5060

Inorg. Chem.2001,40, 5060-5061

Enhanced Reactivity of Copper Catalysts for Olefin Aziridination by Manipulation of Ligand Denticity
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The ability to modulate the reactivity of a transition metal
catalyst by altering the supporting ligand’s molecular architecture

is one of the most attractive features of homogeneous catalytic
systems. Contemporary ligand designs are often directed toward

improving selectivity in metal-mediated organic reactions; how-
ever, optimizing the productivity (yield) and rate of a catalytic
process are equally important goaldVe have initiated a
systematic investigation of ancillary ligand effects on the copper-
mediated aziridination of olefins by the iminoiodinane PhINTs
(eqg 1), a reaction that is applicable to the synthesis of a wide
variety of synthetically versatile aziridines from inexpensive
alkene feedstockk,with the goal of identifying key ligand
structural and electronic properties for optimum copper catalyst
performancé.
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Recently, we described the ability of the copper(ll) complex
(Chart 1), supported by the tetradentate ligand 1,5-bis(2-pyridyl-
methyl)-1,5-diazacyclooctane, to mediate the aziridination of
olefins3® We concluded that the modest reactivity and slow
reaction rates observed for this complex may be rooted in an
unfavorable structural reorganization, i.e., dissociation of an
equatorial pyridine donor, prior to the complex’s entry into the
proposed olefin aziridination catalytic cyclék Herein we present
evidence in support of this hypothesis, obtained by examination
of a copper complex supported by 1-(2-pyridylmethyl)-5-methyl-
1,5-diazacyclooctan®, a new tridentate ligand that is related to
the tetradentate ligand ifh by elimination of a single pyridyl
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donor? Our results indicate that a simple change in ligand

denticity, from tetradentate to tridentate, can have a significant
positive impact on the ability of a copper complex to mediate

the aziridination of olefins.

Tridentate2 was prepared in three steps from 1,5-diazacy-
clooctane by formylation with ethyl formate, followed by alkyl-
ation with picolyl chloride and subsequent reduction of the
N-formyl group with LiAlH, (Scheme 1}. Reaction of2 with
CuClkL and NHPFK; afforded blue-green crystals of the bis(
chloro)dicopper(ll) comple. Chloride abstraction fror8 with
AgO,CCEF; followed by recrystallization provided violet crystals
of the mononuclear trifluoroacetate compkexComplexes3 and
4 were subjected to comprehensive structural and spectroscopic
analysis’

Crystallographic analysis @ reveals an approximatelg,-
symmetric bisg-chloro)dicopper(ll) complex (Figure £)The
chloride donors link the two square-pyramidal copper centers

(4) Related monofunctionalized diazacyclooctanes have been recently
described: Bu, X.-H.; Du, M.; Zhang, L.; Liao, D.-Z.; Tang, J.-T.; Zhang,
R.-H.; Shionoya, MJ. Chem. Soc., Dalton Tran2001, 593-598.

(5) Synthetic details and characterization data 2et4 are provided as
Supporting Information.

(6) Light blue crystals of3 (Cz6H42Cl,Cu:F12N6P,) are monoclinic, space
groupP2/n, with a = 22.017(4) Ab = 7.356(1) A,c = 23.263(4) A,

B = 114.744(3), V = 3421(1) B, andZ = 4 at—100°C. Refinement
on F? provided residuals R 0.0521, wR2= 0.1073, and GOFR=
0.980 for 3700 reflectiond [> 20(1)] and 451 variables.
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Table 1. Aziridination of Styrene Mediated by Copper Complexes

catalyst styrene equi¥ rxn time, h yield, %
[CU(CRSQy),] 5 1 9x
[TpMe2Cu(GHJ)] 10 2 9¢
1 20 8 80
4 3.8 15 99

aReactions conducted with 6-®.5 mmol of PhINTs in 2 mL of
CH;CN. P 0.05 equiv vs PhINTS: Equivalents of styrene vs PhINTSs.
4 Reference 2¢€ Reference 2b.
consistent with a tetragonal Cu(ll) environment and &-€y?)
ground state (Figure S1, Supporting Informatidr§omplex4
also exhibits the expected mass envelope and isotope pattern in
its electrospray mass spectrum (§CHN; Figure S2, Supporting
Information). These combined experiments indicate #haiain-
tains its integrity and its mononuclear structure in {CN
solution, consistent with that observed in the solid state. The cyclic
Figure 1. Thermal ellipsoid representation of the cationic portion of the  Voltammogram o# (CH;CN, 0.1 M BuNCIO,) contains a single,
X-ray crystal structure o8 (50% probability boundaries), with hydrogen  quasi-reversible Cu(Il)/Cu(l) redox couple wi, = —201 mV
atoms omitted for clarity. Selected interatomic distances (A): -1, vs Ag/AgCI. This electrochemical behavior compares well with
2.081(4); CutN2, 2.035(4); CuN3, 2.030(4); CuxCl1, 2.2683(15); that of 1 (E;» = —188 mV vs Ag/AgCI¥® and indicates that
8”%;Cﬁé°‘A 22-6032038(1_6)? CU'l/*INlA- 2.054(5); Culh- N|2A, 2.031(4); removal of an equatorial pyridine substituent does not significantly

ULA=NSA, 2.023(5); CulA-CI1A, 2.2952(15); CULACIL, 2.6485(16). influence the redox properties of the copper iorin

The ability of 4 to mediate the aziridination of olefins by
PhINTs was examined using styrene as a model substrate (eq 1,
R = Ph) and compared to the ability dfto catalyze the same
reaction (Table 1). Under optimized conditions, the reaction of
styrene with PhINTSs in the presence #proceeded rapidly to
afford N-tosyl-2-phenylaziridine in 99% isolated yield. In contrast,
a parallel, optimized reaction mediated byequired a far larger
excess of styrene and a longer reaction time and afforded the
desired aziridine in lower isolated yield. Thdsis a significantly
more potent catalyst for the aziridination of styrene thad.is
We ascribe this enhanced reactivity to the abilityddb readily
dissociate its single equatorial €F0,~ ligand, loss of which
provides facile entry into the catalytic cyclé The parallel
pathway inl requires dissociation of one of its two equatorial
pyridyl donors, an unfavorable process by virtue of the chelate

Figure 2. Thermal ellipsoid representation of the cationic portion of the effect. . . .

X-ray crystal structure od (50% probability boundaries), with hydrogen Herein we have demonstrated that the principles of ligand
atoms omitted for clarity. Selected interatomic distances (A): -@u1, design may be successfully applied to the elucidation of a key
1.981(5); CutN2, 2.011(5); CutN3, 1.977(5); Cut01, 1.945(4); requirement for the generation of active olefin aziridination
Cul--02, 2.631(5). catalysts, namely, the presence of a tridentate, mer-coordinating

figand bound to the central copper ion, which provides facile
access to the copper ion through its remaining equatorial
coordination site. This insight may allow for the rational design
of new copper catalysts for olefin aziridination and related group-
transfer reactions. Studies to this end are underway in this

through one basal and one apical coordination site on each metal
ion. The highly asymmetric CuCl bonds in the Cy(u-Cl), core,

in conjunction with the presence of two very long (apical)-Cu

Cl bonds, indicate that the two halves of the complex are linked
together only weakly. The X-ray crystal structuredofeveals a

: . _laboratory.
mononuclear, distorted square planar copper(ll) complex featuring ) ) )
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