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ABSTRACT

A novel Pummerer-type reaction was developed via o-chloranil-mediated C −H bond oxidation. The reaction provides a simple and efficient
method to construct sulfide derivatives. A Knoevenagel-type reaction was also achieved via multiple C −H bonds activation under neutral
reaction conditions.

Selective and efficient activation of C-H bonds to generate
functional molecules with minimal energy, cost, and envi-
ronment impacts is one of the challenging research areas in
synthetic chemistry.1,2 Among the C-H functionalizations,
activation of the C-H bond adjacent to a heteroatom (such
as N or O) has been widely investigated because the success
of such a method could lead to future efficient synthesis of
natural products and pharmaceuticals with heteroatoms
imbedded.3 However, all reported methods in this line have

their limitations. For example, usually one or two transition
metal catalysts have to be used in these transformations. In
addition, the heteroatoms in the substrates are restricted to
oxygen and nitrogen atoms. Therefore, developing metal-
free activation of a C-H bond adjacent to a heteroatom
ranging from oxygen4 and nitrogen to sulfur and other atoms
would advance the state of the art of today’s C-H bond
functionalization.

The Pummerer reaction is one elegant synthetic method
to functionalize a C-H bond adjacent to a sulfur atom and
has been widely applied in the synthesis of natural products
and biologically active compounds.5 However, in the classical
Pummerer reactions, sulfoxide starting materials and harsh
acidic initiators have to be used (Scheme 1). Therefore, to
expand the scope of the Pummerer reaction, efforts focused
on novel ways to generate thionium intermediates from
sulfides have been undertaken.6,7 The most challenging part
in this regard resides in developing a novel way that can
generate thionium intermediates or their equivalents from
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sulfides under mild and neutral reaction conditions, which
are also compatible with nucleophilic addition reaction at
the same time. Herein, we wish to report our endeavor to
develop a metal-free activation of a C-H bond adjacent to
sulfur that can efficiently generate Pummerer-type products
wheno-chloranil (tetrachloro-o-benzoquinone) was used as
the oxidant (Scheme 2).

To begin our study, ethyl 3-oxo-3-phenylpropanoate1a
and benzyl methyl sulfide2a were chosen as the standard
substrates to search for suitable reaction conditions. After
many failures, we found that the desired product3a was
obtained in 87% isolated yield in 30 min by using 1.5 equiv
of o-chloranil as an oxidant at 80°C (Table 1, entry 1).8

Subsequently, various substrates were tested under the
optimized conditions, and some representative results are
shown in Table 1. When benzyl phenyl sulfide2b and
dibenzyl sulfide2c were used,3b and3c were obtained in
87% and 70%, respectively (Table 1, entries 2 and 3). It
should be noted that monoalkylation product3cwas the only
isolated product. The desired products were also obtained
with good isolated yields when 1, 3-diketones1b and 1c
reacted with sulfides (Table 1, entries 4-8). Interestingly,
4a, a Knoevenagel-type condensation product, was formed
in 12% yield together with the oxidative product3gobtained
in 77% yield (Table 1, entry 7).

Subsequently, we optimized the reaction conditions aiming
to obtain the Knoevenagel-type condensation products
selectively. Studies showed that the yield of4awas increased
up to 81% together with 19% yield of3g in the presence of
3.0 equiv ofo-chloranil, at 100°C (Table 2, entry 1). When
2b and2c were used,4a was exclusively obtained in 97%
and 93% yields and no Pummerer-type oxidative coupling
products3 were observed (Table 2, entries 2 and 3). When
1a was used,4b was obtained in excellent yields (Table 2,
entries 4-6). The desired products4 were also obtained with
good to excellent yields when cyclic substrate1d and
â-ketoimide 1e were used (Table 2, entries 7-10). 2,4-

Pentadione1g reacted with2b and2c to give Knoevenagel-
type product4f in 62% and 80% yields, respectively (Table
2, entries 12 and 13). However, the corresponding Pummerer
product 3i was also obtained in 28% when2b was used
(Table 2, entry 12). In all entries in Table 2, products4 were
obtained as single regioisomer when unsymmetrical dicar-
bonyl compounds were used.

A tentative mechanism of theo-chloranil-mediated Pum-
merer-type and Knoevenagel-type reactions is shown in
Scheme 3. C-H oxidation of 2 by o-chloranil gives a
thionium intermediate,5a,9 which could also exist as a
neutral species,5b, in which a possible weak C-O bond is
formed between the two charged moieties in5a. Nucleophilic
addition of5a to 1 then generates the coupling product3.10

If excesso-chloranil is used, compound3 is transformed to
product4 via the C-S bond cleavage.11
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Scheme 1. Classic Pummerer Reaction

Scheme 2. o-Chloranil-Mediated Pummerer- or
Knoevenagel-Type Reactions

Table 1. o-Chloranil-Mediated Pummerer-Type Reactionsa

a 1 (0.25 mmol),2 (1.5 mmol), ando-chloranil (0.38 mmol) were used.
b Isolated yields are reported, and the ratios of two diastereomers are reported
in the parentheses.c 4a was obtained in 12%.
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In summary, a novel Pummerer-type reaction and a
Knoevenagel-type reaction have been developed via a metal-
free C-H bond oxidation strategy. The high selectivity of
the reactions is achieved by controlled reaction conditions.

The metal-free, neutral, and mild reaction conditions make
these attractive reactions for potential applications. The
scope, mechanism, and synthetic application of these reac-
tions are under investigation.
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Table 2. o-Chloranil-Mediated Knoevenagel-Type Reactionsa

a Compounds1 (0.25 mmol) and2 (1.5 mmol) ando-chloranil (0.75
mmol) were used unless otherwise noted.b Isolated yields are reported.c 2
equiv of o-chloranil was used; 3 g was obtained in 19%.d 2 equiv of
o-chloranil was used; 120°C. e 2 equiv of o-chloranil was used.f Compound
3i was obtained in 28%.

Scheme 3. Tentative Mechanism for theo-Chloranil-Mediated
C-H Bond Oxidation Initiated C-C Bond and CdC Formation
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