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Introduction catalyst, an addition agent or a toxic organicesuhand
proceeded via two steps. In particular, few redesgdhat

Sulfones display a diverse range of behaviors ars$qss refer to the mild and rapid synthesis @-B-sulfonyl

;Jor}iqy:riﬁfstu;esné?s;;narggct;‘g}r&!;?rtirr‘]glatnocge ;?J%Ses enoates were reported. In consequence, therellisasti
have been dgscribed as “chemical chameleéns” byt_rrourgerr]]t _need fr?rdthe exploﬁatlo? of milder and mazpid
and as “pluripotent” by Fuchs et %aBesides In addition, synthetic method of-p-su ony enoates. _
the B-sulfonyl enoates are present in many bioactive Water, as a proton source, is the best solvertriganic
molecules and serve as useful building blocks gaoic ~ Synthesis for its natural, inexpensive, and envirentally -
synthesi$. The significance of sulfones and the difficulties friendly characteristic3. Besides, alkynes, as versatile
in their preparation have gained intensive attentio Structural motif, are extensively employed in stif
(scheme 1). Traditionallji-sulfonyl enoates were prepared Seduence¥’ Taking the significance of sulfur-containing
by the reaction of cross-coupling of organostansami¢h  Organic compounds and related scaffolds into adgduve
sulfonyl chlorides, iodosulphonylation-dehydroiodination €xploited an efficient sulfonylation of proparggiters with
(Scheme1a)® or imines with ethyl propiolate (Scheme Sulfohydrazides to affordZJ-p-sulfonyl enoates via an
1b).® Recently, a sulfonylation using sodium arylsulfsa anion process (Schemke). These conversions can be
of alkyl propiolate leading toE)-B-sulfonyl enoates in €asily completed n water under green conditiorisese
DMF was reported by Khalili (Schent).” Moreover, a  fransformations did not involve any catalyst, lidan
two-step thioconjugate addition-oxidation reactafrethyl ~ a@dditive or organic solvent.

propiolate with numerous types of thiols amdeta

chloroperbenzoic acid mtCPBA) in the presence of

LiCIO,4 leading to Z)-B-sulfonyl enoates was reported

(Schemeld).® However, a majority of them employed a
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Scheme 1 (a) lodosulphonylation-dehydroiodination leading to (E)-B-sulfonyl enoates; (b) imines
with ethyl propiolate; (c) sulfonylation using sodium arylsulfinate of alkyl propiolate leading to
(E)-B-sulfonyl enoates; (d) two-step thioconjugate addition-oxidation reaction of ethyl propiolate;
(e) Catalyst-free sulfonylation of activated alkynes.

Results and discussion

Firstly, the reaction of 4-methylbenzenesulfonolayitte
(1a) and ethyl propiolate2@) under air atmosphere in

water at 60C for 24h (Table 1, entry 1), gave the desired

product p)-ethyl 3-tosylacrylate Jaa in 65% vyield.
Subsequently, the temperature was tested al@ \8as the
best choice (entries 1 2 - 4). Then, further optation
suggested that solvents had a strong effect onptioisess

and HO was found to be the best medium for this reaction_
control  *

(entries 3 vs. 5-10).—Besides In addition,
experiments showed that reaction time could beaeditio
2 h (entries 13-15). We also studied the influeatehe
amount of water, and 2 ml was the best (entries.3L¥-
12). dr—addition Moreover, the ratio dfa and 2a was
investigated to improve the reaction efficiency aatio of
1:3 gave the highest field(Ffable-1, entries 3M&17).
Thus, the best conditions for this process comgrisgio
(1a:2a = 1:3) under air atmosphere in water (2an§dC
for 2 h.

Table 1. Optimization of the Reaction Conditions'

TsNHNH, + ==—CO3Et 0 Ts /COZEt
1a 2a 3aa
Entry Solven Time (h’ Temp. °C) Yield® (%)
1 H>O 24 6C 65
2 H-0 24 7C 75
3 H>O 24 8C 88
4 H>,O 24 10C 87
5 CH:CN 24 8C 12
6 DMF 24 8C Trace
7 EtOH 24 8C 27
8 EtOAc 24 8C 33
9 CHCl, 24 8C 19
1C MeOH 24 8C 36
11° H>O 24 8C 72
12¢ H-0 24 8C 84
13 HO 4 8C 88

14 H,O 2 8C 88
15 H,0 1 80 84
16° H.0 2 8C 82
17 H.O 2 8C 88

2All reactions were performed with 4-methylbenzeifesiwohydrazide 1a,
0.25 mmol), ethyl propiolate2g, 0.75 mmol), solvent (2 mL), under air®
Estimated byH NMR spectroscopy using methylene bromide as terrial
reference®1ml of water® 3ml of water? 0.5 mmol of2a. ' 1 mmol of2a.

Under the optimized reaction conditions (Table ritrye
14), we then explored the scope of the reactioil€Ta).
First, a series of aromatic sulfonyl hydrazides evested
and the corresponding products were furnished odgo
excellent yields. The electronic effect of substitts at the
para position of the aryl acetylene was evaluat8da(—
3fa). The reaction tolerated both electron-donatingl an
electron-withdrawing ~ groups.  Aromatic  sulfonyl
hydrazides with substituentsratta(3ga— 3ha) andortho
(3ia — 3ja) positions also worked well, although giving
slightly lower vyields. 2,4,6-Trimethylbenzene suljb
hydrazide can also be used as reaction substifédedeal
the desired productkd in good yield. It is notable that the
naphthalene substrafid, the thiophene substrafen and
benzyl substrateln can also be transformed into the
desired product8la—3nain good yields.

Table 2. Reaction Scop&”

o] o] Ri ~O R
1 1
R—S—NHNH;  + _R2 H:0 _s° o
8 // O 80°C 07 \—
1 2 3
R = p-Me, 3aa, 88%
H 3ba, 85% Me
p-OMe, 3ca, 90%
p-F, 3da, 88%
p-Cl, 3ea, 89% Me
— o p-Br, 3fa, 90% 0 _0
2 m-Me, 3ga, 87% Me _S CO,Et _S” CO.Et
oSO FOEL T e s 0N/ A/
o-Me, 3ia, 85%
oBr 3in, 04% 3ka, 91% 3la, 72%
S EtOOC, NC
B0, O Bn\s”’o COLEt =
o N 2 2! _ -
\—/ O 0" \—/ O/,S”O CO,Et O//S‘O CO,Et
o 2ma, 92% 3na, 80% 30a, 82% 3pa, 83%
o CO,R R=Me 3ab, 82%
¥ Ph 3ac, 75%
0O Tss” Bn 3ad, 79%
3qa, 72%
R=OH, 3ae,71% |5 §Q Ts O
TS 0 R=OMe, 3af, 81% NG OH K/g\ A~
o Cu~UR R=0Bn, 3ag, 82% O CO,Me
o R=Br, 3ah,85%

3ai, 7% 3aj, 81%

2 Conditions: 1 (0.25mmol) and 2 (0.75mmol) in 2ml of H,0, 80°C, under air, 2h.
b After column chromatography.

To further exploit the generality of this catalyt&action,
propargyl esters were also investigated. Propaggyers
generally led to the corresponding products in ggiet.
Many synthetically important functional groups were
readily tolerated, including an alky#b), a phenyl 3ag,

a benzyl Bag, a free hydroxyl moiety3ae and 3ai), a
protected OH 3af — 3ag), a bromide $ah) and an ester
(3aj).

To demonstrate the reaction efficiency of
sulfonylation system, we managed to enlarge
transformation to a 2.5 mmol scale. In so far3as, the
amount of ethyl propiolate and,@ could be reduced to
2.5 equiv. and 8 ml, respectively, by increasirgrimaction
time to 3h to ensure completion (Scheme 2).

this
the



Scheme 2. Gram Scale Synthesis o HQ H;0 )
o CO,Et Rl—%—N\:H ;_%, Rl_ﬁ/o == R IS-I,,O
_ o 2 o (e}
TsNHNH, + ==—CO,Et EZ"?» Ts\/ 1a N, 5 6
2.5mmol 6.25mmol 82.5% 2
465.6mg 612.5mg 523.9mg nd | 270
2a
Control experiments were carried out in order tbaye LR
insight into the reaction mechanism (Scheme 3). Whe g o \},?O\Jr

(TEMPO—2egquiv.) was employed under
conditions, the reaction afforde8aa in 83% yield 3aa 8

(Scheme3a), which implied that the transformation did
not proceed via a free-radical pathW#ayrhen, with BO

(2 mL) as the solvent, the transformation gave a
deuterium generation produtin 87% yield (Scheme 3b).
The deuterium generation experiment implied thatoth
hydrogen atom of Z)-B-sulfonyl enoates resulted from

. . - - H,0 Hy (o]
the radical inhibitor 2,2,6,6-tetramethyl-1-pipénigoxy - ~ .1 » <H i
standard éss\=)k°’R o 235\=-)k0’R d\k( 0
7

OR,

Scheme 4 The proposed mechanism for the reaction.

Conclusion

In summary, a simple and-mild efficient regioseiect

water. sulfonylation of propargyl esters in water has been
PO (2 o ot developed,—givi i to
TNHNH, + =—COEt (2 o) ? excellent—vields. The reaction proceeded under mild
standard condions Ts A (a) .. . .
1a 2 78% 20 conditions without any catalyst or organic solvexbroad
range of sulfonyl hydrazides and propargyl esteesew
oo ot tolerated in this method, and all the sulfonylatwoducts
ToNHNH; + ==—COEl —— d2 ” T 2 ®) could be obtained in good to excellent yields. Aiddally,
“ ” e . D this methodology can be performed on a large scale
without any problems. Further research, includinghfer
HO1 (12 o) ot mechanical experiments, extending the substratgerand
_ .2 equiv, 2 . . .
——COEt
TsNHNHp  + 2 ordard condions Tso © applications in industry are currently underway.
1 2 70% 3aa : :
a a Experimental Section
o NaOH (1 equiv) CO,Et 4.1. General Information
TsNHNH; + ==—COqEt (d)
standard condions Ts o~ . .
, " 18% N Commercially available reagents were of reagent eggréaR
a a

grade) and were used without further purificationa®®ns were
monitored by thin layer chromatography (TLC) usisiticycle
pre-coated silica gel plates. Flash column chrografzhy was
Furthermore, when HCI (1 equiv) was employed, theerformed over silicycle silica gel (200-300 meskh)NMR and
reaction of3aa could be completed in 30 mins (Scheme“C NMR spectra were recorded on 400 MHz NMR plus
3c). However, the reaction of 3aa reduced to 18%het spectrometer using residue solvent peaks as irtstaadards.
basic condition of 1 equiv. of NaOH (Scheme 3d)e @bid  Infrared spectra were recorded with IR spectrometet are
and alkaline tests indicated that hydronium ioray/@d an reported in reC|pro<_:aI centimeter @m ngh resolution mass
important role in the reaction. Notably, a smalhter of spectra were obtained using GCT-TOF instrument with ES

acid was generated in the transformation, becahge tSOUrce. Sulfonyl hydrazides and propargyl esteeixethyl
reaction system was weak acidity at the end. propiolate, methyl propiolate were prepared accgrdito

literature procedures. Rest of the chemicals washased from
Base% on our experimental results and previouSigma Aldrich and Alfa Aesar, and was used without &rth
reports,” a possible reaction mechanism was proposed ipurification. Solvents were purified by standard inoets.
Schemed4. Firstly, sulfonyl hydrazides is quickly turned
into a sulfinyl aniorb, which can resonate with the sulfur-
centered anions$ in the presence of water, with the A mixture of arylsulfonyl hydrazidés (0.25 mmol) and
generation of hydrion and the freeing of. NThen, the Propargyl estef$ (0.75 mmol) in water (2 mL) was put into an
sulfur-centered anion$ is selectively added into the oil bath at 80 °C under magnetic stirr_ing for 2rdar air. After
propargyl esterfa leading to the intermediaté in the (he reaction was complete, the mixture was extraote
presence of hydrion, which can turned into the @arb CH:Clz (3 X 15 mL) and then the combined organic exiveas
centered aniong. In the end, the intermediaBdransforms ~ Washed with brine (15 mL), dried over sodium sulized

into (2)-B-sulfonyl enoate3aa by a protonation from filtered. The solvent was removed under reducedspresand the
hydrion Y y p residue was purified by chromatography on silica géth

petroleum ether/ethyl acetate as eluent to affolte t

Scheme 3 Mechanistic investigations of the sulfonylation process.

1.2. General Procedure of 3.
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corresponding product.

4.3. Characterization of the compounds

(2)-ethyl 3-tosylacrylat¢3aa).

White Solid; Yield = 88% (55.9 mg); mp = 37 °C (Linp =
36-38 °C);* NMR (400 MHz, CDCJ) 5 7.80 (d,J = 8.1 Hz, 2H),
7.29 (d,J = 8.0 Hz, 2H), 6.42 (ABq, 2H\3AB = 0.04,J,5 = 12.0
Hz), 4.29 (q,J = 7.1 Hz, 2H), 2.38 (s, 3H), 1.31 (= 7.1 Hz,
3H); ®C NMR (101 MHz, CDG)) & 164.06, 145.20, 136.50,
135.41, 131.42, 129.96, 128.28, 62.15, 21.69, 13T%@ data
meet the literature repdtt.

(2)-ethyl 3-(phenylsulfonyl)acryla@ba).

White Solid; Yield = 85% (51.1 mg); mp = 70 °C (Linp =
69-71 °C);"NMR (400 MHz, CDC}) & 7.98 (d,J = 8.1 Hz, 2H),
7.68 — 7.59 (m, 1H), 7.55 (4, = 7.6 Hz, 2H), 6.50 (ABq, 2H,
ASAB = 0.03,J5 = 10.0 Hz), 4.34 (q) = 7.1 Hz, 2H), 1.36 (0
= 7.1 Hz, 3H):®C NMR (101 MHz, CDCJ) 5 164.10, 139.59,
135.29, 134.18, 132.08, 129.46, 128.35, 62.34,114The data
meet the literature repdtt.

(2)-ethyl 3-((4-methoxyphenyl)sulfonyl)acryléBea).

White Solid; Yield = 90% (60.8 mg); mp = 76 °C (Linp =
75-77 °C); *H NMR (400 MHz, CDC}) 5 7.90 (d,J = 8.8 Hz,
2H), 7.00 (d,] = 8.8 Hz, 2H), 6.45 (AB, 2H\SAB = 0.06,Jxs =
12.0 Hz), 4.34 (g = 7.1 Hz, 2H), 3.86 (s, 3H), 1.36 (= 7.1
Hz, 3H) ;*C NMR (101 MHz, CDGJ)) 5 164.29, 164.26, 135.81,
131.02, 130.73, 114.70, 62.25, 55.85, 14.13. The dwet the
literature reporf.

(2)-ethyl 3-((4-fluorophenyl)sulfonyl)acrylafdda).

White Solid; Yield = 88% (56.8 mg); mp = 53 °C (Linp =
52-53 °C);'H NMR (400 MHz, CDCJ) 5 8.07 (dd,J = 8.8, 5.1
Hz, 2H), 7.29 (d,J = 8.1 Hz, 2H), 6.56 (s, 2H), 4.40 @= 7.1
Hz, 2H), 1.42 (tJ = 7.1 Hz, 3H);°*C NMR (101 MHz, CDG)) 5
167.35, 164.79, 163.89, 135.53, 135.18, 132.19,3B8311.31.23,
116.77, 116.55, 62.27, 13.98. The data meet theatitre repori.

(2)-ethyl 3-((4-chlorophenyl)sulfonyl)acrylat@ea).

White Solid; Yield = 89% (66.1 mg); mp = 55 °C (Linp =
54-56 °C);'"H NMR (400 MHz, CDC}) § 7.95 (d,J = 8.6 Hz,
2H), 7.54 (d,J = 8.5 Hz, 2H), 6.52 (s, 2H), 4.36 (&= 7.3 Hz,
1H), 1.38 (t,J = 7.2 Hz, 2H);"*C NMR (101 MHz, CDC)) &

163.81, 140.91, 137.96, 135.04, 132.51, 129.79,652%2.30,
13.98; IR (neat) 2992, 1984, 1794, 1602, 1549, 13830 cni;

HRMS Calcd for GHy;,CIO,S (M + Nd): 296.9964, found:
296.9966.

(2)-ethyl 3-((4-bromophenyl)sulfonyl)acrylg&fa).

White Solid; Yield = 90% (71.6 mg); mp = 56 °C (Linp =
55-57 °C);'H NMR (400 MHz, CDC}) & 7.87 (d,J = 8.4 Hz,
2H), 7.71 (dJ = 8.4 Hz, 2H), 6.52 (1] = 12.0 Hz, 2H), 4.36 (g}
= 7.1 Hz, 2H), 1.38 (t) = 7.2 Hz, 3H);"*C NMR (101 MHz,
CDCl;) & 163.79, 138.50, 135.00, 132.66, 132.55, 129.83,512
62.30, 13.98. The data meet the literature reaport.

(2)-ethyl 3-(m-tolylsulfonyl)acrylaté8ga).

Colorless oil; Yield = 87% (60.3 mg)d NMR (400 MHz,
CDCl,) § 7.74-7.70 (m, 2H), 7.38 (.= 4.0 Hz, 2H), 6.44 (ABq,
2H, ASAB = 0.03,J,5 = 10.0 Hz), 4.29 (q) = 7.1 Hz, 2H), 2.37

(s, 3H), 1.32 (tJ = 7.1 Hz, 3H)"*C NMR (101 MHz, CDCJ): §
163.00, 138.63, 138.27, 134.14, 133.83, 130.66,182827.43,
124.32, 61.14, 20.31, 12.97; IR (neat) 1985, 11861, 1548,
1348, 1051 ¢, HRMS Calcd for GH140,S (M + N&):
277.0510, found: 277.0513.

(2)-ethyl 3-((3-bromophenyl)sulfonyl)acrylgtgha).

White Solid; Yield = 89% (75.9 mg); mp = 47 °C (Linp =
47-48 °C);'H NMR (400 MHz, CDCJ) & 8.13 (t,J = 1.9 Hz,
1H), 7.92 (dJ = 8.0 Hz, 1H), 7.76 (d] = 8.0 Hz, 1H), 7.43 (1)

=7.9 Hz, 1H), 6.53 (ABq, 2H\SAB = 0.03,J,5 = 12.0 Hz), 4.35
(q,J = 7.2 Hz, 2H), 1.37 () = 7.1 Hz, 3H)®*C NMR (101 MHz,
CDCl,) 6 163.69, 141.35, 137.10, 134.69, 132.93, 131.18,853
126.83, 123.25, 62.37, 13.98; IR (neat) 2990, 19935, 1601,
1548, 1346, 1052 c¢hm HRMS Caled for GH.,BrO,S (M + N&):
340.9459, found: 340.9458.

(2)-ethyl 3-(o-tolylsulfonyl)acrylatéSia).

White Solid; Yield = 85% (58.9 mg); mp = 56 °C (Linp =
55-56 °C);'H NMR (400 MHz, CDCJ) 5 8.05 (dd,J = 8.0, 1.3
Hz, 1H), 7.52 (tdJ = 7.5, 1.4 Hz, 1H), 7.38 (8, = 7.7 Hz, 1H),
7.32 (d,J = 7.6 Hz, 1H), 6.61 (d) = 11.7 Hz, 1H), 6.51 (d] =
11.7 Hz, 1H), 4.28 (q) = 7.2 Hz, 2H), 2.65 (s, 3H), 1.33 {t=
7.1 Hz, 3H);"®*C NMR (101 MHz, CDGJ)) & 163.54, 138.43,
137.80, 135.66, 134.02, 132.58, 131.57, 129.77,552652.09,
20.30, 13.90; IR (neat) 1984, 1796, 1603, 1549713850 crit;
HRMS Calcd for GH;0,S (M + Nd): 277.0510, found:
277.0511.

(2)-ethyl 3-((2-bromophenyl)sulfonyl)acrylgtga).

White Solid; Yield = 84% (71.6 mg); mp = 47 °C (Linp =
46-48 °C);"H NMR (400 MHz, CDC)) & 8.18 (dd,J = 7.8, 1.8
Hz, 1H), 7.73 (ddJ = 7.8, 1.2 Hz, 1H), 7.58 — 7.43 (m, 2H), 7.05
(d, J = 11.6 Hz, 1H), 6.54 (d] = 11.6 Hz, 1H), 4.24 (q] = 7.1
Hz, 2H), 1.29 (tJ = 7.1 Hz, 3H):®*C NMR (101 MHz, CDG)) 5
162.98, 140.15, 136.77, 135.06, 134.81, 132.63,4731127.79,
120.69, 62.02, 13.91; IR (neat) 2994, 1984, 17%®0] 1548,
1348, 1052 ci;, HRMS Caled for GHyBrO,S (M + N&):
340.9459, found: 340.9457.

(2)-ethyl 3-(mesitylsulfonyl)acrylai@ka).

White Solid; Yield = 91% (69.4 mg); mp = 67 °C (Linp =
66-68 °C);'H NMR (400 MHz, CDCJ) & 6.96 (s, 2H), 6.65 (dl

= 11.7 Hz, 1H), 6.41 (d] = 11.7 Hz, 1H), 4.21 (q] = 7.2 Hz,
2H), 2.64 (s, 6H), 2.30 (s, 3H), 1.290& 7.2 Hz, 3H)*C NMR
(101 MHz, CDC}) & 163.50, 143.68, 140.21, 138.15, 133.60,
132.10, 129.45, 61.94, 22.60, 21.03, 13.88; IR}jr206, 1986,
1793, 1605, 1547, 1348, 1052 ¢nHRMS Calcd for GH140,S

(M + Na'): 305.0823, found: 305.0826.

(2)-ethyl 3-(naphthalen-2-ylsulfonyl)acrylatéla).

Yellow Solid; Yield = 72% (56.4 mg); mp = 77 °C (Limp =
76-78 °C); 'H NMR (400 MHz, CDC}) & 8.57 (d,J = 1.7 Hz,

1H), 8.05 — 7.90 (m, 4H), 7.66 (di,= 21.1, 7.1 Hz, 2H), 6.56
(ABq, 2H, ASAB = 0.06,J,s = 10.0 Hz), 4.39 (q] = 7.2 Hz, 2H),

1.41 (t,J = 7.1 Hz, 3H);"C NMR (101 MHz, CDGCJ) 5 164.01,

136.29, 135.52, 135.17, 132.21, 131.89, 130.23,6829.29.55,

129.50, 128.00, 127.71, 122.73, 62.24, 14.02. Tate theet the
literature repor?.

(2)-ethyl 3-(thiophen-2-ylsulfonyl)acryla(@ma).

White Solid; Yield = 92% (61.9 mg); mp = 56 °C (Linp =
55-57 °C); 'H NMR (400 MHz, CDCJ) & 7.81 (d,J = 4.0 Hz,



1H), 7.75 (dJ = 4.0 Hz, 1H), 7.17 () = 4.0 Hz, 1H), 6.64 (d]
= 11.5 Hz, 1H), 6.49 (d] = 11.3 Hz, 1H), 4.36 (¢ = 7.1 Hz,
2H), 1.39 (t,J = 7.1 Hz, 3H);"*C NMR (101 MHz, CDGC)) &
163.70, 140.60, 135.77, 135.10, 135.04, 131.49,11282.24,
14.00. The data meet the literature refort.

(2)-ethyl 3-(benzylsulfonyl)acrylat8na).

White Solid; Yield = 80% (59.4 mg); mp = 44 °C (Linp =
43-45 °C);'H NMR (400 MHz, CDCJ) 5 7.39 (q,J = 3.4 Hz,
5H), 6.57 (dJ = 11.6 Hz, 1H), 6.35 (dl = 11.6 Hz, 1H), 4.53 (s,
2H), 4.34 (qJ = 7.1 Hz, 2H), 1.37 () = 7.2 Hz, 3H);*C NMR

2H), 7.48 — 7.39 (m, 2H), 7.37 — 7.28 (m, 5H), 6.67 ¢ABH,

ASAB = 0.03,J55 = 12.0 Hz), 2.44 (s, 3H}’C NMR (101 MHz,
CDCl) & 162.80, 150.07, 145.44, 136.22, 130.52, 130.09,6R2
128.41, 126.48, 121,57, 21.70; IR (neat) 1984, 11801, 1549,
1542, 1348, 1052 cm HRMS Calcd for GeH140,S (M + N&):

325.0510, found: 325.0494.

(2)-benzyl 3-tosylacrylaté8ad).

White Solid; Yield = 79% (66.9 mg); mp = 103 °C t(Linp =
102-103 °C);*H NMR (400 MHz, CDCJ) & 7.74 (d,J = 8.1 Hz,
2H), 7.41 — 7.26 (m, 5H), 7.22 (d,= 8.0 Hz, 2H), 6.44 (ABq,

(101 MHz, CDCJ) § 163.51, 136.30, 134.48, 131.07, 129.10,2H, ASAB = 0.04,Jxs = 12.0 Hz), 5.23 (s, 2H), 2.36 (s, 3HiC

128.95, 127.19, 62.30, 62.05, 13.97. The data theeliterature
report®

(2)-ethyl 4-((3-ethoxy-3-oxoprop-1-en-1-yl)sulfgbgnzoate(3
0a).

White Solid; Yield = 82% (59.4 mg); mp = 56 °C (Limp
= 5557 °C); '"H NMR (400 MHz, CDCJ) & 8.22 (d,J =
8.1 Hz, 2H), 8.08 (dJ = 8.0 Hz, 2H), 6.55 (s, 2H), 4.40
(dg, J = 22.0, 7.1 Hz, 4H), 1.40 (dfj = 13.5, 7.1 Hz, 6
H); *C NMR (101 MHz, CDGJ) & 165.110, 163.836, 143.3

43, 135.594, 134.971, 133.140, 130.537, 128.4204832 61
981, 14.392, 14.137; IR (neat) 2995, 1986, 17%051 15

49, 1346, 1051 cihh HRMS Calcd for GH0sS (M + Na

*): 335.0565, found: 335.0568.

(2)-ethyl 3-((4-cyanophenyl)sulfonyl)acrylat8pa).

White Solid; Yield = 83% (59.4 mg); mp = 85 °C (Linp
= 8486 °C); '"H NMR (400 MHz, CDCL) & 8.14 (d,J
= 8.4 Hz, 2H), 7.86 (dJ = 8.4 Hz, 2H), 6.62 (dJ =
11.4 Hz, 1H), 655 (dJ = 115 Hz, 1H), 4.36 () =
7.1 Hz, 2H), 1.37 (tJ = 7.1 Hz, 3H);"®C NMR (101

NMR (101 MHz, CDC)) & 163.88, 145.21, 136.37, 135.85,
134.75, 131.00, 129.93, 128.91, 128.67, 128.64,31288.02,
21.69; IR (neat) 2996, 1985, 1794, 1602, 1549, 15348, 1052
cm®; HRMS Calcd for GH;¢0,S (M + N&): 339.0667, found:
339.0671.

(2)-2-hydroxyethyl 3-tosylacryla(@ae).

Colorless oil; Yield = 71% (52.1 mg)H NMR (400 MHz,
CDCl) 8 7.86 (d,d = 8.1 Hz, 2H), 7.38 (d] = 8.0 Hz, 2H), 6.52
(ABq, 2H, A3AB = 0.04,J,g = 12.0 Hz), 4.49 — 4.46 (m, 2H),
3.95 (t,J = 4.3 Hz, 2H), 2.87 (s, 1H), 2.46 (s, 3HC NMR (101
MHz, CDCk) 5 164.15, 145.59, 136.02, 135.38, 130.82, 130.17,
128.17, 68.08, 60.68, 21.71; IR (neat) 3362, 299B5, 1794,
1603, 1548, 1348, 1052 émHRMS Calcd for GH;,0sS (M +
Na'): 293.0460, found: 293.0451.

(2)-2-methoxyethyl 3-tosylacrylatgaf).

White Solid; Yield = 81% (62.2 mg); mp = 78 °C (Linp =
77-79 °C); "H NMR (400 MHz, CDCJ) & 7.83 (d,J = 8.1 Hz,
2H), 7.35 (dJ = 8.1 Hz, 2H), 6.49 (ABq, 2H\3AB = 0.04,J5 =

12.0 Hz), 4.44 (t) = 4.8 Hz, 2H), 3.92 () = 4.4 Hz, 2H), 3.49

MHz, CDCL) & 163.521, 143.654, 134.502, 134.066, 133.(s, 3H), 2.43 (s, 3H)**C NMR (101 MHz, CDCJ) § 164.151,

034, 128.986, 117.742, 117.099, 62.475, 13.9B1(neat)
2994, 2226, 1985, 1792, 1604, 1548, 1344, 1053; dfR
MS Calcd for G,H;;NO,S (M + Na): 288.0306, found: 28
8.0304.

(2)-ethyl 3-((4-acetylphenyl)sulfonyl)acrylaté3ga).

White Solid; Yield = 72% (50.8 mg); mp = 82 °C (Linp
= 8183 °C); '"H NMR (400 MHz, CDCl) & 8.11 (s, 4
H), 6.56 (m, 2H), 4.36 (qJ = 7.2, 6.6 Hz, 2H), 2.65 (s
, 3H), 1.38 (t,J = 7.2 Hz, 3H)."*C NMR (101 MHz,
CDCl;) & 196.815, 163.831, 143.364, 141.164, 134.901,
33.287, 129.152, 128.763, 62.487, 27.080, 14.1R1(ne
at) 2992, 1792, 1735, 1603, 1547, 1342, 1051%chiRMS
Calcd for GsH.0sS (M + Nd&): 305.0454, found: 305.045
1.

(Z2)-methyl 3-tosylacrylat€3ab).

Colorless oil; Yield = 82% (53.9 mgfH NMR (400 MHz,
CDCL) & 7.85 (d,J = 8.2 Hz, 2H), 7.36 (dJ = 8.0 Hz,
2H), 6.50 (ABqg, 2H,AAB = 0.06, J,s = 12.0 Hz), 3.88 (s,
3H), 2.44 (s, 3H);*C NMR (101 MHz, CDG) & 164.51,
145.28, 136.40, 135.88, 131.02, 130.00, 128.2976221.6
9; IR (neat) 1984, 1795, 1601, 1548, 1347, 1050%chiR
MS Calcd for GH;,0,S (M + Na): 263.0354, found: 263.

0351.

(2)-phenyl 3-tosylacrylaté3ac).

Yellow Solid; Yield = 75% (60.8 mg); mp = 86 °C (Linp =
85-87 °C); 'H NMR (400 MHz, CDCJ) & 7.89 (d,J = 8.1 Hz,

145.593, 136.015, 135.384, 130.819, 130.171, 178.68.080,
60.681, 53.406, 21.712; IR (neat) 1985, 1795, 16628, 1347,
1051 cnm; HRMS Calcd for GiH1c0sS (M + Na): 307.0616,
found: 307.0617.

(2)-2-(benzyloxy)ethyl 3-tosylacrylaigag).

White Solid; Yield = 82% (78.5 mg); mp = 100 °C t(Linp =
99-101 °C);'H NMR (400 MHz, CDCJ) & 7.88 (d,J = 7.9 Hz,
2H), 7.37 — 7.26 (m, 7H), 6.50 (ABq, 2HW3AB = 0.03,Jss =
12.0 Hz), 4.60 (s, 2H), 4.52 — 4.45 (m, 2H), 3.81 (td 5.5, 3.9
Hz, 2H), 2.41 (s, 3H)"*C NMR (101 MHz, CDCJ) & 163.05,
144.17, 136.80, 135.29, 134.51, 130.03, 128.95,4127127.36,
126.83, 126.74, 72.22, 66.67, 64.05, 20.66; IRt}r2204, 1985,
1792, 1604, 1547, 1348, 1051 ¢nHRMS Calcd for GoH,0sS
(M + Na'): 383.0929, found: 383.0927.

(2)-2-bromoethyl 3-tosylacrylai@ah).

White Solid; Yield = 85% (75.4 mg); mp = 85 °C (Linp =
84-86 °C); 'H NMR (400 MHz, CDC})) § 7.87 (d,J = 8.3 Hz,
2H), 7.37 (dJ = 8.0 Hz, 2H), 6.52 (ABq, 2H\3AB = 0.04,J,5 =
12.0 Hz), 4.61 (tJ) = 6.3 Hz, 2H), 3.63 () = 6.3 Hz, 2H), 2.45
(s, 3H);*C NMR (101 MHz, CDCJ) § 163.67, 145.42, 136.17,
135.94, 130.40, 130.07, 128.33, 65.08, 27.86, 21R2(neat)
2992, 1984, 1793, 1602, 1548, 1348, 1051 chRMS Calcd
for C;.H;5BrO,S (M + Na&): 354.9616, found: 354.9618.

(2)-4-hydroxybutyl 3-tosylacrylai@ai).

Colorless oil; Yield = 77% (61.8 mgfH NMR (400 MHz,
CDCly) 3 7.87 (d,J = 8.1 Hz, 2H), 7.36 (d] = 8.0 Hz, 2H), 6.49
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(ABg, 2H, ASAB = 0.04,J,5 = 12.0 Hz), 4.35 (1] = 6.5 Hz, 2H),

Grasso, S. and Zappala, M.Med. Chem.2008,51, 988. (c) Moon,

3.71 (,J = 6.3 Hz, 2H), 2.45 (s, 3H), 1.92 — 1.81 (m, 2H), 1.723. T.: Ha, S. H.; Lee, S. H.: Kwon, T. H.; Oh, C. Rm, Y. D.: Kim,

(dg, J = 9.7, 6.4 Hz, 2H), 1.25 (s, 1HYC NMR (101 MHz,
CDCl,) § 164.18, 145.29, 136.39, 135.36, 131.26, 130.08,22
66.00, 62.31, 29.02, 24.88, 21.70; IR (neat) 338®1, 1984,
1795, 1602, 1547, 1347, 1048 ¢nHRMS Calcd for GH140sS
(M + Na"): 321.0773, found: 321.0775.

(2)-2-methoxy-2-oxoethyl 3-tosylacryld8aj).

Colorless oil; Yield = 81% (60.4 mg)H NMR (400 MHz,
CDCl,) 5 7.88 (d,J = 8.0 Hz, 2H), 7.37 (d] = 8.0 Hz, 2H), 6.58
(ABQ, 2H, ASAB = 0.04,J, = 12.0 Hz), 4.84 (s, 2H), 3.81 (s,
3H), 2.45 (s, 3H)C NMR (101 MHz, CDGJ) 5 166.51, 162.28,
144.40, 135.69, 129.03, 128.98, 127.40, 60.61,06120.70; IR
(neat) 2991, 1984, 1794, 1742, 1602, 1548, 13431 1’
HRMS Caled for GH.40:S (M + Na): 298.0511, found:
298.0508.

Deuterium generation (Z)-ethyl 3-tosylacryld#.

White Solid; Yield = 87% (55.5 mg); mp = 37 °C (Linp =
36-38 °C); 'H NMR (400 MHz, CDC})) & 7.88 (d,J = 7.9 Hz,

2H), 7.36 (d,J = 7.9 Hz, 2H), 6.51 (s, 1H), 4.36 (@= 7.1 Hz,

2H), 2.45 (s, 3H), 1.39 (@ = 7.1 Hz, 3H):*C NMR (101 MHz,

CDCly) 5 163.02, 144.18, 135.46, 134.37, 128.94, 127.28461
20.69, 12.97; IR (neat) 2994, 1985, 1794, 1602,8154348,

1051 cm'; HRMS Calcd for GH;DO,S (M + Nd): 278.0573,
found: 278.0575.
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