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ABSTRACT

Pyridine copper complexes were found as active catalysts for the intramolecular aziridination of allylic N-tosyloxycarbamates and the
intermolecular aziridination of styrenes with trichloroethyl N-tosyloxycarbamates. Free aziridines were easily obtained by basic deprotection
of the trichloroethyl group.

Aziridines are attractive synthetic targets, as they are found
in a number of natural products exhibiting various biological
properties, such as antitumor and antibiotic activities.1 Since
these are the nitrogen analogues of epoxides, they also
display similar electrophilic reactivity. Various synthetic
methods have been developed to prepare aziridines, typically
starting from alkenes or imines.2 The discovery of hyper-
valent iodinane reagents for nitrene transfer to alkenes by
means of transition metal complexes, such as copper3 or
rhodium4 complexes, has led to the development of efficient
catalytic processes5 including asymmetric systems.6 The

major drawback of these methods is the generation of a full
equivalent of iodobenzene. Alternative reagents have been
developed, although with limited applicability.7,8 Recently,
we have reported the use ofN-tosyloxycarbamates as an
alternative to produce rhodium nitrenes that can undergo
C-H insertion and aziridination reactions.9 Indeed, the
decomposition of allylicN-tosyloxycarbamates in the pres-
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ence of potassium carbonate and rhodium(II) acetate dimer
catalyst leads to the intramolecular nitrene transfer, thereby
generating the corresponding aziridine in good to excellent
yields. However, this method would greatly benefit from the
use of a cheaper catalyst, such as copper complexes.3,10 In
this communication, we wish to report the use of pyridine
copper complexes forintra- and intermolecular alkene
aziridinations usingN-tosyloxycarbamate reagents.

Sulfonyloxycarbamates are known to react with electron-
deficient alkenes via an AZA-Michael-initiated ring closing
(AZA-MIRC) process to give the corresponding aziridines
in good yields.8 The reaction of such reagents with non-
activated alkenes (in the absence of catalyst) leads to low
yields and unselective processes typically observed with free
nitrenes.1c,11 Conversely, the use of the rhodium(II) acetate
dimer catalyst allowed the intramolecular aziridination of
allylic N-tosyloxycarbamates (Table 1, entries 1 and 2).9

Copper complexes are known to promote aziridination of
alkenes in the presence of sulfonyliminoiodinane reagents.3

However, the use of copper(II) triflate for the intramolecular
aziridination of allylicN-tosyloxycarbamates led to aziridi-
nation product1 with only moderate yields (entries 3 and
4). We postulated that the solubility of the copper species
might be an issue, as the reaction between copper(II) triflate
and potassium carbonate could generate a very insoluble
copper carbonate species. We then studied the use of ligands
to make a more soluble species and to accelerate the reaction.
We chose to investigate pyridine copper complexes as these
are known to efficiently catalyze the aziridination of alkenes
with PhINTs.3j However, we did not observed an improve-
ment using Cu(pyridine)2Cl2 (entry 5). Conversely, com-
plexes containing less coordinating anionic ligands, such as
triflate,12 tetra[3,5-di(trifluoromethyl)phenyl]borate (BArF

4),
or tetrafluoroborate, led to the desired aziridine1 with 74-
84% yields (entries 6, 8-10). However, no significant
difference was detected between the use of the more
expensive BArF4 over the triflate and the tetrafluoroborate
anionic ligand. Thus, the study was pursued with the triflate
complex. Not only are copper complexes cheaper than
rhodium complexes, but it was also possible to decrease the
catalyst loading of Cu(pyridine)4(OTf)2 to 2 mol % without
affecting the yield (entry 7). Optimization with Cu(pyridine)4-
(OTf)2 showed that no yield improvement was observed
when changing either the solvent or the base.

A variety of allylic N-tosyloxycarbamates were then treated
with 2 mol % of Cu(pyridine)4(OTf)2 in the presence of 5
equiv of potassium carbonate in acetone. Under these reaction
conditions, the corresponding aziridine was isolated with a
good yield (Table 2). Aliphatic and aromaticE-disubstituted
alkenes reacted stereospecifically to producetrans-aziridines
with 66% and 51% yield, respectively (entries 1 and 2).
Conversely, the aziridination ofZ-disubstituted allylicN-
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Table 1. Copper-Catalyzed Aziridination of
(E)-5-Phenylpent-2-enylN-Tosyloxycarbamate (eq 1)

entry catalyst yielda

1 none <10%
2 Rh2(OAc)4 74%b

3 Cu(OTf)2 45%
4 Cu(OTf)2‚Benzene 50%
5 Cu(pyridine)2Cl2 53%
6 Cu(pyridine)4(OTf)2 74%
7 Cu(pyridine)4(OTf)2

c 84%
8 Cu(pyridine)4(OTf)2

d 72%
9 Cu(pyridine)2(BArF

4)2
e 82%

10 Cu(pyridine)4(BF4)2 74%

a Isolated yield by flash chromatography.b 7 equiv of K2CO3 was used,
see ref 9a.c 2 mol % of catalyst.d 1 mol % of catalyst.e BArF

4 ) tetra[3,5-
di(trifluoromethyl)phenyl]borate.
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tosyloxycarbamates led to a mixture ofcis- and trans-
aziridines (eq 3).

These results suggest that a stepwise mechanism, involving
presumably a triplet metal nitrene intermediate, is taking
place.11 Trisubstituted allylic N-tosyloxycarbamates also
reacted with Cu(pyridine)4(OTf)2 to produce the correspond-
ing aziridines with good to excellent yields (entries 3-6).
Only one diastereomer was observed for the aziridination
of the N-tosyloxycarbamate derived from (-)-myrtenol,
aziridine7 arisen from the attack of the metal nitrene on the
less hindered side of the alkene.

A more challenging task is to achieve theintermolecular
aziridination reaction with alkenes because a reagent that
will not reactintramolecularlyis required. Recently, we have
shown that rhodium-catalyzed intermolecular C-H amination
proceeds efficently using trichloroethylN-tosyloxycarbamate
(10).9c This reagent was thus used to test the copper-catalyzed

aziridination of styrene (Table 3). The first result was
disappointing, as the reaction did not proceed in acetone
using Cu(pyridine)4(OTf)2 as the catalyst and led exclusively
to the decomposition of trichloroethylN-tosyloxycarbamate
(10) into the corresponding carbamate (Cl3CCH2OC(O)NH2)
(entry 1). We examined a variety of solvents and found that
the reaction occurred in benzene with Cu(pyridine)4(BF4)2

as the catalyst to give aziridine11 in high yields (entry 4).
Conversely, the use of other aromatic solvents produced the
desired aziridine with only low to moderate yields (entries
5-7). Other styrene derivatives were reacted under these
reaction conditions and produced the corresponding aziridines

Table 2. Intramolecular Aziridination of Allylic
N-Tosyloxycarbamates with Cu(pyridine)4(OTf2) (eq 2)

a Isolated yield by flash chromatography.b 2 mol % of Cu(pyridine)2-
(BArF

4)2. c 5 mol % of Cu(pyridine)4(OTf)2.

Table 3. Copper-Catalyzed Intermolecular Aziridination of
Styrene with TrichloroethylN-Tosyloxycarbamate (10) (eq 4)

entry
equiv

of styrene catalyst solvent yielda

1 3 Cu(pyridine)4(OTf)2 acetoneb <5%
2 5 Cu(pyridine)4(OTf)2 benzene 47%
3 2 Cu(pyridine)4(BF4)2 benzene 55%
4 5 Cu(pyridine)4(BF4)2 benzene 74%
5 5 Cu(pyridine)4(BF4)2 toluene 34%
6 5 Cu(pyridine)4(BF4)2 PhCF3 42%
7 5 Cu(pyridine)4(BF4)2 PhCl 33%

a Isolated yield by flash chromatography.b 13 equiv of K2CO3 was used.

Table 4. Intermolecular Aziridination of Various Styrenes with
N-Tosyloxycarbamate10 and Cu(pyridine)4(BF4)2 (eq 5)

a Isolated yield by flash chromatography.
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with 51-68% yields. (Table 4). Methyl, halide, nitro, and
methoxy groups were tolerated and did not affect the
reaction. The reaction proceeded also with a good chemo-
selectivity, as neither the aziridination of the benzene ring
nor the nitrene C-H insertion at the benzylic methyl group
was observed.

Another important aspect in aziridine chemistry is to
generate synthetically versatile derivatives that can be easily
deprotected without opening the three-membered ring. Only
a few examples of sulfonyliminophenyl iodinane reagents
have been reported thus far that meet this requirement.13

When using trichloroethylN-tosyloxycarbamate as reagent,
troc-protected aziridines are produced, and the protecting
group can be easily cleaved under mild basic reaction
conditions without opening the aziridine moiety. Indeed
treatment with lithium hydroxide produced aziridines18and
19 with 74% and 91% yield, respectively.

In conclusion, we have developed a novel copper-catalyzed
aziridination reaction based on the use ofN-tosyloxy-

carbamates. These results correlate the work of Fleming and
co-workers, who have also reported the use of a copper(I)
catalyst for the intramolecular aziridination of allylic tosyl-
oxycarbamates.10 These reagents are advantageous in com-
parison to the use of hypervalent iodinane reagents, as they
do not produce nonpolar, high molecular weight byproducts,
such as iodobenzene. The formation of troc-protected aziri-
dines is beneficial, as the troc protecting group is easily
removed under mild basic conditions, without opening of
the aziridine moiety. The use of copper catalysts is valuable
in contrast to rhodium carboxylate dimer, as they are less
expensive. We have shown that pyridine ligands are ben-
eficial and clearly favor the aziridination reaction. The
development of an enantioselective version based on chiral
pyridine ligands is currently underway.
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