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General Information

Nuclear magnetic resonances were recorded on Bruker-400 MHz instruments. Reference values
for residual solvents were taken as § = 7.26 ppm (CDCls), 2.50 ppm (DMSO-dg) for 1 H NMR; § =
77.00 ppm (CDClg), & = 40.00 ppm (DMSO-dg) for *C NMR. High resolution mass spectral
analysis (HRMS) was performed on Waters XEVO G2 Q-TOF (Waters Corporation). All
reactions were performed under an inert atmosphere of dry nitrogen in flame-dried glassware,
unless otherwise stated. Tetrahydrofuran and t-butylmethyl ether were distilled over sodium in the
presence of benzophenone under an atmosphere of nitrogen. Toluene, dichloromethane,
1,2-dichloroethane, N,N-dimethylformamide and triethylamine was distilled over calcium hydride
under an atmosphere of nitrogen.

Ligand screened for catalytically asymmetric transformation for this rearrangement
However, no any enantioselectivity has been observed yet.
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The reaction was conducted with 1a (0.10 mmol), diazo compound (0.20 mmol), and Cu(MeCN)4PFe
(0.005 mmol, 5 mol%), ligand (0.005 mmol, 5 mol%), toluene at 50 °C. [b] 10 mol% of ligand was used.
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Typical Procedure for S1 (Typical Procedure A)

Br O
Br NHz 1) (cocl), DMF, DCM, r.t
\©/COOH N 2) TEA, DMAP,DCM, r.t N

To a solution of 2-bromo-3-methylbenzoic acid (2.15 g, 10.0 mmol, 1.0 equiv) and DMF (2
drops) in DCM (50 mL) was added oxalyl chloride (1.30 mL, 15.0 mmol, 1.50 equiv) dropwise. It
was stirred at room temperature for 1 h and concentrated under reduced pressure.

To a solution of the above acid chloride in DCM (20 mL) was added DMAP (61.1 mg, 0.50
mmol, 5 mol%), TEA (4.2 mL, 30.0 mmol, 3.0 equiv) and 3,5-dimethylaniline (1.50 mL, 12.0
mmol, 1.2 equiv) at 0 °C. The reaction mixture was stirred at rt for 10 h. Water was added, and the
mixture was extracted with DCM (30 mL x 2). The combined organic phase was washed with
aqueous hydrochloric acid (1 M, 50 mL x 2), saturated aqueous NaHCO3 (30 mL) and brine (30
mL) and dried over Na;SO,4. After filtration the solvent was removed by evaporation, and the
resulting mixture was purified by column chromatography on silica gel (hexanes/ethyl acetate =
10 :1) to afford the desired product S1 (3.07 g, 96%) as a white solid. *H NMR (400 MHz,
DMSO-de) § 10.29 (s, 1 H), 7.45 (d, J = 6.4 Hz, 1 H), 7.37 (t, J = 7.4 Hz, 1 H), 7.33 (s, 2 H), 7.29
(dd, J = 7.2, 1.2 Hz, 1 H), 6.74 (s, 1 H), 2.41 (s, 3 H), 2.25 (s, 6 H). *C NMR (100 MHz,
DMSO-ds) & 166.7, 140.7, 139.4, 138.7, 138.2, 131.9, 128.0, 126.5, 125.7, 121.7, 117.8, 23.4,
21.6. HRMS (ESI) calcd for C16H17BrNO [M+H]* 318.0494, found 318.0493.

Compound S2 was prepared following the Typical Procedure A

Br NH, 1) (COCI), DMF, DCM, r.t Br O /@\
COOH . \Q/ 2) TEA, DMAP,DCM, r.t ' i /U\”
S2

The reaction of 1-bromo-2-naphthoic acid (2.51 g, 10 mmol), oxalyl chloride (1.30 mL, 15.0
mmol, 1.5 equiv), DMAP (61.1 mg, 0.50 mmol, 5 mol%), TEA (4..2 mL, 30.0 mmol, 3.0 equiv)
and 3,5-dimethylaniline (1.5 mL, 12.0 mmol, 1.2 equiv) afforded S2 (3.30 g, 93%) as a white solid.
IH NMR (400 MHz, DMSO-ds) & 10.43 (s, 1 H), 8.29 (d, J = 8.4 Hz, 1 H), 8.09 (d, J = 8.4 Hz, 1
H), 8.08 (d, J = 8.0 Hz, 1 H), 7.78 (t, J = 7.4 Hz, 1 H), 7.70 (t, J = 7.4 Hz, 1 H), 7.59 (d, J = 8.4
Hz, 1 H), 7.38 (s, 2 H), 6.77 (s, 1 H), 2.27 (s, 6 H). 3C NMR (100 MHz, DMSO-dg) & 166.8,
139.4, 138.3, 134.4, 131.6, 129.1, 129.0, 128.8, 128.1, 127.3, 125.9, 125.6, 119.4, 117.9, 21.6.
HRMS (ESI) calcd for C1gH17BrNO [M+H]* 354.0494, found 354.0492.

Compound S3 was prepared following the Typical Procedure A

B
] COOH NHz 1) (COCI),, DMF, DCM, r.t Br O
. 2) TEA, DMAP,DCM, r.t "
H
i F

The reaction of 2-bromo-6-fluoro-3-methylbenzoic acid™ (2.73 g, 11.7 mmol), oxalyl chloride
(12.50 mL, 17.5 mmol, 1.5 equiv), DMAP (72.1 mg, 0.59 mmol, 5 mol%), TEA (4.9 ml, 35.1 mmol,
3.0 equiv) and 3,5-dimethylaniline (1.7 ml, 14.0 mmol, 1.2 equiv) afforded S3 (3.49 g, 88%) as a

S3



white solid. 1H NMR (400 MHz, CDCls) § 7.29 (s, 1 H), 7.28 — 7.23 (m, 3 H), 7.03 (t, J = 8.4 Hz,
1 H), 6.83 (s, 1 H), 2.41 (s, 3 H), 2.33 (s, 6 H). 13C NMR (100 MHz, CDCls) 5 161.8, 157.3 (d,
Jor = 248.2 Hz), 138.9, 137.1, 134.8 (d, Jor = 3.7 Hz), 132.0 (d, Jc.r = 8.0 Hz), 127.6 (d, Jcr =
21.4 Hz), 126.8, 122.4 (d, Jor = 4.5 Hz), 117.9, 114.7 (d, Jor = 21.1 Hz), 22.6, 21.3. 19F NMR
(376 MHz, CDCls) & -116.3. HRMS (ESI) calcd for CigHi16BrFNO [M+H]* 336.0399, found
336.0398.

Compound S4 was prepared following the Typical Procedure A

Br

NH, 1) (COCI),, DMF, DCM, r.t Br O
COOCH . 2) TEA, DMAP,DCM, r.t N
H

s

4

The reaction of 2-bromo-3,5-dimethylbenzoic acid? (2.30 g, 10.0 mmol), oxalyl chloride (1.30
mL, 15.0 mmol, 1.5 equiv), DMAP (61.1 mg, 0.50 mmol, 5 mol%), TEA (4.2 mL, 30.0 mmol, 3.0
equiv) and 3,5-dimethylaniline (1.50 mL, 12.0 mmol, 1.2 equiv) afforded S4 (2.87 g, 86%) as a
white solid. 1H NMR (400 MHz, DMSO-dg) § 10.24 (s, 1 H), 7.33 (s, 2 H), 7.11 (s, 1 H), 6.73 (s,
1 H), 2.36 (s, 3 H), 2.28 (s, 3 H), 2.24 (s, 6 H). 1*C NMR (100 MHz, DMSO-ds) & 166.7, 140.4,
139.4, 138.3, 138.1, 137.5, 132.5, 127.0, 125.7, 118.4, 117.8, 23.2, 21.6, 20.6. HRMS (ESI) calcd
for C17H1sBrNO [M+H]* 332.0650, found 332.0654.

Compound S5 was prepared following the Typical Procedure A
OMe

Br O

Br MeO NH, 1) (COCI),, DMF, DCM, r.t /@\
COOH | 2) TEA, DMAP,DCM, r.t N OMe
H
OMe

S5

The reaction of 2-bromo-3-methylbenzoic acid (2.15 g, 10.0 mmol), oxalyl chloride (1.30 mL,
15.0 mmol, 1.5 equiv), DMAP (61.1 mg, 0.50 mmol, 5 mol%), TEA (4.2 mL, 30.0 mmol, 3.0
equiv) and 3,5-dimethoxyaniline (1.84 g, 12.0 mmol, 1.2 equiv) afforded S5 (2.97 g, 85%) as a
white solid. 1H NMR (400 MHz, DMSO-dg) 6 10.39 (s, 1 H), 7.45 (d, J = 7.2 Hz, 1 H), 7.38 (t, J =
7.4 Hz, 1 H), 7.31 (d, J = 7.2 Hz, 1 H), 6.982 (s, 1 H), 6.977 (s, 1 H), 6.27 (s, 1 H), 3.72 (s, 6 H),
2.42 (s, 3 H). 3C NMR (100 MHz, CDCls3) & 166.5, 160.8, 139.4, 139.1, 138.7, 131.9, 127.1,
126.1, 121.4, 98.0, 96.9, 55.2, 23.4. HRMS (ESI) calcd for CisH17BrNO3 [M+H]* 350.0392,
found 350.0385.

Compound S6 was prepared following the Typical Procedure A

Br O

Br
NH, 1) (COCl),, DMF, DCM, r.t t@\
COOH \©/\ 2) TEA, DMAP,DCM, r.t N
+
N

S6

The reaction of 1-bromo-2-naphthoic acid (2.51 g, 10.0 mmol), oxalyl chloride (1.30 mL, 15.0
mmol, 1.5 equiv), DMAP (61.1 mg, 0.50 mmol, 5 mol%), TEA (4.2 mL, 30.0 mmol, 3.0 equiv)
and 2,5-dimethylaniline (1.5 mL, 12.0 mmol, 1.2 equiv) afforded S6 (2.79 g, 79%) as a white solid.
IH NMR (400 MHz, CDCl3) 6 8.38 (d, J = 8.4 Hz, 1 H), 8.00 — 7.81 (m, 3 H), 7.68 (t, J = 7.4 Hz,
1 H), 7.65-7.50 (m, 2 H), 7.49 (s, 1 H), 7.12 (d, J = 8.0 Hz, 1 H), 6.96 (d, J = 7.6 Hz, 1 H), 2.38
(s, 3 H), 2.31 (s, 3 H). 3C NMR (100 MHz, CDCls) 3 166.6, 136.7, 136.5, 135.1, 134.7, 131.9,
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130.4, 128.5, 128.3, 127.9, 127.8, 126.4, 126.1, 125.2, 123.5, 119.8, 21.2, 17.6. HRMS (ESI)
calcd for C19H17BrNO [M+H]* 354.0494, found 354.0485.

Compound S7 was prepared following the Typical Procedure A

Br Br O
COOH NH> 1) (cocCl),, DMF, DCM, r.t
+ ©/ 2) TEA, DMAP,DCM, r.t N

§7

The reaction of 2-bromo-3-methylbenzoic acid (2.15 g, 10.0 mmol), oxalyl chloride (1.30 mL,
15.0 mmol, 1.5 equiv), DMAP (61.1 mg, 0.50 mmol, 5 mol%), TEA (4.2 mL, 30.0 mmol, 3.0
equiv) and 3,5-dimethylaniline (1.10 mL, 12.0 mmol, 1.2 equiv) afforded S7 (2.40 g, 83%) as a
white solid. 'H NMR (400 MHz, CDCl3) 8 7.83 (s, 1 H), 7.61 (d, J=8.0 Hz, 2 H), 7.35 (1, J = 7.8
Hz,2H),7.29(d,J=7.6 Hz,2H), 723 (t, J=7.4Hz, 1 H), 7.15 (t, J=7.4 Hz, 1 H), 2.44 (5, 3 H).
13C NMR (100 MHz, CDCls) § 166.5, 139.2, 138.9, 137.6, 132.1, 129.0, 127.3, 126.3, 124.6,
121.6, 112.0, 23.5. HRMS (ESI) calcd for C14H13BrNO [M+H]* 290.0181, found 290.0185.

Typical Procedure for S8 (Typical Procedure B)

N
H

Br Q Br O
\©/K Mel, NaH, THF, 0°C to r.t \@)L
N

s1 S8

To a suspension of NaH (60% in mineral oil, 0.40 g, 10.0 mmol, 2.0 equiv) in dry THF (5.0 mL)
was added S1 (1.59 g, 5.0 mmol, 1.0 equiv) in dry THF (15.0 mL) dropwise at 0 °C. After stirring
for 30 min at 0 °C, Mel (0.75 mL, 12.0 mmol, 2.4 equiv) added dropwise and the reaction mixture
was allowed to warm to room temperature and stirred for additional 2 h. Water (1.0 mL) was
added at 0 °C, and the mixture was extracted with EtOAc (30 mL x 2). The combined organic
phase was washed with brine (30 mL) and dried over Na;SOa. After filtration the solvent was
removed by evaporation, and the resulting mixture was purified by column chromatography on
silica gel (hexanes/ethyl acetate = 10 :1) to afford the desired product S8 (1.58 g, 95%) as a white
solid. A mixture of rotamers were observed and the followings are selected peaks: *H NMR (400
MHz, CDCls) 6 7.02 — 6.99 (m, 1 H), 6.96 (t, J = 7.4 Hz, 1 H), 6.90 (d, J = 7.2 Hz, 1 H), 6.78 (s, 2
H), 6.72 (s, 1 H), 3.46 (s, 3 H), 2.31 (s, 3 H), 2.16 (s, 6 H). 3C NMR (100 MHz, CDCls) 5 169.3,
143.1, 139.2, 138.9, 138.4, 130.3, 128.7, 127.7, 126.3, 126.1, 124.4, 123.6, 122.0, 37.1, 23.2, 20.9.
HRMS (ESI) calcd for C17H1sBrNO [M+H]* 332.0650, found 332.0656.

Compound S9 was prepared following the Typical Procedure B

Br O Br O
Mel, NaH, THF, 0 °C to r.t
N N
H Me

s2 S9

The reaction of S2 (2.48 g, 7.0 mmol), NaH (60% in mineral oil, 0.467 g, 11.9 mmol, 1.7 equiv)
and CHal (0.90 mL, 11.9 mmol, 2.0 equiv) afforded S9 (2.50 g, 97%) as a white solid. A mixture
of rotamers were observed and the followings are selected peaks: *H NMR (400 MHz, DMSO-ds)
08.14(d,J=8.4Hz,1H),7.90 (d,J=8.0Hz,1H),7.83(d,J=8.4Hz,1H),7.64(t J=7.6 Hz,
1H),758(t J=74Hz 1H),7.45(d,J=8.4Hz, 1H),6.94 (s, 2H),6.68 (s, 1 H), 3.39 (s, 3H),
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2.04 (s, 6 H). 13C NMR (100 MHz, DMSO-ds) 5 168.3, 143.1, 138.4, 137.8, 133.7, 131.2, 129.2,
128.9, 128.8, 127.9, 127.86, 126.9, 126.1, 125.1, 124.6, 119.2, 37.2, 21.0. HRMS (ESI) calcd for
CaoH10BrNO [M+H]* 368.0650, found 368.0647.

Compound S10 was prepared following the Typical Procedure B

|
H Me

Br O Br O
Mel, NaH, THF, 0 °C tor.t
N N
F F

S3 $10

The reaction of S3 (3.32 g, 9.88 mmol), NaH (60% in mineral oil, 0.672 g, 16.8 mmol, 1.7
equiv) and CHsl (1.23 mL, 16.8 mmol, 2.0 equiv) afforded S10 (3.11 g, 90%) as a white solid. A
mixture of rotamers were observed and the followings are selected peaks: 'H NMR (400 MHz,
CDCl3) 7.00 (t, J = 7.4 Hz, 1 H), 6.89 (s, 2 H), 6.78 (s, 1 H), 6.74 (t, J = 8.4 Hz, 1 H), 3.45 (s, 3 H),
2.25 (s, 3 H), 2.18 (s, 6 H). 13C NMR (100 MHz, CDCls) & 164.6, 156.3 (d, Jc.r = 245.8 Hz),
142.4, 138.5, 134.0 (d, Jc-r = 3.5 Hz), 131.0 (d, Jo-r = 8.1 Hz), 129.5, 127.8 (d, Jc-r = 21.8 Hz),
123.7, 122.1 (d, Jcr = 5.2 Hz), 113.7 (d, Jcr = 21.3 Hz), 37.0, 22.4, 21.0. 1%F NMR (376 MHz,
CDCl3) 6 -114.6. HRMS (ESI) calcd for C17H1sBrFNO [M+H]* 350.0556, found 350.0555.

Compound S11 was prepared following the Typical Procedure B

Br O Br O
Mel, NaH, THF, 0 °C tor.t
N )
H Me
sS4

The reaction of S4 (1.92 g, 5.78 mmol), NaH (60% in mineral oil, 0.393 g, 9.826 mmol, 1.7
equiv) and CHzsl (0.72 mL, 11.56 mmol, 2.0 equiv) afforded S11 (1.65 g, 83%) as a white solid. A
mixture of rotamers were observed and the followings are selected peaks: 'H NMR (400 MHz,
DMSO-ds) & 7.04 (s, 1 H), 6.97 (s, 1 H), 6.91 (s, 1 H), 6.87 (s, 1 H), 6.76 (s, 1 H), 2.30 (s, 3 H),
2.19 (s, 3 H), 2.11 (s, 9 H). 3C NMR (100 MHz, DMSO-ds) & 168.4, 143.4, 143.0, 139.6, 138.6,
138.3, 137.6, 136.6, 131.6, 129.0, 127.6, 125.0, 124.0, 118.4, 37.1, 23.0, 21.1, 20.5. HRMS (ESI)
calcd for C1gH21BrNO [M+H]* 346.0807, found 346.0808.

Compound S12 was prepared following the Typical Procedure B

OMe OMe
Br O Br O
Mel, NaH, THF, 0 °C to r.t
H OMe l}l OMe
Me
S5 S12

The reaction of S5 (2.10 g, 6.0 mmol), NaH (60% in mineral oil, 0.408 g, 10.2 mmol, 1.7 equiv)
and CHal (0.75 mL, 12.0 mmol, 2.0 equiv) afforded S12 (2.16 g, 99%) as a white solid. A mixture
of rotamers were observed and the followings are selected peaks: *H NMR (400 MHz, CDCls) &
7.05 (d, J = 6.8 Hz, 1 H), 7.00 (t, J = 7.6 Hz, 1H), 6.90 (d, J = 7.6 Hz, 1 H), 6.34 (s, 1 H), 6.337 (5,
1 H), 6.20 (t, J = 2.2 Hz, 1 H), 3.65 (s, 6 H), 3.48 (s, 3 H), 2.33 (s, 3 H). $3C NMR (100 MHz,
CDCls) 6 169.1, 160.6, 145.0, 139.2, 138.5, 130.6, 126.6, 126.0, 122.2, 104.9, 99.4, 55.3, 37.0,
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23.2. HRMS (ESI) calcd for C17H19BrNO3 [M+H]* 364.0548, found 364.0548.

Compound S13 was prepared following the Typical Procedure B

Br O Br O
Mel, NaH, THF, 0 °C tor.t
N N
H Me
S6

S13

The reaction of S6 (2.30 g, 6.5 mmol), NaH (60% in mineral oil, 0.442 g, 11.05 mmol, 1.7
equiv), CHasl (0.81 mL, 13.0 mmol, 2.0 equiv) afforded S13 (2.21 g, 92%) as a white solid. A
mixture of rotamers were observed and the followings are selected peaks: *H NMR (400 MHz,
CDCl3) 6 8.25 (d, J = 8.4 Hz, 1 H), 7.67 (d, J = 5.2 Hz, 1 H), 7.59 — 7.54 (m, 2 H), 7.43 (td, J =
6.8, 0.8 Hz, 1 H), 7.23 (d, J = 7.6 Hz, 1 H), 7.10 (d, J = 7.6 Hz, 1 H), 6.95 (d, J = 7.6 Hz, 1 H),
6.79 (d, J=7.2 Hz, 1 H), 3.46 (s, 3 H), 2.36 (s, 3 H), 2.06 (s, 3 H). **C NMR (100 MHz, CDCl3) &
169.4, 141.3, 136.3, 133.9, 133.5, 131.7, 130.7, 128.9, 128.8, 128.2, 128.1, 127.9, 127.6, 127.3,
126.9, 123.7, 120.3, 36.4, 20.4, 17.5. HRMS (ESI) calcd for CyH19BrNO [M+H]* 368.0650,
found 368.0649.

Compound S14 was prepared following the Typical Procedure B

Br O Br O
Mel, NaH, THF, 0 °C to r.t
N )
H Me

S7 $14

The reaction of S7 (2.03 g, 7.0 mmol), NaH (60% in mineral oil, 0.476 g, 11.9 mmol, 1.7 equiv),
CHjsl (0.90 mL, 14.0 mmol, 2.0 equiv) afforded S14 (2.11 g, 99%) as a white solid. A mixture of
rotamers were observed and the followings are selected peaks: 'H NMR (400 MHz, CDCls) &
721-7.14 (m,4H),7.14-7.08(m,1H),7.02(dd,J=7.6,1.2Hz 1H),6.98 (t, J=7.6 Hz, 1 H),
6.90 (dd, J =7.6, 1.6 Hz, 1 H), 3.51 (s, 3 H), 2.30 (s, 3 H). 1*C NMR (100 MHz, CDCls3) 6 169.2,
143.2, 139.0, 138.5, 130.5, 128.9, 127.1, 126.7, 126.5, 126.2, 125.8, 124.8, 122.0, 37.1, 23.2.
HRMS (ESI) calcd for C15H1sBrNO [M+H]* 304.0337, found 304.0336.

Synthesis of Compound S15

L o ®
N” CF4COOH, anisole, rt NH
e o

S15

The solution of 5-(4-methoxybenzyl)-1,10-dimethylphenanthridin-6(5H)-onel®l (0.96 g, 2.8
mmol) in trifluoroacetic acid (20.0 mL) and anisole (2.0 mL) was stirred at rt for 3 h. The reaction
mixture was quenched slowly with the addition of saturated aqueous NaHCOs followed by
extraction with EtOAc (20 mL x 3). The combined organic phase was washed with brine (30 mL x
2) and dried over Na;SO4. After filtration the solvent was removed by evaporation, and the
resulting mixture was purified by column chromatography on silica gel (hexanes/ethyl acetate =
20 :1) to afford the desired product S15 (0.60 g, 96%) as a white solid. ‘H NMR (400 MHz,
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CDCl3) 68.90 (s, 1 H),832(d, J=7.6 Hz, 1 H), 761 (d, J=7.6 Hz, 1 H), 752 (t, J=76 Hz, 1
H),7.34 (t, J=7.6 Hz, 1 H),7.12 (d,J=7.2Hz, 1 H), 6.98 (d, J = 8.0 Hz, 1 H), 2.49 (s, 3 H), 2.45
(s, 3 H). 3C NMR (100 MHz, CDCls) & 163.4, 136.7, 136.4, 135.5, 134.84, 134.77, 128.2, 128.1,
126.9, 125.2, 125.0, 119.0, 112.9, 22.2, 22.1. HRMS (ESI) calcd for C1sH1aNO [M+H]* 224.1075,
found 224.1079.

Compound S16 was prepared following the Typical Procedure B

® (L, e
NH N

Mel, NaH, THF, 0 °C to r.t
J S

S$15 S16

The reaction of S15 (0.60 g, 2.69 mmol), NaH (60% in mineral oil, 0.183 g, 4.57 mmol, 1.7
equiv), CHsl (0.34 mL, 5.38 mmol, 2.0 equiv) afforded S16 (0.635 g, 99%) as a white solid. 'H
NMR (400 MHz, CDCl3) 'H NMR (400 MHz, CDCls3) 6 8.31 (dd, J = 7.6, 0.8 Hz, 1 H), 7.56 (d, J
=6.4Hz, 1H),749( J=7.6Hz, 1H), 741 (t, J=7.8 Hz, 1 H), 7.18 (d, J = 8.0 Hz, 1 H), 7.15
(d, J=7.6 Hz, 1 H), 3.67 (s, 3 H), 2.453 (s, 3 H), 2.447 (s, 3 H). 3C NMR (100 MHz, CDCls) &
162.3, 138.3, 136.4, 135.1, 134.0, 133.5, 128.5, 127.9, 126.9, 125.2, 124.8, 119.6, 110.8, 30.3,
22.0, 21.6. HRMS (ESI) calcd for C16H1sNO [M+H]* 238.1232, found 238.1234.

Compound S17 was prepared following the Typical Procedure B

Br Q Br O
Etl, NaH, THF, 0 °C to r.t
N N

N
S1 $17
The reaction of S1 (0.64 g, 2.0 mmol), NaH (60% in mineral oil, 0.134 g, 3.34 mmol, 1.7 equiv),
Etl (0.32 mL, 4.0 mmol, 2.0 equiv) at 50 °C afforded S17 (0.690 g, 99%) as a white solid. A
mixture of rotamers were observed and the followings are selected peaks: 'H NMR (400 MHz,
CDCl3) 7.01 - 6.96 (m, 2 H), 6.87 (d, J = 7.2 Hz, 1 H), 6.79 (s, 2 H), 6.73 (s, 1 H), 4.20 — 3.67 (m,
2 H), 2.31 (s, 3 H), 2.17 (s, 6 H), 1.25 (t, J = 7.2 Hz, 3 H). 3C NMR (100 MHz, CDCls) & 168.7,
141.4, 140.1, 139.4, 139.0, 138.4, 130.2, 129.0, 127.5, 126.3, 126.0, 125.5, 125.3, 122.1, 44.1,
23.2,21.0,12.9. HRMS (ESI) calcd for C1sH21BrNO [M+H]* 346.0807, found 346.0807.

Typical Procedure for S18 (Typical Procedure C)
Br O Pd(OACc),, (o-tol)sP O _Me
\©)L K,COs, DMF, 120 °C N
N
) O

S8 S18

Under nitrogen atmosphere, a mixture of S8 (1.58 g, 4.74 mmol, 1.0 equiv), Pd(OAc). (53.3 mg,
0.237 mmol, 5 mol%), (o-tol)sP (144 mg, 0.474 mmol, 10 mol%), K2COs (1.95 g, 14.2 mmol, 3.0
equiv) in anhydrous DMF (15 mL) was heated at 120 °C for 24 h. After being cooled to room
temperature, the solution was diluted with water (50 mL) and extracted with EtOAc (30 mL x 2).
The combined organic layer was washed with brine (20 mL > 3) and dried over Na;SOa. After
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filtration the solvent was removed by evaporation, and the resulting mixture was purified by
column chromatography on silica gel (hexanes/ethyl acetate = 10 :1) to afford the desired product
S18 (1.19 g, 99%) as a white solid. *H NMR (400 MHz, CDCls) 6 8.30 (d, J = 7.6 Hz, 1 H), 7.54
(d,J=72Hz,1H),7.46 (t,J=7.6 Hz, 1 H), 6.99 (s, 3 H), 6.97 (5, 3 H), 3.66 (5, 3 H), 2.47 (s, 3
H), 2.44 (s, 3 H), 2.41 (s, 3 H). 3C NMR (100 MHz, CDCls) 8 162.4, 138.4, 138.0, 136.2, 134.8,
134.0, 133.7, 128.3, 126.6, 125.9, 125.2, 117.4, 111.5, 30.3, 21.9, 21.7, 21.6. HRMS (ESI) calcd
for C17H1sNO [M+H]* 252.1388, found 252.1392.

Compound S19 was prepared following the Typical Procedure C

Br O Pd(OAc),, (o-tol)sP O _Me
N K,COs, DMF, 120 °C N
SO e

S19

The reaction of S9 (2.21 g, 6.0 mmol), Pd(OAc); (67.4 mg, 0.3 mmol, 5 mol%), (o-tol)sP (183
mg, 0.60 mmol, 10 mol%) and K>COs3(2.48 g, 18.0 mmol, 3.0 equiv) afforded S19 (1.60 g, 93%)
as a white solid. tH NMR (400 MHz, CDCls) & 8.45 (d,J=8.4 Hz, 1 H), 8 7.95 (d, J = 8.4 Hz, 1
H), 7.94 (d, J = 6.8 Hz, 2 H), 7.61 (t, J = 7.6 Hz, 1 H), 7.53 (t, J = 7.4 Hz, 1 H), 7.14 (s, 1 H), 7.07
(s, 1 H), 3.79 (s, 3 H), 2.54 (s, 3 H), 2.24 (s, 3 H). 3C NMR (100 MHz, CDCls) & 162.0, 139.0,
138.8, 136.7, 135.0, 133.2, 129.2, 128.9, 127.8, 127.7, 127.5, 126.9, 125.5, 125.3, 123.4, 116.7,
112.0, 30.5, 24.4, 21.8. HRMS (ESI) calcd for C20H1sNO [M+H]* 288.1388, found 288.1391.

Compound S20 was prepared following the Typical Procedure C

Br O Pd(OAC),, (o-tol)sP O Me
K,CO3, DMF, 120 °C N
N o
M
F e O
F

$10 S20

The reaction of S10 (2.80 g, 8.0 mmol), Pd(OAc). (89.8 mg, 0.4 mmol, 5 mol%), (o-tol)sP (244
mg, 0.80 mmol, 10 mol%) and K>COs3(3.31 g, 24.0 mmol, 3.0 equiv) afforded S20 (2.08 g, 97%)
as a white solid. 'H NMR (400 MHz, CDCls) & 7.48 (dd, J = 8.0, 5.6 Hz, 1 H), 4 7.14 (dd, J =
10.4,8.8 Hz, 1 H), 6.94 (s, 1 H), 6.93 (s, 1 H), 3.59 (s, 3 H), 2.46 (s, 3 H), 2.38 (s, 3 H), 2.36 (s, 3
H). 3C NMR (100 MHz, CDCls) & 160.1 (d, Jc.r = 260.2 Hz), 160.0 (d, Jcr = 4.7 Hz), 138.7,
138.5, 136.5, 135.9, 135.1 (d, Jc-r = 9.5 Hz), 130.5 (d, Jcr = 4.2 HZz), 125.8, 116.8 (d, Jcr = 2.3
Hz), 116.4 (d, Jcr = 3.8 Hz), 114.6 (d, Jc-r = 22.1 Hz), 111.1, 30.1, 21.64, 21.56, 21.2. °F NMR
(376 MHz, CDCls) & -116.9. HRMS (ESI) calcd for Ci7HizFNO M+H]* 270.1294, found
270.1296.

Compound S21 was prepared following the Typical Procedure C

S9



Br O Pd(OAC);, (0-tol)sP O Me
N KCOg, DMF, 120 °C N
|
L e

The reaction of S11 (1.56 g, 4.5 mmol), Pd(OAc). (50.5 mg, 0.225 mmol, 5 mol%), (o-tol)sP
(137 mg, 0.45 mmol, 10 mol%) and K>CO3(3.11 g, 22.5 mmol, 5.0 equiv) afforded S21 (1.10 g,
92%) as a white solid. 'H NMR (400 MHz, CDClz) & 8.11 (s, 1 H), 7.36 (s, 1 H), 6.98 (s, 1 H),
6.96 (s, 1 H), 3.65 (s, 3 H), 2.48 (s, 3 H), 2.46 (s, 3 H), 2.404 (s, 3 H), 2.397 (s, 3 H). °C NMR
(100 MHz, CDCl3) & 162.5, 138.2, 137.6, 136.6, 136.0, 135.2, 134.7, 131.4, 128.2, 125.9, 1254,
117.5, 111.5, 30.4, 22.0, 21.6, 21.5, 21.0. HRMS (ESI) calcd for C1gH20NO [M+H]* 266.1545,
found 266.1546.

Compound S22 was prepared following the Typical Procedure C

OMe
OMe

Br O Pd(OAc),, (o-tol)sP O Me
K,CO3, DMF, 120 °C MeO N
N OMe
. oa

The reaction of S12 (2.0 g, 5.5 mmol), Pd(OAc). (61.8 mg, 0.275 mmol, 5 mol%), (o-tol)sP
(167 mg, 0.55 mmol, 10 mol%) and K>CO3(2.28 g, 16.5 mmol, 3.0 equiv) afforded S22 (1.42 g,
91%) as a white solid. 'H NMR (400 MHz, CDCls) § 8.27 (dd, J =7.8, 1.0 Hz, 1 H), 7.53 (dd, J =
7.4,0.8 Hz, 1 H), 7.39 (t, J = 7.6 Hz, 1 H), 6.50 (d, J = 2.4 Hz, 1 H), 6.42 (d, J = 2.4 Hz, 1 H),
3.94 (s, 3 H), 3.91 (s, 3 H), 3.66 (s, 3 H), 2.40 (s, 3 H). *C NMR (100 MHz, CDCls) & 162.9,
161.0, 158.0, 140.4, 135.8, 134.6, 132.0, 126.7, 125.9, 125.0, 103.6, 92.5, 91.6, 55.5, 55.1, 30.7,
23.1. HRMS (ESI) calcd for C17H1sNO3 [M+H]* 284.1287, found 284.1290.

Compound S23 was prepared following the Typical Procedure C

Me
Br O Pd(OAc),, (o-tol)zP O Me
K,CO3, DMF, 120 °C N
N o
e 99
S13

$23

The reaction of S13 (1.84 g, 5.0 mmol), Pd(OAc), (56.2 mg, 0.25 mmol, 5 mol%), (o-tol)sP
(152 mg, 0.50 mmol, 10 mol%) and K>COs(3.45 g, 25.0 mmol, 5.0 equiv) afforded S23 (1.34 g,
93%) as a white solid. 'H NMR (400 MHz, CDCls) 6 8.40 (d, J = 8.4 Hz, 1 H), 7.96 (d, J = 8.4 Hz,
2 H),7.92(d, J=8.4Hz, 1 H), 7.61 (td, J = 7.4, 0.8 Hz, 1 H), 7.53 (td, J = 7.6, 1.2 Hz, 1 H), 7.29
(d,J=7.6 Hz, 1 H), 7.11 (d, J = 8.0 Hz, 1 H), 3.86 (s, 3 H), 2.74 (5, 3 H), 2.16 (5, 3 H). 3C NMR
(100 MHz, CDCls) 6 164.2, 139.6, 134.8, 134.3, 133.5, 133.1, 129.0, 128.9, 128.0, 127.8, 127.4,
126.2, 126.0, 125.5, 123.0, 122.2, 120.8, 37.8, 24.4, 23.6. HRMS (ESI) calcd for CzHisNO
[M+H]* 288.1388, found 288.1390.

S10



Compound S24 was prepared following the Typical Procedure C

Br O Pd(OACc),, (o-tol)zP O _Me
K,CO3, DMF, 120 °C N
N
L o

S14

S24

The reaction of S14 (2.04 g, 6.7 mmol), Pd(OAc). (75.2 mg, 0.335 mmol, 5 mol%), (o-tol)sP
(204 mg, 0.67 mmol, 10 mol%) and K>COs (4.62 g, 33.5 mmol, 5.0 equiv) afforded S24 (1.20 g,
95%) as a white solid. *H NMR (400 MHz, CDCl3) & 8.53 (d, J = 6.8 Hz, 1 H), 8.46 (d, J = 7.2 Hz,
1 H),7.61(d, J=6.8 Hz, 1 H), 7.55 (ddd, J = 8.4, 7.2, 1.6 Hz, 1 H), 7.49 (t, J = 7.6 Hz, 1 H), 7.46
(dd, J = 8.4, 1.2 Hz, 1 H), 7.32 (ddd, J = 8.4, 7.2, 1.2 Hz, 1 H), 3.81 (s, 3 H), 2.97 (s, 3 H).
Spectral datas were in agreement with those reported in the literature.[*2]

Compound S25 was prepared following the Typical Procedure C

Br O Pd(OACc),, (o-tol)sP O _Et
N K,CO3, DMF, 120 °C N
: o

$17

S25

The reaction of S17 (0.52 g, 1.5 mmol), Pd(OAc). (16.8 mg, 0.075 mmol, 5 mol%), (o-tol)sP
(45.7 mg, 0.15 mmol, 10 mol%) and K,COs3(1.04 g, 7.5 mmol, 5.0 equiv) afforded S25 (0.374 g,
94%) as a white solid. 1H NMR (400 MHz, CDCls) & 8.30 (d, J = 7.6 Hz, 1 H), 7.53 (d, J = 7.2 Hz,
1H), 7.46 (t,J = 7.6 Hz, 1 H), 7.02 (s, 1 H), 6.96 (5, 1 H), 4.47 — 4.14 (m, 2 H), 2.47 (s, 3 H), 2.44
(s, 3 H), 2.41 (s, 3 H), 1.41 (t, J = 7.0 Hz, 3 H). 13C NMR (100 MHz, CDCl3) & 161.8, 137.9,
137.3, 136.5, 134.7, 134.0, 133.7, 128.2, 126.6, 125.6, 125.2, 117.6, 111.5, 37.9, 22.0, 21.7, 21.6,
12.7. HRMS (ESI) calcd for C1gH20NO [M+H]* 266.1545, found 266.1549.

Synthesis of compound S26!]

SNH |

o) Py, DM N\H/CI
. Py _ Pveom
Cl;CO”~ ~OCCly 230 °C to rt o

To a solution of triphosgene (1.25 g, 4.22 mmol, 0.5 equiv) in dry DCM (25 mL) was added
pyridine (2.6 mL) dropwise under nitrogen atmosphere at - 30 °C. After stirring for 15 min at
—-30 T, N-Methyl-3,5-dimethylanilinel® (1.20 g, 8.432 mmol, 1.0 equiv) was slowly added to the
mixture. The mixture was warmed to room temperature and stirred for 6 h at room temperature.
The reaction mixture was carefully quenched by the addition of aqueous hydrochloric acid (1 M,
10 mL) and was extracted with CH>Cl, (20 mL x 3). The combined organic layer was dried with
Na,SO., filtrated and evaporated. The residue was purified by chromatography on silica gel
(PE/EtOAc 20:1) to afford S26 (1.21 g, 73%) as a white solid. A mixture of rotamers were
observed and the followings are selected peaks: *H NMR (400 MHz, CDCl3) 6 7.01 (s, 1 H), 6.86
(s, 2 H), 3.34 (s, 3 H), 2.34 (s, 6 H).13C NMR (100 MHz, CDCls) & 142.9, 139.1, 129.9, 124.7,
40.1, 20.9. HRMS (ESI) calcd for C10H13CINO [M+H]* 198.0686, found 198.0684.
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Synthesis of compound S271!

| | Pd(OAG), (10 mol%) O
Me N\[»]/Cl PPh3 (20 mol%) N,Me
+ o NBE (2 equiv)
Cs,CO; (4 equiv) O o
F 0,
26 DCE, 95 °C
F
s27

Under nitrogen atmosphere, in a thick wall flask capped with a screw cap, a mixture of
4-fluoro-1-iodo-2-methylbenzene (0.42 mL, 3.2 mmol, 1.0 equiv), S26 (948.8 mg, 4.8 mmol, 1.5
equiv), Pd(OAc), (71.8 mg, 0.32 mmol, 10 mol%), PPhs (167.9 mg, 0.64 mmol, 20 mol%),
norbornene (0.603 g, 6.4 mmol, 2.0 equiv), Cs,CO3 (4.17 g, 12.8 mmol, 4.0 equiv) in dry DCE (20
mL) was heated at 95 °C for 10 h. After being cooled to room temperature, the reaction mixture
was diluted with AcOEt (5.0 mL). The solvent was removed and the residue was purified by
chromatography on silica gel (PE/EtOAc 20:1) to afford S27 (0.814 g, 94%) as a white solid. *H
NMR (400 MHz, CDCls) 6 7.97 (dd, J = 8.4, 2.8 Hz, 1 H), 7.26 (dd, J = 9.0, 2.6 Hz, 1 H), 6.99 (s,
1 H), 6.98 (s, 1 H), 3.66 (s, 3 H), 2.46 (s, 3 H), 2.44 (s, 3 H), 2.39 (s, 3 H).*C NMR (100 MHz,
CDCl3) 6 161.7 (d, Jc.r = 3.2 Hz), 161.2 (d, Jcr = 246.6 Hz), 138.1, 137.8 (d, Jcr = 7.1 Hz),
135.9, 130.4 (d, Jc.r = 2.7 Hz), 130.0 (d, Jc-r = 7.9 Hz), 126.2, 121.3 (d, Jcr = 21.7 Hz), 116.9,
111.7, 111.3 (d, Jer = 23.0 Hz), 30.5, 22.01, 21.97 (d, Jc.r = 1.7 Hz), 21.6.19F NMR (376 MHz,
CDCls) & -114.8. HRMS (ESI) calcd for C17H17FNO [M+H]* 270.1294, found 270.1296.

Typical Procedure for 1la (Typical Procedure D)

O N-Me LiAIH,, THF O N-Me

(@]

To a suspension of LiAIH4 (0.270 g, 7.10 mmol, 1.5 equiv) in dry THF (5.0 mL) was added
S18 (1.19 g, 4.735 mmol, 1.0 equiv) in dry THF (15.0 mL) dropwise at 0 °C. After stirring at 0 °C
for 1 h, the reaction mixture was gradually heated to reflux and stirred at reflux overnight. The
reaction mixture was quenched slowly with the addition of H.O (0.3 mL) at 0 °C, followed by
NaOH solution (10% ag, 0.3 mL) and H2O (0.9 mL). The solid was filtered off through a pad of
celite and the filtrate was concentrated by evaporation, and the resulting mixture was purified by
column chromatography on silica gel (hexanes/ethyl acetate = 50 :1) to afford the desired product
1a (1.10 g, 98%) as a white solid. *H NMR (400 MHz, CDCl3) § 7.21 (d, J = 7.2 Hz, 1 H), 7.17 (¢,
J=7.2Hz, 1H),7.07(d, J=7.2 Hz, 1 H), 6.68 (s, 1 H), 6.51 (5, 1 H), 3.78 (s, 2 H), 2.88 (s, 3 H),
2.37 (s, 3 H), 2.27 (s, 6 H). 3C NMR (100 MHz, CDCls) § 150.8, 138.7, 137.2, 135.3, 134.7,
131.8, 130.0, 125.7, 122.5, 122.4, 122.0, 110.1, 57.2, 39.0, 21.6, 21.0, 20.9. HRMS (ESI) calcd for
Ci7H20N [M+H]* 238.1596, found 238.1601.

Compound 5 was prepared following the Typical Procedure D
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O N-Me LiAlH,, THF O Ve

_ >

Me O o 0°Ctorefux Me O

S24 5

The reaction of S24 (1.12 g, 5.0 mmol) and LiAIH4 (0.285 g, 7.5 mmol, 1.5 equiv) afforded 5

(0.779 g, 74%) as white solid. H NMR (400 MHz, CDCls) & 7.70 (dd, J = 7.8, 1.4 Hz, 1 H), 7.29

~7.23(m, 1 H),7.20(d, J=6.8 Hz, 1 H), 7.15 (t, J = 7.4 Hz, 1 H), 7.05 (d, J = 7.2 Hz, 1 H), 6.93

(td, J = 7.6, 0.8 Hz, 1 H), 6.84 (d, J = 8.4 Hz, 1 H), 3.97 (s, 2 H), 2.91 (s, 3 H), 2.64 (s, 3 H).
Spectral data were in agreement with those reported in the literature.[’]

Compound 1c was prepared following the Typical Procedure D
Me

O n-Me LiAIH, THE O n-Me

B ———

O (e} 0°Ctoreflux Me O

Me
s21 1c

The reaction of S21 (1.00 g, 3.77 mmol) and LiAlH4 (0.215 g, 5.66 mmol, 1.5 equiv) afforded
1c (0.678 g, 72%) as a white solid. *H NMR (400 MHz, CDCls) 4 7.03 (s, 1 H), 6.89 (s, 1 H), 6.67
(s, 1 H), 6.50 (s, 1 H), 3.76 (d, J = 12.4 Hz, 1 H), 3.72 (d, J = 12.4 Hz, 1 H), 2.87 (s, 3 H), 2.37 (s,
3 H), 2.35 (s, 3 H), 2.27 (s, 3 H), 2.24 (s, 3 H). 3C NMR (100 MHz, CDCls) § 150.7, 138.9, 137.0,
135.5, 135.3, 134.8, 130.8, 129.2, 123.0, 122.6, 122.5, 110.1, 57.4, 39.2, 21.6, 21.1, 20.93, 20.89.
HRMS (ESI) calcd for C1gH2N [M+H]* 252.1752, found 252.1754.

Compound 1d was prepared following the Typical Procedure D

O n-Me LiAIH,, THF Me O n-Me
O o) 0 °C to reflux Me O

S$16 1d

The reaction of S16 (0.638 g, 2.69 mmol) and LiAlH4 (0.153 g, 4.04 mmol, 1.5 equiv) afforded
1d (0.575 g, 96%) as white solid. *H NMR (400 MHz, CDCls) § 7.25 — 7.20 (m, 2 H), 7.18 (d, J =
7.6 Hz, 1 H), 7.08 (d, J = 6.8 Hz, 1 H), 6.84 (d, J = 7.6 Hz, 1 H), 6.69 (d, J = 8.0 Hz, 1 H), 3.79 (5,
2 H), 2.89 (s, 3 H), 2.31 (s, 3 H), 2.28 (s, 3 H). 3C NMR (100 MHz, CDCls) & 150.9, 139.2, 135.7,
135.1, 131.8, 130.1, 127.5, 126.2, 125.0, 122.1, 121.7, 109.2, 57.3, 39.1, 21.1, 20.9. HRMS (ESI)
calcd for CigHisN [M+H]* 224.1439, found 224.1444.

Compound 1e was prepared following the Typical Procedure D

Me

O n-Me LiAIHg, THE O N-Me
O o 0°Ctoreflux  Me O
F F

S20 1e
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The reaction of S20 (2.15 g, 8.0 mmol) and LiAIH,4 (0.455 g, 12.0 mmol, 1.5 equiv) afforded 1e
(1.88 g, 92%) as a white solid. *H NMR (400 MHz, CDCls) 7.16 (t, J=7.2 Hz, 1 H), 6.94 (t, J =
8.6 Hz, 1 H), 6.69 (s, 1 H), 6.53 (s, 1 H), 4.21 (d, J = 12.8 Hz, 1 H), 3.51 (d, J = 12.8 Hz, 1 H),
2.90 (s, 3 H), 2.38 (s, 3 H), 2.27 (s, 3 H), 2.24 (s, 3 H). 1*C NMR (100 MHz, CDCls) & 155.6 (d,
JcF = 239.6 Hz), 150.7, 137.9, 135.6, 133.9 (d, Jc.r = 4.0 Hz), 130.6 (d, Jc-r = 8.0 Hz), 130.3 (d,
Jer=3.0 Hz), 125.1 (d, Jc.r = 16.3 Hz), 122.8, 122.1 (d, Jcr = 2.7 Hz), 112.8 (d, Jc-r = 21.3 Hz),
110.4, 49.4 (d, Jo-r = 4.2 Hz), 39.1, 21.6, 21.0, 20.5. F NMR (376 MHz, CDCl3) & -126.5.
HRMS (ESI) calcd for Ci7H1sFN [M+H]* 256.1502, found 256.1512.

Compound 1f was prepared following the Typical Procedure D
Me

Lo o (
N-Me LiAIH;, THE N-Me
O o) 0 °C to reflux Me O

F
s27 1§

The reaction of S27 (0.627 g, 2.33 mmol) and LiAlH4 (0.133 g, 3.50 mmol, 1.5 equiv) afforded
1f (0.411 g, 69%) as a white solid. *H NMR (400 MHz, CDCl3) & 6.93 (dd, J = 10.0, 2.4 Hz, 1 H),
6.81 (dd, J = 8.0, 2.4 Hz, 1 H), 6.69 (s, 1 H), 6.52 (s, 1 H), 3.82 — 3.63 (m, 2 H), 2.88 (s, 3 H),
2.38 (s, 3 H), 2.27 (s, 3 H), 2.25 (s, 3 H). 3C NMR (100 MHz, CDCls) 6 161.0 (d, Jc.r = 244.3
Hz), 150.5, 140.8 (d, Jc-r = 7.7 Hz), 137.3, 137.2 (d, Jc-r = 7.8 HZz), 135.3, 128.2 (d, J = 2.9 Hz),
122.8, 121.9, 116.2 (d, Jc-r = 20.3 Hz), 110.3, 109.4 (d, Jc.r = 21.5 Hz), 57.3 (d, Jc.r = 2.1 H2),
39.1, 21.6, 21.2 (d, Jc-r = 1.6 Hz), 21.0. °F NMR (376 MHz, CDCls3) 6 -118.0. HRMS (ESI) calcd
for C17H19FN [M+H]* 256.1502, found 256.1507.

Compound 1g was prepared following the Typical Procedure D

Me Me

Me O N-Me LiAlH,, THF Me O n-Me

_

0,
OO o 0 °C to reflux OO

S19 19

The reaction of S19 (1.15 g, 4.0 mmol) and LiAIH4 (0.228 g, 6.0 mmol, 1.5 equiv) afforded 1g
(0.875 g, 80%) as a green foam.*H NMR (400 MHz, CDCl3) § 7.87 — 7.80 (m, 1 H), 7.75 (d, J =
8.0 Hz, 2 H), 7.45-7.39 (m, 2 H), 7.37 (d, J = 8.0 Hz, 1 H), 6.76 (s, 1 H), 6.60 (s, 1 H), 4.03 (d, J
=12.8 Hz, 1 H), 3.93 (d, J = 12.8 Hz, 1 H), 2.94 (s, 3 H), 2.43 (s, 3 H), 2.16 (s, 3 H). °C NMR
(100 MHz, CDCl3) & 150.9, 137.9, 136.1, 135.8, 133.5, 129.5, 129.1, 128.0, 127.2, 126.8, 125.2,
124.9, 123.4, 123.2, 121.8, 110.6, 56.9, 39.0, 22.9, 21.8. HRMS (ESI) calcd for CHzoN [M+H]*
274.1596, found 274.1603.

Compound 1h was prepared following the Typical Procedure D
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OMe OMe

O we ®
MeO N e LiAIH4, THF MeO N'Me
O o) 0 °C to reflux Me O

s22 ih

The reaction of S30 (1.36 g, 4.80 mmol) and LiAlH4 (0.273 g, 7.20 mmol, 1.5 equiv) afforded
1h (1.265 g, 98%) as a white solid. *H NMR (400 MHz, CDCls) 6 7.19 (d, J = 7.6 Hz, 1 H), 7.11
(t, J=7.4Hz, 1 H),7.02(d,J=7.2Hz, 1H),6.16 (d, J = 2.0 Hz, 1 H), 6.09 (d, J = 2.0 Hz, 1 H),
3.95-3.75 (m, 2 H), 3.88 (s, 3 H), 3.85 (s, 3 H) , 2.90 (s, 3 H), 2.25 (s, 3 H). *C NMR (100 MHz,
CDCls) 6 160.8, 157.4, 152.5, 136.9, 135.5, 130.2, 129.7, 125.4, 122.0, 107.2, 91.3, 89.3, 57.2,
55.2, 54.8, 39.0, 22.0. HRMS (ESI) calcd for C17H20NO2 [M+H]* 270.1494, found 270.1498.

Compound 1j was prepared following the Typical Procedure D

Me Me

Me O NRL LiAlH,, THF Me O n-Et
Me O o 0°Ctoreflux  Me O

S25 1j

The reaction of S25 (0.374 g, 1.41 mmol) and LiAlH4 (80.5 mg, 2.12 mmol, 1.5 equiv) afforded
1j (0.340 g, 96%) as colorless oil. 'H NMR (400 MHz, CDCl3) 6 7.29 (d, J = 6.8 Hz, 1 H), 7.25 (t,
J=7.4Hz 1H),7.15(d, J=6.8Hz, 1 H),6.73 (s, 1 H), 6.66 (s, 1 H), 3.94 (d, J = 12.4 Hz, 1 H),
3.90 (d,J=12.4Hz, 1 H),3.43 (g9, J =7.2 Hz, 2 H), 2.46 (s, 3 H), 2.37 (5, 3 H), 2.36 (5, 3 H), 1.33
(t, J = 7.0 Hz, 3 H). 3C NMR (100 MHz, CDCls) & 149.5, 139.0, 137.1, 135.7, 134.7, 132.0,
130.0, 125.7, 122.5, 121.9, 121.8, 110.5, 53.4, 44.9, 21.7, 21.1, 21.0, 11.0. HRMS (ESI) calcd for
CigH2N [M+H]* 252.1752, found 252.1756.

Compound 11 was prepared following the Typical Procedure D

® 1
N-Me LiAIH,, THF Me N-Me

_— =

OO (o) 0 °C to reflux OO

$23 11

The reaction of S23 (1.15 g, 4.0 mmol), LiAlH4 (0.228 g, 6.0 mmol, 1.5 equiv) afforded 1l
(0.943 g, 86%) as white solid. *H NMR (400 MHz, CDCls)$ 7.89 (dd, J = 5.8, 3.4 Hz, 1 H), 7.86
—7.76 (m, 2 H), 7.51 - 7.40 (m, 3 H), 7.15 (d, J =8.0 Hz, 1 H), 7.07 (d, J = 7.6 Hz, 1 H), 4.19 (d,
J =152 Hz, 1 H), 4.03 (d, J = 15.2 Hz, 1 H), 2.43 (s, 3 H), 2.33 (5, 3 H), 2.17 (s, 3 H). 13C NMR
(100 MHz, CDCls) 6 148.5, 135.0, 133.4, 133.3, 130.0, 129.7, 129.6, 129.5, 128.8, 128.3, 127.2,
126.9, 126.6, 125.4, 124.82, 124.77, 56.8, 38.5, 22.4, 17.4. HRMS (ESI) calcd for CaoH2oN
[M+H]* 274.1596, found 274.1600.

Synthesis of compound 1i
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e 9@
OO NH Mel, NaH, THF N LiAH,, THF n-Me

e ——

OO 0O 0°Ctor.t OO (0] 0 °C to reflux OO

S28 S29 1i

To a suspension of NaH (60% in mineral oil, 0.340 g, 8.5 mmol, 1.7 equiv) in dry THF (5.0 mL)
was added S28[1 (1.48 g, 5.0 mmol, 1.0 equiv) in dry THF (15.0 mL) dropwise at 0 °C. After
stirring at 0 °C for 30 min, Mel (0.70 mL, 10.0 mmol, 2.0 equiv) added dropwise. The reaction
mixture was allowed to warm to room temperature and stirred for another 2 h. Water (1 mL) was
added at 0 °C carefully, and the mixture was filtered through a pad of celite. The residue was dried
by infrared lamp to afford the crude S29 (1.19 g, 77%) as a dark green solid.

To a suspension of LiAIH4 (0.171 g, 4.5 mmol, 1.5 equiv) in dry THF (15.0 mL) was added
crude S29 (0.928 g, 3.0 mmol) at 0 °C. After stirring at 0 °C for 1 h, the reaction mixture was was
gradually heated to reflux and stirred at reflux overnight. The reaction mixture was quenched
slowly with the addition of H,O (170 uL) at 0 °C, followed by NaOH solution (10% ag, 170 uL)
and HzO (510 uL). The solid was filtered off through a pad of celite and the filtrate was
concentrated by evaporation, and the resulting mixture was purified by column chromatography
on silica gel (hexanes/ethyl acetate = 50 :1) to afford the desired product 1i (0.172 g, 19%) as a
yellow foam. *H NMR (400 MHz, CDCls) & 7.93 — 7.78 (m, 4 H), 7.63 (d, J = 8.4 Hz, 1 H), 7.57
(d, J=8.4 Hz, 1 H), 7.44 (d, J = 14.0 Hz, 1 H), 7.42 (d, J = 13.2 Hz, 1 H), 7.36 — 7.28 (m, 2 H),
7.28 — 7.20 (m, 2 H), 4.17 (d, J = 12.8 Hz, 1 H), 4.07 (d, J = 12.8 Hz, 1 H), 3.09 (s, 3 H). 3C
NMR (100 MHz, CDCls) 6 148.6, 135.6, 133.8, 131.0, 129.5, 129.3, 128.25, 128.20, 128.17,
128.0, 127.7, 127.4, 126.6, 125.2, 125.0, 124.9, 123.6, 122.5, 117.6, 114.7, 56.9, 38.7. HRMS
(ESI) calcd for CooHisN [M+H]* 296.1439, found 296.1448.

Synthesis of compound 1k

OO NH Etl, NaH, THF OO n-E LiAlH,, THF OO n-Et

B ——

OO o) 0°Cto 50 °C OO o) 0 °C to reflux OO

S28 S30 1k

To a suspension of NaH (60% in mineral oil, 0.340 g, 8.5 mmol, 1.7 equiv) in dry THF (5.0 mL)
was added S28 (1.48 g, 5.0 mmol, 1.0 equiv) in dry THF (15.0 mL) dropwise at 0 °C. After
stirring for 30 min at 0 °C, Etl (0.80 mL, 10.0 mmol, 2.0 equiv) added dropwise. The resulting
mixture was stirred at room temperature for 30 min and 50 °C overnight. Water (1 mL) was added
at 0 °C carefully, and the mixture was filtered through a pad of celite. The residue was dried by
infrared lamp to afford the crude S30 (0.71 g, 44%) as a dark yellow solid.

To a suspension of LiAlH4 (0.114 g, 3.0 mmol, 1.5 equiv) in dry THF (10.0 mL) was added
crude S30 (0.647 g, 2.0 mmol) at 0 °C. After stirring at 0 "C for 1 h, the reaction mixture was
gradually heated to reflux and stirred at reflux overnight. The reaction mixture was quenched
slowly with the addition of H,O (115 uL) at 0 °C, followed by NaOH solution (10% aq, 115 uL)
and HyO (345 uL). The solid was filtered off through a pad of celite and the filtrate was
concentrated by evaporation, and the resulting mixture was purified by column chromatography
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on silica gel (hexanes/ethyl acetate = 50 :1) to afford the desired product 1k (0.149 g, 24%) as a
yellow foam. H NMR (400 MHz, CDCls) § 7.87 (d, J = 8.8 Hz, 1 H), 7.85 — 7.78 (m, 3 H), 7.60
(d, J=8.4 Hz, 1 H), 7.55 (d, J = 8.4 Hz, 1 H), 7.44 (d, J = 8.4 Hz, 1 H), 7.40 (d, J = 8.0 Hz, 1 H),
7.34 (d, J = 8.8 Hz, 1 H), 7.30 — 7.18 (m, 3 H), 4.26 (d, J = 12.8 Hz, 1 H), 4.13 (d, J = 12.8 Hz, 1
H), 3.75 — 3.61 (m, 1 H), 3.58 — 3.42 (m, 1 H), 1.29 (t, J = 7.0 Hz, 3 H). 3C NMR (100 MHz,
CDCl3) 6 147.2, 135.3, 133.7, 131.5, 129.3, 129.1, 128.3, 128.2, 127.9, 127.8, 127.6, 127.2, 126.6,
125.1, 124.9, 124.8, 123.5, 122.3, 117.4, 115.4, 53.3, 45.1, 11.5. HRMS (ESI) calcd for Ca3HxN
[M+H]* 310.1596, found 310.1595.

Synthesis of compound F[°

O Me  MeOTf O ZI?Me
O DCM, r.t -

1a F

To a solution of la (0.475 g, 2.0 mmol, 1.0 equiv) in DCM (2 mL) was added methyl
trifluoromethanesulfonate (0.40 mL, 3.0 mmol, 1.5 equiv) dropwise at room temperature. The
reaction mixture was stirred at rt for 2 h. The reaction mixture was concentrated by evaporation
and the residue was treated with MTBE (2 mL). The resultant solid was collected by filtration and
the solid was washed with MTBE and hexanes, and dried under vacuum to give desired product F
(0.70 g, 87%) as a white solid. The single crystal was obtained by slow volatilization of a
saturation solution of F in mixed solvent DCM/PE. *H NMR (400 MHz, CDCl3) & 7.49 — 7.44 (m,
3H),7.42(t,J=7.2Hz, 1 H), 7.31 (s, 1 H), 5.08 (d, J = 13.6 Hz, 1 H), 4.53 (d, J = 13.6 Hz, 1 H),
3.91 (s, 3 H), 3.05 (s, 3H), 2.48 (s, 3 H), 2.33 (s, 3 H), 2.30 (s, 3 H). 3C NMR (100 MHz, CDCls)
5 143.3, 139.9, 138.0, 135.9, 133.4, 133.3, 128.90, 128.86, 127.8, 126.3, 120.4 (q, Jc-r = 318.2
Hz), 124.5, 116.4, 68.5, 53.2, 50.5, 21.1, 20.8, 20.6. 1°F NMR (376 MHz, CDCl3) & -78.4. HRMS
(ESI) calcd for C1gH22N [M-OTf]* 252.1752, found 252.1751.

Synthesis of compound G

O Ve MeOTf O Z'?Nle
O DCM, r.t l

* OTf
S G

To a solution of 5 (0.105 g, 0.50 mmol, 1.0 equiv) in DCM (2 mL) was added methyl
trifluoromethanesulfonate (62 ul, 0.55 mmol, 1.1 equiv) dropwise at room temperature. The
reaction mixture was stirred at rt for 2 h. The reaction mixture was concentrated by evaporation
and the residue was treated with MTBE (2 mL). The resultant solid was collected by filtration and
the solid was washed with MTBE and hexanes, and dried under vacuum to give desired product G
(93.5 mg, 50%) as a white solid. The single crystal was obtained by slow volatilization of a
saturation solution of G in mixed solvent DCM/PE. *H NMR (400 MHz, CDCl3) & 7.92 (td, J =
9.2, 1.2 Hz, 2 H), 7.75 - 7.55 (m, 2 H), 7.47 (t, = 7.6 Hz, 2 H), 7.41 (t, J = 7.8 Hz, 1 H), 4.93 (5,
2 H), 3.63 (s, 6 H), 2.69 (s, 3 H). *C NMR (100 MHz, CDCls) 5 141.8, 135.2, 134.4, 130.1, 129.9,
129.8, 129.5 (q, Jc-r = 3.2 Hz), 128.1, 127.6 (9, Jc-r = 3.2 Hz), 127.1, 126.6 (0, Jcr = 4.5 Hz),
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120.6 (g, Jo.r = 318.2 Hz), 118.9, 67.0, 52.2, 22.5.1°F NMR (376 MHz, CDCl3) § -78.4. HRMS
(ESI) calcd for CieH1sN [M-OTf]* 224.1439, found 224.1442.

Synthesis of compound 2j104

The diazo compound 2c, 2d, 2e, 2f, 29, 2h, 2i, 2n, 20, 2p, 2q and 2r was prepared according to the
previous literatures.[1%
o

Cas0°C )CJ)\/[CJ)\ \/ 1) TsN, TEA, MeCN, r.t %oxcm
3
CCI3 /% ocan, |

toluene ) 5% KOH(aq.), Et,O, r.t N2 "
J

A mixture of 1,1,1-trichloro-2-methylpropan-2-ol (5.594 g, 30.0 mmol) and
2,2,6-trimethyl-4H-1,3-dioxin-4-one (4.0 mL, 30.0 mmol, 1.0 equiv) in 6 mL of toluene was
heated at 150 °C for 6 h. After being cooled to room temperature, the toluene was removed by
evaporation, and the product was distilled.

To a solution of 1,1,1-trichloro-2-methylpropan-2-yl-3-oxobutanoate (2.62 g, 10.0 mmol) and
EtsN (1.80 mL, 13.0 mmol, 1.3 equiv) in acetonitrile (20 mL) was added tosyl azide (75% in ethyl
acetate, 2.50 g, 9.50 mmol, 0.95 equiv) was added slowly at rt. After stirring for 10 h, the solvent
was removed under reduced pressure.

To a solution of the above residue in ethyl ether (20 mL) was added KOH (5% ag, 50 mL) and
the reaction mixture was stirred rt for 1 h. The mixture was extracted with ethyl ether (30 mL x 2).
The combined organic phase was washed with brine (30 mL) and dried over Na,SOas. After
filtration the solvent was removed by evaporation, and the resulting mixture was purified by
column chromatography on silica gel (hexanes/ethyl acetate = 20 :1) to afford the desired product
2j (2.19 g, 89%) as a yellow oil. '"H NMR (400 MHz, CDCls) & 4.72 (bs, 1 H), 1.95 (s, 6 H). °C
NMR (100 MHz, CDCls) 6 106.0, 89.2, 47.2, 21.6.

Synthesis of compound 2k
(e]

>< rk)v 150G )( 1) TsNa, TEA, MeCN, r.t (U\OXCFs

toluene OFs 2)5%KOH(aq), EO, it N2

A mixture of 1,11-trifluoro-2-methylpropan-2-ol (3.3 mL, 30.0 mmol) and
2,2,6-trimethyl-4H-1,3-dioxin-4-one (4.0 mL, 30.0 mmol, 1.0 equiv) in 6 mL of toluene was
heated at 150 °C for 6 h. After being cooled to room temperature, the toluene was removed by
evaporation, and the product was distilled.

To a solution of 1,1,1-trifluoro-2-methylpropan-2-yl-3-oxobutanoate (1.76 g, 8.32 mmol) and
EtsN (1.5 mL, 10.82 mmol, 1.3 equiv) in acetonitrile (8 mL) was added tosyl azide (75% in ethyl
acetate, 2.08 g, 7.91 mmol, 0.95 equiv) was added slowly at rt. After stirring for 10 h, the solvent
was removed under reduced pressure.

To a solution of the above residue in ethyl ether (20 mL) was added KOH (5% aq, 40 mL) and
the reaction mixture was stirred rt for 1 h. The mixture was extracted with ethyl ether (30 mL x 2).
The combined organic phase was washed with brine (30 mL) and dried over Na;SO.. After
filtration the solvent was removed by evaporation, and the resulting mixture was purified by
distillation to afford the desired product 2k (588.4 mg, 30%) as a yellow oil. *H NMR (400 MHz,
CDCl3) 6 4.75 (bs, 1 H), 1.72 (q, J = 1.2 Hz, 6 H). 3C NMR (100 MHz, CDCls) 8 124.8 (q, Jc-F =
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280.9 Hz), 80.8 (q, Jc.r = 29.4 Hz), 47.1, 19.6. °F NMR (376 MHz, CDCls) § -84.0.

Synthesis of compound 2[1%]

OH 1) bromoacetyl bromide o O
Py, MeCN, rt 9y .
0.0 2) N,N'-ditosylhydrazine %O O
N
2

DBU, THF
|

To a solution of 9-hydroxyfluorene (0.5467 g, 3.0 mmol) and pyridine (0.50 mL, 6.0 mmol, 2.0
equiv) in acetonitrile (6.0 mL) was added bromoacetyl bromide (0.40 mL, 4.5 mmol, 1.5 equiv)
dropwise at 0 <C. After stirring 10 min at the temperarture, the reaction was quenched with H,0O.
The solution was extracted with CHCl, (30 mL x 2). The combined organic phase was washed
with brine (30 mL) and dried over Na,SOas. After filtration, the solvent was removed by
evaporation, and the residue was used in the next reaction without purification.

To a solution of the above bromoacetate and N,N'-ditosylhydrazine (2.04 g, 6.0 mmol, 2.0 equiv)
in THF (15.0 mL) was added DBU (2.30 mL, 15.0 mmol, 5.0 equiv) dropwise at 0 <C and stirred
at the same temperature for 10 minutes. After the quenching of the reaction by the addition of
saturated NaHCO3 solution, the mixture was extracted with Et,O (30 mL x 2). The combined
organic phase was washed with brine (30 mL) and dried over Na,SOa. After filtration the solvent
was removed by evaporation, and the resulting mixture was purified by column chromatography
on silica gel (hexanes/ethyl acetate = 20 :1) to afford the desired product 2l (0.193 g, 26%) as a
yellow foam. *H NMR (400 MHz, CDCls3) 6 7.67 (d, J = 7.2 Hz, 2 H), 7.58 (d, J = 7.6 Hz, 2 H),
742 (t,J=7.4Hz, 2 H),730(t, J=7.4 Hz, 2 H), 6.86 (s, 1 H), 4.87 (s, 1 H). 13C NMR (100
MHz, CDCl3) & 141.8, 140.9, 129.5, 127.8, 125.9, 120.0, 75.4, 46.7. HRMS (ESI) calcd for
CisH10N202Na [M+Na]* 273.0640, found 273.0642

Synthesis of compound 2m

@/LOH ¥ NaHC oy MeCh i @/LO T,
2) N,N'-ditosylhydrazine
DBU, THF 2m

To a solution of (R)-1-phenylethanol (0.367 g, 3.0 mmol) and NaHCO3 (0.756 g, 9.0 mmol, 3.0
equiv) in acetonitrile (6.0 mL) was added bromoacetyl bromide (0.40 mL, 4.50 mmol, 1.5 equiv)
dropwise at 0 <C. After stirring 10 min at the temperarture, the reaction was quenched with H,O.
The solution was extracted with CH>Cl, (30 mL x 2). The combined organic phase was washed
with brine (30 mL) and dried over Na,SOs. After filtration, the solvent was removed by
evaporation, and the residue was used in the next reaction without purification.

To a solution of the above bromoacetate and N,N'-ditosylhydrazine (2.04 g, 6.0 mmol, 2.0 equiv)
in THF (15.0 mL) was added DBU (2.30 mL, 15.0 mmol, 5.0 equiv) dropwise at 0 <C and stirred
at the same temperature for 10 minutes. After the quenching of the reaction by the addition of
saturated NaHCOs solution, the mixture was extracted with Et;O (30 mL x 2). The combined
organic phase was washed with brine (30 mL) and dried over Na,SOa. After filtration the solvent
was removed by evaporation, and the resulting mixture was purified by column chromatography
on silica gel (hexanes/ethyl acetate = 20 :1) to afford the desired product 2m (0.293 g, 51%) as a
pale yellow oil. *tH NMR (400 MHz, CDCls) § 7.42 — 7.345 (m, 4 H), 7.345 - 7.28 (m, 1 H), 5.99

S19



(0, J = 6.8 Hz, 1 H), 4.78 (s, 1 H), 1.58 (d, J = 6.8 Hz, 3 H). 3C NMR (100 MHz, CDCls) 5 166.1,
141.4, 128.4, 127.9, 125.9, 72.7, 46.4, 22.3. HRMS (ESI) calcd for CioH10N20:Na [M+Na]*
213.0640, found 213.0635.

Typical Procedure for 3a (Typical Procedure E)

Me

O Cu(acac); (5 mol%)
Me t-butylmethyl ether, 50°c ~ MeTMe
: . &
e z
O o//\OEt

1a 2a 3a

Under argon atmosphere, the amine 1a (23.8 mg, 0.10 mmol, 1.0 equiv), ethyl diazoacetate 2a
(22.8 mg, 0.20 mmol, 2.0 equiv), Cu(acac), (1.3 mg, 0.005 mmol, 5 mol%) and dry MTBE (2.0
mL) were added to a 25 mL Schlenk tube. The tube was capped with a screw cap and stirred at 50
°C for 18 h. After being cooled to room temperature, the solvent was removed and the residue was
purified by flash chromatography on silica gel (hexanes/ethyl acetate = 20:1) to afford 3a (25.6
mg, 79%). *H NMR (400 MHz, CDCls) & 6.35 (s, 1 H), 6.24 (s, 1 H), 6.04 (d, J = 9.2 Hz, 1 H),
5.92 (d, J = 6.0 Hz, 1 H), 5.77 (t, J = 7.4 Hz, 1 H), 5.10 (s, 1 H), 4.66 (s, 1 H), 4.23 — 3.94 (m, 2
H), 4.05 (s, 1 H), 2.78 (s, 3 H), 2.27 (s, 3 H), 1.99 (s, 3 H), 1.69 (s, 3 H), 1.22 (t, J = 7.2 Hz, 3 H).
13C NMR (100 MHz, CDCl3s) & 170.5, 152.1, 144.8, 138.3, 137.7, 134.3, 131.7, 126.7, 122.3,
122.1, 121.9, 118.8, 106.3, 77.4, 60.9, 58.5, 35.1, 21.6, 20.2, 17.6, 14.0. HRMS (ESI) calcd for
C21H26NO2 [M+H]* 324.1964, found 324.1970.

Compound 3b was prepared following the Typical Procedure E

Me

O Cu(acac), (5 mol%)
Me \H)k t-butylmethyl ether, 50 °C MeMe
Ve =
O o//\OMe

1a 2b 3b

The reaction of 1a (23.8 mg, 0.10 mmol) and 2b (20.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3b (29.0 mg, 94%).H NMR (400 MHz, CDCls) § 6.36 (s, 1 H), 6.25 (s, 1 H), 6.05
(d,J=9.6 Hz, 1 H), 5.94 (d, J = 5.6 Hz, 1 H), 5.78 (dd, J = 8.4, 6.8 Hz, 1 H), 5.12 (s, 1 H), 4.63 (5,
1 H), 4.06 (s, 1 H), 3.64 (s, 3 H), 2.78 (s, 3 H), 2.27 (s, 3 H), 1.98 (5, 3 H), 1.68 (s, 3 H). *C NMR
(100 MHz, CDCls) 6 171.0, 152.1, 144.8, 138.4, 137.8, 134.3, 131.3, 126.4, 122.3, 122.2, 122.0,
118.8, 106.3, 77.6, 58.7, 51.9, 35.1, 21.6, 20.1, 17.7. HRMS (ESI) calcd for CooH24NO, [M+H]*
310.1807, found 310.1811.

Compound 3c was prepared following the Typical Procedure E
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O " o Cu(acac); (5 mol%)
Ve N Me H\H)J\OtBu t-butylmethyl ether, 50 °C ~ Me™e

+

Me l N,

1a 2c 3c

O//\OIBU

The reaction of 1a (23.8 mg, 0.10 mmol) and 2c (28.4 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3c (28.7 mg, 82%) at 50 °C for 18 h.*H NMR (400 MHz, CDCls) & 6.31 (s, 1 H),
6.22 (s, 1 H), 6.06 (d, J =9.2 Hz, 1 H), 5.89 (d, J = 6.4 Hz, 1 H), 5.77 (t, J = 7.8 Hz, 1 H), 5.07 (s,
1 H),4.75 (s, 1 H), 4.00 (s, L H), 2.79 (s, 3 H), 2.26 (s, 3 H), 1.99 (s, 3 H), 1.67 (s, 3 H), 1.41 (5, 9
H). 13C NMR (100 MHz, CDCls) § 169.3, 152.0, 145.1, 138.1, 137.8, 134.1, 133.1, 127.4, 122.1,
121.8, 121.6, 118.6, 106.1, 81.0, 77.7, 58.1, 35.1, 27.6, 21.6, 20.2, 17.3. HRMS (ESI) calcd for
C23H29NO>Na [M+Na]* 374.2096, found 374.2097.

Compound 3d was prepared following the Typical Procedure E

o Cu(acac), (5 mol%)
.Me H
Me N

\[HJ\O t-butylmethyl ether, 50 °C
+
Me N2 /\©\

OMe

1a 2d

The reaction of 1a (23.8 mg, 0.10 mmol) and 2d (41.2 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3d (37.2 mg, 90%). *H NMR (400 MHz, CDCls) § 7.32 — 7.23 (m, 2 H), 6.87 (d, J =
8.4 Hz, 2 H), 6.34 (s, 1 H), 6.24 (s, 1 H), 5.95 — 5.80 (m, 2 H), 5.67 (dd, J = 8.8, 6.4 Hz, 1 H), 5.11
(d, J=12.0Hz, 1 H), 5.04 (s, 1 H), 4.93 (d, J = 12.0 Hz, 1 H), 4.64 (s, 1 H), 4.08 (s, 1 H), 3.82 (s,
3 H),2.77 (s, 3 H), 2.27 (5, 3 H), 1.97 (s, 3 H), 1.66 (s, 3 H). 13C NMR (100 MHz, CDCl3) & 170.4,
1595, 152.1, 144.7, 138.3, 137.7, 134.3, 131.5, 130.4, 127.8, 126.5, 122.3, 122.1, 121.9, 118.9,
113.6, 106.2, 77.5, 66.6, 58.6, 55.3, 35.0, 21.6, 20.1, 17.6. HRMS (ESI) calcd for Cy7H30NO3
[M+H]* 416.2226, found 416.2229.

Compound 3e was prepared following the Typical Procedure E

Me Me
O 0,
" Cu(acac), (5 mol%) MeMe N-Me
Me N-Me HW)J\O/\@ t-butylmethyl ether, 50 °C H
Me * N 5
2
O CFs o//\o/\©\
1a 2e 3e CF3

The reaction of 1a (23.8 mg, 0.10 mmol) and 2e (48.8 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3e (31.6 mg, 70%). *H NMR (400 MHz, CDCls)  7.61 (d, J = 8.0 Hz, 2 H), 7.46 (d,
J=8.0Hz, 2 H), 6.36 (5, 1 H), 6.26 (5, 1 H), 5.98 —5.83 (m, 2 H), 5.64 (dd, J = 9.4, 6.2 Hz, 1 H),
5.23 (d, J = 12.8 Hz, 1 H), 5.05 (s, 1 H), 5.02 (d, J = 12.8 Hz, 1 H), 4.67 (s, 1 H), 4.14 (s, 1 H),
2.79 (s, 3 H), 2.28 (s, 3 H), 1.97 (s, 3 H), 1.69 (s, 3 H). 2*C NMR (100 MHz, CDCls) 5 170.3,
151.9, 144.7, 139.5, 138.5, 137.8, 134.3, 131.5, 130.3 (q, Jc-F = 32.2 Hz), 128.4, 126.5, 125.5 (q,
Jcr = 3.8 Hz), 125.3 (q, Jcr = 3.8 Hz), 122.33, 122.27, 121.9, 121.3 (q, Jc-r = 273.1 Hz), 119.0,
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106.3, 77.6, 65.8, 58.7, 35.1, 21.6, 20.1, 17.6. 1°F NMR (376 MHz, CDCls) 5 -62.6. HRMS (ESI)
calcd for Co7H27FsNO2 [M+H]* 454.1994, found 454.2000.

Compound 3f was prepared following the Typical Procedure E

Cu(acac); (5 mol%)
THL t-butylmethyl ether, 50 °C
N, /\©\

The reaction of la (23.8 mg, 0.10 mmol) and 2f (51.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3f (36.1 mg, 78%). *H NMR (400 MHz, CDCls) 6 7.48 (d, J = 8.4 Hz, 2 H), 7.22 (d,
J=8.4Hz,2H),6.35(s, 1 H),6.25 (s, 1 H), 5.89 (d, J=8.8 Hz, 2 H), 5.65 (dd, J=8.4,6.8 Hz, 1
H), 5.11 (d, J=12.4 Hz, 1 H), 5.04 (s, 1 H), 4.93 (d, J = 12.4 Hz, 1 H), 4.66 (s, 1 H), 4.11 (s, 1 H),
2.78 (s, 3 H), 2.27 (s, 3 H), 1.97 (s, 3 H), 1.67 (s, 3 H). 1*C NMR (100 MHz, CDCls) § 170.3,
152.0, 144.7, 138.4, 137.8, 134.6, 134.3, 131.6, 131.5, 130.3, 126.5, 122.3, 122.21, 122.16, 121.9,
119.0, 106.3, 77.6, 66.0, 58.6, 35.0, 21.6, 20.1, 17.6. HRMS (ESI) calcd for C26H27BrNO; [M+H]*
464.1225, found 464.1227.

Compound 3g was prepared following the Typical Procedure E

t-butylmethyl ether, 50 °C

O Me o Cu(acac), (5 mol%)
M N H
© . m)koa

o7 OEt

1c 2a 3g
Me

The reaction of 1c¢ (25.1 mg, 0.10 mmol) and 2a (22.8 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3g (26.4 mg, 78%).*H NMR (400 MHz, CDCls) & 6.34 (s, 1 H), 6.24 (s, 1 H), 5.84
(s, 1H),5.81(s,1H),4.98 (s, 1H),4.51 (s, 1 H),4.17 - 4.02 (m, 2 H), 4.00 (s, L H), 2.77 (s, 3 H),
2.27 (s, 3 H), 1.97 (s, 3 H), 1.81 (s, 3 H), 1.69 (s, 3 H), 1.19 (t, J = 7.0 Hz, 3 H). 13C NMR (100
MHz, CDCls) 6 170.5, 152.2, 144.9, 138.2, 137.7, 134.3, 131.3, 130.5, 125.8, 123.1, 122.1, 116.0,
106.3, 77.4, 60.8, 58.1, 35.1, 21.6, 21.4, 20.1, 17.7, 13.9. HRMS (ESI) calcd for CzH2sNO>
[M+H]* 338.2120, found 338.2123.

Compound 3h was prepared following the Typical Procedure E

O Me O Cu(acac), (5 mol%) Me O Me
Me N~ H t-butylmethyl ether, 50 °C H
 owe — ’ L

Me * N z
9 2 o

1d 2b 3h

The reaction of 1d (22.3 mg, 0.10 mmol) and 2b (20.0 mg, 0.20 mmol, 2.0 equiv) in MTBE
(2.0 mL) afforded 3h (28.4 mg, 96%).*H NMR (400 MHz, CDCl3) & 7.07 (t, J = 7.6 Hz, 1 H),
6.52 (d, J = 7.6 Hz, 1 H), 6.42 (d, J = 7.6 Hz, 1 H), 6.06 (d, J = 9.6 Hz, 1 H), 5.95 (d, J = 5.2 Hz, 1
H), 5.79 (dd, J = 8.0, 6.4 Hz, 1 H), 5.13 (s, 1 H), 4.62 (s, 1 H), 4.07 (s, 1 H), 3.65 (s, 3 H), 2.80 (s,
3 H), 2.03 (s, 3 H), 1.68 (s, 3 H). 3C NMR (100 MHz, CDCl3) § 170.9, 151.9, 144.6, 137.5, 134.7,
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133.9, 128.5, 126.4, 122.3, 122.0, 121.4, 118.9, 105.4, 77.3, 58.9, 51.9, 35.0, 20.1, 17.8. HRMS
(ESI) calcd for C19H22NO, [M+H]* 296.1651, found 296.1656.

Compound 3i was prepared following the Typical Procedure E

Me Me
O o Cu(acac), (5 mol%)
Me Me L, H %OMG t-butylmethyl ether, 50°C ~ MeVi& NH,Me
Me N2 g :
O ] £ ome

1e 2b 3i

The reaction of 1e (25.5 mg, 0.10 mmol) and 2b (20.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3i (27.7 mg, 85%). *H NMR (400 MHz, CDCls) 6 6.36 (s, 1 H), 6.26 (s, 1 H), 5.80
(t, J=5.2Hz, 1 H),5.61-543 (m, 2 H), 4.77 (t, J = 2.2 Hz, 1 H), 4.08 (s, 1 H), 3.66 (s, 3 H),
2.80 (s, 3 H), 2.28 (s, 3 H), 1.97 (s, 3 H), 1.65 (s, 3 H). 13C NMR (100 MHz, CDCls) § 170.5,
158.2 (d, Jcr = 257.8 Hz), 152.1, 138.9, 138.3 (d, Jc-r = 17.4 Hz), 135.1 (d, Jc-r = 5.2 HZz), 134.3,
130.5, 122.2, 119.1 (d, Jc.r = 7.4 Hz), 115.1 (d, Jc-r = 3.1 Hz), 106.3, 101.8 (d, Jc.r = 21.3 Hz),
77.8, 60.8 (d, Jc.r = 3.7 Hz), 51.7, 34.9, 21.6, 19.8, 17.7.°F NMR (376 MHz, CDCls) & -126.8.
HRMS (ESI) calcd for CoH23FNO, [M+H]* 328.1713, found 328.1720.

Compound 3j was prepared following the Typical Procedure E

0 Cu(acac); (5 mol%)
.Me H% toluene, 50 °C
Me N +

1f 2b 3

The reaction oE 1f (25.5 mg, 0.10 mmol) and 2b (20.0 mg, 0.20 mmol, 2.0 equiv) in toluene
(2.0 mL) afforded 3j (27.2 mg, 83%).'H NMR (400 MHz, CDCl3) 6 6.37 (s, 1 H), 6.25 (s, 1 H),
5.93(d,J=8.4Hz,1H),5.69 (dd, J=11.2,0.8 Hz, 1 H), 5.05 (s, 1 H), 4.54 (s, 1 H), 4.01 (s, 1 H),
3.67(s,3H),2.78 (s,3H),2.27 (s, 3H), 1.98 (s, 3H), 1.74 (s, 3 H). 13C NMR (100 MHz, CDCl5)
8 170.5, 157.5 (d, Jc-r = 249.8 Hz), 152.1, 142.9 (d, Jc.r = 9.3 HZ), 142.6 (d, Jc-r = 8.2 Hz), 138.8,
134.3, 130.0, 122.3, 118.0 (d, Jc-r = 35.2 Hz), 117.4 (d, Jc-r = 11.9 Hz), 106.5, 104.1 (d, Jc-r =
19.9 Hz), 77.3, 58.8, 51.9, 35.0, 21.6, 20.1 (d, Jc-r = 2.3 Hz), 17.8. *°F NMR (376 MHz, CDCl3) 6
-117.5. HRMS (ESI) calcd for CaoH23FNO2 [M+H]* 328.1713, found 328.1716.

Compound 3k was prepared following the Typical Procedure E

Me Me
O Me (o] Cu(acac), (5 mol%) M
Me N’ H t-butylmethyl ether, 50 °C N-Me
. \H)kOMe yimethy A
N Z
SO oo

1g 2b 3k

The reaction of 1g (27.3 mg, 0.10 mmol) and 2b (20.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3k (29.7 mg, 86%). 'H NMR (400 MHz, CDCls) 6 7.18 (t, J = 7.2 Hz, 1 H), 7.12 (d,
J=144Hz,1H),7.10(d,J=148Hz, 1 H), 7.04 (d, J=7.6 Hz, 1 H), 6.43 - 6.34 (m, 3 H), 6.31
(d,J=9.6 Hz, 1 H), 5.20 (s, 1 H), 4.77 (s, 1 H), 4.10 (s, 1 H), 3.59 (s, 3 H), 2.80 (s, 3 H), 2.32 (s,
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3 H), 1.60 (s, 3 H). 13C NMR (100 MHz, CDCls) § 170.4, 152.5, 143.0, 141.3, 138.6, 134.4, 132.6,
132.1, 128.4, 128.1, 127.8, 126.9, 126.5, 126.2, 122.9, 119.0, 106.5, 85.3, 56.7, 51.7, 35.3, 21.6,
18.5. HRMS (ESI) calcd for CasHasNO; [M+H]* 346.1807, found 346.1803.

Compound 31 was prepared following the Typical Procedure E

Me Me
O Me o Cu(acac), (5 mol%)
Me N H t-butylmethyl ether, 50 °C N-Me
N OEt -
N Z
OO ’ o7 OEt

19 2a 3l

The reaction of 1g (27.3 mg, 0.10 mmol) and 2a (22.8 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 31 (28.3 mg, 79%). *H NMR (400 MHz, CDCls3) 8 7.17 (t, J = 7.0 Hz, 1 H), 7.12 (t,
J=7.4Hz,1H),7.06 (t, J=8.4Hz, 2 H), 6.43-6.27 (m, 3 H), 6.30 (d, J =9.6 Hz, 1 H), 5.19 (s,
1 H),4.79 (s, 1 H),4.09 (s, 1 H), 405 (g, J = 7.2 Hz, 2 H), 2.81 (s, 3 H), 2.32 (5, 3 H), 1.59 (s, 3
H), 1.13 (t, J = 7.2 Hz, 3 H). 3C NMR (100 MHz, CDCls) 6 170.0, 152.4, 143.0, 141.4, 138.6,
134.3, 132.6, 132.5, 128.7, 128.2, 127.7, 126.8, 126.4, 126.2, 122.8, 119.0, 106.6, 85.2, 60.8, 56.5,
35.4,21.6, 18.4, 13.8. HRMS (ESI) calcd for C24H26NO2 [M+H]* 360.1964, found 360.1963.

Compound 3m was prepared following the Typical Procedure E

Me Me

Cu(acac), (5 mol%)

Me O n-Me . Hmj\o;Pr t-butylmethyl ether, 50 °C
OO N2 O}\OiPr
19 2g 3m

The reaction of 1g (27.3 mg, 0.10 mmol) and 2g (25.6 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3m (28.1 mg, 75%). '*H NMR (400 MHz, CDCl3) & 7.16 (td, J = 7.2, 1.2 Hz, 1 H),
7.10 (td, J=7.2, 1.2 Hz, 1 H), 7.08 — 6.99 (m, 2 H), 6.41 — 6.33 (m, 3 H), 6.30 (d, J = 10.0 Hz, 1
H), 5.18 (s, 1 H), 4.92 (hept, J = 6.4 Hz, 1 H), 4.83 (s, 1 H), 4.07 (s, 1 H), 2.81 (s, 3 H), 2.31 (s, 3
H), 1.58 (s, 3H), 1.15 (d, J = 6.4 Hz, 3H), 1.11 (d, J = 6.2 Hz, 3 H). 1*C NMR (100 MHz, CDCl3)
3 169.4, 152.3, 143.1, 141.5, 138.5, 134.3, 133.1, 132.5, 129.0, 128.2, 127.7, 126.7, 126.4, 126.2,
122.7, 118.9, 106.5, 85.4, 68.4, 56.3, 35.4, 21.8, 21.6, 21.3, 18.3. HRMS (ESI) calcd for
CasH2sNO; [M+H]* 374.2120, found 374.2121.

Compound 3n was prepared following the Typical Procedure E

Me

O M o) Cu(acac), (5 mol%)
Me N~ © H t-butylmethyl ether, 50 °C

+ OBn
SCAE

19 2h

The reaction of 1g (27.3 mg, 0.10 mmol) and 2h (35.2 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3n (33.3 mg, 79%). 'H NMR (400 MHz, CDCls) 6 7.33 - 7.27 (m, 3 H), 7.20 - 7.13
(m,3H),7.10(t, J=74Hz, 1H),7.04(d,J=76Hz, 1H),7.00(d,J=7.6Hz 1H),6.39(s,1
H), 6.37 (s, 1 H), 6.19 (d, J = 9.6 Hz, 1 H), 6.14 (d, J = 9.6 Hz, 1 H), 5.13 (s, 1 H), 5.10 (d, J =
12.8 Hz, 1 H), 5.01 (d, J = 12.8 Hz, 1 H), 4.79 (s, 1 H), 4.16 (s, 1 H), 2.81 (s, 3 H), 2.32 (s, 3 H),
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1.59 (s, 3 H). 3C NMR (100 MHz, CDCls) § 169.8, 152.5, 142.8, 1412, 138.6, 135.3, 134.4,
132.6, 132.2, 128.5, 128.24, 128.20, 128.16, 128.0, 127.8, 126.8, 126.6, 126.3, 122.8, 119.1, 106.5,
85.1, 66.5, 56.7, 35.3, 21.7, 18.5. HRMS (ESI) calcd for CaoH2sNO, [M+H]* 422.2120, found
422.2122.

Compound 3o was prepared following the Typical Procedure E

Me Me

Cu(acac), (5 mol%)

Me O n-Me . H\[HOKO(CHZ)S% t-butylmethyl ether, 50 °C
N
2i 30

The reaction of 1g (27.3 mg, 0.10 mmol) and 2i (40.8 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 30 (35.3 mg, 78%). *H NMR (400 MHz, CDCl3) 6 7.27 (t, J =7.2 Hz, 2 H), 7.22 -
7.16 (m, 2 H),7.13(td, J=7.4, 1.6 Hz, 1L H), 7.10 — 7.04 (m, 4 H), 6.39 (s, 1 H), 6.36 (d, J = 9.6
Hz, 2 H), 6.30 (d, J=9.6 Hz, 1 H), 5.19 (s, 1 H), 4.82 (s, 1 H), 4.12 (s, 1 H), 4.06 (dt, J = 10.8, 6.4
Hz, 1 H), 3.98 (dt, J = 10.8, 6.4 Hz, 1 H), 2.82 (s, 3 H), 2.49 (t, J = 7.8 Hz, 2 H), 2.32 (s, 3 H),
1.89 — 1.73 (m, 2 H), 1.60 (s, 3 H). *C NMR (100 MHz, CDCls) & 170.0, 152.4, 143.0, 141.4,
141.3, 138.6, 134.3, 132.7, 132.6, 128.7, 128.4, 128.32, 128.28, 127.8, 126.8, 126.5, 126.2, 125.9,
122.8, 119.1, 106.6, 85.3, 64.2, 56.5, 35.4, 32.2, 30.0, 21.6, 18.4. HRMS (ESI) calcd for
C31H3aNO2 [M+H]* 450.2433, found 450.2441.

O//\O(CHz)SPh

Compound 3p was prepared following the Typical Procedure E

O (e] Cu(acac), (5 mol%)
Me
M N~ H t-butylmethyl ether, 50 °C
e . o><00| ylmethy! :
N B
19 2j

The reaction of 1g (27.3 mg, 0.10 mmol) and 2j (49.1 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3p (30.6 mg, 62%). 'H NMR (400 MHz, CDCls3) 6 7.14 (td, J = 7.2, 1.2 Hz, 1 H),
7.09 (td,J=7.4,12Hz,1H),7.04(d,J=72Hz,1H),7.00(d,J=7.6Hz,1H),6.39 (d,J=9.6
Hz, 1 H), 6.36 (s, 1 H), 6.33 (5, 1 H), 6.32 (d, J = 9.6 Hz, 1 H), 5.22 (s, 1 H), 4.92 (s, 1 H), 4.14 (s,
1 H), 2.80 (s, 3 H), 2.32 (s, 3 H), 1.88 (s, 3 H), 1.84 (s, 3 H), 1.60 (s, 3 H). 13C NMR (100 MHz,
CDCl3) 6 168.1, 152.2, 142.4, 140.8, 138.6, 134.4, 132.50, 132.48, 128.7, 128.2, 127.8, 126.9,
126.72, 126.70, 122.6, 119.7, 106.1, 105.8, 89.6, 85.4, 56.8, 34.9, 21.6, 21.4, 21.2, 18.5. HRMS
(ESI) calcd for Co6H27CIsNO, [M+H]* 490.1107, found 490.1107.

Compound 3q was prepared following the Typical Procedure E

|O (0] Cu(acac), (5 mol%)
Me N,Me H >< E t-butylmethyl ether, 50 °C
+ 3

99 "
1g 2k

The reaction of 1g (27.3 mg, 0.10 mmol) and 2k (39.2 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3q (35.5 mg, 80%). *H NMR (400 MHz, CDCls) & 7.15 (td, J = 7.2, 1.2 Hz, 1 H),
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7.12 — 7.04 (m, 2 H), 7.02 — 6.96 (m, 1 H), 6.40 (d, J = 9.6 Hz, 1 H), 6.36 (s, 1 H), 6.34 (s, 1 H),
6.29 (d, J = 9.6 Hz, 1 H), 5.19 (s, 1 H), 4.88 (s, 1 H), 4.13 (s, 1 H), 2.80 (s, 3 H), 2.31 (s, 3 H),
1.62 (s, 6 H), 1.58 (s, 3 H). 3C NMR (100 MHz, CDCls) § 167.9, 152.0, 142.8, 141.0, 138.6,
134.3,133.1, 132.4, 128.4, 128.1, 127.7, 126.84, 126.80, 126.7, 124.6 (q, Jor = 281.2 Hz), 122.7,
119.1, 106.3, 85.4, 80.6 (q, Jc-r = 29.6 Hz), 56.4, 35.0, 21.6, 19.3, 18.8, 18.3. 1%F NMR (376 MHz,
CDCls) 5 -83.4. HRMS (ESI) calcd for CasH27FsNO,Na [M+H]* 442.1994, found 442.1995.

Compound 3r was prepared following the Typical Procedure E

Me

O Me o O Cu(acac); (5 mol%)
Me N | . t-butylmethy! ether, 50 °C
)
99 .

1g 2l

The reaction of 1g (27.3 mg, 0.10 mmol) and 2I (50.1 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3r (36.0 mg, 73%). 'H NMR (400 MHz, CDCls) 4 7.63 (d, J = 7.6 Hz, 2 H), 7.57 (d,
J=76Hz,1H), 746 (d,J=76Hz 1H), 740 (d,J=7.6Hz 1H),736(d,J=7.6Hz, 1H),
7.29 -7.24 (m, L H), 7.22 (t, J=7.4 Hz, 1 H), 7.04 (ddd, J = 14.1, 6.9, 1.5 Hz, 2 H), 6.99 (d, J =
7.2 Hz, 1 H),6.91 (dd, J=6.8, 1.2 Hz, 1 H), 6.67 (s, 1 H), 6.38 (5, 1 H), 6.36 (s, 1 H), 6.19 (d, J =
9.6 Hz, 1 H), 6.07 (d, J = 9.6 Hz, 1 H), 5.15 (s, 1 H), 4.89 (s, 1 H), 4.22 (s, 1 H), 2.85 (s, 3 H),
2.31 (s, 3 H), 1.57 (s, 3 H). 1*C NMR (100 MHz, CDCls3) § 171.0, 152.3, 143.0, 141.9, 141.4,
141.2, 141.1, 141.0, 138.6, 134.3, 132.8, 132.4, 129.4, 129.3, 128.8, 128.1, 127.7, 127.6, 127.4,
126.72,126.71, 126.5, 126.3, 126.2, 122.9, 119.7, 119.3, 106.5, 85.4, 75.9, 56.5, 35.5, 21.6, 18.4.
HRMS (ESI) calcd for CasHzoNO2 [M+H]* 496.2277, found 496.2276.

Compound 3s was prepared following the Typical Procedure E

OMe OMe

0,
O i bCUI( acar?)zl (Shmomo)oc MeO N-Me
MeO N/ . H%OMe t-butylmethyl ether, 5 - H
Me N, B
O o//\OMe
1h 2b 3s

The reaction of 1h (26.9 mg, 0.10 mmol) and 2b (20.0 mg, 0.20 mmol, 2.0 equiv) in MTBE
(2.0 mL) afforded 3s (18.6 mg, 54%).'H NMR (400 MHz, CDCls) 6 6.03 (d, J = 9.2 Hz, 1 H),
5.92 (s, 1 H), 5.90 (d, J = 5.6 Hz, 1 H), 5.84 (s, 1 H), 5.78 (dd, J = 8.8, 6.4 Hz, 1 H), 5.11 (s, 1 H),
4.63 (s, 1 H), 3.96 (s, 1 H), 3.80 (s, 3 H), 3.70 (s, 3 H), 3.64 (s, 3 H), 2.74 (s, 3 H), 1.73 (s, 3 H).
13C NMR (100 MHz, CDCls) § 170.6, 162.3, 155.9, 154.1, 144.5, 138.9, 125.9, 123.1, 120.9,
117.9, 113.0, 90.0, 87.3, 77.4, 57.8, 55.5, 55.3, 52.0, 34.9, 20.2. HRMS (ESI) calcd for C20H24NO4
[M+H]* 342.1705, found 342.1699.

Compound 3t was prepared following the Typical Procedure E
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Me

O Me o _ Cu(acac), (5 mol%)
Me N~ H H t-butylmethyl ether, 50 °C
0 Ph
¥
SO

1g 2m
The reaction of 1g (27.3 mg, 0.10 mmol) and 2m (38.0 mg, 0.20 mmol, 2.0 equiv) in MTBE
(2.0 mL) afforded 3t (33.3 mg, 76%, dr 1:1). Analytic datas for diastereomers: 'H NMR (400
MHz, CDClz) 6 7.34 — 7.28 (m, 1.5 H), 7.25 - 7.21 (m, 1.5 H), 7.21 — 7.13 (m, 2 H), 7.13 - 7.04
(m, 3 H),7.01(d,J=7.6Hz 0.5H),6.82(d,J=6.8Hz, 0.5H), 6.44 (d, J =9.6 Hz, 0.5 H), 6.40
—6.34 (m, 2 H), 6.31 (d, J =10.0 Hz, 0.5 H), 5.93 (d, J = 9.6 Hz, 0.5 H), 5.85 (t, J = 6.4 Hz, 0.5
H), 5.80 (t, J = 6.2 Hz, 0.5 H), 5.75 (d, J = 9.6 Hz, 0.5 H), 5.18 (s, 0.5 H), 5.03 (s, 0.5 H), 4.92 (s,
0.5 H), 4.75 (s, 0.5 H), 4.20 (s, 0.5 H), 4.11 (s, 0.5 H), 2.81 (s, 1.5 H), 2.79 (s, 1.5 H), 2.31 (s, 3 H),
1.60 (s, 1.5 H), 1.55 (s, 1.5 H), 1.46 (d, J = 6.4 Hz, 1.5 H), 1.45 (d, J = 6.4 Hz, 1.5 H). 1*C NMR
(100 MHz, CDCl3) 6 169.2, 169.1, 152.4, 152.2, 143.3, 142.6, 141.7, 141.6, 141.1, 140.8, 138.5,
134.4, 134.2, 133.9, 132.7, 132.6, 132.3, 129.4, 128.5, 128.3, 128.2, 128.1, 128.0, 127.8, 127.7,
127.55, 127.50, 126.7, 126.5, 126.4, 126.3, 126.1, 125.8, 122.8, 122.7, 119.1, 118.7, 106.6, 106.4,
85.6, 85.2, 73.2, 73.0, 56.6, 56.1, 35.5, 35.2, 22.6, 22.5, 21.6, 18.5, 18.2. HRMS (ESI) calcd for
CaoH3oNO; [M+H]* 436.2277, found 436.2281.

Compound 3u was prepared following the Typical Procedure E

O Me 0] Cu(acac), (5 mol%)
Me N~ . H t-butylmethyl ether, 50 °C
94 "

19 2n

The reaction of 1g (27.3 mg, 0.10 mmol) and 2n (29.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3u (32.1 mg, 82%).*H NMR (400 MHz, CDCls) 6 7.38 (t, J = 7.4 Hz, 1 H), 7.34 —
7.27(m,3H),7.20 (t, J=7.2Hz, 1 H), 7.16 (t, J=7.2 Hz, 1 H), 7.09 (t, J = 7.6 Hz, 2 H), 6.77 (d,
J=72Hz 1H), 641 (s, 1H),6.39(s,1H),592(,J=9.6Hz 1H),573(d,J=9.6 Hz, 1 H),
5.16 (s, 1 H), 5.03 (s, 1 H), 4.71 (s, 1 H), 2.79 (s, 3 H), 2.34 (s, 3 H), 1.57 (s, 3 H). 13C NMR (100
MHz, CDCls) 8 196.4, 152.8, 142.0, 141.1, 138.6, 137.2, 134.4, 133.3, 132.7, 132.0, 129.1, 128.5,
128.2, 128.0, 127.6, 127.0, 126.6, 125.7, 122.7, 119.8, 106.5, 87.5, 57.8, 35.2, 21.7, 18.5. HRMS
(ESI) calcd for CogH26NO [M+H]* 392.2014, found 392.2017.

Compound 3v was prepared following the Typical Procedure E

O Me O Cu(acac), (5 mol%)
Me N~ H\[Hk@ t-butylmethyl ether, 50 °C
+
N
3 LT

19 20

The reaction of 1g (27.3mg, 0.10 mmol) and 20 (32.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3v (33.6 mg, 83%). *H NMR (400 MHz, CDCls) § 7.27 (d, J = 9.2 Hz, 1 H), 7.24 —
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7.18 (m, 3 H), 7.18 — 7.13 (m, 1 H), 6.89 (d, J = 8.0 Hz, 2 H), 6.80 (d, J = 6.8 Hz, 1 H), 6.39 (s, 2
H), 5.94 (d, J = 9.6 Hz, 1 H), 5.77 (d, J = 9.6 Hz, 1 H), 5.16 (s, 1 H), 4.99 (s, 1 H), 4.70 (s, 1 H),
2.76 (s, 3 H), 2.33 (s, 3 H), 2.31 (s, 3 H), 1.58 (s, 3 H). 3C NMR (100 MHz, CDCl3) & 195.8,
152.9, 143.4, 142.0, 141.2, 138.5, 134.7, 134.4, 133.3, 131.9, 129.2, 128.6, 128.3, 128.2, 128.0,
127.0, 126.5, 125.7, 122.6, 119.8, 106.4, 87.3, 57.9, 35.1, 21.7, 21.6, 18.6. HRMS (ESI) calcd for
CasH2sNO [M+H]* 406.2171, found 406.2174.

Compound 3w was prepared following the Typical Procedure E

Me

O M O Me Cu(acac), (5 mol%)
Me N~ © , H t-butylmethyl ether, 50 °C
99 * 0

wMe

19 2p 3

The reaction of 1g (27.3 mg, 0.10 mmol) and 2p (32.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3w (29.4 mg, 72%). 'H NMR (400 MHz, CDCl3) § 7.19 (td, J = 7.4, 1.2 Hz, 2 H), §
719 (td,J=7.2,1.6 Hz, 1 H), 7.12 - 7.09 (m, 1 H), 7.09 — 7.05 (m, 1 H), 6.74 (d, J = 6.8 Hz, 1 H),
6.68 (dd, J=7.6, 1.2 Hz, 1 H), 6.61 (t, J = 7.2 Hz, 1 H), 6.43 (s, 1 H), 6.35 (s, 1 H), 5.90 (d, J =
10.0 Hz, 1 H), 5.66 (d, J =9.6 Hz, 1 H), 5.13 (d, J = 0.8 Hz, 1 H), 5.08 (s, 1 H), 4.82 (s, 1 H), 2.89
(s, 3 H), 2.43 (s, 3 H), 2.32 (s, 3 H), 1.50 (s, 3 H). 3C NMR (100 MHz, CDCls) & 198.8, 152.5,
142.8, 141.5, 139.5, 138.4, 136.7, 134.2, 134.0, 133.0, 131.2, 128.8, 128.24, 128.16, 127.8, 126.7,
126.3, 125.2, 124.3, 122.7, 119.4, 106.6, 89.2, 56.0, 35.9, 21.7, 21.0, 18.0. HRMS (ESI) calcd for
Ca9H2sNO [M+H]* 406.2171, found 406.2173.

Compound 3x was prepared following the Typical Procedure E

O M (6] Br Cu(acac), (5 mol%)
Me N~ © , H toluene , 50 °C
Q) "

19 2q

The reaction of 1a (273.4 mg, 0.10 mmol) and 2q (329.8 mg, 1.50 mmol, 1.5 equiv) in toluene
(2.0 mL) afforded 3x (322.3 mg, 69%). *H NMR (400 MHz, CDCls) & 7.45 (dd, J=8.0, 1.2 Hz, 1
H), 7.18 (d, J = 7.6 Hz, 1 H), 7.12 (m, 2 H), 7.06 (td, J = 7.2, 1.6 Hz, 1 H), 6.89 (dd, J = 7.8, 1.8
Hz, 1 H), 6.87 (td, J = 7.2, 1.2 Hz, 1 H), 6.67 (dd, J = 7.4, 1.4 Hz, 1 H), 6.43 (5, 1 H), 6.35 (5, 1 H),
6.07 (d, J=10.0 Hz, 1 H), 5.73 (d, J = 10.0 Hz, 1 H), 5.231 (s, 1 H), 5.226 (s, 1 H), 4.92 (s, 1 H),
2.93 (s, 3 H), 2.32 (s, 3 H), 1.49 (s, 3 H). 3C NMR (100 MHz, CDCls) 4 197.2, 152.2, 142.4,
141.1, 138.5, 137.8, 134.6, 134.0, 133.9, 132.8, 131.9, 130.6, 129.0, 128.4, 127.8, 126.7, 126.2,
126.0, 124.9, 122.8, 121.6, 120.4, 106.7, 89.7, 55.8, 36.0, 21.7, 17.9. HRMS (ESI) calcd for
CasH2sBrNO [M+H]* 470.1120, found 470.1115.

Compound 3y was prepared following the Typical Procedure E
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OO Me o) Cu(acac), (5 mol%)
N~ H t-butylmethyl ether, 50 °C
OMe
GO

1i 2b

The reaction of 1i (29.5 mg, 0.10 mmol) and 2b (20.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3y (29.6 mg, 81%). *H NMR (400 MHz, CDCls) 6 7.79 (d, J = 8.8 Hz, 1 H), 7.73 (d,
J=8.0Hz,1H),7.22-715(m, 2H), 7.15-7.07 (m, 3H), 7.07 - 6.98 (m, 2 H), 6.94 (d,J=7.6
Hz, 1 H), 6.51 (d, J=9.6 Hz, 1 H), 6.39 (d, J = 9.6 Hz, 1 H), 5.18 (s, 1 H), 4.64 (s, 1 H), 4.25 (5, 1
H), 3.64 (s, 3 H), 2.94 (s, 3 H). 3C NMR (100 MHz, CDCls) § 170.2, 150.2, 142.5, 141.3, 132.4,
130.3, 129.8, 129.5, 128.8, 128.6, 128.4, 128.0, 127.1, 126.7, 126.43, 126.40, 125.7, 123.4, 122.0,
119.6, 110.9, 85.8, 57.6, 51.8, 35.8. HRMS (ESI) calcd for CsH22NO, [M+H]* 368.1651, found
368.1652.

Compound 3z was prepared following the Typical Procedure E

Et o) Cu(acac), (5 mol%)
N~ H t-butylmethyl ether, 50 °C
OEt
SO
1k 2a

The reaction of 1k (30.9 mg, 0.10 mmol) and 2a (22.8 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3z (27.7 mg, 70%). *H NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.8 Hz, 1 H), 7.74 —
7.67 (m, 1 H),7.20-7.13(m, 2 H), 7.12-7.04 (m, 3 H), 7.04 —6.96 (m, 2 H), 6.95-6.89 (M, 1
H), 6.50 (d, J = 9.6 Hz, 1 H), 6.39 (d, J = 9.2 Hz, 1 H), 5.17 (s, 1 H), 4.68 (s, 1 H), 4.50 (s, 1 H),
4.09 (q,J=7.2Hz, 2 H), 3.67 (dg, J = 14.8, 7.2 Hz, 1 H), 3.26 (dq, J = 14.8, 7.2 Hz, 1 H), 1.22 -
1.11 (m, 6 H). 3C NMR (100 MHz, CDCls) & 170.2, 148.8, 143.1, 142.1, 132.2, 130.2, 129.7,
1295, 128.8, 128.7, 128.5, 128.1, 127.0, 126.6, 126.4, 126.3, 123.1, 121.7, 119.8, 111.1, 81.8,
60.9, 57.4, 41.1, 13.9, 9.9. HRMS (ESI) calcd for C27H26NO2 [M+H]* 396.1964, found 396.1959.

Compound 3aa was prepared following the Typical Procedure E

Me

Cu(acac); (5 mol%)

® 0
Me N/Et HW)J\ t-butylmethyl ether, 50 °C MeVie
Me . | OMe £
A z
O o ome

1j 2b 3aa

The reaction of 1j (25.1 mg, 0.10 mmol) and 2b (20.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3aa (22.6 mg, 70%). *H NMR (400 MHz, CDCls) 6 6.31 (s, 1 H), 6.21 (s, 1 H), 6.05
(d,J=9.6 Hz, 1 H),5.91 (d,J =6.0 Hz, 1 H), 5.78 (dd, J = 8.4, 7.2 Hz, 1 H), 5.12 (s, 1 H), 4.63 (s,
1 H),4.37 (s, 1 H), 3.62 (s, 3H), 3.46 (dq, J = 14.4, 7.2 Hz, 1 H), 3.14 (dq, J = 14.4, 7.2 Hz, 1 H),
2.26 (s, 3 H), 1.96 (s, 3 H), 1.67 (s, 3 H), 1.09 (t, J = 7.0 Hz, 3 H). 3C NMR (100 MHz, CDCls) &
171.3, 150.6, 145.3, 138.33, 138.30, 134.4, 131.6, 126.3, 122.2, 121.5, 121.3, 118.8, 106.1, 74.2,
58.5, 51.8, 40.6, 21.6, 20.0, 17.8, 9.4. HRMS (ESI) calcd for C21H26NO2 [M+H]* 324.1964, found
324.1967.
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Compound 3bb was prepared following the Typical Procedure E

O [e) Cu(acac), (5 mol%)
N H t-butylmethyl ether, 50 °C
+ NMePh

N B
OO : o7 ~NMePh

19 2r 3bb

The reaction of 1g (27.3 mg, 0.10 mmol) and 2r (35.0 mg, 0.20 mmol, 2.0 equiv) in MTBE (2.0
mL) afforded 3bb (38.6 mg, 92%).'H NMR (400 MHz, CDCls) § 7.14 — 7.05 (m, 2 H), 7.05 —
6.93 (m, 3 H), 6.78 (td, J=7.4, 1.6 Hz, 1 H), 6.66 (d, J = 7.6 Hz, 1 H), 6.51 — 6.43 (m, 3 H), 6.38
(d,J=9.6 Hz,1H), 6.35(s,1 H), 6.28 (s, 1 H), 5.32 (s, 1 H), 4.67 (5, 1 H), 4.13 (s, 1 H), 3.17 (5,
3 H),2.72 (s, 3 H),2.27 (s, 3 H), 1.54 (s, 3 H). *C NMR (100 MHz, CDCls) & 168.7, 153.0, 143.2,
141.3, 139.7, 138.2, 134.6, 133.3, 130.5, 130.1, 129.1, 128.2, 127.6, 127.0, 126.7, 126.6, 126.1,
125.0, 122.8, 119.9, 106.4, 79.3, 58.1, 38.4, 34.4, 21.6, 19.0. HRMS (ESI) calcd for Co9H29N20
[M+H]* 421.2280, found 421.2276.

Compound 6 was prepared following the Typical Procedure E

Cu(acac), (5 mol%)

O i
Me
‘ H toluene, 90 °C
L
Me £
Ny :
O o//\OEt

5 2a 6

The reaction of 5 (20.9 mg, 0.10 mmol) and 2a (22.8 mg, 0.20 mmol, 2.0 equiv) in toluene (2.0
mL) afforded 6 (7.3 mg, 25%) at 90 °C for 24 h.*H NMR (400 MHz, CDCls) & 7.15 (td, J = 7.6,
1.2 Hz,1H), 6.86 (dd, J=7.4,0.8 Hz, 1 H), 6.74 (td, J = 7.2, 1.8 Hz, 1 H), 6.58 (d, J = 7.6 Hz, 1
H), 6.05- 5.94 (m, 2 H), 5.86 — 5.75 (m, 1 H), 5.13 (s, 1 H), 4.78 (s, 1 H), 4.20 — 4.03 (m, 2 H),
4.12 (s, 1 H), 2.82 (s, 3H), 1.72 (s, 3 H), 1.22 (t, J = 7.2 Hz, 3 H). 13C NMR (100 MHz, CDCls) &
170.2, 151.8, 146.0, 137.8, 136.1, 128.3, 126.1, 124.7, 122.3, 122.2, 119.4, 119.2, 107.9, 77.6,
60.9, 59.0, 35.0, 20.4, 14.0. HRMS (ESI) calcd for CigH22NO, [M+H]* 296.1651, found
296.1654.

Compound 7 was prepared following the Typical Procedure E
O (0] Cu(acac), (5 mol%) O /
_Me o N
N H toluene, 110 °C
" N %oa
G " O

5 2a 7

The reaction of 5 (20.9 mg, 0.10 mmol) and 2a (22.8 mg, 0.20 mmol, 2.0 equiv) in toluene (2.0
mL) afforded 7 (9.9 mg, 33%, a pair of diastereomers) at 110 °C for 24 h.'H NMR (400 MHz,
CDCl3) 5 7.33 (td, J = 7.6, 1.6 Hz, 1 H), 7.30 — 7.27 (m, 1 H), 7.25 — 7.16 (m, 3 H), 7.15 — 7.08 (m,
2 H), 4.27 - 4.18 (m, 1 H), 4.18 — 4.13 (m, 1 H), 4.13 — 4.07 (m, 1 H), 2.84 — 2.75 (m, 5 H), 2.33
(s, 3 H), 1.29 (t, J = 7.0 Hz, 3 H). HRMS (ESI) calcd for C19H22NO, [M+H]* 296.1651, found
296.1657.

CO,Et

Synthesis of compound 8k
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H,, Pd/C
N-Me EtOH, rt, 3h
H B

83%

O//\OMe
3K

A 25 mL flask containing a mixture of 3k (172.7 mg, 0.5 mmol, 1.0 equiv), K.COs3 (69 mg, 0.5
mmol, 1.0 equiv), 10% Pd/C (75 mg) in EtOH (10 mL) was purged with H» and stirred at rt for 15
min with a hydrogen balloon. The mixture was filtered through a pad of celite, washed with
EtOAc and the filtrate was removed by evaporation, and the resulting mixture was purified by
column chromatography on silica gel (hexanes/ethyl acetate = 20 :1) to afford the desired product
8k (145 mg, 83%) as a white solid. The single crystal was obtained by slow volatilization of a
saturation solution of 8k in mixed solvent DCM/PE.*H NMR (400 MHz, CDCls) 6 7.21 — 7.09
(m, 3 H), 7.05 (d, J = 7.6 Hz, 1 H), 6.37 (5, 1 H), 6.34 (s, 1 H), 5.83 (s, 1 H), 4.20 (s, 1 H), 3.64 (s,
3 H), 3.39 (s, 2 H), 2.80 (s, 3 H), 2.31 (s, 3 H), 1.52 (s, 3 H), 1.51 (s, 3 H). 3C NMR (100 MHz,
CDCls) 8 170.7, 152.6, 141.4, 138.4, 134.7, 134.1, 133.4, 128.4, 128.1, 127.4, 126.5, 125.9, 122.54,
122.53, 106.7, 84.4, 56.3, 51.8, 36.1, 30.5, 21.6, 20.6, 17.3. HRMS (ESI) calcd for C3H2sNO>
[M+H]* 348.1964, found 348.1963.

Synthesis of compound 9k

Rh,(OAC), (5.0 mol%)
PhI=C(CO,Me),, CH,Cl,

N CO,Me
< H

O//;\OMe

9k

CO,Me
59%

Under argon  atmosphere, 3k (276 mg, 008 mmol, 1.0 equiv),
bis(methoxycarbonyl)(phenyliodinio)methanide!**! (30.3 mg, 1.04 mmol, 1.3 equiv), Rh2(OAC),
(1.8 mg, 0.004 mmol, 5 mol%) and DCM (1.0 mL) were added to a 25 mL Schlenk tube. The tube
was capped with a screw cap and stirred at rt for 2 h. The mixture was directly purified by flash
chromatography on silica gel (hexanes/ethyl acetate = 20:1) to afford 9k (22.4 mg, 59%). ‘H
NMR (400 MHz, CDCl3) & 7.15 (t, J = 7.4 Hz, 1 H), 7.12 - 7.03 (m, 2 H), 6.80 (d, J = 7.6 Hz, 1
H), 6.41 (d, J = 9.6 Hz, 1 H), 6.38 — 6.28 (m, 3 H), 5.19 (s, 1 H), 4.75 (s, 1 H), 4.35 (s, 1 H), 3.97
—3.85(m, 2 H),3.78 - 3.71 (m, 1 H), 3.69 (s, 3 H), 3.58 (s, 3 H), 3.57 (s, 3 H), 2.31 (s, 3 H), 1.60
(s, 3 H). 3C NMR (100 MHz, CDCl3) 5 170.4, 168.9, 168.4, 150.4, 143.6, 140.8, 138.8, 134.9, 131.8,
130.9, 128.5, 127.9, 127.5, 126.9, 126.7, 126.2, 122.4, 118.9, 104.9, 82.9, 56.8, 52.7, 51.6, 49.5, 46.1,
21.7,19.0. HRMS (ESI) calcd for CosH2NOsNa [M+Na]* 498.1893, found 498.1894.

Synthesis of compound 10k

DIBAL-H, DCM

S31 10k



To a solution of 3k (0.207 g, 0.60 mmol, 1.0 equiv) in anhydrous DCM (10.0 mL) was added
DIBAL-H (1 M in toluene, 3.0 mL, 3.0 mmol, 5.0 equiv) dropwise at - 78 © C. After stirring for 3
h at -78 °C, MeOH (3.0 mL) was added dropwise and the reaction mixture was allowed to warm to
room temperature. The reaction mixture was added saturated aqueous potassium sodium tartrate
(30 mL) and stirred for additional 2 h, followed by extraction with DCM (30 mL x 3). The
combined organic phase was washed with brine (30 mL) and dried over Na,SO4. After filtration,
the solvent was removed by evaporation, and the resulting mixture was purified by column
chromatography on silica gel (hexanes/ethyl acetate = 10 :1) to afford S31 (0.143 g, 75%) as a
light yellow foam. *H NMR (400 MHz, CDCls) 6 7.18 — 7.10 (m, 2 H), 7.08 (d, J = 7.6 Hz, 2 H),
6.48 (d, J = 10.8 Hz, 2 H), 6.43 (5, 1 H), 6.37 (s, 1 H), 5.19 (s, 1 H), 4.59 (s, 1 H), 3.89 (s, 2 H),
3.34 (t, J = 5.0 Hz, 1 H), 2.82 (s, 3 H), 2.34 (s, 3 H), 1.81 (bs, 1 H), 1.61 (s, 3 H). *C NMR (100
MHz, CDCls) 6 154.2, 143.0, 142.3, 138.4, 134.5, 132.2, 131.8, 129.2, 128.7, 128.1, 126.9, 126.7,
126.6, 123.1, 118.5, 106.9, 83.7, 61.4, 55.7, 35.4, 21.7, 18.9. HRMS (ESI) calcd for CxH24NO
[M+H]* 318.1858, found 318.1861.

A mixture of S31 (15.9 mg, 0.05 mmol) and MeNHOH HCI (8.4 mg, 0.10 mmol, 2.0 equiv) in
toluene (1 mL) was heated at 110 °C for 20 h. The mixture was cooled to room temperature and
directly purified by column chromatography on silica gel (hexanes/ethyl acetate = 10 :1) to afford
the desired product 10k (9.0 mg, 57%). *H NMR (400 MHz, CDCls) § 7.17 — 7.09 (m, 2 H), 7.07
(dd, J=7.2,1.2 Hz, 1 H), 6.98 (d, J = 7.2 Hz, 1 H), 6.52 (d, J = 10.0 Hz, 1 H), 6.29 (s, 1 H), 6.23
(s, 1 H), 5.77 (d, J = 10.0 Hz, 1 H), 4.04 (d, J = 3.2 Hz, 1 H), 3.98 (d, J = 10.0 Hz, 1 H), 3.63 (dd,
J=9.6,3.4Hz, 1 H), 2.83 (s, 3 H), 2.29 (s, 3 H), 1.54 (s, 3 H), 1.15 (s, 3 H). 3C NMR (100 MHz,
CDCl3) & 153.8, 139.4, 138.5, 134.6, 130.9, 130.6, 129.7, 128.3, 128.0, 126.9, 126.7, 126.4, 121.7,
105.7, 88.2, 83.9, 67.6, 61.6, 35.2, 25.9, 21.6, 18.9. HRMS (ESI) calcd for CxHuNO [M+H]*
318.1858, found 318.1858.
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