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General Methods and Materials

'H NMR and 3C NMR spectra were recorded on a Bruker Advance 400M NMR spectrometers at ambient temperature in
CDCl; at 400 and 101 MHz. The chemical shifts are given in ppm relative to tetramethylsilane [*H: (SiMe4)= 0.00 ppm] as
an internal standard or relative to the resonance of the solvent [*H: §(CDCls)= 7.26, °C: §(CDCls)= 77.16 ppm].
Multiplicities were given as: s (singlet); d (doublet); t (triplet); g (quartet); dd (doublet of doublets); dt (doublet of triplets);
m (multiplets), etc. Coupling constants are reported as J values in Hz. High resolution mass spectral analysis (HRMS) was
performed on Waters XEVO G2 Q-TOF. HPLC was performed on ThermoUIltiMate 3000. Flash chromatography was
performed using 200-300 mesh silica gel with the indicated solvent system.

All the reagents and starting materials, unless otherwise noted, were purchased from commercial vendors and used without
further purification. Compounds lae,! 2ae,? 2ae-1,% 2ae-2? and 2ae-32 are known compounds and their NMR-data are
consistent with these reported in the literature.
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General Procedure for the Synthesis of Alkenes with Tethered Aryl Halides

(1) Preparation of alkenesla-1h

Procedure for Synthesis of S-1 and S’-13

X /\)L TMEDA, n-BulLi
Br ¥ HO CH, g OH

Et,0

X=l or Br X=Br, $-1
X=I, $'-1

To an ice-cooled solution of tetramethylethylenediamine (8 mL, 53 mmol, 5.3 equiv) in Et;O (30 mL) was added n-BuL.i
(2.5M in hexanes, 16 mL, 40 mmol, 4 equiv). After stirring at room temperature for 1 h, the solution was then cooled to
0 °C, 3-methyl-3-buten-1-ol (2 mL, 20 mmol, 2 equiv) and benzyl bromides (10 mmol, 1 equiv) in Et;O (5 mL) were added
dropwise, successively. The reaction mixture was allowed to warm up to room temperature and stirred for 6 h, before it was
quenched with saturated ag. NH4Cl and diluted with H.O. The aqueous phase extracted three times by Et;O and the
combined organic layers was washed successively with 1 M ag. HCI and brine, dried over MgSQsa, filtered and concentrated
in vacuo. Purification by column chromatography (hexane/ethyl acetate= 4.1 to 2:1) gave the pure product S-1 or S'-1.

Br 5-(2-Bromophenyl)-3-methylenepentan-1-ol (S-1) was isolated as a yellow oil (1.21 g, 48 %
yield). *H NMR (400 MHz, CDCls) 6= 7.56-7.50 (m, 1H), 7.25-7.20 (m, 2H), 7.10-7.02 (m,
OH 1H), 4.95 (d, J = 1.5 Hz, 1H), 4.89 (d, J = 1.6 Hz, 1H), 3.75 (t, J = 6.4 Hz, 2H), 2.90-2.83 (m,
S-1 2H), 2.39-2.29 (m, 4H) ppm; 3C NMR (101 MHz, CDCls) 6= 145.3, 141.1, 132.8, 130.3,
127.7, 1275, 124.4, 112.3, 60.4, 39.3, 35.9, 34.9 ppm. HRMS (ESI): calcd. For C1,H16BrO
[M+H]*: 255.0379, found: 255.0382.

I 5-(2-lodophenyl)-3-methylenepentan-1-ol (S’-1) was isolated as a yellow oil (1.51 g, 50%
yield). *H NMR (400 MHz, CDCls) &= 7.81 (dd, J = 7.9, 1.3 Hz, 1H), 7.30-7.24 (m, 1H),
7.22 (dd, J = 7.6, 1.9 Hz, 1H), 6.95-6.86 (m, 1H), 4.97 (d, J = 1.5 Hz, 1H),4.90 (d, J = 1.6
Hz, 1H), 3.77 (t, J = 6.3 Hz, 2H), 2.89-2.80 (m, 2H), 2.42-2.36 (m, 2H), 2.33-2.26 (M, 2H)
ppm; 13C NMR (101 MHz, CDCly) 8= 145.1, 144.3, 139.5, 129.4, 128.4, 127.9, 112.4, 100.4,
60.4, 39.5, 39.3, 36.3 ppm. HRMS (ESI): calcd. For C12H1610 [M+H]*: 303.0240, found: 303.0238.

OH

S'1

Procedure for Synthesis of Alkenes la-d

X o) Et;N(1.1 equiv) X
+ >
OH Cl” "R O__R

Et,0 N

X=Br, S$-1
X=l, $"1
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To a stirred solution of S-1or S’-1 (5.0 mmol, 1 equiv) and EtsN (0.80 mL, 5.5 mmol, 1.1 equiv) in EtO (10 mL) were
added acyl chlorides (5.0 mmol, 1.0 equiv) at 0 T. After stirring at this temperature for 1 h and then at room temperature
for 8.5 h, the reaction mixture was quenched with water and the aqueous phase was extracted twice with EtOAc. The
combined organic layers were dried over anhydrous Na SO, filtered, and evaporated to dryness. The crude residue was
purified by column chromatography (hexane/ethyl acetate= 20:1) on silica gel to give the products 1a-1d.

Br 5-(2-Bromophenyl)-3-methylenepentyl benzoate (1a) was isolated as a yellow oil (1.53 g, 85%
yield). H NMR (400 MHz, CDCls) &= 8.06-8.04 (m, 1H), 8.04-8.01 (m, 1H), 7.57-7.51 (m,
2H), 7.46-7.39 (m, 2H), 7.24-7.20 (m, 2H), 7.08-7.02 (m, 1H), 4.93 (m, 2H), 4.47 (t, J= 6.8
Hz, 2H), 3.03-2.80 (m, 2H), 2.56 (t, J= 6.8 Hz, 2H), 2.46-2.25 (m, 2H) ppm;*C NMR (101
1a MHz, CDCls) 6= 166.6, 144.8, 141.1, 132.9, 132.8, 130.34, 130.30, 129.6(2C), 128.4(2C),
127.7,127.5,124.4,112.1, 63.3, 36.3, 35.2, 34.9 ppm. HRMS (EI): calcd. For C19H19BrO, [M]*: 358.0562, found: 358.0560.

OBz

¢

Br 5-(2-Bromophenyl)-3-methylenepentyl acetate (1b) was isolated as a yellow oil (1.12 g, 80%
yield). TH NMR (400 MHz, CDCls) 8= 7.53 (dd, J = 7.7, 1.0 Hz, 1H), 7.26-7.19 (m, 2H),
OAC  710-7.01 (m, 1H), 4.89 (d, J = 1.5 Hz, 1H), 4.85 (d, J = 1.6 Hz, 1H), 4.21 (t, J = 7.0 Hz,
2H), 2.92-2.82 (m, 2H), 2.48-2.37 (m, 2H), 2.38-2.25 (m, 2H), 2.05 (s, 3H) ppm; *C NMR
1b (101 MHz, CDCls) 6= 171.1, 144.7, 141.1, 132.8, 130.3, 127.7, 127.5, 124.4, 111.9, 62.9,

36.3, 35.0, 34.8, 21.1 ppm. HRMS (ESI): calcd. For C14H18BrO, [M+H]*: 297.0485, found: 297.0489.

{

5-(2-lodophenyl)-3-methylenepentyl acetate (1b’) was isolated as a yellow oil (1.38g, 80%
yield). 'H NMR (400 MHz, CDCls) 3= 7.81 (dd, J= 7.9, 1.3 Hz, 1H), 7.28-7.25 (m, 1H),
OAC 721 (dd, J= 7.6, 1.9 Hz, 1H), 6.92-6.84 (m, 1H), 4.91 (d, J= 1.5 Hz, 1H), 4.85 (d, J= 1.5 Hz,
1H), 4.23 (t, J= 7.0 Hz, 2H), 2.88-2.81 (M, 2H), 2.43 (m, 2H), 2.34-2.26 (m, 2H), 2.06 (s, 3H)
10’ ppm; 3C NMR (101 MHz, CDCls) &= 171.1, 144.6, 144.3, 139.5, 129.4, 128.4, 127.9, 111.9,

100.4, 62.9, 39.5, 36.7, 35.1, 21.1 ppm. HRMS (ESI): calcd. For C14H1510, [M+H]*: 345.0346, found: 345.0343.

¢

Br OMe 5-(2-Bromophenyl)-3-methylenepentyl 4-methoxybenzoate(1c) was isolated
as a colorless oil (1.67 g, 86% yield). *H NMR (400 MHz, CDCl3) &= 8.02-

Oﬁ(©/ 7.96 (m, 2H), 7.55-7.49 (m, 1H), 7.24-7.20 (m, 2H), 7.08-7.01 (m, 1H),

o 6.95-6.83 (M, 2H), 4.96-4.87 (m, 2H), 4.44 (t, J= 6.8 Hz, 2H), 3.84 (s, 3H),

2.94-2.81 (m, 2H), 2.54 (t, J = 6.8 Hz, 2H), 2.46-2.32 (m, 2H) ppm; 13C
NMR (101 MHz, CDCls) 6= 166.3, 163.3, 144.9, 141.1, 132.8, 131.6 (2C),

130.3, 127.7, 127.5, 124.4, 122.8, 113.6 (2C), 112.0, 63.1, 55.4, 36.3, 35.3, 34.9 ppm. HRMS (ESI): calcd. For C2oH22BrOs
[M+H]*: 389.0747, found: 389.0750.

!

1c

Br F 5-(2-Bromophenyl)-3-methylenepentyl 4-fluorobenzoate (1d) was isolated as a
colorless oil (1.32 g, 70% yield). *H NMR (400 MHz, CDCls) =8.09-8.00 (m,

Op 2H), 7.52 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 4.3 Hz, 2H), 7.12-7.00 (m, 3H), 4.93

o (d, J = 1.6 Hz, 1H), 4.92 (d, J = 1.6 Hz, 1H),4.46 (t, J = 6.8 Hz, 2H), 2.96-2.80

(m, 2H), 2.55 (t, J = 6.8 Hz, 2H), 2.39 (dd, J = 9.9, 6.5 Hz, 2H) ppm;13C NMR
(101 MHz, CDCl3) 6= 165.7 (d, J = 253.7 Hz), 165.6, 144.7, 141.0, 132.8,
132.1 (d, J = 9.3 Hz, 2C), 130.3, 127.7, 127.5, 126.6 (d, J = 3.0 Hz), 124.4, 115.5 (d, J = 22.0 Hz, 2C), 112.1, 63.4, 36.3,

35.2, 34.9 ppm; °F NMR (376 MHz, CDCls) &= —105.69-—105.91 (m, 1F) ppm. HRMS (EI): calcd. For C19H1sBrFO; [M]*:
376.0468, found: 376.0462.

!

1d
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Procedure for Synthesis of 5-(2-Bromophenyl)-3-methylenepentyl furan-2-carboxylate (1e)

Br 2-furoic-acid (2 equiv) Br

DMAP (0.1 equi O™
OH (0.1 equiv) o g

DCC (2 equiv), DCM
S-1 1e

@)

To a solution of the homoallylic alcohol S1 (1.3g, 5.0 mmol, 1 equiv), 2-furoic acid (1.1 g, 10.0 mmol, 2 equiv) and DMAP
(61 mg, 0.5 mmol, 10 mol/%) in CH.Cl> (35 mL) was added a solution of DCC (2.0 g, 10.0 mmol, 2 equiv) in CHxCl> (15
mL). After stirring at room temperature for 12 h, the reaction mixture was filtered through a pad of silica gel. The filtrate
was concentrated, and the crude residue was purified by column chromatography (hexane/ethyl acetate= 10:1) on silica gel
to give the title product 1e as a colorless oil (1.40 g, 80 % yield).'"H NMR (400 MHz, CDCl3) 6= 7.61-7.56 (m, 1H), 7.53 (d,
J=8.0Hz, 1H), 7.22 (d, J = 4.4 Hz, 2H), 7.17 (d, J = 3.5 Hz, 1H), 7.05 (m, 1H), 6.50 (dd, J = 3.5, 1.7 Hz, 1H), 4.92-4.89
(m, 2H), 4.45 (t, J = 7.0 Hz, 2H), 2.96-2.82 (m, 2H), 2.54 (t, J = 7.0 Hz, 2H), 2.42-2.31 (m, 2H) ppm; 3C NMR (101MHz,
CDCls) 6= 158.7, 146.3, 144.7, 144.5, 141.0, 132.8, 130.3, 127.7, 127.5, 124.4, 117.9, 112.2, 111.8, 63.4, 36.4, 35.1, 34.8
ppm. HRMS (ESI): calcd. For C17H1sBrOs [M+H]*: 349.0434, found: 349.0435.

Procedure for Synthesis of 5-(2-Bromophenyl)-3-methylenepentyl 4-methylbenzenesulfonate (1f)

Br EtsN( 1.1 equiv) Br
TsCI (1.0 equiv)
OH > OTs
DCM
S-1 1f

To a stirred solution of the homoallylic alcohol S1 (1.3 g, 5.0 mmol, 1 equiv) and EtsN (0.56 g, 5.5 mmol, 1.1 equiv) in
CHCl, (10 mL) was added tosyl chloride (0.95 g, 5.0 mmol, 1 equiv) at 0 °C dropwise. The reaction mixture was allowed
to warm to room temperature and then stirred overnight. The resulting suspension was passed through a pad of Celite and
the filtrate was concentrated. The residue was purified by column chromatography (hexane/ethyl acetate= 20:1) on silica gel
to give the product 1f as a colorless oil (1.94 g, 95% yield). *H NMR (400 MHz, CDCls) &= 7.83-7.76 (m, 2H), 7.51 (dd, J
=8.0, 1.2 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.25-7.19 (m, 1H), 7.17 (d, J = 1.9 Hz, 1H), 7.05 (m, 1H), 4.87 (d, J = 1.5 Hz,
1H), 4.78 (d, J = 1.4 Hz, 1H), 4.15 (t, J = 6.9 Hz, 2H), 2.81-2.73 (m, 2H), 2.49-2.38 (m, 2H), 2.43 (s, 3H), 2.27-2.17 (m, 2H)
ppm; 1*C NMR (101 MHz, CDCl3) &= 144.8, 143.2, 140.8, 133.1, 132.8, 130.3, 129.9(2C), 127.9(2C), 127.8, 127.5, 124.3,
112.8, 68.7, 36.1, 35.2, 34.7, 21.7 ppm. HRMS (ESI): calcd. For C19H22BrO3sS [M+H]*: 409.0468, found: 409.0466.

Procedure for Synthesis of Alkeneslg and 1g’

X TBDPSCI (1.1 equiv) X
DMAP(0.5 equiv)
OH OTBDPS
EtsN (1.1 equiv), DCM
X=Br, S-1 X=Br, 19
XZI, S'-1 X:|, 1gl
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To a stirred solution of the homoallylic alcohols S-1 or S’-1 (8.0 mmol, 1 equiv), EtsN (1.3 mL, 8.8 mmol, 1.1 equiv) and
DMAP (50 mg, 0.4 mmol, 5 mol/%) in CH.Cl, (25 mL), TBDPSCI (1.32 g, 8.8 mmol, 1.1 equiv) was added at room
temperature. After stirring for 12 h, water was added (30 mL), and the aqueous layer was extracted twice with CH,Cl,. The
combine organic layers were washed with brine, dried over anhydrous Na,SOs, filtered, and evaporated to dryness. The
crude residue was purified by column chromatography (hexane/ethyl acetate= 20:1) on silica gel to give the product 1g or
1g’.

Br ((5-(2-Bromophenyl)-3-methylenepentyl)oxy)(tert-butyl)diphenylsilane ~ (1g)  was
isolated as a colorless oil (1.97g, 50 % yield).'H NMR (400 MHz, CDCls) 6= 7.71-
OTBDPS 764 (m, 4H), 7.50 (dd, J = 7.9, 1.2 Hz, 1H), 7.42-7.30 (m, 6H), 7.23-7.08 (m, 2H),
7.07-6.98 (m, 1H), 4.81 (d, J = 1.7 Hz, 1H), 4.78 (d, J = 1.6 Hz, 1H), 3.87-3.70 (m,
2H), 2.90-2.74 (m, 2H), 2.47-2.31 (m, 2H), 2.29-2.18 (m, 2H), 1.05 (s, 9H) ppm; 3C
NMR (101MHz, CDCls) 8= 145.9, 141.3, 135.6 (4C), 133.9 (2C), 132.8, 130.3, 129.6 (2C), 127.7(4C), 127.6, 127.4, 124.4,
111.5, 63.0, 39.3, 36.5, 34.9, 26.9 (3C), 19.3 ppm. HRMS (ESI): calcd. For CzsH3.BrOSi [M+H]*: 493.1557, found:
493.1555.

19

| ((5-(2-1odophenyl)-3-methylenepentyl)oxy)(tert-butyl)diphenylsilane (1g’) was isolated

as a colorless oil (2.16 g, 50 % yield).'H NMR (400 MHz, CDCl3) 6= 7.79 (dd, J = 7.9,

OTBDPS 13 Hz, 1H), 7.73-7.64 (m, 4H), 7.44-7.32 (m, 6H), 7.26-7.21 (m, 1H), 7.13 (dd, J =

. 7.6, 1.8 Hz, 1H), 6.86 (d, J = 1.7 Hz, 1H), 4.83 (d, J = 1.6 Hz, 1H), 4.79 (d, J = 1.6 Hz,

1H), 3.80 (t, J = 7.0 Hz, 2H), 2.83-2.68 (M, 2H), 2.44-2.28 (m, 2H), 2.27-2.10 (m, 2H),

1.05 (s, 9H) ppm; 3C NMR (101 MHz, CDCl3) &= 145.8, 144.6, 139.4 (2C), 135.6(4C), 134.0, 129.6 (2C), 129.4, 128.3,

127.71, 127.66 (4C), 111.5, 100.5, 63.0, 39.6, 39.3, 36.8, 26.9 (3C), 19.3 ppm. HRMS (ESI): calcd. For C2sHz410Si [M+H]*:
541.1418, found: 541.1419.

1g

Procedure for Synthesis ofN-(5-(2-bromophenyl)-3-methylenepentyl)-4-methylbenzenesulfonamide (1h)

1) TsNHBoc (1.5 equiv)
PPhs (3.0 equiv)
DIAD (2.5 equiv), THF NHTs

OH
2) TFA (5.0 equiv), DCM Br
S-1 1h

To a stirred solution of tert-butyl tosylcarbamate (6.1 g, 22.5 mmol, 1.5 equiv), the homoallylic alcohol S-1 (3.81g, 15.0
mmol, 1 equiv), and triphenylphosphine (11.8 g, 45 mmol, 3 equiv) in THF (75 mL),DIAD (7.6 g, 37.5 mmol, 2.5 equiv)
was added at 0 <C. After stirring at room temperature overnight, the mixture was quenched with water and the aqueous
phase was extracted with ethyl acetate. The combined organic layerswere washed with brine, dried over anhydrous sodium
sulfate, filtered and concentrated. The residue wasdissolved in DCM and then trifluoroacetic acid (8.55 g, 75 mmol, 5 equiv)
was added in one portion at room temperature.After stirring at room temperature for 2 h,the mixture was concentrated in
vacuo. The residue was purified by column chromatography (hexane/ethyl acetate= 5:1) on silica gel to give the alkene 1h
as a yellow oil (4.9 g, 80 % yield). *H NMR (400 MHz, CDCls) 8= 7.78-7.72 (m, 2H), 7.50 (dd, J = 8.0, 1.3 Hz, 1H), 7.32-
7.28 (m, 2H), 7.24-7.19 (m, 1H), 7.17-7.11 (m, 1H), 7.09-7.01 (m, 1H), 4.88 (d, J = 1.5 Hz, 1H), 4.75 (d, J = 1.5 Hz, 1H),
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4.50 (m, 1H), 3.09 (g, J = 6.5 Hz, 2H), 2.81-2.68 (m, 2H), 2.40 (s, 3H), 2.23 (t, J = 6.7 Hz, 2H), 2.20-2.08 (m, 2H) ppm; C
NMR (101 MHz, CDCls) 6= 144.6, 143.5, 140.7, 136.8, 132.8, 130.2, 129.7 (2C), 127.8, 127.5, 127.1 (2C), 124.3, 112.8,
40.7, 35.7, 35.4, 34.7, 21.5 ppm. HRMS (ESI): calcd. For C19H23BrNO,S [M+H]*: 408.0627, found: 408.0629.

(2) Preparation of alkenes 1i-1s, 1ad and 1aj

+ -
Br MePPhsBr Br
Br .
Me R-MgBr (1.25 equiv)
N...Me —  — 5 R
° THF R
"0 n n-BuLi (1.1 equiv) n
n=0 or 1. 0] THF
S-2 S-3 1i-1s, 1ad, 1aj and 1ak

Step 1: A solution of alkyl bromides (15 mmol, 1 equiv) in dry tetrahydrofuran (30 mL) was added dropwise to a mixture of
magnesium turnings (0.72 g, 30 mmol, 1 equiv), dry tetrahydrofuran (10 mL) and a crystal of iodine under nitrogen, The
mixture was stirred at room temperature for about 2 h, which was then added dropwise at 0 <T into the solution of the
Weinreb-amide S-24 (7.5 mmol, 1 equiv) in dry tetrahydrofuran (15 mL). After stirring at room temperature for 10 h, the
mixture was quenched with water and the aqueous phase was extracted with ethyl acetate. The combined organic layers
were washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated to give the crude ketones S-3.

Step 2: To a dry tetrahydrofuran (15 mL) solution of methyltriphenylphosphonium bromide (3.35 g, 9.4 mmol, 1.25 equiv)?
was added n-butyllithium (2.5M in hexane, 3.4 mL, 8.3 mmol, 1.1 equiv) at 0°C. After the mixture was stirred at room
temperature for 30 min, a tetrahydrofuransolution of the crude ketonesS-3 (7.5 mmol, lequiv) was added dropwise at 0°C.
After stirring at room temperature for 14 h, the mixture was quenched with water, and the aqueous layer was extracted with
ethyl acetate. The combined organic phases were washed with brine, dried over MgSOQsa, filtered and concentrated in vacuo.
The residue was purified by column chromatography (hexane/ethyl acetate=50:1) on silica gel to give the alkenes 1i-s sand
lac.

an the case of lac ds-methyltriphenylphosphonium bromide was used instead.

Br 1-Bromo-2-(3-methylenenonyl)benzene (1i) was isolated as a colorless oil (1.78 g, 80 % vyield).
IH NMR (400 MHz, CDCl3) 8= 7.52 (d, J = 8.0 Hz, 1H), 7.23-7.17 (m, 2H), 7.08-6.99 (m, 1H),
n-Hex 477 (s, 2H), 2.90-2.77 (m, 2H), 2.32-2.23 (m, 2H), 2.08 (t, J = 7.7 Hz, 2H), 1.49-1.41 (m, 2H),
1.35-1.26 (m, 6H), 0.91-0.86 (m, 3H) ppm; *C NMR (101MHz, CDCl3) 6= 149.3, 141.6, 132.8,
130.3, 127.5, 127.4, 124.4, 109.3, 36.3, 36.2, 35.0, 31.8, 29.1, 27.8, 22.7, 14.2 ppm. HRMS (EI):
calcd. For CigH23Br [M]*: 294.0977, found: 294.0978.

1i

5-(5-(2-Bromophenyl)-3-methylenepentyl)-2,3-dihydrobenzofuran (1j) was isolated
as a white solid (2.01 g,75% vyield). *H NMR (400 MHz, CDClz) 6= 7.53 (dd, J =
7.8, 1.1 Hz, 1H), 7.24-7.17 (m, 2H), 7.10-7.02 (m, 2H), 6.93 (dd, J = 8.1, 1.8 Hz,
1H),6.70 (d, J = 8.1 Hz, 1H), 4.82 (s, 2H), 4.54 (t, J = 8.6 Hz, 2H), 3.18 (t, J = 8.6
Hz, 2H), 3.02-2.80 (m, 2H), 2.75-2.63 (m, 2H), 2.47-2.21 (m, 4H) ppm; 3C NMR
(101 MHz, CDCls) 6= 158.3, 148.6, 141.4, 134.2, 132.8, 130.4, 127.7, 127.6, 127.5, 126.9, 124.9, 124.4, 109.9, 108.9, 71.2,
38.7, 36.5, 35.1, 33.9, 29.9 ppm. HRMS (ESI): calcd. For CxoH22BrO [M+H]*: 357.0849, found: 357.0846.
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Br 1-Bromo-2-(3-cyclopentylbut-3-en-1-yl)benzene (1K) was isolated as a colorless oil (1.36 g, 65 %
yield). *H NMR (400 MHz, CDCls) 6= 7.52 (d, J= 7.8 Hz, 1H), 7.24-7.21 (m, 2H), 7.11-6.94 (m,
1H), 4.83 (m, 1H), 4.78 (m, 1H), 2.99-2.80 (m, 2H), 2.57-2.41 (m, 1H), 2.38-2.28 (m, 2H), 1.89-
1.80 (m, 2H), 1.74-1.63 (m, 2H), 1.63-1.52 (m, 2H), 1.47-1.33 (m, 2H) ppm; 3C NMR (101
MHz, CDCl3) 6= 152.5, 141.7, 132.8, 130.3, 127.5, 127.4, 124.4, 107.2, 46.3, 35.6, 35.4, 31.6
(2C), 25.0 (2C) ppm. HRMS (El): calcd. For C1sH19Br [M]*: 278.0665, found: 278.0664.

1k

Br 1-Bromo-2-(3-cyclohexylbut-3-en-1-yl)benzene (11) was isolated as a colorless oil (1.23 g, 56 %
yield). *H NMR (400 MHz, CDCls) &= 7.52 (d, J = 7.9 Hz, 1H), 7.22 (d, J = 4.4 Hz, 2H), 7.08-
7.00 (m, 1H), 4.79 (s, 1H), 4.77 (s, 1H), 2.89-2.80 (m, 2H), 2.33-2.27 (m, 2H), 1.95-1.86 (m, 1H),
1 1.83-1.74 (m, 4H), 1.72-1.63 (m, 1H), 1.30-1.13 (m, 5H) ppm; 3C NMR (101 MHz, CDCl3) 5=
154.6, 141.7, 132.8, 130.3, 127.5, 127.4, 124.4, 107.3, 44.4, 35.4, 35.0, 32.5 (2C), 26.7 (2C),
26.4 ppm. HRMS (EI): calcd. For CiH21Br [M]*: 292.0821, found: 292.0823.

1-Bromo-2-(3-phenylbut-3-en-1-yl)benzene (1m) was isolated as a colorless oil (1.51 g, 70 % yield).

!H NMR (400 MHz, CDCls) 8= 7.53 (dd, J = 7.9, 1.3 Hz, 1H), 7.50-7.44 (m, 2H), 7.39-7.33 (m,
Ph 2H), 7.32-7.26 (m, 1H), 7.25-7.18 (m, 1H), 7.19-7.14 (m, 1H), 7.08-7.00 (m, 1H), 5.32 (d, J= 1.3

Hz, 1H), 5.09 (d, J= 1.3 Hz, 1H), 2.92-2.84 (m, 2H), 2.84-2.75 (m, 2H) ppm; 3C NMR (101 MHz,

CDCls) &= 147.6, 141.2, 140.9, 132.8, 130.5, 128.4 (2C), 127.7, 127.5, 127.4, 126.2 (2C), 124.4,
112.9, 35.5, 35.4 ppm. HRMS (EI): calcd. For C1sH1sBr [M]*: 286.0351, found: 286.0351.

r

iy

1m

2-(4-(2-Bromophenyl)but-1-en-2-yl)naphthalene (1n)was isolated as a white solid (1.77 g,
ar ‘ 70 % yield). *H NMR (400 MHz, CDCls) 8= 7.91 (d, J = 1.7 Hz, 1H), 7.84-7.75 (m, 3H),
7.65-7.58 (m, 1H), 7.56-7.50 (m, 1H), 7.50-7.38 (m, 2H), 7.22-7.12 (m, 2H), 7.07-6.97 (m,
O O 1H), 5.47 (d, J = 1.2 Hz, 1H), 5.19 (d, J = 1.2 Hz, 1H), 2.96-2.86 (m, 4H) ppm; *C NMR
(101 MHz, CDCls) 6= 147.3, 141.2, 138.0, 133.5, 132.92, 132.88, 130.7, 128.3, 128.0, 127.8,
127.6, 127.5, 126.2, 125.9, 124.9, 124.7, 124.4, 113.5, 35.6 (2C) ppm. HRMS (EI): calcd. For

CaoH17Br [M]*: 336.0508, found: 336.0504.

1n

1-Bromo-2-(3-(2-methoxyphenyl)but-3-en-1-yl)benzene (10) was isolated as a colorless oil (2.02
g, 85 % vyield). 1H NMR (400 MHz, CDCls) &= 7.49 (dd, J = 7.9, 1.2 Hz, 1H), 7.29-7.22 (m,
1H), 7.21-7.13 (m, 3H), 7.05-6.99 (m, 1H), 6.97-6.90 (m, 1H), 6.87 (dd, J = 8.3, 1.0 Hz, 1H),

OMe 5.8 (d, J = 1.6 Hz, 1H), 5.07 (d, J = 1.9 Hz, 1H), 3.82 (s, 3H), 2.79 (s, 4H) ppm; *C NMR
10 (101 MHz, CDCls) &= 156.6, 148.3, 141.5, 132.7, 131.7, 130.4, 130.3, 128.6, 127.5, 127.3,
124.5, 120.6, 114.7, 110.6, 55.4, 36.3, 35.3 ppm. HRMS (ESI): calcd. For Ci7H1sBrO [M+H]*:

A

317.0536, found: 317.0535.

t-By 1-Bromo-2-(3-(4-(tert-butyl)phenyl)but-3-en-1-yl)benzene (1p) was isolated as a
colorless oil (1.6 g, 80 % yield). *H NMR (400 MHz, CDCl3) 8= 7.53 (dd, J = 7.9, 1.2
Hz, 1H), 7.46-7.39 (m, 2H), 7.40-7.33 (m, 2H), 7.24-7.14 (m, 2H), 7.09-7.00 (m, 1H),
5.33 (d, J = 1.3 Hz, 1H), 5.05 (d, J = 1.5 Hz, 1H), 3.00-2.85 (M, 2H), 2.84-2.72 (m, 2H),
1.33 (s, 9H) ppm; *C NMR (101 MHz, CDCl3) 6= 150.5, 147.2, 141.3, 137.8, 132.8,
130.6, 127.7, 127.4, 125.8 (2C), 125.3 (2C), 124.4, 112.2, 35.6, 35.4, 34.6, 31.4 (3C) ppm. HRMS (EI): calcd. For CaoH23Br
[M]*: 342.0977, found: 342.0976.
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1-Bromo-2-(3-(4-methoxyphenyl)but-3-en-1-yl)benzene (1q) was isolated as a white
solid (2.02 g, 85 % yield). *H NMR (400 MHz, CDCls) 6=7.52 (d, J = 1.2 Hz, 1H), 7.46-
7.36 (m, 2H), 7.17 (d, J = 1.9 Hz, 2H), 7.08-7.01 (m, 1H), 6.93-6.83 (m, 2H), 5.25 (d, J
= 1.3 Hz, 1H), 5.00 (d, J = 1.6 Hz, 1H), 3.83 (s, 3H), 2.92-2.85 (m, 2H), 2.82-2.71 (m,
2H) ppm;3C NMR (101 MHz, CDCls) 8= 153.8, 141.5, 135.9, 127.9, 127.5, 125.3,
122.4, 122.1, 122.0 (2C), 119.1, 108.4 (2C), 106.0, 50.0, 30.3, 30.2 ppm. HRMS (ESI): calcd. For Ci7H1sBrO [M+H]*:
317.0536, found: 317.0539.
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1-Bromo-2-(3-(3-fluorophenyl)but-3-en-1-yl)benzene (1r) was isolated as a colorless oil
(1.83 g, 80 % yield). *H NMR (400 MHz, CDCls) 6= 7.52 (dd, J = 7.9, 1.3 Hz, 1H), 7.32-
7.26 (m, 1H), 7.25-7.18 (m, 2H), 7.18-7.12 (m, 2H), 7.08-7.02 (m, 1H), 7.01-6.94 (m, 1H),
5.34 (d, J = 1.1 Hz, 1H), 5.12 (d, J = 1.3 Hz, 1H), 2.91-2.84 (m, 2H), 2.81-2.72 (m, 2H)
ppm; 3C NMR (101 MHz, CDCls) 8= 163.0 (d, J = 245.0 Hz), 146.5 (d, J = 2.2 Hz), 143.2
(d, J=7.4Hz), 140.9, 132.9, 130.6, 129.8 (d, J = 8.4 Hz), 127.8 , 127.5, 124.4, 121.8 (d, J = 2.8 Hz), 114.3 (d, J = 21.2 HZ),
114.0, 113.2 (d, J = 21.7 Hz), 35.4 (2C) ppm; 1 F NMR (376 MHz, CDCl3) 6= —-113.51 - —113.52 (m, 1F) ppm. HRMS (EI):
calcd. For CigH14BrF [M]*: 304.0257, found: 304.0262.

_\§9
=
M

g 1-Bromo-2-(3-(4-fluorophenyl)but-3-en-1-yl)benzene (1s) was isolated as a colorless oil
(1.83 g, 80 % yield). *H NMR (400 MHz, CDCls) 6= 7.52 (dd, J = 8.0, 1.3 Hz, 1H), 7.45-
7.39 (m, 2H), 7.24-7.18 (m, 1H), 7.14 (dd, J = 7.6, 1.9 Hz, 1H), 7.07-6.98 (m, 3H), 5.26 (d,
J =1.1Hz, 1H), 5.07 (d, J = 1.3 Hz, 1H), 2.89-2.83 (m, 2H), 2.80-2.73 (m, 2H) ppm;*3C
NMR (101 MHz, CDCls) &= 162.4(d, J = 246.3 Hz), 146.6, 141.0 , 136.9 (d, J = 3.4 Hz),

132.9, 130.5, 127.8 , 127.7 (d, J = 7.6 Hz,2C), 127.4, 124.4, 115.2 (d, J = 21.3 Hz, 2C), 112.9 (d, J = 1.4 Hz), 35.6, 35.4

ppm.2F NMR (376 MHz, CDCls) 8= —115.04 - —115.22 (m, 1F) ppm. HRMS (EI): calcd. For C1sH14BrF [M]*: 304.0257,

found: 304.0258.

- % o8}
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Br 1-  Bromo-2-(9-chloro-3-(methylene-d2)nonyl)benzene (lad) was isolated as a colorless oil

(1.98 g, 80 % vyield, 93% D%); *H NMR (400 MHz, CDCl3) 6= 7.55-7.50 (m, 1H), 7.24-7.20

@/I”'Hex (m, 2H), 7.08-7.01 (m, 1H), 2.89-2.79 (m, 2H), 2.35-2.23 (m, 2H), 2.13-2.01 (m, 2H), 1.51-
1ad | | 5 1.41 (m, 2H), 1.36-1.22 (m, 6H), 0.94-0.84 (m, 3H). ppm; *C NMR (101 MHz, CDCl3) &=

149.1, 141.6, 132.8, 130.3, 127.5, 127.4, 124.4, 108.7 (quintet, J= 23.2 Hz), 36.2, 36.1, 35.0,
31.8, 29.1, 27.8, 22.7, 14.1 ppm. HRMS (EI): calcd. For CyH21D2Br [M]*: 296.1102, found: 296.1101.

Br 2-(4-(2-Bromophenyl)but-1-en-2-yl)thiophene (laj) was isolated as a yellow oil (2.0 g, 92%
ST\  vield). 'H NMR (400 MHz, CDCls) §=7.54 (d, J = 8.0 Hz, 1H), 7.26-16 (m, 3H), 7.13 (d, J = 3.6
X/ Hz, 1H), 7.10-03 (m, 1H), 7.02-97 (m, 1H), 5.42 (s, 1H), 4.97 (s, 1H), 3.05-92 (m, 2H), 2.82-59
1aj (m, 2H) ppm; BC NMR (101 MHz, CDCl3) =145.0, 140.9, 140.8, 132.8, 130.6, 127.8, 127.5,
127.4, 124.4, 124.3, 1235, 111.5, 35.74, 35.66 ppm. HRMS (ESI): calcd. For Ci4H14BrS*
[M+H]*: 292.9994, found: 292.9989.

Br 1-Bromo-2-(2-methyleneheptyl)benzene (1ak) was isolated as a yellow oil (1.44 g, 70% yield).*H
NMR (400 MHz, CDCls) 6= 7.54 (dd, J = 7.9, 1.1 Hz, 1H), 7.27-7.20 (m, 2H), 7.11-7.03 (m, 1H),

e
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4.85 (s, 1H), 4.53 (s, 1H), 3.45 (s, 2H), 2.04 (t, J = 7.7 Hz, 2H), 1.57-1.41 (m, 2H), 1.36-1.21 (m, 4H), 0.89 (t, J = 6.9 Hz,
3H) ppm; $3C NMR (101 MHz, CDCl3) &= 147.7, 139.3, 132.8, 131.1 127.8, 127.3, 125.2, 111.3, 42.4, 36.2 31.6, 27.5, 22.6,
14.1 ppm. HRMS (EI): calcd. For C14H19Br [M]*: 266.0664, found: 266.0665.

(3) Preparation of alkene laf

+ -
Br EtPPh;Br
(1.25 equiv) Br
: R %
n-BuLi (1.1 equiv) Me
s4 O THF 1af

To a dry tetrahydrofuran (15 mL) solution of ethyltriphenylphosphonium bromide (3.48 g, 9.4 mmol, 1.25 equiv) was added
n-butyllithium (2.5M in hexane, 3.4 mL, 8.3 mmol, 1.1 equiv) at 0°C. After the mixture was stirred at room temperature for
30 min, a tetrahydrofuransolution of 3-(2-bromophenyl)propanal S-4° (1.58 g, 7.5 mmol, 1 equiv) was added dropwise at
0°C. After stirring at room temperature for 14 h, the mixture was quenched with water, and the aqueous layer was extracted
with ethyl acetate. The combined organic phases were washed with brine, dried over MgSOs, filtered and concentrated in
vacuo. The residue was purified by column chromatography (hexane/ethyl acetate=50:1) on silica gel to give 1-bromo-2-
(pent-3-en-1-yl)benzene (1af) as a colorless oil (1.43 g, 85 % vyield). *H NMR (400 MHz, CDClz) 6= 7.54-7.50 (m, 1H),
7.24-7.18 (m, 2H), 7.08-7.01 (m, 1H), 5.54 -5.35 (m, 2H), 2.83-2.71 (m, 2H), 2.40-2.33 (m, 1.56H) [2.32-2.23 (m, 0.57H)],
1.68-1.64 (m,0.83H) [1.59-1.53 (m,2.5H)] ppm; Inside the brackets are the chemical shifts of the minor isomer; *C NMR
(101 MHz, CDCls) 6 (mixture of two isomers)= 141.4, 141.3, 132.74, 132.73, 130.5, 130.4, 130.2, 129.1, 127.53, 127.47,
127.3,125.7, 125.0, 124.5, 36.3, 36.1, 32.8, 27.2, 17.9, 12.7 ppm. HRMS (EI): calcd. For C11H13Br [M]*: 224.0196, found:
224.0195.

(4) Preparation of alkene 1t-1w

Pd(OAc), (10 mol%)

R i-Pr,NEt (1.6 equiv), R MePPhsBr
OH X Br LiCl (3 equiv) (1.25 equiv)
W * C[
Ph _
| DMF, 80°C n-BuLi (1.1 equiv)
S-5 S-6 THF

1t-1w

Step 16: In a round bottle were placed Pd(OAc), (157 mg, 0.7 mmol, 10 mol/%), LiCl (0.9 g, 21 mmol, 3 equiv) and dried
DMF (20 mL). The solution was stirred to afford a yellow suspension, before the successive addition of
diisopropylethylamine (1.9 mL, 11.2 mmol, 1.6 equiv), the allylic alcohol S-5 (1.13g, 7 mmol, 1 equiv) and 2-bromo-
iodobenzenes S-6 (7.0 mmol, 1 equiv). The reaction mixture was heatedat 80 T for 18 h, before it was poured into H-O.
The aqueous phase was extracted with EAOtc andthe combined organic extracts were washed successively with agq. HCI
(1M), H20 and brine, dried over MgSOsa, filtered and evaporated. The residue was passed through a pad of silica gel to give
the crude products S-7.

Step 2: To the THF (20 mL) solution of methyltriphenylphosphonium bromide (3.13 g, 8.75 mmol, 1.25 equiv) was added
n-butyllithium (2.5M in hexanes, 3 mL, 1.1 equiv) at 0 °C. After the mixture was stirred for 30 min, a THF (10 mL) solution
of the crude ketones S-7 was added at this temperature. After warming up toroom temperature and stirring for 14 h, the
mixture was quenched with water. The aqueous layer was extracted with ethyl acetate and the combined organic layers were
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washed with brine, dried over MgSO,, filtered, and concentrated in vacuo. The residue was purified by column
chromatography (hexane/ethyl acetate=50:1) on silica gel to give the alkenes1t-1w.

1-Bromo-2-(3-methylene-5-phenylpentyl)-4-(trifluoromethyl)benzene (1t) was isolated

Br
as a colorless oil (1.88 g, 70% vyield); *H NMR (400 MHz, CDCl3) &= 7.64 (d, J = 8.3
FAC Ph Wz, 1H), 7.46-7.42 (m, 1H), 7.34-7.25 (m, 3H), 7.23-7.16 (m, 3H), 4.85 (s, 1H), 4.83 (s,
1t 1H), 2.96-2.88 (m, 2H), 2.83-2.74 (m, 2H), 2.44-2.30 (m, 4H) ppm; 3C NMR (101

MHz, CDCls) 6= 147.8, 142.4, 142.1, 133.4, 130.0 (q, J = 32.7 Hz), 128.5 (2C), 128.4
(2C), 128.3 (d, J = 1.7 Hz), 127.0 (d, J = 3.7 Hz), 126.0, 124.4 (q, J = 3.8 Hz), 124.0 (g, J = 273.2 Hz), 110.5, 38.0, 36.2,
35.0,34.5 ppm; F NMR (376 MHz, CDCl3) 6= —62.58 (s, 3F) ppm. HRMS (EI): calcd. For CigH1gBrFs [M]™:
382.0539, found: 382.0537.

1-Bromo-4-fluoro-2-(3-methylene-5-phenylpentyl)benzene (1u) was isolated as a colorless

Br
oil (1.64 g, 70 % vield). 'H NMR (400 MHz, CDCls) 8= 7.51-7.41 (m, 1H), 7.32-7.25 (m,
E Ph 2H), 7.25-7.16 (m, 3H), 6.92 (dd, J = 9.4, 3.0 Hz, 1H), 6.84-6.67 (m, 1H), 4.88-4.76 (m,
1u 2H), 2.91-2.68 (m, 4H), 2.41-2.26 (m, 4H) ppm; 3C NMR (101 MHz, CDCls) 5= 162.0

(d, J = 246.3 Hz), 148.0, 143.5 (d, J = 7.3 Hz), 142.1, 133.9 (d, J = 8.1 Hz), 128.4 (4C),
125.9, 118.5 (d, J = 3.0 Hz), 117.1 (d, J = 22.4 Hz), 114.8 (d, J = 22.4 Hz), 110.4, 38.1, 36.1, 35.1, 34.5 ppm; °F NMR (376
MHz, CDCl3) 6= —115.13--115.23 (m,1F) ppm. HRMS (EI): calcd. For C1gH1sBrF [M]*: 332.0570, found: 332.0572.

2-Bromo-4-fluoro-1-(3-methylene-5-phenylpentyl)benzene(1v) was isolated as a colorless

F Br
0il (1.63 g, 70 % yield). 'H NMR (400 MHz, CDCls) 5= 7.32-7.25 (m, 3H), 7.22-7.11 (m,
Ph  4H), 6.98-6.90 (m, 1H), 4.83 (d, J = 1.5 Hz, 1H), 4.81 (d, J = 1.6 Hz, 1H), 2.88-2.70 (m,
1v 4H), 2.41-2.28 (m, 4H) ppm; 3C NMR (101 MHz, CDCls) 5= 160.8 (d, J = 248.3 Hz),

148.1, 142.1, 137.2 (d, J = 3.6 Hz), 130.9 (d, J = 8.2 Hz), 128.41 (2C), 128.40 (2C), 125.9,
124.1 (d, J=9.3 Hz), 119.9 (d, J = 24.1 Hz), 114.5 (d, J = 20.6 Hz), 110.2, 38.1, 36.5, 34.5, 34.2 ppm; *°F NMR (376 MHz,
CDCl3) 6= —-115.20 - —115.29 (m,1F) ppm. HRMS (EI): calcd. For C1gH1sBrF [M]*: 332.0570, found: 332.0570.

1-Bromo-4-methoxy-2-(3-methylene-5-phenylpentyl)benzene (1w) was isolated as a

Br
yellow oil (0.89 g, 70 % yield); 'H NMR (400 MHz, CDCls) 5= 7.41 (d, J = 8.7 Hz,
MeO Ph  1H), 7.31-7.25 (m, 2H), 7.23-7.17 (m, 3H), 6.77 (d, J = 3.1 Hz, 1H), 6.63 (dd, J = 8.8,
1w 3.1 Hz, 1H), 4.84-4.83 (m, 2H), 3.77 (s, 3H), 2.86-2.70 (M, 4H), 2.50-2.15 (m, 4H)

ppm; 13C NMR (101 MHz, CDCls3) &= 159.0, 148.4, 142.4, 142.2, 133.3, 128.39 (2C),
128.35 (2C), 125.8, 116.0, 114.9, 113.2, 110.0, 55.5, 38.1, 36.4, 35.3, 34.5 ppm. HRMS (ESI): calcd. For C19H22BrO
[M+H]*: 345.0849, found: 345.0848.
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(5) Preparation of alkenes 1x-z, 1ah and lai

R’ : !
K,CO3 (2 equiv)
Br R® TBAI (1.1 mol%) Br
+ /L\/Br >
OH DMF o
R? S-8, R= n-Heptyl R? R?

S-9, R=Bn 1 o2 3
1x, R'=R“= H, R’= n-Heptyl;

1y, R'=R?*=H, R%=Bn;
1z, R'=H, R?=F, R3=Bn;
1ah, R'=F, R?= H, R3= Bn.

O Br Bn K,COj (2 equiv) O Br
O ¢ LB TBAI(mOI%) O

S-9
DMF Bn

1ai

To a suspension of K,CO3 (1.38 g, 10 mmol, 2 equiv) in DMF (20 mL) was added the solution of the 2-bromophenol (5
mmol, 1 equiv), 2-(bromomethyl)non-1-ene S-87 or (2-(bromomethyl)allyl)benzene S-98 (5.5 mmol, 1.1 equiv) and TBAI
(10 mg, 0.055 mmol, 1.1 mol/%) in DMF (1mL) at 0 °C. The mixture was warmed to room temperature and stirred
overnight, before it was quenched with water. The aqueous layer was extracted three times by EtOAc and the combined
organic phases were washed with brine, dried over MgSQOs, filtered and concentrated in vacuo. The residue was purified by
column chromatography (hexane/ethyl acetate=50:1) on silica gel to give the products 1x-z, 1ah or lai.

Br 1-Bromo-2-((2-methylenenonyl)oxy)benzene (1x) was isolated as a colorless oil (1.34 g, 86 %
E:[ yield). *H NMR (400 MHz, CDCls) 6= 7.57-7.49 (m, 1H), 7.27-7.16 (m, 1H), 6.92-6.86 (m, 1H),
OWMG 6.86-6.75 (m, 1H), 5.19 (d, J = 1.8 Hz, 1H), 5.01 (d, J = 1.5 Hz, 1H), 4.52 (s, 2H), 2.16 (t, J =
1x 7.8 Hz, 2H), 1.58-1.46 (m, 2H), 1.38-1.17 (m, 8H), 0.88 (t, J = 7.2 Hz,3H) ppm; *C NMR (101
MHz, CDCl3) 6= 155.1, 144.4, 133.3, 128.3, 121.8, 113.4, 112.3, 111.9, 71.6, 33.1, 31.8, 29.4,

29.2,27.6, 22.7, 14.1 ppm. HRMS (ES]I): calcd. For C16H24BrO [M+H]*: 311.1005, found: 311.1009.

Br 1-((2-Benzylallyl)oxy)-2-bromobenzene (1y) was isolated as a colorless oil (1.44 g, 95 % yield).
@ 'H NMR (400 MHz, CDCls) 6= 7.53 (dd, J = 7.9, 1.6 Hz, 1H), 7.34-7.12 (m, 6H), 6.86-6.72 (m,
O/\[ﬁph 2H), 5.28 (d, J = 1.7 Hz, 1H), 5.07 (d, J = 1.3 Hz, 1H), 4.44 (d, J = 1.4 Hz, 2H), 3.52 (s, 2H) ppm;
13C NMR (101 MHz, CDCls) 6= 154.9, 143.6, 138.7, 133.4, 129.1 (2C), 128.5 (2C), 128.3, 126.4,
121.9, 114.2, 113.4, 112.3, 70.7, 40.0 ppm. HRMS (ESI): calcd. For CisH1sBrO [M+H]*:

303.0379, found: 303.0374.

1y

Br 2-((2-Benzylallyl)oxy)-1-bromo-3-fluorobenzene (1z) was isolated as a colorless oil (1.20 g, 75 %

yield). 'H NMR (400 MHz, CDCls3) &= 7.33-7.27 (m, 3H), 7.27-7.18 (m, 3H), 7.06-6.97 (m, 1H),

(;[O/\[ﬁph 6.93-6.83 (m, 1H), 5.30-5.18 (m, 1H), 5.05-4.91 (m, 1H), 4.51 (s, 2H), 3.60 (s, 2H) ppm; *C
F 12 NMR (101 MHz, CDCls) 6= 155.9 (d, J = 250.2 Hz), 144.2, 144.1, 138.9, 129.2 (2C), 128.5 (d, J
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= 3.3 Hz), 128.4 (2C), 126.3, 124.4 (d, J = 8.2 Hz), 117.7 (d, J = 3.1 Hz), 116.2 (d, J = 19.9 Hz), 115.8, 75.9 (d, J = 5.5 Hz),
39.8 ppm; °F NMR (376 MHz, CDCls) 6= —125.62 - -125.72 (m, 1F) ppm. HRMS (ESI): calcd. For C16H15BrFO [M+H]*:
321.0285, found: 321.0288.

F 1-((2-Benzylallyl)oxy)-2-bromo-3-fluorobenzene (1ah) was isolated as a colorless oil (1.28 g, 80 %
Br yield). *H NMR (400 MHz, CDCls) &= 7.32-7.26 (m, 2H), 7.26-7.20 (m, 3H), 7.18-7.09 (m, 1H),
6.77-6.70 (m, 1H), 6.57- 6.54 (m, 1H), 5.33-5.23 (m, 1H), 5.19-5.04 (m, 1H), 4.45 (s, 2H), 3.52
O/\[(\Ph (s, 2H) ppm; 3C NMR (101 MHz, CDCls) &= 160.2 (d, J = 245.9 Hz), 156.5 (d, J = 4.0 Hz),
143.3, 138.5, 129.0(2C), 128.5(2C), 128.3 (d, J = 9.8 Hz), 126.4, 114.4, 108.8 (d, J = 22.7 Hz),
108.5 (d, J=3.0 Hz), 99.7, 71.1, 39.9 ppm; °F NMR (376 MHz, CDCls) 6= — 105.24 - -105.34
(m, 1F) ppm. HRMS (ESI): calcd. For C16H1sBrFO [M+H]*: 321.0285, found: 321.0280.

2-((2-Benzylallyl)oxy)-1-bromonaphthalene (lai) was isolated as white solid (1.11g, 63 %
O Br yield). 'H NMR (400 MHz, CDCls) &= 8.23 (dd, J = 8.6, 1.1 Hz, 1H), 7.78-7.65 (m, 2H),
O 7.59-7.50 (m, 1H), 7.41-7.35 (m, 1H), 7.33-7.16 (m, 5H), 7.10 (d, J = 9.0 Hz, 1H), 5.32 (d, J

O/\HAPh = 1.7 Hz, 1H), 5.09 (q, J = 1.2 Hz, 1H), 4.59 (s, 2H), 3.57 (s, 2H) ppm; 3C NMR (101 MHz,
CDCls) &= 152.8, 143.8, 138.7, 133.2, 129.9, 129.1 (2C), 128.7, 128.5 (2C), 128.0, 127.7,
126.4, 126.2, 124.4, 115.0, 1145, 109.4, 715, 40.0 ppm. HRMS (ESI): calcd. For

CaoH1sBrO [M+H]*: 353.0536, found: 353.0535.

1ai

(6) Preparation of alkene lag

CL,
OH

(1 equiv)

PB K2CO3 (2 eqUiV) Br
SO WS ok i Aot
Me DCM © Me
Me DMF 1ag |
Me

Step 1: (E)-2-butyloct-2-en-1-ol S-10° (0.92 g, 5 mmol, 1 equiv) was dissolved in DCM (10 mL), and the solution was
cooled to 0 °C. PBr3(1.49 g, 5.5 mmol, 1.1 equiv) was then dropwise added into it. After stirring at room temperature for 30
min, the mixture was quenched with water. The aqueous layer was extracted with ethyl acetate, and the combined organic
phases were washed with brine, dried over MgSQO,, filtered and concentrated in vacuo to give the crude (E)-5-
(bromomethyl)undec-5-ene S-11.

Step 2: To a suspension of K,COs3 (1.38 g, 10 mmol, 2 equiv) in DMF (20 mL) was added the solution of 2-bromophenol
(0.86 g, 5 mmol, 1 equiv), the crude allylic bromide S-11 (5 mmol, 1 equiv) and TBAI (10 mg, 0.055 mmol, 1.1 mol/%) in
DMF (1mL) at 0 °C. The mixture was warmed to room temperature and stirred overnight, before it was quenched with water.
The aqueous layer was extracted three times by EtOAc and the combined organic phases were washed with brine, dried
over MgSO., filtered and concentrated in vacuo. The residue was purified by column chromatography (hexane/ethyl
acetate=50:1) on silica gel to give (E)-1-Bromo-2-((2-butyloct-2-en-1-yl)oxy)benzene (1ag) as a colorless oil (1.22 g, 72 %
yield). 'H NMR (400 MHz, CDCls) 6= 7.31-7.24 (m, 1H), 6.97-6.88 (m, 3H), 5.53 (t, J = 7.2 Hz, 1H), 4.41 (q, J = 1.0 Hz,
2H), 2.16 (t, J = 8.0 Hz, 2H), 2.07 (g, J = 7.3 Hz, 2H), 1.46-1.25 (m, 10H), 0.95-0.84 (m, 6H) ppm; 3C NMR (101 MHz,
CDCl3) 6= 159.1, 135.1, 129.8, 129.3(2C), 120.5, 114.9(2C), 72.3, 31.6, 30.6, 29.3, 27.9, 27.6, 22.9, 22.6, 14.1, 14.0 ppm.
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HRMS (ESI): calcd. For C1gH2sBrO [M+H]*: 339.1318, found: 339.1316.

(7) Preparation of alkene laa

S-9 (1.1 euqiv)
piperidine 0 K,CO3 (2 equiv)

HOD/COOH (25equiv)  HO ,\O TBAI (1.1 mol%) G Br
oxaly chloride - Nm/@ Bn
Br Br S12 DMF I Oﬁ(

(1.5 equiv)

DCM+DMF
1aa

Step 1: The solution of 4-bromo-3-hydroxybenzoic acid (1.09 g, 5 mmol, 1 equiv) in a mixture of DCM (11 mL) and
DMF(7mL) was cooled at 0 °C, to which oxaly chloride(0.95 g, 7.5 mmol, 1.5 equiv) was added dropwise. The resultant
mixture was warmed to room temperature and stirred at this temperature for 1.5 h, before it was diluted with water. The
ageous layer was extracted three times by EtOAc and the combined organic layers were washed successively with 1 M HCI
and brine, dried over MgSQOsg, filtered and concentrated in vacuo, to give the crude product S-12, which was used in the next
step without purification.

Step 2: To a suspension of KoCO3z (1.4 g,10 mmol, 2 equiv) in DMF (20 mL) was added the solution of crude S-12, the
bromide S-9 (1.2 g, 5.5 mmol, 1.1 equiv) and TBAI (10 mg, 0.06 mmol, 1.1 mol/%) in DMF (1 mL) at 0 °C. The mixture
was warmed to room temperature and stirred overnight, before it was quenched with water. The aqueous layer was extracted
three times by EtOAc and the combined organic phases were concentrated in vacuo. The residue was purified by column
chromatography (hexane/ethyl acetate=5:1) on silica gel to give the product laa as a yellow oil (1.97 g, 95 %yield).'H
NMR (400 MHz, CDClz) 6= 7.55 (d, J = 8.5 Hz, 1H), 7.30-7.18 (m, 5H), 6.87-6.77 (m, 2H), 5.29 (d, J = 1.7 Hz, 1H), 5.08
(d, J=1.2 Hz, 1H), 4.46 (s, 2H), 3.78-3.57 (m, 2H), 3.51 (s, 2H), 3.27 (s, 2H), 1.72-1.56 (m, 4H), 1.52-1.36 (m, 2H) ppm;
13C NMR (101 MHz, CDCls) 6= 169.1, 154.9, 143.2, 138.5, 136.8, 133.3, 129.0 (2C), 128.5 (2C), 126.4, 120.0, 114.4,
113.4, 111.9, 70.8, 48.7, 43.2, 39.9, 26.6, 25.6, 24.6 ppm. HRMS (ESI): calcd. For C2H24BrNNaO, [M+Na]*: 436.0883,
found: 436.0885.

(8) Preparation of alkenes 1ab and lac

EtsN (1.1 equiv)

Br
Br TsCl (1.0 equiv) $-9 (1.25 equiv) TS
NH, NHTs
DCM

NaH (1.5 equiv)

0; DMF 1ab, n=0;
1.

1ac, n=1.

S-13,
S-14,n

Step 1: To a solution of the amines (8.0 mmol, 1 equiv) in DCM (20 mL) at room temperature, TsCl (2.3 g, 12.0 mmol, 1.5

equiv) and a solution of triethylamine (1.7 mL, 12 mmol, 1.5 equiv) in 10 mL DCM were added dropwise under vigorous

stirring. The mixture was stirred at room temperature overnight and then washed three times with DCM. The organic layer

was dried over Na SO, filtered and concentrated to afford the crude sulfonamide S-13 or S-14, which were used in the next

step without further purification.

Step 2: To the suspension of NaH (0.48 g, 60 %, 12 mmol, 1.5 equiv) in DMF (20 mL) was added the solution of the crude
S14



sulfonamide S-13 or S-14 in DMF (10 mL), followed by the bromide S-9 (2.11 g, 10 mmol, 1.25 equiv) at the ambient
temperature. After stirring at room temperature for 14 h, the mixture was quenched with water. The aqueous layer was
extracted with ethyl acetate and the combined organic phases were washed with brine, dried over MgSOQ., filtered, and
concentrated in vacuo. The residue was purified by column chromatography (hexane/ethyl acetate= 5:1) on silica gel to give
the alkenes 1ab or lac.

Br N-(2-Benzylallyl)-N-(2-bromophenyl)-4-methylbenzenesulfonamide (lab) was isolated as a
©i yellow solid (1.96 g, 86 % yield).*H NMR (400 MHz, CDCls) &= 7.62-7.56 (m, 3H), 7.27-7.23
N/\[ﬁph (m, 5H), 7.21-7.16 (m, 2H), 7.15-7.12 (m, 2H), 7.11-7.08 (m, 1H), 4.76 (s, 1H), 4.71 (d, J = 1.5

T Hz, 1H), 4.25-4.14 (m, 1H), 4.06-3.91 (m, 1H), 3.47 (s, 2H), 2.43 (s, 3H) ppm; 13C NMR (101
1ab MHz, CDCls) &= 143.7, 143.1, 138.8, 137.8, 136.1, 134.1, 131.9, 129.6, 129.5 (2C), 129.3 (2C),
128.3 (2C), 128.1 (2C), 127.8, 126.2, 125.7, 117.3, 55.2, 40.2, 21.6 ppm. HRMS (ESI): calcd.

For C23H23BrNO,S [M+H]*: 456.0627, found: 456.0628.

Br N-(2-Benzylallyl)-N-(2-bromobenzyl)-4-methylbenzenesulfonamide (lac) was isolated as a
@/TSJJ\/ yellow oil (2.0 g, 86 % yield); *H NMR (400 MHz, CDCl3) 6=7.71 (d, J = 8.3 Hz, 2H), 7.57-
N Ph 754 (m, 1H), 7.50-7.43 (m, 1H), 7.34-7.27 (m, 3H), 7.25-7.20 (m, 2H), 7.20-7.16 (m, 1H),

1ac 7.15-7.09 (m, 1H), 7.00-6.92 (m, 2H), 4.84 (d, J = 1.2 Hz, 1H), 4.63 (d, J = 1.5 Hz, 1H), 4.45

(s, 2H), 3.73 (s, 2H), 3.16 (s, 2H), 2.4 (s, 3H) ppm; C NMR (101 MHz, CDCl3) 5= 143.5,

142.9, 138.5, 136.4, 135.7, 132.6, 130.1, 129.8 (2C), 129.1 (2C), 128.9, 128.3 (2C), 127.6, 127.4, 126.2(2C), 123.1, 115.8,
53.8,51.7, 39.9, 21.6 ppm. HRMS (ESI): calcd. For C24H25BrNO,S [M+H]*: 470.0784, found: 470.0782.

Optimization of the Reaction Conditions

Ni-salt (15 mol%)
Br ligand (15 mol%)

H-50 (1.5 equiv)
OBz Bz
Zn (3 equiv)
1a

solvent, 55 °C, 10 h

under N,
oL Q. o e,
PPh, PhyR NH HN PPh, 0 ; \N \\O> </ \2
O‘ §/N N 3 t-Bu
Ph Ph

L3 L4

o] o
[ e l EO R R=i-Pr L6
SN N v /

\
Bn' Bn o R= t-Bu L7
R N N
L5

entry metal ligand solvent  Recovered 1a (%)  2a-1 (%)° yield 2a (%)°  ee (%)°
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1 NiBr; L1 DMA 63 34 trace n.d.d
2 NiBr; L2 DMA 77 21 trace n.d.d
3 NiBr L3 DMA 98 0 trace n.d.d
4 NiBr; L4 DMA 98 0 trace n.d.d
5 NiBr L5 DMA 80 0 20 92

6 NiBr2 L6 DMA 90 0 10 60

7 NiBr2 L7 DMA 75 0 25 94

8 Ni(acac): L7 DMA 100 0 0 -

9 Ni(dme)Br, L7 DMA 70 0 30 90
10 Ni(BFs)z6H,0 L7 DMA 49 0 51 94
11 Ni(BF4)2e6H20 L7 DMF 46 0 54 92
12 Ni(BF4)2°6H.0 L7 THF 98 0 trace n.d.d
13 Ni(BF4)2+6H20 L7 MeOH 50 0 50 94
14 Ni(BFs)6H.0 L7 iPrOH 2 0 98 94
158 Ni(BF4)2e6H20 L7 iPrOH 29 0 71 88
161 Ni(BF)#6H,0 L7 iPrOoH 2 0 98 94
179 Ni(BFs)6H,0 L7 iPrOH 10 0 90 94
18fh Ni(BF4)2+6H20 L7 iPrOH 18 0 82 94

@ Unless otherwise specified, reactions were performed on a 0.2 mmol scale of the aryl bromide la using 1.5 equiv H20, 15 mol% Ni-salt, 15
mol% ligand and 3 equiv Zn at 55 °C in 0.5 mL solvent for 10 h under N2 atmosphere (Set-up in glove-box). ® Yields of the isolated product
after flash chromatography. ¢ Determined by HPLC-analysis on chiral stationary phase. ¢ Not Determined. ¢ Mn was used as reductant instead of
Zn. fReaction was performed without H20. f Reaction was performed with 10 mol% catalyst loading. ¢ Reaction was performed with 5 mol%

catalyst loading.

General Procedure for the Ni-Catalyzed Asymmetric Intramolecular
Reductive Heck Reaction of Unactivated Alkenes

)
R Br R2 Ni(BF4)s 6H20 (15 mol%) R'  RZ CHR% o _
x\)\(m L7 (15 mol%) [N/ )
n N Zn (3 equiv) X t-Bu’ N
, R i-PrOH, 55 °C, 10 h , n L7

n=0 or 1; R®= H or D; X= CH,, O, NTs.

A sealed test tube charged with ligand L7 (6.0 mg, 0.03 mmol, 15 mol%) and a stir bar was evacuated and filled with
nitrogen (three cycles), and then NiBF4.6H-0 (10.2 mg, 0.03 mmol, 15 mol%) and Zn-powder(39 mg, 0.6 mmol, 3.0 equiv)
were added in the glovebox. Subsequently, i-PrOH (0.5 mL) was added to the mixture under nitrogen atmosphere. Then the
reaction mixture was heated to 55 <C, before alkenes 1 (0.2 mmol, 1.0 equiv) were added and the resulting mixture was
stirred at this temperature for 10 h. The mixture was then filtered through a pad of Celite and concentrated under reduced
pressure. The residue was purified through column chromatography on silica gel (petroleum ether/ethyl acetate) to afford
the corresponding products 2.

Analytical Data for the Products 2

The products 21,2 2m,1° 2, 2y*? and 2aa'? are known compounds and their NMR-data are consistent with these reported
in the literature.
Me (S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl benzoate (2a) was isolated through column

A% S16
\/OBZ
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chromatography on silica gel with petroleum ether to the mixture eluent of petroleum ether and ethyl acetate (50:1) as a
colorless oil (55 mg, 98% yield, 94 %ee). *H NMR (400 MHz, CDCls) &= 8.01-7.94 (m, 2H), 7.58-7.50 (m, 1H), 7.45-7.38
(m, 2H), 7.23-7.12 (m, 4H), 4.43-4.27 (m, 2H), 2.93 (t, J = 7.3 Hz, 2H), 2.21-2.01 (m, 3H), 2.00-1.88 (m, 1H), 1.34 (s, 3H)
ppm;*3C NMR (101 MHz, CDCls) 8= 166.6, 150.4, 142.9, 132.1, 130.4, 129.5 (2C), 128.3 (2C), 126.6, 126.4, 124.7, 122.5,
62.8, 46.2, 39.4, 38.9, 30.3, 27.1 ppm; The ee was determined by HPLC analysis (Chiralpak IA column, A= 225 nm,
hexane/isopropanol= 98/2, flow rate= 0.5 mL/min): tr(minor)= 14.7 min, tr(major)= 15.6min; HRMS (EI): calcd. for
C19H2002 [M]*: 280.1458, found: 280.1459.

Me (S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl acetate (2b) was isolated through column

.-\\\/ chromatography on silica gel with petroleum ether to the mixture eluent of petroleum ether and

OAC  ethyl acetate (20:1) as a yellow oil (40 mg, 92 % yield, 95 %ee)."H NMR (400 MHz, CDCls) 5=

7.24-7.07 (m, 4H), 4.19-3.97 (m, 2H), 2.90 (t, J = 7.3 Hz, 2H), 2.15-2.03 (m, 1H), 1.99 (s,

2b 3H),1.98-1.83 (m, 3H), 1.28 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) 5= 171.1, 150.3, 142.9,

126.6, 126.4, 124.7, 122.5, 62.2, 46.0, 39.2, 38.8, 30.2, 27.0, 21.0 ppm. The ee was determined by HPLC analysis (Chiral

MD column, A= 210 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tr(minor)= 11.3 min, tr(major)=17.3 min;
HRMS (ESI): calcd. for C14H190, [M+H]*:219.1380, found: 219.1383.

Me (S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl 4-methoxybenzoate (2c) was

'M\/O |solatej\d through column chromatography on silica gel with petroleum ether t.o

@OMe the mixture eluent of petroleum ether and ethyl acetate (50:1) as a colorless oil

(51 mg, 81 % vyield, 94 %ee).'H NMR (400 MHz, CDCls) &= 7.96-7.90 (m, 2H),

2c 7.21-7.12 (m, 4H), 6.89 (d, J = 8.9 Hz, 2H), 4.38-4.23 (m, 2H), 3.84 (s, 3H), 2.92

(t, J= 7.3 Hz, 2H), 2.20-2.11 (m, 1H), 2.10-1.99 (m, 2H), 1.98-1.87 (m, 1H), 1.33

(s, 3H) ppm; 3C NMR (101 MHz, CDCls) 8= 166.4, 163.3, 150.5, 142.9, 131.5 (2C), 126.6, 126.4, 124.7, 122.9, 122.6,

113.6 (2C), 62.4, 55.4, 46.2, 39.5, 38.9, 30.3, 27.1 ppm; The ee was determined by HPLC analysis (Chiral MD column, A=

254 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tr(minor)= 23.4 min, tr(major)= 28.2 min; HRMS (EI): calcd.
for CooH2203 [M]+Z 310.1564, found: 310.1565.

Me (S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl 4-fluorobenzoate (2d) was isolated

..n\/ through column chromatography on silica gel with petroleum ether as a colorless oil

O»/O/F (45 mg, 75 % vyield, 93 %ee).!H NMR (400 MHz, CDCls) &= 7.99-7.93 (m, 2H),

7.22-7.12 (m, 4H), 7.08 (t, J = 8.7 Hz, 2H), 4.41-4.26 (m, 2H), 2.93 (t, J = 7.3 Hz,

2H), 2.21-2.01 (m, 3H), 1.99-1.87 (m, 1H), 1.34 (s, 3H) ppm; 3C NMR (101 MHz,

CDCls) 6= 165.70 (d, J = 253.6 Hz), 165.65, 150.4, 142.9, 132.1 (d, J = 9.3 Hz, 2C),

126.63 (d, J = 2.8 Hz), 126.60, 126.5, 124.7, 122.5, 115.4 (d, J = 22.0 Hz, 2C), 62.9, 46.1, 39.4, 38.9, 30.3, 27.2 ppm; °F

NMR (376 MHz, CDCls) 6= —105.92 - —106.02 (m, 1F) ppm; The ee was determined by HPLC analysis (Chiral MD

column, A= 225 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tr(major = 11.1min, tr(minor)= 11.9min; HRMS
(E): calcd. for C1gH1oFO2 [M]*: 298.1364, found: 298.1360.

2d

Me (S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl furan-2-carboxylate (2e) was isolated

.-\\\/ 0 through column chromatography on silica gel with petroleum ether to the mixture eluent
©f> OM of petroleum ether and ethyl acetate (50:1) as a yellow oil (45 mg, 83 % yield, 93 %ee).
3 IH NMR (400 MHz, CDCl3) &= 7.56 (m, 1H), 7.22-7.13 (m, 4H), 7.10 (d, J = 3.5 Hz, 1H),

2e 7.12-7.08 (m, 1H), 4.38-4.24 (m, 2H), 2.92 (t, J = 7.3 Hz, 2H),2.09 (m, 3H), 1.93 (m, 1H),

1.32 (s, 3H) ppm; *C NMR (101 MHz, CDCls) &= 158.7, 150.3, 146.2, 144.8, 142.9,
126.6, 126.4, 124.7, 122.5, 117.7, 111.8, 62.7, 46.1, 39.3, 38.8, 30.2, 27.1 ppm. The ee was determined by HPLC analysis
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(Chiral MD column, A= 254 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tr(minor)=16.0 min, tr(major)= 17.9
min; HRMS (ESI): calcd. for C17H1903 [M+H]*: 271.1329, found: 271.1339.

Me (S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl4-methylbenzenesulfonate  (2f) was isolated
‘”‘\/OTs through column chromatography on silica gel with petroleum ether to the mixture eluent of

petroleum ether and ethyl acetate (50:1) as a yellow oil (50 mg, 76 % yield, 94 %ee). *H NMR (400

MHz, CDCls) 6= 7.78-7.73 (m, 1H), 7.73-7.71 (m, 1H), 7.34-7.28 (m, 2H), 7.18-7.11 (m, 3H),

7.01-6.95 (m, 1H), 4.09-3.96 (m, 2H), 2.87-2.73 (m, 2H), 2.45 (s, 3H), 2.01-1.88 (m, 3H), 1.89-
1.74 (m, 1H), 1.21 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) &= 149.6, 144.7, 142.8, 133.1, 129.8 (2C) , 127.8 (2C), 126.7,
126.4, 124.8, 122.4, 68.3, 45.9, 39.3, 38.8, 30.1, 26.9, 21.7 ppm; The ee was determined by HPLC analysis (Chiral MD
column, A= 210 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tr(minor)= 23.0 min, tr(major)= 23.6 min; HRMS
(ESI): calcd. for C19H2303S [M+H]*: 331.1362, found:331.1368.

2f

(S)-tert-Butyl(2-(1-methyl-2,3-dihydro-1H-inden-1-yl)ethoxy)diphenylsilane (2g) was isolated

N through column chromatography on silica gel with petroleum ether to the mixture eluent of

\—0TBDPS petroleum ether and ethyl acetate (50:1) as a colorless oil (75 mg, 90 % vyield, 93 %ee). H

NMR (400 MHz, CDCls3) 8= 7.69-7.56 (m, 4H), 7.43-7.32 (m, 6H), 7.18-7.13 (m, 1H), 7.12-

7.08 (m, 2H), 7.03-6.97 (m, 1H), 3.79-3.62 (m, 2H), 2.87-2.75 (m, 2H), 2.05-1.95 (m, 1H),

1.94-1.81 (m, 2H), 1.80-1.72 (m, 1H), 1.18 (s, 3H), 1.03 (s, 9H) ppm; 13C NMR (101 MHz, CDCls) 8= 151.3, 142.9, 135.63

(2C), 135.58 (2C), 133.99, 133.98, 129.59, 129.57, 127.68 (2C), 127.65 (2C), 126.3, 126.2, 124.5, 122.5, 61.5, 46.1, 43.2,

38.8, 30.3, 27.0, 26.9 (3C), 19.2 ppm. The ee was determined by HPLC analysis (Chiral MD column, A= 210 nm,

hexane/isopropano = 99.5/0.5, flow rate= 0.7 mL/min): tr(major)= 9.2 min, tr(minor)= 9.7 min; HRMS (ESI): calcd. for
C2sH3s0Si [M+H]*: 415.2452, found: 415.2453.

Me

2g

Me (S)-4-Methyl-N-(2-(1-methyl-2,3-dihydro-1H-inden-1-yl)ethyl)benzenesulfonamide  (2h)  was

-"‘\/NHTS isolated through column chromatography on silica gel (petroleum ether: EtOAc= 5:1) as a

colorless oil (46 mg, 70 % vyield, 88 %ee). 'H NMR (400 MHz, CDCls) 8= 7.79-7.60 (m, 2H),

2h 7.33-7.23 (m, 2H), 7.21-7.07 (m, 3H), 7.04-6.92 (m, 1H), 4.30 (t, J = 6.1 Hz, 1H), 3.07-2.65 (m,

4H), 2.42 (s, 3H), 1.97-1.86 (m, 1H), 1.82-1.64 (m, 3H), 1.19 (s, 3H) ppm; 3C NMR (101 MHz,

CDCls) 6= 149.8, 143.3, 142.9, 136.9, 129.7 (2C), 127.1 (2C), 126.8, 126.5, 124.8, 122.4, 46.2, 40.8, 40.2, 38.6, 30.2, 27.0,

21.5 ppm; The ee was determined by HPLC analysis (Chiralpak AD-H column, A= 225 nm, hexane/isopropanol= 70/30,

flow rate= 0.5 mL/min): tr(major)= 16.5 min, tr(minor)= 17.5 min; HRMS (ESI): calcd. for CigH24NO2S [M+H]*:
330.1522, found: 330.1529.

Me (S)-1-(6-Chlorohexyl)-1-methyl-2,3-dihydro-1H-indene (2i) was isolated through column

&t chromatography on silica gel with petroleum ether as a colorless oil (36 mg, 72 % vyield,
©f> \/\/\ 93 %ee).XH NMR (400 MHz, CDCls) 8= 7.22-7.04 (m, 4H), 2.87 (t, J = 7.3 Hz, 2H), 2.07-
Me 197 (m, 1H), 1.86-1.76 (m, 1H), 1.66-1.42 (m, 2H), 1.36-1.12 (m, 8H), 1.22(s,3H), 0.86 (t,

J =6.6 Hz, 3H) ppm; *C NMR (101 MHz, CDCls) 6= 151.8, 143.2, 126.12, 126.09, 124.5,
122.7, 47.4, 41.5, 38.6, 31.9, 30.3, 30.1, 26.8, 24.9, 22.7, 14.1 ppm; The ee was determined by HPLC analysis (Chiralcel

OD-H column, A= 254 nm, n-Hexane, flow rate= 0.25 mL/min): tr(major)=17.4 min, tr(minor)= 18.9 min; HRMS (ESI):
calcd. for C16H2s [M+H]*: 216.1873, found: 216.1873.

M o (5)-5-(2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl)-2,3-dihydrobenzofuran ~ (2j)  was
e
...\\/©/\> isolated through column chromatography on silica gel with petroleum ether to the mixture

eluent of petroleum ether and ethyl acetate (50:1) as a colorless oil (45 mg, 80 %yield, 85 %

2j
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ee). 'H NMR (400 MHz, CDCls) 6= 7.24-7.11 (m, 4H), 7.01-6.95 (m, 1H), 6.91-6.83 (m, 1H), 6.67 (d, J = 8.1 Hz, 1H), 4.52
(t, J = 8.6 Hz, 2H),3.15 (t, J = 8.7 Hz, 2H),2.92 (t, J = 7.3 Hz, 2H), 2.59 — 2.47 (m, 1H), 2.46-2.36 (m, 1H), 2.15-2.06 (m,
1H), 1.93-1.83 (m, 2H), 1.84-1.73 (m, 1H), 1.30 (s, 3H) ppm; *C NMR (101 MHz, CDCls) 6= 158.1, 151.2, 143.2, 135.0,
127.6, 126.9, 126.3, 126.2, 124.8, 124.6, 122.7, 108.9, 71.1, 47.5, 44.2, 38.5, 30.9, 30.3, 29.8, 26.9 ppm; The ee was
determined by HPLC analysis (Chiralpak AD-H column, A= 225 nm, hexane/isopropanol= 97/3, flow rate= 0.3 mL/min):
tr(minor)= 15.7min, tr(major)= 16.4min; HRMS (ESI): calcd. for C2H230 [M+H]*:279.1743, found: 279.1740.

Me (S)-1-Cyclopentyl-1-methyl-2,3-dihydro-1H-indene (2k) was isolated through column chromatography

"“O on silica gel with petroleum ether as a colorless oil (25 mg, 63 % yield, 92 %ee).'"H NMR (400 MHz,

CDCl3) 6= 7.13-6.95 (m, 4H), 2.88 (t, J = 7.5 Hz, 2H), 2.25-2.01 (m, 2H), 1.83-1.70 (m, 2H) 1.65-1.43

2k (m, 6H), 1.24 (s,3H), 1.20 — 1.11 (m, 1H) ppm; 3C NMR (101 MHz, CDCls) &= 151.5, 143.4, 126.1,

126.0, 124.4, 123.2, 49.8, 49.4, 35.9, 30.5, 28.2, 28.1, 26.7, 25.8, 25.6 ppm; The ee was determined by

HPLC analysis (Chiral MD column, A= 254 nm, hexane/isopropanol= 99/1, flow rate= 0.5 mL/min): tr(major) = 10.0 min,
tr(minor) =10.6 min; HRMS (El): calcd. for C15H2o [M]*: 200.1560, found: 200.1558.

on silica gel with petroleum ether as a colorless oil (27mg, 62 % vyield, 95 %ee); *H NMR (400 MHz,

CDCl3) 6= 7.13-6.95 (m, 4H), 2.78 (t, J = 7.5 Hz, 2H), 2.12-2.01 (m, 1H), 1.81-1.74 (m, 1H), 1.73-

1.66 (m, 1H), 1.64-1.52 (m, 3H), 1.44-1.31 (m, 2H), 1.15 (s, 3H), 1.13-0.95 (m, 3H), 0.94-0.81 (m,

2H) ppm; *C NMR (101 MHz, CDCls) &= 151.1, 143.6, 126.0, 125.8, 124.3, 123.5, 50.8, 46.6, 35.0,

2l 30.9, 28.3, 27.9, 27.04, 26.98, 26.7, 26.2 ppm. The ee was determined by HPLC analysis (Chiral MD
column, A= 254 nm, n-Hexane, flow rate= 0.25 mL/min): tr (major)= 16.6 min, tz (minor)= 17.5 min.

(S)-1-Cyclohexyl-1-methyl-2,3-dihydro-1H-indene (2I) was isolated through column chromatography
Ne

Me (S)-1-Methyl-1-phenyl-2,3-dihydro-1H-indene (2m) was isolated through column chromatography on

. \Ph silica gel with petroleum ether as a colorless oil (30 mg, 72 % yield, 97 %ee). *H NMR (400 MHz, CDCls)

©i§ &= 7.29-7.13 (m, 8H), 7.09-7.00 (m, 1H), 2.96-2.80 (m, 2H), 2.48-2.32 (m, 1H), 2.29-2.13 (m, 1H), 1.68

(s, 3H) ppm; 3C NMR (101 MHz, CDCls) 6= 151.0, 149.0, 143.7, 128.0 (2C), 126.64 (2C), 126.60,

2m 126.5, 125.7, 1245, 124.2, 52.1, 44.2, 30.5, 27.5 ppm; The ee was determined by HPLC analysis
(Chiralcel OD-H column, A= 254nm, n-Hexane, flow rate= 0.5 mL/min): tr(minor)= 19.6 min, tr(major)= 20.6 min.

Me (S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)naphthalene (2n) was isolated through column
.-n chromatography on silica gel with petroleum ether as a colorless oil (32 mg, 62% vyield,
Oj 93 %ee); 'H NMR (400 MHz, CDCls) &= 7.79-7.69 (m, 3H), 7.57 (d, J = 1.9 Hz, 1H), 7.45-
7.40 (m, 2H), 7.36 (dd, J = 8.7, 2.0 Hz, 1H), 7.33-7.28 (m, 1H), 7.24-7.19 (m, 2H), 7.09-7.03

(m, 1H), 3.03-2.87 (m, 2H), 2.53-2.45 (m, 1H), 2.32-2.19 (m, 1H), 1.77 (s, 3H) ppm; 3C
NMR (101 MHz, CDCls) 6= 151.0, 146.4, 143.7, 133.1, 131.8, 128.0, 127.7, 127.4, 126.7, 126.6, 126.0, 125.9, 125.4, 124.6,
1245, 124.3, 52.3, 43.8, 30.6, 27.4 ppm.The ee was determined by HPLC analysis (Chiralcel OJ-H column, A= 225 nm,

hexane/isopropanol= 98/2, flow rate= 0.5 mL/min): tr(major)= 26.3 min, tr(minor)= 32.2 min; HRMS (EI): calcd. for
CaoHi1s [M]*: 258.1403, found: 258.1403.

2n

MeO (S)-1-(2-Methoxyphenyl)-1-methyl-2,3-dihydro-1H-indene  (20) was isolated through column

Me @ chromatography on silica gel with petroleum ether to the mixture eluent of petroleum ether and ethyl
@@ acetate (50:1) as a colorless oil (15 mg, 30 % yield, 95 %ee). *H NMR (400 MHz, CDCls) &= 7.30-7.24
(m, 1H), 7.22-7.14 (m, 3H), 7.13-7.04 (m, 1H), 6.88 (d, J = 8.1 Hz, 1H), 6.81-6.69 (m, 2H), 3.72 (s,

20 3H), 2.91-2.59 (m, 3H), 2.14-1.92 (m, 1H), 1.72 (s, 3H) ppm;**C NMR (101 MHz, CDCls) 8= 158.0,

S19



151.3, 144.0, 136.3, 128.1, 127.4, 126.2, 126.0, 1245, 124.3, 119.9, 111.8, 55.1, 51.4, 40.5, 30.8, 26.9 ppm. The ee was
determined by HPLC analysis (Chiralpak IA column, A= 254 nm, n-Hexane, flow rate= 0.5 mL/min): tr(major)= 9.8min,
tr(minor)= 10.5min; HRMS (ESI): calcd. for C17H190 [M+H]*: 239.1430, found:239.1434.

(S)-1-(4-(tert-Butyl)phenyl)-1-methyl-2,3-dihydro-1H-indene (2p) was isolated through column
Mew chromatography on silica gel with petroleum ether as a colorless oil (28 mg, 53 % vyield,
\ 96 %ee). 'H NMR (400 MHz, CDCls) &= 7.29-7.24 (m, 3H), 7.22-7.16 (m, 2H), 7.14-7.05 (m,
3H), 2.96-2.83 (m, 2H), 2.48-2.34 (m, 1H), 2.25-2.09 (m, 1H), 1.66 (s, 3H), 1.29 (s, 9H) ppm;
13C NMR (101 MHz, CDCls) &= 151.1, 148.3, 145.9, 143.7, 126.5, 126.4, 126.2 (2C), 124.8
(2C), 124.5, 124.2, 51.7, 44.0, 34.3, 31.4 (3C), 30.5, 27.5.ppm. The ee was determined by HPLC analysis (Chiralcel OD-H
column, A= 210 nm, hexane, flow rate= 0.5 mL/min): tr(minor)= 13.8min, tr(major)= 14.5min; HRMS (EI): calcd. for
CooHoa [M]+1264.1873, found: 264.1873.

Me oMo (S)-1-(4-Methoxyphenyl)-1-methyl-2,3-dihydro-1H-indene (2q) was isolated through column
-\O/ chromatography on silica gel with petroleum ether to the mixture eluent of petroleum ether and
@E& ethyl acetate (50:1) as a white solid (20 mg, 42 % vyield, 90 %ee).*H NMR (400 MHz, CDCl5)
2q 8= 7.28-7.23 (m, 1H), 7.23-7.16 (m, 2H), 7.14-7.08 (m, 2H), 7.07-7.01 (m, 1H), 6.83-6.75 (m,

2H), 3.77 (s, 3H), 2.98-2.79 (m, 2H), 2.43-2.29 (m, 1H), 2.25-2.11 (m, 1H), 1.64 (s, 3H) ppm; 13C NMR (101 MHz, CDCl5)
8= 157.6, 151.2, 143.6, 141.2, 127.7 (2C), 126.6, 126.5, 124.5, 124.1, 113.3 (2C), 55.2, 51.5, 44.2, 30.4, 27.6 ppm; The ee
was determined by HPLC analysis (Chiralpak IB column, A= 225 nm,hexane/isopropanol= 98/2, flow rate= 0.3mL/min):
tr(minor)= 15.7min, tr(major)= 16.3min.

F  (S)-1-(3-Fluorophenyl)-1-methyl-2,3-dihydro-1H-indene  (2r) was isolated through column

Me chromatography on silica gel with petroleum ether as a colorless oil (28 mg, 60 %yield, 95 %ee).'H

S NMR (400 MHz, CDCls) 8= 7.30-7.26 (m, 1H), 7.24-7.17 (m, 3H), 7.08-7.03 (m, 1H), 6.98-6.93 (m,

1H), 6.91-6.81 (m, 2H), 2.97-2.81 (m, 2H), 2.44-2.29 (m, 1H), 2.27-2.14 (m, 1H), 1.66 (s, 3H).ppm;

2r 13C NMR (101 MHz, CDCls) = 162.8 (d, J = 244.6 Hz), 152.0 (d, J = 6.4 Hz), 150.3, 143.6, 129.3 (d,

J =8.2 Hz), 126.9, 126.6, 124.7, 124.1, 122.3 (d, J = 2.7 Hz), 113.8 (d, J = 21.7 Hz), 1126 (d, J =

21.2 Hz), 52.1, 44.0, 30.4, 27.4 ppm; ®F NMR (376 MHz, CDCls) 6= —118.02 - —118.14 (m, 1F) ppm; The ee was

determined by HPLC analysis (Chiralcel OD-H column, A= 225nm, hexane, flow rate= 0.5 mL/min): tr(major) = 16.7 min,
tr(minor)= 18.7 min; HRMS (EI): calcd. for C1H1sF [M]*: 226.1152, found: 226.1147.

Me . (S)-1-(4-Fluorophenyl)-1-methyl-2,3-dihydro-1H-indene (2s) was isolated through column

‘O/ chromatography on silica gel with petroleum ether as a colorless oil (30 mg, 66 % yield, 97 %ee).

IH NMR (400 MHz, CDCl3) 8= 7.23-7.17 (m, 1H), 7.16-7.09 (m, 2H), 7.09-7.02 (m, 2H), 6.99-

2s 6.93 (m, 1H), 6.91-6.79 (m, 2H), 2.98-2.67 (m, 2H), 2.35-2.20 (m, 1H), 2.22-2.03 (m, 1H), 1.58

(s, 3H) ppm; 13C NMR (101 MHz, CDCls) 8= 161.1 (d, J = 244.0 Hz), 150.8, 144.8 (d, J = 3.1 Hz), 143.5,128.2 (d, J = 7.8

Hz, 2C), 126.8, 126.6, 124.6, 124.1, 114.6 (d, J = 20.9 Hz, 2C), 51.6, 44.3, 30.4, 27.6 ppm; °F NMR (376 MHz, CDCls) 6=

—117.89 - —118.31 (m, 1F) ppm; The ee was determined by HPLC analysis (ChiralcelOD-H column, A= 210 nm, hexane,

flow rate= 0.5 mL/min): tr(major)= 12.3min, tr(minor)= 13.6 min;HRMS (EI): calcd. for CisHisF [M]*: 226.1152, found:
226.1151.

Me (S)-1-Methyl-1-phenethyl-5-(trifluoromethyl)-2,3-dihydro-1H-indene (2t) was isolated through
N column chromatography on silica gel with petroleum ether as a colorless oil (50 mg, 82 %,
P94 o6ee).lH NMR (400 MHz, CDCls) 5= 7.49-7.41 (m, 2H), 7.28-7.20 (m, 3H), 7.18-7.09 (m,

EC 3H), 2.96 (t, J = 7.4 Hz, 2H), 2.67-2.56 (m, 1H), 2.53-2.35 (m, 1H), 2.23-2.11 (m, 1H), 2.00-
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1.74 (m, 3H), 1.32 (s, 3H) ppm; *C NMR (101 MHz, CDCl3) &= 155.2, 144.0, 142.6, 128.8 (q, J = 31.8 Hz), 128.4 (2C) ,
128.3 (2C) , 125.8, 124.6(q, J = 272.9 Hz), 123.6 (q, J = 4.0 Hz), 122.9, 121.6(q, J = 3.7 Hz), 47.7, 43.3, 38.4, 31.5, 30.2,
26.8 ppm; F NMR (376 MHz, CDCl3) 8= —61.82 (s, 3F) ppm; The ee was determined by HPLC analysis (Chiralpak 1A
column, A= 210nm, hexane/isopropanol= 99.5/0.5, flow rate= 0.5 mL/min): tr(minor)= 11.5 min, tr(major)= 12.0 min;
HRMS (EI): calcd. for CigH19F3 [M]*: 304.1433, found: 304.1434.

Me (S)-5-Fluoro-1-methyl-1-phenethyl-2,3-dihydro-1H-indene (2u) was isolated through column

"“\/Ph chromatography on silica gel with petroleum ether as a colorless oil (49 mg, 96 % vyield,

92 %ee).'H NMR (400 MHz, CDCl3) 6= 7.28-7.20 (m, 2H), 7.19-7.10 (m, 3H), 7.08-7.01 (m,

2u 1H), 6.91-6.80 (m, 2H), 2.89 (t, J = 7.3 Hz, 2H), 2.66-2.55 (m, 1H), 2.53-2.39 (m, 1H), 2.21-

2.04 (m, 1H), 1.98-1.87 (m, 2H), 1.87-1.73 (m, 1H), 1.29 (s, 3H) ppm; *C NMR (101 MHz,

CDCl3) 6= 162.1 (d, J = 242.7 Hz), 146.6 (d, J = 2.4 Hz), 145.3 (d, J = 7.9 Hz), 142.9, 128.4 (2C), 128.3 (2C), 125.7, 123.5

(d, J=8.9 Hz), 113.1 (d, J = 22.4 Hz), 111.5 (d, J = 21.6 Hz), 46.9, 43.7, 38.9, 31.6, 30.3, 27.1 ppm;. 1°F NMR (376 MHz,

CDCl3) = —117.54 - —117.84 (m,1F) ppm; The ee was determined by HPLC analysis (Chiralpak IA column, A= 225nm,

hexane/isopropanol= 99.5/0.5, flow rate= 0.5 mL/min): tr(minor)= 10.2 min, tr(major)= 10.6 min; HRMS (El): calcd. for
CigH1oF[M]*: 254.1465, found: 254.1466.

Me (S)-6-Fluoro-1-methyl-1-phenethyl-2,3-dihydro-1H-indene (2v) was isolated through column
F ””\/Ph chromatography on silica gel with petroleum ether as a colorless oil (48 mg,94 % vyield,
90 %ee).'H NMR (400 MHz, CDCl3) &= 7.28-7.22 (m, 2H), 7.19-7.07 (m, 4H), 6.90-6.77 (m,
2H), 2.87 (t, J = 7.3 Hz, 2H), 2.73-2.54 (m, 1H), 2.54-2.40 (m, 1H), 2.21-2.08 (m, 1H), 2.03-
1.74 (m, 3H), 1.29 (s, 3H) ppm; 13C NMR (101 MHz, CDCls) &= 162.2 (d, J = 242.5 Hz), 153.4
(d, J = 6.8 Hz), 142.7, 138.4 (d, J = 2.4 Hz), 128.4(2C), 128.3(2C), 125.7, 125.39 (d, J = 8.6 Hz), 113.2 (d, J = 22.4 Hz),
109.7 (d, J = 21.7 Hz), 47.8, 43.4, 39.0,31.4, 29.7,26.8 ppm;.1%F NMR (376 MHz, CDCls) 8= —117.29- —117.45 (m, 1F)
ppm; The ee was determined by HPLC analysis (Chiralpak TA column, A= 254nm, hexane/isopropanol= 99.5/0.5, flow rate=
0.7mL/min): tr(minor)= 7.7 min, tr(major)= 8.3 min; HRMS (EI): calcd. for C1gH1oF [M]*: 254.1465, found: 254.1465.

2v

Me (S)-5-Methoxy-1-methyl-1-phenethyl-2,3-dihydro-1H-indene (2w) was isolated through

“n\/ column chromatography on silica gel (petroleum ether: EtOAc= 50:1) as a colorless oil (28

PR g, 52 % yield, 95 %ee). tH NMR (400 MHz, CDCls) 8= 7.28-7.22 (m, 2H), 7.17-7.11 (m,

MeO 3H), 7.04 (d, J = 8.1 Hz, 1H), 6.80-6.71 (m, 2H), 3.79 (s, 3H), 2.89 (t, J = 7.3 Hz, 2H), 2.64-

2w 2.55 (m, 1H), 2.53-2.44 (m, 1H), 2.16-2.07 (m, 1H), 1.96-1.85 (m, 2H), 1.84-1.74 (m, 1H),

1.29 (s, 3H) ppm; 13C NMR (101 MHz, CDCls) = 158.7, 144.7, 143.3, 143.1, 128.30 (2C), 128.28 (2C), 125.6, 123.2,

112.2, 109.9, 55.4, 46.8, 43.8, 38.9, 31.6, 30.5, 27.2 ppm; The ee was determined by HPLC analysis (Chiralpak 1A column,

A= 225 nm, hexane/isopropanol= 98/2, flow rate= 0.5 mL/min): tr(minor) = 9.0 min, tr(major) = 10.1 min; HRMS (ESI):
calcd. for C19H230 [M+H]*:266.1665, found: 266.1670.

Me (S)-3-Heptyl-3-methyl-2,3-dihydrobenzofuran (2x) was isolated through column

i chromatography on silica gel with petroleum ether as a colorless oil (20 mg,45 % yield,
©\/g \/\/¥ 93 %ee). 'H NMR (400 MHz, CDCls) 8= 7.15-7.03 (m, 2H), 6.91-6.83 (m, 1H), 6.78 (d,
0 Me 3 =8.0Hz 1H), 4.35 (d, J = 8.6 Hz, 1H), 4.15 (d, J = 8.6 Hz, 1H), 1.65-1.53 (m, 3H),

2x 1.32 (s, 3H), 1.13-1.02 (m, 1H), 1.30-1.19 (m, 8H), 0.86 (t, J = 6.9 Hz, 3H) ppm; 33C

NMR (101 MHz, CDCls) 6= 159.5, 135.5, 127.9, 122.8, 120.4, 109.5, 82.6, 45.3, 40.9, 31.8, 30.1, 29.2, 25.6, 24.6, 22.7,

14.1 ppm; The ee was determined by HPLC analysis (Chiralpak IA column, A= 225 nm, hexane, flow rate= 0.5 mL/min):
tr(minor)= 10.5 min, tr(major)= 11.3 min; HRMS (ESI): calcd. for C16H250 [M+H]*: 233.1900 found: 233.1905.
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Me (S)-3-Benzyl-3-methyl-2,3-dihydrobenzofuran (2y) was isolated through column chromatography on

G silica gel with petroleum ether as a colorless oil (23 mg, 50 % vyield, 96 %ee). 'H NMR (400 MHz,

PR cDCly) 5= 7.26-7.20 (m, 3H), 7.17-7.08 (m, 1H), 7.03-6.97 (m, 2H), 6.96-6.89 (m, 1H), 6.89-6.83 (m,

zyo 1H), 6.76 (d, J = 8.0 Hz, 1H), 4.50 (d, J = 8.7 Hz, 1H), 4.06 (d, J = 8.7 Hz, 1H), 2.94-2.79 (m, 2H), 1.36

(s, 3H).ppm; *C NMR (101 MHz, CDCls) 8= 159.5, 137.6, 134.8, 130.4 (2C), 128.2, 128.0 (2C), 126.5,

123.4, 120.3, 109.7, 81.9, 46.6, 46.3, 24.6 ppm; The ee was determined by HPLC analysis (Chiral MD column, A= 225 nm,
hexane/isopropanol= 95/5, flow rate= 0.75 mL/min): tr(major)= 11.2min, tr(minor = 11.6 min.

Me (S)-3-Benzyl-7-fluoro-3-methyl-2,3-dihydrobenzofuran  (2z) was isolated through column
> Ph chromatography on silica gel with petroleum ether as a colorless oil (30 mg, 62 % yield, 97 %ee). H

NMR (400 MHz, CDCl3) 6= 7.27-7.20 (m, 3H), 7.03-6.95 (m, 2H), 6.96-6.87 (m, 1H), 6.82-6.75 (m,

1H), 6.71 (dd, J = 7.4, 1.2 Hz, 1H), 4.60 (d, J = 8.8 Hz, 1H), 4.15 (d, J = 8.8 Hz, 1H), 3.01-2.75 (m,

2H), 1.37 (s, 3H) ppm; 3C NMR (101 MHz, CDCl3) &= 147.7 (d, J = 245.6 Hz), 146.0 (d, J = 10.4 Hz),
138.5, 137.1, 130.3(2C), 128.0(2C), 126.6, 120.9 (d, J = 5.5 Hz), 118.7 (d, J = 3.4 Hz), 115.3 (d, J = 16.8 Hz), 83.1, 47.0 (d,
J = 1.8 Hz), 46.4, 24.5 ppm; °F NMR (376 MHz, CDCls) 8= — 137.00- — 143.83 (m,1F) ppm; The ee was determined by
HPLC analysis (ChiralMD column, A= 225 nm, hexane/isopropanol= 95/5, flow rate= 0.5 mL/min): tr(minor)= 20.3 min,
tr(major)=21.4 min. HRMS (ESI): calcd. for C1sH16FO [M+H]*: 243.1180 found: 243.1185.

O
F 2z

M‘?\ (S)-(3-Benzyl-3-methyl-2,3-dihydrobenzofuran-6-yl)(piperidin-1-yl)methanone (2aa) was
O‘\,{@jg Ph isolated through column chromatography on silica gel with petroleum ether as a colorless
O oil (36 mg, 54 %yield, 98 %ee). *H NMR (400 MHz, CDCls) 6= 7.23 (dd, J = 5.0, 1.9 Hz,

] 3H), 7.03-6.98 (m, 2H), 6.94 (d, J = 7.6 Hz, 1H), 6.89 (dd, J = 7.5, 1.4 Hz, 1H), 6.75 (d, J

2aa =1.3Hz, 1H), 453 (d, J=8.8 Hz, 1H), 4.09 (d, J = 8.7 Hz, 1H), 3.69 (s, 2H), 3.34 (s, 2H),

2.88 (d, J = 4.5 Hz, 2H), 1.78-1.63 (m, 4H), 1.58-1.46 (m, 2H), 1.36 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) 8= 170.2,
159.5, 137.3, 136.7, 136.2, 1 30.4 (2C), 128.0 (2C), 126.6, 123.4, 119.1, 108.2, 82.3, 48.9, 46.6, 46.2, 43.1, 27.2, 26.6,
24.64, 24.55. The ee was determined by HPLC analysis (Chiralpak IB column, A= 210 nm, hexane/isopropanol= 90/10,
flow rate= 0.5 mL/min): tr(minor)= 33.4 min, tr(major)= 35.3 min.

Me
QN (S)-3-Benzyl-3-methyl-1-tosylindoline (2ab) was isolated through column chromatography on silica gel
Ph  with petroleum ether as a colorless oil (52 mg,69 % vyield, 80 %ee).*H NMR (400 MHz, CDCls) &=
N

Ts 7.69-7.66 (m, 2H), 7.61 (d, J = 8.1 Hz, 1H), 7.25-7.18 (m, 6H), 6.99-6.94 (m, 1H), 6.90 (dd, J = 6.6,

2ab 3.1 Hz, 2H), 6.87-6.82 (m, 1H), 3.94 (d, J = 10.1 Hz, 1H), 3.36 (d, J = 10.2 Hz, 1H), 2.74 (d, J = 13.3

Hz, 1H), 2.65 (d, J = 13.3 Hz, 1H), 2.36 (s, 3H), 1.16 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) &=

144.0, 141.1, 138.7, 137.0, 134.0, 130.4 (2C), 129.6 (2C), 128.1, 128.0 (2C), 127.3 (2C), 126.5, 123.5, 123.2, 114.2, 61.1,

46.4, 44.4, 253, 21.5 ppm; The ee was determined by HPLC analysis (Chiralpak IB column, A= 254 nm,

hexane/isopropanol= 80/20, flow rat = 0.75 mL/min): tr(minor)=7.9 min, tr(major)= 8.6 min; HRMS (ESI): calcd. for
Ca3H24NO,S [M+H]+I 378.1522, found: 378.1529.

Me (S)-4-Benzyl-4-methyl-1-tosyl-1,2,3,4-tetrahydroquinoline  (2ac) was isolated through column

2“pp  chromatography on silica gel with petroleum ether as a colorless oil (59 mg,75 % yield, 44 %ee). *H
NMR (400 MHz, CDClz) 6= 7.77-7.69 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.31-7.23 (m, 3H), 7.20-7.12
(m, 4H), 7.10-7.06 (m, 1H), 7.05-6.99 (m, 1H), 4.53 (d, J = 14.6 Hz, 1H), 3.89 (d, J = 14.7 Hz, 1H),
3.56 (dd, J=11.6, 1.3 Hz, 1H), 3.09 (d, J = 13.4 Hz, 1H), 2.93 (d, J = 13.4 Hz, 1H), 2.48-2.39 (m, 1H),
2.43 (s, 3H), 1.18 (s, 3H) ppm; *C NMR (101 MHz, CDCls) 6= 143.8, 141.3, 137.5, 132.3, 131.2 (2C),
130.6, 129.7 (2C), 128.0 (2C), 127.9 (2C), 126.8, 126.7, 126.4, 126.3, 126.2, 53.3, 48.7, 46.8, 39.2, 24.5, 21.6 ppm; The ee

S22

NTs

2ac



was determined by HPLC analysis (Chiralpak IB column, A= 254 nm, hexane/isopropanol= 80/20, flow rate= 0.75 mL/min):
tr(major)= 9.8 min, tr(minor)= 11.7 min; HRMS (ESI): calcd. for C2sH26NO.S [M+H]*:392.1679 found: 392.1683

(S)-1-(6-Chlorohexyl)-1-(methyl-d2)-2,3-dihydro-1H-indene (2ad) was isolated through
D column chromatography on silica gel with petroleum ether as a colorless oil (31 mg, 72%
o yield, 94 %ee).'H NMR (400 MHz, CDCls) 6= 7.21-7.06 (m, 4H), 2.91-2.82 (m, 2H),
\/\/\ 2.06-1.94 (m, 1H), 1.87-1.76 (m, 1H), 1.61-1.42 (m, 2H), 1.32-1.21 (m, 9H),0.86 (t, J = 6.6
Hz, 3H) ppm; *C NMR (101 MHz, CDCls) 6= 151.8, 143.2, 126.11, 126.08, 124.4, 122.6,
47.2,41.4, 38.5, 31.9, 30.3, 30.1, 26.2 (quintet, J = 18.9 Hz), 24.9, 22.7, 14.1 ppm; The ee
was determined by HPLC analysis (Chiralcel OD-H column, A= 254 nm, n-Hexane, flow rate= 0.25 mL/min):
tr(major)=17.7 min, tr(minor)=19.1 min; HRMS (ESI): calcd. for C16H23D> [M+H]*: 218.1998, found: 218.1998.

2ad

Procedure for the Ni-Catalyzed Asymmetric Reductive Heck of 1a on 5-mmol Scale

Br Ni(BF )3 6H,0 (15 mol%) Me o) —
EA!
L7 (15 mol%) \_ 0By [ />—Q
Zn (3 equiv) 8w N N
1a i-PrOH, 55 °C, 10 h 2a L7
OBz 95%, 94% ee

A sealed test tube charged with ligand L7 (150 mg, 0.75 mmol, 15 mol%) and a stir bar was evacuated and filled with
nitrogen (three cycles), and then NiBF4.6H20 (255 mg, 0.75 mmol, 15 mol%) and Zn-powder (975 mg, 15 mmol, 3.0 equiv)
were added in the glovebox. Subsequently, i-PrOH (12.5 mL) was added to the mixture under nitrogen atmosphere. Then
the reaction mixture was heated to 55 <C, before the alkene 1a (1.79 g, 5 mmol, 1.0 equiv) was added and the resulting
mixture was stirred at this temperature for 10 h. The mixture was then filtered through a pad of Celite and concentrated
under reduced pressure. The residue was purified through column chromatography on silica gel with petroleum ether to the

mixture eluent of petroleum ether and ethyl acetate (50:1), affording the product 2a as a colorless oil (1.33 g, 95% yield,
94 %ee).

Unsuccessful Substrates

Br Br F
Br Br
~ Me O B Bn O Bn
Taf 1ag | O/\W Oﬁf
1ai

nPent 1ah
Br
S N Br
N
n-Pent
1aj 1ak
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Derivatizations of the Reductive Heck Product 2a

(1) Oxidation2a to the Indanone 3

Me
Me, K OBz
wN_-OBZ  Rycl, (0.16 mol%) SN
PhI (10 mol%)
5 oxone® (2equiv) 0
° MeCN/H,0 3

To a mixture of 2a (1.47 g, 5.24 mmol, 1 equiv), Phl (109 mg, 0.53 mmol, 10 mol%), and Oxone® (6.52 g, 10.6 mmol, 2
equiv) in 16 mL of acetonitrile and 16 mL of water, RuClsz (1.75 mg, 0.0084 mmol, 0.16 mol%) was added under stirring at
room temperature. After stirring for 10 h, 20 mL of ethyl acetate and 20 mL of water were added, and the mixture was
stirred for another 5 min. The aqueous phase was extracted with EtOAc (3>20 mL) and the combined organic phases were
washed with water and aqueous saturated NaCl solution, dried over Na;SOa, filtered and concentrated under reduced
pressure. The residue was purified through column chromatography on silica gel with the mixture eluent of petroleum ether
and ethyl acetate (10:1) to give the (S)-2-(1-methyl-3-0x0-2,3-dihydro-1H-inden-1-yl)ethyl benzoate (3) as a yellow oil
(1.32 g, 90 % vyield, 95 %ee); *H NMR (400 MHz, CDCls) 8= 7.93-7.86 (m, 2H), 7.74-7.69 (m, 1H), 7.65-7.59 (m, 1H),
7.58-7.49 (m, 2H), 7.46-7.36 (m, 3H), 4.35-4.19 (m, 2H), 2.91 (d, J = 18.9 Hz, 1H), 2.57 (d, J = 18.9 Hz, 1H), 2.30-2.14 (m,
2H), 1.50 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) 8= 205.2, 166.4, 161.7, 135.8, 135.2, 133.0, 129.9, 129.5 (2C), 128.4
(2C), 127.9, 123.9, 123.6, 62.1, 50.4, 40.8, 40.1, 28.9 ppm;HRMS (ESI): calcd. for C19H1903[M+H]*:295.1329, found:
295.1335. The ee was determined by HPLC analysis (Chiralpak IB column, A= 225 nm, hexane/isopropanol= 70/30, flow
rate= 0.5 mL/min): tr(minor)=11.1 min, tr(major)= 11.7 min.

(2) m-CPBA-Mediated Baeyer-Villiger Oxidation of the Indanone 3

OBz
Mey 0Bz mCPBA (10 equiv) Me J
\ p-TsOH+H,0 (2 equiv) ©fl
DCE 0 o

0 3 4

A mixture of the indanone 3 (59 mg, 0.2 mmol, 1 equiv), mCPBA (85%, 404 mg, 2.0 mmol, 10 equiv), and p-TsOH+H.0
(77 mg, 0.4 mmol, 2 equiv) in dichloroethane (4.0 mL) was stirred at 60 <C for 5 h. After diluting with EtOAc, the mixture
was washed with saturated aqueous Na;SOs solution, saturated aqueous NaHCO3 solution, and brine. The organic phase
was dried over Na;SQ,, filtered, and concentrated in vacuo. The residue was purified by preparative thin-layer
chromatography (petroleum ether:EtOAc= 5:1) to afford (S)-2-(4-methyl-2-oxochroman-4-yl)ethyl benzoate (4)a s a
colorless oil (47 mg, 75% yield, 96 %ee). *H NMR (400 MHz, CDCls) 8= 7.98-7.89 (m, 2H), 7.59-7.52 (m, 1H), 7.42 (t, J =
7.7 Hz, 2H), 7.32 (dd, J = 7.7, 1.7 Hz, 1H), 7.30-7.24 (m, 1H), 7.18-7.12 (m, 1H), 7.09 (dd, J = 8.1, 1.3 Hz, 1H), 4.45-4.34
(m, 1H), 4.34-4.22 (m, 1H), 2.85 (d, J = 15.7 Hz, 1H), 2.68 (d, J = 15.7 Hz, 1H), 2.22-1.95 (m, 2H), 1.49 (s, 3H) ppm; *C
NMR (101 MHz, CDClIs) 6= 167.8, 166.4, 150.9, 133.1, 129.8, 129.6 (2C), 129.5, 128.7, 128.4 (2C), 125.2, 124.9, 117.5,
61.2, 42.2, 38.0, 35.5, 25.3 ppm; HRMS (ESI): calcd. for Ci9H1904[M+H]*:311.1278, found: 311.1284. The ee was
S24



determined by HPLC analysis (Chiralpak AD-H column, A= 225 nm, hexane/isopropanol= 70/30, flow rate= 0.5 mL/min):
tr(minor)=13.7 min, tr(major)= 14.4min.

(3) Beckmann Rearrangement the Indanone 3

Me
Me, NH,OH-HCI OBz Me OB
K OBz 2 R . o z
R (2.3 equiv) PCl5 (1 equiv) ©\>l\/
—_— —_—
. THF, reflux
NaOAc+3H,0 \ o

(2.5 equiv) N
o ~OH
3 MeOH, reflux 6 5

Step 1: To a solution of the indanone 3 (147 mg, 0.5 mmol, 1 equiv) and hydroxylamin hydrochloride (74.8 mg, 1.15 mmol,
2.3 equiv) in 0.6 mL of MeOH, sodium acetate trihydrate (102.5 mg, 1.25 mmol, 2.5 equiv) in 0.3 mL of water was added at
room temperature. The mixture was refluxed for 1 h, before it was neutralized by adding saturated aqueous NaHCOs. The
aqueous phase was extracted with diethyl ether and the organic phase was washed with brine, dried over anhydrous
magnesium sulfate, filtered and removed in vacuo. The residue was purified by preparative thin-layer chromatography
(petroleum ether:AcOEt = 2:1) to afford (S,E)-2-(3-(hydroxyimino)-1-methyl-2,3-dihydro-1H-inden-1-yl)ethyl benzoate (6)
as a colorless oil (131 mg, 85 % yield); *H NMR (400 MHz, CDCls) &= 10.38-10.11 (brs, 1H), 8.04-7.88 (m, 2H), 7.73 (d,
J=7.6 Hz, 1H), 7.48 (t, J = 7.4 Hz, 1H), 7.37 (t, J = 7.5 Hz, 3H), 7.32-7.23 (m, 2H), 4.27 (t, J = 7.0 Hz, 2H), 3.22 (d, J =
18.8 Hz, 1H), 2.84 (d, J = 18.8 Hz, 1H), 2.22-2.03 (m, 2H), 1.41 (s, 3H) ppm; *3C NMR (101 MHz, CDCls) 8= 166.6, 161.7,
154.9, 134.8, 132.9, 130.9, 130.1, 129.6 (2C), 128.3 (2C), 127.7, 123.4, 121.8, 62.3, 43.4, 40.5, 40.3, 29.2 ppm; HRMS
(ESI): calcd. for C1gH20NO3 [M+H]*:310.1438, found: 310.1439

Step 2: Phosphorus pentachloride (41.6 mg, 0.2 mmol, 1.0 equiv) was added in one portion to a solution of 3 (62mg,
0.2mmol, 1.0 equiv) in THF (4 mL). The reaction mixture was then heated under reflux for 1.5h, before it was quenched
with sat. ag. NH4ClI solution (10mL).The aqueous phase was extracted with EtOAc (2><10 mL) and the combined organic
extracts were washed with brine (10 mL), dried over NaSOsa, filtered, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (petroleum ether:EtOAc= 2:1) to give (R)-2-(4-methyl-2-0x0-1,2,3,4-
tetrahydroquinolin-4-yl)ethyl benzoate (5) as a colorless oil (32 mg, 52 % yield, 96 %ee). *H NMR (400 MHz, CDCls3) 8=
8.10-8.05 (brs, 1H), 7.99-7.93 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.7 Hz, 2H), 7.31 (d, J = 7.6 Hz, 1H), 7.22-7.18
(m, 1H), 7.09-7.03 (m, 1H), 6.77 (dd, J = 7.9, 1.2 Hz, 1H), 4.41-4.32 (m, 1H), 4.27-4.20 (m, 1H), 2.66 (d, J = 16.0 Hz, 1H),
2.57 (d, J = 16.1 Hz, 1H), 2.12 (t, J = 6.8 Hz, 2H), 1.47 (s, 3H) ppm; *C NMR (101 MHz, CDCls) 8= 170.0, 166.5, 136.0,
133.0, 129.98, 129.95, 129.6 (2C), 128.3 (2C), 128.0, 125.5, 123.7, 115.9, 61.6, 43.9, 37.6, 36.2, 25.6 ppm; HRMS (ESI):
calcd. for C19H20NO3 [M+H]*: 310.1438, found: 310.1441. The ee was determined by HPLC analysis (Chiralpak AD-H
column, A= 254 nm, hexane/isopropanol= 70/30, flow rate= 0.5 mL/min): tr(major)=16.5 min, tr(minor)= 18.5min.
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HPLC Data and Chromatograms

Chromatogram
F ‘1
mAU -
11 - 1418715727
Me
OBz
rac. 2a
- _'_../‘\_.-,_../—\.._
min
[ — L L L e S B B L B B R | T T T T L — T T T — T T T — T T
W0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Integration Results
fo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU %o % n.a.
1 14897 115543 411.373 50.21 4969 n.a.
2 16.727 114.562 416.565 49.79 50.31 n.a.
Total: 230.105 827.938 100.00 100.00
Chromatogram
maAL
|2 - 15.643
Me
!
\/OBZ
2a
1-14.73
A _A LA .
min
hoo ~ 7 o T T Tan T T Ten 8D 10.0 12.0 14.0 160 180 o0
Integration Results
Mo [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAL % % n.a.
1 14.730 6.906 20.283 310 2.48 n.a
v 15.643 216.205 796.045 96.90 97.52 na 4
Total: 223111 816.328 100.00 100.00

HPLC (Chiral MD): tr= 14.7 (minor), 15.6 (majorr)
Condition: 98:2 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram
L4

|
mAL 11-10.843
Me 12 - 16.883
OAc
' rac. 2b '
min
£.|U - 2!0 - 4!0 - ETEI I I 8!0 I 'IDI.U '12|.U '1~‘1|.U '15|.D 'IE:.D I'IQI.&
Integration Results
Fo.  [Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAl % % n.a.
1 10.943 145.676 T87.289 4942 59.80 n.a.
2 16.683 149.084 529.149 50.58 40.20 na. 4
Total: 294.760 1316.438 100.00 100.00
Chromatogram
o |
2-17.330
Me
ol
\/OAC
I
2b
11-11.303
_.EEI.IU - 2!0 - 4!0 - ETEI I I 8!0 I 'IDI.U ‘12|.U '1~‘1|.U I']EI.DI |'18|.U I'IQI.D
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.303 4.718 25.169 2.34 3.78 n.a.
i 17.330 197.145 640.042 97.66 96.22 n.a.
Total: 201.864 665.211 100.00 100.00

HPLC (Chiral MD): tr= 11.3 (minor), 17.3 (major)

Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

T N
mAU |1-23.290
PHs |2 -28.217)
)
rac. 2c
1
min
ED.IEI I I I I 5.ID I I I ‘1UI.D I I '15|_,U I I I 2UI.EI I I I 25|.U I I I SIDI.&
Integration Results
Fo.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mALU*min mAU % % n.a.
1 23.290 §5.396 233114 49.59 57.86 n.a.
v 28217 86.803 169.795 50.41 4214 n.a.
Total: 172.200 402.910 100.00 100.00
Chromatogram
v ~
mAlL
|2 - 28.23(
.-l\\/
0] !
2c
|1-23.393
1
I
min
oo 7 T 50 T T " T s00 7 T gsa B
Integration Results
Mlo.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 23.393 44 025 92.973 3.07 3.72 n.a.
e 28.230 1392.333 2403.450 96.93 96.28 na.
Total: 1436.357 2496.423 100.00 100.00

HPLC (Chiral MD): tr= 23.4 (minor), 28.2 (major)
Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

mAU 11-11.153
2-11.837
CHj
e
6]
rac. 2d
T
min
00 20 10 60 80 10.0 ~ 120 140 15,
Integration Results
Mo,  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mALU % % n.a.
1 11.153 124.640 649.655 50.19 5219 n.a.
v 11.937 123.684 595.234 49.81 47.81 n.a.
Total: 248.323 1244.889 100.00 100.00
Chromatogram
mAU
j1-11.103
Me
wl
s
o
2d
i2-11.883
e s
min
hoo 7 o 40 B0 8D 10.0 12.0 140 154
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % Yo n.a.
1 11.103 129.076 716317 96.53 96.91 n.a.
2 11.883 4.643 22.808 347 3.09 n.a.
Total: 133.719 738.125 100.00 100.00

HPLC (Chiral MD): tr=11.1 (major),11.9 (minor)
Condition: 97:3 n-Hexane:i-PrOH, flow rate 0. 5mL/min, 25 °C.
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Chromatogram

-
7 Tmau |1-16.220 h
12 -18.213
CH,
0 O
)
. O
rac. 2e
I
T T
min
W00 "o T4 Teo g T4go | 190 ‘140 180 180 sogl
Integration Results
0. |Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAU % % n.a.
1 16.220 79.845 283.705 49 67 5245 n.a.
2 18.213 §0.901 257.225 50.33 47.585 n.a.
Total: 160.747 540.930 100.00 100.00
Chromatogram
" mAU
12-17.893
Me
L
0 0
9
O
2e
|1-15.987
1 |
T
min
W00 29 a0 60 8o 100 120 140 160 180 20,
Integration Results
0. |Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 15.987 49.483 160.742 3.30 4.38 n.a.
2 17.893 1450.195 3506.425 96.70 95.62 n.a.
Total: 1499.678 3667.167 100.00 100.00

HPLC (Chiral MD): tr= 16.0 (minor), 17.9 (major)
Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

-
4 mAL h
|1-22.883
|2-23.797
CHj
OTs
. rac. 2f
min
LI L 1 T —T T L — T T T — 1 1t r r 1 |1 1T 1 T T T 1]
ED'U 2.5 5.0 7.5 10.0 12.5 15.0 175 20.0 225 25.0 26.0d
Integration Results
Fo. [Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mALU*min mAU % % n.a.
1 22.983 160.449 417.272 4954 53.70 n.a.
v 23.797 163.426 3589.815 50.46 46.30 n.a.
Total: 323.875 177.086 100.00 100.00
Chromatogram
4
mAU \2-23.630
Me
GEAA
\/OTs
2f
11[ 228857
1
min
0.0 25 50 75 0.0 125 5.0 475 | 200 | 295 '25.0 26.0
Integration Results
Ro.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL Yo %o n.a.
1 22.867 8.947 29.367 2.9 427 n.a.
2 23.630 298.107 B57.772 97.09 95.73 n.a.
Total: 307.054 687.140 100.00 100.00

HPLC (Chiral MD): tr= 22.9 (minor), 23.6 (major)
Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

-
d mAL h
|1-8.467
12 - 8,893
CH,
OTBDPS
rac. 29
min
Lo00 125 ‘550 ‘375 500 605 7.50 875 10,00 10,50
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.467 151.794 995.830 49 83 52.20 n.a.
i 5.893 162.532 914.803 5017 47.80 n.a.
Total: 304.626 1913.633 100.00 100.00
Chromatogram
maAU
|1-9.243
Me
A
\/OTBDPS
2g
1
min
000 135 250 375 500 625 7.50 875 10,00 105
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.243 183.013 1091.334 96.56 97.06 n.a.
v 9.657 6.529 33.084 3.44 2.94 na. 4
Total: 189.542 1124.417 100.00 100.00

HPLC (Chiral MD): tr= 9.2 (major), 9.7 (minor)
Condition: 99.5:0.5 n-Hexane:i-PrOH, flow rate 0.7 mL/min, 25°C.
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Chromatogram

[

]
malJ )
|1 - 15.847
|2-16.553
CHj;
NHTs
1
rac. 2h
min
W00 Y Y Y 10.0 120 " 4do " 180 174l
Integration Results
Flo. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAl % % n.a.
1 15847 14957 46.624 49.18 50.90 na.
2 16.653 15.454 44 973 50.82 49.10 n.a.
Total: 30.411 91.597 100.00 100.00
Chromatogram
¥ 3 1-146-8-2h #6 AD-H UV_VIS_2 WVL:225 nm ¥
malJ
|1-16.513
Me
(KRN
N\_-NHTs -
2h
|2 - 17.480
L
min
W00 20 40 "ep 80 100 120 140 160 180 194
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAl % % n.a.
1 16.513 657159 1965.937 94 12 94.01 n.a.
v 17.490 41.084 125.292 5.88 5.99 na. 4
Total: 698.243 2091.229 100.00 100.00

HPLC (Chiralpak AD-H): tr= 16.5 (major), 17.5 (minor)

Condition: 70:30 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

=
r mAL h
|1-17.820
2 -15.103
CH,
CH;
rac. 2i
min
\D.ID I I 2.I5 - 5.0 I I ?f5 I 1DI.D 12|.5 I‘15|.DI I‘1?|.5I IEDI.D I2‘1|.D|
Integration Results
Flo. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 17.820 23.398 79.086 50.84 52.68 n.a.
v 19.103 22.627 71.047 49.16 47.32 n.a.
Total: 46.025 150.134 100.00 100.00
Chromatogram
maAlJ 1
|1-17.430
Me
‘”‘\/\/\
Me
2j
12 -18.897
1 |
min
oo 25 T TshT T T 4T 100 125 150 175 200 214
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 17.430 456.003 1363.682 96.49 96.68 n.a.
e 18.897 16.590 46.837 3.51 3.32 na. 4
Total: 472.593 1410.519 100.00 100.00

HPLC (Chiralcel OD-H): tr=17.4 (major), 18.9 (minor)
Condition: n-Hexane, flow rate 0.25 mL/min, 25 °C.
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Chromatogram

=
4 maAlJ h
12 - 16,543
i1- 1503
CH;
! rac. 2j
]
min
I T T T T T T T T T T T T T T T T T T 1
W00 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.3
Integration Results
fo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAl Yo % n.a.
1 15.803 146.043 400.416 4983 4924 n.a.
2 16.543 147.026 412.808 50T 50.76 n.a.
Total: 293.069 813.224 100.00 100.00
Chrematogram
mAL
|2 - 16.437
Me
!
2j
5743
T
min
0.0 20 40 6O 80 100 120 140 16.0 RES
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height [ Amount
min mAU*min mAU % % n.a.
1 16.733 23507 74.418 7.50 8.26 n.a.
i 16.437 259.804 826.424 92.50 91.74 n.a.
Total: 3331 900.842 100.00 100.00

HPLC (Chiralpak AD-H): tr= 15.7 (minor), 16.4 (major)
Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.3 mL/min, 25 °C.
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Chromatogram

-
" maAU h
|1-10.337
\2-10.883
CH
| rac. 2k
T T
min
0.00 425 pB0 375 50 625 750 875 10,00 1125 _12.00)
Integration Results
0. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAL % % n.a.
1 10.337 23.042 136.131 50.14 52.09 na.
2 10.883 22.914 125.224 49.86 47.91 n.a.
Total: 45.956 261.355 100.00 100.00
Chromatogram
v . i
mAL
11-10.003
Me@
(KRN
2k
12 - 10.600
I |
min
\0.00° 425 250 375 500 625 750 875 1000 1125 12.00
Integration Results
Flo. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAlLl % % n.a.
1 10.003 83.863 489.039 96.02 96.66 n.a.
v 10.600 3.479 16.893 3.98 3.34 n.a
Total: 87.342 505.932 100.00 100.00

HPLC (Chiral MD): tr=10.0 (major), 10.6 (minor)
Condition: 99:1 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

v

=]
mALl h
11 -15.757
2 -16.507
H3C
rac. 2l
' T
min
) T T T T T T T T T T T T T T T T 1
h0.0 2.0 4.0 6.0 5.0 10.0 12.0 14.0 16.0 18.0
Integration Results
Ko. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % n.a.
1 15.757 100.828 346.681 49.90 51.85 n.a.
e 16.507 101.236 321.900 50.10 48.15 n.a.
Total: 202.064 668.581 100.00 100.00
Chromatogram
- i
mAlL
|1-16.603
s\\\
2]
|2-17.457
: T T
min
oo 20 10 6.0 80 10.0 12.0 140 16.0 18,0 184
Integration Results
Flo. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU %o Yo n.a.
1 16.603 104 489 334 657 97.49 97.60 n.a.
v 17.457 2.687 8.231 251 240 n.a.
Total: 107.176 342.888 100.00 100.00

HPLC (Chiral MD): tr= 16.6 (major), 17.5 (minor)
Condition: n-Hexane, flow rate 0.25 mL/min, 25 °C.
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Chromatogram

é mAU N
|1-19.073
2-19.977
H;C
Ph
rac. 2m '
|
T
min
oo o5 T s T T 4s 10.0 125 180 175 200 334
Integration Results
Mo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mAU % % n.a.
1 19.073 20.955 55740 49.47 51.06 n.a.
v 19.977 21.402 53434 50.53 48.94 na. 4
Total: 42,357 109.175 100.00 100.00
Chromatogram
FT =
mAL
2 - 20.574
Me
f \\Ph
2m
|1 -19.54
1 |
I
min
00 25 ‘50 75 10.0 125 15.0 175 200 220
Integration Results
0. |Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 19.640 1.430 3.905 1.63 1.87 n.a.
v 20.573 86.152 205.073 98.37 98.13 n.a.
Total: 87.582 208.979 100.00 100.00

HPLC (Chiralcel OD-H): tr=,19.6 (minor), 20.6 (major)
Condition: n-Hexane, flow rate 0.5 mL/min, 25 °C.

5198




Chromatogram

mAL
|1-26.513
Me
O I Q |2 -32.883
rac.2n
T
min
hoo 50 10.0 15.0 20.0 25.0 30.0 35.0 40
Integration Results
Fo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mALU % % n.a.
1 26.513 90.276 116.089 49.33 58.49 n.a.
e 32.883 92.711 82.372 50.67 41.51 n.a.
Total: 182.987 198.461 100.00 100.00
Chromatogram
mAL
11 -26.287
Me
al Q
2n
2 -32.183
I ]
T T
min
LoD ‘50 "0 a0 Tagn ‘250 300 380 37§
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 26.297 720.584 907.432 96.43 97.08 n.a.
v 32.193 26.699 27.329 3.57 2.92 n.a.
Total: 747.283 934.761 100.00 100.00

HPLC (Chiralcel OJ-H): tr=26.3 (major), 32.2 (minor)
Condition: 98:2 n-Hexane:i-PrOH, flow rate 0.5mL/min, 25 °C.
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Chromatogram
v = N
mAL
11-10.310
2-11.113
H,C
’ OMe
rac. 20
]
min
Lo00 125 ‘550 375 ‘500 525 750 875 10,00 1125 12.00)
Integration Results
Flo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAL % % n.a.
1 10.310 224 786 1157.773 5090 55 46 n.a.
v 11.113 216.810 929.773 49.10 44.54 n.a.
Total: 441.597 2087.546 100.00 100.00
Chromatogram
v . i
mALl
1-9.777
H;C R
OMe
20
| |2 - 10.533
1 T
min
D.DDI I’I.|25I o I2.I50I II I3.':"5I I 5.IDDI C l3.$|25I II I?.’ISD o I8.':"5I I’ID!DDI o I‘1‘l.|25I I’12.0
Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mALl % % na.
1 9.777 253.318 1432 508 97 54 97.69 n.a
v 10.533 6.386 33.839 246 231 n.a
Total: 259.704 1466.347 100.00 100.00

HPLC (Chiralpak IA): tr= 9.8 (major), 10.5 (minor)
Condition: n-Hexane, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

mAL
/1 -13.807
2-14.553
Me
rac. 2p
! | |
min
koo 20 40 60 80 10.0 12.0 14.0 " 160
Integration Results
Kla. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.807 120.586 492 908 49 58 5135 n.a.
i 14.553 122 646 467.027 50.42 48.65 n.a.
Total: 243.232 959.935 100.00 100.00
Chromatogram
maAL
12 - 14.507
Me
ax
2p
I
min
0.0 20 4p " Tep g0 40 130 4o T 1a
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL"min mALl % % n.a.
1 13.797 11.121 47.413 212 240 n.a.
i 14.507 514.172 1931.975 97.88 97.60 n.a.
Total: 525.293 1979.388 100.00 100.00

HPLC (Chiralcel OD-H): tr= 13.8 (minor), 14.5 (major)
Condition: n-Hexane, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

malL
1-15760
12 - 16.427
'V'e OMe
rac. 2q
min
U.IEI - 2.IU 4?0 I I E.IEI I I E.IU I‘IE:.D I |‘12|.EI I I‘HI.U I ‘IEI.D I‘IBI.D
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAl Yo % n.a.
1 15.760 503.893 2119.427 49.75 50.62 n.a.
e 16.427 509.016 2067.122 50.25 49.38 n.a.
Total: 1012.910 4186.549 100.00 100.00
Chrematogram
mAL
12 -16.287
Me @,owle
A
2q
11-15.720
min
Y a0 60 " 80 100 12.0 14.0 16.0 18,
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height [ Amount
min mALU*min mAl % % n.a.
1 I 15.720 28.604 140.449 488 548 n.a.
] 16.287 E58.040 2423165 9512 94 52 n.a.
Total: 586.643 2563.613 100.00 100.00

HPLC (Chiralpak IB): tr= 15.7 (minor ), 16.3 (major)
Condition: 98:2 n-Hexane:i-PrOH, flow rate 0.3 mL/min, 25 °C.
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Chromatogram
v

"I
mal 11-17.103
|2 -18.070
F
=)
rac. 2r
AN ,
min
oo oo Tab T Ten T Tga T 4og 120 "0 180 180 ool
Integration Results
Mo,  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAl % % na
1 17.103 44 446 85249 5021 5373 n.a
v 19.070 44.079 73427 49.79 46.27 n.a.
Total: 88.525 158.676 100.00 100.00
Chromatogram
VT A
mAaL
11 -16.730
F
Me
N
2r
2 -18.647
I |
min
oo 2o 40 &0 80 q0g 120 "140 | 180 18.0 "305
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAL % % n.a.
1 16.730 34 641 62 682 97.70 93.05 n.a.
e 18.647 0.812 1.244 2.30 1.95 n.a.
Total: 35.353 63.926 100.00 100.00

HPLC (Chiralcel OD-H): tr= 16.7 (major), 18.6 (minor)
Condition: n-Hexane, flow rate 0.5 mL/min, 25 °C.
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Chrematogram

=]
d malJ N
11-12.210
[2-13.337
rac. 2s
' -
min
\6.00 750 ars 1000 1125 12550 1375 " 15.0
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mAU % % n.a.
1 12.210 £71.150 2555 BET 4972 5248 n.a
v 13.337 577.654 2314 446 50.28 4752 n.a
Total: 1148.804 4870.103 100.00 100.00
Chromatogram
=]
d mALl h
11-12.327
Me F
(KRN
| _i2-13.563
T T
min
\6.00 IR "~ grs "~ 1000 1125 12550 1375 "15.00
Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % % n.a.
1 12.327 232.958 1039.664 9844 98.63 n.a.
e 13.563 3.690 14.422 1.56 1.37 n.a.
Total: 236.648 1054.087 100.00 100.00

HPLC (Chiralcel OD-H): tr= 12.3 (major), 13.6 (minor)

Condition: n-Hexane, flow rate 0.5 mL/min, 25°C.
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Chromatogram

4 -
mAU |1 -10.587
Me 2-11.113
jos
FsC
rac. 2t
AN
min
\000 125 90 375 500 625 750 8y5 1000 1125 " 1204
Integration Results
Mo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount Y
min mAU*min mAU % % n.a.
1 10.587 257.690 1303.936 48.86 £2.33 n.a.
v 11.113 269.693 1187.690 5114 AT 67 na. 4
Total: 527.383 2491.626 100.00 100.00
Chromatogram
mAal
2-11.963
Me
aa
\—Ph
FsC
2t
i1} 11hazs
i
min
boo 7 Tes 0 T T Tsw T 75 0T Taao | 435 180 475 sd0 | bag
Integration Results
Mlo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % %o n.a.
1 11.483 8.666 35.823 314 3.23 n.a.
v 11.963 267.486 1074.421 96.86 96.77 n.a.
Total: 276.152 1110.245 100.00 100.00

HPLC (Chiralpak 1A): tr= 11.5 (minor), 12.0 (major)
Condition: 99.5:0.5 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

4

=
maLl h
1-9.863
12 - 10.390
Me
Ph
F
' rac. 2u
A
min
000 125 250 375 500 625 7.50 ‘575 1000 1125 1200
Integration Results
Fo.  [Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAl % % n.a.
1 9.863 52.705 296.736 4928 51.32 n.a.
e 10.390 54 250 281.464 50.72 45.68 n.a.
Total: 106.955 578.200 100.00 100.00
Chromatogram
r malL
2 -10.603
Me
‘n\\/
Ph
F
2u
/Ua.]s
A . T T
min
W0.00° 425 250 375 5.00 6.25 750 875 10.00 1125 12.00
Integration Results
Flo. [Peak Mame Retention Time Area Height Relative Area Relative Height | Amount R
min mAU*min mAl % % n.a.
1 10.163 9.720 54.028 4.32 5.34 n.a.
v 10.603 215.207 958.285 95.68 94 66 na. 4
Total: 224.9271 1012.313 100.00 100.00

HPLC (Chiralpak IA): tr= 10.2 (minor), 10.6 (major)

Condition: 99.5:0.5 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25°C.
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Chromatogram
r

5
mAU 1-7.523
Me
F
Ph
|2 -8.183
rac. 2v
1
AN II
min
000 400 o00 300 4.00 5.00 6.00 7.00 £.00 9.00 950
Integration Results
Flo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % %o n.a.
1 7.523 3.150 23.478 49.22 55.65 n.a.
2 8.183 3.250 16.553 50.78 41.35 na. 4
Total: 6.400 40.031 100.00 100.00
Chromatogram
A hl
mAL
128343
Me
F Al
\/Ph
2v
11-7.72
l |
T
min
oo~ 100 200 300 400 500 600 700 800 900 95
Integration Results
Klo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % %o n.a.
1 7927 0.689 4.948 4.91 7.16 n.a.
e 8.343 13.343 64.197 95.09 92.84 n.a.
Total: 14.032 69.145 100.00 100.00

HPLC (Chiralpak IA): tr=7.7 (minor), 8.3 (major)
Condition: 99.5:0.5 n-Hexane:i-PrOH, flow rate 0.7 mL/min, 25 °C.
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Chromatogram

400 - T 1-08-4-2w #4 98-4 UV_WIS_2'WWLI225 nm
1 1-9.000
350
3004
1 Me
2504
2 Ph 2-10.083
%EDD-
2 MeO
S 150 rac.2w
B
=2
1004
504
D_
_ED:I""I —r1 T T Tt 1 [ Tt r T T [ T T T T [ T T T — T T T [ T T T T [ T T T T [ T T T
0.00 125 250 375 5.00 6.25 875 10.00 11.25 12.19
A &l [min]
Integration Results
Flo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.000 54033 346.327 51.96 61.95 na.
v 10.083 49 967 212.746 48.04 38.05 n.a.
Total: 104.000 559.073 100.00 100.00
Chromatogram |
200~ 7 1-98-4-2w#3 98-3 UV_VIS_2 WWL225 nm
1 12 -10.127
175
1504 Me
ol
125 \/Ph
2
%100- MeO
= 2w
Fal
g 781
Ea=]
=1
50
25]
J 11-9.023
o] N
_20_| T T T T T T T T T T T T T T T T T T T T ™1
0.0 4.0 6.0 10.0 12.0 131
A I8 [min
Integration Results
Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAL % % n.a.
1 9.023 1.022 7.434 243 3.80 na.
v 10127 41.076 188.082 97 57 96.20 na.
Total: 42.099 195.516 100.00 100.00

HPLC (Chiralpak IA): tr= 9.0 (minor),10.1 (major)
Condition: 98:2 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

F ) ‘1
mAL {1 -10.857
Me
n-Hex
|2-11.977
0]
rac. 2x
1
min
T T T T T T T T T T T T T T T T T T T T T T 1
W0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.5
Integration Results
flo.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.857 20427 84 893 4362 56.TT n.a.
2 11.977 21.584 64.639 51.38 43.23 n.a.
Total: 42.011 149.532 100.00 100.00
Chromatogram
Pl ~
malJ
12 -11.300
Me
.nn-Hex
0]
2x
\1-10.k83
min
00 20 40 " 60 80 T 100 120 " 135
b A 8 [miri
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.483 4.719 22832 347 4.45 n.a.
v 11.300 131.155 489 761 96.53 95.55 n.a.
Total: 135.874 512.593 100.00 100.00

HPLC (Chiralpak I1A): tr= 10.5 (minor), 11.3 (major)
Condition: n-Hexane, flow rate 0.5 mL/min, 25°C.
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Chromatogram

=
4 mal h
11-152493 553
Me
Bn
O
rac. 2y
T
min
\0.0 20 4d 6.0 8.0 100 12.0 135
Integration Results
Klo.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL Yo %o n.a.
1 11.243 24292 135.290 49.41 50.34 n.a.
e 11.653 24873 133.449 50.59 49.66 n.a.
Total: 49.165 268.739 100.00 100.00
Chromatogram
malJ 2-11.630
Me
‘\\Bn
o]
2y
11411410
L -
min
00 20 " 40 6.0 8.0 100 12.0 13.
Integration Results
Ko,  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mALl % % n.a.
1 11.210 9.089 48478 1.84 2.01 n.a.
e 11.630 484 270 2365.807 98.16 97.99 n.a.
Total: 493.358 2414.285 100.00 100.00

HPLC (Chiral MD): tr=11.2

(minor), 11.6 (major)

Condition: 95:5 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C
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Chromatogram
r

malL h
|1 -28.033
Me
Bn
0] |2 -33.470
rac. 2y
1
T 1
min
00 "s0 100 10 200 | sso | sao | 350 400 450 484
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount Y
min mAUmin mAU % % n.a.
1 28.033 381.395 293.178 49.28 59.78 n.a.
2 39.470 392.524 197.215 50.72 40.22 na. 4
Total: 173.919 490.393 100.00 100.00
Chromatogram
- b
mAU
12 -38.333
Me
A Bn
)
2y
N | n-287
T T
min
00 50 100 150 200 350 300 350 400 450 484
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 29.733 10.051 7.318 0.90 1.62 n.a.
v 38.333 1106.449 444 624 99.10 98.38 na. 4
Total: 1116.500 451.942 100.00 100.00

HPLC (Chiralpak 1A): tr= 29.7 (minor), 38.3 (major) Lit.: [tr=17.9 (minor), 24.6 (major)]
Condition: n-Hexane, flow rate 0.5 mL/min, 25 °C

Lit.: Z.-M. Zhang, B. Xu, Y. Qian, L. Wu, Y. Wu, L. Zhou, Y. Liu, J. Zhang, Palladium-Catalyzed Enantioselective Reductive
Heck Reactions: Convenient Access to 3,3-Disubstituted 2,3-Dihydrobenzofuran. Angew. Chem. Int. Ed. 2018, 57, 10373-10377.
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Chromatogram

4 ~
mAlL -
11-20.005 ) 757
Me
Ph
O
F
rac. 2z
min

A N T T T T 175 | 900 | 955 | 580960
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAUmin mAL % % n.a.
1 20.703 1131.082 2771.237 49.26 50.52 n.a.
v 21.757 1165.071 2714.059 50.74 49.48 na. 4
Total: 2296.152 5485.296 100.00 100.00
Chromatogram

mal
2 -21.360
Me —
2 Ph
o]
F 2z
AV ik
I T
min

00 25 s0 75 100 135 150 175 200 295 25026
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAUmin mAL % % n.a
1 | 20.347 17.011 47.288 1.45 1.70 n.a.
v 21.360 1155.806 2731.126 98.55 98.30 na._ 4
Total: 1172.816 2778.414 100.00 100.00

HPLC (Chiral MD): tR=20.3 (minor), 21.4 (major)

Condition: 95:5 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

mAlL
11-31.183
Me |2 - 33.260
Ph
N o
0]
rac.2aa
1
: min
500 eas 3750 | 9875 | 30.00 3125 3750 3375 3500 36.25 Y
Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAll % % n.a.
1 31.183 87.892 125 358 4907 51.90 n.a.
W 33.260 91.234 116.199 5093 4510 n.a.
Total: 179.126 241.557 100.00 100.00
Chromatogram
r malJ
|2-33.240
Me
atdl
Ph
N o)
0]
2aa
1-31.513
T
min
2500 2625 2750 2875 3000 3125 3250 3375 3500 3625 ' 3800
Integration Results
Flo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU %o % n.a.
1 31513 4147 6.765 1.06 1.37 n.a.
2 33.240 386.545 486.532 95.94 98.63 n.a
Total: 390.692 493.297 100.00 100.00

HPLC (Chiralpak 1B): tr= 33.4 (minor), 35.3 (major)
Condition: 90:10 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram
4

mAL ™
1-7.303
|2 - 8.557
Me, Bn
i :N
Ts
rac. 2ab
1
|
T T
min
Q00 100 200 300 400 5.00 6.00 7.00 3.00 .00 950
Integration Results
Flo. [Peak Mame Retention Time Area Height Relative Area Relative Height | Amount R
min mAU*min mAl % % n.a.
1 7.903 11.746 79.984 49.46 52.00 n.a.
2 8.567 12.004 73.819 50.54 48.00 na. 4
Total: 23.750 153.803 100.00 100.00
Chromatogram
malL
|2-8.573
Me-) wBn
N
Ts
2ab
1-7.920
VJ\ 1 II
min
ﬂ.litl I I'I.IUEI I |2.IUD I IS.IEID I 4.IEIU 5.IDD E.IIJD I T.IIJEI I B.IDEI Q.IDEI IQ.ISQ
Integration Results
Mlo. [Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 7.920 1.268 8.518 10.30 11.21 n.a.
¥4 8.573 11.040 67.500 89.70 88.79 n.a.
Total: 12.309 76.018 100.00 100.00

HPLC (Chiralpak IB): tr= 7.9 (minor), 8.6 (major)
Condition: 80:20 n-Hexane:i-PrOH, flow rate 0.75 mL/min, 25 °C.
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Chromatogram

mALU A
1-9.563
12 -11.447
Me Ph
NTs
rac.2ac
1
T
min
LD.IDEII I'1.|25| |2.|5|J| 3.%"5| 5.IEIU E.I25l IT.ISEII IB.ITSI I I‘IEI.IDUI I‘H!ESI I'I$|2!ED
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.563 13.527 74.089 50.31 55.52 n.a.
i 11.447 13.360 59.361 49.69 44 48 na. 4
Total: 26.888 133.450 100.00 100.00
Chromatogram
T N
mAL
11-9.810
Me, ~—Ph
NTs
2ac
2-11.743
1 1
min
_EU.IEIUI I |'1.|25I |2.|5EII S.ITSI 5.IIJD - E.IZSI I?.ISDI IB.I?SI I I‘]U.IDEII 11'1!25| - 1@_
Integration Results
Mlo.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.810 11.391 61.449 72.22 76.18 n.a.
¥4 11.743 4.383 19.212 27.78 23.82 n.a.
Total: 15.773 80.661 100.00 100.00

HPLC (Chiralpak I1B): tr= 9.8 (major), 11.7 (minor)
Condition: 80:20 n-Hexane:i-PrOH, flow rate 0.75 mL/min, 25 °C.
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Chromatogram

v

mAl h
|1-18.380
2 -19.547
p H
D
CHs
rac.2ad
min
\0.0 25 ‘50 75 ~ 100 . 125 180 475 200 229
Integration Results
Ko. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAL % % n.a.
1 18.380 5.755 15.810 52.74 52.70 n.a.
2 19.547 5.157 14191 47.26 47.30 na. 4
Total: 10.912 30.000 100.00 100.00
Chromatogram
b
mAU
- 17717
p H
D
.”‘\/\/\
CHs
2ad
2 - 19.050
I
T T
min
hoo ‘o5 5.0 75 10.0 125 150 175 ‘200 23g
Integration Results
Mo.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU*min mAU % % n.a.
1 I 17717 22.335 64.105 97.05 97.43 n.a.
e 19.050 0.680 1.691 295 257 na. 4
Total: 23.015 65.795 100.00 100.00

HPLC (Chiralcel OD-H): tr= 17.7 (major), 19.1 (minor)

Condition:n-Hexane, flow rate 0.25 mL/min, 25 °C.
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Chromatogram

11-11.080
2-11.74
Me
,0Bz
(0]
rac. 3
I |
f
0.00° 125 250 375 500 '6.25 750 ‘875 10,00 1125 1250
A3 &l [min]
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAL % % n.a.
1 11.080 314.520 1702.389 49.58 51.46 n.a.
2 11.743 319.829 1605.870 50.42 48.54 n.a.
Total: 634.349 3308.258 100.00 100.00
Chromatogram
12 - 11.691
Me
\\HEOBZ
0]
3
(1 -1].127
I f
0.00 125 250 375 500 '6.25 750 ‘875 10,00 1125 | 1250
B3 I8l [rnin]
Integration Results
Mlo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mALl % % n.a.
1 11.127 17.388 98.750 2.65 3.58 n.a.
i 11.697 637.658 2662.485 97.35 96.42 na.
Total: 655.046 2761.235 100.00 100.00

HPLC (Chiralpak IB): tR=11.1 (minor), 11.7 (major)
Condition: 70:30 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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Chromatogram

mAL
j1-12.660
2 - 14.337
Me
2 OBz
o O
rac. 4
|
T
min
hoo T s 40 60 g0 10.0 12.0 " 440 1eq
Integration Results
Mo, [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mALU % % n.a.
1 13.660 641.300 2213.686 49.30 50.70 n.a.
e 14.337 659.620 2152134 50.70 49.30 n.a.
Total: 1300.920 4365.820 100.00 100.00
Chromatogram
maAL
(2-14.413
Me
RSN
o2 OBz
O O
4
i1
1 T
min
Y Y B0 10,0 12.0 140 " 18
Integration Results
Mo. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mALU % % n.a.
1 13.743 12116 47276 1.86 213 n.a.
e 14.413 639.213 2177.016 98.14 97.87 n.a.
Total: 651.329 2224.2M 100.00 100.00

HPLC (Chiralpak AD-H): tR= 13.7 (minor), 14.4 (major)
Condition: 70:30 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25°C.
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Chromatogram

mALl 1-16.503
2-18.483
Me
OBz
2
N 0]
H
rac. 5
- T
min
00 25 ‘50 75 100 135 150 175 200 22
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % n.a.
1 16.503 348.911 944 447 50.03 53.06 n.a
v 18.483 348 522 835.571 49.97 46.94 n.a
Total: 697.432 1780.019 100.00 100.00
Chromatogram
w ) N
malJ
11-16.510
Me
0Bz
2
N @] '
H
5
A | | 2-18503
T I
min
o 25  "so g5 " "qgp | 125 480 175 200 234
Integration Results
Ko, [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min malL % % n.a.
1 16.510 167_056 448 414 98.02 93.21 n.a
2 18.603 3.379 8.158 1.98 1.79 na. 4
Total: 170.435 456.572 100.00 100.00

HPLC (Chiralpak AD-H): tR= 16.5 (major), 18.5(minor)
Condition: 70:30 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 °C.
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