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In this study, we report a palladium-catalyzed carbene C-H insertion reaction of non-activated arenes us-
ing N-tosylhydrazones as both carbene and olefin precursors. This method consists of a two-step, one-pot
process, where the arenes are first thianthrenated and then undergo migratory insertion/8-H elimina-
tion with N-tosylhydrazones to form aryl alkenes. This highly site-selective C-H alkenylation of arenes
demonstrates a relatively broad substrate scope and exhibits high tolerance for halogen substituents.
Importantly, this transformation allows for the modification of the arene moiety in commercially avail-
able bioactive molecules, underscoring its significant potential for late-stage functionalization of arene-
containing pharmaceuticals.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Carbene insertion into aromatic C-H bonds provides a powerful
strategy for functionalizing arenes [1,2]. In recent years, significant
progress has been made in carbene insertion into C(sp*)-H bonds
of activated or functionalized arenes [3-11]. Notably, Yu [12], Wang
[13], and other groups have reported Rh(IIl)-catalyzed aromatic
C-H functionalization reactions, offering a versatile and efficient
method for regioselective carbene insertion into aromatic C-H
bonds (Scheme 1a). However, the reliance on directing groups has
limited the broader applicability of these methods. The applica-
tion of this strategy to non-activated arenes remains underexplored
due to challenges arising from their diverse reactivities with car-
bene sources. Non-activated arenes are particularly prone to com-
peting side reactions, such as the Biichner reaction, or C(sp3)-H
insertion. Achieving site-selectivity in such systems further com-
plicates these transformations. In 2017, Zhang, Liu, and coworkers
[14] reported a highly para-selective C-H alkylation of toluene and
its non-activated derivatives (Scheme 1b). In this transformation,
the combination of a gold catalyst featuring a bulky triaryl phos-
phite ligand and a CF; group on the ester moiety of the diazo
compounds proved critical for achieving high efficiency and regios-
electivity. Subsequently, other successful examples have been re-
ported [15-17]. However, these approaches are limited to the use
of donor-acceptor carbenes.
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The innate C-H functionalization based on natural reactivity,
such as electrophilic aromatic substitutions or radical reactions,
serves as an alternative approach. In 2019, the Ritter group devel-
oped a site-selective C-H functionalization using thianthrenation,
which selectively functionalized the most electron-rich and least
sterically hindered position of the arene under mild conditions
[18]. Subsequent transformations of thianthrenium salts yielded
highly site-selective C-H functionalized arenes, with potential ap-
plications in late-stage functionalization of bioactive molecules.

In recent years, our group has focused on exploring carbene in-
sertion [19-21] and C-H thianthrenation [22,23] reactions, aiming
to develop directed strategies for aromatic C-H bond functional-
ization. We sought to combine thianthrenation and carbene inser-
tion to achieve highly regioselective functionalization of aromatic
C-H bonds. As a design strategy, the in-situ formation of thianthre-
nium salts addresses site-selectivity challenges and eliminates the
need for arene prefunctionalization, making it a highly effective
approach for carbene insertion into non-activated aromatic C-H
bonds. During the preparation of this manuscript, Ritter group re-
ported a late-stage functionalization of complex arenes via arylthi-
anthrenium salts and diazo compounds under palladium catalysis
[24]. Herein, we present a one-pot, two-step strategy for highly
site-selective donor-donor carbene C-H insertions of arenes, em-
ploying N-tosylhydrazones and non-activated arenes as substrates.
This method offers a streamlined and highly regioselective ap-
proach for constructing aryl alkenes, providing a convenient route
for the olefination of bioactive molecules.

1001-8417/© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
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Scheme 1. Site-selective carbene insertion of aryl C-H bond.

Table 1
Reaction optimization for the second step.?

T o1t NNHTs !

© Nopl— OO
Ar, 100°C, 24 h : S

2a 3a 4a i T
Entry Cat. (mol%) L (mol%) Base (equiv.) Yield (%)P
1 Pd(OAc), (10) PPhs (20) Cs,CO5 (2) 96
2 Pd(PPhs)4 (10) - Cs,CO5 (2) 83
3 PdCl, (10) PPhs (20) Cs,CO5 (2) 88
4 Cul (10) - Cs,CO5 (2) 0
5 CoBr; (10) - Cs,CO5 (2) 0
6¢ Pd(OAc), (10) PPh; (20) Cs,CO; (2) 75
74 Pd(OAc), (10) PPhs (20) Cs,C05 (2) 82
8 Pd(OAc), (5) PPhs (10) Cs,CO5 (2) 98 (94)
9 Pd(OAc), (2.5) PPh; (5) Cs,CO5 (2) 77
10 Pd(OAc), (5) PPhs (10) Cs,CO5 (1) 70
11 Pd(OAc), (5) PPhs (10) Na,CO3 (2) 69
12¢ Pd(OAc), (5) PPhs (10) Cs,CO5 (2) 86
13f Pd(OAc), (5) PPh; (10) Cs,C0;5 (2) 83
148 Pd(OAc), (5) PPhs (10) Cs,CO5 (4) 92 (88)

3 Reaction conditions: 2a (0.10 mmol, 1.0 equiv.), 3a (0.18 mmol, 1.8 equiv.), cata-
lyst, ligand, base, and 1,4-dioxane as solvent (1.0 mL) under Ar for 24 h at 100°C.

b Yield was determined by 'H NMR using 1,3,5-trimethoxybenzene as the internal
standard. Isolated yield in parentheses.

¢ Reflux in CH3CN.

4 Toluene as solvent.

¢ At 80°C.

f Under aerobic conditions.

€ One-pot reaction.

Considering N-tosylhydrazones are readily prepared via a sim-
ple condensation reaction with ketones or aldehydes, these com-
pounds were selected as carbene precursors. The reaction employ-
ing aryl thianthrenium salt 2a and N-tosylhydrazone 3a as sub-
strates, with Pd(OAc), as the catalyst and PPhs as the ligand, was
initially investigated. Gratifyingly, the olefin 4a was obtained with
a 96% NMR yield (Table 1, entry 1). Compared to other olefina-
tion reagents, such as vinyl boronic acid derivatives [18,25] and
vinyl silanes [26], N-tosylhydrazones can provide terminal alkenes
via a B-H elimination pathway [27-30]. Subsequent optimization
of the reaction conditions was then conducted. Catalyst screen-
ing revealed that the use of Pd(PPhs), or PdCl,/PPhs resulted in
lower yields (entries 2 and 3). Other metal catalysts, such as Cu
and Co, failed to promote the reaction (entries 4 and 5). Solvent
screening indicated that both acetonitrile and toluene led to re-
duced yields (entries 6 and 7). Reducing the catalyst and ligand
loadings to 5mol% and 10 mol%, respectively, led to a slight im-
provement in yield (entry 8). However, further reductions in the
amounts of catalyst, ligand and base resulted in decreased yields
(entries 9 and 10). Screening different bases, adjusting the reaction
temperature, or performing the reaction under aerobic conditions

Chinese Chemical Letters 37 (2026) 111225

all led to reduced yields (entries 11-13). Based on these results, the
optimal reaction conditions of the second step were determined as
follows: aryl thianthrenium salt 2a (1.0 equiv.), N-tosylhydrazone
3a (1.8 equiv.), Pd(OAc), (5.0 mol%), PPhs (10.0 mol%), Cs,CO3 (2.0
equiv.), in 1,4-dioxane (0.10 mol/L), at 100°C for 24 h under an ar-
gon atmosphere. To further simplify the procedure, a one-pot ap-
proach was then investigated (see details from Section 3.2 in Sup-
porting information). Toluene 1a was first thianthrenated to form
the intermediate thianthrenium salt 2a, which was used without
purification. The subsequent carbene migratory insertion and S-H
elimination reaction of 2a with N-tosylhydrazone 3a afforded prod-
uct 4a in 92% NMR yield (entry 14), comparable to the stepwise
reaction, with no significant loss in efficiency. Additional com-
parative studies with various sulfoxides demonstrated that thi-
anthrene oxide exhibits superior reactivity in aromatic C-H acti-
vation for the preparation of olefin 4a (Section 3.3 in Supporting
information).

With the optimized reaction conditions in hand, the substrate
scope of arenes was evaluated, and the results are summarized in
Scheme 2. Using N-tosylhydrazone 3a as substrate, reactions with
mono-substituted arenes of varying chain lengths and functional
groups produced olefins 4a-4h with excellent para-selectivity and
moderate to high yields. Arenes bearing electron-withdrawing
groups, such as fluorobenzene, exhibited reduced reactivity, likely
due to the lower efficiency of the thianthrenation process (4e). In
the case of di-substituted arenes, the desired olefins 4i-4s were
obtained with moderate to good yields. Notably, the methodology
enabled olefination while retaining halogen substituents (40-4q),
providing halogenated products that could be further functional-
ized through cross-coupling reactions. To ensure successful product
isolation, N-tosylhydrazone 3b, featuring a methoxyphenyl group,
was also employed. The reaction demonstrated good tolerance for
a variety of functional groups (4t-4v). Tri-substituted substrate af-
forded the desired product 4w in satisfied yield. Additionally, thio-
phene was also compatible with this reaction, olefin 4x was ob-
tained with acceptable yield.

The substrate scope of N-tosylhydrazones was also evaluated,
and the results are summarized in Scheme 3. Evaluation of N-
tosylhydrazones with ortho-, meta-, and para-methyl substitutions
revealed that the steric hindrance on the phenyl group of the N-
tosylhydrazones significantly influenced the reaction (4y-4z, 4aa).
Notably, halogen substituents on the N-tosylhydrazones remained
intact during the reaction (4ac-4ae). Additionally, both electron-
rich and electron-deficient (hetero)arenes were well-tolerated
(4ah-4aj). For N-tosylhydrazones derived from cyclopentyl or
cyclohexyl ketones, the reactions proceeded smoothly, yielding
alkenes with one cycloalkyl group (4al-4am). Tetra-substituted
olefins (4al-4ao) were successfully synthesized in relatively high
yields when PCy; was employed as the ligand in place of PPhs.

Cyclohexyl aldehyde derived N-tosylhydrazone was transformed
into the corresponding tri-substituted alkene, although with mod-
erate yield (4ap). N-Tosylhydrazone synthesized from N-benzyl 4-
piperidone shows inferior reactivity due to necessity of higher
temperature (4aq). Interestingly, cyclopropyl ketones derived N-
tosylhydrazones were converted into 1,3-butadiene derivatives in
good yields (4as-4at).

The practicality of this protocol was demonstrated through its
successful application in gram-scale synthesis (Scheme 4a). Addi-
tionally, in-situ prepared N-tosylhydrazones were used to achieve
the one-pot transformation (Section 2.4 in Supporting informa-
tion). The method was further applied to the late-stage modifica-
tion of complex bioactive molecule derivatives, including pyriprox-
yfen [31-33], oxazolidone [34,35], and esters derived from isoxepac
[36,37], flurbiprofen [38,39], and gemfibrozil [40,41]. The reactions
yielded the desired products (4au-4ay) in good yields, demonstrat-
ing its potential for functionalizing pharmaceutically relevant com-
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Scheme 2. Reaction scope of arenes. Reaction conditions: (1) 1 (0.10mmol, 1.0 equiv.), TTSO (0.11 mmol, 1.1 equiv.), TFAA (0.30 mmol, 3.0 equiv.), TfOH (0.11 mmol, 1.1 equiv.),
and CH3CN (0.40mL) under air for 12h at r.t.; (2) 3 (0.18 mmol, 1.8 equiv.), Pd(OAc), (0.005 mmol, 5mol%), PPh; (0.01 mmol, 10 mol%), Cs,CO3 (0.4 mmol, 4.0 equiv.), and
1,4-dioxane (1.0mL) under Ar for 24h at 100°C. Isolated yield. TTSO: thianthrene S-oxide.
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Scheme 3. Reaction scope of N-tosylhydrazones. Reaction conditions: (1) 1 (0.10 mmol, 1.0 equiv.), TTSO (0.11 mmol, 1.1 equiv.), TFAA (0.30 mmol, 3.0 equiv.), TfOH (0.11 mmol,
1.1 equiv.), and CH3CN (0.40 mL) under air for 12h at r.t.; (2) 3 (0.18 mmol, 1.8 equiv.), Pd(OAc), (0.005 mmol, 5mol%), PPhs (0.01 mmol, 10 mol%), Cs;CO3 (0.4 mmol, 4.0
equiv.), and 1,4-dioxane (1.0mL) under Ar for 24 h at 100°C. Isolated yields. @ The ratio of E/Z selectivity was determined by the 'H NMR. ® PCy; instead of PPhs. ¢ At 120°C.
43 (0.27 mmol, 2.7 equiv.), Pd(OAc), (0.01 mmol, 10 mol%), PPhs (0.02 mmol, 20 mol%), Cs,CO3 (0.50 mmol, 5.0 equiv.). TTSO: thianthrene S-oxide.

pounds (Scheme 4b). This thianthrenium salt activation strategy for
arenes overcomes traditional aryl halide regioselectivity limitations
[18,27,28,42-49], enabling direct C-H functionalization with high
site-selectivity while preserving halogen substituents. The method
eliminates pre-halogenation requirements for bioactive molecules
while retaining handles for late-stage diversification, synergistically
expanding accessible chemical space for pharmaceutical modifica-
tion.

Finally, a plausible mechanism is proposed, as illustrated in
Scheme 5 [30,42-51]. The process begins with the generation of
palladium(0), which undergoes oxidative addition with the aryl
thianthrenium salt. Simultaneously, diazo intermediate B is formed

from N-tosylhydrazones in the presence of a base. The aryl pal-
ladium intermediate A reacts with the diazo compound B, lead-
ing to the formation of the metal carbene intermediate C through
the extrusion of N,. Subsequently, migratory insertion of the car-
bene, followed by B-H elimination, produces the multi-substituted
aryl alkene 4. In the case of cyclopropyl ketones derived N-
tosylhydrazones, the intermediate E containing a cyclopropyl group
is generated. This intermediate undergoes S-C elimination, fol-
lowed by B-H elimination, to afford the 1,3-butadiene derivatives
4as and 4at. The radical mechanism was excluded by the inhibition
experiments for the ring-opening process (Section 4 in Supporting
information).
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Scheme 4. Gram scale reaction and applications on drugs. Reaction conditions: (1)
1 (0.10 mmol, 1.0 equiv.), TTSO (0.11 mmol, 1.1 equiv.), TFAA (0.30 mmol, 3.0 equiv.),
TfOH (0.11 mmol, 1.1 equiv.), and CH3CN (0.40 mL) under air for 12h at r.t.; (2) 3
(0.18 mmol, 1.8 equiv.), Pd(OAc), (0.005 mmol, 5mol%), PPh; (0.01 mmol, 10 mol%),
Cs;C0O3 (0.4mmol, 4.0 equiv.), and 1,4-dioxane (1.0 mL) under Ar for 24 h at 100°C.
Isolated yields.
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Scheme 5. Plausible mechanism.

In conclusion, we have developed a palladium-catalyzed car-
bene C-H insertion reaction of non-activated arenes using N-
tosylhydrazones as carbene and olefin precursors. This protocol
features remarkable site selectivity, high step economy, and wide
functional group tolerance. Through a thianthrenium salt activation
strategy, it not only enables the synthesis of multi-substituted aryl
alkenes and 1,3-butadiene derivatives, but also overcomes the re-
gioselectivity limitations of traditional aryl halide-based methods,
achieving direct C-H functionalization with precise spatial control
while preserving halogen substituents. Importantly, this transfor-
mation allows for the modification of the arene moiety in com-
mercially available bioactive molecules, underscoring its significant
potential for late-stage functionalization of arene-containing phar-
maceuticals.
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