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Abstract: Sulfoxides and sulfinamides represent versatile
sulfur functional groups found in ligands, chiral auxil-
iaries, and bioactive molecules. Canonical two-compo-
nent syntheses, however, rely on substrates with a
preinstalled C� S bond and impede efficient and modular
access to these sulfur motifs. Herein is presented the
application of an easily prepared, bench-stable sulfoxide
reagent for one-pot, three-component syntheses of
sulfoxides and sulfinamides. The sulfoxide reagent
donates the SO unit upon the reaction with a Grignard
reagent (RMgX) as a sulfenate anion (RSO� ). While
subsequent trapping reactions of this key intermediate
with carbon electrophiles provide sulfoxides, a range of
tertiary, secondary, and primary sulfinamides can be
prepared by substitution reactions with electrophilic
amines. The syntheses of sulfinamide analogs of amide-
and sulfonamide-containing drugs illustrate the utility of
the method for the rapid preparation of medicinally
relevant molecules.

Sulfoxides and sulfinamides are versatile SIV motifs used as
ligands in transition metal catalysis,[1] chiral auxiliaries,[2] and
precursors to SVI functional groups such as sulfoximines[3]

and sulfonimidamides.[4] Synthetic methods for the prepara-
tion of sulfoxides and sulfinamides are typically based on
substrates with preinstalled sulfur functional groups. The
known substrates required for sulfinamide syntheses, for
example, include malodorous thiols,[5] disulfides,[5a,6] sulfi-
nate esters,[7] metal sulfinates,[8] and others,[9] all of which
have limited commercial availability (Figure 1). In addition,
these protocols suffer from limited structural modularity, as
only one of the two substituents can be introduced in a
critical C� S or N� S bond-forming step. The ideal approach
for rapid access to a variety of sulfoxide and sulfinamide
derivatives would be a three-component coupling wherein

two substituents are attached to the central SO unit in a
one-step (or one-pot) operation. In this context, Willis and
co-workers disclosed the one-pot, three-component synthe-
ses of sulfoxides[10] and sulfinamides[11] employing a sulfur
dioxide surrogate DABSO (DABCO-bis(sulfur dioxide)) as
a source of the SO unit. The intermediate sulfinates (RSO2

� )
serve as a diverging point to distinct product classes.
Inspired by these notable examples, my strategy was based
on the use of sulfenates (RSO� ),[12] which have been well-
documented as key intermediates for sulfoxide syntheses.[13]

Although sulfenates can be formally accessible via the
addition of organometallic reagents to sulfur monoxide, this
reaction is, in practice, inapplicable, as sulfur monoxide is an
unstable gas under ambient conditions.[14] Moreover, the
known precursors of sulfenate anions are equipped with a
preinstalled carbon-sulfur bond[13,15] and are inappropriate
for realizing a three-component coupling platform. Accord-
ingly, a central question for my approach was finding a
suitable “SO”-donating reagent.

Herein is presented the development of one-pot, three-
component syntheses of sulfoxides and sulfinamides exploit-
ing benzyl 2-pyridyl sulfoxide (1a) and its chlorine-sub-
stituted variant 1b as bench-stable sulfur monoxide equiv-
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Figure 1. Key precedents and this work.
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alents. The strategic use of these sulfoxides was based on a
seminal report by Oae and co-workers on the intramolecular
C� C bond-forming coupling of 1a mediated by phenyl-
magnesium bromide (2).[16] This reaction was proposed to
proceed via the formation of hypervalent sulfur intermedi-
ates, sulfuranes, followed by ligand coupling to form 2-
benzylpyridine (3) and benzenesulfenate (4). While the
team reported the trapping of sulfenate 4 with methyl
iodide, the yield of the resulting sulfoxide was not
determined.[17] Another relevant contribution by the Stock-
man group revealed that similar intramolecular coupling
reactions can also be promoted by methylmagnesium
bromide and tert-butylmagnesium chloride where methyl-
and tert-butylsulfenates should be the corresponding
byproducts.[18]

These precedents constituted an entry point of my
investigation. Using sulfoxide 1a and phenylmagnesium
bromide (2) as test substrates, sulfenate 4 was trapped with
tert-butyl bromoacetate (5). This reaction indeed formed
sulfoxide 6; optimization of reaction conditions revealed
that the sulfenate anion formation at � 20 °C in THF proved
optimal (see Supporting Information), and sulfoxide 6 was
isolated in 77% yield (Table 1). During optimization,

sulfoxide 1b, a Cl-substituted variant of 1a, turned out
another viable reagent.[19]

With optimized conditions in hand, a critical question
was whether sulfoxides 1a and 1b can be broadly applicable
reagents for the generation of sulfenate anions upon
Grignard reactions. To address this point, the scope of
Grignard reagents was evaluated (Table 1). Commercially
available Grignard reagents were used as supplied. Other
Grignard reagents were prepared either by the magnesium
insertion into aryl bromides in THF or the halogen/
magnesium exchange of aryl bromides (or aryl iodides) with
the Turbo Grignard reagent (i-PrMgCl·LiCl).[20] Phenyl,
naphthyl, and aryl Grignard reagents with electron-donating
substituents with varied steric character provided the desired
sulfoxides (6–12) under the optimized conditions. Note that
sulfoxide 10 cannot be easily prepared by traditional
thioether oxidation methods. Aryl Grignard reagents with
electron-withdrawing groups and halogens, all of which were
prepared by the Turbo Grignard method, proved viable
substrates to give functionalized sulfoxides (13–18). In these
cases, the generation of sulfenate anions was performed at
0 °C, as the incomplete consumption of reagent 1b was
observed at � 20 °C. The formation of heteroaryl, alkyl, and
alkenyl sulfenates was also successful using the correspond-
ing Grignard reagents and allowed the synthesis of sulf-
oxides 19–25.

The scope of carbon electrophiles for trapping benzene-
sulfenate (4) was briefly examined. The results in Table 2
demonstrate that even in the presence of the reagent-
derived byproduct, 2-benzylpyridine (3), a range of sulf-
oxides can be synthesized from 4 employing activated alkyl
bromides[13a] with oxidation-sensitive functional groups,
primary and secondary alkyl iodides,[21] and hypervalent
iodine reagents[22] to deliver sulfoxides 26–33. Importantly,
this sulfoxide synthesis can be performed on multi-gram
scale (see Supporting Information).

Next, an effort was made to devise a practical, one-pot
method to prepare sulfinamides. While a considerable
number of transformations from sulfenates into sulfoxides
are known in the literature, sulfinamide synthesis via

Table 1: Scope of Grignard reagents in the one-pot preparation of
sulfoxides.[a]

[a] Isolated yields are shown. [b] Sulfoxide reagent 1b (R=Cl) was
used in place of 1a, and the formation of the sulfenate anions was
performed at 0 °C. Additional scope of Grignard reagents is shown in
Supporting Information.

Table 2: Scope of carbon electrophiles for in situ trapping of
benzenesulfenate (4).[a]

[a] Isolated yields are shown. For detailed conditions for each
electrophile, see Supporting Information.
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sulfenate has only been described in Dai and Zhang’s
work.[23] Their copper-catalyzed method, however, requires
hydroxylamine derivatives whose preparation needs addi-
tional steps and is only applicable to the synthesis of tertiary
sulfinamide. With this in mind, I wondered whether
sulfenates undergo simple substitution reactions with elec-
trophilic amines without the need for a transition metal
catalyst and custom-made aminating agents. I focused on N-
chloroamines, readily prepared in situ from amines and
chlorinating agents, inspired by Willis’s sulfonamide syn-
thesis through the substitution between sulfinates and N-
chloroamines.[24]

Fortunately, N-chloroamines can be generated in situ
from commercially available amines and N-chlorosuccini-
mide (NCS), and readily react with sulfenate anions to give
sulfinamides. Importantly, this protocol applied to both
secondary and primary amines as coupling partners (Ta-
ble 3). Both cyclic and acyclic secondary amines including
medicinally relevant motifs (e.g., morpholine, piperazine,
and pyrrolidine) are viable substrates to afford tertiary
sulfinamides (34–48). Concerning the scope of primary
amines, benzyl, phenethyl, cyclopropyl, cyclobutyl,
cyclohexyl, and even sterically hindered adamantyl amines
provided the desired secondary sulfinamides (49–60). Other
amines including aniline and amines with further functional-
ization handles are also within the scope (61–64). It is worth
noting that despite the relatively simple structures, all of the
tertiary and secondary sulfinamides presented in Table 3
were synthesized and characterized for the first time.

The preparation of primary sulfinamides required a
modified protocol. Initial efforts to prepare sulfinamide 65
using ammonia (as a solution in THF) and NCS were
unsuccessful. I then tested commercially available electro-
philic aminating agents, namely, hydroxylamine O-sulfonic
acid, O-(2,4-dinitrophenyl)hydroxylamine, and O-(diphenyl-
phosphinyl)hydroxylamine (DPPH). Among these, DPPH
gave the highest yield of 65 (77% yield). The modified
procedure worked well for other sulfenates including
functionalized aryl, heteroaryl, and alkyl sulfenates to
prepare a collection of primary sulfinamides (66–80).

Although sulfinamides have been employed as amide
bioisosteres,[25] their widespread applications in a medicinal
chemistry context have yet to be seen possibly because this
structural unit was difficult to access by traditional synthetic
methods. To illustrate the utility of the presented method,
three sulfinamide analogs of known drug molecules were
synthesized (Scheme 1). First, the sulfenate anion from the
reaction of sulfoxide reagent 1a and 3,4,5-trimeth-
oxyphenylmagnesium bromide (81) underwent the substitu-
tion with in situ generated N-chloromorpholine to give 82 in
90% yield, which is a sulfinamide analog of a sedative,
Trimetozine.[26] In a similar substitution reaction with N-
chloroazocane, the same sulfenate anion was transformed
into 83, a sulfinamide analog of an antidepressant,
Trocimine.[27] The last example is the synthesis of a
sulfinamide analog of a sulfonamide drug used to treat gout
and hyperuricemia, Probenecid.[28] The Grignard reagent
with an ester functional group 84 reacted with sulfoxide
reagent 1b, and the resulting sulfenate coupled with

dipropylamine in the presence of NCS to furnish 85. The
conversion of the methyl ester to the carboxylic acid effected
by potassium trimethylsilanolate (KOTMS) provided 86.
These syntheses demonstrate the potential use of the
developed method to rapidly construct medicinally relevant
molecules.

Like any other reaction, the strategy presented herein is
not without limitations. The first is the formation of 2-
benzylpyridine (3) as a byproduct. This non-volatile mole-
cule is relatively polar which occasionally required careful
separation from the desired sulfoxides and sulfinamides
using column chromatography. Second, sulfoxide/magnesi-
um exchange was observed as a minor side reaction.[29] For
example, the reaction between sulfoxide 1a and phenyl-
magnesium bromide (2) under the condition in Table 1,
followed by column chromatography yielded 2-benzylpyr-
idine (3) in 87% yield as a mixture containing diphenyl
sulfoxide (3% yield), which was likely formed by sequential
sulfoxide/magnesium exchange reactions between 1a and 2.
A similar exchange reaction was also observed as a minor
pathway when ethylmagnesium bromide was employed.
Lastly, among substrates tested to date, 2-cyanophenyl, 2-
methoxycarbonylphenyl, 2-thienyl, and allyl Grignard re-
agents failed to deliver the expected sulfenates. In the case
of allylmagnesium bromide (87), sulfoxide 88 and 2-allylpyr-
idine (89) were isolated in 76% and 69% yields, respectively
(Scheme 2). These products could form either a direct SNAr
reaction between 1a and 87 (path a) or the facile intra-
molecular coupling between the allyl and 2-pyridyl groups
via a sulfurane intermediate 90 (path b).[30] The new reagent
design of a sulfur monoxide equivalent should aim to
overcome these limitations.

In summary, a versatile method for one-pot, three-
component syntheses of sulfoxides and sulfinamides was
developed employing easily prepared, bench-stable sulfoxide

Scheme 1. Syntheses of sulfinamide analogs of amide- and sulfona-
mide-containing drugs.
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reagents. A broad range of Grignard reagents can be used
to generate the corresponding sulfenates as key intermedi-
ates to access sulfoxides. The sulfenates also undergo

substitution reactions with nitrogen electrophiles, thus
allowing the preparation of tertiary, secondary, and primary
sulfinamides. The rapid preparation of medicinally relevant

Table 3: Scope of one-pot, three-component syntheses of sulfinamides.[a,b]

[a] Tertiary and secondary sulfinamides: sulfoxide 1a (0.50 mmol, 1.0 equiv), Grignard reagent (1.1 equiv), THF, � 20 °C, 15 min, then amine
(3.0 equiv), NCS (1.1 equiv), room temperature 1 h. Isolated yields are shown. [b] Primary sulfinamides: sulfoxide 1a (1.2 equiv), Grignard reagent
(1.3 equiv), THF, � 20 °C, 15 min, then DPPH (0.50 mmol, 1.0 equiv), room temperature, 1 h. Isolated yields are shown. [c] Sulfoxide reagent 1b
was used in place of 1a, and the formation of the sulfenate anions was performed at 0 °C.
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molecules is demonstrated through the syntheses of sulfina-
mide analogs of amide- and sulfonamide-containing drugs.
The modular approach described herein will find applica-
tions such as the array synthesis of sulfoxides and sulfina-
mides to accelerate the drug discovery process and prepara-
tion of SIV building blocks for chiral ligand/auxiliary
synthesis.
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