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Abstract—β-Aminovinyl ketone (2-nitro-3-(8-quinolylamino)prop-2-enal) was synthesized by condensa-
tion of nitromalondialdehyde with 8-aminoquinoline. The reactions of β-aminovinyl ketone with copper,
nickel, and cobalt acetates in methanol gave metal complexes. The spectral and magnetic characteristics of
preparatively isolated compounds were studied. The structure of cobalt(II) chelate was determined on the
basis of X-ray diffraction study (CIF file CCDC no. 2109263).
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INTRODUCTION
In recent years, the chemistry of amino derivatives

of β-dicarbonyl compounds and their complexes with
virtually all metals of the Periodic Table has been
intensively developed [1–7]. The possibility of tar-
geted control of the electronic and geometric parame-
ters of these compounds is one of the main factors
determining the broad and versatile practical applica-
tions of the complexes. They can exhibit catalytic and
biological activities [4, 8–10] and can serve for activa-
tion of small molecules, models of protein active sites
[11, 12], and precursors for the preparation of nano-
structured compounds for electronics, energy produc-
tion, and chemosensorics [3, 6, 7]. Also, they can be
used for the development of optically active materials
[5, 13]. The stereochemistry and physicochemical
properties of metal β-ketoiminate and β-diketiminate
chelates can be controlled by modifying the nature of
substituents in the ketone moiety and in the amine
component of the ligand. Previously, we studied the
influence of such modification on the structure
and properties of the products of complex formation
of β-aminovinyl ketones and β-aminovinylimines
[14–17]. In this communication, we describe data on
the synthesis and physicochemical studies of nitrom-
alondialdehyde β-aminovinyl ketone (2-nitro-3-(8-

quinolylamino)prop-2-enal) (HL) and Cu(II),
Ni(II), and Co(II) chelates of HL.

EXPERIMENTAL
The compounds were synthesized using commer-

cially available solvents, 8-aminoquinoline (CAS 578-
66-5, Sigma-Aldrich), copper acetate monohydrate
(CAS 6046-93-1), and nickel (CAS 6018-89-9) and
cobalt (CAS 6147-53-1) acetate tetrahydrates (Alfa
Aesar). The sodium salt of nitromalondialdehyde (see
Scheme 1) was synthesized by a previously described
procedure [18].

Synthesis of 2-nitro-3-(8-quinolylamino)prop-2-
enal (HL). Method 1. 8-Aminoquinoline hydrochlo-
ride (1.81 g, 10 mmol) dissolved in 70% ethanol
(20 mL) was added with continuous stirring to a solu-
tion of nitromalondialdehyde sodium salt (1.39 g,
10 mmol) in water (30 mL). The resulting reaction
mixture was left overnight. The next day, the yellow
precipitate that formed was collected on a filter,
washed with water, and recrystallized from toluene.
The yield was 1.38 g (57%).

Method 2. A solution of sodium nitromalondialde-
hyde (0.695 g, 5 mmol) in ethanol (25 mL) was treated
with 10% HCl to pH 6–7, and an ethanol solution
210
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(15 mL) of 8-aminoquinoline (0.721 g, 5 mmol) was
added. The reaction mixture was kept at 50–55°C for
3 h with continuous stirring. After cooling to room
temperature, the precipitate was collected on a filter
and washed with water and ethanol. The product was
recrystallized from toluene. The yield was 0.632 g
(52%).

IR (ν, cm–1): 3122 w, 3073 w, 1681 m,1659 s, 1632 s,
1604 s, 1513 m, 1497 s, 1464 s, 1431 m, 1394 w, 1374 m,
1338 s, 1309 s, 1232 w, 1208 w, 1173 w, 1119 m, 1019 m,
956 m, 864 m, 826 m, 805 w, 791 m, 749 m, 732 w,
622 m, 571 m. 1H NMR (DMSO-d6; δ, ppm): 7.64–
7.72 (m, 2H, Cquin–H, E,Z-isomers), 7.87–7.93 (m.,
1H, Cquin–H, E,Z-isomers), 8.2 (d, J = 7.7 Hz, 1H,
Cquin–H, Z-isomer), 8.24 (d, J = 7.5 Hz, 1 H, Cquin–
H, E-isomer), 8.47 (m, 1H, Cquin–H, E,Z-isomers),
8.79 (d, J = 15.4 Hz, 1H, CH–NH, Z-isomer), 9.00
(dd, J = 4.1, J = 1.5 Hz, 1H, Cquin–H, E,Z-isomers),
9.37 (dd, J = 14.6, J = 3.5 Hz, 1H, CH–NH, E-iso-
mer), 9.95 (s, 1H, CH=O, Z-isomer), 10.17 (d, J =
3.5 Hz, 1H, CH=O, E-isomer), 12.81 (d, J = 15.4 Hz,
1H, NH–CH, Z-isomer) 13.37 (d, J = 14.6 Hz, 1H,
NH–CH, E-isomer).

Synthesis of Cu(II) (I), Ni(II) (II), and Co(II) (III)
complexes. Metal acetate (0.5 mmol) (Cu(OAc)2·H2O
(0.1 g), Ni(OAc)2·4H2O (0.125 g), or Co(OAc)2·4H2O
(0.125 g)) in methanol (15 mL) was added to a hot
solution of ligand HL (0.243 g, 1 mmol) in methanol
(15 mL). The reaction mixture was refluxed for 3 h.
After cooling, the precipitate was collected on a filter,
washed three times with hot methanol (10 mL), and
recrystallized from toluene or a chloroform–methanol
mixture (1 : 1). The resulting crystalline compounds
were dried in a vacuum drying oven at 100°C.

Bis[2-nitro-3-(8-quinolylimino)prop-1-enoxy]cop-
per(II) (I). Light green powder. The yield was 0.183 g
(67%).

IR (ν, cm–1): 3064 w, 1621 s, 1596 m, 1558 m, 1525 s,
1494 s, 1470 s, 1376 s, 1343 s, 1295 s, 1259 s, 1214 m,
1180 w, 1120 w, 1082 w, 1060 w, 1039 w, 974 m, 830 m,
811 m, 788 m, 753 m, 723 w, 650 m, 620 m, 581 m.

μeff = 1.89 μB (294 K).

For C12H9N3O3

Anal. calcd., % C, 59.26 H, 3.73 N, 17.28
Found, % C, 59.19 H, 3.80 N, 17.19

For C24H16N6O6Cu
Anal. calcd., % C, 52.61 H, 2.94 N, 15.34
Found, % C, 52.49 H, 2.87 N, 15.29
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Bis[2-nitro-3-(8-quinolylimino)prop-1-enoxy]ni-
ckel(II) (II). Brown powder. The yield was 0.155 g
(57%).

IR (ν, cm–1): 3063 w, 1615 с, 1594 m, 1551 w,
1524 s, 1494 s, 1469 s, 1376 s, 1340 s, 1316 m, 1294 s,
1259 s, 1239 m, 1211 m, 1180 w, 1122 w, 1080 w,
1064 w, 1044 w, 971 m, 831 m, 811 m, 788 m, 753 m,
722 w, 650 m, 620 m, 579 m.

μeff = 3.07 μB (294 K).
Bis[2-nitro-3-(8-quinolylimino)prop-1-enoxy]co-

balt(II) (III). Orange powder. The yield was 0.147 g
(54%).

IR (ν, cm–1): 3065 w, 1611 s, 1594 m, 1553 w, 1524 s,
1494 s, 1469 s, 1396 m, 1377 s, 1341 s, 1293 s, 1259 s,
1211 m, 1180 w, 1121 w, 1081 w, 1063 w, 1042 w, 973 m,
830 m, 811 m, 788 m, 753 m, 723 w, 646 m, 620 m,
577 m.

μeff = 4.47 μB (294 K).
Elemental analysis for C, H, N was performed

using a TCM 480 Carlo Erba instrument.
1H NMR spectra were recorded on an Avance-600

spectrometer (Bruker, Germany) at 20°C. The proton
chemical shifts were referred to the residual solvent
signals (DMSO-d6). The IR spectra of the compounds
(as mineral oil mulls) were measured on a Varian
3100-FTIR Excalibur instrument in the 4000–
400 cm–1 range.

The specific magnetic susceptibility was deter-
mined by the relative Faraday method at room tem-
perature using Hg[Co(CNS)4] as the calibration stan-
dard.

Quantum chemical calculations were carried out
using the density functional theory (DFT) with the
B3LYP hybrid exchange correlation potential [19] in
the 6-311++G** split valence Gaussian basis set
extended by polarization and diffusion functions for
all atoms. The Gaussian’09 software was used [20].
The geometry optimization was carried out without
symmetry constraints; the potential energy surface
(PES) minima were characterized by the absence of
imaginary frequencies of the calculated normal vibra-
tions. The data and presentation graphics were pre-
pared and calculation results were visualized using the
Chemcraft software [21].

X-ray diffraction study of cobalt complex III was
carried out on a Bruker APEX2 diffractometer

For C24H16N6O6Ni
Anal. calcd., % C, 53.07 H, 2.97 N, 15.47
Found, % C, 52.99 H, 2.93 N, 15.44

For C24H16N6O6Co
Anal. calcd., % C, 53.05 H, 2.97 N, 15.47
Found, % C, 52.87 H, 2.94 N, 15.31
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Table 1. Crystallographic data and structure refinement details of complex III

* w = 1/[s2( ) + (0.0404P)2 + 3.4000P], where P = ( )/3.

Parameter Value

Molecular formula C24H16N6O6Co

M 543.36

Temperature, K 120(2)

Radiation (wavelength, Å) MoKα (0.71073)

Space group P21/c

Z 4

a, Å 14.102(5)

b, Å 9.319(3)

c, Å 17.111(5)

β, deg. 101.976(11)

V, Å3 2199.7(12)

ρ(calcd.), g/cm3 1.641

μ, mm−1 0.838

F(000) 1108

Number of measured/unique reflections 7416/4093

Number of ref lections with I > 2σ(I) 2436

Range of h, k, l −17 ≤ h ≤ 15; −11 ≤ k ≤ 8; −15 ≤ l ≤ 21

Range of θ, deg 2.43−25.99

Number of refined parameters 398

GOOF 0.938

R1 0.0620

wR(F 2)* 0.1552

Δρmax/Δρmin, e Å−3 1.085/–0.436

2
oF 2 2

o c2F F+
equipped with a CCD array detector and a source of
monochromatic radiation (MoKα radiation, λ =
0.71073 Å, graphite monochromator, ω scan mode).
The structure was solved by direct methods and
refined in the full-matrix anisotropic approximation
for all non-hydrogen atoms. The hydrogen atoms in
III were located from difference Fourier maps and
refined in the isotropic approximation. All calcula-
tions were carried out using the SHELXS-97 program
package [22]. The main crystallographic data for
cobalt complex III and refinement details are summa-
rized in Table 1; selected interatomic distances and
bond angles are given in Table 2.
RUSSIAN JOURNAL OF C
The full set of X-ray diffraction parameters is
deposited with the Cambridge Crystallographic Data
Centre (CCDC no. 2109263; deposit@ccdc.cam.
ac.uk).

RESULTS AND DISCUSSION
As a continuation of studies into the effect of the

natures of metal atom and substituent in the β-amino-
vinyl ketone and β-aminovinylimine molecules on the
structures and properties of the complexes they form
[14–17], we synthesized 2-nitro-3-(8-quinolyl-
amino)prop-2-enal (HL) and copper(II) (I),
nickel(II) (II), and cobalt(II) (III) chelates of this
ligand (Scheme 1).
OORDINATION CHEMISTRY  Vol. 48  No. 4  2022
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Table 2. Bond lengths and bond angles in complex III

Bond d, Å Bond d, Å

Co(1)–O(1') 2.077(3) N(1)–C(3) 1.296(5)
Co(1)–O(1) 2.079(3) C(1)–C(2) 1.395(6)
Co(1)–N(1) 2.091(3) C(2)–C(3) 1.430(6)
Co(1)–N(1') 2.099(3) O(1')–C(1') 1.261(5)
Co(1)–N(3) 2.102(4) N(1')–C(3') 1.303(5)
Co(1)–N(3') 2.103(3) C(1')–C(2') 1.402(6)
O(1)–C(1) 1.248(5) C(2')–C(3') 1.420(6)

Angle ω, deg Angle ω, deg

O(1')Co(1)O(1) 90.31(12) N(1)Co(1)N(3) 79.55(13)
O(1')Co(1)N(1) 99.47(12) N(1')Co(1)N(3) 99.75(12)
O(1)Co(1)N(1) 88.34(12) O(1')Co(1)N(3') 167.33(12)
O(1')Co(1)N(1') 87.71(12) O(1)Co(1)N(3') 90.64(12)
O(1)Co(1)N(1') 92.59(11) N(1)Co(1)N(3') 93.19(12)
N(1)Co(1)N(1') 172.77(13) N(1')Co(1)N(3') 79.63(13)
O(1')Co(1)N(3) 89.16(12) N(3)Co(1)N(3') 92.58(13)
O(1)Co(1)N(3) 167.62(12)
Scheme 1.

Ligand HL was prepared by two methods. The first
method was based on the reaction between the nitro-
malondialdehyde sodium salt and 8-aminoquinoline
hydrochloride in aqueous ethanol for 15–18 h. The
second method included condensation in situ of pre-

synthesized 3-hydroxy-2-nitroprop-2-enal (see
Scheme 1) and 8-aminoquinoline in ethanol at 50–
55°C for 3 h. Previously, it was shown that aromatic
amines can react with β-dicarbonyl compounds to
give β-aminovinylimines [17, 23–25]. However,
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despite numerous attempts, we were unable to obtain
nitromalondialdehyde β-aminovinylimine (HL1) (see
Scheme 1). However, two examples of compounds of
this type based on malondialdehyde and 2-(4-
tolyl)malondialdehyde have been reported in the liter-
ature [26, 27]. Probably, the presence of the nitro

group in the aldehyde moiety of the molecule affects
the addition of the second quinoline substituent.

β-Aminovinyl ketone HL was identified by ele-
mental analysis and IR and NMR spectroscopy.

The compound HL can exist as, at least, two tau-
tomers (A and B) and E,Z-isomers (Scheme 2).

Scheme 2.

The IR spectrum of β-aminovinyl ketone HL did
not show absorption band at 1700 cm–1, characteristic
of non-conjugated C=O bond. Meanwhile, the spec-
trum exhibited a weak band at 1681 cm–1, which was
assigned to the ν(CO) mode of Z-isomer, and three
intense bands at 1658–1604 cm–1, which corre-
sponded to the O=CH–CR=C–NH moiety and
‒HC=CH– and –CH=N– groups of the quinoline
substituent. These bands were also detected in the
1650–1560 cm–1 range of the spectra of close ana-
logues of the HL ligand, quinoline-containing benzo-
ylacetone (HL2) and 3-hydroxy-1-phenylprop-2-ene-
1-one (HL3) enamines [14]. This attests to participa-
tion of the C=O and C=N bonds of the aldehyde moi-
ety in conjugation, as can be seen in structures A and
B. The highest-frequency band of this group at
1659 cm–1 corresponds to the ν(CO) stretching
mode of the E-isomer and is shifted by, on average,
~30 cm–1 to shorter wavelengths relative to the bands
of enamines HL2 and HL3. The nitro group is mani-
fested in the IR spectrum of HL as two symmetric
and antisymmetric stretching bands at 1340 and
1500 cm–1. However, it is difficult to make an unam-
biguous choice between the keto-amine and imino-
enol tautomers from IR spectroscopic data.

The most stable configurations of HL were deter-
mined by B3LYP/6-311++G** DFT calculations.
The optimal conformers of tautomeric and E,Z-iso-
meric forms and their relative energies are depicted in
Fig. 1.

According to quantum chemical simulation data,
tautomer A (in the E-conformation), in which all
hydrogen atoms are located on the nitrogen atoms of
the aldehyde moiety, is most stable (in the gas phase),
which is in line with NMR data. The Z-isomer of tau-
tomer A is slightly destabilized (by 2.98 kcal/mol) rel-
ative to the E-isomer. Thus, considering this slight

energy difference, tautomer A is expected to exist
simultaneously as both E- and Z-isomers. The relative
energy of tautomer B in both E,Z-isomeric forms is
markedly higher (10.63 and 22.44 kcal/mol) than the
energies of tautomer A in E,Z-conformations, indicat-
ing low probability of formation of tautomer B.

Most detailed information about the structure of
compound HL was derived from NMR studies. The
1H NMR spectrum of β-aminovinyl ketone HL in
DMSO-d6 shows two sets of resonance signals with
4 : 1 intensity ratio, which makes it different from the
spectra of enamines HL2 and HL3 [14]. This means
that compound HL exists in solution as a mixture of
either two isomers or two tautomers. However, the
presence of a doublet at 8.79 ppm (J = 15.4 Hz) and a
doublet of doublets at 9.37 ppm (J = 14.6 Hz, J =
3.5 Hz) for the CHNH methine proton and the pres-
ence of two low-field doublets for the resonating NH
protons at 12.81 ppm (J =15.4 Hz) and 13.37 ppm (J =
14.6 Hz) unambiguously point to the existence of
keto-amine tautomer A and the absence of B. Hence,
the observed 1H NMR spectrum of HL is determined
by the presence of E/Z-isomers in the solution, with
the E-isomer predominating. It gives rise to a doublet
of doublets for the CHNH methine proton at
9.37 ppm and two doublets at 10.17 and 13.37 ppm,
corresponding to the resonating protons of the CH=O
and NH groups, respectively. The signals of the above-
listed protons of the minor Z-isomer are manifested as
a doublet at 8.79 ppm, a singlet at 9.95 ppm, and a
doublet at 12.81 ppm, respectively. Thus, compound
HL exists as the keto-amine tautomer. Both in the
solid state and in solution, the presence of both E- and
Z-isomers is observed; this is in good agreement with
the results of quantum chemical calculations and dif-
ferentiates β-aminovinyl ketone HL from quinoline-
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Fig. 1. Spatial structure and relative energies ∆E (kcal/mol) of isomeric and tautomeric forms of HL in the gas phase according
to the B3LYP/6-311++G** data. 

А (Е-isomer)
ΔЕ = 0 kcal/mol

А (Z-isomer)
ΔЕ = 2.98 kcal/mol

А (Z-isomer)
ΔЕ = 7.04 kcal/mol

B (E-isomer)
ΔЕ = 10.63 kcal/mol

B (Z-isomer)
ΔЕ = 22.44 kcal/mol
containing analogues HL2 and HL3, which exist as
single isomers.

Metal chelates I–III were obtained by reactions of
β-aminovinyl ketone HL with Cu(II), Ni(II), and
Co(II) acetates in methanol. According to elemental
analysis data, the composition of complexes was ML2.

The IR spectra of metal chelates I–III do not
exhibit the group of absorption bands in the 1680–
1600 cm–1 range, present in the spectra of uncoordi-
nated β-aminovinyl ketone HL, but exhibit new bands
at 1621–1611 and 1595 cm–1. Relying on the data of
[28], these bands were assigned to delocalized C=O,
C=C, and C=N bonds. The results of IR investiga-
tions suggest that HL participates in the complex for-
mation reactions in the deprotonated (L) imino-enol
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
form. The coordination bonds are localized on the
imine and quinoline nitrogen atoms and the oxygen
atom to give the MN4O2 chelate unit. The spectra of all
metal chelates differ little from one another, which
may be indicative of their similar structure.

The magnetochemical measurements of metal
chelates I–III were performed in the 294–77 K tem-
perature range. All compounds were paramagnetic.
The μeff values (1.89 (Cu), 3.07 (Ni), and 4.47 μB
(Co)) did not change as the temperature decreased
down to 77.7 K. Nickel complex II was paramagnetic
not only in the solid state, but also in solution, as indi-
cated by extension of the scale of 1H NMR chemical
shifts and the observed paramagnetic broadening of
the proton signals of the ligand system, typical of high-
  Vol. 48  No. 4  2022
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Fig. 2. Molecular structure of cobalt(II) complex III with
atoms represented by displacement ellipsoids (p = 50%).
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spin Ni(II) chelates [29]. The high-spin nature of
complex II unambiguously attests to a non-planar
geometry of the complex and is related to the forma-
tion of a tetrahedral or octahedral coordination unit.
The magnetic moment of metal chelate II, like those
for previously studied nickel complexes of β-aminovi-
nyl ketones HL2 and HL3 [14], was consistent with the
octahedral structure and additional coordination to
the nitrogen atoms of quinolyl substituents. Mean-
while, when a naphthyl substituent is present instead
of the quinolyl group at the azomethine nitrogen
atom, Ni(II) β-aminovinyl ketonates are square planar
and diamagnetic [14]. Thus, the presence of the addi-
tional donor site, the quinoline nitrogen atom, enables
the formation of octahedral chelate unit of the com-
plexes. The data of magnetochemical measurements
for copper (I) and cobalt (III) chelates were less infor-
mative. They attested to the mononuclear structure of
complexes and to the d9 state of the copper ion,
S =1/2, and the high-spin d7 state of cobalt, S = 3/2,
and the absence of noticeable intermolecular
exchange interactions in the crystalline state at tem-
peratures above 77.7 K.

The final conclusion about the structure of Co(II)
β-ketoiminate chelate III was drawn from X-ray dif-
fraction data. The molecular structure of III is
depicted in Fig. 2; selected geometric characteristics
are presented in Table 2.

Compound III crystallizes in a centrosymmetric
space group, and the molecule occupies a general
position. Two deprotonated tridentate β-aminovinyl
ketones HL and the cobalt(II) ion form the CoN4O2
pseudo-octahedral chelate unit with cis-arrangement
of the O atoms (the O(1')Co(1)O(1) angle is
90.31(12)°). The coordinated ligands are orthogonal
to each other, with the dihedral angle between them
being 89.65°. Two six-membered metallacycles are
virtually planar. The displacements of the cobalt atom
from the O(1)–C(1)–C(2)–C(3)–N(1) and O(1')–
C(1')–C(2')–C(3')–N(1') planes are 0.054 and
0.062 Å, which is equivalent to folding angles along
the N(1)–O(1) and O(1')–N(1') lines of 2.006° and
2.324°, respectively. Two five-membered metallacy-
cles are f lattened to a to a lesser extent, with the cobalt
atom deviating from the N(1)–C(12)–C(4)–N(3)
and N(1')–C(12')–C(4')–N(3') planes by 0.135 and
0.07 Å and folding angles along the N(1)–N(3) and
N(1')–N(3') lines of 4.82° and 2.54°, respectively. The
N(4)O(2)O(3) and N(4')O(2')O(3') nitro groups are
rotated relative to the planes of metallacycles by 8.08°
and 3.7°, respectively. The planarity of the ligands
results in abnormally shortened C(3)H…HC(11)
intramolecular contacts with the H…H distance of
1.87 Å. According to our studies, shortened contacts of
this type in coordinated compounds may correspond
to attractive interactions [30].

In the molecule of III, the Co(1)–O(1), Co(1)–O(1')
distances are shorter than Co(1)–N(1), Co(1)–N(1')
RUSSIAN JOURNAL OF C
(Table 2), and are longer than the corresponding bond
lengths in the square planar or tetrahedral cobalt(II)
β-ketoiminates [3, 31]. The nitrogen atoms of the quino-
line rings are coordinated to the cobalt atom at distances
of 2.104 and 2.105 Å, respectively. The bond lengths
are, on average, ~0.18 Å longer than the corresponding
Co–N distances observed in bis[2,4-di-tert-butyl-6-[8-
quinolyliminomethyl]phenoxy]Co(II) [32]. The bond
lengths and bond length distribution in the six-mem-
bered metallacycles (O(1)–C(1)–C(2)–C(3)–N(1),
O(1')–C(1')–C(2')–C(3')–N(1')) of complex III
(Table 2) indicate that the deprotonated HL ligand exists
as the delocalized enol-imine form.

Analysis of the intermolecular contacts demon-
strated that the molecules in the crystal form short-
ened intermolecular contacts between the electron-
withdrawing and electron-donating parts of the ligand
π-systems with the shortest C…C distance of 3.39 Å.
This contact and the parallel arrangement of the inter-
acting ligands unambiguously attest to the presence of
stacking interactions.

Thus, the reactions of nitromalondialdehyde
β-aminovinyl ketone containing a coordinatively
active quinoline substituent in the amine moiety with
Cu(II), Ni(II), and Co(II) acetates resulted in the
synthesis of mononuclear complexes of these metals.
The structures of the ligand and metal chelates were
confirmed by IR and NMR spectroscopy, magne-
tochemistry, and X-ray diffraction data. The resulting
metal-chelates have octahedral chelate unit, irrespec-
tive of the nature of the metal. The results of this study
OORDINATION CHEMISTRY  Vol. 48  No. 4  2022
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and earlier studies of quinoline-containing ketoimi-
nate complexes indicate that substituents in the ketone
moiety have little influence on the formation of the
coordination polyhedron for this type of compounds.
In this respect, these compounds differ from the metal
chelates of β-aminovinyl ketones containing aryl sub-
stituents with an ortho-thioester group in the amine
component of the molecule [15].
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