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Abstract—A new molecular binuclear vanadium(V) complex [VO(L)(OCH3)]2 (I) is synthesized in which
ligand H2L is prepared by the reaction of isonicotinic acid hydrazide (INAH, isoniazide) with 1-phenyl-1,3-
butanedione. Ligand H2L and complex I are studied by elemental analysis, IR spectroscopy, mass spectrom-
etry, and X-ray diffraction (XRD) (CIF files CCDC nos. 2172124 and 2172125, respectively). The composi-
tion and structure of the ligand in the free state is additionally studied by NMR spectroscopy. The bidepro-
tonated organic ligand L2– coordinates to the metal atom via the tridentate mode through a set of donor atoms
ONO to form two conjugated metallocycles. Different tautomeric forms are stabilized in H2L and in the cor-
responding coordinated ligand.
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INTRODUCTION
Vanadium plays an important role in biological

systems, since it is a significant element for the most
part of living beings and is found in soil, oil, water, and
air [1]. The role of vanadium in biological systems is
manifested as both structurally stabilizing diverse bio-
logical forms of compounds and functionally provid-
ing the key activity of various sites of protein, enzyme,
and coenzyme molecules [2]. Although the biological
significance of vanadium has been acknowledged long
ago [3] and this element is a component of many drugs
for the treatment of diabetes, cancer, and parasite-
induced diseases, vanadium is also interesting in the
area of coordination chemistry as a metallic site with
different oxidation states, coordination numbers, and
preferences to donor atoms.

Pyridinecarbonyl coordinating agents, especially
Schiff bases, are f lexible and universal ligands with
high and diverse capabilities of coordinating to metal
ions with the formation of complexes with various
molecular architectures [4]. In addition, it is known
that isonicotinic acid hydrazide itself (isoniazide,
INAH) is an antituberculous remedy and, hence, is
frequently used for studying the formation of com-
plexes with biological properties. Isoniazide is a

polydentate ligand and can be coordinated in both
keto and enol forms depending on the reaction condi-
tions. The reactions of INAH with β-diketones afford
Schiff bases forming, in the presence of metal ions,
mono-, bi-, and polynuclear coordination com-
pounds in which these ligands can coordinate as
bridging ligands via the polydentate mode to both one
and two metal atoms [5–12]. We synthesized the
ligand 5-hydroxy-3,5-dimethyl-4,5-dihydro-1H-pyr-
azol-1-yl)(pyridin-4-yl)methane by the reaction of
isonicotinic acid hydrazide with 2,4-pentadione due
to the additional condensation of one terminal frag-
ment. The ligand reacted with [Co(DfgH)2Br(H2O)]
(DfgH2 is diphenylglyoxime) to form a complex in
which this ligand substituted the water molecule [13].
It was revealed that the condensation of the same
organic molecules afforded 2,4-pentanedione isonic-
otinoyl hydrazone, which reacted with the vanadium
salts to for both mono- and binuclear complexes [6, 7].

In this work, we present both the new vanadium(V)
complex [VO(L)(OCH3)]2 (I) with the ligand synthe-
sized by the reaction of isonicotinic acid hydrazide
with 1-phenyl-1,3-butanedione (Н2L) and the ligand
itself in the free state.
195



196 BOUROSH et al.
EXPERIMENTAL

Commercially available reagents (including sol-
vents) from Sigma-Aldrich were used as received:
isonicotinic acid hydrazide (98%) (HPLC), 1-phenyl-
1,3-butanedione (99%), oxovanadium acetylaceto-
nate (98%), ethanol (95%), and methanol (99.8%).

Synthesis of 1-phenyl-1,3-butanedione isonicotinoyl
hydrazone (H2L) [14]. 1-Phenyl-1,3-butanedione
(1.62 g, 10.0 mmol) was added to a warm solution of
isonicotinic acid hydrazide (1.37 g, 10.0 mmol) in eth-
anol (7 mL). The resulting solution was heated at 75–
78°С until a brown color appeared (~20 min). After
12 h, a yellow crystalline substance (1.45 g) was
formed, filtered off, washed with ethanol and diethyl
ether, and dried in air. The crystals are soluble in chlo-
roform, dimethylformamide, dimethyl sulfoxide, and
ethyl and methyl alcohols, and partially in water. The
yield was ~50%.

IR (ν, cm–1) for Н2L: 3220 m, 3200 sh, 3058 w,
3039 w, 3026 w, 2967 vw, 2927 w, 2837 w, 1664 s,
1596 s, 1574 m, 1550 vs, 1528 vs, 1507 vs, 1483 s,
1431 s, 1410 m, 1378 m, 1305 s, 1281 s, 1272 s, 1214 s,
1187 s, 1113 m, 1086 m, 1063 s, 1039 m, 1027 m,
1022 w, 972 w, 925 m, 870 w, 845 s, 833 s, 800 w, 738 s,
714 s, 691 w, 665 m, 648 s, 620 w, 613 m, 565 m, 540 w,
529 w, 490 w, 485 w, 432 m, 413 w, 406 w.

1H NMR (400 MHz, 25°С, CDCl3; δ, ppm): 2.10
(s, 3H, CH3), 3.01 (d, 1H, CH2, J = 18.6 Hz), 3.37 (d,
1H, CH2, J = 18.6 Hz), 5.32 (s, 1H, NH), 8.71 (d, 2H,
Py, J = 3.7 Hz), 7.76 (d, 2H, Py, J = 4.5 Hz), 7.45 (d,
2H, Ph, J = 7.7 Hz), 7.38 (d, 2H, Ph, J = 7.4 Hz), 7.31
(t, 1H, Ph, J = 7.0 Hz). 13С NMR (400 MHz, 25°С,
CDCl3; δ, ppm): 16.1 (1С, CH3), 53.8 (1C, CH2),
94.6 (1C, Ph), 123.5 (2C, Py), 123.9 (2C, Ph), 128.3
(1C, Ph), 128.8 (2C, Ph), 141.2 (1C, Py), 143.03 (1C,
>C=N), 149.7 (2C, Py), 156.4 (1C, >C=О (ben-
zacet.)), 165.5 (1C, >C=O (hydr.)). 15N NMR
(400 MHz, 25°С, CDCl3; δ, ppm): 213 (1N, =N–),
315 (1N, –NH–) (Вruker scale).

Synthesis of [VO(L)(OCH3)]2 (I) [13]. Oxovanadium
acetylacetonate (VO(Аcac)2) (0.06 g, 0.24 mmol) in
methanol (10 mL) was added to a solution of H2L
(0.07 g, 0.24 mmol) in methanol (10 mL) on heating
(60–65°С). After 2–3 days, a black crystalline sub-
stance (0.07 g) was formed and washed with methanol
and diethyl ether. The crystals are soluble in chloro-
form, dimethylformamide, and dimethyl sulfoxide,

For C16H15N3О2

Anal. calcd., % C, 68.31 H, 5.37 N, 14.94
Found, % C, 67.97 H, 4.99 N, 14.94
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poorly soluble in ethanol and methanol, and insoluble
in water. The yield of compound I was ~55%.

IR (ν, cm–1) for [VOL(OCH3)]2: 3070 w, 3028 m,
2964 w, 2923 m, 2817 m, 1599 sh, 1589 m, 1574 s,
1534 vs, 1472 vs, 1455 vs, 1426 s, 1407 vs, 1393 vs,
1368 m, 1337 s, 1314 m, 1294 s, 1231 m, 1210 vw,
1182 m, 1146 m, 1110 m, 1076 w, 1060 m, 1015 vs,
978 vs, 889 m, 881 m, 837 s, 796 w, 762 vs, 744 s,
704 m, 692 m, 683 vs, 647 m, 611 vs, 600 vs, 569 m,
504 m, 454 m, 425 m, 403 vw.

The composition and structure of the ligand were
determined from elemental analysis, IR spectroscopy,
NMR spectroscopy, and XRD. The structure of the
complex was solved using elemental analysis, mass
spectrometry, IR spectroscopy, and XRD.

IR spectra were recorded on a FT-IR Perkin-
Elmer Spectrum 100 instrument in Nujol in a range of
4000–400 cm–1 and in the attenuated total reflectance
(ATR) mode in a range of 4000–650 cm–1. 1H, 13С,
and 15N NMR spectra were detected on a Bruker
Avance III instrument (400 MHz, 25°С, CDCl3).

Mass spectra were measured on an Agilent 6520
Series Accurate-Mass Quadrupole Time-of-Flight
(Q-TOF) LC/MS mass spectrometer. Solutions were
injected into an ion source by the electrospray method
(ESI) using a syringe pump at a f low rate of
0.01 mL/min. Data were collected and processed
using the MassHunter Workstation Data Acquisition
software (series 6200/6500, version B.01.03).

XRD of H2L and I was carried out on an Xcalibur Е
diffractometer (MoKα radiation, λ = 0.71073 Å,
graphite monochromator, ω scan mode) at room tem-
perature. The experimental data for compound I were
refined taking into account a twin sample. The unit
cell parameters were refined taking into account the
full set of experimental data. The crystal structures
were solved by direct methods and refined by least
squares in the anisotropic full-matrix version for non-
hydrogen atoms (SHELX-97) [15]. The positions of
hydrogen atoms were partially calculated geometri-
cally, partially determined in the Fourier syntheses,
and isotropically refined by the rigid body model. The
crystallographic data and experimental characteristics
for H2L and I are given in Table 1. Selected inter-
atomic distances and bond angles are listed in Table 2.
The geometric parameters of hydrogen bonds are
given in Table 3.

For C34H32N6O8V2

Anal. calcd., % C, 54.12 H, 4.27 N, 11.14
Found, % C, 53.60 H, 3.80 N, 11.09
OORDINATION CHEMISTRY  Vol. 49  No. 4  2023
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Table 1. Crystallographic data and experimental characteristics for the structures of compounds H2L and I

Compound H2L I

Empirical formula C16H15N3O2 C34H32N6O8V2

FW 281.31 754.53

Crystal system Triclinic Triclinic

Space group

а, Å 9.0853(18) 10.8850(8)

b, Å 9.970(2) 11.4822(8)

с, Å 16.0900(18) 15.9177(10)

α, deg 98.969(14) 72.427(6)

β, deg 98.833(13) 89.916(6)

γ, deg 90.033(18) 62.183(7)

V, Å3 1422.2(5) 1654.3(2)

Z 4 2

ρcalc, g/cm3 1.314 1.515

μ, mm–1 0.089 0.627

F(000) 592 776

Crystal sizes, mm 0.20 × 0.10 × 0.06 0.35 × 0.35 × 0.05

Range over θ, deg 3.03–25.25 2.90–25.05

Ranges of reflection indices –9 ≤ h ≤ 10,
–7 ≤ k ≤ 11,
–18 ≤ l ≤ 19

–9 ≤ h ≤ 12,
–13 ≤ k ≤ 13,
–18 ≤ l ≤ 18

Number of measured/independent 
reflections (Rint)

9234/5129 (0.0294) 6204/6204

Filling, % 99.8 99.7

Number of ref lections with I > 2σ(I) 2714 3495

Number of refined parameters 379 456

GOOF 1.003 1.005

R factors (I > 2σ(I)) R1 = 0.0422, wR2 = 0.0774 R1 = 0.0819, wR2 = 0.1908

R factors (for all data) R1 = 0.0877, wR2 = 0.0815 R1 = 0.1334, wR2 = 0.2103

Δρmax/ρmin, e Å–3 0.191/–0.224 0.925/–0.736

1P 1P
The positional and thermal parameters for H2L
and I were deposited with the Cambridge Crystallo-
graphic Data Centre (CIF files CCDC nos. 2172124
and 2172125, respectively; deposit@ccdc.cam.ac.uk,
http://www.ccdc.cam.ac.uk).
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RESULTS AND DISCUSSION

In order to synthesize new 3d-metal complexes
with Schiff bases based on the INAH nucleophilic
agent, we synthesized ligand H2L using 1-phenyl-1,3-
butanedione (Scheme 1) and new dimeric complex
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Table 2. Selected interatomic distances and bond angles in compounds H2L and I*

Bond d, Å Bond d, Å

H2L

O(1A)−C(6A) 1.227(2) O(1B)−C(6B) 1.215(2)

C(6A)−N(2A) 1.333(2) C(6B)−N(2B) 1.332(2)

N(2A)−N(3A) 1.386(2) N(2B)−N(3B) 1.384(2)

N(3A)−C(7A) 1.341(2) N(3B)−C(7B) 1.336(2)

C(7A)−C(8A) 1.366(2) C(7B)−C(8B) 1.374(2)

C(8A)−C(9A) 1.420(3) C(8B)−C(9B) 1.420(3)

C(9A)−O(2A) 1.246(2) C(9B)−O(2B) 1.247(2)
I

V(1)−O(1A) 1.912(5) V(2)−O(1B) 1.911(5)

V(1)−O(2A) 1.841(5) V(2)−O(2B) 1.828(5)

V(1)−O(3A) 1.574(5) V(2)−O(3B) 1.587(5)

V(1)−O(4A) 1.811(4) V(2)−O(4B) 1.817(5)

V(1)−N(3A) 2.106(6) V(2)−N(3B) 2.162(7)

V(1)−O(4A)#1 2.404(5) V(2)−O(4B)#2 2.408(5)

O(1A)−C(6A) 1.317(8) O(1B)−C(6B) 1.319(8)

C(6A)−N(2A) 1.314(9) C(6B)−N(2B) 1.264(9)

N(2A)−N(3A) 1.385(8) N(2B)−N(3B) 1.431(8)

N(3A)−C(7A) 1.247(9) N(3B)−C(7B) 1.153(9)

C(7A)−C(8A) 1.424(10) C(7B)−C(8B) 1.491(10)

C(8A)−C(9A) 1.357(10) C(8B)−C(9B) 1.349(10)

C(9A)−O(2A) 1.339(8) C(9B)−O(2B) 1.314(9)

Angle ω, deg Angle ω, deg
H2L

O(1A)C(6A)N(2A) 123.65(18) O(1B)C(6B)N(2B) 124.14(18)
C(6A)N(2A)N(3A) 119.58(15) C(6B)N(2B)N(3B) 120.53(16)
N(2A)N(3A)C(7A) 121.83(15) N(2B)N(3B)C(7B) 121.15(16)
N(3A)C(7A)C(8A) 120.56(17) N(3B)C(7B)C(8B) 121.20(18)
C(7A)C(8A)C(9A) 124.92(18) C(7B)C(8B)C(9B) 124.56(18)
C(8A)C(9A)O(2A) 122.30(18) C(8B)C(9B)O(2B) 122.85(18)

I

O(1A)V(1)O(2A) 153.2(2) O(1B)V(2)O(2B) 153.3(2)

O(1A)V(1)O(3A) 98.1(3) O(1B)V(2)O(3B) 97.0(3)

O(1A)V(1)O(4A) 94.7(2) O(1B)V(2)O(4B) 93.9(2)

O(1A)V(1)N(3A) 75.0(2) O(1B)V(2)N(3B) 76.3(2)

O(1A)V(1)O(4A)#1 81.98(19) O(1B)V(2)O(4B)#2 83.01(19)

O(2A)V(1)O(3A) 100.4(3) O(2B)V(2)O(3B) 101.4(3)

O(2A)V(1)O(4A) 99.9(2) O(2B)V(2)O(4B) 100.8(2)
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49  No. 4  2023
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Table 2. (Contd.)
[VO(L)(OCH3)]2 formed due to the reaction with
oxovanadium(IV) acetylacetonate. The tautomeric

forms of H2L obtained by the condensation of 1-phe-
nyl-1,3-butanedione with INAH are shown in Scheme 1.

Scheme 1.

The IR and 1H NMR spectral characteristics for
the organic ligand [16] confirm the formation of H2L
in the more stable tautomeric form (a) [17].

The IR spectrum of H2L exhibits medium-inten-
sity absorption bands at 3200 cm–1 with a shoulder at

the low-frequency side assigned to ν(NH) [18] and a
series of lower-intensity absorption bands in a range of
3060–2800 cm–1 attributed to ν(С–Н) of different
origin: aromatic at 3058, 3038, and 3026 cm–1 and ali-
phatic at 2967, 2927, and 2837 cm–1 [19]. An intense
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* Symmetry codes: #1 –x + 1, –y + 1, –z + 1; #2 –x, –y, –z (I).

Angle ω, deg Angle ω, deg

O(2A)V(1)N(3A) 83.5(2) O(2B)V(2)N(3B) 82.5(2)

O(2A)V(1)O(4A)#1 81.5(2) O(2B)V(2)O(4B)#2 80.3(2)

O(3A)V(1)O(4A) 102.6(2) O(3B)V(2)O(4B) 102.3(2)
O(3A)V(1)N(3A) 97.4(3) O(3B)V(2)N(3B) 96.3(2)

O(3A)V(1)O(4A)#1 174.3(2) O(3B)V(2)O(4B)#2 174.9(2)

O(4A)V(1)N(3A) 158.6(2) O(4B)V(2)N(3B) 160.0(2)

O(4A)V(1)O(4A)#1 71.76(19) O(4B)V(2)O(4B)#2 72.6(2)

N(3A)V(1)O(4A)#1 88.07(19) N(3B)V(2)N(4B)#2 88.65(18)

O(1A)C(6A)N(2A) 121.1(7) O(1B)C(6B)N(2B) 123.7(7)
C(6A)N(2A)N(3A) 108.9(6) C(6B)N(2B)N(3B) 111.1(6)
N(2A)N(3A)C(7A) 116.7(6) N(2B)N(3B)C(7B) 117.1(7)
N(3A)C(7A)C(8A) 124.3(6) N(3B)C(7B)C(8B) 119.6(7)
C(7A)C(8A)C(9A) 124.2(6) C(7B)C(8B)C(9B) 124.5(7)
C(8A)C(9A)O(2A) 119.0(6) C(8B)C(9B)O(2B) 121.4(7)
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49  No. 4  2023
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Table 3. Geometric parameters of hydrogen bonds in compounds H2L and I

Contact D–H···A
Distance, Å Angle DHA, 

deg Coordinates of atoms A
D–H H∙∙∙A D∙∙∙A

H2L

N(2A)–H(1)∙∙∙O(1B) 0.86 2.05 2.820(2) 148 x, y, z

N(3A)–H(1)∙∙∙O(2A) 0.86 1.99 2.650(2) 132 x, y, z

N(3A)–H(1)∙∙∙O(2A) 0.86 2.31 2.963(2) 133 –x + 1, –y + 1, –z + 2

N(2B)–H(1)∙∙∙O(1A) 0.86 2.05 2.816(2) 147 x, y – 1, z

N(3B)–H(1)∙∙∙O(2B) 0.86 2.02 2.668(2) 132 x, y, z

N(3B)–H(1)∙∙∙O(2B) 0.86 2.28 2.926(2) 132 –x, –y, –z + 2

C(16B)–H(16E)∙∙∙O(1A) 0.96 2.66 3.482(2) 145 x, y – 1, z

I

C(17A)–H(17B)∙∙∙N(1A) 0.96 2.68 3.568(10) 155 x + 1, y – 1, z

C(17A)–H(17C)∙∙∙O(3A) 0.96 2.53 3.036(9) 1113 x, y, z

C(17A)–H(17C)∙∙∙O(3B) 0.96 2.65 3.213(8) 156 –x + 1, –y, –z + 1

C(13A)–H(13A)∙∙∙O(3A) 0.93 2.48 3.263(8) 132 –x + 1, –y, –z + 1

C(17B)–H(17E)∙∙∙N(3B) 0.96 2.68 3.349(9) 127 –x, –y, –z

C(17B)–H(17F)∙∙∙N(1A) 0.96 2.63 3.553(11) 161 –x, –y + 1, –z + 1
absorption band appears at 1664 cm–1 and can be
ascribed to associated ν(С=О) [20]. Absorption bands
at 1596, 1574, 1507, and 1483 cm–1 are attributed to
planar skeletal vibrations (С=С) in the aromatic rings
of H2L [19]. An absorption band at 1528 cm–1

can be ascribed to the amide II vibrations (δ(NH) +
ν(C–N)) [19]. The methyl groups absorb at 1431 cm–1

(δаs(CH3)) and 1378 cm–1 (δs(CH3)) [21].
The positions of the δ(С–Н) planar vibration

absorption bands in aromatic compounds depend on
the type of substitution and are specific [21]. The
spectrum of the 1-substituted cycle (five unsubstituted
adjacent hydrogen atoms) contains absorption bands
at 1086 and 1063 cm–1, whereas the spectrum of the
1,4-substituted aromatic cycle (two unsubstituted
adjacent hydrogen atoms) exhibits one band at 1214
and two bands at 1039 and 1027 cm–1, respectively
[21]. Nonplanar С–Н vibrations in aromatic rings also
express the type of substitution, but the bands are sub-
stantially more intense in this case: the bands at 714
and 664 cm–1 are observed for the 1-substituted ring
(five unsubstituted adjacent hydrogen atoms), whereas
the band at 833 cm–1 is observed for the 1,4-substi-
tuted ring (two unsubstituted adjacent hydrogen
atoms).

The 1H NMR spectrum of compound H2L exhibits
eight groups of lines that were assigned to protons (δ,
ppm) of one CH3 group (2.10 s), one CH2 group
RUSSIAN JOURNAL OF C
(3.02–3.38 d), and one NH group (5.32 s); five signals
of the hydrogen atoms of the phenyl group (7.28–7.49)
and four signals of the hydrogen atoms belonging to
the pyridine ring (7.78–8.76).

To confirm that both tautomeric forms of H2L exist
indeed (Scheme 1a and 1b), a droplet of trif luoroace-
tic acid was added to the sample containing H2L dis-
solved in CDCl3, after which the 1H NMR spectrum
was repeatedly detected. The band of the protons of
the =СН– group (δ = 6.30 ppm (s)) enhanced in the
spectrum, indicating the shift of the equilibrium
toward the formation of tautomeric form (b), the con-
centration of which increased with decreasing pH of
the medium [17].

The data of the 13C NMR spectrum of a solution of
compound H2L indicate 16 carbon atoms, since the
spectrum contains the lines belonging to one carbon
atom of the CH3 group (16.1 ppm), one carbon atom
of the CH2 group (53.8 ppm), and five carbon atoms of
the pyridyl group: two carbon atoms in positions 2 and
6 (149.72 ppm), two carbon atoms in positions 3 and 5
(123.5 ppm), and one quaternary carbon atom
(141.2 ppm); and six carbon atoms of the phenyl
group: two in ortho- (123.9 ppm), two in meta-
(128.8 ppm), and one in para-position (128.3 ppm)
and one quaternary carbon atom (94.6 ppm). The 13C
NMR spectrum also contains lines characteristic of
one azomethine carbon atom (143.03 ppm) and two
OORDINATION CHEMISTRY  Vol. 49  No. 4  2023
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Fig. 1. Structures of crystallographically independent molecules A and B in the crystal of compound H2L.
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carbon atoms of the carbonyl groups belonging to
1-phenyl-1,3-butanedione (156.4 ppm) and INAH
(165.5 ppm).

The 15N NMR spectrum of a solution of com-
pound H2L contains two lines, which confirm the
presence of two nitrogen atoms: =N– (213 ppm) and
–NH– (315 ppm) (Вruker scale) [22].

The doubly deprotonated L2– ligand is stabilized in
the tautomeric form (c) during the coordination of
H2L to the vanadium ions. This fact is confirmed by
the IR spectral and XRD data.

Unlike the spectrum of Н2L, the IR spectrum of
[VO(L)(OCH3)]2 exhibits no absorption bands at 3220
(ν(NH)) and 1664 cm–1 (ν(С=O)). The most intense
band appears at 978 cm–1 and is assigned to ν(V=O)
[23–25]. Absorption bands of skeletal vibrations
(ν(С=С), ν(C=N)) of the bonds of the aromatic rings
are observed at 1599, 1589, 1574, and 1456 cm–1 [19].
The planar bending vibrations (δ(С–Н)) of the 1-sub-
stituted ring appear at 1146 and 1076 cm–1, and those
of the 1,4-substituted ring are observed at 1231 and
1060 cm–1. The nonplanar δ(С–Н) vibrations of the
1-substituted aromatic rings are observed at 762 and
681 cm–1, and those for the 1,4-substituted benzene
ring are observed at 837 cm–1 [20, 21].

The metallocycles with electron delocalization are
formed in the [VO(L)(OCH3)]2 complex and, hence,
the spectrum exhibits absorption bands at 1574 and
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
1534 cm–1 attributed to ν(С···С) + ν(С···О) and
ν(С···О) + ν(С···С), respectively [26, 27]. An absorp-
tion at 921 cm–1 can be ascribed to ν[V–(μ-O)–V]
[23], that at 600 cm–1 is attributed to ν(V–N) [21], and
that at 454 cm–1 belongs to ν(V–О) mixed with the
С‒СН3 bending vibration, whereas a lower-frequency
band at 425 cm–1 can be assigned to an almost
unmixed stretching vibration ν(V–О) [24, 26].

The electron impact mass spectrum of a chloro-
form–methanol solution of [VO(L)(OCH3)]2 exhibits
an intense peak at m/z = 378.15 corresponding to the
doubly protonated ion [M + 2H]2+ and two low-inten-
sity peaks at m/z = 400.13 and 777.22 corresponding to
the [M + 2Na]2+ and [M + Na]+ ions (М is molecular
weight of C34H32N6O8V2).

The XRD study of H2L shows that the compound
crystallizes in the triclinic space group  (Table 1),
and its structure is presented in Fig. 1. The indepen-
dent part of the unit cell contains two crystallographi-
cally independent molecules (А and B), which are sta-
bilized in the crystal in the same tautomeric form (b).
This fact is also confirmed by the C(6)–O(1),
C(6)‒N(2), N(2)–N(3), C(7)–N(3), C(7)–C(8),
C(8)–C(9), and C(9)–O(2) distances between the
atoms in the central fragments of molecules A and B
(Table 2). An analysis of the Cambridge Structural
Database (CSD) [4] shows that this compound is
known, but another polymorphic form crystallizes in

1P
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Fig. 2. Fragment of the crystal structure of compound H2L.

b

a c0
O(1B)O(1B)O(1B)

N(3A)N(3A)N(3A)N(2A)N(2A)N(2A)

O(2A)O(2A)O(2A)O(1A)O(1A)O(1A)

N(2A*)N(2A*)N(2A*)

N(2B*)N(2B*)N(2B*)

N(3A*)N(3A*)N(3A*)
the monoclinic space group Р21/c [22]. The same tau-
tomeric form (b) was stabilized for H2L in both the lat-
ter and our case. The conformation of the ligand
allows it to coordinate to the metal as a tridentate che-
late ligand using a set of donor atoms ONO (Fig. 1).

Strong intramolecular hydrogen bonds N(3)–
H∙∙∙O(2) can be emphasized in molecules А and В in
the crystal of H2L. One of two NH groups is involved
as a donor in these hydrogen bonds (Table 3, Fig. 1)
stabilizing their configuration by the formed
pseudohexacycles. In addition, both molecules A and
B are linked to each other by the intermolecular
hydrogen bonds N(3)–H∙∙∙O(2) (Table 3, Fig. 2). The
second NH groups of molecules A and B participate in
the formation of intermolecular hydrogen bonds
N(2А)–H∙∙∙O(1В) and N(2В)–H∙∙∙O(1А) to form
chains, and these molecules are additionally com-
bined by weak intermolecular hydrogen bonds
С(16В)–H∙∙∙O(1А).

Molecular binuclear complex [VO(L)(OCH3)]2 (I)
synthesized by the reaction of H2L with VO(Аcac)2
(molar ratio 1 : 1) in a methanol medium crystallizes
in the triclinic space group P  (Table 1). The indepen-
dent part of the unit cell contains two 1/2 crystallo-
graphically independent vanadium(V) complexes A
and B. The structures of these centrosymmetric com-
plexes are shown in Fig. 3.

Two conjugated metallocycles are formed due to
the coordination of one tridentate bideprotonated
organic ligand L2– to each metal atom via the ONO
donor atoms: five-membered VNNCO metallocycle
and six-membered VOCCCN metallocycle. The for-
mation of the identical coordination metal polyhedra

1

RUSSIAN JOURNAL OF C
of V(1) and V(2) is supplemented by one oxo anion
and two oxygen atoms of the deprotonated methanol
ligands, which combine two metal atoms, and their
bridging function induces the formation of dimers in
the crystal (Figs. 3a, 3b). Since one methoxy anion lies
in the equatorial plane of the polyhedron, another
methoxy atom is localized in one of the axial positions,
and the second axial position is occupied by the
oxy atom, the coordination number of the metals is
4 + 1 + 1 and their coordination polyhedra in these
complexes are square bipyramids. The V=O bond
lengths in the V(1) and V(2) coordination polyhedra
are 1.574(5) and 1.587(5) Å, respectively, and the V–
OСH3 bond lengths in А and B are 1.811(4), 2.404(5)
and 1.817(5), 2.408(5) Å, respectively (Table 2). The
V∙∙∙V distance between two vanadium atoms in the
centrosymmetric dimers is 3.432 and 3.422 Å. Note
that these complexes are stabilized additionally by dif-
ferent intramolecular hydrogen bonds С(17А)–
H∙∙∙O(3А) and С(17В)–H∙∙∙N(3B), respectively
(Table 3). The bond lengths and bond angles in the
V(1) and V(2) coordination polyhedra are close to
analogous values in the mono- and binuclear com-
plexes of this metal with tridentate 2,4-pentanedione
isonicotinoyl hydrazone [6, 7]. The bond lengths in
the central moieties of molecules H2L and in organic
ligands L2– in compound I (Table 2) differ slightly, and
higher values of some С=О groups indicate the stabi-
lization of the coordinated ligand in tautomeric
form (c).

An analysis of the crystal structure of compound
[VO(L)(OCH3)]2 shows that the supramolecular
architecture is formed only due to weak intermolecu-
lar hydrogen bonds involving the CH groups of both
OORDINATION CHEMISTRY  Vol. 49  No. 4  2023
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Fig. 3. Structures of the crystallographically independent vanadium(V) complexes in compound I.
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methyl and phenyl groups as donors. Complexes A are
linked to each other by weak intermolecular hydrogen
bonds С−H···O to form a layer, and complexes B are
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
combined by the same weak bonds with the latter
(Table 3). In the layers of crystalline complexes A,
chains can be emphasized between which complexes B
  Vol. 49  No. 4  2023
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Fig. 4. Packing of vanadium(V) complexes (a) A and (b) B in the crystal. 
are located and linked by the hydrogen bonds
С−H···O to form a layer of alternating complexes A
and B (Fig. 4).

Thus, the condensation of INAH with 1-phenyl-
1,3-butanedione afforded another polymorphic form
of organic ligand H2L used for the synthesis of the new
binuclear vanadium(V) complex. Different tautomeric
forms of the ligand are stabilized in the crystal states of
H2L and coordinated L2− in the vanadium(V) com-
plexes.
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