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Abstract—A facile one-pot procedure for copper-catalyzed PhI(OAc)2-mediated asymmetric alkene aziridination had been devel-
oped. Commercially available PhI(OAc)2 and sulfonamides were used to generate the nitrene precursors (PhI@NR) in situ for olefin
aziridination. This one-pot procedure had been optimized using 4-nitrobenzenesulfonamide as the nitrene source. With 5mol% of
the chiral copper catalyst, these conditions afforded 94% yield of the isolated product with 75% ee. We had also developed a simple
and rapid method to monitor the rate of this one-pot aziridination.
� 2004 Elsevier Ltd. All rights reserved.
Chiral aziridines are used widely in organic synthesis.1

The readily available methods for stereo- and regio-
selective ring opening or expansion of the strained azi-
ridine rings allow quick access to a variety of chiral
amines, which would be useful building blocks for nat-
ural product synthesis. Moreover, chiral aziridines have
been utilized as ligands and auxiliaries in asymmetric
synthesis.1b;c Due to the versatile utilities of chiral azir-
idines in organic synthesis, the development of efficient
enantioselective synthetic methods for chiral aziridines
has received considerable interest. Among all the
reported methods, transition metal-catalyzed asymmet-
ric alkene aziridination has drawn a lot of attention in
the past decade.2 In 1993, Evans et al. and Jacobsen and
co-workers independently reported the copper-catalyzed
asymmetric alkene aziridination using [N-(p-toluene-
sulfonyl)imino]phenyliodinane (PhI@NR) as the nitrene
source.2a;c This process had been successfully applied to
the total synthesis of some natural or biologically active
products.3 However, one of the drawbacks of this
method is the need to isolate the nitrene precursors
(PhI@NR), some of which were reported to be unstable
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and explosive.2f ;4 To simplify the procedure for prepa-
ration of the nitrene precursor, Dauban et al. and Dodd
and co-workers recently reported a modified procedure
for the copper-catalyzed asymmetric alkene aziridin-
ation.2h;i In their procedures, PhI@NR was generated
in situ by treating sulfonamides with iodosyl-benzene
(PhI@O).2h In our laboratory, we found that PhI@NR
can be generated simply by treating sulfonamides with a
commercially available reagent, iodobenzene diacetate
[PhI(OAc)2].

5 We, herein, report a very simple and effi-
cient one-pot procedure for the copper-catalyzed
PhI(OAc)2-mediated asymmetric alkene aziridination
(Scheme 1), and the study on the effect of the nature of
sulfonamides and olefin substrates under the employed
reaction conditions.

Our initial study was to examine the effects of various
copper catalysts on aziridination of styrene using
4-methylbenzenesulfonamide and stoichiometric
amount of PhI(OAc)2 in CH3CN at room temperature.
Among all the copper catalysts used, [Cu(CH3CN)4]
ClO4 gave the best yield of the aziridine product (55%),
while other copper catalysts gave only 15–29% yields
(Table 1). To develop a chiral version of this procedure,
Evan’s chiral bis(oxazoline) ligand6 (L�) was introduced
to the system. However, addition of 6mol% of the
chiral ligand gave no enantioselectivity in CH3CN.
Switching the reaction solvent to CH2Cl2 increased the
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Scheme 1. One-pot copper-catalyzed PhI(OAc)2-mediated asymmetric alkene aziridination.

Table 1. Effects of solvents and copper catalystsa

Entry Copper catalyst Solvent L� mol% Yieldb % % Eec

1 CuCl CH3CN –– 15 ––

2 Cu(OTf) CH3CN –– 27 ––

3 Cu(CH3CN)4PF6 CH3CN –– 28 ––

4 Cu(CH3CN)4ClO4 CH3CN –– 56 ––

5 Cu(CH3CN)4ClO4 CH3CN 6 59 0

6 Cu(CH3CN)4ClO4 CH2Cl2 6 82 29

7 Cu(CH3CN)4ClO4 C6H6 6 75 48

a The representative procedures in Ref. 7 were followed with 0 or 6mol% of L�, 5mol% of copper salt, 1 equiv of 4-methylbenzenesulfonamide and

PhI(OAc)2, 5 equiv of styrene and 3mL of the solvent.
b Isolated yield.
c The absolute configuration of all compounds were assigned to be (S) based on the order of elution in HPLC.

Table 2. Effects of sulfonamidesa

Entry Sulfonamide % Yieldb % Eec

1 O2N SO2NH2 94 (91)d 75 (66)d

2 Cl SO2NH2 90 52

3 SO2NH2 82 50

4 t-Bu SO2NH2 75 44

5 MeO SO2NH2 55 (73)d 33 (78)d

6
SO2NH2

NO2

66 22

7 CH3SO2NH2 86 36

aThe representative procedures in Ref. 7 were followed with 6mol% of

L�, 5mol% of [Cu(CH3CN)4]ClO4, 1 equiv of sulfonamide and

PhI(OAc)2, 5 equiv of styrene and 3mL of benzene.
b Isolated yield.
c The absolute configuration of all compounds were assigned to be (S)

based on the order of elution in HPLC.
dResults obtained by the two-step procedure with CuOTf as the cat-

alyst at 0 �C.2f;g
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yield to 82% with 29% ee. The enantioselectivity was
further improved to 49% ee with 75% yield by using
benzene as the solvent (Table 1, entry 7). The two-step
aziridination procedure under slightly different condi-
tions (Cu(OTf) as the catalyst at 0 �C) gave 65% overall
yield of the aziridination product with 52% ee.2f;g The
highest achievable results from the two-step procedure
were obtained using CuOTf as the catalyst at 0 �C with
excess olefin as the solvent (73% overall yield with 63%
ee).2a;f

With these encouraging results, we investigated the effect
of different sulfonamides as the nitrene source. As
shown in Table 2, all sulfonamides gave good to excel-
lent yields with enantioselectivity up to 75% ee. The
nature of the sulfonamides exhibited a strong influence
on the yields and enantioselectivities under our one-pot
conditions. Benzene-sulfonamides with an electron
withdrawing group at the 4-position generally gave
higher product yields and ee’s than those with an elec-
tron donating group. This trend is reverse in the two-
step protocol (Table 2, entries 1 and 5).2f ;g The best
result was obtained with 4-nitro-benzenesulfonamide as
the nitrene precursor, in which 94% of the aziridine
product with 75% ee was obtained. Interestingly, mov-
ing the nitro group from the 4- (Table 2, entry 1) to the
2-position (Table 2, entry 6) of the benzene-sulfonamide
led to a significant decrease in ee. Moreover, aziridin-
ation of styrene using methane-sulfonamide also gave
good yield of the aziridine product with moderate
enantioselectivity (Table 2 entry 7).

According to the literature, some of the sulfonamides
failed to form the nitrene precursor (PhI@NR) in the
conventional two-step aziridination protocol.2f ;g For
example, PhI@NSO2-[p-(t-Bu)C6H4] could not be
obtained from treatment of 4-(t-butyl)benzenesulfon-
amide with PhI(OAc)2 in the presence of a basic meth-
anolic solution.2f This problem is solved by using our
one-pot procedure, which would give the aziridine
product in 75% yield with 44% ee (Table 2, entry 4). This
result suggests that the unstable nitrene precursor
(PhI@NR) generated in situ could lead to the formation
of the chiral aziridine product in a one-pot procedure.



Table 3. Effects of olefin substratesa

Entry Substrate Aziridine % Yieldb % Eec

1 F

1a: R¼ 4-NO2–Ph 95 72

1b: R¼ 4-Cl–Ph 95 51

1c: R¼ 4-Me–Ph 84 40

2 F3C

2a: R¼ 4-NO2–Ph 64 51

2b: R¼ 4-Cl–Ph 68 43

2c: R¼ 4-Me–Ph 43 38

3

3a: R¼ 4-NO2–Ph 78 45

3b: R¼ 4-Cl–Ph 80 43

3c: R¼ 4-Me–Ph 61 32

4

O2N

4a: R¼ 4-NO2–Ph 82 52

4b: R¼ 4-Cl–Ph 89 48

4c: R¼ 4-Me–Ph 77 45

5
5a: R¼ 4-NO2–Ph 68 57

5b: R¼ 4-Cl–Ph 78 42

5c: R¼ 4-Me–Ph 76 37

aThe representative procedures in Ref. 7 were followed with 6mol% of L�, 5mol% of [Cu(CH3CN)4]ClO4, 1 equiv of sulfonamide and PhI(OAc)2,

5 equiv of substituted styrene and 3mL of benzene.
b Isolated yield.
c The absolute configuration of all compounds were assigned to be (S) based on the order of elution in HPLC.
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Figure 1. Rate of aziridination with different sulfonamides.8
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To investigate the effect of the substrates, various alk-
enes were employed for aziridination with different sul-
fonamides. The results are tabulated in Table 3. All the
substituted styrenes gave good to excellent yields of the
aziridine products with enantioselectivities up to 72% ee.
Aziridination using 4-chlorobenzenesulfonamide gave
the highest yield of the aziridine products and 4-nitro-
benzenesulfonamide gave the best enantioselectivity for
all the substituted styrene substrates. The optimal result
was obtained from aziridination of 4-fluorostyrene using
4-nitrobenzenesulfonamide. Although the most electron
deficient substrate gave the best results in terms
of product yield and ee, the effect of the substrates
remained not clear.

A detailed study of the electronic effect of the sulfona-
mides and olefin substrates would rely on a direct and
rapid method to monitor the aziridination reaction.
However, aziridines were found to be unstable for gas
chromatography (GC) analysis. Here, this problem was
solved by using naphthalene as an internal standard and
monitoring the rate of formation of the by-product,
iodobenzene, in GC-FID spectra. Preliminary study on
the kinetics of aziridination showed that the rate of
aziridination using 4-nitrobenzenesulfonamide as the
nitrene source is faster than those using 4-chlorobenz-
enesulfonamide or methane-sulfonamide (Fig. 1).
Though the reaction rate did not appear to have great
impact on the product yields (86–94%, Table 2), it might
have some bearing on the enantioselectivity of the azi-
ridine products. Detailed studies on the kinetics of the
alkene aziridination reaction are still ongoing.

In conclusion, we have developed a facile and conve-
nient one-pot procedure for copper-catalyzed
PhI(OAc)2-mediated asymmetric alkene aziridination.
The optimal conditions were found to be using
4-nitrobenzene-sulfonamide and PhI(OAc)2 for genera-
tion of the nitrene precursor. With 5mol% of the chiral
copper catalyst, our one-pot procedure afforded 94%
yield of the isolated aziridine in 74% ee. We have also
developed a simple and rapid method for monitoring the
rate of aziridination. Preliminary study on the aziridin-
ation profile suggested a correlation between the reac-
tion rate and the enantioselectivity. Further studies on
this interesting kinetic issue are ongoing in our labora-
tory.
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7. Representative procedures for the one-pot aziridination: A
mixture of 2,2-bis[2-[(4S)-t-butyl-1,3-oxazolinyl]] propane
ligand (18mg, 0.06mmol) and Cu(CH3CN)4ClO4 (16mg,
0.05mmol) in benzene (3mL) was stirred at room temper-
ature under nitrogen for 1 h. To this stirred solution was
added iodobenzene diacetate (320mg, 1.0mmol) and 4-
nitrobenzenesulfonamide (202mg, 1.0mmol) in one portion
followed by styrene (0.57mL, 5.0mmol). The resulting
mixture was stirred at room temperature for 1 day. After
removal of the volatiles under reduced pressure, the residue
was purified by flash column chromatography (n-hexane–
ethyl acetate¼ 5:1) to give a pale yellow solid (287mg,
0.94mmol, 94%) as the product, which was characterized
by 1H NMR and MS. Ee’s were determined by HPLC with
Whelk-O1 column eluting with n-hexane–isopropanol
(97:3).

8. Representative procedures for monitoring the rate of the
one-pot aziridination: The above procedures were followed
with naphthalene (128mg, 1.0mmol) added as the internal
standard after the copper–ligand complex formation. Upon
the complete dissolution of naphthalene, the mixture of 4-
nitrobenzenesulfonamide, PhI(OAc)2 and styrene was
added in one portion. Then a drop of the reaction mixture
was taken every 30min and filtered through a short silica
gel column to remove the unreacted PhI(OAc)2. The
resulting solution was submitted for GC-FID analysis with
Ultra 2 (5% cross-linked with triphenylsilane) column. The
percentage of iodobenzene generated was calculated by
comparing with the area of the peak for naphthalene.
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