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1. General Information

All reactions were carried out under an atmosphere of nitrogen in flame-dried
glassware with magnetic stirring. '"H NMR spectra, '’F NMR spectra, 3C NMR
spectra were recorded on a Bruker 300, 400 and 500 MHz spectrometer in CDCls. All
signals are reported in ppm with the internal TMS signal at 0 ppm as a standard. Data
for 'TH NMR spectra are reported as follows: chemical shift (ppm, referenced to TMS;
s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, coupling constant(s) in
Hz, integration), coupling constant (Hz), and intergration. Data for '*C NMR are
reported in terms of chemical shift (ppm) relative to residual solvent peak (CDCls:
77.0 ppm). Reactions were monitored by thin layer chromatography (TLC) using
silica gel plates. Flash column chromatography was performed over silica gel
(300-400 mesh). Dichloromethane, dichloroethane, toluene were freshly distilled from
CaH»; THF, Et:0, Pr,O and MTBE were freshly distilled from sodium metal prior to
use. The ligands were commercial available. The substrates 1 were synthesized

according to the procedure of references.!

Table S1. Screening the Known Ligands®

O Bpin

“ CU(NO3),:3H,0(5mol1%)
OEt B,pin Ligand (5.5 mol%) CO,Et
2 2 1
CHO LiO'Bu (20 mol%)

H,0 (2.0 equiv), THF

1a 2

Me ,
/
O NH-§’
PPh, 'Bu
PPh, @C ]< y< = PPh,
OO PPh, PPh2
(S)-BINAP, 25% ee M1, 20% ee M2, -13% ee WJ1, 29% ee
WPr
1-Naphth 0 2-Naphth Me, N'\Me o
>;NH—S >; Me >:’N
“t
Bu
~ PPh PPh, e PPh2 = PPh,
e e
< < <
WJ2, 46% ee WJ3, 41% ee (S,R)-PPFA, 25% ee  |(S,S)-Pr-FOXAP, 98% ee

[a] All reactions were carried out with 0.1 mmol of 1a, 0.15 mmol of 2, 5 mol% of catalyst ([Cu] to
Ligand = 1:1.2), 20% LiO’Bu (1IN in THF), H20 (2.0 equiv) in 1.0 mL THF at rt for 12 h. [b] The ee of
the major product were determined by by chiral HPLC.
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2. General Procedure for the Synthesis of products 3-9

Typical procedure for asymmetric copper-catalyzed boronation cyclization of
alkenes with B;pin..

The solution of (S,S)-"Pr-FOXAP (5.5 mol%) and Cu(NO3)2-3H20 (5 mol%) in THF
(3 mL) was stirred at room temperature for 30 mins. Alkene 1 (0.3 mmol) and Bzpinz
(0.45 mmol) were then added sequentially. After stirring for further 10 mins, LiO'Bu
(0.06 mmol) and then H,O (0.6 mmol) were added to the reaction mixture. After the
alkene 1 was consumed completely determined by TLC analysis, the crude product
was then purified by flash column chromatography on silica gel to afford the desired
product 3. The enantionmeric excesses of the products were determined by chiral

stationary phase HPLC using a Chiralpak column.

3.1 Synthesis of  ethyl (1R,2R,395)-1-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2,3-dihydro-1H-indene-2-carboxylate (3a).

LK

\B/o

3a
The reaction of alkene 1 (40.8 mg, 0.2 mmol) and bzpin; 2 (76.0 mg, 0.3 mmol), after
a flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3a as a
ropy liquid (41.8 mg, 63% yield) with 98% ee. 'H NMR (300 MHz, CDCl3) & 7.47 (d,
J=6.3 Hz, 1H), 7.28-7.18 (m, 3H), 5.25-5.19 (m, 1H), 4.33-4.21 (m, 2H), 3.98 (d, J =
12.2 Hz, 1H), 3.58-3.53 (m, 1H), 2.97 (d, J = 8.3 Hz, 1H), 1.34 (t, J = 7.1 Hz, 3H),
1.21 (d, J = 13.8 Hz, 12H). '3C NMR (126 MHz, CDCls) & 172.46, 143.90, 143.12,
129.02, 126.60, 125.59, 123.78, 84.38, 76.03, 61.06, 54.50, 24.60, 24.32, 14.32.
ESI-MS calculated for CisH2sBNaOs: m/z (%): 355.1691 (M+Na"), found: 355.1691.
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes:

2-propanol = 90:10, 0.8 mL/min, 210 nm); minor enantiomer tr = 7.2 min, major

sS4



enantiomer tr = 8.1 min. [a]p**=-6.2 (¢ = 0.17, CHCl3).
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No. |Peak Name Retention Time Area Height Relative Area No. |PeakName Retention Time Area Height Relative Area
min mAU'min mAU % min mAUmin mAU %
1 7137 48916 193.399 4991 ] 7.153 2525 10275 720
2 8057 49095 170923 50.09 2 8050 208.146 756743 9880
Total: 98.011 364322 100.00 Total: 210671 767.018 100.00

3.2 Synthesis of  methyl (1R,2R,3S)-1-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2
-dioxaborolan-2-yl)-2,3-dihydro-1H-indene-2-carboxylate (3b).

s

\B/O
(0]
OMe
OH
3b

The reaction of alkene 1 (57.0 mg, 0.3 mmol) and 2 (114 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3b as a
ropy liquid (72.5 mg, 76% yield) with 99% ee. 'H NMR (300 MHz, CDCl3) & 7.47 (d,
J=17.4Hz, 1H), 7.28-7.18 (m, 3H), 5.23-5.19 (m, 1H), 3.98 (d, /= 12.2 Hz, 1H), 3.81
(s, 3H), 3.60-3.56 (m, 1H), 2.98 (d, J = 8.4 Hz, 1H), 1.21 (d, J = 14.0 Hz, 12H). 13C
NMR (126 MHz, CDClz) & 172.75, 143.72, 142.92, 129.01, 126.60, 125.57, 123.73,
84.37, 75.97, 54.23, 52.09, 24.51, 24.27. ESI-MS calculated for Ci17H23BNaOs: m/z
(%): 341.1534 (M+Na"), found: 341.1531. Enantiomeric excess was determined by
HPLC with a Chiralpak IC column (hexanes: 2-propanol = 9010, 0.8 mL/min, 210
nm); minor enantiomer tr = 9.1 min, major enantiomer tr = 10.7 min. [a]p?*=-6.3 (¢ =

0.17, HCl3).

S5



=0 I b5 20160615 #1213 ranioulated] LE-E-126-1 WA IC 201008 WIS 1 W10 mal

183 == i T
750 ako oo o 11 1200 300 1400 1500 750 " eho 2fo 1000 1100 1200 1200 1400 1500
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Mo. |PeakName Retention Time Area Heignt Relfue Arza Mo, [Peak Name Retention Time Arza Height Relative Area | Relative Height | Amc
min mAL*min mAL % min mA min mAU % % n
T o.000 24100 Ea B0.03 1 a.087 2011 6230 1.07 1.01
2 107283 24.068 101384 0.0 186.120 B05.307 9883 @899

401 2 3 5
Total 4B.165 195759 100.00 Total: 187.140 813.536 100.00 100.00

3.3 Synthesis of  benzyl (1R,2R,35)-1-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2
-dioxaborolan-2-yl)-2,3-dihydro-1H-indene-2-carboxylate (3c).

s

\B/O
0]

OBn
OH

3c
The reaction of alkene 1 (80.0 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3¢ as a
ropy liquid (78 mg, 66% yield) with 98% ee. '"H NMR (400 MHz, CDCl;3) § 7.39-7.35
(m, 3H), 7.31-7.24 (m, 3H), 7.18-7.10 (m, 3H), 5.20-5.16 (m, 1H), 5.17 (s, 2H), 3.92
(d, J=12.2 Hz, 1H), 3.55-3.52 (m, 1H), 2.91 (d, /= 8.2 Hz, 1H), 1.10 (d, /= 15.1 Hz,
12H). *C NMR (126 MHz, CDCl3) 8 172.26, 143.73, 143.02, 135.99, 129.02, 128.44,
128.06, 128.06, 126.62, 125.56, 123.75, 84.41, 76.01, 66.71, 54.41, 24.53, 24.27.
ESI-MS calculated for C23H27BNaOs: m/z (%): 417.1848 (M+Na"), found: 417.1850.
Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column
(hexanes: 2-propanol = 9010, 0.8 mL/min, 210 nm); major enantiomer tr = 6.6 min,

minor enantiomer tr = 7.1 min. [a]p?°=-10.5 (¢ = 0.17, CHCI;).
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PDA Ch2 210nm PDACh1 210nm
Peak# Ret. Time|  Area Height | Height% Area% Peak# Ret. Time|  Area Height Height% Area%
1 6.822 470513 42951 51.274 49.393 1 6622 8853120 727523 98.749 98.885
2 7.253 482078 40816 48.726 50.607 2 7.093 99805 9215 1.251 1.115
Total 952591 83767 100.000 100.000 Total 8952925 736738 100.000 100.000

3.4 Synthesis of 4-chlorobenzyl (1R,2R,3S)-1-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2,3-dihydro-1H-indene-2-carboxylate (3d).

o\><é
B/O
0]
(o]
OH

3d
Cl

The reaction of alkene 1 (90.0 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3d as a
ropy liquid (93.7 mg, 73% yield) with 96% ee. 'H NMR (300 MHz, CDCl3) & 7.45 (d,
J=6.6 Hz, 1H), 7.39-7.29 (m, 5H), 7.24-7.17 (m, 3H), 5.27-5.21 (m, 1H), 5.20 (d, J =
14.7 Hz, 2H), 3.99 (d, J = 12.3 Hz, 1H), 3.63-3.58 (m, 1H), 1.17 (d, /= 9.6 Hz, 12H).
3C NMR (126 MHz, CDCI3) & 172.19, 143.64, 142.91, 134.55, 133.90, 129.43,
129.08, 128.61, 126.67, 125.57, 123.76, 84.45, 76.01, 65.87, 54.36, 24.53, 24.26.
ESI-MS calculated for C23H26BCINaOs: m/z (%): 451.1458 (M+Na"), found:
451.1463. Enantiomeric excess was determined by HPLC with a Chiralpak OD-H
column (hexanes: 2-propanol = 9010, 0.8 mL/min, 210 nm); minor enantiomer tr =

7.5 min, major enantiomer tr = 8.7 min. [a]p?°=-2.6 (¢ = 0.17, CHCI;).
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Integration Results
Mo, |Pesk Name Retention Time. Area Height Relative Area No. [Peak Name Retention Time Area Height Relative Area | Relative Height | A
min mAU*min mAU % min mAU*min mAU

% %
7450 74.209 290,963 98.25 96.40

1 . 5060 1
2 8.590 20416 73.413 49.40 2 8660 1324 4716 175 160
Total: 41329 152.851 100.00 Total: 76533 295.679 100.00 100.00

7.840 20513 79.448

3.5 Synthesis of 4-fluorobenzyl (1R,2R,3S)-1-hydroxy-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-indene-2-carboxylate (3e).

(O} F
g-O
O
o
OH

3e

The reaction of alkene 1 (81.0 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3e as a
ropy liquid (77.9 mg, 63% yield) with 97% ee. 'H NMR (300 MHz, CDCl3) &
7.46-7.39 (m, 3H), 7.28-7.18 (m, 3H), 7.05 (t, J = 8.7 Hz, 2H), 5.28-5.15 (m, 1H),
5.21 (d, J=10.7 Hz, 1H), 4.00 (d, J = 12.2 Hz, 1H), 3.62-3.57 (m, 1H), 2.98 (d, J =
8.2 Hz, 1H), 1.18 (d, J = 10.4 Hz, 1H). F NMR (282 MHz, CDCl3) &
-108.05--118.44 (m). 3C NMR (126 MHz, CDCl3) 4 172.17, 162.49 (d, J = 246.4 Hz),
143.25 (d, J=92.3 Hz), 131.81 (d, /= 3.2 Hz), 129.96 (d, J = 8.2 Hz), 129.00, 126.60,
125.50, 123.70, 115.35, 115.18, 84.35, 75.95, 65.92, 54.31, 24.47, 24.20. ESI-MS
calculated for Ci23H26BFNaOs: m/z (%): 435.1754 (M+Na®), found: 435.1767.
Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column
(hexanes: 2-propanol = 90:10, 0.8 mL/min, 210 nm); minor enantiomer tr = 7.9 min,

major enantiomer tr = 6.9 min. [a]p**=-54.3 (¢ = 0.17, CHCl3).

S8



Peak Name Retention Time Area Height Relative Area No. [Peak Name Retention Time Area Height Relative Area | Relative Height | An
min mAU*min mAU % min mALF*min mAU % %
6.927 26.183 103.900 50.76 1 6903 168,364 658.956 9548 9879
7917 93113 4924 2

999999 . 7.860 2605 8102 157 121
tal: 61.582 197.013 100.00 170.969 667.097 100.00 100.01

e
g H

3.6 Synthesis of  4-(trifluoromethyl)benzyl  (1R,2R,3S)-1-hydroxy-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro- 1 H-indene-2-carboxylate (3f).

0 CF,

3f

The reaction of alkene 1 (100.2 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3f as a
ropy liquid (85.9 mg, 62% yield) with 97% ee. 'H NMR (400 MHz, CDCl3) &
7.54-7.45 (m, 4H), 7.36 (d, J = 7.2 Hz, 1H), 7.18-7.08 (m, 3H), 5.27 (d, J = 13.1 Hz,
1H), 5.18 (d, /= 6.0 Hz, 2H), 5.13 (d, J = 13.1 Hz, 1H), 3.56-3.52 (m, 1H), 2.90 (d, J
= 8.3 Hz, 1H), 1.06 (d, J = 9.3 Hz, 12H). I°F NMR (282 MHz, CDCl;) & -62.59. 13C
NMR (126 MHz, CDCl3) 6 172.13, 143.55, 142.84, 140.09, 130.11 (q, Jcr = 32.6 Hz),
129.10, 127.93, 127.93, 126.69, 125.55, 125.34 (q, J = 3.7 Hz). 123.75, 84.44, 76.00,
65.69, 54.28, 24.46, 24.20. ESI-MS calculated for C4H2sBF3NaOs: m/z (%):
485.1722 (M+Na"), found: 485.1721. Enantiomeric excess was determined by HPLC
with a Chiralpak OD-H column (hexanes: 2-propanol = 90:10, 0.8 mL/min, 210 nm);
minor enantiomer tr = 7.6 min, major enantiomer tr = 8.6 min. [o]p**=-12.3 (¢ =0.17,

CHC).
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3.7 Synthesis of 3,5-bis(trifluoromethyl)benzyl (1R,2R,3S5)-1-hydroxy-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro- 1 H-indene-2-carboxylate (3g).

s

\B/O

O
Cr
OH
N CF,
F3C
The reaction of alkene 1 (80.4 mg, 0.2 mmol) and 2 (76.0 mg, 0.3 mmol), after a flash
column chromatography (hexanes: AcOEt = 10:1) afforded the product 3g as a ropy
liquid (68.9 mg, 65% yield) with 90% ee. '"H NMR (300 MHz, CDCl3) 8 7.93 (s, 2H),
7.82 (s, 1H), 7.48 (d, J = 6.6 Hz, 1H), 7.42-6.98 (m, 3H), 5.29 (m, 2H), 5.23 (d, J =
13.3 Hz, 1H), 3.97 (d, J = 12.3 Hz, 1H), 3.66 (m, 1H), 3.00 (d, J = 8.2 Hz, 1H), 1.13
(s, 12H). F NMR (282 MHz, CDCIl3) 8 -62.83. '3C NMR (126 MHz, CDCls)
172.18, 143.44, 142.73, 138.87, 131.76 (q, Jcr = 33.4 Hz), 129.19, 127.78, 126.75,
125.67, 123.76, 121.82, 84.49, 76.04, 64.95, 54.20, 24.41, 24.14. ESI-MS calculated
for C2sH2sBFsNaOs: m/z (%): 553.1596 (M+Na"), found: 553.1599. Enantiomeric
excess was determined by HPLC with a Chiralpak IE column (hexanes: 2-propanol =

90:10, 0.5 mL/min, 210 nm); minor enantiomer tr = 8.7 min, major enantiomer tr =

9.8 min. [a]p2 = -8.8 (¢ = 0.17, CHCl5).
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No. (Peak Name Retention Time Area Height Relative Area No. |Peak Name Retention Time Area Height Relative Area | Relative Height | An
in % min mAUTmin maAU % %
8.800 14073 42197 4932 1 8733 30688 85852 529 E54
9673 14461 38,670 50.68 2 5793 549654 1227 817 94.71 9346
T

Total: 28535 80.867 100.00 otal: 580.341 1313.709 100.00 100.00

3.8 Synthesis of  4-fluorophenyl (1R,2R,35)-1-hydroxy-3-(4,4,5,5-tetramethyl
-1,3,2-dioxaborolan-2-yl)-2,3-dihydro- 1 H-indene-2-carboxylate (3h).
OK%

\B/o
0O

3h
The reaction of alkene 1 (81.0 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3h as a
ropy liquid (72.8 mg, 61% yield) with 96% ee. 'H NMR (300 MHz, CDCl3) & 7.50 (d,
J=6.2 Hz, 1H), 7.28-7.20 (m, 3H), 7.17-7.12 (m, 2H), 7.09-7.03 (m, 2H), 5.41-5.35
(m, 1H), 4.10 (d, J = 12.3 Hz, 1H), 3.83-3.78 (m, 1H), 3.05 (d, J = 8.1 Hz, 1H), 1.15
(d, J=14.7 Hz, 12H). '°F NMR (282 MHz, CDCls) & -110.36--124.58 (m). *C NMR
(126 MHz, CDCI3) 6 171.17, 160.23 (d, J = 243.8 Hz), 146.82 (d, J = 2.8 Hz), 143.17
(d, J = 121.1 Hz), 129.22, 126.79, 125.68, 123.81, 123.10 (d, J = 8.5 Hz), 116.07,
115.88, 84.54, 76.32, 54.31, 24.58, 24.27. ESI-MS calculated for C22H24BFNaOs: m/z
(%): 421.1597 (M+Na"), found: 421.1605. Enantiomeric excess was determined by
HPLC with a Chiralpak AS-H column (hexanes: 2-propanol = 90:10, 0.8 mL/min, 210
nm); minor enantiomer tr = 6.8 min, major enantiomer tr = 6.5 min. [a]p?’=-54.3 (¢ =

0.17, CHCL;).
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ion Results ion Results
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min mAU*min mAU % % min mALmin mal & %
1 6.480 15235 58.360 9.3 02 T 6457 LT 08741 9778 o
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3.9 Synthesis of ethyl (1S,2R,3R)-5-fluoro-3-hydroxy-1-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1 H-indene-2-carboxylate (3i).

s

\B/O
0]
F OEt
OH
3i

The reaction of alkene 1 (66.6 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3i as a
ropy liquid (72.5 mg, 69% yield) with 84% ee. '"H NMR (300 MHz, CDCl3)
7.13-7.08 (m, 2H), 6.96-6.89 (m, 1H), 5.18-5.12 (m, 1H), 4.23 (q, J = 69.58 Hz, 2H),
4.02 (d, J=12.2 Hz, 1H), 3.58-3.53 (m, 1H), 2.89 (d, /= 8.3 Hz, 1H), 1.31 (t,J=17.1
Hz, 3H), 1.18 (d, J = 11.7 Hz, 12H). °F NMR (282 MHz, CDCl3) 8 -116.33 (td, J =
8.5, 4.9 Hz). *C NMR (126 MHz, CDCI3) 8 172.05, 161.76 (d, J = 243.9 Hz), 144.83
(d, J=7.3 Hz), 139.14 (d, J = 2.5 Hz), 124.69 (d, J = 8.4 Hz), 116.00 (d, J = 22.6 Hz),
112.45 (d, J = 22.0 Hz), 84.41, 75.70, 75.69, 61.07, 54.80, 24.52, 24.26, 14.23.
ESI-MS calculated for Ci1sH24BFNaOs: m/z (%): 373.1596 (M+Na"), found: 373.1586.
Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column
(hexanes: 2-propanol = 90:10, 0.5 mL/min, 275 nm); minor enantiomer tr = 8.8 min,

major enantiomer tr = 10.2 min. [a]p** = -5.4 (¢ = 0.17, CHCl3).
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No. |Peak Name Retention Time Area Height Relative Area No. [Peak Name Retention Time Area Height Relative Area
mAU min mAU*min mAU %

9.453 | 140 ‘ 1.070 2961
10883 4812 13378 4960 2 10,197 11924 31.410
9.701 27.351 100.00 Total: 34371

3.10 Synthesis of ethyl (1R,2R,3S)-5-fluoro-1-hydroxy-3-(4,4,5,5-tetramethyl
-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1 H-indene-2-carboxylate (3j).
O><'4

\B/O
F 0

OEt
OH

3
The reaction of alkene 1 (66.6 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3j as a
ropy liquid (69.3 mg, 66% yield) with 91% ee. 'H NMR (400 MHz, CDCl3)
7.40-7.37 (m, 1H), 6.87 (t, J = 9.5 Hz, 2H), 5.17-5.13 (m, 1H), 4.26-4.22 (m, 2H),
391 (d,J=12.0 Hz, 1H), 3.55 (t, J=7.1 Hz, 1H), 2.92 (d, J= 8.1 Hz, 1H), 1.31 (¢, J
=2.0 Hz, 3H), 1.19 (d, J = 15.7 Hz, 12H). "°F NMR (282 MHz, CDCls) 4 -113.17. 13C
NMR (126 MHz, CDCI3) & 172.15, 163.49 (d, J = 246.3 Hz), 146.44, 138.87, 126.86
(d, J=9.0 Hz), 113.67 (d, J = 22.4 Hz), 110.63 (d, J = 22.7 Hz), 84.51, 75.16, 61.13,
54.89, 24.58, 24.32, 14.25. ESI-MS calculated for Ci1sH24BFNaOs: m/z (%): 373.1596
(M+Na"), found: 373.1601. Enantiomeric excess was determined by HPLC with a
Chiralpak OD-H column (hexanes: 2-propanol = 9505, 0.8 mL/min, 275 nm); minor
enantiomer tr = 10.7 min, major enantiomer tr = 9.8 min. [a]p?® = -0.8 (¢ = 0.17,

CHC).
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NOT— BN S A ODE i UV VIS 4WVL75 ey |25, [ 16-5 20180018 #1506 mani LE-10-5-2-1 SHOL ODH 0505 08 UV VIS 4 WVL-275 nm

s Retention Time = Tieight Hislafive Asea No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Am
o mAUmin mAU % min mAUTin maU % %

7 2880 9768 3457 077 1 9843 5452 10572 9564 5542

10767 1714 3333 a5 2 10.703 0249 0507 436 458

Total: 3.482 5831 100.00 Total: 5711 11.073 100.00 100.00

3.11 Synthesis of 1-((1R,2R,395)-1-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2
-dioxaborolan-2-yl)-2,3-dihydro-1H-inden-2-yl)ethan-1-one (3K).
O><'4

\B/O
O

OH

3k
The reaction of alkene 1 (52.2 mg, 0.3 mmol) and 2 (114.0 mg, 0.3 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3k as a
white solid (75.2 mg, 83% yield) with 99% ee. M.p. = 77-78 °C. 'H NMR (300 MHz,
CDCL) 6 7.47 (d, J= 7.5 Hz, 1H), 7.28-7.18 (m, 3H), 5.39-5.33 (m, 1H), 3.96 (d, J =
12.4 Hz, 1H), 3.70-3.65 (m, 1H), 2.81 (d, J = 8.0 Hz, 1H), 2.40 (s, 3H), 1.20 (d, J =
10.9 Hz, 12H). 3C NMR (126 MHz, CDCl3) & 207.70, 144.04, 142.77, 129.06,
126.51, 125.43, 123.86, 84.18, 75.85, 63.65, 27.99, 24.41, 24.29. ESI-MS calculated
for C17H»3BNaO4: m/z (%): 325.1585 (M+Na'), found: 325.1588. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol =
85:15, 0.8 mL/min, 210 nm); minor enantiomer tr = 6.2 min, major enantiomer tr =

6.4 min. [0]p?=+9.8 (¢ = 0.17, CHCl).
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.5 gl
T min

ion Results
Peak Name Retention Time Area Height Relative Area | Relative Height | A1
min mAU*min mAy %
6240 03255 5011 077
6443 33.006 136,145 9923 9.4
33.261 141156 100.00 100.00

ion Results
lo. [Peak Name

Relative Area | Relative Height | An|
%

Retention Time Area Height
i mAL*min mAU

%
355
645

N

in %
1 6220 16439 68876 4934 5061
2 6.547 16.477 67.208 50.06 49.39
B

e
ElRE

32915 136.080 100.00 100.00

3.12  Synthesis of 1-((1R,2R,395)-1-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-2,3-dihydro- 1 H-inden-2-yl)propan-1-one (31).

s

\5-0
ol

OH

3l
The reaction of alkene 1 (56.4 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 31 as a
colorless ropy liquid (67.3 mg, 71% yield) with 99% ee. '"H NMR (300 MHz, CDCl;)
0744 (d,J=17.6 Hz, 1H), 7.26-7.16 (m, 1H), 5.36-5.30 (m, 1H), 3.95 (d, /= 12.5 Hz,
1H), 3.68-3.63 (m, 1H), 2.90-2.78 (m, 2H), 2.65-2.54 (m, 1H), 1.18 (d, J = 8.4 Hz,
12H), 1.13 (t, J= 7.3 Hz, 3H). *C NMR (126 MHz, CDCI3) & 210.28, 144.08, 142.93,
129.01, 126.45, 125.41, 123.84, 84.14, 75.93, 62.69, 33.65, 24.53, 24.27, 7.67.
ESI-MS calculated for CisH2sBNaO4: m/z (%): 339.1741 (M+Na"), found: 339.1734.
Enantiomeric excess was determined by HPLC with a Chiralpak ADH column

(hexanes: 2-propanol = 90:10, 0.8 mL/min, 210 nm); minor enantiomer tr = 8.5 min,

major enantiomer tr = 6.5 min. [a]p** = +10.6 (¢ = 0.17, CHCI;).
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i ion Results
Mo Peak Name Retention Time Area Height Relative Area No. Peak Name Retention Time Area Height Relative Area Relative Height Ar
min mAUmin mAU % min mAU*min mAU % %
33 35 182.782 4 1 6.503 71324 274526 9964 99.54
156.030 2 8483 0260 1.256 036 046
tal 04,621 351 00.00 Total: 71.584 275.782 100.00 100.00
3.13 Synthesis of 1-((1R,2R,395)-1-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-2,3-dihydro-1H-inden-2-yl)butan-1-one (3m)

\B/O
0]

OH

3m
The reaction of alkene 1 (60.6 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3m as a
ropy liquid (72.9 mg, 73% yield) with 96% ee. 'H NMR (300 MHz, CDCl3) & 7.43 (d,
J =17.5 Hz, 1H), 7.26-7.15 (m, 3H), 5.36-5.26 (m, 1H), 3.96 (d, J = 12.5 Hz, 1H),
3.65-3.60 (m, 1H), 2.84-2.73 (m, 1H), 2.63-2.52 (m, 1H), 1.75-1.62 (m, 1H), 1.17 (d,
J =82 Hz, 1H), 0.95 (t, J = 7.4 Hz, 1H). *C NMR (126 MHz, CDCl3) & 209.80,
144.03, 142.94, 128.96, 126.41, 125.36, 123.79, 84.08, 75.87, 62.88, 42.34, 24.51,
2421, 17.04, 13.72. ESI-MS calculated for CioH27BNaOs: m/z (%): 353.1898
(M+Na"), found: 353.1894. Enantiomeric excess was determined by HPLC with a
Chiralpak IC column (hexanes: 2-propanol = 90:10, 0.5 mL/min, 210 nm); minor
enantiomer tr = 8.8 min, major enantiomer tr = 9.4 min. [a]p?® = +10.9 (¢ = 0.17,

CHCl).
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Results Rosil
= Eo — o i No. [Peak Name Retention Time Area Height Relaive Area | Relative Height | Am
ot in mAU*min mAU % %
3 = e = 1 8840 3071 5905 190 174
‘ 9350 ‘ 2764 ‘ 9.305 ‘ 46.99 ‘ 2 9.373 168.395 502434 98.10 98.26
581 19946  100.00 Total: 161.466 511.339 100.00 100.00
3.14 Synthesis of 1-((1R,2R,395)-1-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-2,3-dihydro-1H-inden-2-yl)hexan-1-one (3n)
O><'4

\B/O
O

OH

3n
The reaction of alkene 1 (69.0 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3n as a
ropy liquid (70.0 mg, 65% yield) with 96% ee. 'H NMR (500 MHz, CDCl3) & 7.42 (d,
J =173 Hz, 1H), 7.23-7.14 (m, 3H), 5.33-5.29 (m, 1H), 3.95 (d, J = 12.4 Hz, 1H),
3.63-3.61 (m, 1H), 2.81-2.74 (m, 2H), 2.61-2.55 (m, 1H), 1.67-1.62 (m, 2H) 1.32-1.30
(m, 4H), 1.17 (d, J = 14.3 Hz, 12H), 0.88 (t, J = 7.0 Hz, 3H). 3C NMR (126 MHz,
CDClIs) 6 209.94, 143.99, 142.88, 128.92, 126.37, 125.33, 123.75, 84.05, 75.84, 62.82,
40.40, 31.35, 24.47, 24.18, 23.26, 22.38, 13.87. ESI-MS calculated for C21H31BNaOs,
m/z (%): 381.2208, (M+Na"), found: 381.2185. Enantiomeric excess was determined
by HPLC with a Chiralpak AD-H column (hexanes: 2-propanol = 90:10, 0.8 mL/min,
210 nm); minor enantiomer tr = 6.7 min, major enantiomer tr = 5.6 min. [a]p?*=-11.6

(c=0.17, CHCl).
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ion Results ion Results
No. |Peak Name Retention Time: Area Height Relative Area | Relative Height | A[No. [Peak Name Retention Time Area Height Relative Area | Relative Height | An
min mAU*min mAU % % min mAU*min mAU % %
1 5683 33543 116509 50.96 4527 T 5.620 139,112 459931 9772 96.04
2 6.800 32280 119.946 49,04 5073 2 6723 3239 9174 228 196
Total: 65.623 236.455 100.00 100.00 Total: 142351 469.104 100.00 100.00

3.15 Synthesis of 1-((1S,2R,3R)-3-hydroxy-5-(methoxymethoxy)-1-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro- 1 H-inden-2-yl)propan-1-one (30)

s

\B/O

O
~o o

OH

30
The reaction of alkene 1 (74.4 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 30 (77.8
mg, 69% yield) with 99% ee. '"H NMR (300 MHz, CDCI3) 8 7.09 (dd, J = 18.0, 5.3
Hz, 1H), 6.91 (dd, J= 8.3, 2.4 Hz, 1H), 5.26 (dd, /= 12.4, 6.2 Hz, 1H), 5.14 (dd, J =
19.7, 6.7 Hz, 1H), 3.98 (d, J = 12.4 Hz, 1H), 3.66-3.62 (m, 1H), 3.47 (s, 3H),
2.87-2.79 (m, 1H), 2.70 (d, J = 8.0 Hz, 1H), 2.60-2.52 (m, 1H), 1.18 (d, J = 5.2 Hz,
12H), 1.11 (t, J = 7.3 Hz, 3H). 3C NMR (126 MHz, CDCI3) 8 210.19, 156.20, 144.17,
137.21, 124.51, 117.63, 113.20, 94.80, 84.13, 75.99, 63.14, 55.93, 33.63, 24.55, 24.27,
7.64. ESI-MS calculated for C20H20BNaOs, m/z (%): 399.1949 (M+Na"), found:
399.1956. Enantiomeric excess was determined by HPLC with a Chiralpak
ADH+ADH column (hexanes: 2-propanol = 90:10, 0.8 mL/min, 254 nm); minor
enantiomer tr = 22.4 min, major enantiomer tr = 19.5 min. [a]p?® = -14.0 (¢ = 0.17,

CHC).
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ion Results
M cakMame | Retenon Ti me Area Heig Relative Area No. |Peak Name Retention Time Area Height Relatve Area | Relative Height | Amc
m mAUm mau % min mAU"min mAU 9 % n
19477 345 11238 5087 1 79.477 104.804 300607 %43 .43
2 2280 3338 0413 4813 2 2363 0508 1727 057 057
Total. 6794 20.649 100.00 Total: 105.402 302334 100.00 100.00

3.16 Synthesis of ethyl (1R,2R,35)-1-hydroxy-1-methyl-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2,3-dihydro-1H-indene-2-carboxylate (3p)

\B/O
O
., OEt
HO
3p

The reaction of alkene 1 (65.4 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3p as a
ropy liquid (67 mg, 65% yield) with 97% ee. '"H NMR (300 MHz, CDCl;3) 8 7.35-7.29
(m, 2H), 7.27-7.21 (m, 2H), 4.27-4.19 (m, 2H), 3.24 (q, J = 9.9 Hz, 2H), 2.94 (s, 1H),
1.78 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H), 1.25 (d, J= 4.3 Hz, 12H). 3C NMR (126 MHz,
CDCl3) 6 173.11, 145.85, 142.37, 128.80, 126.69, 124.51, 122.82, 83.78, 80.67, 60.71,
56.65, 26.26, 24.98, 24.43, 14.30. ESI-MS calculated for Ci9H2;BNaOs: m/z (%):
369.1847 (M+Na"), found: 369.1853. Enantiomeric excess was determined by HPLC
with a Chiralpak AD-H column (hexanes: 2-propanol = 90:10, 0.8 mL/min, 210 nm);
minor enantiomer tr = 14.3 min, major enantiomer tr = 13.1 min. [a]p?® = -15.5 (¢ =

0.17, CHCL;).
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13070 95.006 212952 98,69 98.63
14.300 1356 2950 141 137

Total:

5.250 12248

=T
3 g

tal: 96.361 215.901 100.00 100.00

3.17 Synthesis

of

benzyl

(1R,2R,395)-1-hydroxy-1-methyl-3-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)-2,3-dihydro- 1 H-indene-2-carboxylate (3q)

s

\B/O

The reaction of alkene 1 (56.0 mg, 0.2 mmol) and 2 (76.0 mg, 0.3 mmol), after a flash

column chromatography (hexanes: AcOEt = 10:1) afforded the product 3q as a white

solid (50.6 mg, 62% yield) with 99% ee. '"H NMR (300 MHz, CDCl3) § 7.46-7.33 (m,

2H), 7.31-7.27 (m, 2H), 5.28 (s, 1H), 3.44-3.32 (m, 2H), 2.92 (s, 1H), 1.86 (s, 3H),

1.23 (d, J = 2.4 Hz, 12H). 3C NMR (126 MHz, CDCls) & 172.71, 145.73, 142.25,

135.85, 128.80, 128.43, 128.08, 128.08, 126.66, 124.48, 122.79, 83.72, 80.78, 66.42,

56.84, 26.24, 24.83, 24.33. Enantiomeric excess was determined by HPLC with a

Chiralpak ADH column (hexanes: 2-propanol = 90:10, 0.8 mL/min, 220 nm); minor

enantiomer tr = 20.7 min, major enantiomer tr = 16.5 min. ESI-MS calculated for

C24H20BNaOs: m/z (%): 431.2000 (M+Na"*), found: 431.2008. [a]p?*=-14.3 (¢ = 0.17,

CHC).
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Peak#| Ret. Time Area Height Height% Area% Peak# Ret. Time Area Height Height% Area%
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T T 1 2 20.682 624 286 0.39 0.360
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3.18 Synthesis of 1-((1R,2R,3S5)-1-hydroxy-1-methyl-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-inden-2-yl)propan-1-one (3r)

The reaction of alkene 1 (60.6 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3r as a
colorless ropy liquid (74 mg, 75% yield) with 99% ee. '"H NMR (300 MHz, CDCl;3) &
7.35-7.32 (m, 1H), 7.22-7.13 (m, 3H), 4.29 (s, 1H), 3.54 (d, J = 8.1 Hz, 1H),
2.86-2.75 (m, 2H), 2.66-2.56 (m, 1H), 1.90 (s, 3H), 1.17 (d, J = 11.3 Hz, 12H),
1.16-1.07 (m, 3H). '3C NMR (126 MHz, CDCls) & 210.60, 145.99, 142.84, 128.66,
126.41, 123.58, 123.02, 83.79, 79.94, 67.64, 35.54, 26.18, 24.52, 24.31, 7.62. ESI-MS
calculated for Ci9H2;BNaO4: m/z (%): 353.1898 (M+Na"), found: 353.1890.
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column
(hexanes: 2-propanol = 90:10, 0.8 mL/min, 210 nm); minor enantiomer tr = 7.7 min,

major enantiomer tr = 6.2 min. [a]p** = -8.3 (¢ = 0.17, CHCl3).
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ion Results ion Results
o [Peak Name Retention Time Area Height Relafive Area lo_ [Peak Name Retention Time Area Height Relaive Area | Relative Height | Amc
mAU % mAUmin

N N

min min mAU % %
1 6.190 8.895 31310 50.06 1 6193 68585 237117 9951 99.27
2 7.637 8873 29.308 49.94 2 7673 0340 1756 049 073
Total: 17.768 60.637 100.00 Total: 68.925 238.872 100.00 100.00

3.19 Synthesis of 1-((1R,2R,3S)-1-hydroxy-1-methyl-3-(4,4,5,5-tetramethyl-1,3,2

-dioxaborolan-2-yl)-2,3-dihydro-1H-inden-2-yl)butan-1-one (3s).

s

\B/O

The reaction of alkene 1 (64.8 mg, 0.3 mmol) and 2 (76.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3s as a
white solid (69 mg, 67% yield) with 95% ee. 'H NMR (300 MHz, CDCl3) 8 7.34-7.31
(m, 1H), 7.21-7.12 (m, 3H), 4.31 (s, 1H), 3.53 (d, J = 8.1 Hz, 1H), 2.81-2.70 (m, 2H),
2.64-2.53 (m, 1H), 1.90 (s, 3H), 1.74-1.59 (m, 2H), 1.16 (d, J = 11.8 Hz, 12H), 0.89 (t,
J = 6.8 Hz, 3H). 3C NMR (126 MHz, CDCl3) & 210.14, 145.95, 142.76, 128.60,
126.34, 123.52, 122.95, 83.7, 79.93, 67.76, 44.20, 26.18, 24.48, 24.24, 16.97, 13.69.
ESI-MS calculated for Chemical Formula: Cz0H20BNaOs, Exact Mass: m/z (%):
367.2051 (M+Na"), found: 367.2049. Enantiomeric excess was determined by HPLC
with a Chiralpak AD-H column (hexanes: 2-propanol = 90:10, 0.8 mL/min, 210 nm);
minor enantiomer tr = 6.2 min, major enantiomer tr = 7.5 min. [a]p*’= +8.4 (¢ = 0.17,

CHCl).

S22



s
1

e 1 X s
— -—_ I —_— —

Peak Name Retention Time Area Height Relative Area | Relative Height | Amc  |No. [Peak Name Retention Time: Area Height Relative Area | Relative Height | A
min mAU*min mAU % % n. min mAL*min mAU %

Ho.

%
1 6213 28541 | 95416 5031 4363 6217 185.370 674.442 97.61 97.93
2 7547 28187 96 840 4969 5037 7.507. 4548 14.280 239 207
Total: 56.728 192,256 100,00 100,00

3.20 Synthesis of 1-((1R,2R,3S5)-1-hydroxy-1-methyl-3-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1 H-inden-2-yl)hexan-1-one (3t).

s

\B/O

3t

The reaction of alkene 1 (73.2 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a
flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3t as a
white solid (76 mg, 68% yield) with 96% ee. 'H NMR (300 MHz, CDCl3) & 7.37-7.34
(m, 1H), 7.25-7.14 (m, 3H), 4.34 (s, 1H), 3.54 (d, J = 8.1 Hz, 1H), 2.83-2.72 (m, 2H),
2.65-2.54 (m, 1H), 1.93 (s, 3H), 1.77-1.65 (m, 3H), 1.27-1.24 (m, 3H), 1.18 (d, J =
11.5 Hz, 12H), 0.97 (t, J = 7.4 Hz, 3H). *C NMR (126 MHz, CDCl3) & 210.30,
145.96, 142.79, 128.60, 126.34, 123.52, 122.95, 83.71, 79.93, 67.74, 42.28, 31.34,
26.17,24.48,24.24, 23.22, 22.40, 13.87. ESI-MS calculated for C22H33BNaO4: m/z
(%): 395.2364 (M+Na"), found: 395.2372. Enantiomeric excess was determined by
HPLC with a Chiralpak AD-H+ADH column (hexanes: 2-propanol = 90:10, 0.8
mL/min, 210 nm); minor enantiomer tr = 13.6 min, major enantiomer tr = 11.4 min.

[0]p2 = -70.4 (c = 0.17, CHCl).

S23



5
1050 1100 1200 1300 1400

0. |Peak Name ‘ Reter\\lon'ﬂme‘ Area ‘ Height ‘ Relative Area | Relative Ha\ghl‘ Am
mAl ] % % '

13.590 4197 14,190 247 250
otal: 170277 568.717 100.00 100.00

N
min U'min

o1 ‘ 11.403 ‘ 166.079 ‘ 554527 ‘ 9753 97.50 ‘ r

2

T

3.21 Synthesis of 1-((1S,2R,3S)-1-hydroxy-1-phenyl-3-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1 H-inden-2-yl)propan-1-one (3u)

s

\B/O

3u
The reaction of alkene 1 (79.2 mg, 0.3 mmol) and 2 (114.0 mg, 0.45 mmol), after a

flash column chromatography (hexanes: AcOEt = 10:1) afforded the product 3u as a
white solid (86 mg, 73% yield) with 96% ee. '"H NMR (500 MHz, CDCls) 4 7.49 (d, J
= 7.3 Hz, 2H), 7.28 (t, J = 7.6 Hz, 2H), 7.21-7.18 (m, 1H), 7.10 (d, J = 3.9 Hz, 2H),
6.98-6.95 (m, 1H), 6.65 (d, J = 7.6 Hz, 1H), 4.78 (s, 1H), 3.98 (d, J = 8.2 Hz, 1H),
2.87 (d, J= 8.1 Hz, 1H), 2.15-2.10 (m, 1H), 1.81-1.76 (m, 1H), 1.12 (d, J = 23.0 Hz,
12H), 0.77 (t, J= 7.3 Hz, 3H). *C NMR (126 MHz, CDCI3) 6 210.20, 147.61, 144.79,
143.15, 128.66, 127.89, 126.91, 126.70, 126.44, 125.15, 123.30, 84.46, 84.05, 70.43,
34.72, 24.50, 24.30, 7.31. ESI-MS calculated for Co4H20BNaO4: m/z (%): 415.2055
(M+Na"), found: 415.2060. Enantiomeric excess was determined by HPLC with a
Chiralpak AD-H+ADH column (hexanes: 2-propanol = 90:10, 0.8 mL/min, 210 nm);
minor enantiomer tr = 13.9 min, major enantiomer tr = 14.3 min. [a]p® = -82.8 (¢ =

0.17, CHCl).
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160010 #1016 [manipulated] LB-10-27-1 WAl ADH#ADH 2010 08 UV_VIS 1 WVL210 nm |

f—}
| 312500,
. ¥ S . min BT Lo — S

1750 1875 2000

ion Results ion Results
0. [Peak Name Retention Time Area Height Relafive Area | Relative Height | Amc Peak Name Retention Time Area Height Relative Area | Relative Height | Am
min % % i mAU*min mAU % 3

N

min %
1 13873 4926 4931 13,500 10527 49703 215 282
2 14263 253006 580 168 5074 5069 14.267 479.620 1710.447 9785 97.18
To

No.
3
n.
tal: 498.658 1933.737 100,00 100.00 Total: 490147 1760.150 100,00 100,00

3.22 Synthesis of 1-((1R,2R,35)-1-hydroxy-1-methyl-3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-2,3-dihydro-1H-inden-2-yl)-2-phenylethan-1-one (3v)

s

\B/O

3v
The reaction of alkene 1 (52.8 mg, 0.2 mmol) and 2 (76 mg, 0.3 mmol), after a flash

column chromatography (hexanes: AcOEt = 10:1) afforded the product 3v as a
colorless ropy liquid (49.4 mg, 63% yield) with 90% ee. '"H NMR (300 MHz, CDCl;)
0 7.40-7.32 (m, 4H), 7.29-7.23 (m, 4H), 7.18-7.15 (m, 1H), 4.47 (s, 1H), 4.11 (d, J =
16.1 Hz, 1H), 4.00 (d, /= 15.9 Hz, 1H), 3.68 (d, J = 8.1 Hz, 1H), 2.79 (d, J = 8.0 Hz,
1H), 2.01 (s, 3H), 1.18 (d, J = 12.5 Hz, 12H). 3C NMR (126 MHz, CDCl;3) & 207.53,
145.87, 142.74, 134.03, 129.69, 128.73, 128.51, 126.84, 126.49, 123.57, 123.05,
83.92, 80.16, 66.56, 49.17, 26.51, 24.99, 24.57, 24.28. ESI-MS calculated for
C24H20BNaOs: m/z (%): 415.2051 (M+Na"), found: 415.2047. Enantiomeric excess
was determined by HPLC with a Chiralpak ADH column (hexanes: 2-propanol =
90:10, 0.8 mL/min, 200 nm); minor enantiomer tr = 11.4 min, major enantiomer tr =

+8.8 min. [a]p2 = -5.8 (¢ = 0.17, CHCl).
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min min
<Peak Table> <Peak Table>
PDACh2 200nm PDA Ch1 200nm
Peak# Ret. Tme | Area i Height% Area% Peal# Ret. Time|  Area Height | Height% Area% |
1] 9005 1389985 95791 539681 50.442 1 8816| 9897749 667758 95613 95172
2 11563 1365607 81662 46019 49.558 2| 11443| 502125 30642 4387 4.828
Total | 2755593 177452  100.000  100.000 Total 10399874 698400  100.000/  100.000

3.23 Synthesis of ethyl (1R,2R,3S5)-1-((4-bromophenyl)amino)-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-indene-2-carboxylate (5)

\B/O
O
OEt
NH
Br 5

The reaction of alkene 4 (71.4 mg, 0.2 mmol) and 2 (76.0 mg, 0.3 mmol), after a flash
column chromatography (hexanes: AcOEt = 10:1) afforded the product 5 as a ropy
liquid (22.3 mg, 23% yield) with 94% ee. 'H NMR (300 MHz, CDCls) & 7.45-7.20
(m, 2H), 7.19-6.97 (m, 1H), 6.61 (d, J = 8.8 Hz, 1H), 5.48-5.08 (m, 1H), 4.00 (dq, J
=10.9, 7.1 Hz, 1H), 3.78 (ddd, J = 15.4, 9.6, 6.8 Hz, 1H), 2.98 (d, J = 8.5 Hz, 1H),
1.28 (d, J = 14.1 Hz, 4H), 1.06 (t, J = 7.1 Hz, 1H). '3C NMR (126 MHz, CDCls)
172.67, 146.67, 143.48, 142.35, 131.72, 128.48, 126.45, 124.58, 124.03, 115.11,
108.30, 83.96, 60.77, 59.53, 52.55, 24.82, 24.60, 13.93. ESI-MS calculated for
C24H20BBrNNaO4: m/z (%): 508.1265 (M+Na'), found: 508.1269. Enantiomeric
excess was determined by HPLC with a Chiralpak ODH column (hexanes: 2-propanol
=90:10, 0.8 mL/min, 275 nm); minor enantiomer tr = 5.1 min, major enantiomer tr =

6.1 min. [a]p2 = +80.1 (¢ = 0.17, CHCL;).
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ion Results ion Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amo  [No.  [Peak Name Retention Time Area Height Relative Area | Relatve Height | An
min mAU"mi mAU % % ni min mAU*min mAU % % :
[ 5.120 11502 59.068 1898 5401 i 5117 2862 14.786 320 379
2 6.060 11982 51.062 5102 4599 n |2 6.060 86,348 375445 9679 9621
Total: 23.485 111030 100.00 100.00 Total: 89.210 300232 100.00 100.00

3.26  Synthesis of benzyl (1S,2R,3S)-3-hydroxy-1-(4.,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-1,2,3,4-tetrahydronaphthalene-2-carboxylate (7).

The reaction of alkene 6 (0.2 mmol) and 2 (0.3 mmol), after a flash column
chromatography (hexanes: AcOEt = 10:1) afforded the product 7 as a ropy liquid
(77% vyield) with 99% ee. 'H NMR (500 MHz, CDCl3) & 7.36-7.31 (m, 6H),
7.14-7.07 (m, 3H), 5.21 (q, J = 12.4 Hz, 2H), 4.63 (s, 1H), 3.14-3.08 (m, 3H),
2.95-2.91 (m, 1H), 2.45 (d, J=4.9 Hz, 1H), 1.19 (d, J = 1.9 Hz, 12H). '3C NMR (126
MHz, CDCl;3) 6 174.35, 135.74, 134.33, 131.83, 130.12, 128.51, 128.28, 128.17,
128.04, 126.07, 125.61, 83.71, 66.55, 65.31, 46.42, 36.82, 24.77, 24.30. ESI-MS
calculated for Co4H20BNaOs: m/z (%): 431.2005 (M+Na"), found: 431.2006.
Enantiomeric excess was determined by HPLC with a Chiralpak ADH column
(hexanes: 2-propanol = 85:15, 0.8 mL/min, 210 nm); minor enantiomer tr = 11.6 min,

major enantiomer tr = 18.8 min. [a]p?*=+11.5 (¢ = 0.17, CHCI;).

POANUG T Zi0mmanm| 100 POA Ml T 210nm Anm]
8
50| g
1000 N
2 [\
4 IR
= I
" i
25-| [ < |
\ 3 ||
© 500 I
a\ [
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o Al AN / b |
EYA Y SR VA e NS . | o = I
, ——
100 12 120 iz 200 100 125 15.0 175 200
m
k Table> 55
Al al
PDA Ch1 210nm eak Table> PDA Ch1 210nm
Peak# Ret. Tme|  Area | Height | Height% | Area% Peak# Ret Time|  Area Height | Height% | Area%
1] 11.499]  801218| 33104 61804  49.365 1 11.647 54334 3176 0311 0.188
2| 18244 821842 20459 38196 50635 2| 18.802] 28788365| 1016923 99 689 99.812
Total 1623060 53563]  100.000]  100.000 Total 28842699  1020098]  100.000]  100.000
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3.28 Synthesis of benzyl (5S,6R,7S)-7-hydroxy-5-(4,4,5,5-tetramethyl-1,3,2

-dioxaborolan-2-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulene-6-carboxylate (9)

O- B/O (@)
OBn

OH

9

The reaction of alkene 8 (0.2 mmol) and 2 (76.0 mg, 0.3 mmol), after a flash column
chromatography (hexanes: AcOEt = 10:1) afforded the product 9 as a ropy liquid
(70% yield) with 98% ee. 'H NMR (500 MHz, CDCl3) § 7.36-7.33 (m, 3H), 7.23-7.22
(m, 2H), 7.11-7.09 (m, 2H), 7.03-7.00 (m, 1H), 6.95 (d, J = 7.0 Hz, 1H), 5.00 (d, J =
12.1 Hz, 1H), 4.86 (d, J = 12.1 Hz, 1H), 4.15-4.11 (m, 1H), 3.44 (s, 1H), 3.16 (d, J =
4.6 Hz, 2H), 2.77 (d, J = 4.6 Hz, 1H), 2.63 (t, J = 13.2 Hz, 1H), 2.09 (s, 1H), 1.94 (dd,
J =240, 12.2 Hz, 1H), 1.23 (d, J = 10.8 Hz, 12H). 1*C NMR (126 MHz, CDCI;) &
173.92, 141.69, 138.53, 135.44, 130.98, 129.09, 128.48, 128.47, 128.24, 126.52,
126.22, 83.92, 72.62, 66.27, 48.94, 33.02, 31.35, 24.76, 24.72. ESI-MS calculated for
Ci19H27BNaOs: m/z (%): 369.1847 (M+Na"), found: 369.1841. Enantiomeric excess
was determined by HPLC with a Chiralpak ODH column (hexanes: 2-propanol =
85:15, 0.8 mL/min, 210 nm); minor enantiomer tr = 6.2 min, major enantiomer tr =

7.2 min. [a]p2 = +13.8 (¢ = 0.17, CHCL;).

PORMTT IO DA MU T 270 Anm|
300+ 7504
"
&
200-| 5 500 &
€ g
S e N\
/N /N f o
1004 /\ 250-] /
N " /
_ e TN ) | I _/ o |
e — o]
575 500 525 50 675 700 725 750 775 575 600 625 650 675 700 725 750 77 800
min min
>
eak Table> oo cni2ionm SaKTABIE>  poach 2100
Peald| Ret Time | Area Hei Height% | Area% F’eak#‘ Ret Time| Area | Height | Height% | Area%
1] 6.167] 1990608  156251]  £2838]  49.838 1] 6306 56202 4307 0982 0855
2| 7306] 2012737 139465  47162| 50162 2] 7292 ©6A0D828]  436287] 99018 99145
Total 4012435] 295716/ 100000 100000 Total 6458020 440615  100.000  100.000
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4 NMR Spectrafor New Compounds
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'TH NMR (300 MHz, CDCl3) and 3C NMR (126 MHz, CDCls) of 3b
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TH NMR (300 MHz, CDCl3) and 3C NMR (126 MHz, CDCls) of 3¢
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'TH NMR (300 MHz, CDCl3) and '3C NMR (126 MHz, CDCI;) of 3d
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H NMR (300 MHz, CDCls), F NMR (282 MHz, CDCls) and 3C NMR (126 MHz,

CDCL) of 3e
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'H NMR (300 MHz, CDCL), °F NMR (282 MHz, CDCL) and *C NMR (126 MHz,

CDCl;) of 3f
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TH NMR (300 MHz, CDCl3), ’F NMR (282 MHz, CDCl3) and '*C NMR (126 MHz,

CDCls) of 3h
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TH NMR (300 MHz, CDCl3), ’F NMR (282 MHz, CDCl3) and '*C NMR (126 MHz,

CDCL;) of 3
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IH NMR (300 MHz, CDCl:) and 1*C NMR (126 MHz, CDCls) of 3k
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IH NMR (300 MHz, CDCls) and 3C NMR (126 MHz, CDCls) of 31
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H NMR (300 MHz, CDCls) and 3C NMR (126 MHz, CDCls) of 3m
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H NMR (300 MHz, CDCl;) and '*C NMR (126 MHz, CDCls) of 3n
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TH NMR (300 MHz, CDCl3) and 3C NMR (126 MHz, CDCls) of 30

GO80 -
601T "
€GET "
€891 °

de8s

€91
€06.L "
6%18 "

€997v -
€L19°
¥869 -~
6296
ev00
1€60 "
9611 "
8841
¢I8T”
Geee”

0268
6668
S616°
¥LE6 ¢
¢S¥0
8¢L0°
0g1T”
8¢C1”

Lb=1U-19-4

LJJg_Jljkﬂmmd__JJM\“__ |

|

|

i,
o

o0
o ©

2.0

©

Ll

ol
4.0

f1 (ppm)

e

9.0 8.0

10.0

LBE9"L—

m@©m.¢mw
98¥%S 12
€829 "€E7

1976 GG~
6LET 'E9—
8666 'GLY
YOvL 9L}
8666 9.1
2852 "LL
czel e
2008 67
L1861 ST~
0929 LI~
150G Va1-

LL0T "LET—
8CLT ¥F1-

¢961 "951—

1y U

C981 012~

Lb

20

40

60

30

100
f1 (ppm)
S48

120

140

180 160

200




'H NMR (300 MHz, CDCls) and '*C NMR (126 MHz, CDCls) of 3p
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IH NMR (300 MHz, CDCls) and 3C NMR (126 MHz, CDCls) of 3q
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IH NMR (300 MHz, CDCls) and 3C NMR (126 MHz, CDCls) of 3r
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TH NMR (300 MHz, CDCl3) and 3C NMR (126 MHz, CDCIs) of 3s
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'TH NMR (300 MHz, CDCl3) and '3C NMR (126 MHz, CDCI;) of 3t
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TH NMR (300 MHz, CDCl3) and '3C NMR (126 MHz, CDCI;3) of 3u
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TH NMR (300 MHz, CDCl3) and 3C NMR (126 MHz, CDCI;3) of 3v
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TH NMR (300 MHz, CDCl3) and 3C NMR (126 MHz, CDCI3) of 5
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'H NMR (300 MHz, CDCl3) and '*C NMR (126 MHz, CDCls) of 7
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'H NMR (300 MHz, CDCl3) and '*C NMR (126 MHz, CDCls) of 9
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