H]* 428.2221, found 428.2223

To a dry thick walled pressure resistant tube (25 mL) was charged with
I-naphthyl-1,3-indandione 1a (0.2 mmol, 1.0 equiv), styrene 2a (0.3 mmol, 1.5 equiv),
CuBr (8.9 mg, 20 mol%), NaO'Bu (5.8 mg, 30 mol%), TEMPO (0.6 mmol, 93.6 mg),
then the toluene 3 mL was added. The mixture was stirred at 120 °C in the oil bath for
12 hours under an atmosphere of air. After the reaction finished, the resulted mixtures
were diluted with 20 mL of dichloromethane and washed with 20 mL of H>O. The
aqueous layer was extracted twice with dichloromethane (10 mL) and the combined
organic phase was dried over Na;SO4. After evaporation of the solvents, the residue

was purified by silica gel chromatography (hexane/AcOEt = 20 : 1) to yield product.
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Characterization data for the products

3'-Phenyl-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,3-dione
(3a): Obtained as a pale yellow liquid (58.3 mg, 78% yield), eluting with 5% EtOAc
in PE (elution gradient); 'H NMR (400 MHz, CDCl3) 6 8.11 (d, J = 5.6 Hz, 1H), 8.05
(d,J=4.4 Hz, 1H), 7.87 - 7.89 (m, 2H), 7.80 (d, J = 8.4 Hz, 1H), 7.83 (d, /= 8.0 Hz,
1H), 7.29 - 7.36 (m, 7H), 6.93 (d, J = 7.2 Hz, 1H), 6.88 (d, J = 6.8 Hz, 1H), 5.00 -
5.04 (m, 1H), 2.76 - 2.83 (t, 1H), 2.27 - 2.31 (q, 1H); *C NMR (101 MHz, CDCl3) §
203.4, 200.3, 144.0, 142.1, 141.1, 138.1, 136.3, 136.0, 133.8, 131.1, 130.0, 129.1,
128.7, 128.5, 126.9, 126.8, 125.8, 125.7, 125.0, 124.6, 124.2, 123.6, 58.8, 41.8, 36.6;
HRMS (ESI-TOF) m/z calcd for C27H1902 [M + H] * 375.1380, found 375.1378.

3'-(p-Tolyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,3-dione
(3b): Obtained as a pale yellow liquid 65.2 mg, 84% yield), eluting with 5% EtOAc in

PE (elution gradient); '"H NMR (400 MHz, CDCls) 6 8.10 - 8.17 (q, 2H), 7.94 - 7.96
(m, 2H), 7.85 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.35 - 7.42 (m, 2H), 7.27
(d, J= 8.0 Hz, 2H), 7.21 (d, J = 7.6 Hz, 2H), 7.01 (d, J = 7.2 Hz, 1H), 6.92 (d, J= 7.2
Hz, 1H), 5.00 - 5.05 (m, 1H), 2.80 - 2.87 (t, 1H), 2.40 (s, 3H), 2.30 - 2.34 (q, 1H); *C
NMR (101 MHz, CDCls) § 203.4, 200.4, 142.1, 141.1, 140.9, 138.3, 136.5, 136.3,
135.9, 133.9, 131.1, 130.0, 129.4, 129.0, 128.5, 126.7, 125.8, 125.7, 125.0, 124.6,
124.2, 123.6, 58.8, 41.4, 36.6, 21.1; HRMS (ESI-TOF) m/z caled for CasHaiOa [M +
H] * 389.1536, found 389.1535.



3'-(4-(Tert-butyl)phenyl)-2',3'-dihydrospiro[indene-2,1'-phena
lene]-1,3-dione (3¢): Obtained as a pale yellow liquid (75.7 mg, 88% yield), eluting
with 5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCI3) § 7.94 - 8.02
(m, 2H), 7.76 - 7.79 (m, 2H), 7.70 (d, J = 8.4 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.20 -
7.28 (m, 4H), 7.15 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 7.6 Hz, 1H), 6.78 (d, J = 7.2 Hz,
1H), 4.87 - 491 (q, 1H), 2.66 - 2.72 (t, 1H), 2.16 - 2.20 (q, 1H), 1.23 (s, 9H); 13C
NMR (101 MHz, CDCIls) ¢ 203.4, 200.4, 149.7, 142.1, 141.1, 140.8, 138.3, 136.3,
1359, 133.8, 131.1, 130.1, 128.7, 128.5, 126.7, 125.8, 125.7, 125.6, 125.0, 124.5,
124.2, 123.6, 58.9, 41.3, 36.7, 34.4, 31.4; HRMS (ESI-TOF) m/z calcd for C31H2702
[M + H] *431.2006, found 431.2008.

Ph 3'-([1,1'-Biphenyl]-4-yl)-2',3'-dihydrospiro[indene-2,1'-phenalen
e]-1,3-dione (3d): Obtained as a pale yellow liquid (65.7 mg, 73% yield), eluting with
5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCls) ¢ 8.12 - 8.15 (m,
1H), 8.07 - 8.09 (m, 1H), 7.91 - 7.93 (m, 2H), 7.81 (d, J = 7.6 Hz, 1H), 7.75 (d, J =
8.0 Hz, 1H), 7.58 - 7.62 (m, 4H), 7.38 - 7.45 (m, 5H), 7.31 - 7.35 (m, 2H),7.02 (d, J =
6.8 Hz, 1H), 6.89 (d, J = 7.2 Hz, 1H), 5.05 - 5.09 (m, 1H), 2.80 - 2.86 (t, 1H), 2.30 -
2.35(q, 1H); '*C NMR (101 MHz, CDCl3) 6 203.4, 200.4, 143.1, 142.1, 141.1, 140.8,
139.8, 138.0, 136.4, 136.0, 135.3, 133.9, 131.0, 128.7, 128.6, 127.4, 127.2, 127.1,
127.0, 126.9, 125.8, 125.0, 124.6, 124.3, 123.7, 123.6, 58.8, 41.5, 36.6; HRMS
(ESI-TOF) m/z calcd for C33H2302 [M + H] *451.1693, found 451.1692.
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O— 3'-(4-Methoxyphenyl)-2',3'-dihydrospiro[indene-2,1'-phenale
ne]-1,3-dione (3e): Obtained as a pale yellow liquid (65.4 mg, 81% yield), eluting
with 5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCI3) § 7.99 - 8.06
(m, 2H), 7.84 - 7.85 (m, 2H), 7.73 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.22 -
7.30 (m, 2H), 7.17 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 7.2 Hz, 1H), 6.79 - 6.83 (m, 3H),
4.86 - 491 (q, 1H), 3.73 (s, 3H), 2.65 - 2.72 (t, 1H), 2.17 - 2.21 (g, 1H); 3C NMR
(101 MHz, CDCls) ¢ 203.5, 200.4, 158.5, 142.1, 141.1, 138.5, 136.3, 135.99, 135.97,
133.9, 131.1, 130.06, 130.07, 128.5, 126.7, 125.8, 125.7, 125.0, 124.6, 124.2, 123.6,
114.1, 58.9, 55.2, 41.0, 36.7; HRMS (ESI-TOF) m/z calcd for CosH2103 [M + H] *
405.1485, found 405.1483.

SMe 3'-(4-(Methylthio)phenyl)-2',3'-dihydrospiro[indene-2,1'-phena
lene]-1,3-dione (3f): Obtained as a pale yellow liquid (62.2 mg, 74% yield), eluting
with 5% EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCl3) ¢ 8.10 - 8.11
(m, 1H), 8.03 - 8.05 (m, 1H), 7.87 - 7.89 (m, 2H), 7.76 - 7.80 (m, 2H), 7.72 (d, J=7.6
Hz, 1H), 7.30 - 7.36 (m, 2H), 7.21 - 7.25 (m, 3H), 6.94 (d, J = 6.8 Hz, 1H), 6.87 (d, J
= 7.2 Hz, 1H), 4.97 - 5.00 (m, 1H), 2.72 - 2.79 (t, 1H), 2.46 (s, 3H), 2.24 - 2.28 (q,
1H); 3C NMR (101 MHz, CDCls) § 203.3, 200.3, 142.0, 141.0, 140.8, 137.9, 136.8,
136.3, 136.0, 133.8, 131.0, 129.9, 129.6, 128.5, 126.8, 126.8, 125.7, 125.6, 125.0,
124.5, 124.2, 123.5, 58.6, 41.2, 36.4, 15.8; HRMS (ESI-TOF) m/z calcd for
C28H2:1SO2 [M + H] * 421.1257, found 421.1255.
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F 3'-(4-Fluorophenyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,
3-dione (3g): Obtained as a pale yellow liquid (58.0 mg, 74% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCls) 6 8.10 - 8.18 (m, 2H),
7.94 - 7.98 (m, 2H), 7.85 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.29 - 7.42 (m,
4H), 7.06 - 7.11 (t, 2H), 6.92 - 6.96 (m, 2H), 5.05 - 5.09 (q, 1H), 2.76 - 2.83 (t, 1H),
2.30 - 2.34 (q, 1H); 3C NMR (101 MHz, CDCls) ¢ 203.3, 200.3, 161.8 (d, J = 243.5
Hz), 142.1, 141.1, 139.7 (d, J= 3.2 Hz), 137.9, 136.4, 136.0, 133.9, 131.0, 130.6 (d, J
=7.6 Hz), 129.9, 128.5, 126.9, 125.8, 125.6, 125.1, 124.6, 124.3, 123.6, 115.6 (d, J =
21.0 Hz), 58.6, 41.1, 36.6; '°’F NMR (400 MHz, CDCI3) ¢ -115.7, HRMS (ESI-TOF)
m/z calcd for C27H1sFO2 [M + H] * 393.1285, found 393.1287.

Cl' 3'-(4-Chlorophenyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-
1,3-dione (3h): Obtained as a pale yellow liquid (57.9 mg, 71% yield), eluting with
5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCls) 6 7.98 - 8.06 (m,
2H), 7.82 - 7.87 (m, 2H), 7.73 (d, J = 8.4 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.17 -
7.30 (m, 6H), 6.78 - 6.83 (m, 2H), 4.92 - 4.96 (q, 1H), 2.63 - 2.70 (t, 1H), 2.16 - 2.20
(g, 1H); 3C NMR (101 MHz, CDCIl3) ¢ 203.2, 200.3, 142.6, 142.1, 141.1, 137.6,
136.4, 136.1, 133.9, 132.7, 131.0, 130.5, 129.9, 128.9, 128.6, 127.0, 125.8, 125.7,
125.1, 124.6, 124.3, 123.7, 58.6, 41.2, 36.4; HRMS (ESI-TOF) m/z calcd for
C27H13CIO2 [M + H] * 409.0990, found 409.0988.
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Br 3'-(4-Bromophenyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,
3-dione (3i): Obtained as a pale yellow liquid (66.0 mg, 73% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCls) 6 8.00 - 8.06 (m, 2H),
7.83 - 7.85 (m, 2H), 7.73 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.28 - 7.31 (t,
1H), 7.22 - 7.26 (t, 1H), 7.16 - 7.18 (m, 2H), 7.03 - 7.08 (m, 2H), 6.87 (d, J= 7.2 Hz,
1H), 6.80 (d, /= 7.2 Hz, 1H), 5.68 - 5.72 (q, 1H), 2.57 - 2.64 (t, 1H), 2.20 - 2.25 (q,
1H); 3C NMR (101 MHz, CDCls) d 203.4, 199.8, 143.5, 142.1, 141.2, 136.7, 136.4,
136.0, 134.0, 132.8, 131.1, 130.1, 129.9, 128.6, 128.4, 128.0, 126.9, 126.0, 125.8,
125.3, 125.1, 124.8, 124.3, 123.6, 58.5, 40.4, 35.4; HRMS (ESI-TOF) m/z calcd for
C27H1sBrO2 [M + H] * 453.0458, found 453.0456.

I 3'-(4-lodophenyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,3-d
ione (3j): Obtained as a pale yellow liquid (73.0 mg, 73% yield), eluting with 5%
EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCl3) ¢ 8.12 - 8.14 (m, 1H),
8.05 - 8.07 (m, 1H), 7.91 - 7.93 (m, 2H), 7.80 (d, J= 8.0 Hz, 1H), 7.74 (d, J = 8.8 Hz,
1H), 7.67 (d, J = 8.4 Hz, 2H), 7.30 - 7.37 (m, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.86 -
6.92 (q, 2H), 4.96 - 5.01 (q, 1H), 2.70 - 2.76 (t, 1H), 2.24 - 2.28 (q, 1H); '*C NMR
(101 MHz, CDCl3) ¢ 203.2, 200.3, 143.8, 142.1, 141.1, 137.8, 137.4, 136.4, 136.1,
133.8, 131.2, 130.9, 129.8, 128.6, 127.0, 125.8, 125.7, 125.1, 124.6, 124.3, 123.6,
92.3, 58.5,41.4, 36.2; HRMS (ESI-TOF) m/z calcd for C27H13102 [M + H] * 501.0346,
found 501.0344.
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CFs 3'-(4-(Trifluoromethyl)phenyl)-2',3'-dihydrospiro[indene-2,1'-
phenalene]-1,3-dione (3k): Obtained as a pale yellow liquid (60.1 mg, 68% yield),
eluting with 5% EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCI3) 6 7.99 -
8.07 (m, 2H), 7.83 - 7.88 (m, 2H), 7.74 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H),
7.54 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.23 - 7.30 (m, 2H), 6.78 - 6.82 (m,
2H), 5.03 - 5.07 (q, 1H), 2.67 - 2.74 (t, 1H), 2.18 - 2.22 (q, 1H); '3C NMR (101 MHz,
CDCl) 0 203.1, 200.2, 148.3, 142.2, 141.1, 137.1, 136.5, 136.1, 133.9, 130.9, 129.5
(q, J =254, 35.6 Hz), 128.6, 127.2, 125.7 (q, J = 3.9, 7.1 Hz), 125.2, 124.7, 124.4,
123.7, 58.4, 41.7, 36.3; '"F NMR (400 MHz, CDCl3) 6 -62.4; HRMS (ESI-TOF) m/z
caled for C2gHigF302 [M + H] * 443.1253, found 443.1251.

CN 4-(1,3-Dioxo-1,2',3,3'-tetrahydrospiro[indene-2,1'-phenalen]-3'
-yl)benzonitrile (31): Obtained as a pale yellow liquid (49.5 mg, 62% yield), eluting
with 5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCls) 6 7.99 - 8.08
(m, 2H), 7.84 - 7.90 (m, 2H), 7.74 (d, J = 8.4 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.58
(d, J=8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.24 - 7.31 (m, 2H), 6.81 (d, J= 7.2 Hz,
1H), 6.75 (d, J = 7.2 Hz, 1H), 5.04 - 5.08 (q, 1H), 2.64 - 2.71 (t, 1H), 2.17 - 2.22 (q,
1H); 3C NMR (101 MHz, CDCls) § 202.9, 200.1, 149.9, 142.1, 141.1, 136.6, 136.5,
136.2, 133.9, 132.6, 130.8, 130.0, 129.7, 128.7, 127.4, 125.7, 125.6, 125.3, 124.7,
124.4, 123.7, 118.8, 110.9, 58.2, 42.0, 36.0; HRMS (ESI-TOF) m/z calcd for
C2sH1sNO2 [M + H] *400.1332, found 400.1331.
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NO, 3'-(4-Nitrophenyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-
1,3-dione (3m): Obtained as a pale yellow liquid (53.6 mg, 64% yield), eluting with
5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCls) ¢ 8.01 - 8.08 (m,
2H), 7.86 - 7.88 (m, 2H), 7.75 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.22 -
7.31 (m, 6H), 6.87 (d, J = 6.8 Hz, 1H), 6.81 (d, J = 6.8 Hz, 1H), 4.92 - 4.96 (q, 1H),
2.70 - 2.76 (t, 1H), 2.20 - 2.25 (q, 1H); *C NMR (101 MHz, CDCl3) 6 200.4, 197.2,
144.0, 142.2, 141.2, 138.1, 136.4, 136.0, 133.9, 131.1, 129.3, 129.2, 128.8, 128.6,
127.0, 126.8, 125.8, 125.8, 125.0, 124.6, 124.3, 123.7, 58.8, 41.8, 36.6; HRMS
(ESI-TOF) m/z calcd for C27H1s8NO4 [M + H] *420.1230, found 420.1231.

3'-(m-Tolyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,3-dione
(3n): Obtained as a pale yellow liquid (59.8 mg, 77% yield), eluting with 5% EtOAc

in PE (elution gradient); 'H NMR (400 MHz, CDCl3)  7.99 - 8.07 (q, 2H), 7.85 -
7.86 (m, 2H), 7.74 (d, J = 8.4 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.23 - 7.31 (m, 2H),
7.15-7.19 (t, 1H), 7.02 - 7.08 (m, 3H), 6.89 (d, /= 7.2 Hz, 1H), 6.80 (d, J = 7.2 Hz,
1H), 4.87 - 4.92 (m, 1H), 2.69 - 2.75 (t, 1H), 2.26 (s, 3H), 2.18 - 2.23 (g, 1H); 13C
NMR (101 MHz, CDCls) ¢ 203.5, 200.4, 143.9, 142.1, 141.1, 138.3, 138.2, 136.3,
136.0, 133.9, 131.1, 130.0, 128.6, 128.5, 127.7, 126.7, 125.8, 125.8, 125.0, 124.6,
124.3, 123.6, 58.9, 41.8, 36.6, 21.4; HRMS (ESI-TOF) m/z calcd for C2sH2102 [M +
H] * 389.1536, found 389.1538.
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3'-(3-Fluorophenyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,
3-dione (30): Obtained as a pale yellow liquid (54.9 mg, 70% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCI3) 6 7.99 - 8.08 (q, 2H),
7.85 - 7.89 (m, 2H), 7.74 (d, J = 8.4 Hz, 1H), 7.68 (d, /= 8.0 Hz, 1H), 7.22 - 7.32 (m,
3H), 7.05 (d, J = 7.6 Hz, 1H), 6.86 - 6.98 (m, 3H), 6.80 (d, J = 7.2 Hz, 1H), 4.95 -
4.99 (m, 1H), 2.65 - 2.72 (t, 1H), 2.20 - 2.24 (g, 1H); *C NMR (101 MHz, CDCl3) ¢
203.2, 200.3, 163.1 (d, J = 244.5 Hz), 146.7 (d, J = 6.9 Hz), 142.2, 141.1, 137.3,
136.4, 136.1, 133.9, 130.9, 130.2 (d, J = 8.1 Hz), 129.9, 128.6, 127.1, 125.7 (d, J =
13.0 Hz), 125.1, 124.9, 124.7, 124.3, 123.7, 116.0 (d, /= 21.0 Hz), 113.9 (d, J = 20.9
Hz), 58.6, 41.7, 36.3; '°’F NMR (400 MHz, CDCl3) ¢ -112.8; HRMS (ESI-TOF) m/z
calcd for C27Hi1sFO2 [M + H] *393.1285, found 393.1286.

3'-(o-Tolyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,3-dione
(3p): Obtained as a pale yellow liquid (56.6 mg, 73% yield), eluting with 5% EtOAc
in PE (elution gradient); '"H NMR (400 MHz, CDCIs) ¢ 8.00 - 8.06 (m, 2H), 7.84 -
7.86 (m, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.23 - 7.29 (m, 2H),
7.11 - 7.17 (m, 4H), 6.77 - 7.80 (m, 2H), 5.33 - 5.37 (q, 1H), 2.70 - 2.77 (t, 1H), 2.39
(s, 3H), 2.14 - 2.18 (q, 1H); *C NMR (101 MHz, CDCls) 6 203.5, 200.6, 142.2, 142.1,
141.2, 137.9, 137.1, 136.3, 136.0, 134.0, 131.2, 130.2, 128.6, 127.9, 126.7, 126.6,
125.8, 125.1, 124.6, 124.3, 123.6, 58.8, 36.1, 35.7, 19.6; HRMS (ESI-TOF) m/z calcd
for C2sH2102 [M + H] " 389.1536, found 389.1535.
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3'-(2-Chlorophenyl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,
3-dione (3q): Obtained as a pale yellow liquid (53.9 mg, 66% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCls) 6 8.14 - 8.16 (m, 1H),
8.09 - 8.12 (m, 1H), 7.93 - 7.97 (m, 2H), 7.82 (d, J= 8.4 Hz, 1H), 7.76 (d, J = 8.0 Hz,
1H), 7.44 - 7.47 (m, 1H), 7.31 - 7.41 (m, 3H), 7.25 - 7.29 (m, 1H), 7.22 - 7.24 (m, 1H),
6.95 (d, J=7.2 Hz, 1H), 6.88 (d, /= 7.2 Hz, 1H), 5.78 - 5.82 (m, 1H), 2.68 - 2.74 (t,
1H), 2.28 - 2.32 (g, 1H); *C NMR (101 MHz, CDCls) ¢ 203.5, 199.9, 142.1, 141.7,
141.2, 136.7, 136.4, 136.0, 135.1, 134.0, 131.0, 130.1, 129.8, 129.4, 128.6, 128.1,
127.3, 126.9, 1258, 1253, 125.1, 124.8, 124.3, 123.6, 58.5, 37.3, 35.4; HRMS
(ESI-TOF) m/z calcd for C27H1sC1O2 [M + H] * 409.0990, found 409.0993.

3'-(2,5-Dimethylphenyl)-2',3'-dihydrospiro[indene-2,1'-phenalen
e]-1,3-dione (3r): Obtained as a pale yellow liquid (66.7 mg, 83% yield), eluting with

5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCls) 6 7.99 - 8.07 (m,
2H), 7.84 - 7.86 (m, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.25 -
7.30 (m, 2H), 7.05 (d, J = 7.6 Hz, 1H), 6.91 - 6.94 (m, 2H), 6.79 - 6.83 (t, 2H), 5.28 -
5.32 (q, 1H), 2.71 - 2.77 (t, 1H), 2.34 (s, 3H), 2.13 - 2.17 (q, 4H); '3C NMR (101
MHz, CDCl) ¢ 203.6, 200.5, 142.2, 141.8, 141.2, 138.0, 136.3, 136.0, 133.9, 133.9,
131.2, 130.2, 130.1, 128.5, 128.4, 127.4, 126.6, 125.9, 125.1, 125.0, 124.6, 124.3,
123.6, 58.9, 36.1, 35.7, 21.0, 19.7; HRMS (ESI-TOF) m/z calcd for C20H2302 [M + H]
©403.1693, found 403.1692.
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3'-(Naphthalen-2-yl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,
3-dione (3s): Obtained as a pale yellow liquid (76.3 mg, 90% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCl3) ¢ 8.11 - 8.14 (m, 1H),
8.07 - 8.09 (m, 1H), 7.78 - 7.90 (m, 8H), 7.45 - 7.47 (m, 2H), 7.30 - 7.38 (m, 3H),
6.90 - 6.95 (m, 2H), 5.21 (d, J = 13.2 Hz, 1H), 2.88 - 2.95 (m, 1H), 2.32 - 2.36 (m,
1H); 3C NMR (101 MHz, CDCls) J 203.4, 200.4, 142.1, 141.5, 141.3, 141.1, 137.9,
136.4, 136.0, 135.3, 133.9, 133.6, 132.6, 128.5, 128.5, 127.7, 127.6, 126.9, 126.6,
126.1, 126.0, 125.8, 125.7, 125.0, 124.6, 124.3, 123.7, 123.6, 58.7, 41.9, 36.4; HRMS
(ESI-TOF) m/z calcd for C31H2102 [M + H] * 425.1536, found 425.1534.

3'-(Thiophen-2-yl)-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,3
-dione (3t): Obtained as a pale yellow liquid (62.3 mg, 82% yield), eluting with 5%

EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCl3) ¢ 8.05 - 8.07 (t, 1H),
7.98 - 8.00 (m, 1H), 7.83 - 7.87 (m, 2H), 6.73 (d, J = 8.0 Hz, 1H), 6.67 (d, J = 8.4 Hz,
1H), 7.30 - 7.34 (t, 1H), 7.22 - 7.26 (t, 1H), 7.17 (d, J = 4.2 Hz, 1H), 7.07 (d, J = 7.2
Hz, 1H), 7.01 (d, J = 3.2 Hz, 1H), 6.93 - 6.95 (t, 1H), 6.79 (d, J = 7.2 Hz, 1H), 5.31 -
5.35 (m, 1H), 2.72 - 2.79 (t, 1H), 2.33 - 2.37 (q, 1H); *C NMR (101 MHz, CDCl3) §
203.0, 200.3, 146.8, 142.2, 141.1, 137.4, 136.4, 136.1, 133.8, 130.8, 129.5, 128.5,
127.2, 126.6, 126.4, 125.9, 125.3, 125.1, 124.6, 124.4, 124.3, 123.7, 58.6, 37.2, 37.0;
HRMS (ESI-TOF) m/z calcd for C2sH170.S [M + H] * 381.0944, found 381.0946.
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3'-Methyl-3'-phenyl-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,

3-dione (3u): Obtained as a pale yellow liquid (54.3 mg, 70% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCls) ¢ 8.02 (d, J = 7.2 Hz,

1H), 7.91 (d, J = 6.8 Hz, 1H), 7.76 - 7.85 (m, 3H), 7.71 (d, J = 8.0 Hz, 1H), 7.35 -

7.39 (t, 1H), 7.25 - 7.29 (t, 1H), 7.11 - 7.19 (m, 6H), 6.74 (d, J = 7.2 Hz, 1H), 2.85 (d,

J=10.0 Hz, 1H), 2.32 (d, J = 14.0 Hz, 1H), 1.89 (s, 3H); '*C NMR (101 MHz, CDCl5)
0 201.8, 201.3, 150.2, 142.1, 141.9, 135.9, 135.9, 134.0, 131.0, 129.9, 128.7, 127.9,

127.7, 126.9, 126.2, 126.2, 125.8, 125.2, 125.1, 124.4, 123.9, 60.3, 44.6, 43.1, 30.7,

HRMS (ESI-TOF) m/z calcd for CosH2102 [M + H] * 389.1536, found 389.1535.

F 3'-(4-Fluorophenyl)-3'-methyl-2',3'-dihydrospiro[indene-2,1'-phen
alene]-1,3-dione (3v): Obtained as a pale yellow liquid (50.3 mg, 62% yield), eluting
with 5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCI3) 6 8.08 - 8.10
(m, 1H), 7.97 - 7.99 (m, 1H), 7.83 - 7.91 (m, 3H), 7.79 (d, J = 8.0 Hz, 1H), 7.43 - 7.47
(t, 1H), 7.32 - 7.36 (m, 1H), 7.18 - 7.22 (m, 3H), 6.90 - 6.96 (m, 2H), 6.80 - 6.82 (q,
1H), 2.86 (d, J = 14.4 Hz, 1H), 2.40 (d, J = 14.4 Hz, 1H), 1.94 (s, 3H); '3C NMR (101
MHz, CDCl3) 6 201.7, 201.2, 161.2 (d, J = 243.6 Hz), 145.8 (d, /= 3.2 Hz), 141.9 (d,
J=10.5 Hz), 141.7, 135.9 (d, J = 4.5 Hz), 134.0, 130.9, 129.7, 129.3, 129.2, 128.7,
127.0, 126.1, 125.8, 125.3, 125.2, 124.3, 124.0, 114.7, 114.5, 60.1, 44.6, 42.6, 31.0;
F NMR (400 MHz, CDCl3) ¢ -117.0; HRMS (ESI-TOF) m/z caled for C23H20FO:
[M + H] *407.1442, found 407.1445.
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3'-Methyl-3'-(naphthalen-2-yl)-2',3'-dihydrospiro[indene-2,1'-phe
nalene]-1,3-dione (3w): Obtained as a pale yellow liquid (57.8 mg, 66% yield),
eluting with 5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCls) § 8.09
(d, J=17.2 Hz, 1H), 7.98 (d, J = 6.8 Hz, 1H), 7.83 - 7.88 (m, 4H), 7.76 - 7.78 (m, 3H),
7.69 (d, J=8.8 Hz, 1H), 7.41 - 7.45 (m, 2H), 7.34 - 7.39 (m, 2H), 7.28 - 7.30 (m, 1H),
7.11(d,J=7.2 Hz, 1H), 6.84 (d, J= 6.8 Hz, 1H), 3.06 (d, /= 14.4 Hz, 1H), 2.35 (d, J
= 14.4 Hz, 1H), 2.09 (s, 3H); *C NMR (101 MHz, CDCIl3) ¢ 202.4, 201.0, 147.6,
142.2, 142.1, 141.8, 136.1, 135.8, 134.0, 132.9, 131.9, 130.9, 129.7, 128.7, 128.0,
127.7, 127.4, 127.1, 126.8, 126.4, 125.9, 1259, 125.7, 125.5, 125.2, 125.1, 124 .4,
123.9, 60.1, 44.1, 43.3, 26.9; HRMS (ESI-TOF) m/z calcd for C3;H2302 [M + H] *
439.1693, found 439.1692.

O Ph  7'-Methoxy-3'-phenyl-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,
3-dione (3x): Obtained as a pale yellow liquid (73.5 mg, 91% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCls) 6 7.97 - 8.02 (m, 2H),
7.78 - 7.83 (m, 3H), 7.66 (d, J = 8.0 Hz, 1H), 7.23 - 7.34 (m, 5H), 7.12 - 7.19 (m, 2H),
6.81 (d, J = 6.8 Hz, 1H), 4.69 - 4.72 (m, 1H), 3.46 (s, 3H), 2.62 - 2.69 (t, 1H), 2.21 -
2.25(q, 1H); '*C NMR (101 MHz, CDCl;3) 6 203.4, 202.9, 152.7, 143.2, 140.7, 138.8,
136.7, 135.4, 135.2, 131.6, 130.1, 129.2, 129.0, 128.6, 126.9, 126.6, 125.3, 123.5,
123.4, 122.8, 116.5, 112.9, 56.9, 55.8, 41.6, 37.1; HRMS (ESI-TOF) m/z calcd for
C2sH2103 [M + H] " 405.1485, found 405.1484.
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0 Ph 7'-Bromo-3'-phenyl-2',3'-dihydrospiro[indene-2,1'-phenalene]-1,3
-dione (3y): Obtained as a pale yellow liquid (48.8 mg, 54% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCls) 6 8.16 (d, J = 8.4 Hz,
1H), 8.08 - 8.10 (m, 1H), 8.03 - 8.05 (m, 1H), 7.86 - 7.89 (m, 2H), 7.62 (d, J= 7.6 Hz,
1H), 7.42 - 7.46 (m, 1H), 7.27 - 7.37 (m, 5H), 7.00 (d, J = 7.6 Hz, 1H), 6.73 (d, J =
8.0 Hz, 1H), 4.96 - 5.01 (m, 1H), 2.73 - 2.80 (t, 1H), 2.26 - 2.31 (g, 1H); *C NMR
(101 MHz, CDCl3) ¢ 202.9, 200.0, 143.8, 142.0, 141.0, 138.8, 136.6, 136.3, 135.6,
132.4, 131.4, 131.2, 129.2, 129.0, 128.8, 128.4, 127.2, 127.0, 126.3, 124.7, 123.8,
123.5, 58.8, 41.9, 36.7; HRMS (ESI-TOF) m/z calcd for C»;HisBrO2 [M + H] *
453.0485, found 453.0488.

3-Phenyl-2,3-dihydrospiro[benzo[de]anthracene-1,2'-indene]-1',3"
-dione (3z): Obtained as a pale yellow liquid (73.8 mg, 87% yield), eluting with 5%
EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCls) ¢ 8.53 (s, 1H), 8.13 -
8.17 (m, 2H), 7.91 - 8.04 (m, 4H), 7.28 - 7.40 (m, 7H), 7.16 - 7.21 (m, 2H), 6.79 (d, J
= 6.8 Hz, 1H), 4.70 (d, J = 13.2 Hz, 1H), 2.84 - 2.91 (t, 1H), 2.42 - 2.47 (q, 1H); 13C
NMR (101 MHz, CDCl3) ¢ 203.1, 202.0, 142.7, 140.1, 138.8, 138.1, 136.3, 136.2,
131.7, 131.6, 131.0, 129.7, 129.1, 128.8, 128.7, 127.6, 127.2, 126.4, 125.7, 124.7,
124.6, 124.4, 124.2, 124.2, 61.5, 42.0, 40.3; HRMS (ESI-TOF) m/z calcd for
C31H2102 [M + H] * 425.1536, found 425.1537.
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5-Phenyl-4,5-dihydrospiro[benzo[cd]pyrene-3,2'-indene]-1',3'
-dione (3aa): Obtained as a pale yellow liquid (78.8 mg, 88% yield), eluting with 5%
EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCls) 6 8.15 - 8.17 (m, 1H),
8.03 - 8.12 (m, 5H), 7.98 - 8.01 (m, 1H), 7.90 - 7.96 (m, 4H), 7.44 - 7.50 (m, 3H),
7.36 - 7.43 (m, 3H), 5.17 - 5.21 (m, 1H), 2.94 - 3.01 (t, 1H), 2.40 - 2.45 (q, 1H); 13C
NMR (101 MHz, CDCl3) ¢ 203.7, 200.7, 143.6, 142.1, 141.1, 136.8, 136.4, 136.1,
131.1, 131.0, 130.6, 129.4, 128.9, 128.8, 128.6, 128.4, 127.7, 127.2, 127.1, 126.4,
126.1, 125.2, 124.9, 124.8, 124.7, 124.6, 124.4, 123.8, 123.7, 123.6, 59.6, 42.1, 37.1;
HRMS (ESI-TOF) m/z calcd for C33H2102 [M + H] © 449.1536, found 449.1535.

o Ph 7'-Methoxy-3'-methyl-3'-phenyl-2',3'-dihydrospiro[indene-2,1'-ph
enalene]-1,3-dione(3ab): Obtained as a pale yellow liquid (70.2 mg, 84% yield),
eluting with 5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCl3) 6 8.02 -
8.03 (m, 1H), 7.89 - 7.91 (m, 2H), 7.79 - 7.86 (m, 2H), 7.73 (d, J= 8.4 Hz, 1H), 7.23 -
7.29 (m, 5H), 7.17 - 7.21 (m, 2H), 7.08 (d, J = 7.2 Hz, 1H), 3.47 (s, 3H), 2.75 (d, J =
14.4 Hz, 1H), 2.25 (d, J = 14.0 Hz, 1H), 1.84 (s, 3H); '3C NMR (101 MHz, CDCl3) §
203.1, 202.6, 152.8, 149.5, 140.9, 140.03, 140.02, 135.2, 135.1, 131.2, 130.4, 129.5,
127.9, 127.7, 126.7, 126.2, 126.0, 123.6, 123.5, 123.1, 116.2, 112.8, 58.4, 55.9, 44.8,
43.4, 29.7; HRMS (ESI-TOF) m/z caled for CH2303 [M + H] © 419.1642, found
419.1643.
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© Ph 3-Methyl-3-phenyl-2,3-dihydrospiro[benzo[de]anthracene-1,2"-in
dene]-1',3"-dione (3ac): Obtained as a pale yellow liquid (70.1 mg, 80% yield), eluting
with 5% EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCl3) 6 8.57 (s, 1H),
8.14 - 8.16 (m, 1H), 7.90 - 8.04 (m, SH), 7.40 - 7.43 (q, 1H), 7.33 - 7.37 (m, 1H), 7.19
- 7.27 (m, 6H), 7.12 - 7.16 (m, 1H), 6.98 (d, J = 8.8 Hz, 1H), 2.98 (d, J = 14.0 Hz,
1H), 2.52 (d, J = 14.0 Hz, 1H), 1.87 (s, 3H); '*C NMR (101 MHz, CDCI3) ¢ 201.8,
201.5, 148.8, 141.6, 140.0, 139.9, 136.0, 135.9, 132.0, 131.6, 130.5, 129.7, 129.6,
128.7, 128.0, 127.9, 127.5, 126.5, 125.4, 125.3, 124.7, 124.6, 124.5, 124.2, 124.1,
62.6,47.4,43.5,29.9; HRMS (ESI-TOF) m/z calcd for C3:H230: [M + H] * 439.1693,

found 439.1695.

© Ph 5-Methyl-5-phenyl-4,5-dihydrospiro[benzo[cd]pyrene-3,2'-in
dene]-1',3'-dione (3ad): Obtained as a pale yellow liquid (70.2 mg, 76% yield),
eluting with 5% EtOAc in PE (elution gradient); 'H NMR (400 MHz, CDCIs) 6 7.95 -
8.17 (m, 8H), 7.87 - 7.93 (m, 2H), 7.78 (s, 1H), 6.42 (d, J = 7.6 Hz, 2H), 7.24 - 7.33
(m, 4H), 3.08 (d, J = 14.4 Hz, 1H), 2.53 (d, J = 14.4 Hz, 1H), 2.10 (s, 3H); *C NMR
(101 MHz, CDCl3) ¢ 202.0, 201.4, 149.6, 142.2, 142.0, 140.9, 136.0, 135.9, 131.2,
131.1, 130.7, 128.6, 128.4, 128.1, 127.8, 127.6, 127.4, 126.8, 126.4, 126.1, 125.3,
125.3, 125.0, 124.8, 124.4, 124.0, 123.6, 61.1, 44.9, 43.6, 30.6; HRMS (ESI-TOF)
m/z calcd for C34H2302 [M + H] * 463.1693, found 463.1695.
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o Ph 7'-Methoxy-3'-phenyl-3'-propyl-2',3'-dihydrospiro[indene-2,1'-p
henalene]-1,3-dione (3ae): Obtained as a pale yellow liquid (63.3 mg, 71% yield),
eluting with 5% EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCl3) § 8.05
(d, J=17.2 Hz, 1H), 7.79 - 7.92 (m, 4H), 7.75 (d, J = 8.0 Hz, 1H), 7.29 - 7.33 (t, 1H),
7.14 - 7.31 (m, 7H), 3.46 (s, 3H), 2.68 (d, J = 14.0 Hz, 1H), 2.40 (d, J = 14.0 Hz, 1H),
2.24 - 2.32 (m, 1H), 2.07 - 2.14 (m, 1H), 1.28 - 1.38 (m, 1H), 1.06 - 1.17 (m, 1H),
0.85 - 0.89 (t, 3H); 1*C NMR (101 MHz, CDCl;) ¢ 202.8, 152.8, 147.7, 140.1, 140.0,
137.6, 135.1, 131.8, 130.4, 129.8, 128.0, 127.9, 127.0, 126.9, 126.1, 123.6, 123.1,
122.9, 116.3, 112.8, 58.5, 56.0, 47.2, 42.8, 41.8, 18.5, 14.3; HRMS (ESI-TOF) m/z
caled for C31H2703 [M + H] * 447.1955, found 447.1954.

o Ph 3'-Butyl-7'-methoxy-3'-phenyl-2',3'-dihydrospiro[indene-2,1'-
phenalene]-1,3-dione (3af): Obtained as a pale yellow liquid (57.0 mg, 62% yield),
eluting with 5% EtOAc in PE (elution gradient); '"H NMR (400 MHz, CDCls3) § 8.04
(d, J=6.8 Hz, 1H), 7.75 - 7.91 (m, 5H), 7.31 - 7.34 (t, 1H), 7.17 - 7.26 (m, 7H), 6.74
(d, J=7.2 Hz, 1H), 3.46 (s, 3H), 2.67 (d, /= 14.4 Hz, 1H), 2.43 (d, J = 14.4 Hz, 1H),
2.25-2.32 (m, 1H), 2.10 - 2.17 (m, 1H), 1.21 - 1.34 (m, 4H), 0.81 - 0.84 (t, 3H); 13C
NMR (101 MHz, CDCl3) ¢ 202.8, 202.6, 152.8, 147.8, 140.1, 140.0, 137.4, 135.1,
131.8, 130.4, 129.7, 128.0, 127.9, 127.0, 126.9, 126.1, 123.6, 123.2, 122.9, 116.3,
112.8, 58.5, 56.0, 47.1, 42.7, 39.6, 27.4, 23.1, 14.1; HRMS (ESI-TOF) m/z calcd for
C32H2003 [M + H] ¥ 461.2111, found 461.2108.
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Copies of 'H and *C NMR spectra of products

'H NMR and 3C NMR of 3a
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'H NMR and *C NMR of 3b
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'H NMR and 3C NMR of 3¢
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'"H NMR and 3C NMR of 3d
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'H NMR and 3C NMR of 3e

mE.N
wi.wu#,
10TT
TITT
L§9T
vww.ww
N,E‘.N

ot
€8T
Lo8Y
98,
608"
€894
1/8°9
6889
LST LA
LLTEA
rrTL
79T LA
ez

§99°L

OLLL V
\

OFL LA
OLR'L
PHeL
FERLY
Pe6'L
mw_uo.m
&

N

o'l

Foo'1

Fe0'e

Foo1

0.0

0.5

1.0

wy

vy
vy

6.0

wy

7.0

699~
Co'0F—

Foes—
88'Be—

899L
OO.E,W
TELL

Lol

W'

o~ ~O

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

190

210 200



'"H NMR and 3C NMR of 3f
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'"H NMR, *C NMR and F NMR of 3g
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'H NMR and *C NMR of 3h
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'"H NMR and 3C NMR of 3i
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'"H NMR and 3C NMR of 3j
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'H NMR, *C NMR and °F NMR of 3k

o
i

w0 v
v

&88¢8
LA

o0

~66'0

Fio0

Foot

0.0

0.5

1.0

2.0

25

3.5 3.0

4.0

vy
-+

o

wi

15 7.0

8.0

vy

LT9%—
L 1F—

F8s—

BO'9L
00'LL
Nm.hn\

89'¢Z1
LEVTL
Lol
8IST1
Lo'STI
151
PLSTIY
815714

a1 zi
TO8TIf
sreTt
gt
25 6T1Y
€867
760e
05°€€ T
€IoET
SEoEL
60" LET
1T 1r 1
orzrt
e at

P

FT 00T~
Treos—

F63T

sk

m@

i

|

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

190

210 200



F63T

w

o

€
|

T T T T T T T T T T T T T T T T T T

10 0o -10 -20 -30 -40 -50 -60 -70 -30 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

37



'"H NMR and 3C NMR of 31
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'H NMR and C NMR of 3m
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TH NMR and 3C NMR of 3n
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'"H NMR, *C NMR and F NMR of 30
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'"H NMR and “C NMR of 3p
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'TH NMR and *C NMR of 3q
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'H NMR and C NMR of 3r
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TH NMR and 3C NMR of 3s
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'"H NMR and 3C NMR of 3t
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'H NMR and *C NMR of 3u
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'H NMR, *C NMR and F NMR of 3v
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'"H NMR and *C NMR of 3w

1307~
9EET
e

£F0 €,
6L0°€

9€8°9,
£58'91
660°L1
LIT'L{
97T 'L
6LT°LA
£3T°L
00£°L
r0g°L
ogg'L
95€°L
£LE LA
76€°L
ITh L
YIvL
SEFLA
Sh LA
8L9'LA
s |
9L 'L
LOL'LA
78L'LA
££8°LA
6£8'LA
£78°L-]
198 "L
£L8°Ld
L96°L
¥86°L
,w.wo,&
,%ZL

=00'€
FIOT

2001

0.0

1.0

1.5

2.0

4.0

45
f1 (ppm)

5.5

6.0

65

7.0

8.5 8.0

9.0

TEEr,
90+

01'09—

80°9L

ooﬁv
TELL
98'€TI
PEPTL
PI'STL
TSt
£6°671
1L'STI
06'STIH
¥6'STIA
€1 071
£2°071
LOLTT
9€' LTI
89°LTT
L6 LTT
AR AR
o6z
06'0€T
76'1€1
¥6TET
96'€€T
78'sel
9091
I8 TFL
I TFL
sTTrl
86°LrT
66'002~.
§E'7T0T<

m375

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

190

210 200



'H NMR and 3C NMR of 3x
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'H NMR and 3C NMR of 3y
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'"H NMR and 3C NMR of 3z
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'H NMR and 3C NMR of 3aa
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I'H NMR and BC NMR of 3ab
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TH NMR and 3C NMR of 3ac
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H NMR and BC NMR of 3ad
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'H NMR and 3C NMR of 3ae
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'"H NMR and 3C NMR of 3f
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