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Direct vicinal sulfonylative difunctionalization of simple alkenes represents a powerful strategy for the rapid
assembly of B-functionalized sulfones from simple starting materials. In this context, the direct
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sulfonyloximation of alkene substrates has recently received much attention from the chemical

community owing to important applications of a-sulfonyl ketoxime products in organic synthesis. This
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1. Introduction

Sulfones (R-SO,-R) are an important family of organosulfur
compounds with extensive applications across a number of
disciplines, including organic synthesis," materials science,?
pharmaceutical chemistry,® and agricultural chemistry.*
Notably, over the past several decades, sulfones have emerged
as the key functional groups in more than eight FDA-approved
drugs, such as apremilast (an anti-rheumatic drug), vismode-
gib (an anti-cancer drug), and chlormezanone (an anxiolytic
drug), examples of which are shown in Scheme 1.° Because of
their interest in many areas, the development of efficient and
straightforward synthetic methods to access various types of
sulfone compounds from cheap and easily accessible starting
materials has a high influence on the chemistry community.
In a similar way, ketoximes (ketone-oximes) represent
a fundamental structural motif prevalent in organic trans-
formations® and ubiquitous in medicinally relevant molecules”
agrochemicals,® and natural products.® The most important
biological application of ketoximes is their ability to treat
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review provides an overview of recent research on the titled reactions, with an emphasis on the reaction
patterns and mechanisms. Literature has been surveyed until the end of 2024.

organophosphate (OP) poisoning by the reactivation of acetyl-
cholinesterase.’ Diacetylmonoxime (DAM) is a ketoxime
discovered by Grob et al., that was initially used in the treatment
of OP poisoning in 1956." Drawing inspiration form DAM,
several OP antidotes have been developed over the past decades.
However, to our knowledge, none have yet been approved by the
FDA. Very recently, Mathew and co-workers published an
interesting review paper entitled “oxime derivatives: a valid
pharmacophore in medicinal chemistry” that highlights some
of the important discoveries on the ketoxime-derived biological
active compounds.” Some selected examples of biologically
active ketoximes are given in Scheme 2.

a-Sulfonyl ketoximes (Scheme 3) are one of the most specific
classes of ketoximes that are not only found in various bioactive
molecules but also exhibit diverse reaction patterns due to their
multiple functional groups and have recently attracted wide-
spread attention as useful and versatile building blocks for the
synthesis of many significant pharmaceutically relevant
molecules.”®™

Conventional methods for the preparation of a-sulfonyl
ketoximes mainly relay on tedious and costly multiple steps
syntheses that suffer from limited substrate scope, poor overall
yields, prolonged reaction times and/or require harsh condi-
tions.” In order to bypass these limitations, the direct sulfony-
loximation of cheap and easily accessible alkenes has recently
been developed as an efficient and straightforward strategy for the
synthesis of titled compounds from simple starting materials
within a single click. Since significant progress has been made in
this rapidly growing research area over the past few years and no
review article has yet been published on this chemistry, it seems
an appropriate time to summarize those discoveries and devel-
opments in a comprehensive review. In connection with our
recent works on vicinal difunctionalization reactions,”* herein, we
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Scheme 2 Selected examples of bioactive compounds containing a ketoxime moiety in their overall structure.

try to summarize available literature on the synthesis of a-sulfonyl
ketoximes through the direct vicinal sulfonyloximation of alkenes
(Fig. 1), with an aim to encourage researchers to make further
progress in this attractive research field.

2. Two-component reactions

The direct 1,2-sulfonyloximation of alkenes using bifunctional
reagents has been scarcely investigated.”> To the best of our
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Scheme 3 General structure of a-sulfonyl ketoximes.
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knowledge, there is only one reported example of such a reac-
tion in the literature so far. In this study, the research group of
He disclosed that the treatment of various styrene derivatives 1
with commercially available N-hydroxy-arenesulfonamides 2 in
the presence of stoichiometric amounts of tetrabutylammo-
nium periodate ("Bu,NIO,) as an oxidant in DCM afforded the
corresponding a-sulfonyl ketoximes 3 in good to excellent yields
within 3 h (Scheme 4a). The results demonstrated that "Bu,-
NIO, was essential for this transformation, as no reaction
occurred in its absence. Notably, replacing "Bu,NIO, with some
other oxidants (e.g., PhIO, PhI(OAc),, IBX, HITB, DMP, HITB)
resulted in significantly reduced yields or even no desired
product at all. Regarding the substrate scope, the reaction
proved largely insensitive to the electronic nature of both
partners. As a result, substrates bearing either electron-
donating or electron-withdrawing groups on both components
were well tolerated under the optimized conditions. In contrast,
steric effects had a pronounced influence; while 2-chlorostyrene
afforded a 78% yield, the 2,6-dichlorinated analogue was quite
inert under the identical conditions. It should be mentioned
that next to aromatic alkenes, acrylates and conjugated dienes

+1INOJ

Fig. 1 Direct vicinal sulfonylative oximation of alkenes.
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were also compatible substrates with this scenario. Unfortu-
nately, the potential use of aliphatic alkenes as starting mate-
rials was not explored in this study. Based on a series of control
experiments, the authors suggested a potential mechanistic
pathway for this sulfonyloximation reaction, as outlined in
Scheme 4b. Initially, the oxidation of hydroxylamine 2 with
"BuyNIO, a low temperature leads to the formation of nitroso
intermediate A, which after homolytic cleavage of the S-N bond
delivers sulfonyl free radical B and NO free radical (NO°).
Subsequently, the regioselective addition of sulfonyl radical B to
styrene 1 forms the carbon-centered radical intermediate C.
Then the newly generated radical captures NO' to yield inter-
mediate D. Finally, this intermediate D undergoes a quick
intramolecular hydrogen transfer to produce the observed a-
sulfonyl ketoxime products 3.

3. Three-component reactions

In the current section, we will look at the available literature on
the direct sulfonyloximation of alkenes via three-component
methodologies. For clarity, the section is organized into five
major subsections according to the type of sulfonating agents.

3.1. Sulfinic acids as sulfonating agents

In 2017, Han and Yu along with their co-workers unraveled an
elegant protocol for the synthesis of a-sulfonyl ketoximes 6
through the three-component reaction between alkenes 4, sul-
finic acids 5, and tert-butyl nitrite (‘BuONO) under catalyst-free
conditions (Scheme 5a).* According to the authors, in this
reaction ‘BuONO played double roles; both as the oxime source
and the radical initiator. The transformation was highly general
and functional-group tolerant, compatible with a wide range of
alkene substrates, including aromatic (electron-rich and
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(a) He's synthesis of a-sulfonyl ketoximes 3; (b) mechanism proposed to explain the formation of a-sulfonyl ketoximes 3.

electron-poor), aliphatic (cyclic and acyclic), and acrylate
derivatives. Additionally, the scope of sulfinic acids that
participated in the reaction was broad, encompassing aromatic,
aliphatic, and naphthenic sulfinic acids. Interestingly, when the
alkene substrate contains an alkynyl group within its structure,
the reaction exhibits a high level of selectivity, allowing the
alkenyl group to be functionalized without affecting the carbon-
carbon triple bond. In this study, the authors identified several
limitations in their methodology, some of which are listed
below: (i) when cyclohexene was used as the substrate, the
destabilizing steric effects and dipole-dipole interactions
caused the expected product (1-methyl-4-((2-nitrosocyclohexyl)
sulfonyl)benzene) to further react with two additional sulfonyl
radicals, resulting in the formation of the unexpected 4-methyl-
N-(2-tosylcyclohexyl)-N-(tosyloxy)benzenesulfonamide as the
sole product in 30% yield; (ii) performing the reaction with 4-
bromobut-1-ene as the substrate resulted in the formation of 3-
(tosylmethyl)-4,5-dihydroisoxazole in moderate yield, which was
clearly formed through a sulfoximation/intramolecular-Sx2
cascade sequence; and (iii) subjection of 3,4-dimethylene-1-
(phenylsulfonyl)pyrrolidine to the reaction under identical
conditions resulted in no detection of the desired product, only
a complex mixture was obtained. The proposed mechanism for
this sulfonyloximation, as outlined in Scheme 5b, begins with
the formation of sulfinyl anion A through deprotonation of
sulfinic acid 5 by pyridine. This anion is then oxidized via single
electron transfer (SET) by ‘BuONO to generate the sulfonyl free
radical B. Subsequently, radical B adds to the double bond of
alkene 4 to form the C-centered radical C that, after reaction
with NO free radical converts to the nitroso compound D.
Finally, intermediate D undergoes tautomerization to deliver
the target product 6.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 5 (a) Selected examples of ‘BUONO-mediated vicinal sulfoximation of alkenes 4 with sulfinic acids 5; (b) plausible mechanism for the

formation of a-sulfonyl ketoximes 6.

3.2. Sodium sulfinates as sulfonating agents

In 2016, Yang et al. investigated the possibility of synthesizing
a-sulfonyl ketoximes through the three-component reaction of
alkenes with sodium sulfinates and ‘BuONO.* To determine the
optimum conditions, they carefully screened various copper
catalysts (e.g., CuBr, Cul, CuOTf, CuBr,, Cu(OAc),) and different

solvents (toluene, MeCN, DCM, DCE, DMF, DMSO) in the sul-
fonyloximation of 1-methyl-4-vinylbenzene with sodium ben-
zenesulfinate and ‘BuONO, as a model reaction. The optimal
system was recognized using 10 mol% of CuBr in toluene at 60 °©
C. It should be noted that the above-mentioned temperature
was crucial for the success of this reaction, as either an increase

0 N/OS
: |
Xr X X NoNa CuBr (10 mol%) A A
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= = toluene, 60 °C, 12 h &% R? P
7 8 R! 9 R?
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19 examples (41-72%)

Scheme 6 Cu-catalyzed sulfonyloximation of styrenes 7 with sodium aryl sulfinates 8 and ‘BuONO.

© 2025 The Author(s). Published by the Royal Society of Chemistry

RSC Adv, 2025, 15, 1717417185 | 17177


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra02712h

Open Access Article. Published on 22 May 2025. Downloaded on 3/12/2026 2:14:34 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances
‘BuONO + H,0 ——— ‘BuOH + HNO,

HNO, ———» NO, + NO + H,0

0,
|C|) cul cul /0
S Ar—S, = ———
Ar” DONa \
O
8 A
HO.,,
O, 0O
\\S//
Ar Sar
9

View Article Online

Review

0 AN o, O
! ’ Y

\\o AT
B C

N
Vo
Ar \Ar'
D

Scheme 7 Plausible mechanism for the formation of a-sulfonyl ketoximes 9.

or decrease in temperature reduced the reaction efficiency.
Under the standard reaction, a range of aromatic alkenes 7
(terminal and internal) were reacted well with various sodium
aryl sulfinates 8 to provide the expected a-sulfonyl ketoximes 9
in modest to high yields (Scheme 6). Unfortunately, aliphatic
alkenes failed to undergo the desired transformation under the
optimized reaction conditions. Additionally, the potential
applicability of alkyl sulfinates in the reaction was not investi-
gated in this study. The mechanism proposed by the authors to
explain this reaction is illustrated in Scheme 7. At first, in the
presence of water, ‘BuONO readily decomposes into HNO, and
‘BuOH, and the resulting HNO, is rapidly converted into NO,,
NO, and H,O. In parallel, in the presence of CuBr, sodium aryl
sulfinates 8 generates the oxygen-centered radical A, which is in
resonance with the sulfonyl radical B. Afterwards, the addition
of newly generated radical B to styrene 7 yields intermediate C,
which subsequently reacts with NO to form intermediate D.
Finally, intermediate D undergoes tautomerization to produce
the desired oxime 9.

In a significant contribution in this field, Zhang and co-
workers developed an interesting direct sulfonyloximation of
styrene derivatives 10 with sodium sulfinates 11 using sodium
nitrite (NaNO,) as a nitrosating agent under metal-free condi-
tions.”® The reactions were performed in the presence of fluo-
roboric acid (HBF,) as a Brensted acid in the most

environmentally benign solvent, water, and provided the
desired a-sulfonyl ketoximes 12 in poor to excellent yields
(Scheme 8). Evaluation of the substrate scope revealed that the
reaction was tolerant to both aromatic and aliphatic sodium
sulfinates. However, the scope of alkenes was limited to the use
of (hetero)aromatic alkenes. As an extension of the substrate
scope of the methodology, it was demonstrated that a variety of
functionalized pyridine alkenes could be successfully employed
in the reaction. Thus, in this study, twenty-two 2-(alkyl/aryl-
sulfonyl)-1-(pyridin-2-/3-/4-ylJethanone  oximes were also
synthesized with yield ranging from 37% to 95%, using the
corresponding 2-/3-/4-vinylpyridines under the standard reac-
tion conditions. The following mechanistic pathway was
proposed by the authors for this sulfonyloximation reaction
(Scheme 9): initially, the combination of NaNO, with HBF,
generates the NO positive ion, which after reaction with alkene
10 produces cationic intermediate A. Afterwards, this cationic
reacts with sodium sulfinate 11 to form intermediate B, which
undergoes a tautomerization process to afford the observed
product 12.

3.3. Sulfonyl hydrazides as sulfonating agents

In 2017, Wang and co-workers informed for the first time the
usefulness of sulfonyl hydrazides as sulfonating agents for the
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Scheme 8 Zhang's synthesis of a-sulfonyl ketoximes 12.
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Scheme 9 Proposed mechanism for the formation of a-sulfonyl ketoximes 12.

direct sulfonyloximation of olefinic double bonds,” when
various terminal and internal alkenes 13 in the treatment with
(hetero)aryl sulfonyl hydrazides 14 and ‘BuONO under basic
conditions in binary solvent NMP/H,O (1:1), underwent
regioselective sulfonyloximation to afford corresponding o-
sulfonyl ketoximes 15 in fair to good yields (Scheme 10a). The
procedure proved to be general and a diverse range of internal
and terminal (aromatic and aliphatic) alkenes successfully
participated in the reaction. Moreover, both aromatic and het-
eroaromatic sulfonyl hydrazides demonstrated good reactivity
under the standard conditions. However, phenyl-
methanesulfonyl hydrazide did not work well in the reaction
and therefore no other aliphatic sulfonyl hydrazides were
investigated in the protocol. Noteworthy, the authors demon-
strated the scalability of the reaction since 1-phenyl-2-
tosylethanone oxime could be obtained in 2.25 g scale in
a high yield of 78%. According to the authors, the reaction
proceeds through a mechanism analogous to that proposed by

() Q9

Han and Yu for sulfonyloximations using sulfinic acids and
‘BuONO.

Two years later, this reach group extended the scope of their
methodology for regioselective sulfonyloximation of alkyne
substrates.”” The reactions were conducted under an inert
atmosphere in a EtOH/H,O solvent mixture, tolerated various
terminal (hetero)aromatic alkynes 16 and a range of function-
alized (hetero)aryl sulfonyl hydrazides 17, and provided the
desired a-sulfonyl ketoximes 18 in yields ranging from 25% to
80% (Scheme 10b). In addition, a tolerance for phenyl-
methanesulfonyl hydrazide was also demonstrated. However,
the methodology was unfruitful with both internal and aliphatic
alkynes. It is important to note that an inert atmosphere is
essential for the success of this reaction, as performing the
process under air results in the formation of sulfonyl ketone by-
products, which significantly reduce the yield of the desired a-
sulfonyl ketoximes.

\\S// N/Og o
2 H imidazole (1 equiv.) \//
XN+ 2 4 BUONO > S
R NMP/H,0 (1:1), air, 100°C,6h  R!
13 14 R?
15

Rlz Ph, 4-Me-C6H4, 4-tBu-C6H4, 4-0Me-C6H4, 4-C1-C6H4,
4-Br-C6H4, 4-N02-C6H4, 3-C1-C6H4, 2-naphthyl, "Bu

R>=H

R! +R%=-(CH,);-

27 examples (33-86%)

(Het)Ar= Ph, 4-MC-C6H4, 4-tBU-C6H4, 4-OMC-C6H4,_4-F-C6H4, 4-C1-C6H4, 4-Br-C6H4, 4-CF3-C6H4, 4-OCF3-C6H4,
4-CN-C6H4, 3-C1-C6H4, 2-C1-C6H4, 2,4,6-(’Pr)-C6H2, 3-CF3_4-C1-C6H3, 2-naphthy1, 2-thlenyl

® X

_OH

N" O
imidazole (1.5 equiv.)

S<
_ NHNH,
R——H + + ‘BuONO
16 17

R1= Ph, 4-Me-C6H4, 4-Et-C6H4, 4-tBu-C6H4, 4-0Me-C6H4, 4-F-C6H4,

(0]
\ //
» )I\/\S/
’
18

32 examples (25-80%)

EtOH/H,O (4:100), N,
100 °C, 1.5 h

4-C1-C6H4, 4-Br-C6H4, 4-N02-C6H4, 4-NM€2-C6H4, 3-Me-C6H4,
3-OMe-CgH,, 3-Br-CgHy, 2-Br-CgHy, 2-pyridyl, 3-thienyl
(Het)Ar= Ph, 4-MC-C6H4, 4-tBLl-C6H4, 4-OMC-C6H4, 4-OCF3-C6H4, 4-F-C6H4, 4-C1-C6H4, 4-Br-C6H4, 4-CF3-C6H4,
4-CN-C6H4, 3-C1-C6H4, 3-N02-C6H4, 2-C1-C6H4, 3-CF3-4-C1-C6H3, l-naphthyl, 2-naphthyl, 2—thlenyl

Scheme 10 Wang's synthesis of a-sulfonyl ketoximes 15 and 18.
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3.4. Sulfonyl chlorides as sulfonating agents

One of the earliest reports of the direct sulfonyloximation of
alkenes using sulfonyl chlorides as sulfonating agents was
published by Li and colleagues in 2024,*® who showed that the
treatment of styrene 19 with 4-toluenesulfonyl chloride 20 and
‘BuONO in the presence of an excess amount of tetramethyle-
thylenediamine (TMEDA) under visible light irradiation at room
temperature resulted in the formation of corresponding o-
sulfonyl ketoximes 21 in a 66% yield (Scheme 11). Notably, no
product was obtained when the respective sulfonyl fluoride was
used in place of sulfonyl chloride. Although only a single
example was presented, this work can serve as an inspiration for
future research on the topic. Mechanistically, the reaction is
believed to proceed through the formation of an electron-
donor-acceptor (EDA) complex between sulfonyl chloride and
TMEDA (Scheme 12).

Concurrently, this research group presented an interesting
visible-light-mediated direct sulfonyloximation of styrene 19
with a series of aryl sulfonyl chlorides 22 and ‘BuONO through
a hydrogen atom transfer (HAT) and halogen-atom transfer
(XAT) relay strategy.> The optimized condition for this difunc-
tionalization reaction is the use of 2 equiv. of inexpensive
borane trimethylamine complex (Me;N-BH;) as the XAT
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reagent and 395 nm LEDs as the light source. Under these
conditions, the desired a-sulfonyl ketoximes 23 were obtained
in moderate yields, ranging from 38% to 58% (Scheme 13). The
results demonstrated that electron-rich aryl sulfonyl chlorides
afforded better yields compared to their electron-deficient
counterparts. Unfortunately, the scope and limitations of
alkene substrates were not explored in this study. Worth noting
is that this synthetic strategy was also extended to one-pot
sulfamoyl-oximation of various terminal and internal alkenes,
allowing the synthesis of a broad range of structurally diverse
oxime-containing alkyl sulfonamides (40 examples, yields
ranging from 23% to 73%). Evidence from radical trapping
experiments suggests that this transformation proceeds
through a radical-mediated pathway as depicted in Scheme 14.

3.5. Miscellaneous

Tosylmethyl isocyanide (TosMIC) is a versatile and multipur-
pose reagent that is widely employed not only as a C-N=C
synthon in the synthesis of various heterocycles via cyclization
reactions, but also as an effective sulfonating and sulfomethy-
lating agent.** In 2019, Shen and co-workers disclosed the
usefulness of this reagent as the source of tosyl group in the
direct vicinal sulfonyloximation of olefinic double bonds,*
when a series of styrene derivatives 24 underwent regioselective

PN o o
ArSO,-Cl a————= [ArSO,-Cl «— NR » ArSO) —mm8 8 —»
2 [ b 3] \' 2 P NN
20 EDA complex (A) _ " B C
Cl +NR;
/Og o _0 ‘BuONO
o, O
\\S// \\S// /) hv
Ph \Ar Ph Mr
21 D

Scheme 12 A plausible mechanism for the formation of a-sulfonyl ketoxime 21.

_OH
VA Me;N-BH; (2 equiv.) VA
e;N- equiv.
PN + S+ 'BuONO Sl - s{_
Ar Cl acetone, Ar, 395 nm LEDs, r.t., 12 h Ph Ar
19 22 23

Ar= 4-OMC-C6H47 4-F-C6H4, 4-CN-C6H4, 4-N02-C6H4

Scheme 13 Li's synthesis of a-sulfonyl ketoximes 23.
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tosyloximation with TosMIC 25 and ‘BuONO in the presence of
Co(salen),/"C,Fol/Na,CO3; combination as a catalytic system in
THF to form corresponding a-sulfonyl ketoximes 26 in 32-73%
yields (Scheme 15). In this study, the authors identified some
limitations in their methodology when they attempted to apply
sterically congested 2-chlorostyrene and heteroaromatic 3-
vinylpyridine as the substrates. Unfortunately, in both cases, no
desired products were obtained. Furthermore, the process
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Scheme 14 Proposed mechanism for the formation of a-sulfonyl ketoximes 23.

appears to be unsuitable for gram-scale synthesis, as a signifi-
cant decrease in yield was observed (from 73% in the 0.6 mmol
scale, to 51% in the 20 mmol scale). The proposed mechanism
for this transformation is outlined in Scheme 16.

Very recently, in a beautiful approach, Li's research group
disclosed a photoinduced three-component reaction involving
alkenes 27, N-nitrosamines 28, and 1,4-diazabicyclo[2.2.2]
octane bis-(sulfur dioxide) (DABSO) for the synthesis of o-

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

R=H, 4-Me, 4-'Bu, 4-OMe, 4-F, 4-Cl, 4-Br, 4-I, 3-Me, 3-Cl

Scheme 15 Shen's synthesis of a-sulfonyl ketoximes 26.
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Scheme 16 Mechanism proposed to explain the formation of a-sulfonyl ketoximes 26.
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Scheme 17 Li's synthesis of a-oximino sulfonamides 29.

oximino sulfonamides 29 using 30 W 395 nm LEDs as the light
source and DCM as the solvent.** The reactions were carried out
in absence of any transition metal catalysts or additives, toler-
ated the presence of a wide array of important functional groups
such as fluoro, chloro, bromo, cyano, nitro, amino, hydroxy,
ketone, ester, ether, and amide functionalities, and provided
the desired a-oximino sulfonamides 29 in synthetically useful
yields (Scheme 17). Notably, the authors further demonstrated
the synthetic utility of their methodology through the late-stage
functionalization of various alkenes and N-nitrosamines
derived from natural products and medicinal agents (e.g,
diacetone-p-glucose, leelamine, r-menthol, febuxostat, atom-
oxetine). It is worth noting that, in this transformation, N-
nitrosamines acted as bifunctional reagents by simultaneously
generating aminyl and NO radicals via photoinduced N-N bond
hemolysis. Additionally, DABSO functioned not only as the
sulfonyl source but also as an effective scavenger of aminyl
radicals, thereby facilitating the bifunctional use of N-nitrosa-
mines under neutral conditions. With respect to the reaction

mechanism, the authors proposed the following pathways, as
illustrated in Scheme 18: (i) homolytic cleavage of the N-N bond
of N-nitrosamines 28 upon light irradiation to form the aminyl
radical A and NO radical; (ii) trapping of aminyl radical A by SO,
to produce key sulfamoyl radical B;* (iii) addition of the sulfa-
moyl radical B to the double bond of alkene 27 to afford
nucleophilic alkyl C-centered radical C; (iv) radical/radical
cross-coupling between radical C and NO® to give nitroso
compound D; and (v) tautomerization of intermediate D to
deliver the observed o-oximino sulfonamides 29. Another
independent sulfamoyloximation method was concurrently
published by Sang et al., employing almost identical conditions
demonstrated by Li group.**

4. Four-component reactions

In 2021, Zhao and co-workers explored the synthesis of a-
sulfonyl ketoximes 32 through a four-component reaction
involving alkenes 30, amines 31, ‘BuUONO, and DABSO via the

_OH
I VN
i N=NO === N-+NO R! \Il\l/ Ty — 29
~..R4 SooR4 R2 R4\__,/I
28 A C
[SO,]
2
; RN \V4
3 R\N—S//- > Rl/\/S\N/R"
VAR Lo
*--R 0 RZ RY
B C

Scheme 18 Mechanism proposed to explain the formation of a-oximino sulfonamides 29.
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Scheme 19 Zhao's synthesis of a-sulfonyl ketoximes 32.
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Scheme 20 Mechanistic proposal for the formation of a-sulfonyl ketoximes 32.

insertion of sulfur dioxide.*® Thus, a detailed analysis of the
optimized reactions revealed that the best conditions involved
performing the process in the presence of a catalytic amount of
salicylic acid in MeCN under an inert atmosphere, resulting the
desired a-sulfonyl ketoximes 32 in poor to good yield, ranging
from 26% to 68% (Scheme 19). Various styrene and aniline
derivatives were compatible with this scenario. However, the
protocol was unsuccessful with alkyl-substituted alkenes, as
well as with aliphatic and heteroaromatic amines. It is worthy of
note that an inert atmosphere has essential impact on the
success of this transformation. Performing the process under
an oxygen atmosphere resulted in the predominant formation
of a-sulfonyl ketones via the selective oxo-sulfonylation
pathway.*® Although a-sulfonyl ketones can be easily con-
verted to the corresponding a-sulfonyl ketoximes by conden-
sation with hydroxylammonium chloride,*” the overall yield of
the final product using this sequential procedure may be
significantly lower than that of the direct sulfonyloximation,
and the substrate scope may also be more limited. A plausible
mechanism that explains the formation of a-sulfonyl ketoximes
32 is depicted in Scheme 20 and involves the following steps: (i)
initial formation of the diazonium salt A through the reaction of
aniline 31 with ‘BuONO; (ii) reaction of A with salicylic acid to
generate the diazo intermediate B; (iii) decomposition of

© 2025 The Author(s). Published by the Royal Society of Chemistry

intermediate B to form the hydrogen-bond stabilized salicyloyl
radical C and aryl radical along with the release of N,; (iv)
reduction of radical C by intermediate F (or DABCO) to produce
the salicylate anion D; (v) abstraction of a proton from reaction
mixture by salicylate anion D to regenerate salicylic acid; (vi)
reaction of aryl radical with DABSO to afford aryl sulfonyl
radical E and intermediate F; (vii) addition of radical F to
styrene 30 to produce the alkyl radical G; (viii) reaction of radical
G with in situ generated nitrosyl radical to give nitroso
compound H; and (ix) tautomerization of H to yield the
observed product 32.

5. Conclusion

During the past decade, significant progress has been made in
the area of direct vicinal sulfonylative functionalization of
alkene substrates, to achieve complex sulfone molecules from
simple starting materials within a single click. In this review,
recent advances in the direct sulfonyloximation of simple
alkenes is discussed. This synthetic strategy provides an atom
and step economical approach for preparing synthetically
useful a-sulfonyl ketoxime derivatives, whose traditional
synthetic methods mainly relied on tedious and costly multi-
step syntheses. As illustrated, over the past decade, various
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two-, three-, and four-component reactions have been devel-
oped for the direct sulfonyloximation of olefinic bonds, which
predominantly benefit from the use of inexpensive and
commercially available starting materials. Despite recent
advances, this field of research is still in its infancy and we
believe that the highly versatile and extremely effective meth-
odologies for the synthesis of these compounds through the
titled reactions will be attainable in the near future.
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