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General experimental methods:

Unless otherwise stated, all commercial reagents were used as received. All
solvents were dried and distilled according to standard procedures. Flash column
chromatography was performed using silica gel (60-A pore size, 32—-63um, standard
grade). Analytical thin—layer chromatography was performed using glass plates
pre-coated with 0.25 mm 230-400 mesh silica gel impregnated with a fluorescent
indicator (254 nm). Thin layer chromatography plates were visualized by exposure to
ultraviolet light. Organic solutions were concentrated on rotary evaporators at ~20
Torr at 25-35°C. Nuclear magnetic resonance (NMR) spectra are recorded in parts
per million from internal tetramethylsilane on the & scale. *H and >*C NMR spectra
were recorded in CDCl; on a Bruker DRX-400 spectrometer operating at 400 MHz
and 100 MHz, respectively. All chemical shift values are quoted in ppm and coupling
constants quoted in Hz. High resolution mass spectrometry (HRMS) spectra were

obtained on a micrOTOF Il Instrument.

General experimental procedure for the sulfonylation reaction of triethoxysilanes 1,

DABCO+*(S0,),, and electrophiles

alkyl—Br

] CoO(1.0equiv.) O O
R1'S|(0Et)3 + “302“ + AI’2|+BF4' - N7

CsF, DMF R R?
1 (hetero)aryl 100 °C 3
chlorides
R': aryl, heteroaryl, alkyl 5

"SO,": DABCO+(SO,),  RZ?: aryl, alkyl, (hetero)aryl

To a test tube was added CoO (0.3 mmol), CsF (0.6 mmol), and DABCO¢(S0,),
(0.3 mmol). The tube was evacuated and back-filled with N, three times. DMF (2.0
mL) was added through a syringe, followed by the addition of triethoxysilane 1 (0.3
mmol) and electrophile 2 (0.6 mmol) (the electrophiles should be added previously if
they are solids). The mixture was stirred at 100 °C for 10-15 hours. After completion
of reaction as indicated by TLC, the mixture was poured into water and extracted
with ethyl acetate. The organic layer was washed with brine and dried over Na;SOq,,
and the solvent was evaporated under reduced pressure. The residue was purified

directly by flash column chromatograph (EtOAc/n-hexane, 1:6) to give the desired
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product 3.

e L)
Cr
Benzylsulfonylbenzene (3a)’ (Rf = 0.3, petroleum ether/EtOAc = 4:1): *H NMR (400
MHz, CDCl3) & 7.59-7.65 (m, 3H), 7.46 (t, J = 8.0 Hz, 2H), 7.25-7.35 (m, 3H), 7.09 (d, J
= 7.2 Hz, 2H), 4.32 (s, 2H); *C NMR (100 MHz, CDCl) & 137.8, 133.6, 130.7, 128.8,
128.7, 128.6, 128.5, 128.0, 62.8; HRMS (ESI) calcd for Ci3H1,0;NaS™: 255.0450 (M +

Na*), found: 255.0464.

or
~o

1-(Benzylsulfonyl)-4-methoxybenzene (3b)* (Rf = 0.3, petroleum ether/EtOAc = 3:1):
'H NMR (400 MHz, CDCls) & 7.53 (d, J = 7.2Hz, 2H), 7.25-7.33 (m, 3H), 7.09 (d, J =
6.8Hz, 2H), 6.90 (d, J = 8.8Hz, 2H), 4.29 (s, 2H), 3.86 (s, 3H); *C NMR (100 MHz, CDCls)
6 163.6, 130.7,129.4, 128.6, 128.4, 113.9, 63.0, 55.5.

O,

1L
1-(Benzylsulfonyl)-4-methylbenzene (3¢)* (Rf = 0.3, petroleum ether/EtOAc = 4:1): 'H
NMR (400 MHz, CDCl5) 6 7.49 (d, J = 8.0 Hz, 2H), 7.21-7.33 (m, 5H), 7.08 (d, J = 6.8 Hz,

2H), 4.28 (s, 2H), 2.41 (s, 3H); *C NMR (100 MHz, CDCl3) 6 144.6, 134.1, 130.7, 129.4,

128.7,128.6, 128.5, 128.2, 62.8, 21.5.

o

1-(Benzylsulfonyl)-4-chlorobenzene (3d)* (Rf = 0.3, petroleum ether/EtOAc = 4:1): 'H
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NMR (400 MHz, CDCl3) & 7.53 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.26-7.35 (m,
3H), 7.08 (d, J = 7.2 Hz, 2H), 4.30 (s, 2H); *C NMR (100 MHz, CDCl3) & 140.4, 136.2,

130.7,130.0, 129.1, 128.9, 128.6, 127.8, 62.8.

1-(4-(Benzylsulfonyl)phenyl)ethanone (3e)® (Rf = 0.5, petroleum ether/EtOAc = 2:1):
'H NMR (400 MHz, CDCl3) 6 7.99 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H), 7.33 (t, J =
7.6 Hz, 1H), 7.25-7.28 (m, 2H), 7.09 (d, J = 7.2 Hz, 2H), 4.35 (s, 2H), 2.64 (s, 3H); B¢
NMR (100 MHz, CDCl3) 196.7, 141.5, 140.7, 130.7, 129.0, 128.9, 128.6, 128.5, 127.5,

62.7, 26.8.

O,
S

1-(Benzylsulfonyl)-2-methylbenzene (3f)" (Rf = 0.3, petroleum ether/EtOAc = 4:1): 'H
NMR (400 MHz, CDCl3) § 7.70 (d, J = 8.0 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.21-7.31 (m,
5H), 7.06 (d, J = 7.2 Hz, 2H), 4.32 (s, 2H), 2.51 (s, 3H); **C NMR (100 MHz, CDCl3) &
138.6, 135.9, 133.6, 132.3, 130.8, 130.7, 128.7,128.5, 127.9, 126.3, 62.2, 20.2.

S YAY

2-(Benzylsulfonyl)thiophene (3g)’ (Rf = 0.4, petroleum ether/EtOAc = 4:1): *H NMR
(400 MHz, CDCl5) 6 7.67 (d, J = 4.8 Hz, 1H), 7.27-7.36 (m, 4H), 7.15 (d, J = 7.2 Hz, 2H),
7.06 (t, J = 4.4 Hz, 1H), 4.41 (s, 2H); **C NMR (100 MHz, CDCl5) & 134.8, 134.3, 130.6,

128.9, 128.6, 128.1, 127.6, 64.0.
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(4
.

3-(Benzylsulfonyl)pyridine (3h)® (Rf = 0.4, petroleum ether/EtOAc = 3:1): 'H NMR
(400 MHz, CDCls) & 8.81-8.83 (m, 2H), 7.85 (d, J = 8.0 Hz, 1H), 7.29-7.40 (m, 4H), 7.11
(d, J=7.2Hz, 2H), 4.38 (s, 2H); BC NMR (100 MHz, CDCl3) 6 154.1, 149.4, 136.4, 134.2,
130.7, 129.1, 128.8, 127.4,123.3, 63.2.

o
NS Ph

(Propylsulfonylmethyl)benzene (3i) (Rf = 0.4, petroleum ether/EtOAc = 8:1): *H NMR
(400 MHz, CDCl3) 6 7.42 (s, 5H), 4.22 (s, 2H), 2.81 (t, J = 8.0Hz, 2H), 1.81-1.90 (m, 2H),
1.04 (t, J = 7.6Hz, 3H); 3¢ NMR (100 MHz, CDCl3) 6 130.4, 129.0, 128.9, 128.1, 59.4,
52.6, 15.5, 13.0; HRMS (ESI) calcd for CioH150,S™: 199.0787 (M + H), found:
199.0779.

O,
NS Ph

(Pentylsulfonylmethyl)benzene (3j) (Rf = 0.4, petroleum ether/EtOAc = 8:1): *H NMR
(400 MHz, CDCl5) 67.41 (s, 5H), 4.22 (s, 2H), 2.82 (t, J = 8.0Hz, 2H), 1.76-1.84 (m, 2H),
1.27-1.40 (m, 6H), 0.88 (t, J = 6.8Hz, 3H); >C NMR (100 MHz, CDCl5) & 130.4, 129.0,
128.9, 128.1, 59.3, 51.0,31.1, 28.0, 22.2, 21.6, 13.8; HRMS (ESI) calcd for C1;H190,5":
227.1100 (M + H"), found: 227.1088.

O,
\/\/\/S\/Ph

(Hexylsulfonylmethyl)benzene (3k) (Rf = 0.4, petroleum ether/EtOAc = 8:1): *H NMR
(400 MHz, CDCl5) 67.41 (s, 5H), 4.22 (s, 2H), 2.81 (t, J = 8.0Hz, 2H), 1.77-1.85 (m, 2H),
1.29-1.38 (m, 4H), 0.90 (t, J = 7.2Hz, 3H); 3C NMR (100 MHz, CDCl5) & 130.4, 129.0,
128.9, 128.1, 59.3, 51.0, 30.4, 22.0, 21.4, 13.6; HRMS (ESI) calcd for Ci3H»10,S":
241.1257 (M + H"), found: 241.1258.
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O,
\/\/\/\/8

(Octylsulfonylmethyl)benzene (31)* (Rf = 0.4, petroleum ether/EtOAc = 8:1): 'H NMR
(400 MHz, CDCls) & 7.40 (s, 5H), 4.21 (s, 2H), 2.81 (t, J = 8.0Hz, 2H), 1.75-1.82 (m, 2H),
1.25-1.38 (m, 10H), 0.87 (t, J = 7.2Hz, 3H); *C NMR (100 MHz, CDCl3) & 130.4, 129.0,
128.9, 128.1, 59.4, 51.0, 31.6, 28.9, 28.8, 28.3, 22.5, 21.7, 13.9.

O,
/\/S\/Ph

(Allylsulfonylmethyl)benzene (3m) (Rf = 0.4, petroleum ether/EtOAc = 8:1): 'H NMR
(400 MHz, CDCl3) & 7.42 (s, 5H), 5.89-5.99 (m, 1H), 5.53 (dd, J = 0.4Hz, 10.0Hz, 1H),
5.43 (dd, J = 1.2Hz, 17.2Hz, 1H), 4.23 (s, 2H), 3.60 (d, J = 7.6Hz, 2H); **C NMR (100
MHz, CDCl;) & 130.7, 129.0, 127.6, 124.9, 124.8, 57.9, 55.8; HRMS (ESI) calcd for
C10H130,S™: 197.0631 (M + H*), found: 197.0641.

Oz
S._Ph

sulfonylbis(methylene)dibenzene (3n) (Rf = 0.4, petroleum ether/EtOAc = 8:1): 'H
NMR (400 MHz, CDCl3) 6 7.39-7.41 (m, 8H), 4.15 (s, 4H); 3¢ NMR (100 MHz, CDCls) 6
130.8, 129.0, 128.9, 127.5, 57.9; HRMS (ESI) calcd for C14H150,S": 247.0787 (M + HY),

found: 247.0792.

@gﬂ

1-Methyl-4-(phenylsulfonylmethyl)benzene (30)* (Rf = 0.3, petroleum ether/EtOAc =
4:1): *H NMR (400 MHz, CDCl3) & 7.57-7.65 (m, 3H), 7.45 (t, J = 8.0 Hz, 2H), 7.06 (d, J
= 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 4.26 (s, 2H), 2.31 (s, 3H); 3¢ NMR (100 MHz,
CDCls) 6 138.6, 137.9, 133.5, 130.6, 129.2, 128.8, 128.6, 124.9, 62.5, 21.1.
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O,
o8
1-tert-Butyl-4-(phenylsulfonylmethyl)benzene (3p)* (Rf = 0.3, petroleum ether/EtOAc
= 4:1): *H NMR (400 MHz, CDCls) & 7.65 (d, J = 8.0 Hz, 2H), 7.59 (t, J = 7.6 Hz, 1H),

7.44 (t, J = 8.0 Hz, 2H), 7.25-7.29 (m, 2H), 7.02 (d, J = 8.4 Hz, 2H), 4.27 (s, 2H), 1.28 (s,
3H); *C NMR (100 MHz, CDCl3) § 133.5, 130.5, 128.8, 128.5, 125.5, 124.8, 62.5, 31.1.

Br
O,
o
1-Bromo-4-(phenylsulfonylmethyl)benzene (3q)* (Rf = 0.3, petroleum ether/EtOAc =
4:1): 'H NMR (400 MHz, CDCls) 6 7.63-7.65 (m, 3H), 7.47 (t, J = 8.0 Hz, 2H), 7.39 (d, J
= 8.4 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H), 4.25 (s, 2H); *C NMR (100 MHz, CDCl3) & 137.6,

133.8,132.3,131.7,129.0, 128.5, 127.1, 123.2, 62.1.

e

1-Chloro-4-(phenylsulfonylmethyl)benzene (3r)" (Rf = 0.3, petroleum ether/EtOAc

4:1): *H NMR (400 MHz, CDCl3) & 7.60-7.65 (m, 3H), 7.47 (t, J = 7.6 Hz, 2H), 7.24 (t, J
8.0 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 4.27 (s, 2H); 3C NMR (100 MHz, CDCl;) & 137.6,
135.0, 133.8, 132.0, 129.0, 128.8, 128.5, 126.6, 62.0.

COOEt
O,
Cr

Ethyl 4-(phenylsulfonylmethyl)benzoate (3s)* (Rf = 0.4, petroleum ether/EtOAc = 3:1):
'H NMR (400 MHz, CDCl3) & 7.92 (d, J = 8.0 Hz, 2H), 7.58-7.63 (m, 3H), 7.46 (t, J = 8.0
Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 4.33-4.38 (m, 4H), 1.38 (t, J = 7.2 Hz, 3H); *C NMR
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(100 MHz, CDCl5) 6 165.9, 137.6, 133.9, 132.9, 130.7, 129.6, 129.0, 128.5, 126.3, 62.5,
61.1, 14.2.

O,
Cr
1-Methyl-2-(phenylsulfonylmethyl)benzene (3t)! (Rf = 0.3, petroleum ether/EtOAc =
4:1): 'H NMR (400 MHz, CDCl3) & 7.60-7.66 (m, 3H), 7.46(t, J = 8.0 Hz, 2H), 7.21 (t, J =
7.6 Hz, 1H), 7.08-7.12 (m, 2H), 7.02 (d, J = 7.6 Hz, 1H), 4.38 (s, 2H), 2.11 (s, 3H); *C
NMR (100 MHz, CDCl5) 6 138.2, 133.7, 131.8, 130.6, 128.9, 128.8, 128.6, 126.5, 126.0,
60.0, 19.2.

e L
Cr
1-Methyl-3-(phenylsulfonylmethyl)benzene (3u)* (Rf = 0.3, petroleum ether/EtOAc =
4:1): 'H NMR (400 MHz, CDCl5) & 7.58-7.65 (m, 3H), 7.44 (t, J = 7.6 Hz, 2H), 7.11-7.13
(m, 2H), 6.89 (s, 1H), 6.84 (t, J = 6.0 Hz, 1H), 4.26 (s, 2H), 2.26 (s, 3H); 3¢ NMR (100
MHz, CDCl5) 6 138.2, 137.9, 133.6, 131.5, 129.4, 128.7, 128.6, 128.3, 127.8, 62.8,
21.1.

e L
©/S o~
1-Methoxy-3-(phenylsulfonylmethyl)benzene (3v)* (Rf = 0.3, petroleum ether/EtOAc
=3:1): *H NMR (400 MHz, CDCls) & 7.58-7.66 (m, 3H), 7.44 (t, J = 7.6 Hz, 2H), 7.15 (t, J
= 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 6.60-6.64 (m, 2H), 4.28 (s, 2H), 3.70 (s, 3H); *C
NMR (100 MHz, CDCls) 6 159.5, 137.8, 133.6, 129.4, 129.3, 128.8, 128.6, 123.1, 115.8,
114.7, 62.8, 55.1.
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O
Ph
Ph/S\/\/

Cinnamylsulfonylbenzene (3w)’ (Rf = 0.4, petroleum ether/EtOAc = 8:1): 'H NMR
(400 MHz, CDCl3) & 7.90 (d, J = 8.0 Hz, 2H), 7.65 (t, J = 7.2 Hz, 1H), 7.55 (t, J = 8.0 Hz,
2H), 7.26-7.34 (m, 5H), 6.38 (d, J = 16.0 Hz, 1H), 6.08-6.15 (m, 1H), 3.97 (d, J = 7.6 Hz,
2H); B¢ NMR (100 MHz, CDCl3) 6 139.1, 138.3, 135.7, 133.7, 129.0, 128.6, 128.4,

126.5, 115.0, 60.4.

SN
o

Tert-butyl 2-(phenylsulfonyl)acetate (3x)* (Rf = 0.3, petroleum ether/EtOAc = 8:1): 'H
NMR (400 MHz, CDCl5) & 7.94-7.96 (m, 2H), 7.68 (t, J = 7.2Hz, 1H), 7.58 (t, J = 7.2 Hz,
2H), 4.04 (s, 2H), 1.36 (s, 3H); *C NMR (100 MHz, CDCl5) & 161.1, 138.8, 134.0, 129.0,
128.4, 83.5, 62.0, 27.5; HRMS (ESI) calcd for Ci,H1604NaS™: 279.0662 (M + Na*),
found: 279.0669.

O,
ph " pn

Phenethylsulfonylbenzene (3y)’ (Rf = 0.3, petroleum ether/EtOAc = 8:1): *H NMR
(400 MHz, CDCl3) & 7.96 (d, J = 8.0 Hz, 2H), 7.68 (t, J = 7.2 Hz, 1H), 7.59 (t, J = 8.0 Hz,
2H), 7.20-7.30 (m, 3H), 7.13 (d, J = 6.8 Hz, 2H), 3.40-3.61 (m, 2H), 3.04-3.09 (m, 2H);
B3¢ NMR (100 MHz, CDCl3) 6 138.9, 137.4, 133.7, 129.3, 128.7, 128.2, 128.0, 126.8,

57.4, 28.6.

I
Ph/S

Isobutylsulfonylbenzene (3z)* (Rf = 0.3, petroleum ether/EtOAc = 8:1): 'H NMR (400
MHz, CDCl3) & 7.92 (d, J = 8.0 Hz, 2H), 7.65 (t, J = 7.2 Hz, 1H), 7.57 (t, J = 7.6 Hz, 2H),
3.00 (d, J = 6.4 Hz, 2H), 2.19-2.27 (m, 1H), 1.06 (d, J = 6.4 Hz, 6H); *C NMR (100 MHz,
CDCl3) 6 140.1, 133.4,129.2, 127.7, 63.9, 24.0, 22.6.
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O,
Ph> Ph
Sulfonyldibenzene (3aa)’® (Rf = 0.4, petroleum ether/EtOAc = 8:1): *H NMR (400 MHz,

CDCls) & 7.96 (d, J = 8.0 Hz, 4H), 7.58 (t, J = 8.0 Hz, 2H), 7.51 (t, J = 8.0 Hz, 4H); ©*C
NMR (100 MHz, CDCl;) 6 141.5, 133.1, 129.2, 127.6.

Ph” \I:::l\
Br

1-Bromo-4-(phenylsulfonyl)benzene (3ab)’ (Rf = 0.3, petroleum ether/EtOAc = 8:1):
'H NMR (400 MHz, CDCl5) 6 7.94 (d, J = 8.0 Hz, 2H), 7.82 (d, J = 8.0 Hz, 2H), 7.65 (d, J
= 8.0 Hz, 2H), 7.60 (t, J = 6.8 Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H); BC NMR (100 MHz, CDCl3)
6 141.1, 140.6, 133.4, 132.5, 129.3, 129.1, 128.4, 127.6.

O,
Ph/s\wS
0
2-(Phenylsulfonyl)benzo[d]thiazole (3ac) (Rf = 0.3, petroleum ether/EtOAc = 2:1): *H
NMR (400 MHz, CDCl3) & 8.16-8.19 (m, 3H), 7.97 (d, J = 7.2 Hz, 1H), 7.68 (t, J = 7.2 Hz,
1H), 7.53-7.61 (m, 4H); 3¢ NMR (100 MHz, CDCl3) 6 152.8, 138.4, 137.0, 134.5, 133.9,

129.4, 128.9, 127.8, 127.4, 125.5, 122.1; HRMS (ESI) calcd for Ci3H1oN0O,S2':
276.0147 (M + H'), found: 276.0150.

4-Nitro-2-(phenylsulfonyl)pyridine (3ad) (Rf = 0.3, petroleum ether/EtOAc = 2:1): 'H
NMR (400 MHz, CDCl5) 6 9.43 (s, 1H), 8.72 (d, J = 8.0 Hz, 1H), 8.43 (d, J = 8.4 Hz, 1H),
8.09 (d, J = 8.0 Hz, 2H), 7.70 (t, J = 8.0 Hz, 1H), 7.59 (t, J = 8.0 Hz, 2H); 3¢ NMR (100
MHz, CDCl5) & 163.2, 145.7, 145.1, 137.2, 134.6, 133.5, 129.4, 122.5; HRMS (ESI)
calcd for C11HgN,04S,": 265.0278 (M + H'), found: 265.0270.
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