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The optimization of reaction conditions

Table S1. Initial Screening of Reaction Conditions?

[Cu] (10 mol%)
(12 mol%) Ph
L|OtBu (4.0 equiv.)
solvent, rt, argon, 48 h INH Pth

(x)-1a
et o 0 OH P O
j{B‘o}< %B\oi %B\OH ke %B\O .O
2a, Bneop 2b, Bpin 2c 2d 2e, B(mac)

Entry 2 [Cu] Solvent Yield Ee
1 2a Cul DMSO 0 /
2 2b Cul DMSO 0 /
3 2C Cul DMSO 0 /
4 2d Cul DMSO 0 /
5 2e Cul DMSO 0 /
6 2a Cul CHJCl> 0 /
7 2a Cul DCE 0 /
8 2a Cul toluene 0 /
9 2a Cul CH3CN 0 /

10 2a Cul EtOAC 0 /
11 2a Cul Et.O 0 /
12 2a Cul THF 0 /
13P 2a Cul DMSO 39% 31%

#Reaction conditions: (+)-1a (0.075 mmol), 2 (0.05 mmol), Cul (10 mol%), L1 (12
mol%), LiO'Bu (4.0 equiv.) in solvent (0.60 mL) at room temperature for 24 h under
argon. Yield was based on H NMR analysis of the crude product using
1,3,5-trimethoxybenzene as an internal standard. Ee values based on HPLC analysis.
H,0 (2.0 equiv.) was added.
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Table S2. Screening of Reaction Conditions for Propargyl Bromides?
Cul (10 mol%)
L (12 mol%)

LiOBu (4.0 equiv.)
H,0 (2.0 equiv.) 4
/\/ DMSO/CH,Cl, (2:1) 1P
TIPS -10 °C, Ar Ph
(#)-1b 42

Ph

QMe % | L1, Ar=Ph 5
N i L2, Ar=3,5-BuCeHs !

' L3, Ar = 2,4,6-Me3CgHy |
| NH PAr2 114 Ar=26-Me,CeH; |

Nx o i L5, Ar = 1-naphthyl
i L6, Ar = 9-phenanthryl '

Entry L Yield Ee
1 L4 47% 63%
5 L1 82% 54%
3 L2 88% 57%
4 L3 35% 59%
5 L5 53% 75%
6 L6 52% 92%

7be L6 43% 86%
gb L6 68% 94%

#Reaction conditions: (£)-1b (0.075 mmol), 2e (0.05 mmol), Cul (10 mol%), L (12
mol%), LiO'Bu (4.0 equiv.) and H20 (2.0 equiv.) in DMSO/CH.CI, (0.60 mL, v/v =
2:1) at =10 <T for 120 h under argon. Yield was based on *H NMR analysis of the
crude product using 1,3,5-trimethoxybenzene as an internal standard. Ee values based
on HPLC analysis. "LiO'Bu (6.0 equiv.) and H20 (3.0 equiv.). “Utilizing Bpin-derived

boronate ester 2b instead of 2e. “LiO'Bu (8.0 equiv.) and H20 (4.0 equiv.).

Scheme S1. Control experiment with propargyl bromides

Ph
/BFK/ standard Ph
B(mac) conditions 4 + _N
P + o]
= : TEMPO (1.0 equiv.) TIPS Z
TIPS (1.0 equiv.) TIPS
Ph

Ph

1b 2e 44, not observed 61', HRMS detected

COMe

Ph
standard
Ph/A”/Ph +1b + conditions X N
Ph TIPS

B(mac) MeOC

59 2ea 60', < 5% yield, detected by HRMS
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General information

All reactions were carried out under argon atmosphere using Schlenk techniques.
Reagents were purchased at the highest commercial quality and used without further
purification, unless otherwise stated. Analytical thin layer chromatography (TLC) was
performed on precoated silica gel 60 GF254 plates. Flash column chromatography
was performed using Tsingdao silica gel (60, particle size 0.040-0.063 mm).
Visualization on TLC was achieved by use of UV light (254 nm) or iodine. NMR
spectra were recorded on Bruker DPX-400 spectrometer at 400 MHz for 'H NMR,
100 MHz for ¥C NMR, 376 MHz for F NMR and 128 MHz for 'B NMR,
respectively, in CDClz with tetramethylsilane (TMS) as internal standard. The
chemical shifts are expressed in ppm and coupling constants are given in Hz. Data for
'H NMR are recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d,
doublet; t, triplet; g, quarter; p, pentet; m, multiplet; br, broad), coupling constant (Hz),
integration. Data for 13C NMR are reported in terms of chemical shift (8, ppm). Mass
spectrometric data were obtained using Bruker Apex IV RTMS. Enantiomeric excess
(ee) was determined using SHIMADZU LC-20AD with SPD-20AV detector or
Agilent high-performance liquid chromatography (HPLC) with Hatachi detector (at
appropriate wavelength). Column conditions are reported in the experimental section
below.
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The synthesis of alkyl bromide substrates

The alkyl bromides 1a, 1d—1z, laa—lad were synthesized according to the reported
literature.

The Synthesis of Propargyl Bromides
The propargyl bromides were synthesized according to the reported procedure.?

General procedure for preparation of (3-bromopent-1-yn-1-yl)triisopropylsilane
(1b):

"BuLi (1.3 equiv.) OH PPh3+Br; (1.2 equiv.) Br
/4 THF, —78 °C: /\/ imidazole (1.2 equiv.) /\/
TIPS gz
) aldehyde (1.0 equiv.) TIPS 4 CH,Cly, 1t TIPS ~
1.3 equiv. _78°Ctort

1b

"BuLi (2.4 M in hexane, 10.8 mL, 26 mmol, 1.3 equiv.) was added dropwise into a
solution of triisopropylsilacetylene (5.8 mL, 26 mmol, 1.3 equiv.) in anhydrous THF
(50.0 mL) at —78 <C. The mixture was stirred at room temperature for 30 min and
cooled to —78 <C. Propionaldehyde (1.4 mL, 20 mmol, 1.0 equiv.) was added
dropwise. Then the mixture was warmed up to room temperature and stirred for
overnight. The mixture was quenched by a saturated aq. NH4Cl (20 mL), extracted
with EtOAc (3 x 30 mL), and dried over Na2SO4. The organic phase was concentrated
in vacuum and then subjected to flash chromatography to afford the desired
1-(triisopropylsilyl)pent-1-yn-3-ol.

A 100-mL flask was charged with imidazole (0.82 g, 12.0 mmol, 1.2 equiv.),
evacuated, and back-filled with argon. CH.Cl> (30 mL) was added via syringe,
followed by the addition of the 1-(triisopropylsilyl)pent-1-yn-3-ol (2.40 g, 10.0 mmol,
1.0 equiv.)). The solution was stirred for 15 min, and then
dibromotriphenylphosphorane (5.1 g, 12.0 mmol, 1.2 equiv.) was added and the
reaction mixture was stirred at room temperature. Upon completion (monitored by
TLC), the reaction was quenched by the addition of silica gel. The solvent was
removed under reduced pressure, and then the plug of silica gel was subjected to flash
chromatography to afford the desired product 1b.

(3-bromopent-1-yn-1-yhtriisopropylsilane (1b)
Br

Z
TIPS
1b

Following the above general procedure, the title compound 1b was prepared from
1-(triisopropylsilyl)pent-1-yn-3-ol (2.40 g, 10 mmol, 1.0 equiv.) as a colorless oil
(1.76 g, 58% vyield).
'H NMR (400 MHz, CDCl3) 6 4.53 (t, J = 6.4 Hz, 1H), 2.11 — 1.96 (m, 2H), 1.12 (t, J
=7.2 Hz, 3H), 1.08 (s, 21H).
13C NMR (100 MHz, CDCl3) 6 105.7, 88.8, 39.1, 33.1, 18.5, 11.6, 11.1.
HRMS (ESI) m/z calcd. for C14H26BrSi [M + H]* 303.1138, found 303.1137.
(E)-(3-bromoundec-8-en-1-yn-1-yDtriisopropylsilane (1af)
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Br

N
= 4

TIPS
1af

Following the above general procedure, the title compound laf was prepared from
(E)-1-(triisopropylsilyl)undec-8-en-1-yn-3-ol (1.94 g, 6.0 mmol, 1.0 equiv.) as a pale
yellow oil (1.27 g, 55% vyield).
IH NMR (400 MHz, CDCl3) & 5.43 — 5.25 (m, 2H), 4.54 (t, J = 6.4 Hz, 1H), 2.13 —
1.94 (m, 6H), 1.65 — 1.50 (m, 2H), 1.47 — 1.34 (m, 2H), 1.07 (s, 21H), 0.96 (t, J=7.6
Hz, 3H).
13C NMR (100 MHz, CDCls) $132.0, 128.6, 105.9, 88.7, 39.8, 37.3, 28.8, 27.0, 26.8,
20.5, 18.6, 18.53, 18.48, 14.3, 11.2.
HRMS (ESI) m/z calcd. for C2oH3sBrSi [M + H]* 385.1921, found 385.1915.

(3-bromo-6-chlorohex-1-yn-1-yDtriisopropylsilane (1ag)
Br
cl
= 3
TIPS
1ag
Following the above general procedure, the title compound lag was prepared from
6-chloro-1-(triisopropylsilyl)hex-1-yn-3-ol (0.87 g, 3.0 mmol, 1.0 equiv.) as a pale
yellow oil (0.35 g, 34% vyield).
!H NMR (400 MHz, CDCls) & 4.61 (t, J = 6.0 Hz, 1H), 3.64 — 3.57 (m, 2H), 2.22 —
2.14 (m, 2H), 2.12 — 2.02 (m, 2H), 1.08 (s, 21H).
13C NMR (100 MHz, CDCl3) 6 105.1, 89.5, 43.9, 36.8, 36.2, 30.1, 18.5, 11.1.
HRMS (ESI) m/z calcd. for C14H27BrCISi [M + H]" 337.0748, found 337.0746.

5-bromo-7-(triisopropylsilyl)hept-6-yn-1-yl acetate (1ah)
Br

OAc
= 4

TIPS
1ah

Following the above general procedure, the title compound 1ah was prepared from
5-hydroxy-7-(triisopropylsilyl)hept-6-yn-1-yl acetate (0.85 g, 2.6 mmol, 1.0 equiv.) as
a pale yellow oil (0.50 g, 50% vyield).

H NMR (400 MHz, CDCls) 6 4.56 (t, J = 6.8 Hz, 1H), 4.07 (t, J = 6.0 Hz, 2H), 2.09
—1.98 (m, 5H), 1.72 — 1.59 (m, 4H), 1.07 (s, 21H).

13C NMR (100 MHz, CDCl3) §171.1, 105.6, 89.0, 64.1, 39.3, 36.9, 27.7, 23.9, 20.9,
18.53, 18.47,11.1.

HRMS (ESI) m/z calcd. for C1gH34BrO.Si [M + H]* 389.1506, found 389.1504.

ethyl 6-bromo-8-(triisopropylsilyl)oct-7-ynoate (1ai)
Br

CO,Et
= 4

TIPS
1ai
Following the above general procedure, the title compound lai was prepared from
ethyl 6-hydroxy-8-(triisopropylsilyl)oct-7-ynoate (1.75 g, 5.1 mmol, 1.0 equiv.) as a
pale yellow oil (0.68 g, 41% yield).
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IH NMR (400 MHz, CDCls) & 4.55 (t, J = 6.4 Hz, 1H), 4.13 (q, J = 7.2 Hz, 2H), 2.32
(t, J = 7.2 Hz, 2H), 2.09 — 1.95 (m, 2H), 1.74 — 1.53 (m, 4H), 1.26 (t, J = 7.2 Hz, 3H),
1.07 (s, 21H).

13C NMR (100 MHz, CDCls) §173.3, 105.6, 88.9, 60.2, 39.4, 37.0, 34.1, 26.8, 24.0,
18.5,14.2, 11.1.

HRMS (ESI) m/z calcd. for C1sHssBrO2Si [M + H]* 403.1662, found 403.1662.

OH PPh; (1.2 equiv.)
NCS (1.3 equiv.) /\/\
Ph —— Z Ph
/\/\ THF, reflux Z

TIPS TIPS

Following the procedure reported in the literature,®
5-phenyl-1-(triisopropylsilyl)pent-1-yn-3-ol (3.17 g, 10 mmol, 1.0 equiv.) was added
to a solution of triphenylphosphine (3.15 g, 12.0 mmol, 1.2 equiv.) in THF (20 mL).
N-Chlorosuccinimide (1.74 g, 13.0 mmol, 1.3 equiv.) was added in portions over 10
minutes and the reaction heated to reflux. After 19 hours the mixture was allowed to
cool to room temperature before pentane (20 mL) was added. The solvent was
removed under reduced pressure, and was subjected to flash chromatography to afford
the desired product 1c.

(3-chloro-5-phenylpent-1-yn-1-yl)triisopropylsilane (1c)
Cl

4 Ph
TIPS
1c

Following the above general procedure, the title compound 1c was prepared from
5-phenyl-1-(triisopropylsilyl)pent-1-yn-3-ol (3.17 g, 10 mmol, 1.0 equiv.) as a
colorless oil (1.70 g, 43% yield).

'H NMR (400 MHz, CDCls) 4 7.32 — 7.25 (m, 2H), 7.24 — 7.16 (m, 3H), 4.49 (t, J =
6.8 Hz, 1H), 2.94 — 2.81 (m, 2H), 2.32-2.19 (m, 2H), 1.09 (s, 21H).

13C NMR (100 MHz, CDCls) 6140.3, 128.6, 128.5, 126.2, 105.1, 88.1, 48.1, 41.0,
32.4,18.60, 11.1.

HRMS (ESI) m/z calcd. for C2oHs2CISi [M + H]" 335.1956, found 335.1953.

The synthesis of boron reagents

~__B(OH), O on ___B(mac)
M
O OH  CH,CI,/EtOAC (4:1)

rt

1.0 equiv. 1.1 equiv.

The boron reagents were synthesized according to the reported procedure.* To a
100-mL flask equipped with a stir bar was added (hetero)aryl boronic acid (10 mmol,
1.0 equiv.) and 1,2-dimethylacenaphthylene-1,2-diol (2.17 g, 11 mmol, 1.1 equiv.).
Then CH2CI2/EtOAC (4:1, 20 mL) was added to dissolve the reactants. The reaction
was allowed to stir at room temperature for 3 hours, then the reaction mixture was
concentrated. The crude product was purified by silica gel chromatography to afford
the desired product.
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8-([1,1":3",1""-terphenyl]-5'-yl)-6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxab
orole (2e)

Ph\©/8(mac)

Ph
2e

Following the above general procedure, the title compound 2e was prepared from
(3,5-diphenylphenyl)boronic  acid (548 g, 20 mmol, 1.0 equiv) and
1,2-dimethylacenaphthylene-1,2-diol (4.34 g, 22 mmol, 1.1 equiv.) as a white solid
(7.90 g, 87% yield).

'H NMR (400 MHz, CDCls) 6 8.00 (s, 2H), 7.82 (s, 1H), 7.75 (d, J = 8.0 Hz, 2H),
7.68 —7.49 (m, 8H), 7.45 — 7.20 (m, 6H), 1.87 (s, 6H).

13C NMR (100 MHz, CDCls) & 144.7, 141.01, 140.00, 134.8, 132.5, 131.1, 128.8,
128.6, 128.4, 127.2, 125.3, 119.6, 92.5, 22.2.

1B NMR (128 MHz, CDCls3) 6 30.8.

HRMS (ESI) m/z calcd. for Cs2H26BO2 [M + H]* 453.2020, found 453.2012.

1-(4-(6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxaborol-8-yl)phen
yl)ethan-1-one (2ea)

B(mac)
e
2ea

Following the above general procedure, the title compound 2ea was prepared from
(4-acetylphenyl)boronic acid (049 g, 30 mmol, 1.0 equiv) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.91 g, 89% yield).

'H NMR (400 MHz, CDCls) & 7.85 (s, 4H), 7.82 — 7.77 (m, 2H), 7.66 — 7.57 (m, 4H),
2.57 (s, 3H), 1.88 (s, 6H).

13C NMR (100 MHz, CDCls) 6 198.42, 1445, 138.9, 135.0, 134.7, 131.4, 128.5,
127.2,125.4,119.6, 92.7, 26.7, 22.1.

1B NMR (128 MHz, CDCl3) 6 31.2.

HRMS (ESI) m/z calcd. for C22H20BO3 [M + H]* 343.1500, found 343.1502.

8-(3-methoxyphenyl)-6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]diox
aborole (2eb)

/O\©/B(mac)

2eb

Following the above general procedure, the title compound 2eb was prepared from
(3-methoxyphenylboronic acid (046 g, 3.0 mmol, 1.0 equiv.) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.78 g, 79% yield).
'H NMR (400 MHz, CDCls) 6 7.77 (d, J = 7.2 Hz, 2H), 7.65 — 7.54 (m, 4H), 7.36 (d,
J=7.2Hz, 1H), 7.29 (s, 1H), 7.21 (t, J = 7.6 Hz, 1H), 6.97 — 6.88 (m, 1H), 3.76 (s,
3H), 1.86 (s, 6H).
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13C NMR (100 MHz, CDCls) §158.9, 144.7, 134.7, 131.3, 128.8, 128.4, 127.2, 125.2,
119.5, 118.8, 117.8, 92.4, 55.2, 22.2.

1B NMR (128 MHz, CDCl3) §30.5.

HRMS (ESI) m/z calcd. for C21H20BOz [M + H]* 331.1500, found 331.1501.

8-(4-methoxyphenyl)-6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]diox
aborole (2ec)

B(mac)
ey

2ec

Following the above general procedure, the title compound 2ec was prepared from
(4-methoxyphenyl)boronic acid (046 g, 3.0 mmol, 1.0 equiv.) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.85 g, 86% yield).

'H NMR (400 MHz, CDCls) 6 7.81-7.74 (m, 2H), 7.70 (d, J = 8.8 Hz, 2H), 7.64-7.55
(m, 4H), 6.82 (d, J = 8.8 Hz, 2H), 3.77 (s, 3H), 1.86 (s, 6H).

13C NMR (100 MHz, CDCls) $162.0, 144.9, 136.5, 134.8, 131.3, 128.4, 125.2, 119.5,
113.2,92.2,55.0, 22.2.

1B NMR (128 MHz, CDCl3) 6 31.2.

HRMS (ESI) m/z calcd. for Co1H20BO3 [M + H]* 331.1500, found 331.1495.

8-([1,1'-biphenyl]-3-yI)-6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dio
xaborole (2ed)

Ph\©/B(mac)

2ed

Following the above general procedure, the title compound 2ed was prepared from
3-biphenylboronic  acid (059 g, 30 mmol, 10 equiv) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(1.03 g, 91% yield).
'H NMR (400 MHz, CDCls) & 8.01 (s, 1H), 7.81-7.71 (m, 3H), 7.66-7.50 (m, 7H),
7.42-7.32 (m, 3H), 7.32-7.24 (m, 1H), 1.86 (s, 6H).
13C NMR (100 MHz, CDCls) $144.7, 141.1, 140.4, 134.7, 133.7, 133.6, 131.3, 129.9,
128.6, 128.4, 128.0, 127.2, 127.1, 125.3, 119.6, 92.4, 22.2.
1B NMR (128 MHz, CDCls) 6 30.3.
HRMS (ESI) m/z calcd. for Co6H22BO, [M + H]* 377.1707, found 377.1704.

8-([1,1'-biphenyl]-4-yl)-6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dio
xaborole (2ee)

/©/B(mac)
Ph

2ee

Following the above general procedure, the title compound 2ee was prepared from
4-biphenylboronic acid (059 g, 3.0 mmol, 1.0 equiv.) and
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1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(1.02 g, 90% vyield).

'H NMR (400 MHz, CDCls3) 6 7.84 (d, J = 8.4 Hz, 2H), 7.78 (d, J1= 7.2 Hz, J>= 1.6
Hz, 2H), 7.65-7.50 (m, 8H), 7.43-7.36 (m, 2H), 7.34-7.28 (m, 1H), 1.87 (s, 6H).

13C NMR (100 MHz, CDCls) §144.8, 143.7, 140.9, 135.3, 134.8, 131.3, 128.7, 128.4,
127.5,127.1, 126.3, 125.3, 119.6, 92.4, 22.2.

11B NMR (128 MHz, CDCl3) & 31.8.

HRMS (ESI) m/z calcd. for C2sH22BO2 [M + H]* 377.1707, found 377.1703.

1-(3-(6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxaborol-8-yl)phen
ylethan-1-one (2ef)
0

)J\©/B(mac)

2ef

Following the above general procedure, the title compound 2ef was prepared from
(3-acetylphenylhboronic acid (049 g, 3.0 mmol, 1.0 equiv) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.87 g, 85% vyield).

!H NMR (400 MHz, CDCl3) & 8.32 (s, 1H), 8.02 — 7.90 (m, 2H), 7.84 — 7.73 (m, 2H),
7.68 —7.56 (m, 4H), 7.38 (t, J = 7.6 Hz, 1H), 2.58 (s, 3H), 1.88 (s, 6H).

13C NMR (100 MHz, CDCls) $198.3, 144.5, 139.4, 136.3, 134.8, 134.7, 131.3, 130.7,
128.5,127.9, 125.3, 119.6, 92.6, 26.7, 22.1.

118 NMR (128 MHz, CDCls) §30.1.

HRMS (ESI) m/z calcd. for C22H20BOs [M + H]" 343.1500, found 343.1500.

3-(6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxaborol-8-yl)benzoni
trile (2eg)

NC\©/ B(mac)

2eg

Following the above general procedure, the title compound 2eg was prepared from
(3-cyanophenyl)boronic  acid (044 g, 3.0 mmol, 1.0 equiv) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.74 g, 76% yield).
'H NMR (400 MHz, CDCls) & 8.04 (s, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.83 — 7.75 (m,
2H), 7.66 — 7.55 (m, 5H), 7.35 (t, J = 7.6 Hz, 1H), 1.87 (s, 6H).
13C NMR (100 MHz, CDCls) §144.2, 138.7, 138.4, 134.6, 134.3, 131.3, 128.5, 128.2,
125.4,119.6, 118.7, 111.9, 92.9, 22.0.
118 NMR (128 MHz, CDCl3) §29.1.
HRMS (ESI) m/z calcd. for C2:H17BNO2 [M + H]" 326.1347, found 326.1348.

4-(6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxaborol-8-yl)benzoni
trile (2eh)

S11



/©/B(mac)
NC

2eh

Following the above general procedure, the title compound 2eh was prepared from
(4-cyanophenyl)boronic  acid (044 g, 3.0 mmol, 1.0 equiv) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.76 g, 78% yield).

'H NMR (400 MHz, CDCls) 6 7.84 (d, J = 8.4 Hz, 2H), 7.82 — 7.77 (m, 2H), 7.66 —
7.59 (m, 4H), 7.57 (d, J = 8.4 Hz, 2H), 1.88 (s, 6H).

13C NMR (100 MHz, CDCls) 6 144.3, 135.1, 134.7, 131.4, 131.0, 128.5, 125.5, 119.6,
118.8,114.5,92.9, 22.1.

1B NMR (128 MHz, CDCl3) 6 31.2.

HRMS (ESI) m/z calcd. for C21H17BNO2 [M + H]" 326.1347, found 326.1348.

8-(furan-3-yl)-6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxaborole
(2ei)

@B(mac)
O

2ei

Following the above general procedure, the title compound 2ei was prepared from
furan-3-ylboronic  acid (034 g, 30 mmol, 10 equiv) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.75 g, 86% yield).

'H NMR (400 MHz, CDCls3) & 7.81 — 7.75 (m, 2H), 7.73 (s, 1H), 7.64 — 7.54 (m, 4H),
7.38 (t, J = 1.6 Hz, 1H), 6.57 — 6.51 (m, 1H), 1.84 (s, 6H).

13C NMR (100 MHz, CDCls) 151.2, 144.6, 142.8, 134.7, 131.3, 128.4, 125.3, 119.5,
113.0,92.1, 22.1.

1B NMR (128 MHz, CDCls3) 6 29.5.

HRMS (ESI) m/z calcd. for C1gH16BO3 [M + H]" 291.1187, found 291.1184.

6b,9a-dimethyl-8-(thiophen-3-yl)-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxabor
ole (2ej)

@B(mac)
S

2ej
Following the above general procedure, the title compound 2ej was prepared from

thiophen-3-ylboronic acid (038 g, 3.0 mmol, 1.0 equiv.) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.76 g, 83% yield).
'H NMR (400 MHz, CDCls) 6 7.87 (d, J = 3.6 Hz, 1H), 7.76 (dd, J1= 6.8 Hz, J,= 3.6
Hz, 2H), 7.63 — 7.53 (m, 4H), 7.35 (d, J = 4.8 Hz, 1H), 7.27 — 7.21 (m, 1H), 1.84 (s,
6H).
13C NMR (100 MHz, CDCls) §144.6, 136.5, 134.7, 132.0, 131.3, 128.4, 125.3, 125.2,
119.5,92.2, 22.1.
1B NMR (128 MHz, CDCls) 6 28.8.
HRMS (ESI) m/z calcd. for C1sH16BO2S [M + H]* 307.0959, found 307.0957.
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2-chloro-5-(6b,9a-dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxaborol-8-y
lpyridine (2ek)

N B(mac)

P
ClI” °N

2ek

Following the above general procedure, the title compound 2ek was prepared from

(6-chloropyridin-3-yl)boronic acid (0.47 g, 3.0 mmol, 1.0 equiv.) and
1,2-dimethylacenaphthylene-1,2-diol (0.65 g, 3.3 mmol, 1.1 equiv.) as a white solid
(0.80 g, 79% yield).
'H NMR (400 MHz, CDCls) 6 8.67 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.80 (s, 2H),
7.61 (s, 4H), 7.24 (d, J = 8.0 Hz, 1H), 1.87 (s, 6H).
13C NMR (100 MHz, CDCls) 155.7, 154.2, 144.8, 144.1, 134.7, 131.3, 128.5, 125.5,
123.6, 119.7, 92.9, 22.1.
1B NMR (128 MHz, CDCls3) 6 30.3.
HRMS (ESI) m/z calcd. for C1gH16BCINO [M + H]" 336.0957, found 336.0958.

The synthesis of ligands
The ligands L1-L.7 were synthesized according to the reported patent.®

General procedure for preparation of L4, L6 and L7.

Mg (1.1 equiv.), I, (cat.) o TMDS(1.5 equiv.) H KHMDS (1.5 equiv.)
THF, rt to reflux; I Cu(OTf), (0.1 equiv.) I THF, -78 °C ;
ArBr P AT A
diethyl phosphonate Ar“HAr toluene, 120 °C r " methyl 2-fluorobenzoate
1.0 equiv. (0.35 equiv.) L4-1 L4-2 (1.2 equiv.)
0°Ctort -78°Ctort
=
OMe
o o QNeNH; (1.1 equiv.) N
EDCI (1.3 equiv.)
&om LiOHe H,0 (20 equiv.) @OH DMAP (0.1 equiv.) N PAr
THF/H,0 (1:1), 75 °C DCM, rt
PAr, 20 (D PAr, Ny g
L4-3 L4-4
L4 (Ar = 2,6-Me,CgH3)

Diethyl phosphonate (1.35 mL, 10.5 mmol) was added dropwise at 0 °C to a
solution of arylmagnesium bromide in THF (40 mL) which was prepared from aryl
bromides (30.0 mmol) and magnesium (0.79 g, 33.0 mmol). The mixture was stirred
for 30 minutes at 0 °C. Upon completion (monitored by TLC), the mixture was
quenched by a saturated aq. NH4Cl (30 mL), extracted with EtOAc (3 x 30 mL), and
dried over Na;SO4. The organic phase was concentrated in vacuum and the residue
was  purified by column  chromatography on silica gel using
dichloromethane/methanol = 10/1 as eluent to give the diarylphosphine oxide L4-1
(2.58 g, 10.0 mmol, 95% yield).

The diarylphosphine oxide L4-1 (2.58 g, 10.0 mmol) and Cu(OTf). (0.36 g, 1.0
mmol, 0.1 equiv.) were added in a 50 mL Schlenk tube at room temperature. Then
TMDS (2.65 mL, 15 mmol, 1.5 equiv.) and toluene (20 mL) were added under argon
flow. The reaction mixture was stirred for 12 h at 120 °C. After the reaction was
completed, the solvent was removed under vacuum. Then the residue was purified by
column chromatography on silica gel using petroleum ether as eluent to give the
diarylphosphane L4-2 (2.42 g, 10.0 mmol, quantitative yield).

The diarylphosphane L4-2 (2.42 g, 10.0 mmol) was placed in a Schlenk flask and

S13



dissolved in THF (20 mL). The reaction mixture was cooled to —78 °C, KHMDS (1.0
M in THF, 15 mL, 15 mmol, 1.5 equiv.) was added via syringe. The reaction mixture
was then warmed to room temperature and stirred for 30 minutes. The reaction
mixture was cooled to —78 °C again and methyl-2-fluorobenzoate (1.5 mL, 12 mmol,
1.2 equiv.) was added dropwise. After the addition, the reaction mixture was warmed
to room temperature and stirred for 30 minutes. The mixture was quenched with
NH4ClI agueous (20 mL) and was extracted with EtOAc (3 x 30 mL). The combined
organic layers were dried over Na>SOg, filtered and evaporated in vacuo. The crude
was purified by flash chromatography on silica gel using petroleum ether/ethyl acetate
= 20:1 as eluent to provide the product L4-3 (3.50 g, 9.3 mmol, 93% yield).

The compound L4-3 (3.50 g, 9.3 mmol) was charged into a round bottom flask
equipped with reflux condenser and was dissolved in THF (20 mL) at room
temperature. Water (20 mL) was added into this solution followed by LiOH H20
(7.80 g, 186 mmol, 20 equiv.). The reaction mixture was stirred at 75 °C for 36 h.
Then the mixture was cooled to room temperature and extracted with EtOAc (3 x 30
mL). The combined organic layers were dried over Na SOyg, filtered and evaporated in
vacuo. The crude was purified by flash chromatography on silica gel using
dichloromethane/methanol = 5:1 as eluent to provide the product L4-4 (2.65 g, 7.3
mmol, 78% yield).

To an oven-dried flask was added L4-4 (1.81 g, 5.0 mmol), quinine-derived chiral
amine® (1.77 g, 5.5 mmol, 1.1 equiv.), DMAP (61.0 mg, 0.5 mmol, 0.1 equiv.) and
EDCI (1.25 g, 6.5 mmol, 1.3 equiv.), followed by the addition of DCM (20 mL). The
reaction mixture was stirred for 6 h at room temperature. After completion (monitored
by TLC), the reaction mixture was directly subjected to flash chromatography on
silica gel using dichloromethane/methanol = 10:1 as eluent to afford the desired
product L4 (2.40 g, 3.6 mmol, 72% yield).

The ligand L7 was synthesized from quinidine-derived chiral amine according to
the above procedure.

L4 (Ar = 2,6-Me,CgH3)
IH NMR (400 MHz, CDCl3) § 8.41 (d, J = 4.8 Hz, 1H), 8.27 (br, 1H), 7.96 (d, J = 9.2
Hz, 1H), 7.88 — 7.78 (m, 1H), 7.69 (d, J = 2.8 Hz, 1H), 7.39 — 7.29 (m, 2H), 7.23 —
7.09 (m, 4H), 7.06 — 6.96 (M, 2H), 6.96 — 6.89 (M, 2H), 6.69 (br, 1H), 5.82 — 5.67 (m,
1H), 5.52 (br, 1H), 4.98 (d, J = 9.2 Hz, 1H), 4.95 (s, 1H), 3.92 (s, 3H), 3.33 — 3.15 (m,
2H), 2.92 (br, 1H), 2.78 — 2.61 (m, 2H), 2.31 — 2.21 (m, 1H), 2.09 (s, 6H), 1.96 (s,
6H), 1.71 —1.50 (m, 3H), 1.47 — 1.32 (m, 1H), 0.96 — 0.80 (m, 1H).
13C NMR (100 MHz, CDCl3) 6 168.2, 157.7, 147.6, 145.1, 144.5, 143.2, 143.0, 142.5,
142.4, 141.4, 141.3, 141.0, 134.7, 134.5, 133.5, 133.1, 133.0, 132.7, 131.4, 129.8,
129.24, 129.20, 129.17, 129.1, 128.9, 128.5, 128.4, 121.4, 118.6, 114.3, 101.9, 60.2,
56.0, 55.5, 41.0, 39.5, 27.9, 27.3, 26.0, 23.0, 22.8, 22.7, 22.5.
3P NMR (162 MHz, CDCl3) 6 -28.4
HRMS (ESI) m/z calcd. for Ca3Ha7NsO2P [M + H]* 668.3400, found 668.3401.
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OMe

L7 (Ar = 2,6-Me,CgH3)
1H NMR (400 MHz, CDCl3) § 8.47 (br, 1H), 8.34 (d, J = 4.4 Hz, 1H), 7.94 (d, J = 9.2
Hz, 1H), 7.90 — 7.81 (m, 1H), 7.60 (d, J = 2.4 Hz, 1H), 7.38 — 7.29 (m, 2H), 7.22 —
7.10 (m, 4H), 7.07 — 6.90 (m, 4H), 6.66 (br, 1H), 5.98 — 5.84 (m, 1H), 5.57 — 5.41 (m,
1H), 5.19 — 5.03 (m, 2H), 3.93 (s, 3H), 3.06 — 2.78 (m, 5H), 2.35 — 2.23 (m, 1H), 2.13
(s, 6H), 1.97 (s, 6H), 1.63 (br, 1H), 1.58 — 1.44 (m, 2H), 1.30 — 1.21 (m, 1H).
13C NMR (100 MHz, CDCls) 6 168.2, 157.6, 147.5, 145.7, 144.4, 143.4, 143.2, 1425,
142.3, 141.2, 140.9, 140.5, 134.6, 134.4, 133.4, 133.2, 133.0, 132.7, 132.6, 131.3,
130.0, 129.8, 129.32, 129.28, 129.2, 129.1, 129.0, 128.5, 128.44, 128.40, 121.8, 118.5,
114.6, 101.3, 60.5, 55.4, 49.2, 46.9, 39.0, 27.2, 26.6, 25.3, 23.0, 22.9, 22.7, 22.5.
3P NMR (162 MHz, CDCls) § -28.3
HRMS (ESI) m/z calcd. for C43H47N3O2P [M + H]* 668.3400, found 668.3401.

Cul (0.1 equiv.)
. 1-phenylethan-1-amine (0.2 equiv.) fo)
Mg SH1F egl't”"')'fllZ ((.:at.) o methyl 2-iodobenzoate (1.0 equiv.) HSICl3 (30 equiv.)
ABr | 0T % K2COj3 (2.0 equiv.) OMe PPh; (3.0 equiv.)
diethyl phosphonate Ar”HAr toluene, 120 °C P//O THF/toluene (1:1), 110 °C
1.0 equiv. (0.35 equiv.) Ar
o L6-1 2
0°Ctort L6-2

z
OMe %
o o QNeNH, (1.1 eq.uw.) N
EDCI (1.3 equiv.)
OMe _ LiOHeH,0 (20 equiv.) OH DMAP (0.1 equiv.) ‘ NH PAr,
THF/H,0 (1:1), 75 °C DCM, rt
PA, 20 (1) PAr, ! Nx

L6-3 L6-4

L6, Ar = 9-phenanthryl

Diethyl phosphonate (4.50 mL, 35 mmol, 0.35 equiv.) was added dropwise at 0 °C
to a solution of arylmagnesium bromide in THF (150 mL) which was prepared from
aryl bromides (100 mmol) and magnesium (2.64 g, 110 mmol, 1.1 equiv.). The
mixture was stirred for 30 minutes at 0 °C. Upon completion (monitored by TLC), the
mixture was quenched by a saturated ag. NH4Cl (50 mL), The reaction was diluted
with EtOAc, filtered through a frit funnel and washed with EtOAc. Then the solid
residue was dried under vacuum to give the diarylphosphine oxide L6-1 (8.28 g, 20.6
mmol, 59% yield).

In a oven-dried Schlenk tube (100 mL) was placed Cul (380 mg, 2.0 mmol, 0.1
equiv.) under argon atmosphere. Then 1-phenylethan-1-amine (0.52 mL, 4.0 mmol,
0.2 equiv.) was added, followed by methyl 2-iodobenzoate (2.94 mL, 20 mmol, 1.0
equiv.). After 5 minutes, toluene (50 mL) was added followed by L6-1 (8.05 g, 20
mmol). After the mixture was stirred for 5 minutes, anhydrous K>COs (5.5 g, 40 mmol,
2.0 equiv.) was added and the reaction mixture was stirred at 120 °C for 48 h under
argon atmosphere. Then the mixture was allowed to cool to room temperature and
was filtered through a short plug of Celite under reduce pressure. Celite was washed
three times with EtOAc and the filtrate was evaporated under reduced pressure. The
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residue was purified by column chromatography on silica gel using petroleum
ether/ethyl acetate = 3:1 as eluent to give the diarylphosphane L6-2 (8.75 g, 16.3
mmol, 82% yield).

The compound L6-2 (3.76 g, 7.0 mmol, 1.0 equiv.) and PPhz (5.50 g, 21 mmol, 3.0
equiv.) was placed in a Schlenk flask and dissolved in toluene/THF (1:1, 40 mL)
under argon atmosphere. Trichlorosilane (21 mL, 210 mmol, 30 equiv.) was slowly
added to the mixture via syringe. The reaction mixture was slowly warmed to 110 °C
and was stirred for 3 d at this temperature. Then the mixture was carefully quenched
by a saturated ag. NH4Cl (50 mL) at 0 °C and diluted with EtOAc. The HCI (conc.)
was added carefully until the mixture became clear. The combined organic layers
were dried over Na>SOs, filtered and evaporated in vacuo. The crude was purified by
flash chromatography on silica gel using petroleum ether/ethyl acetate = 20:1 as
eluent to provide the product L6-3 (3.02 g, 5.8 mmol, 83% yield).

The compound L6-3 (2.60 g, 5.0 mmol) was charged into a round bottom flask
equipped with reflux condenser and was dissolved in THF (20 mL) at room
temperature. Water (20 mL) was added into this solution followed by LiOH H>0
(4.20 g, 100 mmol, 20 equiv.). The reaction mixture was stirred at 75 °C for 36 h.
Then the mixture was cooled to room temperature and extracted with EtOAc (3 x 30
mL). The combined organic layers were dried over Na SOyg, filtered and evaporated in
vacuo. The crude was purified by flash chromatography on silica gel using
dichloromethane/methanol = 5:1 as eluent to provide the product L4-4 (1.78 g, 3.5
mmol, 70% yield).

To an oven-dried flask was added L6-4 (1.27 g, 2.5 mmol), quinine-derived chiral
amine (0.89 g, 2.75 mmol, 1.1 equiv.), DMAP (30.5 mg, 0.25 mmol, 0.1 equiv.) and
EDCI (0.62 g, 3.25 mmol, 1.3 equiv.), followed by the addition of DCM (10 mL). The
reaction mixture was stirred for 6 h at room temperature. After completion (monitored
by TLC), the reaction mixture was directly subjected to flash chromatography on
silica gel using dichloromethane/methanol = 10:1 as eluent to afford the desired
product L6 (1.60 g, 2.0 mmol, 80% yield).

L6, Ar = 9-phenanthryl
'H NMR (400 MHz, CDCls) § 8.93 — 8.15 (m, 7H), 7.99 — 6.81 (m, 21H), 5.37 (br,
2H), 5.01 — 4.57 (m, 2H), 3.87 (s, 3H), 3.01 (br, 1H), 2.40 (br, 2H), 2.00 (br, 1H),
1.86 (s, 3H), 1.53 — 1.30 (m, 3H), 0.68 (br, 1H).
13C NMR (100 MHz, CDCl3) 6 169.0, 157.5, 147.2, 144.6, 144.2, 141.1, 135.4, 134.9,
133.2, 133.1, 133.0, 132.9, 131.3, 131.2, 130.9, 130.8, 130.4, 130.21, 130.16, 130.1,
129.5, 128.9, 128.8, 127.5, 127.4, 127.2, 127.1, 126.9, 126.8, 126.7, 126.5, 123.0,
122.8,122.5,122.3, 121.3, 114.1, 60.1, 55.5, 54.8, 50.6, 40.7, 39.0, 27.6, 27.1, 25.6.
31p NMR (162 MHz, CDCls) 6 -25.7
HRMS (ESI) m/z calcd. for CssHa7N3O2P [M + H]* 812.3400, found 812.3399.

S16



Experimental Procedures
Copper-Catalyzed Enantioconvergent Radical Suzuki-Miyaura C(sp®)-C(sp?)
Cross-Coupling

Cul (10 mol%)
L4 (12 mol%)

ac) A~
@ LiO'Bu (4.0 equiv.), H,0 (2.0 equiv.) @
DMSO/DCM (2:1, 2.4 mL)

-5°C/-10 °C, Ar

3-43

General Procedure A

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with 2 (0.20 mmol, 1.0 equiv.), Cul (3.8 mg, 0.020
mmol, 10 mol%), L4 (16.0 mg, 0.024 mmol, 12 mol%), LiO'Bu (64.0 mg, 0.80 mmol,
4.0 equiv.). Then DMSO/CHCI; (2:1, 2.4 mL) and H20 (7.2 mg, 0.40 mmol, 2.0
equiv.) was added. The reaction mixture was stirred for several minutes to dissolve the
reactants. Lastly, alkyl halide 1 (0.30 mmol, 1.5 equiv.) was slowly added into the
mixture via microsyringe, and the reaction mixture was stirred at -5 <C or —10 <C and
stopped at the designated time. Upon completion (monitored by TLC), the reaction
mixture was poured into water (10 mL), then extracted with DCM (3 x 5 mL). The
filtrate was dried with anhydride Na>SOs4, then was purified by column
chromatography on silica gel to afford the desired products.

Cul (10 mol%)

Lrac (12 mol%)
@ ‘/ LiO'Bu (2.0 equiv.), H,O (1.0 equiv.) @ @ N
DMSO/DCM (2:1, 2.4 mL)
rt, Ar
()4 rac 3-43 Lrac

The racemates of products were prepared following the procedure: under argon
atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar
was charged with 2 (0.20 mmol, 1.0 equiv.), Cul (3.8 mg, 0.02 mmol, 10 mol%), Lrac
(9.3 mg, 0.024 mmol, 12 mol%), LiO'Bu (32.0 mg, 0.40 mmol, 2.0 equiv.). Then
DMSO/CHClI; (2:1, 2.4 mL) and H20 (3.6 mg, 0.20 mmol, 1.0 equiv.) was added.
The reaction mixture was stirred for several minutes to dissolve the reactants. Lastly,
alkyl halide 1 (0.30 mmol, 1.5 equiv.) was slowly added into the mixture via
microsyringe, and the reaction mixture was stirred for 0.5 h to 2.0 h at room
temperature. Upon completion (monitored by TLC), the reaction mixture was poured
into water (10 mL), then extracted with DCM (3 x 5 mL). The filtrate was dried with
anhydride Na>SOa, then was purified by column chromatography on silica gel to
afford the desired products.

Cul (10 mol%) R?
ac) L6 (12 mol%)
/ ‘/ LiO'Bu (6.0 equiv.), H,0 (3.0 equiv.) ) FZ
DMSO/DCM (2:1, 2.4 mL) R
-10°C, Ar
()1 44-52

General Procedure B
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with 2 (0.20 mmol, 1.0 equiv.), Cul (3.8 mg, 0.020

S17



mmol, 10 mol%), L6 (19.7 mg, 0.024 mmol, 12 mol%), LiO'Bu (96.0 mg, 1.20 mmol,
6.0 equiv.). Then DMSO/CHCI; (2:1, 2.4 mL) and H>O (10.8 mg, 0.60 mmol, 3.0
equiv.) was added. The reaction mixture was stirred for several minutes to dissolve the
reactants. Lastly, alkyl halide 1 (0.30 mmol, 1.5 equiv.) was slowly added into the
mixture via microsyringe, and the reaction mixture was stirred at —10 <C and stopped
at the designated time. Upon completion (monitored by TLC), the reaction mixture
was poured into water (10 mL), then extracted with DCM (3 x 5 mL). The filtrate was
dried with anhydride Na>SQOgs, then was purified by column chromatography on silica
gel to afford the desired products.

Cul (10 mol%)

Lrac (12 mol%)
/ LiO'Bu (2.0 equiv.), H,O (1.0 equiv.) N
DMSO/DCM (2:1, 2.4 mL)
-10°C, Ar th
L
()1 rac 44-52 rac

The racemates of products were prepared following the procedure: under argon
atmosphere, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar
was charged with 2 (0.20 mmol, 1.0 equiv.), Cul (3.8 mg, 0.02 mmol, 10 mol%), Lrac
(9.3 mg, 0.024 mmol, 12 mol%), LiO'Bu (32.0 mg, 0.40 mmol, 2.0 equiv.). Then
DMSO/CHClI> (2:1, 2.4 mL) and H20 (3.6 mg, 0.20 mmol, 1.0 equiv.) was added.
The reaction mixture was stirred for several minutes to dissolve the reactants. Lastly,
alkyl halide 1 (0.30 mmol, 1.5 equiv.) was slowly added into the mixture via
microsyringe, and the reaction mixture was stirred at —10 <C. Upon completion
(monitored by TLC), the reaction mixture was poured into water (10 mL), then
extracted with DCM (3 x 5 mL). The filtrate was dried with anhydride Na,SQOa4, then
was purified by column chromatography on silica gel to afford the desired products.
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Determination of absolute configuration

The absolute configuration of 29 was determined by comparing the HPLC
spectrum (Figure S1) and specific rotation with those reported in literature.® ([a]p?*7 =
-9.9 (c 0.60, CHCls, 94% ee). Lit.° [a]p®®>! = —7.8 (c 0.78, CHCls3), 92% ee}) The
product 29 was determined to be of an “R” absolute configuration according to the
reported data.

mAL
200 PDA Wulti 2 21dnm, dna)
=
1504 e
£ =
100+
50
o N
I 1 I 1 I
0 5 10 15 20 25
min
PDA Ch2 214nm
Peak® |Ret. Time Area Area%
1 16. 988 2496686 19, 873
2 17. 876 2509360 50. 127
mAU
3007 = PDA Wulti 2 214nm, n]
200
100
0 N
T T T T T
5 10 15 20 25
min
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 16. 864 174488 3. 131

2 17.718 5398845 96. 869
Figure S1. Determination of absolute stereochemistry
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Characteristic data of products 3-52

(R)-1,3-diphenyl-5-(1-phenylethyl)benzene (3)

Shss

Ph
3

According to the general procedure A, substrate 1la (55.5 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 3 as a pale yellow oil (52.3
mg, 78% vyield, 94% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (Major) = 6.08 min, tr (Minor) = 7.37 min.

'H NMR (400 MHz, CDCl3) & 7.68 — 7.55 (m, 5H), 7.46 — 7.39 (m, 6H), 7.37 — 7.26
(m, 6H), 7.22 — 7.14 (m, 1H), 4.27 (g, J = 7.2 Hz, 1H), 1.73 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) & 147.3, 146.1, 141.8, 141.3, 128.7, 128.4, 127.6,
127.32, 127.30, 126.1, 125.6, 124.1, 45.0, 22.0.

HRMS (ESI) m/z calcd. for Co6H23 [M + H]" 335.1794, found 335.1792.

5',5"-diphenyl-1,1':3",1":3",1"""-quaterphenyl (3")
Ph Ph
PhT Ph
3
IH NMR (400 MHz, CDCl3) 6 7.89 (d, J = 1.6 Hz, 4H), 7.85 — 7.82 (m, 2H), 7.75 —
7.69 (m, 8H), 7.53 — 7.46 (m, 8H), 7.44 — 7.37 (m, 4H).

13C NMR (100 MHz, CDCls) § 142.5, 142.3, 141.1, 128.9, 127.6, 127.4, 125.4, 125.3.
HRMS (ESI) m/z calcd. for C3sH27 [M + H]™ 459.2107, found 459.2099.

5',5"-diphenyl-1,1":3",1":3",1"""-quaterphenyl (3'")
Ph

O Ph

3
'H NMR (400 MHz, CDCl3) 6 7.57 — 7.51 (m, 4H), 7.46 — 7.30 (m, 11H), 7.30 — 7.23
(m, 1H), 7.09 (d, J = 1.6 Hz, 2H), 5.44 (q, J = 6.4 Hz, 1H), 1.69 (d, J = 6.4 Hz, 3H).
13C NMR (100 MHz, CDCls) § 158.7, 143.1, 142.9, 141.1, 128.70, 128.68, 127.6,
127.42,127.2,125.6, 118.8, 113.8, 76.2, 24.4.

HRMS (ESI) m/z calcd. for C26H230 [M + H]* 351.1743, found 351.1735.

(R)-1,3-diphenyl-5-(1-(3-methoxyphenylethyl))benzene (4)

acasH
Ph

4
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According to the general procedure A, substrate 1d (64.5 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 4 as a pale yellow oil (58.3
mg, 80% vyield, 94% ee).

HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 5.34 min, tr (major) = 5.71 min.

'H NMR (400 MHz, CDCl3) & 7.67 — 7.55 (m, 5H), 7.47 — 7.38 (m, 6H), 7.36 — 7.29
(m, 2H), 7.24 — 7.17 (m, 1H), 6.92 — 6.84 (m, 2H), 6.72 (d, J = 5.6 Hz, 1H), 4.24 (q, J
=7.2 Hz, 1H), 3.75 (s, 3H), 1.71 (d, J = 6.8 Hz, 3H).

13C NMR (100 MHz, CDCls) & 159.6, 147.7, 147.2, 141.8, 141.3, 129.4, 128.7,
127.31, 127.29, 125.5, 124.1, 120.1, 113.9, 110.9, 55.1, 45.0, 21.9.

HRMS (ESI) m/z calcd. for C27H250 [M + H]* 365.1900, found 365.1901.

(R)-1,3-diphenyl-5-(1-(3-methylphenylethyl))benzene (5)

Shss
Ph

5

According to the general procedure A, substrate 1e (59.7 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 5 as a pale yellow oil (43.5
mg, 62% vyield, 94% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 5.29 min, tr (Minor) = 6.72 min.

IH NMR (400 MHz, CDCl3) & 7.66 — 7.56 (m, 5H), 7.47 — 7.38 (m, 6H), 7.36 — 7.29
(m, 2H), 7.22 — 7.16 (m, 2H), 7.13 — 7.07 (m, 2H), 4.24 (q, J = 7.2 Hz, 1H), 2.30 (s,
3H), 1.71 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 147.6, 143.1, 141.8, 141.4, 135.6, 129.1, 128.7, 127.5,
127.30, 127.28, 125.5, 124.0, 44.6, 22.0, 21.0.

HRMS (ESI) m/z calcd. for Co7Ha2s [M + H]" 349.1951, found 349.1938.

(R)-1,3-diphenyl-5-(1-(4-methylphenylethyl))benzene (6)

Shss
Ph

6

According to the general procedure A, substrate 1f (59.7 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 6 as a pale yellow oil (48.7
mg, 70% yield, 93% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (Major) = 5.32 min, tr (Minor) = 5.98 min.

'H NMR (400 MHz, CDCl3) 6 7.67 — 7.57 (m, 5H), 7.48 — 7.38 (m, 6H), 7.36 — 7.29
(m, 2H), 7.17 (d, J = 7.8 Hz, 1H), 7.10 (s, 2H), 6.99 (d, J = 7.8 Hz, 1H), 4.23 (q, J =
7.2 Hz, 1H), 2.30 (s, 3H), 1.71 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 147.5, 146.0, 141.8, 141.4, 137.9, 128.7, 128.4, 128.3,
127.3, 126.9, 125.6, 124.6, 124.0, 45.0, 22.0, 21.5.

HRMS (ESI) m/z calcd. for C27H2s5 [M + H]" 349.1951, found 349.1954.

(R)-1,3-diphenyl-5-(1-(4-tert-butylphenylethyl))benzene (7)

S21



oA
Bu
Ph

7

According to the general procedure A, substrate 1g (72.4 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 7 as a pale yellow solid
(45.1 mg, 58% vyield, 97% ee).

HPLC analysis: Chiralcel 1A (hexane/i-PrOH = 99.5/0.5, flow rate 0.4 mL/min, A =
254 nm), tr (minor) = 12.15 min, tr (major) = 12.68 min.

'H NMR (400 MHz, CDCl3) & 7.66 — 7.58 (m, 5H), 7.47 — 7.40 (m, 6H), 7.37 — 7.28
(m, 4H), 7.26 — 7.20 (m, 2H), 4.25 (q, J = 7.2 Hz, 1H), 1.73 (d, J = 7.2 Hz, 3H), 1.29
(s, 9H).

13C NMR (100 MHz, CDCls) & 148.8, 147.5, 143.0, 141.8, 141.4, 128.7, 127.32,
127.30, 127.1, 125.6, 125.3, 124.0, 44.6, 34.3, 31.4, 22.0.

HRMS (ESI) m/z calcd. for CsoHs1 [M + H]* 391.2420, found 391.2413.

(R)-1,3-diphenyl-5-(1-(4-chlorophenylethyl))benzene (8)

Shss
Cl
Ph

8

According to the general procedure A, substrate 1h (65.9 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 8 as a pale yellow oil (49.4
mg, 67% vyield, 85% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 6.48 min, tr (Minor) = 7.71 min.

'H NMR (400 MHz, CDCls) 6 7.66 — 7.56 (m, 5H), 7.47 — 7.40 (m, 4H), 7.39 (d, J =
2.0 Hz, 2H), 7.37 — 7.31 (m, 2H), 7.28 — 7.19 (m, 4H), 4.24 (q, J = 7.2 Hz, 1H), 1.70
(d, J=7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) §146.8, 144.6, 142.0, 141.2, 131.8, 129.0, 128.8, 128.5,
127.4,127.3,125.5, 124.3, 44.4, 21.9.

HRMS (ESI) m/z calcd. for C2sH22>°Cl [M + H]* 369.1405, found 369.1402.

(R)-1,3-diphenyl-5-(1-(4-bromophenylethyl))benzene (9)

T
Br
Ph

9

According to the general procedure A, substrate 1i (79.2 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 9 as a pale yellow oil (55.4
mg, 67% yield, 86% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (Major) = 7.09 min, tr (Minor) = 8.42 min.

'H NMR (400 MHz, CDCl3) & 7.65 — 7.56 (m, 5H), 7.46 — 7.37 (m, 8H), 7.37 — 7.31
(m, 2H), 7.16 (d, J = 8.4 Hz, 2H), 4.22 (q, J = 7.0 Hz, 1H), 1.69 (d, J = 7.0 Hz, 3H).
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13C NMR (100 MHz, CDCl3) 5 146.7, 145.1, 142.0, 141.2, 131.5, 129.4, 128.8, 127.4,
127.3,125.4, 124.3, 120.0, 44.4, 21.8.
HRMS (ESI) m/z calcd. for C2sH22"°Br [M + H]* 413.0899, found 413.0895.

(R)-1,3-diphenyl-5-(1-(4-iodophenylethyl))benzene (10)

Shss
I
Ph

10

According to the general procedure A, substrate 1j (93.3 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 10 as a colorless oil (55.7
mg, 60% vyield, 87% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 7.55 min, tr (Minor) = 8.69 min.

1H NMR (400 MHz, CDClg) & 7.65 — 7.55 (m, 7H), 7.45 — 7.31 (m, 8H), 7.03 (d, J =
8.4 Hz, 2H), 4.20 (q, J = 7.2 Hz, 1H), 1.68 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) & 146.6, 145.8, 142.0, 141.1, 137.5, 129.7, 128.75,
128.71, 127.4,127.31, 127.27, 125.4, 124.3,91.4, 44.5, 21.8.

HRMS (ESI) m/z calcd. for CasHa2l [M + H]* 461.0761, found 461.0764.

(R)-1,3-diphenyl-5-(1-(4-fluorophenylethyl))benzene (11)

Shss
F
Ph

1"

According to the general procedure A, substrate 1k (60.9 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 11 as a pale yellow oil (41.2
mg, 58% vyield, 87% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 6.6 min, tr (Minor) = 8.2 min.

1H NMR (400 MHz, CDCls3) & 7.67 — 7.54 (m, 5H), 7.47 — 7.37 (m, 6H), 7.34 (t, J =
7.4 Hz, 2H), 7.27 — 7.21 (m, 2H), 6.97 (t, J = 8.8 Hz, 2H), 4.25 (q, J = 7.2 Hz, 1H),
1.70 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) §161.3 (d, J = 242.6 Hz), 147.2, 141.9, 141.7 (d, Jcr =
3.1 Hz), 141.2, 129.0 (d, Jc-r = 7.8 Hz), 128.8, 127.4, 127.3, 125.5, 124.2, 115.2 (d,
Jcr=21.0Hz),44.2,22.1

19F NMR (376 MHz, CDCls) 6 —117.1.

HRMS (ESI) m/z calcd. for C2sH22F [M + H]* 353.1700, found 353.1703.

(R)-1,3-diphenyl-5-(1-(4-trifluorophenylethyl))benzene (12)

Shss
FsC
Ph

12
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According to the general procedure A, substrate 11 (75.9 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 12 as a pale yellow oil (44.2
mg, 55% vyield, 79% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (Major) = 6.45 min, tr (Minor) = 7.10 min.

'H NMR (400 MHz, CDCls3) 6 7.65 (t, J = 1.6 Hz, 1H), 7.63 — 7.58 (m, 4H), 7.55 (d,
J = 8.4 Hz, 2H), 7.47 — 7.38 (m, 8H), 7.37 — 7.32 (m, 2H), 4.32 (g, J = 7.2 Hz, 1H),
1.74 (d, J=7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) & 150.2, 146.3, 142.1, 141.1, 128.8, 128.5 (q, Jcr =
32.2 Hz), 128.0, 127.5, 127.3, 125.5, 125.4 (q, Jcr = 3.8 Hz), 124.5, 124.3 (9, JcF =
270.2 Hz), 44.9, 21.7.

F NMR (376 MHz, CDCl3) 6 -62.3.

HRMS (ESI) m/z calcd. for Co7H22F3 [M + H]* 403.1668, found 403.1669.
(R)-1,3-diphenyl-5-(1-(4-tert-butylphenylethyl))benzene (13)

ohss
Ph
Ph

13

According to the general procedure A, substrate 1m (78.4 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 13 as a white solid (43.6 mg,
53% yield, 94% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 8.58 min, tr (major) = 19.91 min.

'H NMR (400 MHz, CDCls3) & 7.66 — 7.59 (m, 5H), 7.58 — 7.50 (m, 4H), 7.47 (d, J =
1.6 Hz, 2H), 7.46 — 7.27 (m, 11H), 4.31 (q, J = 7.2 Hz, 1H), 1.76 (d, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCls) 6 147.3, 145.2, 141.9, 141.3, 140.9, 139.0, 128.74,
128.69, 128.0, 127.34, 127.31, 127.2, 127.05, 126.99, 125.6, 124.2, 44.7, 22.0.

HRMS (ESI) m/z calcd. for C32Hz7 [M + H]*™ 411.2107, found 411.2104.

(S)-5'-(1-(2-fluorophenyl)ethyl)-1,1':3",1""-terphenyl (14)
F

oAl

Ph
14

According to the general procedure A, substrate 1n (60.9 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 14 as a white solid (10.0 mg,
14% yield, 80% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, A =
254 nm), tr (major) = 8.98 min, tr (Minor) = 9.46 min.

'H NMR (400 MHz, CDCls) 6 7.66 — 7.57 (m, 5H), 7.46 (d, J = 1.6 Hz, 2H), 7.44 —
7.38 (m, 4H), 7.36 — 7.25 (m, 3H), 7.19 — 7.12 (m, 1H), 7.10 — 7.04 (m, 1H), 7.04 —
6.96 (m, 1H), 4.60 (q, J = 7.2 Hz, 1H), 1.72 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 3 160.6 (d, Jc.r = 244.2 Hz), 146.0, 141.9, 141.3, 133.0
(d, J = 14.4 Hz), 128.7, 1285 (d, Jcr = 4.4 Hz), 127.8 (d, Jcr = 8.2 Hz), 127.34,
127.31, 125.5, 124.3, 124.1 (d, Jcr = 3.4 Hz), 115.4 (d, Jc-r = 22.3 Hz), 37.6 (d, Jc-r
= 2.6 Hz), 20.8.

F NMR (376 MHz, CDCl3) 6 — 117.5
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HRMS (ESI) m/z calcd. for CosH22F [M + H]* 353.1700, found 353.1694.

(R)-1,3-diphenyl-5-(1-phenylethyl)naphthalene (15)

o
Ph

15

According to the general procedure A, substrate 10 (70.5 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 15 as a white solid (24.6 mg,
32% yield, 91% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 5.38 min, tr (Minor) = 6.19 min.

1H NMR (400 MHz, CDCl3) & 7.82 — 7.72 (m, 4H), 7.66 — 7.56 (m, 5H), 7.49 — 7.36
(m, 9H), 7.35—-7.29 (m, 2H), 4.43 (9, J = 7.2 Hz, 1H), 1.82 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) §147.2, 143.5, 141.9, 141.3, 133.5, 132.1, 128.7, 128.0,
127.8,127.6, 127.33, 127.30, 126.8, 125.9, 125.7, 125.4, 124.2, 45.1, 21.9.

HRMS (ESI) m/z calcd. for CsoHzs [M + H]* 385.1951, found 385.1953.

(R)-1,3-diphenyl-5-(1-henylpropyl)benzene (16)

SRS

Ph
16

According to the general procedure A, substrate 1p (59.1 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 16 as a pale yellow oil (37.9
mg, 53% vyield, 94% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 5.26 min, tr (Minor) = 6.15 min.

IH NMR (400 MHz, CDCl3) 6 7.65 — 7.57 (m, 5H), 7.47 — 7.38 (m, 6H), 7.36 — 7.24
(m, 6H), 7.19 — 7.13 (m, 1H), 3.91 (t, J = 7.8 Hz, 1H), 2.16 (hep, J = 7.4 Hz, 2H),
0.95 (t, J=7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 5 146.1, 144.9, 141.8, 141.3, 128.7, 128.4, 127.9, 127.3,
126.1, 125.9, 124.1, 53.5, 28.7, 12.9.

HRMS (ESI) m/z calcd. for C27H2s5 [M + H]" 349.1951, found 349.1954.

(R)-1,3-diphenyl-5-(1-phenylpropyl)benzene (17)

(7,

SRS

Ph
17

According to the general procedure A, substrate 1q (63.9 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 17 as a white solid (42.1 mg,
58% vyield, 94% ee).
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HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, A
= 254 nm), tr (Major) = 6.54 min, tr (minor) = 7.27 min.

IH NMR (400 MHz, CDCls) 6 7.64 — 7.56 (m, 5H), 7.48 — 7.38 (m, 6H), 7.37 — 7.24
(m, 6H), 7.20 — 7.13 (m, 1H), 4.03 (t, J = 7.6 Hz, 1H), 2.12 (q, J = 6.0 Hz, 2H), 1.42 -
1.28 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 146.3, 145.0, 141.8, 141.4, 128.7, 128.5, 127.9, 127.3,
126.1, 125.8, 124.1, 51.3, 38.0, 21.2, 14.1.

HRMS (ESI) m/z calcd. for C26H27 [M + H]" 363.2107, found 363.2105.

(R)-1,3-diphenyl-5-(1-phenylbutyl)benzene (18)

({7

ohss

Ph
18

According to the general procedure A, substrate 1r (63.9 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 18 as a pale yellow oil (42.1
mg, 54% vyield, 95% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A =
254 nm), tr (major) = 4.68 min, tr (Minor) = 5.25 min.

'H NMR (400 MHz, CDCl3) 8 7.65 — 7.57 (m, 5H), 7.48 — 7.40 (m, 6H), 7.37 — 7.25
(m, 6H), 7.20 — 7.14 (m, 1H), 4.01 (t, J = 7.8 Hz, 1H), 2.14 (q, J = 7.2 Hz, 2H), 1.43 —
1.24 (m, 4H), 0.88 (t, J = 7.0 Hz, 3H).

13C NMR (100 MHz, CDCls) §146.4, 145.1, 141.8, 141.4, 128.7, 128.5, 127.9, 127.3,
126.1, 125.8, 124.1, 51.6, 35.5, 30.3, 22.7, 14.0.

HRMS (ESI) m/z calcd. for CagH29 [M + H]* 377.2264, found 377.2266.

(R)-1,3-diphenyl-5-(1-phenylbutyl)benzene (19)

([T

SRS

Ph
19

According to the general procedure A, substrate 1s (72.4 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 19 as a pale yellow oil (45.3
mg, 58% vyield, 92% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (Major) = 4.61 min, tr (Minor) = 5.53 min.

'H NMR (400 MHz, CDCl3) § 7.64 — 7.57 (m, 5H), 7.48 — 7.39 (m, 6H), 7.37 — 7.25
(m, 6H), 7.20 — 7.14 (m, 1H), 4.01 (t, J = 7.6 Hz, 1H), 2.22 — 2.05 (m, 2H), 1.38 —
1.21 (m, 6H), 0.85 (t, J = 6.8 Hz, 3H).

13C NMR (100 MHz, CDCls) 5 146.4, 145.1, 141.8, 141.4, 128.7, 128.5, 127.9, 127.3,
126.1, 125.8, 124.1, 51.6, 35.8, 31.9, 27.8, 22.5, 14.1.

HRMS (ESI) m/z calcd. for CsoHa1 [M + H]" 391.2420, found 391.2422.

(R)-1,3-diphenyl-5-(1-phenylisobutyl)benzene (20)

S26



ohss

Ph
20

According to the general procedure A, substrate 1t (68.1 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 20 as a white solid (47.4 mg,
63% yield, 95% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, A
=254 nm), tr (major) = 5.79 min, tr (minor) = 6.44 min.

'H NMR (400 MHz, CDCl3) 8 7.63 — 7.56 (m, 5H), 7.48 — 7.39 (m, 6H), 7.37 — 7.25
(m, 6H), 7.20 — 7.13 (m, 1H), 4.15 (t, J = 7.8 Hz, 1H), 2.02 (t, J = 7.4 Hz, 2H), 1.60 —
1.47 (m, 1H), 0.95 (d, J = 6.8 Hz, 6H).

13C NMR (100 MHz, CDCls) §146.3, 145.0, 141.8, 141.4, 128.7, 128.5, 127.9, 127.3,
126.1,125.8, 124.1, 49.1, 45.1, 25.6, 22.8, 22.6.

HRMS (ESI) m/z calcd. for CagH29 [M + H]* 377.2264, found 377.2262.

(R)-1,3-diphenyl-5-(1-phenyl(phenethyl))benzene (21)
Ph
([,

oAl

Ph
21

According to the general procedure A, substrate 1u (82.6 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 21 as a pale yellow oil (59.8
mg, 70% vyield, 92% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 6.00 min, tr (Minor) = 6.83 min.

'H NMR (400 MHz, CDCl3) & 7.65 — 7.56 (m, 5H), 7.48 — 7.39 (m, 6H), 7.37 — 7.23
(m, 8H), 7.22 — 7.12 (m, 4H), 4.05 (t, J = 7.6 Hz, 1H), 2.71 — 2.58 (m, 2H), 2.56 —
2.41 (m, 2H).

13C NMR (100 MHz, CDCls) §145.9, 144.5, 142.0, 141.9, 141.3, 128.7, 128.6, 128.5,
128.4,127.9, 127.35, 127.30, 126.3, 125.9, 125.8, 124.2, 50.9, 37.3, 34.2.

HRMS (ESI) m/z calcd. for CazHa [M + H]" 425.2264, found 425.2261.

(R)-1,3-diphenyl-5-(1-phenyl(phenethyl))benzene (22)
Ph
(3

Sshss

Ph
22

According to the general procedure A, substrate 1v (86.8 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 22 as a pale yellow oil (57.6
mg, 66% yield, 96% ee).
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HPL.C analysis: Chiralcel OD (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 7.28 min, tr (Minor) = 11.62 min.

IH NMR (400 MHz, CDCls) 6 7.63 — 7.54 (m, 5H), 7.46 — 7.38 (m, 6H), 7.37 — 7.30
(m, 2H), 7.30 — 7.19 (m, 6H), 7.19 — 7.09 (m, 4H), 4.03 (t, J = 7.8 Hz, 1H), 2.66 (t, J
= 7.6 Hz, 2H), 2.26 — 2.08 (m, 2H), 1.67 (hep, J = 7.7 Hz, 2H).

13C NMR (100 MHz, CDCls) 6 146.0, 144.8, 142.2, 141.8, 141.3, 128.7, 128.49,
128.46, 128.4, 128.3, 127.8, 127.30, 126.2, 125.8, 125.7, 124.1, 51.5, 35.8, 35.2, 29.8.
HRMS (ESI) m/z calcd. for CzsHz1 [M + H]" 439.2420, found 439.2423.

(R)-1,3-diphenyl-5-(1-phenylallyl)benzene (23)

ohss

Ph
23

According to the general procedure A, substrate 1w (63.3 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 23 as a white solid (22.1 mg,
31% yield, 94% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (Major) = 5.49 min, tr (Minor) = 6.12 min.

'H NMR (400 MHz, CDCl3) 8 7.64 — 7.57 (m, 5H), 7.47 — 7.39 (m, 6H), 7.37 — 7.25
(m, 6H), 7.21 — 7.15 (m, 1H), 5.85 — 5.70 (m, 1H), 5.08 (d, J = 18 Hz, 1H), 4.99 (d, J
=10 Hz, 1H), 4.14 (t, J = 8.0 Hz, 1H), 2.92 (t, J = 8.0 Hz, 2H).

13C NMR (100 MHz, CDCls) §145.5, 144.3, 141.8, 141.3, 136.7, 128.7, 128.5, 127.9,
127.34,127.29, 126.3, 125.9, 124.2, 116.5, 51.5, 40.0.

HRMS (ESI) m/z calcd. for CasHzs [M + H]* 361.1951, found 361.1948.

(R)-1,3-diphenyl-5-(1-phenyl(ethoxy-4-oxobutyl))benzene (24)
) CO,Et
3

ohss

Ph
24

According to the general procedure A, substrate 1x (85.6 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 24 as a colorless oil (37.2
mg, 43% vyield, 93% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 8.08 min, tr (major) = 8.93 min.

'H NMR (400 MHz, CDCl3) 8 7.65 — 7.56 (m, 5H), 7.47 — 7.39 (m, 6H), 7.37 — 7.25
(m, 6H), 7.22 — 7.14 (m, 1H), 4.10 (g, J = 7.2 Hz, 2H), 4.04 (t, J = 7.6 Hz, 1H), 2.34 (t,
J=7.4Hz 2H),2.24 -2.12 (m, 2H), 1.74 — 1.60 (m, 2H), 1.21 (t, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) §173.4, 145.8, 144.5, 141.9, 141.2, 128.7, 128.5, 127.8,
127.32,127.28, 126.3, 125.7, 124.2, 60.2, 51.4, 35.1, 34.2, 23.5, 14.2.

HRMS (ESI) m/z calcd. for C31H3102 [M + H]* 435.2319, found 435.2305.

(R)-1,3-diphenyl-5-(1-phenylcyanopropyl)benzene (25)

S28



25

According to the general procedure A, substrate 1y (71.4 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 25 as a pale yellow oil (37.8
mg, 49% vyield, 89% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 17.01 min, tr (major) = 18.98 min.

'H NMR (400 MHz, CDCl3) & 7.65 — 7.56 (m, 5H), 7.48 — 7.40 (m, 6H), 7.39 — 7.29
(m, 6H), 7.22 — 7.16 (m, 1H), 4.03 (d, J = 7.8 Hz, 1H), 2.41 — 2.22 (m, 4H), 1.75 —
1.59 (m, 2H).

13C NMR (100 MHz, CDCls) 145.1, 143.7, 142.1, 141.1, 128.8, 128.7, 127.7, 127 .4,
127.3, 126.6, 125.5, 124.5, 119.5, 50.9, 34.5, 24.0, 17.2.

HRMS (ESI) m/z calcd. for C2gH26N [M + H]" 388.2060, found 388.2059.

(R)-1,3-diphenyl-5-(1-phenyl(phenethyl))benzene (26)
o]

26

According to the general procedure A, substrate 1z (47.0 mg, 0.15 mmol) and 2e
(45.2 mg, 0.10 mmol) was employed to yield the product 26 as a colorless oil (17.2
mg, 37% vyield, 93% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 7.82 min, tr (minor) = 10.47 min.

IH NMR (400 MHz, CDCl3) & 7.64 — 7.56 (m, 5H), 7.48 — 7.39 (m, 6H), 7.37 — 7.25
(m, 6H), 7.20 — 7.13 (m, 1H), 4.43 (t, J = 5.0 Hz, 1H), 4.02 (t, J = 7.4 Hz, 1H), 3.58 (d,
J=11.2 Hz, 2H), 3.39 (d, J = 10.8 Hz, 2H), 2.34 — 2.23 (m, 2H), 1.74 — 1.63 (m, 2H),
1.17 (s, 3H), 0.70 (s, 3H).

13C NMR (100 MHz, CDCls) & 145.9, 144.6, 141.8, 141.4, 128.7, 128.5, 127.9,
127.32,127.28,126.2, 125.9, 124.1, 102.0, 51.5, 33.5, 30.1, 29.8, 23.0, 21.8.

HRMS (ESI) m/z calcd. for Cs3Hss02 [M + H]™ 463.2632, found 463.2635.

(R)-1,3-diphenyl-5-(1-phenylbromoethyl)benzene (27)
Br
(s

ohss

Ph
27
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According to the general procedure A, substrate 1aa (83.4 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 27 as a white solid (39.4 mg,
46% vyield, 92% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A = 254
nm), tr (Major) = 8.78 min, tr (minor) = 11.35 min.

'H NMR (400 MHz, CDCl3) & 7.65 — 7.55 (m, 5H), 7.47 — 7.40 (m, 6H), 7.37 — 7.27
(m, 6H), 7.24 — 7.17 (m, 1H), 4.33 (t, J = 7.6 Hz, 1H), 3.37 (t, J = 6.6 Hz, 2H), 2.66 (q,
J=7.2 Hz, 2H).

13C NMR (100 MHz, CDCl3) 6 144.5, 143.1, 142.1, 141.1, 128.8, 128.7, 127.9, 127.5,
127.3, 126.7, 125.7, 124.6, 49.3, 38.3, 32.0.

HRMS (ESI) m/z calcd. for Co7H24""Br [M + H]* 427.1056, found 427.1058.

(R)-1-methoxy-3-(1-phenylethyl)benzene (28)

SASH

28

According to the general procedure A, substrate 1a (55.5 mg, 0.30 mmol) and 2eb
(66.0 mg, 0.20 mmol) was employed to yield the product 28 as a pale yellow oil (26.4
mg, 62% vyield, 94% ee).

HPLC analysis: Chiralcel OJ (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 230
nm), tr (Major) = 13.43 min, tr (Minor) = 14.61 min.

'H NMR (400 MHz, CDCl3) 6 7.31 — 7.14 (m, 6H), 6.85 — 6.79 (m, 1H), 6.79 — 6.76
(m, 1H), 6.74 — 6.68 (m, 1H), 4.15 (g, J = 7.2 Hz, 1H), 3.76 (s, 3H), 1.62 (d, J = 7.6
Hz, 3H).

13C NMR (100 MHz, CDCls) §159.6, 148.0, 146.1, 129.3, 128.3, 127.5, 126.0, 120.1,
113.8,110.9,55.1, 44.8, 21.8.

HRMS (ESI) m/z calcd. for C1sH170 [M + H]* 213.1274, found 213.1274.

(R)-1-methoxy-4-(1-phenylethyl)benzene (29)

AW

29

According to the general procedure A, substrate 1a (55.5 mg, 0.30 mmol) and 2ec
(66.0 mg, 0.20 mmol) was employed to yield the product 29 as a pale yellow oil (23.2
mg, 55% vyield, 94% ee).

HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 90/10, flow rate 0.7 mL/min, A =
214 nm), tr (minor) = 16.86 min, tr (Major) = 17.72 min.

'H NMR (400 MHz, CDCls) 6 7.31 — 7.24 (m, 2H), 7.22 — 7.09 (m, 5H), 6.82 (d, J =
8.8 Hz, 2H), 4.10 (q, J = 7.6 Hz, 1H), 3.76 (s, 3H), 1.61 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 8 157.8, 146.7, 138.5, 128.5, 128.3, 127.5, 125.9, 113.7,
55.2,43.9, 22.0.

HRMS (ESI) m/z calcd. for C15H170 [M + H]* 213.1274, found 213.1272.

(R)-1-phenyl-3-(1-phenylethyl)benzene (30)
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According to the general procedure A, substrate 1a (55.5 mg, 0.30 mmol) and 2ed
(75.2 mg, 0.20 mmol) was employed to yield the product 30 as a colorless oil (26.4
mg, 51% vyield, 94% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 4.84 min, tr (Minor) = 5.37 min.

'H NMR (400 MHz, CDCls) § 7.55 (d, J = 8.0 Hz, 2H), 7.45 (s, 1H), 7.43 — 7.37 (m,
3H), 7.37 — 7.23 (m, 6H), 7.22 — 7.14 (m, 2H), 4.21 (q, J = 7.2 Hz, 1H), 1.68 (d, J =
7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 5 146.8, 146.2, 141.4, 141.3, 128.8, 128.7, 128.4, 127.6,
127.20, 127.17, 126.58, 126.56, 126.1, 124.9, 44.9, 21.9

HRMS (ESI) m/z calcd. for CooH17 [M-H]* 257.1325, found 257.1324.

(R)-1-phenyl-4-(1-phenylethyl)benzene (31)

J .,

31

According to the general procedure A, substrate 1a (55.5 mg, 0.30 mmol) and 2ee
(75.2 mg, 0.20 mmol) was employed to yield the product 31 as a white solid (29.6 mg,
57% yield, 94% ee).

HPLC analysis: Chiralcel OD (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 5.32 min, tr (major) = 6.09 min.

!H NMR (400 MHz, CDCls3) & 7.56 (d, J = 6.8 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.40
(t, J=4.6 Hz, 2H), 7.34 - 7.23 (m, 7H), 7.23 - 7.16 (m, 1H), 4.19 (q, J = 7.2 Hz, 1H),
1.67 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 146.2, 145.5, 141.0, 138.9, 128.7, 128.4, 128.0, 127.6,
127.1,127.02, 126.99, 126.1, 44.4, 21.8.

HRMS (ESI) m/z calcd. for C2oH19 [M + H]" 259.1481, found 259.1483.

(R)-1-phenyl-3-(1-phenylethyl)benzene (32)

0

32
According to the general procedure A, substrate 1a (55.5 mg, 0.30 mmol) and 2ef
(68.4 mg, 0.20 mmol) was employed to yield the product 32 as a colorless oil (22.4
mg, 50% vyield, 93% ee).
HPLC analysis: Chiralcel AS (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 9.30 min, tr (major) = 10.10 min.
'H NMR (400 MHz, CDCls3) & 7.86 (s, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.44 — 7.33 (m,
2H), 7.32 — 7.16 (m, 5H), 4.22 (q, J = 7.2 Hz, 1H), 2.57 (s, 3H), 1.67 (d, J = 7.2 Hz,
3H).

S31



13C NMR (100 MHz, CDCls) $198.3, 146.9, 145.6, 137.2, 132.5, 128.6, 128.5, 127.5,
127.2,126.33, 126.26, 44.7, 26.7, 21.7.
HRMS (ESI) m/z calcd. for C16H170 [M + H]" 225.1274, found 225.1266.

(R)-1-phenyl-4-(1-phenylethyl)benzene (33)

33 o)
According to the general procedure A, substrate 1a (55.5 mg, 0.30 mmol) and 2ea
(68.4 mg, 0.20 mmol) was employed to yield the product 33 as a pale yellow oil (27.2
mg, 61% vyield, 93% ee).
HPLC analysis: Chiralcel IF (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 9.52 min, tr (major) = 10.50 min.
'H NMR (400 MHz, CDCls) 6 7.87 (d, J = 8.4 Hz, 2H), 7.34 — 7.25 (m, 4H), 7.23 —
7.15 (m, 3H), 4.19 (g, J = 7.2 Hz, 1H), 2.55 (s, 3H), 1.64 (d, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCls) § 197.7, 151.9, 145.2, 135.1, 128.50, 128.45, 127.7,
127.5, 126.3, 44.7, 26.5, 21.5.
HRMS (ESI) m/z calcd. for C16H170 [M + H]" 225.1274, found 225.1266.

(R)-1-cyano-3-(1-phenylethyl)benzene (34)

ShSH

34
According to the general procedure A, substrate 1a (55.5 mg, 0.30 mmol) and 2eg
(65.0 mg, 0.20 mmol) was employed to yield the product 34 as a colorless oil (15.9
mg, 38% vyield, 83% ee).

HPLC analysis: Chiralcel AS (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 230
nm), tr (major) = 7.30 min, tr (Minor) = 7.80 min.

IH NMR (400 MHz, CDCl3)  7.50 (s, 1H), 7.46 (t, J = 8.0 Hz, 2H), 7.39 — 7.34 (m,
1H), 7.33 — 7.27 (m, 2H), 7.25 — 7.15 (m, 3H), 4.17 (9, J = 7.6 Hz, 1H), 1.64 (d, J =
7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 5 147.8, 144.7, 132.2, 131.1, 129.8, 129.1, 128.6, 127.5,
126.6, 119.0, 112.3, 44.3, 21.5.

HRMS (ESI) m/z calcd. for C1sHusN [M + H]* 208.1121, found 208.1115.

(R)-1-cyano-4-(1-phenylethyl)benzene (35)

J

35
According to the general procedure A, substrate 1a (55.5 mg, 0.30 mmol) and 2eh
(65.0 mg, 0.20 mmol) was employed to yield the product 35 as a white solid (23.4 mg,
56% yield, 85% ee).
HPLC analysis: Chiralcel ASH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A =
230 nm), tr (major) = 14.18 min, tr (minor) = 15.89 min.
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IH NMR (400 MHz, CDCls) & 7.56 (d, J = 8.4 Hz, 2H), 7.34 — 7.27 (m, 4H), 7.24 —
7.14 (m, 3H), 4.19 (q, J = 7.2 Hz, 1H), 1.64 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) §151.9, 144.6, 132.2, 128.6, 128.4, 127.5, 126.6, 119.0,
109.9, 44.8, 21.4.

HRMS (ESI) m/z calcd. for CisH1aN [M + H]* 208.1121, found 208.1114.

(S)-3-(1-([1,1":3",1""-terphenyl]-5'-yl)ethyl)-5-bromopyridine (36)

Br N Ph

7
N

36 Ph

According to the general procedure A, substrate 1ab (79.5 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 36 as a pale yellow solid
(44.3 mg, 53% vyield, 71% ee).

HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 8.54 min, tr (major) = 9.31 min.

!H NMR (400 MHz, CDCls) 6 8.52 (s, 2H), 7.69 (d, J = 12.0 Hz, 2H), 7.60 (d, J = 7.2
Hz, 4H), 7.49 — 7.32 (m, 8H), 4.27 (g, J = 6.8 Hz, 1H), 1.74 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) §148.7, 147.5, 145.1, 143.2, 142.3, 140.9, 137.5, 128.8,
127.5,127.3,125.3, 124.8, 120.8, 42.3, 21.4.

HRMS (ESI) m/z calcd. for CosHatN7°Br [M + H]* 414.0852, found 414.0841.

(S)-1-(4-(1-(pyridin-3-yl)ethyl)phenyl)ethan-1-one (37)

X

w
N COMe

37
According to the general procedure A, substrate lac (55.8 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 37 as a pale yellow solid
(17.2 mg, 38% vyield, 90% ee).
HPLC analysis: Chiralcel AD (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 15.28 min, tr (Major) = 16.41 min.
IH NMR (400 MHz, CDCls) & 8.65 — 8.35 (m, 2H), 7.90 (d, J = 8.4 Hz, 2H), 7.55 —
7.44 (m, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.25 - 7.18 (m, 1H), 4.24 (q, J = 7.2 Hz, 1H),
2.58 (s, 3H), 1.69 (d, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCls) $197.6, 150.5, 149.3, 147.9, 140.6, 135.5, 134.8, 128.7,
127.7,123.5,42.4, 26.5, 21.2.
HRMS (ESI) m/z calcd. for C1sH1sNO [M + H]* 226.1226, found 226.1227.

(S)-3-(1-([1,1":3",1""-terphenyl]-5'-yl)ethyl)quinolone (38)

il'|~\\ “'El ”
/

N

38 Ph
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According to the general procedure A, substrate 1ad (70.8 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 38 as a white solid (53.7 mg,
70% yield, 91% ee).

HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 14.61 min, tr (major) = 16.84 min.

'H NMR (400 MHz, CDCls) & 8.89 (d, J = 2.4 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 8.01
(d, J = 2.0 Hz, 1H), 7.77 (dd, J1 = 8.4 Hz, J, = 1.4 Hz, 1H), 7.70 — 7.55 (m, 6H), 7.53
—7.38 (m, 7H), 7.37 — 7.31 (m, 2H), 4.49 (q, J = 7.2 Hz, 1H), 1.85 (d, J = 7.2 Hz,
3H).

13C NMR (100 MHz, CDCls) 6151.7, 146.8, 145.9, 142.2, 141.0, 138.6, 133.1, 129.1,
128.9, 128.7, 128.0, 127.6, 127.5, 127.3, 126.7, 125.5, 124.6, 42.8, 21.7.

HRMS (ESI) m/z calcd. for C2oH24N [M + H]" 386.1903, found 386.1892.

(R)-3-(1-(3-methoxyphenyl)ethyl)furan (39)
o)
0
39

According to the general procedure A, substrate 1d (43.0 mg, 0.20 mmol) and 2ei
(58.0 mg, 0.20 mmol) was employed to yield the product 39 as a pale yellow oil (29.2
mg, 72% vyield, 93% ee).

HPLC analysis: Chiralcel IF (hexane/i-PrOH = 98/2, flow rate 0.6 mL/min, A = 214
nm), tr (minor) = 6.87 min, tr (major) = 7.31 min.

1H NMR (400 MHz, CDCl3) & 7.36 — 7.31 (m, 1H), 7.26 — 7.17 (m, 2H), 6.82 (d, J =
7.6 Hz, 1H), 6.79 — 6.71 (m, 2H), 6.21 (s, 1H), 3.93 (g, J = 7.2 Hz, 1H), 3.78 (s, 3H),
1.54 (d, J = 6.8 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 159.6, 147.7, 142.9, 138.7, 130.1, 129.3, 119.7, 113.3,
111.2,110.4,55.1, 36.4, 21.9.

HRMS (ESI) m/z calcd. for C13H1502 [M + H]* 203.1067, found 203.1067.

(R)-3-(1-(3-methoxyphenyl)ethyl)thiophene (40)
S

40
According to the general procedure A, substrate 1d (43.0 mg, 0.20 mmol) and 2ej
(61.2 mg, 0.20 mmol) was employed to yield the product 40 as a pale yellow oil (26.1
mg, 60% yield, 94% ee).
HPLC analysis: Chiralcel OD (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (Minor) = 6.52 min, tr (Major) = 7.37 min.
'H NMR (400 MHz, CDCl3) & 7.25 — 7.17 (m, 2H), 6.99 — 6.95 (m, 1H), 6.88 (dd,
Ji1= 4.8 Hz, J>= 1.2 Hz, 1H), 6.80 (d, J = 7.6 Hz, 1H), 6.77 — 6.70 (m, 2H), 4.12 (q, J
= 7.2 Hz, 1H), 3.77 (s, 3H), 1.62 (d, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCls) $159.6, 147.9, 147.0, 129.3, 127.8, 125.3, 119.9, 119.8,
113.5,111.1, 55.1, 40.8, 22.1.
HRMS (ESI) m/z calcd. for C13H150S [M + H]* 219.0838, found 219.0832.

(R)-2-chloro-5-(1-(3-methoxyphenyl)ethyl)pyridine (41)
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According to the general procedure A, substrate 1d (64.5 mg, 0.30 mmol) and 2ek
(67.0 mg, 0.20 mmol) was employed to yield the product 41 as a pale yellow oil (29.8
mg, 60% vyield, 84% ee).
HPLC analysis: Chiralcel OD (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 10.14 min, tr (minor) = 11.39 min.
1H NMR (400 MHz, CDCls) & 8.29 (d, J = 2.8 Hz, 1H), 7.44 (dd, J;= 8.4 Hz, J,= 2.8
Hz, 1H), 7.28 — 7.16 (m, 2H), 6.82 — 6.67 (m, 3H), 4.12 (q, J = 7.2 Hz, 1H), 3.77 (s,
3H), 1.63 (d, J =7.2 Hz, 3H).
13C NMR (100 MHz, CDCls) 6 159.8, 149.1, 148.8, 146.0, 140.4, 137.9, 129.6, 123.9,
119.7, 113.6, 111.4,55.1, 41.7, 21.3.
HRMS (ESI) m/z calcd. for C14H1sCINO [M + H]" 248.0837, found 248.0834.

(R)-3-(1-(furan-3-yl)ethyl)quinoline (42)

Db
N o
42

According to the general procedure A, substrate 1ad (70.8 mg, 0.30 mmol) and 2ei
(68.4 mg, 0.20 mmol) was employed to yield the product 42 as a pale yellow oil (25.1
mg, 56% vyield, 75% ee).
HPLC analysis: Chiralcel AD (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A =
230 nm), tr (minor) = 6.32 min, tr (major) = 7.55 min.
!H NMR (400 MHz, CDCls) & 8.83 (d, J = 2.4 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.92
(d, J=2.0Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.70 — 7.63 (m, 1H), 7.56 — 7.48 (m, 1H),
7.33 (d, J = 2.0 Hz, 1H), 6.37 — 6.28 (m, 1H), 6.13 (d, J = 3.2 Hz, 1H), 4.35(q, J =
7.2 Hz, 1H), 1.72 (d, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 157.5, 151.0, 147.1, 141.7, 136.7, 133.3, 129.1, 128.9,
128.0, 127.6, 126.6, 110.1, 105.5, 37.0, 20.1.
HRMS (ESI) m/z calcd. for C1sH14NO [M + H]" 224.1070, found 224.1063.

(R)-3-(1-(thiophen-3-yl)ethyl)quinoline (43)

Db
N" S
43

According to the general procedure A, substrate 1ad (70.8 mg, 0.30 mmol) and 2ej
(61.2 mg, 0.20 mmol) was employed to yield the product 43 as a pale yellow oil (26.0
mg, 54% vyield, 82% ee).
HPLC analysis: Chiralcel AD (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 6.67 min, tr (major) = 8.60 min.
'H NMR (400 MHz, CDCls) 6 8.81 (d, J = 2.4 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.89
(d, J=2.4 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.70 — 7.62 (m, 1H), 7.51 (t, J = 8.4 Hz,
1H), 7.31 — 7.23 (m, 1H), 7.07 — 7.00 (m, 1H), 6.96 — 6.86 (m, 1H), 4.38 (9, J=7.2
Hz, 1H), 1.75 (d, J = 7.2 Hz, 3H).
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13C NMR (100 MHz, CDCl3) 6 151.4, 146.9, 145.7, 138.8, 133.0, 129.1, 128.8, 128.1,
127.5, 127.5, 126.6, 126.0, 120.5, 38.4, 22.0.
HRMS (ESI) m/z calcd. for C15sH14NS [M + H]* 240.0841, found 240.0833.

(S)-(3-([1,1":3",1""-terphenyl]-5'-yl)pent-1-yn-1-yl)triisopropylsilane (44)

Ph
Z
TIPS

44 Ph

According to the general procedure B, substrate 1b (90.9 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 44 as a pale yellow oil (59.2
mg, 65% vyield, 94% ee).

HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 3.32 min, tr (major) = 3.56 min.

'H NMR (400 MHz, CDCl3) 6 7.77 — 7.68 (m, 7H), 7.52 (d, J = 7.2 Hz, 4H), 7.47 —
7.40 (m, 2H), 3.88 (dd, Ji = 8.0 Hz, J> = 5.4 Hz, 1H), 2.05 — 1.82 (m, 2H), 1.19 (s,
21H), 1.16 (t, J = 7.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 143.0, 141.8, 141.2, 128.7, 127.4, 127.3, 125.5, 124.4,
109.6, 83.9, 40.6, 32.2, 18.7, 11.7, 11.4.

HRMS (ESI) m/z calcd. for C32Ha41Si [M + H]* 453.2972, found 453.2959.

(S)-(3-([1,1":3",1""-terphenyl]-5'-yl)-5-phenylpent-1-yn-1-yl)triisopropylsilane (45)
Ph
Ph
Z

TIPS

45  ph
According to the general procedure B, substrate lae (113.9 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 45 as a pale yellow oil (76.1
mg, 72% vyield, 94% ee).
HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, A =
254 nm), tr (minor) = 5.82 min, tr (major) = 6.16 min.
'H NMR (400 MHz, CDClz) & 7.70 — 7.60 (m, 7H), 7.44 (t, J = 7.6 Hz, 4H), 7.39 —
7.32 (m, 2H), 7.31 - 7.25 (m, 2H), 7.23 — 7.15 (m, 3H), 3.85 (dd, J1 = 8.8 Hz, J» = 5.6
Hz, 1H), 2.99 — 2.81 (m, 2H), 2.21 — 2.05 (m, 2H), 1.15 (s, 21H).
13C NMR (100 MHz, CDCl3) 6 142.8, 141.9, 141.7, 141.1, 128.7, 128.5, 128.4, 127.4,
127.3,125.9, 125.4, 124.5, 109.3, 84.6, 40.9, 38.5, 33.7, 18.8, 11.4.
HRMS (ESI) m/z calcd. for CsgHasSi [M + H]™ 529.3285, found 529.3272.

(S,E)-(3-([1,1":3",1"*-terphenyl]-5"-yl)undec-8-en-1-yn-1-yl)triisopropylsilane (46)

Ph

AN

TIPS
46 Ph
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According to the general procedure B, substrate laf (115.3 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 46 as a pale yellow oil (75.4
mg, 70% vyield, 93% ee).

HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 4.63 min, tr (major) = 5.11 min.

'H NMR (400 MHz, CDCls) 6 7.69 — 7.60 (m, 7H), 7.45 (d, J = 8.4 Hz, 4H), 7.39 —
7.33 (m, 2H), 5.40 — 5.26 (m, 2H), 3.84 (dd, J1 = 8.4 Hz, J> = 5.8 Hz, 1H), 2.08 — 1.96
(m, 4H), 1.88 — 1.75 (m, 2H), 1.65 — 1.57 (m, 1H), 1.49 — 1.28 (m, 3H), 1.17 — 1.04
(m, 21H), 0.93 (t, J = 7.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 143.3, 141.8, 141.2, 131.8, 129.0, 128.7, 127.4, 127.3,
125.4,124.4, 109.8, 83.8, 39.2, 39.0, 29.4, 27.04, 27.00, 20.5, 18.7, 14.4, 11.3.
HRMS (ESI) m/z calcd. for C3gHs1Si [M + H]* 535.3755, found 535.3761.

(S)-(3-([1,1":3",1""-terphenyl]-5'-yl)-6-chlorohex-1-yn-1-ytriisopropylsilane (47)
cl
( 3

=

Ph
TIPS

47 Ph

According to the general procedure B, substrate 1ag (100.8 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 47 as a pale yellow oil (45.8
mg, 46% vyield, 84% ee).

HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 6.91 min, tr (major) = 8.04 min.

1H NMR (400 MHz, CDCl3) § 7.70 — 7.59 (m, 7H), 7.49 — 7.41 (m, 4H), 7.40 — 7.32
(m, 2H), 3.96 — 3.85 (m, 1H), 3.64 — 3.52 (m, 2H), 2.13 — 1.96 (m, 3H), 1.96 — 1.87
(m, 1H), 1.19 — 1.05 (m, 21H).

13C NMR (100 MHz, CDCl3) § 142.4, 142.0, 141.0, 128.8, 127.4, 127.3 125.3, 124.6,
108.8, 84.7,44.7, 38.2, 36.1, 30.2, 18.7, 11.3.

HRMS (ESI) m/z calcd. for C33H42CISi [M + H]" 501.2739, found 501.2735.

(S)-5-([1,1":3",1""-terphenyl]-5'-yl)-7-(triisopropylsilyl)hept-6-yn-1-y| acetate (48)
OAc
(T

=

Ph
TIPS

48 Ph

According to the general procedure B, substrate 1ah (116.4 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 48 as a pale yellow oil (55.6
mg, 52% yield, 84% ee).

HPLC analysis: Chiralcel AD (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (Minor) = 4.09 min, tr (Major) = 4.37 min.

'H NMR (400 MHz, CDCls3) § 7.71 — 7.60 (m, 7H), 7.45 (d, J = 7.2 Hz, 4H), 7.40 —
7.33 (m, 2H), 4.10 — 4.01 (m, 2H), 3.88 (dd, J1 = 8.4 Hz, J> = 5.6 Hz, 1H), 2.01 (s,
3H), 1.92 - 1.61 (m, 6H), 1.11 (s, 21H).

13C NMR (100 MHz, CDCl3) 6 171.2, 142.9, 141.9, 141.1, 128.7, 127.4, 127.3, 125.4,
124.5,109.4, 84.1, 64.4, 38.9, 38.7, 28.3, 23.8, 20.9, 18.7, 11.3.

HRMS (ESI) m/z calcd. for C3sHs702Si [M + H]" 539.3340, found 539.3347.
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ethyl (S)-6-([1,1":3",1"'-terphenyl]-5'-yl)-8-(triisopropylsilyl)oct-7-ynoate (49)
CO,Et
(3
Ph
Z

TIPS

49 ph
According to the general procedure B, substrate 1ai (120.7 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 49 as a pale yellow oil (50.7
mg, 46% vyield, 90% ee).
HPLC analysis: Chiralcel IG (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (Minor) = 4.24 min, tr (Major) = 4.79 min.
'H NMR (400 MHz, CDCl3) 8 7.71 — 7.58 (m, 7H), 7.50 — 7.40 (m, 4H), 7.39 — 7.31
(m, 2H), 4.09 (q, J = 7.2 Hz, 2H), 3.91 - 3.79 (m, 1H), 2.29 (t, J = 7.2 Hz, 2H), 1.93 -
1.76 (m, 2H), 1.74 — 1.52 (m, 4H), 1.21 (t, J = 7.2 Hz, 3H), 1.11 (s, 21H).
13C NMR (100 MHz, CDCl3) 6 173.6, 143.0, 141.8, 141.1, 128.8, 127.4, 127.2, 125.4,
124.4,109.5, 84.0, 60.2, 38.9, 38.7, 34.2, 26.9, 24.6, 18.7, 14.2, 11.3.
HRMS (ESI) m/z calcd. for C37H4902Si [M + H]* 553.3496, found 553.3502.

(S)-5'-(6,6-dimethyl-1-phenylhept-4-yn-3-yl)-1,1":3",1""-terphenyl (50)
Ph

Ph
Z
Bu

50 Ph
According to the general procedure B, substrate 1aj (83.7 mg, 0.30 mmol) and 2e
(90.4 mg, 0.20 mmol) was employed to yield the product 50 as a pale yellow oil (64.9
mg, 76% vyield, 86% ee).
HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 4.15 min, tr (major) = 4.65 min.
'H NMR (400 MHz, CDCl3) 8 7.69 — 7.61 (m, 5H), 7.58 (s, 2H), 7.45 (t, J = 7.6 Hz,
4H), 7.40 — 7.33 (m, 2H), 7.31 — 7.25 (m, 2H), 7.24 — 7.15 (m, 3H), 3.73 (dd, J; = 8.8
Hz, J> = 6.0 Hz, 1H), 2.92 - 2.72 (m, 2H), 2.16 — 1.98 (m, 2H), 1.32 (s, 9H).
13C NMR (100 MHz, CDCl3) 6 143.8, 141.9, 141.8, 141.3, 128.8, 128.5, 128.3, 127.3,
127.2,125.8, 125.4, 124.4,93.1, 79.5, 40.8, 37.3, 33.7, 31.4, 27.6.
HRMS (ESI) m/z calcd. for CazHas [M + H]" 429.2577, found 429.2572.

(S)-(3-(benzo[d][1,3]dioxol-5-yl)pent-1-yn-1-yl)triisopropylsilane (51)

= >

TIPS o

51

According to the general procedure B, substrate 1b (90.9 mg, 0.30 mmol) and 2el
(68.8 mg, 0.20 mmol) was employed to yield the product 51 as a pale yellow oil (30.9
mg, 45% vyield, 80% ee).

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 5.75 min, tr (major) = 6.10 min.

'H NMR (400 MHz, CDCls) 6 6.89 (d, J = 1.6 Hz, 1H), 6.82 (dd, J1 = 8.0 Hz, J, = 2.0
Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 5.93 (dd, J1 = 4.0 Hz, J> = 1.6 Hz, 2H), 3.57 (dd, J1
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=8.0Hz, J, =56 Hz, 1H), 1.84-1.62 (m, 2H), 1.13 — 1.06 (m, 21H), 1.00 (t, J = 7.2
Hz, 3H).

13C NMR (100 MHz, CDCls) § 147.5, 146.1, 136.0, 120.5, 109.9, 108.1, 107.9, 100.9,
83.3,40.1,32.2, 18.7, 11.6, 11.3.

HRMS (ESI) m/z calcd. for C21H330,Si [M + H]* 345.2244, found 345.2244.

(S)-2-chloro-5-(1-(triisopropylsilyl)pent-1-yn-3-yl)pyridine (52)

=z Y N

TIPS =
52

According to the general procedure B, substrate 1b (90.9 mg, 0.30 mmol) and 2ek
(67.0 mg, 0.20 mmol) was employed to yield the product 52 as a pale yellow oil (23.9
mg, 36% vyield, 90% ee).
HPLC analysis: Chiralcel IG (hexane/i-PrOH = 99/1, flow rate 0.3 mL/min, A = 254
nm), tr (minor) = 14.43 min, tr (Major) = 15.06 min.
'H NMR (400 MHz, CDCls) 6 8.40 (d, J = 3.6 Hz, 1H), 7.67 (dd, J1 = 8.4 Hz, J, = 2.8
Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 3.68 (dd, J1 = 8.4 Hz, J = 5.6 Hz, 1H), 1.86 — 1.68
(m, 2H), 1.08 (s, 21H), 1.03 (t, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCls) 6 149.7, 148.9, 137.9, 136.4, 123.9, 107.6, 84.8, 37.2,
31.6, 18.6,11.3, 11.2.
HRMS (ESI) m/z calcd. for C19H3:CINSi [M + H]* 336.1909, found 336.1912.

Cl
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The large-scale synthesis of 4

Br Ph
MeO standard MeO Ph
e + B(mac) condltlons
Ph
1d 2e (1.36 g) 4, 84%, 92% ee

According to the General procedure A: under argon atmosphere, an oven-dried
round bottom flask equipped with a magnetic stir bar was charged with 2e (1.36 g, 3.0
mmol, 1.0 equiv.), Cul (57.0 mg, 0.30 mmol, 10 mol%), L4 (240 mg, 0.36 mmol, 12
mol%), LiO'Bu (960 mg, 12 mmol, 4.0 equiv.). Then DMSO/CH.Cl; (2:1, 36 mL) and
H>0 (108 piL, 6.0 mmol, 2.0 equiv.) was added. The reaction mixture was stirred for
several minutes to dissolve the reactants. Lastly, alkyl halide 1d (0.97 g, 4.5 mmol,
1.5 equiv.) was slowly added into the mixture via microsyringe, and the reaction
mixture was stirred for 72 h at -5 <C. Upon completion (monitored by TLC), the
reaction mixture was poured into water (50 mL), then extracted with DCM (3 x 20
mL). The filtrate was dried with anhydride Na>SOas, then was purified by column
chromatography on silica gel to afford the desired products 4 (0.92 g, 84% vyield, 92%
ee).

The transformations

RuCl3 (5 mol%) Ph SOCl, (5.0 equiv.)
Ph _NalO, (4.0 equiv.) _MeOH,0°Ctort; HO
TIPS CCI4/CH3CN/H20 L|AIH4 (1.5 equiv.)
it,4 h THF, rt

To a mixture of RuCls (0.75 mg, 0.005 mmol, 5.0 mol%) and sodlum periodate
(85.5 mg, 0.40 mmol, 4.0 equiv.) in a mixed solvent of CCl4 (0.2 mL) and water (0.3
mL) was added a solution of 45 (52.9 mg, 0.10 mmol, 1.0 equiv., 94% ee) in CH3CN
(0.2 mL) in one portion. The reaction mixture was stirred at room temperature for 4 h,
and then, was concentrated. The residue was purified by column chromatography on
silica gel to afford the product 53 as a white solid (34.9 mg, 89% yield).

To a solution of 53 (39.2 mg, 0.10 mmol, 1.0 equiv.) in MeOH (1.0 mL) was added
SOCI2 (59.5 mg, 0.5 mmol, 5.0 equiv.) dropwise at 0 <C. Then, the reaction mixture
was warmed up to room temperature and stirred for another 3 h. After completion of
reaction, the reaction mixture was concentrated and the residue was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20:1) to afford the
product in quantitative yield. Then the obtained product was dissolved in anhydrous
THF (1.0 mL), followed by the addition of LiAlIH4 (5.7 mg, 0.15 mmol, 1.5 equiv.)
powder slowly at 0 <C. Then it was stirred at room temperature for 3 h. Upon
completion (monitored by TLC), the reaction was quenched with wet Na2SOa (0.2 mL
water per gram) and filtered, and the solid was washed with THF. The organic phase
was concentered and purified with by column chromatography on silica gel to afford
the product 54 as a colorless oil (35.2 mg, 93% yield, 94% ee).
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(S)-2-([1,1":3",1"*-terphenyl]-5'-yl)-4-phenylbutanoic acid (53)
Ph
HO Ph

)

Ph

53
!H NMR (400 MHz, CDCl3) & 7.72 (t, J = 1.6 Hz, 1H), 7.67 — 7.59 (m, 4H), 7.52 (d,
J=1.6Hz, 2H), 7.49 — 7.41 (m, 4H), 7.40 — 7.33 (m, 2H), 7.30 — 7.25 (m, 2H), 7.21 —
7.13 (m, 3H), 3.71 (t, J = 7.6 Hz, 1H), 2.67 (t, J = 8.0 Hz, 2H), 2.58 — 2.47 (m, 1H),
2.28 —2.17 (m, 1H).
13C NMR (100 MHz, CDCl3) 6 179.1, 142.3, 141.0, 140.8, 139.2, 128.8, 128.5, 128.4,
127.5,127.3, 126.1, 125.9, 125.5, 50.8, 34.5, 33.6.
HRMS (ESI) m/z calcd. for C2gH2502 [M + H]* 393.1849, found 393.1846.

(S)-2-([1,1":3",1"-terphenyl]-5'-yl)-4-phenylbutan-1-ol (54)
Ph
HO Ph

Ph

54
HPLC analysis: Chiralcel OD (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 9.52 min, tr (major) = 11.46 min.
'H NMR (400 MHz, CDCl3) 8 7.72 — 7.69 (m, 1H), 7.67 — 7.61 (m, 4H), 7.49 — 7.43
(m, 4H), 7.20 (d, J = 1.6 Hz, 2H), 7.40 — 7.34 (m, 2H), 7.29 — 7.22 (m, 2H), 7.20 —
7.11 (m, 3H), 3.83 (d, J = 6.4 Hz, 2H), 2.99 — 2.88 (m, 1H), 2.70 — 2.51 (m, 2H), 2.20
—1.96 (m, 2H).
13C NMR (100 MHz, CDCl3) § 143.1, 142.2, 141.9, 141.1, 128.8, 128.4, 128.3, 127.5,
127.3, 126.0, 125.8, 124.8, 67.5, 48.3, 33.6, 33.5.
HRMS (ESI) m/z calcd. for C2sH270 [M + H]" 379.2056, found 379.2047.

Ph  TBAF (1.2 equiv.) Ph
TIPS THF, rt, 1 h

AN

AN

Ph Ph
44 55a

To a solution of 44 (45.2 mg, 0.10 mmol, 1.0 equiv., 94% ee) in THF (1.0 mL) was
added TBAF (0.24 mmol, 1.2 equiv.) and the resulting mixture was stirred at room
temperature for 1 h. After completion of the reaction (monitored by TLC), the mixture
was concentrated under reduced pressure and purified by column chromatography to
yield 55a as a colorless oil (26.3 mg, 89% yield, 94% ee).

(R)-5'-(pent-1-yn-3-yl)-1,1':3",1""-terphenyl (55a)
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Ph

Ph

55a
HPLC analysis: Chiralcel OJH (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A =254
nm), tr (minor) = 19.58 min, tr (Major) = 24.14 min.
'H NMR (400 MHz, CDCls) 6 7.70 — 7.62 (m, 5H), 7.57 (d, J = 1.6 Hz, 2H), 7.50 —
7.42 (m, 4H), 7.40 — 7.33 (m, 2H), 3.75 — 3.66 (m, 1H), 2.32 (d, J = 2.4 Hz, 1H), 1.97
—1.83 (m, 2H), 1.07 (t, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) § 142.4, 142.0, 141.1, 128.8, 127.4, 127.3, 125.4, 124.7,
85.7,71.3,39.3,31.4,11.8.
HRMS (ESI) m/z calcd. for C2sH21 [M + H]* 297.1638, found 297.1637.

Phl (2.0 equiv.), Pd(PPh3), (5 mol%),

= PR Cul (5 mol%), EtsN (3.0 equiv.) = Ph

THF, 80 °C, 18 h Ph

Ph Ph
55a 58a
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with Cul (0.95 mg, 0.005 mmol, 5 mol%), Pd(PPhs)4
(5.8 mg, 0.005 mmol, 5 mol%). Then THF was added, followed by Phl (0.20 mmol,
2.0 equiv.), alkyne 55a (29.6 mg, 0.10 mmol, 1.0 equiv., 94% ee) and EtsN (0.30
mmol, 3.0 equiv.). The reaction mixture was stirred at 80 T for 18 h. Upon
completion (monitored by TLC), the reaction mixture was purified by column
chromatography on silica gel to afford the desired products 58a (23.7 mg, 64% vyield,
94% ee).

(S)-5'-(1-phenylpent-1-yn-3-yl)-1,1":3",1"'-terphenyl (58a)

Ph
Z

Ph

Ph

58a
HPLC analysis: Chiralcel OD-3 (hexane/i-PrOH = 99/1, flow rate 0.5 mL/min, A =
254 nm), tr (minor) = 10.74 min, tr (major) = 14.27 min.
'H NMR (400 MHz, CDCl3) § 7.72 — 7.61 (m, 7H), 7.50 — 7.42 (m, 6H), 7.40 — 7.34
(m, 2H), 7.33 - 7.27 (m, 3H), 3.92 (t, J = 7.2 Hz, 1H), 2.04 — 1.88 (m, 2H), 1.13 (t, J
=7.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 143.1, 142.0, 141.2, 131.7, 128.8, 128.2, 127.8, 127.4,
127.3,125.5, 124.7, 123.8, 91.3, 83.6, 40.2, 31.8, 12.0.
HRMS (ESI) m/z calcd. for Co9H2s [M + H]" 373.1951, found 373.1949.
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N._ClI

(Y\j/
\ (2.0 equiv.)
N-NF a
Ph
Pd(PPh3), (5 mol%), Cul (5 mol%),
KOACc (2.0 equiv.), THF, rt, 18 h (\(

Under argon atmosphere, an oven-dried resealable Schlenk tube eqmpped with a
magnetic stir bar was charged with Cul (0.95 mg, 0.005 mmol, 5 mol%), Pd(PPhs)4
(5.8 mg, 0.005 mmol, 5 mol%) and KOAc (0.20 mmol, 2.0 equiv.). Then THF was
added, followed by 5-chloropyrazolo[1,5-a]pyrimidine (0.20 mmol, 2.0 equiv.),
alkyne 55a (29.6 mg, 0.10 mmol, 1.0 equiv., 94% ee). The reaction mixture was
stirred at room temperature for 18 h. Upon completion (monitored by TLC), the
reaction mixture was purified by column chromatography on silica gel to afford the
desired products 58b (30.8 mg, 75% yield, 93% ee).

AN

Ph
53a

(S)-5-(3-([1,1":3",1""-terphenyl]-5'-yl)pent-1-yn-1-yl)pyrazolo[1,5-a]pyrimidine
(58b)

Ph
N F
T
N\
-N
NN Ph
58b

HPLC analysis: Chiralcel OD-3 (hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A =
254 nm), tr (minor) = 14.09 min, tr (Major) = 17.83 min.

IH NMR (400 MHz, CDCls) & 8.60 (dd, J1 = 7.2 Hz, J, = 1.2 Hz, 1H), 8.12 (d, J = 2.4
Hz, 1H), 7.73 — 7.70 (m, 1H), 7.68 — 7.63 (m, 4H), 7.60 (d, J = 1.6 Hz, 2H), 7.50 —
7.43 (m, 4H), 7.41 — 7.34 (m, 2H), 6.87 (d, J = 7.2 Hz, 1H), 6.68 (d, J = 1.2 Hz, 1H),
3.98 (t, J = 7.2 Hz, 1H), 2.13 - 1.98 (m, 2H), 1.14 (t, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 148.1, 145.6, 142.5, 142.2, 141.6, 141.0, 134.5, 128.8,
1275, 127.3, 125.4, 125.0, 110.9, 97.3, 95.9, 82.1, 40.2, 31.1, 12.1.

HRMS (ESI) m/z calcd. for CagH24N3 [M + H]* 414.1965, found 414.1962.

Ph._~_ Br (2.0 equiv.)
Ph [(m-allyl)PdClI], (2.5 mol%) Ph
0, iPre [
// Cul (7.5 mol%), iPreHCI (5 mol%) Ph //
Cs,CO3 (1.4 equiv.) 3

DMF/Et,0 (1:2), 45 °C, 24 h

Ph Ph

55a 58c

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with Cul (1.43 mg, 0.0075 mmol, 7.5 mol%),
[(z-allyl)PdCI]2 (0.91 mg, 0.0025 mmol, 2.5 mol%), iPr HCI (2.13 mg, 0.005 mmol, 5
mol%) and CsCO3 (49.9 mg, 0.14 mmol, 1.4 equiv.). A mixture of DMF and Et,0 (1:2,
1.2 mL) was added, followed by (3-bromopropyl)benzene (0.20 mmol, 2.0 equiv.) and
alkyne 55a (29.6 mg, 0.10 mmol, 1.0 equiv., 94% ee). The reaction mixture was
stirred at 45 <C for 24 h. Upon completion (monitored by TLC), the reaction mixture
was purified by column chromatography on silica gel to afford the desired products
58c (18.9 mg, 46% yield, 90% ee).
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(S)-5'-(8-phenyloct-4-yn-3-yl)-1,1":3",1""-terphenyl (58¢c)

P Ph
Ph.  “~
3

Ph

58c
HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 5.83 min, tr (major) = 7.07 min.
'H NMR (400 MHz, CDCls) § 7.70 — 7.62 (m, 5H), 7.58 (d, J = 2.0 Hz, 2H), 7.48 —
7.40 (m, 4H), 7.39 — 7.33 (m, 2H), 7.28 — 7.22 (m, 2H), 7.21 — 7.12 (m, 3H), 3.75 —
3.65 (m, 1H), 2.77 (t, J = 6.4 Hz, 2H), 2.29 (td, J1= 6.8 Hz, J>= 2.0 Hz, 2H), 1.95 —
1.77 (m, 4H), 1.07 (t, J = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCls) & 143.8, 141.82, 141.79, 141.3, 128.8, 128.5, 128.3,
127.34,127.31, 125.8, 125.5, 1245, 83.1, 82.1, 39.7, 34.9, 32.0, 30.7, 18.4, 12.0.
HRMS (ESI) m/z calcd. for CaoHsi [M + H]* 415.2420, found 415.2415.

Ph
TBAF (1.2 equiv. Ph
quiv.) =
TIPS THF, rt, 1 h

45 Ph 55b Ph

To a solution of 45 (52.9 mg, 0.10 mmol, 1.0 equiv., 94% ee) in THF (1.0 mL) was
added TBAF (0.24 mmol, 1.2 equiv.) and the resulting mixture was stirred at room
temperature for 1 h. After completion of the reaction (monitored by TLC), the mixture
was concentrated under reduced pressure and purified by column chromatography to
yield 55b as a colorless oil (32.6 mg, 88% yield, 94% ee).

(R)-5'-(5-phenylpent-1-yn-3-yl)-1,1":3",1""-terphenyl (55b)
Ph

Ph
=

55b Ph
HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A =
254 nm), tr (major) = 7.80 min, tr (Minor) = 8.50 min.
'H NMR (400 MHz, CDCls3) 6 7.71 — 7.61 (m, 5H), 7.56 (d, J = 1.6 Hz, 2H), 7.50 —
7.42 (m, 4H), 7.40 — 7.34 (m, 2H), 7.32 — 7.26 (m, 2H), 7.24 — 7.16 (m, 3H), 3.80 —
3.71 (m, 1H), 2.94 — 2.75 (m, 2H), 2.39 (d, J = 2.4 Hz, 1H), 2.25 — 2.10 (m, 2H).
13C NMR (100 MHz, CDCl3) § 142.3, 142.1, 141.3, 141.0, 128.8, 128.5, 128.4, 127.5,
127.3,126.0, 125.3, 124.8, 85.5, 71.8, 39.9, 37.1, 33.5.
HRMS (ESI) m/z calcd. for CagHzs [M + H]* 373.1951, found 373.1944.

Ph
X Pd/C (10% wt) Pd/C (10% wt)
THF rt, 30 min THF, rt, 12 h

Ph

56

To a mixture of Pd/C (3.0 mg, 10% w/w Pd on carbon) in THF (1.0 mL) was added
55b (37.2 mg, 0.10 mmol, 1.0 equiv., 94% ee) under argon atmosphere. Then, the
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reaction flask was evacuated and refilled with hydrogen through a balloon. The
resulting reaction mixture was stirred under the hydrogen atmosphere at room
temperature for 30 min. After completion, the reaction mixture was filtered and rinsed
with CH2Cl2. The filtrate was concentrated under reduced pressure and the residue
was purified by column chromatography on silica gel to afford 56 as a colorless oil
(34.6 mg, 92% vyield, 95% ee)

To a mixture of Pd/C (10.0 mg, 10% w/w Pd on carbon) in THF (1.0 mL) was
added 55b (37.2 mg, 0.10 mmol, 1.0 equiv., 94% ee) under argon atmosphere. Then,
the reaction flask was evacuated and refilled with hydrogen through a balloon. The
resulting reaction mixture was stirred under the hydrogen atmosphere at room
temperature for 12 h. After completion, the reaction mixture was filtered and rinsed
with CH2Cl2. The filtrate was concentrated under reduced pressure and the residue
was purified by column chromatography on silica gel to afford 57 as a colorless oil
(35.9 mg, 95% vyield, 90% ee)

(R)-5'-(5-phenylpent-1-en-3-yl)-1,1":3",1"'-terphenyl (56)
Ph
XN Ph

Ph

56
HPLC analysis: Chiralcel ADH (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 4.98 min, tr (major) = 5.44 min.
'H NMR (400 MHz, CDCls3) & 7.70 — 7.60 (m, 5H), 7.49 — 7.42 (m, 4H), 7.40 (d, J =
1.6 Hz, 2H), 7.39 — 7.32 (m, 2H), 7.31 — 7.24 (m, 2H), 7.21 — 7.13 (m, 3H), 6.15 —
5.98 (m, 1H), 5.20 — 5.06 (m, 2H), 3.42 (q, J = 7.6 Hz, 1H), 2.74 — 2.56 (m, 2H), 2.14
(9, J = 8.0 Hz, 2H).
13C NMR (100 MHz, CDCl3) 6 145.2, 142.1, 142.0, 141.9, 141.3, 128.7, 128.5, 128.3,
127.4,127.3, 125.8, 125.6, 124.3, 114.7, 49.5, 37.0, 33.8.
HRMS (ESI) m/z calcd. for Co9H27 [M + H]" 375.2107, found 375.2104.

(S)-5'-(1-phenylpentan-3-yl)-1,1":3",1""-terphenyl (57)
Ph
Ph

Ph
57

HPLC analysis: Chiralcel OD-3 (hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, A =
254 nm), tr (major) = 5.72 min, tr (Minor) = 6.22 min.

'H NMR (400 MHz, CDCl3) 8 7.72 — 7.62 (m, 5H), 7.51 — 7.42 (m, 4H), 7.40 — 7.32
(m, 4H), 7.29 — 7.23 (m, 2H), 7.19 — 7.08 (m, 3H), 2.65 — 2.48 (m, 3H), 2.13 — 1.95
(m, 2H), 1.85 - 1.62 (m, 2H), 0.84 (t, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 146.5, 142.5, 141.7, 141.5, 128.7, 128.4, 128.3, 127.3,
125.7, 125.6, 124.0, 47.6, 38.1, 33.9, 29.8, 12.2.

HRMS (ESI) m/z calcd. for Co9H29 [M + H]" 377.2264, found 377.2258.
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Mechanistic Studies

Radical clock experiment with benzyl bromides

COMe
Ph

standard Ph
/%Tph conditions W
Ph + 1a + E——
Ph
MeOC

B(mac) 60, 6%
59 2ea 33, 52%, 92% ee

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with 2ea (68.4 mg, 0.20 mmol, 1.0 equiv.), Cul (3.8 mg,
0.020 mmol, 10 mol%), L4 (16.0 mg, 0.024 mmol, 12 mol%), LiO'Bu (64.0 mg, 0.80
mmol, 4.0 equiv.). Then DMSO/CH:ClI; (2:1, 2.4 mL) and H20O (7.2 mg, 0.40 mmol,
2.0 equiv.) was added. The reaction mixture was stirred for several minutes to
dissolve the reactants. Last alkyl halide 1a (55.5 mg, 0.30 mmol, 1.5 equiv.) and
(1-(2-phenylcyclopropyl)vinyl)benzene 59 (88.0 mg, 0.40 mmol, 2.0 equiv.) were
slowly sequentially added into the mixture via microsyringe, and the reaction mixture
was stirred at -5 T for 48 h. Upon completion (monitored by TLC), the reaction
mixture was poured into water (10 mL), then extracted with DCM (3 x 5 mL). The
filtrate was dried with anhydride Na:SOs4, then was purified by column
chromatography on silica gel to afford 60 as a mixture of diastereomers (5.2 mg, 6%
yield) and 33 (23.4 mg, 52% yield, 92% ee).

Ph

(0] Ph

60
'H NMR (400 MHz, CDCl3) 8 7.92 — 7.82 (m, 2H), 7.31 — 7.07 (m, 17H), 5.40 (t, J =
7.2 Hz, 1H), 3.78 (t, J = 6.0 Hz, 1H), 2.84 — 2.61 (m, 5H), 2.59 — 2.55 (m, 3H), 1.22 —
1.15 (m, 3H).
13C NMR (100 MHz, CDCl3) & 197.8, 150.3, 150.1, 146.8, 143.7, 143.6, 143.0,
140.11, 140.06, 135.3, 135.2, 128.6, 128.55, 128.50, 128.23, 128.20, 127.93, 127.88,
127.81, 127.78, 127.1, 126.7, 126.6, 126.5, 126.4, 126.1, 51.1, 39.1, 39.0, 38.1, 34.2,
29.7,26.5, 21.1.
HRMS (ESI) m/z calcd. for Cs3Hs30 [M + H]* 445.2526, found 445.2528.

TEMPO inhibiting experiment with benzyl bromides

Br Ph standard
. B(mac) condmons
TEMPO (1.0 equiv.)
Ph
1 2

61, HRMS detected
3, trace

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with 2e (90.4 mg, 0.20 mmol, 1.0 equiv.), Cul (3.8 mg,
0.020 mmol, 10 mol%), L4 (16.0 mg, 0.024 mmol, 12 mol%), LiO'Bu (64.0 mg, 0.80
mmol, 4.0 equiv.) and TEMPO (624 mg, 0.40 mmol, 2.0 equiv.). Then
DMSO/CH:Cl> (2:1, 2.4 mL) and H20 (7.2 mg, 0.40 mmol, 2.0 equiv.) was added.
The reaction mixture was stirred for several minutes to dissolve the reactants. Last
alkyl halide 1a (55.5mg, 0.30 mmol, 1.5 equiv.) was slowly added into the mixture via
microsyringe, and the reaction mixture was stirred at -5 <C for 48 h. The reaction
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mixture was monitored by TLC. Trace amount of product 3 was observed and 61
could be detected by HRMS analysis.

[M+H]*
1#31 RT- 030 AV-1 NL® 604E8
T: FTMS + p ESI Full ms [100.0000-500 0000]
262 21619
z=1
C17Hza O N = 26221654
1001 -1.35200 ppm N
] (0)
90
80 61
704
60
50
40
304
] 263.21939
20 g
10
] 264.22290
] z=1
O —————————————————————————————————§———————————
2615 2620 2625 2630 2635 2640 2645 265.0 2655

miz

Figure S2. HRMS data of 61

Radical clock experiment with propargyl bromides

COMe

Ph
standard
Ph/%( Ph | 4p + conditions X T
Ph TIPS
B(mac) MeOC
59 2ea 60', < 5% yield, detected by HRMS

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with 2ea (68.4 mg, 0.20 mmol, 1.0 equiv.), Cul (3.8 mg,
0.020 mmol, 10 mol%), L6 (19.7 mg, 0.024 mmol, 12 mol%), LiO'Bu (96.0 mg, 1.20
mmol, 6.0 equiv.). Then DMSO/CHClI> (2:1, 2.4 mL) and H20 (10.8 mg, 0.60 mmol,
3.0 equiv.) was added. The reaction mixture was stirred for several minutes to
dissolve the reactants. Lastly alkyl halide 1b (90.9 mg, 0.30 mmol, 1.5 equiv.) and
(1-(2-phenylcyclopropyl)vinyl)benzene 59 (88.0 mg, 0.40 mmol, 2.0 equiv.) were
slowly sequentially added into the mixture via microsyringe, and the reaction mixture
was stirred at —10 <C for 120 h. The reaction mixture was monitored by TLC. Trace
amount of product 60" was observed and could be detected by HRMS analysis.
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[M+H]*

B0 201013104559 #14 RT: 016 AW: 1 NL: 4.83E6
T: FTMS + p ESI Full ms [200.0:000-1000.0000]
563.37087

C1a Ha, O Si = 56337037
: 0.52767 ppm Ph
X
/(jj\ Ph N TIPS
MeOC

60’
564.37341

585.37802

I | |

562.5 563.0 563.5 584.0 584.5 585.0 5855 5686.0

Figure S3. HRMS data of 60"

TEMPO inhibiting experiment with propargyl bromides

Ph
Br standard Ph
B(mac) conditions 4 . N
Pz + —Concrons
/\/ TEMPO (1.0 equiv.) TIPS =0
TIPS PH TIPS
Ph

1b 2e

44, not observed 61', HRMS detected

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with 2e (90.4 mg, 0.20 mmol, 1.0 equiv.), Cul (3.8 mg,
0.020 mmol, 10 mol%), L6 (19.7 mg, 0.024 mmol, 12 mol%), LiO'Bu (96.0 mg, 1.20
mmol, 6.0 equiv) and TEMPO (62.4 mg, 0.40 mmol, 2.0 equiv.). Then
DMSO/CHCI> (2:1, 2.4 mL) and H>O (10.8 mg, 0.60 mmol, 3.0 equiv.) was added.
The reaction mixture was stirred for several minutes to dissolve the reactants. Lastly
alkyl halide 1b (90.9 mg, 0.30 mmol, 1.5 equiv.) was slowly added into the mixture
via microsyringe, and the reaction mixture was stirred at —10 <C for 120 h. The
reaction mixture was monitored by TLC. No product 44 was observed and 61" could
be detected by HRMS analysis.

S48



Positive, [M+H]*

91#18-29 RT: 0.17-0.26 AV: 6 NL: 5.62E8
T: FTMS = p ESI Full ms [200.0000-800.0000]

380.33406
C a3 Hag O N S1= 38033432
100 -0.68326 ppm
N
80 y o
80 TIPS
61’
70
&0
50
a0
» 381.33632
a0
10
362.33944
o
377 378 378 380 381 3az 383 384 385 386 387

mz
Figure S4. HRMS data of 61"

Experiments with racemic and enantioenriched alkyl bromide 1a

(a)
Br " standard Ph
©)\ + B(mac) _conditions O O
21h
PH Ph
()-1a, 0% ee 2e 3
remaining 1a, 0% ee 47% conversion 36% yield, 94% ee

According to General procedure A, substrate (H-1a (27.8 mg, 0.15 mmol, 1.5
equiv.) and 2e (45.2 mg, 0.10 mmol, 1.0 equiv.) was stirred for 21 h to afford the
product 3 (12.1 mg, 36% yield, 94% ee) and the remaining 1a (0% ee).
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(b) Br Ph

standard Ph
. B(mac) conditions O O
21h

Ph Ph

(S)-1a, 81% ee 2e 3
remaining 1a, 74% ee 43% conversion 33% yleld, 94% ee

LiO'Bu (4.0 equiv.) Ph
H,0 (2.0 equiv.) O O
B(mac)
DMSO/CH,CI, (2: 1)
-5°C,Ar,21h Ph

(S)-1a, 81% ee 3, 0% yield
remaining 1a, 77% ee

According to General procedure A, substrate (S)-1a (27.8 mg, 81% ee, 0.15 mmol,
1.5 equiv.)” and 2e (45.2 mg, 0.10 mmol, 1.0 equiv.) was stirred for 21 h to afford the
product 3 (11.1 mg, 33% vyield, 94% ee) and the remaining la (74% ee). In the
absence of Cul and L4, the substrate (S)-1a (27.8 mg, 81% ee, 0.15 mmol, 1.5 equiv.)
and 2e (45.2 mg, 0.10 mmol, 1.0 equiv.) was stirred for 21 h to produce the remaining
(S)-1a with 77% ee.
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HPLC Spectra

mAl
PDA Multi 1 254nm, 4nm
500-] o
| oA o
1 =
250 Ph
7 | rac-3
0
T T
0.0 2.5 5. 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 6. 143 4838408 49. 996
2 7.387 4839192 50. 004
mAU
2000 PDA Multi 1 254nm, dnd
1500 Ph
1000 Ph
i 3
500
oo
T
0.0 2.5 5. 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 6. 080 19377511 97. 183
2 7. 368 561695 2. 817
mAl
a0 FDA Wulti 1 254nm, dnd]
=
g
., Ph e
7
500
Ph
enantiomeric ent-3
250~
g
K<
G T T
0.0 2.5 . 7.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Areak
1 6. 097 253255 2.494
2 7.378 D902453 a7. 506

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAll

500 = POA Wulti 1 25nm, ind
£
:E
400 i
(0] Ph
~
o (J
200 Ph
rac-4
100
0
1 1 1 T I I L L
0 1 2 3 4 5 6 7
min
Peak Table
PDA Chl 254nm
Peak#|[Ret. Time Area Area%
1 5. 308 IR46143 49. 722
2 5. 667 IRTT957 50. 278
mAU
1000 PDA Wulti | Z54nm, dnd
750 )
RoASs
500+
Ph
4
250
=
3
o
0
1 I 1 I 1 T T 1
0 1 2 3 4 5 6 7
min
Peak Table
FDA Chl 254nm
Peak#|Ret. Time Area Area%
1 5. 340 168013 2. 957
2 5. 714 5513130 97. 043

Chiralcel ADH: hexane/i-PrOH = 95/5, flow rate 1.0 mL/min
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mAU

3007 PDA Wulti 1 254nm, dni
7= =
p 8 g
200 i =
ReoasE
100+ Ph
1 rac-5
0
T T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 5. 355 2714125 50. 272
2 6. 910 2684772 49. 728
mAL
1250 - PDA Multi 1 Z54nm, dnd
&
P
1000+
Ph
500 Ph
5
250
8
&
a T 1 I
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peaks |Ret. Time Area Areakh
1 5. 294 13092437 96, 933
2 6. 722 414279 3. 067

Chiralcel OD : hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAU

400 PDA Multi 1 254nm, 4nn
300 3 g
Ph s 8
200+ O O
Ph
rac-6
100+
0 T T T T T T T T T T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 5. 424 3096571 50. 042
2 6. 092 3091323 49. 958
mAll
15007 PDA Wulti 1 25nm, dnmg
-
=
| “w
upoacs
) Ph
500 6
! E
0
T T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 5. 315 13484884 96. 291
2 5. 977 519471 3.709

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min

S123



DAD1 B, Sig=254,4 Ref=360,100 (D\CHEM32\1\DATA\PREVIOUS DATA ON DISK C\WANGFL\JSP 4-734 D)

1200 Ph
1000
800 ¢

Bu

600

11.874
12.351

4003 Ph
200 rac-7
04 L
0 2 i ¢ 8 10 I e i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.874 MF R ©.2363 1.12218e4  791.46405 49.6266
2 12.351 FM R ©.2481 1.13907e4  765.23071 50.3734

DAD1 B, Sig=254 4 Ref=360,100 (D:\CHEM32\1\DATA\PREVIOUS DATA ON DISK C\WANGFL\JSP 4-735.D)
mAU 2
1750 e
1500 Ph 1
¢
1000 By
750
500 Ph @0
250 7 :
0 T T T T T T _J'\:-l T
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.148 MM R ©.2156 371.48965 28.72055 1.54e8
2 12.675 MM R ©.2436 2.37383e4 1624.46045 98.4592

Chiralcel 1A: hexane/i-PrOH = 99.5/0.5, flow rate 0.4 mL/min
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mAU

1000_ = FDA Multi 1 254nm, 4nm
p 4
750 =
| saes
500 (¢]]
i Ph
] rac-8
250+
T T T T T T T
0.0 2.5 5.0 7.5
min

Peak Table

PDA Chl 254nm

Peak#|Ret. Time Area Area%
1 6. 497 10385148 19. 828
2 7. 608 10456976 50.172

mAl
10007 - PDA Walti 1 Z5inm, dnn
1 <
a0+ Ph
] Cl E E
3007 Ph
1 8
250
| 5
o VAN
I 1 I I
0.0 2.5 2.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area’h
1 6. 483 12377554 92. 585
2 7.707 991344 7.415

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAl

PDA Multi 1 254nm, 4nm
7501 2
Ph - -
5
o
500+ Br
Ph
rac-9
250+
- Ll T L
0.0 2.5 5.0 7.5
min
Peak Table
FDA Chl 254nm
Peak#t|Ret. Time Area Area%
1 7.132 B969826 49. 923
2 8. 357 8997525 50,077
mAL
1000 PDA Wulti 1 25dnm, dn
=
=
Ta0H Ph
Br l l
500
Ph
9
250+
=
P
T T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 7. 090 11694437 93. 055
2 8. 416 872774 6. 945

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAl

PDA Multi 1 254nm, 4nsf
500+ b
SAhGH
|
250+ Ph
g rac-10
T I )
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Arca%
1 7.732 6494257 50. 596
2 8. 844 6341309 49, 404
mAl
10007 BBA Wulti 1 25dnm, ird
&
750+ O O Ph
, |
500 Ph
| 10
250+
g
o
I ) 1
0.0 2.5 5.0 7.5
min
Peak Table
FDA Chl 254nm
Peak#|Ret. Time Area Area%
1 7. 548 12573491 93. 601
2 8. 692 85h0629 6. 399

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAU

FDA Multi 1 254nm, 4nm
] £
. “ e
2007 l l Ph :
1 F
] Ph
250+ rac-11
T T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 6. 509 7039826 49, 628
2 8. 264 7145460 50. 372
mAU
12507 PDX Multi 1 254nm, dnd
1000 £
1 <
1 Ph
1 F
500 Ph
] 1"
250-] _
3]
@
I N ] 1
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 6. 578 11101145 93. 501
2 8. 224 771641 6. 499

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min

S128



mAl

1000 PDA Multi 1 254nm, 4nm
7504 -
=
Oy |
=
500+ FsC
Ph
rac-12
250+
T ) I
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%h
1 6, 348 TT36811 19, 307
2 7,039 TTO6907 50. 193
mAl
1000 = PDA Wulti 1 254nm, 4rm]
<
750 Ph
O
500 8
Ph
12
250
T T T
0.0 2.5 A0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 6. 449 10731811 89. 244
2 7.104 1293492 10. 756

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAL

250 POA Wulti 1 Z5inm, inn
z
O
1504 Ph
Ph
rac-13 =
100+ 2
50
o I
1 1 1
0 5 10 15 20
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 8. hdd 3840740 a0. 180
2 19. 993 3813125 49. 820
mAl
150 <
FDA 1ti 1 254nm, 4nm
- :
=
] Ph
] Ph
Ph
13
50
=4
ey
| £
5 N A
1 ) I 1
0 10 15 20
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 B.578 191679 3. 050
2 19. 8906 60920563 96. 950

Chiralcel OD: hexane/i-PrOH = 95/5, flow rate 1.0 mL/min
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mAU

1 PDA Multi 1 254nm, 4nn
300+ F 3
] Ph ® o
oC
200+ Ph
rac-14
100+
0
I I I I
0.0 2.5 5.0 7.5 12.5
min
Peak Table
PDA Chl 254nm
Peak## |Het. Time Area Areah
1 8. 841 2642310 49, 777
2 9. 297 2665993 a0, 223
mAl
300 PDX Wulti 1 254nm, 4nd
] F .
B xL
Ph 2
! DA® ’
2004
Ph
100+
0
T T T T
0.0 2.5 5.0 7.5 12.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 8. 983 2671517 89, 994
2 9. 464 2968749 10. 001

Chiralcel ODH: hexane/i-PrOH = 99/1, flow rate 0.6 mL/min
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mAl

1000 = PDA Wulti 1 254nm, dng
=
- &
leonos ;,
500+ Ph
rac-15
250+
I 1 T I
0.0 2.5 5.0 7.5
min
Peak Tahle
PDA Chl 254nm
Peak# |Ret. Time Area Areakh
1 5. 319 9051491 49.719
2 6. 093 9153885 A0, 281

mAU
15007 = PDA Wulii 1 Z54nm, 4n]
] Ph
wl I U
Ph
| 15
500+
8
| =
0 T T T T T T T T T T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areakh
1 5. 377 14363436 95. 372
2 6. 192 697015 4. 628

Chiralcel OD: hexane/i-PrOH = 95/5, flow rate 1.0 mL/min
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mAU

750 FDA WMulti 1 254nm, dnd
C-1
=
500+ O O Ph &
Ph
250 rac-16
0
0.0 2.5 5.0 1.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%h
1 5. 116 6405797 19. 993
2 5. 063 5497540 50.007 |

mAl
PDA Multi 1 254nm, 4nm
g
500+ o
saes
2?0_ Ph
al 16
2
=&
I T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#t|Ret. Time Area Area%
1 5. 260 6073320 97.131
2 6. 150 179420 2. 869

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAl

1250+ FDA Multi 1 254nm, 4nm
g
1000 2
Ph
5] (JC
Ph &
500 rac-17 -
2510+
0
T ) I
0.0 2.5 5.0 1.5
min
Peak Table
PDA Chl 254nm
Peak# [Ret. Time Area Area%
1 6. BE3 T6R5025 50. 025
2 7624 TETT424 19, 975
mAl
PDA Multi 1 254nm, 4nm
10004 (1 o
Ph <
Ph
3007 17
250
] £
o
I 1 I
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%h
1 6. 542 B2373649 97. 169
2 7. 266 240030 2,831

Chiralcel ODH: hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min
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mAl

400 PDA Wulti 1 254nm, ind
. B
3004 (N3 = w
oAcE %
200
Ph
rac-18
1004
0
T 1 L] T ]
0 1 2 3 ] G
min
Peak Table
PDA Chl 254nm
PeakZ|Ret. Time Area Area%
1 4. 749 3773225 49. 336
2 5. 311 387477 50, 664
mAU
10007 - PDA Wulti 1 Z54nm, 4nn)
1 =
| (N3
750+ l l Ph
500-
] Ph
18
250+
0 T T T T T
0 1 2 3 5 6
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 4. 683 11972390 97. 348
2 5. 252 326161 2. 652

Chiralcel ODH: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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750

T

PDA Multi 1 254nm, 4nm

| 1§ Ph ) %
NICA®
, Ph
950 rac-19
[}
T T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 4. 726 7215758 49. 916
2 5. 649 7240038 50. 084
mAl
5007 POA Wulti 1 Z5dnm, ind
.mg__ ( )4 g—
4 Ph =
wf (12
J Ph
200 19
100+
1 -
0
T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area’
1 4. 610 5368193 96. 023
2 b. h30 222337 3.977

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAU

7307 PDA Wulti 1 254nm, 4ng
1 z
: <
200+
| OO
250+ Ph
1 rac-20
I ' L) I
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 5. 894 3508359 49. 971
2 6. 481 3512418 50. 029
mAl
PDA Multi 1 254nm, 4nm
z
750+ :
Ph
Ph
2504 20
s
&
Fa
1 ) I
0.0 25 50 1.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 5. 78T 6465164 97. 273
2 6. 440 181220 2. 727

Chiralcel ODH: hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min
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mAl

150 PDA Wulti 1 254nm, ind
Ph =
E]
{2 = ﬂ
100 Ph E
Ph
504 rac-21
[}
1 T L
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 6. 061 1285054 49. TR0
2 6. 896 1296390 50. 220
mAl
PDA Multi 1 254nm, 4nm
g
750 Ph &
] (o
1 Ph
o O U
Ph
21
250
e
=
=
c 1 1 1 1
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#t|Ret. Time Area Area%
1 6. 004 9122745 95, 999
2 6. 830 380189 4. 01

Chiralcel OD: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAl

300 FDA Wulti 1 Z5dnm, inm]
Ph =
(3 e
Ph
rac-22
1004
=
=
T L] T U U
0.0 2.5 50 7.5 10,0 12.5
min
Peak Table
PDA Chl 254nm
Peaks |Ret. Time Area Area%
1 7. 416 664710 50. 739
2 11. 447 3557919 49, 261
mAL
@ PDA Multi 1 254nm, 4nm
Ph X
750 (T3

oo
500

22
250+
=
=
o =
I T 1 L I
0.0 2.5 5.0 7.5 10. 0 12.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Areakh
1 7.278 14174000 97. 884
2 11. 623 306349 2.116

Chiralcel OD: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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1 PDA Multi 1 254nm, 4nm
300+
] | .
] =
] - &
1 g
o O O ) !
1 Ph
1007 rac-23
[}
U L)
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 5. 665 2719943 49, 802
2 6. 362 2741589 50. 198
mAl
PDA Multi 1 254nm, 4nm
500+ l ?'_
A
250+
Ph
23
g
&
0
T 1
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peaktt |Ret. Time Area Area%
1 5. 490 5001628 96. 808
2 6. 120 164890 3. 192

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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2507 PDA Multi 1 Z5dnm, dnd
1 Ph
1004 Ph
) rac-24
50
o]
I I I I I
0.0 2.5 5.0 7.5 10.0 12,5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area’h
1 H. 089 3412442 49. 908
2 9. 021 3425067 50. 092
mAl
1250 = POA Wulti 1 250nm, in
-
CO,Et =
1000 (N3
Ph
Ph
500+ 24
250 -
s
=)
T 1 1 Ll T
0.0 2.5 5.0 7.5 10. 0 12.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Areak
1 8.077 791208 3. 387

2 8. 930 22570524 96. 613

Chiralcel OD: hexane/i-PrOH = 95/5, flow rate 1.0 mL/min
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mAll

75 PDA Wulti 1 250nm, dn
CN 3 .
(M3 = =
i ohos
. Ph
257 rac-25
o N
L] I T U
i} ] 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peaks |Ret. Time Area Area%
1 17.111 2225620 49, 522
2 19. 118 2241544 0. 178
mAU
2007 PDR Wulti 1 Z54nm, ]
1 CN 5
] (N3 =
150+ l l Ph
100+ Ph
E 25
50
| I\ 5’
0
1) 1 J I
0 2 10 15 20 2h
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 17. 011 438116 5. 734
2 18. 977 71203086 94. 266

Chiralcel OD: hexane/i-PrOH = 80/20, flow rate 1.0 mL/min
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mAU

250 PDA Wulti 1 254nm, dnd
©
200 O/jL -
o =
1504 2 it
Ph
o OO T
Ph
50 rac-26
0
L] I T T Ll
0.0 2.5 50 7.5 10,0 12. 5
min
Peak Table
PDA Chl 254nm
Peak# |[Ret. Time Area Areak
1 7.778 36499599 50. 180
2 10, 357 3622387 49, 810

mAU

10007 = PDA Multi 1 Z54nm, dnd
! =
| 0

750-]
| (o 9)
1 Ph
| Ph

250-] 26

s
1 1 I I I

0.0 2.5 5.0 1.5 10. 0 12.5

Peak Table
PDA Chl 254om

Peak# |Ret. Time Area Area%
1 7.815 16907809 96. 471
2 10. 473 618479 3. 5249

Chiralcel OD: hexane/i-PrOH = 95/5, flow rate 1.0 mL/min
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mAl

150 FOA Wulti 1 Z54nm, dna]
B 2
r =
2 2
OO :
Ph
50 rac-27
0
T T I ) 1
0.0 2.5 5.0 7.5 10,0 12.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9, 007 2338685 49, 863
2 11. 494 2351572 50, 137
mAl
200 PDA Walti T 254mm, 4nd]
Br E
150} 2 -
sa®s
100+
Ph
27
50+
g
0
I T 1 1 L
0.0 2.5 5.0 7.5 10,0 12.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Areah ‘
1 8. 784 2042046 95. 762
2 11. 350 130194 4.238 |

Chiralcel OD: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min

S144



mAU

150 - PDA Wulti 2 230mm, ind
[
z 2
O —_
oo
rac-28
504
0_—4#—-.-'-—.--'\_}\.4\-——-._.-—
Ll I T 1 I
0.0 2.5 5.0 10. 0 12. 5 15.0 17.5
min
Peak Table
PDA Ch? 230nm
Peakd |Ret. Time Area Area%
1 13. 351 2767733 49, 769
2 14. 543 2793423 50. 231
mAU
7 PDA Wulti 2 230nm, dnm]
4 O -
" (J
28
25
0 M
T LB T T T 1
0.0 2.5 5.0 10.0 12.5 15.0 17.5
min
Peak Table
PDA Ch2 230nm
Peak# |Ret. Time Area Area%
1 13. 434 1283771 97.173
2 14. 614 37348 2. 827

Chiralcel OJ: hexane/i-PrOH = 90/10, flow rate 1.0 mL/min
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mAL

200 PDA Multi 2 Z14nm, 1na]
] Z
150+ :
T o=
100+ O O ~
(0)
rac-29
50
i S_A
1 L ) Ll
V] 5 10 15 20 25
min
Peak Table
PDA Ch2 214nm
Peak# [Ret. Time Area Area’
1 16. 988 2496686 49, 873
2 17. 876 25059360 50. 127
mAU
PDA Multi 2 214nm, 4nj
o
300 =
o
200+ ‘ c O/
29
100
2
<
0 A
T T T T
0 5 10 15 20 25
min
Peak Table
PDA Ch2 214nm
Peak# |Ret. Time Area Areak
1 16. 864 174488 3.131
2 17.718 5398845 96. 869

Chiralcel OJH: hexane/i-PrOH = 90/10, flow rate 0.7 mL/min
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mAl

PDA Multi 1 254nm, 4nm|

500+
z
SASE |
i
rac-30
250
T T ]
0.0 2.5 4.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 1. 898 3330652 19,920
2 5. 451 3341309 50. 080
mAl
1500 = FDA Wulti 1 254nm, I
1 =
] Ph
30
500
g
i
T 1 T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 4. 844 10550118 97. 091
2 5. 372 316075 2.909

Chiralcel OD: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAl

1000 PDA Wulti 1 Z5dnm, dndg
] S
750 “ 5
s
500 O O
1 Ph
1 rac-31
250+
0
1 ) I
0.0 2.5 5.0 7.5
min
Peak Table
FDA Chl 254nm
Peak#|Ret. Time Area Area%
1 5. 246 6513702 49,992
2 b, 967 6515848 50. 008
mAU
15007 PDA Wulti 1 Z54nm, Ang
4 =0
1 2
<1
Ph
] 31
500
| =1
1 o
0
T I N 1
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254n0m
Peak#|Ret. Time Area Area%s
1 5. 320 396850 3. 208
2 6. 088 11972845 96, 792

Chiralcel OD: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAll

200 PDA Wulti 1 254mm, i
B
(0] = y
150+ o E
SRS E
100
rac-32
50
0
L] ) I T
0.0 25 5.0 1.5 10.0
min
Peak Table
DA Chl 254nm
Peak#|Ret. Time Area Area%
1 9. 257 2203583 50, 332
2 10. 085 2263285 49, 668
mAL
200 PDA Multi 1 254nm, dnd
£
=
150 9 -
1004 I I
32
a0
E
=
[
1 1 L I
0.0 2.5 5.0 7.5 10. 0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9. 304 98575 3. 666
2 10. 095 2590508 96. 334

Chiralcel AS: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAL

FDA Multi 1 254nm, 4nm
5004
=
L o
=
| g
2
=
2504
rac-33 O
[}
Ll T I T 1
0.0 2.5 5.0 7.5 10.0 12.5
min
Peak Table
FDA Chl 254nm
Peak® |Rei. Time Area Area%
1 9. 745 4785342 49. 991
2 10. 967 4787132 50. 009
mAU
g PDA Multi 1 254nm, 4nm
=
750+ -
5004 O O
33 O
2504
5
-3
0 FaN
L 1 1 I I
0.0 2.5 5.0 7.5 10.0 12.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9.517 385084 3. 295
2 10. 504 11301409 96. T05

Chiralcel IF: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAU
750 PDA Multi 2 230nm, 4nm

417
7

500

! l CN «©

2504 rac-34

n
=
-1
o

0.0 2.5
min

Peak Table

PDA Ch2 230nm

Peak# |Ret. Time Area Areak
1 T.417 5114846 50. 046
2 7.907 5105344 49, 954

mAl
1500 FOA Wulti 2 230mm, inn
£
34
500~
z
i}
1 T T Ll
0.0 2.5 5.0 7.5
min
Peak Table
PDA Ch2 230nm
Peak# |Ret. Time Area Area%
1 7. 296 15388862 91. 319
2 7.794 1462897 8. 681

Chiralcel AS: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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15007 2 FDA Wulti 2 230nm, dnm]
&
=
1250 -
" T
750 CN
rac-35
500
2504
c L) 1 I 1
V] a 10 15 20 25
min
Peak Table
PDA ChZ 230nm
Peak# |[Ret. Time Area Area%
1 13. 953 10053756 49, 660
2 15. 551 19725494 50. 340
mAU
3007 - PDR Walti 2 230mm, 4
B
= (J
1 CN
] 35
100
0
— - 1 - - - - 1 - - - - 1 - - r T 1T T T T -
0 5 10 15 20 25
min
Peak Table
PDA Ch2 230nm
Peak#|Ret. Time Area Area%
1 14.182 7915659 92. 476
2 15. 887 643991 7.524

Chiralcel ASH: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAU

300 FDA Walti 1 251nm, ing
g
I
Br Ph =
200 A
/
N
rac-36 Ph
1004
1 I I I
0.0 2.5 5.0 7.5 10,0
min
Peak Table
PDA Chl 254nm
Peak#t |[Ret. Time Area Areak
1 8. 504 2672464 49. 937
2 9. 268 2679172 50. 063
mAU
10007 PDA Multi 1 Z5dnm, dnd
] g
i -
750
1 Br | N Ph
] —
1 N
500
1 36 Ph
2504 2
1 o
1 I I I
0.0 2.5 5.0 7.5 10.0
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 B. 542 1678836 14. 351
2 9.309 10019624 85. 649

Chiralcel ADH: hexane/i-PrOH = 95/5, flow rate 1.0 mL/min
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mAU

2007 PDA Wulti T 254nm, dnn]
] X
150 _ 2
1 N COMe -
= <
i rac-37 =
100
50+
0
—— —— | — | —— ———
0.0 2.5 5.0 7.5 10.0 12. 5 15.0 17.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 15. 398 3005020 49, 367
2 16. 582 3082123 50. 633
mAl
2007 PDA Wugti 1 Z54nm, inm|
] <
400 N
] | P
| N COMe
300+
1 37
2001
100 g
] .
G : I Ll ] | {\
0.0 2.5 5.0 7.5 10,0 2.5 15.0 17.5
min
Peak Table
PDA Chl 254nm
Peak&|Ret. Time Area Area%
1 15, 282 bB5TH6 h.0l11
2 16. 406 11103862 94, 989

Chiralcel AD: hexane/i-PrOH = 90/10, flow rate 1.0 mL/min
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mAU

250 PDA Multi 1 254nm, dnd
200 -
2
X Ph = §
150+ | <
—
N
100+ Ph
rac-38
50
]
T I T I T 1 I
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%h
T | 14.624 | 336362l 19. 951
2 | 16.869 | 3360107 50, 019
mAl
1000 PDA Wulig 1 25inm, i
<
750+
| N Ph
—
500 N
] Ph
38
2504
&
0 A
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 11.608 | 1026670 1.512
3 | 16.835 | 21726900 95. 488

Chiralcel ADH: hexane/i-PrOH = 95/5, flow rate 1.0 mL/min
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mV

20007 Detector A Ch2 21dnd]
] w @
i g =
] <
1500+
| -0 \ N\
] 0
1000+
rac-39
200+
0
T T T T T T T
0 1 2 3 4 T 8 9
min
Peak Table
Detector A Ch2 214nm
Peak#|Ret. Time Area Area%
1 6. BOY 15313475 49, B38
2 7. 316 15413271 50. 162
mV
Detector A Ch2 214nm
1500 =
1000 0
39
500
&
&
o 1 I I | I I I I
0 1 2 3 1 5 7 8 9
min
Peak Table
Detector A Ch2 214nm
Peak# |Ret. Time Area Areak
1 6. 874 477950 3.248
2 7.311 14236994 96, 7562

Chiralcel IF: hexane/i-PrOH = 98/2, flow rate 0.6 mL/min
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mAU

100 PDA Wulti I 251mm, inm
75 g
_0 \ N P g
50+
rac-40
25+
0
I T T 1
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 6. 469 712087 49, 868
2 7.323 715849 50. 132
mAU
150 FDA Wulti 1 254nm, dnd
o) -
100 - \ A\
40
50
=
)
<
[}
I I T I
0.0 2.5 50 7.5
min
Peak Table
PDA Chl 254nm
Peak#t|Ret. Time Area Area%s
1 6. 520 43822 3.018
2 7. 367 1408163 96, 082

Chiralcel OD: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mALl

b FOA Wulti 1 254nm, 4nm)
g
3 ?
200 o = ﬁ
- X b=}
1504 | _
N Cl
rac-41
1004
50
o .
T L] I 1
0.0 2.5 5.0 7.5 10,0 12.5
min
Peak Table
PDA Chl 254nm
Peaks |Ret. Time Area Areak
1 10. D55 3207052 50. 031
2 11. 221 3203024 49. 969
mAU
2507 FDA Wulti 1 254nm, dnm
200 E
] -9 N
150+ |
1 >
N Cl
100 “
50 2
] 2
0 VAN
1 I T I
0.0 2.5 5.0 7.5 10. 0 12.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 10. 135 3428597 91. 968
2 11. 388 200426 8.032

Chiralcel OD: hexane/i-PrOH = 95/5, flow rate 1.0 mL/min
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oV

1500
1000+

500

FEM A ChZ 230nd

6, 396

B

0.0

Peak Table
Eri{2EA Ch2 230nm

PeakZ |Ret. Time

Area

Area%

1 6. 396

12013421

49. 730

2 7. 948

12143869

50. 270

mV

=1

[=1]

Fi#I3EA Ch2 230nm|

7. 4541

E:::: 6. 321

Peak Table
WSS Ch2 230nm

2.5

Peak# |Ret. Time

Area

Area%h

1 6. 321

1536757

12. 528

2 7.551

10729424

87.472

=]
=

7.5 10.0

min

Chiralcel AD: hexane/i-PrOH = 80/20, flow rate 1.0 mL/min
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mAU

300 DA Multi 1 254nm, dnm
!:5
&
2004
X \ N\ ;j
— S =
rac-43
100
o 1 1 L L]
0.0 2.5 5.0 7.5 10.0
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%h
1 6. 672 2157919 49, 853
2 8617 2170672 50. 147
mAU
200 PDA_Wulti 1 254nm, dnm]
2
o
150 X N
]
] N S
100 43
50+ -
4 w
<&
, AN
T T T T
0.0 2.5 5.0 7.5 10.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 6. 674 247740 9. 059
2 8. 603 2486970 90. 941

Chiralcel AD: hexane/i-PrOH = 80/20, flow rate 1.0 mL/min
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mAU

75 FDA Wulti 1 Z54nm, ind
g =
50 P Ph 2z
el \
/ L
TIPS
- Ph
25 rac-44
0
T T T L] I
1] 1 2 3 4 5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Areak
1 3.329 193926 49, 987
2 3.574 194024 500013
mAl
5007 3 POK Wulti 1 50, dnm
]
100
] P Ph
] =
3007 TIPS
200 a4 Fh
1004
] ]
0
1 L] I I
0 1 2 3 4 b
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 3. 321 52045 2. 687
2 3. 561 1885017 97.313

Chiralcel ADH: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mAU

750 PDA Multi 1 254nm, dnm]
5
] -
500 Ph i
o 1 o
] Ph “
=
TIPS
250+ Ph
1 rac-45
0
N I N 1 I
0.0 2.5 5.0 1.5
min
Peak Table
PDA Chl 254nm
Peak#[Ret. Time Area Area%
1 5. 832 3641416 49. 831
2 6.171 3666183 50. 169
mAll
1000 z POR Wulti 1 Z5nm, ind
=
250 Ph
“’ Ph
=
TIPS
500+
Ph
45
250
=
=
e
Fa
L T T
0.0 2.5 5.0 7.5
min
Peak Table
POA Chl 354nm
Peakz |[Ret. Time Area Area%
1 5.B16 198346 2. 803
2 6. 159 BRTRETS 97. 197

Chiralcel ADH: hexane/i-PrOH = 99/1, flow rate 0.6 mL/min
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mY

200 Detector A ChZ 254nm
3
150 | 3
(T4
100+ = Ph
=
TIPS
50+ Ph
rac-46
0
1 I L 1 T
L] 1 2 3 4 [ 7
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areakh
1 4. 644 1539988 49. 456
2 5. 161 1573837 50. 544
mV
400-y 2 Detector A Chz Z5inn
300+ |
(14
p Ph
200 =
1 TIPS
i Ph
100y 46
2
=
0_
LA L L I L L R I
0 1 2 3 4 5 6 7
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areah
1 4. 630 157676 3. 299
2 5.105 4622204 96. 701

Chiralcel ADH: hexane/i-PrOH = 100/0, flow rate 1.0 mL/min
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mV
250

Detector A Ch2 254nm
200 cl

150 Ph

6. 51
A, 0240

TIPS
100+

rac-47
Bl

0
0.0 2.5

o
[=]
-
[+1]
—

=
=

Peak Table

Detector A Ch2 254nm

Peak# |Ret. Time Area Area’
1 6. 891 3096124 50. 630
2 8.020 3019040 49. 370

mV
7 Detector A ChZ 254nm]
Cl
(3 T
=
Ph =
50+
Z
TIPS
j Ph
25 47
0_
T T T T T T
0.0 2.5 5.0 7.5 10.0
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areah
1 6. 908 133220 8. 245
2 8. 044 1482451 91. 755

Chiralcel ADH: hexane/i-PrOH = 100/0, flow rate 1.0 mL/min
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mV

750 Detector A Chl Z5dnd
1 @
p OAc “
| (T4
500+ P Ph
=
1 TIPS
1 Ph
2504 rac-48
0 T T T L T T
0 1 2 3 1 5
min
Peak Table
Detector A Chl 254nm
Peak#[Ret. Time Area Areak
1 3. 958 3404449 49, 807
2 4. 298 3430841 50, 183
mV
7507 Detector A Chl Z5dm
1 OAc S
1 (4 =
500+ Ph
=
1 TIPS
Ph
250+ 48
o T T T T T
0 1 2 3 1 5
min
Peak Table
Detector A Chl 254nm
Peak# |Ret. Time Area Areah
1 4. 090 548456 7.927
2 4. 365 6370228 92.073

Chiralcel AD: hexane/i-PrOH = 98/1, flow rate 1.0 mL/min
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mY

400 Detector A Ch2 254n
300+
CO,Et -
4 =
- =
Ph z
200+ =
TIPS
1004 Ph
rac-49
0
1 I 1 T 1 1
L] 1 2 3 4 3 L] T
min
Peak Table
Detector 4 Ch2 254nm
Peak®|Ret. Time Area Area%
1 4. 350 3498245 49. 053
2 4. 905 3633348 a0, 947
mV
1007 Detector A ChZ 254nm]
! CO,Et
300 (T4 =
Ph =
Z
200 TIPS
Ph
1 49
100+
{:_
I 1 1 1 | 1
0 1 2 3 4 5 6 7
min
Peak Table
Detector A ChZ 254nm
Peak# |Ret. Time Area Areah
1 4. 238 282211 9. 225
2 4. 791 5119343 94. 77

Chiralcel IG: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAl

250 FOA Wulti 1 254nm, dnm]
=4
200 Ph g
Ph -
Z 2
150+ By i
Ph
100+ rac-50
504
[
1 1 1 I I
0 1 2 3 4 5 <]
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 4. 182 T01039 50. 129
2 5. 042 697427 49.RT1
mAU
1500 PDA Multi 1 254nm, Inm
k=
Ph 2
P Ph
1000 ; Z4
Bu
Ph
50
5004
0 N
T L I T 1
0 1 2 3 1 5 6
min
Peak Table
PDA Chl 254nm
Peak#t |Ret. Time Area Area%
1 4. 150 339580 7. 100
2 4. 646 4443001 92. 900

Chiralcel ADH: hexane/i-PrOH =99/1, flow rate 1.0 mL/min
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mAll

75 PDA Multi 1 254mm, ind
50 2 5
(0] w
Z >
TIPS o
25 rac-51
L
T T I T 1 T L)
a 1 2 3 4 5 6 T 8
min
Peak Table
PDA Chl 254nm
Peaks[Ret. Time Area Area
1 5. 819 290565 49. 426
2 6. 161 297315 50. 574
mAU
75 FDA Wulti 1 254nm, i
] £
1 =
-
a0+ o
TIPS o
_ 51
25+
0
T I I T 1 T I I
0 1 2 3 4 5 6 7 _
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 b. 749 40631 9. 369
2 6. 096 393026 90. 631

Chiralcel ODH: hexane/i-PrOH = 100/0, flow rate 1.0 mL/min
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mAL

150 PDA Wulti 1 250nm, 4n
100+
9 =
=z TN :
TIPS Pz a
Cl
50+ rac-52
0
T 1 1 1 1 1
0.0 2.5 5.0 7.5 10. 0 12.5 15.0
min
Peak Tahle
PDA Chl 254nm
Peak# |Ret. Time Area Areak
1 14,492 1460050 49, 901
2 15. 118 1465827 50. 099
mAU
157 PDA Wulti 1 Z5dnm, dnm
104 = | =N £
TIPS Pz -
Cl
52
P
U_
I I I I I M
0.0 2.5 5.0 1.5 10.0 12.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areak
1 14. 434 12182 5. 482
2 15. 058 210021 94. 518

Chiralcel I1G: hexane/i-PrOH = 99/1, flow rate 0.3 mL/min
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mAU

207 PDA Multi 1 254nm, 4nd]
i Ph
] HO Ph =
15+ 2
] Ph =
10 rac-54
5_
0
. — . . . — —
0.0 2.5 5.0 10.0 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 9. 502 345273 49. 947
2 11. 453 346007 50. 053
mAl
1507 - PDA Multi 1 254nm, dnn
Ph <
HO Ph =
1004
Ph
54
ol
8
I I I ]
0.0 2.5 2.0 10. 15.0 17.5
min
Peak Table
FDA Chl Z54nm
Peak#|Ret. Time Area Area%
1 9. 520 102705 2. 678
2 11. 463 3732052 97. 322

Chiralcel OD: hexane/i-PrOH = 80/20, flow rate 1.0 mL/min
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DAD1 B, Sig=254 .4 Ref=380,100 (DCHEMIZATDATADONG XND-3-102 RAC-0JH-990110.0)

17.54 # %
154 Ph -
1253 //
10 4
754
5 Ph
254 rac-55a
o
5 10 15 P 25 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mau] 4

S P [ [ [ [ |
1 19.568 MF R 1.5229 1696.89136 18.5789% 50.8lcb
2 24.358 FM R 1.9117 1695.76746 14.78436 49.9834

DAD1 B, Sig=254 4 Ref=360,100 (D:\CHEM32\1\DATA\DONGXY\D-8-105-0JH-990110.D)
mAU -
a0 Ph
Z
204
10 Ph E
55a @
0 -
0 5‘3 ‘IIO 1‘5 2‘0 2‘5 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 19.578 MM R 1.5755 193.64632 2.04848 3.0685
2 24.139 MM R 2.0715 6117.19971 49,21728 96.9315

Chiralcel OJH: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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DAD1 B, Sig=254,4 Ref=360,100 (D\CHEM32\T\DATA\DONGXY\D-8-103 RAC-0OD3-9901005.D)

mAU N
1000 o Ph

800 4

600 Ph 2

400 e

2004 Ph k

0 rac-58a
0 é A‘f l'!) EI! 1‘0 1‘2 1I4 1‘6 115 min|
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 10.472 VB
2 13.191 BB

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM32\1\DATA\DONGXY\D-8-106-0D3-980105 D)

0.1835 1.48046e4 1237.92676 50.1609
0.5764 1.4709%6e4

372.77698 49.8391

o
Ph
600 =
400 Ph
200 Ph g
, 58a n_
2 2 5 T T T 16 18 ml
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

. I [ [ e |

1 18.738 VB ©.2155 1226.10883 87.48770 3.0167

2 14.268 BB

©.6254 3.94175e4

920.92584 96.9833

Chiralcel OD-3: hexane/i-PrOH = 99/1, flow rate 0.5 mL/min

S172



DAD1 B, Sig=254,4 Ref=360,100 (D\CHEM32\1\DATA\DONGXY\D-8-104 RAC-OD3-851508 D)

mAU o w0 o
200 2
175 4 Ph "
150 _—
3 =
oS
75 \ N~
50 3 N~ Ph
Zg- rac-58b
0 2‘5 é 7‘5 1|(] 12‘,5 1|5 17‘,5 2‘0 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 14.295 BB
2 18.872 BB

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM32\1\DATA\DONGXY\D-8-106A-0D3-851508.D)

0.3408 4792.51953 217.69144 49.7160
0.4373 4847.26758 170.70816 50.2840

mAU 7 ]
1200 4
1000 4 = Ph
800 ] N Z

' T
600 N

3 N~
400 ] N Ph g
200 58b <

0 .
T T T T T T T T
25 5 75 10 125 15 175 20 min

Peak RetTime Type Width

Area Height Area
# [min] [min] [mAU*s] [mAU] %
ceee e P |<mmnneee |<emrmeene = |
1 14.892 BB ©.3452 1331.96063 59.95338 3.3384
2 17.829 BB

©.44086 3.85645e4 1352.62866 96.6616

Chiralcel OD-3: hexane/i-PrOH = 85/15, flow rate 0.8 mL/min
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mAU

50 PDA Wulti 1 25inm, dnm
404
P Ph g
30 Ph Z e 2
3 =
20 Ph
rac-58c
104
™,
Ll T |
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 5. 837 220824 49, 871
2 7. 068 221970 50. 129
mAU
10007 PDA Multi 1 254nm, 4nd
750 2
] P Ph
] Ph Z4
500 3
] Ph
] 58¢c
250+
1 o
] 2
0 VAN
T T 1
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#t|Ret. Time Area Areah
1 5.829 350295 4. 945
2 7. 067 6733931 95. 055

Chiralcel ADH: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAL

150 PDA Multi 1 254nm, 4nm
100 Ph % g
Ph <
FZ
50 Ph
rac-55b
- L T 1 I 1
0.0 2.5 5.0 7.5 10.0 12.5
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 7. 804 927700 50. 107
2 8. 508 923736 49, 893
mAl
PDA Multi 1 254nm, 4nef
Ph %
500+ -
Ph
=
o] Ph
250+ 55b
G 1 T I ) L
0.0 2.5 50 7.5 10.0 12.5
min
Peak Table
POA Chl 254nm
Peak#|Ret. Time Area Area%
1 7. 804 4969415 a7, 087
2 5. 500 149119 2. 913

Chiralcel ADH: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAl

7507 PDA Walti 1 Z5dnm, dng
1 Ph £ 3
=
500 N Ph
Ph
250 rac-56
G ) 1 )
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 4. 961 1261676 49. 850
2 5. 424 4287285 50. 150
mAl
500 FDA Multi 1 254nm, 4nsf
100 Ph 2
4 s
AN Ph
3004
] Ph
2004
1 56
100+
] s
0
1 ) T
0.0 2.5 5.0 7.4
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areca%
1 4,975 THEO3 2. 430
2 5. 438 3078785 97. 570

Chiralcel ADH: hexane/i-PrOH = 98/2, flow rate 1.0 mL/min
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mAL

150 FDA Multi 1 254nm, dnd
£ =
100 Ph g
Ph
30 Ph
rac-57
T T T
0.0 2.5 5.0 7.5
min
Peak Table
PDA Chl 254nm
Peak® |[Ret. Time Area Area%
1 5. 666 1080528 50. 033
2 6. 184 1079095 49. 067
mAl
20 PDA Wulti T 254nm, dnd
-
bl
w
15 Ph
Ph
10
Ph
_ 57
5-
bl
-
=
0
T T T
0.0 2.5 5.0 7.5 10.0
min
Peak Table
PDA Chl 254nm
Peak® |Ret. Time Area Area%
1 5. 724 138171 95. 002
2 6. 222 72689 4. 998

Chiralcel OD-3: hexane/i-PrOH = 99/1, flow rate 1.0 mL/min
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mALl

2007 PDA Walti 2 230nm, dnd
Br -
] %
150+ =
100+ rac-1a
] =
=
50+
C oL
1 1 I 1 1
0.0 2.5 5.0 7.5 10. 0 12. 5 15.0 17.5 20,0
min
Peak Table
PDA Ch? 230nm
Peak#|Ret. Time Area Area%
1 7.674 1552684 49, 695
2 12,912 1571728 50. 305
mAl
| = PDA Multi 2 230nm, dnm
[T~
1 (a) Br e
750+
5007 remaining 1a, 0% ee
- ;
i
250- J\/\
G I_ ] I I I | | =
0.0 2.5 5.0 7.5 10,0 12.5 15.0 17.5
min
Peak Table
FDA Ch2 230nm
Peak#|Ret. Time Area Areak
1 7.513 9099053 48. 561
2 12. 356 9638141 51.439
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mAU

R ~ PDA Multi 2 230nm, 4no]
1 =
300 Br =
200+
(S)-1a, 81% ee
100+ =
. .
L DL AL AL B rF | L L
0.0 2.5 5.0 7.5 10. 0 12.5 15.0 17.5 20,0
min
Peak Table
PDA Ch2 230nm
Peak#|[Ret. Time Area Area%
1 7.932 901992 9, 006
2 14. 029 9113854 90. 994
mAU
3007 PDA Wulti 2 230nm, dna
(b) Br
g
1 o
200
remaining 1a, 74% ee g
100+
I 1 I I .I 1 I
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA ChZ2 230nm
Peak# |Het. Time Area Area%
1 7. 648 1636444 12, B73
2 12, 861 11075725 B7. 127
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mAU

300 _ PDA Multi 2 230nm, 4nm
p o
(c) Br -
200+
remaining 1a, 77% ee
i =
=
100+ vl
R
0.0 2.5 5.0 10.0 12. 5 15.0 17.5 20.0
min
Peak Table
PDA Ch2 230nm
Peak#|Ret. Time Area Area%
1 7.816 1035365 11. 343
2 13. 494 B092T763 B8. 67

Chiralcel AY-3: hexane/i-PrOH = 100/0, flow rate 0.8 mL/min
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