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ABSTRACT

In the presence of catalytic quantites of Cu(OTf)2 the novel hydroxamic acid anhydride salt functions competently in the trifluoroacetamidation
of sulfides to afford N-(trifluoroacetyl)sulfilimines. The salient features of this salt include its ease of synthesis from the inexpensive, commercially
available starting materials trifluoroacetic anhydride and hydroxylamine hydrochloride.

The development of reagents and methods that effect
oxidative functionalization of simple raw materials constitutes
an active area of research in chemistry.1 To date, among the
most versatile of such processes are oxidations that generate
epoxides, or diols.2 In this regard, the vast selection of
chalcogen (peracids, dioxirane, oxone), pnictide (oxaziri-
dines), and transition metal based oxygen-atom transfer
reagents has led to the development of a myriad of methods
that provide access to powerful building blocks for synthesis.3

In contrast, the paucity of electrophilic-nitrogen equivalents

limits the selection of methods available to effect nitrogen-
atom transfer, despite the enormous potential of such
methodology.4 Although recently there have been notable
advances in this area,4-6 there continues to be a need for
new readily available, easily prepared reagents that serve as
sources of electrophilic nitrogen. We have been interested
in the discovery and study of reaction methods and reagents
for nitrogen-atom transfer.7 Herein, we wish to report the
discovery of the hydroxamic acid anhydride salt1 that in
the presence of catalytic Cu(II) functions competently in the
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trifluroacetamidation of sulfides to affordN-(trifluoroacetyl)-
sulfilimines:

The salient features of this novel salt1 include its ease of
synthesis from the inexpensive, commercially available
starting materials trifluoroacetic anhydride and hydroxyl-
amine hydrochloride.

Only a handful of reagents are available that directly
aminate organic molecules to furnish the corresponding
nitrogenous compound. Among the more popular sources
of active electrophilic nitrogen reagents are azides,8 N-
haloamides,4,9 and the relatedN-arylsulfonyliminoiodoben-
zenes.6,10 Acyl and carbamoyl azides have been utilized in
alkene aziridination, although the process is of limited
preparative use. Of particular importance, Sharpless has
recently documented the use ofN-haloamides and carbamates
as versatile and practical amination reagents in the catalytic
aziridination of olefins and enantioselective, catalytic amido
hydroxylation.4,5 The use of hydroxamic acid derivatives as
electrophilic nitrogen equivalents with metal catalysts,
however, lacks precedence, despite the fact that they would
enjoy some unique features as potential electrophilic ami-
nating reagents.11-15 In this regard,N-hydroxyamides and
their derivatives are trivially prepared and as a class these
enjoy greater shelf life than theirN-haloamide counterparts.
Moreover, the successful development of such compounds
as electrophilic aminating reagents would afford trifluoro-
acetamides, which may be easily converted to the corre-
sponding free amine under neutral (NaBH4) or mildly
alkaline (K2CO3/H2O/MeOH, 25°C) conditions.16

N,O-Bis(trifluoroacetyl)hydroxylamine (3) is conveniently
prepared in large quantity (0.8 mol) as a crystalline solid by
treatment of neat trifluoroacetic anhydride with hydroxyl-
amine hydrochloride (Scheme 1).17 Although this hydroxamic

acid anhydride (3) proved sluggish in the reaction with
sulfides under a variety of conditions, we observed that the
corresponding lithium salt1 serves as an electrophilic
nitrogen equivalent in the presence of transition-metal
catalysts. This salt was generated upon treatment of3 with
t-BuLi in Et2O at -78 °C with warming to 23°C. This
previously unknown salt can be isolated as an analytically
pure white solid18 following trituration with pentane. It is
worth noting that in our hands1 can be stored for extended
periods of time at ambient temperature without decomposi-
tion. As part of a comprehensive study, we outline below
the use of this electrophilic nitrogen source for the prepara-
tion of N-(trifluoroacetyl)sulfilimines from sulfides. The
preparation of sulfilimines has been accomplished by treat-
ment of sulfides with the traditional known sources of
electrophilic nitrogen, namely,N-halosulfonamides, the
relatedN-arylsulfonyliminoiodobenzenes, and acyl or car-
bamoyl azides.8,19This class of sulfur compounds enjoys rich
synthetic chemistry20 and, for example, can be utilized to
prepare aziridines21 and oxazolinones.22 Moreover, optically
active sulfilimines can be stereospecifically converted to the
corresponding optically active sulfoxides.23,24
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Scheme 1. Reagent Synthesis
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Treatment of sulfides with1 and 1-7 mol % Cu(OTf)2 in
dimethoxyethane (DME) at 45-85°C cleanly furnishes
N-(trifluoroacetyl)sulfilimines in up to 95% yield (Table 1).25

As shown in Table 1, the processes are applicable to a range
of sulfides including cyclic as well as acyclic dialkyl and
alkyl/aryl sulfides. Electron-rich aryl sulfides afford adducts

at a faster rate than their electron-deficient counterparts.
Several observations that we have made in the course of our
preliminary investigations deserve noting. Following a study
of the reaction in a number of solvents (MeCN, THF, Et2O,
CH2Cl2), DME proved to be optimal. In the other solvents
either1 was only sparingly soluble or, soon after the initiation
of the reaction, precipitates were observed with concomitant
detrimental effects on the reaction rate. Although the structure
of the active aminating reagent in solution is presently
unknown, we speculate that the adduct of Cu(II) with1 may
correspond to the observed precipitate that subsequently
removes the catalyst from solution in solvents other than
DME.26 The amination reaction of sulfides by3 or 1 is not
catalyzed by Brønsted acid. Thus, when sulfide,3 or 1, and
p-toluenesulfonic acid were stirred at 60°C for 15 h, no
sulfilimine adduct was isolated. However, although we have
observed that other metal salts such as Mg(OTf)2 and
Sn(OTf)2 function as catalysts, the best yields and rates were
obtained with either Cu(I) or Cu(II) triflates; the use
Cu(OTf)2 offers advantages, since it is readily handled on
the benchtop.

We have demonstrated the ability of the novel salt of
hydroxamic acid anhydride1 to serve as a source of
electrophilic nitrogen. In the presence of this reagent and
1-7 mol % Cu(OTf)2 a range of sulfides were converted to
the corresponding N-trifluoroacetylated sulfilimines in good
yields. The salient features of1 as an aminating reagent
include its facile, convenient synthesis from inexpensive,
readily available starting materials and, importantly, the ease
with which it can be handled and stored. Ready access to
this novel reagent allows further potential applications in
inorganic coordination chemistry for the preparation of novel
transition metal nitrides and imines. Moreover, in addition
to the process reported herein,1 may also find use in other
processes for catalytic nitrogen-transfer reactions in organic
synthesis. Such investigations are ongoing and will be
reported as results become available.
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(25) The amidation reaction may be conducted with only 1% Cu(OTf)2
(Table 1, entry 1), albeit with longer reaction times. We have found that
5-7 mol % catalyst affords the products in an expeditious manner (6-10
h).

(26) It is interesting to note that of the solvents examined DME is unique
in its ability to potentially form chelates; thus, it will be interesting to
examine chiral bidentate ligands for the corresponding asymmetric amidation
of sulfides.

Table 1. Catalytic Amidation of Sulfides with 1a

a Reaction conditions: sulfide, 5-7 mol % Cu(OTf)2, 4 (2 equiv),
dimethoxyethane (0.10 M) for 6-15 h at 45-85 °C. Upon completion, the
reaction mixture is concentrated in vacuo and purified by chromatography
on silica gel.b All of the sulfides utilized are either commercially available
or have been prepared according to known procedures.
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