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We report a Ru-photocatalyzed S-alkylation of sulfinamides using
diazo compounds under blue light. The reaction proceeds with high
S/N selectivity, broad substrate scope, and mild conditions, furnish-
ing sulfoximines that can be diversified through downstream
chemical transformations.

Sulfoximines have emerged as valuable structural motifs in
organic and medicinal chemistry due to their unique stereoelec-
tronic features, including a stereogenic sulfur center and a
compact, hydrophilic architecture." These have found extensive
applications in organic chemistry, as key intermediates, chiral
auxiliaries, directing groups, and ligands in transition-metal
catalysis, and additionally have notable applications in
agrochemistry.> Furthermore, they have recently emerged as
noteworthy structures in medicinal chemistry® since the discov-
ery of BAY 1000394 (Scheme 1a), a sulfoximine-derived pan-CDK
inhibitor developed by Bayer." Given their broad utility, the
development of efficient, practical, and sustainable synthetic
routes to sulfoximines remains a compelling research objective.

Two general strategies are commonly employed for sulfoxi-
mine synthesis (Scheme 1b): (i) nitrogen transfer to sulfoxides
followed by N-functionalization, and (ii) direct S-functionalization
of sulfinamides.>® Although the N-transfer strategy is operation-
ally straightforward, it typically affords only unprotected N-H
sulfoximines, or protected sulfoximines, thus requiring additional
steps for N-functionalization, e.g. via N-alkylation or N-arylation
reactions.'”” In contrast, direct S-alkylation of sulfinamides repre-
sents a conceptually attractive alternative, providing direct access
to fully substituted sulfoximines via C-S bond formation. How-
ever, achieving high S-selectivity remains challenging, as the
sulfinamide nitrogen is generally more nucleophilic than sulfur,
often leading to competing N-alkylation or over-alkylation.®
Recent advances by Bolm,* Maruoka,*>¢ and Koenigs® have
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demonstrated that careful control of the N-protecting group can
enable S-selective transformations, yet these approaches often
require specialized reagents, stoichiometric oxidants, or sensi-
tive organometallic intermediates, limiting their generality and
practicality.'>*°

To address these limitations, we envisioned a visible-light-
mediated approach to promote S-alkylation under mild and
redox-neutral conditions (Scheme 1c). Photocatalytic activation of
diazo compounds has recently emerged as a powerful strategy for
generating reactive carbene or radical species capable of engaging
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in diverse C-H, C-C, and heteroatom functionalizations.
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Scheme 1 Sulfoximines in drugs, synthesis and S-alkylation reactions.
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Table 1 Optimization of the reaction conditions?

Qs?‘ /]\ . h't IRUGRYICE 610 (25 motk) Q‘s'"i/co_.a
/©/ I CO,Et MeCN
467 nm blue LED, (2 x 40W)

1 N Ar,rt,16h 3
Entry Deviation from standard conditions Yield” of 3a
1 None 96 (92)°
2 Without light Traces
3 Without photocatalyst Traces
4 In a 370 nm purple LED 21
5 In air 24
6 Addition of 2 equiv. H,O 27

4 Reaction conditions: 1a (0.2 mmol), 2a (6.0 equiv.) and [Ru(bpy);]Cl,-
6H,0 (2.5 mol%) in MeCN (2.0 mL) under argon. "H NMR yields were
calculated using 1,3,5-trimethoxybenzene as an internal standard.
b Isolated yield.

Despite these advances, photocatalytic S-alkylation of sulfinamides
using diazo compounds has not been reported. Herein, we dis-
close a photocatalytic S-alkylation reaction of sulfinamides with
diazo compounds to access sulfoximines. The transformation
proceeds with high S/N selectivity, and excellent functional-group
tolerance, without requiring additives, bases, or oxidants. Mecha-
nistic studies suggest a radical cross-coupling pathway rather than
a carbene insertion process.

We began by examining the model reaction between sulfi-
namide 1a and ethyl diazoacetate 2a under visible-light irradia-
tion. A comprehensive screening of photocatalysts, solvents, and
reaction parameters identified [Ru(bpy);]Cl,-6H,0 (2.5 mol%) in
acetonitrile (0.1 M) under 467 nm irradiation for 16 h as the
optimal conditions (see the SI for details, Tables S1-S4), provid-
ing sulfoximine 3a in 92% yield (Table 1, entry 1). The reaction
doesn’t proceed in the absence of a photocatalyst or without blue
light; asserting the importance of a photocatalytic reaction
mechanism (entries 3 and 4). The reaction was also wavelength
dependent, with 370 nm irradiation affording only 21% yield of
3a. Other controls involving open air reaction and addition of
water resulted in diminished yields (entries 5 and 6).

With the optimized conditions in hand, we explored the
substrate scope of the transformation. A wide range of aryl,
heteroaryl, and styrylic sulfinamides were compatible, affording
the corresponding sulfoximines (3a-3m) in moderate to excel-
lent yields. Electron-donating and electron-withdrawing substi-
tuents on the aryl ring were well tolerated, though para-nitro
substitution led to a marked decrease in yield (3¢, 16%), likely
due to electronic deactivation. Substrates bearing heteroaro-
matic or styryl substituents underwent smooth conversion to
the corresponding products (3k-3m) in good yields. In contrast,
ortho-substituted aryl sulfinamides afforded only trace amounts
of product, consistent with steric hindrance around the reactive
sulfur center. Aliphatic sulfinamides were unreactive under the
standard conditions (SI, Fig. S5).

Variation of the N-substituent on the sulfinamide further
demonstrated the robustness of the protocol. Various substitu-
ents such as isopropyl, trifluoromethyl, phenyl, pyridyl, methoxy,
ester, and Boc attached to the alkyl chain proved compatible with
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Scheme 2 Substrates scope. Reaction conditions: 1a (0.2 mmol), 2a
(6.0 equiv.) and [Ru(bpy)s]Cl-6H,0 (2.5 mol%) in MeCN (2.0 mL) under argon.

the reaction conditions giving the corresponding sulfoximines
(3n-3w) in moderate to excellent yields (23-92%). The presence of
a second sulfinamide in the side chain resulted in a decreased
yield of 27% along with 1:1 diastereomers of the resulting
sulfoximine 3x. N-aryl and unprotected sulfinamides were largely
unreactive under the optimized conditions (SI, Fig. S5).

The reaction also tolerated a variety of diazo compounds. Both
donor/donor and donor/acceptor diazo compounds afforded the
corresponding sulfoximines (3y, z) in high yield. Chiral diazo
compounds derived from r-menthol and (—)-borneol gave a 1:1
mixture of diastereomers in moderate yield (Scheme 2).

This journal is © The Royal Society of Chemistry 2026
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To demonstrate the synthetic utility of the obtained sulfox-
imines, several downstream transformations were performed
(Scheme 3a). Treatment of 3a with a sulfonyl azide resulted in a
mild dealkylation reaction to regenerate the parent sulfinamide 1a
in 79% yield. Condensation of 3a with 2-hydroxybenzaldehyde
afforded coumarin derivative 4a. o-Halogenation and o-alkylation
proceeded smoothly to yield 4b and 4c in 64% and 27% yield,
respectively. Furthermore, sulfoximine 3f underwent a nickel-
catalyzed photoredox-catalyzed cross-coupling to furnish the
corresponding para-aminated product 4d in 89% yield
(Scheme 3b), underscoring the compatibility of the sulfoximine
core in subsequent catalytic transformations.

We concluded our investigations with experimental studies
on the reaction mechanism (Scheme 3c and d). When the
reaction was performed using TEMPO as a radical quencher,

a. Downstream functionalization

3 AcHN (1.3 equiv.)
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the reaction resulted in a diminished yield of 3a along with the
TEMPO-adduct 5 suggesting the participation of radicals in the
course of the reaction (Scheme 3c). A competition experiment
with styrene resulted in sulfoximine formation without notable
amounts of cyclopropane, which suggests that carbene inter-
mediates are likely not involved. The on/off experiment shows
that no reaction occurs in the absence of light (Scheme 3d).
Additionally, the Stern-Volmer fluorescence quenching experi-
ments demonstrated that only the sulfinamide 1a efficiently
quenches the excited state of the photocatalyst, while the diazo
compound 2a does not show quenching (Scheme 3e).

Based on these observations and literature precedents, we
propose a plausible reaction mechanism (Scheme 4). Initially, the
photoexcited state of the Ru(u) photocatalyst undergoes reductive
quenching with sulfinamide 1a to afford a Ru(r) species and

cl
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Scheme 3 Post-synthetic transformations and control experiments.
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Scheme 4 Plausible reaction mechanism.

radical cation 6. Deprotonation of 6 furnishes persistent
S-centered radical 7b, favored over its less stable isomer 7a.
Meanwhile, the reduced ground-state photocatalyst donates an
electron to 2a to complete the photocatalytic cycle, while simulta-
neously generating key radical intermediate 8 through a PCET
process.” Radical cross-coupling between 7b and 8 then furnishes
the desired sulfoximine 3a.

In summary, we have developed a visible-light-driven proto-
col for the formal S-alkylation of sulfinamides using diazo
compounds. This protocol proceeds with excellent S/N selectiv-
ity under additive-free conditions, demonstrating broad sub-
strate scope and functional-group tolerance. The resulting
sulfoximines serve as versatile intermediates for further func-
tionalization, enabling access to challenging sulfur-nitrogen
architectures as well as cross-coupling chemistry.
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