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Chemists and enzymologists have attempted to understand °x~N N o °vN N 0
and duplicate the incredible efficiency of metalloproteins for Phj T Ph Ph\j: T Ph
over 70 years now. Of particular interest are the metallopor- NH, HoN™ ™ NoONT
phyrins which display a wide variety of chemical reactivity, *2 HCl Ph,C  CPhy
principally due to their ability to complex almost any of the 3 a
transition metald. Most of the metalloporphyrin chemistry has
been developed in a “self-governing field,” far removed from Q
the practical constraints imposed by the requirements of catalysis MXo
and organic synthesfs. Exquisitely powerful and selective Base O N N©
catalysts have been designed based on the porphyrin ring Ph\I M., II/Ph
systent: but the lengthy synthesis required to produce these Phg-‘ gPh
metal-binding moieties may preclude their widespread use as 2 2
practical chemical catalysts A more direct approach is to use 52  M=Ni** 65%
the peptide backbone to bind mefélsr a peptide-derived 5b M =Cu** 60%

macrocycle®c
Since the majority of amino acids in a typical protein are

agents (DCC or BOP) to provide the Boc-protected bis-amide

structural in nature, and thus far removed from the active site, 5™in excellent yield.  The Boc groups were quantitatively
it should be possible to replace them with a simple achiral remgyed with HCI in methanol to yield crystallir@ which

diamine which would serve to bring only two optically active
amino acid residues into close proximity to form a simplified
“active site.”” A short, chemically efficient synthesis of the

ligand system with chirality incorporated from the amino acids

was treated with diphenylketimine to yield the Schiff bdsé
Reaction of4 with NiBr; in refluxing MeOH in the presence
of the EgN provided the deep maroon, crystalline complex
which was air-stable and water-stable and was readily chro-

should b_e possible, and a vqriety of_transition metal-binding matographed on SiO This low-spin complex was characterized
geometries should be accessible. This allows for developmenty, 14.NMR and provided crystals suitable for single-crystal

of a variety of catalysts. Creation of new symmetry elements X-ray analysis. Similarly, reaction of with CuCh in DMF

centered on the metal would be ideahd should allow for the
efficient transfer of chirality to the substrate upon catalysis.
While only G-symmetric tetradentate compleRewill be

described in this paper, many other geometries are possible with

the introduction of other linkers and more functionalized amino
acids capable of metal bindiri§.

The synthesis of the Niand Cli complexesba and5b is
depicted in Scheme 1. Phenylenediamirig {as doubly
acylated with Boa--phenylalanine with various condensation
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at room temperature with the much stronger base DBU provided
brown crystals obb after flash chromatography on SiOThis
paramagnetic complex was subjected to EPR analysis.

A single crystal ofa was subjected to X-ray analysis, and
a preliminary structureR =~ 8%) was obtained (Figure 1). Two
molecules, a totally symmetric molecue!, possessing a C
axis, and an unsymmetric moleclB@’ were observed in the
unit cell, differing predominantly by rotation about oA€—
AC bond in a phenylalanine residue. Thus, the solid-phase X-ray
data strongly supported the NMR data obtained in GDCI
solution. In addition to rotation about the phenylalanine side
chain, the two conformations differed in metal geometry as well
(Table 1). In both molecules the NN=CPh bond lengths
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Figure 1.
Table 1
5d 5a’
Selected Bond Lengths (A)
Ni—N(1) 1.99 1.98
Ni—N(2) 1.88 1.87
Ni—N(3) 1.87 1.83
Ni—N(4) 1.98 1.93
Selected Bond Angles (deg)
N(1)—Ni—N(2) 81.5 85.0
N(2)—Ni—N(3) 85.6 83.2
N(3)—Ni—N(4) 82.5 82.0
N(1)—Ni—N(4) 110.4 110.7
rms dev from plane (A) 0.020 0.119

were somewhat longer than the-NWN—C=0 bond lengths, and
the complexes are more trapezoidal, relative to porphyrin
complexes, which tend to be more planar and strictly square.
While the symmetriccad showed almost no deviation from
square planarity, the four nitrogens5a’ showed a noticeable
tetrahedral distortior0.119 A rms deviation overall from the
ideal plane. The PI=N- groups were observed to be
“stacked” in both cases, a factor which undoubtedly adds to
the “helical twist” about the metal.

Complex 5b was purified by flash chromatography and

Communications to the Editor

Simulation of the spectra based on QPWA is in progress. From
preliminary data we can conclude that the complex is qualita-
tively similar to CU' tetraphenylporphyrin complexes, but with
increased tetrahedral distortion from square planatit$trong
evidence for the helical nature of these complexes was provided
by the unusually large optical rotation upon insertion of the
metall4

Since several groups showed previously thédtddin catalyze
the epoxidation of olefin&® the epoxidation of simpleis- and
trans-olefins was examined using compléa and commercial
bleach (NaOCIl) as an oxidant. No attempt was made to
optimize the reactions. Theans-epoxides were observed as
the major product in every case, regardless of the starting olefin
geometry. While the ee’s were not large-4%), turnover
numbers of 1214 were observed witlrans{3-methylstyrene
and 5a, indicating that the ligand system can function under
the conditions of catalysis. Most likely, the epoxidation does
not occur on the metafd but is mediated by the hypochlorite
oxidation productOCI.

Several other ligands constructed from various diamines and
amino acids have also been prepared using the same methodol-
ogy outlined above. The insertion of other transition metals
and the examination of the catalytic activity of the resulting
complexes are also in progress. Since these catalysts are formed
easily in four steps from readily available chiral starting
materials, it is anticipated that they will find widespread
applications.
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