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A pair of copper(ll) complexes 1 and 2 exhibit an enantiomeric Scheme 1
chiral center at the oxygen atom that coordinates to the metal

center. The configurations of the oxygen atom chirality and the

chelate ring conformation are simply controlled by protected/free

hydroxyl groups of the sugar moiety, yielding mirror image CD

spectra. In this system, repulsive and attractive forces are used

to regulate chirality on the copper-coordinated oxygen atom both

in the solid state and in solution.

When a unsymmetrical ether coordinates to a metal ion,
chirality arises at the oxygen atom. This chirality would
normally be unstable because the lone pair on the oxygen
atom inverts via pyramidal inversion in a similar manner
with the nitrogen atom of aliphatic amirigScheme 1a). In
the case of nitrogen, however, this inversion can be
substantially retarded on the metal ion coordination at the
nitrogen atom, and the structure of asymmetric nitrogen and
its inversion kinetics are extensively demonstrated in cobalt-
(1) =2 nickel(11)— 2 platinum(ll)—,* and copper(IB—amine
complexes. Thus, to synthesize the complexes that exhibit a
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lone pair by a Lewis acid (Scheme 1d). These strategies
acting alone or in combination should result in a suitable

system in which oxygen chirality can be stabilized in the

molecule.

Here we report the isolation and characterization of a pair
of copper(ll) complexed and2, which exhibit an enantio-
meric chiral center at the oxygen atom that coordinates to
the metal center. Novel sugar-pendant ligahdsind L'
(Chart 1) were developed for this objective. These ligands
have a 2,2dipicolylamine (DPAY unit that provides a
suitable environment for coordination of the ether oxygen
atom at the anomeric position to the metal center. As the
basis for ligand design, repulsive and attractive forces are

used to generate chirality on the copper-coordinated oxygen

atom, simply controlled by protected/free hydroxyl groups
of the sugar moiety. To the best of our knowledge, this is
the first example of a pair of compounds that have a
structurally characterized asymmetric oxygen with an enan-
tiomeric configuration.

The newly developed ligand, N(N-bis(2-pyridylmethyl)-
amino)ethyl 2,3,4,6-tetr®-acetyl$-p-glucopyranosidel(),
was prepared by the reaction of 2-bromoethyl 2,3,4,6-tetra-
O-acetyl$-p-glucopyranosidewith dipicolylamine in di-

methylformamide in the presence of potassium carbonate.

Deprotection of the acetyl groups bf with sodium meth-
oxide in methanol afforded 2N(N-bis(2-pyridylmethyl)-
amino)ethyls-p-glucopyranosidel(’) quantitatively. Char-
acterization data fot andL' support the proposed structure
of these compounds.

The CUd complexes, [CL(NO3)]NO3 (1) and [CW'(OAC)]-
NO; (2), were obtained by mixing of ligands andL' with
copper nitrate trinydrate in methanol. Prismatic crystals of
complex1 were obtained directly from the reaction solution
in 53% vyield, whereas no precipitate appeared from the
reaction mixture ofL' with Cu(NG;),-3H,0. Evaporation
of the solvent of the latter reaction mixture afforded a blue
oily material. However, addition of acetic acid to either a
methanol solution of this oily material or the reaction mixture
of L" with Cu(NGs).*3H,0 afforded blue crystals of complex
2 in ~15% vyield. These complexes are soluble in water,
methanol, and other polar organic solvents.

Figure 1 shows the solid-phase structures of compléxes
and 2, which were elucidated by X-ray crystallography.
LigandsL andL' both act as a tetradentateN,N,Odonor
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Figure 1. ORTEP drawings of complexek ([CuL (NO3)]NO3) and 2
([CuL'(OAC)INOs): (a) cationic portion ofl, (b) coordination environment
around copper center and configuration of anomeric oxygen atdim(oj
cationic portion o (dotted line indicates hydrogen bond), (d) coordination
environment around copper center and configuration of anomeric oxygen
atom of 2. Selected bond lengths:1)( Cul—N1 2.042(3) A, CutN2
1.970(2) A, CutN31.974(2) A, Cu+01 2.413(2) A, Cu+011 1.953(2)

A; (2) Cul—N1 2.043(3) A, Cut-N2 1.995(3) A, CutN3 1.979(3) A,
Cul-01 2.546(2) A, Cu+07 1.916(2) A.

atom system by use of DPA nitrogen and anomeric oxygen
atoms. Coordination of one counterion (nitrate far acetate

for 2) to copper is also evident in the monocationic five-
coordinate Cli complex. The three nitrogen atoms of the
DPA unit are coordinated to the €genter in a meridional
fashion leading to the coordination environment around the
copper metal as distorted square-pyramidal, having an
anomeric oxygen atom as the apical ligand. The bond
distances are similar to those reported in the literature for
Cu' complexes containing DPR.The r value proposed by
Addison et al. on the basis of bond andtds calculated to

be 0.18 forl and 0.07 for2, demonstrating that the copper
center inl is slightly shifted toward the apical ligand from
the basal plane. Figure 1b,d demonstrates the inversion of
absolute configuration of the anomeric oxygen atom coor-
dinated to the copper center. Comptexas anR-configu-
ration for the oxygen center andiagauche conformation
for the five-membered chelate ring in the linker ethylene
chain, whereas compleX exhibits anS-configuration for
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effect observed in the present study indicates the significant
equilibrium to the asymmetric coordination of the ether
oxygen to the metal center in methanol solution.

In the X-ray structure of comple, a hydrogen bond is

found between the hydroxyl group at the 2-position of sugar

moiety and the acetate oxygen bound to the copper atom
(Figure 1c). This effect freezes the configuration of the chiral
oxygen atom and should be the driving force of generation
of chirality around the copper center. On the other hand, the
acetyl group in compleX at the same position avoids the
close approach of the copper center toward the 2-positon of

the sugar moiety, leading the oxygen chirality to the opposite

Figure 2. CD spectra of complexekand2 in MeOH.

the oxygen center andégauche conformation for the five-
membered chelate ring. Since the sum of the three bond
angles around the anomeric oxygen atom is°32 1 and
355 for 2, the chiral environment around oxygen atom is
more apparent in complek

Complexesl and?2 also display characteristic CD spectra
(Figure 2) in methanol solution. These complexes exhibit a
nearly mirror image Cotton effect in the copper metaidd
transition region, indicating the observations that chelate ring
conformation and/or absolute configuration at the ligated
ether oxygen of these complexes is chiral and the metal
coordination environments of the two complexes are nearly
enantiomeric as evidenced by X-ray crystallography. This

configuration.

In conclusion, both the absolute configuration of the
copper-bound oxygen atom and the configuration of the
chelate ring around the metal center are remote-controlled
by protected/free hydroxyl groups of the sugar-pendant DPA
ligand. In this system, the hydroxyl group at the 2-position
of the carbohydrate moiety plays a crucial role for regulation
of the stereochemistry around the metal center, via the
interplay of steric and hydrogen-bonding interactions. These
results could serve as a general method for the introduction
and stabilization of chirality at an oxygen atom, as well as
aid in the molecular design and the control of the configu-
ration of groups of interest by modification just at a remote
site of a molecule. Further, the confirmation of the existence
of the asymmetric oxygen upon coordination could promise
great assistance in elucidating the reaction mechanism for
metalloenzymes.
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in the solid phase forl and 2 retain their asymmetric

environment around the metal center in methanol solution
to exhibit the Cotton effect observed in the CD spectrum.
Recently, Sigel et al. reported that the intramolecular
equilibrium forming a five-membered chelate by the ether
oxygen is of great significance even in water for copper
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complexes of phosphate ligands with an ether moiety as a
weakly coordinating second sitéSince the structure of our

complexes has great relevance to Sigel's system, the Cotton
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