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1. Introduction

. . . O Ar
Vinyl s;:lf_ones co.nlstltL.JIFe an |rr)port{;llanch.:}STj of t():prllrpﬁs A NSOAT d Zhang et al.5¢

owing to their potential utility in various fieldadluding biolo

.g. P . Y . . 9 9. Fe/Cu co-catalyst | ArSO,NHNH,
medicines and synthetic chemistry. Vinyl sulfoneffetds are DTBP
present in many biologically active compounds and

: : . e RSO,Na RSO;Na

pharmaceuticals which display a broad range of hities." In A N AOR pdél2 Ar—==—COH H3p204 A NAOR
view of organic synthesis_, vinyl sulfpnes serve azz’.'satile Jiang et al® Mao and Zhang ef al.”
synthetic synthons for various synthetic transfdroms.” As a ArSO,H, Na;CO3
consequence, development of new approaches forytitbhesis This work
of vinyl sulfones is an important goal in organitemistry. An A N AOA

enormous number of synthetic routes are availableatd the

synthesis of vinyl sulfones. Recently, decarboxylative

functionalization of carboxylic acids that involv€s-heteroatom Scheme 1Diverse approaches to access vinyl sulfones fagfiprpiolic
bond forming reactions has emerged as attractarestormation acid derivatives.

in organic synthesis.In particular, decarboxylative C-S bond

formation of a,B-unsaturated carboxylic acids has received a

great deal of intereStHowever, that of alkynyl carboxylic acids During our study on and in the process of prepanadiothis
has received less attentibmespite, being highly efficient, the manuscript, a report on the use of the Brensted-mimoted
previously reported protocols toward vinyl sulfonesa  oactions of arylpropiolic acid and sodium arensades for the
decarboxylative coupling between alkynyl carboxydids with synthesis of vinyl sulfones was disclosed by Mao Zhdng’
either sodium sulfinates or sulfonyl hydrazidesuiegd metal  This encouraged us to report our findings (SchemeQur
salts (Pd, Cu, Fe) (Scheme 1). research group has reported a series of efforts rttsvehe
devlopment of efficient methods for vinyl sulfongmthesis® We
describe herein N&EOs-promoted decarboxylative sulfonylation

of arylpropiolic acids with sulfinic acids in the sdnce of a
* Corresponding authors. Tel.. +66 2201 5395; fe@6 2354 7151; e-mail  transition metal catalyst.

addresses: chutima.kon@mabhidol.ac.th (C. Kuhakarn).
http://dx.doi.org/10.1016/].tet.2015.xXX.XXX
0040-4020/© 2015 Elsevier Ltd. All rights reserved.
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2. Results and discussion Table 1

. L . Lo Optimization of the reaction conditichs
Our investigation began with the search for the ogtition

conditions by using the commercially available pHpropiolic

\\//

acid (La) and benzenesulfinic aci@d) as benchmark substrates.
Thus, treatment ofia (0.25 mmol) with2a (4 equiv.) in the @7002H + @—SOzH BTa:n‘j S_‘F:::t @N @
presence of KCO; (1 equiv.) in dimethylformamide (DMF, 3 .

mL) at 100°C for 2 h resulted in the formation oE)tvinyl 1a
sulfone 3a in 38% isolated yield (Table 1, entry IReaction
parameters were examined in order to obtain themomd Entry Base Solvent TemfQ@) Time Yield"
reaction conditions. Initially, types of base wereregned (h) (%)
including inorganic bases (Ma0O,, CsCO;, NaOH, and 1 K2COs DMF 100 2 38
NaHCQ;) and organic bases @&t and pyridine) (Table 1, entries 2 N&,CO, ~ DMF 100 2 50
2-7). Vinyl sulfone3a was obtained in higher yield (50% yield) CsCO,  DMF 100 2 39
: 4 NaOH DMF 100 2 50
when NaCO; and NaOH were employed as the base. For thg NaHCQ DMF 100 2 29
ease of the handling, Ma0O; was chosen as a base in the presené EtN DMF 100 6 21
work. While increasing the stoichiometry dta from 4 7 pyridine  DMF 100 3 22
equivalents to 5 equivalents did not improve thedyilowering & maggos Bm:z igg g gg
the .s.toichiometry of2a from 4 equivalents to 3 equivalents ;, NZC& DME 120 5 20
significantly reduced the yield dda from 50% yield to 35% 11 Na,CO; DMF 80 2 27
yield (Table 1, entries 8-9). Reactions carried atthigher (120 12 NaCO;  DMSO 100 2 46
°C) or lower (80°C) temperature led to inferior results (Table 1,13 NaCO;  CHCN 80 5 Trace
entries 1611). Types of solvent were briefly screened (Table 114 Na,CO, Dioxang 100 5 8
entries 1218). Among the solvents applied, DMSO gave ;g Hzg% agg‘ 188 20 Lllg
comparable results under similar reaction condstiofTable 1, 17 Na,COs  DMF-H,0 100 2 53
entry 12 vs entry 2). The reaction also worked wellvater with (2:1 viv)
comparable yield although longer reaction time (®0was 18 Na,COs (DleF-;_';O 100 2 29
.2 VIV,

required (Table 1, entry 16). These promising tesptompted

us to further examine the possibility of using wadsr a co- 2 Reaction conditions: Phenylpropiolic acita(0.25 mmol), benzenesulfinic

solvent. Therefore, the reaction was performed in Béfer  acid @a 4 equiv.), base (1 equiv.), and solvent (3 mL).

mixture in the ratio of 2:1 viv (Table 1, entry 1Fowever, _ Isolated yields after chromatographic purificati§ic,).

higher content of water (DMF : @ = 1:2 v/v) led to poorer d';gzg'igﬂ :'Ivvgz ggﬁ'ig?j gﬂi gmpllgyliggg gqﬂ::l,;

yield (Table 1, entry 18). On the basis of the ojtation results PIOYIEg S equiv.).

shown in Table 1, the standard reaction conditionsrew

identified as the following: arylpropiolic acid (hjev.), sulfinic

acid (4 equiv.), N&CO; (1 equiv.) in DMF-HO (2:1 v/v; 3 mL)
o :

1007 .2 1 (Table L enty 7). s pteworty 1t sl iy wes conucte s sadar etion

X . : . . conditions in the presence of radical inhibitor, . As can

yield of 3a, high yields were observed in some substratesestudi be seen in Scheme 2, TEMPO suppressed the reafii@se

in this work. i o SoE N
experiments implied that the reaction is probalrigergoingvia
With the optimized conditions in hand, we next exptbthe a radical pathway (Scheme 2, a). The reaction chwigt by
scope of the reaction between various arylpropiatitisl and  using benzenesulfinate sodium salt in place of &éeegulfinic
arylsulfinic acids2, and the results are summarized in Table 2. Aacid &) under the optimized reaction conditions did notfsh
collection of arylpropiolic acids and aryl sulfinacids bearing the expected vinyl sulfon8a (Scheme 2, b). It has been
electronically different substituents furnished aisty of vinyl previously reported that arylacetylenes reacted aitmesulfinic
sulfones3a-3y in moderate to good yields ranging from-88%.  acids to yield vinyl sulfone$.Thus, we were aware of prior
The parent phenylpropiolic acid reacted with arfleid acid  decarboxylative-protonation to furnish phenylacetyd which
bearing both electron-donating groups (R = QCHH;) and  further reacts with sulfinic acid to yield the capending vinyl
electron-withdrawing groups (R = Cl, NDto yield vinyl  sulfone3a Therefore, phenylacetylene was allowed to react with
sulfones3a-3ein moderate yields (4&7% yields). benzenesulfinic acid2@) under standard reaction conditions
(Scheme 2, c). This reaction did not furnish theylMsulfone3a

- h . . but instead yielded the correspondipietosulfoneda in low
arylpropiolic acids also readily proceeded undangard reaction yield (13% vyield), suggesting that the reactiongiaet involve

conditions. Noteworthypara-nitro substituted arylpropiolic acid i corresponding phenylacetylene as an intermedfnally
reacted smooth_ly with arylsu_lfinic _acidaa—Zd to yi_eld vinyl  \when the reaction of phenylpropiolic acidlal with
sulfones 3p-3s in good to high yields (#@8% vyields). In  penzenesulfinic acid26) was conducted employing DMF;0
contrast, arylpropiolic acids bearing electron-domwa groups  (2:1 vy, 3 mL) as the solvent, a deuterated pro®at was

(CH;, OCH) were less effective substrates, and thegptained almost exclusively (Scheme 2, d) (See lsupmtary
correspondingvinyl sulfones 3t and 3u were obtained in Jata fortH and®C data o3a).

somewhat lower yields. Moderate yields {83% yields) were
observed from the reactions of 3-bromo-4-
methoxylphenylpropiolic acid with arylsulfinic acid2a-2d.
Finally, 3-(naphthalen-2-yl)propiolic acid readilgacted with
benzenesulfinic acid2f) to provide the corresponding vinyl
sulfone3zin 50% vyield.

At this stage, to gain better insight into the medbtic
pathway, a series of control experiments were exainiieheme
2). Initially, the reaction of phenylpropiolic aci@la) with

The reactions ofpara- and meta-halogen substituted



Table 2
Substrate scope

RS
N82C03 S
Ar' CO,H + R SOH ——22 s AT
2 @ 2 DMF-H,0
1 2a;R=H 3 R
2b; R =CH;,
2¢; R=0CHj
2d; R=ClI
2¢;R= N02
o 0 O O o 0
\ /, \ \ /, \ /
R F R R
R =H, 3a, 53% R =H, 3f, 48%111] R:H,3j,70% R’ =Br; R” = H, 30, 55%
R = CHa, 3b, 50% R = CHa, 3g, 449 R = CHj, 3k, 49% R’ = CHaz; R” = H, 3t, 43%"
R = OCHs, 3¢, 50% R = OCHg, 3h, 39% R = OCHs, 31, 74% R'=H; R" = OCHs, 3u, 33%"
R =Cl, 3d, 48% R = Cl, 3i, 50% R =Cl, 3m, 64%
R = NO, 3e, 57% R = NO, 3n, 67%
o 0 o 0
\ /, \ /, \
O,N R H;CO R
R =H, 3p, 73% R=H, 3v, 47% 3z, 50%
R = CHg, 39, 70% R = CHj, 3w, 54%
R = OCHj, 3r, 82% R = OCHj, 3x, 59%
R =Cl, 3s, 88% R =Cl, 3y, 63%
# Reaction conditionst (0.25 mmol).2 (4 equiv.), NaCO; (1 equiv.), DMF-HO (2:1v/v; 3 mL), 100C, 2 h.
P Reaction time: 4 h.
\ //
xS
< > COH + Q NazCO; (1 equiv.)
DMF-H,0 21 viv) H,0 (2:1 viv)
2a(4equiv) 100°C,2h
TEMPO (equiv.) Yield (%)
1 50
2 19
3 5
\ //
< > COM + QSOzN Na,COj3 (1 equiv.) @/\/ \@
DMF H,0 (2:1 viv)

(4 equiv.) 100°C, 2 h
not observed

SO,Ph
< >— QSOH Na,COj3 (1 equiv.) @)&/ 2 ©/\/ \©
DMF-H,0 (2:1 v/v)

o]
1a 2a (4 equiv.) 100°C, 2h 4a, 13% yield
not observed
O\ //
< > COH + @ _NazCOs (1 equiv.)
DMF -D,0 (2:1 viv)
2a (4 equiv.) 100°C, 2h 3a', 47% yleld

Scheme 2Control experiments.
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On the basis of the control experiments describedeland the
previously reported literature,'® a tentative mechanism for the
decarboxylative sulfonylation of arylpropiolic asichas been
proposed as depicted in Scheme 3. In the presehdmse,
arylpropiolic acid could be deprotonated to gereecarboxylate
anionA. Next, under the reaction conditions, the sulfaadical

B can be generated from sulfinic ackli Subsequently, the
sulfonyl radicalB can selectively attack the alkynyl moiety A&f
to produce the vinyl radicaC. The high yields obtained when
para-nitrophenylpropiolic acid was employed as the Bigrt
material imply that the step of sulfonyl radicablén to alkynyl
moiety might be the rate controlling step (Table P ereatfter,

Tetrahedron

chromatography and visualized by UV and a solutibKKMnO,.

Except for phenylpropiolic acid, all arylpropioliacids were
prepared according to the literature procedurefirgalacids
were synthesized from the acidification of sodiurtfisate salt.
Purification of the reaction products was carried loy column
chromatography on silica gel (0.063—-0.200 mm). Aftelumn
chromatography, analytically pure solid was obtainby

crystallization from CHCl,—hexanes and acetone—hexanes.

4.2 General procedure

To a mixture of arylpropiolic acid (0.25 mmol), aesulfinic
acid (1.0 mmol), and N&O; (0.25 mmol) were added DMF (2

the vinyl radicalC can abstract a hydrogen radical from sulfinic mL) and HO (1 mL). The reaction mixture was stirred at 100 °C

acid
decarboxylation to give vinyl anion E followed byofwnation
leading to vinyl sulfon&.

0 o)
Arl——< Na,COs Arl—=—<co
It NaHCO, 9 air T I
AP-S-OH———> Ar2-S-ONa — Ar’-S-0 T’Arz’s:\o
2 +CO, B
O Af‘zéOZ . H
Aﬂ%%)@) B AP eSOZAr2 Ar2ZSO,H r1)\@302Ar2
Na co, o,
A D
l-coz

H H
Ard\(SOzArz MO Ar1/l\/802Ar2
€]
3 E

Scheme 3Postulated reaction mechanism.

3. Conclusions

In summary, a facile protocol for the synthesis virfiyl
sulfones using a decarboxylation strategy via acehgathway
has been developed. In this work, for the first tenéfinic acids
were employed to couple with a variety of arylprojgichcids
leading to vinyl sulfones in moderate to good \eldrhis
reaction is selective and exclusively furnishes dbeesponding
(E)-vinyl sulfones. This method provides an altentioute for
the synthesis of vinyl sulfones which are importsgéffolds in
various fields.

4. Experimental

4.1 General information

All isolated compounds were characterized on theshasH

to generateD which can subsequently undergo under air atmosphere for 2 hours. After completidn thee

reaction, the reaction was cooled to room tempezatund was
diluted with water (10 mL). Further stirring was falled by
extraction with EtOAc (2 x 20 mL). The combined organi
extracts were washed with,® (20 mL) and brine (20 mL), dried
(MgSQ,), filtered, and concentrated (aspirator). Thedasiwas
purified by column chromatography using EtOAc—hexames
eluent to afford the corresponding product.

4.3 Spectroscopic data of compounds 3

4.3.1 (E)-(2-(Phenylsulfonyl )vinyl)benzene (3a).2° Colorless solid
(32.6 mg, 53% vyield); m.p. 62—-6%. IR (neat):v 3044, 2918,
1611, 1574, 1446, 1298, 1142, 1084 tn'H NMR (400 MHz,
CDCly): 6 =7.95 (dJ=7.5Hz, 2 H), 7.69 (dl = 15.4 Hz, 1 H),
7.61 (t,J=7.3 Hz, 1 H), 7.56-7.52 (m, 2 H), 7.48-7.46 (m, 2 H)
7.42-7.35 (m, 3 H), 6.88 (d,= 15.4 Hz, 1 H) ppm**C NMR
(100 MHz, CDC}): 6 = 142.4 (CH), 140.6 (C), 133.3 (CH),
132.3 (C), 131.1 (CH), 129.3 (2 x CH), 129.0 (2 x Ct28.5 (2

x CH), 127.5 (2 x CH), 127.1 (CH) ppm. HRMS (ESi¥2)
[C14H1,0,S + NaJ: calcd. 267.0456, found 267.0455.

4.3.2 (E)-1-Methyl-4-(styrylsulfonyl)benzene (3b).2® Colorless
solid (31.8 mg, 50% vyield); m.p. 117-138. IR (neat):v 3045,
2920, 2851, 1650, 1613, 1595, 1449, 1302, 11404 108" 'H
NMR (400 MHz, CDC}): 6 = 7.83 (dJ = 8.2 Hz, 2 H), 7.66 (d
=15.4 Hz, 1 H), 7.49-7.46 (m, 2 H), 7.41-7.38 (m, 3'H34 (d,
J=28.1Hz, 2 H), 6.85 (d] = 15.4 HZ, 1 H), 2.43 (s, 3 H) ppm.
*C NMR (100 MHz, CDC)): 6 = 144.4 (C), 141.9 (CH), 137.7
(C), 132.4 (C), 131.1 (CH), 130.0 (2 x CH), 129.0¢ZXH),
128.5 (2 x CH), 127.7 (2 x CH), 127.6 (CH), 21.6 (Cppm.
HRMS (ESI) W2) [CisH140,S + NaJ: calcd. 281.0612, found
281.0618.

4.3.3 (E)-1-Methoxy-4-(styrylsulfonyl)benzene (3c).®° Colorless
solid (35 mg, 50% yield); m.p. 75-76. IR (neat)y 3038, 2949,
2844, 1591, 1574, 1496, 1448, 1296, 1260, 11352 108" 'H
NMR (400 MHz, CDC}): 6 = 7.87 (dJ = 8.9 Hz, 2 H), 7.63 (dJ
=15.4 Hz, 1 H), 7.48-7.46 (m, 2 H), 7.39-7.37 (m, 3H)0 (d,
J=28.9 Hz, 2 H), 6.85 (d] = 15.4 Hz, 1 H), 3.86 (s, 3 H) ppm.

NMR and™C NMR spectroscopic data, IR spectra, and HRMS"C NMR (100 MHz, CDCJ): § = 163.5 (C), 141.3 (CH), 132.4
data."H NMR and**C NMR spectra were recorded on a Bruker (C), 132.1 (C), 131.0 (CH), 129.8 (2 x CH), 129.0¢ZH),

Ascend™ spectrometeld NMR and**C NMR chemical shifts
are reported in ppm using tetramethylsilane (TM8Yyasidual
nondeuterated solvent peak as an internal standafdired
spectra were recorded with a Bruker

ALPHA FT-IR

128.4 (2 x CH), 127.9CH), 114.5 (2 x CH), 55.7 (G ppm.
HRMS (ESI) W2) [CisH1405S + Naf: caled. 297.0561, found
297.0568.

spectrometer. High-resolution mass spectra (HRMS) werg 34 (E)-1-Chloro-4-(styrylsulfonyl)benzene (3d).*® White solid

recorded with a Bruker micro TOF spectrometer in HEf®l
mode. Melting points were recorded with a Sanyo Ghkierp
apparatus. Reactions were monitored by

thin-laye

(33.7 mg, 48% yield); m.p. 78-8C. IR (neat):v 3087, 3053,
1614, 1575, 1471, 1449, 1310, 1143, 1082'chii NMR (400
MHz, CDCL): 6 = 7.88 (d,J = 8.6 Hz, 2 H), 7.69 (d] = 15.4 Hz,
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1 H), 7.52 (dJ = 8.6 Hz, 2 H), 7.50-7.48 (m, 2 H), 7.45-7.37 CDCly): 6 = 164.4 (d]J = 252.0 Hz, C), 141.7 (CH), 140.2 (C),

(m, 3 H), 6.84 (dJ = 15.4 Hz, 1 H) ppm-"C NMR (100 MHz,

CDCL): & = 143.0 (CH), 140.1 (C), 139.2 (C), 132.1 (C), #31.

(CH), 129.6 (2 x CH), 129.1 (4 x CH), 128.6 (2 x CH26B
(CH) ppm. HRMS (ESI) itV2) [C.H1,CIO,S + NaJ: calcd.
301.0066, found 301.0067.

4.35 (E)-1-Nitro-4-(styrylsulfonyl)benzene (3¢).” Colorless solid
(40.8 mg, 57% vyield); m.p. 150-15€. IR (neat):y 3103, 3042,
2923, 1603, 1573, 1526, 1449, 1345, 1324, 13004,11@82 crh
! 'H NMR (400 MHz, CDCJ): 6 = 8.39 (d,J = 8.9 Hz, 2 H),
8.15 (d,J=8.9 Hz, 2 H), 7.77 (d1 = 15.4 Hz, 1 H), 7.51 (dl =
6.5 Hz, 2 H), 7.46-7.40 (m, 3 H), 6.86 {d; 15.4 Hz, 1 H) ppm.

3C NMR (100 MHz, CDGJ): 6 = 150.5 (C), 146.5 (2 x C), 145.0

(CH), 131.9 (CH), 129.2 (2 x CH), 129.0 (2 x CH), 128x
CH), 125.6 (CH), 124.6 (2 x CH) ppm. HRMS (ESHv®)
[C14H1:NO,S + NaJ: caled. 312.0306, found 312.0305.

436 (E)-1-Fluoro-4-(2-(phenylsulfonyl)vinyl)benzene  (3f).%
Colorless solid (32.3 mg, 48% yield); m.p. 92°@3 IR (neat)y
3048, 1613, 1599, 1509, 1446, 1302, 1280, 1230,,11882
cm ™. 'H NMR (400 MHz, CDCJ): 6 = 7.95 (d,J = 8.8 Hz, 2 H),

7.67-7.61 (M, 2 H), 7.55 @,= 7.8 Hz, 2 H), 7.50-7.47 (m, 2 H),

7.08 (t,J = 8.6 Hz, 2 H), 6.80 (d) = 15.4 Hz, 1 H) ppm™*C
NMR (100 MHz, CDCJ): ¢ = 164.3 (dJ = 251.0 Hz, C), 141.1
(CH), 140.6 (C), 133.4 (CH), 130.6 (d,= 9.0 Hz, 2 x CH),

129.3 (2 x CH), 128.6 (dl = 3.0 Hz, C), 127.6 (2 x CH), 127.0

(d,J=1.9 Hz, CH), 116.3 (d] = 22.0 Hz, 2 x CH) ppm. HRMS
(ESl) (2 [C.HiFOS + Naf: caled. 285.0361, found
285.0360.

4.3.7 (E)-1-Fluoro-4-(2-tosylvinyl)benzene (3g).** White solid
(30.5 mg, 44% yield); m.p. 94-9&. IR (neat):y 3053, 2920,
2851, 1615, 1597, 1507, 1321, 1303, 1230, 11391 108" 'H
NMR (400 MHz, CDCJ): § = 7.82 (dJ = 8.3 Hz, 2 H), 7.62 (d]
=15.4 Hz, 1 H), 7.47 (dd| = 8.7, 5.3 Hz, 2 H), 7.35 (d,= 8.0
Hz, 2 H), 7.08 (tJ = 8.6 Hz, 2 H), 6.78 (d] = 15.4 Hz, 1 H),
2.43 (s, 3 H) ppm-*C NMR (100 MHz, CDCJ): 6 = 164.3 (dJ
= 252.0 Hz, C), 144.5 (C), 140.6 (CH), 137.6 (C), .53@,J =
8.0 Hz, 2 x CH), 130.0 (2 x CH), 128.7 (= 3.3 Hz, C), 127.7
(2 x CH), 127.3 (dJ = 2.4 Hz, CH), 116.3 (d] = 22.0 Hz, 2 x
CH), 21.6 (CH) ppm. HRMS (ESI) if¥2) [CisH15FO,S + NaJ:
calcd. 299.0518, found 299.0519.

4.3.8 (E)-1-Fluoro-4-(2-(4-methoxyphenyl sulfonyl)vinyl)-benzene
(3h).% White solid (23.8 mg, 39% yield); m.p. 94-96. IR

(neat):v 3057, 2920, 2847, 1591, 1496, 1317, 1295, 1252612

1135, 1086 ci. *H NMR (400 MHz, CDCJ): 6 = 7.87 (d,J =

9.0 Hz, 2 H), 7.59 (d) = 15.4 Hz, 1 H), 7.47 (dd,= 8.7, 5.3 Hz,
2 H), 7.08 (tJ = 8.6 Hz, 2 H), 7.01 (d] = 8.9 Hz, 2 H), 6.77 (d,
J = 15.4 Hz, 1 H), 3.87 (s, 3 H) ppmiC NMR (100 MHz,

CDCLy): ¢ = 164.2 (d,J = 252.0 Hz, C), 163.6 (C), 140.0 (CH),
132.0 (C), 130.5 (d) = 9.0 Hz, 2 x CH), 129.9 (2x CH), 128.8
(C), 127.7 (CH), 116.3 (d = 22.0 Hz, 2 x CH), 114.6 (2 x CH),

55.7 (CH) ppm. HRMS (ESI) 1fVz) [C1sH15FOsS + NaJ: caled.
315.0467, found 315.0479.

439 (E)-1-Fluoro-4-(2-(4-chlorophenylsulfonyl)vinyl)benzene
(3i). Colorless solid (36.5 mg, 50% vyield); m.p. 116—2C7 IR

(neat):v 3058, 2922, 2853, 1618, 1503, 1319, 1230, 11484 10

cm®. '"H NMR (400 MHz, CDCJ): 6 = 7.88 (dJ = 8.7 Hz, 2 H),
7.65 (d,J = 15.4 Hz, 1 H), 7.54-7.47 (m, 4 H), 7.09Jt 8.6
Hz, 2 H), 6.77 (dJ = 15.4 Hz, 1 H) ppm:*C NMR (100 MHz,

139.0 (C), 130.7 (d) = 9.0 Hz, 2 x CH), 129.7 (2 x CH), 129.1
(2 x CH), 128.4 (dJ = 4.0 Hz, C), 126.6 (d] = 2.0 Hz, CH),
116.4 (d,J = 21.0 Hz, 2 x CH) ppm. HRMS (ESIMm(2)
[C14H1CIFO,S + NaJ: calcd. 318.9972, found 319.0052.

4.3.10 (E)-1-Chloro-3-(2-(phenylsulfonyl)vinyl)benzene  (3j).%
White solid (48.4 mg, 70% yield); m.p. 83-83. IR (neat):v
3048, 2919, 2850, 1617, 1562, 1446, 1318, 11424 108" 'H
NMR (400 MHz, CDCJ): 6 = 7.95 (d,J = 7.4 Hz, 2 H), 7.66—
7.55 (m, 4 H), 7.47 (s, 1 H), 7.40-7.31 (m, 3 H), &% = 15.4
Hz, 1 H) ppm.”*C NMR (100 MHz, CDGJ): § = 140.7 (CH),
140.3 (C), 135.1 (C), 134.1 (C), 133.6 (CH), 131081}, 130.3
(CH), 129.4 (2 x CH), 128.8 (CH), 128.2 (CH), 127.%(ZH),
126.8 (CH) ppm. HRMS (ESn{2) [C.H1,CIO,S + Nal:
calcd. 301.0066, found 301.0069.

4311 (E)-1-Chloro-3-(2-tosylvinyl)benzene (3k).*" Colorless
solid (36.2 mg, 49% yield); m.p. 92-9€. IR (neat):v 3061,
3041, 2923, 2852, 1614, 1592, 1563, 1430, 13006,11@82 cm
' 'H NMR (400 MHz, CDC)): § = 7.82 (d,J = 8.3 Hz, 2 H),
7.58 (d,J=15.4 Hz, 1 H), 7.45 (s, 1 H), 7.38-7.32 (m, 5 H366.
(d, J = 15.4 Hz, 1 H), 2.43 (s, 3 H) ppMiC NMR (100 MHz,
CDCly): 6 = 144.6 (C), 140.1 (CH), 137.3 (C), 135.1 (C), 234.
(C), 130.9 (CH), 130.3 (CH), 130.0 (2 x CH), 129.2 (C1D8.1
(CH), 127.8 (2 x CH), 126.7 (CH), 21.6 (QHppm. HRMS
(ESI) 2 [C;sH1ClO,S + Naf: caled. 315.0222, found
315.0228.

4312 (E)-1-Chloro-3-(2-(4-methoxyphenyl sulfonyl)vinyl)-
benzene (31)." Colorless solid (57.3 mg, 74% yield); m.p. 71-72
°C. IR (neat)y 3056, 2928, 2840, 1591, 1576, 1494, 1461, 1320,
1294, 1256, 1136, 1084 ém'H NMR (400 MHz, CDC)): 6 =
7.87 (d,J=8.9 Hz, 2 H), 7.56 (d] = 15.4 Hz, 1 H), 7.45 (s, 1
H), 7.36-7.32 (m, 3 H), 7.02 (d,= 8.9 Hz, 2 H), 6.87 (d] =
15.4 Hz, 1 H), 3.87 (s, 3 H) ppriC NMR (100 MHz, CDG)): 6

= 163.7 (C), 139.6 (CH), 135.0 (C), 134.2 (C), 13(Cp, 130.8
(CH), 130.3 (CH), 129.9 (2 x CH), 129.5 (CH), 128.0 (CH)
126.7 (CH), 114.6 (2 x CH), 55.7 (g@Hpm. HRMS (ESI)tV2)
[C1sH13CIO5S + NaJ: caled. 331.0172, found 331.0170.

4.3.13 (E)-1-Chloro-3-(2-(4-chlorophenyl sulfonyl)vinyl)-benzene
(3m)." Colorless solid (50.2 mg, 64% vyield); m.p. 126—-£29
IR (neat):v 3056, 2921, 2851, 1616, 1580, 1562, 1470, 1299,
1144, 1083 ci. 'H NMR (400 MHz, CDCJ): 6 = 7.87 (d,J =
8.6 Hz, 2 H), 7.61 (d] = 15.4 Hz, 1 H), 7.52 (d,= 8.6 Hz, 2 H),
7.46 (s, 1 H), 7.40-7.31 (m, 3 H), 6.86 Jd; 15.4 Hz, 1 H) ppm.
*C NMR (100 MHz, CDCJ): 6 = 141.2 (CH), 140.3 (C), 138.8
(C), 135.1 (C), 133.9 (C), 131.2 (CH), 130.4 (CH)912(2 x
CH), 129.2 (2 x CH), 128.4 (CH), 128.2 (CH), 126.8 (Qigin.
HRMS (ESI) W2) [C14H1,C,0,S + NaJ: calcd. 334.9676, found
334.9679.

4.3.14  (E)-1-Chloro-3-(2-(4-nitrophenylsulfonyl)vinyl)benzene
(3n). Pale yellow solid (54 mg, 67% yield); m.p. 130-£82 IR
(neat):v 3059, 2921, 2852, 1613, 1521, 1470, 1345, 1297311
1080 cnt. 'H NMR (400 MHz, CDCJ): § = 8.39 (d,J = 8.9 Hz,

2 H), 8.14 (dJ=8.9 Hz, 2 H), 7.70 (d] = 15.4 Hz, 1 H), 7.49
(s, 1 H), 7.43-7.36 (m, 3 H), 6.88 (tiz 15.4 Hz, 1 H) ppni-"C
NMR (100 MHz, CDCJ): ¢ = 150.6 (C), 146.1 (C), 143.1 (CH),
135.3 (C), 133.5 (C), 131.7 (CH), 130.5 (CH), 1221x(CH),
128.4 (CH), 127.3 (CH), 127.1 (CH), 124.6 (2 x CH) ppm.
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HRMS (ESI) (W2) [C1H:CINO,S + Naf: calcd. 345.9917,
found 345.9919.

4.3.15 (E)-1-Bromo-4-(2-(phenylsulfonyl)vinyl)benzene (30).%
Colorless solid (44.3 mg, 55% yield); m.p. 138-1® IR
(neat):v 3054, 1610, 1582, 1481, 1446, 1397, 1305, 1144710
cm ™. *H NMR (400 MHz, CDCJ): 6 = 7.95 (dJ = 8.9 Hz, 2 H),
7.65-7.51 (m, 6 H), 7.34 (d,= 8.5 Hz, 2 H), 6.86 (d] = 15.4
Hz, 1 H) ppm."*C NMR (100 MHz, CDCJ): 6 = 141.0 (CH),
140.4 (C), 133.5 (CH), 132.4 (2 x CH), 131.2 (C), .92@ x
CH), 129.4 (2 x CH), 128.0 (CH), 127.7 (2 x CH), 1283
ppm. HRMS (ESI) 1fv2) [C.H1,BrO,S + NaJ: calcd. 346.9540,
found 346.9543.

4316 (E)-1-Nitro-4-(2-(phenylsulfonyl)vinyl)benzene  (3p).%°
Yellow solid (53.1 mg, 73% yield); m.p. 152-1%3. IR (neat)y
3055, 1592, 1509, 1446, 1337, 1307, 1148, 1085.¢kH NMR
(400 MHz, acetonek): 0 = 8.29 (d,J = 8.8 Hz, 2 H), 8.05-7.98
(m, 4 H), 7.81 (dJ = 15.5 Hz, 1 H), 7.77-7.73 (m, 1 H), 7.70—
7.66 (m, 2 H), 7.61 (dJ = 15.5 Hz, 1 H) ppm**C NMR (100
MHz, acetoneds): 6 150.0 (C), 141.8 (C), 140.4 (CH), 140.1 (C),
134.8 (CH), 133.5 (CH), 130.9 (2 x CH), 130.6 (2 x C1}8.8

(2 x CH), 125.0 (2 x CH) ppm. HRMS (EShg) [C14H1:NO,S

+ NaJ': calcd. 312.0306, found 312.03009.

4317 (E)-1-Nitro-4-(2-tosylvinyl)benzene (3q).” Pale yellow
solid (52.7 mg, 70% vyield); m.p. 166-188. IR (neat)» 3052,
2921, 2851, 1595, 1514, 1341, 1301, 1287, 11442 108" 'H
NMR (400 MHz, acetonés): 0 = 8.29 (d,J = 8.8 Hz, 2 H), 8.02
(d,J = 8.8 Hz, 2 H), 7.85 (d] = 8.3 Hz, 2 H), 7.77 (d] = 15.5
Hz, 1 H), 7.58 (dJ = 15.5 Hz, 1 H), 7.48 (d] = 8.2 Hz, 2 H),
2.44 (s, 3 H) ppm-C NMR (100 MHz, acetondg): 6 = 150.0
(C), 145.8 (C), 140.2 (C), 139.8 (CH), 138.8 (C)3B3(CH),
131.1 (2 x CH), 130.8 (2 x CH), 128.8 (2 x CH), 122 & CH),
21.6 (CH) ppm. HRMS (ESI)tV2) [C1sH1sNO,S + NaJ: calcd.
326.0463, found 326.0466.

4.3.18 (E)-1-Nitro-4-(2-(4-methoxyphenyl sulfonyl )vinyl)-benzene
(3r).>" White solid (64.3 mg, 82% yield); m.p. 186-188. IR
(neat):v 3111, 3083, 3056, 2921, 2845, 1590, 1521, 1498113
1295, 1253, 1136, 1088 ¢m'H NMR (400 MHz, acetoné€k): 6
=8.29 (d,J=8.9 Hz, 2 H), 8.01 (d] = 8.8 Hz, 2 H), 7.90 (dl =
9.0 Hz, 2 H), 7.73 (d) = 15.5 Hz, 1 H), 7.56 (d] = 15.5 Hz, 1
H), 7.17 (d,J = 9.0 Hz, 2 H), 3.91 (s, 3 H) ppiC NMR (100
MHz, acetonedg): 6 = 165.0 (C), 149.9 (C), 140.3 (C), 139.1
(CH), 134.2 (CH), 133.1 (CH), 131.1 (2 x CH), 130.8x(ZH),
125.0 (2 x CH), 115.8 (2 x CH), 56.4 (@tbpm. HRMS (ESI)
(MV2) [C1sH13NOsS + NaJ: calcd. 342.0412, found 342.0425.

4319 (E)-1-Nitro-4-(2-(4-chlorophenylsulfonyl)vinyl)benzene
(39). Pale yellow solid (70.5 mg, 88% vyield); m.p. 176-1Z8

Tetrahedron

(400 MHz, CDCY): 6 = 7.95 (d,J = 8.7 Hz, 2 H), 7.68-7.60 (m, 2
H), 7.54 (t,d = 7.8 Hz, 2 H), 7.38 (d] = 8.1 Hz, 2 H), 7.19 (d]
= 8.0 Hz, 2 H), 6.81 (d] = 15.4 Hz, 1 H), 2.37 (s, 3 H) ppHiC
NMR (100 MHz, CDCJ): o = 142.5 (CH), 141.9 (C), 140.9 (C),
133.3 (CH), 129.8 (2 x CH), 129.6 (C), 129.3 (2 x CI28.6 (2
x CH), 127.6 (2 x CH), 126.0 (CH), 21.5 (@Hpm. HRMS
(ESI) (n/2) [C15H140,S + NaJ: calcd. 281.0612, found 281.0615.

4.3.21 (E)-1-Methoxy-3-(2-(phenylsulfonyl)vinyl)benzene (3u).*
Colorless solid (22.4 mg, 33% yield); m.p. 101-1®@ IR
(neat):v 3075, 3046, 3005, 2838, 1598, 1584, 1446, 13000,12
1144, 1083 cit. 'H NMR (400 MHz, CDCJ): 6 = 7.95 (d,J =
8.9 Hz, 2 H), 7.68-7.61 (m, 2 H), 7.55Jt= 7.8 Hz, 2 H), 7.30
(t,J=7.9 Hz, 1 H), 7.08 (dl = 7.6 Hz, 1 H), 6.99-6.95 (m, 2 H),
6.86 (d,J = 15.4 Hz, 1 H), 3.81 (s, 3 H) ppriC NMR (100
MHz, CDCL): 6 = 159.9 (C), 142.4 (CH), 140.6 (C), 133.6 (C),
133.4 (CH), 130.1 (CH), 129.3 (2 x CH), 127.6 (2 x CH)7.5
(CH), 121.2 (CH), 117.1 (CH), 113.3 (CH), 55.3 ({hbpm.
HRMS (ESI) W2) [CisH1405S + Naf: caled. 297.0561, found
297.0567.

4322 (E)-1-Bromo-3-methoxy-4-(2-(phenyl sulfonyl )vinyl)-
benzene (3v). Colorless solid (41.1 mg, 47% yield); m.p. 158—
161°C. IR (neat):y 3048, 2940, 2843, 1607, 1495, 1301, 1283,
1138, 1081 ci. *H NMR (400 MHz, CDCJ): 6 = 7.93 (d,J =
7.3 Hz, 2 H), 7.69 (d) = 2.1 Hz, 1 H), 7.63-7.53 (m, 4 H), 7.40
(dd,J = 8.5, 2.1 Hz, 1 H), 6.89 (d,= 8.6 Hz, 1 H), 6.73 (d] =
15.4 Hz, 1 H), 3.92 (s, 3 H) ppriC NMR (100 MHz, CDCJ): 6

= 158.1 (C), 140.7 (C), 140.6 (CH), 133.3 (CH), 13@H),
129.7 (CH), 129.3 (2 x CH), 127.6 (2 x CH), 126.2 (©36.0
(CH), 112.4 (C), 111.8 (CH), 56.4 (GHppm. HRMS (ESI)
(mV2) [C15H13BrO,S + NaJ: caled. 376.9646, found 376.9649.

4.3.23 (E)-1-Bromo-3-methoxy-4-(2-tosylvinyl)benzene  (3w).
Pale yellow solid (49.3 mg, 54% yield); m.p. 166-16€3 IR
(neat):v 3066, 2920, 2851, 1607, 1594, 1493, 1462, 1286112
1135, 1080 ci. *H NMR (400 MHz, CDCJ): 6 = 7.81 (d,J =
8.3 Hz, 2 H), 7.67 (d] = 2.0 Hz, 1 H), 7.52 (d} = 15.4 Hz, 1 H),
7.39 (dd,J = 8.6, 2.0 Hz, 1 H), 7.33 (d,= 8.1 Hz, 2 H), 6.88 (d,
J=8.6 Hz, 1 H), 6.71 (d] = 15.3 Hz, 1 H), 3.91 (s, 3 H), 2.43 (s,
3 H) ppm.”*C NMR (100 MHz, CDGJ)): ¢ = 157.9 (C), 144.3 (2
x C), 140.1 (CH), 137.7 (C), 132.9 (CH), 129.9 (2 M)C129.6
(CH), 127.6 (2 x CH), 126.3 (CH), 112.4 (C), 111.8 (C5H.4
(CHs), 21.6 (CH) ppm. HRMS (ESI)1fV2) [C1eH1sBrOsS + NaJ:
calcd. 390.9803, found 390.9807.

4.3.24 (E)-1-Bromo-3-methoxy-4-(2-(4-
methoxyphenyl sulfonyl)vinyl)benzene (3x). White solid (57 mg,
59% yield); m.p. 155-158C. IR (neat):v 3054, 2918, 2846,
1591, 1492, 1291, 1254, 1133, 1085'criH NMR (400 MHz,
CDCly): 6 = 7.85 (d,J = 9.0 Hz, 2 H), 7.67 (d] = 2.1 Hz, 1 H),

IR (neat):v 3112, 3085, 3057, 2922, 2850, 1593, 1520, 14737.50 (d,J = 15.4 Hz, 1 H), 7.39 (ddl = 8.6, 2.2 Hz, 1 H), 7.00

1341, 1307, 1143, 1085 €m'H NMR (400 MHz, acetone): o
= 8.30 (d,J = 8.8 Hz, 2 H), 8.04-7.98 (m, 4 H), 7.83 Jd; 15.5
Hz, 1 H), 7.72 (dJ = 8.7 Hz, 2 H), 7.63 (d] = 15.5 Hz, 1 H)
ppm.**C NMR (100 MHz, acetonds): 6 = 150.1 (C), 140.9 (CH),
140.6 (C), 140.5 (C), 140.0 (C), 133.0 (CH), 131.0 (2H), 130.8
(2 x CH), 130.7 (2 x CH), 125.0 (2 x Clgpm. HRMS (ESI)1tvV2)
[C14H1,CINO,S + Nal: calcd. 345.9917, found 345.9929.

4320 (E)-1-Methyl-4-(2-(phenylsulfonyl)vinyl)benzene  (3t).5°
White solid (27.7 mg, 43% yield); m.p. 118-1%D IR (neat)
3053, 2918, 1604, 1510, 1446, 1306, 1143, 108Z.¢M NMR

(d,J=9.0 Hz, 2 H), 6.89 (d] = 8.6 Hz, 1 H), 6.71 (d] = 15.3
Hz, 1 H), 3.92 (s, 3 H), 3.87 (s, 3 H) ppfC NMR (100 MHz,
CDCL): § = 163.5 (C), 157.9 (C), 139.5 (CH), 132.9 (CH), 232.
(C), 129.8 (2 x CH), 129.6 (CH), 126.7 (CH), 126.2,(C14.5 (2
x CH), 112.4 (C), 111.8 (CH), 56.4 (QH 55.7 (CH) ppm.
HRMS (ESI) (W2) [C1¢H1sBrO,S + NaJ: calcd. 406.9752, found
406.9748.

4325  (E)-1-Bromo-3-methoxy-4-(2-(4-chlorophenyl sulfonyl)-
vinyl)benzene (3y). White solid (61 mg, 63% yield); m.p. 132—
135°C. IR (neat):v 3068, 2949, 2850, 1612, 1591, 1495, 1439,



1399, 1299, 1284, 1269, 1136, 1083 'criH NMR (400 MHz,
CDCL): 6 = 7.86 (d,J = 8.6 Hz, 2 H), 7.69 (d] = 2.1 Hz, 1 H),
7.56 (d,J=15.4 Hz, 1 H), 7.51 (d,= 8.6 Hz, 2 H), 7.41 (dd},=
8.5, 2.1 Hz, 1 H), 6.90 (d,= 8.6 Hz, 1 H), 6.70 (d] = 15.3 Hz,
1 H), 3.93 (s, 3 H) ppnt°’C NMR (100 MHz, CDG)): ¢ = 158.2
(C), 141.2 (CH), 140.0 (C), 139.3 (C), 133.0 (CH)9.R(CH),
129.6 (2 x CH), 129.1 (2 x CH), 126.0 (C), 125.5 (CH)2.5
(C), 111.9 (CH), 56.4 (CHl ppm. HRMS (ESI) 1tV2)
[C1sH1,BrClO;S + NaJ: calcd. 410.9256, found 410.9252.

4.3.26 (E)-2-(2-(Phenylsulfonyl)vinyl)naphthalene (32).%° White
solid (36.7 mg, 50% yield); m.p. 89-9C. IR (neat):v 3046,
2919, 1611, 1445, 1304, 1286, 1139, 1083'chid NMR (400

MHz, CDCL): & = 8.00 (d,J = 7.3 Hz, 2 H), 7.94 (s, 1 H), 7.87—
7.81 (m, 4 H), 7.63 (t = 7.4 Hz, 1 H), 7.58-7.51 (m, 5 H), 6.98

(d, J = 15.3 Hz, 1 H) ppm™C NMR (100 MHz, CDCJ): 6 =
142.5 (CH), 140.8 (C), 134.5 (C), 133.4 (CH), 13%), (130.9
(CH), 129.8 (C), 129.3 (2 x CH), 128.9 (CH), 128.7 (CH)7.8
(2 x CH), 127.6 (2 x CH), 127.2 (CH), 127.0 (CH), 126>#H)

ppm. HRMS (ESI) 1tV2) [C1gH:140,S + NaJ: calcd. 317.0612,

found 317.0610.
4.4 Preparation of compound 3a’
To a mixture of 3-phenylpropiolic acid (36.5 mg@®.mmol),

benzenesulfinic acid (142.2 mg, 1.0 mmol), andgQ& (26.9
mg, 0.25 mmol) were added DMF (2 mL) angC>(1 mL). The

reaction mixture was stirred at 100 °C under aircegphere for 2
hours. After completion of the reaction, the reattivas cooled

to room temperature and was diluted with water (10.rRujther
stirring was followed by extraction with EtOAc (2 x 2@nThe
combined organic extracts were washed wi® 20 mL) and

brine (20 mL), dried (MgSg), filtered, and concentrated
(aspirator). The residue was purified by column ofatography

using EtOAc—hexanes as eluent to affdad

E)-(1,2-deutero-2-(phenylsulfonyl)vinyl)benzene (3a’).” White
B)-( pheny yl)viny

solid (29 mg, 47% yield); m.p. 74-76. IR (neat)y 3057, 1568,

1446, 1295, 1144, 1086 ¢n'H NMR (400 MHz, CDC)): ¢ =

7.96 (d,J = 7.4 Hz, 2 H), 7.64-7.60 (m, 1 H), 7.57—7.53 (m, 2

H), 7.50-7.48 (m, 2 H), 7.44—7.37 (m, 3 H) ppft NMR (100

MHz, CDCE): 6 = 142.4 (C), 140.7 (C), 133.4 (CH), 132.2 (C),

131.2 (CH), 129.3 (2 x CH), 129.1 (2 x CH), 128.6 (ZH),
127.7 (2 x CH), 127.1 (C) ppm. HRMS (EShmg)
[C14H10D,0,S + HJ': calcd. 247.0762, found 247.0769.
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