Supplementary Information (SI) for ChemComm.
This journal is © The Royal Society of Chemistry 2025

Supporting Information

Palladium-catalyzed sequential [3+2] cyclization/C-H
activation of o-iodostyrenes with cyclopropenones as C2

synthons

Jie Sun, Shaojie Zhang, Ruixue Wang, Zeng Lv, and Xin-Xing Wu*
College of Chemistry and Chemical Engineering, Nantong University, Nantong 226019, P. R. China

Email: wuxinxng@163.com

Table of Contents

1. General Considerations S2
2. Preparation of Substrates S2
3. Experiment Procedure S2
4. Scale-Up Reaction S3
5. Synthesis of Polyboron Tetracyclic Product 4 S3
6. Spectra Data S54-S12
7. Crystallographic Data of 3f S13
8. Reference S14
9. NMR Spectra S15-545

S1



1. General Considerations

All reactions were carried out under N, atmosphere. Materials were obtained from commercial
suppliers or prepared according to standard procedures unless otherwise noted. Solvents were
purified and dried according to standard methods prior to use. For product purification by flash
column chromatography, silica gel (200~300 mesh) and light petroleum ether (bp. 60~90) are used.
'H NMR spectra were recorded on a Bruker advance 111 400 MHz in CDCl;and *C{*H} NMR
spectra were recorded on 101 MHz in CDClzusing TMS as internal standard. Data for 'H NMR
are recorded as follows: chemical shift (6, ppm), multiplicity (s = singlet, d = doublet, t = triplet,
m = multiplet or unresolved, dd = doublet of doublet, dt = triplet of doublets, ddd = doublet of
doublet of doublets, coupling constant (s) in Hz, integration). Data for *C NMR is reported in
terms of chemical shift (8, ppm). High-resolution mass spectral analysis (HRMS) data were
measured on a Bruker Apex Il.

2. Preparation of Substrates
Substrates 1 were synthesized according to the known literature.” Substrates 2 were prepared
through the known literatures.®

CHj CHs CHj CHs CHs CHs CHsy
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3. Experiment Procedure

o Pd(OAc), (10 mol%)

L . P(p-CF3CgHa)3 (20 mol%)
R
- Ar K,CO3 (2.0 equiv)

! Ar THF, 100 °C, N,

O-iodostyrenes 1 (0.2 mmol, 1.0 equiv), cyclopropenones 2 (0.3 mmol, 1.5 equiv), Pd(OAc), (10
mol%), P(p-CF;CeHy4)s (20 mol%), K,CO3 (0.4 mmol, 2.0 equiv) were added to a sealed tube,
THF (4.0 mL, 0.05 M) were added via syringe. The mixture was flushed with N, and heated at
100 <T in an oil bath until only trace amounts of solvent remained. After cooling at room
temperature, CH,CI, (5 mL) was added and the mixture was evaporated under reduced pressure.
The residue was purified through silica gel chromatography to afford the products 3.
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4. Scale-Up Reaction

Y
CHa o Pd(OAC), (10 mol%) HsC,
©i§ . A P(p-CF3CgHa)3 (20 mol%) O’
K,CO3 (2.0 equiv)
: Ph Fh THF, 100 °C, N, b
1a (2.0 mmol) 2a (3.0 mmol) 3a(0.32 g, 54%)

O-iodostyrenes 1a (2.0 mmol, 1.0 equiv), cyclopropenones 2a (3.0 mmol, 1.5 equiv), Pd(OAc),
(10 mol%), P(p-CFsCeH4)z (20 mol%), K,CO3 (4.0 mmol, 2.0 equiv) were added to a sealed tube,
THF (40 mL, 0.05 M) were added via syringe. The mixture was flushed with N, and heated at
100 <€ in an oil bath until only trace amounts of solvent remained. After cooling at room
temperature, CH,Cl, (50 mL) was added and the reaction mixture was filtered through celite. The
solvent in the filtrate was evaporated under reduced pressure. The residue was purified through
silica gel chromatography to afford the products 3a with 54% yield.

5. Synthesis of Polyboron Tetracyclic Product 4

H4C, Cl HsC Bneop
e Sls =

(Bneop),

- &

Cl Bneop
3u 4

Under nitrogen atmosphere, 3u (79.4 mg, 0.2 mmol), (Bneop), (203.4 mg, 0.9 mmol),
Pd(PCys3).Cl, (7.5 mol%), KOAc (180 mg, 1.8 mmol), and xylene (3 mL) were added to a Schlenk
flask. The reaction mixture was stirred under 140 <C for 24 h. After the indicated time the reaction
mixture was quenched with water and extracted with EA. The combined organic phases were
washed with brine, dried over anhydrous Na,SO,4, and concentrated at the reduced pressure. The
residue was purified by flash silica gel column chromatography to provide the pure product 4
(45% yield).
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6. Spectra Data

H3C O

Ph
3a

4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene  (3a):  Purification by  column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a pale yellow solid, Mp = 115-117 <C, 40 mg, 68% vyield. '"H NMR (400 MHz,
CDCl3) 6 7.53 (dd, J=7.5, 1.7 Hz, 2H), 7.45 (d, J = 7.5 Hz, 1H), 7.41-7.26 (m, 5H), 7.20-7.10 (m,
3H), 7.03 (dt, J = 20.8, 7.3 Hz, 2H), 2.94 (d, J = 14.4 Hz, 1H), 2.73 (d, J = 14.4 Hz, 1H), 1.34 (d, J
= 1.8 Hz, 3H). *C NMR (101 MHz, CDCl;) & 158.9, 151.5, 151.4, 146.7, 135.7, 134.9, 133.2,
129.4, 1285, 127.8, 1275, 127.0, 126.8, 126.2, 125.1, 122.9, 122.8, 121.5, 62.0, 40.4, 27.2.
HRMS (APCI-TOF) calcd for Co3Hig [M+H]" : 295.1481, found: 295.1479.

2-methoxy-4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene (3b): Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1~50:1, v/v) affords the title
compound as a yellow solid, Mp = 131-133 <C, 40 mg, 64% yield. *H NMR (400 MHz, CDCl;) &
7.56-7.50 (m, 2H), 7.46-7.38 (m, 3H), 7.31 (d, J = 7.4 Hz, 1H), 7.23 (dd, J = 18.2, 7.7 Hz, 2H),
7.07-6.99 (m, 2H), 6.87 (d, J = 2.4 Hz, 1H), 6.69 (dd, J = 8.1, 2.4 Hz, 1H), 3.71 (s, 3H), 2.93 (d, J
= 14.4 Hz, 1H), 2.71 (d, J = 14.4 Hz, 1H), 1.34 (s, 3H). *C NMR (101 MHz, CDCl3) & 160.2,
159.4, 1514, 148.2, 143.8, 135.8, 134.9, 133.1, 129.4, 128.5, 127.8, 127.6, 126.8, 126.2, 123.3,
122.8, 110.4, 107.4, 61.3, 55.6, 40.7, 27.3. HRMS (APCI-TOF) calcd for C,H,O [M+H]" :
325.1587, found: 325.1590.

2-chloro-4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene (3c): Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a yellow solid, Mp = 65-67 <C, 39 mg, 60% yield. '"H NMR (400 MHz, CDCls) &
7.51(d,J=7.3Hz, 2H),7.43(q, J =7.3 Hz, 3H), 7.33 (t, J = 7.5 Hz, 1H), 7.27-7.25 (m, 2H), 7.22
(d, J=7.3 Hz, 1H), 7.12-7.08 (m, 2H), 7.04 (d, J = 7.5 Hz, 1H), 2.96 (d, J = 14.4 Hz, 1H), 2.73 (d,
J = 14.5 Hz, 1H), 1.34 (s, 3H). *C NMR (101 MHz, CDCls) & 160.5, 151.3, 149.6, 148.6, 135.4,
134.3, 133.0, 132.3, 129.3, 128.6, 128.1, 128.0, 127.0, 126.3, 124.9, 123.8, 123.0, 121.6, 61.6,
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40.4, 27.2. HRMS (APCI-TOF) calcd for Cp3H1sCl [M+H]" : 329.1092, found: 329.1090.

P

2-fluoro-4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene (3d): Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a pale yellow solid, Mp = 79-81 <C, 32 mg, 52% vyield. '"H NMR (400 MHz, CDCl,)
8 7.54-7.49 (m, 2H), 7.47-7.38 (m, 3H), 7.32 (d, J = 7.4 Hz, 1H), 7.28-7.20 (m, 2H), 7.08 (dd, J = 7.4,
1.3 Hz, 1H), 7.05-6.97 (m, 2H), 6.80 (ddd, J = 9.2, 8.1, 2.4 Hz, 1H), 2.94 (d, J = 14.4 Hz, 1H), 2.72 (d,
J =145 Hz, 1H), 1.34 (s, 3H). *C NMR (101 MHz, CDCls) & 162.9 (d, J = 243.2 Hz), 160.9, 151.4,
148.8 (d, J = 8.5 Hz), 146.8 (d, J = 2.4 Hz), 135.5, 134.4, 129.3, 128.6, 128.0, 127.9, 127.0, 126.3,
123.6, 123.5, 122.9, 111.5 (d, J = 23.0 Hz), 108.6 (d, J = 23.5 Hz), 61.5, 40.5, 27.3."°F NMR (376
MHz, CDCls) & -115.95. HRMS (APCI-TOF) calcd for CysHigF [M+H]™ : 313.1387, found:

313.1379.
HsC. OO
Ph

3e

3,4b-dimethyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene  (3e):  Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a pale yellow solid, Mp = 126-128 <, 42 mg, 69% yield. '"H NMR (400 MHz,
CDCl,) 6 7.57-7.51 (m, 2H), 7.47-7.43 (m, 1H), 7.39 (dd, J = 8.4, 6.7 Hz, 2H), 7.33-7.27 (m, 1H),
7.20 (d, J = 7.9 Hz, 3H), 7.07-6.99 (m, 3H), 2.93 (d, J = 14.4 Hz, 1H), 2.74 (d, J = 14.4 Hz, 1H),
2.35 (s, 3H), 1.35 (s, 3H). *C NMR (101 MHz, CDCls) § 157.9, 151.8, 151.2, 144.1, 135.9, 135.1,
135.0, 133.3, 129.4, 128.4, 127.72, 127.66, 127.4, 126.8, 126.2, 124.0, 122.7, 121.2, 61.8, 40.4,
27.3,21.7. HRMS (APCI-TOF) calcd for CpqH,; [M+H]" : 309.1638, found: 309.1640.

e

3-fluoro-4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene (3f): Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a pale white solid, Mp = 114-116 <C, 27 mg, 43% yield. '"H NMR (400 MHz, CDCl5)
5 7.51 (d, J = 7.6 Hz, 2H), 7.47-7.35 (m, 3H), 7.33-7.27 (m, 1H), 7.21 (dd, J = 8.3, 5.7 Hz, 2H),
7.09-6.98 (m, 3H), 6.87 (m, 1H), 2.93 (d, J = 14.4 Hz, 1H), 2.74 (d, J = 14.4 Hz, 1H), 1.33 (s, 3H).
3C NMR (101 MHz, CDCl3) & 161.7 (d, J = 245.4 Hz), 158.4 (d, J = 4.0 Hz), 153.6 (d, J = 7.7 Hz),
150.9, 142.5 (d, J = 2.4 Hz), 135.6, 134.7, 132.6, 129.4, 128.5, 127.9, 127.6, 126.9, 126.2, 122.6,
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122.0 (d, J = 8.6 Hz), 113.7 (d, J = 22.6 Hz), 110.9 (d, J = 22.9 Hz), 61.8 (d, J = 2.3 Hz), 40.2, 27.2.
F NMR (376 MHz, CDCly) & -117.47. HRMS (APCI-TOF) calcd for CpsHiF [M+H]" :

313.1387, found: 313.1383.
o O
Ph

39

3-chloro-4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene (3g): Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a colorless solid, Mp = 92-94 <, 42 mg, 64% yield. '"H NMR (400 MHz, CDCl5) &
7.51 (dt, J =6.3, 1.3 Hz, 2H), 7.47-7.38 (m, 3H), 7.34-7.28 (m, 2H), 7.21 (dd, J = 7.9, 2.7 Hz, 2H),
7.16 (dd, J = 7.8, 1.4 Hz, 1H), 7.09 (td, J = 7.5, 1.3 Hz, 1H), 7.05-7.00 (m, 1H), 2.94 (d, J =145
Hz, 1H), 2.74 (d, J = 14.5 Hz, 1H), 1.35 (s, 3H). *C NMR (101 MHz, CDCl3) & 159.1, 153.1,
151.0, 145.2, 135.5, 134.5, 132.5, 131.1, 129.4, 128.6, 128.0, 127.8, 127.2, 127.0, 126.3, 123.6,
122.8,122.2, 61.9, 40.2, 27.2. HRMS (APCI-TOF) calcd for Cy3H1sCl [M+H]" : 329.1092, found:

329.1092.
Ph

3h

4b-methyl-10-phenyl-3-(trifluoromethyl)-4b,5-dihydroindeno[2,1-a]indene (3h): Purification by
column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1~50:1, v/v) affords the
title compound as a white solid, Mp = 156-158 <, 28 mg, 39% yield. '"H NMR (400 MHz, CDCl5)
§7.59 (s, 1H), 7.52 (d, J = 7.0 Hz, 2H), 7.45 (dt, J = 15.2, 7.5 Hz, 4H), 7.39-7.32 (m, 2H), 7.25 (d,
J=7.4Hz 1H), 7.12 (t, J = 7.4 Hz, 1H), 7.05 (t, J = 7.5 Hz, 1H), 3.01 (d, J = 14.5 Hz, 1H), 2.77
(d, J = 14.5 Hz, 1H), 1.38 (s, 3H).*C NMR (101 MHz, CDCl3)$ 161.7, 151.6, 151.5, 150.2 (d, J
= 1.6 Hz), 135.2, 134.3, 132.3, 129.4, 128.7, 128.3, 128.2, 127.1, 126.4, 124.5 (q, J = 4.0 Hz),
123.1, 121.3, 119.6 (g, J = 3.7 Hz), 62.1, 40.2, 27.2. ¥F NMR (376 MHz, CDCl3) 6 -61.30. HRMS
(APCI-TOF) calcd for CosHygF3 [M+H]" : 363.1355, found: 363.1357.

H3C O
CH; FPh

3i

1,4b-dimethyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene  (3i):  Purification by column

chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title

compound as a white solid, Mp = 132-134 <C, 35 mg, 57% yield. '"H NMR (400 MHz, CDCl,) &

7.51 (d, J = 6.8 Hz, 1H), 7.41 (dd, J = 8.4, 6.4 Hz, 1H), 7.31-7.23 (m, 2H), 7.19 (dd, J =7.3,5.5

Hz, 2H), 7.16-7.12 (m, 1H), 7.06-7.00 (m, 2H), 6.98-6.87 (m, 3H), 2.95 (dd, J = 14.5, 1.6 Hz, 1H),
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2.74 (d, J = 14.3 Hz, 1H), 1.90 (s, 3H), 1.33 (s, 3H). *C NMR (101 MHz, CDCl3) & 159.6, 152.2,
150.9, 144.5, 137.5, 135.9, 134.7, 132.9, 130.7, 130.0, 128.9, 128.2, 128.0, 127.4, 127.2, 126.8,
126.0, 125.1, 122.7, 120.6, 61.1, 40.6, 27.3, 20.4. HRMS (APCI-TOF) calcd for CpsHp, [M+H]" :

309.1638, found: 309.1636.
wﬁ G
Ph

3j

4b-ethyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene (3)): Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a yellow solid, Mp = 165-167 <C, 37 mg, 60% yield. '"H NMR (400 MHz, CDCls) &
7.59-7.52 (m, 2H), 7.46-7.39 (m, 3H), 7.34-7.28 (m, 3H), 7.23-7.18 (m, 2H), 7.13-6.99 (m, 3H),
2.99 (d, J =14.5 Hz, 1H), 2.77 (d, J = 14.5 Hz, 1H), 1.95 (dt, J = 13.3, 7.3 Hz, 1H), 1.69 (dg, J =
14.4, 7.3 Hz, 1H), 0.48 (t, J = 7.3 Hz, 3H).*C NMR (101 MHz, CDCl3) & 156.9, 151.8, 149.7,
148.1, 136.1, 135.0, 134.6, 129.5, 128.5, 127.8, 127.5, 127.0, 126.8, 126.1, 124.9, 123.1, 122.6,
121.1, 65.8, 39.7, 33.2, 9.0. HRMS (APCI-TOF) calcd for CyH,; [M+H]™ : 309.1638, found:

309.1638.
ng
S o
Ph

3k

4b-butyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene (3k): Purification by column
chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a colorless solid, Mp = 167-169 <C, 36 mg, 54% yield. '"H NMR (400 MHz, CDCl5)
8 7.57-7.52 (m, 2H), 7.47-7.39 (m, 3H), 7.35-7.28 (m, 3H), 7.19 (ddd, J = 8.8, 7.3, 1.6 Hz, 2H),
7.15-7.11 (m, 1H), 7.08-6.99 (m, 2H), 2.99 (d, J = 14.5 Hz, 1H), 2.75 (d, J = 14.5 Hz, 1H),
1.96-1.87 (m, 1H), 1.63 (td, J = 13.3, 12.5, 4.0 Hz, 1H), 1.06-0.94 (m, 3H), 0.76-0.68 (m, 1H),
0.62 (t, J =7.1 Hz, 3H). BC NMR (101 MHz, CDCls) & 157.3, 151.8, 150.1, 147.9, 136.2, 135.0,
1345, 1295, 128.5,127.8, 127.5, 127.0, 126.8, 126.1, 124.9, 123.1, 122.6, 121.1, 65.5, 40.2, 40.0,
26.6, 23.2, 14.1. HRMS (APCI-TOF) calcd for CogH,s [M+H]" : 337.1951, found: 337.1946.

3-chloro-4b,7-dimethyl-10-(p-tolyl)-4b,5-dihydroindeno[2,1-a]indene  (3m): Purification by
column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
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compound as a yellow solid, Mp = 182-184 <C, 41 mg, 58% yield. *H NMR (400 MHz, CDCl;) &
7.40 (d, J = 7.7 Hz, 2H), 7.37-7.30 (m, 2H), 7.18 (ddd, J = 22.1, 8.0, 4.8 Hz, 4H), 7.05 (s, 1H),
6.85 (d, J = 7.8 Hz, 1H), 2.89 (d, J = 14.4 Hz, 1H), 2.71 (d, J = 14.5 Hz, 1H), 2.35 (s, 3H), 2.25 (s,
3H), 1.34 (s, 3H). **C NMR (101 MHz, CDCl,) 5 158.8, 153.0, 151.3, 145.5, 137.8, 137.6, 132.9,
131.63, 131.55, 130.7, 129.22, 129.19, 127.7, 127.1, 127.0, 123.4, 122.6, 122.0, 61.8, 40.1, 27.3,
21.7, 21.5. HRMS (APCI-TOF) calcd for CysH2,Cl [M+H]" : 357.1405, found: 357.1408.

cl .O C(CHs)s

3n C(CHa);

7-(tert-butyl)-10-(4-(tert-butyl)phenyl)-3-chloro-4b-methyl-4b,5-dihydroindeno[ 2,1-a] indene (3n):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v)
affords the title compound as a pale blue solid, Mp = 89-91 <, 46 mg, 52% vyield. *H NMR (400
MHz, CDCls) 6 7.49-7.40 (m, 5H), 7.33 (d, J = 2.0 Hz, 1H), 7.28-7.24 (m, 2H), 7.18-7.14 (m, 1H),
7.10 (dd, J = 8.0, 1.8 Hz, 1H), 2.96-2.70 (m, 2H), 1.35 (s, 3H), 1.30 (s, 9H), 1.22 (s, 9H). °C
NMR (101 MHz, CDCl3) § 158.9, 153.2, 151.2, 151.1, 150.8, 131.7, 131.6, 130.7, 129.0, 127.0,
125.4, 124.0, 123.5, 123.3, 122.3, 122.2, 62.0, 40.4, 34.92, 34.86, 31.6, 31.5, 27.4. HRMS
(APCI-TOF) calcd for C3Ha,CI [M+H]" : 441.2344, found: 441.2337.

cl .O "
S

F
30

3-chloro-7-fluoro-10-(4-fluorophenyl)-4b-methyl-4b,5-dihydroindeno[ 2,1-a] indene (30):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v)
affords the title compound as a pale yellow solid, Mp = 121-123 <, 36 mg, 49% yield. 'H NMR
(400 MHz, CDCls) 6 7.49-7.42 (m, 2H), 7.36-7.30 (m, 2H), 7.18-7.07 (m, 4H), 6.96-6.92 (m, 1H),
6.74 (td, J = 8.8, 2.4 Hz, 1H), 2.93 (d, J = 14.7 Hz, 1H), 2.74 (d, J = 14.7 Hz, 1H), 1.34 (s, 3H).
3C NMR (101 MHz, CDCls) & 162.9 (d, J = 248.9 Hz), 162.5 (d, J = 248.3 Hz), 157.8, 153.4 (d, J =
8.3 Hz), 152.7, 145.0, 131.3 (d, J = 2.8 Hz), 131.2, 131.0 (d, J = 1.6 Hz), 130.93, 130.85, 130.3 (d, J
=3.3Hz),127.3,123.6, 123.5, 122.0, 115.8, 115.6, 114.0 (t, J = 23.1 Hz), 62.2, 40.2 (d, J = 2.0 Hz),
27.2.%F NMR (376 MHz, CDCls) & -113.31, -113.41. HRMS (APCI-TOF) calcd for Cy3HyF,Cl
[M+H]" : 365.0903, found: 365.0911.
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3p

3-chloro-9-fluoro-10-(2-fluorophenyl)-4b-methyl-4b,5-dihydroindeno[ 2,1-a]indene (3p):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v)
affords the title compound as a white solid, Mp = 135-137 <C, 29 mg, 41% yield. '"H NMR (400
MHz, CDCly) 6 7.35-7.26 (m, 2H), 7.25-6.84 (m, 7H), 6.77 (t, J = 8.6 Hz, 1H), 2.97 (d, J = 14.5
Hz, 1H), 2.78 (d, J = 14.5 Hz, 1H), 1.35 (s, 3H). *C NMR (101 MHz, CDCls) & 160.6 (d, J = 248.9
Hz), 155.4 (d, J = 268.5 Hz), 152.0, 145.3, 131.9, 131.3, 130.7, 129.8 (d, J = 8.1 Hz), 129.5, 127 .4,
123.8, 123.3, 122.7, 122.4, 122.0, 115.8, 115.6, 114.5, 62.8, 40.1(d, J = 2.0 Hz), 27.2."*F NMR
(376 MHz, CDCl;) & -109.90, -111.72. HRMS (APCI-TOF) calcd for CysHysF,Cl [M+H]" :
365.0903, found: 365.0907.

7-chloro-10-(4-chlorophenyl)-3-fluoro-4b-methyl-4b,5-dihydroindeno[2,1-a] indene (30q):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v)
affords the title compound as a pale yellow solid, Mp = 146-148 <C, 35 mg, 46% yield.'H NMR
(400 MHz, CDCls) 6 7.42 (q, J = 8.5 Hz, 4H), 7.29 (d, J = 8.2 Hz, 1H), 7.22 (s, 1H), 7.18-7.14 (m,
1H), 7.05 (ddd, J = 20.0, 8.3, 2.2 Hz, 2H), 6.91 (td, J = 8.8, 2.4 Hz, 1H), 2.94 (d, J = 14.7 Hz, 1H),
2.74 (d, J = 14.7 Hz, 1H), 1.34 (s, 3H). ®*C NMR (101 MHz, CDCl) & 162.0 (d, J = 246.3 Hz),
157.4 (d,J=4.2 Hz), 153.2 (d, J = 7.8 Hz), 152.6, 141.9 (d, J = 2.5 Hz), 133.9, 133.6, 132.9, 132.0,
130.5, 128.9, 127.3, 126.6, 123.2, 122.0 (d, J = 8.7 Hz), 113.9 (d, J = 22.8 Hz), 111.0 (d, J = 23.1
Hz), 62.0 (d, J = 2.3 Hz), 40.1, 27.1. F NMR (376 MHz, CDCl,) & -116.67. HRMS (APCI-TOF)
calcd for Cy3H16FCl, [M+H]" : 381.0608, found: 381.0610.

.O Cl
o

Cl
3r
2,7-dichloro-10-(4-chlorophenyl)-4b-methyl-4b,5-dihydroindeno[2,1-a]indene (3r): Purification
by column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the
title compound as a yellow solid, Mp = 88-90 <C, 31 mg, 40% vyield.'"H NMR (400 MHz, CDCl5)
8741 (d,J =0.9 Hz, 4H), 7.27 (dd, J = 14.1, 8.0 Hz, 2H), 7.23-7.19 (m, 2H), 7.12 (dd, J = 7.9,
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1.9 Hz, 1H), 7.02 (dd, J = 8.2, 2.0 Hz, 1H), 2.94 (d, J = 14.7 Hz, 1H), 2.71 (d, J = 14.7 Hz, 1H),
1.33 (s, 3H). **C NMR (101 MHz, CDCls) & 159.4, 153.0, 149.2, 148.0, 134.02, 133.97, 133.6,
133.3, 132.5, 131.6, 130.5, 129.0, 127.4, 126.7, 125.3, 123.9, 123.6, 1215, 61.9, 40.2, 27.1.
HRMS (APCI-TOF) calcd for CpsHi6Cls [M+H]" : 397.0312, found: 397.0309.

4b-butyl-7-chloro-10-(4-chlorophenyl)-4b,5-dihydroindeno[2,1-a]indene  (3s): Purification by
column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the title
compound as a yellow solid, Mp = 57-59 <C, 40 mg, 50% yield. ‘H NMR (400 MHz, CDCls) &
7.44 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.30 (dd, J = 13.7, 7.7 Hz, 2H), 7.21 (dt, J =
13.9, 3.8 Hz, 3H), 7.17-7.13 (m, 1H), 7.02-6.98 (m, 1H), 2.97 (d, J = 14.8 Hz, 1H), 2.72 (d, J =
14.7 Hz, 1H), 1.89 (ddd, J = 13.2, 11.1, 4.4 Hz, 1H), 1.60 (td, J = 12.7, 4.0 Hz, 1H), 1.04-0.90 (m,
3H), 0.63 (t, J = 7.0 Hz, 4H).*C NMR (101 MHz, CDCl;) & 156.3, 153.5, 149.8, 147.3, 134.4,
133.7, 133.4, 133.2, 132.9, 130.6, 128.9, 128.8, 127.2, 127.1, 126.5, 125.3, 123.2, 123.1, 121.0,
65.8, 40.1, 39.8, 26.6, 23.1, 14.1. HRMS (APCI-TOF) calcd for CysHy3Cly [M+H]™ @ 405.1171,
found: 405.1171.

CO,Et

H3C .

Ph
3t, 1.8:1dr

ethyl  4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene-5-carboxylate  (3t, major):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1~30:1,
v/v) affords the title compound as a pale red solid, Mp = 135-137 <C, 33 mg, 45% yield. *H NMR
(400 MHz, CDCls) & 7.57-7.46 (m, 3H), 7.42 (t, J = 7.6 Hz, 2H), 7.39-7.27 (m, 4H), 7.22-7.10 (m,
4H), 4.04 (s, 1H), 3.73 (dg, J = 10.7, 7.1 Hz, 1H), 3.43 (dg, J = 10.7, 7.1 Hz, 1H), 1.38 (s, 3H),
0.56 (t, J = 7.1 Hz, 3H). BC NMR (101 MHz, CDCls) & 170.8, 156.7, 148.9, 147.8, 147.3, 136.1,
134.9, 134.3, 129.2, 128.6, 128.4, 127.9, 127.8, 127.3, 126.5, 125.2, 123.19, 123.15, 121.5, 64.6,
60.4, 57.2, 28.0, 13.7. HRMS (APCI-TOF) calcd for CyH230, [M+H]+ : 367.1693, found:
367.1693.

ethyl  4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]indene-5-carboxylate  (3t, minor):

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v)

affords the title compound as a pale red solid, Mp = 131-133 <C, 18 mg, 25% vield. *H NMR (400

MHz, CDCly) 6 7.66 (d, J = 7.3 Hz, 1H), 7.57-7.48 (m, 3H), 7.43 (9, J = 7.9 Hz, 3H), 7.32 (dd, J =

10.8, 7.4 Hz, 2H), 7.25-7.16 (m, 3H), 7.09 (t, J = 7.5 Hz, 1H), 4.44 (dq, J = 10.9, 7.1 Hz, 1H),

4.33 (dg, J = 10.8, 7.2 Hz, 1H), 3.74 (s, 1H), 1.42 (t, J = 7.2 Hz, 3H), 1.31 (s, 3H). *C NMR (101
S10



MHz, CDCl3) 6 171.5, 155.9, 149.9, 147.3, 146.6, 135.4, 134.4, 129.5, 128.5, 128.0, 127.8, 127.73,
127.70, 127.6, 125.5, 124.2, 122.4, 121.5, 64.4, 61.1, 52.9, 23.1, 14.7. HRMS (APCI-TOF) calcd
for CysH230, ['\/H‘H]+ : 367.1693, found: 367.1695.

o .O Cl
&

Cl
3u

3,7-dichloro-10-(4-chlorophenyl)-4b-methyl-4b,5-dihydroindeno[2,1-a]indene (3u): Purification
by column chromatography on silica gel (petroleum ether/ethyl acetate = 100:1, v/v) affords the
title compound as a yellow blue solid, Mp = 119-121 <C, 37 mg, 47% yield. 'H NMR (400 MHz,
CDCl3) 6 7.47-7.36 (m, 4H), 7.33 (d, J = 1.8 Hz, 1H), 7.30 (d, J = 8.2 Hz, 1H), 7.23 (d, J = 2.0 Hz,
1H), 7.20-7.15 (m, 2H), 7.03 (dd, J = 8.2, 2.0 Hz, 1H), 2.94 (d, J = 14.7 Hz, 1H), 2.73 (d, J = 14.7
Hz, 1H), 1.34 (s, 3H). *C NMR (101 MHz, CDCl5) § 158.0, 152.7, 152.7, 144.6, 134.0, 133.8,
133.7,132.7, 131.9, 131.5, 130.5, 129.0, 127.4, 127.4, 126.7, 123.7, 123.4, 122.1, 62.1, 40.1, 27.1.
HRMS (APCI-TOF) calcd for C,3H16Cls [M+H]" : 397.0312, found: 397.0308.

H,C Bneop
Bneop l .O

4 Bneop

2,2'-(5-(4-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)-9b-methyl-9b,10-dihydroindeno[2,1-a]in
dene-2,8-diyl)bis(5,5-dimethyl-1,3,2-dioxaborinane) (4): Purification by column chromatography
on silica gel (petroleum ether/ethyl acetate = 50:1~10:1, v/v) affords the title compound as a pale
yellow solid, Mp = 191-193 <C, 57 mg, 45% yield. '"H NMR (400 MHz, CDCI3) § 7.85 (d, J = 7.7
Hz, 2H), 7.80 (s, 1H), 7.66 (t, J = 4.0 Hz, 2H), 7.54 (d, J = 7.8 Hz, 2H), 7.46 (s, 2H), 7.31 (d, J =
7.7 Hz, 1H), 3.74-3.66 (m, 12H), 2.97 (d, J = 14.4 Hz, 1H), 2.74 (d, J = 14.4 Hz, 1H), 1.36 (s, 3H),
0.97 (d, J = 4.2 Hz, 12H), 0.93 (s, 6H). BC NMR (101 MHz, CDCl3) 6 150.8, 138.0, 137.3, 134.0,
133.9,133.1, 132.6, 131.4, 128.7, 127.9, 122.4, 120.9, 72.5, 72.5, 62.1, 40.4, 32.1, 32.0, 27.2, 22.1,
22.0. HRMS (APCI-TOF) calcd for CagHs606B3 [M+H]+ :631.3568, found: 631.3574.




5,5-dimethyl-2-(4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]inden-2-yl)-1,3,2-dioxaborinane
(5): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
50:1~20:1, v/v) affords the title compound as a viscous gelatinous state, 56 mg, 69% vyield. *H
NMR (400 MHz, CDCls) & 7.84 (s, 1H), 7.72 (dd, J = 7.3, 1.0 Hz, 1H), 7.68-7.61 (m, 2H),
7.55-7.44 (m, 4H), 7.42-7.36 (m, 1H), 7.29 (d, J = 7.3 Hz, 1H), 7.17-7.08 (m, 2H), 3.74 (s, 4H),
3.04 (d, J = 14.4 Hz, 1H), 2.83 (d, J = 14.4 Hz, 1H), 1.43 (s, 3H), 1.00 (s, 6H).*C NMR (101
MHz, CDCl3) 6 158.4, 154.3, 151.2, 146.2, 135.9, 135.1, 133.6, 131.2, 129.6, 128.5, 127.7, 127.4,
126.8, 126.7, 126.2, 122.8, 122.4, 72.4, 61.9, 40.3, 32.0, 27.2, 22.0. HRMS (APCI-TOF) calcd for
CasH250,B [M+H]" : 407.2177, found: 407.2176.

5,5-dimethyl-2-(4b-methyl-10-phenyl-4b,5-dihydroindeno[2,1-a]inden-3-yl)-1,3,2-dioxaborinane
(6): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
50:1~20:1, v/v) affords the title compound as a pale white solid, Mp = 187-189 <C, 49 mg, 61%
yield. '"H NMR (400 MHz, CDCls) & 7.88 (s, 1H), 7.75 (dd, J = 7.6, 1.3 Hz, 1H), 7.66-7.60 (m,
2H), 7.56-7.47 (m, 3H), 7.42-7.36 (m, 2H), 7.31 (d, J = 7.4 Hz, 1H), 7.19-7.09 (m, 2H), 3.81 (s,
4H), 3.05 (d, J = 14.4 Hz, 1H), 2.83 (d, J = 14.5 Hz, 1H), 1.45 (s, 3H), 1.06 (s, 6H).*C NMR
(101 MHz, CDCls3) & 160.3, 151.7, 150.6, 149.3, 135.8, 135.0, 133.4, 133.0, 129.5, 128.5, 127.9,
127.8, 127.7, 126.8, 126.3, 122.9, 120.8, 72.5, 62.0, 40.5, 32.1, 27.2, 22.1. HRMS (APCI-TOF)
calcd for CygH250,B [M+H]" : 407.2177, found: 407.2183.
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7. Crystallographic Data of 3f

Datablock:

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
FO00

FO00’
h,k,Imax
Nref

Tmin, Tmax
Tmin’

ST
PR
1

)
—%

structure of 3f CCDC: 2390990

C-C =0.0022 A
a = 11.689(2)

Wavelength = 0.71073

b=17.293(3) c=8.4188(14)

alpha=90 beta=102.698(2) gamma=90

296 K
Calculated
1660.1(5)

p 21/c

-p 2ybc
C23H17F

C23H17F
312.37
1.250

4
0.079
656.0
656.29
15,22,10
3835

Correction method = Not given

Data completeness =
R (reflections) =

S= 1.273

0.995
0.0491(2825)

Reported
1660.1(5)
p 21/c
-p 2ybc

C23H17F
312.36
1.250
4
0.079
656.0

15,22,10
3816

Theta (max) = 27.575
wR2 (reflections) = 0.1773(3816)
Npar = 218
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9. NMR Spectra
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'H NMR (400 MHz, CDCls) Spectrum of 3b
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'H NMR (400 MHz, CDCls) Spectrum of 3c
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'H NMR (400 MHz, CDCl5) Spectrum of 3d
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“F NMR (376 MHz, CDCl3) Spectrum of 3d
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'H NMR (400 MHz, CDCls) Spectrum of 3e
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'H NMR (400 MHz, CDCl5) Spectrum of 3f

0000 —

€ee L —

LIVEAN
vSLC—
016z
ovez”

1v8'97
£58'9
698'9 1
51891
168'9
1689
6002
120°2 4
1902
1502
€904
12072

8,02 ~¢
16L'L ¢
L0z L
ez W
WNN.NK\

1621
pies
21872
G182
¥6€L |
zivL
9zt
Svy'L ]
205°2 |
vz

/! [

N20230517-FC1288-WXX-J-50.1.fid j/ / /

)

Teoe

Foot
FooL

7001
poze
0z
oo
Fore
Ko

£1 (ppm)

3C NMR (101 MHz, CDCl3) Spectrum of 3f

L6122 —

161707 —

2619
Si18°19 >

vv8'9L
19L°LL W
8LV LL

€12°0LL
00044k
16V°€LL
\zzent
06121
$50°ZZ)
929°'7Z)
0zz9zL
6£6'921
965221
ze6 2L
125821
zie6zL &
£09°Z€)
169'vEL —
zeogel 7
s8yzyl
soszyl
9/8°051
0zsEst
SN
gov'est
wﬁ,wmrw

€091
€v829L \

N20230518-FC1434-WXX-J-50.1.fid

10 0 10

20

30

80 70 60 50

200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

210

S21



YF NMR (376 MHz, CDCl3) Spectrum of 3f
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'H NMR (400 MHz, CDCls) Spectrum of 3g
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'H NMR (400 MHz, CDCl5) Spectrum of 3h
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F NMR (376 MHz, CDCl3) Spectrum of 3h
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'H NMR (400 MHz, CDCl5) Spectrum of 3i

5
[e
-
000°0-— - Fs
o
=]
B
E- 66€°02 —
-~ .
gee’t M Feoe Fo 68622 —
006'L — oe [o
N Feoe 12 sLe0y —
vesz IS o
[ e
oﬁ.m/ ‘5
626'C N = Te60
££6'C —_ — Toor [° 1= 9zL'19 —
mmm.m\ - >
696'C =
. w0 [S]
069 Fa D £v8'8L
6169 o VoL
mmm.w [%2] 8Ly LL
B
0569 [+ "o
¥56'9
8569 . Q 6£9°0Z1
696'9 Foz [a) 18922t
€16'9 & (@) 8¥0°'GZL
000°Z - ~ £10'9ZL
5002 for N 152924
¥10°L ' T €zz Lzl
610°L 1 b S §.€°.21L
£20°L - 600'8Z1
€€0'2 Fu — 161821
2£0°L o 826'8Z1
1902 — v16'621 /
150°2 1 £ ~ S79°0€l &
SS0°Z x 088'ZEL ~
zel'L ELOVEL —~
svliLy B = 5Z6'GEL
IR [ =z 525 LEL
6L1°LA . £YS Iyl —
s H\cw.m - O 1P OSL N
16172 —— §90¢ L7 « 1€2°261 ~
oL -
1122 - = m .
€T’ L] T H/oww S29'65L —
ovL] - Root [
€522 H/Se =
292’2 —
992°2 4 2 © ° 2
VL2, - [ -
08z'L] 2 §
822 - - -
882°L ] o Eo o
z0e'L ] K K
90¢'2 > Z
mmmi 9 fo 2
60v°2 ] S @ S
vz [re [re
8evL © - ©
zer'L m ro m
¥05'L Q Q
12s'L 3 - 3
[r2 z L2 z

-10

50 10 30 20 10

60

70

80

200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

210




'H NMR (400 MHz, CDCl5) Spectrum of 3j
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'H NMR (400 MHz, CDCl5) Spectrum of 3k
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'H NMR (400 MHz, CDCl5) Spectrum of 3m
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'H NMR (400 MHz, CDCl5) Spectrum of 3n
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'H NMR (400 MHz, CDCls) Spectrum of 30
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F NMR (376 MHz, CDCl3) Spectrum of 30
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'H NMR (400 MHz, CDCls) Spectrum of 3p

8vy' L —

¥58'9
99891
2889
1802 1
S60°L
0042
0zZ1'L
EEIWE
6YL° LA
1942
8912
181 L
2812
0022 —
122 L
9zz'L
zve L
1922
L9z,
z9e2]
99¢'2
VL€
18e2
16€°L ]

L2
olyLd

-~
—~

N20250408-FC1242-J-50.1.fid

TFooe

Feo
FooL

M/co.v
fsst

£1 (ppm)

B3C NMR (101 MHz, CDCI3) Spectrum of 3p

37V A

26001
er.ovv

18229 —

iw.ﬁ
Nor.RW
08v'LL
622 L1
z8yviL |
ovL YL
865511 |
218°S1L
066121
£51221
218221
029221
61£°€Z1
29,621 ﬁ
201221
8ve'LTL )W
805621
vrL62Z1 L
vze'6z)
vzLogl f
662 LEL

198°L€EL

SezesvL —

LP0'ZSL
916651 —
v2G'95L —
1LZ°65L
gesioL

N20230913-FC2560-WXX-J-150.1.fid

L

-10

20 10

30

50

60

80

200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

210

S33



YF NMR (376 MHz, CDCl3) Spectrum of 3p
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'H NMR (400 MHz, CDCl5) Spectrum of 3q
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F NMR (376 MHz, CDCI3) Spectrum of 3q
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'H NMR (400 MHz, CDCls) Spectrum of 3r
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'H NMR (400 MHz, CDCls) Spectrum of 3s

1000
689°0
2020
v22°0
Sv.0
1520
0920
€920
8110
9820
1620

€20°L
0801
6801

Bo.;
L0171

ov9'L |
6v9'L
2191 1
1891
z0L')
[N
1e6°) |
€61
656°L
961
026}
Sm.i
266t |
£00'Z

0822 |
1182

[

£Y0'L
6v0'}
190°L 7
8901 7

mNc.&
990°¢

890°L
€20°L
880°Z |
€60° |
2121
Lee LAy
8€2°L 1
9T LA
§12°LA
6121
v62' L
1622
S0E'ZA
0LE'L~
1z2€°L
€€€°L]
eseL]
€182
68¢L |
L0¥°L]
Lev'L]
LSt'L
oSt
Ly L]
122

g2
28527

Fov

Feoe

Feot

Tzou

Ho
TooL

L EEE

Q- oANQQC
NN ® =

£1 (ppm)

13C NMR (101 MHz, CDCl3) Spectrum of 3s

250vL —

oLr'ee —
296°9C —

629'6€
180°0%

18269 —

€v8'9L
09122 W
8LV LL

186021
8LL'ezL
olzezt
L0€°52L
L9921
[ 4Wx4Y
ceelel
08’8zl
068'8C1
€29°0€L
NNm.Nm_\”

Leeeel
06€°€EL
089°€€l

08evEL

862 Ll —
8LL6VL —
18Y°€5L —
12€°95L —

|

MHJMH

-10

30 20 10

10

100 90 80 70 60
£1 (ppm)

110

120

140

170 160 150

180

190

S38



'H NMR (400 MHz, CDCl5) Spectrum of 3t
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'H NMR (400 MHz, CDCl5) Spectrum of 3t
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'H NMR (400 MHz, CDCl5) Spectrum of 3u
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'H NMR (400 MHz, CDCl3) Spectrum of 4
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'H NMR (400 MHz, CDCl5) Spectrum of 5
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'H NMR (400 MHz, CDCls) Spectrum of 6
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'H NMR (400 MHz, CDCl5) Spectrum of 3I'
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