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1. General Information

Unless otherwise noted, all reactions were carried out under argon atmosphere;
materials obtained from commercial suppliers were used directly without further
purification. "H NMR spectra, '>*C NMR spectra, and '°F NMR spectra were recorded
on an Agilent 400 or on a Bruker 400 MHz spectrometer in CDCl3. NMR experiments
are reported in ¢ units, parts per million (ppm), and were referenced to CDCI3 (d 7.26
or 77.0 ppm) as the internal standard. The data is being reported as (s = singlet, d =
doublet, dd = doublet of doublet, t = triplet, m = multiplet or unresolved, br = broad
signal, coupling constant (s) in Hz, integration). All the solvents were used directly
without further purification. Reactions were monitored by thin layer chromatography
(TLC) using silicycle pre-coated silica gel plates. Flash column chromatography was
performed on silica gel 60 (particle size 300-400 mesh ASTM, purchased from Yantai,
China) and eluted with petroleum ether/ethyl acetate. Copies of NMR were processed

with MestReNova Software. All melting points were uncorrected.
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2. Synthesis and Reaction

2.1 General Procedure for the Synthesis of Pyrrolidines 3

Br 3 mol% Pdy(dba)s
\VL 5 mol% Cu,0 AN
V 8 mol% Dppb N R?

N

\7 . ‘/O
1 S\\—O Me . = g2 2.0 equiv Cs,CO3 Sgo
R o MeCN 1.8 mL + DMA 0.2 mL R1©/
55 °C, 24 h, Ar
1 2 3

A sealed tube equipped with a magnetic stir bar was charged with 2-bromo-1,6-
diene 1 (0.30 mmol, 1.0 equiv.), terminal alkynes 2 (0.60 mmol, 2.0 equiv.), Pd2(dba);
(8.2 mg, 0.009 mmol, 0.03 equiv.), Cu20 (2.2 mg, 0.015 mmol, 0.05 equiv.), 1,4-
bis(diphenylphosphino)butane (10.2 mg, 0.024 mmol, 0.08 equiv.), Cs2CO3 (195.5 mg,
0.60 mmol, 2.0 equiv.) and solvent (2.0 mL). The tube was sealed with a Teflon lined
cap. Degassed solvent and backfilled with argon for 3 times at -78 °C. The reaction
mixture was stirred at 55 °C for 24 h. After completion of the reaction (monitored by
TLC), the mixture was concentrated in vacuum and the residue was purified by flash
column chromatography on silica gel with petroleum ether-ethyl acetate as eluent to

give the desired product.

2.2 Table S1. Optimization of Reaction Conditions”
Me

Br
N
X )
T + [Pd])/ Ligand, [Cu] \\
N/Y \©\ N
Ts Me oM

e Base, Solvent Ts

OMe

1a 2a 3a
Entry [Pd] [Cu] Ligand Solvent  Yield (%)
1 Pd,(dba)s - Dpephos MeCN 10
2 Pdz(dba)s - Xphos MeCN 27
3 Pd,(dba)s - Xantphos MeCN N.R
4 Pd(dba)s - PPhs MeCN N.R
5 Pdz(dba)s - Dppf MeCN N.R
6 Pd2(dba)s - Dppb MeCN 31
7 Pd2(dba)s Cul Dppb MeCN 13
8 Pdz(dba)s CuO Dppb MeCN 69
9 Pd2(dba)s Cu.0 Dppb MeCN 70
10 Pd,(dba)s Cu0 Dppb Toluene 17
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11 Pda(dba)s  Cuz0 Dppb DCE 42

12 Pdz(dba)s Cu0 Dppb THF 10
13° Pdz(dba)s Cu0 Dppb M.S. 70
14¢ Pda(dba);  Cuz0 Dppb M.S. 74
15¢d Pd(OAC)2 Cu0 Dppb M.S. 59
16¢4 PdClI, Cu,0 Dppb M.S. 62
17¢¢  Pd(MeCN).Cl, Cu,O Dppb M.S. 10
18¢d Pd(acac)2 Cu0 Dppb M.S. 39

¢ Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (0.4 mmol, 2.0 equiv.), Cs,CO3 (2.0 equiv.), 3
mol% of Pd catalyst, 8 mol% of Ligand, and 5 mol% of Cu catalyst in the solvent (2.0 mL) at 55 °C
under Ar for 24 h. ® Isolated yield. * M.S.=MeCN : DMA (2.0 mL, 9:1 ratio). 6 mol% of Pd catalyst.
¢1a (0.3 mmol, 1.0 equiv.), 2a (0.6 mmol, 2.0 equiv.), Cs2CO3 (2.0 equiv.), 3 mol% of Pdx(dba)s, 8
mol% of Dppb, and 5 mol% of Cuz0O in the dry MeCN/dry DMA (2.0 mL, 9:1 ratio) at 55 °C under
Ar for 24 h; N.R, no reaction.

2.3 Gram-Scale Synthesis of 3a

3 mol% Pdy(dba);

Br S 5 mol% Cuy0 Me
T X 8 mol% dppb
NV + 2.0 equiv Cs,CO3 . X
™ e OMe MeCN 30 mL + DMA 3.3 mL Ts
55 °C, 48 h, Ar OMe
1a 2a 3a
5 mmol 10 mmol 1.299,65%

An oven-dried 100 mL Schlenk tube equipped with a magnetic stir bar was charged
with Pdx(dba)s (137.4 mg, 0.15 mmol, 0.03 equiv.), Cu2O (35.8 mg, 0.25 mmol, 0.05
equiv.), 1,4-bis(diphenylphosphino)butane (170.6 mg, 0.40 mmol, 0.08 equiv.), Cs2CO3
(3.2582 g, 10.0 mmol, 2.0 equiv.), 1a (1.7213 g, 5 mmol), 2a (1.3216 g, 10 mmol), dry
MeCN (30.0 mL) and dry N,N-dimethylacetamide (3.3 mL) were added sequentially.
Degassed solvent and backfilled with argon for 3 times at -78 °C. The reaction mixture
was stirred at 55 °C for 48 h. After completion of the reaction (monitored by TLC), the
mixture was concentrated in vacuum and the residue was purified by flash column
chromatography on silica gel with petroleum ether-ethyl acetate as eluent to give the

desired product 3a 1.29g in 65% yield.

2.4 General Procedure for Preparation of Substrates 1a-11.'*
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I
R-S—NH, R

Br
Br
CI\/&
gé? Bre AL 5 /g
I

NH _u _N
o) K,COg, KI, MeCN 5 kj%; K,CO3, DMF R g \¥a<
S1 Step 1 S2 Step 2 sS3

Step 1 To a solution of S1 (1.2 equiv.), K2CO3 (2.0 equiv.) and KI (0.5 equiv.) in
CH3CN was added 3-chloro-2-methylpropene (1.0 equiv.) slowly. The reaction mixture
was stirred at 60 °C for 12 h. After completion, the reaction was quenched with water,
extracted with EtOAc for three times. The combined organic layer was washed with
water and brine for three times, dried over anhydrous Na>SOs, and concentrated under
reduced pressure.

Step 2 The residue S2 was dissolved in DMF, K;CO3 (2.0 equiv.) and 2,3-
dibromopropene (1.2 equiv.) were added. The reaction mixture was stirred at room
temperature for 2 h. After completion, it was diluted with water, extracted with EtOAc
for three times, and washed with water and brine for three times, dried over anhydrous
NayS0s4, and concentrated under reduced pressure. The residue was purified by flash

chromatography on silica gel to afford target product S3.

2.5 Experimental Procedure for Synthesis of 5°

Me
5.0 equiv NalOy4 o Me
AN 3.5 mol% RuCls AN
N 2.0 equiv 2,4,6-Collidine N
Ts Ts
OMe DCM/ MeCN/ H,0 =1:1:1.5 o
12, rt, Ar Me
3a 5,48 %

A dried round bottle flask equipped with a magnetic stir bar was charged with product
3a (0.2 mmol, 1.0 equiv.) and 2.4 mL solvent (Vpcm: VMecn = 1:1) under nitrogen. And
then, 2,4,6-Collidine (48.5 mg, 0.4 mmol, 2.0 equiv.), water (1.8 mL), sodium periodate
(215.9 mg, 1.0 mmol, 5.0 equiv.) and ruthenium (III) trichloride hydrate (1.5 mg,
0.007mmol, 3.5 mol%) were added in order. The reaction mixture was stirred at room
temperature overnight. The resulting mixture was then diluted with water and extracted
with DCM for three times. The organic extracts were combined, washed with brine and
dried over Na>xSO4. The mixture was concentrated in vacuum and the residue was

purified by flash column chromatography on silica gel with petroleum ether-ethyl
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acetate as eluent to give the desired product 5 (38.5 mg, 48%) as a yellow oil.

2.6 Experimental procedure for synthesis of 6'

Me Me
N 30.0 equiv Mg N
N 3.0 mL MeOH N
N N
Ts 12 h, rt., Ar H
OMe OMe
3a 6,82 %

A dried round bottle flask equipped with a magnetic stir bar was charged with product
3a (0.2 mmol, 1.0 equiv.), Mg turnings (145.9 mg, 6.0 mmol, 30.0 equiv.) and 3.0 mL
MeOH under nitrogen. The reaction mixture was ultrasonicated for 5 minutes, and then
stirred at room temperature overnight. The white suspension was treated with EtsN and
filtered through a short pad of celite, washed with Et2O and MeOH. The filtrate was
concentrated in vacuum and the residue was purified by flash column chromatography
on silica gel with a gradient eluant of EA/MeOH (10:1) and EtsN to give the desired
product 6 (39.6 mg, 82%) as a white oil.

3. Characterization Data

N-(2-bromoallyl)-4-(tert-butyl)-N-(2-methylallyl)benzenesulfonamide (1c)

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave
the product 1c¢ (2.0g, 31% yield) as a white solid; m.p.: 70-73 °C.

'"H NMR (CDCls, 400 MHz) & 7.76 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 5.75-
5.74 (m, 1H), 5.55-5.54 (m, 1H), 4.92 (s, 1H), 4.83 (s, 1H), 4.04 (s, 2H), 3.82 (s, 2H),
1.63 (s, 3H), 1.33 (s, 9H);

13C NMR (CDCls, 100 MHz) & 156.5, 139.5, 137.1, 127.7, 127.2, 125.9, 119.4, 115.4,
54.0, 53.5, 35.1, 31.0, 19.8;
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HRMS Calcd (ESI) m/z for C17H24BrNNaO:S [M + Na]’: 408.0603, found:
408.0597.

Intens. +MS, 0.04min #(2)
x105 ]

408.0597
1.0

0.8

0.6

0.4+ 387.9562

0.2
7 { 424.0362
0.0 ] | !. | | [

T T T t T T T 1
380 385 390 395 400 405 410 415 420 425 m/z

N-(2-bromoallyl)-2-methyl-N-(2-methylallyl)benzenesulfonamide (1d)

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave
the product 1d (2.8g, 64% yield) as a yellow oil.

'"H NMR (CDCl3, 400 MHz) & 7.91 (d, J = 8.0 Hz, 1H), 7.37-7.34 (m, 1H), 7.23-7.19
(m, 2H), 5.69-5.68 (m, 1H), 5.47 (s, 1H), 4.87 (s, 1H), 4.81 (s, 1H), 3.99 (s, 2H), 3.83
(s, 2H), 2.54 (s, 3H), 1.49 (s, 3H);

13C NMR (CDCl3, 100 MHz) & 139.1, 137.8, 137.6, 132.8, 132.5, 130.1, 127.2, 125.9,

120.3, 115.7, 53.0, 52.3, 20.6, 19.6;
HRMS Calcd (ESI) m/z for C14H1sBrNNaO,S [M + Na]": 366.0134, found: 366.0123.

Intens.— +MS, 0.04min #(2)
x105

366.0123

367.0164

T T T T T T
365.0 365.5 366.0 366.5 367.0 367.5 mwz
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N-(2-bromoallyl)-4-chloro-N-(2-methylallyl)benzenesulfonamide (1f)

W _N

Sy
JOL
Cl

1f

Broj% \)LMe

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave
the product 1f (4.1g, 28% yield) as a yellow oil.

'"H NMR (CDCls, 400 MHz)  7.78 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.8 Hz, 2H), 5.75-
5.74 (m, 1H), 5.57-5.56 (m, 1H), 4.95 (s, 1H), 4.84 (s, 1H), 4.07 (s, 2H), 3.85 (s, 2H),
1.65 (s, 3H);

13C NMR (CDCls, 100 MHz) 8 139.1 (2C), 139.0, 129.2, 128.8, 127.3, 120.2, 115.6,

53.8,53.3,19.9;

HRMS Caled (ESI) m/z for Ci3H;sBrCINNaO>S [M + Na]": 385.9588, found:
385.9587.

Intens. | +MS, 0.04min #(2)
x104 |

| 387.9563
3

385.9587

389.9558

7 384.1424 |
0 - — . - L . b : . .
3775 380.0 382.5 385.0 387.5 390.0 392.5 395.0 3975 mz

N-(2-bromoallyl)-N-(2-methylallyl)-4-(trifluoromethoxy)benzenesulfonamide (1h)

1h

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave

the product 1h (2.1g, 50% yield) as a yellow oil.
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H NMR (CDCls, 400 MHz) § 7.88 (d, J= 9.2 Hz, 2H), 7.30 (d, J= 9.2 Hz, 2H), 5.74-
5.73 (m, 1H), 5.54-5.53 (m, 1H), 4.92 (s, 1H), 4.82 (s, 1H), 4.06 (s, 2H), 3.85 (s, 2H),
1.62 (s, 3H);

13C NMR (CDCLs, 100 MHz) § 152.0, 139.0, 138.9, 129.4, 127.3, 120.8, 120.3, 120.2
(q,J=257.9 Hz), 115.5, 53.8, 53.3, 19.8;

1F NMR (CDCls, 376 MHz) § -57.7;

HRMS Caled (ESI) m/z for C14HisBrFsNNaOsS [M + Na]™: 435.9800, found:
435.9795.

Intens. 4 +MS, 0.04min #(2)
x105-

435.9795

| 436.9831
0Ly T T T T T T T
434.0 434.5 435.0 435.5 436.0 436.5 437.0 437.5 m'z

N-(2-bromoallyl)-N-(2-methylallyl)thiophene-2-sulfonamide (1i)

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave
the product 1i (2.5g, 59% yield) as a yellow oil.

'H NMR (CDCl3, 400 MHz) 8 7.56-7.55 (m, 2H), 7.06-7.04 (m, 1H), 5.77-5.76 (m,
1H), 5.55-5.54 (m, 1H), 4.91 (s, 1H), 4.84 (s, 1H), 4.03 (s, 2H), 3.81 (s, 2H), 1.64 (s,
3H);

13C NMR (CDCl3, 100 MHz) & 140.5, 139.0, 132.0, 131.6, 127.2, 127.1, 119.7, 115.4,

54.2,53.7, 19.7;
HRMS Calcd (ESI) m/z for C11H14BrNNaO2S; [M + Na]™: 357.9542, found: 357.9542.
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Intens. 4 +MS, 0.04min #(2)
X104 1

2.0 357.9542
1.5+
1.0

0.5

358.9597

0.0

T t L T T T T T T T
355.5 356.0 356.5 357.0 357.5 358.0 358.5 359.0 3595 mz

N-(2-bromoallyl)-4-methyl-N-(2-phenylallyl)benzenesulfonamide (11)

11

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 20:1) gave
the product 11 (0.3g, 18% yield) as a yellow solid; m.p.: 37-40 °C.

'H NMR (CDCl3, 400 MHz) 8 7.67-7.64 (m, 2H), 7.34-7.25 (m, 7H), 5.63 (s, 1H),
5.46-5.43 (m, 2H), 5.19 (s, 1H), 4.32 (s, 2H), 3.99 (s, 2H), 2.43 (s, 3H);

13C NMR (CDCls, 100 MHz) & 143.4, 141.9, 138.2, 136.5, 129.5, 128.3, 127.9, 127.3,
127.2,126.3,119.2, 116.9, 54.1, 51.4, 21 4;

HRMS Calcd (EST) m/z for C19H20BrNNaO,S [M + Na]': 428.0290, found: 428.0292.

Intens. | +MS, 2.66-2.67min #(158-159)
x1047]

428.0292

429.0357

0 T T T T T T T l T T
427.50 427.75 428.00 428.25 428.50 428.75 429.00 429.25 429.50 mz

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-tosylpyrrolidine
(3a)
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Me
N

OMe
3a

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 9:1) gave
the product 3a (88.0mg, 74% yield) as a yellow solid; m.p.: 77-80 °C.

'"H NMR (CDCl3, 400 MHz) & 7.72 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.26
(d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.95-4.94 (m, 2H), 3.95-3.84 (m, 2H),
3.80 (s, 3H), 3.44 (d,/=9.2 Hz, 1H), 3.02 (d, /=9.6 Hz, 1H), 2.47-2.37 (m, 5H), 1.24
(s, 3H);

13C NMR (CDCls, 100 MHz) 8 159.2, 150.7, 143.6, 132.9, 132.4, 129.6, 127.8, 115.4,
113.8,106.4, 84.7, 82.3, 58.7, 55.2 (2C), 45.3, 30.0, 23.4, 21.5;

HRMS Calced (ESI) m/z for C23H2sNOsS [M + H]": 396.1628, found: 396.1639.

Intens. _| +MS, 0.04min #(2)
] 396.1639
1500 —-
1000 —-
397.1639
500 —-
393.2881 395.1903 398.1693 399.1586
393 394 395 396 397 398 399 m'z
3-Methyl-4-methylene-3-(3-phenylprop-2-yn-1-yl)-1-tosylpyrrolidine 3b)
Me
N
N
Ts
3b

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 9:1) gave
the product 3b (73.6 mg, 67% yield) as a yellow solid; m.p.: 47-49 °C.

'"H NMR (CDCl3, 400 MHz) & 7.72 (d, J = 8.0 Hz, 2H), 7.31-7.26 (m, 7H), 4.96-4.95
(m, 2H), 3.94-3.85 (m, 2H), 3.44 (d, J = 9.2 Hz, 1H), 3.03 (d, /= 9.6 Hz, 1H), 2.49-
2.39 (m, 5H), 1.24 (s, 3H);
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13C NMR (CDCl3, 100 MHz) & 150.5, 143.6, 132.4, 131.4, 129.6, 128.1, 127.7 (2C),

123.3,106.4, 86.3, 82.5, 58.6, 52.2,45.2,29.9, 23.4, 21 4;
HRMS Calcd (ESI) m/z for C22H23NNaO>S [M + Na]™: 388.1342, found: 388.1335.

Intens. | +MS, 0.04-0.05min #(2-3)
x105 |

] 388.1335
1.5+

1.0

0.5

388.1631

0.0

T T T T T T T T
388.00 388.05 388.10 388.15 388.20 388.25 388.30 mwz

3-(3-(4-Ethylphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-tosylpyrrolidine (3c)
Me

\\
N
Ts

3c Et

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 15:1) gave
the product 3¢ (87.1 mg, 74% yield) as a yellow oil.

'"H NMR (CDCl3, 400 MHz) & 7.72 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.24
(d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 4.96-4.94 (m, 2H), 3.95-3.85 (m, 2H),
3.43 (d,J=9.6 Hz, 1H), 3.03 (d, J=9.2 Hz, 1H), 2.63 (q, J = 7.6 Hz, 2H), 2.48-2.38
(m, 5H), 1.24-1.21 (m, 6H);

13C NMR (CDCls, 100 MHz) & 150.6, 144.2, 143.6, 132.4, 131.5, 129.6, 127.8, 127.7,
120.5, 106.4, 85.6, 82.6, 58.7, 52.3, 45.3, 30.0, 28.7, 23.5, 21.5, 15.4;

HRMS Calcd (ESI) m/z for C24H27NNaO»S [M + Na]™: 416.1655, found: 416.1657.
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Intens. | +MS, 0.04min #(2)
x105 ]
4 416.1657

2.0
E 394.1835

1.5+
1.0

0.5 432.1401

00 + T |I T t T ! T T II T T
390 400 410 420 430 440 450 m'z

3-Methyl-4-methylene-3-(3-(4-propylphenyl)prop-2-yn-1-yl)-1-tosylpyrrolidine

(3d)
Me
A\
N
Ts
3d "Pr

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 15:1) gave
the product 3d (88.4 mg, 72% yield) as a yellow oil.

'TH NMR (CDCl3, 400 MHz) 6 7.72 (d, J = 7.6 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.24
(d, J=7.2 Hz, 2H), 7.09 (d, J = 7.6 Hz, 2H), 4.95 (s, 2H), 3.94-3.85 (m, 2H), 3.43 (d,
J=9.6 Hz, 1H), 3.03 (d, /=9.6 Hz, 1H), 2.59-2.55 (m, 2H), 2.48-2.38 (m, 5H), 1.67-
1.58 (m, 2H), 1.24 (s, 3H), 0.95-0.91 (m, 3H);

13C NMR (CDCl3, 100 MHz) & 150.6, 143.6, 142.6, 132.4, 131.3, 129.6, 128.3, 127.8,
120.5, 106.4, 85.5, 82.6, 58.7, 52.2, 45.3, 37.8, 30.0, 24.3, 23.4, 21.5, 13.7;

HRMS Calcd (EST) m/z for C2sH20NNaO»S [M + Na]*: 430.1811, found: 430.1813.

Intens. | +MS, 0.04min #(2)
x104

430.1813

408.1992

446.1563

{ 394.1849 | 416.1668
1

1 \ 1. (i
T T T T T T
400 410 420 430 440 450 460 m'z
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3-(3-(4-Butylphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-tosylpyrrolidine (3e)
Me
X

3e "Bu

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 15:1) gave
the product 3e (86.8 mg, 69% yield) as a yellow oil.

'TH NMR (CDCl3, 400 MHz) & 7.72 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.23
(d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 4.96-4.95 (m, 2H), 3.95-3.85 (m, 2H),
3.43(d,J=9.6 Hz, 1H), 3.03 (d,/=9.2 Hz, 1H), 2.61-2.57 (m, 2H), 2.48-2.38 (m, 5H),
1.62-1.58 (m, 2H), 1.39-1.30 (m, 2H), 1.24 (s, 3H), 0.94-0.91 (m, 3H);

13C NMR (CDCls, 100 MHz) & 150.7, 143.6, 142.9, 132.5, 131.4, 129.6, 128.3, 127.8,

120.4, 106.4, 85.6, 82.7, 58.7, 52.3,45.3, 35.5, 33.4, 30.0, 23.5, 22.2, 21.5, 13.9;
HRMS Calcd (ESI) m/z for C26H31NNaO2S [M + Na]': 444.1968, found: 444.1970.

Intens. +MS, 0.04min #(2)
x104 |

444.1970

460.1713

430.1832 |
l

o-ll Ly . | N
1 T T T T T 1 T
430 440 450 460 470 480 490 m/'z

3-(3-([1,1'-Biphenyl]-4-yl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-
tosylpyrrolidine (3f)

Me

N

N
Ts

3f Ph

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave
the product 3f (80.6 mg, 61% yield) as a yellow solid; m.p.: 106-109 °C.

'"H NMR (CDCls, 400 MHz) & 7.75 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 7.6 Hz, 2H), 7.53
(d, J = 8.4 Hz, 2H), 7.47-7.36 (m, 5H), 7.33 (d, J = 8.0 Hz, 2H), 4.99-4.98 (m, 2H),
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3.98-3.87 (m, 2H), 3.48 (d, J= 9.6 Hz, 1H), 3.06 (d, J=9.2 Hz, 1H), 2.54-2.44 (m, 2H),
2.41 (s, 3H), 1.28 (s, 3H);

13C NMR (CDCls, 100 MHz) & 150.6, 143.6, 140.6, 140.3, 132.5, 131.9, 129.6, 128.8,
127.8, 127.5, 126.9, 126.8, 122.3, 106.5, 87.1, 82.5, 58.7, 52.3, 45.3, 30.1, 23.5, 21.5;
HRMS Calcd (ESI) m/z for C2sH27NNaO,S [M + Na]*: 464.1655, found: 464.1656.

Intens. | +MS, 0.04min #(2)
x104
1.2+ 464.1656
1.0+
0.8 442.1848
0.6
0.4 430.9152
489.0960
0.2
] | 480.1527 | |
0.0 Il PRRT I R N B ' 1Y TR L X b |4 | by 0o il
T T T T T T T
430 440 450 460 470 480 490 m'z

3-(3-(4-Fluorophenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-
Me
N
¥S
tosylpyrrolidine(3g) 39 F
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 11:1) gave
the product 3g (54.8 mg, 48% yield) as a brown solid; m.p.: 60-63 °C.
'"H NMR (CDCl3, 400 MHz) & 7.72 (d, J = 8.0 Hz, 2H), 7.32-7.28 (m, 4H), 6.99-6.95
(m, 2H), 4.97-4.94 (m, 2H), 3.96-3.91 (m, 1H), 3.87-3.83 (m, 1H), 3.44 (d, /J=9.2 Hz,
1H), 3.01 (d, J=9.2 Hz, 1H), 2.49-2.39 (m, 5H), 1.23 (s, 3H);
13C NMR (CDCls, 100 MHz) 8 162.2 (d, J = 247.6 Hz), 150.6, 143.7, 133.3(d, /= 8.2
Hz), 132.4,128.7 (d,J =180.6 Hz), 119.4 (d, /J=3.6 Hz), 115.4 (d, J=21.9 Hz), 110.0,
106.5, 86.0, 81.5, 58.7, 52.2,45.3, 30.0, 23.4, 21.5;

19F NMR (CDCls, 376 MHz) & -111.6;
HRMS Calcd (ESI) m/z for C22H22FNNaO-S [M + Na]*: 406.1247, found: 406.1249.
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Intens._ +MS, 0.07min #(4)
x105

406.1249
0.8

7384.1426
0.6

0.4+

0.2

| 422.1001
OO T 1 T T T T ! T . T T T T
385 390 395 400 405 410 415 420 425 mz

3-(3-(4-Chlorophenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-tosylpyrrolidine
(3h)
Me

N

N
Ts

3h cl

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 11:1) gave
the product 3h (90.2 mg, 75% yield) as a yellow oil.

'TH NMR (CDCl3, 400 MHz) 6 7.72 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.25
(s, 4H), 4.97-4.94 (m, 2H), 3.96-3.91 (m, 1H), 3.87-3.83 (m, 1H), 3.43 (d, J=9.2 Hz,
1H), 3.01 (d, J=9.6 Hz, 1H), 2.51-2.41 (m, 5H), 1.23 (s, 3H);

13C NMR (CDCls, 100 MHz) 8 150.5, 143.7, 133.7, 132.7, 132.4, 129.6, 128.4, 127.8,
121.8, 106.5, 87.5, 81.5, 58.7, 52.2, 45.2, 30.0, 23.4, 21.5;

HRMS Calcd (ESI) m/z for C22H23CINO,S [M + H]": 400.1133, found: 400.1126.

Intens. - +MS, 0.04min #(2)
x104 ]

1.50 7

400.1126
Lzsé
Looé
0755
050%

402.1111

0.25 ] 401.1171

g 403.1170
0.00 : : : : L L - Il
397 398 399 400 401 402 403 mz
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4-(3-(3-Methyl-4-methylene-1-tosylpyrrolidin-3-yl)prop-1-yn-1-yl)benzonitrile (3i)
Me

N

N
Ts

3i CN

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave
the product 3i (71.6 mg, 61% yield) as a brown oil.

'TH NMR (CDCl3, 400 MHz) & 7.71 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), 7.41
(d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 4.98-4.94 (m, 2H), 3.99-3.94 (m, 1H),
3.83-3.79 (m, 1H), 3.44 (d,/=9.6 Hz, 1H), 2.97 (d, J=9.6 Hz, 1H), 2.57-2.45 (m, 2H),
2.41 (s, 3H), 1.23 (s, 3H);

13C NMR (CDCls, 100 MHz) & 150.4, 143.7, 132.4, 132.1, 131.9, 129.7, 128.3, 127.8,

118.4,111.2,106.7,91.5, 81.3, 58.7, 52.1,45.2, 30.2, 23.2, 21.5;
HRMS Calcd (ESI) m/z for C23H22N2NaOsS [M + Na]™: 413.1294, found: 413.1299.

Intens._- +MS, 0.05min #(3)
413.1299
2000 —:
1500
1000 —:
500 ]
4 413.2641
412.6 412.7 412.8 412.9 413.0 413.1 413.2 413.3 413.4 m'z
3-Methyl-4-methylene-3-(3-(m-tolyl)prop-2-yn-1-yl)-1-tosylpyrrolidine (K]))
Me
A\
N Me
Ts
3j

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 11:1) gave

the product 3j (85.3 mg, 75% yield) as a yellow oil.
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'H NMR (CDCls, 400 MHz) § 7.72 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.19-
7.09 (m, 4H), 4.96-4.95 (m, 2H), 3.96-3.84 (m, 2H), 3.44 (d, J = 9.6 Hz, 1H), 3.03 (d,
J=9.6 Hz, 1H), 2.49-2.39 (m, 5H), 2.32 (s, 3H), 1.25 (s, 3H);

13C NMR (CDCls, 100 MHz) § 150.7, 143.6, 137.8, 132.5, 132.1, 129.6, 128.7, 128.6,
128.1, 127.8, 123.1, 106.5, 86.0, 82.7, 58.7, 52.2, 45.3, 30.0, 23.4, 21.5, 21.2;

HRMS Calcd (ESI) m/z for C23HaeNO,2S [M + H]': 380.1679, found: 380.1673.

Intens. 4 +MS, 0.04min #(2)
X105

380.1673
2.0

1.5+
1.0

0.5

] 346.0310 368.0139
0‘0 T I I T T I I T T L T
340 350 360 370 380 390 mz

3-(3-(2-Fluorophenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-

Me
F

N

N
Ts

tosylpyrrolidine(3k) 3k

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave
the product 3k (70.1 mg, 61% yield) as a yellow oil.

'H NMR (CDCl3, 400 MHz) 8 7.72 (d, J = 8.4 Hz, 2H), 7.34-7.30 (m, 3H), 7.28-7.23
(m, 1H), 7.08-7.01 (m, 2H), 4.98-4.97 (m, 2H), 3.96-3.91 (m, 1H), 3.89-3.85 (m, 1H),
3.45(d,J=9.6 Hz, 1H), 3.04 (d, /= 9.6 Hz, 1H), 2.48-2.47 (m, 2H), 2.40 (s, 3H), 1.26
(s, 3H);

13C NMR (CDCl3, 100 MHz) & 162.8 (d, J=249.3 Hz), 150.4, 143.6, 133.3 (d, /= 1.3
Hz), 132.4,129.6,129.4 (d, /= 7.8 Hz), 127.7,123.7 (d, J=3.7 Hz), 115.3 (d, /= 20.8
Hz), 111.8 (d, J=15.7 Hz), 106.6,91.9 (d, J= 3.3 Hz), 75.9 (d, /= 0.6 Hz), 58.7, 52.2,
45.2,30.1,23.2,21.5;

YF NMR (CDCls, 376 MHz) 6 -110.6;
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HRMS Calcd (ESI) m/z for C22H22FNNaOsS [M + Na]™: 406.1247, found: 406.1250.

Intens. 4 +MS, 0.04min #(2)
X105

406.1250

-384.1426

422. IZI.OOO

|
T T T T T T T T T T
385 390 395 400 405 410 415 420 425 m'z

3-Methyl-4-methylene-3-(3-(naphthalen-1-yl)prop-2-yn-1-yl)-1-tosylpyrrolidine
@3

Me

V@
v, U
Ts
3l

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave
the product 31 (97.3 mg, 78% yield) as a yellow oil.

'"H NMR (CDCl3, 400 MHz) & 8.25 (d, J = 8.4 Hz, 1H), 7.86-7.79 (m, 2H), 7.73 (d, J
= 8.0 Hz, 2H), 7.58-7.50 (m, 3H), 7.40 (t, /= 7.6 Hz, 1H), 7.24 (d, J = 8.0 Hz, 2H),
5.03-5.02 (m, 2H), 4.02-3.91 (m, 2H), 3.56 (d, J=9.6 Hz, 1H), 3.11 (d, J=9.6 Hz, 1H),
2.69-2.58 (m, 2H), 2.33 (s, 3H), 1.34 (s, 3H);

13C NMR (CDCl3, 100 MHz) 6 150.6, 143.6, 133.3, 133.1, 132.4, 130.2, 129.6, 128.2
(20), 127.7,126.6, 126.2, 126.0, 125.1, 121.0, 106.6, 91.3, 80.6, 58.7, 52.3, 45.4, 30.3,
23.6,21.4;
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HRMS Caled (ESI) m/z for Ca6H26NO2S [M + H]": 416.1679, found: 416.1682.

Intens. 4 +MS, 0.04min #(2)
] 416.1682
5000 -
4000 ]
3000
2000 4] 413.2649
4220951
1000
1  403.9300 406.9556 410.0641 | ‘ ‘ 424.0973
O-I | || T J |||I I|I L1 || L | l Illl 1 | — II I|| ; || ||| I|| |
402.5 405.0 4075 410.0 4125 415.0 4175 420.0 4225 425.0 vz

3-Methyl-4-methylene-3-(3-(naphthalen-2-yl)prop-2-yn-1-yl)-1-tosylpyrrolidine
(3m)

Me
A\

v, U0
Ts
3m

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave
the product 3m (67.2 mg, 54% yield) as a yellow solid; m.p.: 82-85 °C.

'"H NMR (CDCl3, 400 MHz) 6 7.86 (s, 1H), 7.81-7.73 (m, 5H), 7.51-7.45 (m, 2H), 7.38
(d, J = 8.4 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 5.00-4.99 (m, 2H), 3.99-3.87 (m, 2H),
3.50(d,J=9.6 Hz, 1H), 3.07 (d, J=9.2 Hz, 1H), 2.56-2.46 (m, 2H), 2.35 (s, 3H), 1.29
(s, 3H);

13C NMR (CDCls, 100 MHz) & 150.8, 143.7, 132.9, 132.5, 132.4, 131.1, 129.6, 128.5,
127.8 (2C), 127.7, 127.5, 126.5, 126.4, 120.6, 106.6, 86.8, 83.0, 58.8, 52.3, 45.3, 30.1,

23.5,21.5;
HRMS Calcd (ESI) m/z for C26H25sNNaO>S [M + Na]": 438.1498, found: 438.1507.
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Intens. | +MS, 0.04min #(2)
x104 ]
] 438.1507
3
2 -
1-
439.1552
: 440.1536
0 1 1 1 1 l
T T T T T T T T T T
426 428 430 432 434 436 438 440 442 mz

3-Methyl-4-methylene-3-(3-(thiophen-3-yl)prop-2-yn-1-yl)-1-tosylpyrrolidine (3n)

Me

3n

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10: 1)
gave the product 3n (66.5 mg, 60% yield) as a yellow solid; m.p.: 53-57 °C.

'"H NMR (CDCl3, 400 MHz) 8 7.72 (d, J = 8.0 Hz, 2H), 7.33-7.29 (m, 3H), 7.24-7.22
(m, 1H), 7.01-6.99 (m, 1H), 4.96-4.93 (m, 2H), 3.94-3.83 (m, 2H), 3.43 (d, /=9.2 Hz,
1H), 3.01 (d, J=9.2 Hz, 1H), 2.48-2.38 (m, 5H), 1.23 (s, 3H);

13C NMR (CDCl3, 100 MHz) & 150.6, 143.7, 132.4, 129.9, 129.6, 128.0, 127.8, 125.1,
122.3, 106.5, 85.9, 77.6, 58.7, 52.2, 45.2, 30.0, 23.5, 21.5;

HRMS Calcd (ESI) m/z for C2H21NNaO2S2 [M + Na]": 394.0906, found: 394.0899.

Intens._ +MS, 0.04min #(2)
x104

394.0899
1.0

0.8

0.6 404.1298

0.4
389.1317 400.1390

388.1035 396.1649
0.2

390.1318 ‘ 397.1902 401.1462
0.0-Lp m b L : ul o 1 | I II | ' ple L PRI
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3-(3-(3-Methyl-4-methylene-1-tosylpyrrolidin-3-yl)prop-1-yn-1-yl)pyridine  (30)
Me
N
N I N
Ts _
3o N

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 3:1) gave
the product 3o (70.8 mg, 64% yield) as a yellow solid; m.p.: 59-63 °C.
'"H NMR (CDCl3, 400 MHz) 6 8.52 (d, J=15.2 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.61
(d, J=7.6 Hz, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.23-7.20 (m, 1H), 4.96 (d, J = 8.0 Hz,
2H), 3.96-3.82 (m, 2H), 3.43 (d, J = 9.6 Hz, 1H), 3.00 (d, J = 9.2 Hz, 1H), 2.55-2.44
(m, 2H), 2.41 (s, 3H), 1.24 (s, 3H);
13C NMR (CDCls, 100 MHz) 6 152.2, 150.4, 148.2, 143.8, 138.5, 132.2, 129.7, 127.8,

122.9, 120.4, 106.7, 90.1, 79.4, 58.6, 52.2, 45.2, 30.1, 23.3, 21.6;
HRMS Calcd (ESI) m/z for C21H22N2NaOsS [M + Na]™: 389.1294, found: 389.1290.

Intens. | +MS, 0.04min #(2)
x104-]

] 389.1290

4_

3_

2_

1]

7 382.1494 396.1644

o, : —— —d DR P— A A
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3-Methyl-4-methylene-3-(3-ferrocylprop-2-yn-1-yl)-1-tosylpyrrolidine (3p)
Me
N

N
Ts )
Fe
3p QA

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 11:1) gave

the product 3p (83.7 mg, 59% yield) as a yellow solid; m.p.: 104-108 °C.
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H NMR (CDCls, 400 MHz) § 7.73 (d, J = 8.0 Hz, 2H), 7.34 (d, J= 8.0 Hz, 2H), 4.96-
4.95 (m, 2H), 4.31 (d, J = 12.0 Hz, 2H), 4.17-4.11 (m, 7H), 3.94-3.84 (m, 2H), 3.42 (d,
J=9.2Hz, 1H), 3.01 (d, J=9.2 Hz, 1H), 2.43 (s, 3H), 2.40-2.29 (m, 2H), 1.23 (s, 3H);
13C NMR (CDCLs, 100 MHz) § 150.7, 143.6, 132.5, 129.7, 127.8, 106.4, 82.3, 80.5,

71.2,69.7,68.2, 65.6, 58.7, 52.2,45.2, 30.1, 23.5, 21.5;
HRMS Calcd (ESI) m/z for C26HosFeNO,S [M + H]™: 474.1185, found: 474.1195.

Intens. ] +MS, 0.04min #(2)
x104 ]

] 474.1195
2.5

2.0
15
1.0

0.5

0.0 . , L | ; " —t ; .
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3-(3-Cyclopropylprop-2-yn-1-yl)-1-((4-methoxyphenyl)sulfonyl)-3-methyl-4-

methylenepyrrolidine (3q)
Me

Vi

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave
the product 3q (25.9 mg, 25% yield) as a yellow oil.

'TH NMR (CDCl3, 400 MHz) & 7.76 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 4.88
(d, J=18.0 Hz, 2H), 3.88-3.83 (m, 5H), 3.30 (d, /=9.2 Hz, 1H), 2.95 (d, /= 9.2 Hz,
1H), 2.20-2.10 (m, 2H), 1.25 (s, 1H), 1.15 (s, 3H), 0.70-0.68 (m, 2H), 0.53 (s, 2H);
13C NMR (CDCl3, 100 MHz) & 163.0, 150.9, 129.9, 127.3, 114.2, 106.1, 85.6, 71.7,
58.6,55.6,52.3,45.2,29.5, 23.4, 8.0 (2C), -0.6;
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HRMS Calcd (ESI) m/z for C1oH23NNaOs3S [M + Na]'": 368.1291, found: 368.1301.

Intens. +MS, 0.02-0.05min #(1-3)
x104

368.1301
6

301.1383
158.9701 713.[2460
| .

T T ' = T = T T T
0 200 400 600 800 1000 mz

3-(3-(Cyclohex-1-en-1-yl)prop-2-yn-1-yl)-1-((4-methoxyphenyl)sulfonyl)-3-

methyl-4-methylenepyrrolidine (3r)
Me

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 7:1) gave
the product 3r (72.2 mg, 62% yield) as a yellow oil.

'"H NMR (CDCl3, 400 MHz) & 7.76 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 5.94
(s, 1H), 4.91 (d, J=11.2 Hz, 2H), 3.86-3.84 (m, 5H), 3.33 (d, J=9.6 Hz, 1H), 2.98 (d,
J=9.6 Hz, 1H), 2.36-2.26 (m, 2H), 2.05-2.01 (m, 4H), 1.61-1.55 (m, 4H), 1.18 (s, 3H);
13C NMR (CDCl3, 100 MHz) & 163.0, 150.8, 133.7, 129.9, 127.2, 120.6, 114.1, 106.3,

84.4,83.4,58.7,55.5,52.3,45.2,29.9,29.4,25.5,23.5,22.3,21.5;
HRMS Calcd (EST) m/z for C22H27NNaOsS [M + Na]*: 408.1604, found: 408.1588.
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Intens. +MS, 2.37-2.39min #(141-142)
%105
207 408.1588
1.5
1.0
0.5
409.1621
0.0 T T T T T T T L T T
407.50 407.75 408.00 408.25 408.50 408.75 409.00 409.25 409.50 mz

(8R,95,135,145)-13-Methyl-2-(3-(3-methyl-4-methylene-1-tosylpyrrolidin-3-
y)prop-1-yn-1-yl)-6,7,8,9,11,12,13,14,15,16-decahydro-17H-

cyclopentaja]phenanthren-17-one (3s)

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave
the product 3s (84.7 mg, 52% yield) as a yellow solid; m.p.: 198-201 °C.

'"H NMR (CDCl3, 400 MHz) & 7.71 (d, J = 7.6 Hz, 2H), 7.31 (d, J= 7.6 Hz, 2H), 7.20
(d, J=8.4 Hz, 1H), 7.11 (d, J = 6.8 Hz, 2H), 4.94 (s, 2H), 3.93 (d, J = 14.4 Hz, 1H),
3.84 (d, J=14.0 Hz, 1H), 3.43 (d, J=9.2 Hz, 1H), 3.00 (d, J= 9.2 Hz, 1H), 2.88-2.85
(m, 2H), 2.53-2.46 (m, 1H), 2.42-2.37 (m, 5SH), 2.29-2.25 (m, 1H), 2.18-1.94 (m, 5H),
1.67-1.57 (m, 2H), 1.52-1.37 (m, 4H), 1.23 (s, 3H), 0.90 (s, 3H);

13C NMR (CDCl3, 100 MHz) & 220.6, 150.6, 143.6, 139.7, 136.4, 132.4, 131.9, 129.6,
128.8, 127.7, 125.2, 120.6, 106.4, 85.6, 82.5, 58.7, 52.1, 50.3, 47.8, 45.2, 44.3, 37.9,

35.7,31.4, 30.0, 29.0, 26.2, 25.5, 23.2,21.5, 13.7, 0.9;
HRMS Calcd (ESI) m/z for C34H30NNaOsS [M + Na]™: 564.2543, found: 564.2546.
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IhtenS‘i +MS, 3.48-3.50min #(207-208)
x10% {

564.2546
1.0

0.8
0.6
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(1S,2R,55)-2-Isopropyl-5-methylcyclohexyl-4-(3-(3-methyl-4-methylene-1-

tosylpyrrolidin-3-yl)prop-1-yn-1-yl)benzoate (3t)

Me
A Me_ _Me
Il\—lS O’/,é
(0]
3t Y
Me

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave
the product 3t (100.5 mg, 61% yield) as a yellow oil.

'"H NMR (CDCl3, 400 MHz) & 7.95 (d, J= 8.0 Hz, 2H), 7.71 (d, J= 8.0 Hz, 2H), 7.36-
7.30 (m, 4H), 4.96 (d, J = 7.2 Hz, 2H), 4.92-4.89 (m, 1H), 3.93 (d, J = 14.0 Hz, 1H),
3.85(d, J=14.0 Hz, 1H), 3.43 (d, J=9.6 Hz, 1H), 3.01 (d, /=9.6 Hz, 1H), 2.54-2.43
(m, 2H), 2.40 (s, 3H), 2.11 (d, J = 12.0 Hz, 1H), 1.95-1.90 (m, 1H), 1.72 (d, J = 11.2
Hz, 2H), 1.57-1.52 (m, 2H), 1.25 (s, 3H), 1.17-1.05 (m, 3H), 0.93-0.90 (m, 6H), 0.79
(d, J=6.8 Hz, 3H),

13C NMR (CDCl;, 100 MHz) & 165.5, 150.5, 143.7, 132.3, 131.4, 129.8, 129.6, 129.3,
127.8, 106.6, 89.6, 82.1, 75.0, 58.7, 52.2,47.2, 45.3, 40.9, 34.2, 31.4, 30.1, 26.5, 23.6,

23.5,22.0,21.5,20.7, 16.5;
HRMS Calcd (ESI) m/z for C33H4i1NNaO4S [M + Na]": 570.2649, found: 570.2647.
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Intens. +MS, 0.07-0.14min #(4-8)
x10%4 ]
6 570.2647
5]
2]
3
2]
1 571.2687
1 -
0 ] |
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-
(phenylsulfonyl)pyrrolidine (4a)

S\
©/ S0 OMe

4a
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave
the product 4a (82.6 mg, 72% yield) as a yellow solid; m.p.: 71-74 °C.

'"H NMR (CDCl3, 400 MHz) & 7.76 (d, J = 8.4 Hz, 2H), 7.52-7.42 (m, 3H), 7.17 (d, J
= 6.8 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 4.87 (s, 2H), 3.88-3.79 (m, 2H), 3.72 (s, 3H),
3.39 (d,J=9.2 Hz, 1H), 2.97 (d, /= 9.2 Hz, 1H), 2.37-2.28 (m, 2H), 1.15 (s, 3H);

13C NMR (CDCl3, 100 MHz) & 159.2, 150.5, 135.4, 132.8 (2C), 129.0, 127.6, 115.4,

113.7, 106.5, 84.6, 82.3, 58.6, 55.2, 52.2,45.3, 29.9, 23.3;
HRMS Calcd (EST) m/z for C22H23NNaOsS [M + Na]™: 404.1291, found: 404.1294.

Intens. +MS, 0.04min #(2)
X105

124 404.1294

1.0

0.8

067 382.1472
420.1037
0.4

0.2

0.0-L . — —Ll h . t T
340 360 380 400 420 440 460 480 miz
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-1-((4-methoxyphenyl)sulfonyl)-3-methyl-
4-methylenepyrrolidine (4b)

OMe

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave
the product 4b (84.0 mg, 68% yield) as a yellow oil.

'TH NMR (CDCls, 400 MHz) & 7.76 (d, J = 8.8 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 6.97
(d, J=9.2 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 4.95-4.94 (m, 2H), 3.89-3.87 (m, 2H),
3.83 (s, 3H), 3.79 (s, 3H), 3.42 (d, J= 9.6 Hz, 1H), 3.02 (d, /= 9.6 Hz, 1H), 2.47-2.37
(m, 2H), 1.24 (s, 3H);

13C NMR (CDCls, 100 MHz) 8 162.9, 159.1, 150.7, 132.8, 129.8, 126.9, 115.4, 114.1,

113.7,106.3, 84.7, 82.3, 58.6, 55.5, 55.1, 52.3,45.2, 29.9, 23.6;
HRMS Calcd (ESI) m/z for C23H2sNNaO4S [M + Na]™: 434.1397, found: 434.1399.

Intens. | +MS, 0.04-0.05min #(2-3)
x105

104 434.1399

0.8

0.6

0.4+

0.2

450.I1155

T T T T T T
420 430 440 450 460 470 m'z

1-((4-(Tert-butyl)phenyl)sulfonyl)-3-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-3-

methyl-4-methylenepyrrolidine (4¢)

OMe
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Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 12:1) gave
the product 4¢ (94.3 mg, 72% yield) as a yellow solid; m.p.: 85-89 °C.

'"H NMR (CDCl3, 400 MHz) & 7.76 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 7.29
(d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.96-4.95 (m, 2H), 3.99-3.94 (m, 1H),
3.90-3.85 (m, 1H), 3.80 (s, 3H), 3.46 (d, /=9.6 Hz, 1H), 3.04 (d, /=9.2 Hz, 1H), 2.47-
2.37 (m, 2H), 1.33 (s, 9H), 1.24 (s, 3H);

13C NMR (CDCls, 100 MHz) & 159.2, 156.5, 150.8, 132.9, 132.7, 127.6, 126.0, 115.5,

113.8,106.4, 84.8, 82.3, 58.7, 55.2, 52.2,45.3, 35.1, 31.0, 30.0, 23.2;
HRMS Calcd (ESI) m/z for C26H31NNaOsS [M + Na]™: 460.1917, found: 460.1924.

Intens. 4 +MS, 0.04min #(2)
x104]

460.1924

438.2105

476.1672

T T T T I | I Il T
380 400 420 440 460 480 500 mz

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-(o-
tolylsulfonyl)pyrrolidine (4d)

Me

S\
©: S0 OMe
Me

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 15:1) gave
the product 4d (73.4 mg, 62% yield) as a yellow oil.

'"H NMR (CDCl3, 400 MHz) & 7.95-7.93 (m, 1H), 7.46-7.42 (m, 1H), 7.32-7.28 (m,
2H), 7.27-7.24 (m, 2H), 6.80 (d, J=9.2 Hz, 2H), 5.00-4.98 (m, 2H), 3.99-3.98 (m, 2H),
3.79 (s, 3H), 3.51 (d, J=9.2 Hz, 1H), 3.16 (d, /= 9.6 Hz, 1H), 2.66 (s, 3H), 2.55-2.43
(m, 2H), 1.28 (s, 3H);

S28



13C NMR (CDCl3, 100 MHz) & 159.2, 150.7, 138.1, 135.9, 132.8 (2C), 132.7, 129.9,
126.0, 115.4, 113.7, 106.4, 84.6, 82.3, 58.1, 55.2, 51.6, 45.3, 30.0, 23.2, 20.7;
HRMS Calcd (EST) m/z for C23H2sNNaOsS [M + Na]™: 418.1447, found: 418.1444.

Intens. ] +MS, 0.04-0.05min #(2-3)
X105

418.1444

1.25—5
1.00—5
0.75—f
0.50—5

0.25 ] 434.1197

0.00 Ll L. . , . . ; L . T
400 410 420 430 440 450 miz

1-((4-Fluorophenyl)sulfonyl)-3-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-
methylenepyrrolidine (4¢)

OMe

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave
the product 4e (78.6 mg, 66% yield) as a yellow solid; m.p.: 87-91 °C.

'"H NMR (CDCl3, 400 MHz) & 7.87-7.83 (m, 2H), 7.27-7.17 (m, 4H), 6.81 (d, J = 8.8
Hz, 2H), 4.98-4.97 (m, 2H), 3.92-3.91 (m, 2H), 3.80 (s, 3H), 3.45 (d, /= 9.2 Hz, 1H),
3.05(d,J=9.2 Hz, 1H), 2.47-2.38 (m, 2H), 1.25 (s, 3H);

13C NMR (CDCl3, 100 MHz) & 165.2 (d, J = 253.7 Hz), 159.3, 150.4, 132.9, 131.8,
130.4 (d,J=9.2Hz), 116.3 (d, /=223 Hz), 115.3, 113.8, 106.7, 84.6, 82.5, 58.7, 55.3,
52.3,45.4,30.0, 23.6;

YF NMR (CDCl3, 376 MHz) -104.8,;
HRMS Calcd (EST) m/z for C22H22FNNaO3S [M + Na]™: 422.1197, found: 422.1203.
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Intens. - +MS, 0.04min #(2)
x104 ]
54 422.1203
4 -]
3
24 400.1388
367.1480
1 -]
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1-((4-Chlorophenyl)sulfonyl)-3-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-
methylenepyrrolidine (4f)

Y

(6] OMe

4f

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 12:1) gave
the product 4f (83.2 mg, 64% yield) as a yellow oil.

'"H NMR (CDCl3, 400 MHz) & 7.69 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.16
(d, J = 8.8 Hz, 2H), 6.74 (d, J = 8.4 Hz, 2H), 4.90-4.89 (m, 2H), 3.84-3.83 (m, 2H),
3.73 (s, 3H), 3.38 (d, /=9.6 Hz, 1H), 2.98 (d, /= 9.6 Hz, 1H), 2.40-2.30 (m, 2H), 1.17
(s, 3H);

13C NMR (CDCl3, 100 MHz) & 159.3, 150.3, 139.3, 134.2, 132.8, 129.3, 129.1, 115.3,

113.8, 106.7, 84.5, 82.5, 58.6, 55.2, 52.2, 45.4, 30.0, 23.5;
HRMS Calcd (ESI) m/z for C22H2CINNaOsS [M + Na]™: 438.0901, found: 438.0899.
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Intens‘i i +MS, 0.05min #(3)
X107
] 438.0899
2.5
2.0
1.5+
1.0
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05 430.9157
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0.0 -4 N ' 1 | N | L | L
. T T T T T T T T T
425.0 4275 430.0 432.5 435.0 437.5 440.0 4425 4450  miz

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-((4-

(trifluoromethyl)phenyl)sulfonyl)pyrrolidine (4g)

OMe

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10:1) gave
the product 4g (67.0 mg, 50% yield) as a brown solid; m.p.: 98-101 °C.

'TH NMR (CDCl3, 400 MHz) & 7.96 (d, J = 8.0 Hz, 2H), 7.78 (d, J = 8.4 Hz, 2H), 7.25
(d, J= 6.4 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.98-4.97 (m, 2H), 4.00-3.90 (m, 2H),
3.80 (s, 3H), 3.50 (d, J=9.6 Hz, 1H), 3.07 (d, /= 9.6 Hz, 1H), 2.47-2.38 (m, 2H), 1.25
(s, 3H);

13C NMR (CDCI3, 100 MHz) & 159.3, 150.0, 139.5, 134.4 (q, J = 32.9 Hz), 132.8,
128.1, 126.2 (q, J = 3.6 Hz), 123.2 (q, J = 271.6 Hz), 115.3, 113.8, 106.9, 84.4, 82.6,
58.7,55.24,52.2,45.5,29.9,23 .4,

YF NMR (CDCl3, 376 MHz) -63.0;
HRMS Calcd (ESI) m/z for C23H2F3NNaO3S [M + Na]™: 472.1165, found: 472.1174.
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Intens. 7 +MS, 0.04min #(2)
x1043
] 472.1174

25
2.0
1.5

1.0

0.5 460.1918

] 467.1689

0.0 . l [T L. .
. T T T T T T T T T T

457.5 460.0 462.5 465.0 467.5 470.0 4725 475.0 477.5 mz

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-((4-

(trifluoromethoxy)phenyl)sulfonyl)pyrrolidine (4h)

Me

A\

|
S\
/@/ o OMe
F4CO

4h
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 10: 1)
gave the product 4h (84.0 mg, 60% yield) as a yellow solid; M.p.: 70-73 °C.
'TH NMR (CDCl3, 400 MHz) & 7.89 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.26
(d, J= 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 4.99-4.98 (m, 2H), 3.98-3.89 (m, 2H),
3.80 (s, 3H), 3.48 (d, /=9.2 Hz, 1H), 3.07 (d, /=9.2 Hz, 1H), 2.47-2.38 (m, 2H), 1.26
(s, 3H);
13C NMR (CDCl3, 100 MHz) & 159.3, 152.3, 152.2, 150.2, 134.2, 132.8, 129.8, 120.8,
120.2 (q, J = 258.2 Hz), 115.3, 113.8, 106.8, 84.5, 82.5, 58.7, 55.2, 52.2, 45.4, 30.0,
23.4;

19F NMR (CDCls, 376 MHz) -57.6;
HRMS Caled (EST) m/z for C23H»F3NNaO4S [M + Na]': 488.1114, found: 488.1120.
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Intens. 4 +MS, 0.04min #(2)
x105-
b 488.1120

1.5+

1.0

0.5
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470 480 490 500 510 520 mz

3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-(thiophen-2-
ylsulfonyl)pyrrolidine (4i)

OMe

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 8:1) gave
the product 4i (83.8 mg, 72% yield) as a yellow oil.

'"H NMR (CDCl3, 400 MHz) & 7.61-7.58 (m, 2H), 7.28 (d, J = 8.8 Hz, 2H), 7.14-7.12
(m, 1H), 6.81 (d, J = 8.8 Hz, 2H), 4.99-4.97 (m, 2H), 4.04-3.93 (m, 2H), 3.80 (s, 3H),
3.51(d,J=9.6 Hz, 1H), 3.10 (d, J= 9.6 Hz, 1H), 2.48-2.38 (m, 2H), 1.25 (s, 3H);

13C NMR (CDCls, 100 MHz) 8 159.2, 150.3, 135.6, 132.9, 132.5, 132.0, 127.6, 115.4,

113.8, 106.7, 84.6, 82.4, 58.8, 55.2, 52.4, 45.5, 30.0, 23.4;
HRMS Calcd (ESI) m/z for C20H21NNaOsS; [M + Na]™: 410.0855, found: 410.0850.

Intens. - +MS, 0.04min #(2)
x104
410.0850
6 -]
426.0593

4_
2 -]
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylene-1-(methylsulfonyl)
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pyrrolidine (4j)

OMe

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 4: 1) gave
the product 4j (30.7 mg, 33% yield) as a brown solid; m.p.: 57-60 °C.

'"H NMR (CDCls, 400 MHz) & 7.32 (d, J = 8.4 Hz, 2H), 6.81 (d, J = 8.4 Hz, 2H), 5.06-
5.05 (m, 2H), 4.11-4.02 (m, 2H), 3.79 (s, 3H), 3.55 (d, J=9.6 Hz, 1H), 3.20 (d,/=9.6
Hz, 1H), 2.85 (s, 3H), 2.62-2.50 (m, 2H), 1.34 (s, 3H);

13C NMR (CDCl3, 100 MHz) & 159.3, 150.6, 132.9, 115.4, 113.9, 106.8, 84.6, 82.5,

58.7,55.3,52.2,45.6,34.7,30.1, 23.4;
HRMS Calcd (ESI) m/z for C17H2i1NNaOsS [M + Na]":342.1134, found:.342.1120.

Intens. | +MS, 1.31-1.35min #(78-80)
%105
2.5 342.1120
2.0
15
1.0
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-4-methylene-1-tosylpyrrolidine (4k)
A\

4k OMe

Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 8:1) gave
the product 4k (30.0 mg, 26% yield) as a yellow oil.

'"H NMR (CDCls, 400 MHz) & 7.72 (d, J= 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.26-
7.24 (m, 2H), 6.80 (d, /= 8.8 Hz, 2H), 5.03-5.00 (m, 2H), 3.90-3.80 (m, 5H), 3.59-3.55
(m, 1H), 3.19-3.15 (m, 1H), 2.92-2.86 (m, 1H), 2.58-2.52 (m, 1H), 2.44-2.37 (m, 4H);
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13C NMR (CDCl3, 100 MHz) & 159.3, 146.4, 143.7, 132.9, 132.5, 129.7, 127.9, 115 4,

113.8,107.8, 85.2, 81.7, 55.3, 53.0, 52.3, 42.2, 22.8, 21.5;
HRMS Calcd (EST) m/z for C22H23NNaOs3S [M + Na]™: 404.1291, found: 404.1289.

Intens. | +MS, 0.05-0.07min #(3-4)
x10%7
] 404.1289
25
2.0
1.5
107 382.1474 420.1040
0.5
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340 360 380 400 420 440 460 480 500  miz

4-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-4-methyl-1-tosylpyrrolidin-3-one (5)
o Me

5 OMe
Flash column chromatography on a silica gel (ethyl acetate: petroleum ether, 5:1) gave
the product 5 (38.5 mg, 48% yield) as a yellow oil.
'"H NMR (CDCl3, 400 MHz) 8 7.71 (d, J = 8.4 Hz, 2H), 7.32 (d, J= 8.0 Hz, 2H), 7.16
(d, J=8.8 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 3.80-3.72 (m, 4H), 3.57-3.54 (m, 1H),
3.46-3.39 (m, 2H), 2.61-2.56 (m, 1H), 2.47-2.42 (m, 1H), 2.39 (s, 3H), 1.26 (s, 3H);
13C NMR (CDCls, 100 MHz) 6 210.9, 159.4, 144.3, 132.9, 131.3, 129.9, 128.0, 114.8,
113.8, 83.3, 82.6, 55.9, 55.3, 53.7, 49.7, 25.8, 21.6, 20.9;
HRMS Calcd (EST) m/z for C22H23NNaO4S [M + Na]*: 420.1240, found: 420.1236.
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IntensE_; g +MS, 0.18-0.30min #(10-17)
x10°]
1 420.1236

1.25—3
1.00—5
0.75—3
0.50—3

0.25
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3-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-4-methylenepyrrolidine (6)
Me
N

Ir=z

6 OMe
Flash column chromatography on a silica gel (ethyl acetate: Methanol, 10:1) gave the

product 6 (39.6 mg, 82% yield) as a white oil.
TH NMR ( (CD3)2S0O, 400 MHz) § 7.31 (d, J= 8.4 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H),
4.92 (s, 2H), 3.75 (s, 3H), 3.55-3.44 (m, 2H), 2.97 (d, J = 10.8 Hz, 1H), 2.64 (d, J =
10.8 Hz, 1H), 2.54-2.40 (m, 2H), 1.18 (s, 3H);
BCNMR ( (CDs3)2S0, 100 MHz) 6 159.0, 157.2,132.7,115.3,114.2, 103.6, 86.9, 81.4,

58.8, 55.3,52.1, 45.1, 29.6, 23.9;
HRMS Calcd (ESI) m/z for Ci6Hi9NNaO [M + Na]": 264.1359, found: 264.1338.

Intens‘i E +MS, 2.32-2.78min #(138-165)
x10% 4
2.0 264.1338

1.5 292.1526
1.0

0.5
1 268.1688 285.1801
314.1362
304.2614
Wl —k i PN

254.1535
| 277.1135 I |
) | - | i

00 1 n T 1l n t T f
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S36



4. Single Crystal X-Ray Diffraction

Crystals of 3b were obtained by slow diffusion from a solution of the compounds
in CHCl3 layered with petroleum ether at room temperature for several days (Figure

S1). Crystal data and details of the structure determination are presented in Table S2.

Figure S1. Crystal structure of 3b
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Table S2 The single crystal date of compounds 3b

Phase 3b
Identification code XSJ20220725
Empirical formula C22H23NO2S

Formula weight 365.47
Temperature/K 296(2)
Wavelength/ A 0.71073
Crystal system Monoclinic
Space group P2(1)/n
al A 16.6490(11)
bl A 6.3815(5)
c/A 18.6164(12)
a (°) 90
B(®) 95.783(2)
7y (°) 90
Volume (A?) 1967.8(2)
VA 4
Calculated density (mg-m™) 1.234
Absorption coefficient (mm™) 0.180
F(000) 776
Crystal size (mm) 0.280 x 0.240 x 0.200
0 range for data collection (deg) 3.130 to 25.997
-20<=h<=20,
Limiting indices S7<=k<=7,
-22<=1<=22
Reflections collected/unique 26735 /3844 [R(int) = 0.0520]
Completeness to theta 99.8 %
Max. and min. transmission 0.7456 and 0.6907
Refinement method Full-matrix least-squares on F?
Data/restraints/parameters 3844 /0/237
Goodness-of-fit on F? 1.040

Final R indices[I>2sigma(I)]
R indices (all data)
Largest diff. peak and hole / (e -A™)

R1=0.0479, wR2 =0.1058
R1=0.0827, wR2=0.1214
0.213 and -0.239
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