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Synthesis of vinyl sulfones from aromatic olefins and arylsulfonyl hydrazides via I,-TBHP catalyzed sys-
tem under the N, atmosphere is described. Owing to no use of metal, only producing N, and water as the
byproducts and directly available reactants, this reaction could validly avoid many disadvantages of the
transition metal catalysts. In addition, the desired product can be collected with moderate to excellent

yields under the suitable conditions.
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Introduction

With the decrease of fossil energy and pollution of the environ-
ment, finding alternative sustainable processes, which are used to
build new structures through functionalization of inactive C—H
bonds, is a requirement for organic chemists.! In recent years,
cross-coupling reactions have attracted a mass of current interests
due to their potential advantages.” Especially, transition-metal-
catalyzed C—C and C—heteroatom (N, O, P) bond formations have
been researched by more and more chemists in recent decades.?
Above their supports, we found that transition-metal-catalyzed
cross-coupling reactions require very long reaction time. At the
same time, transition-metal-catalyzed coupling reactions have
many other drawbacks, such as expensive price for transition-
metal catalysts, ligands, toxic catalysts or co-catalysts and so on.”
But in many transition-metal-catalyzed cross-coupling reactions,
there are a few of the efficient constructions of C—S bonds with
high selectivity relatively, probably owing to the deactivation of
the catalyst for the sulfur species.” So metal-free catalyst probably
is a wonderful possibility for the construction of C—S bonds, avoid-
ing of many disadvantages of transition-metal-catalyzed coupling
reactions.®

Vinyl sulfone is an important function group in a great deal of
biologically active molecules and pharmaceuticals.” For example,
vinyl sulfones are widely used in sortase,® cysteine proteases,’ pro-
tein tyrosine phosphatases'® and so on. Based on the significance
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of these compounds in different areas, various approaches to pro-
duce vinyl sulfones have been discovered, like addition-elimina-
tion sequences, the Pd- and Cu-catalyzed cross-coupling
reactions of sulfinate salts with vinyl halides'' and so on. However,
these methods inevitably suffered from certain shortcomings, for
instance, producing a mixture of isomers.'” In recent years, sul-
fonyl hydrazides have received considerable attention (Scheme 1).
In 2014, Jiang and co-workers obtained vinyl sulfone with high
yield by a copper-catalyzed transformation of styrene with
TsNHNH, in dimethyl sulfoxide at 100 °C (Scheme 1a),'® obviously,
there are some metal catalyst. Subsequently, Lei and co-workers
achieved parallel reactions with different catalyst (Scheme 1b).'#
Last several years, Singh and co-workers synthesized (E)-vinyl sul-
fones by cross-coupling, while cinnamic acids and arylsulfonyl
hydrazides were performed under DBU as base condition
(Scheme 1¢).'® In 2015, Yuan and co-works obtained (E)-vinyl sul-
fones via I,-mediated decarboxylative cross-coupling reactions of
sodium sulfinates with cinnamic acids(Scheme 1d).'¢

Sulfonyl hydrazine, an available synthesis intermediate in
organic compounds, can be used to synthesis hydrazones, hetero-
cycles directly,!” as aryl sources by means of C—S bond cleavage,'®
as sulfone and reductants by means of N—S cleavage. Furthermore,
there are also some chemical synthesis by cleavage of the O—S of
sulfonyl hydrazides.'® In comparison to other sulfenylation/sul-
fonation agents, sulfonyl hydrazides are stable in the air and read-
ily accessible. More importantly, N, and water are the only
byproducts in this reaction.? Given conventional synthetic strate-
gies and reactants, herein, we reported the method for synthesis of
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Scheme 1. C—S functionalization by aromatic olefins and arylsulfonyl hydrazides.

vinyl sulfones via I,—TBHP-catalyzed oxidative cross-coupling
between styrenes and sulfonyl hydrazine.

Organisation of the template

Firstly, p-toluenesulfonyl hydrazide (1a) and styrene (2a) were
used as model substrates to examine various reaction conditions,

Table 1
Optimization of reaction conditions®.

X
©/\ N \@\ llo
o,/S\N,NHQ
1a 2a H

_—_—

the reaction of 1a with 2a was performed with 1.0 equiv. of I as
catalyst, 4.0 equiv. of TBHP as oxidant, and 1, 4-dioxane as the sol-
vent in an open atmosphere at 90 °C for 3 h, the desired product
3aa was isolated in 38% yield as shown in Table 1 (entry 1). At
the same time, we performed the reaction in different solvent, to
our delight, the corresponding product 3aa was collected in 45%
yield in toluene (entry 2). In order to find the best additives, we

catalyst oxidant \©\ O

additive solvent

Entry Catalyst Solvent Additive Oxidant Yield (%)"
1 I 1,4-Dioxane no TBHP 38

2 I, Toluene no TBHP 45

3 I DMA no TBHP 38

4 I Toluene Na,CO3 TBHP 70

5 I Toluene NaOH TBHP 53

6 I, Toluene KHCO3 TBHP 60

7 I Toluene DBU TBHP 53

8 I, Toluene TEA TBHP 65

9 I Toluene Na,CO3 No Trace
10 I, Toluene Na,CO3 H,0, 53
‘11 I, Toluene Na,CO3 TBHP 76
412 I, Toluene Na,CO5 TBHP 79
deq3 I, Toluene Na,COs3 TBHP 74
414 I Toluene Na,C03 TBHP 70
de1s I, Toluene Na,CO; TBHP 63
“h16 I, Toluene Na,CO; TBHP 88
diy7 I, Toluene Na,COs3 TBHP 65
ah1g TABI Toluene Na,COs TBHP 64
dh1g I, Toluene Na,CO; DTBP 35

2 Reaction conditions: 1a (0.2 mmol), 2a (0.24 mmol), catalyst (1.0 equiv.), oxidan
Isolated yield.

Base (2.0 equiv.).

(base (2.0 equiv.) oxidant (2.0 equiv.)).

b
c
d
€ Catalyst (0.5 equiv.).

t (4 equiv.), solvent (2 mL), time (3h), temp (90 °C).base (1.0 equiv.) under air atmosphere.

f At 70 °C. #At 110 °C. "under N, atmosphere. ‘under O, atmosphere. TBHP: tert-butyl hydroperoxide, DMA: N, N-dimethylacetamide, DBU: 1, 5-diazabicycloundec-5-ene,

TEA: triethylamine.
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chose Na,COs3;, NaOH, KHCO3, DBU and TEA as base, the results
showed that Na,COswas more favorable than other bases, the yield
of (E)-1-methyl-4-(styrylsulfonyl) benzene (3aa) could be
increased to 70% (entry 4-8). In addition, we found the yield of
3aa did not enhance in absence of oxidant or other oxidants
instead of TBHP (entry 9-10). Next, we optimized the dosages
of the base, oxidant, and catalyst (entry 11-13). We found when
the reaction was performed in an increase in the equiv. of
Na,COs3 to 2.0, 2.0 equiv. of TBHP and 1.0 equiv. of catalyst the
yield of 3aa was achieved to 79% (entry12). Other temperatures
(70 °C and 110 °C) were further tested, however, the yield of 3aa
was not improved (entry 14-15). At last, reaction was respec-
tively performed under the O, atmosphere and N, atmosphere
(entry 16-17). To our surprised, the yield of 3aa was improved
to 88% when reaction was carried out under the N, atmosphere
(entry 16). We use TABI to replace iodine and get the corre-
sponding product in yield (entry 18). And the same time, we
use DTBP to replace TBHP in optimal condition and get the
desired product in 38% yield (entry 19). After all, the use of I,
TBHP, and Na,CO; were crucial for this reaction, by using the
optimized reaction conditions [1.0 equiv. of I, and 2.0 equiv.
of TBHP, 2.0 equiv. of Na,CO; in toluene, under the N,
atmosphere] (entry 16), the generality of the method was
subsequently explored (See Table 2).

Table 2
Scope of the reaction with styrene.

In the optimal reaction conditions, various styrenes having var-
ious substitution groups underwent a smooth sulfono functional-
ization and the desired products were obtained in excellent
yields. Some styrenes which have electron-withdrawing sub-
stituents on the phenyl ring could be performed smoothly to afford
the corresponding products in available yields (3ba-3fa), obvi-
ously, the yield of product was declined when o-styrenes (2-F, 2-
Cl) with p-toluenesulfonyl hydrazide was performed relative to
p-styrenes (4-F, 4-Cl, 4-Br), perhaps primary reason is steric hin-
drance. In addition, we did other styrenes with electron-donating
group on the phenyl ring (4-Me, 2-Me, 4-t-By, 2, 5-2Me), and the
yields of the corresponding products ranged from 73% to 80%
(3ga-3ja). When o-Methyl-styrene was reacted, we did not get
desired product ((E)-1-methyl-4-((2-phenylprop-1-en-1-yl) sul-
fonyl) benzene (3k’a), however, we collected another product (1-
methyl-4-((2-phenylallyl) sulfonyl) benzene) (3ka). What is more,
when styrene with electron-donating group on the phenyl ring (4-
OCH3) was performed, only trace desired product was detected
(31a). In addition, we also did some heterocyclic compound and
other substituted groups, 2-vinypyridine, 2, 3, 4, 5, 6-pentafluo-
rostyrene, the corresponding yields ranged from 50 to 73% (3ma-
3na) (See Table 3).

At the same time, sulfonyl hydrazides with electron-withdraw-
ing group or electron-donating group on the phenyl ring (3-F, 3-Br,

I5(1.0 equiv)TBHP(2.0 equiv) R—/ | o
S = S//

N
R@/\ X \@\ 5
~ S- - NHz
O H

Na,CO3(2.0 equiv)
solvent 3

2ol

1 2a
o)
Q /©/ O\\ /©/ R /©/
S
Y S N 3
.\
o) o]
F c 0 Br o
32,88% 32,90% 3ca,78% 3da,82%
Cl O\ /©/ Q O\\ /©/
\ x x-S
r o LT A~y 3
x-S Y
0 39a,76% 3ha,80%

3fa,73%
3ea,80%

o [ o LT o L
N \
O\\S/©/ A S\\ \\S\\ = S\\
A S ¢} (¢} o

3ka,50%

3ja,77%
3ia,73%

HaCO

3la,trace 3ma,73%

3k'a,0%

F o}
T oY
F S
Y N XS ke
o) \ 0
=N F F
F

3na,60%

Using 1 (0.24 mmol), 2a (0.2 mmol), I; (100 mol%), Na,CO3 (2.0 equiv.), TBHP (2.0 equiv.) in toluene under N, atmosphere at 90 °C for 3 h.
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Table 3
Scope of the reaction with sulfonyl hydrazides.
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Using 1a (0.24 mmol), 2 (0.2 mmol), I, (100 mol%), Na,COs5 (2.0 equiv), TBHP (2.0 equiv) in toluene under N, atmosphere at 90 °C

for 3 h.
o Nz
\__NH o |
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O |
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Scheme 2. Some controlling experiment.

4-0CHjs, 4-H) also could be performed, and yields of corresponding
products range from 62% to 94% (3ab-3af). And then we chose
thiophene-2-sulfonohydrazide as the substrate, but the yield of
product was 19%. We performed the methanesulfonyl hydrazide
and styrene in the optimal condition, the corresponding product
3 ag was collected in 95% yield. That showed the reaction was suit-
able for alkyl sulfonyl hydrazides.

In order to further explore possible reaction mechanism, we did
some controlling experiments (Scheme 2). The reaction of styrenes
with p-toluenesulfonyl hydrazide were performed under the stan-
dard conditions in the presence of radical inhibitors 2,2,6,6-tetram-
ethyl-1-piperidinyloxy (TEMPO) or 2,6-di-tert-butyl-4-
methylphenol (BHT) respectively, the reaction was suppressed
obviously, which indicated a radical reaction pathway be involved
possible.

Based on the results of control experiments, a possible reaction
mechanism was proposed in Scheme 3. Initially, tert-butyl
hydroperoxide is decomposed into tertiary butyl free radicals, sub-
sequently, tert-butoxyl radical abstracts hydrogen atom from sul-
fonyl hydrazide 1a, which leads to the generation of sulfonyl
radicals (I-1), water, and the release of molecular nitrogen.'>?!

Afterwards, the radical addition reaction of I-1 and olefin 2 gener-
ates carbon radical I-2.? The most important step for alkenylation
is that radical I-2 reacts with in situ generated iodine to generate
iodosulfone I-3 and then HI elimination from I to 3 affords the final
alkenylation product under the base.”* At last, iodide is oxidized by
TBHP under basic conditions to generate iodine and tert-butoxyl
radical.**

Conclusions

In conclusion, the pathway to synthesize (E)-vinyl sulfone
from available aromatic olefin and arylsulfonyl hydrazides was
developed. The reaction was carried through an [, -TBHP
catalyzed radical addition result, and an abundance of groups
was well tolerated. This transformation provides a general
method to the functionalization of styrenes, and the same time,
N2 and water as byproduct, so this reaction shows its
unexceptionable application prospect in organic synthesis area.
What is more, the reaction provides good chemoselectivity and
stereoselectivity.
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Scheme 3. Possible reaction mechanism.

A. Supplementary data

Supplementary data associated with this article can be found, in 6.

the online version, at https://doi.org/10.1016/].tetlet.2018.02.078.

(b) Chen J, Chen S, Xu X, et al. J Org Chem. 2016;81:3246-3255;

(c) Lu G-P, Chen F, Cai C. J Chem Educ. 2017;94:244-247,

(d) Yu J-S, Huang H-M, Ding P-G, et al. ACS Catal. 2016;6:5319-5344.

(a) Gao X, Yu B, Yang Z, et al. ACS Catal. 2015;5:6648-6652;

(b) Lin Y, Luo P, Zheng Q, Liu Y, Sang X, Ding Q. RSC Adv. 2014;4:16855-16863.

7. Fung E, Chua K, Ganz T, Nemeth E, Ruchala P. Bioorg Med Chem Lett.

References 8

1. (a) Bellina F, Rossi R. Chem Rev. 2010;110:1082-1146;

(b) Biswas P, Paul S, Guin J. Angew Chem Int Edit. 2016;55:7756-7760;
(c) Boisvert L, Goldberg KI. Acc Chem Res. 2012;45:899-910;
(d) Silva AR, Botelho J. J Mol Catal A-Chem. 2014;381:171-178. 9.

2. (a) Cheng C, Hartwig JF. Chem Rev. 2015;115:8946-8975; 10
(b) Ruiz-Castillo P, Buchwald SL. Chem Rev. 2016;116:12564-12649; 11
(c) Szostak M, Fazakerley NJ, Parmar D, Procter D]. Chem Rev. 12
2014;114:5959-6039.

3. (a) Kumar R, Van der Eycken EV. Chem Soc Rev. 2013;42:1121-1146; 13
(b) Li B-J, Shi Z-]. Chem Soc Rev. 2012;41:5588-5598; 14
(c) Modha SG, Mehta VP, Van der Eycken EV. Chem Soc Rev. 15
2013;42:5042-5055; 16,
(d) Xia Y, Wang J. Chem Soc Rev. 2017;46:2306-2362; 17
(e) Yamamoto Y. Chem Soc Rev. 2014;43:1575-1600.

4. (a) Bermudez JM, Arenillas A, Luque R, Angel Menendez ]. Fuel Process Technol. 18
2013;110:150-159;

(b) Gaillard S, Cazin CSJ, Nolan SP. Acc Chem Res. 2012;45:778-787, 19,
(c) Huang X, Groves JT. ACS Catal. 2016;6:751-759; 20
(d) Karak M, Barbosa LCA, Hargaden GC. RSC Adv. 2014,4:53442-53466; 21
(e) Liu J, Zhu Q, Du ], Zhang X. Chinese | Org Chem. 2015;35:15-28. 22

5. (a) Ambethkar S, Vellimalai M, Padmini V, Bhuvanesh N. New ] Chem. 23

2017;41:75-80; 24

2015;25:763-766.

. (a) Connolly KM, Smith BT, Pilpa R, et al. J Biol Chem. 2003;278:34061-34065;

(b) Frankel BA, Bentley M, Kruger RG, McCafferty DG. ] Am Chem Soc.
2004;126:3404-3405;

(c) Sudheesh PS, Crane S, Cain KD, Strom MS. Dis Aquat Organ.
2007;78:115-127.

Doherty W, Adler N, Knox A, et al. Eur J Org Chem. 2017;175-185.

. Liu S, Zhou B, Yang H, et al. ] Am Chem Soc. 2008;130:8251-8260.
. Rokade BV, Prabhu KR. J Org Chem. 2014;79:8110-8117.
. Kimura T, Inumaru M, Migimatsu T, Ishigaki M, Satoh T. Tetrahedron.

2013;69:3961-3970.

. Li X, XuY, Wu W, et al. Chem Eur J. 2014;20:7911-7915.

. Tang S, Wu Y, Liao W, et al. Chem Commun (Camb). 2014;50:4496-4499.
. Singh R, Allam BK, Singh N, et al. Org Lett. 2015;17:2656-2659.

. Gao ], Lai J, Yuan G. RSC Adv. 2015;5:66723-66726.

. (a) Barluenga J, Valdés C. Angew Chem. 2011;123:7626-7640;

(b) Shao Z, Zhang H. Chem Soc Rev. 2012;41:560-572.

. (a) Yang FL, Ma XT, Tian SK. Chem Eur J. 2012;18:1582-1585;

(b) Yu X, Li X, Wan B. Org Biomol Chem. 2012;10:7479-7482.

. Yang FL, Tian SK. Angew Chem Int Ed Engl. 2013;52:4929-4932.

. Li Y, Wei L, Wan JP, Wen CP. Tetrahedron. 2017;73:2323-2328.

. Li X, Xu X, Zhou C. Chem Commun. 2012;48:12240.

. Wei W, Liu C, Yang D, et al. Chem Commun (Camb). 2013;49:10239-10241.
. Jiang Q, Jia J, Xu B, Zhao A, Guo CC. J Org Chem. 2015;80:3586-3596.

. Chen L, Shi E, Liu Z, et al. Chem Eur J. 2011;17:4085-4089.

Please cite this article in press as: Zhan Z., et al. Tetrahedron Lett. (2018), https://doi.org/10.1016/j.tetlet.2018.02.078



https://doi.org/10.1016/j.tetlet.2018.02.078
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0005
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0010
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0015
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0020
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0025
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0030
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0035
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0035
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0040
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0045
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0050
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0050
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0055
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0060
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0065
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0065
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0070
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0075
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0080
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0085
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0090
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0090
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0095
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0100
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0105
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0110
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0115
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0120
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0120
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0125
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0130
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0130
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0135
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0135
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0140
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0145
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0150
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0155
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0155
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0160
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0165
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0170
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0175
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0180
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0185
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0190
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0195
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0200
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0205
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0210
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0215
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0220
http://refhub.elsevier.com/S0040-4039(18)30278-8/h0225
https://doi.org/10.1016/j.tetlet.2018.02.078

	Metal-free catalyzed synthesis of the (E)-vinyl sulfones via aromatic olefins with arylsulfonyl hydrazides
	Introduction
	Organisation of the template
	Conclusions
	A Supplementary data
	References


