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General remarks

All the manipulations were performed in air, unless mentioned otherwise. THF, toluene, and
hexane were purchased from J&K Chemicals and used without further purification. The following
chemicals were purchased and used as received: FeBr; (99%, Sigma-Aldrich), D,O (Energy
Chemicals), DCE (J&K Chemical and de-water). All enynes were prepared by literature report
proceduresl.

1H, 13C, °F NMR spectra were recorded using Bruker 400 MHz, 500 MHz and 600 MHz NMR,
Agilent Technologies 600 MHz NMR spectrometer. 'H NMR and “C NMR spectra were
referenced to resonances of the residual protons in the deuterated solvents. Multiplicities are
recorded as: s = singlet, d = doublet, t = triplet, dd = doublet of doublets, dt = doublet of triplets,
br = broad singlet and m = multiplet. HR-MS analyses were performed at a Thermo Scientific
Exactive-TOF (ESI ionization source).

General procedure for evaluation of conditions.

In a 4-mL screw-capped vial, 1a (67.8 mg, 0.2 mmol), FeBr; (70.9 mg, 0.24 mol), solvent (0.5 mL)
and a magnetic stirring bar were added under air. Then D,0 (4.8 mg, 0.24 mmol) were added.
The vial was sealed with a cap containing a PTFE septum, then transferred to an oil bath at 80 °C.
The reaction mixture was stirred at 80 °C for 1 h and the resulting solution was concentrated in
vacuum. Conversions and Z/E ratio were determined by NMR analysis with crude reaction
mixture.

General procedure for deuterium bromination/cyclization of enynes

In a 4-mL screw-capped vial, 1a (101.7 mg, 0.3 mmol), FeBr; (106.4 mg, 0.36 mol), solvent (0.5
mL) and a magnetic stirring bar were added under air. Then D,0 (7.2 mg, 0.36 mmol) were added.
The vial was sealed with a cap containing a PTFE septum, then transferred to an oil bath at 80 °C.
The reaction mixture was stirred at 80 °C for 1 h and the resulting solution was concentrated in
vacuum. The crude product was purified by column chromatography on silica gel with a mixture
of ethyl acetate and hexane (1:70 - 1:2) as eluent, and data for characterization of the products
are listed below.

Characterization data of heterocyclic alkenyl bromide
(Z)-4-(bromo(phenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2a)

CH-,D
Br \ 8H3

N
Ts

2a The title compound was isolated (112.5 mg, 89%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl;) 6 7.75 (d, J = 8.3 Hz,
2H), 7.38 (d, J = 8.0 Hz, 2H), 7.33 = 7.30 (m, 3H), 7.21 (dd, J = 7.4, 2.2 Hz, 2H), 4.00 (s, 2H), 3.03 (s, 2H),
2.47 (s, 3H), 0.90 (s, 3H), 0.89 (m, 2H). *C NMR (151 MHz, CDCl;) & 144.5, 144.0, 139.6, 132.1, 129.9,
129.0, 128.8, 128.3, 128.1, 115.8, 63.2, 56.6, 44.2, 26.1, 25.8 (t, J = 19.6 Hz), 21.7. HRMS (ESI): m/z
[M+H]" calcd for CoH,,DBrNO,S": 426.0690, found 420.0692.
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(2)-4-(bromo(4-fluorophenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2b)
F

CH,D
GH,

Br\

N
Ts

2b The title compound was isolated (92.3 mg, 70%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl3) 6 7.75 (d, J = 6.0 Hz,
2H), 7.39 (d, J = 6.0 Hz, 2H), 7.21 - 7.19 (m, 2H), 7.01 (t, J = 8.7 Hz, 2H), 3.99 (s, 2H), 3.03 (s, 2H), 2.47
(s, 3H), 0.90 (s, 3H), 0.89 (m, 2H). >C NMR (151 MHz, CDCl3) & 162.7 (d, J = 249.6 Hz), 145.5, 144.0,
135.8 (d, /= 3.8 Hz), 132.2, 131.0 (d, J = 8.2 Hz), 129.9, 128.2, 115.5 (d, J = 21.8 Hz), 114.7, 63.1, 56.5,
44.1, 26.1, 25.8 (t, J = 18.1 Hz), 21.6. “°F NMR (565 MHz, CDCl3) & -111.68. HRMS (ESI): m/z [M+H]*
calcd for CyoH,,DBrFNO,S™: 439.0596, found 439.0594.

(Z)-4-(bromo(4-chlorophenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2c)

Cl

CH,D
Br N\ éHs

N
Ts

2c The title compound was isolated (94.3 mg, 69%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (400 MHz, CDCl) & 7.74 (d, J = 8.3 Hz,
2H), 7.38 (d, J = 8.1 Hz, 2H), 7.29 (dd, J = 8.7, 2.4 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 3.98 (s, 2H), 3.02 (s,
2H), 2.46 (s, 3H), 0.91 (s, 3H), 0.89 (m, 2H). **C NMR (101 MHz, CDCls) & 145.5, 144.0, 138.1, 134.8,
132.0, 130.4, 129.9, 128.7, 128.2, 114.3, 63.2, 56.6, 44.2, 26.2, 25.9 (t, J = 19.2 Hz), 21.7. HRMS (ESI):
m/z [M+H]" calcd for CyoH,,DBrCINO,S': 455.0300, found 455.0298.
(2)-4-(bromo(4-bromophenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2d)

Br

CH,D
CH,

Br\

N
Ts

2d The title compound was isolated (115.6 mg, 77%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (400 MHz, CDCls) & 7.74 (d, J = 8.3 Hz,
2H), 7.49 — 7.42 (m, 2H), 7.38 (d, J = 8.3 Hz, 2H), 7.12 — 7.05 (m, 2H), 3.97 (s, 2H), 3.02 (s, 2H), 2.46 (s,
3H), 0.91 (s, 3H), 0.90 (d, J = 7.0 Hz, 2H). *C NMR (101 MHz, CDCl,) 6 145.5, 144.0, 138.5, 132.0, 131.6,
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130.7, 129.9, 128.2, 123.1, 114.3, 63.2, 56.6, 44.2, 26.2, 25.9 (t, J = 20.2 Hz), 21.7. HRMS (ESI): m/z
[M+H]" calcd for CyoH,,DBr,NO,S’: 498.9795, found 498.9795.
(2)-4-(bromo(p-tolyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2e)

Me

CH,D
Br N\ (.2,H3

N
Ts

2e The title compound was isolated (86.2 mg, 66%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (400 MHz, CDCl3) & 7.79 — 7.69 (m, 2H),
7.42 = 7.35 (m, 2H), 7.17 = 7.05 (m, 4H), 3.98 (s, 2H), 3.02 (s, 2H), 2.47 (s, 3H), 2.34 (s, 3H), 1.60 (s, 3H),
0.91 (s, 3H), 0.90 (d, J = 7.1 Hz, 2H). *C NMR (101 MHz, CDCl;) & 144.4, 144.0, 138.9, 136.9, 132.2,
129.9, 129.0, 128.9, 128.2, 116.2, 63.3, 56.6, 44.2, 26.2, 21.6 (d, J = 31.2 Hz). HRMS (ESI): m/z [M+H]"
caled for C,;H,,DBrNO,S": 435.0847, found 435.0845.
(2)-4-(bromo(4-(tert-butyl)phenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2f)

tBu

CH,D
Br N\ 6H3

N
Ts

2f The title compound was isolated (87.3 mg, 61%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (600 MHz, CDCls) & 7.75 (d, J = 8.0 Hz,
2H), 7.38 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.1 Hz, 2H), 3.99 (s, 2H), 3.03 (s, 2H),
2.47 (s, 3H), 1.30 (s, 9H), 0.90 (s, 3H), 0.90 (d, J = 10.5 Hz, 2H). *C NMR (151 MHz, CDCl5) & 152.1,
144.4,143.9, 136.7, 132.3, 129.9, 128.7, 128.2, 125.2, 116.3, 63.3, 56.6, 44.2, 34.8, 31.4, 26.2, 25.9 (t,
J=19.6 Hz), 21.8. HRMS (ESI): m/z [M+H]" calcd for C,oH3,DBrNO,S": 477.1316, found 477.1314.
(2)-4-(bromo(4-(trifluoromethyl)phenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine
(2g)

CF;

CH,D
Br N\ (3H3

N
Ts

29 The title compound was isolated (121.8 mg, 83%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (400 MHz, CDCls) & 7.75 (d, J = 8.3 Hz,
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2H), 7.60 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 4.01 (s, 2H), 3.05 (s, 2H),
2.48 (s, 3H), 0.91 (s, 3H), 0.90 (d, J = 7.0 Hz, 2H). *C NMR (101 MHz, CDCl;) & 146.0, 144.1, 143.1,
132.0, 131.0 (g, J = 32.3 Hz), 130.0, 129.6, 128.2, 125.4 (q, J = 3.8 Hz), 125.2, 122.5, 113.6, 63.2, 56.6,
44.3,26.2, 25.9 (t, J = 19.2 Hz), 21.7. °F NMR (376 MHz, CDCl3) & -62.77. HRMS (ESI): m/z [M+H]"
caled for C,;H,,DBrFsNO,S": 489.0564, found 489.0563.

Methyl (Z)-4-(bromo(4-methyl-4-(methyl-d)-1-tosylpyrrolidin-3-ylidene)methyl)benzoate (2h)

COzMe

CH.D
GH,

Br\

N
Ts

2h The title compound was isolated (128 mg, 89%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 4:1). 'H NMR (600 MHz, CDCl;) 6 8.01 — 7.97 (m, 2H),
7.76 = 7.71 (m, 2H), 7.38 (d, J = 7.9 Hz, 2H), 7.31 — 7.27 (m, 2H), 4.00 (s, 2H), 3.90 (s, 3H), 3.03 (s, 2H),
2.46 (s, 3H), 0.89(s, 3H), 0.88 (d, J = 10.5 Hz, 2H). *C NMR (151 MHz, CDCl5) & 166.4, 145.6, 144.03,
144.01, 132.1, 130.4, 129.9, 129.6, 129.2, 128.1, 114.1, 63.2, 56.6, 52.4, 44.2, 26.1, 25.9 (t, J = 19.6 Hz),
21.7. HRMS (ESI): m/z [M+H]" calcd for C,,H4sDBrNO,S": 479.0745, found 479.0745.
(Z)-4-(bromo(3-methoxyphenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2i)

MeQ,

CH,D
Br N\ 6H3
N

Ts

2l The title compound was isolated (79.9 mg, 59%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). *H NMR (400 MHz, CDCl3) 6 7.78 — 7.71 (m, 2H),
7.39 (d, J = 8.1 Hz, 2H), 7.24 (dd, J = 15.3, 7.4 Hz, 1H), 6.88 — 6.77 (m, 2H), 6.74 (dd, J = 2.7, 1.6 Hz, 1H),
3.99 (s, 2H), 3.78 (s, 3H), 3.03 (s, 2H), 2.47 (s, 3H), 0.93(s, 3H), 0.93 (d, J = 7.1 Hz, 2H). *C NMR (101
MHz, CDCl3) 6 159.2, 144.5, 144.0, 140.8, 132.1, 129.9, 129.4, 128.2, 121.5, 115.6, 114.6, 114.5, 63.2,
56.5, 55.4, 44.2, 26.1, 25.8 (t, J = 20.2 Hz), 21.7. HRMS (ESI): m/z [M+H]" calcd for CH,,DBrNO5S':
451.0796, found 451.0795.
(2)-4-(bromo(3-(trifluoromethyl)phenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine
(2j)
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F3C,

CH,D
Br N\ éHs
N

Ts

2 The title compound was isolated (91 mg, 62%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (400 MHz, CDCl3) 6 7.77 —7.71 (m, 2H),
7.60 — 7.54 (m, 1H), 7.49 — 7.43 (m, 2H), 7.43 — 7.35 (m, 3H), 4.00 (s, 2H), 3.03 (s, 2H), 2.46 (s, 3H),
0.88 (s, 3H), 0.88 (d, J = 7.0 Hz, 2H). *C NMR (101 MHz, CDCl5) & 146.2, 144.1, 140.3, 132.4, 132.0,
130.8 (g, J = 32.3 Hz), 129.9, 129.0, 128.1, 126.0 (q, J = 4.0 Hz), 125.5 (q, J = 4.0 Hz), 123.7 (g, J = 273.7
Hz), 113.5, 63.2, 56.6, 44.2, 26.1, 25.9 (t, J = 19.2 Hz), 21.7. F NMR (565 MHz, CDCl3) 6 -62.8. HRMS
(ESI): m/z [M+H]" calcd for C;H,;DBrFsNO,S™: 489.0564, found 489.0563.

Methyl (Z)-3-(bromo(4-methyl-4-(methyl-d)-1-tosylpyrrolidin-3-ylidene)methyl)benzoate (2k)

MeOQC
CH-D
Br N\ 6H3
N
Ts
2k

The title compound was isolated (93.4 mg, 67%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (400 MHz, CDCl5) & 7.98 (td, J = 4.3, 3.5,
1.9 Hz, 1H), 7.89 (s, 1H), 7.74 (d, J = 8.3 Hz, 2H), 7.46 — 7.34 (m, 4H), 4.00 (s, 2H), 3.90 (s, 3H), 3.02 (s,
2H), 2.47 (s, 3H), 0.89 (s, 3H), 0.88 (d, J = 7.1 Hz, 2H). *C NMR (101 MHz, CDCl5) & 166.4, 145.6, 144.1,
139.9, 133.4, 131.9, 130.4, 130.2, 130.0, 129.9, 128.6, 128.1, 114.3, 63.2, 56.6, 52.4, 44.2, 26.3, 25.9 (t,
J=19.2 Hz), 21.7. HRMS (ESI): m/z [M+H]" calcd for C,,H,,DBrNO,S": 479.0745, found 479.0745.
(Z)-4-(bromo(o-tolyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2I)

Me
CH,D
Br \ 6H3
N

Ts

2l The title compound was isolated (84.9 mg, 65%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (400 MHz, CDCls) & 7.75 (d, J = 8.0 Hz,
2H), 7.39 (d, J = 8.0 Hz, 2H), 7.27-7.21 (m, 1H), 6.86 - 6.79 (m, 2H), 6.75 - 6.74 (m, 1H), 3.99 (s, 2H),
3.78 (s, 3H), 3.03 (s, 2H), 2.47 (s, 3H), 0.93 (s, 3H), 0.92 (d, J = 7.2 Hz, 2H). *C NMR (101 MHz, CDCl5) &
159.1, 144.3, 143.9, 140.7, 132.0, 129.8, 129.3, 128.1, 121.4, 115.5, 114.5, 114.4, 63.2, 56.4, 55.3,
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44.1, 26.0, 25.7 (t, J = 20.2 Hz), 21.6. HRMS (ESI): m/z [M+H]" calcd for C,;H,,DBrNO,S": 435.0847,
found 435.0847.
(2)-4-(bromo(2-fluorophenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2m)

F
CH,D
Br \ 5H3
N
Ts
2m

The title compound was isolated (109.4 mg, 83%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (400 MHz, CDCl3) 6 7.74 (d, J = 8.3 Hz,
2H), 7.38 (d, J = 8.3 Hz, 2H), 7.33 (tdd, J = 7.5, 5.3, 2.1 Hz, 1H), 7.18 (td, J = 7.4, 2.1 Hz, 1H), 7.11 (t, J =
7.4 Hz, 1H), 7.04 (t, J = 8.9 Hz, 1H), 4.12 (d, J = 15.5 Hz, 1H), 3.89 (d, J = 15.5 Hz, 1H), 3.15 (d, J = 8.9 Hz,
1H), 2.92 (d, J = 8.9 Hz, 1H), 2.47 (s, 3H), 1.01-0.79 (m, 5H). *C NMR (101 MHz, CDCl3) & 159.2 (d, J =
249.2 Hz), 147.3, 144.1, 132.0, 131.22, 131.20, 131.15, 130.0, 128.1, 127.1 (d, / = 16.3 Hz), 124.1 (d, J
= 3.6 Hz), 116.1 (d, J = 21.4 Hz), 108.4, 63.0, 56.4, 44.2, 26.8, 23.8, 21.7. °F NMR (376 MHz, CDCl;) &
-112.01. HRMS (ESI): m/z [M+H]" calcd for C,H,;DBrFNO,S’: 439.0596, found 439.0594.

(2)-3-(4-methyl-4-(methyl-d)-1-tosylpyrrolidin-3-ylidene)isobenzofuran-1(3H)-one (2n)

(0]
0]
/
CH,D
TsN CH,
2n

The title compound was isolated (78.4 mg, 68%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (400 MHz, CDCl3) & 7.92 (dd, J = 7.6, 0.9

Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.77 — 7.68 (m, 3H), 7.54 (t, J = 7.5 Hz, 1H), 7.37 (d, J = 8.3 Hz, 2H),
4.18 (s, 2H), 3.12 (s, 2H), 2.44 (s, 3H), 1.50 (s, 3H), 1.49 (d, J = 7.1 Hz, 2H). >C NMR (101 MHz, CDCl;) &
166.0, 144.3, 140.2, 136.3, 134.4, 131.2, 130.2, 129.9, 129.6, 128.4, 126.2, 126.1, 124.1, 63.9, 53.1,
41.3,25.1,24.8 (t, J = 20.2 Hz), 21.7. HRMS (ESI): m/z [M+H]" calcd for C,,H,;DNO,S": 385.1327, found
385.1326.

4-(bromomethylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (20)

H
CH,D
Br \ 6H3
N
Ts
20

The title compound was isolated (54.9 mg, 53%, Z/E = 2:1) as a white solid after
flash chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (600 MHz, CDCl;) & 7.66 (dd, J = 8.3,
2.5 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 5.86, 5.64 (s, 1H), 3.66 (d, J = 1.9 Hz), 3.58 (d, J = 1.9 Hz, 2H), 2.83
(d, J = 10.6 Hz, 2H), 2.43 (s, 3H), 1.08 (s, 3H), 1.11 — 1.01 (m, 2H). *C NMR (151 MHz, CDCl5) & 144.0,
137.4, 133.3, 129.9, 127.7, 124.8, 113.8, 54.3, 50.9, 49.1, 26.5, 26.1 (t, J = 19.6 Hz), 21.7. HRMS (ESI):
m/z [M+H]" calcd for C;4H;sDBrNO,S *: 345.0377, found 345.0378.
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(2)-4-(bromo(phenyl)methylene)-3-(methyl-d)-3-phenyl-1-tosylpyrrolidine (2p)

Br—(_ SHsP
s
2p The title compound was isolated (104.4 mg, 72%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl3) 6 7.71 (d, J = 8.1 Hz,
2H), 7.36 (d, J = 8.0 Hz, 2H), 7.13 (dt, J = 4.8, 2.7 Hz, 3H), 7.07 (t, J = 7.5 Hz, 1H), 7.03 — 6.96 (m, 4H),
6.79 — 6.70 (m, 2H), 4.22 (d, J = 3.0 Hz, 2H), 3.50 (d, J = 9.3 Hz, 1H), 3.29 (d, J = 9.3 Hz, 1H), 2.48 (s, 3H),
1.30 — 1.25 (m, 2H). BC NMR (151 MHz, CDCl3) & 145.2, 144.7, 144.0, 138.9, 132.3, 129.9, 128.7,
128.31, 128.29, 128.1, 127.8, 126.8, 126.5, 117.9, 65.4, 57.3, 50.9, 23.9, 23.6 (t, J = 21.1 Hz), 21.8.
HRMS (ESI): m/z [M+H]" calcd for C,sH,3DBrNO,S™: 483.0841, found 483.0841.
(2)-4-(bromo(thiophen-2-yl)methylene)-3-(methyl-d)-3-phenyl-1-tosylpyrrolidine (2q)
AN

—_—

CH,D
Br N\ |gh

S

N
Ts

29 The title compound was isolated (71.8 mg, 56%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (400 MHz, CDCl3) & 7.79 — 7.68 (m, 2H),
7.38 (d, J = 8.1 Hz, 2H), 7.30 = 7.26 (m, 1H), 7.19 (dd, J = 3.1, 1.4 Hz, 1H), 7.02 — 6.88 (m, 1H), 3.97 (s,
2H), 3.03 (s, 2H), 2.47 (s, 3H), 0.96 (s, 5H). >C NMR (101 MHz, CDCl3) & 146.3, 144.0, 139.2, 132.1,
129.9, 128.4, 128.2, 125.8, 125.1, 110.3, 63.2, 56.6, 44.3, 26.0, 25.7 (m) , 21.8. HRMS (ESI): m/z
[M+H]" calcd for C4gH,0DBrNO,S,": 427.0254, found 427.0255.
(4-methyl-4-(methyl-d)-1-tosylpiperidin-3-yl)(phenyl)methanone (2r)

O CHzD
CHs

TsN

2r The title compound was isolated (80.9 mg, 62%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (600 MHz, CDCl;) & 7.94 — 7.88 (m, 2H),
7.68 — 7.61 (m, 2H), 7.60 — 7.55 (m, 1H), 7.49 — 7.43 (m, 2H), 7.33 (d, J = 8.2 Hz, 2H), 3.73 — 3.59 (m,
2H), 2.82 —2.73 (m, 1H), 2.55 — 2.47 (m, 1H), 2.44 (s, 3H), 1.76 (td, J = 13.2, 4.7 Hz, 1H), 1.49 — 1.41 (m,
1H), 0.85 (s, 3H), 0.84 (d, J = 21.3 Hz, 5H). 0.83 (d, J = 24.0 Hz, 1H) *C NMR (151 MHz, CDCl5) § 201.5,
143.7, 138.30, 138.26, 133.5, 133.3, 129.9, 128.8, 128.4, 127.8, 50.9, 50.6 — 49.7 (m).44.6, 42.5, 40.0,
32.5,31.2, 21.7, 19.8. HRMS (ESI): m/z [M+H]" calcd for C,;H,,DNO5SNa*: 395.1510, found 395.1504.
(Z)-4-(bromo(naphthalen-2-yl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2s)
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Br
asa
Me
DH,C

NTs

2s The title compound was isolated (60.8 mg, 43%) as a white solid after

flash chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl;) 6 7.85 - 7.78 (m,
3H), 7.78 = 7.74 (m, 2H), 7.70 (d, J = 1.9 Hz, 1H), 7.53 — 7.48 (m, 2H), 7.40 (d, J = 8.2 Hz, 2H), 7.30 (dd, J
= 8.4, 1.8 Hz, 1H), 4.06 (s, 2H), 3.05 (s, 2H), 2.48 (s, 3H), 0.93 (s, 3H), 0.92 (d, J = 10.6 Hz, 2H). *C NMR
(151 MHz, CDCl5) 6 145.1, 144.0, 137.0, 133.1, 132.7, 132.3, 130.0, 128.4, 128.31, 128.26, 128.2, 127.9,
127.1, 126.8, 126.7, 116.1, 63.3, 56.7, 44.3, 29.8, 26.3, 21.8. HRMS (ESI): m/z [M+H]" calcd for
C,4H,3DNO;SBrNa’: 493.0666, found 493.0665.

(1S, 2R, 5R)-2-isopropyl-5-methylcyclohexyl 4-((Z)-bromo(4-methyl-4-(methyl-d)-1-tosyl
pyrrolidin-3-ylidene)methyl)benzoate (2t)

Me, o) Br

|I|O \
Me
iPr DH,C
2t

NTs

The title compound was isolated (114.1 mg, 63%) as a white

solid after flash chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl3) 6 7.99
(d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 4.92 (td, J =
10.9, 4.4 Hz, 1H), 4.01 (s, 2H), 3.04 (s, 2H), 2.47 (s, 3H), 2.10 (d, J = 11.7 Hz, 1H), 1.94 (td, J = 7.0, 2.9 Hz,
1H), 1.72 (dt, J = 11.6, 2.9 Hz, 2H), 1.56 — 1.52 (m, 2H), 1.15 — 1.05 (m, 2H), 0.91 (dd, J = 6.8, 3.4 Hz,
12H), 0.78 (d, J = 6.9 Hz, 3H). *C NMR (151 MHz, CDCl5) & 165.5, 145.5, 144.0, 143.8, 132.2, 131.1,
129.9, 129.6, 129.1, 128.2, 114.3, 75.3, 63.2, 56.6, 47.3, 44.3, 41.1, 34.4, 31.6, 29.8, 26.6, 26.2 (dd, J =
7.6,3.0 Hz), 23.7, 22.1, 21.7, 20.9, 16.5.
(2)-4-(bromo(4-methyl-4-(methyl-d)-1-tosylpyrrolidin-3-ylidene)methyl)phenyl
2-hydroxybenzoate (2u)

2u The title compound was isolated (113.7 mg, 68%) as a white solid after

flash chromatography on silica gel (Hexane/EtOAc = 50:1). ‘*H NMR (600 MHz, CDCl5) & 10.4 (s, 1H),
8.04 (dd, J = 8.6, 1.6 Hz, 1H), 7.76 (d, / = 6.0 Hz, 2H), 7.56 — 7.53 (m, 1H), 7.39 (d, J = 9.0 Hz, 2H), 7.31 -
7.30 (m, 2H), 7.20 (d, J = 7.2 Hz, 2H), 7.04 (d, / = 7.8 Hz, 1H), 6.99 — 6.96 (m, 1H), 4.01 (s, 2H), 3.05 (s,
2H), 2.47 (s, 3H), 0.95 (s, 3H), 0.93 (d, J = 10.6 Hz, 2H). *>C NMR (151 MHz, CDCl;)  168.6, 162.4, 150.2,
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145.6, 144.0, 137.8, 136.8, 132.2, 130.5, 130.4, 129.9, 128.2, 121.7, 119.7, 118.0, 114.5, 111.7, 63.3,

56.6, 44.3, 26.3, 26.0 (t, J = 18.8 Hz), 21.7.
(2)-4-(chloro(phenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2aa)

Cl CH
\_ {0

N
Ts

2aa The title compound was isolated (91.4 mg, 81%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1).1H NMR (600 MHz, CDCl3) 6 7.74 (d, J = 8.2 Hz,
2H), 7.38 (d, J = 8.0 Hz, 2H), 7.34 — 7.31 (m, 3H), 7.24 — 7.21 (m, 2H), 4.05 (s, 2H), 3.00 (s, 2H), 2.46 (s,
3H), 0.91 (s, 3H), 0.90 (d, J = 10.5 Hz, 2H). *C NMR (151 MHz, CDCl;) & 144.0, 141.9, 137.8, 132.1,
129.9,129.2, 129.0, 128.4, 128.2, 125.3, 63.1, 54.0, 43.2, 26.1, 25.9 (t, /= 19.6 Hz), 21.7.
(Z)-4-(chloro(p-tolyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2ab)

Me

cl CH
\__["CH,D

s

2ab The title compound was isolated (63.2 mg, 54%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl3) 6 7.74 (d, J = 8.2 Hz,
2H), 7.38 (d, J = 8.0 Hz, 2H), 7.15 — 7.09 (m, 4H), 4.03 (s, 2H), 2.99 (s, 2H), 2.47 (s, 3H), 2.35 (s, 3H),
0.91 (s, 3H), 0.90 (d, J = 10.5 Hz, 2H). *C NMR (126 MHz, CDCl;) & 143.9, 141.7, 139.0, 135.1, 132.3,
129.9,129.12, 129.06, 128.2, 125.6, 63.1, 54.0, 43.3, 29.8, 26.2, 25.8 (t, J = 20.2 Hz), 21.8, 21.4.
(Z)-4-(chloro(4-chlorophenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2ac)

Cl

cl CH
\_["&H,0

N
Ts

2ac The title compound was isolated (93.5 mg, 76%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1)."H NMR (600 MHz, CDCl5) & 7.73 (d, J = 8.3 Hz,
2H), 7.38 (d, J = 7.9 Hz, 2H), 7.33 = 7.29 (m, 2H), 7.18 — 7.15 (m, 2H), 4.02 (s, 2H), 2.99 (s, 2H), 2.46 (s,
3H), 0.91 (s, 3H), 0.90 (d, J = 10.5 Hz, 2H). *C NMR (151 MHz, CDCl;) & 144.0, 142.8, 136.3, 135.0,
132.1,130.6, 129.9, 128.7, 128.2, 124.0, 63.0, 54.0, 43.3, 26.2,25.9 (t, J = 21.1 Hz), 21.7.

methyl (Z)-4-(chloro(4-methyl-4-(methyl-d)-1-tosylpyrrolidin-3-ylidene)methyl)benzoate (2ad)
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COzMe

(o CH
\_ {0

s

2ad The title compound was isolated (101.6 mg, 78%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 20:1).1H NMR (600 MHz, CDCl;) 6 8.01 — 7.97 (m, 2H),
7.75-7.70 (m, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.32 — 7.29 (m, 2H), 4.04 (s, 2H), 3.90 (s, 3H), 2.99 (s, 2H),
2.45 (s, 3H), 0.89 (s, 3H), 0.88 (d, J = 10.5 Hz, 2H). >C NMR (126 MHz, CDCl3) & 166.4, 144.0, 142.9,
142.2, 132.0, 130.5, 130.0, 129.6, 129.3, 128.1, 123.8, 63.0, 54.0, 52.4, 43.2, 26.1, 25.8 (t, J = 18.9 Hz),
21.6.
(2)-4-(chloro(4-(trifluoromethyl)phenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2ae)

CF;

Cl CH
\_ {0

N
Ts

2ae The title compound was isolated (121.2 mg, 91%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl3) 6 7.77 — 7.71 (m, 2H),
7.61 (d, J = 8.1 Hz, 2H), 7.38 (dd, J = 12.3, 7.9 Hz, 4H), 4.06 (s, 2H), 3.01 (s, 2H), 2.47 (s, 3H), 0.91 (s,
3H), 0.90 (d, J = 10.3 Hz, 2H). *C NMR (126 MHz, CDCl3) & 144.1, 143.4, 141.4 (d, J = 1.8 Hz), 132.1,
131.1 (q, J = 32.7 Hz), 130.0, 129.7, 128.2, 125.5 (q, J = 3.6 Hz), 123.8 (q, J = 272.5 Hz), 123.4, 63.0,
54.0, 43.3, 26.2, 26.0 (t, J = 20.2 Hz), 21.7. *>F NMR (376 MHz, CDCl5) & -62.76.
(2)-4-(chloro(2-fluorophenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2af)

F

Cl CH
\_[CH,D

N
Ts

2af The title compound was isolated (70.9 mg, 60%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (600 MHz, CDCl3) & 7.74 (d, J = 7.9 Hz,
2H), 7.40 — 7.33 (m, 3H), 7.23 = 7.18 (m, 1H), 7.13 (t, J = 7.5 Hz, 1H), 7.06 (t, J = 8.9 Hz, 1H), 4.17 (d, J =
15.6 Hz, 1H), 3.94 (d, J = 15.6 Hz, 1H), 3.12 (d, J = 8.9 Hz, 1H), 2.89 (d, J = 8.9 Hz, 1H), 2.47 (s, 3H), 1.02
(d, J = 10.6 Hz)+ 0.78 (d, J = 10.0 Hz) (5H). ">C NMR (126 MHz, CDCl5) & 159.6 (d, J = 248.9 Hz), 144.7,
144.0,132.2,131.5 (d, J = 2.3 Hz), 131.4 (d, J = 7.6 Hz), 130.0, 128.1, 125.4 (d, J = 15.9 Hz), 124.1 (d, J =
4.1 Hz), 118.75, 116.1 (d, J = 21.3 Hz), 62.9, 53.9, 43.4, 43.3, 29.8, 26.9, 26.5 (t, J = 18.9 Hz), 23.9,
23.60 (t, J = 18.9 Hz), 21.7."°F NMR (377 MHz, CDCl;) & -112.47.
(Z)-4-(chloro(3-methoxyphenyl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2ag)
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MeQO
Cl CHs
\ CH,D
N
Ts
2ag

The title compound was isolated (70.0 mg, 55%) as a white solid after flash
chromatography on silica gel (Hexane/EtOAc = 30:1). 'H NMR (600 MHz, CDCl3) 6 7.74 (d, J = 8.2 Hz,
2H), 7.38 (d, J = 7.9 Hz, 2H), 7.23 (dd, J = 8.0, 3.5 Hz, 1H), 6.87 (ddd, J = 8.4, 2.6, 1.0 Hz, 1H), 6.82 (dt, J
=7.6,1.2 Hz, 1H), 6.76 (dd, J = 2.6, 1.4 Hz, 1H), 4.04 (s, 2H), 3.78 (s, 3H), 3.00 (s, 2H), 2.46 (s, 3H), 0.94
(s, 3H), 0.93 (d, J = 10.6 Hz, 2H). *C NMR (151 MHz, CDCl;) & 159.3, 144.0, 141.8, 139.0, 132.2, 129.9,
129.4,128.2,125.0,121.6, 114.8, 114.6, 63.1, 55.4, 54.0, 43.4, 26.1, 25.8 (t, / = 18.1 Hz), 21.7.
(2)-4-(chloro(thiophen-3-yl)methylene)-3-methyl-3-(methyl-d)-1-tosylpyrrolidine (2ah)
S
\

CHj
\ CH,D

Cl

N
Ts

2ah The title compound was isolated (50.4 mg, 44%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl;) 6 7.75 — 7.71 (m, 2H),
7.38 (d, J = 8.0 Hz, 2H), 7.28 (dt, J = 4.5, 2.2 Hz, 1H), 7.22 (dd, J = 3.0, 1.3 Hz, 1H), 6.96 (dd, J = 5.0, 1.4
Hz, 1H), 4.02 (s, 2H), 3.00 (s, 2H), 2.46 (s, 3H), 0.96 (s, 3H), 0.95 (d, J = 10.6 Hz, 2H). *C NMR (126 MHz,
CDCl3) 6 144.0, 143.5, 137.5, 132.2, 129.9, 128.3, 128.2, 125.9, 125.6, 120.2, 63.1, 54.1, 43.4, 29.8,
26.0, 25.7 (t, J = 18.9 Hz), 21.8.
(Z)-4-(chloro(phenyl)methylene)-3-(methyl-d)-3-phenyl-1-tosylpyrrolidine (2ai)

Cl Ph
\_ oo

N
Ts

2ai The title compound was isolated (67.0 mg, 51%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (600 MHz, CDCls) & 7.73 — 7.69 (m, 2H),
7.36 (d, J = 7.9 Hz, 2H), 7.18 — 7.13 (m, 3H), 7.12 - 7.09 (m, 1H), 7.07 — 7.04 (m, 2H), 7.02 (t, J = 7.7 Hz,
2H), 6.82 — 6.77 (m, 2H), 4.30 — 4.23 (m, 2H), 3.48 (d, J = 9.3 Hz, 1H), 3.24 (d, J = 9.3 Hz, 1H), 2.47 (s,
3H), 1.28 (d, J = 9.7 Hz, 2H). °C NMR (126 MHz, CDCl;) & 144.9, 144.0, 142.4, 137.2, 132.3, 129.9,
128.8, 128.5,128.3, 128.1, 127.8, 127.2, 126.8, 126.5, 65.2, 54.8, 50.3, 29.8, 23.8, 23.6 (t, J = 20.2 Hz),
21.8.

Gram-scale reaction

In a 50-mL round bottle, 1a (1.01 g, 3 mmol), FeBr; (1.06 g, 3.6 mmol), solvent (10 mL) and a magnetic
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stirring bar were added under air. Then D,0 (72 mg, 3.6 mmol) were added. The vial was sealed with a
cap containing a PTFE septum, then transferred to an oil bath at 80 °C. The reaction mixture was
stirred at 80 °C for 2 h and the resulting solution was concentrated in vacuum. The crude product was
purified by column chromatography on silica gel with a mixture of ethyl acetate and hexane (1:70-1:10)

as eluent, and the desired product 2a were obtained with 85% yield (1.07 g).
Transformation of alkenyl bromide

Procedure of Suzuki coupling of 2a with benzo[d][1,3]dioxol-5-ylboronic acid

oo

Ph
Pd(dppf)Cl, (5 mol%) r Ph
Br \ CH2D (@) CH-D
CH3 Na2C03 (30 eq) > \ C2H3
EtOH/Tol/H,0 (v=1:2:1)
N o
Ts 100 °C, Nj, 24 h 'IFIS
2a 3

Prepared according to a previous reported method®. In a 10-mL Shrek tube, 2a (84.2 mg, 0.2 mmol),
benzo[d][1,3]dioxol-5-ylboronic acid (39.8 mg, 0.24 mmol), Pd(dppf)Cl, (7.31 mg, 0.01 mmol), Na,CO;
(63.6 mg, 0.6 mmol), EtOH/toluene/H,0 (v = 1:2:1, 1 mL) and a magnetic stirring bar were added
under N,. The Shrek tube was transferred to an oil bath at 100 °C. The reaction mixture was stirred at
100 °C for 24 h and the resulting solution was concentrated in vacuum. The crude product was
purified by column chromatography on silica gel with a mixture of ethyl acetate and hexane (1:20) as

eluent, and data for characterization of the product 3 listed below.

The title compound was isolated (70.3 mg, 76%) as a white solid after
flash chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl5) & 7.66 (d, J = 7.9
Hz, 2H), 7.35 (d, J = 7.9 Hz, 2H), 7.27 — 7.23 (m, 2H), 7.22 — 7.18 (m, 1H), 7.13 — 7.09 (m, 2H), 6.71 (d, J
= 8.6 Hz, 1H), 6.57 — 6.51 (m, 2H), 5.92 (s, 2H), 3.84 (s, 2H), 2.96 (s, 2H), 2.47 (s, 3H), 0.93 (s, 3H), 0.91
(s, 2H). Bc NMR (151 MHz, CDCl3) 6 147.8, 146.5, 143.7, 141.4, 141.1, 136.8, 136.2, 132.4, 129.8,
128.9, 128.1, 128.0, 127.0, 120.9, 110.1, 108.6, 108.2, 101.1, 62.9, 52.8, 42.7, 26.79, 26.77, 21.7.
HRMS (ESI): m/z [M+H]" calcd for C,;H,6DNO,S *: 485.1616, found 485.1612.

Procedure of Sonogashira coupling of 2a with phenylacetylene
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ph—"

Ph . Ph
B CH,D PA(PPhs),Cly (5 mol%) o —— CH,D
N\__[-CH, Cul @5mol%) N\__ &,

EtsN, 60 °C, Ny, 12 h
N N
Ts Ts
2a 4

Prepared according to a previous reported method®. In a 10-mL Shrek tube, 2a (84.2 mg, 0.2 mmol),
Pd(PPh;)Cl, (7.02 mg, 0.01 mmol), Cul (0.95 mg, 0.005 mmol), EtzN (1 mL) and a magnetic stirring bar
were added under N,. Then phenylacetylene (40.85 mg, 0.4 mmol) was added through a syringe. The
Shrek tube was transferred to an oil bath at 60 °C. The reaction mixture was stirred at 60 °C for 12 h
and the resulting solution was concentrated in vacuum. The crude product was purified by column
chromatography on silica gel with a mixture of ethyl acetate and hexane (1:50) as eluent, and data for

characterization of the product 4 listed below.

@
O =—{ CHéas

N
Ts

4 The title compound was isolated (75.3 mg, 85%) as a white solid after

flash chromatography on silica gel (Hexane/EtOAc = 50:1). 'H NMR (600 MHz, CDCl3) 6 7.76 (d, J=7.9
Hz, 2H), 7.37 (d, J = 7.1 Hz, 4H), 7.35 - 7.28 (m, 5H), 7.27 — 7.22 (m, 3H), 4.26 (s, 2H), 3.01 (s, 2H), 2.46
(s, 3H), 0.94 (d, J = 10.7 Hz, 5H). >C NMR (101 MHz, CDCl3) § 152.2, 143.9, 137.5, 132.5, 131.5, 129.9,
129.2, 128.5, 128.4, 128.3, 128.2, 127.8, 123.2, 117.6, 95.8, 88.8, 63.1, 54.5, 43.3, 26.30, 26.28, 21.7.
HRMS (ESI): m/z [M+H]" calcd for CygH,,DNO,S *: 443.1898, found 443.1896.

Procedure of hydrobromination/cyclization of enynes with H,0

In a 4-mL screw-capped vial, 1a (101.8 mg, 0.3 mmol), FeBr; (106.4 mg, 0.36 mol), DCE (1 mL) and a
magnetic stirring bar were added under air. Then H,0 (6.5 mg, 0.36 mmol) were added. The vial was
sealed with a cap containing a PTFE septum, then transferred to an oil bath at 80 °C. The reaction
mixture was stirred at 80 °C for 1 h and the resulting solution was concentrated in vacuum. The crude
product was purified by column chromatography on silica gel with a mixture of ethyl acetate and

hexane (1:50) as eluent, and data for characterization of the products are listed below.

Characterization data of product 2a'
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Br \ CH&

N
Ts

2a’

Hs

The title compound was isolated (110.9 mg, 88%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 70:1). 'H NMR (400 MHz, CDCl3) & 7.77 — 7.72 (m, 2H),
7.39 (d, J = 8.1 Hz, 2H), 7.31 (dd, J = 5.1, 2.0 Hz, 3H), 7.23 — 7.18 (m, 2H), 4.00 (s, 2H), 3.03 (s, 2H), 2.47
(s, 3H), 0.90 (s, 6H). *C NMR (101 MHz, CDCl3) & 144.6, 144.0, 139.7, 132.1, 129.9, 129.1, 128.8, 128.3,
128.2,115.9, 63.3, 56.6, 44.2, 26.2, 21.8.

phj D,O (1.2 eq.) NTs
FeBr; (1.2 eq.)
Me/”\/NTS DCE 380 cin
’ ; M& CH,D
6 7.74%

In a 4-mL screw-capped vial, FeBr; (70.9 mg, 0.24 mol), 6 (63.0 mg, 0.2 mmol), DCE (1.0 mL) and a
magnetic stirring bar were added under air. Then D,0 (4.8 mg, 0.24 mmol) were added. The vial was
sealed with a cap containing a PTFE septum, then transferred to an oil bath at 80 °C. The reaction
mixture was stirred at 80 °C for 1 h and the resulting solution was concentrated in vacuum. The crude
product was purified by column chromatography on silica gel with a mixture of ethyl acetate and

hexane (1:50) as eluent, and data for characterization of the product 7 is listed below.

NTs

CH,D

7 The title compound was isolated (46.8 mg, 74%) as a white solid after flash

chromatography on silica gel (Hexane/EtOAc = 50:1). "H NMR (600 MHz, CDCl3) & 7.78 — 7.69 (m, 2H),
7.36 (d, J = 8.0 Hz, 2H), 7.30 (dd, J = 7.9, 1.3 Hz, 1H), 7.19 (td, J = 7.6, 1.4 Hz, 1H), 7.12 (td, J = 7.5, 1.3
Hz, 1H), 7.00 (dd, J = 7.7, 1.3 Hz, 1H), 4.21 (s, 2H), 3.02 (s, 2H), 2.43 (s, 3H), 1.34 (m, 5H). *C NMR (101
MHz, CDCl;) 6 143.8, 142.7, 133.1, 130.5, 129.8, 127.9, 127.2, 126.3, 126.2, 125.9, 56.1, 48.6, 35.5,
28.5,28.5-28.1 (m), 21.6.

Crystal structure of 2d and 2k

Single crystal of product 2d and 2k was obtained through slow evaporation of a mix solution in
n-hexane and dichloromethane at room temperature. X-ray data was collected with a Bruker APEX-II

CCD diffractometer.
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Brl

o e

Table 1 Crystal data and structure refinement for 2d.

Identification code 2d

Empirical formula CyoH,1Br;NO,S
Formula weight 499.26
Temperature/K 100.00

Crystal system monoclinic
Space group P2./c

a/A 24.3597(8)

b/A 6.0092(2)

c/A 13.7493(5)

o/° 90

B/ 97.850(2)

v/° 90

Volume/A® 1993.79(12)

z 4

Pearcg/cm’ 1.663

w/mm™ 6.252

F(000) 1000.0

Crystal size/mm’ 0.1x0.1x0.1
Radiation CuKa (A =1.54178)
20 range for data collection/° 7.326 to 144.166
Index ranges -30<h<30,-7<k<7,-16<1<16
Reflections collected 50364

Independent reflections 3920 [Rin; = 0.0546, Rgigma = 0.0293]
Data/restraints/parameters 3920/0/238

Goodness-of-fit on F° 1.221

Final R indexes [I>=20 (1)] R; =0.0293, wR, =0.0734

Final R indexes [all data] R;=0.0294, wR, = 0.0734

Largest diff. peak/hole / e A® 1.04/-0.71
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Table 1 Crystal data and structure refinement for 2k.

Identification code
Empirical formula

Formula weight

Temperature/K
Crystal system
Space group
a/A
b/A
c/A
o/°
B/
v/°
Volume/A?
YA
3

pcalcg/cm

-1
p/mm

F(000)

Crystal size/mm’

Radiation

2k
Cy,H»4BrNO,S
478.39
101.00
monoclinic
P2,/c
26.5945(8)
6.1407(2)
13.3679(4)

90
103.4980(10)
90
2122.79(11)

4

1.497

3.797

984.0
0.1x0.1x0.1
CuKa (A =1.54178)

20 range for data collection/° 10.262 to 144.314

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F°

Final R indexes [1>=20 (l)]

Final R indexes [all data]

32<h<32,-7<k<7,-16<1<14
36287

4094 [Riy; = 0.0524, Rygma = 0.0326]
4094/0/266

1.108

R1 = 0.0370, wR, = 0.0929

R: = 0.0373, wR, = 0.0930

Largest diff. peak/hole / e A® 1.59/-0.66

S$17



Li, Du and You et al Supporting Information

References

(1) a) M. Gerdin, S. K. Nadakudity, C. Worch, C. Moberg, Adv. Synth. Catal. 2010, 352, 2559; b) T. Xi,

(2)
(3)

X. Chen, H. Zhang, Z. Lu, Synthesis, 2016, 48, 2837; c) J. H. Park, Y. Cho, Y. K. Chung, Angew. Chem.
Int. Ed. 2010, 49, 5138; d) Y.-T. He, Q. Wang, J. Zhao, X.-Z. Wang, Y.-F. Qiu, Y.-C. Yang, J.-Y. Hu,
X.-Y. Liu, Y. -M. Liang, Adv. Synth. Catal. 2015, 357, 3069; e) A. Gansauer, M. Otte, L. Shi, J. Am.
Chem. Soc. 2011, 133, 416; f) J. Huang, X. Hu, F. Chen, J. Gui, W. Zeng, Org. Biomol. Chem., 2019,
17,7042; g) K. R. Strom, A. C. Impastato, K. J. Moy, A. J. Landreth, J. K. Snyder, Org. Lett. 2015, 17,
2126; h) Y. Zhang, Y. -J. Wang, Q. Zou, X. -Y. Liu, Z. Chen, Org. Lett. 2022, 24, 8153.

R. Ebule, S. Liang, G. B. Hammond, B. Xu, ACS Catal. 2017, 7, 6798

K. Takahashi, K. Fukushima, M. Seto, A. Togashi, Y. Arai, M. Tsubuki, T. Honda, J. Org. Chem. 2018,
83, 10636.

§18



Li, Du and You et al Supporting Information

NMR spectra

'H NMR of 2a (600 MHz, CDCl5)
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'H NMR of 2b (600 MHz, CDCl5)

000-—

L8O
880
6870
6870
060

Ly'T—

€00€—

86'€—

669
00°L
1L
wL
WL
81'L
61°L
6l'L
oT'L
oT'L
oT'L
9TL~
LEL~
6E°L 7

€LL
wr.hW

SLL

Er0S

- =10T

—_ =107

- 00T
=00T
=10

Hs

- =00'T

CH,D
é

N\

Br

1.0

1.5

£l (ppm)

13C NMR of 2b (151 MHz, CDCls)

STFI—
£L1T
LLTTNL
8LST
06'sT
09T

0T9T
0Tt —

7995—

€TE9—

S6'9L
w:.mw.
LELL

ELPIT
or m:./
PesIl

LI'8TT
Y6671
00°1€T

SOIET
1TTe1~
PLSEL
.,.ﬁv,m_%\
10vFI~
LY Sv1—

L8191~
AR b

CH.,D
CH,

N\

Br

180 170 160 150 140 130 120 110 100 90 80 70

190

£l (ppm)

520



Li, Du and You et al Supporting Information

F NMR of 2b (565 MHz, CDCl5)
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'H NMR of 2¢ (400 MHz, CDCl5)
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'H NMR of 2d (400 MHz, CDCl5)
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'H NMR of 2e (400 MHz, CDCl5)

-0.00

75

7

7

7

7

3

3

3

1

1

1

1

1

0

0
398
3.02
247
—2.34
091
~0.89

242004 —m ————

T o i 7 T
w oo « % = =
n o~ =} S — S
Il o I o v
T T T T T T T T T T T T
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppw)
13
C NMR of 2e (101 MHz, CDCl,)
O 0 e e D D
TonBEaRS R A - % — o
TR oA O ® R s - SN \D
FEEAamaadd =2 < - e =
_________ Ire - R R
Sty | BRA
Me
A\ Hs
Ts
2e
|
|
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

fl (ppm

524



Li, Du and You et al Supporting Information

'H NMR of 2f (600 MHz, CDCl5)

exaRangIe 2 g5 7 23 :
R CHONCNC R e e « ci - oo <
N I W i
tBu
A\ Hs
N
Ts
2f
|
! 1
JI .JL[J 1 J\ 1 kl
T LTy oL e W i y
=3 = — =3 ~ o “y o~
S e S <= = < )
ol — ] — o ol ol - -
‘H “-‘ ) \IU _‘I_ all\ u‘; b.‘U )I) o.‘U 1‘ ] l.IU S‘IS $‘IU :“.7 ..’“U l‘ l.IU UI H.IU ’U‘
£l (ppm)
13
C NMR of 2f (151 MHz, CDCls)
(=3 ool oo = N
=3 = O e Oy o= e Il = O = —_ -+ 000l el -
R R o R R ] M= R 0 N XVomdoar
Lo oZIozdddd 3 FEg ¢ o7 T amagddas
N SS=\ 2 ~ T R N
tBu
Hs
N
Ts
2f
| 1
il J L |
90 18 170 16 150 o 10 120 1o 100 9% s 70 6 50 o0 2 2 10 0

£l (ppm)

$25



Li, Du and You et al Supporting Information

'H NMR of 2g (400 MHz, CDCls)
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F NMR of 2g (376 MHz, CDCl,)
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'H NMR of 2h (600 MHz, CDCl5)
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'H NMR of 2i (400 MHz, CDCls)
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'H NMR of 2j (400 MHz, CDCls)

00—

L80~,
8807

9P T—

€0e—

00—

o
st
~

SLL

CH.,D
GH,

F5C
Br
N\

Evos

Esre L

ELOT [

00T

o Il'E
2207
Azrt
861

6.0

£l (ppm)

13C NMR of 2j (101 MHz, CDCls)

‘_,
o

88'ST
8097
SI9T
Trr—

199s—

LI'E9—

¥8°9L
9LLL
8F'LL
SS'ETT

99'611

LETTL

B0°STT

1§52l

$$STI

655T1

€6'5T14
L6'STIY
009717
F0'9T11
6L LTTY
£1'8T1
9I'8T 1y
£0°671
$S6T1
88671+
96671
PE0ET]
L90ET
6601,
TEIET
96 1€
6 TET]
8TOFT
b
179r1!

CH,D
GH,

FsC
Br
N\

T
20

T T
X 110

1

T
130

T T
17 160 150

T
180

T
190

£l (ppm)

530



Li, Du and You et al Supporting Information

F NMR of 2j (565 MHz, CDCl5)
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'H NMR of 2k (400 MHz, CDCls)
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'H NMR of 21 (400 MHz, CDCls)
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'H NMR of 2m (400 MHz, CDCl,)
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F NMR of 2m (376 MHz, CDCl5)
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'H NMR of 2n (400 MHz, CDCl5)
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'H NMR of 20 (600 MHz, CDCls)
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'H NMR of 2p (600 MHz, CDCl5)
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'H NMR of 2q (600 MHz, CDCl5)
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'H NMR of 2r (600 MHz, CDCl5)
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'H NMR of 2s (600 MHz, CDCl,)
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'H NMR of 2t (600 MHz, CDCls)
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Li, Du and You et al Supporting Information

'H NMR of 2aa (600 MHz, CDCls)
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Li, Du and You et al Supporting Information

'H NMR of 2ab (600 MHz, CDCl5)
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'H NMR of 2ac (600 MHz, CDCl5)
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'H NMR of 2ad (600 MHz, CDCl5)
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'H NMR of 2ae (600 MHz, CDCls)
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F NMR of 2ae (377 MHz, CDCl,)
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F NMR of 2af (377 MHz, CDCl5)
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'H NMR of 2ag (600 MHz, CDCls)
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'H NMR of 2ah (600 MHz, CDCl5)
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'H NMR of 2ai (600 MHz, CDCl5)
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'H NMR of 3 (600 MHz, CDCl5)
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'H NMR of 4 (600 MHz, CDCl5)
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'H NMR of 2a’ (400 MHz, CDCl5)
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'H NMR of 7 (600 MHz, CDCl5)

00—

erz—

20€e—

1Zr—

66'9
66’9
00°L
00°L
(197
(33
cLL
[AA
€L
L
8L
8L'L
6L°L
6L°L
0z'L
1ZL
9Tl
62°L
[ R
LEL

LEL
SEL
wm.\.ﬂ

YLl
YLl
SLL
SLL

NTs
CH,D

FEl
Afmv

=00

00T

J 80

€0'L
F201
“egt

Feg1

r

0.0

6.0

5

0

13C NMR of 7 (101 MHz, CDCls)

26'STL
(244
ceact
[24x4%
68° LT~
¥8'62LF
wv.cnﬁ\
E€LEEL
89°Tr L~
8Levl”

NTs

CH,D

-10

10

30

200 190 180 171 160 150 140 130 120 110 100 90 80 70 60

210

£1 (ppu)

558



