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The oxidation of thiolates (RS-) to sulfenates (RSO-)
is not a common reaction in organic chemistry1 and has
been reported in only three papers2 to date. Further-
more, the examples described are too specific for this
reaction to be generally applicable in synthesis.3 This
lack of examples stems from the following reasons: (i)
sulfenate anions are of limited stability,4 (ii) a competitive
oxidative pathway leading to symmetrical disulfides may
occur,1,5 (iii) the oxidizing agents employed up to now,
m-CPBA and hydrogen peroxide,2,3 were not particularly
well suited to this task. Because of this, we reasoned
that a switch to a totally different type of oxidant might
bring about significant improvements. N-Sulfonyl-
oxaziridines are known to convert thiols into sulfenic
acids.6 Since thiolate anions have somewhat greater
nucleophilicity, we thought we might achieve some
interesting results with this class of oxidant. Initial
attempts using the classical Davis oxaziridine7 derived
from benzalhehyde were unsuccessful. We then turned
to the novel ketone-derived oxaziridine 1,8 in which the
oxaziridine carbon atom is now a quaternary center with
methyl and tert-butyl substituents. In this paper we wish
to report the results obtained using this oxidant, which
have led to the development of an elegant method for the
generation and subsequent synthetic application of
sulfenate anions.

TheN-sulfonyloxaziridine 1 was prepared in two steps
as follows (Scheme 1). Equimolar amounts of pinacolone,

benzenesulfonamide, and titanium tetrachloride were
heated to reflux in 1,1,2-trichloroethane for 14 h, afford-
ing the N-sulfonylimine 2 in 73% crude yield. The crude
material was sufficiently pure to be used subsequently
without further purification. Imine 2was then converted
into the corresponding oxaziridine 1 with purem-CPBA9

in a CH2Cl2/H2O biphasic system buffered with K2CO3.
The oxaziridine 1 was isolated in 84% yield after recrys-
tallization from hexane and was obtained as a single
geometric isomer, as indicated by the presence, in the
1H and 13C NMR spectra, of a single set of signals for
both the methyl and tert-butyl substituents. A trans
geometry was unambiguously assigned after analysis of
these spectra and comparison with those of known
oxaziridines10 previously obtained as a mixture of cis/
trans diastereoisomers.
The protocol we have developed involves three con-

secutive reactions carried out in one pot (Table 1):
deprotonation of the thiol 3 to generate the corresponding
thiolate, oxidation with oxaziridine 1, and finally reaction
with an alkyl halide to trap the intermediate sulfenate
anion. Although sulfenate ions can act as ambident
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Scheme 1a

a Reagents and conditions: (a) PhSO2NH2, TiCl4, ClCH2CHCl2,
reflux, 14 h, 73%; (b)m-CPBA (100%), CH2Cl2/H2O/K2CO3, rt, 1.5
h, 84%.

Table 1

entry thiol R1 R2 R3 R4 sulfoxidea
isolated
yield (%)

1 3a H H H Me 4a1 8914a
2 3a H H H Et 4a2 8314b
3 3a H H H i-Pr 4a3 6614b
4 3a H H H Bn 4a4 7914c
5 3b t-Bu H H Me 4b1 70
6 3c F H H Me 4c1 8514d
7 3d OMe H H Me 4d1 8914e
8 3e H CF3 H Me 4e1 7514f
9 3f H H SEt Me 4f1 71
a The electrophiles employed to introduce the R4 substituent

were MeI (1.1 equiv), EtI (5 equiv), i-PrI (5 equiv), and PhCH2Br
(1.1 equiv).
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nucleophiles by reaction either at sulfur to give sulfoxides
or at oxygen to form sulfenic esters, the sulfoxide 4 should
still be the main, if not sole, product.11 The selective
S-alkylation generally observed is in accordance with the
accepted concepts of hard and soft acids and bases.12
We began by subjecting thiophenol 3a to the deproto-

nation/oxidation/alkylation sequence (Table 1, entries
1-4). Thiophenol 3a was deprotonated at low temper-
ature with MeLi (1 equiv) in THF to give the correspond-
ing lithium thiolate. Dropwise addition of oxaziridine 1
(1 equiv) at -78 °C resulted in an immediate reaction in
which all the oxidant was consumed according to TLC.
Treatment of the resulting solution with an alkyl halide
followed by hydrolysis with aqueous ammonium chloride
solution gave an extremely clean crude product on
workup, consisting of only two species, the anticipated
sulfoxide 4a and benzenesulfonamide (the imine 2 formed
from the oxidation reaction is cleaved to benzenesulfona-
mide and the volatile pinacolone during hydrolysis).
Benzenesulfonamide was then easily removed by pre-
cipitation from dichloromethane:pentane. The sulfoxides
4a were further purified by column chromatography and
were obtained in good to excellent isolated yields.
A few points relating to the sequence overall are

worthy of note. The oxidation of the thiolate proceeded
smoothly without any evidence of diphenyl disulfide
formation. The requisite temperature is much lower
compared with oxaziridine-mediated oxidations of other
sulfur-containing functional groups, i.e., sulfides or
sulfoxides.6b The transient sulfenate anion was captured
exclusively at sulfur, with no contamination from the
sulfenic ester that is the product of the competing
O-alkylation.13 A single molar equivalent of methyl
iodide or benzyl bromide traps the sulfenate efficiently,
whereas an excess is required with less reactive electro-
philes, e.g. ethyl iodide or isopropyl iodide. It should also
be noted that alkylation could not be achieved with
isopropyl bromide.
The present reaction has been further extended to a

range of substituted aromatic thiols. The results ob-
tained are summarized in Table 1. In all cases, the
desired sulfoxides 4 were formed and isolated in good to
excellent yield, thus demonstrating compatibility with a
variety of different substituents.
Oxidation of thiol 3f, with an ethylsulfenyl substituent,

led to the isolation in 71% yield of a single sulfoxide 4f1,
via a completely chemoselective oxidation reaction (Table

1, entry 9) in which the oxaziridine oxidized the thiolate
sulfur center without affecting the sulfide group at all.
In contrast, oxidation of the bis-sulfide 5 with the same
oxaziridine gave a complex mixture.15 The major com-
ponents, formed in a 1:1 ratio, were identified as the two
mono-sulfoxides 4f1 and 6.
Summarizing, we have introduced the first efficient

and fairly general method for the oxidation of aromatic
thiolates16 to the corresponding sulfenates. The oxidant
employed is an unusual oxaziridine. This oxidation
reaction, combined with in situ trapping of the sulfenate
that is formed, shows exceptional promise as a convenient
approach to the synthesis of sulfoxides. This methodol-
ogy is highly competitive with the existing repertoire.17
Its advantages include its good to excellent yields, ease
of purification, tolerance of a wide range of substrates,
and high chemoselectivity. Above all it is able to be
performed in one pot from thiols. The classical prepara-
tion of sulfoxides from thiols is carried out in two steps
with the initial formation of the sulfide followed by
oxidation, isolation of the sulfide being necessary to avoid
overoxidation.17 The application of the above methodol-
ogy to the synthesis of optically pure sulfoxides is
currently under investigation along with the reactivity
of the sulfenates toward other electrophiles.
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