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General Information

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 (boiling point is between 60-90 °C).
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Gradient flash chromatography was conducted eluting with a continuous gradient from petroleum to the
indicated solvent, and they are listed as volume/volume ratios. NMR spectra were recorded on a Varian
Mercury spectrometer at 300 MHz (*H NMR), 75 MHz (**C NMR) or on a Bruker spectrometer at 400
MHz (*H NMR), 101 MHz (**C NMR). Tetramethylsilane was used as an internal standard. All 1H
NMR spectra were reported in delta (3) units, parts per million (ppm) downfield from the internal
standard. Coupling constants are reported in Hertz (Hz). High resolution mass spectra (HRMS) were
measured with a Waters Micromass GCT instrument, accurate masses are reported for the molecular

ion ([M+H]"). Selective ratios were recorded with a Varian GC 2000 gas chromatography instrument
with a FID detector. GC-Ms spectra were recorded on a Varian GC-Ms 3900-2100T and Shimadzu

GCMS-QP2010SE.
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General Procedures

O O

S

O

~

2-(Methylsulfonyl)-1-phenylethan-1-one (3a)

PdCl; (0.02 mmol, 3.5 mg), Cu(PivO), (0.04 mmol, 10.64 mg) and D-Fructose (0.08 mmol, 21.6 mg)
were added into an oven-dried autoclave tube equipped with a magnetic stirred bar. And DMSO (1 mL),
1, 1-stilbene (0.2 mmol, 36 mg) were injected in the tube through a syringe in turn, which was then put
into the autoclave. After flushing the autoclave three times with O, (20 bar), other 20 bar CO filled with
the autoclave, and the pressure was adjusted to 0 bar. The autoclave was then heated up to 80 <C and
kept stirring for 16 hours. After completion of the reaction, as indicated by TLC and GC-MS, the
mixture was quenched by saturated brine and extracted with ethyl ether (3 * 10 mL). The organic layers
were combined and dried over anhydrous Na,SO,4. The pure product (yield 90%, 34.4 mg) was obtained

by flash column chromatography on silica gel (petroleumether : ethyl acetate =4 : 1).
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Detailed descriptions for products:

Products from various a-substituted olefins

C-C cleavage (from 1,1-stilbene 1-methyl-1-phenyl-Ethylene and 2-phenylacrylic

acid)
C-O bond cleavage (from diethyl(1-phenylvinyl)phosphonate)
O O
Al
S
O

2-(Methylsulfonyl)-1-phenylethan-1-one (3a) *:
White solid. 'H NMR (400 MHz, CDCls) § 8.05 — 7.93 (m, 2H), 7.73 — 7.61 (m, 1H), 7.57 — 7.49 (m,
2H), 4.62 (s, 2H), 3.16 (s, 3H).°C NMR (101 MHz, CDCls) 5 189.25, 135.57, 134.76, 129.25, 129.07,

61.21, 41.83. HRMS (ESI) calcd for CgH1003S [M+H]": 199.0429; found: 199.0422.

2-(Methylsulfonyl)-1-(naphthalen-1-yl)ethan-1-one (3b):

White solid. *H NMR (400 MHz, CDCls) & 8.75 (d, J = 8.8 Hz, 1H), 8.09 — 8.06 (m, 2H), 7.91 (d, J =
8.4 Hz, 1H), 7.68-7.64 (m, 1H), 7.60-7.53 (m, 2H), 4.72 (s, 2H), 3.22 (s, 3H). **C NMR (101 MHz,
CDCl3) & 191.61, 135.11, 133.97, 133.28, 130.95, 130.33, 129.06, 128.77, 127.03, 125.47, 124.40,

64.03, 42.11. HRMS (ESI) calcd for C13H1,03S [M+H]": 249.0585; found: 249.0579.

C-Br bond cleavage(from a-Br-olefins)

O O

O
S

2-(Methylsulfonyl)-1-(4-(p-tolylthio)phenyl)ethan-1-one (3c):
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Pale yellow solid. *H NMR (400 MHz, CDCls) & 7.84 (d, J = 8.8 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.33
~7.24 (m, 2H), 7.17 (d, J = 8.8 Hz, 2H), 4.55 (s, 2H), 3.15 (s, 3H), 2.44 (s, 3H). *°C NMR (101 MHz,
CDCl3) & 187.95, 149.28, 140.01, 135.08, 132.27, 130.77, 129.76, 126.74, 126.25, 61.27, 41.77, 21.37.

HRMS (ESI) calcd for C16H1605S, [M+H]": 321.0619; found: 321.0607.

o 90
S
0
OCHs

1-(2-Methoxyphenyl)-2-(methylsulfonyl)ethan-1-one (3d):

White solid. *H NMR (400 MHz, CDCl3) & 7.83 (dd, J = 7.8, 1.6 Hz, 1H), 7.59 — 7.54 (m, 1H), 7.10 —
6.90 (m, 2H), 4.77 (s, 2H), 3.96 (s, 3H), 3.16 (s, 3H). °C NMR (101 MHz, CDCl3) & 190.09, 159.26,
135.82, 131.27, 125.91, 121.18, 111.90, 65.36, 55.83, 42.47. HRMS (ESI) calcd for C1oH1203S [M+H]":
229.0535; found: 229.0525.

O O
Sty
O

1-([1,1'-Biphenyl]-4-yl)-2-(methylsulfonyl)ethan-1-one (3e):

White solid. *H NMR (400 MHz, CDCls) & 8.08 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 7.66 —
7.60 (m, 2H), 7.53 — 7.37 (m, 3H), 4.65 (s, 2H), 3.18 (s, 3H).*C NMR (101 MHz, CDCls) § 188.74,
147.42, 139.30, 134.27, 129.94, 129.09, 128.71, 127.63, 127.36, 61.34, 41.82. HRMS (ESI) calcd for

C15H1403S [M+H]": 275.0742; found: 275.0734.

Products from simple olefins

O

2
SN
O

2-(Methylsulfonyl)-1-(p-tolyl)ethan-1-one (3f) :
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White solid. *H NMR (400 MHz, CDCl3) & 7.90 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 4.59 (s,
2H), 3.15 (s, 3H), 2.44 (s, 3H). **C NMR (101 MHz, CDCl3) § 188.72 , 146.14, 133.17, 129.80, 129.45,
61.24, 41.80, 21.89. HRMS (ESI) calcd for C1oH1205S [M+H]": 213.0585; found: 213.0579.

O O

1-(4-(Tert-butyl)phenyl)-2-(methylsulfonyl)ethan-1-one (3g):

Colorless oil. *H NMR (400 MHz, CDCl3) & 7.95 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 4.59 (s,
2H), 3.15 (s, 3H), 1.35 (s, 9H). *C NMR (101 MHz, CDCls) & 188.72, 158.92, 133.08, 129.34, 126.10,
61.27, 41.79, 35.39, 31.01. HRMS (ESI) calcd for C13H1505S [M+H]": 255.1055; found: 255.1046.

O O

1-Mesityl-2-(methylsulfonyl)ethan-1-one (3h):

White solid. *H NMR (400 MHz, CDCls) 5 6.86 (s, 2H), 4.35 (s, 2H), 3.21 (s, 3H), 2.28 (s, 3H), 2.26 (s,
6H). BC NMR (101 MHz, CDCl3) 6 198.04, 140.35, 136.98, 133.83, 129.09, 65.34, 42.46, 21.07, 19.49.
HRMS (ESI) calcd for C1oH1603S [M+H]": 241.0898; found: 241.0892.

O O

2-(Methylsulfonyl)-1-(o-tolyl)ethan-1-one (3i):

White solid. *H NMR (400 MHz, CDCls) § 7.78 (d, J = 7.6 Hz, 1H), 7.47 (td, J = 7.6, 1.1 Hz, 1H), 7.37
—7.28 (m, 2H), 4.57 (s, 2H), 3.17 (s, 3H), 2.56 (s, 3H).2*C NMR (101 MHz, CDCl3) & 191.63, 140.17,
135.61, 133.21, 132.52, 130.29, 126.19, 63.33, 42.03, 21.72. HRMS (ESI) calcd for C1oH1205S [M+H]":

213.0585; found: 213.0580.
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1-(4-Chlorophenyl)-2-(methylsulfonyl)ethan-1-one (3j):

White solid. *H NMR (400 MHz, d®-DMSO) & 8.28 — 7.85 (m, 2H), 7.79 — 7.31 (m, 2H), 5.14 (s, 2H),
3.17 (s, 3H). **C NMR (101 MHz, d®-DMSO) & 189.59, 139.84, 134.95, 131.37, 129.40, 61.21, 42.42.
HRMS (ESI) calcd for CoHgCIO3S [M+H]": 233.0039; found: 233.0033.

O O

Br

1-(4-Bromophenyl)-2-(methylsulfonyl)ethan-1-one (3k):

White solid. *H NMR (400 MHz, CDCls) § 7.87 (d, J= 8.4 Hz, 2H), 7.67 (d, J= 8.4 Hz, 2H), 4.59 (s,
2H), 3.15 (s, 3H).13C NMR (101 MHz, CDCls) 6 188.36, 134.29, 132.44, 130.73, 130.45, 61.27, 41.77.
HRMS(ESI) calcd for CgHoBrOzS [M+H]": 276.9534; found: 276.9528.

O O

Br
1-(3-Bromophenyl)-2-(methylsulfonyl)ethan-1-one (3I):
White solid. *H NMR (400 MHz, CDCls) *H NMR (400 MHz, CDCls) & 8.12 (s, 1H), 7.92 (d, J = 8.0
Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 7.8 Hz, 1H), 4.64 (s, 2H), 3.15 (s, 3H). °C NMR (101
MHz, CDCl3) 6 188.14, 137.37, 137.15, 131.87, 130.51, 127.84, 123.21, 61.03, 41.80. HRMS (ESI)
calcd for CgHgBrOsS [M+H]": 276.9534; found: 276.9539.

O O

SRS

O
F

1-(4-Fluorophenyl)-2-(methylsulfonyl)ethan-1-one (3m):
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White solid. *H NMR (400 MHz, CDCls) & 8.08-8.03 (m, 2H), 7.25 — 7.16 (m, 2H), 4.59 (s, 2H), 3.15 (s,
3H).2*C NMR (101 MHz, CDCls) & 187.67, 166.70 (d, J= 258.3 Hz), 132.23 (d, J= 9.8 Hz), 132.07 (d,
J= 2.9 Hz), 116.37 (d, J= 22.2 Hz), 61.31, 41.75. HRMS (ESI) calcd for CeHoFOsS [M+H]": 217.0335;
found: 217.0333.

O

O

w

O

H;CO

1-(4-Methoxyphenyl)-2-(methylsulfonyl)ethan-1-one (3n):

White solid. *H NMR (400 MHz, CDCls) § 8.01 — 7.96 (m, 2H), 7.01 — 6.96 (m, 2H), 4.56 (s, 2H), 3.90
(s, 3H), 3.14 (s, 3H).*C NMR (101 MHz, CDCl3) & 187.38, 164.86, 131.88, 128.64, 114.28, 61.15,
55.71, 41.72. HRMS (ESI) calcd for C1oH1,0,4S [M+H]": 229.0535; found: 229.0529.

O O

S

)
H3CS
2-(Methylsulfonyl)-1-(4-(methylthio)phenyl)ethan-1-one (30):
White solid. *H NMR (400 MHz, CDCls) § 7.92 — 7.88 (m, 2H), 7.32 — 7.28 (m, 2H), 4.56 (s, 2H), 3.14
(s, 3H), 2.54 (s, 3H). 3C NMR (101 MHz, CDCls) & 187.94, 148.85, 131.69, 129.66, 125.01, 61.20,
41.75, 14.61. HRMS (ESI) calcd for C1oH1,03S, [M+H]": 245.0306; found: 245.0300.

O O

NC

4-(2-(Methylsulfonyl)acetyl)benzonitrile (3p):

White solid. *H NMR (400 MHz, d®-DMSO0) § 8.19 (d, J= 8.4 Hz, 2H), 8.07 (d, J= 8.4 Hz, 2H), 5.20 (s,
2H), 3.16 (s, 3H).**C NMR (101 MHz, d®-DMSO) & 190.07, 139.29, 133.28, 129.99, 118.45, 116.46,

61.41, 42.40. HRMS (ESI) calcd for C10HgNO3S [M+NH,]": 241.0641; found: 241.0642[M+NH,]".
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2-(Methylsulfonyl)-1-(naphthalen-2-yl)ethan-1-one (3q):

Yellow solid. *H NMR (400 MHz, CDCls) § 8.52 (d, J = 1.2 Hz, 1H), 8.05 — 7.97 (m, 2H), 7.90 (dd, J =
14.7, 8.4 Hz, 2H), 7.68 — 7.62 (m, 1H), 7.61 — 7.55 (m, 1H), 4.75 (s, 2H), 3.19 (s, 3H). *C NMR (101
MHz, CDCl3) 6 189.11, 136.15, 132.94, 132.28, 132.21, 130.03, 129.60, 129.06, 127.84, 127.30, 123.71,
61.28, 41.86. HRMS (ESI) calcd for C13H1,03S [M+H]": 249.0585; found: 249.0575.

O O

F3C

2-(Methylsulfonyl)-1-(4-(trifluoromethyl)phenyl)ethan-1-one (3r):

White solid. *H NMR (400 MHz, CDCls) & 8.14 (d, J = 8.4 Hz, 2H), 7.80 (d, J = 8.4 Hz, 2H), 4.65 (s,
2H), 3.17 (s, 3H).13CNMR (101MHz, CDCls) & 188.58, 138.14, 135.80 (q, J= 33.3 Hz), 129.71, 126.14

(0, J= 4.0 Hz), 123.29 (q, J= 273.7 Hz), 61.48, 41.79. HRMS (ESI) calcd for CioHgF303S [M+H]":

267.0303; found: 267.0299.
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Identification of by-product of diethyl (1-phenylvinyl) phosphate le

For the substrate 1e, the diethyl hydrogen phosphate was observed (detected by LC-MS) after the
completion of the reaction under the standard condition. Based on our proposed mechanism, there were
two possible pathways to form the diethyl hydrogen phosphate (Scheme 1). Path a : the diethyl
hydrogen phosphoroperoxoate was firstly formed via a four membered ring intermediate, then the
diethyl hydrogen phosphoroperoxoate was decomposed to diethyl hydrogen phosphate. Path b: the
diethyl hydrogen phosphate was formed directly via a five membered ring intermediate, and then the
2-(methylsulfonyl)-1-(naphthalen-2-yl)ethane-1,1-diol transformed to the corresponding product by

intramolecular dehydration.

# OFt 10 mol % PdCl,
Z 0,
o “OEt o 40 moI/oD-Fruct_ose o ﬁ/OEt
I 20 mol % Cu(OPiv), “OEt
+ /S
< C0/0,=1/1,80°C, 16 h Detected by LC-MS
1mL
Lo
o oS o o |B/OEt OFEt
] _ -
Lo —= LA, oo RE o |
o OEt o]
&8 o) o) 0 O
OFEt 7 HO_ OH
0 N/ ||D’ . 1
o P\\OEt — | HOo" “OEt /ﬁ\)QAr —— /ﬁ\)J\Ar (Path b)
_S O)S\oa % 0
1
o Ar
Inten.(x10,000,000)
2.0 75,05 155.00] 5.0kt
HO™ “OEt 282.20
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102.10 283.25
I N T T w0 | mem | 1 |
T T T T T T T T T
50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 miz
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53.1
5.04 Okt
HO'I:’OEt
2.5
ool IR 1) 1970
50.0 750 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 miz
Scheme 1

Density functional theory (DFT) calculation to investigate the deprotonation

of DMSO

Density functional theory (DFT) calculation was performed to investigate the deprotonation of
DMSO. As shown in Figure 1, the coordination of DMSO to Pd(OPiv), could form intermediate 2 with
a free energy decrease of 0.1 kcal/mol. The C-H bond cleavage would occur through a concerted

metalation-deprotonation (CMD) transition state 3-ts, generating a hydrogen bonding intermediate 4.

S29



The activation free energy for this process is found to be 28.3 kcal/mol. Considering that the reaction
temperature is 80 <C, this energy barrier is acceptable. Thus, intermediate 5 could be formed.

AGM»] 1-L (kCal/mOl)

28 % 28.2

PivQ _<o\ O, 6.
Pd-DMSO  ‘Bu— "pd_ ,S—
PivO o~ ~ 5

2 5
Figure 1. Free energy profile for the deprotonation of DMSO.

1. Complete reference for Gaussian 09

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.;
Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng,
G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, VY.;
Kitao, O.; Nakai, H.; Vreven, T.; Montgomery, Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers,
E.; Kudin, K. N.; Staroverov, V. N.; Keith, T.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.;
lyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo,
C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.;
Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A.
D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; and Fox, D. J. Gaussian 09, revision D.01; Gaussian, Inc.:
Wallingford, CT, 2013.

2. B3-LYP and M11-L absolute calculation energies, enthalpies, and free energies.

All the calculations were carried out by the GAUSSIAN 09 suit of computational programs.t
Geometry optimizations were performed at the DFT level using the B3-LYP? hybrid functional with a
mixed basis set of LANLO8 for Pd and 6-31G(d) for other atoms. Harmonic vibrational frequency

calculations were carried out at the same level to verify the characteristics of all of the optimized

structure as minimals or transition states and to derive the thermochemical corrections for the enthalpies
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and free energies. The solvent effects were considered by single-point energy calculations on the
gas-phase stationary points. To obtain solvation-corrected relation free energies, we employed a
self-consistent reaction field (SCRF) method using the SMD continuum solvation model® to do
single-point energy calculations for all the studied species. DiMethylSulfoxide (¢ = 46.826) was
employed as the solvent, corresponding to the experimental conditions. To give more accurate energy
information, the solvation single-point energy calculations were done at the M06-L level of theory by

using a larger basis set, that LANLO8 for Pd and 6-311++G(d,p) for the rest atoms.

Geometry E(elec-B3-LYP) H(corr-B3-Lyp)” Gleor-B3-LYP) E(solv-M11-L) IF°
1 -820.805285 0.226903 0.292783 -820.9707827
2 -1374.007957 0.297969 0.382445 -1374.220616
3-ts 1373.949976 0.293284 0.376256 -1374.17084 -1233.4
4 -1373.995093 0.29651 0.382505 -1374.209695
5 -1026.961039 0.164822 0.222593 -1027.107156
6 -347.017538 0.115022 0.156654 -347.106015
DMSO -553.181334 0.051556 0.086483 -553.2301328

"The electronic energy calculated by B3-LYP in gas phase. “The thermal correction to enthalpy calculated by B3-LYP
in gas phase. *The thermal correction to Gibbs free energy calculated by B3LYP in gas phase. “The electronic energy
calculated by MO6-L in DiMethylSulfoxide solvent. >The B3-LYP calculated imaginary frequencies for the transition
states.

3. B3-LYP geometries for all the optimized compounds and transition states.
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