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The recently discovered asymmetric alkene aziridination
reaction (eq 1) is a mechanistically intriguing transformation
that holds considerable potential as a synthetic method.! The
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identification of Cu(I) complexes as the most effective catalysts
for this process?? has raised the possibility that aziridination
might share fundamental mechanistic features with olefin
cyclopropanation, a reaction long known to be catalyzed by the
same class of complexes.® By analogy to cyclopropanation, for
which the generally accepted mechanism involves a discrete
Cu—carbenoid intermediate,’ copper-catalyzed aziridination
might thus proceed via a discrete Cu—nitrenoid intermediate
(Scheme la). However, a very legitimate mechanistic alterna-
tive involves the copper complex functioning as a Lewis acid
catalyst. Support for the latter includes the fact that epoxidations
with iodosylbenzene (PhIO) and aziridinations with PhI=NTs
have been effected with simple Lewis acids incapable of redox
chemistry,?>¢ and that PhI=NTs is the only nitrene source that
has been used successfully thus far in asymmetric catalytic
aziridinations. We report here an investigation into the mech-
anism of aziridination with (diimine)copper(I) catalysts that
provides strong evidence for a discrete Cu(IIl)—nitrene as the
reactive intermediate and that suggests a remarkable similarity
in the transition structure geometries in asymmetric cyclopro-
panation and aziridination reactions.

The role of the aryl iodide moiety in PhI=NTs is fundamen-
tally different in the two mechanisms outlined in Scheme 1. In
the redox mechanism (Scheme 1a), Phl is fully dissociated from
the aziridinating species, whereas it is covalently attached to
the active intermediate in the Lewis acid catalysis mechanism
(Scheme 1b). Thus, structural modifications on the aryl iodide
would be expected to exert an influence on enantioselectivity
only in the latter case. As demonstrated in Table 1, aziridina-
tions of several alkenes catalyzed by CuPFg in the presence of
ligand 15 occurred with indistinguishable enantioselectivities
with either PhI=NTs or the tosyliminoiodoarene 17.
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The most compelling evidence for the intermediacy of a
discrete (diimine)Cu=NTs intermediate was obtained from
studies using tosyl azide (TsN3) as a stoichiometric nitrene
source. Under photochemical conditions, TsN3 is known to
extrude dinitrogen to generate a reactive free nitrene intermedi-
ate.”® In the presence of catalytic amounts of the (diimine)-
copper(I) complex 15«CuPFs, the photochemical reaction of
TsN; with styrene afforded aziridine with the same enantiose-
lectivity obtained in the catalytic aziridination reaction (Scheme
2). This parity is clearly indicative of a common Cu—nitrene
intermediate.
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1: Ar = 3,5-BroCqH,

2: Ar = CgFs

3: Ar= 4-CiCgH4

4: Ar= 2-FCgH,

S: Ar = CgHg

6: Ar = 2-thiophenyl

7: Ar = 4-BrCgH,

8: Ar = 2-BrCgHg R=H
9: Ar = 1-naphthyl

10: Ar = 2-CiCqHy

11: Ar = 2,6-F,CgH,

12: Ar = 2,4,6-Me;CgH,

13: Ar=2,6-BroCgHy

14: Ar = 2.3,6-ChhCeH,

15: Ar = 2,6-CipCqH,

16: Ar = 2,6-CipCgHy R=Me
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Figure 1. Plot of enantioselectivities obtained in the CuPFg-catalyzed
cyclopropanation and aziridination of 1,2-dihydronaphthalene using
various chiral diimine ligands. Cyclopropane ee’s correspond to those
of the major, trans-cyclopropane product (trans/cis = 3—10:1). Reaction
parameters for cyclopropanation and aziridination are provided in the
supplementary material.

The apparent involvement of a discrete, monomeric® copper—
nitrene intermediate reinforces the mechanistic analogy between
aziridination and cyclopropanation. A further comparison was
drawn by relating the effect of ligand structure and electronics
on enantioselectivity in the two reactions. The CuPFs-catalyzed
cyclopropanation of 1,2-dihydronaphthalene with ethyl diazo-
acetate was compared with aziridination of the same substrate
with PhI=NTs as a function of different diimine ligands. As
illustrated graphically in Figure 1, a reasonably good linear
correlation exists between enantioselectivites in the two reac-
tions.! This suggests that they not only proceed by similar
mechanisms but the transition structure geometries in their
selectivity-determining steps may be very similar.!!

Despite the insolubility of PhI=NTs, well-behaved, reproduc-
ible kinetic measurements were readily obtainable in the
(diimine)copper-catalyzed aziridination reaction. Thus, olefin
disappearance was monitored over >3 half-lives and found to
follow strict pseudo-first-order kinetics.'? Reaction rates were
not significantly affected by changes in the rate of stirring or
by the amount of added PhINTSs, but they were found to be
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Figure 2. Plot of diimine ligand concentration vs observed rate constant
kovs (M) and % ee (<) for the catalytic aziridination of 1,2-dihydronaph-
thalene. Conditions: CH:Cl,, 23 °C, [olefin] = 0.14 M, [CuPFs] =
8.3 x 1073 M, PhI=NTs 1.1 equiv relative to olefin. Olefin disap-
pearance was monitored by GC analysis relative to an internal standard.

strongly dependent on the concentration of added diimine ligand.
For example, under the conditions outlined in Figure 2,
aziridination of 1,2-dihydronaphthalene occurred with a pseudo-
first-order rate constant kops = 9.4 x 1073 min™! in the absence
of ligand; kqps was found to increase asymptotically as a function
of ligand to a maximum level of ~0.24 min~!. Thus, this
catalytic reaction exhibits significant ligand'acceleration, an
important phenomenon which has been identified in several
other asymmetric catalytic reactions.’> As previously observed
with ligand-accelerated reactions, enantioselectivities reached
a maximum value at ligand concentrations lower than those
required to obtain maximum rate.'*

On the basis of the precedent for oxygen-atom transfer with
PhIO,S it is reasonable to assume that catalytic aziridinations
with PhINTSs can occur by more than one mechanism. However,
the evidence obtained thus far in the (diimine)copper-catalyzed
reaction strongly implicates a redox mechanism in this particular
system. Experiments aimed toward direct characterization of
the Cu—nitrene intermediate are in progress.
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