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Non-heme iron(11) complexes are efficient olefin aziridination catalystsT
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Iron(ll) complexes of polydentate nitrogen donor ligands
catalyze the rapid aziridination of olefins by PhINTs.

Metal-mediated syntheses of nitrogen-containing organic com-
pounds are the focus of continuing investigation in contemporary
inorganic and organometallic chemistry. The aziridination of
olefins by N-tosyliminophenyliodinane (PhINTs), mediated by
discrete copper or rhodium complexes, is a well-established
protocol for the formation of aziridines from diverse aromatic
and aliphatic olefins.! Olefin aziridination catalysts derived from
other transition metals, including cobalt,” silver,® and gold,4 have
been described recently. Related iron complexes have received
sparse attention as potential catalysts for olefin aziridination.
Latour and Avenier demonstrated that a mixed-valent diiron
complex reacts with PhINTs and large excesses of olefins
(>25 equiv. vs. PhINTs) over several hours to generate
N-tosylaziridines in 42-69% vyields.> Hossain and co-workers
reported that an organometallic iron(I) complex can mediate the
aziridination of styrene by PhINTS in 85% yield when the catalyst
is present in a 10 mol% (vs. PhINTs) amount.® Iron—porphyrin
and iron—corrole complexes have been shown to mediate the
aziridination of olefins by PhINTS, chloramine-T, or bromamine-
T.” Herein, we illustrate the utility of mononuclear non-heme
iron(I1) complexes as catalysts for the aziridination of olefins by
PhINTSs. These systems provide aziridines in moderate to good
yields, require only small excesses of olefins for optimum reactivity,
and feature reaction rates that are markedly faster than previously
reported iron catalysts.

In this study, we examined the reactivity of iron(il) complexes
supported by the linear triamine ligand 1,1,4,7,7-pentamethyl-
diethylenetriamine (Mesdien) as well as the related macrocyclic
ligand 1,4,7-triisopropyl-1,4,7-triazacyclononane (iPr; TACN). The
reaction of Mesdien with Fe(CF3S05),-2CH;CN in THF provides
colorless crystals of [(Mesdien)Fe(O;SCF;),] (1) in 62% yield. The
solid state structure of 1 was established from X-ray crystal-
lography (Fig. 1).1 Complex 1 features a square-pyramidal iron(Ir)
center with the tridentate ligand bound in a meridional fashion, as
well as two monodentate triflate ligands. The overall structure of 1
is similar to that of the previously reported copper(il)-triflate
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1 Electronic supplementary information (ESI) available: Synthetic details
and characterization data for 1. See DOI: 10.1039/b700493a

complex of Mesdien.® The iron-ligand bond lengths are entirely
consistent with the presence of a high-spin (S = 2) Fe(II) center in
the complex, which was confirmed from a solid state magnetic
susceptibility measurement (e = 4.97 up). The 'H NMR
spectrum of 1 consists of a single set of seven paramagnetically
shifted and broadened resonances (CD;CN; o 138.6 (6H), 123.4
(2H), 107.9 (6H), 92.4 (3H), 81.0 (2H), 80.2 (2H), 59.0 (2H) ppm)
that confirm the solution integrity of the complex and also
demonstrate that the approximate C; symmetry of the complex is
retained in solution. As reported elsewhere, the reaction of
iPr;sTACN with Fe(CF3803),-2CH;CN provides [(iPrsTACN)
Fe(O5SCF3),] (2) which contains a square-pyramidal high-spin
Fe(11) center bound by a facial N3-macrocyclic ligand and a pair of
cis triflate co-ligands.” Complex 2 exhibits a set of three
paramagnetically shifted and broadened resonances in its 'H
NMR spectrum (CD;CN; ¢ 50.4 (12H), 21.2 (3H), —2.6 (18H)
ppm), demonstrating the integrity of the complex in solution and
revealing the approximate C; symmetry of the complex in a
coordinating solvent. We have previously demonstrated that a
copper(ll) complex of iPr;TACN is a potent olefin aziridination
catalyst.'

The abilities of 1 and 2 to mediate the aziridination of olefins by
PhINTs were examined under a standard set of conditions
(Scheme 1), and compared to the catalytic reactivity of
Fe(CF3S05),-2CH3CN in the same process.§ As shown in
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Fig. 1 Thermal ellipsoid representation (35% probability boundaries) of
the X-ray crystal structure of 1. Significant interatomic distances (A) and
angles (°) include: Fel-Ol, 2.114(3); Fel-04, 2.028(3); Fel-NI1, 2.145(4);
Fel-N2, 2.236(4); Fel-N3, 2.152(3); Ol-Fel-04, 94.4(1); Ol-Fel-N1,
89.3(1); O1-Fel-N2, 160.2(2); O1-Fel-N3, 94.1(1); O4-Fel-N1, 119.5(2);
04-Fel-N2, 105.4(2); O4-Fel-N3, 103.4(2); N1-Fel-N2, 81.1(2); N1-
Fel-N3, 136.6(2); N2-Fel-N3, 81.4(2).
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Scheme 1 Iron-mediated aziridination of olefins by PhINTs.
Table 1 Olefin aziridination mediated by iron(11) complexes”
Equiv vs.
Substrate PhINTS 1 2 Fe(CF3S03),-2CH;CN
25 >95 >95 —
Styrene 10 70 62 <5
5 68 65 <5
1-Hexene 5 30 26 19

“ Individual entries reflect % yields of the aziridine products relative
to the molar amount of PhINTSs present in the reaction mixture.
Reactions were conducted in CH,Cl, at ambient temperature with a
catalyst : PhINTs ratio of 1 : 20. Products were identified and
quantified by GC-MS.

Table 1, both 1 and 2 are competent catalysts for the aziridination
of styrene by PhINTSs. Essentially quantitative yields of 2-phenyl-
N-tosylaziridine are obtained when using large excesses of the
substrate styrene,’ while reasonable yields of this aziridine are still
generated when using 5-10 equivalents of styrene relative to
PhINTs. Under identical conditions and reaction times,
Fe(CF3S05),-2CH;CN is a much less active catalyst for the
aziridination of styrene. We note that the reactions of styrene with
PhINTS in the presence of 1 or 2 are quite rapid; reactions are
complete (as judged by the dissolution of PhINTSs) in one minute
or less, while reactions mediated by Fe(CF3SO3),-2CH;CN require
hours to proceed to completion. Aliphatic olefins such as 1-hexene
undergo aziridination by PhINTSs in the presence of 1 or 2 as well,
albeit in reduced yields and with less distinction between the
activities of 1 and 2 and that of Fe(CF3S03),-2CH;CN.

The stabilities of the catalytically active species derived from 1
and 2 were examined by sequential addition of aliquots of PhINTSs
to reaction mixtures containing either 1 or 2 and styrene after an
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Fig. 2 Production of 2-phenyl-N-tosylaziridine by sequential addition
of PhINTSs to a CH,Cl, solution containing 1 (A) or 2 (H) and styrene
(1:500 ratio). Ideal catalyst behaviour (complete conversion of PhINTs to
aziridine) is represented by the dashed line.

initial portion of the iodinane had reacted (initial catalyst : PhINTSs
: styrene ratio = 1 : 20 : 500). Samples of the reaction mixtures were
analyzed after each aliquot of PhINTs was consumed, and
aziridine yields were quantified by GC analysis. The results of
these experiments are summarized in Fig. 2. Under these
conditions, a catalyst with unlimited stability would exhibit
100% conversion of PhINTS to aziridine (20 productive turnovers)
for each aliquot of the iodinane added (Fig. 2, dashed line). While
complexes 1 and 2 do not behave in this ideal manner, both
complexes do exhibit continued catalytic reactivity as additional
aliquots of PhINTs are introduced into their respective reaction
mixtures. The yield of 2-phenyl-N-tosyl aziridine stops increasing
after a third aliquot of PhINTs is added to the catalytic mixture
containing complex 1, while the mixture containing complex 2
consumes an additional aliquot of PhINTs and therefore provides
a higher overall aziridine yield and a greater number of productive
turnovers. After a total of 4 aliquots of PhINTs is added, the
reaction mixture containing 1 affords an overall aziridine yield of
42% (34 total turnovers), while the parallel reaction mediated by 2
provides the aziridine in 70% overall yield (56 total turnovers). The
measurably greater yields of aziridine derived from complex 2 over
complex 1 after the second, third, and fourth aliquots of PhINTSs
are added suggest that the active catalyst derived from 2 is more
robust under the reaction conditions than is the active catalyst
derived from 1. This behaviour may reflect the stabilizing effect of
the macrocyclic ligand iPr;TACN that is present in 2 over the
linear triamine Mesdien found in 1.

Having established that 1 and 2 mediate the aziridination of
styrene by PhINTs, we sought to examine the electronic and
structural factors that influence the reactivity of these complexes.
Cyclic voltammograms of 1 and 2 were recorded in CH,Cl, to
assess the redox behaviour of the catalysts (Table 2). While the
oxidation of 1 is completely irreversible, complex 2 exhibits quasi-
reversible redox behaviour, albeit at a significantly higher
potential. Of note is that the oxidation potentials of 1 and 2 span
an ~500 mV range, which suggests that a precisely tuned redox
potential is not a strict requirement for catalytic reactivity within
this group of complexes.

One structural property which may influence the abilities of
these complexes to mediate the aziridination of olefins by PhINTSs
is the distribution of the labile coordination sites within the
coordination spheres of the iron centers. Complexes 1 and 2 each
contain at least one pair of cis labile coordination sites. To
determine if these cis labile sites are required for efficient catalytic

Table 2 Comparative redox potentials and aziridination reactivity
for iron(11) complexes

Complex Eip (mV) vs. Fe/Fc*®  Aziridine yield (%)”
1 +330° >95
2 +831¢ >95
[TPAFe(CH;CN),JOTf, +536 80
[L8py,FeOTf]OTE +694° 26
[N4pyFe(CH;CN)]OTf, +580" 16

¢ Determined at room temperature in CH,Cl, containing 1 mM
complex and 0.1 M BuyNClO,. b Reactions conducted in CH,Cl,
with a catalyst : PhINTs : substrate ratio of 1 : 20 : 200-500.
¢ Irreversible oxidation with E,, = +330 mV. “ Quasi-reversible
with i,c/i,, = 0.61. ¢ Quasi-reversible with i,./i,, = 0.51. 7 From
reference 14.
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Fig. 3 Structures of the cations in [L¥py,FeOTfIOTf (a), [TPAFe
(CH3CN),JOTH, (b), and [N4pyFe(CH;CN)JOTH, (c).

aziridination reactivity, we examined the abilities of a set of closely
related non-heme iron(l) complexes, which feature differing
numbers and distributions of labile coordination sites, to mediate
the aziridination of styrene by PhINTSs. These previously reported
complexes include [L3py,FeOTf|OTf,!! [TPAFe(CH;CN),JOT®, "
and [N4pyFe(CH;CN)|OTf, (Fig. 3)."* Of these three complexes,
only the complex with a pair of cis labile coordination sites,
[TPAFe(CH3CN),]JOTf,, serves as an effective catalyst for the
aziridination of styrene by PhINTs (Table 2), providing the
appropriate aziridine in 80% yield. The other two complexes,
which contain either a pair of rrans labile sites ([L¥py,FeOTf]JOTY)
or a single labile site ([N4pyFe(CH;CN)JOTf,), provide signifi-
cantly lower yields of aziridines under parallel reaction conditions.
The divergent reactivity of these three complexes is controlled
neither by spin state ([L3py,FeOTfJOTf contains a high-
spin  iron(ll) ion, while [TPAFe(CH3CN),JOTf, and
[N4pyFe(CH;CN)JOTf, contain low-spin iron(Il) centers) nor by
redox potential, as the potentials of all three complexes (Table 2)
fall within the window of potentials established between 1 and 2.
These observations suggest that a pair of cis labile coordination
sites on the iron center, such as those found in 1, 2, and
[TPAFe(CH3CN),JOTf,, may indeed be required for efficient
catalytic olefin aziridination reactivity. This structural property
would thus parallel the requirements previously defined for
efficient iron(ir)-catalyzed cis-dihydroxylation of olefins by H,O»."

Herein, we have demonstrated that simple non-heme iron
complexes serve as effective catalysts for the aziridination of olefins
by PhINTs. Optimum yields of aziridine products are obtained
rapidly and require only a small excess of olefin substrate. These
non-heme iron complexes retain their abilities to mediate olefin
aziridination for multiple turnovers, with maximum turnover
numbers observed for a complex supported by a macrocyclic
ligand. By consideration of both the electronic and structural
properties of the iron-containing catalyst, it may be possible to
develop potent, long-lived catalysts for the aziridination of both
aliphatic and aromatic olefins. Efforts to develop such complexes
and to probe the mechanism of the iron-mediated olefin
aziridination reaction are underway in our laboratories.
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Science Foundation (CHE-0615479 to J. A. H.), and Research
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1 X-Ray crystallographic data for 1, C;{HyFgFeN3OgS,, M = 527.29,
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