88 ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2022, No. I, pp. 8§-94

UDC 547+546.47'712'732'742

LV. Raspertova °, D.M. Khomenko ¢, Z.D. Uzakbergenova ®, R.O. Doroshchuk *, R.D. Lampeka *

THE STRUCTURE AND SPECTROSCOPIC CHARACTERIZATION OF
COORDINATION COMPOUNDS WITH a-PHENYL-N-METHYLNITRONE IN
SOLUTION AND IN SOLID STATE

2 Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
b Karakalpak State University, Nukus, Uzbekistan

New coordination compounds of a-phenyl-N-methylnitrone with Cu?*, Mn?*, Ni**, and
UO,>* were synthesized. Complexes were studied by means of IR, NMR and UV-Vis
spectroscopies. The crystal and molecular structure of uranyl complex with a-phenyl-N-
methylnitrone was determined by X-ray diffraction study. The monodentate nitrone ligands
are coordinated to the metal ion via oxygen atom. The coordination polyhedron of uranium
is a distorted hexagonal bipyramide. It was shown that there is dynamic process in the
acetone solution in the temperature range of 203—297 K. The ligand exists as a trans-
isomer for both present forms of organic ligand by the NOE difference. Dimeric copper(I1)
benzoate was obtained via recrystallization of the copper complex with a-phenyl-N-
methylnitrone from methanol solution. According to X-ray diffraction analysis, the
environment of each of the copper atoms is octahedral. The coordination sphere is formed
by six oxygen atoms. Three anions of benzoic acid are coordinated bidentate-bridged
through oxygen atoms of the carboxyl group, while one molecule of benzoic acid is

coordinated monodentatically through the carboxyl oxygen atom.
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Introduction

The considerable interest of researchers in the
organic chemistry of nitrones is caused by a diversity
of their chemical properties and synthetic utility [1—
4]. These compounds can react with both
nucleophiles and electrophiles in addition and
substitution reactions due to their electronic structure
[3—5]. They find application as spin traps for the
study of various processes in biological systems [6].
High electron density on the oxygen atom of the
nitrone group facilitates the complex formation, but
the coordination chemistry of this class of compounds
is largely unexplored. There are a number of papers
devoted to the study of complexation both transition
metals [7,8] and non-transition metals [9]. Usually,
these are multi-ligand complexes where the
derivatives of acetylacetonates, porphyrin, and others
serve as additional ligands.

Earlier we studied the coordination properties
of five-membered heterylnitrones, namely C-2-
thiophene-N-methylnitrone, C-2-furan-N-
methylnitrone and C-2-pyrrole-N-methylnitrone

[10,11]. Herein, we describe the synthesis and
characterization of coordination compounds with
o-phenyl-N-methylnitrone, as a simplest
representative of aromatic nitrones.

Experimental

Solvents were used as supplied or were distilled
using standard methods. Reagents were purchased
from Aldrich or Fluka. The IR spectra (KBr, pellet)
were recorded with Spectrum BX Perkin Elmer
spectrometer. Absorption spectra were measured
using a UV-2800 spectrophotometer (Unico, USA).
'H NMR spectra were recorded on Bruker Avance
DPX300 spectrometer. Electroconductivity
measurements for uranyl complex were made at room
temperature in acetone solutions in the concentration
range of 0.02 to 0.002 mol I7!'. Elemental analyses
were carried out with a Perkin-Elmer 2400 CHN
Analyzer.

X-ray diffraction data for compound 4 (see
below) were collected with an Enraf-Nonius CAD4
diffractometer. An empirical absorption correction
based on azimuthal scan data was applied. The
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structure was solved by direct methods and refined
by full-matrix least-squares technique in the
anisotropic approximation using the CRYSTALS
program package [12]. All hydrogen atoms were
located in the different Fourier maps and refined
isotropically.

Crystal data for the Cu(Benzoat),(Hbenzoat),
(5) were collected using a KM4CCD area detector
diffractometer. The structure was solved by direct
methods and refined by the least-square method using
the programs SHELXS and SHELXL-93 [13]. All
the non-hydrogen atoms were refined anisotropically.

The crystallographic parameters and summary
of data collection for compounds 4 and 5 are listed
in Table 1. Full crystallographic data have been
deposited with the Cambridge Crystallographic Data
Center and are available on request quoting the
depository numbers CCDC- 204911 and CCDC-
204910 for 4 and 5, respectively.

Synthesis of ligand and metal complexes (1)—(4)

The starting materials for the synthesis of
o-phenyl-N-methylnitrone (L) were commercially
available benzaldehyde and N-methylhydroxylamine
hydrochloride. The ligand L was prepared according
to the standard procedure [1] (m.p. 82—84°C).

Complex compounds were synthesized through
the following reaction:

MCL,+2L->ML,Cl,,
Table 1
Selected crystal data and structure refinement parameters
of 4 and 5

Parameter Value or characteristic
Empirical formula C16H18U010N4 C42H32CU,2012
Molecular weight 332.18 855.8
Crystal system monoclinic monoclinic
Space group P2,/n P2,/n
a, A 7.765(3) 10.795(2)
b, A 13.325(3) 11.536(2)
c, A 10.392(2) 15.096(3)
B,° 100.41(2) 90.87(3)
V,A° 1057.5 1879.7(6)
Z 1 2
Deaie, mg mm 2.09 1.229
i, mm_' 7.33 1.179
Crystal size, mm’ 0.26x0.34x0.4| 0.22x0.3x0.4
BOmins Omaxs 0 to 30 3.53 to 28.39
Reflections collected 3082 4351
Independent reflections 1352 3693
GOF 1.044 1.131
R, (I>25(D)) 0.0525 0.0448
wR; (all data) 0.0560 0.0883

where M= Cu?* (1), Mn?* (2), and Ni** (3);

UO,(NO;),+2L—-UO0,L,(NO,), (4).

ML,Cl,

All compounds of 3d-metals were prepared by
the same procedure. For example, in a typical
synthesis, a solution of copper chloride
CuCl,2.06H,0 (0.04 g, 0.23 mmol) in mixture of
acetonitrile:methanole (10:1) (~5 ml) was added to
a hot solution of the ligand (0.06 g, 0.46 mmol) in
acetonitrile (~3 ml) at stirring. After cooling, brown
microcrystals of CuL,Cl, (1) were collected and
washed with acetonitrile. Yield 0.057 g (60.8%). IR
UV/vis (CH;CN): A (4.0=460 nm (660). IR
(KBr): v=1640 (C=N), 1145 (N-0).
C,¢H;Cl,CuN,0O, (404.77): calcd. C 47.47, H 4.48,
N 6.92, Cu 15.70; found: C 47.81, H 4.32, N 6.84,
Cu 15.62.

MnL,Cl, (2)

Orange microcrystalline powder. UV/vis
(CH;CN): Aoy (Ea)=440 nm (40). IR (KBr):
v=1620 (C=N), 1160 (N—O). Yield 70.2%.
C,H,sC1,MnN,0, (396.16): calcd. C 48.51, H 4.58,
N 7.07; found: C 48.59, H 4.75, N 7.43.

NiL,Cl, (3)

Red microcrystalline powder. UV/vis
(CH;CN): Ay (£120=570 nm (31), 620 nm (47),
670 nm (29). IR (KBr): v=1625 (C=N), 1160
(N—O). Yield 42.4%. C,¢H,;Cl,NiN,O, (399.91):
caled. C 48.05, H 4.54, N 7.01; found: C 47.92, H
448, N 7.21.

UO,LANOy), (4

A solution of UO,(NO,),-6H,0 (0.251 g,
0.5 mmol) in acetonitrile (4 ml) was added to a
solution of L (0.135 g, 1 mmol) in acetonitrile (6
ml). The mixture was allowed standing at room
temperature in a vacuum desiccator over CaCl, for
~40 h. The resulting yellow crystalline precipitate
was filtered off, washed with cold acetonitrile, and
dried over CaCl,. Yield: 0.282 g (85%). IR (KBr):
v=1630 (C=N), 1160 (N—0). C,;H;;N,O,,U
(664.34): caled. C 28.92, H 2.73, N 8.44; found: C
28.33, H 2.53, N 8.67.

Results and discussion

Infrared spectra

The IR spectra of the coordination compounds
are very similar. Infrared spectra of the complexes
show a single strong absorption in the 1145—
1170 cm™' region which has been assigned to N—O
stretching frequency [8]. The v(C=N) vibration is
seen at 1620—1640 cm™'. The v(C=N) frequency is
increased by 35—50 cm™! and v(N—O) frequency is
lowered by 10—35 cm™! with respect to the a-phenyl-
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N-methylnitrone. The observed shifts are in
agreement with the coordination of the nitrone to
the metal atoms through the oxygen atom [8].

Electronic spectra

Electronic spectra of 1—3 were studied in
acetonitrile at ambient temperature. Thus, the spectra
of 1 show a band maximum at 460 nm (¢=660) and
the spectra of 2 show a band maximum at 440 nm
(e=40). This spectral feature is characteristic of four-
coordinate complexes. Complex 3 exhibits a visible
bands at 570 nm (¢=31), 620 nm (¢=47) and 670 nm
(e=29). The spectral features are testified to the
presence of different coordination parts in a solution.
At the same time, the diffuse reflectance spectrum
of the complex 3 exhibited an absorption in the visible
region at ~500 nm, which corresponds to a d—d
transition in a square planar environment around
nickel(II). The band at ~360 nm is a charge transfer
band that observable in the diffuse reflectance
spectrum of the low-spin complex of nickel(II).

The green single crystals of compound
Cu,(Benzoat),(HBenzoat), (5) (Hbenzoat — benzoic
acid) were obtained at recrystallization of complex
I from methanol. The IR spectrum of 5 shows
carboxylate bands at 1610 cm™ for v,,,(OCO) and
1400 cm™ for v, (OCO). The complex
Cu,(Benzoat),(HBenzoat), has a dimeric molecular
array (Fig. 1). The copper atom has a significantly
distorted octahedral environment. Four anions of
the benzoic acid are coordinated in a bidentate-
bridging fashion. Two molecules of the benzoic acid
are coordinated monodentatically. This compound
is isostructural with respect to compounds obtained
directly from copper carbonate and benzoic acid [14]
as well as copper nitrate and benzoic acid [15].

It is well known that nitrones are able to

Fig. 1. Molecular structure of 5

decompose under certain condition (pH, hv) yielding
starting components: aldehyde and corresponding
N-hydroxylamine derivative. In our case,
benzaldehyde is oxidized to benzoic acid under the
influence of air oxygen and moisture. In one’s turn,
the ions of metals can provide catalytic activity in
oxidation reaction. The reactions may occur in the
solution according to Scheme 1.

HOH
—_— + CH;NHOH
| |
N+ (0]
AN
.O/
cu?) 0,
OH
5 0

Scheme 1. Decomposition of the a-phenyl-N-methylnitrone to

benzoic acid

NMR spectroscopy

The '"H NMR spectra of complex 4 show a
low-field shift of CH=N and N-methyl group for
0.7 ppm and 0.3 ppm, respectively. The broadening
of signals from CH=N and CH, can be explained
by the presence of some exchange interaction in
acetone solution. This dynamic process can be
concerned both with ligand isomerism and with
rearrangement in the coordination sphere. This
question has been further examined by NMR
experiment at low temperature (Fig. 2). Thus, a very
broad signal appeared for all protons at 253 K and it
became sharper at 203 K. Double set of signals for
the protons of the ligand can be seen at this
temperature. Is this related to the presence of cis-,
trans- isomers of the ligand? This question has been
further examined by the NOE difference (Fig. 3).
We can conclude that L behaves as trans-isomer
and NOEs are observed for the azomethyne and
methyl protons for both present forms of organic
ligand. Thus, observed dynamic process does not
relate to isomerism of the ligand, but apparently
induced the rearrangement in the coordination
sphere, for example, a dissociation process. Let us
concentrate on this in more detail. Dissociative
process can be concerned with dissociation complex
removal organic part (1) as well as nitrate groups (2)
(Scheme 2). In case of (1), we observed in NMR
spectrum signals from protons of free ligand, but
this did not occur. Electroconductivity measurements
for 4 were made at room temperature in acetone
solution in the concentration range 0.02—0.002 mol 1™
for elucidation of dissociation of the nitrate groups
(2). It was shown that the acetone solutions of
UO,L,(NO,), are weak electrolytes (C=2.0-10"2—
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Fig. 2. '"H NMR spectra of 4 obtained at 297 K (a), 253 K (b) and 203 K (c) in acetone-d6
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Fig. 3. 1D NOESY experiment with selective excitation azomethine proton (bottom) and 'H NMR spectra (top)
of 4 obtained at —70°C
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0.2-102mol I, A=15—19 Q! cm? mol '), therefore
very probably the structure of the coordination unit
is preserved in acetone and the observed dynamic
process do not induce the dissociative process.

UO,L5(NO3); === UO3L»(NOg3), + L

+ -
UO,L,(NO3), === [UOsz(NO3)] +NO;

Scheme 2. Claimed dissociative processes of 4

The dynamic process that we observe in our
system is caused by a very rapid change in the position
of the phenyl rings relative to the equatorial plane of
uranium at ambient temperature (Scheme 3). It is
expected that the rotational speed of the phenyl
groups decreases with decreasing temperature. At
253 K, all signals are significantly widened. As the
temperature decreases further, the signals begin to
coalesce. As mentioned above, a double set of signals
is observed in the spectrum at 203 K, which
corresponds to the two «extreme» positions of the
phenyl ring.
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Scheme 3. Rotation of phenyl rings in the complex 4 (nitrate
groups are not shown for clarity)

Description of the structure 4

The coordination sphere of U in UO,L,(NO,),
is a hexagonal bipyramid (coordination number is
eight), with two oxo-ligands in axial positions and
six oxygen atoms of the C=N*—O~ and nitrate groups
in the equatorial plane (Fig. 4). The uranyl group is
linear with normal average U—O(2) length of
1.74(1) A and an angle of 179.99°. As can be seen
from Fig. 4, ligand exists in the trans-form and
coordinates via the oxygen atom of nitrone group
(U—=0 2.361(11) A). The coordinated ligand
demonstrates a nitrone N—O bond length of
1.334(14) A and C=N length of 1.265(18) A. The
C-phenyl ring is twisted 8.2° from the nitrone plane
and 103.9° from the equatorial plane of complex.

The planar four-membered metallacycle
UO(3)N(2)O(4) is characterized by an average UON
angle of 97.2° and an average bond length U—O of
2.532 A. The nitrate groups have a practically planar
quasi-triangular structure with an endocyclic angle
O(4)N(2)O(3)=115.9° and exocyclic angles of ca.

122.3° The nitrate group is slightly distorted due to
the coordination with N(2)—0(3)=1.239 A and
N(2)—0(4)=1.272 A, but N(2)—0(5)=1.213 A.

Fig. 4. Molecular structure of 4

Conclusions

The coordination behavior of a-phenyl-N-
methylnitrone was studied. The new coordination
compounds of copper, manganese, nickel and uranyl
were characterized by IR and UV-Vis spectroscopies.
Based on NMR spectroscopy data in the temperature
range of 203—293 K, a dynamic process was proposed
for the uranyl complex in acetone solution. The
crystal and molecular structure of uranyl complex
with a-phenyl-N-methylnitrone was determined by
X-ray diffraction study. The monodentate nitrone
ligands are coordinated to the metal ion via oxygen
atom. The coordination polyhedron of uranium is a
distorted hexagonal bipyramide.
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BYIOBA TA CIEKTPOCKOIITYHA XAPAKTEPUCTHUKA
KOOPAMHAIIIMHUX CITIOJIYK 3 a-PEHII-N-
METWIHITPOHOM B PO3YHMHI TA TBEPAOMY CTAHI

L.B. Pacnepmosa, JI.M. Xomenko, 3./[. Y3axbepeenosa, P.0O.
Jopowyxk, P.JI. Jlamnexa

B naniit pobOTi CMHTE30BaHO HOBiI KOOPIMHALIiIHI cro-
syku Migi(Il), manrany(Il), nikemo(I1) Ta ypanin-iony 3 a-deHin-
N-metunHiTpoHOM. KOMIuTekcr oxapakTepru30BaHO 3a IOITOMO-
roro Y4, AMP Ta eneKTpoHHOI CIIEKTpOCKOIIii. 3a TOIOMOTOI0
PEHTTEHOCTPYKTYPHOTO aHaJli3y BCTAHOBJIEHO OYIOBY ypaHib-
HOTO KOMILIeKCy 3 a-¢eHisi-N-meTunHiTpoHoM. B exBaTtopi-
aJIbHIl TUIOIIMHI IBa JIiraHAU KOOPAUHYIOThCS Yepe3 aTOM KHUC-
H10. Pelra yotupu micus 3aifHsITI ABOMA HiITpAaTHUMMU Ipynami,
KoopAMHOBaHMUMU OimeHTaTtHO. KoopauHaliitHmii moJtienp ypa-
Hy — BUKpUMBJIEHa rekcaroHajbHa Oinipamina. st KoMIuiekey
ypaHijly Toka3aHo, 1o B niana3zoHi temnepatyp 203—297 K B
alleTOHOBOMY PO3YMHI BilOyBa€ThCSl IMHAMIYHUI Tpoliec. Anep-
HUil eekT OBepxay3epa CrOCTePiraeTbest Mixk a30METUHOBUMU
Ta METUJIbHUMU MTPOTOHAMM JUISI ABOX MPUCYTHiX (pOpM opraHi-
YHOTO JliraHay. JliraHa 3HaXOMUTBCS y BUTIISIIE MpaHc-i3oMepy.
Lnsaxom nepexpuctanizauii komrekey Migi(Il) 3 a-denin-N-
METWIHITPOHOM OyJi0 ofepxaHo nuMepHui OeHszoat Mimi(ll).
3a JaHUMU PEHTIeHOCTPYKTYPHOIO aHajlizy KOXEH aToM Mili
Mae okTaespuuHe oToueHHsl. Koopaunariiiina cdepa copmo-
BaHa LIiCTbMa aTOMaMU KUCHIO. Tpu aHioHM O€H30MHOI KUCI0-
T KOOPIWHOBaHI OiIEHTATHO-MiCTKOBO Yepe3 aTOMU KHUCHIO Kap-
OOKCWJIBHUX TPYII, OAHA MOJIeKyJla OEH30MHOI KUCIOTH — MO-
HOJIGHTaTHO 4epe3 KUCeHb KapOoKCUJTy.

KuoyoBi cyioBa: HiTpOH, KOOpAWHALIIMHI CITOJTYKH, YPaHiJI,
KkpucraiiyHa oynosa, IMP-cniektpockomisi.
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New coordination compounds of a-phenyl-N-
methylnitrone with Cu?*, Mn?*, Ni?*, and UO,>* were synthesized.
Complexes were studied by means of IR, NMR and UV-Vis
spectroscopies. The crystal and molecular structure of uranyl
complex with a-phenyl-N-methylnitrone was determined by X-
ray diffraction study. The monodentate nitrone ligands are
coordinated to the metal ion via oxygen atom. The coordination
polyhedron of uranium is a distorted hexagonal bipyramide. It
was shown that there is dynamic process in the acetone solution
in the temperature range of 203—297 K. The ligand exists as a
trans-isomer for both present forms of organic ligand by the NOE
difference. Dimeric copper(Il) benzoate was obtained via
recrystallization of the copper complex with a-phenyl-N-
methylnitrone from methanol solution. According to X-ray
diffraction analysis, the environment of each of the copper atoms
is octahedral. The coordination sphere is formed by six oxygen
atoms. Three anions of benzoic acid are coordinated bidentate-
bridged through oxygen atoms of the carboxyl group, while one
molecule of benzoic acid is coordinated monodentatically through
the carboxyl oxygen atom.
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