Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015

0:-Mediated C(sp?)—X Bonds Oxygenation: Autoxidative
Carbon-Heteroatom Bonds Formation Using Activated Alkenes as

Linkage
Qingquan Lu, Jiyong Chen, Chao Liu, Zhiyuan Huang, Pan Peng, Huamin Wang and Aiwen Lei*

aiwenlei@whu.edu.cn

Supporting Information

Sl



Table of Contents

General Information...............cooooiiiiiii S3
Experimental Section..................... S3
1) Impact of reaction parameters............coiiiriniiiir i S3
2) Procedure and analytical data of compounds 3aa-5............................ S4
3) Radical trapping eXperiments............c.eeuiiirerereniiarineeneeiierenenaananens S10
4) Labeling eXperiments..... ..ot S10
5) ReactlR eXPeriments........ooviuiniiiiii e e e S12
RETEIENCES. .o S13
NMR Spectra of Products................o.oooeiiiiiiiie e, S14

S2



General information

All reactions were run under a dry air atmosphere with a dry air balloon fitted on a Schlenk tube.
All glassware was oven dried at 110 °C for hours and cooled down under vacuum. All the solvents
were purified according to the solvents handbook. Unless otherwise noted, materials were
obtained from commercial suppliers and used without further purification. Sulfinic acids?,
a-bromostyrene derivatives and a-chlorostyrene derivatives were all prepared following literature
procedures.? Thin layer chromatography (TLC) employed glass 0.25 mm silica gel plates. Flash
chromatography columns were packed with 200-300 mesh silica gel in petroleum (bp. 60-90 °C).
GC-MS spectra were recorded on a Varian GC-MS 3900-2100T. IR spectra were recorded on a
Mettler Toledo React IR TM 15 spectrometer using a diamond comb. All new compounds were
characterized by 'H NMR, *C NMR and HRMS. The known compounds were characterized by
'H NMR, 3C NMR. 'H and *C NMR data were recorded with ADVANCE III 400 MHz with
tetramethylsilane as an internal standard. High resolution mass spectra (HRMS) were measured
with a Waters Micromass GCT instrument. All chemical shifts (6) were reported in ppm and
coupling constants (J) in Hz. All chemical shifts were reported relative to tetramethylsilane (0

ppm for *H) and CDCls; (77.16 ppm for $3C), respectively.

Experimental section

1) Impact of reaction parameters.

Table S1. Impact of reaction parameters on Oz-mediated C(sp2)—-X bonds

oxygenation.?

e ¢
Br O, conditions | S
= O T
Ph HO see table 1
1a 2a 3aa
entry solvent condition | temp./°C | additive | yield of 3aa (%)°
1 CHCI3 air 45 - N.D.
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2 CHCl3 air 45 pyridine 85°
3 CHCl3 air r.t. pyridine 84
4 CHCls air r.t. pyridine 63¢
5 CHCl; air r.t. pyridine 89
6 THF air r.t. pyridine 95
7 MeCN air r.t. pyridine 49
8 DMF air r.t. pyridine 74
9 THF N2 r.t. pyridine 0

10 THF 02 r.t. pyridine 61
11 THF air r.t. pyridine 95¢

@Unless otherwise noted, all reactions were carried out using 1a (0.20 mmol), 2a (0.60
mmol), and pyridine (0.28 mmol) in solvent (4.0 mL) at room temperature for 1 h.

blsolated yield. ©2a (0.80 mmol). %2a (0.40 mmol). ®Pyridine (0.24 mmol).

2) Procedure and analytical data of compounds 3aa-5.

o

1-phenyl-2-(phenylsulfonyl)ethanone (3aa).*al Typical procedure: To an oven-dried Schlenk
tube was added benzenesulfinic acid (0.60 mmol), and a balloon filled with dry air was connected
to the Schlenk tube through the side arm and purged one time. Pyridine (0.24 mmol),
a-bromostyrene (0.20 mmol), and THF (4.0 mL) were successively injected in the reaction tube
with magnetic stirring. The reaction mixture was vigorously stirred at room temperature for 1 h.
Thereafter, the solvent was evaporated and the crude product was separated on a silica gel column
with petroleum ether and ethyl acetate as eluent to afford the desired product 3aa. Isolated yield:
95%. 'H NMR (400 MHz, CDCls) & 8.03-7.80 (m, 4H), 7.71-7.58 (m, 2H), 7.58-7.50 (m, 2H),
7.50-7.40 (m, 2H), 4.75 (s, 2H); 1*C NMR (101 MHz, CDCls) 5 188.1, 138.8, 135.7, 134.5, 134.3,
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129.3(2), 129.2(7), 128.9, 128.6, 63.4.

Sl

1-phenyl-2-tosylethanone (3ab).[3l The synthesis procedure is the same as for 3aa. the yield was
determined by *H NMR by using dibromomethane as internal standard: 92%. *H NMR (400 MHz,
CDCls) 5 8.02-7.87 (m 2H) , 7.76 (d, J = 8.4 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.8 Hz,
2H), 7.33 (d, J = 8.0 Hz, 2H), 4.72 (s, 2H), 2.44 (s, 3H). 3C NMR (101 MHz, CDCl3) & 188.3,
1455, 135.9, 135.8, 134.4, 130.0, 129.4, 129.0, 128.7, 63.7, 21.8.

Q9
S
I
@)J\/O\@
O/

2-((4-methoxyphenyl)sulfonyl)-1-phenylethanone(3ac).*®! The synthesis procedure is the same
as for 3aa. Isolated yield: 95%. 'H NMR (400 MHz, CDCls) & 7.99-7.90 (m, 2H), 7.80 (d, J = 8.8
Hz, 2H), 7.66-7.58 (m, 1H), 7.52-7.44 (m, 2H), 6.98 (d, J = 8.8 Hz, 2H), 4.72 (s, 2H), 3.87 (s, 3H).
13C NMR (101 MHz, CDCls) 6 188.4, 164.2, 135.9, 134.4, 131.0, 130.3, 129.4, 128.9, 114.5, 63.9,

55.8.
0]

saiel

2-((4-bromophenyl)sulfonyl)-1-phenylethanone (3ad).[*a The synthesis procedure is the same

as for 3aa. Isolated yield: 83%. 'H NMR (400 MHz, CDCls) & 7.98-7.88 (m, 2H), 7.76 (d, J = 8.4

Hz, 2H), 7.69 (d, J = 8.8 Hz, 2H), 7.64 (t, J = 7.6 Hz, 2H), 7.49 (t, J = 7.8 Hz, 2H), 4.75 (s, 2H).

13C NMR (101 MHz, CDCls) 6 188.0, 137.7, 135.6, 134.7, 132.6, 130.3, 129.9, 129.4, 129.1, 63.4.
O

shet

2-((4-chlorophenyl)sulfonyl)-1-phenylethanone (3ae).[*l The synthesis procedure is the same as
for 3aa. Isolated yield: 77%. *H NMR (400 MHz, CDCls) 8 7.97-7.90 (m, 2H), 7.83 (d, J = 8.4 Hz,
2H), 7.64 (t, J = 7.4 Hz, 1H), 7.55-7.46 (m, 4H), 4.75 (s, 2H). 3C NMR (101 MHz, CDCl3) &

188.0, 141.2, 137.2, 135.7, 134.7, 130.3, 129.7, 129.4, 129.1, 63 .4.
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2-(4-fluorophenylsulfonyl)-1-phenylethanone (3af).l?"] The synthesis procedure is the same as
for 3aa. Isolated yield: 40%. 'H NMR (400 MHz, CDCls) & 7.99-7.85 (m, 4H), 7.63 (t, J = 7.4 Hz,
1H), 7.48 (t, J = 7.8 Hz, 2H), 7.25-7.14 (m, 2H), 4.75 (s, 2H). 3C NMR (101 MHz, CDCls) &
188.1, 166.2 (d, 1JCF = 258.0 Hz), 135.7, 134.8(d, 4JCF = 3.0 Hz), 134.6, 131.8 (d, 3JCF = 9.8

Hz), 129.3, 129.0, 116.6 (d, 2JCF = 22.8 Hz), 63.5.

2-(naphthalen-2-ylsulfonyl)-1-phenylethanone (3ag).*3 Typical procedure: To an oven-dried
Schlenk tube equipped with a stir bar was added 2-naphthylsulfinic acid (0.80 mmol), and a
balloon filled with dry air was connected to the Schlenk tube through the side arm and purged one
time. Then, pyridine (0.32 mmol), a-bromostyrene (0.20 mmol), and THF (4.0 mL) were
successively injected in the reaction tube with magnetic stirring. The reaction mixture was allowed
to stir at room temperature for 8 h. Thereafter, the solvent was evaporated and the crude product
was separated on a silica gel column with petroleum ether and ethyl acetate as eluent to afford the
desired product. Isolated yield: 77%. *H NMR (400 MHz, CDCls) & 8.46 (s, 1H), 8.05-7.84 (m,
6H), 7.67 (t, J = 7.6 Hz, 1H), 7,64-7.55 (m, 2H), 7.45 (t, J = 7.8 Hz, 2H), 4.82 (s, 2H). 3C NMR
(101 MHz, CDCls) 6 188.1, 135.9, 135.8, 135.6, 134.4, 132.1, 130.8, 129.7, 129.6(5), 129.6(3),

129.4,129.0, 128.1, 127.9, 123.1, 63.8.

1-(2-methoxyphenyl)-2-(phenylsulfonyl)ethanone (3ba).l*! The synthesis procedure is the same
as for 3aa. Isolated yield: 81%. *H NMR (400 MHz, CDCls) & ppm 7.91-7.83 (m, 2H), 7.66 (dd, J
=7.8,1.8 Hz, 1H), 7.61 (t, J = 7.4 Hz, 1H), 7.54-7.46 (m, 3H), 7.03-6.95 (m, 1H), 6.89 (d, J = 8.4
Hz, 1H), 4.95 (s, 2H), 3.87 (s, 3H). 13C NMR (101 MHz, CDCls) & 189.1, 159.1, 139.8, 135.4,

133.9,131.4, 129.0, 128.6, 126.4, 121.1, 111.8, 67.5, 55.8.
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1-(3-methoxyphenyl)-2-(phenylsulfonyl)ethanone (3ca).l*"! The synthesis procedure is the same
as for 3aa. Isolated yield: 68%. *H NMR (400 MHz, CDCls) 6 7.96-7.87 (m, 2H), 7.65 (t, J=7.6
Hz, 1H), 7.55 (t, J = 7.6 Hz, 2H), 7.52-7.47 (m, 1H), 7.43 (t, J = 2.0 Hz, 1H), 7.37 (t, J = 8.0 Hz,
1H),7.19-7.11 (m, 1H), 4.73 (s, 2H), 3.83 (s, 3H). 3C NMR (101 MHz, CDCls) & 187.9, 160.1,

138.9, 137.1, 134.3, 129.9, 129.3, 128.7, 122.2, 121.3, 113.1, 63.6, 55. 6.

1-(4-methoxyphenyl)-2-(phenylsulfonyl)ethanone (3da).l*"] The synthesis procedure is the same
as for 3aa. Isolated yield: 83%. 'H NMR (400 MHz, CDCls) & 7.95-7.91 (m, 2H), 7.90-7.86 (m,
2H), 7.66 (t, J = 7.6 Hz, 1H), 7.54 (t, = 7.6 Hz, 2H), 7.01-6.86 (m, 2H), 4.69 (s, 2H), 3.88 (s, 3H).
13C NMR (101 MHz, CDCls) 5 186.3, 164.7, 138.9, 134.3, 132.0, 129.3, 129.0, 128.7, 114.2, 63.6,

55.8.

2-(phenylsulfonyl)-1-(p-tolyl)ethanone (3ea).l*d The synthesis procedure is the same as for 3aa.
Isolated yield: 91%. *H NMR (400 MHz, CDCls) § 7.92-7.87 (m, 2H), 7.83 (d, J = 8.0 Hz, 2H),
7.66 (t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.6 Hz, 2H), 7.28-7.25 (d, J = 8.0 Hz, 2H), 4.72 (s, 2H), 2.42
(s, 3H). *C NMR (101 MHz, CDCls) & 187.6, 145.7, 138.9, 134.3, 133.4, 129.7, 129.5, 129.3,

128.7, 63.5, 21.9.
0O O

1-(4-bromophenyl)-2-(phenylsulfonyl)ethanone (3fa).[*al The synthesis procedure is the same as

for 3aa. Isolated yield: 79%. 'H NMR (400 MHz, CDCls) § 7.92-7.85 (m, 2H), 7.81 (d, J = 8.4 Hz,
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2H), 7.68 (t, J = 7.6 Hz, 1H), 7.63 (d, J = 8.8 Hz, 2H), 7.56 (t, J = 7.8 Hz, 2H), 4.71 (s, 2H). 13C

NMR (101 MHz, CDCls) 6 187.1, 138.5, 134.4, 132.3, 130.8, 130.1, 129.3, 128.5, 63.5.

Jen e

1-(4-chlorophenyl)-2-(phenylsulfonyl)ethanone (3ga).l*"] The synthesis procedure is the same as
for 3aa. Isolated yield: 79%. *H NMR (400 MHz, CDCls) 6 7.97-7.81 (m, 4H), 7.69 (t, J = 7.4 Hz,
1H), 7.55 (t, J = 7.6 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 4.71 (s, 2H). *C NMR (101 MHz, CDCls)

0 187.0, 141.3, 138.6, 134.5, 134.1, 130.9, 129.4, 129.3, 128.7, 63.7.

Neaie

2-(phenylsulfonyl)-1-(4-(trifluoromethyl)phenyl)ethanone (3ha).*d The synthesis procedure is
the same as for 3aa. Isolated yield: 78%. 'H NMR (400 MHz, CDCls) 6 8.07 (d, J = 8.0 Hz, 2H),
7.94-7.84 (m, 2H), 7.74 (d, J = 8.4 Hz, 2H), 7.68 (tt, J = 7.6, 1.2 Hz, 1H), 7.55 (tt, J = 7.8, 1.6 Hz,
2H), 4.79 (s, 2H). 3C NMR (101 MHz, CDCls) & 187.4, 138.5, 138.3, 135.6 (g, 2JCF = 32.9 Hz),

134.7,129.9, 129.5, 128.7, 126.1 (q, 3JCF = 3.7 Hz), 123.5(q, 1JCF = 274.0 Hz), 63.9.

2-(phenylsulfonyl)-1-(thiophen-2-yl)ethanone (3ia).*] The synthesis procedure is the same as
for 3aa. Isolated yield: 73%. *H NMR (400 MHz, CDCls) 6 7.92-7.87 (m, 2H), 7.81 (dd, J = 4.0,
0.8 Hz, 1H), 7.75 (d, J = 4.8, 0.8 Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H), 7.55 (t, J = 7.6 Hz, 2H), 7.17 (t,
J = 4.4 Hz, 1H), 4.63 (s, 2H). 3C NMR (101 MHz, CDCls) & 180.2, 143.3, 138.6, 136.6, 135.3,

134.5, 129.4, 128.8(4), 128.7(6), 64.8.

1-(3-chlorophenyl)-2-(phenylsulfonyl)ethan-1-one (3ja).[1 Typical procedure: To an oven-dried
Schlenk tube was added benzenesulfinic acid (0.80 mmol), and a balloon filled with dry air was

S8



connected to the Schlenk tube through the side arm and purged one time. Pyridine (0.32 mmol),
a-bromostyrene (0.20 mmol), and MeCN (4.0 mL) were successively injected in the reaction tube
with magnetic stirring. The reaction mixture was vigorously stirred at 60 °C for 6 h. Thereafter, the
solvent was evaporated and the crude product was separated on a silica gel column with petroleum
ether and ethyl acetate as eluent to afford the desired product 3ja in 70% yield. *H NMR (400
MHz, CDCls) 6 7.94-7.79 (m, 4H), 7.72-7.64 (m, 1H), 7.61-7.52 (m, 3H), 7.47-7.40 (m, 1H), 4.71
(s, 2H). 3C NMR (101 MHz, CDCls) & 187.1, 138.6, 137.3, 135.4, 134.6, 134.4, 130.3, 129.4,

129.3,128.7, 127.7, 63.7.
o) o}

Ph)K/O\N

O
2-(2-oxo0-2-phenylethoxy)isoindoline-1,3-dione (5).d Typical procedure: To an oven-dried
Schlenk tube equipped with a stir bar was added NHPI (0.80 mmol), and a balloon filled with O,
was connected to the Schlenk tube through the side arm and purged one time. Then, pyridine (0.32
mmol), a-bromostyrene (0.20 mmol), and MeCN (4.0 mL) were successively injected in the
reaction tube with magnetic stirring. The reaction mixture was allowed to stir at 80 °C for 6 h.
Thereafter, the solvent was evaporated and the crude product was separated on a silica gel column
with petroleum ether and ethyl acetate as eluent to afford the desired product. Isolated yield: 55%.
'H NMR (400 MHz, CDCls) & 8.04-7.98 (m, 2H), 7.89-7.83 (m, 2H), 7.79-7.74 (m, 2H), 7.63 (t, J
= 7.4 Hz, 1H), 7.51 (t, J = 7.8 Hz, 2H), 5.46 (s, 2H). 2*C NMR (101 MHz, CDCls) 5 192.4, 163.2,

134.8,134.5, 134.2, 129.0, 128.9, 128.4, 123.9, 78.6.

3) Radical trapping experiments.

O O
I
Br 0, TEMPO (3.0 equiv), air l ﬁ
=+ O o g
PH HO pyridine, THF, r.t.
1a 2a 3aa trace
O O
1l
Br 0] BHT (3.0 equiv), air | S
W I
= O g
Ph HO pyridine, THF, r.t.
1a 2a 3aa trace
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Typical procedure for Radical trapping experiments: To an oven-dried Schlenk tube
equipped with a stir bar were added benzenesulfinic acid (0.6 mmol), TEMPO or BHT (0.6 mmol).
A balloon filled with dry air was then connected to the Schlenk tube through the side arm and the
dry air was purged once. Then, pyridine (0.24 mmol), a-bromostyrene (0.2 mmol) and THF (4.0
mL) were successively injected in the reaction tube and the reaction mixture was stirred at room

temperature for 1 h. Thereafter, the reaction mixture was analyzed by TLC and GC-MS.

4) Labeling experiments.

? 9
18
3O e O D
/
Ph HO pyridine, MeCN, 60 °C
4a 2a 3aa 38%

180-3aa: 34.4%; 1°0-3aa = 65.6%

Typical procedure for 802 labeling experiments: To a 15.0 mL oven-dried Schlenk tube
equipped with a stir bar were added benzenesulfinic acid (0.80 mmol) and MeCN (4.0 mL), which
was degassed the air by the method of freeze-pump-thaw cycle for 6 times. When the solvent is
frozen, opened the stopcock to vacuum and pumped off the atmosphere for 10 minutes, after then,
180, was purged to the tube and the solvent was thawed to liquid. Thereafter, sealed the flask.
Then, pyridine (0.32 mmol), a-chlorostyrene (0.2 mmol), and MeCN (4.0 mL) were successively
injected in the reaction tube and the reaction mixture was stirred at 60 °C for 6 h. After the
reaction, the solvent was evaporated and the crude product was separated on a silica gel column
with petroleum ether and ethyl acetate as eluent to afford the desired product 3aa in 38% yield
with 34.4% of which was labelled.

The EI-MS spectral of 3aa
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Spectrum 1A
BP: 105 0 (1245=100%), q-2962013-12-4sms 11870 min, Scan: 905, 40:650, lon- 189300 us RIC: 7708, BC
1005 s B
771
1118
60-3aa
75% —
80-3aa
51.1 1070
650
50%—] -
5000
349
25% —
57 9.1 ddo 196.0
{ 4. 167 1L 159
il 1
|u\\\\l||||‘|l|||.n|mtl |\. L. u LIl | I
Sb 1[|C| IJ!D 2&" Z*I] mIZI
e 9
Cl o, 1) air, pyridine, MeCN; S
— + /S—<: :> o)
Ph HO 2) Hy"80 (90%, 10 eq.)
4a 2a 3aa 66%

80-3aa: 27.4%: '°0-3aa = 72.6%

Typical procedure for H2'®O labeling experiments: To an oven-dried Schlenk tube
equipped with a stir bar was added benzenesulfinic acid (0.8 mmol), and a balloon filled with dry
air was connected to the Schlenk tube through the side arm and the dry air was purged one time.
Then, pyridine (0.32 mmol), a-chlorostyrene (0.2 mmol), and MeCN (4.0 mL) were successively
injected in the reaction tube and the reaction mixture was stirred at 60 °C for 6 h. Thereafter,
H2*0 (2.0 mmol) was added and the reaction mixture was allowed to stir at 60 °C for another 6 h.
After the reaction, the solvent was evaporated and the crude product was separated on a silica gel
column with petroleum ether and ethyl acetate as eluent to afford the desired product 3aa in 67%
yield with 72.6% of which was labelled.

The EI-MS spectral of 3aa

Spectrum 14 [a}{
BP- 107 0 (17631=100%) gl201408052014-6-5 sms 11,803 min_Scan® 861 40-650_lon' 3326 us RIC" 84049 BC
070
100%
’ 17531
771
14492 180.3aa
75%
IEEY 50 510
H 1050
@ 160-3aa g4
25%]
. |H|\ . .‘I“ il .‘mh P11 [ — | s
' 50 100 1k 200 280 '
B B i Acquired Range iz,
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5) ReactIR experiments.

The reaction between la (a-bromostyrene) and 2a (benzenesulfinic acid) under different
oxygen pressure (balloon): an oven-dried three-necked reaction vessel were equipped with a stir
bar and 2a (0.6 mmol), the operando IR probe was inserted through an adapter into the middle
neck, the other two necks were capped by septa for injections and a balloon (O2/N under different
ration). After evacuation under vacuum and flushing with gas (O2/N.) through the balloon for
three times, CH>Cl> (4.0 mL) was added to the vessel via a springe and the reaction was monitored
by operando IR at room temperature (stirring speed: 1000 r/min). Afterwards, pyridine (0.24 mmol)
and 1a (0.2 mmol) were added and the reaction mixture was stirred vigorously at RT for 1 h. After
the reaction, the reaction mixture was analyzed by *H NMR analysis using dibromomethane as

internal standard. The yields are 95% (O2/N2 = 1:2), 99% (O2/N2 = 1:3), 99% (O2/N = 1:4).

02:Ny, Py, RT
0.05- 1a + 2a ————— 3aa
) CH,Cl, (4 mL)
0.044 M
E ]
~ 0.034
—
© m O2N2=1:4
© 0.021 L etz
e
O 0.014
0.004

0 5 10 15 20 25 30
Time / min
Figure 1. The kinetic profiles of the reaction of 1a (0.2 mmol), 2a (0.6 mmol) and pyridine (0.24

mmol) in CH2Cl, (4.0 mL) at room temperature under different oxygen pressure (balloon), 1000
r/min (stirring speed).

1159 cm™!
| 1]
i Ph)\’g‘Ph

760 1000 1250 1500 1750
Wavenumber / cm-1

Figure 2. The Characteristic IR band of the 3aa (in CH2Cl.).
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NMR Spectra of Products
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