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The ephedrine derivative, (H2ceph), yields [Cu(Hceph)2],

showing a CH…Cu(II) agostic interaction; while in the

analogous compound [Cu(Hcpse)2], with pseudoephedrine

(H2cpse), that interaction is absent, despite the fact that these

two diasteromers differ only in the orientation of the methyl

and phenyl groups: erythro in H2ceph and threo in H2cpse. The

X-ray crystal structure of [Cu(Hceph)2], indicates a Cu…HC

length of 2.454 Å and the theoretical study reveals the

formation of a Cu…HC bond since the associated electronic

density shows both a bond critical point and a bond ring critical

point.

The stereospecific binding of metal ions towards biological relevant

ligands may control the conformation of the molecules and so

affect their chemical and biological properties. In this context, we

have been interested in the coordination behavior of chiral

ephedrine and pseudoephedrine derivatives towards metal ions,

specially on the effect of the stereogenic nitrogen in the

stereoselective reactions. In previous work we reported new chiral

coordination compounds, [Cu(Hcpse)2] I and [Cu(Hceph)2] II.1,2

In this paper we investigated the possibility of an agostic type

interaction in compound II. When a C–H bond of transition metal

ligands is oriented towards the metal ion, indicating some weak

interaction between the metal and the H atom, this has been

considered as an agostic interaction.3 The existence of the CH…M

bond can be deduced from five criteria, crystallographic data,

spectroscopic (NMR chemical shifts to high field and coupling

constants; IR) and the AIM theory, which requires an accurate

charge density.4 In our case, the CH…Cu(II) interaction is

discussed in terms of X-ray crystal structures and a theoretical

study.

Compounds N-[2-hydroxy-1(S)-methyl-2(S)-phenylethyl]-N-

methylglycine (H2cpse) and N-[2-hydroxy-1(S)-methyl-2(R)-

phenylethyl]-N-methylglycine (H2ceph) are diasteromers, differing

in the orientation of the methyl and phenyl groups: threo in H2cpse

and erythro in H2ceph (Fig. 1).5 It has been observed that they give

place to stereoselective coordination compounds.6 This is clearly

exemplified by the obtained copper(II) coordination compounds

[Cu(Hcpse)2] I and [Cu(Hceph)2] II, which are optically pure, as

shown by their optical rotation in solution: [a]D 5 267.72u
(MeOH, b 5 1 dm) for I and [a]D 5 2204.40u (MeOH, b 5 1 dm)

for II. As well as by their X-ray crystal structures. This is a

fundamental difference, which may give rise to stereospecific

synthesis of new coordination compounds with novel chemical

properties. In fact, this is the case of I and II, where I may further

react to give a stable trinuclear Cu(II) compound,2

[Cu3(cpse)3(H2O)3]?8.5H2O. Changing the configuration of the

ligand, from threo to erythro, prevents the formation of the

analogous trinuclear compound from complex II.

X-ray diffraction studies of the copper(II) coordination

compounds (Fig. 2), showed that H2cpse and H2ceph behave as

tridentate ligands, coordinating via the stereogenic nitrogen, and

the oxygen atoms from the deprotonated carboxylate and the OH

groups.

In compound [Cu(Hcpse)2]?H2O I, the Cu(II) atom is in a

distorted octahedral geometry. The Hcpse ligands coordinate to

the Cu(II) in a tridentate mode (fac-isomer), giving a bicyclic

chelate with two five-membered rings, where the nitrogen atoms

became chiral centers sharing opposite conformations, N(1) is S

while N(2) is R (Fig. 2). Two oxygen atoms from the carboxylate

and OH groups complete the coordination sphere. The Cu–N(2)

and Cu–N(1) bond lengths are 2.027(6) and 2.048(6) Å,

respectively, and the lengths for the carbonyl oxygens, Cu–O(3)

and Cu–O(6) are 1.974(5) and 1.944(5) Å. Apical positions are

occupied by the oxygens from the OH groups, Cu–O(7) 2.379(5)

and Cu–O(4) 2.475(5) Å.1
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Fig. 1 Theoretical B3LYP/6-31G** optimized structures for the erythro

(H2ceph) and threo (H2cpse) ligands. See text.
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The X-ray crystal structure of [Cu(Hceph)2]?H2O II is quite

different from that of [Cu(Hcpse)2]?H2O I, due to the fact that one

of the alcohol groups is not coordinated to the metallic center and,

the geometry around copper(II), initially thought to be square

pyramidal, is in fact octahedral, Fig. 2. The bond lengths in the

equatorial plane are Cu–O(6) 5 1.928(3) Å, Cu–O(3) 5 1.934(4) Å,

Cu–N(1) 5 2.064(4) Å, and Cu–N(2) 5 2.045(4) Å. A longer

value, 2.357(3) Å, was found for the Cu–O(4) bond length, lying

on the apical position. On the other hand, EPR solid state spectra

of [Cu(Hceph)2]?H2O, at room and low temperatures, have an

isotropic pattern, with a g of 2.11. This value is very similar to

those of the octahedral compounds, K2Pb[Cu(NO2)6] (gi 5 2.10)

and [Cu(en)3](SO)4 (gi 5 2.13).7 These findings suggest the

existence of a sixth Cu–ligand bond in complex II. The X-ray

results reveal that the hydrogen, H(16), atom lies in an appropriate

position to form a Cu–H bond. This is consistent with the value of

the Cu…H distance, 2.454 Å, determined in the X-ray crystal

structure, that is slightly smaller than the sum of the van der Waals

radii of the hydrogen (1.20 Å) and copper (1.40 Å) atoms. Then,

the question is, which would be the origin of this weak bonding

interaction. One possibility may be a hydride character of the

hydrogen atom. Another possibility is the formation of an agostic

bond, which has been observed in some metal…HC systems.3 If

this is so, another interesting question is, why the oxygen atom of

the alcohol group, O(7), is not coordinated to Cu2+, instead of H.

In an attempt to understand the bonding properties of the threo

and erythro ligands in I and II, we have performed a Density

Functional Theory study for these complexes and for the bare

ligands.8 All-electron calculations were done, using the Gaussian-

98 program,9 at the B3LYP/6-31G** level of theory.10,11 In Fig. 1

the optimized structures for the bare moieties are reported. The

population analysis of neutral erythro yields a charge of +0.234

electrons (e) for the H(16) atom. Furthermore, the electronic

structures of I and II were determined at their corresponding

experimental geometries. Even in II, the charge of H(16) is

+0.089 e, which also excludes a hydride behavior. Then, the Bader

theory ‘‘atoms in molecules’’ (AIM) was used for to characterize

the bonding interactions in complex II.12 In this way, the behavior

of the electronic density along the Cu…H internuclear region,

indicates the formation of a Cu…H bond, since the associated

electronic density shows a bond critical point (r 5 0.012 e au23,

+2r 5 20.012 e au25). This Cu…H bond implies the formation of

the Cu–H–C–C–N cycle; see Fig. 3. The results also show a ring

critical point (r 5 0.011 e au23, +2r 5 20.011 e au25), confirming

that the electronic density is closed along this cycle. Moreover, the

molecular orbital analysis shows that the highest occupied

molecular orbital (HOMO) significantly contributes to the

Cu…H bonding. In fact, as shown in Fig. 4, the contour plot of

HOMO clearly reveals this feature. Note that in II, see Fig. 3, also

appear bond critical points along O7…H14a, H15…O3, and

H20…O3 implying the formation of the corresponding hydrogen

bonds, with bond lengths of 2.30, 2.55, and 2.68 Å, respectively. It

Fig. 2 X-ray crystal structures of octahedral complexes I and II.

Fig. 3 Calculated bond and ring critical points based on the crystal structure of compound II.
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should be stressed that the oxygen atom of the alcohol group

forms a relatively strong hydrogen bond.

To this point, the HOCH…Cu(II) bond has been characterized.

But why is the HC(H)O–Cu(II) bond not formed? We have found

that the formation of this O–Cu bond in II, produces a high energy

structure (obtained by rotating 109 degrees around N2–C15–C16–

O7), that is 20 kcal mol21 above the H…Cu agostic geometry.

Even more, the geometry imposed when the Cu–O bond occurs

prevents the O7…H14a, O3…H20, and the H15…O3 hydrogen

bonds formation, since the corresponding O…H distances are

quite large. So hydrogen bond formation plays an important role

in the stabilization of the Cu…HC agostic bond in compound II.

The conclusion of this work is that both, experiment and theory,

indicate the existence of a Cu…HC bond in complex II, that

resembles closely an agostic type bond. Due to the fact that in

solution the on-off rates of the 6th ligand in octahedral copper(II)

complexes13 (Cu(MeOH)6, k 5 5 6 107 s21) can be quite high,

substitution can easily occur at the very labile axial position and, in

the absence of a better ligand, a C–H hydrogen may act as a ligand

to copper(II). This could have implications for stereocontrol in

some catalytic reactions driven by Cu(II) ions. To the best of our

knowledge, this is the first case where a Cu(II)…HC agostic bond

has been observed, which has been promoted by the conformation

of the erythro ligand, by the stereogenic nature of the nitrogen

atom, and by the formation of hydrogen bonds.
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Fig. 4 Calculated contour plot of the HOMO orbital, based on the

experimental octahedral geometry of complex II.

This journal is � The Royal Society of Chemistry 2005 Chem. Commun., 2005, 3779–3781 | 3781


