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1. General information

Commercially available reagents and solvents were used without any purification. The
progress of the reactions was monitored by TLC with silica gel plates, and the visualization was
carried out under UV light (254 nm). Melting points were determined using a Biichi B-540 capillary
melting point apparatus. 'H NMR spectra were recorded using a Bruker Avance III 400 MHz
spectrometers. '*C NMR spectra were recorded using a Bruker Advance 11T 100 MHz spectrometers.
9F NMR spectra were recorded using a Bruker Advance III 376 MHz spectrometers. Chemical
shifts of '"H NMR were reported relative to the solvent signal (CDCls: & = 7.26 ppm; DMSO-ds: &
= 2.50 ppm). Chemical shifts of '*C NMR were reported relative to the solvent signal (CDCl3: & =
77.00 ppm; DMSO-ds: 6 = 39.52 ppm). High-resolution mass spectra (HRMS) were recorded on
Waters SYNAPT G2-S spectrometer. UV/vis studies were measured in a 1 cm quartz cuvette using
a Shimadzu 2550 UV spectrophotometer. Column chromatography was performed on silica gel

(300-400 mesh). The silica gel were purchased from Leyan.com and energy-chemical.com.

2. Typical procedure for preparation of [1.1.1]propellane’

Br. Br 1
n-BuLi (2.5 M)
- - ° ©
- n-Buy0, -78 °C to 0 °C in hexane
4 ¢ i

n-BuLi (32 mL, 80 mmol, 2.0 eq, 2.5 M in hexane) was added dropwise to the solution of 1,1-
dibromo-2,2-bis(chloromethyl)cyclopropane (4) (40 mmol, 1.0 eq) in anhydrous dibutyl ether (40
mL) under argon atmosphere at -78 °C for 1 h. After an additional 2 h, the mixture was stirred at
0 °C for 2 h. The mixture was distilled under vacuum to afford 2: liquid in hexane. The concentration
can be measured by 'H-NMR with 1,3,5-trimethoxybenzene as an internal standard (typically

concentrations are 0.2 — 1.0 M).

3. Typical procedure A for preparation of sulfenamides (1a-1o, 1s-1u,

1w-1x, and 1q)?
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— A2
A2 + , STAT AgNO; - HN-Ar"
r Ar?-S MeOH, 0 °C to rt Ar2-8

To an ice-cooled solution of silver nitrate (3.0 mmol, 1.0 eq), disulfide 8 (3.0 mmol, 1.0 eq) in
methanol (20 mL) was added aniline 7 (9.0 mmol, 3.0 eq) at 0 °C. Then the reaction mixture was
allowed to warm to 25 °C and stirred for 12 h. After the reaction was complete as determined by
TLC, the silver mercaptide was filtered and the filtrate was removed under reduced pressure. It was
added with H,O (10 mL) at room temperature, and then extracted with ethyl acetate (10 mL x 3).
The combined organic layer was washed with brine, dried over Na,SO; filtered, and then
concentrated under reduced pressure. The residue was purified by flash column chromatography
(petroleum ether : ethyl acetate = 100:1) to afford the product 1. The '"H NMR data of substrates 1a-

1c, 3 1h-1j, 3 1ac, 3and 1g? are in accordance with the literature values.

4. Typical procedure B for preparation of sulfenamides (1p, 1r, and

1v)*
Ar'-SH NCS Ar'-SCl
DCM, 0 °C
9 10
Ar'-SCl  +  Ar2-NH, EtN HN=Ar2

Et,0, -78 °C e

10 7 2 Ar'-S
1

To an ice-cooled solution of NCS (6.2 mmol, 1.5 eq) in dry dichloromethane (5 mL) was added
phenylthiophenol 9 (5 mmol, 1.0 eq) under argon atmosphere. After stirring for 1 h, the mixture was
diluted with n-hexane (5 mL). Then the mixture was filtered and the filtrate was removed under
reduced pressure to afford the crude product 10, which was used in the next step without further
purification. Benzene sulfenyl chloride 10 (5 mmol, 1.0 eq) was dissolved in dry diethyl ether (5
mL) under argon atmosphere and this solution was added dropwise 15 min to a mixture of aniline 7
(7.5 mmol, 1.5 eq) and EtzN (15.0 mmol, 2.0 eq) in dry diethyl ether (5 mL) at -78 °C. After the
reaction mixture stirred at this temperature for an additional 30 min, 25 mL of #-pentane was added
and the reaction mixture was allowed to warm to 0 °C. After the filtration, the filtrate was washed
with water (10 mL) and then extracted with ethyl acetate (30 mL x3). The combined organic layer
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was washed with brine and dried over Na,SOjs filtered, and then concentrated under reduced pressure.
The residue was purified by flash column chromatography (petroleum ether: ethyl acetate = 200:1)

to afford the product 1.

5. Typical procedure for preparation of 3

H TXT (10 mol%)
_N___R + >
Ar” 'S Toluene, Ar, 40 °C, 6 h

1 2

An oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with TXT
(0.02 mmol, 10 mol%) and 1 (0.2 mmol, 1.0 eq). Toluene (2 mL) and 2 (0.6 mmol, 3.0 eq) was
added to the mixture sequentially under argon atmosphere. The resulting mixture was then stirred
at 40 °C for 6 -24 h. After the reaction was completed as monitored by TLC, the reaction mixture
was quenched with H,O (10 mL) and then extracted with ethyl acetate (10 mL %3). The combined
organic layer was washed brine, dried over Na>SOj filtered, and then concentrated under reduced
pressure. The residue was purified by flash column chromatography (petroleum ether: ethyl acetate

= 200:1) to afford the product 3.

6. Product derivatization
6.1 Preparation of 1-(4-bromo-2-(3-methylene-1-(phenylthio)cyclobutyl)phenyl)

urea 4°

o)

Q Br N)LNH2

s CISO,NCO . H
Et,0, Ar, 25°C, 16 h @S

r NH»>

3a 4, 66%

B

To an solution of 3a (69.0 mg, 0.2 mmol) in ether (2.5 mL) was added chlorosulfonyl
isocyanate (33.7 mg, 0.2 mmol). The reaction mixture was stirred at 25 °C for 16 h. After the reaction
was complete as determined by TLC, the reaction mixture was quenched with brine (10 mL) and

then extracted with ethyl acetate (10 mL x3). The organic layer was dried over Na,SOj filtered, and
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then concentrated under reduced pressure. The residue was purified by flash column
chromatography (petroleum ether : ethyl acetate = 3:1 to 1:1) to afford the product 4 (51.4 mg, 66%)
as a white solid. M.p.:203.5-204.4 °C. '"H NMR (400 MHz, DMSO-de) 8 7.62 (d, J = 8.6 Hz, 1H),
7.42 —7.33 (m, 1H), 7.31 (dd, J = 8.8, 2.4 Hz, 1H), 7.28 — 7.19 (m, 2H), 7.03 (d, /= 7.4 Hz, 2H),
6.96 (br, 1H), 6.53 (br, 2H), 6.32 (d, J= 2.4 Hz, 1H), 5.01 — 4.90 (m, 2H), 3.33 — 3.12 (m, 4H). *C
NMR (100 MHz, DMSO-ds) 8 155.7, 141.9, 136.8, 136.0, 135.6, 131.3, 129.8, 129.7, 129.4, 128.7,
127.0, 114.1, 107.9, 51.2, 44.5. HRMS (ESI) m/z: caled for CisHisBrN>OS [M+H]* 389.0318,
found: 389.0306.

6.2 Preparation of 4-bromo-2-(3-methylene-1-(phenylsulfonyl)cyclobutyl)anili-

ne 5°

Q
m-CPBA _

S
DCM,0°Ctort, 12 h
Br NH, 0

3a 5,43%

To a solution of 3a (38.3 mg, 0.1 mmol) in DCM (1 mL), m-CPBA (104.4 mg, 0.3 mmol) was
added at 0 °C, and stirred at room temperature for 12 h. After the reaction was complete as
determined by TLC, the reaction mixture was quenched with water (10 mL) and then extracted with
DCM (10 mL x3). The combined organic layers was washed with saturated Na>SOs3 solution (15
mL) followed by saturated NaHCOs3 solution (15 mL), dried over Na,SO;, filtered, and then
concentrated under reduced pressure. The residue was purified by flash column chromatography
(petroleum ether : ethyl acetate = 20:1) to afford the product 5 (16.2 mg, 43%) as a white solid;
M.p.:136.8 - 137.8 °C. "H NMR (400 MHz, CDCls) 8 7.70 (d, J = 2.0 Hz, 1H), 7.54 — 7.47 (m, 1H),
7.44 (dd, J= 8.6, 2.0 Hz, 1H), 7.37 — 7.28 (m, 2H), 7.25 - 7.17 (m, 2H), 5.77 (d, J= 8.6 Hz, 1H),
5.06-4.93 (m, 2H), 4.27 — 4.04 (m, 2H), 3.94 — 3.76 (m, 2H)."*C NMR (100 MHz, CDCls) § 160.7,
141.9,140.2, 135.1, 134.1, 133.5, 132.3, 130.8, 130.1, 128.5, 108.1, 107.0, 67.1, 43.4. HRMS (ESI)

m/z: calcd for C17H17BrNO2S [M+H]" 378.0158, found: 378.0140.
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6.3 Preparation of (3-(2-amino-5-bromophenyl)-3-(phenylthio)cyclobutyl)meth

anol 6’
NH»
OH
1) 9-BBN (0.5 M solution in THF)
THF, 0°Ctort, 12 h
S S
2) H202 (30% w/w in H20) Br
Br NH> NaOH (3.0 M solution in H,0)
0°tort,12h
3a 6, 44%

To a solution of 3a (68.7 mg, 0.2 mmol) in THF (2 mL), 9-BBN (73.3 mg, 0.3 mmol) was
added slowly dropwise at 0 °C, and stirred at room temperature for 12 h. The reaction mixture was
cooled to 0 °C, and H,O (24 uL), 30% H20, (80 uL) and 3 N NaOH (80 uL) were added successively.
After the reaction was complete as determined by TLC, the reaction mixture was quenched with 10
H>0 (10 mL) and then extracted with ethyl acetate (10 mL %3). The combined organic layers was
washed with brine, dried over Na,SOq filtered, and then concentrated under reduced pressure.. The
residue was purified by flash column chromatography (petroleum ether : ethyl acetate = 4:1 to 2:1)
to afford the product 6 (32.0 mg, 44%, dr = 2.5:1) as a white solid. M.p.:152.1 - 152.8 °C. "H NMR
(400 MHz, DMSO-ds) 6 7.37 — 7.29 (m, 1H), 7.29 — 7.20 (m, 2H), 7.18 — 7.09 (m, 2H), 7.08 — 7.00
(m, 1H), 6.72 — 6.58 (m, 1.73H) 6.21 (d, /J=2.4 Hz, 0.27H), 5.02 (br, 1.46H), 4.89 (br, 0.54H), 4.57
—4.47 (m, 1H), 3.47 —3.42 (m, 1.46H), 3.31 — 3.28 (m, 0.56H), 2.79 —2.68 (m, 1.46H), 2.66 — 2.54
(m, 0.54H), 2.47 — 2.43 (m, 0.27H), 2.33 — 2.20 (m, 2H), 2.15 — 2.04 (m, 0.73H); 1*C NMR (100
MHz, DMSO-ds) 6 145.0, 144.4, 136.0, 135.5, 132.19, 132.17, 130.1, 129.8, 129.4, 129.0, 128.8,
128.6, 128.5,127.9,118.0, 117.4, 106.6, 106.2, 65.0, 63.7, 52.6, 51.9, 36.1,31.7, 31.1, 26.1. HRMS

ESI) m/z: caled for C17H1sBrNNaOS [M+Na]* 386.0185, found: 386.0189.
(
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7. Mechanistic experiments

7.1 Control experiments

Ho | S
" Nig A Toluene, _
+
5 Ar, 40 °C, 6 h Br NH.
;

\

1a 2 3a, trace
/© (10 mol%) S
(2) A o
5 Toluene, Ar, 40°C, 6 h Br
r

Reaction 1: An oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with
1a (55.3 mg, 0.2 mmol). Toluene (2 mL) and 2 (0.76 mL, 0.80 M, 0.6 mmol) was added to the
mixture sequentially under argon atmosphere. The resulting mixture was then stirred at 40 °C for 6
h. After the reaction was completed as monitored by TLC, the reaction mixture was quenched with
H>0O (10 mL) and then extracted with ethyl acetate (10 mL %3). The combined organic layers was
washed brine and dried over Na,;SO; filtered, and then concentrated under reduced pressure. The
reaction solution was detected by '"H NMR with 1,3,5-trimethoxybenzene as the internal standard
and only trace amount of product 3a was detected.

Reaction 2: An oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with
1a (56.0 mg, 0.2 mmol) and TXT (4.2 mg, 10 mol%). Toluene (2 mL) and 2 (0.76 mL, 0.80 M, 0.6
mmol) was added to the mixture sequentially under argon atmosphere. The resulting mixture was
then stirred at 40 °C for 6 h. After the reaction was completed as monitored by TLC, the reaction
mixture was quenched with H,O (10 mL) and then extracted with ethyl acetate (10 mL x3), washed
brine and dried over Na,SOs; filtered, and then concentrated under reduced pressure. The residue
was purified by flash column chromatography (petroleum ether : ethyl acetate = 150:1) to afford the

product 3a (42.1 mg, 61%) as a white solid.
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7.2 Radical trapping experiment

HN@Br + Standard conditions o S
QS TEMPO (2.0 eq.)
Br

1a 2 3a, 51%

NH»>

An oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with TXT
(4.7 mg, 10 mol%), TEMPO (63.2 mg, 0.4 mmol) and 1 (56.2 mg, 0.2 mmol). Toluene (2 mL) and
2 (0.86 mL, 0.71 M, 0.6 mmol) was added to the mixture sequentially under argon atmosphere. The
resulting mixture was then stirred at 40 °C for 6 h. After the reaction was completed as monitored
by TLC, the reaction mixture was quenched with H,O (10 mL) and then extracted with ethyl acetate
(10 mL x3), washed brine and dried over Na,SO; filtered, and then concentrated under reduced
pressure. The residue was purified by flash column chromatography (petroleum ether: ethyl acetate
= 150:1) to afford the product 3a (35.6 mg, 51%) as a white solid.

7.3 Cross-experiment

HN@—cozEt F
Q Standard
A conditions S S
—_

Et02C NH2 Br NH2

Q 2 31,54% 3s, 49%

An oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with TXT
(4.4 mg, 10 mol%), 11 (54.8 mg, 0.2 mmol) and 1s (57.3 mg, 0.2 mmol). Toluene (2 mL) and 2 (0.88
mL, 0.68 M, 0.6 mmol) was added to the mixture sequentially under argon atmosphere. The
resulting mixture was then stirred at 40 °C for 6 h. After the reaction was completed as monitored
by TLC, the reaction mixture was quenched with H,O (10 mL) and then extracted with ethyl acetate
(10 mL x3), washed brine and dried over Na>SOjs filtered, and then concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (petroleum ether :
ethyl acetate =150: 1to40: 1)to afford the product 31 (36.7 mg, 54%) as a white solid and 3s (34.5

mg, 49%) as a white solid.
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7.4 Exploring the role of hydrogen protons

\NO + Standard conditions Q

1y 2 3y, n.r.

An oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with TXT
(4.3 mg, 10 mol%) and 1y (43.9 mg, 0.2 mmol). Toluene (2 mL) and 2 (0.78 mL, 0.78 M, 0.6
mmol) was added to the mixture sequentially under argon atmosphere. After being stirred for 6 h

at 40 °C, no product was detected by TLC analysis.

8. X-ray crystallographic data

The data of 1a was collected by a Bruker APEX-II CCD equipped with a Mo radiation source

(K =1.34139 A) at 170.0 K. CCDC 2368233 (1a) contains the crystallographic data for this paper.

Br NH,

Il

1a
CCDC: 2368233

Table 1 Crystal data and structure refinement for 3a.

Identification code 240625 HJ 3 150 Om
Empirical formula C17H16BINS
Formula weight 346.28
Temperature/K 170.00
Crystal system monoclinic
Space group P2i/c

a/A 9.4027(4)
b/A 12.8347(5)
c/A 13.5644(5)
a/° 90

p/e 108.2640(10)
v/° 90
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Volume/A3 1554.50(11)

4 4

Pealcg/cm? 1.480

wmm-! 3.146

F(000) 704.0

Crystal size/mm? 0.06 x 0.04 x 0.04

Radiation GaKa (A =1.34139)

20 range for data collection/° 8.46 to 121.596

Index ranges -11<h<12,-16<k<16,-17<1<16
Reflections collected 14153

Independent reflections 3532 [Rint = 0.0404, Rgigma = 0.0486]
Data/restraints/parameters ~ 3532/0/182

Goodness-of-fit on F? 1.104

Final R indexes [[>=2c (I)] Ri=0.0348, wR>=0.0819

Final R indexes [all data] R1=0.0371, wR2 =0.0831

Largest diff. peak/hole / e A3 0.59/-0.43

9. Characterization of products

4-bromo-2-(3-methylene-1-(phenylthio)cyclobutyl)aniline (3a)

¥

S

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate =150:1, 3a was isolated as a white
solid (42.1 mg, 61%); M.p.: 113.6-114.5 °C. 'H NMR (400 MHz, CDCl3) 8 7.34 — 7.27 (m, 1H),
7.23 —7.15 (m, 2H), 7.14 — 7.02 (m, 3H), 6.58 (d, J = 8.4 Hz, 1H), 6.45 (d, J = 2.4 Hz, 1H), 5.01 —
4.92 (m, 2H), 3.39 - 3.27 (m, 2H), 3.32 (br, 2H), 3.17 — 3.06 (m, 2H); '*C NMR (100 MHz, CDCls)
0 143.2, 141.9, 136.0, 132.0, 130.7, 130.6, 130.4, 129.2, 128.5, 118.3, 109.7, 108.2, 51.7, 44.6;
HRMS (ESI) m/z: caled for Ci7H7BrNS [M+H]" 346.0260, found: 346.0258.

2-(3-methylene-1-(phenylthio)cyclobutyl)aniline (3b)

Q

S

NH,
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Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3b was isolated as a white
solid (28.4 mg, 52%); M.p.: 52.7-53.5 °C. '"H NMR (400 MHz, DMSO-ds) 6 7.33 — 7.25 (m, 1H),
7.24 —7.15 (m, 2H), 7.13 — 7.04 (m, 2H), 6.99 — 6.88 (m, 1H), 6.71 (d, /= 8.0 Hz, 1H), 6.44 —6.38
(m, 1H), 6.38 — 6.31 (m, 1H), 4.90-4.84 (m, 2H), 4.82 (br, 2H), 3.30 — 3.21 (m, 2H), 3.19 — 3.08 (m,
2H); 3C NMR (100 MHz, DMSO-de) & 145.5, 142.9, 135.4, 132.5, 128.7, 128.5, 127.9, 127.6,
125.9, 115.9, 115.6, 107.5, 51.9, 44.4; HRMS (ESI) m/z: caled for Ci7H1sNS [M+H]" 268.1154,
found: 268.1165.

4-methyl-2-(3-methylene-1-(phenylthio)cyclobutyl)aniline (3¢)

¥

NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3¢ was isolated as a white
solid (19.5 mg, 40%); M.p.: 51.3-52.2 °C. '"H NMR (400 MHz, CDCl3) § 7.29 — 7.23 (m, 1H), 7.19
—7.11 (m, 2H), 7.11 — 7.04 (m, 2H), 6.88 — 6.80 (m, 1H), 6.63 (d, J = 8.0 Hz, 1H), 6.20 (d, J=2.0
Hz, 1H), 4.97 —4.91 (m, 2H), 3.43 — 3.33 (m, 2H), 3.18 — 3.08 (m, 2H), 2.05 (s, 3H); *C NMR (100
MHz, CDCl3) 6 142.8, 141.5,136.2, 132.5, 128.8, 128.7, 128.54, 128.47, 128.2, 127.1, 117.1, 107.7,
52.2,44.7,20.3; HRMS (ESI) m/z: calcd for C1gH2oNS [M+H]* 282.1311, found: 282.1329.

4-(tert-butyl)-2-(3-methylene-1-(phenylthio)cyclobutyl)aniline (3d)

<

NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3d was isolated as a white
solid (33.4 mg, 52%); M.p.: 116.6-117.5 °C."H NMR (400 MHz, DMSO-de) & 7.31 — 7.23 (m, 1H),
7.20 — 7.10 (m, 2H), 7.05 — 6.98 (m, 2H), 6.94 (dd, J = 8.4, 2.4 Hz, 1H), 6.64 (d, /= 8.4 Hz, 1H),
6.19 (d, J=2.4 Hz, 1H), 4.94 — 4.85 (m, 2H), 4.58 (br, 2H), 3.31 — 3.22 (m, 2H), 3.19 — 3.09 (m,
2H), 1.00 (s, 9H); 3C NMR (100 MHz, DMSO-ds) & 143.0, 142.7,137.4, 135.6, 132.6, 128.6, 128.4,
125.5, 124.39, 124.35, 115.7, 107.6, 52.4, 44.5, 33.3, 31.3; HRMS (ESI) m/z: calcd for C21HasNS
[M+H]* 324.1781, found: 324.1772.
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4-Benzyl-2-(3-methylene-1-(phenylthio)cyclobutyl)aniline (3e)

s

o
W

Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3e was isolated as a colorless
liquid (39.6 mg, 55%); 'H NMR (400 MHz, DMSO-ds) 8 7.33 — 7.26 (m, 1H), 7.25 — 7.18 (m, 2H),
7.17 —7.10 (m, 3H), 7.09 — 7.02 (m, 2H), 7.01 — 6.91 (m, 2H), 6.78 (dd, J = 8.0, 2.0 Hz, 1H), 6.64
(d, J=28.0 Hz, 1H), 6.32 (d, J = 2.0 Hz, 1H), 4.90 — 4.84 (m, 2H), 4.70 (br, 2H), 3.61 (s, 2H), 3.30
—3.20 (m, 2H), 3.17 — 3.07 (m, 2H); '*C NMR (100 MHz, DMSO-ds) 5 143.6, 142.9, 142.0, 135.1,
132.6, 128.50, 128.48, 128.4, 128.3, 128.2, 127.9, 126.0, 125.6, 116.2, 107.6, 51.8, 44.5, 40.3;
HRMS (EST) m/z: caled for C24H24NS [M+H]* 358.1624, found: 358.1625.

2-methyl-6-(3-methylene-1-(phenylthio)cyclobutyl)aniline (3f).

O

S

NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3f was isolated as a white
solid (24.8 mg, 44%); M.p.:51.4-52.5°C. 'HNMR (400 MHz, CDCl3) § 7.29 — 7.22 (m, 1H), 7.18
—7.11 (m, 2H), 7.10 — 7.01 (m, 2H), 6.96 (d, J= 8.2 Hz, 1H), 6.51 — 6.42 (m, 1H), 6.32 (d, /= 7.6
Hz, 1H), 4.99 — 4.89 (m, 2H), 3.93 (br, 2H), 3.44 — 3.30 (m, 2H), 3.21 — 3.06 (m, 2H), 2.23 (s, 3H);
BC NMR (100 MHz, CDCl3)  142.7, 142.4,136.1, 132.5,129.3, 128.7, 128.2, 127.5, 126.2, 122.9,
117.0, 107.7, 52.3, 44.9, 17.6; HRMS (ESI) m/z: calcd for CisH2oNS [M+H]" 282.1311, found:
282.1315.

4-chloro-2-(3-methylene-1-(phenylthio)cyclobutyl)aniline (3g)

Q

S

cl NH,
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Eluent in chromatography: petroleum ether/ethyl acetate = 150:1, 3g was isolated as a white
solid (35.8 mg, 58%); M.p.: 107.8-108.6 °C. 'H NMR (400 MHz, CDCl3) & 7.33 — 7.26 (m, 1H),
7.23 —7.14 (m, 2H), 7.12 — 7.05 (m, 2H), 6.98 (dd, J = 8.4, 2.4 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H),
6.33 (d, J=2.4 Hz, 1H), 5.00 — 4.93 (m, 2H), 3.53 (br, 2H), 3.38 — 3.28 (m, 2H), 3.17 — 3.07 (m,
2H); 3C NMR (100 MHz, CDCls) & 142.8, 142.0, 136.0, 132.0, 129.9, 129.1, 128.5, 127.9, 127.7,
122.5,117.8,108.2, 51.7, 44.6; HRMS (ESI) m/z: calcd for C7H;7CINS [M+H]* 302.0765, found:
302.0752.

4-fluoro-2-(3-methylene-1-(phenylthio)cyclobutyl)aniline (3h)

¥

S

F NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3h was isolated as a colorless
liquid (32.5 mg, 57%). '"H NMR (400 MHz, DMSO-ds) & 7.36 — 7.27 (m, 1H), 7.26 — 7.17 (m, 2H),
7.13 —7.04 (m, 2H), 6.82 — 6.74 (m, 1H), 6.73 — 6.66 (m, 1H), 6.16 (dd, /= 10.4, 2.8 Hz, 1H), 4.94
—4.83 (m, 2H), 4.72 (br, 2H), 3.31 — 3.21 (m, 2H), 3.18 — 3.09 (m, 2H); '*C NMR (100 MHz,
DMSO-ds) 6 153.8 (d, J=231.5 Hz), 142.5, 141.9 (d, /= 1.7 Hz), 135.5, 132.1, 129.0, 128.6, 127.4
(d,J=6.2 Hz), 116.7 (d,J= 7.6 Hz), 114.04 (d, J = 48.4 Hz), 114.03 (d, J= 3.9 Hz), 107.7, 51.7,
44.3; F NMR (376 MHz, DMSO-ds) 6 -129.29; HRMS (ESI) m/z: calcd for Ci7H7FNS [M+H]*
286.1060, found: 286.1068.

4-amino-3-(3-methylene-1-(phenylthio)cyclobutyl)benzonitrile (3i)

Q

S

NC NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 40:1, 3i was isolated as a colorless
liquid (29.6 mg, 50%). '"H NMR (400 MHz, DMSO-de) 8 7.37 — 7.28 (m, 2H), 7.27 — 7.18 (m, 2H),
7.11 -7.01 (m, 2H), 6.77 (d, J = 8.4 Hz, 1H), 6.56 (d, J = 2.0 Hz, 1H), 5.83 (br, 2H), 4.94 — 4.85
(m, 2H), 3.29 — 3.14 (m, 4H); '*C NMR (100 MHz, DMSO-ds) & 149.5, 142.3, 135.6, 132.1, 131.9,
131.8, 129.1, 128.6, 125.6, 120.3, 115.5, 107.8, 95.5, 51.3, 44.1; HRMS (ESI) m/z: caled for
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CisH17N»S [M+H]" 293.1107, found: 293.1118.

2-(3-methylene-1-(phenylthio)cyclobutyl)-4-(trifluoromethyl)aniline (3j)

<

Fs;C NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 100:1, 3j was isolated as a white
solid (33.7 mg, 50%); M.p.: 113.6-114.5 °C. "H NMR (400 MHz, DMSO-ds)  7.36 — 7.26 (m, 1H),
7.26 — 7.11 (m, 3H), 7.04 (d, J = 7.4 Hz, 2H), 6.81 (d, J= 8.0 Hz, 1H), 6.37 (d, J = 2.0 Hz, 1H),
5.49 (br, 2H), 4.99 — 4.82 (m, 2H), 3.30 — 3.12 (m, 4H); 3C NMR (100 MHz, DMSO-ds) & 148.6,
142.3, 135.8, 132.1, 129.0, 128.5, 125.2, 125.1 (q, J = 270.2 Hz), 124.8 (g, J= 3.8 Hz), 124.7 (q, J
=4.2Hz), 115.2,114.9(q,/=31.8 Hz), 107.8, 51.6, 44.1; 1°F NMR (376 MHz, DMSO-ds) 5 -54.45;
HRMS (ESI) m/z: caled for C1sH7F3NS [M+H]" 336.1028, found: 336.1049.

2-(3-methylene-1-(phenylthio)cyclobutyl)-5-(trifluoromethyl)aniline (3k).

2

S
NH,
F3C
Eluent in chromatography: petroleum ether/ethyl acetate = 100:1, 3k was isolated as a white
solid (33.5 mg, 50%); M.p.:113.6-114.6 °C. '"H NMR (400 MHz, DMSO-ds)  7.43 — 7.33 (m, 3H),
7.30 — 7.22 (m, 2H), 7.20 — 7.13 (m, 1H), 7.04 (dd, J = 8.2, 1.4 Hz, 1H), 6.87 (dd, J=7.8, 1.4 Hz,
1H), 5.17 (br, 2H), 4.74 — 4.48 (m, 2H), 3.58 — 3.38 (m, 2H), 3.31 — 3.16 (m, 2H);"*C NMR (100
MHz, DMSO-ds) 6 147.9,142.3 (q, J=2.1 Hz),136.9, 131.3, 129.5, 128.6, 127.9, 127.2 (q, ] =29.5
Hz), 124.5 (q, J = 272.0 Hz), 124.0, 120.7, 115.8 (q, J = 6.9 Hz).106.0, 51.7, 47.5; '°F NMR (376
MHz, DMSO-ds) 6 -52.84; HRMS (ESI) m/z: calcd for Ci9H7F3NO2S [M+HCOO] 380.0937,

found: 380.0932.
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ethyl 4-amino-3-(3-methylene-1-(phenylthio)cyclobutyl)benzoate (31)

<

EtOOC NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 40:1, 31 was isolated as a white solid
(34.9 mg, 52%); M.p.: 86.5-87.1 °C. 'H NMR (400 MHz, DMSO-ds) 8 7.55 (dd, J = 8.4, 2.0 Hz,
1H), 7.32 — 7.25 (m, 1H), 7.23 — 7.15 (m, 2H), 7.11 — 7.05 (m, 2H), 6.92 (d, /= 2.0 Hz, 1H), 6.73
(d, J= 8.4 Hz, 1H), 5.65 (br, 2H), 4.93— 4.84 (m, 2H), 4.12 (q, J = 7.2 Hz, 2H), 3.25- 3.18 (m, 4H),
1.19 (t,J="7.0 Hz, 3H); 3C NMR (100 MHz, DMSO-ds) 8 165.7, 149.9, 142.4, 135.7,132.2, 129.5,
128.9, 128.5, 124.7, 115.8, 114.8, 107.8, 59.5, 51.5, 44.2, 14.3; HRMS (ESI) m/z: calcd for
C20H22NO,S [M+H]" 340.1366, found: 340.1368.
4-bromo-2-(1-((4-methoxyphenyl)thio)-3-methylenecyclobutyl)aniline (3m)

H,CO

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 150:1, 3m was isolated as a white
solid (44.0 mg, 58%); M.p.: 83.0-83.9 °C. 'H NMR (400 MHz, DMSO-ds) 8 7.07 (dd, J = 8.4, 2.4
Hz, 1H), 7.03 — 6.97 (m, 2H), 6.82 — 6.75 (m, 2H), 6.67 (d, J = 8.6 Hz, 1H), 6.31 (d, J = 2.4 Hz,
1H), 4.95 (br, 2H), 4.90 — 4.82 (m, 2H), 3.72 (s, 3H), 3.24 — 3.14 (m, 2H), 3.13 — 3.05 (m, 2H); 1*C
NMR (100 MHz, DMSO-ds) 6 160.2, 144.7, 142.5, 137.7, 130.1, 129.8, 128.4, 122.7, 117.6, 114.1,
107.6,106.4, 55.2, 51.5, 43.9; HRMS (ESI) m/z: calcd for C1sH19BrNOS [M+H]" 376.0365, found:

376.0365.
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4-bromo-2-(3-methylene-1-(p-tolylthio)cyclobutyl)aniline (3n)

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 150:1, 3n was isolated as a white
solid (39.6 mg, 55%); M.p.: 99.4-100.6°C. 'H NMR (400 MHz, DMSO-ds) 8 7.10 — 7.01 (m, 3H),
7.00 — 6.92 (m, 2H), 6.66 (d, J = 8.4 Hz, 1H), 6.34 (d, /= 2.4 Hz, 1H), 4.97 (br, 2H), 4.90 — 4.83
(m, 2H), 3.25 - 3.16 (m, 2H), 3.15 - 3.06 (m, 2H), 2.26 (s, 3H); 1*C NMR (100 MHz, DMSO-ds) &
144.7,142.5, 138.8, 135.8, 130.2, 129.8, 129.2, 128.6, 128.3, 117.7, 107.7, 106.4, 51.5, 44.1, 20.8;
HRMS (ESI) m/z: caled for C1sH9BrNS [M+H]" 360.0417, found: 360.0403.

4-bromo-2-(1-((4-isopropylphenyl)thio)-3-methylenecyclobutyl)aniline (30)

w

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 150:1, 30 was isolated as a colorless
liquid (35.7 mg, 46%). '"H NMR (400 MHz, DMSO-ds) 8 7.11 — 7.06 (m, 2H), 7.05 (dd, J= 8.8, 2.4
Hz, 1H), 7.00 — 6.95 (m, 2H), 6.66 (d, J= 8.4 Hz, 1H), 6.22 (d, J = 2.4 Hz, 1H), 4.95 (br, 2H), 4.90
—4.85 (m, 2H), 3.26 — 3.17 (m, 2H), 3.16 — 3.06 (m, 2H), 2.87 — 2.77 (m, 1H), 1.15 (d, /= 7.0 Hz,
6H); '*CNMR (100 MHz, DMSO-ds) & 149.6, 144.7, 142.5,135.9, 130.1, 129.8, 129.0, 128.2, 126.5,
117.6, 107.6, 106.3, 51.7, 44.2, 33.2, 23.7; HRMS (ESI) m/z: calcd for C0H»BrNS [M+H]*
388.0729, found: 388.0723.
4-bromo-2-(1-((4-fluorophenyl)thio)-3-methylenecyclobutyl)aniline (3p)

F

Br NH,
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Eluent in chromatography: petroleum ether/ethyl acetate = 150:1, 3p was isolated as a white
solid (34.1 mg, 48%); M.p.: 72.3-73.2 °C. '"H NMR (400 MHz, DMSO-ds) 8 7.17 — 7.00 (m, 5H),
6.67 (d, J= 8.4 Hz, 1H), 6.31 (d, J= 2.4 Hz, 1H), 4.99 (br, 2H), 4.93 — 4.82 (m, 2H), 3.28 — 3.18
(m, 2H), 3.18 — 3.07 (m, 2H); '3C NMR (100 MHz, DMSO-ds) 4 162.8 (d, J = 246.9 Hz), 144.7,
142.3, 138.3 (d, J = 8.6 Hz), 130.3, 129.8, 127.83, 127.80, 117.6, 115.6 (d, J = 21.8 Hz), 107.7,
106.2, 52.8, 44.1; F NMR (376 MHz, DMSO-ds) & -112.19; HRMS (ESI) m/z: caled for
Ci7H16BrENS [M+H]* 366.0145, found: 366.0146.
4-bromo-2-(1-((4-chlorophenyl)thio)-3-methylenecyclobutyl)aniline (3q)

Cl

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 80:1, 3q was isolated as a white
solid (39.2 mg, 52%); M.p.: 99.0-100.2 °C. 'H NMR (400 MHz, DMSO-dc) 6 7.32 — 7.25 (m, 2H),
7.11 = 7.03 (m, 3H), 6.66 (d, J = 8.6 Hz, 1H), 6.36 (d, J = 2.4 Hz, 1H), 5.00 (br, 2H), 4.91 — 4.84
(m, 2H), 3.29 — 3.20 (m, 2H), 3.19 — 3.09 (m, 2H); '3*C NMR (100 MHz, DMSO-ds) 6 144.7, 142.2,
137.4,134.3, 131.1, 130.4, 129.8, 128.6, 127.7, 117.7, 107.8, 106.3, 52.0, 44.3; HRMS (ESI) m/z:
caled for Ci7H6BrCINS [M+H]" 379.9870, found: 379.9875.

4-bromo-2-(3-methylene-1-(o-tolylthio)cyclobutyl)aniline (3r)

O

S

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 150:1, 3r was isolated as a white
solid (41.1 mg, 57%); M.p.: 95.3-96.4 °C. '"H NMR (400 MHz, DMSO-ds) 4 7.25 — 7.20 (m, 1H),
7.19 —17.15 (m, 1H), 7.14 — 7.03 (m, 3H), 6.63 (d, J = 8.4 Hz, 1H), 6.31 (d, /= 2.4 Hz, 1H), 4.99
(br, 2H), 4.94 — 4.88 (m, 2H), 3.25-3.17 (m, 2H), 3.16 — 3.09 (m, 2H), 2.05 (s, 3H); '*C NMR (100
MHz, DMSO-ds) 6 144.8, 142.8, 142.7,136.7, 131.4, 130.2, 130.1, 129.6, 129.1, 128.5, 125.9, 117.5,

107.6, 106.3, 52.0, 44.2, 20.2; HRMS (ESI) m/z: caled for CisHi9BrNS [M+H]* 360.0416, found:

S17



360.0439.
4-bromo-2-(1-((2-fluorophenyl)thio)-3-methylenecyclobutyl)aniline (3s)
Q-
S

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 150:1, 3s was isolated as a white
solid (37.4 mg, 51%); M.p.:96.7-97.9 °C.'"H NMR (400 MHz, DMSO-ds) & 7.46 — 7.35 (m, 1H),
7.22 —7.09 (m, 2H), 7.10 — 6.98 (m, 2H), 6.64 (d, J = 8.0 Hz, 1H), 6.43 (d, /= 2.4 Hz, 1H), 5.02
(br, 2H), 4.91-4.82 (m, 2H), 3.32 — 3.24 (m, 2H), 3.24 - 3.14 (m, 2H); *C NMR (100 MHz, DMSO-
ds) 6 163.1 (d, J=245.1 Hz), 145.0, 142.1, 138.4, 131.9 (d, /= 8.3 Hz), 130.4, 129.4, 127.6, 124.5
(d,J=3.7Hz), 118.7 (d, J = 18.7 Hz), 117.7, 115.7 (d, J = 23.6 Hz), 107.6, 106.3, 52.4, 44.6; '°F
NMR (376 MHz, DMSO-ds) 6 -106.92; HRMS (ESI) m/z: calcd for Ci7HisBrFNS [M+H]*
364.0165, found: 364.0187.
4-bromo-2-(1-((3-bromophenyl)thio)-3-methylenecyclobutyl)aniline (3t)

Br

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 100:1, 3t was isolated as a white
solid (42.5 mg, 50%); M.p.:78.8-79.5 °C. 'H NMR (400 MHz, DMSO-ds) & 7.59 — 7.47 (m, 1H),
7.28 —7.15 (m, 2H), 7.14 — 7.02 (m, 2H), 6.68 (d, J = 8.6 Hz, 1H), 6.40 (d, J = 2.4 Hz, 1H), 5.02
(br, 2H), 4.94 — 4.83 (m, 2H), 3.30 — 3.21 (m, 2H), 3.20 — 3.06 (m, 2H); '3C NMR (100 MHz,
DMSO-ds) 6 144.7, 142.1, 137.6, 134.5, 134.4, 131.8, 130.5, 130.4, 129.9, 127.5, 121.3, 117.7,
107.9, 106.3, 52.1, 44.2; HRMS (ESI) m/z: calcd for Ci7HisBroNS [M+H]* 425.9345, found:

425.9333.
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4-bromo-2-(1-((3,4-dichlorophenyl)thio)-3-methylenecyclobutyl)aniline (3u)

Cl Cl

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3u was isolated as a white
solid (38.1 mg, 47%); M.p.:107.8-108.9 °C.'"H NMR (400 MHz, DMSO-ds) 4 7.52 (d, J = 8.2 Hz,
1H), 7.15 (dd, J = 8.4, 2.0 Hz, 1H), 7.12 — 7.04 (m, 2H), 6.68 (d, /= 8.6 Hz, 1H), 6.41 (d, J=2.4
Hz, 1H), 5.04 (br, 2H), 4.93 — 4.84 (m, 2H), 3.31 — 3.23 (m, 2H), 3.22 — 3.11 (m, 2H); 3*C NMR
(100 MHz, DMSO-ds) 6 144.7, 142.0, 136.8, 135.5, 133.0, 132.2, 130.9, 130.6, 130.4, 129.9, 127.2,
117.7, 107.9, 106.2, 52.5, 44.3; HRMS (ESI) m/z: caled for CisH;sBrCLNO,S [M+HCOO]
457.9389, found: 457.9349.

4-bromo-2-(3-methylene-1-(naphthalen-2-ylthio)cyclobutyl)aniline (3v)

¢
Y

S

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3v was isolated as a white
solid (41.3 mg, 52%); M.p.:99.2-100.2 °C.'H NMR (400 MHz, DMSO-ds) 8 7.92 — 7.84 (m, 1H),
7.84—17.78 (m, 1H), 7.78 — 7.69 (m, 2H), 7.57 — 7.47 (m, 2H), 7.13 — 6.99 (m, 2H), 6.70 (d, /J=8.4
Hz, 1H), 6.40 (d, J= 2.4 Hz, 1H), 5.06 (br, 2H), 4.95-4.81 (m, 2H), 3.31 — 3.15 (m, 4H); *C NMR
(100 MHz, DMSO-ds) 6 144.8, 142.4,135.1,132.8, 132.6, 132.1, 130.3, 129.9, 129.7, 128.1, 127.72,
127.69, 127.5, 126.9, 126.5, 117.7, 107.8, 106.3, 51.8, 44.3; HRMS (ESI) m/z: calcd for
C21H19BrNS [M+H]* 396.0416, found: 396.0405.
4-bromo-2-(3-methylene-1-(thiophen-2-ylthio)cyclobutyl)aniline (3w).

7 °S

—_—

S

Br NH,
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Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3w was isolated as a white
solid (34.1 mg, 48%); M.p.:124.5-129.6 °C. 'H NMR (400 MHz, CDCl3) 4 7.34 (dd,J=5.4,1.2
Hz, 1H), 7.13 (dd, J= 8.4, 2.4 Hz, 1H), 6.95 — 6.89 (m, 1H), 6.84 — 6.78 (m, 1H), 6.62 — 6.50 (m,
2H), 5.07 — 4.88 (m, 2H), 3.90 (br, 2H), 3.43 — 3.31 (m, 2H), 3.24 — 3.11 (m, 2H); '3*C NMR (100
MHz, CDCl3) 6 143.4, 141.4, 136.6, 131.3, 130.8, 130.7, 130.6, 129.6, 127.4, 118.3, 109.7, 108.4,
53.1, 44.3; HRMS (ESI) m/z: calcd for CisHi3sBrNS, [M-H]  349.9678, found: 349.9681.
4-bromo-2-(1-(isopropylthio)-3-methylenecyclobutyl)aniline (3x)

|

S

Br NH,

Eluent in chromatography: petroleum ether/ethyl acetate = 200:1, 3x was isolated as a white
solid (32.7 mg, 50%); M.p.:132.3-137.6 °C. 'H NMR (400 MHz, CDCl3) § 7.23 — 7.08 (m, 2H),
6.61 — 6.48 (m, 1H), 5.01 — 4.82 (m, 2H), 4.00 (br, 2H), 3.57 — 3.29 (m, 2H), 3.19 — 2.93 (m, 2H),
2.53 -2.39 (m, 1H), 1.07 (d, J = 6.8 Hz, 6H); 3*C NMR (100 MHz, CDCls)  143.9, 142.4, 130.7,
130.0,129.8, 118.4,109.6, 107.8, 48.2, 46.1, 35.7, 24.1; HRMS (ESI) m/z: calcd for C14H19BrNNaS

[M+Na]* 334.0236, found: 334.0222.
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10. Copies of 'TH NMR, *C NMR, and F NMR spectra of products
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11. Calculational details

All computations were conducted using Density Functional Theory (DFT) with the Gaussian 09
software package.® Geometry optimizations for all intermediates and transition states were carried
out at the ®b97xd-D3(BJ) level of theory. All calculations were performed in the gas phase using
basis set of def2svp’®. Vibrational frequency calculations were carried out at the same level to
confirm the nature of each stationary point (either a local minimum or a transition state) and to
obtain thermal corrections for free energy calculations. To improve energetic accuracy, solvation
single-point energies were refined using the ®b97xd-D3(BJ)-def2tzvp level of theory in solvent of
toluene with IEFPCM!? continuous solvent model. In order to compensate for the overestimation of

the entropic, a correction factor which consists on 1/2 of the entropy correction was applied.!' The

calculated 3D optimized structures are displayed utilizing CYLview visualization program.'?

Table S1. The calculated energies of stationary points (in Hartree/Particle).

Structure Eee Heorr Georr Ho 0.5TS Gal
la -3490.464376 0.205368 0.147666 -3490.259008 0.028851 -3490.287859
2a -194.014397 0.098809 0.067676 -193.915588 0.015567 -193.931155
TS1A -3684.436599 0.302439 0.229772 -3684.134160 0.036334 -3684.170493
INT1A -3684.485318 0.304885 0.236590 -3684.180433 0.034148 -3684.214581
TS2A -3684.479608 0.302430 0.233676 -3684.177178 0.034377 -3684.211555
INT2A -3684.528102 0.304730 0.239771 -3684.223372 0.032480 -3684.255852
TXT -973.648175 0.185608 0.136784 -973.462567 0.024412 -973.486979
TS3A-TXT -4658.153006 0.487884 0.395709 -4657.665122 0.046088 -4657.711209
INT3A-TXT -4658.239942 0.495670 0.404608 -4657.744272 0.045531 -4657.789803
TS4A-TXT -4658.182144 0.490339 0.398525 -4657.691805 0.045907 -4657.737712
TS3B -3684.452442 0.299268 0.231607 -3684.153174 0.033831 -3684.187005
3a -3684.587891 0.306458 0.239160 -3684.281433 0.033649 -3684.315082

Note: Eele (electronic energies in solvent), Heorr (the thermal correction to enthalpy in gas), Georr (the
thermal correction to Gibbs free energy in gas), Hsol (sum of electronic and thermal enthalpies in

solvent), 0.5TS (half the gas phase entropy), and Gl (sum of electronic and thermal free energies
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in solvent).

Cartesian coordinates (unit: angstrom)
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