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A hypervalent iodine reagent-mediated sulfonylatadnstyreneswith sulfonyl chlorides we
developed for the synthesis of vinyl sulfones. Tdection proceeded under mefiae, mild an
neutral conditions without extra oxidants or badesalso exhibited goodir and moistur
tolerance, broad substrate scope and high chereotisdtly, affording the vinyl sulfonein
moderate to good yields.

2009 Elsevier Ltd. All rights reserved

1. Introduction

Sulfur-containing compound is of great importansétdinds
widespread utilization in various fields of orgarblogical and

materials chemistryAmong them, vinyl sulfones are versatile

building blocks and convenient intermediates in aoig
synthesis and also important moieties in many aaturoducts

and biologically active compoundsClassical methods to

synthesize vinyl sulfones are mainly based on cosalion,
olefination or transition-metal-catalyzed cross png

reactions’ Alkenes are among the most basic and cheap starting

materials in organic synthesis. Thus direct sulfatign of
alkenes emerged as a more powerful and efficienhadefor
preparation of vinyl sulfones. Kimigata and cowoskdirst
reported a ruthenium-catalyzed sulfonylation ofrestgs with
sulfonyl chlorides in 1983. In the past decade,
transformations under copper, silver or photoredaxalysis

were also accomplishéHowever, these sulfonylation methods

required the involvement of metal catalysts, anthetimes also
expensive ligands, extra stoichiometric oxidants lmases
(Scheme 1a). In this regard, synthesis methodsirigt sulfones
under metal-free conditions are considerably ddsire account
of sustainable and green chemistry.

Efforts have also been devoted to metal-free syl&ion of
alkenes in recent years. It was mainly achieved utjino
sulfonylation using sulfonyl hydrazides or sodiunlfisates
under iodine, hypervalent iodine or photoredox lyais.” For a
recent instance, Gevorgyan and coworkers developéght

the

induced sulfonylation of styrenes with sulfonateeest Very

recently, Mal and coworkers reported &Akiodosuccinimide-
mediated sulfonylation of styrenes with sulfonyl hazides’

However, most of these methods still required a gtraxidant
like TBHP or extra bases (Scheme 1b). More concisenailder

reaction conditions are still demanded. On the othend,
sulfonyl chloride is a preferable sulfonylation geat due to its
high stability, ready availability and easy handlin

Previous work:

. SO;R
+ RS0,CI @
I or KITBHP
RSO:Na  6r Nis/base SOZR (b)
+ or _—
RSO,NHNH,

This work:
x-SO0R
+ RSO,CI ©
metal-free

no extra oxidant or base

Ru, Cu, Ni
Ru photocatalyst

oxidant or base

PhI(OCOR),
—_—

Scheme 1Synthesis of vinyl sulfones from styrenes

Hypervalent iodine reagents have attracted muamtohn in
organic synthesis as easily accessible, stabléciesff and
environmentally benign oxidants in recent yedrSignificant
progress has also been made in hypervalent iodiagents-
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promoted selective C—H bond functionalization unaetal-free
conditions™ In 2015 Kuhakarn and coworkers reported a
hypervalent iodine reagent-mediated decarboxylative
sulfonylation of B-aryl-a,p-unsaturated carboxylic acids with
sodium sulfinates for the preparation of vinyl sués? In
2016, our group developed a hypervalent iodine aefg
mediated site-selective oxidative C-H sulfonylatiafi 8-

amidoquinolines and anilides with sulfonyl chlo?/id%sAlong Fugure 1.X-ray crystallography d8a

with our study on the hypervalent iodine chemisttyerein we

report the hypervalent iodine reagent-mediatedoayltion of Under the optimized conditions, the substrate scope
styrenes with sulfonyl chlorides under metal-freenditions,  styrenes 1) with TsCl Qa) was explored as shown in Table 2.
which provided a novel method for the synthesis ofylv  It's pleasant to find that good functional groumeatibility was

sulfones (Scheme 1c). demonstrated for a variety of styrerms the phenyl group such
_ ) as alkoxyl, F, Br, and GFThe desired vinyl sulfone products
2. Results and discussion were obtained in moderate to good yiel@s@k). Electronic

Initial study was carried out with 4-methoxystyrdae) (0.2 effect was observed in this reaction that the edeetich styrene
mmol) and TsCIZa) (0.4 mmol) as the model reaction an.d the(Sb and3c) gave high‘?r yields th_an the electron-poor sutesira
results were summarized in Table 1. The sulfonyhatocurred (Sg—.?k). Substratgls Wit ﬁtSUbiEtuim.M?" n?ritagt%l-hpr dpara-
in the presence of 2 equivalents of PhlI(CA().4 mmol) in position gave simiiar resufts without signi icane indrance
THF at 80 °C for 12 h which produced the desirendpct @a) effect Ge.and 3f, 3h_3j)' Notal_nly, 1,1-diphenylethylene could
in 50% vield (entry 1). The structure 8a was unambiguously also provide 47% yield of desired produst)( However, when

: p-tert-butylstyrene was used the vinyl sulfone product weis

confirmed by X-ray crystallography (Figure #)Other solvents . y ) : : 0
such as CKCN, DCM, toluene, chlorobenzene, and DCE wereObtamed' Instead, A-chlorosulfone3m’ was isolated in 57%

subsequently examined but did not provide bettsulte than yield through chlorosulfonylation of the double lon

THF (entries 2—-6). Then other hypervalent iodiregents were The substrate scope of other sulfonyl chlorid@s Was
tested in THF. The employment of PhlO and PhI(OTFA) investigated subsequently as shown in Table 3. Beszafonyl
resulted in no reaction (entries 7 and 8). Phi(®Rivovided  chloride reacted with 4-methoxystyrenta) to give the vinyl
similar product yield as Phl(OAcfentry 9). Notably a better sulfone3nin 67% yield. Theo-tosyl chloride also underwent the
result (65% yield) was obtained using PhI(OCQHFaitries 10).  reaction smoothly to provide 85% product yield witho
The reactions under reduced or elevated tempesatwere influence of steric hindrance effe@dj. Other functional groups
investigated but no improvement was observed (enfile-13).  such as MeO, F, Cl and Br were also tolerated osutfenyl
Shortening the reaction time to 8 h resulted iowaek yield but

p_rolonging_ the reaction time to 16 h affor(_ied timjl_lct ir_l 71%  Taple 2. Substrate scope of styrendy*¢

yield (entries 14 and 15). Further prolonging teaction time to

24 h did not give better result (entry 16). Thus ttonditions R©/\ s 1ec PhI(OCOPh) (2 eq) TS
showed in entry 15 were chose as the best one asécudntly ° THF. 80 °C 16 h R‘©/\/

applied to explore the scope of this reaction.

1 2a 3
TS TS TS
Table 1.Optimization of reaction conditiofi8 /©/\/ /©/\/ ©/\/
EtO BuO

/©/\+ ry vidant TS 3b, 88% 3¢, 90% 3d, 52%°
MeO solvent, T°C a0
1a 2a 3a é/\/-rs ~_Ts /@/\/Ts
Entry Oxidant Solvent (02) {;/eo;f,’ \©/\/ F
1 PhI(OAC) THF 80 50 3e, 50% 31, 63% 39, 76%
2 PhI(OAC) CH,CN 80 11 Br
3 PhI(OAC) DCM 80 20 . _Ts Br TS TS
4 PhI(OAC) PhCI 80 10 \©N
5 PhI(OAc) toluene 80 10 Br
S Phéfﬁ.éc* ?,?,I:E 38 8 3h, 67% 3i, 66% 3j, 59%
8 PhI(OTFA) THF 80 0 .
9 PhI(OPiv} THF 80 51 FsC TS
10  PhI(OCOPH) THF 80 65 Ts
11 PhI(OCOPh) THF 40 15 TS
12 PhI(OCOPh) THF 60 54 CF, O Bu
13 PhI(OCOP THF 100 47
14 Phl((OCOPr%) THF 80 50 3k, 54% 31, 47% 3m’, 57%
15 PhI(OOCPh), THF 80 71 “Reaction conditions: styrené)((0.2 mmol), 4-tolysufonyl chloride26)

(0.4 mmol), PhI(OCOPhB)(0.4 mmol) in THF (2.0 mL) stirring at 80 °C

16° Phl(OCOPHh) THF 80 52 ) . :
under air for 16 Hlsolated yield“PhI(OAc), (0.4 mmol) is used.

®Reaction conditions: 4-methoxylstyrenga) (0.2 mmol), 4-tolysufonyl
chloride @a) (0.4 mmol), oxidant (0.4 mmol) in solvent (2.0 ytirring
under air for 12 hllsolated yield ‘Reaction time 8 HReaction time 16 h.
°Reaction time 24 h.




Table 3.Substrate scope of sulfonyl chlorid@?¢

N X SO,R
R + RSO,CI R

PhI(OCOPh) (2 eq)
Rlaaslbhnhe i
THF, 80 °C,16 h

1 2 3
3n, 67% 30, 85%
\\//
O lome @” \@
3p, 64% 3q, 74%
\\// \\//
oo, O
Br MeO
3r, 85% 3s, 55%
oo Q”MU
BUO
3t, 90% 3u, 59%
Q0
Cl
3v, 83%

*Reaction conditions: styrend)((0.2 mmol), sufonyl chloride2j (0.4
mmol), PhI(OCOPh)(0.4 mmol) in THF (2.0 mL) stirring at 80 °C under
air for 16 h"Isolated yield.

chlorides and the desired products were obtaineddderate to
good yields 8p-3r, 3u and3v). Notably, the alkyl and 2-thienyl
sulfonyl chloride were also applicable in this paaiband gave
the desired products in yields of 55% and 90% retsgy (3s
and3t).

We also carried out the standard reaction in greafesto
examine the application potential of this methodthvV0 mmol
(1.34 g) substratela in 100 mL THF, the sulfonylation
proceeded smoothly to give the product in 70% y{@dheme
2a). Control experiments were conducted for clatfan of the
reaction mechanism. The sulfonylation & and 2a in the
presence of a radical scavenger 2,2,6,6-tetraméthyl
piperidinyloxy (TEMPO) or butylated hydroxytoluer(8HT)
gave no desired products although no radical trappiroduct
was detected either (Scheme 2b). But a proton sgaven6-di-
tert-butylpyridine (dtbpy) exhibited little influenceot this
reaction (Scheme 2c). It implied that the reactpoceeded
through a radical mechanism. The study of possib&etion
intermediate was also conducted. A pre-synthesized

chlorosulfone3a’ was handled under standard conditions which

converted to the vinyl sulfon®a in 65% yield (Scheme 2d§.
But the same treatment 8f’ did not produce the vinyl sulfone
product 3m (Scheme 2e).
chlorosulfonylation intermediate in this process aethimight
convert to the final product or remain unchangeblder
reaction conditions.

Furthermore, some other styrene derivatives wer® als

examined and found to be inapplicable in this métfecheme

3). The 2-phenyl-propend)(only gave trace amount of product.

And 1-phenyl-propenesf and allylbenzene6] both resulted in
no reaction.

It indicated the formation of a

PhI(OCOPh) (2 eq)
", 3a

(@) 1a + 2a
134¢g (2 eq) THF (100 mL) 70%
(10 mmol) 80°C,16 h
standard conditions
() 1a + 2a 3a
TEMPO or BHT (2 eq) 0%
standard conditions
(¢ 1a + 2a 3a
dtbpy (2 eq) 71%
Cl
Ts standard
(d) conditions /@/\VTS
MeO MeO
3a’ 3a, 65%
cl standard
(€ /@)\/TS conditions /@/\/TS
Bu Bu
3m' 3m, 0%

Scheme 2Gram-scale synthesis and control experiments.

afeagleag

Scheme 3lnapplicable substrates

Based on these results and previous reports, asiplau
mechanism for this sulfonylation was proposed inegoh 4. In
the presence of hypervalent iodine reagent, tifersyllchloride
converted to a sulfonyl radicHl. The sulfonyl radical
subsequently added to the styretet¢ form a carbon-centered
radicalA. Electron-rich styrenes were more reactive towands t
sulfonyl radical. Then intermediat® was trapped by chlorine
radical from homolytic cleavage of sulfonyl chlaitb form the
chlorosulfonylation product3’. Then, in some cases (for
instance if R is tert-butyl), 3' was more stable than the
corresponding vinyl sulfones and did not procedthiahtion
reaction under the reaction conditions stable whielm be
isolated as the produc@rf’). In other cases, elimination of HCI
from 3’ generated the vinyl sulfone produ8ts

R2S0,CI
2

PhI(OCOR)zw
R2S0,*
e
2
R2S0,CI \#{ RZSO,»

i X SOR? RCOO’ SO,R?
R \
T

Scheme 4Plausible reaction mechanism
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3. Conclusions HRMS-ESI(m/z): calcd for GH,405S (M+H"): 330.1368, found

.. 330.1370.

In summary, we have developed a hypervalent iodine
reagent-mediated sulfonylation of styrenes with osuff 4.3.4. (E)-1-Methyl-4-(styrylsulfonyl)benzene  (3d).  Light
chlorides. The reaction proceeded under metal-frgik and yellow solid, mp 90-92 °C'H NMR (400 MHz, CDCJ): & 2.44
neutral conditions and showed good air and moigtlezance. (s, 3H), 6.85 (dJ = 15.40 Hz, 1H), 7.35 (d] = 8.12 Hz, 2H),
Broad substrate scope and high chemo-selectivityewer7 35 741 (m, 3H), 7.47-7.49 (m, 2H), 7.66 Jd= 15.44 Hz,
exhibited which afford the vinyl sulfones in moderav good 1H), 7.83 (d, J = 8.24 Hz, 2H)*C NMR (100 MHz, CDG)): &
yields. It provides a novel and facile strategy $ynthesis of 21 62 127.63, 127.72, 128.53, 129.07, 129.97,1131132.46,
vinyl sulfones. 137.74, 141.95, 144.40. HRMS-ESI(m/z): calcd fQeHG:0,S
4. Experimental section (M+H™"): 259.0793, found 259.0794.
4.3.5. (E)-1-Methyl-2-(2-tosylvinyl)benzene  (3¢).  Light
yellow solid, mp 62-65 °CH NMR (400 MHz, CDCJ): § 2.44

'H NMR, **C NMR and"F NMR spectra were recorded on a (s, 3H), 2.46 (s, 3H), 6.77 (d,= 15.28 Hz, 1H), 7.19-7.23 (m,
Bruker DPX-400 spectrometer with COCis the solvent and 2H), 7.28-7.30 (m, 1H), 7.35 (d,= 7.96 Hz, 2H), 7.42-7.44
TMS as an internal standard, operating at 400 MHZHANMR,  (m, 1H), 7.82-7.85 (m, 2H) 7.94 (d,= 15.32 Hz, 1H)"C
100 MHz for *C NMR and 376 MHz forF NMR. Meltng NMR (100 MHz, CDCJ): & 19.80, 21.64, 126.45, 126.80,
points were measured by SGW X-4A microscopic appsratu 127.70, 128.39, 129.97, 130.84, 131.02, 131.29,6437.38.15,
The X-ray crystallography was measured on Bruker D8139.58, 144.37. HRMS-ESI(m/z): calcd foggB,,0,S (M+H"):
VENTURE PHOTON instrument. HRMS was measured by Q273.0949, found 273.0948.

4.1.General experimental

Exactive LC/HRMS spectrometer. Ethyl acetate andahex
were used for
purification. All solvents and chemicals were obtdinieom
commercial sources and used as received unlessvigbenoted.

4.2.General procedure for the sulfonylation of styrenegl).

A mixture of styrenel, 0.2 mmol), sulfonyl chloride2( 0.4
mmol), PhI(OOCPh) (0.4mmol) were added into a vial
containing a stirring bar and sealed with a Tefioed cap.
Then THF (2 mL) was introduced. The resulting migtuvas
stirred at 80 °C for 16 h. Then the mixture was adid¢o H,O
(25 mL) and extracted with ethyl acetate (10 mL)tfoee times.
The combined organic layer was dried over anhydidgSO,
and filtered. After removal of the solvent in vactioe residue
was purified by column chromatography (ethyl acditebeane)
to afford the pure product.

4.3.Characterization data of products 3

4.3.1. (E)-1-Methoxy-4-(2-tosylvinyl)benzene (3a). Yellow
solid, mp 100-102 °C'H NMR (400 MHz, CDCJ):  2.43 (s,
3H), 3.83 (s, 3H), 6.70 (d,= 15.32 Hz, 1H), 6.88-6.91 (m, 2H),
7.33 (d,J = 8.08 Hz, 2H), 7.42 (dl = 8.76 Hz, 2H), 7.60 (dl =
15.32 Hz, 1H), 7.82 (d] = 8.24 Hz, 2H);°C NMR (100 MHz,
CDCly): & 21.60, 55.44, 114.49, 124.80, 125.07, 127.57,91129.
130.32, 138.18, 141.76, 144.14, 161.98. HRMS-ES)na&icd
for CygH170:S (M+H"): 288.0898, found 288.0896.

4.3.2. (E)-1-Ethoxy-4-(2-tosylvinyl)benzene  (3b).  Light
yellow solid, mp 75-77 °CH NMR (400 MHz, CDCJ): & 1.42
(td, J = 6.98 Hz,J = 2.72 Hz, 3H), 2.43 (s, 3H), 4.03-4.09 (m,
2H), 6.69 (dJ = 15.32 Hz, 1H), 6.86-6.89 (m, 2H), 7.33 Jd;
8.04 Hz, 2H), 7.39-7.43 (m, 2H), 7.60 = 15.36 Hz, 1H),
7.81-7.83 (m, 2H);°C NMR (100 MHz, CDCJ)): & 14.67,
21.60, 63.71, 114.95, 124.65, 124.89, 127.57, 1R9180.32,
138.24, 141.83, 144.10, 161.41. HRMS-ESI(m/z): calod
C,H1405S (M+H"): 302.1055, found 302.1054.

4.3.3. (E)-1-(tert-Butoxy)-4-(2-tosylvinyl)benzene (3c). Light
yellow solid, mp 101-103 °CH NMR (400 MHz, CDC)): &
1.37 (s, 9H), 2.43 (s, 3H), 6.73 (@@= 15.36 Hz, 1H), 6.98 (d}
= 8.56 Hz, 2H), 7.33 (d] = 8.08 Hz, 2H), 7.39 (d] = 8.60 Hz,
2H), 7.61 (dJ = 15.36 Hz, 1H), 7.82 (dl = 8.24 Hz, 2H);°C
NMR (100 MHz, CDCJ): 5 21.61, 28.87, 79.59, 123.67, 125.76
127.05, 127.62, 129.59, 129.92, 138.08, 141.67,204458.55.

column chromatography without further4.3.6.

(E)-1-Methyl-3-(2-tosylvinyl)benzene (3f). Light yellow
solid, mp 74-76 °C'H NMR (400 MHz, CDCJ): & 2.35 (s, 3H),
2.43 (s, 3H), 6.83 (dl = 15.40 Hz, 1H), 7.27-7.28 (m, 3H), 7.34
(d, J = 8.00 Hz, 2H), 7.39 (d] = 8.28 Hz, 1H), 7.63 (d] =
15.40 Hz, 1H) 7.82 (d] = 8.28 Hz, 2H);*C NMR (100 MHz,
CDCly): 4 21.27, 21.63, 124.34, 125.76, 127.22, 127.66,9127.
128.92, 129.09, 129.94, 131.94, 138.79, 142.12 3MAHRMS-
ESI(m/z): caled for GH;0,S (M+H): 273.0949, found
273.0946.

4.3.7. (E)-1-Fluoro-4-(2-tosylvinyl)benzene (3g). White solid,
mp 79-80 °CH NMR (400 MHz, CDC)): § 2.44 (s, 3H), 6.78
(d, J = 15.40 Hz, 1H), 7.05-7.11 (m, 2H), 7.35 Jds 8.04 Hz,
2H), 7.45-7.50 (m, 2H), 7.62 (d,= 15.40 Hz, 1H), 7.81-7.83
(m, 2H); *C NMR (100 MHz, CDCJ): § 21.64, 116.32 (d] =
21.94 Hz), 127.42, 127.73, 128.73, 130.02, 130.5%.67,
140.62, 144.49, 164.32 (= 251.29 Hz)!°*F NMR (376 MHz,
CDCly): -111.73. HRMS-ESI(m/z): calcd for £,,FO,S
(M+H™): 276.0699, found 276.0702.

4.3.8. (E)-1-Bromo-2-(2-tosylvinyl)benzene (3h). Yellow
solid, mp 88-89 °C'*H NMR (400 MHz, CDC)): § 2.44 (s, 3H),
6.84 (d,J = 15.36 Hz, 1H), 7.22-7.26 (m, 1H), 7.28-7.32 (m,
1H), 7.36 (d,J = 8.00 Hz, 2H), 7.47-7.50 (m, 1H), 7.84 (s
8.28 Hz, 2H), 8.03 (d] = 15.40 Hz, 1H);*C NMR (100 MHz,
CDCL): & 21.65, 125.49, 127.82, 127.85, 128.17, 130.02,
130.40, 131.97, 132.47, 133.55, 137.14, 140.35,6244HRMS-
ESI(m/z): calcd for GH,,BrO,S (M+H"): 336.9898, found
336.9895.

4.3.9. (E)-1-Bromo-3-(2-tosylvinyl)benzene  (3i). Yellow
solid, mp 84-85 °C'*H NMR (400 MHz, CDC)): 6 2.44 (s, 3H),
6.86 (d,J = 15.40 Hz, 1H), 7.36 (d, = 8.16 Hz, 2H), 7.38-7.41
(m, 2H), 7.52-7.54 (m, 1H), 7.58 (d,= 15.44 Hz, 1H), 7.61—
7.62 (m, 1H), 7.82 (dJ = 8.28 Hz, 2H);*C NMR (100 MHz,
CDCly): & 21.66, 123.11, 127.21, 127.79, 129.11, 129.70,
130.05, 130.56, 131.04, 133.84, 134.43, 140.06,6B4HRMS-
ESI(m/z): calcd for GH,,BrO,S (M+H"): 336.9898, found
336.9897.

4.3.10. (E)-1-Bromo-4-(2-tosylvinyl)benzene (3j). Yellow
solid, mp 80-82 °C'H NMR (400 MHz, CDCJ): & 2.44 (s, 3H),

'6.84 (d,J = 15.40 Hz, 1H), 7.32-7.36 (m, 4H), 7.51-7.54 (m,



2H), 7.59 (dJ = 15.44 Hz, 1H), 7.82 (dl = 8.28 Hz, 2H);"°C
NMR (100 MHz, CDC)): 5 21.66, 125.52, 127.76, 128.25,
129.87, 130.04, 131.32, 132.33, 137.37, 140.49,6144HRMS-
ESI(m/z): calcd for GH.,BrO,S (M+H"): 336.9898, found
336.9897.

4.3.11. (E)-1-(2-Tosylvinyl)-3,5-bis(trifluoromethyl)benzene
(3K). Light yellow solid, mp 64—-66 °C*H NMR (400 MHz,
CDCly): 8 2.46 (s, 3H), 7.02 (d] = 15.48 Hz, 1H), 7.38 (dl =
8.24 Hz, 2H), 7.70 (d) = 15.52 Hz, 1H), 7.85 (d, J = 8.28 Hz,
2H), 7.90 (s, 3H)*C NMR (100 MHz, CDG)): § 21.71, 121.42,
124.15, 128.03, 130.23, 131.23, 132.51, 134.61,5836.37.99,
145.19:F NMR (376 MHz, CDG)): -63.01. HRMS-ESI(m/z):
calcd for GH,aF0,S (M+H"): 395.0540, found 395.0540.

4.3.12. (2-Tosylethene-1,1-diyl)dibenzene (3l). Light yellow
solid, mp 56-58 °C*H NMR (400 MHz, CDCJ): & 2.38 (s, 3H),
6.99 (s, 1H), 7.08-7.11 (m, 2H), 7.15 {Jds 8.04 Hz, 2H), 7.19-
7.21 (m, 2H), 7.28-7.32 (m, 4H), 7.35-7.38 (m, 2H374d,J =
8.28 Hz, 2H);"*C NMR (100 MHz, CDG)): § 21.57, 127.70,
127.81, 128.21, 128.57, 128.84, 128.94, 129.33,7729.30.23,
135.57. HRMS-ESI(m/z): calcd for ,#:d0,S (M+H":
335.1106, found 335.1104.

4.3.13. 1-(tert-Butyl)-4-(1-chloro-2-tosylethyl)benzene (3m’).
Light yellow solid, mp 91-92 °C'H NMR (400 MHz, CDCJ):
8 1.27 (s, 9H), 2.38 (s, 3H), 3.85-3.98 (m, 2H), 583 € 6.96
Hz, 1H), 7.15-7.20 (m, 4H), 7.23-7.24 (m, 1H) 7.411¢4),
7.58 (d,J = 6.96 Hz, 2H);*C NMR (100 MHz, CDGJ): 5 21.62,
31.24, 34.62, 55.10, 64.05, 125.77, 126.85, 128111).65,
135.39, 136.29, 144.61, 152.30. HRMS-ESI(m/z): calod
CyeH,4ClO,S (M+H"): 351.1186, found 351.1187.

4.3.14. (E)-1-Methoxy-4-(2-(phenylsulfonyl)vinyl)benzene

(3n). Light yellow solid, mp 69-71 °C'*H NMR (400 MHz,
CDCly): 8 3.83 (s, 3H), 6.71 (dJ = 15.36 Hz, 1H), 6.88-6.92
(m, 2H), 7.42-7.46 (m, 2H), 7.52-7.56 (m, 2H), 7.5667(m,
2H), 7.93-7.96 (m, 2H)*C NMR (100 MHz, CDCJ): & 55.45,
114.53, 124.43, 124.99, 127.52, 129.28, 130.40,183341.15,
142.32, 162.09. HRMS-ESI(m/z): calcd fogs8,:0:S (M+H"):
275.0742, found 275.0745.

4.3.15. (E)-1-((4-Methoxystyryl)sulfonyl)-2-methyl benzene

(30). Light yellow solid, mp 83-85 °C'*H NMR (400 MHz,
CDCL): 5 2.63 (s, 3H), 3.84 (s, 3H), 6.70 (db= 15.36 Hz,) =
3.00 Hz, 1H), 6.90-6.92 (m, 2H), 7.28-7.32 (M, 1H)67B40
(m, 1H), 7.43-7.46 (m, 2H), 7.49 (td= 7.50 Hz,J = 1.30 Hz,
1H), 7.63 (d,J = 15.36 Hz, 1H), 8.11 (dd,= 7.88 Hz,J = 1.16
Hz, 1H): *C NMR (100 MHz, CDC)): & 20.33, 55.46, 114.54,
123.81, 124.99, 126.65, 129.29, 130.35, 132.55,4P33.37.93,
142.66, 162.08. HRMS-ESI(M/z): calcd forg8,,0:8 (M+H):
289.0898, found 289.0897.

4.3.16. (E)-1-Methoxy-4-(2-((4-

methoxyphenyl)sulfonyl )vinyl)benzene (3p). Brown yellow solid,
mp 79-82 °CH NMR (400 MHz, CDCJ): § 3.83 (s, 3H), 3.87
(s, 3H), 6.69 (dJ = 15.36 Hz, 1H), 6.88-6.91 (m, 2H), 6.98—
7.02 (m, 2H), 7.40-7.44 (m, 2H), 7.58 @@= 15.36 Hz, 1H),
7.84-7.88 (m, 2H)®C NMR (100 MHz, CDCJ)): & 55.43,
55.68, 114.48, 114.49, 125.12, 125.15, 129.74,26301.32.68,
141.20, 161.91, 163.41. HRMS-ESI(m/z): calcd fqgHz;0,S
(M+H™): 305.0848, found 305.0852.

4.3.17. (E)-1-Chloro-4-((4-methoxystyryl)sulfonyl)benzene

(30). Light yellow solid, mp 112-114 °CH NMR (400 MHz,
CDCly): & 3.84 (s, 3H), 6.68 (d] = 15.32 Hz, 1H), 6.91 (d =
8.36 Hz, 2H), 7.44 (dJ = 8.36 Hz, 2H), 7.51 (d] = 8.20 Hz,

2H), 7.63 (d,J = 15.28 Hz, 1H), 7.87 (d, J = 8.24 Hz, 2fC
NMR (100 MHz, CDC)): 3 55.47, 114.58, 123.95, 124.80,
129.03, 129.60, 130.49, 139.71, 139.85, 142.87,266 HRMS-
ESI(m/z): caled for GH,,ClO;S (M+H"): 309.0352, found
309.0354.

4.3.18. (E)-1-Bromo-4-((4-methoxystyryl)sulfonyl)benzene

(3r). Yellow solid, mp 114-116 °C!H NMR (400 MHz,
CDCly): 6 3.84 (s, 3H), 6.68 (d] = 15.32 Hz, 1H), 6.91 (d =
8.56 Hz, 2H), 7.43 (d] = 8.60 Hz, 2H), 7.61-7.68 (m, 3H), 7.80
(d, J = 8.44 Hz, 2H);"*C NMR (100 MHz, CDGCJ)): & 55.47,
114.58, 123.88, 124.78, 128.38, 129.10, 130.49,583240.24,
142,92, 162.25. HRMS-ESI(m/z): calcd for,58,,BrO;S
(M+H™): 352.9847, found 352.9848.

4.3.19. (E)-1-(2-(Ethylsulfonyl)vinyl)-4-methoxybenzene (39).
Yellow solid, mp 78-80 °C*H NMR (400 MHz, CDCJ): & 1.38

(t, J=7.46 Hz, 3H), 3.08 (dl = 7.45 Hz, 2H), 3.85 (s, 3H), 6.66
(d, J = 15.44 Hz, 1H), 6.92—-6.95 (m, 2H), 7.46-7.49 (m, 2H),
7.54 (d,J = 15.44 Hz, 1H)**C NMR (100 MHz, CDCJ): § 7.34,
49.57, 55.48, 114.58, 121.08, 124.87, 130.39, B44182.19.
HRMS-ESI(m/z): calcd for GH;50:S (M+H"): 227.0742, found
227.0744.

4.3.20. (E)-2-((4-(tert-Butoxy)styryl)sulfonyl)thiophene  (3t).
Light yellow solid, mp 68-70 °C'H NMR (400 MHz, CDC)):

8 1.38 (s, 9H), 6.84 (d] = 15.28 Hz, 1H), 6.98-7.01 (m, 2H),
7.12-7.14 (m, 1H), 7.42 (d,= 8.60 Hz, 2H), 7.64 (d] = 15.32
Hz, 1H), 7.67 (ddJ = 4.96 Hz,J = 1.24 Hz, 1H), 7.70 (dd} =
3.76 Hz,J = 1.24 Hz, 1H);"®C NMR (100 MHz, CDGJ)): &
28.86, 79.67, 123.64, 125.93, 126.78, 127.96, ®9133.22,
133.66, 141.94, 158.75. HRMS-ESI(m/z): calcd fQgHz0sS,
(M+H"): 323.0776, found 323.0774.

4.3.21. (E)-1-Chloro-4-(2-((4-
fluorophenyl)sulfonyl)vinyl)benzene (3u). White solid, mp 93-94
°C; 'H NMR (400 MHz, CDCJ): § 6.82 (d,J = 15.36 Hz, 1H),
7.20-7.26 (m, 2H), 7.36-7.43 (m, 4H), 7.63 Jd= 15.40 Hz,
1H), 7.94-7.99 (m, 2H)*C NMR (100 MHz, CDGJ)): 6 116.74

(d, J = 22.54 Hz), 127.72, 129.47, 129.77, 130.59, 130.71
136.56, 137.43, 141.18, 165.72 (= 254.78 Hz);"F NMR
(376 MHz, CDC)): -103.34. HRMS-ESI(m/z): calcd for
C1H1.CIFO,S (M+H"): 297.0152, found 297.0150.

4.3.22. (E)-1-Bromo-3-((4-chlorostyryl)sulfonyl)benzene (3v).
Yellow solid, mp 65-67 °C'H NMR (400 MHz, CDCJ): & 6.82

(d, J = 15.40 Hz, 1H), 7.37-7.39 (m, 2H), 7.42-7.46 (m, 3H),
7.65 (d,J = 15.40 Hz, 1H), 7.74-7.77 (m, 1H), 7.87-7.89 (m,
1H), 8.08 (t,J = 1.76 Hz, 1H);*C NMR (100 MHz, CDCJ): &
123.36, 126.26, 127.11, 129.48, 129.88, 130.60,9B30.36.58,
137.59, 141.99, 142.37. HRMS-ESI(m/z): calcd
C14H;BrClO,S(M+H™"): 356.9352, found 356.9351.
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» A hypervalent iodine reagent-mediated sulfonylation.
» A novel and facile strategy for synthesis of vinyl sulfones.
» Metal-free, mild and neutral conditions without extra oxidants or bases.

» Good air and moisture tolerance, broad substrate scope and high chemo-sel ectivity.
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