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An efficient one-pot, three-component synthesis whyl sulfones via
lodide-catalyzed radical alkenylation using andatinium salts, terminal alkenes and
DABSO is reported. This protocol offers good yieltsd tolerates a broad range of
functional groups. Based on the extensive contpeéements, we propose a plausible
radical mechanism.



An Effeicient One-pot, Three-Component Synthesis d¥inyl

Sulfones via lodide-catalyzed Radical Alkenylation

Weizheng Fan, Jiapeng Su, Dongyang Shi, Bainiag*en
School of Pharmaceutical Science, Jiangnan University, Wuxi 214122, China

*Corresponding author. E-mail: fengbainian@jiangedn.cn,

ABSTRACT

An efficient one-pot, three-component synthesis whyl sulfones via
lodide-catalyzed radical alkenylation using andabinium salts, terminal alkenes and
DABSO is reported. This protocol offers good yieltsd tolerates a broad range of
functional groups. Based on the extensive contpeaments, we propose a plausible
radical mechanism.
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1. Introduction

Vinyl sulfones are an important organic structuradtifs found in natural products
and biologically active moleculésThey also exhibit interesting chemical properties
and are useful intermediates in organic synttfe$tsus, intense efforts have focused
on the development of these synthetic methodsudny the oxidation of the
corresponding sulfide,condensation of aromatic aldehydes with sulforstiac
acids? and p-elimination of selenosulfones or halosulfoieRecently, an efficient
two-component coupling method is developed, whidedu sulfinate salts and
different vinyl sources, including vinyl halid&s¢ vinyl tosylate$® viny! triflates®®
alkenylboronic acid&’ alkene$? cinnamic acid® or alkynef in the presence of a
metal catalyst. Similarly, Lei's group reported adical oxidative alkenylation to
afford vinyl sulfones using sulfonyl hydrazides kvisimple alkene§.Besides, Li's
group has also developed a selective method foprtgaration of (E)-vinyl sulfones

via C=S cleavag®.
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Scheme 1Coupling methods for the synthesis of vinyl sulfene
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Although diverse successful synthesis of vinyl eoés have been afforded, the
scope of arylsulfinate salts repoftedas limited due to their's not commercially
available or pre-synthesized. So the developmenineftpot and many-component
practical synthetic methods for vinyl sulfones witlore simple starting marterials is
stil needed. Recently, Willis developed a new a@ment reagent DABSO
(DABCO- SQ, the combination of DABCO and sulfur dioxide), weimican serve as a
surrogate of S@ for the in situ formation of sulfinate salts inetlsynthesis of
sulfonamides and sulfamid@sSince then, many synthesis of sulfones were regort
using DABSO™X Inspired by these simplified synthesis, we attaufb employ the
same reagent of DABSO to achieve vinyl sulfonestelte we report an efficient
one-pot, three-component synthesis of vinyl sulfovi@ iodide-catalyzed radical
alkenylation using aryl diazonium salts, termintkeaes and DABSO. The control
experiments suggested a radical mechanism.

2. Results and discussion

We initially chose phenyl diazonium saliisa), phenylethylene2a) and DABSO as
the substrates to test the reaction (Table 1). Wak-established TTBHP radical
systend * was chosen, in the presence of DABSO. We foundttteacombination of
Kl and TBHP with CHCN as solvent gave good yield 84 (65%) at 80°C (Table 1,
entry 1). On the contrary, the reactions did notkmmder the same conditions using
KBr or KCI as catalyst (Table 1, entries 2-3). Whdu,NI was used as catalyst
instead of KI, the yield oBa increased to 82% (Table 1, entry 4). Other catalys
containing an iodide anion, such as Cul, Nal anddve no good results (Sl-table 1).
Then, other oxidants such as,(4, DTBP, BPO, DDQ and }S,03 were also
examined (Table entries 5-9). But no improvemers afiorded. The use of other
solvents (Table 1, entries 10-13) or increasing @hwunt of loading catalyst or
oxidant, led no significant improvement on the ¢idlSI-table 1), nevertheless,
temperature influenced the reaction remarkably l€Tah entry 14).3a was not
afforded in the absence oBu,NI or TBHP (Table 1, entries 15-16).

Table 1
Optimization of the reaction conditions

Ph Catalyst, Oxidant Il

PhN,BF, +  + pascoe (soy), ——————> Ph///S SN ey
la 2a DABSO T solvent 3

Entry? | Catalyst (10 mol%) | Oxidant (2 equiv) SovlentITY | Yield (%)
1 Kl TBHP CH,CN/80 65

2 KBr TBHP CHCN/80 0

3 KCI TBHP CHCN/80 0

4 nBusNI TBHP CH,CN/80 82

5 nBusNI H,0, CH;CN/80 25

6 nBusNI DTBP CH,CN/80 67

7 nBusNI BPO CHCN/80 49

8 nBusNI DDQ CHsCN/80 0

9 nBusNI K>S,0g CH5CN/80 <5




10 nBusNI TBHP CH;OH/65 0
11 nBusNI TBHP DCE/90 41
12 nBusNI TBHP Toluene/110 <5
13 nBusNI TBHP DMS0/120 0
14 nBusNI TBHP CHCN/60 49
15 no TBHP CHCN/80 0
16 nBusNI no CHCN/80 0

(a) Conditions:1a (0.2 mmol),2a (0.3 mmol), DABSO (0.25 mmol), Catalyst (10 mol%),
Oxidant (2 equiv), in 5 mL Solvent at proper tengtere under Ar atmosphere for 12 h; (b)
isolated yield.

Encouraged by the preliminary results, we triedexplore the functional group
tolerance for the synthesis of vinyl sulfones. tHifsall, various substituted diazonium
salts were tried. The reaction showed a good toberao many functional groups,
including electron-donating and electron-withdragvigroups (Table 23a-3h, e.g.,
OMe, Cl, Br, F, CENO,). In addition, hetero-substitut&s and3; also showed good
activity. Besides, alkyl diazonium salt8k(and 3l) were also employed well in this
process, affording the corresponding products inekent yields. Next, various
alkenes were employed to synthesize alkenyl su#fo@en3r). Substrates with
electron-withdrawing groups on arenes rin@sn(3n) afforded morderate yields.
However, hetero-alkene8g), methyl acrylate 3q) and ethyl acrylate3f) showed
good activity.

Table 2
Screening the substrates
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Conditions:1 (0.2 mmol),2 (0.3 mmol), DABSO (0.25 mmol), TBAI (10 mol%), TBH(2
equiv), in 5 mL CHCN at 80°C under Ar atmosphere for 12 h.

In order to study the mechanism for the synthegisvioyl sulfones, control
experiments were employed as shown in Scheme &ly-ithe reaction ceased when
TEMPO (5 equiv) was employed under standard caditiand the TEMPO-radical
adduct of3b’ was isolated in 43% yield, which implied that treaction may be
proceeding through a radical intermediate. When icahd inhibitor BHT
(2,6-di-tert-butyl-4-methylphenol) was introduced the reaction mixture, the
formation of the desired produ8b was completely suppressed. Secondly, we found
that3b was obtained in moderate yields (65%) when phémyllene a) was allowed
to react with a freshly prepared p-toluenesulfoiogide (Lb-I, yellowish solid)*?
Finally, 1b reacted with DABSO in the presence of 1 equsy affording



p-toluenesulfonyl iodidelfp-I) in 59% vyield.
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Scheme 2Control experiments

On the basis of the above results, a plausible armesim for this radical
alkenylation is proposed, as shown in Scheme 3t,AIBHP decomposes to generate
the tert-butoxyl and hydroxyl radicals with the iagmce of the iodide anidn.
Secondly, the decomposition of the diazonium galthe presence dBuO forms
the phenyl radical? Subsequently the addition of DABSO affords sulforadical.
After that, two paths may be involved. From patfthf addition of sulfonyl radical to
I, formed intermediaté. Sulfonyl halides|( easily generate corresponding sulfonyl
radicals and cause atom transfer radical addittonswltiple bonds to formill .»°
From path B, the addition of sulfonyl radical2aforms intermediatdl .” The radical
Il reacts with in situ generated iodine to genepatedosulfone’ Finally, elimination

of HI similar to theB-hydride elimination form8&ato finish the catalytic cyclé.
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Scheme 3Proposed formation mechanism
3. Conclusions
In summary, we present an efficient one-pot, tlo@@ponent synthesis of vinyl

sulfonesvia iodide-catalyzed radical alkenylation using angzenium salts, terminal
alkenes and DABSO. This synthesis is suitable booad range of substrates. The
control experiments suggested a possible radicatharesm. Further studies
concerning the detailed mechanism and the broamgresof substrates are currently
underway in our laboratory.
4. Experiment

4.1. General

Procedure for synthesis of 3a—3rA mixture of1 (0.2 mmol),2 (0.3 mmol),DABSO



(0.25 mmol), TBAI (10 mol%) and TBHP (2 equiv) irHgCN (5 mL) was stirred at
80 °C under Ar atmosphere for 12 h. After the reacsygatem was cooled to room
temperature, saturated MNEl solution (30 mL) and EtOAc (20 mL) were addetieT
combined organic phases were dried oveiS0a and then concentrated to give crude
products. Further separation by column chromatdgragn silica gel (eluant with
EtOAc andn-hexane) gave the corresponding produd&s-8g® 3j-3n," 3p—3r,°®"

3b'19).
4.2 Characterization Data

3h: (E)-1-Nitro-4-(styrylsulfonyl)benzene (78%) Yellow solid; mp 138-138C; *H
NMR (500 MHz, CDC}): 8.14 (d,J = 8.6 Hz, 2H), 7.87 (d] = 8.6 Hz, 2H), 7.71
(d,J=14.8 Hz, 1H), 7.59 (d] = 6.4 Hz, 2H), 7.45 (q) =6.4 Hz, 3H), 6.89 (d]
=14.8 Hz, 1H);®C NMR (125 MHz, CDGJ): 148.1, 139.7, 134.6, 132.92, 131.5,
130.2, 129.1, 128.4, 126.BRMS (EI') m/z calcd. for GH;;NO,S [M]*: 289.04009,
found 289.0412.

3i: (E)-2-(Styrylsulfonyl)oxole (84%) Pale yellow solid;: mp 53-58C; 'H NMR
(500 MHz, CDC}): 7.75 (d,J = 3.0 Hz, 1H), 7.68—7.63 (m, 2H), 7.52 {d=15.2
Hz, 1H), 7.48 (d) = 4.8 Hz, 1H), 7.44-7.39 (m, 3H), 7.14 (dd=4.8, 3.2 Hz,
1H), 6.92 (dJ =15.2 Hz, 1H);}*C NMR (125 MHz, CDGJ): 142.5, 141.9, 135.1,
134.8, 132.2, 131.0, 129.5, 128.7, 127.9, 12HBMS (EI) m/z calcd. for
CioH100sS [M]*: 234.0351, found 234.0349.

30: (E)-1-[2-(Phenylsulfonyl)vinyl]-4-(methyl)benz@e (75%) mp 121-123 °CH
NMR (500 MHz, CDCY): 8.02 (d,J = 8.2 Hz, 2H), 7.83 (d] = 8.2 Hz, 2H), 7.65
(d,J = 15.0 Hz, 1H), 7.58 (m, 5H), 6.95 (d, J = 15.Q HH), 2.45 (s, 3H):C
NMR (125 MHz, CDCJ): 145.7, 139.5, 138.9, 137.4, 133.1, 130.8, 1209, 2,
127.5, 124.3, 21.84RMS (EI) m/z calcd. for GH1,0,S M]*: 258.0715, found
258.0718.
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|. General remarks

All starting materials and reagents were purch&sed commercial sources and used
as received unless otherwise noted. Analytical kyer chromatography (TLC) was

performed on silica gel 60 F254 plates. Flash calehromatography was undertaken
on silica gel (200-300 meshjH NMR was recorded on Bruker DRX 500 and
chemical shifts were referenced to the approprsatwent peak or 7.24 ppm for

residuald—chloroform.**C NMR was recorded on 125 MHz and fully decouplgd b
broad band proton decoupling. Chemical shifts weperted in ppm referenced to the
center line of a triplet at 77.0 ppm d¥chloroform. High resolution mass spectra

were measured on Agilent-G6540 UHD Accurate-Mas€ip-T

ll. Experimental section

1. Optimization of the transformation from 1a to 3a

Sl-Table 1 Optimization the catalysts and oxidants for ta@sformation

0
Ph Catalyst, Oxidant Il
PhN,BF, +  + pascoe (s0,), e h— Ph///S SN ey
la 2a DABSO T solvent 3
Entry? Catalyst (10 mol%) | Oxidant (2 equiv) Sovlent T | Yield (%)’
1 Kl TBHP CH,CN/80 65
2 KBr TBHP CHCN/80 0
3 KCI TBHP CHCN/80 0
4 Nal TBHP CHCN/80 41
5 Cul TBHP CHCN/80 <5
6 > TBHP CHCN/80 50
7 nBusNI TBHP CH,CN/80 82
8 nBusNI H,0, CH;CN/80 25
9 nBuyNI DTBP CH,CN/80 67
10 nBuyNI BPO CHCN/80 49
11 nBuyNI DDQ CH;CN/80 0
12 nBuyNI K>S,0g CH,CN/80 <5
13 nBuNI O, (1 atm) CHCN/80 <5




14 nBu,NI BQ CHsCN/80 0
15 nBu,NI PhI(OAC), CH,CN/80 0
16 nBu,NI TBHP CHOH/65 0
17 nBu,NI TBHP DCE/90 41
18 nBuyNI TBHP Toluene/110 <5
19 nBu,NI TBHP DMS0/120 0
20 nBu,NI TBHP CH,Cl,/35 0
21 nBu,NI TBHP CHCN/60 49
22 nBu,NI TBHP CHCN/40 <5
23 no TBHP CHCN/80 0
24 nBusNI no CH,CN/80 0
25° nBu,NI (20) TBHP CHCN/80 85
26° nBusNI (5) TBHP CHCN/80 47
27" nBu,NI TBHP (2.5) CHCN/80 80
28 nBu,NI TBHP (1.5) CHCN/80 58
2d nBu,NI TBHP CHCN/80 78
29 nBu,NI TBHP CHCN/80 65

(a) 1a (0.2 mmol),2a (0.3 mmol), DABSO (0.25 mmol), Catalyst (10 mol%)idant (2 equiv),
in 5 mL Solvent at proper temperature under Ar ajphere for 12 h; (b) Catalyst (20 mol%); (c)
Catalyst (5 mol%); (d) Oxidant (2.5 equiv); (e) @amnt (1.5 equiv); (f) DABSO (0.3 mmol); (g)
DABSO (0.2 mmol); (h) isolated yield.

2. Supporting experiments for the proposed mechanis

0
i
N2BFs _Ph 5 equiv TEMPO ~y7
Z  + paBco® (s0,), —————— /] ©
/®/ +Z ( 2)ZStandard conditions o (1)
b 2a DABSO

1 3b', 43%

fe) (0]
g Ph g = 2

e ——

/®///\| + 7 N, @

o) (e}

2a
1b-I1 3b, 65%
i
N2BF4 .

1 | S
/®/ + DABSO __‘teauvly _ T 3

o)

1b
1b-1, 59%

A. Firstly, the reaction ceased when TEMPO (5 eqw&3$ employed under standard
conditions and the TEMPO-radical adduct3’ was isolated in 43% vyield, which
implied that the reaction may be proceeding throagiadical intermediate. When

radical inhibitor BHT (2,6-di-tert-butyl-4-methylehol) was introduced to the



reaction mixture, the formation of the desired mci@®b was completely suppressed.
B. Secondly, we found thaBb was obtained in moderate yields (65%) when
phenylethylene 2a) was allowed to react with a freshly prepared Ipanesulfonyl
iodide (yellowish solid).

C. Finally, 1b reacted with DABSO in the presence of 1 equiy dffording

p-toluenesulfonyl iodide in 59% yield.

3. Characterization data and the spectrum of new gapounds

3h: (E)-1-Nitro-4-(styrylsulfonyl)benzene (78%) Yellow solid; mp 138-138C; *H
NMR (500 MHz, CDC}): 8.14 (d,J = 8.6 Hz, 2H), 7.87 (d] = 8.6 Hz, 2H), 7.71
(d,J = 14.8 Hz, 1H), 7.59 (dl = 6.4 Hz, 2H), 7.45 (q] =6.4 Hz, 3H), 6.89 (d]
=14.8 Hz, 1H)fL3C NMR (125 MHz, CD): 148.1, 139.7, 134.6, 132.92, 131.5,
130.2, 129.1, 128.4, 126.BRMS (EI m/z calcd. for GH1;NO,S [M]*: 289.04009,
found 289.0412.

3i: (E)-2-(Styrylsulfonyl)oxole (84%) Pale yellow solid; mp 53-58C; 'H NMR
(500 MHz, CDC4): 7.75 (d,J = 3.0 Hz, 1H), 7.68-7.63 (m, 2H), 7.52 {d-15.2
Hz, 1H), 7.48 (d] = 4.8 Hz, 1H), 7.44-7.39 (m, 3H), 7.14 (dd=4.8, 3.2 Hz,
1H), 6.92 (dJ =15.2 Hz, 1H)*C NMR (125 MHz, CDGJ): 142.5, 141.9, 135.1,
134.8, 132.2, 131.0, 129.5, 128.7, 127.9, 12HBMS (EI) m/z calcd. for
Ci2H1005S [M]™: 234.0351, found 234.0349.

30: (E)-1-[2-(Phenylsulfonyl)vinyl]-4-(methyl)benza@e (75%) mp 121-123 °CH
NMR (500 MHz, CDC}): 8.02 (d,J = 8.2 Hz, 2H), 7.83 (d] = 8.2 Hz, 2H), 7.65
(d,J = 15.0 Hz, 1H), 7.58 (m, 5H), 6.95 (d, J = 15.Q HH), 2.45 (s, 3H)*°C
NMR (125 MHz, CDCY4): 145.7, 139.5, 138.9, 137.4, 133.1, 130.8, 12829, 2,
127.5, 124.3, 21.84RMS (EI) m/z calcd. for GH1,0,S [M]*: 258.0715, found
258.0718.
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