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The chiral La(Ill)-Cu(ll) metallacrown bearing L-phenylalaninehydroximate ligands was probed for complexation
towards racemic lactate. X-Ray diffraction analysis revealed the bidentate chelation of L-lactate in the solid state
to form enantiopure crystals. L-Phenylalaninehydroximate La(Ill)-Cu(ll) metallacrown showed, therefore, a strong
preference for coordination of the L-type lactate providing the chiral separation of the target compound.
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Xupanvuoiii memannaxpayn La(Ill)-Cu(ll), nonyuennwiti uz L-ghenunananuneuopokcumammuix 1ueanoos, ucciedosanu
HA KOMNLEKCOOOPA306aHUe C PAyeMUdecKuM Nakmamom. PenmeenocmpykmypHwiil aHanus evlagun 6udeHmamuoe
xXenamupoganue L-naxmama 6 meepooM COCMOSHUU C 00pA3068aHUeM KPUCMAL08 IHAHMUOUUCTIO20 KOMNJIEKCA.
Taxum obpazom, L-gpenunananuneuopoxcumam La(lll)-Cu(ll) npucoedunsiem monvro rakmam L-muna, obecneuusas

xupaﬂbHoepa3()ereHue yeinesoco COeOUHeHUsl.

KiroueBrble ciioBa: MeTaJmaKpayH, @eHHﬂaJ’IaHI/IHFI/IZ[pOKCI/IMaT, JIaHTaH, MC/1b, XUPAJIbHOCTb, JIAKTAT, PCA.

The chiral structures are important features of func-
tional molecules and materials of living matter and nature.
Macrocycles have shown great utility in the design of chiral
synthetic receptors, enabling the development of highly pre-
organized structures. The molecular design of such synthetic
hosts determines the efficiency and selectivity of molecular
recognition in chemical and biological systems, especially
in aqueous solution. Among macrocycles, metallacrowns
have become an exceptional class due to their facile syn-
thetic approach to prepare chiral compounds that can form
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face differentiated structures.” In particular, 15-MC-5 com-
pounds formed with L-R-amino hydroximates, copper(Il)
as the ring metal ion and lanthanide(IIl) as the center ion
should position each side chain on one side of the planar
metallacrown. If the Cu-N-O-Ln connectivity for the mol-
ecules has the same directionality as L-amino hydroximate
ligand, then the opposite face of the metallacrown has
been differentiated, when D-amino hydroximate is used.?!
Using this design concept, we have prepared metallacrown
La(H,0),[15-MC -5]CI, based on L-phenylalanine

Cu(II)Pheha
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Scheme 1. Schematic representation of the synthesis of complex 1. Hydrogen atoms and solvate molecules are omitted for the sake

of simplicity.

hydroxamic acid according to synthetic procedure reported
carlier.” Following addition of 2.5 equivalents of racemic
lactate to La(H,0),[15-MC_;; py,-51Cl, affords the crystal-
line product 1 in high yield® (Scheme 1).

This process involves a displacement of lanthanide-
bound water molecules by the lactate ligand in aqueous con-
ditions. Note, that examples of chiral anion binding to well-
defined metal complexes in water are of considerable current
interest.’! The chelation of the ligand to lanthanide(III)
centers verified by X-ray studies attracts enhanced atten-
tion. Lactate was selected as a representative ubiquitous
organic molecule that exists in nearly all biological systems
like microorganisms, plants and animals. L-Lactate is one
of the most important biomarkers for a variety of physiologi-
cal disorders.

A single crystal X-ray diffraction analysis (SC-XRD)
has been performed to establish the molecular and crystal-
line structure of complex 1 (Figure 1, Table 1). According
to the XRD investigations,” complex 1 consists of the lan-
thanum 15-MC

Cu(II)Pheha

-5 moiety, one lactate molecule, two

Table 1. Selected bond lengths (d) for complex 1.

Bond d, A

La(1)-O(oxime)
La(1)-O(water)
La(1)-O(lactate)
Cu-O (15-MC-5)
Cu-N (15-MC-5)
Cu-Cl
Cu-O(water)

2.489(2)-2.592(2)
2.581(3), 2.532(2)
2.531(2), 2.620(2)
1.905(2)-1.950(2)
1.892(3)-2.043(3)
2.728(1), 2.843(1)
2.706(3)

chlorine anions and 8.25 water molecules. The lanthanum
atom La(l) is disposed at the center of the metallacrown
and bound to its five oxygen atoms O(1,3,5,7,9) in the equa-
torial plane. The La(1) cation additionally binds one lactate
and two water molecules which are located at the apical
positions of the lanthanum coordination environment.

Figure 1. Top and side views of the structure of complex 1. Thermal ellipsoids are drawn at the 50 % probability level. PhCH,-substituents
are depicted in a wireframe style for the purpose of clarity. H atoms in the 15-MC-5 metallacrown and in the lactate Me-group as well as

all uncoordinated solvate HOH molecules are omitted.
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The lactate molecule coordinated in a bidentate fashion via
the O(3S) and O(5S) atoms occupies the upper apical site
of lanthanum together with one water molecule (O(2S) atom),
whereas another water molecule (O(1S) atom) is located at
the opposite apical position.

The copper metallacrown ring is not flat and has
a subtle wavy shape. The mean deviation of non-hydrogen
atoms of the copper-crown moiety from the plane is 0.25 A.
The lanthanum atom La(1) rises above the plane of the cop-
per metallacrown ring by 0.79 A towards the lactate ligand.
Displacement of the La(1l) atom from the least-square plane
of five hydroxamate oxygen atoms is 0.63 A. As a conse-
quence the sum of angles O-La(1)-O in the basal plane
equals to 349.5°. The angles between the upper and lower
apical atoms 0O(2,3,5S)-La(1)-O(1S) are in the range of
131.97(8)—148.23(8)°. The bite angle of the lactate molecule
is 59.32(7)°. The chlorine anions are coordinated at the Cu(3)
and Cu@) atoms. In addition, the water molecule with
the atom O(1Q) is bound to Cu(2). Thus the copper atoms
Cu(2—4) are square-pyramidal wherein the coordinated
chlorine anions and water molecule occupy apical positions.
It should be noted that two atoms of chlorine are oppositely
located relative to the metallacrown plane. A detailed analy-
sis of the molecular structure of complex 1 has revealed
that the PhCH,-substituents are folded under the plane
of the copper metallacrown ring, where only one water mol-

O(4SA)
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ecule coordinated to lanthanum is located. However, the Ph
rings of these substituents are differently oriented. Thus,
the phenyl rings of three PhCH-substituents at the C(2),
C(29) and C(38) atoms are completely under the metalla-
crown plane, shielding the lower axial positions of the Cu(2),
Cu(5) and Cu(l) atoms, respectively. The other two Ph rings
of the substituents at the C(11) and C(20) atoms are disposed
outside the boundaries of the metallacrown. Obviously, this
is due to the fact that in the case of the PhCH, substituent
at the C(11) atom, the lower axial position of the Cu(3)
atom is occupied by the coordinated CI(1S) anion. And
in the region of the upper apical position of the Cu(3) atom,
free from coordinated molecules, there is a methyl group
of the lactate molecule. It was found that the second (lower)
apical position of the Cu(4) atom is not occupied. However,
the Ph-ring of the substituent at the C(20) atom does not
obscure the lower axial position of the Cu(4) atom, and this
is due to the presence of a T-shaped stacking of the Ph-ring
with hydrogen of the solvate water molecule in the crystal.
Thus, in the molecule of complex 1 with a square-
pyramidal configuration of Cu(2—4) copper atoms, their sec-
ond axial position remains free (as in the case of the Cu(4)
atom), or is additionally shielded by the Me-substituent
of lactate (in the case of the Cu(3) atom) or by the Ph ring
of the PhCH, substituent (in the case of the Cu(2) atom).
The coordination environment of the Cu(1) and Cu(5) atoms

Cu(5D)

Figure 2. Fragment of the crystal packing of 1. The intermolecular interactions Cu(5)...0(4S) are shown. Thermal ellipsoids are drawn
with a 50 % probability. PhCH, substituents are depicted in the wireframe style. All solvate water molecules as well as water molecules

with chlorine ions coordinated at Cu atoms are omitted for clarity.

Maxkpozemepoyurnvt / Macroheterocycles 2021 14(1) 101-104

103



Bidentate Lactate Binding to La(III)-Cu(II) Metallacrown with L-Phenylalaninehydroximate Ligands

has a planar-square configuration. In the area of their lower
apical position the Ph rings of the PhCH, substituents are
located. An analysis of the crystal packing of complex
1 showed that there is an intermolecular contact between
the Cu(5) and O@4S) atoms of neighboring molecules.
The second oxygen atom O(4S) of the carboxylate group
of lactate participates in the intermolecular interaction with
the neighboring molecule of the complex via the Cu(5) atom
at a distance of 2.528(3) A, which is noticeably shorter than
the coordination bond Cu(2)...0(1Q)"" (2.706(3) A). Thus,
due to the intermolecular Cu(5)...O(4S) interaction, a zigzag
chain of molecules of complex 1 is formed along the a axis
(Figure 2) and the coordination environment of Cu(5)
becomes pyramidal-square. In the crystal of complex 1
the methyl substituent of lactate is turned in the opposite
direction from the intermolecular contact Cu(5)...0(4S).
Based on analysis of the crystal packing, it becomes obvious
that the mutual arrangement of neighboring molecules Mol
A, Mol B, Mol C...etc. in the zigzag chain is in accordance
with the preferable coordination of the L-lactate molecule.

In conclusion, we have elucidated unique interaction
between chiral 15-MC-5 metallacrown and racemic lactate
that enables the formation of enantiopure crystals where
L-lactate is bound to the central atom of the La(III)-Cu(II)
L-phenylalaninehydroximate metallacrown as a bidentate
ligand. The possible mechanisms of this effect are under
investigation. The results reported in this work demonstrate
prospects of the application of metallacrowns for separation
of chiral mixtures and form a basis of new homochiral
approaches to crystal engineering.

Acknowledgements. This research was funded
by the Russian Science Foundation (project No. 18-13-
00356). The experimental investigation was carried out
using the equipment of “Analytical Center of the IOMC
RAS” in G.A. Razuvaev Institute of Organometallic
Chemistry RAS with the financial support of the Federal
objective program “Research and development in priority
directions of advancement of science and technology com-
plex of Russia for 2014-2020” (Unique project identifier
is RFMEFI162120X0040).

References and Notes
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The H atoms at the oxygen atoms of water and lactate mol-
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ecules were found from Fourier syntheses of electron density
and were refined isotropically with U (H) = 1.2U,. All
the data reduction and further calculations were performed
using the SAINT® and SHELXTLY packages. The figures
of structure 1 were drawn using the OLEX2 software.['%
CCDC reference number is 2024419. The data can be obtained
free of charge from the Cambridge Crystallographic Data
Centre at www.ccdc.cam.ac.uk/data_request/cif.

All chemicals were reagent-grade and were used as
received from Sigma Aldrich without further purification.
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tion was filtered off and left to evaporate slowly. After two
days the blue plate crystals of 1 formed. Yield: 83 %. Found:
C34.85,H4.40,N 8.41 %. C,H, , Cl,CuLaN O, . requires
C 34.81,H 4.35,N 8.46, La 8.39.
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