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Recently, there has been a significant interest towards heterometallic 3d-3d metallacrowns (MC) based on salicylhy-
droxamic acid. In this work, with use of the 5-clorosalicylhydroxamic acid in reaction with the copper(Il) and nick-
el(11) salts the first 12-MC-4 ate complexes bearing the copper(ll) ions in the MC ring and an outer-sphere nickel(lIl)
cation were synthesized and characterized. The molecular and crystal structures of complexes were determined from
single-crystal X-ray diffraction studies. Detailed DFT studies were carried out for the [Cu(11)[12-MCcuuinci-shiy-411%
metallamacrocyclic fragment. The nickel(Il) cations appear to promote the formation of a fused metallacrown struc-
ture with practically flat copper(ll) metallamacrocycles.
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IlepBbIil aT-KOMIIAEKC MeAHOTO(II) 5-XA0pOoCaANIIMATUAPOKCHMATHOTO
MeTaAAaKpayHa C BHelrHec(epHbIM KaTHuOHOM HUKeAs (1)
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B nacmosiwyee eépemsi Habmooaemcs 3HaYUMENbHbLI UHmMepec K 2emepomemaiudeckum 3d-3d memannakpaynam
(MC) na ocnoge caruyuneudpokcamosou kuciomol. C UCHONb308AHUEM 5-XIOPCAMUYUTSUOPOKCAMOBOU KUCIOMbL 8
peaxyuu ¢ consimu meou(ll) u nuxensa(ll) cunmesuposarnvl u oxapakmepuzoeanst nepgvie 12-MC-4 am-komniekcoi ¢
uonamu meou(ll) 6 konvye MC u snewnecepnvim kamuorom nuxensi(ll). Monexyispuas u Kpucmaimuyeckas, CmpyKmypol
KOMNJIEKCO8 YCHIAHOGIEHbl MEMOOOM PEHM2EHOCMPYKMYPHO20 AHAU3A MOHOKPUCTALIOS. JlemanbHble UcCcie008aHus
memodom DFT 6wi1u nposedenst ons memaniamaxpoyuxiuyeckozo gpaevenma [CU(l)[12-MCcumnicr-sniy-4]1%. Kamuonwt
nuxensa(ll), no-euoumomy, cnocobcmeyiom o06paA308aAHUIO CUUMOU MEMALIAKPAYH-CMPYKMYPbl C RPAKMUYECKU NA0C-
Kumu memaniamaxpoyuxnamu meou(Il).

Karouesrbie cioBa: MetamiakpayHs, S-xiopcamuipioBas kucinota, Mens(l1), aukens(l1), ar-komrureke, PCA, DFT.

consists of 3d metal ions located in metallamacrocyclic ring
and the same or different metal ion trapped in the central

Introduction
Metallacrowns (MC) are a unique class of polynuclear

metallamacrocyclic complexes forming repeating [M-N-O]
subunits with a large variety of fascinating structures of
different sizes and topologies.[""”! Since the first description
of these complexes in 1989, salicylhydroxamic acid
(Hsshi) has been one of the oldest and frequently used lig-
ands in such systems because of its strong coordination
ability toward 3d metal ions, such as V, Cr, Mn, Fe, Co, Ni,
Cu and Zn.”! As a rule the structure of these metallacrowns
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cavity produced by the deprotonated salicylhydroximate
ligands. According to the Cambridge Structural Database,
most of them represent homo- and heterometallic polynu-
clear metallamacrocyclic systems based on salicylhydrox-
amic or substituted salicylhydroxamic acid. This extended
salicylhydroximate family of metallacrowns has led to a
diversity of the metal-rich structures with homometallic
(V(V),[10111 Cr(11D),1'2) Mn(I1)/Mn(I1D),!3-171 Fe(III),['8]
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Co(I1)/Co(I11),P1 Ni(ID),['*201 Cu(11),2-23 and Zn(I1)124])
or heterometallic (Ni(IT)/Mn(I11),2%251  Cu(IT)/Fe(III),]
Mn(IIT)/Cu(I1)?%27) compositions.

Note, that while the first metallacrowns tended to be
homometallic, recently heterometallic complexes have be-
come more in demand. Accordingly, the selection of suita-
ble metal ions is very important. Whereas, despite these
well-characterized examples of heterometallic 3d-3d metal-
lacrowns, a strategy to obtain Cu(II)/Ni(II) assemblies using
the metallacrown analogy has not been developed. Herein
we report the synthetic scheme and structural descriptions
of the first example of copper(Il) metallacrown ate com-
plexes with outer-sphere nickel(Il) cations.

Experimental
General Procedures

All chemicals were reagent-grade and were used as received
from Sigma Aldrich without any additional purification. The 5-
chlorosalicylhydroxamic acid was synthesized via 5-chlorosalicylic
acid according to the literature method!?®). The C, H, N elemental
analyses were performed by the Microanalytical laboratory of
IOMC RAS on Euro EA 3000 Elemental Analyser. IR spectra
were obtained on a Perkin Elmer 577 spectrometer and recorded
from 4000 to 450 cm™ as a Nujol mull on KBr plates.

Synthesis of complexes 1 and 2. 5-Chlorosalicylhydroxamic
acid (Cl-shiHs; 0.19 g, 1 mmol) was dissolved in MeOH:DMF
(2:1) and mixed with solution of copper(Il) acetate dihydrate
(0.25g, 1.25 mmol) and nickel(II) chloride hexahydrate (0.48 g,
2 mmol). The emerald dark-green solution was obtained and after
one hour, the formation of a precipitate was observed. The reac-
tion mixture was left to stir overnight and after that, the solution
and precipitate were separated by filtration and collected. The
isolation of complexes was carried out as follows:

[Ni(DMSO)s]** [Cu(I) [12-MCcugpnicrshi-4] ] (DMSO)(H20)0.5
(1). The green-grey solid residue was washed with methanol and
recrystallized from DMSO. Slow evaporation of solvent resulted
in the dark-green plate-shaped crystals of 1 suitable for X-ray
structure determination after one month. Found: C 30.27, H 3.29,
N 3.31%. CssH110ClgCu10NgNi2039S14 requires C 30.20, H 3.32, N
3.35. IR (KBr) v em: 1595m (v(C= N)), 1565s (v(CN)/v(CO)),
1518m (8(C-H)), 1412s (3(C-H)), 1307s, 1245s (v(N-0)), 1110s,
1022m , 1008s (v(S-O)DMSO), 820s, 691m, 630m, 541m, 477m.

[Ni(DMF)3(H:0)3]?* [Cu(II) [12-MCcuannici-shi-4] ] (DMF) 2
(H20): (2). The dark-green clear filtrate was left for slow evapora-
tion at room temperature. Dark-green plate-shaped crystals of 2
suitable for X-ray structure determination were collected after two
weeks. Found: C 32.87, H 3.64, N 8.00%. CgsH114ClsCuioN1sNi2Oa4
requires C 32.89, H 3.66, N 8.03. IR (KBr) v cm': 1648s
(V(C=0O)pwmr), 1598m (v(C= N)cishi), 1562s (v(CN)/v(CO)), 1521m
(8(C-H)), 1416s (3(C-H)), 1308s, 1244s (v(N-0)), 1112s, 1023m,
822s, 692m, 631m, 543m, 477m.

X-Ray Crystallographic Studies

The X-ray diffraction data for complexes 1 and 2 were col-
lected on a Bruker D8 Quest diffractometer (Mo-K radiation, @-scan
technique, A = 0.71073 A). The intensity data were integrated by
SAINT program.?l SADABS program*” was used to perform
absorption corrections. The both structures were solved by dual
method®!) and refined on Frk? using SHELXTL package.[*?) All
non-hydrogen atoms were refined anisotropically. The water hy-
drogen atoms in 1 and 2 were located from the differential Fourier map
and were refined isotropically with thermal (Uiso(H) = 1.2Ueq(O)) and
geometry (DFIX) constraints. All other hydrogen atoms were
placed in calculated positions and were refined in the riding model
(Uiso(H) = 1.5Ueq(C) for CH3-groups and Uiso(H) = 1.2Ueq(C) for
other groups). The asymmetric unit of 1 contains a solvate water
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molecule per two metallamacrocycles. In its turn, there are four
DMF and two water molecules per two metallamacrocycles of
complex 2. Structural model of complexes 1 and 2 include mas-
sive disorders in the coordination sphere of nickel cation. All co-
ordinated DMSO molecules in complex 1 are disordered over two
positions. Also, two coordinated and two solvate DMF molecules
in 2 are disordered over two positions. The disordered fragment in
complexes 1 and 2 was modelled and refined with restraints of
geometry (DFIX and FLAT) and thermal parameters (EADP,
RIGU and ISOR).

The crystal data for 1 (CsaHi110ClsCu10NsNi2039S14): mono-
clinic crystal system, space group P2im, unit cell dimensions:
a=18.3100(12) A, b = 19.0439(13) A, ¢ = 18.9007(12) A,
B =112.079(2), V=6107.3(7) A3, Z = 2, deale. = 1.817 Mgm?3,
p = 2.498 mm-', F(000) = 3376, Crystal size 0.39x0.33x0.28 mm?,
2.233<60°<27.483, reflections collected/unique = 86965/13984,
Rint = 0.0517, R1 = 0.0865, wR? = 0.1586 (I > 2s(I)), R1 = 0.0546,
wR? = 0.1358 (all data), S(F?) = 1.012, largest diff. peak and hole
1.865 and -1.158 A,

The crystal data for 2 (Cs¢H114ClsCu10N1sNi2044): monoclin-
ic crystal system, space group P2im, unit cell dimensions:
a = 10.6253(4) A, b = 21.2153(8) A, ¢ = 24.9986(10) A,
B =93.0930(10), V = 5626.9(4) A3, Z = 2, dcalc. = 1.853 Mgm?,
u=2.460 mm, F(000) = 3180, Crystal size 0.20x0.12x0.10 mm?,
2.146<0°<26.087, reflections collected/unique = 74744/11142,
Rint = 0.0256, R1 = 0.0328, wR? = 0.0802 (I > 2s(I)), R1 = 0.0380,
wR? = 0.0802 (all data), S(F?) = 1.016, largest diff. peak and hole
1.959 and -0.986 A,

CCDC 2160669 for 1 and 2160670 for 2 contain the sup-
plementary crystallographic data for this paper. These data can be
obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk.

Computational Details

Electronic structure of the {Cu(II)[12-MCcuanN(Cl-shi-4]}>
monomeric fragment was investigated employing the density
functional theory (DFT). Corresponding quantum chemical calcu-
lations were performed with the PRIRODA program suite33-34
(version 20) which had been shown to treat correctly the hydroxi-
mate metallacrowns.[’3 The OLYP functional®! and L2a basis set
from the b2n.in basis set array®”] were applied. The OLYP func-
tional is widely used for DFT studies of transition metal complex-
es.[3¥] The L2a basis set is an original correlation-consistent all-
electron basis set of the triple- polarized quality including diffuse
functions (an analogue of well-known aug-cc-pVTZ). The geome-
tries of the {Cu(ID[12-MCcuaNcrshi-4]}% complex were fully
optimized in the high-spin sextet and low-spin doublet states with
gradient convergence threshold of 107 a.u. Further calculations of
the harmonic vibrational frequencies testified the structures opti-
mized to be local minima without imaginary eigenvalues. The
isosurfaces of the spin density and electron localization function
(ELF) were generated with the GABEDIT softwarel3%1 (ver-
sion 2.5.0).

Results and Discussion

The utilization of 5-clorosalicylhydroxamic acid in re-
action with the copper(Il) and nickel(Il) salts results in
the formation of a new metallacrown-based ate-complex
(Scheme 1).

The further isolation from DMSO and DMF lead to
formation of complexes 1 and 2, respectively. Both com-
plexes are stable in air, insoluble in water, chloroform, ace-
tone, slightly soluble in acetonitrile and methanol, and well
soluble in DMSO and DMF. The molecular structures of
complexes 1 and 2 were determined by single-crystal X-ray
diffraction studies. The asymmetric unit cell of these crys-
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tals contains a monomeric fragment of the anionic part and
a cationic part of the ate-complex (Figures 1, 2). All main
bond lengths in the metallamacrocycle of 1 are in good
agreement with complex 2 (Table 1) and previously pub-
lished related compounds. 2%

The central copper cation additionally coordinates one
DMSO molecule. In the crystal, the neighboring metalla-
crown molecules are arranged in such a way that the inter-
molecular Cu(3)-0(6) distance is 2.699(4) A. This value is
typical for the coordination bond O—Cu.[*) Therefore, the
anionic fragment of ate-complex 1 is a dimer, the mono-
meric fragments of which are connected to each other
through two coordination Cu-O interactions (Figure 3).

_ —
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u(ac)y’ 2 N N PN .
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Scheme 1. Synthetic pathway to Cu(II)-Ni(II) metallacrown-based
ate-complex.

cl@

=

Figure 1. Monomeric fragment of the anionic part (a) and cationic
part (b) of the ate-complex 1. The thermal ellipsoids are drawn
at the 30% probability level. All hydrogen atoms are omitted
for clarity.
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Figure 2. Monomeric fragment of the anionic part (a) and cationic
part (b) of the ate-complex 2. The thermal ellipsoids are drawn at
the 30 % probability level. Only selected hydrogen atoms are
shown in the figure for clarity.

The distance between the center of the phenyl ring of
one metallacrown molecule and the central copper atom of the
second metallacrown (3.553 A) suggests the presence of a
cation...m interaction between the metallamacrocycles in
the dimer. This distance is close to van der Waals contact
that is classifiable as the electrostatic interaction.*!! Conse-
quently, the formal coordination number for the central
copper atom increases to six, and the coordination envi-
ronment is a distorted octahedron. The nickel atom in the
cationic part of the complex is coordinated by six neutral
DMSO molecules (Figure 1b). The coordination environ-
ment of the Ni cation is also a distorted octahedron.

Figure 3. Dimeric structure of the anionic part of complex 1. All
hydrogen atoms are omitted for clarity.
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Table 1. The selected bond lengths (A) and angles (°) in the compounds 1 u 2.

Distances [A] and angles [°] 1 2
Cu(1)-O(oxime) 1.890(3)-1.927(3) 1.885(2) - 1.9413(19)
Cu(1)-O(Solv) 2.290(6) 2.344(4)

Cu-O(oxime)
Cu-O(carbonyl)
Cu-O(phenolate)
Cu-N(imine)
Cu(crown)-O(crownA¥*)
c-Cl

Ni(1)-O(Solv)
O(oxime)-Cu-N(imine)
O(oxime)-Cu-O(carbonyl)
O(phenolate)-Cu-N(imine)

O(oxime)-Cu(1)-O(oxime)

1.879(4) - 1.915(3)
1.936(3) - 1.966(3)
1.881(3) - 1.896(3)
1.910(4) - 1.944(4)
2.699(4)
1.736(5) - 1.747(5)
2.068(6) - 2.155(14)
88.44(15) - 91.23(15)
80.63(14) - 81.11(14)
91.17(16) - 92.59(16)

87.78(15) -90.78(14);
169.86(19), 172.66(17)

76.1(4) - 104.1(3); 163.6(2)-

1.876(2) - 1.9282(19)
1.9632(19)- 1.9894(18)
1.8735(19) - 1.900(2)
1.926(2) -1.944(2)
2.467(2), 2.713(3), 2.781(2)
1.747(3) - 1.752(3)
2.025(2) - 2.099(7)
88.85(9) - 92.70(9)
80.15(8) - 81.42(8)
90.03(9) - 93.26(9)

86.75(8) -93.25(8);
171.48(10), 174.70(9)

85.11(11) - 96.43(10);

0(Solv)-Ni(1)-0(Solv) 177,303

171.3(2) -175.05(10)

*Symmetry transformations used to generate equivalent atoms (A): —x+1, -y, —z+1 for complex 1 and —x+1, —y+1, —z+1 for complex 2.

The metallamacrocycles in complex 1 are largely non-
planar. A bend passing through three copper atoms is ob-
served. The dihedral angle between two planes built
through the halves of the molecule separated by copper
atoms is 29.32°.

The intermolecular O...H distances in crystal 1 signif-
icantly exceed the value characteristic of the contracted
contacts (> 2.15 A).[*?l A fragment of the crystal packing of
complex 1 is shown in Figure 4.

Figure 4. Fragment of crystal packing of complex 1. The projection
along the crystallographic a axis.
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The asymmetric unit cell of crystal 2 also contains the
monomeric fragment of the anionic part and the cationic
part of the ate-complex (Figure 2). In contrast to complex 1,
the central copper cation in complex 2 coordinates the oxy-
gen of the water molecule. Despite the fact that the anionic
fragment of complex 2 is also a dimer of metallacrowns
bound via Cu-O coordination bonds, their structure differs
significantly (Figure 5). Two practically flat metallacrowns
are arranged in a face-to-face orientation relative to each
other with only a slight offset. As a result, six Cu-O interac-
tions are observed between two metallamacrocycles in
complex 2. Distances vary in the wide range 2.467(2) —
2.781(2) A (Table 1). In addition, the distances between
the centers of the phenyl rings of two metallacrowns are
3.693 and 3.769 A, which indicates the presence of weak
7...T interactions between them™3,

Thus, as in the case of complex 1, the coordination
environment of the central Cu atom in complex 2 is a dis-
torted octahedron, and the coordination number is equal to
six. In both complexes, the central copper atom of the
metallamacrocycle slightly deviates from the plane formed
by four oxygen atoms of crown (0.143 and 0.112 A in com-
plexes 1 and 2, respectively).

The nickel cation in 2, in contrast to complex 1, is co-
ordinated by three water molecules and three DMF mole-
cules (Figure 2b). It should be noted that the crystal struc-
ture of the related ate complex of copper and manganese, in
which two water molecules and four DMF molecules are
coordinated on Mn?",?7l differs significantly from complex
2. Two anionic metallamacrocycles in this complex are
located in such a way that the presence of intermolecular
Cu-O bonds between these metallacrowns is completely
excluded. This fact additionally indicates the important role
of neutral solvent molecules in the formation of the crystal
structure of such complexes.

Maxpozemepoyuxiavt / Macroheterocycles 2022 15(2) 109-116
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Figure 5. Dimeric structure of the anionic part of complex 2.
Projections along the crystallographic a (a) and ¢ (b) axes.

Figure 6. Fragment of an infinite chain formed by anionic fragments
of complex 2 and uncoordinated DMF molecules.

In the crystal of complex 2, two main structural motifs
can be identified. Anionic fragments of the complex due to
intermolecular O-H...O interactions with free DMF mole-
cules form endless chains (Figure 6). The distances between
hydrogen and oxygen atoms H...O are 2.098 and 2.471 A.
Thus, the first interaction can be attributed to the contracted
intermolecular contacts (< 2.15 A).*? In turn, the distance
of 2.471 A only slightly exceeds the mean length of the
normal van der Waals contact for these atoms (2.45 A).[*2]

Figure 7. Fragment of the crystal packing of complex 2. Phenyl groups of metallacrowns and some hydrogen atoms are omitted for clarity.

Infinite chains consisting of anionic fragments of ate-
complex and DMSO molecules in crystal 2 are connected to
each other through cationic fragments, as well as solvate
molecules of water and DMSO (see Figure 7). In total, the
11 intermolecular O...H interactions can be distinguished,
six of which are contracted contacts (1.782 —1.971 A). All
other O...H interactions vary in the range of 2.439 —
2.719 A, which is close to the mean length of the normal
van der Waals contact (2.45 A).[#2]

Maxpozemepoyuxuvt / Macroheterocycles 2022 15(2) 109-116

Therefore, the network of intermolecular O...H inter-
actions in crystal 2 is formed due to water hydrogen atoms.
It is important to note that both metallacrowns in the dimer-
ic anionic fragment of the ate-complex are directly involved
in the formation of these contacts. Replacing the solvent
with DMSO leads to the destruction of intermolecular
O...H interactions and, as a consequence, the formation of
a new configuration of the anionic part of the complex.
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Figure 8. Spin density isosurfaces (0.01 a.u.) for the sextet (left) and doublet (right) states of the {Cu(I)[12-MCcuanN(Cl-shi-4]}>- complex
with the Mulliken spin populations for the copper and oxime oxygen atoms (in parentheses). The DFT level is OLYP/L2a.
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Figure 9. ELF isosurfaces at n(r) = 0.750 (left) and n(r) = 0.885
(right) for the copper and oxime oxygen atoms in the high-spin
sextet state of the {Cu(I)[12-MCcumn(ct-shi-4]}>* complex.

0 0
Cu Cu

Cu (centre) Cu , (centre)

Figure 10. Comparison of the ELF topologies for the CuOCu
site in the sextet (left) and doublet (right) spin states of the
{Cu(ID)[12-MCcuann(chshi-4]}*> complex: combinations of the ELF
isosurfaces at 11(r) = 0.750 (green translucent) and n(r) = 0.885 (pink
opaque).

Electronic structure of the {Cu(H)[1Z-MCCu(]])N(c1,shi)—4]}2'
metallamacrocyclic fragment was investigated using the
DFT calculations. For the {CU(H)[12—MCCu(]])N(c1,shi)—4]}2'
monomeric dianionic complex the high-spin sextet and low-
spin doublet states were simulated at the OLYP/L2a level
of DFT (Figure 8). The optimized structural parameters are
close to those obtained by the X-ray crystallographic exper-
iment (Table 1). In particular, for the sextet/doublet states cal-
culated Cu(1)-O(oxime) distances are 1.990-1.998/1.953—
1.979 A and Cu-N(imine) bonds are 1.948-1.957/1.942—
1.967 A. Accumulation of the copper spin density is orient-
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ed toward the O and N atoms in both the sextet and doublet
states. Such localization of the spin density at the Cu(Il)
ions corresponds to the 3d,%,* orbital which is formally
single occupied. The central Cu(Il) ion in both sextet and
doublet is characterized by the lower absolute value of spin
population than the peripheral cations. For the low-spin
doublet state our DFT calculations predict alternation of the
negative (—0.413) and positive (0.432) spin populations
among the peripheral Cu(Il) ions, the central ion bearing the
positive value of 0.341. Notably, two of four bridging ox-
ime oxygen atoms in the low-spin complex are described by
the values of —0.008 close to zero. Such spin populations
arise due to the antiferromagnetic exchange between the
Cu(Il) ions. Moreover, computed values of the electron
energy, H°(298.15), and G°(298.15) decrease on going
from the sextet to doublet by 5.4, 5.9, and 4.6 kcal/mol,
respectively. Thus, the antiferromagnetic exchange between
the Cu(Il) ions stabilizes the low-spin doublet state of the
{Cu(ID[12-MCcuncishi-4]}* complex.

Another quantum chemical approach efficiently used
for description of the hydroximate metallacrowns is elec-
tron localization function (ELF), n(r).**#?! Based on local
increase of the kinetic energy density associated with the
Pauli Exclusion Principle the function reveals localization
attractors corresponding to the core, bonding and non-
bonding electron pairs and defines their topology.[**81 The
n(r) values of ELF change from 0 to 1: at n(r) — 1 the elec-
tron pairs are localized; at n(r) = 1/2 full delocalization of
electrons realizes (that corresponds to the electron gas); at
n(r) — 0 separation of the electron pairs occurs. The ELF
isosurface calculated at n(r) = 0.750 for the {Cu(II)[12-
MCcuann(crshi-4]}> complex (Figure 9) detects domains of
lone pairs for the bridging oxime oxygen atoms and contri-
butions of core 3d electrons for the Cu(ll) ions. The ELF
topology round the copper nuclei is not spherically sym-
metric: four holes oriented along the coordination bonds are
clearly seen. These holes appear due to lower (formally
single) occupancy of 3d*,? in comparison with double
occupancy of the other 3d orbitals. For the bridging oxime
oxygen atoms increase of the n(r) value to 0.885 reveals
remarkable electron localization outside the CuOCu planes
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(Figures 9, 10) that is explained by excess of the nega-
tive charge on the {Cu(II)[12-MCcuyann(ci-shi-4]}>" com-
plex. Variation of the multiplicity changes slightly the ELF
topology round the oxime oxygen nuclei but the significant
electron localization outside the CuOCu planes remains
unchanged (Figure 10). Thus, accumulation of the electron
density in the apical positions of the oxime oxygen atoms
promotes formation of the Cu—O(oxime) intermolecular
interactions in the crystal structure of the dimeric complex.

Conclusions

In summary, we have attempted to highlight some
novel synthetic and structural aspects of chemistry of the
3d-3d metallacrowns bearing salicylhydroximate ligands.
The use of 5-ClshiH3 in reaction with copper(Il) and nick-
el(I) salts results in the formation of a new family of ate
complexes with the copper(Il) ions in the MC ring. The
compounds obtained contain two offset stacked anionic
units and outer-sphere nickel(II) cations. Thus, the nick-
el(Il) cations promote formation of a fused metallacrown
structure with face-to-face orientation relative to the practi-
cally flat copper(Il) metallamacrocycles.
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