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Abstract: Sulfinamidines are promising aza-SIV chiral
building blocks in asymmetric synthesis and drug
discovery. However, no report has documented their
enantioselective synthesis. Here we present an enantio-
selective synthesis of sulfinamidines via electrophilic
amination of sulfenamides using an enantiopure N� H
oxaziridine. The resulting enantiomerically enriched
primary sulfinamidines are configurationally stable at
90 °C in solution and show remarkable stability against
organic acids and bases under non-aqueous conditions.
We also demonstrate a one-pot, three-component,
enantioselective synthesis of sulfinamides using N� H
oxaziridine reagents.

In contrast to the demonstrated utility of sulfinamides (e.g.,
Ellman’s sulfinamide[1]), applications of their aza-analogs
sulfinamidines have been hardly explored.[2] Because this
neglect likely stems from the lack of effective preparative
methods for sulfinamidines, many efforts have recently been
dedicated to devising practical syntheses of these aza-SIV

structures, including cycloaddition[3] or ene[4] reactions of
sulfurdiimides, the addition of organometallic nucleophiles
to sulfurdiimides,[5] and imidation[6] or oxidative amination[7]

of sulfenamides. Despite these advancements, the enantiose-
lective synthesis of sulfinamidines remains elusive, even
though it is crucial to explore the potential applications of
these sulfur motifs in synthetic and medicinal chemistry.

In this paper, we now report an enantioselective syn-
thesis of sulfinamidines based on electrophilic amination of
sulfenamides using an enantiopure N� H oxaziridine. The
enantioenriched primary sulfinamidines show remarkable
configurational and chemical stabilities towards acids and
bases in non-aqueous solution. Additionally, we demon-
strate a one-pot, three-component, enantioselective syn-
thesis of primary sulfinamides with a related enantiopure
N� H oxaziridine reagent.

N� H oxaziridines are effective nitrogen transfer agents
that react with carbon, nitrogen, oxygen, and sulfur
nucleophiles.[8] In the early 2000s, Page and co-workers
developed enantiopure N� H oxaziridines 1 and 2 and
demonstrated asymmetric nitrogen transfer to nitrile eno-
lates (Figure 1).[9] Notably, these sterically hindered N� H
oxaziridines are amenable to long-term storage and readily
prepared from commercially available, inexpensive (+)-cam-
phor and (� )-fenchone, respectively.[10] More recently, Kürti
and co-workers employed 1, 2, and other stable N� H
oxaziridines 3 and 4 for electrophilic amination of organo-
metallic reagents.[11] The Kürti group also achieved catalytic
enantioselective aziridine synthesis with in situ generated
N� H oxaziridines embedded in a camphor skeleton.[12] In
another relevant study disclosed in 2003, Armstrong and co-
workers showed enantioselective nitrogen transfer reactions
from N-carbamoyl oxaziridines to sulfides, albeit their
attempts resulted in low stereoselectivity.[13] Inspired by
these key precedents, our approach for enantioselective
sulfinamidine synthesis was based on asymmetric nitrogen
transfer from N� H oxaziridines to sulfenamides.
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Figure 1. Enantioselective electrophilic amination using N� H oxazir-
idines.
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Our investigation started with the racemic synthesis of
sulfinamidines from sulfenamides. We chose sulfenamides
substituted with an electron-withdrawing group on nitrogen
because these compounds can be easily accessed from
thiols[14] or aryl iodides[15] and have been frequently
employed as substrates for accessing aza-SIV

functionalities.[7,16] We found that stable, readily prepared
N� H oxaziridine 3[17] is an effective nitrogen atom transfer
agent; when N� Bz sulfenamide substrate 5 was deproto-
nated with NaH and treated with reagent 3, we observed the
formation of primary sulfinamidine (�)-6 (Scheme 1). This
operationally simple protocol yielded a range of sulfinami-
dines diverse in S- and N-substituents; sulfenamides
equipped with aryl, heteroaryl, and alkyl groups on sulfur
were transformed into sulfinamidines, while the benzylox-
ycarbonyl (Cbz) and pivaloyl (Piv) groups proved to be

other viable N-substituents (for scope of racemic sulfinami-
dines, see Supporting Information).

Having confirmed the nitrogen transfer reactivity of 3 to
sulfenamides, we next sought to devise an enantioselective
synthesis of sulfinamidines using enantiopure N� H oxazir-
idines. Using sulfenamide 5 as our model substrate, we
screened reaction conditions for asymmetric nitrogen atom
transfer reaction (Table 1). When a reaction of 5 with
reagent 1 was performed in the presence of NaH, the
sulfinamidine product was produced in racemic form (en-
try 1). For both reagents 1 and 2, no reaction proceeded in
the absence of NaH (entries 2 and 3). Fortunately, we
identified N� H oxaziridine 7, which was prepared from
inexpensive (+)-10-camphorsulfonyl chloride, as a superior
reagent for our purpose; the nitrogen transfer proceeded
without deprotonation of 5 and gave sulfinamidine (� )-6
with moderate enantioselectivity (entry 4). While we found
toluene to be an optimal solvent, decreasing the reaction
temperature did not improve the enantioselectivity (en-
tries 5 and 6). Upon further optimization, we found a
dramatic effect of additives; while triethylamine completely
shut down asymmetric induction, acetic acid significantly
improved the enantioselectivity of our model reaction
(entries 7 and 8). This protocol was equally successful on
3.0 mmol scale to deliver sulfinamidine (� )-6 with high
enantioselectivity (entry 9). Upon purification of (� )-6 in
this large-scale experiment, we isolated the unreacted
starting material 5 in 52% yield, whereas oxaziridine 7 was
almost fully consumed during the reaction. We ascribed
these observations to the decomposition of 7 under the
reaction conditions, leading to the formation of (� )-6 in
moderate yields. To support this hypothesis, when the
reaction was performed using 2.0 equivalents of 7, the yield
of (� )-6 was improved to 84% without loss of enantiose-
lectivity (entry 10). Importantly, we recovered the ketone
byproduct in 96% yield, which can be reused to prepare 7.
The absolute configuration (S)-(� )-6 was assigned by X-ray
diffraction of a single crystal.[18]

After an optimization campaign, we next evaluated the
scope of the transformation (Table 2). We first examined N-
substituents, including the Bz, Piv, and Cbz groups, and
synthesized sulfinamidines (� )-6, (� )-8, and (� )-9, respec-
tively. Among these, N� Bz product (� )-6 was obtained with
the highest enantioselectivity; we thus focused on N� Bz
sulfenamides as substrates to study the enantioselectivity of
our protocol with varied S-substituents. Pleasingly, a variety
of aryl sulfenamides underwent the enantioselective nitro-
gen transfer reaction to deliver sulfinamidines
(� )-10–(� )-15. These results demonstrate the compatibility
of various functionalities in our protocol, including ketone,
ester, and a complex heterocycle, whereas secondary amide
is detrimental to enantioselectivity. Heteroaryl and alkyl
sulfenamides were also competent substrates to afford
enantioenriched sulfinamidines (� )-16–(� )-21.

The preparation of highly enantioenriched sulfinami-
dines allowed us to investigate their configurational stability,
hitherto unavailable information for any sulfinamidines.[2]

When a 0.05 M solution of (� )-6 in toluene or 1,4-dioxane
was heated at 90 °C for 5 h, no loss of enantiopurity was

Scheme 1. Synthesis of primary sulfinamidine (�)-6 using racemic
oxaziridine 3.

Table 1: Optimization of reaction conditions for enantioselective
sulfinamidine synthesis.[a]

Entry Oxaziridine Additive Solvent Time Yield er

1 1 NaH[b] THF 1 h 64% rac
2 1 – THF 24 h – –
3 2 – THF 24 h – –
4 7 – THF 12 h 44% 71 :29
5 7 – toluene 12 h 49% 80 :20
6[c] 7 – toluene 48 h 22% 79 :21
7 7 NEt3 toluene 12 h 51% rac
8 7 AcOH toluene 12 h 44% 95 :5
9[d] 7 AcOH toluene 12 h 46% 96 :4
10 7[e] AcOH toluene 12 h 84% 96 :4

[a] Reactions were performed on 0.50 mmol scale in 5.0 mL of solvent
under a N2 atmosphere. Isolated yields are shown. The enantiomeric
ratios were determined by chiral HPLC. [b] NaH (1.5 equiv) was used.
[c] Performed at � 45 °C. [d] Performed on 3.0 mmol scale. [e] Oxazir-
ridine 7 (2.0 equiv).

Angewandte
ChemieCommunication

Angew. Chem. Int. Ed. 2024, 63, e202408380 (2 of 5) © 2024 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2024, 35, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202408380, W

iley O
nline L

ibrary on [19/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



confirmed by chiral HPLC analysis, suggesting that primary
sulfinamidines are configurationally stable under thermal
conditions. Sulfinamidine (� )-6 was also stable in the
presence of organic acids (TFA or MsOH) or bases (NEt3 or
DBU) in toluene at room temperature, and no racemization
or decomposition was observed after 24 h. On the other
hand, (� )-6 was labile under aqueous acidic or basic
conditions; for instance, the complete decomposition of
(� )-6 was observed upon exposure to a 1.0 M HCl solution
in a mixture of H2O and 1,4-dioxane (1 :1) over 3 h.

Encouraged by the success in asymmetric sulfinamidine
synthesis, we explored the enantioselective synthesis of

sulfinamides using N� H oxaziridine reagents. We have
recently developed sulfoxide 22 as an easily prepared,
bench-stable sulfur monoxide equivalent that reacts with
various Grignard reagents (RMgX).[19] The resulting sulfen-
ate anions (RSO� ) can be trapped with electrophilic
aminating agents to deliver sulfinamides. Optimization of
reaction conditions based on this one-pot, three-component
coupling protocol revealed that nitrogen atom transfer from
oxaziridine 1 at � 78 °C proved to be optimal (see Supporting
Information). Under the optimized conditions, we synthe-
sized a broad range of primary sulfinamides (23–34) with
moderate to high enantioselectivity where oxaziridine 1
reacted with sulfenate anions in situ generated from
sulfoxide 22 and Grignard reagents (Table 3). It is worth
mentioning that this is the first demonstration of enantiose-
lective sulfinamide synthesis via sulfenate anion
chemistry.[20]

Table 2: Scope of enantioselective synthesis of sulfinamidines using
oxaziridine 7.[a]

[a] Typical conditions: sulfenamide (0.50 mmol, 1.0 equiv), 7
(2.0 equiv), AcOH (3.5 equiv), toluene, rt, 12 h. Isolated yields are
shown. The enantiomeric ratios were determined by chiral HPLC.

Table 3: One-pot, three-component, enantioselective access to sulfina-
mides.[a]

[a] Typical conditions: sulfoxide 22 (1.1 equiv), Grignard reagent
(1.1 equiv), THF, � 20 °C, 15 min; oxaziridine 1 (0.75 mmol, 1.0 equiv),
� 78 °C, 24 h. Isolated yields are shown. The enantiomeric ratios were
determined by chiral HPLC.
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In summary, we have shown that nitrogen atom transfer
from a stable, enantiopure N� H oxaziridine offers an
enantioselective access to sulfinamidines. Enantiomerically
enriched primary sulfinamidines are configurationally stable
at 90 °C in solution and exhibit excellent chemical and
configurational stability in the presence of organic acids or
bases under non-aqueous conditions. Enantiopure N� H
oxaziridines can also be used for a one-pot, three-compo-
nent assembly of enantioenriched primary sulfinamides via
sulfenate anions in situ produced from a sulfoxide reagent
(� S(O)� building block) and Grignard reagents. The method
for the enantioselective preparation of sulfinamidines and
sulfinamides reported herein will allow for explorations of
these SIV motifs as chiral building blocks to create new
catalysts, ligands, and reagents for asymmetric synthesis and
as sulfur pharmacophores to develop new drugs. Further-
more, this work will inspire the further development of
sulfinamidine and sulfinamide syntheses, including catalytic
enantioselective methods.[21–23]
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