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A D4-manganese(III) porphyrin is utilized to catalyze aziridi-
nation of styrene-type substrates with enantiomeric excess
ranging from 43 to 68%; evidence for a MnIV reactive
intermediate in the catalysis was obtained from spectro-
scopic studies and organic product analysis.

Metalloporphyrins have potential applications in asymmetric
organic syntheses.1 When compared to metal Schiff-base
complexes, they can offer more robust catalysts2 that can lead to
high product turnover numbers and facilitate the detection and/
or isolation of highly reactive intermediates in the catalyses.3,4

Here, we report the evidence of a MnIV reactive intermediate in
a chiral manganese D4-porphyrin-catalyzed nitrene transfer
reaction. This reaction also features the first example of chiral
porphyrin catalysts for asymmetric alkene aziridination with
moderate enantioselectivities.

The chiral manganese(iii)porphyrin catalyst Mn(P*)(MeO-
H)(OH) [H2P* = 5,10,15,20-tetrakis(1,2,3,4,5,6,7,8-octahy-
dro-1,4 : 5,8-dimethanoanthracen-9-yl)porphyrin] 1 used in this
work was prepared by the method of Halterman and Jan.5 Upon
recrystallization of 1 from MeCN–MeOH–CH2Cl2 (1 : 10 : 2

v/v) red crystals of [Mn(P*)(MeOH)(OH)]·MeCN·
MeOH·3H2O were obtained. Its structure was determined by
X-ray crystal analysis† and a perspective view of the molecule
is shown in Fig. 1.

With this bulky porphyrin ligand, a new manganese species
which is capable of catalyzing nitrene transfer to alkenes is
detected immediately after mixing stoichiometric amount of 1
and PhINTs in CH2Cl2 at room temp. This species has an
apparent room temp. half-life of ca. 30 min in CH2Cl2 and is
proposed to be a MnIV–PhINTs adduct (Scheme 1). The MnIV

formulation is based on the following reasons: its UV–VIS
absorption spectrum (Fig. 2) with a Soret band at 433 nm, is
similar to MnIV porphyrin complexes reported previously;6 its
EPR spectrum shown in Fig. 3 is consistent with a high-spin
octahedral d3 ion.6 It reacts rapidly with alkenes such as styrene
to regenerate the starting complex 1 with the concomitant
formation of aziridine in good yield and in moderate enantiose-

lectivity ( > 70% yield and 50% ee for styrene) (Scheme 1). The
UV–VIS spectral changes of its reaction with styrene are shown
in Fig. 2. With excess styrene, the reaction follows pseudo-first-
order kinetics (monitored at 480 nm) and the observed rate law
is: rate = k2[MnIV][styrene] with the second order rate constant
being 2.0 3 1023 dm3 mol21 s21. Attempts were made to
isolate this MnIV–PhINTs species in solid form by removal of
the solvent at low temperature. A brown solid was obtained and
its IR spectrum showed bands at 1340 and 1159 cm21 assigned
to the tosyl moiety. However, this species slowly converted to

Fig. 1 Perspective view of [Mn(P*)(MeOH)(OH)]. Selected bond lengths
(Å) and angles (°): Mn–N(1) 2.004(7), Mn–N(2) 1.992(6), Mn–N(3)
2.019(7), Mn–N(4) 1.995(7), Mn–O(1) 2.268(7), Mn–O(2) 2.251(7);
O(1)–Mn–O(2) 178.9(3), O(1)–Mn–N(1), 90.4(3), O(1)–Mn–N(2) 89.5(3),
O(2)–Mn–N(1) 88.8(3), O(2)–Mn–N(2) 89.7(3), N(1)–Mn–N(2) 89.8(3),
N(1)–Mn–N(4) 90.1(3)

Scheme 1 Proposed catalytic cycle for enantioselective aziridination
involving a MnIV–PhINTs adduct
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1 and some unidentifiable substance in solution at room
temperature.

The aziridination and amination of alkenes can be rendered
catalytic and enantioselective by addition of PhINTs. The
results are listed in Table 1. Enantioselectivity was moderate,
ranging from 40 to 68% depending on both the position and the
electronic demand of the substituents, with the best result
obtained with o-bromostyrene. At a catalyst : PhINTs : alkene
ratio of 1 : 200 : 4000, the chemical yields based on the amount
of PhINTs used were moderate and note that the turnover
numbers were good, usually around 100. With another portion
of PhINTs added, the turnover number increased from 130 to
ca. 292 in the case of styrene (Entries 2 and 3). At a
catalyst : PhINTs : alkene ratio of 1 : 600 : 4000, a turnover
number of 480 and aziridine at comparable ee were obtained
(Entry 4). These turnover numbers are relatively high when
compared with that of the reported chiral Mn–salen catalysts.7
For alkenes that did not possess allylic hydrogen atom (Entries
1–11), aziridine was the only product. However, for alkenes that
have allylic hydrogen (Entries 12 and 13), allylic amination
became the major product with only minimal aziridination
occurred. This result is intriguing since only a few methods for
allylic amination are known.8 From the yields and turnover
numbers, the present findings feature one of the best results for
catalytic allylic amination of alkenes. The absolute configura-
tion of the aziridine obtained was R.
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g cm23, m(Cu-Ka) = 17.83 cm21, F(000) = 2920, 2qmax = 140.0°, l(Cu-
Ka) = 1.5418 Å, scan type q–2q, T = 298 K, no. of unique
reflections = 8118, no. of observed reflections [I > 2.0s(I)] = 4713, unit

weights were used. No. of refined parameters = 902, refinement program
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Fig. 2 UV–VIS monitoring of the reaction between the MnIV–PhINTs
adduct and styrene (0.48 mol dm23); scan interval, 1 min

Fig. 3 EPR spectrum of the reactive intermediate generated by mixing 1 and
PhINTs in CH2Cl2 at room temp. and then cooled to 119 K

Table 1 Catalytic asymmetric aziridination and amination of alkenes using
PhINTs with complex 1 as the catalysta

a Reaction conditions: 0.50 mol% catalyst, 20-fold excess of substrate, 200
mg PhINTs and 2 ml CH2Cl2. b Isolated yield were based on the amount of
PhINTs used. c Ee values are determined by HPLC analysis (Whelk-O1).
d With 4-phenylpyridine N-oxide (5 mg) as additive. e Addition of another
portion of 200 mg of PhINTs to the reaction after the first portion of PhINTs
was consumed. f Catalyst : PhINTs : alkene = 1 : 600 : 4000. g Not deter-
mined.
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