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ABSTRACT: In this investigation, an unprecedented transition-metal-free and redox-neutral synthesis of sulfilimines was realized
through the S-arylation of readily obtainable sulfenamides employing diaryliodonium salts. The pivotal step encompassed the tau-
tomerization between bivalent nitrogen-centered anions, engendered post-deprotonation of sulfenamides under alkaline conditions,
and sulfinimidoyl anions. The experimental outcomes demonstrate that sulfinimidoyl anionic species function as efficacious nucleo-
philic reagents, affording sulfilimines with notable to exceptional yields and superlative chemoselectivity, all executed within a tran-

sition-metal-free protocol and under exceptionally mild conditions.

Sulfilimines, with their unique electronic and stereochemical
properties, have generated significant scientific interest in re-
cent years. * Their highly polarized structure, arising from a sul-
fur-nitrogen double bond, makes them an attractive option for
synthesizing complex molecules and serving as directing
groups and chiral auxiliaries in the fields of organic synthesis
and materials science. 2 Sulfilimines have also attracted consid-
erable interest in the field of biology, with the discovery of their
biologically relevant role in collagen IV networks. * Addition-
ally, Chang, Toste, and their team have introduced a ground-
breaking method for methionine bioconjugation, demonstrating
the potential of sulfilimines in biochemistry. # Moreover, the
sulfoximine skeleton, which can be easily prepared by oxidiz-
ing the sulfilimine group, is a valuable group present in many
medicinal molecules. 5 Therefore, there is a high demand for the
development of efficient and reliable methods for synthesizing
sulfilimines.

Oxidative amination of thioethers has long served as a cor-
nerstone in the intricate assembly of thioimine architectures.
Consequently, a myriad of structurally diverse amination rea-
gents, encompassing azides, oxaziridines, sulfonamides, am-
ides, carbamates, sulfamates, and others, have emerged in the
past decades. ® These advanced amination reagents are typically
employed in tandem with compatible oxidants, such as hyper-
valent iodines, to facilitate oxidative amination processes.’
Moreover, such methodologies often necessitate the utilization
of noble or transition metal catalysts, including Rh, Ru, Cu, and
the like, to achieve the desired reaction outcomes (Scheme 1a).
8 In recent years, the principles of green chemistry have gained
significant attention in the scientific community, emphasizing
the development of environmentally sustainable and efficient
chemical processes. Hence, the quest to develop an efficient,
oxidant-free, and metal catalyst-free approach for constructing
sulfilimines remains a pressing challenge in the field of organic
synthesis. In this context, Zhao and colleagues have developed
a metal-free coupling method for synthesizing sulfilimines
through an internal oxidant strategy that enables the cascade
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Scheme 1. Prior works and our design

formation of C-S and S=N bonds at room temperature. ° How-
ever, the substrate scope is limited to ortho-hydroxylaryl and
Ac-substituted structures. Luisi 1®and Willis ! independently
pioneered sulfilimine synthesis methodologies, which encom-
pass the substitution of Grignard reagents with sulfinimidate es-
ters and the addition of Grignard reagents to sulfinylamines, re-
spectively. While characterized by its oxidant-free nature, is
hampered by the limited substrate scope, which requires a high
tolerance to the reactive nature of the utilized Grignard reagents.
Very recently, Ellman 2 and Jia ** reported two new methods



for accessing sulfilimines with improved versatility and func-
tional group tolerance (Scheme 1b). Ellman's Rh(ll)-catalyzed
S-alkylation and Jia's Cu(ll)-catalyzed S-arylation of sulfena-
mides offer new synthetic routes to sulfilimines. However,
these transformations require transition-metal catalysts and
high temperatures, which could be a drawback in some cases.
Further research in this area is needed to develop even more
efficient and practical methods for synthesizing sulfilimines.

Sulfenate anions, celebrated for their extraordinary S-nucle-
ophilicity originating from sulfonyl anion species, are univer-
sally acknowledged as indispensable reagents in the realm of
organic chemistry. 4 In contrast, sulfinimidoyl anions, as ana-
logs of sulfonyl anions, have not garnered significant attention.
Inspired by the fascinating properties of sulfenate anions, we
hypothesized that tetravalent nucleophilic sulfinimidoy! species
could give rise to divalent sulfenamides through deprotonation
and tautomerization processes. To our current knowledge, no
transition-metal-free S-arylation of sulfenamides under an al-
kali atmosphere has been reported. With an unyielding dedica-
tion to developing sustainable and high-performing reactions,
our research group has set out to achieve superior control over
chemoselectivity in our transition-metal-free S-arylation pro-
cess, by carefully selecting sulfenamide substrates and optimiz-
ing reaction conditions. This strategic approach harmonizes
with our unwavering dedication to the exploration of highly ef-
ficient reactions and the advancement of environmentally re-
sponsible chemical methodologies. *°

Table 1 Optimization reaction conditions 2
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1 none 94
2 without base 0
tBuONa replaced by
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2.0 equiv. NaHCOs
4¢ tBuONa replaced by Na2CO3 N.D.
5¢ tBuONa replaced by Cs2CO3 43
6¢ tBuONa replaced by KOH 57
1.5mLtoluene and H20 (1.0 mL)
7 90
added
2.0 equiv. tBuONa used 92
4 hours used 90
10 N2 atmosphere 93

a Reaction conditions: 1a (0.1 mmol), 2a (1.2 equiv), base (1.5
equiv.), and toluene (2.0 mL), and stirred at room temperature for
1 hour under an air atmosphere. b Isolated yield. ¢ 1.5 equiv. base
was used. N.D. = not detected.

We started our study by choosing readily accessible N-(p-tol-
ylthio)pivalamide 1a and diaryliodonium salt 2a as the model
substrates to optimize the conditions (Table 1). After extensive
screening, the optimal conditions for obtaining a 94% isolated

yield of the desired product 3a were determined to be sulfena-
mide (1a) as the limiting reagent, 1.2 equiv. of diaryliodonium
salt (2a), and 1.5 equiv. tBuONa as the base in toluene at room
temperature for 1h. Under the optimal conditions, no N-arylated
sulfenamide was observed in TLC. In addition, a series of me-
ticulous control experiments were carried out to investigate the
effect of various parameters on the reaction yield. The absence
of a desired product in the reaction system devoid of a base elu-
cidates the indispensability of a base for the reaction to proceed.
Nevertheless, the utilization of weaker bases such as NaHCOs
or Na,COs failed to yield the desired product 3a. Intriguingly,
the incorporation of a medium-strong alkali such as Cs,COs or
KOH resulted in a significant reduction of the isolated yield of
3a, dropping to a mere 43% and 57%, respectively. Moreover,
the incorporation of extra water under standard reaction condi-
tions did not influence the acquisition of compound 3a. It is
noteworthy that augmenting the quantity of base or extending
the reaction duration had no bearing on the yield of product 3a.
Additionally, the yield of 3a remained unaltered in a nitrogen
atmosphere, signifying that the reaction mechanism does not
necessitate the involvement of oxygen.

Scheme 2. Substrate scope of diaryliodonium salts
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2 Reaction conditions: 1a (0.15 mmol, 33.5 mg), 2 (1.2 equiv),
tBuONa (1.5 equiv., 21.6 mg), and toluene (2.5 mL), and stirred at
room temperature for 1 hour under an air atmosphere. Isolated
yields. ® Ph2IBF4 was used. ¢ The yield provided in parentheses cor-
responds to a gram-scale reaction. ¢ (p-OMe-Ph)210Ts was used.

Following the identification of the optimal reaction condi-
tions, we further explored the substrate scope of diaryliodonium
salts 2 in the S-arylation reaction with sulfenamide 1a, as pre-
sented in Scheme 2. It was observed that the nature of the anion
in the diaryliodonium salts did not significantly impact the
product yield (Scheme 2, 3a). Concurrently, this condition
proved more suitable for gram-level reactions, with a slightly
reduced yield. Notably, electron-donating groups such as tert-
butyl and methoxy groups at the para-position of the phenyl
group proved to be excellent reaction partners, leading to the
isolation of the corresponding products 3b and 3c in yields of
89% and 91%, respectively. Moreover, substrates bearing elec-
tron-withdrawing groups, such as trifluoromethyl and chloro
groups, were also suitable coupling partners, yielding 3d and 3e
in excellent yields. It is worth mentioning that the reaction ex-
hibited remarkable tolerance to steric hindrance, enabling the



production of the desired diaryl sulfilimines 3f with high yields
of 82%.

Scheme 3. Substrate scope of N-substituent groups of sul-
fenamides
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@ Reaction conditions: 1a (0.15 mmol, 1.0 equiv.), 2a (1.2 equiv.,
77.4 mg), tBuONa (1.5 equiv., 21.6 mg), and toluene (2.5 mL), and
stirred at room temperature for 1 hour under an air atmosphere. 1so-
lated yields.

Encourage by these promising results, we next examined the
substrate scope of sulfenamides 1 with various protecting group
on nitrogen (Scheme 3). Generally, the substituted reactions
proceeded very well employing N-acyl sulfenamides as nucle-
ophiles and led to the formation of 3g-3q in good to excellent
yields. Sulfenamides possessing elaborately branched and cy-
clic substituents for N-alkyl acyl moieties demonstrated re-
markable tolerability, deftly furnishing 3g-3j in impressive
yields ranging from 78% to 90%. Additionally, the synthesis of
sterically hindered N-adamantane acyl moieties culminated in a
favorable yield, attesting to the remarkable versatility of this
synthetic method. Equally remarkable, N-aryl acyls, such as 2-
naphthyl, para-methyl, and methoxyl phenyl, as well as the
highly sterically demanding ortho-chlorophenyl, displayed ex-
ceptional reacting efficacy, yielding the desired products with

elevated yields. Furthermore, the tested amides displayed strik-
ing robustness in the presence of a C=C double bond, generat-
ing 30 in excellent yields. Notably, sulfenamides derived from
tert-butyl carbamate (BocNH,) were compatible with the reac-
tion, producing the desired product 3q in an impressive 96%
yield.

The S-arylation reaction was comprehensively investigated
by testing a diverse range of sulfenamides derived from various
thiols (Scheme 3). It was observed that the substitution pattern
of the arene had no discernible impact on the yield of the corre-
sponding sulfilimines. The majority of the reactions resulted in
high to excellent yields, reaching up to 96% (3r-3h’). However,
the products 3d’ and 3g’ were obtained in slightly lower yields
of 84% and 70%, respectively. The electron-withdrawing na-
ture of aryl substituents may have influenced the reaction kinet-
ics, necessitating longer reaction times to obtain the desired
products. Nevertheless, these results provided robust evidence
of the reaction mechanism, confirming the presence of a posi-
tive charge at the sulfur atom during the reaction transition state.
Furthermore, the synthesis of S-arylated sulfilimines bearing
heteroatom-containing aryl groups was successfully accom-
plished, as exemplified by the formation of 3i> and 3j’, which
were isolated in 92% and 82% vyield, respectively. Notably, sul-
fenamides derived from aliphatic linear and cyclic thiols also
led to sulfilimines in good yields, as evidenced by the synthesis
of S-arylated 3k’ and S-phenyl-substituted 31°.

Scheme 4 Substrate scope of thiols
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2 Reaction conditions: 1a (0.15 mmol, 1.0 equiv.), 2a (1.2 equiv.,
77.4 mg), tBuONa (1.5 equiv., 21.6 mg), and toluene (2.5 mL), and
stirred at room temperature for 1 hour under an air atmosphere. Iso-
lated yields.

We performed a concise mechanistic examination of the S-
arylation process involving sulfenamides and diaryliodonium
salts under base conditions, incorporating radical scavengers
into the study (See Supporting Information for more details).
When employing the standard reaction conditions for the com-
bination of sulfenamides 1a and diaryliodonium salt 2a, the



subsequent addition of TEMPO facilitated the formation of the
target product 3a with an appreciable yield. Conversely, when
BHT was introduced under optimal conditions, only a 22%
yield was achieved, likely due to a background reaction be-
tween BHT and the diaryliodonium salt. ¢ This observation ef-
fectively eliminates the likelihood of a free radical pathway
contributing to this transformation.

A mechanistic proposal for the transition-metal-free sul-
filimine synthesis is presented in Scheme 4. The process un-
folds sequentially through several key steps: initially, the base-
mediated generation of N-anionic sulfenamides occurs via a re-
action involving the deprotonated compound. Subsequently,
tautomerization promotes the transfer of divalent N-centered
anions Int-1 to sulfilimine anions, culminating in the formation
of a tetravalent S-centered anionic species Int-2. This species
then undergoes a ligand exchange with the diaryliodonium salt,
accompanied by the loss of triflate. Finally, the reductive elim-
ination of intermediate Int-3 yields the desired sulfilimines.
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Scheme 4. Proposed mechanism.

In conclusion, we initially reported the successful utilization
of sulfenamides as sulfilimine precursors in nucleophilic sub-
stitution reactions, which occurs via the tautomerization of di-
valent nitrogen-centered anions to tetravalent sulfinimidoyl an-
ionic species, functioning as proficient nucleophilic reagents. A
comprehensive array of sulfenamides can engage in coupling
with diaryliodonium salts, culminating in the generation of sul-
filimines with noteworthy to exceptional yields, all while ad-
hering to a redox-neutral and transition-metal-free approach.
Given the ready availability of both reagents, we anticipate their
applicability in medicinal and material chemistry domains.
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Inhere, a transition-metal-free and redox-neutral process to access tetravalent sulfilimines through S-arylation of easily avail-
able divalent sulfenamides and diaryliodonium salts under base conditions in a very short-time was first reported. This novel
method exhibits a broad substrate scope, high site-selectivity, and are concise, practical, and atom-economic.
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Nucleophilic sulfinimidoyl anions

S(ll) species Sulfilimines
S-Arylation Short-time consuming
Transition-metal free Gram-scale synthesis

Redox-Neutral reaction Up to 99% yield




