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Abstract—Poorly soluble in the most part of organic solvents dimeric complexes Mg2L22~4DMF (I) and
Ni2L22'4DMF (IT) (L is 4,4'-(1,4-phenylenebis(azanylylidene))bis(3,6-di-zert-butyl-2-hydroxycyclohexa-
2,5-dien-1-one dianion)) are synthesized by the reactions of magnesium and nickel acetates with the ditopic
redox-active ligand of the hydroxy-para-iminoquinone type in a DMF solution. The molecular and crystal

structures of the synthesized compounds are determined by X-ray diffraction analysis (CIF files CCDC
nos. 2045665 (I) and 2045666 (II'3DMF)). The thermal stability is studied by thermogravimetry. The redox-

active character of the organic bridging ligand in the dimeric complexes Mg2L22 ‘4DMF and N12L22~4DM Fis

confirmed by the data of solid-phase electrochemistry.

Keywords: ditopic ligand, redox-active ligand, metal-organic cages, solid-phase electrochemistry, thermo-

gravimetric analysis, X-ray diffraction analysis
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INTRODUCTION

The trend related to the construction of com-
pounds based on di-, and tri-, and polytopic ligands is
one of the most intensively developed and very prom-
ising fields in the modern coordination chemistry. The
use of these ligand systems in the synthesis of new
metal-organic derivatives makes it possible to produce
polynuclear (both homo- and heterometallic) com-
plexes [1—5], metal-organic frameworks (MOFs) [6—
9], and metal-organic cages (MOCs) [10—12]. The
presence of redox-active organic fragments in similar
structures provides wide prospects for the practical use
of the synthesized compounds, since they are charac-
terized by such phenomena as valence tautomerism
and spin crossover [9, 13—15].

Doubly deprotonated 2,5-dihydroxy-para-quinone
and its analogs with various substituents in the 3,6-posi-

tions of the quinoid ring are often used as redox-active
bridging ligands in the synthesis of the polynuclear
derivatives and MOFs [7—9, 16]. The anilate ligands of
this type were used to synthesize the binuclear com-
plexes of various metals [1, 2, 4, 17] and linear [18—21],
cross-linked [22—26], and framework [27—30] metal-
organic coordination polymers with unique catalytic,
sorption, magnetic, and luminescence properties. The
heterometallic [3, 31—35] and mixed-ligand MOFs
[36—38] were synthesized to extend the range of proba-
ble properties of the materials.

The extension of the range of the applied organic
ligands substantially enhances the possibility of vary-
ing the structural and functional properties of both
monomeric and polymeric coordination compounds,
and the search for new redox-active ligands for the tar-
get design of metal-organic derivatives is an important
task of the modern coordination chemistry.
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The closest analog of anilate ligands containing
the extended m-system, 4,4'-(1,4-phenylenebis(aza-
nylylidene))bis(3,6-di-zert-butyl)-2-hydroxycyclo-
hexa-2,5-dien-1-one (L*H,), is among the promis-
ing ditopic ligands for the synthesis of new binu-
clear derivatives and MOFs [5, 39]. This ligand is
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bis(p-iminobenzoquinone) in which the iminoqui-
none fragments are linked via the nitrogen atoms by
the p-phenylene bridge. When bound in the com-
plex with the metal, the ligand can potentially exist
in seven different redox states (Scheme 1).
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Scheme 1.

The dimeric derivatives of the divalent metals (Mg
and Ni) based on L?H, were synthesized and studied.
The structures of the synthesized compounds were
determined by various physicochemical methods, and
the molecular and crystal structures were confirmed
by X-ray diffraction analysis (XRD).

EXPERIMENTAL

Commercial N,N'-dimethylformamide (DMF),
p-phenylenediamine, Mg(CH;COO), H,0 and
Ni(CH;CO0),-4H,0 were used. Ligand L’H, was
synthesized according to a known procedure [39]. IR
spectra in a range of 400—4000 cm~! were recorded on
an FSM-1201 FT-IR spectrometer (suspensions in
Nujol, KBr pellets). Electronic absorption spectra
(EAS) in a range of 200—1000 nm were recorded on a
Varian Cary 50 spectrometer (suspensions in Nujol).
Elemental analyses were carried out on an Elementar
Vario El cube instrument. Differential scanning calo-
rimetry (DSC) and thermogravimetric analysis (TG)
studies were carried out on a Shimadzu DTG-60H
synchronous thermal analyzer.

Synthesis of dimeric complexes Mg2L22-4DMF 4))

and Ni2L22~4DMF (IT). Dark finely crystalline prod-
ucts (compounds I and II) poorly soluble in the most
part of organic solvents were synthesized by the direct
reactions of metal (Mg and Ni) acetates (0.04 mmol)
with L?H, (0.04 mmol) in DMF (5 mL) on heating to
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120°C for 20 min followed by slow cooling to room
temperature. The synthesized derivatives were col-
lected on a Schott filter and dried in air.

Complex I was isolated as dark blue fine crystals in
ayield of 70%.

For CgoH,;,N3O,Mg,
Anal. caled., %
Found, %

C, 67.36
C, 66.92

H, 7.91
H, 8.07

N, 7.86
N, 7.74

IR (Nujol), v, cm~': 1691 s, 1674 s, 1661 s, 1623 s,
1599 s, 1546 s, 1421 s, 1403 s, 1358 s, 1342 s, 1315 s,
1263 m, 1222 m, 1107 s, 1066 s, 1010 m, 949 m, 927 m,
910s, 864 s, 699 m, 686 s, 671 m, 652 m, 630 m, 6205,
603 s, 577 s, 537 s.

EAS (Nujol), A, nm: 300, 335, 615.

Complex Il was isolated as dark blue fine crystals in
ayield of 78%.

The crystal unit cell of the nickel derivative con-
tains uncoordinated DMF (three solvent molecules

per dimer Ni2L22-4DMF). However, according to the
elemental analysis data, the isolated finely crystalline
product well dried in air contains no solvate mole-
cules.

For CggH 156N 190 14Ni,

Anal. calcd., % C, 64.26 H, 7.55 N, 7.49
Found, % C, 63.91 H, 7.75 N, 7.41
No. 5 2021
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IR (Nujol), v, cm~': 1676s, 1655 s, 1587 s, 1541 m,
1484 m, 1387 s, 1358 s, 1347 s, 1317 s, 1267 s, 1221 s,
1105 s, 1069 s, 951 m, 925 m, 914 m, 894 m, 852 s,
733 m, 684 s, 649 s, 618 m, 549 s.

EAS (Nujol), A, nm: 300, 330, 620, 710.

XRD data for complexes I and II-:3DMF were
obtained on the X-ray beamline of the Belok station at
the Kurchatov Synchrotron Radiation Source of the
Kurchatov Institute Russian Research Center (Mos-
cow, Russia) in the @ scan mode using a Rayonix
SX165 CCD detector at 100 K [40]. The primary
indexing, refinement of unit cell parameters, reflec-
tion integration, and an intensity absorption correc-
tion were applied using the XDS program package
[41]. The structures were solved by direct methods and
refined by full-matrix least squares for £ 2 in the aniso-
tropic approximation for non-hydrogen atoms, except
for the disordered DMF molecule in compound II,
which was refined in the isotropic approximation
using an idealized molecular geometry [42]. Hydrogen
atoms were placed in the calculated positions and
refined by the riding model with Uj,(H) = 1.5U,(C)
for the hydrogen atoms of the methyl groups and
1.2U,(C) for other hydrogen atoms. For the structures
of complexes I and II'3DMEF, the coordinates of
atoms, thermal parameters, and populations of the
positions were refined without additional restraints of
the model, except for the carbon atoms of the methyl
groups in the fert-butyl group disordered over two
positions (population ratio 0.558 : 0.442). The carbon
atoms of the methyl groups were refined with
restraints imposed on the C—C bond lengths for the
structure of compound I. In the case of II':3DMF,
restraints were also imposed on the bond lengths and
thermal vibration parameters of the atoms of the car-
bonyl group in the completely disordered DMF mole-
cule (population ratio 0.521 : 0.479). The calculations
were performed using the SHELXTL program pack-
age [43] in the OLEX2 medium designed for structural
data visualization and processing [44].

The crystallographic data for compounds I and
II-:3DMF were deposited with the Cambridge Crystal-
lographic Data Centre (CIF files CCDC nos. 2045665
and 2045666, respectively; deposit@ccdc.cam.ac.uk
or http://www.ccdc.cam.ac.uk/data_request/cif).

Quantum-chemical calculations were performed
using the Gaussian09 program package [45] by the
density functional theory (DFT) using the B3LYP
functional [46] in the 6-31(d) standard basis set for all
atoms.

Electrochemical measurements were carried out on
a BASiEpsilonE2P electrochemical analyzer (USA)
with the Epsilon-EC-USB-V200 software. A standard
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three-electrode system with a carbon paste electrode
(CPE) for powdered samples as the working electrode
was used. An Ag/AgCl electrode (0.01 M) served as
the reference electrode, and a platinum wire was used
as the counter electrode. A supporting electrolyte for
the determination of the volt—ampere characteristics
was 0.1 M Et,NBF,. Acetonitrile was distilled over
P,O; and KMnO, and then over molecular sieves.
After purification, the solvent was stored in a dry argon
atmosphere. The supporting salt Et, NBF, was recrys-
tallized from ethanol and dried at 100°C in vacuo for
2 days. The modified CPE was used as the working
electrode for the study of the powdered samples and
was prepared as follows. A graphite powder and phos-
phonium salt ((tri-fert-butyl)dodecylphosphonium
tetrafluoroborate) in a ratio of 90 : 10 (wt/wt) were
mixed and triturated in a mortar until a homogeneous
mixture was formed [47—50]. The modified electrode
was prepared similarly, except for the fact that about
5% graphite powder were replaced by the studied com-
plex (I or II). A portion of the prepared paste was
densely packed into the cavity (3 mm in diameter) of a
Teflon holder.

RESULTS AND DISCUSSION

The reactions of divalent metal (Mg and Ni) ace-
tates with L’H, in a DMF solution afforded the

dimeric complexes M2L22-4DMF (M = Mg, Ni)
(Scheme 2). The reaction occurs on heating to 120°C
for 20 min. The heating of the reaction mixture for a
longer time results in the degradation of the organic
ligand due to the hydrolysis of the C=N imine bonds.
The finely crystalline products obtained in the reac-
tion are formed during the slow cooling of the reaction
mixture to room temperature. The formed precipitates
of the target product were dark blue (nearly black) and
became analytically pure after drying in air. The syn-
thesized compounds are resistant to air oxygen and
moisture.

The compositions and structures of compounds I
and II were confirmed by IR spectroscopy and ele-
mental analysis data. The IR spectra of the complexes
exhibit a strong absorption band at ~1670 cm~' corre-
sponding to vibrations of the carbonyl bond of DMF
and a set of bands in a range of 1580—1660 cm~! char-
acterizing stretching vibrations in the system of the
C=0 and C=N bonds conjugated with C=C of the
p-iminoquinone ligands [51, 52].
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Scheme 2.

The molecular structures of Mg2L22-4DMF (I) and

N12L22-4DMF (IT) are shown in Fig. 1. The crystallo-
graphic data and experimental XRD parameters for
complexes I and II are given in Table 1, and selected
bond lengths are listed in Table 2. In order to simplify
the description of the structural characteristics of
complexes I and II, we calculated the average bond
lengths in the molecular fragments of the same type.
The averaged bond lengths (A) in complexes I and II
are given in Table 3, and the numeration of atoms for
the averaged values is presented in Scheme 1. It should
be mentioned that the unit cell of the nickel complex
(IT) contains three solvate DMF molecules per dimer

Ni,L%-4DMF.
Compound I crystallizes in the orthorhombic

space group Pca?2,, and the Mg2L22-4DMF molecule is
nonsymmetric and exists in the common position.
Dimeric derivative II'3DMF crystallizes in the tri-

clinic space group P1. The independent part of the
crystal cell contains three DMF solvate molecules and
two crystallographically independent molecules of

complex N12L22 ‘4DMF, each of which lies on the sym-
metry center. The geometric parameters of both

Ni2L22-4DMF molecules are close to each other and,
hence, the parameters of only one molecule are given
in Table 2.

The general structure of the dimeric complexes
remains unchanged for both metals. Two ditopic p-imi-
noquinone ligands bind metal cations by two paren-
theses to form chelate five-membered metallocycles
MOCCO (M = Mg, Ni) and to form thus a metal-
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organic cage. The metal atom significantly deviates
from the OCCO planes by a distance 0.285(6)—
0.699(5) A in the magnesium compound and by
0.556(5)—0.566(5) A in the nickel compound. The
dihedral angles between the planes of the p-iminoqui-
none fragments coordinated to one metal atom are
51.39(6)°—52.28(6)° and 49.07(6)°—49.12(6)° for
complexes I and II-3DMF, respectively. The dihedral
angle between the planes of the p-phenylene bridges is
only 1.0(2)° in complex I, whereas these planes are
completely parallel in derivative II:3DMF. Note that
the p-phenylene fragments themselves are signifi-
cantly remote from each other within the same mole-
cule: the distances between the centers of the rings are
9.143(2) A in complex I and 8.832(4)—9.119(4) A in
complex II'3DMF. The metal atoms are remote by
more than 14 A in both complexes to form a cavity
inside the MOC with a diameter of ~3.5 A, which is
principally accessible for small molecules (Fig. 2).

The crystal packing in the molecules of complexes
I and II:3DMF is determined by many intermolecular
contacts between the oxygen atoms of the p-quinoid
ligands or DMF molecules and the hydrogen atoms of
the tert-butyl substituents or N-methyl groups of
DMEF. In addition, the C—H...m-arene contact
between the N-methyl group of DMF and aromatic
p-phenylene ring of another molecule (C—m-arene
centroid distance 3.410(6) A) is observed in com-
pound I. Probably, many intermolecular contacts is a
reason for the low solubility of the synthesized com-
pounds in the most part of organic solvents.

The coordination environment of each of the mag-
nesium and nickel cations in complexes I and
II-3DMF, respectively, represents a distorted octahe-
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(a)
C(17)

311

C(16)

C(33) C(54)

C(174)

(b)

C(164)

Fig. 1. Molecular structures of dimeric derivatives (a) I and (b) II'3DMF.

dron with four oxygen atoms of two p-iminoquinone
ligands, and two oxygen atoms of the coordinated
DMF molecules are arranged at the vertices. It should
be mentioned that the M—O bond lengths in the che-
late cycles expectedly differ between each other. The
M—O, bond lengths (~2.01 A for both compounds, see
Table 3) is less than the sum of covalent radii of the
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corresponding elements (2.18 and 2.11 A for com-
plexes I and II-3DMEF, respectively [53], which is well
consistent with covalent binding. The M—0O, coordi-
nation bonds of the metal with the carbonyl oxygen
atom of the organic p-iminoquinone ligand (2.15 A for
I and 2.08 A for II'3DMF) are longer by 0.14 and
0.07 A, on the average, than covalent M—-O, bonds in
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Table 1. Crystallographic data and experimental and structure refinement parameters for compounds I and II'3DMF

Complex I II-3DMF
T,K 100(2) 100(2)
Crystal system Orthorhombic Triclinic
Space group Pea2, Pl
a, A 36.105(7) 10.129(4)
b, A 10.346(2) 20.9590(16)
c, A 22.330(5) 23.2340(14)
o, deg 90 79.894(13)
B, deg 90 88.06(3)
v, deg 90 78.356(6)
v, A3 8341(3) 4756.0(19)
Z 4 2
Peale» Mg/m’ 1136 1197
w, mm~! 0.116 0.615
0, deg 1.618—29.695 1.124—29.000
Number of observed reflections 98702 66048
Number of independent reflections 16983 18098
R 0.0955 0.1309
S(F?) 1.013 1.027
R,/wR, (I>20(1)) 0.0482/0.1099 0.0673/0.1638
R,/wR, (for all parameters) 0.0705/0.1229 0.1141/0.1907
AP/ AP ins € A7 0.425/—0.321 0.518/—0.481

the magnesium and nickel derivatives, respectively.
The observed difference is substantially lower than
that in the tin(IV) compounds (0.4 A) based on the
monotopic analog of ligand L?H, [54], indicating a
significant charge delocalization in the chelate
cycles.

The p-iminoquinone structure of the initial ligand
L?H, is retained in dimeric derivatives I and II'3DMF
[5]. The C,—C, and C,—C; bonds (Table 3) with the
length ranging from 1.34 to 1.39 A, respectively, can be
characterized as double bonds, whereas the C,—C,
C,—C,;, C;—C,, and Cs—C¢ bond lengths range from

Fig. 2. Cavity in the metal-organic cage of complex II'3DMF.
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Table 2. Selected bond lengths (A) in complexes I and II'3DMF

Bond d, A H Bond d, A
I
Mg(1)—0(4) 2.001(3) C(4)—C(5) 1.337(6)
Mg(1)—O(5) 2.013(3) C(5)—C(6) 1.463(5)
Mg(1)—O(1) 2.018(3) C(15)—C(20) 1.399(5)
Mg(1)—O(6) 2.053(3) C(15)—C(16) 1.402(5)
Mg(1)—0(2) 2.117(3) C(16)—C(17) 1.384(5)
Mg(1)—0(3) 2.167(3) C(17)—C(18) 1.408(5)
Mg(2)—O(11) 1.986(3) C(18)—C(19) 1.395(5)
Mg(2)—0(10) 2.008(3) C(19)—C(20) 1.384(5)
Mg(2)—0(7) 2.028(3) CQ21)—C(22) 1.451(5)
Mg(2)—0(12) 2.042(3) C(21)—C(26) 1.482(5)
Mg(2)—0(9) 2.139(3) C(22)—C(23) 1.385(6)
Mg(2)—O(8) 2.178(3) C(23)—C(24) 1.497(5)
o(1)—C(1) 1.297(4) C(24)—C(25) 1.465(5)
0(2)—C(6) 1.248(4) C(25)—C(26) 1.343(6)
0(3)—C(35) 1.246(5) C(35)—C(36) 1.463(5)
0(4)—C(40) 1.295(4) C(35)—C(40) 1.506(5)
0(7)—C(23) 1.299(4) C(36)—C(37) 1.343(6)
0(8)—C(24) 1.245(5) C(37)—C(38) 1.477(5)
0(9)—C(58) 1.239(4) C(38)—C(39) 1.450(5)
0(10)—C(59) 1.291(4) C(39)—C(40) 1.385(5)
N(1)—C(3) 1.302(5) C(49)—C(54) 1.407(5)
N(1)—C(15) 1.407(5) C(49)—C(50) 1.409(5)
N(2)—C(21) 1.304(5) C(50)—C(51) 1.376(5)
N(2)—C(18) 1.402(5) C(51)—C(52) 1.403(5)
N(3)—C(38) 1.317(5) C(52)—C(53) 1.404(5)
N(3)—C(49) 1.390(5) C(53)—C(54) 1.377(5)
N(4)—C(55) 1.315(5) C(55)—C(60) 1.449(5)
N(4)—C(52) 1.399(5) C(55)—C(56) 1.480(5)
C(1)—C(2) 1.387(5) C(56)—C(57) 1.341(5)
C(1)—C(6) 1.497(5) C(57)—C(58) 1.469(5)
C(2)—C(3) 1.448(5) C(58)—C(59) 1.508(5)
C(3)—C(4) 1.489(5) C(59)—C(60) 1.388(5)
Bond d,A Bond d A
II'3DMF
Ni(1)—O(14) 2.012(2) C(24)—C(34) 1.463(5)
Ni(1)—0(24) 2.079(2) C(34)—C(4A4) 1.482(5)
Ni(1)—0(34) 2.075(3) C(44)—C(54) 1.340(5)
Ni(1)—0(44) 2.021(2) C(54)—C(6A4) 1.472(5)
Ni(1)—O(6A4) 2.061(3) C(154)—C(16A4) 1.400(5)
Ni(1)—O(54) 2.063(3) C(154)—C(204) 1.403(5)
O(14)—C(14) 1.310(4) C(164)—C(17A4) 1.381(5)
0(24)—C(64) 1.247(4) C(174)—C(184) 1.409(5)
0(34)—C(244) 1.244(4) C(184)—C(194) 1.397(5)
0(44)—C(234) 1.295(4) C(194)—C(204) 1.386(5)
N(14)—C(34) 1.304(5) C(214)—C(224) 1.469(5)
N(14)—C(154) 1.401(4) C(214)—C(264) 1.470(5)
N(24)—C(214) 1.309(5) C(224)—C(234) 1.397(5)
N(24)—C(184) 1.404(4) C(234)—C(24A4) 1.510(5)
C(14)—C(24) 1.385(5) C(24A4)—C(254) 1.463(5)
C(14)—C(6A4) 1.495(5) C(254)—C(26A4) 1.338(5)
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Table 3. Averaged bond lengths (A) in complexes I and
II-3DMF

Bond I II'3DMF
M-0, 2.01 2.01
M-0, 2.15 2.08
0,-C, 1.30 1.30
0,—Cq 1.25 1.25
N,—C;, 1.31 1.31
N,—C, 1.40 1.40
Cc,-C, 1.38 1.39
C,—Cq 1.50 1.50
C,—C, 1.45 1.46
C—C, 1.48 1.48
C,—Cs 1.34 1.34
C5—Cq 1.46 1.47
C,—Cq 1.40 1.40
C—Cyo 1.40 1.40
C4—C, 1.38 1.38

1.45 to 1.50 A. The coordination of the organic ligand
to the metal atom results in only insignificant changes
in the bond length distribution in the initial bis-para-
iminobenzoquinone related to the negative charge
delocalization in the p-iminoquinone fragment of the
organic ligand. The C,—0O; bond (1.30 A for both

Weight, % DTA, uV
100 + 60
80 +
60 b 40
40 + =
20
20 +
* 0
0 100 200 300 400 500 600
T,°C

Fig. 3. Differential thermal analysis (DTA) curves of (solid
line) TG and (dashed line) DSC for complexes I and I1.
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complexes) shortens compared to the C—OH bond in
the initial ligand (1.352(2) A), and the C,—0, bond
(1.25 A for both complexes) elongates compared to
L?H, (C=0 1.230(2) A). The C—C bond of the
p-phenylene bridge in complexes I and II'3DMF are
equalized (1.38—1.40 A) (Table 3), which is consistent
with its aromatic nature.

The thermal stability of dimeric derivatives I and 11
was estimated by the TG and DSC methods (Fig. 3).
According to the TG and DSC data, the decoordina-
tion of four DMF molecules from the magnesium
atoms occurred for complex I in a temperature range
of 170—250°C, and the mass loss was 20%. The further
heating results in the destruction and complete
decomposition of complex I. According to the TG
data, compound II starts to decompose below 100°C
and demonstrates a gradual mass loss (~4%) on heat-
ing to 130°C because of the removal of the occluded
solvent from the sample. The decoordination of four
DMF molecules from the nickel atoms occurs in a
temperature range of 130—200°C, and the observed
mass loss is ~18%. The further heating results in the
decomposition of the nickel derivative.

The low solubility of compounds I and II did not
allow us to detect the EAS in solution. The absorption
spectra in the UV and visible ranges of the studied
dimeric magnesium and nickel complexes recorded in
mineral oil are presented in Fig. 4 and show intense
bands at 300 and 330—335 nm, as well as broad
absorption bands at A > 620 nm. The results obtained
are in good agreement with the results of the quan-
tum-chemical calculations performed for compound I
in the experimental geometry at the B3LYP/6-31(d)
level. The frontier orbitals of complex I (Fig. 5) consist
of the orbitals of the ligand only. The LUMO and
LUMO+1 orbitals are predominantly localized on the
acceptor p-quinoid fragments, whereas the HOMO
and HOMO-1 orbitals are delocalized over the whole
system of conjugated double bonds of the ditopic
ligands through the p-phenylene bridge. The intra-
and interligand HOMO—-LUMO electron transfer

8

=

g

é 11

Z d\/‘_\
1

1 1 1
250 450 650 850 A, nm

Fig. 4. Electronic absorption spectra of complexes I and I1.
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HOMO-1
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LUMO+1

Fig. 5. Frontier orbitals in complex 1.

determines the long-wavelength absorption band in
the EAS of compound I, and the differences in the
frontier orbital energies (1.9—2 eV) are well consistent
with the broad absorption band observed in the exper-
imental spectrum. It is important that complex forma-
tion results in a significant bathochromic shift of the
charge-transfer band for the bis-para-iminoquinone
ligand L?H, [5], which is 140 nm, and this shift is very
sensitive to the complexing agent nature. In the pres-
ence of the weak Lewis acid (alkylmercury cation) the
shift reached 40 nm only [5]. Magnesium(II) and
nickel(II) cations favor the generation of a stronger
negative charge on the ligand and thus bring together
its frontier orbitals.

The redox properties of compounds I and II in the
solid state were studied by cyclic voltammetry (CV)
using the modified CPE. The corresponding cyclic
voltammograms are shown in Fig. 6. The potentials of
the redox processes for complexes I and II are pre-
sented in Table 4.

The potentials of the first reduction and oxidation
peaks for both studied complexes I and II are close
(Table 4), and the electron transfer processes are irrevers-
ible under the CV conditions. The close potentials of the
first steps of electron attachment and detachment for the
derivatives of redox-active Ni(II) and redox-inactive
Mg(1I) confirm the ligand-centered character of the
observed processes (Scheme 3). The peaks at higher
reduction potentials of nickel complex II, which are not
observed for magnesium complex I, should be attributed
to the electron transfers to the nickel ions.

Thus, the metal-organic cages based on divalent mag-
nesium and nickel cations and the redox-active ditopic

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 47

ligand of the p-iminoquinone type were synthesized. The
XRD study of the molecular and crystal structures of the
compounds showed cavities inside the formed cages. The
redox-active behavior of the ligand framework of the syn-
thesized complexes was demonstrated by solid-state elec-
trochemistry.

(a)
T
1 E
g
=
i J\. 8
I

0 -05 —-10 -—-15 -2.0 =25 -=3.0
Potential, V, relative to Ag/AgCl

(b)
[0.1, mA
I
s
.43 '\m/_—
2
g 1
o
wn

2.0 1.5 1.0 0.5 0
Potential, V, relative to Ag/AgCl

Fig. 6. CV curves of (a) reduction and (b) oxidation and
their semidifferentiated forms for complexes I and II;
CPE, CH5CN, 10~ M BuyNBE,, potential vs. Ag/AgCl.
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t-Bu

[M2L2L3'4DMF]‘

[M2L2L1~4DMF]+

[M,L}-4DMF]**

Scheme 3.
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Table 4. Potentials (vs. Ag/AgCl) for complexes I and I

Oxidation
'ESV Y
I 0.95 1.21
II 0.90 1.51
Reduction
B,V Y Eg, V Y
I —0.54 —0.71
11 —0.52 —0.70 —1.58 —1.94
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