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ABSTRACT

N-(p-Toluenesulfonyl)- p-toluenesulfonimidamide reacts with iodosylbenzene to afford in situ a chiral iminoiodane. The latter gives, in the
presence of a copper(I) catalyst, a nitrene that is very efficiently transferred under stoichiometric conditions to a variety of alkenes with
diastereoselectivities up to 60%.

The past decade has witnessed a growing interest in carbon-
nitrogen bond formation via functionalization of alkanes and
alkenes by nitrene insertion or addition.1 Considering the high
number of nitrogen-containing natural and/or biologically
active compounds, these methodologies display a promising
potential in total synthesis. As a result, several methods are
now available for the generation of highly reactive nitrene
intermediates starting fromN-aminoheterocycles,2 azides,3

haloamines,4 or iminoiodanes.5 Among these nitrene precur-
sors, the latter have gained popularity since their use in

copper-catalyzed aziridination of olefins6 and rhodium-
catalyzed C-H amidation7 has found applications in total
synthesis.5,8 Moreover, enantioselective nitrene transfer9 has
been developed from iminoiodanes in conjunction with chiral
transition metal catalysts.

It has been recently demonstrated that iminoiodanes can
be efficiently generated in situ using iodosylbenzene10 or
iodosylbenzene(diacetate).7,11 These processes greatly sim-
plify the troublesome handling of iminoiodanes but more
importantly enhance the variety of nitrogenous compounds
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likely to be transformed into these hypervalent iodine(III)
reagents. Thus, while formerly, only iminoiodanes derived
from sulfonamides were available,5,12 carbamates7a,13 and
sulfamates7b,13b,14can now be used as practical and syntheti-
cally useful precursors.

Despite these improvements, the intermolecular copper-
catalyzed aziridination of olefins still suffers from low to
moderate yields when stoichiometric conditions are employed
in the case of simple aliphatic or electron-deficient alkenes.
Moreover, although a large number of ligands have been
described for asymmetric aziridination,15 their application
remains limited to styrene-type substrates.

It was therefore with the intention of enhancing the scope
of this process that we felt it interesting to apply our one-
pot methodology to generate chiral iminoiodanes in situ. As
has been previously noted,5 this strategy has not been
explored so far. To this end, we aimed to prepare a chiral
sulfur(VI) reagent since it was expected that the stereogenic
information could be transmitted to the targeted carbon atom
of the aziridine (Scheme 1).16

We therefore turned our attention to sulfonimidamides first
described by Levchenko17 more than 40 years ago but which
have received little attention so far, particularly those with
an unsubstituted amido nitrogen.18 Since initial experiments
with N-(alkyl)arylsulfonimidamides did not lead to satisfac-
tory results (less than 20% aziridination), we decided to use
the more robustN-(p-toluenesulfonyl)-p-toluenesulfonimi-
damide1. The latter is easily prepared in three steps from
commercially available sodiump-toluenesulfinate (Scheme

2) via the corresponding sulfonimidoyl chloride obtained by
action of anhydrous chloramine-T.19

The first investigations of the copper-catalyzed aziridina-
tion with 1 were performed on methyl acrylate. It has been
previously observed that this olefinic substrate displays poor
reactivity with sulfonamide-derived iminoiodanes under these
conditions,20 a frustrating result since the corresponding
aziridine-2-carboxylate is a useful precursor ofR- or â-amino
acids.21 In contrast, we have now found that methyl acrylate
is an excellent aziridination substrate for1. Thus, after
extensive screening of the reaction parameters, treatment of
5 equiv of methyl acrylate with1 at -20 °C in acetonitrile
in the presence of 10 mol % Cu(MeCN)4PF6 led to compound
2a in 93% yield and 55% de. However, more interestingly,
the sulfonimidamide-derived iminoiodane appeared to be
highly reactive since the same procedure gave aziridine2a
in 81% yield and 50% de using methyl acrylate as the
limiting component (Table 1, entry 1). Similar results were
obtained with otherR,â-unsaturated esters. Reactions with
methyl methacrylate and tiglate are nearly quantitative (96
and 92%, respectively, entries 2 and 4) but occur with a
slightly lower de (41 and 38%, respectively), while the
highest diastereoselectivity has been obtained by using 5
equiv of the less reactive methyl crotonate (63% yield, 60%
de, entry 3).

Application of these conditions to simple aliphatic alkenes
of moderate reactivity6,22also demonstrates the high reactivity
of sulfonimidamide1 in the copper-catalyzed aziridination.
The monosubstituted terminal olefin 1-heptene was trans-
formed to aziridine2e in 60% yield under stoichiometric
conditions (entry 5), while cyclic systems such as cyclohex-
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Scheme 1. Diastereoselective Aziridination with a Chiral
Sulfur(VI) Reagent

Scheme 2. Preparation of
N-(p-Toluenesulfonyl)-p-toluenesulfonimidamide1
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ene or cyclopentene gave 62 and 59% of the corresponding
aziridines2h and2i, respectively (entries 8 and 9). Thetrans-
andcis-aziridines2f and2g, respectively, were also obtained
stereospecifically in good yield (entries 6 and 7). However,
these alkenes did not afford appreciable diastereoselectivities.

In the cases of styrene and of 1,2-dihydronaphthalene, the
reaction with an excess of olefin still occurred with very
high efficiency (96 and 88%, respectively), while the
procedure applied to 1.0 equiv of substrate gave a good yield
of 63% for each compound (entries 10 and 11). Surprisingly,
only very modest diastereomeric excesses of 20 and 25%,
respectively, were observed. These rather disappointing
results are, however, likely to be improved by using
sulfonimidamides in conjunction with one of the several
chiral ligands described for the asymmetric copper-catalyzed
aziridination of styrene-type olefins.9,15 Initial experiments
have shown that such higher diastereoselectivities could
indeed be observed. Thus, a combination of (-)-123 with

(S)-bis((t-Bu)oxazoline) ligand affords aziridine2j in 77%
yield and 60% de under stoichiometric conditions.

The synthetic value of aziridines is directly related to their
ability to undergo nucleophilic ring-opening.24 Such reactions
are facilitated by the introduction on the nitrogen atom of
the aziridine of an electron-withdrawing group, which is
clearly the case of theN-(p-toluenesulfonyl)-p-toluenesulfon-
imidoyl group. This was indeed confirmed by the efficient
and regioselective ring-opening of aziridines2b and2j with
methanol under mild conditions (Scheme 3).

In conclusion, we have demonstrated that use of a chiral
sulfur(VI) reagent, i.e., sulfonimidamide1, has allowed the
generation in situ of the first chiral iminoiodane. The latter
is a highly efficient nitrene precursor that reacts with a wide
range of olefins in the presence of a catalytic copper(I) salt
to afford the corresponding aziridines2 in good to excellent
yields, particularly in the case of the poorly reactiveR,â-
unsaturated esters.25 Diastereoselectivities of up to 60% have
been obtained, results that pave the way for the development
of an efficient methodology for the stereoselective synthesis
of amino acids.26 To this end, screening of sulfonimidamides
is in progress in order to optimize their reactivities and
diastereoselectivities.
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Table 1. Copper-Catalyzed Aziridination of Olefins with
Sulfonimidamide1

a Isolated yield after flash chromatography. Diastereoisomers could not
be separated on silica gel. Value in parentheses for yield obtained with 5
equiv of olefins.b Diastereomeric excess was measured by NMR. Value in
parentheses for de was obtained with 5.0 equiv of olefins.c trans-Aziridine.
d cis-Aziridine

Scheme 3. Aziridine Ring-Opening
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