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Copper-Enabled Photo-Sulfonylation of Aryl Halides Using

Alkylsulfinates

Adv. Synth. Catal. 2023, 365, in press; DOI: 10.1002/adsc.202300257

Sulfones are prevalent in synthetic organic chemistry, and
can serve both as functional group handles in synthetic
intermediates as well as structural features in bioactive
targets. “Methods of synthesizing sulfones include oxidation
of sulfides, metal-catalyzed cross-couplings of sulfinates, di-
rect C-H functionalizations, and three-component couplings
using SO, or its surrogate”,! explained Dr. Dan Lehnherr from
the Process Research and Development department of Merck
& Co,, Inc. (Rahway, New Jersey, USA), whose group was in-
terested in developing novel and efficient strategies for in-
stalling sulfonyl groups into organic molecules. “Both electro-
chemical and photochemical methods have been developed
to access sulfones.? For example, Rueping,® Molander* and

Manolikakes® have reported methods of cross-coupling sul-
finate salts to aryl halides via metallaphotoredox leveraging a
nickel catalyst and either an Ir- or Ru-photocatalyst.”
Photochemistry enables access to highly reactive interme-
diates (e.g., open-shell intermediates), which has facilitated
the development of many synthetic methods, achieving broad
impact in organic synthesis. “The most widely used photoca-
talysts have traditionally been coordination complexes of d®
transition metals, especially iridium (Ir'") due to their high
photo- and redox-stability. However, iridium is rare and thus
very expensive. Therefore, there are ongoing efforts in organic
synthesis in shifting to earth-abundant metals, such as iron,
cobalt, nickel, and copper, to enable sustainable catalysis. This
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Scheme 1 All reactions run using arylhalide (1.0 mmol), NaSO,Me (3.0 mmol), and CuCl (either 100 or 10 mol%) in 4:1 (v/v) DMSO |/
2 wt% aq. sodium dodecylsulfate for 36 h. Photochemical conditions use the Penn PhD m2 Photoreactor (365 nm, 100% LED inten-
sity, 400 rpm stir rate, 5200 rpm fan rate resulting in internal reaction temperature of 35 °C); thermal conditions are 35 °C hot plate

(400 rpm stir rate). 142 h instead of 36 h.
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can be especially important when seeking the development of
large-scale industrial processes,” said Dr. Lehnherr.

For this work, Dr. Lehnherr and his co-workers used
copper(l) chloride to enable the photosulfonylation of aryl
halides with alkylsulfinate salts. Dr. Lehnherr told SYNFORM:
“The copper-driven photosulfonylation was inspired by a
fundamentally different approach than previous methods,
namely photoactivation of aryl halides to access non-planar
triplet geometries.® These non-planar triplet states allow ac-
cess to the 6* associated with a C-X bond, which is not acces-
sible in the ground state, potentially facilitating nucleophilic
aromatic substitution in the excited state (Figure 1, top). DFT
calculations of the triplet geometries of some polyhalogen-
ated arenes revealed energetically accessible non-planar geo-
metries which featured an out-of-plane carbon-halide bond
relative to the other carbon atoms of the arene (Figure 1, bot-
tom). Furthermore, this carbon-halide bond was elongated,
indicating a bond-weakening event.”

The authors’ success with this method was demonstrated
with a substrate scope of >20 aryl halides (including hetero-
arenes) and >10 alkylsulfinate salts (Scheme 1). “Besides aryl
bromides and aryl iodides, the sulfonylation method can also
utilize aryl chlorides, which is noteworthy as C-Cl are typic-
ally less reactive compared to C-Br and C-1 bonds,” explained
Dr. Lehnherr. He continued: “Regio- and chemo-selective sul-
fonylation of polyhalogenated arenes under mild conditions
was achieved, which is orthogonal to traditional cross coupl-
ing methods that typically require high reaction temperatures
(80-100 °C) and can lack selectivity.” To illustrate the benefits
of the photochemical activation approach (365 nm, 35 °C in-
ternal reaction temperature), the authors also characterized
the yields under thermal conditions (35 °C, no light). Dr.
Lehnherr remarked: “UV-vis and NMR spectroscopy provide
mechanistic insight, including the evidence for in situ forma-
tion of CuSO,Me when CuCl and NaSO,Me are mixed in solu-
tion. X-ray crystallography was utilized to obtain structural
confirmation when two potential regioisomeric products
could be formed.” He concluded: “Overall, this sulfonylation
method provides complementarity to existing photochemical
methods of cross-coupling sulfinate salts with aryl halides, as
it works well with alkylsulfinate salts whereas previously re-
ported methods are more developed for arylsulfinate salts.”->
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Figure 1 (Top) Strategic design for photo-sulfonylation of
non-planar triplets to access aryl-alkylsulfones. (Bottom)

DFT computed ground state (S,) and excited state triplet (T,)
geometries for a bromo-fluoroindanone derivative illustrating
the change in geometry from planar to non-planar and the
elongation of the C-Br bond.
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