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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 11l 400 MHz in CDClzand *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 (8, ppm), multiplicity (s = singlet, d = doublet, t = triplet,
m = multiplet or unresolved, br = broad singlet, 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). IR spectra were recorded on a FT-IR spectrometer
and only major peaks were reported in cm™. High-resolution mass spectral analysis (HRMS) data
were measured on a Bruker Apex II.

2. Preparation of Substrates

Substrates 1a-11 were synthesized according to the known literature.™ Substrates 2a-2n were
prepared from the coresponding ternal alkynes via Sonogashira coupling through the known
literatures.®® Substrates 3a-3c were purchased commercially.

3. Experiment Procedure

R? 2 —+Bpin/Bneo
Pd(OAC), (10 mol%) R P P
XN P(p-CF3CqHa)s (20 mol% X
R + RI-==R* + (Bpinj(Bneop), —LraCetals GOMOlR), by [ R*
= | K3POy4 (2.0 equiv) =

DCE, 70 °C, N, R3
1 2 3a/3b 4

O-iodostyrenes 1 (0.2 mmol, 1.0 equiv), internal alkynes 2 (0.4 mmol, 2.0 equiv), boron reagent
3a or 3b (0.3 mmol, 1.5 equiv), Pd(OAc), (10 mol%), P(p-CF3CsHa)z (20 mol%), KsPO, (0.4
mmol, 2.0 equiv) were added to a sealed tube, DCE (2.0 mL) were added via syringe. The mixture
was flushed with N, and then heated at 70 <C in an oil bath about for 12 h until completion
(monitored by TLC). After cooling at room temperature, 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 4.

Bpin

R? 2

Pd(TFA), (10 mol%) R
N P(p-CF3CgHa)3 (20 mol%) A

R4~ + R3-==—R* + CHy(Bpi R'—- R
NN R R CHBPIM2 ™ oMe (3.0 equiv) -
dioxane, 70 °C, N, R3
1 2 3c 5

O-iodostyrenes 1 (0.2 mmol, 1.0 equiv), internal alkynes 2 (0.4 mmol, 2.0 equiv),
gem-diborylmethane 3c (0.4 mmol, 2.0 equiv), Pd(TFA), (10 mol%), P(p-CFs;CsH,)s (20 mol%),
LiOMe (0.6 mmol, 3.0 equiv) were added to a sealed tube, dioxane (0.5 mL) were added via
syringe. The mixture was flushed with N, and then heated at 70 <C in an oil bath about for 12 h
until completion (monitored by TLC). After cooling at room temperature, the reaction mixture was
filtered through celite. The solvent in the filtrate was evaporated under reduced pressure. The
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residue was purified through silica gel chromatography to afford the products 5.

4. Gram-Scale Synthesis

CHj; Bpin
Pd(OAC), (10 mol%) HsC
- 0,
+ Ph—=—=—Ph + (Bpin), PAp-CF3Cola)s (20 mol%) OQ Ph
| K3PO4 (20 eqUiV)
1a (4.0 mmol) 2a 3a LA .

1.08 g, 64% yield

O-iodostyrene 1a (4.0 mmol, 0.98 g, 1.0 equiv), internal alkyne 2a (8.0 mmol, 1.42 g, 2.0 equiv),
boron reagent 3a (6.0 mmol, 1.52 g, 1.5 equiv), Pd(OACc), (10 mol%, 89.6 mg), P(p-CF3CgsH4)3
(20 mol%, 373 mg), K3PO,4 (8.0 mmol, 1.70 g, 2.0 equiv) were added to a sealed tube, DCE (40
mL) were added via syringe. The mixture was flushed with N, and then heated at 70 <C in an oil
bath about for 12 h until completion (monitored by TLC). After cooling at room temperature, 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 (petroleum
ether/ethyl acetate = 20:1~10:1, v/v) to afford the product 4a.

5. Synthetic transformations of 4a

H4C Bpin
Q Ph
Ph
4a
. i 0.2 mmol
NaBO3* 4H,0 (5.0 equiv) m-CPBA (2.0 equiv)
THF/H,O (1:1), rt, 3 h DCM, 0°C, 1h
HCI (20 w/v%)
110 °C, 3 h
R C@ "
(@)
Ph Ph Ph
6 7 8
94% vyield 80% yield 78% yield

(1-methyl-2,3-diphenyl-1H-inden-1-yl)methanol (6) was synthesized according to the following
procedure. A vial containing 4a (1.0 equiv, 0.2 mmol, 84 mg) was charged with THF (1 mL) and
H,O (1 mL), then NaBO3; 4H,0 (5.0 equiv, 1.0 mmol) was added in one portion. The reaction
mixture was stirred at room temperature for 3 hours in open flask. The reaction was quenched
with a saturated aqueous solution of NH4CI. The aqueous layer was extracted for three times with
EtOAc and separated organic layer was washed with brine, dried over Na,SO4 and concentrated
under reduced pressure. The crude product was purified by column chromatography on silica gel
(petroleum ether/ethyl acetate = 10:1~1:1, v/v) afforded 6 as a colorless solid (59 mg, 94% yield).

((1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)boronic acid (7) was synthesized according to
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the following procedure. A mixture of 4a (1.0 equiv, 0.2 mmol, 84 mg) in 4 mL 20% HCI (w/v)
was stirred at 110 <T for 3 hours. After complete consumption of starting material 4a, the crude
material was extracted with diethylether twice, and the organic layer was washed with brine, dried
over Na,SQ,, filtered and concentrated. The residue was purified by column chromatography on
silica gel (petroleum ether/ethyl acetate = 5:1~2:1, v/v) to afford 7 as a colorless solid (54 mg,
80% yield).

4,4.5 5-tetramethyl-2-((6-methyl-1a,6a-diphenyl-1a,6a-dihydro-6H-indeno[1,2-b]oxiren-6-yl)meth
yl)-1,3,2-dioxaborolane (8) was synthesized according to the following procedure. To a solution of
4a (1.0 equiv, 0.2 mmol, 84 mg) in DCM (2.0 mL) was added m-CPBA (0.4 mmol, 69.0 mg, 2.0
equiv) at 0 <C under air. Then the reaction mixture was allowed to room temperature, and stirred
for 1 h. The reaction mixture was filtered through Celite. The solvent in the filtrate was evaporated
under reduced pressure, and the crude product was purified by flash chromatography (petroleum
ether/ethyl acetate = 10:1, v/v) to afford the pure epoxide product 8 as a colorless solid (68 mg,
78% yield).

6. Optimization of the reaction conditions with CH,(Bpin),?

Bpin
CHs Catalyst (10.0 mol%) HsC
L . Ligand (20.0 mol%)
Qi% "ETEE E CREei): LiOMe (3.0 equiv) OQ o
1a 2a 3c Solve7rg§OC.1 M) Ph
5a
Entry Catalyst Ligand Solvent Yield® (%)
1 Pd(OAc), PPh; dioxane 21
2 Pd,(dba)s PPh; dioxane <10
3 Pd(TFA), PPh; dioxane 39
4 [PA(CsHs5)CI],  PPhg dioxane 32
5 PdCI(PPhg),  PPh; dioxane 24
6 Pd(OAC), PPh; MeCN 14
7 PA(TFA), PPh; DME 27
8 PA(TFA), PPh; DCE 36
9 Pd(TFA), PPh; toluene <10
10 Pd(TFA), PCys dioxane 0
11 Pd(TFA), P(p-MeOCgHs);  dioxane 47
12 Pd(TFA), P(2-furyl); dioxane 49
13 Pd(TFA), P(p-CF30C¢Hs); dioxane 66
14 Pd(TFA), P(p-FC¢Hs)3 dioxane 50
15 Pd(TFA), DPPB dioxane 0
16 Pd(TFA), DPEphos dioxane 34
‘17 PAd(TFA), P(p-CF30C¢Hs); dioxane 72
918 Pd(TFA), P(p-CF3;0C¢Hs);  dioxane 78

®Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), 3¢ (0.4 mmol), catalyst (10 mol %),
ligand (20 mol %), LiOMe (0.6 mmol), solvent (2.0 mL, 0.1 M), 70 <C, 12 h under N,
conditions. "Isolated yields. “solvent (1.0 mL, 0.2 M), %solvent (0.5 mL, 0.4 M).
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7. Spectra Data

4,4.5,5-tetramethyl-2-((1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-1,3,2-dioxaborolane  (4a):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a colorless solid, Mp = 92-94 <, 61 mg, 72% vield. *H NMR
(400 MHz, CDCls) & 7.46-7.41 (m, 1H), 7.25-7.06 (m, 13H), 1.33 (d, J = 20.9 Hz, 5H), 0.86 (s, 12H).
BCc{*H} NMR (101 MHz, CDCls) & 153.1, 152.7, 143.5, 138.1, 137.1, 135.6, 130.4, 129.6, 128.0,
127.9, 126.8, 126.7, 126.5, 125.2, 122.3, 120.3, 82.7, 52.8, 26.2, 24.7. IR(neat) 3430, 2976, 1507, 1377,
1239, 803, 531. HRMS (ESI-TOF) calcd for CpgH3,BO, [M+H]" : 423.2490, found: 423.2492.

2-((1,6-dimethyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(4b): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown viscous oil, 56 mg, 64% yield. '"H NMR
(400 MHz, CDCls) & 7.28 (s, 1H), 7.23-7.09 (m, 11H), 6.96 (dd, J = 7.9, 1.6 Hz, 1H), 2.34 (s, 3H),
1.36 (s, 3H), 1.27-1.20 (m, 2H), 0.90 (d, J = 3.2 Hz, 12H). *C{*H} NMR (101 MHz, CDCl3) § 152.9,
152.3, 140.9, 137.2, 135.9, 134.8, 130.5, 129.6, 128.0, 127.9, 127.1, 126.68, 126.66, 123.3, 120.1, 82.7,
52.6, 26.1, 24.8, 24.7, 21.7. IR(neat) 3437, 2980, 1617, 1351, 1329, 1140, 969, 819, 698. HRMS
(ESI-TOF) calcd for C3oH34BO, [M+H]" : 437.2646, found: 437.2646.

HaC Bpin

F
Q Ph

Ph
4c

2-((6-fluoro-1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan

e (4c): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a colorless solid, Mp = 100-102 <C, 61 mg, 69%
yield. '"H NMR (400 MHz, CDCls) § 7.27-7.04 (m, 12H), 6.84 (ddd, J = 9.3, 8.3, 2.4 Hz, 1H),
1.37-1.25 (m, 5H), 0.93 (d, J = 2.1 Hz, 12H). *C{*"H} NMR (101 MHz, CDCls) § 161.9 (d, J = 244.1
Hz), 155.0 (d, J = 7.6 Hz), 152.9 (d, J = 4.3 Hz), 139.3 (d, J = 2.2 Hz), 137.2, 136.8, 135.4, 130.4,
129.5, 128.1, 128.0, 126.9 (d, J = 1.2 Hz), 121.0 (d, J = 8.6 Hz), 113.1 (d, J = 22.5 Hz), 110.2 (d, J =
23.1 Hz), 82.9,52.9 (d, J = 2.1 Hz), 26.0, 24.8. **F NMR (376 MHz, CDCl,) & -117.76. IR(neat) 3442,
2974, 1596, 1476, 1333, 1139, 815, 702. HRMS (ESI-TOF) calcd for CyHaFBO, [M+H]" :
441.2396, found: 441.2399.
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2-((6-chloro-1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan
e (4d): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown viscous oil, 53 mg, 58% yield. '"H NMR
(400 MHz, CDCls) & 7.46 (t, J = 1.2 Hz, 1H), 7.19-7.09 (m, 12H), 1.38-1.23 (m, 5H), 0.94 (d, J = 2.7
Hz, 12H). *C{*H} NMR (101 MHz, CDCl3) & 154.6, 153.7, 142.0, 137.3, 136.5, 135.1, 131.1, 130.3,
129.5, 128.2, 128.0, 127.0, 126.6, 123.0, 121.2, 82.9, 52.9, 25.7, 24.83, 24.76. IR(neat) 3439, 2971,
1651, 1398, 1127, 708, 620. HRMS (ESI-TOF) calcd for CpoH3;,CIBO, [M+H]" : 457.2100, found:
457.2102.

d4e

2-((6-((difluoro-13-methyl)-12-fluoranyl)-1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetr
amethyl-1,3,2-dioxaborolane (4e): Purification by column chromatography on silica gel
(petroleum ether/ethyl acetate = 20:1~5:1, v/v) affords the title compound as a yellow oil, 65 mg,
66% vyield. '"H NMR (400 MHz, CDCls) § 7.74 (d, J = 1.7 Hz, 1H), 7.41 (dd, J = 8.0, 1.6 Hz, 1H),
7.28 (d, J = 8.0 Hz, 1H), 7.15 (tt, J = 8.3, 4.5 Hz, 10H), 1.39 (s, 3H), 1.23-1.17 (m, 2H), 0.91 (d, J =
2.7 Hz, 12H). ®C{"H} NMR (101 MHz, CDCl,) & 156.4, 153.2, 147.0 (d, J = 1.6 Hz), 137.4, 136.3,
135.3 (t, J = 6.4 Hz), 134.8, 130.1, 129.4, 128.2, 128.1, 127.3, 127.2 (d, J = 4.7 Hz), 127.0, 123.9 (dd, J
= 7.8, 3.8 Hz), 120.3, 119.5 (dd, J = 7.6, 3.8 Hz), 83.0, 53.1, 25.4, 24.75, 24.74."°F NMR (376 MHz,
CDCl,) & -61.22. IR(neat) 3422, 2978, 1798, 1613, 1533, 1330, 1105, 1063, 699. HRMS (ESI-TOF)
calcd for C3Hz,FsBO, [M+H]" : 491.2364, found: 491.2360.

Et Bpin

Q Ph
MeO

Ph
4f

2-((1-ethyl-5-methoxy-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan
e (4f): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~5:1, v/v) affords the title compound as a colorless solid, Mp = 93-95 T, 69 mg, 74% yield.
'H NMR (400 MHz, CDCls) § 7.28-7.07 (m, 11H), 6.80-6.67 (m, 2H), 3.71 (s, 3H), 1.84 (ddp, J =
21.0, 14.2, 7.3 Hz, 2H), 1.32 (g, J = 14.7 Hz, 2H), 0.88 (s, 12H), 0.49 (t, J = 7.3 Hz, 3H). “C{'H}
NMR (101 MHz, CDCl3) 8 159.0, 151.6, 146.1, 143.0, 140.1, 137.2, 135.8, 130.1, 129.7, 128.1, 127.9,
126.8, 126.7, 122.8, 110.6, 106.1, 82.7, 56.6, 55.7, 32.2, 24.8, 8.8. IR(neat) 3421, 2974, 1604, 1479,
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1358, 1324, 1141, 847, 702. HRMS (ESI-TOF) calcd for Ca;H36BO; [M+H]* : 467.2752, found:
467.2752.

2-((5-chloro-1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan
e (49): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a yellow viscous oil, 50 mg, 55% yield. '"H NMR
(400 MHz, CDCls) 6 7.35 (d, J = 7.9 Hz, 1H), 7.28-7.02 (m, 12H), 1.39-1.27 (m, 5H), 0.90 (d, J = 2.3
Hz, 12H). *C{*H} NMR (101 MHz, CDCl;) & 154.8, 151.0, 145.4, 136.5, 134.9, 132.4, 130.2, 129.5,
128.2,128.0, 127.1, 127.0, 125.0, 123.4, 120.5, 82.9, 52.6, 26.1, 24.8, 24.7. IR(neat) 3435, 2911, 1769,
1533, 1469, 1377, 1303, 1131, 896, 717. HRMS (ESI-TOF) calcd for CyH3BCIO, [M+H]" :
457.2100, found: 457.2104.

2-((5-fluoro-1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan

e (4h): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a yellow solid, Mp = 110-112 <C, 54 mg, 61% yield.
'H NMR (400 MHz, CDCls) § 7.35 (dd, J = 8.2, 5.1 Hz, 1H), 7.22-7.07 (m, 10H), 6.91 (dd, J = 9.5,
2.5 Hz, 1H), 6.87-6.81 (m, 1H), 1.31 (d, J = 17.1 Hz, 5H), 0.89 (d, J = 2.3 Hz, 12H). *C{*"H} NMR
(101 MHz, CDCly) § 162.6 (d, J = 242.4 Hz), 155.1, 148.0 (d, J = 2.4 Hz), 145.5 (d, J = 8.6 Hz), 137.5
(d, J = 3.0 Hz), 136.7, 135.1, 130.2, 129.4, 128.2, 128.0, 127.01, 126.98, 123.1 (d, J = 9.0 Hz), 111.6 (d,
J = 22.8 Hz), 107.5 (d, J = 23.5 Hz), 82.8, 52.4, 26.3, 24.8, 24.7.°F NMR (376 MHz, CDCl;) &
-117.01. IR(neat) 3435, 2976, 1612, 1469, 1329, 1138, 887, 732. HRMS (ESI-TOF) calcd for
CyoH3,FBO, [M+H]+ : 441.2396, found: 441.2397.

2-((1,4-dimethyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4i):

Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,

v/v) affords the title compound as a yellow solid, Mp = 118-120 <, 52 mg, 60% yield.'"H NMR

(400 MHz, CDCl3) & 7.28 (d, J = 7.4 Hz, 1H), 7.19-7.02 (m, 11H), 6.86 (d, J = 7.5 Hz, 1H), 1.78 (s,

3H), 1.34 (s, 3H), 1.28-1.18 (m, 2H), 0.92 (d, J = 9.2 Hz, 12H). *C{"H} NMR (101 MHz, CDCl;) &
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154.0, 152.9, 139.7, 138.5, 136.9, 131.4, 130.3, 129.94, 129.90, 129.5, 127.60, 127.57, 127.56, 126.51,
126.47, 125.1, 120.0, 82.7, 52.0, 26.2, 24.8, 24.7, 20.2. IR(neat) 3441, 2968, 1599, 1436, 1352, 1324,
1147, 966, 845, 697. HRMS (ESI-TOF) calcd for C3,H3,BO, [M+H]" : 437.2646, found: 437.2648.

Et Bpin

(@

Ph
4j

2-((1-ethyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4)):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a pale yellow solid, Mp = 63-65 <C, 66 mg, 76% vyield. '"H NMR
(400 MHz, CDCls) & 7.36-7.32 (m, 1H), 7.22-7.10 (m, 13H), 1.95-1.80 (m, 2H), 1.39-1.30 (m, 2H),
0.85 (s, 12H), 0.48 (t, J = 7.3 Hz, 3H). *C{*H} NMR (101 MHz, CDCl5) § 150.7, 150.2, 144.7, 140.3,
137.2, 135.9, 130.2, 129.7, 128.1, 127.9, 126.73, 126.70, 126.4, 125.2, 122.3, 120.1, 82.6, 57.2, 32.1,
24.7, 8.8. IR(neat) 3349, 2974, 1569, 1478, 1401, 1322, 1199, 1105, 942, 803. HRMS (ESI-TOF)
calcd for C3H3,BO, [M+H]" : 437.2646, found: 437.2642.

By Bpin

C@

Ph
4k

2-((1-butyl-2,3-diphenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4Kk):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
vIv) affords the title compound as a yellow viscous oil, 73 mg, 79% yield. '"H NMR (400 MHz,
CDCly) & 7.37-7.32 (m, 1H), 7.17 (dddd, J = 20.1, 14.0, 7.7, 3.8 Hz, 13H), 1.97-1.70 (m, 2H),
1.40-1.29 (m, 2H), 1.24 (s, 2H), 1.06 (td, J = 7.8, 3.5 Hz, 2H), 0.84 (s, 12H), 0.67 (t, J = 7.1 Hz, 3H).
BC{*H} NMR (101 MHz, CDCl3) & 151.1, 150.6, 137.2, 135.9, 130.2, 129.7, 128.0, 127.9, 126.72,
126.69, 126.3, 125.1, 122.3, 120.1, 82.6, 56.7, 39.3, 26.2, 24.70, 24.69, 23.1, 14.1. IR(neat) 3430, 2977,
1608, 1544, 1408, 1322, 1274, 1132, 973, 866. HRMS (ESI-TOF) calcd for C3,H3sBO, [M+H]" :
465.2959, found: 465.2960.

HsC Bpin

LR,
@

4m  CH,

4,4,5,5-tetramethyl-2-((1-methyl-2,3-di-p-tolyl-1H-inden-1-yl)methyl)-1,3,2-dioxaborolane  (4m):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a colorless solid, Mp = 122-124 <C, 67 mg, 74% vield. *H NMR
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(400 MHz, CDCls) § 7.46-7.41 (m, 1H), 7.24-7.19 (m, 1H), 7.17-6.88 (m, 10H), 2.23 (d, J = 4.2 Hz,
6H), 1.38-1.23 (m, 5H), 0.87 (s, 12H). *C{*H} NMR (101 MHz, CDCly) & 152.8, 152.7, 136.2,
134.1,132.8,130.2, 129.5, 128.8, 128.7, 126.4, 125.1, 122.3, 120.3, 82.7, 52.7, 26.2, 24.7, 21.42, 21.40.
IR(neat) 3429, 2973, 1623, 1587, 1501, 1451, 1329, 1140, 950, 837. HRMS (ESI-TOF) calcd for
Ca1H3sBO, [M+H]" : 451.2803, found: 451.2809.

HsC Bpin

C®-(.,
)

4n Bu

2-((2,3-bis(4-(tert-butyl)phenyl)-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxab

orolane (4n): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate
= 20:1~10:1, v/v) affords the title compound as a brown solid, Mp = 86-88 <C, 76 mg, 71% yield.
'H NMR (400 MHz, CDCl5) & 7.43 (dd, J = 5.8, 2.8 Hz, 1H), 7.24 (dd, J = 5.7, 2.9 Hz, 1H), 7.16 (dg,
J =138, 8.3 Hz, 10H), 1.34 (s, 3H), 1.22 (d, J = 4.6 Hz, 20H), 0.89 (s, 12H). *C{*H} NMR (101
MHz, CDCIy) 8 152.9, 152.8, 149.2, 143.8, 134.0, 132.7, 130.0, 129.2, 126.4, 125.0, 124.8, 124.7,
122.3, 120.4, 82.7, 52.8, 34.59, 34.55, 31.50, 31.48, 26.2, 24.79, 24.76. IR(neat) 3562, 2970, 1633,
1539, 1488, 1407, 1359, 1166, 910, 882. HRMS (ESI-TOF) calcd for C37HBO, [M+H]" : 535.3742,
found: 535.3742.

HsC Bpin

CR-(.
&

40 CF,

4,4,5,5-tetramethyl-2-((1-methyl-2,3-bis(4-(trifluoromethyl)phenyl)-1H-inden-1-yl)methyl)-1,3,2-d
ioxaborolane (40): Purification by column chromatography on silica gel (petroleum ether/ethyl
acetate = 20:1~5:1, v/v) affords the title compound as a brown solid, Mp = 133-135 <C, 55 mg,
49% yield. '"H NMR (400 MHz, CDCl3) & 7.51-7.42 (m, 5H), 7.32 (dd, J = 10.4, 8.1 Hz, 4H),
7.24-7.17 (m, 3H), 1.44-1.34 (m, 4H), 1.27 (d, J = 14.8 Hz, 1H), 0.85 (d, J = 2.8 Hz, 12H). *C{*H}
NMR (101 MHz, CDCl3) 6 152.6, 152.4, 142.5, 140.5, 139.0, 138.0, 130.6, 129.8, 129.4 (d, J = 10.4
Hz), 129.0 (d, J = 10.4 Hz), 126.9, 126.1, 125.7 (d, J = 7.0 Hz), 125.3 (dd, J = 7.4, 3.6 Hz), 125.1 (dd,
J=75,3.7 Hz), 123.0 (d, J = 7.0 Hz), 122.5, 120.3, 82.9, 53.3, 26.3, 24.73, 24.68.°F NMR (376
MHz, CDCl3) & -62.45 (d, J = 2.6 Hz). IR(neat) 3547, 2988, 1607, 1533, 1473, 1321, 1109, 899, 766.
HRMS (ESI-TOF) calcd for Cs;H3FsBO, [M+H]" : 559.2238, found: 559.2231.
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4p OMe

2-((2,3-bis(4-methoxyphenyl)-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor
olane (4p): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~5:1, v/v) affords the title compound as a yellow solid, Mp = 119-121 <C, 76 mg, 79% yield.
'H NMR (400 MHz, CDCl,) 6 7.42 (dd, J = 5.8, 2.8 Hz, 1H), 7.22 (dd, J = 5.7, 3.0 Hz, 1H), 7.17-7.01
(m, 6H), 6.78-6.69 (m, 4H), 3.71 (d, J = 3.5 Hz, 6H), 1.34 (s, 4H), 1.25 (d, J = 7.4 Hz, 1H), 0.87 (d, J =
3.1 Hz, 12H). *C{"H} NMR (101 MHz, CDCls) § 158.3, 158.2, 152.7, 152.2, 143.7, 137.4, 131.5,
130.7, 129.5, 128.2, 126.4, 125.1, 122.3, 120.2, 113.5, 113.4, 82.7, 55.2, 52.7, 26.3, 24.74, 24.73.
IR(neat) 3441, 2962, 1594, 1501, 1351, 1241, 1143, 1032, 839. HRMS (ESI-TOF) calcd for
Ca1H3sBO4 [M+H]" : 483.2701, found: 483.2701.

H4C Bpin

R,
O

4q F

2-((2,3-bis(4-fluorophenyl)-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborola
ne (4q): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a red solid, Mp = 139-141 <C, 53 mg, 58% vield.'H
NMR (400 MHz, CDCls) § 7.46-7.41 (m, 1H), 7.16 (qd, J = 5.4, 2.1 Hz, 7H), 6.89 (td, J = 8.7, 5.7 Hz,
4H), 1.40-1.23 (m, 5H), 0.86 (d, J = 3.2 Hz, 12H). *C{*H} NMR (101 MHz, CDCl5) 5 163.2 (d, J =
22.6 Hz), 160.7 (d, J = 22.7 Hz), 152.5, 152.2, 143.1, 137.7, 132.7 (d, J = 3.3 Hz), 132.0 (d, J = 8.1 Hz),
131.4 (d, J = 3.3 Hz), 131.1 (d, J = 7.9 Hz), 126.7, 125.5, 122.4, 120.2, 115.2 (d, J = 21.3 Hz), 115.1 (d,
J=21.1 Hz), 82.8, 52.8, 26.2, 24.73, 24.70.*°F NMR (376 MHz, CDCls) 5 -115.27, -115.64. IR(neat)
3440, 2988, 1599, 1508, 1354, 1222, 838, 729. HRMS (ESI-TOF) calcd for CogHgoF20,B [M+H]" :
459.2301, found: 459.2302.

2-((2,3-bis(4-chlorophenyl)-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborol

ane (4r): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown solid, Mp = 173-175 <C, 55 mg, 56% yield.
'H NMR (400 MHz, CDCls) & 7.45-7.40 (m, 1H), 7.21-7.11 (m, 11H), 1.40-1.31 (m, 4H), 1.25 (d, J =
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14.8 Hz, 1H), 0.84 (d, J = 3.5 Hz, 12H). *C{*"H} NMR (101 MHz, CDCls) § 152.5, 152.2, 142.8,
137.6, 135.2, 133.8, 133.0, 132.8, 131.7, 130.8, 128.5, 128.4, 126.7, 125.7, 122.4, 120.2, 82.8, 52.9,
26.2, 24.72, 24.68. IR(neat) 3434, 2968, 1566, 1478, 1353, 1327, 1146, 1086, 1015, 830. HRMS
(ESI-TOF) calcd for Cp9H30BCl,0, [M+H]" : 491.1710, found: 491.1713.

4s

2-((2,3-bis(3-methoxyphenyl)-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor
olane (4s): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~5:1, v/v) affords the title compound as a brown viscous oil, 67 mg, 70% yield. "H NMR (400
MHz, CDCly) & 7.45-7.40 (m, 1H), 7.28-7.24 (m, 1H), 7.19-7.14 (m, 2H), 7.10 (td, J = 7.9, 2.6 Hz,
2H), 6.87-6.82 (m, 2H), 6.81-6.75 (m, 2H), 6.69 (ddd, J = 10.7, 8.1, 2.6 Hz, 2H), 3.63 (s, 3H), 3.58 (s,
3H), 1.34 (d, J = 15.1 Hz, 5H), 0.86 (d, J = 5.7 Hz, 12H). *C{"H} NMR (101 MHz, CDCl5) § 159.2,
159.1, 152.9, 152.6, 143.2, 138.5, 137.9, 137.0, 129.0, 128.8, 126.5, 125.3, 122.8, 122.3, 122.0, 120.4,
115.8, 114.6, 112.9, 112.6, 82.7, 55.2, 55.1, 52.9, 26.3, 24.75, 24.72. IR(neat) 3449, 2997, 1600, 1501,
1477, 1149, 1033, 901, 792. HRMS (ESI-TOF) calcd for C3H3sBO4 [M+H]" : 483.2701, found:
483.2701.

2-((2,3-bis(3-fluorophenyl)-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborola
ne (4t): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a red solid, Mp = 82-84 <C, 60 mg, 66% yield.'H
NMR (400 MHz, CDCl3) § 7.45-7.41 (m, 1H), 7.21-7.13 (m, 5H), 6.99-6.81 (m, 6H), 1.39 (d, J = 14.7
Hz, 1H), 1.35 (s, 3H), 1.27 (d, J = 14.8 Hz, 1H), 0.86 (d, J = 2.5 Hz, 12H). *C{*H} NMR (101 MHz,
CDCl3) 6 163.9 (d, J = 14.2 Hz), 161.4 (d, J = 14.3 Hz), 152.4, 152.3 (d, J = 2.0 Hz), 142.7, 139.0 (d, J
=8.0 Hz), 137.7 (d, J = 2.1 Hz), 137.6 (d, J = 8.0 Hz), 129.6 (d, J = 17.4 Hz), 129.5 (d, J = 17.5 Hz),
126.8,126.1 (d, J = 2.9 Hz), 125.8, 125.2 (d, J = 2.9 Hz), 122.4, 120.3, 117.2 (d, J = 21.3 Hz), 116.3 (d,
J =216 Hz), 114.1 (d, J = 3.0 Hz), 113.9 (d, J = 3.0 Hz), 82.82, 52.98, 26.28, 24.71, 24.67. *°F NMR
(376 MHz, CDCl3) 6 -113.62 (d, J = 6.2 Hz). IR(neat) 3439, 2988, 1504, 1477, 1306, 1256, 1103, 973,
829, 664. HRMS (ESI-TOF) calcd for CygH3oF,BO, [M+H]" : 459.2301, found: 459.2306.
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2-((2,3-bis(3-chlorophenyl)-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborol
ane (4u): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown solid, Mp = 114-116 <C, 70 mg, 71% yield.
'H NMR (400 MHz, CDCl,) 5 7.44-7.39 (m, 1H), 7.23 (d, J = 2.0 Hz, 2H), 7.21-7.09 (m, 7H), 7.05 (tt,
J=6.4,1.9 Hz, 2H), 1.42-1.23 (m, 5H), 0.86 (d, J = 1.9 Hz, 12H). *C{*H} NMR (101 MHz, CDCl,)
6 152.4,152.2,142.7, 138.5, 137.2, 134.0, 133.8, 130.1, 129.6, 129.4, 129.3, 128.7, 127.8, 127.3, 127.2,
126.8, 125.8, 122.4, 120.3, 82.8, 53.0, 26.2, 24.7, 24.6. IR(neat) 3398, 2960, 1539, 1464, 1355, 1231,
1148, 864, 539. HRMS (ESI-TOF) calcd for Cy9H30BCl,0, [M+H]" : 491.1710, found: 491.1712.

2-((2,3-bis(2-fluorophenyl)-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborola
ne (4v): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a colorless solid, Mp = 105-107 <C, 47 mg, 51%
yield. 'H NMR (400 MHz, CDCly) & 7.52-7.45 (m, 1H), 7.35 (t, J = 7.4 Hz, 1H), 7.18-7.09 (m, 5H),
7.05-6.84 (m, 5H), 1.36 (d, J = 1.9 Hz, 3H), 1.32-1.11 (m, 2H), 0.92 (d, J = 7.3 Hz, 12H). *C{*H}
NMR (101 MHz, CDCls) § 160.3 (d, J = 249.4 Hz), 152.6, 142.8, 135.5, 132.5, 131.6 (d, J = 4.0 Hz),
129.2, 129.1, 126.6, 125.5, 124.0, 123.8, 123.7 (d, J = 3.6 Hz), 123.6, 122.3, 120.6 (d, J = 2.1 Hz),
115.7, 115.5, 82.9, 53.7, 25.6, 24.74, 24.68.°F NMR (376 MHz, Chloroform-d) 5 -111.52. IR(neat)
3441, 2983, 1603, 1481, 1353, 1331, 1149, 759. HRMS (ESI-TOF) calcd for CpgHzoF,BO, [M+H]" :
459.2301, found: 459.2303.

H3C Bpin
’ CHj
H3C
4w

2-((2,3-diethyl-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4w):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a brown viscous oil, 44 mg, 67% yield.'"H NMR (400 MHz,
CDCl3) & 7.31 (d, J = 7.3 Hz, 1H), 7.10 (d, J = 4.2 Hz, 2H), 7.05-7.00 (m, 1H), 2.42 (g, J = 7.6 Hz,
2H), 2.28 (ddt, J = 21.6, 14.6, 6.8 Hz, 2H), 1.25 (d, J = 15.8 Hz, 5H), 1.12-1.06 (m, 6H), 0.90 (d, J =

S12



4.4 Hz, 12H). ®C{'H} NMR (101 MHz, CDCl,) & 153.0, 152.3, 144.2, 136.1, 126.1, 123.9, 121.7,
118.2, 82.7, 51.6, 25.9, 24.74, 24.71, 18.8, 18.4, 14.9, 13.7. IR(neat) 3569, 2925, 1639, 1496, 1366,
1103, 1003, 856, 690. HRMS (ESI-TOF) calcd for C,H3,BO, [M+H]" : 327.2490, found:
327.2494.

H3C Bpin

4x CH3

4,4,5,5-tetramethyl-2-((1-methyl-2,3-dipropyl-1H-inden-1-yl)methyl)-1,3,2-dioxaborolane  (4x):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a brown viscous oil, 42 mg, 60% yield.'"H NMR (400 MHz,
CDCls) 8 7.32 (d, J = 7.3 Hz, 1H), 7.09 (td, J = 4.9, 4.0, 2.6 Hz, 2H), 7.04-6.99 (m, 1H), 2.42-2.31 (m,
2H), 2.27-2.15 (m, 2H), 1.50 (h, J = 7.8 Hz, 5H), 1.25 (d, J = 14.8 Hz, 5H), 0.95 (s, 2H), 0.92 (d, J =
5.2 Hz, 15H). *C{"H} NMR (101 MHz, CDCl) § 153.0, 151.6, 144.4, 134.9, 126.1, 123.8, 121.7,
118.4, 82.7, 51.6, 28.2, 28.1, 26.0, 24.7, 23.5, 22.2, 15.2, 14.8. IR(neat) 3439, 2988, 1664, 1504, 1360,
1229, 1148, 969, 743. HRMS (ESI-TOF) calcd for CyxHs3BO, [M+H]™ : 355.2803, found:
355.2801.

H3C Bpin

"

4y

2-((2,3-dibutyl-1-methyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4y):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a brown viscous oil, 40 mg, 52% yield.'"H NMR (400 MHz,
CDCls) 5 7.32 (d, J = 7.3 Hz, 1H), 7.10 (d, J = 6.2 Hz, 2H), 7.04-7.01 (m, 1H), 2.42-2.32 (m, 2H),
2.26-2.15 (m, 2H), 1.48-1.33 (m, 8H), 1.23 (s, 3H), 1.17 (d, J = 7.6 Hz, 2H), 0.92-0.86 (m, 18H).
BC{*H} NMR (101 MHz, CDCl,) 5 152.9, 151.6, 144.4, 134.9, 126.1, 123.8, 121.7, 118.3, 82.7, 51.5,
325, 31.2, 25.9, 25.63, 25.61, 24.73, 24.71, 23.8, 23.3, 14.3, 14.2. IR(neat) 3440, 2963, 1586, 1433,
1369, 1222, 1174, 960, 651. HRMS (ESI-TOF) calcd for CsH4BO, [M+H]" : 383.3116, found:
383.3118.

H3C Bpin

C®

Ph
4z
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2-((2-ethyl-1-methyl-3-phenyl-1H-inden-1-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4z):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a pale red solid, Mp = 97-99 <, 47 mg, 63% vyield. '"H NMR
(400 MHz, CDCl3) & 7.39 (d, J = 7.3 Hz, 1H), 7.35-7.29 (m, 2H), 7.29-7.20 (m, 4H), 7.18-7.08 (m,
2H), 2.36-2.18 (m, 2H), 1.27 (s, 3H), 1.20 (d, J = 15.1 Hz, 2H), 1.03 (t, J = 7.5 Hz, 3H), 0.88 (d, J =
5.5 Hz, 12H). *C{*H} NMR (101 MHz, CDCls) § 153.0, 151.4, 143.6, 138.5, 137.4, 130.1, 128.1,
126.9, 126.4, 124.7, 122.2, 119.2, 82.7, 52.2, 25.9, 24.7, 19.3, 13.9. IR(neat) 3401, 2898, 1647, 1556,
1433, 1399, 1311, 1186, 951, 887, 563. HRMS (ESI-TOF) calcd for C,5H3,BO, [M+H]" : 375.2490,
found: 375.2493.

5,5-dimethyl-2-((1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-1,3,2-dioxaborinane (4aa):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a brown solid, Mp = 97-99 <C, 52 mg, 64% yield. '"H NMR (400
MHz, CDCls)  7.43-7.38 (m, 1H), 7.25-7.08 (m, 13H), 3.26 (s, 4H), 1.36 (s, 3H), 1.26 (s, 2H), 0.55 (s,
6H). *C{"H} NMR (101 MHz, CDCly) & 153.6, 153.3, 143.3, 137.7, 137.2, 135.8, 130.4, 129.6,
128.1, 127.8, 126.7, 126.4, 125.2, 122.2, 120.4, 71.8, 53.2, 31.6, 31.4, 30.3, 26.1, 21.7. IR(neat) 3462,
2977, 1603, 1466, 1368, 1103, 872, 697, 533. HRMS (ESI-TOF) calcd for C,gH30BO, [M+H]" :
409.2333, found: 409.2335.

HaC Bneop

H3C
Q Ph

Ph
4ab

2-((1,6-dimethyl-2,3-diphenyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane (4ab):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
vIv) affords the title compound as a pale red solid, Mp = 99-101 <C, 59 mg, 70% vyield.'"H NMR
(400 MHz, CDCls)  7.22 (d, J = 1.7 Hz, 1H), 7.19-7.07 (m, 11H), 6.94 (dd, J = 7.7, 1.5 Hz, 1H), 3.27
(s, 4H), 2.34 (s, 3H), 1.36 (s, 3H), 1.22 (d, J = 8.5 Hz, 2H), 0.57 (s, 6H). *C{*H} NMR (101 MHz,
CDCl3) & 153.7, 152.7, 140.7, 137.5, 137.4, 136.0, 134.8, 130.5, 129.6, 128.0, 127.8, 127.0, 126.61,
126.59, 123.1, 120.1, 71.8, 53.0, 31.4, 26.1, 21.8, 21.7. IR(neat) 3470, 2932, 1600, 1798, 1360, 1113,
982, 814, 697. HRMS (ESI-TOF) calcd for CygH3,BO, [M+H]+ :423.2490, found: 423.2493.

HsC Bneop

F
Q Ph

Ph
4ac
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(S)-2-((6-fluoro-1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane
(4ac): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown solid, Mp = 100-102 <C, 66 mg, 77% yield.
'H NMR (400 MHz, CDCl3) & 7.20-7.09 (m, 12H), 6.82 (ddd, J = 10.7, 8.5, 2.4 Hz, 1H), 3.29 (s, 4H),
1.35 (s, 3H), 1.22 (d, J = 4.9 Hz, 2H), 0.60 (s, 6H). *C{"H} NMR (101 MHz, CDCls) & 161.9 (d, J =
243.9 Hz), 155.7 (d, J = 7.5 Hz), 153.3 (d, J =4.1 Hz), 139.1 (d, J = 2.2 Hz), 137.0, 135.6, 130.4, 129.5,
128.1,127.9, 126.8 (d, J = 4.6 Hz), 121.0 (d, J = 8.5 Hz), 112.9 (d, J = 22.8 Hz), 110.1 (d, J = 23.1 Hz),
71.9, 53.2, 53.2, 31.4, 26.0, 21.7. "°F NMR (376 MHz, CDCl;) & -117.83. IR(neat) 3364, 2899, 1703,
1655, 1432, 1308, 1211, 1106, 977, 838. HRMS (ESI-TOF) calcd for CygHyoFBO, [M+H]" :
427.2239, found: 427.2242.

2-((5-fluoro-1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane (4ad):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a brown solid, Mp = 123-125 <, 52 mg, 61% yield.'"H NMR
(400 MHz, CDCl3) & 7.39 (dd, J = 8.1, 5.2 Hz, 1H), 7.32-7.15 (m, 10H), 7.00-6.88 (m, 2H), 3.35 (s,
4H), 1.41 (s, 3H), 1.32 (d, J = 9.1 Hz, 2H), 0.66 (d, J = 0.9 Hz, 6H). *C{*H} NMR (101 MHz, CDCl5)
§162.4 (d, J = 242.0 Hz), 155.6, 148.7 (d, J = 2.3 Hz), 145.3 (d, J = 8.7 Hz), 137.2 (d, J = 3.0 Hz),
136.9, 135.2, 130.2, 129.4, 128.2, 127.9, 127.0 (d, J = 4.7 Hz), 123.0 (d, J = 9.0 Hz), 111.6 (d, J = 22.8
Hz), 107.5 (d, J = 23.3 Hz), 71.9, 52.8, 31.4, 26.3, 21.7. “’F NMR (376 MHz, CDCl,) 5 -117.34.
IR(neat) 3430, 2966, 1674, 1467, 1382, 1030, 841, 679, 593. HRMS (ESI-TOF) calcd for
CasH20FBO, [M+H]" : 427.2239, found: 427.2239.

2-((5-chloro-1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane
(4ae): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown solid, Mp = 101-103 <C, 648 mg, 54% yield.
'H NMR (400 MHz, CDCl3) 6 7.38 (d, J = 7.9 Hz, 1H), 7.29-7.16 (m, 12H), 3.36 (s, 4H), 1.41 (s, 3H),
1.31 (d, J = 7.6 Hz, 2H), 0.66 (d, J = 0.9 Hz, 6H). *C{*H} NMR (101 MHz, CDCl,) 5 155.2, 151.7,
145.3,137.1, 136.7, 135.1, 132.2, 130.2, 129.5, 128.3, 127.9, 127.01, 126.96, 125.0, 123.2, 120.5, 71.9,
53.0, 31.4, 26.1, 21.6. IR(neat) 3411, 2964, 1605, 1477, 1392, 1240, 1169, 1008, 944, 802. HRMS
(ESI-TOF) calcd for CygHysCIBO, [M+H]" : 443.1944, found: 443.1947.
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2-((1-ethyl-2,3-diphenyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane (4af):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a brown viscous oil, 56 mg, 66% yield.'"H NMR (400 MHz,
CDCls) & 7.39 (dd, J = 6.5, 1.7 Hz, 1H), 7.28-7.16 (m, 13H), 3.31 (s, 4H), 2.06-1.87 (m, 2H),
1.43-1.30 (m, 2H), 0.60 (s, 6H), 0.52 (t, J = 7.3 Hz, 3H). *C{*H} NMR (101 MHz, CDCl5) 5 151.4,
150.6, 144.6, 140.0, 137.4, 136.1, 130.2, 129.7, 128.1, 127.9, 126.7, 126.6, 126.2, 125.1, 122.1, 120.1,
71.8, 57.6, 32.1, 31.3, 21.7, 8.7. IR(neat) 3365, 2903, 1677, 1546, 1339, 1286, 1135, 1091, 879, 667.
HRMS (ESI-TOF) calcd for CygH3,BO, [M+H]" : 423.2490, found: 423.2497.

H4C. Bneop

OQ 4-OMeCGH4

4—OMeC6H4
4ag

2-((2,3-bis(4-methoxyphenyl)-1-methyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane
(4ag): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown viscous oil, 67 mg, 72% yield. 'H NMR
(400 MHz, CDCl3) 6 7.46 (dd, J = 6.7, 1.8 Hz, 1H), 7.29 (dd, J = 6.9, 1.9 Hz, 1H), 7.24-7.14 (m, 6H),
6.80 (d, J = 8.5 Hz, 4H), 3.77 (s, 6H), 3.33 (s, 4H), 1.41 (s, 3H), 1.31 (d, J = 3.8 Hz, 2H), 0.62 (s, 6H).
BCc{*H} NMR (101 MHz, CDCls) & 158.3, 158.2, 153.4, 152.6, 143.6, 137.1, 131.5, 130.7, 129.7,
128.3,126.3, 125.0, 122.1, 120.2, 113.6, 113.3, 71.8, 55.21, 55.18, 53.0, 31.3, 26.2, 21.7. IR(neat) 3401,
2973, 1505, 1496, 1387, 1266, 1164, 1100, 927, 843, 566. HRMS (ESI-TOF) calcd for C3oH34,BO,
[M+H]" : 469.2545, found: 469.2549.

HaC Bneop

OQ 4-'BuCgH,

4-'BuCgH,4
4ah

2-((2,3-bis(4-(tert-butyl)phenyl)-1-methyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinan
e (4ah): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown viscous oil, 72 mg, 69% yield. '"H NMR
(400 MHz, CDCly) & 7.47-7.44 (m, 1H), 7.33-7.30 (m, 1H), 7.27-7.24 (m, 4H), 7.19 (dd, J = 8.4, 2.0
Hz, 6H), 3.32 (s, 4H), 1.43 (s, 3H), 1.34-1.32 (m, 2H), 1.29 (d, J = 1.4 Hz, 18H), 0.65 (s, 6H). *C{*H}
NMR (101 MHz, CDCl3) & 153.6, 153.3, 149.2, 149.1, 143.7, 134.2, 130.0, 129.3, 126.2, 124.9, 124.9,
124.6,122.1, 120.5, 71.8, 53.2, 34.59, 34.55, 31.51, 31.49, 31.4, 26.1, 21.8. IR(neat) 3406, 2962, 1635,

1486, 1381, 1199, 1154, 857, 591. HRMS (ESI-TOF) calcd for C3gHssBO, [M+H]" : 521.3585,
found: 521.3587.
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HaC Bneop

OQ 4-FCgH,

4-FCgH,
4ai

2-((2,3-bis(4-fluorophenyl)-1-methyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane
(4ai): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a red solid, Mp = 125-127 <C, 51 mg, 57% vyield.'H
NMR (400 MHz, CDCl3) & 7.51-7.45 (m, 1H), 7.26-7.14 (m, 7H), 6.95 (t, J = 8.6 Hz, 4H), 3.33 (s,
4H), 1.40 (s, 3H), 1.31 (s, 2H), 0.61 (s, 6H). “C{*H} NMR (101 MHz, CDCls) 5 163.0 (d, J = 18.6
Hz), 160.6 (d, J = 18.8 Hz), 153.1, 152.7, 143.0, 137.3, 132.9 (d, J = 3.6 Hz), 132.0 (d, J = 7.9 Hz),
131.5(d, J=3.3 Hz), 131.1 (d, J = 7.9 Hz), 126.5, 125.5, 122.3, 120.2, 115.2 (d, J = 24.7 Hz), 114.9 (d,
J =24.6 Hz), 71.9, 53.2, 31.4, 26.2, 21.6. F NMR (376 MHz, CDCls3) 6 -115.31, -115.70. IR(neat)
3449, 2966, 1632, 1347, 1244, 1036, 849, 792. HRMS (ESI-TOF) calcd for CsH2sBF,0, [M+H]" :
445.2145, found: 445.2142.

HaC. Bneop

(I—sovecen

3-OMeC6H4
4aj

2-((2,3-bis(3-methoxyphenyl)-1-methyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane
(4aj): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a red viscous oil, 63 mg, 67% yield. *H NMR (400
MHz, CDCls) & 7.50-7.44 (m, 1H), 7.33 (dd, J = 7.0, 1.7 Hz, 1H), 7.26-7.15 (m, 4H), 6.93-6.80 (m,
4H), 6.75 (dddd, J = 8.0, 3.9, 2.6, 1.0 Hz, 2H), 3.70 (s, 3H), 3.66 (s, 3H), 3.34 (s, 4H), 1.44 (s, 3H),
1.35 (d, J = 10.0 Hz, 2H), 0.62 (s, 6H). *C{"H} NMR (101 MHz, CDCls) § 159.3, 159.1, 153.4,
153.3, 143.1, 138.7, 137.8, 137.2, 129.0, 128.8, 126.4, 125.2, 122.9, 122.2, 122.0, 120.5, 116.1, 114.8,
112.8, 112.3, 71.8, 55.2, 53.2, 31.4, 26.3, 21.7. IR(neat) 3439, 2993, 1677, 1458, 1329, 1102, 997, 870,
559. HRMS (ESI-TOF) calcd for C3oH34BO, [M+H]" : 469.2545, found: 469.2548.

HyC Bneop

OQ 3-CICgH,

3-CICgH4
4ak

2-((2,3-bis(3-chlorophenyl)-1-methyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane

(4ak): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a red viscous oil, 50 mg, 53% yield. *H NMR (400
MHz, CDCls) 6 7.42-7.38 (m, 1H), 7.24-7.10 (m, 9H), 7.02 (ddt, J = 8.8, 4.4, 1.6 Hz, 2H), 3.27 (d, J =
1.7 Hz, 4H), 1.34 (s, 3H), 1.25 (d, J = 6.5 Hz, 2H), 0.54 (s, 6H). “C{*H} NMR (101 MHz, CDCl5) &
153.0, 152.8, 142.5, 138.7, 137.4, 137.3, 134.0, 133.8, 130.0, 129.6, 129.4, 129.3, 128.8, 127.9, 127.23,
127.21, 126.6, 125.8, 122.3, 120.3, 71.9, 53.4, 31.4, 26.2, 21.6. IR(neat) 3448, 2956, 1577, 1501, 1237,
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1156, 992, 827, 729. HRMS (ESI-TOF) calcd for CpgHpsBCl,0, [M+H]® : 477.1554, found:
477.1554.

H4C. Bneop

OQ CH

CH;

3

4al

2-((2,3-diethyl-1-methyl-1H-inden-1-yl)methyl)-5,5-dimethyl-1,3,2-dioxaborinane (4al):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
v/v) affords the title compound as a red viscous oil, 34 mg, 55% yield. '"H NMR (400 MHz, CDCl5)
§7.34 (d, J = 7.2 Hz, 1H), 7.22-7.14 (m, 2H), 7.14-7.07 (m, 1H), 3.33 (s, 4H), 2.53-2.26 (m, 4H), 1.28
(d, J = 10.0 Hz, 5H), 1.15 (td, J = 7.6, 5.7 Hz, 6H), 0.69 (s, 6H). *C{*H} NMR (101 MHz, CDCl) §
153.3, 152.8, 144.1, 135.7, 126.0, 123.8, 121.6, 118.2, 71.7, 51.9, 31.4, 25.9, 21.8, 18.7, 18.5, 14.9,
13.8. IR(neat) 3448, 2962, 1499, 1423, 1356, 1232, 1164, 1147, 984, 816. HRMS (ESI-TOF) calcd
for CyH30BO, [M+H]" : 313.2333, found: 313.2337.

Bpin
H5C
Q Ph
Ph
5a

4,4,5,5-tetramethyl-2-(2-(1-methyl-2,3-diphenyl-1H-inden-1-yl)ethyl)-1,3,2-dioxaborolane  (5a):
Purification by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1~10:1,
vIv) affords the title compound as a pale yellow oil, 68 mg, 78% yield. *H NMR (400 MHz, CDCl5)
8 7.39-7.10 (m, 14H), 2.08-1.90 (m, 2H), 1.41 (s, 3H), 1.18 (d, J = 7.4 Hz, 12H), 0.59 (ddd, J = 16.7,
12.2, 4.6 Hz, 1H), 0.24 (ddd, J = 16.9, 12.2, 5.4 Hz, 1H). *C{*H} NMR (101 MHz, CDCl;) 5 151.3,
150.5, 140.3, 136.9, 135.4, 129.8, 129.7, 128.14, 128.09, 126.93, 126.86, 126.5, 125.5, 121.9, 120.5,
83.0, 56.4, 31.8, 25.0, 24.8, 23.9. IR(neat) 3477, 2976, 2309, 1574, 1366, 1279, 1063, 856, 563.
HRMS (ESI-TOF) calcd for C3oH3sBO, [M+H]" : 437.2646, found: 437.2647.

Bpin
H,C
Q Ph
CH; Ph
5b

(S)-2-(2-(1,4-dimethyl-2,3-diphenyl-1H-inden-1-yl)ethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(5b): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a brown solid, Mp = 132-134 <C, 56 mg, 62% yield.
'H NMR (400 MHz, CDCl3) & 7.15-7.03 (m, 10H), 7.01-6.95 (m, 2H), 6.87 (d, J = 7.4 Hz, 1H),
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1.95-1.77 (m, 5H), 1.30 (s, 3H), 1.12 (d, J = 7.5 Hz, 12H), 0.56 (ddd, J = 16.6, 12.5, 4.3 Hz, 1H), 0.20
(ddd, J = 16.3, 12.5, 5.2 Hz, 1H). *C{*H} NMR (101 MHz, CDCl;) 5 151.5, 151.4, 142.1, 138.3,
136.7, 131.7, 130.4, 129.9, 129.7, 129.6, 127.74, 127.70, 126.63, 126.59, 125.4, 119.6, 83.0, 55.7, 31.7,
25.0, 24.9, 24.0, 20.3. IR(neat) 3436, 3980, 1603, 1321, 1143, 846, 758, 699. HRMS (ESI-TOF) calcd
for Ca1H36BO, [M+H]" : 451.2803, found: 451.2806.

Bpin
H5C
OQ 3-OMeC6H4
3-OMeCgHy
5¢c

2-(2-(2,3-bis(3-methoxyphenyl)-1-methyl-1H-inden-1-yl)ethyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor
olane (5c¢): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a pale yellow oil, 79 mg, 80% yield. *H NMR (400
MHz, CDCl3) & 7.30-7.25 (m, 2H), 7.19-7.15 (m, 2H), 7.13-7.06 (m, 2H), 6.81 (dd, J = 7.6, 1.4 Hz,
1H), 6.76-6.73 (m, 1H), 6.68 (td, J = 7.3, 6.3, 2.0 Hz, 3H), 6.63-6.59 (m, 1H), 3.60 (d, J = 5.4 Hz, 6H),
1.93 (ddd, J = 10.7, 5.6, 3.7 Hz, 2H), 1.33 (s, 3H), 1.10 (d, J = 6.7 Hz, 12H), 0.51 (ddd, J = 16.5, 10.9,
5.7 Hz, 1H), 0.16 (ddd, J = 17.0, 11.1, 6.7 Hz, 1H). *C{*H} NMR (101 MHz, CDCl5) & 159.4, 159.3,
151.3, 150.3, 129.2, 129.1, 126.6, 125.6, 122.2, 122.2, 121.9, 120.6, 114.9, 114.8, 113.1, 112.8, 83.0,
56.4, 55.3, 55.2, 31.9, 25.0, 24.9, 24.0. IR(neat) 3463, 2869, 2300, 1603, 1477, 1289, 1143, 980, 693.
HRMS (ESI-TOF) calcd for Cs,H3sBO, [M+H]" : 497.2858, found: 497.2864.

4-OMeCgH,
5d

2-(2-(2,3-bis(4-methoxyphenyl)-1-methyl-1H-inden-1-yl)ethyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor

olane (5d): Purification by column chromatography on silica gel (petroleum ether/ethyl acetate =
20:1~10:1, v/v) affords the title compound as a red solid, Mp = 133-135 <C, 81 mg, 82% vield.'H
NMR (400 MHz, CDCl,) & 7.37 (ddd, J = 16.3, 5.9, 3.3 Hz, 2H), 7.25 (ddd, J = 13.7, 8.0, 3.1 Hz, 4H),
7.11 (d, J = 8.6 Hz, 2H), 6.88-6.81 (m, 4H), 3.82 (s, 6H), 2.10-1.94 (m, 2H), 1.43 (s, 3H), 1.22 (d, J =
7.1 Hz, 12H), 0.60 (ddd, J = 16.7, 12.3, 4.6 Hz, 1H), 0.25 (ddd, J = 16.9, 12.2, 5.3 Hz, 1H). *C{*"H}
NMR (101 MHz, CDCIl3) & 158.37, 158.35, 151.3, 149.4, 1445, 130.9, 130.8, 129.3, 127.9, 126.4,
125.3, 121.7, 120.3, 113.60, 113.56, 83.0, 56.1, 55.21, 55.19, 31.9, 25.0, 24.8, 24.0. IR(neat) 3437,
2961, 1603, 1479, 1352, 1260, 1106, 901, 829, 566. HRMS (ESI-TOF) calcd for Cs;H3BO,
[M+H]+ : 497.2858, found: 497.2864.
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(1-methyl-2,3-diphenyl-1H-inden-1-yl)methanol (6): Purification by column chromatography on
silica gel (petroleum ether/ethyl acetate = 5:1~2:1, v/v) affords the title compound as a colorless
solid, Mp = 117-119 <C, 59 mg, 94% yield. '"H NMR (400 MHz, CDCls) & 7.40-7.37 (m, 1H),
7.33-7.29 (m, 1H), 7.24-7.14 (m, 10H), 7.11 (td, J = 4.4, 2.3 Hz, 2H), 3.87 (d, J = 10.9 Hz, 1H), 3.71 (d,
J=10.9 Hz, 1H), 1.29 (s, 3H).**C{*H} NMR (101 MHz, CDCl5) & 149.5, 148.9, 144.5, 140.6, 136.3,
134.8, 129.8, 129.6, 128.4, 128.2, 127.5, 127.3, 127.2, 125.8, 122.1, 121.1, 67.5, 57.6, 19.3. IR(neat)
3564, 2929, 1632, 1440, 1036, 761, 573. HRMS (ESI-TOF) calcd for C,3H,,0 [M+H]" : 313.1587,
found: 313.1589.

((1-methyl-2,3-diphenyl-1H-inden-1-yl)methyl)boronic acid (7): Purification by column

chromatography on silica gel (petroleum ether/ethyl acetate = 10:1~1:1, v/v) affords the title

compound as a colorless solid, Mp = 120-122 <, 54 mg, 80% yield. '"H NMR (400 MHz, CDCl5)

5 7.43-7.38 (m, 1H), 7.36-7.32 (m, 1H), 7.28-7.24 (m, 2H), 7.22-7.14 (m, 8H), 7.10 (dd, J = 7.7, 1.9 Hz,
2H), 3.91 (d, J = 2.9 Hz, 2H), 1.56 (d, J = 16.1 Hz, 1H), 1.48 (d, J = 16.1 Hz, 1H), 1.37 (s, 3H). “C{'H}
NMR (101 MHz, CDCIl3) & 153.1, 152.3, 142.8, 138.9, 136.1, 134.6, 129.8, 129.5, 128.34, 128.30,

1275, 127.33, 127.31, 126.5, 122.0, 121.6, 52.9, 27.3. IR(neat) 3540, 3389, 1595, 1400, 1326, 1072,

763, 701, 572. HRMS (ESI-TOF) calcd for Cy3H»,BO, [M+H]" : 341.1707, found: 341.1709.

HaC Bpin
Ph

0
Ph

8

4,4,5,5-tetramethyl-2-((6-methyl-1a,6a-diphenyl-1a,6a-dihydro-6H-indeno[ 1,2-b] oxiren-6-yl)meth
yI)-1,3,2-dioxaborolane (8): Purification by column chromatography on silica gel (petroleum
ether/ethyl acetate = 20:1~10:1, v/v) affords the title compound as a colorless solid, Mp =
134-136 T, 68 mg, 78% yield. '"H NMR (400 MHz, CDCls) § 7.42 (dd, J = 7.4, 1.4 Hz, 1H), 7.33
(td, J = 7.5, 1.4 Hz, 1H), 7.29-7.20 (m, 9H), 7.16 (dd, J = 8.0, 1.8 Hz, 2H), 7.10 (dd, J = 7.6, 1.4 Hz,
1H), 1.52 (d, J = 15.8 Hz, 1H), 1.32 (d, J = 15.8 Hz, 1H), 1.20 (s, 3H), 1.15 (s, 6H), 1.00 (s, 6H).
BC{*H} NMR (101 MHz, CDCls) & 147.0, 144.1, 143.1, 129.7, 129.0, 128.4, 128.2, 128.0, 127.6,
S20



127.2, 127.1, 126.8, 123.4, 83.4, 67.6, 51.5, 29.2, 24.9, 24.5. IR(neat) 3478, 2975, 1755, 1444, 1361,
1326, 1133, 884, 795, 703. HRMS (ESI-TOF) calcd for CyH3,BO; [M+H]" : 439.2439, found:
439.2440.
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8. Crystallographic data of 40 and 4i*

Datablock:

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
FO00

FOOO’
h,k,Imax
Nref

Tmin, Tmax
Tmin’

Structure of 40 CCDC: 2353045

C-C =0.0098 A Wavelength = 0.71073
a = 8.649(7) b=13.234(7) c=13.312(8)
alpha=107.837(10) beta=95.839(10) gamma=96.840(7)

296 K
Calculated Reported
1424.7(16) 1424.7(16)
p-1 p-1
p1l p1l

C30 H26 B F6 O2 CH3

C31 H29 B F6 O2 C31 H29 B F6 O2

558.35 558.38
1.302 1.302
2 2

0.106 0.106
580.0 580.0
580.39
10,15,15 10,15,15
5022 4947

Correction method = Not given

Data completeness = 0.985
R (reflections) = 0.1046(3146)

S=1.001

Theta (max) = 24.998
WR2 (reflections) = 0.2669(4947)
Npar = 366
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Structure of 4i* CCDC: 2353044

Datablock:
Bond precision: C-C=0.0043 A Wavelength = 0.71073
Cell: a=9.248(3) b=12.097(4) €=22.961(8)
alpha=90 beta=100.211(6) gamma=90
Temperature: 296 K
Calculated Reported
Volume 2528.0(15) 2528.0(15)
Space group p 21/n p 21/n
Hall group -p 2yn -p 2yn
Moiety formula C30 H33B 02 ?
Sum formula C30H33B 02 C30H33B 02
Mr 436.37 436.37
Dx,g cm-3 1.147 1.147
Z 4 4
Mu (mm-1) 0.069 0.069
FO00 936.0 936.0
FOOO’ 936.37
h,k,Imax 10,14,27 10,14,27
Nref 4442 4430
Tmin, Tmax
Tmin’
Correction method = Not given
Data completeness = 0.997 Theta (max) = 24.999
R (reflections) = 0.0752(3535) WR2 (reflections) = 0.2784(4430)

S=1.049 Npar = 304
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'H NMR (400 MHz, CDCls) Spectrum of 4b
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'H NMR (400 MHz, CDCls) Spectrum of 4c
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F NMR (376 MHz, CDCl3) Spectrum of 4c
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'H NMR (400 MHz, CDCl5) Spectrum of 4d
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'H NMR (400 MHz, CDCls) Spectrum of 4e
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F NMR (376 MHz, CDCl3) Spectrum of 4e
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'H NMR (400 MHz, CDCls) Spectrum of 4f
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'H NMR (400 MHz, CDCl5) Spectrum of 4g
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'H NMR (400 MHz, CDCl;) Spectrum of 4h
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YF NMR (376 MHz, CDCI3) Spectrum of 4h
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'H NMR (400 MHz, CDCl;) Spectrum of 4i
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'H NMR (400 MHz, CDCls) Spectrum of 4j
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'H NMR (400 MHz, CDCl5) Spectrum of 4k
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'H NMR (400 MHz, CDCl5) Spectrum of 4m
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'H NMR (400 MHz, CDCl5) Spectrum of 4n

0000 —

888°0

08}
98LL
Loz'L
vich
gzt

oveL
CizAY
6521

vreL

[TV
szhLA
zelL
oL L
€512
8912
SLL LA
€812
8812
¥0Z'2
€€2'L
e L
8vzL]
5z L
€ztL]
12t 2
SevL
oyl

=S

—

N20231017-FC2981-WXX-PHBI-189.1.fid /
7

in

9-C

H5C
4n

Bu

Bu

Feozt

Fozoz
=gi'e

FooL
0
=00'L

£1 (ppm)

B3C{1H} NMR (101 MHz, CDCl;) Spectrum of 4n

€9.°vC
S6LvC
06192 —
18¥°LE
205°LE >

¥5SvE \
1867E

11825 —

£Y8'9L
09422
P 7

18928/

evozL
vom.mﬁ/
mmw.wﬁ/
&w.wﬁw
8S6'vZL
1se'9zl 7,
181621
966'621
619°Z€L
g66°c€L
05261
gLeeyL

191°6%L \
Nom.mi\

RN

161°2S1
606251

N20231017-FC2981-WXX-PHBI-189.2 fid

|

i

-10

30 20 10

10

180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

190

S40



'H NMR (400 MHz, CDCls) Spectrum of 40
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F NMR (376 MHz, CDCl3) Spectrum of 40
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'H NMR (400 MHz, CDCls) Spectrum of 4p
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'H NMR (400 MHz, CDCl5) Spectrum of 4q
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“F NMR (376 MHz, CDCI3) Spectrum of 4q
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'H NMR (400 MHz, CDCl5) Spectrum of 4r
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'H NMR (400 MHz, CDCls) Spectrum of 4s
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'H NMR (400 MHz, CDCl5) Spectrum of 4u

000°0-—

2980
mmw.ov.
6LZ'L
vvm._\w
96z

SveL
99¢€’L
€ov'L

SévL

€202
620'2
££0'2
0v0'2
902
2502
6502
5902
6902
1oL
20172
ZLL L
SLLLA
6112
62172
seLL
6elL"L
€512
z912
9912
8LL°L
681",
2€2'2
1822
zov'2
9072 1
eivL
Jox
zev's?

N20231101-FC3188-WXX-PHBI-190.1.fid

Feozt

Foos

£1 (ppm)

BC{1H} NMR (101 MHz, CDCl5) Spectrum of 4u

r9ve
_‘Nﬁvwv
veLve
S9L°92 \

68625 —

£V8'9L~
LoL 2L

8LV LL N
oeg'ze

062021
L1821
s1e'52h
99°921
ovz 221
vz 221
88,121
259'821
vze6ZL
06€'6Z1
195621
901°0€1
gegeet
co0vel
YL LEL £
&32\
205°8€L
zzLTYL
TN
9.£25L 7

N20231031-FC3171-WXX-PHBI-190.1.fid

-10

30 20 10

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

210

S50



'H NMR (400 MHz, CDCl5) Spectrum of 4v

0000 —

28l

898'91
08891
006'9 1
91691
5£6'9
156'9
226'9
166'9
8002
2102
6102
5202
2€0'2
GEO'L |
0v0°Z
1802
€602
00172
Z1L]
SLL2
6LL L]
ozL'L
ze1s
912
Tl L
1512
6512
v91°L ]
0s172
IAYE
oge'. ]
R
€184
1972
vLv'L]
v8y'L ]

1670
2€6°0

b
L0z
vve
09z
zLe
29¢’
19¢"

Al
L

18V'L

N

N20231031-FC3158-WXX-PHBI-194.1 fid

T\o.ﬁ
s0T
i ze

W 20's
*s0g
¥ 2oL
¥ 00l

£1 (ppm)

B3C{1H} NMR (101 MHz, CDCI;) Spectrum of 4v

289'vC
mmﬁvww
129°'se

¥99°€§ —

m«mﬁ
EtRW
6Lv°LL
168'28
08¥'SLL V
869'S1L |
¥SS°0Z1 4
5257021 1
80221 1
YSS'ETL
6¥.L°€Cl
v8L7€CL
8£8°€Z1
800'v2L
€5t'52L
YRR
80°62L \f
291621\
9Lo'LEL
959'LEL
£YSTEL A
L6Y'SEL
oLgeZrL —

e

885251
0€L'65L ~\_
665191~

N20231031-FC3158-WXX-PHBI-194.2 fid

N ]
c ! —
a =
(m [ = -
& W \\ \w -
o
Q o>
T w

10 -10

30

40

100 90 80 70 60
£1 (ppm)

110

190 180 170 160 150 140 130

200

210

S51
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'H NMR (400 MHz, CDCls) Spectrum of 4x

G66'9
20072
80072
coL
910,
0z0'L
120°L
GEO'L
€L0°L
€80°L
G80°L
260°L
160°L
00l
98L°L
90€°L
veeL

N20231030-FC3568-WXX-PHBI-197.1.fid

I

I/

Y

»mo.f F
10T
M( (A%

vSvsL

Fioe
ooz

.00 [
90C
00t

5.0

5.5

6.0

6.5

£1 (ppm)

B3C{1H} NMR (101 MHz, CDCl;) Spectrum of 4x

65271~
veesL
12zze
£05'€2 —
102V \
55&\
¥G6'GZ
15082
G178z

G9G°LS —

Pr8OL~
LoLLL
8LV’ LL N

£9978 7

Gle8LL
:méwr”
LE€8'ETL ~\_
v,0°92L
904921 7

ve el —

8EY YL —

609°LGL ~
866251

N20231031-FC3173-WXX-PHBI-197.2 fid

in

HiC

CHs

CHs

4x

-10

30 20 10

40

100 90 80 70 60
£1 (ppm)

110

190 180 170 160 150 140 130

200

210

S54



'H NMR (400 MHz, CDCls) Spectrum of 4y
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'H NMR (400 MHz, CDCls) Spectrum of 4z
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'H NMR (400 MHz, CDCl5) Spectrum of 4aa
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'H NMR (400 MHz, CDCl5) Spectrum of 4ab
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'H NMR (400 MHz, CDCls) Spectrum of 4ac
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'H NMR (400 MHz, CDCls) Spectrum of 4ae
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'H NMR (400 MHz, CDCl5) Spectrum of 4af
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'H NMR (400 MHz, CDCls) Spectrum of 4ag
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'H NMR (400 MHz, CDCl5) Spectrum of 4ah
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'H NMR (400 MHz, CDCls) Spectrum of 4ai
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'H NMR (400 MHz, CDCl5) Spectrum of 4aj
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'H NMR (400 MHz, CDCls) Spectrum of 4ak
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'H NMR (400 MHz, CDCls) Spectrum of 4al
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'H NMR (400 MHz, CDCls) Spectrum of 5a
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'H NMR (400 MHz, CDCl5) Spectrum of 5b
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'H NMR (400 MHz, CDCls) Spectrum of 5¢
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'H NMR (400 MHz, CDCl5) Spectrum of 5d

vee v
[azA
feierAl]
1920
¥82°0
1620

2950
.50
2650
¥09°0
v_\m.o\
€90

Wz~
6221/
zevL—

6€6°}
vmm.v/
€671~

861
002
Loe
9loe
ez
zvoe
G§G0C
1.0
680°C

918'e —

61897
2891
7£8'9
0r8'9
6v8'9
558'9
€017
80174
vZL 'L
922
omN.Dﬁ
v

19221
2ST LA
0922
992'L7
viz L
v82'L
geeL ]
eves
6ve'.
16€2
982
298¢
69¢'L |
868L "

N20240314-FC0000-WXX-ZYY-97.1.fid

F oo

Fezol

Feozt
Fzoe

£ Feoe

H5;C

4*OMECEH4

4—OMGC6H4

5d

209

B oov
o 00T
7 L0
¥ 802

£1 (ppm)

B3C{1H} NMR (101 MHz, CDCl;) Spectrum of 5d

§20°ve
omw.vmw
0L6'v2
G68'LE —

881°GS
vfw.mmw
82195

PreOL~_
ovLLT
6LvLL 7
e9628 7

295°ELL
mmm.m:/
¥8Z°0ZL

mmzﬁ/
0sz'szL

Nwtwﬁ%
2e6°L2L ~
682621
:\w,o?\
€58°0€L

6.£°6€L
205 vl ~

24434
LEETLGL ~

Lve8SL
19€°8S1 >

N20240314-FC0000-WXX-ZYY-97.2 fid

4—OMGC6H4

5d

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
£1 (ppm)

190

S75



'H NMR (400 MHz, CDCl5) Spectrum of 6
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'H NMR (400 MHz, CDCl5) Spectrum of 7
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'H NMR (400 MHz, CDCl5) Spectrum of 8
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