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1. General Information

Unless otherwise noted, all experiments were carried out in flame-dried glassware using
argon manifolds or in a glovebox. Reactions were monitored by thin-layer
chromatography (TLC). TLC was performed using Huanghai 8+0.2 um precoated glass
plates (0.25 mm) and visualized by UV fluorescence quenching and KMnO4. Huanghai
silica gel (particle size 200 — 300 mesh) was used for chromatography. 'H NMR spectra
were recorded at room temperature on a Bruker ADVANCE 111 400 MHz spectrometer
and were reported relative to residual CDCl3 (8 7.26 ppm) or acetone-de (5 2.05 ppm).
3C NMR spectra were recorded on a Bruker ADVANCE 111 400 MHz spectrometer
(100 MHz) and were reported relative to CDCI3 (& 77.00 ppm) or acetone-ds (6 29.80
ppm). F NMR spectra were recorded on a Bruker ADVANCE III 400 MHz
spectrometer (376 MHz). Data for '"H NMR were reported as chemical shift (5 ppm)
(multiplicity, coupling constant (Hz), integration) using standard abbreviations for
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. Data for
3C NMR and °F NMR were reported in terms of chemical shifts (§ ppm). High
resolution mass spectra (HRMS) were obtained by use of a Bruker Compact TOF mass
spectrometer in electrospray ionization mode (ESI"). Single crystal diffraction data
were collected using a Bruker SMART APEXII diffractometer. Enantiomeric ratios (er)
were determined by an Agilent 1260 Series HPLC utilizing DAICEL Chiralpak (AD-
H, IB, AS-H or IC) or Chiralcel (OD-H, OJ-H) columns (4.6 mm x 250 mmL). Optical
rotations were measured with a Perkin Elmer 343 Polarimeter and were reported as:
[a]p" (concentration in g/100 mL, solvent).

Unless otherwise noted, all reagents were purchased commercially and used without
further purification. Petroleum ether (PE) (60 ~ 90 °C), ethyl acetate (EA) and
dichloromethane (DCM) were used as eluent for silica gel chromatography. Dry
solvents were purchased commercially or were dried by passage through an activated

alumina column under argon.!
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2. General Procedure for Preparation of Substrates 1a — 1z and 1ab

CH,OH

gr 1) K2CO; (4.0 equiv), CH3CN, rt
NC” NCOOEt * >
i CN
Br 2) NaBH, (3.0 equiv), EtOH, rt Br “Br
2.0 equiv
1a

Synthesis of 2,2-bis(2-bromobenzyl)-3-hydroxypropanenitrile (1a):

General Procedure:2 To a solution of ethyl cyanoacetate (1.13 g, 10.0 mmol, 1 equiv)
in acetonitrile (30 mL) was added anhydrous potassium carbonate (5.52 g, 40.0 mmol,
4 equiv), and the mixture was stirred at room temperature for 30 min. Then, 2-
bromobenzyl bromide (5.00 g, 20.0 mmol, 2 equiv) was added slowly and the mixture
was stirred at ambient temperature until the starting material was reacted completely.
The resulted suspension was filtered to remove the solid and the solid was washed with
EA (30 mL). The filtrates were concentrated under reduced pressure to give a crude
residue which was used directly for next step without further purification.

The residue obtained above was dissolved in ethanol (30 mL) and sodium borohydride
(1.14 g, 30.0 mmol, 3 equiv) was added slowly at 0 °C. The mixture was warmed up to
room temperature and stirred for 12 h. Then, the reaction was quenched by saturated
ammonium chloride aqueous solution and the aqueous layer was extracted by EA (30
mL x 3). The combined organic phase was washed with brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure to give a crude mixture. The
desired product was purified by flash column chromatography to provide the desired
product 1a (3.40 g) in 84% yield as a white solid. Ri = 0.3 (PE: EA=5:1). 'H NMR
(400 MHz, CDCl3) 6 7.59 (dd, J = 8.0, 1.2 Hz, 2H), 7.52 (dd, J = 7.6, 1.2 Hz, 2H), 7.31
(td, J=7.6, 1.2 Hz, 2H), 7.16 (td, J = 8.0, 1.6 Hz, 2H), 3.75 (s, 2H), 3.35 (AB, J = 14.0
Hz, 2H), 3.20 (BA, J = 14.0 Hz, 2H). °C NMR (100 MHz, CDCls) & 134.9, 133.1,
132.3, 129.2, 127.7, 125.9, 121.1, 64.4, 47.2, 38.3. HRMS (ESI*) m/z calc’d for
C17H1sBraNONa [M+Na]*: 429.9413, found 429.9415.

)

2,2-Bis(2-bromo-5-methylbenzyl)-3-hydroxypropanenitrile (1b):
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Following the general procedure, the desired product 1b (0.76 g) was obtained in 59%
yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and
1-bromo-2-(bromomethyl)-4-methylbenzene (1.58 g, 6.0 mmol). Rf = 0.4 (PE : EA =
5:1). 'H NMR (400 MHz, CDCls3) 6 7.45 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 2.0 Hz, 2H),
6.97 (dd, J = 8.4, 2.0 Hz, 2H), 3.74 (s, 2H), 3.30 (AB, J = 14.1 Hz, 2H), 3.14 (BA, J =
14.1 Hz, 2H), 2.31 (s, 6H). 13C NMR (100 MHz, CDCl3) & 137.7, 134.5, 133.0, 132.8,
130.1, 122.5, 121.2, 64.6, 47.2, 38.2, 20.9. HRMS (ESI") m/z calc’d for
C19H19BroNONa [M+Na]": 457.9726, found 457.9728.

Br

2,2-Bis(2-bromo-4-methylbenzyl)-3-hydroxypropanenitrile (1c):

Following the general procedure, the desired product 1c (0.59 g) was obtained in 90%
yield as a white solid over two steps from ethyl cyanoacetate (170.0 mg, 1.5 mmol) and
2-bromo-1-(bromomethyl)-4-methylbenzene (0.79 g, 3.0 mmol). Rt = 0.2 (PE : EA =
10 : 1). 'H NMR (400 MHz, CDCls) & 7.41 (d, J = 1.2 Hz, 2H), 7.39 (d, J = 7.9 Hz,
2H), 7.12 (dd, J = 8.0, 1.2 Hz, 2H), 3.72 (s, 2H), 3.29 (AB, J = 14.0 Hz, 2H), 3.14 (BA,
J = 14.0 Hz, 2H), 2.32 (s, 6H). 3C NMR (100 MHz, CDCl3) & 139.3, 133.5, 132.0,
131.7, 128.6, 125.6, 121.3, 64.4, 47.3, 37.9, 20.6. HRMS (ESI*) m/z calc’d for
C19H19BroNONa [M+Na]*: 457.9726, found 457.9719.

Br Br
CN

I HO l

OMe OMe

2,2-Bis(2-bromo-5-methoxybenzyl)-3-hydroxypropanenitrile (1d):

Following the general procedure, the desired product 1d (1.14 g) was obtained in 81%
yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and
1-bromo-2-(bromomethyl)-4-methoxybenzene (1.67 g, 6.0 mmol). Ry = 0.3 (PE : EA =
5:1). '"H NMR (400 MHz, CDCls) § 7.48 (d, J = 8.8 Hz, 2H), 7.11 (d, J = 3.2 Hz, 2H),
6.76 (dd, J = 8.8, 3.2 Hz, 2H), 3.82 (s, 6H), 3.77 (s, 2H), 3.34 (AB, J = 14.1 Hz, 2H),
3.17 (BA, J=14.1 Hz, 2H). *C NMR (100 MHz, CDCls) § 158.9, 135.7, 133.6, 121.4,
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117.1, 116.1, 1157, 64.4, 55.5, 47.1, 38.6. HRMS (ESI") m/z calc’d for
C19H19BraNOsNa [M+Na]*: 489.9624, found 489.9629.

Br Br
MeO OH OMe

2,2-Bis(2-bromo-4-methoxybenzyl)-3-hydroxypropanenitrile (1e):

Following the general procedure, the desired product 1e (1.10 g) was obtained in 78%
yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and
2-bromo-1-(bromomethyl)-4-methoxybenzene (1.67 g, 6.0 mmol). R = 0.3 (PE : EA =
5:1). 'H NMR (400 MHz, CDCl3) § 7.41 (d, J = 8.8 Hz, 2H), 7.13 (d, J = 2.4 Hz, 2H),
6.87 (dd, J = 8.4, 2.8 Hz, 2H), 3.79 (s, 6H), 3.72 (s, 2H), 3.25 (AB, J = 14.3 Hz, 2H),
3.12 (BA, J=14.3 Hz, 2H). *C NMR (100 MHz, CDCls) § 159.3, 132.6, 126.7, 126.0,
121.4,118.2,113.9, 64.3, 55.5, 47.4, 37.5. HRMS (ESI") m/z calc’d for C19H20Br2NO3
[M+H]*: 467.9804, found 467.9801.

Br Br
CN
MeO I HO I OMe
OMe OMe

2,2-Bis(2-bromo-4,5-dimethoxybenzyl)-3-hydroxypropanenitrile (1f):

Following the general procedure, the desired product 1f (2.04 g) was obtained in 97%
yield as a white solid over two steps from ethyl cyanoacetate (452.0 mg, 4.0 mmol) and
1-bromo-2-(bromomethyl)-4,5-dimethoxybenzene (2.46 g, 8.0 mmol). Rf = 0.2 (PE :
EA =5:1).'H NMR (400 MHz, CDCl3) & 7.04 (s, 2H), 7.00 (s, 2H), 3.86 (s, 6H), 3.85
(s, 6H), 3.70 (s, 2H), 3.25 (AB, J = 14.0 Hz, 2H), 3.07 (BA, J = 14.0 Hz, 2H). 3C NMR
(100 MHz, CDClz3) 6 148.7, 148.3, 126.7, 121.9, 115.6, 115.3, 114.2, 64.4, 56.1, 56.0,
47.3, 38.2. HRMS (ESI*) m/z calc’d for C21H24BroNOs [M+H]*: 528.0016, found
528.0017.

Br Br
CN
Jeanel
\-o o—/
3-(6-Bromobenzo|d][1,3]dioxol-5-yl)-2-((6-bromobenzo|d][1,3]dioxol-5-

yl)methyl)-2-(hydroxymethyl)propanenitrile (1g):
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Following the general procedure, the desired product 1g (1.58 g) was obtained in 98%
yield as a white solid over two steps from ethyl cyanoacetate (380.0 mg, 3.3 mmol) and
5-bromo-6-(bromomethyl)benzo[d][1,3]dioxole (1.91 g, 6.6 mmol). Rf = 0.3 (PE : EA
=5:1). 'H NMR (400 MHz, CDCls)  7.03 (s, 2H), 7.01 (s, 2H), 5.99 (s, 4H), 3.73 (s,
2H), 3.23 (AB, J = 14.3 Hz, 2H), 3.10 (BA, J = 14.3 Hz, 2H), 2.65 (s, 1H). 3C NMR
(100 MHz, CDCl3) 6 147.9, 147.6, 127.7, 121.3, 116.2, 112.8, 111.4, 102.0, 64.2, 46.9,
38.4. HRMS (ESI") m/z calc’d for CigHisBro.NOsNa [M+Na]*: 517.9209, found

517.9215.
Br Br
CN
o) 3
F F

2,2-Bis(2-bromo-5-fluorobenzyl)-3-hydroxypropanenitrile (1h):

Following the general procedure, the desired product 1h (1.22 g) was obtained in 92%
yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and
1-bromo-2-(bromomethyl)-4-fluorobenzene (1.61 g, 6.0 mmol). Rr=0.4 (PE: EA=5:
1). 'H NMR (400 MHz, CDCls) § 7.56 (dd, J = 8.8, 5.4 Hz, 2H), 7.28 (dd, J = 9.0, 3.0
Hz, 2H), 6.92 (ddd, J = 8.8, 7.7, 3.0 Hz, 2H), 3.75 (s, 2H), 3.31 (AB, J = 14.0 Hz, 2H),
3.19 (BA, J = 14.0 Hz, 2H). 3C NMR (100 MHz, CDCls) & 161.8 (d, J = 247.0 Hz),
136.7 (d, J = 7.6 Hz), 134.3 (d, J = 8.0 Hz), 120.6, 120.0 (d, J = 3.3 Hz), 119.1 (d, J =
22.9 Hz), 116.6 (d, J = 22.2 Hz), 64.0, 46.5, 38.3. 1%F NMR (376 MHz, CDCls) & —
113.40. HRMS (ESI™) m/z calc’d for C17H13BroF2NONa [M+Na]*: 465.9224, found
465.9221.

Br B
oa,

2,2-Bis(2-bromo-4-fluorobenzyl)-3-hydroxypropanenitrile (1i):

Following the general procedure, the desired product 1i (1.13 g) was obtained in 97%
yield as a white solid over two steps from ethyl cyanoacetate (300.0 mg, 2.6 mmol) and
2-bromo-1-(bromomethyl)-4-fluorobenzene (1.41 g, 5.2 mmol). Ri= 0.4 (PE: EA=5:
1). 'H NMR (400 MHz, CDCl3) & 7.50 (dd, J = 8.8, 6.0 Hz, 2H), 7.35 (dd, J = 8.0, 2.4

Hz, 2H), 7.07 (ddd, J = 8.4, 7.8, 2.4 Hz, 2H), 3.73 (s, 2H), 3.30 (AB, J = 14.2 Hz, 2H),
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3.16 (BA, J = 14.2 Hz, 2H). *C NMR (100 MHz, CDCls) & 161.6 (d, J = 250.2 Hz),
133.1(d, J = 8.0 Hz), 130.7 (d, J = 3.0 Hz), 125.8 (d, J = 9.3 Hz), 120.8, 120.3 (d, J =
24.2 Hz), 115.1 (d, J = 20.8 Hz), 64.2, 47.1, 37.5. *°F NMR (376 MHz, CDCl3) 5 —
112.02. HRMS (ESI*) m/z calc’d for Ci7H13Br.F2NONa [M+Na]*: 465.9224, found
465.9227.

Br B
o Q.
F F

2,2-Bis(2-bromo-4,5-difluorobenzyl)-3-hydroxypropanenitrile (1j):

Following the general procedure, the desired product 1j (0.83 g) was obtained in 87%
yield as a white solid over two steps from ethyl cyanoacetate (230.0 mg, 2.0 mmol) and
1-bromo-2-(bromomethyl)-4,5-difluorobenzene (1.13 g, 4.0 mmol). Rf = 0.4 (PE : EA
=5:1). '"H NMR (400 MHz, CDCl3) & 7.49 — 7.33 (m, 4H), 3.72 (s, 2H), 3.26 (AB, J
=14.2 Hz, 2H), 3.14 (BA, J = 14.2 Hz, 2H). 13C NMR (100 MHz, CDCls) & 149.46 (dd,
J =253.8, 13.8 Hz), 149.45 (dd, J = 251.2, 12.1 Hz), 131.4 (dd, J = 6.0, 4.6 Hz), 121.9
(d, J=19.7 Hz), 120.40 (d, J = 18.4 Hz), 120.35, 119.2 (dd, J = 7.1, 3.7 Hz), 63.7, 46.4,

37.6. °F NMR (376 MHz, CDCls) 5 — (134.95 — 135.08) (m), — (136.54 — 136.66) (m).
HRMS (ESI*) m/z calc’d for C17H11BraFsNONa [M+Na]*: 501.9036, found 501.9032.

(JJ

¢l cl
2,2-Bis(2-bromo-5-chlorobenzyl)-3-hydroxypropanenitrile (1Kk):

Following the general procedure, the desired product 1k (1.31 g) was obtained in 91%
yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and
1-bromo-2-(bromomethyl)-4-chlorobenzene (1.69 g, 6.0 mmol). Rr= 0.4 (PE: EA=5:
1). 'H NMR (400 MHz, CDCl3) 6 7.53 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 2.4 Hz, 2H),
7.16 (dd, J = 8.8, 2.8 Hz, 2H), 3.75 (s, 2H), 3.29 (AB, J = 14.1 Hz, 2H), 3.17 (BA, J =
14.1 Hz, 2H). *3C NMR (100 MHz, CDCls) & 136.4, 134.2,133.8, 132.1, 129.5, 123.8,
120.4, 64.0, 46.6, 38.1. HRMS (ESI*) m/z calc’d for Ci7H13BroCI,NONa [M+Na]™:
497.8633, found 497.8635.
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Br Br
jeppe!
Cl HO Cl

2,2-Bis(2-bromo-4-chlorobenzyl)-3-hydroxypropanenitrile (11):

Following the general procedure, the desired product 11 (1.23 g) was obtained in 64%
yield as a colorless oil over two steps from ethyl cyanoacetate (452.0 mg, 4.0 mmol)
and 2-bromo-1-(bromomethyl)-4-chlorobenzene (2.26 g, 8.0 mmol). Rf= 0.3 (PE : EA
=5:1). 'H NMR (400 MHz, CDCl3) § 7.62 (d, J = 2.4 Hz, 2H), 7.45 (d, J = 8.4 Hz,
2H), 7.32 (dd, J = 8.4, 2.0 Hz, 2H), 3.72 (s, 2H), 3.30 (AB, J = 14.0 Hz, 2H), 3.15 (BA,
J = 14.0 Hz, 2H). 3C NMR (100 MHz, CDCls) & 134.3, 133.3, 132.9, 132.8, 128.1,
126.1, 120.7, 64.2, 47.0, 37.7. HRMS (ESI") m/z calc’d for Ci7H13Br.CI,NONa
[M+Na]*: 497.8633, found 497.8628.

Br Br
jeppel
Br HO Br

2,2-Bis(2,4-dibromobenzyl)-3-hydroxypropanenitrile (1m):

Following the general procedure, the desired product 1m (1.12 g) was obtained in 87%
yield as a white solid over two steps from ethyl cyanoacetate (260.0 mg, 2.3 mmol) and
2,4-dibromo-1-(bromomethyl)benzene (1.49 g, 4.6 mmol). Rr=0.4 (PE: EA=5:1).
'H NMR (400 MHz, CDCl3) & 7.77 (d, J = 1.6 Hz, 2H), 7.46 (dd, J = 8.0, 2.0 Hz, 2H),
7.38 (d, J = 8.4 Hz, 2H), 3.72 (s, 2H), 3.29 (AB, J = 14.1 Hz, 2H), 3.13 (BA, J = 14.1
Hz, 2H). 13C NMR (100 MHz, CDCls3) § 135.5, 133.8, 133.3, 131.0, 126.4, 122.1, 120.7,
64.1, 46.9, 37.8. HRMS (ESI*) m/z calc’d for C17H13BrsNONa [M+Na]*: 585.7623,

found 585.7625.
Br Br
CN
Q)
CF, CF,4

2,2-Bis(2-bromo-5-(trifluoromethyl)benzyl)-3-hydroxypropanenitrile (1n):

Following the general procedure, the desired product 1n (1.04 g) was obtained in 76%
yield as a white solid over two steps from ethyl cyanoacetate (283.0 mg, 2.5 mmol) and
1-bromo-2-(bromomethyl)-4-(trifluoromethyl)benzene (1.58 g, 5.0 mmol). Ry = 0.4

(PE: EA=5: 1). "HNMR (400 MHz, CDCls) § 7.80 — 7.74 (m, 4H), 7.43 (dd, J = 8.4,
SI-8



2.0 Hz, 2H), 3.76 (s, 2H), 3.40 (AB, J = 14.0 Hz, 2H), 3.29 (BA, J = 14.0 Hz, 2H). 13C
NMR (100 MHz, CDCl3) & 135.8, 133.9, 130.3 (q, /= 33.0 Hz), 129.8 (q, J = 1.4 Hz),
129.0 (q, J= 3.8 Hz), 126.0 (q, J = 3.6 Hz), 123.5 (q, J = 272.5 Hz), 120.0, 63.9, 46.4,
38.2. F NMR (376 MHz, CDCl) & —62.76. HRMS (ESI") m/z calc’d for
C1oH13Br2FeNONa [M+Na]*: 565.9160, found 565.9159.

Br Br
jonne!
F;C HO CF3

2,2-Bis(2-bromo-4-(trifluoromethyl)benzyl)-3-hydroxypropanenitrile (10):
Following the general procedure, the desired product 1o (1.39 g) was obtained in 85%
yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and
2-bromo-1-(bromomethyl)-4-(trifluoromethyl)benzene (1.90 g, 6.0 mmol). Rt = 0.4
(PE: EA =5:1). 'H NMR (400 MHz, CDCl3) 5 7.88 (s, 2H), 7.66 (d, J = 8.0 Hz, 2H),
7.60 (d, J = 8.0 Hz, 2H), 3.76 (s, 2H), 3.43 (AB, J = 14.0 Hz, 2H), 3.25 (BA, J = 14.0
Hz, 2H). 3C NMR (100 MHz, CDCls) § 138.8, 132.6, 131.5 (q, J = 34.0 Hz), 130.2 (q,
J=3.8Hz), 126.1, 124.6 (q, J = 3.6 Hz), 122.9 (g, J = 271.2 Hz), 120.3, 64.1, 46.9,
38.2. F NMR (376 MHz, CDCl3) & —62.82. HRMS (ESI*) m/z calc’d for
C19H13Br2FsNONa [M+Na]*: 565.9160, found 565.9170.

Br Br
CN
T
NO, NO,

2,2-Bis(2-bromo-5-nitrobenzyl)-3-hydroxypropanenitrile (1p):

Following the general procedure, the desired product 1p (0.84 g) was obtained in 94%
yield as a white solid over two steps from ethyl cyanoacetate (230.0 mg, 2.0 mmol) and
1-bromo-2-(bromomethyl)-4-nitrobenzene (1.20 g, 4.0 mmol). Rr=0.2 (PE: EA=2:
1). 'H NMR (400 MHz, (CD3):CO) & 8.48 (d, J = 2.8 Hz, 2H), 8.12 (dd, J = 8.8, 2.8
Hz, 2H), 7.99 (d, J = 8.8 Hz, 2H), 3.90 (s, 2H), 3.57 (AB, J = 14.0 Hz, 2H), 3.50 (BA,
J=14.0 Hz, 2H). 3C NMR (100 MHz, (CD3)>CO) & 148.1, 138.4, 135.2, 133.9, 127.7,
124.6, 120.6, 64.2, 46.7, 38.6. HRMS (ESI*) m/z calc’d for C17H13BraN3OsNa [M+Na]™:
519.9114, found 519.9115.
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Br Br

f CN I
HO

3-(2-Bromocyclohex-1-en-1-yl)-2-((2-bromocyclohex-1-en-1-yl)methyl)-2-
(hydroxymethyl)propanenitrile (1q):

Following the general procedure, the desired product 1q (0.78 g) was obtained in 63%
yield as a colorless oil over two steps from ethyl cyanoacetate (339.0 mg, 3.0 mmol)
and 1-bromo-2-(bromomethyl)cyclohex-1-ene (1.51 g, 6.0 mmol). Ry =0.2 (PE : EA =
10 : 1). *H NMR (400 MHz, CDCl3)  3.78 (s, 2H), 2.74 (AB, J = 14.0 Hz, 2H), 2.66
(BA, J = 14.0 Hz, 2H), 2.60 — 2.53 (m, 4H), 2.48 — 2.28 (m, 4H), 1.76 — 1.65 (m, 8H).
13C NMR (100 MHz, CDCl3) & 131.5, 124.9, 123.4, 66.6, 41.8, 41.4, 37.2, 32.0, 24.7,
225. HRMS (ESI*) m/z calc’d for Ci7H23BroNONa [M+Na]*: 438.0039, found
438.0036.

Br Br
CN

OH

3-(2-Bromo-5,5-dimethylcyclohex-1-en-1-yl)-2-((2-bromo-5,5-dimethylcyclohex-
1-en-1-yl)methyl)-2-(hydroxymethyl)propanenitrile (1r):

Following the general procedure, the desired product 1r (0.96 g) was obtained in 68%
yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and
1-bromo-2-(bromomethyl)-4,4-dimethylcyclohex-1-ene (1.68 g, 6.0 mmol). Rs = 0.4
(PE : EA =5:1). 'H NMR (400 MHz, CDCl3) & 3.78 (s, 2H), 2.72 (AB, J = 14.0 Hz,
2H), 2.63 (BA, J = 14.4 Hz, 2H), 2.58 (t, J = 6.4 Hz, 4H), 2.24 (AB, J = 16.9 Hz, 2H),
2.13 (BA, J = 16.9 Hz, 2H), 1.47 (t, J = 6.4 Hz, 4H), 0.97 (s, 12H). 1*C NMR (100 MHz,
CDCl3) 6 130.2,123.8,123.2,66.5,45.4,41.6,41.4, 37.1, 35.0, 29.7, 27.7, 27.6. HRMS
(ESI") m/z calc’d for Co1H31Bro,NONa [M+Na]*: 494.0665, found 494.0668.

Br
CN

Br "OH
3-(2-Bromo-4,4-dimethylcyclohex-1-en-1-yl)-2-((2-bromo-4,4-dimethylcyclohex-
1-en-1-yl)methyl)-2-(hydroxymethyl)propanenitrile (1s):
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Following the general procedure, the desired product 1s (1.34 g) was obtained in 93%
yield as a colorless oil over two steps from ethyl cyanoacetate (339.0 mg, 3.0 mmol)
and 2-bromo-1-(bromomethyl)-4,4-dimethylcyclohex-1-ene (1.68 g, 6.0 mmol). Rf =
0.4 (PE : EA=10:1). 'H NMR (400 MHz, CDCl3) & 3.78 (s, 2H), 2.76 (AB, J = 14.0
Hz, 2H), 2.67 (BA, J = 14.0 Hz, 2H), 2.53 — 2.42 (m, 2H), 2.41 — 2.31 (m, 6H), 1.46 (t,
J=6.0 Hz, 4H), 0.97 (s, 12H). 23C NMR (100 MHz, CDCl3) 5 130.1, 124.1, 123.4, 66.6,
50.8, 41.6, 41.4, 35.2, 32.0, 29.6, 28.0, 27.8. HRMS (ESI*) m/z calc’d for
C21Hz1Br.NONa [M+Na]*: 494.0665, found 494.0676.

o B
Br “OH Yo
3-(4-Bromo-5,6-dihydro-2H-pyran-3-yl)-2-((4-bromo-5,6-dihydro-2H-pyran-3-
yl)methyl)-2-(hydroxymethyl)propanenitrile (1t):
Following the general procedure, the desired product 1t (0.24 g) was obtained in 38%
yield as a colorless oil over two steps from ethyl cyanoacetate (170.0 mg, 1.5 mmol)
and 4-bromo-5-(bromomethyl)-3,6-dihydro-2H-pyran (0.76 g, 3.0 mmol). Rf=0.3 (PE :
EA =2 :1). 'H NMR (400 MHz, CDCl3) & 4.41 — 4.28 (m, 4H), 3.84 (t, J = 5.6 Hz,
4H), 3.79 (s, 2H), 2.75 — 2.63 (m, 8H). 13C NMR (100 MHz, CDCl3) § 130.9, 122.7,
121.4, 69.6, 66.0, 65.6, 42.0, 38.2, 36.5. HRMS (ESI*) m/z calc’d for C1sH19BroNO3Na
[M+Na]*: 441.9624, found 441.9632.

Br Br
CN

HO

3-(2-Bromocyclohept-1-en-1-yl)-2-((2-bromocyclohept-1-en-1-yl)methyl)-2-
(hydroxymethyl)propanenitrile (1u):

Following the general procedure, the desired product 1u (1.13 g) was obtained in 86%
yield as a colorless oil over two steps from ethyl cyanoacetate (339.0 mg, 3.0 mmol)
and 1-bromo-2-(bromomethyl)cyclohept-1-ene (1.60 g, 6.0 mmol). Rf=0.2 (PE : EA =
10 : 1). 'H NMR (400 MHz, CDCls3) & 3.79 (s, 2H), 2.86 — 2.79 (m, 4H), 2.76 (AB, J =
14.0 Hz, 2H), 2.67 (BA, J = 13.8 Hz, 2H), 2.53 — 2.44 (m, 4H), 1.82 — 1.73 (m, 4H),
1.62 — 1.47 (m, 8H). 3C NMR (100 MHz, CDCls) § 137.5, 128.3, 122.2, 66.2, 43.6,
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42.4, 41.7, 34.2, 315, 25.7, 25.2. HRMS (ESI*) m/z calc’d for CisH27Br.NONa
[M+Na]*: 466.0352, found 466.0355.

Br Br
CN

OH

3-((2)-2-Bromocyclooct-1-en-1-yl)-2-(((Z)-2-bromocyclooct-1-en-1-yl)methyl)-2-
(hydroxymethyl)propanenitrile (1v):

Following the general procedure, the desired product 1v (0.81 g) was obtained in 86%
yield as a colorless oil over two steps from ethyl cyanoacetate (230.0 mg, 2.0 mmol)
and (Z)-1-bromo-2-(bromomethyl)cyclooct-1-ene (1.12 g, 4.0 mmol). Rf= 0.4 (PE : EA
=5:1). 'H NMR (400 MHz, CDCl3) & 3.83 (s, 2H), 2.86 — 2.64 (m, 8H), 2.62 — 2.49
(m, 4H), 1.74 — 1.55 (m, 8H), 1.54 — 1.44 (m, 8H). 3C NMR (100 MHz, CDCls) &
134.5, 127.6, 122.8, 66.3, 42.5, 40.1, 37.5, 31.9, 29.4, 27.9, 26.4, 25.8. HRMS (ESI")
m/z calc’d for C21H31Br.NONa [M+Na]*: 494.0665, found 494.0669.

Br Br

e

OH
3-(2-Bromocyclopent-1-en-1-yl)-2-((2-bromocyclopent-1-en-1-yl)methyl)-2-
(hydroxymethyl)propanenitrile (1w):

Following the general procedure, the desired product 1w (1.03 g) was obtained in 88%
yield as a colorless oil over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol)
and 1-bromo-2-(bromomethyl)cyclopent-1-ene (1.43 g, 6.0 mmol). Rr=0.3 (PE : EA =
10 : 1). 'H NMR (400 MHz, CDCl3) & 3.69 (s, 2H), 2.71 — 2.47 (m, 12H), 2.04 — 1.04
(m, 4H). 3C NMR (100 MHz, CDCl3) § 135.8, 122.7, 122.3, 66.0, 41.3, 39.9, 35.1,
34.9, 22.1. HRMS (ESI*) m/z calc’d for C1sH19Br.NONa [M+Na]*: 409.9726, found
409.9729.

Br Br

CN
)\/\t\/‘\

OH
(£)-5-Bromo-2-((£)-3-bromobut-2-en-1-yl)-2-(hydroxymethyl)hex-4-enenitrile
(Ix):

Following the general procedure, the desired product 1x (0.56 g) was obtained in 56%
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yield as a colorless oil over two steps from ethyl cyanoacetate (339.0 mg, 3.0 mmol)
and (Z)-1,3-dibromobut-2-ene (1.29 g, 6.0 mmol). R;=0.2 (PE: EA=10: 1). 'HNMR
(400 MHz, CDCl3) 6 5.80 — 5.74 (m, 2H), 3.67 (s, 2H), 2.62 — 2.46 (m, 4H), 2.36 (s,
6H). 3C NMR (100 MHz, CDCl3) § 127.4, 122.4, 121.5, 65.1, 43.2, 35.7, 29.1. HRMS
(EST") m/z calc’d for C11HisBr2NONa [M+Na]": 357.9413, found 357.9413.

Br Br
CN
C'WOOCI
HO

2,2-Bis(2-bromo-3-chlorobenzyl)-3-hydroxypropanenitrile (1y):

Following the general procedure, the desired product 1y (0.62 g) was obtained in 72%
yield as a white solid over two steps from ethyl cyanoacetate (203.4 mg, 1.8 mmol) and
2-bromo-1-(bromomethyl)-3-chlorobenzene (1.02 g, 3.6 mmol). Rr=0.4 (PE: EA=5:
1). 'H NMR (400 MHz, CDCl3) & 7.54 (dd, J = 8.0, 1.2 Hz, 2H), 7.39 (dd, J = 8.0, 1.2
Hz, 2H), 7.09 (t, J = 8.0 Hz, 2H), 3.98 (s, 2H), 3.58 (AB, J = 14.3 Hz, 2H), 3.52 (BA,
J =14.3 Hz, 2H). 13C NMR (100 MHz, CDCl3) § 136.7, 134.0, 132.2, 129.7, 129.4,
127.4, 120.3, 67.1, 46.7, 36.7. HRMS (ESI*) m/z calc’d for Ci17H13BrCl,NONa
[M+Na]*: 497.8633, found 497.8634.

Br

2,2-Bis(2-bromo-3-methylbenzyl)-3-hydroxypropanenitrile (1z):

Following the general procedure, the desired product 1z (0.47 g) was obtained in 89%
yield as a white solid over two steps from ethyl cyanoacetate (150.0 mg, 1.3 mmol) and
2-bromo-1-(bromomethyl)-3-methylbenzene (0.78 g, 2.6 mmol). R = 0.4 (PE : EA =
5:1). 'H NMR (400 MHz, CDCl3) § 7.34 (dd, J = 6.8, 2.0 Hz, 2H), 7.23 — 7.14 (m,
4H), 3.76 (s, 2H), 3.40 (AB, J = 14.1 Hz, 2H), 3.26 (BA, J = 14.1 Hz, 2H), 2.44 (s, 6H).
13C NMR (100 MHz, CDCls) & 138.9, 135.3, 130.0, 129.6, 128.5, 126.9, 121.3, 64.5,
47.2, 38.8, 24.5. HRMS (ESI*) m/z calc’d for C19H19BroNONa [M+Na]*: 457.9726,
found 457.9728.
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3-Hydroxy-2,2-bis(2-iodobenzyl)propanenitrile (1ab):

Following the general procedure, the desired product 1ab (3.99 g) was obtained in 80%
yield as a white solid over two steps from ethyl cyanoacetate (1.13 g, 10.0 mmol) and
1-(bromomethyl)-2-iodobenzene (3.92 g, 20.0 mmol). Ri = 0.3 (PE: EA=10:1). H
NMR (400 MHz, CDCl3) § 7.88 (d, J = 7.6 Hz, 2H), 7.53 (dd, J = 8.0, 1.2 Hz, 2H), 7.35
(t, J=7.2 Hz, 2H), 6.98 (td, J = 7.6, 1.6 Hz, 2H), 3.78 (s, 2H), 3.37 (AB, J = 14.0 Hz,
2H), 3.22 (BA, J = 14.0 Hz, 2H). 3C NMR (100 MHz, CDCl3) & 140.0, 138.4, 131.3,
129.3, 128.6, 121.2, 102.9, 64.5, 47.4, 42.9. HRMS (ESI") m/z calc’d for
Ci17H1512NONa [M+Na]*: 525.9135, found 525.9132.

3. Synthesis of Substrate 1aa
OMe OH
Br Br
O AICl3 (5.0 equiv) O
(Iiwe 1) LDA (2.2 equiv),THF, 0 °C to- 78 °C O EtSH (5.0 equiv) O
- CN _ CN
CN 2) 1-bromo-2-(bromomethyl)benzene DCM
(2.2 equiv), - 78 °C to 0 °C
Br Br

S1 1aa

2-(2-Bromobenzyl)-3-(2-bromophenyl)-2-(2-hydroxyphenyl)propanenitrile (1aa):
A solution of 2-(2-methoxyphenyl)acetonitrile (1.47 g, 10.0 mmol, 1.0 equiv) in 10 mL
of THF was slowly added to a fresh prepared LDA solution (44.0 mL, 0.5 M in THF,
22.0 mmol, 2.2 equiv) at — 78 °C and stirred at that temperature for 30 min. A solution
of 1-bromo-2-(bromomethyl)benzene (5.50 g, 22.0 mmol, 2.2 equiv) in 10 mL of THF
was added dropwise. The reaction was stirred at — 78 °C until the fully consumption of
2-(2-methoxyphenyl)acetonitrile as monitored by TLC. Then, the mixture was
quenched with saturated NH4CI aqueous solution at 0 °C, and the aqueous phase was
extracted with EA (30 mL x 3). The combined organic phase was washed with brine,
dried over anhydrous sodium sulfate, and filtered. The solvents were removed under
reduced pressure and the residue was purified by silica gel chromatography (PE : EA =
30 : 1) to give compound S1 (4.12 g) in 85% vyield as a yellow solid. Rf= 0.4 (PE : EA
=10: 1). '"H NMR (400 MHz, CDCl3) & 7.54 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 7.6 Hz,
2H), 7.15 — 7.01 (m, 6H), 6.98 (d, J = 8.0 Hz, 1H), 6.87 (t, J = 7.6 Hz, 1H), 3.98 (s,
3H), 3.82 (s, 4H). 3C NMR (100 MHz, CDCls) § 157.0, 135.7, 132.9, 131.8, 130.2,
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129.8, 128.6, 127.0, 126.2, 124.2, 121.4, 120.8, 111.7, 55.4, 49.7, 40.6. HRMS (ESI*)
m/z calc’d for C2sH19BroNONa [M+Na]*: 505.9726, found 505.9726.

Following the literature procedure,® the obtained compound S1 (725.0 mg, 1.5 mmol,
1.0 equiv) was dissolved in 10 mL of DCM, and AICl3 (0.99 g, 7.5 mmol, 5.0 equiv)
was added slowly to keep the temperature of the reaction mixture below 20 °C. Then,
ethyl mercaptan (0.6 mL, 7.5 mmol, 5.0 equiv) was added slowly and the mixture was
stirred at 20 °C for 4 h. Water was added to the mixture and the aqueous phase was
extracted with EA (10 mL x 3). The combined organic layers were washed with brine,
dried over anhydrous sodium sulfate, and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by silica gel chromatography (PE : EA =
50 : 1) to give the desired product 1laa (0.40 g) in 57% yield as a white solid. Rf = 0.4
(PE:EA=10:1). '"H NMR (400 MHz, CDCl3) § 7.42 (d, J = 7.6 Hz, 2H), 7.14 — 7.04
(m, 6H), 7.01 — 6.95 (m, 2H), 6.91 (t, J = 7.6 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 3.69
(AB, J = 14.1 Hz, 2H), 3.58 (BA, J = 14.1 Hz, 2H). 3C NMR (100 MHz, CDCl3) 5
154.2, 135.6, 132.9, 131.0, 128.9, 128.5, 127.1, 126.1, 125.8, 122.6, 109.3, 53.9, 43.7.
HRMS (ESI*) m/z calc’d for C22H17BraNONa [M+Na]*: 491.9569, found 491.9569.

4. General Procedure for Enantioselective Synthesis of Chromanes

and 3,4-Dihydropyrans and their Spectroscopic Data

Please note that the absolute configuration was determined for compound 2a via X-ray

analysis. The absolute configuration for other products has been inferred by analogy.

Br Br Cul (20 mol %) CN

CN L7 (22 mol %) B 5 Q
O O Cs,C0; (2 equiv) R
OH 1,4-dioxane (1 mL), 10 °C, 24 h 0™ Br i MeHN NHMe
1a 2a L7

(S)-3-(2-Bromobenzyl)chromane-3-carbonitrile (2a):

General Procedure: In a glovebox, Cul (3.8 mg, 0.02 mmol, 20 mol %), ligand L7
(3.2 mg, 0.022 mmol, 22 mol %) and 1,4-dioxane (1 mL) was added to a 10 mL Schlenk
tube equipped with a magnetic stirring bar. After the mixture was stirred at room
temperature for 10 min, 2,2-bis(2-bromobenzyl)-3-hydroxypropanenitrile 1a (40.7 mg,
0.1 mmol, 1.0 equiv) and Cs2CO3 (65.2 mg, 0.2 mmol, 2.0 equiv) was added. The tube
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was sealed, taken out of glovebox, and then stirred at 10 °C for 24 h. The mixture was
filtered and the solid was washed with EA (30 mL) and the filtrates were concentrated
under reduced pressure. The residue was purified by silica gel chromatography (PE :
EA =50:1) to give the desired product 2a (29.2 mg) in 89% yield as a white solid. Ry
=0.3(PE:EA=15:1).er=96:4. [a]o?®®—23.10 (¢ 1.0, CHCI;). Enantiopure product
(> 99% ee) was obtained after recrystallization in IPA/hexane. Crystals were obtained
by recrystallization again and the absolute configuration was determined by X-ray
analyses as (S). 'H NMR (400 MHz, CDCls) § 7.63 (dd, J = 8.0, 1.2 Hz, 1H), 7.55 (dd,
J=17.6,16Hz, 1H), 7.36 (td, J = 7.6, 1.2 Hz, 1H), 7.23 — 7.14 (m, 2H), 7.05 (dd, J =
7.6,1.2 Hz, 1H), 6.97 — 6.88 (m, 2H), 4.31 (dd, J = 11.2, 1.6 Hz, 1H), 4.11 (d, J = 10.8
Hz, 1H), 3.28 (AB, J = 14.4 Hz, 1H), 3.19 (BA, J = 14.0 Hz, 1H), 3.15 (AB, J = 16.4
Hz, 1H), 3.10 (BA, J = 16.4 Hz, 1H). 3C NMR (100 MHz, CDCl3) § 152.9, 133.9,
133.4,132.1, 129.7, 129.4, 128.4, 127.8, 125.7, 121.9, 120.7, 117.5, 117.0, 69.4, 38.8,
36.9, 34.7. HRMS (ESI") m/z calc’d for C17H14BrNONa [M+Na]": 350.0151, found
350.0157. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250

mmL) column, A =230 nm, tr (min): major = 29.61, minor = 32.23.

CN
0"~ Br

(8)-3-(2-Bromo-5-methylbenzyl)-6-methylchromane-3-carbonitrile (2b):

Following the general procedure, the reaction was performed with 1b (43.5 mg, 0.1
mmol, 1.0 equiv), Cul (3.8 mg, 0.02 mmol, 20 mol %), ligand L.7 (3.2 mg, 0.022 mmol,
22 mol %) and Cs2COs (65.4 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2b (32.2 mg) was obtained in 91% yield as a white solid.
R;=0.4 (PE:EA=10:1).er=96:4. [a]p®® - 28.00 (c 0.15, CHCI3). '"H NMR (400
MHz, CDCl3) 6 7.49 (d, J=8.0 Hz, 1H), 7.34 (d, /= 1.6 Hz, 1H), 7.00 (dd, J = 8.0, 2.0
Hz, 1H), 6.97 (dd, J = 8.4, 2.0 Hz, 1H), 6.85 (d, J= 0.8 Hz, 1H), 6.80 (d, J = 8.4 Hz,
1H), 4.28 (d, /= 10.4 Hz, 1H), 4.06 (d, /= 10.8 Hz, 1H), 3.21 (AB, J=14.0 Hz, 1H),
3.13 (BA, J = 14.0 Hz, 1H), 3.07 (s, 2H), 2.34 (s, 3H), 2.26 (s, 3H). *C NMR (100
MHz, CDCls) & 150.8, 137.8, 133.6, 133.0, 132.7, 130.9, 130.3, 129.9, 129.0, 122.3,

120.9, 117.2, 116.7, 69.5, 38.7, 37.0, 34.8, 20.9, 20.5. HRMS (ESI") m/z calc’d for
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C19H1sBrNONa [M+Na]": 378.0464, found 378.0467. HPLC conditions: 2% IPA, 0.8
mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A =230 nm, tr (min): major =
12.69, minor = 13.95.

Br
CN ‘
Me I o l Me

(S)-3-(2-Bromo-4-methylbenzyl)-7-methylchromane-3-carbonitrile (2c):

Following the general procedure, the reaction was performed with 1c (44.0 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L.7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs2COs3 (65.4 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2¢ (34.1 mg) was obtained in 96% yield as a white solid.
er =96 : 4. [a]p®® — 25.59 (¢ 0.59, CHCI3). Rr= 0.4 (PE : EA=20: 1). "H NMR (400
MHz, CDCl3) § 7.45 (s, 1H), 7.41 (d, J= 7.6 Hz, 1H), 7.15 (dd, J = 8.0, 0.8 Hz, 1H),
6.93 (d,J=17.6 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 6.73 (s, 1H), 4.28 (dd, /= 10.8, 1.2
Hz, 1H), 4.06 (d, /=10.8 Hz, 1H), 3.21 (AB, J=14.4 Hz, 1H), 3.13 (BA, J=14.0 Hz,
1H), 3.09 (AB, J=16.3 Hz, 1H), 3.04 (BA, J=16.3 Hz, 1H), 2.34 (s, 3H), 2.29 (s, 3H).
3C NMR (100 MHz, CDCl3) § 152.7, 139.6, 138.4, 133.7, 131.7, 130.8, 129.4, 128.6,
125.4,122.6, 120.9, 117.3, 114.5, 69.4, 38.4, 37.1, 34.5, 21.1, 20.7. HRMS (ESI") m/z
calc’d for C19H1sBrNONa [M+Na]": 378.0464, found 378.0468. HPLC conditions: 2%
IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A =230 nm, tr (min):

major = 15.42, minor = 17.31.

OMe
(S)-3-(2-Bromo-5-methoxybenzyl)-6-methoxychromane-3-carbonitrile (2d):

Following the general procedure, the reaction was performed with 1d (47.0 mg, 0.1
mmol, 1.0 equiv), Cul (3.8 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol,
22 mol %) and Cs2COs3 (66.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2d (36.8 mg) was obtained in 95% yield as a white solid.
er =97 : 3. [a]p®® — 34.29 (c 0.56, CHCI3). R,=0.3 (PE : EA=5:1). "H NMR (400

MHz, CDCls) § 7.41 (d, J = 8.8 Hz, 1H), 7.03 (d, J= 3.2 Hz, 1H), 6.76 (d, J = 8.8 Hz,
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1H), 6.71 — 6.64 (m, 2H), 6.48 (d, /= 2.8 Hz, 1H), 4.19 (d, J = 10.8 Hz, 1H), 3.98 (d,
J=10.8 Hz, 1H), 3.74 (s, 3H), 3.67 (s, 3H), 3.14 (AB, J=14.0 Hz, 1H), 3.05 (BA, J =
14.0 Hz, 1H), 3.00 (s, 2H). '*C NMR (100 MHz, CDCI3) 6 159.0, 154.2, 146.9, 134.8,
133.8,121.0,118.1,117.7, 117.1, 115.9, 115.7, 114.7, 113.8, 69.5, 55.7, 55.5, 38.9, 37.0,
34.9. HRMS (ESI") m/z calc’d for CioHisBrNOsNa [M+Na]™: 410.0362, found
410.0364. HPLC conditions: 5% IPA, 1.0 mL/min, Chiralcel OD-H (4.6 mm x 250

mmL) column, A = 230 nm, tr (min): major = 34.53, minor = 26.21.

Br
CN ‘
MeO I o l OMe

(8)-3-(2-Bromo-4-methoxybenzyl)-7-methoxychromane-3-carbonitrile (2e):

Following the general procedure, the reaction was performed with 1e (47.2 mg, 0.1
mmol, 1.0 equiv), Cul (4.0 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (67.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2e (36.9 mg) was obtained in 95% yield as a white solid.
er =96 : 4. [a]o®® — 30.33 (c 0.30, CHCl3). R;= 0.3 (PE : EA=5: 1). '"H NMR (400
MHz, CDCl3) 6 7.43 (d, J = 8.8 Hz, 1H), 7.16 (d, J = 2.4 Hz, 1H), 6.93 (d, J = 8.4 Hz,
1H), 6.90 (dd, J = 8.4, 2.4 Hz, 1H), 6.52 (dd, J = 8.4, 2.4 Hz, 1H), 6.45 (d, J = 2.4 Hz,
1H), 4.28 (dd, J = 10.8, 1.6 Hz, 1H), 4.06 (d, J = 10.8 Hz, 1H), 3.81 (s, 3H), 3.77 (s,
3H), 3.18 (AB, J = 14.4 Hz, 1H), 3.11 (BA, J = 14.4 Hz, 1H), 3.06 (AB, J = 16.1 Hz,
1H), 3.00 (BA, J = 16.1 Hz, 1H). 1*C NMR (100 MHz, CDCl3) § 159.7, 159.5, 153.7,
132.4, 130.2, 125.9, 125.8, 121.0, 118.4, 113.9, 109.6, 108.8, 101.6, 69.5, 55.5, 55.3,
38.0, 37.2, 34.2. HRMS (ESI") m/z calc’d for Ci19HisBrNO3Na [M+Na]™: 410.0362,
found 410.0366. HPLC conditions: 5% IPA, 1.0 mL/min, Chiralcel OD-H (4.6 mm x

250 mmL) column, A = 210 nm, tr (min): major = 23.67, minor = 29.30.

Br
CN
MeO l B I
MeO o OMe
OMe

(S)-3-(2-Bromo-4,5-dimethoxybenzyl)-6,7-dimethoxychromane-3-carbonitrile (2f):
Following the general procedure, the reaction was performed with 1f (53.0 mg, 0.1

mmol, 1.0 equiv), Cul (3.8 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol,
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22 mol %) and Cs2CO3z (66.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2f (43.1 mg) was obtained in 92% yield as a white solid.
er =97 : 3. [a]p® — 45.15 (c 0.33, CHCls). R = 0.3 (PE : EA = 2 : 1). *H NMR (400
MHz, CDCl3) § 7.10 (s, 1H), 7.04 (s, 1H), 6.48 (s, 1H), 6.46 (s, 1H), 4.25 (d, J = 10.8
Hz, 1H), 4.03 (d, J = 10.8 Hz, 1H), 3.90 (s, 3H), 3.88 (s, 3H), 3.83 (s, 3H), 3.80 (s, 3H),
3.19 (AB, J = 14.2 Hz, 1H), 3.09 (BA, J = 14.2 Hz, 1H), 2.99 (s, 2H). 1*C NMR (100
MHz, CDClz) 6 149.04, 149.03, 148.5, 146.9, 144.1, 125.8, 121.4, 115.49, 115.46,
114.0,111.8,108.0, 100.8, 69.6, 56.3, 56.13, 56.11, 55.9, 38.6, 37.3, 34.1. HRMS (ESI")
m/z calc’d for C21H22BrNOsNa [M+Na]*: 470.0574, found 470.0584. HPLC conditions:
20% IPA, 1.0 mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, A = 254 nm, tr

(min): major = 19.79, minor = 27.90.

Br
CN
SOSRe
o—/

(S)-7-((6-Bromobenzo[d][1,3]dioxol-5-yl)methyl)-7,8-dihydro-6H-
[1,3]dioxolo[4,5-g]chromene-7-carbonitrile (29):

Following the general procedure, the reaction was performed with 1g (50.0 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol,
22 mol %) and Cs2COs3 (68.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2g (35.8 mg) was obtained in 86% yield as a white solid.
er =97 : 3. [a]o®® — 40.32 (¢ 0.62, CHCIl3). Rr=0.3 (PE : EA=5:1). '"H NMR (400
MHz, CDCI3) 6 7.05 (s, 1H), 7.00 (s, 1H), 6.46 (s, 1H), 6.43 (s, 1H), 6.01 (s, 2H), 5.90
(AB,J=1.3 Hz, 1H), 5.89 (BA, J=1.3 Hz, 1H), 4.23 (dd, /= 10.8, 1.4 Hz, 1H), 4.02
(d,J=10.8 Hz, 1H), 3.15 (AB, J=14.2 Hz, 1H), 3.06 (BA, J=14.3 Hz, 1H), 3.01 (AB,
J=16.3 Hz, 1H), 2.95 (BA, J = 16.3 Hz, 1H). '3C NMR (100 MHz, CDCls) § 148.1,
147.68, 147.65, 147.4, 142.5, 126.7, 120.9, 116.1, 113.0, 111.1, 109.0, 108.0, 102.0,
101.2, 98.7, 69.4, 38.7, 36.9, 34.7. HRMS (ESI") m/z calc’d for Ci9H14BrNOsNa
[M+Na]": 437.9948, found 437.9943. HPLC conditions: 20% IPA, 0.8 mL/min,
Chiralcel OD-H (4.6 mm x 250 mmL) column, A = 210 nm, tr (min): major = 29.59,

minor = 27.50.
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(S)-3-(2-Bromo-5-fluorobenzyl)-6-fluorochromane-3-carbonitrile (2h):

Following the general procedure, the reaction was performed with 1h (44.5 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (66.5 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2h (32.3 mg) was obtained in 89% yield as a white solid.
er =94.5:5.5. [a]p® — 12.73 (¢ 0.55, CHCI3). Ry;= 0.4 (PE : EA=10:1). 'H NMR
(400 MHz, CDCl3) 6 7.59 (dd, J=8.8, 5.6 Hz, 1H), 7.29 (dd, /= 8.8, 2.8 Hz, 1H), 6.99
—6.93 (m, 1H), 6.91 — 6.84 (m, 2H), 6.79 — 6.75 (m, 1H), 4.28 (dd, J = 11.2, 1.6 Hz,
1H), 4.09 (d, J=10.8 Hz, 1H), 3.25 (AB, J=14.0 Hz, 1H), 3.16 (BA, J=14.0 Hz 1H),
3.13 (AB, J = 16.6 Hz, 1H), 3.06 (BA, J=16.6 Hz 1H). 3*C NMR (100 MHz, CDCl5)
0 161.8 (d, J=247.0 Hz), 157.4 (d, J=238.0 Hz), 148.9 (d, /= 2.1 Hz), 135.8 (d, J =
8.0 Hz), 134.6 (d,J=8.0 Hz), 120.2, 119.8 (d, /= 3.4 Hz), 119.0 (d, /= 23.0 Hz), 118.5
(d, J=8.0 Hz), 118.2 (d, /= 9.0 Hz), 117.0 (d, J = 22.0 Hz), 115.6 (d, J = 8.0 Hz),
115.4 (d, J= 8.0 Hz), 69.3, 38.6, 36.5, 34.7. '’F NMR (376 MHz, CDCl3)  — 113.17, —
122.00. HRMS (ESI") m/z calc’d for Ci7H12BrFaNONa [M+Na]™: 385.9963, found
385.9971. HPLC conditions: 5% IPA, 1.0 mL/min, Chiralpak AD-H (4.6 mm x 250

mmL) column, A =210 nm, tg (min): major = 12.84, minor = 16.60.

Jesget

(8)-3-(2-Bromo-4-fluorobenzyl)-7-fluorochromane-3-carbonitrile (2i):

Following the general procedure, the reaction was performed with 1i (45.0 mg, 0.1
mmol, 1.0 equiv), Cul (4.0 mg, 0.02 mmol, 20 mol %), ligand L.7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (66.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2i (30.5 mg) was obtained in 84% yield as a white solid.
er =96 : 4. [a]o®® — 24.19 (c 0.31, CHCl3). Rr= 0.4 (PE : EA=10: 1). '"H NMR (400
MHz, CDCl3) 6 7.53 (dd, J = 8.4, 6.0 Hz, 1H), 7.38 (dd, J = 8.4, 2.8 Hz, 1H), 7.14 —

7.07 (m, 1H), 7.00 (dd, J = 8.4, 6.4 Hz, 1H), 6.70 — 6.61 (m, 2H), 4.29 (dd, J = 10.8,
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1.6 Hz, 1H), 4.09 (d, /= 11.2 Hz, 1H), 3.23 (AB, J=14.0 Hz, 1H), 3.14 (BA, J=14.0
Hz, 1H), 3.10 (AB, J=16.3 Hz, 1H), 3.02 (BA, J=16.3 Hz, 1H). '>*C NMR (100 MHz,
CDCl3) 6 162.4 (d,J=244.0 Hz), 161.7 (d, J=250.6 Hz), 153.7 (d,J=12.0 Hz), 132.9
(d,J=8.5Hz), 130.6 (d,J=9.7 Hz), 129.8 (d, /= 3.7 Hz), 125.6 (d, /= 9.4 Hz), 120.6
(d,J=24.2Hz), 1204, 115.2 (d, /=209 Hz), 113.1 (d, /= 3.2 Hz), 109.2 (d, /= 21.8
Hz), 104.3 (d, J = 24.6 Hz), 69.3, 37.9, 36.9, 34.2. '°F NMR (376 MHz, CDCl3) & —
111.51, - 113.04. HRMS (ESI") m/z calc’d for C17H12BrF2NONa [M+Na]": 385.9963,
found 385.9971. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x

250 mmL) column, A = 230 nm, tr (min): major = 25.26, minor = 30.11.

F on Br
pespel
F

(S)-3-(2-Bromo-4,5-difluorobenzyl)-6,7-difluorochromane-3-carbonitrile (2j):
Following the general procedure, the reaction was performed with 1j (48.6 mg, 0.1
mmol, 1.0 equiv), Cul (4.1 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol,
22 mol %) and Cs2COs (66.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2j (34.7 mg) was obtained in 89% yield as a white solid.
er = 92.5: 7.5. [0]o?° — 13.00 (c 0.30, CHCI3). R = 0.4 (PE : EA = 10 : 1). 'H NMR
(400 MHz, CDCls) & 7.48 (dd, J = 9.6, 7.2 Hz, 1H), 7.41 (dd, J = 10.4, 8.0 Hz, 1H),
6.87 (t,J = 9.6 Hz, 1H), 6.75 (dd, J = 13.6, 6.8 Hz, 1H), 4.26 (dd, J = 11.2, 1.2 Hz, 1H),
4.08 (d, J = 11.2 Hz, 1H), 3.20 (AB, J = 14.0 Hz, 1H), 3.10 (BA, J = 14.2 Hz, 1H), 3.08
(AB, J = 16.4 Hz, 1H), 2.99 (BA, J = 16.4 Hz, 1H). 3C NMR (100 MHz, CDCl3) &
149.70 (dd, J = 241.2, 13.8 Hz), 149.68 (dd, J = 254.4, 13.1 Hz), 149.62 (dd, J = 251.3,
12.3 Hz), 148.65 (dd, J = 9.7, 2.3 Hz), 145.6 (dd, J = 241.4, 13.1 Hz), 130.5 (dd, J =
5.6, 4.6 Hz), 122.2 (d, J = 19.8 Hz), 120.2 (d, J = 18.5 Hz), 119.9, 119.1 (dd, J = 7.1,
3.8 Hz), 117.1 (d, J = 19.0 Hz), 112.8 (dd, J = 5.5, 3.8 Hz), 106.3 (d, J = 20.3 Hz), 69.2,
37.9, 36.5, 34.0. 1°F NMR (376 MHz, CDCl3) 5 — 134.45 (d, J = 21.4 Hz), — 136.20 (d,
J =216 Hz), — 136.29 (d, J = 22.2 Hz), — 145.76 (d, J = 21.8 Hz). HRMS (ESI*) m/z
calc’d for C17H10BrFsaNONa [M+Na]*: 421.9774, found 421.9780. HPLC conditions:
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2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A =210 nm, tr
(min): major = 21.21, minor = 25.03.

Cl

(8)-3-(2-Bromo-5-chlorobenzyl)-6-chlorochromane-3-carbonitrile (2k):

Following the general procedure, the reaction was performed with 1k (48.0 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (65.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2k (31.6 mg) was obtained in 80% yield as a white solid.
er =94 : 6. [a]p®® — 46.97 (¢ 0.33, CHCl3). Rr= 0.4 (PE : EA=10: 1). "H NMR (400
MHz, CDCl3) 6 7.56 (d, J= 8.8 Hz, 1H), 7.50 (d, /=2.4 Hz, 1H), 7.20 (dd, /=8.4,2.4
Hz, 1H), 7.13 (dd, J = 8.4, 2.4 Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.85 (d, J = 8.8 Hz,
1H), 4.29 (dd, J=11.2, 1.6 Hz, 1H), 4.09 (d, /= 10.8 Hz, 1H), 3.22 (AB, J=14.4 Hz,
1H), 3.13 (BA, J=14.4 Hz, 1H), 3.12 (AB, J=16.6 Hz, 1H), 3.04 (BA, J=16.6 Hz,
1H). *C NMR (100 MHz, CDCI3) § 151.4, 135.5, 134.4, 133.9, 131.8, 129.8, 129.2,
128.6 126.6,123.5,120.0, 118.9, 118.4, 69.3, 38.4, 36.4, 34.5. HRMS (ESI") m/z calc’d
for C17H12BrCI,NONa [M+Na]*: 417.9372, found 417.9373. HPLC conditions: 5% IPA,
1.0 mL/min, Chiralpak IA (4.6 mm x 250 mmL) column, A = 210 nm, tr (min): major
=11.50, minor = 14.71.

(S)-3-(2-Bromo-4-chlorobenzyl)-7-chlorochromane-3-carbonitrile (21):

Following the general procedure, the reaction was performed with 11 (48.6 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L.7 (3.2 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (66.8 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 21 (37.0 mg) was obtained in 93% yield as a white solid.
er =96 : 4. [a]p*® — 19.65 (c 0.57, CHCI3). Rr= 0.4 (PE : EA=10: 1). "H NMR (400
MHz, CDCl3) 6 7.64 (d, J=2.4 Hz, 1H), 7.47 (d, /= 8.0 Hz, 1H), 7.34 (dd, /= 8.0, 2.0

Hz, 1H), 6.98 — 6.89 (m, 3H), 4.27 (dd, J= 10.8, 1.6 Hz, 1H), 4.08 (d, J= 10.8 Hz, 1H),
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3.22 (AB, J=14.0 Hz, 1H), 3.12 (BA, J = 14.4 Hz, 1H), 3.09 (AB, J=16.5 Hz, 1H),
3.01 (BA, J=16.5 Hz, 1H). 3C NMR (100 MHz, CDCl3) § 153.4, 134.7, 133.6, 133.0,
132.7, 132.3, 130.6, 128.2, 125.9, 122.1, 120.2, 117.3, 115.9, 69.3, 38.0, 36.7, 34.3.
HRMS (ESI") m/z calc’d for C17H12BrCI,NONa [M+Na]": 417.9372, found 417.9379.
HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column,
A =210 nm, tr (min): major = 27.92, minor = 34.35.

(S)-7-Bromo-3-(2,4-dibromobenzyl)chromane-3-carbonitrile (2m):

Following the general procedure, the reaction was performed with 1m (57.6 mg, 0.1
mmol, 1.0 equiv), Cul (3.8 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol,
22 mol %) and Cs2CO3 (66.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2m (39.2 mg) was obtained in 81% yield as a white solid.
er=94:6. [a]p*® — 19.22 (¢ 0.64, CHCI3). Rr= 0.4 (PE : EA=10: 1). '"H NMR (400
MHz, CDCls) 6 7.80 (d, J=2.0 Hz, 1H), 7.50 (dd, /= 8.4, 2.0 Hz, 1H), 7.41 (d, J=8.0
Hz, 1H), 7.10 — 7.04 (m, 2H), 6.91 (d, /= 8.0 Hz, 1H), 4.28 (dd, /= 11.2, 1.6 Hz, 1H),
4.08 (d,J=11.2 Hz, 1H), 3.21 (AB, J=14.0 Hz, 1H), 3.11 (BA, J=14.0 Hz, 1H), 3.08
(AB, J = 16.4 Hz, 1H), 3.00 (BA, J = 16.4 Hz, 1H). 3C NMR (100 MHz, CDCls) §
153.4,135.7,133.0,132.8,131.1, 130.9, 126.2, 124.9, 122.5, 121.3, 120.2, 120.1, 116.4,
69.3, 38.1, 36.6, 34.3. HRMS (ESI") m/z calc’d for Ci;7H;2BrsNONa [M+Na]":
505.8361, found 505.8335. HPLC conditions: 2% IPA, 1.0 mL/min, Chiralcel OD-H

(4.6 mm x 250 mmL) column, A =230 nm, tr (min): major = 25.09, minor = 30.23.

Br
CN

¢

CF,
(S)-3-(2-Bromo-5-(trifluoromethyl)benzyl)-6-(trifluoromethyl)chromane-3-
carbonitrile (2n):

Following the general procedure, the reaction was performed with 1n (55.0 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L.7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (67.5 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
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for 24 h. The desired product 2n (35.1 mg) was obtained in 76% yield as a white solid.
er =94.5: 5.5. [a]p®® — 19.06 (c 0.53, CHCIl3). R;= 0.4 (PE : EA=10:1). '"H NMR
(400 MHz, CDCl3) 6 7.79 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 2.0 Hz, 1H), 7.48 (dd, J =
8.4,2.0 Hz, 1H), 7.45 (dd, /= 8.8, 2.0 Hz, 1H), 7.35 (s, 1H), 7.01 (d, J = 8.4 Hz, 1H),
4.37(dd,J=11.2,2.0 Hz, 1H), 4.17 (d, /= 10.8 Hz, 1H), 3.34 (AB, J = 14.0 Hz, 1H),
3.25 (BA,J=14.4 Hz, 1H), 3.22 (AB, J=16.8 Hz, 1H), 3.12 (BA, J=16.8 Hz, 1H).
3C NMR (100 MHz, CDCls) § 155.3, 134.8, 134.2, 130.5 (q, J = 33.0 Hz), 129.6 (q, J
= 1.2 Hz), 128.7 (q, /= 3.8 Hz), 127.2 (q, /= 3.8 Hz), 126.3 (q, J = 3.6 Hz), 125.8 (q,
J=3.6Hz), 124.2 (q, J = 32.7 Hz), 124.0 (q, J = 269.7 Hz), 123.4 (q, J = 270.1 Hz),
119.7, 117.7, 117.6, 69.4, 38.6, 36.4, 34.6. '’F NMR (376 MHz, CDCl3) & — 61.75, —
62.80. HRMS (ESI") m/z calc’d for CioH12BrFsNONa [M+Na]": 485.9899, found
485.9876. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250

mmL) column, A =230 nm, tr (min): major = 17.65, minor = 20.75.

Br
F;C O (o} 0 CF;

(S)-3-(2-Bromo-4-(trifluoromethyl)benzyl)-7-(trifluoromethyl)chromane-3-
carbonitrile (20):

Following the general procedure, the reaction was performed with 10 (54.6 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs2CO3z (68.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 20 (29.8 mg) was obtained in 64% yield as a white solid.
er =955 : 4.5, [0]po?® — 12.62 (c 0.65, CHCIl3). Rr= 0.4 (PE : EA=10:1). 'H NMR
(400 MHz, CDCl3) § 7.91 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H),
7.23 - 7.13 (m, 3H), 4.35 (d, J = 11.2 Hz, 1H), 4.17 (d, J = 11.2 Hz, 1H), 3.34 (AB, J
= 14.1 Hz, 1H), 3.23 (BA, J = 14.1 Hz, 1H), 3.21 (AB, J = 16.4 Hz, 1H), 3.13 (BA, J
=16.4 Hz, 1H). 3C NMR (100 MHz, CDCls) 6 152.9, 137.8, 132.5, 131.9 (g, J = 33.0
Hz), 131.0 (g, J = 33.0 Hz), 130.40 (g, J = 4.0 Hz), 130.38, 125.8, 124.7 (q, J = 3.6 Hz),
123.6 (q, J = 270.5 Hz), 122.8 (q, J = 271.3 Hz), 121.1, 119.8, 118.4 (g, J = 3.7 Hz),

114.4 (g, J = 3.9 Hz), 69.4, 38.5, 36.6, 34.6. 1%F NMR (376 MHz, CDCls) 5 — 62.80, —
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62.87. HRMS (ESI*) m/z calc’d for CigH12BrFeNONa [M+Na]*: 485.9899, found
485.9903. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250
mmL) column, A = 210 nm, tr (min): major = 30.06, minor = 37.09.

Br
CN

Resge

NO,
(8)-3-(2-Bromo-5-nitrobenzyl)-6-nitrochromane-3-carbonitrile (2p):

Following the general procedure, the reaction was performed with 1p (51.2 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (67.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2p (33.3 mg) was obtained in 80% yield as a white solid.
er=91:9. [a]p®® — 65.42 (¢ 0.59, CHCl3). Rr=0.2 (PE : EA=1:1). 'H NMR (400
MHz, CDClz) 6 8.39 (d, J = 2.4 Hz, 1H), 8.11 (t, J = 2.8 Hz, 1H), 8.09 (t, J = 2.8 Hz,
1H), 8.05 (d, J = 2.4 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.04 (d, J = 8.8 Hz, 1H), 4.45
(dd,J=11.2,1.6 Hz, 1H), 4.25 (d, J = 11.2 Hz, 1H), 3.39 (AB, J = 14.0 Hz, 1H), 3.30
(BA, J = 14.4 Hz, 1H), 3.30 (AB, J = 16.5 Hz, 1H), 3.19 (BA, J = 16.5 Hz, 1H). *C
NMR (100 MHz, CDCl3) 6 157.8, 147.3,142.2, 135.4, 134.7,132.8, 126.6, 126.0, 124.7,
124.4, 119.0, 117.9, 117.8, 69.7, 38.9, 36.3, 34.7. HRMS (ESI") m/z calc’d for
C17H12BrN3OsNa [M+Na]*: 439.9853, found 439.9855. HPLC conditions: 25% IPA,
1.0 mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, A = 254 nm, tr (min):

major = 32.90, minor = 36.78.

o B
o

(8)-3-((2-Bromocyclohex-1-en-1-yl)methyl)-3,4,5,6,7,8-hexahydro-2 H-chromene-
3-carbonitrile (2q):

Following the general procedure, the reaction was performed with 1q (42.0 mg, 0.1
mmol, 1.0 equiv), Cul (4.0 mg, 0.02 mmol, 20 mol %), ligand L.7 (3.5 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (68.6 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2q (30.3 mg) was obtained in 90% yield as a white solid.

er =98 : 2. [a]p?" — 18.84 (¢ 0.43, CHCl3). Rr= 0.4 (PE : EA=20: 1). '"H NMR (400
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MHz, CDCI3) 6 4.06 (dd, J=10.5, 1.6 Hz, 1H), 3.74 (d, /= 10.5 Hz, 1H), 2.70 (AB, J
=13.9 Hz, 1H), 2.60 — 2.53 (m, 2H), 2.50 (BA, J=13.9 Hz, 1H), 2.43 — 2.33 (m, 2H),
2.24 —1.88 (m, 6H), 1.77 — 1.48 (m, 8H). >*C NMR (100 MHz, CDCl3) § 147.1, 130.6,
124.7,122.7,101.6, 69.5,41.7,37.1, 35.3, 34.8, 32.0, 28.3, 26.7, 24.7, 22.8, 22.6, 22.5.
HRMS (ESI") m/z calc’d for C17H22BrNONa [M+Na]": 358.0777, found 358.0780.
HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column,
A =210 nm, tr (min): major = 6.33, minor = 7.00.

Br
Me CN

Me 3

me Me
(S)-3-((2-Bromo-5,5-dimethylcyclohex-1-en-1-yl)methyl)-7,7-dimethyl-3,4,5,6,7,8-
hexahydro-2H-chromene-3-carbonitrile (2r):
Following the general procedure, the reaction was performed with 1r (48.0 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol,
22 mol %) and Cs2CO3 (66.8 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2r (31.1 mg) was obtained in 78% yield as a white solid.
er =98 : 2. [a]o® — 24.24 (c 0.33, CHCIs). Rr= 0.4 (PE : EA =20 : 1).'H NMR (400
MHz, CDCl3) § 4.06 (d, J = 10.8 Hz, 1H), 3.74 (d, J = 10.4 Hz, 1H), 2.69 (AB, J = 14.0
Hz, 1H), 2.53 (BA, J = 14.0 Hz, 1H), 2.45 — 2.39 (m, 2H), 2.35 (s, 2H), 2.19 (s, 2H),
1.94 (t, J = 5.2 Hz, 2H), 1.85 — 1.81 (m, 2H), 1.47 (t, J = 6.4 Hz, 2H), 1.38 — 1.30 (m,
2H), 0.97 (s, 6H), 0.94 (s, 6H). 3C NMR (100 MHz, CDCl3) & 146.3, 129.2, 123.8,
122.6, 99.8, 69.6, 50.7, 41.4, 40.3, 35.4, 35.3, 35.1, 34.9, 31.9, 30.2, 29.5, 28.8, 28.0,
27.7, 27.2, 26.1. HRMS (ESI*) m/z calc’d for C21H3oBrNONa [M+Na]*: 414.1403,
found 414.1411. HPLC conditions: 1% IPA, 1.0 mL/min, Chiralpak IE (4.6 mm x 250
mmL) column, A = 210 nm, tr (min): major = 11.43, minor = 8.93.

Br

CN
(o)

Me Me
(8)-3-((2-Bromo-4,4-dimethylcyclohex-1-en-1-yl)methyl)-7,7-dimethyl-3.,4,5,6,7,8-
hexahydro-2H-chromene-3-carbonitrile (2s):
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Following the general procedure, the reaction was performed with 1s (48.7 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs2COs3 (65.8 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2s (37.1 mg) was obtained in 94% yield as a white solid.
er=95:5. [a]p®® — 18.15 (¢ 0.65, CHCl3). Rr= 0.4 (PE : EA=20: 1). 'H NMR (400
MHz, CDCl3) 6 4.06 (d, J =10.4 Hz, 1H), 3.74 (d, J = 10.4 Hz, 1H), 2.65 (AB, J = 14.0
Hz, 1H), 2.57 (t, J = 6.4 Hz, 2H), 2.48 (BA, J = 14.0 Hz, 1H), 2.23 - 2.12 (m, 4H), 2.11
—2.02 (m, 2H), 1.72 (s, 2H), 1.51 — 1.36 (m, 4H), 0.970 (s, 3H), 0.967 (s, 3H), 0.95 (s,
3H), 0.92 (s, 3H). °C NMR (100 MHz, CDCls) & 146.0, 129.4, 123.6, 122.5, 100.1,
69.7,45.4,42.3,41.6, 37.1, 35.7, 35.4, 35.0, 34.8, 29.7, 29.5, 28.5, 27.8, 27.52, 27.48,
24.3. HRMS (ESI") m/z calc’d for C21H30BrNONa [M+Na]": 414.1403, found 414.1405.
HPLC conditions: 1% IPA, 1.0 mL/min, Chiralpak IE (4.6 mm x 250 mmL) column, A

=210 nm, tr (min): major = 14.32, minor = 10.09.

Br
o|7/

o o
(S)-3-((4-Bromo-5,6-dihydro-2 H-pyran-3-yl)methyl)-3,4,7,8-tetrahydro-2 H,5 H-
pyrano[4,3-b]pyran-3-carbonitrile (2t):

Following the general procedure, the reaction was performed with 1t (43.4 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs2COs3 (66.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2t (31.1 mg) was obtained in 91% yield as a white solid.
er=96.5:3.5. [a]p?® - 27.26 (¢ 0.62, CHCl3). R;= 0.4 (PE : EA=5:1). '"H NMR (400
MHz, CDCl3) 6 4.44 — 4.27 (m, 2H), 4.12 (dd, J = 10.4, 1.2 Hz, 1H), 4.00 — 3.98 (m,
2H), 3.94 — 3.86 (m, 1H), 3.86 — 3.76 (m, 4H), 2.70 (AB, J= 14.0 Hz, 1H), 2.68 — 2.64
(m, 2H), 2.49 (BA, J=14.0 Hz, 1H), 2.29 — 2.10 (m, 4H). 3C NMR (100 MHz, CDCls)
0 144.8, 130.1, 121.8, 121.3, 100.7, 69.6, 69.4, 66.7, 65.5, 64.8, 38.0, 36.4, 34.7, 30.9,
26.7. HRMS (ESI") m/z calc’d for CisHisBrNOsNa [M+Na]": 362.0362, found
362.0367. HPLC conditions: 20% IPA, 0.5 mL/min, Chiralpak IB (4.6 mm x 250 mmL)

column, A =210 nm, tr (min): major = 26.70, minor = 21.71.
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o
(S)-3-((2-Bromocyclohept-1-en-1-yl)methyl)-2,3,4,5,6,7,8,9-
octahydrocyclohepta[b]pyran-3-carbonitrile (2u):

Following the general procedure, the reaction was performed with 1u (45.4 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs2COs3 (68.9 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2u (33.8 mg) was obtained in 92% yield as a colorless oil.
er =95.5:4.5. [a]p®® — 26.05 (c 0.43, CHCI3). Ry= 0.4 (PE : EA=20: 1). '"H NMR
(400 MHz, CDCl3) 6 4.03 (d, /= 10.4 Hz, 1H), 3.66 (d, /= 10.4 Hz, 1H), 2.84 — 2.76
(m, 2H), 2.65 (AB, J=14.0 Hz, 1H), 2.52 (BA, J=14.2 Hz, 1H), 2.51 — 2.41 (m, 3H),
2.28 — 2.20 (m, 4H), 2.01 — 1.95 (m, 2H), 1.80 — 1.73 (m, 2H), 1.71 — 1.63 (m, 2H),
1.60 — 1.48 (m, 7H). *C NMR (100 MHz, CDCls) § 152.3, 136.5, 128.2, 122.0, 105.2,
69.3,43.7, 41.6, 37.5,35.4,34.2,32.5,31.7, 31.5, 31.3, 26.4, 25.7, 25.3, 25.2. HRMS
(ESTY) m/z cale’d for CioH6BrNONa [M+Na]": 386.1090, found 386.1099. HPLC
conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A =

210 nm, tr (min): major = 5.95, minor = 6.37.

(S)-(£)-3-((2-Bromocyclooct-1-en-1-yl)methyl)-3,4,5,6,7,8,9,10-octahydro-2 H-
cycloocta[b]pyran-3-carbonitrile (2v):

Following the general procedure, the reaction was performed with 1v (48.0 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol,
22 mol %) and Cs2COs3 (66.6 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2v (33.1 mg) was obtained in 85% yield as a colorless oil.
er=285:15. [a]p*® — 22.82 (¢ 0.39, CHCl3). R,= 0.5 (PE : EA=20: 1). '"H NMR (400
MHz, CDCl3) 6 4.12 (d, J = 10.4 Hz, 1H), 3.69 (d, /= 10.4 Hz, 1H), 2.81 — 2.69 (m,
2H), 2.65 — 2.49 (m, 4H), 2.34 — 2.23 (m, 3H), 2.22 — 1.96 (m, 3H), 1.71 — 1.46 (m,

16H). 1*C NMR (100 MHz, CDCl3) § 149.5, 133.4, 127.4,122.4, 102.8, 69.6, 40.5, 37.4,
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35.6, 35.5, 32.1, 30.1, 29.5, 29.3, 28.84, 28.76, 27.8, 26.42, 26.39, 26.3, 25.8. HRMS
(EST") m/z calc’d for C2iH30BrNONa [M+Na]": 414.1403, found 414.1402. HPLC
conditions: 1% IPA, 0.5 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A =
210 nm, tr (min): major = 10.72, minor = 14.14.

o
(S)-3-((2-Bromocyclopent-1-en-1-yl)methyl)-2,3,4,5,6,7-
hexahydrocyclopenta[b]pyran-3-carbonitrile (2w):

Following the general procedure, the reaction was performed with 1w (39.6 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs2COs (66.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2w (29.5 mg) was obtained in 96% vyield as a colorless
oil. er = 73 : 27. [o]o?° — 12.82 (¢ 0.39, CHCl3). Rr = 0.5 (PE : EA =20 : 1). 'H NMR
(400 MHz, CDCl3) 5 4.11 (dd, J = 10.8, 1.6 Hz, 1H), 3.79 (d, J = 10.8 Hz, 1H), 2.74 —
2.49 (m, 5H), 2.47 — 2.08 (m, 7H), 2.07 — 1.95 (m, 2H), 1.88 — 1.82 (m, 2H). 13C NMR
(100 MHz, CDCl3) & 151.6, 135.0, 122.4, 122.3, 104.2, 70.8, 39.9, 34.9, 34.8, 344,
32.5, 31.7, 30.4, 22.1, 19.6. HRMS (ESI*) m/z calc’d for C1sH1sBrNONa [M+Na]":
330.0464, found 330.0465. HPLC conditions: 1% IPA, 0.5 mL/min, Chiralcel OD-H
(4.6 mm x 250 mmL) column, A =210 nm, tr (Min): major = 12.49, minor = 14.50.

Br
CN
B P4 Me

Me” o
(S)-(£)-3-(3-Bromobut-2-en-1-yl)-6-methyl-3,4-dihydro-2 H-pyran-3-carbonitrile
(2x):

Following the general procedure, the reaction was performed with 1x (34.0 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs2CO3z (67.6 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2x (17.1 mg) was obtained in 67% yield as a colorless oil.
er =66 : 34. [0]p?° — 10.65 (¢ 0.31, CHCI3). Rr= 0.4 (PE: EA=20:1). *H NMR (400
MHz, CDCl3) § 5.81 (t, J = 7.2 Hz, 1H), 4.49 (t, J = 4.0 Hz, 1H), 4.09 (dd, J = 10.4, 1.6
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Hz, 1H), 3.74 (d, J = 10.8 Hz, 1H), 2.52 — 2.45 (m, 2H), 2.44 — 2.33 (m, 4H), 2.18 —
2.09 (m, 1H), 1.78 (s, 3H). 13C NMR (100 MHz, CDCl3) § 151.4, 127.5, 121.8, 121.6,
92.3, 69.2, 36.5, 34.6, 30.8, 29.1, 19.5. HRMS (ESI*) m/z calc’d for C11H14BrNONa
[M+Na]*: 278.0151, found 278.0152. HPLC conditions: 100% hexane, 0.6 mL/min,
Chiralcel OD-H (4.6 mm x 250 mmL) column, A = 230 nm, tr (min): major = 14.85,
minor = 17.36.

Cl Br

(8)-3-(2-Bromo-6-chlorobenzyl)-5-chlorochromane-3-carbonitrile (2y):

Following the general procedure, the reaction was performed with 1y (48.6 mg, 0.1
mmol, 1.0 equiv), Cul (4.0 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol,
22 mol %) and Cs2COs (67.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2y (38.5 mg) was obtained in 95% yield as a white solid.
er =78 :22. [a]p*® — 48.70 (c 0.46, CHCI3). Ry= 0.4 (PE : EA=10: 1). '"H NMR (400
MHz, CDCl3) 6 7.59 (dd, J = 8.4, 1.2 Hz, 1H), 7.44 (dd, J = 8.0, 1.2 Hz, 1H), 7.17 —
7.09 (m, 2H), 7.03 (dd, J = 8.0, 0.8 Hz, 1H), 6.85 (dd, /= 8.4, 0.8 Hz, 1H), 4.48 (dd, J
=10.8, 2.0 Hz, 1H), 4.11 (d, J=10.8 Hz, 1H), 3.51 (AB, J=14.4 Hz, 1H), 3.47 (BA,
J=14.4 Hz, 1H), 3.40 (dd, J=17.1, 1.8 Hz, 1H), 3.12 (d, J= 17.2 Hz, 1H). *C NMR
(100 MHz, CDCI3) & 154.0, 136.4, 134.5, 133.1, 132.3, 130.1, 129.5, 128.5, 127.1,
122.3, 119.8, 116.8, 115.6, 70.1, 37.5, 36.9, 34.5. HRMS (ESI") m/z calc’d for
C17H12BrCI,NONa [M+Na]": 417.9372, found 417.9371. HPLC conditions: 2% IPA,
0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A =210 nm, tr (min): major
=20.42, minor = 25.41.

3-(2-Bromo-3-methylbenzyl)-8-methylchromane-3-carbonitrile (2z):
Following the general procedure, the reaction was performed with 1z (44.2 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol,

22 mol %) and Cs2COs (65.8 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
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for 24 h. The desired product 2z (26.8 mg) was obtained in 75% yield as a white solid.
er=51:49. Rr=0.4 (PE : EA =10: 1). *H NMR (400 MHz, CDCls) & 7.36 (dd, J =
6.8, 2.4 Hz, 1H), 7.25 — 7.20 (m, 2H), 7.02 (d, J = 7.2 Hz, 1H), 6.91 — 6.79 (m, 2H),
4.35 (dd, J = 11.2, 1.4 Hz, 1H), 4.12 (d, J = 10.8 Hz, 1H), 3.32 (AB, J = 14.0 Hz, 1H),
3.25 (BA, J = 14.0 Hz, 1H), 3.16 (AB, J = 16.8 Hz, 1H), 3.10 (BA, J = 16.8 Hz, 1H),
2.47 (s, 3H), 2.22 (s, 3H). 13C NMR (100 MHz, CDCls) & 151.2, 139.3, 134.5, 130.3,
129.5,129.4,128.4, 127.2, 127.1, 126.3, 120.99, 120.96, 117.0, 69.4, 39.5, 36.9, 35.1,
24,5, 15.9. HRMS (ESI*) m/z calc’d for C1sH1sBrNONa [M+Na]*: 378.0464, found
378.0469. HPLC conditions: 2% IPA, 0.6 mL/min, Chiralcel OD-H (4.6 mm x 250

mmL) column, A = 210 nm, tr (min): major = 32.94, minor = 35.06.

(R)-10-(2-Bromobenzyl)-10,11-dihydrodibenzo[b.floxepine-10-carbonitrile (2aa):

Following the general procedure, the reaction was performed with 1aa (47.6 mg, 0.1
mmol, 1.0 equiv), Cul (4.0 mg, 0.02 mmol, 20 mol %), ligand L7 (3.5 mg, 0.022 mmol,
22 mol %) and Cs>COs3 (68.6 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2aa (6.5 mg) was obtained in 17% yield as a white solid.
er=75:25. [a]p®® — 52.14 (¢ 0.14, CHCl3). R;= 0.4 (PE : EA=10: 1). 'H NMR (400
MHz, CDCl3) 8 7.39 — 7.29 (m, 4H), 7.28 — 7.22 (m, 1H), 7.19 (td, /= 7.2, 1.2 Hz, 1H),
7.09 (td, J=7.2, 1.2 Hz, 1H), 7.06 — 7.02 (m, 2H), 7.01 — 6.95 (m, 2H), 6.84 (dd, J =
7.6, 1.2 Hz, 1H), 3.39 (AB, J=15.6 Hz, 1H), 3.26 (AB, J=13.6 Hz, 1H), 3.19 (BA, J
= 16.0 Hz, 1H), 3.02 (BA, J = 13.6 Hz, 1H). '*C NMR (100 MHz, CDCl3) & 174.5,
156.0, 143.2, 134.8, 132.7, 131.4, 129.3, 129.2, 128.6, 128.5, 128.3, 126.8, 126.0,
125.83, 125.77, 124.7, 123.7, 123.2, 110.5, 45.4, 38.3, 35.2. HRMS (ESI") m/z calc’d
for C22Hi6BrNONa [M+Na]*: 412.0307, found 412.0310. HPLC conditions: 5% IPA,
0.6 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A =230 nm, tr (min): major
= 18.76, minor = 11.87.
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(5)-3-(2-Iodobenzyl)chromane-3-carbonitrile (2ab):

Following the general procedure, the reaction was performed with 1lab (51.1 mg, 0.1
mmol, 1.0 equiv), Cul (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol,
22 mol %) and Cs2COs (67.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 °C
for 24 h. The desired product 2ab (32.1 mg) was obtained in 86% yield as a white solid.
er =67 : 33. [a]o® — 4.43 (¢ 0.61, CHCI3). *H NMR (400 MHz, CDCl3) 6 7.91 (dd, J =
8.0, 1.2 Hz, 1H), 7.57 (dd, J = 7.6, 1.6 Hz, 1H), 7.40 (td, J = 7.6, 1.2 Hz, 1H), 7.20 —
7.15 (m, 1H), 7.08 — 6.98 (m, 2H), 6.96 — 6.89 (m, 2H), 4.31 (d, J = 10.9 Hz, 1H), 4.14
(d, J=10.9 Hz, 1H), 3.27 (AB, J = 14.2 Hz, 1H), 3.21 (BA, J = 14.2 Hz, 1H), 3.13 (s,
2H). 3C NMR (100 MHz, CDCl3) § 153.0, 140.2, 137.5, 131.0, 129.8, 129.5, 128.7,
128.4, 121.7, 120.8, 117.5, 117.0, 102.4, 69.4, 43.2, 37.0, 34.8. HRMS (ESI*) m/z
calc’d for C17H14INONa [M+Na]*: 398.0012, found 398.0020. HPLC conditions: 2%
IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A =230 nm, tr (min):
major = 33.42, minor = 29.92.

5. Gram-Scale Reaction and Synthetic Transformations

5.1 Gram-Scale Reaction

Br Br Cul (20 mol % .
CN cul{ ';) CN :
ligand (22 mol %) - H
O 0 Cs,CO0; (2 equiv) : N
OH 1,4-dioxane (1 mL), 10 °C, 24 h o™ Br i MeHN NHMe
1a 2a L7
4.0 mmol, 1.63 g 1.28 g (93% yield), 96:4 er

To a 100 mL Schlenk flask which was equipped with a magnetic stirring bar were added
Cul (160.6 mg, 0.8 mmol, 20 mol %), ligand L7 (136.6 mg, 0.88 mmol, 22 mol %) and
1,4-dioxane (40 mL).The mixture was stirred at room temperature for 10 min. Then
2,2-bis(2-bromobenzyl)-3-hydroxypropanenitrile 1a (1.63 g, 4.0 mmol, 1.0 equiv) and
Cs2COs (2.61 g, 8.0 mmol, 2.0 equiv) were added and the flask was sealed and taken
out from the glovebox. Upon the reaction was stirred at 10 °C for 24 h, the mixture was

filtered and the solid was washed with EA (100 mL). The filtrates were concentrated
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under reduced pressure, and the residue was purified by silica gel chromatography (PE :
EA=50:1) to get the desired product 2a in 93% yield (1.28 g) with 96 : 4 er.

5.2 Synthetic Transformations

Br Pd(dppf)Cl, (10 mol %) Ph
CN K,CO; (2.5 equiv) CN
° + PhB(OH), > Y
1,4-dioxane/H,0 (3:1)
o 80°C,24 h o
2a 3

(R)-3-([1,1'-Biphenyl]-2-yImethyl)chromane-3-carbonitrile (3):

A mixture of 2a (33.6 mg, 0.1 mmol, 1.0 equiv), PAB(OH)> (19.4 mg, 0.15 mmol, 1.5
equiv), Pd(dppf)Clz (7.4 mg, 0.01 mmol, 0.1 equiv), K»CO3 (35.0 mg, 0.25 mmol, 2.5
equiv) and 1 mL of 1,4-dioxane : H>O (3 : 1) were added to a 10 mL Schlenk tube
equipped with a magnetic stirring bar under argon atmosphere. The mixture was stirred
at 80 °C for 24 h. After the reaction was stopped, 5 mL of water was added and the
mixture was extracted with EA (10 mL x 3). The combined organic phase was washed
with water, dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure and the obtained residue was purified by silica gel
chromatography (PE : EA =60 : 1) to give 3 (29.3 mg) in 86% yield as a white solid
with 95 : 5 er. [a]o® — 13.27 (¢ 0.49, CHCI3). Rr=0.4 (PE : EA=10: 1). 'H NMR (400
MHz, CDCls) 6 7.66 (dd, J = 7.8, 2.0 Hz, 1H), 7.44 — 7.36 (m, 4H), 7.35 — 7.26 (m,
4H), 7.09 (td, /= 8.4, 1.6 Hz, 1H), 6.92 — 6.82 (m, 2H), 6.76 (d, /= 8.0 Hz, 1H), 4.05
(dd,J=10.8, 1.6 Hz, 1H), 3.58 (d, /= 10.8 Hz, 1H), 3.17 (AB, J=14.0 Hz, 1H), 3.12
(BA, J = 14.0 Hz, 1H), 2.93 (AB, J = 16.4 Hz, 1H), 2.62 (BA, J = 16.4 Hz, 1H). '*C
NMR (100 MHz, CDCl3) 6 152.7, 143.1, 140.9, 131.5, 131.0, 130.8, 129.7, 129.5, 128 4,
128.1,127.74,127.69, 127.2, 121.4, 117.4, 116.8, 69.3, 36.9, 36.0, 34.8. HRMS (ESI")
m/z calc’d for C23Hi9NONa [M+Na]": 348.1359, found 348.1360. HPLC conditions: 2%
IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, A = 210 nm, tr (min):

major = 23.21, minor = 26.98.

Br CrO; (0.75 equiv) o Br
CN H;l0g (2 equiv) CN
ORS¢ SRS
(o] (o]
2a 4

(R)-3-(2-Bromobenzyl)-4-oxochromane-3-carbonitrile (4):
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Following the reported procedure,* a mixture of HsIOg (110.2 mg, 0.46 mmol, 2.0 equiv)
and 1.5 mL of acetonitrile was added to a 15 mL Schlenk tube under argon atmosphere.

Then, CrOs3 (18.6 mg, 0.18 mmol, 0.75 equiv) was added slowly. After the solid of CrOs

was dissolved completely, a solution of 2a (75.9 mg, 0.23 mmol, 1.0 equiv) in 1.5 mL
of acetonitrile was added. The reaction was stirred at 40 °C for 12 h. The mixture was

cooled to room temperature, filtered and washed with EA (30 mL). The filtrates were

concentrated under reduced pressure. The crude mixture was purified by silica gel

chromatography (PE : EA =80 : 1) to give product 4 (67.7 mg) in 88% yield as a white

solid with 95.5 : 4.5 er. [a]o?® — 33.64 (c 0.55, CHCl3). R;=0.4 (PE: EA=10:1). 'H

NMR (400 MHz, CDCl3) 6 7.98 (dd, J = 8.0, 1.6 Hz, 1H), 7.64 — 7.56 (m, 2H), 7.53

(dd, J=7.6, 1.6 Hz, 1H), 7.35 (td, /= 7.6, 1.2 Hz, 1H), 7.19 (td, J = 8.0, 1.6 Hz, 1H),

7.16 —7.11 (m, 1H), 7.06 (d, /= 8.4 Hz, 1H), 4.58 (AB, J=11.8 Hz, 1H), 4.51 (BA, J
=11.8 Hz, 1H), 3.66 (AB, J=14.0 Hz, 1H), 3.40 (BA, J=14.4 Hz, 1H). >*C NMR (100

MHz, CDCls) 6 184.2, 160.7, 137.3, 133.4, 133.0, 132.2, 129.7, 128.6, 127.9, 125.6,

122.8, 118.3, 118.1, 116.0, 70.3, 48.6, 35.2. HRMS (ESI") m/z calc’d for

C17H12BrNO2Na [M+Na]": 363.9944, found 363.9950. HPLC conditions: 5% IPA, 1.0

mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, A = 230 nm, tr (min): major

= 13.43, minor = 16.18.

Pd(OAc); (10 mol %)

Br PPh; (20 mol %)
z Et;N (1.5 equiv)

3 ——
O O DMF : H,0 (9 : 1)
(o} 130°C,48 h

2a 5

(S)-Spiro[chromane-3,2'-inden]-1"(3"H)-one (5):

Following the literature procedure,® 2a (33.0 mg, 0.1 mmol, 1.0 equiv), Pd(OAc), (2.4
mg, 0.01 mmol, 10 mol %), PPhs (6.9 mg, 0.02 mmol, 20 mol %), EtsN (22.0 uL, 0.15
mmol, 1.5 equiv) and 1.8 mL of DMF and 0.2 mL of water (degassed) were added to a
10 mL Schlenk tube equipped with a magnetic stirring bar. After the mixture was stirred
at 130 °C for 48 h, 15 mL of water was added and the mixture was extracted with EA
(15 mL x 3). The combined organic phase was washed with brine for three times, dried

over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced
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pressure. The residue was purified by silica gel chromatography (PE : EA =50 : 1) to
give the desired product 5 (12.1 mg) in 49% yield as a colorless oil with 95 : 5 er. [o]p®°
12.36 (¢ 0.72, CHCI3). Rr= 0.4 (PE : EA =10 : 1). 'H NMR (400 MHz, CDCl3) 5 7.81
(d, J = 7.6 Hz, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.48 — 7.39 (m, 2H), 7.17 (t, J = 8.0 Hz,
1H), 7.09 (d, J = 7.6 Hz, 1H), 6.94 — 6.87 (m, 2H), 4.11 (AB, J = 10.8 Hz, 1H), 3.97
(ABX, J =10.4, 2.8 Hz, 1H), 3.39 (AB, J = 16.4 Hz, 1H), 3.35 (AB, J = 17.6 Hz, 1H),
2.90 (BA, J = 17.6 Hz, 1H), 2.54 (ABX, J = 16.0, 2.4 Hz, 1H). C NMR (100 MHz,
CDCIs) 6 207.0, 153.7, 152.8, 135.7, 135.5, 130.2, 127.8, 127.7, 126.8, 124.3, 120.7,
120.3,116.6, 70.4, 48.0, 37.2, 34.3. HRMS (ESI*) m/z calc’d for C17H140ONa [M+Na]*:
273.0886, found 237.0889. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H
(4.6 mm x 250 mmL) column, A =210 nm, tr (Min): major = 15.72, minor = 14.26.

1) Cul (20 mol %), rac-BINOL (22 mol %)
Br Br Cs,CO0; (2 equiv), 1,4-dioxane, 100 °C, H

N
en KOH (4 equiv) NG 24h 4 O
Y —_— Y > q
O O EtOH/H,0 (3 : 3) O O 2) LiAlH, (3 equiv), THF, 0°Ctort, 6 h O
o 100°C, 16 h 0 0
2a S2 6

(R)-1',4'-dihydro-2"H-spiro[chromane-3,3"-quinoline] (6):

According to the literature procedure,® a mixture of 2a (98.9 mg, 0.3 mmol, 1.0 equiv),
KOH (68.0 mg, 0.3 mmol, 1.0 equiv), EtOH : H2O (3 mL : 3 mL) were added to a 25
mL round-bottomed flask and the mixture was refluxed at 100 °C for 16 h. After the
fully consumption of the starting material, 10 mL water was added and the mixture was
extracted with EA (10 mL x 3), dried over anhydrous sodium sulfate and filtered. The
filtrates were concentrated to provide the analytically pure amide S2 in quantity yield,
which was directly used for the next step without further purification. er =95 : 5. [a]o®
—46.29 (¢ 0.35, CHCl3). Rr=0.2 (PE : EA=1: 1). 'H NMR (400 MHz, CDCls) § 7.57
(dd, J = 8.0, 1.2 Hz, 1H), 7.36 (dd, J = 7.6, 1.6 Hz, 1H), 7.24 (td, J = 7.6, 1.2 Hz, 1H),
7.11 (td, J = 7.6, 1.6 Hz, 2H), 7.05 (dd, J = 7.5, 1.2 Hz, 1H), 6.88 (td, J = 7.6, 1.2 Hz,
1H), 6.82 (dd, J = 8.4, 0.8 Hz, 1H), 5.96 (brs, 1H), 5.61 (brs, 1H), 4.38 (ABX, J = 11.2,
2.0 Hz, 1H), 4.16 (BA, J = 11.6 Hz, 1H), 3.32 (AB, J = 14.0 Hz, 1H), 3.22 (BA, J =
14.0 Hz, 1H), 3.09 (ABX, J=15.2, 1.6 Hz, 1H), 3.03 (BA, J = 16.8 Hz, 1H). 3C NMR
(100 MHz, CDCl3) 6 175.9, 153.2, 135.8, 133.0, 132.0, 129.8, 128.6, 127.9, 127.6,

125.8, 121.3, 119.7, 116.7, 70.2, 45.7, 40.2, 33.7. HRMS (ESI") m/z calc’d for
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C17H16BrNO;Na [M+Na]": 368.0257, found 368.0255. HPLC conditions: 20% IPA, 0.8
mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, A = 230 nm, tr (min): major
= 8.68, minor = 10.53.

Following the reported literature procedure,’ the amide S2 (33.9 mg, 0.1 mmol, 1.0
equiv), Cul (4.0 mg, 0.02 mmol, 20 mol %), rac-BINOL (6.5 mg, 0.022 mmol, 22
mol %), Cs2CO3 (67.9 mg, 0.2 mmol, 2.0 equiv) and 1 mL of 1,4-dioxane were added
to a 4 mL screw capped vial. After stirred at 100 °C for 24 h, the mixture was filtered
through a celite pad and washed with EA (30 mL). The filtrates were concentrated under
reduced pressure and the resultant residue was directly used for the next step. The crude
products above synthesized (20.0 mg, 0.08 mmol, 1.0 equiv) was dissolved in 1.5 mL
of anhydrous THF under argon atmosphere. The solution was cooled to 0 °C and LiAlH4
(9.0 mg, 0.23 mmol, 3.0 equiv) was added slowly. The mixture was stirred at 0 °C for
30 min and then warmed up to room temperature and stirred overnight. Upon the
completion of the reaction, the mixture was quenched with saturated ammonium
chloride aqueous solution, extracted with EA (10 mL x 3). The combined organic phase
was washed with brine, dried over anhydrous sodium sulfate, and filtered. The filtrate
was concentrated under reduced pressure to give the residue which was then purified
by silica gel chromatography (PE : EA =30 : 1) to provide the desired product 6 (16.9
mg) in 89% yield as a white solid with 95 : 5 er. [0]p?® — 2.42 (¢ 0.33, CHCl3). R = 0.4
(PE : EA =20 : 1). '"H NMR (400 MHz, CDCl3) & 7.12 (t, J = 8.0 Hz, 1H), 7.06 — 7.00
(m, 2H), 6.97 (d, J = 7.2 Hz, 1H), 6.90 — 6.82 (m, 2H), 6.66 (t, J = 7.6 Hz, 1H), 6.56 (d,
J = 8.0 Hz, 1H), 4.04 (d, J = 10.8 Hz, 1H), 3.86 (d, J = 10.4 Hz, 1H), 3.20 (AB, J =
11.6 Hz, 1H), 3.08 (BA, J = 11.2 Hz, 1H), 2.74 — 2.61 (m, 4H), 1.61 (brs, 1H). 3C NMR
(100 MHz, CDCIs) 6 153.9, 143.4, 130.2, 130.1, 127.3, 127.1, 120.7, 120.5, 118.6,
117.5, 116.5, 114.0, 71.2, 46.9, 35.7, 34.8, 30.0. HRMS (ESI") m/z calc’d for
Ci7H17NONa [M+Na]*: 274.1202, found 274.1203. HPLC conditions: 5% IPA, 1.0
mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, A = 254 nm, tr (min): major
=13.22, minor = 11.90.

6. X-ray Crystallography Data of 2a
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2a

(>99.5:0.5 er)

Table S1.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242<
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [1>2sigma(l)]

o L
S A
X . L

A\,
a, >),“---:../

Crystal data and structure refinement for 2a.

CCDC 1938342
C17H14BrNO
328.20

250(2) K

0.71073 A
Orthorhombic
P212121
a=6.3438(6) A

b =10.5541(10) A
c=20.794(2) A

a=90<
b=90<
g=90°%
1392.2(2) A3

4

1.566 Mg/m3

2.947 mm-1

664

0.120 x 0.080 x 0.060 mm3
2.164 t0 30.796<

-5<=h<=9, -11<=k<=15, -29<=I<=28

11572

4332 [R(int) = 0.0266]

99.9 %

Semi-empirical from equivalents
0.7461 and 0.6147

Full-matrix least-squares on F2
4332/0/ 233
1.024

R1=0.0411, wR2 = 0.0864
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R indices (all data) R1 = 0.0555, wR2 = 0.0906

Absolute structure parameter 0.043(6)
Extinction coefficient n/a
Largest diff. peak and hole 0.702 and -0.455 e.A-3

Table S2.  Atomic coordinates ( x 104) and equivalent isotropic displacement
parameters (A2x 103) for 2a.

U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
BR1 10797(1) 9877(1) 6904(1) 43(1)
0O(1) 9248(4) 5592(2) 6274(1) 35(1)
N(1) 7061(5) 6914(3) 4872(2) 35(1)
C(1) 5033(6) 6644(4) 6428(2) 29(1)
C(2) 5589(5) 5290(3) 6584(2) 27(1)
C(3) 4071(6) 4446(4) 6816(2) 34(1)
C(4) 4536(6) 3179(4) 6910(2) 41(1)
C(6) 8089(6) 3543(4) 6571(2) 37(1)
C(5) 6529(7) 2733(4) 6785(2) 41(1)
C(7) 7633(5) 4821(4) 6481(2) 29(1)
C(8) 8938(5) 6907(3) 6396(2) 29(1)
C(9) 6839(5) 7381(3) 6106(2) 25(1)
C(10) 6508(6) 8829(4) 6224(2) 29(1)
C(11) 7876(6) 9706(3) 5842(2) 28(1)
C(12) 7190(7) 10053(4) 5223(2) 40(1)
C(13) 8423(10)  10849(4) 4847(2) 54(1)
C(14) 10295(10)  11322(4) 5064(2) 57(1)
C(15) 10989(8) 11025(4) 5678(2) 44(1)
C(16) 9773(6) 10231(3) 6057(2) 31(1)
C(17) 6924(5) 7110(3) 5408(2) 27(1)

Table S3. Bond lengths [A] and angles [] for 2a.

BR1-C(16) 1.915(4)
0(1)-C(7) 1.378(4)
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0O(1)-C(8)
N(1)-C(17)
C(1)-C(2)
C(1)-C(9)
C(1)-H(D)
C(1)-HE)
C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(3)-HE)
C(4)-C(5)
C(4)-HA4)
C(6)-C(5)
C(6)-C(7)
C(6)-H(6A)
C(3)-HE)
C(8)-C(9)
C(8)-H(®)
C(8)-H()
C(9)-C(17)
C(9)-C(10)
C(10)-C(11)
C(10)-H(8)
C(10)-H(9)
C(11)-C(16)
C(11)-C(12)
C(12)-C(13)
C(12)-H(10)
C(13)-C(14)
C(13)-H(11)
C(14)-C(15)
C(14)-H(12)
C(15)-C(16)
C(15)-H(13)
C(7)-0(1)-C(8)
C(2)-C(1)-C(9)
C(2)-C(1)-H(2)
C(9)-C(1)-H(2)

1.424(4)
1.138(5)
1.507(5)
1.538(5)
1.02(4)
0.95(5)
1.399(5)
1.404(5)
1.383(6)
1.00(4)
1.373(6)
1.03(5)
1.382(6)
1.393(5)
0.9400
0.88(5)
1.545(4)
0.95(4)
0.95(3)
1.481(5)
1.561(5)
1.497(5)
0.90(5)
0.80(4)
1.398(5)
1.408(5)
1.389(7)
0.83(5)
1.365(8)
0.94(6)
1.387(7)
1.05(7)
1.384(6)
0.97(6)

114.7(3)

113.5(3)

114(2)

108(2)
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C(2)-C(1)-H(2)
C(9)-C(1)-H(2)
H(1)-C(1)-H(2)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(E)
C(2)-C(3)-HE)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(5)-C(6)-C(7)

C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)

C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
O(1)-C(7)-C(6)
O(1)-C(7)-C(2)
C(6)-C(7)-C(2)
O(1)-C(8)-C(9)
O(1)-C(8)-H(6)
C(9)-C(8)-H(6)
O(1)-C(8)-H(7)
C(9)-C(8)-H(7)
H(6)-C(8)-H(7)
C(17)-C(9)-C(1)
C(17)-C(9)-C(8)
C(1)-C(9)-C(8)

C(17)-C(9)-C(10)

C(1)-C(9)-C(10)
C(8)-C(9)-C(10)

C(11)-C(10)-C(9)
C(11)-C(10)-H(8)

C(9)-C(10)-H(8)

C(11)-C(10)-H(9)

C(9)-C(10)-H(9)

112(3)
102(3)
106(3)
117.6(3)
121.2(3)
121.2(3)
121.2(4)
121(2)
117(2)
120.1(4)
119(3)
121(3)
119.6(4)
120.2
120.2
120.5(4)
123(3)
117(3)
117.3(3)
121.7(3)
120.9(3)
111.4(3)
108(2)
114(2)
105.4(19)
107.4(19)
110(3)
110.9(3)
106.8(3)
108.0(3)
110.4(3)
109.0(3)
111.8(3)
116.4(3)
109(3)
106(3)
111(3)
106(3)
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H(8)-C(10)-H(9) 108(4)

C(16)-C(11)-C(12) 117.0(3)
C(16)-C(11)-C(10) 125.1(3)
C(12)-C(11)-C(10) 117.8(3)
C(13)-C(12)-C(11) 119.9(4)
C(13)-C(12)-H(10) 118(4)
C(11)-C(12)-H(10) 122(4)
C(14)-C(13)-C(12) 121.7(5)
C(14)-C(13)-H(11) 116(3)
C(12)-C(13)-H(11) 122(3)
C(13)-C(14)-C(15) 119.8(4)
C(13)-C(14)-H(12) 138(4)
C(15)-C(14)-H(12) 101(4)
C(16)-C(15)-C(14) 118.9(5)
C(16)-C(15)-H(13) 119(4)
C(14)-C(15)-H(13) 122(4)
C(15)-C(16)-C(11) 122.6(4)
C(15)-C(16)-BR1 116.9(3)
C(11)-C(16)-BR1 120.5(3)
N(L)-C(17)-C(9) 177.6(4)

Symmetry transformations used to generate equivalent atoms:

Table S4. Anisotropic displacement parameters (A2x 103) for 2a.

The anisotropic displacement factor exponent takes the form: -2p2[ h2 a*2u11 + ..

+2hka*b*Ul2]

ull u22 u33 u23 ul3 ul2
BR1 40(1) 50(1) 40(1) -6(1) -9(1) -3(1)
O(1) 20(1) 38(1) 47(2) 2(1) 5(1) 5(1)
N(1) 28(2) 41(2) 35(2) -5(1) -1(1) -2(1)
C(1) 19(1) 36(2) 33(2) 3(1) 4(1) 2(1)
C(2) 25(2) 34(2) 22(1) 0(1) -2(1) 2(1)
C(3) 26(2) 47(2) 30(2) 5(1) -1(2) -4(2)
C(4) 40(2) 46(2) 36(2) 6(2) -1(2) -10(2)
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c6) 3402 36(2) 41(2) -3(2)
CG) 5202 32(2) 38(2) 3(2)
c(7)  25(1) 32(2) 30(2) -2(1)
c®) 1602 39(2) 33(2) 1(1)
CcO  16(1) 32(2) 27(2) 1(1)
C(10)  24(2) 34(2) 30(2) -3(1)
C(1l) 33(2) 23(2) 29(2) -2(1)
C(12) 54(2) 30(2) 36(2) 5(2)
C(13) 104(4) 30(2) 29(2) 3(2)
C(14) 93(4) 30(2) 47(3) -2(2)
C(15) 52(2) 29(2) 51(2) 7(2)
C(16) 37(2) 28(2) 29(2) -6(1)
c(17) 18(1) 28(2) 35(2) -1(1)

-3(2)
-5(2)
-2(1)
0(1)
2(1)
3(1)
3(1)
-5(2)
7(2)
30(3)
17(2)
5(1)
0(1)

7(2)
1(2)
2(2)
2(1)
2(1)
6(1)
6(1)
6(2)
12(2)
-8(2)
-6(2)
5(1)
2(1)

Table S5. Hydrogen coordinates ( x 104) and isotropic  displacement parameters

(A2x 10 3) for 2a.

X y z U(eq)
H(1) 3710(60) 6740(40) 6152(19) 28(10)
H(2) 4780(70) 7130(40) 6800(20) 37(11)
H(3) 2600(70) 4770(40) 6872(19) 33(10)
H(4) 3390(70) 2550(40) 7050(20) 40(12)
H(6A) 9450 3232 6485 44
H(6) 9060(60) 7040(40) 6850(20) 32(10)
H(5) 6860(80) 1930(50) 6820(20) 48(13)
H(7) 10040(50) 7320(30) 6176(15) 7(7)
H(8) 5140(70) 8980(40) 6130(20) 33(11)
H(9) 6650(60) 8940(40) 6600(20) 22(10)
H(10) 6080(80) 9770(50) 5070(20) 50(14)
H(11) 8090(80)  11030(50) 4420(30) 57(14)
H(12) 11640(110) 11780(70) 4880(30) 90(20)
H(13) 12340(90)  11300(60) 5840(30) 69(17)
Table S6. Torsion angles [] for 2a.
C(9)-C(1)-C(2)-C(3) -173.4(3)
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C(9)-C(1)-C(2)-C(7)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(7)-C(6)-C(5)-C(4)
C(8)-0(1)-C(7)-C(6)
C(8)-0(1)-C(7)-C(2)
C(5)-C(6)-C(7)-0(1)
C(5)-C(6)-C(7)-C(2)
C(3)-C(2)-C(7)-0(1)
C(1)-C(2)-C(7)-0(1)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(7)-0(1)-C(8)-C(9)
C(2)-C(1)-C(9)-C(17)
C(2)-C(1)-C(9)-C(8)
C(2)-C(1)-C(9)-C(10)
0(1)-C(8)-C(9)-C(17)
O(1)-C(8)-C(9)-C(1)
0O(1)-C(8)-C(9)-C(10)
C(17)-C(9)-C(10)-C(11)
C(1)-C(9)-C(10)-C(11)
C(8)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(16)
C(9)-C(10)-C(11)-C(12)
C(16)-C(11)-C(12)-C(13)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(11)
C(14)-C(15)-C(16)-BR1
C(12)-C(11)-C(16)-C(15)
C(10)-C(11)-C(16)-C(15)
C(12)-C(11)-C(16)-BR1
C(10)-C(11)-C(16)-BR1

4.7(5)
-3.3(5)
174.8(4)
1.2(6)
0.5(6)
0.1(6)

-159.7(3)

21.8(4)
179.2(3)
-2.4(6)

-177.7(3)

4.2(5)
3.9(5)

-174.2(3)

-55.4(4)
81.7(4)
-34.9(4)

-156.6(3)

-57.9(4)
61.3(4)

-178.7(3)

-46.7(4)

-168.7(3)

72.0(4)

-95.2(4)
86.1(4)
2.2(5)

-179.0(4)

-0.7(6)
-1.0(7)
1.1(6)
0.5(6)

-179.1(3)

-2.1(5)
179.1(3)
177.5(3)
-1.3(5)
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Symmetry transformations used to generate equivalent atoms:

Table S7. Hydrogen bonds for final-LWB-CJH-111-193-20181231 [Aand 9.

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

7. References

(1) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J.
Organometallics 1996, 15, 1518.

(2) Zhou, F.; Cheng, G.; Yang, W.; Long, Y.; Zhang, S.; Wu, Y.-D.; Zhang, X.; Cai, Q.
Angew. Chem. Int. Ed. 2014, 53, 9555.

(3) Zhang, M.; Zhu, L.; Ma, X. Tetrahedron: Asymmetry 2003, 14, 3447.

(4) Rosales, A.; Rodr fuez-Garc &, |.; Lépez-Sanchez, C.; Alvarez-Corral, M.; Mufoz-
Dorado, M. Tetrahedron 2011, 67, 3071.

(5) Pletnev, A. A.; Larock, R. C. Tetrahedron Lett. 2002, 43, 2133.

(6) Thompson, H. W.; Wong, J. K.; Lalancette, R. A.; Boyko, J. A.; Robertiello, A. M.
J. Org. Chem. 1985, 50, 2115.

(7) Jiang, D.; Fu, H.; Jiang, Y.; Zhao, Y. J. Org. Chem. 2007, 72, 672.

SI-44


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hugh+W.++Thompson
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jesse+K.++Wong
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Roger+A.++Lalancette
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jean+A.++Boyko
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Anthony+M.++Robertiello
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Anthony+M.++Robertiello

8. HPLC Spectra

Br

LU

2a

DADT D, Sig=2304 Ref=360,100 (E\DATAILZ..-2 2019-07-01 21-03-151014-23-CJF-TI-193RAC00D-H-85-40-08 D)
mAU "]
80 I 3
L]
40 ‘ \
5 1
20 | Vo
] | v
04 M SN . Y A W
0 5 10 15 20 2 30 35 min
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 28.447 BV R 0.4752 2505.36499 61.89812 50.2204
2 30.728 BB 0.5049 2483.37842 58.31043 49.7796

DAD1T D, Sig=230,4 Ref=360,700 (E:\DATAI\CJ...18-12-05 16-46-241006-46-CJH-IV-CHONGJIEJING-OD-H-98-40-08.
mAU ]

-
] 2
100 >
] o~
0 |
] i

60 '
40 Iﬂ
\

20

O; . J‘\,_m___k ~ i &f

‘ — -7 T[T T T[T
0 5 10 15 20 25 30 35 min

Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
it [min] [min] [mAU*s ] [mAU] %

1 29.794 VB R 0.5427 4132.90381 89.83648 100.0000

SI-45
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DADT D, Sig=2304 Ref=360.100 (E.\DATAICJ...-08 2018-11-06 21-42-59\003-75-CJH-IV-046RAC-OD-H-98-40-08.D
mAU ]
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0 5 10 15 20 25 min

Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.651 MF 0.3443 8814.22656 426.70306 50.1144
2 13.781 FM ©.3892 8773.98438 375.73248 49.8856

DAD1 D, Sig=2304 Réf=’360,100 (E:‘\D.'ATA\CJ...LD-DB 2018-11-07 21-42-05\003-94-CJH-IV-050-0D-H-98-40-08.D)
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Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 12.687 MF 0.3491 1.56087e4 745.20703 96.3915
2 13.948 MM ©0.3611 584.32391 26.97273 3.6085

SI-46
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DAD1 D, Sig=230,4 Ref=360,100 (E:\DATA\CJ...08 2018-10-05 21-19-191004-95-CJH-llI-145rac-OD-H-98-40-08.D)
mAU ]
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0 5 10 15 20 25 min|
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Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.930 BB ©.3711 1.18735e4  485.84998 49.9737
2 16.550 BB 0.4303 1.18860e4  421.08621 50.0263

DAD1 D, Sig=230.4 Ref=360,100 (E\DATAZX...99-30 2018-10-19 17-23-591013-85-CJFHIII-195-OD-H-98-40-08.D)
mAU ]
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o 5 40 45 0 %5 min

== 15.424

Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.424 BB 0.3961 4707.90674 176.83627 95.8767
2 17.309 BB 0.3368 202.46939 7.07620 4.1233

SI-47
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DADT D, Sig=230,4 Ref=360,100 (E\DATAICJ...10 2018-10-14 08-20-19\002-84-CJH-III-17 Trac-OD-H-95-50-10.D)
mAU ]
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—=24.839

T 32722

0 10 20 30 40 min

Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 24.839 BB 0.6464 1.82581e4 379.76965 560.8594
2 32.722 BB 0.7309 1.76411led4  284.31290 49.1406

DAD1 D, Sig=230,4 Ref=360,100 (E:\\DATA\CJ...-50-10 2018-10-28 08-32-101002-83-CJH-IV-015-OD-H-95-50-10.D)
mAU
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R T T Y
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
it [min] [min] [mAU*s ] [mAU ] %

1 26.209 BB 0.5091 156.21394 3.59362 3.2755
2 34.531 BB 0.7513 4612.92285 71.91848 96.7245

SI-48
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DAD1 C, Sig=210,4 Ref=360,100 (E\DATAIHX...X-S 2019-01-03 19-28-07\014-71-CJH-IV-044RAC-0D-H-85-50-10.0)
mAU ]
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0 10 20 30 40 min|
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=

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 24.653 FM 0.9020 1.80465e4 333.44717 560.8596
2 29.440 BV R 0.7703 1.74365e4  264.94928 49.1404

DAD1 C, Sig=210.4 Ref=360,100 (E: DATAHX...PYOX-S 2019-01-03 19-28-07\015-72-CJH-IV-051-OD-H-85-50-10.0)
mAU
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3

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 23.672 W R 0.5150 4.04758e4  920.14075 96.0122
2 29.299 BV R 0.7241 1681.142709 27.14176 3.9878

SI-49
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DAD1 A, Sig=254,4 Ref=360,100 (E:\\DATA\CJ...10 2018-10-30 14-23-26\022-74-CJH-III-154RAC-AD-H-80-45-10.D)
mAU
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0 é N v \I . o
0o 5 "1 45 " 25 "m0 35 md
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 19.339 BB ©0.3956 1422.06177 44 .88311 50.2597
2 27.471 BB ©.5373 1407.36694 30.78729 49.7403

DAD1 A, Sig=254.4 Re.f=.360‘100 (E:\DATA\CJ...-_45-10 2018-11-03 08-55-08\002-74-CJH-IV-032-AD-H-80-45-10.D)
mAU ]
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0 %_ e i \ D “&3
N N T T T T
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 19.790 MM ©.5381 1295.01489 40.11051 97.1513
2 27.904 MM 0.6824 37.97328 9.27470e-1 2.8487

SI-50
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DAD1 C, Sig=2104 Ref=360,100 (E\DATA\CJ...08 2018-11-04 10-06-40\002-74-CJH-I1I-163RAC-OD-H-80-50-08 D)
mAU ]
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o - NN
0 5 10 5 2 5 " 35 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 27.524 BB 0.6274 1.82512e4 343.51266 50.6269
2 29.815 MM 0.9709 1.77991e4 305.53152 49.3731

DADT C, Sig=2104 Ref=360,100 (E:DATA\CJ...-50-08 2018-11-04 10-06-401003-75-CJH-IV-030-0D-H-80-50-08.D)
mAU ]
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R R N N R 35 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %

1 27.503 MM 0.8261 905.36798  18.26679 3.3437
2 29.589 W R 0.6924 2.61712e4  442.89890 96.6563

SI-51



DAD1 C. Sig=2104 Ref=360,100 (E\DATAICJ...08 2016-10-12 08-20-121008-71-CJF-I-169rac-AD-H-99-50-08.D)
mAU ]
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.794 BV R 0.2611 4063.83643 238.78380 49.8449
2 16.502 BB 0.3116 4089.13184 190.78288 50.1551

DAD1 C, Sig=210,4 Réf=:3>60.100 (E:\D;—ATA\CJ...gS-AOJO 2018-11-05 10-24-19\005-84-CJH-IV-012-AD-95-40-10.D)

mAU ]
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LE T j \ . ]
0 5 10 15 20 25 i

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
it [min] [min] [mAU*s ] [mAU] %

1 12.843 BV R 0.2538 5436.16309 328.03860 94.5575
2 16.600 W R 0.2530 312.89453 14.63068 5.4425

SI-52
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DAD1 D, Sig=230.4 Ref=360,100 (E:DATAICJ...08 2018-10-10 19-41-17\003-7 2-CJH-I-164rac-OD-H-0840-08.D)
mAU 1
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A T T T A
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 24.542 BB 0.4810 2520.66431 63.03296 49.9955
2 29.215 BB 0.5547 2521.11401 53.31413 50.0045

DAD1 D, Sig=230,4 Ref=360,100 (E:\DATA\CJ...-50-10 2018-10-28 08-32-10\004-84-CJH-I\/-016-0D-H-98-40-08.D)
mAU "]
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0 é 1‘0 1‘5 2‘0 - I2‘5 - 3‘0 3|5 min|
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 25.260 BB 0.4701 1492.86853 37.49070 96.0964
2 30.115 MM 0.6897 60.64307 1.46553 3.9036

SI-53



. C
. F
2
DAD1 C, Sig=210,4 Ref=360,100 (E:\DATA\HX...85-40-10 2018-11-20 20-33-39\009-84-CJH-IV-074RAC-98-40-08.D)
mAU ]
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e BEREE R R e R |=-me e |
1 21.248 BV R 0.4625 8766.85156 229.58368 49.2469
2 25.080 VB R ©0.5684 9034.98535 186.42229 50.7531
DAD1 C, Sig=210.4 Ref=360,100 (E:\DATA\HX...-85-40-10 2018-11-20 20-33-39\008-72-CJH-I\V-073-1-98-50-08.D)
mAU
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0 é 1‘0 1‘5 2‘0 2‘5 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 21.205 VB R 0.4933 1.52738e4 396.15964 92.4596
2 25.028 VW R 0.6229 1245.62842 22.82317 7.5404

SI-54
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.021 BB ©.2180 5278.39453 375.59854 50.3073
2 14.040 BB ©.2751 5213.98332 293.68454 49.6927

DAD1 C, Sig=210,4 Ref=360,100 (£ DATACJ...08-50-08 2018-10-26 17-50-02\002-74-CJH-IV-013-1A-08-50-08.D)
mAU %
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0 5 10 15 20 25 min

Signal 1: DAD1 C, Sig=21@,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.499 BB ©.2217 8318.18359 578.53772 93.8129
2 14.712 BB 0.2875 548.59332 29.15323 6.1871

SI-55
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DADT C, Sig=2104 Ref=360,100 (E\DATACJ...08 2018-10-31 22-30-311002-92-CJH-TII-153RAC-OD-H-98-40-08.D)
mAU
1200—2 .
1000—; % §
800 n @
] N N
600 i A
400 | \\ " \
200 [ [
0 N o R S N S
o 5 10 15 20 25 a3 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 28.973 BB 0.5988 4.07945e4  798.87018 50.1599
2 35.407 BB 0.6715 4.05344e4  710.60358 49.8401

DAD1 C, Sig=210,4 Ref=360,100 (E:\DATA\CJ...E}-DB 2018-10-31 22-38-31\004-94-CJH-IV-025RE-OD-H-98-40-08.D)
mAU
1200—2
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0 5 10 15 20 25 30 35 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %

1 27.923 W R 0.5845 3.77766e4  757.31757 96.0384
2 34.348 FM 0.8360 1558.30396 31.06813 3.9616

SI-56
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DAD1 D, Sig=230,4 Ref=360,100 (E\DATAICJ....0 2019-07-03 09-36-39022-51-CJR-V-076RAC-OD-H-08-50-1.0.0)
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Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 25.219 BB 0.5635 6556.86230 137.09868 50.2751
2 31.029 VW R 0.6906 6485.10986 110.02696 49.7249

DAD1 D, Sig=2304 Réf=’360.10D (E:\DATA\CJ...E—LD 2019-07-03 09-36-39\024-52-CJH-I\V-082-0D-H-98-50-1.0.D)
mAU
400%
300 %
2004 i
1 I
100 ’\ &
1 Jo S
04 —— . I _ — / ‘\ - 1 P _
o 5 " q0 45 T s 30 i
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 25.086 BB ©.5727 1.18806e4 244 .59166 93.6054
2 30.232 BB 0.4867 811.61761 19.57659 6.3946

SI-57



DAD1 D, Sig=2304 Ref=360,100 (E:\DATA\CJ...-08 2018-11-07 13-38-52\002-67-CJH-IV-045RAC-0OD-H-98-40-08.D
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Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 17.923 BB 0.3771 1606.47290 50.43697 50.1062
2 21.121 BB 0.4372 1599.66418 43.03411 49.8938

DADT D, Sig=2304 Ref=360,100 (E\DATACJ...-40-08 2018-11-07 21-42-05\002-93-CJH-IV-049-0D-H-88-40-08 D)

mAU ]
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Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 17.647 BB 0.4746 1.96936e4  633.63104 94.4539
2 20.752 BB 0.4076 1156.35608 33.38855 5.5461

SI-58
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DADT C, Sig=210.4 Ref=360,100 (E\DATAHX...85-40-10 2018-11-20 20-33-391007-83-CJH-IV-07 3RAC-98-50-08.D)
mAU 3
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 31.050 BB ©.5988 5834.36572 114.05448 50.4103
2 38.163 BV R ©.7076 5739.38818  95.22977 49.5897

DADT C, Sig=2104 Ref=360,100 (E\DATAVFHX. -85-40-10 2018-11-20 20-33-30\010-73-CJH-V-074-1-98-40-08.0)
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1 T T T T ‘ T T T T I T T T T ‘ T T T T ‘ T T T T I T T T T ‘ T T T ‘ T T T T
0 5 10 15 20 25 30 35 min

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 30.061 VW R 0.5969 1.25893e4  247.51926 95.4414
2 37.092 MM 1.1637 601.30414 8.61159  4.5586

SI-59
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DAD1 A, Sig=254,4 Ref=360,100 (E:\DATA\CJ...-08 2018-11-01 08-22-50\008-97-CJH-IV-029RAC-AD-H-75-45-10.D)
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0 1b £0 % I ‘ ‘ JD min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 32.646 BB 0.6871 2203.56030 37.49875 50.5040
2 36.114 BB 0.7126 2159.58154  35.55840 49.4960

DAD1 A, Sig=254.4 Réf=é60,100 (E:\D.&TA\CJ...-ZS-W 2018-11-05 15-24-51\003-85-CJH-IVV-039-AD-H-75-45-10.D)
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o 0w T m T s min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 32.896 BB 0.6994 7892.41553 132.31940 91.0354
2 36.782 BB ©.7039 777.19818 12.94549 8.9646

SI-60
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DAD1 C, Sig=210.4 Ref=360,100 (E:\DATAWE.. -2 2018-10-18 10-11-19.020-83-CJF-III-146RAC-OD-H-08-40-08.0)
mAU 3 %
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.361 MM 9.1715 1.37185e4 1333.11230 49.4622
2 7.096 BB ©.1795 1.40168e4 1220.68896 50.5378

DAD1 C, Sig=210,4 Ref=360,100 (E\DATA\We...-WQ-2 2018-10-18 10-11-19\021-84-CJH-I1I-186-0D-H-98-40-08.D)
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] 7%

1 6.326 BV R ©.1638 8991.31055 857.88379 98.0067
2 7.003 VB E ©.1381 182.86629 17.26524 1.9933

SI-61



Br
Me CN

|
(o)
2r Me Me

DAD1 C, Sig=210.4 Ref=off (E:\DATA\CJ...100-30-06 2018-11-12 21-33-41\007-82-CJH-IVV-20RAC-IE-100-30-06.D)
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Signal 3: DAD1 C, Sig=210,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %

1 8.573 BV R 0.2605 8260.24316 476.81668 51.3268
2 10.923 BB ©0.3416 7833.17725 323.37949 48.6732

DADT C, Sig=2104 Ref=off (E\DATAICJ...IV-048-1E-99-25 2018-11-13 14-25-421003-82-CJH-IV-053-E-99-25.0)
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—

Signal 1: DAD1 C, Sig=210,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.934 VB R 0.2483 288.90204  13.93683 2.1689
2 11.426 BB 0.3862 1.30315e4  484.61432 97.8311

SI-62
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DAD1 C, Sig=210,4 Réf=é)ff (E:\DATA\éJ...1DO—36—06 2018-11-12 21-33-41\006-81-CJH-IV-21RAC-IE-100-30-06.D)
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0‘ B IZ!SI - é - I7‘.5‘ B I1bl - I12‘.5‘ B I1|5I B ‘1?".5I ‘ Irl‘nin
Signal 1: DAD1 C, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.892 MM 0.2928 6768.25635 385.23260 51.8051
2 13.325 BB 0.4256 6296.57813 210.75525 48.1949

DAD1 C, Sig=2104 Ref=off (E:\DATACJ..1V-048-IE-69-25 2016-11-13 14-25-421002-81-CJH-IV-045-1E-96-25.D)

mAU 7

700

600

500 S

400 Y

300 N\

200 o -\

100 S | \

0o ‘Tiffflﬁ.‘*.77—74"l.‘fﬁ e
0 25 5 75 10 12.5 15 17.5 min|

Signal 1: DAD1 C, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 10.093 VB 0.2416 713.75164 35.79435 5.1965
2 14.321 BB ©.5163 1.30216e4 339.24542 94.8035
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DAD1 C, Sig=210,4 Ref=360,100 (E:\DATA\CJ...40-08 2018-11-01 08-22-501021-98-CJH-I\V-022RAC-IB-85-40-08.D)
mAU A
2500—; % aﬁéﬁ& . @(Lér}
2000 — ‘ﬁ’?” N
1500 “ ”1
1000 —f | }\
] 2 A
| i
EE—
0 é 1‘0 1‘5 2|O 2|5 3‘0 3‘5 min|
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 26.350 W R 0.3944 2.61879%¢e4 782.54498 50.0575
2 34.971 MM ©.7310 2.61278e4 595.72760 49.9425

DADTC, Sig=2104 Ref=360,100 (E\DATAICJ _.85-40-10 2018-11-05 10-24-191002-83-CJF-IV-040-16-85-40-10 D)
mAU ]
1750
1500 @
1250 <
1000 -] i
7504 1
500 2 l‘ 1
2504 o I\
of—- — e N : MTERN .
o 5 4o 45 " 25 3 3  md
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
1 [min] [min] [mAU*s ] [mAU] %

1 21.769 W R 0.2981 1252.48718 50.19895 3.5096
2 26.699 W R 0.3954 3.44354e4 1023.72504 96.4904
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DAD1 C, Sig=210,4 Ref=360,100 (E:\DATA\CJ...08 2018-10-16 16-59-54\004-88-CJH-III-184RAC-OD-H-98-40-08.D)
mAU ]
1000
800 § 2
600 (\? ©
] i
I
200 ‘l ” ‘|
O—f _ N .__,qu \{_IL| - — — — R
U‘I‘IZ‘.EIIII'.[') “‘7‘.5‘I‘I1‘0I‘II12|.5II 1‘5‘ 1%.5 r%in
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e [ <omm oo R |-mmm e [--mmee e |
1 6.027 BV ©.1659 6898.58887 644.45837 51.1686
2 6.470 W R 0.1685 6583.48584 602.61206 48.8314
DAD1 C, Sig=210.4 Ref=360,100 (E:\\DATA\CJ...-40-08 2018-10-22 14-49-55\004-94-CJH-IV-003-0D-H-88-40-08.D)
mAU ]
1000 |
sooi g
600 T
400 J'
200 l\ 2
O{ _ - )r\_;,,&u_ly&r S — R _—
0 - ‘ 2!5 - é - 7‘.5 1b I 12‘.5 1l5 I 1%.5 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU ] %
e B R R [-mmm e [--mme e |- mmeee- |
1 5.945 BV R ©0.1551 6114.93262 611.65015 95.4160
2 6.368 VB E ©.1797 293.77243 21.46667 4.5840
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DAD1 C, Sig=210.4 Ref=360,100 (E\DATAWL _.RAC 2018-10-23 22-21-561011-65-CJH-IV-005RAC-OD-H-99-50-06
mAU
500
400 .
300—2 g 8
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1oo—§ | ‘1 ;/ '\1
0__ — ‘“_J\H\_ J ‘\L'i / E ]
0 2‘5 é 7|5 1|0 Y I12|.5 1‘5 17.5 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 16.545 BV R 0.3078 5170.54541 255.81021 50.6637
2 13.788 BV R ©0.3533 5035.06641 212.21077 49.3363

DAD1 C, Sig=210.4 Ref=360,100 (E:\DATA\CJ...-50-05 2018-10-29 17-24-03\009-86-CJH-IV-023-0D-H-99-50-05.D)
mAU ]
800
eoo—f 8
400% E’
200—2 ’J I\. 3
0_ S i ‘\ ~
0 25 5 75 o 435 45 475 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.720 BB ©.2723 7517.21729 418.97485 85.0393
2 14.144 BB 0.2845 1322.48022 59.91381 14.9607
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DAD1T C, Sig=2104 Ref=360,100 (E:\DATA\WL..._RAC 2018-10-23 22-21-56\012-66-CJH-1V-006RAC-OD-H-99-50-06 |
mAU 1
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100

50 ‘

; A

O;________ —— JJ\“_ .___ﬁ_lL\l\‘_rtA'________m - S — e —
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0 5 10 15 20 25 min|

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.358 BB 0.3011 2626.99951 131.18231 50.7745
2 14.139 BB 0.3137 2546.86108 116.64512 49.2255

DAD1 C, Sig=210,4 Ref=360,100 (E:\DATA\CJ...0-05 2018-10-29 17-24-03\008-85-CJH-IVV-014RE-OD-H-99-50-05.D)

mAU
500

12.491

400

—

300

200 Jl [

100

oM JAWiN. =
T T T T T T T T T T T T T T T T T T T T T T I T T T T
0 5 10 15 20 25 min

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.491 BV 0.2905 7256.71631 379.65186 72.6877
2 14.502 W R 0.3262 2726.70703 121.07794 27.3123
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DAD1 D, Sig=230.4 Ref=360,100 (E\DATAFX...-S 2019-01-03 19-26-071026-73-CJF-IV-075RAC-OD-H-100-40-06.D
mAU ]
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40 v
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0 e z\xf/\\
o a5 5 'ds " do  Tazs T ds 475 min
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.748 BB 0.5792 808.96619 16.38097 49.8504
2 17.346 MM 1.0651 813.82214 12.73428 50.1496

DAD1 D, Sig=230,4 Réf=é>60.100 (E:\D;ATA\WE..‘.-OJ-H 2018-11-23 16-27-27\024-41-CJH-IV-081-OD-H-100-40-06.D
mAU ] ©
] >
25 3 Ao
20 N
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] [ 8
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e T T T
0 25 5 7.5 10 12.5 15 17.5 min)|

Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area
# [min] [min] [mAU*s ] [mAU] %

1 14.846 BB 0.5808 1216.98535 24.59347 66.2956
2 17.361 BB 0.7008 618.70880 10.33659 33.7044
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DAD1 C, Sig=210,4 Ref=360,100 (E:\DATA\ZX...25 2018-10-20 16-49-12\016-73-CJH-IlI-191RAC-OD-H-98-40-08.D)
mAU
175
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L S e L e B e N A s S LA e B e T B e e R
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e DR R R R R |<-mm e |
1 18.842 VW R ©0.3726 1929.67480 60.98587 49.3603
2 23.578 BV R ©0.4554 1979.68774 51.16568 50.6397

DAD1T C, Sig=210,4 Ref=360,100 (E:\D._ATA\CJ...;lO-DB 2018-10-22 14-49-55\002-92-CJH-IV-001-0D-H-98-40-08.D)

mAU ]

1 2
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %

1 20.415 BV R 0.4505 1.12364e4 346.33963 77.8241
2 25.414 BV R ©.4526 3201.78516 83.51737 22.1759
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DAD1 C, Sig=210.4 Ref=360,100 (E:\DATAHX...X-S 2019-01-03 19-28-07022-87-CJH-1V-027RAC-AD-H-98-50-06.D

mAU?
800
600 @ g
400 A
] AR
200 | \ : \
4 | \
04 I |JI7\IJ’I \‘
0 5 10 15 20 25 30 35 mn
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 34.123 BV

0.6613 2.76301e4
2 36.479 W R ©.7287 2.76318e4

489.33566 49.998
445.72546 560.001

5
5

mAU
800
eooé
400%

200

DAD1 C, Sig=210,4 Ref=360,100 (E:\DATAHX...PYOX-S 2019-01-03 19-28-07\023-88-CJH-IV-031-AD-H-98-50-06.D

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width

# [min]

Area
[mAU*s ]

1 32.935 W R 0.6284 2.28340e4
2 35.058 VW R 0.6781 2.22548e4

Height Area
[mAU] %
425.97015 50.6422

384.59079 49.3578
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DADT C, Sig=210,4 Ref=360,100 (E\DATAHX_. X-5 2019-01-03 19-28-07\018-86-CJH-IV-078RAC-AD-H-95-40-10.D
mAU 3
700
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500 ®
400~ ﬂ 2
300 | ©
200 | |
1004 |\ /K
0——\ N NN N B N g ‘
0 5 10 15 20 25 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
it [min] [min] [mAU*s ] [mAU] %

1 11.816 BB 0.2482 7525.24561 456.69141 48.9819
2 18.863 BV R 0©.3742 7838.07373 281.19565 51.0181

DADT D, Sig=2304 Ref=360,100 (E\DATAICJ...0-1.0 201-07-03 09-36-391013-56-CJF-V-083-AD-H-95-40-1.0.0)
mAU 1
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80 5 F
60 e 1
ﬂ i
20 [ |
0{7774\_, — — T ﬁgtL\li/f\ 1 / \ . S
0 é 1IO ‘ I 1‘5 2‘0 min
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.867 BB 0.2356 739.92480 46.13602 24.6601
2 18.762 BB 0.3691 2260.56860 81.87918 75.3399
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DAD1 D, Sig=230.4 Ref=360,100 (E:\DATA\CJ...08 2018-10-05 21-19-191003-94-CJH-IlI-144rac-OD-H-98-40-08.D)
mAU ]
4004
3005 % g
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0 f — \Jf : |}I \
T R R S ST S S S
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 28.532 BB 0.6484 1.05900e4 230.32979 50.4689
2 31.906 BB 0.6384 1.03932e4 205.21739 49.5311

DAD1 D, Sig=230,4 Ref=360,100 (E:\DATA\ZX...99-30 2018-10-19 17-23-59\012-84-CJH-I1I-194-OD-H-98-40-08.D)
mAU
175
150
125 o
100 g
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50 & I
A \
25 A [\
0 J &h J\ .
R N T N A T
Signal 1: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 29.922 BB 0.5751 2040.25061  41.64272 33.2975
2 33.418 BB 0.6429 40687.09033 74.86975 66.7025
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DADT C, Sig=210,4 Ref=360,100 (E:\DATAWE...-30 2018-12-18 11-08-281006-31-CJH-IV-124RAC-OD-H-88-40-08.]
mAU ]
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0 5 10 15 20 25 30 35 min

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %

1 23.690 BV 0.6297 1.42155e4  264.84085 50.1191
2 26.541 W 0.6988 1.41480e4  238.58246 49.8809

DAD1 C, Sig=210.4 Ref=360,100 (E\DATAHX... 2018-12-21 11-36-47\017-43-CJH-IV-128chiral-OD-H-98-40-08.D)
mAU |
800 2
1 N
600 - 8
] f
1 \
400 a
d ‘ \
1 \
200 \ %
] [ 2
b ©
0;% I\ 1 JI \‘ } /NL_ — —
—— 7 ——
0 5 10 15 20 25 30 35 min

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 23.208 W R 0.6162 2.97266e4 565.61401 94.9119
2 26.981 W R 0.7243 1593.58862 25.79261 5.0881
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.254 VW R ©.2725 9948.72461 521.55719 49.8739
2 17.483 BV R ©.3191 9999.04688 421.81076 56.1261

DAD1 D, Sig=230,4 Réf=§60,100 (E:\DATA\HX...I-:’YOX-S 2019-01-03 19-28-07\019-74-CJH-IV-109-AD-H-95-40-10.D
mAU ]
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0 5 10 15 20 25 min

Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [ MAU*s ] [mAU ] %

1 13.429 BB 0.2485 862.29901 50.55514 95.6965
2 16.176 BB 0.2061 38.77809 2.21129  4.3035

SI-74



DAD1 C, Sig=210.4 Ref=360,100 (E\DATA\WE...-10 2018-12-22 17-20-03\013-62-CJH-IV-130RAC-OD-H-98-40-08.00
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 13.090 W R 0.2348 1101.18616 56.03879 48.3481
2 14.479 BV R 0.2783 1176.43445 52.12740 51.6519

DAD1C, Sig=2104 Ref=360,100 (E:\DATA\CJ...-201 8-12-26 23-00-33\002-82-CJH-IV-137chiral-OD-H-98-40-08.D)

mAU
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Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.256 MM 0.3439 352.68781 17.09459  4.6427
2 15.715 BB ©0.3653 7243.94775 286.18307 95.3573
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DAD1 D, Sig=230,4 Ref=360,100 (E:\DATA\CJ... 2018-12-10 18-51-04\002-31-CJH-IVV-xiananRAC-AD-H-80-45-08.D)
mAU
175
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0 — - Y, \ : s
T o . o o o
0 25 5 7.5 10 125 15 17.5 min|

= —8903
T —=10.969

Signal 1: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.903 VB 9.2187 1135.69897 79.23907 50.0432
2 10.969 BV R 0.2387 1133.73755 66.40035 49.9568

DADT D, Sig=2304 Ref=360,100 (C:CHEME2\...J-H-08 2018-12-11 16-03-581007-36-CIFHV-T10-AD-H-80-45-08 D)
mAU
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o] _ I

0 25 5 75 10 125 15 17.5 min|

10.534

Signal 1: DAD1 D, Sig=230,4 Ref=360,1600

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.684 BB 0.2063 6334.54980 464.06497 94.8857
2 10.534 VB R 0.1945 341.43204  21.24365 5.1143
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DADT A, Sig=254.4 Ref=360.100 (E:\DATACJ..-10 2018-12-12 11-25-141002-37-CJH-IV-T03RAC-AD-H-95-40-10.0)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.415 BB 0.2016 377.59802 23.66862 49,1943
2 13.808 BB 0.2361 389.96609 21.00255 50.8057

DADT A, Sig=254 4 Ref=360,100 (E:DATAZD.. -08 2018-12-20 20-46-42\008-81-CJH-IV-128RAC-AD-H-95-40-10.0)
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L ) S R
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.899 BB 0.1703 24.26913 1.69741 4.8014
2 13.221 BB 0.2160 481.18890 29.08466 95.1986
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9. NMR Spectra
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