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Aziridines are especially in demand because of their natural
occurrence in diverse biologically active compounds and their
manifold transformations in chemical reactions. The ring
constraint renders them very reactive substances. In the
presence of nucleophiles (N, O, S, Cnucleophiles, and
halides) they undergo ring-opening, they are used for [3+2]
cycloadditions and [343] annulations, and they undergo ring
extension in reactions with isocyanates and nitriles. Further-
more, aziridines can undergo rearrangements or they can be
allylated, alkylated, or arylated through palladium catalysis,
to mention only a few possible reactions.'! Traditionally,
aziridines are synthesized by the cyclization of amino alcohols
(Wenker synthesis),” and by the reaction of imines with
diazo-containing compounds (aza-Darzens reaction)®®! or
sulfur ylides (Corey—Chaykovsky aziridination).[*!

As an alternative to these protocols more and more
procedures have been presented over the past years for the
(C,+N,) synthesis of aziridines through the reaction of
alkenes with nitrenes (or their precursors). The possible
variations of this nitrogen-transfer reaction differ in the
choice of the nitrene source and the catalyst.”! The trans-
formation of alkenes with phenyl imino iodinanes as the
nitrogen-transfer reagents under manganese and iron catal-
ysis (Mn™ and Fe™ porphyrins) has been known for roughly
30 years and gives—depending on the catalyst—modest to
very good yields.”” Fundamental progress has been achieved
through the use of copper catalysts by Evans et al.®! and
rhodium catalysts by Miiller etal.”) Beyond the imino
iodinanes, halogen amines (more seldom) and sulfonyl azides
or aryl azides can be used as the nitrogen source. Through the
appropriate choice of the catalytic system, the 1,3-dipolar
cycloaddition of azides can be suppressed and aziridines can
be obtained in good to excellent yields according to Scheme 1.

The use of azides instead of the often chosen imino
iodinanes as the nitrene source has several advantages,
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Scheme 1. Variations of the transition-metal-catalyzed synthesis of
aziridines.

especially because application of the latter is limited owing
to the more laborious preparation, the formation of side
products, and poor solubility. One disadvantage of using
azides is that their activation often requires high temperatures
or irradiation. To facilitate the elimination of nitrogen and the
transfer of the nitrene under mild conditions, different
catalysts for azide-mediated aziridine syntheses on the basis
of iron, cobalt, manganese, copper, and ruthenium have been
developed.['%%1 Of these, outstanding Co™ and Cu' catalysts
(Scheme 2) have been used successfully to develop asym-
metric syntheses of aziridines with good to excellent enantio-
selectivities.!""!

The hitherto known procedures can be applied to a broad
spectrum of alkenes and—although the mechanism and the
structure of the active species are not fully understood—
excellent selectivities and yields of the desired aziridines have
been achieved with a variety of studied catalysts. While the
transition-metal-catalyzed syntheses of aziridines via sulfonyl
azides (and their derivatives) as the N, sources are universally
applied in many fields,'! transformations of aryl azides have
not been frequently described despite their many advantag-
es.'””l The azides, which are used as starting materials, can be
synthesized very easily and inexpensively and they allow for
a wide diversity of substrates."*! Through the direct introduc-
tion of the desired aryl residue (in comparison to sulfonyl
azides) the more complex two-step variant of removal of the
sulfonyl residue and introduction of necessary substituents
can be circumvented. This advantage is of special interest
when one considers the low stability of tosyl aziridines and the
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Scheme 2. Transition-metal-catalyzed, enantioselective synthesis of aziridines.

involved possibility of side-product formation. Some isolated
protocols for the removal of the tosyl group under mild
conditions have been reported in the past, but competing
reactions (ring opening),!'*l hampered the isolation of the
products in acceptable yields. In the hitherto known con-
versions with aryl azides, nearly exclusively ruthenium
porphyrin complexes have been used. These catalysts pro-
mote the reaction of selected alkenes under optimized
conditions in excellent yields," nevertheless the dependency
on the alkene concentration and the inactivation of the
catalyst through formation of triazoline side products limits
their general application.['%!

A fundamental improvement in the transition-metal-
catalyzed synthesis of aziridines has been reported recently
by Jenkins and Cramer with their synthesis of a new
octahedral iron(IT) complex (3¢; Scheme 3).'" In the recently
published work the advantages of the use of aryl azides are
combined with a new, effective catalyst, whereby very good
yields of aziridines can be achieved at low catalyst loadings
(0.1-1 mol % ). Problems that were mentioned in previous
studies—caused by inactivation of the catalyst—seem to be
solved by the new generation of catalysts: Jenkins and Cramer
proved that the catalyst retained activity even after multiple
applications.

For the synthesis of the new iron tetracarbene complex,

the macrocyclic tetraimidazole was generated
2+
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Scheme 3. Aziridination of alkenes by azides through Fe'" catalysis.
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(ME'TCP")\(1),) in situ by deprotonation with lithium diiso-
propylamide and subsequent carbene ligation to the Fe" salt
in the presence of TIPF, in acetonitrile. The structure of the
new catalyst was verified by X-ray analysis and allows, on the
basis of comparable, known aziridine syntheses, the postu-
lation of the mechanism shown in Scheme 4.
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Scheme 4. Postulated mechanism for the Fe"-catalyzed formation of
aziridines.

The report by Jenkins and Cramer underlines new
possibilities for the transition-metal-catalyzed synthesis of
aziridines through the application of aryl azides in combina-
tion with new catalyst systems. This and related investigations
in the recent past!"! give important mechanistic insights and
evince the potential of the transition-metal catalysis for the
synthesis of the synthetically and biologically important
aziridines.
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